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[IpencraBneH ombIT CO3JaHUSI U UCIOJIb30BAHMS B yU€OHOM IMpOIECCe TEXHU-
yeckoro BY3a snexktpoHHoro yueOHo-meToanueckoro komiuiekca (OYMK),
OPUEHTHUPOBAHHOTO Ha 0A30BYIO MOATOTOBKY CTYACHTOB B 00JIaCTH aBTOMAaTH-
3MPOBAHHOTO MPOEKTUPOBAHMS CHCTEM M cpeAcTB ynpasieHus. DYMK npen-
CTaBJISIET COOOM OTKPBITYIO TUAAKTUYECKYIO CUCTEMY, (PYHKIIMOHUPOBAHHUE KO-
TOPOM OCHOBAHO Ha aBTOPCKOM KOHUEMIIMHM U3YYEHUS TUCLUUIUIMHBI, a COAEP-
KaTeabHasl COCTABIISIIONIAA - HA 0a3e MyJIbTUMEIUUHBIX JaHHbIX. Kak cucrema
OVYMK moxeT peanu3oBbIBaTh (PYHKIIMH aBTOMATU3UPOBAHHBIX 00YYaIOIUX U
KOHTPOJIMPYIOIIUX CUCTEM, MOACIHUPYIOIIUX MPOTPaMM U JPYTUX HPOrpamMm-
HBIX CPEJICTB, JOCTYNHbIX B MHPOPMAMOHHO-00y4aoIel cucteme. B 3akon-
yeHHOM BuAe ODYMK kak cucrema BKIOYaer B ceOs WH(DOpMAIMOHHO-
HaBUTaALIMOHHYIO, COJAEPKaTeJbHYIO, AUArHOCTUPYIOUIYI0 M YIPaBISIOIIYIO
MOJICUCTEMBI.

UcnonwszoBanne DYMK B LMS Moodle npenocraBisieT mupokue BO3-
MOHOCTH KaK IO aJIMUHUCTPUPOBAHUIO Kypca B LEJIOM, TAK U IO CO3/IaHUIO
OTIIETIbHBIX AJIEMEHTOB 00yueHus. Paborta He siBnsercs mudpoBoit Bepcueit me-
YaTHOT'O M3JAaHMS, a TPEICTaBiIsieT coO0OM aHaJor MOJHOQYHKIIMOHAIBLHOTO
anekTpoHHOro ydebHuka B Bujge SCORM mporpamMmbl, CKOMIWIMPOBAHHOU B
exe-(haiipl ¢ pa3BUTON CHCTEMOM CCBHUIOK, MYJIbTUMEIUNHBIMHA BKIIFOUCHUSIMHU
1 0JIOKaMU TTOATOTOBUTEIHHOTO U KOHTPOJBHOTO TECTUPOBAHMS.



BBEJIEHUE

Buenpenue ObICTpO pa3BUBAOLIUXCS HHPOPMAIMOHHBIX TEXHOJOTUN CO3AAJI0
IPEANOCHIIKA ISl KaYECTBEHHO HOBOI'O 3Tala pPa3BUTHS BY30B HAa OCHOBE
dbopmupoBaHus enuHON oOpa3zoBaTenbHONM HMH(OpManmoHHOHN cpeasl. Ee co-
3laHUEe U pa3BUTHE TMPEACTABIACT TEXHUUYECKH CIOKHYIO M JOPOTOCTOSUIYIO
3anayy. Ho uMeHHO OHa mo3BoJsieT cucteMe o0pa3oBaHUs KOPEHHBIM 00pa3om
MOJICPHU3HPOBATH CBOI TEXHOJIOTHUYECKUH Oa3uc, NepeiTH K 00pa30BaTEIbHOM
MH(POPMAIIMOHHON TEXHOJIOTUU M OCYIIECTBUTH «IPOPBIB» K OTKPBITONH 00pa-
30BaTENIbHOM cHCTeMe, OTBedaroleil TpeOOBaHUSIM COBPEMEHHOI'O OO0ILECTBa.
DNEKTPOHHBIE U TPAaJWLMOHHBbIE y4eOHblEe MaTepuaibl JOJIKHBI TAPMOHUYHO
JOTONHATH JIPYT JIpyra Kak 4acTH eInHOW oOpa3oBaTtenbHOU cpensl. Mcmomis-
30BaHME HOBEWIIMX MH(OPMALMOHHBIX TEXHOJIOIMH TOJKHO CHOCOOCTBOBATh
pELIEHUI0 MEeAArorn4ecKuX 3a/1a4, KOTOPbIE CI0KHO MIIM HEBO3MOXKHO peIllaTh
TpaJULIMOHHBIMH METOJAMH.

JUist esITenbHOCTH J1I000r0 00pa30BaTeNbHOIO YUPEkKACHUs Heo0Xxouma
crienMaibHas UHQOpPMallMOHHAsA cpella, B KOTOPOH B3aUMOAEHCTBYIOT aIMUHU-
CTpaTOpBl M YY4aCTHUKU y4deOHOro mporecca. OcoOeHHOCTRIO (YHKIIMOHUPO-
BaHUS y4eOHOTO 3aBEICHUS SIBIACTCS HAJIMYUE Pa3HOOOPa3HBIX MO COAEpIKa-
HUIO U 00beMY MH(OPMAIMOHHBIX MOTOKOB, a TaKXe OOJBIIOr0 KOJIMYECTBa
N0JIb30BaTeNel, pa3IMyuHble IPYMIbl KOTOPBIX UMEIOT pa3Hble HHPOPMALUOH-
Hbl€ MOTPEOHOCTH U OTPaHUYEHHbIE TIPaBa JOCTyIa K HH(popManuu

B nenom obpa3oBaTenbHas HH(MOpPMALMOHHAS Cpella, MOCTPOEHHAs C
PUMEHEHHEM KOMIIBIOTEPHBIX U KOMMYHHKALMOHHBIX TE€XHOJIOTUH, SBIISETCS
XKU3HEHHO HEOOXOAMMOW cpeloll (pyHKIMOHMPOBAHUS Y4EOHBIX 3aBEICHUM.
IIpn oTCyTCTBMM WM HEIOCTATOYHOM ITOJIHOTE 3TOM CpeAbl HEBO3MOXKHO
o0ecrneuuTh OTKPBITHINA IOCTYN K MH(GOPMAIMOHHBIM U TEXHUYECKUM pecyp-
caMm y4eOHOro 3aBeJIeHHs y4aCTHHKaM y4eOHOro Ipolecca, HaxOIAIUMes 3a
ero mpenaeiamM, CBOOOAHBIA Tpaduk yueOHON pabOThI, OMEPATHBHOE TMOJY-
YEeHHEe KOHCYJIbTALUIl U MHOTO€ JIPYTOE.

BbIBOP KOHIEITINN

HeoO6XxoauMbIM B pa3BUTHUH TEJICKOMMYHHKAIIMOHHOTO OOYYEHUS SBIISIOTCS
CO3JJaHHME HOBBIX METOJIOB M TEXHOJOTHH, OTBEYAIOIIMX TpeOOBaHHAM TeJe-
KOMMYHHMKAIIMOHHON 00pa3oBaTelbHOM cpeapl oOmieHus. B TpaaunuroHHOU
CHUCTEME OYHOT0 00pa3oBaHUs BCE BOMPOCH OPTaHHW3alMKM y4eOHOTO IMporiecca
M0 KaXJA0W y4eOHOW TUCIUILIMHE BO3JIaraloTcs Ha mnpemnogaBatens. OOyuae-
MbIE€ OCBOOOXKIAIOTCA OT MPOOJieM BBHIOOpa MOCIEAOBATEIHHOCTH, (PopM U
CPEICTB U3Y4YEHUs MaTepHraia. DTOT BEIOOP MPEAONpe/IeieH ONbITOM Mpernoa-
BaTells, CYIIECTBYIOMHUMH B YICOHOM yUPEKJICHUN 00pa30BaTEIbHBIMHU PeCyp-



CaMH, a TaKkKe TeKYIIUMHU 00CTOSTENILCTBAMH (BO3MOXKHBIE ITEPEHOCHI 3aHATHUH,
Oose3Hb TpenojaBaTeNel, HAIUYUE WIM OTCYTCTBHE JIaOOpaTOpHON 0a3bl u
T.J.).

[Tpu camMoCTOSATENEHOM MOATOTOBKE B CHCTEME OTKPHITOIO 0Opa3oBaHUS
o0y4yaeMbIil JTOJDKEH HAay4WThCS MPUHUMATH PEIICHHE O MOPAIKE U TIIyOHHE
OCBOCHHSI y4eOHOTO MaTepuaga. ITO HAMHOTO CJIOXHEE M TOMOYb €My MOXKET
TOJIKO YETKOE CTPYKTYPHpPOBaHHE y4eOHOTO MaTepuaya, XOpOIIO OpPTraHU30-
BaHHasg HaBUrauus 0o0y4yaeMoro Io pecypcaM HM3ydyaeMoil ydyeOHOW Iucuu-
TUTMHE, a TAKKE MHOXKECTBEHHBIE ()OPMBI €€ TPEICTaBICHHS.

B ar0i1 cpeze sipko nposBIIseTCsl TO 0OCTOSTENBCTBO, UTO YYACTHUKH 00-
pa3oBaTeIbHOIrO MpoIlecca He MPOCTO MAaCCHBHBIE MOTPeOUTENN HH(pOpManuy,
a B mpoliecce 00y4eHUs] OHU CO3/Ial0T COOCTBEHHOE MOHWMAHHUE MPEIMETHOTO
coJiepaHus 00y4eHHI.

HeoOxoaumocTs KOppeKuuu ycTapeBleil Moaenu oOydeHus, KoTopas
XapaKTepru30Bagach TEM, YTO B IIEHTPE TEXHOJIOTUU OOYYEHHS — MPErojiaBa-
TeJb, CTYJEHTbI UTPAIOT IACCUBHYIO POJIb HA 3aHATHUSX, Ha3pesa JaBHO.

Ha cMmeny ycrapeBieii Moieny MpUIILUIa HOBast MOJENIb O0yUYEeHHsI, OCHO-
BaHHAs HA CJIEAYIOIIUX TOJIOKECHUSAX: B IIEHTPE TEXHOJOTHH OOYyUEHHUsS — CTy-
JICHT, B OCHOBE Y4€OHOU EATEIbHOCTH — COTPYAHHYECTBO, CTYACHTHI UTPAIOT
aKTUBHYIO POJIb B 00pa30BaTENbHOIN AEATENBHOCTH, CYyTh TEXHOJIIOTUU — HaJlU-
yre 00paTHOM CBSI3U M pa3BUTUE CIIOCOOHOCTH K CAaMOOOyUEHHUIO.

Obecnieuenne oOpaTHOM CBA3M MEX]y MpernojaaBaTesieM U o0ydaeMbIM B
NOJTHOW Mepe oOecreunBaeTcs B CUCTEME OYHOI'O MJIM 3a0YHOI'0 AMCTAaHIMOH-
HOro 00pa3oBaHMsI C IIUPOKUM HCIIOJIb30BAHUEM COBPEMEHHBIX TEIEKOMMY-
HUKAIIMOHHBIX CPEACTB U WH(POPMAIIMOHHBIX TEXHOJIOTHIA.

JUig noBeiieHUs: 3pPEKTUBHOCTU O0yUEHUs U caMOOOy4YeHUs IpU B3au-
MOJICHCTBUM "TIpenojaBaTellb - CTYAEHT" HeoOXOauMbl (JOPMBbI OpraHU3aLUU
3aHATUIN, MAaKCHUMAJIbHO aKTUBU3UPYIOIIME O0yUYaIOLIUXCs, a TaKXKe MOJArOTOB-
Ka 00ydJarommxcsi K HMCIOJIb30BAaHUIO0 TEXHUYECKHX CPEICTB. Tak Kak BpeMms
B3aMMO/ICUCTBUS MPU JUCTAHLMOHHOM OOYYEHUU MOXKET OBbITh CYIIECTBEHHO
MEHbILIEe, YeM IpU TPAAULHUOHHOM OOY4YEeHHHU, 0CO00€ BHMMAHUE YAEISAETCS
pas3nu4HbIM (opMaM MHTEPAKTUBHOrO B3auMopeicTBus. Tak, Hambosee pac-
MPOCTPAaHEHHBIMHU TPHEMaMH IUCTAHIIMOHHOTO OOYYEHUs SIBISIOTCS OpraHu-
3a1usi OTKPBITHIX KOH(epeHIud, popyMoB, BUKH, 0OECIICUNBAIOIINX TPUBIIE-
YeHre 00yJaronmxcs K COBMECTHOM paboTe HaJl IPOEKTAMHU.

PEA/INBAIUA KOHTEHTA OBYUYEHUSA

bazoBoii npobaemoil nHpopMaTu3auuu 00pa3oBaHus, CBA3AHHON ¢ pa3padboT-
KOI HOBBIX 3JICKTPOHHBIX MHTEPAKTHUBHBIX AUJAKTUICCKUX CPEICTB 00ydeHMUS,
ABIIAETCA co3/aHue d(PPEKTUBHBIX AIEKTPOHHBIX 00pa30BaTEIBHBIX PECYPCOB



C IIMPOKUM CHEKTPOM JUIAKTUYECKUX BO3MOKHOCTEH. COBpEMEHHBIN 3J€K-
TPOHHBIN y4eOHBIN KypC — 3TO LeJ0cTHas oOydarolasi mporpaMMHasi CUCTEMa,
OCHOBaHHasl Ha MCIMOJIb30BAaHUN KOMIBIOTEPHBIX TEXHOJIOTHI U cpencts Inter-
net, oOecrieunBaronasi HEMPEPHIBHOCTh U TOJHOTY JUAAKTUYECKOTO IIMKIIA
nporecca 00ydeHusl; CTaBsIas HEeNbl0 HE TOJIBKO 00ecTeynTh 00y4YeHue CTy-
JICHTOB MO WHIUBUIYaJbHBIM U ONTUMAJbHBIM Y4€OHBIM Mporpammam, HO U
yIpaBlieHUE MPOILIECCOM 00YUYEeHHUs; BKIIIOUAOIIasi B ce0sl He TOIbKO MH(pOpMa-
LHUOHHYIO MOJAECPKKY U3YyUEHUS JUCLUIUIMH, HO U KOHTPOJb YPOBHS 3HAHUHN U
yMEHUH, HHPOPMAIIMOHHO-TTIOMCKOBYIO J€SITEIFHOCTh, TPYNIIOBYIO M HHIUBU-
IyajqbHyI0 paboTy M CEepBUCHBIC (PYHKIMH MPH YCIOBUU OCYLIECTBICHUS WH-
TEpPaKTUBHON OOpAaTHOM CBS3H.

CTpyKTypHOI OCHOBOI CHCTEMBI OTKPBITOTO AUCTAHIIMOHHOIO 00pa3oBa-
HUS SBIISETCS, KaK MPaBUJIO, IEKTPOHHAs 0a3a y4yeOHO-METOAMYECKUX Mare-
pHaJIOB, OpraHU30BaHHAsl B BUJE DJEKTPOHHBIX y4EOHO-METOAMYECKHX KOM-
mwiekcoB (OYMK) npencraBiastonmx co00il  COBOKYMHOCTh — y4EOHO-
METOJIMYECKUX M MPOTrPaMMHO-TEXHHUUYECKHX CpPEJCTB OOYyYeHHs, KOTOpbIE
HEOOXOJIMMBI M IOCTATOYHBI JUIsl U3yYEHUsI KOHKPETHOW y4eOHOM AUCIUILTUHBI
U 17151 TaHHOU (hOpMBI 00ydeHus (OYHOM, TUCTAHIIMOHHOM ).

OcHoBHOM 3amaueii OYMK sBigercs mnpenocTaBleHUE YydalleMycs
CpelCTB O0y4YeHHs M opraHu3anuu mpoiecca ooydeHus. [lpu stom crienyet
MUHUMU3HPOBATH 3aTPaThl MperoaaBaTelis Ha OPraHU3aIuIo Ipolecca odyue-
HUS, IPOBE/ICHNE KOHCYJIbTALMA U KOHTPOJISI TAKUM 00pa3oM, 4TOObI ydaluii-
Csl CMOT B TIPOLIECCE CAMOCTOSITENIbHOM PabOThI MPU OOIIEHUU ¢ KOMIIBIOTEPOM
JO0CTUYb 33JJAHHOTO YPOBHS 3HAHUW, YMEHUN U HABBIKOB IO U3y4aeMoOU yueo-
HOM aucuuminHe. PyOexHble 1 UTOrOBbI€ POBEPKU 3HAHUI, YMEHHUI U HaBbI-
KOB OCYHIECTBIISIIOTCS TpenojaBateneM. HMcnonb3zoBanue DYMK no3BossieT
nepeHecTu o0pa3oBaTeIbHBIA MPOIECC U3 AyJUTOPUIN By3a JIOMOM CTYyJIEHTaM,
KOTOpBbIE€ MOTYT BBIMIOJIHATH O0s3aTeIbHbIE 3aJaHUsI HE TOJBKO MO pachuca-
HUIO, HO M B yJI00HOE JUIsl HUX BpEMs, HalpuUMep, [0 BeuepaM U BBIXOJHbIE
JTHU, YTO HEMAaJIOBAXKHO JIJIsl COBPEMEHHON MOJIOJIEKH, COUeTaIoNel 00yueHue
¢ paboTOM.

B nr06om ydueObHOM mpoliecce MOXKHO BBISIBUTH CIEAYIOIIHME OCHOBHBIC
BUJbI JESTENILHOCTH: Iepefadya TEOPeTHUECKHX MaTepuasoB, BbIIOJHEHUE
IIPAKTUYECKUX 3aJaHUM M OLEHKa pe3ynbTaroB. Clie0BaTelbHO, YKa3aHHBIE
3JIEMEHTBI JOJDKHBI OBITH MPEACTABIEHBI U B 3JIEKTPOHHOM KYypCe, KOTOPBIH
CTPOMUTCS] yTeM KOMOMHUPOBAHUS CTPAHUI] PAa3JIMYHBIX THUIIOB, OTPAKAIOIINX
MEPEUYUCIICHHbIE BUBI JIeATeNIbHOCTU. B coBpemeHHOM mnoHuManuun DYMK
MPEICTABIISET COOON CIOXKHYIO AUTAKTUYECKYIO CUCTEMY, (YHKIIMOHUPOBAHHE
KOTOPOU TO/JICPKUBAET Y4€OHO-BOCIUTATENbHBIA MPOLIECC CPEACTBAMU HWH-
dbopmarmoHHBIX 0Opa3zoBarenbHbIX TexHosorui. Kak cuctema 9YMK moxer
coBMeIaTh B cebe (PyHKIMH aBTOMAaTU3UPOBAHHBIX O0YUYaAOIIUX U KOHTPOJIH-



PYIOIIUX CHUCTEM, MOJACIUPYIOIMX NPOrpaMM M JAPYTUX HPOrPaAMMHBIX
cpeacTB MH(GOPMAIIMOHHBIX 00pa30BaTeNbHBIX TEXHOJIOTHHA. B 1mensx MoHUTO-
pUHTa U HeoOXOJIMMOM KOppeKUuu mpouecca oOydeHus, B pamkax DYMK
TaKXe MOTYT ObITh C(HOPMUPOBAHBI 0a3bl JAaHHBIX JJISI XPAHEHUS TEKYIIEH M
0000111eHHOM nH(pOPMALIUU O pe3yibTaTax paboTHI.

Pa3pabotuuk Kypca JoJKeH YETKO MPEACTABIATH cebe, YTO MOCKOIBKY
texunueckn DYMK sBnsiercs caiitom, nHpopMaiys B KOTOPOM pa3MelleHa B
UEPapXUYECKON HIIM OOBEKTHO-PEISIIMOHHON 0a3e JaHHBIX, C 0OpMIICHHEM
Kypca B BUAe WED-CTpaHUIIbI, ITO3BOJISET MPETOAABATENI0 PACIIMPUTH CBOIA
NEAArorHuecKnii apceHan 3a CUET UCIIOJIb30BAHUS HOBBIX METO0B. Peub HIET,
B MEPBYIO OYepe/ib, 00 MCTIOIH30BAHUN BO3MOXKHOCTEH, XapaKTEPHBIX IMEHHO
IUIS JAHHOTO TUMA 00pa30BaTEIbHOTO pecypca: pa3iuyHbIX Meaua-GopMaros,
JUHAMHUYECKMX METOJIOB KOHTPOJS 3HAHUM, pa3iauyHbIX (opM Ui IMOHMCKa
JAHHBIX U 00paTHOH cBsA3H, U T.A. lllupokue BO3ZMOXKHOCTH, KOTOpBIE MPENo-
CTaBIISIIOT TMPETIOAaBATENI0 HHPOPMALMOHHBIE 00pa30BaTENbHBIEC TEXHOJIOTHH,
MOTyT OBITh peaJl30BaHbl U B BapuaTHBHOM yacTH komiuiekca. Croja MOryT
OBITH BKJIFOUYEHBI ON-liNe-KOHCYIIbTalluK [0 U3YYCHUIO TAHHOTO Kypca (Kak JUist
CTYJEHTOB, TaK U JUISl OPraHU3aTOPOB 3aHATUI), YaT, TMIEPTEKCTOBBIN Iiiocca-
pHii, MOPT(HOINO U JTUYHBIE CTPAHUIIBI CTYICHTOB U MPETOAaBaTeseH, yueOHbIe
IpyHnbsl ¥ MOAIPYIIBI, KOJUIEKTUBHO BBINOJHSIOIINE OTAEIBHBIE IPOEKTHI,
J0cKa oOBbsBICHUH, MOA00pKa (paiiiioB Ui CKaYMBaHMS CTYI€HTaMHU U T.1I.

CrnenyeTr OTMETHUTb, YTO COBPEMEHHAsl OpraHu3alys yJajleHHOro 10CTyIa
HE IO3BOJISIET MPOBOJMTH 3a4€Thl U K3aMEHBI ITOJIHOCTHIO B JIUCTAHLIUOHHOM
pexxume — Tpedyercs ydacTue JitoJei A uaeHTUGUKau 00yJaemMblX, Mpo-
XOJSIIMX WTOTOBBIM KOHTPOJIb, U OOECIEUEHUs! YCIOBUI NPOBEJEHUS KOH-
TPOJISL.

CTPYKTYPA U ®YHKIIUOHUPOBAHHUE YIMK

OVYMK npencraBisier coOOil OTKPBHITYIO NUIAKTUYECKYIO CHUCTEMY, (YHK-
LMOHUPOBAaHUE KOTOPON OCHOBAHO HAa aBTOPCKOW KOHUEMNLHMHM M3Y4YEHHUs IUC-
LUUIUIMHBI, @ COJepKaTelbHasi COCTaBisollas — Ha 0a3e MyJbTUMEIUIHBIX
JaHHBIX, B KOTOPOM JOCTYNEH TaKK€ U ONEpaTHBHBIA MOUCK HEOOXOIUMOM
unpopmanmu. Kak cucrema DYMK MoxeT peann3oBbsiBaTh (PYHKIIMH aBTOMa-
TU3UPOBAHHBIX OOYYAIOIUX M KOHTPOJHUPYIOIIUX CHUCTEM, MOJAEITUPYIOIINX
MporpaMM U JIPYTUX MPOTPAMMHBIX CPEACTB, JOCTYIHBIX B MH(POPMAIIMOHHO-
oOydarorei cucreme.

B 3akonuennom Bume DYMK kak cucrema BKiro4aet B cedst nHpopma-
LMOHHO-HABUTALIMOHHYIO, COJEPKATEIbHYIO, JUATHOCTUPYIOLUIYIO M YIIPaBisi-
FOLLLYIO ITOJCUCTEMBI.

Nudopmarmonnass mojcucreMa coJiepKuT wmeranHpopMmaimio DYMK:



CTPYKTYPY MEXIPEAMETHBIX CBSI3€l, OCHOBHBIE IOJIOKEHUS TOCYIaPCTBEHHOIO
(benepanbHOTO CTaHAApTa HAMpABICHUS OOydeHHs, pabOdyl0 MpOrpamMMmy Juc-
LUIUIMHBI, aHHOTALMIO U CTPYKTYPY Kypca, TEXHOIOTHYECKYIO KapTy Kypca, U T. II.

ConepikarenbHas nojcucteMa — 370 siapo DYMK, B3anmocBsizaHHOE CO
BCEMH MOJCHUCTEMaMHU C MOMOIIbIO MpsIMON U 0OpaTHOM cBA3H. OHA COCTOUT
U3 DJIEMEHTOB TPEX THUIIOB: PECYpPCOB, 00ECMEUMBAOIIUX MHPOPMALUOHHYIO
MOAJIEPKKY HM3YUYEHHUs TEOPETHUECKOTO MaTepuana; 3JE€MEHTOB, OpraHU3YIo-
[IMX WHANBUAYAIBHYIO MPAKTHYECKYIO pabOTy CTYAEHTA; CPEACTB OOIICHUS U
COBMECTHOU PabOTHI. DTO KypC JIEKLIUH, pa3/IeIeHHbIH Ha OJOKH, C CHCTEMOM
TUIEPCCHUIOK, KOHTPOJIbHBIMU BOIPOCAMH U BCTPOCHHBIMU NPOrpaMMaMu Te-
CTHPOBAHUS 3HAHWH, JIADOPATOPHBIN MPAKTUKYM C BCTPOCHHBIMU OOYydarOIIH-
MU ¥ KOHTPOJUPYIOLIMMU IPOrpaMMaMH JJis MMOATOTOBKH K BBIIIOJIHEHUIO Jia-
O0opaTopHBIX paboT, MaTepuasbl K KypcOBOMY MPOECKTUPOBAHUIO, MATEPHUAIIBI
JUIS  OCYLIECTBJIICHHMSI CAMOCTOSITENIbHOM paboThl CTYJAEHTOB MU MaTepHalbl
CIIPAaBOYHOT'O XapakTepa.

JlnaraocTtupytomas moJIcucTeMa BKIFOUaeT B ceOsl:

+  CaMOKOHTpPOJIb, OCHOBHAs LI€Jb KOTOPOr0 — JIOCTUKEHUE YBEPEHHO-
CTH 00y4aeMoro B TOM, YTO OH YCBOMWJI y4eOHBII MaTepua;

+ BXOJIHOM KOHTpOJIb, MPU3BAHHBIA ONPEJEIUTh CTENIEHb FOTOBHOCTH
00y4aeMoro K MpoJI0JKEHUI0 00yUeHHUS;

 TEKYLIUA KOHTPOJIb, OCHOBHAS 1LI€JIb KOTOPOI'0 — JUAarHOCTUKA B IPO-
LIeCCe YCBOEHUS U, PU HEOOXOIMMOCTH, KOPPEKIUS TUIaHa 00y4YEeHHUS;

« pyOeXHBIA KOHTPOJb JIJISl IPOBEPKH YPOBHS YCBOEHHS paszfena (Te-
MBbl);

*  3aKJIIOYUTEIbHBIM (MTOrOBBIA) KOHTPOJIb, KOTOPBIA MPEACTaBISAET
co0olt cepuro 3alaHUl 10 BCEMY MPOpabOTaHHOMY MaTepUaly, BBITOIHSIEMBIX
00y4aeMbIMU CaMOCTOSTEIBHO.

TecToBas o6omouka 00pa3yeT CBSA3aHHBIM ¢ KOHKPETHOW IUCITUTIIIMHOMN
CaMOCTOSITENbHBIA MOIYJIb [1], MO3BOJISAIONIMI KOHTPOJIMPOBATh 3HAHUS U BbI-
pabaTbIBaTh NMPAKTUYECKHE HABBIKM IO AIKCIUTyaTalldd U YIPaBICHHUIO MPO-
I'paMMHBIMU NPOAYKTaAMH, 000PYTOBAaHUEM M TEXHOJIOTUSIMH.

VYnpasinsomas NoJcucTeMa akKyMyJIHpyeT B ce0e pe3ysibTaTbl MOHHUTO-
pUHTa JJI MPOBECHUS] HEOOX0IUMON KOoppeKIuu mpoiiecca ooydenus. C uc-
MOJIb30BaHHEM OallIbHO-PEUTHHTOBOM cucTeMbl BY3a, a Taxke pe3ynbpbTaToB
TectupoBanus, B 06010uke DYMK moryt Ob1Th chopMupoBaHbl 6a3bl JaHHBIX
IUIS XpaHEeHUs UHQOpMaLUK O pe3yJsibTaTax padoThl 00yUYarOIUXCS.

[TpoBenenne yueOHOro mpolecca B CHCTEME OTKPBITOrO OOpa3oBaHUS
npenmnosnaraet ucnosnb3oBanue DYMK nubo B MuaTepHer, 1u60 B KOpHOpaTHB-
HOUl cetn yyeOHoro BVY3a. Ho naxe jnokajibHblE NPUIOKEHUS HYXIAIOTCS B
IIOACUCTEME, MO3BOJISIOIIEH MOJy4aTh OT NpENnojaBaress 3aJaHus U nepena-
BaTh B 0OpaTHOM HAaIpPaBJIEHUH PE3YJIbTAThl BHITOJHEHHS 3THUX 3aJaHUN U CcTa-



TUCTUKY HUCIOJIb30BaHMs mpuioxkeHud. [loaToMy mpencraBiseTcss 1enecoo0-
pa3HbIM, 4TOOBI oOpammenue k OYMK ocymiecTBisIocs yepe3 nopraja opraHu-
3anMM, mnpoBoadlied oOyuyenue, T.e. BY3a, Hampumep, ¢ uCHoJIb30BaHHEM
LMS Moodle npenocTtaBisromuM MIUPOKHE BO3MOXKHOCTH KakK IO aIMHHH-
CTPUPOBAHMIO Kypca B ILIEJIOM, TaK U II0 CO3JAAHUIO OTACIIBHBIX JJIEMEHTOB
oOy4eHusI.

CrnenyeT Takke 3aMETHTh, 4To pa3zpadbotanHsii DYMK peanuzoBaH B Ka-
yecTBE KOMOMHHPOBAHHOTO CETEBOTO Pecypca, COUETAIOIIET0 MPEenMYIIECTBa
nokanbHBIX U ceTeBbIXx DYMK. 3nech OCHOBHOM y4eOHBIM KOHTEHT XPaHUTCS
JIOKAJIbHO, €ro He TpeOyeTcs MmepenaBath 10 CETH, & YIPaBIeHHE KOMIUIEKCOM
¥ B3aMMOJICHCTBHE MEXIy MpernojaBaTeieM U 00ydaeMbIM OCYIIECTBIISIFOTCS
1o ceTu ¢ nomoueko cpeacts DYMK. /InurenbHble onepanuu, HalIpuMep, BbI-
MOJTHEHHUE JIA0OPAaTOPHBIX pabOT OCYIIECTBISETCS B TaK Ha3blBAEMOM OTCO-
€AMHEHHOM pEeXHUME: COSAVNHEHHNE UCIOJb3YETCs TONBKO I TIOJy4EHHUs 3a/a-
HUS U y4eOHBIX PECypCOB, MOCIE Yero 00y4aeMblii MOXKET MPOJOJIKUTH BbI-
NOJIHEHHE J1a00paTOpHON pabOThl B aBBTOHOMHOM PEKUME, OTKIFOUYHUBIIUCH OT
CETH.

ITPOT'PAMMHAS PEAJIN3ALIUA

PaGota He siBisieTcst UGPOBOIM BepcHei MeYaTHOrO W3/IaHus, a MPEICTaBIsIeT
co0oil aHanor noJHOQYHKIMOHAIBHOIO 3JIEKTPOHHOIO Yy4eOHHMKa B BHJE
SCORM mnporpammbl, CKOMITUIUPOBAHHOM B €Xe-(ailyibl ¢ pa3BUTON CUCTEMOM
CCBIJIOK, MYJIbTUMETUHHBIMH BKIIFOUEHUSMH M OJIOKAMU MOJTOTOBUTEIHHOTO U
KOHTPOJIFHOTO TECTHPOBAHHS.

B coorBerctBum co cranmaprom SCORM maker y4ueOHOro marepuana
BkiIoyaer XML-daitn index (Mmanudect), comepkammi HHOOPMAIUIO O
CTPYKType Yy4eOHOro Marepualia U acCOIMUPOBAHHBIX pecypcax, pu3nuecKue
daite (annot, instr, inst u xp.), ABSIONIMECS HETOCPEACTBEHHO YUCOHBIM Ma-
TEepHAJIOM.

[Tpu coznannu DYMK c nenpro MUHUMHU3alMd 00beMa KOHEYHOTO IMpo-
IPaMMHOTO TIPOJIYKTA JJIsi KOMIAKTHOTO ero pasmerneHus B LMS Moodle as-
TOpbl NMPUMEHWIM MpsIMOE IporpaMMmupoBaHue Ha si3bike HTML, xors, B
MPUHIINIE, B KOHCTPYKIUU OTIEIHHBIX OJOKOB KOMILIEKCA MOKHO OBLIO OBI
UCIOJIb30BaTh W IIMPOKO W3BECTHBIE CPENCTBA Pa3paOOTKU HHTEPAKTUBHBIX
yuebnbix marepuanoB (Websoft, CourseLab, iSpring u ap.). OTKpbITBIH 00b-
EKTHBIM MHTEpPEiCc CO3MaHHON MPOrpaMMHON OOOJIOYKH TMO3BOJISET BKIJIAJIbI-
BaTh y4eOHBIM MaTepuas MPaKTUYECKH JIFOOOU CIOXKHOCTU, PacIIUpsiTh Ouo-
JMOTEKH OOBEKTOB U 111a0JI0HOB, B TOM YHKCJIE U 3a CYET CAMUX I0JIb30BaTeel.
Nmeronuiicss BCTpPOEHHBIM MEXaHU3M TECTUPOBAHMUS 3HAHUM INO3BOJSET IIPO-
W3BOJIUTh KaK IMOATOTOBKY O0Oy4aeMbIX K IPOBEICHUIO KOHTPOJIBHBIX MEpO-



MIPUATUN, TaK U KOHTPOJIBHOE TECTUPOBAHUE 3HAHUM.

IIporpamMMHBIN KOMIUIEKC CUCTEMBI TECTUPOBAHUS COCTOUT U3 HECKOJb-
KUX (YHKIHOHAJIBHO 3aKOHUEHHBIX MOAYJEH, CIOCOOHBIX paboTaTh HE3aBU-
CHMO JIPYT OT JIpYyTa, BBITIOJHSS IIPU 3TOM CTPOTO OTpeieieHHble pyHKuuu [2].
OCHOBHBIE COCTABJIAIOIINE KOMILJIEKCA:

e CepBep TECTUPOBAHUS — OTPAOATHIBAIOIINI MOAKIIOUEHHSI U 3aIIPOCHI CO
CTOPOHBI KJIMEHTOB U a]IMUHUCTPATOPOB;

e KJIMEHT TECTUPOBAHMS — MPOrpaMMa, B KOTOPOU MPOBOAUTCA TECTUPO-
BaHHUE I10JIb30BaTeNs (B3aUMOJEHCTBYET C CEPBEPOM IO CETH);

e AJMHUHUCTPATOP TECTUPOBAaHHA — IPOrpaMMa yJIaJCHHOW HACTPONKHU
cepBepa TECTUPOBaHMsI, TIOJyUYEHHUsI OTYETOB M UX aHain3a (B3auMOJeil-
CTBYET C CEPBEPOM I10 CETH);

e PENAKTOp TECTOB — aBTOHOMHAsl, HE 3aBHUCSINAs OT IPYTrUX KOMIIOHEH-
TOB IIPOrpaMMa IIPOCMOTPA U IIPABKU COLEPKUMOTO TECTOB.

Bo03MOXHBI pa3inyHble BapUAHTHI MOCTPOEHUS KOMILIEKCA CUCTEMBI Te-
CTUPOBAHUS.

3AKVIIOYEHHUE

DOVYMK B menom, 3JeKTPOHHBIN yueOHUK, Kak cocTaBisitonuii OYMK u mexa-
HU3M MHCTAJUIALIMM CUCTEMbl TECTUPOBAHUS B OTAEJIIBHOCTU MPOLLIU TOCyAap-
CTBEHHYIO PETUCTPAlMIO B ACMO3UTapuu 3IeKTpoHHbIX m3ganuii HTL «WH-
dbopmpeructpy». M takxke npucBoen rpud YMO B penakiuu: “PexomenaoBa-
HO Yy4eOHO-MEeTO/IMYecKuM o0benuHeHneM By30B Poccuiickoit @enepanuu mno
o0pa3oBaHUI0O B 00JACTU PAJAMOTEXHUKH, SJIEKTPOHUKH, OMOMEIUIIMHCKOM
TEXHUKH U aBTOMATH3allMM B KAYECTBE SJEKTPOHHOTO YYCOHHMKA JJIA CTYJEH-
TOB BBICHIMX Y4€OHBIX 3aBEJCHUI, 00yUalOIMUXCs M0 HAIIPABIICHUIO TIOJITOTOB-
ku 220400 - ynpaBieHre B TEXHUYECKHX cUCTeMax (OaKalaBpbl, MarucTpsl)'.
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ABSTRACT

In this paper we present an innovative elLearning project being developed in
collaboration by St.Petersburg Technical University and Graz University of
Technology, Austria. The project aims to develop a common educational WEB
space for distant teaching of different aspects of database technology. The
method can be applied for teaching students which have different specialities and
background knowledge. The method can be also easily adopted for so-called Life-
Long-Learning (LLL), and can seriously amend a current practice of Massive
Open Online Courses (MOOC).



The common educational WEB space consists of a number of Learning
Management Systems (LMS) used by partner universities, reusable educational
content structured as so-called SCORM modules, and a shared online database
laboratory.

The previously mentioned functional components are seamlessly syndicated into
an integrated system by means of a number of WEB services. For example, the
laboratory is actually an Internet server with a DataBase Management System
(DBMS), and a number of WEB service entries for integrating the laboratory into
other eLearning components such as WEB Exams, Project developing space, and
so on. The presentation provides a detailed technical specification of WEB
services, and a reproduceable description of usage scenarios. The paper will
present practical results of the pilot application of the system, discuss problems
that were found out, and offer possible solutions.

ELEARNING AND EDUCATIONAL WEB SPACE

WEB space is normally perceived as a set of resources and services offered
through the Internet. More specifically, educational WEB space is a Learning
Management Systems (LMS), providing access to course specific materials,
necessary communication, verification and data exchange facilities. Typically,
students access written scripts or prerecorded video lectures, comment the text or
movies, discuss the content using an online forum or chat. Data exchange
facilities are necessary since students are supposed to perform some training
actions and upload results for evaluation by teachers. Success of elearning
essentially depends on online monitoring and verification of students progress
with the course material.

To implement a common educational web space we have to decide on the
following aspects of such WEB sites:

- mutually recognized basic data structuring paradigm and functionality.

- data exchange standard that provides a seamless integration of data available
from one site into the context of another WEB site possibly implemented in
another operational environment (LMS).

- common way of evaluating students results with the course materials.

Content of a particular educational WEB site consists of the following
components:

Announcements. Course announcements allow teachers to promptly announce

important course events in a form of a sequence of textual documents that are
sorted in a chronological order. We can say that a course announcement is a
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teacher's blog devoted to a particular course. Similar to other blog applications,
course announcements must be very easy to author, preferably any blog authoring
tool can be applied to write such announcements. Since course announcements
may contain very important information for course participants, and must be read
before a particular date, there must be a variety of mechanisms that ensure
delivering of announcements to students in time such as RSS (Really Simply
Syndication), Atom Feed, News Groups, Emails, etc.

Curriculum description. Curriculum description is a menu of documents that
describe different aspects of actual working with the course materials and tools.
For example, typical curriculum documents may describe a course schedule,
course content, important prerequisites, requirements for an examination, etc.
Curriculum documents may be authored using any tools and uploaded in a form of
HTML, PDF, MS Office documents, etc. The most preferable way of browsing
such curriculum documents is a selection of documents from a list (menu). It
should be especially noted that curriculum documents may be imported from
another University Management System. For example, the description and
calendar of all courses are available from a so-called TU Graz Online campus
management system in TU Graz, and from a similar system "Portal of distant
technologies™ in St.Petersburg Polytechnic University.

Course library. Course library is a main learning component of any educational
web site. The course library is a structured repository of training materials (files)
that are available for students. Course documents can be of any format (HTML,
PDF, PPT, movies, etc.). Normally, the course library is structured as a set of
nested folders containing references to original documents.

The course library must provide special tools to simplify downloading of files by
students, thus, any mass downloading browser plug-in can be used. Since
functionality of the course library is similar to functionality of such well-known
cloud services as DropBox, Google Drive and MS One Drive, interface to these
web services is desired.

Course forum. The course forum is a primary asynchronous communication tool
that allows to discuss course-related issues using an usual "Post/Reply" paradigm.
The course forum should combine simple yet powerful text editing facilities, file
uploading facilities and advanced data dissemination features such as "show new",
RSS/Atom feed, email subscription, interface to news groups, etc.
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Course tools. Each course web site must provide references to a number of course
specific tools such as:

- online examination (course quiz);

- online project (course assignment).

A course quiz is an automatically selected list of predefined questions that must
be answered by a particular student within a predefined time slot and possibly
under monitoring by the teacher or course tutor. Course quizzes are evaluated
automatically by the system or manually by the teacher and tutors. Students are
getting examination points as a result of such evaluation. Quizzes are used as a
part of final course examination or as a precondition for such examination.

A course assignment is usually a set of files developed by students on request of a
teacher. Course assignments can be done individually or in collaboration with
other student (working group). Course assignments can be also evaluated
automatically by the system or manually by the teacher and tutors. Similar to a
previous case, students get points for their course assignments.

COMMON EDUCATIONAL WEB SPACE

On the first glance, the idea of common education WEB space may be
implemented as a remote access for students from one university to a LMS
residing on a server of another university. Unfortunately, this mechanism cannot
be used in practice, courses offered by each university have significant variations
in content and especially legal restrictions for access to the course materials,
online examinations, doing practical assignments online, etc. Simply stated,
teachers are creative people and must have a necessary freedom to offer students
teaching materials and training curriculums that they find suitable for learning the
course subject. From the legal perspective, all educational web sites must match a
number of restrictions that are specific for a certain country and/or university.

For example, in Austria students cannot be forced to upload their assignments
onto a foreign server that is not a subject of Austrian law. Similarly, all the
discussion contributions (posts) must reside on a server where university
authorities have a full control.

Thus, a common educational WEB space is a set of WEB sites collaborating via
export/import functionality, web services and commonly accepted protocols. We
distinguish two levels of such WEB sites:

Basic level of that space is a huge collection of reusable teaching resources
(modules) and a number of so-called laboratories. Modules from such basic level
may be reused on an upper level that is called user level, via insert and clone
operations (see below). Laboratories are active components that receive student's
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submissions (can be answers from a particular quiz or components of students
assignments) and evaluates such submissions. All the communication to
laboratories is done via web services. The most obvious way of using such
laboratories is evaluation of programming assignments where students are
requested to implement a programming component that is automatically compiled,
run and evaluated by the laboratory. In this particular project, "Fortran
Programming"”, "C programming"”, "Java Programming"”, "MathCAD" and
"Database" laboratories were implemented.

The user level may be seen as a number of LMS accessible by students. Servers
on the user level belong to particular universities and are built for the students of
this university. The servers functionality on the user level confirm to internal
regulations of the university.

STRUCTURING EDUCATIONAL CONTENT

Courseware, according to our approach, consists of addressable components
called modules. A module does nothing but encapsulates other components called
members therefore, together with some internal structure (i.e. navigational
topology). This structure is in fact a link structure expressing the relationships or
associations between members. A member is either a document or another
module. One member of a module is chosen and designated as its head (the
starting point for navigation).

Additionally, a module may have an associated document called its label (see
Figure 1) to provide contents synopsis. If a label is missing then the head is used
instead.

We may think of a module as an opaque container: if we are outside the container,
its members will not be visible to us. To see what's inside it, we must enter it. Of
course, we can only be inside one container - the current container - at any given
time. But once inside, we will be able to visit its members by navigating its link

topology (see Fig. 1).
Label
Head E E E E

OO
e[| 11T

Module Basic Level - Modules

Fig.1 Internal data structuring on a basic level
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A member we visit in the current container may be a document or another
module. If a document, it will be visualized in some appropriate way - typically
involving the presentation of the document's media objects on the computer
display and/or sound system. If a module, its label (which is a document, by
definition) will be visualized. The most recently visited member of the current
container is the current member. Access to other members from the current
member is determined by the container's internal navigational tools.

Note that visiting (i.e. navigating to) a module does not enter it, even though its
label is visualized. The point of the label, as mentioned earlier, is to present a
synopsis of the module to allow us to decide whether or not we want to enter it.
To enter it, we must explicitly use the Zoom-In operation. Zooming into a module
makes it the new current container, its head the new current member; all links
emanating from the current member become accessible.

Figure 2 illustrates the Zoom-In operation. Prior to zooming in, "A" is the current
container and "B" the current member. Applying the zoom-in operation on "B"
makes it the current container, its head the current member, and all the links
emanating from the head accessible. Navigation after zooming in is restricted to
the links in the current container, or zooming into the current member (if it is a
module) or zooming out of the current collection.

Y

-- Current Mernher
B g&

New Current
Container

I _mem-h]——

Cument Cnntmmar *

Fig.2 Operation Zoom-In

The Zoom-Out operation is of course the inverse of Zoom-In. Its effect is to
restore the current container and the current member to the state immediately prior
to the most recent zoom-in. Thus, a zoom-out operation for the situation in Figure
2 will reinstate "A" as the current container and "B" as the current member.
Navigation may thus be viewed as occurring in and between "planes”. Link
navigation within a module is in one plane, while the zoom-in and zoom-out
operations are orthogonal to this and allow a jump to a lower or higher plane.

Note also that a module may be a member of more than one other module, i.e.
modules may be re-used in different contexts.
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Building hypermedia courseware typically follows a bottom-up approach. First,
multimedia documents are created. They then become building blocks for
complex modules that constitute the basic level of the system. The modules are
encoded using a well-known SCORM (Sharable Content Object Reference
Model) format.

RE-USING EDUCATIONAL CONTENT ON UPPER LEVEL

Assuming that documents and modules on a basic level have been created, a
teacher may reuse the content to incorporate it into a particular curriculum and,
hence, make it available for students. Re-using is carried out via two different
mechanisms - inserting elements from basic level into modules on the user level
and cloning modules from basic level.

Inserting elements is done using the following scenario. A teacher creates a new
module, assigns it a unique name, selects a document or an existing module from
a basic level as its head, and optionally selects a document as its label. Once a
module has been created, its members - other modules or documents from the
basic level, can be inserted, modified or removed.

Cloning modules may be seen as selection of most suitable modules from a basic
level and creating instances of such modules on the user level. Such instances of
modules can be further edited as it was described above.

USING DATABASE LABORATORY

In this chapter we describe a couple of scenarios for actual usage of the
"laboratory™ component in teaching different aspects of database technology. The
laboratory is an Internet server with a DataBase Management System (DBMS)
installation, and a number of WEB service entries for integrating the laboratory
into other eLearning components.

Evaluating quiz answers.

As it was mentioned above, a course quiz is an automatically selected list of
predefined questions that must be answered by a particular student. Thus, the
teacher must formulate a set of questions, and possibly define templates for
automatic evaluation of the user answers. In case of a database course, a most
common situation is if a teacher requests to define an SQL query with a reference
to a particular database schema. Obviously, it would be very useful to
automatically run the query, and compare results with a predefined DBMS output
to evaluate the student's answer. To accomplish this, teacher defines via special
WEB services:
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e adatabase schema and test content for a special database application;
e anumber of SQL queries, each query is recorded along with an expected
correct query definition.

As a student formulates an answer (provides a source query code), it is
automatically submitted to the laboratory via a web-service, executed and the
output is compared to a test output. All the results are returned to the teacher.
Working with database assignments.
In this case, a student or a working group of students gets a named space in the
laboratory where the following actions can be performed via a web-service:

e adatabase schema may be defined and compiled;

e test database content may be inserted into the database;

e a number of queries can be formulated and executed in the context of the

previously defined database.

Teachers may request a working protocol of a particular group. The protocol
includes all the sources defined by the students and the results of execution of
the queries (see Fig.3). Thus, the students assignment may be easily evaluated.
This mode is primary used for doing students projects - sample database
applications.

TU war

Grazm

Master

Projects "Check SQL" Administrator: Nikolai Scerbakov

|

8

LogQut

Help

MNew Project ‘ All Projects | Subscription Manager | All Files Preferences )—

Report

Bl source

Print | | Close

select * from customer LEFT OUTER JOIN transaction ON (customer

cname

ccity

cphone

cid

cid

pid!

tdate

tqnt

Nick

Graz

112233

a4

a4

30

2003-09-30,

=y

MNick

Graz

112233

a4

a4

31

2003-10-01]

2

Nick

Graz

112233

44

44

32

2003-10-02

3

Denis

Wien

332211

45

45

30

2003-09-30]

10

Denis

Wien

332211

45

45

35

2003-10-02]

10

Hermann

London

11111l

46

46

32

2003-09-30]

2

REFERENCES:

Locker “cccoccceccecc” New File | [ Close
This is a test SQL locker

& example.sql - 06 03 2010 14:41
Evaluation || Comment || @Report | Remove

% all.sql - 13 02 2013 12:40

Evaluation | [ Comment | [ @Report | [ Remove

& product.sql - 13 02 2013 12:46
Evaluation || Comment || @Report | Remove

Fig.3 Application of a database laboratory
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Pegepar

B crathe mpezicraBieH HOBBIA (opMaT HH)KEeHepHOro obOpasoBanus [1] B
TpakToBKe BcemupHoi wuHuIMatuBel CDIO  u wmonmeneiét WHXEHEPHOTO
oOpa3oBaHus, pa3paboTaHHBIX B Beiciieit nmkeHepHoit mkosie Yp®@VY [2]. Otn
MOJIETT CO3BYYHBI JIYUILIUM MHPOBBIM MPAKTUKAM U HAIILIM CBOE BOILJIOIIEHUE
B «YpaJIbCKOW HWHKEHEPHOM IIKOJIE», PEATU3YIOUIECHCS 110 HHULIHATUBE
ryoepnaropa CaepjuioBckoid oOnactu. OCHOBHOM (OKyC pacCMOTpEHHS -
WHXKEHEpHas MarucTparypa, MpeJHa3HayeHHass o0ecrneunTh TpedyeMblii
COBPEMEHHON uWHAycTpuell Habop NpodecCHOHAIBHBIX  KOMIETCHIIHMA
umkenepa [3].

BBEJEHHUE

B MupoBoM koHTekcTe Hanboyiee SpKO HOBBIM (popmMaT MHKEHEPHOTO
obpazoBanus nposiswics B uHuimatuBe CDIO. Cranmaptel u Cwmiadyc [4]
CDIO BobOpamu B cebst mydmine MUPOBBIC MPAKTUKUA M MPEICTABISIOT COOOM
CHCTEMY TIPUHIIUIIOB ¥ KOHKPETHBIX PEKOMEHIAIHKA ISl TIOBBIIICHUS
3G(HEeKTUBHOCTH  MOATOTOBKM  HMHXKEHEPOB,  CIIOCOOHBIX  3aJyMBIBATh,
MPOEKTUPOBATh, BHEJPSTH U YIPABIATh HHXKEHEPHBIMH H31eusiMA. [ TaBHOE B
nogxoxax CDIO — crpemnenue oOy4daTh CTYIACHTOB B HUJCOJOTHH
’KU3HEHHOT'O IMKJIa U MCIIOJIb30BAHUE METOAOJOIMU PE3yJIbTaToB OO0y4YEHHS.
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WuTerpupoBannbie 00pa30BaTeNbHBIE MPOrpaMMbl  CTPOSITCA Ha OCHOBE
MPOEKTHOTO O0y4YeHHs M o0ecrnedrBaroT (OPMHUPOBAHHE YHUBEPCAITBHBIX
komrieteHnui (Soft skills) mocpencTBoM akTHBHOTO 00yUYEHHSI.

B  ycnmoBusix poccuiickol — JAEWCTBUTENBHOCTH HOBBIA  (opMmaT
NpeanojaraeT HOBbIE MOJENNM HHXKEHEpPHOro 00pa3oBaHUsA, MEPEecMOTP
MOJIXOZ0B K MPOCKTHPOBAHHUIO W pealM3allii 00pa30oBaTEeIbHBIX MPOrPaMM B
COOTBETCTBUU CO CJICYIOIUMH MPUHIIMIIAMU:

e HenpepbiBHOCTh 00pa3oBaHUs: WHTETPUPOBAHHBIE M NPEEMCTBEHHBIC

10 pe3ynbTaTtaM 00y4YeHHs MPOorpaMMbl OakanaBpuaTa U MarucTPaTypbl

(BO), cornacoBanusie ¢ nmpodeccuonanbHbiMu porpammamu (CI10).

e [laptHepcTBoO, 3¢ deKkTuBHBIE MEXaHU3MbI B3aUMOJIEHCTBUS
o0pa3oBaHusl, HHIYCTPUH U BIACTH

e OpueHTanys Ha TEKYIIWE U NEPCHEKTUBHBIC MOTPEOHOCTH WHAYCTPHH,
yueT TpeboBaHU NpodeccnoHaIbHBIX CTaHAAPTOB.

e TexHOJO0ruM NPOEKTHOTO O0YUYEeHHUS,

e CTyneHTOIEHTPUPOBAHHOE aKTUBHOE 00yUCHHE.

o CoBpemeHHass oOpa3oBarelibHas cpenia, 0OecreynBaonas MOCTOSIHHBIN

J0CTyN K 00pa3oBaTeIbHBIM pecypcam (JlabopaTopuu, ayTMTOPUH, Oa3bl

3HaHUU U JIp.).

Jlis peanu3anuyu HOBBIX MOJIENICH WH)XXCHEPHOTO OOpa30BaHHS OYCHBb
BaXCH AaCIEKT B3aUMOJICHCTBHSI C TEMH KOHTpPAreHTaMH, CTEUKXOIJepamu,
KOTOPbIE 3aWHTEPECOBAHBI B COBMECTHOM IMOJTOTOBKE HHXCHEPHBIX KaJpOB.
[me mom COBMECTHOCTBIO TIOHMMAETCSl TMPEXIE BCETO COTVIACOBAHHOE
ompeNieJiecHne pe3yJabTaToB O00ydeHus U ydacthue paboTonmareneid B
oOpa3oBatesibHOM Tiporiecce. He Tonmbko B hopMe KypaTtopcTBa, MPAaKTUKH U
KaKUX-IM0O TIPAaKTUYECKMX paboT, HO M B MPSIMOH 00pa30BaTEIbHOM
JeSTSIIBHOCTH, MPOBEACHHS OTACIBHBIX 3aHITHHI, SKCKIFO3UBHBIX JICKIIHHA I10
MEPCIIEKTUBHBIM TEXHOJOTHYECKUM PEIICHUSAM, 10 TEeM HOBAIUSM, KOTOPHIS
BHEAPSAIOTCSA, MO0 OyayT BHEAPEHBI B TPOM3BOJICTBO B OJMKaWIIeM
Oymyiiem.

[lepBbie KOHTAKTBI C PAOOTONATEIIIMH HAYMHAIOTCS E€CTECTBEHHO C
ONpeNeIeHUsT TOTPEOHOCTH TOTEHIMAIBHBIX TAPTHEPOB B  HAy4dHO-
TEXHUYCCKUX, MHKEHEPHO-TEXHUUYECKUX Kapax.

[TockoJIbKY cerojHss TUHAMUKA W3MCHCHHS TEXHUKH W TEXHOJOTHH
OUYE€Hb BBICOKA, TO HEBO3MOXXHO 3apaHee BBICTPOUTH 4-X JIETHIOI, a TO U 6-10
MPOrpaMMbl TAKUM 00pa3oM, 4TOOBI IPEIBOCXUTHTH T€ MOTPEOHOCTH, KOTOPHIE
BO3HHUKHYT Yepe3 HECKOJbKO JIeT. TEeXHOJIOTM MOTYT MEHSATHCS B TEUYCHHE
BEeChbMa OTPAaHUYCHHOT'0 BPEMEHHU BEChbMa KapIMHAIBHBIM 00pa3oMm.

He cTout HazesThCs HA TO, YTO MBI TOYHO y3HAEM MIPOTHO3 KOHKPETHBIX
NoTpeOHOCTEe  MPOMBINUICHHBIX — MNPEAUPHUSITHA  HAa  CPEIHECPOUYHYIO
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nepcnekTuBy. I[lo3TOMy yHHMBEpPCUTETHI [OJDKHBI Pa3BUBAThb W BHEAPSTH
YHUBEpPCAJIbHBIE  MPOrPAMMBI,  KOTOpbIE  MO3BOJISIIOT  TEpPECTpauBaTh
00pa3zoBaTeNIbHBIN MPOIECC MO U3MEHSIOIIEECS HYXIbl TPOMBIIIIICHHOCTH.

DT0 BO3MOXKHO, KaK B 0aKajIaBpCKUX MPOTpaMMax, KOTJa JABa roja UaetT
dbyHInaMeHTanbHasi, OOIIEWHXEHEpHas  TOAroroBka. M BbeIXOm  Ha
npodecCHoHATN3aINI0 yKe Ha mocieaHux 1,5-2 rogax o0yueHus.

Haubonee 3ddexTtuBHBIM  MmyTeM  MOJACTPONMKH  TOJ  HYXKIBI
MPOMBIIIJIEHHOCTH  SIBJISIETCS  UCIIOJIb30BAHME  MPOrpaMM  HMHXKEHEPHOMU
Maructpatypbl. W 31ech KOHTakT ¢ paboOTOmATENSIMHM, TIOCTOSHHBIN
MOHUTOPHUHT MEHSIOIMXCS MOTPEOHOCTEH sABNIseTCS onpenenstomum. CeroaHs
HanOoJyiee TEPCHEKTUBHON MOENbI0 HMHXKEHEPHOM MarucTpaTypbl Ha HaIll
B3IJISAJI SIBJIIETCS] BAPUAHT, TaK Ha3bIBaeMblil OJMH IUTt0C oAuH. Korna nepsbiit
roJ oOy4eHHsI B MarucTpaType JoCTaTOYHO YHUBepcasieH. Vet oOHOBIEHUE U
aKTyalM3allii 3HAaHUW M YMEHUW B MaTEMaTHYECKOM MOJICIHPOBAHUU, B
MOJIb30BAaHUM  TaKeTaMd  NPOrpaMMHOr0  OOecreyeHus,  U3y4yeHue
COBPEMEHHBIX TEXHOJOTHYECKUX PEIICHU, pacliupeHue Kpyroszopa. Bropoii
roJ; 00y4deHus: (paKkTUUYECKH pealn3yeTcs cXema TaK Ha3blBaeMOTro AyajdbHOTO
oOpa3oBaHus, Korja OOydyeHUE B YHUBEPCUTETE CONPOBOXKIAETCSA, BEpHEE,
COUETACTCS C pEATbHON pabdOTON Ha MPOMBINUICHHOM TMPEANPUITHA HaJ
OTBITHO-KOHCTPYKTOPCKUMHU ~ pa3pabOTKaMu, HaJa MpodiieMaMu, KOTOpBIE
BOJIHYIOT ITPOMBIILICHHBIE IPEATPUSATHS.

Jlanee B cTaTbe KOHKPETU3UPYIOTCS TpeOOBaHUS K peald3aluu
MPOrpaMM UHKEHEPHOU MarucTpaTyphbl
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Abstract

Both the development of cyber-physical systems and the global distributed
software development are often characterized as “wicked problems™: cyber-
physical systems due to simultaneous need of knowledge in multiple fields and
global distributed software development due to challenges in communication
and cooperation, coordination and visibility, and geographical and cultural
distance.

A common approach to teaching software engineering concepts is to have
students form teams to create a software product; this allows them to
experience the problems first hand. The global distributed software
development is widely used in industry, for example, to stay competitive in the
market. The relevance of the cyber-physical systems is for the industry high,
too. Physical systems are compounded increasingly with communication
abilities and controlling functionalities that are implemented as software. The
key criteria for all these factors is well educated people. Yet, software
engineering education hardly focuses the needs of these fields. Consequently,
the graduated students rarely posses necessary skills and hands-on experience
required for such projects.

We developed a novel educational concept based on the project-based
perceptional approach for teaching cyber-physical systems related to real
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industrial setting using global distributed software development. The concept
allows to demonstrate the combination of several intelligent task-oriented self-
organizing cyber-physical systems with multiple realistic critical constraints,
like power efficiency, high performance, size and cost. Simultaneously, it gives
a realistic view on the field of global distributed software development. The
developed concept proffers for the students a practice oriented opportunity to
be prepared for the industrial needs of tomorrow.

INTRODUCTION

Both, the global distributed software development (GSD) and the cyber-physical
systems (CPS), are dramatically changing the needs of the education of engineers.
The social competencies and ability to work in interdisciplinary teams are getting
more important compared with traditional engineering disciplines.

The critical success factors of GSD have been discussed in a number of
studies (e.g. [1], [2], [3]). In [4] the author identifies six most relevant success factors:
trust, efficient communication, cultural understanding, relationship between client
and vendor, contract type and efficient knowledge transfer. These factors are non-
technical.

The major challenge in teaching GSD is to enable “students to recognize how
the problems of remote collaboration and cultural differences make the performance
of these activities even more difficult” [5]. Such skills may only be learned by doing
realistic projects by integrating class teaching with projects. However, the computer
science curriculum in most universities focuses on technical abilities of their
graduates much more than on their social or project management skills although these
are crucial to the success of GSD projects. Consequently, the computer science
graduates are poorly prepared to the needs of GSD.

CPS are "physical and engineered systems whose operations are monitored,
coordinated, controlled and integrated by a computing and communication core” [6].
CPS are increasingly penetrating into our lives. This increases the dependency of the
society on the CPS [3]. Consequently, there is an increasing need to understand
technical, social, and economic aspects and effects of the CPS on the society.
Focusing on the technical knowledge required for the development of CPS, some
companies seek to hire "super engineers, individuals with knowledge in computer
science and object oriented programming; embedded software engineering;
experience with hardware, firmware, drivers, BIOS, and controls systems; and plant
modelling." However, such individuals are difficult to find. Thus, companies build up
teams with respective skills. Therefore, "students need to learn how to work in the
cross-functional teams that are needed to build CPS, something that requires both
broad knowledge of multiple areas of expertise and excellent communication
skills.[7]" The link to GSD is given because in most cases, the cross-functional teams
are distributed in multiple locations. The academic culture and education does not
meet the needs of the industry as "there are countervailing trends toward very deep,
narrow, and isolated work, perhaps amplified by the “publish or perish” academic
culture, which often serves as a disincentive to interdisciplinary work™ [7].
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The increasing requests of the industry for engineers with a solid CPS and
GPS skills has been responded by the academy by number of academic courses.
Accordingly, various courses has been developed (cp. e.g. [21], [22], [23]). The CPS
courses focus especially on the technical needs covering the modelling [20] and
implementation aspects bringing together students from various backgrounds. The
aspects of life-long learning are discussed in [24]. However, the combination of GSD
and CPS is not focused although it is relevant for the industrial setting. Also the
aspect of soft skills together with CPS is hardly focused in the existing academic
curricula. To address the need of soft skills, and to fill the lack of realistic industrial
setting in the current discussion of CPS curricula, this paper presents a project-
orientated and perceptional approach to teach CPS and GSD.

The remain of this paper is organized as follows. Section "Fundamental
characteristics 0 GSD and CPS" describes basics of both areas as far as they are
relevant for this paper. Section "Pedagogical Requirements” depicts the relevant
pedagogical ideas behind the proposed concept. Section "Concept and its
Implementation™ is dedicated for the implementation of the concept. Finally, in
Section "Conclusions” the conclusion and future work is presented.

FUNDAMENTAL CHARACTERISTICS OF GSD AND CPS

Global software development means that the software development is disperse along
several geographically dislocated sites. A global software team executes the activities
collaborating on a common, usually commercially viable, software development
project [8]. The reasons for firms to apply GSD are related to human resources, to
business advantages, or to work organization. In is remarkable that technical reasons
are not named in the listing given in [9].

Although widely applied in the industry, GSD projects are risky. The main
reason for the challenges of GSD-projects is the geographical distance that is defined
as the “effort required for one actor to visit another” [1]. Additionally, GSD projects
are negatively affected by the temporal [14] and by the socio-cultural distance [1].
They play a minor role for the proposed educational concept and will thus not be
discussed here more in detail.

The GSD workers are knowledge workers whose main capital is the
knowledge. The effective knowledge work requires principles like connection
visibility and structured messaging [10]. The lack of face-to-face communication
hinders the effective knowledge work. The connection visibility means that the
process participants, their roles and their private information resources need to be
represented. In structured messaging the interaction management is structured, goal-
directed and controlled communication.

These principles are negatively affected by the geographical distance because
it hinders the face-to-face communication impacting negatively the communication
and coordination [2]. Missing face-to-face communication leads to information lacks
and delays as it narrows intensive information sharing and hinders such the
collaboration. One way to bridge the geographical distance is electronic
communication. However, it is no substitute for the face-to-face communication [5].
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Cyber-Physical Systems (CPS) integrate computation and physical processes
[15] using networking to communicate. These systems have embedded software and
computational core that directly processes and records physical data using sensors
and affect physical processes using actuators. The embedded computational core may
be distributed and demand real-time response. CPS interact with the surrounding
physical and digital world being connected with other CPS via digital communication
facilities. CPS may use globally available data and services to share information.
Characteristically, they may have multi-modal human-machine interfaces enabling to
communicate with the system, e.g. by voice or by gesture [16].

To sum up, temporal, geographical and socio-cultural distances affects
distributed software development negatively. However, an awareness based on
personal experiences helps to get easier over the possible difficulties. One good way
to get these needed experiences is to integrate appropriate courses into the university
curriculum.

PEDAGOGICAL REQUIREMENTS

The needs for future engineering skills concerning the CPS are discussed in [7]. The
needs may be classified in three groups: systems thinking, soft skills, and ability to
analyze the correctness of components. The goal of GSD educational courses is to
make students familiar with GSD projects and with the challenges that may occur in
the project as well as their solutions. Crucial for the success of GSD projects is to
"invest in face-to-face meetings, temporal collocation, and exchange visits [18]".
GSD courses need to be well prepared with clear behaviour rules and encouragement
for the communication (cp. [19]).

The required educational concept needs to focus both on the required skills for
the CPS and for the GSD education. The proposed concept shall allow students to
have an insight into the challenges involved in CPS and GSD from multiple points of
view. At the same time the students shall get a practice oriented opportunity to be
prepared for the industrial needs of tomorrow.

THE CONCEPT AND ITS IMLPEMENTATION

The key point of the proposed concept is a combination of project-based teaching
([26], [27]) and perceptional teaching [12]. The teaching process is organized on
agile teaching methodology coping "with changing and diverse learning needs" and
"with changing research, business, and technology environments™ [25]. On the one
hand this allows the tutors to intervene into the students’ learning process only on
demand, but on the other hand requires an intensive communication and a close
cooperation with the students.

Project-based teaching organizes learning within projects. The tutor devises a
specific comprehensive task for the students who need to solve it in a group. For
solving the task, the students are requested at first to setup and then to carry out a
project.

Perceptional teaching is based on the idea that perception plays a fundamental
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role in all learning. Understanding the principles of concept formation establishes an
essential basis for learning. Concept formation is essentially based on the perception
of empirical meanings of concepts. The perceptional teaching concept was developed
for the teaching of physics teachers (cf. [12]). We adapted this concept for teaching
CPS and GPS. The tutor's task in this concept is to awake interest, spirit of research,
and scientific curiosity by his students. At first, the tutor gives to the students a
comprehensive task, which is challenging for them. The solution is not obvious
requiring knowledge and skills the students’ possibly do not possess. At the
beginning, no complex theoretical details are given to the students. Thus, they are
faced with the problems they should try to tackle by themselves. The students start to
make research about the topic of the task recognizing some issues and trying to solve
them. In this learning process some questions emerge to be clarified. The role of the
tutor in this stage is to become active supporting his students in their progress.

Both approaches (project-based teaching and perceptional teaching) are
associated with a task that plays within their scope an essential role. For successful
teaching results this task needs to fulfil the aforementioned requirements. The task
constructed for this concept is described further in this section.

The proposed concept focuses both soft skills and technical skills. In [13] the
authors report about the importance of soft skills for the success of technical projects.
The lack of soft skills is named as the biggest reason for a project failure. In [7] the
authors emphasize that for the development of CPS a broad background knowledge of
multiple areas of expertise is required of modern engineers. These areas comprise
among other things computer science, information management, design and
engineering of real-time systems, dynamic systems, embedded systems, development
of hardware, firmware and drivers, control systems, operating systems, and plant
modelling. To address both skills, the concept concludes some online lectures. The
purpose of the lectures is threefold: (1) to teach the key knowledge of the CPS up-to-
date architecture; (2) to teach basics of global software engineering; and (3) to get the
students to know each other.

The concept is developed for cooperative teaching of CPS at University of
Applied Sciences Emden / Leer, Germany and ITMO-University St. Petersburg,
Russia. The universities have a cooperation agreement in education and science. This
project runs in the context of this agreement. The multidisciplinary aspect is given as
the German students study Computer Sciences and the Russian students study
Instrumentation and Control Engineering. The common language within the project is
English. This seems to be a natural choice, as in most international industrial projects
the common language is English.

The task

To prove the concept on teaching CPS, a concrete development task is invented that
focuses on core ideas and principals of CPS. Within this task, the students should
learn development of CPS by practical doing.

Fig. 1 depicts the constructed task. It shows a production plant with palettes,
shop floors, robots, and building blocks. The robots shall carry building blocks from
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one palette (source) onto another palette (goal). Two intermediate operations -
cleaning and painting - shall be performed with the building blocks on the way from
the source to the goal. For these activities respective shop floors are organized. At the
beginning the building blocks are located on the source palettes. Robots can pick,
carry, place, clean and paint building blocks. These skills, or operations, are diverse
developed by each robot. Each capability is characterized by its costs
(low/medium/high) and duration (short/medium/long). One robot e.g. needs a short
time for the operations “carry” and “clean”, but a medium time for the operation
“paint”; another robot needs a short time for the operations “paint” and “clean”, but a
long time for the operation “carry”. All robots together build a robot team. The
overall goal of the robot team is to transport the building blocks from the source
palette onto the goal palette and in between to clean and paint them. Because the
skills of the robots are distinct, they need to cooperate to manage the overall goal
efficiently.

fietd/

Fig. 1: Task

This task represents an example of a system consisting of several autonomous
intelligent task-oriented self-organizing CPSs: robots, palettes, and shop floors. The
complexity of this system caused by its distributed nature, the heterogeneity of
physical entities (i.e. sensors and actuators), the lack of reliability in communication,
the variability of the environments in which they are employed, makes the design and
the implementation of such systems challenging. The idea of this task is to give
students a perceptional understanding on the organization and functioning of CPS. At
the same time, the students gain advanced knowledge and skills in up-to-date
technologies like multi-agent systems, service-oriented architecture, web services,
cloud computing, physical device integration, and robot programming.

In this task the tutors function as “clients” and the students build up a
“supplier company”. The tutors order a CPS from the students specifying some
functional and non-functional requirements. The students need to set up a project,
define the technical infrastructure for development and communication, organize
teams, plan and execute project tasks. In the regular remote meetings with the
"clients” the students are required to present the current state of the project. Due to
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the relatively high costs, face-to-face meetings are not explicitly included into the
concept. However, face-to-face meetings are desirable because of their positive effect
for the student’s motivation and consequently for the project results. The project
should run using the process framework Scrum [11].

CONCLUSIONS

This paper presented a novel concept for teaching cyber-physical systems related to
real life alike industrial setting using global distributed software development. The
concept unifies the concepts the perceptional approach of teaching and project-based
teaching. The concept will be implemented in the winter semester 2016-2017 by
approximately 15 students. The drawback of the concept is the implementation of the
proposed model is time consuming and challenging for both, teachers and students.
For the first run of the course we calculate with up to ten ECTS credit points,
equivalent to 250-300 hours of study. This is about one-third of the credits student
need to gather in one semester.

REFERENCES

[1] J. Herbsleb, D. Moitra, "Global software development Software", IEEE, Vol. 18,
No. 2., 16-20. 2001.

[2] S. Komi-Sirvio, M. Tihinen. “Lessons Learned by Participants of Distributed
Software Development” Knowledge and Process Management, 12/2,108-122 2005.

[3] S. Khan, M. Niazi and R. Ahmad, "Critical Success Factors for Offshore Software
Development Outsourcing Vendors: A Systematic Literature Review", "Global
Software Engineering, 2009. ICGSE 2009. Fourth IEEE International Conference
on, Limerick, 207-216, 2009.

[4] G. P. Sudhakar, "A Review of Critical Success Factors for Offshore Software
Development Projects”, Organizacija. 46/6, 282—296. 2013.

[5] D. Damian, A. Hadwin, B. Al-Ani, "Instructional design and assessment
strategies for teaching global software development: a framework™, In Proceedings
of the 28th International Conference on Software Engineering. 2006.

[6] R.R.Rajkumar, I. Lee, L. Sha, and J. Stankovic. Cyber-physical systems: the next
computing revolution. In Proc. 47th Design Automation Conference, 731-736.
ACM, 2010.

[71 National Academies of Sciences. Interim Report on 21st Century Cyber-Physical
Systems. Available: http://www.nap.edu/catalog.php?record_id=21762. 2015.

[8] Carmel, E. and Agarwal, R. Tactical approaches for alleviating distance in global
software development. IEEE Software, 18(2):22-29. 2001.

[91 Herbsleb, J. D. and Moitra, D. Guest editors' introduction: Global software
development. IEEE Software, 18(2):16-20. 2001.

[10] Harrison-Broninski, K. Human Interactions: The Heart and Soul of Business
Process Management. Meghan Kiffer Press, Tampa, FL. 2005.

[11] The Scrum Guide™ ©2014 Scrum.Org and Scruminc. Available:
http://www.scrumguides.org/docs/scrumguide/v1/Scrum-Guide-US.pdf#zoom=100

[12] K. Kurki-Suonio. Principles Supporting the Perceptional Teachning of Physics: A
"Practical Teaching Philosophy", Science & Education, 20/3, 211-243, 2011.

27


http://www.scrumguides.org/docs/scrumguide/v1/Scrum-Guide-US.pdf#zoom=100

[13] R. Bancino, C. Zevalkink "Soft skills: The new curriculum for hard-core
technical professionals”, Techniques, May, 20-22. 2007.

[14] H. Holmstrom, E. O. Conchuir, P. J. Agerfalk, B. Fitzgerald, "Global software
development challenges: A case study on temporal, geographical and socio-cultural
distance.” In Global Software Engineering, 2006. ICGSE'06. International
Conference on (pp. 3-11). IEEE, 2006.

[15] E. A. Lee, "Cyber physical systems: Design challenges™ In Object Oriented Real-
Time Distributed Computing (ISORC), 2008 11th IEEE International Symposium
on (pp. 363-369). IEEE, 2008.

[16] E. Geisberger, and M. Broy, eds. "agendaCPS: Integrierte Forschungsagenda
Cyber-Physical Systems.” Vol. 1. Springer-Verlag, 2012.

[17] H. Perreault, “Business educators can take a leadership role in character
education.” Business Education Forum, 59(1), pp. 23-24, 2004.

[18] C. B. Smite, D A Wohlin, “A Whisper of Evidence in Global Software
Engineering,” IEEE Software, vol. 28, no. 4, pp. 15-18, 2011.

[19] C. lIvica, I. Bosni¢, and M. Zagar. "Ten tips to succeed in global software
engineering education." Proceedings of the 34th International Conference on
Software Engineering. IEEE Press, 2012.

[20] K. Bauer, K. Schneider. "Teaching cyber-physical systems: A programming
approach." Proceedings of the Workshop on Embedded and Cyber-Physical
Systems Education. ACM, 2012.

[21] A. Cheng, MK. Albert. "An undergraduate cyber-physical systems course."
Proceedings of the 4th ACM SIGBED International Workshop on Design,
Modeling, and Evaluation of Cyber-Physical Systems. ACM, 2014.

[22] K. Damevski, B. Altayeb, H. Chen, and D. Walter. "Teaching cyber-physical
systems to computer scientists via modeling and verification.” In Proceeding of the
44th ACM technical symposium on Computer science education (pp. 567-572).
ACM, 2013.

[23] J. Wade, R. Cohen, M. Blackburn, E. Hole, E. and N Bowen. "Systems
Engineering of Cyber-Physical Systems Education Program.” In Proceedings of the
WESE'15: Workshop on Embedded and Cyber-Physical Systems Education (p. 7).
ACM, 2015.

[24] M. Torngren, S. Bensalem, J. McDermid, R. Passerone, A. Sangiovanni-
Vincentelli and B. Schatz, "Education and training challenges in the era of Cyber-
Physical Systems: beyond traditional engineering." In Proceedings of the WESE'15:
Workshop on Embedded and Cyber-Physical Systems Education (p. 8). ACM,
2015.

[25] A. H. W. Chun, “The agile teaching/learning methodology and its e-learning
platform” in Advances in Web-Based Learning—ICWL 2004, Springer Berlin
Heidelberg, pp. 11-18. 2004.

[26] J. E. Mills, D. F. Treagust, “Engineering Education is problem-based or project-
based learning the answer?”, Australasian Journal of Engineering Education 3 (2),
pp. 2-16, 2003.

[27] K.J. McDermott, A. Nafalski, and O. Gél, "Project-based teaching in engineering
programs", Frontiers In Education Conference-Global Engineering: Knowledge
Without Borders, Opportunities Without Passports, FIE'07. 37th Annual IEEE, pp.
S1D-11, October 2007.

[28] K. Schwaber and M. Beedle (2002). Agile Software Development with Scrum.
Pearson, 2001.

28



NCSIE

MexayHapoaHas MynbTUKOH(epeHuus
CeTeBOe NapTHeEpPCTBO B Hayke,
NpOMBILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Cankt-Metepbypr, Poccus

AN ONLINE LABORATORY IN WEB BASED
TRAINING

N. Andreeva*, N. Scerbakov**, A.Schukin*

* Institute of Computer Science and Technology
Peter the Great Saint-Petersburg Polytechnic University
St.Petersburg, Russia

**|ICM, Graz University of Technology,
Graz, Austria
E-mail: nsherbak@iicm.tugraz.at

ABSTRACT

WEB based learning today is being widely used in almost every educational
facility. In the last years all conceivable use cases that need to be carried out in

such teaching mode have been defined and the features of a modern educational
web site needs to offer are very clear. One of the most important aspects of such
distant learning is a verification of students' progress with the course materials.

In this paper we analyze a number of practical scenarios for checking students'
knowledge and progress with course materials. More specifically, we discuss so-
called "course quiz" and "course diary" paradigms. Course quiz is an
automatically selected list of predefined questions that must be answered by a
particular student within a predefined time slot. If we speak about web based
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courses on databases, a typical quiz question might be: "consider the following
database schema and define a query ..." .

Course diary is a list of tasks that are supposed to be accomplished by students
throughout the course. Definition of tasks may significantly vary, but generally
each task requires performing a certain element of a database application design,
for example, developing a database schema, proving that database schema is in
particular normal form, implementing a database transaction, etc.

We discuss a particular implementation of so-called web laboratory to check
students knowledge on databases. We define such a web laboratory as a cloud
service - set of resources and services offered through the Internet. Simply stated,
the web laboratory is an Internet server with a DataBase Management System
(DBMS) installation, and a number of WEB service entries for integrating the
laboratory into other training components. The laboratory provides a possibility to
build and use database applications in remote mode via a number of web services.
In other words, the laboratory delivers special services for building database
applications from a particular data center, the services can be used by other web
client sites located throughout the world. The communication between the cloud
server and clients is carried out using SOAP web services.

Our goal in this research work is to describe the architecture, and specify web
services necessary for actual usage of the laboratory.

Course quiz

Course quiz is an automatically selected list of predefined questions that must be
answered by a particular student within a predefined time slot and possibly under
monitoring by the teacher or course tutor. Course quizzes are evaluated
automatically by the system or manually by the teacher and tutors. Students are
getting examination points as a result of such evaluation (see Fig.1). Quizzes are
used as a part of final course examination or as a precondition for such
examination.
Normally, there are two more or less independent tools that are involved in a quiz
implementation. We distinguish a quiz authoring tool and run-time quiz
environment.
A quiz authoring tool supports:

e definition of individual questions;

e definition of a selected type of user input;

e definition of templates for automatic answer evaluation;

o definition of a pool of questions where individual questions are combined

in a special way to provide random selection of questions for each student.
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@ Question 8 : "Data Sub-Language SQL (1)" [4 Points]

i Transaction

CE | Cname Ceity Cph C# |P#| Date | QNT| | Product :
1 |1 |26.01 |20 || E|Pname | Price

) |codd | London | 2263838 || 4 |2 230130 || 1|CPU | 1000

3 D:.::n L::;on 22331 || 2 |1 2801125 | 2/ VDU | 1200
3 |2 |20.01 |20

Please define an SQL Query: "Get names of customers who bought the product CPU" using nested SQL blocks.

B Answer | = Modify = Evaluate

SELECT Cname FROM Customer WHERE C# IN
{SELECT C# FROM Transaction WHERE P# IN
(SELECT P# FROM Product WHERE Pname = "CPU"))

Result: 2
Well done.

Fig.1 A question from a course quiz

Definition of individual questions is almost identical to authoring small
multimedia documents, we can simply see the process as an HTML authoring (see
Fig.2).

Examination Editor

T

I Help |—| Jump to Room |—| Refresh H Edit Question |—| Duplicate H SCORM |—| New Question Cut

{3 Examination: "Databases (706.004/706.104] @ Modify existing Question [#Picture $HTML Editor #Math Editor]
Topic: "Introduction to Databases" Title: [Question 7.2 |
Topic: "Basic Relational DM " =CENTER=>
(2 Topic: "Data Updating and Normalization” <IMG SRC="rdlg5_01.gif" border=0=
@ Topic: "Relational Algebra (1)" o
21 Topic: "Relational Algebra (2)" <IMG SRC="rdlq5_02.gif" border=0>
[ Iop}c: I'Relat!onal Calculus (l}l‘ <IMG SRC="rdlg5_03.gif" border=0>
3 Topic: "Relational Calculus (2)" =/CENTER=<BR>
f] Question: "Question 7.1" Query: "Find a total number of customers who bought the product VDU".
f] Question: "Question 7.7" <P> .
o] Question: "Question 7.2" Ijlce)aLs)e select a correct definition of the query
Question: "Question 7.8" <LI= Range Customer C; Range Transaction T Some; Range Product P Some;<BR>
f] Question: "Question 7.3" Get A(Count(C.C#)):(C.C#=T.C# & T.P£=P.P# & P.Pname=VDU);
uestion: "Question 7.9"
f guesﬂor .8uesti0n 7.4" <LI= Range Transaction T; Range Product P SOME; <BR=>
£] = . . . Get A{Count(T.C#)):(T.P£=P.P# & P.Pname=VDU);
Question: "Question 7.10 <LI> Range Customer C; Range Transaction T Some; Range Product P Some;<BR>
g Question: "Question 7.5" Get A(Count(T.P#)):(C.C#=T.C# & T.P#=P.P# & P.Pname=VDU);
Question: "Question 7.11" </0L= 3l
il Question: "Question 7.6" ]
] Question: "Question 7.12" | Submit || Delete H Structured Answer H Cancel |
21 Topic: "Data Sub-Language SQL (1"
% Topic: "Data Sub-Language SQL {2)" # Define Question (Type: Selection 3]
Topic: "Data Sub-Language QBE"
@ Exan?inafion' "Databaseg-ls (gem?o Test)" 1 z = 4 |sizea ]
i B ) HE et Size

Fig.2 Authoring a course quiz

Selected type of user input is normally selected from a list of all supported HTML
input elements such as text area, text field, select, checkboxes, radio buttons. As
soon as the type of user input is selected, some additional parameters may be
defined. For example, a teacher may select a radio button input element, define a
number of alternatives and a legend (brief text) for each alternative.
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Run-time quiz environment is the second component of an online quiz
application. This component is responsible (see Fig.1) for:
e selecting a set of questions for a particular student;
e visualizing the questions;
e gathering and evaluating user answers;
¢ syndicating students results and exporting the results in a form suitable for
a teacher.

Evaluating quiz answers.
Automatic evaluation of user answers is one of the most desirable features of any
e-learning platform. The algorithm of automatic evaluation essentially depends on
a selected type of user input. The algorithm may be very simple if the answer is
expected in a form of checkboxes or radio buttons. In this case, the teacher simply
"Inputs" a correct answer to the system, and the system compares two strings - the
teacher's answer and a particular student's answer. In case of numeric input, the
task is a bit more complex - teacher defines upper and low limits for the input
value, and the system checks that the provided value matches the interval. In case
of short textual inputs a so-called regular expressions may be used to evaluate
user answers in many cases. Obviously, not a single of the above mentioned
methods, can be used to evaluate user answers containing fragments of source text
in general, and SQL queries in particular.
It seems that the only way of automatic evaluation of such fragments is execution
of sources using a relevant software environment. Thus, if we speak about
programming in C++, there must be a C++ compiler installed, additionally there
must be a number of test inputs (test cases) to run the compiled module.
In the case of database assignments, the situation is even more complex. Any
query definition (SQL) can be executed if:

e an instance of DBMS is installed on the server;

e aspecial database (repository of data plus database schema) was

previously created;

e atest database content (a set of test table rows) was added to the database.
On first glance, automatic evaluation of SQL queries can be done via simple
comparison of output of a particular SQL query and a predefined correct output
provided by a teacher. In reality, the situation is not so straight forward. In SQL,
there might be a number of different query definitions that produce identical
results.
To distinguish different questions, every question gets a unique ID that is used to
attach further parameters to the question. To implement an automatic evaluation
of answers, the following parameters must be defined for each question.
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e adatabase schema and test content, this definition may be shared by a
number or even all questions in a particular question pool;
e maximum number of points that can be achieved,;
e adefinition of the SQL fragments that is expected as a correct result.
As a student formulates an answer (provides a source query code), the text is
automatically submitted to the laboratory via a web-service, executed and
automatically evaluated using the following algorithm:
e if the source SQL fragment cannot be run by the DBMS, get an error
message from the DBMS, and return O points + error message.
o if the source SQL fragment returns a result from the database:
o if the result does not match the predefined correct result, return 0
points + invalid result;
o if the result match the predefined correct result,
= calculate a distance between the SQL fragment and a
correct query definition using Levenshtein Metric,
= normalize the distance for 0 - 100 percents, where 100%
means that the two query definitions are absolutely
identical, and 0% means that the strings have nothing in
common,
= return a rounded value of [max.number of
points]*[Levenshtein Distance]/100;

Course diary

To understand the course diary paradigm, just imagine that a student wants to
record the progress with a particular course in a form of brief weekly text chunks
published regularly (say, once a week). Imagine further that a teacher prescribes
to students dates when and in which form such diary entries must be done. For
example, a teacher may request students to answer a couple of questions at the
end of each teaching week or after finishing a certain topic. Moreover, the teacher
may request students to make diary entries in a form of files that must be
produced as home works and uploaded to the server. Thus, we can say that a
teacher defines a number of tasks that must be fulfilled by students throughout the
course. Speaking about a "database" course, we can see that the tasks may
significantly vary, but generally each task requires performing a certain element
of a database application design, for example, developing a database schema,
proving that database schema is in particular normal form, implementing a
database transaction, etc.
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TU WBT Course Diary "Internet-based Information Systems"” Administrator: Nikolai Scerbakov
Grazm Master

4{ Back | LogQut Help Refresh Mew Action | Evaluate Export/Print Preferences ]—

—‘ Block 01: Databases and WWW BEdit ’7

Practical Work:
« Install a mySQL Database management system and an HTTP server on your local computer.
« Define a database schema, create a database with a test content, and define a SQL query.
« Develop an HTML document, and publish it on your HTTP server.
Reporting Results:
* Make an SQL dump of your database (File 1), copy paste a protocol of running your SQL query
including output from DBMS (File 2).
* Access the previously created HTML file (File 3) on your server with any browser, and make a
screendump of the browser screen (File 4).
*« Make a "Block_01.zip" out of these four files and upload it here.
File:| Datei auswahlen | Keine ausgewahlt | | submit ]| #Uploaded File

Further Comments:

Evaluation: 4 Points - Well done
@ From 20/03/2016 00:01 Till 11/04/2016 23:59
Done:08/04/2016 09:11

Fig.3 Course diary
Evaluating course diary.
Evaluating course diary is a very tedious and time-consuming teacher task. The
teacher must download 100s of files on a local computer, execute them, evaluate
sources and results, etc. At the same time, automatic evaluation of such diary
entries does not seem to be feasible. To help teachers in performing their duties
we offer a concept of automatic generation of a report for evaluation. Simply
stated, the teacher evaluates not a student's diary entry that may consist of a
number of files of different formats and meanings, but a so-called evaluation
report that automatically build by the system, and consists of texts taken from
original files, results of compiling/running original files, quantitative
characteristics of original files - size, number of works, distance to a template, etc.
To produce an evaluation report a special work-flow script must be defined for
each diary entry. The work-flow script is a list of specific actions that are selected
from a set of predefined actions. The actions are performed on files submitted by
students. The actions might be:
e unzipping of a submitted archive;
e sending a particular file to an online laboratory via a web service and
including results into the report;
e searching for a particular fragment in an original file and inserting it into
the report;
e calculating a number of words in the original file and inserting the result
into the report;
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e calculating a distance between an original file and a template file and
inserting the result into the report;
e calculating a distance between a result received from the online laboratory,
and a predefined result and inserting the result into the report.
Thus, as a student uploads a new diary entry, an evaluation report is automatically
generated using a predefined work-flow script. The teacher can simply access the
evaluation report that contains all the information necessary for evaluation of the
entry.
The method of generating evaluation reports significantly simplified the teachers
work on evaluation of course diaries and gave a positive effect on student
satisfaction with the evaluation (see below).
block01 html

mis_block(0]l 2015-10-14 sql

B e e e L

# Sequel Pro sQL dump
# Version 4499

http://www.sequelpro.com/
https://github.com/sequelpro/sequelpro

Host: localhest (MySQL 5.5.42)

Datenbank: mis_blockel ¥
Erstellt am: 2015-128-14 18:13:36 48000

Fig.4 Automatically generated report on a student's diary entry.
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Conclusion

The online laboratory was practically implemented and actively used for the
"database" courses at the Graz University for Technology, Graz, Austria in the
years 2015 and 2016. More specifically, a quiz on databases (10 questions) was
done by 350 - 400 students each year. The quiz consists of 6 multi-choice
questions, and 4 free-text SQL questions. In former times, multi-choice questions
were automatically evaluated by the system, free-text questions were manually
evaluated by teachers and tutors. The average work load for theevaluation of a
single questionnaire was assessed as about 21 minutes. For 350 students it was
about 130 working hours. Since the SQL queries were mainly evaluated manually,
there was a high number of students' requests for additional inspection of their
answers and results. About 30 students asked for additional inspections each year,
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and unfortunately, in 10% of cases of additional inspection, the manual evaluation
needed to be corrected. With the introduction of the online laboratory, the work
load required for evaluating the quizzes, dramatically went down, thus, we needed
an average of two minutes to evaluate a particular course quiz, or about 12
working hours altogether. What is perhaps even more important, there were no
requests for additional inspection of evaluations. Students saw the results of
practical execution of their queries, definition of correct SQL queries, and could
understand easily why they lost points for a particular wrong answer. A very
similar picture can be reported in comparison of manual and semi-automatic
evaluation of course diaries.
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Pegepar

B crartee paccmarpuBaroTCsl BONPOCH! IOBBIIIEHHS] KadecTBAa IOJATOTOBKH
BbIMYCKHUKOB 110 HamnpasieHusM OI'OC BO 15.03.02 u 23.03.03. M3noxeHsl
LEJIM, 33Ja4ld U JTUAAKTHYECKUE aCHeKThl pealii3alui MEeXIUCIUILUIMHAPHOTO
npoeCCHOHATBHOTO MOy «MeXaTpOHHBIH THIPOMPHBOJ TPaHCIOPTHO-
TEXHOJIOTUYECKUX MAIIMH» B Y4€OHOM IpoIecce.

KiroueBble cji0Ba: MeXaTpOHHBIM T'HAPOIPHUBOJ, KauyecTBO OOpa3oBaHuS,
naboparopHast 0aza, MEXIUCUUIUIMHAPHBIN MpodeccuoHaNbHbIH MOJYJIb,
npo¢ecCHOHAIbHbIE KOMITETEHIIHH.

B OGompmmucTBe oTpacneit  CyOapkTuyeckoro permona Poccuiickoii
denepalli  aKTUBHO  JKCIUTYaTHUPYIOTCA  TPAHCHOPTHO-TEXHOJIOTUYECKHUE
MamuHabl  (TTM), ocHalieHHbIE BBICOKOTEXHOJOTUYHBIM MEXaTPOHHBIM
MPUBOJIOM (JIOPOXKHO-CTPOUTENBHASL, TOPHOAOOBIBAIOIIAS, He]Terasonas u
CEJIbCKOXO3SMCTBEHHAs OTPaciu, TPAHCIOPTHBIA W JI€CO3arOTOBUTEIbHBIN
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KOMIUIEKChI, KOMMYHaJIbHOE XO3SMCTBO M Jp.). Llenslil psin nmpoOnem, Takux
Kak ciiabasi cepBucHas 0a3a, Malopa3BUTas TPAHCIIOPTHas WHQPPACTPYKTypa,
OTCYTCTBHE TOATOTOBKH BBICOKOKBATM(UIIMPOBAHHBIX KaJIPOB ISl CEPBUCA U
skcrutyatauun  TTM, mnpumaer mnpobneme skcmayaramun TTM  ocoOyro
aKTYyaJbHOCTb.

Koncrpykuust coBpemenHbix TTM mnpenctaBisieT co0Ol HMHTErpaluio
AIEKTPUYECKHUX, AJIEKTPOHHBIX M MEXAaHUYECKHX KOMIIOHEHTOB, SIBJISIETCS
MEXaTpOHHHOW CHCTEMOW, KOoTopas Oa3upyercs Ha B3aUMOJACHUCTBUU
[IPUBOJIOB, JJIEKTPOHHOM M MHKpPOIIPOLIECCOPHOM  TEXHHUKH U
MH(OPMAIIMOHHBIX CHUCTEM. OTOT TOCHUI KOPEHHBIM O00pa30oM HU3MEHSET
TpeOOBaHUs, IPEAbSIBIASIEMbIE K BBHIITYCKHUKAM 10 HAMPABICHUSAM MOJTOTOBKHU
15.03.02 "Texuomormueckue wMamwH U obopymoBanue" wu 23.03.03
"DKkcryaTanuys TPaHCIIOPTHO-TEXHOJIOTUUECKUX MAIIMH U KOMIUIEKCOB" [1,2] B
o0jacTH  JSKCIUTyaTallUM  BBICOKOTEXHOJOTMYHbIX TTM,  ocHamEéHHBIX
MEXaTPOHHBIM THAPONPUBOAOM. Ha mepBoe MECTO BBIXOJAT 3HAHUS U HABBIKU
B OCBOEHHHU BCEX KOMIIOHEHTOB CUCTEM C 3JIEKTPOHHBIM YIIPABICHUEM.

C umenpl0  TOBBIMIEHHWS  KadyecTBAa  IMOJATOTOBKM  BBIMYCKHUKOB
BOCTpEOOBaHHBIX PAOOTOAATENSIMH, B MHCTUTYTE SHEPIeTUKH M TPAHCIOpPTA
CeBepHoro (Apkruueckoro) (QenepanbHoro yHuBepcurera um. M.B.
JlomoHOCOBa B pamMKax Mporpamm MOATrOTOBKH OakaaaBpOB MO HAIpaBICHHUIM
15.03.02 u 23.03.03 pa3paboTaH MEXIUCHUIUTMHAPHBIA MPOodeCcCHOHATBHBIN
MoAylb  «MeXaTpoHHBIM  THAPONPHUBOJA  TPAHCIOPTHO-TEXHOJIOTHYECKUX
MalluH».

JlanHbIii yaeOHBIH MOIyNb, peanusyembiii «Kadenpoit TpaHCHOpTHO-
TEXHOJIOTUYECKUX MaIllMH, O0OOpyIOBaHUS W JIOTUCTUKU» OOECIeUUuT
3¢ peKTUBHOE BBHIMOIHEHUE CICTYIONINX 3a1a4:

- mpuoOpeTeHue 3HAHWM U HABBHIKOB B OCBOCHHUHM BCEX KOMIIOHEHTOB
CUCTEM C DJIEKTPOHHBIM YyIlpasieHueMm JBHXeHus T1TM, ocCHaIEHHBIX
MEXaTPOHHBIM TUIPOIIPUBOJIOM;

- peaiM3alUd  KOMIIETEHTHOCTHO-OPHMEHTHUPOBAHOIO  MOAXOJa K
o0ydeHuIo 0aKkalaBpoOB U MarucTpos;

- (dopMupoBaHME MOJYJIBHOTO MpPHUHIMIA [OCTPOEHUS Y4eOHOIo
pabouero miaHa;

- (opmupoBaHue pa3BUTHE CHUCTEMBbl IOBBIIIECHUS KBaTU(PUKAINH U
MOJATOTOBKH KaJPOB, B TOM YHUCJIE JUCTAHIIMOHHOTO O0Yy4EHHUS,

- TOJIFOTOBKY BBICOKOKBAIM(UIIUPOBAHHBIX BBHIITYCKHUKOB B 00JacTH
CEpPBUCHOTO  COINPOBOXKIEHUS W  TEXHUYECKOM sKkcruiyatanuu 1TM
OCHAIIIEHHBIX COBPEMEHHBIM MEXaTPOHHBIM T'UPOIPUBOJIOM

Jlnst pa3paboTku y4eOHOro MpOoQeCcCHOHATBLHOTO MOAYJS M CO3JaHUs
COOTBETCTBYIOIIEH J1abopaTopHON 0a3pl HAa OCHOBE HAKOIUICHHOTO OIIBITa
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BEIyIIMMUA  WHXEHepHbIMH BY3amum  Hamm  mpuHsATAa  ClEQyROIIas
TUTaKTHYeCcKas TOCIeI0BaTeILHOCTh PeaTH3allui y4eOHON TPOrPaMMBbL:

-TeOpeTHYECKask THIPOMEXaHUKaA;

-3JIeMeHTHas 6a3a CHCTEM THIPOaBTOMATHKH;

-TUPABIINYECKHAE MAITUHBI U THIPOTIPUBOI,

-CHCTEMBI DJIEKTPOTHIPOABTOMATHKH;

-CHCTEMBI YIPaBJICHUS MEXaTPOHHBIM THIPOIIPUBOIOM;

-9KCIUTyaTallsi ¥ CEPUCHOE COMPOBOXKIACHHE CHUCTEM MEXaTPOHHOTO
THJIPOTIPUBO/IA.

B ocnoBy (opmupoBanus nabopaTopHOil 0a3bl 3aJI0)KEH COBPEMEHHBIN
MPUHIAI OCBOEHUS TPO(ECCHOHANBHBIX 3HAHUHN, KOTOPHIA BKIIIOYAET TPH
YpOBHs: 0a30BbIil YpPOBEHb, YPOBEHb NMPUMEHEHUS MPHOOPETCHHBIX 3HAHW,
YpOBEHb HCMOJB30BaHUS MPUOOPETEHHBIX 3HAHMN (B HaleM cllydyae 3TO
JKCIUTyaTanus W cepBUC peaidbHbix TTM, a uMEHHO XapBeCTepoOB U
dopsapuepoB). B pamkax mnporpammbl  pasButus CADY  umeHwm
M.B.Jlomonocopa B 2011-2015r.r. mnpum kadeape TPaHCIIOPTHO-
TEXHOJIOTUYECKUX MaIlluH, OOOpYyIOBaHUSI M JIOTUCTUKHU OblJa co3[aHa
Mexkadenpanpnas jgaboparopusi «l mapomHeBmoaBToMaTuKM». Co3maHHas
MexkadenpanpHas saboparopus «l MAPOMTHEBMOABTOMATUKH» BMECTE C
umeroleiicss  «Jlaboparopueit  MHOTOOMEPAIMOHHBIX  JIECHBIX  MAIIUH»
obOecreunsii HEOOXOJMMOE HaIoOJHEHWE Y4eOHO-1abopaTopHOM O0aspl s
peasin3alii  MPOoQPEeCCUOHAIBLHOr0 MOAYs «MeXaTpOHHBIM T'HMAPONPUBOL

TPAHCIIOPTHO-TEXHOJOTUYECKMX ~ MamuH».  MHpopmamms o  cocraBe
nabopaTopHoi 0a3bl cBefieHa B Tadmiy 1.

CtpykTypa  MEXIHCIHUIUIMHAPHOTO  TPO(ECCHOHAIIBHOTO  MOIYJIS
«OKCIUTyaTandss W CEPBHC  TPAHCIOPTHO-TEXHOJOTHYECKUX  MAITUHY

npuBeneHa B Tabnuie 2. B coctaBe 3TOro Monyns mpeaycMOTpeH y4eOHBIH
Moayib «MexaTpoHHbIM THaponpuBoa TTM» nmns  oOGpa3oBaTelbHBIX
IIporpaMM 1o HanpasjieHussM moaArotoku 15.03.02 u 23.03.03 (tabnuue 3).

Ta6auna 1. CocTaB 1a60paTopHoii 6a3bl

. Buer
JAnaaKkTHIeCKui o
yPOBEH Cocras npodeccroHanbHOI YMeHus1, HaBBIKU
eI TEILHOCTH
1 2 3 4

ba3zoBbiii JBa MPOU3BOJICTBEHHO- -3HaTh YCTPOWUCTBO

YPOBEHb OJIHOCTOPOHHHUX TEXHOJIOTHYECKas, Y IPUHLIUI PabOTHI
creHaa Festo ¢ OCHOBHEIX
KOMILJICKTaMH SKCHEPUMEHTAIBHO- | 3JIEMEHTOB
1abopPaTOPHBIX WCCIIEIOBATENIbCKASl | TUIPONPUBOJIA;
pabor: -YMETh UUTATh U
TP501 COCTaBIISITh
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T'MIpOAaBTOMATHKA,
0a30BbIil YPOBEHbD;
TP502
T'UJIPOaBTOMATHKA,
IIPOJIBUHYTHIN
YPOBEHB;

TP601
ANEKTPOTUIPOABTOM
aTHKa;

TP610 uzmepenue B
CHUCTEMAX
TMIPOABTOMATHKU;
TP700
IIPONOPLUUOHAIIBHAS
T'HJIpaBIIMKa;

TP801, TP8O2,
TP803 mobumibHas

TUAPABINYECKUE
CXEMBI;

-YMETbh MPOBOAUTH
U3MEPEHUE
TEeMIIepaTyphl,
JABJICHUS U pacxoja
paboueii KUAKOCTH;
-YMETh OTNPEACIIAThH
KILJI
TUPaBINYECKON
MaIlNHBI;

-yMETh
aHAIN3UPOBATH
pe3yJbTaThl
U3MEPEHUN
OCHOBHBIX
rnapameTpoB

T'MJIPaBIINKa; paloueil JKuAKOCTH.
yuebnoe [10
FluidSim H.
KomnbsrorepHslii
kyacc Ha 10 [I9BM.
YpoBeHb Crenp st IIPOU3BOJICTBEHHO- | -yME€Th COOMpPATH
IIPUMEHEHHUSI u3ydeHus paboThbl TEXHOJIOTUYECKAsA; | TMAPaBINYECKHE
TUIPONIPUBO/IA CXEMBI;
«'mapocucrema CEpBUCHO- -yMEeTb
OTKPBITOI'O TUIIAY; 9KCIUTyaTallMOHHAsL | IPOU3BOIUTH
Crenn oig TOMCK,
u3ydeHus paboThl 9KCIIEPUMEHTAIBHO- | JIOKAJIU3ALHUIO U
TMJIPONPUBOJIA HCCIIEIOBATENbCKAsl | yCTPaHEHUE
«I'mpapocucrema HEUCIIPAaBHOCTEH B
3aKpBITOrO TUIA cUCTEMax
(runmpocrar)y, TUIPONIPUBO/A;
JlaGopaTopus -UMETh
IIPOrpaMMHUPOBAHUS MIpe/ICTaBICHHUE O
JIOTHYECKUX pexumax
KOHTPOJIJIEPOB Ha 8 JKCIUTyaTalluu U
MecT. METO/aX HACTPOIKHU
U yIIpaBJICHUS
MeXaTPOHHBIM
THJIPOTIPUBOJIOM.
VYpoBeHb Tpenaxep- CEpBUCHO- -METh HAaBBIKU U
UCIIOJIb30BaHUS | CUMYJITOP SKCIUTyaTallMOHHAs | 3HAHUS AJIs
(peanbHbIe xapBecrepa (2mrT); OCBOEGHUS paboUnx
TTM) Tpenaxep- MIPOU3BOJICTBEHHO- | mIpodeccuid
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CUMYIISITOP TEXHOJIOTHYECKas; «Omneparop
XapBecTepa Ha TpENEeBOYHOM
JTUHAMUAYECKON AKCIEPUMEHTAIIBHO- | MAIIMHBD) U
mwiaropme; nuccnenosarenbekas | «Oneparop
®opaapaep Yertpa; J1€CO03ar0TOBUTEIIbH
Xapgecrep Silvatek- O MaIlIMHBDY.
Silvaner;

JlecHOI moJUroH

Ta6auua 2. IllpodeccnonanbHbIi MOAYJIb
«IKCIJIyaTAllUsl M CEPBUC TPAHCIIOPTHO-TEXHOJIOTHYECKUX MAILIMH»

Ne | HaummeHoBaHUE MUCIUTUIMHBI/MOIYIIS U3 Y4eOHOTO IIaHa (T)ET};I’%GE; SC?;
1 | Okcnyaranus u cepuc TTM 22 2-7
2 | MexatponHnsiii ruaponpuson TTM 20 3-7
3 | Yuebnas mpakTuka 45 4
4 | Ilpon3BOICTBEHHAS TPAKTUKA 6 6
5 | IlpenaumnioMHas mpakTHKa 3 8

BCEI'O, 3ET 95,9

Tadauua 3. YueOHbIH MOTYyJIb

«MexaTpOHHBIH r'HIAPONPUBO] TPAHCIOPTHO-TEXHOJIOTHYECKMX MAIIIHH

Tpynoémk | Cemec
Ne | HaumenoBaHMe TUCIUIUIMHBI/MOYIIS U3 y4eOHOTO IIaHa octb, 3ET| 1p
1 | MexaHuKa XKUIKOCTH U ra3a 2 3
2 | 'mapaBnuyeckre MaliiHbl U IPUBOJIBI 3) 3)
3 | CpenctBa 3JE€KTPOTHAPOABTOMATHKH 3 6
4 | IIporpaMMUpOBaHKE JJIOTHYECKUX KOHTPOJICPOB 3 6
5 | YnopaBieHue TEXHHYECKUMH NPOLIECCaMu 2 3)
6 | Cucrems! ynpasinenus TMM 2 7
7 | CepBUCHOE CONPOBOXKICHHE MEXATPOHHBIX 3 7
TUAPONPUBOAOB U cucteM TTM
8 | YueOHnas nmpakTuka 3 4
9 | [IpousBoacTBEeHHAs MPAKTHUKA 3 6
10 | IlpegnunnomHas mpakTUKa 15 8
BCEI'O, 3ET 27,5

3a ocHOBY dopmupoBaHus nucuuiuimH 1,2 u 3 Moxyns «MexaTpOHHBIN
ruaponpuBog TTM» B3dra mnporpamMmma y4eOHOTO TPEHUHIa KOMIAHUU

«FESTO PO®»
MIPOMBILUIEHHON

HY171

«OCHOBBI

TUAPOABTOMATUKUA U
JlugakTryecKoe HaIOJHEHUE JUCHUIUIMH BKIIOYAET CIEAYIOIIME JIEMEHTHI:
- (u3nyeckue OCHOBBI THIPABIINKHY;
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- YCIOBHBIE OOO3HAYCHMsI W TpaBUa COCTABJICHUS NPUHIIMITHATIHLHBIX
THJIpaBIMYECKUX U AekTpruueckux cxeM mo DIN ISO 1219;

- OCHOBHBIC TTOHATHS THIPABIIHKHY;

- Ha3HAuY€HHWE, YCTPOUCTBO W TPUHIUI JNCUCTBUS THIPABINYECCKUX U
ANEKTPOTUIPABIMYECKUX  DJIEMEHTOB  HWCIOJHUTEIBHOW  TIOJICUCTEMBI:
HACOCHBIC CTaHIIUW, PACIPEACIUTEIM, 3allOpPHBIC KJIAMaHbl, KJIAMaHBbI
JABJICHHSI, PETYJIATOPBI PAcXo0jia, JAPOCCENH, THIPOIMINHAPBI, THIPOMOTOPHI,
YCTPOICTBA BBIJIAYM CUTHAJIOB;

- Ha3HAaueHWE, YCTPOWCTBO M TPHHIMI JEHCTBUS TUIPABIMYECKHUX
AJIEMEHTOB  YMPABISAIOIMIEH TMOJCUCTEMBI: pPACIpEACNIUTENN C PYUYHBIM,
MEXaHWYECKUM, THIPABIMYECKAM U JJICKTPOMATHUTHBIM  YIIPABJICHHUEM;
KJIATIaHbI JIABJICHUS, 3aTIOPHBIC KJIAllaHa, IPOCCEIH, Pelie, TaTIYNKU JaBICHUS;

- Ha3HAuYeHWE M NPHUHIMN JCHCTBUS DIEKTPUYECKUX YCTPOUCTB:
UCTOYHUKH  TOCTOSHHOTO W  TIEPEMEHHOIO0  TOKa;  AJIEKTPOMArHMTHI,
IEKTPUUYECKUC TIEPEKITIOYATEIN, pelie U TaTINKU;

- OCHOBHBIE THJIPABIMYECKUE U PEJICHHbBIE CXEMbI yIIPaBICHUS

[IpakTuyeckass cocTraBisitollas AUCHMILUIMH OJoka HamlpaBjieHa Ha
pa3paboTKy, cOOpKY, HalaaKy, MPOBEPKY M TMOWCK HEUCIPABHOCTEH CHUCTEM
MEXaTPOHHOTO TUAPOTIPHBO/IA.

3a ocHOBY GopMHUpOBaHUS AMCHMIUIMHBI 4 Moayns «MexaTpOHHBIH
ruaponpuBon TTM» B3dra mnporpamma y4eOHOTO TpPEHUHIAa KOMIIAHUH
«FESTO P®» PLC211 — «IIporpammupyemsie kouTposuiepsl SIMATIC S7 —
300/400. OcHoBbl (yHKIIMOHUpOBaHUSA» [3]. Jucummimnaa BeneTcs Ha 0Oase
naboparopuu IPOrpaMMHUPOBAHUS JIOTUYECKUX KOHTPOJUIEPOB,
YKOMIUICKTOBAHHBIX IUIAT(GOPMAMH C HCTIOJHUTEIBHBIMA MEXaHU3MaMHU W3
yuebHou cuctembl MecLab ¢ koutposuiepamu LOGO Ha 8 mecT.

Hcxonss w3 moTpeOHOCTEH pbIHKA TpyAa, MEKIUCIUIUIMHAPHBIN
npodeccuoHanbHBI  MOAYJIh 00OecreynBaeT IMOATOTOBKY  BBIMYCKHHUKOB
OpPUEHTUPOBAHHBIX HA KOHKPETHBIC BUJIBI MPOGECCUOHATILHOM eI TeTLHOCTH

- OKCIIEPUMEHTAIbHO-UCCIIEI0BATEIbCKAS;

- IPOU3BOICTBEHHO-TEXHOJIOTUYECKAs;

- CepPBHUCHO-IKCILTyaTaI[MOHHASI.

Oobyuaroniuecs, YCIICIITHO OCBOMBIIIHE MEXTUCIUILTAHAPHBIN
npodeccuoHanbHbi  Moaynb  «MexarpoHHblid  ruaponpuBos  TTMy,
npuoOperarT Takue npoddecrnoHaIbHbIE KOMIETEHITNH KaK:

- CIOCOOHOCTh K CHUCTEMATHYECKOMY H3YYCHHUIO HAYYHO-TEXHHYECKOU
uH(pOPMAINK, OTEYECTBEHHOTO M 3apy0eKHOTO OMbITa MO COOTBTCTBYIOIIEMY
npodwio noaroroska (I1K-1, 15.03.02);

- CIOCOOHOCTh K aHAJM3Y MEPEJOBOT0 HAYYHO-TEXHUYECKOTO OMbITA U
TEHICHIIMN  pPa3BUTUS  TEXHOJOTHUH  OKCIUIyaTallud  TPAHCIOPTHBIX U
TPAHCIIOPTHO-TEXHOJOTHYECKUX MamuH u obopynoBanus (I1K-18, 23.03.03);
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- YMEHHE MOJICIUPOBATh TEXHUYECKHE OOBEKTHI M TEXHOJOTHYECKHE
NpOIECChl € HUCMOJB30BAHMEM  CTaHAAPTHBIX  ITAKETOB, TOTOBHOCTBHIO
MPOBOJIUTh DJKCIIEPUMEHTHI 10 33JaHHBIM METOJIUKaM C 00paboTKON u
ananm3om pesynbratos (I1K-2,15.03.02);

- TOTOBHOCTb HM3y4yaThb M AHAJIM3MPOBATH HEOOXOIUMYIO HH(OPMAIIHIO,
TEXHUYECKUE  JaHHbIE, [OKa3aTeNd M  pe3yabTarbl  paboOTBl  TO
COBEPIIICHCTBOBAHUIO TEXHOJOTHYECKUX TPOIIECCOB IKCILTyaTallui, PEMOHTA U
CEpBUCHOTO OOCTYXMBAHHS TPAHCIIOPTHBIX M TPAHCIIOPTHO-TEXHOJIOTHYECKUX
MallvH U 000pYIOBAaHUS PA3IMYHOTO HA3HAYEHHUS, UX arperaToB, CUCTEM H
AIIEMEHTOB, TMPOBOJIUTH HEOOXOAMMBIE pacuéThl, HCIONB3YS COBPEMEHHBIC
texandeckue cpencrna ([1K-22, 23.03.03);

- YMEHHE MpPOBEPIATh TEXHHUUECKOE COCTOSIHME M OCTAaTOYHBIH pecypc
TEXHOJIOTMYECKOTO 000pyIOBaHUS, OPraHU30BHIBATH MPOQUIAKTUIECKHUI
OCMOTp U TEKYIIUH PEMOHT TEXHOJOTHYECKUX MamuH U odopynoBanus (I1K-
13, 15.03.02);

- BJIJICHUE 3HAHMUSMHU TEXHUYECKUX YCIIOBHM M MPaBHJI PALMOHAIBHON
OKCIITyaTallud TPAHCHOPTHBIX W TPAHCIOPTHO-TEXHOJIOTHYECKUX MAIIMH |
00pyAOBaHUs, MPUYHUH U TOCIEICTBUN MPEKpaIIeHUsT X paboTOCIOCOOHOCTH
(TIK-15, 23.03.03);

- CHOCOOHOCTH HCIOJB30BaTh B IMPAKTUYECKOH [EATEIHHOCTH JAaHHBIC
OLEHKHM TEXHUYECKOTO COCTOSHHSI TPAHCIOPTHBIX M  TPAHCIOPTHO-
TEXHOJIOTUYECKUX MAIIMH W OO0OPYIOBAaHHS, TOITYYCHHBIE C MPUMEHEHUEM

JIMArHOCTHUYECKOW ammapaTypel W 10 KOocBeHHbIM mpu3Hakam (IT1K-39,
23.03.03).

[1]. Cranpmapt BbICmIEr0 00pa3oBaHUWs MO HampaBieHuio mnoarotoBku — 15.03.02
"TeXHONOTUYECKUE MAIIMH U 000pyIoBaHue (YpOBEeHb OakaiaBpuara)"”

[2]. Crammapt Beicmiero oOpa3oBaHHs IO HampaBiCHHIO MOArOTOBKH 23.03.03
"DKCIuTyaTaiusi TPAaHCTIOPTHO-TEXHOJIOTHYECKHX MAIlMH M KOMIDIEKCOB (YpOBEHB
OakayaBpuara)"

[3]. Yuebubie tperunrun kommanuun «FESTO P®y http://www.festo-didactic.com/ru-
ru/4442/6213/?fthid=cnUucnUuNTcxLjI5LjISLjYYMTM
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Pedepar

Onucana TexHosorusi co3ganust VHTepHer-maboparopuu, OCHOBAaHHas Ha
OpraHM3ali  TEPPUTOPUATBHO-PACIIPEAEIEHHOIO  YNPABICHUS  MEXaTPOHHBIMU
ycrpoiictBamu  yepe3  Mureprer. IlpemnokeHa wuepapxuyeckas —CTPYKTypa
OpraHu3alliil  YOpPaBJICHHUS  TPYNIHPOBKOW  POOOTHU3MPOBAHHBIX  YCTPOWCTB,
MMOCPEJICTBOM KOTOPOHM BBIMOJHsAETCA oObenuHeHne udepe3 VPN-kananel MHTEpHET
MH(POPMAMOHHO-U3MEPHUTEIBHBIX M YIPABISAIOMIMX CHCTEM JTHX YCTPOHCTB B
JIOKAJIbHYIO BBIYMCIMTENbHYIO CeTh C MOOWIBbHBIMM y3namu. IIpennoxena
MIPOrpaMMHO-aINapaTHas apXUTEKTypa B3aWMOJAEWUCTBUS MEXATPOHHBIX YCTPOWCTB
pasHbIX MoJeNell U MPOU3BOAUTENEH, 0a3UPYIOIIAsACs HAa «KOHLEMIMU JpaiiBEpPOBY.
[IpuBenensl TpeOoOBaHUS K IPOrpaMMHO-aIapaTHol miatgopMe oObEAUHSIEMbIX B
IpyNnupoBKy ycTpoiicTB. Co3anbl pedepeHcHble peanu3anuy IpOoTOKOJIOB 0OMeHa
cooOmmeHns MU U JpaiiBepoB st twiatpopm x86 u  Arduino. PeammsoBanbl
rpapuueckue MHTEp(HENCH MOJIb30BaTeNs JUIsl PA3JIMYHBIX KOMIIOHEHTOB CHCTEMBI
(PTZ-tenekamepsr, Y3  pajgpHOMEpPHl W T.OI.) W CHCHUAIM3UPOBAHHOE
JIeLIEHTPaIM30BaHHOE “‘CepBepHOE” MporpaMMHOe obecreueHue, obecnednBaroliee
LENOCTHOCTh cucTeMbl. C MOMOIIBI0 JAHHOTO MPOTrpaMMHOrO oOecredeHus
BBINOJIHAETCS aBTOMaTHYECKOE KOH(UTypupOBaHHE TEePPUTOPUATBHO-
pacnpenenéHHON CeTH U NPENOCTaBIsAeTCs MOTHO(DYHKIMOHAIBHBIM JOCTYN 4Yepes
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WHTEepHEeT K MeXaTpOHHBIM YCTPOWCTBaM (B TOM YMCJE K OTIENbHBIM KOMIIOHEHTaM
MOOWIBHBIX po00TOB). CoO37aHHBII Ha OCHOBE TMPEIIOKEHHONW TEXHOJIOTHH
IpOrpaMMHO-aNapaTHBI KOMIUIEKC 00eCreuyrBaeT B PeXHMME PEalbHOTO BPEMEHHU
oOpaTHyIO CBsI3b (B TOM 4MCIE BHJIEOCBSI3b) MEXKAY OOBEKTOM YIIpaBICHUS U
OIEpaTOpOM M TIO3BOJIAET OIEpaToOpy IMHAMHMUYECKH Oe€3 Iepe3amycka CHCTEMbI
BBITIOJHATH MEepenporpaMMUpOBaHre OOPTOBBIX BBIYUCIUTENBHBIX YCTPOMCTB (B TOM
quclie MHUKPOKOHTposulepoB). OmucaHa TEXHHUYECKas peanu3anus MHIOTHOIO
npoekta MHTepHeT-1aboparopu Ha MpUMEpE CYNEPBU3OPHOTO YIpaBiICHHUS depes
WutepHer yueOHbIMH MOOMWIBHBIMU poOotamu AMYP (MJI «CeHncopuka») u
Robotino (Festo) ¢ opranuzanueit BUACOKOHTPOIISI HCTIOTHEHUS KOMaHI.

Kniouesvie cnosa: MOOWIBHBIA POOOT, TPYNIOBOE YIpaBICHHUE, TEPPUTOPHATIBLHO-
pacrpelieIEHHOE YIpaBI€HHE, CYNEpPBU30pPHOE YIpaBieHUue, HHGPOPMALUOHHO-
M3MEpUTEINIbHAS U YIIPABIISIONIAs CUCTEMA, JIOKAJIbHAsL BBIYMCIUTENIbHAS CETh.

BBEJEHUE

WuTepHer-naboparopuss MOXET OBITh CO3JaHAa Ha OCHOBE TEPPUTOPUAIBHO-
pacnpeieiéHHOr0 yHpaBieHUus: poOOTOTEXHHUYECKUMHU ycTpoWcTBaMu. Peanuzarus
takoro ympaeneHusi (spatially distributed control) Bo3MoOkHa ¢ MOMOIIBIO TaKUX
IIMPOKO M3BECTHBIX MPOrpaMMHBIX KapkacoB (framework), kak the Robotics
Operating System (ROS) and Microsoft Robotics Developer Studio (MRDS), a taksxe
ux npenmectBeHHukoB — Palyer Project, LAAS GenoM u URBIL Dtu cucremsl
MOJKHO YCIIOBHO OTHECTH K “O0NbIIMM”, T.C. BKIIOYAIONINM B ce0s MHOMXECTBO
KOMITOHCHTOB IS pelieHus pa3zHooOpa3Hbix 3amad: SLAM (Simultaneous
Localization and Mapping), kamuOpoBka CEHCOpOB, 00pabOTKa M300paKEHUH H T.II.
OpnHako CymIeCTBYIOT M “‘Manble” poboToTexHHueckue (perimBopku (frameworks),
Hanpumep, Concurrency and Coordination Runtime (Bxmouén B MRDS),
OCYILIECTBIISIONINE UMb epeaavy COOOIMICHUI MeX 1y KOMIIOHEHTaMH.
[Mepeunciennbie KOMILICKTHI nporpammuoro obdecneuenus (I10) addexruBHO
pelialoT MOCTAaBJICHHYIO 3aqady, HO JIMIIb B paMKax OIHOW TEPPUTOPUU —
nabopatopuu, Iiexa, 3aBOJa; T.6., OHM He PelaT 33a7ady TEepPPUTOPHAIBHO-
pacnpenenénnoro ympasienus (geographically distributed control). Bcnencreue
3TOr0 B HHUX OTCYTCTBYET MEXaHW3M OpraHHW3alluu yIpaBicHHus udepe3 HHTepHeT
MEXaTPOHHBIMHU YCTPOMCTBAMH C BH3yalbHOM OOpAaTHOM CBSI3BIO /Ml HAOMIOACHUS 32
WCIIOJTHEHUEM KOMAH/I/TIPOrpaMM yIIPaBJICHHSI, YTO OCOOCHHO KPUTHYHO B CHCTEMAax
JUCTAaHIIMOHHOTO M CYMEPBU30pHOTO ympaBieHus. OCOOEHHOCTh TaKoro crocoda
VIIpaBJICHUS 3aKIIOYAeTCs B OpraHu3alMyd TIepesadd o KaHamam HHTepHer
MHOTOIIOTOKOBOTO BHJEO M, OJHOBPEMEHHO, KOMAaHJ/TIPOTpamMM yIpPaBICHUS C
YIETOM 3a/IEPKEK B CETH U C HETAPAHTUPOBAHHBIM BPEMEHEM JIOCTaBKH MTAKETOB.
[lepeuncneHHble CHCTEMBl pPACCUMTAHBI Ha paboTy B paMKaxX JOKaIbHON
BbruncauTenbHoil cetu (JIBC) ¢ ycToilunBOi CBSI3pIO U MPAKTUYECKU HE COJEpKaT
CPEICTB, MPeIHA3HAYCHHBIX I KOPPEKTHOTO BOCCTAHOBJICHHs pabOTHI mocie cOoeB
B KaHaje TMepefadd JaHHBIX. B cimydae MOOWMIBHOH pPOOOTOTEXHHKH, KOT/Ia
KOMMYHHKAITMOHHBIM KaHall BKIIOYaeT B ce0s paauokaHall, BO3HUKAET Mpodiema
o0ecriedeHrs YyCTOHMYHBOCTH CUCTEMBI K HAPYIICHHSIM CBSI3U M 00SCTICUCHUST BEICOKOMH
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NPOU3BOUTENIFHOCTH TpU Tepeladye Kak JUIMHHBIX COOOLIEHWH, Hampumep,
MHOTOITOTOKOBOE BHJIC0, TAK M KOPOTKUX (KOMAaHIbI YIIPABJICHHUS).

[TosTomy mnoTpeboBasiack pa3paboTKa KaueCTBEHHO HOBOW MPOrpaMMHOM
apXUTEKTYphl, OCHOBAaHHOM Ha TEXHOJOTHMH TEPPUTOPUATBHO-PACIIPENEIEHHOTO
ynpasienust (geographically distributed control) rpymmoit MoOuIBHBIX POOOTOB.
Huxe paccMoTpeHo pemieHue 3afaud ympaBiieHUs 4depe3 VHTepHeT MOOUIBHBIMU
po6oramu (MP) pa3HbIx Mozeneil u npousBoauTeneit, npuuém oneparopsl MP mMoryt
HaXOJUThCSl Ha Teorpaduyeckd YAalEHHBIX TEPPUTOPHUAX, a MOIKIIOYEHHE K
WHuTepHeT-1abopaTopud  HOBBIX ~ MEXAaTPOHHBIX  YCTPOHCTB  MPOMCXOJUT
aBTOMaTHYeCKH 0e3 IepepaboTKU UX HU3KOYPOBHEBOI'O POrPAMMHOIO KOJA.

OOydenne poOOTOTEXHHWKE TpeOyeT Hamuuus B Y4eOHOM 3aBEACHHUH
«poboTapuymay, OCHAIIEHHOTO Pa3HOOOPAa3HBIM  TIOCTOSHHO  OOHOBIISIEMBIM
POOOTOTEXHUYECKHM OO0OPYZOBAaHHEM, YTO MPHUBOAUT K OONBIIMM (HUHAHCOBBIM
3arparam. [IpeqnaraemMas TEXHOJIOTHMSI MOKET MCHOIB30BAThCSA Ml TUCTAHIIMOHHOTO
o0y4eHHus POOOTOTEXHHUKE MyTEM OpraHU3alMH IMOJHO(PYHKIMOHAIBHOTO JOCTYIA
yepe3 MHTepHET K TeXHHKE POOOTApUyMOB pa3HBIX YYE€OHBIX 3aBEICHUUA (B TOM
YHCIIe, U3 UX (QUITNAIIOB).

TEPPUTOPUAJIbHO-PACIIPEJEJEHHOE YIIPABJIEHUE
I'PYIIIIOM MOBWJIBHBIX POBOTOB

[TudpoBoe mpenacraBieHHEe JaHHBIX B HMH()OPMAIMOHHO-U3MEPUTENIBHOM U
yrnpagisitomieit  cucreme (MUYC) moOunmpHOrO poOoTa TO3BOJISET BBIIOTHUTH
O00bEIUHEHNE €ro DJEKTPOHHBIX M MEXaTPOHHBIX KOMIIOHEHT B JIOKAJIbHYIO
BbruucnuTenpHyto cetb (JIBC) ¢ moOumbHbiMuM y3mamu [2]. Takoit  cmoco®
00beIMHEHNsT NAaET BO3MOXKHOCTh PACIPOCTPAHUTh CBOWCTBA CETEBOM OpraHM3aluu
Ha cTpykTrypy MY C Kkak oTaenpHOro, Tak U HeCKOJIbKUX MP, ucnomns3ys 1uist 3Toro
ceTeBble TexHosoruu. Hanbomnee cyliecTBeHHBIMHU B HAIIEM Ciydae cilelyeT CUMTaTh
TaKWe CBOICTBA, KaK peKoHduaypupyemocms U macuimadoupyemocms. ITH CBOUCTBA
O3HAYalOT BO3MOXHOCTb JIETKO HapallMBaTh WM U3MEHATH Jto0ble pecypcbl MP:
TAaTYUKH, BEIYHUCIUTEIN, MUKPOIIPOLIECCOPHI, (POPMHUPOBATENH paJHOKaHAIIA, a TAKXKe
unble [P-cuctemsl, B ToM uyncie oobenuuarh UMYC nHeckonpkux MP B enuHyro
TEPPUTOPHATBHO-PACTIPEICIEHHYIO cuctemy [3].

Hcnonbs3oBanne CETEBBIX TEXHOJIOTUH HIO3BOJIIET OpraHHU30BaTh
TEepPUTOPUATBHO-PACIIPEAETEHHOE «MHOT0O0TIEPATOPHOE» yhpaBJcHHUE
rpynnupoBkoii MP. TepMHH «MHOroomepaTopHOE» O3HA4aeT, YTO OTIEIbHBIE
POOOTOTEXHUYECKHE YCTPOMCTBA, BXOISIINE B TPYNITHPOBKY, MOTYT YIPaBISATHCS
olepaTopamy, HAaXONALIMMHCS Ha Ppas3HbIX TEppUTOpHsX. Takoe ympasiieHue
JIONIYCKAeT, NpU OINpPEAeTIEHHbIX YCIOBMSIX, PEXKHUM OIUH-KO-MHOTMM, T.€. OJHH
OIIepaTop, €CJIM €MY NPEAOCTABICHO COOTBETCTBYIOILIEE MTPABO, MOXKET BMEIINBATHCS
B palboTy »IEKTPOHHBIX M MEXATPOHHBIX YCTPOWCTB JIOOBIX BXOJAAIINX B
rpynnupoBky MP, BkiIrodas AMHaAMUYECKOE MepernporpaMMHpoBaHUE OOpPTOBBIX
BBIYMCIIUTENIBHBIX YCTPOUCTB. [IprMep Takoi CTpyKTYyphI IPUBEIEH Ha puC.].

KoMMyHMKanMoHHas ~ cucTeMa, IpelHa3HauyeHHas Uil OpraHu3aluu
ynpasieHus: dyepe3 VHTEpHET W paauokaHayl IPyNHod MOOMJIBHBIX MEXAaTPOHHBIX
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yCTpOﬁCTB, JOJIKHa O6J'Ia[[aTB CJICOAYIOIIUMHA CBOMCTBaMH:

obecreunBaTh Kak «HEMOCPEJICTBEHHYIO» (C OOpTOBBIX TeleKaMmep), Tak U
«CTOPOHHIOIO» (BUJ CO CTOPOHBI M3 30HBI JeiictBus MP) Bu3yanapHYIO
Oo0paTHYI0 CBA3b JJIS JUCTAHIIMOHHOTO HAOMIOACHUS 3a HCIOJHEHHEM
KOMaH1/TIporpamMM YIIpaBJICHUS;

OBbITh YCTOMUYUBON K HAPYIICHUSM CBSI3H;

obecreynBaTh BBICOKYIO MPOU3BOJUTENLHOCTh NMPH MepeAaye Kak UIMHHBIX,
TaK ¥ KOPOTKUX COOOIICHUH.

Digital radio channel

erator 2 Operator 3 Operator 4 Operator 5

Control desk 2 Control desk 3

Object of influence

Puc.1. TepputopuanbHo-pacnpeieIEHHOE MHOIOOIIEPATOPHOE
yIpaBJIeHUE IPYNNHUPOBKON MOOMIBHBIX POOOTOB.

TexHuueckne ¥ MPOrPaMMHBIC PEIICHHUs, TO3BOJISIONIME OOCCIICUYUTh

yKa3aHHbIC CBOMCTBA, JODKHBI YIOBICTBOPATH CIICAYIOIIUM TpeOoBaHusM [4]:

JNEKTPOHHBIE W MexaTpoHHble KoMmmoHeHTI MUYC MP  nomkHBI OBITH
AIIEMEHTAMU JIOKAJIbHOM BBIYUCIUTENLHON CETH C MOOUIIBHBIMH Y3JIaMHU;

CBSI3b MEKIY MOOMJIBHBIMU M CTallMOHAPHBIMU MOAYJISIMH KOMIIJIEKCA JOJDKHA
OCYIIECTBIATRCS M0 U(poBbIM paguokanazam (Wi-Fi, Wi-Max u 1.11.);
YBEIIMYEHUE JalbHOCTH U TOBBIIIEHHWE KayecTBAa pPAJUOCBSI3H  CIEIYET
JOCTUTATh IYTEM CO3JaHHUS ONTHMAIBHOW, ONEPATUBHO W JUCTAHIMOHHO
YIPaBIsAEMON apXUTEKTYpbl pactpenencaon MUY C;

HEO0X0/IMMO HCTIOJIF30BaTh MHOTOKAMEPHYIO CHCTEMY TEXHHUYECKOTO 3PCHHS:
HECKOJIbKO Teliekamep, B ToM uucie ¢ ¢ynkuueir PTZ (Pan-Tilt-Zoom —
MaHOpaMUpPOBaHUE-HAKJIOH-MaciTab), Ha OOpPTYy MOOWUIBHOTO MOIYNsS U
TeJIeKaMephl Ha BBIHOCHBIX YCTpoHCTBaX — «CIyTHHUKAxX» (CTAI[MOHAPHBIX HITH
YCTaHaBIIMBAEMbIX Ha MOOMJIBHBIX MIaThopMax);

npenoOpaboTKa BHICOCUTHAJIOB M CHUTHAJIOB OT JPYTHX CEHCOPOB JIOJDKHA
BBINOJIHATHCS. aBTOHOMHO Ha O0pTy MOOMJIBHOTO MOAyisl (mpeoOpa3oBaHUE B
1 poByro hopmy, GUIBTpALUS IIYMOB, CKaTHE N300pKEHHUN U T.11.);
o0s3aTeNieH AUCTaHIMOHHBIN (C MyJabTa YHIpPaBICHHsI) OMEPAaTUBHBIMN KOHTPOJIb
COCTOSIHUS SHEPrOCUCTEMBI M KaYeCcTBa pPaJlOKaHaa;
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e IyNbT yIpaBJEHHs OepaTopa AOJKEH 00ecreunBaTh:

— HempepbIBHOE (CO CTaHAApPTHOM KaJapoBOM 4YacTOTOH) oToOpaXkeHHue
BUJICOTIOTOKOB CO BCEX TeJIEKaMep B BUE PACTPOBBIX N300paKeHMUI;

— MHEMOHHYECKOe OTOOpa’keHHe Ha KpaHaX MOHHUTOPOB IMOKa3aHHM HHBIX
CEHCOPOB U COCTOSIHHUS KOHTPOJUPYEMBIX NapaMeTpoB (B TOM 4HCIE
3BYKOBYIO CUTHAJIM3ALIUIO JOCTUKEHHSI KPUTUYECKUX 3HAUEHUH);

— BO3MOYKHOCTb YAAJIEHHOTO yIpaBieHUs QYHKIUSIMH TellekaMmep (Hampumep,
PTZ) u napamerpamu y3noB JIBC (Hampumep, BbIOOp anroputma cxxaTus
M300paXeHUI UM eTo MapamMeTpoB);

— BO3MOKHOCTBH JMCTAaHIIMOHHO KOHTPOJUPOBATh MCIIOJHEHHE Ha OOPTOBOM
OBM ynpapisiomero Kkojga U AMHAMHUYECKA BHOCUTh B HErO MCIIPABJICHUE
0e3 mepe3arpy3Ku CHCTEMBI.

e KaHaJIbl CBSA3M JOJKHBI OBITh 3aILUIIEHBl OT HECAHKIIMOHUPOBAHHOI'O J10CTYIA

(Hampumep, 3a cuét ucnonb3zoBanus VPN-kaHamos).

CTpykTypa, YAOBIETBOpSAIOIIAs IEPEUYUCICHHBIM  TpeOOBaHUsAM, OblIa
peain30BaHa B BHUJE CIEHUATM3UPOBAHHOTO MPOTpaMMHO-aNNapaTHOTO KOMILIEKca
(MuTtepueT-naboparopun), OPUEHTUPOBAHHOTO HAa CYNEPBU3OPHOE YIpaBICHUE
Tpynmoi y4eOHBIX MOOMIBHBIX poOOTOB. B oCHOBY pa3paboTaHHOTO MeXaHWU3Ma
CEeTeBOIO0  B3aMMOJICHCTBUS,  TMOCPEICTBOM  KOTOpPOro  OBIT  OpraHu30BaH
MOTHO(PYHKITHOHAIBHBIA J0CTyn 4epe3 MHTepHEeT K MeXaTPOHHBIM YCTPOMCTBaM
Pa3IMYHOTO THIIA, ObLIA MOJI0KEHA KOHIEIIUS «IPaliBEPOBY.

KOHIIENIUS «IPAMBEPOB»

MuHUMaNbHBIM O0OBEKTOM YIIPABICHUS B MpEJIaraéMoi CTPYKTYpe SIBISIETCS JIIo0oe
JIEKTPOHHOE WJIM MEXaTpPOHHOE YCTpOMcTBO, Oynb TO OOPTOBOI BBIYMCIHUTEID,
MHUKPOKOHTPOJIIEP, CEHCOP, MAHUITYJIATOP, WIM WHOW HCIIOJHUTEIIBHBIA MEXaHU3M.
[TosToMy onHOWH M3 KIIIOYEBBIX 3a/Jad, B JAaHHOM Cllydae, SIBJsUIach pa3paboTKa
yHU(UIMPOBAHHON cHUCTeMBbl mpaBmsl co3faHuss [1O IS KOHKPETHBIX MOjEieH
pPOOOTOTEXHUYECKMX  YCTPOWCTB,  IO3BOJIIOUNIMX  BKJIIOYaTb  MEXaTPOHHBIE
komroHeHTHl B JIBC 0e3 mepepaboTku MX HU3KOYPOBHEBOT'O MPOTPAMMHOTO KOJA.
WubiMu  cnoBaMu, TpeOoBajoch pa3paboOTaTh KOHEYHBIH HAOOp MPOrpaMMHBIX
WHCTPYKLIMH YIPABICHUS M CETEBBIX MPOTOKOJIOB Ui CO3JaHHMs HMHTepdeiica
nporpamMmmupoBanus npunoxxenuit (API — application programming interface). Takoi
uHTepdeiic TomKeH o0ecreynBaTh MPO3padyHOE WHTETPUPOBAHUE OSJIEMEHTOB
MexaTpoHHoro ycrpoictBa u ero I1O B mHdpopmaunonHoe mpoctpancrtso UNYC
KOMILJIEKCA.

Jlia peanusanuu API npearaercst HCnoap30BaTh KOHLUENIUIO «APaliBEPOBY —
IUISL KOKIOTO MEXaTPOHHOTO YCTPOMCTBA JOJDKEH OBITH CO3[aH YHU(PHUIIMPOBAHHBIN
CETEBOM YMpaBJSIOMMN MPOTOKOJI Ha 0a3e CyIIECTBYIOIIUX HU3KOYPOBHEBBIX
MIPOrpaMMHBIX UHTEp(EeNcoB B3auMoAeiicTBUS. Toraa mponu3BOIUTENIb MEXaTPOHHBIX
YCTPOMCTB MOXET CPaBHUTEJIBHO MPOCTO MHTETPUPOBATh CBOE YCTPOWCTBO B CETh,
CO37aB JMUIb JONOJHUTENIbHBIA JpaiBep, PEAIU3YIOIIHMN ACTEPMUHUPOBAHHBIC
IIPOTOKOJIOM TPOTpaMMHBIE HWHCTPYKLUU YIPABICHHUA W IPOTOKOJIBI CETEBOTO
B3aUMO/ICHCTBHSI.
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[Tpu mosiBIIeHWU B CETH HOBOTO MEXaTPOHHOIO YCTpoiicTBa pa3padorannoe [10
MOJCUCTEMBI YIIPaBJICHUSI KOMIUIEKCOM B IPOIIECCE B3aUMOJEHCTBUS C ApalBEpPOM
aBTOMAaTHYECKH BKIIOYAeT JTO YCTPOMcTBO B o00mIyt0o ceTb. OIHOBPEMEHHO
BBITIOJTHSACTCS ~ MyOJMWKAIUs  JIOCTYIHBIX ~ MEXaTPOHHBIX  YCTPOHCTB H  HX
XapaKTePUCTHK B OOIIEM KaTaaore TEXHUYECKOTO OMHCAHMUS.

JlpaiiBep KaKI0TO MEXaTPOHHOTO YCTpOMCTBa (YCTaHOBJIEHHBIN Ha OOPTOBYIO
OBM wmoOunpHOrO poboTa) MpencTaBisieT co00Ml OTHETbHBIM BBIYUCIUTETHHBIN
nporiecc. JlJis opraHu3ay U CHHXPOHU3AIMH COBMECTHOU PabOTHI ATUX MPOIIECCOB
HCIIONB3YIOTCS CIAEAYIOIINE MOIXO0IbI:

o Kaxnaas koMaH[a WIA JaHHBIE OT CEHCOPOB MPHU MPOXOKICHUH KaXKJIOTo y3ja
JIBC cHabxaroTcst memxoii spemeHu.

o Kaxaplii apaiiBep COACPKUT COOCTBEHHBIM dK3eMIuisip «CuyorcoOvl umén», B
KOTOpPOUW XpaHUTCS WHGOpMALUSA O COCEAHMX (C TOYKH 3PEHHSI CETEeBOM
TOTOJIOTHH) JIpaiiBepax.

e B kaxaoMm apaiiBepe AMHAMHUYECKH (OPMUPYETCH 2pag g3aumooleticmautl, B
KOTOPOM COXpaHsieTcsi HH(POpMAIUs O COCeNIsX.

o Jlist oOMeHa JaHHBIMH HCIIOIB3yeTcst mexkcmosuiil popmam (ASCIN).

e OOMeH JaHHBIMHM TIO3BOJISIET OPraHU30BaTh IEpefadyy HE TOJIbKO OTAEIbHBIX
KOMAaH/I, HO U IEJIBIX TPOTPaAMM.

JloGaBnenue memku 8pemenu B COOOIIEHUS TO3BOJISACT N30€KATh HAPYIICHHS
MOCJIEIOBATEIBHOCTH COOBITHI TpH  cOOSX, TOYHO CHHXPOHHU3HUPOBATH paboTy
JpaiiBEpOB U y4yecTb BPEMEHHbIC 3aJIEPKKH, a TaKKe Pa3HOCTb BO BPEMEHH MEXIY
HECKOJIbBKUMH  TEPPUTOPUATIbHO-pACIPEACIEHHBIMU  y3J1aMM  CETU. 3a  CUéT
HCIOJIb30BAaHUS AJITOPUTMA BEKTOPHBIX YacOB YAAETCs BBIOJHUTH CUHXPOHHU3ALIMIO,
HE3aBHCHUMYIO OT ITOKa3aHUN 4acOB PEAJIbHOIO BpeMeHU 00pTOBbIX DBM.

«Cnyacoa umén» — 310 crneunuanuzupoanHoe I10, koropoe mnepuonnyecku
CKaHHPYET CETh M MIIET aHAJIOTUYHBIC CIY)XObI, a OOHApYXHUB, — OOMEHUBACTCS C
HUMH Bcell umeroneiics nHpopMmaryel o anropurmy, 6JIM3KoMy K pacrpeelEHHbIM
xem-tabmunam — Distributed Hash Table (DHT). bmarogapsi sTomy mnosiBisieTcs
Ka4ecTBO deyenmpanuzosanHocmu. Tak, HaIpUMep, POOOTOTEXHUYECKUN KOMILIEKC,
HACTPOCHHBIA B pamkax KoHkpeTHOU JIBC, 6e3 m3MeHEeHUI MOXKET OBITh OTKIIIOUEH
OT He€, ¥ IIPH 3TOM He OyJeT HapyLlEeHO ero HopMaJlbHOE (PYHKIIMOHHPOBAHUE.

I'pagp 83aumoodelicmeuii peCTaBIsAET COOONW CTPYKTYpPY JaHHBIX, XPAHSAIIYIO
MHPOPMALIMIO O COCETHHX (C TOYKM 3PEHUSI CETEBOWM TOIOJIOTWH) JpaiBepax W UX
B3auMosielcTBUAX.  ['pad B3anMoneiicTBUH aBTOMAaTHUYECKHM BOCCTaHABIMBAETCS
[oCJie HapyIIEHUN CBS3M JaXXe B CiIydae HE3HAUUTEIBHOIO M3MEHEHUsS TOIOJIOTUU
cetu. Tem cambIM obOecrieunBaeTcss BOCCTAHOBJICHHE MH(POPMALMOHHOMN TOMOJIOTUU
ceTu mocie e€ paspylieHHus B pe3yiabTare cOoeB B KaHamax CBsi3M. llosiBisiercs
Ka4eCTBO  A6MOKOHpU2YpUpo8aHus, 4YTO TO3BOJISAET JUHAMUYECKU HM3MEHSTh
TOMOJIOTUIO TeppuTopHaibHO-pacnpenenéunol MUYC rpynnuposku MP, HO B
paMKax OJTHOU CeTH.

Texcmoeguvlii ¢popmam OOMEHa JaHHBIMH TIO3BOJIICT YAPOCMUMb OMAAOKY
paspabarbiBaemoro IO wu opraHu3oBaThb B3aUMOJEHCTBUE C CHUCTEMOH 0Oe3
00noIHUMeNbHLIX OUOIUOMEK, 9TO KpailHe BXKHO B 3a/1a4aX HHTETPAIIHU.
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Jns obecriedenuss uHTerpauun MP B TeppuTOpHaibHO-pacrpeeNéHHYI0
IPYNIHPOBKY HEOOXOAMMO OBLIO peain30BaTh HE TOJIBKO B3aWMOJEWCTBHUE MEXKIY
AJIEKTPOMEXAHUYECKOM yacThio podoTa u 60opToBOii DBM, HO U MHTErpUpPOBATH €ro
NNYC HenocpeICTBEHHO B OOIIYI0 HEPAPXHIO YIIPABIICHUS.

IIPOI'PAMMHO-AIINAPATHASI APXUTEKTYPA
B3AUMOAEUCTBUA MEXATPOHHBIX YCTPOUCTB

[Ipu peanuzanuu NPOrpaMMHO-ANIAPATHOTO KOMIUIEKca ObLIO  obecreueHo
BBITIOJTHEHHE CIIEAYIOIINX CBOMCTB:
®  YHUBEPCAIBHOCTh — BO3MOXHOCTH BKIIIOUCHHS B CUCTEMY POOOTOTEXHHUYECKHX
Y UHBIX MEXaTPOHHBIX CUCTEM Pa3JINYHBIX MOJENIEH U POU3BOANUTENIEH;

e cereBas HaACKHOCTh — TapaHTUPOBAHHAs JIOCTaBKa TMAKETOB  MEXKIY
YOpaBISIIONIMMA  UHTep(deiicaMi KOMITJIEKCa Ha BCEX YPOBHSIX CETEBOTO
B3aUMOJCUCTBUS;

e rHOKOCTP M MacmITabUPyeMOCTh — JICHEHTPAIN3AIMs YIPABICHUS CETEBOM
CTPYKTYpOHi, €€ pekongueypupyemocms B peKUME OHJIANH;

e (0E30MacCHOCTh — 3aIUTA OT HECAHKIIMOHUPOBAHHOIO JOCTYIMA K YIPABIISIONIUM
uHTepdeiicam.

st hopMaIbHOTO ONMHMCAHMS B3aUMOJCHCTBUS B MHOTOAreHTHOW CETH Oblia
MpUMEHEHa MOelb akTopoB [5]. B kadecTBe MexaHU3Ma Iepeiaayu COOOIICHUMN
ucroib3yercst oubmmoreka ZeroMQ, KOTOpasi BBIOJHSET POJIb BBICOKOYPOBHEBOM
«OOEPTKM» HAIl CTAHJAAPTHBIMUA CETEBBIMH COKETAMHU OIEPAIIMOHHOW CHCTEMBI. DTOT
MEXaHU3M BKJIIOYACT TaKHe (PYHKIUHU, KaK aBTOMATHYECKOE BOCCTAHOBIICHUE CBSI3U
mocie oOpbiBa 0e3 TMOTepH KOHTEKCTa, BO3MOKHOCTh TYHHEIUPOBAHUS 4epe3
npotokoiibl HukHero ypoBas: UDP, TCP, IPC, nnu uyepe3s PGM (Pragmatic General
Multicast). Kpome Toro, B ornuyme OT 0ojiee CIOXKHBIX MPOTOKOJOB (Hampumep,
Concurrency and Coordination Runtime), ZeroMQ nocTaTto4HO MpPOCT, 4TO MAET
BO3MOXXHOCTh PEaJM30BaTh €r0 HEMOCPEICTBEHHO HA MUKPOKOHTposuiepe Arduino ¢
moxayiem Ethernet Shield, HO ¢ HEKOTOPHIMH OTpPaHMYCHUSIMH, CBSI3aHHBIMU C €TO
MaJIol IPOU3BOIUTEIILHOCTHIO.

JInsi  WHTErpaluy  MEXaTPOHHOTO YCTPOWCTBA B CHUCTEMY  YIPaBICHHS
HE0OXOIMMO COOJIFOCTH BCETrO JIMINL JBAa OCHOBHBIX TPEOOBAHHS K IPOTPaMMHO-
anmapaTHoO# iatopMe MoAKII0YaeMOT0 YCTPOUCTRA!

e HAIMYUE B CHCTEME YIpaBlieHUs HHTep(derica, MO3BOJSIONIETO TMOIKIIOYUTH

YCTPOMCTBO K CETH;

® BO3MOXXHOCTh YCTAaHOBHUTH Ha YCTPOHCTBO MpOrpamMMy, PpPEaU3YIONIYIO

MUHUMAQJIBHO HEOOXOJMMOE IOJAMHOXECTBO HCIOIB3YEeMOTO B CHCTEME

npoTtokona, T.e. ZeroMQ.

Jljis aneKBaTHOTO OTOOpaKEHUsI UEPAPXUUECKON CTPYKTYpPBI CETH Ha DKpPaHHbBIN
uHTepdeiic  moyb3oBaTeNss  MOCTPOEH  OKOHHO-MepapXuyeckuil — uHTepdeiic,
0a3upyIoUIMiics Ha MOIX0AaX, IPUMEHIEMBIX BO (PpEeHMOBBIX (MO3aHMYHBIX) OKOHHBIX
MEHEKEPAX.
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3AKJIIOYEHUE

Hannas WH(POPMAITMOHHO-KOMMYHHUKAITMOHHAS nH(ppacTpyKTypa MOMKET
UCIIONIb30BAaThCA B CHCTEME JIMCTAaHIIMOHHOTO OOpa3oBaHHsS MJi OpTaHU3aIHUU
JOCTYIAa YYAIIUXCS K peaJbHbIM MEXAaTPOHHBIM CHCTEMaM, pPacIOJOKCHHBIM Ha
yIan€HHBIX TEPPUTOPHUSIX, HAIPUMED, AJIS MOAKIIOUEHUs (PUINAIOB K JIabopaTOpHOU
0a3e OCHOBHOTO Y4eOHOTO 3aBEJEHHUS. DTO TMO3BOJIMT COCPENOTOUYNUTH TEXHUYECKHE
peCypchl B OJHOM MECTe U OpraHU30BaTh 00yUEHHUE TPYIII CTYACHTOB JUCTAHIIMOHHO
(u3 ¢unmanoB), HE CHIKasg KadecTBO oOydeHus. Kpome Toro, maHHas CTPyKTypa
MO3BOJISIET OOBEAUHUTH TEPPUTOPHAIBLHO pPa3HECEHHBIE HAYYHO-UCCIICOBATEIHCKUE
KOJUIEKTUBBl BOKPYT Kakoro-mmbo OJIHOro, 0O0JaJaloliero COOTBETCTBYIONIEH
MaTepualbHO-TEXHUYECKON 0a30il.

[IpennoxenHas cTpykTypa Obuia peann3zoBaHa B Bujae MHTepHeT-nabopaTtopun
[4] u mokazama cBow 3¢ GEKTUBHOCTH B YacTH co3fgaHus jaekcTByronmx VPN-
KaHAJIOB Ui YIpaBieHUs Yy4eOHbIMH poOoramu Tuna «AMYP» (AsronommusIit
Mo6GunbHbi Yuebusii Po6or, MJI «Cencopuka») U «R0obOtINO» (Hemenxuit KoHuEepH
Festo). Takoil MOCTOSSHHO JEHUCTBYIONIMK KaHall ympaBiieHHs 4epe3 MHTepHET B
Hactosmiee Bpemsi QyHkmuonupyer mexay MITY «CTAHKHWH» (r. MockBa) u
[{eHTpOM TEXHOJIOTHYECKON MOMIEPKKH 00pa3oBaHusi MexIyHaApOIHOTO MHCTUTYTA
HOBBIX oOOpazoBatenbHbix TexHomorui (L[TTIO MHHOT) PITY (r. Mockga).
AHaJloTMYHBIM KaHan jAedctByer Takke wMexay HWMIIM  wuwm. Kenpeima PAH
(r. Mockpa), LTIIO MUHOT PITY u /JB®Y (r. BnaguBoctok). HMHTepHeT-
naboparopusi HCMONb3yeTCs [UIsl TPOBEACHHS J1a0OpaTOPHBIX pabOT CTYACHTOB
kadenpsl «PoboroTexnuka u mexarpiaukay MI'TY «CTAHKHH».

Pabota BemmosHeHa npu yactuuHor noauepxkke PODU: rpanter 13-07-01032,
13-07-00988.
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Abstract

Joint educational programmes offer opportunities to integrate partners of
universities in the fields of research, development and education in order to
solve such problems as improving the quality of teaching, search for new
forms of effective interaction between scientific and educational schools of
partners, introduction of innovative educational technologies.

In this paper we describe issues of organisation of educational programmes
realising model “two diplomas in two years”, implementation of Festo
technologies in educational process and further development of Synergy
project realised between SPbPU and partner universities.

Possibilities of Festo technologies implementation in network educational
programmes are introduced too.

INTRODUCTION

International academic cooperation keeps actively developing in constantly
changing world. Interest of Russian students in studying abroad and interest of
foreign students to study in Russia is keep on growing. One of the directions of
international academic cooperation is development and realisaton of
international educational Master’s degree programmes particularly in
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cooperation of Russian partner university and European partner university.
Peter the Great St. Petersburg Polytechnic University has very wide experience
in developing and realisation this kind of programmes in English language
with such European partner-universities as Leibniz Universitat Hannover
(Germany), Lappeenranta University of Technology (Finland) and City
University London (Great Britain). Approach to realisation of double degree
programmes is shown on the Fig. 1. [1,2]. According with the schedule of
educational programme, students, enrolled in the programme, study during the
1st and 2nd semesters at Peter the Great St. Petersburg Polytechnic University,
and the next two semesters in European partner-universities. Continuation of
the study for the second year in partner-university is possible only after
successful completion of the first year in Peter the Great St. Petersburg
Polytechnic University. At the end of the second semester of the first year
university provides to the partner academic record of students’ results. All
kinds of studies are conducted in English, and the curriculum and content of
the courses allow them to be fully recognised by the partners [2,3]

Peter the Great St. Petershurg

Polytechnic University @

1-2 Semesters 3-4 Semesters Master of Science
SPhPU
Two Master’s
degrees
1-2 Semesters 3-4 Semesters Master of Science
Partner university

N2

Fig. 1. Schedule of educational process in Master’s double degree programme.

Partner nniversity

Graduates of the programme are able to receive diploma of SPbPU in case of
full compliance of the programme to Russian federal state educational
standard. In accordance to that 45% of the programme is devoted to scientific
research work and practice. Research work of student is very important part of
Master’s degree programmes in most universities. [3] The most part of the
disciplines in curriculum in partner-universities include not only lectures and
seminars but also elements of individual or group research work and Master’s
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thesis contains parts devoted to experiment. The field of research is determined
by the professors of Peter the Great St. Petersburg Polytechic University and
partner-university for each student individually at the beginning of the
programme. The list of possible topics of students research work is as follows:
e Machine learning;
Intelligent navigation systems;
Information security;
Intelligent adaptive control systems;
Industrial automation systems;
Robotic systems (industrial, mobile and hybrid robotics);
Decision making support systems, knowledge bases, expert systems;
Intelligent systems for signal and image processing;
e Distributed Computing
That is why for acquisition of the competences, knowledge and practical skills
modern educational laboratory equipment is necessary.
One of the leading companies that provides educational laboratory equipment
in industrial automation control is Festo Didactic. Experience of international
cooperation not only with mentioned above universities confirms that Festo
equipment is used widely in laboratories of SPbPU partner-universities.
Further implementation of Festo equipment in educational process can be
based on the experience gained in long-term cooperation of universities in the
framework of International University Network Project “Synergy”.

INTERNATIONAL UNIVERSITY NETWORK PROJECT “SYNERGY”

International university network project “Synergy” aims to organise
cooperation of universities, state education authorities and professional
communities in the development of new educational technologies to facilitate
students’ career guidance in research and innovation. “Synergy” with the
support of Festo Didactics provides interaction through mechatronics
laboratories of the following universities-participants of the project — Peter the
Great St. Petersburg Polytechnic University, Moscow Power Engineering
Institute (Technical University), Baltic State Technical University, Omsk State
Technical University, Karaganda State Technical University, Sevastopol State
Technical University. Remote access to these laboratories for students of all
universities — participants is provided. In 2014 Northwest Interuniversity
Regional Educational and Scientific NW IRC "SPbPU-Festo" Synergy" was
founded in Peter the Great St. Petersburg Polytechnic University. The Centre
together puts its main task more efficient use of the intellectual potential and
high-tech equipment, as well as a focus of educational programmes, improving
the efficiency of scientific research in collaboration with leading companies.
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The activities of the Centre are aimed at developing and implementing
educational programmes for engineers. Educational programmes are based on
specific disciplines in the field of control, automation and drive systems. As
part of the educational programmes will be carried out modernisation of
existing ones and development of new programmes; preparation of the
necessary guidelines and manuals, updating and creation of experimental base
and laboratory complexes.

Currently, the Centre has laboratory equipment allows improving students
skills in design of integrated intelligent control systems and management of
complex distributed objects, systems and processes in a large flow of
information and the lack of predictable control algorithm. The equipment
included:

e 24 places for the development of the skills of designing control systems
of industrial objects and technological processes (based on SIMATIC
SIEMENS PLC);

Educational Laboratory Complex company Festo FMS500;

Stand fault-tolerant industrial control system of the upper level,
The system of distributed digital sensors industrial electronics;
Industrial Monitoring System Siemens SiPLUS CMS;
Hardware-software complex NI Embedded Vision System for GigE
Vision;

e Hardware-software complex control system based on LabView;

e Software LabView Robotics software bundle.

In June 2015 two students of SPbPU took part in on-line thesis presentation
organised in the framework of Project “Synergy” between universities-
participants of the Project. The topics of their thesis were “Development of
technological processes models for medium-scale production in machine
building”, “Mathematical modeling of optimal industrial programs in machine
building”. Students were awarded certificates confirming that they successfully
completed educational programme with implementation of Festo Didactics
technological complexes.

Students of Bachelors degree programmes in the field of control in technical
systems are involved in activities of “SPbPU-Festo” Centre too. Students took
part in open championship Worldskills in Mechatronics competence. The team
of SPbPU won the first place in St. Petersburg and Leningrad region.

Along with the double degree programmes it’s becoming very prospective to
realise short-term programmes of intensive training. [4] In May 2015 there was
realised international network programme “Intelligent Control Systems” in
cooperation with Belarusian-Russian University. Student showed interest in the
programme especially in the practical part organised in educational
laboratories equipped by Festo Didactics complexes. In October-November
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2015 this short-term programme will be realised one more time upon request of
partner-university.

DISTANCE LEARNING COURSE

Starting from spring 2015, Peter the Great St. Petersburg Polytechnic
University is actively developing distance-learning courses on the platform
Open Education. One of the courses is "Modern Industrial Electronics". It is
developed basing on laboratories of SPbPU. The main objective of the course
is to develop understanding of the structure and purpose of modern industrial
electronics in the framework of control systems. Students study the basic
requirements for software and hardware, structures and processes implemented
within the functional-logical organisation of automated technological
processes; master the principles of implementation of the control algorithms
and real processes equipment, including control in technical systems of the top
level. The course introduces basic components of modern systems industrial
electronics:
e subsystem for data acquisition and processing (sensors, various means
of measurement);
e actuating elements;
e control devices - industrial controllers;
e channels for data collection, transmission and processing - industrial
networks, combines the individual elements into a system;
e SCADA systems, providing interaction with a human operator
controlled equipment, and allows controlling its operations.
e Students acquire the following skills:
e choose, create and maintain complex software and hardware to create
by computing and information systems and networks;
e formulate and solve circuit engineering problems associated with the
choice of the Elements requirements for specified parameters APCS;
e install, test, test and use hardware and software for computer
information systems and automation systems.
Analysis of the employer's demand for graduates of double degree and
university network international educational programmes in the field of
information technology, control systems and automation has shown that
graduates can successfully work in research institutes, enterprises, in the
business, including foreign and joint organisations and companies. Graduates
are well prepared to the PhD programmes in Russian and foreign universities.
Experience of joint programmes implementation showed that developed
materials and techniques can be successfully used in educational programmes
such as summer and winter schools, research training programmes of students,
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international semesters, etc. and also can be the basis for innovative
educational programmes in the field of information technology, control
systems and automation.

CONCLUSION

Developing of joint and network international educational programmes allows
to provide academic mobility of the students and teachers of Russian and
foreign partner universities, to stimulate the development of academic
activities and technical infrastructure of partner universities, to improve the
management of the educational process, to position partner universities as key
institutions providing innovative methods of teaching and training.
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Pedepar

IIpencraBneHa KOTHUTUBHAs METONOJIOTHS MOJAEIUPOBAHUS CIOXKHBIX CUCTEM
(counanbHO-3KOHOMHYECKHX, NOJIUTUYECKUX U JApyrux) u  eé
MHCTpyMEHTapuil. MeTo 00T sl IpeJHa3HaueHa: Il ONUCAHUs, 0ObICHEHUS,
MOJZICJIIMPOBAHMS CTPYKTYPBl U IIOBEIEHHUs CIIO)KHOW CHUCTEMBI; Ul aHAJIU3a
JUHAMHUKU €€ pa3BUTHUS U NPEABUJCHUS PA3BUTHUSL CUTYaLUi; IS pa3pabOTKU
U O0OCHOBaHMS CTpaTeruil yCTOMYMBOrO M OE30MAaCHOr0 COLMAIBHO-
HDKOHOMUYECKOT'0 Pa3BUTHs PETUOHA.
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Abstract

The cognitive Modelling Methodology of complex systems (socio-economic,
political and other) and its toolkit. The methodology is intended: to describe,
explain, modeling the structure and behavior of a complex system; for the
analysis of its development dynamics and foresight of situations; for
developing and justification strategies for sustainable and secure socio-
economic development of the region.

B ocHOBy cucTeMBbI B3IJISJ0B Ha SABJICHUS, MPOLECCH M T€HEpPaJbHbIN
3aMbICeN,  ONPENEISIIOUIMX  CTpaTerMud  Pa3BUTUSL  PEruoHa B €r0
B3aUMOJICHCTBUN C CONPEJEIbHBIMA PErHOHAMHU, IIOJIOKEHA KOHYenyus
KOCHUMUBHO20 MOOENUPOBAHUSL CTIOHNCHBIX CUCTEM.

Paspaborannas [1-7,9,10] Ha ocHOBe cuHTE3a MoOIElIed M METOJOB
npeABHICHHUS OyIylIero U KOTHUTHBHOTO MOJCTHPOBaHUs [3], BKIFOUYArOIas
Mojienu cucteMHor nuHamMuke [8-10] ¥ METObI MHTEIUIEKTYa IbHOTO aHAIN3a
JNAHHBIX, SIBJISETCS MHCTPYMEHTOM HCCIEAOBAaHUS WU MOAACPKKH TNPUHITHUS
pELICHN, TEOPETUUYECKU MO3BOJIIET NPOEKTHUPOBATh CTPATErMM COBMECTHOTO
MHHOBAI[MOHHOTO Pa3BUTUS PETHOHOB, OOECIEYMBAIOIIMX B JOJTOCPOYHOU
MEPCIEKTUBE YCTOMYMBOE IMOBBIIIEHUWE KAyeCTBAa JKU3HU  HACEJICHMUS,
JUHAMUYHOE HWHHOBAllMOHHOE  pa3BUTHE HKOHOMHUKH, HAIIMOHAIBHYIO
oe3omacHocth. Co3gaHWe  METOAOJIOTMM M CHUCTEMHO-AaHAJIUTUYECKOrO
WHCTPYMEHTapusi [  MCCIENOBAHUS  CBOMCTB  CJIO)KHOW  CHUCTEMBI,
T€HEPUPOBAHUS U OLIEHKU CIIEHApUEB HMHHOBALMOHHOTO pa3BUTUA TaKHUX
CUCTEM SIBJISIETCS AKTYaJIbHOM TEOPETMYECKOM M IPAKTHYECKOM  3a1ayen,
MOCKOJIBKY ~ OOJIBIIMHCTBO CYHIECTBYIOIIMX IOJXOJOB K €€ pPEIICHUIO
OCHOBBIBAeTCSI Ha OECCUCTEMHOM YIYYIIEHHHM OTAEIbHBIX TIOJICUCTEM W
AJIEMEHTOB 0€3 BUJCHUS CUTYAllUU B LIEJIOM.

Pa3paboTka KOMIIJIEKCHOM METOOJIOTMM HAauWHajlach, B OCHOBHOM, Ha
0ase pador [11-18].

CucremooOpa3yromeldi B KOMIUIEKCHOM ~ METOJIOJIOTHH  SIBJISIETCS
MeTaMoelb HcciaeaoBanus (omupaercss Ha pabory [13]), npencrasnstomias
co00il MHO>KECTBO M3 MOJEJICH: CIOXKHOW CUCTEMBI M OKpYXKarolel e€ cpebl
(KOTHUTUBHBIE MO/JIEIM); MOBEICHUS CUCTEMbI (MOJIETU CUCTEMHON TUHAMMKH,
CLEHAPHOE MOJICJIMPOBAaHUE, MMIIYJbCHOE MOJEIUPOBAHUE IPOLECCOB);
U3MEpPEHUsl COCTOSTHUSL CHCTEMbl M OKpYXKAlolled cpeabl; yIpasisioueit
CHCTEMBI; NpeiBUeHHs Oynymero (IporHo3upoBaHMs, CIEHAPHOTO Pa3BUTHUSA),
Habmonarens (JIITP); meramonens 3agaeT nporpaMMy U IJIaHbl UCCIEAOBAHUS
KomrunekcHass MeTofoyioruss MNpOoLEAYpPHO peanu3yeT MEXIMCUUIIITMHAPHbIN
MOJAXO0Jl, TO3BOJSET B E€OUMHOW  HCCIENOBAaTENIbCKOW CXeMe  peliaTh
MOCIIEIOBATENILHOCTh 3a/1a4: UACHTU(PUKAINYA O0BEKTa U OKPYKAIOIIEH Cpe/bl B
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BHUJIE KOTHUTHUBHBIX MOJEJIEH pa3HOro THUMA, HCCIEAOBaHUS YCTOWYMBOCTH,
CJIO’)KHOCTH, CBA3HOCTH, YYBCTBUTEIBHOCTH, CLIEHAPHOTO aHan3a, MPEIBUICHUS
pa3BUTUS CHCTEM U JPYIHMX CHUCTEMHBIX 3aj1ad, 4To TpeOyeTcsa s
TEOPETUYECKH  TIIyOOKO  OOOCHOBAaHHOTO  MPOEKTUPOBAHUSI  CTpaTeruid
WHHOBAIIMOHHOTO Pa3BUTUSl PETHOHA KaK CJIOXKHOW HKOJIOr0-COLMaIbHO-
SKOHOMUYECKOW U TMOJUTHYECKONW CHUCTEMBl B €€ B3aUMOJICHCTBUH C APYTHMHU
pErHOHANIBHBIMKM CHUCTeMaMHu. B oTinuue oT OOJBIIMHCTBA U3BECTHBIX B MHUPE
TOJIBKO CyOBEKTHO-OPUEHTHUPOBAHHBIX KOTHUTHBHBIX UCCIeOBaHUM
KOMIUIEKCHAsi METOJIOJIOTHsI HalpaBieHa Ha OOBEKTHO-OPUEHTHUPOBAHHBIE
uccinenoBanus. CyliecTBYIOIIME MOJEIHU, METOMbI, MPOTPAMMHBIE CHCTEMBI,
WCIIONb3yEMbIE MPU KOTHUTUBHOM MOJICIUPOBAHUU B JPYIMX KOTHUTHUBHBIX
HayKax HE HMEIOT LENIbI0 HCCIEIOBAHUS CIOXHBIX CHUCTEM (COIMaIbHO-
HKOHOMHMYECKHX, IKOJIOTHYECKHUX, MOTUTHYECKHUX) U HEe (OPMATTU3YIOT PUHITUT
MEXAUCIUILITHHAPHOCTH.

Pa3paboranHas komniexcHas memooonocus PUMEHUTENBHO K 3a7a4aM
WHHOBAI[MOHHOT'O Pa3BUTHUS PErvoHa MpeHa3HaYeHa:

1) nas onucanust, OObSICHEHUS], MOJICTUPOBAHUS CTPYKTYPBI U TIOBEJICHUS
COIIMAIbHO-9KOHOMHUYECKON CHCTEMBbI peruoHa , 2) JUisl aHaiu3a JUHAMUKHU
pa3BUTUSI pPETHMOHA W TNPOTHO3UPOBAHUSA Pa3BUTUSL CUTyalui, 3) s
pa3paboTKH CIIEHApUEB BO3MOXKHOTO YCTOMYMBOTO M OE30MACHOTO Pa3BUTHS
peruona, 4) mna pa3paboTKu U OOOCHOBAHUS YIPABJICHUYECKUX DEIICHUH,
HaIlpaBJICHHbIX Ha 3()QEKTUBHOE YINpaBIECHUE PETMOHOM, Ul pa3padOTKU
HAay4YHO OOOCHOBAHHBIX CTpaTeruii MHHOBAIMOHHOT'O Pa3BUTHS PETHOHA.

OCHOBHBIMU  dTamaMu  MPUMEHEHHUS KOMIUIEKCHOM  METOO0JIOTHUH,
KOTHUTHUBHOTO MOJIEJIMPOBAaHUs TOCJIE ONPEIECICHUs M COIJacOBaHMs C
3aKa3YMKaMH LeJel UCCIeOBaHMs SIBISIOTCS HUKECIETYIOIIHE.

|. Pa3paboTka KOTHUTHUBHON MOJENU PErHOHAJIBLHOM COLUAIBHO-
HKOHOMHYECKON CUCTEMBI.

Oman 1. Unentudukanus o0ObekTa B BUJC KOTHUTUBHOW KapThl G [12-
15] wnm Gojiee CIIOKHOTO BapuaHTa - KOTHUTHBHOH MOJEIM B BHJE
napaMeTpUYECKOro BEKTOPHOTO (yHKIIMOHAILHOTO rpada [1,13]

@n<<vl E>1 Xl F1 €> 1 (1)

B kotopom: G=<V,E> - korHuTuBHas KapTa (3HAKOBBI OpPHMEHTHPOBAHHEIHI
rpad), rae V — MHOXKeCTBO BepIIUH (00BEKTOB, KOHIICNITOB), BepIIuHbI Vi€V, i
=1, 2,..., K ABISAFOTCS 2JI€MEHTaMHU W3y4aeMOl CHCTeMbl; £ — MHOXECTBO JIVT,
ayru eijeE, 1,j=1, 2, ..., N oTpaxaroT B3auM0oCBs3b MeK 1y BepimuHamu Vi u Vj;
X — mHO)ecTBO mapamerpos BepmuH V; X={XM} i=12,..., k, XM={xO}, ¢
=1,2,...Nj; T.e. KaXIOM BEpIIMHE CTABUTCSI B COOTBETCTBUE BEKTOP
He3aBUCUMBIX Apyr oT apyra napamerpoB XM, (umu omun mapamerp XWg=x;
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ecmn g=1); X:V—> 6, 0 - mpocTpaHCTBO MapaMeTpOB BEPIINH, MHOXECTBO
BemecTBeHHbIX uncert; F=F(X,E)=F(xi, X;, €ij) — dbyHKunoHan npeodpazoBaHus
IyT, CTaBSIIUNA B COOTBETCTBUE KAXIAOU Ayre MO0 3HAK («+», «-»), TOTAA 3TO
3HAKOBBIA oprpad, MO0 BecoBOW KOAPOUIIMEHT ®ijj, TOTAA 3TO B3BEIICHHBIN
3HAKOBBIN oprpad, mubo ¢yukumo f(xi, X, e€j) = fij rTorma o510
byHKIMOHANBHBI Tpad. OmpeneneHne MapaMeTpoB XapaKTEPUCTUKH  Oij
BKJIIOYAET: OTNpE/EICHHE MIKAJbl, ToKa3aTenaeil, MeToaa, TOYHOCTH, €IMHUIIbI
u3MepeHust; onpexaencaue ¢yHkuuu fij TpeOyer nmmuOO TOMCKA WM3BECTHBIX
TEOPETUYECKUX 3aBUCHUMOCTEH Mexay mnapamerpamMu X BepIIMH, JHOO
NPOBEACHUS CHEIHAIbHBIX HCCIEIOBAHUN (CTaTUCTHUECKUE WCCIEAOBaHUS,
BBIUMCIIUTEBHBIN 9KCIIEPUMEHT | JIp. ).

[locTpoeHne  KOTHUTUBHOW  MOJENH,  MOJJEPKUBaeMOe  IMyTEM
BU3yaJM3allMd HJeH, KOHIENIHUA, OOBEKTOB, MOXET MPOUCXOAUTH Ha
OCHOBaHWU: a) Teopuu 00 OOBEKTE W MpeaMETe HUCCIeNOoBaHUs; 0) aHamm3a
TEKCTOB; B) aHaiuW3a reorpaguueckux KapT; r) padOTHl ¢ MaTepualaMu
AKCIEPTOB (pe3yNabTaThl OMHCAHMS WHIWBUIYaTbHBIX 3HAHUW DJKCIEpTa B
npeIMeTHON o0nacTH); a) paboThl C IKCIEPTaMH, COBMECTHAas pa3padoTKa
KOTHUTUBHBIX KapT, €) TNPUMEHEHHS CYIIECTBYIOIIMX CXEM B TEOpHH,
MHTEPIPETUPYEMBIX KaK KOTHUTHUBHBIE KApPThI; ’K) KOJUYECTBEHHBIX TAHHBIX,
MHOTOMEPHOT'O CTaTUCTHUYECKOI'0 aHaiu3a, paboThl CO CTaTHCTHYECKUMHU
0a3zaMu JaHHBIX, MHTEUIEKTYaJbHOTO aHAJIM3a JAHHBIX (peanu3yercs uues
CHHTE3a s pa3pabOTKM KOMIUIEKCHOH METOMIOJIOTUM IIYTeM BKIIOYCHHUS
Mozene u MeTonoB data mining); 3) aHalW3a CYMIECTBYIOIIUX CHCTEM
yYpaBHEHUH, MPEACTABIAIONINX W3Y9aeMyI0 CUCTEMY, B TOM YHCIE - MOJeNei
CUCTEMHOM JMHAMHUKH (pealiu3yeTcsi ujies CHUHTe3a MOJENel CHCTEeMHOM
IWHAMUKHA C KOTHUTHBHBIMH Mozeisimu [3,8,9,10]) u ap. [us moctpoeHus
KOTHUTUBHBIX KapT ucnoiab3ytoT SWOT u PERT ananus.

Ha puc.l nmnpeacraBieH B KadecTBe WLIIOCTpalMM  (parMeHt
KOTHUTHBHOW KapThl B3aUMO/JICHCTBUS IBYX perroHoB (A u b), a Takxke
4acTh TpaKOB HMMITYJILCHOTO MPOIECCa, COOTBETCTBYIOIIUX BO3MOKHOMY
Pa3BUTHIO CHUTyallMd B CHUCTEME NpPHU MOJCIMPOBAHWU BO3MYIICHHHA ( B
BepimMHax Ve - « BHemnss cpena» u V7 - «Murpauus» (HaydHoe NpeaBuieHIe
TOT0, «YTO OYJET €CiH...?7»; B JaHHOM CJIy4ae, €ClIi U3MEHEHHsI BO BHEIIHEH
cpene OyayT OJIarONpPHUSTHBIMH JUIsI PETHOHOB W MUTpalMs U3 peruoHa A B
peruon b Oyner cokpamatbkcs). MonenupoBaHue BBIIOJIHEHO C TMOMOIIBIO
POrpaMMHOM CHCTEMbI KOTHUTHBHOTO MozenupoBanus [ICKM [1,2].
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Puc.1. ®parmeHT KOrHUTUBHOU KapThl G « MeXpernoHanbHbIil 0OMEH» U
(dparMeHT cueHapus pa3BUTHs cuTyauuil Ha G MpU €AMHUYHBIX U3BMEHEHUSIX B
BepmuHax Ve (Qe=+1) u V7 (q7=-1)

II. AHanu3 KOTHUTUBHOW MOJIEJIU, PELICHUE CUCTEMBI 3a]1a4.

Oman 2. AHanu3 myTe U ITUKIOB KOTHUTHBHON MOJEIIH, BBIOOD IIETIOYEK
CBs3€, TEpeNarIInX BO3JCUCTBUS MEXKAY BBIOPAaHHBIMH BEpIIMHAMHU
KOTHUTUBHOW MOJIENH, «MPEIBUACHUE)» IIEMOYEeK COOBITUN, BIHUSIONIMX Ha
OCYIIECTBIICHUE IIeJIE CHUCTEMBbI; BBIOOp MAapIIPYTOB HHTEPECYIOIIEH
HCCIIeIOBATENIS JIUHBI.

Oman 3. AHanM3 yCTOMYMBOCTH MOJICJIBHOM CHCTEMBI B BHUJE
KOTHUTHUBHOM KapThl K BO3MYIIAIOIMIMM U YIPABISIONIUM BO3JACHCTBUSM;
aHaJIn3 CTPYKTYPHOM YCTOMYUBOCTH MOJAEIBHON CUCTEMBI.
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Oman 4. Tononornyeckuid (CHUMIUIMUUAIBHBINA) aHAIU3 CTPYKTYpPBI
MOJIENH, OIIPEETIEHUE (- CBA3HOCTU MOJIEIH.

III. AHanu3 KOTHUTUBHON MOJENH, MOACIIUPOBAHNE CLIEHAPUEB PA3BUTHS
CUTyaluil (CLEHapHOE€ MOJEINPOBAHUE U HMIIYJIbCHOE MOJAEINPOBAHUE)
HAy4yHOE MpEeABUICHHUE.

Oman 5. DkcrnepTHas pa3pabOTKa BO3MOXKHBIX CIIEHAPUEB pPa3BUTHS
CUCTEMBbl (MPUMEHEHUE TEXHOJOTUH HAyYHOTO MPEIBHUJICHUS — IMOJy4YCHHE
«IKCTIEPTHBIX CIICHAPUEBY).

Oman 6. CueHapHbIi aHaIN3, UMITYJILCHOE MOJICIIMPOBAHUE.

MopnenupoBaHne M aHaJIW3 pe3ylbTaTOB HSBOJIIOLMOHHOIO PAa3BUTHUSA
cuctembl. Pa3paboTka mjjaHa MMIYJbCHOTO MOJEIMPOBAHUS C YYETOM
AKCIIEPTHBIX CLIEHAPUEB; BHIOOP BEPIIMH KOTHUTHBHOW MOJIEIH, B KOTOpBIE
BHOCSTCS MOJEJbHbIE BO3MYIIEHUs (OJHOPA30Bble WJIM MHOTOpPa3OBbI€) B
HaMEueHHYyIl0 BepumuHy Vi WIM B COBOKYNHOCTh BepmuH {Vi}.
MopenupoBanue ciieHapueB pa3BuTus cutyanuid [1,12,13] - peanusaius
IUTaHA BBIYUCIIUTENIHOTO SKCIIEPUMEHTa (MIJUTFoCTpalyst Ha puc.l).

Oman 1. AHanu3 pe3yabTaTOB KOTHUTUBHOTO MOJEIUPOBAHUS, IPUHATHE
pelmIeHnid O  NPUTrOAHOCTH  («aJAEKBAaTHOCTH»)  MOJENH.  AHanu3
YyBCTBUTEJIBHOCTH PEIIEHWH K BapvalusM CTPYKTYypbl MOJAEIU H
BO3MYIIAIOIIMM BO3AEUCTBUSAM, MPHUHATHE PEIIEHUH O HEOOXOAMMOCTH WU
HET U3MEHEHUS MOJIEIN U TUIaHA UMITYJIbCHOT'O MOJIETIUPOBAHHUS.

IV.  OmnpeneneHue  NECCUMUCTUYHOTO,  ONTHUMUCTUYHOTO U
PEAINCTUYHOTO CLIEHAPUEB Pa3BUTHSI COLIMAIBHO-DKOHOMHUYECKOW CHCTEMBI
peruoHa. Pemenue oOpaTHOW 3amauu - ONpeAeseHHEe HEOOXOIUMBIX
YIOPABJIEHYECKUX JEUCTBUA MpPH pealnu3aluud TOr0 WJIM HMHOIO CLEHApHs
(ompeneneHue M OLEHKA «YCHJIUN» JUIsl pealu3aluu >KeJaeMoro Oyayliero).
Bri6op cueHapueB, KOTOpble MOTYT ObITh PEKOMEHIOBaHBI JUIsl Pa3pabOTKU
CTpaTeruy pa3BUTHsI TEPPUTOPHIA.

V. Pa3paboTka Ha OCHOBE MPEIaraéMoro CLEeHapHsi CTPATETUU Pa3BUTHSA
CUCTEMBI (B TOM YMCJIE CTPATETMU MHHOBALIMOHHOIO PAa3BUTHUS COINPEIEIBHBIX
PErMOHOB) KaK OCHOBBI KOHCTPYHPOBAHUS KEJIAeMOro Oy IyIiero.

Ha »3toM »9rame 3aBepmiaioTcs  HMCCIENOBaTENbCKUE  MPOLEAYPHI.
[IpunsTHe, peanu3auyss U MOHUTOPUHI CTPATErMM OOBIYHO HE BXOJAT B
KOMIIETEHIIUHU M CCIIE0BATEIS.

3AK/IIOYEHUE

KommekcHass Metomonoruss W €€  OTAEIbHBIE  METOABl  OBbUIH
anpoOMpPOBaHbl B HCCIIeAOBaHHUAX pernoHoB FOra Poccuu m compenenbHbIX
HUMH Jpyrux peruoHoB [5,6,7], B wuccienoBaHUM OTHCIBHBIX MPOOIIEM
pPETHOHANBHBIX ~ CHUCTEM, B  HCCIEAOBAHMSX  T'CONOJIUTHYECKOH  30HBI
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«Yepnomopse-Kapkasz-Kacnuit» [4] u ap. IlpsAMbIx aHanmoroB B MHUPOBOM
MIPAKTUKE KOMILJIEKCHAs METOI0JIOTUS U €€ UCII0Ib30BAHUE HE UMEIOT.

ConocraBneHne BO3MOXXHOCTEH IIPEII0KEHHON KOMILUJIEKCHOM
METOJIOJIOTHH JUIsl pELIeHMsI 3a/1a4 MPEIBUICHUS BO3MOKHBIX NIyTeH pa3BUTHS
U yOpaBieHHs OOBEKTOM C BO3MOXKHOCTSIMH JAPYTUX METOJOB HAyYHOTO
MpPEIBUICHUS TO3BOJSET MPUUTH K 3aKIIOYEHHIO, YTO C MOMOUIBIO 3TOM
METOJIOJIOTHH (OPMaIbHBIMM METOAAMH MOKHO TOJYy4YUTh, B TOM YHCIIE,
ropa3zio ObicTpee W OoJbllle BAPUAHTOB CIICHAPHEB Pa3BUTHUS TPOILIECCOB B
UCCIIElyEMOM CHUCTEME, YeM YHCTO 3KCHEPTHBIMHU MeToJaMu. Tem caMbIM
obserdaercsi BBIOOp NMPUEMJIEMBIX BAPUAHTOB B IIEJISAX YIPABICHUS CUCTEMO,
BO3JICHCTBYS Ha OymyIee.
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Annotation

The paper analyzes the dynamics of the reproduction process of the regional
economic system; the features build dynamic models of functioning of
households and financial institutions. The study results allow for scenario
simulations at different control options aimed at ensuring economic growth.

BBEJIEHUE

OCHOBHBIM HaNpaBJICHUEM COBPEMEHHOI'O COLMAIbHO-3KOHOMHYECKOTO
pa3BUTHS OTIEIbHBIX PErMoHOB Poccum M Bcell CTpaHbl B LIEJIOM SIBISIETCS
oOecrieyeHre BBICOKOIO KauecTBa >KM3HU HaceneHus. [loa kauecTBOM KU3HM
NOHUMAIOT KOMIUJIEKCHYIO (MHTErpajbHy0) XapaKTepUCTHKY COLMAIbHO-
HKOHOMHYECKHUX, HOJUTUYECKUX, KYJIbTYPHO-HJICOJIOTUYECKHUX,
HKOJIOTUYECKHUX (PAKTOPOB M YCIOBUH CYIIECTBOBAHUS U PA3BUTHS JIMYHOCTH,
NOJIOKEHUsT 4enoBeka B oOmiectBe. OHO  CBA3aHO HE TOJNBKO C
yIIOBJIETBOpPEHHEM 0a30BbIX MOTPEOHOCTEH YeloBeKa, HO U C BO3MOXKHOCTSAMU
peasin3oBarh ce0s B TpyAe, JAYXOBHOM IKU3HM U JIPYrUX BHJAX
AKHU3HEJEATEIBHOCTH, BKJIIOYAaeT B ce0sl TakhMe KOMIIOHEHTBHI, KaK KaueCTBO
cUcTeMbl 00pa30BaHUs, CUCTEMBI 3/IpaBOOXPAHEHUs, COCTOSHUE PhIHKA TPYAa,
OCHOBHBIX COIIMAJIbHBIX YCIIYT, 9KOJOTUYECKUit actiekT u apyroe [1-3].

B cratee paccMaTpuBarOTCSd BONPOCHI aHAjIU3a COCTOSHUS CHUCTEMBI
o0pa3oBaHusl KaK Ba)KHEHIIEH COCTaBJAIONIEH KauecTBa JKHU3HMU. AHAIN3
BBINOJIHAETCS HA OCHOBE JaHHBIX, penocraBisieMblx denepanbHOi ciryx00ii
roCyJapCTBEHHOW CTAaTHCTUKK MO pernoHam Poccuiickort denepanuu [4]. B
CTPYKType cHUCTEMBl 00pa3oBaHus Poccum TpHUHATO BBIIEIATH YETHIPE
OCHOBHBIE€ CTYINEHHU: [OILIKOJIbHOE, olIee, NpodecCHOHAIBHOE, BBICIIEE
obpazoBanue. Kaxaass crTyneHp o00pa3oBaHHMs XapakTepu3yercsi HabopoM
CBOMX CTAaTUCTUYECKUX TOKazareieil. B nmaHHONl paldoTe mpensioKeHsl
QJITOPUTMbl MHTEJUIEKTYaJIbHOTO aHaJu3a COCTOSHUSI CHCTEMBl BBICIIETO
o0pa3oBaHus, BKJIIOYAIOMIEH TOCYJapCTBEHHbIE, MYHUIUNAIbHbIE U YaCTHbIE
OpraHM3aluy, a Takke QOPMUPYIOTCS OCHOBBI JUIsl pa3pabOTKU CTPYKTYPhI U
napaMeTpoB KOTHUTHMBHOM MOJENM OLIEHKM KadecTBa U3HU B cdepe
oOpaszoBaHusI.

PaGora BemonHeHa mpu mnopuepxkke rpanta POOU Ne HK 14-08-
00673\14.

1. AJroputMbl HHTE/UVIEKTYaJbHOI0 aHAJIM3a MOKa3arTejeil CHCTEMbI
BbICLLIET0 00Pa30BaHMS
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WHTenneKTyanbHblil aHalu3 KadyecTBa CHUCTEMbI BBICIIETO O0Opa3oBaHMS
P® mpoBoauTcs € LEABI0 H3YyYEHUS COCTOSHHUS CHCTEMBI BBICIIETO
o0pa3oBaHUsl HAa PETUOHAIBLHOM YpOBHE, OOHApY)XCHHUS HEU3BECTHBIX,
CKPBITBIX 3aKOHOMEPHOCTEH B JAHHBIX M BBISBJICHUS TPYII PErHOHOB CO
CXOIHBIMHM Tpu3Hakamu. [Ipoueaypa TpOBEACHUS HMHTEIUIEKTYyaJIbHOTO
aHaJM3a pacCMOTpeHa B pabotax aBTOpoB [5-7].

Jlis mpoBeleHUs aHanM3a BBIOpaHbl MoOKa3zaTenu (MPU3HAKHU) CHUCTEMbI
BbICIIETO OOpa3zoBanusi mo peruonam PO 3a 2013 rom: X1 — «Yucno
00pa30BaTENbHBIX OpraHu3aluii BbICIIEro oOpa3oBaHus»; X2 — «Yucmo
¢bunmnanoB o0pa3oBaTeNbHBIX OpraHU3allMid BBICIIETO OOpa3oBaHUs»; X3 —
«YUMCIIEHHOCTh CTYJIEHTOB, OOy4YaloIIMXCsA IO IporpamMmam OakajgaBpHara,
CHEIMAJINTETa, MAaruCTPaTyphbl, ThicAY 4esnoBek»; X4 — «lIpuem Ha oOyueHue
no mnporpaMMaM OakajaBpuaTa, CIENHMAIUTETa, MarucTpaTypbl, ThICSY
yenoBek»; X5 — «Bpllyck OakanaBpoB, CHEIUANIMCTOB, MAarucTpOB, ThHICSY
genoBek»; X6 — «YucrmeHHOCTh  MpodeccopcKo-IpenoaaBaTeIbCKOro
nepcoHanza o0pa3oBaTEIbHBIX OpraHU3allMil BHICIIETO 00pa30BaHuUs, YEIOBEKY;
X7 — «Yucno nepconanbHbix komnbioTepoB (I1K), ncmomab3yeMbpix B yueOHBIX
[EeNAX, B OpraHu3amusx Bbeicmero obOpazoBanusi Ha 1000 oOydaromuxcs
(ctynentoB)» [2]. NUHTenneKkTyaabHbI aHAIU3 BBINOJHEH C MCIOJIb30BAHUEM
nmporpaMMHBIX TipoykToB Deductor u Statgraphics.

1.1. KomnonentHsblii anaau3. Ha nepBoMm 3rame uccieloBaHUS NPOBEIEH
KOMIIOHEHTHBIN aHaJdu3 IOKa3aTejledl CUCTeMbl BBICHIET0 00pa3oBaHMS
peruoHoB PO.

JUIst HarJISIAHOTO TPEACTABIICHUS Pa3/IElICHNs] MHOXKECTBA PErMOHOB Ha
KJIacChl IOCTpPOEHAa JIBYMEpHas JuarpaMma pacceuBaHus (puc. 1), 1o
pe3yJibTaTaM aHalIu3a KOTOPOU BBIJEIIEHBI 4 KIIacTepa.
28 |

08 | cu"u )t =

Component 2

A2f )t RN 4 (

-3,2 -1,2 08 2.8 48 6,8

Component 1
Puc. 1. Jluarpamma paccerBanus B MPOCTPaHCTBE KOMITOHEHT F1-F2

IlepBpiii  KjacTep  HMMEET  HU3KHE  3HAYEHUs  [IOKa3aTesew,
XapaKTepu3yIoIuX cucTeMy oOpa3oBaHHs B II€JIoOM (Malloe  YHCIIO
00pa30BaTEeIbHBIX OPraHU3alMi BBICIIETO OOpa30BaHMS; Maslas YHCICHHOCTh
CTYACHTOB, OOYyYarOmMXCS MO MporpaMMaM OakanaBpuaTa, CIEIUAINTETA,
MarucTpaTypbl; HU3KUU MpueM Ha oOydeHHe IO mporpammam OakaliaBpuarta,

69



CHELHMAINTETa, MaruCTPaTyphl; HU3KUN BBINYCK OaKalaBpOB, CIEIUAINCTOB,
MarucTpoB; HH3Kas  YHCIEHHOCTh  MPO(eccOpCKO-NPenoaaBaTeIbCKOTo
nepcoHanza oOpa3oBaTENbHBIX OpPraHU3alMil BHICHIET0 OOpa3oBaHUs U Malloe
yrciao (uinanoB oOpa3oBaTeNnbHBIX opraHuzanuii). Hampumep, 310 Takme
peruonsl, kak Pecny6nuka Murymerus, KapauaeBo-Uepkecckas Pecrmybnuka,
Kypraunckas o6nacts, KoctpoMmckast o6acts.

Bropoii kmactep COCTaBIsIOT perdoHbl ¢ Oojee BBHICOKUMHU IO
CPaBHEHMIO C TIEPBBIM KJIACTEPOM 3HAUEHUSAMM IIOKa3aTesiel CUCTEMBI
BbIcIIETO oOpa3zoBaHus. Crofa OTHOCATCS TaKHE PETHOHBI, Kak ToMcKas
obnacte, benroposckas o6macts, OpeHOyprckast 001acThb.

Tpernii knacTep xapakTepuzyeTcs CPEJHUMH 3HAYCHUSIMHU ITOKa3aTeseu
CUCTEMBI BbICIIEr0 00pa3zoBaHus B 1eaoM. K 3ToMy KiacTepy OTHOCATCS Takue
peruonbsl, kak KpacHospckuii kpaii, CraBpomoibckuii kpai, YensOuHckas
obnacte, Pecmy6imka bamkopTocrtas.

YerBepThlii KJIacTep SABJISIETCS CaMbIM MaJIO4YHCIICHHBIM,
XapaKTepU3YyeTCsl BHICOKUMU MOKA3aTeNIMA CUCTEMBI BBICIIETO 00pa30BaHUs B
nenoM. K stomy kiacrtepy otHocsTcsi MockoBckas o6mactb, CBepisioBCKast
obmacte, PocToBckast oonacts, Pecrrybnmka Tataperan.

[To BTOpOHM TNIaBHOW KOMMOHEHTE (OCHALIEHHOCTh OOpa30BaTEIbHBIX
OpraHu3aluil NEPCOHAIBHBIMM KOMIBIOTEpAMH) Bce 4 KiacTepa pPEruoHOB
MMEIOT CpeJHUE NOKa3aTelH, 3a HCKIYeHueM HeHeukoro aBTOHOMHOIO
OKpyTa.

Pe3ynbrarbl ~ KOMIIOHEHTHOTO  aHaiW3a  NO3BOJIWJIM  BBIAEIUTH
3aKOHOMEPHOCTH THUMA «KJIacTepu3auus» U CcHOpPMUPOBATH  KIACTEPhI
PErMOHOB, XapaKTEPU3YIOUIUXCS pPa3HBIM YPOBHEM COCTOSIHUSL CHCTEMBI
oOpa3oBaHUsl. N3Bneyennbie 3HAHUSA IIPEACTABIICHBI paBUIIAMH
KJIacTepu3al. BhISBICHO, YTO caMbIMHM OJIarONOJYYHBIMA PETHMOHAMHU IO
MOKa3aTeasiM KayecTBa KM3HU B cdepe BBICHIET0 OO0pa3oBaHUs SIBISIOTCS
ropoaa Mocksa u Cankr-IletepOypr.

1.2. KoppeasumonHblii aHanau3. Ilpu mnpuMeHeHMM MeToAa IJIABHBIX
KOMITOHEHT JJI Ka)X0W KOMIIOHEHTHI OblT CPOPMUPOBAH CBOM YHUKAJIBHBIM
HAa0Op 3HAYUMBIX MPU3HAKOB; HUCXOAS M3 YycioBHsl opToroHaibHocTH ['K,
KOO(QOUIMEHT KOPPeSUN MEXJIy NpU3HAKAMH Pa3HBIX KOMIIOHEHT
CTpeMUTCA K HyJ0. IlockonbKy nepBas rjiaBHas KOMIIOHEHTA OIIMCBHIBAETCSA
HauOOJBIIMM MPOLEHTOM JUCHEPCUM, B JajbHeillleM aHanuze OynyT
paccMaTpuBaThCS IPU3HAKU TOJIBKO 3TOM KOMIIOHEHTBI.

Ha BTopom sTane uccienoBaHus NPOBOAUTCS KOPPEJSILUOHHBIM aHAINU3,
LEIBI0 KOTOPOIO SBIISECTCS BBIABICHHE CTAaTUCTUYECKOW CBSA3U MEKIY
3HAYMMBIMH TPU3HAKAMU NIEPBOM TIIaBHOM KOMIOHEHTHI: X1, X2, X3, X4, X35,
X6. Ilo pe3ynbrataM KOPPEISLMOHHOIO aHaau3a ObLIO BBISIBIEHO, YTO MEXKIY
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BCEMHU IIPU3HAKAMM CYIIECTBYIOT CHUJIBHBIE MPSAMBIE CBSI3U. JTO O3HAYAET, YTO
IpU YBEIMYEHUU (YMEHBIIEHUH) OJAHOIO MPHU3HAKA MPOUCXOJUT YBEINYEHHE
(YMeHblIeHUE) 3HAU€HUS JPYroro Mpu3HaKa.

1.3. PerpeccuonHnblii aHagm3. Llenplo IpoBeeHUsT PETPECCUOHHOIO aHaIu3a
ABJIAETCA  BBISIBJICHHE  MPUYUHHO-CIEJCTBEHHON  3aBUCUMOCTH  MEXKIY
3HAYUMBIMM TpPU3HAKAMU TIepBOM TJIaBHOM KOMMOHEHTHI. [locTpoeHsl
PErPECCUOHHBIE  YpaBHEHHUs, KPUTEPUEM KauyecTBa KOTOPBIX  SIBISJICS
KOO PUIMEHT aeTepMHUHAuU. PaccMOTpuUM B KauecTBe MpHMepa ypaBHEHUE
perpeccun Ais npusHaka «YHUCIEHHOCTh MpodeccopCKo-IPeno1aBaTesIbCKOro
nepcoHaia 00pa3oBaTeNbHBIX OpraHU3aluid BBICIIET0 00pa3oBaHus» (Y 6=X6):

Y6=0,1038*X1-8,3052*X2+71,1126*X3-44,8814*X4-22,1013*X5.

Ha ocHOBaHMM NaHHOTO ypaBHEHHS, MOKHO C/A€JaTh BBIBOJ O TOM, YTO
YHCIEHHOCTD npodeccopcKo-TpenoaaBaTenbCKOTo nepcoHana
o0pa3oBaTeNbHBIX OpraHW3aldil BBICHIETO 00pa3oBaHUs B HaWOOJbIIEH
CTETIEHW 3aBUCUT OT 4YHCIa OOpa30BaTENbHBIX OpPTaHW3AIMi BBICIIETO
obpazoBanusi (X1), uymcma QunuamoB 00pa30BaTENBHBIX OpPTaHU3AINN
BeICIIEr0 OOpa3zoBaHHs (X2), YHCICHHOCTH CTYAEHTOB, OOYYAIOLIMXCS IO
nporpaMmam OakanaBpuaTa, CIeUaIUTeTa, MarucTpatrypsl (X3), nmpuema Ha
oOydeHue mo mporpamMmamM OakajiaBpuarta, CrielHaIuTeTa, MarucTpaTypsl (X4)
¥ BBIIyCKa 0akanaBpoB, CIIEIUATNCTOB, MarucTpoB (X5).

AHanu3 pEerpecCHOHHBIX YpaBHEHHMH TIOKa3aj, Kakue M3 TPHU3HAKOB
Hau0OoJee CUIIBHO (ITOJIOKHUTENBHO WM OTPULIATENIbHO) BIMSIOT HA 3aBUCUMBI
MPU3HAK, a TAK)KE KaKue MPU3HAKK OKAa3bIBAIOT c1aboe BIMSHUE HA 3aBHCUMBIHA
npusHak. [lodydeHHble 3HaHUS SBIAIOTCS OCHOBOM Uit pa3pabOTKH
CTPYKTYPHI ¥ TAPaMETPOB KOTHUTHBHOM MOJIEIH.

2. TexHonorusi pa3padoTKH CTPYKTYpPbl M NapaMeTPOB KOTHUTHBHOI
MO/IeJIM AHAJIN3Aa COCTOSIHMS CHCTEMbI BBICIIEro 00pa3oBaHus

[IpobGneMbl uccraeqoBaHWS KadyecTBa >KW3HU, B YACTHOCTH MPOOJIEMBI
OLIEHKA M MPOTHO3UPOBAHUS [IMHAMUKA M3MEHEHUsl MOKa3zaTelied KauecTBa
KU3HU B cdepe oO0pa3oBaHUS OTHOCATCS K CIa0OCTPYKTYpUPOBAHHBIM,
cnabodopmanuzyeMbpiM TpoOiaemMaM, s PEIICHHS KOTOPBIX MNPUMEHSETCS
METOA0JIOTHS] KOTHUTUBHOT'O MOJIEJIUPOBAHUSI.

[IpemyoxeHna TEXHOJOTUsS MOCTPOCHUS KOTHUTHBHOM MOJENM aHalu3a
COCTOSIHMSI CHCTEMBI BBICHIETO O00pa3oBaHMs, KOTOpas OCHOBaHAa Ha
WCIIOIb30BAHUH PE3YJIbTATOB KOPPEISLMOHHOTO M PErpecCCHOHHOTO aHalu3a
MoKasaresieil cucTeMbl BbICIIero obpazoBanust 1o peruonam PD. Bompocs
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dbopMUpOBaHUS CTPYKTYpPHl KOTHMTHBHOM MOJENM pEIIaloTCs Ha JTare
ONpE/IeNICHNs] KOHILIENITOB KOTHUTUBHOM MOJEIM, B KAaueCTBE KOTOPBIX
BbIOpaHbl Tpu3Haku «Yuciao oOpa3oBaTEeNbHBIX OpPraHU3alMil  BBICHIETO
obpa3zoBanus», «Hucno ¢unmanoB oOpa3oBaTENbHBIX OPraHU3AIMil BBICIIETO
oOpa3zoBanus», «HYUCIEHHOCTh CTYACHTOB, OOYYaIOIIMXCS IO IMPOTrpaMMam
OakanaBpuara, CIeUUaIUTeTa, MarucTpaTryphbl, ThicsS4 4denoBek», «llpuem Ha
oOydeHue MO MporpammaM OakanaBpuara, CHEUUAIUTETa, MarucTpaTyphl,
THICAY 4YEJOBEK», «BpImyck OakanaBpoB, CIELUATMCTOB, MaruCTPOB, THICAY
4yenoBek» M «UHMCICHHOCTh NPO(EeCcCOPCKO-MPENnoaaBaTeIbCKOro MepcoHaa
00pa30BaTeIbHBIX OpraHU3alHil BEICIIEro 00pa3oBaHus, YeJIOBEK» (pHcC. 2).
Bompocel  mapameTpud4eckod ~ HACTPOWKM  KOTHHTHBHOM — MOJEIHU
pelIaoTCsl MyTeM Ha3HA4Y€HHsS B KAayeCTBE 3HAUEHUN BECOB CBSI3EH MEXAY
KOHIIENITAMU HAaWJEHHBIX paHee 3HAaYeHUH KOA(P(UIMEHTOB PErpecCHOHHBIX

YPaBHCHUU.
3
YHCNEHHOCTh CTYAEHTOB,
OEYHAKDUMNCA NO

NPOMPAMMAM BAHANABPHATA,
CNEUMANMTETA, MAMHCTPATYPR
(Teiliy NEADBEK)

1212 0,269

AZ
YHCND @UAKANDE
OEPASOBATENRHE OPTAHMIALMA
BLICWErD OEPASOBAHHA

YACND OBPAIOBATENBHELX
OPTAHMIALIMA BRICLUEND
OEPASCRAHMA

L]
YACNEHHOLTE NPOSECCOPCHD-
NPFENOOABATENBLHOMD NEPCOHAMNA
OBPASOBATEABHBX OPTAHM3IALMWA
BHCIIEND OBPASOBAHHA
{ HEAOBEK]

x5

BbINYCK BARANAEBPOS,
CREUMAAKCTOR, MAMACTPOR
(THICAN YENOBER)

NPAEM HA OBYNEHHE NOD

NPOrPAMMAN BAHKANABPHMATA,
CMNEUMANHTETA, MAMMCTPATYPRI
[FebiEy YeADBER]

Puc.2. KorauTuBHAsS MOIETh aHAJIA3a COCTOSIHUSL CUCTEMBI BBICIIIETO
obpazoBanusi PO

PazpaboTanHass KOTHUTHBHasT MOJEJIb AHAJIN3a COCTOSIHUS CHCTEMBbI
BbICIIET0 00Opa30BaHUs MOKET HCIIONb30BAThCS JUISI WU3YYEHHUS JTUHAMUKU
U3MEHEHUs OJHUX II0Ka3aTeJie CUCTEMBl IIPM U3MEHEHUU  JIPYIUX
[IOKa3aTele, a TakXkKe JUId IPOTHO3MPOBAHMS 3HAYECHUM OTACIIBHBIX
KOHLENTOB HAa OCHOBE PACCUMTAHHBIX BECOBBIX KOA(p(duLKeHTOB cBa3ei. [Ipu
ATOM MOJENb MO3BOJIIET PACCYUTATh 3HAYEHUsI KOHLENITOB, CBA3aHHBIX MEXKIY
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co0Oif He HampsIMyl0, a ONOCPENIOBAaHHO, Yepe3 JPYrHe KOHIEMTHI, MyTeM
IIOCTPOEHHUsI IPUUMHHO-CIICICTBEHHBIX LIENIOYEK MOKa3arenen. Tak, Hanpumep,
koHenT X1 — «Yucao o6pa3oBaTeNbHbIX OpraHU3alMiDy HAPSIMYIO HE BIUSET
Ha KoHIeNnT X5 — «Beimyck 0akanaBpoB, CHEIMATUCTOB, MaruCTPOBY, OJIHAKO,
W3MEHEHHE 3HadyeHHs KoHuenta X1 MNpUBOAUT K H3MEHEHHIO 3HAYEHHUS
koHenTa X3 — «YuCIEHHOCTh CTYJEHTOB, OOyYaroIIMXCs MO MporpamMmam
OakanaBpuara, ClieHUaJIUTETa, MaruCTPAaTypbl», U, CIEAOBATENbHO, KOHIENTA
X5. Takum o0pa3oM, Ha OCHOBE KOTHUTHBHOW MOJEIH MOXKHO pa3padaThiBaTh
pa3IMYHbIE IIPOTHO3BI COCTOSIHUS MCCIIENYEMOHW CHCTEMBI OTHOCHUTEIIBHO
OTJENIbHBIX KOHIIENITOB U BCEW CUCTEMBI B LIETIOM.

3AKVIIOYEHHUE

IIpoBeneH aHanu3 COUUANIBHO-D)KOHOMMUYECKHMX ITOKa3aTeledl KaudecTBa
KU3HU B c¢epe BBICHIEr0 00pa3oBaHHsI METOAOM TJABHBIX KOMIIOHEHT.
PesynpTaTel  aHanM3a  MO3BOJWIM  BBIJCINUTH  KJIACTEPHl  PETHOHOB,
XapaKTEPU3YIOUINXCS Pa3HbIM YPOBHEM COCTOSIHHSI CUCTEMBbI 00pa30BaHusl.

IIpoBeneH KOpPPEIALMOHHO-PETPECCUOHHBIN aHAIN3, B PE3yibTaTe
KOTOPOT'O BBISBIEHBl CTAaTUCTUYECKUE CBA3M W IPUYUHHO-CJIECACTBEHHBIE
3aBUCUMOCTH MEXJIYy MpU3HAKaMU. AHAINW3 PErpEeCCUOHHBIX YpPaBHEHMM
nokaszajl, Kakue U3 IPU3HAKOB Haubojiee CHIBHO (IOJIOKUTEIBHO WM
OTPULIATENIBHO) BIUSAIOT HA 3aBUCHUMBIM MPHU3HAK, a TAK)KE KaKUe MPU3HAKU
OKa3bIBAIOT CJ1a00€ BIMSHUE HA 3aBUCUMBIN IPU3HAK.

PazpaboTaHa KOTHUTHBHAs MOJENb aHaJU3a COCTOSHUS CHCTEMBI
BbIciIero oOpa3oBaHuss P®, B OCHOBY KOTOpPOW TOJOKEHBI PE3YJIbTAThI
KOPPEISUOHHO-PETPECCUOHHOIO aHanu3a. KOorHuTuBHAsA MOJENb IMO3BOJSAET
paccuMTaTh 3HAYEHMsSI OJHMX II0KA3aTEJIEd COCTOSHUS CHCTEMBI BBICLIETO
o0pa3oBaHusl MPU M3MEHEHMM 3HAUYEHUI ApPYrux IMoKas3aTeiaei, 4yTo MOXKeT
CIIY)KUTb OCHOBOM I INPOTHO3UPOBAHMUS AUHAMUKM W3MECHEHHMS KadecTBa
’KU3HU B c(pepe BbICIIEro 00pa3oBaHUs.
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IToxazaHa BO3MO>XHOCTbh MCIIOJIB30BAaHHs IIPYU IUIAHUPOBAHUM 3aTPAaT BPEMEHHU
Mo BHUJAaM palbOT TpPH COCTABICHUU Y4YEOHBIX IUIAHOB OPHUTHHAIBLHOTO
QIrOpUTMa JKCHEPTHOM OILIEHKM BPEMEHHM OCBOCHMS Y4eOHOro Mmarepuala,
OpPUEHTHPOBAHHOTO HA IIOIArOBOE YTOYHEHWE 3HAYEHUHW C OLEHKOMN
xapakTepucTtuk pacnpenenerus (ITY3-OXP).

THE RAPID ASSESSMENT AND OPTIMIZATION OF
COSTS OF RESOURCES ON THE DEVELOPMENT OF
ACADEMIC DISCIPLINES?

Rodina Olga, Kalugyan Karine

1 CTaTLH TMOAT0TOBJICHA 11O pE3YyJIbTaTaM I/ICCJ'IC}IOBaHI/IfI, BBITIOJTHCHHBIX MPHU NOAACPIKKE Poccwuiickoro
¢douna dynnamenranpubix ucciaenoBanuii (PODU) — mpoekt 15-01-06324/15 «MopenupoBanue
MMPOU3BOACTBCHHBIX W  YIPABJICHUCCKUX MPOLHECCOB I OIKCIPECC-OUCHKU U  ONTUMHU3AIUU
PECYpPCOEMKOCTH TOBapOB M YCIyr: (OPMHUPOBAHHEC YHHBEPCAJIHHOI'O METOJUYECKOTO U
MHCTPYMEHTAILHOTO 00ECTICUCHUS.

2 The article is based on the results of research carried out with the support of the Russian Foundation
for basic research (RFBR) — project 15-01-06324/15 "Modeling of production and management
processes for rapid assessment and optimization of resource intensity of products and services: the
formation of universal methodological and tool support".
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Abstract

The possibility of usage in planning expenditure of time on the activity types in
the curriculum of the original algorithm of expert evaluation of the time
development of educational material focused on step-by-step clarification of
values by measuring features of distribution (PUZ-PU).

INOCTAHOBKA 3AJIAYHN

Ou4eBUIHO, BAXKHOM 1IE€JEBOM XapaKTEpUCTUKOM Y4eOHOIo IIlaHa 10
HaIpaBJICHUIO MOATOTOBKU (MPOQMIII0) SBISETCS XapaKTepUCTHUKAa KayecTBa
BBINOJIHEHUSI UM OCHOBHOM (DyHKIMM — 0OecreyeHHsl BO3MOKHOCTH OCBOCHMUS
CTYACHTOM 3a BPEMs ayJAUTOPHBIX U CAMOCTOATEIbHBIX 3aHATHI KOHKPETHBIX
COCTAaBJIIOMNX (KOMIIOHEHTOB) OOIIEKYJIBTYPHBIX U MpPO(heCcCHOHATBHBIX
komnereHuui. Beap npu QopmupoBaHuu ydeOHOro IjlaHa HEOOXOJIUMO
YCTaHOBUTh 00BEeMBI paboT (B Yacax) MO BHJaM padOT — ayJuTOPHOM,
CaMOCTOATENbHON, B HWHTEPAKTUBHOW (opMe 1o ydeOHBIM MOIYJSM, IIO
ceMmecTpam, BUJaM 3aHATUH.

[TosToMy akTyaabHOCTh HpUOOpETaeT OLIEHKAa 3aTpaT BpPEMEHU Ha
OCBOEHHUE (M3y4y€HHUE) TUCUUIUIMHBI WJIA MOJYJd y4eOHOro IjiaHa, KoTopas
BayKHA JIJIS:

- OOBEKTUBHOIO aHajM3a MPABUWIBHOCTH, JOCTATOYHOCTH BPEMEHH,
IPEeIyCMOTPEHHOI0 Y4YeOHBIM IUIAHOM, MJisi obOecredeHus HeoOXOAUMOTOo
Ka4ecTBa MOJTOTOBKHU BBIITYCKHHKA;

- BBIABJICHUSA JUCLUIUIMH, TpeOYyIOUMX HAOONbIIET0 BpEMEHH Ha
OCBOEHHUE;

- OLEHKHU BEpOSTHOCTH BCECTOPOHHEr0 W3y4YEHUs AUCLMIUIMHBI 32
3aJlaHHOE BpEMs;

- MIOCJIEYIOIIETO CPAaBHEHUS 3aTpaT BPEMEHU Ha M3yueHHe IUCLMILINH
0 3aTpaTaM BPEeMEHH;

- BBIABIICHUS DPE3EPBOB CHW)KCHUS BpPEMEHHBIX 3aTpaT Ha H3Y4YCHHE
JTUCLUIUIMHBI,

- obecrieueHust (myreM MoaudUKaMK y4eOHOTO IUJIaHA) 3aJlaHHOUN
BEPOSITHOCTU OCBOEHHUS Y4e€OHOM IUCUUIUIMHBI B TEUYEHHE OIpPEIEIECHHOTO
BPEMCHH.
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OpnHako BO3HHMKAET BOIPOC, KaK OIEHUTh MPaBUIbHOCTb, JOCTATOYHOCTh
BPEMEHHU, TMPEAYCMOTPEHHOTO Yy4eOHBIM IUTAHOM, [UISI  OOeCIedeHHUs
HEO0OXOUMOTO KauecTBa MOATOTOBKH BBIMYCKHUKA? Hackoibko 00OCHOBaHBI
YCTaHOBJIEHHBIC YU€OHBIM IIJIAHOM 3aTpaThl BPEMEHH Ha ayJUTOPHBIC 3aHITHS
M0 JUCHUILIMHE (MOJYJII0), JOCTATOYHO JIU BPEMEHHU OTBEICHO Ha IIPOBEJACHUE
7a00paTOPHBIX WM TMPAKTUYECKUX 3aHITHH W HAa OCHOBAaHMM KaKHUX
KOHKPETHBIX,  MNPUBHAHHBIX  HAYYHOU  0OWECMEEeHHOCMbI)  Memooux
peanu3oBaHa mpoueaypa (GopMHpOBaHHS y4eOHOro TIjlaHa | OLCHKHU
HEO0OXO0IMMOTO /I OCBOCHHUS TUCIIUTITUHBI (MOTYJIs) BpeMeHU ?

MpbI cuuTaeM, 4TO MPHU ONpPECICHUH HEOOXOIUMBIX 3aTpaT BPEMEHH Ha
OCBOCHHE (M3y4YEeHHE) AUCHUIUIMHBI WM MOAYJS y4eOHOIro IJIaHa MOYXKHO
HCII0JIb30BAaTh METOAMKY [ 1-4], anpoOupoBaHHy0 B [5] 1 psiae npyrux pador.

MPEJJATAEMBIN MTOAXOJ]

OcoOeHHOCTh ~ Ipe/UIaraéMoro MOAX0Ja COCTOUT, BO-TIEPBHIX, B
WCIIOJIb30BAHMM MHOTOIIATOBOM MPOLEAYphbl, Ha KaXJIOM LIare KOTOpOU
OCYIIECTBJIAETCA HMMHTALlMOHHOE  MOJEIMPOBAaHUE, M, BO-BTOPHIX, B
uHTerpauuu Meroaa Jlenbu c sKCHepTH30il, HANpPaBIEHHON Ha IMOIy4YEHHE
0000I1I€HHOT0 MHEHHUS TPYIIBI IKCIIEPTOB O BO3MOXHOM JMara3oHe 3HaYeHUH
UCKOMOIO IoKa3arensd. Takoe oObeIMHEHHE MAaeT psij NPEeuMyLIecTB, B
YaCTHOCTH, NPEIOCTABISIET CHELHAIMCTaM, YYaCTBYIOLIMM B 3KCHEPTHU3E,
BO3MOXHOCTh PACCMATPUBATh BO3PAXKEHMSI U IPEIJIOKEHUS APYTHX YJIEHOB
HKCHEPTHOW TPyYIIBl B aTMocdepe, CBOOOAHON OT BIUSHHS JUYHBIX KayecTB
Y4aCTHUKOB. OJHOBPEMEHHO MOSIBISETCS BO3MOKHOCTh HCIOJIB30BATh TaK
Ha3bIBa€MO€ «HMH(POPMUPOBAHHOE HHTYUTUBHOE CYKIEHHUE)» CIIEeLHAIUCTA-
JKCIIEpTa IYyTEM CO3JaHMS TAaKMX YCJIOBMM, KOTJa 3KCIEpPT-IIPENOIaBaTEIb
MOKET aKTUBHO B3aMMOJCHCTBOBATh C JPYTMMHU CIELHMAIUCTAMU B OITOM
obmactTd wWIH B OOJIACTAX, KAcAlOIUXCA IPOYUX aCHEKTOB H3ydaeMou
npobsembl. OTOUpasl CHEeNUaJMCTOB JUIsl Y4acTUs B HKCHEPTU3E, MOMHUMO
OOBEKTHBHBIX XapAKTEPUCTHK KeJIaTeIbHO YUYUTHIBATh JaBAEMYIO0 UMHU OLICHKY
COOCTBEHHON KOMIIETEHTHOCTH (4aie Bcero no 10-6GamnbHoit mikane). [pu
3TOM HENOCPEICTBEHHOE OOIIEHUE CIIELUAINCTOB APYr C IPYIOM 3aMEHSETCS
IIOCJIEJOBATENBHOCTBIO 1IAr0B, HA KAXKJIOM M3 KOTOPBIX PEAIM3yeTCs MOJHBIN
IIUKJ SKCIEPTU3bl, BKIIOYas UH(OOPMUPOBAHUE IPENOAaBATEICH-IKCIIEPTOB O
pe3yabpTaTax MpeAbLIyIIero mara.

OnuiieM anropuTM TaKoW OLIEHKU.

1. Co3pmaerca 3kcmepTHas rpymnna Juisl HOJYyYEHHs OLEHOK IO BHUIaM
y4eOHBIX paboT.
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2. Peanuzyercs nepBbli War (MKJI) 3KCOEPTHU3BI C MOJIYYEHUEM OLIEHOK
BEJIMYMHBI 3aTpaT BPEMEHHU Ha OCBOEHUE AMCLMIUIMHBI U 3aII0JIHAETCS Ta0aumna
C OKCHEePTHBIMH OLleHKamHu (Tab. 1).

Tabmuia 1
DKCHEpPTHBIE OLIEHKHU 3aTPaT BPEMEHH Ha OCBOCHHE (MU3yUEHHE) TUCIUILIUHbI

Sxe- AT 1 HIAT 2 IIAT 3

nepr Mun Onrt Makc | Mun | Ont | Makc | Mun | Onr | Makc

O1 2 6 8 4 8 12 4 8 12

D2 8 12 18 8 12 18 8 12 18

D9 6 10 16 6 10 16 6 10 16

9n 28 32 64 16 24 36 16 24 36

3. Kaxnapiit i-vif SKCHEpPT Ha KadxicOOM j-om wiaee TPEICTABISIET
MUHHMMaJIbHOE, Han0oJiee BEpPOSITHOE U MaKCHMaJIbHOE 3HAYEHUS IIOKa3aTelsl.

4. OO0001IeHHOE KOJIJIEKTUBHOE MHEHUE N JKCIEPTOB O 3HAYCHUU
MCCIIEyeMOT0 TTOKa3aTessl ONpenessieTcs Kak cpeHee N CiydailHbIX BEIHYUH,
UMEIOIINX TPEYrobHOE paclpesiesieHue — MHEHUI N y4aCTHUKOB KCIIEPTHOM
IpyIIbBl — IyTeM peaju3alud Ha KaKIOM K-oM mare WMHTAIOHHOTO
mozaenuposanus Gpynknun DWe=(Z2W;)/n, (iEN).

Jis  peayM3allid  MMUTALMIOHHOTO MOJEJIMPOBAHUS MOXET ObITh
UCIOJIb30BaH IMPOTrPaMMHBIM MPOAYKT [6], OTIMYAIOUIMICS MHUHUMAIbHBIMU
TpyAO3aTpaTaMy Ha MOCTPOCHNE MMHUTALMOHHON MOJEIH.

5. Ha kaxxaom k-om mare B pe3ysibTaTe MMHTAIIHOHHOTO MOJCITHPOBAHHUS
MOJy4alOT CTATUCTHYECKUE XapaKTePUCTUKH (MaTeMaTH4yecKoe OXHUIaHue,
IUCTIEPCUI0, KO3PPUIMEHT Bapualii, aCUMMETPHIO, FIKCLIECC) U TUCTOrpamMmMy
snavenuit pynxiuu DNos=f(IK)).

6. Y4aCTHUKOB 3KCIIEPTHON I'PYMIIbI MOCJIE KAXKIOI0 LUKIA SKCIIEPTU3BI
3HAaKOMSAT C OOBSACHEHUSIMH, MpPEJICTaBICHHbBIMM B  3alUTy CHJIBHO
OTJIMYAIONINXCS ONEHOK aHAIM3MPYEMOTO TOKa3aTeis, W TpeaaraloT npu
KeJTaHUH U3MEHUTH CBOM MIPEIBITYIIIE OTBETHI.

7. llenecooOpa3HOCTh 3aBEpPIICHHUs] OKCIEPTH3bl Ha KaXIOM IIare
ONpeNeNAIoT 110 BelUuuHe Hu3MeHeHHus Kod(guuuenta papuaruu KOy
dynxuun D06, Eciu kosdpuiuent apuanuy u3MeHsercs He 6ojiee, 4eM Ha 5
%, MOXHO CYMTaTh, YTO OIIEHKH 3KCIIEPTOB CTAOMIM3UPOBAINCH U
11€J1eCO00pa3HO 3aBepIIaTh IKCIEPTUY.

8. Ha ocHOBaHuM pe3yJbTaTOB UMHUTAIMOHHOIO MOJICIIMPOBAHUS HA
MOCTIEIHEM  Iare OLEHWBAIOT  JIOBEPUTENbHBIE TpPAHUIBl  3HAYCHUU
IUIAHUPYEMBIX 3aTpaT BPEMEHH M BEPOSTHOCTh TOTO, YTO €ro 3HAYCHHS
OKaXyTCs OOJIBINE MIIM MEHBIIIE OMPEICIICHHOTO YUCIIa.
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INPUMEP PEAJIN3ALIUN

Onpenenum 3atpaTbl BpEMEHU HA M3Yy4YeHUE AUCHUILIUMHBI «KoprnopaTuBHbIE
uHPOpPMAIIMOHHBIE CHUCTEMBb» MO HampasieHuto mnoarotoskud 09.03.02
«MHbOpMAITMOHHBIE CUCTEMBI i TEXHOJIOTHUN.

[IpoBegeM SKCHEPTHBIM OMPOC CIHENUATHMCTOB-TIPENoaBaTeyiei By30B
CTpaHbl, 4YHWTAIOMUX (W/WUIU YHTABIINUX) JauCHUIUIMHY «KopmopaTuBHbIe
WH(OPMAIIMOHHBIE CUCTEMBI», OTHOCUTEIILHO MX MHEHHS O 3aTpaTax BPeMEHHU
HEOOXOJIMMBIX U JOCTATOYHBIX JJIi OCBOCHMSI 3TON AMCHMIUIMHBI CTYACHTaAMH
(moy4YeHus *MU HEOOXOIUMBIX 3HAHUW, YMEHHM, HABBIKOB, KOMIICTCHITHI ).

O003HaUMM OICHKY KaXJOTO 1-T0 JKcrepra Ha j-M mare Ji(j).
[TonokuM OIIEHKM OJKCHEPTOB MPEACTABISIOTCS B BHJAE TPEYrOJIBHOTO
pacrmpezenenys, TO €CThb YYAaCTHUKHM OIpoca YKa3blBalOT MHUHUMAJIBHOE,
MaKCHUMAaJIbHOC U HanOoJiee BEPOSATHOE 3HAUCHHUS 3aTpaT BpeMeHu (Tabi. 2).

Tabmuna 2
Pe3ynpraThl Tpex maroB (IUKIOB) YKCIIEPTU3HI
AT 1 IIAT 2 IIAT 3
Jkcnepr - - -
min | moda | max | min | moda | max | min | moda | max
D1 18 24 36 18 24 36 18 24 36
C7) 16 24 32 18 24 32 18 24 32
D3 12 18 24 12 18 24 16 20 28
D4 18 36 48 18 36 48 18 36 48
D5 36 48 54 32 36 48 28 36 48
D6 12 24 48 16 28 36 16 32 36
D7 12 18 36 18 24 48 18 24 48
g 24 36 54 24 36 54 24 36 54
Do 18 36 54 18 36 54 18 36 54
D10 16 18 24 18 24 32 24 32 36

*KupHbIM WIpU(TOM BBIIEIECHB! 3HAYEHUS] BPEMEHH, H3MEHEHHBIE KCIIEPTOM Ha OYEPEIHOM
miare.

O60011eHHOe KOJUIEKTUBHOE MHEHHE N JKCIEPTOB O BEIMYMHE 3aTpaT
BPEMEHH OIpeIeNsieM KaK CpeIHee MHEHUN N yYaCTHUKOB IKCIIEPTHON TPYIIIBI
MyTEM pealin3allid Ha KaXJOM K-OM I1are MMHUTAIMOHHOTO MOJEIUPOBAHUS
dyrxman Dos® = (Z2iM)/n, (i€n).

B kauecTBe  MHCTPYMEHTAJIBHOTO  CpEICTBA ISl peaau3aluu
MMUTAIIMOHHOTO MOJCJIHMPOBAHUS  HCIOJIb3YeM MPOTPaAaMMHYIO CHUCTEMY
aBTOMATU3UPOBAHHOTO CHHTE3a MMUTAIIMOHHBIX Mojeineii CUM-UML [6].

B pesynbrare UMUTAIIMOHHOTO MOJEITUPOBAHMS HAa KaXIO0M k-oMm miare
MOJIy4aeM CTAaTHCTHYECKHUE XapaKTePUCTUKU (MaTeMaTH4YeCKOe OXHUIaHUE,
mucniepcuto,  KodQPUIMEHT  BapualMu, OKCIECC, AaCUMMETPHUI0) |
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pacnpenenerne (B ¢opmMe THCTOTpaMMbl M TaOJMWIBI) 3HAUYEHUH HCKOMOTO
nokazares — QyHKIHU DosO=f(D1)).

Huxe mnpeacraBieHbl pe3ylbTaThl HWMUTALMOHHOTO MOJIETUPOBAHUS
nocjie BToporo mara skcneptusbl. Ha puc. 1 npuBeneHa rucrorpamma
pacnpeeneHts 3aTpaT BpEMEHU Ha OCBOEHUE YUEOHON JUCIUIUIMHEL, B Ta0. 3
— CTaTUCTUYECKUE XaPAKTEPUCTUKH PACIPEEICHUs MTOCIIe MIEPBOTO U BTOPOTO
11aroB.

T2

250

200 —

150 — —

100 —
. ﬁ.l_l.} | __QT.@

2545-26.28-2711-27.93-2876-29.59-30.41-31.24-32.07-3289-33.72-
PE28 T 11 2T 93 28TH 7959 3041 3174 3207 3789 3377 3465

Puc.l. I'mcrorpamMmma pacnpeneneHus nocyie BTOPOro mara 3KCIepTU3bI

Ta0muna 3
CraTuctuueckue XapakTepUCTUKU paclpeieICHUs
TI0CJIE IBYX 1IAroB YKCIEPTU3HI
IHapameTp 3HaueHue
IMocJie mepBoro IMocuie BTOpPOTO
mara mara

IlepemenHas T1 T2
Uwucno ureparuit 1000 1000
Cpennee 29.042 29.744
Hucnepcus 2.539 2.432
CpenHekBaapaTHIeCKoe 1.593 1.560
OTKJIOHEHHE
Koaddurment Bapuarum 0.055 0.052
Acummerpus 0.008 0.066
OKkcrecc 0.072 -0.255
MuHIMYM 23.660 25.455
Maxkcumym 34.152 34.547
MonanpHbIN HHTEPBAI 28.43 : 29.38 28.76 : 29.59

[locne kaxxgoro Imara 3KCHEPTU3bl YYACTHUKOB SKCHEPTHOM TIpPYMIIbI
3HAaKOMWIA C OOBSCHEHUSIMH, NPEJCTABIEHHBIMU B 3allUTy CHJIBHO
OTJIMYAIOLINXCS OLIEHOK aHAIU3UPYEeMOro IOKa3aTess, W Ipeiaraid Ipu
’KEJIaHUU U3MEHUTh CBOU MPEIbIAYIINE OTBETHI.
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[TpoBepumM 1€71€CO00PA3HOCTH MPOBEACHUS TPETHETrO IIara 3KCIEPTH3BI
no popmyne: | Kyar®) + Kyar 0+ | / Kvar® * 100 %: (0,052-0,055) / 0,052 *100 %
=577 %.

[TomyueHHsI#t pe3ynbraT 0ombiie 5%, TOITOMY MPOBENEM €IIe OJAUH TYP
JKCIIEPTU3BI.

Pesynprarel MOAEIMpPOBaHUS IOCJHE TPETHErO Iara MPEACTaBICHbI Ha
puc. 2 u B Tabm. 4.

T3
250

200

150

100

50 —|>
0 — . '_I . . |_| . — .

25.78-2666- 27.54-2843- 2031-30.19- 31.08- 31.96- 32.84- 33.73- 34.671-
PRER 2T R4 2843 2931 3019 3108 3106 3284 3373 34A1 3549

Puc.2. I'mcrorpamMmma pacnpeneneHus ocyie TPEThErO MIara 3KCIepTU3bI

Tabmuna 4
CTaTUCTUYECKUE XapaKTEPUCTHKHU PACTIPEICIICHUS
MIOCJIC TPETHETO MIara SKCIEePTU3HI

ITapamerp 3HaueHue
[TepemenHnast T3
Yucno urepanuit 1000
Cpennee 30.514
Hucnepcus 2.302
CpenHekBapaTHIECKOe OTKIOHCHHE 1.517
Koadduuument Bapuanum 0.050
AcummeTpus -0.165
DKcrecc -0.027
MunumMyMm 25.776
Makcumym 35.492
Mo anbHBIN HHTEPBAI 30.19 : 31.08

[IpoBepuM  1eIeCOOOpa3HOCTh  MPOBEACHHWS  YETBEPTOTO  Iara
skcneptussl: | 0,052 — 0,050 | /0,052 *100 % = 3,85 %.

Tak xak n3meHeHrue kodpuIMeHTa Baprauy He PEBIIIAeT 3a1aHHOTO
MSATUTIPOLIEHTHOTO YPOBHS, MOXEM 3aKOHYUTH MPOBEIACHUE SKCIICPTU3HI.

Ha ocHOBaHWW pe3yabTaTOB HWMHUTAIIMOHHOTO MOJCIUPOBAHMS HA
MOCJIEIHEM  IIIare  OIICHWBAaeM  JOBEPHUTEIIbHBIC TpPaHUIBI  3HAYCHHUI
IJIAaHUPYEMBIX 3aTpaT BPEMEHH W BEPOSITHOCTh TOTO, YTO €ro 3HAYCHHS
OKaXyTcsl OOJIbIIIE WIIM MEHbIIIE ONPeIeJICHHOr0 uncia (Tabm. 5).

Tabmuma 5
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HaxonnenHas BCPOATHOCTD ITOCJIC TPCTHETO IIara SKCICPTUIbI

Xmin Xmax Yacrora BepositHocth | Hakomsiennas
25.78 26.66 8 0.008 0.008
26.66 27.54 21 0.021 0.029
27.54 28.43 66 0.066 0.095
28.43 29.31 115 0.115 0.210
29.31 30.19 185 0.185 0.395
30.19 31.08 238 0.238 0.633
31.08 31.96 191 0.191 0.824
31.96 32.84 125 0.125 0.949
32.84 33.73 40 0.040 0.989
33.73 34.61 8 0.008 0.997
34.61 35.49 3 0.003 1.000
BbIBO/bI

1. IlokazaHa BO3MOYKHOCTb HCIIOJIb30BaHMSI MPOLEAYpPHl MOILIAroBOTO
YTOUHEHHMS 3HAaUYCHUM C OLIEHKOW XapakTtepucTuk pacrnpeaencaus (ITY3-OXP)
IpU OLIEHKE 3aTpaT BPEMEHHW IO BHJIAM padOT MPHU COCTABICHUH YYEOHBIX
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MHOTOKPUTEPUATBHON ONTUMU3AIIMU Ha OCHOBE METOJIa TPYIIIOBOTO y4eTa ap-
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Abstract.

This paper examines the peculiarity of the nature of complexity as well as
some contemporary issues facing researchers in the field of modeling complex
objects. When building mathematical models of complex technological pro-
cesses, the authors used the system approach. This article proposes a method of
solving complex problems for multi-objective optimization based on the meth-
od of group accounting of arguments. This method, as shown by the authors
can be applied for the solution of various prognostic tasks.

BaxxHbIM CBOMCTBOM OKPY’KAIOLIEr0 HAC MUPA SIBJISIETCS YBEIUYMBAIOIIA-
SICSL CJIOKHOCTh U B3aMMO3aBUCUMOCTD €ro yactei. CI0XHOCTh - 3TO COBOKYTI-
HOCTh OTPOMHOTO YHCJIa Pa3IUYHBIX O0OBEKTOB, NEHCTBYIOIIMX BMecTe. JlaH-
Has KOHLEMIIMS SBIISICTCS CepILleBUHON 0011eit Teopun cucreM. COKHOCTh
€CThb B3auMMOJIEHCTBUE M, 00Jiee TOro, B3aMMO3aBHCHMOCTH, T.€. IIOBEIECHHE
OJIHOTO WJIM HECKOJBKHUX 3JIEMEHTOB BO3/ICHCTBYET HA MOBEICHUE APYTUX dJIe-
MeHTOB. CJI0XKHBIE POOJIEMbI HUKOT/Ia HE CYIIECTBYIOT U30JIMPOBAHHO U PE/I-
KO XapaKTepU3yKTCs OJJHOCTOPOHHUMH MPUYUHHBIMU OTHOIIeHUssMU. CKopee,
CJIIO)KHOCTB CBSI3bIBaeT MpoOJieMbl BMecTe M (GOPMHUPYET KapTHHY B3aWMMOOT-
HOIIEHUS] U MHO>KE€CTBEHHOW TPUYMHHOCTH.

Pemienne cnoxxHbIX mpoOeM TpedyeT MoAxXo/a, KOTOPhIHA MO3BOJIUI Obl
HaM HCIOJIb30BaTh PEJIEBAHTHYIO WH(OpMAaLMIO pa3InYHOTO BHAA, BKIFOYAs
TOYHBIC JaHHBIC, KOJUYECTBEHHYIO WH(POPMAIHMIO, 1 HETOYHBIC — IMOJyUYCHHBIC
WHTYUTUBHO, U3 OIBITA, C yYE€TOM IIEHHOCTEH, CYKJIEHU U 00pa3HBIX JOTaJI0K.
CrnenoBaTeabHO, MBI MOTJIM OBl PACIIPOCTPAHUTH HAIIl aHAJIN3, BKJIIOYasl B HETO
BCE BO3MOXKHBbIE MCXOJbl. [Ipu umcCcIenoBaHUU CIOXKHBIX TEXHOJOTMYECKHUX
MIPOIIECCOB, HEOOXOIMMO HUCIIOIB30BaTh CUCTEMHBIN TTOIXOI.

CucTemMHBIN MOAXO0A K MPOTHO3UPOBAHUIO CJIOXKHBIX OOBEKTOB TpeOyeT
MaKCHUMaJIbHO BO3MOKHBIM yU€T COBOKYIHOCTH MEPEMEHHBIX, XapaKTepU3yIo-
X 00BEKT, U B3aUMOCBS3CH MeXAy HUMH. B mporecce ncciaeqoBaHus mpo-
THO3UCT BBIHYXKJIEH BHIOMpPATh KOMIIPOMHUCCHBIN BapUaHT MEXIY YUCIIOM Tie-
PEMEHHBIX B OINHUCAHUHU O0BEKTA, CIOKHOCTHIO M TPYIOEMKOCTHIO aHajau3a U
mporHo3a. Eciu k ToMy ke OOJBITUHCTBO WIIM BCE U3 3TUX MEPEMEHHBIX UMe-
FOT CTOXaCTUUYECKHUM XapaKTep, TO 3aJ1a4a 3HAYUTEIIBHO YCIOKHSIETCS.

B3anMmo3aBrucuMbIe CHCTEMBI HanOOJIee ITOJIHO OIMMCHIBAIOT SKOHOMUYE-
CKYI0 CHCTEMY, COAEPXKAIIYI, KaK MPAaBUJIO, MHOXKECTBO B3aMMOCBS3aHHBIX
SHJIOTEHHBIX M K30TCHHBIX MEepPEeMEHHBIX. {71 HaXOXXJIeHUs MapaMeTpOB CH-
CTEMBI B3aMMO3aBHUCUMBIX YPaBHEHHMI HCIOJIb3YIOTCS OOJIee CIIOXKHBIE METO-
Ibl: IBYX- M TPEX- IIArOBbId METOJ HAMMEHBIINX KBaJIpPaTOB, METOJbl MAKCH-
MaJIbHOTO TIPABAONO00MSA ¢ TOJIHOM M HermoiaHoW mHpopmanuei u ap. [Ipo-
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L[ECC MOCTPOCHMS M MCIIOJIB30BAHUS DKOHOMETPUUECKUX MOJEIEH SBIISETCS
JNOCTATOYHO CJIOKHBIM.

B cBs3u ¢ 3TUM, U1 TIOCTPOEHUS aIEKBATHBIX CTATUCTUYECKUX MOJENIEH
CJIOKHBIX TEXHOJIOTHYECKUX MPOLECCOB MPEIaracTcsi METO ] IpPyIIIOBOIoO y4e-
ta apryMeHToB (MI'YA). MI'VA ocHOBaH Ha NPHUHIMIE CaMOOPTraHHU3ALUU
mozenein Ha OBM. CoriiacHO 3TOMY NPHUHIIMITY OCYLIECTBIISIETCS IEJI€HAIPaB-
JICHHBIA TIepe0op MOCTENEHHO YCIOXKHSIOUUXCS CTPYKTYpP MaTeMaTUYECKUX
MoJIeNIeld M UX OTOOp MO PSAAY IBPUCTUUYECKUX BHEIIHUX KPUTEPUEB, KOTOPHIE
IIPOXOAT 4Yepe3 CBOM MUHUMYMBI, 4TO U JACT BO3MOXHOCTb ONPEIEIUTh MO-
JieNb ONTHUMAJIBHOW CJIOKHOCTU. B 3TOM MeTozie Bce BOIPOCHI ONTUMU3AIUU
pELIAOTCs IPU MOMOIIM Nepedopa BapuaHTOB TOJIBKO HA MaTepHalie 3aJ1aHHON
oOyyaromield 1 MpoBepouHOil BeIOOpKax. Hukakoit mHbopmammu o pacnpene-
JIEHUSAX BEPOSTHOCTU HE HCIOJB3YIOTCS. DTO IO CYIIECTBY HemapameTpuye-
CKHAU METO/I.

B nocnennee BpeMs Hanbosee akTyalbHOM CTAHOBUTCS 3ajjauya MPUHATUS
ONTHUMAJIBHBIX perieHnit. OnTUMaNbHbIe PEelIeHUs] HY>KHBI 3/1€Ch JIJIsl BHIPAOOT-
KM MpaBUILHOTO MporHo3a. B MI'YA onTumanbHOCTh PEIICHUN JOCTUTAETCA
Ha OCHOBE CaMOOpraHM3alMu MaTeMaTudyeckux mojeneit Ha 9BM. Teopus ca-
MOOpPTaHU3AIMH MAaTEMATUIECKUX MOJENEH CTaBUT mepes coO0H 1eib paciiu-
PUTH CYIIECTBYIOLIUN PErPECCUOHHBIN aHAJIU3 U TEOPUI0 CTATUCTHUYECKUX pe-
LIEHUH B COOTBETCTBUM C HEKOTOPHIMU HOBBIMU ITPUHIIUIIAMH.

OnHUM U3 TaKWX TPUHIUIIOB SBJISIETCS MPUHIMI BHEIIHUX TOTOJHEHUN
[1,2]. Cienyetr oT™MeTHTD, 4TO MoOCie U3BecTHBIX pabor A.H.TuxoHoBa mpuH-
LMIT BHEUIHETO JIOMOJHEHUSI B MATEMATUKE MOyl HA3BaHUE PETYIIspU3aluu
penieHui. DTOT NMPUHLHKI CBSA3aH C UCIIOJIIB30BAHUEM HECKOJIBKUX KPUTEPHUEB.
Tak, npu BBIBOJE YpaBHEHMU PErPECCHM UL MOIYYEHUs ONTUMAIBHBIX OLle-
HOK KO03(h(duIMeHToB 00bIYHO ucmonb3yercs meronq MHK: kpurepuit munu-
MyMa CpEeIHEKBaJIpaTHUUeCKON OIIMOKH, OIpeaensieMoil Ha oOydaromieil BbI-
Oopke naHHbIX. [ moydyeHusl ypaBHEHUMH, 00JadaolMX XOpPOIIMMH IIpO-
THO3HPYIOUIMMHU CBONCTBaMH, YK€ TpeOyeTrcs BTOpOMl  KpUTepui, Hampu-
Mep KpUTEpUl MUHUMYMa OIIMOKHU, ONPeIeIsieMOil Ha IPYroM MHOKECTBE TO-
yek. JUIg menmed ONTMMM3ALWKA pa3leleHUs MMEIOLIUXCS TOYEK JIaHHBIX Ha
yYKa3aHHbIE BbIILIE JBE BBHIOOPKHU - TpeOyeTcs elle OAUH KPUTEpUH - KpUTepuil
MUHUMYyMa Ha 9K3aMEHAIlMOHHOW BBIOOpPKE JaHHBIX U Tak janee. Takum oOpa-
30M, JIJISL K&KJ0W ONTUMHU3AINK TpeOyeTcss HOBBIM kputepuil. [lpu peanuzanuu
MIPUHIMIIOB CaMOOPTraHU3allud MHOTOPSIHBIA PETPECCUOHHBIN aHAIU3 ITPUHU-
MaeT GopMy MOJIMHOMHUANBHBIX anropuTMoB MI'YA, a MHOrOpsiiHast TeOpHs
CTAaTHCTUYECKUX PEIIeHUH - POpMy BEpOSTHOCTHBIX anroputMoB MI'VA.

OCHOBHOM HEJIOCTATOK TEOPUU CTATHCTUUYECKUX PEIICHUN COCTOUT B TOM,
YTO OHA HE YYUTHIBAET HEOOXOAMMOCTH HPHUHATHS psijia MOCIIEeI0BATEbHbBIX
pemenuit [3]. OnTUManbHOCTH BBIOOPA PEIICHHUS CIEAYET OLICHUBATH C YUETOM
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TOT'0, YTO YE€PE3 HEKOTOPOE BPEMS IIPUIETCSA CHOBA IPUHUMATh PELIEHUE U T.JI.
Haubonee sddexTrBHAs TEOpUs MOCIEIOBATEIBHOTO NPUHATHS PELICHHUHA
npuHaiexut 1.I'abopy [6]. [IpuHIMD caMoopraHU3ayy Wi CBOOOIBI BBIOO-
pa, cormacHo pabote Jl.I'abopa, mpemycmaTpuBaeT TaKyl0 MHOTOPSIHYIO
CTPYKTYpPY IIPUHATHS PELICHUN, TP KOTOPOH B KaX/10M U3 MOCIEAYIOIUX Psi-
JIOB COXpaHseTCs BO3MOKHOCTh BbIOpaTh JII0ObIE U3 HEKOTOPOIO YHCIIa pele-
HUU TIPEABIAYILIETO psAa.

MHOropsiIHOCTh M HaM4KMe CBOOOBI BHIOOpA PEIICHUN CIyXaT OCHOB-
HBIMHM IPU3HAKaMU aJITOPUTMOB, JEUCTBYIOIIMX MO NPHUHILIMIIAM CaMOOpPraHU-
3allMM B IIPOTUBOIOJIOKHOCTh JETEPMUHUPOBAHHBIX AJITOPUTMOB, B KOTOPBIX B
KaKJblii MOMEHT BPEMEHH MTPUHUMAETCSI €IMHCTBEHHOE pELIeHHE, OT KOTOPO-
ro B OyIyIIEM YK€ HEIb3s OTKa3aThCs.

[TpyHIMI caMOOpraHu3aluyi MOJEIIEH 3aKIHYaeTcss B TOM, YTO MPHU IIO-
CTEIICHHOM YBEJIMYEHUH CJIOKHOCTH MOJEJIEW 3HAaY€HHWE BHYTPEHHMX KpHUTeE-
pHUEB IPU HAIMYMU IIyMa MOHOTOHHO NaJaeT. B Tex e ycinoBHsX Bce BHEII-
HUE KPUTEPUU IPOXOIAT 4YE€pe3 CBOM MHUHHUMYMBI, YTO U JAE€T BO3MOXKHOCTb
OINIPEAEIINTE MOJENb ONTUMAIBHON CIOKHOCTH, €IMHCTBEHHYIO JJI Ka)J0r0
BHEIIHET0 KpuTepus. B KkauecTBe KpuTepusi MOYKHO, Hampumep, BbIOpaTh
CPEHEKBAIPaTUUYECKYI0 OIIMOKY, pacCUMTaHHYIO 10 KOHTPOJBHOM BBIOOpKE,
TO €CTh Ha JJaHHBIX, HE UCIOJb30BaHHBIX JIJIs NOIy4YeHUs K03 PULIHEeHTOB MO-
TEIIN.

[Ipennaraemblii METOA IPYIIIOBOIO yyeTa apryMEHTOB MO3BOJISIET YYECTh
MPAKTUYECKH JII000€ YHCIIO MEPEMEHHBIX HEOOJIBIIMMHU IpYyIIaMu, HallpuMep,
nonapHo. IIpu 3TomM mpouenypa cHHTE3a MOJEIM COCTOMT B PEKYPPEHTHOM
MOBTOPEHUU PEILEHUs, FIEMEHTAPHOM CHCTEMbl HOPMAJbHBIX YpaBHEHMI
C HeOOJBIION MO pa3MepHOCTH MaTpuileil. B Tom ciydae, korna oOydaro-
mas BbIOOpKa OrpaHUYEHA, HEKOTOPbIE apryMEHThl CTAaHOBATCS "BpelHbIMU'",
MO3TOMY TOYHOCTb YBEJIMUYHUTCS, €CJIM Mbl N30aBUMCSl OT HUX. DTy paboTy M
BBIIIOJIHSAIOT MOPOrOBBIE CAaMOOTOOPHI MOCie Kaxaoro mara. OnTuManbHOe
YHCJIO NIEPEMEHHBIX, NPOMYCKAEMBIX U3 psAfa B Psj, ONPENENIeTcs 0 BEu-
yuHe nopora. B kaudecTBe mopora Mo)keT ObITh BBIOpaHa BEJIMYMHA CpEIHE-
KBaJIpaTUYECKOM OIIMOKH, ONpeesnsseMoi 0 KOHTPOJIbHOM BHIOOPKE, I KO-
3G (HULKMEHT KOppEeIsuuu MeXAYy NMPEAUKTAHTOM M JIeUCTBUTEIBHOW BEIUYU-
HOI NPOrHO3UPYEMON MEepeMEHHOM Ha MOMEHT mNporHo3a. CokpalieHue pas-
MEPHOCTH MAaTpHIbl 3a CUET YCTPAHEHUs BTOPOCTENEHHBIX, HECYIIECTBEHHbIX
YJIEHOB NOJIMHOMA sIBJsieTCS 3(P(PEKTUBHBIM CPEACTBOM MOBBIIIEHUS €€ 00y-
CJIOBJIEHHOCTH.

Hcnonp3yst paznuyHble ONOpHbIE (DYHKIUHM, MPU TOMOIIU OIlEpaIiu
CJIOKEHHS] WJIM YMHOXEHHUS MOKHO MOJYYUTh COOTBETCTBEHHO aJJAUTHBHBIE,
MYJIbTUIIJIMKATUBHbIE WM A INTUBHO-MYJIbTUILIMKATUBHBIE MOJIETIH.
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AJIFOpI/ITM MOJIYUCHUA aAJAUTUBHO-MYJIbTUIIIIMKATUBHBIX MOZ[GJIeﬁ, CO-
ACPIKAMUX MYJIbTUIININKATUBHBIC YJICHLI B J'IIO6BIX, B O6H.[GM ClIydac HC LCJIbIX,
IMMOJIOKUTCIIBHBIX U OTPHULATCIIBHBIX CTCIICHAX, 3allMIIICM B BUJIC:

C

=>SGA B (1)

k

r7ie pw- JTr00as ( B 001IeM citydae He Iiesiasi) TOJ0KUTENbHAs U OTPUIATEIhb-
Hasl CTENEHb 1-TO apryMEeHTa; C- MOKa3aTelb MaKCUMAIbHOU CIOXHOCTU a1Ju-
TUBHO-MYJIbTUIIMKATUBHON MOJIEIH MPHU 33JaHHOM YHUCJIE apryMEHTOB m, ak -
KO3((DULIMEHTBI, TOAJIEKAIINE ONPEIETICHHUIO.

CuHTe3 MoJenu BhINONHAETCA B 2 3Tana. [Ipennonoxum, 4Tto 3a1aHa Bbl-
0opka gnuHOM N Mpu T MEPEMEHHBIX, YaCTh U3 KOTOPBIX HE BXOJIUT B MOJIENb.
Heo6xoauMo HailTH CTPYKTYpy U apaMeTpbl MOJEIH, JIy4IIUM 00pa3oM Omu-
CBIBAIOIIEH TAaHHBIN MPOILIECC.

I 3TAII

HpeI{HOHO)KI/IB, 4TO MOJCIIb MMCCT MAKCUMAJBHYIO CJIOKHOCTHL , IIPCI-
CTaBUM €€ B BUJIC TPOU3BCACHNA BCCX 3a/JaHHBIX IMEPEMCHHBIX B HEU3BCCTHBIX

CTCIICHAX:
- 2 2)

[Tponorapudgmupyem 3TO BBIpaKEHHE IO MPOU3BOJILHOMY OCHOBAaHUIO b
(b>0):
Re-_ = =—_ > = N (3)

[To BbIOOpKE MAHHBIX U3MEPEHUI BENMYUH 25> A5- - A COCTABIISETCA
BBIOOPKA IPOJIOrapu(pMUPOBAHHBIX 3HAUEHUN ITUX MTEPEMEHHBIX.

Jlanee neicTByeT KOMOMHATOpHBIA anroput™ MIYA ¢ nuHeHBIMU
YaCTHBIMHU OIIMCAHUSMHU IPU €IMHUYHOM cTeneHu nepemMeHHbIX. Ilo ouepenu
BO BCEBO3MOYKHBIX KOMOMHALMAX UCKIIIOYAIOTCS T€ WK MHbIE ClaraeMble MoJ-
HOTO moyinHOMa (3), a TOoyYeHHbIE TaKUM 00pa30M YacTHBIC TIOJIMHOMBI OIle-
HUBAIOTCS 1O ABYM KpuTepusiM  (NB) - TOYHOCTH KPaTKOCPOYHOTO MPOTHO3a

(onpenensiercss Ha MpoBepoyHOl BeIOOpKE Ng): N, - MUHUMyMa CMEUICHHS
(ompenensiercss Ha BbIOOpKE Na - oOydaromieit u N -mpoBepounoii). Heus-
BeCTHBIC KOAPPUIIUEHTHI ax M Km HaAXOMSITCS IO METOTy HAMMEHBIIINX KBaApa-
TOB.

Kputepuii TOYHOCTH TOIMIATOBOTO MPOTHO3a BBHIYMCISETCS HA MPOBEPOU-
Hoil BeiOopke (Ng) 1O dpopmyre:
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A(NB) =

M
I€ Y; - 3HAYEHHE IMPOTHO3MPYEMOroO 3JIeMeHTa (IIPEIMKTAHTa), BBIYHMCIICH-
HOT'O 10 MOJEJIH; Yt - MICTUHHOE 3HAY€HUE IIPEAUKTAHTa HA MOMEHT IIPOTHO34;

1 y
1 IN%_ — CpelHEee 3Ha4YCHME NPEIUKTaHTa U3 Beex peanusannii; N = Na +

Ng +N¢ - BcsI COBOKYITHOCTh MCXOAHBIX JAHHBIX; N JeIUTCS Ha 00y4arollyro
BBIOOPKY Na, Ipu MOMOIIM KOTOPOM OLEHUBAIOTCS NapaMeTpbl MOJEIH, Ha
IIPOBEPOUYHYIO BBIOOPKY Np, IPH MOMOIIM KOTOPOW OCYILIECTBISETCS BHIOOP
MOJIENIY, U Ha DK3aMEHALMOHHYIO Ul IPOBEPKU KayeCTBa IPOrHO3a.
Kpurepuii MuHIMyMa CMEIIEHHUsT BEIYUCIIAETCS TI0 (hopMyIe:

tg'\l (7tNA _7tNB)2
Z o)

cm

rae  Y.* -3HaueHMe NpPEAMKTAHTA Yy, pPACCYMTAHHOTO IO  MOJEIH,
OLIEHKU KO03()(PUIIMEHTOB KOTOPOI MOJyyeHbl Ha 4yacTH Na TaOJIUIBl UCXOJI-
HBIX JAHHBIX - Y, - To e Ha uacTH Np TaGIHIBI HCXOIHBIX AaHHBIX; N -
MIOJTHOE YUCJIO TOYEK TaOIHIIbI.

[anee Haxonum HekoTopoe umcio F 1 onTumanbHbIX MOAenen Jora-
pudma npeaukranTa. [lorenuupys ux, noiaydaem F 1 onTuManbHbIX B CMBbICTIE
MUHUMYyMa HEKOTOPOI'O 33JaHHOT'O BHEIIHErO KPUTEPUS MYJIbTUIIIMKATUBHBIX
mojenei Buaa (2).

I OTAII

Hcxoauplil 6a3uC HE3aBUCUMBIX NMEPEMEHHBIX (IPEIUKTOPOB) Y4acTBY-
IOIAX B CHHTE3€ MOJEIH, PACIIUPSIETCS BBEICHUEM B Ka4€CTBE JOIOJIHUTEb-
HbIX npeaukTopoB F I moaenen nepsoro srarna.

[To komOuHaTopHOMY anroputMy MI'VA st ucxomHOTO BEKTOpa Mpe-
JUKTAHTA y U PACIIMPEHHON MaTpHUILbl HCXOAHBIX JTaHHBIX CUHTE3UPYIOTCS F 2
Mojenel Bujaa.

Ha nepBoM sTamne no ogHOpsSAHOMY KOMOMHATOpHOMY anroputMy MI'YA
BBINIOJIHSIETCSL TIepebop Mojenell 6e3 cBOOOAHOIrO 4ieHa, Ha BTOPOM JTane -
TIOJIHBIN TIepedop.

Takum 00pa3om, HCTHOIB30BaHUE MHOTOPAIHBIX anroputMoB MI'VA ¢
MOPOTOBBIMU O0TOOpaMu siBNsieTCs 3((HEKTUBHBIM CPEACTBOM IPEOIOJTICHUS
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npobJeMbl Pa3MEPHOCTH, a BHEITHUM KPUTEPUN MCTIONB3YeTCsl KaK OrpaHuye-
Hue nepedopa mozeneil. MI'Y A no3BossieT He TOJIBKO peannu30BaTh HEJIUHEH-
HBIM TIOJTMHOM TPAaKTUYECKH 000U CIOKHOCTH, HO M BBIOpATh €ro CTENCHb,
IIPU KOTOPOM TOCTUTAETCS MAKCUMyM TOYHOCTH, U3MEPSEMOM Ha OTIAEIbHOU
MPOBEPOYHON BBHIOOPKE, TO €CTh MPOUCXOAUT ONTHMM3AINS CIOKHOCTH MOJH-
HOMa.

IIpu ncnonp30BaHMM METOJIa TPYNIIOBOTO y4eTa apryMeHToB Ha OBM ot
ucciezoBarens He TpeOyercs OONbIINX alpUOPHBIX 3HAHUNA O MOJEIUPYEMOM
o0bekTe. BpiOopka, kimacc ypaBHEHHWH, MpenarnoyiaraeéMble BHBI OMOPHBIX
GyHKIUH, B KOTOPBIX CJIEIyeT UCKaTh MO/JIENb, BHEIIHUE KPUTEPHUH - BOT U BCE,
4TO TpedyeTcs A camoopraHu3auuu mojenu. MccnenoBaTenb MOXKET BIMSThH
Ha pe3yJbTaT cCaMOOPraHu3ali MOJEIN Yyepe3 YyTOUHEHHE, KOMOMHUPOBAaHHE
WM TIOCTAaHOBKY HOBBIX BHEIIHUX KPUTEPUEB BHIOOPA MOJIENH, BHIOODP JTyUIIeH
13 HeOONBIIOro Ynciaa Mojenei, ykasanaeix DBM. biarogaps atomy, MI'YA
MPUBOJUT K OOBEKTUBHOMY BBIOOPY MOJENN ONTUMAJIBHOMN CIOKHOCTH C yye-
TOM TMOXEJIaHUN nccieaoBaTens (dKcnepra).

Camoopranuzanuy CBsi3aHa C dBpUCTHUUECKUMHU MeTonamu. Crenyer oT-
METHUTb, YTO TOYHOCTH PE3YyJIbTaTOB MOJEIUPOBAHUS 3aBUCUT HE TOJBKO OT CO-
BEPIICHCTBA MATEMATUYECKOTO anmnapara, HO TaKXKe OT LEeIecO00pa3HOro BbI-
O6opa KpuTepHsl U yMEHHUS €ro MPUMEHEHHUs. DBPUCTHYECKH XapaKTep caMoop-
raHU3aIuu Mojelieil 0COOCHHO MPOSBISIETCS NPU BHIOOPE OMOPHON (PYHKIIMH
YaCTHBIX ONHUCAHWI, KpUTEpUEB OTOOpa Mojeiel, crnocoba perysispu3anuu,
crocoba HOPMHUPOBAHUS JAHHBIX, peaju3allii IOCJIeOBATEIbHOTO TMOBBIIIE-
HUS CJI0)KHOCTU MOJENEN - nMpeTeHeHTOB. [loporoBeie 3HaUeHUs, UCIIONIb3YeE-
MBbI€ IIPU [TOPOrOBOM OTOOpE, MOT'YT OBITh 3aJaHbl IBPUCTUYECKU U YTOUHEHBI
IIPY IOMOIIA MHOTOKPATHOTO TOBTOPEHUS BEIYMCIICHUM.
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C UCTOJIB30BAaHUEM ANTOPUTMA METOJIa TPYIIIOBOIO yueTa apryMEHTOB C JABYXUJIECH-
HbIMH dacTHBIMU Moaensimu // Tp. I'mapomerunentpa CCCP. 1989. Bem. 299.-C. 51-
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Pedepar

B craTpe npencTaBisrOTCSA pe3yabTaThl IPOCKTUPOBAHUS JINHEUKN
00pa30oBaTeNbHBIX MPOTPaMM IOATOTOBKU CIELUAINCTOB HH)KEHEPHO-
TEXHUYECKOTO npodus B paMKax HaIlpaBJICHUS
«MHPOKOMMYHUKALIMOHHBIE TEXHOJIOTMM M CUCTEMBI CBSI3W». JIMHeika
0o0pa3oBaTeNbHBIX MPOrpaMM BKJIIOYAET OOydeHUEe I0 Mporpammam
JONOJTHUTENBHOrO 00pa3oBaHMUs B paMKax IIKOJIbHOM MpOTrpaMMbl,
oOpa3oBaTelIbHBIX  MporpamMm  OakajaBpuata W MarucTpaTypbl.
[Iporpammbl ~ peasu3yroTCsi B CETEBOM  B3aUMOJCHUCTBUH  C
00pa30BaTeNbHBIMU OpPraHU3alUSAMU OOIIET0 CPEJHEr0 U BBICIIETO
oOpazoBanusi. OcHOBOI peanu3anuu 00pa30BaTENbHBIX MPOrpaMM
SABJISIETCS TPOEKTHBIN TOAXO/.

BBEJIEHHUE

[IpumeHeHre TPOEKTHOTO OOydYeHUsT B HWHKEHEPHOM OOpa30BaHHH
SBJISFOTCA AaKTyaJbHOW TEMOW MHOTOYMCIIEHHBIX HMCCIEAOBAHMMU IOCIEIHErO
BpeMeHH. Benymue texHuueckue By3bl Poccuiickoii ®enepanuy akTUBHO
M3Yy4aroT METO/bl UCIOIB30BaHUsI MPOEKTHOTO 00y4YeHUs: B 00pa3oBaTEILHOM
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npouecce. Ilpm 3TOM 3a4acTyr0 HHUIMATOPOM BBEACHHUS IPOEKTHOIO
oOy4yeHHsI B BY3€ SBISIOTCS CIEHUAIHNCTBI, KOTOpbIE HMEIOT 0a30oBoe
oOpa3zoBaHue B OOJacTH yNpaBleHUs MPOEKTaMU, YTO NPHUBOJUT K
ONpEEIIECHHOMY HCKaKEHHUIO  COJEpP)KaHUs IPOEKTHOM  JAESITENbHOCTH,
XapakTEepHOW I HWHXKEHEpHOro Ttpyna. Jleno B TOM, 4YTO Ui Lenen
dbopMUpOBaHUS  MHXKEHEPHBIX  KOMIETCHLMH, oOydaromuecs JIOJKHBI
NPUHUMATh y4acTHE B peaju3aldyd TEXHUYECKUX MPOEKTOB, LEIH U 3aJayu
KOTOpBIX OTJIMYAKOTCA OT HHBECTULHMOHHBIX M YIPABICHUYECKUX NPOEKTOB,
IPUHLMIBL peaan3aluyd KOTOPBIX, 3a4acTyl0, 3aKJIaJbIBAlOTCd B KadyeCTBE
OCHOBBI TMPOEKTHON JEATENBbHOCTU JUIsl OOy4YaroUIMXCs 10 HHXXEHEPHBIM
HaIpaBJICHUSIM.

[lenpt0o  TEXHMYECKOTO  MPOEKTa  SBISETCS  HE  IOJIy4CHHE
HKOHOMHYECKOT0 P deKTa, a Co3JaHue U3JeNHsI UIU CUCTEeMBbl. TeXHUYeCKUi
IPOEKT MOXKET BBICTYIATh KAK MOJIINPOEKT 00Jiee KPYMHOTO WHBECTHUIIMOHHOTO
npoekta. OIHaKO COAEPKATENbHO OTJIIMYAETCS OT MOCIEAHETr0 MO KPUTEPUIM
sppextuBHOCTH. OCOOEHHO BaYKHO 3TO YUMTHIBATh MIPHU pean3aluu y4eOHBIX
TEXHUYECKUX IPOECKTOB, IJIABHOW MLEJIBI0 KOTOPBIX SIBISIETCS JOCTHKEHUE
HEO0OXO0JIMMOT0 Ka4yeCTBa MHKEHEPHOU MOATOTOBKH.

TexHnyeckoe MPOEKTUPOBAHUE JOJKHO oOecrednBaTh (popMUpOBaHUE
KOMIIETEHIIMI IIOJIHOTO JKU3HEHHOI'O LMKJIA W3JEIUs WIM CHUCTEMBI OT
(GOpMYIMPOBKM TEXHUYECKOM uAeH [0 YTUIM3ALUH U3-32 MOPAIBHOIO
ycTapeBaHHs depe3 pa3paboTKy, co3laHue W BBOJ B dkciutyataruio [1]. Tpu
TOM KeJaTeabHO, 4YTOObl B IIpolecce o0OydeHus Oyaylmuil HHXEHep
obecrieynBall peaau3ali0 BCEX 3TAllOB JKM3HEHHOIO IMKJIA HW3JeNUs WIN
CUCTEMBl HECKOJIBKO pa3 Ha pa3HbIX YPOBHAX CJIOKHOCTH TEXHHUYECKOIO
MIPOEKTA.

B Hacrosmie# craThe paccMaTpHUBAETCs INPUMEHEHUE ONMCAHHOIO
MOIX0/la K OPraHU3alMi TEXHUYECKOIO MPOEKTUPOBAHMS B PaMKax CETEBOIO
B3aUMOJICHCTBUSA B CTPYKType ILIKOJa — BY3 IPH JBYXYPOBHEBOW MOJIENH
BbIcIIEro oOpazoBanus. Ilpu 3Tom B mpouecce oOydeHuUs pealnsyeTcs TpU
IIUKIa TEXHUYECKOro IPOEKTUPOBAHMS — B IIKOJIE, NMPH OOYyYEHUH IO
nporpaMMe OakanaBpuaTra M IO IporpaMMe Maructparypsl. s kaxiaoro us
ATUX LMKIOB OMNPEIENSIOTCA 00lMe MPUHIMIBI OpraHU3alud TEXHUYECKOTO
IIPOEKTUPOBAHUS.

TEXHUYECKOE ITPOEKTUPOBAHUE B IIKOJIE

B pamkax corpymHuuectBa Mexay CypryTcKUM TOCYIapCTBEHHBIM
YHUBEpCUTETOM U o00ImeodpasoBatenbHoil mmikonod Ne7 1. Cypryra 1o
peanu3anuy MporpaMM OCHOBHOTO M JIOTIOJIHUTENILHOTO 0Opa3oBaHUs Ha 0aze
MYHHUIIMIAIBHOTO ~ PECYpCHOTO  IIEHTpAa HWHXEHEPHOTO  OCYIIECTBIISIETCS
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noarotroBka yueHuKoB 10 u 11 knaccoB o nporpamme «/HTEpHET Bewiei».

[Iporpamma  peanu3yercs B COOTBETCTBUHM C  TpeOOBaHUAMU
cnenuuKau  CTaHAAPTOB  MeXAyHapomHoro mpoekta  WorldSkills
MOJITOTOBKM  BBICOKOKBATM(DUIIMPOBAHHBIX  CHEIMATUCTOB  COBPEMEHHBIX
pabounx  mpocdeccuit. Ilporpamma  opueHTHpOBaHa Ha  MOITAIHOE
MPAKTUYECKOE OCBOCHME Pa3/IeNIOB TEMAaTUYECKOTO IJIaHa, KOTOPBIM, C TOUKH
3pEHHsI JIYYIeH MEXIyHApOJHOW MPAaKTHKH, OOSCTICUYMBACT TEXHUYECKYIO W
po¢eCCHOHANBHYIO 3P PEKTUBHOCTD CHelaiIncTa B cdepe
MH(POKOMMYHHUKAITHH.

B nanHOll mporpaMMe HCHOJB3YIOTCS 0Opa3oBaTeNbHbIE TEXHOJOTUU
MOJITOTOBKM MH)KEHEPOB, HAIIPaBJIEHHbIC HAa (POPMHUPOBAHHE KOMIECTEHIIUNA IO
00eCreyeHHIO MOJHOr0 KU3HEHHOrO0 LHMKIJIAa TEXHHMYECKOrO YCTPOMCTBA WIIH
cucteMbl. OcHOBOW 00pa30BaTeIbHOIO Ipolecca SBISIETCS MPOEKTHBIN
NOJXOA, NMPU KOTOPOM YyHallMecs IOCIe0BaTENbHO IPOXOAST BCE CTaIUU
pean3aii TEXHUYECKOr0 MPOEKTA.

OneHuBaHue peE3yJabTATOB OCBOEHHUS OOpPa30BaTENbHON MpPOrpamMmbl
OCYILECTBIISIETCS MO OKOHYAHUM KaKJIOr0 M3 3TAlOB CKBO3HOI'O IMPOEKTa IO
CO3/IaHUI0 MTHPOKOMMYHHKAIIMOHHOTO YCTPONHCTBA H/HITN CUCTEMBI:

1) Pa3paboTka uien TEXHUUECKOro MPOeKTa — MPe3eHTaIUS.

2) MopnenupoBanue  pajMOd’IEKTPOHHOTO  CEHCOpPHOro  Ojoka
MPOEKTUPYEMOT0 YCTPONCTBA — IEMOHCTpalus pabodeit Mojenu.

3) Coznanue PaZMO3IEKTPOHHOTO CEHCOPHOTO Os0Ka
MPOEKTUPYEMOT0 YCTPONCTBA — IEMOHCTpalns pabodyero Makera.

4) [lopkntoueHue paguodJIEKTPOHHOTO CEHCOpPHOro OJoka K
cepBepy UHTEepHET — IeMOHCTpaIus paboyel CUCTEMBL.

5) Pa3paboTka npuiiokeHHsl AJi1 MOOMJIBHOIO YCTPOWCTBA CBSI3U

Ui AUCTAHIIMOHHOTO YIPABJICHUS I1EJNEBBIM (U3HUUECKUM OOBEKTOM —
J€MOHCTpAIUs pabOTAIOIIETO U3ACIIHS.

6) [Ty6nununas 3ammTa pa3pab0TaHHOTO TEXHUYECKOTO IIPOEKTa.

[lepBbie MATH 3TANIOB peaU3aIMi CKBO3ZHOTO TEXHHUECKOI'0 MPOEKTa 0
CO3MaHMI0  MH(POKOMMYHUKAIIMOHHOTO  yCTPOMCTBA  W/WJIM  CHUCTEMBI
peaIu3yloTcsi ¢ MPUMEHEHHEM TOCJIEeIOBATEIbHOCTH OJHUX W TeX Ke
o0Opa3oBaTesbHbIX (HOPMATOB:

1) Cepust mpoOJIEMHBIX JIEKIHI, o0ecnieunBaronnx GopmMupoBaHue
Yy YYEHHUKOB HEOOXOIMMBIX 3HAHUU MO OOBEKTAM MPOEKTHOU AESITEIbHOCTH
TEKYIILIETO 3Tara;

2) Cepus MPaKTUKYMOB o OCBOEHUIO KOMIIETEHIIUH,
HEOOXOJIMMBIX ISl CO3JaHMsl OOBEKTAa MPOEKTHOW JIESATEIHHOCTH TEKYIIETO
JTamna;

3) [IpoexTHast  ceccus, TOCBSIIEHHAs  CO3JaHUI0  OOBEKTa
MPOCKTHON  JIEATEIbHOCTH TEKYIIero JTama, a Takke HeoO0X0oauMoi
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TEXHUYECKOW  JOKyMeHTauuu. Peanmuzauuss mpoeKkTa  OCYLIECTBISETCS
IIPOEKTHBIMU T'pyNHamu 1Mo 2-3 y4yeHuKa B rpyImIe;

4) [Ipobnemuast nuUCKyccusi, B XOJ€ KOTOPOW OCYIIECTBISICTCS
JEMOHCTpalsi M OOCyXJIEHuE  pPe3yJbTaTOB  OUYEPENHOr0  JTana
IPOEKTUPOBAHUS, IMPOMCXOAUT TEKyllas KOPPEKTHPOBKA HJEU INPOEKTa H
CIOCOOOB €€ pean3alkH.

JUig  peanu3auuy MpOrpamMMbl  HCHOJIB3YETCS  CHEUATU3UPOBAHHAS
nabopaTopus o pa3paboTke NHPOKOMMYHHKAITMOHHBIX YCTPOHCTB U CUCTEM B
COOTBETCTBMU C KoHuUenmuend «MHTEepHET Beliei», YKOMIUIEKTOBaHas
NEPCOHAIBHBIMU KOMIIbIOTEpAMH, MOAKIIOUEHHBIMU K ceTu WHTepHeT, ¢
NPeIyCTaHOBIEHHBIM TPOTpaMMHBIM obecrieuenneM Arduino, SystemVue,
Lazarus 1 BO3MO>XKHOCTBIO paboTath ¢ cepBepoM Mateprer ThingWorx.

TEXHUYECKOE IPOEKTUPOBAHUE 1P OBYYEHHUMU 11O
ITPOTPAMME BAKAJIABPUATA

Ecnu mpoektHoe oOydeHue mpH peanusalii mporpaMmbl 00y4deHHs B
LIKOJIE HOCHUT, CKOpEE, O3HAaKOMWTEIBHBIM XapakTep U CIYXUT LEIH
NOTpY’KEHUsT B  00JIaCTb MHXXEHEPHOTO TBOPYECTBA, TO IporpaMmma
OakinaBpuaTta  MOApPAa3yMeBAaeT  CHCTEMHOE  Pa3BUTHE  HMHXKEHEPHBIX
KOMIIETEHI[UI A0 YPOBHS, IOCTATOYHOIO JIJIsi CAMOCTOSITEIbHOTO BBIIIOJIHEHUS
WHKEHEPHO-TEXHUYECKUX POEKTOB.

B pamkax nanpasinenus «MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTH U
CUCTEMBl CBS3U» BCE JUCUUIUIMHBI y4eOHOro MiiaHa CcGOPMHUPOBAHBI B
CJIEIYIOIINE MOAYJIH:

1) T'ymanuTapHblii MOAYNb — LENbIO pealu3alUu SBISETCS Pa3BUTHE
OOUIEKYNbTYPHBIX KOMIeTeHIui. B pamkax wmoayns ocoboe BHHUMaHUE
yIENIAeTCs] Pa3BUTHI0O KOMMYHUKATUBHBIX KOMIIETEHI[MM, BKJIKOYAs OCBOCHHE
MHOCTPAHHOIO fA3bIKA Ha YypPOBHE, JOCTATOYHOM JJSi MPOXOXKACHHUS
MEXIYHAPOTHOU cepTUUKALIMY 110 HHOCTPAHHOMY SI3BIKY.

2) EcrecTBeHHO-HAy4YHBIH MOAYJIb — LEJbI0 peau3aluu SBISAETCS
pa3BUTHE  KOMIETEHIMH  WHXEHEPHO-TEXHUYECKOIO  MBIIUIEHUS U
(dbopMUpoBaHHE a/IEKBATHOE €CTECTBEHHO-HAYYHOW KAPTUHBI MUPA.

3) OOmuii MHXEHEPHO-TEXHUYECKUH MOJYJIb — IENbI0 pealn3aluu
SABJISIETCS. Pa3BUTHE KOMIIETEHIIMI, CBOMCTBEHHBIX BCEM CIELHAINCTAM —
uHXKkeHepaM. B pamkax Moayns  OpeaycMOTpEHbl  BUJIbl  3aHATHUH,
o0ecreynBaronux Hayayo dbopmupoBaHus HaBBIKOB MIPOEKTHO-
KOHCTPYKTOPCKOM J1€ATEIbHOCTH.

4) TlpodeccroHanbHBIA TEOPETUUECKUN MOAYJIh — LIEJbIO pealu3aluu
aBigercd (OpPMHpPOBAHUE HCCIEAOBATENBLCKUX KOMIETEHIMI B pamKax
HarnpaBiieHus «MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH U CUCTEMBI CBSI3M». B

96



paMKax MOJyJs TNPEIyCMOTPEHbl BUJIbI 3aHSTHI, HAMNpPaBICHHBIX Ha
OpPraHU3aLMI0 TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX UCCIIEA0BAHUM.

5) CxeMo- W CHCTEMOTEXHHUYECKHUH MOIYJIb — LEIbI0 peaau3aiiuu
aBisgeTcs (POPMUPOBAHHE KOMIIETCHIIMKA 10 MPOCKTHO-PACUETHOMY BHIY
NEeATEIbHOCTU. B paMkax MoOAyJis BO BCEX IHCHUINIMHAX MPEIYyCMOTPEHBI
OTHEeNIbHbIE ~ MHUHUIIPOCKTHI,  3aTpardBaroliue  OTJEIbHBIE  00JIacTH
npodeccuoHanbHON AESTEIBHOCTH.

6) [IpodeccronanbHBI MOTYIb — HENBIO PEATH3AIIIN MOJIYJIS SIBIISIETCS
dopmupoBaHre NPOPECCHOHATBHBIX KOMIETEHLIMH B pamMKax HOpoduiis
«CucreMbl paiMoCBs3U U panoAocTyna». B pamMkax Moayis npeaycMoTpeHa
peanu3anys CKBO3HOTO TEXHUYECKOTO IIPOEKTa B pPaMKax KOHILENIWH
«HTepHeT Bemei». Moaynp peanusyercs, IPeUMYIIECTBEHHO, Ha 4-M Kypce
Y 3aKaHYMBAETCA BBITIOJIHEHUEM BBITYCKHOW KBaTH(PUKALMOHHOW pabOThI
OakamnaBpa.

7) Marucrepckuii MoAyib — IEJIbI0 pealn3alud MOJYJS SBISETCS
dbopMUpoBaHHE HCCIEAOBATEIBLCKUX KOMIETEHIMI B paMKax HamlpaBlICHUS
«MHPOKOMMYHUKAIIMOHHBIE TEXHOJOTMU M CHUCTEMBI CBs3M». B  Moaynb
BXOMAT  JIUCIUIUIAHBI, BBOASIIMNE B  TPOOJIEMATHKYy  MAarucCTEPCKOM
00pa3oBaTeIbHOM MPOrPaMMBbI [0 ITOMY K€ HaIPABICHHUIO.

TEXHUYECKOE IPOEKTUPOBAHMUME ITPU OBYYEHUU IO
ITPOTPAMME MATUCTPATYPbI

[IporpaMmma  MaructpaTypbl  SBJISIETCS  LEJIMUKOM  MPOEKTHO-
OpPUEHTHUPOBAHHON. OCHOBHBIM BUIOM JEATEIBHOCTA MAaruCTPAaHTOB SIBJIAETCS
paboTa HajJ MarucTepcKoil Auccepranueii, KoTopas 3aKjIlo4aercs B pa3padoTke
MpOeKTa B COOTBETCTBUM C BBIOpAaHHOW TeMaTUKOW. JIMCIMILTUHBI
MarucTepcKkoi 0Opa3oBaTeIbHON MPOrpPaMMbI HOCST HAIIPABJIAIOIINNA XapakTep
U pEaIu3ylTCi C  HMCIOJIb30BAHHEM  TEXHOJIOTMHM  JUCTAHIIMOHHOTO
AJNIEKTPOHHOTO OOY4YeHHs, UTO TIO3BOJIIET TMPUBJIEKATh K pealu3aluu
MAarucTEPCKOU IMPOrpaMMbl CIIENUAIMCTOB CO BCETO CBETA.

B pamkax paboTbl HaJ MarucTepcko auccepTanuell MarucTpaHt
00s13aH HE TOJBKO TMPEJICTaBUTh IMOJHOCThIO 3aKOHUYEHHBIH TEXHUYECKUM
IPOEKT, HO M NPOBECTH €ro aHaJIU3 C TOYKU 3pEHUS HHBECTULIHMOHHOU
IIPUBJIEKATEIBHOCTH.

Pe3ynbraThl MarucTepckoilt paboThl B 00s13aT€TLHOM MOPSIKE TPOXOISIT
yepes3 Mpolenypy HayqyHoOU anpobaiuu.

3AKVIIOYEHHUE

Takum  oOpazoMm, opraHuzanus OOy4eHHS TIO  HaIlpaBJICHHUIO
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«MHPOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH U CHUCTEMBI CBSI3M» COCTOUT U3 TPEX
IMKJIOB TEXHUYECKOTO MPOCKTUPOBAHUS, pPEAIU3yeMbIX B  CETEBOM
B3aMMOJICHICTBUM C OpraHM3alMsIMH OOIIero W BhIciIiero oOpa3oBaHus. B
Ka)XJIOM U3 LIUKJIOB PEeIIaeTcsi CBOs 3ajaya.

KoneunsiM pe3ynbTaTOM OCBOEHHUs 0O0pa30BaTENbHBIX TMPOTPaMM
SABISIETCS pa3paboTka, KaKk MHHHUMYM, TEXHHUYECKOTO0, a KaK MaKCHUMYM,
WHBECTUIIMOHHOTO TTPOCKTA.

Bce Tpu nukiia cBs3aHbl €AUHON JIOTUKOW M COOTBETCTBYIOT KOHIIEILIMHU
«naTepuera Bemiei». OnHako Marucrepckass oOpa3oBarelibHas Mporpamma
MOXET pPEaIN30BBIBATECA U B PAaMKax HHBIX KOHIIENTOB, MOCKOJIBKY HOCHUT
BBIPaKEHHBIN MPOEKTHO-UHIUBUAYATbHBIN XapaKTep.

Peanuzanusa  yka3aHHOM JIMHEWKM  0Opa30OBaTEIbHBIX MPOrpaMM
MPUBOJIUT K HEOOXOIUMOCTHU Pa3zpabOTKHU COOTBETCTBYIOUIETO COJIEPKaHUSA U
cranaaptu3auud. OcHoBaHWeM [JIsi (OPMHUPOBAHMS JMHEHKHU MPOTPaMM,
obecreynBaronieii HeOOXOUMBIN YPOBEHb M Ka4eCTBO peaju3allid mporiecca
oOyuenus, nomumo DeaepaiabHBIX TOCYJAPCTBEHHBIX 00pa30BaTENIbHBIX
CTaH/IapTOB BBICHIETO OOpa30BaHMs, SBISETCA CHUCTEMa MEXKIyHAPOJHbBIX
CTaH/IapTOB TOJTOTOBKM WHXeHEepHbIX KkaapoB CDIO, a Taxke cucrema
MEXTyHapoIHBIX KBanupukamnoHubix cranaapTos WorldSkills u JuniorSkills.

CCBIJIKA

[1] Campbell, D., Beck, H. (2010) Toward Internationalized Engineering Curriculum
and Student Mobility [Daextp. pecypc] //CDIO Knowledge Library. Cambridge,

MA; Worldwide CDIO In-itiative. URL:
http://www.cdio.org/files/document/file/T2A_Paper_3.pdf [apxuBHpOBaHO B
WebCite].

98


http://www.cdio.org/files/document/file/T2A_Paper_3.pdf

NCSIE

A

MexayHap MYNbTUKOH(EpPeHL U

CeTeBoe NapTHepPCTBO B Hayke,
NpOMbILWNEHHOCTH U 06pa3oBaHUmn
4-6 wiona 2016, Cauxr-Metepbypr, Poccus

OIIBIT U ITIEPCIIEKTUBBI PAZBUTHUSA IPOI'PAMMBI
BLETHAMO-POCCUHACKOI'O TEXHOJOI'MYECKOI'O
YHUBEPCUTETA

. T'. Apcenbes, B. 1. Mamorun, B. B. [Torexun,
Cankr-IlerepOyprekuit nonutexunyeckuit yausepeutet [letpa Benukoro,
Poccus

Hryen Cyan Trem, Hryen Hrok Tyan, Han Konr ®an
Texunuecknii uHCTUTYT UMenu Jle Kyii JloH, BeeTHam

PasButne eguHOrO0 00pa3oBaTENHHOTO MPOCTPAHCTBA, (OPMHUPYEMOTO B MUPE
C CepeMHbI IEBSIHOCTHIX TOJ0B B paMKax booHCKOro mpouecca, Hepa3pbIBHO CBs3a-
HO C IMTOMCKOM HOBBIX WHHOBAIIMOHHBIX (DOPM MOJTOTOBKH BBICOKOKBATHU(HUITIPOBAH -
HBIX CIEIUAIMCTOB MO Hanbojee BaXKHBIM CTPATETHUECKH MEPCIEKTUBHBIM HAMpaB-
JICHUSIM Pa3BUTHUS HAYKU U TEXHUYECKOTO mporpecca. OMHUM U3 TaKUX aKTyaJlbHBIX
HaIlpaBJIEHUN OCTAETCs MOJATOTOBKA CIELMAIMCTOB MO NEPCIEKTUBHBIM CHEIUAIbHO-
CTSIM, TAKAM KaK CUCTEMbI U TEXHOJIOTHH YIIPABJICHUS.

B 2012 r. Poccuro nocerun I[lpesunent CPB Usionr Tan Illanr, cocTosuiuch
BCTpeurn Ha BbicuieM ypoBHE. IIpesuaent P® B.B. IlyTuH 3asBHII, 4YTO «OJHUM W3
HauboJsiee 3HAUMMBIX HampaBlIeHU siBiseTcs coTpyaaudectBo Poccun u CPB B o6na-
cTi 00pa3oBaHMs U MOATOTOBKH KanpoBy. ['ocrioguna Usionr Tan Illanr B cBOEM BBI-
CTYIUICHMH OTMETHII, YTO ceiyac MoJo/iexkb BbeTHama mo-npekHeMy BbiOupaet Poc-
cuiickyro Denepanuio B Ka4ecTBE MeCTa ydeObl M JKEJIaeT BHECTH CBOW BKJIAJ B
YKpEIUICHUE JIPYKECKUX CBSI3€d MEXAYy HapoJaMu HallUX CTpaH. ExkeroaHo 4uciio
BbETHAMCKUX cTyJaeHTOB B P® Bo3pacraer Ha 500-700 uenoBexk. MHorue moiopapie
JIOJIM U3y4aloT PYCCKUM A3BIK B KAUECTBE MHOCTPAHHOTO, YTOOBI Jy4llle y3HATh CTpa-
HYy, POCCUMCKHMI HApOJ M repordecKyro ucropuro Benukon Poccun. I'-H Uslonr Tan
[lanr BBIpa3wiI HAAEKIY, YTO B OyaymeMm B Poccum mo BceM KIIOYEBBIM CHEIHAIb-
HOCTSIM CMOTYT 00y4aThCs ACCATKU THICSY BLETHAMCKHUX CTY/ICHTOB.

Co3nanne BbreTHamMO-POCCHICKOTO TEXHOIOTHYECKOTO YHUBEPCUTETA SIBUTCS
HaIJISIIHBIM CBHJIETEIIBLCTBOM PEAIH3ALUU POCCUNCKO-BBETHAMCKOIO CTPATErHYECKO-
ro MmapTHepCcTBa B 00JIacTH 0O0pa30BaHUWs, HAYKH U TEXHOJIOTHH, a TaKXkKe MpaKThye-
CKUM TIONTBEPKACHUEM HE3bI0ONIEMOCTH OTHOUICHWH IpyXObl Mexay Poccueir u
Bretnamom. OcHoBHas 1enb npoekTa: OCHOBHOW LIETBIO MPOEKTA SIBISETCS OCYIIE-
CTBJICHHE CKOOPAWHUPOBAHHON TOATOTOBKH KBaTH(PUIMPOBAHHBIX CIEIHAIHCTOB
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JUI1 BBICOKOTEXHOJIOTMUYHBIX OTpacjeil NpOMBIIIIEHHOCTH BbeTHama M Hay4HO-
HCCIIEIOBATENbCKOM JEATENLHOCTH Ha OCHOBE COIVIACOBAHHBIX MHHOBAIIMOHHBIX 00-
pa30BaTeNbHBIX NPOTrpaMM MO CHENHMATbHOCTSIM, MPEICTABISAIOIIMM MPUOPUTETHBIN
MHTEpEC U1 HayYHO-TEXHUUYECKOTO U COLIMAJIbHO-IKOHOMUYECKOTO Pa3BUTHUS 00EHX
CTpaH, a TaKXe COJIeIiCTBUE MOJEPHU3AIMM CUCTEMBI BBICIIEro 00pa3oBaHus BreTHa-
Ma B COOTBETCTBHH C COBPEMEHHBIMU 00pa30BaTEIbHBIMU CTAaHAAPTAMU B PETHOHE U
MHUpe.

CoBMecTHBIE TPOrpaMMBbl OTKPBIBAIOT IIMPOKUE BO3MOYKHOCTH HHTETPHUPO-
BaTh HAay4YHBIN U MeJarorn4eckuii MOTeHIHal By30B-NAPTHEPOB Ul PELICHUS TaKUX
aKTYyaJIbHBIX 3a/1a4 KaK IMOBBIIICHUE KaUeCTBEHHOTO YPOBHS O0YYEHUs, TOUCK U pea-
au3aiya HOBBIX (hOopM A(PPEeKTUBHOTO B3aUMOIEWCTBUS HAyUHBIX M 0Opa3oBaTelb-
HBIX IIIKOJI By30B-ITAPTHEPOB, BHEJPEHNE HOBBIX NMPOTPECCUBHBIX (DOPM MEKKYIBTYP -
HOTO B3aUMOJICHCTBUS.

OcHOBHbIE HaNpaBJIEHUS COTPYAHUUECTBA JIEKAT B 00J1aCTH pa3pabOTKU U pe-
aJIM3alil MEXIYHApOIHBIX 00pa30BaTENIbHBIX MPOrpaMM BCEX YPOBHEH, MpOrpamm
CTa)KMPOBOK IPENOAABATEIBCKOIO COCTaBa, aCIIMPAHTOB, COTPYAHUKOB POCCUHCKUX
YHUBEPCUTETOB U 3apyOeKHBIX BY30B-IIAPTHEPOB U BBIIIOJHEHNE COBMECTHBIX Hayu-
HBIX NPOEKTOB. OJJTHUM U3 NEPCHEKTUBHBIX HANIPaBICHUN MOATOTOBKH CHEIMAINCTOB
BBICOKOM KBaJlM(UKAIMH, UCTIONB3YEMBIX B MEXAYHAPOJHOM aKaJAeMHUYECKOM CO00-
LIECTBE, SBJISIOTCS COBMECTHBIE HAYYHO-00pa30BaTeIbHbIE IPOrPAMMBI.

IIpennonaraercsi, 4YTo Takue MPOrpaMMbl JOJKHBI OBITh OPUEHTHPOBAHBI HA
TapMOHUYHOE JIOCTHKEHHUE JBYX OCHOBHBIX ILIEJIEH: BO-TIEPBBIX, 1aTh (yHIAMEHTAIb-
HYIO TEOPETUYECKYIO IOJTOTOBKY, MTO3BOJISIONIYIO 3((PEKTUBHO HCIOIB30BATh ITy00-
KM€ TEOPETUYECKUE 3HAHUS CIIELUANNCTa [l PEIIEHUS] HAa BHICOKOM YPOBHE CIIOXK-
HBIX HayYHBIX M HCCIIEI0BATEIbCKUX 3a/1a4. Bo-BTOpPBIX, CHOpMHUPOBATE yCTOMUUBBIE
HaBbIKM U YMEHHE B MCIOJIb30BAaHUM MOJYYEHHBIX 3HAHUU AJI PEIICHUS IIUPOKOTO
Kpyra NpUKIaJHbIX HHKEHEPHBIX 3a/1a4. ['apMOHNYHOE MCII0JIb30BaHUE 3TUX COCTAB-
JSIOIMX B TECHOM B3aMMOCBSI3U IO3BOJISIIOT MOATOTOBUTH CIELUAINCTOB HOBOI'O
THMA, 3PPEKTUBHO UCIIOJIB3YIOIIEr0 INTyOOKHE CUCTEMHBIE 3HaHUS B PEIICHUU peallb-
HBIX IPUKJIAHBIX TPOOIIEM.

B kauecTBe mpumepa MOXKHO pacCMOTPUM Y4e€OHO-METOANYECKHHA KOMILIEKC
o0pa3zoBaTenbHON pOorpaMMel 1o crieranbHocTH 220201 «Ynpasnenue u uHGpopma-
THKAa B TEXHUYECKHX CUCTEMax», B pabounii yueOHBIH IUIaH KOTOPOro IO COrjiacoBa-
Huto ¢ Cankr-IleTepOyprckuM MoIMTEXHUYECKUM YHUBEpCUTETOM, Poccuu, Obul
BKJIIOYEH psii y4eOHBIX IUCHUIUIMH (eAepalibHbIX, HAIMOHAJIbHO-PETHOHAIBHBIX
KOMIIOHEHTOB, U JUCIUILINH 110 BHIOOPY MAaTEMAaTUYECKHX M €CTECTBEHHO-HAYYHBIX,
o011e-npoQecCHOoHaNbHBIX U CHEIHMAIbHBIX LIUKIIOB, BKJIIOYAIOIIUX MPAKTHUYECKUE U
71a00paTOPHBIE 3aHATHS J1JIS HAILIUX CTY/IEHTOB.

Jlns mpoBesieHus! J1abOpaTOPHBIX M NMPAKTHUECKUX 3aHATUI IO BbIIIEHA3BaH-
HBIM JIUCIMITIMHAM, aKTyaJIbHBIM SIBIISIETCSI HAJIMYKE Y4eOHO-I1a00paTopHOro 000py-
JIOBaHUs, METOAMYECKMX MaTepHajoB IO OpPraHU3allMM TaKUX 3aHATUH, 4yTO, 0Oe3-
YCIIOBHO, TpeOyeT crenualbHOW TOJATOTOBKM M HABBIKOB INpemnojaBateneid. [Ipume-
POM Takoro o060pyOBaHMs CIyXKaT UHTETPUPOBAHHBIE CTEH bl YIIPABIECHUS JUCKPET-
HBIM M HENPEPBIBHBIM TEXHOJIOTHYECKHMH TIPOLIECCAaMH, CO3JaHHBIMU Ha 0aze Tex-
Huyeckoro nHctuTyta umeHu Jle Kyit JIoH, cum. puc. 1 u 2, cOOTBETCTBEHHO.
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Puc. 2. JIaboparopus kadeapsl ABTOMAaTUKH U BEIYUCIUTEIbHON TEXHUKH.
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B cootBercTBUM ¢ pabouumu miuaHamu Ha kadeape ABTOMaTHKa M BHIYMCIIHU -
TeJbHAs TeXHUKa ['ocynapcTBeHHOro TexHuYeckoro ynusepcurera um. Jle Kyn Jlona
CO3/1aHa U pealin30BaHa MporpaMMa CTaXXHPOBKHU IpenojaBaTeneil, 00beAUMHAIOmAs B
cebe kak HampaBJieHHEe WH(OOPMATUKHA U BHIYUCIUTEILHOW TEXHHUKH, TaK U yIPaBJIe-
HUE B TEXHUYECKUX CUCTEMAX.

Caymateny mporpaMMbl IMEIOT BO3MOXHOCTH OoJiee IeTalbHO M3YYUTh MeE-
TOJIMKY TpPENoAaBaHUs M y4eOHbIE M BCIIOMOTAaTeNIbHbIE MOCOOWS MO Pa3TUYHBIM
y4eOHBIM JIMCLUUIUIMHAM IporpamMMmsbl. B neproj cTaXXUpoBKU CIIyIIATEIH COBMECTHO
C mpernoAaBaTensiMu Kadeapsl pa3padaTbIBalOT KYypPChl JEKIUN U MPAKTUYECKUX 3aHS -
THI, KOTOpBIE MOTYT OBITh pealn30BaHbl U B By3e-maptHepe. B wactHOoCcTH, ¢ ['ocy-
JApCTBEHHBIM TeXHUYECKUM yHuBepcutretoM uMm. Jle Kyn JloHa B nepuoa ctaxupos-
KU TIpero/iaBaTesieil ObUIH IeTaTbHO MPOopadoTaHbl MEPCIIEKTUBBI PA3BUTHSI COBMECT-
HOM IpOrpaMMmBbl 110 OJATOTOBKE CTYJI€HTOB BreTHama.

OCHOBHBIMHU pe€3yJbTaTaM Hay4YHO-HCCIIEOBATEIbCKON pabOThl CTYJEHTOB,
HECOMHEHHO, SIBJISIETCS anpoOalysi 3TUX pe3ylbTaToB, a IMEHHO IMPEICTaBICHHE Ma-
TEpUAJIOB M BBICTYIJICHHE C JOKJIAJOM B paMKaX HAy4YHOW KOH(EpEHIIMU WM CEMHU-
Hapa. Ctaxupysch Ha kadeape ABTOMATUKH U BBIYUCIUTEIHHON TEXHUKHU CITyIIATE-
JI1 HE TOJIbKO 3HAKOMSITCS C TEXHOJIOTMEH MOATOTOBKH M IMPOBEJIEHUS TaKUX MEpO-
MPUATHI, HO ¥ TPUHUMAIOT Y4aCTUE B MX MOJIrOTOBKE, HEMOCPEeACTBeHHO. Tak B 2014
rony B ['ocygapcTtBeHHOM TexHM4YeckoM yHuBepcutere uM. Jle Kym JloHa orpanuso-
BaHa MexnayHapoanas BbeTrHamcko-Poccuiickas KOH(eEpeHIUs MOJOABIX YUYEHBIX
«Automation & Controly, cTygeHTaMu pa3IUYHBIX KypCOB TPEIACTABISIINCH pe-
3yNbTaThl MX HAy4YHO-HCCIEN0BaTENbCko paboThl. [log pyKOBOJACTBOM CTaXepoB
OBUT TIOATOTOBJICH PSAJ] BBHICTYIUICHHH CTYACHTOB, YbH JOKJIAIbI 00CYX/IaJHCh Ha ce-
muHape kadeapol. B 2014-om 2016-oM MHOTHE TIperiofaBaTes U3 HHCTUTYTa HHPOP-
MaIllMOHHBIX TEXHOJIOTUN YIpaBJICHUS MpenojaBaii BbeTHAMCKUMHU CTyJEHTaMU
yausepcuteta Jle Kyu Jlon nmo HanpaBneHuto «YmpasieHue u HHPopMaTHKa B TeX-
HUYECKUX CUCTEMaX».

Cnenyer OTMETHTb, YTO MHpPH MPOXOKACHUH CTAXXUPOBKU MPENOJABATENH,
y4acTBYyIOIIKE BO BbeTHaMCKO-POCCHICKON MporpamMme, MU3y4WJIM U OCBOWIIA BEChH
LUK pa3pabOTKH, BHEAPEHUS U anmpoOalvy MpenojaBaHusl AUCHUILIMH B 00JacTH
COBPEMEHHBIX CHUCTEM U TEXHOJIOTUM YIpaBJIeHUs, MPUMEHIEMBIX BO MHOTUX c(epax
HayKy U MPOU3BOJICTBA. B CBOIO ouepenp 3TH JUCHUIUIMHBI OCHOBBIBAIOTCS Ha Mepe-
JIOBOM YPOBHE Hay4YHO-TEXHHYECKUX Pa3pabOTOK, pe3ysbTaThl KOTOPBIX BHEIPSIFOTCS
B 00pa3oBaTeNbHBII mpoiiecc.

[1] Aseniev, D.G., Overmeyer, L., Potekhin, V.V., Shkodyrev, V.P. Educational and Re-
search Training Program for IT-specialists in International Academic Cooperation,
Results of Join Research Activity of Scientists from Saint-Petersburg State Polytech-
nical University and Leibniz University of Hanover, SPSPU, pp. 53-65, 2010.

[2] Potekhina, E.V., Potekhin, V.V., Surygin, A.I. Master Degree Programme in the
Field of Information Technology and Computers, Proceedings of 40th SEFI Confer-
ence, Thessaloniki, Greece, 23-26 September, 2012.

[3] Potekhina, E.V., Potekhin, V.V., Selivanova, E.N., Shkodyrev, V.P. Double Degree
Programme in Engineering Education: Practice and Prospects, Proceedings of 41st
SEFI Conference, Leuven, Belgium, 16-20 September, 2013.
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UHTETPAIIS HOBOM OB}’ABOBATEJIBHOFI
IMPOI'PAMMBI TIPO®PUJIBHOU MATUCTPATYPBI C
IMPOEKTOM «CUHEPIT USI»

Nocud bpeitno, Anekcanap Koukun, bopruc demmn

Kadenpa AIIIT
KaparananHckuii rocy1apCTBEHHBIN TEXHUYECKUA YHUBEPCUTET
BynbBap Mupa,56
100027 Kaparanna, Kazaxcran
jbreido@mail.ru

Pedepar

[lepceKkTUBHBIM ~ HANpaBiICHUEM  Pa3BUTHUS  JAUCTAHIMOHHOTO  WH)KEHEPHOTO
e-learning siBisiercst 0ObeAMHEHKE TA00OPATOPHOM 0a3bl TEXHHYECKUX YHHBEPCUTECTOB
C HCIIOJIb30BaHUEM TexHosloruii VHTepHeTa Ha OCHOBE OOOPYIOBaHHUS NEPEAOBBIX
KOMITaHUH.

B pamkax sTol KOHLENIMM MOJ 3ruaod KommaHuu «Festo» pas3BuBaercs
MEXTyHAPOJHBIH 00pa3oBaTelbHBI NPOEKT «CHHEPrus», B KOTOPOM YYACTBYIOT
MBOU (Mocksa), CIIOITY (Cankr-IlerepOypr), BI'TY (Boenmex, CaHkT—
[Metepoypr), OMI'TY (Omck), CeB['TY (CeBactomoins), KapI'TV (Kaparannaa).

Ha nepBoM »5Tame mnpoekTa peaJn30BaHbl MPUHLUIBI MEXIYHAPOTHON
MHTETpalui 00pa30BaTEeIBLHOTO Ipollecca Ha OCHOBE IHTEpPHET-TEXHOJOTHHA H
00BETMHEHHOI TabopaTOpHO 6a3bl, HOBOTO Y4EOHO-METOUUECKOTO 00ecTieueHus U
JTYYIIUX MPENoiaBaTeNed BeAyIINX TEXHHYECKIX YHUBEPCUTETOB.

B 2012/ 2013 yueGHOM romy HayaTto perynsipHoe oOyueHue B HHTepHeTe B
MEXIyHAPOJAHON Marmcrparype. 3aHsATHS BEIYTCS B CETKE pAcIHCaHUs B TCUCHHE
TPEX CEMECTPOB B paMKaX MOJYJIeH, MOATOTOBIEHHBIX By3aMHU-TIapPTHEPAMHU.

HakomnneHHblid ONBIT TO3BOJMJI B MPOLECCE TMOATOTOBKM  KaapoB IS
['ocynapcTBeHHOM  mporpamMmbl  MHAYCTPHAJIbHO-WHHOBAIMOHHOTO  Pa3BUTHA
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Kazaxcrana pazpaborats B Kapl'TY HOByI0 MEXIUCHMIUIMHAPHYIO NPOTpaMMy
npodunpHOi  Maructpatypel  «PobOoTorexHuka. Cuctembl yOpaBleHUS» IO
CIELMANIBbHOCTH  «ABTOMaTH3alust W  ympasileHue». Ee  (uHaHcupoBaHMe
ocyuiecTBiseTcs u3 cpeacts Hannonansnoro @oxpa.

[Ipennoxxennas nporpamma ogoopena MOH PK, B Tom umcne nmo npuunHe ee
MHTETPALIMM C MEKTyHAPOIHBIM NPOEKTOM «CHHEpPIrus».

MonaynpHas mporpaMma pa3paboTaHa Ha OCHOBE OIbBITa MOATOTOBKU
CHEIHAUCTOB MO pPOOOTOTEXHUKE M aBTOMATH3alUU B BEAYIIMX TEXHUYECKHX
YHHUBEpPCUTETAX MUpA.

B ee pa3paboTke, skcnepTusze M pealu3alud NPUHSIIM ydacThe mHpodeccopa
By30B — mapTtHepoB npoekta Cuneprus u JJAAAM International. Ha 6aze JJAAAM
International, CIIOITY, BI'TY u OMI'TY opranu3oBaHbl CTa)KUPOBKH MarvCTPaHTOB
u [IIC.

[Ipu peanuzanuu mporpamMMmbl NPUMEHSIOTCS KOMOMHMPOBAHHBIE TEXHOJIOTHHU,
OCHOBaHHbIC Ha 4YTeHUM JeKuuid marucrpanraMm Kapl' TV mo HMutepHery Benymumu
npenoaasatensimu MOU, CIIOITY u OMI'TY, m Ha mpenomaBaHUM CIEIKYPCOB
NpUTJIAIIEHHBIMUA  TIpodeccopaMu  By3oB-iapTHepoB. [IpenopaBarenu  Kapl TV
YUTAIOT JIEKUUM B AyAUTOPHUM CBOMM MAarucTpaHTaM M OJHOBPEMEHHO — IIO
HNHTepHeTy cTyaeHTaM By30B—IIapTHEPOB.

BBEJAEHHUE

[lepceKkTUBHBIM ~ HANpaBiICHUEM  Pa3BUTHUS  JAUCTAHLIMOHHOTO  WH)KEHEPHOTO
e-learning siBnsieTcss oObeAMHEHHUE JIAOOPATOPHON 0a3bl TEXHUYECKUX YHUBEPCUTETOB
C MCIIOJIb30BaHUEM TexHosoruii VHTepHeTa Ha OCHOBE OOOPYIOBaHHUS NEPEAOBBIX
KOMITaHUH.

B pamkax 5Toil koHuenumum moj Srunoi kKommaHuu «Festo» pa3BuBaercs
MEXIYHapOAHbI 00pa30oBaTeNbHbI MpPOoeKT «CHHEpPrus», B KOTOPOM Y4YaCTBYIOT
MOU (Mocksa), CII6ITY (Canmkr—IletepOypr), BI'TY (Boenmex, CaHKT—
[TetepOypr), OMI'TY (Omck), CeBl'TY (CeBactomouns), Kap[' TV (Kaparanna).

Jlns obecrieyeHust mpakTHueckod coctapistonied npoekta B Kapl' TV Obiio
npuobpereHo  yabopaTtopHoe  oOopynoBaHue  mpousBojacTBa  «Festo» 1o
aBTOMaTHU3alllU U MEXaTPOHUKE.

HUHTEI'PAIIUA ITPOI'PAMMBI C ITPOEKTOM
«CUHEPI'UA

B Imponecce pasBuTUA INPOCKTaA OBLIO HAJIAXKEHO YCTOIZHHBOG B3aUMOICUCTBHE MCKIAY
By3aMU—TIapTHEpAMH, YTO Ha IMOCICAYIOUINX 3Tallax pPas3sBUTHUA MPOCKTA ITO3BOJIMIIO

104



peanu30BaTh MPUHLMIIBI MEXIYHAPOAHON MHTErpau oOpa3oBaTeIbHOTO Mpoliecca
Ha OCHOBE VIHTepHEeT-TeXHOJOruil M 00bEeIUHEHHOM JiabopaTopHOW 06a3bl, HOBOIO
y4eOHO-METOJJMUECKOro O0ecreyeHuss W Jy4yllluX [pernojaBareieidl  BeayIuX
TEXHUYECKUX YHUBEPCUTETOB.

OcHOBHass HJes 3aKioyalach B peAIM3alUU  DJIUTHOTO HHYKEHEPHOIO
oOpa3oBaHMs, MpPUYEM BBINYCKHUKH JIOJDKHBI OBbUIM OCBOMTH COBPEMEHHBIE
IIPOrpaMMHO-aINapaTHBIE CPEACTBA ABTOMATHU3ALIMU U TEXHOJIOTUU ITPOEKTUPOBAHMUS.
[IporpamMma mpenmosarana mnepenady CTyJAEHTaM TEOPETUYECKUX  3HAHHIM,
HEOOXOJUMBIX JUIS BBIMOJHEHHS MPOEKTa, MPAKTUYECKYI0 paboTy HaJ MPOEKTOM U
Mo3TarHoe («IOMOAYJIBHOE») HalHMCaHWE MPOeKTa. B KOHIE CTyIeHT MAOKeH
NPEJCTaBUTh 3aKOHUYCHHBIM IMPOEKT OOBEKTa aBTOMATH3allMd B 3aBUCHMOCTHU OT
BBIOPAHHOTO HAIIPaBJICHHUS.

B 2012/2013 yue6HOM roay HayaTto peryisipHoe oOydeHue mo MuHTepHeTy B
MEXIYHAPOAHOW Marucrparype. 3aHsATHsS BEAYTCS B CETKE PACIHCAHUS B TEUECHHE
TPEX CEMECTPOB B paMKaxX MOJYJIEH, IOArOTOBJIEHHBIX By3aMU—TIapTHEPAMHU.

Kaxnapiii ux 3-x ByzoB—maptHepoB MOU, OMI'TY u Kapl'TV 3annanuponan
cBou moxynu moxynb. KapI'TY moaroroBun u npoBoaut, HaunHas ¢ 2012 roxa, 3-x
ceMecTpoBbld MOAyJb «lIpoeKTMpOBaHNE ABTOMATU3MPOBAHHBIX TEXHOJOTMYECKHX
JIUHUW», COAEpXkKALIUN OCHOBBI IIPOCKTUPOBAHUSA KOHBEHPHBIX JIMHUMN, IPUBOJIBI
KOHBEMEPOB, CHCTEMBbl aBTOMAaTU3allMM U JHMCIETYEPCKOrO0 KOHTPOJISI KOHBEHEPHBIX
nuHU. COOTBETCTBEHHO, CBOU ITOATOTOBJIEHHBIE MOAYJIN BEAYT BY3bl—IapTHEPBI.

Ha ocHoBanum goroopa, mnoamucanHoro c¢ THHW-decto um Ha 0Oaze
JIOTIOJTHATEIHHO MPUOOPETeHHOTO 000pymoBaHus mnpomu3BojacTBa «Festo» B Kapl' TY
OB co3man PecryOnmkaHckuii HaydHO-00pa3oBaTeabHbIN eHTp «Kapl' TY — decto

— Cuneprus».
B 2015 r. B Kazaxctane Ha4daJicsi HOBBIM 3Tan MOAECPHU3AIMUA CUCTEMbI BBICIIIETO
oOpa3oBaHus, IIPOBOVIMOM o VHULUATUBE IIpe3nnenra CTpaHbl

H.A. HazapbaeBa u OopueHTHPOBAaHHOW Ha MOATOTOBKY KaapoB s [ ocymapcTBeHHOM
pOrpaMMbl HHYCTPUAIbHO-UHHOBAIMOHHOTO pa3BuThs Kazaxcrana (I'TIMNP-2).

[epen By3amu pecyOIMKY TOCTABJICHBI CEAYIOIINE 3a/1a4H:

1. Pa3paborka W BHEOpPEHHE MPAKTUKO-OPHEHTHPOBAHHBIX OOpa30BaTENBHBIX
nporpamm B pamkax ['TIMP-2 na npumMepe BeIyluX MUPOBBIX MPAKTHK, HAPABICHHBIX
Ha TOJTOTOBKY CIICIMAINCTa IO KOMIICTCHIIMSAM, BOCTPEOOBAHHBIM KOHKPETHBIMH
MPEANPUSITUSIMU.

2. Opraams3amusi y4eOHOTO IIpollecca B Marmcrparype, B XOJ€ KOTOPOTo
o0ecrieunBaeTcs  AKCIEPUMEHTAILHO-UCCIEIOBAaTENbCKasl paboTa MO  TeMawm,
COIVIACOBAHHBIM  C  TpPEANpUATHEM U I8 [OPENupusdTus,  JIUTelbHas
MPOM3BOJICTBEHHAs] MpaKTUKa IO  COTJIACOBAaHHOM  TeMme,  3aBepIIaoIascs
MOJITOTOBKOH U 3aIUTOM BBITYCKHOW PaOOTHI.

3. Mogepuuzanus nabopaTopHOi 0a3pl MpU I1eNeBOM (PMHAHCHPOBAHUU W3
rocO/p)KeTa, 4YTO TIO3BOJUT IPOU3BOJAUTH TOBBICUTH YPOBEHb IPAKTUYECKOU
MOATOTOBKU BHITYCKHHOB Ha MEPEOBOM 000PYA0BaHUU MUPOBBIX MTPOU3BOIUTEINCH.

4. TlocrossHHOE MOJAEpPKAHUE CUCTEMbI OOECIIEUeHUsI KauecTBa 00pa30BaHuUs,
4TO IpeaycMarpuBaeT nosbiieHne kpanudpukaunu [1I11C B 3apyOexHBIX TOM-By3ax.

105



5. CoBepIIeHCTBOBAHUE CHCTEMBI KOPIOPATHBHOTO YIIPABJICHUS BY30M Kak
OCHOBBI JIUIS1 B3AUMOIEHCTBHUS ¢ OM3HEC-COOOIIECTBOM.

[Tpu peanuzanuu npoekta «CuHEprus» Obllla IOCTAaBIEHA U pellianach neppas u
YaCTUYHO TPEThsl 3a/ayd M, caMoe€ IJIaBHOE, OTCYTCTBOBaJla €ro rocyJapCTBEHHas
MOJIJIEPKKA.

Hakomniennpiit  onmbIT cram ocHOBOM st paspabotku B Kapl'TY HoBoit
MEXIUCHUTUTMHAPHON MpOrpaMMbl MPOoQUIbHON Maructpatypsl «PoOoTOTeXHUKA.
Cucremsbl yrpaBieHUs» MO CHEIUATBHOCTH «ABTOMATH3AIMS U YIPaBICHUE» IS
noarotoBku kaapos [ TIMHP-2.

[Iporpamma pa3paboTraHa Ha OCHOBE 0Opa30BaTENbHBIX MPOTPAMM B 00JacTH
pPOOOTOTEXHUKM M aBTOMAaTH3allMU TON—YHHBepcuTeToB Massachusetts Institute of
Technology (CIIIA) u ETH Zurich — SwissFederal Institute of Technology Zurich
(IIseiiiapus).

HenocpenctBenHoe ydactue B ee pa3palbOTKe, HKCIEPTHU3E U peau3aluu
NPUHSIIM y4yacTue mpodeccopa By3oB—IapTHepoB mpoekta Cuneprus u JJAAAM
International, B Tom umciae Benckoro TtexHosjormueckoro yHuepcutera, CIIOITY,
BI'TY, OMI'TY, a Takxke cnenuanu3upoBanHeie ¢upmbl Kazaxcrana B oOmactu
aBTOMATH3AIIUH.

Oobpa3zoBareabHasi [Iporpamma '"PodoToTexnnka. Cucremsl ynpapJjeHus'"
MoayabHoro Tuma. Ee oOCHOBHBIE OCOOCHHOCTH 3aKJIIOYAIOTCS B PEIICHHH
NPUKIAAHBIX MHXXEHEpPHbIX 3agad. Teopernueckoe oOOydeHHE NPOM3BOIUTCS B
IIEPBOM U BTOPOM CEMECTpaXx.

Kaxnplii MOAynb BKIIOYAET COIJACOBAaHHBIE MEXIy CO0OM AMCHUIUIMHBI U
3aKaHYMBACTCS KOMIUICKCHOW KypcoBOoW pabotoii. MojmynbHas KypcoBas pabora
COZIEP’KUT 3aaHus, TpeOyrolue 3HaHUS BCEX AUCLUIUINH MOIYIIS.

[IpakTnka npoxoauTcs B TeueHUe 12 Henenp Ha NEPeJOBOM NPEANPUATHN WIN
UCCIIEIOBATENIBCKON JIAOOpAaTOpUU 3a NpeAeiaMM YHUBEpCUTETa IOCle IEPBOro
Kypca.

B mpouecce o00ydeHus BBINOJIHAETCS CEMECTPOBBIH KypCOBOW IPOEKT,
HAallpaBJICHHbII  HA  pEIICHHE  HHXXEHEPHOM  3aJauM  MCCIIEI0BATEIbCKOU
HanpaBjIeHHOCTH. B TpeTbeM cemecTpe pa3paOaThiBaeTCsi UTOTOBBIN MarucTepCKUM
IIPOEKT Ha OCHOBE MAaTE€pHAJIOB, IMOJIYYEHHBIX BO BpPEMsI IIPAKTHUKU HA MEPEIOBOM
MIPEANPHUATHH 110 COINIACOBAHHOW C HUM TEME.

Pa3paborannas nmporpamma onodopesna MOH PK, B ToMm yucne no npudnse ee
UHTETpany ¢ MeXAYHapOAHBIM IPOEKTOM «CHHEPTHSY.

®dunancupoBanue [Iporpammsl ocyiecTBisiercs u3 cpeincts HanunonanbHoro
donpna.

OOpa3oBarenbHas MporpaMmMa OpUEHTHPOBAHA Ha MOJTOTOBKY CIIEI[HAIUCTOB B
o0ylacTH aBTOMaTHM3alluM, BOCTPEOOBAHHBIX Y)KE€ CErOJHS U TOTOBBIX NPHUHATH B
Ommkaiiliee BpeMsl caMO€ aKTHBHOE ydacThe B peanm3aruu npoekto I'TIMNP-2 ¢
OJTHOBPEMEHHBIM O0Y4YEHHEM MarucTpoB B 00JacTH POOOTOTEXHHUKHU JUI HOBBIX
MPENNPHUATHI, KOTOPBIE B HACTOSIIIEE BPEMSI HAXOAATCS B CTalUK MOJIEPHU3ALIUHI WIIN
CTPOUTENHCTBA.

3aza4yu porpaMmsl:
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— Iloaroroska CIEINAINCTOB Ha OCHOBE MEXIUCHUTIIIMHAPHBIX
oOpa3zoBarenbHbIX nporpamm TOIl-yHHBepCcHUTETOB MO POOOTOTEXHUKE U CHCTEMaM
yIIpaBJIECHUS.

—IloaroToBka  CHENUANKCTOB, OOECMEYUBAIIMX  KBaTU(DUIIMPOBAHHYIO
HKCIUTYaTaII0 000PYA0BaHHS BEYIIIMX MUPOBBIX TPOU3BOAUTENEH.

— IloaroToBka CHeNUaIUCTOB, CIIOCOOHBIX YYaCTBOBATh B CO3JaHWM HOBBIX
UMIIOPTO3aMEIIAIOIUX  CPEACTB  ABTOMATHKH, POOOTOTEXHHKH, KOHTPOJIBHO-
MU3MEpUTENIbHBIX TPUOOPOB U IPYroro 000pyA0BaHHUS.

— CucteMHO€ B3aUMOJICHCTBUE C BETYIIMMH 3apyOEKHBIMH YHUBEPCUTETAMU B
IUIaHe MOATOTOBKH CIELUATUCTOB MO0 POOOTOTEXHUKE U CUCTEMaM YIPABJICHHUS.

— Peanu3zamysi COBMECTHBIX 00pa3oBaTeNbHBIX MPOrpaMM C  BEAYIIUMHU
3apyOeKHBIMU YHHUBEPCUTETAMHU.

— BpimonHeHne  HayyHBIX M MHHOBAIIMOHHBIX IPOEKTOB B  001acTu
POOOTOTEXHHUKHU U aBTOMAaTH3aMK JiyIs pemenus 3aaa4d [ TIMNP-2.

—Pa3ButHe ~ MexayHapomHoro — oOpaszoBaTenbHOro  MHTepHeT-poekTa
"Cuneprus" mis nyxna ['TIMNP-2.

IIpu peanuzanuu nporpaMMmbl NPUMEHSIOTCS KOMOMHUPOBAHHBIE TEXHOJIOTHH,
OCHOBaHHbIC Ha uyTeHUU JieKui Maructpantam Kapl' TV no MuaTepHeTy Bemymumu
npenoaasarenasmu MOU, CIIOIY u OMI'TY u Ha mnpenopaBaHuu CHELKYPCOB
MpurameHHbiMu - ipodeccopamu  ByzoB—TapTHepoB. [IpemogaBarenu  Kapl TV
YUTAIOT JIEKIUM B ayAUTOPHUM CBOMM MAarucTpaHTaM M OJHOBPEMEHHO — IIO
HHTepHeTy cTyleHTaM By30B—IIapTHEPOB.

[IpyHIMIHATBHBIM OTJIMYHMEM HOBOW MpOrpamMMbl OT aHAJIOTMYHBIX SIBISETCS
TO, YTO B €€ peau3alMy Ha PErysIpHOW OCHOBE y4yacTBYIOT BeAyliue Ipodeccopa
BY30B — YYaCTHUKOB IpoeKTa «CHHEprus. JTO MO3BOSIET CILIAHUPOBATh Yy4EOHBIN
nporecc TakuM o0pa3oM, UYTO B CETEBOM pexuMe 1o VHTepHeTy uuTaeTcs MOJIHBINA
Kypc 06e3 HeoOXOIMMOCTH BBI€3/]a HA JUIUTENBHBIA CPOK YCIIEIIHBIX MPO(GECcCCOpoB B
3apyOeKHbBIC BY3bI 0€3 yiiepOa i X OCHOBHOM paOOTHI.

Pazpa®oTumku W JKCHEPTHl HOBOM MNPOTPaMMbl  YYaCTHUKH  IPOCKTa
«Cuneprusi» npodeccopa b. Karammuawmu, C.M. Craxkos, B.I'. Xomuenko, O.C.
Nnaros npounrtanu nukisl gekuuil B Kapl TY no HoBoi nporpamme.

Onun u3 moayneil — «[IpoMeliuieHHBIE POOOTHI» MOJHOCTHIO OPUEHTUPOBAH Ha
€ro U3y4yeHue B paMKax npoekra B UHTepHEeT—pexuMe.

B cereBoM pexxnume B BeceHHeM cemecTpe 2016 1. 3ToT Moayns no MHrepHeTy
maructpanTam Kapl TV nposen npodeccop Xomuenko B.I.

B Becennem cemectpe 2016 r. mpounTan HOBBIA 4-X MOJYJIbHBI COBMECTHBIN
MEXYHUBEPCUTETCKUI Kypc «/HTeNneKTyalbHble CUCTEMbI YNPABICHUS», KaXKIbIi
MOJyJab KOoToporo uutaercs no MHtepHery mnpenonpaBatensmu MOU, CIIGITY,
KapI'TV u OMI'TY. OT1oT Kypc BXOOUT B yueOHBIN IUIaH HOBOM 0Opa3oBaTeinbHOU
IIPOrPaMMBI.

[To cormacoBannoii mporpamme B CIIOIIY B oceHHeM ceMecTpe MpOILIH
obyuyenue 30 maructpantoB Kapl TYc Bbigaueii ceprudukaroB, Ha OCEHHUI cemecTp
3aMJIaHUPOBaHA CTAKUPOBKA €II€ TAKOI0 KE KOJINYECTBA MarUCTPAHTOB.

Takxke 1O COrJacOBaHHON MporpaMMe MPOLUIM  KypChbl IOBBILIECHUS
kBanmudukanmu B CII6ITY ¢ Bbinaveii ceprudukaToB 9 mpenonaBateneit kapenpsl.
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B nernuit nepuoxy 2016r. mnpaktuky B BEHCKOM TEXHOJIOIMYECKOM
YHUBEpCUTETE M Ha MNpeAnpuatusx «Festo» Ha aHTIUICKOM s3bIKe HpouAyT 3
MarucTpaHTa o0pa3oBaTebHONW MPOTrPaMMBbl, IPHUEM MPAKTHKA OpraHU3yeTcs Hpod.
b. Karanuanyem B paMkax npoekta «CHHEpPTHs».

Ha cpencrtBa, BblIeneHHbIE U3 OrojKeTa, NPUOOpPETEH HOBBIH KOMIUIEKT
oOopynoBanusi «Festo» nns M3ydeHHs MEXaTPOHUKH, KOTOPBIM NpeaHa3HayeH MaJis
MOJTyYEeHHUs] IPAKTUYECKUX HABBIKOB OOCITYKMBAHUS U PEMOHTa pOOOTOTEXHHYECKHX
U MEXaTPOHHBIX YCTPOMCTB. OTOT KOMIUIEKC OCHAIleH MPOMBIIIJICHHBIMU
KOHTpoJulepaMi  MUIyOHIIN-3TIeKTPUK, TepeJaHHbIMU 0e3BO3Me3HO Kadenpe
komnaHuen «KasnpomaBTroMaTuka.

[MpuoOperen Ttaxxke yueOHbI kiacc «Schneider Electricy, comepkamuii
yueOHbIe CTEHAbl MO pPOOOTOTEXHMKE, CHUCTEMaM YIIPaBIEHMs, aBTOMATU3aLlUH,
JNIEKTPOMEXaHUKE, Ha 0a3e KOTOPOTO OPraHM30BaH ABTOPH30BAaHHBIA OOydYarOIIU
Hentp «Kapl'TY — HIneiinep-DnekTpuk» COBMECTHO ¢ Kopropamueil «Schneider
Electric» (®panuus).

OOyuaromnye IEeHTPbl SBISAIOTCS KaTalu3aTOpaMU BHEJPEHUS COBPEMEHHBIX
TEXHOJIOTUH u o0opynoBaHus B yueOHbIM mnpouecc BVY3a. 3aeck mpoBoxsTcs
TPEHUHTH PAOOTHUKOB MPOMBIIIIEHHOCTH HA COBPEMEHHOM 000pYI0BAHUN MUPOBBIX
IIPOU3BOJUTEIICH.

3AK/TIOYEHHUE

Takum o0pa3zom, ocymecTBisiercss 3(QQGEKTUBHAs HMHTErpanus MeEXAyHapOIHOTO
oOpazoBarensHOoro MHTEpHET-IpoekTa «CHHEPTUs» ¢ HOBOM 00pa3oBaTeIbHON
nporpamMMmoil npoguiabHON Maructpatypsl «PoboTorexHuka. CucTeMBbl yIIpaBIeHUS,
OPHUEHTHPOBAHHOM Ha IIOATOTOBKY MH)KEHEPHBIX KaapoB M ['oCylapCTBEHHOMH
IIPOrpaMMbl HHIyCTPHAJIbHO-UHHOBALIMOHHOTO pa3BuTus KazaxcraHna.

108



NCSIE

MexayHapoaHas MynbTUKOHdepeHLus
CeTeBOe NapTHepCTBO B Hayke,
NpOMBbILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Canxt-Metepbypr, Poccus

K BOITPOCY PEAJIM3AIINU CETEBBIX
OBPA3OBATEJ/IBHBIX ITPOI'PAMM B CAHKT-
HETEPBYPI'CKOM NOJIMTEXHUYECKOM
YHUBEPCUTETE IIETPA BEJIUKOI'O

O.E. Ieukosckas!, E.B INotexuna?, E.H. Cenusanosa?, B.I1. IlIkoxsipes?

'Benopyccko-Poccuiickuii yHUBEpCUTET
[Ipocnexkt Mupa, 43
212000 Morwunes, Pecniyonuka benapyce

2Cankr-IletepOyprekuii monuTexuuueckuii yausepeuret Ietpa Benukoro
Vmuua [onurexuuueckas 1. 29
195251 Cankr-Ilerepoypr, Poccus
e-mail Bemyiero aBropa: cst@icc.spbstu.ru

Pegepar

B craThe paccmaTpuBaroTCsl BOIIPOCH CO3JJaHUS U 0000IAIOTCS IEPBbIE Pe3yJIbTaThl
peaiu3allud  CETEBBIX  MPOTrpamMM  JIOMOJHHUTENBHOTO  NMPOQPECCHOHAIBHOIO
oOpa3oBaHusi, pa3pabOTaHHBIX COBMECTHO coTpyaHukamu Cankr-IlerepOyprckoro
MOJINTEXHUYECKOT0 yHHBepcutera U benopyccko-Poccuiickoro yHuBepcurera (T.
Morunes, benopyccust). ABTOpbl MPOBOJIAT aHAINU3 MPOrpamMM IpodecCuOHATbHON
MEPEToArOTOBKU «HTennexTyanbHble CUCTEMBI yIpaBICHUS» u
«MHTemeKkTyanbHbple TpoOJIeMbl MPOMBIIIIIEHHON aBTOMATU3aLUU» JJI1 MarucTpoB,
[IporpaMM TMOBBbIIIEHHA KBanupukauuu B (opme CTaKUpoBKH «CHUCTEMBI H
TEXHUYECKHE CpEICTBAa AaBTOMAaTW3allUM U ynpasieHus» u «lIpomslnuieHHas
aBTOMAaTH3alMs», MPOrpaMM IOBBILIEHHUS KBaJIW(UKAIMK i1 IpernojaBarenei
«[TpompinieHHBIE THPOPMALMOHHO-YIIPABIAIONIME CUCTEMBl U TEXHOJIOTrUM». Bce
Ha3BaHHbIE [TPOrPAMMBbI CO3JaHbl B paMKaX HAlpaBJICHUs MOJITOTOBKU «Y IIpaBlieHUE
B TEXHMYECKHUX cUcTeMax». [IpakTudeckue 3aHATHS NPOBOAATCA HAa COBPEMEHHOM
TEXHUYECKOM 00opymoBanuu kKommnanuu Festo, Siemens u Schneider Electric. B
pe3yibTaTe X OCBOEHHS CIYIIATEIN IPHOOPETatoT He0OXOAUMbIE HaBBIKH paboThI B
0o0yacT co3JaHMsl U IKCIUTyaTalluM COBPEMEHHBIX CUCTeM 00paboTKu MHpOpMaIuu
U yIIpaBJICHHUS.
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BBEJIEHUE

OmHMM W3 TyTed TOBBIINICHUS KayecTBa WHXKEHEPHOTO 00pa3oBaHMS,
MOBBIIICHNS KOHKYPEHTOCIIOCOOHOCTH BBINYCKHMKOB HA POCCHICKOM U
MEXKIYHAPOJTHOM pBIHKaX TpyAa SBISETCA ceTeBas (opMa peau3aiuu
obpaszoBatenbHbIXx mnporpamMm [1,2]. Hcmonb3oBanue ceTeBol (GOpPMBI B
OpraHu3anuu y4eOHOTO MpoIiecca MO3BOJSET CTYICHTaM BHIOMPATh pa3IuIHbIC
npoQuiIN TOATOTOBKH, 3HAKOMUTBCS C JOCTIDKCHHSIMH COBPEMEHHBIX
POCCUICKUX U 3apyOeKHBIX HAyUHBIX IIIKOJ, MPOCTYIIATh JICKIUU BEXYIIHX
npenoaasareneil. Jlamee B cTaTbe pacCMaTpPUBAIOTCS PE3YJIbTaThl BHEIPEHUS
cereBoil  (opMBbI peanu3ani  00pa30BaTEIbHBIX TMPOTPAMM B  YUEOHYIO
nesrenpaocts CIIOITY.

BHEJIPEHUE CETEBOT'O ITPOEKTA «CUHEPTHSI» B YUEBHBII
MPOLIECC

B Cankr-IlerepOyprckom noiautexHuyeckoM yHuBepcutere lletpa Benmkoro
(CIIGITY) B mHacrosimiee Bpemsi cymiectByer Oonee 20  ceTeBbIX
00pa30BaTeNbHBIX IPOrPAMM U MEXTYHAPOAHBIX 00pa30BaTEIbHBIX MTPOrPAMM
JBOMHBIX JUIUIOMOB Ha MHOCTPAHHOM si3bIKe. OuepelHbIM 1IaroM B 00JacTH
COBMECTHOM J€ATENbHOCTH BY30B MO 3(PPEKTUBHOMY HCHOJIb30BAHUIO
UMEIOIUXCSI  00pa30BaTENIbHBIX  PECYpCOB  SBIAECTCA  MEXKIyHAPOJIHBIN
YHUBEPCUTETCKUI ceTeBOil NpoeKT «CHHEeprus», B pealn3alud KOTOpPOTo
yuacTBytoT, Hapsiay ¢ CIIGITY, banTtuiickuili rocy1lapCTBEHHBI TEXHUYECKUN
yHuBepcureT, KaparaHIuHCKUI rOCy1apCTBEHHBIN TEXHUYECKUI YHUBEPCUTET
(Kazaxcran), HamuoHanpHBIN HCCIeIOBATEIBCKUN yHUBEpcUTET «MONy,
CeBacTOIONBCKHN TOCYAAPCTBEHHBI YHUBEPCUTET, Y paNbCKUi (heaepanbHbIi
yHUBepcUTeT, OMCKUH TOCYyIapCTBEHHBI TEXHUYECKUH  YHHUBEPCUTET,
HoBropoackuii rocy1apcTBEHHbIA YHUBEPCUTET.

B pamkax nHactosmero npoekrta B 2016/17 yuyebHOM Tomy B ceTeBOU
dopme OymeT peamu3OBBIBATHCA NPOTpaMMa MOATOTOBKH MAarucTpoB IO
HaIlpaBJICHUIO «YIIpaBJICHHE B TEXHUYECKHX cucrteMax «PacmnpeneneHHble
MHTEJUIEKTYaIbHbIE CUCTEMBI YIIPABIICHUS.

Co3manne ©a 06aze CIIOITY CeBepo-3anagHoro MeXBY30BCKOTO
peruoHanpHOro yueOHO-HayuHoro mneHtpa «CIIGITY — decro «Cuneprusy»
IIO3BOJIIET HE TOJILKO OJHOBPEMEHHO MPOBOJUTH 3aHATHUS 110 COIJIaCOBAHHBIM
By3aMHU-TIapTHEpaMH yY4eOHBIM AMCLUUIUIMHAM, HO U SIBJISETCS TEXHUYECKON
OCHOBOW HayYHO-HCCIIEOBATEIIbCKONH pabOThl CTYJIEHTOB M AaCIUPAHTOB,
IporpaMM TOBBIIEHUA KBanupukanuu (Hampumep, «IIpomblnuieHHbIE
MH(OPMALIMOHHO-YIIPABJISIIOIINE CUCTEMBl M TEXHOJOTHU» MO HAIPABICHUIO
«YTpaBieHHe B TEXHUUECKUX CHCTeMax»). YueOHo-HayuHbli neHTp «CIIOITY
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— ®ecto «Cuneprusi», naboparopunt SAP ERP, «KomnbrorepHoro ynpasieHus
CTaHKaMU U IPOMBIIIJIEHHBIMH POOOTaMU», «YTPaBIAIOINX KOMIIbIOTEPHBIX
CeTel M TEXHOJIOTMil KOpPHMOPAaTUBHOIO YIpaBieHUs», «VHTeIIeKTyalbHbIX
CUCTEM M TEXHOJOTUN» SABISIOTCS TAKXKE HMHCTPYMEHTAPUEM YCIIEIIHOM
peanu3aluy COBMECTHBIX MEXIYHAapOJHBIX 00pa3oBaTeiIbHBIX MPOrpaMM Kak
JIBOITHOTO TUIIIOMA, TaK U KPATKOCPOYHBIX.

D10 00BACHSETCS TeM, YTO ycTaHOBKamMHu (pupmbl Festo 06opynoBaHbl
Hay4YHO-UCCIIE0BaTEIbCKUE  JabopaTopuu  OOJIBIIMHCTBA  €BPONENUCKUX
YHUBEPCUTETOB, a  NIPOQPeccOpCcKO-NPenosaBaTeIbcCkuii U ydeOHo-
BCIIOMOTaTENIbHBIN IEPCOHAT UMEET OMBIT MTPOBEICHUS BCEX BUIOB 3aHATUI Ha
AHIJIMHCKOM SI3bIKE.

PEAJIM3AIUA ITPOI'PAMM JONMOJIHUTEJIBHOI'O
IMPOPECCHOHAJIBHOI'O OBPA30BAHMUAA

Pa3pabotka U peanuzanus porpamMm JOTIOJIHUTEIBLHOTO
npo¢eCCUOHATBLHOTO oOpa3oBaHus (mepenoAroToBKH, MOBBIICHUS
KBJIM(PUKAIIUU) XOPOIIO COTJACYETCS C HCIOIb30BAHUEM CETEBOW (POPMBI
obyuenus. [3] B Hacrosiiee BpeMsi aKTHUBHO Pa3BUBACTCS COTPYAHUYECTBO B
o0jacTu co3aHMs MOJOOHBIX MPOrPaMM C YHUBEPCUTETAMH CTPaH — UYJIEHOB
Enunoro  oOpasoBatenbHOro  mpoctpaHcTBa:  benopyccko-Poccuiickum
yHuUBepcutetoM, TI. MoruneB, Pecnybnuka benapycs (bPY), wu
KaparaniuHCKMM TrocyJapCTBEHHBIM TEXHUYECKUM YHUBEPCUTETOM, T.
Kaparanna, Pecnybnuka Kazaxcran (KI'TY).

[lepBast cereBass oOpa3oBaTelnbHas MporpaMMa JOMOJHUTEIHLHOTO
npodeccuonanbHOro 00pa3oBaHUs — TMporpaMma MEpPernoJroTOBKH IO
HanpasieHuto  27.04.04 «YmpaBieHHsT B TEXHUYECKUX  CHUCTEMax»
«/HTeNNeKTyalbHble CUCTEMBI YIPABICHUS» - OblIa pa3padoTaHa COBMECTHO
MPENnoJaBaTesIMA M COTpyJHUKaMu IHCTUTyTa KOMIBIOTEPHBIX HAyK U
texHonoruit (MKHT) CIIOIIY u »HeKTPOTEeXHHUYECKOTO W HHXKEHEPHO-
sKoHOMHYEcKoro (akynpretoB bPY. Ilporpamma paccunTaHa Ha CTYAEHTOB
BBIITYCKHBIX KYPCOB CHEIMAIUTETa, MAaruCTPAHTOB, ACMHPAHTOB U 3HAKOMHT
cilymiatesneil ¢ OCHOBaMHM TE€OPUM M TMPAKTHUKU MPUMEHEHHs YNpPaBISIOLIUX
CUCTEM C HCKYCCTBEHHBIM MHTEJUIEKTOM. B mpouecce co3gaHus NporpaMMel
OBUIM MPOAHAIM3UPOBAHBI Y4eOHbBIE TUTAHBI U TpeOOBaHUS 00pa30BATEIBHBIX
cTaHnapToB. bblna noka3aHa BO3MOXKHOCTH Ilepe3adera psia JUCHUIUIMH
y4e0HOTO0 TUTaHa MIPOTPAMMBbI MIEPETIOATOTOBKH WU UX PA3/IEIOB U JUCITUILINH,
W3y4YeHHBIX ciymatensmu u3 bPY panee B cBoem By3e. Ha 6aze CIIGITY co
CIIyIIaTEeNsIMU ~ MPOBOJATCA  ayAUTOPHBbIE 3aHATHS 1O  JUCHUIUIMHAM
«MareMaTtuyeckue MOJENU  MHTEIJIEKTyaJIbHbIX CHCTEM  YIPABIICHUS»,
«HTEMNeKTyanbHble cUCTeMbl 00paboTku JaHHBIXY». B pasznene «Peanuzanus
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MHTEJUIEKTYAIbHBIX CHUCTEM YIPABICHUS» PAcCMAaTPUBAIOTCS COBPEMEHHBIE
TEH/JCHUUU  YIPaBICHUS TEXHUYECKUMH  OOBEKTaMM, CTPYKTypa U
0COOEHHOCTH (PYHKIIMOHUPOBAHHS CHUCTEM MPOMBIIUICHHOW aBTOMAaTH3aIUH.
CaymarensiMid  BBINOJHSETCA  J1a0OpaTOpPHBIM  NMpakTUKyM Ha  0ase
IPOrpaMMHPYEMbIX  JIOTHYECKHX  KOHTpoyuiepoB  Siemens. Ciymarenu
OPUHAMAIOT YYacTHe B OKCKYPCHAX Ha MPOMBIIUICHHBIC MPEANPUATHS
[TerepOypra. B treuenue 2015 rona noxkyments CIIOITY o npodeccrnonanbHoit
nepenoAroropke noiayumnn 30 CTYAEHTOB HH)KEHEPHO-3KOHOMHYECKOTO |
AIEKTPOTEXHUUYECKOTO (haKyIbTETOB, actiupaHToB bPY.

Hauano peanuzanuu pazpaborannoro B CIIOIIY u pa3merieHHoro Ha

HanuonansHom nopTraine OTKPBITOTO o0pa3oBaHus HpPaKTHUKO-
OpPUEHTUPOBAHHOTO Kypca «CoBpeMeHHas NPOMBIIIIEHHAs JJIEKTPOHUKA» U
UCIOJIb30BaHMsT 0a3bl  yueOHo-HaywyHoro uneHtpa «CIIGITY -  decto

«CuHeprusi» CTaao OCHOBOM JajdbHEWINEro pa3BUTHS B 00JACTH CO3/IaHUS
HOBBIX CETEBBIX IMpOrpamM mnepenoaroroBku. B mae 2016 roga 15 ctyaeHToB
bPY  ycnemHo OCBOMIM  HOBYH  IpPOrpaMMy  IE€pPENOATOTOBKM — —
«HTENNEeKTyanbHble CUCTEMBI IPOMBIIIJIEHHON aBTOMaTH3auun». B yueOHbIit
IUIAaH TIPOrpaMMBbl JUCTAHIMOHHBIN Kypc «COBpEMEHHas NPOMBIIIICHHASA
AJIEKTPOHUKa» BKJIIOYEH B KauyecTBE AMCLUIUIMHBI IO BHIOOPY, M CTYJIEHT,
JKEJNAIOIMMA TPUHATh ydyacTUE B IPOTPAMME, MOKET BBINOJIHUTH YacTb €€
3apaHee ¥ 1o npuesne B CIIOIY Ha mpakTHhke 3aKpenuTh NOJYyYEHHBIE paHee
HaBBIKM W 3HaHWiI. B 1emax ycwieHHs IpakTUYECKOM KOMIIOHEHTHI
IpOrpaMMbl B €€ Y4eOHbIN IIaH BBEJACHBI TUCLUIUIMHBL «PemeHne TUIOBBIX
3aJad  aBTOMATH3allMM  CPEACTBAMHU  JJEKTporpuBona», «['paduueckoe
nporpaMMupoBanue», «lIporpaMmupyemslie JOrm4eckue KOHTPOJLIEpBD». Bo
BpeMs KCKYPCHH Ha MpEANpUATHE CIYIIATeNN 3HAKOMATCS C 000py10BaHUEM
¢upmer Sew Eurodrive.

B mae 2016 roga mexay MKHT CIIOIIY u 31eKTpOTEeXHUYECKHM
dakynbretoM BPY Obl1 monamucaH NpoOTOKON O HaMEpeHHsX, B KOTOPOM,
HapsAay C JadbHEHIIMM pPa3BUTHEM Takux (OPM COTPYAHHYECTBA, Kak
OCYIIECTBJIICHHE  COBMECTHBIX  HAaY4YHO-HCCIIEOBATEIbCKUX  IMPOrpamm,
pazpaboTka M peanu3alus M[porpaMM MEpPenoAroTOBKM M  MOBBIIICHUS
KBaJIn(pUKauu mpodeccopcKo-Mpeno1aBaTeabCKoro U aJIMUHUCTPATUBHOTO
cocTaBa, OOMEH NpEnoJaBaTeNIIMU, HAyYHBIMU COTPYIHUKAMHU Ui UYTCHHS
JEKLNH, BBITIOJIHEHUE COBMECTHBIX IIPOEKTOB c BEYILIUMU
HCCIIeIOBAaTEIbCKUMU LEHTPAMU W MPOMBIIUIEHHBIMH KOMIAHUSIMH, 0co0oe
BHUMaHHE YJEJIEHO BONpocaM pa3palOTKH U peaju3aldd COBMECTHBIX
oOpa3oBaTeNbHBIX ~IporpamMMm. B wacTHOCTH, IUIaHUpYETCS  HM3Y4YHUTh
BO3MOXXHOCTb, IPU TIOJOKUTEIBHOM pe3yjibTaTe, HayaTb pa3paboTKy
IporpaMMbl BYX IUIIOMOB. [Ipu ycrnemHoM OCBOEHHHM TaKOW MpPOrpaMMbI
CTYACHT OyAeT HMeTh BO3MOXHOCTh TOJYYMTh JUILUIOM OakajaBpa IO
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HaAMpaBJIICHUIO «YTpaBlieHue B TexHudeckux cuctemax» CIIOIIY u gumiom
CelHaIncTa N0 MPo(UII0 MOArOTOBKH Ha 3JIEKTPOTEXHUUYECKOM (aKyJabTeTe
BPY. Vcnmex »3Toro HayMHaHUST MOXET ObITh OOYCJIOBJIIEH aKTUBHBIM
BHEJPEHUEM JJIEKTPOHHOTO OOyYeHHUS M JAUCTAHIIMOHHBIX 00pa3oBaTEIbHBIX
TEXHOJIOTUH, pa3pabOTKON COOCTBEHHBIX O00pa30BaTENBHBIX CTAaHIAPTOB
CIIOITY, OGonpmum ombiToM coTpyaHukoB CIIOITY B obGmactu co3zmanus
MEXAYHApOJHBIX MPOrpaMM TMOJATOTOBKM MAarucTpoB I0 MOJEIU «JBa
qUIUIOMa  3a  JBa  TOAa», HAIWYUEM  BBICOKOKBATH(HUIIUPOBAHHOTO
npodeccopcko-Mpeno1aBaTeIbCKOro COCTaBa, 3HAKOMOTO C OCOOEHHOCTSIMU
opraHMzanuu ydeOHOro mpoiecca B By3ax-naptHepax. [locnennemy daktopy
MOXET  CImocoOCTBOBAaTH  MporpaMMa  MOBBINICHHUS  KBaJTU(UKAIMH
npenogaBateneii, coznannas B CIIGITY, «IIpombinuienasie nHGOPMAIIMOHHO-
YOpaBIAOIIKAE CUCTEMBl M TexHonorum». B 2015 romy sty mnporpammy
okoHuUMIM 9 mnpenopaBateneil kadenp «ABTOMATHU3UPOBAHHBIE CHUCTEMBI
yOpaBiI€HUsD», «JEKTPOIPUBOJ W  aBTOMATU3ALMS  IPOMBIIUIEHHBIX
ycTaHOBOK», «IIporpamMmmHoe oGecnieueHHe HH()OPMAIMOHHBIX TEXHOJOTUI»
BPY.

Hpyras ¢opma co3maHusi ceTeBbIX 00pa3oBaTelbHBIX MPOTrpamMM
peamusyercs coBMmectHo CIIOIIY u KITY - mporpamMma MOBBIIICHUS
kBannukanun B Gopme craxxupoBku. [3] B HacTosimiee Bpems CYHIECTBYIOT
JIB€ Takhe nporpaMMbl: «CUCTEMBI U TEXHUYECKUE CPEACTBA aBTOMATHU3ALUHN U
yrnpasiieHuss» B o0beMe 40 yacoB u «lIpomblluieHHass aBTOMaTHU3alus» B
oobeme 72 wyacoB. Ilporpammel  peammsyiorcss B JabopaTopusix
«Mukponpoueccopbl U NPOMBILUIEHHBIE KOHTPOJUIEPH», «DIEKTPOIPUBOIY,
«IHTENNeKTyanbHble CHUCTEMbl M TeXHOJorum» Kadeapbl «CHCTeMBbl WU
TEXHOJIOTUHU YIIpaBlieHUs» W Ha 0a3e ydeOHo-Hay4dHoTo meHTpa «CIIOITY —
®ecto «Cuneprusi». Bo Bpemst cTaXMpOBKHU CIyIIATENN UMEIOT BO3MOXHOCTb
O3HAKOMHUTBECS C NPOMBIIUICHHBIMU KOHTpoJuiepaMu ¢GupM «Siemens» H
«Schneider Electric», ¢ CcOBpeMEHHbIMM MOAXOJaMHU K PpELIECHUIO 3a]ad
aBTOMATHU3aIlMd CpeACTBaMH djekTpornpuBoga. 3a 2015 — 2016 roxgwr
craxupoBky mnpouun 44 crygenta KI'TY. Ilockonbky KI'TY sBusercs
Y4acTHUKOM  npoekta  «CuHeprusi», JaHHbIE  MPOTPaMMbl  MOKHO
paccMaTpuBaTh KaKk OCHOBY Ui MEPCIEKTUBHBIX HaIpaBiIeHUH AalbHENUIIETro
pa3BUTHS IPOEKTA.

3AK/IIOYEHUE

W3 ckazaHHOTO BBIIIE CIEAYET, YTO ceTeBas (hopma OpraHU3aAlUU MPOTPAMM
JaeT IIUPOKHM CHEKTP BO3MOXKHOCTEM KaK B CO3JaHUU W peali3aluu
OCHOBHBIX 00pa30BaTEIbHBIX MPOrPAMM BBICIIET0 MHKEHEPHOTO 00pa30BaHUs,
TaK U MPOrpaMM JIOTOTHUTEIBHOTO MPO(ecCHOHaTBFHOTO 00pa30BaHMUs.
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Pegepar

Pacnpenenennocts COBPEMEHHOTO, 3a4acTyo YHUKAJIBHOTO,
00OpyIOBaHMS MO BBIMYCKAIOMMM Kadenpam He MO3BOISIET 3(PPEKTUBHO
pemaTh BOMPOCH OPTaHM3alMK Y9eOHOTrO Mpolecca C IeNbI0 UCIIOJIb30BaHuUs
€ro Ipu NOJATOTOBKE CTYJIEHTOB CMEXKHBIX TEXHMUYECKUX CHEIUaIbHOCTEM,
CBOEBPEMEHHO M Ka4e€CTBEHHO pa3padaThiBaTh METOAMYECKOE OOECIeUeHHe -
Y4eOHHKH M y4eOHbIe TOCOOHWs, CO3[aBaTh WHTETPUPOBAHHBIE OOydYarolue
CUCTEMBI U KOMILIEKCHI, SBJISIIOLINECS CBA3YIOIIUM 3BEHOM MEXY CTyJIEHTaMHU
pa3IMYHBIX TEXHUYECKUX CIHELUUAJIbHOCTEH, a TaKXKe OCYLIECTBIATh C
MUHHUMaJIbHBIMH BPEMEHHBIMU M MaTepUAIbHBIMH 3aTpaTaMu UX OOHOBJICHUE,
obcnyxxuBaHue u peMoHT. C 1edbl0 KOHCOMUIAIMKM MaTepuabHO-
TEXHUYECKMX W METOJMYECKUX pecypcoB yHuBepcurera co3nan IOxHo-
€BPOTECHCKUI MEXBY30BCKUI HaydHO-00pa3oBaTenbHbIi 1IeHTp CeBl'Y-Decto
«Cuneprusi» (FOEMHOIL] Cesl'Y-®ecto «Cuneprus»), Ha 0a3ze KOTOPOTro
CeTOAHS peanu3yloTcs o0pa3oBaTelibHble NIporpamMmbl Oojee dem 1o 10
VMH)XEHEPHBIM HAIlPaBJIECHUSAM MOJATOTOBKHU.

TexHomornueckoe o0opyznoBaHue IOEMHOLL CeBl'Y-®ecto
«CuHeprusi» TMO3BOJUJIO IPOU3BECTH HE TOJBKO MHOXXECTBO HAyUYHBIX
UCCIENOBAaHUN CTyJE€HTaMH, MOJIOAbIMU YYEHbIMHU, aclupaHTaMu [pHU
BBITIOJTHEHUU JIUCCEPTAIMOHHBIX Pa0OT, HO U 00y4aTh MIKOJIHLHUKOB B paMKax
po¢eCCHOHATBHON OPUEHTALIUH.
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JlanpHenmee COTPYIHMYECTBO M pACLIMPEHUE CIMCKA YYaCTHHUKOB
npoekra «CuHeprus» MNO3BOJIUT KayeCTBEHHO IMEPEHTH Ha HOBBIA YpPOBEHBD,
OTBeyarolnii TpPeOOBAHUSM MUPOBBIX CTAHJIAPTOB UHKEHEPHOTO0 00pa30BaHMUS.

BBEJIEHUE

Cozmanne B 2005 romy yuebnoro mentpa Festo B r. CeBacromone
SABJISIETCS. PE3YJIbTATOM MHOTOJIETHETO COTPYJHUYECTBA CEBACTOIMOJIBCKOTO
YHUBEPCHUTETA C MEKIYHAPOAHBIM KOHIIEpHOM Festo. Bmecte ¢ co3zmanuem
IIEHTpa YHUBEPCUTET CTaJ OJHUM M3 MEPBBIX YYACTHUKOB MEXKBY30BCKOTO
CETEeBOr0 00pa3oBaTebHOTO MpoekTa «Cuneprus» [1].

B 2015 roay uentp monyuwsn HoOBoe Ha3BaHue: HOxkHO-eBpomnenckuit
MEXBY30BCKMI HaydHO 0Opa3zoBaTeibHbIN HeHTp CeBl Y-Decto «CuHEprus»
(FOEMHOI], CeBl'Y-®ecto «Cuneprus») CTaB CTPYKTYPHBIM
nonpaszaeneHrieM CeBacToNoIbCKOI0 TOCYIapCTBEHHOIO YHUBEPCUTETA.

CTPYKTYPA IOEMHOII CEBI'Y-®ECTO «CUHEPI'USD»

B cocrae IOEMHOII
CeBl'Y-®ecto «Cuneprus» 10
y4eOHBIX JTabopaTtopuii ¢ oOmiei
rOJIOBOM 3arpy>KEHHOCTBbIO Oosee
6 TBIC. YAaCOB B TOJ YYEOHBIX
3aHATUH, B KOTOPBIX
CKOHLIEHTPUPOBAHO 0 LIEJIEBOMY
Ha3HAYEHUI0 000pyIOBaHUE U _
y4ueOHO-MeToArYEeCcKast i pAve e =
JMOKyMEHTalus, MexkkadeapaabHOe CTYACHUYECKOEe KOHCTPYKTOPCKOE Oropo,
IBa  KoH(epeHI-3a7]a OCHAIICHHbIE COBPEMEHHBIM  MYJIbTHUMEIUWHBIM
00OpyZI0BaHHEM IIO3BOJISIIOIIEE IPOBOJAUTH 3aHATHS B «OHJIAHH» pEXHUME
COBMECTHO C OCTAJIbHBIMHM YYaCTHUKaMu IIpoekTa «CUHeprus».

[ToaroroBka CTy/IEHTOB HH)XKEHEPHBIX crielnanbHocTel Ha 6aze FOEMHOIL]
CeBl'Y-®ecto «CuHeprus» peanusyercs B J1aDOpaTOpUsX, TEXHUYECKOE
OCHAILIEHUE KOTOPBIX MO3BOJISIET  OCYIIECTBISATH B JIONOJHEHUE K
TEOPETUYECKON MPAKTHUYECKYH MOATOTOBKY MO IUCLUMILUIMHAM, CBS3aHHBIM C
aBTOMATHU3alMEN TEXHOJOTMYECKUX IPOLIECCOB, YIPABICHUEM TEXHUYECKUMHU
CUCTEMaMH,  MPOMBIIUIEHHOW  MEXaHOTPOHHUKM U POOOTOTEXHHUKOM,
CEHCOPUKON aBTOMATU3UPOBAHHBIX TEXHOJOTMYECKUX CHUCTEM CIEAYIOLIUX
HaIpaBJIEHUH IMOATrOTOBKU: aBTOMATH3alMs TEXHOJIOIMYECKUX IPOLECCOB U
MPOU3BOJICTB, OMOTEXHUYECKHH CHUCTEMbl U TEXHOJOTHMH, KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOe  o0OecreyeHue  MaIIMHOCTPOMUTENBHBIX  MPOU3BOJICTB,
KOpabJieCTpOeHHE, OKEaHOTEXHHKAa U CHUCTEMOTEXHHKAa OOBEKTOB MOPCKOMN
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UHPPACTPYKTYpHl, TNPUOOPOCTPOCHHE, CTAaHAAPTH3AIMUA ¢ METPOJIOTHS,
TexHocepHass Oe30MacHOCTb, YIpaBIEHHE B TEXHUYECKUX CHCTEMax,
AKCIUTyaTalus CYAOBOIO 3JEKTPOOOOPYIOBAaHUS U CPEACTB aBTOMATHKH,
JKCIUTyaTalys TPaHCIOPTHO-TEXHOJIOTMYECKMX MAllMH M KOMILJIEKCOB,
AKCIUTyaTalus Cy0BbIX SHEPI€TUYECKUX YCTAHOBOK.

Hwxe nano omucanue crnenuann3upoBaHHbIX Jabopatopuit KOEMHOIL]
CeBl'Y-®ecto «CuHeprus» MO3BOJSIONIUX PEaTM30BBIBATh 00pa3oBaTEIbHbIC
IpPOrpaMMbl MO YINOMSHYTHIM HaIIpaBICHHUSIM IOATOTOBKM B TOM YHCIE B
pamkax npoekra «CuHeprus».

JlaGoparopusi cucteM ynpaBJieHUsI

JlaGopaTopusi  COAEpPKHT  CleAyloliee  y4eOHO-HCCIeI0BATEILCKOES
o0opyI0BaHME: MTHEBMOCHCTEMA JIBYXKOOPJIMHATHOTO MMO3UIIMOHUPOBAHUS Ha
0a3e Oe3MTOKOBBIX MTHEBMOIWIIMHIPOB U KoHTposuiepa SPC200 ¢upmer Festo;
ruapaBaudeckas cranuus (Moayias MPS-PA) mo uM3ydeHHIO HETPEPHIBHBIX
MPOIIECCOB, MO3BOJISIONIAS OCYIIECTBISTh '
KOHTPOJIb 3a TEMIEPaTypoH, HaBICHUEM,
CKOPOCTBIO TIOTOKAa U YPOBHEM KHUJIKOCTH,
MTHEBMATHYECKUE  3aJBIDKKH  CYJOBBIX
TPYOOIIPOBOJIOB, yIpaBisieMble c
IIOMOMIBIO MOJIYJIbHOM CUCTEMBI,
BKIrOUaromed B cebs koHTposuiep FEC
¢bupmbr  Festo; nmeHTOUHBI  KOHBeWep,
ynpasisieMbiii  koHTpoimiepom  LOGO; s
MaHUTYJIAIIHOHHBIA MEXaHW3M Ha 0a3e IMMHEBMOMYCKYJIOB, YIPaBIISEMBbIH
kouTpouiepom  FEC20 ¢upmer Festo; 13 mepcoHanbHBIX KOMITBIOTEPOB,
O00BEAMHEHHBIX B JIOKAJTbHYIO CETh.

JIaﬁopaTopml MEXAHOTPOHHBIX MPOMBIIIJICHHBIX CHCTEM

JlaGoparopust BkirO4aeT B ceOs
cienyromiee 0OOpyIOBaHHME: TAThH
MOIYJIbHO-TIPOU3BOJICTBEHHBIX
cucrem (MPS) ams  pasnudHbIX

TEXHOJIOTHYECKUX IPOLIECCOB;
TOKapHBIA CTaHOK C TPOrPaMMHBIM
yIpaBlIeHUEM; MPOMBIIIICHHBIH

pobor  «Mitsubisi»,  Oydepnas

123



HAKOMUTENbHASI CHCTEMa I 3arpy3Ku/pasrpy3Kd TOKApHOTO CTaHKa,
CTaHLMIO YIPABJICHHUS pazmuBoM xuakoctd (momyms MPS-PA); 13
MEPCOHATBHBIX KOMIIBIOTEPOB, 00bEIMHEHHBIX B JIOKAJILHYIO CETh.

OcHOBHBICE 4YHWTaeMble B JlabopaTopuu JUCHUILTUHBL:  «['MOKOe
aBTOMATH3UPOBAHHOE IMPOU3BOJICTBO W POOOTHU3UPOBAHHBIE KOMILIEKCHI,
«MHUKpOIIPOIIECCOPHBIE W MPOTPaMMHBIC  CPEJICTBA  aBTOMAaTH3aIlUN,
«Pacnipenenennbie KOMITBIOTEPHBIC WH(GOPMAIIMOHHO-YITPABJISIFOIIIEC
CHCTEMBI».

Ha crenmax MPS ocymiecTBiasieTcss MOATOTOBKAa CTYIEHTOB TIO
crangapram WorldSkills Russia mo xomnereniun «MexaTpoHHKa.

JlaGopaTropusi CEHCOPUKH

JlaGoparopust  3akperieHa TpeaHa3HaueHa Ui W3y4YeHUs U
UCCIe0BaHUs CTyJI€HTaMH XapaKTEPUCTUK U3MEPUTEIIbHBIX
npeoOpa3oBaresiell U JaTYUKOB HA UX OCHOBE. B cocTaB mabopaTopuu BXOJAT:
KOMIUIEKT JATYMKOB JUIsi WU3MEPEHUs YCWIMM JaBJICHUS WCIOJHUTEIbHBIX
OpraHOB TEXHOJIOTHYECKOro 0oOOpy/IoBaHMs, pabOyux Cpea; KOMIUICKT
JATYUKOB JJIi KOHTPOJISE TOYHOCTH TMO3UIMOHUPOBAHUS pabOYUX OPraHoOB U
O00BEKTOB MPOU3BOJCTBA, MEPEMEIICHU M KadecTBa OOpabOTKU; KOMIUIEKT
JTUCKPETHBIX  JIATYUKOB KOHTAKTHOIO UM OECKOHTakTHoro tumos; 14
MEPCOHATBHBIX KOMITBIOTEPOB 00BbETMHEHHBIX B JJOKAIBHYIO CETh.

B  uucno maGopartopHblx pabOT BBIMIOJHAEMBIX CTYJACHTaMH B
naboparopun BXoAsT: «VcciaenoBaHue TEH30METPHUYECKUX MpeoOpa3oBaTenei
yeunus»;  «MccnenoBanue mnpeoOpaszoBareneid Ui KOHTPOJSL  JIaBJICHUS;
«MccnenoBanre  OECKOHTAKTHOTO  HMHAYKTUBHOrO  MpeoOpa3oBaTesisiy;
«IToTeHrmomMeTpuyecKkue u yIbTPa3BYKOBBIE npeoOpazoBaTeNny;
«HccnenoBanue ONTUYECKOTO peoOpa3oBaTesy»; «HccnenoBanue
JTUCKPETHOTO EMKOCTHOTO AaTUUKaY.

OcHoBHbIE uWTaeMmble B Jaboparopuu aucuuiuiuHbl:  «[Ipubopsl
KOHTPOJISI pacxofia >KUAKOCTEH U Tra30oB», «CEHCOpHbIE U BJICKTPOHHBIC
AJIEMEHTHI MEXaTPOHHBIX CUCTEM.

JlaGopaTopus 3JIEMEHTOB n CHCTEM aBTOMATH3HPOBAHHOTO
THIPONPHUBO/IA

Jlaboparopusi ~ ocHalleHa ~ JBYMs  JIByCTOPOHHUMH  YHUBEPCAJIbHBIMU
nabopaTopHbIMU cTeHaMu QUupMbI «FEStoy», Kaxablii U3 KOTOPBIX MO3BOJSET
OJTHOBPEMEHHO BBITIOJIHATH pabOTy JBYM Opuraaam (Kak MpaBUIIO, COCTOSIIUM
U3 JIByX CTyAEHTOB). B maGoparopuu mpoBOIUTCS KOMIUIEKC JabOpaTOpHBIX
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paboT 1o TU/IPOABTOMATHKE U
THJIPONPUBOAY, JIOKAJIBHBIM  CHCTEMaMm
THIPOAaBTOMATHUKH, HCCIIeIOBaHUIO
JTMHAMAYECKIX IPOIIECCOB B
ruaponpuBoze. Bee mabopaTopHbie cXeMBbI
cHayaja 0TpabaThIBAIOTCA Ha
BUPTYQJIBHBIX MOJENSX TIPU  TTOMOIIH
nporpammbl «FluidSimy, a numie 3aTem Ha
1ab0paToOpHOM 000PYIOBAaHUH.

JlabopaTOpHBIN KOMILIEKT OJHOTO CTEHJa TO3BOJSET cobupath Ooiee
20 pa3nauuHBIX Ja0OpaTOPHBIX ycTaHOBOK. (OCHOBHBIE YWTaeMble B
na0opaTopuu  JUCUUIUIMHBL:  «['mapaBiavka W TUAPONHEBMOIPUBOIY,
«Crnemsuit MTHEBMO-THIPOIIPHBO, «DMeMEeHTHI u CUCTEMBI
aBTOMATU3UPOBAHHOTO MTHEBMOTHUAPOTIPUBOJIAY.

.JIaﬁopaTopnﬂ ABTOMATU3UPOBAHHOI0 INTHEBMOIIPUBOIA

OGopynoBanue m1abopaTopuul MPEACTABICHO MATHIO JIBYCTOPOHHUMU
CTEHJaMM, TIO3BOJISIONIMMHM OJHOBPEMEHHO JecATH OpurazaM H3 JBYX
CTYACHTOB TPOBOJUTH KOMIUIEKC pabOT 1O MHEBMOABTOMATUKE U
MTHEBMONIPUBOJlY, AJIEKTPOITHEBMOABTOMAaTHKE, ITHEBMAaTHYECKOW  JIOTHKE,
NPONOPIMOHAIBHON ITHEBMOABTOMATHKE UM ITHEBMOIIPHBOJY a TaKXke IO
UCCIIEZIOBAHUIO JMHAMHUYECKUX IIPOLIECCOB B THEBMOIIPUBO/IE.

JlabopaTOpHBIN KOMILIEKT OJHOTO CTEHJA MO3BOJSET coOuparb Oomee
20 BUAOB JaOOPaTOPHBIX YCTAHOBOK JUISl JJAOOPATOPHBIX PAabOT TaKUX Kak:
UCCIIeZIOBaHUE ITHEBMATUYECKUX IMPUBOJOB; HCCIEIOBAHUE XapaKTEPUCTHUK
IHEBMAaTUYECKUX LUJIUHApPA JIBYCTOPOHHEIO JIEHCTBUA C H3MEHSIEMOU
Harpy3koi Ha ero IITOKE; MCCIIEJOBAaHUE AKCILTYyaTallUOHHBIX XapaKTEPUCTUK
IHEeBMoOpacnpeaeauTeneil ¢ MHEeBMaTHUYECKUM YIPABICHUEM; pealu3alus
JIOTMYECKUX ONepanuil Ha 3JIEMEHTAaX BBICOKOTO JaBJICHHUS; HCCIIEJOBAHUE
JIEKTPOITHEBMATUYECKUX CXEM JMCKPETHOIO YIPABIEHUSI THEBMOIPUBOJAMHU.

OcHOBHbIE YHTaeMble B JJAOOPATOPUM IUCLUUILIUHBL: «['MIpaBiuka U
THJIPOITHEBMOIIPUBOY, «Cleasmuii MHEBMO-TUAPOIIPUBOL», «DJIEMEHThl U
CUCTEMBl AaBTOMAaTU3MPOBAHHOTO IMHEBMOrMAponpHuBoja». «TexHuueckue
CpEJICTBA aBTOMATH3aLMU U YIIPABICHUSI.

JlaGopaTopusi aBTOMATHU3UPOBAHHOIO 3JIEKTPONPHUBOIA
JlaGoparopusi ~ OCHallleHa  KOMIUIEKTaMU  CIELUAIU3UPOBAHHOIO

obopyznoBanust 13 KoMmmbrOTepaMu, OOBEAMHEHHBIMU B JIOKAJIBHYIO CETh. B
KOMIUICKTAIIMI0 JTA0OpaTOPHBIX YCTAHOBOK BXOJST CEPBO- U  IIArOBhHIE
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JIBUTATENM, JIMHEWHbIE >JeKTponpuBoAbl, KoHTpoyepsl «FESTO» wu
«SIEMENS», no3Bosisitoniie OCylIeCTBIIATh YINPABIECHUE HCIOJIHUTEIbHBIMU
MEeXaHU3MaMU TpU TOMOUIM Mporpamm, pa3pabOTaHHBIX M OTJIAXKEHHBIX Ha
KOMIIBIOTEpAX.

B kauectBe mpuMepoB  J1a0OpPaTOpPHBIX  pabOT  BBIMOJHAEMBIX
CTyJE€HTaMU yHHUBEpCUTETa MOXXHO ykazatb: «McciaenoBanue paboOThI
nporpamMmmMupyemMoro  Jjoruueckoro  kontpoiepa  FEC  FC620 ¢
AIIEKTPONPHUBOJIOM MTOCTOSTHHOTO TOKa Ha ocHoBe aBurarens tuna MTR-DCly;
«MccnenoBanue  JIIEKTPOMEXAHMYECKOM  CUCTEMBI  C  DJIEKTPUYECKUM
CEpPBOJBUIATENIEM MEPEMEHHOTO TOKAa M YHNPABISIIOIIMM KOHTPOJUIEPOMY;
«MogenupoBaHue TMHAMUYECKOTO MPOLECCa NIEKTPOMEXAHUUECKON CUCTEMBI
aBTOMAaTHUYECKOr0 ymopasieHus»; «MonenupoBaHue IIyCKa aCHHXPOHHOIO
aneKTpudeckoro asurarens Ha OBM»; «MopenupoBaHue mycka ABUTATENs
MOCTOSTHHOTO TOKa Ha OBM; «MccnemoBanme HEIMHEHHOM CHCTEMBI
aBTOMATHYECKOT'O YIIPABIJICHHUS IBUTATENIEM IIOCTOSSHHOTO TOKA).

Ha 6a3e oOopynoBanusi 1abopaToOpuu BBITIOJHEH SKCIEPUMEHT IS
JMCCepTallii Ha COUCKAHNE YUYEHOUM CTENEHU KaHAUAAaTa TEXHUUYECKUX HayK Ha
TeMy «YTpaBieHHE TepeMelIeHueM OOBEKTOB KOHEYHOW JKECTKOCTH B
aBTOMAaTHU3UPOBAHHOM IPOU3BOJACTBEY.

JlabopaTopusi ynpasjeHus ABUKEHUEM

B nmaGopaTopuu ynpaBieHus: IBUKEHIEM HAXOISITCS JBa JIAOOPATOPHBIX
KOMIUIEKCa JIJIsi MCCIeJOBaHUS 3aKOHOB YIPABJICHHUS MOOUIBHBIM POOOTOM C
poJMKOHeCymuMH Kojecamu — «Robotino». B mabGopatopmm mpoBomsTcs
IpaKTHYeCKUe paboThl B paMKaxX JAUCLHUIUIMH: TEOpHs aBTOMATHYECKOTO
VIpaBIIEHUs, ONTUMAJIbHbIE M aJalNTHUBHBIE CHUCTEMBbI, HU(POBBIE CHUCTEMBI
ynpasiieHus. CTyIeHTbl OTpalaThIBAIOT MPUMEHEHUE PA3IMYHBIX 3aKOHOB
yopaBieHuss (ONTUMAaJIbHBIX, TEPMHUHAIBHBIX, aJalTUBHBIX) K CIOXKHBIM
cHCTeMaM aBTOMATHYECKOTO YIIPABICHUS Ha TMPUMEpPEe MOOMIBLHOTO pPoOOTa.
BrinonHsembie B 1a00paTOPUH UCCIIEIOBAHUS UCIIOJIB3YIOTCS CTYJIEHTAMU TIPU
MOATOTOBKE BBIITYCKHBIX pabOT
OakanaBpOB U MarucTpoB.

Taxxke ©Ha O6a3ze gaHHOU
naboparopuu OpraHNU30BaHO
CTYJEHYECKOE KOHCTPYKTOPCKOE
oiopo (CKb) mno MoOmiIbHOM
pPOOOTOTEXHHUKE, TI/I€ CTYACHTHI
3aHUMAIOTCS TEXHUYECKUM
TBOPUYECTBOM, pa3pabaThIBAIOT U
BHEJIPSAIOT B HUCCIEAOBATEIbCKUM
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U y4eOHBIH Tpolecc MOOHIbHBIC

poOOTHI cOOCTBEHHOTO
MIPOU3BOJICTBA.

Ha 6a3e naGopatopuu Takxe
peaTu3yIoTCs pas3yIn4HbIC
CTYACHUECKHE  TEXHOJOTUYECKHE
MIPOEKTHI B obnactu

pobororexHuku. Cpeau MmocaeaHux
YCIICIIHBIX ~ TPOCKTOB  MOXKHO
ykazaTh mpoekT «Create Robots in Sevastopol» (CRiS), koTopelii mocBsiieH
pa3paboTke MoOWIBbHOU TuIaTGOpMBI 00pa3oBaTENbHOW POOOTOTEXHHWKU Ha
6aze koHTpouiepa Arduino M moapasymeBaeT pa3pabOTKy COOCTBEHHOU
MOOWJIBHOM TUIaTGOPMBI W COOTBETCTBYIOWIETO  Y4EOHO-METOIUYECKOTO
KOMIUIEKCa ISl OpTaHM3allMd KYypCOB MO MOOWJIBHON POOOTOTEXHHKE IS
IIKOJIBHUKOB U CTY/ICHTOB.

-

o

JIaHHBIA ~ TPOEKT  MOJIYYHJI
noanepxkky PoHma conerucTBus
Pa3BUTHIO MaJbIX bopm
® am ' MpEINPUITUI B Hay4HO-
o A = S T SElS  TCXHMYECKOM cdepe, CTyIeHThI

o : | BBRIMIPad  TPaHT  KOHKypca
«YMHHK». K  ycnemHsm
pe3ynbTataM JaHHOTO MPOEKTa
clelyeT OTHECTH 3-€ MEeCTO B
MexnyHapogHoM ¢unane
OJIMMITHAJIBI «|T-ITnanera
2015», a Takxke l-e mecto Ha
Bceepoccuiickom stane onumnuanbl  «lT-Ilmanera 2016» B KOHKypce
CBOOO/IHOM POOOTOTEXHUKHU, HOMUHaLUs «3aemnuey.

Takxe crmemyer 3aMeTuTh, 4TO Ha 0a3ze uMerolerocs o0OpyHAOBaHUS
BeJeTcs MOAroToBKa crymeHToB mo cradmapram WorldSkills Russia mo
KoMreTeHIMu ~ «MoOwibHass poOoToTexHuKa». OIHO W3  IMOCIEIHUX
noctwkennii — B ¢unane HarwonansHoro yemnuonara WorldSkills Russia
koMaH/a (CeBacTONOJBCKOTO TOCYJapCTBEHHOTO YHUBEPCUTETa 3aHsja 3-€
MECTO IO IaHHOW KOMIIETEHIUU.

PEAJIM3AIIUA CETEBOI'O TAPTHEPCTBA
Jlabopatopun mnpoekta «CHHEpTHs» B Hadalie CBOErO CYIIECTBOBAHUS

ObUIM  pa3paboTaHbl  HAa  OCHOBE  MOJETMPOBAHHUS  MOJYJIBHBIX
npou3BoacTBeHHBIX cucteM (MPS) Festo (cuctembl  TecTupoBaHwUs,
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nepeMenieHus, coopku) [2]. DT cucTeMBbl BKIIOYAIOT peajibHbIC MPUBOJIBI,
TaTYUKH, KOHTPOJUIEPHl M (U3MYECKHE  MOJEIU  MPOMBIIUICHHOTO
oOopyaoBanus. [l Kaxaoil cucTembl ObUT peaii30BaH MaTeMaTHUeCKHi
TpeHaxep. DTH TpeHakepbl MOTYT padOTaTh KaK C BUPTYAIbHBIMH, TaK U C
pEeaJIbHBIMU KOHTPOJIEPAMH.

Kaxaplii y4yacTHUK TMpOEKTa MMEET KJIAcChl MEXaHOTPOHUKU U
WnTepuer-naboparopuu. PabounMu MectamMu CTYJIEHTOB B Kjacce SBIISIOTCS
NEPCOHANBHBIE  KOMITBIOTEPHI, OOBEAMHEHHBIE JIOKAIBHOM ceThio. B
OubnMoTeKax MPOTrPaMMHOTO O0O0ECNEUYeHHsT KOMITBIOTEPOB yCTAHOBIICHBI
BUpTyanbHble Mojenu Bcex MPS. Crynentbl, HCHONB3ys BHUPTYyaJlbHbIC
MOJIENIM, TOTOBAT YIPABJSIOLUIME MPOrpaMMbl Jisi KOHTposiepoB MPS wu
OTIIPABJISIOT UX YEPE3 JIOKATBHYIO CETh K TJIABHOMY CEPBEPY.

VY4YacTHUKM ~ T[poeKTa  HMMEIOT  BO3MOXKHOCTb  pa3pabaThiBaTh
nporpaMMHoe obecreueHue Juisl yaajaeHHoro goctyna k MPS B pexume «on-
line». Taxol pexum pabOTBI HEOOXOAMM IS CaMOCTOSITENBHOW pPabOTHI
cTyAeHTa. B 3TOM cilydae 3KCIepUMEHTHI MOTYT Clel0BaTh APYr 3a JAPYroM
0e3 mepepbiBa. CTyA€HT MMEET BO3MOXXHOCTb HAuMHAThb M OCTAHOBJIMBATH
porpamMmy o €ro COOCTBEHHOMY YCMOTpeHuto. B pexume «on-line» riaBHbII
cepBep (QopMHpYET i CTYJCHTOB AaHUMHPOBAHHBIE H300paK€HUS PaOOTHI
MPS. PesynbraTtel paboThl MOTYT OTOOpa)KaTbCsl Kak Ha KOMIIbIOTEpax
CTYACHTOB, TaK M Ha MOHHUTOPE B CIELUATM3UPOBAHHOM JEKI[MOHHOU
ayUTOPUW, OCHAIIEHHON BUICO/ayquO CHCTEMOH, TIpU TPOBEIACHHUH
JIEKIIMOHHBIX 3aHATHH.

B pamkax mpoekra B FHOEMHOIL] CeBl'Y-®ecto «Cuneprusi» u
YHUBEPCUTETAX MapTepax YCTAaHOBJIEHO IIMPOKOIOJOCHOE COEIUHEHUE C
WHuTepHeT, 3Ta CBA3b J1aeT BO3MOKHOCTH JUISl MpEIoaaBaTesiell YnTaTh JIEKIUU
JUI1 BCEX YHHMBEPCUTETOB OJHOBPEMEHHO C IIOMOUIbIO MOJTOTOBIEHHBIX
ayauo-u BUAE0-00bEKTOB. JlanmpHeilliee pa3BUTHE 3TOM CHCTEMBI B IPOEKTa
«CuHeprus» MOKeT JaTh BO3MOKHOCTD I10JIy4YaTh MOJHOLIEHHYIO TEXHUYECKOE
o0pa3oBaHue HE TOJIBKO /ISl CTY/IEHTOB, HO U JJIsl KQX/I0T0 JKEJIAIOILETrO.

Co3naHHas CTPYKTypa MOKET PacCUIMPSATHCS U OBITH JONOJHEHAa HOBOM
TEXHUKOM, METOJUMKOM Y  HOBBIMHM  YYaCTHUKaMH CpPEIH  KOTOPBIX
yHuBepcuretsl bonrapun, Typuuu, benopyccun, Kasaxcrana.

[1] 1. Bagimov, V. Klevakin, V. Kramar, M. Mikhailov, P. Mogilnikov, P. Roslyakov,
V. Shalai, S. Stazhkov. International Educational Project “SYNERGY”, Annals of
DAAAM for 2007 & Proceedings of the 18th International DAAAM Symposium,
473-474 (2007).

[2] B.A. Kpamapp, B.B. AnpuakoB, M.A. BarumoB. O co3danuu pacnpedeneHHbix
Jabopamopuii cucmem u cpedcmes asmomamusayuu 6 pamrax npoexma « Cunepausy,

Marepuanel 7 MEXIYHApOOHOW HAyYHO — METOJMYECKON KOH(epeHInH
«lucranmonnoe oOyueHue obpasopareibHas cpena 21 Beka», Munck, BI'YUP, 78-
79 (2007).
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NCSIE

MexayHapoaHas MynbTUKOHdepeHLus
CeTeBOe NapTHepCTBO B Hayke,
NpOMBbILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Canxt-Metepbypr, Poccus

YUYEBHBINA LHEHTP «OMI'TY-FESTO» B

MEXAYHAPOJHOM CETEBOM HWHHOBAIIMOHHO-

OBPA30OBATEJIBHOM INPOEKTE «CUHEPI'U1»

Koceix A. B., Illanait B. B, Xomuenko B. I'., Tonkas 1. B.

Kadenpa «ABTomaruzamus 1 poOOTOTEXHUKA
OMcKu#l TOCyAapCTBEHHBI TEXHUYECKUN YHUBEPCUTET
[Ipocniekt Mupa, 11,

644050, r. Omck, Poccuiickas ®@eneparus
e-mail: v_khomchenko@mail.ru

Pegepar

B cratbe npuBosTCS CBENleHUsT 00 OpraHU3alliy HAyYHO-METOUYECKOM
pabotel yueOHOTO 1HEeHTpa «OMI'TY-FESTO» kak omnoro mu3 BY3os-
naptHepoB crpaH CHI', oObenMHEHHBIX B paMKax MEXJIyHapOJHOIO
CETEBOT0 HMHHOBAIIMOHHO-00pa30BaTeabHOrO TpoekTa «CHHEPTHs».
CooOmiaercst 006 OMBITE W O PpasIUYHBIX (opMax OOYyUEHHS CTYACHTOB
OMI'TY m cnymwareneld NPOMBINUICHHBIX W INPOEKTHBIX IPEANPUITHI
pa3IMYHbIX peruoHoB 3anaaHoil Cubupu u Ypana.

BBEJIEHHUE

B 2006 romy mo mnunmatuBe Enmceea A.C., A.T.H., mpodeccopa,
neTdnka-kocMoHaBTa, aBaxbl ['epost CCCP, repmanckoro konnepHa FESTO
1 OMCKOro rocyaapcTBEHHOIO TeXHHMUYeCKOro yHusepcurera B OMI'TY mpu
Kadeape «ABToMaTtu3alMs W POOOTPTEXHUKAa» ObLT oOpa3oBaH Y4eOHBIN
ueHtp «OMI'TY —FESTO». B stom xe roxy YueOnsiii nentp «OMI'TY —
FESTO»  Bomen B MeXIyHAapOJIHBI WHHOBAIMOHHO-00pa30BaTEIbHBIN
npoekT «CuHeprus», co3JaHHbIi Ha OCHOBE MOAOOHBIX LEHTpoB Poccuu u

npyrux crpadn CHI' Ennceesim A. C.

129



MATEPHUAJIBHO-TEXHUYECKOE U METOINYECKOE
OBECIIEYEHUE YYEBHOI'O HEHTPA «OMI'TY — FESTO»

Konnepas FESTO Ha nbroTHBIX YCIOBHSX OCHACTHJ YUYEOHBIH LEHTP
«OMI'TY — FESTO» coBpeMeHHBIMH ammapaTHBIMH M TMPOTPAMMHBIMH
CpeICTBAaMH W CHCTEMaMHU aBTOMATH3alliH, a TaKKe OOBEIUHWI IEHTPHI B
eIUHYI0 y4eOHO-MH()OPMAMOHHYIO CETh CIEIUAIBLHO BBIJICICHHBIM KaHAJIOM
VPN B untepHere.

B mnacrosmee Bpems B yueOHom 1entpe «OMI'TY — FESTO»
UMEIOTCS

e paboyue CTaHIIMH CEPBO- U MATOBBIX MPUBOIOB (PUPMBI
FESTO;

® [IPOrpaMMHPYEMBIE JJOTUYECKUE KOHTPOILIEPHI (GUpM
SIEMENS, AllenBradley u FESTO ¢ cooTBeTCTBYIOIIMM
MPOrpaMMHBIM 00€CTICUEHUEM;

® CTEH]Ibl AEKTPOITHEBMO- U HJIEKTPOrHIPOABTOMATUKH (PUPMBI
FESTO;

e yueOHbIi poboT Gupmbr Mitsubishi Electric;

® [IPOrPaMMHBIC IPOAYKTHI JIJIsl aBTOMATH3MPOBAHHOTO CO3IAHHUS
yrpasisitomux nporpamm FluidSim-H-P, a taxxke
YHUBEPCAJIbHBIN MPOrpaMMHbIi Komiuieke CoSimir ¢
IIUPOKUMH BO3MOKHOCTSIMH Pa3padOTKH HPOTrPaMMHOTO
obecrieueHus JUTs aBTOMAaTH3UPOBAHHOTO 000PY/I0BaHMUS,;

o pa60qa;1 CTaHI U «KoMmnakTt CTaHIWA» IJIA MOACIIUMPOBAHUC
HCIIPCPBIBHBIX TCXHOJIOTHYCCKUX IIPOLCCCOB;

e yueOHO-MeToauueckue matepuansl  Gupmbr FESTO-Didactic.

HAYYHO-METOJINYECKOE B3AI/IMOI[EI71CTBI/IE YYEBHOI'O
HEHTPA «OMI'TY — FESTO» BPAMKAX CETEBOI'O ITIPOEKTA
«CUHEPT USI»

VY4eOHble IIEHTPHI APYTUX YUaCTHUKOB MPoeKkTa « CHHEPTrHs» OCHAIICHbI
WHBIM 000pyAOBaHKe, MHBIMU pabounmu ctannusmu FESTO. B uwactHOCTH, B
«MOBOMU — FESTO» nmeercst yaeOHBIH MakeT TU(Ta U MEXaTPOHHBIA pOOOT Ha
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ocHoBe Mmiardopmel CtioapTa, Ha KOTOpBIX cTyneHTsl OMITY u apyrux
BY3o0B-napTHepoB NpoBOIAT 1a00PATOPHBIEC 3aHATHUS.

B kauecTBe nmpuMepa MOXHO TPHUBECTH TAaKXKE BBINOJHEHUE
nabopatopHbix pabor crymeHtamu  MOWU, BI'TY wu KaplI'TY Ha
pOOOTH3NPOBAHHOW pabouell CTaHLMHU, PACTIOJIOKEHHOH B Y4eOHOM IEHTpE
«OMI'TY — FESTOw.

Takoe o0ObeOUMHEHUS MO3BOJWIO O0ECIEUNTh HAYYHO-METOAMYECKOe
B3aMMO/JICHCTBUE TEAarornyecKux KOJJIEKTUBOB U 00pa30BaTh HA ATOWM OCHOBE
MHTETPUPOBAHHBIN y4eOHBIN KOMIUIEKC, MPEICTaBIAIOMUN COO0H, MO CyTH,
pacrpeielIeHHYI0 yueOHYI0 J1a00paTopHIo.

[TpoBenenue sabopaTOpHbIX PAabOT Ha YAAJIEHHOM O00O0PYAOBaHUU
UMEET MHOIO IIOJOXKUTENbHBIX CBOMCTB. OTO, BO-NIEPBBIX, PaCIIUPEHUE

CIEKTpa JabOpaTOpHBIX yCTaHOBOK i1 By3oB — maptHepoB 0e3
HEOOXOMUMOCTH  NpUOOpeTeHUs  KaxAapiM  By3oM  J1IOpOrocTosIIero
o0opy10BaHus, BO-BTOpBIX, TIOBBIIIEHWE MHTEpeca CTYIACHTOB MU

NpUOOpETEeHE UMH OTIbITa Pa0OTHI HA YJATEHHOM 000PYIOBaHHH.

CotpyaunuectBo BY30B npu peanuzannu 1a0opaTOPHOTO NMPAKTUKYMa
Ba)KHAs YaCTh CHHEPreTHYeCKOro 3¢ (eKra mpoeKTa, HO He EAMHCTBEHHASI.

Ha npoTsskeHMM MHOTMX JIET TPOBOJSTCS B3aWMHBIE JIEKIIMOHHBIE
KypChl B JIUCTAHIIMOHHOM pexume: mpodeccopa MOU, BI'TY, Kapl' TV u
OmMI'TY YUTAIOT JIEKIIMM OJHOBPEMEHHO CTYAEHTaM, HaXOISAIIUMCS B
aymuropusax «MOU — FESTO», «KapI'TY — FESTO», «bI'TY — FESTO» u
«OMI'TY — FESTOw.

EcTb ONBIT OTKPBITHIX 3aIIUT KYPCOBBIX U JUIIJIOMHBIX IPOEKTOB, KOT'/1a
3alUTa CTYJEHYECKUX PaOdO0T MPOUCXOIUT B «IIPUCYTCTBUI IperojiaBaTeseil
1 cTyeHTOB BY30B, HaxXoa4IUXCs B IPYTUX TOPOJAX U B APYTMX CTPAHAX.

Jlabopatopnas 6aza YL «OMI'TY — FESTO» mmpoxo ucnons3yeTcs He
TOJIBKO MPU OOYYEHUU CTYICHTOB AHEBHOW M 3a04HOUN (QopM oOydeHHs, HO U
JUIS TIOBBIIIICHHS KBaNM(DUKAIIMU CHEIUAINCTOB B 00JaCTH aBTOMATHU3AINH, a
TaK)X€ MEepPernoAroTOBKM MHKEHEPHBIX KaJpoB 3anaaHo-CHOUMpPCKOTro peruoHa
u Ypana.

C 2010 roma B pamkax mpoekta «Cuneprus» OmI'TY perynspao
IPOBOIUT MeXayHapOoAHYI0 HAyYHO-TIPAKTUYECKYI0 HHTEPHET-KOH(DEPEHIIHIO
MOJIOABIX ~Y4YEHBIX «ABTOMaTH3alusl, MeEXaTpOHUKA, HWH(OPMAIMOHHBIE
TEXHOJIOTUM» C MYHKTaMH JIOCTYyIa B y4eOHbIX LieHTpax BY3oB - mapTHepos.
bazoBbIM MyHKTOM J1OCTYIIa BBICTYMAeT yueOHbIi eHTp «OMI' TY — FESTO».

BY3b1 - naprtHepsl mnpoekta «CHHEPTHs)» Ha PEryJsIpHOW OCHOBE
OOMEHHMBAIOTCS MarucTpaHTaMH, MOChIIas UX JAPYT K APYTYy Ha CTAXKUPOBKH.
Hcnonb3ys mnotennuan kouiepHa FESTO, mns cTyneHTOB-MarucTpaHTOB
PETYJISIPHO  OPTraHU3YIOTCS  MEXJyHapOAHbIE IPAKTUKU B BeHnckom
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TEXHUYECKOM YHHBEPCUTETE. JTO B OMPEACICHHON CTETIEHU PelIaeT mpoodiemy
aKaJIeMUYeCKO MOOMIIBHOCTH CTYICHTOB.

Co3nanue MEXIYHApOJHOTO WHHOBAI[MOHHO-00pa30BaTEIbHOIO
nmpoekTa «CUHEpTHs» MO3BOJUIO PEUIUTh CIEAYIOIIME OCHOBHBIE 3aJayu, a
MMEHHO:

e pacmmpenue nadboparopHoii 6a3el BY30B — yyacTHUKOB
NPOEKTa U CO3/IaHUE TI0 CYTH PacCHpeIeIeHHON yueOHOH
nabopaTopuu;

e (oJiee MOJTHOE UCTIOIB30BaHKUE KaIPOBOTO IMOTCHIIHATIA
YYaCTHHKOB MPOEKTa JIJIsi 00eCTIeUueHUSI 00pa30BaTEILHOTO
nporiecca;

e coBMmecTHas pabora BY30B 1o co3maHWIO METOIUYECKOTO
obecrieueHus Ha o01el 00pa3oBaTEIbLHOM TIaThOpME.

3AK/IIOYEHUE

B 3akntoueHne MOKHO OTMETUTh, YTO YHHKAJIbHbIE BOBMOXXHOCTH  CETEBBIX
TEXHOJIOTUH OOyueHUs Ha OCHOBE OOBEIMHEHMs Jy4IIUX MpernojaBaTenei,
COBPEMEHHOT'0 JIAOOPATOPHOI0 00OPYAOBAaHUS U MPOrPAMMHOIO 0OECIIeUeHHUs
BVY3oB-napTtHepoB, JalOT HECOMHEHHbIM CcUHeprerndeckuid 3¢Q@Qexkr B
00pa30BaTeIbLHOM IIPOLIECCE U MO3BOJIAIOT 00ECIEUUTh KayecTBO 00yUeHHsI Ha
YPOBHE, COOTBETCTBYIOILIIEM MUPOBBIM CTaHAAPTaM.
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Abstract

The University of Vaasa has created a new teaching, learning and research
environment for Protection Automation and Communication — PAC. During the
1990s, communication standards made it clear for the content producers that the most
of the equipment they created for control will be based on digitalization. It also
induced the start of the new standardization work under the umbrella of the
International Electrical Committee (IEC) in 1995. Several companies globally from
different countries involved to the definition stage of the IEC 61850 standard for
Communication Networks and Systems in Substations. The main parts of the standard
were ready for the first implementations in 2004. However, one general weakness of
the standard was formed because of the structural differences between suppliers in the
standard implementation phases undermines compatibility. Therefore, the
compatibility with different suppliers of equipment connected to the system must be
tested in order to verify plug-and-play functionality. This challenge provides an
opportunity for the university to offer research and training services to electric
utilities and to equipment producers as well as to system suppliers in PAC lab, which
is multi-vendors testing environment for communication.
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INTRODUCTION

This paper describes the establishment of research and training laboratory for
communication. The laboratory guideline is to explore, develop and train
telecommunication solutions in the energy sector based on IEC-standards. IEC TC 57
was established in 1964 because of the urgent need to produce international standards
in the field of communications between the equipment and systems for the electric
power process, including telecontrol, teleprotection and all other telecommunications
to control the electric power system (Fig. 1). TC 57 standards have also developed to
cover a critical subset of standards requirement to realize the Smart Grid [1].

The scope of TC57 is to prepare international standards for power systems
control equipment and systems including EMS (Energy Management Systems),
SCADA (Supervisory Control And Data Acquisition), distribution automation,
teleprotection as well as information exchange for real-time and non-real-time
information, used in the planning, operation and maintenance of power systems.
Power systems management comprises control within control centers, substations and
individual pieces of primary equipment including telecontrol and interfaces to
equipment, systems and databases, which may be outside the scope of TC 57 [1].

Products and systems are now on the way towards digitization. This creates
new opportunities for easy smart functions to existing Intelligent Electronic Device -
IED. Similarly, the mixed technology supports the intelligent application solutions by
layering structure, which is shown in Figure 1.

Strategies and Management >

Figure 1. Left: management of energy chain, right: simplified optical networking
value chain in the system.

Combination of hardware and applications into a unified system is defined as
an international communication protocol. IEC 61850 standard [2] actively reinforces
the effective application together with the state of the art technology for the
management of electricity network.

IEC 61850 fits into an overall structure of the IEC related to smart grid
activities. IEC 61850 is structured after the Common Information Model (CIM) under
the IEC. CIM is the general information model of utility-specific data and underlies
the information structures of most IEC utility standards. IEC 61850 standard
development steps are shown in the Figure 2.

Testing and certification for conformance of IEC 61850 devices is challenging
because IEC 61850 is not just one protocol — it is a suite of protocols that work
together to form a very comprehensive system. The standard utilizes layering,
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structured data, one-to-one and one-to-many messaging, data discovery, and LAN-
based time synchronization, which all create a challenging environment for testing
groups. Interoperability testing is even more challenging and is currently done on a
custom basis for each implementation design [6].

Information in the standard is layered both vertically and horizontally.
Vertical layering follows the Open Systems Interconnect (OSI) model for
communication functions. Horizontal layering is used for the logical nodes that
scatter the functions found in a substation in different physical devices.

Layering in this manner means that testing IEC functionality must rely on
automated testing tools for conformance because humans cannot interpret the
information. This puts a lot of pressure on the system test designer to develop
accurate conformance tests. IEC 61850 is therefore quite challenging.

In the standard, there are many required objects. However, in order to assure
the standard may grow and change with industry changes, designers allow
implementation of other objects in a standard way called “namespaces.” Namespaces
allow IED vendors to create new functions. These data objects must adhere to the
naming conventions defined in the standard, and developers must visibly mark these
extensions to the standard. Also, there must be a new data object discovery
mechanism in the device; it is clear the new functions are either an object or attribute
and that these new functions can be evaluated to assure they behave as the vendor
claims. This flexibility of the standard also creates significant challenges for testing to
not only assures the standard objects function properly, but to also discover and test
the new data objects in the device [5].

One problem today is that many vendors of substation systems have tried to
adapt proprietary methodologies into their native tools for configuring IEC 61850
communications within a substation. This leads to incompatibilities between devices
and configuration tools from different vendors. It also increases the potential for
incorporating human error into the process as engineers have to use multiple tools to
configure a substation automation system.

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

First interoperability International
tests of bay devices Standard

Final draft International
. Standard in Nimes 2004
L ——— v S N SR —

t L WG 1
Process continues
‘Gﬂm ‘ Gateway IEC 61850 Eomunties by technical issues

Horizontal Part 1 Introduction and Overview. draft for voting - » -TISSUES
M Part 2 Glosary =
Part 3 General requirements
Pait 4 System and project management 2 il *
Part 5 Communication requirernents for functions and device mi%els -~ = FDFV
Part & Configuration description language i Standard
Bay Bay Bay Bay Part 7 Basic communication structure, Principles and models - 2009-05-11

Function Function Function Fur Part B Maggings to NS
Part 8 Specific communication service mapping (SCSM) -
yﬁ Part 10 Conformance testing il
Part 90-1 FOR THE COMMUNICATION BETWEEN SUESTATIONS  lifF——————————

Figure 2. Left: IEC61850 Principles for substation communications, right: a
snapshot of baselines of IEC61850 developments.
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Substation automation research and development has invested heavily over
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the past decade, but often arrived to be a supplier of proprietary solutions. Problems
associated with the above-mentioned situation were found several years ago and IEC
Technical Committee 57 started to define the new bus-based data communication
standard for information of the substation automation. During the years 1995-2004 a
whole new generation of telecommunications architecture with the specifications was
defined and standardized for the local substation environment (Fig. 2).

The most important new features compared to the previous protocols are
object-oriented structure, and the definitions also contain application-specific
information. This standard is still being developed continuously. In addition, its area
of use is expanded to new sectors.

RESEARCH PLAN

By starting from these facts, the University of Vaasa founded a telecommunications
research platform in cooperation with other higher education institutions. The naming
of project was eventful in the design phase. The first proposed project name was
“Integrated COmmunication Solutions” — ICOS. Later, the proposed name was “LAN
Communication” — LACOM. Eventually, the project got implemented with the name
"Development of the Education Services of the IEC 61850 in Multi-Vendor
Environment” - DEMVE. The outcome of this project was a new research and
education platform for telecommunication in electricity distribution automation. This
platform is located to Technobothnia Education and Research Center, which is jointly
run by the University of Vaasa and two local universities of applied sciences.
Currently, this platform provides services for the Protection of Automation and
Communication needs, so it is called as PAC laboratory. Building up the first phase
of the laboratory took place from August 2011 to July 2013.

Principles of design

IEC 61850 standard allows packet-switched and distributed control architecture. It
will improve the speed, reliability and safety to a new level compared to conventional
systems. The distributed architecture transition is a major technological leap in
automation systems. Relying on new standard equipment and systems require
knowledge accumulation. Therefore, the first target for the research platform was the
training and problem-solving needs. In addition, the integration of decentralized
power generation to new network architectures, such as the Smart Grid and Micro
Grid (Fig. 3) enhance communication challenges, because new types of devices are
needed. For instance, in order to connect decentralized power generation to the
distribution network, inverters are required.

The main target of the project was to design and launch educational service
around the IEC 61850 standard. The significant part of the project was the
implementation of a multi-vendor environment according to the standard, which
forms the best possible training environment. Therefore, the aim of a sub-project was
to develop the local electricity distribution network for data transmission
environment, where a new generation of automation package can be verified on a
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large scale. Developed system utilizes the latest in information technology, and it is
also responsible for the point of view of electricity companies in business and
operational processes to emerging challenges.

Figure 3. Smart Grid and Micro Grid systems [3].
Description of the system

The strong involvement of decentralized power generation affects the electricity
distribution network structures quickly. The new electricity networks will be looped,
and at the same time the management of grids complicated. Networks will be
intelligent, local, energy self-sufficient and self-contained units (Smart Grid & Micro
Grid), which can be used as an extension of the main network or isolated operation.
Frequency converter is the most suitable technical solution to interface the local
electrical network cells and the public distribution network. For this reason,
frequency converters will be part of the grid management. Therefore, the frequency
converter should be taken into account in multi-vendor environment. The technology
has amongst other become more common way to connect wind power to the network.

Research platform implementation

The implementation of the multi-vendor environment is the most important
prerequisite for the implementation of the whole. A test system comprises, amongst
other things, of the hardware by ABB, VAMP, Schneider-Electric, Siemens and
Omicron. The system will be complement by the hardware of other suppliers later on.
The PAC laboratory environment is built by using a modular structure in the
implementation in such a way that each vendor’s equipment is located into its own
movable rack (see Fig. 4).

Portability allows a combination of various types of data network solutions, a
number of media options, and data transmission distances for study and training. In
addition, data communication can be explored both in fiber and in wireless
environment. Transferability of the racks creates an agile adaptability of research and
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education on the laboratory environment in the context of telecommunications as well
as in the context of the protection of electrical engineering.

The project subtasks have been defined by keeping the compatibility as a key
factor. In addition, there have been classified and instructed interface requirements
for the level of automation requirements.

EDUCATION CHALLENGES

Four training courses were planned as a part of the PAC laboratory building activities.
These courses were given from the key topics of IEC 61850 so that they can provide
the basics for somebody who starts to apply the standard. The topics of the four
courses were 1) The Basics of IEC 61850, 2) Communication Solutions and Security
Issues of IEC 61850, 3) Communication between IED Devices under IEC 61850 and
4) Substation Automation and Operation Control System under IEC 61850.

Each course was designed so that it was possible to provide it either as a 1-2
days intensive course, which had a full day of lectures and exercises on both days or
as a semester or period long lecture course having lectures and exercises 1-2 times per
week. The former timetable is suitable for the companies who are willing to take the
course as an intensive training for their professionals. The latter timetable is better for
universities or other higher education institutions, which are willing to provide the
course as a part of the curriculum for their students. The exercises of each course
were connected to the electricity distribution automation architecture of the PAC
laboratory so that the laboratory infrastructure was fully utilized during the courses.
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Figure 4. Training event in the PAC Laboratory on the left and multi-vendor
environment principle on the right.

Each of the four courses was given at once as a short-term intensive course
during the project. The audience of these pilot courses consisted of the professionals
of the companies participating to the project consortium and the staff of the research
organizations. A feedback was systematically collected from each of the courses so
that it was possible to utilize it in the evaluation of the course content. In the future,
these courses can be offered to the companies who are interested to buy such training,
and they will be included to the curriculum of the participated research organizations
including the University of Vaasa.
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RESEARCH PLATFORM

This PAC Lab has been already an important research platform for several studies.
The research environment is particularly effective when it is desired to implement the
function, which has a number of boundary conditions, and information gathered from
the IED devices of many different suppliers.

In the laboratory has been tested, among other things; a new application for
islanding detection technique. It sustains an efficient electrical energy systems
operation and reduce hazard for the personnel of Electrical Utilities. Such dynamic
and adaptable system handles numerous parameters and variables. This approach
relies on the electrical grid communication system network upon the IEC 61850-7-
420 standard. Where, the electrical grid distributed main management service (MMS)
takes the response to monitor all the electrical connection points (ECP) and the
distributed energy resources DERSs status [7].

Rapidly developing technology, together with the slow standardization, leaves
open questions for suppliers themselves to solve. In the long term, various solutions
of suppliers bring challenges for system maintenance. These multi-vendor problems
can be studied and solved in the open scientific environments. In addition, a wide and
varied system makes it possible to identify the fault location problems and develop
new-sophisticated algorithms.

In the future, one of the research tasks is to explain the differences between
different suppliers of the protocol production. The challenge is that whether it is
possible to implement the common and shared tool to configure run-time software.
The interoperable services between vendors are also useful in other levels of the
configuration. Those are more than merely an effective way for ensuring the certainty
of operations. Ways of different manufacturers to make tailor-made implementation
solutions are also complicated by competitive bidding system expansion stages. It
prevents an open competition because of the recoverability disappear of the prior
intermediate stages from other vendors. If the implementation is possible, then a
simple conversion tool must be explained and defined for the most essential interfaces
[7]. Such an analysis feature would create great technical competitiveness for
suppliers of substation automation systems. For this purpose, the study could help to
develop a common middleware tool, which serves all parties, and in particular
facilitate the maintenance know-how of user. In general, this research is a part of
emergent efforts to integrate the energy systems.

CONCLUSIONS

This paper highlights many important issues for students, scholars, and company
managers who seek to understand the reasons why a strong, skilfully grown know-
how to avoid stumbling blocks faced with certain kinds of technological change. PAC
lab enables extensive competence to manage protection, automation and
communications equipment and systems. Research and education environment is
built and commissioning has been completed. The major conclusion is that the
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challenges of the advanced technology can be studied and solved in the laboratory.

Project-related educational subtasks have been completed. One doctoral thesis
on the topic has been made during the research work [9]. The PAC infra will serve
both education and research purposes in the future.

Implementation of the project was smooth, because the project had a very
wide commitment from financiers, business and industry. The positive sentiment has
been a natural, because the local industry includes three security-related businesses.
In addition, Vaasa region is known as the Finnish energy cluster where locates a great
number of energy technology companies and experts.

The Technology Centre Oy Merinova Ab carried out University of Vaasa
project in collaboration with the universities of applied sciences NOVIA and VAMK
and project managed. The project was distinctively different from the traditional
research approach. The project received widespread funding with more than 20
partners. In addition, the attractiveness of targets drew a number of professionals to
support the project in their own expertise.

Distributed power generation is a challenge for information technology. The
project acquired knowledge and skills, which will contribute to the energy cluster and
international business. In the future, the University of Vaasa is building a new
research laboratory focused energy activities, which will give more powerful and
wide possibilities to researchers. Current laboratories, which are located in
Technobothnia, will focus on education once the new research laboratory is up and
running.

Motto: “Nothing ventured, nothing gained”
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Pa3zpaborka ceTu po0OTAPHMYMOB H MOOMJIBHBIX POOOTOB «AMYP»
JJ1S1 UHHOBAIIMOHHOTO 00y4YeHUsI NHTEJJIEKTYaJILHOH po00TPOHUKE

B.E. IIpauuynukoB, A.5. Kcenzenko, C.B. KyBuunos, F0.C. Map3anos, }0.B. Ilonypaes,
E.A. lIpbices, P.B. Xesaemenauk, A.A. ApbickuH, O.0. beasies, II.A. bpbizraJios,
J.B. 1aBbi10B, /I.A. Ky3oBKkuH, [L.®D. ILli1erenes, C.P. dnukos

B pabote mpuBesieHbl pe3yibTarThl pa3padOTKH OCHOBHBIX MPOTPAMMHO-AIIAPATHBIX AJIEMEHTOB CETH
ACCOLMUPOBAHHBIX JIA0OPATOpHii 1 poOOTApUYMOB B paMKax Mpoekra «HTeieKTyanbHas poO0TpOHIKaY,
uHunuupoBanHoro llenrpanpHo-EBponeiickuM oraencHueM MexayHapOnIHOW MH)KEHEPHOW aKaJeMUuH
coBmectHO ¢ UM um. Kengpima Poccniickoit akanemun Hayk, MUUHOT PITY, ynusepcuteramu Poccun,
Xoprarnu n ABctpun. [IpoekT maét yqacTHUKaM JOCTYIT KO BCEMY CIIEKTPY pa3padOTaHHBIX MEXaTPOHHBIX
YCTPOMCTB U MOOWJIBHBIX POOOTOB, Y4eOHBIM KJIaccaM, a Takke K cpeacTBaM 3/[-IpOoTOTHITMpOBaHUS,
pa3MellIeHHBIM B OPraHu3alUsX-MapTHepax, K UX METOAMYECKUM pa3pabOTKaM U JIEKIIMOHHBIM KypcaM Ha
6aze mpoBoAMMBIX coBMecTHbIX HUP ¢ mMpoKuM ydacTHeM aclupaHTOB U CTYISHTOB. DTO HalpaBICHUE
HpeCTaBIseTCsl Haunboliee MEePCHEeKTHBHBIM JUIsl OOYYeHUsI TaKUM CIELHAIbHOCTAM Kak HH(OpMarHKa,
POOOTOTEXHHUKA, CEHCOPHKA. AKTYaJIbHOCTb TAKOTO MPOEKTHO-LIEJIEBOTO MOIX0/1A MTOATBEPKIAETCSI ONBITOM
MEKIYHAPOIHOTO COTPYIHMYECTBA C IIEIBI0 CO3/IAaHHS HMHTEIUICKTYalIbHBIX MEXaTPOHHBIX YCTPOICTB,
OOBCIMHEHHBIX ~HHTETPAIlMOHHBIM TpOrpaMMHBIM  obOecrniedeHrneM («middleware») w  cpeacTBamu

MIpe/ICTaBJICHUs 3HAHUI.

KioueBble cjioBa: MOOWIILHBIE aBTOHOMHBIE TEXHOJIOTHUECKHEe poboTel AMYP, HOBBIE 00pazoBarebHbIe
TEXHOJIOTHH, YIIpaBJIeHHE TPYyNToil poOOTOB ¢ 3a/iepKKaMH B MHTEPHET-KaHalaX, CEHCOPUKA, IEHTa-JTOTHKA.

This paper presents the results of the development of basic software and hardware elements of the network
associated laboratories and robotariums as a project "Intelligent robotronics", initiated by the Central European branch
of the International Academy of Engineering in conjunction with KIAM Russian Academy of Sciences, INET RSUH,
the universities of Russia, Croatia and Austria. The project gives the participants access to the full range of mechatronic
devices and mobile robots, classrooms and facilities 3D-prototyping placed in partner organizations, their
methodological development and lecture courses on the basis of the joint research conducted with broad participation
of graduate and undergraduate students. This trend seems to be most promising for learning various popular specialty -
computer science, robotics, sensorics and other technologies. The relevance of this project-oriented approach can be
seen in long-term programs of the Russian Federation. Therefore, it was selected this area of cooperation in order to
create intelligent mechatronic devices, integrating software («middleware») and the means of knowledge
representation.

Keywords: mobile autonomous technological robots AMUR, new educational technologies, group
robots’ control with delays in internet channels, sensor and control systems, penta-logics

BBenenue. B Hactosieit cratbe pacCMOTpPEHBI OCHOBHBIE KITIOUEBBIE HAIIPABJICHUS pa3padOTKU
MIEPCIIEKTUBHBIX HMHTEIUIEKTYaIbHBIX POOOTOTEXHWYECKMX CHCTEM U HalJIeHHBIE pEIIeHUs
BO3HHMKAIONINX TpH 3TOM mpobmeM. Bo-mepBrix, HEoOX0qMMO OBIJIO  YHHU(PHUINPOBATH
UCIIONIb30BAHUE PAa3JIMYHBIX MEXaTPOHHBIX YCTPOMCTB uepe3 CO3[aHHuE COOTBETCTBYIOIIETO
MHTETPAIlMOHHOTO TPOTPaMMHOTO O00ecIiedeH sI. DTO MO3BOJIHIIO CYIIECTBEHHO COKPATUTh MYTh
0T Hem30eKHOTO ¥ JIOPOTOCTOSIIIIETO CTPOWTENHCTBA HU3KOYPOBHEBBIX CEHCOPHBIX U
YIPaBISAIOMIAX CUCTEM K MTPOOJIeMaM BEpXHET0 yPOBHS MHTEIUICKTYIN3allH, PEIICHHE KOTOPBIX
MIPECTABIsACT HaWOONBINNI HHTEpec. Bo-BTOpPBIX, HEAOCTATOUYHO pa3padOTaHbl MPOOITEMBI
peanu3anMy JACAYKTHBHBIX MEXaHHW3MOB Ui Tiepeladydl pPOOOTOTEXHWYECKHM YCTpOHCTBaM
MHTEJUIEKTYaJIbHOTO MTOTEHIHAIa 3HAHUH HKCTIEPTOB. B-TpeTbux, TpynHO HANTH CIIEIIHAHCTOB,
CIOCOOHBIX pelIaTh MepPeYnCIeHHbIE TPOOIEMbI - TaK HA3bIBAEMBIX «MHKEHEPOB 110 3HAHUSIM.
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Jist 3TOrO0 HEOOXOMMO CO3ATh ABTEPHATHBHYIO TEXHOJIOTHH 00y4eHHs, pa3padoTars ydeOHbIe
NpOrpaMMBI I M3y4YECHUS] CEHCOPHKH, MEXaTPOHUKU M HH)OPMAaTHKH.

OmHO W3 TpemaraeMbIX B CTaThe PEHICHHWH ATHX MPOOIEeM - CO3MaHWE CICIHATH3UPOBAHHBIX
MPOrPaMMHBIX W alIIapaTHBIX CPEACTB: HAYYHO-YICOHBIX, MMPOCTPAHCTBEHHO PACIIPEICICHHBIX
pPOOOTOTEXHUYECKHX JabopaTropuii, MPEJOCTABISIONIMX IOMHBI JOCTYN K MEXaTPOHHBIM
YCTPOKCTBAM Pa3IMYHBIX MOJIEJICH U MPOU3BOAUTENEH, yaneHHo yepe3 VPN-TyHHenu. 910 no3-
BONWIIO pa3pabotarh dhdekTuBHYIO 00pa3oBa-
TEIbHYI0 TEXHOJOTHIO M TOAKIIOYATH CTO-
POHHUE WH)KCHEPHbIC M Hay4yHbIE Kaapbl s
MIPOJIBM)KEHHS HOBBIX pa3pa0dOTOK, C UCIOJB30-
BaHHEM MEXXBY30BCKOM CeTH, co3laHHON Mex-
JIyHapOAHBIM WHCTUTYTOM HOBBIX 00pa3oBa-
TenpHBIX TexHojoruii PITY coBmecTHO ¢
NuctuTyToM npukiagHod Maremaruku Poccuii-
ckoii akamemun Hayk (MIIM), u MexmyHapom-
HO naboparopun «CeHcopuka». B atoil cetn
HAy4YHO-HCCIEIOBATEILCKIE W 00pa30BaTelb-
HBIC 3aJ1a4y COCAUHAIOTCS By‘{e6HOM nporecce Pue. 1. Kiaace moduiabubix podoroB AMYP B MITY
JUIS acTUPaHTOB M CTYIEHTOB M3 HeCKoipkux «Cramwun» (Mocksa)
yHHBepcuTeToB (puc.l). B pamkax mpezmoxeH-
HOTO TI0/1X0/1a OBLTN pa3pabdOoTaHbl U U3TOTOBJIC-
Hbl 10 MOOWIBHBIX poOOTOB AMYP mis unHTe-
rpalid B JIaOOPaTOPHO-UCCIICAOBATECITHLCKUN
LEHTP, B KOTOPBIHA OBUIM Takxke 100aBICHBI TPU
MOOMJIBHBIX poboTa Robotino (B ToM umcie ¢
MaHUIYIATOPOM-X000TOM OT (upMbl Festo) u
MPOMBIIIUICHHBIA MaHumyisaTop. [lomyuammm pe-
IICHUS TTPOOJIEMBI CHHXPOHU3AIINH, YIeTa Bpe-
MCHHM 3a/ICPKKH, U PA3rPAHUYCHHUA IIPAB TOCTY-  Puc. 2. 3anuch u3 mueiida B cucreMe MAIIMHHOLO 3PEHUs B
ra, KOTOpble HEJOCTATOYHO r[popa6()TaH],1 B CHU- PpexXuMe peajibHOr0 BpeMeHH — 6 NMOTOKOB BH/I€0-AaHHBIX,
cTeMax THUIa ROS’ a TaKxke HOCTpOCHI/Ie mesh nojiy4aeMbIX 4epe3 aJanTUBHYK CeTb C MOOHIbHBIMU
o y3JaMH HAa PACCTOSIHUAX 10 1 KM
CeTeHl ¢ MOMBMKHBIMHU peTpaHcisiTopamu. Pea-
JU3AIHs] TAKOH CUCTEMBI MTO3BOJIMIIA PEIINUTh HE
TOJIBKO Hay4YHBIE MPOOJIEMBI, HO M YueOHBIe, TIOCTABIISS CO/lepKaTeNIbHbIE 3a/1adk JUIsl J1abopaTop-
HOTO TIPAKTUKyMa.

Co3naHne NporpaMMHO-aNNapaTHbBIX CPEACTB M 00YYaIOLIUX TEXHOJIOI Hii
W3naganpHO pemraeMble HaMU MPOOIEMBI BOHUKINA M3 HEOOXOAMMOCTH YHAJICHHOTO Ieperpo-
TpaMMHPOBaHUS / TeJe-MepenporpaMMIPOBAaHIsI CEHCOPHBIX 1 ympasisommx cucteM (CuyC),
pa3paboTaHHBIX U YCTAHOBJIEHHBIX Ha MOOMIBHBIX poboTtax Brokk-110D u Brokk-330. Otu po-
0O0TBI OBUTH MEPECTPOCHBI ISl BBHIIOJHEHUSI ONEPAlMii B OMACHBIX 30HAX C OIPaHUYEHHBIM J0-
CTYIIOM YeJIOBeKa. 3aKa3drKaM ObLTa HeoOXorMa BO3MOXKHOCTh M3MeHATh CuY C B XoJie MCIIoN-
HEHHS MHCCHH 0e3 OCTaHOBKM POOOTOB, BCTpAMBaTh HOBBIE MEXaTPOHHBIE YCTPOWCTBA M IAaTUH -
K{ CTOPOHHMX IpousBoauTeneil. [loaToMy Obun pa3paboTaHbl COOTBETCTBYIOLINE CPEICTBA JIH-
CTaHIIMOHHOTO J0CTyNa M MHOTOKaMEpHBIC 3pUTEIbHBIE CUCTEMbI (puc.2). PesynpraTel Hamm
NpUMEHEeHHe B OMOMETUIIMHCKUX W y4eOHO-HAyYHBIX POOOTH3MPOBAHHBIX KOMIUIEKCaX. bbiam
MIPOAHAIM3UPOBAHEI PAOOTHI B 00JIACTH TeJIepeadITUTAIINH, a TAKKe HanboIiee MOMyJIsIPHOE TIPO-
rpaMMHOe obecrieueHne i 00pa3oBaTeNbHBIX LeNeil B 001acT pOOOTOTEXHUKH, YTO MOOYAHIO
Hac NPeUIOKNUTH TEXHOJIOTHIO paszaeieHus npoueccoB B CuYC u pa3padoTaTh COOCTBEHHBIN HH-
terparuonHeiid codpt tun I10 «middlewarey, mo3BomsIONIH 00BETUHATH COTHH MEXaTPOHHBIX
YCTPOHCTB C BOSMOXXHOCTBIO YAAJICHHOTO JIOCTYIa K HUM, TIPH 3TOM oOecneynBas JHHAMHYECKOe
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U3MEHEHHE KOH(QUTypalyH KOMIIOHEHTOB CHCTEMBI 0e3 OCTaHOBKH POOOTOB, aBTOMAaTHUYECKOE
MePEKITFOYCHUE TIPH OTKa3ax, BKItoYas aBTokoH(purypaimro. [IporpamMHoe obecriedeHue 1moj-
nepxkuBaeT miaropmer x86 \ Windows \ Linux \ Android OS ¢ MHHUMaIBHBIM pa3MepoM JIJIst
OOPTOBBIX YCTPOWCTB, MPOCTHIMH BO3MOYKHOCTSIMU JUISI BCTPAMBaHHsI HOBBIX JpailBEpOB, YTO
MO3BOJISICT TOMOJHATH CIMCOK JaTYMKOB M MPHUBOIOB JaXKe B IOJIEBBIX YCIOBUsX. Pe3ynbrars
CPaBHUTEJBHBIX HCIIBITAHHIA S3BIKOB POrPAMMHUPOBAHMUS TIO3BOJIUIIN HCIIOJIb30BATh HHTEPIIPETa-
Top Python B cucremax peanbHOro BpeMeHH W ThIOPHHT-TIONHBIE TIPOTOKOJBI JJIS YIIPABICHUS
pPOOOTOM BMECTO CICIMATU3UPOBAHHBIX MPOTOKOJIOB MM Ipaduueckux WHTep(eicoB Mo THITY
GUI MS Robotic Studio u ap. Bece moTtokn JaHHBIX OBITH OPraHW30BaHBI B CIICIIMAIBHBIE CTPYK-
TYpbI JJaHHBIX «1UIeH(B. PaznoxeHue 3ama4 ynpaBieHHs Ha OT/CNbHBIC TPOLECCHI (pa3erne-
HHUE QJITOPUTMOB) SBUJIOCH KITFOYOM K YCIEXY Uil KOJUIEKTHBHOTO (IapajuielIbHOTO) Mporpam-
MHUPOBaHUS M OBICTPOTO TPOTOTHITMPOBAHMS, YTO OKa3aJloch MpuOam3uTensHo B 10 pas OvicTpee,
YeM CO3/1aBaTh MPOrpaMMHOE 00ECIIeUeHHE M0 TPAJAUIIMOHHBIM TEXHOJIOTHSM.

OO0yueHue TakoMy MOJXOAY CTYACHTOB, IIOMOTaeT UM M30eKaTh OAHOM U3 MpoOIeM COBPEMEHHO-
ro 00pa3oBaHus, CBA3aHHOMN C MCIIOJIh30BAaHHEM JIETKOJIOCTYITHBIX JIAHHBIX U3 MHTepHeTa Oe3 ka-
KOT0-JINOO TIOHUMAaHWUSI M MOMBITOK COCTABHTEH CBOE TPEJICTaBICHHE O mpeaMere. Takoi «Marnu-
TO()OHHBII» CIT0COO 00YUEHUS CTYICHTOB U IIKOJIBHUKOB CTAHOBHUTCS JIOMUHUPYIOIIMM U TTOJTHO-
CTBIO MOJABJISIET UX POCT KaK KPEATHBHBIX JIHII, CIIOCOOHBIX CAMOCTOSITENIHO MCCIIEA0BATh MUD
W CO3/1aBaTh YTO-TO HOBOE. DTO MPUBOAMT K CBOETO pOjia TyMaHHWTApHOW KaracTpode, 3Hauu-
TENBHO 3aTPYAHSIONICH MojiepHU3anuio oOpazoBanus. [Ipe/uioKeHHOE HAMHU PEIICHHE COCTOUT
B TOM, YTOOBI CO3/1aTh CTYJCHTaM YCJIOBUsI JUIsi MOTHBUpOBaHHOrO yuactusi B HUP B kauectse
«MHXEHEPOB I10 3HAHUSAMY, HAYYUTh WX CIIOCOOHOCTH (hOpPMAIHM30BaTh 3aJa4d U CTPOUTH TIPO-
cThle anropuT™bl. CTyneHueckas pazpadoTka anroputMoB padotel CuY C it MOOMIIBHBIX pO00-
ToB (MP) Hamnbomnee adpdexTuBHbI criocod oOyuenus B obmactu IT u podotoTexumku. Takmm
00pa3oM, MbI MPHUIILIN K TPOCKTUPOBAHUIO HAJUICKAIICH TPYIIIbI YHUBEPCUTETCKUX POOOTOB, CO-
3nanu uaTerpannonHoe I10.

Ocnosnvie napamempul peanuzosanuvlx MP AMYP-5, AMYP-6, AMYP-7, AMYP-105 u 107

B e 17-23 kr

PaBMEPBI .ttt L580xB510xH340 mm
(0):0] oo Yoty S PP 10...750 mm/c

BpeMst aBTOHOMHOM PAGOTEL .. .vuventententeteteanenneeneeneaneanennns -2y

MooGunbnbie podoTel AMYP coctosT U3 Kopiyca, TyCeHHUI] WK AByX kojec (nuddepeHnnais-
HBIH MPHUBOJ) WM Imararouiero mexanusma, TB-kamep (ot 1 mo 6), BugeocepBepoB, YiIbTPa3By-
KOBBIX JIOKATOpOB (M3Mepsembie gampHOoCcTH 50...3000 MM), omomMeTpoB, OOPTOBOTO KOHTpOIIEpa,
AKKYMYJISITOPOB U 3apsIHBIX YCTPOWCTB, YETHIPEX aHAJOTOBEIX M 16 on/off kaHAIOB, CHIIOBBIX
kimouerd ¢ UM (PWM) u T[T /]-perynsaropamu 2-10A, 12...32V, Mukpo-PC (popm-thakrop
PC104), noytOyka/HeTOyka Ha 6opty 1 ynanenHoro [1K, cBs3annoro uepe3 Wi-Fi Ha makcumanb-
HOM juctaHiuu 10 50 M WK 10 1 KM ¢ IONOJHUTENbHBIMA aHTEHHaMH, a Takxke TB-moayns
cToponHero Haomonennsa uepe3 Wi-Fi-«cmytauk» ¢ PTZ (Pan, Tilt, Zoom) u onTHYECKUM 3yM-
MoM >10x. MobunbHbie poboTel AMYP pabotaror moxa Linux Ha s3eikax Python, C ++, mo pac-
NIPeIeJICHHON TEXHOJIOTHH JUIS IPOTPaMMHUPOBaHUs BCEX BUJOB 00paOOTKH CEHCOPHBIX U BHJIEO-
JAHHBIX, C JIOTHICCKUMHU (QIIETPaMHU Ha YIaJICHHOM KOMITEIOTEpE U/WIH Ha OopTy. B pesknme pe-
aNbHOTO BpEMEHHU Bce AaHHble (ukcupyrorcs B nmeidax (DTF), orpaxaronmx Bce aerann pa-
00Tl B TeUYCHHE Heenu/mMecsla (YHKIHMOHHUPOBaHUS MOOWIbHBIX pobortoB. Illneridpsr DTF
00ecreYnBaloT He IIPOCTO 3aIliCh JaHHBIX B (hailyibl, HO TAK)KEe CHHXPOHH3ALUIO TaHHBIX, SKCTpa-
TIOJISIIUIO ¥ MHTEPIIONSIINIO, 30erast mpoOiieM 3a/ieprKeK Iepeadn JaHHBIX 1 00pa3oBaHMs MPo-
0e0B B MOTOKE JAHHBIX 3a CYET COOTBETCTBYIOIIEH ObICTpOH Jjormueckoi ¢ummbrpammu. [lpu
ATOM yIaJIOCh UCTIOIB30BaTh MeHee 10 apupmMeTHuecKux omepanuii Ha KaXAylo 3alKch, 4To ra-
paHTHUpYeT yAajleHue U BocnonHeHue 10 60% HEKOPPEKTHBIX JAHHBIX OT YAAJIEHHBIX NaTYUKOB
U YIIPABILSTIONTNX CUTHAJIOB U KOMIICHCHPOBATH 3a/ICPIKKH.
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Pa3paboTku 02a30BBIX 2JIEMEHTOB MPOTrPaAMMHO-aNNAPATHOI0 KOMILTEKCA.
CucremMbl 06CKOHTAKTHOTO JHEProcHA0KeHUs ABTOHOMHBIX P06OTOB

OnHUM 13 HaAMJIEHHBIX peIlleHHH, KOTOpble TPUMEHSUINCh B HAIIMX pa3paboTKax Oblia cucremMa
0ECKOHTaKTHOTO YHEPrOCHAOKEHHUST aBTOHOMHBIX POOOTOB.
Hasnauenue. Cucrema GECKOHTAKTHOTO SHEPrOCHAOXKEHUS TPEIHA3HAYCHA TSI 00CCIICUCHUS
OIEPATHBHOTO aBTOMAaTHYECKOTO WJIM MOJIYaBTOMATHYECKOTO TOMOJIHEHHsI 3araca 3JIeKTPOdHep-
THH aKKyMYJISTOPOB MOOMIIBHBIX POOOTOTEXHUYECKHX YCTPOUCTB 0€3 UCIIONb30BaHUS HETTOCPET-
CTBEHHOTO TIOJIKJIIOYECHHUS DIEKTPHUSCKUMH KOHTAKTaMH JUIS BapHaHTOB HA3eMHOM, MOABOTHOMH,
cpen QyHKIMOHMpOBaHMA. Llenecoobpa3sHOCTh NIPUMEHEHHs 3TOW CHCTEMBI B COCTaBe MOABOJ-
HBIX POOOTOTEXHMUYECKUX KOMILJICKCOB OOYCIIABIMBACTCS BO3MOKHOCTBIO TIPOBEICHUS MPOJIOI-
JKUTEJIBHBIX 110 BPEMEHN NITYOMHHBIX Pa0doOT 0e3 MojabeMa Ha MOBEPXHOCTD JJIS TOA3APSAKI W
CMeHBI OOPTOBBIX aKKYMYJISATOPHBIX Oarapeid. [Ipu 5ToM MCKITIodaeTes psizt 3aTpaTHBIX 110 BpeMe -
HU U TPYAOEMKOCTH IEHCTBUIl: IOAbEM, pa3repMeTH3allis, MoA3apsiika Wil CMeHa OaTapeu, 1o-
CIIeAYIOIasl TepMeTH3alusl, TpoBepKa (pYHKIIMOHUPOBAHUS, TIOTPYKEHHE, TIOMCK U HAXOXK/ICHUE
paboueli 30HBI TIpoBezicHUs paboT. VckitoueHne HeoOXOIMMOCTH TIEPUOAMYECKOTO TTOIbeMa aB-
TOHOMHOTO pPOO0OTa CYIIECTBEHHO MOBHIMIAECT 3(PPEKTHBHOCTL IOIBOTHBIX PabOT, 0COOCHHO C
YBEIIMYCHUEM TIYOMHBI X TPOBEICHUSI.
Tpunyun deticmeusi. DYHKIIMOHUPOBAHUE CHCTEMbI OECKOHTAKTHOTO YHEProoOeCIieYeHUs] OCHO-
BAaHO Ha HCIOJIb30BAHUU MPUHIIMIA AIIEKTPOJUHAMUYECKOH WHAYKIHH. CHCTeMa COCTOUT W3
JIBYX B3aWMHO CBSI3aHHBIX YacTeil: M3JTydaromero yCTPOHCTBAa W MPUHHMAIOMIETO YCTPOHCTBA.
Wznygaromee ycTpOHCTBO BKIIIOUaeT B ceOs: mpeoOpazoBaTenb AIEKTPUYECKOH IHEPTrHH, Kak
MPaBUIIO, TOCTOSIHHOTO TOKA, B MOIIHBIM TOK BBICOKOI Y4acTOThI U IIPE0Opa30BaTellb 3TOr0 TOKA B
ANIEKTPOMArHUTHOE TI0JIe, U3JTy4aeMoe B HY)KHOM HarpaBlieHHH. V3irydaroiee ycTpoicTBO ycTa-
HaBITMBAETCS, KaK MPABHJIO0, HA CTAIIMOHAPHOW, MIIM MaJOMOABIKHON YacTH poOOTOTEXHHYECKO-
IO KOMIUIEKCA ¥ UMEET YCTOIUMBOE TapaHTHPOBAHHOE YHEProodecreyeHue.
[IpuanMaromiee ycTpoWCTBO COCTOMT M3 MPHEMHON aHTEHHBI, IpeoOpas3yrolieil MPUHATHIC
SNIEKTPOMArHUTHBIE KoJeO0aHWs B DIEKTPUYECKHUH TOK, KOTOPBIH Janee TpeoOpasyeTcs B
HOPMAJIN30BAaHHBIN TMOCTOSHHBIA TOK C IapamMeTpamMu, MPUTOMHBIMU JUIS INTAaTHOTO PEXHMAa
3apsaKd  OOpTOBOTO  aKKyMYJISITOpa  aBTOHOMHOTO — POOOTOTEXHHUYECKOTO  yCTPOWCTBA.
[IpuHuMaromee yCTpOMCTBO  yCTaHABIMBACTCS HA IOJHOCTHIO aBTOHOMHOM  po0oTe,
OECKOHTaKTHOE YHEPrOCHAOKEHNE KOTOPOTO HEOOXOANMO 00ECIICUUTh.
OcHOBHO# TIPOOIEMOH pa3pabOTKH TAKUX YCTPONCTB SABJSICTCS OOecIicueHIe 0€30MacHOCTH TIPH
KOJICOAHUSX MUKOBBIX HAMPSDKEHUSIX B IECATKA KUJIOBOJBT B 3aBUCHMOCTH OT M3MEHEHUH 3a30pa
MEXJy aHTeHHaMH. [Ipu ATOM CYIIECTBEHHO COXpPAHEHHWE BBICOKOTO K.ILJ. U A(PPEKTUBHASL
cTaOMIIN3aIMs BEIXO/IHBIX NTApaMeTPOB MUTAHUS.

Texnuueckue xapaxmepucmuxu CUucmemsvl 6ECKOHMAKMHO20 dHEP200Oecneyens
1n00800HBIX (1) U HA3EMHBIX ABMOHOMHBIX POOOMOS (2)

VYnaneHHOCTh 3(h(HEKTUBHOM Iepeadyu SHSPTUU 0—-20 mm 10 -30 mm
[Tomyuaemast MOIHOCTB 20 Br 300 Br
K.m.a. cucremsl 25 -45% 20 -35%
HampspkeHne nutanust mepeaaroIiero ycTpomncTaa +48 B ~220 B
Bec npuemHoro ycrpoiictsa 450r 1800 r

Hay4Ho-y4e0Onblii kommieke AMYP - IBOY
B »sTom pasaciic nmpuBeACH COCTAaB UM OCHOBHBIC XapaKTCPHUCTHUKH KOMIIJICKCA ABTOHOMHBIX
MOOMIBHEIX po60TOB B JIBDY. 310 mo3BosseT Oonee MOTHO ONEHUTH MPEUMYIIECTBA HAIICTO
noaxoaa (TI/IHOBaH KOMHHGKT&].II/ISI), HCIIOJIBb30BAaHUC ITYJIbTOB YIipaBJICHU n
MEePernporpaMMUpPOBaHUs], BO3MOKHOCTH OKCIEPUMEHTOB IO MOCTPOCHHUIO aJalTUBHOTO
YOpPaBICHUs MO JaHHBIM OJOMETPUYECKUX M YJIBTPa3BYKOBbIX naTuukoB. Kommiuexc AMYP
o0naaeT CIeayIOMHUMH KITFOYeBBIMH KOMITOHEHTAMU:
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° BoproBoii nepconansubiii kommbioTep (I1K) MoommsHOTO podoTta (MP), momkmouéHHBINA
B JIOKQJIbHYIO BBIYHCIUTEIBHYIO CETh.

° Cucrema ympasimenust (CY) HIBIKCHHEM C YCWINTEIEM CHTHAJIOB YIIPABIICHUS U
BBEIXOMamMu on-off.

o Cucrema wW3MepeHHUS pACCTOSHUM Ha OCHOBE YIBTPA3BYKOBBIX JIaTUHKOB W
MUKPOKOHTPOJLIEPA.

° Buneokamepa s BHU3yaldbHOTO KOHTPOJS 32 JBIDKCHHEM poOOOTa U BHIEOCEPBED,

BKJTIOUEHHBIH B JIOKAJIbHYIO BBIYMCIUTENIBHYIO CETh.

bopmosoii [IK MP nipencrasisier coboit cranmaptabiii NetBook (mampumep — ASUS Eee PC
1011CX B ciaygae AMYP-105). Netbook mnpemnasHadeH i pasMENICHUS MPOrPaMMHOTO
obecnieuenus (I10), c moMomIBI0 KOTOPOTO OCYIIECTBIAETCS (POPMUPOBAHUE KOMAH]T YITPABICHUS
JNICKTPOHHBIMH M MEXaTPOHHBIMH CHCTEMaMHM po0oTa W ONpOoC TOKa3aHUH JaTYHKOB,
YCTaHOBJICHHBIX Ha POOOTE.

Cucmema ynpasnenust (CY) MP noctpoeHa Ha 6a3e MUKpOKoHTpoiuiepa «Pobokon» Bepcuu C2b
[1], xoropsiii mogkmrou€éH kK NetBook mo xamamy RS232 gepe3 mpeobpazosarens USB-COM.
MuxkpokoHTpoiiep «PoOOkoH» (IPUMEHSIOTCST M JAPYrHe MHKPOIPOLECCOPBI) BBIMOIHICT
(hopMHUpPOBaHKE CUTHAJIOB YNPABICHUS dJIeKTponpuBogaMu MP uepes ynpasiieHHne napaMeTpamMu
IINM  (mmupoTHO-UMITYAbCHAs ~ Moxymsanusi). K = MHKpOKOHTpomjiepy — HOAKITIOUEHBI
OJIOMETPHUECKUE JATYNKH. [|ByXKaHAJIBHBIN 3JIEKTPOHHBIN Kimod «Ycunutenb A3» (opmupyet
HanpspKeHUe NMUTaHus sJekTpoasurareneil B pexxume MM, napamerpsl kotopoii 3amaér CV.
CunxpoHu3zanusi padOTbl MapIUEBBIX IBUraTeiei OCYIIECTBISIETCS 4epe3 OOpaTHyIO CBS3b B
CHCTEMe YIpPaBICHUS TOCPEJACTBOM aHAINW3a IIOKa3aHWH ONTHYECKHX OJOMETPUYECKHUX
JATYUKOB, YCTAHOBICHHBIX HA OCSIX KOJNECHON Maphl. YIPABISIONINX pPeleiHbIi Moayns «4 Relay
Module» cocroutr u3 4-x pene tuna SRD-05VDC-SL-C (xonrakrtHas rpynma on-off, 10A,
30VDC), ynpaBieHune cOCTOSHUEM KOTOPBIX OCYLIECTBISIETCSI OT MUKPOKOHTPOJIIEPA.

Puc.3. Jlaboparopuu, B KOTOPBIX pa3MelIeHHbIE aBTOHOMHBIE MOOMIIBHBIE poO0Th AMyp-205, AMyp-107/105, Po6oTrHO
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Yaiempazeyrosvie oamuuxu muna SRF(05 B KonudecTBe 2-X IMITYK YCTAHOBJICHBI Ha Kpbiliike MP.
WX mokazaHus aHANM3UPYIOTCS Mukpoxonmpoaiepom ‘“‘Arduino UNO”, KOTOpBIH, B CBOIO
ouepenp, monkmouéH k NetBook uwepez USB. Hammume OGompmioro kommdecTBa CBOOOTHBIX
BXOJIOB-BBIX0JIOB (Oosiee 8 on-off) Ha MUKPOKOHTpOJIIEpe MO3BOMAET, IPU KETAHUHU, PACIIUPUTD
COCTaB CEHCOPOB M DIIEMEHTOB ympasieHus. Harpy3ouHas crocoOHOCTH MHKpPOKOHTpOIUIEpa
omnpenensiercs ctangapTom USB (He 6onee S00MA), koTopsiii obecrieanBaeT NetBook.
Tenexamepa MBK-1632yB — »5TO aHajoroBas LBeTHas Teiaekamepa. EE€ craHmapTHBIM
AHAJIOTOBBI BMJEOCUTHAJI TIpeoOpasyeTcs B curHan craHpapra Ethernet ¢ momorbio
sudeocepsepa modenu Axis M7001. OH npencraBisier coOOiW OJHOKAaHAIBHBIN BHICOCEpPBEP,
BBIMTOJIHSFONIMI MpeoOpa3oBaHie CTaHJApTHOTO AaHAJIOTOBOTO BHJEOCHTHANIAa B LU(PPOBYIO
(dopmy, cxaTHe TOTy4aeMOro W300paXeHHS 1O BBIOPAHHOMY QITOPUTMY CO CKOPOCTBHIO
KaapoBoii pa3BépTku (50I'1) u popmMupoBaHue BEIXOAHOTO BHeONOTOKa B cranaapre Ethernet.

B kauectBe omeparmonHol cucteMbl Ha O0oproBoM 1K MP wmcmoms3yercs Xubuntu Linux. C
MOMOIIBIO  CPEJICTB  YNpaBIeHHs IpoleccaMu  supervisord —OCYyIIECTBISeTCS — 3aIycK
ynpassitoniero  I[10. Vopasisitomee IO coctomT u3 AByX KOMIOHEHT: | — npaiiBepa,
MIPEAOCTABIIOEro UHTep¢eiic Ui MporpaMMHOTO B3aWMOAEHUCTBHS C KOHTPOJIIIEPOM depe3
JIBC u 2 — cneunanu3upoBanHoro I[10, oCyIIECTBISIOMEr0 CepBHCHbIC (yHKIUH. Bcé
nporpaMMHOe oOecliedeHrne CO3/1aHO Ha MHTepIpeTHpyeMoM si3bike Python u mocraBmsercs B
MCXOJIHBIX TEKCTaX, YTO MO3BOJISET OTIEPATHBHO BHOCUTH HEOOXOAMMBIE UCTIPABIICHHS.

Pa3pa0oTku 371eMeHTOB POOOTH3UPOBAHHBIX CKJIAJACKHX CHCTEM
Hecmorpst Ha TO, 4YTO 3ajada MOCTPOECHMS aBTOMATU3UPOBAHHBIX CUCTEM YIPaBJICHUS
mporeccaMyl CKJIQANPOBAaHMUSA CTaBHJIACh JOCTATOYHO JABHO, OCTaércs Oonblnas MoTpeOHOCTh
CO3/IaHUs MPOCTHIX CHCTEM aBTOMATH3AIMH 3X JTAIOB: MOMyYCHUE MPOAYKINH, e€ pa3MeIIeHue
W OTrpy3ka 1O TpeOOBaHHIO Ha TNa/uleTaX C IPUMEHEHHEM THUIIOBBIX aBTOINOTPY3YHKOB.
ABToMaTH3alMsl KaKIAOr0 M3 3TUX STaloB CACIAET BO3MOXKHBIM MaKCHUMAaJIbHOE IOBBILICHHE
CKOPOCTH BBITIOJTHEHUS ONEpanuii M IUIOTHOCTH CKJIQAWPOBAHMA, YTO OOECIEYHT BBICOKYIO
MPOIYCKHYIO CIOCOOHOCTH CKJIaIa.
s MakCUMaIbHO TUIOTHOTO CKJIAIUPOBAHUS MPOAYKLIUHU UCIOIB3YETCS TPEXMEpHAs CTPYKTypa
STYECK XPAHEHUsI, KOTOpask OIMUChIBacTCs Tporkor mudp: Ne psima, Ne croiiku B psine, Ne staxa B
cToiKe. OTam BBITPY3KM H3JETUS U3 JIOCTaBJISIOIIErO TpaHCIOpTa, Kak, MpaBUIIo,
o0ecreunBaeTCsl UCIOMB30BAHUEM DJICKTPOKAPa, KOTOPBIN MPH YY4aCTHUH YEIOBEKA MPOU3BOAUT
U3BJICUCHUE M3JENUsA W3 Ky30Ba Tpeilepa WIM C YHAKOBOYHOTO POJMKOBOTO JIMHEHHOTO
KOHBelepa, MEepBUYHOE I0JIyaBTOMAaTHUECKOE pAaClO3HAaBaHUE TIpy3a, pa3MEIEHUE €ro B
TEXHOJIOTUYECKUI KOHTEHHEp, MepeMelleHHe U YCTaHOBKY €ro B sd4eiiky. BapuaHToB
OpTaHM3AIMH CKJIaJa MOXET OBITb HECKOJIBKO, HO, KaK MPAaBHIIO, HMPUCYTCTBYIOT CICIYIOIINE
OCHOBHBIC JIEMEHTBI:
1. DneKkTpoKap ¢ YIpaBJISIONM OIlepaTOpoOM, KOTOPOTO M HEOOXOJMMO 3aMEHHTh Ha po0o-
TOTEXHUYECKOE YCTPOUCTBO;
2. Konrteiineprl, UMerOmye OTIAUYUTEIBHBIN KO, TO3BOJSIIOIINN HAJEKHO €ro MACHTU(DU-
LUPOBATh.
3. KongeiiepHsle, mepeMeniaonye 1 mobeMHbIe YCTPOUCTBA, PYHKIIMOHUPYIOIINE B aBTO-
MaTHYECKOM PEeKUME oA yipapineHuneM DBM, a Takke HaBUTAIIMOHHEBIE YCTPOHCTBA, obecredn-
BalOIlMe NepeMelleHe KOHTeHHepa ¢ Ipy30M 10 yKa3aHHOMY yrpasistomeit OBM anpecy.
4. Jaruuku, obecrieynBaroie HaJle)KHbIE MISHTU(UKAIMIO, TIO3UIIHOHUPOBAHHE KOHTEH-
Hepa W 00ecTeYnBaloie TOYHOE NMPUYATUBAHNE 3JIEMEHTOB CTHIKOBKH IMOBIKHBIX MCIIOIHH -
TETHHBIX MEXaHU3MOB TTOITFEMHHUKOB F 00CTYKUBAIOIIEH STUSUKH CKITaIa.
Wnenruduxanus KOHTeHHEPA U sTYCHKN XpaHEHUS OOBIYHO BBITIOTHEHA C TIOMOIIBIO ONITUYECKUX
cuuThIBaTeNIed  IITpuUX-KoAa  bapkepa, CKOMB3SIMIMX  MAarHUTHBIX — KOJOHOCHUTENEH U
KOJIOCUMTHIBATEICH, a Takxke OECKOHTAKTHBIX paJHUOIEKTPOHHBIX KOJOHOCHTENEH U
cuuteiBareneii. [locnemuuii THIT KomoHOCUTENEeH Hanboee MPeanoYTHUTENIeH MO COOOpaKEeHUs
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HAJ€KHOCTH CUMUTHIBAHUS, YTO TO3BOJIET CYLIECTBEHHO CHU3UTb BEPOSATHOCTb MEPECOPTHILIbI
U30EN.

B pamkax Hamiero moaxojaa, BeOeTCs pa3paboTka HaBHTAIMOHHOTO YCTPOWCTBA HA OCHOBE
aHaM3a TEJICBH3MOHHBIX M300paKeHUH (ITyTH TIEpEeMEIICHUs KOHTEHHepa ¢ TPY30M) s
UACHTU(UKAIMY Ha HUX IBETOBBIX M300PaXCHUN MapKEPHBIX MAsIKOB, YCTAHOBIICHHBIX BIIOIH
TPAeKTOPHUH JIBHIKEHHUSI.

D10 OoJee MePCIEKTUBHBIN MOIXO0]] TI0 CPABHEHHIO C YCTAHOBKOH 3JICKTPOMArHUTHBIX TATYHKOB,
(DYHKIIMOHUPYIOIIUX COBMECTHO C TIPOBOJHHKOM, BMOHTHPOBAaHHBIM BIOJNb TPACKTOPHUU
IBUKCHUS Kap U MOIBEMHHUKOB, T. K. He TpeOyeT mepecTpoiiku momerniennid. OH Oomee mpocTo
COBMENIACTCS C JAaTYMKAMHM, OOCCIICYMBAIOIIMMH TOYHOE MPHUUYAIUBAHUE W BBITOJIHCHHBIMU Ha
OCHOBE HCIIOJIB30BaHUSl IITPUX-Koa. [IpUMEHSIOTCS M MeXaHWYeCKHe CEHCOpbl Ha OCHOBE
3aMbIKaHWsI KOHTAKTOB WJIM OCCKOHTAKTHBIC HA OCHOBE WHIYKTHBHBIX CBSI3CH, SBIISTFOIIHECS
HamOoJIee MPEATOYTUTEIEHBIMH, HO BCE JK€ TPOUTPHIBAIOIIIMHE OITHICCKAM METOIAM.

Puc.4. bazoBoe n300paxeHre KHOMKH (CJIeBa), MOAaBICHUE OJUKOB U HEYAaYHAs CErMEHTAIUS
JPYTUMH HU3BECTHBIMU METOIAMH.

3a OCHOBY TEXHOJIOTMH CErMEHTAIlM ¥ BBIICICHUS ONHOPOTHBIX IIBETOBBIX OOBEKTOB
(MapkepoB, KHOIOK) OBLIM B3AThI MeTOAbl 00paboTku u3 Oubiamorek sklearn u OpenCV.
[MpoBenennprii ananu3 dS(MGEKTHBHOCTH W CKOPOCTH pabOThl ATHX alTOPUTMOB  JUIA
UACHTU(UKAIIMA MapKepOB BBISIBIJI  CYNICCTBEHHBIC OTPAHWYCHUS, CBS3aHHBIE C WX
WCTIOJB30BAHNUEM, B B PE3yJbTare ObUI MPEMIOKEH METON UX MOIU(HUKAINH, 00€CTICUNBIIHIA
MOJIaBJIeHHE CHIIBHBIX OJMKOB (puc.4, N300pakeHne BTOPOE CIICBA).

CymiecTByeT MHOXXECTBO 3ajJilad, B KOTOPBIX pPOOOTY HEOOXOAMMO B3aUMOJICHCTBOBATh C
o0beKTaMH, TpeTHa3HaYeHHBIMH, TPEXJe BCEro, IUId 4YenoBeka. Hampumep, 3TO OTKphITHE
OOBIYHOM JBEPH WIH YIPABICHHUE 3JCKTOKAPOM, KBaApOIHUKIOM. OOBIUHBIA MaHUIYISATOp HE
TOAWTCS JUIS PEIICHUS TaKOH CIIOKHOU 3a7auH, TaK KaK yIpaBICHUE PydIKaMU Py KBaIpOIIHKIIA
(puc.5), TpUCIOCOOIEHHOTO MCKIIOYUTEIIBHO NIl YenoBeka. JIJis 3aMeHbl 4elloBeKa B KOHTYype
yIpaBiieHHs HyXeH O0COObIi THIl MaHHIyisiTopa. Takum oOpa3om, moTpeboBanack pa3zpadoTKa
AHTPOTIOMOP(HHOTO MAHMITYJISTOPA JJII CEPBUCHBIX POOOTOB, CIIOCOOHBIX 3aMEHUTH OIepaTropa
JUIST PEIICHUS pa3IMdHBIX 3a/ad THIA HAKaTHs KHOIOK, ITOBOPOT TYMJICPOB, B3SITHE
WHCTPYMEHTA H T.II

3akiaroueHue

Pa3pa6OTaHHOG TEXHOJIOI'NYECCKOEC 060py,£[0BaHI/Ie " IMPpOrpaMMHOC 06GCH6‘16HI/IG MOXKET UCIIOJIb-
30BaThCsl JUIsl PEIICHUS IHUPOKOTO Kpyra 3a/1ad yrnpaBleHUs] MEXaTPOHHBIX yCTpoUcTB. [lpnuem
€CJIM ISl OIMHOYHBIX pOOOTOB BO3MOXKHBI M JIPYTHE PEIICHHS, TO s OONBIINX paclpesiesieH-
HBIX MO6I/IJ'II)HI:IX pO6OTOTCXHI/I'-ICCKI/IX KOMIIJIICKCOB HpeHHO)KCHHLIﬁ IIOaX0a HpaKTI/I‘lCCKI/I 663-
AJIbTCPHATHUBCH. TTokazauo MNPUMCHCHHUE TCEXHOJOTUHU IGEC IJI1 OHCHKH ITPOTHBOPCUMBBIX
Croco0O0B JIOKA3aTeNIbCTB U METOJI0B IOCTPOCHUS KOHTpHpuMepoB. [lomydeHHBIE pe3yabTaThl
MOFyT 6I)ITI) HCIIOJIBb30BAaHBI JIs1 HpeI[CTaBJ'IeHI/ISI 3HaHPII>i nu paSBI/ITI/IH HOBBIX 3BpI/ICTI/I‘IeCKI/IX ME-
TOAOB I/IHTCJIHCKTyaJII/BaL[I/II/I pO6OTOB C paCH.II/IpCHHBIMI/I BO3MOXHOCTAMU U OJIA HOCTpOCHI/ISI HO-
BbIX KPpE€AaTUBHBIX 06p330BaTeJ'IBHLIX TEXHOJIOTUH.
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Abstract

Theoretical foundation of new mechatronic methods to improve energy
efficiency of robotic systems movement with electromechanical drive, based
on the minimization of energy losses of the drive motor in the “drive
electromotor-transmission-an actuator” due to the associated motor control and
energy efficient actuators have been elaborated. The results have been used in
the time of developing a coherent control 8-feet adaptive type walking robot
“Ortonog” with 20 controllable degrees of freedom. Control methods based on
the use of information and fuzzy logic have been used. Such methods can
efficiently control robotic systems in real time, using the experience of an
expert operator, a priori, inherent in the system in the form of membership
function and fuzzy inference rules. However, when operating robotic system in
a complex, previously unknown environment, a priori know ledge may be

“ The reported study was partially supported by RFBR, research projects No. 15-41-
02451, No. 14-08-10002, No. 14-01-00655, No. 14-01-31376, No. 15-08-04166, No.
15-48-340957, No. 16-08-01109, No 16-31-00427, No 15-41-02578
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inadequate to real conditions. During the research in training mode when the
robot control by operator in real conditions tuning of fuzzy control walking
robot “Ortonog” was carried out.

INTRODUCTION

Walking machines and robots, in some cases, have a range of significant
advantages, in comparison with traditional wheeled and tracked machines.
There are different approaches to movement control of walking robotic
systems. Typical problems, which appear during movement control of walking
devices are marked. Theoretical foundation of new mechatronic methods to
improve energy efficiency of robotic systems movement with
electromechanical drive, based on the minimization of energy losses of the
drive motor in the “drive electromotor-transmission-an actuator” due to the
associated motor control and energy efficient actuators have been elaborated.
Held experiments are also confirmed significant exellence of walking
machines on ground and shape passableness in comparison with traditional
vehicles. It is shown, that devices of that type can find a wide application
already in our time. Results can be demand in development of adaptive type
walking robotic systems and its control systems.

WALKING ROBOT “ORTONOG”

Structurally the 1,5-ton walking robot “Ortonog” (Fig. 1) is a welded
rectangular frame and movements' modules are situated at each corner of the
frame. The structure of each module consists of two movers of vertical
displacement mechanism, two movers of horizontal displacements, two pairs
of rails and turning mover [1]. Movers of vertical displacements are provided
with ball bushing mounted on a pair of horizontal rails and are connected to the
movers of horizontal displacements with a bars. The guides and the movers of
horizontal movements are mounted on the rotating part of the rotation mover.
The mover of rotation is fixed on the frame. The mover of vertical
displacement has a retraceable stock with disk pad serving as a walking
support of machine. The drive shaft is provided by GSM 30-1802 electric
cylinder with 455 mm stroke. The drive mechanisms of the horizontal movers
— from GSM 30-1805 electric cylinder has the same speed. Swing Drive — SLG
090-100 servo motor with integrated gearbox, providing reversal move of
module. The movers (drives) are equipped with feedback sensors and electric
brakes. The alone power supply (Petrol), electric hopper and the place for
operator and also stand on the frame.
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MOVEMENT CONTROL

The experiment of walking machine control on complex terrain and its energy
efficiency [2-6] shows that the operator cannot control effectively all movers
simultaneously. In addition, the presence of the operator on the machine is not
often desirable in extreme cases it is dangerous and the necessity to have
comfortable work place for operator can increase the cost of the machine.
Therefore, the following method for traffic control have been used. The
operator controls the machine's work autonomously on the base of visual
information coming from the visual sensor (from cameras mounted on the left
and right board of machine) and interferes with the motion control only when it
is necessary, for example in the time of overcoming obstacles. Visual onboard
sensor (2 cameras on each side) have been installed in the bottom for visual
control of legs movement in the time of overcoming obstacles. In such case the
operator may be outside of the working area. The motion control is solved
without operator at the lowest level of control (on-board computer). At the
same time the problem of the selection of the useful information in the signals
of course cameras with the help of the processing algorithms have not been set
for determine the characteristics of the working space. The external condition
is given as function of the relative position of the feet interaction with the
ground. This information gets with the help of current of the electromotor drive
mechanisms of vertical and horizontal movements of the robot legs, and with
the help of derivatives of these parameters. The sensors of body angles
(machine roll and pitch) and position sensors were used in the time of tests to
determine the environmental conditions. As a result, the control system at a
lower level does not allow to discover and identify the type and location of
obstacles -control is carried out under conditions of partial uncertainty and
various failures in control are possible. Therefore, the control is passed to the
upper level (machine operator). Robot is controlled by the operator in the
training mode. The operator was able to vary the speed of the walking movers,
length and height of the step, and the angle of rotation of movers. A tablet-type
personal computer, connected to the hopper with a help of electrical cable have
been used as a remote control in the time of field study. Cable length allows
the operator to be at the safe and convenient distance from the walking
machine if it is necessary. In the training mode and for comfortably control the
walking machine was also equipped with two additional place for expert-
operators on the right and left side of the board, and some control functions
were transmitted there. Machine operator interface and expert operators of the
right and left side interface in the training mode are shown in Fig. 2 and Fig. 3,
respectively.
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Fig. 1. Walking robot “Ortonog”.
FIELD RESEARCHES

The experimental work was executed in the real terrain. The comparatively flat
areas with different types of soils and areas with difficult terrain were selected
for experimental studies. Walking robot moved (with low speed) to the place
of the execution of experiment from the base camp itself. The transportations
robot over longer distances were organized also, for example, on the nearest
fields of irrigated area.
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Fig. 2. Machine operator interface

Some of the most typical situations have been modeled under training in real
unorganized area. Among them: movement in march regime on the different
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types of soils, overcoming slopes, trenches, ditches and others. Setting adaptive
fuzzy control was carried out with a help of comparing the data on the situation
and the appropriate control. The information about control signals generated by
the operator, and the level of energy consumption together with information
about current situation which was fixed on-board video cameras were
analyzed.

b)

Fig. 3. Expert operators of the left (a) and right (b) side interface

The analyze of the trace track were carried out on the deformable soil in the
march regime of motion (the skid of feet indicates that feet work against each
other, it is infeasible for energy efficiency). Telemetry data received from the
robot's sensory system (the relative displacement and velocity of the feet, the
currents of the 20 controlled drives for to estimate the electric energy, etc.) and
information about the appropriate control signals from the operator
synchronously were written. Listings log files of some modes of motion for
vertical drives walking movers one side of board is shown, as an example, in
Fig. 4. After the end of motion an off-line analysis was carried out of the file.
The analysis was executed conjointly with synchronous time-lapse video of the
process of motion processing. It allows us to confront the robot driver relative
motion (relative to the body) with its absolute motion. In the file, an area
corresponding to the performance characteristics of the robot, such as, for
example, the passage of obstacles have been selected. The principle of learning
consisted in is an iterative selection of the parameters of adaptive fuzzy
inference system, providing the minimum square error between the motion of
an autonomous system and the system controlled by an experienced operator.
The experience of control walking robots "Vosminog" and "Vosminog-M" [4-
6] with movers (with 2 controllable degrees of freedom) was not reasonably
useful. The lack of control experience of walking adaptive type machines was
compensated with large number of experiments. It is necessary to take into
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account that derivable the results are oriented and used only for considered
situation. So the problem of the situation identification are arising. Later, after
considering a sufficiently large number of possible situations methods of fuzzy
clustering were used to recognize them. After the identification of the current
situation the tuning of output system obtained in the time of learning is seated
according to results of identification. The one used for the current control of
the robot legs.
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Fig. 4. An example of a listing of log files

If you cannot determine the situation in a certain system it is provided a set of
actions with the aim of obtain additional information about the external
situation. For example, in situations presented in Fig. 5 (one of carry-over legs
is integrated with the obstacle) and Fig. 6 (the one of carry-over legs does’ not
reach the bearing surface) the emergency stop is provided. Both situations are
determined by the current in the corresponding electric drive - in the first case
there is i1t’s an unacceptably growth in the horizontal drive of feet
displacement, and in the second case, the absence of growth the current in the
drive of vertical displacement. After an emergency stop of the robot the
Gnostic motion of the foot (left and right, back and forth, up and down) is
provided in order to obtain more information about the support surface. Then
the obstacle is overcome or the step set on the edge of the obstacle. Then the
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Gnostic motion is executed by the leg working in opposition. Such situations
have been tested in real conditions.

SUMMARY

The obtained results:

- the installation of the fuzzy control system of Walking robot “Ortonog” in the
learning mode in the real terrain have been executed,;

- the recommendation for the organization of energy-efficient methods of
traffic control of many-legged working adaptive robot in march regimes have
been formulated on the basis of obtained experimental data;

- some of the most common situations that arise when the robot is in
challenging conditions have been processed in a learning mode; the rules of an
autonomous robot behavior with incomplete and ambiguous information about
the working space have been corrected,;

- the dissipative characteristics of soft ground in the dynamic interaction model
of walking mover to the supporting surface have been clarified.

,IL J:-—l =

Fig. 5. An example of the situations requiring an emergency stop of the
walking robot: leg when moving against the acting obstacle

|

Fig. 6. Leg when fully extended actuator stem vertical displacements not
reached the supporting surface
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The robot can function in some modes independently after the cycle. In
particular, it may be an autonomous movement in march regimes (with
periodic legs movements). Special manoeuvring is required the intervention of
operator. Independently it can be realized only such regimes as the stop in front
of the local constraint, Gnostic (cognitive) legs movements, body position
control for overcoming obstacles and some of the other modes.
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nMeHn Anekcanapa ['puropeeBuua u Hukonas I'puropbeeBuya CToneToBBIX
I'opbkoro ynuna, 87
600000 Bnagumup, Poccust
slikh@rambler.ru

Pedepar

IIpencraBneH OmbIT UCIIOJIB30BAHHUSI HCKYCCTBEHHBIX HEMPOHHBIX CETEW IMpu
MOJATOTOBKEe OakallaBpOoB M MarucTpoB B y4yeOHOM Tiporiecce Ha Kadempe
«YrpasieHue U UHQOpMATHKA B TEXHUYECKMX M HKOHOMHUYECKHUX CHCTEMax»
Bal'V.

N3yueHne NpUHIMIOB WCIOJIb30BAHUS HCKYCCTBEHHBIX HEHPOHHBIX
ceTel HauyMHAeTCs MpH MOJATOTOBKE OakanaBpoB B aucuUIUIMHAX «Teopus
aBTOMAaTUYECKOro  ympasieHHss» U «CHCTEMBl  MHTEJUIEKTYaJIBHOTO
YIPAaBIIEHUS» U MPOAOHKAETCA NPU MOArOTOBKE MAaruCTpoB B AMCLMIUIMHAX
«CoBpeMeHHbIE MpPOOJIEMbl TEOPUU YHpPaBIEHUs» M «MaremaTHuecKoe
MOJIETUPOBAHUE OOBEKTOB U CUCTEM YIIPABICHUS.

B mponecce moArotoBKM CTYIEHTHI JOKHBI HApaBHE C OCBOCHUEM
TEOPETUYECKUX OCHOB, IIOAXOA0B U METONOB TEOPUU YIIPABJICHUSA, HAYUUTHCS
IPUMEHATh M aJalTUPOBATh W3BECTHBIE HEHPOCETEBBIE AITOPUTMBI JUIS
pelIeHusl KOHKPETHBIX MPakTHUYeCKuX 3anad. [Ipu 3ToM XapakTepHOW 4epToun
o0y4deHHUs TOJKHO OBITh coueTaHue ero GyHIaMEeHTaIbHON HApPaBIEHHOCTH H
MIPAKTUYECKOMN OpUEHTALINH, OonpeAeIsieMon HENOCPECTBEHHBIM
IIPUMEHEHUEM  TOJYYEHHBIX TEOPETHUYECKMX 3HAHUM JUI1  PELICHUS
MIPUKJIAHBIX 3a/1a4.
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BBEJIEHUE

B mocnenHee BpeMmsi WMHTEIEKTYalbHOE YIPABIEHHWE CTAHOBHUTCS IIMPOKO
pPacipoCTPaHEHHBIM CPEJICTBOM JJII MHOTMX TEXHMUYECKHMX M IMPOMBIIIIEHHBIX
npunoxennit [1]. Takue cucrembl ynpaBieHHs 007aTalOT CHOCOOHOCTHIO
ajanTaldd K BO3MYUICHHUSM, HM3MEHEHUSIM BHEIIHEH cpeabl M YCIOBUSM
padoTHL.

B macTosimee Bpemsi mccienoBaHHs B OOJACTH SKCHEPTHBIX CHCTEM,
TPaJAULIMOHHO CYUTABUIMECS OCHOBHBIM HHCTPYMEHTOM HWHTEJIEKTYaTbHBIX
CUCTEM, COKpAIllaloTCsl, a IPUMEHEHHE HEHPOCETEBbIX TEXHOJOTUH CTaOUIBLHO
HapacTaer.

UckyccTBeHHbIE HEHPOHHBIE CETH, OJlaroaps CBOMM CIIOCOOHOCTSM K
caMOOpraHu3alu M OOYYEHHMIO, PACCMATPUBAIOTCS KaK MEPCIEKTUBHBIC
cpencTBa i pa3pabOTKH MHTEJUIEKTYalbHBIX CHUCTEM BBICOKOW TOYHOCTH H
HajIeKHOCTH [2].

CymiecTByeT MHOXKECTBO MaKETOB MPUKIIATHBIX MPOrpaMM ISl paboTh
C HeillpoHHBIMH ceTaMH. B yueGHOM mporecce Ha kadenpe «YmpaieHUe U
uHpOpMATHKAa B TEXHHYECKUX M HKOHOMHUYECKHX cHuctemax» Bal'yY  mns
paboThI C HEHPOHHBIMU CETSIMH HCToNb3ytoTes cuctema MATLAB Simulink ¢
pacmupennem Neural Network toolbox [3].

N3ydyeHne NpPUHIUIIOB HCIOJB30BAHUS HCKYCCTBEHHBIX HEHPOHHBIX
ceTel HauyMHAeTcs NpH MOJArOTOBKE OakanaBpoB B AucUUILIMHAX «Teopus
aBTOMATHYECKOro  ympaBieHus» U «CHCTeMbl  WHTEJIEKTYaJIbHOTO
ynpaBneHus». [Ipogomkaercs npu MOArOTOBKE MAarucTpPOB B AUCIUIUIMHAX
«CoBpeMeHHbIE TNPOOJIEMbl TEOpPUM YyHpaBieHHs» U «MareMaTudyeckoe
MOJIETUPOBAHUE OOBEKTOB U CUCTEM YIIPABICHUS».

MN3YYEHUE INTPUHIUIIOB UCITOJIb30OBAHUA
HUCKYCCTBEHHBIX HEUPOHHBIX ITPU O OTOBKE
BAKAJIABPOB

[Ipn uzyyenum nucuuIInHbl «Teopuss aBTOMAaTUYECKOTO YIPABICHUS» NpPU
WCCIIEOBAaHUN HEJIIMHEMHBIX CHCTEM HCIIOIB3YETCS PETYISATOPBl Ha OCHOBE
HEUPOHHOU CETH.

Cxema wmogenupoBanuss B cpene MATLAB [3] ¢ aBurarenem
MOCTOSTHHOTO TOKa C HCIOJIb30BaHUEM HeipokonTpouiepa NARMA-L2
MOKa3aHa Ha PUCYHKE 1.
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NARMA-L2 Controller

Reference

Control
Signal

I

Uniform Random
Number

DPT r

Puc. 1 - Cxema Mojenu ¢ UCrojb30BaHueM HelpokoHTposiepa NARMA-L2

[lepexonHblii mpoliecC 3JIEKTPONPUBOAA C JBUraTeIeM IOCTOSIHHOTO
TOKa 1OoJ ymnpasieHueM HeipokoHTpoiepa NARMA-L2 mnpexacraBien Ha
pHUCYHKE 2.

200

Scope

180—

160—

1
|
\
| | | |
0 1 2 3 4 5 6 7
t(c)

Puc. 2 - [lepexoaHblii ipoIiecC MIEKTPOIIPUBO/IA IO YIIPABICHHEM
HelpokoHTpouiepa NARMA-L2
B mporecce moATOTOBKM CTYACHTHI JTOJDKHBI HapaBHE C OCBOCHUEM
TEOPETUYECKUX OCHOB, MOJIXOJIOB U METOJIOB TECOPUH YIIPABJICHUS, HAYIUTHCS
NPUMCHITh M aJalNTUPOBATh W3BECTHBIC HEHWPOCETEBBIE AJITOPUTMBI IS
pEIICHHUS] KOHKPETHBIX MPAKTUYECKUX 3a7ad.

MN3YYEHUE IMTPUHIUIIOB UCITOJIB3OBAHUA
WCKYCCTBEHHBIX HEUPOHHBIX CETEM ITPU TOATIOTOBKE
MATUCTPOB

[Ipy mOATrOTOBKE MarucTpOB, HANpPUMEpP, PEIIAIOTCS TMPAKTUYECKHE 3adadu
Takue Kak: «CHHTe3 HeHPOKOHTpOJUIEpa HA OCHOBE MOJIECTN aBTOPETPECCHH CO
CKONB3AIIMM  CPEAHMM JUId  YOPAaBICHHS BEHTWIBHBIM JBHUraTelIeM»,
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«IIpuMeHeHne METOI0B HEUPOHHBIX CETEU IS YIIPABJICHUS DJIEKTPOIIPUBOIOM
C ACMHXPOHHBIM JBHUrareinem», «MonenupoBaHue aBTOMAaTHYECKOW CHCTEMa
pPETryIMpOBaHUSl CKOPOCTU C HETUHEHHOW OOpaTHOM CBSA3BIO MO TOKY C
HelpoperynsTopom». Mojiens mocieiHel 3ajjauu MoKazaHa Ha puc 3

Ky

e :
0.0255+0.5

Mo

H1

F3(M.Mc.w) »

[]

—

F3(M,Mc,w)

o
h

F4(i)

Fa()

0.55+10

[e
=1

F2(UT)

0.05s
HpT(s) ur

F1(Uc)

A

Reference

Output

A

NARMA-L2 Controlier

H2 From1

Scope

Puc. 3 — Mopenb aBTOMaTHYECKON CHCTEMa PETYIIMPOBAHUSI CKOPOCTH C

HEJTMHEHHON 00paTHOM CBSI3bIO TIO TOKY C HEHPOPETYISITOPOM.
Ha pucynke 4 u 5 mokazaHa peanu3anusi HEJITMHEHHBIX 3aBUCUMOCTEH F3

F3(M,Mc,w)

u Fa.
-
M
+_
Mc
D, P u if(u1 ~= 0) W
w u2 elself(..) i)
| g [ out1 |—p»
I3 Merge
g If Action
Abs?2 p Subsystem6 Merge
0 in1 Outt
P |u| Constant4 If Action
Subsystem7

Abs1

Puc. 4 — Mopens HenunueitHon ¢pyakmuu F3(M,Mc,w).
FS(M M, W) - HeJIMHEeHHas 3aBUCUMOCTD, MOCITUPYIOIIas

TOPMOXKEHHUE JIBUTATEIIS 33 CUCT CUIT TpeHus [4];

F,(M,M_,w) =

Oipu [M| M

160

M —-M, mpuw = 0;

|<0u w=0;



M . - MOMEHT TpeHus MOKOS;
M — 2JIeKTpOMarHUTHBIII MOMEHT JBUTATEIIS;

F, (I) - CTaTHYECKas XapaKTePUCTHKA (YHKIIMOHAILHOTO
npeobOpa3oBarens [4];

F,(i) =K, (i + ci’sgni);

kT — K03 PUIUEHT Tepejavun JaTINKa TOKa,

a - K03(pPHUIHEHT MPOTOPIHOHATIEHOCTH;
| — TOK IKOPHOI OOMOTKH.

X L’ % alfa*ir2 i+alfa*i*2sgn(i)
P>
Product X
Product1 > ; X
Product2 F4(|)

0.1 Product3

alfa 0.002

> __ Kt
Sign

Puc. 5 — Mojenb HenmuHeiHOH 00paTHOM CBsA3bI0 110 TOKY F4(i).
3AK/IIOYEHUE

W3yuenne Bo3MokHOCTel Helipoceteir B cpeme MATLAB Simulink mpu
NpPENoJaBaHuu  Pa3IMYHBIX JUCIMIUIMH, MOJCIMPOBAHUE Pa3HOOOPA3HBIX
CUCTEM, IMO3BOJISIET PEaIn30BaTh COBOKYIMHOCTh TPeOOBaHMM, 00s3aTENbHBIX
IpU peaju3aliii OCHOBHBIX 00pa30oBaTENbHBIX MPOTpPaMM OakalaBpuaTta U
MarucTpatypbl 1o HampaBieHuto mnonarotoBku 27.03.04 wu 27.04.04
«YTpaBJieHUE B TEXHUYECKUX CHCTEMAX).
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NCSIE

MexayHapoaHas MynbTUKOHdepeHLus
CeTeBOe NapTHepCTBO B Hayke,
NpOMBbILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Canxt-Metepbypr, Poccus

MEXJIYHAPOJHbBIA YHUBEPCUTETCKHUHM CETEBOHA
MPOEKT «CUHEPTUSI»: UHTET'PATIAS
UHTEJJIEKTYAJBHBIX U MATEPUAJIBHBIX
PECYPCOB

Cepreit CtaxxkoB

[Ipencenarens coBeTa TMPEKTOPOB
MEXYHApPOJHOTO YHUBEPCUTETCKOTO CETEBOTO MpoeKkTa «CUHeprus»
1.T.H., podeccop, 3aBeayOImuid kKadeapoit
Kadenpa «CucteMbl IprBOI0B, MEXaTPOHUKA U POOOTOTEXHUKAY
banTuiickuii rocy1apCTBEHHbIN TEXHUUECKUA YHUBEPCUTET
«BOEHMEX» um. J1.®. YcruHona
1-as KpacHoapmeiickas, 1
190005 Canxrt-IletepOypr, Poccus
e-mail stazhkov@mail.ru

Pegepar

KauecTtBenHoe Briciiee oOpazoBaHue 6a3upyercs:
- Ha  BBICOKONPO(ECCHOHATBLHOM  MPOQPECCOPCKO-TPENOAaBaATEIbCKOM
KaJIpOBOM COCTABE;
- Ha TIOCTOSSHHO COBEpIICHCTBYIOIEHCA Y4eOHO-METoIuyecKkoil Oase,
OTpaXkarolie MOTPEeOHOCTH MPOMBIIUIEHHOCTH M COBPEMEHHbIE TEHACHIIMH
Pa3BHUTHS HH)KEHEPHOU HAYKH;
- Ha COBpPEMEHHOW Y4eOHO-abopaTopHOl ©0a3e U pa3BUTOH CHUCTEME
WHKEHEPHBIX MPAKTUK Ha MEPEIOBLIX MPOMBIIIIEHHBIX MPEANPUITHSX.

[Io Bcem 3TUM KOMIIOHEHTaM MHOTHME POCCUHCKHE WHKEHEPHBIE
YHHUBEPCHUTETHI B HACTOSIIEE BPEMS UCTIBITHIBAIOT OTIPEACIICHHBIN Te)UIIUT:
- ycTapena ¥ HE COOTBETCTBYET COBPEMEHHBIM TPEOOBAHUSAM OIEpekKaromien
(GyHKIIUU COBpEMEHHOTO 00pa3oBaHus yueOHo-TabopaTopHas 6a3a;
- HE TIOCIIEBaeT 3a TPEeOOBAHUSAMH MPOMBIIUICHHOCTH Y4eOHO-METOANYECKOE
COBPEMEHHOE OpPraHU3alMOHHOE o0ecriedeHre 00pa30BaTeIbHOTO IPOLEecca;
- pa3pbIB MOKOJEHHUH NMpodeccopcKo-Npeno aBaTesIbCKOro cocTaBa JOCTUTAeT
TpeX-4eThIpeX ACCITKOB JIET;
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- B By3aX CYIIECTBEHHO CHU3WJIOCH YHCIIO «IIPAKTUKYIOIINUX» IIPETO1aBaTeIeH-
WH)KEHEPOB, BBIIOJIHAIOLINX PEAIbHBIE HAYYHO-UCCIIEIOBATEIBCKUE U OIIBITHO-
KOHCTPYKTOPCKHE PabOTHI;

- TpeOyIOT BOCCTAHOBJICHHS HAPYIICHHBIE CBSI3U YHHUBEPCUTETOB U MEPEIOBBIX
NPEeanpUATHI MPOPHUIBHBIX OTPACICH.

B0O3MOXHBIM ~ BBIXOAOM M3  CO3[aBIIEHWCS  CUTyallud  SIBIIAETCS
UHTErpanusi  oOpa3oBaTENbHBIX  PECYpCOB  MEPEIOBBIX  HMHXKEHEPHBIX
YHHUBEpPCUTETOB Poccum, CyMeBIIMX COXPaHUTh Hay4yHO-00pa3oBaTeIbHBIN
NOTEHIIMAJl WIA CIHOCOOHBIX K €r0 BOCCTAHOBJIEHHMIO, BO B3aMMOJEHCTBUU C
JUAMPYIONIMMH B CBOEH 0OOJacCTH POCCHUMCKUMH H  3apyOeKHBIMHU
POGUIBHBIME TTPEATPUSATHIMU.

[Ipumepbl Takoi uHTerpauuMu Ha 0asze ceTeBbIX (HOpPM peaau3aluu
00pa30BaTENIbHOIO MpOIlEcca CYIIECTBYIOT BO MHOTHUX CTpaHax C BBICOKHM
YPOBHEM BBICIIETO HHKEHEPHOTO 00pa30BaHUs.

B mnocnemnne roxnpl B Poccum Takke HaOmMIOmaeTcs TEHACHIMSA K
CO3/IaHUI0 MHUIIMATHBHBIX OOBEAMHEHHM TEXHUYECKUX YHUBEPCUTETOB
(KOHCOPIIMYMBI, KOPIIOPAaTUBHBIE YHUBEPCUTETHI U T.I1.), KOTOPBIE, UCIIONb3YS
COBPEMEHHBIE  CPEACTBA  KOMMYHHMKAallMM M NEPENOBBIE  METOJBI
IUCTAaHIIMOHHOTO  OOydYeHWs,  TBITAIOTCA  pEalM30BaTh  COBMECTHBIC
JIBYXCTOPOHHUE, a B pAlleé CIIy4yaeB MHOTOCTOPOHHHE OOpa30BaTelbHbIC
poekTsI [1].

VYxe ©Ha nporsoxkeHnn 10 jer ogHMM M3 IPUMEPOB  YCIIECIIHOU
MHTErpallii UHTEJJIEKTYaJbHbIX U MAaTEPUAIIbHBIX PECYPCOB Psia POCCUMCKUX
YHUBEPCUTETOB U YHUBEPCUTETOB M3 CTPAH MOCTCOBETCKOTO MPOCTPAHCTBA C
BEIyIIMM B 00JIaCTU aBTOMATHU3alMM TEXHOJOTMYECKUX IPOLIECCOB MU
MIPOU3BOJICTB, MEXATPOHUKH U POOOTOTEXHUKU EBPONEHCKUM KOHIIEPHOM
®ECTO, a Taxke MexayHapoaHou accomnuarnueid urxeHepoB DAAAM
International sBisercss MexayHapOIHBIN YHHUBEPCUTETCKHI CETEBOM MPOEKT
«Cuneprus».

B cratee mpencraBieHbl  OCHOBHBIE  pe3ynbTaThl  10-neTHen
JESTEIIBHOCTU BY30B-YYaCTHUKOB NpoeKTa «CMHEPrus», HAKOIUIEHHBIA OINBIT
MOJATOTOBKM  BBICOKOKBAJIM(ULIIMPOBAHHBIX  MH)XEHEPHBIX  KaapoB  JUIS
BBICOKOABTOMATU3MPOBaHHbIX npeanpusatnid PO, Kazaxcrana n Kupruszun.

BBEJIEHHUE

B konme 80-X rojoB Ha POCCHUHUCKUX MPEANPUSATHSIX CTaJ0 HUCHOJIb30BATHCA
obopynoBanue, TmpomsBoguMoe KoHuepHoM @OECTO. Ilpu »Tom ero
BHEJIPEHHWE M TMOCJIEeAYIIas »JKCIUTyaTalus TMOTPeOOBaIM  TMOBBIIICHUS
KBATU(UKAIIMA M TEPENOAroOTOBKM HH)XEHEPOB B 00JIACTH aBTOMAaTH3AIMHU
TEXHOJOTMYECKUX IPOILIECCOB U MPOMU3BOJACTB. Pemras 3Ty 3amauyy, KOHILEPH
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cunamu cBoero crpykrypHoro mnoapazaeneuuss OECTO-AUJAKTUK PO
CO3Mall CEeTh IIEHTPOB TMEPENOJTOTOBKM W TIOBBIMICHUS KBaTU(UKAIINH,
OCHACTHUB WX YHUKAJIbHBIMU YY€OHBIMU CTEHIAMH.

HekoTtopble u3 ATHX LEHTPOB ObUIM CO3JaHBI HAa 0asze psga BEAyIIUX
TEXHUYECKHX YHUBEPCUTETOB POcCcHM M CTpaH MOCTCOBETCKOTO MPOCTPAHCTBA.

B nanpHeidimieM WMEHHO O3TH LEHTPbl TOCTY>XWIM OCHOBOM A
CO3JIaHUA YHUBEPCUTETCKUX LICHTPOB DECTO 1A peanusanuu
[[EJICHANPABICHHOW TMOATOTOBKM WHXXEHEPOB B O00JIACTH MEXaTPOHHKH,
ABTOMATHU3alMHd TEXHOJOTMYECKUX MPOLIECCOB W MPOU3BOJCTB U YIIPABICHUS
TEXHUYECKHUMH CHUCTEeMaMH B paMKax OCHOBHBIX 00pa30BaTeNbHBIX MPOrpamMm
BBICIIIETO 00pa30BaHUS.

B 2006 rogy nmaTh NepBbIX YHUBEPCUTETOB, KOTOPbIE ObLIM OCHAILEHbI
yueOHbIMH cTeH1aMu KoHllepHa @ECTO u npu KOTOpBIX paHee ObLIU CO3/1aHbI
1 y)K€ aKTUBHO (DYHKIIMOHUpOBaIM yHUBepcuterckue 1eHtpel ®ECTO: HUY
«MDBW», BI'TY «BOEHMEX» mm. J.®.YcruroBa, OMI'TY, CesHTY (B
Hacrosee BpeMsa CeBl'Y) u Kapl' TV npunsuin pereHue oObeIUHUTH CBOM
WHTEJUIEKTyallbHbIE M MaTepualbHbIE pPECYpPChl C LEJIbI0 MOATOTOBKHU
BBICOKOKBAJIU(PUITUPOBAHHBIX WH)XECHEPOB c HCII0JIb30BAHUEM
WHHOBAIIMOHHBIX  METOHOB CETEBOTO oOyyeHHssT B  paMKax
MexayHapOJHOTO YHUBEPCUTETCKOTO CETEBOTO MPOeKTa « CUHEPTHUSI».

INHEPBOHAYAJIBHBIE 3ATAYH U 3TAIIbI PEAJIM3AIINHU
ITPOEKTA

Ha mnepBoM »srame Oblia mocTaBieHa 3ajada OOBEIWHUTH YHHUBEPCUTETHI
HAJe)KHOM BBICOKOKAYECTBEHHOM WHTEPHET-CBSI3bl0. Ty 3ajady B3sUlach
pewmaTh 1 ycrnemHo ocyuiectsuia pupma @ECTO, BoKuB HEMalble CpesicTBa
B TEXHUYECKOE OCHAILEHUE U JaibHellIee pUHAHCOBOE obecneueHrne Tpaduka
MOJIKJIFOYEHHBIX YHUBEPCUTETOB

Yye6Has ayautopus Yye6Has ayautopus

wewwww &=r] vYeewww
weweww Hewmpanenn | W0 W0 W W
MPS1 @ " Cepsep MPS Cepsep MPS " ? MPS1
— .
MPS2 ™ & MPS 2
] 3 o
MockBa CaHkT-lMeTepOypr
Internet
Yye6Has ayautopus YyebHas ayautopus
LA A B A A veewww
IITIT TTITT
MPS1 § * Cepsep MPS Cepsep MPS * ; MPS1
wes2 T — MPS2
Omck CeBacTonone
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Hamnune nepenoBbIXx Ha TOT TNEPUOJ TEXHHYECKHX  CPEJACTB
KOMMYHUKaIUH MTO3BOJIUJIO Y4aCTHHUKaM MPOEKTA peann3oBaTh
VHHOBAllUOHHYIK) TEXHOJIOTHUIO JTUCTAHIMOHHOTO JOCTyla W MPOBEACHUSA
nabopaTopHBIX paboT Ha yuyeObHOM obopynoBanuu koHuepHa PECTO.

[Tepsorit ombiT npoBeaenuss ON-LINE nexmuii Obu1 ocymiecTBieH B
paMKax MOJYJIBHOTO YTeHHS (haKyJIbTaTUBHBIX CIICIIKYPCOB /It MarucTPOB.

VYcnemHoe TMNpoOBENEHUE OBTUX KYpPCOB TMOCITYKHIO OCHOBOM st
MOCTAHOBKHM, TaK Ha3bIBAEMBIX, «OOMEHHBIX» JHCTAHIIMOHHBIX KYpPCOB,
YUTAEMBIX  BEAYLUIMMH  IPENOJABATENSIMH  BY30B U CHEUHAIMCTAMHU
MPOPUIBHBIX MPEATPUATHH.

OpnHako TPy ATOM BO3HUKAET Pl YI€OHO-METOAMUYECKUX, OPTraHN3aIMOHHBIX
1 (PMHAHCOBBIX BOTIPOCOB.

Kypcel, unTaemple B pa3HBIX YHHUBEPCHUTETAaX, KaK TMPABHIO, HMEIOT
HEOJIMHAKOBEII 00beM, IPOAOIKUTEIHLHOCTh U CTPYKTYPY.

3agacTyro cojiep)kaHue Kypca 3aBUCHT OT MPOEeCCHOHATBHBIX MPEIMTOYTCHUN
1 HAYYHOT'O OIIbITa NPCOJAaBaTCIIA.

Bo3HukaroT TpyIHOCTH OOBEKTHMBHON W BCECTOPOHHEW aTTECTAIlMU 3HAHUUN
CTYACHTOB, OCYH.[GCTBJISIGMOI\/‘I B JUCTAHIIUOHHOM PCIKUMC.

Taxke  BO3HUKAIOT  BOMPOCH  (OPMUPOBaHUS  y4eOHOH  HarpysKu
podeccopcKO-MPenoaBaTeNIbCKOr0 COCTaBa M (MHAHCOBBIX B3aWMOOTHOLICHUI
MEX]y YHUBEPCUTETAMHU.

OPTAHM3ALMA COBMECTHBIX KYPCOB

[lepeunciennplie BbIme MPoOIEMBl TOOYAMIN YIaCTHUKOB mpoekta B 2014 romy
cOpMHPOBATH MEXKBY30BCKUH Y4eOHO-METONNYECKUN COBET MpoekTa «CHHEprus»,
KOTOPBII TOCTaBMJI Hepes coOOM psj 3agad Mo KOOpAMHALMU 00pa3oBaTeNIbHON
NEeSITEILHOCTH U Pa3padOTKe HOBBIX (DOPM U METOJIOB CETEBOTO OOYUCHHUSI.

IlepBbIM pe3yabTaTOM €ro JEsATEIbHOCTH cTana pa3paboTka W BHEIPEHHE B
y4eOHBII MpoIiecc HOBOTO MO CTPYKType M (hopMe peanu3aliu, TaKk Ha3bIBAE€MOTO,
«COBMECTHOTO»  Kypca  «VIHTenJeKTyalbHble CHUCTEMBl  yIpaBJICHUS» AT
MarucTpaHTOB YHUBEPCUTETOB-YUaCTHUKOB MPOEKTa «CUHEPTU».

OcHoOBHas ujes 3aKJII0YaeTcsi B TOM, UYTO JJAaHHBIH KypcC CTPOMUTCS MO THOKOMY
MOJ1yJIbHO-TEMAaTUYECKOMY MPUHLHUITY, U KaXAbld MOJYJb 3aKpEIUIEH 3a OJHUM U3
YHUBEPCUTETOB-y4acTHUKOB npoekta CUHEPI M.

B BecenneMm cemectpe 2015/16 yaeOHOTO TOa NTaHHBIN KYpC, COCTOSAIINN U3 4
MoAyJel (KaKIbIi U3 KOTOPBIX COCTOSIT U3 TPEX JICKIUN — 6 aKkaJeMUYECKUX YacoB),
Obul mpountan mnpenopasarensMu MOU, KapI'TVY, OMITY, a takxe CaHkr-
[TerepOyprckoro monutexHu4eckoro yHuBepcutera Ilerpa Bemukoro (CIIOITY),
BOLIE/AIIEr0 B COCTaB Yy4yacTHUKOB mnpoekra B 2014 romy. Kypc Hapsagy c
MarucTpaHTaMM JaHHBIX YHUBEPCUTETOB, TAKXKE CIYyIIAIM MarucTPaHThl IEPBOIO
roga ooyuyenust bBI'TY «BOEHMEX».

[IpenonaBaTenu Kaxa0ro yHHBEPCUTETA, MPOUYUTAB 3aKPEIJICHHBIH 32 HUMHU
yuyeOHO-TeMaTHMYeCKUl ~ MOAyJlb, B OCTalbHOE  BpeMS  OCYLIECTBISUIU
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OpraHU3aIMOHHBIE U KOHCYJIbTAIlMOHHBIE (DYHKIMH, a IO 3aBEpIICHUH BCETrOo Kypca
MIPOBEJIH ATTECTAIIMIO 3HAHUM CTY/ICHTOB, 00YJYaIONINXCSl B UX YHUBEPCUTETAX.

Hwuxe mnpencraBieHo pacnucaHUe 3aHATHH, pealn30BaHHOE B BECEHHEM
cemectpe 2015/16 yuebHoro roaa.

Moayasb 1 «Heuerkne cucremsl ynpasiaenus» (HUY «MIU»):
Jlexuust 1 — 11 depans 2016 roga (Ut-12:30 mck)
Jlexuus 2 — 18 despans 2016 roga (Ut-12:30 mck)
Jlexuust 3 — 25 depains 2016 roga (Ut-12:30 mck)

Monayasb 2 «I'enernueckuii aaropurm» (Kapl'TV):

Jlexums 4 — 3 mapta 2016 roma (Ut-12:30 mMck)
Jlexuus 5 — 10 mapta 2016 rona (Ut-12:30 Mck)
Jlextms 6 — 17 mapta 2016 roga (Ut-12:30 Mck)

Mopnyasb 3 «MckyccTBeHHbIe HeilipoHHBbIe ceTw» (OMI'TY):

Jlexums 7 — 24 mapta 2016 roga (Ut-12:30 Mck)

Jlexuus 8 — 31 mapra 2016 rona (Ut-12:30 Mck)

Jlextms 9 — 7 anpenst 2016 roxa (Ut-12:30 mck)
Monayab 4 «MHTeN1eKTya/IbHbIe CHCTeMbl YNPaBJIeHUSI B NMPOMBILJIECHHOCTID)
(CIIoI11Y):

Jlexuwms 10 — 14 anpenst 2016 roga (Yt-12:30 mck)

Jlexums 11 — 21 anpenst 2016 roga (Yt-12:30 mck)

Jlexuwms 12 — 28 anpenst 2016 roga (Ut-12:30 mck)

Koneuno, mpuoOpeTeHHBI ONBIT B pe3yjabTaTe BHEAPEHUS TAHHOTO Kypca B
yueOHBII Tporecc TpeOyeT BCECTOPOHHErO aHali3a M OCMBICICHHS, a caM Kypc
HE0OXOIMMOM KOPPEKTHPOBKU, HO YK€ celyac MOXHO TOBOPUTH O HEKOTOPBIX
MIpeIBApUTENIbHBIX pe3yabTaTax.

[Tpexne Bcero, paboTa mpenogaBareist C «PyTUHHOW» JIGKIIMOHHOM CMeIaeTcs B
CTOPOHY  Y4eOHO-METOAMYECKOM H  y4eOHO-OpraHMU3allMOHHONW paboThl, 4YTO
OKa3bIBa€T IMOJIOXKUTEIBLHOE BIUSHUE HAa KAayecTBO ydeOHOro Ipolecca.
[IpenogaBaTens WMeeT BO3MOXKHOCTH B pPaMKaxX BBICBOOOIMBIIETOCS BPEMEHH
aKIIEHTUPOBAaTh BHUMAaHHUE M TIOCTOSHHO COBEPIICHCTBOBATH 3aKPEIJICHHBIM 32 HUM
MOJYJIb U METOJUKY PO aBaHHUs.

Ha xavectBe yueOHOro mporecca TakKe TOJOXKHUTEIBHO CKa3bIBACTCS
OCYILIECTBIISIEMOE €CTECTBEHHBIM O0Opa3oM B3aMMHOE BIUSHUE PA3IUYHBIX HAYYHO-
00pa3oBaTENbHBIX INKOJI. UTEHHE OJHOTO Kypca HECKOJBKHMHU IPEIoNaBaTeIsIMH
OYKHUBJISIET KypC U TIOBBIIIACT K HEMY MHTEPEC CTYACHTOB.

ATTecTanMisi  3HAHUM ~ CTYAGHTOB  MPOBOAMTCS  HEMOCPEACTBEHHO  UX
IperoiaBaTesieM 0 BCEMY KypCy, UYTO MCKIF0YaeT (OpPMaIbHBIN MOIXO0/, MTOBBIIIAET
OTBETCTBEHHOCTh U JUCIUILTUHUPYET CTYACHTOB.

Ha xauecTBe yueOHOro mporecca Takke MOJI0KUTEIbHO CKa3bIBAaeTCsl TO, YTO 0€3
MPUBJICYEHUS TOTIOJHUTETBHBIX KaAPOBBIX PECYPCOB KypC BEAYT, MO CYIIECTBY, ABa
MIPEToIaBaTeNsl IONEPEMEHHO BBITIONHSIS (PYHKITMH JIEKTOPA WIIM KOHCYJIbTAHTA.

CnemyeT OTMETHTh, UYTO KypC MOXET JIETKO TpaHCHOpPMUPOBATHCS U
COBEpPIIEHCTBOBATHCS, 332 CUYET MPeoOpa3oBaHUs yKe MMEIOUIMXCS WM BKIIOYCHUS
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HOBBIX  y4eOHO-TEMAaTHYECKMX  MOJAYJEH,  3aKkpemieHHbIX 32  BEIYUIMMHU
MpenojaBaTeN MU APYTUX YHUBEPCUTETOB, B TOM YHCIIE 3apyOEKHBIX.

VYHUBEpPCUTETHI, HMEIOUIME JOCTYNl K JAaHHOMY KypCy, MOTYyT IIO CBOEMY
YCMOTPEHHIO BKJIIOYaTh B CBOM 0Opa3oBaTeiIbHbIE MPOrpaMMbl OT/AEIbHBIE MOIYIN
WIM Kypc B IeJIoM, B psAe ciIy4aeB pemas MnpoOiieMy OTCYTCTBHUS
BBICOKOKBAIN(DUITUPOBAHHBIX MpPENojaBaTeiei.

VYuuTbIBas BBIIIEHU3IOKEHHOE MEXKBY30BCKMM y4eOHO-METOAMYECKUNH COBET
npoekTa «Cuneprusi» B oceHHeM cemecTpe 2016-17 Ha 6a3e mpuoOpeTeHHOro OMbITa
MJIAHUPYET K BHEIPEHHUIO B yUEOHBIM TPOIECC HOBBI COBMECTHBI MarucCTEpCKUi
Kypc nof oouiiM HazBaHueM «CoBpeMeHHast TEOpUs YIIPaBICHUS.

Koneuno, cnemuduka uHXKeHEPHOT0 0OydeHHs 00YCIIOBIIEHa HEOOXOIUMOCTHIO
Hapsily C TEOPETHMUECKMM KYypCOM OCYILECTBJISATh IPAKTHUECKYIO IOATOTOBKY
CIIEIMAJTMCTOB HAa COBPEMEHHON y4eOHO-1ab0paTopHOii 6ase.

B Hacrosimee Bpems MpoOBeACHUE MPAKTUYECKUX M JTAOOPATOPHBIX 3aHATHH IO
JAHHOMY KYypCy OCYIIECTBISIETCS MpenojaBaTeNiIMU KaKJIOro YyHHUBEpPCUTETa
camocrosTenbHo. OfHaKo, Kak yxke ObLIO CKa3aHO, Y YHHBEPCUTETOB-YYaCTHHUKOB
npoekTa «CHHEprus» UMEETCs ONBIT MPOBEICHUS Ja00paTOPHBIX pabOT HA YUeOHBIX
creagax koHrepHa ®ECTO (kmroueBoro mapTHepa W MHOTOJETHErO aKTHBHOTO
y4acTHUKA JIaHHOTO IIPOEKTa) B PpEXUME YAANEHHOrOo JOCTyIa, KOTOpbIA B
JalbHENIIeM MOXXHO OyleT HCIONb30BaTh B paMKaX MJaHHOTO WM TOJOOHBIX
«COBMECTHBIX» KYPCOB.

MEXIYHAPOJHAS ITPAKTUKA B BEHE

Pemenuto mpoGieMbl TPaKTHKO-OPUEHTUPOBAHHOM MOJTOTOBKY UHKEHEPOB aKTHBHO
COJICUCTBYIOT KIJIIOYEBbIE TMMApPTHEPHI BY30B-YYaCTHUKOB IMpoekTa «CHHEprus»
DAAAM International u xonmepu FESTO, kotopeie B 2013 rogy opraHu3oBain
MEPBYI0  MEXAYHAPOJIHYIO O3HAKOMHUTEIBHYIO MPAKTUKY CTyaeHToB bBI'TY
«BOEHMEX» B Bene. CTyeHThI TO3HAKOMWINCH C COJIEPKAHUEM M OpraHU3aluein
y4eOHOro Tpolecc B BEHCKOM TEXHHYECKOM YHUBEPCHUTETE UM Y HHUBEPCHTETE
npukinagHeix HayK « TEXHUKYM», 03HaKOMUIUCH ¢ SKCIO3UIIMENH BEHCKOTO MYy3es
HAyKH W TEXHHKH, TIOCETHJIM TPEICTaBUTENLCTBO KoHIepHAa FESTO, mpocnymanu
pSA NEKUUN BEAYIINX aBCTPUMCKUX YUEHBIX.

VYcmentHoe TpoOBEACHHE TEPBOM  MPAKTUKU  TO3BOJWJIO  CAENATh  HX
perynapueiMu. Haumnas 2015 roga, dopmupyercs oOmias rpymma U3 CTYIACHTOB
YHUBEPCUTETOB-YUYaCTHUKOB MpoeKTa «CUHEPTHUs».

CTYJAEHYECKOE HAYYHOE TBOPYECTBO U MOJIOJAEKHBIE
KOHKYPCbI

bonpiioe BHMMaHME BY3bI-y4aCTHMKM NpoekTa «CHHEpPIus» YAEISAIOT Pa3BUTHUIO
MOJIOJIEKHOTO TBOPHYECTBA, CO3AaBasl M CTUMYJIHUPYs paboTy CTYIEHTOB U
aOUTYpHEHTOB B HAYYHO-TEXHMUYECKHX KPYXKKaX M CTYJCHUECKUX KOHCTPYKTOPCKHX
O1OpO, OPTaHU3ysl U yYacTBYS B Pa3IMUHBIX MOJIOJIS)KHBIX KOHKYPCaX.
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OnauM u3 HanboJiee MPECTIDKHBIX U MEPCIEKTHBHBIX KOHKYPCOB, B KOTOPOM
pu camoM akTuBHOM cojnericTBu DECTO-INJJAKTUK P® y4acTBYIOT CTYIEHTHI,
SIBJISICTCS] BCeMUPHO U3BecTHBIN KOHKYpe «WorldSKillsy.

OTKPBITASA 3AIIMTA U TIPESEHTALIIMU JIYUIIUX BKP
ITPOEKTA «CUHEPI'US»

B 2010 rogy Opima mpoBeneHa TmiepBas OTKpBITAs 3allUTa TUIUIOMHBIX padoT
crynearoB BI'TY, MOU, OMI'TY u Kapl'TVY, 4To MOBBICHIO OTBETCTBEHHOCTH
BBINTYCKHUKOB TIpH nojirotoBke BKP. EskerogHo HECKOJIBKO 3alUT OCYIIECTBISETCS
Ha aHIJMICKOM WM HeMenkoMm s3bike. B 2015 romy B CBSi3M C yBEIMYEHUEM
YYaCTHUKOB OBLJIO IPUHSITO PEIICHHE O MPOBEACHUN TTpe3eHTanmii 1yqmux BKP.

&S HDD technology

T “—mm,--.m E=Z E

COBMECTHAS HAYUYHASA AEATEJBHOCTbDb BY30B-
YYACTHUMKOB ITPOEKTA «CHHEPI'U51»

OO11en3BeCTHO, YTO KaUECTBEHHbIN Y4eOHBIN MPOLIecC HEBO3MOXKHO peain3oBaTh 0e3
HAYYHO-HMCCIIEIOBATEIBCKON JESTEIbHOCTH TPENOAaBaTeield, KOTOpble JOKHBI He
TOJILKO TakuM 0Opa3oM TMOBBIMIATH COOCTBEHHYIO KBANIM(HUKAIUIO, HO U AKTUBHO
MIPUBJIEKATh K TBOPYECKOM paboOTe CTYJJCHTOB M aCITUPAHTOB.

VYyactue B npoekre «CUHEPrus» yHUKAJIBbHOM MEXIyHAPOIHOM accoLuanuu
DAAAM International pemmtensHbIM 00pa30oM MOBIHSIIO HA MOBBIIICHUE HAYYHOMH
aKTUBHOCTH YHUBEPCUTETOB. ExeromHslii BecbMa MNpencTaBUTENbHbIN CHMIIO3HMYM
DAAAM International cyriecTBeHHO MOBBICKII HAYYHBIC TTOKA3aTEIH YHUBEPCUTETOB,
nyOJIMKysl Hay4yHble paboThl MpernoaaBaresiell B MPECTUKHBIX MUPOBBIX H3JaHUSAX,
WH/IEKCUPYEMBIX SCOPUS.

B pamkax npoekra «CHHEprus» €XErogHo MPOBOAATCA ABE MOJIOJEKHBIC
Hay4YHbIe HHTepHET-KoHpepeHyn, opranuzyembie OMI TY u Cesl'Y.

OprannzoBanHas B 2012 rony yHuKaibHas Jokropckas mkona DAAAM
International exerogHo mpemOCTaBIIET AaCHUpPAaHTAM BO3MOXKHOCTH OOIICHHS C
BEAYIIMMHU YYEHBIMH MUDA.

B 2014 romy ydyacTHUKM TIpOEKTa CO3Jajdd MEXKBY30BCKUHA Hay4HO-
TEXHUYECKUH COBET, KOTOPBIN MPOBEI Psiji MPE3alUT COMCKaTeNeld yueHO!W CTeNeHn
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KaHJuJIaTa HayK, ¥ KOTOpbIC, BIOCJICJICTBHH, YCICIIHO 3aIllUTHIA CBOU HaydHBIC
JMCCEPTAIUH.

ABYCTOPOHHME CBs31U YHUBEPCUTETOB B PAMKAX
IMPOEKTA «CUHEPT'US»

MHorosjeTHee  COTPYIHHUYECTBO YHUBEPCUTETOB B paMKax MPOEKTa
«CuHeprus» CyIIECTBEHHBIM 00pa3oM TMOBIHUSIIO Ha Pa3BUTHE JBYCTOPOHHHX
CBSI3EH.

OT0 W JBYXJMIUIOMHOE  oOOpa3oBaHue, OOMEH CTyACHTaMHU-
NPAaKTUKAaHTaMH,  BBIE3JHBIC  JIEKIWH, CTAXHPOBKM  TpETojaBaTelei,
CTA)KUPOBKM  ACHUPAHTOB, HAy4YHble  KOHCYJIbTAlUM  ACHUPAHTOB U
JOKTOPAaHTOB, PELIEH3UPOBAHNE M ONTIOHUPOBAHUE AUCCEPTAMOHHBIX Pa0OT.

3AK/IIOYEHUE

B 2014 rony yyactaukamu npoekta CUHEPI'MS 6b110 mpu3HaHO yCHIEIIHBIM
MpOBEJACHUE TMEPBOrO0 IJTama €ro peanus3alud, W TMPUHITO pelLICHUE,
OCHOBBIBASICh HA TOJYYEHHOM OIIbITE, YBEJIUYHUTh YMCIO BXOISIIUX B HETO
YHUBEPCUTETOB.

YuuteiBass HEOOXOAUMOCTh 3(PPEKTUBHON KOOPAMHAIIMU BO3POCIIETO
YHClia BY30B, HAXOSAIIMXCS B PA3IUYHBIX YaCOBBIX IMOsicax, ObLIO BEIPAaOOTAHO
npeyiokenne  (GOPMUPOBAHUSA  HUEPAPXUYHOM  CHUCTEMBl  KOOPJAMHAIIUU
COBMECTHOM palbOThl MpU TOJHOM PABHOINPABUM YYACTHHUKOB CETEBOTO
MIPOEKTA.

B cBsa3u ¢ a3tuM  ObUIO TPHUHATO pEIICHHE CcO3/1aTh Ha 0Oase
CYIIECTBYIOIINX U Psi/la BHOBb OOPa30BaHHBIX LIEHTPOB 4 PETHOHAIBHBIX U 2
HallMOHAJIHBIX Hay4HO-oOpa3oBaTenbHblX LeHTpa OECTO B Cesepo-
3anagHom, IlenTpanpHoM, 3amagHo-Cubupckom, JlanpHeBocTOUHOM, FOX)HOM
peruonax Poccumn, a Taxke B Kazaxcrane u Kuprusum.

3agadeil  3THX  LIEHTPOB  SIBJISIETCS  BOBJIEKATh B OOIIYIO
o0pa3zoBaTelIbHYI0  JIEATCIIbHOCTh  3aWHTEPECOBAaHHBIE B  peald3aluu
MHHOBAIIMOHHBIX 00pa30BaTEIbHBIX TMPOEKTOB BY3bl, KOOPAWHUPOBATH HX
NeATeIbHOCTh, 0000IIaTh W PacHpOCTPaHATh MOJOXXHUTEIBHBIM  OMBIT
COBMECTHOMU pabOTHI.

CCBIJIKA

[1] Ilecmax B.II, Becna E.B., Ilnamonos B.H. Cemesoe obpazosanue: nyyuiue
omeyecmeennvle U 3apyoexcuvie npakmuxku // CoBpeMeHHBIE TIPOOIEMBI HAYKH U
obpazoBanms. — 2013. — Ne 6.
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Pedepar

Kaparanauuckuii rocymapcTBeHHbIH TexHudeckuid yHuBepcuteT (Kapl'TV)
BKJIIOYEH B MEXIYHApOIHBIA 0Opa3oBaTenbHBIM mpoekT «Cuueprusi» B 2008 r. ¢
yuéToM Oonbmioro o0beMa pabOT, BBINOJHEHHBIX IO TEXHHUYECKOMY H
METOAMYECKOMY  OOECIEUYEeHHIO  JHMCTAaHIIMOHHOTO  oOpa3oBaHus Ha  0Oase
obopynoBanus pupmsl «Festoy.

Haumaas ¢ 2012r. opraHu3oBaH peryispHbIA y4eOHBIH Tmpoiecc B
MarucTpaType ¢ MpUBJICYEHUEM BY30B — YUACTHUKOB MPOEKTA AJIS YTEHUS JIEKLUH 10
Wnrepuery. IlpenonaBarensimu MOU, OMI'TY u Kapl'TV B cereBom pexnme
MpounTaHo 13 KypcoB JIeKIuH.

Ha 6a3e crenmoB paspaborano 30 mabopaTopHbIXx padoT ¥ 30 METOTUYECKHX
nocobuit uist oOydeHuss B OakajgaBpuaTe M B MAarucTpaType, KOTOpbIE SBUIHCH
UTOTOM MAarucTEpCKHUX IWCCEpTAIlfii, 3aIlWIIEHHBIX 10 TEMaTHKEe MPOEKTa
«CunHeprus».

Bcero mo Ttematmke mpoekta B mepuwon 2008-2015 rr. 3ammmeno 27
MarucTepcKux JuccepTanuii, 4ro cocraBisgeT 26 % oT o0lero KojJauyecTBa
3aIUTUBILIMXCS MaruCTPaHTOB IO Kadeape.

B 2015r. B mpouecce peamu3zallid HOBOW MAarucTEpCKOW MPOrpaMMBbI
npobwibHO  MarucTpaTypsl  «PoboTtoTexHuka. CHCTEMBI  yNpaBIEHUS»  TIO
CHELUANBHOCTH «ABTOMAaTH3alMs», A OOY4YEHUs NPUBJIEYEHBI IPEroaaBaTesn
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BY30B — YYaCTHUKOB IPOEKTa KaK AJIs YTE€HUs JIEKIUM 1o MHTepHeT—CceTH, Tak U 1o
IpUrJIalieHusM HerocpencTseHHo B Kapl ' TV.

B nepuon 2008-2015 rr. mo mpoekTy omnyOiaukoBaHO 34 cTaTbu M JOKJIajga B
pecnyOJIMKaHCKUX U 3apyOeKHBIX KypHaIax U Ha KOH(EPEeHIHSIX.

Maructpantsl Kapl'TVY exerogHo mpoxoJsiT HaydHble CTaKUpoBkH B BI'TY,
OMI'TY,ac2015r. — B Benckom texnonorunaeckom yausepcurere u CIIOITY.

3a cuer rpaHtoB Poccum, Belnensemblx Ha paszButue YHuBepcurera I11OC,
BHEJPEHbl TEXHOJOTHMH BCTPOEHHOTO CEMECTPOBOro OOydeHHsS MarucTpaHTOB
KapI' TV B MOWU, pe3yapTaTOM KOTOPOTO CTaJIM MAarucTEpCKHE IUCCEPTALUH,
BBITIOJIHEHHBIC HAa 000pYy/I0BaHUHU TTpoekTa B MOM.

Hanaxxeno cucremnoe B3zaumopeiicteue ¢ DAAAM. IlpoBoxsarcs HaydHblE
CTaXUpOBKU nokTopanToB PhD wu mpenomaBareneri B OMI'TY u CIIGITY. Ha
ocHoBaHuu goroBopa mexay TCl—Festo u KapI'TVY co3nan PecniyOnmkanckuii LienTp
«KapI'TVY — Festo — Cuneprusi».

OtpaboTaHa TEXHOJOTHs IBYJUILUIOMHOTO 0OOpa3oBaHHs B Marucrpatrype Io
nporpamme «Double degree» (MDOU — KapI'TVY), u 8 2011 r Beimyrien 1 maructp.

IIpoext «CuHeprus» — 3T0 NPUMEP PEATILHOTO U YCIEIIHOIO B3aUMOJICHCTBUS
Ha MEXIYHAPOIHOM YPOBHE MEXKIY TEXHUYECKMMM YyHHBepcuTeTamu Poccum n
Ka3zaxcrana B 007acTH HMHHOBAIIMOHHBIX TEXHOJOTMH BBICIIETO TEXHHUYECKOTO
oOpa3oBaHws.

BBEJAEHHUE

Kaparanauackuii rocymapcTBeHHbIM TexHudyeckuid yHuBepcuteT (Kapl'TV)
BKJIIOYEH B MEXIYHApOIHBIA 0Opa3oBaTenbHBIM npoekT «Cuueprusi» B 2008 1. ¢
yuéroM Oonbimioro oObemMa paboT, BHINOJHEHHBIX IO TEXHHUYECKOMY U
METOAMYECKOMY  OOECIEUYEeHHIO  JHMCTAaHIIMOHHOTO  oOpa3oBaHMs Ha  0Oase
obopynoBanus pupmsl «Festo.

beutn mpuoOpeTeHbl M CMOHTHpOBaHBI MexaTpoHHas JuHHS MIIC, crena
CHUCTEeM aBTOMAaTHYECKOTO peryJupoBaHus mapaMeTpoB xkuakoctu «lIpoueccHas
CTaHIHs», MOOWIBHBIM poOOT «Robotino». 3areM YacTh CTEHIOB By3a Oblia
MOJKIIIOUEHA K MEKYHHUBEPCUTETCKOM MHTEpHET—CeTH ¢ MOMOIIbI0 MOCTAaBICHHOTO
6e3Bo3Me31HO «Festo» TeneKOMMYHUKAIHOHHOTO 000PYI0BaHUSI.

B nocnenyromem ynuBepcutet npuodpen creHabl «CepBonpuBoay, «llarossiit
aneKTponpuBoay, «lloprampHblit poboT», «CpencTBa MHEBMOABTOMATHKIY, a TaKXKe
TPAHCIIOPTHBIE ABTOMATU3UPOBAHHBIE TEXHOJIOTUYECKHUE KOMIUIEKCHI M CTEHJ IO
CpeICTBaM ITHEBMOABTOMATUKH.
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PE3YJIBTATDBI PASBUTUSA TIPOEKTA CUHEPI'US
B KAPI'TY

B mpouecce pa3BuTusi mpoekra pazpaboTaHO W ampoOMPOBAHO MPOTPaMMHOE
obecriedeHre M TEXHOJIOTUU JAUCTAaHIIMOHHOTO BBIMOJIHEHUS J1a00paTOpHBIX padoT, a
TaKke KypcoBoro npoektuposanus B cetd Murtepuer. B Kapl' TV npu moanepxke
komnanuu TLU oGopynoBaHa aynauTopHsi, KOTOpas UCHOIB3YETCs Ui TPAHCISALMH
JIEKIIUH.

Hauumnas ¢ 2012r1. opraHm3oBaH pEryJspHbI y4eOHBIM TMpoIecc B
MarucTpaType C NpUBJICYEHUEM BY30B — YUACTHUKOB IIPOEKTA I YTEHUS JIEKIUH 110
HNutepnery. IlpenomaBatensmu MOU, OMI'TY u Kapl'TY B cereBoM pexume
IIPOYUTAHO 13 KypCOB JIEKIIMH.

Ha 6a3e ctennoB paspaborano 30 mabopatopHbix paboT u 30 METOIUYECKUX
nocobuit st oOyyeHus B OakajgaBpuaTe W B MAarucTpaType, KOTOpPbIE SBUJIHCH
UTOTOM MAarucTepCKHUX JAMCCepTalii, 3allMIIEHHBIX 110 TEeMaTHKe IPOEKTa
«Cuneprusi». Bce »tn mabopatopHbie paOOThl SBWINCH PE3yJbTaTaMU BHEIPEHUS
MAarucTepCcKuX JUCCEepPTAIUH.

Jns  GakamaBpuara pa3paOoTaHbl pabOThl, TpPHU BBITOJHEHHH KOTOPBIX
IIPUBUBAIOTCS MPAKTUYECKHE HABBIKM pabOThl Ha CTEHJAX M MPOrpaMMHPOBAHHUSA
MPOMBIIIICHHBIX KOHTPOJUIEPOB, a B JIAOOpaTOpHBIX paboTax B Maructparype
peLaroTCst IPOEKTHBIE M UCCIIE0BATEIbCKUE 3a/1aUH.

Bcero mo Temaruke mnpoekrta B mepuon 2008-2015 rr. 3ammmeHo 27
MarucTepcKux Juccepranuii, 4ro cocraBigeT 26 % oT o0lero KojauyecTsa
3alIUTUBIINXCS MAarHCTPAHTOB T10 Kadepe.

B 2015r. B mpomecce peanu3allMd HOBOW MAaruCTEPCKON IPOTpPaMMbI
npopwibHO  MarucTpaTypsl  «PobOoToTexHuka. CHCTEMBI  yNpaBIEHUS» IO
CIELUAIBHOCTH «ABTOMATU3alUsl W YIpPaBJIEHHE» OPraHu30BaHO OOy4YeHHE Ha
tpaekropun  «lIpombinieHHBIE  pOOOTH»», KOTOpPYIO BbIOpamun 44 wu3 67
MOCTYNMUBUIMX MarucTpanToB. J[ias oOyueHHs Ha 3TOM TpaeKTOPUHM IPUBIICUEHBI
IIpenojaBaTesy By30B — YHaCTHUKOB MPOEKTA KaK JUIs YTeHUs JeKuui no MHrepHeT—
CEeTH, TaK W MO IMpUIJaleHusM HenocpenctseHHo B Kapl ' TV.

B KapI'TV mnpoumransl Kypchl JIEKUMH JUIS CTYJEHTOB, MAaruCTPaHTOB,
JOKTOPAaHTOB U coTpyaHHKOB Kadeapsl AIIIl yyacTHukamu mpoekra npogeccopamu
Karammanuem b., HmatoBeiM O.C., CraxxkoBeiM C.M. m Xomuenko B.I. B
WNutepuer—pexume B BeceHHeM cemectpe 2015-2016 yuebGHOro roma mpovHMTaH
HOBBII 4-x MOAYJIbHBIN COBMECTHBII MEXYHUBEPCUTETCKUAN Kypc
«/HTenneKTyalbHble CUCTEMBbl YIPaBJIEHUS», KaXIbli MOJYJIb KOTOPOTO YUTAETCS
npernonasatensimu MOU, CIIOITY, Kapl'TY u OMI'TY.

[To cetu mpodeccopom Xomuenko B.I'. mpoumntan kypc «IIpomblieHHbIC
pPOOOTED.

B mepuon 2008-2015 rr. mo mpoekty onmyOnukoBaHO 34 cTaThu U JIOKJIalIa B
pecryOIMKaHCKUX M 3apYOEKHBIX JKypHaJlaX U Ha KOH(PEPEHIIHSIX.
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Maructpantsl Kapl' TV exerogHo mpoxonsaT Hay4Hble CTakupoBkd B BI'TY,
OMI'TY, a ¢ 2015r. — B Benckom TexHomormueckoMm yHuBepcutere u CIIOITY.
ITpuyem B 20151. B pamkax peanu3alMd OpraHu3oBaHa craxupoBka 30
maructpanToB KapI'TV, obydaromuxcst mo nporpamme npoduibHON MarucTpaTypbl
«PobotoTexnuka. CHCTEMBbI YyIIPABICHUS.

3a cuer rpaHTtoB Poccum, BeIaensemMbIx Ha pazButue YHuBepcutera HIOC,
BHE/IPEHBl TEXHOJIOTUM BCTPOEHHOTO CEMECTPOBOrO OOyUEHHS MAarucTpaHTOB
Kapl'TY B MDMU, pe3yabTaToOM KOTOPOTrO CTIM MAaruCTEPCKHE THUCCEPTALUH,
BBINOJIHEHHBIE HA 000py10BaHUU MpoekTa B MOU.

Hamaxxeno cucremuoe Bzaumoneiictsue ¢ DAAAM: maumnas ¢ 2009 r.
MarucTpaHTsl M JoKTopaHThl PhD exerogHo yd4acTByrOT B CHMIIO3UyMax C
NpPEJCTaBICHUEM JIOKJIAZOB M UX TMOCIEAyIoUled myOoauKanued B JKypHajax
u3narenscrea Elsevier,

[TpoBoasTcst HayuHble cTaxupoBKU gokTopanToB PhD B OMI'TY u CIIGITY.
Opranu3oBaHbl CTAXUPOBKY npenoasareneid B CIIOITY.

PerynsapHo npoBoadarcs peryisapHsle MHTEpHET-COBENIaHMS 110 IPOEKTY.

ObecriedyeHO perylsspHOE OMyOJIMKOBAaHHUE MATEPUAIOB IO TIPOCKTY B
peciy0IMKaHCKOM Hay4YHO-TEXHUYECKOM KypHalle «ABToMaTuka U HpopmaTukay.

B nmnpomecce peanmzanuu mnpoekta jgabopaTopuu By3a, Kak M JIPYTUX
YYaCTHMKOB IIPOEKTa, OCHAIEHbl COBPEMEHHBIM OOOpYJOBAaHUEM  BEAYILUX
npousBoauteneii «Festo», «Siemens» u «Mitsubishi Electricy, koropoe nHTEeHCHBHO
UCMOJIb3YyeTCs B yueOHOM Ipolecce.

Ha ocHoBanum gnoroBopa wmexnay 1Cl-Festo u Kapl'TY co3nman
Pecniyommkanckuit Lentp «Kapl TY — Festo — Cuneprusy.

Heo0xomuMo oTMETUTH, 4TO TPOeKT «CHHEprus» oOecrleyrs He TOJBKO
BHE/IPEHHE TEXHOJIOTHH CETEBOr0 0OYy4EHUs, HO U J1ajJ MOIIHBINA TOJYOK B Pa3BUTUU
MaTepHabHOTO ¥ Y4eOHO-METOAMYECKOTO  OOECIeYeHHs  CHEeIHaIbHOCTEH
OakanmaBpuaTa M MarucTparypel  «ABTOMaTH3allMsd U yIpaBJIEHUE» U
«ONeKTpo3HepreTukay. B mpolecce peanu3anuy NPOEKTa CO3JaHbl COOCTBEHHBIE
JIONIOJTHUTENbHBIE 3JIEKTPOHHBIE OOydarollue pecypchl (BKIIIOYas ciaalg U BUAEO-
JIEKLMH, IPE3EHTAlluU, METOANUYECKHE YKa3aHus).

B neHTpe, KpoMe€ MAarucCTpaHTOB CHELUUAJIBHOCTH «ABTOMaTH3alus U
yIIpaBJICHUE o0yyaroTcs CTY/ICHTHI OakanmaBpuaTa CreUaIbHOCTEH
«ABTOMaTH3aLUs U YNPaBICHUE» U «DJIEKTPOIHEPreTUKa», a TAKKE MarucTpaHThI
CHELMATILHOCTU «DJIEKTPOIHEPIETHUKAY.

Ha oGopynoBanun lLlentpa u apyrux ngaGopaTopuil kadeapbl BBITOIHSIIOTCS
nabopaTopHbIE UM TMPAaKTHYECKHEe pabdOThl 1O TNPOPUIBHBIM  JUCHUTUIMHAM
MarucTpaTtyp: «S3bIkM IPOrpaMMUpPOBAaHHS MPOMBILUICHHBIX KOHTPOJUIEPOBY,
«HTenneKkTyanbHbIe CUCTEMBbI YIpaBICHUSN», «ABTOMaTHU3ALUA
NNEKTPOTEXHUYECKUX KOMIUIEKCOB TOPHO-METAJUIYPTUYECKOr0  MPOU3BOJCTBAY,
«Cucrembl  omnepatuBHo-gucneryepckoro  ympasineHuss ATK», «  OcHoOBbI
IIPOEKTUPOBAHHUS IIPOMBIIITIEHHBIX poGoTOBY, «Cucrembl yIpaBICHUS
MPOMBIIIJIEHHBIMU pOOOTaMU» U JIP.

OT0 000pynoBaHME TaK)K€ HCHOJb3YeTCS JJis IMOJy4YeHUs HadalbHBIX
NPAaKTUYeCKMX 3HAaHMM B  00JACTM  MPOrpaMMMPOBAHUS  MPOMBIIIICHHBIX
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KOHTPOJUIEPOB MO MPOQUIBHBIM JAUCHUIUIMHAM OakanaBpuata: «[IpoMbllIeHHBIE
KOHTposuiepb», «l[IpukianHoe mporpaMMHOe OOecliedeHHE CHCTEM YIpPaBICHUS,
MexaTpoHHble OOBEKTHI B aBTOMaTU3auuu», <« OCHOBBI MEXaTPOHUKH U
POOOTOTEXHUKHY, a TAK)KE BBITIOJIHSIOTCS 1a00paTOpHbIe U KypcoBble padboThl. Kpome
TOTO, OHO  NpPEJHAa3HAYeHO I  NPOBEACHUS  TPEHUHIOB  paOOTHHMKOB
MPOMBIIIJIEHHOCTH Ha COBPEMEHHOM OO0OpY/IOBAaHUU MHUPOBBIX TNPOU3BOJIUTENEH
CpeACTB aBTOMAaTH3AIIH.

Crennpl «Festo» ¢ koHTposmepamu «Siemens» u «Mitsubishi Electric»
NPUMEHSIOTCS Ul pea3allii TEXHOJIOTUH MpPOEKTHOro oO0ydeHuss B oOjacTu
POOOTOTEXHUKH U THEBMOABTOMATUKH, a TAKXKE JUIsl TUTIJIOMHOTO MPOEKTHPOBAHUSI.

OtpaboTaHa TEXHOJOTHA ABYIMILIOMHOTO0 OOpa3oBaHUS B Maructparype mo
nporpamme «Double degree» (MDOU — Kapl'TVY), u B 2011 1 Beimymiien 1 maructp.

JlocTaTOYHO TEPCIEKTUBHOM MPEACTABISAETCS BO3MOXKHOCTb peaIn3aluu
npoekta «CuHeprus» B pamkax cereBoro YHuepcutera [IIOC, B kotopom Kapl' TV
y4acTBYET BMECTE c BY3aMH Poccun (M5, YpdVy
M. b.H. Eneumna, ExatepunOypr; HI'TY HoBocubupck), Keipreizcrana wu
TamkukUcTana, UId peaan3alMid TEeXHOJOTHH JBYIMINIOMHOTO 0Opa3oBaHUs Kak B
OakayiaBpuaTe, Tak U B MarucTparype.

ITpu sToM MoOryT OBITH peam3oBaHbl mporpammsbl, «Double majors», xoraa
oOyueHue MPOU3BOAUTCA MO POACTBEHHBIM CIEHUATbHOCTAM «Minors», Koraa B
JIOTIOJIHEHNE K OCHOBHOM CIIEHUAIBbHOCTH H3Y4aeTCsl HECKOJIBKO JIOMOJHUTENBHBIX
mucuumiuH; «Double degree», mpeamonararoniie MojgydyeHUE ABYX IUIIOMOB IO
JBYM CIELUAIBHOCTSIM.

Pabota Hag mpoekToM MoKasaia, YTO COTPYAHHYECTBO YHUBEPCUTETOB MEXKIY
co00if U C MepeIoBOi MPOMBIIIJICHHOW KOMIAHUEH OTKPHIBAET HOBHIC BO3ZMOKHOCTH
KaK B MPAaKTUYECKOM, TaK U B TEOPETHUECKOM O0yUYEHUH CTYIECHTOB.

VYHuKaabHble BO3MOXKHOCTU NpoekTa «CHHEprus», CO3JAIOLIEr0o Ha OCHOBE
o0OBbEIMHEHUS TYYIIUX MpernojaBaTeneil U COBpeMeHHOM 1abopaTopHOil 0a3bl By30B
HOBBIE€ CETEBBIE TEXHOJIOTMU OOY4YEHHMs, MTO3BOJIAT MOBBICUTh Ka4eCTBO OOyUYEHUs 10
MEXIYHApOJAHOTO YPOBHS C MUHUMH3aIMel (JMHAHCOBBIX 3aTpaT By30B Ha 00ydeHUe
3a cueT OOBEAMHEHHS MaTepUANIbHBIX, WHTEIUIEKTYaJbHBIX U KaJpPOBBIX PECYpPCOB
MapTHEPOB U YMEHBILIEHUS PACXOJIOB Ha MOBBIIIEHNE KBATU(UKALUYA U PeaTr3aIuio
IIPOrpaMM akaJeMHYeCKOH MOOUIIBHOCTH U aKaJIEeMUYECKUX OOMEHOB.

Tak kak peanuzanusi akaJeMHUYeCKOH MOOMILHOCTU HE CBSI3aHA C MEPEPHIBOM
o0y4eHHs B COOCTBEHHOM BY3€, TO UMEIOTCSI BOSMOKHOCTH, HE HapyIasi CTaHIapTOB,
M3YYUTh HECKOJIbKO NUCHUIUIMH WM 3aKOHUYEHHBIH MOAYNb B 3apyOeXHOM By3e B
TEYEHHE HECKOJbKHUX CEMECTPOB, NPU STOM COXPAHAIOTCS HOPMAaTHBHBIE CPOKH
oOyuenusi. Takum oOpa3om, MOTYT ObITh OOecleYeHbl MPUHIMUIBI aKaIeMHUeCKOU
cBOOO/BI B CTPYKTYpPE U COJAEPKAaHUM 00pa30BaTENbHBIX MPOTrpaMM, aKaJeMUdecKas
MOOUIIBHOCTh CTYJAEHTOB B 3apyOEKHBIX YHHBEPCUTETaX MPOAOKUTEIHHOCTHIO HE
MEHEe OJJHOTO aKaJIEMHUYECKOTO Mepro/ia 3a BeCh Mepuo] o0ydeHus: 0e3 HapyluIeHun
TpeOOBaHUI CTaHIaPTOB.

Koneuno, cymectByer emie psa npodiieM, KOTOpble HEOOXOIUMO pa3pelinuTh
JUId YCHEIIHOM peanu3auuu npoekTa «CHHEprus», Kak Ha YpOBHE MUHUCTEPCTB
o0Opa3oBaHMsl, TaK U Ha YPOBHE By30B. K HUM OTHOCATCSA:
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e pelIeHHe BOMPOCOB B3aUMOIPHU3HAHUS 00pa30BaTENbHBIX MPOrpaMM
(Momyneil), M3ydaeMmblX B paMKaxX IPOEKTa B By3aX — MapTHeEpax IO CETEBBIM
TEXHOJIOTHSIM, C  BBIJauel  COOTBETCTBYIOIIMX  O(DHIMATBHBIX  JIOKYMEHTOB
(TpaHCKPHUNTOB, aKAJIEMUYECKHUX CIIPABOK);

® CHIDKCHHE  HOPMATHUBHOW  y4eOHOM  HArpy3Kd  TIperojaBaTeiisM,
YYaCTBYIOIIIUM B peau3allii TPOEKTa, C Yy4eTOM HEOOXOJAMMOCTH pa3padOTKu
JIOTIOJTHUTENBHOTO  y4eOHO-METOUYECKOT0 00eCleYeHs] M HOBBIX TEXHOJIOTHMA
oOy4eHwus 100 BBEICHNUE JIOTUIAT 32 3TH BUJIBI ACITEIHHOCTH.

Hecmotpst Ha u3n0XeHHBIE TPOOIEMBI, MPOEKT «CHHEPTUsS» — ITO MPUMEP
peaTbHOTO W YCIENIHOTO B3aUMOJICHCTBUS HAa MEXKIYyHApOJAHOM YPOBHE MEXIY
TeXHUYECKUMH yHUBepcuteramu Poccum m Kaszaxcrana B o61acT MHHOBAIIMOHHBIX
TEXHOJIOTUH BBICIIIET0 TEXHHUYECKOTO 00pa30BaHUsl.

3AK/IIOYEHHE

K rnaBHOMY HTOry pa3BUTHS TNPOEKTa  CIEAyeT OTHECTH pa3paboTKy u
peanu3aluio NPUHIKUIIOB MEXTYHAPOJHON HHTErpalui 00pa3oBaTeIbHOIO mpolecca
Ha OCHOBE VIHTEpHET - TEXHOJIOTUI U 00beAMHEHHON TabopaTOPHOI 0a3bl, JIyUIIEero
yu4eOHO-METOMYECKOr0 oOecleyeHuss M JydlldX I[penojaBaTeiaed  Berylux
TEXHWYEeCKUX yHuBepcuTeTtoB Poccum wu  Kasaxcrana, urto oOecniedyuBaer
CHUHEpreTHYecKuil 3QeKT Npu MOATOTOBKE CIELUAINCTOB TEXHUYECKOTO MPOQUIISL.
B aTOoM npuHIMNUANIBHOE U CYIIECTBEHHOE OTINYME NMpoekTa «CUHEPTUs» OT IPYrux
MIPOCKTOB AMCTAaHIIMOHHOrO e-learning.
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MexayHapoaHas MynbTUKOHdepeHLus
CeTeBOe NapTHepCTBO B Hayke,
NpOMBbILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Canxt-Metepbypr, Poccus

ITAIIBI PEAJIM3ALINU ITPOEKTA CUHEPI'UA
B KAPATAHANMHCKOM I'OCYJAPCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE

Nocud bpeiino

Kadenpa AIIIT
KaparanauHckuii rocy1apCcTBEHHbIN TEXHUYECKUI YHUBEPCUTET
BbynsBap Mupa, 56
100027 Kaparannaa, Kazaxcran
jbreido@mail.ru

Pedepar

PazButue mpoekTa MeXIyHapoAHOro mpoekta «CHHEprus» MOXKHO pazOuTh Ha
HECKOJIbKO 3TaIloB:

®  OpraHu3alUOHHBIN;
IMOATOTOBUTECIIHHBIM;
OpTraHU3aIMK U 00EeCTICYCHHUS PETYIAPHOTO y4eOHOTO MpoLecca;
pacIIMpEeHNs HAIIPABJICHUI pa3BUTHUS MTPOEKTA,
pacIIMpEHHs CETH.

Kaparannuuckuil rocynapctBeHHblt TexHuueckuil yHuepcurer (Kapl'TV)
HayaJl CBOIO JICSITEIBHOCTD B MPOEKTE Ha opraHu3anmoHHoM 3tamne B 2008 1. ¢ yuétom
paboT, BBINONHEHHBIX IO TEXHHYECKOMY U METOAMYECKOMY OOECIEeUeHHUIO
JTUCTAaHIIMOHHOTO 00pa3oBaHus Ha 0aze o0opynoBanus «Festoy.

Ha noaroroButensHOM 3Tare:

e jaopaTopuy  y4YaCTHHKOB  TPOEKTa  OCHAIIEHBl  COBPEMEHHBIM
00opyIOBaHUEM;

e 0oTpa0OTaHBl TEXHOJOTHH BBIMOJHEHHUS JTaOOPAaTOPHBIX paboOT, KypCOBOTO
MIPOCKTUPOBAHUS , UTCHUS JIEKIMNA B MHTEPAKTUBHOM PEXHUME IS MATUCTPAHTOB B
cetu HTEpHET;

® CO3laHbl COOCTBEHHBIE JIOTIOJHUTENbHBIE JJIEKTPOHHBIE OOyuarouume
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pecypesl;

e  HaJlaXKeH IPOIECC CTAXXKUPOBOK MAarkuCTpaHTOB B paMKax MPOEKTa B By3aX—
napTHepax.

B ocennem cemectpe 2012-2013 yuebnoro roga B Kapl'TVY Hauanoch
perynspHoe oOyueHHe B MEXIYHapOJHONW MarucTpaType B CETKE pacHHCaHHs B
TE€YEHHE TPEX CEMECTPOB B PAMKaX MOJYJIEH, MOATOTOBIECHHBIX By3aMU-TIapTHEPAMH.
B ceTeBoM pexxnme mpountaHo 13 KypcoB JEKIUH.

B 2015 r. yuaCTHHKM NpOEKTa MPUHSIIM Y4acTHe B pa3pabOTKe U peau3aliu
HoBoi mnporpammbl Kapl'TV mia npodunbHoil maructparypsl «PoboToTexHuKa.
Cucremsl ynpaBieHus», KoTopas 6asupyercs Ha npoekre «CuHeprus'.

Ha ocnoBanum pgoroBopa wmexnay TCI-Festo u Kapl'TY opranuzoBan
Pecniyonukanckuit Lentp «Kapl TY — decto — Cuneprusi».

Pa3zBunnich HOBBIE (OPMBI COTPYIHUYECTBA MEXAY BY3aMU — Y4YaCTHUKAMHU
IIPOEKTa, B TOM 4ucie B3aumojeinctsue ¢ DAAAM c ydactueM B CUMIO3UyMax M
nyOJIMKaUsAMH JOKJIAI0B B )KypHanax usnaarenscrsa Elsevier; HayuHble CTa)KUPOBKU
MarucTpaHToB u jaoktopanTtoB PhD; mosbimenue kBanudukanuu [I1C; yuactue B
Nutepuer—kondpepennuax Ha O6aze OMI'TY; ydactue B HHTepHeT-TIpea3ammTax
Kagauauaarckux gucceprauvii B bI'TY; mnpeseHranus JIydlIUX MarucTepCKUX
nuccepranii mo MHTEpHETY; y4yacTue B pEryjsipHbIX MHTEpHET—COBEIIAHUAX 10
MPOEKTY; ONMyOJIMKOBAaHHUE MAaTEPHANIOB IO TMPOEKTY B PECHyOIMKaHCKOM Hay4dHO-
TexHu4YeckoM xypHaie Kazaxcrana «ABromaruka. MabopmaTikay.

[lepcrieKTUBHBIM HaIlpaBIEHHEM pa3BUTHA NpoekTa ais Kasaxcrana siBisercs
peanuzanust VIHTEpHET-TEXHOJIOTUII 1O OCHOBHBIM BHJAaM 00pa3oBaTeIbHONH H
Hay4YHOU JE€ATEIbHOCTH.

Wnen  co3maHust  OOBEAMHEHHOIO  MEJarorn4eckoro  KOJUIEKTMBA U
OOBEIMHEHHBIX J1a0opaTOpuii s TMOATOTOBKH CIIEHUAIKCTOB IS TEPEJOBBIX
KOMIIaHUM, JeKallue B OCHOBE CO3JaHMsA npoekTa «CHHEpPrus», IOCTEIICHHO
00peTarT peallbHbIC OYepTaHUS.

BBEJAEHUE

PazButue  mpoekra  MEXIyHapOAHOIO  HAy4HO-OOpa3oBaTEIbHOIO  IMPOEKTa
«CuHeprus» MOXHO yCIOBHO Pa30UTh HA HECKOJBKO JTAIOB:

®  OpraHU3alMOHHBIN;
MIOATOTOBUTENBHBIN;
OTpabOTKU TEXHOJIOTHIA;
OpraHu3alK U 00eCTIeYeHUs PErYIIPHOro yueOHOro MpoLecca;
pacIIMpEeHMs] HallpaBICHUH Pa3BUTHUS IIPOEKTA,;
pacIIUpEHMs] CETH.

Ha mnepBoHauaibHOM OpraHU3allMOHHOM 3Tamne mnpoekta B nepuon 2006—
2007 rr. B mpoekTe cocTosuii MOCKOBCKHMI »Hepretmueckuid mHCTHTYT (MON),
bantuiickuit rocyaapctBeHHbli TexHuueckuil yHuepcutrer (BI'TY), (Boenmex,
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Cankr—IlerepOypr), OMCKHMI TOCYJapCTBEHHbBI TEXHHYECKUH  YHHUBEPCHUTET
(OMI'TY) u CeBacrononbsckuil HanmoHanbHbIA TEXHUYECKUN YHUBEPCUTET.

ITAIIbI PEAJIM3ALINU ITPOEKTA B KAPI'TY

Kaparannuuckuii rocynapctBeHHblit TexHuueckuil yHuepcuteT (Kapl'TV) Obin
BKioueH B 2008 r. mo mpemioxenuto npod. EmmceeBa A.C. B MeXIyHapOIHBIH
oOpazoBaTenbHbI MPoeKT «CuHeprus». OCHOBAaHHEM ATOTO SIBUJIMCH JIBa OCHOBHBIX
(dakTopa.

Bo-niepBbix, Kadenpa aBToMaTH3alMy POU3BOACTBEHHBIX MpoueccoB Kapl TY
(AIIIT) wmema ceppe3HBIM OMBIT CO3JAHUS MPOTPAMMHO-ANMNAPATHBIX CPEJCTB,
npeJHa3sHauYeHHbIX I JUCTAaHIIMOHHOTO e-learning B 00acTH aBTOMAaTH3allMH U
ANEKTPOTEXHUKH.

bbun co3naHbl, BHEAPEHBl U IIMPOKO HMCIOJIb30BAINCH B y4eOHOM Ipoliecce
BUpTYyaJIbHBIC JabopaTopHo—TpakTHiyeckue kKomriuiekchl (BJIIIK) m mporpammuo—
anmapatabie kKomriekebl (ITAK). Paspadorku BJIIIK ocymectBiens nHa 6aze TIIIIT
CXEMOTEXHUYECKOTO M  HMMUTALlMOHHOTO  MOJEJIMPOBAHHSA,  BBIIOJIHEHBl B
COOTBETCTBUM C Y4eOHBIMH MpOTpaMMaMH IO BCEM paszzesiaM KypcoB U COJepKaT
HE00XO0/IMMBIE TEOPETUUECKHE MaTepHUalbl, METOIMYECKHUE YKa3aHHsl, a TAKKe OT 7 110
17 naGoparopubix pador. Paspaborano Oonee 10 komrmuieKcoB 1Mo 0a30BBIM U
npoGWIGHBIM JTUCIHIUITMHAM CHEIHATbHOCTeH «ABTOMATH3AIMS M YIPaBICHHE» U
«DIEKTPOIHEPTETUKAY.

I[TAK cozpepxaT pa3inuyHble KOMOMHALMU BHPTYAJIBHBIX WM IMPOrPAMMHO-
anmapaTHBIX CHCTEM YIPAaBJICHUS U PpEANbHBIX WIM BHUPTYaldbHBIX OOBEKTOB
yrpasienusi. PazpaboTka MX mporpaMMHOTO obOecreueHHsl OCYIIECTBIIEHAa Ha 0Oasze
pazmumunbix [ monmenupoBaHWs SIEKTPOHHBIX U JAWHAMUYECKUX CHCTEM.
[Mpumenensr  Takxke SCADA-cucremsl, oOecreyMBarOmie  BH3YAIM3ALHUIO
TEXHOJIOTUYECKHX IPOILIECCOB U OOBEKTOB YNPABICHHS W MO3BOJMBIIKE CO3/IaTh UX
UMUTATOPBI.

Kommuiekcsl pazpaboTtansl 1o TpoGUiIbHBIM TUCIHUIUIMHAM, U KaXAbIH U3 HUX
COJIEP’KUT TEOPETUUECKHUE PA3AEIbl IO AUCLUUIIMHE, METOANYECKUE YKa3aHUs U OT 4
1o 15 mabopaTopHbIX padoT.

Bo-Bropeix, B KapI'TY umenocs obopynoBanue ¢pupmbi«Festo», B TOM uncie
¢parment auHuun MPS, cocrosmeil u3 5 CTEHIOB, CTEHI A PErYJIMPOBAHUSA
nmapaMmeTpoB KuAKOCcTH «IIporieccHas cTaHIus» U MOOUITBHBINA PoOOT «Robotinoy.

Nwmencs  kBamuuUUpOBaHHBIA  TEPCOHA C  ONBITOM  JKCIUTyaTalluu
MPOMBIIIICHHBIX CHCTEM aBTOMATHM3alud Tpom3BojacTBa Siemens, Mitsubisihi
Electric u ap.

Kpome yueOHoro obGopynoBanusi «Festo» B By3e Uil JAMCTAaHIUOHHOI'O
oOyueHusi ObUIO TOATOTOBIEHO HECKOJBKO CTEHIOB HAa OCHOBE MPOTPaAaMMHO-
anmnapaTHBIX CPEAICTB aBTOMATU3ALMU JAPYTUX MPOU3BOJIUTENEH C COOTBETCTBYIOIIUM
yueOHO-MeTonuyeckuM obecnieueHueM.. Ha 06aze PIC—xontpomnepa paspabotan
FUZZY -perynstop ais yaeOHOTo podoTa.
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PaboThl Ha MOATOTOBUTENHFHOM 3Tale MPOEKTa BKIIOYAIN Pa3pabOTKy HOBOTO
y4eOHO-METOIMYECKOr0 00ecleYeHHs] ¢ y4eTOM ero pycuduanuu M aganTaluu K
TpeOOBaHUAM 00pa30BaTEIbHBIX IPOrPAMM CTPaH — YYACTHUKOB MPOEKTA.

[Ipu pa3paboTke y4eOHO-METOAMYECKOTO OOecrnedyeHus JUIsi MaKCUMalbHO
5(G(GEKTUBHOTO  HUCHOJB30BAHUS  JOPOTOCTOSIIMX  CTEHJOB  pa3paboTaHO
JIByXYpOBHEBOE Y4eOHO-METONYECKOE 00ECTIEYeHUE C LIENbIO:

1. nonydyeHus  TNpPaKTUYECKUX  HABBIKOB  pabOTBl Ha  CTEHAaX U
MIPOTPaMMHUPOBaHUS KOHTPOJIIIEPOB;

2. pelIeHMs UCCIIe0BATENbCKUX 3a/1au.

Jlna peanuzauuu 3agad  1-ro ypoBHA pa3paboTaHO y4yeOHO-METOIMYECKOe
obecnieuenue mo 18 ymaGopaTopHbIM paboTaM JJIsl MPOLECCHOW CTAHIIMU, CTAHIIUN
nepeHoca u cOOpKu ¢ poOOTOM, a Takke MoOMIIbLHOTO podoTa Robotino.

Jns Tex ke craHmMi paszpaboraHo ydeOHO-MeToauueckoe obecrieueHue 2
ypoBHS 1Mo 12 mabopaTopHbIM paboTaM. ITO METOAMYECKOE OOECIICUCHHE, a TaKKe
SCADA-cucrema WinCC 1no3BoJISIFOT JUCTAHIIMOHHO BBIITOJHATH KyPCOBBIE MTPOEKTHI
u JabopatopHple paboTel B obOmactu auHamukun CAP  paBnenus, pacxona,
TEeMIepaTypbl U YpOBHS XHJAKOCTH Ha 0aze cteHma «lIpoleccHas craHiusy, MpH
5TOM  HW3YYalOTCSl TNPUHIUNBI W METOAbl  IMOCTPOCHMSI HMHTErPUPOBAHHBIX
MEpapXUUECKUX CHUCTEM YIPABJICHHUS, KOHTPOJS, PEryIHUpOBaHUs, HACTPOUKH—
HaJIaJIKl TEXHOJOTUYECKUX OOBEKTOB C pealbHO YMPaBIsieMbIMH U HaOII0JaeMBbIMU
¢u3NYeCKUMU KOOpJAWHATAMHU: YPOBHEM, pacxoj0M, JaBJICHUEM, TeMIepaTypoit
KHUJKOCTH.

OueHb BaXHO, YTO OJHU M T€ XK€ CTCHIAbl NPUMEHEHBI Ui OOy4YeHHS B
OakayiaBpuaTe U MarucTparype.

Ha moxnroroButenbHOM 3Tarne Oblia co3/laHa MEKyHHBEpCUTETCKass MIHTepHeT—
CETh, K KOTOPOU OBLIN MOAKIIOYEHBI CTaHIMK JTUuHUKU MPS.

Ha crnenyromem stame B TectoBoM pexkume coBmecTHO ¢ MOU u OMI'TY B
cetu MHTepHEeT OTpaOOTaHBI TEXHOJOTHH BBINOJHEHHUS JaOOpPaTOpHBIX paboT MO
CTaHLIMM COPTUPOBKH, BXoasuel B coctaB tuHuu MPS B KapI'TV. Bceero B npoekre
ObLTM 3ameiicTBOBaHbl S5 craHnumid, uMmerommxcs B Kapl'TY: Oydepnas cranius,
CTaHIUsI COOPKH ¢ poOOTOM, pacrlpeAeiuTeIbHas CTAHIUSA, CTAHLINS COPTUPOBKU U
CTaHIIMS TTepeHoca.

TexHONOTHH BBHIMIOJHEHUsI JaO0OpAaTOPHBIX pabOT B CETH peain30BaHbl KaK C
UCIOJIb30BAaHUEM TPOTPAMMHBIX BH3YyalbHBIX HMHUTaTOpoB «Cosimir» Kak Ha
TUTIOBBIX cTeHAax MPS, Tak M Ha yHUKaIbHBIX CTEHAAX, pa3paboTanHsx MOU Ha
OCHOBE KOMILIEeKTyrommx «Festoy.

JlabopaTtopHble pabOTHI BBIMOJHSUIACH B pexumax «off-line» u  «on-liney.
[IpoBeneHbl ceTeBbIE TECTOBBIE 3aHATUS MO NPAKTHUYECKUM U J1a0OpaTOPHBIM
paboTaM, opraHn3oBaHa ceTeBas MPOOHas cecCusi, B paMKax KOTOPOH KaKIbIH BY3 —
YYaCTHUK TMPOEKTa TMPOYUTAT Kypc JEKIUHA B HWHTEPAKTHUBHOM pexume. bt
obecriedeH MPUOOPHBI KOHTPOJb JTa00OPATOPHBIX paboT M BHU3YAJIBHBIA JTOCTYI K
CTEHJIaM BO BpeMs BHITIOJHEHHS padoT.

B KapI'TY Ha »srane oTpabOTKM TEXHOJOTHH pa3pabdoTaHbl MPUHIUIIBI
JUCTAaHLIMOHHOTO 00ydeHMs Ha 0Oa3ze MoOmibHOro pobora Robotino. OO6byHO B
3apyOeKHBIX YHUBEPCHUTETax MpuoOpeTaeTcs MUHUMYM 1Ba Robotino, cTyaeHTH B
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mpolecce 00yueHus: MOMy4YaroT HaBBIKK MPOTPAMMHUPOBaHUsSI POOOTOB, U 3aTEM C HX
MCIOJIb30BAaHUEM YCTPAMBAIOTCSI OYHBbIE COPEBHOBAHHS MEXKIYy KOMaHIaMH BY3O0B.
OpnHako ISl peanu3aliyl TaKUX MPOEKTOB TPeOYyIOTCs 3HAUUTEIbHBbIE (DHHAHCOBBIC
BIIO>KEHMS1, KOTOpbIMU By3bl cTpad CHI' He pacnosararor.

Pa3paborana TeXHONOTHsI, TMO3BOJSIONIAS TPUMEHSATH WIPOBBIC TMPUHITUIIBI
oOyueHHusi B peXHME IUCTAHIMOHHOIO JOCTYyNa, a TaKXKe€ B 3TOM K€ pexHMe
MPOBOJIUTH 3a0YHBIE COPEBHOBAHUSI YYACTHUKOB MPOEKTA C UCIOIB30BAHUEM OJHOTO
Robotino.

Ha sTrom e srame mapamienbHO C OTpabdOTKOW TexHomorui MHTepHeT—
00y4eHMs OBLITU BBITIOJHEHBI CIICTYIOIINE paOOTHI:

e orpaboTaHa TEXHOJOTHS JBYIUINIOMHOTO 00pa30BaHUs B MAarucTpaType 1o
nporpamme «Double degreen( MOU — KapI'TVY) u B 2011 r Beimymien 1 maructp;

e pa3paboTaHO W pa3MemeHo Ha o0miell miarGopmMe COOTBETCTBYIOIIEE
y4eOHO-METOIMUECKOe 00CCTICUCHHE;

® Co3/1aHBl COOCTBEHHBIE JIOTIOJHUTENIbHBIE JIIEKTPOHHBIE OOydaromme
pecypcsl (BKIr04asi BUAEO-JIEKIIMH, TPE3EHTALIMH, METOJUYECKHE YKAa3aHUS).

3aBepmienriem dtama i Kapl' TY sBuinock o0opynoBaHWE ayAUTOPUU U
nepenavya obopynoanus komrmanuend T nnst TpaHCHsiuy IEKIU.

Dran opranuzainuy 1 o0ecnedeHus peryaspHoro yueGHoro npoiecca Hadascs ¢
MIPOBEACHUS COBMECTHOM ceccHsi M OTPAOOTKHU CETEBBIX TEXHOJIOTMM YTEHUS JIEKIIHI
B UHTEPAKTUBHOM PEKHUME OJHOBPEMEHHO JUIsl MAaTUCTPAHTOB 5 BY30B.

BeimonHeHHbli 00b€M  pabOT MO3BOJMII, HAYMHAS C OCEHHETO CeMecTpa
2012-13 yu. rToma, 3alIaHUPOBATh pEryIsIpHOE OOydYeHHEe B MEXIYHAPOIHOU
MarucTpaType B CETKE pacHuCaHHs B TEUEHHE TPEX CEMECTPOB B paMKax MOJYJIEH,
MOJATOTOBJICHHBIX By3aMu—mapTHepamu. OOydeHHe MpoJOoHKaeTcs UM B HACTOSIIEe
Bpems. 3a atot nepuon npodeccopamu u nonenramu MOU, OMI'TY u Kapl' TV B
CETEBOM PEKHUME MPOUYUTAHO 13 KypCOB JICKIIUA.

ITo nToram cosemanus mo npoekty «Cuneprus» B r.3axap, XopBaTust (OKTSIOpb
2015r.) ¢ yyacTHuKamMHu TipoekTa «CHHEPTHs» MPUHATO PEIICHHE O pa3paboTKe U
peanu3auun B BeceHHeM cemectpe 2016 r. HOBOro 4-Xx MOIYJIBHOTO COBMECTHOTO
MEXYHUBEPCUTETCKOIO Kypca, KOTOphIil B IHTEpHET—pexkuMe B BECEHHEM CEMECTPE
2015-2016 yuyebnoro roma mpouutan npenoaasatensimu MOU, CIIGITY, Kapl'TVY u
OMI'TY. Oprann3oBaHbl CTaXKUPOBKHU IMPEINOIaBaTesieil 1 MarucTpaHToB B BeHCkoM
TexHosornueckom yuusepcurere, MOU, BI'TY, OmMI'TY, CIIGITY.

Ha ocHoBanum porosopa Mexny TCI-Festo u Kapl'TVY oprannszosan
Pecniyomukanckuit Lentp «Kapl'TY — ®@ecto — Cuneprus».

B mporecce peanmzanuu MpoeKkTa pa3BUINCh U TMOSBUINCH HOBBIE (POPMBI
COTPYJHMYECTBA MEXAY BY3aMH — YYaCTHUKAMHU TIIpOEKTa, B TOM 4YHCIIE
B3aumozeiicteue ¢ DAAAM ¢ exXerogHelM Y4acTHEM B CHUMIO3UyMax |
nyOJMKanusMi  JIOKJIA0OB B OJKypHaJlaX wu3AarenbcTBa Elsevier; CTaXupoBKH
maructpanToB (KapI' TY — MOU; KapI ' TY — OMI'TY; KapI'TY — BI'TY, KapI' TV —
CII6ITY); mnoseimenue kBamupukanuu [IIIC B CIIOIY; HayuHBIe CTa)KUPOBKH
MarucTpaHToB U JokropanToB PhD B OMI'TY, BI'TY, CIIOIlY; yuacTHe CTyA€HTOB,
MarucTpanToB, nokropantoB PhD u IIIIC B exeromgupix MHTEpHET—KOH(pEPEHIMIX
Ha 0aze OMI'TY; yuactue B UHTepHET-TIpen3amuTax KaHIUAATCKUX AUCCEPTALINA B
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BI'TY; exeronHas mpe3eHTalMs Jy4IIMX MaruCTepCKUX AUCCEPTAlUi 110
NHTepHeTy; yuacTue B peryisipHbIX IHTepHET-COBENIaHUAX IO MPOEKTY; PETYISIPHOE
OIyOJIMKOBaHUE MATEPHAJIOB IO MPOEKTY B PECHyOJIMKaHCKOM HAYyYHO-TEXHHUYECKOM
xypHasie Kazaxcrana «ABromaruka. IHpopmaTka.

IlepcrieKTUBHBIM HAIIpaBICHUEM pPa3BUTHUS CETEBBIX TEXHOJIOTMM Ha OCHOBE
nmpoekTa Juisi By30B KazaxcraHa sBisieTcss peanmsanus MHTEpHET-TEXHOJIOTMM 1O
CIIEAYIOIIMM BU1aM 00pa30BaTeNIbHONW U HAyYHOU JEATEIbHOCTH:

e akajeMuyeckas MOOWJIBHOCTh M aKaJeMHUYECKUH OOMEH CTYIEHTOB H
MarucTpaHTOB B TEYEHHUE OJHOTO U OoJiee aKaJeMHUUECKUX MEPUOJIOB;

e  akajeMuyeckas MOOMJIBHOCTb U aKaJIeMHUECKUIl 0OMEH MpernojaBaTeniei;

® MOJyJbHOE 0OydeHHE B TEUCHHE HECKOJIBKUX aKaJIeMHUYECKUX MEPUOJIOB B
By3ax—IIapTHEPaXx;

e  cBOOOJHBIN BBIOOp CTyIEHTAMU MOJYJIEH APYTUX BY30B;

e oO0ecreyeHHEe IPUHIUIIOB CBOOOJHOM 3aIMCH HA MOYJIb (IUCIUILIHHY);

®  TIOBBIIIEHUE KBATM(UKAIIMH [TPETIoIaBaTesNieil B TyUIINX By3axX;

e peaju3alMs CETEBbIX TEXHOJIOTUH JABYAUIUIOMHOTO 0Opa3oBaHUS Ha
OCHOBE HCIOJb30BaHUS JAMCTAHIIMOHHBIX METOJOB OOyuYeHHs, OTpabOTaHHBIX B
IIPOEKTE;

®  COBMECTHAs MOArOTOBKA HAYYHO-IIEIarOTMYECKUX KaJIpOB B JOKTOPAHTYpE
PhD Ha ocnHoBe WHTepHET-TEXHONOTHII B By3ax—TapTHepax (oOpa3oBaTenbHas
COCTaBJIAOLIAsl  JOKTOPAaHTYpbl,  HAydHble  KOHCYJIbTallMd, COPYKOBOJCTBO
JOKTOpPaHTAMH);

e peanu3anus COBMECTHBIX HAyYHO-TEXHMYECKHX IIPOCKTOB C BY3aMH—
IapTHEpamy;

e pa3paboTKa CETEeBBIX TEXHOJIOTHW MUCTAHIIMOHHOMW 3alUTHI IUIIIIOMOB B
oowvemuaeHHbIX ['AK.

B Hacrosimee Bpems MAET NPOLECC pACIIMPEHUs KOJIMYECTBA BY30B —
YYACTHUKOB IIPOEKTA, B CBSA3U C YEM BEAYTCs IEPErOoBOPHI IO PACIIUPEHUIO CETH
Ka3aXCTaHCKUX BY30B, yU4aCTBYIOIIUX B IpoeKTe « CHHEPTUsD.

3AK/TIOYEHHUE

Takum 00pazoM, MEXIYHAPOIHBIH HAyYHO-0Opa30BaTENbHBIM MPOEKT «CHHEPTrHs»
OTKPBIBAET TMEPCIEKTUBbI MEPEX0Ja CHUCTEMBbl BBICHIETO U  IOCIEBY30BCKOIO
TEeXHUYECKOro oOpaszoBanus Poccum m Kaszaxcrana Ha HOBBIA 0o0Jiee Ka4eCTBEHHBIH
YPOBEHb.

Cnenyer OTMETHTBH, YTO HECMOTPS Ha CIIOXHOCTU Pa3BHUTHS, CBSI3aHHBIC C
HEJOCTAaTOYHBIM (PMHAHCOBBIM OOEcTeYeHHUEM, OPraHW3alUOHHBIMU MpoOJieMaMH,
UIeu Co3AaHusl OOBEAMHEHHOTO IEIarorMuecKoro KOJUICKTHBA U OOBETUHEHHBIX
nabopatopuii JIsi MOATOTOBKY CIEIIMATUCTOB ISl IEPEIOBLIX KOMITAaHUH, JIexkallre B
OCHOBE co3JaHusi TnpoekTa «CHUHEeprusi», TMOCTENEeHHO OOpeTalT pealbHbIe
ouepTaHusl.

182



NCSIE

MexayHapoaHas MynbTUKOHdepeHLus
CeTeBOe NapTHepCTBO B Hayke,
NpOMBbILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Canxt-Metepbypr, Poccus

SUPPORT AND LEARNING FUNCTIONS OF THE
INTELLIGENT ADVISER MODULE

Damir Haskovic, Branko Katalinic, Ilija Zec

Intelligent Manufacturing Systems Department
Vienna University of Technology
Karlsplatz 13/311
1040 Vienna, Austria
haskovic.damir@gmail.com

Abstract

The efficiency of the Bionic Assembly System depends on the limited ability
of the system operator to reach quality decisions in good time. Good time
means that a machine does not wait for a decision. Main goal is to achieve
minimum lost machine time. Working scenarios are executed as a continuous
stream of one or more parallel assembly orders. One assembly order means to
assemble one run of product. There is always a difference between planned and
realized working scenarios. Small differences are compensated by the
automatic control system. If the difference is increasing beyond the automatic
control system’s ability to compensate it, the system operator is asked to
actively bring the system to normal working mode. If the system states are far
away from normal working conditions, the system operator needs support.
Intelligent Adviser Module is introduced as a support software used to help the
system operator to reach higher quality decisions in good time. Past and
current system states are represented through large amounts of recorded data.
This data includes performance from system components and completion
status of assembly orders. The Intelligent Adviser Module utilizes artificial
intelligence through its support and learning capabilities to analyse this data
and find patterns and make predictions. Support function is modelled using the
Clips programming tool and the learning function is modelled using the Weka
and Orange data mining software packages. The outputs from the Intelligent
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Adviser Module are proposals which serve as a decision support for the system
operator. Results show that the use of the Intelligent Adviser Module
significantly reduces the decision making time and / or increases the quality of
reached decisions. Based on these results, the implementation of the Intelligent

Adviser Module presents a promising direction in the development of modern
assembly systems.
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Pegepar

B noxmame paccmarpuBaercs 3ajadya  [EPUOJUYECKON  HMJIEHTU(UKAIIH
JUHAMUYECKOTO O0BEKTa OJMHOYHBIM TECTUPYIOIIMM HMIIYJIbCOM Ha
(¢uKcUpOBaHHOM HMHTepBaje HabOmojaeHus. B pabore aHanu3upyrorcs
pasnoxxenus B psag Dypbe HabIIOIaeMOTo CUTHAlla Ha BBIXOAE OOBEKTa U
CUTHajla Ha €ro BXOJ€ Ha uHTepBaje HaOmoneHus. llokaspiBaercs, 4TO
OTHOIIEHUSI aMIUIMTYJ] FapMOHUK C OJMHAKOBBIMM HOMEpPAaMHU BBIXOJIHOTO U
BXOJIHOTO CHUTHAJIOB C OINPEAECICHHON TOYHOCThIO MOTYT CBUAETEILCTBOBATH O
KOOpAMHATaX  COOTBETCTBYIOIIMX  TOYEK  KOMIUIEKCHOM  YaCTOTHOWU
XapaKTepUCTUKU O0BbEKTa. DTa TOYHOCTh HAMNPAMYIO 3aBUCUT OT HMHTEpBaia
HaOJIIO/IEHUS W MHEPLUOHHBIX CBOMCTB 00bekTa. [IpenmmyinecTBoM Takoro
MOAXO0Ja SBJISIETCS €r0  XOpollas IOMEXO3allMIIEHHOCTh, a TaKke
OTHOCHUTEJIbHO HEBBICOKOE BpeMsl, OTBOAMMOE Ha uaeHTHupuKauuto. Haxonsgrcs
YCIIOBHUS, HAaKJIaJblBa€Mble HA JJIUTEIBHOCTh HAOJIOAAEMOI0 IEPEXOJHOrO
mporecca Ha BBIXOZE JUHAMMYECKOr0 OOBEKTa MpHU 3aJaHHBIX IapaMeTpax
TECTHPYIOIIEr0 MUMIYJIbCa, KOTOPBIE MO3BOJSIOT C HEOOXOJUMON TOYHOCTHIO
OLICHUTh KOOpAMHAThl TOYEK KOMIUIEKCHOM 4YacTOTHOM XapaKTepUCTUKU
MPOMBIIIJIEHHOTO 00BbEKTa U MPOU3BECTU aJANTALMIO HACTPOEK PETYIIATOPA.
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BBEJIEHUE

Nnentudukamnms mapaMeTpoB IPOMBIIIIIEHHOTO 00BEKTA M0 pe3yIbTaTaM
aKTUBHOTO S3KCIEPUMEHTa SIBISETCS XOPOIIO MPOpadOTaHHOW Ha MPAKTUKE
TexHndeckor mnpoueaypor [1,2]. IIpu 3Tom daIiie BCero HMCIOJNB3YIOTCS JBa
BHJIa TECTUPYIOIIMX CHUTHAJIOB. JTO JHMOO CTyNEHYAThId CHUTHAJN, pEaKIHs
o0beKTa Ha KOTOpPHI B BHJE PA3rOHHOM XapaKTEPUCTUKH TOJBEPracTcs
nanpHeimen obpaboTke, MO0 cepusi TapMOHHYECKUX CUTHAIOB Pa3TUYHON
aMIUTUTYIbl U YACTOTHI, C TOMOIIBIO KOTOPBIX OIIEHUBAIOTCS OTACIbHBIE TOUKH
KOMIUTeKCHOM dYacToTHOM Xapaktepuctuku (KUX) oOwvekrta. Pesymbrarom
TaKOW UIACHTU(PUKANNA OOBIYHO SIBISICTCS alllIPOKCUMHUPYFOIIAst (YIPOIIEHHAs )
nepenaroyHas QyHKIUS OOBEKTa B BHUAEC BO3MOXKHOTO TOCIEIOBATEIHLHOTO
COEIMHEHUSI 3BEHA 3ama3[bIBaHus, OJHOTO, JBYX WJIH HHOTAA HECKOJbKUX
anepuoANYeCKUX 3BEHBEB.

B cuiy Toro, 4ro peanbHbI OOBEKT, B OOLIEM BHJIE, HE SBISETCSA
JUHEHHBIM BO BCEM JMANa30HE BXOJHBIX BO3JCHCTBHI, TO TojydaeMas B
pe3ynbrare nepenatouyHas (QYHKIHS OTpa)kaeT €ro CBOMCTBA TOJNBKO B
OKPECTHOCTH HEKOTOpOoro pabouero pexkuma. llapameTpsl 3TOro pexuma
MOTYT CO BpPEMEHEM MEHSThCA, U, COOTBETCTBEHHO, OYIyT MEHSIThCS
napaMmeTpsl MepeaaToyHor (yHKIUHU, 110 OTHOIICHHUIO K TeM, KOTOpbIe ObLIU
ompezieNieHbl MepBOHauYaiabHO. J[aHHOE OOCTOATEIhCTBO YYUTHIBAETCS B
aITOPUTMax pabOThl COBPEMEHHBIX aJaNTUBHBIX peryiastopax [3,4,5],
KOTOpbI€ TEPUOJUYECKH OCYIIECTBISIOT IMOJCTPONKY CBOMX MapamMeTpoB B
3aBUCHUMOCTH OT HM3MEHEHHS MapaMeTpoB MepenaToyHoil (QyHKUIHUU OOBEeKTa.
[Ipu 5TOM OlleHKa M3MEHEHUS MapaMeTpoOB MepeAaTOuHON (PyHKIUH 00BEKTa
OLICHUBAETCS  QJANTHUBHBIM  PETYJISTOPOM 1O H3MEHEHUIO KOOPJMHAT
HECKOJIbKUX XapakTepHbix Touek KUX oObekra. KoopauHathl 3THX TOueK B
COOTBETCTBUU € METOAUKON [4,5] TO3BOJSIIOT MPOU3BECTH MOACTPOUKY
MapaMeTpPOB PETyJATOpa. B COOTBETCTBHM C 3TOM METOIWKON aJalTHUBHBINA
PETYISATOP NEPUOANYECKH J00aBISIET K YIPABISIONIEMY CUTHAITY paboTarornieit
3aMKHYTOM CHCTEMBl TECTOBbIE T'apMOHHMYECKHUE CUTHAJbl OIpPEeIeICHHOMN
YacTOThl U AMIUIUTYJbl W aHaJIU3UPYeT OTKIMK OOBEKTa Ha 3TU CHUTHAIIBI.
KonnyecTBO Takux CUTHAJIOB, UX aMIUIUTYAA U JUIUTEIHHOCTH OMPEIESIOTCS
napaMeTpaMu NepeaTouHOl PyHKIIUU 00BEKTa, a TAKXKE YPOBHEM U CIIEKTPOM
MOMEX B CUTHAJIE OTKJIMKA OOBEKTA.

CyIliecTBeHHBIM HEJOCTAaTKOM TOJAOOHOTO METOJla HJCHTU(PUKAIIIU
nmapamMeTpoB  paboTaromero B COCTaBE CHCTEMbl OOBEKTa  SBISETCS
OTHOCHUTEIIBHO OO0JIBIIIOE BpeMsi, OTBOAMMOE Ha caM MPOIECC UISHTU(DUKAIINH,
0OyCJIOBJICHHOE€ HEO0OXOJMMOCTHIO BBDKUJIAHUS OKOHYAHHUS TMEPEXOIHBIX
MPOIIECCOB U y4YeTa BIUSHUS aAJUTUBHBIX ToMeX. DaKTHUEeCKH MO0J00Has
UIACHTH(PUKALMS TPUBOIUT K JIOTIOJHUTEIHHOMY 3allyMJICHHIO CHIHaja
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yOpaBJ€HUsT U, €CTECTBEHHO, BJIMSET HA XOJ TEXHOJOTMYECKOro Mpolecca.
Hcnonp3oBaHue pa3roHHBIX XapaKTEPUCTUK B MPAKTUKE OIEHKU W3MEHEHUU
nmapaMeTpoB padoTaroniero o0beKTa, HECMOTPS Ha JOCTAaTOYHYIO TOYHOCTh
MPUMEHSAEMBIX HWHTETPAILHO-MONYJIAIIMOHHBIX METOJI0OB 00paboTku [6,7],
IJI0OX0 MNOAXOAUT il OOBEKTOB 0O€3 CaMOBBIPABHUBAHUS U B 3aMKHYTBIX
GyHKIMOHUPYIOMUX cucTeMax. OCOOCHHO B YCIOBUSIX JIEHCTBHS TTOMEX.

B cBsf3um Cc 3THUM TpeACTaBIsSET WHTEpPEC MpolecC HACHTU(UKAIUH,
WCIIOJIb3YIOIINI MMITYJIbCHOE TECTHpPYIOUIEe BO3AeucTBUHE. B 3TOM cCiryuae
JUTUTEIIFHOCTD TIpollecca UACHTH(UKAIMU CBS3BIBACTCA C JUIMTEIHLHOCTHIO
TECTUPYIOLIETO MMITyJIbca W JJIMTEIBHOCTbIO OKOHYAHHUSI MEPEXOIHOIO
mpoiiecca  MOCJIE€  CHSATUS — TECTUPYIOLIEro  CUTHaNA.  JIIUTeabHOCTh
Ha0II0JaeMOr0 MEPEXOJHOr0 IMpoIlecca 3aBUCUT TaKXKE U OT AaMIUTUTY]IbI
TECTUPYIOLIETO HMIYJIbCa M YPOBHS aJIUTUBHbIX momex. Ecmu panee
BOCIIOJTB30BaThCS PA3JIOKCHUAMU B psag Dypbe HaOII0JaeMOro CHrHajga Ha
BBIXOJIe OOBEKTAa M CUTHAJIA HAa €ro BXOJI€ HAa WHTEpBajie HAONIOJEHUS, TO
CONOCTABJICHUE TMapaMETPOB TApMOHUK PAa3JIOKEHUH C OJMHAKOBBIMU
HOMEpaMHU C OIpPENCIICHHON TOYHOCTBIO MOTYT CBHUJETEIbCTBOBATH O
KOOpAMHATaX CcoOTBETCTByIOmUX Todek KUX o0bekra. DTa TOYHOCTH
HAnpsIMYIO 3aBUCUT OT HMHTEpBaja HAONIOJACHWS W WHEPIMOHHBIX CBOWCTB
obbekTa. IlpemmyiiecTBOM TakOoro TOAXOJa SBISETCS €ro  XOpolas
MOMEXO03alIUIIEHHOCTh, TaK KaK pa3jiokeHue B psij Oypbe 3TO MHTETPaJIbHOE
npeoOpa3oBaHUe, a TaKK€ OTHOCHUTEILHO HEBBICOKOE BpEMs, OTBOJAMMOE Ha
UIEHTU(DHUKAIIHIO.

Bce mepeuncieHHble BbIIIE BOIMPOCH, CBA3aHHBIE C OCOOCHHOCTSIMHU
uIeHTU(DUKAIUA ~ JUHAMHYECKOTO O0BEKTa OJMHOYHBIM  TECTUPYIOIIUM
UMITYJIbCOM Ha (UKCHPOBAHHOM HHTEpBaj€ HAONIOJAEHUSA  SBISIOTCS
MIPEAMETOM PacCMOTPEHHUS TaHHOW PaOOTHI.

OHEHKA TOYEK K4X TMHAMHUYECKOI'O OBPbEKTA IIPH
MMIIYJBbCHOM TECTUPYIOIIEM BO3JIEUCTBUU

Pasiio:xkenue B psig @ypbe 0AMHOYHOT0 MMITYJILCA HA 32JAHHOM
HHTepBaJje HA0JII0AeHUs

ONMHOYHBIA WMMITYJIbC Ha 3aJaHHOM WHTepBajie HaOmoneHus 1 Uis
pasnoxeHus B psag Dypbe MOXKHO 3aMEHHTh pPa3jiOKEHHEM HMMITYJIbCHON
nocnenoBatenbHoctd  f(f) ¢ mepwogoM clieoBaHMS MMITYJIBCOB PaBHBIM
WHTepBally HaOmroneHus 7. Buja Takoil mocieaoBaTeIbHOCTH TIOKa3aH Ha
pucynke 1. ®yHKmus f(t) MOJKET OBITh npeJiCTaBIeHa B BUJE piaa dypre:

f(t) = by + Z(an sinnwt) + Z(b cos nwt),
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rae  kodddunmenter psma Dypre an, bn, bo ompepenstorcss mo W3BECTHBIM

COOTHOIICHUSIM (ITOCTOSIHHAS cocTaBIsifomIast Do 1ajee B aHanu3e He y4acTBYeET):
T T T
2 2 1
a, = ?ff(t) sin(nwt) dt ; b, = Tff(t) cos(nwt) dt; by = Tff(t)dt (D

0 0 0
A

23
=

v
_l

A 4

PucyHnok 1. Ananusupyemas nociaeq0BaTeIbHOCTh UMITYJILCOB

AMIUIUTY/IBI TAPMOHUK psifia C UCTIONb30BaHueEM (1) onpeaenstoTcs Kak:

5  2X T
cpBX = [a,* + b, =E|smnny|, rAey =g (2)

OTtMeTuM, 4TO B paslioxkeHUU (2) eCTh HOMEpa TapMOHHUK HYJIEBBIMHU
aMIuIuTygamu, xorga ny =1,2,3 .. DTO0 00CTOATENBECTBO HEOOXOIUMO
VUUTHIBaTh, BapbUPYys HMHTEpPBaJ HaOMIOACHHUS 1, €ClIM HEOOXOJMMO HCCIIEI0BaTh
OKPECTHOCTH YacTOT, Ky/ia TOMaJat0T 3TH TAPMOHHKH.

Paznoxkenue B psax @ypbe peakiiuu JUHEHHOro 00beKTa HA OJMHOYHBIH
TEeCTUPYIOIIMH UMITYJIbC U oneHKka Touek KUX o0bekra.

Bynem cuutarh, 4TO NMHEWHBIH OOBEKT OMMCHIBACTCS NEPEAATOYHOMN
(byHKIMEH, KOPHU 3HaMeHaTessl KOTOPOW JEeHCTBUTENbHbBIE U OTPUILIATENIbHBIE.
Hynu dgwucnutens Ttakke JeHCTBUTENbHBIE, HO paClpelelieHue HX Ha
JNEVCTBUTEIIBHOM OCH HE OroBapuBaeTcsa. HecloXHO Moka3aTh ¢ MOMOUIBIO
TEOPUH BBIUETOB, YTO TOJOOHBII OOBEKT MOXKET OBITh MPEJACTaBICH
MapayieaIbHO BKJIIOUYCHHBIMH anepuoInIeCKUMU " peaIbHBIMU
mudGepeHIUPYIOMKUMEI 3BEHBSIMH TEPBOr0 Mopsaka. UWCIo TakuX 3BEHHEB
OyIeT paBHO 4YKCIy KOpHEH 3HaMeHaTessl NepeaaTouyHol (yHKIHH OOBEKTa.
Takum oOpa3om, peakuus Takoro OOBEKTa Ha OJMHOYHBIA TECTUPYIOLIMMA
UMITYJIbC OyIeT CKJIaAbIBaThCA M3 CYMMBI pEakIMid Ha OTOT HUMITYJIBC
anepuoOIMYECKUX U peabHBIX TH(HEepEeHINPYIOMNX 3BeHbEB. B CBsA3M ¢ 3THM
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PacCMOTPHUM pasyiokKeHUe B psi Pypbe peaklMu dTUX 3BEHbEB HA OAMHOYHBIN
TECTUPYIOLUN UMITYJIBC.

Pa3znoxkenue B psagx @Dypbe peakuuud anepuoIuvYeCKOro 3BeHA Ha
OJMHOYHBIN TECTUPYIOLINH UMITYJIbC U oneHKa Toyek KUX 3BeHa.
ANepruoanyecKoe 3B€HO OMUCHIBACTCS YPaBHEHUEM

T, dy + K
— = x’
yrm y

rae X — BXOJHOW cHrHal, Y — BBIXOAHOH curHam, To u K —
COOTBETCTBEHHO, MIOCTOSTHHAS BPEMEHHU M K03 duineHT nepeaayn 3sena. KUX
TAKOTO  3BEHA  OMpPEICNACTCA  aMIUIUTYIHO- W (ha30-4aCTOTHBIMU
XapaKTEPUCTHUKAMHU:

K
W(jw)| = A(w) = ; o(w) = —arctg wTy;  (3)
V1+ (wTy)?

Peaknus anepuoaMyeckoro 3B€HAa Ha OJMHOYHBIM  TECTUPYIOIIUMI
HMITYJIbC TIOKa3aHa Ha PUCYHKE 2 U OMHUCHIBAETCS COOTHOIICHUSIMU (4).
f(t)

o T =
Pucynok 2. Peakmus aneprogdyeckoro 3Be€HA Ha  OJMHOYHBIN

TECTUPYIOIIUNA UMITYIIbC

() = XK(1—e?), 0<t<t
©= {XK(l —ePY)—XK(1—ePtD), t<t<T )
Bocnonb3oBasmucs (2), onpenensieM KO3(QPUIMEHTb! pa3ioKeHUs B psil
®dypre curnana (4):
XK

1 . _
Ay BBIX = — <(1 —cosx;) + W((COS x1 +asinx;) —1—ke “xz)). ()

1
1
1+a?

XK (. . _
b, BbIX = — (sm x; + (acosx; —sinx; —a — ake “xz)), (6)

menw=0; b=a . Qr=x;QT=x, k=(e-1)

Otmertum, uyto B (5) u (6) mocienHue ciaraeMble, 3aBUCSIINE OT X,, IIPU

T — oo crpemsarca k 0. B aTom ciaydae pacyer MOyl TApMOHHUK B Pa3sIOKEHUH
BBIXOJHOI'O CUTHaJa (4) MIPUBOAUT K COOTHOLLIEHUIO:
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C,BbIX = 2% — = . (7)
n m Vi+a? VitaZz 1+ (wTp)?

OTHONICHUS aMIUTUTYA TAapMOHMK C  OJWHAKOBBIMH HOMEpaMHU
BBIXOJHOTO curHana (7) Kk BXxoaHoMy (2) narot ToyHoe 3HadeHue moaynst KUX
arepruoIUYecKOro 3BeHa Ha 4YacTOTaX, CBA3AHHBIX OJHO3HAYHO C HOMEpaMH
TapMOHUKH. AHAJIOTUYHBIA pPE3yibTaT TMOJy4yaeTcs TMpH OlLeHke (azo-
YaCTOTHOW XapaKTEPUCTUKHU 3BEHA C UCTOJIb30BaHueM (5) u (6).

Teopernyecku npu TECTUPOBAHUU ANEPHOAMYECKOTO 3BEHA OJMHOYHBIM
UMIIYJICOM 53KCIIOHEHTHl BBIXOJHOTO CHUTHalla C YBEIUYEHHUEM BpPEMEHH
HaOmoneHus T TOJBKO CTPEMSTCS K HYIIO, HO €ro 3HAYeHHsS He JOCTUTaIOT.
[Tostomy mnpu omnpenenenuun Touek KUX ¢ wucnonp3zoBanuem (5) u (6)
HEN30EKHO TOSBIECHHE TOTPEITHOCTH B OIICHKE MOy U (a3sl BekTopa KUX
Ha KOMITJIEKCHON TUIOCKOCTU. DTy MOTPEITHOCTh BHOCAT MOCTIEIHUE ClIaraeMble
B (5) u (6). BMecTe ¢ TeM aOCOIFOTHBIC 3HAUCHUSI ITHX MOTPEITHOCTEH 3aBUCST

. X
2 sm?1 ,TJe

T
TOJBKO OT BEJIMYHUHBI OTHOIICHHS — . ECIM 3TO OTHOIICHHE OKa3bIBACTCS
0

oonemie 10, To, Hampumep, mpu y =0.1, Kak MOKa3bIBAIOT pacyeThl, s
nepBbix 30 TapMOHUK TMOTPEIIHOCTh B OLIEHKE MOIYJIs TapMOHUK He
npesbimaetT 0.3%. WckirodeHus: COCTaBIAOT TapMOHUKH C HOMEpaMH,
noguyuHAOIIMecs paBeHCTBY ny =1,2,3.. Ha pucynke 3 mnpeacraBiieH
M3MEHEHHE TOTPEUIHOCTH B OMNPECICHUU MOAYJS MepeaaTouyHON (YyHKIHMH
anepuoauueckoro 3BeHa npu T, =0.1c;7 =1c; K =151 TEpBbIX TPUALATH
rapMOHHUK.

3aBucMmocTb norpewHoOCT! OT N rAPMOHUKHU

<

o
o )
) (0

7%

MorpewyocTb, %
o il
= (9]

A ALl
SN N

o
o
G

| v T T

11 rapmdéauka 21 26
PucyHok 3. 3aBUCMMOCTB MTOIPEMIHOCTH OT HOMEPA FTAPMOHUKH
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ITorpemnoctu ans 20 u 30 rapMOHUKY Ha PUCYHKE 3 HE MOKa3aHbl, TakK
KaK OHM Ha JiBa NOpsAJKa NpeBblIIatoT ocTanbHble. [lorpemHocts ans 10
TapMOHUKU TaK K€ 3HAUYUTEJIbHO MPEBBIIIAET TMOTPEUIHOCTU ISl COCETHUX
rapMOHMK. B 1maHHOM 1npuMepe TapMOHMKM BXOJHOIO CUrHasa X
PACCUUTHIBAINCH HE MO COOTHOIICHHIO (2), a YMCIEHHBIMU MeToaamu 1o (1) u
MO3TOMY 3HAYEHHs] TApMOHHMK BXOJHOIO CHUTHala JJs YKa3aHHBIX YacTOT
OKa3bIBAIOTCSA OTJIMYHBIMH OT HYJISL..

Pa3znoxkenue B psa DPypbe peakuuud peajbHOro Av@@epeHurpyromero
3B€HA HA OJAMHOYHBIN TECTUPYIOIIUH MMIYJbC U oueHka Toyek KUYX
3BeHa.

Peansnoe muddepeHmupyromiee 3B€HO ONMUCHIBACTCS YPaBHEHUEM

dy dx

E:

rae X — BXOJHOW CHTHaJ, Y — BBIXOJHOW curHaia, lo m K —
COOTBETCTBEHHO, ITOCTOSIHHAs BpeMeHU U ko3 duumeHT nepenaun 38eHa. KUX
TAKOTO  3BE€HA  ONpeleNsercs  aMIUIMTYyJHO- W (a30-4aCTOTHBIMU
XapaKTepUCTUKAMU:

Kw
W(jw)l = A(w) = ——s;
V1+ (wTy)?
AHanu3upys peakuHi0 TAKOTO 3BEHA HA TECTHUPYIOUIMKA OAWHOYHBIN
MMIYJIC W Jajee NpoBOAsS €€ pasznoxkeHue B psag Dypee, noiydaem
COCTABJISIOIINE A,BbIX U b,BbIX MOJOOHBIC TEM, KOTOPHIC OBUIM TMOJYYCHBI IS
peaKIMK Ha BBIXOJIE allepUOJIMYECKOTO 3BeHA. MIHTEpeCHO, TO YTO 3TH BBIPAKCHUS
npu T —oo  TakkKe  MO3BOMSAIOT  TOYHO  oueHuTh KYX  peambHOrO
i epeHIMPYIONIer0 3BeHA, a MPH KOHEYHBIX 3HAYCHUSAX [ TOTPEHIHOCTh
OIpENeNAI0T TOYHO TaKUe XK€ CIaraeMble, 3aBUCHMBIE OT X,, YTO U B BBIpaKEHUSX (5)
u (6). Takum oOpa3oM, Bce pe3yibTaThl, MOJYYCHHBIC BBINIC ISl AlIEPHOAHMYECKOTO
3BEHA, OKAa3bIBAIOTCS CIPAaBEUIMBBIMA W Ul peanbHoro anddepeHuupyromero
3BCHA.

p(w) = /2 —arctg wT,; (8)

Onenka Touexk KUX JInHeitHOro 00beKTAa

VuuteiBas, 4YTO JIMHEHHBIH OOBEKT ¢  JECHCTBUTEIBHBIMU H
OTPULIATEIIbHBIMU KOPHSIMU XapaKTEPUCTUYECKOTO YpPaBHEHUS MOXKET OBITh
NPEICTAaBIEH B BHUJE MMAPAUICTBHOTO COCAMHEHUS AaNepUOAUYECKUX H
peasibHBIX AU(PGEPEHIINPYIONUX 3BEHBEB, TO €r0 peakivs Ha OJWHOYHBIN
TECTUPYIOIIUNA UMITYJIbC CONCPKUT aNreOpandecKyro CyMMy peakinil KaXK10To
3BE€HA CTPYKTYpHI. [Ipr 3TOM BHOCHMMBIE MOTPEMIHOCTH B OIleHKY Toyek KUX
Bo3pactaioT. OAHAKO 3TH MOTPEIIHOCTH B HTOrE ILEJIMKOM OIPENEIsIOTCS
CTETICHBIO 3aTyXaHHs MEPEeXOJHOr0 Mpollecca Ha BbIXOAE OOBEKTa IOCIie
CHSATUS TECTUPYIONIETO MMIyJibca B KOHIIE MWHTEpBajga HaOJIOICHMUS,
OTPAaHUYEHHOTO BHIOPAHHBIM BpeMeHEM 7.
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Hanuumne TpaHcrmopTHOro 3ama3iblBaHHsl B CTPYKType OOBEKTa He
MPENATCTBYET OLIEHKE NoJiokeHni Touek KUX ¢ momonisto cootHomenui (1).

Bri00op mapameTpoB OJMHOYHOI0 TECTHPYIOIIEr0 UMITYJIbCA U HHTEPBAJa
HAO0JII0NeHUSA

OCHOBHBIMU MapaMeTpaMu OJMHOYHOTO TECTUPYIOLIETO HMIYJIbCa
SIBJISIFOTCS €r0 aMIUIUTyAa X U IIMTENIbHOCTh T. Kpome 3TuX IByX mapaMeTpoB
HEOOXOIUMO TaKXKe 3aJaThCsl BEIMYMHON uHTEepBana HabOmoaeHus 7.
VYkazaHHbIE TIapaMeTphl HEOOXOJIUMO «YBS3BIBaTH» C TMpeaBaApUTEILHOMN
(rpy0oii) OLIEHKOM NIUTEILHOCTH MEPEXOJHOTO MpOoIlecca Ha BbIXOE 00BEKTa
OT JEWCTBUS CKayka WJIM HMIyJbca Ha BXOJE, a TaKXKe C YpPOBHEM
agnutuBHoro myma (CKO) Ha BbIxoje. OTHM JBa MapamMeTpa MO3BOJISIOT
OIICHUTh MUHUMAJIbHOE BpeMs HaOMIOJeHUA. AMIUIUTYyAa UMIYJIbca | €ro
JUTUTEITFHOCTD BBIOUPAIOT TaK, YTOOBI BCE MPOIIECCH OCTABAIUCH B JIMHEHHOM
30HE CTATHYECKON XapaKTePUCTUKU OOBEKTA.
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Pesynbrathl MccneqoBaHU, MPEACTaBIECHHBIE B paboTe, MOKa3bIBAIOT
BO3MOXHOCTh OIICHKH H3MEHEHHUW IOJIOXKEHUs ompeaeiaeHHbx Touek KUX
JTUHAMUYECKOT0 O0BEKTa MPH HCIOJIB30BAaHUU OJIMHOYHOTO TECTHPYIOIIETO
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Pegepar

B noknazne mpencraBieH HOBBIM MOAXO0J K TOYHON 00paboTKe rMOKUX AeTaneit
C TMOMOIIIbI0 MHOTO3BEHHBIX MaHUMYIATOpoB (MM), ocHalaeMbIX CUCTEMaMH
texuuyeckoro 3peHus (CT3), koTopslii npenonaraer: 1) mpocTyro U ObICTPYIO
¢bukcanuo THOKOW JAeTaqu B YHHUBEpPCAJbHOM OCHACTKE C BO3MOXKHOMU
nedopMmaimeit ee reomeTpuueckon (Gopmbl; 2) CKaHMPOBAHUE 3aKPETLICHHOM
netanu ¢ nomouisio CT3; 3) coBmemenue stanonHoit CAD-monenu aeranu c
€€ MOJIENbI0, MOJYYEHHOM Mocie CKaHUPOBAaHHUS, JUISl TOYHOI'O ONPEECICHUS
MECT MEXaHW4ecKol o00paboTkm; 4) aBTOMaThueckoe GOpPMUPOBAHUE
TpaeKkTOpui NBIKEeHUs pabodero mHcTpyMeHTa MM. Jlns peanu3anuu 3TOTO
NojxoJla B JIOKJaae pa3paboTaH METOJ TOYHOI'O COBMEILEHHUS TPEXMEPHBIX
CAD-Mopeneii neraineit ¢ MOJEIsIMH, MOJYYEHHBIMH MOCJIE UX 3aKPETUICHUS C
nedopmarien.

PaccMoTpeH MoJenbHbIA TpUMep, WUTIOCTPUPYIOMNN 3P PEKTUBHOCTh METOAA
COBMEIIEHHUS TPEXMEPHBIX MOJIEJICH U MPEITI0KEHHOTO OIX0a B I[EJIOM.
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BBEJIEHUE

B Hacrosimiee BpeMsi B MallMHOCTPOUTEIBHOM IMPOU3BOJCTBE PACTET
uCroabp30BaHue MM s BBIMOMHEHHUS oOmepanuii 0O0pabOTKH pa3iHMYHBIX
Aerajgei  co  CIOXKHOW  KoH(purypammeil.  M3BecTHble  TEXHOJIOTHH
pOOOTH3UPOBAHHON MEXaHUYEeCKOW OO0padOTKM UW3AeTud NPUMEHUMBI B
CllydasiX UX TOYHOM M >KecTKoW (ukcanuu B padouue 30He MM [1]. Opnaxo
pearpbHOE HCMOJIB30BAHME AITHX TEXHOJOTHH MpH OONBIION HOMEHKIATYpe
BBIIIYCKAEMBIX  HEKECTKMX  JeTaliedl  (COBPEMEHHOE  aBHa-, PAKETO-,
KopaOJecTpoeHHUe U JIp.) B YCIOBUSX MEIKOCEPUMHOIO MPOU3BOJCTBA CBI3aHO
¢ 0ONBIIMMHU BpEeMEHHBIMU M (DMHAHCOBBIMH 3aTpaTaMu, MOCKOJBKY TpeOyeT
JIOTOMTHUTENFHOW ~ pa3padOTKM W M3TOTOBIEGHUS  BCIIOMOTATENIbHOM
WHIMBHUYaJdbHON OCHAacTKU. CTOMMOCTH 3TOW OCHAaCTKH PE3KO BO3PACTAET C
yBEJIMYEHHUEM rabapuTOB HEXKECTKUX JIeTaliel, KOTOphIe B Ipolecce pukcanun
Jaxe B CHEIMaJIbHBIX KOHJYKTOpaXx  MOTYyT  HENpeaCcKa3yeMo
nedopmupoBathbesi. B pesynbrare TpeOyroTCs JOMOJHUTENbHBIE 3aTpaThl Ha
I0pabOTKYy W KOPPEKTUPOBKY  yHpaBisomuX  mnporpamm MM,
HPENATCTBYIOIINE IIUPOKOMY BHEAPEHUIO POOOTH3UPOBAHHBIX TEXHOJOTUH B
COBPEMEHHOE MAITUHOCTPOUTEIBHOE TPOU3BOJICTBO [2].

B sTom noknaze mpeacTaBlieH HOBBIM MOAXOA K TOYHOW 00paboOTKe
ruOkux getaineii ¢ mnomompblo MM, ocHamaembrx CT3. DTOoT moaxon
npennonaraeT 1) mpocTyro U OBICTPYIO (PUKCALMIO TMOKOM J1eTalnu B IPOCTOU
YHHMBEPCAJILHOM OCHACTKE C BO3MOXKHOHM aedopmalieil ee reoMeTpudecKkoit
dbopmbl; 2) CcKaHMpPOBaHWE 3aKperyieHHOW meranu ¢ mnomormisio CT3; 3)
coBMmenieHne 3TatoHHoM CAD-monenu neranm ¢ €€ MOJENbIO, MOJy4eHHOU
MOCJIE€ CKAaHUPOBAHHUSA, J/JI TOYHOIO OINPEIECICHUS MECT MEXaHUYEeCKOU
o0paboTku; 4) aBTOMaTH4YecKoe (HOPMUPOBAHWE TPACKTOPUN JIBUIKEHUS
pabouero nHCTpyMeHTa MM.

JUia 3¢p¢deKTUBHONW peanu3aluy NpeJIoKEHHOTO IMOoAXoAa B JOKIIaJe
pazpabotaH MeTOJ TO4YHOro coBMemieHusi TpexmepHbolx CAD-Mmonenei
nedopMUPYEMBIX JIeTaliel ¢ MOAEISIMHU, MOJTYYEHHBIMHU MOCIE UX 3aKPEIUICHUS
B OCHACTKE M CKAaHUPOBAHMS. DTOT METOJ IPEAINOoJaraeT MpeaBapUTEIbHOE
omucanne ucxoguelx CAD-Monenei gerajeii B BHUAE  CIELHAIBHO
YILTOTHSIEMBIX 00JIAKOB TOUYEK. 3aTe€M C MOMOIIBI0 U3BecTHOTO anroputma [CP
BBIIIOJIHAETCS ~ IIOCJIEOBATEIbBHOE  UTEPATHUBHOE COBMEULICHHE  3apaHee
HEU3BECTHBIX HeAe(OPMHUPOBAHHBIX YYaCTKOB MOJIEJEH 3aKpeIuIeHHbIX
neTaneil ¢ cooTBeTCTByrOIMMU YydyacTkamu ux CAD — wmogneneit nyrtem
oTOpackIBaHus Map Hambosee yJaJlleHHBIX APYr OT apyra touek. M Hakoner,
COBMeEIlIEHHE 1€(POPMUPOBAHHBIX YYAaCTKOB 3THUX JeTallell C UCIOJb30BAHUEM
OTOPOLIEHHBIX Map TOUYEK 00JIAKOB.
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OIIMCAHME AJITOPUTMA COBMELHIEHUSA IBYX OBJIAKOB
TOYEK BE3 JJE®GOPMAIIVMH 3AKPEIJISEMBIX JIETAJIENA

Obnako  TOYeK  OTCKAaHMPOBAaHHOW  OoOpabaTbiBaeMOW  JieTaiu,
nosnyueHHoe ot CT3, 3amaercs B cucteme koopauHat MM. Jlig renepauuu
obOnaka Touek u3 stamoHHod CAD — Mogenu neranu ee HEO0OXOIUMO
npeoOpa3oBaTh M3 HCXOJHOTO (opmaTa B MOJUIOHATIBHYIO TPEXMEPHYIO
mozenb popmata VRML (Virtual Reality Modeling Language). Ota monens -
TEKCTOBBIN daiin IIPEACTABIACTCS COBOKYITHOCTBIO CErMEHTOB
(TTOBEepXHOCTEH), OMHUCHIBAEMBIX HAa0OPOM TpPEYTOJBHUKOB, M COACPIKHUT
KOOPJAMHATHI BCEX BEPIINMH ITUX TPEYroJbHUKOB. COBOKYIMTHOCTh BCEX BEPIIUH
TPEYTOJNIBHUKOB, COCTABJSIIOIIMX TPEXMEPHYIO MOJIENb JETalld, SBISETCS
00JIaKOM TOYEK, OIMCHIBAIOLIUM 3Ty JETAIIb.

OueBHUJHO, YTO MOJy4yaeMoe TakuM oOpa3oM o00JaKko Todek Oyxaer
«pa3pexeHHbIM». Ero ToukM cocpegoToueHbl Ha W3rMOax MOJeNd U
OTCYTCTBYIOT Ha 0ojiee IUIOCKUX YyYacTKax. DTO NMPUBOJUT K TOMY, 4TO J[Ba
Ka3aHHBIX 00JaKa To4ek, OylyT COBMEIIAThCSA ¢ OOJIBIIMMHU MOTPEUIHOCTSIMH.
JIsist yMEHBIIEHUS STHX MOTPEITHOCTEH He0OX0JUMO YIIJIOTHUTH 00JIaKO TOYEK,
nonydyeHHoe u3 odTtaioHHod CAD - wmoxaenu. [ns 3Toro B KaxaoMm
TpeyrosubHuke, BxosameM B CAD - Mozaenb, B 3aBUCUMOCTH OT €ro IJIOUIaan
TeHEpUPYIOTCS JOMOJIHUTENbHbIE TOUKM [2]. B pesynerate Qopmupyemoe
o0ako Touek npeolOpa3yeTcsl B YIUIOTHEHHOE 00s1ako Touek D, onuckiBaromiee
CAD — mopnens neranu. OTo 00NaKo Jlanee MOKHO COBMEIATh € 00JaKoM
Touek M, mosydeHHbIM C¢ moMompo CT3 M ONUCHIBAIOIIUM TPEXMEPHYIO
MOJIENb JIeTaJi. OTO COBMEIIEHHUE peaM3yeTcss C IOMOIIbI0 MaTpUIbI
nosopota RcpeR*>> u BexTOpa cmemmenus fcpeR>*!, xoTopele 06ecreunBaOT
MaKCHUMaJIbHOE COBIA/ICHUE JIBYX YKa3aHHBIX 00JIaKOB TOYEK.

B Hacrosmiee Bpems HauOoliee YHMBEPCAIBHBIM  aJFOPUTMOM
COBMEIICHHS ABYX TPEXMEPHBIX MOJENEH, MPEeACTaBICHHBIX B BUIE OOIAKOB
TO4YeK, siBisgeTcs utepatuBHbii anroput™ ICP (Iterative Closest Points) moncka
Ommkalmux Todek. MaremaTudecku 3ajjadyy COBMEILEHHUS JBYX OOJIaKOB
TOYEK C TOMOIIBIO ATOTO AIrOPUTMa MOKHO C(POpMYIUpOBaTh B BUjiE [3]:

E(aaDaM):N_ Cis a* :argminE(T(aaD)sM)a (1)

rae E — cpeaHekBagpaTuyeckas omMOKa cOBMeleHUsl 00JaKkoB ToueK; ¢ =||di-
mj||* - KBa#paT pacCTOAHUM MEXKIy NapaMy OJIMKAWIIUNX TOYeK U3 001akoB D u
M; dieD, i=(1, Ng) u mjeM, j=(1, N,) — Onmxaiiiue TOYKd U3 00akoB D u
M, coorBercTBeHHO, Nj, N, - KOJIMYECTBO TOYEK B oOmakax D u M,
COOTBETCTBEHHO, KOTOPO€ MOXET ObITh pasznuyHbiM; 1(a,D) — QyHKIHS
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TpancopMainuu obnaka Touek D B oOinako Touek M; a — napametrp QyHKIIUU
TpancdopManuK; a* — ONTUMAaIbHBIA mapamerp (YHKIUH TpaHc(OpMaluH,
KOTOpbI MuHHMH3NpYeT (yHkumonan (1). Ilockonmbky mepeaBUTaeMbIM
oOmakoM siBiisieTcst 06mako D, TO KOaMuecTBO map OMKalmmx Todek Oyaer
paBHO Ng.

Takum o0pa3oM, 3amaya (1) coBmemieHust JBYX OOJAKOB TOUYEK
dbopmynHpyeTcs Kak 3ajaua MUHAMH3AIMHA CPETHEKBAPATUIHOTO PACCTOSHUS
MEXy MapamMu Onmxaimux Touek 3Tux obmakoB. Ilpu 3ToM B mapamerp a
¢bysukuuu 7 BXOJAT 3J€MEHTHI MaTpuLlbl Rcp 1 BEKTOpA fCp.

PaccMOTpeHHBIH BRI aITOPUTM TTO3BOJISIIOT OTHOCHTEIBHO JIETKO U
TOYHO COBMEIIATh TPEXMEPHBIE MOJEIH OTCKAHMPOBAHHBIX JETaled C HX
sranonHbiMu  CAD-mopensmu, ecnu mpu  (UKcCalMu ITHX JeTaleil He
npoucxoaut aedopmanuii. Ho, eciu oHa mpuCyTCTBYET, TO Kaue€CTBO 3TOTO
COBMEUICHMS 3HAUUTEIbHO CHUXkaeTcs. [loaTomy cienyer pazpaboTaTh HOBBII
METO]T COBMEIICHUS ABYX C(HOPMHUPOBAHHBIX 00JIAKOB TOYEK, KOTOPBIA ObLT OBI
3¢ PEeKTUBEH U NpU MPOU3BOJIBHBIX 3HAUUTENBHBIX JepopMalMsIX JeTajeil Bo
BpeMsI UX 3aKpEIICHHUS.

PA3PABOTKA METOJA COBMEIIEHUS TPEXMEPHBIX
MOJEJEW OBPABATBIBAEMBIX TETAJIEN C UX CAD-
MOJAEJISAMHA ITPU HAJIMYNU JEOOPMALIINHU

[Ipu coBmemenun ob6naka npedhopMupyeMoil naeramd C  OOJIaKoM
sranoHHon CAD-momenu ¢ mnoMompio  tuUnoBoro aiaropurma  [CP
CPEIHEKBAIPAaTUYHOE OTKJIOHEHHE BCEX Map OMmKalmmx TOYeK OOJaKOB
MOXET OCTaBaTbCAd B JOMYCTUMBIX IIpEeAeNax, a pacCTOSHUS MEXAY
HEKOTOPHIMH TOYKAMHU MOJIEJIeH - 3HAYUTEIBHO BO3pacTaTh. OITOT 3G eKT
yA0OHO MPOMJUIIOCTPUPOBATH HA TMPUMEpPE COBMEUICHUS [ABYX JIMHUH,
SABJISIFOLLUXCSL CEYEHUSIMU OPTOTOHAJIBHBIMHU IIJIOCKOCTSIMUA COOTBETCTBYIOIIUX
MojieTiel TOHKOCTEHHBIX JieTaneit (cM. puc. 1).

Ha pwuc. la nokasawbl 1Be JsuHUKM: |1 — wWcxogHas W 2 —
nedopmupoBanHas. [lpuyem nuHus fetanu 2, KaKk MOpPaBWIO, UMEET Kak
HeZleOpMUPOBAHHBINA, TaK U JAe(OPMUPOBAHHBIM yYaCTKH, TPAHUIA MEXKITY
KOTOpbIMH ~ O0Oo3HaueHa To4Ykoi A. CoBMelleHHe J3THX JHUHUA C
UCIIONb30BaHUEM TUNoOBoro anroputma ICP, mnpm koropom B 1meiom
MPOUCXOIUT MUHUMU3anus (QyHkuuoHana (1), HEMHUHyeMO MPUBOAUT K
HEKOPPEKTHOMY COBMEIICHHUIO YKa3aHHBIX 00JIaKOB M MOKa3aHo Ha puc. 16. U3
3TOT0 PHUCYHKa BHJIHO, YTO HEKOTOpBIE YyYaCTKH ABYX YKa3aHHBIX JIMHUI
3HAQUYUTENILHO OT/AEJICHBI APYr OT JPYyra, 4TO SBJISIETCS HEJOMYCTHUMBIM IS
o0OecrieyeHusi TOYHOI'O TMEpeHOoca MEeCT TMPEJCTOSIIeH MeXaHWYEeCKOU
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o6pabotku ¢ CAD — Mozenu Ha 3aKperuieHHYIo ¢ Aegopmanuen AeTaib.

st obecriedenns 6osee TOYHOTO COBMAACHUS BCEX YYaCTKOB JITHUX JIMHHNA
(nns 60J1€€ TOYHOTO COBMEIEHUSI 00JIAKOB, COOTBETCTBYIOIIMX BCEM y4acTKaM
ATUX JIMHWIA) BHadalie ¢ moMmolpio anroputma ICP HeoO0XoaumMo TOYHO
COBMECTHUTH HEJIe(pOPMHUPOBAHHBIE YIACTKH ABYX JIMHUH (CM. puc. 1B).

r)

Puc. 1. CoBmenienne o01aKkoB TOYEK JTMHUI MPU HATMYUU AepopManuii
HEKOTOPBIX UX YYaCTKOB

Jli coBMelleHus IByX 00JaKOB TOUYEK HeJe(hOpPMHUPOBAHHBIX YYACTKOB
AeTajei, CiIeayeT YIUThIBATh TOJBKO T€ Maphbl TOYEK, KOTOPhIE HAXOIATCS Ha
ATHX y4acTkax. B aToMm cinyuae, npumenssi Beipaxenue (1), BMecto Ny cinemyet
UCIIONb30BaTh Ng,=round(Ns (1-77)), KOTOpO€ COOTBETCTBYET KOJUYECTBY
TOYEK, COOTBETCTBYIOIINX HEACPOPMHPOBAHHBIM y4acTKaM MOZENH; TAE 7] —
J07Isl Tap ONMKAWIIMX TOYEK C HAUOOJBIIMMH PACCTOSHUSMU MEXIYy HUMH
(oHn Haxomarcs Ha JedOpPMHUPOBAHHOM Yy4YacTKe), KOTOpbIE IIOKa He
yuutbiBatoTca npu padore anropurma ICP. OcobenHoctu onpeneneHust Nax
OyIyT MOSICHEHBI HHIKE.

AJTOpUTM COBMENICHHS JIEBBIX HeNe(hOPMHUPOBAHHBIX YYACTKOB JIMHHMA
(cM. puc. 1B) BKJIIOYAET HECKOJIBKO ATAIOB (11aroB) [2]:

1. BHauane nisi yMEHBIICHHSI KOJMYECTBA BO3MOXKHBIX MOCIEIYIOIINX
UTepanuil MaKCUMaJIbHO COJIMIKAIOTCS Te€OMEeTpUUecKue LeHTphl o0nakoB M u
D. Jlna storo dopmupyercs HOBoe 001ako D, KOOPAMHATHI BCEX TOYEK

N, Ny
KOTOpOro Haxonarcs o Gopmyne: d, =d, + LZmJ —LZd,., i=(,N,).

m j=1 d i=l1
2) OGecrieunBaeTcsl MpPEIBAPUTEIHEHOE COBMEIIEHHE ABYX YKa3aHHBIX
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06akoB M u D* To4€eK ¢ MOMOIIBIO cTanaapTHOro anropurma ICP.

3) Ecnom mocne mpeaBapuUTENbHOTO coBMelieHus obOnakoB M u D
BBINONHACTCA HEPABEHCTBO FE > FEmax, THE Emax - JONyCTHMAas BeIMYUHA
CPEeIHEKBAIPATUUYECKOTO OTKJIOHEHHUSI, TO B BhlpaxeHuu (1) Ny 3aMeHsieTcst Ha
Nan 1 coBMellleHHE 3TUX 00sakoB ¢ nmomoulpto anroput™a ICP noBTopsiercs
YK€ C MEHBILIUM KOJIMYECTBOM Map OIMKaNUIINX TOYEK.

4) Ecnu mociie TOBTOPHOTO COBMEUICHUS MO-MPEKHEMY BBIMOIHIETCS
HEpaBeHCTBO E > Ejux, TO Npolenypa, yka3aHHas B NPEIbIAYIIEM IyHKTE,
MOBTOPSIETCS C BO3pacTaHUEM 3HaueHus 1] Ha BenuuuHy A: n(k+1)= n(k)+A,

rnie k=0,1,2 ...— HOMep uTepaluu UCIoIb30BaHUS aJTOPUTMa COBMEIIICHHS
00JIaKOB TOYEK.

OuepenHas uWTepanus COBMEIICHUS OOJIAKOB  HAayMHAETCS U3
MOJIOKEHUS, JOCTUTHYTOrO Ha TMpPEAbIAyIIeH HTepaluu. IJTO YMEHbIIAET
KoJinuecTBO wuTepanuii anropurma I[PC. VYka3aHHble Bblllle JEHCTBUA
MIOBTOPSIIOTCS JI0 TEX MOP, MOKa HE OYJIET BHIMIOIHATHCA HEPABEHCTBO E < Ejux.
Takum 00pa3om, MPEeAJIOKEHHBIN AITOPUTM TO3BOJISIET OJTHO3HAYHO BBISIBUTH
YY9aCTKU JETaI, KOTOPbIE TOJIBEPIINCH AchOopMaIlui IIPH €€ 3aKpeIUIeHUH, 1
OTIPEJICNIUTh BEJIUYHMHBI 3TOH JaedopMaiiuu, HMCIOIb3ys OTOPOIICHHBIC MPH
COBMEIIEHUHU 00JIaKOB Maphl TOUECK.

Pe3ynbrathl TOYHOTO COBMENICHHUS JBYX HeAehOpMUPOBAHHBIX
YYacCTKOB JIMHUM JO TOUYKU A MOKa3aHbl HAa pUC. 1B, HO PACCTOAHUSA MEXKIY
COOTBETCTBYIOIIMMU TapaMd TOYEK Ha TMPaBbIX Y4yacTKaX »d3TUX JIMHUM
cTaHOBATCA OonbmuMu. OpHAako ¢ moMmoIliblo Toro xe anroputma ICP,
WCIIOBb3Ysl MAacCHUB OTOPOIIEHHBIX Map TOYEK, MOXHO TOYHO COBMECTHUTH
o0Naka M MpaBbIX YaCTeW 3TUX JIMHUN TOCIE€ TOYKU A, HE Y4YUTHIBas YxKe
COBMEIIECHHYIO JIEBYIO YacTh. Pe3yiapTaThl yKa3aHHOTO ©O0Jee TOYHOIO
OKOHYATEJIbHOTO COBMENIEHUs TMoKa3aHbl Ha puc. Ir. Ho, ecnu coBmelnieHue
MpaBbIX Y4YacTKOB JBYX JIMHWM H3-32 WX OYEHb OOJbIIUX jaedopmariuit
OKaXETCsl HEIOCTATOYHO TOYHBIM, TO ATH y4YacTKH (TOCie TOYKU A) MOMKHO
pa3OUTh Ha HECKOJBKO YacTell M COBMEIIATh WX IMOCIEJOBATEIBHO IO YXKe
ONMCAHHOMY BBIIIE aJITOPUTMY.

*

HNCCJIEJOBAHUE METOJA COBMEIIEHHNSI TPEXMEPHBIX
MOJIEJIEN JETAJIEN

JIist  TpoOBEpKM MPEJIOKEHHOT0 MeToAa ObUIO TMPOBEACHO €ro
HCCJIEJOBAHME HAa MOJEIBbHOM MPUMEPE, B IMPOLIECCE KOTOPOIro IMPOBEPSIIACH
TOYHOCTEL coBMenleHus 3TaloHHOM CAD - Mozenu ¢ MOACIBIO 3TOM JeTaju,
UMeEIoIIeH nedopMaliuu.

Buemnuit Bua ucxonnot CAD - monenu neranu (YEpHBIA I[BET) U €€
nedopMUpOBaHHONW YacTh (Cephli IBET) IMOKa3aH Ha pHUC. 2. DTH MOJAETU
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npeoOpa3oBansl B obmaka, comepxkammue 191835 wu 176093 Touek,
COOTBETCTBEHHO. M3 puc. 2 BUAHO, YTO TpaBblil Kpail aedhopMHUpOBaHHOMA
neranu no cpaBHeHuto ¢ ee CAD - monenpro OoTOTHYT BHYTpb. Ha puc. 3
MOKa3aHO HCXOJHOE MOJIOKEHUE OONAaKOB TOYeK, cooTBeTcTByOmUX CAD -
MoJienu (YepHbIE TOUKH) U MOJIeNH 1e(hopMHUPOBAHHOM AeTaiu (Cepble TOUKH).

I
Puc.3. HMcxogHoe nmonokeHue 00J1aKOB TOYEK nepea ux COBMCIUICHUCM

Ha pHucC. 4 moKa3aHbI PE3YJIbTAaTbl MOIACIIMPOBAHUA IIPCATTOKCHHOTO
MCTOdAa COBMCIICHHA HOBYX oOmakoB Touek. Ha »tom PUCYHKE 4YCpPHad
CIUIOIIHAS JIUHUS ITI0KA3hIBaeT M3MEHEHHE BEIWYHHBI F B mponecce 3TOro

COBMELICHUs, 4YepHas ToYe4yHass - CpeaHee OTKIOHeHue FE; Mexay
UJCHTUYHBIMH TOUYKaMM 3THX 00JIaKOB, cepasi CIUIOIIHAs - BEJIMYHUHY 7], & cepast
IIYHKTUPHAasd — KOJMYECTBO HUTEpauuii Njcp, BBIIOIHAEMBIX B IIPOLECCE

ouepenHoro mara copmenleHus. [lo ocu abcuucc Ha 3TOM PUCYHKE OTJIOKEH
HOMEp Iara COBMEIIEHHUS, a 10 OCH OPJWHAT HCIOJB3YIOTCS CIEIYIOIIHe
maciuTadbl: E = scalex1 mm?; Es = scalex1 mm; n = scale; Nicp = scalex100.
N3 »TOro pucyHka BUIHO, YTO pa3pabOTaHHBIA METOJ COBMELIEHHUS JBYX
001akoB ToueKk 00anaet 0obiIon 3PPeKTUBHOCTHIO. C €ro MOMOIIBIO YKe Ha
MSITOM IIIare y/aeTcss COBMECTUTh yKazaHHbIe oOjaka ¢ To4HOCThIO 0.1 MM, a
Ha fecsatoM — 0.044 mMM.
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Puc. 4. Pe3ynbpTaT paboThl aJIrOPUTMa COBMEIIIEHUS 00JIAKOB JIBYX MOJeen
3AK/IIOYEHUE

B noxnane mpeacTaBieH HOBBIM MOAXOA K TOYHOM 00pabOTKe TMOKUX
neraneit ¢ momomsio MM, ocnamaemeix CT3. s o dexTuBHOI peanuzanuu
MPEIJIOKEHHOTO TOX0/Ia pa3paboTaH HOBBIK METOJI TOYHOTO COBMEIICHHUS
tpexmepHbix CAD-moneneit aepopmupyeMbIx Jeraiel c  MoJemsiMu,
MOJIYYEHHBIMU TOCIIE UX 3aKPEIUICHUsI B OCHACTKE M CKAHUPOBAHMSI.

PesynbraThl MOAENUMpPOBAaHUS TMOKa3alM, YTO MPEAJIONKEHHBI METO.
MO3BOJIIET 00ECIIEYUTh TOUHOE COBMEILICHHUE JIBYX YKa3aHHBIX 00JIaKOB TOUEK
U, COOTBETCTBEHHO, TOYHOE OTpEIeNIEHNE MECT MPEICTOSIIEH aBTOMAaTHYECKOM
(c momompto MM) wmexaHW4YecKOM OOpaOOTKM TOHKOCTEHHBIX JeTayeit
MPOU3BOJLHON (OpPMBI C yUeTOM 3apaHee HEU3BECTHBIX JAedopmaliui,
MOSIBUBIIIUXCS B MPOIIECCE 3aKPETICHUS ITUX JIEeTalIeH.

Paboma noooeporcana epanmamu PODU (16-29-04195, 16-07-00718,
16-07-00300, 16-38-00187), a maxoce epanmamu npezudenma PP (MK-
8536.2016.8, CI1-620.2016.5).
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Pegepar

[{enb pabOTHI 3aKITIOYAETCS B UCCIICIOBAHUU «MEPTBOT0» 00bEeMa IMOPITHEBBIX
MOJIOCTEH TTHEBMATHYECKOTO IWJIMHAPA JUISI TOYHOTO COCTABJICHUS MOJIEITH
MMHEBMATUYECKOTO TpuBOJa. B pabore npuBOIATCS HEOOXOIUMBIE IS
peanu3aluy  JaHHOTO TIPOEKTa Ha MPAKTUKE NPUHIUIHAIBHBIC CXEMBbI,
rpaduku, a Takke pacuerbl. VICIONHWTENbHAs 4YacTh TPEJIOKEHHOM
ABTOMATHYECKOW CHUCTEMBI YIPABJIICHHUS BBIIOJIHEHA Ha 0a3e CpelCTB
ITHEBMOABTOMATHKH BBICOKOTO jaBiieHus. JlaHHbie B 1u(poBoil (dopmat
peoOpa3oBBIBAECT U3MEPUTEIIBHBIN KoMILIeke Spider§.

BBEJEHUE

«MepTBbIM» 00BEMOM HA3bIBAIOT MUHUMAIbHBIA 00BEM pabodeil moyocTH
IWIMHAPA TIPU TOJIOKEHUHW TOPIIHSA B MEPTBOW Touke. J[pyrumu cioBamw,
«MEpTBBI» 00bEM - 3TO 00BEM Ta3a, KOTOPBI HE MOXET OBbITh BHITECHEH U3
WIMHApPa TopiiHeM. «MepTBblii» 00beM COCTOMT W3 oObeMa LHIUHApA B
3a30pe MEXAY MOPIIHEM U KPBIIIKOW MUINHIPA, 00bEMOB B KaHAJIaX, KOTOPbIE
CIly’)KaT JJIsl COOONICHHs TOJOCTH IMJIMHIApPA C 3alOpHBIMU JIIEMEHTAMHU
KJIaNaHOB («MEPTBBI» 00BEM B KIAlaHax), ¥ 00bEMOB Pa3MYHBIX MYyCTOT,
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KAaHAJIOB U BBIEMOK B IMOPIUHE U B IWJIMHJIPE (JOMOJHUTEIbHBIN «MEPTBBIN»
oobem). [IpakTudecku BeaMUMHA BPEIHOrO O0BEMa LMJIMHIPOBOM IMOJIOCTU
MOXKET OBITh OINpEJeNIeHa 3aMEepOM KOJMYECTBAa BOJbI MJIM Macia, KOTOpoe
HEOOXOAMMO ISl 3aIOTHEHUS TIOJIOCTH LMJIMHIPA MPU TOJIOKEHUH MOPIIHS B
Omkaiineil MepTBoil Touke. JIMHEHHBIN «MEpTBBII» 00BEM 00YCIIOBICH TEM,
YTO TOPILIEHb KOMIIpECCOpa HE MOXET BIUIOTHYKO THOJOHTH K KpBIIIKE
uuinHapa. [lo nenomy psany HOpuYMH HEOOXOIMMO HMETh 3a30p MEXKIY
MOPIIHEM, HaxXONAIIMMCS B MEPTBOM TOYKE, M KpPBIILKON LWJIAHIpA.
JlonmycTuMbIe 10 TEXHUYECKUM YCIOBHMSAM OTKIOHEHUs pPa3sMEpoB JeTajci
MEXaHU3Ma JIBIJKEHHUS, T[OpUIHS M IITOKAa IO3BOJISIIOT  (PUKCHpOBATH
IIOJIOYKEHHUE TTOPIIHSA B MEPTBBIX TOYKAX JIMIIb C ONPEAEICHHBIM OTKIOHEHUEM.
Kpome TOro, JnuHEHHBII  «MEpPTBBII» O00BEM  NpeIHA3HAYEH IS
IPEIOTBPAICHNs yJapa MOpPLIHSA O KpBIIIKY B Ciy4ae TEMIEpaTypHbIX
nepopmanuii Aerangel MexaHu3Ma JBUKEHUS, IITOKA U MOPILIHS, a TaKkKe JUIs
KOMIICHCAalluM  3a30pOB B IIOJBWXKHBIX  COCIMHEHMSAX  MEXaHU3Ma
nsmkenus[1][2].

/1110974978

N )
2

\

Puc. 1. Cocrapnsroniye BpeAHOTO MPOCTPAHCTBA

N
N

Ha puc. 1 nokazanbl «MepTBBIe» 00BEMBI B KJIallaHAX U JIOTIOJTHUTEIIbHbBIS
«MEPTBBIC» 0OBEMBI:

1. O6beM Mexay NOpPHIHEM U UWIMHAPOM (10 MEPBOrO MOPIIHEBOTO
KOJIbLIA);

2. O0beM MHIMKATOPHOTO KaHasla (KaHasa, 4yepe3 KOTOPBIA MOXKHO IPO-
M3BOJUTH 3aMephl B paboyeil Moa0CTH HUIMH/IPA);
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3. «MepTBbIil» 00BEM BO BCACHIBAIOIIUX KIIAMAHAX;

4. He BpITeCHEHHBIN 00BbEM ra3za B KapMaHe IO/JI TailKy, KpPemsulyto mop-
IICHb;

Hccnenosanue «MEpPTBOrO» o0beMa  TMOPIIHEBBIX  MOJOCTEH
IIHEBMoOArperara OCYHIECTBIISIETCSI C LIEJIBI0O UX ONPEIENEeHMs Ui TOYHOTO
COCTaBJIEHUSI MOJENHN MTHEBMATHYECKOTO HUIUHIPA.

B TexHuueckod = JOKYMEHTAallUM  IHEBMATUYECKUX  I[MJIMHIPOB
OTCYTCTBYEeT HH(OpMAaIHMs, Kacamomascsi «MEpTBOro» o0beMa TOJIOCTEi
maHApa. [ ux HaxoxaeHus TpeOyeTcss MPOBOIUTH SKCIIEPUMEHTAIbHBIC
u3MepeHus. Pacdyer «MepTBBIX» OOBEMOB IOJOCTEH Ha OCHOBE 4YepTexeil
MTHEBMAaTUYECKOTO ILWIMHJIpA HE ABJIAETCS ONTUMAIbHBIM METOJIOM, TaK KakK K
TEXHUYECKOW JOKYMEHTAllMM OHWM HE TMpuiaralTci. B TexHuyeckon
JOKYMEHTAllUU TPUBOAATCA TOJBKO MOHTAaXHbIE 4epTexH. Takxke ciemyer
OTMETUTh, YTO Ha MpakTUkKe IPGEKTHBHBIA XOJA LMIUHIpPA OTIMYAETCS OT
HOMHMHAJIBHOTO. YMeEHbIIeHHE 3()()EKTUBHOIO XOJa CBSA3aHO C HAJIUYUEM
JOTIOTHUTENBHBIX AeMI(UPYIONINX JIEMEHTOB B KOHIIE X012 IIMIUHIPA, TAKUX
KaK TUJpaBIMYECKUEe W pPE3UHOBBIE Aemmdepbl. MoHTax aemndepoB Ha
KOpPITyC HWIMHApPAa TPUBOAWT K YMEHBIICHHIO €ro 3(QQeKTHBHOrO0 Xoma u
YBEJIMYEHHUIO «MEPTBBIX» 00BEMOB MOPIIHEBBIX MOJOCTEN.

METO/JUKA SKCIHEPUMEHTAJIbHBIX I/ICCJIEI[OBAHI/Iﬂ
«MEPTBOI'O» OFBEMA B BECHITOKOBOM
INHEBMATHNYECKOM IHUWJINH/IPE
[Tockonpky OeCHITOKOBBIN MHEBMATUYECKUN IIMIMHADP UMEET JIBE MOPIIHEBHIC
MOJIOCTH, O0O3HAYUM HX COOTBETCTBEHHO Kak mojoctd 1 um 2 (Puc. 2).
UccnenoBanue «MepTBOro» 0o0beMa MOJOCTEH MHEBMATHYECKOTO IMMJIMHIPA
OCYILECTBISIETCS MYyTEM HM3MEPEHHUSI PacX0Ja CKaTOro BO3AYyXa B E€AUHUILY

BPEMEHU MPHU 3aMOJTHEHUH TTOJIOCTH IIUIUHPA.
forocme | Horocms 2

3

Puc. 2 Yopoiennas pacuerHasi Cxema 0eCIITOKOBOTO MTHEBMOILMIMHIPA
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IIpyHIMNManbHas MMHEBMATUYECKAsl CXEMa HCCIIEN0BATEIbCKOIO CTEH/A
M0 M3MEPEHHI0 «MEPTBOT0» 00beMa MOPIIHEBOH moysocTu 1 GecmToKOBOro
MMHEBMAaTUYECKOTO IIMJIMH]Ipa MPUBEIeHa Ha pUC. 3 U MOPIIHEBON MOJIOCTH 2 Ha
puc. 4.

JlaBneHue INHTaHWs B I[HEBMAaTUYECKOM CXEME  peryJIMpyeTcs
penykuuoHHbIM KinanaHoM PK ¢ manomerpom M. B cucreme HactpauBaercs
nasieHue 6 Oap. M3mepeHue pacxoja OCYIIECTBISETCS C MOMOILBIO JaTYMKa
pacxona JIP, m3amenenue naBnenus pukcupyercs nataukom aasineHus /1.

41
T { [/}
&
» bﬁ,l:[
O0t4] 1P
P
2 IP
1 M i) ) :LM
PK Y1 1
S

Puc. 3. HpI/IHI_[I/IHI/IaJIBHaH IMHCBMATHMYCCKasa CXE€Ma UCCICAO0BATCIBCKOI'O
CTCHI4, UBMCPCHUC «KMCPTBOI'O» o0beMa HOpHIHCBOfI nojioctu 1
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Puc. 4. [IpyHumnuanbHas MHEBMAaTHUECKAsi CXEMa UCCIIEI0BATEIbCKOTO
CTE€HJ1a, U3MEPEHHE «KMEPTBOr0» 00beMa MOPIIHEBOH MOIOCTH 2

N3mepenne «MepTBOrO» ob0beMa B TMOpImIHEBOW mojoctu |
OCYIIECTBIIICTCS ~ CIEAYIOMUM  o0pa3oM:  YeoOXOAMMO  MEXaHWYECKH
3aUKCUPOBATH MOPIIEHb WM KapeTKy OECIITOKOBOTO IMJIMHIPA B KpaitHEM
JIEBOM M0J0XKeHUuHU. [lanee ¢ moMonipio peaykuuonHoro knanaHa PK ciepyer
HACTPOWUTH JaBiieHWe nuTaHus 6 Oap. Kuomka S1 (puc. 5) ocymiecTBisieT
npsIMO€  yNpaBlIeHUE  AUCKpeTHbIM  pacupenenurenem [IP.  [lanHbii
pacrpeiennuTeslb MOJAeT CXaThlil BO3AYX B IOJOCTh | IHEBMAaTHYECKOIO
UUIUHApa. B HavanbHBIM MOMEHT BPEMEHHU HcCclieyemMasl MOJOCTh LUJIUHIPA
coenuHeHa ¢ armocdepoil. Ilpum Haxkatum Ha kHOMKY S1 ocylecTBiseTcs
nepexitouenue pacnpenenutens [1P, u B monocts 1 nmogaercs cxaThlil BO3IyX.

24y 1 e 3
Z—a—i . 4
3
51 E- Ad " -
4 - f o T.ff
*—
':.IP
- V.
YILFE 7 ® e P
s
i . 4 . 4 . 4

Puc. 5. [IpuHnunuanbHas 3J€KTpUUecKasi CXeMa UCCIIeI0BaTENbCKOT0 CTEH/Ia,
HU3MEPEHHUE «MEPTBOT0» 00BhEMa MOPIIHEBOM MOJOCTH |
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Pacxon, nmpoxomsmumii d4epe3  pacmpeienurens B MONOCTh 1
MHEBMATHYECKOT0 [MIUHApa, (ukcupyercs nardyukom pacxoma /[P, a
napienre - natuukoMm JIJI. CurHansl ¢ JaTYMKOB pacxoja M JaBJICHUS
HOJIKITIOYAI0TC K M3MEpHUTEIbHOMY KoMiutekcy Spider8 (puc. 6), xoTopsiit
npeoOpa3oBeiBaeT HX B IHU(poBoil (opmar. [laHHble mnepenaroTcs Ha
koMmmnbloTep B cpeny Catman no cpexncrBam USB wnu  mapannenbHOTO
uHTepdeiica.

VE IK

SPIDER 8 )
Vp USB/LPT

Puc. 6. HpI/IHI_[I/IHI/IEUII)HaH CXeMa U3MCPUTCIIbBHOT'O KOMIIJICKCA
HCCIICAOBATCIILCKOI'O CTCHAA UBMCPCHUA KMCPTBOT'O» o0beMa

AHanoru4HpIM 00pa30M OCYIIIECTBIISICTCS HUCCIEIOBAHUE «MEPTBOTOY
o0beMa TMOPIIHEBOM MOJOCTH 2 OECIITOKOBOTO MHEBMATUUYECKOTO IMJIMHJPA.
JIJist 3TOTO MOpIIEHb WM KapeTKa IWIMHApPAa MEXaHU4YeCKH (PUKCHUPYETCS B
KpalilHEeM MpaBOM IMOJIOKEHUU U Jajiee MPOBOJAUTCS HU3MEpPEHUE pacxoia u
JaBJICHUS paHee OMMCAHHBIM CIIOCOOOM.

Pe3ynbrathl SKCIEpUMEHTOB TIPEACTABICHBI HA PUC. / U pUC. 8 IS JIeBOU
M TpaBOM  TMOJOCTeM  OECIITOKOBOTO  IMHEBMATHYECKOrO  IMJIMHJIPA
COOTBETCTBEHHO.

Q, 1/aun p, bap O, VauH p, 6ap
100~ = 17 200t 17
90 180
6 6

80 160
70 15 140 15
60 14 120 14

50 100
13 13

40 80
30 42 60 42

20 40
] {1

10 ! 20
0 0
0002 006 01 014 018 1. 070023 0069 011 016 021 gc

Puc. 7. 3aBucumoctu Q(t) u p(t), Puc. 8. 3aBucumoctu Q(t) u p(t),
U3MEPEHHE KMEPTBOTO» 00BbEMA M3MEPEHNE KMEPTBOTO» 00BEMa
HOPIIHEBOM MOJ0CTU | GECIITOKOBOIO HOPIIHEBOM TTOJOCTH 2 GECIITOKOBOTO
[IHEBMATHYECKOTO [MJIMHIPA [IHEBMaTHYECKOTO [UJIMHIPA
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PE3YJIBTATDBI HCCHEI[OBAHHﬁ. AHAJIN3 CTATUYECKHUX
XAPAKTEPUCTHK. BBIBOJA KOJIMYECTBEHHBIX
3HAYEHUH «MEPTBBIX» OFBEMOB ITOPIITHEBHIX
IMOJOCTEM BECHITOKOBOI'O THEBMATHYECKOI'O -
JIMHAPA
JUist oydeHuss KOHEUHBIX Pe3yIbTaTOB MCCIEAOBAHUS «MEPTBBIX» OOBEMOB
He00X0IMMO TIPOMHTErPUPOBATH MoJTydeHHble 3aBucumoct Q(t) mo Bpemenn.

BennunHny «MepTBBIX» OOBEMOB MOXHO IOJYYUTh, BOCIIOJIb30BABIIUCH
BhIpaxkeHreM (1).

IR )[R (7
VM _GOg(tl ti—l) ( 2 ) (6) (1)

Pe3ynpratel pacdeToB  «MEPTBBIX» obbemoB mosicteit 1 um 2
OECIITOKOBOTO MTHEBMATHYECKOTO UIUHAPA MTPUBEACHBI B TadmIe 1.

Tabnuna 1 - Pe3ynbrarsl pacyeToB «MEpPTBBIX» 0OBEMOB

HanmenoBanue o0bema | IlopuineBas nosocts 1 [TopmHeBas nmonocts 2

MepTBbIit 00BEM, T 0,06 0,11

B pacuerax «MepTBBIX» OOBEMOB HCIHOJIb30BAIUCH CTAaTHYECKHE
XapaKTePUCTUKU JATYUKOB PACX0/1a U JIaBJICHUS.

Ha puc. 9 npuBenensl rpa@ukyd 3aBUCHMOCTU TEPEMEIICHUS MOPIIHS
UWIMHIPA OT BPEMEHHU 10 JOCTHKEHHUS UM 3a/laHHOTO MoJIoKeHus, rae 1 —
¢u3znueckoe  MOJEIMPOBAHME  CHUCTEMbl  INO3UIMOHUPOBAHUSA, 2  —
MaTeMaTHYEeCKOEe MOJETUPOBaHUEe O€3 ydeTa UCCIEeIOBAaHUN «MEPTBBIX)»
00beMOB  OECHITOKOBOIO  MHEBMOIWIMHApPA, 3 —  MaTeMaTH4YecKoe
MOJIETUPOBAHUE C YYETOM MCCIIEOBAaHUI «MEPTBBIX» 00BEMOB OECIITOKOBOTO
MHEeBMoarperara.
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Puc. 9. 3asucumocmo nepemeuienus nOpuLHs Oecumoro8020
nHeeMouwzqupa om epemeHU

Ha puc. 9 moka3ano, 4to BpeMs peryiaupoBaHus mnpu ¢puzudeckoMm (1) u
MaTeMaTH4Y€CKOM MOJCIMPOBAHUHM C YTOYHEHHBIMU MapameTpamu (3) modTu
onuHakoBO. boisee Toro, nepexoansie nporeccol (1) u (3) Ha BceM BpeMEHHOM
avana3zoHe UMEIOT MEXKIy co00i MEHbINe pa3Iuduii, yueM xapakTepuctuku (1)
u (2).

3AKIIOYEHUE

HccnenoBanuss  «MEpTBbIX»  OOBEMOB  MOPLIHEBBIX  MOJOCTEU
OECIITOKOBOr0 IHEBMAaTUYECKOTO UWIMHApPA YTOYHWIM MaTeMaTHYECKYIO
MOJIETIb.

Co3naHHbIi 1a00paTOPHBIN CTEH]I MO3BOJISIET MPOBOIUTH IKCHEPUMEH-
TaJbHbIE MCCIIEJOBAHUS «MEPTBBIX» OOBEMOB IOJOCTEH PA3IMUHBIX ITHEBMa-
TUYECKUX LIJIMHIPOB.

CCBbUJIKHA
[1] ®orun B.C. um gp. IlopmnHeBbie kommpeccopel / b.C.DoTHH,
N.b.I1lupymos, N.K. Ilpunyukui, [I.1A.I1nacTuHuUH. - JL.:

MamunocTtpoenue, 1987. — 372 c.
[2] Xomwumesnu K.M. PyngHuuHble NHEBMAaTHYEeCKHE YCTAHOBKU /
K.M.Xomumesnu. — U31. XapbkoBckoro yH-ta, 1962. — 252 c.
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Pedepar

Hactosmass pabora mocBsiieHa pa3paboTKe METOAMKH pacdyera OCHOBHBIX
MapaMeTpoB TMOPIITHEBOTO MEXaHU3Ma, OOECIEUYMBAIOMUX PAOOTOCIIOCOOHOCTh U
YJIYYIICHHbIE XapaKTEPUCTUKUA YCOBEPILIEHCTBOBAHHOM THJIPOMAILIMHBI, a TaKXKe HX
AKCIIEPUMEHTAILHOMY  TOATBEpXKAeHUI0. (OOBEKTOM  HCCIICIOBAHUSA  SIBJISIETCS
aKCHANbHO-TIOPIIHEBAsl THUIpPOMAIIMHA C HakJIoHHBIM guckom (AIITHIA) u c
MMOJTHOCTBIO TUJIPOCTATUYECKH PA3TPY>KEHHON OTIOPHOM TTOBEPXHOCTHIO MOPIITHS.

B pesynbTare npenBapuTeIbHBIX UCTIBITAHUHN TTOpIIHEBOro Mexannsma AITTH/]
ObUTH BBISBJICHBl OrPAHUYCHHS 110 KOHCTPYKTHBHBIM M OSKCILTyaTal[MOHHBIM
rmapamMeTpaM, OKa3blBAIOUIMM  BJIMSHUE Ha  XapakTep B3aWUMOJCHCTBHS B
KHHEMAaTUYeCKUX IMapax MeXaHm3ma. B  cBs3u ¢ 3TuM ObUT  MpOBeleH
JOTIOJTHUTENBHBIM CUJIOBOM aHAIMN3, ITOIYYEHbl pACUETHBIE 3aBUCUMOCTH, C IIOMOIIbIO
KOTOPBIX BBISIBJICH Jarna3ox YIJI0B HaKJIOHA OTMIOPHOTO JUCKA
ycoBepmiencTBoBaHHOW AITHJI, oOecneumBarommii ee pabOTOCTOCOOHOCTh |
YIIY4IIEHHBIE SHEPTETUUECKUE U TUHAMUYECKUE XapAKTEPUCTUKHU.

[IpoBeneHHBIE SKCIEPUMEHTAIbHBIE HCCIEIOBAHMS YCOBEPIIEHCTBOBAHHOTO
nopmHeBoro Mexanumsma AIIIHJl moxrBepamimm ero pabotocnocoOHOCTh. bbiio
ONPENIETIEHO, YTO BBISBICHHBIE PACXO0XKICHHS PEATbHOTO YIJIa HAKIOHA OMOPHOIO
JTUCKA, TIPU KOTOPOM COXPaHSETCsl pabOTOCTIOCOOHOCTh MOPIIHEBOTO MEXaHU3MA, 110
CPaBHEHHIO C TEOPETUYECKH pPACCUYUTAHHBIM YIJIOM CBSI3aHbl C OTKJIOHEHHUEM
pealbHBIX 3HaYeHUH K03 PUIMEeHTa TPEHUS OT CIIPABOYHBIX.
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[TonydyeHHbIE B JAaHHOM HCCIIEIOBAHUU PE3YIBTATHl MOTYT CIIYKUTb OCHOBOMU
st mpoektupoBaHusi  dHeproemkux — AIITHJI, oOmamarommx  BBICOKUMU
JUHAMUYECKUMU Ka4ECTBAMM.

Beenenue.

Ha xadenpe «Cuctembl mNpuBOIOB, MEXaTpoOHMKAa U pobOoroTexHmka» bITY
«BOEHMEX» pa3paboraHa akCHaJbHO-NOPIIHEBAs T'HIpPOMAIIMHA C HAKJIOHHBIM
IYCKOM (ATITHL), oOJagaromas YIIYyUYIIEHHBIMHA TUHAMUYECKUMHA Hu
DHEPreTUUECKUMH XapaKTEPUCTUKAMU 32 CYET THUIPOCTATUYECKOM U CHUIIOBOM
pasrpy3ku nopirHeBoro mMexanusma [4]. Tlo utoram mpeaBapUTEIbHBIX HCIBITAHUN
YCTaHOBJIEHO, YTO B HEKOTOPOM JHalla30HE 3HAUYEHUM YIJIOB HAKJIOHA OIOPHOIO
JIrcKka Hapymaercs paborocnoco6HocTh Takoi AIIIHJI, B wacTHOCTH, TPOUCXOAUT
PaCKpBITHE CTHIKA MEXK/Ty OIIOPHBIM OAIIMaKOM U HAKJIOHHBIM TUCKOM.

Llenbto paboOTHI SABISETCS OMHCAHUE YKa3aHHOTO MpoIlecca C HaXOXKIECHUEM
MUHUMAQJIbHOTO  yrja  HakJIOHa  OMOPHOTO  JHCKa,  OOECHeYyHBaIOIIEro
pabdorociocobnHocts  AII'HJ/[, W ToOATBEp)KOCHHE TONYYEHHBIX pPE3YJIbTaTOB
SKCIEPUMEHTAIIBHO.

Haxo:xnenne pado4yero Anana3oHa yrjia HaKJIOHHOIO JHCKA.

MexaHu3M pacKpbITHS CThIKa MEXJy OalllMakoM M HAaKJIOHHBIM JHCKOM CBSI3aH C
KOHCTPYKTUBHBIMU OCOOCHHOCTSIMH MOJIEPHU3UPOBAHHON MOpIIHEBON mapsl. s
KOMITCHCAI[MH TIepeKOoca TOPIIHS B HAMpaBJisitomieii BTynke [3] cMeleHHbIN MapHHUp
JI0JDKEH OBbITh €JMHOOOPa3HO OPUEHTUPOBAH OTHOCHUTENIBHO HAKJIOHHOIO JHMCKa Ha
BCcEM paboueM LMKIE ruapoMaminHel. [Ipu Takom mporecce MpoMCXOAUT BpalleHHe
MOPIIHA OTHOCUTEJIBHO HAMPABIIAIOLICH BTYJIKH, TAaKKE MPOUCXOIUT CKOJIBXKEHUE
OMOPHOro OaliMaka 1Mo HakJIOHHOMY JTHUCKY. B ciydae mpeoGnagaHusi cui TpeHHs B
YKa3aHHBIX KHHEMAaTH4YeCKMX Iapax HaJl peakuued HaKJIOHHOIO  JUCKa,
yAEpKUBAIOIIEH MOPIIHEBYIO TPYIIY B paboueM MOJIOKEHUH, IPOUCXOAUT MOBOPOT
MIOPIIHEBOU TPYIIIbl OTHOCUTEIBHO HAKIIOHHOIO JUCKA U PACKPBITUE CTBIKA MEXIY
OTIOPHBIM OAIIMaKOM M HAaKJIOHHBIM JTHCKOM.
Pa3BopoT MOPILIHA ONUCHIBAETCS KAK ACHCTBUE MOMEHTOB CUJI TPEHUS:

Mg > My + My (1)
roe My = ‘Pf:;‘ ptanyrsin(g)

My, :"f"P L P Em(ﬂ! _E} (h —r cos(g) - cosy) +

Y -‘T:ﬁp cg;g(cz — E) cosy-rsin{@)— MOMEHT CHJI TpPEHHS B IIape

«0OalrMaK-HaKIOHHBINA JUCK)

Mz —MOMEHT OT peaKIH HAaKIIOHHOTO JucKka R

¥ —xo3¢punment npuxkaTHs NATH K TOBEPXHOCTH HAKJIOHHOTO JAUCKA

P —naBJjeHue padoyvei )KUIKOCTH

¥ —YTOJI HaKJIOHa HAaKJIOHHOTO JICKa

7 — pagnyc OMOPHOTO OamMaka

@ —YTJIOBasi KOOpAMHATA TOYKH KOHTAKTa OTIOPHOTO OammMaka v OBEPXHOCTH JIUCKa
g —YrOJl TIOBOPOTa LWJIMHIpPA OTHOCUTEIILHO IMOJIOKEHHS, B KOTOPOM IOPIICHb
MaKCHMAJILHO BABUHYT B HETO

210



RZ — cymMMapHas peakiys B IOPITHEBOH mape
f —koabuIeHT TPEeHUS! CKOIBKEHHSI
F, —cuna TIuapOCTaTUYECKOrO MNaBlIeHMst pabodel JKHUAKOCTH Ha TOPLEBYIO
MTOBEPXHOCThH MOPIIIHS
d,, —IuameTp MOPIIHS
T'o — oceBasi COCTABIISIONIAS CHIIBI TPEHUS B TIOPITHEBOW TTape

— nE dy

M T, = R f - — MOMEHT OT CHJI TPEHUS B [1aPE «IIOPLICHb-LMINHID)

YcnoBrue HEPaCKPHITUS CThIKA MEXKAY OMOPHBIM OAIIMaKOM M MOBEPXHOCTHIO
HaKJIOHHOTO JUCKa MPUOOpETAeT CIETYIONNNA BHUI:

tany > f R d""+| |h‘”+|' | 2
Il _— cosax| — EIrex| = COS
¥ EY 2r . ¥ (2)

[Ipu nmoncranoBke B Gpopmyiy (2) 3HaUCHUH, COOTBETCTBYIOIIUX MapaMeTpam
peansHOM AIII'H/I, ycTaHOBIIEHO, UTO yroJ HaKJIOHHOTO JUCKA JIOJDKEH MPEBBINIAThH
16°.
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Puc. 1 [{uknorpaMmMa 0ceBO# COCTaBISIOMIEH
CHJIBI TPEHUS B TIOPIIHEBOM Mape MU YIile HAKJIOHA OMOpPHOro aucka ¥ = 18°
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3KCHepHMeHTaJII)H0€ MOATBEPKACHUE.

,Z[J'Ifl 3KCHepI/IMeHTaJ'H)HOFO HOHTBep)KJIeHI/ISI 3Ha‘-IeHI/H71, HOJ'Iy‘-IeHHI)IX AHAJIUTUYCCKU,
M3rOTOBJICHA OMOPHAs YacTh HAKJIIOHHOTO JHCKa C yriioM paBHBIM 18°. B aTom cirydae
obecrieueHa paboTOCTIOCOOHOCTH Ha BCEM ITMKIIC, YTO MTOKa3aHOo Ha puc. 1

JakioueHue

B xome pabGoTel TeopeTHueckM OOOCHOBAaH W JKCIEPUMEHTAILHO TOJATBEPIKICH
JUana3oH pabdoyuMx 3HAYEHUW yIjla HAKJIOHHOTO JIMCKa MOJIEPHU3UPOBAHHOU
AIITH/. DxcriepuMeHT MTOATBEPAUI BEIOPAHHYIO MOJCIb OMUCAHUS TTPOUCXOSAIINX
MIPOLIECCOB HA ITUKJIE padOThI TUAPOMAIIHNHEI.
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Pegepar

B noknane mpeacTraBieH METOJ CHHTE3a CHCTEMBI MACHTU(UKAIUN 1e(EKTOB,
MOSIBJISIFOUINXCS B PA3IMYHBIX 3JIEMEHTaX CJIOKHBIX MEXATPOHHBIX CHUCTEM,
OIMCBHIBAEMbIX HETUHEHHBIMU U PEpeHIUaNbHBIMU  YPAaBHEHUSIMH. ITOT
METOJ] OCHOBAaH Ha HCIOJb30BAaHUM JMATHOCTUYECKHUX HaOmonaresned u
JIOTUKO-IMHAMHMYECKOI'0 TOJIX0Ja, IIO3BOJISIOIIEr0 MPUMEHATH JIMHEHHbIE
METO/Ibl NIPU TUATrHOCTUPOBAHUM JAE(PEKTOB B HEITMHEHHBIX CUCTEMAX, a TAKXKE
Ha BBEJCHUU B IOJIyYE€HHBIE HaOJIOaTeNu CHelMaIbHON 00paTHOM CBsI3U 1O
CUTHAJly HEBA3KU, KOTOpas O0ECHeurnBaeT TOYHOE ONPEJEICHHE BEITUYHH
NOSIBJSIIOLIMXCS 1€(DEKTOB B pealbHOM MaclTabe BpEMEHHU.

Ha npumepe naentuduxanuu aeQekToB, BO3HUKAIOIIUX B 3JEKTPONPUBOJIAX
MHOT'O3BEHHOI'O MAaHHUIYJIATOpA, IOKa3aHa pabOTOCHOCOOHOCTh U BBICOKAs
3¢ (HEKTUBHOCTD MPEAJIOKEHHOIO METO/1A.

BBEJIEHUE

OmHuM Y3 TEPCHEKTHBHBIX IMyTeW TMOBbIIEHUS 3(PQPEKTUBHOCTH U
paboTOCTIOCOOHOCTH ~ pa3NWyHBIX ~ MexaTpoHHbIXx cucteM (MC) mpm
BO3HUKHOBCHHHM  HE3HAUUTEIbHBIX Je(PEKTOB B HMX CEHCOPHBIX U
WCIIOJTHUTENBHBIX JIEMEHTAX SBIISIETCS MCIOJB30BAaHUE CHCTEM aKKOMOJAIUU
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K 9TuM aedekraM [1]. DTH cUCTEMBI MO3BOJSIOT aBTOMATHYECKH COXPAHSThH
paboTOCTIOCOOHOCT, M BaKHEHIIME  XapaKTePUCTHKH  JTUX  CHUCTEM,
obecreunBasi TaApaHTUPOBAHHOE BBITTOJTHEHUE 3a/IaHHBIX OTIEPAIMil 1 MUCCHUH.

B nactosiiiee Bpemsi CyHIECTBYET HECKOJBKO Pa3IMYHBIX MOAXOJO0B K
cuHTe3y cucreM akkomomarnuu kK nedexram B MC [1, 2]. Bece atu moaxossr
OCHOBaHBI Ha TIpoLeAypax JOKAIM3alUM W HUACHTU(UKAIMA B pPEATbHOM
Maciitabe BpEMEHHM BEJIMYMH BO3HUKaroumumx aedexroB ¢ momomisio [IH, a
Takke Ha (QOPMUPOBAHMM CHCIHAIBHBIX JIOTIOJHUTEIBHBIX CHUTHAJIOB
KOPpPEKLIMM  3aKOHOB  YOpaBJCHUS,  TapaHTHPYIOIIUX  OMNEPaTUBHOE
napupoBaHue 3Tux aedektoB. [[ns pemieHus 3aaaun TOUHON UIACHTH(DUKAIITN
BemuunH 9OTuX nedpektoB B JIH wucmome3yercs oOpaTHas — CBSA3b,
MPONOPIIMOHANBHASI CUTHATY (opmupyromieiicss HeBs3ku. OIHAKO BBEIACHHE
ATOW OOpAaTHOM CBSI3U MO3BOJISIET OMPENEIUTh BETUYHHBI J1e(DEKTOB TOJIBKO B
ToM cnydae, korga JIH omnwuceiBaroTcs nud@epeHnnaibHbIMU YpaBHEHUSIMU
nepBoro mopsiaka [3]. Ho B OombmuHCTBE cCiiydaeB HaOItomaTenw
OIMMCHIBAIOTCS HEJMHEWHBIMU YpaBHEHUAMH OoJiee BBICOKOTO MOpsAKa, KOrjaa
W3BECTHBIH METOJ HE MOXKeT ObITh ucrnoib3oBaH. [losaTomy mpoGiema
pa3pabOTKH JIETKO PEaTM3yeMbIX CUCTEM TOYHOW HIEHTU(UKAINH JIePEKTOB,
BO3HHUKAIOIINX B pa3iuyHbIX eMeHTax MC, mo-npexxHeMy OCTaeTcsi BaKHOU
1 AKTYaJIbHOM.

C ydyeroM OTMEUEHHOrO0 B JOKJIAJle€ CTaBUTCSI W pelIaeTcs 3ajaaya
pa3pabOTKU METO/a CUHTE3a CUCTEM TOYHON MICHTU(PUKALIMY TOSBIISIOMUXCS
nedexkToB B pasnuuHbIX cioxkHBIX MC, B KOoTOphIX wucnoisdytorcs [IH,
onucbiBaeMble  nuddepeHnanbHbIMU  YPABHEHUSIMH € Pa3MEPHOCTHIO
IIPEBBIIIE TIEPBOM. IJTOT METOJ OCHOBAH HA HCIOJIb30BAHUM JIOTHKO-
nuHaMuueckoro noaxona [4] k cunrtesy AH nis HemMHEWHBIX CUCTEM, a TaKXkKe
Ha BBeZieHNH B 3TH JIH xommiiekcHOW oOpaTHOW CBSI3M MO CUTHAIIy HEBSI3KH
CHEIMAIIbHOTO BHJIa, 4YTO O0OECIeYMBaeT TOYHOE OIpe/esieHne BEITUYHH
MOSIBIIFOIINXCSI 1I€(PEKTOB B peaIbHOM MaciiTade BpEeMEHH.

OIIMCAHME ITPOLHEAYPbI CUHTE3A 1H

B oOmem cinywae MC MoxeT ObITH ONKCaHa CHUCTEMOW HEIWHEWHBIX
mudpepeHIaNbHBIX YpaBHEHUH, KOTOpas B MAaTPUIHON (popMe MMEET BU/I;

X)) =Fx({t)+B(x(),u(t)+Gu(t)+Ld(t),
y (1) = H x(t), (1)

rae X(t) e R" — Bekrop cocrosuus MC; y(t) € R" — usmepsemble naTankamu

nepemennsie  coctostams  MC  (m<n); u(t)eR' — Bexrop Bxoma
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(ynpasnenus); d(t) € RP — Bexrop nedexToB (Mpu OTCYTCTBHHU JEPEKTOB BCE
sneMeHThl Bektopa d(t) paBHBI HYJIIO, a IPU TOSBJICHUH Je(eKTa KOHKPETHBIN
5JIEMEHT CTAHOBUTCS HeHyneBbiM), F e R™" — Marpuma auHaMuyecKux
cBoiictB MC; GeR™ — wmarpuma kod>ddUIHMEHTOB ycHIeHHS Ipu
ynpasisiomux Bosaeicteusax; H € R™" — martpuia BbIXoma, CBS3bIBarOIIas
BekTtop cocrosuuss MC ¢ Bektopom usmepenuit; LeR™P — wmarpuna

nedexkToB, ykasbiBawIias B kakom Mecte MC Bo3Huk nedekr; B e R" —
BEKTOP, ONPEACISIONIMIA HEIMHEWHYI0 4YacThb CHUCTEMbI; N — KOJUYECTBO
MEPEMEHHBIX COCTOSIHMSI (TOPSIOK CUCTeMBbI); | — KONIMYECTBO KaHAJIOB
VIOpaBIICHUS, P — KOJUYECTBO Je(EKTOB, KOTOPhIE MOTY BO3HHUKHYTH B
CHUCTEME; M — KOJIMYECTBO JATUYMKOB, M3MEPSIOIIUX MEPEMEHHBIE COCTOSHUS
CHCTEMBI.

3amauy oOHapyxeHUsT JOe(PEKTOB U ONpeleNeHUusT WX BEIHYUH
npeyiaracTcs pemiath Ha OCHOBE JIOTMKO-IAMHAMHUYecKoro moaxoxa [4],
KOTOpbIi mpu noctpoennu JIH mo3BoisieT MCHoiab30BaTh TOJBKO JIMHEWHBIC
MeToAsl. B 3TOM monaxome mpW CcHUHTe3e HaOromarenell HCIOIb3yeTcs
HECKOJIbKO 3TamnoB: 1) mepexon oT HenuHeHoN Moaenu MC k ero auHenHON
JIOTUKO-TMHAMUYECKON Mojenu; 2) cuHte3 Oanka JIH nns momydeHHOU
JUHEWHOW Mojenu; 3) OmpeaeliecHHe HETWHEWHBIX COCTaBISIONIUX U
no0aBiIeHUE UX K MOCTpOoeHHbIM JuHeHbIM JIH. B pesynbrare ynaercs
chopmupoBaTh OaHK HenWHEHHBIX J[H, KakIblii U3 KOTOPBIX UyBCTBUTEIICH
TOJIBKO K OJHOMY U3 1e(EKTOB M MHBAPUAHTEH K OCTaIbHBIM. KaXkIplii U3 3TUX
JIH onuchiBaeTcs ClIENYIONIMMHA YPABHEHUSIMU:

X (1) = F'x (t) + B (X' (t), y(t), u(t)) + G u(t) + J y(t),
V(1) = HX' 1), @

roe X (t) € R® — Bexrop cocrostams JJH (k<n); y'(t) — BbIxOmHOI cHrHAT
JIH; F" e R** — matpuua nusamnuecknx csoiicts JIH; G € R™ — marpura,
yunthiBatomas Bektop ympasiemms U(t) B JH; H eR* — Bexrop,
csspBaromuii X (t) ¢ y (t); B” € R — BexTop, yunThIBarOLIMii HETHHEHHYIO
gacth cucremsl B JJH; J € R™* — marpuna, yuutsiatomas y(t) B JH; k —
KOJM4eCcTBO nepemMeHHbIx coctosinus JH (mopsgox JIH).

[pu cunrese JH (2) martpuna F~ u Bektop H  06bI4HO 3amaroTcst B
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« 100 1 .. 0 .
cienyromeM Buge: F o= , H'=[L 0 0 .. 0], a

00 0 .. 0
matpunbl G, J, B, a Takxke pazmepHocTs JIH onpenensitorces mo M3BeCTHBIM

npoueaypam [4].
JIH (2) crpoutcs Takum oOpa3oMm, 4TOOBI TMPU OTCYTCTBUU ACPEKTOB

BBIMOJHSJIUCh ~ CIEAYIONIHE  COOTHOIICHHUS: X (t) =D x(t), G =G,
CH=H® &®F=F®+JH. Marpuma ®<R"™ wu Bextop CecR"

onpeaeNsoTcs B xoae cuaresa JJH.
Hessizka r(t), ykaspiBarolasi Ha OTCYTCTBHE WIIM MOSIBJICHUE Te(eKTa B

MC, dhopmupyeTcst B BUe
rt)=Cyt)—y () =CHx({t)-H X (t) =H ®&x(t)—H X (t) = H'e(t), (3)

riae e(t) = @x(t) — X (t) € R — BexTop paccornacoBanus $ha3oBbIX KOOPIUHAT

MC u JIH.
JIns  manpHEWIero pemieHus 3adadyd  HIeHTHQHUKAIHMU  JASPEKTOB
HEOOXOMMO ONpeNeNuTh CBSA3b MeXay HeBs3koi I(t) m medpexrom d,(t),

KOTOPOMY YYBCTBHUTEJIEH TOCTPOCHHBIH HaOmomarens (i=1,p). Dra cBs3b
3a/1a€TCs CIETYIOIINM BBIPAKEHUEM:

F(t)=H (Fe()+®B(x(t),u(t)—B (X (t), yt),ut))+dLd(t)). (4)

C yuerom Buaa Bekrtopa H™, a taxke (3), Bolpaxenue (4) MOXKHO
Mepenucarh CleayrIeM 00pa3om:

é(t) = Fe(t) + DB (x(t), u(t))—B (X (t), y(t), ut)) +dLd (t). (5)

Jlnst pereHust 3aja4i TOYHOM UACHTU(DUKAIMKM BETMYUH BO3HUKAIOIIUX
nedexroB B JIH mpennaraercs BBOAUTh OOPATHYIO CBSI3b MO0 CUTHAITY HEBSI3KH
w(r) [4]. IlepBoe ypaBuenue B Moaenau JIH mpu BBedeHHMH Takoil oOpaTHOM
CBSI3M MPUMET BUJ:

X (t) = F X (t)+B (X (t),u(t)) + G u (t)+J y (t) +w(r), (6)
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rae W(r) € R* - BexTop, 3amarouiuii 06paTHYIO CBSI3b IO CHTHANY HEBSA3KHL

[ToBenenue BekTopa paccornacoBanust (5), ¢ ydu€ToM BBeAEHHOMH
obpatHoii cBsi3u (6), OyaeT onpeneasiThCs ypaBHEHUEM:

é (t) = F'e (t) + DB(x(t), u(t)) — B (x'(t), u(t)) + @Ld (t) —w(r). (7)

W13 ypaBuenus (7) BUAHO, YTO B YaCTHOM CjIydae, Koraa pasmMepHocts JITH
paBHa 1 (T.e. Y(t)=x(t)) Bcerma OyayT BBIMOJHATHCS CICAYIOIIME YCIOBHS:
F*=0, ®B=B* u e(t)=r(t). B pe3ynbrare BBeIcHHE MPOCTON OOPATHOI CBSI3H,
NPOMOPIUOHAIILHOW CHTHATY HEBsi3kH F(t) MO3BONMT TOYHO ONPEAEITHUTH
BeNMYMHY BoO3HMKatomiero nedpekra [3]. Ommako s cioydas, Korja
pasmepHocts JIH Bbime meppoit (T.e. Y(t)# X(t)) cocrapmsomme F e(t),
OB (x(t), u(t)) u ®Ld(t) B ypaBuenuu (7) OyayT HEM3BECTHBIMU. B 3TOM

ciydae uneHTudukanus 1e)eKToB ¢ TOMOIIBIO BBEICHUS OMMMCAHHOMN TIPOCTOM
00paTHO CBSA3U CTAHOBUTCSI HEBO3MOXKHO.

Jlist perieHust yKka3aHHOUM MPOOJIEMBI B JOKIa/Ae MPEAJiaraeTcs BBOJIUTH B
JIH Takyio oOpaTHyIO CBS3b IO CUTHAIIy HEBSI3KH, KOTOpasi Bceraa o0ecrneyuT

e(t)=0. B sToM ciydae GyayT BBINOIHATHCS cooTHomeHms: F e(t)=0,

®B=B wu é(t)=0. B pesynbrate BenuurHa OOPATHOW CBSI3U CTAaHET
nponopiroHanbHa cocrapistomerd @ Ld (t), 4ro mo3BonMT B AanbHEHIIEM

TOYHO OMpPECIUTh UCKOMBIN nedekT. [Janee paccMOoTpuM mpolenypy CUHTe3a
yKa3aHHOU 00paTHOM CBS3H.

CHUHTE3 OBPATHOI1 CBSI3U 1Sl TH

[Tockonpky JIH npu J10TrMKO-IMHAMHYECKOM MOAXOAE CTPOWIUCH TaKUM
o0pa3om, yToObl KaXk/IbIii HaOII0aTeNlb OBbLT YYBCTBUTEJIEH TOJIBKO K OJJHOMY
u3 e(heKToB U oOecreunBaach HHBAPUAHTHOCTh K OCTAJbHBIM, TO C YYETOM
BUAa Marpunmbsl F u cBolictB Marpumel DL, a Takke NPH OTCYTCTBUH
HavabHOTO paccorymacoBanuss mexay JH u O]l Beipaxkenue (7) MOXKHO
Mepenucarh B BUJE:

f,d,+a, =€, +W, =€, +W,, +W, =€ ,+W, ,+
v)

(8)

(v-1)

; _ ®
FW, W, =6 W W

rie @, - V-blif aneMeHT BekTopa @B(X(t),u(t)) — B (X (t),u(t)), v =1k, f, -

v
V-BIif 371eMeHT BekTopa DL .
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[Iycte smeMeHTHI BeKTOpa OOpaTHOW CBsI3M, KpomMe V — TO

NPONOPLHOHABHBI BEJIMYNHE HEBA3KH W, :_I_—je1 (j=Lv-1), roe To, Tj—
0

. T 1
k03¢ dunneHTsl 00paTHOW cBsi3u, a W, =—-€ +—1z(e,). B artom ciyuae
0 T
ypaBHEHHUE (8) MOXKHO TepenucaTh:

(v-1) 4+ @

W T T, T, 1
1‘Vdi+av=e1”+_|_—1e1 ..+T—1e1 +-Ve +T—z(e1). (9)

0 0 0 0

Ecnu npencrasuts 3nauenue f,d; +a, B Buae BXOZHOTO CUTHANA, a €1 B

BUJIE BBIXOJHOTO, TO BhIpakeHUE (8) MOKHO IMepenucaTrh B BUJE CIESAYIOMIEH
nepeaTouHoN QyHKIUU:

T

W = '
ToS' +.. 4T, ,S+T, +Z(s)

rje S — onepatop Jlamiaca.
[pennonoxum, uro f,d,+a, MoxeT OBITH NpEACTaBICH B BHIC

nomuHoma  crenenn  (: f.d; +a, =by +bt+..+bt Y rie by, ..., b -

HEKOTOphIC MOCTOSTHHBIC KOd(unueHTrl. Toraa ycTraHOBUBIIEECS 3HAUCHUE €1
MOXKET OBITH HaWJIeHO CJIeIYIOIIUM o0OpazoM:

To(0es™™ +...+by)s

&=l (Tys" +..+T,)s" +2(s)s
oS+ 4T,
T, T, T T,
Ionaras, uro  Z(s)=—Y1+-U24 + 24 Y9 \oKeM MONyHUTS:
S st ™
_ T, (0,5  +...+b,)s
e, =lim Sh g =0.

v q+1 q
590 (Tos" +. +T)s™ +T,8" + + T g

Taxum oOpazom BBeICHHE MPEAIOKEHHON OOpAaTHOW CBSI3M MPUBOIUT K
OOHYJICHUIO YCTAHOBUBIIIETOCS 3HAYCHUS €1.

Bo MHorux peanbHbix MC BO3HHMKAIOT MHOCTOSIHHBIE WJIM MEIJIEHHO
n3MeHsmuecs nedekTel. B 3TOM ciydae (C y4eToM TOTro, 4TO MBI MOXKEM

BeIOpath T,,=1) z(e)) = I e,dt. Torna BennunHa nckomoro nedexra di Oyner

1
onpenessThes Boipaxenuem: O, = —— I e dt.
v'o
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Takum oOpa3oM, BBeZeHHas oOOpaTHas CBs3b IO3BOJIAET TOIYYHTH
TOUYHYIO OIICHKY BETMYMHBI Bo3HUKatomux B MC nedexTos.

NCCIEJOBAHUE CUTCEMbI UHAEHTUDOUKALIUU JED®EKTOB

Jlnst mpoBepku paboTocmocoOHOCTH U A(PGHEKTUBHOCTH MPEIIaracMoro
MeToAa uaeHTUGUKAIMU 1e(EeKTOB OBLJIO MPOBEICHO MOJACIUPOBAHUE PAOOTHI
CHUHTE3MPOBAHHON CHUCTEMBl Ha TpuUMepe UACHTU(UKAIUU Je(PEKTOB B
AIIEKTPOTIPHBOJIAX MHOTO3BEHHOTO MaHuITysitopa Tuia PUMA [5].

[Ipu wmomenupoBaHuM JePEeKT B  DIICKTPONPUBOAEC HMMHUTHUPOBAJICS
CKa4KOOOpa3HbIM HM3MEHCHHEM BEIIMYMHBI MOMEHTa CYXOTO TpEHHUs Ha
BermuuHy 0.01 Hm B mepuon ¢ 1=10 ¢ no t2=20 c.

Ha puc. 1 npencraBieH pe3ynbraT padbOThl NPEIIOKEHHOM CHUCTEMBI
uaeHTuQUKauu aegexroB. M3 3TOro pucyHka MOXKHO BUAETb, YTO CHUCTEMa
UICHTU(PUKALMN TO3BOJIIET CBOEBPEMEHHO ONpeNeisaTh (aKT MOsSBICHUS
nedexTa, a TaKkke TOYHO OICHUTH €r0 BEIMYHHY. AHAJTOTUYHBIC PE3yIbTAThI
OBUTH TIOTYYEHBI U TSI IPYTUX TUIIOB BOSHUKAIOMINX 1€(DEKTOB.

0.01 , .

0.005L oo ...................................... _

0

Puc. 1. Pesynbrar uaeHtudukanuu BeTHInHBI 1edeKTa

Takum  00pa3om, pe3ynbTaTbl  MOJEIUPOBAHUA Ha  IpUMEpE
UIeHTU(DUKAIIAN ne(dexToB, BO3HUKAIOLIUX B ANEKTPONPUBOIAX
MHOTO3BEHHOT'O MaHUMYJSTOpa, IMOKA3aId TOJHYH paboTOCHOCOOHOCTh H
BBICOKYIO 3()(EKTUBHOCTH MPEIOKEHHOTO B paboTe METO/IA.

3AK/IIOYEHUE
B  nmokmane  pa3paboraH  MeToJa  CHHTE3a  CHCTEM  TOYHOM
UIEeHTU(DUKAIUYA TIOABIISIOMUXCS Je(EeKTOB B pa3lUyHBIX ClIoXHBIX MC, B

KOTOphIX  ucnonb3ytorcss  JIH, omnuceiBaembie  nud@epeHnnaaIbHbIMA
YPaBHEHUSIMHU C Pa3MEPHOCTBIO MPEBBILIE MEPBOMl. DTOT METOJ OCHOBAH Ha
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WCIOJIb30BAHUH  JIOTMKO-IMHAMUYECKOTO Tmoaxofaa Kk cuHTesy JH s
HEJTMHENWHBIX CUCTEM, a Takke Ha BBeAeHUU B 3TH JIH xomrekcHoi oOpaTHOM
CBSI3M 110 CHTHAJYy HEBSI3KH CICIMAIBHOIO BHJA, YTO OOECIEYMBACT TOYHOE
OTIpE/ICIICHNE BEJIMYMH TIOSABIAIOMMUXCSA Ne(PEKTOB B pealbHOM MacmTade
BpEMEHU.

Paboma nooodepowcana epanmamu PODU (16-29-04195, 16-07-00718,
16-07-00300, 16-38-00187), a maxoce epaunmom npesudenma PD (MK-
8536.2016.8).
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Pedepar

Pa3paGotanbl U 0000IIEHBI METOJABI MAaTEMAaTHYECKOTO MOJICIUPOBAHUSA U
BEKTOPHOW ONTUMU3AIMHU TPOIECCOB MHOTO(PAKTOPHOTO paclpeeeHUs
PECYpPCOB Ha OCHOBE YMCIIEHHO-AHAJIIMTUYECKOr0 aHAJIM3a BEKTOPHON MoJenu
PECYPCHBIX  paclpeeauTeNbHbiX  cucTeM.  (O0001IeHO  NOHUMAaHUE
KOMIIPOMHUCCA KaK KOJIMYECTBEHHBIX MPEANOUYTCHUN MEXIY albTepHATUBAMMU
Ha OCHOBE ONTHUMH3ALIUU BECOBBIX KOAI(DPHUIIMEHTOB CKaJISPHBIX KPUTEPHUEB B
KPUTEpPUAIIbHON CBEPTKE.

[Ipennaraemplii 1MOAXOA TO3BOJsET (popmanu3oBaTh M aBTOMATHU3UPOBATH
TEXHOJIOTHIO ONTHUMU3AIMU  PACHPENECIUTENbHBIX CHUCTEM, CYIIECTBEHHO
MOHU3UB  CIIOKMUBILIMKCA  YPOBEHb  3aBUCHUMOCTH  PE3YJbTaTOB  OT
BPUCTHYECKUX U clydyallHbIX (QakTopoB. Pe3ynpTaThl HcciaegoBaHMiA
OpPUEHTHPOBAaHbl Ha TMPUJIOKEHHE K 3aJadyaM ONTUMHU3ALUU HAYKOEMKHX
TEXHOJIOTUH ¥ BHEAPEHUE B yUE€OHBIN MPOIIECC BBICIIECH IKOJBI.

BBEJIEHHUE

B coBpeMeHHBIX yCIIOBUSIX pacipeae/IUuTeNbHbIe U JOCTABIISIIONINE PECYPCHbBIC
CHUCTEMBI JIOKAJTLHOTO U TJIO0ATBHOTO MACIITaA00B UTPAIOT BCE OOJBIIYIO POJIb.
Hanuune pa3BuToii MHQPACTPYKTYphl PECYpPCHBIX CETEW, HAXOMSIIUXCS B
aKTyaJbHOM COCTOSIHUHU, SIBJISIETCS OJHUM U3 BaXXHEHUIIUMX IOKa3aTesei
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BBICOKOT'O TEXHHYECKOTO YPOBHS pa3BUTHS ¥ OpraHU3alMyd OOIIecTBa.
CeszanHble ¢ HEdPPEKTUBHBIM (PYHKIMOHUPOBAHUEM CETEBBIX CHCTEM
KPUTHYHBIC COOM M TEXHOTCHHBIE PUCKH O0YCIaBIMBAIOT HEOOXOIUMOCTh HX
PEHH)XMHUPWHTa Ha OCHOBE MHOrO(akTOPHOTO aHalu3a [IPHHIUIIOB
opraHm3anuu u ymnpasiesus [1,2].

OnuuMm 13 3(pPEKTUBHBIX HANMPABICHUN HCCICIOBAHHUS TaKUX CHUCTEM
SBIISICTCSI KOMITBIOTEPHOE  MOJCTUPOBAHKE, IO3BOJIAIONIEE HA OCHOBE
MaTeMaTHYeCKHX MOJCNEeH ONTUMHU3UPOBATH WHTEPAKTHBHBIC IPOTOTHIIEI
ceTeBbIX CTPYKTYp [3,4]. 3aech KIOYEBEIM MOMEHTOM SIBISIETCS KOPPEKTHOE
dopMmynupoBaHHe KpUTEPUEB U TNPUHIMIIOB BBIACICHHUS ONTHMATbHBIX
pemenuii. [lpu sToM, TpeOyercss ompenenuTs THUOO0 BHATHBIE KaueCTBEHHBIC
OTHOIICHUSI MEXIY CKaSIPHBIMH COCTABJISIONMMH KPHTEPUAITBHOTO BEKTOpa
(HampuMep, TPEANOYTeHHs), JIMOO KOJUYECTBEHHBIEC, peajn3yeMble B BHE
3HAQUYEHUH BECOBBIX KOX(PQPHUIMEHTOB, OTPAKAIOMIMX 3HAYUMOCTH KaXKIOTO
OTJCIBLHOTO CKalsApHOro Kputepus [5,6]. Takue OTHOIIGHUS MPHOPHUTETA,
[0/19aC CTPOTO YCTAaHOBUTH 3aTPYIAHUTENBHO, B CBA3H C OTCYTCTBHEM IOTHOTHI
nHpopManuu 06 0OBbEeKTe.

B pabote peann3oBaHa BO3MOXKHOCTh MOHMMAaHHUS KOMIPOMHCCA 4Yepes3
YCTAHOBJICHUE KOJIMYECTBEHHBIX MPEIIOYTCHUH MEXKIy albTepHATHBAMHU Ha
OCHOBE ONTHMHU3AI[MM BEKTOpPAa BECOBBIX KOX(PQPUIMEHTOB CKAISAPHBIX
KpPHUTEpUEB B KPUTEPHAIbHOU cBepTKe. IIpu 3TOM Ha IepBOM dTare CTPOUTCS
napaMeTpUIecKoe MHOKECTBO ONTHMAJIBHBIX PEHICHUH ISl arperupOBaHHOTO
KpHUTEpUsT Ha MHOXXECTBE JOIMYCTUMBIX pemreHuil. Ha mocienyromem srtame
peanmu3yeTcs 3ajada OTHICKAHHS ONTHUMAJIbHOIO BECOBOIO BEKTOPAa CBEPTKHU
KPUTEPUEB Ha BBIICICHHOM MapaMETPHUECKOM MHOXKECTBE ONTHMAIBHBIX
pELICHUN.

MATEMATHYECKAS IOCTAHOBKA 3AJIAYHN

PaccMatpuBaeTcs cucTeMa pacipe/esieHus pecypcoB o0beMa S o KOHEYHOMY
qyucay nporeccoB N, CTpyKTypHas cxema KOTOpOi 0TOOpakeHa Ha pucyHke 1.

Takast pacnpeneauTeNbHas CHCTEMa XapaKTEPHU3YETCS CICAYIOIIMMHU
BEKTOPHBIMH BEJIUYMHAMHU: KOJIMYCCTBOM PACIPEACICHHOIO B KaKIbIA I—bIi
nporiecc pecypca X = {Xj}, morepsmu cbipbs P = {pi}, mmaHupyembimMu
oobemamu nepepadotku A = {ai}, BecoBoii 3HaunMocThI0 mporieccoB C = {Ci}
— XapakTepucTuKor ux 3¢ dextuBHOCTH Ci = {Cij} C TOYKH 3pEHUS |—O¥ LEH,
TEXHOJIOTUYCCKUMH W/WIM SKOHOMUYECKHMMH OTPAHUYCHUSMHU CBEPXY M CHU3Y
Ha o0wvemsbl iepepadotku H = {hi}, L = {li}, coorBeTcTBeHHO.
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Pucynok 1 — Cxema pacnpeenieHus pecypcoB

OO600111eHHYI0 MOJIeNIb paCCMaTPUBAEMOM CHUCTEMbI MOKHO MPEJICTAaBUTh
B CIIeIyIOIeH BeKTOpHOH hopme

FOCA) =R R PR = (R ()

1= 0={0) @)

31ech CTpOKa KPUTEPUAIBHOM MaTPHUILIbI F(X,A) C HOMEpPOM |
xapaktepu3yeT 3()(HEKTHBHOCTH PACIIpE/ICNICHHUs pecypcoB B 00beme X; B i-id
npouecc (mampumep, F;(X,A) mnpu (J=1) MOXkeT oTpakaThb NpPOLECCHBIE
U3JICPXKKH, a IpH (J=2) - COOTBETCTBYIOLIUE O0XO0Ibl, IpU (j=3) - U3MEepPUMBbIH
OKOJIOTHUECKMH WM COLMAJIbHBIA pPe3yabTaT (PYHKIIHOHHPOBAHUS I-TO
mporecca u T.01.). IIpyu 3TOM KaKIblid J—bIl BEKTOP-CTOJOEII I:j Matpuilsl (1)
MaTeMaTH4YeCKH (OpMau3yeT MOHUMAaHUe ONTUMAIBHOCTH J—OH LIEJIH 10 BCEM
| Iporreccam.

B cootHomenusix (2) mist obiaact G pecypcHBIX OrpaHUYEHH CHMBOII
< o0003Ha4aeT OJWH W3 JOMYCTUMBIX D3JIEMEHTOB OTHOIICHUS IOPsIKA
<e{<,<,=>>}, BO3MOXKHO OTJIMYHBI JUIA  KaXKIZOro  CKAIAPHOIO
COCTABJISIIOIIETO BEKTOPHOTO OrpaHU4YeHHs (2), rae mocjiaeaHee HEePaBEHCTBO
BEKTOpOB L, X, H cienyer noHuMaTh KaKk HEPABEHCTBO UX COOTBETCTBYIOIIUX
KOMITOHCHT.
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OIITUMAJIBHASI MOJIEJIb PACIIPEJEJUTEJABHOM CUCTEMBI

B ycroBusiX aiIUTHBHOCTH XapaKTePUCTHUK J—OH 1€ Ha MHOXECTBE
nporeccoB o0mIast KputepuaabHast QYHKIHSA OTAEIBHOMN IIeNH, YIUTHIBAIOIIAS
B3BELICHHBIA BKIAJ KaX10ro i-ro mpouecca (¢ Becamu Cj), MpeacTaBuMa B

BUJIE

W, (X’A’Cj)zcj F (X’A):icij Fi(X.A) (3)

i=1

Torna s HaxOXAEHUS ONTUMAIBHOTO pACHpEACICHUS PECYPCOB

X={X;! Mexnay mporeccamu, Ipx KOTOPOM BCsI PaCIpeAeIUTeNbHAs CUCTEMA
I

¢dbyHKIMOHMpoBasa 061 Hanbonee 3p(PEeKTUBHO B paMKax CHOPMYTUPOBAHHON

moaenu (1)-(3), HEoOXOoAMMO BBINOJHUTH aHAIU3 CIEAYIOIIEeH 3ajauu
BEKTOPHOW ONTUMHU3AIIUHN:

W(X,AC)={W,(X,ACj)}  —-Opt, XeG @)

j=1LM
G={XeR"[l(X+P)<S,0<L<X<H],

C={c,je Zo <R™™, 0={0} )

1K

3mech Z. 3aMKHYTOE OrpaHudeHHoe mnoimnpoctpadctBo Mmatpun C ¢

HCOTPULATCIBHBIMU  DJIEMEHTAMH  C; >0, a s BEKTOPHOTO OIeparopa

ONITUMHU3AIIH Opt:{Optj} KaXJasi ero CKajlspHas KOMIIOHEHTa

j=LM
MOHMMAETCs KaK OJIUH 13 3jeMeHToB Opt | € {min, max} .

OxkoHuaTenpHO 00IIas 3a7adya MHOTOKPUTEPHAIBHOW MapaMeTpUUeCKOM
ontumu3anuu (4),(5) Ha OCHOBE MHUHHUMHU3AIMU B3BEUICHHON KBaJIpPaTUYHOM
CBEPTKH CKaJIsApHBIX KpuTepreB W j CBOIUTCSI K OJJHOKPHTCPHATBHON

M
@ (X,A)=0-A? :,Z:;‘aj A (X,A)—)f)peicr;l (6)

A(X,A)EW—W*z{Aj}J_:LM

A ={A7}, 0={0} ; aeZ,cR"; AcY

W= W, ,W*:{W-*}j

j=LM
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FJIC Za - IOAIIPOCTPAHCTBO BECOBBIX BCKTOPOB (& C OI'paHUYCHHBIMH

KOMITIOHCHTaMH OSCZJ- <const, OTpaXxaromuM 3HAYHUMOCTDH Ka)I(JIOﬁ HEBA3KU

AJ KaK XapaKTCPpHUCTUKHU HEONTUMAaIbHOMN pcaimn3ann COOTBCTCTBYI-OIIIGI‘/JI

ckansaproi nemn W, (X,A). [Ipu stom B (6),(7) 3HAUEHUS WJ* OTpaXKaroT

OINITUMYM KaKA0r0 OTACIIBHOTO KpUTCPU:, T.C.:

1) 9o = v (0 2) W]}

T.o., BecoBoi BekTop @ ={a;} 4UYepe3 ONTHMAIFHOC COOTHOIICHHE

KOMITOHEHT yCTaHaBIUBAET MMOHUMAaHHE KOMIIpOMHCCA MEXTY
anbTepHATUBHBIME KpuTepusivu W i

YUCJIEHHBIN AHAJIN3 MOJEJIA

Paccmotpum, Hanpumep B (4), IByXKpUTepuanbHyo 3amady ( j=2) co
CKAJIIPHBIMH COCTABJISIOIIUMU KPUTEPHS W(X,A)z{Wl,Wz}, nepBas U3
KOTOPBIX C(HhOpMyJIMPOBaHa JIjIsi OTKIOHEHHH 00beMoB mepepadbotku X = {Xi}
KaXJ0ro mpoiiecca oT IuiaHoBbix 3Hadennit A = {a}. Bropas W,, umeer
CMBICJI JIOXOJIa OT IMepepadOTKH paclpeie]ICHHOTO pecypca, T.e.

N , _ N
W, (X, A) :;Cu(Xi —a)" > min; W,(X) :;CiZ Xi—>max  (8)

Takass oNTUMH3alLMOHHAsE MOJENIb CBOJUTCA K OJHOKPUTEPUAIBLHOMN
(uactHomy ananory (6),(7)) ans ¢GyHKIUM KBaApaToB HEBA30K C BecCaMu
a=a o=1-a:

@(X,A,m)zoz-A2 :ozAﬁ(X,A)Jr(l—oz)Az2 (X)—>(r>r<1in) o)
o4 9
0<a<l XeG

Hwxe Ha pucyHke 2 mpuBelieHa NapameTpuyeckas 3aBUCUMOCTh 3-D
TpaeKTOpuii  KBa3MONTHUMAJbHBIX pemeHuit X («) IBYXKpuUTepHUaIbHON
tpexmeproit (N=3) 3amaum (2) (Bapmantel I - Ill), rae cuernbie 3HauenHus

napameTpa @ COOTBETCTBYIOT MOCIEIOBATEILHOCTH ¢4=iN, U3MECHSIOMIECHCS ¢ 1IaromM
h=0,02 wna uatepBane 0<x<l (i=0,1,2,...,50).
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Pucynok 2 — ITapamerpuueckas 3aBUCHMOCTb ONTUMAJIbHBIX peleHuil X" (o)

B oGosmauenmsx (7) BemeM  OTKIOHeHHA  Fj(a)=A, (X*(a)),

XapaKTEpU3YIOIIUE TMOTEPH, CBSI3aHHBIE C HEIOCTHIKUMOCTBIO B TOYKE
kommpomucca X' () KaxapiM kputepueM W, CBOMX ONTHMYMOB Wj :

Torma 3aBUCHMOCTH CyMMbI Takux TOTePb r(a)=r(a)+h, () OT

napaMeTpa @ MOXXKHO pacCMaTpuBaTh KakK JIOTIOJTHHUTEIbHYIO KPUTCPUATBHYIO
¢byHKIMIO BBIOOpAa ONTHUMAIBHOIO o (clegoBaTeNbHO, MapaMeTPUUYECKU

*__ * s * (V]
ontumaiibHoro pemeHuss X =X'(a*)). Takoe X obecrneuynBaeT HaWITYYIIH
KOMIIPOMHCC Ha MapaMeTPUYEeCKOM MHOXKECTBE pemeHuid X (¢) B CMbICIE

MUHHUMU3ALHUH TIOTEPh, U B 00IIEM Cllydae y/IOBIETBOPSET 3a/1aue

<1 0O<ex<l

r(a) = iﬁj X (a)) = min; - min r(a) = r(e’) = iAj(X*) (10)

Ha pucynke 3 oToOpakeHO XapaKTepHOE MOBEJIEHUE 3aBUCUMOCTU ()
IByxXKpuTepuanbHoit 3-D 3amauu (8) Ha ocHOBaHUM cBEPTKHU (9)
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Pucynok 3 — [lapamerpudeckast 3aBUCHMOCTB 1TOTeph I(cxr) (BapuanTsl | - 111)
Tabmuma 1 — Vicxonubie nanubie. BapuanTsl | — 11
i| cin Ci2 ai li hi S
| I Il I I | = I I 1 111
1/3/10| 1/2| 1/2| 1/2 40| 50| 60 70 70 70
2| 1/2 |3/10| 2/5| 2/6 30| 30| 30| 10 | 150 80| 150 | 120
315 | 1/5|1/10| 1/6|20| 20| 10 100 | 100 | 100

rae

Jlnst ykazaHHBIX B Tabnuile | BapuaHTOB MCXOJHBIX JIaHHBIX PE3YJIbTAThI
YUCJICHHOW MapaMeTpUUeCKOl ONTHMH3ALUU MOJIEIN OTPAXEHbI B Tabiuie 2,

IIPUBCICHBI COOTBCTCTBYIOIIIUC

OIITUMAJIBHBIC

3HAa4YCHUA

(24

*

napaMeTpHUecKu onTuMaibHbie pemenns X =X (o*) u r(a®).

Tabmuia 2 — Pe3ynbrarhl mapaMeTpruiecKol ONTUMH3AIIN

E X*:(Xl*,XZ*,X3*) o* r(a*)
2 £
§ X1* Xo* X3*
| | 55.810|35.484 |28.706 | 0,32 | 14.964
Il | 61.792 |35.570 |22.638 | 0,38 | 12.269
Il 70.0 (34.467 |15.533 | 0,12 | 7.712
Ha ocHOBaHMM 4YHCIEHHBIX 9KCIICPUMCHTOB,

2
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BBIIIOJIHCHHBIX  AJISA
IIAPOKOT0 AWaria3oHa BXOJAHBIX MapaMCTpPOB U paBMepHOCTeﬁ MoA€CIu, U U3

MPUBEACHHBIX BBIIIE PE3YyJbTaTOB BUAHO, 4YTO Ipu yciuoBun AeG




CYLIECTBYET €JUHCTBEHHBIM ITapaMETPUYECKUM ONTUMYM BEKTOPHOHM 3aJadu
(8), ynmoBneTBOpsAOIIMKA ycinoButo kommpomucca (10), BwiaenstomiemMy
ontumalibHoe « =¢. [Ipu 3TOM, MpocMaTpUBaETCs CUIIbHAs 3aBUCUMOCTD €T0
3HAYEHUs OT BXOJHBIX JaHHBIX. Ha puc.2 TakoMy KOMIPOMUCCHOMY PELICHUIO
X*  COOTBETCTBYeT TOYKa M3JIOMa  [APAMETPHYECKOH  TPaeKTOPUH
KkBasupemeHuit X ().

3AKIIOYEHUE

B cnyuae MHOrokputepuanbHOW pacmpenenuTensHoi monenu (4),(5) mns
YCTAHOBJICHUSI ~ OOOCHOBAaHHOTO  3HAYEHHMsS  BEKTOPHOTO  Mapamerpa
B3BCIIMBAHUSA ¢ ={q;} CKAIAPHBIX KPUTCPHUCB, WHKAINCYINPOBAHHBIX B HX

CBEPTKY (6), IPUMEHUMBI J1BA NIOJIX0/1a.
OnuvH TpaAMLMOHHBIM, Oa3upyeTcss Ha NPUBICYEHUU DSKCIEPTHBIX WM
CTATUCTHYCCKUX ~ OLCHOK BbIOOpa Takux BecoB a={c;}. /[pyrou,

JOMYCKAIOIMUKA ~ MaTeMaTH4ecKylo (GopMaau3alydi0  MHOTOKPUTEPUATHLHOM
3aa4i, TpeOyeT MPUBICUYEHUS] JIOMOJHUTENIBHBIX  PETYISPUUPYIOLIUX
HCXOJHYIO BEKTOpPHYIO 3a1auy (4) ycnoBuid. J{ns BbIAENEHUS €JUHCTBEHHOIO
ONTHUMAJLHOTO pEeUIeHUs B 3TOM cliydae HeoOXoauMo copMyaupoBarh
YCIIOBUE KOJIMYECTBEHHOTO IIOHUMAaHUS KOMIpoMmucca. Takoe ycloBUE
npemioxkeHo B ¢dopme 3amgaun  (10) mapaMeTpuyecKoi ONTUMU3AIUU
KBa3WONTHUMAIIbHBIX PEIIEHUH, MPUBOASAINEE s BCEX PACCMOTPEHHBIX
JAHHBIX K BBISIBICHUIO €UHCTBEHHOTO ONTUMAJILHOTO PEUICHHS C TapaMeTpoOM
a, IOCTaBIAIOMIUM MHHHMYM IoTepsaMm kommpomucca (10), 00ycIoBIeHHBIM
HEBO3MOXXHOCTBIO JIOCTHYh Ka)XJbIM CKaJspHbIM KpuTepueM (4) cBoero
HAWJIy4LIETO YPOBHS B 001Iei ontuManbHoii Touke X X' ().
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Pedepar

CoznaHue TpEeHa)KepOB aBTO- U CIEL- TEXHUKU B HACTOSIILEE BPEMs SIBISIETCS
aKkTyalbHOM 3aadeil. OTpaboTka 00y4aeMbIM HaBBIKOB YIIPABICHUS MalTMHON
Ha TpEHa)Xxepe II03BOJIAET DSKOHOMHUTh BpPEMEHHBIE M HSHEPrOPECYPCHI,
CBsI3aHHbIE C OOYUYEHUEM Ha peajJbHOM 000PYJOBaHHH, @ TAK)KE CHUIKAET PUCK
HEraTUBHBIX MOCJIEACTBUM, CBSI3aHHBIX C €r0 TIOJIOMKOM.

OnHUM U3 KITIOUEBBIX KOMIIOHEHTOB TPEHaXKepa SIBISETCA JUHAMUYECKast
matdopma noasmxHocTH (IIII), oTBeuaromas 3a UMUTALMIO BO3JECUCTBUMN
(marpy3ok) Ha o0yyaemoro. B coorBercTBuu ¢ TpedboBanusimu k JIII1, Takumu
KaKk TmoTpedsiiemMas MOIIHOCTb, TpEIebHbIE CKOPOCTHU M YCKOPEHHUS,
OCYIIECTBJIIETCS BBHIOOP KMHEMATHYECKOW CXEMbl, TUIA NPUBOJA M JAPYTUX
xapakrepuctuk JIII1.

B nmaHHOM craThe mpuBeAEH 0030p HUMUTUPYEMBIX 3()PEKTOB U
MOAXOAIIUX ISl MX BOCHPOU3BEACHUS TUHAMUYECKUX IIATHOPM IS ABYX
HauOojee OTJIMYAKOUMXCd 10 JAMHAMHMKE TPEHaXXepoB — oOleparopa
JKCKaBaTtopa KapbepHoro rycennunoro OKI'-18P m BoguTens MHOroocHOro
aBTomoOmitst BTP-82A. TlpoanamusupoBano nosenenue I npu pa3andnbIx
3aJal0MIUX  BO3JEUCTBUSAX, BbIPAOOTAaHBl  MOAXONBI  JUISL  YCTPaHEHUs
BBISIBJIEHHBIX HE1I0CTAaTKOB.
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BBEJIEHUE

[Ipu pa3paboTke TpeHaKepOB ONepaTopa aBTO- U CIEL- TEXHUKU OCOOEHHO
OCTPO BCTa€T BOMPOC O BOCIPOU3BEACHUU OOpPATHBIX TaKTUIBHBIX
BO3ICMCTBUN (HAarpy3ok) Ha 00y4aeMoro, MakCHMalbHO NPUOIMKEHHBIX K
peasibHbIM. D¢ (deKTbl, KOTOpble HEOOXOAMMO HMMHUTHPOBAaTH Ha MeECTe
o0ydaeMoro ¢ MoMoIlblo AMHaMHYeckux MiaaTtdopm noasuxHoctu (JI1IT),
OTJIMYAIOTCS B 3aBUCUMOCTH OT MOJEIUPYEMON TEeXHUKU. Uil TpeHaKepoB
BOJIUTENIEH aBTOTPAHCIIOPTA, HAIIPUMEP, OCHOBHBIM UMHUTHPYEMBIM 3(h(dheKTom
ABJIAETCA HM3MEHEHHUE TMOJIOKEHUS KaOWHBI MpH ABMXKEHHMM IO MECTHOCTH
(mepoBHOCTH penbeda). [t TpeHakepoB oreparopa Criell- TEXHHKH KPUTHYHA
oTpaboTKa yJapoB, TOTYKOB U BuOpauuu, BciaeactBue dvero k I
MPEIBSBISAIOTCS 0cOObIe TPEOOBAHMS 110 OBICTPOICHCTBHUIO.

Bue 3aBucuMOCTM OT THIAa TpEHa)XKepa MCTOYHUKOM 3aJAOIINX
BO3JCHCTBUH Ha AMHAMUYECKYIO TIUIATGOpMy SBISETCS MaTeMaTH4YecKas
MOJIeTTb TEXHUKHU, BXOJSIIAs B COCTaB MPOTPAaMMHOTO OOECTeYeHHs M3IEIHs.
Jlnia ananuza JIII1 Beigenens! 1Ba Hanbonee XapakTepHBIX ISl CBOETO Kiacca
TpeHa)kepa — TPEHaXXep oleparopa 3KCKaBaTOpa KapbepHOIO T'yCEHHUYHOI'O
OKTI-18P u Tpenaxep Boautesnss MHOroocHoro apTomoounst BTP-82A.

IOOEKTHI IBUKEHUSA MECT OIIEPATOPOB
JKT'-18P 1 BTP-82A

B Tabn. 1 npuBeneH mnepedeHb OCHOBHBIX 3(P(EKTOB, HEOOXOIUMBIX s
BOCIIPOM3BE/IEHUS Ha MecTe onepaTopa B TpeHaxkepax DKI'-18P u BTP-82A.

Tabu. 1. DddexTs Ha MecTe onepaTopa

Ne MOMEHT BOCIIPOU3BEICHUS
n/n dbderr DKT-18P BTP-82A
1. | PaBHOMepHBIE IIPU XO/I€ IKCKaBaTOPa npu pabore JBUTATENs
BUOpaIiu Ha XOJIOCTOM X0y
2. | BuOpanuu mno BbICOTE | IpU KOMAaHUM, JOOBIYM | IPM  JABWXKEHMH IO
Pa3IMYHOM YacTOTBI U | IIOPOJBI HEPOBHOM IIOBEPXHOCTH
aMILTUTY 1B (paznuunbie THUIIBI
I'pPYHTa)
3. | Pe3kwuii Tomdok IpU ylape o TPYHT WJM | IpU CTOJIKHOBEHUSIX,
apyrue IpEeIMETHI | IpU Hae3Je Ha
OKpY>KEHHSI HPENSATCTBUS
4. | LleHTpoCcTpeMUTENBHOE | IPU IOBOPOTE Ky30Ba | IPU MOBOPOTE TEXHUKH,
YCKOpEHHe HKCKaBaToOpa 3aHOCAX
5. | U3menenue - NIPU ABWKEHUH TI0
MOJIOKEHUSI TEXHUKHU B MECTHOCTHU (HEPOBHOCTHU
npoctpanctse (o, ) penbeda)
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Ha puc. 1 nokazanbl 3agatomue Bo3aedctBus nHa Il ot
MaTematudeckor mojaenu bTP-82A (umurarus nmpoesna KaHaBbl - Ta0m. 1 1.5)
u ot moaenu DKI'-18P (Bocnpousseaenue yaapa o rpyHT - Tada. 1 m.3).

B 3aBucumoct oOT TpeOoBaHMII K TpeHaxkepy U BBIOpaHHOMN
Moau(HUKAIIUK TUHAMUYECKOW TUIAT(HOPMBI, T€ WU WHBIE UMUTHUPYEMbIC Ha
Mecte omepatopa d3(PdekTsl MOryT OBITh HWCKJIIYEHBI 1O MPUYHHE
HEBO3MOXXHOCTH HMX  oTpaboTrku. Kak mpaBumo, 93TO CBsI3aHO C
HEOOXOJIMMOCTBIO  YBEIMYECHUS MOIIHOCTH TPUBOAOB IUIATHOPMBI IS
BO3MOXHOCTH OOECTICYCHHs] 3HAUUTENBHBIX YCKOPEHHI, JHMOO YCTaHOBKHU
JIOTIOJIHUTENLHOTO 000pYyAOBaHUs (BUOPOMOTOPOB) UIsl UMUTALIMM BUOpaLIUi,
YTO B CBOIO OUEpE/Ib MOBBIIIAET CTOUMOCTb U3/IEIHSI.
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(a) (6)
Puc. 1. Tunossie 3¢ dextst s BTP-82 (a) u SKI-18P (0)

PaCCMOTpI/IM OCHOBHBIC THUIIBI KHHCMATHYCCKHUX CXCM JHHAMHUYCCKHX
HJIaT(l)OpM, MPUMCHACMBIX B TPCHAKCPAX aBTO- U CIICI - TCXHHUKU.

THUIIbI KHHEMATHUYECKUX CXEM

OpHOM M3 OCHOBHBIX XapaKTEPUCTHK JMHAMHUYECKOM IUIaT(GOpMBbl SBISETCS
KOJINYECTBO CTENEHEH CBOOOMABI, KOTOPOE sl MEXAaHM3MOB IapajlIesIbHOM
cTpykTypsl [l], Kak mpaBmio, OINpeenseTcs KOIUYECTBOM MPUBOIHBIX
3BCHBEB.
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(6)

Puc. 2. Tunst AT Ha KpUBOIIMITHO-IIATYHHBIX OMOPAX

Junamuueckas miatdopma (puc. 2(a)), obecreuynBaromiasi 3 CTETCHH
CBOOOJIBI (KpeH, TaHTaX, MOABEM), MO3BOJISIET OTpPabOTaTh OONBIIYIO YaCTh
HEOOXOAMMBIX IS IeNell Oo0ydeHHs OomepatopoB TeXHUKH (P HEKTos,
npuBeaeHHbIX B Tabu. 1. IlpuBoner JIIII uyepe3 KkpHBOIMIHO-IIATYHHbBIE
MEXaHU3Mbl ~ OCYILIECTBIISIIOT — IOCTYNMAaTEeIbHOE JIBIJKEHHE TpeX TOuYeK
MOJIBIKHOM MIAT(QOPMBI, MPU 3TOM TE€OMETPUUECKHH LEHTP KOHCTPYKIUU
COCIMHEH C OCHOBAaHHMEM MOJANPYKMHEHHON OIOPOM, pPa3rpyXkaroleu
nsurarenu. Hemoctatkom JaHHOW CXEMBbl SIBISIOTCA Napa3suTHbIE KosieOaHus,
BO3ZHUKAIOIIHME [0 MPUYMHE HAIUYUS MPYKUHBI, P OTPAOOTKE MHTEHCUBHBIX
BEPTUKAJIBHBIX IBIKCHUH U TAHTQ)KUPOBAHUH.

VYOpouieHHbIM ~ BapUaHTOM  MEPBOM  CXEMBbl  SBISETCS  BapHaHT,
n300pakeHHBIN Ha puc. 2(0), obecreuynBarONIUil 2 CTENeHU CBOOOMBI (KpEH,
TaHrax). Takas KOHCTPYKIUS sIBIIseTCsA OoJiee KECTKOM 3a CUeT 3aKperyieHUs
BEPXHETO OCHOBaHUS Ha OINOpPE C KapJaHHbIM IIapHuUpoM. Mcronb3zoBaHue
nByx nsurateneid Bmecto tpex aenaer Il Gonee sxonomuyHoi. OnHaKko B
JAaHHOW CXeME TOPU30HTAIILHOE MOJI0KEHUE MOABMKHOMN TIaTQOPMBI SIBIISIETCS
HEYCTOMYMBBIM, T.K. IPHU OTCYTCTBUU YAEPKUBAIOIIEIO MOMEHTA KPUBOLLIUIIBI
NEePEMEILAIOTCS B HIXKHIOKO MEPTBYIO TOUKY. JlaHHass 0COOEHHOCTb 3aTPYAHSIET
6e3ymapnyto nocranoBky JIIIT Ha Topmo3a.

st obecrieyeHus: TOMOTHUTENBHON CTETIEHU CBOOOBI B BUI€ PHICKAHUS
YaCTO MCIOJIb3YETCsl BCIIOMOTaTEIbHBINA TIPUBOT (pHC. 3).

(6)

Puc. 3. Ilnardopma ¢ 1ONMOJIHUTEIHHON HE3aBUCUMOM CTETIEHBIO CBOOO/IbI

B nensx yBenuueHus crekTpa UMHUTHPYEMBIX 3(Q(EKTOB B TpeHaxKepax
TaK)Xe MPUMEHSIOTCS KHHEMATHYECKHE CXEMBI C IIECThI0 CTENEHSIMU CBOOO/IbI
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(puc. 4), 3BeHbSIMU KOTOPBIX MOTYT SIBISATHCS NMPHUBOAA KaK JIHHEHHOTO, TaK U
BpamaTtensHoro Tuma. [lmargopmbl  MO3BOMSAIOT  BOCHPOM3BECTH TaKHUe
cnenuuyecKkue IBUKEHUS, KaK BpalleHHE OTHOCUTEIbHO BEpPTUKAIbHOU
IJIOCKOCTH, YTO BAXKHO JUI TPEHAXXEPOB OIEpaTOPOB ABTOTPAHCIOpPTA IIpU
MOZECJIIMPOBAHUY IIOBOPOTOB M 3aHOCOB TEXHUKH.

Puc. 4. Jlunamuyeckast muiargopma ¢ MEeCTbIO CTENEHSIMHU CBOOO/IbI
BHJIbI TIPUBO/10OB TMHAMMWYECKOM IJIAT®OPMBbI

B kauyectBe mnpuBOJa 3BeHBbEB [2] auHAMHUYECKOW TUIATGOPMBI MOTYT
HCII0JIb30BATHCS:
® [PUBOJABI  BpamlaTeIbHOTO TUMa (MOTOpP-PEAYKTOpHl Ha  0aze
ACMHXPOHHBIX JIBUTaTelied, CepBONpHBOJa Ha 0Oa3e JBUrarenei
MOCTOSIHHOTO (TIEPEMEHHOT0) TOKA);
® [pUBOJABI JIMHEHHOro TUMa (JIMHEWHbIE  BJIEKTPOMEXaHUYECKHEe
aKTyaTOpbl, IMHEBMOLIWIMHIAPHI C MPONOPLHOHAIBHBIMUA KialaHaMu,
ANIEKTPOMTHEBMATHYECKUE IUITUHIPHI, TUAPOIPUBOIBI).

Boibop Tuma mnpuBoja JUisi KOHKPETHOM JMHAMHYECKOW IIaT@OpMBI
omnpejensercs TJIaBHBIM 00pa3oM TpeOOBaHUSMU TIO HKOHOMHYHOCTH,
OBICTPOICHCTBUIO U MOIIHOCTH. HemManoBakHBIM KPUTEPUEM SIBIISIETCS TAKKE
CTOMMOCTh KOMIUIEKTYIOIUX. B nogapmnstomniem 6onpmuncTBe ciaydaes B JIITT
TPEHAXKEPOB TEXHUKU MPUMEHSETCS 3JIEKTPONPUBOJ Ha 0a3e aCHMHXPOHHOTO
JBUTATENsl WM CEPBONPHUBOJ, OOECHEUYMBAIONIME KAyeCTBO OTPAOOTKH
3¢ dexToB, gocratouHoe s Iejed oOydyeHuss u oOJafarolue BBICOKMMH
AKCIUTYaTallMOHHBIMU XapaKTepUcTUKaMu. B TpeHaxkepax, TpeOOBaTEIbHBIX K
BOCIIPOM3BEICHUIO PE3KUX YCKOPEHHH, MOXKET ObITh MPUMEHEH TUJIPO- WIU
MMHEBMOIMPUBOJI, OJHAKO CTOMMOCTh  OOCIYXHBAHHS TaKHX CHCTEM
OKa3bIBaeTCsl HEOOOCHOBAHHO BBICOKOM.

AJI'OPUTMBI YIIPABJIEHUSA TOJIOKEHUEM
JTAHAMMYECKOU IJIAT®OPMBbI

Kontpomnep Bepxuero yposHs (KBVY), ocyiiecTBiisisi COBMECTHOE yIIpaBi€HUE

npuBoJaMu, oOecreyuBaeT OTPa0OTKY 3aJaHHOM TPACKTOPUU JABUIKECHHS
wiat@opMel. BapuaHThl cucTeMbl yripaBieHHs IPEICTaBICHbI Ha pUc. 5.
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Puc. 5. CtpykrypHbIe cxeMbl cucTeMbl yrnpasierus JIITT

Ha puc. 5(a) moka3aH BapwaHT CHCTEMBI YIPABICHHS B MPOCTPAHCTBE
JIOKQJIBHBIX CHUCTEM KOOpJMHAT MPHUBOJHBIX 3BEHBEB: 3aJIaHHBIE KOOPAUHATHI
X*, y*, 7%, y*, ©*, *, nyrem peuieHus: oopatHoit 3agaun kuHematuku (O3K),
npeoOpa3yroTcsi B 00001IeHHbIE TIepeMenieHus (;*...0n* TPUBOJAHBIX CHUCTEM.
[lonyyeHHblE 3HAYEHHUS! NEPENAIOTCA HA JIOKAJbHBIE CHCTEMbI YIPaBICHUS
(JICY) nunammdeckoit mnatdopmel. JICY  BBIYMCISET  YIpaBIISIOIIHE
BO3JIEHCTBUS Up...Uy HA TPUBOJABI IUIATQOPMBI MO H3BECTHBIM OIIMOKAM
Ad;...Aqn, daHHBIM METOX NPOCT B IPOTPAaMMHOM peaau3alyu, OJIHAKO
MPUMEHUM HE JUIsl BCEX BXOJHBIX BO3JIEHCTBUMN, BCIEICTBUE MPEHEOPEKEHUS
JTUHAMHUKOH MI1aT(HOPMBI.

Ha puc. 5(0) wu3oOpakeHa CTPYKTypHas cXeMa YIOpPaBJICHUS IIO
COCTOSIHUIO IIAT(OPMBbI, B KOTOPOW pPEryjisTOp MOJIOKEHHUS II1aTPOpPMBI
(PIIIT) ocymecTBisiET MO3UIMOHUPOBAHWE NPHUBOJHBIX CHCTEM COTJIACHO
BBIUMCIIEHHBIM 10 KOOpJAMHATaM IUIATGOPMBI OTKJIOHEHMSIM. TeKyiue
KOOpJMHATHl TOJy4YaloTCs NyTeM YHMCIEHHOTO pEIIeHUs NpsIMON 3aJauu
kuHemaTtuku (II3K) oTHocuTenbHO TeKymux 3HaueHuu (;...0n. I[loaxon
MO3BOJISIET TOJY4YUTh Oo0Jiee KayeCTBEHHbIE IePeXOAHbIE MPOIECChl, MpHU
YCIIOBUM, YTO T[IOCTOSIHHas BpEMEHU IMPUBOAA Majla [0 CPaBHEHHUIO C
noctosinHou JII1I1.
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Ha puc. 5(B) moka3aHa cucTema ympaBiIeHUS Ha OCHOBE JHHAMHUYECKOW
monenu, B kotopoir PIIII BeipaGareiBaeT ympaBisIONIME BO3JICHCTBUS Ha
MIPUBO/IbI, OCHOBBIBAACH KaK Ha OTKJIOHEHUHU MO MOJIOKEHUIO MIAaT(HOPMBI, TaKk
M Ha TEKyIMX KOOpJAuHaTax mpuBoAoB. JlaHHBIM moaxox Hauboiee
TpeOOBaTeIeH C TOYKM 3PEHHsS] BBIYUCIUTEIBHBIX PECYpPCOB U oObeMa
ucxoaHeix gaHHeix o JIIT  (Macco-uHepLUUOHHBIE XapaKTEPUCTHKH,
KOOp/AMHATBHl IIEHTPOB Macc, Ip.), OJHAKO IO3BOJIAET IOJY4YUTh Haubosee
Ka4eCTBEHHBIE IPOLECCHl CIEKEHUS] NMPU OTPaOOTKE Pa3TUYHBIX BXOTHBIX
CHTHAJIOB 3a CUeT pemeHus oopaTHoi 3anaun auHamuke (O3/1).
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Puc. 6. Peakmus cuctems ynpasnenus AI1T1
Ha CTyrneH4YaThie (a) 1 CHHYyCOUIalIbHBIE (0) CUTHAIIBI

Taex

Ha puc. 6 mokaszaHsl pe3yibTaThl UCIBITAHUN TIATGOPM C MPUBOJAMHU
BpamaTenpHoro tuna. i peaau3aniy CUCTEMBI YIPAaBIECHHUS HCIIOIb30BaJICs
MOJIXO/, CTPYKTYPHAsi CXeMa KOTOpOro mnpuBejicHa Ha puc. 5(a). [To rpadukam
OoTpabOTKH 3aJarolIMX BO3JACHCTBHA B OCAX KPEH-TAHTAX BHIHO, YTO
OpoIecchl TMPH  PEaKIWu Ha CTyNeHYarele curHaiubsl  (puc. 6(a))
ariepuoIMIecKre, BpeMs MEPEeXOHOr0 IMpoIecca ONpeaesseTcss MpeaeTbHON
CKOpPOCTBIO TUIAT(GOPMBI M TPaHCIOPTHOW 3aaepkkod. I[lpm orpaboTke
CUHycOMJaJIbHOTO curHaia (puc. 6(0)) ¢ yBeJIMYEHHEM 4YacTOThl OoJee
CYIIECTBEHHBIMH CTAHOBSITCSI TIEPEMEIICHUSI 10 HEYMPaBIIEMbIM OcsaM. J[is
YIAYUIICHUs] Ka4eCTBA MMEPEXOIHBIX MPOIIECCOB MPUMEHEHBI AITOPUTMBI, CXEMBbI
KOTOPBIX M300pakeHHbI Ha puc. 5(0) U puc. 5(B), MO3BOJIMBIINE YCTPAaHUTH
napa3uTHBIEC JBWKEHUS IPU 0TPAOOTKE THITOBBIX BO3ICHCTBHIA.

Jlisi mpoBepKHM KOHCTPYKTHUBHOM 0€30MacHOCTH MO3ULIMOHUPOBAHUSA B
YCTAaHOBUBIIEMCSl pEKUME ObUIM TPOBEAEHBI MCIBITAHUSA IO H3MEPEHUIO
paboueit 3oubl JIIII c Tpems cremeHsIMH CBOOOJIBI, XapaKTEPUCTUUECKUI
MOPTPET KOTOPOH MPUBEICH Ha puc. 7.
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Puc. 7. Pe3ynpTaTsl uamepenuit padoueii 3oub1 JII1T1

Ha puc. 7 uzo6paxens! cpe3nl padodeit 30oub1 JIII1 B miockoctu KpeH-
TaHTaX. B Xo1e n3mepeHunii mpou3BOIMIOCH TO3UIIMOHUPOBAHKE IATPOPMBI
10 TPAEKTOPHUH, MOKa3aHHOU crutolHoM nuHuen (Consep), ¢ OJHOBPEMEHHBIM
W3MEPEHUEM YIJIOB HAKJIOHA MHKJIMHOMETPOM ¢ morpemHocteio +0,5°. Kak
BUJHO M3 rpaduKa, 3ajiaBaeMasi TPAeKTOPHUS CXOJIUTCS C JNEHCTBUTEIHHOU B
npeenax MmorpemHoCcTy mpudopa. Pe3ynpraT cuuTasncs yaoBI€TBOPUTEIHHBIM
g ucnionb3oBanus I B nensix oOyueHus: onepaTopoB TEXHUKHU.

3AKVIIOYEHHUE

B nmaHHOW cTaThe paccCMOTpPEHBl OCHOBHBIE TOJAXOJbI K TMOCTPOCHHUIO
JMHAMHYECKHUX TUIaT(HOPM MOABMKHOCTU TPEHAKEPOB aBTO- U CHEI[- TEXHUKH:
TUTMBl KWHEMATHYECKUX CXEM, THIbl MPHUBOJAOB, AJITOPUTMBI YIPaBICHUS
nonoxxenueMm. Kaxnapli U3 pacCMOTPEHHBIX BapUaHTOB  HAKJIAIbIBAET
oTpeieNieHHbIe OTPaHUYEHUS Ha anmapaTHyo U MPOrpaMMHYIO peanu3anuu. B
pe3yabTaTe WCCIENOBaHUI HauOojiee BBITOJHBIMUA U1 NPUMEHEHUS B
TpeHa)xkepax OKa3alucCh IUIATQPOPMBI TMOABUKHOCTH C TpEMSI CTENCHIMU
cBOOOBI ¥ TIPUBOJIOM BPAIATEIHHOTO TUTIA.

B kauecTBe OCHOBHOTO alropuTMa YIpaBlIeHHs ObLUT BBIOpaH IMOAXOI,
Oasupyronuiicsa Ha peleHuu oOpaTHOM 3a7aul KUHEMaTuku. [{ns ycTpaneHus
BBISIBJICHHBIX HEJOCTATKOB OBLIM MPUMEHEHBI aJTOPUTMbI, YUUTHIBAIOIINE
TEKyIlee TIOJOXKEHUE U JUHAMHUKY IUIaTQOPMBI, KOTOpPbIE TO3BOJIUIU
BOCIIPOM3BECTH OOpaTHbIE TaKTWIbHBIE BO3JCHCTBUS Ha MECTE OIepaTropa,
MaKCUMAaJbHO IPUOJIMKEHHBIE K PEeabHBIM.
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Abstract

This article describes the principle of constructing hierarchical control system
for a multilink manipulator. The system is autonomous and can be adapted to
various manufactures. Considered construction is the most popular type -
manipulator "arm". For current construction was performed the manipulator
workspace. Also in the paper considered solution of direct and inverse
kinematics. The solution of the inverse problem is carried out by using
numerical iterative methods (Newton-Raphson method). Electrical motors
were chosen as an actuators and programmable logic controller as a base of
control system. For the control system parameters calculation and simulation of
the motion process is using a virtual model that constructed by Matlab software
product and Simulink SimMechanics with VR extension packages. The motion
of the model is implemented in a virtual reality environment Matlab VR Sink.
This makes it possible to evaluate the quality of the transient processes. The
developed control system and virtual model were tested with using the physical
equipment. The paper describes an example of building a physical model that
based on step motors Festo. The Siemens PLC has been selected as the base of
control system. Motion control is performed by using various types of control
systems (based on P, Pl and PID controllers). Remote control environment that
based on Matlab GUI is providing simple interaction with virtual model and
the physical equipment. Using the graphical user interface and PLC makes it
possible to change parameters in real time and remotely control the system.
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INTRODUCTION

Industrial robotics is one of the new areas of automation in manufacture. Using
of these systems allow human to simplify the work in many cases even replace
the human.

Currently, industry is actively developing and improving technology.
Modern manipulators are devices with new high properties: autonomy and the
ability to operate automatically by a given program, versatility, ability to move
objects in the space with various types of complex spatial trajectories and
pairing with a sufficiently large number of industrial equipment standards.

During the creation, production and implementation of robots we had to
deal with scientific and technical problems such as methods of the manipulator
control and coordinate calculations. Virtual models are simplify these tasks,
they allows estimating the kinematics and dynamics of the robot. The greatest
success in this area belongs to the KUKA Roboter company [1].

The paper shows how to simulate the industrial robot (manipulator) and
its control system with using Matlab software. The construction of the
manipulator has five degrees of freedom, which provided by electrical motors.
In comparison with other similar works, in this paper the visualization of the
robot motion process was built with using 3-D modeling [2].

Step motors were chosen as the actuators in physical model, because
this type of engines is the most common in the industrial automation. It is
caused by the fact that these engines meet all the requirements, which the
industry calls. This type of engines have high competitive advantages (high
accuracy and low price) compared with other types of engines (servo,
asynchronous and synchronous motors) [3].

SCADA-systems and other graphical interfaces providing real-time
acquisition, processing, monitoring and archiving of the information from
control system. This article shows the Matlab GUI applying for the control
system. Siemens PLC gives the opportunity to produce real-time graphical
interface for the control system.

MECHANICAL STRUCTURE

The manipulator include series-connected links, the first is connected to the
support post, and the last is equipped with working tool (the gripper).
Connection of two links is a compound that has only one degree of freedom
(rotation). The links involved in relative motion, in which reached a certain
position and orientation of the working body in space. The construction of the
manipulator (fig.1) depends on its usage area and requirements.
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Fig.1. Mechanical scheme
Forward kinematics

In order to describe the position of gripper in space is necessary to solve the
problem of forward kinematics, which is reduced to the definition of
established connections between the absolute (base coordinate system) and the
relative coordinate systems. Achieve the solution of this problem is possible in
different ways, such as: matrix transformations of coordinate systems; establish
a system geometrical coordinates according the mechanical scheme. The
following system of equations we received, by applying the last method that
based on the mechanical structure:
{x =L, -5inQ-cosQy+L;-sin{Q; + Q;)-cosQy + (L + L) - sin(Q; + Q; + Q3) - cosQy,
y =1Ly -sinQy - sinQy+ Ly - sin(Qy + Q5) - sin Qg + (L3 + L) - sin(Qy + @, + Q3) - sin @y,
z=Lo+ Ly -cosQy+Ly-cos(Qy + Q)+ (L3 + Ly)- cos(Qy + Q2 + Q3);
where L,— L — links parameters (constant); @, —@: — rotation angles
(variable); x, y, z — coordinates of the gripper. It is not difficult to find out this
coordinates, if all the parameters of the state are known.
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Inverse kinematics

The inverse problem is to determine the variables of the manipulator
parameters (rotation angles) at a predetermined position of the gripper.
Methods for solving the inverse problem are divided into exact and
approximate. When using the exact methods the required rotation angles can be
obtained in the form of analytical dependence. In this case, process of finding
solution is reduced to the calculation of the values that previously obtained in
analytical dependences. Unfortunately, the exact solution is not possible to
obtain for each of manipulator schemes. To resolve this problem, applied
approximate methods - methods of numerical solutions of the constraint
equations. They allow us to find solutions for any kinematic schemes, but these
methods have some disadvantages (higher accuracy - longer calculations) that
causes by the iterative approach.

One of the most popular way to solve the inverse kinematics problem is
a numerical method of Newton-Raphson. It is an iterative numerical method for
finding solution for a system of equations [4]. Process of the solution finding is
depend on constructing the successive approximations and is based on the
principles of simple iteration. The feature of this method is that the
optimization step takes place at each subsequent iteration (increase or
decrease). The drawbacks of this method are the necessity of a first
approximation of the solution and the restrictions that associated with precision
of calculations.

Also for solve the inverse problem is possible to use neural networks.
The principle of this method is based on adaptive neural network training
(Adaptive neuro fuzzy inference system, ANFIS) on the forward problem.
Neural network training takes a long time, and this method has a relatively low
accuracy.

Manipulator workspace
The working area is one of the most important parameters of the manipulator.
It is area where in each point it is possible to set the manipulator. Proceeding

from the direct problem solution and using a system of equations, we can draw
the workspace of the manipulator - his working area (fig.2).

240



10 [ ————

+
XX
Do
*, Y
SRER
)

1000 . ..

-

8
%
%
4 %éé’ " ’"’:

YTk

TR

ARG
$X8
(&

500

3

“

E 2
fant
:*t

«.::;
223
X7
vy
e

Qi
3

A
s pePepedett
pe
AR

o .

"b‘\
3
oy
e
,

*4%04,
* P &
3
s
e
é.
»
>
2 sT 2 22 3
.
AT I
d .,
N5
s
& b

A
R
: t-’“"

5 -+,
Pl Y SRR
PO s N
RO
P

s
=

.......
........

AP
¥ s

1500

0 500 [mm]

| -500
1500 ~1000

Fig.2. Mnaipulator workspace
VIRTUAL MODEL

The virtual model, which will have all the kinematic and dynamic properties,
could be constructed with using Matlab Simulink environment [5]. For this
purpose is SimMechanics - Simulink’s extension pack for modeling
mechanical systems. Virtual model of the manipulator includes the following
units:

¢ Mechanical block: This block reflects the structure of the
manipulator, all the physical and mechanical properties of links
and joints;

e Control system block: This block controls mechanical and
virtual model. Also, the scope of this block includes reading and
converting data from physical model;

e Block of VR: This block generates visualization of motion
process.
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The virtual world for the manipulator could be performed with using
special software. For Matlab Simulink Virtual Reality there is a built-in editor
of the virtual world VRealm. The model and virtual world construction is
implemented by VRML language (Virtual Reality Modeling Language).

Fig.3. Manipulator 3-D model
Virtual model of industrial manipulator (fig.3) include the following
parts: base 1 that rotate manipulator around Z-axis; links 2, 3 and 4; gripper 6
with rotation base 5.

Graphic user interface

The graphic user interface for the manipulator were designed with Matlab GUI
software. This interactive interface allows the user to control the engines and
the virtual model of the manipulator. GUI interface simplifies and limits user
interaction with the equipment, and this interface enables to solve other
additional tasks (forward and inverse kinematic problems, manipulator
workspace, etc.).
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PHYSICAL MODEL

Physical model could include different equipment that depends on tasks. In this
paper for the actuators considered electrical engines. There are several basic
types of motors (synchronous and asynchronous servomotors, step motors),
each of them have advantages and disadvantages. Also, each of the motors
have different types of features and modifications (control methods, additional
structural elements and sensors, etc.). For the developed model were chosen
electrical step motors Festo.

Ethernet

E— ™« > . @/ |
i \_‘:\_j:\ )/ _——— e o o
g I6| 10

Fig.4 Manipulator functional diagram

The control system of the manipulators physical model (fig.4) include:
step motors Festo (10, 11) that performs links rotation; low-level controllers
(7) for the motors; personal computer (5) for the coordinate calculation; PLC
Siemens with extension modules (1-3) that controls technical process;
communication of PLC and PC is organized by the OPC-server (4) and
Ethernet commutation; main tool of the manipulator is Festo gripper (9), which
controls by the own controller (8); data transferring between PC and gripper is
realized by the special control card (6) and via CAN-interface.

CONCLUSION

The paper presents modeling and simulation of the industrial manipulator and
its control system with using Simulink software product. This model allows to
evaluate the static and dynamic characteristics of the manipulator. The
developed model could be adapted to various constructions of manipulators.
Results of the work is possible to interpret and solve other similar tasks.
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For the current construction was built a virtual environment of motion
simulation with VRML and 3-D model. This environment allows to present
interactive simulation of motion and allows to evaluate the characteristics of
control system. The 3-D model could be constructed with CAD systems, in this
paper for this purpose were chosen Kompas 3D.

As an example, in paper considered physical model of the manipulator
with electrical step motors Festo. For current actuators were designed
functional circuit and assembled all this equipment. Control operations of the
constructed system are proving by the programmable logical controller
Siemens 300 series. As a result, the physical model has several advantages,
such as high reliability, due to the use of industrial equipment; high
performance of control system that provided by separating calculation center
(PC) and control center (PC); flexible control system for physical model gives
opportunities to make modifications.

In addition, one of the problems that were solved in the work is the
construction of a simple, intuitive graphical interface to interact with both
engines individually and the system as a whole. This interface was built with
using Matlab GUI software. The GUI interface allows to solve the following
tasks: direct control of the motor speed; construction of the manipulators
workspace; forward and inverse kinematics of the manipulator; positioning the
manipulator at a predetermined point; configuring and adjusting of control
parameters; providing access to a virtual model with the possibility of
switching the driving mode (data from the engine or the model).

Future plans for this project include the following tasks:

e implementation of the physical model as an assembled
construction;

e realize the possibility of barriers identification and ability of
overcome them.
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Pedepar

OgHuM M3 NEpPCHEKTUBHBIX IOAXOJOB K OpraHM3aluy  YIPaBIICHUS
MOOUIIBHBIMHM pOOOTaMU NP ABUKEHHUH IO MPECEUEHHON MECTHOCTH SIBISIETCS
peanu3anus yOpaBi€HHs C NpPOrHO3MpoBaHMEM. B cucremy BBOIUTCSA
IIPOTHO3ZUPYIOIINNA KOHTYP, OCYIIECTBILSIIOINNA CUHTE3 TPACKTOPUHU JBHKCHUS
C YIpeXACHUEM, a TAaKXKE IPOrHO3UPOBAHUE CKOPOCTHM W HaIpPaBICHUS
JIBWKEHUS TO 3aJaHHOW WM BHOBb C(OPMHUPOBAHHOW TpaekTtopuu. B
GyHKIMH OIIMOOK MEXIy OCHOBHBIM M IPOTHO3HPYIOIIUM KOHTYPOM
dbopMupyeTcs JONOJHUTEIBHOE YIPEXKAAIollee YIpaBJIE€HUE IPUBOJAAMU
W3MEHEHUsI CKOPOCTU TyCEHMI], a, CIEHOBATEIbHO, M3MEHSTCS TPACKTOPHS
IBIDKEHUS.  YmpaBieHue — Oasupyercss  Ha  MOJIOXKEHUSX  TEOPHH
WHBapuUaHTHOCTU. B pabore mnpencTaBieHbl pe3yibTaTbl MCCIEAOBAHMS
QITOPUTMOB  YIPABJIECHHUS  JABWKEHHEM  MOOWMJIBHBIM  POOOTOM ¢
IIPOTHO3UPOBAHUEM, B IIPOLIECCE IBUIKEHUS 110 TPACKTOPUU C IPETSATCTBUIMMU.
AHanu3 TOJIyY€HHBIX pE3yJbTaTOB IIOKa3aJl BBICOKYIO 3()()EKTUBHOCTH
IIPUMEHEHHsI TIPOTHO3HUPYIOLIErO  YIPAaBICHHs, a TakKXke OTCYTCTBUE
TPAEKTOPHBIX OIIHUOOK ABUKEHHUS.
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BBEJIEHUE

B nacrosimiee Bpemsi pa3BUTHE MUPOBOM POOOTOTEXHUKH M TEXHOJIOTHH, C HEM
CBSA3aHHBIX, CTPEMHTEIIbHO HApacTaeT B CTOPOHY «UHTEIICKTYyalln3allun
MOOMIIBHBIX po6oToB (MP), momyuaromux Bce Oosiee MUPOKOE MPHUMEHEHUE B
Pa3IMYHBIX 00JIACTAX YeNoBeYeCcKol AesTenbHOCTH. MHTennekryanbubii MP —
9TO CJIOXKHAas MeEXaTpOHHAas CHCTeMa, CIOCOOHas BOCIPUHUMATH U
aHAIM3UPOBATh  OKPYXKAIOUIYI0 Cpely [Js  pealu3alud  aBTOHOMHOM
HaBUTallMM W JBWKEHUS K 3aJaHHOM TMO3MUIMH C LEJIbI0 BBINOJHEHUS
OTIpe/IeNIEHHBIX YKa3aHWi (IepeMelleHne rpy30B, UCCeOBaHNE MECTHOCTH U
T.IL.).

Bcé wmHOrooOpazue paboT, BBIMONHAEMBIX MOOWIBHBIMH POOOTaMH
MO>KHO YCJIOBHO Pa3JIeIMTh Ha HECKOJIBKO IPYTII:

1) MHCTIEKIIUS — BU3YaJIbHBIA U PaJUAI[MOHHBIN KOHTPOJIb, OTMPEICICHUE
(U3HYECKOTO COCTOSTHUE MECTHOCTH (cocTaBa aTMOC(epbl, BOABI, 3€MHOTO
MOKPBITHS), 00BEKTOB, 000pYyI0BaHUs (C 3€MJIM, C BO3/yXa, B BOJIC); CHATHE
MOKA3aHUI KOHTPOJbHO-U3MEPHUTENbHON amnmaparypbl; BBISIBICHUE MECT
yTedeK B TpyOOnpoBoax u 000pyI0BaHHH,

2) morpy30-pa3rpy304Hble ¥ TPAHCIOPTHBIE pPAabOTHI — JIOCTaBKa
Pa3IUYHBIX TEXHUYECKUX CPEJCTB (MaTepuasjoB, MHCTPYMEHTA, €MKOCTEeH U
Ip. OOBEKTOB); pacyHUCTKa IPOXOAOB, YCTPOMCTBO TPAHCIOPTHBIX IyTEH;
pa3Oopka  3aBajioB, YKpEIUIEHWA WJIM  OOpYIIEHHM  HEyCTOMYMBBIX
KOHCTPYKIIHH;

3) MaHUMYJISIIUOHHBIE PAa0OThIl — MOHTAX U JIEMOHTaX O0OPYJAOBaHHS W
KOHCTPYKLIMM; HAaHECEHUE IOKPBITUM, YAAJICHHUE IOKPBITHUH; CBapKa M pe3Ka
TpyO, METaJNIOKOHCTPYKIIMUM;, CBepieHue u (pe3epoBaHue; OaHIAKUPOBAHUE
Teyell Ha TpyOompoBoaax; paboTa cO B3pHIBYATHIMU, PATUOAKTUBHBIMU U
JIPYTMMH ONACHBIMU MaTepHallaMu;

4) ouncTKa — JIe3aKTHBAIUS MECTHOCTH, CTPOCHHUH, IOMEIICHHUH,
KOHCTPYKIIMIA 1 000pYyI0BaHUS; OTKa4Ka BOJIbI U3 3aTOIUICHHBIX TOMEIICHHUIA;

5) cTpouTeIbHO-BOCCTAHOBHUTEIBHBIE PAOOTHI;

6) mokapoTyIIeHUE, BKIIFOYAs Pa3BEKy 0YaroB MoXKapa, JOKaJIH3alUuIo 1
TYIICHUE TI0KAPOB;

7) criaceHue JIrJIeH - TIOUCK JIF0/IeH B MeCTaX UX OJIOKMPOBKH; IBAKYyaIlHsI
JIFOJIEA U3 MECT YPE3BbIYaHHBIX CUTYaALIUH.

Jlnst pemieHusi 3ajlad HAaBUTALMKM YIIPABICHUS JABUKEHUEM aBTOHOMHBIX
MOOWIBHBIX POOOTOB B HE3HAKOMOM Cpele HeOoOXOIUMO HCIIOJIb30BaTh
JIOKQJIbHBIE MOHUTOPUHT CPEAbl C MOMOIIBI0 JATYUKOB (CEHCOPOB) poboTa,
MOJICIMPOBAHKUE MPETMATCTBUN, TJIAHUPOBaHWE OE30IMAaCHBIX MapIIPyTOB M
aJlanTUBHOE YIpaBJEHUE NBIKEHHEM poO0TOB. OIHUM M3 MEPCIEKTUBHBIX
MOJIXOJIOB, TOJy4Yaromux BcE Oojiee MUPOKOe MPUMEHEHHE, TTOBBIIICHUS
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CUHTEIJICKTyaIu3aliin»  MOOWIBHBIX pOOOTOB, SBISIETCS OpPraHM3aLUs
yIIpaBIICHHS C TIPOTHO3UpOBaHueM |1, 2].

IHOCTAHOBKA 3AJAYA

[enp mpOrHO3MpYyHOLIEro YNPABICHHUS COCTOMT B peau3aliu CIEIYIOLINUX
byHKUIUI:

1) noBBIIICHNWE TOYHOCTH MPH IBUKCHHUHU 110 33JaHHON Tpacce;

2) KOppEeKIMM MPOrpaMMHON  TPAaCKTOPUM C  YYETOM  aHajau3a
BO3JICUCTBUIN penbeda BHENTHEH Cpelbl, a TakKKe MPEMSTCTBUM, HE
OTMEUEHHBIX Ha KapTe MECTHOCTH MEPBOIO YPOBHS,

3) hopMupoBaHUE IOMOJHUTEIBHOTO YIPESKIAIOIIET0 BO3JCHCTBUS Ha
NPUBOJBI, PEATU3YIONINE YIPABICHUE CKOPOCTHIO BPAILIECHHS KOJIEC
(rycenwur).

PaccmotpuM  QyHKIMOHANIBHYIO cxeMy cuctembl ympasienus (CAY)
IBUKEHUEM TPAHCIOPTHBIM CPEACTBOM, IPEACTaBICHHYIO Ha puc. 1. Ha cxeme
YCIIOBHO TIPpUHATHI cleayronme obo3HaueHus: 1) YOVB — ycTpoiicTBo
(dbopMUpOBaHUS YIPABISIONIETO BO3JCHCTBUS HA MPHBOIBI, PEATN3YIOIIHNE
yIpaBJIEHUE CKOPOCTBIO BpallleHUs JieBoM M mpaBoi rycenun; 2) CAY I,
CAY I'm — cucrema ynpaBieHHUsS JIBUKEHHUEM JIEBOM M TPaBOM T'yCEHHUIIbI
cootrBeTcTBeHHO; 3) BC — BHemmnsas cpena; 4) MC — uHdpopmanmoHHas
cucrema; 5) CT3 — cucrema texuuueckoro 3penus; 6) KTcIIA — ycTpoiicTBo
KOPPEKLHUH TPAEKTOPUHU JBUKEHHS C IPOTHO3ZUPYIOLIUM aHAJIU3aTOPOM.

BC
1F(z¢>
gﬂl‘ vﬂ
-CAY T.
Fu(nxn) . Yolxg)
—

YOVYB TC

e “

F(zp)

Puc. 1. ®yHKIIMOHANIBbHAS CXEMa CUCTEMbI YIIPABICHUS IBUKECHUEM
MOOUJIBHOTO pOOOTa IO MECTHOCTH C MTPOTHO3UPOBAHUEM

- Volxa(t)
KTcIIA e uc

CAY TtpaektopusiM naBmwxkenuem TC Briatoyaer B cebs ase CAY
yropasieHueM ABuxeHneM Kaxjaoi rycenuueit TC — nesoid CAY 'y u npaBoit
CAY TI'n. [JBuwxenue TC ocymiecTBiseTcsi COBMECTHOM pabOTON TYCEHHII.
[Tporpammuast Tpackropust BBogutcs B YOVB kak dyukuus Fu(ya, x.). Jas
W3MEHEHHSI TPACKTOPUU MO CHrHaiam ¢ GOpMHUPOBATENS YIPABISIOMIUX
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BO3JICUCTBUM H3MEHSAETCS CKOPOCTb OJHOM M3 TyCEHHI, 4TO IPUBOJMUT K
noBopoty kopmyca TC, T.e. W3MEHEHUIO TpaekTopuu IBWKeHus. YDYB
pasyaraeT 3aJaHHYI0 TPAaceKTOPHUIO ABWXKEHHUs Ha ynpasisitomue mis CAY
T'YCCHMII CUTHAJIBL: JUTSI JIEBOM TyCeHHUIIbI §x(t), i mpaBoii — gu(t). @opMupyet
KOJA OMmMOKM MEXIy CHUTHAJOM 33aJaHds M TJaBHOM OOpaTHOM CBSI3U
MOJICUCTEM YIPABJICHUS TyCEHHIIAMH U TMpeolOpa3yeT ero B HampsKeHUe,
repeaBaeMoe Ha BXOJ IIPUBOJIOB U3MEHEHHSI CKOPOCTH T'yCEHHUIL.

brnox KTcITA cuHTE3upyeT TpPaeKTOPHIO JABMXXKEHHSI C YIPEKIACHHUEM,
aHanu3upys: 1) mapopmanuio, nomyyaemyto or CT3 o OmmkaiimeM ydactke
MECTHOCTH (C BBIJECJIECHHUEM HENPEOJOJIMMBIX MPENSATCTBUM W ONACHBIX WM
HESACHBIX ydacTkoB). akrtuueckue koopauHatel TC momydaroTes c
THPOCKOMUYECKUX JATYUKOB; 2) BHEUTHHE BO3JEHCTBHUS CO CTOPOHBI penbeda
BHemHel cpenpl Ha TC. 3aTeM B (QyHKIMM pa3HOCTH MEXAY (hakTHUECKOW U
IIPOTHO3MPYEMOM TpaeKTopusaMU & af(X, Y) (GOpPMHpYETCs IOMOIHUTENLHOE
yrnpasieHue npusogamu MP ¢ yueTom ynpexaeHus.

B mpouecce TpaektopHoro ymnpasieHus MP ¢ nporsosupoBaHueM
peann3yeTrcs TpU IPYIIIbI AITOPUTMOB:

1) anropuT™bI NPOTHO3MPOBAHUS TPAEKTOPHH;

2) anropuT™Mbl  (OPMHpPOBAHUS  MPOTPAMMHON  TPACKTOpPUU U
YIPABISAOMUX BO3AEUCTBUM JUIsl TOACUCTEM YIPABIECHUS CKOPOCTAMH
I'YCEHUL;

3) anropuT™Mbl MPOTHOZUPYIOIIETO YIPABICHUS TPAEKTOPUEN JBUKEHUS.

AJITOPUTMBI ITIPOI'HO3UPOBAHUSA TPAEKTOPUHN

IIpn peanmsanum ynpasneHuss aABwxkeHneM MP ¢ nporHozupoBaHueM
HeoOxo/IMMa onepatuBHasi HHGOPMALIUS O KOOPAUHATAX peibeda MECTHOCTH C
YIOPEKIECHUEM BO BpPEMEHM [Jisi BBEJCHHUS COOTBETCTBYIOUIMX IIONPABOK B
CUCTEMY YymopaBiieHUs [BHkeHueM. [lepBuuHas uH(poOpManus O TEKYyLIUX
KOOpJMHATaX MOCTYNAeT C HABUTALIMOHHON CUCTEMBI.

[Tporuozatop ¢GopMupyeT Mocieayonue KOOPAUHATL C YIPEeKICHHUEM
Ha OIpeAeICHHOE BpeMs, ompezensieMoe quHaMukoil MP. Anroputm pabotsl
moxayinsi KTcIIA ompenensiercs riaaBHBIM 00pa3oM THUIIOM MPOTHO3UPYIOIIEH
¢bynakiuu. [Ipu BeIOOpEe MeToAa MPOrHO3MPOBAHUS penbeda MECTHOCTH IS
NOJIBUKHOTO 00BeKTa TpeOyeTcs MONY4YUTh HaWiIydlllee B OIpPEIeICHHOM
cMbIcie TpuOImKeHre (QYHKIUU, OTpaXkarouleil cocTosHus penbeda, Npu
MUHHUMaJIbHOM YHCJIE€ U3MEPEHHBIX 3HAUCHU.

B paGore [3] mnpencraBieHbl pe3yabTaThl HUCCIEIOBAHUS TOYHOCTHU
CIIOCOOOB MPOTHO3UPOBAHMS JIBUKEHUS, OCHOBAaHHBIX Ha (pakTorpapuueckux
METOJIax MPOTHO3MPOBAHUS C HCIOJIb30BAHMEM CTATUCTUYECKOTO aHaIu3a.
CornmacHo, TMOJIY4EHHBIM peE3yJbTaTaM, MPEAINOUYTUTENBHO IOCTPOEHHE
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MPOTHO3UPYIOLIETO AHAIM3AaTOpa C HCMOJb30BAHUEM HHTEPHOJISILIUOHHON
dbopmynbl Hel0TOHA, OCHOBHBIMU JJOCTOMHCTBAMHU KOTOPOU SIBISIOTCS BBICOKAS
TOYHOCTh BBIYMCICHUM MIPH CPABHUTEIHHO HEOOJBIIOM HUX 00BEeMe, IPOCTOTa
anropuTMa.

AJI'OPUTMBI ®POPMHUPOBAHUA HPOFPAI\\'/IMHOI\/;I
TPAEKTOPUHU U YIIPABJIAIOLIUX BO3AEUCTBUU

B mnacrosmelt paGore s ympaBieHus ABrkeHueM MP mo 3amaHHOiM
TPAEKTOPUHM B ABTOHOMHOM (IIPOIPaMMHOM) pE€XHME paccMaTpUBAIOTCS
METOJBl M AJITOPUTMBI Pa3NIOKEHUS 3alaHHOW TPACKTOPUHM HAa YIPABISAIOLINE
BO3JCHCTBUS JUIS TPHUBOJOB TYCEHHI, NPUMEHSEMBbIE B TEXHOJIOTHYECKOM
obopynoBanun (cranku c¢ YIIY, npomeinuieHHBIE pOOOTHI), a HMEHHO,
U3BECTHBIE AJITOPUTMbI MHTEPIOJALNN, padOTaIOIIMe 0 METOLY OLICHOYHOM
byHKIMH, ¢ KOppPEKIMEH pacueTHBIX KOOPAMHAT B 3aBHCHMOCTH OT THIIA
npuBoaa MP [4].

Anroputmsl, paboTaronye o METOly OLEHOUHON (DYHKIUH, pEIIatoTcs ¢
MOMOIIBI0  KJACCMYECKUX  METOJOB  JMCKPETHOIO  IIEJIOUHMCIEHHOIO
nporpammupoBanus. CyTh 3THX alTOPHUTMOB 3aKIIOYaeTCs B TOM, 4YTO B
KaX/J0M LHKIE pacuera MpHUpaIleHuid HEoOXO0IuMO MHUHMMHM3UPOBAThH
COOTBETCTBYIOIIME IiesieBble (YHKIMM B (¢GopMe € HEOTPULATEIbHBIMU
Ko3(p(dULMEeHTaMH W TEpPEMEHHbIMM U TpU OrpaHUuYEHUs X B (opme c
HEOTPULIATEIbHBIMU [TEPEMEHHBIMHU (pHUC. 2).

Az B AZ
S,:AZ:=Tn Rr S,:AZ:=Tn
S+ S_:AX =Tn S_:AX :=Tn
R\ S,
S- Ry S_
]
[lo X X
A > 0 >
a) 6)

Puc. 2. ®opmupoBanue tpackropun asukeHust TC

AJITOPUTMBI NIPOI'HO3UPYIOLUIEI'O YIIPABJIEHUSA
TPAEKTOPHUEN IBUKEHUSI

PesynpTaToM  paboThl  MPOTHO3UPYIOIIETO  YCTPOWCTBA B  MpoIlecce
HENPEPHIBHOTO aHAJIM3a TEKylled curyauuu JABwxkeHus MP  sBisiercs
MIPOTHO3UPOBAHUE CKOPOCTHU (BKJIIOUYAsi CKOPOCThH BPAICHHS MPABOU U JICBOU
TYCEHHI]) W HAMpaBJICHUS TMEPEeMEIICHUS OO0BEKTa, HX KOPPEeKUUs MpHu
NPEBBIIEHUU  TPEACIbHO  JOMYCTUMBIX 3HAYCHMH I OOecredeHus
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BO3BpAIllCHUs] HAa 3aJJaHHYIO TPAaeKTOPHWIO, a TAaKXKE MX MPOTHO3HUPOBAHHE B
pEeXUME IBHYKEHHS 110 BHOBb C(HOPMUPOBAHHOM TPACKTOPHH.

B  ¢yHkmuu ommbku Mexay OmMOKaMU OCHOBHOTO KOHTypa U
nporuosupyroomeii  momemu O af(X, Y) (popMHpyeTcs  JIOHOIHUTEIBHOE
yIpasiaeHue npusoaamu ryceHunr MP ¢ yderoM ynpexxaeHus. YipasieHue
OCHOBAHO Ha MOJIOKCHHUSAX TCOPUN WHBAPUAHTHOCTH. [Ipy 3TOM BO3MOXKHBI JBa
cnocoba koppekuuu. IlepBbiii cmoco0 mpeanonaraer  QopMUPOBAHHE
aBTOHOMHOHM COCTaBJISIIOIIEH B Tekymiee ynpasieHue. COriiacHO BTOPOMY
croco0y (GopmMupoBaHHE TOTOTHUTEIHHONW COCTABIISIIONICH OCYIIECTBIISICTCS
Ha CTaJUU Pa3JIOXKEHHUsI NPOrPpaMMHON TPAEKTOPUM HA YIPABIAIONUE JUIs
MPUBOAOB BO3/IEHCTBHS. KOppeKius BRIMOIHAETCS HAa TPOTPAMMHOM YPOBHE H
HE BJIEYET U3MEHEHH OCHOBHOTO KOHTypa NMPHUBOJA, T.. HE 3aTParuBaIOTCs
BHYTPCHHHME CBOWCTBA, a, CJIEAOBATEJIbHO, U JTUHAMUYECKHUE XaPAKTEPUCTHKH
npuBozaa [5, 6]. CTpykTypHas cxema Ui CHCTeMbl YIPaBJICHUs IMPUBOJAMHU
M3MEHEHHUS] CKOPOCTH TYCEHHWIl, pEealiM30BaHHAs COTJIACHO CHocody 2,
npuBeneHa Ha puc. 3. Ha pucyHke kpome oOLIENpUHATHIX 0003HAUYEHUH B
CAY npunsito: Wi(p)- perynstop nmpuBoga U3MEHEHHsI CKOPOCTH T'yCEHHIIBI;
W>(p)- wucnomHUTEnbHBIM diieMeHT mpuBoga; Wi(p)- HEmocpeacTBEHHO
TPAaHCIIOPTHAS CHCTEMA.

£{ 2}
FiES

Ll + )

Ry dulet o) b
«y——_@—r’ . - Wlp) =
?

o | mo 20 e |/—‘m.

2(7)

Puc. 3. Ctpykrypa CAY c napannenLHoﬁ nporH03I/Ipy101ueI71 MOJENBIO
PE3YJIBTATBI UCCJIEJOBAHUS

UccnenoBanue ynpasieHus AsuwxkeHueM MP ¢ nporHosupoBaHHEM IIpu
BBISIBJICHUU TIPENSTCTBHIA Ha TPAECKTOPUU MPOBOIWIOCH B makere Simulink
nporpammbel MatLab. Ha puc. 4 npencrasiena tpaekropus aBmwxeHus MP.
Ucxonnas mporpaMMHasi TpaeKTOpHUsSl NBIXKEHUs, (popMupyemMas Ha OCHOBE
KapThl MECTHOCTU TIEPBOrO YpOBHS, oOo3HaueHa mudpon 1. dakruueckas
tpaektopusi nBwkenus TC, dopmupyemas Omokom KTcIIA ¢ yderom
CEHCOpHOW HWH(OpMaNMK O BHEIIHEW Ccpeje, BBISIBUBILCH MPENATCTBUE Ha
UCXOJHOM TpaeKTOpHH, MpejacTaBiieHa Ha puc. 4, mudpoit 2. DopMupoBaHue
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HOBOH Tpaektopuu nBmxeHus TC 6azupyercs Ha OCHOBE MPOLETYp THHEHHOM
MHTEPHOJSAIUHN 110 METOAY OlleHOYHOW (pyHKumu. B kadectBe mHpopmarum,
ABJISIFOLLENCS BXOAHBIMM JJTAHHBIMU, UCIIOJIB3YIOTCS MTOKA3aHUs JaJIbHOMEDPOB C
nocJyeayoomeid oopaboTKOM MONTYyYEeHHBIX JAHHBIX JUIS ONPENEIECHUS pa3MEpPOB
NPENATCTBUS U (POPMUPOBAHUS HOBOU TPAEKTOPHUHU.
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Puc. 4 TpaexTopusi ABUKEHUS MOOMIBHOTO poOOTa

Ha puc. 5 mpencraBnensl xapakrtepuctuku apwxkenuss TC. Ha puc. 5,0
mudpamMu 0603HaueHsl: 1 — rpaguk U3MEHEHUs yIriIoBoi ckopoctu @ MP npu
JBUKEHUH 110 TPAEKTOPUHU C MIPOTHO3UPOBAHUEM; 2 — TpaUK KOppeKIUU Aw B
KaHaJIe yriaoBou ckopocth w MP B mpouecce IBHKEHMS 10 TPACKTOPHUH C
nporozupoBanuemM. Ha puc. 6,8 mudpamm o6o3HaueHsl: 1 — rpadux
W3MEHEHUSl JIMHEWHOM CKOpocTH V. MP mipu ABHXKEHHM 110 TPACKTOPHUHU C
MIPOrHO3UpPOBaHuEM; 2 — rpaduk Koppekuuu AV B KaHajie JTUHEHHOW CKOPOCTH
v MP B mpouecce ABMXKEHHsS 110 TPAEKTOPUM C MPOTHO3UPOBAHHMEM. AHaIN3
MOJyYEHHBIX PE3yJbTaTOB MOKa3aJl OTCYTCTBHUE OUIMOOK aBwxkeHuss MP, kak
110 UCXOJIHOM, TaK U 110 BHOBb CPOPMUPOBAHHOU TPAEKTOPHUHU.
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Puc. 5. Xapakrepuctuku nsuxenus MP Bo Bpemenu:
a) rpaduK H3MEHEHHUS BEJIMYMHBI yrja o MEXJIy BEKTOPOM JIMHEHHOU
ckopoctd MP V u monoxurensHbiM HampaBieHueM ocu OX; 0) rpaduk
W3MEHEHUs YIII0BOM cKopocTH @ MP B mpouecce IBUXKEHUS 1O TPACKTOPUU;
B) rpadyiKk M3MEHEHHUs JIMHEWHOW ckopocTH V MP B mpoliecce JABHKCHHUS IO
TPaeKTOpUU
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3AKIIOYEHUE

B mpouecce TpaektopHoro ympasieHus MP ¢ nporsosupoBaHueMm
peanusyercs TpU TPYNNbl AJITOPUTMOB: IIPOTHO3MPOBAHUS TPACKTOPUM;
(dbopMupOBaHUS TPOrPAMMHON TPACKTOPHH M YIPABIAIOMIUX BO3ACUCTBUMN IS
MOACUCTEM  YOPaBJICHUA  CKOPOCTAMHM  TYCEHHMI];  MPOTHO3UPYIOILIETO
yhpaBlieHUsl TpaekTopuel ABuxeHus. [Ipu BbIOOpe MeTo[a MPOrHO3UPOBAHUS
penbeda MECTHOCTH Ui TMOJBHKHOTO OOBEKTa TpeOyeTcsl MOJIyduTh
HAWIy4llee B OMPEICICHHOM CMBbICIIEC MPUOIIKEeHNEe (PYHKINHU, OTpasKaroLIe
COCTOSIHUSA penbeda, IPU MUHUMAJIBHOM YHCII€ U3MEPEHHBIX 3HAUCHUH.

@opMUPOBAHUE JIOMOJHUTENBHBIX YHIPEKIAOIUX BO3JCUCTBHI Ha
IIPUBOABI TYCEHUYHBIX KOJIEC PEAIU3YEeTCss ¢ IPUMEHEHUEM METOJO0B
CaMOHACTPOMKH B (PYHKLMHU OMIMOOK OCHOBHOTO KOHTYpPa M IMPOTHO3UPYIOIIEH
Moznenu.  Pe3ynpraTel  IPOBENEHHBIX  MCCIEAOBAHMM  IOATBEPXKAAIOT
paboTOCIIOCOOHOCTh PACCMOTPEHHBIX AJITOPUTMOB.
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Pegepar

B  pabore paccmarpwBarOTCS ~— pe3yNbTaThl  HMCCJICIOBAaHUS  OOCCIICUCHUS
HWHBAPUAHTHOCTHU OH_II/I6KI/I o BO3MYHICHHIO B CHUCTEMAax aBTOMAaTHUYCCKOI'O
yIIpaBJICHUS! MHOTOKOOPIMHATHBIM TEXHOJIOTUYECKUM 00opymoBaHueM. B ocHoBe
VIpaBJICHUS JIGKUT YeTBepTas MoAudHUIHMpoBaHHAs ¢GopMa HHBAPHAHTHOCTH,
peanu3yeMasi TpPUMEHEHHEM METOJOB CaMOHACTpOWKH. B kadecTtBe 0O0BeKTa
HUCCIICA0OBAHUA BBICTYIACT TEXHOJOTHUECKUU MaHUITYJIATOP JJISL PE3KHU
HedTenpoBogoB. [IpencraBieHbl  pe3yiabTaThl  pa0dOTBI  KOHTypa  ajamTalluH,
peanmsyroniero  (OPMHpPOBAHWE JIOMOJHUTEIBHOTO  yIpaBieHWS B  (QyHKIHAA
HEPACYETHOT'O BO3MYILECHHS MPEAbIAYIIEH KOOPAHHATHI, IPH JABHKCHUU 1O THIIOBBIM
TEXHOJIOTHYCCKUM TPACKTOPUSAM. Ananus IMOJIYYCHHBIX PE3YyIbTATOB
CBHUJICTEIILCTBYET O I1EJIECO00PA3HOCTH MPUMEHEHUS PACCMATPUBACMBIX aJITOPUTMOB.
HeoOxonuMo BBeneHHE B KaHAI afanTalliy 3BE€HA C IMEPEeMEHHBIM KOA(PPHUIMEHTOM
nepeaayn.

BBEJIEHHUE

I_HI/IpOKaﬂ BOBJICUCHHOCTb MAHUIIYJATOPOB B  Pa3JIMYHBIX TCXHOJIOTMYCCKHUX
OIrepanuiax, BBIIIOJIHACMBIX IIO HCKOTOPOﬁ 3apaHec SaﬂaHHOﬁ Ui HCOHpeHCHCHHOﬁ
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TPACKTOPHUH, a TAKKE BBICOKHE TPEOOBAHUS MO TOYHOCTH K pealn3yeMbIM Mpoleccam
3HAYUTEIIHHO MOBBIMIAIOT aKTyaTbHOCTh PEIICHUS 3a/1a4 IMOBBIIICHUS XapaKTESPUCTHK
yIpaBJIeHUs] B TaKWX CHUCTeMaX. OJTa TmpoOiemMa OCOOCHHO aKTyajdbHa B
TEXHOJIOTHYECKOM OOOPYJIOBaHHHM C OOJBITMM MOMEHTOM HWHEPIIMH W BBICOKOU
JTUHAMHUKOW. XapakTEepHONH OCOOCHHOCTHIO OOBEKTOB YIIPABICHUS 3IECh SIBISETCS
BO3HHKAIOIIECE TP H3MCHCHHH YIPABIISIFONICTO WM BO3MYIIAIONIETO BO3JCHCTBUS
Tre€OMETPUUYECKU-CHIIOBOE B3aMMOBIUSHUE KOOPAWHATHBIX MpHBOIOB. OHa Takxke
UMEeT MECTO B Cllydasx, KOIJIa JICHCTBUTEIBbHAS TPACKTOPHS OTIUYACTCS OT
MPOrpaMMHOM U TpebyeTcs mepexo] Ha (paKTHUeCKylo, HalmpuMep, MpU yIpaBICHUN
MOOWJIBHBIMH pOOOTaMU, pOOOTaMU ISl TUPOpE3aHus HeTepoBoI0B. B koHEUHOM
UTOTe, 3a/laya YIPaABJICHUS COCTOUT B OOECIEUEHHWH TEXHOJOTHUYECKOTO Ipolecca,
BBITIOJTHSEMOTO 10 3aJJaHHOW TPaeKTOpuu ¢ obecrieueHueM TpeOyemMoro BeKTOpa
YCHIIUS C OJTHOBPEMEHHBIM IMapUPOBAHUEM BIIHSIHHSI BHEITHUX BO3MYIIICHUMN.

Cpenu U3BECTHBIX METOAOB IOCTPOCHHS CUCTEM aBTOMATHUECKOI0 yIpaBIeHUs
paccMaTpuBaeMoOro THIIA CIEAYeT OCOOCHHO BBIIEIUTHh METOABl KOMOMHHPOBAHHOTO
yIpaBieHUsl, OCHOBaHHbIE Ha MOJIOKEHUAX TEOPUH MHBApHaHTHOCTH. [lo cpaBHEHUIO
C JAPYTMMH METOJaMU KOPPEKIIMU BBEJIECHHWE WHBAPHAHTHBIX BXOJIOB IOBBIIIACT
TOYHOCTb, HE€ HM3MEHSSI CBOWCTB 3aMKHYTOTO KOHTYpa CHUCTEMBI. YHHUBEPCAIbHOU
SBIIIETCS BTOpas (opmMa WHBAPHUAHTHOCTH, OJHAKO OHA TpeOyeT molydeHus N
MPOU3BOJIHBIX, TI€ N — MOPSAOK CHUCTEMBI, UTO MPHU HX 4ucie Oojiee IBYX TPYIHO
peanusyercs. BoNbIIUMU BO3MOXKHOCTSMHU Ui O0O3HAUEHHOTO Kjacca CHCTEM
yrpaBieHus: 00i1aaaeT MoAu(pUIIMpoBaHHas yeTBepTas (opMa uHBapuaHTHocTH. [Ipu
3TOM JIOTIOJHUTENIbHAS COCTABIISIFOIIAS JJIsI TMAPUPOBAHUS BHEIIHUX BO3MYIICHUN
BBOJUTCSI B TOJBKO YHPABISIONIEE BO3JACHCTBUE, a HE B KaXK[bI KaHal MO CBOEMY
BO3JICHCTBUIO, KaK TpEIyCMaTpUBAET KJIacCHUYECKas TPAKTOBKA UYETBEPTOH (POpMBI
uHBapuaHTHOCTH [1].

MOJUPUILTNPOBAHHAA YETBEPTASA ®OPMA
NHBAPUAHTHOCTHU

Peanmzanuss MonnuUIIMpOBaHHOW 4YeTBEpTOW (OPMBI WHBAPUAHTHOCTH BO3MOXKHA
UCIIOJIb30BAHUEM METOAOB caMOHACTpOiku [2]. TIpu 3TOM BO3MOXHBI J1Ba MPOCTHIX
criocoba xoppekuuu. [lepBeiii mpemycMarpuBaeT (GpOpMHUPOBAHUE TOMOITHUTEIHHON
cocTaBlsifolled B yxke chopMupoBaHHOE YyIpaBisdouiee Bo3aelcTBUe. Btopoit
CIOCO0 COCTOUT B KOPPEKIMH Ha CTaauM (OPMHPOBAHUS 33JAFOIINX JUISL TIPUBOOB
BO3CUCTBUI B YyCTpoiicTBe (OpMHUpOBaHUS ympaBisomux BosaencTBuil (YOVYB)
[3].

Crpyxtypable cxembl CAY ¢ GpopMHUpOBaHUEM JOMOJHUTEIBHOIO YIPABICHUS
npezctaBieHbl Ha puc. 1. Ha cxemax o6o3nauensr: Wi(p) — nepenarounast GyHKIus
OpUBO/Ia C KHUHEMAaTHuYecKoW mepenaueil u oOwvekToM ympasnenus; Wo(p) —
nepenatouHas (QYHKIUS CMEXHOW koopauHaTel; V(P) — mepemarouHas (QyHKIHSI
npuBoia mo Bo3MmylneHuto; K(p) — mepemaTouHas (GyHKUUS 3BeHA aIanTalliu
YIpPaBISIONIEr0 CUrHana; go, f — ympapisiomee W BO3MYIIAMONIEEe BO3ACHCTBHUS
IIPUBOJIa COOTBETCTBEHHO; X, Xo — HEMOCPEICTBEHHO peryiaupyeMas KOOpJuHaTa U
KOOp/IMHATa CMEXHOTO MPHUBOJA COOTBETCTBEHHO; O — CyMMapHasi OIIMOKA CUCTEMBI;
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Af  — orkioHeHHE (AKTHUECKOTO YCWJIHMS OT PACYCTHOTO; Ofo — COCTaBJISIOIIAs
OIMMUOKN CHUCTEMBI, O0YCIIOBJIEHHAS PACUETHBIM BO3MYIIAIONIAM BO3JICUCTBUEM; OAf —
MOMEHTHAsi COCTaBIISIIOINAs OmuOku; AQ — [OMOJHUTENbHAs COCTABISOIIAS
YIPABJISIOLIETO BO3ICUCTBUS.

Jnis popMupoBaHUS AITOPUTMOB JTOTIOTHUTEIHEHOTO YIIPABICHUS UCIIONIB3YETCS
METO/MKA, MPeIoKeHHas B padoTtax [4]. lomomHUTENbHAS COCTABISIONMIAS SBIISICTCS
(GyHKIIE MOMEHTHOM OMMUOKH OT HEPacueTHOTO BO3MYIIECHHUS Oaf. s BhIACIEeHUs
WHTEPECYIOIICH HAC COCTABISIONICH OMIMOKH MOXHO HCIIOJNIB30BaTh HH(POPMAIIHIO C
CHUIOMOMCHTHBIX JaTYMKOB WM O00pa0dOTaTh CHTHAJI TOKAa HWCIOJHUTEIBHOTO
nsurarens. [lpu UX OTCYTCTBHH 3Ty COCTAaBJISIONIYI0O MOXHO MOJTYYHTH 00pabOTKOU
CyMMapHOW OIIMOKM B KOHType cHucTeMbl. J[ns cucreM ¢ OECKOHTAKTHBIM
TEXHOJIOTHYECKHM TIporieccoM (CBapka, THUAPOpE3aHHe) TMOJ 3HAYCHHEM  OAf
MMOHUMAETCS Pa3HOCTh MPOTPAMMHOM TPACKTOPHH M (PaKTUUECKONW TEXHOJOTUUECKOU
MOBEPXHOCTEH B CUCTEME KOOPIUHAT MPOTPAMMHOMN TPAEKTOPHUHU.

W (P)

YOVB

Af

t+
N

5ot
K(p) A mp] [vi] | Fw]
5

Wos (P)

VOVB 9o +Ag/ %

6)
Puc.1. Ctpykrypnsie cxembl CAY ¢ popMupoBaHreM JOMOTHUTEIHHOTO YIPABICHUS

OOpatumcss K JBYXKOOPJWHATHOW CHCTeMe, paloTaromeld B JIEKapTOBOM
cucrteme, B I1ockocT XOZ U BBIMOIHAIONIEH, HAPUMED, TEXHOIOTHUECKUN MPOIIecC
cOOpKM TIyTeM TMEepEeMENICHUs JAETald, PACIOJIOXEHHOW B  HCIIOJHUTEIHFHOM
YCTPOMCTBE MO TEXHOJOTMYECKON TpaekTopuu. Bce MHOrooOpasue BO3MYIIAIOLINX
(axTOpPOB MPUBOIUT K OTKIOHEHHUIO (PaKTUYECKOW TPACKTOPHU OT MPOTPaMMHOHU, U
HapyIICHUIO pacyeTHOTO peXuMa IO yCUIWIo Texmporecca. Heob6xomumo
OTIPENICNIUTh JIOTIOIHUTEIFHYIO COCTABIISIONIYIO B YIPABJISIONMIEM BO3JEHCTBHH,
UACHTUPHUIHUPYIOIIYIO TPOrPAMMHYIO TPAEKTOPHUIO K (PaKTUUECKOH.

N300pakeHre OmMOOK B KaHajdaX HCXOIHBIX TPHUBOJOB ONpEACISICTCS W3
BBIPAKEHUI

Hy (p)3x(P) =By (P)dxz (P) + Ly (P) fyxz (P)

H;(p)3d2(p) =Bz (P)dzx(P) + Lz (P) f2x(P), (1)
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rne Hi(p) = Ai(p) + Bi(p): Ai(p), Bi(p) — momuHOMBI YHMCIWTENS] U 3HAMEHATEIS
nepenatounorr  ¢yHkiuu  CAY  mo  i-0if  KOOpIMHATE  COOTBETCTBEHHO;
Li(p) = Bi(p)Cdi(p): Cd(p) — mepenmatounas ¢yHkiuss CAY 1o Bo3MyIHarOIeMy
BO3JCHUCTBUIO 1O i-0#f kKoopamHate; Ow(P), 9x(P); fxz(p), fx(p) — coorBercTBeHHO
npoekuuu Bekropa 3aganus G(X,z) u Bo3mymenus F(X,z) B oneparopHoit Gopme.

C y4eToM OTKJIOHEHHS BEKTOpa Bo3MmyIieHust Af 1 BBEICHUS TOTIOIHUTEIBHOTO
ynpasieHuss Ag cucrema (1) JONONHSETCS COOTBETCTBYIOIIMMH YICHAMH |
NPUHUMAET BUJI

H, (p)d () =B, (P)9,, (P) + L (P) f,, (P) + L (P)AF,, (P) + B,y (P)AY,, (P);

)
H,(P)J,(P) = B,(P)9:x(P) + L, (P) 1 (P) + L, (P)AF,4 (P) + B, (P)AG 1 (P)-

Jnst cuctembl (2) yclOBHUE BBITIOJIHEHHS uYemeepmou MOoOUGUYuUpo8anHoll
Gopmbl uH6APUAHMHOCMYU OTHOCUTEIIBHO JOMOJHHUTEIBHBIX BO3MYyIeHU Afx(p),
Afx(p) 3amurercs kak

Lx (P)Afy; (p) + Box (P)Agx (P) =0;

Lo (D)AT(P) + Bz (P)AG, (P) =0, ©

Brae 3aBucuMocTH OT crnoco0a pa3ioKeHUs 3aJaHHON TeOMETPHYECKOU
TPAEKTOPUH Ha yMpaBisiomue GyHKIUU (He3aBUCUMBIE W NTApaMEeTPUIECKUe) OHA
U3 KOOPAMHAT MOXKET pacCMaTpPUBATHCS KaK apryMeHT, a JApyras Kak ero (GpyHkuus.
OTO [aeT BO3MOXKHOCTH BBIIOJHEHUS YciaoBUS (3) B pa3IuMyHBIX BapUaHTax
bopmupoBanus coctaBisonux Agx(p), Ag:(p):

- BBEJICHHE JIOTIOJTHUTEIBHBIX COCTABIISAIONINX B KAKOM KaHaJIE;

- BBEJICHHE JIOTIOJHUTEIBHON COCTABIISIIONICH B KaHAlle KOOPAUHATHI-(DYHKIUN
(KoopaMHATa-apryMeHT 0e3 H3MEHEeHUS ),

- MEPEeKPEeCTHON KOoppeKuuel (BbIACICHUE JOMOIHUTEIBHOTO BO3MYIICHHS B
OJITHOM KaHaJIC ¥ BBE/ICHHUH JIOTIOJIHUTEIBHOTO YIPABJICHUS B APYTOM).

NCCIEJOBAHHUE AJITOPUTMOB KOPPEKIIMU HA ITPUMEPE
TEXHOJIOTHYECKOI'O POBOTA THUAPOPE3AHUSA
HE®TEITPOBOJ10B

PaccmoTpuM mpormecc KOPpEKUHMHM — YNPABJISIOMIMX BO3JACUCTBUA B IMPUBOJAX
MHOTOKOODAMHATHOW CHUCTEMBI, TOCTPOCHHBIM COIJIACHO BTOPOMY BapHaHTy
(GbopMUpOBaHHS  JOMOJHUTEIBHBIX  COCTABISIIONIMX. B kadectBe  oOBeKTa
UCCIIEIOBaHM B JaHHOW pabOTe BBICTYMAET TEXHOJOTHYECKHIl MaHUIYIATOp AJs
pe3Ku He(TenmpoBOAOB. Kunematnueckas cxema paccMaTpruBaeMoro
TEXHOJIOTHYECKOT0 poboTa TpeicTaBieHa Ha puc. 2. MaHumynarop umeer 6
cTeneHed MOABMXXHOCTU (Qi...Qs), MPU ITOM YTl (1, (2, (3 00pa3yrOT HECYIIYIO
CUCTEeMY MeXaHHu3Ma, a O00O0OIeHHbIE KOOpAWHATHI (4, (s W (s OTBEYAIOT 3a
OpUCHTAIIMIO TOJIOBKH THIApOpe3a, oOecrneunBas IBWKCHHE 110 HOPMAald K

256



MMOBCPXHOCTHU PC3aHUA (I/ICHOJ'IHI/ITCJ'ILHBJI cucreMma MaHI/IHy.]'I}ITOpa).

Puc 2. KunemaTuueckasi cxeMa MaHUITYJIsITOpa

PaccmoTpuM B3aumozelicTBHE MCIIOJHUTENIbHBIX IPHUBOAOB, OTBEUYAIOIIMX 3a
YIJIOBBIE MEpeMEIIeHUs] M0 00O00IIEeHHBIM KOOpIUHATaM (2, (3, YTO COOTBETCTBYET
KoHTypaMm 2, 3. Ilpudem npu HUX MNEPEKPECTHOM KOPPEKIMU OIECHUM JIMHAMUKY W
TOYHOCTh pabOTHl MAaHUITYJIATOPA TEXHOJIOTHYECKOTO podoTa B 1enoM. CTpyKTypHas
cXeéMa MOJIEJIN MCCIETyEeMbIX B3aHMMOCBSI3aHHBIX KOHTYPOB C KaHAJOM aJalTaluu
npencrasieHa Ha puc. 3. Ha cxeme o6o3nauensr: Wo(p), W3(p) — mepematounas
(GyHKIMST TPUBOJOB, OTBEUAIONIMX 3a YIJIOBBIC TMEPEMEIICHHUs] O O0OOIIEeHHBIM
KoOpauHaTaM (2, (3 cootBeTcTBeHHO; Wye(p) — mepenarouHast GyHKIUS yCTPOKWCTBA
(dopmupoBanus yrpasisitoiiero Bosaeicteus; Va(p), Va(p) — nepenatounsie GyHKIHHA
NPUBOJIOB KOOPJMHAT (2 W (3 COOTBETCTBEHHO 10 BoO3MymieHuto; Kas(p) —
nepeaaroyHas (pyHKIMS 3BEHA aJanTalluy YIpPaBISIOLIEr0 CUTHalIa B KOHTYpe 3; Oz,
f2, g3, f3 — ympaBnsronye ¥ BO3MyIIAOIIME BO3ACHCTBUS Uil MPUBOJIOB (2 U (3
COOTBETCTBEHHO; X2, X3 — HPOEKLHH PEryJupyeMbIX KOOPIMHAT MPUBOAOB J2 U (3
COOTBETCTBEHHO Ha TOPHU3OHTAJIBHYIO IUIOCKOCTB; 02, 03 — CyMMapHBIE OIIMOKH
cucteM mpuBoJOB 2 u 3 coorBeTcTBeHHO; Afy, Afs — oTkiioHeHHe (akTHYecKoro
YCUJIMSI OT PAaCUeTHOTO B KOHTYpax 2 M 3 COOTBETCTBEHHO; Jf2, Of3 — COCTABIISAIONINE
OHIMOOK CHUCTEMBI TPUBOAOB (2 U (3 COOTBETCTBEHHO, OOYCIOBJIEHHBIC
BO3MYULIAIOIUMH BO3JACHCTBUSAMU; OAf2, OAf3 — MOMEHTHBIE COCTABIISIOIINE OLIMOKU
KOHTYpoB 2 U 3; AQ2, AQ3 — [IONOJIHUTEIBHBIE COCTABISIOLIUE YIPABIISIOIIETO
BO3ACUCTBUSA AJIs IPUBOAOB KOOPAMHAT (2 U (3. OG0O0IIEHHBIE YIIIOBbIE KOOPAMHATHI
02, Q3 gepe3 Macmradupyromme kod3ppuiueHTol Koo, Kgxa ma0T cocTaBisromme
INPOEKIMM TOYKM COIUIa cpe3a Ha TOPU3OHTAIBHYIO IIJIOCKOCTh IO OCH X,
COOTBETCTBEHHO X2, X3.

HeompeneneHHOCT,  MPOCTPAHCTBEHHOTO  PACHOJOXKEHHUS  IOBEPXHOCTH
pe3aHus, a, CIEeJ0BaTEeIbHO, BO3MOXHBIE TPACKTOPHBIE OIIMOKH JIBHKCHHS
UCTIOJHUTEIBHOTO ~ YCTPOWCTBA,  pacCMaTpUBAIOTCS  KaK  JIONOJHUTENbHBIE
HepacyeTHble BO3MylneHus s Bropoil Af, m  tperbeit Afs koopmumuar. C
UCMOJb30BAaHUEM MOJEIN NPUBOJA O BO3MYILIECHHIO M>2(p) COCTABISIOIIAS OAf
BBIJICJIIETCS] BO BTOPOM KOHTYpe. [lanee depe3 koHTyp amantauuu K23(p) BBOAUTCS B
TPEeTUH KOHTYp Kak JOINOJHHUTENbHAs cocTaBistomas Ags. B kauectBe Mopenei
KOHTYPOB IO BO3MYIICHHUIO HCIIOJIb30BANCH CTAaTHUYECKUE 3aBHCUMOCTH IEPBOTO U
BTOPOTO KO3 PUIIMEHTA OIUOKH [T0 MOMEHTY.
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Puc. 3. CtpykTypHas cxema ABYXKOOPJAMHATHOW CUCTEMBI C (POPMHPOBAHUEM
AOIOJHUTECIBHOI'O YIIPAaBJICHUA

PE3VYJIBTATHBI UCCJIEJOBAHUA

B xome wuccinenoBanuu OblTa paccMOTpeHa paboTa KOHTypa afanTaluu Mpu
JBYKEHUH 110 TUIIOBBIM TEXHOJIOTMYECKUM TpaeKTopusaM. /i1 HeTexpaHMIUIL — 3TO
IPSIMOYTOJIBHBIE TIOBEPXHOCTH INPH BUJAE IO HOPMAaJM CIEPEAHM C MAaKCHUMaJbHBIMU
pasMepaMu 4%3 M WK IPAMOYTOJIBHUK ¢ pazmepamu 0,5x1 m. J{is TpyOonpoBo10B —
3TO MNPSIMOYTOJIbHUK ¢ pazMepamu 10 0,5%1,0 M mnM OKpyXHOCTb IpHU BHJE IO
HOpMaJli K TOBEPXHOCTH C pa3MepaMH J0 MaKCHUMaJbHOIO auamerpsl TpyObl. B
MOCJIEAHEM Cy4yae MMEEM IOBEPXHOCTb B BHJE MEpPECEUEHUs ABYX LWINHIAPOB. B
KAaueCcTBE OCHOBOIIOJIAralolled TEXHOJIOIMYECKONM TPAceKTOPUU IpU IPOBEACHUU
UCCIIEOBAaHUM TNpUHATA TPAaeKTOpHs, oOpasyemasi NEepeceYeHHEM LMJIMHAPOB MOJ
IPSIMBIM YTJIOM.

Pesynbratel uccienoBaHusi mpencTaBieHbl Ha puc. 4-8. Ha puc. 4.
NpeACTaBiIcHa TPOCKIHs Tpaekropuu aBmwkenus MUY (D = 16 m, d = 1,2 m) B
KOOPJMHATHBIX IUIOCKOCTSX, IZe o0o3HaueHo: 1 — TpaekTopust aBmwxeHus Y
MaHMIyJIsiToOpa 0€3 NPHUMEHEHHMs [WHAMUYECKOW KOppeKUuH; 2 — TpPaeKTOpHs
JBUKEHMSI, TTOJIyUE€HHAas C IpUMEHEHUeM MeToa afantaiui. CKOpoCTb IBUKEHUS 110
TEXHOJIOTUYECKOW TpaeKkTopuu mpuHUManack paBHoir 0,005 wm/c. Puc. 5
JEMOHCTpUpPYET Tpaduku U3MEHeHus koopauHaT WY 1npu  ABWKEHHH 1O
TEXHOJIOTUYECKOM TpaekTopuu 0e3 KOHTypa aJlanTaluu, riae ooo3HadeHo: 1 — rpaduk
u3MeHeHus koopauHatel WY; 2 — rpapuk 3amanus koopauHatel MUY; 3 —
KoopanHaTHas omuoOka. Ha puc. 6,a npencraBieHbl rpa@uku W3MEHEHHs BBIXOJHOU
KOOpPJMHAThl UCIIOJIHUTEIBHOTO MPUBOJIa B TPETHEM COWIEHEHUU MaHMITYJsITOpa 0e3
KOHTYpa aJanTaiuu.

258



\ AN
03 & // \ 0s 0.5

Puc. 4. IIpoexuuu tpaekropuu asuxenust MY pobdora:
a) MpoeKuus TpaeKkTopuH aBwxkeHus MY manunynstopa B 1iockoctd XOY; 06)
MPOCKIUA TpaekTopun aABwxkeHus MY wanumynstopa B miockoctd XOZ; B)
MPOEKIUs TpaeKTopuu aBmxenus MY manumnynaropa B miockoctu YOZ

X Ax. ™ Y. Av. M Z Azm
16  ev— o— S— T —
7 S i H i 12 7
1.2 |t ozt i 10 , 4 : H 1.0 -
10 il : i
08 : i H H 0.8 pfoeesd : N oo
06 R T 3 06 Y 0.6
04 : y 3 & i 04
02  BESEON B, = MR A L) 8 X R

0 % 4 i 02 3. Y ¢ 0.2 - — g 2
03 [ = i o L= : W Y 0 oot L
D4 i & i & \ — A . § —— 3

- - - - - 10 H H i 0.2 x 10

0 2 4 6 & 10 12 ke A0 ¢ Tt 0 2 4 6 8 10 12 L

:
a) 0) B)
Puc. 5. I'paduku u3menenus koopauHat Y npu ABMKEHUH MO TEXHOJIOTHUECKOM
TpaeKTOpHHu 06€3 KOPPEKITNH
a) rpauk U3MEHEHUsI KOOpAWHATH X U KOOpAMHATHON omuboku MY Manumynaropa;
0) rpaduKk U3MEHEHUs KOOPANHATHI Y W KoopAuHATHOW omnOku MY Manumymnstopa;
B) rpad)uk U3MEHEHHsI KOOPAUHATH Z U KOOpIAUHATHOM omuOku MY mManumymnstopa

12 "

/
I~

08 : : : frveen S

<

Ommnbka nmonoxxenus B CAY ¢ KaHAJIOM aJalTallly 10 MOJIOKEHUIO B YBEITHUCHHOM
Maciitabe npuBeieHa Ha puc. 6, 6. 3HaueHue omMOKH, OIU3KO K HYIIO, U OTBEYAET
TpeOOBaHUsAM, TpeAbsBiIsieMblIM K TP co cTOpOHBI mpolecca THUAPOPE3AHHS.
Xapakrepuctukn CAY  BTOpOl  KOOpAMHATBI M  KOHTYypa IEPEKPECTHOMH
KOPPEKTUPYIOIIEH CBSA3U B BUJE JOMOJHUTEIBHON COCTaBIsIOMEH yrnpaBieHus AQs
JUISl IPUBOJIA TPEThEN KOOPAMHATHI IPUBEICHBI HA PUC. 7.

q3, 03, pan J; paa
2.5 Fo T 0.02
- 2
20 b X 0.015
/ N
15 1 < A 0.1
N
b Vs ~ .
1o [ 0.005 i
3
05 A 0
i g 7 |
0 L 0.005 N
e L —
0.5 x 10 -0.01 - X 10
0o 2 4+ 6 8 10 12 i c 2 4 6 8 1 12 tc
a) 0)

Puc. 6. XapakTepuctuku 0000IIEHHONW KOOPAMHATHI (3!
1 — rpaduk M3MEHEHHs 3a/Ial0UIETO BO3EHCTBHS; 2 — rpad)uK U3MEHEHHSI BBIXOIHON
KOOP/AMHATHI MIPH JABUKEHUHU C MOCTOSHHON CKOPOCTHIO 0€3 KOHTYypa ajanTtaiuu; 3 —
TpacKTOpHas ommOKa 0e3 KOHTypa aIanTaiiu
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03, dap. Ag3

Puc. 7. XapakTepuCTUKU IPUBOAA BTOPOM KOOPAUHATHI U IIEPEKPECTHOMN
KOMIIEHCUPYIOILEH CBA3U:
1 — rpaduk M3MEHEHUs OMMOKU CUCTEMBI YIPABJICHUS 02 BTOPOTO COUWICHEHUS; 2 —
rpa@uK MOMEHTHOM COCTABIISIFOIICH OMIUOKU Oaf2; 3 — TpaduK HM3MCHCHHS
JIOTIOJIHUTEIBHONM  COCTaBISIOLIEH  ympaBieHMss AQs B  TPETbEM IPUBOAC
TEXHOJIOTHYECKOTO poOoTa

3AK/IIOYEHUE

[Ipumenenne  yerBepTod  (HOPMBI  MHBAPHMAHTHOCTH B  MEXaTPOHHBIX U
POOOTOTEXHUYECKUX CHCTEMaxX [aeT BO3MOYKHOCTH BBIOJHEHUE JHHAMHYECKOM
KOPPEKIMKM JBHMXKEHUA. McciaemyeMblii crmocod peanu3aliiii KOHTypa ajarTalliu,
npeaycMaTpuBaeT (HOPMHUPOBAHHE ABTOHOMHBIX COCTABJISIONIMX, CYMMHPYEMBIX C
CHUTHAJIOB COOTBeTCTByIOH.IefI HpOH3BO[[HOﬁ, YTO BEACT K IIOBBLIINICHUIO CTCIICHU
actaTM3Ma OJKBHBAJCHTHOM TMepeAaToyHoil (YHKIHUH CHCTEMbl Ha CIHHHUILY
OTHOCHUTEIIbHO acTaTU3Ma YIPABJISIONIETO BO3JACHCTBUSA. AHAIM3 MOJYYCHHBIX
PE3yJIbTATOB CBUAETEILCTBYET O HEOOXOAMMOCTH MPUMECHEHHsI B KaHAJC aJanTalluu
Omoka ¢ mepeMeHHBIM Kod(ddummentom mnepemaun. B xome wucciemoBaHUs ObLTH
MOJy4eHbl TpaduUecKue 3aBUCUMOCTH KOI(D(HUIMEHTa TMepefayd B KaHaje
aganrangyn  OT BpPEMCHHU IIpoHecCa KOMIICHCAIIMKM W paauyCOB THJIMHAPOB
IpeICTaBIICHBI.

HccnenoBanue BeIMoHEHO TpH (pruHAHCOBOM moiepkke PODU B pamkax HaydHOTO
npoekTa Ne 16-38-00638 mon_a.
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Pedepar

CoBMelIeHNEe MEPEHOCHOTO JIBUKEHUS KOHCOJIBHOTO HEKECTKOI'O CTEPXKHS C
JOBIDKYILIEHCS COCPEIOTOYEHHOM MAacCOM BJAOJb CTEPXKHS MPUBOAUT K
CYIIIECTBEHHOMY M3MEHEHHUIO )KECTKOCTH U YacCTOThl KOJIEOAHUN CHCTEMBI, YTO
3aTpyAHSIET UCIOJIb30BAaHUE HM3BECTHBIX 3aKOHOB ONTHUMAJIBHOTO YIIPAaBJICHUS
NEPEHOCHBIM JBUKEHUEM, KOTOPBIE ITPeTyCMaTPUBAIIA TIOCTOSTHHYIO )KECTKOCTh
00BEKTOB IIPH YIPABIIsIEMOM JBHKCHUU [1-4].

[lokazaHo, 4TO U1 CTAOMIM3alUMU SKECTKOCTH HEOOXOJUMO B
3aBUCHUMOCTU OT TMOJIOXKEHHSI COCPEIOTOYEHHOM MaccChl, IMepeMellaromencs
BJIOJIb CTEp)KHS, HENPEpPHIBHO HM3MEHSATh MOMEHT HWHEPLHUH MONEepPeyHOro
ceyeHusd. I3 mnpumepa KOHCOJIBHOIO CTEPKHA KOHEYHOM IKECTKOCTH C
IEepEeEMEILAOIIENCs BIOJIb CTEPKHSA COCPENOTOUYEHHON MAaccoi clleyeT, 4To
MPEIJIOKEHHBIN croco0 ymnpaBiiieMON CTaOMIM3aUU U3THOHOM KECTKOCTH a
MPAKTUYECKH pEealU3yeT ONTHMAJIbHOE MEPEHOCHOE IBUKEHHE OOBEKTa C
JOCTH)KEHUEM COCTOSHUSL a0COJIOTHOTO IIOKOSI COCPEJOTOYEHHOW MacChl
(xapeTkH) B KoHILIe JBUKeHUsA. CTabmin3alus ;KeCTKOCTH T03BOJISET MOBBICUTD
3¢ (HEKTUBHOCTh MEXATPOHHBIX CUCTEM IyTEM COBMEILEHHUS MMOCTYNAaTEeIbHOrO
WIM BpallaTe€IbHOIO NEPEHOCHOIO JABMKEHHUS B COUYETAHUU C MEPEMELIEHUEM
COCpPEAOTOUYEHHON MacChl BJIOJIb CTEPIKHS.
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BBEJIEHUE
B paborax [1-4] mpeanoxeHbl U WCCIeNOBaHBI KOCOCHMMETPUYHBIC 3aKOHBI
ONTHUMAJILHOTO TIEPEHOCHOTO JIBKEHUS YHPYTMX OOBEKTOB C KOHEUHBIM H
OECKOHEYHBIM YHCIIOM CTENeHEW CBOOOJBI B MPEAIOIOKEHUH, YTO KECTKOCTh
U, CJIeI0BaTEeNbHO, YaCTOTHI KOJICOAHUHN TTOCTOSIHHBI.

B [3] mnokazaHo, uYTO mNpH BBIIBMKCHUH PYKH MAaHUIYJIATOpa C
COCpPEOTOUYECHHON Maccoi (CXBAT € TPY30M) KECTKOCTh PYKH M, €CTECTBEHHO,
COOCTBEHHbIE YaCTOTBl MEHSIOTCSI, YTO HE TMO3BOJIJIO TPUMEHHUTH
o0ocHOBaHHbIE B [1-4] 3aKOHBI IEPEHOCHOTO JIBHKCHHUS YIIPYTUX OOBEKTOB.

ITIOCTAHOBKA 3ATAYHA

Ha pucynke 1 mpuBeneH mpumep, WUTIOCTPUPYIOLIUN TepeMeleHue
COCPE0TOUYECHHON MaccChl BJIOJIb KOHCOJILHOTO HEXKECTKOTO CTEP KHS, KOTOPHBIH
B CBOIO  ouepedb  JBUKETCA  IOCTYMAaTeJbHO B  HANpaBJICHUH,
MEePHNEHIUKYISIPHOM TMpoa0iabHON ocu. [lo HampaBieHHIO ONTHUMAIbLHOTO
MOCTYNATENIBHOTO  JBM)KEHHMSI ~ CTEpXKHSI ~ MOSBISIETCS  MEepeMeElIeHHe
COCPEIOTOUYCHHOMN MacChl, 00YCIOBIICHHOE M3THOHBIMY KOJICOAHUSIMU CTEPIKHSIL.
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Pucynok 1 — CxeMa coHOTO JBH)KEHHUS COCPETOTOUCHHOM MaCCHI.

B uccnepoBanusix pacmpeenieHHas Macca KOHCOJIBHOTO CTEP)KHSA He
yuutbiBaeTcs. KoadduuneHt u3ruOHOM KECTKOCTH CTEp>KHS B HaYallbHBIN
MOMEHT BPEMEHHU

3EJ
0: L?)

rne EJ — xecrkocts npu usrute ( E— moayns ynpyrocrtu nepsoro pona; J —

C , 1)

0CEBOM MOMEHT MHEpLMH IOIEPeYHOro cedeHus crepxkHs); L,— paccrosHue

COCPEIOTOYEHHON MACCHI O KECTKOI'0 3allEMJICHHUS.
HuddepenimaibHoe ypaBHEHUE OTHOCUTEIBHOTO JIBUKEHUS (B CBSI3U C
W3TMOHBIMA  KOJEOAHHWSIMU ~ CTEPXKHS) TMPU  ONTUMAIBHOM MEPEHOCHOM

JBMOKCHHHU U L0 = const umeeT BUL;
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dw

2 +kW =-U,(t),
2
rae k? = :r’)nlig , Ue(t) = % — yckopenue nepenocHoro amxenns, Se(t)

0

— HCPEMCUICHNC, M — macca KapCTKU.
YuceHHbIe OKCIICPUMCHTBI IMOKA3bIBAKOT, YTO OaKEC BCCbMa MaAJiocC

U3MCHCHUC LO MMPUBOJAT K 60J'H)IHOMy U3MCHCHHUIO KECTKOCTHU ( 1 4aCTOThbI

COOCTBEHHBIX KoyieOaHMif). DTO HE TMO3BOJNIET BHIOPATH TaKOW 3aKOH
NEPEHOCHOT0 JABM)KEHHMSI, IPU KOTOPOM B KOHEYHOM IOJIOKEHUH JOCTUTAETCA
COCTOSIHHE aDCOJIFOTHOTO JIMOO0, MPH HEOOXOIUMOCTH, OTHOCUTENIBHOTO MOKOSL.
Crabunu3zanus *eCTKOCTH BO3MOKHA 3@ CUET HENPEPHIBHOTO U3MEHEHMSI
MOMEHTA MHEPLMH MONEPEYHOr0 CEYEHUSI CTEPAKHS MPU COTNIACOBAHUU TAKOTO

M3MEHEHHs C KOOPIMHATON cocpenorodeHHon maccwl (tenmexkn) L, + L(t),

MepeMeNIaroIICHCs BJOJIb CTEPIKHS.

CTABMWJIM3AIUA KECTKOCTH KOHCOJIN

CxemMa KOHCOJBHOW KOHCTPYKIMH, B KOTOPOM  peamusyercs
cTabmiIn3anus )KECTKOCTU MPU COTIACOBAHUU C JBUKEHHEM COCPEIOTOYCHHOM

MacCcChlI, H306pa>1<eHa Ha PUCYHKC 2.
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4| ] -

Pucynok 2 — Cxema KOHCTPYKIIMH CTEPKHS CO CTAaOMIU3AIMEN KECTKOCTH 32
CUeT BpallleHHUs 3JIEeMEHTa 2 BO KPYT MPOAOIbHOI ocu: | — Hampagistomas; 2 —
CTaOUIIN3UPYIOLIUI 3JIEMEHT, BpalllaloIINicsa BO KPYT MPOI0JIbHOM ocu; 3 —
COCpEOTOUEHHAs Macca; 4 — MPUBOJI BpallleHUs 3JIeMEHTa 2.

MoOMEHT WHEpLUMHU TONEPEYHOIO CEYECHUS OTHOCUTEIIBHO OCU Z TpH
MMOBOPOTE CTAOMIIM3UPYIOIIETO d3JEeMEHTa 2 Ha yroidl « BBIYUCISIETCS 10

dbopmyie:
J,=J,+J,cos’a+J,sin", 3)

rae J,, — MOMEHT uHepLun GOKOBBIX IUIACTUH HAMpaBisolei 1 (pUCyHOK 2).

®opmyna (3) nepenucbiBaeTCs B BULE:
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Jz=JZO+J21+(Jyl—JZl)sin2a. (4)

U3 (4) cnenyeT BeIpaXkeHHUE 7S yTiia MOBOPOTA!

a =arcsin (JZ Ju Jzo) . (5)
(J yl - ‘] zl)
B mavanbpHbIii MOMEHT BPEMCHHU INNIACTHHA T'OPHU3OHTAJIbHA W KBaapatT
4aCTOThl COOCTBEHHBIX KOJICOAHUM BRIUUCIACTCS O (popmyiie:

3E(J +J
af:—i§§4Q. (6)
0

B npoun3BosIbHBIE MOMEHT BPEMEHM IIpU INEPEMELIEHUN Ipy3a BJOJb
CTEPKHS KBAAPAaT YaCTOTHI BBIYUCIISAETCS TaK:

, 3E(J,+J,)
o = a
m(L, + L(t))

rae L(t) — usMeHenne Bo BpeMeHU pacCTOSIHUSL OT COCPENIOTOUEHHOM MACCHI 10

(7)

ee HayaJbHOTO ITOJIOKCHUS. 3aKOH N3MEHEHHs J, HaXOQUTCS U3 ypaBHCHUS

wz :a)lz; T.e. ‘]21:3‘]20 — ‘]2+J20 (8)

. (L+Le)

501041

J :(Jz1+‘]zo)(Lo+L(t))3_J .
z Lf; z0 (9)
[Moacrasnsis (9) B (5), HodydnM BeIpaKEHHE JJIs1 yTIia TOBOPOTA:
3 K .
Lo('J vyl J zl)

V4
Yrom mnoBOpOTa IIACTUHBI M3MEHSETCA B Ipeenax 520:20.

JIBUKeHHEe COCPEOTOYEHHONM MacChl MOXKET OCYIIECTBIIATHCA IO JIIOOOMY W3
W3BECTHBIX ONTHMabHOMY 3akoHY [5, 6]. BaxkHo ormertuts, uto ipu & =0,

LO)=L,,amnpun a = % , L(T)=L,,tme T — oOuee Bpemst ABHKCHHUSL.

Ecinu yacrora nepBoro ToHa @ = const , To qis IIEPEHOCHOT'O ABMIKEHUS
yIpyroro o0ObEKTa MPUMEHHM JIFOOOW W3 PacCMOTPEHHBIX B padorax [1-4]
3aKOH KOCOCUMMETPUYHOTO ONTHMAILHOTO YIIPABJICHHUS.

C 11e1bI0 TIPEOJIOJICHUST BBIYUCIIUTEIIBHBIX TPYAHOCTEH YI00HO 3a1aTh
sakon Bpamienust (t) u waxomuts nepememenue L(t) cocpemorouennoit
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MacCCbl BAOJIb  CTCPIKHA. HYCTB ONTUMAJILHOC  BpPAIICHUC  IUJIACTUHBI
OIIMCBIBACTCA 3aBUCHUMOCTBIO.

2t)) t?
t)y=0|3-=|—,
a(t) co( Tsz

T .
rae @. = 5 IIPEACIbHBIA yroi OBOpOTa Iu1acTUHEL. [Ipu moBopore Ha yrou

(. yIIoOBasg CKOpPOCTb CTAaHOBUTBHCA PABHOM HYIIIO. IIepemerienue
COCPEIOTOUCHHON MaCChl BAOJb CTEPIKHS:

L, .
L(t)Zﬁ?’\/(ZJZO+le+(Jy1—le)SInza(t)Xle+Jzo)2—LO. (11)

z1 z0

bh® hb® J

Ipumep. Jawo: b=0,04m; h=001m; J . =—:; J =—1: J =—2:
pumep- /L “T12 0 T 12 T g0

L,=08m; T =0,67c.

Ha pucynke 3 msobpaxensi rpaduxu L(t), L(t),L(t) msmxenus
COCPENOTOYEHHON MAcChl BJIONbL CTEPKHsA. M3 rpauKoB CleayeT, 4To B

T
KOHEYHOM COCTOSIHUM O :E' t =T nacrynaer nokoit. Bo Bpemst aBrxeHus

coOCTBEHHAs 4yacToTa KojebaHuil CTCPIKHA OCTACTCA HOCTOSIHHOM.
(1]

Lt

" o, (1)

i(t)’lj' .

L{t) L{t)
10+

L{t)

3+

[

-5

-10+

Pucynok 3 — I'paduku nepememtenns L(t), ckopoctn L(t) u ycxopenns L(t)
COCpEI0TOYEHHOW MacChl MPH €€ JIBUKEHUS BAOJIb CTEPIKHS.

Ha Bpemennom uatepsaie 1 >1 >0 ocymiectsisiercs nocrynarenbHoe
HepEMEILEHHE CTEPIKHS B HANPABJIEHUH, TIEPIEHANKYIAPHOM NPOIOIBHOM OCH
(pucynok 1), Ha paccrostane S, =0,9mM. C y4etoM KpaeBbIX  YCIIOBHiA

(S.(0)=0; S,(0)=0, S(T)=S,, S,(T) =0) 3aKoH NEPEHOCHOro ABIKEHNs

IMPUHUMACT BU:
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U (t)=asinpt, V. (t)= Sc —S—Kco{z—ﬂtj,

S S T2 ' ' (12
S (t) = 2t — 2 gjn 27|
T T T
275 2
rme a= TZK , p= ?ﬂ I'pajpuxu U (t), V. (t), S, (t) wnsobpakens: Ha
pucyske 4. Ilpu t =T HacTynaer nepeHOCHSbIH MOKOJA.
Ue(t), ;. Ve
Ve(t),
Se(t) *1
’ >0 Seft)
’ 01 82 01 % 04 05 _-I;:'ﬁ_t,c

==

—fi

Pucynok 3 — Ipaduxu U (t), V. (t), S,(t) B nepenocuom nerkennn crepxus.

Nuddepennuansuoe ypaBHeHHE [2] OTHOCHTEIBHOTO  JIBHIKEHUS
(m3ruOHBIX KoJICOaHWN) O0OBEKTAa KaK CHCTEMBI C OJHOM CTEIEHBIO CBOOOJIBI
MIPUHUMAET BU;

dw S, sin( pt
Vo 1w, = — S SINCRY (13)
dt T
3neck yactora konebanuit K =18,75¢t. B moment Bpemenn t=T B
OTHOCUTEJIBHOM  JBWKCHMH  (KojeOaHWe)  BBINOJHSIIOTCS  MOMEHTHEBIC

coorromenuss W (T) =0, W (T) =0, 1.e. mocturaercs 0THOCUTENBHBII TOKOI
(pucyHOK 5), KOTOpbII 00YCIIOBIEH U3rMOHBIMU KOJIEOAHUSMU CTEPIKHS.

"-i‘r{l:].
wi(g), ™
M M
0z

LEE

Pucynok 3 — I'paduku otHocutensuoro nemxenus W (t), V\'/r (t).
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SAKIIOYEHUE

CoBMelIeHNE IBHKCHUN 00BEKTa C YIPYTUMHU CBSI3AMH (C I[CIBIO TOBBINICHHS
MPOU3BOAUTEIBHOCTH ONEpAIi TPAHCIOPTUPOBAHUS TPH HCIOJIB30BAHUH
KOCOCHMMETPUYHBIX ONTUMAIIBHBIX YIIPABIICHHUH) BOZMOXKHO 32 CYET IPUEMOB
CTaOMIIN3AINHN )KECTKOCTH CUCTEMBI.

KomOnHupoBaHHOE ympaBiIeHHE TIO3BOJSET JOCTHYL  COCTOSTHHS
abCOIIOTHOTO MOKOS 00BEKTa (HampuMep, ISl KapeTKA MEXaTPOHHOT'O MOYJIs)
B KOHIIE CIOXHOTO MBMXKEHUsA. OYEeBUAHO, YTO B MPOCTPAHCTBEHHBIX
CTEp)KHEBBIX KOHCTPYKLMSAX HCIHOJHHUTEIbHBIX OpPraHOB MaHUIYJISTOPOB
MUHUMAaJIBbHOW MacChl CTAOMITM3AIH KECTKOCTH (CIIEKTpa 4aCTOT COOCTBEHHBIX
KojeOaHui) JOCTUraeTcss 3a CyYeT JOMOJHUTEIBHOTO  HEIpPEPHIBHOTO
yOpaBiCHUs TPOCTPAHCTBEHHOW KoHpurypamumeld (popMor IBUKEHUS)
CTEP>KHEBOH CUCTEMBI.

[1] A.U.boxouckuii, H.M. Bapmunckas, M.J. Mo3oneBckuii OntuManbHOE yIpaBieHUE
TIEPEHOCHBIM JIBIKeHHEM Jedopmupyembrx 00sekToB. (CeBHTY, CeBacromnons, 2007).

[2] A.. BoxoHnckuii McrnomHuTebHbIE OpraHbl MUHUMAaJIbHOW MAacChl MaHUITYJSITOPOB C
yIpaBisieMbIM Ae(OpMUpOBaHMEM TPU y4UeTe€ TEMIIEpaTypHBIX BO3AEHCTBHH. (MaT. KOH(.
Hogsropom, 1993).

[3] A.1. Boxouckwmii, H.M. Bapmunckas, CTaOHIH3aIHsI )KECTKOCTH TEICCKOIUYECKON PYKH
MmanumystTopa(mat. kond. Bem., OHITY, Inenponerposck, 41-46, 2004).

[4] A.l. Bokhonsky, S.J. Zolkiewski, Modelling and analysis of elastic systems in
motion(Wydawnictwo politechhniki, Gliwice, 2011).

[5] A.A. BoponoB Teopus aBTomartuueckoro ympasienus. 2. (Beicmias mikosia, Mockea,
1977).

[6] ®.I1. Yepnoycbko, I1.]]. Axynenko, b.H. CokosoB, Yrpasienue konebanusivu (Hayxka,
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Pegepar

PaccMoTpeHBl aniuTHBHBIE MPOLECCHl MPAMOTO BBIPALMBAHUS HW3JIEIUN
MOCJIOHBIM CHHTE30M B COOTBETCTBHM C OCOOEHHOCTSIMH KOHCTPYUPOBAHHUS
dbopmupyembix obosouek. [lokazaHo, YTO HCMONIB30BAHUE CAMOOPTAHU3AINH
MOBEPXHOCTHBIX SIBJICHUM TMO3BOJSIET (OPMUPOBATH CIIOM OIpEAeSIEHHOM
TOJILUMHBI [0 BCEH CI0XKHONPO(UIBLHON paboueil MOBEPXHOCTH U YIPABISTH
obecriedyeHreM CBOMCTB MaTepuajia MOTOKaMU 3Heprud. BelisBieHbl Hanbosee
IIEPCIIEKTUBHBIE  HANPABJICHUS  pPa3BUTUA  AQAUTUBHBIX  TEXHOJIOTUH
MOCJIOHOTO CHMHTE3a, MO3BOJIAIOIINE (POPMUPOBATH OCHOBY U TIOBEPXHOCTHBIE
CIIOM JUIsl TPAJUEHTHBIX MAaTE€pUajJoB U MHOTOCJIOMHBIX KOMIIO3UTOB
pa3nuyHoro (yHKIMOHAJIBHOrO HasHaueHus. s ckopeiimero m Hauboiee
3(p(GEKTUBHOTO  OCBOEHHUS  AJJIUTUBHBIX  TEXHOJOTUH  COBPEMEHHOI'O
«uu(poBOro MPOU3BOJCTBA» TpeOyeTcs ONpeleleHre IepBOOYEPETHbIX
MEpPOIPHUATHI U COTJIACOBAHUE IJIaHA COBMECTHBIX JIEHCTBUN pa3paboOTUHKOB,
POU3BOANTENEH M MOTpeOuTeNell HayKOEMKOro 00OpyAOBaHUS, PACXOTHBIX
MaTepuajgoB MW MNPOrPAMMHBIX CpPEICTB, a TAaKXK€ MOJArOTOBKA HAy4YHBIX H
VWHXEHEPHBIX KaJApOB JJIs PELICHMS IIOCTABJICHHBIX 3a1a4.
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BBEJIEHUE

CyIHOCTh aTUTUBHBIX TEXHOJOTUI 3aKJII0OYAETCs] B TIOCIOWHOM CHHTE3€ WU
«BBIpalIMBaHUM» 0e3 (opMooOpa3yromeld OCHACTKH, MO HU(PPOBON Mojenu
u3zienusi, Co3gaHre KOTOPOro MPOUCXOTUT MyTeM J00aBJieHHs MaTepualia B
OTJIMYUE OT TPAJAUIMOHHBIX TEXHOJOTHH, OCHOBAHHBIX Ha YAAJCHHH €Tr0
M3IULIKOB [ 1, 2].

B Hacrosimee Bpems peanusyercs HOBas Napagurma Au3aiiHa, B TOM
qyuciae W MOJIEKYJSIPHOTO, «CHU3Y-BBEpPX» B3aMEH WM B JOINOJIHEHUE
pa3BUBAIOIICICSI BEKaMH TMapajurMe «CBEpXy-BHU3» [2]. ABaHTrapHbIe
TEXHOJIOTUW, TIOMHMO HOBBIX amllapaTHBIX ¥ MPOTPaMMHBIX CPEJCTB,
00OpyIOBaHHS U OCHAILEHHs, OCHOBBIBAIOTCS Ha MOCJIOHHOM BbIpalllUBaHUU
MOBEPXHOCTEH H3JENMH M CcaMOOpraHU3alld CTPYKTYpP KOMIIO3UIIMOHHOTO
Matepuana. [loaToMmy 0COOEHHO NEPCIEKTUBEH MOJXOJ, paccMaTpHUBAIOLIMIA
aJJUTHBHBIE  METOJbl  KaK  CHHEPrOTEXHOJOTMH,  OOEeCIeunBaIoLINe
CaMOOPIaHMU3ALMI0 TOBEPXHOCTHBIX SIBJICHUN IPU MOCIONHOM (OPMHUPOBAHUU
CTPYKTYp TOBEPXHOCTHBIX CIIOCB Pa3UYHBIX MATEpUANOB W YIPaBICHUE HX
CBOWCTBAMHU MPHU Pa3HOOOPa3HBIX (PU3HUECKUX BO3IEHCTBHSX [3].

OTO aeT BO3MOXKHOCTh YCTOMYMBOI'O 00pa30BaHMsI CJI0s ONpeAeIeHHON
TOJIIIIMHBI IPU 3HAYUTEIbHBIX U3MEHEHUAX PACCTOSHUS OT UCTOYHHMKA SHEPTUU
WIA TI0JIaBa€MOro MaTepuana 10 (HOpMUPYEeMOW MOBEPXHOCTH, a TaKkKe
MO3BOJISIET B PE3yJIbTAaTe B3aUMOIIPOHUKHOBEHHSI CPaIllMBaTh NOCIEI0BATEIbHO
HaHOCUMBIE CJIOH.

TEXHOJIOT'HYECKHUE KOMIVIEKCBI AJJIMTUBHOI'O
MMPOU3BOACTBA

[ToBbimeHuto0 3GHEeKTUBHOCTHA MPOU3BOACTBA CIYXKUT CO3/IaHUE KOMILIEKCOB
TEXHOJIOTUYECKUX, TPAHCIOPTHBIX, SHEPreTUUYECKUX M HHPOPMAIIMOHHBIX
MaIlliH Ha OCHOBE HOBBIX TE€XHOJIOTHMH M TOBBIMICHUS MPOU3BOAUTEIHHOCTH
yke wucnoiab3yeMbix [4]. Takas COBOKYNMHOCTb MPOU3BOMSIIMX MaIlluH
MoJy4ywsia Ha3BaHWe TexHojormdeckux KomiuiekcoB (TK), kotopeie
aBTOHOMHO (YHKIIMOHHUPYIOT W B YCTAHOBJICHHBIX MpelesaXx 3HAuYeHUU ¢
WCIIOIb30BaHMEM IPOTPAMMHOTO YIPaBICHUS OO0ECIeunBalOT TpeOyeMbIX
XapaKTEPUCTUKU KadecTBa usaenuu [5, 6].

Pa3Butne cpeiacTtB MUKpPOIIEKTPOHUKH SBWIOCH 0a30d ISl CO3MaHMS
MEXaTPOHHBIX CUCTEM, KOTOPBIE BKIIFOYAIOT KaK SJIEKTPOMEXaHUYECKYIO YacTh,
TaK U JIEKTPOHHO-YIPABJIAIONIYIO0 (IOCTPOEHHYIO Ha OCHOBE HCIIOJIb30BaHUS
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KOMIIBIOTEPOB ~ WJIM  MHUKPOIPOILIECCOPOB).  MeXaTpoHHBIE  CHUCTEMBbI
o0ecreYnBalT CHHEPTeTHYECKOe OOBEIMHEHUE Y3JIOB TOYHOW MEXaHUKH C
IEKTPOTCXHUYECKUMH, IJICKTPOHHBIMH M KOMITbIOTEPHBIMA KOMITOHEHTaMH C
[ENbI0 TMPOCKTUPOBAHUS W TIPOU3BOJICTBA KAYECTBEHHO HOBBIX YCTaHOBOK,
MOJIYJICH, CUCTEM U KOMIUIEKCOB MAIIIMH C WHTEJUICKTYaJIbHBIM YIIPaBICHUEM
ux ¢pyakuusmu [4, 5].

Hogenmme JTaIlbl pa3BUTUL THOKOMH aBTOMATHU3ALUU
MPOU3BOJICTBEHHBIX CHUCTEM CBSI3aHbI, MPEXKJE BCEro, C MpeaeabHOI
KOHI[EHTpAllUe CpPEeICTB TMPOU3BOJACTBA W yNPABICHUS, a TakkKe C
COKpAIllEHUEM CPOKOB KOHCTPYHUPOBAHMSI, TPOSKTUPOBAHUS, TEXHOJIOTUYECKOM
MOATOTOBKM U HW3TOTOBJEHUS u3Aenuid. B  pesynbrate MexaTpoOHHBIE
TEXHOJIOTUYECKUE KOMILJIEKCBI O00OBEAMHSIOTCS B KOMITAKTHOE
uHTe/IeKTyanbHoe mpousBoacTBo (CIM - Compact Intelligent Manufacture),
Oasupyroleecss Ha COYETAaHWM WHTEHCUBHBIX, B TOM YHCIE€ U aJJUTHUBHBIX
TEXHOJIOTUH,  TMPOTPECCUBHOTO  TEXHOJOTHMYECKOTO  O0OpYyIOBaHUS U
HUHTETPUPOBAHHOW CUCTEMBI yIipaBieHus [4 - 5].

CoBpeMeHHBIN ypOBEHb pPa3BUTHS WH(OPMAIIMOHHBIX TEXHOJOTHH B
MPOMBIIIIEHHOCTH O0ECIEUYNBACT TEPEXO0J K HCIOJIb30BAHUIO TEXHOJIOTHMA
CO3MaHMsI, TOMJEPKKA ¢ TNPUMEHEHHS €IUHOTO HH(POPMAIMOHHOTO
MPOCTPAHCTBA BO BPEMEHH Ha BCEX ATamax >KM3HEHHOTO IMKJIA MPOIYKIIUU OT
ee TMPOEKTHUPOBAaHUS JO OKCIUlyaTaluu W yruiu3auuu, T1.e. Kk CALS-
texHojorusiM (Continuous Acquisition and Life-cycle Support). Enunoe
MH(OPMAIIMOHHOE MTPOCTPAHCTBO MO3BOJISIET UHTETPUPOBATHCS Pa3pO3HEHHBIM
KOMIUIEKCAM KOMITAaKTHOTO TPOM3BOJACTBA B BHUPTyaJIbHOE NPEANPUSITHUE,
CO371aBa€MO€ U3 PA3JTMYHBIX MPOCTPAHCTBEHHO YJAJICHHBIX MOApa3/IeICHUM,
obnanaromux enuHor nHpopmanuonnoit ERP-cucremoit (Enterprise Resource
Planning) ans  MCHONB30BAaHUST  KOMIIBIOTEPHOW  IMOAJIEPKKHA  STANoB
YKU3HEHHOT0 IIMKJIa TpoaAyKiuu [3].

AnmutuBnable TexHonorud (AF — Additive Manufacturing), siBnsiroTcst
TEXHOJIOTUSIMUA  TOCIOWHOTO CHHTE3a, OO0ECIEUYMBAIOIIMMH TPAKTUYECKU
0e30Tx01HOe PHEPTrod(hPEKTUBHOE TIPOM3BOACTBO U3ICTUN U3 METAJUTMYECKUX,
MOJIMMEPHBIX M KOMIIO3UTHBIX MaTepuanioB. CoBpeMEHHbIC aIAUTHUBHBIE
TEXHOJIOTUU TPOU3BOJICTBA IMO3BOJIAIOT pPEAM30BaTh pecypcocOeperaronui
MOAXOJ K IPOEKTUPOBAHUIO W M3rOTOBJICHUIO JE€Tajedl IO CpPaBHEHUIO C
TPaAUIIMOHHBIMHA METOJAMH.

N3roroBieHne MacmTaOHbIX MAaKETOB, JIETKO Pa3pyllIaeMbIX MPOTOTHUIIOB
M 3aroTOBOK JeTaliell MallMH U3 KOMIO3UIIMOHHBIX MAaTepPUAIOB ¢ pabounmu
MOBEPXHOCTSIMH ~ CIIOKHOTO  MPOQIMIS  «IPSMBIM  BhIpallliBaHUEM»  0e3
WCIIOIB30BaHMS JOporocTosieil (hopmMooOpasyroliel OCHACTKH, COKparias
CTaJU TEXHOJIOTHYECKOW MOJTOTOBKM MPOM3BOACTBA, HAWIYYIIUM 00pa3zoMm
VIOBIETBOPSET TPEOOBAHNIO CHIYKEHUSI MATEPUATILHBIX U TPYAOBBIX 3aTparT.
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AHanu3 JOCTMKMMOCTH TOYHOCTH (POPMHPOBAHMS MOBEPXHOCTEH C
MO3ULIMM BIMAHUS INIOTHOCTH MOIIHOCTH U JBWKCHUS IPUMEHIEMBIX IIOJIEU U
IIOTOKOB DJHEPrUH, TNO3BOJSAET paccMaTpuBaTh JUIA HUCIOJIb30BAHUS B
TEXHOJIOTMYECKUX KOMIUIEKCaX HE TOJBKO Pa3JIMYHBIX MCTOYHUKOB DHEPIUH,
HO U CXeM O0OpYJIOBaHMSA, HCIOIB3YIOUIEr0 MapaJIeIbHYI0 KUHEMAaTUKy H
JIOTIOJIHUTEIbHBIE CTENEHU MOJIBU’KHOCTH pabOYUX OpTraHOB.

MNEPCIEKTHUBBI PA3BUTUS AJJJIMTUBHBIX TEXHOJIOT' U
(3D-MEYATH) B PECITYBJIMKE BEJIAPYCb

WsrotoBnenue Ha  3D-mpuHTepax  MacmTaOHBIX ~ MakeTOB,  JIETKO
pa3pyliaeMbplX ~ IOPOTOTUIIOB,  3arOoTOBOK M JeTajleil  MaluH U3
KOMITO3UIIMOHHBIX MaTEpPHAJIOB C pPabOYMMMU TOBEPXHOCTSIMHU CIOXKHOTO
npoduisi MpsSMBIM «BbIpalIUBAaHUEM» 0€3 HCIIONb30BAaHUS JOPOTOCTOSIIEH
dbopmooOpa3ytolieil ocCHaCTKH, COKpalas CTaJuu MOJrOTOBKHU POU3BO/ICTBA,
HAWJTY4IIAM 00pa3oM YAOBIETBOPSIET TPEOOBAHUIO CHUKCHHSI MaTEPUATBHBIX
U TPYJOBBIX 3aTpart.

[To pe3ynpTaTam paccMOTpeHUs HauOoJliee HCIOJIb3yeMbIX CETOIHS
METOJIOB  MpPSIMOTO  «BBIpAlIMBaHUS»  M3JeNuid  (cTepeomauTorpadus
(Stereolithography Application — SLA), nocrnoiiHoe GhopMUpoBaHHE MOJIENICH
u3 gucroBoro wmarepuana (Laminated Object Manufacturing — LOM),
CelleKTUBHOE Ja3epHoe cmekanume (Selective Laser Sintering — SLS),
MOCJIOWHAsT 3aluBKa OKcTpyaupyembiM pacrmuiaBom  (Fused Deposition
Modeling — FDM) u np. MeTo10B nipoaHa u3upyeM repcrekTuBbl 3D-nieuatn
U OILIEHUM COCTOSIHHE Pa3pabOTOK M OCBOEHUS MPOU3BOACTBA 000PYI0OBaHUS,
CPEICTB KOHTPOJIBHOTO U MPOTPAMMHOI0 OCHAIIEHUS, PACXOJHBIX MaTEPHAJIOB
st 3D-neuatu B PecniyOnuke benapyce.

HacronbHble - «Or0/pKeTHBIE» i OBITOBOrO, yu4eOHOTO, UTPOBOTO U
JIpYroro TMPUMEHEHUs, 4Yalle BCEro HCIOIB3YIOT Haumbojee IIMPOKO
pacnpocTpaHeHHYI0 TeXHOJoruto FDM. MHCTUTYT XUMUM HOBBIX MaTE€pUAIIOB
OCBOMJI JUIsl HHUX MPOU3BOJCTBO PACXOAHBIX IOJMMEPHBIX MaTEpUATIOB C
HEOOXOJIMMBIM KOMIUIEKCOM CBOMCTB (COCTOSIHME TMOCTaBKH - HUTh HYXXHOTO
auaMeTpa Ha KaTyllke, ycTaHaBiuBaeMoil B mpuHTep). B UHcturyre
MEXaHUKH MEeTaNIONoJuMEpHbIX cucteM uM. B.A. bernoro umeercs Gosbiioit
ONBIT 1O CO3JJaHUI0 KOMIIO3UIMOHHBIX TOPOIIKOBBIX MaTepUalioB Ha
MOJIMMEPHOW OCHOBE W M3JIEJUN IIMPOKOW HOMEHKIATyphl U3 HuX. Camu
NpUHTEpa B HauboJiee MPOCTOW KOMIUIEKTAllMU, KaK M0 MEXaHHKe, TaK U 10
AJIEKTPOHHOMY M MPOTPAMMHOMY OCHAIIEHHUIO (COOCTBEHHOUM pa3pabdOTKH)
TOTOBBI OCBOMTH B MHcTUTyTe Teruio- u maccooOmeHa um. A.B.JIbikoBa.
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[Ipou3BOACTBO  ManbIX Cepuil  NPUHTEPOB B 3AKPBITBIX  KOpIIycax
(obecrieunBarOMKUX HKOJOTUYHOCTh, IYTEM HCIONb30BAHUS (PUIBTPOB IS
BBIICIISIOIIMXCS Ta30B), JUIsl OCHAIICHHUs y4eOHOIo IMpoliecca BY30B M IIKOJ
wianupytor B BHTY ©Ha dakynprere HMH)OpPMAIMOHHBIX TEXHOJOTHHA H
poboTOTeXHHKM W (akynbTeTe  MapKeTHHra,  MEHEDKMEHTa U
NpeanpuHUMATENbCTBA.

MaxkeTtupoBaHue Ha MPOU3BOACTBE (3aBOJbI «ATHaHT», «['Opu3oHT» U
ap.) B TedeHue mnociaeaHux 10-15 ner mnpencrtaBieHO B OCHOBHOM
crepeosnurorpadueii, oOecrneynBaromell JOCTaATOYHO BBICOKYIO TOYHOCTH H
MIPOYHOCTH MOJIMMEPHBIX MOJEIIEH.

[TopomikoBele U3€IUS — E€TANM U UX 3aTOTOBKH M3 KOMITIO3MIIMOHHBIX
MarepuajoB B MalIMHOCTpoeHMHU  (AJis  MOTpeOHOCTEeW  aBHAIlUW,
KOCMOHABTHKH, MEIUIMHBI M JPYroro) MPOU3BOJAT MO TEXHOJIOTHSIM,
otHocsimuMcest kK SLS. BBuny orpoMHoro paznooOpasusi U3Aeuii U BBICOKUX
TpeOOBaHUI K HHUM, CO3[JaHO U pa3padaThIBAETCSI MHOKECTBO IMOPOIIKOBBIX
MaTepHuanoB (METaNIMYECKUX, KEPAMUYECKUX, KOMITO3UIIMOHHBIX U JAPYTHUX), &
TaK)K€ TEXHOJOTUH (3a4acTyl0 KOMIUIEKCHBIX) [UIsl CHHTE3a JeTalied u
3aroTOBOK M3 HUX. MHCTUTYT MOpOIIKOBOM METAIITypruu AECITh JIET Ha3aj
CO3/1aJ1 TAKYIO YCTaHOBKY, JUI CHHTE3a W3JEIUA MEIUIIMHCKOTO Ha3HA4YEHHUS
13 MOPOILIKOBBIX METAUIMYECKUX MATEPUAIOB C PETYIUPYEMON MOPUCTOCTHIO,
coBMecTHO ¢ MHcTuTyToM (pusuku (n1azepbl) 1 OObEIUHEHHBIM HHCTHUTYTOM
npobsieM uHpopMaTuKu (mporpaMmHoe oOecriedeHue). PaboTel 1o co3iaHuio
YCTPOMCTB JO3UPOBAHUS W MOAAYM KOMIIO3WLMM TOPOIIKOB B IPUHTEpPAX
BEJIYTCsl Ha MalIMHOCTpouTeIbHOM (pakynbTeTe BHTY.

W3nenuss W3  CTPOMTENBHBIX MarepuayioB  (OBICTPOTBEPACIOLIUX
BBICOKOIIPOYHBIX THIICA, LIEMEHTA, KEpaMUKU M JAPYrHMX, B TOM YHCIE B
KoMIo3uusax ¢ meckoMm) mo texnosorun DSPC B pecnyOiuke 1oka He
MPOU3BOJATCS, BBUY OTCYTCTBUS OOOPYAOBAHMS U PACXOJHBIX MaTepUAJIOB.
Opnako paboThl MO U3MEIBYEHUI0 W aKTHBAlMM IIeCKa M ILIEMEHTa,
METaJUTypru4ecKuX ILIJAKOB M JIPYTrUX CTpOUTENbHBIX MaTepuasnoB B I'HITIO
«enTp» BenyTcs NMpU Y4acTUH CIIELUAIMCTOB CTPOUTENBHOTO (aKyiabTeTa
BHTY.

[TocnoitHbll JIUCTOBOM packpod M COOPKY H3JEIUI MO TEXHOJIOTUU
LOM yxe B HacTosilee BpeMs, IIPU YCIOBHM JIOOCHAIIEHUS BBIITYCKAaeMOIO
[HITIO «llentp» packpoitHOTO 00OPYIOBaHUS COOPOYHBIMH MOIYJISIMH
(cBepneHuss u cOOpkM Ha IITUDTH, pe3b0y WM MPUBAPUBAHUS) MOXKHO
IIMPOKO UCIONB30BaTh B peciyoinke W 3a ee mnpeneramu. OcoObiMu
KOHKYPEHTHBIMU TPEUMYIIECTBAMH 00J1a1aeT yCTaHOBKA IUIa3MEHHOM pe3KH
KIIP-10 ¢ 5-Tu KOOpJIMHATHBIM MAHUITYJISATOPOM, OOECIeYUBaAOIIAs
GburypHslii pacKpoil Mmoj yriiom, B TOM YHUCJE M JIJs pa3fesiKu KPOMOK IOJ
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CBapKy. bospline nepcrnekTUBhl s UCIIOJIb30BAHUS Pa3IMYHbIX MAaTEpUAJIOB
U 110 Ka4eCTBY pe3a y TUAp0adpa3uBHBIX YCTAHOBOK.

3AKIIOYEHUE

[IpoBenenHplii aHanmu3 Bo3pacTaromeld 3(PPEKTUBHOCTH TEXHOJIOTHUECKUX
KOMIUIEKCOB IIOKa3ajJ, YTO IIOCJIE€ JTAloOB IPOCTPAHCTBEHHO-BPEMEHHOU
MHTErpaluy MPOU3BOJCTBEHHBIX MPOLECCOB U KMU3HEHHOIO LHUKJIA W3JEIHUU
MOCIEAYIOT 3Talbl, 00€CIEYHBAOINE KOMIIAKTHOCTh IIPOU3BOICTBA HA OCHOBE
TEXHOJIOTMM  aJJUTUBHOIO CHHTE3a KOMIIO3MI[MOHHOIO Marepuansa |
(bopmooOpazoBaHus U3enus, Oasupyroascs Ha COKpAIleHUHU JJIUTEIbHOCTH
M KOJMYECTBA IPOU3BOJCTBEHHO-TEXHOJIOIMYECKMX JTAlOB >KU3HEHHOIO
LUKJIA POAYKIUH.

B pe3synbrare HeEoOXOIMMO IPUMEHEHHE HOBBIX METOJOB U
00opy10BaHMs, IPOIPAaMMHBIX U allapaTHBIX CPEICTB AJIS CO3/IaHUS CIIOEB U
COOpPKM U3JENHM, HCIONb3YIOIIMX pPa3JINYHbIE pacCHpeAeieHHbIE MOJs U
KOHILICHTPUPOBAaHHBIE IIOTOKM OJHEPIMM B KAa4eCTBE TEXHOJIOIMYECKHUX
HCTOYHUKOB.

Jis ckopeiero u Haubosee 3(PPEKTUBHOTO OCBOEHHS aJIUTUBHBIX
TEXHOJIOTUH COBPEMEHHOro «Uu(poBOoro IMpousBojacTBa» B PecmyOnuke
benapycb, TpeOyercss omnpezneneHHe IEPBOOYEPEIHBIX MEPONPUATUH U
COIJIACOBAHUE IIJIaHa COBMECTHBIX JIEHCTBHUM pa3paboTUMKOB, IPOU3BOAUTENEH
U 1oTpeduTeNeld HayKOEMKOro 0O0OpYyIOBaHUS, PACXOJIHBIX MATEpUAIOB U
IIPOrPaMMHBIX CPEACTB, a TAK)KE MOATOTOBKA HAYYHBIX M MHKEHEPHBIX KaJIpOB
IUIsl PELIEHUs TIOCTaBICHHBIX 3a/ay.

[1] Ymxuk C.A., Xeitdern, M. JI., ®unaros C.A., “TlepCleKTHBBI pa3BUTHS TEXHOJIOTHIECKHX
KOMIUIEKCOB aJMTHBHOTO CHHTE3a KOMITO3HIIMOHHBIX MaTepHalioB M (OpMOOOpa30BaHUs H3ACTHN,
MexaHnka MalIvH, MEXaHu3MOB 1 MaTtepuaios”, 4(29), 68-74 (2014)

[2] Texnonocuu kKoHCMpPYKYUOHHBIX HAHOCIMPYKMYPHBIX MAMeEpUanos u nokpvimuti. Ilox oo
pen. TLA. Butsizs u K.A. Connnesa / I1.A.Butsze. A.®.Uneromenko, M.JI. Xeiipen, C.A.Ymwkux u
ap. (Munck, Benapyckas naByka, 2011)

[3] Xeiiden, M. JI. [lpoexmuposanue npoyeccoe xombunuposannoi obpabomku (M.:
MammunocTpoenue, 2005)

[4] Teopemuueckue ocnosbl npoexmuposanus mexnHonro2uueckux komniexcos. Ilox obmur. pes.
AM.Pyceukoro / AM. Pyceukuii, [1.A. Burszp, M.JL. Xeliden u ap. (Munck: Benapyckasi HaByka,
2012)

[5] Koucmpyuposanue u ochawenue mexnorocuveckux xomniekcog. Ilom obmi. pen.
AM.Pycenkoro / A.M.Pycenxwuii, [1.A. Butsizb, M.JI. Xeliben u np. (Munck: Benapyckas HaByka,
2014)

[6] Aemomamusayus u ynpaenenue 6 mexnonocuveckux komnaexcax / Ilom oOm. pexn.
A.M.Pycenkoro / A.M.Pyceuxuii, IT.A. Bursazp, M.JI. Xefiden u ap. (Munck: Benapyckas HaByka,
2014)

274



NCSIE

MexayHapoaHas MynbTUKOH(epeHuus
CeTeBOe NapTHeEpPCTBO B Hayke,
NpOMBILWNEHHOCTU U 06pa3oBaHUMn
4-6 wionga 2016, Cankt-Metepbypr, Poccus

TOWING TEST TANK CONTROL SYSTEM

Mart Tamre; Dhanushka Chamara Liyanage, Maido Hiiemaa

Department of Mechatronics
Tallinn University of Technology
Ehitajate tee 5, 19086 Tallinn, Estonia
E-mail address: mart.tamre@ttu.ee

Abstract

In modern industrial motion control applications, usage synchronous
servo drives and coordinated control using PLCs are prevalent. Multiple
servo drive synchronization to achieve towing carriage motion and wave
generator motion for ship model towing test tank is still novel approach
compared to traditional control systems of such applications. Key
features of the any modern industrial automation system such as
reliability, flexibility to further enhancements, simplicity are thoroughly
investigated and incorporated in the design of control system. This paper
presents controlling plurality of servo drives and coordinate them using
industrial controller, which is Beckhoff soft PLC for ship model towing
test tank motion control. It was used EtherCAT field bus network to
achieve real-time communication between servo drives. Controller based
servo drives are commanded via CiA402 drive profile. Motion control
algorithms has been developed using PlcOpen motion function blocks.

INTRODUCTION

This paper presents ship model towing test tank motion control system
developed and implemented for Small Craft Competency Centre of Tallinn

University of Technology.

The ship model towing test tank or ship model basin is used as an experimental
facility to evaluate hydrodynamic characteristics of ship designs by using
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scaled down ship models with or without artificially created sea waves [7]. As
shown in Fig.1 the ship model test tank comprise with a ship model towing
carriage and a flap paddle type wave generator. The scale down model of ship
attached to towing carriage, which is pulled by using belt drives. The wave
generator motion creates sea waves.

Towing carriage
Servo motor

Toothed belt
Y

B loo GO
T |
Ship model test tank /

Wave generator

Fig.1. Ship model test tank

There are industrial applications including ocean wave generators with multi-
servo drive synchronization based on distributed clock concept, which uses
EtherCAT fieldbus network [1]. However, ship model towing carriage motion
control and sea wave generator applications are still new application areas for
EtherCAT networked motion control systems. Moreover, in this application it
has been used linear toothed belts to drive the towing carriage by pulling it
from both sides. This demands servo drive synchronization to overcome
carriage skew. Since the distance between the belt pulleys is nearly 60 m, it is
susceptible for stretching. The accurate position control is a challenging task.

CONTROL SYSTEM

Position accuracy of the carriage should be +20 mm while the velocity
accuracy £0.005 m/s [2]. However in order to avoid carriage derailing due to
relative position errors of belt drive system, it should be less than £50 mm
throughout the entire length of travel [4]. This required accurate drive
synchronization. The wave generator has no such critical position control
criteria due to fact that wave paddles are controlled individually and such fine
accuracy does not influence water wave creation. Since wave model developed
to create uniform waves from each paddle, it was required to synchronize wave
generator servo drives as well.

There are eight synchronous servomotors and drives in the motion control
system. It has been selected controller based servo drives for the application by
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considering centralized motion control. They are Lenze 1700 servo drives [6].
In addition, there is a Beckhoff soft PLC working as master controller in the
system, which runs motion control algorithm. The drives have been connected
with master controller with line topology as shown below Fig. 2. using
EtherCAT fieldbus [2]. First two servo axes comprised with 10 kW
servomotors, which are responsible to move carriage. In addition, the
remaining six servo axes comprised with each 4.7 kW are responsible for wave
generator motion.

Software user interface is running on a PC where it connect to the PLC system
using TCP/IP through Beckhoff ADS interface [9].

Master
Controller
—— EtherCAT
[m==— === —==—===== I[=— == === ====—=-—=—==== 1
: Servo Servo : : ( Servo Servo :
: drive 3 drive 3 : : L drive 3 drive 8 :
S \ 1 1
1 1 1
1 [N 1
1
: Servo Motor| |Servo Motor|1 {Servo Motor Servo Motor :
! 3 3 ! 3 8 !
1 1 1
1 1 1
1 [N 1
1 Carriage 1 Wave generator 1

Fig. 2. Principal scheme of the drives’ connections.

The algorithm is sub-divided into three sub routines. Such as homing routine,
experiment motion profile routine and manual control routine.

As shown in Fig 3. The homing routine uses MC_MoveVelocity function
block to move the carriage until it finds a position limit sensor. Once it detect
the limit sensor MC_Home PlcOpen function block used to perform homing
[8]. Experiment motion profile routine is mainly uses MoveAbsolute PlcOpen
function block to perform point-to-point motion. Its position, velocity,
acceleration and deceleration parameters are fed by using user interface
application. The algorithm flowchart is shown in Fig 4. Manual routine has
been done using MC Jog function block. Moreover, it is allowed to move
carriage to predefined positions. In this case, it is used MC_MoveAbsolute
function blocks. The wave generator supposed to produce regular as well as
irregular waves according to different wave spectra [*]. Wave profiles are
calculated in MATLAB. In addition, the calculated motion profile is
transferred to the software user interface as a text file. The file contains motion
points, which were generated at 500 Hz sampling rate.
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[ Reset Home Status ] !
No Exit
(not done)

( MC Move Velocity | e—— iYeS

[MC_MoveAbsolute <«
<ib Nn |

[ MC Home ]

v

[ Set Home Status ] Yes

[ Exit ] (Done)

Fig. 3. Homing routine flowchart Fig. 4. Motion profile routine flowchart

Axes Exit
Synchronized?
l Yes
[ Enable ext set points ]
Exit ]
(Error)

[ Exit ]
(Done)

Fig 5. Wave profile algorithm flowchart
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In the wave generator, control algorithm it is used external set point feed function
block, which is MC_ExtSetPointGenFeed to run servo drive over an array of position
coordinates. Based on position profile, the required parameters for the above function
block are calculated in the PLC program. They are velocity and acceleration for each
point. Algorithm flowchart is illustrated on Fig 5.

RESULTS

So far actual hydrodynamic experiments have been conducted are resistance
tests in calm water and with regular sine waves.

In order to verify the positioning accuracy of the carriage, the experiments
conducted with several speed settings from 0.5 m/s up to 4.0 m/s. However, the
maximum required speed of the carriage should be 4.95 m/s. Below waveforms
Fig. 5 showing the positioning accuracy of the proposed motion control
algorithm for the towing carriage with speed 3 m/s and 4 m/s with acceleration
and deceleration of 500 mm/s. The first graph is showing the target position
curve which is from 0 to 45850 mm. Second and third graphs are showing the
position deviation from target for each axis respectively. The position
deviation plots are in scale of +/- 1 mm.

Fig. 5. Carriage position deviation plot for 3 m/s and carriage position
deviation plot for 4 m/s.

Set speed Pos deviation - right | Pos deviation - Left
0.5 m/s +/- 0.26 mm +/- 0.25 mm
1.0 m/s +/- 0.20 mm +/-0.19 mm
2.0 m/s +/- 0.30 mm +/-0.31 mm
3.0 m/s +/-0.32 mm +/- 0.31 mm
4.0 m/s +0.73 /-0.18 mm +0.55/-0.18 mm

Table 1. Carriage position control.
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According to the above data, during experiments the position deviations for
each axis remained under 1.0 mm, which was desired from the control system.
However when the carriage speed increases the position deviation is increasing
accordingly as an oscillation. In addition, with 4 m/s it was noticed that
additional vibrations appear in the position deviation plot. There are several
reasons for this oscillations and excessive vibrations. Belt vibration during the
motion, carriage structure vibration, carriage misalignments and resonance of
structural members can be some of the causes.

Carriage motion Matlab model has been developed (Fig.6) allowing to
optimize system parameters to reduce carriage motion instability. First test
results of the Matlab model (Fig. 7) demonstrate good correlation of the
Matlab model test data and real carriage motion behaviour. The future stage of
the work will be adjusting the model and respective control systems
parameters.

Group 1 | |
é Sipal 1 N L,

‘Soowiud kirus, mis | 5 | D
Signal Buicer Iriegeord 4
Vedzva ratts nie, m —H
Scope?
Elateusfud I ¢
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Cut L
+ Elasts usjdud
Hadrdumine -
Vertisaaked jdud - l
¥ - S Fx=m‘ \Vankni kirend i b kirus, ms ‘.’h'lmrd' txm)
i1 Ot f—— umma_| L/"" fank kirendus i kifus, mis fankri koordingzt x, m
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Fig. 6. System Matlab model.
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Desired carriage motion profile, m/s

3 T 5 T ) T T

v ~
251 ™, J

-{, / . . . N

Fig. 7. Desired carriage motion profile and dynamic motion profile from the
Matlab model.

CONCLUSIONS

Carriage positioning deviation was remained less than 1.0 mm throughout all
experiment runs. In addition, this is well within specified position deviation
limits for the towing carriage motion control. Therefore based on the results it
can be concluded that the motion control algorithms developed for carriage
motion is sufficient and can fulfil system requirements.

Moreover, wave generator motion achieved less than 0.5 mm deviations while
all six axes operate synchronously. Therefore, it can be concluded that the
motion control system is sufficient to operate the mechanisms safely.
TwinCAT software allows using MATLAB/Simulink models to embed in the
controller program [5]. Therefore, it is possible to build a MATLAB/Simulink
object for each control sub system and embed in the PLC program.

Based on results it seems to be better to analyse the vibrations at various
carriage speeds, make a control system model in MATLAB, and integrate it to
the control program. In addition, create a MATLAB object for wave generation
mathematical model. Then connect it to the software user interface to allow
users to modify the wave spectra variables to create desired wave profile.
Moreover, integrate it into the motion control algorithm instead of reading

281



profile points from a data array. Moreover, the wave generator paddles are
running in a reversing sequence, which need to accelerate, decelerate and stop
in every half cycle. In the case of irregular waves, there can be sudden jerks in
the motion profile, which is not desirable for the drives as it may overrun the
limits of accelerations and decelerations whereby putting servo drives to error
state. Therefore such irregular wave profiles needed to be adjusted to suit with
motion control system while creating required ocean wave pattern.
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Abstract

The paper proposes a method of formalised description of mechanisms with closed
kinematic chains that reflects full information about their structure and constructive
parameters of their elements. The method aimed to simplify the mathematic
description of closed kinematic chains and further automatic solution of kinematic
problems of such mechanisms. The paper also presents an algorithm of developed and
officially registered software for automatic translation formalised description of a
closed-chain mechanism into its mathematic description in form of its kinematic
equations. The paper also provides an example of using this software for the
derivation of kinematics equations of slider-crank mechanism.

INTRODUCTION

The mechanisms with closed kinematic chains numbers hundreds of various
types of structures which differ in their design features and purposes. At present the
design of new mechanisms having closed, parallel and even hybrid kinematic
structure for new technological challenges in various fields is growing, and the
already existing mechanisms are being modernized in order to extend their
functionality by adding new features as well as improve their performance.

With the development of robotics, new types of robots kinematic structures
are being designed. The annual production of new manipulating robots is already
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calculated by thousands of items. Project design of new mechanisms such as
manipulators includes the development and analysis of their kinematic schemes. The
choice in favour of designing closed or hybrid (contains closed and serial parts)
kinematic structure is driven by high stiffness of such mechanisms. However, the
assessment of their manipulation space, manoeuvrability, as well as the solution of
direct and inverse kinematics problems become the great issue. The solution of all
these problems is based on the formation and solution of kinematics equations of
mechanisms.

The fields of robotics and theory of machines and mechanisms have been
widely applying several methods of deriving kinematics equations of mechanisms
with complex kinematic structure, based on the use of vector-matrix descriptions of
relative positions of independent links of its kinematic chains, but it still associated
with a significant time cost and may lead to errors caused by the so-called “human
factor”. Scientific and technical challenge here is the automation of process of
kinematic equations derivation for mechanisms with close kinematic chains.

The article is aimed to present a method of formalised description of closed
kinematic chains of mechanisms, that has been initially designed for describing serial
manipulating robots and other mechanisms and successfully applied for solving its
kinematic problems [1-2]. The method accompanied with the algorithm of automatic
kinematic analysis of closed kinematic chains and the demonstration of its practical
application by the derivation of kinematics equations of slider-crank mechanism as
the example of mechanism with closed kinematic structure [3].

CONCEPT OF THE FORMALISED DESCRIPTION

The method of formalised description of structures and parameters of
kinematic chains of mechanisms is fully described in [1]. The method is based on the
formalised description of all the elements composing kinematic chain, links and
joints. This method is convenient for solving tasks of automation the process of
kinematic analysis of a mechanism by derivation its kinematic equations as well as
solving direct and inverse kinematic problems.

The description of each kinematic chain element has the following structure

I (m; n; p). Here | is the identifier of the element being described; m is the given

unique number of the element; n:[nl; n2;...;nVJ is the vector of the unique

numbers of the elements of the chain connected to element m; p = [ Py; Poieees p#}

is the vector of the structural parameters of element m determining its geometry and
position as related to the other elements. m, n, p are positional parameters with strict

sequence of their recording.

The enumeration of a kinematic chain elements uses a number sequence and
avoids repeating elements. For simplifying the computer analysis of mechanism
structure and kinematics, enumeration starts from the links, firstly describing the base
(accepting m=1 for it), and then all the joints. The numbers of the elements
immediately connected to a particular element of a kinematic chain are sequenced in
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the description of this particular element according with the following rule. When
describing a link, the numbers of the joints which this link forms part of are
sequenced in the same order they are reflected in the identifier of this link.

The description of all joints begin with identifying symbol J (joint). The full
identifier is presented as JtY, where t reflects the number of the degrees of

freedom (DOF) of the kinematic pair of links formed by this joint; and Y is a symbol
indicating the joint type. The most common types of joints are: N — for a rigid
connection; R — for a rotary joint; P — for a prismatic joint; H — for a Hooke's joint;
C —for acylindrical joint; and S — for a spherical joint.

Links identifiers begin with L symbol (link) having the following structure
LOY,Y,...Y,F, where | symbols in the identifier reflects characteristic points such

as joints, end effectors and other that include this link, using symbols (R,P,S,H ,

etc.). The O symbol is only used to denote the base.

Until recently, most of the mechanisms included only 5th-class kinematic
pairs, such as rotary and prismatic ones, owing to the need to supply them with cables
to control the drives and stop devices. As the slider-crank mechanism includes only
the mentioned joints the article provides their formalised description. Formalised
description of other elements can be found in [1].

A rotary joint. The specified joint has the following formalised description

JIR(i, n,n+1, 75, 7, ¥ )-

€i,Zi

yin+1
Fig. 1. A rotary joint.

This type of joint (Fig. 1, a kinematic pair of links n and n+1 with the centre
at O;), should include the following three angles: y ,— the angle of the rotation of

Cartesian reference system O; X;, Yi, Zi, around e; to align it with the medium

position O; X; .1 Yins1 Z where y is the angle of the actual deviation of

in+1;
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O; X; n+1 Yina1 Zinyy from the medium position; and y . is the maximum value of

the actual angle  allowed to the joint by the limit stops.

A prismatic joint. The distinctive feature of specified joint is a change of the
one connected link length, occurring during the relative movement of joined links.
The joint is shown in Fig.2

Xi
4y O |

n+1

€i, Z;

Oi Oc

i

Fig. 2. A prismatic joint.

The formalised description of prismatic joint is J1P(i,n,n+1,q,q,).
When describing such joints, it is necessary to determine the countdown of the link
from the medium position (point O, in Fig. 2). The parameters are as follows: q —
the actual deviation of the centre of the joint O; from its medium position O, ; and
q,, isthe maximum allowed movement of O in each direction relative to O, .

It is clear that, for solving kinematic analysis tasks, it is not sufficient to have
only constructive parameters of described joints. It is also necessary to consider
transitions between the Cartesian axes whose centres coincide with the centres of
joints or other characteristic points. Such transitions, from one characteristic point to
another, are included in sets of parameters of formalised description of links.

Xn

Xi+1
' €i+1,Zi+1

Fig. 3. The connection of two characteristic points.
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Moving links. The description of the specified link (Fig. 3) is as follows:
LYY, (n, i, i+1 o, B;,D, a,, B,), where symbols Y, and Y, reflects the types of

joints. The relative position between the Cartesian axes O;X;y;z; and
Oi,1 Xi41 Vi1 Zj,, IS determined using the following values: the angles ¢, and S,
of rotation around axes X; and Y;, respectively, until the alignment of the direction
of the axis €;, z; with e ; the length of the link D=0, 0
[, of the rotation of the axise,, z

and the angles o, and

i+l;

o until its alignment with axis €, .

Abovementioned formalised description of elements allows us to represent
arbitrary mechanism whether it has serial, closed or hybrid kinematic chain
containing presented elements.

ALGORITHM OF AUTOMATIC KINEMATIC ANALYSIS OF
MECHANISMS WITH CLOSED KINEMATIC CHAINS

The main purpose of kinematic analysis of mechanisms lies in defining their
properties, such as degrees of freedom, mobility, work area etc. All the properties
characterize a mechanism’s kinematics and are obtained from its mathematical
description, which is an indispensable component for the kinematic analysis, as well
as for the synthesis of operation algorithms for automatic control systems. The
problem of automation of the derivation of mathematical models resulted in holding
of international conferences on computational kinematics such as [4-6].

The method of formalised description of mechanisms proposed in this article
is used for obtaining their mathematical description in form of automatic derivation of
its kinematic equations. Originally developed software for the automatic formation of
kinematic equations of serial mechanisms [7] was modernised by adding the function
of defining closed loops on the stage of obtaining kinematic chain of a mechanism
(Fig.4) from formalised description that contains sufficient information about its
structure.

Setting of

computing ===~~~

parameters v

Identification of Formation of

Input of . : - homogeneous Obtaining of Kinematic

formalised — Kinematic chain ™ transf ti > Iti tri —> ti
ma lements ransformation resulting matrix equations
description data e matrices

i

Defining of closed
loops of kinematic —
chain

Kinematic
chain

A4

Fig. 4. An algorithm of developed software.

An algorithm of developed software transforms formalised description of a
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mechanism with closed or hybrid kinematic structure into its mathematical
description in form of kinematic equations. In Fig. 4 the first software module
identifies all kinematic chain elements and builds kinematic graph for defining the
sequence of elements from the base to end characteristic point (or end effector in case
of manipulation robot) as well as closed loops of described kinematic chain.

The following step of the algorithm generates homogeneous transformation
matrices that are used to define all dependent constructive parameters of the closed
loops and derive kinematic equations of chosen characteristic point.

At the final step, the product of all matrices T; forms the total matrix T, as

well as the matrices T;, of every closed part of kinematic chain which are equals to
identity matrix 1 :

t
Ty = HTJ- :
i=0

k
Tik:HTj’ T =1
j=i

The matrix T, determines the angular and linear position of the end

characteristic point of the mechanism kinematic chain in the base Cartesian system of
axes OyX,YyZ,, While matrices T;, defines dependant parameters and reduce

kinematic equations arguments.

FORMALISED DESCRIPTION AND KINEMATIC ANALYSIS
OF SLIDER-CRANK MECHANISM

The Slider-crank mechanism is designed to transform straight line motion to
rotational motion and vice versa. Its kinematic scheme is presented in Fig. 5.

Y2
J%
S~
N~
/0N Yo
¥s 2 N\ LYs T~ __ 3 Y7=Ys
\ ~
\ - V3
‘X5 ‘XG ~ X7=Xg
2 Os 7777777507 = Og
/ 4 ALS|
/

Fig. 5. Slider-crank mechanism kinematic scheme.
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Formalised description of Slider-crank mechanism include 8 elements of its
kinematic scheme (including the base). All its descriptions are presented below in
table 1.

Table 1 — Formalised description of Slider-crank elements

Element Formalised description

1. Base LOR[15;8]

2. Crank rod LRR[2;5;6; L (L. 0, 0)}

3. Connecting rod LRR [3; 6:7; L( Log» O, 0)]

4. Slider LRP[4;81;L(~Ly,0,0)]

5. Crank rotary joint JIR :5;1; 2, T, (7/1)]

6. Rotary joint of Rods JIR :6; 23T, (7, )J

7. Slider rotary joint JIR :7;3; 4;T, (73)]

8. Slider prismatic joint J1P :8; 4L L (AL, 0, 0)]

For simplicity all constructive parameters of Cartesian axes transitions and
rotations are presented in vector-matrix form. The structural parameters are used for
building kinematic graph and defining closed structure. The formalised description of

Slider is closing the graph with the nodes y,,7,', 7. The node y," is equivalent to
7, and shown for illustrative purposes. When calculating the total matrix of the

closed kinematic chain it is supposed that the first Cartesian axes system coincide
with the last. It can be written as:

T1(0)-Ts (1) Ta(Ler ) To (72) - To(Lroa ) T (7)- To (ALt ) Ta (L) = 1
where T,...T; —homogeneous transformation matrices of each element.
Described above software generates the following matrix equality.

= Vaxas

000 1
C(n+ratr) —S(n+r.+r) 0

Ass=|S(n+7.+7) Cn+r.+7) Of; (27)
0 0 1

Lo -C(71)+ Lioa ' C(r+72) —(La +ALy ) C(ri+72+73)
Laa=| LeoS(7)+ Lioa -S(r+72)—(Ly +ALy)-S(r1+72+73)
0
Equating the elements of the matrices generate a linear connection:
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C(7/1+72 +7/3):1
5(71+72 +73):0
Using dependency (28) the equations (27) are simplified:
LCr 'C(71)+ I—rod 'C(7/1 +72)_ le _ALS| = 0;

Ler S(71)+Lig -S(71+72) =0.

} SNty ty= 180° (28)

CONCLUSION

The formalised description of closed kinematic chains presented in the article
allows reflecting all the information on their structures and parameters. It was the
core element for developing an algorithm and software for building the kinematic
graph of a mechanism, and automatic derivation of its kinematic equations along with
defining the linear connection of closed kinematic chains parameters which is
significant part of their kinematic analysis.
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Abstract

the study is about human detection techniques, contour extraction, deformation
and 3D human model building. Starting from existing techniques of detection,
we build a 3-layers adaptive system which use information from collection of
detection methods, evaluate that information by calculating correctness
measurement and system dynamic parameters, and then building the human
model depending on the final decisions about the methods outputs.

INTRODUCTION

Human detection is a constantly expanding research area due to number of
applications for surveillance (behaviour analysis), security (pedestrian
detection), control (human-computer interfaces), and also for human modelling
and animating, however, it is a complex task to achieve due to unlimited
various poses the human body can take, and enormous differences that exist
between individuals.

There are several techniques for human detection, but there is no complete
answer for exact human detection, so we use information from several methods
and gather information from all of them, then we choose the best detection
results depending on knowledge base and rules that constrain the human body
shape and poses.
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Main goal

The main goal is to get the contour of the human body and subtract it from the
background then deforming it to parts, then using these parts to create the 3D
model of the body, the input of the system is a video stream from the camera,
then by applying human detection techniques and methods, the body contour
will be extracted.

After implementing the techniques of detection, the next step will be gathering
the output of each method (the contour), and giving every result an adaptive
priority, then take the final decision about the contour according to these
priorities.

And every time, the system adapts the priorities of the methods and meta-data
of the system according to the performance.

Related work

In the recent years were a lot of work in human detection and motion capture of
the body, the main techniques were HOG (Histograms of Oriented Gradients)
and Neural networks, Bayesian similarity measurement etc.

Using each method of those will give different results depending on the
training data, work environment, body state and other factors. So we present a
way to evaluate the correctness of each method in working environment by
building adaptive system which collect correctness and statistics of the
previous results, and update the priority and weight of each method in work.

System description

The system consists of three layers:
1- Layer 1, is the detection layer, which is responsible of detecting the

human body area. In this layer there are the known techniques of human
body detection.
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Results area, regions of the image. that is likely contain
human body.
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-
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BSM

PCA

Figure 1, layer-1 block

2- Layer 2, is body deformation, which is responsible for determining the
human pose by recognizing each part of the body, depending on contour
curve salience study and body shape geographical constraints.

3- Layer 3, building the 3D human model depending on the decision made
in layer 2, and updating the system parameters for each method,

(priority, accuracy).

parameters. save statistics

build 3D human body, update system

A

[ calculate accuracy and geographical rule:

5

satisfaction and take decisions depending on them

{t

B

extract body contour and part deformation

v

human body

regions of image that likely contain the

| | | 1
CNN HOG BsM PCA
image j———— background ——{ Image prepairing
= subtraction

Figure 2, system block
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IMPLEMENTATION
Layer 1

There are already known methods for detection, so we used the for
experimental goals two separated methods, HOG and NN, with ability to add
any other implemented method to the system, each method in this layer gives
an area which contain the human body (as a bounding box), and pass it to the
next layer.

Layer 2

In this layer, we extract the human contour out of the area, then we deform it
into parts, using the curve salience study.
First we find the basic points in the contour, which are the “negative curvature
minima (NCM). Each one of these points are located on body part edge.
(Hoffman and Richards’s minima rule), and finally we search for the shortest
cut for each point of NCM, as follow:

P

. |z’ __
;= i lpp’| bt r—=T ,p'€ C,pp' €5
p, = argmin(|lpp7l[) s o] P € CoPE
IEZR

oo = argmin(F7l) st > 7,00 G C

 lee|
where S is a silhouette, C be the boundary of S, P is a point on C with NCM,
and p,,be a point on C so that P and »,,, divide the boundary C into two curves
C,, C,. of equal arc length. The ends »; and p,. of the two cuts which satisfy the
previous equations.

After finding the cuts and deforming the parts, we calculate the accuracy
depending on the geometrical rules of the human body as aspect ratio, mass
centre position, relative positions of parts, and intersection between results of
used methods.
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Here it is a result from these layer:

Layer 3

After determining the parts of the body, we construct the 3D model depending
on the data of the parts skeleton and texture (which are built gradually by
completing missing data through moving), and updating the priority of each
method depending on the its correct results.

Experiments

After using more than one method to detect and determine human body pose,
we get more robust system for detection, and by collecting and evaluating
information from each one of them, we reach better result from depending on
one technique.

CONCLUSION
Using such way for detecting and estimating body pose, can be more useful for
parallel framework, when each method works independently, and the system

customize the whole result output depending on evaluating each method during
the system work.
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Abstract

The work presented in this paper is the result of a collaboration between researchers of
the Universidad Politécnica de Valencia, Spain and Gavar State University, Armenia
within the framework of the Euroeast Erasmus Mundus Project in the area of ICT. This
paper describes neonatal healthcare problems and shows ways to analyse the
information using modern technologies like Big Data, Hadoop, and Map Reduce
programming in order to help doctors to solve these problems. In the work we have
evaluated 4 characteristics of 10 patients by designing an algorithm to analyse the data.
We also propose a formula to estimate the situation of the patient and create a graphic
by using this formula. In this paper we explain the concept, characteristics, benefits of
Big Data, state the problem in neonatal health care, provide useful information about
related works, show that Big Data do exist in hospitals and conclude the work.

INTRODUCTION

Due to the human activities, a lot of information is being created every day. One
of the most interesting field of these activities can be considers health care and
particularly neonatal health care as there are a lot of neonates who are born with some
health problems.

Thus, doctors need to use the information coming from NICU tools in order to
make right decisions. Sometimes the information is so big and it is useful to use modern
technologies in order to achieve good results. In this point of view, we can say that
doctors usually are dealing with Big Data. Big Data is a term for massive data sets
having large and complex structure with the difficulties of capturing, storing, searching,
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sharing, analysing, transferring and visualizing for the future processes. Big data in
neonatal health care can be described by three main components: variety, velocity and
volume.

Volume. The quantity of generated data in NICU is important in this context.
The size of the data determines the value and potential of the data under consideration,
and whether it can actually be considered Big Data or not. The name ‘Big Data’ itself
contains a term related to size, and hence the characteristic.

Velocity. In this context, the speed at which the data is generated and processed
to meet the demands and the challenges that lie in the path of growth and development.
For example, smart infusion pumps (SIPs) contribute can provide more than 60
different types of data every 10 seconds.

Variety. The type and nature of the data. This helps people who are associated
with and analyse the data to effectively use the data to their advantage and thus uphold
its importance.

Benefits of Big Data

Google, eBay and LinkedIn were among the first to experiment with Big Data.
They developed proof of concept and small-scale projects to learn if their analytical
models could be improved with new data sources. In many cases, the results of these
experiments were positive. Many companies have begun to achieve real results with
the approach, and are expanding their efforts to encompass more data and models.
Cost reduction. Big Data technologies like Hadoop, HPCC Systems, R and cloud-
based analytics can provide substantial cost advantages. While comparisons between
big data technology and traditional architectures (data warehouses and marts in
particular) are difficult because of differences in functionality, a price comparison
alone can suggest order-of-magnitude improvements.
Faster, better decision making. Analytics has always involved attempts to improve
decision making, and Big Data doesn’t change that. Large organizations are seeking
both faster and better decisions with Big Data, and they are finding them.
New products and services. Perhaps the most interesting use of Big Data analytics is
to create new products and services for customers. Online companies have done this
for a decade or so, but now predominantly offline firms are doing it too.

Health care systems. We are living in a hyper-personalized world, but healthcare
seems to be one of the last sectors still using generalized approaches. When someone
is diagnosed with cancer they usually undergo one therapy, and if that doesn’t work,
the doctors try another, etc. But what if a cancer patient could receive medication that
is tailored to his individual genes? This would result in a better outcome, less cost, less
frustration and less fear. There are a lot of systems based on Big Data which help
doctors to make decisions and help patients.

RELATED WORK

The market for healthcare services has increased exponentially. This is due to
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the growing tendency for personal healthcare to move away from the traditional hubs
of healthcare, such as hospitals and clinics, to the private home and especially the
mobile environment. In most developed countries an aging population contributes to
the growth in the demand for distributed healthcare services. As a result of the nature
of healthcare, the precision and real-time delivery of data is crucial. To fulfil all these
requirements, advanced and smart technologies should be applied.

One of the very smart technologies was designed by Carolyn McGregor,
University of Ontario Institute of Technology, Canada. The platform is called Artemis.
Artemis is an online health analytics platform that enables concurrent diagnoses of
multiple patients through real-time analysis of multiple data streams. It supports
acquisition and storage of patients” information for the purpose of online analytics.
Artemis is currently implemented in and used to help sick children in Ontario, Canada
and the research team is going to deploy the platform in other cities of Canada as well
as in China and Australia.

Another research made in USA by Rollins School of Public Health,
Emory University, USA shows the importance of maternal health during pregnancy.
The research was held in 13 states of the USA. It states that smoking increased infant
length of stay by 1.1%. NICU infants cost $2496 per night while in the NICU and
$1796 while in a regular nursery compared to only $748 for non-NICU infants.
Multivariate analysis is used to estimate the relationship of smoking to probability of
admission to an NICU and, separately, the length of stay for those admitted or not
admitted to an NICU.

SPECIFICATION AND EVALUATION
Big Data and health care

Probably some years ago, one might not expect these two areas might to even
be mentioned in the same sentence. But now they are coming together and tend to
change the face of the medicine. The coming together of healthcare and Big Data means
higher tech medical solutions for the general problems in medicine. Particularly, high
tech medical solutions could be implemented in neonatal health care.

In this article the problem is related to the analysis of vital variables of neonates
in hospital.

A neonatal intensive-care unit (NICU), also known as an intensive care nursery
(ICN), is an intensive-care unit specializing in the care of ill or premature new born
infants. While a child is inside of NICU medical devices generate a lot of information.
Devices monitor physiological data streams that reflect the functioning of vital organs
while others provide ventilation support. Sometimes the information is so big that we
can say that doctors deal with Big Data. In this point of view it is important to gather
the information and use it in order to make decisions.

The information coming from NICU can vary. Here are some examples of the
Bid Data in NICU: Many NICU patients have heart activity monitored by
electrocardiography (ECG), which can sample up to 1,000 readings a second to
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construct a waveform signal demonstrating the functioning of the heart. This translates
to 86.4 million readings a day per patient. From this source signal, the ECG device also
derives the heart rate and respiration rate, with each of these signals producing 86,400
readings a day per patient.

Drug and nutrition infusion data from smart infusion pumps (SIPs) contribute
to the big data problem. SIPs can provide more than 60 different types of data every 10
seconds. If a new born stays in the NICU for 30 days, one SIP can generate 4.4 Mbytes
of data per hour, 106 Mbytes of data per day, and 3 Gbytes of data monthly. Preterm
infants can be connected to up to 13 SIPs, resulting in 39 Gbytes of drug infusion data
from a single patient per month. And a lot of information could be generated and this
information should be processed in order to help and survive new born children.

It’s very important to mention that maternal health is closely linked to new born
survival. While great strides have been made in reducing global child mortality, new-
borns now account for 44 percent of all childhood deaths. Each year, 2.9 million new-
borns needlessly die within their first month and an additional 2.6 million are stillborn.
The main causes, which are preventable and treatable, are complications due to
prematurity, complications during delivery, and infection.

The analysis showed that maternal smoking increased the relative risk of
admission to an NICU by almost 20%. For infants admitted to the NICU, maternal
smoking increased length of stay while for non-NICU infants it appeared to lower it.
Over all births, however, smoking increased infant length of stay by 1.1%.

Healthcare application

For this research, we will use 4 main characteristics to analyse: heart rate,
respiratory rate, lower blood pressure and upper blood pressure. The data are
generated randomly. We suppose that this data are generated by NICU. Diagram
1, diagram 2, diagram 3 and diagram 4 show how heart rate, respiration rate,
lower blood pressure and upper blood pressure are being changed during the
time.
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Diagram 1: Heart Rate Diagram 2: Respiratory rate
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Then we use Hadoop and Map Reduce programming in order to extract
information for the patient or patients. A large part of the power of Map Reduce comes
from its simplicity. Map Reduce works by breaking the processing into two phases: the
map phase and the reduce phase. Each phase has key-value pairs as input and output,
the types of which may be chosen by the programmer. The programmer also specifies
two functions: the map function and the reduce function. Below is presented the
algorithm of simple program Word Count as well as one example of the demonstration
of the program, which can be implied into the hospital.

Proposed algorithm

The mapper emits an intermediate key-value pair for each word in a document.
The reducer sums-up all the counts for each word.
1: class Mapper
method Map(docid a; doc d)
for all term t € doc d do
Emit(term t; count )

: class Reducer

2

3

4

1

2: method Reduce(term t; counts [c1; c2;:::])
3 sum =0

4 for all count ¢ € counts [c1; c2;: ::] do
5 sum =sum +c

6 Emit(term t; count sum)

To visualize the way the map works, consider the following sample lines of
input data.
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name0-96-43-27-22; name2-77-170-4-28; namel-75-80-103-21;
name0-76-42-28-9; name2-74-188-77-30; namel-75-70-91-67,
name0-69-173-80-36; name2-75-47-7-36; name2-87-101-23-32;
namel-89-93-40-45 Etc...

Here the lines present records of the patients. Every part of the line has its own
meaning: Thus, first part is the name; second part is the heart rate, then upper blood
pressure and lower blood pressure and finally respiration rate.

These lines are presented to the map function as the key-value pairs:
(0, name0-96-43-27-22); (16, name2-77-170-4-28);(32, namel1-75-80-103-21) Etc...

The keys are the line offsets within the file, which we ignore in our map
function. The map function merely extracts the name and the heart rate (indicated in
bold), and emits them as its output (the heart rate values have been interpreted as
integers):

(name0, 96); (hame2, 77);(namel, 75) etc...
The output from the map function is processed by the Map Reduce framework

before being sent to the reduce function. This processing sorts and groups the key-value
pairs by key. So, continuing the example, the reduce function sees the following input:

(nameO, [96, 76, 69]); (namel, [75, 75, 89]); (name2, [77, 74, 75, 87])

Each name appears with a list of all its heart rate readings. All the reduce
function has to do now is iterate through the list and pick up the maximum reading:

(name0, 96); (namel, 89); (name2, 87)

This is the final output: the maximum heart rate for each patient. The
information can be saved as a txt file and will be ready for future use and analysis.

EXPERIMENTAL RESULTS

In this research, we used Intel® Core™ 15-660, 3.33GHzx4, Memory 3.7GB
computer. In the file, which is going to be analysed, we have millions of lines. The size
of the file is 37.9MB (1 million lines). This file contains 4 characteristics of 10 patients.
After the running of the program, we can see that the map reduce program works
correctly and emits data we need. In this case, we see the maximum heart rate for each
patient. The same algorithm could be used to emit data about other characteristics
(respiration rate, lower blood pressure etc.).

The doctor also can estimate the time. In this case, we see that the CPU time
spent is 9480 ms. In order to decrease the time we only should add computers.

In addition to this we offer the equation below to evaluate the state of the
patient:
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F=oaX+pY+yZ+ 60Q

Where: X = XX1 Y = n

max Ymax

Zy

L Q= Q1

Zmax Qmax

; L=

Xmax — Maximum heart rate of the patients; Ymax — maximum respiratory rate of
the patients; Zmax — maximum upper blood pressure or the patients; Qmax — maximum
lower blood pressure of the patients; Xi, Y1, Zi and Qi are current heart rate,
respiratory rate, upper blood pressure and lower blood pressure representatively.

For the research we assume that o=p=y=6=0.25 and
F € [0,0.3] - Bad condition F € [0.31,0.8] » Normal condition
F € [0.81,1] » Dangerous condition

For example let us assume that X1= 98, Y1=38, Z:=50 and Q1=32; according to
the database Xmax= 200, Ymax:80, Zmaleoo, Qmax:50.

F =0.25 98+025 38+025 —50+025 32 0.52
= 0.25 % 25 x — 25 * 25— = ().
200 80 100 50

As F=0.52 it means that the condition of the patient is normal. We can evaluate
the overall situation of 10 patients by using this formula. So, doctors can gather the
information from NICU and apply the application and use a formula to make decisions.
In Diagram 5 it is shown patient’s situation for last 24 hours.

0,9
0,8
0,7
0,6

— 0,5

T 04
0,3
0,2
0,1

123 456 7 8 91011121314151617 181920212223

F(x) maximum minimum Time

Diagram 5: Combined F(x) formula

By analysing data of the patient we can see that last 4 records could be

considered as “Dangerous” because the value is out of the range (accordingly 0.824;
0.835; 0.819 and 0.833).
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CONCLUSION

Big data is a term that describes the large volume of data. Big data can be
analysed for insights that lead to better decisions. One of the most interesting field of
Big Data can occur is health care. Big Data in healthcare is being used to predict
epidemics, cure disease, improve quality of life and avoid preventable deaths. In this
paper we tried to use Big Data technologies to help doctors in decision making process.
In this paper we have presented an application which could be developed further and
used in order to help patients in the hospital. In addition to this, an equation is presented
which would allow to estimate the current situation of the patients.
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