OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTYyaJbHOCTH Npo0JieMbl. COBpEMEHHBII YPOBEHb PAa3BUTHUS IPOMBIIIICH-
HOCTH NIPEIbSBISIET BEICOKHE TPEOOBaHMS K KBaIM(PUKALMK 00CITyKUBAIOLIETO Mep-
COHaJIa B CBSA3M C aKTHBHBIM HCIIOJIb30BAHUEM HOBBIX IPOAYKTOB, YHUKAJIBHBIX HH-
HOBAaIIMOHHBIX TEXHOJIOTHI, COBPEMEHHOT'O BBICOKOTEXHOJIOTHIHOTO 000pyJ0BaHUS,
a TaKoKe KOMIIBIOTEPH3AIMHY IIPOH3BOICTBEHHBIX IIPOIIECCOB.

IIpobnema moAroToBKY NPOGECCHOHATBHBIX KaJJpOB M MOCTOSIHHOTO TTOBBIIICHFIS
UX KBaIM(HKALMU OCOOEHHO aKTyasbHa Ul XMMUUECKOH MPOMBIIUIEHHOCTH B CBSI3U C
BO3MOKHBIMH TMOCNEJICTBHSMU BO3HUKHOBEHMS aBapUIHBIX CUTyalMi. ABapuM Ha XH-
MHYECKHX U He(TEXMMUYECKHX MPEANPHUATHAX HE TOIBKO YHOCST 4eII0BEUCCKUE KU3HH,
HO ¥ HAHOCSIT HEMOMPaBUMBI BPes SKOJIOTHH LENbIX pernoHoB. [Iprobperenne onepa-
TOpaMH TEXHHYECKUX CHCTEM TpeOyeMbIX HAaBBIKOB PaOOTHI B INTATHBIX M aBapHITHBIX
pexnMax (QyHKIMOHMPOBAHMS SIBISIETCS IPUOPHUTETHBIM, TaK KaK pEIICHHWE NAHHOU
TpoGJIEMBI NIPUBE/IET K 3HAYUTEIFHOMY CHIDKEHHIO aBapUii Ha IPOMBIIIICHHBIX 00BEK-
Tax ¥ MUHUMI3AIUH UX TIOCIIEICTBUHA. B CIIOXKMBIIMXCS YCIIOBUSAX IPOSKTHPOBAHMS U
9KCITyaTaliy TEXHUYECKUX CHCTEM XUMHIKO-TEXHOJIOTHIECKOTO PO IePCIEKTHB-
HBIM HAIPABIICHUEM CHIDKECHHUSI HETATUBHOTO BIIMSIHHS YEJIOBEUECKOro (pakTopa Ha Ha-
JIEKHOCTB UX (DYHKLIMOHUPOBAHHUS SIBIISIETCS UCIIONIB30BAHUE B Ipoliecce 00yueHUs BUP-
TYaIbHBIX TpeHaKepHbIX KomIiekcoB (BTK). Mx paspaboTka ele Ha srare mpoeKTHPO-
BAaHMS TEXHMYECKOH CHUCTEMBI M BKIIOUEHHE B KOMIUIEKT MPOEKTHO-KOHCTPYKTOPCKOIL
JIOKYMEHTAI[MH TI03BOJIAT OPTraHW30BaTh IOJTOTOBKY OOCIY>KMBAIOIIETO MEpPCOHAa Ha
TpeGyeMOM YpOBHE M 3HAYUTEIIHHO ITOBBICUTH HAJJE)KHOCTh TEXHUIECKUX CUCTEM.

B nacrosmiee Bpemst craBUTCS BOIIpoc 00 MHTEHCHU(HUKAIIK Tporecca 00ydeH s
D70 CBSI3aHO C BO3PACTAIONINMYI 00BEMaMI TIPOU3BO/ICTBA, YACTOH CMEHOI acCOpPTHMEH-
Ta BBITYCKAeMON MPOAYKINH, a TAKKE C MEPEXOOM K HOBBIM CPEICTBAM KOHTPOIS U
yrpasieHust Texandeckoit cucremoit (TC). TosToMy BHEAPEHHE HOBBIX HH(OPMAIHOH-
HBIX TEXHOJIOTHH B MPOLIECC MOATOTOBKH TIEPCOHANIA SBIISIETCS aKTyalIbHbBIM.

D heKTUBHOCTD UCTIONB30BaHMA ceTH VIHTEepHET B yueOHOM Ipoliecce SBISETCS
OCHOBHBIM (haKTOPOM, BIIHSIIOIIMM Ha CKOPOCTh PAacIpOCTPaHEHUs! JAHHOTO Buzia 00y-
yeHns. MHOTHE BY3HI YK€ OCBOMIIHM JUCTAHIMOHHBII Iporecc 00y4IeHNUsI C UCIIONb30-
BaHHEM COBPEMEHHBIX MH()OPMAMOHHO-KOMMYHHKAIMOHHBIX TEXHOJIOTHH. Bo3Mok-
HOCTH, TpenocTaBisieMble MHTepHeT, MO3BOJIMIIM CO3aTh MHTEpPAaKTHBHEIE Jabopa-
TOPHBIE YCTAaHOBKU JUISl yAAIEHHOTO MPOBEICHNUS JIAOOPATOPHBIX NMPAaKTUKYMOB, UTO
0COOEHHO BaXKHO Uil MH)KEHEpHOTro oOpasoBaHus. He MeHee mepcreKTHBHBIM Ha-
NpaBJIeHUEM TIPOBEAEHUs Ipoliecca OOydeHMs SIBIAETCS CO3JAaHHUE WHTEPHET-
OPHMEHTHUPOBAHHBIX BHUPTYaJIbHBIX TPEHAKEPHBIX KOMIUIEKCOB. JlaHHOE HampaBieHHe
SIBISIETCS. TIEPCIICKTUBHBIM 110 IPUYMHE OTCYTCTBHSI OTPaHMYEHMS Ha KOJIMYECTBO
OJJHOBPEMEHHO pabOTaroOIUX II0JIb30BaTelel, a Tarke OJarogapsi BO3MOXKHOCTH Op-
TaHNU3alI{ WHIUBUYaJbHOH TPAeKTOPHUH 00y4YeHHs. DTO MOBBIIIACT KA9eCTBO ITOJTO-
TOBKH TIepCoHala 1 3P PEKTUBHOCTD pabOTHI TPEHAXKEPHOTO KOMILIEKCA.

TpenakepHble KOMIUIEKCHI MOTYT IPHMEHATHCS MPAKTUIECKH BO BCEX OTpac-
JISIX JIeSITEbHOCTH denoBeka. [Ipexne Bcero, MX MpUMEHEHHE aKTyaldbHO TaM, e
HeoOxoxuMa OTpadOTKa MOCIIEN0BATEIbHOCTH JACHCTBHH, a Takxke (GOpMHUpOBaHUE
HaBBIKOB pearnpoBaHus Ha ocobeHHocTH (yHkunonupoBanus TC. TpenaxepHbIH
KOMIUICKC SBJISCTCS HMHTEPAKTUBHOW CHCTEMOH, (DyHKIMOHUpYIOIIEHl Ha OCHOBE
MaTeMaTHIeCKOH MO IeATeIbHOCTH 4eJIOBeKa-oIepaTopa, KOTopasi MpeiCcTaB-
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nsieT co0oH Aapo mporecca OOyUSHUS X OTBEYACT 32 aJJeKBaTHOCTh TPEHaXKepa — ero
MOJHOTY ¥ TOYHOCTh MUMHUTAILIIM MPOU3BOACTBEHHOTO IIpoOIIEcca.

JluccepTallMOHHOE HMCCIEI0BAaHUE MPOBOIMIOCH B COOTBETCTBHHU C IUIAHAMU
paboT MO HAYYHBIM MPOEKTaM:

—  OUII «Hayuynsle 1 Hay4yHO-TIeJaroruueckue KaJpbl HHHOBAaIIMOHHOH Poc-
cun Ha 2009 — 2013 ox61», Meponpusitie Ne 1.3.2, mpoekt «Pa3paboTka METOIOB
MpeynpeKACHNS U INKBUAAIMN YPE3BbIYAHBIX CUTYaLlMi TEXHOTEHHOTO XapaKTe-
pa, BO3HHUKAIOMNX II0 BHHE YEJIOBEYECKOTO (haKTOpa, 3a CUET NMPUMEHEHHS BUPTY-
AJIBHBIX TPEHAXKEPHBIX KOMIIIEKCOBY;

—  OUII «Hayunsle 1 Hay4yHO-IIEJArOrMYECKUe Kaapbl HHHOBALMOHHOM Poccun
Ha 2009 — 2013omper», Meponpusatre Ne 1.1, mpoekt «MeTozsl, arOPUTMBI U IIPO-
rpaMMHOE oOecIieueHe pa3pabOTKH BUPTYaIbHBIX MOJENEH TEXHHYECKUX OOBEKTOB
U1t 0OydeHNsI CHELMAICTOB U CO3JaHUSI IPUKIIATHBIX MHPOPMAIMOHHBIX CHCTEM;

— ABIII «Pa3BuTHe Hay4HOTrO MOTEHIMANA Boiciiei mkosbl (2009 — 201G0-
IIBL)», PoeKT «DOpPMUPOBaHUE pacIpeieleHHON HH)OPMaHOHHOH HHPPACTPYKTY-
P chepsl 00pa3oBaHUs M YHUBEPCHTETCKOM HAyKHM HA OCHOBE Pa3BUTHS MOJEIEH,
METO/IOB ¥ TEXHOJIOTHII co31aHns HHQOPMALMOHHBIX PECYPCOB C YUETOM MEX/yHa-
POIHBIX CTAaHJAPTOB U CIEIM(UKALIN»;

— mnporpamma «YuacTHUK Mononexunoro Hayuno-lunoBanmonHoro Korkyp-
ca» (&W.M.HMU.K.»), npoekr «Pa3paboTka BHPTYaIbHBIX TPEHAKEPOB IS LICIICBOM
TMOJITOTOBKH CTYIEHTOB U OMEPAaTOPOB XMMHUKO-TEXHOJIOTUYECKUX TPOU3BOICTBY.

O0bexT 1 npeaMeT uccaenoBaHus. OObEKTOM HCCIEOBAHS SBIISIOTCS METOIBI
U QITOPUTMBI CTPYKTYPHO-TIADAMETPUIECKOTO0 CHHTE3a BUPTYaTIbHBIX TPEHAKEPHBIX
KOMIIEKCOB JUIsI 00YUEHHSI OTIepaTOPOB TEXHHIECKUX CHCTEM.

IIpemverom mccenoBaHUs SBISIIOTCS. MaTeMaTHYECKOE MOJECIHMPOBAHUE Jes-
TENIBHOCTH 4EJIOBEKa-0IepaTopa; 0COOCHHOCTH MOATOTOBKH IEPCOHANa MHOT0Accop-
THMEHTHBIX XHMH4YeCKHX mpon3Bonacts (MXII) ¢ npuMeHeHHeM BUPTYaJIbHBIX TPEHa-
JKEPHBIX KOMIUIEKCOB; TEXHOJIOTHs ceTeBOoro B3aumopeicTausa moxayieir BTK; paspa-
6oTka nmporpammHoro obecneyenust BTK.

Henws u 3agaun uccaenopanms. Llenpio ncciaenoBanus SBISETCS CHUKEHUE
HETaTUBHOTO BJIMSHMS YEIOBEYECKOro (hakTopa Ha HaJEXKHOCTb (YHKIMOHMPOBA-
HUS TEXHHYECKUX CHCTEM MHOTOACCOPTHMEHTHBIX XHMHYECKHX IPOM3BOJCTB 3a
CYeT IOBBHIIIEHHsI KauecTBa IIOATOTOBKH IMEPCOHANIA C HCIOJIL30BAHUEM BUPTYallb-
HBIX TPEHAXXEPHBIX KOMIIEKCOB.

JU1s. nocTr KEeHMsI TIOCTABIICHHON LeNy OBLTH PEIICHBI CIICTYIONHE 3aJaull: aHAIIN3
CYILIECTBYIOIUX PELICHUH IO CO3JaHHMI0 TPEHAXKEPHBIX CHUCTEM, IOCTAHOBKA 3aauH
CTPYKTYPHO-TIApaMETPUYECKOTO CHHTE3a BHUPTYAbHOTO TPEHAKEPHOTO KOMILIEKCa,;
dopMamu3aysi U TOCTPOSHHE MAaTeMAaTUYECKOW MOAENM JAEATENBHOCTH YeIoBeKa-
oriepatopa; pa3paboTKa aaropuTMa CTpyKTypHO-Tlapamerpudeckoro cunre3a BTK; pas-
paboTKa TEXHOJIOTMH CETEBOTO B3aMMOJEHCTBHS I OPraHW3alluK TPYIIOBOro o0yue-
HHS OIIEPaToOPOB; Pa3padoTKa CIEHUATFHOI0 MaTEMAaTHYECKOr0 M IPOrpaMMHOTo obec-
TIEUCHIS U1 aHAIN3a 1 00paboTKy HH(OpMAIUH 0 JIEHCTBILIX 00ydIaeMoro.

Hayunast HOBH3HA HCC/IeIOBAHUSA.

1. Ha ocHOBe METOZOB CUCTEMHOTO aHAJIN3a BIICPBBIC IIOCTABJIICHA U pelIeHa
3ajaya CTPYKTYPHO-TIApaMETPUUECKOTO CHHTE3a BHMPTYalIbHOTO TPEHAKEPHOTO
KOMIIIeKca Ut noArotoBku nepconana MXII, otnuyaromasics y4eToM crieliupuka
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(YHKIMOHMPOBAHUS MHOTOACCOPTHMEHTHBIX XMMHYECKUX IPOU3BOACTB M II03BO-
nstromiast GopMupoBaTh TpeOyeMblil COCTaB U YPOBEHb HABBIKOB YIIPABICHUS CHCTE-
MOii B LITaTHBIX M aBapHIHBIX PeXXUMax (YHKIMOHMPOBAHUS HA OCHOBE MH(OpMa-
LHOHHO-aHAMTHYecKoro pernamenta TC.

2. PazpaboTaHbl MaTeMaTHUECKIE MOJICIH ASSITEIHFHOCTH YelI0BEKa-0IepaTopa,
OTJIMYAIOIIMECs] ONMHCAHUEM TTOC/IEI0BATEIBHOCTH €r0 AEHCTBHI KakK B IITATHBIX, TAK
U aBapUIHBIX peXXHUMax (YHKIMOHUPOBAHUS U MO3BOJIIONINE HAa MX OCHOBE OCYIIECT-
BIIAITH Pa3pabOTKy MPOrpaMMHOTO 0OECTIeUeHUsI MOIYJIEH BUPTYaIbHOTO TPEeHAKEPHO-
r0 KOMIUIEKCA, OCYIIECTBIIOIINX BU3yall3alnio nponecca Gpynknnonnposanus TC,
yIpaBieHue u 00paboTky HH(POPMAIKH O ASHCTBHUAX OIlepaTopa.

3. Brmepssle pa3paboTaH alropHTM CTPYKTYPHO-TIAPAMETPHUYECKOTO CHHTE3a
BTK, npencrasnenssiii B Hotaiuu IDEFO, yuntsiBaronumii 0COOCHHOCTH MPOSKTH-
poBanus u dkciuryatarn MXII, a Taxke MO3BOJISIOIINN COKPATHTh BPeMs H 00beM
BBITIOJIHSIEMBIX PAa0OT MPH CO3AaHMU BUPTYAIbHOTO TPEHAKEPHOTO KOMILIEKCA 3a
CYeT NPUMEHEHHST MOYJIEHOT0 npuHIHIa nocrpoenus BTK.

4. Pazpaborana TeXHOJIOTHs ceTeBOro Bzammopeiicteusa moayneir BTK, ormu-
YaloIasicss BO3MOJKHOCTBIO COBMECTHOTO TPEHHHTA TPYIIIEI ONIEpaTopoB, YIacTBYIO-
MUX B Peaqn3ally TEXHOJOTMYECKOTO IMpPOLECCa, M IMO3BONSIONIAs MPOBOIUTH HX
JICTAHIIMOHHYIO ITOJTOTOBKY I10 KaHajaM ceTH MHTepHer.

5. Pa3paboraHa cTpykTypa aBTOMaTH3MPOBAHHOW MH(OPMALMOHHOMN CHCTe-
Mbl (AUC) tpenunra omnepatopo TC, oTnuyaromascs UCIOIb30BaHUEM 0a3bl 3Ha-
HUI 0 MOJesIX (GYHKIMOHMPOBaHUs 1 0Tka30B TC, Mozeneil JesTeabHOCTH onepa-
TOPOB B IITaTHBIX M aBapUHHBIX peKMMax paboThI, MOo3BoJIOmas co3nasate BTK
Ha 3Tare NPOeKTUPOBAHUS MHOTOACCOPTUMEHTHBIX XUMUYECKHUX IPOU3BO/ICTB.

Teopernyeckasi 3HAYNMOCTH MCCJIEOBAHUS 3aKIIIOYACTCSl B pa3pabOTKe Mare-
MaTHYeCKUX MoOJeNneil aesrenbHocTH uernoBeka-omneparopa TC MXII u amroputMoB
CTPYKTYPHO-TIADaMETPUIECKOTO CHHTE3a BUPTYAIBHBIX TPEHAKEPHBIX KOMIUICKCOB.

IIpakTHyeckasi 3HAYMMOCThL HCCJIEOBAHUS 3aKJIFOYAETCs B TIOBBIIICHUH Ha-
nexHoctH GyHkponuposanust MXII 3a cuer mpuMeHeHHsT pa3pabOTaHHOTO Ipo-
IPaMMHOTO 0OECIeUeHUs BHUPTYaJIbHOTO TPEHAKEPHOTO KOMIUIEKCA I OOydeHUS
orieparopoB npou3BozacTBa murmenta kpacuoro XK (OAO «[lurment», r. TamOoB),
MI03BOJISIONIEr0 IPOBOJUTH TPEHHUHT T'PYIIIBI ONEPaTOPOB B MITATHOM U aBAPHIHOM
pexnMax QyHKIMOHUPOBAHMS 110 KaHanaM ceTd MHTepHer.

JlocTOBEPHOCTL HMCCIeI0BAHMS. Pe3ynbTaTsl, IOTydeHHbIE B IUCCEPTALIMOHHON
pabote, OATBEP)KIAIOTCS 0OOCHOBAHHBIM M KOPPEKTHBIM IIPUMEHEHHEM BepUDHIUPO-
BaHHOTO MATEMaTHYECKOTO aIlapara, CONOCTABICHUEM TEOPETHUYECKHX PEe3YJbTaTOB C
JIAHHBIMH, MOIYYEHHBIMHI B XOZI€ TIPOBEJICHNUSI MIOATOTOBKHU TEPCOHANA C MPUMEHEHUEM
BTK. Ilporpammuas peanusaiust BTK, coznanHas Ha 0CHOBE IIPEAI0KEHHOIO aIrOpUT-
Ma CTPYKTYPHO-TIapaMETPHIECKOTO CUHTE3a TPEHAKEPHBIX KOMIUIEKCOB, MOATBEP)KACHA
CBUECTEIILCTBOM O T'OCYAAPCTBEHHON perucTpayy nporpamMmsl a1 9BM.

Anpo6aumst padoTbl. OCHOBHBIE TIOJIOKEHHS AUCCEPTALMH U OTICIBHBIC €€ pe-
3yJBTaThl 00CYKIAIICH U TOJIYYHIIN MTOJIOXKUTEIIBHBIC OT3BIBEI Ha!

— BcepoccuiickoM cMOTpe-KOHKYpCE HayYHO-TEXHUUECKOTO TBOPUYECTBA CTY-
JICHTOB BBICIIHX y4eOHbIX 3aBenenuii <OBPUKA-2009», 2009, HoBouepkacck;

— KOHKypce cruneHguanbHod mporpammbl OAO «Iurment» — «CuibHas
koMmanus —TBoe Oyaymee», 2010r., Tam6o0B;



— Bcepoccuiickoil KOHGEpEHLUH C 3IeMEHTaMH HAay4YHOH IIKOJIBI U1 MOJIO-
nexu «[IpoBeneHne HaydHBIX HCCIEIOBaHUH B 001aCTH HHPOPMAIMOHHO-TEIEKOM-
MYHHKaIMOHHBIX TexHosoruii», 2010r., Mocksa;

— BcepoccuiickoM KOHKYpce HayqHO-HCCIIENOBATEIBCKUX PabOT CTYAEHTOB U
aCIMPaHTOB B 001acTH MHPOPMATHKM M MH()OPMALMOHHBIX TEXHOJOTMH B paMKax
Bcepoccuiickoro decruBans Hayku, 2011r., Benropon;

—  MexaynapoaHoit MonoaexHoi koHgpepenunu «HPOpPMALMOHHBIE CHC-
TeMbI U TexHoorun», 2012r., BBII, Mocksa.

O0bem u cTpykTypa padorsl. JJuccepranys COCTOUT U3 BBEACHUS, YETHIPEX
IJIaB, 3aKJIIOYCHHS, CIMCKA JauTeparypsl U3 112 HaMMeHOBaHUH U OHOTO HPHIIOXKE-
nus. Jucceprauus cogepxkut 163crpanunp tekera, 21 pucynok u 9 tabuui.

OCHOBHOE COJEPXKXAHUE PABOTbI

Bo BBegennn QopmynupyroTcs menp M 3afadd HCCleloBaHus, 000CHOBBIBA-
eTcsl aKTyalnbHOCTh TEMbI JUCCEPTAIMH, HayuHas HOBH3HA PE3YNbTaTOB, OOBICHSIET-
csl TeOpeTHYecKasi M MPaKTHYECKash 3HAUUMOCTh Pe3yIbTaToOB HCCIEI0BaHus, 000c-
HOBBIBA€TCS JIOCTOBEPHOCTH IOJIYYEHHBIX PE3yIbTaTOB, IPHBOIUTCS HHPOPMALHS O
ITyOIMKAIASIX COMCKATEJIS IT0 TEME AUCCEPTALHH.

B neppoii rnaBe «CocTosinue Bonpoca pa3padoTKu U NPUMeHEHUs BHPTY-
aJIbHBIX TPEHAKEPHBIX CHCTEM» MIPOBOAUTCS aHAIUTHYECKHI 0030p HAyYHO-TEXHU-
YeCKOH JIMTEepaTypbl, OTHOCSILEHCS K TEME HCCIIEIOBAHM.

B pe3synbrare ycraHOBIICHO, UTO OJHOH M3 HanboJiee aKTyalbHBIX 00IacTel 1mo-
BBIIIEHHS MPOMBILITIEHHON O€30MacHOCTH SABISETCS CO3JaHHE aBTOMATH3HPOBAHHBIX
00y4alOINX CHCTEM M TPEHAKEPHBIX KOMIIJIEKCOB [UIs MOATOTOBKHM MEPCOHANA IO
paboTe B IITATHBIX ¥ aBAPUIHBIX CUTYaIHX.

B nepBomM pazzgene npencrasieH 0630p padoT, MOCBAIICHHBIX BIUSHAIO YEJI0-
Beueckoro (akropa Ha HAASKHOCTh (YHKIMOHHPOBAHUS TEXHHYECKHX CHCTEM.
B pab6orax [[.B. I'myxoBa, M.A. Bosipkuna, L.V. Rigby, D.E. Embrey, R.B. Miller,
T.b. Yucrakosoii, B.M. Jlo3opueBa paccmaTpuBaiach npoOnemMa CHHXEHUS Hera-
THUBHOTO BIIMSHUS YEIOBEYECKOTO (DakTopa Ha HAJEKHOCTh (DYHKIMOHHPOBAHUS
CHCTEM 3a CUeT NPUMEHEHUSI COBPEMEHHBIX 00pa30BaTENbHBIX TEXHOJIIOTHH, TPeHa-
KEpoB, 00YyUaIOIUX CUCTEM.

B nacrosmiee Bpemst B cooTBeTCTBUH ¢ «OOIMMH MpaBHWJIaMH B3pBIBOOE30-
MACHOCTHU JJIS B3PBIBOIIOXKAPOOIIACHEIX XUMUYECKHX, HepTEXMMUUECKUX U Hedre-
nepepabarsiBatoniux npoussoicte (16 09-540-03)»ucnonbp3oBaHnue TPEHAKEPOB
Uit o0ydeHns siBisieTcst 00s3aTenbHBIM. OHAKO KOHOMHUYECKAs! CHTYaIUsl 9acTo
HE TO03BOJAET PYKOBOAUTENSM MHOTHX MpPEeANpPHATHH HCIONB30BaTh B IPOIECCE
MOATOTOBKH MEPCOHAA TPEHAKEPHBIE KOMIIIIEKCHI.

AHanm3 CyIEecTBYIOINX TPEHAKEPHBIX CHCTEM ITO3BOJIMII OCYIECTBUTH KJIac-
cuuKanuio CHCTEM NOATOTOBKH IEpcoHana. B pesynbprare aHanm3a BHIIOIHIEMBIX
GYHKIMH KakAbIM BHJIOM TPEHAXKEPHBIX CHCTEM YAAJIOCh OINPEAENUTh, 4TO JUIS
MXII 3¢ dexTHBHBIM SIBISIETCS CO3/IaHHE UMEHHO BHPTYalbHBIX TpeHaxepos. [Ipe-
JKZIe BCETO, 9TO CBS3aHO C YaCTO MEHSIOIINMCSI aCCOPTHMEHTOM BEHIITyCKaeMoi IIpo-
IYKIUH, a TAKXKE C U3MEHCHUSIMH TEXHOJIOTHH IIPOU3BOACTBA MPOMXYKIUH. AHaIN3
3apy0exHOr0 M OTEYECTBEHHOTO OIBITa NPUMEHEHHS! TPEHaXepOB MO3BOIMI cop-
MYJIUpPOBaTh MOCTAaHOBKY 3aaud CTPYKTYpPHO-TIAPaMETPHUUECKOTO CHHTE3a BHPTY-
aJbHOTO TPEHAXKEPHOI'0 KOMILIEK A JUIsl MOATr0TOBKU nepconana MXII.
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Bropas ranaBa «IlocTaHoBKa 3amadyl CTPYKTYPHO-ApaMeTPHYECKOI0O
CHHTe3a BHPTYaJbHOI0 TPEHAKEPHOr0 KOMILIEKCA» MOCBSIIEHA OMHUCAHHIO Ma-
TEMaTHIECKUX MOJIENICH AESTENbHOCTH YelIOBEKa-0IepaTopa U IOCTAHOBKE 3a/aul
CTPYKTYPHO-ITapaMETPHIECKOT0 CHHTE3a BUPTYAILHOTO TPEHAKEPHOTO KOMITIEKCa.

B riaBe ¢ mo3uumii CUCTEMHOTO aHAJIM3a PAaCCMOTPEHBI OCOOCHHOCTH (yHK-
uronupoBanuss MXII, Bnustomme Ha 3¢dexTrBHOCTS nporecca obydyenus. Yacro
MEHSIOIMHCS aCCOPTUMEHT BBITYCKaeMOW IPOMYKIUH BJIeUeT HEOOXOJUMOCTD II0-
CTOSIHHOH IIeperiorOTOBKY IepcoHana. Ecim acCOpTUMEHT BBITyCKaeMOH HPOIyK-
UK MOXKeT MeHsAThes 10 10 pa3 B roa, To Tpatuth Oojiee Mecsla Ha 0O0ydeHHE He
peHTabeNnbHo, TO3TOMY CHIDKEHHE BPEMEHH OOYUCHHUS SBIISICTCSI OJJHOW U3 NIPUOPH-
TETHBIX 3a/]a4 UCCICAOBAHMS.

Jnsa noctmwxeHus TpeOyeMoro ypoBHS oOy4yeHHS HEOOXOAMMO CO3IaTh Tpe-
HaXkep, MepeHsAs MaHellb KOTOPOro nMena Obl MHUHUMAJbHBIE OTIMYMS OT IyNbTa
ympasieHus oneparopa. Jjist atoro caMbiM 3 (heKTHBHEIM CIIOCOOOM SIBIISIETCS IIPO-
EKTHPOBaHNE BUPTYaJIBHOTO TpeHaxepa B Toi ke SCADA-cucreme, 4to n aBTOMa-
THU3MPOBaHHAs CHCTEMa YIpPaBICHHs TeXxHouorudeckuM mporeccom (ACY TII).
CMmeHa cpebl pa3pabOTKH IJisi KaXIOro TpeHaxkepa sBisieTcs HedPPEeKTHBHOM.
IMosToMy Ui pa3paboOTKH TpeHaxepoB ObLIa BhIOpaHa cpema rpaduieckoro mpo-
rpammupoBanus LabVIEW, kak HauGoliee nprcrniocoOiIeHHas s 3TOro cpefa pas-
paboTku, MO3BOJIAIOIIAs JOOUTHCA Hanbosee MOJIHOTO COOTBETCTBHSA MAHEIH BUPTY-
aJIbHOIO TpeHaXkepa peanbHoMy ImynbsTy ynpasiaeHus TC MXII.

Be1neneHs! OCHOBHBIE 3Talbl 00y4YeHHs, Ha OCHOBAaHWM KOTOPBIX pa3paboTaHa
CTPYKTYypa aBTOMaTH3MPOBAHHOW MH(MOPMAIMOHHON CHCTEMBI TPEHHMHra OIepaTo-
poB TC (puc. 1). OcuoHas uzest cosnanus AUC tpenunra onepatropos TC cocTout
B OpraHM3aIMy KOMIUIEKCHOTO 00ydeHus u TpeHunra nepconana MXII. TTogroros-
Ka JI0JDKHA BKIIIOYATh KaK TEOPETHUECKUH Kypc o0ydeHus, Tak U mpakTuieckui. I1o
Ka)XIOMY Kypcy OOyueHUsI JOIKHBI ObITh OTJEIbHBIE TOUKH KOHTPOJIS TTOTY4aeMBbIX
3HaHUH U HAaBHIKOB. J[JIs1 5TOro HE0OXOIMMO CO3/IaHUE OTACNBHBIX MOAYyJeH, o0be-
JIMHEHHBIX exuHoi 6a3oii manubix (BJ]) U cucremoil ymnpasienus mporeccom o0y-
yeHus. Mcxoas u3 Toro, 4ro MpoBOAUTH 0OydeHHE MOJHOCTHIO B ABTOMATHUECKOM
pEKHME HEBO3MOXHO, HEOOXOIUMO INPETYCMOTPETh BO3MOXKHOCTh KOHTPOJIS MPO-
necca 00y4eHHUS CO CTOPOHBI MHCTPYKTOpa. JlaHHas 3a1adua MOXKET PEIIaThCs TOIBKO
IIyTEM CO3aHMs PACIpPEIEICHHOTO TPeHaXKepHOro Komiuiekca. Ilpu stomM Ham-
6osbinast 3G deKTHBHOCTS 00YUEHUST JOCTUTACTCS HPH Pa3feiCHUH TPeHaXepa Ha
HECKOJIbKO pabo4MX CTaHLUH. DTO MO3BOMSET C BHICOKOH CTENEHBIO JOCTOBEPHOCTH
HMHTHPOBATh Pa0dOTy TPYIIIEI OIIEPATOPOB 32 PEANBHBIM ITyJIETOM YIIPABICHHSI.

Ha ocHOBaHMH TPOBEJIEHHBIX HCCIEN0BAHUN CHOPMYIHPOBaHA MOCTAHOBKA
3a7a4d  CTPYKTYPHO-TIapaMETPHYECKOTO CHHTE3a BHPTYalbHOTO TPEHAKEPHOTO
KOMIUIeKca JuIst 00ydeHus nepconana MXII.

Heobxomumo pa3paboTaTs BHPTYalbHBIH TPEHAXKEPHBIH KOMIUIEKC Uil 00y-
yeHus oneparopos TC, BKIIOUAIOIIHUiL:

— KnacTep HHGOPMALHOHHO-CIIPABOYHBIX MaTepHanos [A\]

[N =[[T,].G,.[M,], DB];



[

DL 9odoredono eiHuHIAL 19WLOU) HoHHONNTEWdodHH HonHedoduenLewoLae edALMAdL)) T dHg

k | 0L 1HOWRKIdd HIOORH NI EHe-OHHONTTEWAO(HE]

S

godoiedamno
MLIOHAIALESY UIATOA]

suuprOdUHOMTINHAD MO

oL

oL
A0ERNLO HIATOJ]

WEHTRLLHD WiIHHAdREE

KHHEOLY0gMIOdN EHEOAK SHHAIGKI9E
BHELIMATOWHELE KHRodA eiHaNO

,
suHedorAdogo HIoreIey — ,
1a1Hawertad ‘rogenodyy — |
goooaniodun “JoroHxaL |
X1goHL MuHLoLod]] - |
goroxorodu manxdy -
MWILOHD HIFALREOEAIO[ ] —

XI9HHBY eeeq

,
i
W
S|

ao1daL suHarxoxodu mronorodn
EHMHEIBE 9401321

]

eaiHHEAdL soxn1aeR
JNHEA,, QHHOLAKIGE
erniHadL

ererardsad ounesodundod

quirop

BLB19rAsad BEHIrEHE

qIraHen KeHhoaednd
BHALOMAUONHECE BHMO
EHMO d[HHOAMEWdOQHH
BHOLIME JUOHELL
suHouaedus eoug dueHen
L qraHen

XI9WIBRAQO
HITATOA]

eaHuHadL

gorroxoLody ediowsodu 9roHen
EHHK01000 BrodLHOM qIraHen
ynHamAneos suHesodundod qraren
xuHereE kHesodundod airanen

yira1egeronadn
QAo

 ——

MIrEHd2 LB JI9HUHTAOWHLAI A
a1orogsnodl HIEOTON (¢

DL awaxa amad{idia
uHmEArodn exofuss MiHawersad _

uwgrrow HwiIAdI 9 onLOHATONHEES
HIHIERAQO

-qrralegeronadi SHALIHITONHRES
godoredano mundds snaioyorontesd

BHELOHATOWHEEE
0I0SLID IUATOP

ureiree dograg

mon_uzmam__ﬁ.mo:fua
BIr31BE0EIIrOL KHTIENHOHIHATH M

kuHRE0dNLI9L AU YO

qurAron Hi9Hhogedu
-onHoumendodHy]

OMAINON HIIRdoXEHI |

uo0d1oeH
xiuIraLudesiradu Aoy

I
D1 godoredauo eIHHHAAL DY




— KnacTep GpyHKIMOHAIBHBIX OJIOKOB MaHeIel BUPTyanbHOro TpeHaxepa [P]

S Wi Zi G [3]
[ =| = = o e
Sn Wn Zn Ca [3)]
— CHOCOOBI M KaHAJIbl CETEBOr0 B3aUMOJCUCTBHUS 00y4aeMbIX U HHCTPYKTOPA

[Net]
[Net] = [6|,[|, EI] ;
— METOIMKY 00y4eHHsI U TpeHHHra oneparopos [MT]
[MT] =[P}, AP}, M ]

u (dopmupyronmii TpedyeMblii COCTaB M YPOBEHb HABBIKOB YNPABJICHUS TEXHHYE-

—_

CKOW CHCTEMOW B IITATHBIX U aBapHﬁHLIX CUTYyalusIxX U j » B COOTBETCTBHUHU C BXO-

JUIIIMHI B COCTaB MH(OpMarMoHHO-aHaIuTHIecKoro persiaMenta TC R monemsamu
(YHKLIMOHMPOBAHUS U OTKA30B CUCTEMBI, MOJEIISIMU JeATeTbHOCTH onepaTopos TC

R:U; O EPOUM A U
Hcnonp3yemas B OCTAaHOBKE 3aJayll MaTPHLA JJIEMEHTOB (pyHKLIHOHAIEHOTO
610K [Bi] OIIUCBIBAETCA CIEIYIOIIM 00pa3oM:

h %X % G
[a]="
e X Y G
KnaCTep [TJ ] y OHpeZ[eH;IIOHIHfI COCTaB TCKCTOBBIX I/IHCI)OpMaHHOHHO'
CIIPaBOYHBIX MaTCPUAJIOB, BKIIFOYACT
- - - 7 —T7 — — — —
KnaCTep [M J] y onpe/:[enﬂ}ou.mﬁ CoCTaB MyHbTHMeHHﬁHLIX HH(bOpMaLIPIOHHO-
CIIPABOYHBIX MATEPHAJIOB:
[M,]=[3D, OP].

B mocTaHOBKe 3aga4yM MCIOJIB30BaHbI clenyronue obo3Hadenus: Gj — Bek-

TOp, ONPEIENAIONHA cocTa rpahuIecKuX HHPOPMALIMOHHO-CIPABOYHBIX MaTepHa-
JIOB; | — HOPSIIKOBBIA HOMEp MpOJAyKTa, Bbimyckaemoro Ha TC; DB — 6a3a maHHBIX

JUIsL XpaHeHUs MH(OPMaLMOHHO-CIIPaBOYHBIX MAaTEpPHaoB; Si — BEKTOp, ompene-
JSTIOIIHMH cocTaB GyHKIHOHAIBHOTO O0Ka; Wi — BEeKTOp pa3mepoB (YyHKIHOHAIb-
Horo Oioka;, Zi — BEKTOp KoopauHar (yHKUMOHaibHOro Oinoka, Ci — BekTop,

OTIPENEISIONINH [[BETOBOE UCIIOIHEHNE (YHKIIMOHAIBEHOTO OJI0Ka; N — 9HCIIo (QyHK-
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OUOHAJIIBHBIX 6IIOKOB; O - BEKTOp 00BEKTOB B3aHMOZ[eI710TBPISI; Li— BEKTOp cBsI3ei

00BEKTOB; Pi — BEKTOp TEXHOJIOTHIl CETEBOTO B3aMMOMACHCTBHS; | — MOPSAKOBEIIL
—M
Homep obwekra BTK; [//P| — meroxnka oOydeHUs B IITaTHOM pexuMe (QyHKIHO-

—M
uupoBanusi; APj — meroanka oO0yueHHUs B aBapHiiHOM pexuMe (yHKIIMOHUPOBa-

Hus, MM j — Meronuka paboThl MHCTPYKTOpa; [; — pa3Mep JJIEMEHTa, XY, —

KOOpJMHATHI d7eMeHTa B (QYHKIHOHANEHOM OjOKe;, C, — IIBETOBOE HCIIOIHEHHE

aneMeHToB; K —uucio aneMeHToB QyHKIHoHaNbHOTO 610Ka; T/7j —Marepuarsl o

TexHoyoruu npoussojcTea; AOj — MaTepualbl [0 anmapaTypHOMY O(GOPMIICHHUIO;
—T —T
IIIP; — ommcanue mraTHOrO pexkuMa ¢yHknnonuposanus TC; APj — onmcanue

aBapuiiHoro pexxuma ¢ynkunonuposanust TC; POj — pykoBoAcTBO oreparopa;

P4 — pykoBoactBO mHCTpyKTOpa, PI/j — pykoBoAcTBO mporpammucta, BI7j —
HabOp BCIUIBIBAIONIMX MMOJCKa30K; 3D — unrepakrtuHas 3D-mMonens mpou3BojCT-

BEHHOTO 00BekTa; OP — o0yuaromye poiuky.

Heobxomumo oTmeruts, 4TO IpH (OPMHPOBAHUHM BHUPTYAIBHBIX ITaHeIeH
YIIpaBJIEHHs] TPEHAXKEPHOTO KOMIDIEKCAa HY)KHO JOOHMBATHCS IOJHOTO COOTBETCTBUS
peansHbIM mynbTam yrpasineHus TC. JIro0ble OTKJIOHEHUSI MOTYT BBI3BATh IOSBIIE-
HHE y OllepaTopa HaBbIKOB, KOTOPbIC HE COOTBETCTBYIOT PEabHbIM IPOM3BOJCTBAM
U HOCAT HEraTHBHBII XapakTep.

BakHyl0 poJib IPH CTPYKTYpPHO-TIAPAMETPHUYECKOM CHHTE3€ TPEHaKEPHOIo
KOMIIIEKCa UrpaioT Mojeian (QYHKIHMOHUpOBaHHUSA M oTka3oB TC, a Taxkxke Monelb
JIeITeTbHOCTH YeJI0BEKa-0IepaTopa, KOTOpble HeOOXOANMO CO3/1aBaTh €Il Ha dTare
MIPOEKTHPOBAHUS TEXHUUECKOW CUCTEMBL.

B xone mpoBeneHuss CHCTEMHOTO aHalM3a ydacTHs ONepaTropa B IPOU3BOACT-
BEHHOM IIPOIIeCCEe IPEIararoTCsl CIeAyOMUe MaTeMaTHIECKUE MOJIEIN ASSITEILHO-
CTH 4eloBeKa-oneparopa. Jljisi MOAEIMPOBaHUS JICATEIbHOCTH UCHOIb3yeTcs Tpad
G(C, D) (puc. 2), KOTOpBIii MO3BOJISACT HATJISHO WILTIOCTPUPOBATH MOCIEA0BATEIb-
HOCTh JeiicTBuil oneparopa. Kaxnoii Bepumne rpada C cTaBUTCS B COOTBETCTBHE
onpenenerHoe cocrostaue TC, a kaxnoit nyre D — Habop neicTBuiA, HEOOXOIUMBIX
UTSL TIEPEX0fia U3 OJJHOTO COCTOSIHUS B IPYTOE.

Puc. 2. 'pa¢ G(C, D)



IIpn pa3zpaboTke MareMaTH4ecKOHl MOIENM JIEATCIBHOCTH YellOBeKa-
ornepartopa ObUIM NPUHATHI CleAylolue 0003HaueHUs. MHOKECTBO 3IEMEHTOB I1e-
pelHel aHeNu pasaensercs Ha cpeactsa oroopaxenust uHdopmarun (COU) — Xgp,
u opraus! ynpasneHust (OY) — Ygp, TI€ S—HOMep CTaauy; t — TUIT 2IeMeHTa IyJIbTa;
N —HOMeED 3JIEMEHTA MyJIbTa Ha CTaJ(UH.

Jlns ynoOcTBa 0003HAUCHHS B MATEMAaTHUECKONH MOJICIIH AESATENbHOCTH YelloBe-
ka-oneparopa COU u OV pa3nensrorcs 1Mo CIeAyIOLM IpU3HAKaM:

— cpezacTsa oTobpaxenus uHpopmaruu: 1 —cBEeTOBBIC MHIMKATOPbI; 2 — JIaT-
YHUKH TEMIEpaTypbl; 3 — JaTYMKH pacxoaa; 4 — IaT4UKU JaBJICHUSA;, 5 — NaT4UKH
ypoBHs; 6 —3amosiHeHue TpydonpoBoaa; 7 —raiimep;

— oprausl ynpasiieHus: 1 —TymOepsl; 2 —peryasTopsl; 3 —KHOIKH.

B rnaBe npencrasneHa pa3paboTaHHas MaTeMaTHYecKas MOJEIb JCATEIbHO-
cTu omeparopa npousojcTBa murmenra kpacHoro XX (OAO «Ilurment, r. Tam-
60B). ®parMeHTH TaONHI NPOAYKLMOHHBIX MPABHJI M COBOKYITHOCTH ACHCTBHIA,
COOTBETCTBYIOIIMX BepiinHaM U ayram rpada G(C, D), BeIrisiasT cieayromum o6-
pasom (tabm. 1, 2):

1. ®parmMeHT TAGJUIBI IPOJYKUMOHHBIX HPABHUI,
COOTBETCTBYIOIIMX BepmmHaM rpada G(C, D)

Co ECJIM Xi21< 9,TO D;°
Cuo ECJIM X;53> 140,TO Djp
Cu ECJIM Xi21 < 9U X5, > 3140,TO D}?

2. ®parMeHT Ta0JIMIBI COBOKYIHOCTEN JeiicTBUIA,
cooTBeTCTBYWOUIMX Ayram rpapa G(C, D)

D’ Yiss = 1; X153 = (140; 150) Y13 = 0
D;p Y134 = 1; X153 = 0;K73 = 1;Y134= 0
Dlllz Y112 = 1; X111 = 1; X172 = (60; 65);X111= 0; KT4 = 1, Y11= 0

Takum o6pasom, rpad G(C, D) omuchiBaeT MOCIEI0BATEIBLHOCTh JCHCTBHIA,
KOTOpBIE HEOOXOIMMO COBEPIINUTH ONEPaTOpy UL HPOU3BOJCTBA MAPTHUH MPOLYKTa.

Tperbst r1aBa «AJIrOPUTM CTPYKTYPHO-NIAPAMETPHYECKOT0 CHHTE3a BHP-
TYyaJIbHOTO TPEHAKEPHOT0 KOMIUIEKCa» IIOCBSLIEHAa pPa3pabOTKe aJropuT™Ma
CTpyKTypHO-niapamerpuueckoro cunresa BTK, npeacrasnennoro B Buae QyHKIuo-
HaJIbHBIX Auarpamm (Hotauus IDEFO).

AITOpUTM CTpYKTypHO-napamerpudeckoro cunteza BTK Bxiouaer ciemyro-
e npoueccst (puc. 3):

Al. Pa3paboTka CTPYKTYypHl BHPTYQJIBHOTO TPEHAXXEPHOTO KOMIUIEKCa. DTO
[epBOHAYAIBHBIN ATaIl, Ha KOTOPOM OINpenestoTes 3a1auu cozaasaemoro BTK, ero
0COOEHHOCTH M (DYHKIIMOHAIBHBIE BO3MOXKHOCTH.
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A2. AHanu3 HOpMAaTHBHOW JOKyMeHTauuu. [Ipou3BomuTCs aHAIN3 HOPMATHB-
HOHM JOKyMEHTAIlWH, BBIICISIOTCS OCHOBHBIE OCOOGHHOCTH TEXHOJIOTHYECKOTO Mpo-
1ecca, MPOU3BOIUTCS BHIOOPKA JAHHBIX JUIS BCEX 3TamoB 00ydeHus. opMupyrorcs
METOJUYECKUE MaTepuallbl, Bxojsmue B cocraB BTK.

A3. Pa3zpabotka nepeaneii nanenu tpeHaxepa. [IpoM3BOIUTCs aHAH3 MyJIbTa
YIIPaBJIEHHs] TEXHOJIOTHIECKHM IIPOLIECCOM M €T0 MOJCIHPOBAHHUE.

A4.Pa3paboTka MaTeMaTHUECKOH  MOJENU  ACATENIBHOCTH  YeJIOBEKa-
oreparopa. Ha ocHoBe MaTepuasioB, NOJIYYCHHBIX B XOJE aHAIN3a HOPMAaTUBHOM
JIOKyMEHTALlUM, CO3JaeTCsl MaTeMaTHdecKas MOJEdb [EeATeIbHOCTH YeJIoBeKa-
orepaTopa IJist JAHHOTO TeXHOJIOTHIECKOTO0 Iporecca.

AS5.Pa3paboTka OCHOBHBIX MOAYJIEH TpeHa)kepHOro Komiuiekca. OCHOBHOH
9Tal cTpyKTypHO-TapameTprdeckoro cuare3a BTK. Co3patorcst oCHOBHBIE MOy,
a TaKkxke pacnpezaeneHHas cpena BTK.

A51.MnpopManoHHO-CIIPaBOYHBIH MOAYyTb. MOmyinb, OTBEYAIOIIMH 3a
nH(OPMaIMOHHO-CIIPAaBOYHbIE MaTepHanbl. MoOJyllb B3aUMOAEHCTBYET CO BCEMU
MOZYJISIMU TPEHAaXKEPHOTO KOMIUTeKca. J/laHHBIe, Kak IpaBmio, xpausarcs B B/, s
JIOCTYIa K IQHHBIM MCIIOJIB3YETCs A3BIK CTPYKTYPHUPOBAHHBIX 3ampocoB SQL.

A52.Mopynb npeaBapuTeNbHBIX HaCTpoeK. Momynb OTBedaeT 3a IepBo-
Ha4yaJIbHO BBOJMMYIO HMH(popMauuioo. OcyluecTBiIseT HaBUIALMOHHBIE (QYHKIUH.
PazpabateiBaercst B Buzie nHTEepHET-cTpanu] Ha ocHoBe HTML n PHP.OtBeuaer 3a
HWACHTU(UKAIMIO OIb30BaTENs, BRIOOP TpeHaXkepa U 3Tana 00y4eHus U T.1.

AS53.Monyns TectupoBaHUS. Moayib, OCYIIECTBISIONHUN IPOBEPKY TEO-
pertuueckux 3HaHUH. Ha ocHOBaHMM pe3ynbTaToOB TECTHPOBAHUS MPUHHUMAETCS pe-
IIeHHEe O BO3MOXKHOCTH TPOBEICHUs 00ydeHHs Ha TpeHaxepe. PazpabaTbiBacTcs ¢
ucnonb3oBanueM flashaexuonoruii. MHTerpupyercss B TpeHaXKEPHbBIA KOMIUIEKC H
BBI3BIBACTCS U3 MOJIYJIS IIPEABAPUTENBHBIX HACTPOEK.

A54.Mopynb ceTeBoro B3auMoAeUCTBHs. MOIylb, OTBEYAIONIHI 32 HABH-
Talyio U y[ajeHHylo paboTy momb3oBaTeneil. PazpabaTeiBaeTcsi ¢ MpUMEHEHHEM
texuonorun Remote Panello3sossier mpoBOIUTH TPYIIIIOBOE 0OyYEeHHE OIEepaTo-
POB H OCYILECTBIISTh YAANEHHBII KOHTPOJIb CO CTOPOHBI HHCTPYKTOPA.

AS55.Monyns npenonasarens. BeIBoauT mHGOpPMAUIO O X0/ TEXHOJO-
TMYECKOro Ipoliecca M JaeT BO3MOXKHOCTh BHOCHUTH HEOOXOJIMMBIE M3MEHEHHS B
TEXHOJIOTHIECKHH TIPOIIECC WM MOJCIHPOBATh BHEIITATHBIE CUTYAITHH.

A56.Mopaynu o0y4daembix. [103BOJISIIOT BECTH TEXHOJIOTMYECKHI HPOLECC,
(hopMHPYIOT pa3iinuHble HHPOPMAIMOHHEIE COOOIIeHHS 00 OMMOKax B JCHCTBHAX,
MO3BOJISIIOT BECTHU TPYIIIOBOE 00yUEHHUE.

A57.Mopyns ananmsa pe3ynbraToB. IIpoBogur oOpaboTKy pe3yibTaToB
0o0y4yeHus 1 GopMUpPYyeT NPEANUCAHUS O HEOOXOAUMOCTH MPOXOKACHUS TOTOTHU-
TEJILHOH ITOTOTOBKH C YKA3aHUEM «y3KHX» MECT B 3HAaHHSAX M HABBIKaX 00yJaeMBbIX.

A58. O6ecnieuenne coBmecTHOI padotsl Mogyaeir BTK. OcymiectBisiercs
HacTpoliKka COBMECTHOI paboThl OCHOBHBIX MOJYJIEH, HacTpoHKa MPOTOKOJIOB, IIOp-
TOB U CTPYKTYPHI NIepelaull JaHHbIX.

AG. PaspaboTka Meroauku oOydenus. Brurrouaer pazpaboTky MeToauku o0yde-
HUs nepcoHana ¢ npuMmeHeHreM BTK u Meronuueckux pexkoMeHIanuii ”HCTpyKTopa.

A7. Anipobarust TpeHaxxepHOTro Kominiekca. [IpoBeneHue ucnplTaHui Ha mpo-
H3BOJICTBE, BHECEHHE HEOOXOIUMBIX KOppeKTHB B padoTy BTK.
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Pa3paboTanHbli alTOpuT™ CTpyKTypHO-TIapamerpudeckoro cunresa BTK Gpur
HCTIONIB30BaH IMPH CO3JAHUHM TPEHAKEPHOTO KOMILIEKCa I OOydeHHs OIepaTopoB
XUMHKO-TEXHOJIOTUYECKUX Npou3BoACTB Ha 6aze OAO «Iurment», r. Tam6os. BTK
MO3BOJISIET OCBANWBATH MPOM3BOCTBEHHBIN MPOLIECC U CUCTEMY YNPABICHHS; OTy4aTh
MPAKTHYECKHUE HABBIKU NPU paboTe ¢ TEXHUYECKOW CHCTEMOH B IITATHBIX YCIIOBHAX
(YHKIMOHUPOBAHUS; TPHOOPETaTh NMPAKTHYECKUE HABBIKK BBIIOIHEHUS PadoT 1o
NPENYNPEKACHUIO, JIOKAIM3AINN ¥ JIMKBHJALWY aBapUHHBIX CUTYyallUd; CHIDKATH
HETaTUBHOE BJIMSIHIE YEIOBEUECKOTo (hakTopa Ha HATIEKHOCTh TEXHHIECKOH CHCTEMBL.

B 4erBeproii rnase «IIpumMeHeHHe BHPTYAJIbHBIX TPEHAKEPHBIX KOM-
MJIEKCOB /IJIsl 00y4eHHsl MepcoOHaJa MHOT0aCCOPTHMEHTHBIX XHMHYECKHX Mpo-
M3BOJICTB» ONUCHIBAaeTCS mporpammuas peanusauust BTK, npuBoaurcs xapaxrepu-
CTHKA CTPYKTYPBI 0a3bl JAHHBIX BUPTYaJIbHOTO TPEHAKEPHOTO KOMILIEKCA.

[Ipencrasnennsiit BTK pa3zpabortan 11 npou3BoAcTBa MUTMeHTa KpacHOro JK
(OAO ITurmenT», r. Tam6oB). [IporpaMmHoOe obecrieueHUe TpeHaxkepa pa3pabora-
HO ¢ MPUMEHEHHEM Ccpeabl rpaduueckoro nporpammuposanus LabVIEW.

BxoxubIMu mapaMeTpaMu JUIs NMPHIOKEHUS SBISIFOTCS TIOKa3aHUs NPHOOPOB
TPEHAXKEPHOI'0 KOMIUIEKCA, MCXOAs1 U3 KOTOPBIX CUCTEMa I'€HEPUPYET <ATaJOHHOE
JieficTBUE onepaTopa» — ONTHMANIbHBIN BapuaHT ero AeicTBuil. B mpouecce paboTh
Ha TpEeHakepe AeiCTBUS omepaTopa CPaBHUBAIOTCSA C <OTAJOHHBIMU» U BbIJAETCA
pelieHne o NpaBIUIbHOCTH paboTHI onepaTopa.

Ilepennss maHen b TpeHaXkepa MPeACTaBIsIeT OO0 UMUTAIMIO pabouero mec-
ta oneparopa (puc. 4). CnpaBa Ha nepejHeil HaHeNIu PacIoNokKeH MyJbT ylpasie-
HHS OIIepaTopa, a clieBa Ha cXeMe 0TOOpa)kaeTCst X0 TEXHOJIOTHYECKOTo IpoIecca.
OmnepaTop MOXET CIEANUTH 3a pabOTOH JPYrHUX OIEpaTopoB, YTO MO3BOJISIET OTPAOO-
TaTh COBMECTHBIE JICHCTBUS TPYIIIEI ONEepaTopoB. [t 0TpaboTKN B3aUMOJEHCTBUS
IIPY BO3HUKHOBEHUH BHELITATHON CUTYALMM B TPEHAXKEPE MPEAYCMOTPEH KOMILIEKC
TOTOBBIX CIIGHAPUEB PA3BUTHUsI aBapPUIHBIX CUTYyallid, CHOPMHUPOBAHHbINH HA OCHOBE
iaHa Jokanuzaiuu aBapuiineix curyauuii (IIJTAC) u Mozeneit 0TKa30B TEXHOIO-
THYECKOTO 000pyIOBaHHUS.
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Puc. 4. Ilepeansisi naHeJIb TPeHAKepa
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Jlnst Goree MOTHOTO KOHTPOJISI M TOYHOH OIEHKH JCHCTBHUII omepaTopa B Tpe-
HaXXepe MpPeyCMOTPEHO padodee MECTO MHCTpYKTOpa. MHCTPYKTOp HaxoIuTcs 3a
yIoajJeHHOH paboueil cTaHIMeH, UMEeT BBICIIMN HPHOPUTET W HOJHBIA JOCTYI K
opraHam yIpaBJI€HHS CUCTEMOH. DTO MO3BOJSIET HHCTPYKTOPY HE TOJIBKO BHOCUTH
KOPPEKTHBBI B IEHCTBUS ONEPATOPOB, HO M CO3/1aBaTh BO3MYIIAIOIIUE BO3IEHCTBUS,
HE IPeyCMOTPEHHbIE 0a30BBIMHU CLICHAPUSIMHU.

Jlnst BeeHHsT CTaTHCTHKH OLIMOOK 00ydJaeMBIX HMpPEeXyCMOTPEH MOAYJb XKyp-
Hajla IpoxoXkaeHws: TpeHuHra. OH IO3BOJSIET ceNaTh Iporecc oOydeHus Ooiee
HMHTEHCHBHBIM 32 CYeT 00pabOTKU NMOTYUCHHBIX JaHHBIX U BBISIBICHUS «y3KHX» MECT
B HaBbIKax omneparopa. IIpu ciiefyioleM TPEeHHHIe CHCTEMa MOJCIMpPYeT HeoOXo-
JUMYIO CUTYAlLlHIO, B KOTOPOH omepaTop AOMYCTHJ HAaHOONbIlee KOIUIECTBO OLIH-
0OK, U TeM CaMbIM I03BOJISIET HAPabOTaTh TPEOYEMbIil yPOBEHb HABBIKOB.

Jnst peanu3aiii BO3MOXKHOCTH OTPAaOOTKHM COBMECTHBIX JICHCTBUIl TPYIMIIBI
orepaTopoB OblIa pa3paboTaHa TEXHOJIOTHS CETEBOTO B3aHMMOIEHCTBHS MOIYJCH
BTK (puc. 5). IIporpammHasi peanu3arusi MaTeMaTHYECKOH MOJEIM HaXOAUTCS Ha
YIaJICHHOM cepBepe, a MepenHss MaHeldb TpeHaxkepa Iepenaercs o0ydaeMbIM IO
KaHasiaMm ceti IHTepHET ¢ IpuMeHeHneM TexHojiorun Remote Panel.

Hcnonp3oBanue paspaboranHoii AVIC Tpenunra omeparopoB TC XuMHKO-
TEXHOJIOTMYECKOr0 NpOoQMIs MO3BOJAET JOCTHYb Oojiee ITyOOKOro MOHWMAHUS
CYIIHOCTH MPOU3BOJCTBEHHOIO MPOIECCA, MPUHIUIOB PabOTHl TEXHOJIOTUYECKOTO
000py/IOBaHYA, & TAKXKE INOJIYYUTh TPEOYEMbIH YPOBEHb NPAKTHYECKHX HABBIKOB
pa6otsr Ha TC MXII. HanGonee BaxkHO! 06J1aCThIO IPIMECHEHHS JAHHOH CHCTEMBI
SIBIITIOTCS MOATOTOBKA U TIEPENOATOTOBKA KaJPOB Ha IPOMBIIIICHHBIX IPEANPUSITH-
SIX, BBIBJICHHE CTEINEHH UX ITOJTOTOBIEHHOCTH K PA3IMYHBIM CHTYalUsM, B TOM
YHCIIe aBapUIHBIM, YTO HAIIPABJICHO Ha MOBBIIMICHHE HAIEKHOCTH (PyHKIIMOHUPOBA-
HUS TEXHUUECKOH CUCTEMBI.

" Komneiotep ronssosarens Ve Yranemui cepeep N
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LabVIEW cepeep

Onepatopa 1

Pa6ouas cTaHuna

Version 8.6
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Web-cepBep
%éﬁig = | Apache223 —

PaBouas cranyms
nepeoro onepatopa

PHP 5.1.6
%§

PaBouan craHuma H H H

— BTOpOrO Onepatopa ——
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\_ mySQL 5.0.77
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LabVIEW Run - Time Engine.
WHTepHeT-Bpaysep
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Puc. 5. TexnoJsiorusi cereBoro B3aumojeiicreus monyJieii BTK
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B 3aki1i0ueHnH MOBOASATCS HTOTH HCCIICIOBAHUS

1. Ha ocHoBe METOJOB CHCTEMHOTO aHanu3a c(HOpMyIHpOBaHA MOCTAHOBKA
3a7a4d  CTPYKTYPHO-TIApaMETPHYECKOTO CHHTE3a BHPTYalbHOTO TPEHAKEPHOTO
KOMILIEKCa, MO3BOJIAOMmas (OPMHUPOBATh TPeOyeMblii COCTaB U ypOBEHb HaBBIKOB
YIPaBJIEHUS] TEXHUUECKOIM CUCTEMOIl B LUTATHBIX M aBAPUHHBIX peKUMaX (QyHKIHO-
HHUPOBaHUS Ha OCHOBE MH(OPMaMOHHO-aHANMUTHIecKoro periaamenta TC.

2. Pa3zpaboTaHbl MaTreMaTH4eCKHe MOJEIH JCSATENHPHOCTH  YelOoBeKa-
orepaTopa, OCyHIECTBIISIONIETO YIpaBJIeHHE TEXHHIECKOH CHCTEMONH MHOT0accop-
TUMEHTHOTO XMMHYECKOTO IIPOM3BOACTBA B INTATHBIX W AaBAPHUHHBIX pPeXHUMax
¢byHkuuoHupoBanus. Pa3paboTaHHbIE COBOKYNHOCTH NPOAYKLIHOHHBIX IPaBHI U
[0CJIeI0BATEIbHOCTEH 1eHCTBUIL JIETTM B OCHOBY CO3JaHUsI IPOrpaMMHOTO obecre-
YeHHs MOJyJeil BUPTYalbHOTO TPEHAXKEPHOTO KOMIUIEKCA, OCYIIECTBISIOIIUX BHU-
3yaln3aluio npouecca GpyHKIMOHUPOBAHHS TEXHUYECKOH CHCTEMBbI, YIPABICHHE U
06paboTKy HHpOPMAUH O ASHCTBHAX OIEepaTopa.

3. Pazpaboran anroputm cTpyKTypHO-TIapamerpuueckoro cuHreza BTK,
(YHKIMOHATIBHBIE JUarpaMMbl KOTOPOTO ONHCHIBAIOT OCHOBHBIE STAIlbl CO3TAHMS
TpeHaXXepHOro KoMIulekca. [IpuMenenne MoxyibHOTO npuHnumna nocrpoerus BTK
MO3BOJIMIIO TIOBBICUTH (DYHKIIMOHAIBHBIE BO3MOXKHOCTH CO3/1aBa€MOT0 TPEHaKEPHO-
ro KOMIUIEKCA U COKPAaTUTh BPEMsS Pa3pabOTKU €ro MporpaMMHOr0 oOecrieueHus Ha
35...60%c mocnenyomnuM THPaXXMPOBAaHHEM ISl IPOM3BOJICTB, UMEIOIINX HE3Ha-
YUTETbHBIE OTIINYHUS B TEXHOIOTHH BBIITYCKa MPOTYKIHH.

4. Pa3paboTaHa TEXHOJOTHUS CETEBOTO B3aMMOJCHCTBUS MOJYJICH BUPTYyaib-
HOTO TPEHAKEPHOTO KOMIUIEKCA, TI03BOJISIONIAst IPOBOAUTE COBMECTHYIO MOATOTOB-
Ky TPYIIBI ONEePaTOPOB TEXHHIECKOH CHCTEMBI, KOTOPBIC PeaM3yIoT TEXHOJIOTHYe-
CKHI TIpOIiecC BHIITyCKa NMPOXYKINH. Pa3paboTaHHAs! TEXHOJIOTHS IT03BOJISICT OCYIIe-
CTBJIATH MPOIIECC TPEHHMHra TaKKe B AUCTAHIMOHHOM PEXHMME 0 KaHaldaM CeTH
Hurepner.

5. Pazpabortana aBTOMaTH3MpOBaHHAs MH(OPMALMOHHAS CHCTEMa TPEHHHIA
OIEepaTopoB MHOTOACCOPTUMEHTHBIX XUMHUYECKHX Mpou3BoAcTB it OAO «llur-
MeHT», T. Tam00B. [IpuMeHeHHE BUPTYaJIbHBIX TPEHAKEPOB M COBPEMEHHBIX HH-
(OpMaMOHHBIX TEXHOJIOTHH B ITPOIIECCE MOATOTOBKH U MOBBIICHAS KBATU(QHUKAILIN
nepconana MXII mo3BOIMIIO TOBEICUTE HAAEXKHOCTE (yHKInoHupoBanus TC MXII
3a CUeT CHIDKEHHs KOJIMYecTBa omubok omeparopoB Ha 50...60%,a Taxxe cokpa-
THUTh BpeMst TPEHUHIa B 3—4pasa, 4TO ABISETCS BAXKHBIM IPH YaCTOH CMEHE accop-
THUMEHTa BBITyCKaeMoil MpoAyKuuu. Brepseie perieHa npobiemMa MOArOTOBKU OIle-
paropoB MXII B pamMkax cCOBMECTHOH OTPaOOTKH ACHCTBUI MO MPEAOTBPAILEHUIO U
JMKBUIAIMHI aBapUHHBIX cUTyauuit. DxoHoMuueckuit 3¢ ekt ot npumenenust BTK,
o ganHbiM OAO «Iurment», r. Tam60B, ouenuBaercs B 550TsIC. p.

OCHOBHBIE ITYBJIMKALIUU ABTOPA 110 TEME JUCCEPTALIUU
Monoepagus
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Academic Publishing, 2010. — 125
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