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KOMIIBIOTEPHOE MOJEJIMPOBAHUE ITPOIECCA U3BJIEYEHHUA TOIIJIMBO-
COAEPXAIIUX MATEPUAJIOB C BEPXHUX OTMETOK OFBEKTA " YKPBITHUE"

PaspaboTana HMHTAIMOHHAS MOJCIb IPOIECCa W3BICUCHHS TOIUTHBOCOACPIKAIINX MAaTEPHAIOB C BEPXHUX OT-
METOK 00bekTa "YKpbhITHE" MPH HOMOIIM HABECHOTO 00OPYIOBAHUS CHCTEMbI OCHOBHBIX KPAaHOB HOBOTO 0E30MACHOTO
KoH(ailHMeHTa.

Kouesvie cnosa: nMuTaMOHHAS] MOJICTH, MOJICIUPOBAHUE (PH3UYECKUX U TEXHOJIOTHUYCCKUX MPOIIECCOB, TOII-
JIMBOCOJICPKAIIIE MAaTePUAITbl, 00BEKT " YKpBITHE" .

BBeaenne

IIpoexTrpoBanme HOBoro OezomacHoro koudaiinmenta (HBK) nam oobektoM "Ykpeitie" YADC
(Tax HaseIBaeMoro 1o myckoBoro kominiekca mpoekra crpountensctBa HBK —ITK-1) BEIIONHAIOCE B YCIIO-
BUSIX, KOTJ]a OTCYTCTBOBaJa YETKas KOHIICIIUS OyIyIIEro W3BJICUCHHS TOIUTHBOCOJEPIKAIINX MATEPUAIOB
(TCM) u obpamenus ¢ paanoaktuBHBIMH oTxomamu (PAO). ExmucrBennsiM TpeboBanumem k HBK Ha
HaAyYaJIbHOM dTalle JEMOHTaKa HeCTAOMIBHBIX KOHCTpyKuuii o0bekta "YkpoiTre" (ITK-2 mpoekra) mpu mo-
MOIIIA CUCTeMBbI OCHOBHBIX kpaHOB HBK siBnsieTcs pesepBupoBaHre HEOOXOAMMOTO TEXHOJIOTUYECKOTO MPO-
CTpaHCTBa AJIA JaJbHEHIIEro pa3MeIIeHHs U UCIIOb30BaHusl TexHonoruil uzpneuenuss TCM u npyrux PAO.
DTO0 co3maeT onpeneseHHbIe PUCKH, CBA3aHHbIE ¢ TeM, uTo u3BiedeHrne TCM mpu mOMOIIM CO3IaHHBIX CH-
creM HBK MoxeT OBITh 3aTpyAHEHO WU Ja)Ke HEBO3MOXKHO JJIs OTAEIbHBIX ckomieHuit TCM. Kpome Toro,
CO3/IaHHE TEXHOJOTUH 1 HHQPacTPyKTypsl oOpameHus ¢ TCM 3aliMeT MHOTO BPEMEHH, a BCS ICATEIBHOCTD,
cBs3anHas ¢ m3BiedeHrueM TCM, MoIDKHA 3aBEPITUTHCS 10 TOro, Kak TexHonorudeckue cucrembl HBK mo-
pansHO M pusmyecku ycraperoT. HauaTele pean30BhIBATLCS HAa HAYAILHOW CTaIMK MexayHapoaHoro [Tinana
obecnieuenus meponpusituii (IIOM) 3amaun, cBs3aHHbIe ¢ TexHOIOTUsAMU oOpameHus ¢ TCM, Bkirouas sie-
MOHCTPAIIMOHHBIN 3KCIIEPUMEHT, UCKJIFOUEHBI U3 33]1a.

Pucku Bozneticteus TCM 4-ro sHeprobiioka Ha OKpykaromyio cpexy u mepconan HBEK Oynyt co-
XpaHATbCA 70 TexX mop, noka TCM He OyayT u3BiedeHsl u3 o0bekTa "YkpoiTHe'. [loaToMy upe3BbIYaitHO
aKTyaJIbHOW SBJISETCS pa3paboTKa MPUHIUIHAIBHBIX TEXHOJOTUYECKUX pelleHui no m3ineueHuo TCM c
ucnons3zoBanneM cucreM HBEK 1 o6ocHoBaHne 0e30macHOCTH B MpOIECCe MX pean3aini, KOTopas JOJDKHA
BBITIOTHATHCA TMapaJIeNIbHO C MPOEKTHpOBaHUuEeM U coopyxkeHneM HBK, 4to mo3BomuT MakcHManabHO BO3-
MOKHO Y4eCTh OTpeOHOCTH OyayIneil AeaTeabHOCTH 1Mo m3BneueHno TCM mpu co3nannn HBK.

ITo cytn, m3Bnedenne TCM u3 pasnmuaHBIX 30H 00beKTa " YKPBITHE" — 3TO HEOOXOIUMOCTh PEIICHUS
KaKIBIN pa3 KOMIUIEKCa HayYHBIX 3a7a4, 00yCIOBIEHHAS OTCYTCTBHEM JOCTaTOYHOTO KOJIHMYECTBA NaHHBIX O
xapakrepuctukax TCM, a Takke 0 TUHAMHUKE M3MECHEHUS 3TUX XapaKTEPHCTUK CO BpeMmeHeM. Kpome Toro,
u3BnedeHne TCM — 3To ¥ MacIITaOHBI MHKXCHEPHBINA 3KCIIEPUMEHT, CTABUTh KOTOPBIN JOMYyCKACTCS JIHIITh
NPY YCIIOBUHW TapaHTHUH 0€301aCHOTO BBIMOJIHEHHS paboT M 3QPEKTHBHOTO PacXOJIOBaHUsS Cpe/CTB. B aToM
HanpasieHnu B U6 ADC HAH VYkpaunsl BegyTcs paboThl 0 pa3paboTKe MPUHIMITHATBHBIX TEXHOIOTHU-
YecKuX pernreHuil mo usBiedeHuto TCM ¢ UCTONBb30BaHUEM TEXHOJOTHYCCKHX CHCTEM U MH(PACTPYKTYPHI
HBK, xoTopsie pa3pabaThIBaIOTCS I IeMOHTaXa HeCTaOMIBHBIX KOHCTpyKIui OY. Kak Obut0 mMokazaHo B
[1], camoii mepBoOUepeaHOii 3amaueii sBuseTca usBiedenne TCM ¢ Bepxuux otMerok OV, Tak Kak 3TH
CKOIUICHUS MPUBEAYT K HAHOOJBIIHMM JI03aM IepcoHana npu skciuryatanmu HBK, x paanoaktuBHOMY 3a-
TPSI3HEHUIO KOHCTPYKIIMH M XapaKTEepPHU3YIOTCd MaKCUMAJIbHBIMHA PUCKAMHU ISl 3arPA3HEHUS OKPY’KaIoIIeH
CpeIIbl B CITy4ae BO3MOKHBIX aBapuil.

B HacTosmeit paboTe pazpaboTaHa KOMITBIOTEPHAsE MOJIEh mpoliecca u3Biederus TCM ¢ BepXHUX
OTMETOK 00BeKTa "YKphITHE" MOCIE AEMOHTaXKa €ro JICTKOM KPOBIM M TPYOHOTO HakaTa W MPOBEACHO Te-
CTOBOE KOMITHPIOTEPHOE MOJIEIMpPOBaHKE Tporecca. Takue pa3paboTku HEOOXOMUMBI Iiii 000CHOBAHUS BBI-
MTOJITHUMOCTH ¥ 0€30MaCHOCTH TpemiaraeMeIx pemennii u3pineuenuss TCM ¢ momomrsio cucteM HBK ¢ mak-
CUMAaJTBHOM HATTISTHOCTHIO 1 MUHUMAJIBHOM 3aTPaTHOCTBIO.

Be100op THIIA MoaeH

MOZ[CJ'IPIpOBaHI/Ie ABJIACTCA OAHUM U3 CPCACTB IMO3HAHUA Z[eﬁCTBPITeJ'IBHOCTH. OTOT mpouecc COCTOUT
u3 IByX OOJIBIIINX JTAIOB! pa3pa60TKH MOACIN U aHAIU3a pa3pa60TaHH0171 MOACIH. MOZ[CJ'IPIpOBaHI/Ie IIO3BO-
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JISIET UCCIIE0BATh CYTh CIOXKHBIX IPOLIECCOB U SIBJIEHUH C IIOMOIIBIO SKCIIEPUMEHTOB HE C PEalbHOM cucTe-
MOH, a ¢ ee MOAENbI0. Il IPUHSTUS Pa3yMHOI'0 PELICHHS [0 OpraHu3aluy padoThl CUCTEMBbl HE 0053aTellb-
HO 3HaHHE BCEX XapaKTEPUCTHUK CHCTEMBI, BCET/Ia IOCTATOYEH aHAIU3 €€ YNPOLIEHHOro, MPUOIMKEHHOTO
npenctasieHus [2]. [IpudyemM B 3aBHCUMOCTH OT peIlacMOi 3aJlaudl THIT MOJCNIU OyAeT pa3iuyHbIM (Talmnu-
1a). OcHoBaHHeM KiaccU(UKaUK SIBISETCS KIIoYeBas 3aja4a, JUisi KOTOPOW MOJENb peanu3yeTcst U Hc-
HOJIb3YEeTCsl, OT LEHTPAIN3ANH UHKCHEPHBIX JAHHBIX 0 OOBEKTY 10 MOJCIUPOBAHUS (PU3MUCCKUX U TeX-
HOJIOTHYECKHX MPOLIECCOB M 00ydeHus nepconana [3].

Tunsbl pa3paﬁoTaHHux MojeJsieii B 3aBUCUMOCTH OT pemiaeMbIXx 3a1a4

HUS 00BEKTOB
2. [Ilpoepka Ha mpo-
CTPaHCTBEHHbIE KOJIIH3HU

MO,HGJ'IPIpOBaHI/II/I) o0BeKTa

npu npoektupoBanun (3D

CKHUX YepTexel
2. CoznmaHme BHICOMATE-
pHUaioB, aHUMAaLUH

"Vxpoitue" 1 HBK

Knrouesas 3agaua Hpyrue 3anaun Tun pekoMmenayemoit Mo- | TexHosioruu i CO30aHMs
nenu oobekra "YkpbiTHe" Mozenu 00beKTa " YKpBI-
n HBK tre" u HBK
1. Busyanuszanust oobemoB | 1. Tlomyuenne tutaHoB, | Mmkenepras 3D momens | CucTeMsr TPEXMEpPHOM
W B3aFMHOTO DPACIIONIOXKe- | pa3pe3oB,  HM30METpHUe- | MOMEIICHUI 00BeKTa | TpadMKN U aHIMAIITH

3ds max 2011
CI/ICTGMLI aBTOMaTI/BI/IpO-
BAaHHOT' O HpOGKTHpOBaHI/Iﬂ
AutoCAD 2011

1. MonenupoBanue ¢usu-
YECKUX U TEXHOJIOTHYE-
CKHX MPOIIECCOB

2. OntuMu3aiys TEXHOJIO-
FHYECKUX MPOLIECCOB

3. Omnagka OCHOBHBIX
MPOCKTHBIX pEIICHUH Ha
MOJIeIH, a HEe B mpolecce
CTPOUTENIbCTBA 00BEKTA

1. Bumzyanuzanus u MoJe-
JUPOBAHUE Tpolecca Je-
MOHTa)ka CJIOXHOTO Hera-
0GapuTHOTO 00OPYIOBAHHMS
2. MogenupoBaHue apa-
PUHHBIX CUTYyallMil U BbI-
00p HaWIYYIIUX CIIOCOOOB
UX yCTpaHEHUS

ITporpaMMBbl 1js BU3yaju-
3a1Md W/WIM TIPOrpaMMbl
UL CUMYJISIUAK  (u3mde-
ckux sBieHui - Unity3D
3.4

OOy4eHue MOHTaXHBIX
Opwuraji, CTPOUTEIBHOTO U
00CTy)KHBAIOIIETO TIePCo-
Haja

OOyueHne W TPEHHUPOBKU
MepcoHana nepe; HayaaoMm
paboT TO  H3BJICYCHUIO
TCM

WmuranyonHas — Mopenb
usBneuenus TCM c¢ Bepx-
HUX OTMETOK 00BeKTa
"VkpobiTie"

WHTepakTuBHAs — MOAENb
usBneuenus TCM c¢ Bepx-
HUX OTMETOK O0OBEKTa
"VkpoiTHe", pa3paboTaH-

Hast Ha Oase WMMHUTAIMOH-

ITporpaMMBbl 1j1s BU3yaju-
3a1Md W/WIM TPOrpaMMbl
Ui CUMYJISIAK - pusude-
ckux sBienuii - Unity3D
3.4

HOH MOJEIN HW3BJICYCHUS
TCM ¢ BepXHHX OTMETOK
obwekra "YkpoiTHe"

OcHOBHbIE MPUHIUTIBI IPH Pa3padoTKe MMATAIIMOHHBIX/ HHTEPAKTHBHBIX MO/ €€l

[Ipobnema co3maHMsi NMEPCIEKTUBHBIX CUCTEM JAWCTAHIUMOHHOTO YHPAaBJICHUS pOOOTaMH-MaHHUILY-
JSATOPaMHU B HACTOSIIEE BpeMs CTasla OJHON M3 aKTyalbHEHWIINX MpobieM poOOTOTeXHUKH. B mepByro odve-
pellb 3T0 00YCIIOBIICHO PE3KO BO3pOCLIeH HEOOXOAUMOCTBIO IIPOBEAEHHUS PabOT B TaK Ha3bIBAEMBIX 3KCTpE-
MaJIbHBIX YCIIOBHSX, T.€. B YCIOBHSIX, XapaKTEPU3YIOIINXCS BEICOKOW MOTEHIIMATBHONW OMACHOCTBIO AJIS 3710~
POBBS U )KM3HU YEJIOBEKA, YTO UCKJIIOYAET IIPOBEIECHUE 3TUX PaObOT HENIOCPEICTBEHHO YEeI0OBEKOM U TpedyeT
HCITOJIB30BaHUSA POOOTOB.

B omimune ot ucnonbp3oBaHUs poOOTOB AJIsi aBTOMATHU3alUK HPOU3BOACTBA, AJsl KOTOPOTO Xapak-
TEpHa CTporas yIOpSJOYCHHOCTh BHEITHEH Cpeibl, B KOTOPO PyHKIHOHUPYET poOOT, IpH NPOBEICHUU pa-
0O0THI B 3KCTPEMAJIBHBIX YCIIOBUSAX UMEET MECTO IIPOTHUBOIOJIOKHAS KapTUHA. B 3TOM ciydae BHeLIHss cpena
po0boTa, Kak NpaBwiIo, SIBISETCS IJI0X0 YIOPAAOYeHHON U HeaeTepMuHupoBanHOH. [Tpryem undopmanus o
HEH SBJISIETCS] HEMOJIHOM, M 3Ta MH(pOpMaIHI MOXET ObITh AMHAMUYHON M HempeacKazyeMon. DTo TpeOyeT
IIOCTOSIHHOT'O TIOIIOJIHEHUS M YTOYHEHUsI MH(OpMAaLii, KOPPEKTUPOBKU NPHHATHIX PELICHUN HAa OCHOBaHUU
BHOBb IIOJIy4€HHbIX JaHHbIX. KpoMe Toro, BIIOJIHAEMBIE OIEpalluid OOBIYHO SIBJISIOTCSI HETUIIOBBIMU U JIO-
CTaTOYHO CIIOHBIMU [4]. DTH 00cTOATENBCTBA yUUTHIBAUCH TpH pazpadoTke COK HBK.

Cucrema ocHOBHBIX KpaHoB (COK) oOecrieunBaromiasi JeMOHTaX HECTAOMIBHBIX KOHCTPYKIHUI 00b-
ekta "YxkpeiTHe" u mocaeayrontae padbotsl mo odpamenuto ¢ TCM n PAO BayTpu HBK, BKITIOUaeT B cBOM
COCTaB, MOMHUMO TEXHOJIOTHYECKOTO U JIEKTPOTEXHUYECKOT0 000pya0BaHUs, CUCTEMY KOHTPOJS M YIpaB-
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nenns (CKY) COK, xoropast oGecrieunBacT BHITIONHEHHE BCEX TEXHOJIOTMYECKHMX OIEpaIMii ¢ OCHOBHBIMHU
KpaHaMH.

Apxurekrypa CKY COK BbImonHeHa ABYXypOBHEBOM, pacmlpeaeieHHoH, obnanaromeil GpyHKImo-
HaJILHOH KOH(QUTYpaien.

Bce crannapTHble IPOM3BOJCTBEHHBIE 331241 BBINOJIHAIOTCS ¢ aBTOMaTU3UPOBAaHHOIO pabovero mMe-
CTa KOMaHJHOTO M aBTOMAaTH3MPOBAHHOTO pabouyero MecTa TenexeK. Bce aBTOMaTH3MpoBaHHBIC pabodne
MecTa BKIIOYAIOT B ceds mHTepdeic "deoBek - MamuHa", IpeACTaBIsomni co00i MaHelb CEHCOPHOTO
sKkpaHa [5].

Hcnonp30BaHue MOJIHOCTHIO AaBTOMATU3UPOBAHHBIX CHCTEM HE MPEIYCMOTPEHO, YTO COIJIacyeTcs ¢
pexomenpamsaMu MATATD [6]. [TonHOCTRIO pOOOTH3MPOBAHHBIE M ABTOMATH3UPOBAHHBIC CHCTEMBI HE
CIOCOOHBI pearupoBaTh Ha CIIOKHBIE HETIPeCKa3yeMble CUTYallu — TOJIBKO 00s3aTeIbHOE YUacTHE YeTI0Be-
Ka-olepaTopa B MpoLecce YIpaBaCHHUs ACHCTBUAMU poO0OTa MOKET 00ecreunTh dQPEeKTUBHOE PYHKIIMOHH-
poBaHue poOOTOB B AKCTPEMANIBHBIX YCIIoBHAX. [IprdeM ynpaBieHne HOMHKHO OBITh TUCTAaHIIMOHHBIM, YTOOBI
YeJI0BEeK OBUT yAaJIeH U3 ONacHOM 30HbI [4].

HmMuTtanoHHOe MOJENUPOBAHUE — 3TO pa3pabOTKa U BBINOJHEHHE Ha KOMIIBIOTEPE IIPOrpaMMHON
CHCTEMBI, OTPaXKaoLIeH OBEJCHUE U CTPYKTYPY MOAEIUPYEMOro o0bekra. KoMIbroTepHbIi SKCIIEPUMEHT C
MO/JIENIBIO0 COCTOUT B BHIMOJHEHUH Ha KOMIIBIOTEPE JaHHOM MPOrpaMMBbl ¢ Pa3HbIMU 3HAUYEHHUSIMU TTapamMeTpoB
(MCXOMHBIX MTAHHBIX) W aHAIN3€E PE3YIbTATOB STHX BHITIOIHEHHI [2].

HNuxeHepubie Moaean o0bekTa " YkpoiTHe' 1 HBK

Hwxe nmpuBeneHbl IpUMEPhl Pa3IMYHBIX KOMITBIOTEPHBIX MOJeNel, pa3paboTaHHBIX B paMKax JaH-
Hol pabotel. Ha puc. 1 nmpencrasien paspes koHctpykuuii HBK u o0bekra "YkpriTHE" 10 MIOCKOCTH, MPO-
XOZSIIEH yepe3 LEeHTp paspyLIeHHOro peakropa. Ha pucyHke mokasaHbl ocHOBHble ckoruieHne TCM ot
BEPXHHX JI0 HIDKHHUX OTMETOK TTOMEIIeHNH 00bekTa "YKpeITHE", a Takxke 30Ha AeiicTeus COK.
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Puc. 1. Koncrpykunu HEK u 06BexTa "YkpriTHe" — paspes 1o IeHTpY pa3pyLIeHHOTO peakTopa.

Ha puc. 2 npuBeaeHa TpexMepHas MOJENb pa3pylIeHHOro peakropa 4o sHeprodsoka YADC, no-
crpoerHas B 3ds Max 2010Touka 0030pa BeIOpaHa TakuM 00pa3oM, YTO IMO3BOJISIET ONPEACITHUTH pa3Mep
3a30pa MKy METAIIOKOHCTPYKIHeil 6aka peakTopa (cxema "JI") u cxemoit "OP".
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Ha puc. 3npuseiens! 3006 padoT npu ynaneHun TCM Ha BEpXHUX OTMETKaX.
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Puc. 2. TpexmepHasi MOJIesIb PEaKTOpa M MOMEICHUS Puc. 3. TpexmepHas Moienb nentpanbaoro 3aia (I3)
305/2. o0bekTa "YKpbiTHe". 30HBI IPOU3BOACTBA PAOOT.

HNMuTtanmoHHble/HHTEPAKTUBHBIE Mojie Tl 00bekTa " YkpbiTHe' 1 HBK

B cpene nporpammuoro mpoaykra Unity3D 3.4paspaboTaHbl MMUTAIIMOHHAS ¥ MHTEPAKTHBHAS MO-
JIeITA COBPEMEHHOTO cocTosiHMsI 4-To O10ka oobekra "Ykpoitue"”, HBK u COK HBK.

I'maBHOEe OKHO — mHTepdelic — nmutanmonHoi Monenu HBK u o6bekra "VkpeiTHe" mokazaHO Ha
puc. 4.

JIOCTOWHCTBOM MOJIENIN TAHHOTO THUIIA SIBJISIETCS:

BBICOKasi TOYHOCTh BOCIpOM3BeeHHs 3D MOJIENISIMU T€OMETPHU PealTbHBIX 00BEKTOB, MMOJIICHKAIIIX
oOpamenuto ¢ TCM, a Takke 000pYJOBaHUS U MEXAHU3MOB, UCTIOIb3yEMBIX TTPH 3TOM;

umuTanys B3anmoseiicteus 3D Monenelt Bcex 3TUX 00BEKTOB MPH MX B3aUMHBIX NEPEMEIICHUSIX B
MIPOCTPAHCTBE C YUETOM UX )KECTKOCTH, BO3ICHCTBHS TPABUTAIMHU U T.JI.,

BO3MOXHOCTH cTaTtudeckoro 3D MopenrpoBaHusl COOPYKEHHH, KOHCTPYKIIHHA ¥ 000py/IOBaHUS J10-
MOJTHUTh BEChMa IICHHBIM JUIS MOBBIIICHHUS KA4eCTBAa MPOCKTA WMHUTALMOHHBIM aHAJIH30M JHHAMHUKH XO0[a
pabor.

3a cueT CBOEBPEMEHHOTO, €III¢ JIO BBHITIOHEHUSI PEaibHBIX ONEPAIHi MO JJEMOHTaXY WM CTPOUTENb-
CTBY, BBISIBJICHUSI OTIACHBIX KOJUIM3UH U YCTPaHEHHs MX MPUYMH UMHUTALMOHHAS MOJAEIb MpoLecca H3Beye-
Huss TCM u3 oObekTa "YKpeiTHE" TO3BOJISET M30€kKaTh: HE TMPEAYCMOTPEHHBIX MPOESKTOM 3aTpar; Yrpo3bl
HapyIIeHHS 3aIJIAHUPOBAHHOTO 0E30MaCHOTO X0J1a PadOT U OMACHOTO PAIMAIIMOHHOTO BO3JICHCTBUS Ha JIIO-
JeH 1 OKPYIKAIOLIYIO Cpey.

Puc. 4. ImuTanmonHas Moienb o0bekTa " YKpoiTue"
u HBK.

IIpenBapuTenbHBII aHATIN3 MOJeJIeH

OcHOBHas 3aJaya MMHUTAIIMOHHON MOJIENIM — 00ECICUUTh IETANbHYI0 OTpaOOTKY BBIOPAHHOTO Clie-
HapUsl OCYIIECTBICHUS TEXHOJOTHYECKON omnepanuu. Takke UMUTAIIMOHHAS MOJIENb JIOJKHA TI03BOJISATH Ha
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OCHOBE MMEIOIINXCA OTPAOOTAHHBIX TEXHOJOTHYECKHUX OMEPannii ONTUMHU3UPOBATh WX BBINIOJHEHHUE U TOJ-
O6uparb HanboJIee ONTUMAaJbHBIE ClieHapuu [7].

Ha wmuTanmoHHO# MoJienu ObUT BBITIOJIHEH aHanu3 Bo3MoxkHOCTH npuMeneHnst COK s memoHTa-
’Ka CTPOMTENBHBIX KOHCTPYKITUH BOcTOUHOM cTeHbI 113 00nekTa "YkpoiTHe" (puc. 5).

COK mnpennasHaueHa ISl 00CCIICUCHHs IEMOHTaXa HECTAOMIbHBIX KOHCTPYKIIUI 00bekTa "YKpBI-
THe" ¥ mociexyonmx pador o obpamennio ¢ TCM u PAO suytpu HBK [8].

3ona aeiicteust COK HBK Hauwmnaercs Ha paccrosHum 1,5 M ot ocu Boctounoit crensl 113. ITno-
IIagKu 0OCITY)KUBAHUSA y3JIa pa3BecKu "CBeXUX" TeIIoBbIaesomux coopok (TBC) HemocpeacTBEHHO TIPH-
MBIKAIOT B BOCTOYHOM CTE€HE, ¥ MOTYT PAaCIIONaraThCs Ha PacCTOSHUAX MeHee 1,5M oT ocu cTeHBI. DTO HE00-
XOJIMIMO YUYHUTBHIBATH TMPH Moa00pe (Mnu pa3paboTKe) ATHHBI PYKH MAaHHUIYJISATOPOB MOOUIBHOM WHCTPYMEH-
tanpHOM iathopmsl (MUII), yToOBl paboTa Mo ynaneHuto GpparMeHToB akTHBHOH 30HBI (PA3) 1 1eMoHTa-
Ky ctpoutenbHbIX KOHCTpYKIui (CK) Ha BOCTOUHO# cTeHe Moryia ObITh BHITIOJIHUMA.

MuHuManbHas JOMyCTHMAsl TUCTAHIMS MeX Ty KpaHamu 11,8 M. /[Be MONMHOCTBIO 3arpy»KEHHBIX Te-

JIEKKUA MOTYT HAXOAUTHCS HA OJHOM MOCTY, IIPU 3TOM PACCTOSHUE MEX]TY LICHTPAMU TEJIEKEK TOIKHO
COCTaBJIATh He MeHee 22 M. Tenexka ¢ rpy3oMm 5 T MokeT npubnmkatbest K MUIT Ha MUHMMaIbHOE paccTo-
sIHHE, HO TOJILKO B TOM city4ae, eciii 1 MUII, u Tenexka HaXOASATCS Ha PACCTOSIHUU HE MEHee 2 M OT JIt000i
koHconu [8]. DTu TpeOOoBaHHS OTPAHUYMBAIOT MAcCy KOHTEWHepa, MENalT HEBO3MOXHBIM HCITOIL30BAHUS
3¢ (eKTUBHOTO 3KpaHUPOBAHUS U HEOOXOAMMOCTH CO3/1aBaTh AOMOJHUTEIHHYIO 3alUTY Ha IUIONIA/IKE Bpe-
MEHHOTO XxpaHenus (puc. 6).

Puc. 5. JlemoHTaX (hepM KpOBIH U TUIOIMATOK OOCITYKH- Puc. 6. KonTeiiHep B 30He BpeMEHHOT'O XPaHEHHUS.
BaHUS y3JIa pa3BECKH Ha BOCTOYHOH creHe 113.

B xommiext noctasku MUII He BXOOUT MaHUITYIATOpP AJIsl 3aXBaTa U NepeHoca (parMeHTOB CTPOH-
TeNBHBIX KOHCTpYKIni. [Ipu peske CK Ha BBICOTHBIX OTMETKaxX 0e3 3axBara oTpe3aeMoro (parmenra Oyaer
MPOUCXOJIMTH €T0 TaJICHNE C BBICOTHI 10 26 M, 4TO HEMHUHYEMO TTOBJICYET 32 COOOW MBIICIIOABEM H YXY/IIIIe-
HUE paJralliOHHON OOCTaHOBKH, a TaKke BEpOSTHOCTH oOpymenue Hmkenexammx CK. Kpome storo, ume-
eTcs HeoOXOUMOCTD 3axBaTa M NepeMenieHusl B KouTelHep ¢parmeHToB CK mimm ropsumx Tovek, Kak 3TO

npenaycMoTpeno B [8] — "ymanenue "ropsunx” Touek (B ciaydae 0OHAPY)KEHHS) U ITOMEIIEHHE B KOHTEHHED
MIPY TOMOIIH CIIEI[HATbHOI0 MaHUITYJIATOpa" .

Ha mocty kpana naxomutrcs MHUII ¢ ycTaHOBIEHHBIMM MEXaHMYECKUMHU HOXHULAMH. [Ipu peske
tdhepm CK, pacronoxeHHBIX HaJ IUIOMAJAKaMK OOCITYy>)KMBaHHUS y3ja Pa3BECKH BOCTOYHOU cTeHbl 113, oHM
OyIyT majgaTh BHU3 Ha IUIONIAJKU, Ha KOTOPHIX B CBOIO ouepenb Haxonsarcs DA3. [lnsg mpemorBparieHus
9TOr0 HEOOXOAMMO yIepkuBaTh oTpe3aemble pparmente CK ¢ momomipro MaHmIynsTopa. B Hactosiiee
BpeMs IPU KOHCTPYHPOBAHUK POOOTOTEXHUYECKUX CUCTEM JIJIsl paboT MO YCTPaHEHUIO MOCIIEICTBHIIA aBapuit
Ha 00BEKTaX aTOMHOW 3HEPreTUKU HAOIIOMAeTCsl TCHACHIIUS UCTIONh30BAHUS ABYX MaHUMYISTOPOB BMECTO
onnoro. [Ipumepsr mogodHOTO ycTpoiictBa — podotsl Mitsubishi MHI-MEISTeR, Hitachi ASTACO-SoRa
[9].

Hnst orpaboTku TexHonmoruu aeMontaxa TBC, Haxomammxcs Ha cxeme "E" ¢ MOMOIIBIO TUCTaHIIN-
OHHO - yrpasiseMoro Mmexannsma (JIVM) momenu BROKK, 6buu co3maHst:
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umkeneprast 3D mozenpb 113 ¢ npuieraronMMi MOMEIICHUSIMH, aXThl PeaKTopa ¢ OCHOBHBIMH CO-
JICpIKAIUMUCS B HEell 00beKTaMu;
3D Mozens xo/1a paboT MO AEMOHTaXKY C TIOMOIIBI0 POOOTA.

MopenupoBanue mporuecca JAEMOHTaka OCHOBAHO HA B3aHMMOJCHCTBHU TBEPIBIX Tell, MCKIIOYACT
"IpoHUKHOBEHHE" 0OBEKTOB APYT B Apyra, MIMUTHUPYET JEHCTBUE CHIIBI TSHKECTH Ha OOBEKTHI, a TAKXKE JIBU-
JKEHHUE TYCEHHMII, MAaHUTTYJIATOPOB U HaBecHbIX HHCTpYMeHTOB JIYM BROKK (puc. 7).

Puc. 7. UmuTarmionHas moaens 113.
Hemonrtax TBC Ha cxeme "E".

Ha wuMuTanuonHoi wopenu
ompo0oOBaHa TEXHOJOTHS Ipolecca
n3pneyennss TCM ¢ BepXHHUX OTMETOK
o0bekTa "VYKpBITHE" TIpH TMOMOIIU
HaBecHoro obopymoBanusi COK HBK,
OBLI BBIABJIEH Psia Ipo0JieM U IpeuIo-
KEHbl U3MEHEHMSI HEKOTOPBIX IpOLeCc-
COB M KOHCTPYKLHUH:

Buisenennas npobaema Ilpeonosicennoe pewenue
JnuHa pyku pobota-MaHUITynaTopa 2,5M, MEHEManbHas [l OABECKH KOHTEifHepa Ha KpIOK KpaHa pa3palo-
JOIyCTHMast AUCTAHLMA MeXIy KpaHaMu 11,8m TaTh CIIEUAIBHYIO TPaBeEpPCy
He mpenycMoTpeHo yaepkuBaHHEe NEeMOHTHPYEeMBIX Me- B komrmurekt moctaBkun MUIT HeoOXoanMO BKIIOYHTH
TATHIECKUAX KOHCTPYKIUH IBYPYKHH MaHUITYIISITOP

Ha 6a3e umuTannoHHO# Mozenu mporpamMmubiM npoaykta Unity3D 3.4 cozgana WHTEpaKTHBHAS
MOJIEJIb COBPEMEHHOTO cocTostHUs 4-To Oioka oobekTa "Ykpoitue", HBK 1 COK HBK. JI7s ee ycTaHOBKH Ha
KOMIBIOTEP HE TPeOyeTCs JONOIHUTENFHOIO MPOrPaMMHOTO 00ECTICYCHUSI.

I'maBHoe okHO MHTepakTHBHON Mojean HBK u o0bekTa "YkproiTHE" Moka3aHo Ha puc. 8.

Puc. 8. HTepakTuBHAS MOJEIb O0BEKTA
"Vxperrue" u HBK.

[IpoBoauMEBIe B HacTOsILEe Bpe-
Ms pabOTHl MO Pa3BUTHUIO HMHTEPAKTUB-
HOH MOJIENIM II03BOJIAT BHIBECTU €€ Ha
CIIEAYIOMINH TEXHOJOTUYECKUH YPOBEHB,
Ha KOTOPOM OyleT BO3MOXKHO peEIIeHHUE
Ooree IIMPOKOTO CHEKTpa 3ajaad, BO3HH-
Kaommx B mpouecce uspiedeHuss TCM
W3 TOMelleHu oO0bekTa "YKpbiTHE".
Bo3moxHO pa3BuTHE MOAenM, Korza
AYM u COK MoxHO OyAeT ynpaBisiTh €
[OMOIIBI0  KJIaBUAaTypbl M  HIPOBBIX
YCTPOMCTB, MMHUTHPYIOLIUX B3aUMOJCH-
ctBue ¢ mynsTamu ynpasieanss BROKK u COK. Takast nHTepakTUBHAS MOJIENb MpeJHa3HadeHa sl 00yde-
HUS ¥ TPEHUPOBKH TIEPCOHANa Iepe]] HaJajaoM padoT 1Mo AEMOHTaXy HecTaOMIBHBIX KOHCTPYKIMH 00BeKTa
"Vxportue" u nzpneuenus TCM.

a5 | ijwogerveomae
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BrIiBOaBI

Hcnonb3oBaHne KOMOBIOTEPHOW TpadUKu M MOAEITHPOBAHMSA SIBISETCS HEOOXOAUMON MPEaIOCHUI-
KOH U1 oOecriedeHns paguanioHHON 0e301MacHOCTH W ONTHMHU3AIINH MIPOIIEcca BRITIOIHEHUS paboT B TsKe-
JBIX PagUalMOHHBIX YCIOBHSIX, B YACTHOCTH, MIPH JTUKBUAALINH TIOCHeACTBUH aBapuu. [Ipu sTOM menecoob-
Pa3HO MCIOJIB30BaTh KOMIUICKCHBIA TOAXO/ MCIIOB30BAHHS MHIKCHEPHBIX (7151 MOJICTMPOBAHHUS 30H MIPOH3-
BOJICTBA pabO0T) ¥ HMHUTAIMOHHBIX (U1 MOIEIUPOBAHHS TEXHOJIOTHUECKUX MPOIIECCOB MPH JTMKBUIAIMN TI0-
CIIEZICTBUI aBapyn) KOMIIBIOTEPHBIX Mojeiei. Ha oCHOBE MMHUTAIMOHHON MOJIENIN MOXET OBITh pa3paboTaHa
MHTEPAKTHUBHAS MOJENb JUIA OOY4YeHHUs MEepCOHaNa, KOTOPBIM IUIaHUPYETCsl 3a[eHCTBOBATh B BBIOJHEHUH
pabor.

[IpopaGoTaHbl HAyYHO-METOAMYECKHE W MPAKTUYECKHE OCHOBHI Pa3paOOTKH, BHEIPEHHUS M TpHUMe-
HEHHMS TAKHX KOMIBIOTEPHBIX MOAENeH B ycioBuax oobekTa "Ykpoitie" YADC.

[Mpumenenne MHOOPMAIIMOHHBIX TEXHOJOTUH MMUTAIMOHHOTO MOJIEIUPOBAHUS HU(PPOBBIX KOMIIb-
FOTEPHBIX MOJIEJICH TIPUMEHUTEILHO K mporieccy m3BiedeHus TCM ¢ BepXHUX OTMETOK 00hekTa " YKphITHE"
TO3BOJIMJIO YK€ Ha paHHEH CTaanu MpopabOTKU TEXHHYECKUX IMPEJIOKEHUN BBIABHUTH HEKOTOPHIE MPUHIIN-
nuajgbHble poOieMbl npuMeHeHus Texandeckux cpencts HBK, B wactnoctu, COK. IlokazaHo, uro nans-
HEHIee pa3BUTHE W HMCIOJB30BAHHME MOJEICH IO3BOJIUT ONTHMH3UPOBATH Tporiecc m3BiedeHus TCM,
YMEHBIIUTH JT03BI TIEPCOHANIA U 3aTPATHl, a TAKXKE BEPOATHOCTD aBAPHIA.

[IpuMeHeHne UMHTAIIMOHHOW MOJENH TO3BOJHUT BHIOPATH ONTUMH3HPOBATH MPOEKTHBIC PEIICHUS
u3BieyeHrss TCM 1o 3agaHHBIM KPUTEPUSIM, BEpUPHULIHUPOBATH €r0 HA MPEIMET COOTBETCTBUS yCTAaHOBJICH-
HBIM TpeOOBaHUSAM, 00€CIIEUNTh MPOTPAMMHBIN KOMIUIEKC IJISl JETaLHOTO O0YUYeHHS U IMOATOTOBKU IEPCO-
HaJa.
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KOMIT OTEPHE MOJEJIOBAHHS TPOHECY BUJIYUYEHHS ITAJINBOBMICHUX MATEPIAJIIB
I3 BEPXHIX ITIO3HAYOK OB’ €KTA "YKPUTTS"

Po3pobiieHo iMiTaniiiHy MoJiesb poLecy BUITYyYEHHS AJIMBOBMICHUX MaTepialliB i3 BEpXHIX M03HAYOK 00’ €KTa
"YKkpuTTa" 32 JOIIOMOTOO0 HaBICHOTO 00JIaHAHHS CUCTEMH OCHOBHUX KPaHiB HOBOTO 0€3Me4YHOro KoH(paiHMEHTa.

Kniouosi croea: imitaiiiina Mozienb, MOJICIOBAaHHS (DI3NYHUX 1 TEXHOJIOTYHHX MPOLIECIB, ITAJIMBOBMICHI MaTe-
piany, 00’ ext "YkputTa'".
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COMPUTER SIMULATION OF THE FUEL CONTAINING MATERIAL S REMOVAL PROCESS
FROM THE "UKRYTTYA" OBJECT UPPER LEVELS

A simulation model of the fuel-containing materiadésnoval from the the "Ukryttya" object upper eliéoas
with the attachment of the main cranes of New &afefinement was developed.

Keywords:simulation model, simulation of physical and tedbigical processes, fuel-containing materials, the
"Ukryttya" object.
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