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Pelienye 3afauy TEXHOJIOTMYECKO afamnTalum mpoiecca GopMoobpa3oBaHmst OOTSKKOI JIMCTOBOJ 3a-
TOTOBKM peasn30BaHO B BUE JOIMOJHUTEIbHBIX 3aK/IaI0K B IporpaMMHOM Mopyiie ABuad®opm, o3Bo-
JISTIOIIVIX aBTOMAaTU3MPOBATh sl (DYHKIMIA [JIsT TEXHOJIIOTMYECKOI afarTalyy aifOpUTMa YIIpaBaeHs
Ha BUPTYaJbHO Mopmenu rpecca PO-3M.BBeieH aBTOMaTUUYECKUIT TTO00P IJIMHBI 3aTOTOBKM C BO3MOX-
HOCTBIO M3MEHEeHMSI BEJIMUMH TEXHOIOTMYECKMX TPUITYCKOB. [TossBuIach BO3MOXKHOCTb pacyeTa CpeJJHero
YIJIMHEHMS TMCTOBO# 3arOTOBKY MOC/IE «CYMMMPOBAHMSI» BCEX YUACTKOB BIO/b JIMHNUM 06pa3yeMoit pabo-
yeli TOBEPXHOCThI0 OOTSDKHOTO ITyaHCOHA B HECKOJIBKUX «3HAUMMBbIX» CEUEHMSIX, B TOM UMC/IE, TIe OHA SIB-
JsieTcst Haubobliieit, He 3a06bIBasI TPYU ITOM, IIPUITYCKOBBIE JIEBbIE U TIPaBbie yUaCTKY TVCTOBO 3aTOTOBKM
nepep, 3akuMamu npecca. Co3iaH MeTo[I, OTIpefesioNMii BOSMOXXHOCTb pacyeTa CpeqHero yajJMHeHus
MIpY U3MEHEHUM JIVHBI JIMCTOBO 3aTOTOBKYM Ha YPOBHE «ITEPBUUHOI» OIIEHKM ITporiecca popmoobpaso-
BaHMS OOTSDKKOI B IporpaMMHOM Mopyiie ABuadopm, a He Ha KOHEYHbIX 3Tarax MOIEIMPOBAHMS TIPO-
1ecca B 6a30Boii mporpamme QForm. TeoMeTpusi TOBEPXHOCTY OOTSSKHOTO ITyaHCOHA COOTBETCTBYHOIIET
TTOBEPXHOCTH 060JI0UKOBOI IeTa 0CTaeTCs HeM3MeHHO, TOTIOMTHUTEIbHO KOPPEKTUPOBKYM He MoTpe-
60BaIoCh, CO3IAIOTCS TOTIONHUTENbHBbIE TIPMEeMbl B Momysie ABuad®opM, BKIAIbIBAIONIVE TP TTOBOPOTE
MoJie/ OOTSIKHOTO TTyaHCOHa BOKPYT BEPTUKAIBHOM OCH TTOJIOXKEHMEe BepXHEero rpebHsT IOBEPXHOCTH B
BEPTUKAJIbHYIO MPOAOJIbHYIO IVIOCKOCTh CMMMETPUM BUPTYaabHOTO npecca PO-3M. B mporpaMmHbIit MO-
Iynb ABad®opM BBeIEHbI TOTOBbIEIIIA0IOHbI», TIO3BOJISIONIVE OIPENETUTh ONTUMAIbHYI0 cxemy ¢Gop-
MO06pa30BaHMsT OOTSKKOI JIMCTOBOJ 3arOTOBKM COOTBETCTBYIOIIEN MIMHBI. VCITO/Nb30BaHMe MabJI0HOB
nojAepkMBaeT GYHKIIMIO aBTO3AMOMHEHYSI C TIPeABAPUTEIbHBIM MOAO0POM TOIIATOBbIX MepeMeleHi
pabounx opraHoB rpecca PO-3M, a Takske BBOJ, pPEKOMEH/IOBAHHBIX 3HAUEHMI1 TIOIIATOBBIX IIepeMeIeHi
IUISI aBTOMATMUYECKOTO 3aITyCKa pacueTHO cxeMbl B 6a30Boii mporpamMme QForm.

Kniouessle cosa: 3amava TeXHOMIOTMYECKOI agarnTanyy, GopmoodbpasoBaHme 0OTSKKOI, aBTOMAaTU3UPO-
BaHHbII PaCTSSKHO-06TSKHOM 1pecc PO-3M, BUpTyajIbHast MOZE/b Ipecca, 060I0UKOBast IeTajlb, 00TSIK-
HOI1 ITyaHCOH, JINCTOBAs 3ar0TOBKA, IPOTPaMMHBbI MOAY/b «ABMa®opmy», yIIpaBJIsIoLIas IporpaMmma.
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OpeTMUYECKUX MOJENSIX, MPedbIAYyIINX UCCIeSOBaHMSIX, SKCIIePTHBIX OLleHKaX WINM APYTUMX UCTOUYHMKAX. B
pe3y/bTaTe HEIMoMHasl arpuopHas MHGopMaIs, SIBJSIONeCsS UCTOUHUKOM Heolpele/IeHHOCTH, MOXKET
CBeCTM Ha HeT BCe Hallly IMOTBITKM peanu3anuy ONTUMaIbHOTO YIIPaBJIeHus cucreMoin [1].

ITo mpoeKTy KOMILJIEKCHAsI MOAePHMU3aLMSI PaCTSIKHO-006TSDKHOTO mpecca PO-3McompoBoykianach BBe-
JleHMeM B CUCTEMY YIIPaBJ€HMS MPOMBIIIJIEHHOTO KOMIIbIOTEPa, KOMIIEKTa KOHTPOIbHO-U3MePUTENb-
HBIX NIPMOOPOB, 0OPATHBIX CBSI3€I TI0 KOOPAMHATE, CKOPOCTU U YCWIIUIO JJIS OCHOBHBIX MCTIOTHUTETbHbIX
MeXaHM3MOB IIpecca ¥ IMMOJHOM BU3yanusaiuu rnapamMmeTpoB pabotsl Ha APM onepatopa. [IporpammHoe
obecrieueHne MHTErpUpPoOBaHoO ¢ poccuiickoit CAD-cuctemoit Kommac-3D, uTo mo3BossieT paboTaThb uepes
rpaduyeckuit mHTepdeiic ¢ BUPTyaabHOI Mozenbio mpecca PO-3M, TOUHO MOZenupys ee KUHEMAaTUKY U
BBITPYKasi JaHHble B poccuiickyio CAE-mmporpammy QForm mjis pacueta rporiecca ¢opmMoobpa3oBaHmsI
OOTSIKKO MEeTOLOM KOHEUHBIX 3JIeMeHTOB. [IJisi Bocpou3BeneHs: QyHKIIMOHMPOBAHNSI BUPTYJIbHOTO
npecca 6bl1 pa3paboTaH He3aBUCUMbI KOMITMIMPYEMbIii IPOTPAMMHBI MOAY/Ib (TJIATWH), TTOMYIMBIINIA
Ha3BaHue ABuadopm [2].

OmpepeneH MOpsAIOK ooMeHa MHboOpMalMeii B Ipoliecce aBTOMAaTU3MPOBaHHOTO (GopMO0OOpa30BaHMS
000/I0YKOBOIL IeTaIM OOIIMBKY CAMOJIeTa C IIOMOIIIbIO IIPUIOKEHNS CUCTEMbI YIIpaBAeHUs [J1s1 BUPTYaJIbHO-
r0 OTOGPasKeHNST peasbHOTO PaCTSHKHO-00TSDKHOTO peccaPO-3M. B pesynbTaTe chopmupoBagach MOAY/Ib-
HOCTb Hallleif KOMITbIOTepHO- MH(OPMALIMOHHOI CUCTEMBI, OUeHb IToXoskasi Ha Mozesb MVC ¢ mpuMeHeHU-
eMm ASP.NET MVC Framework, KoTopblit pasmensieT puaoxkeHue Ha TPU JIOTMUECKMX KOMIIOHEHTA: MOJIeb,
npencrasaeHue 1 KoHTpoiep (Model-View-Controller, MVC) 1 rmoMoraeT ¢iesiaTh €ro OHSITHBIM U CTPYK-
TyPUPOBAHHBIM, 06JIeTYaeT MO AePKKY, TeCTMPOBaHNe, TOBTOPHOE MCIIO/Ib30BaHMe 37IEMEHTOB [3].

[TporpamMmHbIii Momynb ABuadopM AMHAMMUUYECKM TOAKIIOUAaeTcsl K 6a30BbiM mporpammam CAD
(«Kommac -3D») u CAE («QForm») a1 pacimimpeHus: UM UCIIOAb30BaHMS X BO3MOKHOCTe, 100aBJsis,
MpM HeOOXOAMMOCTH, HOBble GyHKIMMK. I TIepefauy KOOpAMHAT IepeMelieHns 3akKMMOB U3 IUIarmHa
ABua®opM ¢ BUPTYaIbHOI MOJe/bIo Tipecca B 6a30Byio0 rporpammy QForm 6bL1 peann3oBaH MOIY/Ib Ue-
pe3 IIporpaMMHbIN nHTepdelic MpuaoskeHUSIAPIL. OTo MO3BOMMIIO TTOTHOCTHIO aBTOMAaTU3MPOBATH MTPOIIECC
repefauyy KOOPAMHAT MPU ABMKeHUM Pabounux OPraHOB IMpecca M OKOHUATENbHO IIPUKPYTUTb» TUIaruH
ABna®opm K 6a30B0ii mporpaMmme QForm, Kak 6bITIO 3a7I05KEHO B HACTPOIIKaX YCTaHaBIMBAEMOTO MTPUJIO-
SKeHMsI, B KOTOPOM IPeyCMOTpPEH MPOrpaMMHbI MHTepdeiic, YTO MO3BOJISIET ITOI30BATENI0 TOYHO MOIe-
JIMPOBATh PEATbHYIO KMUHEMATUKY PACTSSKHO-O00TSKHOTO Ipecca [4].

[Tonb3oBaTesNb 3arpy’kaeT TBePAOTETbHbI MaKeT OOTSKHOTO IyaHCOHA Ha pabounit CTOM BUPTYaslb-
HOIT MOJIeNM PaCTSDKHO-0OTSKHOTO ITpecca M MakeT JMCTOBO 3arOTOBKYM B €r0 3aKMMHbIe YCTPOICTBA.
g nopxmoueHus riarnHa Asuadopm mpu pazpaboTke OCHOBHOTO MPUJIOKeHUs MPeayCMOTPEH Ipo-
rpaMMHBbII MHTepdeiic, BLITOMHEHHBIN HA PYCCKOM SI3bIKEAJISI aBTOMATU3MPOBAHHOTO PACTSIKHO-00TSIK-
Horo npecca PO-3M (puc. 1).

B HacTosiIIee BpeMs1 aBUAIMOHHOE TTPOM3BOACTBO aKTUMBHO BHEAPSIET COBpEMeHHbIe pellieHus B 06-
JIACTY aBTOMAaTU3al MM TEXHOIOTMIEeCKMX Tpo1ieccoB. OOHUM M3 MepCIeKTUBHBIX HAIIPaBIeHUI SIB/ISIeTCS
peanu3aius MporpaMMHOTIO YITpaBAeHUS PaCTSKHO-00TSIKHBIMU ITpeccaMy. JJaHHbII TTepuo/1, BHEAPEeHUS
XapaKTepu3yeTcs: onpeneaeHHbIMY CI0KHOCTSIMY, 00YC/TIOBJIEHHBIMM CYIIECTBOBAHMEM Ha aBUAIMOHHOM
MIPOMU3BO/ICTBE TPAAUIIMOHHBIX IIOJXO0I0B K KOMILJIEKCHOI aBTOMaTu3aiuu. PazpabaTeiBaemoe HaMu IPO-
rpaMMHOe obecrieueHre OpMEeHTUPOBAHO Ha TPO(ecCcMOHaTbHOTO MT0/Ib30BaTeNIs, KOTOPOE YUUTHIBAET €ro
(yHKUMOHA/IbHBIE TTOTPEOHOCTH, KBATUGUKAIIUIO U CIIeI[MaIMU3aLINIo.
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Puc. 1. BupryanbHasi Mofesib 1 MHTeP(ENiC MOIb30BaTENS PACTSKHO-06TSKHOTO rpecca PO-3M
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ITpodeccronanbHoe APM TexHOsOTa BBICTYTIAET B KAUeCTBe IMIABHOTO MHCTPYMeHTa B3aMMOZ el iCTBUS
TI0JIb30BATENIS C BHIUMCIUTENbHBIMY CUCTeMaMy. B Hamlem nonuManuu APM mnipencrasisieT co60ii COBO-
KYITHOCTh MH(MOPMAIMOHHO-IIPOrpaMMHO-TEXHMUECKUX PECYPCOB, 06eCITeUBaIINX KOHEUHOMY IT0/Tb-
30BaTe0 060pabOTKY JaHHBIX ¥ aBTOMATMU3AIMIO €ro YIIpaBaeHUeCKMX (PYHKIINI B KOHKPETHOI ITpeaMeT-
HOJi 06/71aCTH.

[To npoexry 3agaum APM omnepaTtopa, Kak paBuiio, JeTEPMUHUPOBAHBI OTHOCUTENBHO YPOBHS aBTO-
MaTM3alMu, a Tpu penreHnn 3agad APM TexXHO0Ta MpoeKT mepenies Ha Hu(poBoit YpoBeHb, KOTOPDI
MOKET TPaHCPOPMUPOBATHCS BMecTe ¢ MH(MOpMaLMOHHBIMU TpolleccaMy. EC/iM MMerTcs anpuopHbie
IaHHbIEe O CTPYKTYpe MOJeIMpyeMoro o0beKTa, HO KaKoi BK/IAJ B XapaKTepUCTUKM 00BeKTa UM €ro MO-
Jely ToJiKeH BHOCUTDH TOT WIM MHOI BXOMIHOI IapameTp 3apaHee ObIBaeT HEM3BECTHO, 3TO MPENCTOUT
oIpefenuTb Ha OCHOBE MPOBEAEHMS BBIYMUINTEIbHOIO 9KCIIEPMMEHTA.

OnHaKO KOMILJIEKCHAST MOJIePHM3AIMS PACTSKHO-00TSDKHOTO mpecca PO-3M, cormacHo MPOEKTY, CO-
MPOBOKAANACH M3YyUEHMEM TEeXHOJOTUUYECKOro mpoliecca ¢opmMoo6pa30BaHMs OOTSKKOM 0O0TOYKOBBIX
JeTajeil OOIIMBOK caMoJieTa Kak 00beKTa yIIpaBIeHMs, YTO TO3BOJIWIO TTOCTPOUTh €€ UMUTAI[MOHHYIO
MOJie/lb, UCII0JIb3YSl allpMOPHbIEe JaHHbIE B PaMKaX peajbHbIX IPMHIUIIOB aBMaLlMOHHOTO NTPOM3BO/ICTBA.
C MCroab30BaHMEM 3TOW MOJENM OTPEAENIVIIV TUIT U aJTOPUTMbI QYHKIMOHMPOBAHMS CUCTEMBI YIIpaB-
neHust yepes rpadudeckuit uHTEpdeic ¢ BUPTyanbHO Mopenbio mpecca PO-3M, a Takke CIoOCoObl ee
MporpaMMHO-aMnIapaTHOM peann3alu, aileKBaTHO UMUTUPYIOLIel ¢ TOMOIIbI0 I1aruHa ABua®opm 110-
BeJleHMe peaJbHOr0 PacTsKHO-006TSKHOTO Ipecca PO-3M B IBMKeHUM 3a OTIpeiesieHHOe BpeMsI TeXHOJIO-
TMYeCKOro I[MKJIa, BbIOpaHHOE B X0fe MofenpoBaHus [5].

CornacHo MpoeKTy, pa3paboTuMKy 66U YOesKIeHbl B JOCTOBEPHOM 3HAHNUM 06 afeKBaTHOM MOZeb-
HOI CTPYKType 06beKTa YIpaBJIeHNsI U MMeIY BHYTPEHHIOW YCTOMUYMBYIO TTPeIpacioNoskeHHOCTb, OCHO-
BAHHOJ Ha OIIbITe, ONpeHeIeHHbIM 060pa30M MCC/IeN0BaTh 00BEKT. [I03TOMY He/lb3sl MHTEPIIPeTUPOBATh
pa3paboTKy CUCTeMbl aBTOMATU3MPOBAHHOTO PACTSKHO-00TSKHOTO TTpecca PO-3M kak cabyio Momenb-
HYI0 M3YUeHHOCTh 00beKTa yrpasieHus. OCHOBHAs ITPUUMHA alIPMOPHOI HeoTpelie/IeHHOCTH 3aK/II04yaeT-
Cs1 B HECBOEBPEMEHHOCTHM MOCTYIIIEHMSI TOTIOTHUTENIbHO MHbDOpMaly OT 3aKa3unKka, KoTopas He Oblia
BKJIIOUEHA B IPOEKT KOMIUIEKCHOI MOAEPHMU3ALMIM PACTSIKHO-00TSDKHOTO mpecca PO-3M.

[TonHOLIEHHbIE alIPMOPHBIE CBEAEeHNSI KOMIIbIO-
TepHO-UHOOPMALMOHHOM CUCTEMBI CHOPMUPO-
BaJIMCh TIOC/Ie aHaIM3a 0COOEHHOCTEl reoMeTpu-
yeckoit (opMbl 060SIOUKOBOI [IeTalu CamojeTa,
KOHTYP KOTOPOJ pacIososkeH Ha MOBEPXHOCTY 06-
TSDKHOTO ITyaHCOHA, OPMEHTMPOBAHHOW OTHOCU-
TeJIbHO CeTKM JIMHUIT KPUBU3HBI U pa3MelleHHO-
ro Ha CTOJe BUPTYAJIbHOTO PACTSIKHO-OOTSIKHOTO
npecca. CeTKka JIMHUI KPUBU3HbBI IOBEPXHOCTU CBSI-
3aHa C BO3MOKHOCTBIO OIlpefeneHMsl JIOKaJIbHOM
(opmbI B BepIHe MOBEPXHOCTM OOTSSKHOTO ITyaH-
COHa, IpMUeM B IVIaBHBIX OCSIX, UCIIONb3YSI CUMMe-
TPUYHBbIE B3aMMOCBSI3U. JIeTKO OnpenenstoTcs -
HUM TIPOAOIBHOTO OPMO0OOPa3yIoIero KOHTypa 1
LIeHTPaJbHOr0 MONIePEeYHOro CeYeHusl, Ha repece-
YeHUM KOTOPbIX 0003HAUMIACh BepIIyHa MOBepX-
HOCTMU OOTSKHOTO ITyaHCOHa (puc. 2).

B pesysnbraTe Mbl IVIOTHO MOJOUUIM K TEXHOJIOTMYECKOV Cpelle TPOU3BOACTBA CaMOJIETOB M HAIIU
MIOAXOISIYI0 MHGOOPMALIMIO O TOM, UTO B IPEICTaBAeHMM TTOBEPXHOCTY 000JI0UKOBOI AeTaau OOUIMBKA
TIPMHSITA JKeCTKAs MIPUBSI3Ka K 00BOI000Pa3yIOIMM KOHTYPaM AMCKPETHOTO Kapkaca camosieTa, seMeH-
ThI KOTOPOT'O COCTABJIEHbI 3 LITIAHTOYTOB ¥ CTPUHTEPOB. [I03TOMY BBITIONHSSI COOTBETCTBYIOIIEe MPeod-
pasoBaHMe CUCTEMbI KOOPAMHAT: BMECTO JIMHUI AVUCKPETHOTO KapKaca UCIOAb30BaTh IMHUY KPUBU3HBI.
ITpy TaKMX YCIOBUSIX TPOIOJIbHBIN (OPMOO0OPAsyIOIINii KOHTYP IMTOBEPXHOCTY OOTSIKHOTO ITyaHCOHA BKJIa-
IbIBAETCS B BEPTUKAIBHYIO MTPOAOIbHYIO TVIOCKOCTh CUMMETPUM PACTSKHO-00TSDKHOTO Mpecca. JTO ellle
pa3 yKasbIBaeT Ha TO, YTO HAIIpaBeHMe PACTSKeHMs IIPY OOTSKKe COBIIAJAeT C HallpaBlIeHMeM ITPoKaT-
KM IMCTOBOTO MaTepuasa. BoilosHeHMe JaHHOI orlepaly CMMMEeTPUM SIBJsIeTCs 6osee yIoOHbIM, KOTrIa
MMeEeM [IeJI0 C TIOBEPXHOCTHBIMM 00BEKTAMM Y TTIOBEPXHOCTHO IMOJOOHBIMM JIMHUSIMM, UTO COTJIACHO KJIac-
CMYEeCKOi Teopuy 060JI0UEK ObecrieunBaeT MOHMMaHMe CUMMETPUM reOMeTPUUYecKoii GopMbl U reome-
TpUUeCKUit acrekT gedopmaiiiu 06010UKA [6].

[ToaToMy B YCJIOBUSIX allpMOPHOI HeOIIpeneleHHOCTH KO/IEKTUB Pa3paboTUMKOB KOMILIEKCHOM CU-
CTeMbI HeOOXOIMMO 06ecreunTh CpecTBaMM MHPOPMAIMOHHON MOAIEePKKHM, UCIIONb3YsI KOTOPble pas-
pPaboTYMKM CMOTYT PallMOHAJIBHO OPTraHM30BaTh MPOIECC TeXHOMIOTMUeCKOo afjanTaluy KOMITbIOTepHO-
MHGOPMAIIMOHHO CUCTEeMbl B OOIIEeM KOHTEKCTe pellleHMs MCXOMHOI Ipobiembl. COOTBETCTBYIONIAS

Puc. 2. Mozesnb 00TS;KHOTO ITyaHCOHA U TTOJIOKEHVE
Ha [TOBEPXHOCTM KOHTYpPa JeTasI OOIIMBKY CAMOJIETa,
(opmoob6pasyoIero KOHTypa 1 eHTPaTbHOM
TIOTIePEYHOI JIMHUY, Ha TIepeceueHNM KOTOPBIX
0603HauUMIaCh BEPIIMHA TTOBEPXHOCTHU
OOTSDKHOTO ITyaHCOHA
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mHbopMaIMs MPefCcTaBsieTcss B popMe MOLeny CUCTeMbI MU TTPOOIeMHOI 06/1acTu B 11€JI0M Ha HEKO-
TOpoM (hOpMaIbHO-TIOTMYECKOM sI3bike. OIHAKO TPU aHaIM3e 0COOEHHOCTel reoMeTpuueckoii hopMbI
HOBBIX 000JIOUKOBBIX AeTajieit 6eCMIOTHOM aBMalM He XBaTaeT JaHHbIX, KOTOPble MOXKHO ObLIO ObI 13-
BJIeUb 13 BBIUMCIUTEbHBIX SKCIIEPUMEHTOB. ITO 3HAUUTENbHO YBEJIMUYMBAET PUCKY JIOKATbHOTO YTOHEHMS
1 06pa30BaHMS CKIALOK JIMCTOBOI 3arOTOBKYM TPy (hopMooOpa3oBaHUM OOTSIKKOI, a B TpeACTaBIeHUN UX
MTOBEPXHOCTEN He BBISIBJISIOTCS 00BOJ0006pa3ylollye KOHTYPbI, XapaKTepHble NI/ adpOIMHAMUKM CaMO-
JletTa ¥ monaxopsiias nHbopManus 0 XxapakTepe KpUBM3HbBI (POPMOOOPa3yIOIIero KOHTypa U MOMOKeHUN
BEPINVMHBI MOBEPXHOCTH OOTSDKHOTO IMyaHCOHa (puc. 3).

Puc. 3. [IBe Momesu OGTSIKHBIX ITYaHCOHOB 1t hOpMO0OGpa30BaHuMs
060JTOUKOBBIX JieTaseit OMHOTO 13 U3IeIus 6eCITMIOTHOM aBuaun

Taxoil xapakTep HeOIlpe[eleHHOCTH SIBJSIETCS CIeICTBMEM TOTO, UTO B Ipoliecce J000i CUCTEMBbI
MIPOUCXOASIT OTKJIOHEHMUSI OT KeJIAeMOI M MPOTHO3MPYEMO TPaeKTOpUM. ITO MOXKET ObITh CIEACTBUEM
OIIMOOK B paHee MPUHSTHIX PElIeHNIX, HO 3a4acTyl0 OTKJIOHEHMS BbI3bIBAIOTCSI OObEKTUBHBIMU U TIIIOXO
MIPOTHO3YPYEMBIMMU ITPUIYMHAMM, MHOTME 3 KOTOPBIX TOCTOBEPHO OIEHUTH OBIBAET HEBO3MOXKHO.

Peub maeT 0 TOM, YTOOBI BCS AOCTYITHASI MHGOPMAIINS O pelleHU ITPOo06JIeMbl TOJIKHA OBITh 3aUKCHU-
poBaHa B BUJie HEKOTOPOI Mogeny cucteMsl. [Ipy 3TOM Moz emnb JOKHA YI0BIETBOPSITh NIPUHLNITY afleK-
BATHOCTM TIPU OTPaskeHMM OCHOBHBIX 0COO@HHOCTEN CUCTeMbI OpUrMHaia. Jpyrumu cioBaMu, MOZENb He
JIOJKHA ObITh HY TTOBEPXHOCTHOJ (HEMOJHOII), KOTOpAasl He YUMTHIBAET CYIeCTBEHHbIE aCIIeKThI CTPYKTY-
PBI WU TIOBEJIEHMSI CUCTEMBbI-OPUTMHAA. A TaK JKe He TO/DKHA ObITh U3JIUIIHE CJIOXKHOM WIIM M36bITOUHOI,
B paMKaxX KOTOPO¥ pa3pabOoTUMKy IBITAIOTCS YUECTD Jlaske HeCYIeCTBEHHbIE C TOUKM 3PEHUST MCXOMHOM
Mpo6IeMbl JeTaau CUCTeMbI-OpUTMHAIA.

s mocTpoeHMsT Mopeneit UCIOMb3YIOTCST (popMasbHO-TeopeTHueckye MeTOIbl, OCHOBaHHbIE Ha
JayibHelilleM pa3sBUTUM MaTeMaTUUYeCKUX U JIOTUUECKUX CPeICTB MoAeapoBaHus. [IJis 3TO ey Takxke
MpeIJIOKEeHBI pasanyHble rpaduveckye HOTAUUM M MOJeTMPOBaHMe, B TOI MM MHOW CTEIIeHM OTpaykaro-
e crielumKy peniaemMoit 3aJauy TEXHOJIOTMYECKON ajanTaly Ha OCHOBE ITPUMEeHEHMSI COOTBETCTBY-
IOIIMX TPOrPaMMHbBIX MHCTPYMEHTAaPUEB.

ISt ToCTpOEeHMsT aAeKBaTHOM MMMUTAIMOHHO MOV CMCTEMbI B TAHHO CUTyaluu TpebyeTcst 60J1b-
moii 06beM arnpuopHoit nHbopmauuu. [Ipexkne Bcero sta nHbOpMaLMs O MOCAeA0BATENbHOCTM OTepa-
L[Mi1, BBITIOHSIEMBIX PAbOUMMM MeXaHM3MaMM PacTsKHO-006TsKHOTO mpecca PO-3M coriacHO m1aroBbiM
IBVDKEHUSIM IIMKI0BOM AyarpaMMbl. OCHOBHBIM MCTOUHMKOM ITOIydeHMsI MHGOPMAIIUY O IaroBbIX JIBY-
SKeHUSIX TIpecca SIBJSIeTCs M3MepeHye IapaMeTpOB yIIpaBIeHys ¢ MOMOIIbI0 ItaruHa ABuad®opm U mpo-
BeJleHMe BbIUMCIUTENbHBIX IKCIIEPUMEHTOB.

OnmHako B YUIOBMSIX allpMOPHOV CTPYKTYPHOI HeollpeaeleHHOCTM MeHSIeTCsS PUHLMII ITpeAcTaBiie-
HMS UCXOJHBIX TaHHBIX ¥ MMapaMeTPOB MOJe/M, CTAHOBSITCSI HEOJHO3HAUHbIMM TIOHSITUSI pellleHus 3aaa-
Y M ONTUMAJIbHOCTU pelleHys. TIONbITKM MPUMEHEeHUsI KaKOro-nb0 KOHKPETHOIO MaTeMaTUYeCcKoro
anrapara Ajisl IpUHSATUS pellleHunii B YCJIOBUSIX allpMOPHOI CTPYKTYPHOJ HeomnpeneaeHHOCTH IT03BOJISIET
aZeKBaTHO OTPa3sUTh B MOJIE/IN JIUIIb OTAe/NbHbIE BUABI JAHHBIX, UTO IIPMBOAUT K 6€3BO3BPATHOII TIOTEpe
MHbopMaIUK APYTUX BULOB [7].

[lepeunciieHHbIe TPOOGIEMBI YAAETCS PELIUTD, €CJIM UCIIONb30BATh TPUHLMITBI aAANITAlM. ATATITALIMS
— 3TO MPOLIeCC U3MeHeHMSs TapaMeTPOB, CTPYKTYPbl, BXOJHBIX JAHHbIX CUCTE€MbI, HA OCHOBEe TeKyIlei MH-
dbopmanyu j1s JOCTVKEHMS 1eJ1eil yIIpaBieHus, B YCJIOBUSIX alIpYMOPHO HEOTIpeaeIeHHOCTM U ITlepeMeH-
HBIX YCJIOBMSIX pabOThI. AITPMOPHAS CTPYKTYpHAsT HeoIlpeeIeHHOCTh KOMIIEHCUPYETCS TeKyIein MHPOp-
MalMeil C MCIOIb30BaHMeM Iporiecca obyueHus1. [103ToMy IIpUIIM K HEOOXOAMMOCTY PacCMaTpUBaTh
MHOKEeCTBO BO3MOXKHbBIX BApMaHTOB IOIIATOBbIX JBIDKeHN pabounx opraHoB mpecca PO-3M, uTo6bI TOU-
Hee CIIPOTHO3MPOBAaTh MOCAEACTBMS IPY KOMIIBIOTEPHOM MOZEINPOBAaHUM, COKPATUTDh YMCJIO BAPMAHTOB
JI0 YPOBHS aJIbTeDHATUBHOIrO BapyaHTa 3a CYeT pellleHNs 3a5a4uy TEXHOJIOIMYEeCKOoli afanTalymu rnpoiecca
dbopmoobpasoBanys, 1 06ecrieunTb 3QPEKTUBHOCTD BRIUNCIUTENIBHOTO aJITOPUTMA.

B TakoM cIydae yBeMUMBAETCSl YMCIO ajlbTepHATUB [JIs IOTyYeHMsI JKeJlaeMoli 10CIe0BaTeTbHOCTU
IIATOBBIX ABMsKEHMIT TTpecca pyu GopMoobpa3zoBaHUM OOTSKKO TMCTOBOV 3aTOTOBKM, IPOMCXOIUT HAKO-
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TJIeHMe TeKylei Mubopmalnm, KoTopas B JaJbHelIeM UCIIOAb3YeT s I/ KOMIIeHCAIlMY HeolpeaeneH-
HOCTY U peanu3aluu Leseii yrpasaeHus. 751 pelieHus 3Toii MpobieMbl HE0OXOIMMO OCYILIeCTBUTH ITPO-
1ecc uaeHTUGUKAIMA, T.€. BBIIBUTh OCHOBHbBIE (DAKTOPHI B YCIOBUSIX TIOJX0/1a, OCHOBAHHOTO Ha HEUETKO
MHOX€eCTBEHHOM MX OMMCAaHUM U IIPUHSTD yIIPaBAeHUYeCKOe pelleHye. 3aTeM MPOMU3BECTU yUeT — OCylle-
CTBUTD BbIOOP ONITMMATbHOM MOV OMMCAHUS CUCTEMbI, CTTOCOOHOI HATJISTHO IeMOHCTPUPOBATh Pabo-
Ty 060pymoBaHus B ¢hopmaTe yIpapiseMOro ajiropuTMa 1 MporpaMMHO peanu3aluy TeXHOIOTMUeCcKoii
agarnranuu rmpoiecca dopmoobpasoBanus [8].

Ins perieHus 3a4a4y TeXHOJIOTMYECKOM amanTalum mpoiecca GopmMoobpazoBaHmsl TOHKOIMUCTOBBIX
HOBBIX OOOJIOYKOBBIX JeTajeil HeoOXOoOMMO TMPOLO/IKATh MCIIONb30BaTh KOMITbIOTEPHO-MMUTAIMOHHOE
MOZe/MpPOBaHye, 6bITh TOTOBBIM Pa3paboTaTh M pean30BaTh IMOKYI0 MaTeMaTUUeCKYI0 MOJelb Omuca-
HMSI CUCTEMbI JOTMOJHUTENbHBIX 3aKIaJ0K B IporpaMMHOM Mopyne ABuad®opm B yCJIOBUSIX IPUHMMAae-
MBbIX yIIpaB/ieHUeCKMX pellieHuii. Eciu mpy 3ToM aBTOMaTU3MpoBaTh MaTeMaTUIYEeCKYI0 MOJIe/Ib OMCaHUS
CUCTEMBI, TO 3TO MO3BOJUT YMEHBIIUTD BpeMSI Ha ee ITOCTPOEHNE.

Bo3MoxHO, A/ pellieHUMs 3aJauyy TEXHOJIOTMYECKOV ajanTalyuy He CYIIeCTBYeT aJiroputrma U
MpeIosaraeTcs AeaaTh BHIOOP MeXIY MHOIMMU BapuaHTamMu. [Ipy 9TOM TUNIMYHBIM CTAaHET CIyvaii,
Korpa mpobaema yrpaBieHus] 00beKTaMi B YUIOBUSIX HeollpeaeneHHOCTH TpeGyeT BBOAUTH B CUCTe-
MY 3JIeMEeHTbl HEUeTKOI'0 MOJeJMPOBaHMs, HO IPM 3TOM Takye 3J1eMeHTbI IT03BOJISIIOT LOCTUTATh Tpe-
6yeMOTo KauecTBa yIpaBIeHUs B U3MEHSIOUIMUXCS YCA0BUSIX. OCHOBHBIM MHCTPYMEHTOM HEUYETKOTO
MOJIe/IMPOBAHMUS SIBJSIIOTCS QYHKUMM MPUHAAIEKHOCTU, KOTOPbIe 3aal0T YBEPEHHOCThb, C KOTOPOIi
MHOXeCTBO BO3MOSKHBIX BapMaHTOB IMOUIATOBBIX ABVKeHMI paboumx opraHoB mpecca PO-3M mpu-
HaJJIeXXaT 3aJaHHOMY HeueTKOMY UMCTy 11abJ0HOB cr1oco60B ¢popMooOpasoBaHus B MPOrpaMMHOM
mopyiie Apuad®opm.

OcHOBaHMEM ISl TIOCTPOeHUsT YHKIMMU TPUHANIEKHOCTU MOTYT CIYKUTb SKCIIEPTHBbIE OIIEHKU,
CIIpaBOYHbIE WJIM HOPMAaTHUBHbIE JaHHbIE, YUTOObI COOTBETCTBOBATh 3apaHee CHOPMYIMPOBAHHBIM YCJIO-
BMSIM. DKCIIepTHas MHGOpMAIMsI SIBIISIETCS TOMBKO UCXOAHOM nHbopMalmeit 0jis ganbpHeriieit 06paboTKu
U OTpakaeT MHEHME IKCIIEPTOB (TeXHOJIOTrOB). VICIoNb30BaHMe COBPEMEHHBIX CUCTEM IMOAAEPXKKU MPU-
HSITUS pellleHu i, TPy KOTOPBIX OyeT peliaThCs 3aaua TeXHOIOTMYECKOM afanTaluy MOKET IIPUBECTY K
pelIeHnIo 3314 ONTUMM3aLyH CJIeSyI0Iero cocTapa:

- BosibIIIoe YMc/I0 BO3MOSKHBIX BAPMAHTOB. B TaKMX CTy4yasix MOHBINM mepe6op MpakTUUeCcKy HeBO3-
MOXKeH, TIpuaeTcs: GopMy/InpoBaTh 3a7auy Ha S3bIKe MaTeMATUKM U TMIPUMEHSTh CIlellabHble MeTOZbI
TOMCKa ONITUMAJIbHOTO pelleHus.

- Hanuune HeompenenéHHbIX (GakToOpoB. [IpucyTcTBMe HeompenenéHHbIX (DAKTOPOB MPUIAET 3a-
Jaue ONTUMM3aIMM HOBOe KauecTBO. OHA CTAHOBUTCS B YCJIOBUSIX HEOTIPEIeIEHHOCTH 3a/iaueit 0 BbIOOpe
peleHMs (HaWIy4yllero BapuaHTa).

- [IpoTuBOpeunrie MeXXay pa3iIMYHBIMMU KpUTepusaMu. Ecinu e HaXoosTCS B MIPOTUBOPEUYNHA APYT
C IPYTOM, TO He CYIIeCTBYEeT ONTUMAaIbHOTO PellleHNs, KOTOPOe YOOBIETBOPSIIO 6bI BceM KpUTEPUSIM 3¢-
bexkTuBHOCTN. B 3TOM CiTyuae BBOAUTCS MOHSITHE «3(Q(EKTUBHOE pelieHue».

B 3apauax TeXHOIOrMYeCKOi afanTaluy HeolpeaeleHHOCTb MPOSIBISIETCS. B HeJOCTOBEPHOCTU U He-
TIOJTHOTE MCXOOHBIX TaHHbIX, HeaIeKBaTHOCTHU UCII0/Ib3YEMbIX COOTHOLIEHUI U IPOTUBOPEUMBOCTU CUCTE-
MbI OrpaHnyeHuii. PellleHre KOHKPETHBIX 3a7a4 C YUeTOM HEYeTKOCTYU XapaKTepUCTUK OOBeKTa, IPOsIB-
JIeHMsI BHeIIHEe! cpelbl ¥ HapyIIeHUs UCXOAHBIX MPeATIOChIIOK TpebyeT pa3paboTKy MHTENIEKTyaIbHbIX
(9KCIIepTHBIX) MPOLeAYDP MPUHATUS yIpaBleHYeCKUX PelleHuit C OpyueHTaluuell Ha CyleCTBYIOLIMIA BU,
HeollpeeIeHHOCTM U HeUeTKOCTb MCXOTHOM MHDOopMaIn.

Vi3yueH1e noBeeHNs CIOKHBIX 00bEKTOB Ha UMUTAIIMOHHO MOe/Iy HAMHOTO yIo0Hee, ueM U3y4yaThb
peanbHbIN Qu3nUecknii 00bEKT, a Uel0BeK, MTPOBOISIINI BBIYMCIUTETbHBIN SKCIIEPUMEHT, SIBJITeTCS Ta-
KM 3Ke MCCIeoBaTe/ieM, Kak U 4eJIoBeK, paboTawluii ¢ peaybHbIM, pu3ndueckum 06beKTOM. Bbruncin-
TebHBIN SKCIIePUMEHT TT03BOJISIET TIOYUaTh JaHHbIE O ITapamMeTpax 00beKTa AJIsl BBIMOTHEHMSI eT0 OTTH-
MM3alMK, TIPOTHO3MPOBAHMS €T0 COCTOSTHMSI, TIOMYyYaTh MHMOPMAIIMIO O CKPBITHIX TTapaMeTpax, KOTOpbie
B peaJibHOM, GM3MUYECKOM 00BbeKTe MOMyUUTh HEBO3MOXKHO. [IJIs1 BOCTIpou3BeneHMs Tporiecca GyHKIMO-
HUPOBaHUS BUPTyasbHOrO Iipecca PO-3M 6bu10 opaboTaHo IIporpaMMHOe obecrieueHye mporpaMmMHOTO
mopnyis (iarud Asmua®opm Komnac PO-3M Bepcun 1.0.27) [9].

1. AcieKTbI METOAVIKY JiJIsl pellleHMs 3aJa4y TeXHOJIOTMYeCKOl ajanTanumn

OCHOBHBIMM TPUYMHAMM TOSIBJI€HUSI allpMOPHOJ HeONpeneeHHOCTU SIBJSIIOTCS OTKIOHEHMST pas-
paboTaHHBIX VCXOLHBIX MPEAIIOCHIIOK OT PeaabHbIX MPUHITUIIOB aBMALIMOHHOTO TTPOU3BOACTBA, Helpe -
CKasyeMble BOJIEBble pellleHMsI OPraHM3alMOHHBIX BOIMPOCOB, M3MEHSIOMIMECS HeCTyYaiiHbIM 06pa3oM
yCI0BUST pabOThI U MIPOSIBJIEHMS BHEIIIHel CpeJibl, HelleJleBoe MCIIOIb30BaHMe TeXHOIOTMYECKOT0 060py-
IOBaHMSI. BIOOP TOTO MM MHOTO MOAXO0/A VCC/IeJOBAaHNS 3aBUCUT OT YCJIOBMII pellleHMs] KOHKPeTHOI 3a-
Ayl TeXHOJIOTMUeCKOi aianTalyy, a Takke MMeolecs B HaIMuUMe y pa3paboTyumka MporpaMMHOro obe-
CrieyeHus1, peayin3yIollero TOT Wiu MHOM MeTof. [IpuBeieM HEKOTOPbIE acIlleKThbl, KOTOPble YUUThIBAETCS
MIpY TAKOM METOLMYECKOM TMOAXOE:
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- TeomeTpus 060;10UKOBO¥ geTanu. Heo6XonuMo CTPOUTb TeOMeTPUUeCKYI0 MOJIETb OOTSSKHOTO ITy-
aHCOHA C YYETOM COBMeEILleHNSI eT0 IMTOBEPXHOCTHO MOI06HO IMHUY, 06pa3yeMasi pabouelt MOBepXHOCTbIO
OOTSKHOTO TTyaHCOHA B CEYEHMM, ITle OHA HaMOOoJIbIIas, C HalpaBaeHeM ITPOKAaTKU JIMCTOBO 3aTrOTOBKMU
B CMCTeMe BePTUKAIbHBIX IIJIOCKOCTEN CMMMETpUM OOTSIKHOTO ITpecca.

- Pa3smepsblI JMCTOBOI 3aroTOBKM. YCTaHaB/IMBAIOTCS Ha YPOBHE «II€PBUYHOI» OLIeHKM Mpolecca
bopmoobpazoBaHMs OOTSIKKOI B ITPpOrpaMMHOM Mogy/ie ABua®opm. Bausiior Ha KMHeMaTudyeckue BO3-
MOSKHOCTH IIpecca, B YaCTHOCTH, Ipu (HopMOOOpPa30BaHMM KPYITHOTA0APUTHBIX AeTasieil CJIOKHONI Ipo-
CTPAHCTBEHHO (POPMBI.

- Texkymee 1ed)OpMUPOBAHHOE COCTOSTHME JIMCTOBOV 3arOTOBKM. YUMTHIBATh JaHHbIE O MaTepu-
aje, CTeleHb BIAMSHUS KosduieHTa TpeHus: Ha 1edopMUPOBAHHOE COCTOSIHME JIMCTOBON 3arOTOBKY,
YUMTBIBAS JIOKAAM3amuio geopmanyy B MecTaX KOHIEHTpALUM HampsKeHUsT M KMHEMAaTUYeCcKue BO3-
MOSKHOCTY CIIeLIVaIN3UPOBAHHBIX PACTSKHO-O0TSSKHBIX ITPECCOB.

- lllaroBbie 3HaUEHMS MepeMelleHNiT 00TSKHOTO mpecca. PaccMaTpuBaTh MHOKECTBO BO3MOKHBIX
BapMaHTOB IIATOBbIX ITepeMelleHMii ITpecca /i MOBBILIEeHNMS KauecTBa MoydaeMoit 060/I09KOBO IeTasIu.

[TpoBomVIMbIE HAMM MCC/IeNOBAaHMS TTpo1eccoB hopMOOOPaA30BAHMS OOTSIKKOM TOHKOIMCTOBBIX 060-
JIOUKOBBIX JieTajielt 061IMBOK COBPEMEHHOTO CaMoJIeTa, TT03BOJISIIOT MOKA3aTh Pe3y/IbTaThl TPEMMYIIeCTBa
MCIIO/Ib30BaHM IIPOTpaMMHOTr0 KomIuiekca QForm:

- BO3MOKHOCTb TOUYHOTO MoOZenmnpoBaHus. [[porpamma co31a€T TpEXMepHOe CXxeMaTU4yeckoe Mpe-
CTaBJIEHME TIpecca ¥ KOHEUHO-3JIEMEHTHYIO CETKY, pelpe3eHTUPYIIYI0 hopMupyemMbIi auct. HTepdeiic
MI03BOJISIET MTOJIb30BATENTI0 MMITIOPTUPOBATH TBEPAOTENbHYIO MO/IEIb OOTSIKHOTO ITyaHCOHA U YITPaBJISITh pa-
60uYMMY IVUIMHAPAMM BUPTYaJIbHOTO ITpecca ISt HACTPOMKM Pa3IMUHbBIX €I0 KUHEMAaTUYECKUX COCTOSTHUIA.

- llonGop onTumManbHOro peskumMa opmoodpazoBaums. MoKHO Mofo6paTh KMHEMATUUECKUI 11aro-
BBIl PESKUM MMUTAIMM PACTSDKEHMST JIMCTOBOJ 3arOTOBKM C MaKCUMM3alueii crerneHn ¢hopMoobpasoBaHmsI
TP IOITyCTMMOM YPOBHE YTOHEHMSI JIMCTOBO 3ar0TOBKM. KOppeKTHpoBKa OCYIeCTBISIeTCS 10 pe3y/ibTaTam
aHaIM3a 3HaueHuit JedopMalyy 1 TOMIIMHBI B 0003HAUEHHBIX TOUKAX Ha TOBEPXHOCTH JIMCTOBO 3aTOTOBKM.

- KouTpons paBHOMepHOCTHU Hedopmanum. XKECTKOCTh KMHeMaTHUeCKo cxeMbl (popMoobpa3oBa-
HUSI OOTSKKOI 06ecrieumBaeT KOHTPOJIb PABHOMEPHOCTH AeopMaliy pacTsSsKEHMS JIMCTOBO 3arOTOBKM.
OTO NMPUBOAUT K KOHTPOIMPYEMOI TOUHOCTH TTOTyYEHMSI TeOMETPUUECKOi (hopMbl 060I0UKY, K TIpeICcKa-
3yeMOMY M3MeHEeHMIO TOJIIMHBI B Pa3IMYHbIX 00/IACTSX JIMCTOBOM 3aTOTOBKM O€e3 jjoKkanu3aiuu nedopma-
LIMU, OTCYTCTBUIO CKIaJOK U Pa3pbIBOB.

- UmurtanuonHoe mopenupoBaHue. OTpaxkaeT pasBuTue mpoiecca GopmMoobpa3oBaHMUs JUCTO-
BOJ 3aTOTOBKM BO BpeMeHM Mpy 3aJaHMM BHEITHUX BO3[eiCTBMII COIaCHO KMHeMaT/YeCKOMY I1aroBo-
MY PEXUMY UMUTALMM PACTSKeHMS TMCTOBOV 3aroToBKM. [103BOJIsIeT MpocMaTpuUBaTh U aHAJIU3UPOBATh
nporecc nedpopmaiuy B 10607 MOMEHT BpeMeHU. MOXXHO KOHTPOJIMPOBATDH U OMPEeNeNsTh 37eMeHThI
JIUCTOBOJ 3arOTOBKM B Pa3HbIX YYACTKAX MB XapaKTePHBIX TOUKAX HA ITOBEPXHOCTY 0OOJIOYKOBOI eTa-
Jii. MOSKHO OLIEHMBATh TTapaMeTpbl IUIaCTUYEeCKOi e opmaliyu, TOMIIMHY JMCTOBOM 3arOTOBKU U IIpe/I-
CKa3bIBaTh HaMuMe HedeKToB: CKIOHHOCTh K CKJIaIKOOOPa30BaHMIO M MeCTOIOJIOKeHMe JIOKaIN3aIUn
nedopMaly Kak BOIM3Y 3aKMMHBIX I'YOOK, TaK U B IPYI'MX MeCTaX, 0COOEHHO, CBSI3aHHBIX C «KOJTU3UEN»
reoMeTpPUM TOBEPXHOCTY HOBBIX 000I0UKOBBIX JIeTaIe.

B pa6ore [10] 6puTM ITpOaHANMM3MPOBAHBI JAHHBIE KaJMOPOBOYHBIX HAIAIOK PACTSKHO-OOTSKHOTO
npecca PO-3M ¢ nomoinbio Moay/s ABua®opm, pe3yabTaTbl paCUeTOB B ITpOrpaMMHOM KomIuiekce QForm,
U TIpeBapuTeIbHbIE UCITBITAHNMS KOMIIbIOTEPHO- MH(GOPMAIIMOHHOM CCTeMbI. ABTOHOMHBIN PEKUM UC-
MIBITaHMS TIPOBOAMIICSI HA pabouem MmecTe APM TexHoJIOra COTNIaCHO MHCTPYKIMY ABrMad®opM. 3aITyCKaICh
110 moxmynst ABuad®opm u Komrac-3D, KoTopble comepskaT Mmoesb rpecca PO-3M. Ha unTepdeiice rarm-
Ha 3a7jaBajlach, COIVIACHO BJIOYKEHHOMY IIa6/IOHY, ITOC/IeN0BATeTbHOCTh IIATOBbIX 3HAUEHMII Iepemele-
HMIT paboumx OpraHoOB BUPTYyaabHOro mmpecca PO-3Mpyist mpoeKTupyemMoro mnpoiiecca GopmMoobpasoBaHms
0OTSIKKO? KOHKpPETHOV 060/10YKOBOJ IeTain. BBeeHHble 3HAUeHMSI IIar0B ITepeBOASsITCS o hopMyaaM B
TIOJIO’KeHMST OPTaHOB IIpecca 1 0TOOpaskaloTcsl B okHe Kommac-3D.

Ha nop6op 1maroBbix 3HaUeHNU epeMeleHns: pabounx OpraHoB BUPTYaJIbHOTO IIpecca mpyu Gopmoo-
6pa30BaHMM TOHKOIMCTOBBIX 000IOUKOBBIX JIeTael BAMUSIOT, HalIpuMep, Takue GaKkTophbl:

- Pa3zMmepsl IMCTOBO 3arOTOBKYU M reOMETPHUSI OOTSDKHOTO IyaHCOHA. HerpaBmibHO BhIOpaHHbBIE
rapamMeTpsl pa3MelleHus ITyaHCOHa M pa3Mephl JIMCTOBO 3arOTOBKM MOTYT IMPUBECTU K TOMY, UTO IJIs
IBUKEHUS] ee KOHIIOB He XBaTUT KMHeMaTUUeCKMX BO3MOYKHOCTel Iipecca, a HallpaBjieHMe PacTsSKeHUs
TIpM OOTSKKE He COBIAJaeT C HalpaBieHeM IMPOKATKM JIMCTOBOTO MaTepuara.

- IlorpenrHOCTH YCTAHOBKM OOTSI>KHOTO MyaHCOHA Ha cTo mpecca. OHM MOTYT ObITh TMHENHBIMU
Y YIJIOBBIMM OTHOCUTEJIBHO BEPTUKAIBbHBIX IVIOCKOCTEN cuMMeTpun rpecca PO-3M. IlocTpoeHne reome-
TPMUUECKOI MOfenu OOTSKHOTO ITyaHCOHA BBITIOMHEHO 6e3 yuéTa HallpaB/ieHUsT ITPOKATKY JUCTOBOI 3a-
rotoBKM. OTCYTCTBYET OPMEHTALMSI TOBEPXHOCTY OOTSIKHOTO ITyaHCOHA OTHOCUTETbHO OCHOBHO JTMHUU
KpUBU3HBI 110 (hopMO0oOpasyiolieMy KOHTYpY, HalpaBjieHye KOTOPOTo JO/DKHO COBIALATh C HAlpaBIeHN-
€M pacCTsSDKeHUS ITPY O0TSIKKE.
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- He ompeneneH onTuMaabHbIM KMHEMAaTUUYECKUIA IArOBbIi peXXM. B OCHOBY ONTMMAaJIbHOIO LIaro-
BOTO pekuMa IOJIOKEHO yBeauuyeHue cTerneHy GopmMoobpa3oBaHysl 3a CYET COBMeIeHNST HallpaBieHus
paCTSDKeHMS TTPY 00TSKKe ¢ HaITpaBjIeHeM ITPOKATKY JIMCTOBOTO MaTepuaia.

«IKcropt daitima QForm» BeI3bIBAET AMAIOT SKCIIOPTa Mofeny B daiii, mpegHa3HauYeHHbI 111 pacueTa
B QForm. MoykHO 3a/1aTh BpeMsi CUMYJISILIMM U Pa3Mephl /IeMeHTa PacyeTHOM CEeTKM JIMCTOBOM 3arOTOBKH,
KOTOPbIE BAMSIIOT Ha BpeMs ¥ TOYHOCTb pacuera. lllary aHMManmuy COXpaHstoTCs B BUle MaTPULLbI YIIPaBIIsi-
eMbIX KOOpaMHAaT Ha nHTepdeiice APM TexHosOra OTAEMBbHBIM (GaitioM,  OH IiepeaeTcs uepes IporpaMm-
HbIl MHTepderic mpuioskeHMUIAPI B MamHHbI Kom UITY pacTsskHOo-06TssKHOTO 1ipecca PO-3M. Bce BBemeH-
Hble B IutaruH ABnad®opm TaHHbIe, BKII0UAs yIIpaBaeHue 1 MO3UIMOHMPOBaHYE KaKIbIM pabounm opraHoM
BUPTYaTbHOTO PACTSKHO-OOTSKHOTO TIpecca, IyTh K (aiiry 06TSKHOTO ITyaHCOHA, pa3Mephbl TMCTOBOI 3a-
TOTOBKM M APYTHe TTapaMeTpbl KasKIOTo ara ABMKeHMST MOXKHO COXpPaHUTh B popmate xml.

B pesynbraTe onTuUMasibHOE yIIpaB/ieHME peann3yeTcsl C MOMOILbI0 MMUTALMOHHOIO MOZEeIMpoBa-
HUSI — TEXHOJIOTMU, KOTOpast TOBTOPSIeT paboTy peaabHOro o6beKTa B udbpoBoit cpene. BoT HekoTOpbIe
0COOEeHHOCTHM Halllero MoaxXoaa:

- BO3MOKHBIV YUYET CMMMETPUYHBIX B3aMMOCBsI3el B Ipoiiecce GopMooOpa3oBaHMsI OOTSIKKOM,
YTO COKpAIlaeT YMCI0 BApUAHTOB U obecreunBaeT 3¢ HeKTUBHOCTb BBIUUCIUTEIBHOTO aITOPUTMA.

- KoHTpOo/nb coxpaHeHUsI MeCTOIOIOKEHUSI Hanoonbmux gedopmanuii B cpefHeit 4acTu JIUCTO-
BOJi 3arOTOBKM, HO JJISI 3TOTO HYKHO MTPaBMIBHO MO3ULIMOHMPOBATH OOTSKHO ITyaHCOH Ha CTOJIe Mpec-
€a, 3HaTh TPAEKTOPUIO ABMKEHMS 38KMMOB OTHOCUTENbHO TTIOBEPXHOCTHO MOA0OHO TMHNUY, 06pasyemast
paboueit MOBEPXHOCTHIO OOTSIKHOTO ITyaHCOHA B CEUeHNN, T/ie OHA HaMOObIIas U ee MeCTOTONOXKeHe B
BEPTUKAIbHOJ MPOAOIBHO INIOCKOCTU CUMMETPUH TIpecca.

- PyyHass KOppeKTHUPOBKA 3HAYEHUI YIIPaBsieMbIX KOOPAMHAT B MPOTpaMMHOM MHTepdeiice
yIIpaB/ieHMs] BUPTYaJabHOM MOMeNM Ipecca MO pe3ylbTaTaM BbIYMUINTEIbHOIO 3KCIIepUMMEHTa B IIPO-
rpaMMHOM KoMILIekce QForm.

2. ABTomaTusanys GyHKIMIiI IS 3aK/IaZl0K B MporpaMmMHoe obecrieuenvie Asua®opm Bepcun 1.0.27

B cBs131 ¢ 0603HAUEHHOII cuTyaLMeit oyst paboTel B APM TexHosora MoCTYIA/IO TIpeIioskeHyie aBToMa-
TU3UPOBATH HEKOTOpPbIe MYHKIMY TPUHAMJIEKHOCTH, a B pOrpaMMHoe obecrieueHne ABrad®opm BHECTU
JIOTIOJTHUTE/IbHbIE 3aKIafKU IJIs1 aBTOMAaTU3alMM BBIYMCIIUTENbHBIX SKCIIEPUMEHTOB Ha M3MEHEeHMS yCTa-
HOBJIEHHBIX TTApaMeTPOB U UX UAEHTUDUKALIMM 71T MOZEeTMPOBAHNS C TPYMeHeHeM KOHKPeTHOM Mozen
OOTSDKHOTO ITyaHCOHA (PUCYHOK 3a). OTO MTO3BOIM/IO BBISIBUTh OCHOBHbIE (DaKTOPBI U IIPUUMHBI BOSHUKHO-
BEHMSI allpMOPHOIL HEOTIPeNeIeHHOCTY U OCYILECTBUTD BbIOOP OMITUMAaIbHOM MOMAEIN OMMCAHNUS CUCTEMBI.

®yukuys 1. OnpeneneHne TEXHOIOTUYECKOI BO3MOKHOCTY M3rOTOBIEHNS 000/I0UKOBO AeTa/In
Ha Ipecce, TaK Kak IIpecc MMeeT OrpaHMYeHus 110 NepeMelleHUIO VCIIOTHUTEeIbHbIX MeXaHU3MOB.

®Oyuruua 2. Ha ocHoBaHUM JAaHHBIX U3 QYHKUMM 1, BBIIOJIHUTH ONTHUMM3ALUI0 T€OMEeTPUN
OOTSDKHOTO ITYaHCOHA, B TOM YMC/Ie OPMEHTANUI0 ITIOBEPXHOCTY B paboueii 30He IIpecca OTHOCU-
TeJIbHO HAIIPaBJIeHMUSI O0TSKKU.

B 10 ABua®opm Bepcuu 1.0.27 6bUT BBeIeH aBTOMATUUECKUit TTOAO0P IIMHBI TUCTOBOI 3arOTOBKMU
C BO3MOXXHOCTbIO M3MeHEeHMsI TeEXHOJOTUYECKMUX MPUITYCKOB. [lepBOoHavanibHble 3HaUEHUS TEXHOJIOTUYe-
CKMX TIPUITYCKOB ObIIM B3SIThI M3 CIIPABOUHOM JOKYMEHTALUU C YYETOM TEXHOIOTMUECKO BO3MOKHOCTHU
M3TOTOBJIEHMS 000/I0UKOBOIE TeTann Ha mpecce PO-3M, KoTopast oripezesieTcs He06X0IMMBbIM ITOABEMOM
CTOJa 0 MOMeHTa KacaHMs TOPU30HTAIbHO PACIIONIOXKEHHOTO JIMCTA BEPUIMHbI TTIOBEPXHOCTY OOTSIKHOTO
MyaHCOHA B MPSIMOIMHEIHO PaCIIONIOKeHHBIX 3a5KMMHBIX TYOOK 1 TTIOBOPOTOM 3KMMHBIX TTUT C YIIAMMU
06b1aHO 10 30° o151 060pauMBaHMSI JIMCTA 110 TIOBEPXHOCTHO MOA006HOI IMHMM, 06pa3yeMoii paboueit mo-
BEPXHOCTbIO OOTSIKHOTO ITyaHCOHA B CeUeHMM, Tie OHA HaMOOoJbIasl.

V3MeHeHMs TEXHOIOTMYECKUX ITPUITYCKOB BO3MOXXHO TOIBKO B CTOPOHY UX yBenuueHus. OfgHaKko Je-
JaTh GOMbIIMe TIPUITYCKY He CIelyeT, TaK Kak OyAyT pacTsruMBaThCs Te€ YacTU JMCTOBOI 3arOTOBKM, KO-
TOpbIe He JIeXXaT Ha MOBEPXHOCTM IyaHCOHA. PacyeT ocyllecTBisieTcsl ITyTeM BBOJa 3HaY€HMS 3aMepa C
CAD-Mopenu IjiMHbI TTOBEPXHOCTHO MOA0OHO KPUBOIi, 06pasyemMoit paboueii TOBepPXHOCTbI0 OOTSIKHOTO
IyaHCOHA B CeUeHUMU, rjae oHa HambosbIinast. OHa MOKET SIBJIIThCS MTPOIOIbHBIM KOHTYPOM ITOBEPXHOCTHU
OOTSIKHOTO ITyaHCOHA, sKeJIaTeTbHO CMMMETPUYHOTO BMIa OTHOCUTEIbHO ee YCTAaHOBJIEHHOM BepIIHEI.

TeoMeTpus TOBEPXHOCTY OOTSIKHOTO ITyaHCOHA COOTBETCTBYIOIIEN ITOBEPXHOCTY 060/I0UKOBOI AeTaaun
0CTaeTCsl MHBApMaHTHO. ONTUMU3UPYETCS] He TeOMeTpHUsI TIOBEPXHOCTYU OOTSKHOTO ITyaHCOHA, a CO3/a-
IOTCSI IOTIOIHUTE/IbHBIE YUaCTKY TIOBEPXHOCTY, 06ecIieunBalolye, YTo TOUKY CXOAA JIMCTOBOM 3arOTOBKM
pacronararTcs Ha OAVMHAKOBBIX YPOBHSIX C JIEBOII U IIPABO¥ KPOMKM OOTSKHOTO ITyaHCOHA, UMEIOT OlMHA-
KOBYIO BEIMYMHY TEXHOJOTMYECKOTO MPUITyCKa 4O 3aKMMOB IIpecca M yrojl CXOAa JUCTOBON 3aTOTOBKU C
JIeBO¥ ¥ TIPaBO¥ KPOMKM OOTSIKHOTO ITyaHCOHA (PUCYHOK 4).

ITpu pa6ote B marunHe ABuadopM ¢ MOAENbI0 OOTSIKHOTO ITyaHCOHA HeOOXOOMMO yIeIuTb 0coboe
BHMMaHMe TMOJIOXKEHUIO eT0 IOBEPXHOCTHU B CUCTEMeE BEPTUKAIbHBIX IVIOCKOCTEN cuMmeTpun ripecca PO-
3M: IpomOIbHOI TIOCKOCTH TIpecca, B KOTOPOM MTOMeNaeTcsl TOBEPXHOCTHO MOoA06Has KpuBasi, 06pasy-
emMasi paboueii TOBEPXHOCTHIO OOTSIKHOTO ITyaHCOHA B CEUeHUMU, T/ie OHA HauboJbIIas M COBIAAAIoNIas C
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HalpasJieHMeM IIPOKATKY AUCTOBOV 3aroToBKku. B [10 ABua®opm Bepcuu 1.0.27 B fONIOIHEHNE K BO3MOX-
HOCTM OpMeHTalM} ITyaHCOHa OTHOCUTENbHO oceit X 1 Y BBeJleH ITOBOPOT ITyaHCOHa B paboyeit 061acTu
Ipecca OTHOCUTENBHO OCH Z, COBMeIl[eHHOI1 C BepIIMHOI T0BEPXHOCTHM OOTSIXKHOIO ITyaHCOHA (PUCYHOK 5).

Daidn NMHCTpymeHTm Cnpaeka

MapameTpsl Moaenn HavansHoe nonoxeHue Wabnon 1 WaGnox 2 AHMMALWA Hactpoiikw naarmHa

HawmedosaHue aetanu:

avKa popmoobpazylowero
KOHTYPa NO UeHTPanbHOMY 6400 Mpunyck 2a npegenamy NyaHcoHa (amm): 400 Mpunyck B 2axwuvmax (M) 100
ceveHno (M)

AKHa AmeTa 3aroToBku (Mm): 7200 WiwvpwmHa (mMm): 1600 ToaMHAa (Mm): 1.5 O CrphbiTe

Mprscn: ] e
CrelueHre No X (Mm): o CnveweHve No Y (M) o Cuewenve no Z (Mmm): o
MyaHcoH HWUXHKMA: + - CKPBITE

CmeweHre no X (Mmm): [s] CmeweHwe No Y (Mm) o CmeweHmne no Z (Mm): (8]

NMeeopoTt RZ (°): (4]

Puc. 4. ABTOMaTH4ecKuit mog6op AIMHbI IMCTOBOM 3aTOTOBKMU
C BO3MOXXHOCTBIO M3MeHEeHMsI TEXHOMOTUUECKMUX ITPUITYCKOB

B ITO Asmad®opm Bepcum 1.0.27 BBemeHa QYHKIMS MPUHIMUIIMAIBHOTO OMpPEeAeeHNST BO3MOXKHOCTI
M3TOTOBJIEHMSI 000JIOUKOBO JeTanu OOTsKKOoM Ha mpecce PO-3M. IIpu paciiupeHuy aBTO3aIlOJIHEHMUS
«ABrad®opm» orpeneniy HadaJlbHOEe TTOJIOKEHEe OOTSKHOTO IyaHCOHA B CHCTEME BePTUKAIbHBIX TIO-
CKOCTeli CMMMeTPUM BUPTYaJbHOTO Ipecca BAeBO M BIIPABO OTHOCUTEIbHO BepXHel TOUKYU MPOJ0IbHO-
r'0 MOBEPXHOCTHO MOAOGHO JMHNUY MTPY TOPU3OHTATHHOM ITOJIOKEHUY JIMCTOBOJ 3aTOTOBKM B 3asKMMax
rpecca B MOMEHT KacaHMUs BEPIIMHbBI MTOBEPXHOCTY OOTSIKHOTO ITyaHCOHA. IIpy BBOZE reoMeTpuuecKuX
3HauYeHM1 BBOAMMBIX BEJIMUMH MepeMellleHNUi UM PU TToIydeHUM UX HeJONYCTUMbIX 3HaUeHMi B paM-
KaxX QYHKIMM «aBTO3AIIOJTHEHNSI», MOLY/b ABa®opM aBTOMAaTHMUYECKM coobiiaeT 06 ommuobke.

Daitn NHCTpyMeHTsl Cnpaeka

MapameTpel MOAEAM HauyaneHoe NonoxeHwe WabnoH 1 WabnoH 2 AHWMAUMA Hactpoiiku naarvHa
HavmeHoBaHue AeTanm:
Anuna popmoobpazyowero

KOHTYpa NO UeHTpanbHoMy 6400 MNpunyck 3a npeaenamm nyaHcoHa (Mm): 400 MNpunyck B 3axmumax (mm): 100

CEYEHUID (MM):
JvHa nucTa 3arotoeku (Mm): 7200 WupuHa (Mwm): 1600 TomuuHa (Mm): 1.5 [ CkpeiTe
Mpuxum: ] T CKpeITe
CmewteHue no X (Mm): 0 Cwnvewenre no Y (mm): V] CmeweHue no Z (Mm): 0
MyaHCoH HUXHMIA: o e CKpBITh
CmewteHue no X (Mm): 0 Cwvewenwe no Y (Mm): 0 Cmewenre no Z (Mm): 0
Moeopor RZ (°): 0

Puc. 5. BBeieH ITOBOPOT ITyaHCOHA B paboueit 06J1acTy Impecca OTHOCUTEIbHO OCH Z,
COBMEIIEHHO C BEPIIMHOI MOBEPXHOCTH OOTSIKHOTO IyaHCOHA

OyHKIMSA 3. ABTOMaTHYEeCK! 33/1aBaTh HauaJIbHOE IOJIOKEeHMe 10 TaHHBIM rabapuTOoB JIMCTOBOI
3aroToBKM, CIEAYIOIVX VCIIOTHUTEIbHBIX OPraHOB: CTOJI HVKHMI, KAaPeTOK, «BbLJIET» 3aKMMHBIX
GJIOKOB PACTSIKEHMS.

KapeTrku 1pecca ycTaHaBIMBAIOTCSI TAKMM 006pa3oM, YTOObI pacCTOSTHYE MEKAY 3asKMMHbBIMU TIIMTA-
MM IIpecca, Ha KOTOPbIX CMOHTMPOBAHbI 3aKMMHbBIE TYOKM, ObIIO TIPU KPaiiHEM BBIIBUMHYTOM IOJIOKEHUU
IITOKOB PACTSIKHBIX IIMIMHIPOB HECKOJIbKO MeHbIIe CaMO¥i IJIMHBI TMCTOBOV 3aroTOBKM. KOHIIBI JIMCTO-
BOJi 3aTOTOBKM BCTABJISIIOTCS B 3aKMMBbI. ['YOKM 3a3KMMOB — CEKI[MOHHbIE, KOTOPbIE MOIYT OBITh YCTAHOB-
JIeHbI KaK I10 TIPSIMO¥ JIMHUM, TaK U 10 Paguycy, aBToMaTuuecku. [ToaBIsKHbIE CeKIIMOHHBIE 3a5KMMBbl BbI-
CTaBJISIIOTCSI B TIOJIO’KEHME, COOTBETCTBYIOIee KOHTYPY TOpila IyaHcoHa. [TososkeHe KPOMOK JIMCTOBOIA
3aroTOBKM MPOBEPSIIOTCSI OTHOCUTEIbHO KPOMOK ITyaHCOHA, KOTOPBIM IIpM 3TOM YCTaHABIMBAETCS Tak,
YTOOBI BEJIMYMHA ITPUITYCKA 110 06€ CTOPOHBI ObIJIa OMMHAKOBOJ. 3asKMMHBbIE TIUTHI Pa3BOPaUYMBAIOTCS Ha
YTOJI, KOTOPBIN paBeH YTy MEKIY KacaTeJIbHOI K paboueil TOBEePXHOCTM OOTSIKHOTO ITyaHCOHA Y ero Toplia
C TOPU30HTAJIBIO.

Crou rmpecca MoJiHMMaeTCs BBepX JI0 TeX Iop, IT0Ka JIMCTOBAs 3aroTOBKA He MPUJISKET IO IMTPOA0IbHOMY
ITOBEPXHOCTHO ITOI0OHO JIMHUM OOTSKHOTO ITyaHCOHA T10 BCEJi ero AJIMHE, a KOHILIbI JIMCTOBOM 3ar0TOBKMU
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He IPUMMYT HampaBJieHye 10 KacaTeabHO K MOBEPXHOCTU ITyaHCOHA. Bo BpeMmsl ycTaHOBKM CTOJIa Ipecca
B TpeOyemMmoe TOJIOKeHNE He CJIe[yeT IOITyCKaTh U3JIMUITHErO PACTSKEHMSI TMCTOBO 3arOTOBKY, TaK KaK
9TO BeJleT K YMEeHbIIIeHNIO ITpele/TbHbIX BO3MOKHOCTe rpoiiecca popmoobpazoBanms 00TKKOI. [ToaTo-
My Tipu popMoobpa3zoBaHUM 060JIOUKOBOI AeTany ¢ 6ONbIION MPOIOIbHOV KPUBU3HOM 3aKMMBI ITpecca
cenyeT comuskaTh. Hemb3si MOAHMMATD CTOJ IIpecca Bbillle, YeM HYKHO. B 3ToM ciyyae mpu MpuiioskeHUn
paCTITUBAIOIIETO YCUIIUS PACTSTUBAIOTCS CBOOOMHbBIE, He JieKall[e Ha MMOBEePXHOCTU MyaHCOHA YYaCTKU
JIUCTOBOJ 3arOTOBKM, a Jedopmalius ke JeXalux Ha MOBePXHOCTM MMyaHCOHA YYaCTKOB JIMCTOBOI 3aro-
TOBKM 3aTpynHsIeTcs. [Ipy 3TOM M3MUITHMIE pa3BOPOT 3aKMMOB ITpecca MOKeT IMPUBECTU K 06pa30BaHMIO
MPOAOBHBIX CKJIA/IOK.

B momyne Aua®opm Bepcun 1.0.27 BBemeHa (yHKIMS aBTOMATUYECKOrO pacyeTa HayaJbHOIO IO-
JIOSKEHMSI KapeTOK OOTSIKHOTO mpecca (puc. 6). AKTUBMPYETCS IyTeM HaskaTus Ha KHOIIKY «ABTO3aron-
HeHue». B TIO ABuad®opm Bepcun 1.0.27 BBemeHa KOHIEMIMS «[OTOBBIX 1IaGJIOHOB», COOTBETCTBYIOIINMX
TUIIOBBIM U TIpeJijlaraeMbIM cxeMaM (opMoo6pa3oBaHMs 00TSKKOI. Mcronb3oBaHMe M1a6I0HOB MOAIep-
skMBaeT GYHKIIMIO aBTO3AIIOMHEHMS C TIPefBapUTebHBIM PACUETOM MepeMeleHni pabounx OpraHoB Ha
Ka)k[IOM Illare, a TaK’Ke BBOJ, PEKOMEHIOBAaHHbBIX 3HaUeHMit (puc. 7, 8). Ilpu BbIbOpe 11ab/I0HAa B TaTbHE-
ieM MMeeTCsl BO3MOYKHOCTb aBTOMAaTUUEeCKOTO CO3aHusI pacyeTHOI 3alauy B IPOrpaMMHOM KOMILIEKCe
QForm. [llab0HbI He MTOAIEeP>KUBAIOT peJaKTHMPOBaHMe paHee co3maHHble B hopmaTe xml daiiibl 3amaun,
HeoOXOoAMMO CO3/laHye HOBbIX. PeKoMeHIyeMble 3HAUeHMSI ITOC/Ie pacueTa ¢ ITIOMOIIbI0 aBTO3aIOTHEHNS
MO’KHO KOPPEKTUPOBATb.

Qaidn NHcTpyMeHTsl Cnpaeka

MapameTpel MOAEAW HauansHoe nonoxexune LWabnou 1 WabnoH 2 AHMMaLMA HacTtpoiiku naarvHa
ABTO3anonHeHue
Mo3uumA nesoit KapeTku: Mo3uuna Npaeoit kapeTke:
@1 02 03 04 05 (o] OF o7 06 o5 04 03 02 ®1
CmeweHune ancra no ook X (Mm): 0
Mpunyck 3a npeaenamMu NyaHcoHa (Mm): 400

Puc. 6. ABTOMaTHMUeCKMIT pacueT HauaJTbHOTO MTOJIOKEHMS KapeToK 00TsKHOro mpecca PO-3M

®ailn WHcTpymenTsl Cnpaeka
MapameTpel Moaenu HayanbHoe nonoxeuue LLiabnoH 1 [abnoH 2 AHumauma HacTpoiiku naaruda

Wcnonbzosars wabnoH 1 ABTOzanonHeHue
1 war. MoBopoOT 33KMMOB N0 KOHTYpPY

Mepennwii paanyc 3axuma (c..7.000m): ] 0 MNepeannid pagnyc 3axmuma (co..7.000M): ] 0
3aaHuil paguyc 3axuMa (e2..7.000m): [ ] 0 3aaHuiA paauyc 3axuma (o..7.000m): [ | 0
2 war. Mogrem crona

NeBbiif LMAMHAP HkHero cTona (0..442mm): [ | 0 Cmewenne npuxuma (0..650Mm): [ | 0
[ Mpaebiit unarHAP Hkkero ctona (0.442mm). | 0 Ycunwe sepxnero crona (0.257¢):

HaknoH cTona: 0° Nlegoe 0 Mpasoe 0
HaknoH 3axumHoii nauts (0..40°): [ | 0 HaknoH 3axuMHoi nanTe (0..40°): [ | 0

3 war. Pactaxenue

MNonoxeHwe 6aoka pactaxenua (0..380mm): [ | 0 Monoxenue Gaoka pactaxenuna (0..380mm): | 0

Puc. 7. lllabsoH 1

B mopyne ABna®opm Bepcun 1.0.27 ocTaBieHa BO3MOKHOCTb CAMOCTOSITEIbHOIO IO00pa IepeMelie-
HMIT pabouMx OPraHOB ITpecca, a TAKKe IIPOCMOTpPa U pedaKTUPOBaHMs, paHee CO3AaHHbIX Xml ¢aitjioB BO
BKIagke AHuManus (puc. 9).

Hob6asieHo mepemMelieHne IPYOKUMa C ITOMOIIIBIO ITOJI3YHKA, BBOJ, 3HAUEHMIi YCYINUS HA TUIPOLVIIVH-
Ipax OCYIIEeCTBJISIETCS IOCJIe pacueTa NJaHHbIX 3HaueHMi1 B QForm.

Oyaruua 4. Jedbopmanyiio 1 yajuHeHNe JUCTOBOM 3arOTOBKM, HEOOXOAVMO YUYUTHIBATD JJIsI
KOPPEKTUPOBKM reoMeTpUM TeXHOJOTMUYeCcKO OCHAaCTKM, U YIpaBjeHUS MUCIIOTHUTETbHBIMM
opraHamm Ijis ooecrieueHys1 TpedyeMoii IIacTUIecKoii aedopMalyy JIMCTOBO 3aroTOBKHM B IPoIecce
¢opMoo6pa3oBaHMs B EHTPATbHO 30HE IMTOBEPXHOCTY OOTSDKHOTO ITyaHCOHA C IEe/IBI0 MUHMMM-
3aUyy YIIPYToO¥ OTHauy MOCIe CHATHUS Harpy3Ku.

B mnarune Asna®opm Bepcum 1.0.27 mpu aBTO3aTIOHEHUY IAGIOHOB OyIeT BbIBOJ, 3HAUEHMI nedop-
Mallyii IMCTOBOJ 3arOTOBKY 10 BBIOpAHHBIM ceueHusIM. [1pu pacueTte nedopMannii JMCTOBON 3aTOTOBKY U
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Dain NHCTPYMEeHT Cnpaska
MapameTpbl MOASM

Wcnonezosate wabnoxd 2
1 war. MNogwem crona

n uMAnMHAR o crona (0..442mm):

O Mpaesiid uMAMHAP HKuXHero cTona (0..442mm):

Haknou crona: 0°
Haknoun 3axmmHoR nante (0..40%):
2 war. Pasrpyska

NeawiA unKHAP o cTona (0.442 )

O MNpassbiid UMAMHAP HWUXHero cTona (0.442mm):

Haknow crona: 0°

3 war. MoBopoT IAMMWUMOE MO KOHTYPY
Mepeaunid paauyc 3axuma (==..7.000m):
3aaHui paauyc 2axma (o= 7 000m):

4 war. Mogwenm crona

Neswid UMAMHAR HKHero cTona (0..442mm):

O MNpassid UMAKMHAR HUuxHero cTona (0..442mm):

Haknoux crona: 0%

HaknoH zauMHOE nauTe (0.40%):

5 war. PacTraxenne

Monoxkenune Gnoxka pacTAxeHua (0..380mm):

@ain MHCTpyMenTsl Cnpaexa
MNapameTpbl MOSENM Ha4yansHoe nonoxeHne

War: E + = m3 Wutepean (¢ 1

Mayaa mexay waramm (c): (V]

® WMecnoAs308aTk wabno 1

Monoxexwe nesoro Gnoka pactAxexna (0..380mm):

] 0
HaknoH 3axumMuol navte (0..34%):

] 0
Mepeaxnid paguyc 3axuma (o0.0,672m):

|
3aamui paguyc 3axmuma (oo..0,672m):

B

HauansHoe NonoKeHue

O Mcnonszosars watnow 2

XoA ueHTpa BepxHero crona (0..650mm):

Watnok 1 WabnoH 2 AHHMMAUMA HacTpoiku niarHa
ABTOZanonHeHue

[ ] o Cmewenne npuxrma (0..650mm): | [+]
| ] (s} Younue pepxHero crona (0.257c):

Neeoe O Mpagoe 0O
[ | o HaknoH 3axumMHoR namTe (0..40°): | ] [v]
[ ] o Cmewenme npuxkmrma (0..650mm): | ] 0
| o Younue sepxHero crona (0.257c):

Nesoce O Mpagoe 0O
[ | o Nepeanwii paguyc 3axuma (e=..7.000m): | ] [v]
| ] o IaaHuii paauyc 2axuma (s 7.000m): | ] o
[ ] o CMeweHre Npuxcnma (0..650Mmm): ] o
| ] 0 Younue gepxHero crtona (0.257c):

Nesoe 0O Mpasoce 0O
| ] [¢] HaknoH 3axumMHoi nantm (0..40%): ] o
[ | o MNonoxeHwe Gnoka pacTAxeHua (0..380nmm): | ] 1]

Puc. 8. lla6s1oH 2
Wabnow 1 Wabnow 2 AHuMauma HacTpofku naaruHa
K < » = 3> M
CKOpOCTh BOCNPOMIBRASHKA: '

O Pexcam Gea wabnoxos

Nonoxexre Npasoro Groka pactaxenna (0..380mm):

L] 0 » 0

Younue sepxHero crona (0..251c) Haknox 3axumMHOR navTe (0..34%):
Nesoe 0O Npaeoce 0 | ] 0

Nessid wMAMHAD HxHero cTona (0.442um): Mepeannid paawyc 3amuma (oo.0,672m):

L 0 n

O Npaesid unavHap HxHero crona (0.442mm): 3aaHwid paamyc 3axmuma (oo.0,672m):

8} ]

Haknowu crona: 0°

Puc. 9. ITon6op nepemMelieHnii pabounx OpraHoB Mpecca IJIsl MPOCMOTpPa U PelaKTUPOBAHMS

repemMeleHnii 6I0KOB PACTSKEHMS YIMTHIBAETCSI KPUBM3HA MIOBEPXHOCTM OOTSKHOTO TTyaHCOHa, nedop-
Malu BBOAUTCA C YU€TOM JaHHbBIX O KPMBM3HE ITIOBEPXHOCTHO HO,I[OGHbIX J'I]/[H]/If/i, KOTOpbIe aBTOMaTH4ue-
CKM CUMTBIBAIOTCS C MOJIe/IN IyaHCOHa (puc. 10).

Bo3MoOKHOCTh pacyeTa CpefgHero YIJMHEHMUS JIMCTOBOI 3aroTOBKM IIOC/IE «CYMMMPOBAHMSI» BCEX
YYaCTKOB BIOJb MPOIOJIbHOI TTOBEPXHOCTHO MOAOOHOM IMHMUM He 3a0bIBasi, TPUITYCKOBbIE JIeBble U Mpa-
Bble y4aCTKM JIMCTOBOI 3arOTOBKM Iepen 3aXkuMamu npecca. HykHa olleHKa, ornpeJensollasi BO3MOX-
HOCTb pacueTa CpefHero yIJMHEHMS JTUCTOBOI 3arOTOBKM Ha YPOBHE «II€PBUYHOI» OLIEHKU TEXHOJIOTU-
YeCKol BO3MOXKHOCTM OOTSIKKM, & He Ha KOHEUHBIX 3Tarax MopeaupoBaHue mpoiecca B QForm moce

OLIEHKM BJIMSIHUS IJIMHBI JIMCTOBOI 3arOTOBKMU.

1500 1

Y HOBRAMHATE
&

-1000

+  BepBmon
®  James
— e

-3000

2000

1000 o
X woopmmraTa

1000 2000

Puc. 10. [ledbopmarniyst BBOAUTCS C YI€TOM JAHHBIX O KPUBM3HE ITOBEPXHOCTHO MOA0OHO JIMHNMN,
KOTOpbIe aBTOMAaTUYECKM CIYMTHIBAIOTCS C MOJIe/M ITyaHCOHA

Ha pucynkax 11 u 12 moxasaHbl HOJIOKEHMS LIeHTPaIbHOI IOBEPXHOCTHO MOJ00HO IMHUA Y 3aK1Ma
4 Ipu pacTspDKeHUM Ha HYJIEBOM IIare U IIecTOM Inare HarpykeHusi. Ha pucyHke 13 noka3zaHO KMHeMaTH-
YyeCKoe COCTOSTHYE BUPTYanbHOTO Mpecca PO-3M 1o TpeTbeMy IIabJI0Hy Ha MIEeCTOM IlIare HarpykKeHus.
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PacTawenwe na ware 0: 0.00%, 4500.00=>4500.00,
urorosoe na ware 6: 1.95%, 4500.00=> 4587.69
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Puc. 11. TTonoskeHue 1ieHTPaTbHO TOBEPXHOCTHO MOAO06HO IMHUY Y 3akuMa 4
TIPU PaCTSDKEHMM HA HYJIEBOM Iliare

- = x
< w0
- Pactaxenve wa mare 6: 1.95%, 4500.00=-4587.69,

3000 T 2500 150 “nec0 ) % 0 500

ron chopramm e chens e oon maperabia o areus o 180

Puc. 12. TTonokeHue eHTPaTbHO MTOBEPXHOCTHO MOJO06HOI IMHUY Y 3a5kuMa 4
MPU pacTSDKeHMM Ha [IeCTOM Iiare HarpyskeHust

Puc. 13. KuHemaTnyeckoe COCTOSIHME BUPTyaabHOro rpecca PO-3M
I10 TPeThbeMYy IIabI0HY Ha IIeCTOM IIare Harpy>KeHus

BepudukannoHHass oTpaboTka Ha peaJibHOM PacCTsSKHO-00TssKHOM mpecce PO-3M — cpaBHUTENbHBIN
aHa/IM3 aBTOMaTMYeCKOi paboThl ITpecca B pexxumMe hopMoobpasyolleii orepaliy 1o yIpassioneit mpo-
rpaMmme, chOpMMPOBAHHON C TIOMOIIIBIO MporpaMmMHoro moxnyns Asuadopm Bepcunu 1.0.27. PesynmbTaThl
MO TBEPKIAIOT COOTBETCTBME JITOPUTMA LieIsIM YIIpaBieHus : Ipoliecc GopmMoobpa3oBaHus OOTSKKOI Co-
BeplIllaeTcsl B COOTBETCTBUY C aJITOPUTMOM U TIPeACTaBseT Co00I IOCae[0BaTeIbHOCTD ONepalnii, BBIION-
HSeMbIX MexaHM3MaMM [pecca B aBTOMaTUUeCKOM PeXXMMe IIPU HAIMUMM B 38KMMaXx JIMCTOBOV 3aTOTOBKMU.

3AKJ/IIOYEHUE

B 3aaue TeXHOIOTMYUECKOI amanTanyuy mpoiecca GopmMoobpa3soBaHMs OOTSIKKOI JTMCTOBO 3arOTOB-
KM alpyoOpHasl HeOIpPeIeeHHOCTh IIPOSIBSIETCSI B HEJOCTOBEPHOCTY M HEIOJHOTE MCXOMHBIX JTaHHbIX,
HeaJeKBaTHOCTY MCIIOb3yeMbIX COOTHOILIEHMIT ¥ TTPOTUBOPEUMBOCTY CUCTEMbI OTPaHUUEHMA. PerieHne
KOHKPETHBIX 33/1au C YYETOM HEUETKOCTY XapaKTePUCTUK 0ObEKTA Y HAPYILIE€HMSI VICXOIHbBIX MMPEATIOChIIOK
TpebyeT pa3paboTKM MHTE/UIEKTYa/IbHbIX TPOLIEAYP IPUHSTHUS YIIPaBIeHYECKUX PEIIeHMIT C OpueHTaIeit
Ha CyILIeCTBYIOLIMIT BU, HEOIIPEETEHHOCTY 1 HEUETKOCTY UCXOOHOI MHDOpMaLMn.

Y106l MMHUMMU3UPOBATDH PYUCK JIOKATBHOTO YTOHEHMS U MTOJNYYUTh PABHOMEPHYIO Ae(pOopMaLNIo JIn-
CTOBOJ 06OJIOUKOBOJI AEeTau OO MPOTHO3MPYEMbIX MPEIEoB, MOTPeO6OBAICS HOBBIN TEXHOIOTMYECKUIT
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TIO[IXOf,, OTIpeesIsIIoIINi BO3MOXKHOCTD pacueTa CpegHero pacTskeHys TOBePXHOCTHO MOA0OHBIX JIMHMI
OTHOCUTENBHO 3aKMMOB JIMCTOBOJ 3arOTOBKM Ha YPOBHE «II€PBUYHOI» OLIEHKM TEXHOJIOTMYECKOI BO3-
MOXKHOCTU OOTSIKKM, 8 He Ha KOHEUHBIX 3Tanax MoJeaupoBaHue mpoiecca B QForm mocsie olieHKM BIu-
STHMSI TabapUTOB JIMCTOBOI 3aroToBKM. HOBBIN TeXHOMIOTMUECKUIi MOAXO], peaan3oBaH B MPOrPaMMHOM
mopyne ABuad®opm Bepcun 1.0.27 B Bue mabmoHa N23.

Opranmsauusi OOTOJHUTENbHON 3aknanku «ABuadopm» Ipu paboTe TexHomora ¢ MHTepdeiicom
yIpaBjieHus TIpu Habope mepeMeneHni pabounx opraHoB BUPTYaIbHOTO ITpecca 110 orpeie/ileHHOMY Ilia-
6/710HY, XapaKTepu3YIoIIii MHHOBALIMOHHBIN 1oaxo[ K GopMoobpa3zoBaHNIo 060I0UKY He Kak Mpoduis, a
Kak (opMoobpazoBaHye 060I0UKOBOIL IeTaM IO OlleHKe PaCTSDKeHUST TOBEPXHOCTHO MOA0OHBIX JIMHMI
OTHOCUTEJBHO 3aKMMOB JIMCTOBOM 3arOTOBKM. M3rubaem, a TouHee obopaunBaeM IIJIOCKMM JIMCTOM TIO
MIPOJIOJIbHOI TTOBEPXHOCTHO MOA0OHOM IMHMUM OOTSKHOTO ITyaHCOHA B CeYeHMM, Ilie OHA HaMbobIIas U
COBTIAAIOIIAS C HAMIpaBIeHMeM MTPOKATKM JIMCTOBOI 3arOTOBKM. 3aTeM pacTiaruBaem, Habmwomas 3a Gop-
MOBKOJ1 CpeJlHeii YacTyu MOoKa MeCTOIIONIOKEeHMe COXpaHseTcs, Kak OYyATO «I0KalIu30BaHO», HGopMyeTcs
«T'0JI0Ba» TeOMETPUIECKOI (hOpMBbI 060JIOUKMA.

[Tpy He06XOAMMOCTH MTPOOKEHMST HOPMOBKM B CpeAHelt UaCcTy MOXKHO Pa3rpy3uTh, OIYCTUB HIKHUT
CTOJI, TIoNTyYeHHas opma cpeiHei YacTy JILCTA <IIPOCSIeT» U MPUMeT HOBOe TOIoKeHMe, TaK Ha3bIBaeMoe
M30MeTPUUECKOe, U TIOTSIHYTh, B Pe3y/bTaTe 0T(HOpMaTUPYeTCs CPeSHSIS YaCTh 000IOUKOBOI TeTasu, KOTIa
MIpU BO3BpaTe BBEPX OOTSIKHOTO ITyaHCOHA «T0JI0Ba» TeoMeTpuuecKoi ¢hopMbl TUVIOTHO JISKET Ha TOBepX-
HOCTb ITyaHcoHa. OcTaeTcs ocjie pa3rpy3Ku BBITIOTHUTD TOBOPOT 3aKMMOB 10 BTOPOJ KPUMBM3HE U T10 Kaca-
TebHOI K CXOY JIUCTA MOTSIHYTh YIVIOBbIE YaCTV 060I0UKOBOM IeTaIM C TOV ke BeTMUMHON AecdopMaliuiy,
TIPU 9TOM €ee «T0JI0Ba» He PaCTATMBAETCS U TUIOTHO CUAUT Ha MOBEPXHOCTM OOTSSKHOTO ITyaHCOHA.

MHOXeCcTBeHHOCTb 3 (PEeKTUBHBIX PellleHN ! SIBJISeTCsI CKopee JOCTOMHCTBOM, @ He He0OCTaTKOM, T0-
CKOJIbKY «KEeCTKMe» CXeMbl II0JTyuYeHUsI eJMHCTBEHHOIO pellleHNs] HealeKBaTHbI CYLUTHOCTU ONITUMM3aL UM,
a UMeIoIIAsCs «CB060a» BbIOOPA MPEOUTUTENHHOTO PellleHNS U3 MHOXKeCTBa 3¢ heKTUBHBIX TTO3BOISIET
y4ecTb HeoIlpe[e/leHHOCTD LieJieil U KpUTepueB.

B oTmume oT TpaAUIMOHHOTO MeTOZA YIIpaBIeHNSI aBTOMATU3MPOBAHHBIM 000PYAOBaHMEM TTOCpe] -
CTBOM 3JIEKTPOHHO-BBIUMCIUTELHOTO KOMILIEKCA, KOTOPbI 06pabaTbiBaeT MHGOPMAIMIO 10 M3BECTHBIM
3apaHee MCXOOHBIM IpeAIoCbUIKaM, IPUHLMIIAM U aJIrOPUTMaM, BBOA, B 3Ty LIENIOYKY CUCTEMBI UCKYC-
CTBEHHOI'O MHTEJUIEKTa eCTh He YTO MHOe, KaK IOIbITKa CAe/aTh aBTOMaTU3MPOBaHHYI0 TPOU3BOACTBEH-
HYIO0 CUCTeMY KaK MOKHO 60jiee aBTOHOMHOJ ¥ afalTUPYeMOii, axke B YOIOBUSIX OTKIOHEHMS pa3pabo-
TaHHBIX UCXOLHBIX MPEANOCHIIOK OT PeaabHbIX IPUHLIUIIOB KOHKPETHOTO ITPOM3BOACTBA.
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10.

SOLUTION TO THE PROBLEM OF TECHNOLOGICAL ADAPTATION OF THE SHAPING PROCESS
OF THIN-SHELL PARTS ON THE RO-3M AUTOMATED STRETCH-STRENGTHENING PRESS

© 2026 D.I. Vorobyov!, V.A. Mikheev!, S.V. Surudin'?, O.I. Bulychov?, I.N. Petrov'
V.A. Tarasov!, S.V. Kurakov!, I.V. Bukharov®

! Samara National Research University named after Academician S.P. Korolyov, Samara, Russia
2 Samara Federal Research Center of the Russian Academy of Sciences, Samara, Russia
5 Ural Engineering Center, Chelyabinsk, Russia

The solution to the problem of technological adaptation of the sheet metal forming process by stretch-
forming a sheet metal blank is implemented in the form of additional tabs in the AviaForm software module,
enabling the automation of several functions for the technological adaptation of the control algorithm on a
virtual model of the RO-3M press. Automatic selection of the sheet metal length has been introduced, with
the ability to change the values of the technologlcal allowances. It is now possible to calculate the average
elongation of the sheet metal blank after _summing” all sections along the line formed by the working surface
of the stretch-forming punch in several * 51gn1ﬁcant sections, including the largest section, while also not
forgetting the left and right allowance sections of the sheet metal blank before the press clamps Amethod has
been developed that enables the calculation of average elongation when changing the length of a sheet metal
blank at the initial stage of the stretch forming process evaluation in the AviaForm software module, rather
than at the final stages of process modeling in the QForm base program. The surface geometry of the stretch
punch corresponding to the shell part surface remains unchanged, requiring no additional adjustments.
Additional techniques are created in the AviaForm module that, when rotating the stretch punch model
around a vertical axis, insert the position of the upper surface rldge into the vertical longitudinal plane of
symmetry of the RO- 3M virtual press. The AviaForm software module includes pre-defined “templates” for
determining the optimal stretch forming scheme for a sheet metal blank of the appropriate length. The use of
templates supports an auto-fill function with a preliminary selection of stepwise movements of the RO-3M
press working elements, as well as the input of recommended stepwise movement values for automatically
launching the calculation scheme in the QForm base program.

Key words: technological adaptation problem, forming by stretching, automated stretching press RO-3M,
virtual press model, shell part, stretching punch, sheet blank, AviaForm software module, control program.
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