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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

O0J1acTh MCCIeJOBAHUN U UX AKTYAJBHOCTh

IIpn mpoM3BOACTBE AaBHAIIMOHHOM TEXHUKH OJHHMM M3 OCHOBHBIX IIOKa3aresed
KauyecTBa SBIAIOTCS TOYHOCTb BBIIIOJIHEHMsI JCTAJICH, Y3JI0B M  arperaros.
Hcrnons3oBaHne TeXIpolecca, MO3BOJIIOLIETO MTOIYYUTh MUHUMAJIBHBIE OTKJIOHECHHUS
OT KOHCTPYKTOPCKHX Pa3MEpOB HE BBIXOAAIIME 3a NPEIesbl JOIYCKA, IMO3BOJISAET
o0ecreynTh B3aMMO3aMEHSIEMOCTb. B  aBHAIlMOHHOM MPOU3BOACTBE B COCTaBe
pPa3HOOOpPAa3HBIX KOHTPOJIBHO-U3MEPHUTENBHBIX CPEICTB HCIOJB3YIOTCA HE TOJBKO
KOHTPOJIbHO-U3MEPHUTENbHBIE MAIIMHBI, HO KIIOYEBYIO pPOJb WIPAIOT MIA0JIOHBI,
KOTOpPBbIE MOTYT HCIIOJIb30BaThCA HE TOJBKO JUISI KOHTPOJS AETAeld, HO W JJIA HX
M3rOTOBJICHHS, & TakXke B COOpouYHBIX omnepauusx. Ilo cTaabHBIM JMCTOBBIM
mabioHaM B HAaTypaJbHYIO BEIUYHMHY (YACTUYHO MOBTOPSIOIIMX OCHAIIAEMYIO
11a0JI0HOM JI€Tallb), CO3JAHHBIX M COTJIACOBAHHBIX MEXy COOOH MO 31EKTPOHHBIM
MOJIEIISIM JI€TaJIe, X 3arOTOBKM M3 JINCTOBOTO MaTepuayia IPOU3BOAAT IOYTH, HE
OPUMEHSST MEPUTEIBbHOTO WHCTpyMeHTa. Maseiiias HEsICHOCTh B IIa0JIOHE WU
HEYJJAYHOCTh €r0 KOHCTPYKIIMHM MOXET MPUBECTH K OLIMOKaM, KOTOpbIE OOHapyXaTcs
TOJILKO TIOCTIE 00pabOTKH UITH €llie XyXKe Mpu cOopouHbIX padoTax. [1o aToil mpuunHe
IPOLECC MPOEKTUPOBAHUS 1IA0JIOHOB SIBISIETCSI TPYIOEMKUM, BKJIIOUAIOLIUM B ceOs
HE TOJIBKO ITOCJIEI0BATEIbHOCTH PYTUHHBIX ONEPALUid, HO U TBOPYECKUE MPOLELYPHI
(B OCHOBHOM M3-3a y4deTa MPOU3BOJACTBA JIeTajeil U COOPOK Y3JIOB), YTO BJEYET 3a
co0Oll TOSIBJIEHUE Pa3HOOOPA3HBIX OTKIOHEHWM, ISl MPEIOTBPAIICHHs KOTOPBIX
IIMPOKO HCIONB3YETCS Pa3jM4HbIE CPEACTBA ABTOMATU3ALMKM MPOU3BOJICTBEHHOIO
nporecca.

Oco0€HHO 3TO aKTyaJbHO JJI MPEANPUITHA aBUAMOHHOW MPOMBIIIJIEHHOCTH,
BBIIYCKAIOIIMX  BBICOKOTEXHOJIOTMYHYIO  MPOAYKIMIO, TaK KakK CIIO0XHOCTb
TEXHOJIOTUYECKUX OIepaluii NpHU HW3TOTOBJIEHWH TaKOW NPOAYKUMHU (HAIpUMED,
JIeTaTeIbHBIX aINIapaToB) MOCTOSIHHO PacTeT, B YACTHOCTH B CBS3H C YKECTOUCHUEM

TpeboBanmii Kk  geransiM.  BaxkueiM  daktopom  sBIsieTca  ACPUIUT
KBUTU(PHUITUPOBAHHBIX KOHCTPYKTOPOB TEXHOJIOTHYECKON OCHACTKU, BIAJICHOIINX
MOJIHOM  COBOKYIMHOCTBIO  METOJAOB U CPEACTB,  HEOOXOAMMBIX IS

BBICOKOA(D(EKTUBHOTO MIA0JIOHHOTO OCHAIIICHMSI, HAIIPUMED, aBUAIMOHHBIX JeTajleH.
CrnenyeT OTMETHTb, YTO MPOIECC MOATOTOBKM IIA0JIOHOB, HECMOTPS HAa OIPOMHBIN
o0beM paboT (B cpeaHEM Ha CaMOJeT MNpHU IMOCTAaHOBKE €ro Ha IPOU3BOACTBO
Heo0xoauMo M3rotoBUTh 10 — 20 ThICSY 1M1aOJOHOB), XapaKTEpU3YeTCsS CHKATBIMU
CpPOKamH, B CBSI3U C OBICTPBIM MOpPJIbHBIM YCTAPEBAHHEM pEIICHUH, U 3aHUMAET
IPOMEKYTOK BPEMEHHU MEXIY OKOHYAHHMEM MPOEKTUPOBAHUS M BBIITYCKOM IEPBOTO
cepuitHoro uzgenus. B ycrnoBusX OTCYTCTBUSI aBTOMATHU3allUH, JJIUTEIbHBIE CPOKU
NPOECKTUPOBAHUS W M3TOTOBJIEHUS I1a0JOHOB SBISIOTCS OJAHUM K3 OCHOBHBIX
(akTOpOB, CIEPKUBAIOIINX MMPOU3BOAUTEIHLHOCTh ABUAITMOHHOTO TIPOU3BOCTBA.

Ha cerogusiimHuil 1eHb CyImIEeCTBYET Psiji PEIICHUH, MOCBAIIEHHBIX pa3paboTKe U
UCIIOJIb30BAaHUIO METOJOB CO3JaHUSl 1a0JOHOB B  Ipolleccax IMOATOTOBKU
IIPOM3BOJCTBA HAa AaBUACTPOUTENBHBIX Mpeanpuatusax. K coxaneHuto, B 3THX
pEIICHUsAX MpPOOJEeMbl COBEPILIEHCTBOBaHMUS HIA0JOHOB 3aTParduBalOTCS TOJIBKO
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YAaCTUYHO, CHUCTEMATH3alUs TaKUX JCUCTBUM C MO3UIMK >KU3HEHHOrO MHKJIA
NPAKTUYECKU HE MMPOBOIUTHCS.

OueHnBas CyIIECTBYIOIIEE COCTOSIHUE Pa3BUTUS CPEACTB CO3JaHUS U
UCIIOJIb30BaHUsl 1IAa0JIOHOB, CIIEyeT OTMETHUTb, YTO YCIIECUIHO pa3padaThIBAIOTCS
JUIIb TOJICUCTEMBl OTAENBHBIX MponeccoB. OTMeTuM, 4TO HHGOPMAIIMOHHON
OCHOBOM i pa3pabOTKu JII0OOM U3 TakKuX TOJCUCTEM CIY>KUT BXOJHAs
KOHCTPYKTOPCKasi, TEXHOJOTHYECKas, HOPMAaTUBHO - CIPABOYHAS, IUPEKTUBHAS
uH(popMaIus, a TakKe OMHMCAHWE CTAHAAPTHBIX MPOEKTHBIX TPOIEAYP W THUIIOBBIX
pELIEHNUN.

Bo3pocmme tpeboBaHUS K CKOPOCTH M KAa4eCTBY MPH OCHAIICHHWH IMA0JIOHAMU
JeTaNed aBHAIIMOHHBIX W3JENWH, a TakkKe HeXBaTKa KBAIH(DHUIIMPOBAHHBIX
MPOEKTUPOBIIUKOB M OTCYTCTBHUE CPEJICTB aBTOMAaTH3AllMU HAMPABJICHHBIX Ha
pelIeHUe HEMOCPEJICTBEHHO JTHUX MpoOJeM, TMO3BOJAIOT CcjelaTh BBIBOJ, 00
aKTyaJIbHOCTH COBEPIICHCTBOBAaHUSI IMPOIIECCOB MMPOCKTUPOBAHUS IIA0JIOHHOTO
OCHAIICHUS.

OQo06sacTh __HMCCJIEIOBAHUIT CBSi3aHA C  COBEPIICHCTBOBAHUEM  IPOLIECCOB
POCKTUPOBAaHUS IIAaOJIOHOB JieTajdel aBHAIIMOHHBIX KOHCTPYKIIMH 32 CYeT
BKJIFOUEHHSI B UX COCTaB IMpPOIIEIYp, MPEAOCTABISIOMUX pa3paboTUUKaM I11a0JIOHOB
BO3MOKHOCTb 3KCIIEPUMEHTUPOBATH C TPOCKTHBIMU PELICHUSIMHU.

Poab _00beKTa MCC/IeIOBAHUI B JIMCCEPTAIIMM BO3J0KEHA HAa CpEACTBa
aBTOMATHU3AILIUU MIPOIIECCOB MPOEKTUPOBAHMUS, peAoTBpallalonre u
oOHapyKHBaIOUIME OIINOKH MPOEKTUPOBAHUS IA0JOHOB aBUAIIMOHHBIX JI€TaJIEeH.

HanpapjieHue  MCCIeI0BAHMI CBSI3aHO C  OTOOpa)XEHHUEM  MPOIECCOB
MPOEKTUPOBAHUS 1Ia0JIOHOB HA CEMAaHTUUYECKYIO MaMsiTh B (opMax, TOMYyCKAIOUIUX
AKCIIEPUMEHTUPOBAHKE C COCTABIISIONIMMU UX JKU3HEHHOTO ITUKJIA.

B cepuiiHOM aBUAIIMOHHOM TMPEANPHUATUM TPUXOJUTCS HUMETh JIeJI0 ¢
Pa3UYHBIMK BHUJIaMU T1Aa0JIOHOB, MPUMEHSEMBIX KakK MJisi KOHTPOJS, TaK M JUIs
M3TOTOBIICHUS JeTaliel camoiieta. JleTanu, a COOTBETCTBEHHO M MIAOJIOHBI I HUX
MOTYT UMETh T€OMETPHIO CaMOM Pa3IMYHON KOH(MUTYpAIUU U CIOKHOCTH. B pamkax
ATOr0 HAINpaBJIEHUS MPOU3BOJICTBA MOXHO BBIJCINUTH KJIacC I1a0JOHOB, KOTOPHIN B
JUCCEPTAIMOHHON paboTe Ha3BaHbl KOHPUTYpHpyeMbIMU. K 3TOMY Kilaccy OTHECEHBI
1abJI0HBI, UMEIOIINE CIOXKHYI0 KOH(purypamuio (a yacto u OoibIIHMe pa3Mephl), B
dbopMBI KOTOpOH pa3pabOTYMKOM ITAOJIOHOB MPUXOAUTCS BHOCHUTH pa3HOOOpa3HbIC
BO3MOXKHOCTH JJIsl KpPEIUJICHUU JAeTayeil, yno0cTBa UX MPOU3BOJCTBA U KOHTPOJIS, a
TaK)X€ BO3MOXKHOCTD IEPEHOCA PEIIEHU Ha JIeTallb HOBOU MOIU(UKAIIIH.

[IpakTka co3manus 11abJOHOB HA3BAHHOIO KJjacca JIGMOHCTPUPYET, UTO
MPOCKTUPOBIIMKAMU MPUXOJAUTCS IKCIIEPUMEHTUPOBATH C MPOEKTHBIMHU PEIICHUSMHU
Ha CEeMaHTHUYECKOM ypoBHe. Tak, Hampumep, JJIsl YMEHBIICHUS CPOKOB aJarTalluu
TFOTOBBIX MOJI€JIEH IIAa0JIOHOB K W3MEHEHHBIM YCJIOBHUSIM (3TO MOXET ObITh, KaK
M3MEHEHUE TE€OMETPHUH JCTAlIM, TaK U U3MEHEHUS 000PYyIOBaHUS JJISi U3TOTOBJICHUS
mabioHa, M €ro KpeIIeHHd K COOTBETCTBYIOIIMM JIETAIIM) HEOOXO0IUMO
MPEOCTAaBUTh CPEACTBA JJISI IPOBEJCHUS SKCIEPUMEHTOB HaJ UX CEMAaHTUUYECKUMU
MPECTABICHUSIMU.




Takass HEOOXOAMMOCTh IpUBEJa B AUCCEPTALMOHHOM HMCCIEIOBAHUU BO3JIOKHUTD
pOJIb MpeaMeTa MCCAeA0BAHNN HAa CPEICTBA IKCIEPUMEHTHUPOBAHUS, TMOJIE3HBIE B
poLeaypax CO3/JaHusl U MPUMEHEHUs KOHPUTYpUPYEeMbIX IIa0JOHOB Ha BCEX ATamnax
UX JKU3HEHHOTO IHMKJIA.

bosnee KOHKpETHO aUCCEpPTAIMOHHOE MCC/Ie0BAHUE HALleJeHO HA HOGblUICHUE
CMeneHu aemomMamu3ayuu 6 NPOeKMUpOBaHuU KOHQUYpupyemvix uwadi0Ho8
ABUAYUOHHBIX OemaJiell 32 CUET BKIIIOUCHUS UX B JKU3HEHHBIM LUKJI BO3MOXXHOCTEH
HOPMAaTUBHOTO W/WJIM CHUTYaTUBHOTO AKCIEPUMEHTHPOBAHUSA, CIIOCOOCTBYIOIIETO
MPEIOTBPALICHUIO U OOHAPYKEHUIO OIIHOOK.

Jns TeopeTndecKkOM M TPAKTUYECKOW IPUBSI3KM 3aJad JAUCCEPTALMOHHOTO
WCCIICIOBAaHUsI K HWHCTPyYMEHTaM Obula BBIOpaHa cpena BOIMPOCHO-OTBETHOTO
moaenupoBanuss WIQA (Working In Questions and Answers), mamsaTb KOTOPOW
obecrnieunBaeT NpeicTaBiIeHuEe 0OOBEKTOB U MPOIECCOB ¢ OoraTtoi cemaHTUKOU. bonee
TOTO 3Ta Cpela OTKPBIBAET BO3MOXKHOCTb IS CO3JAHMS CIELHAIN3UPOBAHHBIX
IICEBIOKOJIOBBIX SI3bIKOB, OPUEHTUPOBAHHBIX HAa WX HCHOJb30BAHUE KaK MJId
onucaHusi 00BEKTOB, TaK U JJIsi IPOTPAMMUPOBAHUS ACHUCTBUMN C MOACIAMUA OOBHEKTOB
U X CBA3HBIMU COBOKYITHOCTSIMU.

Jlis 1OCTHKEHUSI TTOCTABJIEHHOM LIENH B AMCCEPTALIMOHHONW paboTe HE0OXOqUMO
pELIUTh OCHOBHBbIE 3aIA4M!
® QPOBECTH  aHAIM3 U  crneuuuuupoBaTh  HPOLUECC  IPOEKTUPOBAHUSA

KOH(UTypUpyeMbIX I1Ia0JOHOB ABHUALIMOHHBIX AETAJIEd C OpUEHTalUueld Ha HX
JKU3HECHHBIN ITUKIT,

e pa3paborarh OOIIYI0 CXeMy Ipolecca MPOEKTUPOBAHUS KOH(PUTIYpHPYEMBIX
m1abJIOHOB, B paMKaX UX KHU3HEHHOTO IUKIIA;

e pa3paboTarh MOJAMHOXKECTBO ICEBJOKOJIOBOTO aJTOPUTMHUYECKOTO S3bIKa, IUIs
OMHCAHMS T€OMETPUH 1IA0JOHOB U UX COCTOSIHUIA;

e peanuzoBaTh HUHTerpupoBaHHyro mnojacuctremy CAIIP u omnpoGoBaTh ee mpu
pEIIeHNY KOHKPETHBIX 3a]1a4;

e pa3paboTaTh COBOKYINHOCTb MpPOUEAYp Mg MNpeoOpa3oBaHUsl TPEXMEPHBIX
Mojiesiel 1abIOHOB B UX CEMaHTUYECKHUE MPEACTaBICHUS;

e pa3paboTaTh MPOLEIYpPbl TPAHCISAIMU TCEBIOKOJOBBIX MOJENEH B IPOrpPaMMBbI
JJ1s1 Ta3epHOM 00padOTKH,

e pa3paboTarh MNPOLEAYPbl [JIsI OCYUIECTBICHUS JOKYMEHTHUPOBAaHMS Mpolecca
MPOECKTUPOBAHUSI KOHPUTYPUPYEMBIX 111a0JIOHOB.

Ha Hay4yHYI0 HOBM3HY NPETEHIYIOT:

1. CoBOKYIHOCTh METOAMK HKCHEPUMEHTUPOBAHUS C AUHAMUKON (IIPOEKTHBIC
MPOIIEIYPhl) U CTATUKOW (COCTOSIHMS) >KM3HEHHOTO IHKJIA KOH(MUTYPUPYEMBIX
m1abJIOHOB, HCCJEIOBAaHUE KOTOPHIX OCYIIECTBISIETCS B  CEMaHTHYECKOU
BOIIPOCHO-OTBETHOM MaMSITH U MPUBOJUT K MOBBIIICHUIO CTETIEHU aBTOMAaTU3AIUU
Ipolecca MPOEKTUPOBAHUS U KaYECTBA €ro pe3ysbTara.

2. Kaprorpaduueckass  momens  miabioHa,  oOeClEYMBAIONIAs  MOCIOWHYIO
CTPYKTYpHU3aLMIO Ui CHEelHMaTu3aldd pabdoT MO KaXIOMy CIOI0 BO BpeMs
MaTepUa3aliy TMpU Ja3epHO 00pabOTKEe, UYTO CHMXKAET TEXHOJOTUYECKOE
BpEMS UX MPOU3BO/ICTBA.




3. IlomMHOXXECTBO TICEBIAOKOIOBOTO SI3bIKA JUISI TIPEJCTABICHUS TEOMETPHUH
KOH(UTypupyemMoro IadjoHa W ACHCTBUH IO €ro CO3[aHUI0, BKIIOYAIOIIUX
JEUCTBUA TIO TEXHOJOTUYECKOW MOJTOTOBKE IMPOU3BOJACTBA, CIIOCOOCTBYIOIIUX
IpPeI0TBPAIICHUIO OIIHOOK, 0OHapyKEHUIO OIIHUOOK, OBTOPHOMY
UCIOJIb30BAHUIO, IEPEHOCUMOCTHU Ha APYTHe CTAHKU JIa3epHONU 00pabOoTKH.

Ha 3a1umTy BHIHOCATCH !

1. TlpencraBieHue METOAMK MPOCKTUPOBAHUS B BHJIE TCEBIOKOIOBBIX MPOTPaMM,
HCTIOJTHEHUE KOTOPBIX MOKHO OCYIIECTBJISITH B MOIIArOBOM PEXUME, C
MpEpHIBAHUSIMHU Ha JOOOM M3 ONEPATOPOB JIJIsl BHIOJIHEHUS SKCIIEPUMEHTAIBHBIX
JNEUCTBUA W TPOIEAYp, €CIIM B OSTOM Yy CO37aTeNs MIalloHa TMOSBISETCS
HEOOXOIUMOCTb.

2. Crneuuanu3upoBaHHBIM  TICEBAOKOAOBBI  SI3BIK C  MHCTPYMEHTAIbHO  —
METOJ/IOJIOTHYECKUM ~ OO€ecClieYeHuEeM, KOTOpBIM oOecreurnBaeT CEeMaHTHUKO-
AITOPUTMHYECKOE MPEACTABICHUE MPOSKTUPYEMbIX Ia0JOHOB Ha BCEX H3Tarax
KU3HEHHOTO IIMKJIa, BKIIIOYas pa3pabOTKy YMNPAaBISIONIMX MPOrpaMM Jia3epHON
PE3KHU ISl UX U3TOTOBJICHUSI.

3. Kaprorpadguueckass Mojenb NpeAcCTaBIeHUs KOHPUTYPUPYEMBIX I1a0JIOHOB,
Hecymiass B cebe uHpopmaruio 00 WX TeOMETpUM M COBOKYITHOCTH
TEXHOJIOTUYECKOW MHGOpMAIMKM, TpaHCIWpyemas B MporpaMmy JUisl HUX
M3TOTOBJICHHUS.

IIpakTHyecKas EHHOCTh:

[IpakTH4eCcKyt0 1EHHOCTh PabOTHI COCTAaBISIET COBOKYMHOCThH pPa3pabOTaHHOIO
nporpammuoro ooecrneuenust Ha 6aze CAIIP NX 7.5 u BonpOoCHO-OTBETHOW Cpe/ibl
WIQA.NET obecnieunBaromiasi TOBBIIIEHUE CTEIICHH aBTOMAaTH3AIMK IPOIlecca
MPOEKTUPOBAHMS JIUCTOBBIX 11a0JIOHOB 32 CUET:
® BO3MOYHOCTHU 3KCIIEPUMEHTUPOBAHUS, MTO3BOJISIIOIINE aJallTUPOBATh XPAHUMBIE B

OubMMoTeKe MOJAENM W BBHIOpATh JIYYIIUE PEIICHHS YXKE B CYIIECTBYIOIIUX

pELIEHUsIX;

e (opmanuzanysg HAKOIJIEHHOTO OIbITa MPOEKTUPOBAHUS, YIMPOIIAIOIIAs Kak
paboTy CHENUAMCTOB C HEOOJBIIMM ONBITOM, TaK M OCBOOOXIAromias OT
MMOBTOPEHHUS MOHOTOHHBIX OTEpaluii 111 60Jiee OMBITHBIX.

JIMYHBIA BKJIAJ COUCKATEJISI VYCHOM CTEIEHN:

Bce ocHOBHBIE pe3yibTaThl U TMOJIOKEHHUS, BHIHOCUMBIE Ha 3alllUTYy, MOJYyYCHbI
aBTOpOoM camocTosaTenbHO. (CoaBTOpaMU COBMECTHBIX ITyOJIMKAIIUN  SBIISIFOTCS
Hay4HBIA PYKOBOJUTENb, A-p TeXH. HayK, npod. [1.1. CocHuH, KOTOpHII IpUHUMA
y4acThe B BBIOOpE HAMpPAaBJICHUS HWCCICAOBAHHM, MOCTAHOBKE 3a7a4, 00CYXICHUU
TEOPETUUYECKUX U MPAKTUYECKUX PE3YyJbTATOB, U COTPYAHUKHU, KOTOPbIE MPUHUMAIH
y4acTHe B HAYYHO — MCCIICIOBATEIBCKUX MTporpammax. B myOnukaruu ¢ coaBTopamu
BKJIQJI COUCKATENsl ONpPEAENSIeTCSs paMKaMu TMPEACTAaBICHHBIX B JUCCEpPTaLUU
pEe3yJbTaTOB.




Peann3anus ¥ BHe/IpeHUE Pe3YJILTATOB PA0OTHI:

Pa3paboTka BKIIOYAET aITOPUTMUYECKOE MPOTPaMMHOE oOecleueHue s
peanu3alMyM  OPEMJIOKEHHBIX  METOJMK HA  HUCIOJb3YEMBIX B IIpOIECCE
IPOEKTUPOBAHUS CTAHIAPTOB.

Pe3ynbpTaThl HcclieqOBaHUN HAIIUIM OTPAKEHHUE B XO3/I0TOBOPHBIX padoTax ¢ 3A0
«Asuactap-CII» B 2010 — 2015 rogax, a taxxe B yueoHom nponecce UATY Yal'TY
Ha Kadenpe CamoneTocTpoeHHUS.

['pant Nel5-07-04809 «Texnonoruu m unctpymentapuii [IKY mpomeccamu B
MPOEKTUPOBAHUY CUCTEM, UHTEHCUBHO MCMONB3YIOMMX [10.

AnpoGauusg padorbl. OCHOBHBIE pe3yJbTaThl JHCCEPTALMU JOJIOKEHBI H
MPEACTABIICHBl HA HAyYHO-TEXHUYECKMX W TpakTthdeckux KoHpepenmusax [II1C
YaI'TyY B 2011, 2012, 2013 u 2014 romax (r. YmesaoBck, 2011 — 2014 r1r.);
MexayHapoaHON KOH(GEPEHIIMU ACTIUPAHTOB U MOJIOJBIX YUEHBIX (T. YIIbSIHOBCK, 19
ampens 2011 r.); Bcepoccuiickux  HayYHO-TEXHUYECKUX  KOH(EPEHITUSIX
«Teopernueckne W  MPAKTUYECKUE  ACMEKThl  PAa3BUTUS  OTEYECTBEHHOTO
aBuactpoenus» B 2012, 2014 ronax (r. Yaesaaorck, 2012, 2014 rr.), Becepoccuiickoi
IIKOJIE — CEMUHApPE aCHUpPaHTOB, CTYJEHTOB M MoJIOAbIX yueHbix MMAII-2013 u
NUMAII-2014 (Yal'TVY, r. Yaesuosck 2013, 2014 rr.), MexmyHapogHOl Hay4dHO-
TEXHUYECKOU KoH(epeHIun «OTKpBITHIE CEMaHTUYECKHE TE€XHOJIOTUU
IPOEKTUPOBAHUS UHTEIUICKTyalIbHBIX cucTem» (Munck, 19-21 ¢espans 2015 roga).

Iyoaukaumnu. [lo Teme nuccepranuu omyOiaukoBaHo 15 pabot (crareit), B TOM
yyucie 8 padoT OMyOJMKOBaHBI B PELEH3UPYEMBIX HM3IaHUSAX, onpeneseHHbx BAK
P®. [TepeueHb OCHOBHBIX pabOT OIMyOIMKOBAaH B KOHIIE aBTOpedepara.

CrpykTypa M _00beM padoThl. Jluccepranus COCTOUT U3 BBEICHUS, YETHIPEX
IJ1aB, 3aKJo4ueHus, oubnuorpaduu u3 179 HaumeHoBaHuii, 4 NPUIOKEHUN, OOLITUM
o0beMoM 194 cTpaHuIbl MalIMHOMMCHOTO TEKCTa, BKIO4YaeT — 91 pucynok, 11
TabUIl U 4 TPUITOKEHHUS.

KPATKOE COAEPKAHUE PABOTHBI

Bo__BBegeHMH O00OCHOBaHa AaKTyaJIbHOCTh JUCCEPTAIIMOHHONW  PabOTHI,
chopMmynupoBaHa IieJdb W apryMEHTUPOBAHA Hay4yHas HOBHU3HA WCCIIECIOBaHHM,
MOKa3aHa MPAKTUYECKAas 3HAYMMOCTH IIOJYYEHHBIX pE3yJbTAaTOB, MPEACTABIICHbI
BBIHOCHMMBbIC Ha 3alUTy Hay4YHBIE MOJOXKEHUS, a TaKXKe KpaTKUi 0030p JuccepTainuu
10 TJIaBaM.

B nepBoii rjaBe nNpoBeeH aHalu3 00JaCTH UCCIIEI0BAHMS, B KAUYECTBE KOTOPOU
paccMOTpeHa cucTeMa MIAOJIOHHOTO OCHAIEHUs aBMAIIMOHHOTO MIPOU3BOJICTBA,
BBIICJICHO MECTO KOH(PUTYPUPYEMBIX IIA0JOHOB B 3TOM IpoIiecce; MPOBEIeH 0030p
POJACTBEHHBIX  HMCCJICAOBAaHUNA IO  CICAYIOIIMM  HaIpaBJIeHUs M  (BOIPOCHI
ucnonbs3oBanusa CAIIP nns pemenus 3amayu TIIII, HakomieHHe OMNbITA B KOJIEKTHUBE
MPOCKTUPOBIIMKOB, TPUMEHEHHE CHUCTEM MPOCKTUPOBAHUS  IIA0JIOHOB  HA
ABHAIIMOHHBIX MPEINPUATHUIX, HCIOJIb30BAHHE CTAHKOB JIA3€PHOM PpE3KU IJIs
M3TOTOBJICHUS] JIeTajJeid M3 JIMCTa); MPOBEAEH BOIPOCHO-OTBETHBIM aHaIu3 U
c(hopMHpOBaHBI 33/1a4N MCCIICIOBAHUI U Pa3pabOTOK.
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PackpbiTel comepikanne u mpoOaemMbl pa3pabOTKU MMIa0JIOHHOTO OCHAIEHUS ISt
CEepUIHBIX W3Meauil aBUanMoOHHOTO Tpoduisa. Ocoboe BHUMAHHUE YIEIECHO TaKUM
OCOOCHHOCTSIMHU JIeTaliell Ha3BaHHOTO KJIAcCa, KaK CIOKHOCTh UX T€OMETPHUYECKHX
dopMm, Mamas KECTKOCTb, OOJNBINME Ta0apwuThl, BHICOKHE TpeOOBaHUS TOYHOCTU
U3TOTOBJICHHUSI W TOYHOCTU YBsi3kH. Crenu@uka neraneid ¥ COOTBETCTBYIOUIUX WM
m1abJ10HOB 0000IIEHHO OTpakeHa Ha PUCYHKeE 1.

501 07 20399

I ISl

o

laf 1ol

( 0w ~O@ <0 O O 0% <G
u

Puc. 1. TunoBbie mpuMepsl Ma0IOHOB [ IeTalei aBUalliOHHOTO MPOdUIs

OTMedeHo, 4TO Il YBA3KU JETAJNEH, BXOMSIIMX B KaXJAO€ IJIOCKOE CECYEHHUE
KOHCTPYKIIMHM camoJjieTa, HeoOXoIMMa CUCTeMa JKECTKUX HOCHTENeH, (PUKCHPYIOITIX
KOHTYpbl BHYTPEHHHMX J€Talield, BXONAIIMX B COCTaB JAaHHOTO Ce4YeHHs. Tak,
Hampumep, OOJbIINE O BEJIMYUHE JIETald MPHUXOIUTCA YBA3BIBATH HA JIMCTOBBIX
METaJUIMYECKUX KOHTPOJIbHO-KOHTYPHBIX IIa0JI0HAX.

[TokazaHo, 4yTo, B 0O0IIeM ciiy4ae, MIA0JIOH, HE TOJBKO SIBJISETCS HOCHUTEJIEM
reoMeTpud M (GOpPMBI JIETAJIM, HO TaKXKE BKIIOYACT KOHCTPYKTHBHBIE W
TEXHOJOTHYECKHE 0a3bl, KOHTYPhl M OCU BHYTPEHHUX JI€TajeH, MOMaBIIUX B JAHHOE
CEUCHHE, pPa3JIMYHble KOHCTPYKTHBHBIE W TEXHOJOrmdeckue oTBepctHs. Ocoboe
BHHMAaHHE YJIEJICHO BOMPOCAM HMCIOIb30BaHUS MA0JIOHOB B MPOIECCaX U3TOTOBICHUS
Y KOHTPOJIS JIETaeH.

Tak kak B WMHTEpecax 00JIACTH TUCCEPTAIMOHHOTO HCCIEAOBAHHUS HAXOIUTCS
NPAKTHYCCKA BECh JKM3HEGHHBIM IHMKJI TPOCKTUPOBAHHMS MIA0JIOHOB JI0 WX
HETIOCPEJICTBEHHOTO  W3TOTOBJICHHWS, B  JIMTEpaTypHOM o0030pe  TPOBEICH
TEMaTUYeCKUii OTOOp W aHaiu3 paboT MO COCTABIISIFONIMM >KA3HEHHOTO IIUKJIA
W3JIeNUsl 1 COOTBETCTBEHHO IA0JIOHA, BhIIENIEHHBIM coriacHo ctanaapty SO 9004,

B paccMmoTrpenHpix pabGoTax OosbllIoe BHUMAHHWE YICJICHO BBOAY B
MPOCKTUPOBAHKUE W3MEINS DJICKTPOHHOTO MOJECIUPOBAHUS C HCIOIH30BAHUEM IS
VBS3KA TPEXMEPHBIX MOJECNICH, HO BBUIY CYIIECTBCHHBIX PA3IUUUNA MEKIY
MpolleccaMyl MPOEKTUPOBAHUS MA0JIOHA U JeTayiel, COOCTBEHHBIMH TapaMeTpaMu 1
COCTOSIHUSIMH KOH(PUTYPUPYEMBIX IN1a0JOHOB, TpeOyeTCs MPOBOAWTH aATANTAIUIO
CAIIP, ¢ nomoIibto MEXaHU3MOB Pa3pabOTKH COOCTBEHHBIX MTPOTPAMMHBIX MOTYJICH.
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[Tpumepsr mogoOHBIX perienuid npeacrasieHbl kak ans T-Flex, Kommnac, AutoCAD,

Tak U JJIs IPHMMEHSIEMOro Ha aBHaIlMOHHBIX 3aBoaax Siemens NX (panee Unigraphics

wii UG), wanmpumep, s YOPOUIEHUS pPa3paOOTKU YHPaBISIONUX POrPaMM.

OtaenbHOE HampaBiieHHE B 0030pe BBIJCIECHO BOINpPOCaM  PalMOHAIBHOIO

(dbopMHpPOBaHHUS XOJIOCTOTO X0/1a KAPETKU B IIPOLIECCaX JIa3ePHON PE3KH.

Hcxonga W3 1uWKIa TPOU3BOJACTBA MIA0JIOHA, C y4eTOM 0030pa pOACTBEHHBIX
UCCJIeIOBAaHUM M pa3pabO0TOK, B paboTe BBIJIEJICHB OCHOBHBIC HAIMPABIICHUS IS
pEIIeHNs CYMECTBYIOIMMUX B 001acTH mpodsieM, 0O0OOIEHHO MPEICTaBICHHBIE Ha
pUCYHKE 2.

1. Pa3paboTaTh cHeqUaIM3UpPOBAHHYIO MOJCHUCTEMY NPOEKTUPOBAHUS IUIOCKUX
JUCTOBBIX  MIA0JIOHOB  aBHAIIMOHHBIX  HM3JEIHMHA, OOECIEeUMBAIOIIYI0  HUX
ONTHMAJIBHYIO Ja3€pHYIO PE3KY, 3a CUET BKIIOUEHHUS B MPOLIECC TPOECKTUPOBAHUS
COBOKYIIHOCTA TNPeoOpa3oBaHUNl  BHU3yalbHBIX MOJENEW, B TOM YHUCIE
NICEBIOKOJOBOIO  IpaUueckoro  MOJECIHUPOBaHMS  C  BO3MOXKHOCTSIMHU
AKCIIEPUMEHTHPOBAHMS, COTJIACOBaHHBIX c (4UCTOBBIM-TIPOTPAMMHBIM
ynpasienuem) UITY nporpammamu B G-kogax.

2. B npoexTupoBaHUU IUIOCKUX JINCTOBBIX MIA0JIOHOB CIIEAYEeT OPUEHTUPOBATHCS Ha
UX TIOBTOPHOE HCIIOJIb30BAHME C JOCTYIIOM K OHOJIMOTEKe I1a0JoOHOB U
npuMeHeHneM 3 (PEKTUBHBIX MEXaHU3MOB KOPPEKIIHH.

3. Tloacucrema momkHa OBITH pa3paboTaHa kak MoayJb K cymectByromieidr CAIIP
NX 7.5, sasustomeiica 0a3oBoil Ha 3A0O «Asuactap-Cll», ¢ ucnosgb3oBaHHMEM
BOIPOCHO-0TBeTHOM cpeabl Working In Questionsand Answers (WIQA)

pom————————— ~
i ; \
: onToTIori : | 3AMPOC | | AJANTALMA | | MHTEFPALMA | WIQA
1 1
1 BMBTMOTEKA AHANU3 KAPTOrPA®UA AOKYMEHTUPOBAHUE
| | wasnoHoB :i = | | || |
I‘ | OTOBPAXEHME | | NMPOrPAMMWPOBAHMUE | | IKCNEPUMEHTUPOBAHWE |
: i -
UMHTEPDOEUC y NASEPHAA PE3KA
| R R B 1
| | | | | |
v | | | | | | UABTOH
(ﬁ) YTUauTel : : : : : : TL
T
| | | | I | AETANb
| | | ook | | ]1
| | | | | |
| | | | | |
| | | | | | [OAEH/HETOMEH
| | | | | |
| | | | | | :
. | | | | | | |
K3HeHHBIH THKT I I I I | I I
| | | | | |
LA o et e e — e D>
JKU3HEHHBIH UK :
___az___________'HEZ‘_”H_I____________________________________'__>
CNEUM®NKALIMA LETA/IN CO3JIAHUE JIETAJIU KOHTPOJIL JIETAJIA

Puc. 2. ConocTtaBieHue )XU3HEHHBIX [TUKIOB ASTAIM U [1a0JI0Ha

CdhopmupoBaH OCHOBHOH MOTHB HCCIICJIOBAHUS. UCHOIb308AHUE 8 NPOUECce
MexXHO102UYeCK020 OCHauw(eHUsA CepuiiHbIX aBUAUUOHHBIX uzoenui

9



CREeUUAIU3UPOBAHHOU cucmembol nPOeKmMuposanus waoaonos u
IKCHEPUMEHMUPOGAHUE C UX MOOENAMU O00JIHCHO CROCOOCHE08AMb CHUNCEHUIO
mMpPYO00emMKOCHU 8 NPpOyecce ux nPOeKmupoeatusi.

C nomoimpio aHanuza Ha ocHoBe QA-monxona cHopMUPOBAHBI OKUITAEMBIE OT
uccneaoBanust 3P EKTH:

Iloocucmema npoekmuposanus JaAUCMOBHIX WAOIOHOE O00JIHCHA NOBLICUND
CHieneHb  ABMOMAMU3AUUU  OeliCmeull  NPOeKMUpoOswiuUKa, 3a  cuem
ABMOMAMUYUECKO20 6bINOTHEHUA NOBMOPAIOWUXCA Onepayuil, Ha Imane
mpexmepHo2o NPOEeKMUpoeanus, O0QopmieHuUs MmMexXHUYecKou OOKyMeHmayuu,
nO020MOBKU YRPAGIAIOUWUX NPOZPAMM U KOHMPOIA C UCHONAb306AHUEM CPEOCHE
IKCHEePUMEHMUPOBGAHUAL.

Ilposedenue IKcnepumenmos no3eonsem aAOANMUPOBAMb COXPAHEHHbLE
npoeKmovl K HOBbIM Oemaniam, OUEHUGAMmMb pe3yibmamul KOppeKuuii mooenell,
MPAHCIUPOBAmMd NPOPAMMBL O071A OpPY2UX CHIAHKO8, a4 MAKHce HNPOOOUmDb
ONMUMU3AUUIO MPACCHL 014 JIA3EPHOIL 8bIPE3KU.

IPpekmuenocmo cucmemvr OondcHa onpeoenaemcia ¢ MOU  NOZUUUU,
KOmopyw oaem IKcnepumenmuposanue ¢ npozpammamu. Mexanuzmol Koppekyuu
00JLICHBL Oonpeodesiams OWUOKU 00 IMANA pPe3aHus, u mem camvlm u3dexHcams
3ampam. Ha 3IKcnepumenmax MoOMNCHO npoeepumsv U  CKOPPEKMUPOCAMDb
MUKponpozpammy o0padomxku.

Bo BTOpO# rj1aBe pacKpbIThl BOIIPOCHI BKIFOUEHUS B TEXHOJIOTHUYECKUM IMTPOLIECC
MPOEKTUPOBAHMS 1IA0JOHOB BO3MOYKHOCTEN ASKCIIEPUMEHTHPOBAHUA;, NPOU3BEACHA
dopmanuzanus madbioHOB, U BbiAeNeHO OoJiee 40 onucaHuii TUIIOBOW CTPYKTYPHI C
UCTIOJIb30BaHUEM (opManu3MoB pacimpeHHol bakyc-Haypoeix ¢opm (PBH®);
MPEAIOKEHO KapTorpaduuecKoe MpeACTaBIeHUE CTPYKTYPhI 11a0I0Ha; epEeUnCICHbI
U crnenuuUIMpOBaHbl COCTOSIHMS II1a0JOHAa Ha pa3jMyYHbIX STanax >XU3HEHHOIO
LUKJIA.

JInst TOCTHKEHUS OKHMIAEMBIX MOJIOKHUTEIBHBIX A((PEKTOB, B paboTe MPEII0KEHO
BKJIFOYUTh B TEXHOJIOIMUYECKUN MPOIIECC MPOEKTUPOBAHUS IIa0JIOHOB, C YYETOM HX
U3TOTOBJICHHS Ha CTAHKAX JIA3€pHOM PE3KH, BOZMOXKHOCTEHN IKCIIEPUMEHTUPOBAHUS B
NOCTPOEHUAX YIPABIISIIOUIUX TPACKTOPUM, a TAKKE M HA IPYTUX dTanax *XU3HEHHOIO
[UKJa M1a0JOHHOM OCHAaCTKU. DKCIHEPUMEHTHMPOBAHHE OCHOBAHO Ha pa3paboTke U
WCIIOJIHEHUH TICEBOKOIOBBIX MPOTPaMM, UMUTUPYIOIIUX JIBUKEHHE JIA3€PHOTO J1yya,
Kak B paboyeM pekuMe, Tak U Ha ydacTKaxX XOJIOCTOrO XO/a.

B pabote npenyioxkeHbl MEXaHU3Mbl Pa3paOOTKU W HUCIOJIb30BaHUU IIA0JIOHOB,
BKJIFOYAIOIIME BHIOOP MOAXOASIIEro o0paslia M €ro nepBoHavalibHAs ajanTaius K
texHuueckomy 3ananuio B cpene CAIIP NX. Ilocne storo mpouecc pa3paboTKu
NEePEeBOIUTCA B MHCTpyMEHTaldbHO-Moaenupytouryo cpeay WIQA, oTKpbIBaOIIyIO
BO3MOXHOCTh [JUISl  3aIUIAHUPOBAHHBIX W  CUTYaTUBHBIX OKCIIEPUMEHTOB, C
pepbIBaHUEM U MIEPEX0JI0M B Apyrue nporpamMmmusie cpeactBa (NX u zp.), a Takke ¢
BO3BparoM oOpatHO B cpeny WIQA. DkcniepuMeHTHUpOBAaHUE TO3BOJICT BBECTH B
MpoLEecc pa3pabOTKU JOMOJIHUTEIbHBIE IPOBEPKHU MPOCKTHBIX PEIICHUH.
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Ha 3aBepmaromem 3tame GopMHUpPYIOTCS TTporpaMMa M3rOTOBJICHHUS ITabjoHa Ha
CTaHKe Ja3epHOro packpos. dparmeHT 3Toro mporecca (¢ OTOOpaKeHHEM MecTa
npeajaraéMbixX B JUCCEPTALMU CPEACTB) MOKa3aH Ha PUCYHKeE 3.

DNEeKTPOHHAA MOJIETH IOBEPXHOCTH

b b

»  ONEKTPOHHEIE MOAECITH ITporpamme: obpaboTru
TO Deranci Ha craHkax ¢ IV
h 4
IIpoexkTupy eMasn ¥
TIOACHCTEMA IN IIporpamMmer 06paboTKH O6paboTka
TO pna craaxos ¢ UITY 3arOoTOBOK Herann
WIQA +
F 3 F3 b
. ! IIporpaMMel KOHTPOIIA HA TO Konrpons
BubnroTeka > KM IeTancH
ICEBOOKONOBRIX
MOOeneH

Puc. 3. MecTo npoektupyemMoii cucTeMsbl B IPOLIECCE MOATOTOBKU TEXHOJIOTUYECKOTO
OCHAILECHUS

Crneunduka mabIOHOB M MpOLIECCA WX H3TOTOBJIEHUS MpPUBENIAa K PEIICHHUIO
UCIIONIb30BaTh ISl CleUM(PHUKAUMK CTPYKTYPHBIX AJIEMEHTOB MOPOXKAAIOIICH
rpaMmaTtuku (¢ ucrnosb3zoBaHueM PBH®-HoTanmii), OT KOTOpPOW JIETKO MEPEUTH K
IICEBAOKOJOBBIM IpOrpaMMaM H3rOTOBJIEHUS 11a0iaoHOB. IlpaBuna rpamMmmaTuku
MO3BOJIMJIM OMNHUCAaTh KaK HOMEHKJIATypy IIA0JIOHOB, TaK M HUX cHenupuKaluu.
HomeHkitatypa BBOIHUTCS CIEAYIOIIMM PaBUIIOM:

LIABJIOH = IIOK | LT . . . | LLIP,
r7ie cJieBa IPUBE/ICHA HOpMaTUBHAs a00OpeBUaTypa 1adJI0HOB OCHOBHBIX THUIIOB
(IIOK — ma6son o6pe3ku u koHaykrop, LI — madnaon rudku, HIP — madnon
pa3BEPTKH).

B ocHOoBy reomerpuum 1Ia0JOHOB TOJIOKEH OCHOBHOM  CTPYKTYpPHBIN
MOBTOPSIIOUINICS 3JEMEHT, KOTOPBIH MOXHO OINHCAaTh CIEAYIOIUM 00pa3oM,

Hanpumep, s [HIOK:
IIOK = FA30BBIH IIIAFJIOH , {X},

rae X — cnenupuyeckue CTpyKTypHBIE JIEMEHTHI,
BA3OBBIU 1IABJIOH = OCHOBHAA YACTb, [JO5ABOK], MHH®OPMALIUA.

Ha ocHoBaHWU BBIJICICGHHOTO DJJEMEHTA OMHCAHUS MA0JIOHOB HWMEIOT BU,
MPEJCTABIICHHBIA HA PUCYHKE 4.
B utore Bce anemMeHTHI 11a0I0HA OMKICAHBI CICTYIONTUMU MPUMUATUBAMH C TOYKU

3peHust pabOTHI C TEOMETPUEH:
OCHOBHAS YACTb = {KOHTYP};
KOHTYP = {I[IPUMHUTHB);
ITIPUMHUTHUB = OTPE3OK | VI A | CIT/IAMH;
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OTPE30OK = ‘LI(‘, TOYKA, ", TOYKA, )
JIVIA= “‘Al(*, TOYKA, ‘", TOYKA, ‘", TOUYKA, ", YUCJIO, )", |
OKPY)KHOCTb;
CIIIAFH = ‘SP(*, TOYKA " {TOYKA, *,"}, TOYKA, *)’;
TEKCTOBBIH BJIOK = {CUMBOJI}, TOUYKA, YUCJIO.
Kaxcz[a;l MOACIIb ra0JjioHa KpoOMC OTO6pa}KeHI/IH Ha JTalc TpEXMCPHOIO

MOJICIUPOBAHUA W IIPOCKTUPOBAHUA HMMECT TAKKC IPCACTABJICHHC B BH/JAC KOJO0B
MHKPOIPOrpaMMBI YIIPABJIECHUSA CTAHKOM JIA3€PHOU PE3KHU, TE KE CamMble IIPUMHUTHUBBI

3amycaHbl ¥ I 3Tana 00padOTKM Ha CTaHKE JIa3epPHOTO PACKPOSL:
CILUIAMH = {*G3 X* YUCJIO ‘Y’ YUCJIO ‘I YHUCJIO ‘J’ YUCJIIO
YUCJIO Y’ YUCJIO ‘1°9UCIIO J’ YUCJIO [},
OTPE3OK = ['GO X YHUCJIO 'Y’ HUCJIO] ‘GI1 X YUCJIO Y’ YUCJIO;
HAVIA= ‘G3 X YUCJIO Y HUCJIO 1°YUCJIO J HUCIIO | ‘G4 X" HHUCJIO Y’
YUCJIO T°9UCIIO J’ HUCJIO.

‘G4 X*

LIOK = GA30BbIN_LLAG/IOH [YIIOPbI] [YCTAHOBOYHASA JIMHUA]
[OBO3HAYEHUE_O/CEYEK] [OKHA_MOA_CTPY5LMHbI]
[OCb_MPOPU/IA] [SCKU3_MPUTIOKEHNA]

UIP = EA30BbIi_LLAB/IOH {LLIO} TMHUM_TUEA E ﬂ 0
TPAHULIA_®PE3UPOBAHNA O503HAYEHWE EOPTOB | d

| -
} LIKCH = GA30BbIV_LIAG/IOH OBO3HAYEHME_GA3bI BU/]
JUCTAHUMA HOMEP _B_KOMITIEKTE

LIBK = BA30BbIl_LLIAB/TOH

LM = BA30BBIV_LUAB/TOH 3CKN3_TTPU/IOMEHNA

Puc. 4. I'pammaruka onucaHusi OCHOBHBIX TUIIOB I1a0JI0HOB

Bei6op cucremsr WIQA 00ycioBieH BO3MOXKHOCTBIO OIHMCAHUS Tpoliecca
IPOEKTUPOBAHUS HE TOJIBKO C TOUKH 3PEHUS MAIIMHHBIX KOMaH/, HO U (pOpMaIbHOTO
OMHCaHUsl TOCJIENOBATEIILHOCTH JCHCTBHI 4YeloBeKa Ha fA3bIKE OJIM3KOM K
€CTECTBEHHOMY, U OTOOpa)KE€HUs IMpoliecca MPOEKTUPOBAHUS B BOMPOCHO-OTBETHYIO
naMmsTh, YTO OTOOPaKEHO Ha pUCYHKE 5. S3BIK, AJis1 0003HAUYEHUsI KOTOPOTrO BBEACHA
cumBoiiuka LWIQA, Bcrpoen B wuHctpymeHtapuiik WIQA u goctyneH mis
WCIIOJIb30BAaHUSI B paMKax  MHTETPUPOBAHHOW  Cpeabl  IICEBIOKOIOBOTO
IPOrpaMMHUPOBAHMSI, BKJIOYAIOIIEH TEKCTOBBIM M TpadUyecKUil penakTophl, JBE
BEPCUU HUHTEPHPETATOPA, KOMMOWISATOP M OHOIMOTEKY THUIOBBIX U CIYKEOHBIX
IPOrpaMM.

Azpik WIQA nonyckaeT paclidpeHusi, OJHUM U3 KOTOPBIX  SBIISIETCS
pa3paboTaHHOE€ B  JUCCEpPTAllMM  pACIIMpPEHUE,  ONMCHIBAIOIIEN  mpouecc
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npoektupoBanus mabdiaonoB — pacmupenne LCMT (Language conceptual modeling
template. DToT pe3ysbTaT NpeACTaBIsSCTCS PABUIAMU:

LWIQA = LBASE [RAS]

RAS = r | LCMT,
rae I' — KOMIUIEKC paclIupeHui s3bIKa, CO3/IaHHbIN 10 paciuperuss LCMT.

B pacmmpenne LCMT BkiIroueHbl oOmepaTopbl, OCHOBHBICE M3 KOTOPBIX

npuBeneHbl B Tabmure 1 U cepBUCHBIE TPOIEAYPHl U (PYHKIIMH, YaCTh U3 KOTOPHIX
BKJItoueHa B Ta0mmiry 2.

p- - s ==== =

Cpena WnpoekTHpoBaHud wadionoe 1 TpoeKTHble :\
—

Monemmpyromas cpena WiQA 1 3a0aum fZEl

_—

T e o

[TpoexTepobrae Dy

g} g}:{}{:pennaa BIaMmMOoOeRCcTEHS ] [ OrofpameHye F94 ]
! .

N —
BrBnmoTeKa /—J
Illafiann Mo rpanin e L
KOHTFR - .. e
e BASETY P OTEIDSEHE _
oo |- o © o
\ E—l ax |) (] u.n.-mm /
-
Puc. 5. OToOpakenue nporiecca mpoektupoanusi Ha QA-TIamMATh
Tabmuna 1
1 | IloaroToBUTH CTAHOK &Podg_St& G17 G40 G21 G71 G90 GY%4
G49 G61 F2000

2 | YcTaHoBUTH MOIIIHOCTD, &Poweré& S1000

JUTSI CKBO3HOTO pe3a
3 | JIunelinas uHTEpHIONALIUS &Line& G1 X239.93 Y-15 F1130
4 | KpyroBast HHTEPIOJSIIHS &Arc& G3 X204 Y0 1-4 JO F1130
5 | Xomocroit xoxn &ldl& G0 X229.93 Y-25 F2000
6 | Busyanuzanus nuneiinoro | &Cut_Line&

nepeMeIeHHsI
7 | Busyanuzamnus &Cut_Arc&

NepeMEeIeHHS 110 AyTe
8 | Busyanmuzarms &Cut_Circle&

EPEMEIIICHHSI 10

OKPY>KHOCTH
9 | Buzyanmzanus &Cut_Cont&

NepEMEIICHHS TT0 KOHTYPY
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Tabmuma 2

Ne \ IlceBnoxonoBass KoMaH/Ia \

Onucanune

1. IToAroToBKa K MPOEKTUPOBAHHIO

1.1. | Pol Zad(&idZad&) IMonyunTs 3aganue

1.2. | &Nas Rab Mes& Hactpouts pabouee MecTo
1.3. | &Start NX& 3amyctuth NX

4. ®opMupoBaHHE IPOTPaMMbI 00PabOTKH

4.1 | &Progr prov& [IpoBepka reomerpun

4.2 | &Progr_progr& CdopmupoBats mporpammy 06paboTKu

5. DKCIIepUMEHTHPOBAHNUE C MOJICIIBIO

5.1. | &Eksper_Vis& 3amyCTUTh BU3YAIM3alIMIO JIa3epHON 00pabOTKH
5.5. | Eksper_KorP(&OldPoints&, KoppekTrpoBarh TOUYKY BPE3KH Ha KOHTYpE

&NewPoints&)

6. OdopmiieHne T0KyMEHTAINH

6.1. | Doc_Templ(&Templ_Name&) 3arpy3uTth N1a0JIOH TOKYMEHTA

6.2. | Doc_Templ Fill(&Name QA&) 3amonauTh mabnon n3 QA-poTokosa

6.3. | Doc_Print (&Name_Doc&) Hamewyarath JOKyMEHT

7. [ToaroroBka n 06paboTka Ha cranke ¢ UITY

7.1. | &Podg_St& [ToroTOBUTH CTAHOK

7.2. | &Podg_Zagr& 3arpy3uTh 3arOTOBKY Ha CTAHOK

7.3. | &Obr_Vipoln& BeimoHuTh iporpamMmy 00pabOTKH Ha CTaHKE

OI[HI/IM 13 BAXKHEHMILIMX PE3YIILTATOB JUCCCPTAHMOHHOI'O UCCICAOBAHUA ABJLACTCA

Kaprorpaduueckas MoAeNb I1a0J0Ha,

muddepeHuupyomas U CBI3bIBAKOIIAS €0

CTPYKTYpHBIE 3JIEMEHTHI MO 00pasiy reorpaduyeckux kapT. B kaprorpaduueckoi

MOJICJIM  BBIJICIISIFOTCSI  CJIOH,

o0beNUHSIOMNEe HA0OpPOB JIaHHBIX,

CBA3aHHBIC

onpeneneHHon crneuupukod unum npodnematukod. Ilpumep onHON U3 Takux

MO/IEJIEN, MPUBEICH HA PUCYHKE 0.

e ——

e [ — -y L o

Jdazepran odpadomyxa Hzzomosenue
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Konmpo.is demati

ca )
M \J DR S ; \b

Clopra demaied

Puc. 6. [Ipumep mocaoiHOTO pa3OueHuss CTPYKTYPHI IadI0Ha
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B nmporiecce npoekTUpoBaHUS KaXKIbli 1MA0JIOH, IO aHAJIOTUH C MPEICTaBICHHEM
KapT B BHUJEC MHOTOCIOWHOW CTPYKTYpBI, JOJDKEH OBITh pa30WT Ha MHOXKECTBa
TC€OMETPHUYECKUX JIEMEHTOB U TEKCTOBBIX OJIOKOB.

sh = [Sk(Z)] : [Sk(GDET)] : [Sk(Gadd) ] : [Sk(ltext)] . [Sk(Goe)]
sk — pyHKIMS 00BETMHEHUSI YIIEMEHTOB B KapTOrpadUueCKuil CIIO.
~  omepamus ~ COBMemIeHUS  (TIPOCIMpPOBaHUs)  KapTorpauuecKu-
OpPUEHTHPOBAHHBIX CIIOCB.

Z — 3arotoBKa mabiioHa, (opManu3aius Ha4aabHOTO METAJUTMYECKOTO JIUCTA,
MpeCTaBIsieT Cco0OM CJIOM € OCAMHU KOOPJIMHAT, pPa3MEpbl KOTOpPOro OOJbIie
rabapuToB nabdaoHa a u b.

GPET — HoOpMaTHBHOE MPEICTABICHNE UCXOTHOW JIETAIH, 3TO MMOIPa3yMeBaeT, 4To
UCXOJIHAsd JeTallb Ha IIa0JOH MOXET OBbITh OTOOpakKeHa, KaK OJIHUM KOHTYPOM,
rpynmnoid KOHTYPOB, TaK M MPOCTO JTUHUEH CEYCHHs MOBEPXHOCTU ACTANH, NMPUYIEM
KOKIBIA TEOMETPHUECKUN DSJIEMEHT MOXKET MPUHAIIEKATh OJHOMY U3 MHOXKECTB
0TOOpaXeHHsI TEOMETPHUH JI€TaIN

GriP% —351eMeHTBI BHEIITHETO KOHTYPA JIJIsl CKBO3HOU BBIPE3KH,

GriP! — 3eMeHThI BHYTPEHHETO KOHTYPA [Tl CKBO3HOM BBIPE3KH,

GrfP — sneMeHTsI, 0TOOpaXkaeMble pUCKAMU

GPET = {Gri°P} u {Gri'P} U {Gr!P},

Gadd — HabOp TEOMETPUYECKUX MPUMHUTUBOB (HOPMUPYIOMIUX 100aBOUHBIN
MaTepual.

Taxxe cOCTOUT U3 BHEIIHUX, BHYTPEHHUX KOHTYPOB U PUCOK

Goda = {GriiOAdd} y (GrHitadd)  {GyPadd),

ltext — TEkcTOBBIC OJIOKM C BCHOMOTaTelbHOM HWH(MOpPMALMEH, OmpenenseTcs
KOOpJIMHATAMU OTPAHUYMBAIOIICTO TPSAMOYroJbHUKA (X1,Y1,X2,Y2), mpuprtom fj, u
coJiepKuMbIM L.

Iexe = {Text;(x1,y1, %2, 2, f, O},

S*(G,.) — NONONHUTENBHBIC 3TEMEHTHI, CBA3aHHBIC C MAOTOHOM (TLTACTHHBI,
yIOPHI U T.11.)

Takum 00pa3om, yTOUHEHHOE OMKCaHue OyAET BBITISIICTh

sh = sk (6r% ()] .[Sk({6rP} U {GrioAd})] . [sk({GriiP}{Griadd))] .

[Sk({erfPYu{6rP4?})] . [SE({Text;(x1, ¥1, X2, ¥2. f;. )})]- [SE(Goe)].

OmnpeneneHre TCEBAOKOOBOTO OMUCAaHUs IIa0JoOHAa C KapTorpaduyecKum
MIPEACTABJICHUEM TI0 CJIOSIM TIO3BOJISIET MOJTYYUTh U3 HETO KaK MPOTrpaMMbl 00pabOTKH
C ydyeToM chnenupuKd KOHKPETHOTO CTaHKa, TaK W  COMPOBOJHUTEILHYIO
JIOKYMEHTAIIUIO Ha 111a0JI0H.

Kpome 3TOro OTKpbhIBaeTCS BO3MOXXHOCTH CO3JIaHHUS OWOJIMOTEK IOBTOPHOTO
WCIIOJI30BAHUS, KaK JIJII CAMHUX ONMUCAHWH MA0JIOHOB, TaK M JISI OTIMCAHMS TUITOBBIX
NPUMHUTHUBOB, BXOJAIIMX B COCTAaB IMabJioHA TIO CTaHAApTy Npeanpusatus. B
OMOMMOTEKe XpaHATCS YCHCIIHBIC PEIICHUs, TaK Ha3bIBaeMble TIPEIICICHTHI,
AKKyMYJIUPYIOIINAE TOJIC3HBIA OMBIT MPOSKTHPOBAHUSA. ITO MOTYT OBITH TOTOBBIC
m1abJIOHBI, WX KOHCTPYKTHBHBIC DJIEMEHTHI, a TaKXe JOKYMCHTAIUS W MPOTPaMMBI
00paboTKH, 0TOOpak)aroNe COCTOSHUS MAa0I0Ha HA PA3TUYHBIX dTAMMaX KU3HEHHOTO
nukia. HemocpenacTBeHHO TpexXMepHble MOJENH, XpaHUMble B OUOIHOTEKE,
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MIPEICTABJICHBI BYMS TUIIAMHU: TICEBIOKOIOBOE OMMMCAHKE MA0JI0HOB, COTIIACOBAHHOE
¢ nporpammamu YITY, ni1s moucka KOTOPBIX BbIIEJIEHBI OCHOBHBIE MapamMeTphl, JJis
kjaccudukanuu (TUn mabioHa, XapaKTepU3yIOIIUi ero MPUMEHEHHE; TUIl HOpMaJld
3aroTOBKU MIAOJOHMPYEMOM JeTanu W T.J.) U NapaMeTpUyYeCKOe OMHCaHHUE PSIOB
TUTIOBBIX DJIEMEHTOB, COCTaBJICHHOE€ U3 OCHOBaHUS, M psAga [apaMeTpoB,
XapaKTEpU3YIOMINX MPOU3BOAHBIE MOACIIH, PA3IUUYHbIC IO TabapuTaMm.

B _Tperbeil rjaBe ONHCAaHA METOJOJIOTHYECKAs COCTaBIOMIAs pPabOoThI,
BKJIFOYAIOUIAasl IOCJENI0BATEIbHOCTh OMNEPALMI NpPH NPOEKTHPOBAHWU II1A0JIOHOB;
METOJIMKH MPOBEACHUS KOHIENTYATbHOTO SKCIIEPUMEHTHUPOBAHUS C OTOOPaKCHHUSIMU
mabJIOHOB Ha CEMAaHTUYECKYIO MaMsTh, OMUCAaHO (OPMUPOBAHHE IOKYMEHTOB Ha
ocHoBe 3amosHeHuss QA 11abIOHOB; MPHUBEACHBI MOJENH, HUCIHOJIb3yEeMbIE Ha
MIPOU3BOJICTBE U MX BIUSHHUE HA OCHOBHBIE MTOKA3aTEIN OCHOBHOT'O MPOU3BOJICTBA.

O0o6menHo mnporecc npoektupoBaHue wmabionoB B Kb mpoucxoaut
CJIEYIOINUM 00pa3oM:

® [O3MILIMHU JETaNIeH pacipenesstoTCcs IO KOHCTPYKTOPCKUM OI0pO;

® Ha KaXIYI0 OCHACTKY B IUIAHE ITPOCTABJISIFOTCS CPOKH BBIIIOJIHEHUS;

e HavanpHUK Kb npocMarpuBaeT no3unmu, 3akperuieHHsie 3a ero Kb, n otnaer B
paboTy KOHCTPYKTOPY;

® 110 OKOHYaHUU PabOThl KOHCTPYKTOP CHAET PACU€THO-TEXHOJOTUUYECKUE KapThl
Ha OCHACTKYy uepe3 cBoero HauanbHuka Kb B I1/1b.

OcHOBHasl TOCJIEI0BATEIBHOCTh ONEpaluil MpU MPOEKTUPOBAHUHU IIAOJIOHOB IO
peajaracMo METOAMKE ¢ MO3ULMK IPOECKTUPOBINMKA, BBIIEICHHAS U3 CTaHIapTa
MpEANPUATHS IPECTABICHA HA PUCYHKE 7.

[Oepeed 3anay * I X

R [ P

= P 3. OnucaHie NpoUECCa NPOSKTHROBAHNA WEHNOHOE
+ P 3.1. CucTeMHan $acTe NposkTa
= % 3.2. MpopaboTka 3anaHKs
o f) 3.2.4. MonyudTs 3a0aHue &F8
Y 3.2.4, CNpoeKTWPoBaTE WwabnoH ANA ASTaNK HOMED ...
) 3.2.5. OTKOppEeXTWPOBETE Sa03HMe
) 3.2.6. CornacoBaTh 3a0aHKe C HaYansHUEoM
= % 3.3. MogenuposaHue
) 3.3.1. 3anycTuTe UG NX
= ) 3.3.2. NoaoSpate vawbonss nomxoanwmid wabnod AnA wsMeHsrMa &B'SHE
Y 3.3.2. Wabnod s GubnumaTeru 3
) 3.3.3. BHeCTH H3MEHEHHA
= % 3.4 SkCNepuMeHTHpoBaHWE
) 3.1, NpoEacTH 3KCNEPHUMEHT
r) 3.4.2, opafoTtate Mogenk
= ¥ 3.5 O:DopMNEHWE AOKYMEHTALMK
) 3.5.1. 3anonHuTe PTK
= % 3.b. ApanTauwn nog YNy
r) 3.6.1. Mp=o0pazosaTe NCEEACKOOOE0E ONHCaHKE B G-KOAabI

Puc. 7. BOHpOCHO-OTBCTHOC MMPpEACTaBJIICHUC ITPpOLCCCa MPOCKTUPOBAHUA 1a0JI0HOB

JuarpaMMa moOCIEIOBATENbHOCTH pPabOT MpU MPOECKTUPOBAHUM I1a0JOHOB,
NpeACTaBlIeHHAasT Ha PHUCYHKE &, OINKHCBhIBA€T B3aMMOJIEUCTBHE OOBEKTOB B
HCCIIEyEMOM IIpOILIeCCe.
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Moaynb

MNpoeKTUPOBLUMK Moacucrema BubnnoTeka
3KCNEPEMEHTUPOBaHMA

—1.HauyaTb NpoeKTUpOoBaHUe P
2.3anpocuTe gaHHble onAa

NOBTOPHOIC UCNONbL30BaHWA

‘3.I'I0n\,rq WTb NCEBAOKOA0BYIO ||

mogens
‘4.|_|pe,£I,CTaBI/ITb BapWaHTbl M3 A

6ubnnoTeKM

-5.BbIBpaTh HY:KHbIA BapUaHTH

| 6.Mpoussectn Koppekum ro’
mogenu

7. OTNpaBuTL MOAENb Ha FKCNEPUMEHT——
Il
] 8. Mony4MTb pesynbTaTbl SKCNepUMEHTMPOBaHMA

9. CornacmTtca ©
M3MEHEHWAMM

| 10.3arpysutb M3MEHEHHYH
Mmogens B 6ubnuoTery

11.Chopmuposats Y u
OOKYMEHTALMIO

-

Puc. 8. JlnarpamMmMa mociie0BaTeIbHOCTH B3aUMOICHCTBHS 00BbEKTOB IIPH ITPOSKTHPOBAHHH
11a0JIOHOB

OtoOpaxkeHHe TIpoIlecca MPOCKTUPOBAHUS B BOMPOCHO-OTBETHYHO IaMSTh
MO3BOJISICT MPOBOAUTH KOHIIENTYyaJIbHOE SKCIEPUMEHTHPOBAHUE, MPUHIIUITHATIBHBIM
SBJISIETCS TPOBEACHUE HOKCIEPUMEHTUPOBAHUS pa3pabOTYMKOM I1abyioHa s
BBIOpaHHOM MM 3aJauu (HE TOJBKO CBSI3aHHOW C MpOoIeaypaMu JiazepHoil pesku). B
JTUCCEPTALIMOHHOM  MCCJEAOBAaHUU IS TPOBEACHUS TaKUX JKCIEPUMEHTOB
pa3paboTaH psJi CPEICTB, BKIIOYAIOIIMX CPEICTBA JUISl PErucTpaluud Mojesen
1a0JIOHOB B OMOJIMOTEKE U CPENICTBA ISl AMHAMUYECKOW BU3yalIM3alluU MPOIECCOB
JIa3€pHOM PE3KH BO BPEMEHHU.

Busyanuzamuss o0xoma W BBIpE3KH I1a0JIOHA SBISETCS BCHOMOTATEIIbHBIM
AKCIIEPUMEHTAJIbHBIM cpeacTBOM. [l rpadudeckoro oToOpakeHHs B JWHAMUKE
mporecca packpos B Moxayie penaktopa auarpamM  WIQA.Net HeoOxoaummo
chopMHpOBATh IICEBIOKOJIOBBIC IPOrpaMMBbI, OTOOpaKAIOIIKME IOIIATOBBIA ITPOXOJ
Ja3epHOTO Jiyda 10 ompeaenseMoMy KoHTypy. Cam Habop rpaduueckux
npuMuTUBOB, monydeHHbl U3 CAIIP NX, mo cBoeil cytu mpencraBiseT coOoii
JEKJIApaTUBHYIO TMPOTpaMMy, [JII HMMHUTAIlMU JIa3epHOM 00pabOTKHM KOTOPOW
HEO0OXOIMMO OTNIPECIIUTh PEATU3AIMI0 OCHOBHBIX PUMHUTHBOB.

B npaktuueckom sKCEpUMEHTHPOBAHUM, HAIICJICHHOM Ha UMHUTAIMIO J1a3epHOMN
pe3Kku, pa3paboTaHbl CpPEACTBAa JAUHAMUYECKOTO TMPOJBIKEHHUS 10 KOHTypam
mabJioHa, 4YTO U UMUTHUPYET JIa3epHYI0 pe3Ky. s Takux uMuTanuid pa3paboTaHBbI
IpoILeAYphl BU3YyadW3allMd JIMHEHHOrO CEeTrMEHTa, JyT'W, a TakXKe CIUIaifHa,
MPEeACTaBICHHOTO B BU/IE UX KOMOWHAIINY.
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Hpoue;lypa BH3YAJTH3AIHH no3TamHoii BBIPE€3KH TYTOBOI0 CCrMEHTa

(V2T .oﬂﬂﬁ
(-"np 1) s v &n& =10 // TlapaMeTp HeTamH3aIHI
S S &xl1& : =250 //Hagamno xyru
0 /,/ &yl =50 // Hauano myru
o o » ( §x28 =200 /! Towka Ha nyre
‘N /S N\ &y2& =0 /f Touxa Ha myTe
(.3 v V4 g ] &x28& : =300 // Konen myrn
e &y2& : =150 // Kowen zyrm
(1) PROCEDURE &CutArcé
° (g2 Vupd) 1. &i& =1
e ] -‘f 2 Gxprl& = &xl&
T 0(%2) 3. &yprl& = &yl&
A =faaR) 4. LABEL &L1&
=2 xaxR : 5. IF &i& > &n& THEN GOTO &LEXIT&
S 6. &RES& = SplitAre (&x1& &y18.&x2& &y2&,&x3& &y3& &k &n&)
- 7. &xpr2& = STR_SPLIT (&RES&, “:“ 1)
(i) §.  &ypr2& = STR_SPLIT (&RES&, ““,2)
B e 9. &xpr3& = STR_SPLIT (&RES&, ;. 3)
- 10, &ypr3& == STR_SPLIT (&RES&, “, 4)
- faaR) 11. DD CreateLine(*Arcline”,”ShapeName = Arc&i&”,"X1= &xprl&”, "Y1= &yprl&”,
(T "X0= &xpr2&”,"Y2= &ypr2&” . X3= &xpri&” V3= &ypri&”)
12. DD _Update(”ShapeName = Arc&i&”, LineStyle = CutStyle”)
NZ2x7xR 13, DD_Update(”ShapeName = LasKar”, “X = (&xprl& + &xpr3&) /27, “Y = (&yprl& +
&ypr3&) / 27)
14, &i&k =&i&+1:
oy 15. &xprl& = &xpr3&
) ) 16, &yprl& = &ypr3&
17. GOTO &L1&
18. LABEL &LEXIT&
ENDPROC &CutArc&

Puc. 9. Peanm3anust 0OCHOBHBIX TPOLETYp U AMHAMHUYIECKOTO OTOOpaKEHUS JIa3ePHOM
o0paboTku

JIOKyMEHTUpOBAaHHE SIBISIETCA OAHOM M3 0a30BbIX (YHKIHMOHAIBHOCTEU
unctpyMmentapus WIQA, 1iist ocyiiecTBiaeHUs KOTOPOH JIF0ObIe, TAK)Ke JOKYMEHTHBIC
dbopmMbl 0TOOpak)arOTCAa HA CEMAaHTUYECKYIO TTaMATh, IPUYEM €IUHUIIBI OTOOpaKEHUS
JNOCTYIIHBI JUIsI UX HCIOJBb30BAaHUs B IICEBJOKOJOBOM IIPOrpaMMHUpPOBaHUU. Tak 4To
M000W  pe3ynbTaT dSKCIEPUMEHTHPOBAHUS, €CIM OH OKazajcs pabouuM W
BCTpauBaeTCcsi B TNPOEKT MIabJioHa, MOXKHO OMNEpPAaTUBHO MEPEHOCUTh B
COOTBETCTBYIOIIME JOKyMEHTHbIEe (opmMbl. OdopmieHHe HUTOrOBOrO JIOKyMEHTa
(pac4eTHO—TEXHOJOTHYECKON KapTh), ONPEICICHHOTO C TIOMOIIIBIO THIIEPTEKCTOBOTO
OMKCaHMs, C MOJCTAHOBKOM TpeOyeMbIX MapaMeTpoB, M BCTaBKOW Ipauueckoil
WUIFOCTPAallMd W3 pPEAaKTopa JuarpaMM, Ha OCHOBE IICEBIOKOAOBOM MOJEIU
ma6JioHa, MpeCcTaBlIeHo Ha pucyHke 10.
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Puc. 10. ®opmupoBaHus CONYTCTBYIONICH TOKyMEeHTaluu Ha ocHOBe QA-TIpoToKoIIa

B derBepTOM rjaBe MNPUBOAITCS MPAKTUUYECKHE PE3YNbTAThl, MOJYYEHHBIE B
pe3ynbTate pa3paboTKH CUCTEMBI: OMUCAaHUE Pa3pa0OTAHHBIX YTHIUT U CPEICTB UX
WHTETPAllMA JIJIi aBTOMATHU3alMU (DYHKIIHM, BBIMOJHAEMBIX MPOEKTUPOBIIHMKAMU;
omHicaHa MOJelb TMepeaayr MHPOpMalMd O IIA0JIOHE MEXIY COCTOSHHUSMU €ro
KU3HEHHOTO IMKJIA; PallMOHAIBHBIA BHIOOP TPACKTOPUU XOJIOCTOTO XO/a KapeTKu
CTaHKa IPH JIA3EPHOM PACKPOE; IKCIIEPUMEHTUPOBAHKE C BLIOOPOM TOUEK BpE3aHUs B
KOHTYPBI JI€TAIEH U AUHAMUYECKON BH3yaJW3alluM MPOIECCA JTa3€PHOI0 PACKPOsS BO
BPEMEHU; KOHCTATUPYETCS MOBBIIICHUE KaueCTBA aBTOMATHU3AIUU U TTOJIOKUTEIbHBIX
3(PEeKTOB OTHOCUTENIPHO 0A30BBIX MOKA3ATEIICH.

[ToxcucTemMa COCTOMT U3 MOAYJIEH, PEIIAIOIINX CIEAYIOIINE 3a1a4H:
3arpy3ka u COXpaHeHHE B OMOIMOTEKE MCEBAOKOAOBBIX MOJIETICH;
paboTa co CIIosIMH;
3aI10JIHEHHUE U MCITOJIb30BaHUE aTpUOYTOB 3JIEKTPOHHOM Moaen Aetanu (OM/I);
JIBYCTOPOHHEE MpeoOpa3oBaHHEe TPEXMEPHOM MOJENIM U  IICEBIOKOJ0BOIO
OTIMCaHUS,
AKCIIEPUMEHTUPOBAHKE HAJ MOJICIIBIO;
¢ (opmupoBanue mporpaMMbl 0OpaOOTKH Ha OCHOBE TICEBIOKOOBOTO OMMCAHUS;
e odopmiieHHE TOKYMEHTAIIUH;

Jlnst XpaHeHusi 3HAUEHUS MapaMEeTPOB MCIOJIb3YIOTCA aTpuOyThl aetanu B NX,
HEKOTOpbIE M3 HUX PACCUUTHIBAIOTCS (Macca, rabaputhl u T.1.). OOIas cTpykTypa
B3aMMOJICUCTBUSL MOAYJIEH TMOACUCTEMBI MEXAY CO00M M C 0a30BBIMH CHUCTEMaMH
(NX, WIQA) npencrasiena Ha pucyHke 11.
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Puc. 11. CtpykTypa Moaynei HoCUCTEMbI IPOEKTUPOBAHUS KOH(DUTYPHPYEMBIX 111a0JIOHOB

s mepegaun Mojelneid pa3paboTaHbl MOAYJIN TPAHCISLIAN
® U3 MICEBIOKOAOBOIO OMUCAHUS B reOMETpUI0 NX;
e u3 reomeTpun NX B ICEBIOKOAOBOE ONUCAHUE;
® 13 IICEBJOKOJ0BOr0 OMKMCAHUS B IIPOrpaMMBI J1a3epHOH 00pabOTKH.
JluHamudeckoe  OTOOpakeHHE TIIpollecca JIa3epHOM PEe3KM B MOJYIIE
AKCIIEPUMEHTUPOBAHMS, HUMUTHUpYIOIIEe paboTy CTaHKa, W  IO3BOJISIOIIEE
MPOCKTUPOBIIUKY  aJaNTHPOBATh MPOrpaMMy IMOJI H3MEHSIONIMECS  YCIIOBUS
MPEJICTABICHO HA PUCYHKE 12.

IM0°°°°°°D°0|DNJ
[ I 1 T

BprE‘S AHHBIE 3TICMCHTBI

e

HauansHOE / e —

e e,
MONOHEeHHe
Texyinee
. TMONIOKEHHE
XOoIoCcToH X0

Puc. 12. Umuranus nazepHoil 00paboTkH 11absioHa

Tak kak, oOmas [aJWHA Ja3epHOM OOpaOOTKH CKJIAABIBAETCA U3 JIBYX
COCTABJISIFOIIUX: CYMMa JUTMH BCEX OTPE3KOB PE3KU U JUIUHBI XOJIOCTHIX MPOXOJI0B U
COKpalIeHne padouyero xo/1a BO3MOXKHO TOJBKO B Y3KOCTICIIMAIM3UPOBAHHBIX 3a71a4ax
MPaKTUYECKH HE MPUMEHHUMO IPH M3TOTOBJICHHUH JINCTOBBIX IIA0JIOHOB, TO B pabore
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MpEeIaraeTcsl  COKPAaTUTh  OOIee  TEXHOJOTHMYECKOEe BpeMsi C  IOMOIIBIO
palMoOHAJILHOTO BBIOOpA TPAaeKTOPUHU 00X0/1a.

Jns 3TOro MpPOSKTUPOBIIMKY IIA0JOHOB MPEAOCTABISETCS BO3MOXKHOCTH
AKCIIEPUMEHTUPOBAHMS C TOYKAaMHM BXOJla JIa3€pHOr0 Jiyda B oOpabaThIBacMbIe
KOHTYPbI, a TaKXxe JWHAMUYECKAs BHU3yaJM3aldsi PE3KH BO BPEMEHU, C
BO3MO>XHOCTBIO KOPPEKIMH HSTUX TOYEK, YTO M IIO3BOJISIET PALMOHAIM3UPOBATH
IIEPEMEIIEHUS TOJIOBKH CTaHKA Ha XOJOCTOM Xoze. B KadecTBe ONTUMU3AIIMOHHOTO
ANrOpUTMA NPUMEHSETCS PEIICHUE 3aJa4yd KOMMUBOSKEpA, AJaNTUPOBAHHOE IS
00X0/1a KOHTYPOB. X0/a C YY€TOM CJICAYIOIIel aHAIOTHHU: KapeTKa Ja3epPHOro CTaHKa
— KOMMUBOSIKEP; MHOKECTBO TOYEK BPE3KHM — CHUCOK IMyHKTOB 00X0/a; Ha4yaJlbHOE
MOJIOKEHHUE KAPETKHA — MECTO MTPOKUBAHUSA KOMMUBOSKEPA.

[TockonbKy  GyHKIMM TOYKA BpPE3KH MOXET OBITh Jr00as  ToYKa
00pabaTbiBaeMOro KOHTYpa BaXKHOU 3ajaueil sBJISICTCSI BBIOOP TAKMX TOUEK, KOTOPHIE
OyIyT COTrJacCOBaHHBI C PAIMOHAIBHBIM IMOMCKOM MapIipyTa Ha OCHOBE pelIeHUS
3a7a4d KOMMHUBOsDKepa. Permenue 3amaun komMmuBospkepa (Traveling Salesman
Problem — TSP) ucnonb3yeTcs Kak Jiisi BIOOpa TOYEK BPE3KHM B YCIOBHUSAX HATHUHUS
albTEepHATUB (PEKYPCHUBHBIM BBI30B CIIUCOK TOYEK OOCIY)KUBAHUSA), TaK MU JJISA
IIOCTPOCHUSI  PAMOHAIIBHOIO  «Mapumpyra»  xojocroro koxa. Iloctpoenue
palMOHAJILHOW BEPCUHU YIIPABIIAIONIEH TPAaeKTOpHH (C TO3HMIIMH XOJIOCTOTO XO0Ja)
MPEJICTABIISICT CIEAYIOMAs aITOPUTMUYECKAs CXEMa.

1. Cdopmuposams cnucok mouex o0CIyrHcUBaHUs (MoYeK 8pe3Ku)

1.1.  Ceopmuposamsv cnucox 6HympeHHUX KOHMYpo8 0 00X00a
LK(B,D,E,F, ...) u paccuumams 015 nux mouxku nepeoco
npubauxcenus: {C1, C2,C3 ..., Cn} I C — yenmpur konmypos evipesxu

1.2.  Bxmouums 6 nycmoti cnucox L(@) nauanvrnyio mouxy P // 6
aneopumme KOMMUABOA(CEPA IMO MOUKA HAYATLHOLO
Mecmononoxcenus. B paccmampusaemom cyuae smo mouka Ha aucme
3a20MOBKU, HA KOMOPYIO HAYeIusaem iyy Kapemxa i1a3epHo2o
uznyuamens.

1.3. Onpeoenums Haubonee oauskuil 6nympennutl konmyp K u3z cnucka
mpebyrouux odxooa LK.

1.4. Onpeoenumv mouku nepeceuenus Ki u K> xoumypa u npsamot
npoxoosauei ywepes mouxy |P u mouxy nepsoco npubnusicenus ons
mexkyueco koumypa Ci.

1.5. Bwibpamse X = min {I(R) =TSPUP, Ky, C; ., Cp);

I(R) =TSP(IP,K,,C; ..., C}).
1.6.  Brxarouums eviopanmnyro mouky X 6 cnucok L.
1.7.  Ilpuceoumw IP = X, ucknoyums konmyp K u3 cnucxa mpeoyowux

obxo0a LK.
1.8.  Jlo mex nop noxa cnucox LK ne nycm GOTO 1.3.
2. Chopmuposams mapupym 06x00a mouex 00CIYHCUBAHUSA

2.1.  Onpeoenums payuonanvhwiii Vapupym M{} no mouxam uz cnucka L.

2.2. U3 nocreonei mouku onpedenums Oaudcauulyio mouxy A1 na eneuwinem
koumype A.

2.3. Brxaouums mouxy A1 6 mapuwpym obxooa.
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OcCHOBHBIE PE3yJbTAThl AUCCEPTAMMOHHOTO HCCIEAOBAHUS OBLTH ONMPOOOBAHBI B
X0Jle peanu3aluu  X0370roBopHor pabotel ¢ 3A0 «ABuactap—CIl» 1o
NPOEKTUPOBAHUIO IMA0JIOHOB Ha CepuiHOE H37Aelne U B padore mo onudpoBKe
yepTekel JeTaliel Ha CepuilHOe HW3JeNue, a TakKe B IMPAKTHKE MPeroaBaHus
muciuiuinael - AIITO  (ABTOMaTU3MpOBAaHHOE MPOCKTUPOBAHUE TEXHOJIOTMUECKON
ocHacTku) B YilI'TVY, a1 paGoThl MOCIY KU UCTOYHUKOM JIAHHBIX JJIs1 CIEAYIOIIHNX
BBIBOJIOB IO pe3yibTaTaM TMPAKTHUYECKOTO MPUMEHEHHUs. IMPUMEHEHUE CpPEJICTB
CTPYKTYPHOTO TIPOCKTHPOBAHUS KOHPUTYPUPYEMBIX ITa0JIOHOB ITO3BOJISET MMOBBICUTH
MIPOU3BOJIUTEIIBHOCTh UM CHU3UTh KOJUYECTBO OIIMOOYHBIX PEIICHUM, YIYUYIIUTh
00y4yeHHE HOBBIX CHEIMATUCTOB U MOBBICUTH YPOBEHb ABTOMATH3allMd OCHOBHBIX
orepanuid, YTo MPEACTABICHO HA pUCYHKe 13

6 HY
MpoexkTtuposanme — 50 %

l ypOBeHL dBTOMATH3allHIT
4,5 Hy D )
88%

JNopaboTka v ucnpasnelne ownbok— 85%

B
B mom qucnel 25%

Odopmnenne PTK—70% -
O6yyenne —20% .I:I

WsrotoBnenmne—15% bes c
npMMeHeEHMA NMPUMMEHEHMEM
o

Puc. 13. OmeHka mooXuTeabHbIX 3P PEKTOB

OCHOBHBIE PE3YJIBTATBI PABOTbI

O0600u1as UTOrM TUCCEPTALMOHHONW padOThl U MPAKTHUYECKOW peaau3aluyd Ha
0a3e uccie10BaHtsl, MOXKHO YTBEPKAATbh, YTO:

Ieab Mcciaea0BaHUs, HAIPABJIEHHAS HA MOBBILIEHUE CTENIEHN aBTOMATH3a[UU
B MPOEKTUPOBAHUU KOH(PUTYpHUPYEMBIX IIAOJIOHOB AaBHALIMOHHBIX JETalied 3a CUET
BKJIIOUEHHUS] MX B OJKMU3HEHHBIH IIUKJI BO3MOXKHOCTEH HOPMATMBHOIO W/WIIU
CUTYaTHBHOTO KOHLENTYAJIBHOTO IIPOEKTUPOBAHMS, CIOCOOCTBYIOILIETO
MIPEIOTBPAIICHUIO U OOHAPYKEHHIO OIMUOOK, JOCTUTHYTA.

Ilos1y4yeHbI HOBbIE PE3YJILTATHI:

[IpoBenen aHanu3 mporecca NPOEKTUPOBAHMSA IIA0JIOHOB Ha THIIOBOM
ABUALIMOHHOM NPEANpUATHHA. BBIACHEHO, 4YTO MpU CYIIECTBYIOIIEM METOJE
IIPOEKTUPOBAHMS, €r0 CO3/JaHHE COIPSIKEHO C MHOXKECTBOM IOBTOPSIOLIUXCS
OJIHOTUITHBIX OMEpPalUii U BHIOOPOM U3 aIbTEPHATUBHBIX PEILICHUN.

Cnenana maTemMaTH4ecKasi TOCTAHOBKA 33/1a4M, 8 UMEHHO:

- OINKCaHBI CTPYKTYPhI TUMOBBIX 11a0JI0OHOB C UCTOb30BaHueM PBH®;
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- TMPEUIOKEHO KapTOrpapuyecKoe MPENCTABICHUE CTPYKTYPHBIX 3JIEMEHTOB

nrabJIoHa, MPeCTaBICHNE OCHOBAHO Ha TIOCIOWHON KOMOWHAITUH 3JICMEHTOB.

Onucana MeTOAUKAa JOKYMEHTHPOBAHHS B  MPOIECCe MPOEKTUPOBAHUS
KOHQUTYPHPYEMBIX I1a0JOHOB, OCHOBaHHAs Ha WCIOJb30BAaHUU MIaOJOHOB
JOKYMEHTOB | UX 3anojHeHuH 3 QA-mpoTokoia.

[IpennoxxeHa  MeTOAMKA  KOHIIENTYadbHOTO  OKCIIEPUMEHTHPOBAHHS  C
CTPYKTYPHBIMH JJIEMEHTaMH I1a0JIOHOB OPHEHTHPOBAaHHAS HAa WX HM3TOTOBIICHUE U
HKCILTyaTaIHIo.

[IpuBeneno omwcaHue MPEINEACHTOB IS XPAaHEHUS COCTOSHUN >KHU3HEHHOTO
IIMKJIa 11a0JIOHOB B OMOJMOTEKE MOBTOPHOTO WCIOJIB30BAHUS, JUIsl OpPTaHU3AINHA MX
3¢ ()EKTUBHOTO TTOUCKA U aJalTaIHH.

[IpennoxeHa METOAMKA palMOHAIM3AIMHU XOJIOCTOTO XO0Ja KapeTKH Ja3epHOTO
CTaHKa MPHU pacKpoe madioHa U3 JINCTA, a TAK)Ke JUHAMUYECKask BU3YaIH3aIis 3TOTO
pouecca BO BpEMEHH, C LEJIbI0 KOPPEKIUH.
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NEPEYEHB IPUHATHIX COKPAIIIEHUI

TSP — Traveling Salesman Problem;

KJI — KOHCTpYKTOPCKast TOKyMEHTaLs;

KVIM — KOHTpOJIbHO-U3MEpUTEIbHASA MAILINHA;
YITY — yuciaoBoe NporpaMMHOE YIIPaABJIECHUE;
TO - TeXHOIOrN4YECKOE OCHALIEHHUE;

OMJI — aneKTpoHHass MOJIEIb JIETalH.
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