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HHPEAUCJIOBHUE

KommbroTrepable 1 MH(DOpMAIMOHHBIE TEXHOJOTMH BO BCEM MHUpPE OBICTPO
Pa3BUBAIOTCS U HETIPEPHIBHO COBEPIIEHCTBYIOTCSA. BMeCTE ¢ HUMU MOAEPHU3UPYIOT-
Csl TEXHUYECKHUE U MPOTPAMMHBIE CPEJICTBA CUCTEM aBTOMATU3UPOBAHHOTO MPOEKTH-
poBanus (CAIIP).

[ToarotoBka cnernuanuctoB B oomactu CAIIP Toxe uaeT B HOTY CO Bpeme-
HeM. MuHucTepcTBOM 00pa3oBanus U Hayku P® yTBepk/ieHbl HOBbIE (perepanbHbIe
rocyIapCTBEHHBIC 00pa30BaTeIIbHBIC CTaHIAPTHI BhIciIero oopaszosanus (OPI'OC BO)
Y HaIpaBJICHUSI MMOJATOTOBKU WHXXEHEPOB, OaKalaBpoOB U MarucTpoB. B cooTBeTcTBUU
¢ uamenenussmMu B ®I'OC BO [22] oOHOBIICHBI yueOHBIE TUTaHbI, Ha3BaHUS U padoumne
MPOTPaMMBbI TACIUILIMH.

Bce aTo mpuBeno Kk HEOOXOAMMOCTU NEPECMOTPETH U OOHOBUTH CYIIECTBYIO-
e y4eOHO-MeToAnueckre Marepuaibl. J[aHHoe yueOHoe mocodue SBIISIeTCs] TPETh-
UM, nepepaboTaHHBIM U JIOTIOJHEHHBIM BAPUAHTOM MpeAbIIymux u3gaanuit «Cucre-
MbI aBTOMATHU3UpOBaHHOTO npoektupoBanus» (2002 r.) u «OCHOBBI aBTOMATH3UPO-
BaHHOTrO TpoekTrpoBanus» (2007 r.). OcOOCHHOCTh HOBOT'O MaTepHaja COCTOMT B
TOM, YTO OHO OPUEHTHUPOBAHO OOJIbIlle HAa 6a30BOE METOAMYECKOE 0OecreueHue mpo-
1ecca MpOEKTUPOBAHMS, 4 HE Ha KOHKPETHBIE TEXHUUYECKUE CPEJICTBA U MAKETHI MPO-
rpamMM, KOTOPbI€ OBICTPO YCTApEBAIOT U HEMPEPHIBHO OOHOBJISIIOTCS.

Conepxanue mocoOusi COOTBETCTBYET AUCHUIUIUHE «OCHOBBI MMPOEKTHOU Jie-
ATEJILHOCTUY MO HaNpaBJICHUAM MOATrOTOBKHM OakanaBpoB 15.03.01 «MammHocTpoe-
Hue», 15.03.02 «Texnomorudeckue MamuHbl 1 obopynoBanue», 15.03.04 «ABroma-
TH3AIUS TEXHOJOTHYSCKUX TIPOIIeccoB U mpomu3BoACcTBY», 15.03.05 «KoncTpykTOpcko-
TEXHOJIOTUYECKOe OO0eCreyeHne MAaIIMHOCTPOUTEIbHBIX Mpou3BoacTBY, 15.03.06
«Mexatponnka u  pobotorexnHuka», 23.03.02 «HazemHbie TpaHCHOpPTHO-
TEXHOJOTHYECKue  KomIiulekcbl» U aucuummHe  «CAIIP  TpancmopTHO-
TEXHOJOTUYECKUX MAIWH» IS CrieuanucToB mo HampaBieHuro 23.05.01 «Hazem-
HbIE TPAHCIIOPTHO-TEXHOJIOTUYECKUE CPEACTBAY.

Yacte 1 «OCHOBBI IPOEKTHOM AEATEIBHOCTWY SABJISIETCS BBOAHOM M MOATO-
TOBJIEHA COBMECTHO BCEMHU aBTOpamu. B Hel mpuBeneHbl 001IMe MOHATUS MPOCKTH-
pPOBaHUs KakK IMpoIecca, OCHOBHBIE TEPMHUHBI U OMPEICICHUs, MPUHITUIIBI CO3AaHUs
CAIIP, ee cTpyKTypa ¥ B3aUMOJICMCTBUE C APYTUMHU CUCTEMAMMU.

Yacts 2 «MogenupoBanue u koucrpyupoanue B CAIIP» pa3zpaboTtana aBTo-
pamu ConoamnoBoit H. A. u MemepsikoBeiM C. B. 1 cogeputT MaTteMaTU4eCKUe Me-
toael CAIIP, BUIBI TEOMETPUUECKOTO MOJICITUPOBAHUS U MTapaMeTPHU3aLIUH.

Yacte 3 «Ontumuzaius MPOEKTHBIX PEIICHUN MpU aBTOMATU3UPOBAHHOM
MIPOEKTUPOBAHUM» HamucaHa aBTopamu boptskoseiM /. E. u MemepsikoBeim C. B. u
BKJIIOYAET METO/Ibl ONTUMHU3AIUU U KPUTEPUH KAYECTBA MPOEKTHBIX PEIICHUHN.

B kaxmoilt Wactu gaHbl MPaKTHUYECKHE MPUMEPHI U3 PA3IMYHBIX OOJacTei
TEXHUKH, a B KOHIIE BOIPOCHI i caMOKoHTpoJisa. OOmas peaakius U KOMIOHOBKA
BBITIOJTHEHBI podeccopom MemepskoeiM C. B. Odopmiienne Mmakera COOTBETCTBY-
€T MpaBWJIaM U CTaHJIapTaM 10 HHPOPMAITMOHHOMY U U3IaTelIbckoMy neny [8].



1 OCHOBBI IPOEKTHOM AeSATEJbHOCTH

1.1 BBegeHue B aBTOMAaTHU3MPOBAHHOE NPOEKTUPOBAHUE
1.1.1 IlonsiTe MPOEKTUPOBAHUSA KAK MpoLecca

[Iporpecc Hayku ¥ TEXHUKH, MOTPEOHOCTH B HOBBIX MPOMBIIUICHHBIX H3JIC-
JTUSX 00YCIOBIMBAIOT HEOOXOAMMOCTH BBITIOTHEHHS TPOEKTHBIX PabO0T OOJBIIOTO
obweMa. [IpoekTpoBaHre MaIIMH U CHCTEM MAITUH SIBJISIETCS MHOTOATATHBIM JUHA-
MUYECKHM TIPOIECCOM. DTO TMPOIECC TBOPUYECKHA, MHOTOTUTAHOBBIA U JTOCTATOYHO
Tpynoemknii. Kak mpaBuio, MPOSKTHPOBAHUE MAIIHWH OCYIIECTBISICTCS OOJBITAM
KOJUICKTUBOM Pa3UYHBIX CIEIIUATHCTOB C MCIOJIB30BAaHUEM MHOTOYHUCICHHBIX pac-
YETHBIX, IKCIIEPUMEHTAIBHBIX, IBPUCTUUECKUX METOO0B U MPUEMOB.

CoBpeMeHHas MpakTUKa MPOCKTUPOBAHUS MAIIMH M CUCTEM MAalllUH CBUJIE-
TEJILCTBYET, YTO HJisi JOCTWKEHHUS YyCIeXa WHXKEHEp JODKEH OJMHAKOBO XOPOIIO
OpPUEHTHUPOBATHCS B MIECTH 00IACTIX:

— B cCaMOM 00BEKTE, polecce, CUCTEME TPOSKTUPOBAHMS,;

— B anmapaTte 00paOOTKU U aHallM3a BXOJHOW U BBIXOJHON MH(pOpPMAIIMHN 00
o0BeKTe, Mpoliecce, CUCTEME U BHEIITHEH Cpelie;

— B MaTEeMaTUYECKOM MOJICIIMPOBAHNHN, KOTOPOE 3aKIIF0YAeTCS B YMCHUH TIe-
PEBECTH TEXHUYECKOE 3aJaHKE C MPOOJIEMHO-COIEPKATEIBHOTO SI3bIKa HA MaTeMaTH-
YECKHE CXEMbI U MOJIEIIU U Jlajiee B crenuanbHoe nporpammuoe ooecnieuenue (I110);

— B METOJIaX MOUCKa ONTHUMAJILHOTO PEIICHHUSI;

— B COOTBETCTBYIOIIeM mporpamMmmHoM obOecrieueHun CAIIP (MHTEepakTHB-
HBIX CUCTEeMax, OaHKaX JaHHbIX, 0a3ax 3HAHUH U Ap.);

— B CBOOOTHOM BJIaJICHUU CPEJICTBAMU BBIUUCIUTEILHON TEXHUKH.

TpeOGoBaHus, MpeabsIBIsEMble K Ka4€CTBY MPOEKTOB, CPOKAM WX BBIMOJIHE-
HUS, OKa3bIBAIOTCS BCEe 00Jiee KECTKUMU IO MEPE YBEIUUYCHUS CIIOKHOCTH MPOCKTH-
PYEMBIX OOBEKTOB M TOBBIIICHUS BaXKHOCTHU BBITIOJHSAEMbBIX UMH (PYHKITUH. Y IOBIIE-
TBOPHUTH TU TPEOOBAHUS C MOMOIIBIO MPOCTOTO BO3PACTAHUSI YHCICHHOCTH MPOCK-
TUPOBIIMKOB HEJB3s, TAK KaK BO3MOKHOCTh MapalJIeIbHOTO MTPOBEACHUS TPOSKTHBIX
paboT orpaHUyYeHa, U YUCIEHHOCTh NHKEHEPHO-TEXHUYECKUX PAOOTHUKOB B MPOEKT-
HBIX OpraHU3alMIX HE MOXKET OBITh 3aMETHO yBeludeHa. PemmTh mpobieMy MOKHO
Ha OCHOBE aBTOMATH3AIlMU U IMIHPOKOTO MPUMEHEHUS BEIYMCIIUTEILHON TEXHUKH.

[{eas aBTOMATH3aUK MMPOCKTUPOBAHUS — TOBBIINICHUE Ka4eCTBa, CHIKCHUE
MaTepHaIbHBIX 3aTpaT, COKpAICHHUE CPOKOB MPOCKTHUPOBAHUS M JMKBHIAINS TCH-
JCHIIMM pPOCTa 4YHCIa WHXXCHEPHO-TEXHHUYECKHMX pPaOOTHUKOB, 3aHATBHIX TIPO-
EKTHUPOBAHUEM, TIOBBIIIEHNE TTPOU3BOAUTEILHOCTH MX Tpyaa. OMHAKO HE Bceria Iie-
PEXOJT OT TPAJAMIIMOHHBIX HEABTOMATHU3MPOBAHHBIX METOJIOB MPOEKTUPOBAHUSA K aB-
TOMATU3UPOBAHHBIM 00ECTIEYMBAET OCTHKEHUE yKa3zaHHOU 1enu. Hanpumep, gacto
yAaeTCsl YCKOPHUTH MPOIIECC MPOCKTUPOBAHMS O€3 YIydIlIeHUsI KadecTBa WU3JCIINM, B
OTJICTIFHBIX CIy4asx HE HAOIMI0AAeTCs] HEMOCPEICTBEHHOTO CHIKEHUS MaTEPHUATbHBIX
3arpatr. Tem He MeHee, BaKeH d(DPEKT yCKOPEHHsI HAyYHO-TEXHUYECKOTO Mporpecca
B JTJAHHOM 00J1aCTH TEXHUKH.
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[IpuMeHeHrne KOMITBIOTEPOB JJisi PEIICHHsS] OTIEIbHBIX IMPOEKTHBIX 3ajad
HA4YaJIOCh OJHOBPEMEHHO C UX MosiBIeHHueM. OHaKo OHO ObUIO CKOpee AMU30auYe-
CKHUM, 4eM cucTeMaTruueckuM. OObIYHO B KaXKJOM KOHKPETHOM CiIy4ae MH)KEHep 3a-
HOBO COCTAaBJIsUI IPOrPAMMY PEIICHUS, UCTIOJIb3Ys TPAAUIIMOHHBIE METObI IPOEKTHU-
poBaHusi. [1oCcKONbKY 3TH METONbI pa3paldaThIBAIUCh JIsI HEABTOMATHU3UPOBAHHOTO
MIPOCKTUPOBAHMS, WX KOMMPOBAHUE MPH aBTOMATH3MPOBAHHOM MPOCKTUPOBAHUHU HE
MOTJIO 1aTh OKHaaeMoro 3dexra.

HeoOxoaum 000CHOBaHHBIA BHIOOP METOJIOB MAIIMHHOTO PEIICHUS 3aJ]ad,
MOJIPa3yMEBAIOIINI MMPABUIIBHBIN YYET BO3MOMXKHOCTEW BBIUMCIUTEIBHON MATEMATH-
KA W BBIYUCIUTEILHON TEXHHWKH I OOCCTCUCHHsS] MPUEMIIEMOTO KOMIIPOMHCCA
MEXIy TPeOOBaHUSMHU BBICOKON TOYHOCTH, CTETICHH YHUBEPCATBLHOCTH, MAJIBbIX 3a-
TpaT MallIMHHOTO BPEMEHHU, MaMSITU U TPyJa UHKEHEPOB-NPOEKTUPOBIIMKOB Ha COOP
MCXOJTHOM MHGbOpMAIIHH.

JIJ1si aBTOMAaTU3UPOBAHHOTO MPOESKTUPOBAHUS XapaKTEPHO CUCTEMATHYECKOE
MCIIOJIb30BaHNE KOMIBIOTEpA MPU PAllMOHATBHOM pachupeeaeHuH (QyHKIIMNT MEeXITy
HUM M 4esioBekoM. Ha xommbroTepax pemaroTcs 3aja4u, nojaariuecs hopmanusa-
IIUU, TIPH YCIIOBHUH, YTO UX MAIIMHHOE pelieHue 0ojee 3¢dexkTuBHO, yeM pyuHoe. K
TaKUM 3a7la4aM OTHOCHTCS BBIMOJHEHUE MHOTUX MPOUEAYp OPOpPMIICHUS TEXHHUYE-
CKOHM JTOKYMEHTAIIUH, TIOJIYICHHS TUIAHOB pa3MeEIIeHUsI 000pyA0BaHMS, PEIICHUS CH-
CTEM ypaBHEHHH, ONMHUCHIBAIOIINX MTPOIIECCH B MPOEKTUPYEMBIX 00BeKTax, U T. 1. Kak
MIPaBUJIO, HA KOMIIBIOTEPE HE TONHKO PEIIAOTCS, HO M aBTOMATHYECKH COCTABIISIOTCS
CUCTEMBbI YpaBHCHUI Ha OCHOBE JIJAKOHMYHOT'O MCXOIHOTO OMHUCAHUS 00BEKTa U MME-
IOIIMXCS B TTAMATH KOMIThIOTEPA CBEIACHHM.

[Tporpammel pa3pabaThIBAlOTCS €AMHOKIBI, & IPUMEHSIIOTCS MHOTOKPATHO B
Pa3IUYHBIX CHUTYallUSX, BO3HUKAIOUIUX MPH MPOEKTUPOBAHUU MHOTHUX OOBEKTOB.
NMeHHO T09TOMY MHXKEHEPY-T0JIh30BaTEI0 HE0OX0IUMO 3HATh METO/bI M alTOPUT-
MBI, peann3oBaHHbie B iporpammax CAIIP, uto momosxket uzbexaTts ommook B (op-
MYJIMPOBKE 3aj/iay, BHIOOpE MCXOIHBIX JTAHHBIX, MHTEPIPETAIMU PE3yJIbTaTOB U IO-
JYyYUTh UX C HAMMEHBIIINMU 3aTpaTaMu OOIIET0 U MAIIMHHOTO BPEMEHHU.

['panuiia Mexx1y aBTOMAaTU3UPOBAHHBIM M HEABTOMATHU3UPOBAHHBIM MPOSKTH-
pOBaHUEM HE MOXET ObITh ueTKOW. OHa 3aBUCUT OT KOHKPETHBIX YCIOBUHN U JTOJDKHA
HU3MCHSATHCS 0 MEPE Pa3BUTHS MAaTEMAaTHKH, BBIYUCIUTEIHBHOW TEXHUKH W TCOPHH
MPOCKTUPOBaHMs. TO, YTO CErOJHS MPEACTABIACTCS HAMIYYIIUM pPACIPECTICHHEM
GYHKIHA MEXITY YEIOBEKOM W KOMITBIOTEPOM M ONTHMAIBHBIM METOJIOM PEIICHHUS,
3aBTpa MOXET MEPECTaTh OBITH TAKOBBIM B CBSI3M C PACIITUPECHUEM 3HAHUN U TEXHUYE-
CKUX BO3MOXHOCTEM.

YHUBEpPCATLHOCTh MHOTHX ITIOJIOKCHUH aBTOMATHU3AIMH TPOSKTHPOBAHUS
UMEET Ty K€ MPUPOJY, YTO U OOLTHOCTH MPUEMOB MATEMATHUYECKOTO MCCIIECIOBAHUS
pasIUYHBIX (PU3NYECKUX OOBEKTOB W SIBJIICHUN. Pa3BuUTHE aBTOMATHU3aIlUU MPOCKTHU-
POBAHUS BBIPAXKAETCS, MPEXKEC BCETO, B COBEPIICHCTBOBAHUM U YTITyOJICHUHU UMEHHO
MaTeMaTUYECKUX MPUEMOB HCCIICIOBAHUS, TIOOTOMY TOSIBIIEHUE M PAa3BUTHE aBTOMa-
TU3UPOBAHHOTO MPOEKTUPOBAHUS CTUMYJIUPYET CO3/IaHUE OOIEeH TEOpruu MHKEHEP-
HOTO TIPOCKTUPOBAHMSI.



B OonbIMHCTBE MPOMBIILIEHHO Pa3BUTHIX CTPaH JIMTEpATypa O METOAaX Mpo-
eKTHUpOBaHUs HaunHaeT nosBiaaThes B 50—60-x romax XIX Beka. Jlo aToro BpeMeHu
OBLJIO JI0OCTATOYHO 3HAaTh, YTO MPOEKTHUPOBAHUEM 3aHUMAIOTCS apXUTEKTOPbI, WHMKeE-
HEPBI, XYAOKHUKH, TU3AUHEPHI U IPYTUE, KOTIa CO3AAI0T YEPTEkKHU JIJIsI CBOMX KIIU-
€HTOB M JJIsI eIl MPOU3BOACTBA. Tenepb NOJI0KEHNE U3MEHUIOCH. FIMeeTcs: MHOTO
MPO(eCCHOHATBHBIX TPOSKTHPOBITUKOB, MOABEPTAOIINX COMHCHHIO METOMBI, KOTO-
PBIM UX OOYYMIIM, U TIOSBUIOCH MHOKECTBO HOBBIX NMPUEMOB, MPU3BAHHBIX CMEHUThH
TPaUIIUOHHBIE TTPOIIEAYPHI.

YtoOb! HaliTH O0JIee HAJIE)KHYIO OCHOBY JIJIsI PACCYKJICHHM, MOMBITAEMCS 1aTh
ONpeaEeIeHUE MPOCKTUPOBAHMS, UCXOI1 HE U3 TEUEHUS CaMOro IMpoliecca, a U3 €ro
pe3ynbTaToB. /[ 3TOro 1OCTaTOYHO PACCMOTPETH KOHEL TOM LENOYKH COOBITHH, KO-
TOpasi HAUMHAETCS C TOKEJAaHUM 3aKa3uuKa, BKIIOYaeT B ce0sl MPOEKTUPOBAHUE,
MIPOU3BOJICTBO, COBIT, MOTPEOJICHUE U 3aKAHYMBAETCS BIUSHUEM CIIPOCKTUPOBAHHOTO
00BbEKTa HAa MUP B 1IEJIOM. MOXKHO yTBEPKJATh C YBEPEHHOCTHIO, UTO OOIIECTBO CTa-
JI0 UHBIM, YeM OHO OBLJIO /IO MOSBJICHUSI TAaHHOTO 00bekTa. Eciiu mpoeKT yJauHblil, OH
BbI3BaJl UMEHHO TAKWE U3MEHEHHUS, HA KOTOPBIE pACCUUTHIBAN 3aKa3uuK. ECiau mpoekT
OKa3aJics HEeyAa4yHbIM (4TO, BOOOIIE TOBOPS, CIIy4aeTcs 4Yalle), €ro KOHEYHOEe BIIUSI-
HUE MOXXET OBITh BeChbMa JAJIEKUM OT PACcueTOB 3aKa3uyuMka U MPOTHO30B MPOEKTH-
POBIIMKA, HO U B 3TOM CJIy4ae OH BBI3OBET U3MeHeHUe TOTO WIH UHOTO XapaKTepa.

CrnenoBatenbHO, B JIIOOOM CIIy4Yae Mbl MOKEM 3aKJIFOUUTh, YTO LIE€JIb MPOEKTHU-
POBaHUS — NOJOACUMb HAUATIO USMEHEHUAM 8 OKPYICaroujel 4e08eKa UCKYCCIMEEH-
HOtU cpede. ITy POCTYIO, HO YHUBEPCAIbHYIO (POPMYIUPOBKY MOKHO MPUHATH B Ka-
yecTBE paboyero onpeaeiaeHus TOro pacimpsoIerocs npouecca, KOTopblil KOraa-To
MPOTEKaJl 3a YEPTEKHOM JOCKOM, a CEerojHsd BKJIIOYAeT B Ce0s HayyHbIE UC-
CJICIOBAHUSI M OIBITHO-KOHCTPYKTOPCKUE paboThl, cHaOkeHue, pa3paboTKy Tex-
HOJIOTHH, TIOJITOTOBKY MPOW3BOJICTBA, COBIT, CHCTEMHOE MPOEKTUPOBAHUE U MHOTOE
npyroe. JlaHHoe ompeneneHue OXBaThIBAET IEATEIBHOCTh HE TOJIBKO Mpodeccro-
HaJIbHBIX KOHCTPYKTOPOB, apPXUTEKTOPOB, TPOCKTUPOBIIMKOB, HO TAKKE MJIAHOBUKOB,
HPKOHOMUCTOB, 3aKOHOIaTeNeH, aIMUHUCTPATOPOB, MyOIUIIMCTOB, YUYCHBIX, BCEX TEX,
KTO CTPEMUTCSI OCYIIECTBUTh U3MEHEHUsI B (OpME M COJEPKAHUM U3ACIUA U OKpY-
YKAIOIIEH CPEJIbI.

1.1.2 3agauu NpOEeKTHPOBIIUKA

[{eap MPOCKTUPOBIIMKA TPATUITMOHHOTO THIA 3aKJF0Yajach B TOM, YTOOBI
pa3paboTaTh YePTEHKH, KOTOPHIC MOTJIM OBl IMMOTYYUTh OJ00PCHHE KIUEHTA U JaTh He-
00XOMMBIE yKa3aHWs HW3rOTOBHTEN0. M3 HaIIero omnpeneneHus MPOSKTHPOBAHUS
KaK npoyecca, KOMopblii 8bl3bléaem U3MEHEeHUsl 8 UCKYCCMBEHHOU cpede, CIENyeT,
YTO JIOJDKHBI CYIIECTBOBATh KAKUE-TO JPYTUE II€JH, TOCTHKUMbBIC IO OKOHYAHUS W
Jake 0 Hayaia pa3paboTku uepTexeil. [[poexkTupoBaHue OKa3bIBacTCS BCE MEHBIIE
HaIpaBJICHHBIM Ha caM pa3pabaTbiBaeMblii OOBEKT M BCE OOJIbIIE HA TE€ U3MECHECHMUS,
KOTOPBIE JTIOJDKHBI IPETEPIIETh MTPOU3BOICTBO, COBIT, MOTPEOUTENH U OOIIECTBO B IIe-
JIOM B XOJI€ OCBOCHUS 1 UCIIOIH30BAaHUS HOBOTO O0OBEKTA.
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Tako# B3rJIsi Ha MPOEKTUPOBAHKME KaK Ha JTTMHHYIO 1IeTh B3aUMOCBSI3aHHBIX
NPENoI0KEHNI U YTOUHeHUI miimocTpupyercs Ha pucynke 1.1. [Iporecc BHeceHus
U3MEHEHHI B UCKYCCTBEHHYIO Cpey MPEJCTaBISETCA KaK Psij COOBITHM, KOTOPBIN
HAYMHAETCs C MOCTYIUICHHS MaTepUalioB M KOMIUICKTYIONIMX H3JEIUi Ha 3aBOJ-
M3TOTOBUTENIb M 3aKaHYMBAETCS HBOJIIOIMOHHBIMU W3MEHEHUSIMU B OOIIECTBE MO
BO3/ICHICTBIEM CHUCTEMBI, B KOTOPYIO BXOIUT HOBoe m3aenue. Kaxmoe u3 3tux coObI-
TUW TIpPeNCTaBIsET COOOM OCOOBIN ATam B CYIIECTBOBAHUHU HU3JEIHS M 3aBHCUT OT
npenauiecTByromero coobrtust. Hu 3aka3umku, HU TPOEKTUPOBIIMKYA HE MOTYT HETO-
CPEICTBEHHO BJIMATH Ha BCIO MOCJEAYIONIYIO UCTOPUIO M3ENHS, OHO BBIXOIUT U3-
MOJT UX KOHTPOJISI Cpa3y MOcje MOCTYIJICHHS B POU3BOJICTBO.

3aKka34yuK JaeT MPOCKTHPOBIIMKY TEXHHUUECKOE 3aJaHHE Ha HOBBII OOBEKT U
ero Oyayliee coCTOsSIHUE B OKpyskaromel cpene. st pykoBoauTens 3aBoja 3TO MO-
eT ObITh yyacTHe B phIHKax cObITa (0JIOK «TpeOoBaHMs K CObITY» Ha pucyHke 1.1).
Ecnu tpebyrorcs moMenieHus i pa3MelieHus HOBOro 0ObeKTa, B 3aJlaHUU OyIyT
YKa3aHbI UX Pa3MEpPbl U pacroyiokeHue (OJI0K «OmepaTopbl CHCTEM)).

Hwxuuii psan 6:10koB Ha pucyHke 1.1 nmokas3siBaeT, YTO B COOTBETCTBUU C IO-
JYyYEHHBIM 33JJaHUEM MPOEKTUPOBILIUK JOKEH NOJATOTOBUTH CBOU MPEIJIOKEHUS, TAK
4YTOOBI MPECKA3aTh CBOMCTBA OOBEKTA U PEaKLMIO Ha HUX Ha KAXKJOM 3Talle ero Cy-
miecTBoBaHusA. JlJis 3TOr0 HEOOXOAUMO TMPOBECTH JKCTPAMOJIALNI0O Ha WMEIOIIUXCS
MOJIETISIX M3BECTHBIX XapaKTEPUCTUK aHAIOTUYHBIX M3/CTUI B MPOIIIOM U CIPOTHO-
3UpoBaTh MOBeJIeHUE 00BeKTa B Oyaymiem, B HOBOM cpene. [Ipu 3ToM mpoeKkTupos-
LUK JOJKEH MOJIyYUTh OTBET Ha BOMPOCHI, YKa3aHHbIe B Tabiuue 1.1.

1.1.3 TpyAHOCTH IPOEKTHPOBAHUS

OOpaTtumcs Tenepb K pa3IMnyHbIM OpraHU3alMsIM, KyAa B MEPHOJ] CBOETO CY-
IIIECTBOBAHUS MOMAJAaeT HOBOE W3JEIHE, U PACCMOTPUM MEXIPOPECCUOHANBHbBIE U
MEXJIMYHOCTHBIE MPEMSTCTBUS, BO3HMKAIOIIME IMPU HEOOXOAMMOCTH NPOBEACHUS
MPOEKTHBIX Pa0OT OAHOBPEMEHHO Ha YPOBHE CUCTEM M HA YPOBHE U3J1ENIUH.

3axazuuxku. B ocHOBe BCeX 3aTPyAHEHHUH JIEKHUT TOT (PaKT, 4TO 3aKa34MKH,
¢uHaHCUpYIOIIME pa3padOTKy HOBBIX CHUCTEM, Yalle BCEr0 MMEIOT CIHUIIKOM Y3KO
HaIpaBJICHHYI0 MaTepUaIbHYIO 3aMHTEPECOBAHHOCTh U 00JaJAaI0T HEJOCTATOYHBIM
BIIMSIHUEM HA JIPYTUX OMNEPAaTOPOB CHCTEM, C KOTOPHIMU UM MPUXOJUTCS COTPYIAHU-
yaTh. Yaie Bcero Opuraaa mpoOeKTUPOBLUIMKOB MOJIYyYaeT KPaTKOE TEXHUYECKOE 3a-
JlaHUE, OTPAXKAIKOIIEE MHTEPECHl 3aKa3YMKOB HA JTAHHBIM MOMEHT. B OTBET MpOEKTHU-
POBIIMKHA MOTYT BBIIBUHYTH BCTPEUHBIE MPEJIOKECHUS, KOTOPbIE, KaK OHU CIIpaBe/I-
JMBO CUMTAIOT, MO3BOJIAT CYIIECTBEHHO, @& HE TOJILKO MOBEPXHOCTHO MOBBICUTH JKC-
TUTyaTallMOHHBIE XapaKTEPUCTUKU CUCTEMBI.

Ecnu B 3TUX BCTPEUHBIX NMPEATIOKEHUAX OyAyT 0OpHCOBaHbI MPUHIIMITHAIBHO
HOBBIE€ BUBI M3ENINUN, HEOOXOAUMBIE JIJISI OCYLIECTBICHHS 3THX NPEIIO0KEHUH, TO
3aKa34MKH €/1Ba JIM PACIIO3HAIOT B MIPOEKTE BAXKHBIN 3JIEMEHT UX COOCTBEHHOTO Oy/y-
niero. Takoi XOJOHBIN pUEM €ellle 00Jee BEPOSATEH, €CIM BO3POCIIUE pa3MEPBI CH-
CTeMbI TOTPeOYIOT B OyAyIEeM JOMOJHUTEILHOTO (PUHAHCUPOBAHMSL.
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Tabnuna 1.1 — Bonpocel, Ha KOTOpbIE T0JKHA OTBETUTh IPOEKTHAs Ipymnna

Bonpochl 0THOCHTEJILHO POCKTHPYEMOI0 00bEKTA

KTo0 naetr Ha HUX OTBeT

[TonpaBuTcs 11 NPOEKT 3aKa3UUKY?
B nHTepecax ym 3aka3zdyuka BIOXKHUTH KallUTaJl B 3TOT MIPOEKT?
Byzer 11 npoeKT NpuHSAT K OCYIIECTBICHUIO?

3aka3zuuK U GUHAHCUPYIOIINE OpraHU3aluu

OnTuMaabHBIM U 06p8.3OM B ITPOCKTEC UCITIOJB3YHOTCA NOCTYIIHBIC MAaTCPHUAJIbI U KOMHJ’ICKTYIOH_II/IC?

IlocTaBimku

MOKHO JT1 JOCTaTOYHO SKOHOMUYHO PeaIn30BaTh MPOCKT B paMKaxX UMEIOIIUXCS PECYPCOB?

N3roroBurenu

MoxxHo 11 pacinpoCTPpaHUTh NPOCKT MO CYINCCTBYIOIIUM KaHajiam?

PaboTHuku cObITa

KakoBbl Tpe6OBaHI/I5{ K BHCITHEMY BUY, SKCIUTYaTAlIMOHHBIM XapPAKTCPUCTUKAM, HAACIKHOCTH U Hp‘7

[TorpeOuTenu u TOPryouue Opraiu3aiuu

B kaxoil Mepe npoekT Oy/eT corinacoBaH C IpYyruMu U3AEIUSIMU WIM KOHKYPUPOBAaTh C HUMHU?

[pyrue 3akazumku

B kakoil Mepe OH M3MEHHUT CYIIECTBYIOIIYIO CHUTYAIMIO, CO3/aCT JIM HOBBbIE NMOTPEOHOCTH, HOBBIE
BO3MOKHOCTH ¥ HOBBIE€ TPYJTHOCTH?

OmnepaTtopsl OONBIINX CUCTEM

B kakoit mepe ero npsiMele ¥ 1o604HbIe 3G (HEKTH TPUEMIIEMBbI JJIsl BCEX, KOTO OHU KacaroTcs?

["ocyupexJJeHHs U OOIECTBEHHbIE TPYIIITBI




bpucaoa npoexmuposuwjuxos. Eciu Opurana TPOSKTUPOBIIUKOB TIPEII-
CTaBIIICT COOOM PabOTOCIOCOOHYIO TPYMIy JI0JIeH, 00bEIUHEHHBIX OOIIMMHU HHTE-
pecamMu CBOETO MPEANPHUATHS, TO €€ WICHAM MOTYT OKa3aThCs MO IUIeYy camble TIIy-
0okue mpeoOpa3oBaHMs, KaKHE TOJIHKO MOYKHO OCYIIIECTBUTH B TIpe/einax JaHHOU Op-
TaHU3aIIH.

Ecmm ke mmsa pemenust 3aaadud HE0OXOAUMO W3MEHHUTHh TPAHMIIBI OpraHU3a-
AW, TPYMIE MPUACTCS YUUTHIBATH HOBBIC MHTEPECHI W BKIIIOUHUTH MPEACTABUTEIICH
HOBBIX CITEIIMATIBLHOCTEH, KOTOPHIC O CHX TOp B HEW He paboTayM U HE UMEH Bpe-
MEHU O3HAKOMHTHCSI C TIO3UIIMEH U CITOCOOHOCTSIMHU Ka)KJIOTO WieHa rpymibl. Heko-
TOPBIC M3 HUX TI0 CBOEMY OTIBITY U 3HAHHSIM OyIyT CIWIITKOM TECHO CBSI3aHBI C TEMU
KOMITOHEHTaMH CYIIECTBYIOIIEH CHCTEMBI, KOTOPHIE CACPIKUBAIOT MPOTPECC, U MOKET
OKa3aThCsl, UYTO HU OJIMH W3 HUX HE OOHAPYXKHUT JIOCTATOYHOTO MOHUMAHHUS U OIbITA
JUTSL TOTO, YTOOBI OBICTPO OLIEHUTH BO3MOKHOCTH pEaIM3aIlMU BCEX MM HEKOTOPBIX
HOBBIX 3JIEMEHTOB, HEOOXOUMBIX ISl COBEPIIICHCTBOBAHUS CUCTEMBI.

Kpome Toro, mpoekTupoBIIMKKA OyIyT 4acTO HE YYUTHIBaTh TOT (DaKT, 4TO
AJIEMEHTHI CYIECTBYIONIEH CUCTEMBI, KOTOPHIE BOMIYT B HOBYIO CUCTEMY, OYIyT pa-
00TaTh B HEW B M3MEHMBIIMXCS YCIOBHUSX, TAK YTO HA COXpaHEHHUE WX TTOKa3aTelel U
WX HAJISKHOCTH YK€ HEJb3sl M0JIaraThCs 0€3 HOBBIX, TIIATEIHLHO MPOBEICHHBIX UCIIbI-
taHui. Tak, HampuMep, paHbIIe MPU Pa3padOTKE IPY30MOAHEMHBIX KPAHOB HECYIIIast
METaJUIOKOHCTPYKITHS TPOSKTHPOBaIach 0e3 ydeTra yCTAaHOBKM Ha HEW ammapaTypsl
yrpaBieHus, MPUOOPOB OE30MaCHOCTH, M3-3a YETO BO3HUKAIHU CYIIECTBEHHBIE CIIOXK-
HOCTH MKy MH)KCHEPAMH-3JICKTPUKAMH U HH)KEHEpaMHU-MEXaHUKaAMH.

Iocmaswuku. TlocTaBIuKy MaTEpPUaIOB U KOMITIEKTYIOMIMX U3EIHNA JIETKO
MOTYT TIEPEOIICHUTh MMEIONTUECS Y HUX BO3MOKHOCTH YAOBJICTBOPUTH TPEOOBAHMS,
MPEABSBISIEMBIE K PAIUKATBHO HOBBIM U3JIETUSIM, U HE 3aMETUTh MHOTOYHCIICHHBIX
MPENSTCTBUN, KOTOPbIE UM MPHUIETCS MPEOI0JIETh NMPU ACTATBHOM MPUCTIOCOOTICHUH
CBOETO MPOU3BOJCTBA K TPeOOBAHUAM HOBOM KOHCTPYKIMH. OIHAKO MM 3a4acTyIO
MOXET OBITh Oe3pa3inuvHa ¢)opma CYIIECTBYIOIIETO W3JIETUsl, UX MOXKET HHTEpeco-
BaTh JIUIIb 00beM U pecyiapHOCHb 3aKa30B, KOTOPbIE OHU PACCYUTHIBAIOT MOJIYUYHTh.

[ToaTOMy KOHTaKThl ¢ TMOTEHIIMAIBHBIMUA MOCTABIIMKAMUA HA PaHHUX AdTamax
pa3pabOTKH KPYITHOTO MPOEKTa MOTYT MOMOYb MPEO0JIeTh MHOTHE (AaKTOPhI, OKa-
3BIBAIOIIME COMPOTUBIICHUE BCSIKOMY M3MEHEHHIO CYIIECTBYIOIIETO MOJIOKEHHS.

H320moeumenu. OCHOBHAs TPYAHOCTH 37€Ch HE B TOM, YTO W3TOTOBUTEIU
(MH)KEHEPBI-TEXHOJIOTH ) TTPOTHBATCS U3MEHCHHSIM, a B TOM, YTO UM HE yAaeTCs TOY-
HO TIPOTHO3UPOBATh CTOMMOCTD Tpe/jlaraéMbIX U3MEHCHHH B MPOCKTE O TOTO, Kak
Oyner paspaboTaHa MOAPOOHAs TEXHOJIOTHA, T. €. KOIJia TaKue MPOTHO3bI B 3HAYH-
TEJTBLHON Mepe YXKe MOTEPSI0T CBOIO IIECHHOCTh JUIsl OpUTajbl MPOCKTUPOBIIHUKOB. [le-
JI0 B TOM, YTO YK€ BeCbMa HE3HAUYNUTEITbHbIC N3MEHEHHSI KOHCTPYKITUU MOTYT CHUJIILHO
MOBJIUATh Ha M3ICP)KKHU MPOM3BOJCTBA M3nenus. TakuM oOpa3oM, OJHUM W3 CIIEI-
CTBU pEOPTraHU3AIMN CUCTEMBI SBISICTCS JUIICHUE MPOCKTUPOBIIUKOB TOYHBIX CTO-
MMOCTHBIX OILIEHOK, 0€3 KOTOPBIX HE MOKET ObITh YBEPEHHOCTH B IIEJIECO00Pa3HOCTU
MpeIIaraeMbIX KPYITHBIX U3MEHEHUH.



Pabomnuku covima. Kananol cObiTa, HABEPHOE, CAMbIH CTAOMIIBHBINA AJIEMEHT
BO Bcell 3ToM kapTuHe. VX co3nanue u u3MeHeHue TpeOyloT HauOoJbIIMX 3aTpart,
MIOCKOJIBKY OHU CTPOSITCSL HA TPYAHO NMPUOOPETAEMOM OMBITE U IOBEPUHU TEX JIOJEH,
KOTOPBIM YJIaJIOCh COTJIACOBAaTh CYIIECTBYIOIIYIO MPOAYKIUIO C MIUPOKO BAPbUPYIO-
IMIMMUCS B3TJISIIAMH ONTOBUKOB, paOOTHUKOB PEKJIAMbl, ar€HTOB IO paclpocTpaHe-
HUIO U PO3HUYHBIX TOPTOBIEB, KAXKJIBIA U3 KOTOPBIX MO-CBOEMY IMOHUMAET UHTEPECHI
oTpeOuTeNs.

PaGoTHuKM cOBITa HE BCerJa MaTepuajbHO 3aWHTEPECOBAHBI B COXPAHCHUU
CYIIECTBYIOIIEH KOHCTPYKIIMU H3EIHS, HEPEIKO BBIPAXAIOT CBOE HEIOBOJIHCTBO
(bupMOii, KOTOpast HE TMOCIIEBACT 3a MIPOUCXOSIIUMHE, TT0 UX MHCHHIO, H3MECHCHUSIMHU
crpoca. UM, oiHaKo, CBOMCTBEH TOT HEJOCTATOK, YTO OHU HEU30EKHO CMOTPAT Ha
MOTEHIHAJIBHBINA CIIPOC IJ1a3aMH MOKYIATENs], ¢ KOTOPhIM OHU BCTPEYAIOTCS, a TAKOU
B3TJISA] IO CaMOM CBOEH MPHUPOJIe HAMpaBIICH JIUIIb HAa HEOOJbIINE OTKIOHEHUS OT
CYILIECTBYIOIIETO, TTOCKOJIbKY Y MOKYIAaTeNsi HUKaKOTO MHOTO OMbITa HET. Takum 00-
pa3oM, MPOEKThl PAJUKAIBHOTO YIYUYHIEHUS TEXHUYECKUX XapaKTEPUCTHUK H3IETUs
BCTPETAT MOJJEPKKY PaOOTHUKOB COBITA JIMIIIb B TOW Mepe, B KaKol MOTpeOUTENb
y’Ke Hauajl TpeOoBaTh TaKWe U3MEHEHUSI.

Ioxkynamenu. Horna nokynaTesib U OTPEOUTETh COSTUHEHBI B OJTHOM JIU-
11e, UHOT/Ia K€ ATO pa3HbIe JIoau. B 11000M cityyae ux, oHaKo, HaJl0 pacCMaTpUBaTh
M0 OTJEIBLHOCTU M3-3a OYEBUJIHOTO PA3JIMUUi MEXK]Y peakiueld 4elioBeKa Ha M3Jie-
Jue, KOTOPO€ OH HUKOTAa paHee HEe BUECIH, U €ro e peakileil Ha Hero MocJie TOro,
KaK OH IpUOOpes ONBIT MOJb30BaHUS ITUM H3ACIUEM U MPUCIOCOOMIICS K HEMY.
Bonbliiie Bcero mpensiTCTBYIOT NMepeMeHaM, BO-TIEPBBIX, HEYMEHUE MOKyMnaTess 3apa-
HEE OMPENIENIUTh CBOKO WJIM YYXKYIO CIIOCOOHOCThH MPUCTIOCOOUTHCS K HOBOMY H3JIE-
JIUIO ¥, BO-BTOPBIX, BEICTABOUHBIN 3(PdekT, Omarogapsi KOTOpOMYy HOBOE U3JeNnie 00-
JajaeT WIM He 00JaJaeT HEeMOCPEACTBEHHOM CHUJION BO3ACHCTBHS Ha TOKYIIATEels,
MO3BOJISIIOLEH €MY MPEOJOJIETh €ro MPUPOAHYI0 HEPEHIUTEIbHOCTh. 3/1€Ch CHOBA
KOHEYHBIN pe3ysibTaT OyJeT HEe B MOJb3Yy PaAUKaIbHO HOBOW KOHCTPYKIIUHU, TOTOMY
YTO 3asBJICHUS 00 €€ HKCILTyaTaIllMOHHBIX MPEUMYIIECTBAX MOKYIATETI0 MPUXOUTCS
MPUHUMATh Ha BEPY U MOTOMY YTO MOTEHIIMAIBHBIN MOKYIMATEIh OOBIYHO CTPEMUTCS
MpUOOPECTH TaKoe HOBOE H3JeNIhe, KOTOpPOe MPUIaBaio Obl €My camMoMy >Keja-
TEJIbHBIC VISl HETO YEPThI B TJIa3aX OKPYKAIOIIUX.

Ilompeoumenu. Ilorpedutenb OUeHb YYBCTBUTENICH K HEOOJBIITUM, HO UMe-
IOIMM 3HAYEHUE Pa3IUYUsIM B CTHJIC, I[BET€ WJIM PUCYHKE, HO MOXET OBITh COBEp-
IIIEHHO PaBHOMYIIEH K MOJJMHHO HOBBIM (popMam, KOTOpbIE HE TPUOOpENH eIlle IIu-
POKOTO MPU3HAHUS WA COIMAIBHONW 3HAYMMOCTH. JTa 0COOCHHOCTh OTHOIICHUM —
CUJIbHBI apryMeHT npomué TOTo, 4TOoObl 0a3upoBaTh HOBBIE KOHCTPYKIIMH Ha pe-
3yJbTaTax OMPOCOB MOTPeOUTENECH W BBISBICHUM HX TpeamnodreHuid. [loTpedurtenn
OYCHb MEJICHHO TPUCTIOCAOIMBAIOTCS K U3MEHEHUSIM B KOHCTPYKIIMH U3CITUN U HE
MOTYT 3apaHee ONPEACIIUTh CBOIO PEAKIMIO HA HUX.

Onepamopul cucmem. 31eCh peyb UIIET O TOM, YTO MPU IPOCKTUPOBAHUU CH-
CTEeMBbI HEM30€KHO pa3OueHne ee Ha Pl MOJCUCTEM, B KKI0W U3 KOTOPHIX PYKOBO-
nuTenb (KaK MpaBUIio, MEHEKEP) BHICTYMAET B POJIM OIEpaTopa.
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Korna peus maer o0 HMCKIIOUMTENBHOM CIy4yae CO3JaHUS MPUHIMUIIHAIBHO
HOBOH CHCTEMBI, OTBETCTBEHHOCTh 3a KOTOPYIO €I11€ HUKTO Ha ceOs He B3sUI, HHTEpe-
Chl U B3IVl ONIEPATOPOB CYLIECTBYIOIIMUX CUCTEM JIUIIb YACTUYHO OyJIyT OTPaKaTh
IPEUMYILECTBA U HEOCTATKH pa3pabaTbIBa€MON CUCTEMBI.

Oobuwecmeo. Ha nanbHeM KOHIE LeNU COOBITH, U3 KOTOPBIX CKJIaJbIBAECTCA
MCTOPHS CO3JaHUS U CYIIECTBOBAHUS U3JCIHS, JICKHUT Ta €AUHCTBEHHAs cdepa, B KO-
TOPOM OTPaXaroTCs BCE PaJMKaJIbHbIE U3MEHEHMs, BHECEHHBIE MPU pa3pabOTKE HO-
BOM WJIM pEOpraHu3alMM CTapod cucteMsl. [lonmuTnueckue nelcTBUS U OOIIECTBEH-
HBIM MPOTECT — 3a4acCTy0 €AMHCTBEHHBIE KAHAJBI, YEPE3 KOTOPHIE YAAETCA OKa3bl-
BATh BJIMSHHME HA OCHOBHBIE ACTIEKTHI COLMAJIBHO-TEXHUYECKUX N3MEHEHUN.

['1aBHas TPyAHOCTH 3aKIIOYAETCS B TOM, YTO IPOEKTUPOBIIMK JOJKEH HA OC-
HOBaHUM COBPEMEHHBIX JIaHHBIX MPOrHO3MPOBATh HEKOTOPOE OYyIyllee COCTOSHHE,
KOTOPO€ BO3HUKHET TOJIBKO B TOM CIIy4dae, €CJIM €ro Iporuo3sl BepHsl. IIpeanonoxe-
HUsI O KOHEYHOM pe3ysibTaTe MPOECKTUPOBAHUS IPUXOAUTCS AENATh €Ile 10 TOro, KaK
HCCIIEIOBAHbl CPEICTBA Il €ro NOCTHKEHUA. [IpOEKTUPOBIMK BBIHYKIEH IPOCIIe-
KUBATh COOBITUSI B OOPAaTHOM MOPSAJKE, OT CIEACTBUI K MPUYMHAM, OT OKUAAEMOTO
BIMSIHUS JaHHOM pa3paOOTKU HAa MUpP K Hayally TOW LIETIOYKH COOBITHUM, B pe3yibTarTe
KOTOPOU U BO3HUKHET 3TO BIIUSHUE.

1.1.4 IIpoekTHpOBaHME: HCKYCCTBO MJIM HAYKa

[TpoexTupoBanue HE CIEAyeT MyTaTh HA C UICKyCCTBOM, HU C €CTECTBEHHBIMU
HayKaMH, HA C MaTeMaTUKON. DTO CIIOKHBIN BHUJ ACSITEILHOCTHU, TNI€ YCIIEX 3aBUCHUT
OT TIPAaBUJIBHOTO COYETAHHUs BCEX dTUX TPEX CPEACTB MO3HAHUS, M OYCHb HU3Kas Be-
POSTHOCTB JAOOUTHCS ycIiexa IMyTeM OTOXKIECTBIICHUSI MMPOECKTHUPOBAHUS C OJHUM W3
HuX. OCHOBHOE pa3Myue CBA3AHO C BPeMEHHbIMU OMHOueHUAMY. JeaTenn ucKyc-
CTBa ¥ HAYKHU UMEIOT JIEJI0 C (PU3NYECKUM MUPOM (peabHbIM WM CUMBOJIMYECKUM) B
TOM BHJIE, B KAKOM OH CYILIECTBYET B Hacmosuee pems, a MaTEMaTUKU ONEPUPYIOT
aOCTpaKTHBIMU OTHOIICHUSIMU, He 3a8UCAUUMU OM KANEHOAPHO20 8PEeMeHU.

[TpOeKTUPOBIIMKKA BCErAa BBIHYKICHBI CUUTATh peajbHbIM TO, YTO CYyIIe-
CTBYET JHUIIbL B BOOOpakaeMoM Oyodyujem, W UCKaTh MyTH MPETBOPECHUS B KU3Hb
npeononazaemovlx 00bEKTOB. IIpexne yem mnpeackassiBaTh Oyayliee, pa3pabOTUHK
JOJDKEH B JIOCTaTOYHOW Mepe 3HaTh HacTosIlee, a JJIs 9TOr0 OH JIOJDKEH 00JaaaTh
CBOMCTBAMH YYEHOTO — CKENTHIIM3MOM, YMEHHEM TIOCTABUTh AKCIIEPUMEHT U IMPO-
aHAJIM3UPOBATH €ro pe3yiabTaThl. OHAKO KOT/Ia Pa3pabOTUYUK MEPEeXOTUT OT HACTOS-
Iero K OymayiiemMy, MO3UIMs COMHEBAIOIIETOCS YYEHOTO CTaHOBUTCS JJisi HEro Oec-
MOJIE3HOH, W €l Ha CMEHY JOJDKHO MPHUHTH HEYTO JAPYroe, MOXOoXKee Ha TMOJICO3Ha-
TEJbHYIO BEpY.

[Toaxon XymoKHHKA HEOOXOIUM pa3pabOTUMKy HAa TOM dTare, Korja B jJadu-
PUHTE aNbTEPHATUB MPHUXOAUTCS OTHICKUBATh TPONMHKY, BEAYIIYI0 K HOBOMY U He-
MIPOTUBOPEUYMBOMY MOCTPOCHHIO, KOTOPOE MOTJIO OBl cTaTh OCHOBOM pemieHus. [lpu
TOM HYXXHO UMETh KaKOW-HUOYIb MOJATIMBBIN MaTepual WU aHajor, KOTOPBIH
MO3BOJISLT OBl, MTOCTIEBAst 32 TEUEHUEM MBICIH, TiepeaaBaTh ghopmy pemienns. OObIYHO
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TaKUM MaTEpUajOM CIIy>KUJIU 3CKHU3bI, OBICTPO HabpackiBaeMble HA 000POTE KOHBEP-
Ta, 32 KOTOPBIMU CTOSIJIM TOYHBIE OOpa3bl BAPUAHTOB IIPOEKTa B BOOOPAKEHUU.

MeTon MareMaTuKa, BBIPAKAOIIErO HMCXOJHBIE IPEAINOJIOKEHUs uepe3 aod-
CTPaKTHbIE CUMBOJIBI, a 3aT€M MAHHUIIYJIUPYIOLIEr0 3TUMU CUMBOJIAMHU 10 IIPUHATUS
pelIeHus, TOIUTCS JUId IPOEKTUPOBILIMKA JIMIIL HA TOM JTare, Koraa 3adaua cmaou-
JIU3UPOBANACh, KOTJA JUJISl TOr0, YTOOBI Pa3pelinTh MPOTHBOPEUUS MEXIY LIEJBIO U
CpelICTBaMHU, YK€ He TpeOyeTcsl U3MEHATh UCXOHbIE TOCBLIKH.

OpHako caMasi MHTEpecHas U camas CJIOKHasl 4acTh pa3pabOTKM — 3TO Kak
pa3 MOUCK pelieHHs MyTeM U3MEHEHUs (POPMYITHPOBKU 3a7a4uH, TO3TOMY MPABUIBHO
OyAeT cuuTarh, YTO MaTeMaTHKa MOJIe3HA TOIBKO AJI ONTUMHU3ALUH, T. €. I OThIC-
KaHUsl HAWIY4lIEro pelIeHHs NOCIE TOro, KaK 3aJada yKe onpenenunachk. Eciu 3a-
0auy nPoeKmupo8aHUsi MOICHO CPOPMYIUPOBAMb 8 MAMEMAMUYECKUX CUMBOJIAX, ee
peuienue Modcem Oblmb NOAYYEHO HA KOMNbIOMEPHOU mexXHuKe 0e3 Henoc-
PEeOCmBEeHHO20 yUacmusi 4el08eKa 6 pacuemax.

1.2 CAIIP B MAalIIUHOCTPOEHUH
1.2.1 OcHOBHBIE OHSITUA U OTIPeieIeHUsN

Hpoexmupoeauue KakKk 00vekm asemomamuzayuu

Js co3panus mr000¥M CHCTEMBI aBTOMATH3aIlMH HEOOXOIMMO 3HATh CBOMCTBA
oowvexma asmomamuzayuu. J{nst CAIIP TakuMm 0OBEKTOM SIBJIIETCA MPOLECC MPOEK-
TUpoBaHusi. OCHOBHbIE TEPMHUHBI U OMpPENENECHUs B 00JIaCTU aBTOMATHU3UPOBAHHOTO
npoektupoBanus perinamenTupoansl 'OCT 34.003-90 [7].

Ilpoekmuposeanue — nipoliecc CO3JaHus ONMCAHUA HOBOT'O MM MOAEPHHU3U-
PYEMOro TEXHHYECKOTO 00beKTa (M31eiusi), JOCTAaTOUYHBIX IS U3TOTOBIICHUS WITU
peanu3aiyu 3Toro 00bEKTa B 3a/IaHHBIX YCIIOBUSX.

Takue omnucanusi, Ha3bIBAEMbIE OKOHYATEIHHBIMHU, MPEACTABISIIOT COOOM
KOMIUJIEKT KOHCTPYKTOPCKOM M TEXHOJOTHUYECKOW JOKYMEHTAIIMM B BUJAE YEPTEKEM,
MOSICHUTEBHBIX 3aMHUCOK, CIEIUpUKAIIUN, TPOTPAMM JIJI TEXHOJIOTHYECKUX aBTOMa-
ToB U T.n. [lpouecc 3akirodaercs B BBINOJIHEHWHM KOMIUIEKca paboOT wHccie-
JOBATEJIbCKOT0, PACYETHOI0, KOHCTPYKTOPCKOTO XapaKkTepa, UMEIOIIMX LIeJIbl0 Tpe-
o0pa3oBaHHE MCXOAHOTO OMMCAHMS B OKOHYATENIbHbIE onucaHus. McxonHoe omuca-
HUE TIPU 3TOM €CTh TEXHMUYECKOE 3a/laHHe, OTpakarollee Ha3HAUeHUE W OCHOBHBIC
TpeOOBaHUS K TPOCKTUPYEMOMY OOBEKTY.

[Ipotiecc mpoeKkTUpOBaHUS MOKET ObITh HEABTOMATU3MPOBAHHBIM W aBTOMa-
TU3UPOBAHHBIM.

Heasmomamu3suposannoe npoeKkmupoeanue — 3TO MPOCKTUPOBAHUE, NPU
KOTOPOM BC€ MpeoOpa3oBaHMs ONMUCAHUN 00BhEKTa U (WJIM) airOpUTMa €ro (PYHKITHO-
HUPOBAaHMS WIM aJITOPUTMA MPOIECCA, a TAKXKE MPEJCTABICHUS ONMUCAHUN Ha pas-
JUYHBIX SI3bIKAX OCYIIECTBISIOTCS YETOBEKOM.

Aemomamu3uposannoe npoeKmuposanue — 310 NPOEKTUPOBAHUE, ITPU KO-
TOPOM BC€ WJIM OTHEIhHBIC MPeoOpa3oBaHMs OMHMCAHUN 00BhEKTa U (WIJIH) aIropuTMa
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ero (GyHKIIMOHUPOBAHUS WJIM allTOPUTMA TMPOIEecca, a TakKe MPEJCTABICHUS OMHCa-
HUI Ha Pa3IMIHBIX SA3bIKAX OCYIISCTBIISIOTCS MPH B3aWUMOICHCTBUN YEIOBEKA H KOM-
npIOTEpA.

CrerneHb aBTOMATU3ALMK TPOCKTUPOBAHUS OLICHUBAETCS J10JI€H O MPOEKTHBIX
paboT, BBITIOJIHSIEMBIX Ha KOMIThIOTEPE 0€3 yJacTus 4eoBeKa, B 001ieM o0beMe mpo-
exkTHbIX padot. [Ipm 0=0 mpoekTHpoBaHWE HEABTOMATU3MPOBAaHHOE, a TpH O6=1 —
MOJTHOCTBIO aBTOMAaTudeckoe. [Ipu aBTOMaTH3UPOBAaHHOM TPOEKTUPOBAHUU JTOJKHO
OBITH PalIMOHAIBHOE pacIipe/ie]iCHIe PYHKIMA MEXIY YSIOBEKOM U KOMIIBIOTEPOM U
000CHOBaHHBIN BBEIOOP MOJENCH W METOMOB JJIi aBTOMATU3UPOBAHHBIX IPOIEIYP.
PanmonansHOCTH 1 00OCHOBAaHHOCTH B BHIOOPE CPEACTB U METOJIOB IIPOSKTHPOBAHUS
OTIPEIEISIOTCS YPOBHEM Pa3BUTHS BBIUMCIUTEIIPHOW TEXHUKH, BRIYUCIUTEILHON Ma-
TEMAaTHKH, TCOPUNA aBTOMATH3UPOBAHHOTO MTPOCKTUPOBAHMS W KOHKPETHBIX TEXHUYE-
CKHX JUCITUTUIHH.

[Tox aBTOMaTM3aIMeil MPOEKTHPOBAHUSA OyaeM MOHUMATh IIMPOKUHA KpPyT
mpo0JeM, pelIaeMbIX C HCIOJIb30BAHUEM CPEJCTB BBIUMCIUTEIBLHON TEXHUKU TPU
BBITIOJIHEHUH MHOTOYHMCJICHHBIX JTAIllOB U MPOIIECCOB MPOEKTUPOBAHUSI O0OBEKTa (Ma-
IIMHBI, KOMILJIEKCA MAIlIMH, CUCTEMBI U JIp. ).

Acnekmul u uepapxuuecKkue ypoeHu nPOEKmMupoeanus

B npencraBneHusx MHXKEHEpa O CIOKHBIX TEXHHYECKHX OOBEKTaX MPUHATO
BBIJICJISITh ACHEKThl M MEPAPXUUYECKUE YPOBHU. ACIHEKTBHl XapaKTEPU3YIOT Ty WIIU
MHYIO TPYIIY POJACTBEHHBIX CBOWCTB 00BbeKTa. THUNMUYHBIE acHeKThl — (YHKIHO-
HaJIbHBIN, KOHCTPYKTOPCKUM, TEXHOJIOTMYECKHM .

OYHKIMOHAJIBHBIN aCMEeKT OTpaxaeT (hu3nvecKkue u MHPOPMalMOHHBIE MPO-
LIECChI, MPOTEKAIOIINE B OOBEKTE MPHU €ro PYHKIIMOHUPOBAHUN; KOHCTPYKTOPCKUM —
CTPYKTYPY, Pacnojio)KeHHE B MPOCTPAHCTBE M (OPMY COCTABHBIX YacTeil 0OBEKTa;
TEXHOJOTMYECKHI — BO3MOKHOCTU M CIIOCOOBI peajn3alliy UiU U3roToBieHUs. B
3aBHCHUMOCTH OT Pa3HOBUAHOCTEN OOBEKTOB MOTYT OBITh U JIPYT'H€ acleKThbl, HalpH-
Mep MPU NPOEKTUPOBAHUH IJIEKTPOMEXAHUYECKUX CUCTEM — DJIEKTPUUYECKHUN (IIEK-
TPOHHBIN) U MEXaHUYECKUH.

B cooTBeTcTBUMM C yKa3aHHBIMH acCHEKTaMH pa3iu4aioT (PYHKIMOHAIBHOE,
KOHCTPYKTOPCKOE, TEXHOJOTUYECKOE TPOEKTUPOBAHHUE.

[TpakTHKa MOKa3bIBaET, YTO MOAABIISAIONIEE OOJBIIMHCTBO CIOXKHBIX TEXHUYE-
CKUX OOBEKTOB HMEET MEepapXHuecKyl0 CTPYKTypy. BrlieneHue wuepapXuyeckux
YPOBHEW MpHU ONMUCAHUU MPOEKTUPYEMOro OOBEKTa, KOTJa HAa KAKIOM CIEAYIOIIEM
YPOBHE OMHUCAHUE CBOMCTB OOBEKTA CTAHOBUTCS BCE O0Jiee MOAPOOHBIM, COCTABIISET
CYILLIHOCTh O104HO-Uepapxuiecko2o moaxoaa K NpOeKTUPOBAHUIO.

[Ipouiecc pa3neneHus ONMMcaHus CI0KHOIO TEXHUYECKOro 00beKkTa Ha Oosiee
MPOCThIE HAa3bIBACTCA Oekomnozuyueu. JIeKoMIO3UIIMs MO3BOJISIET pellaTh CIOKHYIO
3aJja4y KaK COBOKYITHOCTb 0oJiee MPOCTBIX 3ajad MPOECKTHUPOBAHUS M HCCIEAOBAHUS
OTJENbHBIX YACTEl TEXHUYECKOro yCcTponcTBa. MHOTME U3 3TUX 3a]a4 MOTYT OBITh
pelIeHbl NapajiesIbHO Pa3IMYHbIMU KOJUIEKTUBAMM MPOEKTUPOBILIKUKOB, YTO 3HAYHU-
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TETHHO COKpAIAeT CPOKH CO3JaHUS HOBBIX M3aenuid. IIporecc nekoMmo3uimu 3a-
KaHYMBAETCsl TOT/Ia, KOT/Ia Ha OYEPETHOM YPOBHE MEpPApXUU OKA3BIBAIOTCS HEICITH-
MbIe (0a30BbIC) JIEMEHTHI.

Ha pucynke 1.2 nokazaHa uepapxudeckas CTpyKTypa 0OBbeKTa MPOCKTHPOBa-
HUS Ha IPUMepe 00BEKTOB MAIIMHOCTPOCHUSI.

YHPOEEHE KOMIOJEKCOE MAITTHH, Magenue
TEXHONOTHYECKHX NP OLECCOE
WpopeHE MalnHH, | KomMnnekc Komnnexkc Komnnekc
MapIIp¥THEIX TEXHOIOTDHH 1 2 3
YPOEEHE 3MEMEHTOE CHCTEM [CHapoqdHan CoHopodnan CHopoYHan
(p EOVETOD, ABHTATENE, MEXAHHIM Ee0VHHLLE 1 enMHuLAa 2 enuHKILa 3

OO0ABEMA, TEXHONOTCHYSECKAA 0IIe] Al A) |

YPOEBEHE OeTaleH, KOMIOIIEK TVE IITHE I- 1 ]-
HeOelH# (DO0OIIHOHHEHR, PEIE,
KPEMEXHBIE HSTEIHA), OeTans 1 Odetanes 2 Aderane 3

ONHCAHHMHA ONEpalHOHHOHR TEXHONOTHH
H YOPABNAKIHE OPOrP MM

Pucynok 1.2 — Hepapxuueckas CTpyKTypa 00bEKTa MIPOSKTUPOBAHUS

Ha BepxHeM uepapxuueckoM ypOBHE paccCMaTpHUBAaeTCs TEXHUYECKUN OOBEKT
B LIEJIOM. DTO MOXET OBITh OTJEbHASI MALIMHA WM KOMIUIEKC MalluH, 0ObeJUHEH-
HBIX, HampuMep, B TEXHOJOTMYecKylo JMHuI0. Ha crienyromem wuepapxuyeckom
YPOBHE BBIACISAIOTCS KPYIHBIE Y3JIbl TEXHUYECKOTO OOBEKTa, TaKMe KaK JBUTATEIIb,
pPEenyKTOp, NOABEMHBI MEXaHU3M, 3arpy304HOE YCTPOHCTBO, KOTOPBIE, B CBOIO OYe-
penb, COCTOST U3 OTHEIbHBIX yacTeil. JleneHnue Ha ypOBHU HEpapXUM MPOJIOJIKACTCS
710 TeX MOop, MOKa He OyayT moJiy4eHbl 0a30Bbie 00BEKTHI. B MammHocTpoeHnn 6a3o-
BBIMH 00BEKTaMU CUMTAIOT, HAIIPUMEP, KPEMeKHbIC U3ACTUs, TOAITNITHUKH, OT/ICTb-
HBIC JICTAITH.

Ecnu paccmaTpuBaTh TEXHOJIIOTUIO MAIIMHOCTPOCHHUS, TO 37IECh HEACIUMBIMH
0siokamu (0a30BBIMH AJIEMEHTaMH) OYIyT SIBISATHCS TEXHOJOTMYECKUA W BCIOMOTa-
TeNbHBIN Tiepexo ibl. Ha Gosiee BHICOKOM ypOBHE pacroiaratoTcs TEXHOJIOTHUECKHUE U
BCIIOMOTATeNbHBIE OMEPaIn, a BCIE 33 HUMU MapIIpyTHbIE TEXHOJOTHH M TEXHO-
JIOTUYECKHE MPOIIECCHI.

Cmaouu, 5manvl u npoyeoypvl nPOEKMuUpPoBaHus

B mpoexTupoBaHuM TPUHATO BBLICIATH CTAAUN HAYYHO-HMCCIEAOBATEIbCKUX
paboT, ONMBITHO-KOHCTPYKTOPCKHX pPabOT, TEXHUYECKOTO MPOEKTa (TEXHHUYECKOTO
MIPEIOKEHMS ), pab0Yero MpoeKTa, UCTIHITAHUN OTIBITHOTO 00pasiia.

Cragusa uayuno-ucciedosamenvckux paoom (HHP) BKIOYAaeT U3y4CHHUE
NOTPEOHOCTH B MOJIYYEHUU HOBBIX U3JEJHMA C 3aJaHHBIM 1[E€J€BbIM Ha3HAYEHUEM; UC-
cienoBaHue (HU3NUECKUX, UHPOPMALIMOHHBIX, KOHCTPYKTUBHBIX M TEXHOJIOTMYECKUX
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PUHIUIIOB MOCTPOCHUS U3EINN U BO3MOKHOCTD UX pealn3alliu; IPOrHO3UPOBAHHE
3HAUCHUN XapaKTEPUCTUK U apaMeTPOB OOBEKTOB.

Pesynbratom HUP sBnsiercs hopmynupoBka mexunuueckozo 3aoanusn (13) na
pa3paboTKy oObekTa. T3 BKIIOYAET 1eb CO3JaHusl U Ha3HAYeHUE 00beKTa, TeXHUYe-
ckue TpeOOBaHUs, PEKUMBI M YCIOBHS pabOThI, 00JIaCTH IPUMEHEHUS, YBA3KY Mapa-
METPOB C THUIAXOM, HHPOPMAINIO 00 SKCIEPUMEHTAIBHBIX Pad0Tax, CPaBHUTEIb-
HYIO OLIEHKY TEXHUYECKOr0 YPOBHS U JIp.

Ha ocnoBanuu T3 pa3pabateiBaeTcsi mexnuueckoe npeonosxcenue (TI) —
ATO COBOKYIHOCTh JOKYMEHTOB, OTPaXAIOIINX TEXHUUYECKUE PEIICHUS, TPUHSTHIC B
MPOeKTe. B HEro BKIIOYAIOTCS Pe3ysIbTaThl (YYHKIIMOHATLHOTO, (PU3MUECKOTO U CTO-
MMOCTHOTO WCCIICIOBAaHUM, YKa3aHUSI U 0OOCHOBAHUS IO BBHIMOJTHSAEMBIM (YHKITHSM,
(GU3UYECKUM TPUHIIMIIAM JEHCTBUA, I11€J€CO00pPa3HOCTH HMCIOJIb30BAaHUSI TE€X WIIU
MHBIX PEILICHHUM, CPABHUTEIbHASA OLEHKA 3TUX PEUICHUN M0 TEXHUYECKUM, SKOHOMHU-
YECKUM, TEXHOJIOTHYECKUM, SKOJIOTUYECKUM U APYTUM IOKA3aATEIISIM.

Ha craguu onstmuo-koncmpyxkmopckux paoom (OKP) co3gaeTcsi SCKU3HbIN
MIPOEKT W3JIENUs, MPEACTABISIONUN CO00M COBOKYIMHOCTh rpad)uueCcKOi U TEKCTOBOM
JIOKyMEHTAIMU, HA OCHOBAHWU KOTOPOM MO>XKHO MOJYUYUTh OOIIIee MpeAcTaBiIeHne 00
yCTPONCTBE, MPUHIIUIE pabOThl, HA3HAYECHUH, OCHOBHBIX MapaMeTpax U rabapuTHBIX
pasmepax MpOEKTUPYEMOTO U3JICNINsI, O KOMIIOHOBKE KaK MaIlIMHBI B 1IEJIOM, TaK U €€
OCHOBHBIX y3J10B. [Ipu pa3paboTke 3CKU3HOTO MPOEKTa MPOBEPSIIOTCS, KOHKPETU3H-
PYIOTCSI 1 KOPPEKTUPYIOTCSI IPUHITUIIBI U TTOJIOKEHMSI, YCTAHOBJICHHBIE HA CTAJIMU Ha-
YYHO-HCCJIEI0BATEIBCKUX PAOOT.

Ha cranuu mexnuueckozo npoexkma paspadaTbiBaeTcs 0oJiee IETaaIu3upo-
BaHHas rpaduyueckas U TEKCTOBasi JOKYMEHTAIIUsI, TatoIasi OJIHOE U OKOHYATEIHHOE
MpEICTaBIeHNE 00 yCTPONCTBE, KOMIIOHOBKE MAalIMHBI U BCEX €€ y3J0B. B TexHuue-
CKOM MPOEKTE BKJIIOYEHBI BCE HEOOXOAMMBIE pacdeThl (AMHAMUYECKHE, MPOYHOCT-
HbIE, 9KOHOMUYECKHE, IKOJIOTHUECKUE H JIP.).

Ha craguu padouezo npoexkma co3naercs NMOJHBIA KOMIUIEKT KOHCTPYKTOP-
CKO-TEXHOJIOTUYECKOM JTOKYMEHTAIINH, TOCTATOYHBIN ISl M3TOTOBIIEHUSI 00bEKTA.

Ha craguu ucneimanuit onsitmnozo o6pasua nojiy4aroT pe3yabTaThl, MO3BO-
JISFOIIME BBIIBUTh BO3MOYKHBIE OIIMOKU M HEOPAOOTKHU MPOEKTa, MPUHUMAIOTCS Me-
PBI IO UX YCTPAHEHUIO.

B xone npoekTupoBaHus BbIpaOATHIBAIOTCS NPOEeKmHble peuleHus — OInca-
HUSI OOBEKTa WJIM €ro COCTABHOM YacTH, JOCTATOYHBIC JIJII PACCMOTPEHUS U TIPUHS-
THUSI 3aKJIFOYEHUS 00 OKOHYAHUHU MPOSKTUPOBAHUS UITH MY TSAX €TI0 MPOJAOJIKEHUS.

YacTe NMpOEKTUPOBAHUS, 3aKAaHUMBAIOIASICS TTOTYUYEHHEM ITPOCKTHOIO pellie-
HUSI, HA3BIBACTCS MPOeKmHuou npoyedypoul. BHIOTHEHUE OJHOM WM HECKOJBbKUX
MIPOEKTHBIX MPOIETYP, OOBEAMHEHHBIX IO MIPU3HAKY MPUHAIJICKHOCTH MOTYyYaeMbIX
MIPOEKTHBIX PEUICHUN K OJJHOMY HMEpapXU4YeCKOMY YPOBHIO U (MJIM) acClEKTy OmNuca-
HUI, COCTaBIISIET 2MAN NPOEKMUPOBAHUSL.

Ha 1r060Mm 3Tane npoeKTupoBaHUs MOKET OBITh BBISIBIIEHA OIIMOOYHOCTH WIIN
HEONTUMAIBHOCTh paHEee MPUHATHIX PEIICHUN M, CJIeI0BaTeIbHO, HEOOXOIMMOCTH
WJIM T1eJIecCO00pa3HoCTh Ux mepecmotpa. [lomoOHbIe BO3BpAThl TUMTUYHEI IS IPOCK-
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TUPOBaHUSI U OOYCIIOBIUBAIOT €r0 UmepayuoHusli xapakmep. B 4acTHOCTH, MOXKET
OBITh BBISBJICHA HEOOXOJIMMOCTh KOppekTupoBku T3. B 3ToM ciyuae uepemyrorcs
NPOLEYPHI HeuHe20 N 6HymperHe2o TIpoekTupoBanus. [1o BHEIHUM MPOEKTUPO-
BaHHUEM MMOHUMAIOTCS MPOUEAYPHl (POPMUPOBAHUS UIH KOPPEKTUPOBKU TEXHUYECKO-
ro 3a/IaHusl, 1MO0J] BHYTPEHHUM MPOEKTUPOBAHUEM — MPOLEAYPHI peanusanuu chop-
mMupoBaHHoro T3.

Paznuyarot nucxoosuee (CBepXy BHU3) U gocxodsauee (CHU3Y BBEPX) MPOEK-
TupoBanue. [Ipu HUCXOHAAIEM MPOSKTUPOBAHUHM CHadalla PelIaroTCs 3a7add BBICO-
KUX HMEepapXUUYECKUX YPOBHEH, a 3aTeM 3a/auu 0ojiee HU3KUX MEPAPXUUECKUX YPOB-
HEH, a IPU BOCXOSIIEM MPOSKTUPOBAHUU TOCIIE0BATEILHOCTD IPOTUBOMOIOKHASL.
Tak, pyHKIIMOHATBEHOE MPOSKTUPOBAHUE YAIIE SBIIACTCS HUCXOASAIINM, a KOHCTPYH-
pPOBaHUE TEXHUUECKOTO 00BEKTAa — BOCXOISAIIUM.

Ha pucynke 1.3 mpencraBieHa TUIIOBas MOCIEAOBATEIBHOCTh MPOEKTHBIX
MPOLIEyp Ha OJJHOM U3 9TAlOB HUCXOJSIIET0 MPOSKTUPOBAHUS TEXHUYECKOTO 00b-
€KTa, a Ha pucyHke 1.4 — 006001IeHHas cXxeMa aJirOpUTMa aBTOMATU3AIMK TTPOEKTH-
pOBaHUs Kak Ipoliecca.

DopMyJIHPOBKA KoppexTuposka
T3 < T3 <
]
Cunres N3menenne
CTPYKTYPHBIl |« CTPYKTYPBI <
1
Cunres Mopuduxauus
napamMerpuyeckuii |« napamMerpoB <
1
Ananu3
HeT
Tpedyemoe
peleHne
aa
Pa3padoTka Bs160p cnocoda
KOHCTPYKTOPCKOM yay4lleHust
JAOKYMEHTAIUH peleHus
' |

Pa3patorka
TEXHOJIOTHIeCKO
JOKYMEHTALUM

Pucynok 1.3 — TumnoBas nocieaoBaTeabHOCTh TPOEKTHBIX IPOLEAYP MPU HUCXOAAIIEM
MIPOEKTUPOBAHU U
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Hcxoonan unghopmayus,

Ananus cywecmeyroujux

namenmaol, agmopcKue AHAIOZUYHBIX 00BEKM 06, Cucmennoe
ceudemenvcmea, npoueccos, cucmem lpoexmupoéanie
omuyemot no HUP
| - Dopmuposanue
" MexXHUYecKozo 3a0anus < Kpumepuansnsie
Ozpanuuenus: > Ha npoeKkmupoeanue mpebosanus
mexHuuecKue,
IKOHOMUUECKUE,
PKONOUNECKH e, .. Tononozuueckoe onucanue, 0
d dopmuposanue (cunmes) < Kpyxcaiougue
»  mnoxcecmea arvmepnamusnvix (€~ obvexmsl, cpeoa
Memoownt eéapuanmog (cmpyxkmyp) D dyrxuuonuposarn "_ﬂ/
MAMEMAMUYLECKO20 | ¢
onucanuz, ' v (Dvnxuuoutmwh
MO0enuposanus > v <
DyHKYUOHATbHOE OnUCAHUE, * - - hpoexmuposanue
¢ ¢opmuposanue J‘« |
Ilakempbt npuknaonslx > MHOMCECMEa MOOeneil |
npozpamm (ILITII), : ¢ i
oudIUOMeEKU npozpamm, | v !
0a3bl OaHHBIX, [ !
Oanku 3Hanuil, Mooenuposanue !
IKCnepmHble CUCHEMDbL... > @yukyuonupoeanusa npu !
A DA3TUYUHBIX PEHCUMAX PADOOn bl |
T ¢ :
1 1
- 2 i
Ananus i
Pe3yIbmamos Mooeauposanus !
1
1
1
1
1
1
]
Onmumansnoe
ITapamempuueckan Hpociinupocatue
Memoow > 'D P
napamempuueckoi onmum thsauuil
u CMpyKmypHoil ¢ v ¢
onmumusayuu CmpykmypHas onmumu3ayus
Ananu3z pe3yromamos
onmumusayuu _
Hem TN
JHonycmumpte Koncmpyxkmopcko-
Jla HexHon02uYecKoe
Hopmamueno- npoeKkmuposanue
mexnuuecKkas > (Dopmuptieauue KOHCmpyKmop-
unpopmaus, CKOll 00KyMenmauuu
roct, OCT, CT1I, v
Ty, ... ) » Dopmuposanue mexHonN02U4ecKoul
OOKYyMEeHmayuu _

v

Pucynok 1.4 — O0oO1ieHHas cxema mporecca aBToMaTH3aluy IPOSKTUPOBAHUS
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1.2.2 llpunuunel co3panus CAIIP

B I'OCT 23501.101-87 [5] peryiaMeHTHpPOBaHbI OpraHU3AIMOHHBIC OCHOBBI
CAIIP. Ons coznanust CAIIP HeoOX01UMBI YCIOBHS:

1) coBepIlIEHCTBOBaHUE MPOCKTUPOBAHKS HA OCHOBE NMPUMEHEHHUS MaTeMaTH-
YECKUX METOJIOB U CPEJICTB BHIUUCIUTEIILHON TEXHUKY;

2) aBTOMAaTH3aIHs IpoIiecca orcka, 00paboTKH M BeIIaYX WH(OPMAIIHH;

3) WCMoIb30BaHUE METOJIOB ONTUMHU3AIMH ¥ MHOTOBAPHAHTHOT'O IMPOCKTUPO-
BaHUS;

4) npumeHeHue 3(P(HEKTHBHBIX MATEMATHUYCCKHX MOJCICH MPOCKTHPYEMbIX
00bEKTOB, KOMIUICKTYIOIIUX U3/CIHI U MAaTEPUAJIOB;

5) co3manue OankoB m 0a3 manubIX (BJl), comepamux CHCTEMaTH3HPO-
BaHHbBIC CBEJICHUS CIIPABOYHOIO XapaKTepa, HEOOXOUMBIE JJIs aBTOMATU3UPOBAHHO-
ro MPOEKTUPOBAHUS OOBEKTOB;

6) moBkIlIcHHE KadecTBa OPOPMIICHHS TPOCKTHON JIOKYMEHTAIIHH;

7) yBeJIMUYEHHE TBOPYECKOM JIOJM TPY/a MPOCKTUPOBIIMKOB 32 CYCT aBTOMa-
TU3AI[MU HETBOPUYECKUX PabdoT;

8) yHubuKaIys U CTaHIapTU3AIMS METOI0B TPOCKTUPOBAHUS;

9) moaroTOBKA M MEPENOArOTOBKA crieruaincToB B oomactu CAIIP;

10) B3amMOJCHCTBHE MPOCKTHBIX MOJPa3ICIICHH C aBTOMAaTH3HPOBAHHBIMHU
CHUCTEMaMU Pa3JIMyHOTO YPOBHS U Ha3HAYEHUS.

[Ipn co3manum CAIIP m uX cOCTaBHBIX 4acTeW CIEAYeT pyKOBOJICTBOBATHCS
MPUHIIMITAMUA CUCTEMHOTO €IMHCTBA, COBMECTHMOCTH, TUITH3AIUN, pa3BUTHS [5].

Ipunyun cucmemnoeo eouncmea 00€CTIEUNBAET LEIOCTHOCTh CUCTEMBI U CH-
CTEMHYIO «CBEXKECTb» IMPOCKTUPOBAHHS OT/ACIbHBIX JJIEMEHTOB M BCErO0 OOBEKTa
MIPOEKTUPOBAHUS B LIEJIOM (MEPAPXUUYHOCTD MPOECKTUPOBAHNA).

Ipunyun coemecmumocmu 00OECHIEUNBAET COBMECTHOE (PYHKIIMOHHPOBAHUE
coctaBHbIX yacTeil CAIIP u coxpaHsieT OTKPBITYIO CUCTEMY B IIE€JIOM.

Ilpunyun munuzayuu OPUEHTHPYET HA NPEUMYILIECTBEHHOE CO3JAHUE U HC-
MOJIb30BAaHUE THUMOBBIX M YHU(DUIIMPOBAHHBIX 3JIEMEHTOB. THIMU3AIMU TMOJJIEkKAT
AJIEMEHTHI, UMEIOIINE MEPCIEKTUBY MHOTOKPATHOIO MPUMEHEHHs. TUIIOBBIE U YHU-
(UIMPOBaHHBIE AJIEMEHTHI MEPUOIUYECKH MPOXOJAT IKCHEPTU3Y HA COOTBETCTBHUE
coBpeMeHHbIM TpeboBanusM CAIIP u monudunmpyrorcs no Mmepe HeOOXOJUMOCTH.

Ipunyun pazeumus o0OecrieyuBaeT MOMOJIHEHUE, COBEPIICHCTBOBAHUE U 00-
HoBJIeHHE cocTaBHbIX yacte CAIIP, a Takxke B3aMMOJEMCTBHE U PAaCIIMPEHNUE B3aU-
MOCBSI3M C aBTOMAaTU3UPOBAHHBIMU CHCTEMaMM Pa3JIMYHOTO YpOBHS U (DYHK-
IIUOHAJILHOT'O Ha3HAYCHHUS.

Pazpabotka CAIIP mpencraBnsier coOod KpYIMHYI HAayYHO-TEXHUYECKYIO
nmpo0semMy, a ee BHeIpeHue TpeOyeT 3HAUUTEIbHBIX KamuTaloBIoKeHui. Hakorien-
HBI OMBIT TMO3BOJISIET BBIICIUTH CIEAYIONINE OCHOBHBIE OCOOEHHOCTH €€ IOC-
TPOEHHUS.

CAIIP — wuenosexo-mawunnas cucmema. Bce co3naBaeMble C MOMOILIBIO
KOMIIBIOTEPA CUCTEMBI TPOCKTUPOBAHUSI SIBJISIFOTCS aBTOMATU3UPOBAHHBIMU. BakHY10
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pOJIb B HUX UIPAET YEJIOBEK — HHKEHEpP, pa3padaThIBAIOLINI MPOEKT TEXHUYECKOTO
cpencTtBa. B HacTosiee BpeMs U, 10 KpailHelW Mepe, B OJbKallIne rojibl CO31aHue
CAIIP He yrposkaeT MOHOIIOJIMH Y€JIOBEKA IIPU MIPUHATUHN Y3JIOBBIX PELICHUN B IIPO-
necce npoekruposaHusa. YemoBek nospkeH pemats B CAIIP, Bo-mepBhIX, 3amaum,
(dopManmu3zanusi KOTOPbIX HE JOCTUTHYTA, U, BO-BTOPBIX, 3a]]a4l, KOTOPbIE PEILIAIOTCS
YeJIOBEKOM Ha OCHOBE IBPHUCTUYECKUX CIOcOOHOCTEW Ooiniee 3¢ (EeKTUBHO, YeM Ha
COBPEMEHHOM KOMIIbIOTEpE. TeCHOE B3aMMOJEHCTBHE YEJIOBEKA U BBIYMCIUTEIbHON
TEXHUKH B IPOLIECCE MPOEKTUPOBAHMS — OJMH M3 NPHUHIUIIOB IMOCTPOCHUS U IKC-
roryatauuu CAITP.

CAIIP — uepapxuueckas cucmema. OHa peanu3yeT KOMIUIEKCHBIM MOIX0]T K
aBTOMATHU3allMM BCEX YPOBHEW NMPOECKTUPOBAHMUS. BIIOYHO-MEpAPXUYECKUN MOAXOI K
IPOEKTUPOBAHUIO JIOJDKEH ObIThb coxpaHeH mnpu npumeHeHun CAIIP. Uepapxus
YPOBHEW NPOEKTUPOBAaHUS OTpaxkaeTcs B cTpykType cnenuansHoro 110 CAIIP B Bu-
1€ UEPAPXUU MOJCUCTEM.

Crnenyet 0co00 MOAYEPKHYTH 11€1€CO00Pa3HOCTh 00ECIIEUEHUSI KOMIIEKCHO-
ro xapakrepa CAIIP, Tak kak aBTOMarn3anus IPOCKTUPOBAHMS HA OJTHOM U3 YPOB-
HEH MpU COXPAHEHUU CTAPBIX (OPM MPOEKTUPOBAHUS HA COCEAHUX YPOBHSIX OKa3bl-
BAeTCsl 3HAUUTENBHO MeHee 3(()EeKTUBHOM, YeM IOJHAasi aBTOMATHU3alls BCEX YPOB-
Hel. Mepapxudeckoe IMOCTpOEHUME OTHOCUTCS HE TOJNBKO K CIIEIUAIBHOMY MpO-
IrpaMMHOMY 00€CIeUeHHUI0, HO U K TexHnyeckuM cpeactsam CAIIP, paznenseMbiM Ha
LEHTPAJIbHBIA BBIYMCIUTENbHBI KOMIUIEKC U aBTOMATU3UPOBAHHBIE paboune MecTa
MPOEKTUPOBILIUKOB.

CAIIP — cogokynHocmb UHDOPMAYUOHHO CO2AACOBAHHBIX noocucmem. VIH-
(opMalMOHHAsI COIIACOBAHHOCTh O3HAYAET, YTO BCE WJIM OOJBIIMHCTBO MOCIEI0BA-
TeIbHOCTEHN 3aJa4 MPOEKTUPOBAHUS OOCITYKUBAIOTCA MH(MOPMAIIMIOHHO COIJIaCOBaH-
HBIMHU IIporpamMmmamu. /[Be mporpammsl SIBISIOTCS MH(POPMAIMOHHO COTJIACOBAHHbI-
MU, €CJIU BCE JaHHBIC, KOTOPBIE MPEJCTABISAIOT COO00M 00BEKT MepepabOTKU B 00euX
porpaMMax, BXOJAST B HAOOpbI aHHBIX, HE TpeOyrolue U3MEHEHUN NpU Mepexoe
OT OJTHOU IIPOTPAMMBI K IPYTOM.

Tax, MH(pOPMAIIMOHHBIE CBSI3U MOTYT IMPOSIBIATHCS B TOM, UYTO PE3YJIbTATHI
pelIeHns: OJHON 3a7aun OyayT UCXOJHBIMU JAaHHBIMU Ui Apyroi 3agaun. Ecou s
COTJIACOBaHUS MPOrpaMM TpeOyeTcsl CYIIECTBEHHasl nepepadoTka oOIero Maccuna
JAHHBIX C Yy4YacTHEM YEJIOBEKAa, KOTOPBIM 0OABISIET HENOCTAIOUIUMEe MapameTphl,
BPYUHYIO MEPEKOMIIOHOBBIBAET MACCUB WJIM WU3MEHSET 3HAUEHUS! OTIENbHBIX Mapa-
METPOB, TO 3TO 3HAYUT, YTO MPOrPaMMbl HHPOPMALIMOHHO IIJIOXO corjiacoBaHbl. Pyu-
Has TIEPEKOMIIOHOBKA MAaCCHBA BEJIET K CYHIECTBEHHBIM BPEMEHHBIM 3aJI€pPKKaM, po-
CTy uuciia omuOOK M mo3ToMy cHUkaeT sddextuBHocTh padorel CAIIP. Ilnoxas
uH(pOpMallMOHHasl coryiacoBaHHOCTh mnpeBpamaer CAIIP B cOBOKYNHOCTh aBTOHOM-
HBIX MPOTpaMM, IPHU 3TOM H3-3a HeydeTa B MOJCUCTEMAaX MHOTHX (paKTOPOB, OIICHU-
BAE€MBIX B IPYTUX MOJICUCTEMAX, CHUKAETCSI KAYECTBO MPOEKTHBIX PELICHUM.

[ToMuMO paccCMOTPEHHBIX, BAXKEH APUHYUN ONMUMATLHOCIU CEA3eU MEXKIY
CAIIP u BHemHel cpenoil. Ecnu kaxaplid pa3 npu OPOEKTUPOBAHUHU OYEPEIHOTO
00BEKTa 3aHOBO BBOJATCSA B CHCTEMY HE TOJBKO JEWCTBUTEIHHO HOBBIE crielupuyec-
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KH€ UCXOJHBbIC JaHHbIC, HO M CBEJICHUS CIIPABOYHOIO Xapakrepa (Hampumep, rnapa-
METpPbl YHU(PUIIMPOBAHHBIX AJIEMEHTOB), TO UMEET MECTO HepallMOHaJIbHasi OpraHU-
3anus cBszet CAIIP ¢ okpyxarouieid cpenoil. O4eBUAHO, YTO BCE JIAHHBIE, UCIOJb-
3ye€Mbl€ MHOTOKPATHO MPU MPOCKTUPOBAHUM PA3HBIX OOBEKTOB, MOJKHBI XPAHUTHCS
CUCTEMOI B Oaze OaHHbIX.

CAIIP — omxpwimas u pazsusarowasics cucmema. CymecTByIOT, IO KpaHeH
Mepe, n1Be npudrHbl, 10 KoTopbiM CAIIP nomxkHa ObITH M3MEHSIOMEHCS BO BpEMEHU
CHUCTEMOMU.

Bo-nepBrIx, pa3padoTka cToJib clI0oKHOro o0bekTa kak CAIIP 3anumaet mpo-
JTOJKUTEIIBHOE BPEMS, U SKOHOMUYECKH BBITOJHO BBOJWUTH B DKCIUIyaTallMI0 YaCTH
CUCTEMBI IO MEPE X FOTOBHOCTU. BBENEHHBIN B 3KCIUTyaTalni0 0a30BbI BapHUaHT
CUCTEMBI B TAJIbHEUIIIEM PACIIHPSIETCSI.

Bo-BTOpBIX, MOCTOSHHBIA MPOTPECC BBIYUCIUTENBHON TEXHUKA U BBIYHCIIH-
TEJIHLHON MaTEeMaTHUKH MPUBOJIUT K MOSBJICHUIO HOBBIX, 00JI€€ COBEPIICHHBIX MaTeMa-
TUYECKUX MOJEJIEN U MPOrpamMM, KOTOPBIE JOJKHBI 3aMEHSTh CTapble, MEHEE y/ad-
Heie aHajoru. I[loaromy CAIIP nmomkHa OBITH OTKPBITOM CHUCTEMOM, T. €. 00JamaTh
CBOMCTBOM yJ100CTBa BKJIFOUEHUS HOBBIX METOJIOB U CPEJICTB.

CAIIP — cneyuanuzupo8anuas cucmema ¢ MaKCUMAaibHbIM UCHOIb308AHUEM
VHUGUYUpoB8anuvix Moodyneu. UYToObl CHU3UTH PacXo/ibl Ha pa3pabOTKy MHOTHUX CIie-
nuanuzupoBaHHbiX CAIIP, nemecooOpa3HO CTPOMTH MX HA OCHOBE MaKCHMaJIbHOIO
HCIIOJIb30BaHUsI YHU(UUMPOBAHHBIX COCTaBHBIX uacTei. Heobxommmoe ycioBue
YHU(UKAIUU — TOUCK OOIIMX IMOJOKEHUW B MOJIETUPOBAHHUM, aHAJIU3€ U CHUHTE3E
Pa3HOPOHBIX TEXHUUECKUX OOBEKTOB.

1.2.3 CocraB u crpykrypa CAIIP

CoctaBubiMu yactsimMu CAIIP, XecTKO CBSI3aHHBIMM C OpraHW3allMOHHOMN
CTPYKTYpPOM NMPOEKTHON OpraHu3aIuu, SIBJISIIOTCS MOACUCTEMBI, B KOTOPBIX MPHU MO-
MOIITY CTEIHUATM3UPOBAHHBIX CPEJCTB pemracTcss GyHKIMOHAIBHO 3aKOHUYCHHAS I10-
cinenoBarenbHOCTh 3aa4u CAIIP. ITo HazHAueHMIO pa3ACNsalOT NPOCKTUPYIOIIUE TO-
CHUCTEMBI U 00CITY>KHBAIOIIIHE.

Ilpoexmupyrowue noocucmemsvr UMEIOT 0OBEKTHYIO OPHUEHTALINIO U Pean3y-
I0T ONpEACICHHBIN ATamn (CTaauio) MPOCKTUPOBAHUS WM TPYIITY HEMOCPEIACTBEHHO
CBSI3aHHBIX MPOEKTHBIX 3a7ad. [IpuMepbl MPOEKTUPYIOMMX MOJCUCTEM: 3CKU3HOE
MIPOEKTUPOBAHUE U3/ICIIUM, KOHCTPYUPOBAHUE KOPITYCHBIX JieTajeH, MPOCKTUPOBAHHE
TEXHOJIOTMYECKHUX MPOILIECCOB MEXaHUYECKOM 00pabOTKHU.

Obcnyacusarowue noocucmemsvl UMEIOT OOIIECUCTEMHOE TMPUMEHEHUE W
00ecreunBaOT MOAACPKKY (PYHKIIMOHUPOBAHMS TPOCKTUPYIOMMUX TIOJCUCTEM, a
Takke opopMiieHHE, TTepeiady | BBIBOJ MOJTYYEHHBIX B HUX Pe3yJbTaToB. [Iprmepbl
0OCTY>KMBAIOIIUX TOJCUCTEM: aBTOMATH3UPOBAHHBIM OaHK JAHHBIX, IMOJCHUCTEMBI
JOKYMEHTHPOBAHUS, TOJICUCTEMA BBOJA-BbIBOA.

dopMupoOBaHUE U UCTIOIH30BaHNUE MOJIEeH 00bEeKTa IPOCKTUPOBAHMS B TPHU-
KJIAJIHBIX 3aJladyaX OCYILIECTBIISIETCS KOMNIEKCOM CPeOCmE a8mMOoMAamu3upo8aHH020
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npoekmuposarus cuctembl (i nojacuctemsl). CtpykrypHbiMu yactsimu CAIIP sB-
JISIFOTCST PA3IMYHbIE KOMIUIEKCHI CPEJICTB, a TaKKe KOMIIOHEHThI OPraHU3allMOHHOTO
oOecrnieueHus. KoMIUIEKCHI CPEJCTB OTHOCAT K MPOMBIIUICHHBIM HU3JEIHUSAM, MOJIjIe-
KaIMM U3TOTOBJIEHUIO, TUPAXKUPOBAHMIO U NpuMeHeHnto B coctaBe CAIIP, u moky-
MEHTUPYIOT KaK creruuuupyembie u3aeiaus. Buasl KOMIJIEKCOB CPEICTB U KOMIIO-
HentoB CAIIP npeacrasiensl Ha pucyHke 1.5.

Buowt npooyxyuu
¢ CAIIP
[ [ |
Komnonenmut u Ilpozpammno- Ilpozpammno-
KOMNJIEKCbl 00H020 | Mmemoouueckue | mexHuuecKue -
euda obecneuenusn KOMNJIeKCbl KOMNJIeKCbl
Texnuueckozo Obwecucmemmuole Llenmpanvnuie
obecneuenus ] ITMK ] ebluUCAUmMENbHblE | |
KOMNJIeKCbl
Hugpopmayuonnozo bazoevie
obecneuenusn ] IIMK T Asmomamusu- | |
posannble
pabouue mecma
Ilpozpammmuozo
obecneuenus T I I I I
IIpoonemno- Oobvexmmno- Ilpoonemno- Oovexmmno-
opuenmupo- opuenmupo- opuenmupo- opuenmupo-
seannvte IIMK seannsvte IIMK seannvte IITK seannvte IITK

Pucynox 1.5 — Buast kommiiekcoB u komnoHeHToB CAITP

Kommuiekcsl cpeicTB moapasessitoT Ha KOMIUIEKCHl OJTHOTO Bua obecreue-
HUSl (TEXHUYECKOIo, MpPOrpaMMHOro, HH(POPMAIMOHHOTO) M KOMOWHHPOBAHHBIE.
KomMmmuiekcsl cpeficTB 0AHOTO BUIAa 0OECIIeUeHus CoAepKaT KOMIIOHEHTHI OJIHOTO BU-
1a, a KOMOMHMPOBAHHbIE — COBOKYITHOCTh KOMIIOHEHTOB pa3HbIX BUJIOB oOecre-
yeHus. KoMOMHUpPOBaHHBIE KOMIUIEKCHI, OTHOCSAIIMECS K MPOIYyKLIUU MPOU3BOJI-
CTBEHHO-TEXHUYECKOIO0  HA3HAYEHUs,  MOAPA3AEISIIOTCA  Ha  MPOrpamMHO-
meroanueckue (IIMK) u nporpammuo-rexuuueckue (I1TK).

lIpoepammmno-memoouyeckuil Komniekc MPeICTaBIsAeT cO00i B3aUMOCBSI3aH-
HYI0 COBOKYIHOCTh KOMITOHEHTOB MPOrPaMMHOT0, HHGOPMAILIMOHHOTO U METOANYE-
ckoro obecrneueHus (BKJIIOYasi KOMIOHEHTbl MaTEMAaTUYECKOTO U JIMHTBUCTUYECKOTO
oOecrieueHus), HeOOXOAUMYIO ISl TIOJIYYEHHS] 3aKOHYEHHOTO MPOEKTHOTO PEIICHUs
Mo 00OBEKTY NMPOEKTUPOBAHUS (OJHOW MIIM HECKOJBKUM €ro 4acTsM WU OOBEKTY B
IEJIOM) WJIM BBIMOJIHEHHUS YHUGUIMPOBAHHBIX Mpoleayp. B 3aBucumoctu ot Ha3zHa-
yenus [IMK moapasnensror Ha obmecucTeMHbie B 6azoBbie. O6mecucremanie [IMK
HaIpaBJIeHbl Ha OOBEKTHI MPOEKTUPOBAHUS MU BMECTE C KOMIIBIOTEPHBIMU OIEpaliu-
OHHBIMU CHCTEMaMH SIBJITFOTCSI ONEPAIMOHHON CPeloi, B KOTOPOUH (PYHKITMOHUPYIOT
6a3oBble komIuiekchl. bazoBbie [IMK MoryT ObITh MpoOIEMHO-OpPUEHTUPOBAHHBIMU U
00BEKTHO-OPUEHTUPOBAHHBIMH, B 3aBUCUMOCTH OT TOTO, PEATH3YIOT OHHU MPOEKTHBIE

21



npoLeaypbl YHU(PUIIMPOBAHHBIE WIH ClENU(PUUYECKUE IS ONpPEIeJICHHOIo Kiacca
00BEKTOB.

IIpobaemno-opuenmuposannvie IIMK MOTYT BKIIIOYAaTh MPOTPAaMMHBIE Cpe/l-
CTBAa, MpPEIHA3HAYCHHBIC JI1 aBTOMAaTU3UPOBAHHOIO YNOPAIOYEHU UCXOJHBIX JaH-
HBIX, TP€OOBAHUN U OTPAHUYEHUN K OOBEKTY MPOEKTUPOBAHUS B LIEJIOM WIH K COO-
POYHBIM €MHUIIAM; BBIOOp (DU3UYECKOTO MPHUHITUIA ACHCTBUS 00BEKTa MPOSKTHPO-
BaHMsI; BBHIOOP TEXHHYECKUX PEIICHUH W CTPYKTYphl OOBEKTa MPOCKTUPOBAHUS;
OLICHKY IOKa3aTesel KauecTBa (TEXHOJIOTUYHOCTH) KOHCTPYKLHM, TPOEKTUPOBAHUE
MapuipyTa o0pabOTKH JieTajen.

Obvexmno-opuenmuposanuvie [IMK oTpakatoT 0COOEHHOCTH O0OBEKTOB MPO-
EKTUPOBAHUS B COBOKYITHOCTH KakK MpeaMeTHO# obnactu. K HUM, Hampumep, OTHO-
catcsa [IMK, nognepskuBaronye aBTOMaTU3MPOBAHHOE MPOEKTUPOBAHUE COOPOUHBIX
€VHULL, IPOEKTUPOBAHUE JETajeil HAa OCHOBE CTAaHJIAPTHBIX WJIA 3aWUMCTBOBAHHBIX
pElIeHMI; eTaiell Ha OCHOBE CHMHTE3a UX M3 DJIIEMEHTOB (POPMBI; TEXHOJIOTUYECKHUX
MIPOIIECCOB IO BUJaM 00pabOTKH JieTajei u T. II.

IIpoepammmno-mexnuyeckuil Komniekc TPENCTaBIsIeT COOOW B3aWMOCBSI3aH-
HYI0 COBOKYIHOCTh KOMIIOHEHTOB TEXHHMUYECKOro obOecrniedueHusi. B 3aBucumoctu OT
HazHauenus [1TK paznmuuaror asmomamuszuposanuvie pabouue mecma (APM) u 1ien-
TpajbHbIEC BRIUUCIUTEIIbHBIE cepBephbl. KOMIUIEKCH CpEeICTB MOTYT OOBEAUHATH CBOU
BBIYUCIIUTEIbHBIE U MH()DOPMAIIMOHHBIE PECYPCHI, 00pa3ysl pacrpeeieHHbIE BhIUKC-
JITEJILHBIE CETH MOJACUCTEM UJIU CUCTEM B IIEJIOM.

CTpyKTYpHBIMU YacTsIMU KOMILJIEKCOB CPEJICTB SIBJISIFOTCSI KOMIIOHEHTHI Clie-
IYIOIIUX BUJIOB 00ECIEUEHHUsI: TPOTPpaMMHOT0, HH(HOPMAIIMOHHOTO, METOIMUECKOTO,
MaTeMaTUYECKOT0, JIMHIBUCTUUECKOTO M TEXHUYECKOr0. DTH KOMIIOHEHTHI BBITIOJI-
HSAIOT 33JaHHYI0 (QYHKIMIO U TPEACTABISIOT HAMMEHBIINN (HEIEIMMBIN), caMo-
CTOSITeILHO pa3padarbiBacMblii Wiau TMOKyrHOU 3yemeHT CAIIP (mampumep, mpo-
rpamMma, UHCTPYKIIMS, TUCIUIEH U T. I1.).

Komriekebl 00CTyXKUBarIMMX MojcucteM, a takxe otaenbhubie [ITK moryr
HCIIOJIL30BaThCS NMPU (PYHKIIMOHUPOBAHUHU Beex mojacucrteM. Obmecuctemubie [IMK
BKJIFOYAIOT B ce0sl MporpaMMHoe, WH()OPMAITMOHHOE, METOANYECKOE U JPYTUE BUIBI
obecrnieuenusa. OHU MpeaHA3HAYEHBI JUTSI BHITIOJIHEHUS] YHU(MUIIMPOBAHHBIX TTPOLIETYP
yIpaBJIeHUs], KOHTPOJIA, MJIAHUPOBAHUS BEIYUCIUTEIHLHOTO MPOIEcca, pacipeaeicHus
pecypcoB CAIIP u peanuzauuu apyrux GyHKUUN, SBISIOMIMXCS OOIIMMU JUIsl TIOJICH-
ctem win CAIIP B nenom. [Ipumepst obmecucreMubix IIMK: MOHUTOpHBIE CUCTEMBI,
cuctembl ynpasieHus bJl, nHpopMalmoOHHO-IOUCKOBBIE CUCTEMBI, CPEJCTBA MAIlINH-
HOM rpaduku, mojicucremMa odecrnedeHus JuajoroBOro pexxuma u ap.

Monumopnusie cucmemvl ynpasneHusi @OYHKYUOHUPOBAHUEM TEXHUYECKUX
cpeacts CAIIP (31ech MOHHTOpP — 3TO YIPaBJISIOIIAs TPOrpaMma) BBITIOIHSIOT Clie-
TYIOIIHE OCHOBHBIE (DYHKITUU:

— (opmupoBaHHE 3alaHUNl C KOHTPOJIEM TaKeTa 3ajaad, TpPeOyeMbIX W
HaJIMYHBIX PECYPCOB, MPaBa JIOCTyMAa K 0a3e JaHHBIX C YCTAHOBJIICHUEM MPUOPUTETA U
HOMEpa O4Yepey;
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— 00paboTKa AUPEKTHUB SI3bIKOB YIPABIICHUS 3a/IaHUSIMHU U 3aJladyaMu, a Tak-
’KE peaklys Ha MPEepbIBaHUS C IEPEXBATOM YIIPABICHUS, aHATU30M IIPUYUH U UX UH-
TepIpeTanreil B TepMUHAX, TTOHSITHBIX MPOSKTUPOBIIUKY;

— 0o0CIyKMBaHME MOTOKOB 33Jlay C OpraHu3alMell JUajioroBoro U MHTEpaK-
TUBHO-TPaHUUECKOTO COMPOBOXKICHUS MPU NapaJIeIbHON paboTe MOJACUCTEM;

— YIpaBJIEHUE MPOCKTUPOBAHUEM B aBTOMATUUYECKHUX PEXHMMAX C aHAIH30M
KAauecTBa HCIIOJIHEHUS] MPOEKTHBIX OIEpanui, NPOBEPKOW KPUTEPUEB IMOBTOPECHHS
ATana WiM MPoI0JDKEHUS MapUIpyTa, BHIOOPOM albTepHATUBHBIX BApUAHTOB,;

— BEJCHUE U ONTUMU3ALMS CTATUCTUKHU IKCILTYyaTAllMH CUCTEMBI;

— pacnpenenenue pecypcoB CAIIP ¢ yueTtoMm npuoOpUTETOB 3aJjaHUi, 33724 U
MOJICHCTEM, IJITAHOBBIX 3aIaHUN U TEKYIIUX YKa3aHUU U 3allpOCOB;

— 3allliTa PECypCcoOB M JIaHHBIX OT HECAHKIIMOHUPOBAHHOTO JOCTYyIa W He-
MIPEYCMOTPEHHBIX BO3ICUCTBUM.

HUngopmayuonno-nouckosvie cucmemvt (MI1C) semonusitor B CAIIP cneny-
rommue GyHKIIH.

— 3anoJiHeHue nHpopmarmoHHoro ¢poHaa (MHMOTEKHN) CBEICHUAMY;

— apudmernyeckas o0paboTka UMPOBBIX TaHHBIX U JIEKCHUecKas 00paboT-
Ka TEKCTOB;

— 00paboTka UH(POPMAIMOHHBIX 3aMIPOCOB C IIEJIbI0 MOUCKA TPEOyeMoil 1H-
dbopmaruy,

— 00paboTKa MOMCKOBBIX JAHHBIX U (POPMHPOBAHUE BBIXOJHBIX OTYETHBIX
JOKYMEHTOB.

Oco6ennoctu UIIC 3akio4aroTcsi B TOM, YTO 3aMpOChl K HUM (DOPMUPYIOTCS
HE MPOrPaMMHBIM IyTEM, a HEMOCPEACTBEHHO IMOJIb30BATEIIMU U HE B MAIIMHHBIX
KOJaX, & Ha €CTECTBEHHOM S3BIKE B BHJIE IOCIEHOBATEIBHOCTU KIFOUEBBIX CJIOB-
neckpunTopoB. IlepedeHp IECKpHUIITOPOB, COIEPXKAIIMXCSA BO BCEX INPHUHATHIX HA
XpaHEHUE OIMHCAHUAX, COCTABIISIET CIOBAph, WM TE3aypyC, KOTOPBIN MpeIHa3HAYEH
7UTst OPMHUPOBAHUS TTIOMCKOBBIX MTPEAMUCAHUM.

CymectBytoT u 6omnee cinoxubie UIIC mo cpaBHEHUIO ¢ JECKPUTITOPHBIMHU.
Baxxnyto posib B HUX urpaetr HHGOPMAITMOHHO-TIOMCKOBBIHN SI3bIK, B KOTOPOM yUUTHI-
BAIOTCSl CEMAaHTUYECKUE B3aMMOOTHOIICHUS MEXAY MH(HOPMAITMOHHBIMUA O0BEKTaMHU.
DTO MO3BOJISIET YMEHBUIUTh YHUCIO HEMPABUIBHO PACIIO3HABAEMBIX SI3bIKOBBIX KOH-
CTPYKLIMI, a 00pabOTKy 3ampocOB MPOU3BOAUTH HA OCHOBE PA3IMUYHBIX KPUTEPUEB
CMBICJIOBOTO COOTBETCTBHSI.

Cucmema ynpaesnenus 6azamu oanuvix (CYHB/]) — mporpaMMHBIM KOMILJIEKC
it o0ecriedeHus: paboThl CO CTPYKTYPUPOBAHHBIMM JAHHBIMU Kak HauOoJsiee BBICO-
Kol ¢opmoit opranuzauuu uHGopmanuu B Oonpmux CAIIP. B npobGiemHo-
OpUEHTHUPOBAHHBIX HH(pOpMaMoHHO-cipaBouHbiX CYB]] obGecneunBaercs BBOA He-
obxonumont uHbopmaruu, ee xpanenne B b/, BeiBog Heobxoaumoit akrorpaduye-
CKOM mH(OPMAITUH TI0 3aIpocaM MOJIb30BATENICH W TPOTPaMM.

CYB/] BbINONHSET CAeIyIOINEe OCHOBHbBIE (DYHKIIUH:

— ompejaeneHne 6a3 JaHHBIX, T. €. OMMCAaHUE KOHIIETITYaJIbHOTO, BHELTHETO U
BHYTPEHHETO YPOBHEU CXEM;
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— 3aIUCh JaHHBIX B 0a3y;

— OpraHM3alys XpaHEHUsl C BBIIOJIHEHUEM U3MEHEHUS, JOMOJIHEHUS, PEop-
raHu3aluu JaHHbIX;

— IPEAOCTABIEHUE ABTOPU30BAHHOIO TOCTYNA K TaHHBIM.

Oynkunn CYB/l peanusyroTcs ¢ MOMOIIBIO A3bIKa MAHUITYJIMPOBAHUS JaH-
HBIMH U si3bIKa 3ampocoB ctangapra SQL. [To tumy CYBJ] paznuvaroT nepapxude-
CKHUe, CETEeBbIC, PEISLIMOHHBIE, 00BEKTHO-PENIALIMOHHBIE (CaMble pacpoCTpaHEHHbIE),
HEpeJSLUOHHBIE (151 OU€Hb OONBIINX HAOOPOB JAHHBIX ).

IIpoepammmuo-memoouueckue KoOMNieKcbl MAUUHHOU epaghuxu 00eCTIeYnBaIOT
B3aMMOJICICTBHE MOJIb30BATENS C KOMIIBIOTEPOM MPU oOMeHe Tpadudeckoil nHdop-
MaIuen, penieHne TeoMeTpUYeCcKuX 3a1ad, (popmMupoBaHre U300pakeHU U UX BU3Y-
anuzanuio. I'papuueckoe B3auMOJEHCTBUE MOIb30BATENS C KOMIIBIOTEPOM Oa3upyeT-
Csl HA TOJIpPOrpaMMax BBOJa-BbIBOJIa, KOTOPHIE 00ECMEYMBAIOT MPUEM U 00pabOTKY
KOMaHJ OT YCTPOMCTBA BBOJA-BBIBOJIA U BbIJaUy YIPABISIOMINX BO3JCHCTBUN HA ATU
YCTPOMCTBA.

['padrueckue 3amaun pemiaroTCs reOMETPUUECKUM MOJIEIMPOBAHUEM U TIpe-
oOpa3oBaHHeM rpapuueckoil HHGOPMaLUU MyTEM IOCIEN0BATEILHOCTU 3JIEMEHTap-
HBIX OMepaluii TUMA CABUT, TOBOPOT, MacIITaOMpOBaHUE U T. M. JIJsi TpeXMepHbIX
M300paKeHUI IPUMEHSIOTCA MPOLEAYPbl IOCTPOEHUS MPOECKUUM, cedyeHuH u ap. s
dhopmupoBaHus HauboJIee YaCTO UCIOIb3YEMbIX U TUIOBBIX HU300paXXKCHUN CO31ar0T
rpaduueckue b/ u Xxpanumele npoueaypsl rpaduyecKux Npeodpa3zoBaHUM.

Huanoeoevii pescum obecrnieunBaeTCcsl MPOTrPAMMHO-METOJUYECKUMU KOM-
MJIEKCaMU, OCYIECTBIISIOIMIMMHI BBOJ, KOHTPOJb, PEIaKTUPOBAaHUE, TPEOOpa3OBaHME
¥ BBIBOJ Tpadmyeckoi U (W) TEeKCTOBOM MH(GOpManuu. Y JaJIeHHbIH BBOI U PEIaK-
TUPOBAHUE 33/IaHUI1 BBHITIOJHSETCA Y€pe3 CETEBbIE KaHAJbl CBA3M B MAKETHOM PEKH-
M€, a Pe3yJbTaThl BEIBOJSATCS Yepe3 JIMHUU CBS3U HA yAAJI€HHbIE TEPMUHAJIBI.

B CAIIP moryT ucnonp3oBarbcs auanorosbie [IIMK kak oOiiero Ha3HadeHHS,
Tak u cnenuanusupoBanubie. [IMK ob6miero nHazHaueHus 1eaecooOpa3Ho MPUMEHSTh
Ha HAYaJbHBIX cTaausx co3manus u 3kcruryatanuu CAIIP nns otpaboTku u npoBep-
KM METOJIOJIOTHH TPOSKTHUPOBAHUSA, TEXHOJIOTUH 00paOOTKM AHHBIX W MPUKIAJTHBIX
nporpamMm. B panbheiiiem Bo3moskHa moaudukamnus [IMK ¢ yuerom cnemuduue-
ckux TpeboBanuii mo opranuzanuu guanora B CAIIP. [Ipu sTom HEeoOxonumo yuu-
THIBATh HAJUYME JIMAJIOTOBOTO WM MAKETHOTO PEKUMOB 00pabOTKH 3ampoOCOB, OpHU-
€HTalHUI0 CHCTEMBI Ha IOJIb30BATENSI-HENPOTPAMMHUCTA, BO3MOKHOCTh PACIIMPEHUS
CHUCTEMBI MYTE€M BKJIIOUECHHUS AUAJIOTOBBIX MPUKIIAJAHBIX MPOTPAMM Ha SI3bIKAX BBICO-
KOT'0 YpOBHS, BO3MOXHOCTb YITPABJICHHS JUAJIOTOM C ITOMOIIBIO MEHIO U TUPEKTUB U
T. I

1.2.4 KomnioneHTnI 1 BUAbI o0ecneuenuss CAIIP

CpencTBa aBTOMaTHU3alMU MPOCKTHPOBAHUS MOXKHO CIPYINIMPOBATH MO BH-
nam obecnieuenust CAIIP (pucynok 1.6).
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OcHo8bl agmomamu3ayuu nPoeKmMupOEaAHUs MAULUH

Mamemamuueckoe obecneuenue

Memoowt IKcnepumenmanvuo- Ananumuueckue, uuciennvle Memoowvt Anzopummot
onucanus cmamucmuueckue U UMUMAYUOHHbIE MEMOObl | ONMUMUIAUUL pewenus
o6vexma, Memoovl U cucmembvl MOOEUPOBAHUS 3a0au
npouecca MO0enuposanus nPOEKMUposanus

Ilpozpammmnoe obecneuenue

Basoevie npozpammul, avixu Ilaxemul Bubnuomexu | Juanozoevie| Cucmembi
onepayuonnsle U cucmembl NPUKNAOHBIX | NPUKIAOHBLIX | CUCHIEMbl | MAUUHHOUL
cucmemol RPOZPAMMUDPOBAHUA npozpamm npocpamm 2paguku

Texnuueckoe obecneuenue — mexnuuecxkue cpeocmea (TC)

TC npozpammnoii TC noozomoexu TC omobpasicenusn TC apxuea TC nepeoauu
06pabomku dannvix | u 6600a dannpix | U OOKYMEHMUPOSAHUS | NPOCKMHBIX peutenuil OaHHbIX

Hngpopmayuonnoe ovecneuenue

Hupopmayuonno- Asmomamusuposannvie | CUcmeMsl ynpasienus baszv Ixcnepmuvie
HOUCKOGbLE CUCH EMBbL 0a3ol OanHbIX bazamu oannvix 3Hanuu cucmemal

Pucynox 1.6 — CocraBHBIEC 4aCcTH aBTOMATH3aIIUH TPOSKTUPOBAHMS MAIINH

Mamemamuueckoe obecneuenue. OCHOBY MaTeMaTHUYECKOTO OOCCIICUSHUS
(MO) CAIIP cocTaBislfOT aJiIrOPUTMBI, IO KOTOPHIM pa3padaThIBAETCSl MPOrPaMMHOE
obecrieuenue CAIIP. Dnementsr MmaTematudeckoro ooecneuenus CAIIP upe3Bbryaii-
HO pa3zHooOpa3Hbl. Cpeau HUX WMEIOTCS MHBAPUAHTHBIC AJIEMEHThl — MPUHIUIIBI
nocTpoeHus: (YHKIIMOHATBHBIX MOJIENeH, METOAbl YUCICHHOTO PEIICHUsS anreopau-
yeckux U audepeHImaibHbIX YpaBHEHUN, MOCTAHOBKU SKCTPEMAJbHBIX 3aj1ay, IMO-
HUCKU JKcTpeMyMma. Pa3paboTka MaremMaTH4YeCKOro OOeCredYeHUs SIBIISIETCS CaMbIM
cinoxxkHbIM dTanoM cosnanus CAIIP, o koToporo B HauOOJbIIEH CTENEHU 3aBUCST
MPOU3BOAUTENLHOCTD U 3P (hekTUBHOCTH GhyHKUHOHUpoBaHus CAIIP B 1iemom.

[To nazHauenuto u cnocodam peanuzaiuu MO CAIIP genutcst Ha 1BE YacTu:

1) MareMaTH4YEeCKHE METOJbI M MTOCTPOCHHBIC Ha X OCHOBE MaTeMaTHUYCCKUE
MOJICIIH, OTICHIBAIOIINE OOBEKTHI MPOSKTUPOBAHUS;

2) hopmaar30BaHHOE ONMHCAHHE TEXHOJOTMH aBTOMATH3HPOBAHHOTO IMPOCK-
TUPOBAHHS.

CriocoOblI 1 cpeicTBa peanu3aliy MepBOd YaCTH MaTeMaTHUeCKOro odecrie-
yeHus: Hanbosnee crnenuduuasl B pasnuuHbix CAIIP u 3aBucsAT OT 0coOeHHOCTEMH
00BEKTOB MPOEKTUpOBaHMs. UTO KacaeTcsi BTOPOM YacTH MaTeMaTH4ecKoro obec-
nevyeHus, To GopManuzaius NpoleccoB aBTOMATU3UPOBAHHOIO MPOEKTUPOBAHUS B
KOMILJIEKCE OKa3ajach 0oJiee CI0KHOM 3a/iauel, YeM alropuTMH3alus U NporpaMMHu-
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pOBaHUE OTIEIBHBIX MPOEKTHBIX 3ajad. [Ipu pemieHun 3ToW 3aayu JODKHA OBITH
(dbopmasin3oBaHa BCs JIOTUKA TEXHOJIOTHUU MTPOCKTUPOBAHUS, B TOM YHCIIE JIOTHKA B3a-
UMOJEHCTBUS MPOEKTUPOBUIMKOB APYT C APYTOM Ha OCHOBE MCIOJIb30BAHUS CPEJICTB
aBromatuzainuu. Maremaruueckoe obecrnieuenue CAIIP nomxHO onuckiBaTh BO B3a-
UMOCBSI3M O0BEKT, IPOLIECC U CPEICTBA ABTOMATHU3AILIMU TPOCKTUPOBAHMUS.

Ba)xHBIM pe3yibTaTOM COBEPILIEHCTBOBAHUS W THNHM3ALUMU TEXHOJIOTHMH MPO-
LIECCOB aBTOMAaTHU3MPOBAHHOTO MTPOEKTUPOBAHUS SIBUJIACH Pa3padOTKa METOANYECKUX
ykazanuii l'occrangapra «CAIIP. TumoBble cXeMbl NPOEKTUPOBAHUS WU3JEIUN B
yCIOBUSAX (YHKIIMOHUPOBAHMSI CUCTEM». B HUX MoAguepKuBaeTcs, 4YTO MPOLECC aBTO-
MAaTU3UPOBAHHOI'O NPOEKTUPOBAHUSA II0 COCTABY M IOCIEAOBATEIBHOCTH IPOLEAYD,
COZIEpKaHUI0 U (opMaM MPOEKTHOM ITOKYMEHTAalUH KadeCTBEHHO OTIMYAETCS OT
TPaJULIMOHHOIO IIpoLecca IPOEKTUPOBaHKs. BMecTe ¢ TeM B Ipolecce aBTOMAaTU3H-
POBAHHOT'O MPOEKTUPOBAHUSA MOYKHO BBIJIEIUTH OIPENEICHHOE YUCIIO IPOLEayp, UH-
BapUAHTHBIX K 00BEKTaM MPOCKTUPOBAHMUSI.

[lepcrieKTUBHOM AJIsI COBEPUIEHCTBOBAHUSA M TUIM3ALUK TEXHOJIOTMU MPOLEC-
COB aBTOMAaTHU3UPOBAHHOTO MPOEKTUPOBAHUS SIBJISETCS LIEHTPAIM30BaHHAs pa3padoT-
Ka MaTEMaTU4YECKOro amnmapara MOJAEIMPOBAHUS TUIIOBOTO IMPOIECCAa MPOECKTUPOBA-
HUS U BBITYCK 0A30BBIX MPOTPAMMHO-METOIMYECKUX KOMILIEKCOB, pEaTu3yIOIUX Ta-
KHE MOJICIIN.

Ilpocpammmnoe oodecneuenue CAIIP npenctaBisieT coOOW COBOKYITHOCTD
BCEX MPOrPaMM U AKCILTYyaTAllMOHHOM JTOKYMEHTAalUUUd K HUM, HEOOXOJUMBIX JIJISl aB-
TOMATU3UPOBAHHOTO MpoekTupoBaHus. IIporpammHoe obecnieyeHue Aenutca Ha 00-
IIECUCTEMHOE U CcrielMaibHOe (TPUKIIAIHOE).

Obwecucmemnoe 110 npeaHazHayeHo AJid opraHu3aluy GyHKIHOHUPOBAHUS
TEXHUYECKUX CPEACTB, T. €. JJI TUIAHUPOBAHUSA WM YIPABICHUS BBIYUCIUTEIbHBIM
IIPOLIECCOM, PACHPENEIICHUs] MMEIIIMUXCA pPecypcoB, M IPEIACTABICHO OIle-
PAIlMOHHBIMA CHUCTEMaMHU BBIUMCIUTENBHBIX KoMIUIekcoB. Oobmecucremuoe [10
OOBIYHO CO37aeTCs A MHOTHX NpuiioxeHui u cnerupuky CAIIP He oTpaxkaer.

B cneyuanvrnom (npuxnaonom) 110 peanusyercs MaTremMaTHueckoe odecrede-
HUE€ JJI1 HEMOCPEACTBEHHOIO BBIMOJIHEHUSI NPOEKTHBIX npouenyp. IIpukinagnoe 1O
OOBIYHO pEaTu30BaHO B BHJIC MaKeTOB MpukIagHbix nporpamm (IIIIT), kaxasrii u3
KOTOPBIX 00CITY>KMBAET OMPEIEICHHBIN 3TaN Mpoliecca NPOSKTUPOBAHUS WM TPYIITY
OJIHOTUITHBIX 3a/1a4 BHYTPU PA3JIMYHBIX ITAIOB.

PaccMmoTpum npuHnunuansieie ocooenHoct [10, Bausiomme Ha opraHu3a-
1uio 1 3¢GEeKTUBHOCTH co3aanus U ucnosibdoBanus CAIIP. C pa3BuTueM BBIUUCIIH-
TEJIBbHON TEXHHMKHU Bce OO0Jiblliee 3HAUEHHE MPHOOPETaeT TaKOil KOMIIOHEHT OOIIecH-
ctemHoro 1O kak onepaunonnsie cucreMsl (OC). Bo3MoXHOCTH, pe0CTaBIIsIEMbIE
MOJIb30BATEIISIM COBPEMEHHBIMU BBHIYMCIMTEILHBIMU CPEJICTBAMH, B OOJIBIIICH CTEIe-
HU OINpPEIENSIOTCS WX ONEpPAlMOHHBIMM CHUCTEMaMH, YeM TEXHHYECKUMH YCTPOW-
ctBaMu. OC opraHu3yeT OJHOBPEMEHHOE PEIIEHUE Pa3JINYHbIX 33a4 Ha KOMIIBIOTE-
pe, IUMHAMHYECKOE pachpeicsieHUE KaHaJIOB TNepeladyd JaHHbIX M BHEIIHHUX
YCTPOMCTB MEXKy 3a1a4aMH, IUIAHUPOBAHUE MMOTOKOB 3aJa4 U IOCJIEN0BATENBHOCTD
UX PELICHMUS C YYETOM YCTAHOBJICHHBIX KPUTEPHUEB, TMHAMUYECKOE PaCIpelecHue
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naMsTd BBIYUCIUTENbHOTO Komiuiekca. Omnako OC tpebyer mns cBoeil pabOThI
oTpeJielieHHbIE PECYPCHI MPOIECCOpa, BHENTHENH U OCHOBHOM namsTu. YeM 0oJIbIIMMU
BO3MOxHOCTsIMU 00nagaeT OC, Tem Oosblie TpedyeTcs sl Hee pecypCoB.

OnepallioOHHbIE CUCTEMBI MOYKHO YCTAaHABIIMBATh MPUMEHHUTEIIHHO K OMNpeie-
JICHHBIM KOH(UTypalusiM TEXHUYECKUX CPEJICTB BBIYUCIUTEIHHOTO KOMILJIEKCA U
KpyTy pemaemsix 3aaad. Ho mpu 3ToM mapaMeTpbl U COCTaB TEXHUYECKUX CPENICTB
orpaHn4MBaroT Bo3mMoxkHocTH OC.

Baxxupim kommoneHToM obmiecuctemuoro [10 saBnsercs 6azoBoe 110. bazo-
Boe [10 He sBnsieTcss 00BEKTOM Pa3pabOTKH MPU CO3JaHUU MPOrpaMMHOTO oOecre-
yerust CAIIP. [Ipumepom mosxeT cinyxutb 0azoBoe [10 mis 06paboTku reomeTpude-
CKOi1 u rpaduyeckoit uHpopmarmu, 1 opranuzanuu b/1. McnonaszoBanue 6a3oBoro
I1O B coctaBe APM 1o3BOJsI€T peann30oBaTh CTAHIAPTHBIE IPOEKTHBIE MIPOLIEAYPHI U
CYILLIECTBEHHO CHU3UTH TpyHoeMKOCTh co3nanus [10 CAIIP. OnHako BO Bcex ciyva-
ax 3a cozparensimu CAIIP ocranercs pa3pabotka npukiansoro I[10. C pacmupenuem
00JacTh MPUMEHEHUS BBIYUCIUTENIbHON TEXHUKU U yciokHeHueM 3anady CAIIP Bo3-
PacTaroT CIOKHOCTb U TPYAOEMKOCTb IPOTPAMMHUPOBAHHS.

Dyukyuonanvrvle nakemol npoepamm (OIIII) — 3TO KOMIUIEKC MPOrpamMm-
HBIX CPEJCTB, OPUEHTUPOBAHHBIX Ha BBINOJIHEHUE ONpPEAEIIEHHON (QyHKuMH, Oosee
WM MeHee OE€30THOCUTEIBHO K KOHKPETHOMY IPEIMETHOMY COAEPKAHUIO (TEKCTO-
BbI€ PEIaKTOPBI, 00pabOTKa TabIULL, TpaduKn).

Humeepupoeannvle nakemswi npoepamm (MIIII) — 310 coueTaHue pa3HbIX Ia-
KETOB MPOTPaMM B €IMHOW TEXHOJIOTMYECKOU cucteme. MHTerpanus MoxeT ObITh pe-
aNIM30BaHa COEAMHEHUEM (PYHKIIMOHAIBHBIX MAKETOB B LIEIOCTHYIO MOHOJIUTHYIO CH-
CTEMY, NPEACTABICHHYIO €AUHBIM MPOTPAMMHBIM MOJIYJEM, WIH TMYyTEM CO3JaHUs
Habopa BCTIOMOTATENbHBIX CPEJICTB HHTep(eiicHOro xapakrepa s 00ecCTedeHHUs
B3aMMO/ICHCTBUS MAKETOB, MTPEACTABICHHBIX HE3aBUCUMBIMU MOAYJISIMHU.

B nocnennee Bpemst oOiiee nmpu3HaHUE MOJYYUI MOAYJIbHBIA MPUHLUI T1O-
CTpoeHus mporpamMmHoro obecrneuenus. [Iporpammel nenecooOpa3Ho pa3OuBaTh Ha
MOJYJIH, JUIsl TOTO YTOOBI YIIPOCTUTH UX Pa3pabOTKy U pean3aiiuio, o0JerauTb BOoC-
MPUSTUE POTPAMMBI, YIIPOCTUTH UX OTJIAJKY U MOIU(DPHUKAIINIO, 0OJErYuTh padoTy €
JaHHBIMHU, UMEIOUIMMH CIIOKHYIO CTPYKTYpPY, M30€KaThb Upe3MEpHOU JeTanu3aliu
IrOpUTMOB, OOecreuuTh 0oJiee palMOHAIBHOE pa3MEIEHUE MPOrpaMM B MaMSTH
KOMITbIOTEPA.

Kaxaplii MOJTyib 0OBIYHO TIPEACTABISECT COOON CaMOCTOSATEIbHYIO POrpaM-
My, TIpeHa3HAYEHHYIO ISl pacdeTa OTIAEIbHBIX KOMIIOHEHTOB, CUCTEM WJIM peaju-
3YIOILYIO OAMH M3 METOJAOB pacyeTa WM OTACNbHYIO €ro mnpouenypy. Moaynb 1o7-
eH ObITh, KaK MPABUJIIO, HE3ABUCUMBIM OT pacCMaTPUBAEMbIX BapHaHTOB OOBEKTA,
mpoiiecca, CUCTEMBI (CTPYKTYpPHI, pekuma (QyHKIIMOHUpOoBaHus u Ap.). OH momKeH
OBITH TEM 3JIEMEHTOM (KOMIIOHEHTOM), C MOMOIIbI0 KOTOPOTO MOKHO ONHCATh JIIO-
Ooli BapumaHT OOBEKTa, MpoIlecca, CHUCTeMbl. Hanmuume Takux MOMyJeil MO3BOJISIET
CBECTH K MHUHHUMYMY MPOLECC AOMOJHUTEIBHOTO MPOrpPAMMHUPOBAHMS, COKPATHUTH
BpeMs MOATOTOBKH MOJb30BaTeNsd K padoTe. B mporecce peanbHOM pabOThI ¢ TaKUM
MPOrpaMMHBIM 00€CIEYeHHEeM MPOBOIUTCS MOCTOSHHAS 3aMEHa CaMHUX MOAYJIEeH Win
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OTJIETbHBIX KOMIIOHEHTOB, COOTBETCTBYIOIIMX TOMY WJIM MHOMY BapUaHTy OOBEKTa,
npoliecca, CUCTEMBI, ¢ MAKCUMaJIbHOW YHU(DUKAIIMEH BBOJIa U BBIBOJIA JaHHBIX.

Hnpopmayuonnoe ovecneuenue CAIIP. OcuoBy uHpopManmoHHOro odec-
neyenus: (MO) CAIIP cocTaBisioT naHHbIE, KOTOPHIMU MOJIB3YIOTCSI MPOEKTUPOBIIIH-
KU B IpoIlecce MPOECKTUPOBAHUS HEMOCPEICTBEHHO JIsl BHIPAOOTKUA MPOEKTHBIX pe-
HIEHUI. DTU JaHHbIE MOTYT OBITh MPEACTABIEHBI B BUJAE JJIEKTPOHHBIX JOKYMEHTOB
Ha Pa3IMYHbIX HOCHUTENSIX, COAEPKALUIMX CBEAECHUS CIPABOYHOIO XapakTepa O Ma-
Tepuanax, KOMIJIEKTYIOIIUX U3EIUSIX, TUIIOBBIX POEKTHBIX PEHICHUSX, [TapaMeTpax
AJIIEMEHTOB, O COCTOSIHUM TEKYIIHUX Pa3padOTOK B BHUJE MPOMEKYTOUYHBIX U OKOHYA-
TEIbHBIX MPOCKTHBIX PEIICHUHN, CTPYKTYPBI IPOCKTUPYEMBIX OOBEKTOB U T. II.

[Ipu 3TOM naHHBIE, SBISIIOLIMECS PE3YJIbTaTOM OJHOTO Mpolecca npeodpaso-
BaHUs1, MOTYT OBITh UCXOJHBIMU JUJISl ApyToro npouecca. COBOKYNMHOCTh JaHHBIX, HC-
nosib3yembix Bcemu kommnoHeHTamu CAIIP, cocraBiser uHpOpManMOHHBIN (HOH
CATIIP. OcnoBnas (ynkius MO CAIIP — Benenue nndopmarmonsoro ¢Gouza, T. €.
o0ecrnieyeHre Co3/1aHus, MOAAECPKKU U OpraHu3alui JocTyna K JaHHBIM. Takum 00-
pazom, MO CAIIP ecTth cOBOKYNMHOCTh MH(OpMALMOHHOTO (OHJIA U CPEACTB €ro
o0ecrniedeHus.

B cocraB undopmanmonsoro dhouga CAIIP Bxoasr:

— IPOrpaMMHbIE MOYJIM, KOTOPBIE XPAHITCS B BUAE CUMBOJIMYECKUX U O0B-
€KTHBIX TEKCTOB; KaK IIPaBUJIO, 3TU JaHHBIE MAJIO U3MEHSIOTCA B TEUEHHUE )KU3HEHHO-
ro uukna CAIIP, umeroT (puKCUpOBaHHBIE pa3Mephl U MOSBIIAIOTCS Ha ATare co3za-
HUSA UTHPOPMALIMOHHOTO (POHJ1a; MOTPEOUTENAMH ITUX JAHHBIX SBIISIOTCS Pa3IMUYHbIE
noacuctemsl CAIIP;

— HUCXOJIHbIE U PEe3YyJbTUPYIOIIHNE JaHHBIE, KOTOPblE HEOOXOAUMBI MPU BbI-
MOJIHEHUH MPOTPAMMHBIX MOJyJIEH B Mpoliecce MpeoOpa3oBaHusl; 3TH JaHHBIE YaCTO
MEHSIOTCSI B MPOLECCEe NPOEKTUPOBAHUSA, OJHAKO MX THII ITOCTOSHEH U IOJHOCTBIO
ONPENENSAETCS COOTBETCTBYIOIIMM IPOrPAMMHBIM MOJYJIEM; TP OpraHU3aldy IMpo-
MEXYTOUHBIX JaHHBIX BO3MOKHbI KOH()JIMKTHBIE CUTyalldd B IPOLIECCE COTJIacoBa-
HUS MEXKy COOOM JTaHHBIX PA3IMYHBIX THUIIOB,

— HOpMAaTHBHO-CIIpaBo4Hasi mpoekTHas gokymeHtarus (HCIIM), Bkiro-
yaromiasi B ce0sl CIpaBOYHbIE JIAHHbIE O MaTepuaiax, 3JeMEHTaX CXeM, YHUPUIUPO-
BAHHBIX Y3JlaX M KOHCTPYKUUSX; 3TH JaHHbIE, KaK MpPaBWJIO, XOPOLIO CTPYKTY-
pUpOBaHbI U1 MOTYT ObITh OTHECEHHI K (pakTorpaduueckum; k HCII/ oTHOCSTCS Tak-
K€ TOCYJapCTBEHHBIE U OTPACJIEBbIE CTAHJAPTHI, PYKOBOASIINE MaTepuaibl U yKa3a-
HUS, TATIOBBIE MPOEKTHBIE PEIICHUs, PErJIaMEHTUPYIOIIHNE IOKYMEHTHI;

— TeKyllas MpoeKTHas MH(opMalus, OTpa)karolas COCTOSHUE U XOJ BbI-
MOJIHEHMSI MPOEKTa; KaK MpaBUiio, 3Ta HH(opmanus caado CTpYKTypupOBaHa, 4acTo
M3MEHSETCS B Mpoliecce MPOESKTUPOBAHMSI U MPEACTABIISAECTCS B (POpME TEKCTOBBIX J10-
KYMEHTOB.

[Tpu BBIOOpE cnocoboB Beaenusi uHopmarmonHoro ¢ouma CAIIP BaxHO
chopMyIMpOBaTh MPUHIMIBI U ONpPENETUTh CPEACTBA BEACHUA HWH()OPMALIMOHHOTO
dboHma, CTPYKTYpUpOBaHUS HaHHBIX, BBIOpaTh CHOCOOBI YIpPABIIEHUS MAacCCHBaMU
JAHHBIX.
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Paznuuatot cnegyrommue cnocodsl BeaeHus nndopmanuonHoro ¢ponaa CAIIP:
UCIOJIb30BaHUE (PaillioBOM CUCTEMBI, TOCTpOeHUE OUOIMOTEK, MUCIONIb30BaHuE OaH-
KOB JIJaHHBIX, CO37jaHuEe MH(GOPMAIIMOHHBIX MPOTPAMM 3l TEPOB.

Hcnonvzosanue ghaiinosoii cucmemvl u nocmpoerue 6ubIuomex MUPOKo pac-
npoctpaHeHo B opraHuzanuu WO BBIUHUCIUTENBHBIX CHUCTEM, TaK Kak MOJ-
nepxupaetcs cpeacrBamu OC. B mpunoxenusix CAIIP 3t crocoObl TPUMEHSIOT
MIPU XPAaHEHUH TTPOTPAMMHBIX MOJYJICH B CHMBOJIMYECKUX W OOBEKTHBIX KOJaX, AHa-
JIOTOBBIX CLEHApUEB MOAJEPKKUA Ipoliecca MPOEKTUPOBAHUS, HAYAJIBHOIO BBOJA
KPYITHBIX MaCCUBOB MCXOJIHBIX JAHHBIX, TEKCTOBBIX JOKYMEHTOB. OJIHAKO OHU MaJo-
MIPUTOJIHBI TPU 00ECTIEUeHUH OBICTPOrO JOCTYIA K CIIPABOYHBIM JaHHBIM, XpPaHCHUU
MEHSIOIINXCS JaHHBIX, BEACHUHN TEKYIIEeH MPOCKTHOW JOKYMEHTAIINH, TIONCKE HEOO-
XOJIMMBIX TEKCTOBBIX JOKYMEHTOB, OpraHU3allMd B3aUMOJEHCTBUS MEXIY pa3HO-
S3BIYHBIMU MOJYJISIMHU.

AsmomamuzuposaHnusie 6a3vl 0anHblx B cOBOKynmHocTH ¢ CYBJl — »T0 crie-
[MaJbHBIM 00pa3oM OpPraHU30BAHHBIA MPOTPAMMHBIN KOMIUIEKC, PeaU3yIOIIHA
¢bynkuuu coznanusa bJl, ee 0OHOBNIEHUA, XpaHEHHUs], 3aIIIUTHl U BHIOOPKU JaHHBIX. B
CTpYKTypupoBaHHbIX BJl BO3MO)XKHA OpraHu3aiusi 4eThIpeX TUIIOB CTPYKTYpPHI JaH-
HBIX — HepapXuyecKasi, CeTeBasi, pesiliuOHHas U OOBEKTHO-PEIISIIMOHHAS.

Uepapxuueckasa ctpyktypa bJl — 3TO Takas cTpykTypa, B KOTOPOW CyIlie-
CTBYET YIOPSIOYEHHAs! IO YPOBHSAM 3alKCh 3JIEMEHTOB 00beKkTa. B kaxknoil rpyrmre
3aMuceil OJIUH 3JIEMEHT CUMTAETCS TJIaBHBIM, a JIPYTU€ 3JEMEHThl HOCAT MOJYUMHEH-
HBIM Xapakrtep. [’ pynnel 3anucen ynopsaounBarOTCs 10 YPOBHAM HEPAPXUU B CTPOTO
ONpEeETIeHHON MOCEI0BATEIbHOCTH OT CAMOT0 HU3KOTO 10 KOPHEBOTO.

Cemesas ctpykrypa bJl — 3T0 Takas CTpyKTypa, B KOTOPOU 3JIEMEHTApPHBIE
JAHHBIC U OTHOIIEHUS MEXIY HUMHU TMPEACTABISIOTCS B BUJIE OPUCHTHUPOBAHHOM Ce-
TH: BEPIIUHBI — JIaHHbBIC, JYT'M — OTHOIIEHUS, CBA3U. Takas CTPYKTypa MO3BOJISET
MTOJIB30BATEINIO MOJYYUTh JOCTYH K HY)XKHOMY (hailiry 6e3 oOpalieHus: KO BCeM Ipy-
rum ¢aiiiam 60s1ee BBICOKOTO YPOBHS HHTETPAIUU.

Pensyuonnas u oowexmno-penayuonnas crpykrypa bJI — sro BJI, roe sme-
MEHTapHbIC JaHHbIC (OOBEKTHI) U OTHOILIECHUS MEXIY HUMHU MPEACTABIISIOTCS B BUJIC
TaOIHI] U PEJSIIUOHHBIX CBSI3eM MeXTy HUMH. CTOJOIBI TaOIHUIBI — JTO aTPUOYThHI
JAHHBIX, & CTPOKU — 3amucu 00 00bekTax. OCHOBHBIMU JIOCTOMHCTBAMU PEISILIUOH-
HbIX BJ] sSBISIOTCS MpOCTOTa U THOKOCTh XpaHEHUS U JOCTYIIA, a TJIaBHBIM HEI0CTaT-
KOM — MEHbIIIas MPOU3BOAUTEIHHOCTh IO CPABHEHUIO C IPYTHUMU CTPYKTypamu bJ[
M3-3a HaJM4Ks OOJIBIIOTO KOJIMYECTBA MPABWII U OTPaHUYEHUN U HEOOXOIUMOCTH UX
MPOBEPSITH MPU KAKION TpaH3aKUUHU sl 00E€CIIEYeHUS 1IEJIOCTHOCTH JIaHHBIX .

Co30aHue uH@OpMAYUOHHBIX NpocpaMM adanmepos ObLIO BBI3BAHO MpoOIIe-
MOUM OpraHM3aIlii MEXMOJYyJIBHOTO WHTepdelica, KoTopas NpuBeila K pa3paboTke
CHEIUAIN3UPOBAHHBIX CUCTEM M MPOTrpaMMHON TexHoyiornmu. K HHUM oOTHOCHTCH,
HarpuMep, CUCTeMa, OPUEHTHPOBAHHAS HA KOMITOHOBKY KPYIHBIX MPOTPAMMHBIX
KOMILJIEKCOB M3 TOTOBBIX MOJyJIeH, r7ie OOMEH JTaHHBIMU MPOUCXOAUT MPU TTOMOIIH
CHEIUATN3UPOBAHHBIX MEXKMOAYIbHBIX HH(POPMAIMOHHBIX MPOrPaMM-aIarTepoB,
pean3yIouUX caeayronme QyHKIuu:
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— KOHTPOJIb HAJIMYHSI UCXOJIHBIX JAHHBIX ISl KaKJIOTO OTAEIBHOTO MOIYJIS;

— 3aJIaHi€ HEJAOCTAKIINX UCXOIHBIX JaHHBIX;

— MPOBEpPKa COOTBETCTBUS TUIOB, CTPYKTYP U MOCIEAOBATEIbHOCTH TAHHBIX
AQHAJIOTMYHBIM XapaKTEPUCTUKAM JIAHHBIX, IPUHATHIM B BbI3bIBAEMOM MOJIYJIE;

— npeoOpa3oBaHUe TaHHBIX P HECOOTBETCTBUU THUIIOB;

— obecrneueHue nepeaadn JaHHBIX BBI3HIBAEMOMY MOJYIIO B COOTBETCTBUH C
THIIOM OOMEHa;

— OpraHu3auus Cpebl, ONMPEAEISIEMON S3bIKOM MPOrPaMMHUPOBAHUS MOYJIS;

— IPOBEPKA PE3YIIBTATOB;

— BBINIOJIHEHUE 00paTHOTrO MpeoOpa3oBaHUs AAHHBIX B BUJ, MPUHATHIA IS
XPaHEHHs IPOMEXYTOYHBIX PE3YJIbTATOB;

— COXpaHEHHUE Pe3yIbTaTOB pabOThl MOJYJISl C BO3MOXKHOCTBIO JTalbHEHUILIEro
HCITOJI30BaHUSI.

B kpynueix CAIIP, nporpaMMbl KOTOPBIX ONEPUPYIOT OOJIBIIMM YHCIOM
BXOJIHBIX, TPOMEXYTOUHBIX U PE3YJIbTUPYIOLUIUX JAHHBIX, 00JaCTH 0OMEHa yA0OHO
OpraHU30BbIBAaTh B BUJIE CTPYKTYpHUpOBaHHOU BJI. DTO MO3BOJIAET BO3JIOKUTH YaCTh
¢byHKIui, BbIONHAEMBIX agantepoM, Ha CYB/], 4To B KOHEYHOM UTOre COKpaIlaeT
BpeMs Ha pa3pabotky MO CAIIP. Takum oOGpa3zoM, amganrtep BBITIOIHSIET COBOKYII-
HOCTh OIlepalui Mo OpraHu3aiuy HHPOPMALIMOHHOTO B3aUMOJIEUCTBHS MEXY MpO-
IrPaMMHBIMH MOJYJISIMH.

Texnuueckoe ooecneuenue CAIIP. Vicnonp30BaHHE KOMIIBIOTEPHOW TEXHU-
KM TO3BOJIMJIO 3HAYUTENHHO CHU3UTh TPYJOEMKOCTh U MPOJOKUTEIbHOCTh BBIYKC-
muTenbHbBIX paboT. Ho B mpouecce NMpoeKTUPOBAHUS U3AEIUN U TEXHOJOTMYECKUX
MPOIIECCOB JI0JIs COOCTBEHHO BBIUMCICHUN HE mpeBbiaeT 15%. ABToMaTu3aius
IPOEKTUPOBaHMs MOTpedoBajia BBIMyCKa cHelnuanu3upoBaHHbix cpencts CAIIP.
Texunueckoe obecrieuenue CAIIP mpencrasiser coboif COBOKYMTHOCTh B3aUMOCBSI-
3aHHBIX M B3aUMOJEHUCTBYIOIINX TEXHUUYECKHX CPEJICTB, NPEIHA3HAYCHHBIX IS aB-
TOMAaTU3UPOBAHHOTO TPOEKTUPOBAHMSL:

— nepudepuiinbie yCTPOMCTBA BBOJA-BBIBOIA;

— rpaduueckre JUCIIIEH C BBICOKOM pa3pelaroiieii criocoOHOCTbIO;

— PYJIOHHBIE U IJIaHILIETHBIE IPadONOCTPOUTETH PA3IUIHOTO (opMaTa,

— KOJMPOBUIUKHU rpaduueckoil uHPpopMaluu (AUTUTan3ephl);

— YCTPOWCTBA CHATHS paCTPOBOM KOMHH C U300pakeHUs (CKaHEPHI);

— BCTPOEHHBIE HAKOMUTENN HA HKECTKUX AUCKaX;

— BHEIIHUE HAKOTUTENIM Ha MarHUTHBIX U ONTUYECKUX JUCKAX;

— YCTPOMCTBA CBSA3U C JAPYITMMHU KOMIIBIOTEpAMHU I10 JIOKAJIBHOM CETH, TeJle-
(dbonHOI uHKK (MosieMbl) 1 uepe3 NHTepHerT.

Bce 6ompiiee mpumenerune B CAITP HaxonaT KOMITbIOTEPHI, MOIITHOCTH KOTO-
PBIX MOTYT HapallMBaThCs B 3aBUCHMOCTH OT CIIO)KHOCTH PEIIaeMbIX 3a1ad. B mep-
CIEKTHUBE IPEAYCMATPUBAETCS IMEPEXOJ K MArucTpalbHO-MOIYJBHON apXUTEKType
APM, npenmnonaratoiieid, B 4aCTHOCTH, CTAaHJAPTU3AIMIO allapaTHO-MPOrPAMMHBIX
unTepdeiico, B Monupukanusix APM OyneTr ucnonp3oBaHa cTaHIapTHAs KOHCTPYK-
TUBHas 0a3a, MOCTPOCHHAs MO MEXAYHapOAHBIM cTaHgaptaM. [IporpammHoe oGec-
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neyeHne APM Hamed4eHO NpPOBOJUTH IEHTPAIU30BAHHO M IMOCTABIATH IO 3aKa3am
nosib3oBateniei B cocrase [ITK. OcnoBy Texnuueckoro obecneuenusi CAIIP cocra-
BaT TumnoBele [ITK, TpeboBanus k kotropsiM yctanosiersl [[OCT.

Jlunzeucmuueckoe ovecneuenue CAIIP. OcHOBY JIMHTBUCTUYECKOTO ObOec-
neyeHus: CAIIP cocTaBiioT crienuaibHble S3bIKOBBIE CPEJCTBA (S3BIKH MPOEKTUPO-
BaHMsI), IPEIHA3HAYCHHbBIC JJI ONMHMCAHMS MPOLIEAYP aBTOMAaTU3HUPOBAHHOIO MPOEK-
TUPOBAHUS U MPOEKTHBIX pemeHuid. OCHOBHAsA 4acTh JIMHTBUCTUYECKOrO odecreye-
HUS — A3bIKM OOILLEHUS YEIOBEKA C KOMIIBIOTEPOM.

[Tpob6nemuo-opueHTupoBannbie s3b1ku ([10S) mpoexkTupoBaHus aHATOTUIHBI
YHUBEPCAJIBHBIM aJTOPUTMUYECKUM sI3bIKaM mporpammupoBanus (Java, C u ap.). B
onHux ciydasx [IOS crposT Takum oOpa3oM, 4TO ONMCaHUE JIOOOW 3aJauu WK 3a-
JaHHE Ha €€ PELCHUE, B OCHOBHOM, COJIEPKUT OPUTMHAIIbHBIE TEPMUHBI (PU3UYECKO-
ro u (yHKUMOHANIBHOrO cojepxaHus. Ilepexoa oT ¢pu3nUecKOro M (QPyHKIHOHAIb-
HOT'O OINMCAHMS 33J1a4d K KOMIIBIOTEPHBIM IPOTrpaMMaM pealiu3yeTcs Jajee aBTOMa-
THYECKU. B 1pyrux ciyyasix, Harpumep, py peuieHnu reomerpuyeckux 3anad, [1051
COEUHSET B cede CpeicTBAa aIrOPUTMUUECKOTO S3bIKa BHICOKOTO YPOBHS JJISl pelie-
HUSI BBIYUCIUTEIBHBIX MAaTEMATUYECKUX 3a7a4 U CIIEIUAJIbHbIE SI3bIKOBBIE CPE/ICTBA
MOJIETTUPOBAHUS TEOMETPUUECKUX OOBEKTOB.

OueBuaHo, uto IO x0T M Ha3BIBAIOTCS SI3bIKAMHM, HA CaMOM JEJE MNpPE.-
CTaBJISIFOT KOMIUIEKCHI JIMHTBUCTUYECKUX U MPOTPAMMHBIX CPEACTB, KOTOPBIE JAOJIK-
HBI BKJIIOYaTh HAO0Op TepMmuHaibHbiX cuMmBosioB [1OS, unrepnperarop ¢ I[1O4, cpen-
CTBAa CHMHTAKCHUYECKOTO aHajin3a, CPEJCTBA MAKETUPOBAHMS AUPEKTUB, OMOIMOTEKH
0a3oBbIX pyHkimii [IOS, unrepdeiic qs cesizu CYB/I.

Bo3moxnoctu [0S nMeroT UCKITFOUMTENBHO BaXKHOE 3HAYEHUE B ABTOMATHU-
3UPOBAHHOM MNPOEKTUPOBaHMU. OHU HE TOJBKO BIHUSAIOT HA MPOU3BOAUTEIBHOCThH H
YPOBEHb aBTOMATU3AIlMU MPOEKTUPOBAHUS, HO U ONPEACIISIIOT CII0KHOCTh U XapaKkTep
pabot mpoekTupoBmUKoB co cpeactamu CAIIP, moryTt chnenats 3t paboThl 60jee
MPUBJIEKATEILHBIMU WKW HAa000poT. B mocieanem ciydae MpOEKTHPOBIIUKUA OYIyT
SIBHO M HEABHO NPOTHUBOJICHCTBOBATh aBTOMAaTU3aluu. B Hacrosiiee BpeMs B MUPO-
BOW M OT€UECTBEHHOMN MPAKTUKE CYHIECTBYIOT CHEIUAIbHBIE METOJANKU U MPOrpaMM-
HBIE CPEICTBA, 3HAUUTEIIFHO COKpaIlaIne TpyaoeMKocTh co3nanusa [10S. B vact-
HOCTH, NpHU pa3paboTKe M300pa3uTENbHBIX CPEJICTB MOXKET MCIOIb30BATHCS METACH-
cTeMa, MO3BOJISIIONIAs HA OCHOBAHHWM 3aJaHHOW (pOpMajbHON rpaMMaTHUKH MOJIy4aTh
COOTBETCTBYIOIIUNA MporpamMHbIil uHTepnperarop. [Ipu paszpaboTke mporpaMMHBIX
MoAayJel 6ubinoTeku 0a30BbIX PYHKIUN MOTYT IPUMEHATHCS JIFOObIE AITOPUTMUYE-
CKHE SI3BIKH BBICOKOTO ypoBHs. OiHaKo upe3MepHO Oosblioe pazHooOpasue [1OS 3a-
TpyaHUT oOMeH cpeactBamu CAIIP mexay npeanpusTUsiMyd U noTpedyeT oOydeHus
OOJIBITIOTO YKCIa CIEUATMCTOB paboTe ¢ HECKOJBKUMH SI3bIKaMu. Takum oOpazom,
pa3BUTHE THOKMX MPOU3BOJICTBEHHBIX CHUCTEM TPeOyeT OmpeneseHUs COCTaBa JIMHT-
Buctuueckoro ooecneuernsi CAITP.

Memoouueckoe obecneuenue CAIIP. Tlon meronuyeckuM oOecredeHHEM
CAIIP noHMMarOT BXOSIIUE B €€ COCTAB JOKYMEHTHI, PETJIAMEHTUPYIOLIUE MOPSIOK
ee skcIutyatanuu. [IpuyeM n0KyMeHThI, OTHOCsIUECs K npoueccy co3nanus CAIIP,
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HE BXOJST B COCTAB METOJIMYECKOTro oOecredeHusi. Tak Kak JOKYMEHTBbl METOauYe-
CKOTo o0ecreyeHust HOCAT, B OCHOBHOM, MHCTPYKTUBHBIM XapakTep U uX pazpaboTka
SBJISIETCS TIPOLIECCOM TBOPYECKUM, TO O CIIEHUATBHBIX CIIOCO0aX U CPeACTBaX peau-
3aiuu JaHHoro kommnoneHnTta CAIIP roBoputs He npuxoaurtcs. B mocnennee Bpems
COBEPILIEHCTBOBAHKUE OpraHU3aly padboT B 00JacTH aBTOMATU3AIMKU MPOEKTUPOBA-
HHS HAIIPABJICHO HA LIEHTPaIn30BaHHOE co3fanue TUNoBbIX [IMK ¢ nensro mmpoko-
ro tupaxupoBanusa. Takune [IMK noskHbl BKIIFOUaTh, HApALY € KOMIIBIOTEPHBIMU
rporpaMmaMu 1 0azamMM JaHHBIX, KOMIUIEKTBHI JOKyMeHTaluu. Takum oOpazoM, yka-
3aHHas JOKYMEHTAIUsl CTAaHeT YacThio MeTouueckoro odecneuenust CAIIP.

Opzanuzayuonnoe ooecneuenue CAIIP. Crannaptel mo CAIIP tpebyror
BBIJICJICHUS] B KQUE€CTBE CAaMOCTOSITEIbHOTO KOMIIOHEHTA OPraHU3aIlMOHHOTO oOecte-
YEeHUsI, KOTOPOE BKIIIOYAET B C€Osl MON0KEHUSI, UHCTPYKIIMH, ITPUKA3bI, IITATHBIEC pac-
MMCaHus, KBaJu(pUKAIIMOHHbIE TPEOOBAHUS U APYTHE JOKYMEHTBI, PErJlaMEHTHUPYIO-
1Y€ OPTraHU3aLUOHHYIO CTPYKTYpPY IOApAa3ACIICHUN IPOCKTHON OpraHU3aliy U B3a-
MMOJICHCTBUE MTOAPA3AEICHUN C KOMIUIEKCOM CPEICTB aBTOMAaTU3UPOBAHHOIO IIPOEK-
TUPOBAHUSL.

Oynkuronrpoanue CAIIP BO3MOXKHO TOJBKO NMPU HAIMYHMHU U B3aUMOJEH-
CTBUM IEPEUHUCIICHHBIX CPEACTB aBTOMATU3UPOBAHHOTO IIPOCKTUPOBAHMS.

1.2.5 Knaccupurkanusa CAIIP

B cootBerctBum ¢ I'OCT 23501.108-85 [6], dhhopmanuzoBaHHOE OIMMCAHHUE
CATIP Bkitouaer B ceosi:

1) xonwl knaccupukanmoHHbIX TpynmupoBok CAIIP mo ycraHOBICHHBIM
CTaHJIapTOM IpU3HAKAM KJIacCU(pUKaIIH;

2) HaMMEHOBaHWS KIACCU(PHUKANMOHHBIX TPYHIHPOBOK, COOTBETCTBYIOIIUC
IIPUBEIEHHBIM KOJIaM;

3) ykazaHusl, B COOTBETCTBHU C KaKMMHU KJIaCCU(PHKATOPAMH, CTaHAAPTaAMU
WJIM METOJIMKAMHM OTPEIEIIEHbI KOJbI KaKIOU KJIaCCU(PUKALMOHHON TPYHIHPOBKH.

CAIIP xapakTepu3ylOT CIASIYIONINE TPU3HAKHU:

1) Twm;

2) pa3HOBHJIHOCTb;

3) CIIOKHOCTh 0OBEKTA IPOCKTUPOBAHHUS;

4) ypOoBEeHb aBTOMATH3AIIMU POCKTHPOBAHNUS;

5) KOMITJICKCHOCTh aBTOMATU3aIlUHU POCKTUPOBAHMS,;

6) xapakTep BBIITYCKAEMBIX MPOCKTHBIX JIOKYyMEHTOB;

7) 9UCIIO BBITYCKAEMBIX MPOCKTHBIX JIOKYMEHTOB;

8) uncio ypoBHeii B cTpykType Texaudeckoro ooecreueHust CAIIP.

Tpu mepBbIX mpHU3HAKA OTPAXKAIOT 0COOEHHOCTH OOBEKTOB MPOECKTHUPOBAHUS,
YeThIPE CIEAYIOIINUX — BO3MOXHOCTH CHCTEM, BOCBMOM MPU3HAK — OCOOEHHOCTH
texHnueckoi 6a3pl CAIIP. Jlns mosmydeHus naxe oOOIIET0 MPEACTAaBICHUS O KOH-
kpetHoil CAIIP oHa goikHA OBITH OLIEHEHA MO BCEM MEPEUYHUCICHHBIM MpPHU3HAKAM.
PaccmoTrpum ux noapoOHee.
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Tun ob6wvexma npoexmuposanus. 'OCT npegycmarpunaet nenenue CAIIP na
JEBATH TPYIIIL:

1) CAIIP uzaenuii MaltMHOCTPOCHUS;

2) CAIIP m3nenuit mpuOOPOCTPOCHHUS;

3) CAIIP TexXHOJIOrHYECKUX MPOIIECCOB B MAIlIMHO- U IPUOOPOCTPOCHHUU;

4) CAIIP 00BEKTOB CTPOUTEIILCTRA;

5) CAIIP TeXHOIOTHYECKHX MPOIIECCOB B CTPOUTEIHCTBE;

6) CAIIP nmporpaMMHBIX U3]IEITHN;

7) CAIIP opraHu3alimOHHBIX CHCTEM.

OctanbHble Tpynnsl (8 U 9) ABISIOTCA PE3EPBHBIMU U MpEAHA3HAYEHBI IS
BbiAiesieHnsT U konupoBaHuss CAIIP, He oTHOCSAMMXCS K NEPEYUCICHHBIM TPYIIIU-
POBKaM.

Paznosuonocms 06vexmos npoexmuposanus. 'OCT He ycTaHAaBIUBAET CIie-
LUAIbHBIX 0003HAUEHUI HAa OOBEKTHI MPOCKTUPOBAHUS, a TPEOYeT UX yKa3aHHs U KO-
JUPOBAHMS B COOTBETCTBUH C JIEUCTBYIOIIMMHU B KaXKI0M OTPACIU MPOMBIIIIIEHHOCTH
CUCTEeMaMM 0003HAaYEHUs IOKyMEHTALIUN Ha OOBEKThI, IPOEKTUPYEMBIE CUCTEMOI.

Cnootcnocmv 06vexma npoexmupoganusi. Moxuo Beiienuts CAIIP:

1) IPOCTHIX OOBEKTOB € YHCIOM COCTABHBIX DJIEMEHTOB 10 107

2) 00bekToB cpexueii cnoxuoctu (102 — 10%);

3) cnoxHbIx 00bekToB (10° — 10%);

4) oueHb CcI0KHBIX 00bekTOB (104 — 10°);

5) 0OBEKTOB camoOil BBICOKOM CJIOKHOCTH (YHCJIO COCTaBHBIX 3JIEMEHTOB
caeie 10°).

CocTaBHOM 4YacThi0 OOBEKTa MPOEKTHPOBAHUSA, MPEACTABISAIOMIET0 COOOH
TEXHUUYECKUH KOMILIEKC, COOPYKEHHUE WM U3/enue, sBisercs neranb. Eciu o0bek-
TOM MPOEKTUPOBAHUS OyJIeT TEXHOJIOTMYECKHH MPOLECC, TO BBIIEIUTh €ro COCTaB-
Hble yacTu cioxHee. CylecTByeT ABa MOJAX0/1a, OJMH U3 KOTOPBIX OCHOBAH Ha pas-
JEJICHNH TEXHOJIOTMYECKOIo Ipoliecca Ha AJIEMEHTAPHBIE TEXHOJIOIMYECKUE Olepa-
UM, APYroil — Ha pas3feseHud 00BbeKTa Ha YacTHU YCJIOBHO B COOTBETCTBUM C HO-
MEHKJIATYPOU BBIIIYCKAEMON TEXHOJIOTMYECKON JOKYMEHTALUU.

Yposenv asmomamuszayuu npoexmupoearus. BeIACIAIOT ClIeIyOIUE YPOBHU
CUCTEMBbI POEKTUPOBAHUSL:

1) HU3KOaBTOMATU3UPOBAHHOTO (110 25% MPOEKTHBIX MPOLETYP);

2) cpenneaBromatusrpoBaHHoro (25-50%);

3) BbICOKOaBTOMAaTU3MPOBaHHOTO (cBbILIE 50%).

YtoOsl otHecT CAIIP mo ypoBHIO aBTOMAaTHU3allul K TPEThEH IpyIine, B HeH
JOJIKHBI OBITh UCIOJI30BaHbl METObl MHOTOBAPUAHTHOTO ONTHUMAJILHOTO MPOEKTH-
pPOBaHUSI.

Komnnexcnocmo aemomamusayuu npoekmupoganus. 110 KOMIUIEKCHOCTH aB-
toMatuzauuu paznndarot CAIIP:

1) ogHOATanHbIE;

2) MHOTOATAITHBIE;

3) KOMILIEKCHBIE.
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Ecnu cuctema aBToMaTU3alMy OXBATHIBAET OJUH U3 3TANOB MPOEKTUPOBAHUS
COOTBETCTBYIOIIETO OOBEKTA, TO €€ OTHOCAT K mepBoil rpymme. [loa kommiiekcHOM
CAIIP nogpazymMmeBaeTcs aBTOMaTHU3alUs BCEX 3TANOB IPOCKTUPOBAHMS.

Xapaxmep 6binyckaemvlx npoekmHulx 0OKyMeHmos8. Y CTAHOBIIEHO TISITh Kilac-
cudukarmonnsix rpynn CAIIP, BeImycKalOmmux JOKYMEHTHI:

1) Ha OyMa)KHOM HOCHTEIIE;

2) Ha MalIMHHBIX HOCUTEIISX;

3) Ha hoTOHOCUTENAX (B BHJIE CKAaHOB, (POTOIIAOIIOHOB | JIp.);

4) KOMOMHHpPOBaHHBIE (IOKYMEHTHI Ha JIBYX HOCUTEISX TaHHBIX WK OoJee);

5) ata rpymnmna sBISETCS PE3EPBHOIA.

Yucno swvinyckaemvix npoexkmuuvlx o0okymenmos. Pazmuuator CAIIP manoi,
CPEIHEW M BBICOKOM IPOU3BOAMUTEIBHOCTU. [Ipy 3TOM 4YMCIIO MPOEKTHBIX JOKYMEH-
TOB B roj B epecuere Ha popmat A4 xonedaercs ot 103 mo 10°.

Yucno yposneti 6 cmpykmype mexnuueckozo ooecnedenus. Boinenstor CAIIP
OJIHO-, IBYX- U TPEXYPOBHEBBIE.

OcHOBY 01HOYpOBHEBOT0 KoMILIeKkca TC cOCTaBISAIOT KOMIIBIOTEPBI CPEIHETO
WJIM BBICOKOTO KJacca, B KOTOPBIX BBIMOIHSIETCS MporpaMMmHas oOpaboTka U XpaHe-
HUE JIaHHBIX, U CTaHAAPTHBIN Ha0op nepudepuiHbIX YCTPOICTB, BXOISIIUX B COCTAB
APM. BeICTpBIN pOCT BO3MOYKHOCTEW BBIYMCIUTEIBHON TEXHUKHU MO3BOJISET YBEIIH-
YUTh YUCJIO TEPMHUHAIOB KOMIUIEKCA M, CIE€I0BATEIBHO, YUCIO OJHOBPEMEHHO pabdo-
TarOUIUX MOJIb30BATEIEH.

Takum o0pa3om, B oaHOypoBHEBBIX CAIIP ncnonbs3yroTcs enrHas MOHUTOP-
Has cucTeMa, 0a3bl JaHHBIX U MAKEThl MPUKIIAJHBIX IPOrpaMM, OPUEHTUPOBAHHBIE HA
OOJIBIIMHCTBO KOMIBIOTEPOB. TepMHHAIbHBIE padOyYMe CTAaHUMU MPOTrPaMMHO COB-
MECTHMBI C CEpPBEPOM U CITyXkaT JIMOO Ui MOATOTOBKH 3a/1a4 K PEILIEHUIO Ha CepBepe,
00 ISl pelieHus MPOCTHIX 3a7a4 C MOMOIIBI0 TEX K€ MPOTPAMMHBIX U UH(OP-
MaIlMOHHBIX cpeAcTB. Bo3moxkHocTH onHOYpoBHEBBIX CAIIP orpanuyeHsl, mo3TOMy
B CAIIP KpymnHBIX NPEANPUATHI CTPEMSITCS UCIOJIb30BATh KOMIIBIOTEPHYIO TEXHUKY
BBICOKOM IPOU3BOIUTEIBLHOCTH.

st addexTuBHoM cBsi3u nonb3oBarenss ¢ CAIIP u pemenus 60ab110T0 KO-
JUYECTBA MEHEE CIIOKHBIX 3a/1au 1esecoo0pa3Ho umeTh BTopoit ypoBenb CAIIP kax
MHTEpaKTUBHO-Tpaduueckuii komruiekc. Ha kaxaoM ypoBHE UMEIOTCSI CTaHAAPTHBIE
MaKeTbl IPOrPAMM JJIsl BBIMOJIHEHUS! OJJMHAKOBBIX MO COJEPKAHUIO MPOEKTHBIX MPO-
LEyp, HO OPUEHTUPOBAHHBIX Ha pa3JIMYHbIE PAa3MEPHOCTH 3ahad. [[ByXypoBHEBbIE
CAIIP MoryT uMeTh pagualibHyI0 U KOJBLEBYIO CTPYKTYypy. B mocnegnem ciydae
APM 00beaAnHSIOTCS B KOJBLEBYIO WIIM UEPAPXUUYECKYIO BBIUUCIUTEIBHYIO CETh, T/1e
¢bynkunn MmoHuTopHoi cucteMbl 1 CYB/] pacnipeneneHsl o y3iam CeTH.

TpexypoBueBbie CAIIP, momumo TC nIBYXypOBHEBOW CHUCTEMBI, TOJKHBI
BKJIIOYATh TepudepuitHoe TPOrpaMMHO-yIpaBisieMoe 00OpyJ0oBaHUE, HaIPUMED
YepTEeKHbIE TPadONOCTPOUTENH, YCTAHOBKM [IJII W3TOTOBJICHHS (HOTOMIAOIIOHOB,
KOMIUIEKCHI 1711 KOHTPOJISI POrPaMM K CTaHKaM C YKCIOBBIM IPOTPaMMHBIM yIIPaB-
nerunem (UITY).
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1.2.6 B3zaumopeiictBue CAIIP ¢ npyrumMu aBTOMaTH3HPOBAHHBIMU
CHUCTEeMaMH

B ycrnoBusix peajibHOro MpOM3BOJICTBA BCE BUIBI CHUCTEM aBTOMATH3AllMU B
TOW WJIM WHOM CTENEHU JOJDKHBI B3aMMOJIEMCTBOBATH Jpyr ¢ apyrom, a CAIIP —
HEIMOCPEICTBEHHO C aBTOMATU3UPOBAHHBIMA CUCTEMAaMU HAyYHBIX HCCIEJI0BAHMIA
(ACHH), texnomornuyeckoi mnoarotoBku npousBoacTBa (ACTIIII), ynpasienus
npou3BoaAcTBoM (ACVYII). B3anmozeiicTBrue yka3aHHBIX CUCTEM OCYLIECTBISETCS ITy-
TeM oOMeHa MH(OpMaIHel, TPeICTaBICHHON B BUAE OyMa)KHBIX JOKYMEHTOB WIIH
3aMUCaHHON B 3JIEKTPOHHOM BHJE Ha MAIIMHHBIX HOCUTENSX (IOJST TaKOro oOMeHa
MOCTENEHHO BO3PaCTAaEeT).

Ot ACY Bce cucTreMbl aBTOMAaTH3alMU JOJDKHBI IMOJIy4aTh YIPaBIISIOLIYIO
MH(pOpPMaLIMIO IJIAHOBOTO XapakTepa, a Takke MH(OpMalnio O (akTUYECKOM Haju-
g1y pecypcoB. B cBoro ouepens, B ACY HanpaBIiIArOTCS JaHHBIE O BBINOJIHEHUU I1JIa-
HOBBIX 33JJaHUil, O MOTPEOHOCTU B Pa3IMUHbIX pecypcax, B TOM YHCIE B MaTepualax,
KOMIUIEKTYIOIINX U3JENUIX, NTHCTPYMEHTE, SHEPTHH.

N3 ACHU B CAIIP noctynaer nndopmaius 0 TEXHUYECKUX TPeOOBAHUSIX K
IPOEKTUPYEMOMY OOBEKTY, BaXKHBIX TEXHHYECKHX U KOHCTPYKTOPCKHMX DPELIEHUSX,
BBIPAa0OTaHHBIX B PE3yJIbTaTE MATEMATUUECKOTO MOJIETUPOBAHMS 00BEKTOB. B cBs3H
C pa3BUTHEM PAbOT MO KOMILJIEKCHOMY MOJEIUPOBAHUIO MPOEKTUPYEMBIX OOBEKTOB,
IPAaHULIBI MEXKIY «HYUCTBIMU» HCCIIETOBAHUSMHU U IPOCKTUPOBAHUEM CTHPAIOTCSI.

CrnoxHble ¥ TPYIOEMKHE pacyeThl Ha CTAJUHU UCCIEA0BATENbCKOTO MPOEKTHU-
pOBaHUSI BO MHOTHX CllydasiX I€JecOo0Opa3Hee BBIMOJHAThL Ha OCHOBE HCCIIEI0Ba-
TEJIBCKOM MO 00BbEKTa U (OPMHUPOBATH JAHHBIE O MPOEKTUPYEMOM OOBEKTE IS
MOCJIEAYIOLUX MPOEKTHBIX PaOOT OJJHUM M3 CIEAYIOIIUX CIIOCOOO0B:

— B BHJIE MaTpULl KO3PPUIUEHTOB U MaTEMAaTUYECKUX 3aBUCUMOCTEH;

— B BUJI€ YHCJICHHBIX 3HAYEHUI COOTBETCTBYIOLIUX [1APAMETPOB,;

— (naunbostee 3(PEKTUBHO) B BH/IE TOJHONH MAaTEMAaTHYECKON MOJIEIIN 00BEK-
Ta, KOTOPYIO MOKHO JETAIN3UPOBaTh, yTOUHSATh U PA3BUBATb.

C Touku 3peHus 3pHEKTUBHOCTH aBTOMATU3AIMN CO3JaHUE MOJEIN 00BheKTa
U €€ UCIOJIb30BaHUE IPU MPOESKTUPOBAHUU JOKHBI ObITH 00BeIMHEHBI. B X01€e npo-
€KTUPOBAHUS MOTYT MOSIBUTHCS PEILLICHUS, KOTOPBIE CJIEAYEeT BHOBb IPOBEPUTH HA HC-
XOJTHOM MOJIENTM ¥ MOATBEPIUTH JOMOJHUTENbHBIMU pacueTaMu. B atom ciyvae Ta-
kue peuieHus: u3 CAIIP neoOxonumo nepenars oopatno B ACHU. Takum oGpazom,
nenenuie Ha CAITP u ACHU BecbMa yci1oBHOE — OHO B OOJIbIIIEH CTENEHH OTpaKaeT
CJIOKUBIIYIOCS MPAKTUKY OpraHU3alu padoT, a HE CYTh BBIMOJHIEMBIX dTUMHU CH-
cTeMaMu (QyHKIIHH.

CucremHas MHTerpauus pa3pabOTKM M TPOU3BOACTBA W3JEIHIl Ha OCHOBE
€IMHBIX MaTeMaTUYECKUX MOJeJIeH MO3BOJIUT B paMKaxX KPYIHBIX MPEINPUITUIA 00b-
€AMHUTh ABTOMATU3HPOBAHHBIE CUCTEMbI HayUYHBIX MCCIIEIOBAHNUM, CHCTEMBI AaBTOMa-
TU3UPOBAHHOIO IPOEKTUPOBAHUS, ABTOMAaTU3HPOBAHHBIE TEXHOJOTMYECKHE KOM-
miekchl U obume O6anku naHHbIX ACYII B MHTErpupoBaHHYIO THOKYIO MPOW3BOJI-
CTBEHHYIO CHCTEMY. JTO JAacCT BO3MOXHOCTb OOXOAUTHCS O€3 BBIyCKA TPaaWLIMOH-
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HOM IPOEKTHO-KOHCTPYKTOPCKOW JTOKYMEHTALMH, TaK KAK PE3YyJbTaThl MPOEKTUPO-
BaHus, noiayudeHHbie B CAIIP, OyayT nucnonb30BaThCs HEMOCPEACTBEHHO MIPU COCTAB-
JICHUW YTNPABISAIOMIUX MporpaMm st cTaHkoB ¢ YITY u poOOTOB A M3rOTOBICHUS
neTaneil u COOpOUYHBIX €AMHMII.

HaubGonpmuit addexkt maer aBTOMaTH3aIMs MPOSKTUPOBAHUS HauboJsee
CJIIO’KHBIX OOBEKTOB, BKJIIOUAsl HAYaJIbHbIC CTAJUU MPOCKTUPOBAHUS, IPUHUMAEMBbIC
Ha 3TUX CTaJAUSX MPOCKTHBIC PEIICHUS, YIyulllas XapaKTEPUCTUKU OyIylIero usje-
ausi. OmuboYHOe pelieHre, el OHO He Oy/leT MCHpPaBlIeHO Ha CIEAYIOIIUX CTau-
X, TIOBJICUET 3a co00¥ OONbIINE MOTEPH MPH IKCIUTyaTalluu 00beKTa. AKTUBHOCTD,
MposIBIIsieMast 3apyO0eKHBIMU M OTEYCCTBEHHBIMH MPEANPHUATHIMA U OPTaHU3AIASIMH
B 00JIACTH aBTOMAaTH3alWU MPOEKTUPOBAHUS y3JI0B U JAETAJIEH, BbI3BaHA TEM, YTO OHO
OTCTAJI0O OT YPOBHS aBTOMATHU3AIMH MPOCKTUPOBAHUS KPYIHBIX M CIOKHBIX OOBEK-
TOB, TaK KaK CBA3aHO C aBTOMAaTH3aIel KOHCTPYKTOPCKUX padoT.

CoOBepILICHCTBOBAHUE TEXHOJOTUH aBTOMATU3MPOBAHHOTO MPOECKTUPOBAHUS
MOBJICYET 32 COOOM M3MEHEHHE JICTICHHS MMPOSKTUPOBAHUS HAa CTAJUU U Iepepacmpe-
JICJICHHE MPOEKTHBIX pad0T MEXIy cTaausiMu. B yacTHOCTH, pelieHre o0umx Bompo-
COB JIOJIKHO OCYIIECTBIISITHCSI HA PAHHUX CTaIUsAX, paOOThI MO 0(hOPMIICHHUIO TTPOEKT-
HBIX pElICHUN — Ha 3aKJIIOUUTENbHON cTaauu. Pexum paboThl MPOEKTUPOBIIUKA C
KOMITBIOTEPOM TOJIHOCTBIO MHTEPAKTUBHBINA. OCHOBHON pabouuii peKUM MOJIb30Ba-
TeJsl — KOMITBIOTEP, MOJKIIOYEHHBIN K 001Ied BBIYHUCIUTENbHON ceTU. S3bIKU 00111e-
HUSI TIPOCKTUPOBIIUKOB C CHUCTEMOM JOJKHBI ObITh MaKCHUMaJIbHO MPUOIUAKEHBI K
€CTECTBEHHOMY $I3bIKY, BO3MOKEH NEPEX0/l K YCTHOMY oO1IieHuto. Bee npomexyrou-
HbIE MPOEKTHBIC PEIICHUS] OyIyT XPAaHUTHCS B KOMIIbIOTEpPE, OKOHUYATEIIbHBIC pellie-
HHUS TIEPEIaBaThCs B MPOU3BOJICTBO HA MAITMHHBIX HOCUTEISIX.

CoBepIICHCTBOBAHUE TEXHOJIOTMHM TMPOEKTUPOBAHUSA MOTPEOYET CYIIECTBEH-
HOT'O U3MEHEHHUs cocTaBa TexHuueckux cpenctBs CAIIP, nporpaMmMHOro u opranusa-
IUOHHOTO 00€ecIeueHus.

Pazsutue CAIIP oTpa3utTcs Ha comep>KaHUM aBTOMATHU3UPYEMBIX MPOEKTHBIX
pabot. Haunbonee cosepmiennbie CAIIP OynyT aBTOMaTtu3uMpoBaTh BCE MPOEKTHBIC
omnepannu, 3a UCKIOUYEHUEM MPUHATUS PEUICHHM, COTJIACOBAHUS UX C COUCIIOJIHUTE-
JIEM, COCTaBJICHHsI TIOSICHUTENIbHBIX 3aMUCOK W JApyrux padot. bomee Toro, B psje
ciliy4yaeB cucrema OyneT (opMupoBaTh pelIeHHe, W MPOECKTHUPOBIIUKY OCTaHETCS
TOJIBKO COTJIACUTBCSI C HUM WJIM TOTPEeOOBaTh NEPEPAOOTKU YACTH MPOEKTA.
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2 MopeanpoBanue u koHcTpyuposanue B CAIIP
2.1 MaremaTn4yeckoe odoecriedyeHue NPUHATHS MPOEKTHBIX peleHui

MO CAIIP — 3TO COBOKYITHOCTh MaTEMATHUYECKUX METOJ0B, MOJICJICH U aj-
TOPUTMOB, UCIIOJIB3YEMBIX JIJISl PELICHUS 33/1a4 aBTOMATU3UPOBAHHOTO MPOCKTUPOBA-
Hus (cMm. Takke 1. 1.2.4). Pazpaborky MO 1o mpaBy MOXHO CUMTaTh OJHUM U3 Ca-
MBIX CJIOKHBIX M OTBETCTBEHHBIX 3TanoB co3faanus CAIIP, HenmocpeacTBEHHO orpe-
JEISIIONIM  pab0TOCIIOCOOHOCTh, 3(h(HEKTUBHOCT, M mpou3BoauTeabHOCTh CAIIP
IIPY BBIMTOJIHEHUH MTPOEKTHBIX mporeayp [9, 10].

[Ipu aBTOMaTU3MPOBAHHOM MPOEKTUPOBaHUU cpenrcTBa MO pasnuyarorces s
Pa3IUYHBIX MEPAPXUUECKUX YPOBHEH OMUCaHUA TEeXHHYECKOro oobekTa. [Ipu aBTO-
MaTH3ali MMPOCKTUPOBAHUS CIEUPUKAa TPOESKTUPYEMBIX OOBEKTOB MPOSIBIISIETCS,
MpeXJe BCEro, B MX MaTeMaTudyeckux wmojnensix. [lo xapakTtepy oTOOpa)kaeMbIX
CBOMCTB MPOEKTUPYEMOTO0 OOBEKTa MOJICIN PA3JCisIlOT Ha (PYHKIMOHAJIbHBIE H
CTpYKTYypHBbIe. CmpykmypHbsie MoOoeay 0TOOPaKaroT COCTaB JIEMEHTOB U B3aHMOCBSI-
31 MEXIYy HUMU. PYHKYUOHAbHbIE MOOeIU O0TOOpakaroT Mporecchl PyHKITMOHUPO-
BaHUS 3JICMEHTOB U (WJIK) 00BEKTa MPOSKTUPOBAHUS B LIEJIOM.

B o0meM ciyyae MareMaTH4eCKOE OMMCAHUE TEXHUYECKOTO OOBEKTa Mpea-
CTaBJsIET COOOW (PYHKIMIO, CBSA3BIBAIOLIYIO BBIXOJIHBIE MapameTpbl Y, BHYTPEHHHE
mapaMeTpsl AJIEMEHTOB 00bekTa V 1 BXoaHbIe TapaMeTpbl W [16]

Y=F(V,W).
s xoMmpeccopa, HammpuMmep, BBIXOAHBIE MAPAMETPHI — MPOUZBOAUTEIb-
HOCTh M JABJICHUE, BHYTPEHHUE — T€OMETPUUYECKUE Pa3MEpbI, BXOJIHbIE — aTMO-

chepHOe TaBlieHHEe U TeMIIepaTypa Ha BXOJIE.

Kak ynomuHanoch Bblllie, MPOIecC MPOSKTUPOBAHUS TEXHUYECKOTO O0OBEKTa
(TpUHSTHE MPOSKTHOTO PEIICHUS) JACIUTCS Ha dTalbl, KOTOPbIE B CBOIO OYepe/b Jie-
JSATCS HA IPOLIEAYPHI U ONIEPALIH.

2.1.1 ITpoekTHBIE IPOLEAYPHI

[IpoekTHast mpoleaypa MOXET MHOTOKPATHO MPUMEHSTHCS MNPU MNPOCKTUPO-
BaHUU PA3IUYHBIX TEXHUYECKUX 00BEKTOB. IIpOeKTHBIE Mpoleayphl MOXKHO pa3ie-
JUTh Ha JBA TUIIA: MPOLENYPBI cuHmesa U npouenypsl anaiuza. CUHTE3 COCTOUT B
CO3/IaHUM OMHUCAaHMS O0BEKTa MO ero CBOMCTBaM. Paznuyaror cmpykmypHulil u napa-
MempudecKuu CuHmes.

Ilpoyedypuvr ananuza

[{enbro BBIITOTHEHUS AaHAIN3A SABJISIETCS ONPEAEICHUE CBOMCTB YK€ CO3JaHHO-
ro o0beKTa. AHaIU3 MOXET ObITH OJJHOBAPUAHTHBIM U MHOTOBApUAHTHBIM.

ITpu oonosapuanmnom aunanuze WCCIAETYIOTCS 3HAYEHHs BBIXOIHBIX Iapa-
METPOB 00BEKTa MpH 3aJaHHBIX 3HAUCHUAX BHyTpeHHuX V u BHemHux W mapamer-

37



poB. 3amava 3akiodaeTcs B OJHOKpAaTHOM pemieHnu ypaBHenuit Y = F (V) npu
W = const, cocTaBifOmKUX MaTeMaTU4ecKyro Mozenb. Kak mpaBuio, A OLIEHKH
CBOMCTB IIPOEKTUPYEMOT0 0OBEKTA ITOr0 HENOCTATOUHO. HY)KHO BBINIOJIHATE MHO20-
8apuUaHmMHblll aHAIU3, — ONPEAENATh BIUSHUE BHEIIHUX MapaMeTpoB, pa3dpoca u
HECTAOMJIBHOCTU BHYTPEHHUX IApaMETPOB 3JIEMEHTOB Ha BBIXOJHBIE IapaMETPHI.
Takol aHanu3 TpeOyeT MHOTOKPAaTHOTO PELIEHUS] CUCTEM YPAaBHEHHI (MHOTOKPaTHO-
'O BBIITOJIHEHHS OJJHOBAPUAHTHOTO AHAIN3A).

Yame Bcero muozosapuanmuviti ananuz B CAIIP BbIonHsETCS B MHTEpPAK-
TUBHOM DPEKHUME, KOI/1a pa3pabOTUMK HEOJHOKPATHO MEHSET B MAaTEMaTUYECKON MO-
JeIM T€ WJIA UHBIE NTapaMeTpbl U3 MHOKECTBA BXOJHBIX MapaMeTPOB U MapaMEeTPOB
AJIEMEHTOB, BBITIOJIHACT OJHOBAPUAHTHBIN aHANU3 U PUKCUPYET MOJyYeHHbIC 3HAYe-
HUS BBIXOJIHBIX MapameTpoB. [10j00HbI MHOTOBaprUaHTHBIA aHAJIU3 MTO3BOJISIET Olle-
HUTb oOacmu pabomocnocobrnocmu (007acTH, B KOTOPOW 3HAYCHHUS BCEX BbI-
XOJHBIX MAapaMETPOB HAXOMATCSA B JOMYCTUMBIX 10 T3 mpenenax), creneHb BbINOJ-
HEHUS YCJIOBUM pabOTOCIIOCOOHOCTH, a CIEJ0BATENbHO, CTEIIEHb BHINOIHEHN 13 Ha
IIPOEKTUPOBAHKE, PA3YMHOCTh ITPUHUMAEMBIX IPOMEKYTOUHBIX PELICHUN IO U3Me-
HEHUIO MPOEKTA U T. II.

OnpeneneHue 4YyBCTBUTEIBHOCTU SIBISIETCS Pa3HOBHUIHOCTBIO IIPOLIETYPHI
aHalIM3a M OCYLIECTBISETCS HAXO0KJIECHUEM MPOU3BOAHON LIENEeBOM (PYHKIMU TIO
BXxoHOMY napametpy dY/dW.

2.1.2 CTpyKTypHBIH CHHTE3

3anmavya cmpykmypHo20 cunmesa 3aKJII0UaeTCsl B TIOMCKE CTPYKTYPHI TEXHUYE-
CKOTO OOBEKTa JUIsl BHITIOJHEHUS 3aJaHHBIX (DYHKIMM B paMKax BBIOPAHHOTO MPUH-
runa jgeiictBus. CTPYKTYPHBIA CHHTE3 SIBIISICTCS ATAlOM, Ha KOTOPOM 3aKJIaIbIBACTCSI
3¢ (HEeKTUBHOCTh MPUHUMAECMBIX IMPOCKTHBIX pPEIICHUH. Pe3ynbraThl CTPYKTYpPHOTO
CUHTE3a MPEACTABIAIOTCS B BUAE CTPYKTYPHOM CXEMbI — IEPEYHS 3JIEMEHTOB BMe-
cTe ¢ Tabnuuell COeAMHEHN, CXEMbI PacIoIOKEHHUS AJIEMEHTOB U T. TI.

Cornacuo I'OCT 2.701-2008 [4], Ha cTpyKTypHOI cxeMe U300paXKaroTCs 0C-
HOBHBIC DJICMEHTHI MPOCKTHPYEMON CHCTEMBI, a TAKXKE YKAa3bIBAIOTCS B3aWMOCBSI3U
Mexay HuMu. CTpyKTypHasi cXeMa JIOJDKHA J1aBaTh HATJISIIHOE MPEICTaBICHHE O TO-
CJIEIOBATEIILHOCTH B3aWMOICUCTBUS DJIEMEHTOB MIPOEKTUPYEMOTO 00bEKTa. DIeMEH-
ThI IPOSKTUPYEMOTO 00BEKTa 0003HAYAIOTCS HA CTPYKTYPHON CXEME B COOTBETCTBHUHU
C YCJIOBHBIMH 0003HAUEHUSIMHU.

3agaun CTPYKTYPHOTO CHHTE3a SIBJISIOTCS CIIOXKHO (POpMaIM3yeMbIMU. IDTO
CBSI3aHO C OOJIBIIIMM YHUCJIOM (PaKTOPOB, BIUSIONIMX HA BHUJ, CBOMCTBA M MapaMeTphl
CHUHTE3UPYEMBIX CTPYKTYp, @ TaKKe C OOJIbLIONW pa3MEpHOCTBIO 3aJlad JIeTaIbHOTO
OIMCAHHS CHHTE3UPYEMbIX O0HEKTOB.

Jlia peanuzaiuu npouenyp CTpyKTYpHOTO CHHTE3a HE0OX0AUMO UMETh (op-
MaJM30BaHHOE OMUCAHKME 3HAHUH O MPEeAMETHOM 00JacTH, KOTOPHIE BKJIIOYAIOT B Ce-
0s1 cBeieHnsa 00 OOBEKTaX CHHTE3a W O MPaBHJIAX CHHTE3a M MOPSIKEe X MpUMEHe-
Husl. Jlanable 00 00BEKTaxX CHHTE3a MOTYT OBITH MPEICTaBICHBI B BUAE OTACIbHBIX
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0a30BBIX AIEMEHTOB, MAKPOIJIEMEHTOB (KOMILIEKCca 0a30BBIX AJIEMEHTOB), 3aKOHYCH-
HBIX CTPYKTYp (FOTOBBIX BapHaHTOB CTPYKTYp), OOOOIIECHHBIX CTPYKTYyp (Habopa
BCEX AJIEMEHTOB U MAaKPOAJIEMEHTOB, KOTOPBIE XOTsI ObI OJTHAXKIBI BCTPEYAIUCH B 3a-
KOHUYEHHBIX CTPYKTYypax, 0e3 TyOoIMpoBaHus).

CyImecTByeT HECKOJIBKO TIOJX00B K PEHICHHUIO 3a/1a4 CTPYKTYPHOTO CHHTE3a
[10, 13]. Hambosee uwacTo wucmosb3yemble (PUCYHOK 2.1): mepebop 3aKOHYECHHBIX
CTPYKTYp, HapallMBaHUE CTPYKTYpbI, yCeUECHHE MaKCHMaJIbHOTO Ha0Opa 3JIEMEHTOB
(Bermenenue). Kaxaplii U3 moaxo0B TpeOyeT ONMpeaeeHHbIX CBeAeHUN 00 o0actu
NPUMEHEHUS U O TPeOOBAHMUSIX K MPOCKTUPyeMOMY OOBEeKTy. st kaxmoro u3 mo/-
XOJIOB CYIIIECTBYIOT OINpEACIEHHbIEC aITOPUTMBI CHHTE3A.

ANropHETMBI

CTPYKTYPHOIO CHHTe3a

/\

nepedopHbIe nocjaeJoBaTe IbHBIE TpaHCQOpMALHA
/\ ONHCAHHMA
MOJIHBIA JaCTHYHBIH
mepedop mepedop
BBIIeIeHHE HapalMHBAHHE
roToBRIE reHepanHsa H3
CTPYKTYPhI 3aJAHHLIX 3IeMeHTOB

Pucynok 2.1 — Knaccudukanus anropuTMOB CTPYKTYPHOT'O CHHTE3a

PeanpHbIC anTOpUTMBI CTPYKTYPHOTO CHHTE3a OOBIYHO SIBJISIOTCS KOMOWHH-
POBAaHHBIMH: COYCTAIOT YEPThI Pa3HBIX MOAX0A0B. Hampumep, B mociaea0BaTeIbHBIX
aNTOpPUTMaxX HapalTUBaHUS BO3MOXKCH IMepeOOp MPETEHACHTOB Ha POJIb OYEPEITHOTO
00aBJIEHHOTO DJIEMEHTA.

Memoo nepebopa eapuanmos

Haubonee mpocTeiM W yalie BCEro NMPUMEHSEMBbIM Ha MPAKTUKE METOJIOM
CTPYKTYPHOTO CHHTE3a SIBJIIETCS Memoo nepedoopa eapuanmos, pe3yibTaT paboThl
KOTOpPOTO BO MHOTOM 3aBHCHUT OT COCTaBa OTOOpaHHBIX KaHAuAaToB. MeTos nepebo-
pa Mo3BOJIsieT BBIOpaTh HAUIYUIIMM BapuaHT U3 cymecTByomux. Co3aars NpuHIIU-
MUATbHO HOBBIN TEXHUYECKHI OOBEKT MPHU STOM HEJIb34.
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OTOT METOJ NPUMEHSIOT, KOTJA CIOKHO OLEHUTH IIPOMEKYTOUYHbIC BapHaH-
Thl, IO3TOMY aJbTEPHATUBAMU ISl OLIEHKU SIBJISIIOTCS 3aKOHUYEHHBIE CTPYKTYpPbI 00b-
ekToB. CyIlECTBYIOT pa3Hble CIOCOOBI CO3/1aHUsI MHOKECTBA BAPUAHTOB: BHIOOP U3
uMeronieiicss GuOIMOTEKN TOTOBBIX PELEHUH, TeHepalus U3 3JEMEHTOB U Makpo-
AJIEMEHTOB 110 ONPEJECICHHBIM IPAaBWJIaM, YACTMYHOE W3MEHEHHE OJHOW WM He-
CKOJIbKMX TI€pPBOHAYAIBHO 3aJlaHHBIX 0a30BBIX CTPYKTYp. [lonmHblil mepebop Bo3MO-
’KEH TOJBKO JUIA 3a/1a4, Y KOTOPhIX MHO>XECTBO BApUAHTOB Mayo. B peabHbIX 3a71a-
yaxX MHOECTBO BapHAaHTOB JOCTATOYHO BEJIUKO U MEPe0Op MOXKET OBITh TOIBKO HeE-
ITOJIHBIM, OCHOBAHHBIM Ha ABPUCTUYECKUX AJITOPUTMAX.

[Ipu BBIOOpE JIydIlIEr0 U3 TOTOBBIX BAPHAHTOB CTPYKTYP BHAYaJIE HYKHO JaTh
OLICHKY BapHaHTaM, 3aT€M 3TU OLEHKU CPABHUTH U MOCJE 3TOTO BHIOPATh BapUaHT C
HauBBICILIEH OLIEHKOW. JTa mpoueaypa Obu1a Obl IPOCTOM, €Clid Obl BApUAHTBHI MOKHO
ObUIO OLEHUTH MO OJHOM miKane. Ha mpakTuke Kakaplii BapuaHT XapaKTEepHU3yeTcs
MHOrUMHU u3MepeHusiMu. [loka Bapuantel Texunyeckux peuienuit (TP) mpencrasie-
HbI JINIIb CTPYKTYPHOM CXEMOM, 1aTh KOJIMYECTBEHHYIO OLICHKY TaKMM CBONCTBaM
00BEKTa, KaKk Macca, MPOU3BOJUTENIBHOCTh, CTOUMOCTh — CJIOKHO. Emie cioxnee
OLICHUTh HAJIeKHOCTh, SPrOHOMUYHOCTH, 3CTETUYHOCTh. He obserdaer 3amauy u
HEPABHO3HAYHOCTh NPU3HAKOB: OAHMU 00Jiee BaXKHBI, Jpyrue — MEHEee, TPETbU —
MPOTHUBOPEUYMBHI.

OpHoll U3 pa3HOBUIHOCTEN MeTona mnepedopa ABisieTcsl nepedop BapuaHTOB
10 pe3yibTaTaM 3KCHEPTHBIX OLEHOK. /[ peanu3annu MeToaa SKCIEPTHBIX OLIEHOK
T. Caatu [18] mpennoxxen meton ananuza uepapxuii (MAUN), mo3Bomnstonmii mpuHM-
MaTh HaWJy4dlIue PEIICHUs B 3aJja4ax CO MHOTUMU KPUTEPUSIMHU.

MAMH no3BonseT NpUHUMATh HAWIY4YLIME PEIICHUS B 3a1a4axX CO MHOTHMH
KPUTEPHUSMHU IyTEM B3BEIIMBAHUS AJIbTEPHATUBHBIX BAPUAHTOB, YIOBJIETBOPSIOLINX
HEeKoTOopoMy Habopy TpeboBanuii. TpeOoBaHuUs, mapamMeTpbl U BapUAHTHI TEXHUYE-
CKHX PELICHUN MPEACTABIISIFOTCS B BUJIE HEPAPXUU.

OmnpeneneHue NpUOPUTETOB IMAPAMETPOB HUKHETO YPOBHSI OTHOCHUTEJIBHO 11€-
JM CBOAMTCA K TOCJENI0BAaTENIbHOCTH MOMAPHBIX cpaBHEHUH. BuiOop pemienus ocy-
LIECTBJISIETCS TAaK’KE HA OCHOBE MX ITPUOPUTETOB IO OTHOLICHUIO K UEPAPXUU LENEN U
I1apaMeTpoB.

W cxoHBIMU TAaHHBIMU ISl TOMIAPHOTO CPABHEHUSI OOBEKTOB X1, Xp, ... Xn, TE
N — 4ncao 00bEKTOB (MapaMeTPOB WIIM TEXHUUECKUX PEILICHUM), SIBISIOTCS OTHOCH-
TeJIbHBIC Beca Mapbl 00BEKTOB, 3aJ]aBa€MbI€ B COOTBETCTBUHU C Tabnuiieit 2.1.

Taomuma 2.1 — Tabnniia OTHOCUTEIBLHBIX BECOB

Ouenka BaxHocth
1 PaBeHcTBO
2 Cnaboe peBOCX0CTBO
3 CuibHOE TPEBOCXOJICTBO
4 3HAYUTEITBLHOE MPEBOCXOJCTBO
5 AOGCOTIOTHOE MTPEBOCXOJICTBO
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OtHocuTebHbIE Beca (OPMHUPYIOT MATpHIly MHOMAPHBIX CpaBHEHUN A=ajj,
I, ] = 1...n. DiaeMeHThI MaTPHIIbI A 00JIaJAI0OT CICAYIOIMIUMU CBOMCTBAMH:

1) ecnu ai=4, To @ji = 1/4, 1#0;

2) eci BaxkHOCTH Xi M Xj OTMHAKOBBI, TO &jj=1;

3) 3HaYEHHE OTHOCUTEIHLHOM BaXKHOCTH IIPHU CPAaBHEHUH 00BEKTA C CAMHUM CO-
Ooii paBHO 1, T. e. ;=1 ms Bcex i=].

CoryacHO 3THM CBOMCTBaM, MaTpuIa 4 UMEET CIEAYIOIUNA BT

/1 a12 a1n

1 1 v a

A= 42 2n | (2.1)
1/a1n 1/a2n .o 1

Kax b1l s71eMEeHT MaTpuilbl A
a; =W, Iw., i,j=1.n, (2.2)

1 J
rzae Wi— aOCOIIOTHBIN Bec 00beKTa Xi, Wj— aOCOJIIOTHBIN BeC 00beKTa X;.
HeoOxomuMo mo aj; ornpeaeants Beca Wi. Jlaxke ISt OINBITHOIO DKCIIEPTA BO3-
j

HHMKAacT olmnoOKa B onpeacJIeHu Wi U3 MaTpruLbl A. bonee IIpaBaAnuBO BMCCTO

W= W, (2.3)

IIPUHATH

1 J :
W. = > aijo’ i=1..n. (2.4)

Pemenne OyaeT eIMHCTBEHHBIM, €CJIM 3aMCHHUTH N B (2.4) Ha MaKCHUMaJIbHOE
COOCTBEHHOE 3HAYEHUE MATPUIIBI Amax, OJTU3KOE K N, TOT1a

1 :
W = —— Z Wi, i=1.n (2.5)
max j=1
CornacHO TeOpUM MAaTpPHL, €CIU JIEMEHTHI @;j MOJO0KHUTEIBHON 00paTHOCUM-
METPUYHOM MaTpHIlbl, 8 UMEHHO TakoH siBIsieTCs MaTtpuua A, HE3HAYUTENbHO HU3Me-
HUTb, TO COOCTBEHHBIEC 3HAUEHUS U3MEHSTCS TaK)Ke HE3HAYUTEIBHO, IPUYEM BCE OHU
OyIyT paBHbI HYJIO, 32 UCKIIOUEHUEM OJHOTO Amax, PABHOTO N. BIM30CTh Amax K N
MOKHO CYUTATh MEPOU COTJIACOBAHHOCTH 3JIEMEHTOB MaTpHIIbI A.
JInst HaXOXACHUS] TPUOPUTETOB HYKHO HAWTU COOCTBEHHBIA BEKTOP W, yJO-
BJIETBOPSIOLIMN YPABHEHUIO

Aw=L _ W. (2.6)

[TockonbKy HEOOXOIUMO MMETh €IWHCTBEHHOE PEIEHHE, TO BhIOMpaeM €ro
HOPMaJIM30BaHHBIM, HAKJIAbIBAs JIOMIOJTHUTEILHOE TpeOOBaHUE

n
> w, =1, (2.7)
i=1
Wupaexc cornacoBanHoctu (u/c)
ule= o —n/n. (2.8)
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OKCHEepUMEHTAIbHO YCTaHOBIIEHO, uTo ecnu u/c<0,1, To coriacoBaHHOCTh
CY)KJIEHUH MOXKHO CUUTaTh YJOBJIeTBOpUTenbHOU. Wcmonw3ys ypaBHeHue (2.6),
HAXOJIUM JIOKaJIbHbIE TPUOPUTETHI Wi TapaMeTPOB U BAPUAHTOB pELICHUH.

Benuuuna BIusHMUS TapaMeTpoB M-TO YPOBHS MEpapXUU HA BEPIIHUHY JepeBa
(rmo0GanpHbIE TPUOPUTETHI) OMPEACISAIOTCS MEPEMHOKEHUEM JIOKATBHBIX MPUOPUTE-
TOB COOTBETCTBYIOIIMX BBIIIECTOSIIUX B UEPAPXUH TTapaMETPOB

Comi =Wy Woj Wi (2.9)

rae Gmi — TI00ambHBIA MPUOPUTET I-TO MapamMeTpa, PacloIOKEHHOTO Ha YpPOBHE
uepapxuu m.

['moGanbpHBIE MPHOPUTETH KaHAUAATOB Gy MOMy4aroTCsl CyMMHPOBaHHEM
ITPOU3BEACHUN JIOKAIBHBIX PUOPUTETOB KaHIUIATOB OTHOCUTEIBHO KAKIOr0 U3 Ma-
paMeTpOB U I100AIbHBIX TPUOPUTETOB COOTBETCTBYIOLIUX [TAPAMETPOB

Gki :ZWkiGmi’ (210)

rae 1 = 1...n — KOIMYECTBO KaHAMUIATOB BBIOOPA, M — KOJMYECTBO MapaMeTpoB Ha
MOCJIETHEM YpOBHE HepapXud. Jlydlmmm cuMTaeTcs TEXHUYECKOE PEIICHHUE, MMEIO-
1iee HauOoJIbIIIee 3HAUCHHE TJI00aTbHOTO MIPUOPUTETA.

PaccmoTpum mexanusm padbotel MAW Ha mpumepe BbIOOpa CTPYKTYpHOM
CXEMbl BBICOKOBAaKYyMHOI'O arperara, kK KOTOpoMy MpEeAbsBICHO HECKOJIbKO TpeOo-
BaHui. JlOoCTIKEHUE KaXKIOro M3 TpeOOBaHUU OOECIEeUUBACTCS OMNPEACICHHBIM
HabopoM napameTpoB. Mepapxus npouecca BbI0Opa CTPYKTYPHOR BaKyyMHOM CXEMBbI
MpE/ICTaBJICHA HA PUCYHKE 2.2.

CHHTe3 CTPYKTYPHO# BAKYYMHOIi CXeMblI

N\

1-ii ypoBeHb

2-ii ypoBeHb

IIpou3BOAUTEIBHOCTH IKOHOMUYHOCTh Be3zonacHocTh
[————— 7%‘ ————————— —I\ ——————————————— - 'i
I
| | DddexTHBHAN Bpems 0e3oTkazHoM Macca O6parHbiii motok | |
| | 6picTpOTa OTKAYKH padoThbI paboueii :
: JKATKOCTH |
I I 3-i YPOBeHb
| I'aGapuThl :
|
I |
I
: IlpenenbHoe |
I JaBJIeHHe |
I |
I |
L | — ~—~ AL — T~ ~ |
Kanauaar 1 Kanauaar 2 Kanauaar N 4-ii ypoBenb

Pucynok 2.2 — HMepapxudeckast MOJIeNb MpoIiecca BEIOOpa CXeMbl BAKYYMHOT'O arperara,
00J1a/1ar01ero BHICOKOH MPOU3BOUTEIBHOCTHIO, SKOHOMHUUHOCTBIO M O€3011aCHOCTHIO

42



Ha mepBoM ypoBHE MepapXuy pacronaraercs Lejlb — CHUHTE3 CTPYKTYpHOMU
BaKyyMHOHM cxeMbl. Ha BTopoM — TpeOoBaHUs (IIOALETN) — HPOU3BOJUTEIBHOCTD,
HSKOHOMUYHOCTb U 0€301acHOCTh. TpeTuil ypoBeHb HE€papXUM COCTABIISIIOT IapamMeT-
pbl — 3¢ dexkTrBHAs OBICTPOTA OTKAUKH, IPEAEIbHOE JaBICHHUE, BpeMs 0€30TKa3HOU
paboThl, Macca, rabapuThl, 0OpaTHBIM NMOTOK pabouei xkunkoctu. Ha mocnennem
YpOBHE HepapXuH HaxoAsaTcs KaHaunatel BeiOopa. [lopsimok paccTraHoBku TpebOoBa-
HUW, TApaMEeTPOB M KaHJIHUJIATOB B UEPAPXUU HE OTPAkKAET UX JECUCTBUTEIBHOU BAXK-
HOCTU. B KadecTBe KaHIUAATOB BHIOOpAa BAaKyyMHOI'O arperara, MpeaHa3HauYe€HHOTO
11 paboThl B BHICOKOM BaKyyMe, MpEAJIaratoTcsl CXeMbl, H300paKeHHbIE HA PUCYH-
Kax 2.3-2.7.

DKkcnepTaM HEOOXOIMMO BBITIOJIHUTH MOMApHbIE CPaBHEHUS TMOJLIETCH, OTBe-
yasi Ha BONpochl Takoro poja: «Kakas u3 mapsl noaueneir HaubOosee BaxHa Ui Bbl-
Oopa Jiydieil CTpyKTypHOM CXEMBI arperara, y/10BJIETBOPSIOLIEr0 OMMCAHHBIM BbIILIE
TpeOoBaHuAM?». Pe3ynpTaThl MONApHBIX CPaBHEHHUM MpeACTaBlIeHbl B Tabnuue 2.2.
[Tocnenuuii cronber TabnuIbl COAEPIKUT JIOKATbHBIE TPUOPUTETHI MOALIETCH.

Janee HEOOXOAMMO OIPENETUTh MPUOPUTETHI MAPAMETPOB MO OTHOIICHHUIO K
COOTBETCTBYIOIIECH IMOALEIN HUepapxuu. Temnepp skcnepraM IPEeICTOUT OTBETUTH HA
takue Borpockl: «Kakoil u3 aByx nmapamerpoB, «DddeKkTrBHas OBICTPOTa OTKAYKUY»
nn «IIpenensHoe naBneHuey», Haubosee BaXeH NSl BeIMOIHEHUs noauenu «lIpowns-
BOJUTEIBHOCTH»?». BO3MOKHBIE BapUaHTHI MOIMAPHBIX CPABHEHWUN IPEACTABJIEHBI B
Tabmuue 2.3.

6
A ., 4

5 T

=H N
-’-i — S
3. @
2 E—
R

Pucynox 2.3 — CrpykrypHas cxema arperata Ha 0a3e MapoCTPyWHOTO Hacoca:

1 — Hacoc; 2 — noByIKa; 3 — TermIoBoi MaHOMeTp; 4, 8§ — PIEKTPOMArHUTHBIC KIlamna-
HBI; 5 — HarekaTellb, 6 — BXOJl B OTKauMBaeMblii 00BEKT;, 7 — arperatr Ha 0a3e Tia-
CTHHYATO-POTOPHOTO Hacoca; 9 — MOHM3AIMOHHBIN MaHOMeTp; 10 — arperar Ha 6ase
JBYXPOTOPHOTO Hacoca
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Pucynox 2.4 — CrpykTypHas cxema arperara Ha 0a3e MarHMTOPa3psIHOTO HACOCA:
1 — nHacoc; 2 — MarHUTHBIH MaHOMETpP; 3 — DJIEKTPOMEXaHUUYECKHH 3aTBOp; 4 —
HaTeKaTellb, 5 — BXOJl B OTKAYMBAEMBIM OOBEKT; 6 — 3JIECKTPOMArHUTHBINA KJlarnaH; 7
— arperar Ha 6a3e aJIcopOIIMOHHOI0 Hacoca; 8§ — TEIIOBOM MaHOMETP

Pucynok 2.5 — CtpykTypHas cxema arperara Ha 0a3e TypOOMOJIEKYIISIPHOTO Hacoca:
1 — macoc; 2 — MarHMTHBIM MaHOMETp; 3 — 3JIEKTPOMEXaHUYECKUH 3aTBOp; 4 —
HaTeKaTelb, 5 — BXOJl B OTKAYMBAaeMbIil 00BEKT; 6 — 00X0aHasg OTKadyka; 7 — dJeK-
TPOMarHUTHBIN KjanaH; 8§ — TEIUIOBOH MaHOMETp; 9 — arperar Ha 6a3e IJIacCTUHYa-
TO-POTOPHOI0 HAacoca



Pucynok 2.6 — CtpykTypHas cxema arperara Ha 0aze KpHOT€HHOTO Hacoca:
1 — kpuoreHHsll Hacoc; 2, 7 — HMOHU3AIMOHHBIE MAHOMETPHI; 3 — BXOJ B
OTKaYMBaE€MbIil 00BEKT; 4, 5 — SJEKTPOMArHUTHBIC KiIamaHbl, 6 — HaTeka-
TeJb; 8§ — JIOBYIIKA; 9 — TMJIaCTUHYATO-CTATOPHBIN HACOC

3
A-Sl-x N
4 — S

- _®‘“~~~9

3 A0
, —
{ — ‘r‘
Pucynok 2.7 — CtpykTypHasl cxema arperara Ha 0a3e MapOCTpPYHHOrO Hacoca:

1 — nacoc; 2 — 5oByIIKa; 3 — MOHHU3AIMOHHBIN MaHOMETp; 4, 8 —KJIaMaHbl; 5 —
HaTeKaTellb, 6 — BXOJl B OTKAYMBaeMbIi O0OBEKT, 7 — 0OXO/JHas OTKauka; 9 —
TerI0BoM MaHoMmeTp; 10 — arperar Ha 6a3e MIaCTUHYATO-POTOPHOTO HAcoca
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Tabnuma 2.2 — Pe3ynbTaThl IONApHBIX CPABHEHUH M JIOKAJIbHBIE IPHOPUTETHI TTOAIICIICH

Moauens 1 5 3 JlokaJbHbII

NPHOPUTET
[TpousBoauTenbHOCTH (1) 1 1/3 2 0,294
DKOHOMHYHOCTH (2) 3 1 2 0,529
be3onacHocTh (3) 1/2 1/2 1 0,177
ulc = 0,003 1,000

Tabnuma 2.3 — Pe3ynbTarhl MONapHbIX CPAaBHEHUHN U JIOKAJIbHBIE MPUOPUTETHI TAPaMETPOB MO OT-
HOIIEHUIO K nojuenu «[Ipon3BoauTebHOCTDY

Mapamerp 1 5 3 JlokanbHBIH

NPHOPUTET
D¢ddexTuBnas 6picTpoTa 0TKAUKH (1) 1 2 4 0,535
ITpenenvHoe paBaeHue (2) 1/2 1 3 0,344
Bpewmst 6e30Tka3HOM paboThl (3) 1/4 1/3 1 0,121
ulc =0,01 1,000

AHAJIOTUYHO OMPEACISIOTCS JTOKAIbHBIC MPUOPUTETHI OCTABIIUXCS TTapaMeT-
poB. ['mobanbHbIe IPUOPUTETHI TapaMeTpoB omnpeaesstores no dpopmyine (2.9). Tak,
u1st mapameTpa «OPdekTuBHas ObICTPOTa OTKAYKW» TJIOO0ATBHBIN MPUOPUTET HAXO-
JUTCA CIETYIOIUM 00pa3oM

Gm1=0,294-0,535 =0,157.

3HaueHUsl JIOKAJbHBIX W TJIOOAIBHBIX MPUOPUTETOB MApPaMETPOB CBEICHBI B

tabauy 2.4.

Tabnuna 2.4 — JlokasibHble U T7100aJbHBIE TPUOPUTETHI TAPAMETPOB

JIoKa/IbHBIA NPHOPUTET 110 OTHOLICHHUIO K MOALEeTH I'no6ann-
Mapamerp TpousBozu- Sxonomuunocth | Besomacmoern | oot MPHO

TeJbHOCTH puTer
OddexTuBHas 0,535 . - 0,157
OBICTPOTA OTKAYKH
[IpenenbHoOE naBie- 0,344 . . 0,101
HUE
Bpewmst 6e30Tka3HOM 0,121 . . 0,036
paboThHI
Macca — 0,333 — 0,176
I"abaputhl — 0,667 — 0,353
OOpatHbIif TOTOK . . 1 0,177
KHIKOCTH

[Tocne onpenenenus rao0aIbHBIX TPHOPUTETOB BCEX MAPAMETPOB MEPEXOMIST
K OTNpEAENCHUIO JTOKAIBHBIX MPUOPUTETOB KAHAMIATOB MO OTHOIICHUIO K KKIOMY
U3 MapaMeTpoB. DKCIepTaM HEOOXOAUMO OTBETUTh Ha MOJI00HbBIE BOMpockl: «Kakoi
U3 Tapbl CPAaBHUBAEMBIX KaHIWIATOB HAMIYyULIMM 00pa3oM OTBEYaeT TPeOOBaHUAM
6e3omacHoctu?» B Tabmune 2.5 mpuBedeHbl MPUMEPHI MOMAPHBIX CPaBHEHHM AJis
KaHIUAATOB MO0 OTHOUICHHIO K apaMeTpy « ¢ deKTuBHAsS OBICTPOTA OTKAUKID.
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Tabnuma 2.5 — Pe3ynpTaThl MONapHBIX CPABHEHHUH U JIOKAIbHBIC TPUOPUTETH KAHAUIATOB IO OT-
HOIICHUIO K MapamMeTpy « P PeKTuBHas OBICTPOTA OTKAYKN»

Ne kanaugaTa 1 2 3 4 5 ‘3;::3;;[::ﬁ
Kannunmar 1 1 4 1 3 2 0,306
Kangunar 2 1/4 1 1/5 1/2 1/3 0,063
Kannunar 3 1 5 1 3 2 0,334
Kanmupnar 4 1/3 2 1/3 1 1 0,130
Kanmupnar 5 1/2 3 1/2 1 1 0,167

ulc = 0,09 1,000

AHaJIOTUYHO ONPENEIAIOTCS JOKAIbHBIE IPUOPUTETHI KAHIUIATOB 10 OTHO-
LIEHUIO K OCTaBIIHMMCS ITapaMeTpaM.

Jns onpeneneHuss riaoOalbHBIX HPHOPUTETOB BOCIHOJIb3yeMCS (OpMyIOn
(2.10). 3HaueHns JOKANbHBIX M II00aJbHBIX MPUOPUTETOB KAHIUAATOB CBEICHBI B
Tabnuity 2.0.

Tabnuma 2.6 — JlokanbHbIe ¥ r7100aIbHBIE IPHUOPUTETHI KAaHIUIATOB

JlokajJbHble IPHOPHTETHI KAHAHIATOB M0 OTHOIIEHHIO K MapaMeTpaM
Ne kanamu- | Dd¢exrunas | IIpexeannoe Bpems 6e§ ) Obparnb1i Fn? oas-
1aTa BHICTPOTA 0T- [ — OTKngHOI/I B(/)IzlcYCGa Faga:ggu MOTOK HBIA NPHO-

kauku (0,157) (0,101) 12810032131 (0.176) (0353) m?éll ]1“7)%"[ purer
Kananaar 1 0,306 0,185 0,276 0,201 0,212 0,071 0,199
Kanpuaar 2 0,063 0,271 0,202 0,249 0,240 0,187 0,206
Kanaupar 3 0,334 0,207 0,066 0,161 0,171 0,294 0,217
Kangupar 4 0,130 0,060 0,175 0,274 0,276 0,139 0,203
Kangupar 5 0,167 0,277 0,281 0,115 0,101 0,309 0,175

Jns xkanauaata 1, Hanpumep, 3HaYeHUE rI100aIbHOTO MPUOPUTETA ONpEISs-
eTcsl KaK

Gk =0,306-0,157 +0,185-0,101+0,276- 0,036 + 0,201- 0,176 + 0,212- 0,353+ 0,071- 0,177 = 0,199.

HaunGonpimuM 3HaueHuEeM TI00AIBLHOIO MpUOpHUTETa oOJiaaeT KaHauaar 3
(pucyHok 2.5). DT0 03HaYaeT, YTO HAMIYYIIUM BBICOKOBAKYYMHBIM arperaTtom, K Ko-
TOPOMY MPEABSBISIIOTCA TPEOOBaHUS MOBBINIEHHOW MPOU3BOJUTEIBHOCTH, SKOHO-
MUYHOCTH 1 0€30T1aCHOCTH SIBJISIETCS arperaT Ha 6a3e TypOOMOJIEKYJISIPHOTO Hacoca.

HoctonnctBo MAU 3akitodaercs B TOM, YTO Beca KPUTEPHEB U CyOBEKTHB-
HbIE OLICHKM HA3HAYaIOTCS AKCIEPTaMU HE MPSAMO, a HA OCHOBE MOMApPHBIX CpaBHeE-
Hui. Takke, yAIOOHBIM W WHTYUTHUBHO TIOHSITHBIM SIBJISIETCS MEpPApXUUYECKOE MpeE/I-
cTaBliecHHe KputepueB. OIHAKO HEKOTOPYIO CIIOKHOCTh MOJKET BBI3BaTh IOHSATHE
«mpeBocxojictBa B N pasy, ucnosibzyemoe npu NonapHOM CPAaBHEHUHU.
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Memoo yceuenusa MaKCumaibHo2co Haﬁopa Jjiemernmoe

Peanuzanus MeTtoga yceueHrss MakKCUMalIbHOTO Ha0Opa 3JIEMEHTOB 3aKItoya-
€TCSl B IOCJIEIOBATEIbHOM HMCKJIIOYEHUU 3JIEMEHTOB U3 0000IIEHHOW M30BITOYHOM
CTpYKTYpbl. Takoil moaxoa yio0eH B Te€X OTpacisX, II€ ISl CTPYKTYp MPOEKTUPYe-
MBIX OOBEKTOB CBONCTBEHHO NPUCYTCTBHE OOJBIIOrO uMcia OOLIUX 3IIEMEHTOB.
OO6o01meHHast CTPYKTypa MPEACTABISIET COOOM COBOKYITHOCTh OMHCAHHWKN OOJBIIIOTO
qHCiIa CTPYKTYp 0€3 TyOIupoBaHuUs OJMHAKOBBIX (PparMEeHTOB. ITO ONMMCAHKUE 3HAYH-
TeIbHO 00JIee KOMIAKTHO, YeM MPOCTOE O0BEAMHEHNE OMMCAHUI OTAETbHBIX CTPYK-
Typ. OOOOIIEHHYIO CTPYKTYPY HEOOXOAUMO CO31aTh, MPEABAPUTEILHO MTPOaHATU3H-
POBaB CYIIECTBYIOIIHUE PEIICHUSI U OO0OIIMB UMEIOIIUICS UHKEHEPHBIA OMBIT MPO-
EKTUPOBaHUS B KOHKPETHOM npeameTHoN o0nactu. Co BpeMeHeM Takas 000011eHHas
CTPYKTypa OOBEKTOB MOKET JOMOJHATHCS HOBBIMU 3jieMeHTamMu. CHHTE3 JOIyCTH-
MBIX PELIEHUH, COrJIACHO HUJCOJIOTUU METOJa YCEUECHMs, 3aKII04aeTCs B MOCJIE0Ba-
TEJILHOM CPaBHEHUHU YCJIOBHI KOHKpeTHOro T3 ¢ yciaoBUSIMH (PYHKIIMOHUPOBAHMS
Ka)XI0ro 3jieMeHTa 00001IeHHOW CTpyKTyphl. Ilo pe3ynbraraM Takoro CpaBHEHHUs
INPUHUMAETCS PEIICHUE O COXPAaHEHMM WJIM HCKIIIOUEHUH DJIEMEHTAa U3 CHUHTE3Upye-
Mo# cTpykTyphl. Jlyumee TP u3 crnucka TOMyCTUMBIX OTOMpaeTcs Mo pe3ylbraTaM
OILICHKH Ha OCHOBAaHUU CO3/IaHHOM 3apaHee MOJIEIH OIICHKH TEXHUYECKUX PEIICHH.

Cpenu cpenctB onucanusi 000OIIEHHBIX CTPYKTYp HauOosee pacrpocTpaHe-
Hbl MOp(OJOruUYecKre TadJIULIbl, OPUEHTUPOBAHHBIE Tpadbl U ABYNOJIbHBIE (AJIBTEP-
HaTuBHbIE) rpadbl — WU-NJIN nepesbs.

Mopdonornyeckast Tabnuua npeactaBisger co0ol 0000LIEHHYIO CTPYKTYpY,
COJIEPIKaIyl0 MHOXKECTBO (DYHKIIMH, KOHCTPYKTHUBHBIX DJIEMEHTOB W TPU3HAKOB,
IPUCYIINX 00BEKTaM paccMaTpUBaEMOro Kijacca, U Coco0oB ux peanuzauuu. Kax-
70 (PYHKIIMM WM KOHCTPYKTHBHOMY JIEMEHTY COOTBETCTBYET OJIHA CTPOKa TalJu-
IIbI, KQXJOMY CIIOCO0Yy €€ peaiau3allid — OJIHA sSYeiika B ATOM cTpoke. /[aHHBIX O
croco0ax CHHTE3a HEMOCPEICTBEHHO Tabnuila He colepkuT. B tabnwuie 2.7 npuse-
JIeH puMep MOP(hOTOTHYECKON TaOMHIIbI I PEIICHUS 3a/1a4yi CHHTE3a PalliOHaIb-
HBIX KOMITOHOBOYHBIX BAPHAHTOB BUOPO3ALIUTHBIX chcTeM [1].

Tabnuua 2.7 — Mopdonoruueckas Tadnuua

IIpusHak 3HayeHHe NpU3HaAKa
k1l- kl1- K12- k13- kl4-
YIPYTHUH DJIEMEHT | TOPCHOHHBII ITHEBMATUYECKUN | IPYKUHHBIN TUAPABIMYECKUI
K2- K21- K22- K23-
HaIpaBJISIOMINNA napajuiejorpaMmMm | THMa «HOXXHHUIBD | MOCTyHnaTeabHas
MEXaHHU3M
K3- K31- K32- TUHaAM. K33- Kk34- nuHaM.
WHEPIIMOHHBIN JTMHAMUYECKU I MasITHUKOBBII WHEPIL. 3JIEMEHT | BpallaTeJIbHbIN
JJIEMEHT (ocumsuIATOp) KOPPEKTOp OTCYTCTBYET KOPPEKTOP
K4- k41- K42- k43-
neMiupyroumn TUAPABIMYECKUN | (PPUKIIMOHHBIN neMmri. aJemMeHT
JJIEMEHT OTCYTCTBYET
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JIroOyro Mopdonornyeckyro TadauIly MOXHO MpeactaBuTh B Bujae W-WJIN
nepesa (pucyHok 2.8). BepimHamu Takoro jepeBa sSBJSIOTCS CTPYKTYPHBIC dJIEMEH-
Thl (B 3aBUCUMOCTH OT YPOBHS JI€TaJU3allMM 3TO MOTYT OBITh OTIEIbHBIE MOIYIH,
y37bl WK Jetanu) u npusHakoBbie M-MJIN Bepmmnbl. KopHeBas BepiinHa y Takoro
JepeBa OJHA.

N-NJIN nepeBo — yAOOHBIM W MHTYUTHUBHO MOHSITHBIA MPOEKTUPOBIIUKY
cnoco0 mpejacTaBieHuss MHOkecTBa TP u BbIOOpa HAa HEM 3JIEMEHTOB, OTBEYAIOIIMX
TpeboBarmsaM T3. AnropuTMu3anus CTpyKTypHOTo cuHTe3a Ha O6asze M-NUJIU nepess-
eB TpeOyeT BBEJCHHs MpPaBUJ BHIOOpa alibTepHATUB B Kaxkaou Bepiuae WMJIN. Otu
MpaBHJia Yallle BCET0 MMEIOT BPUCTHUECKHUM XapaKTep, CBSA3aHBI C TPEOOBAHUAMU
T3, MOTyT OTpa)xaTh 3alpeThl HA COYETaHUs ONPEACICHHBIX KOMIIOHEHTOB CTPYKTYP.

CymiecTByeT HECKOJIBKO CIOCOO0B MOCTPOCHHSI OOOOIIEHHOW CTPYKTYpPHI B
Bune M-NJIN nepea: myTeM MOCIENOBATEIBHOTO MPUCOEIUHEHHS aIbTEPHATUBHBIX
AJIEMEHTOB M TMPHU3HAKOB, CBOMCTBEHHBIX OTACHbHBIM TP; 00benuHeHus 1epeBbeB,
ONMUCHIBAIOIINX OTHENbHbIE TP; MOCTpOEHUs OTIENbHBIX JE€PEBbEB BHYTPHU MOJAMHO-
»kecTB TP, a 3aTeM nx 00ObeIMHEHHUSL.

CuHTE3 TEXHHUYECKUX 00BEKTOB ¢ ucnojb3oBanuem U-WJIM nepeBbeB peko-
MEHJIyeTCsI UCIOJIb30BaTh JUIsI TEXHUYECKUX CHUCTEM, OTIMYAIOIIMUXCS CJIa00M KOH-
CTPYKTHBHOM CBA3HOCTBIO 3JIEMEHTOB (MMEIOIIMX He Oosiee TpeX (PYHKIIMOHAIBHBIX
CBSI3CH ¢ APYyruMH diieMeHTamu) [12].

OpuenTtupoBaHHblil rpad (pUCyHOK 2.9) COCTOMT U3 y3J0B, KOTOPBIM COOT-
BETCTBYIOT BapUAHThI AJIEMEHTHOU 0a3bl U HANPABIEHHBIX peOep — BO3MOXKHBIX CO-
€AMHEHUI 3JIEMEHTOB MATEpUAJIbHBIMHU CBS3SIMU. 3ajaya CTPYKTYPHOTO CHHTE3a
BKJIFOYAET BbIJIEJIEHUE Ha rpad)e MHOKECTBA BOBMOXHBIX IyTEH ¢ Y4ETOM KayeCTBEH-
HOH W KOJMYECTBEHHOHW COBMECTUMOCTH 3aJCHCTBOBAHHBIX JJIEMEHTOB. BBIOOp
Hawtydriero Bapuanta TP (myTh Ha rpade cpeiu BbIICICHHBIX) BBIIOIHICTCS IO
KPUTEPUI0O MUHUMYMA 11€JIeBON (DYHKIIUU MTPOCKTUPOBAHHUS.

Pucynok 2.8 — 1-UJIN nepeso Pucynok 2.9 — OpueHntupoBaHHbIH rpad

Cunmes cmpyKkmypHoil 6aKyyMHOIU CXeMbl MEMOOOM ycedeHUs

Meton ycedenus B3AT 3a OCHOBY mpu (popmupoBanuu bJl skcnepTHOU CH-
crembl (DC) MPOEKTUPOBaHMS CTPYKTYPHBIX BakyyMHbIX cxem [17]. CuHTe3 ocy-
IIECTBJISETCS MOCTENIEHHBIM HCKITFOYCHUEM 3JIEMEHTOB U3 0000IICHHONW N30BITOYHOM
CTPYKTYpBI BAKYYMHBIX arperatoB (pucyHok 2.10).
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Pucynok 2.10 — DneMeHThI TUIIOBOM BaKyyMHOM CXEMBI:
X11...Xn6 — DJIEMEHTHI IPOTOYHOM YACTH;
Y11...Yn3 — BCIIOMOTaTEIbHBIE 3JIEMEHTHI

JInis PUHSTHS PEHICHUH O COXPAaHEHUM W (MJIM) MCKIIOYCHHUHU DJIEMEHTa U3
THUMOBOM CXeMbl Mcnosb3ytoTcs npasuna Buga «ECIIM-TO», cocrasmstommue b/I.
®aktamu B B[ sBasit0TCS TpeOOBaHUSI, KOTOPHIEC MPEIBIBISIOTCS K IPOCKTUPYEMOMY
arperatry ((hakTUYeCKu 3TO TEXHUUYECKOE 3a/IaHue Ha MpoekTupoBaHue). Crucok Tpe-
OoBaHMi TpeacTaBiieH B Tadymie 2.8.

Hanuurie KOHKpeTHBhIX TpeOOBaHUM IMOBJEYET 3a cO0O0U ompeneneHHble ei-
CTBUSA TpU NPOEKTUPOBAHUU CTPYKTYphI, KOTOpbIE OTpakeHbl B mpaBuiax bJl.
Hanpumep, Hanuumne TpeOoBanus dip MPUBOAUT K HEOOXOIUMOCTH HCIIOIH30BAHUS
0e3MacCIISIHBIX CPE/ICTB OTKAUKHU.

3HaHUA B DKCIIEPTHOM CHCTEME MPEACTABIECHBI B BUJE NPOAYKIMOHHBIX Mpa-
BUJI, KOTOpbIE Pa30UTHl HA OJIOKU, YTO MO3BOJSET HECKOJIBKO YIPOCTUTh MEXaHU3M
BbiBos1a. Conepxkumoe B/l u pe3ynbTarhl BHIIOJHEHUS OTACIbHBIX OJIOKOB MpUBEE-
HBI B Tabmure 2.9.

Hanpumep, 6;10k BbIOOpa Hacoca AJisi CBEpXBbICOKOBAKYyMHON BETBH, IOMU-
MO IIPOYHX, COAECPIKUT CIEIYIOLIEE MPABUIIO

ecid d; Ad; Adg Adg Ady, TO X, = X3 =X =X =Y, =0,
X14 — MarHUTOPA3PSAHBIN HACOC.
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Ta6nuna 2.8 — daxrte! B/]

Oo6o3Hauyenue Coaepixanue
ds CBepxBBICOKUI BaKyyM
do Beicokuii Bakyym
ds Cpennuii BaKkyym
ds Husknii Bakyym
ds YMEHBIUTb BpEMsI OTKAYKU
de CrabuinbHas ra3opas Harpys3ka
d7 Xopolast OTKauka rejaus
ds Xopolast OTKauKka HeoHa
do Xopomiast OTKauka BOAOpoaa
dio OtcyTcTBHE TAPOB Maciia
dis CHuXeHue KalnuTalbHBIX 3aTpaT
dio CHuXeHue 3KCITyaTallMOHHbIX 3aTpaT
dis [TpuMeHeHue XIalareHToB
dis YBenuueHne Haie)KHOCTU
dis YBenuueHue npou3BOIUTEIbHOCTH

Ta6muma 2.9 — CoctaB b/

Homep
Conepxxanue Pe3yabTaThl BHINOJIHEHHSA
0Ji0Ka
[TpaBwiia, ompeneNsronne KOJUISCTBO BETBEH
1 BaKyyMHOT'O arperara B 3aBUCUMOCTH OT crterne- | KonnuecTBo BeTBel BaKyyMHOTO
HU BaKyyMma, TIOCTOSHCTBA Ta30BOW HArpy3KH, | arperara
OTpaHUYEHUH MO BPEMEHH OTKAYKU
2 12 [TpaBmia BHIOOpA AJIIEMEHTHOTO COCTaBa BaKy- | DJIEMEHTHI BAKYYMHOTO arperara
YMHOT'O arperara
13 [TpaBusia BeIOOpa cnocoba moakmtoueHus: BeT- | Cocod MOAKIIOYEHHs] BETBEM K
Bell K OTKAUMBAEMOMY OOBEKTY OTKa4YMBAaEMOMY OOBEKTY
CBelieHHS O TOM, €CTh JIH HE00XO-
14 brok o6mux mpaBui JTUMOCTh JTyOJIUPOBAHUS OTIEIb-

HBIX BETBEU U T. II.

[Ipumep cuHTE3a CTPYKTYpPHOM CXEMbl BaKyyMHOT'O arperara mpu IMOMOIIU
AKCIIEPTHOM CHUCTEMBI MPEACTaBICH Ha pucyHke 2.11. Arperar ygoBIeTBOpseT cie-
TYIOITAM TpeOOBaHUSIM

d, rd, ad, ad, Ad, Adg Ad, Adg Adg Ady, Ad, Ad, Ady Ad, Ady .
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Pucynok 2.11 — Cxema BakyyMHasi CTpYKTypHasi, TOJy4YeHHAs METOI0M
yceyeHMs TUIIOBOTO oOpasza

Memoo napawgueanus cmpyKkmypol

Meton HapamuBanus (0OoraiieHus) CTPYKTypbl OTHOCUTCS K T'PYIIIE METO-
JI0B TIOCJIE0BATENBHOIO cuHTe3a. CyTh METO/A 3aKJIIOUAETCsl B ITOCTEIIEHHOM Hapa-
IIMBAaHUU CTPYKTYPhI C OLIEHKOW MPOMEKYTOUYHBIX YaCTHUYHBIX perieHuil. Hapamiu-
BAaHME BBITIOJIHSETCS MMyTeM J00aBIEHUS B MPEAbIAYIIYIO YaCTUYHYIO CTPYKTYpPY HO-
BbIX 3JeMeHTOB. [[puMepoM Takoro aaropuTMa MOXKET CIYXHUTh aJTOPUTM KOMIIO-
HOBKH U pa3MelleHus: 000py10BaHUsI.

B0O3MOXHOCTP BBINOJHEHUSI OLICHKU MPOMEXYTOUYHBIX CTPYKTYp SIBIIAETCA
HEOOXOJUMBIM YCJIOBHEM peali3allMi JAaHHOTO MOJXOAa. 3a4acTylo TakoM MOAXon
MO3BOJISIET MOJYYUTh aJrOPUTMbI CHHTE3a, SKOHOMHUYHBIE 10 3aTpaTaM MAaIlMHHOIO
BpeMeHU. OJIHAKO OHM OKa3bIBAIOTCS MEHEE TOYHBIMU B CMBICIE MOJIYYEHUS
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HAWJIY4IIero BapuaHTa CTPYKTYPHI MO CPAaBHEHMIO C alropurMamu mnepebdopa. 1o
CBA3aHO C CYOBEKTUBHOCTBHIO W MPHUOJIM3UTEIBHOCTHIO OIIEHKH IMPOMEKYTOUHBIX

ctpyktyp [10].
2.1.3 ITapameTpuYecKuil CHHTE3

Ilapamempuueckuti cunmes peniaeT 3ajady OINpPENEICHHs] YUCIIOBBIX 3Hade-
HUI NTapaMEeTPOB TEXHUYECKOr0 OOBEKTa B LEJIOM, & TAKKE OTIAEIbHBIX €ro AJIEMEH-
TOB MPH 33JJaHHOM CTPYKType U yCIOBUAX paboTocrnocoOHOCTH. Takum oOpas3om, mna-
paMETPUYECKOMY CUHTE3Y MPEIUIECTBYET 3TAll CTPYKTYPHOIO CUHTE3A, PE3YJIbTATOM
BBITIOJTHEHHSI KOTOPOTO SIBIISIIOTCA KOHCTPYKTHBHBIC pelIeHHs] 0e3 yKa3aHHs YHCIIO-
BBIX IIapaMETPOB 3JIEMEHTOB. [IpuMepoM mapameTpHyecKoro CHHTE3a MOXKET CIIy-
KUTb OIPEJICIICHNE TEOMETPUUECKUX Pa3MEPOB JieTaell COOPOYHON eUHUIIBI.

[TapameTpuueckuii CUHTE3 MOKET OBITh BBINOJHEH YEJIOBEKOM B HMHTEPAK-
THBHOM PEXHUME, U TOTJAa OH CBOAMUTCS K MHOIOBapUAHTHOMY aHAJIN3Y, WJIA PEaIn30-
BaH B aBTOMAaTUYECKOM pexHuMe Ha 0a3e GopMaibHBIX METO/I0B ONITHMU3ALINH.

3ajaya ONTUMAIBHOTO MPOEKTUPOBAHUS COCTOUT B OTBICKAHUM HAWUITY4LIETO
3HaueHus 1eneBoil ¢pyHkuuu F(X) (MakCMMaabHOTO WM MHUHUMAIBHOTO B 3aBHCHU-
MOCTH OT BHJIa [TapaMEeTPOB MPOEKTUPOBAHUS) B MPOCTPAHCTBE YIPABISIEMBIX Napa-
METpOB X TEXHHUYECKOTO0 OOBEKTa IMPH 3aJaHHBIX (YHKIUAX-OrpaHudeHusX ¢(X),
y(X) [10]

extr F(X),

XEDX

Dy, ={X [(X)>0,y(X) =0}. (2.11)
Kak mpaBuiio, mpoeKTUpyeMblii 0OBEKT UMEET HECKOJIBbKO BBIXOAHBIX Mapa-
METPOB, KaXJbI M3 KOTOPHIX MOXKET BBICTYyNaThb KPUTEPUEM ONTUMAIBHOCTH, T. €.
3a/1aya SIBJIIETCS MHOTOKPUTEPUANIbHOM, B TO BpeMs Kak B (2.11) neneBas ¢yHKuus
oxHa. B aToM ciyyae HE0OXOOUMO MHOTOKPUTEPHAIBHYIO 3a7ady CBOJIUTH K OJHO-
KpUTEpUaNbHOU. JlOCTUTaeTCsl 3TO MyTEM BBEIEHUS aJJAUTUBHBIX, MYJbTUININKATHB-
HBIX WJIK MUHUMAKCHBIX (MAKCUMUHHBIX) HEJIEBBIX (QYHKIHI.
AnnuTvBHaA LeneBas QyHKIMS UMEET BUJ

n
F(X)= > fi(X), (2.12)
=1
rae fi(X), i=1...n — N ckansapHBIX 1eNeBbIX QYHKIMA BRIXOAHBIX MapaMeTpoB. OnHa-
KO TIPUMEHECHUE aJUTHBHON (QYHKIUU TpeOyeT BhIPAXKATh BCE JOKAIBHBIC ICJICBHIC
(GYHKIMY B OJTMHAKOBBIX CAMHHUIIAX U3MEPCHHUS. B IPOTHBHOM Cllyyae MX MPUBOMIST K
0e3pa3MepHOMY BUJIY, MOJICIIMB HA CUHUILY COOTBETCTBYIOIIECTO MacmiTaba, B Kade-
CTBE KOTOPOIi, HapHMEP, MOKHO BHIOPATh PAa3HOCTh MEXKAY MakcuManbHbM fi'! u
MUHUMAITBHBIM fi" 3HAUCHHUSIMH TIeTIeBON (DYHKITUH
n m
Fo0- 3 0=
() — £7(X)

- (2.13)
i=1
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HCOI[I/IHaKOBaH CTCIICHb BA)KHOCTH OTACJIBHBIX I1apaMCTPOB KOMIICHCHUPYCTCA
BBCIACHHCM BCCOBBIX KOB(b(bI/IHI/IGHTOB Qi

n
F(X)= 2 o, fi(X), (2.14)
=1
XOTS U30€KaTh CYOBEKTUBHOCTH B OIICHKAX TaKUX KOA(P(GUIIUECHTOB HE yIaeTCA.

[Tpu ucnonp30BaHUM AJAUTUBHOMN LEJIeBOW (YHKIIMM BO3MOXKHA B3aWMHas
KOMIICHCAIIHs YaCTHBIX IEJIEBBIX (DYHKIUH, T. €. CIUIIKOM HU3KOE 3HAUEHHUE OJJHOTO
napameTpa (BILIOTh JO HYJIS) MOXKET OBITh KOMIICHCUPOBAHO YBEIHMYECHUEM JPYroro
napametpa. s ocaabaeHust 3TOro HEAOCTaTKa BBOJSAT OTPAaHUYCHHUS HA MUHUMAJb-
HbIC 3HAUCHMSI YaCTHBIX LIENIEBBIX (PYHKIIUN U UX BECOBBIX KOIPPUIIUECHTOB.

MynpTHUIUIMKaTUBHAS LieTeBast GYHKIUSA UMEET TE K€ HEAOCTATKU

n
F(X) = []f.(X). (2.15)
i=1
JIOCTOMHCTBOM MYJbTUIUIMKATUBHON LENE€BOM (PYHKIUU SIBISETCA TO, YTO
IIpU €€ MCIOJb30BaHUM HE TpeOyeTcsi HOPMHUPOBKA YaCTHBIX LIeNEBbIX (yHKIU. B
Clly4ae HEpaBHOLIEHHOCTH YaCTHBIX LEJEBBIX (DYHKIMI TaK)Ke BBOASITCS BECOBBIE KO-
3¢ PULMEHTBI Wi, 1 MyJIbTUIUIMKATUBHAS 1lesieBas QyHKUIUS IPUHUMAET BUJT

n
F(X)= [T (x). (2.16)
=1
CyObEeKTUBHOCTD CYXKJICHUN MO-TIPEKHEMY OCTAETCSI HEIOCTATKOM.

B ocHoBe MMHMMakcHOW (MaKCUMHHHOM) IeNIeBOM (YHKIIMM JICKUT HUIEs
PaBHOMEPHOCTH. [[pMHIIMIT MaKCUMUHA 3aKJIIOYAETCS B TAKOM M3MEHECHUMW 3HAYEHUU
napamMeTpoB MPOEKTUPOBaHUS X, TPH KOTOPOM TOCJIEA0BATEILHO YBEIMYUBAIOTCS TE
HOPMHPOBAHHBIE YACTHBIC II€JIeBbie (PYHKIIMU, 3HAYCHUS KOTOPBIX B MCXOIHOM pe-
IICHUM OKA3aJIUCh HAUMEHBIIMMU. BClencTBrue 3TOro «yJay4dlIeHHs» YaCTHBIX Lelie-
BbIX (PYHKIMN HEU30€KHO MPOUCXOJIUT CHUIXKEHHE 3HAUYCHUN YacCTHU OCTaJIbHBIX
YaCTHBIX MeNeBbIX (QyHkiui. [IpuHumMn makcumuHa (QOPMYIUPYETCS CIIETYIOIIUM
00pa3oM: HYKHO BEIOpaTh Takoe X’ X, B KOTOPOM pean3yeTcs MaKCUMyM U3 MUHH-
MaJbHBIX 3HAUEHUI YaCTHBIX IEJeBbIX (DYHKIIHA, T. €.

F(x°) =maxmin(Z; (X)), (2.17)

rae Zi(X) ecth (yHKIHS, ONpEACIsIonias paboToCIOCOOHOCTh M0 TOMY MM UHOMY
BUJY (3JIEMEHTY) (DYHKIIMOHUPOBAHUS.
[IpumMepoM MakCUMUHHOM MOCTAHOBKH SIBISIETCS TPOEKTUPOBAaHUE ¢ obecrie-
YEeHHEM MaKCUMaJbHOTO 3HAYeHUs pecypca padoThl HauboJiee c1adoro AIeMeHTa.
Ecnu yacTHBIE KpuTepuu cieayeT MHUHHUMH3UPOBATH, TO CaMBbIM «CIaOBIMY)
KpUTEpUEM SIBIISIETCS TOT, KOTOPBIA MPUHUMAET MaKCHUMallbHOE 3HaueHue. Torma
NPUHLIUI (GOPMYIHUPYETCS B BUJIE MUHUMAKCHOW 3a/1a4uu

F(x°) = min max ( f; (X)). (2.18)

Br160p Buza 1ieneBoit GyHKIIMH OCYIIECTBISIETCS IPOESKTUPOBIIUKOM.
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2.2 'eoMmeTpHUYeCcKOe MOAEJTUPOBAHUE
2.2.1 Buabl reoMeTpuUYeCKUX MoeJiei

[IpakThueckn Ha BceX 3Tamax KU3HEHHOTO IMKIIAa TEXHUYECKOTO O0BEKTa
paznuuHbie nporpammubie Moayinu CAIIP ucnone3yroT rpaduueckue n3o0paxe-
HUSI — YEPTEeKHU WM TPEXMEPHBIE MOJIENIA, KOTOPBIE C OMpPEACICHHOM CTEMEHbIO
TOYHOCTH OTHCBIBAIOT TeOMETpUIecKyto hopmy oObekTa. Hayka, n3ydaromias mate-
MAaTHYE€CKHUE METOJbl OMMCAHUS T€OMETPUUECKUX CBOMCTB peaIbHBIX MU BOOOpaXka-
E€MBIX OOBEKTOB, HA3BIBACTCS 2eomempuueckoe mooenuposanue. Pa3zpabatpiBas
CBOU COOCTBEHHBIE METO/Ibl, TEOMETPUUYECKOE MOJICIIMPOBAHUE ONUPACTCA HA BHIUKC-
JUTENBHYIO MaTeMaTUKy, aHAIUTHYCCKYI0 © auddepeHImanpbHyl0 TeoMeT-
puro [3, 15].

TI'eomempuueckaa mooenv conepxut uHbopmalumw o hopmMe 00bEKTa M O
CBS3SIX MEXKIY OTJEIbHBIMH AJIEMEHTaMH 00bekTa. B 3aBucuMocTH OT THIA, TEOMET-
pryecKasi MOJIENIb MOKET COAEPKATh TAKXKE CBEICHUS O MOCIEI0BATEILHOCTU U CIIO-
co0ax MOJIeTUPOBaHUSI.

B CAIIP reomerpudeckue MOJEIHM HCHOIB3YIOT MPU PEUICHUU MHOMKECTBA
3a/lau: BU3YyaIM3allid IPOEKTUPYEMOT0 00bEKTa, pacueTa MHEPIIMOHHBIX XapaKTepu-
CTUK, KHHEMATHYECKOTO U JAPYTHX BHUJIOB aHAN3a, PA3IMIHBIX aCIEKTOB KOHCTPYK-
TOPCKOM Y TEXHOJOTMYECKOM MOATOTOBKHU TPOU3BOICTBA.

KomnbloTepHbie TEOMETPUYECKUE MOJIEIU, UCTOJIb3yeMbIE B MAITUHOCTPOU-
tenbHbIX CAIIP, paznenstor Ha ABe rpymnmbl (pUCyHOK 2.12): mimockue (IByMEpHBbIE,
wi 2D, ot anrmmiickoro cioBa dimension — m3MepeHue) U 00bEMHBIC (TpexMep-
Heie, wim 3D).

Pucynok 2.12 — Buibl reomerpudeckux Mojeneii: a) 2D-momens; 6) 3D-monens

OcHOBHO 00J1aCTHIO IPUMEHEHUS ABYMEPHON TpadUKu SBIISICTCS] aBTOMATHU-
3UpoBaHHasi pa3paboTKa YepTexkel U APYruxX BUIOB KOHCTPYKTOPCKOW JTOKyMEHTa-
uu B MamHocTpouTesibHbIX CAIIP, cxem medaTHbIX IUIaT U 3JIEKTPUYECKUX CXEM B
CAIIP 351eKTpOHHOM NPOMBILIIJIEHHOCTH U YEPTEXKENW MHOKECTBA IPYTHMX PAa3HOBUI-
HOCTEM.

B pa3sutsix mammnoctpoutenbHbix CAIIP ucnonb3yrorcs oba Buga moje-
ne. Ilpy 3ToM KOHCTpyUpPOBAaHUE U3JEIIMM HAUMHACTCS, KaK [PaBUJIO, C IOCTPOCHUS
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TPEXMEPHBIX MOJIeJICH, Ha OCHOBE KOTOPHIX B MHTECPAKTUBHOM pPEXUME POPMHUPYIOT-
Cs YEPTSHKHM C JIBYMEPHBIMH IPOCKIIUSIMH, IIPOBOJATCS Pa3IMYHBIC BHJIBI aHAIN3a
(TETIOBOM, MPOYHOCTHOW MW T. II.), TCHEPHPYIOTCS MPOrpaMMbl T 00paOOTKH Ha
crankax ¢ YIIV.

['eoMeTpuyeckas MOJCHb, ONMUCHIBarOMas (GopMy peaabHO CYIICCTBYIOIICTO
WM BUPTYAIBHOTO 0OBEKTA, COCTOUT U3 OTMEIHHBIX JJIEMEHTOB — T'€OMETPUICCKUX
00BEKTOB. B reomeTpruecknx MOJEsIX UCIOIB3YIOTCS CIASAYIOMNUE BUIBI T€OMETPH-
YeCKHX OOBEKTOB:

— 0gymMepHble O0BEKTHI (TOUKH, TPSIMBIC, OTPE3KH MPSAMBIX, OKPYKHOCTH H
WX IYTH, PA3JINIHBIC TTIOCKWE KPUBBIC U KOHTYPHI);

— mpexmepHule OOBEKTHI:

— NPOCMPAHCMBEHHbIE KPUBbLE;

— noeepxnocmu (TUIOCKOCTH, TIOBEPXHOCTH, IMPECTABICHHBIE CEMEHCTBOM
00pa3yroIux, TOBEPXHOCTH JIBHKEHUS, KPUBOJIMHEHHBIC TTIOBEPXHOCTH);

— o00vemHble npumumuesl (apajuICIICIUICAbl, TPU3MBI, TUPAMHUIbI, KOHY-
Chl, POM3BOJILHBIC MHOTOIPAHHUKH ).

2.2.2 MoaeJmpoBaHue KPUBbIX
Ananumuueckue Kpuevte

Bce nuHuM, ydacTByromye B MOCTPOCHUHM T'€OMETPUYECKUX MOJEINIEH, Ha3bl-
BAIOT «KpUBBIMIW». K 21emenmaprvim KpUBBIM OTHOCAT OTPE3KH MPSIMBIX, OKPY/KHO-
cTel, Oyr u np. Kpusele, onucbIBaeMbIE B HEKOTOPOU JIOKAJIBHOW CHCTEME KOOPAUHAT
AQHAJIUTUYECKUMHU (PYHKLUMSIMH, Ha3bIBAIOTCA AHAIUMUYECKUMU. AHAIUTHYECKas
KpUBasi MOXKET ObIThb MpEJCTaBlI€HAa B MapaMETPUUECKON WM HemapaMeTpUdecKou
dopme (pucynok 2.13).

Y Y

b
t X
y »
\ a b X
— Y >
y = ax+h X =a cos(t)
0<1<2xm
y = b sin(t)
a) 6)

Pucynok 2.13 — Cnioco0b! MOAETTHPOBaHUS KPUBBIX: ) HEMapaMeTPUIECKUH;
0) mapaMeTpU4eCKui
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KoopauHaThl TOYEK IUIOCKON Henapamempuueckoil Kpueoul TpeiCTaBICHBI
dbyHKIIMEH BUIA
y = f(x).

KoopauHaTel TOYEK IUIOCKON napamempuueckoil Kpueoili NpeaCcTaBIsIOTCS
(YHKITUSAMH OJTHOTO IMapaMmeTpa
X = X(t)
{y =y().

B aTom ciydae mo0ast Touka Ha KpUBOM OMKCBIBAETCSI BEKTOPOM

P(t) = [x(t), y(OI
JIns MpOCTpaHCTBEHHOW MapamMeTPU4eCKOM KPUBOM BBOJIMTCS TPEThA KOOP-
IMHATA, U BEKTOPHOE MPEICTABICHUE TPUHUMAET BUJ

P(t) = [x(¥), y(), z(H].
Jlunuu na 6aze mouex

YacTo mpuXOIUTCS CTAIKUBAThCA C 3aJadyaMM, KOT/Ia 3aKOH MOCTPOEHUS JIU-
HUUW HE U3BECTEH, HO HEOOXOMMO, UTOOBI KpHBasi MPOXOJIUIIA Yepe3 3aJJaHHbIC TOUKU
1 UMMeEJa ONPENIENICHHYI0 CTENeHb IMaakocTh. [locTpoeHue NUHUN 3TOro TUMa ocy-
HIECTBJISIETCS IO COBOKYITHOCTH TOYEK.

[IpocTeiinielt Takoi TUHUEH MOXKHO CUUTATH JiomaHyto (pucyHok 2.14). OHa
COCTOMUT U3 TOUYEK (BEPILIMH) U OTPE3KOB (3BEHHEB JIOMAaHOI), MOCJIEI0BATEIHHO CO-
EIUHSIONINX 3aJJaHHbIC TOUYKHU.

Ag

As
Ay A

Pucynok 2.14 — Jlomanast TuHUS

Ecnn oTpe3ku KpuBOM, MPOXOASAIIEN Yepe3 3aJaHHbIE TOUKH, JOJKHBI CTHIKO-
BaThCsl IIAJIKO (HE 00pa30BBIBATh METEIb M PE3KUX MPEIOMJICHUH, T. €. KacaTeIbHAs
B COCEIHMX TOYKaxX HE JOJDKHA PE3KO MEHSTh CBOETO HAIpPaBJICHUS), CTPOUTCA
cnaaiin. CaMo TIOHATHE «CIUIaiiH» (OT aHri. spline — rubKkoe JeKaao) poJoM W3
MPAKTUYECKOTO YEepPUCHUS, TJE CIUITAHHOM Ha3bIBAIM THOKYI0 METaJUIMYECKYIO JIH-
HEUKY, UCITOJIb3YyEMYIO JIJIl COSAMHEHUS TOYEK HA YEPTEkKE IJIaBHOM KPUBOM — Ipa-
budeckoit peanuzaiuy HHTEPHOAIKH (pUCyHOK 2.15).

Teopus WHTEPHONAIMKA KPUBBIX CIUTAMHAMH OEpeT CBOE€ Hayaio B pabore
U. Illonbepra (I. J. Schoenberg, 1946 r.). [lo3aHee oHa mpuBena K HIMPOKOMY HC-
M0JIb30BAaHUIO B F€OMETPUUYECKOM MOJICTUPOBAHUM HEPABHOMEPHBIX PAIIMOHATIbHBIX
B-crnaitnoB (NURBS), npemnoxennsix K. Becripuiom (K. J. Versprille, 1975 1.).
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Pucynox 2.15 — Hcnonbp3oBaHue THOKON METAIUTMYECKON JTMHEHKH JIJIs1 TOCTPOCHUS TIJIaBHOM
KpHUBOU

Haubonee yacto, 61arogapsi mpocToTe 3aJaHusl U MaHUMYJIAINHU, B KOMIIbIO-
TEPHOM MOJEIUPOBAHUU NTPUMEHSIIOTCS «KpuBble besbe» 1 NURBS-kpuBsbie.

Kpuevie beszve Obun pazpadboransl B 60-x rogax XX Beka HE3aBUCUMO JAPYT
ot npyra IIeepom be3ne (Pierre Bezier) m3 aBTOMOOMIECTPOUTEIBHON KOMITAHUU
Renault u ITonem ne Kactensxo (Paul de Casteljau) u3 komnanuu Citroen, rae npu-
MEHSUIMCh ISl TPOEKTUPOBAHUS Ky30BOB aBTOMOOMiel. [IpousBoacTBeHHas TaiiHa
nomemana [lomo ne Kacrenasxo omnyOaukoBaTh CBOE OTKPBITHE, KOTOPOE OBLIO BbI-
MIOJIHEHO paHee, YeM 3TO CcJesaj ero koyuera u3 kommanuu Renault. [lo uponun
CyIpOBl KpUBbIE CTaJIM HOCUTH UM be3be, a umenem nie Kacrenwbxo Ha3BaH pa3pado-
TaHHBIN UM PEKYpPCUBHBIN CIIOCOO ompeeseHust KpuBbiX (anroputm ae Kactenbxo).

KpuBas (crutaitn) be3be 3amaercst BeplIMHaMH MHOTOYTOJIBHUKA U B 0OIIEM
cllyyae He IPOXOJIUT yepe3 0a3oBble TOUKH (pucyHOK 2.16). dopma KpuBOM ympas-
asieTcs npoMexyTouHbiMu Toukamu (Ar u Az). Kpusas besbe (kpuBas 1) Bceraa Bbl-
XOJIUT U3 NIEPBOM KOHTPOJIBHOM TOUKH Ag, KacasiCh NEPBOrO OTPE3KA XapaKTEPUCTH-
YecKou JIoMaHoH (2), coeauHsIoned BCe KOHTPOJbHbIC TOUKU, U 3aKaHUMBAETCS B
nocjeAHeNd KOHTPOJIbHOM Touke Az, Kacasch mociieqHero orpeska. [lpu atom nrobdas
TOYKA KPUBOW BCEr/a JIEKUT BHYTPH BBINYKJIOW 000JOYKHA MHOYXKECTBA KOHTPOJIbHBIX
TOYEK.

Ay -

A

Aj

Pucynok 2.16 — Kpusas u crnaita besse: 1 — kpuBas besbe; 2 — xapakrepuctuyeckas JJoMaHast
kpuBoii (1); 3 — craitH Ha OCHOBE KpHUBBIX be3be
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HaunbGonbiiee 3HaueHME MMEIOT KpUBBbIE be3be BTOpPOMl M TpeThel CTEINeHe
(xBagpatuyHble U KyOnueckue). Ho X BO3MOKHOCTH HE MO3BOJISIOT MOJIy4YaTh KpH-
BbIE CJIO’KHOUM (POPMBI, IOCKOJIBKY UX airedpandeckasi CTEIEHb pacTeT BMECTE C YHC-
JIOM KOHTPOJIbHBIX TOo4eK. KpuBble BBICIIMX CTENEHEW Npu 00paboTKe TpeOyroT
00J1bI1IEr0 00bEMA BBIYMCIIEHUH, YTO BECbMA 3aTPYyIHSAET YUCICHHBIE pACcU€Thl, U JJIs
MPAKTUUECKHUX LEeJIed HMCIONb3YyIOTCs pexe. s MOCTpoeHHs CIOXKHBIX 1Mo (opme
JUHUHA OTJENbHBIE KpUBbIe be3be HEBBHICOKOTO MOpsiiKa MOTYT OBITh MOCIEA0BATEb-
HO COEIMHEHBI ApYT ¢ ApyroM B ciuiaiiH besve. Ha pucynke 2.16 myis npumepa noka-
3aH CIUTIaliH Ha OCHOBE KpUBBIX be3be (3), KoopaAnHAThI BEPIIMH KOTOPOrO COBHAIA0T
C BEpILIMHAMU KPUBOH (2).

®opMmoil kpuBBIX be3be MOXKHO YIpaBisATh HNPHU MOMOIIA OYKCHUPOBIIHMKOB
(moka3aHbl MyHKTUPOM Ha pucyHKe 2.17).

"
Pucynok 2.17 — UnTepaktuBHOE ynpasieHne popmoi kpuBoi bespe: 1 — mcxoaHast KpuBasi;
2 — KpuBas ¢ U3MeHeHHOU (hopmoit

[Mupoxo ucnomszyrotrcsi B CAIIP kpuBsie NURBS. Tepmun NURBS sBinser-
cst abopesuartypoit ciioB Non-Uniform Rational B-spline, rae:

— Non-Uniform (HeogHOpOAHBIN) O3HAYAET, YTO KpUBas IOCTPOCHA Ha
MHOkecTBe He paBHooTcTosmX y310B. KpuBbie NURBS nHe npoxonsr yepe3 6a3o-
BbI€ TOYKH, a YCPETHSIOT — aNmnpOKCUMHUPYIOT MX, TMPUYEM Y3JIOBbIE TOYKH MOTYT
OBITH paccTaBJICHBI HEPABHOMEPHO;

— Rational (pammonanpHBIN) O3HAYAET, YTO XAPAKTEPUCTUUYECKUE TOYKH
KpUBOI 00J1a1al0T BECaMU;

— B-spline (basis spline) — Ga3ucHbli cruIaiiH.

Manunynauuss KOHTpoJbHbIMA ToukaMu M BecaMu NURBS no3Bossier npo-
eKTHUpOBaTh OoJIbIlIOE pa3sHooOpazue TreoMmeTpuueckux QopMm. ['eomerpuueckuii
CMBICTI TIOHSTHSI 8ec COCTOUT B CIIEIYIOIIEM: YeM OOJIbIlie BEC MOJII0ca, TeM OJIKE K
HEMY pacroJiokeHa KpuBasi (MOBEPXHOCTH), T.€. TIOJIFOCHI C OOJIBIITUM BECOM «IIPUTSI-
TUBAIOT» CIUIAaH CHUJIbHEE, YeM IOJIOCHI ¢ MalleHbKUM BecoM. [Ipm sToM Kakmas
KOHTPOJIbHAs TOYKa ompenenseT (popmMy TOJIBKO TOW YacTH KPUBOHM, KOTOpas Haxo-
JIUTCSL B €€ OKPECTHOCTH, M OKA3bIBAET MEHBIIICE BO3/CHCTBIE WJIM BOBCE HE BIIUSET
Ha (OpPMY OCTABIIIECICS YaCTH KPUBOM.
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Ha pucynke 2.18 mpoJieMOHCTPUPOBAHO U3MEHEHHE (POPMBI KPUBOU MpHU U3-
MCHCHHM BEJIUYMHBI Beca Touku A; ¢ 1,0 mis xkpuBoit (1) mo 2,0 mns xpuBoi (2).
Pacuetsi ¢ NURBS BBINONHSIOTCA TOCTATOYHO OBICTPO U SBIISIIOTCS YHUCICHHO
ycroiuuBbiMU. TexHosmorun NURBS o6nagator O6orarsiM HaOOpOM HHCTPYMEHTOB
(BcTaBKa/ynaneHue/u3MEeHEHUE y3J1a, TOBBILIEHUE CTENICHH, PacllIeIIeHUE), KOTOphIe
MOTYT OBITh UCITOJIH30BAHBI MIPY CO3JIAHUHU U aHAIHM3E ITHX 00BEKTOB.

7

B

l"hA)‘

Pucynok 2.18 — BnusiHue Beca KOHTPOJIBHBIX TOYEK Ha (OPMY KPUBOI

B coBpeMeHHBIX Tpaduyeckux makeTrax JJisl MPECTaBICHUS KPUBOJUHEHHBIX
dhopm ucnonp3yrores crtaitibl NURBS, cocraBienHbie U3 KpHUBBIX, MOPSIOK KOTO-
PBIX MPEIOCTaBICHO 3a7aBaTh MoJib3oBaTento (pucyHok 2.19). [opsimok craiiHa B
Cilydae KpMBOM paBeH YUCITy, KOTOPOE Ha €AUHUILY OOJIbIIIE MAKCUMAIBLHON CTETIeHU
MTOJIMHOMOB, ONHUCHIBAIONINX YYaCTKHU 3TOW KpuBOW. OIHAKO BaXXKHO MOMHUTH, YTO
yBenuuenue nopsaka cruiaitna (B KOMITAC no 3nauenuii Oosbiiie 6) Ha MpakTUKE
PEIKO UCIOJIB3YETCA B CBSI3U C TEM, YTO ATO 3HAYUTEIBHO YCIOXHSET U, CIeI0Ba-
TEJBHO, 3aMEJISIET BBIYUCIICHUS TPU ONEPAIHSIX C KPUBBIMH U IOBEPXHOCTAMH.

Al m

A{J f 4
ahA_4

Pucynok 2.19 — Cmnaiinel NURBS: 1 — TpeTbero nopsaka; 2 — 4eTBepTOro nopsijika;
3 — mATOTO MOpsAIKA

60



Junuu na é6aze runui

DTOT TUIl JIMHUI ONUPAETCS MPU MOCTPOCHUHN HA APYrue JUHUU. Takum cro-
co00OM MOTYT OBbITh IOCTPOCHBI YCEUEHHAsl, SKBUAUCTAHTHAs, perapaMeTpru30BaHHAs
U COCTaBHAsI KPUBBIE.

Yceuennaa kpueasa npencraBnser coOoil yacTh Jpyroil KpuBou (pucy-
HOK 2.20). YceueHre MPOU3BOAMTCS 3a CUET MU3MEHEHHUs OOJacTH ONpeleseHUs HcC-
XOJHOM KPHUBOM.

Pucynok 2.20 — YceueHHas KpuBas

AKeuoucmanmuans Kpueas — KpHUBas, KakIas TOUYKa KOTOPOH OTCTOUT IO
HOpPMaJId OT COOTBETCTBYIOIIEH TOYKM 0a30BOM KPUBOM Ha OJIMHAKOBOM PACCTOSHHH
(pucyHok 2.21).

Pucynok 2.21 — DkBUIUCTaHTHAsI KpUBas

Penapamempuszoseannasn kpueas — KpuBas ¢ U3MEHEHHON 00JIacThIO Hapa-
Merpa. Hanpumep, nuHug ¢ U3MEHEHHOM JUIMHOM MapaMeTpa MPUMEHSETCS IS CO-
IJ1IaCOBaHMS 00JacTel MN3BMEHEHMs TapaMeTpa JIBYX KPUBBIX, JIEKAIINX B OCHOBE KPH-
BOI IepecedeHus py MOCTPOEHUH pedep Tedl.

Cocmaenuvie Kpueolte

Cocmasnsle Kpugble CTpPOATCS U3 HECKOJIbKUX KpUBBIX (pucyHok 2.22). Co-
CTaBHas KpHWBasi MOXKET ObITh 00pa3oBaHa KaK OJHOTHUITHBIMH KPUBBIMH, TaK U KpH-
BBIMH pa3HOl mpupobl. OTAENbHBIE KPUBBIE B COCTaBE COCTABHOW KPUBOM Ha3bIBa-
I0TCSl CecMeHmamu.

Bce ommcanHbie BbINIE KPUBBIE MOTYT OBITH TIOCTPOCHBI KaK Ha TUIOCKOCTH,
TAaK U B TPEXMEPHOM MPOCTPAHCTBE.
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Pucynok 2.22 — CocraBHas KpHuBasi, 00pa3oBaHHast YETHIPbMSI CETMEHTAMHU
Jlunuu na 6aze nogepxnocmeii
K 3T0i1 Tpymnmne OTHOCAT KpUBBIE HA MOBEPXHOCTH, KPUBBIC MEPECECUEHHUS T10-

BEPXHOCTEH M COCTaBHbIE KPUBBIC HA MOBEPXHOCTH. B 00111eM citydae 3Tv TUIIBI KPU-
BBIX SIBJISIFOTCS IPOCTPAHCTBEHHBIMHU (PUCYHOK 2.23).

Pucynok 2.23 — Jlunuu Ha 6a3ze moBepxHOCTEH: | — KpUBas mepeceueHus TOBEPXHOCTEH;
2 — KpuBas Ha TIOBEPXHOCTH

Cnocoovt nocmpoenus 1uHuil

Bce Tumnbl nuHUM, 0 KOTOPBIX ILJIa P€Yb, MO KOJWYECTBY U3MEPEHUN MOKHO
pa3lieTuTh Ha TPOCTPAHCTBEHHBIE U IByMEpHbIe KpuBbie. Ha 6a3e 110001t 1ByMepHOi
KPUBOW MOXXET OBITh MOCTPOCHA MPOCTPAHCTBEHHAS] KPUBAsi, TTOCKOJIbKY JBYMEPHBIC
KpUBBIE MOTYT pacrnojiaraThCsi Ha MPOU3BOIbHONM moBepxHOCcTH. [To popme oHM MO-
T'YT COBMAJaTh, HO OyIyT pa3InyaThCs MO CTPYKTYPE TaHHBIX.

Ha pucynke 2.24 npuBeneHbl CrIOCOOBI TTOCTPOCHHS MTPOCTPAHCTBEHHBIX KPH-
BbIX [3]. CocTaBHasi MPOCTPAHCTBEHHAs KPHBas MOXET BKJIIOYATh KaK JBYMEPHBIC,
TaK W MPOCTPAHCTBEHHBIE CerMeHThl. HampaBiieHuEe CTpENIoK B CXE€ME OTpa)kaeT Mmo-
CJIEIOBATENBHOCTh MOCTPOCHUS. [locTpoeHNE KPUBO HAUMHAETCS ¢ MOAEITUPOBAHUS
B JIOKQJIBHOW CHCTEME KOOPJAMHAT aHAJUTUYECKUX KPUBBIX WJIM KPUBBIX Ha 0a3e TO-
YyeK. 3aTeM HaJ HUMH MPOU3BOIATCS OINEpaIlMU YCEUeHUs, MpojJieHus u T. . He-
CKOJIbKO KPHMBBIX Pa3HOIO BUA JIOKATCS B OCHOBY COCTaBHOM KPUBOM Ha MOBEPXHO-
CTH.
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JBymepHasi IMHUA B
nmiockoctu X0Y

AHaJuTHYecKHe JIUHUU
— Hpsamas

— OKpY:KHOCTB U ee Iyra
— DJIAIIC M ero Iyra

— Ortpe3ok napadoJibl

— Otpe3ok runepdo.Ibl

JInHuu Ha 0a3e JMHHH

— YceyeHHasi KpUBas

— DKBHIMCTAHTHAs KpUBast
— PenapamMerpu3oBaH. KpuBas

CocTaBHasi KpHBasiy

JluHuM Ha 0a3e ToUeK
— Orpe3ok npaMoii

— Jlomanasi IMHMA

— KyOnueckuii ciuiaiitn
— Kpusas be3sbe
— NURBS-kpuBas

JluHuM Ha 0a3e NOBEepPXHOCTEH

— Kpusas nepeceyeHusi noBepxHocreii
— KpuBasi Ha noBepXHOCTH

— CocraBHasi KpHBasi HA IOBEPXHOCTH

Pucynok 2.24 — Crioco0bI MOCTPOCHUS POCTPAHCTBEHHBIX KPUBBIX

CocTaBHast MPOCTPAHCTBEHHAS] KPUBasi MOXKET BKJIIOUATh KaK JBYMEPHBIC, TaK
Y MIPOCTPAHCTBEHHBIE CETMEHTHI. HampaBieHne CTpesiok B CXeMe OTPAKAET MOCIEN0-
BaTEIbHOCTH NOCTpOoeHUA. [locTpoeHne KpUBO HAYMHAECTCSA C MOAECIUPOBAHUS B JIO-
KaJIbHOW CHCTEME KOOPJIMHAT aHAIMTUYECKHX KPUBBIX WJIM KPUBBIX Ha 0a3e TOUEK.
3aTeM HaJ HUMH MIPOU3BOMSTCS ONEpPALMK YCEUEHUs, TPOJJIECHUS U T. . HecKoJbko
KPUBBIX PA3HOTO BU/IA JIOKATCS B OCHOBY COCTAaBHOW KPUBOM HA MOBEPXHOCTH.

2.2.3 KapkacHoe MoJIeJTUPOBAHHE

['eoMeTpuyeckue MoOJAENU, MPU OMHCAHUM KOTOPBIX HMCHOJIB3YIOTCS TOJBKO
TOYKU M KPHUBBIC, HA3BIBAIOTCS KapKacHvimu (PUCYHOK 2.25). JIns KaKmaoi KpUBOW B
KapKacHOW MOJIeNIM U3BECTHBI KOOPAMHATHI KOHUEBBIX TOUYEK U MPUHAIJIEKHOCTh TO-
YyeK pedpam.

Hcropruueckn KapkacHble MOZAENH ObUIM MEPBBIM M CaMBbIM IPOCTHIM CIIOCO-
oom onmcanusi o0beMHOI reometpun. [lepBeie CAD-cucTeMbl, UCTOIb30BABIIHECS
Ha KPYIHBIX MNPEANPUITHIX aBTOMOOMIBHOW M aBUAIMOHHOW MPOMBILIJIEHHOCTH C
cepenunbl 1960-x T0O10B, OBUIM JBYMEPHBIMHU, TPEICTABISAS COOOM SIEKTPOHHBIN
aHajor KyJibMaHa. /IOBOJIBHO CKOPO CTaJIO SICHO, YTO B LEHTPE MPOEKTHUPOBAHUS
JOJDKHA OBITH TpeXMepHasi MOJENb U3/eusl, IBYMEpPHBIE MPOEKIIMH KOTOPOH MOTYT
OBITH CreHepupoBaHbl aBTOMaTndecku. OHAKO MPOCTOoe 100aBIEHUE TPEThEl KOOp-
JIMHATHI K TPAJAUIUOHHBIM JBYMEPHBIM I'pa)UuecKUM MOJEISM MO3BOJISET CMOJIEIH-
pOBaTh TOJILKO KapKac U3/eus, KOTOPOro HEJOCTaTOYHO JIJIsl BEIYMCICHUS 00bEMHO-
MacCCOBBIX XapaKTEPUCTUK OyAYIIEro U3Aeusl.
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Pucynok 2.25 — KapkacHast MoJienb

Takoe nmpeacTaBiIeHUE SBISETCS MOJAEIMPOBAHUEM CAMOI0 HU3KOTO YPOBHS U
HMMEET Psifl CEPhE3HBIX OIPAHUYCHUMN, KOTOPBIE CBA3aHbI C HEIOCTATKOM MH(pOopManuu
0 TpaHsX, 3aKJIIOUCHHBIX MEX]y JIUHUSIMH, 1 HEBO3MOKHOCTH BBIICJIUTH BHEIIHIOI U
BHYTPEHHIOIO 00J1aCTh H300paXKEHUSI.

[TockoJIbKy MOJIEh HE COAEPKUT UH(POPMAIIUU O TPaHIX, KapKacHas MOJIEIb
HE MO3BOJISIET:

— (popMHpoOBaTH OJHO3HAYHOE MPE/ICTABICHUE OPUEHTAIIMMN IPaHEN U UX BU-
TUMOCTH;

— MOCTPOUTH TOYHBIE CEUECHUS;

— BBIYUCIIUTH MacCO-LIEHTPOBOYHBIE XaPAKTEPUCTUKH;

— CTeHEepUPOBATh CETKH JJII KOHEYHO-3JIEMEHTHOTO aHaIn3a 0OBEKTOB MO-
NEIUPOBAHUS;

— UCIOJIb30BaTh CPEICTBA TOHUPOBAHUS U300paKEHUH, T. K. 3aKpAITUBAHUIO
MO/IBEPraloTCs TpaHu, a He pedpa.

K nocTonHCTBaM KapKacCHOTO MOJEIUPOBAHUS MOKHO OTHECTH TO, YTO Takas
MOJIeb TPEOYeT ropa3io MEHbIIE KOMIBIOTEPHOU MaMATH U JPYTUX BBIUYUCIUTEIb-
HBIX pecypcoB. CrieayeTr TakXe OTMETHTh, YTO KapKacHOE MPEACTaBICHHUE MOXKET
OBITh MCTOJIB30BAHO MPU OTOOPAKEHHM OOJBIIOTO YHCiIa MoJelel B KadecTBe 3-
(heKTUBHOTO MeToAa YJYYIICHUS BHU3yaldu3alMu. MOXKHO TMOJYyYUTh KapKacHBIC
MpEeJCTaBICHUs] OOBEKTOB, HCIOJB3YIOIIUX MOJIETN TBEPAOro Tejia, U OOBEKTOB,
OTPAaHUYCHHBIX CKYJBINTYPHBIMU TOBepXHOCTsIMU. Ha pucynke 2.26 mnokaszaH
HarJIsiHbINA MpUMEp KapKaCHOTO MPOECKTUPOBAHUS W BU3YAJIM3AlUU CUCTEM KOMMY-
HUKAIM TTPOU3BOACTBEHHOTO 11€Xa ¢ OOJBIINM MapKOM YCTAHOBJIEHHOTO TEXHOJIO-
TUYECKOTO 000pYAOBaHUS.

B HekoTopwix 3amauax CAIIP, Takux kak aHalu3 JIBUXKCHUS YacTed TEXHUYE-
CKOTO 00BEKTa, KapKaCHOW MOJENH ObIBAET BITOJIHE JOCTATOYHO JUIS TMOJTYUYEHUS pe-
LICHUS.
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Pucynok 2.26 — MopenupoBanre KOMMYHUKAIUI IPOU3BOICTBEHHOTO 11€Xa KapKAaCHBIM METOJIOM

2.2.4 MopaesupoBaHue OBEPXHOCTEH

Tak e Kak ¥ JMHUH, IOBEPXHOCTH SIBJISIOTCS MaTeMaTUYECKUMU aOCTpaKIIU-
SIMU M UCTIOJIb3YIOTCS MPU OMUCAHUU TEJ WU UX OTJEIbHBIX 3JIeMeHTOB. OCHOBHBIC
CrocoObl MOCTPOEHUSI TTOBEPXHOCTEH OCHOBAaHBI HA MCMOJIb30BAHUM AHATUTUYECKUX
(GyHKIUH (B 9TOM Cllydae Mbl UMEEM JIEJI0 C AaHATUTUYECKUMHU MOBEPXHOCTSIMHU) U Ha
MaHUNYJIAIUU TOYKaMU, TUHUSIMH, U IPYTUMU TTOBEPXHOCTSIMH.

B o0miem cinyuae nmapaMeTpruiecKku 3a/laHHasi TOBEPXHOCTh OMHICHIBACTCS BEK-
TOPHBIM ypaBHEHHEM I = I (U, V) IBYX CKaJAPHBIX apryMEHTOB U U V, YTO DKBHBa-
JIEHTHO CHUCTEME

X=X (u, V)
y=yuv)
z=1z(u,V).

Ananumuueckue noeepxnocmu

Ecnu koopauHaThl paguyc-BeKTOpa MPEACTaBICHbl aHATUTUYCCKUMU (YyHK-
USIMH JIBYX TAPaMETPOB, TO 3TO AHAIUMUYECKUEe TIOBEPXHOCTH (PUCYHOK 2.27) —
MJIOCKOCTb, IOBEPXHOCTH TOPA, HMIUHAPA, ILTUIICOMAA, Tapadoonaa u ap.

OyHKIMS pagryc-BEKTOpa MPOU3BOJIILHON aHATMTUYECKON MMOBEPXHOCTH OTH-
CBIBAETCS CJIEYIONUM 00pazoM

ruv)=p+x(u,v)ix+y(u,v)iy+z(u,Vv)i,,

rIe P — TOYKAa MPUBS3KH XapaKTEPHON TOYKU MOBEPXHOCTH; Iy, ly, I; — opTO-
rOHAJIbHbIE BEKTOPBI €AMHUYHOM IMHBI MECTHOM JEKApTOBOM CHCTEMBI KOOPIUHAT;
X (u,v),y (u,Vv), z (U, V) — pyHKIHH KOOpIUHAT.
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a) ) 1)

Pucynoxk 2.27 — IIprMepbl aHATUTUYECKUX IOBEPXHOCTEH: a) HMIMHIP; 0) KOHYC;
B) SJUIMIICOU/I; T) THIIEPOOJIOH/T; 1) TOP

Iosepxnocmu osusricenusn

[Tpu nBY>KEHUW KPUBOHM 1O 3aJaHHON TPACKTOPHH 00pa3yeTcs MOBEPXHOCTH
0sudICeHUs, U KUHemamuueckas noBepxHocTh (0T rpedyeckoro kinematos — nsu-
xenne). Kpupasi, mepeMenieHrueM KOTOPOH MOTydaroT TTOBEPXHOCTh, HA3bIBAETCS 00-
pasytowieir. TpaeKTopusl JBIDKEHUS HEKOTOPOH TOYKM oOpa3yroliell Ha3bIBaeTCs
Hanpaenawie.

Pasnuuaror crieayrorire BUabl IOBEPXHOCTEH MBHKEHUS (pUCYHOK 2.28):

— N0B8EPXHOCMb 8bI0AGIUGAHUA — B KAaUCCTBE HAIPABIISIIONICH CIIY)KUT OT-
PE30K IPSIMOM;

— NO06EPXHOCMb 8PAUEHUA — B KAYECTBE HAMPABIIAIONICH CIYXUT JIyra
OKPY>KHOCTH WJIM BCS OKPYKHOCTB;
— noeepxnocmsp coguca — 00pa3yrolIas KMHEMAaTUYECKOW MOBEPXHOCTH,

BBIMOJIHSASL JBMKEHHE BJOJIb HAIMPABJISIONIEH, OCTAECTCSA MAPAIUICIBHOM CBOEMY
HayaJbHOMY IOJIOKEHHIO;

— HnoGepxHOCcmb 3amemanun — oOpa3yrolias KHHEMaTHUeCKON MOBEPXHO-
CTH BBITIOJIHSET JBIKCHHE, IIOBOPAUYUBASICh TaK, YTOOBI COXPAHUTH OPUEHTAIIUIO TI0
HOPMAJIA K HANPABJIAOLLIEH;

— JIUHeluamasn noeepxHocms — O00pasyiouias MOBEPXHOCTU JIBUKEHUS
MpeACTaBiIsieT coO00M OTpe30K mpsMoii. B obmiem ciyyae nuHeidyaTas MOBEPXHOCTD
OJIHO3HAYHO ONpENENSeTCs TpeMsl JUHUSMU — O00pa3yrolleil U AByMs HampaBlIsiio-
IUMH.

s

a) 6) B) r) n)

Pucynok 2.28 — IToBepXHOCTH JABMIKCHHS: a) BBIIaBINBaHKS; 0) BPAIICHHS; B) C/IBUTA,
T) 3aMeTaHus; 1) JIuHeHdaTast




HJlOCKOZdeHble noeepxnocmu

[ToBepXHOCTh MOXKHO CMOJEIUPOBAThH, UCIOJB3YSI HEOOJBIINE MJIOCKUE dJIe-
MeHThI. Takue MOBEPXHOCTH HAa3bIBAIOT MOJIUTOHAIBHBIMU (TUIOCKOTPAHHBIMU), WU
dacerapiMu. DopMa MIIOCKUX IJIEMEHTOB MOXKET OBITh JIFOOOM, OJTHAKO Ha MPAKTUKE
yalie NPUMEHSIETCS] allpOKCUMAaUs MPOCTEUIIMMH MOJUTOHAMUA — TPEYrOJIbHUKA-
MU. B 3TOM ciydyae MOBEPXHOCTh HA3bIBAKOT MPUAHZYAUPOBAHHOH. Takue noBepx-
HOCTHU JIETKO CTPOATCSA, JUIsl HUX pa3padoTanbl 3¢ (HEeKTUBHBIE alTOPUTMBI pEeaTUCTHU-
HOM BU3yaJIM3allvH.

['maBHOM TpOo06IIEMOil ABISETCS TO, YTO TUIOCKOTPAaHHBIE TTOBEPXHOCTH BCETAa
MIPEACTABIISIIOT MOJENIH C ONPEIEIEHHON CTENEHBIO MOIPEIIHOCTH. YeM MeHbIIE pa3-
Mep IUIOCKHX D3JIEMEHTOB, OOpa3yIoUIMX NOBEPXHOCTh, TEM MEHbILE HCKaXaeTcs
dbopMa MoJenMpyeMOro oObEKTa, OJHAKO PE3KO YBEJIUUYMBAIOTCS BBIYUCIHUTEIbHBIC
3aTpathl (pucyHoK 2.29).

Pucynok 2.29 — IlonuronanabHast MOJIENb C Pa3THYHBIMU YPOBHIMHE JI€TATU3AIIH

Cnaaiinoegote noeepxnocmu

[ToBepXHOCTH MOXHO MOJACITUPOBATH MPU TTOMOIIU CEMEHCTB B3aMMHO Tepe-
CCKAIOLIUXCS KPHUBBIX, HAPUMED, MPOIOJIBHBIX WM MOMEPEYHBIX CCYCHHUH KOpIyca
CyJHa, COCIMHEHHBIX IJIaBHBIMH KpUBBIMH (prucyHOK 2.30). Takre mOBEpXHOCTH HO-
CST Ha3BaHUE cmaaiiHoeblx. Ha TipakTHKe dale UCTIOIb3yeTCs anmpOKCUMAIUS TO-
BepxHocTter crutaiinamu B popme NURBS (pucynok 2.31). Takoe onrcanue moBepx-
HOCTH 00€eCreynBaeT:

— Omnpe/eNeHrne KOOpAUHAT JII000H ee TOUKH, paJnyca KpUBU3HBI B HEH;

— YCTaHOBJICHHE HAIPaBJICHHUsS HOPMAIU K MOBEPXHOCTH C BBICOKOW, B 00-
meM cirydae, ¢ JitoOoi Harepes 3aJjaHHOM TOYHOCThIO (0€3 ydeTa BBIYMCIUTEIIbHBIX
3arpar);

— TMIOJIyY€HUE TOYHBIX H300pakeHUH, CIPOCHUPOBAHHBIX HAa IUIOCKOCTH
(Hampumep, JJi MOJTyYEHUsI YePTEKHBIX BUIIOB);

— u3MeHeHne (POpMBI TOBEPXHOCTU MyTEM IMEPETaCKUBAHUS KOHTPOJBHBIX
TOYEK.

67



1%
.
i
Z

Pucynok 2.30 — CnaifHOBasi TIOBEpXHOCTb Pucynok 2.31 — NURBS-noBepxHOCTB

Hoeepxuocmu no 05Jlal('y moueK

[ToBepxHOCTH JTF000M (OPMBI MOXKET OBITH IMOJYYCHA WHTEPIOJSAIUCH WIIH
amnmpoKCcUMAaIMeil o0ilaka TOYEK, PacIoIOKEHHBIX B MpocTpaHcTBe. s co3maHus
o0yaka Touek ucronb3ytores 3D-ckanepsl. OHU 3aMepsIIOT OOJBITIOE KOJUIECTBO TO-
YeK Ha MOBEPXHOCTH 00BEKTA M MEePEIAI0T aHHbIC HanpsMyto B npuioxerne CAITP
WA COXPaHSIOT B (aiii maHHBIX. Ha OCHOBE 3THX MaHHBIX CO3MAIOTCS MOJIMTOHAIb-
HBIC WM CIUTAHOBBIC MIOBEPXHOCTH (PUCYHOK 2.32). DTOT MpoIecC Ha3bIBaCTCs «pe-
KOHCTPYKIIUS TTOBEPXHOCTI.

[Ipu pazpaboTke M3IeNHUii HA OCHOBE PEabHO CYIIECTBYIOIIETO MPOTOTHIIA
94acTO UCHOJIB3YeTCs MOAXO0J, IPH KOTOPOM OCHOBHBIC 3JIeMeHThI 3D-Monmenu mosy-
YarT OOBIYHBIMU CPEACTBAMH TBEPAOTEIILHOTO HMJIM IMOBEPXHOCTHOT'O MOJICITHPOBa-
HUS, a 3aTeM MOJIC/Ib JOTOIHSIOT CIIOKHBIMH 3JIeMEHTaMH (peibe@HBIMUA UM JCKO-
paTUBHBIMH), IMOJTYYCHHBIMU IIyTEM CKaHWPOBAHUS OpPHUTHHAJIa. JTa TEXHOJIOTHS W3-
BECTHA I10J HA3BAHUEM O0OPAMHLLIL UHMCUHUPUHZ (PCUHKUHUPHHT — OT aHTJI.
reverse engineering). [IpumMepoM HCIIONB30BaHUS PEMHKUHUPUHTA MOXET CIYKHUTh
W3TOTOBJICHHE IITAMITOBON OCHACTKH B aBTOMOOMJIBHOM MPOMBITINICHHOCTH.

T
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Pucynok 2.32 — IToBepXHOCTb 110 00J1aKy TOUEK
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IKkeuoucmanmmuole noeepxnocmu
IIo anamoruu ¢ alapaToM IoCTpOCHUA J'IPIHHﬁ, CYIICCTBYIOT IMOBCPXHOCTH,
ITOCTPOCHHLBIC Ha Oaze APYTux HOBGpXHOCTGﬁ. TakuMHM SBIISIIOTCSI IK6UOUCHI AHMHbLE

noéepxHocmu, KOTOpbIC TIONYUYaIOTCs CMEIICHUEM Ha ONPEEICHHOE PACCTOSHHUE OT
CYIIECTBYIOIINX TPaHEH WM MMOBEPXHOCTEH (prcyHOK 2.33).

N

Pucynok 2.33 — DKBUIUCTaHTHbBIE TOBEPXHOCTH

S,
=
=2

Ocobennocmu no6epxHoOCmMHO20 MOOEUPOBAHUA

MonenupoBaHre TOBEPXHOCTSIMU MO3BOJISIET, B OTJIMYKE OT KapKACHOTO MO-
JENUPOBAaHUSA, Pa3rPaHUYMBATh BHYTPEHHIOIO M BHEIIHIOI YaCTH MOJEIUPYEMOIO
00BEKTa 3a cUeT COo3JaHusl HEKOM 000JI0YKH, 0Opa30BaHHOM MOBEPXHOCTSIMU. Marte-
MaTHYECKOE OMMCAHUE BKIIIOYAET B ceOsl HE TOJIBKO JaHHbIE O pedpax U UX BEpLIu-
HaX, HO U ypaBHEHHUs MOBEPXHOCTEH, OOPa3yOIIUMX TpaHH, a TAKXKE CBEIEHUS O
CMEXXHOCTH OTAEJIbHBIX OBEPXHOCTEH, UTO HEOOXOAUMO JJIsl TeHEpalK TPAeKTOPUHU
00pabaThIBaOIINX MHCTPYMEHTOB iJisi ctaHkoB ¢ YITY. Bo3moxkHocTu BuU3yaniusa-
MU JJIs1 TOBEPXHOCTHBIX MOJEJIell OCHOBAHBI Ha CIIOCOOHOCTH PaclO3HaBaTh TPaHM.
Taxue mMozenu NO3BOJSAIOT NOTyYaTh TOHOBBIE U300paKeHUs, OTOpAaChIBAaHUE TEHU U
3aKpbIBaTh OOBEKTHI 110331 CeO0sl.

K orpanudeHusiM MOBEPXHOCTHBIX MOJEJ€H HEOOXOAMMO OTHECTU HEBO3-
MOKHOCTb BBIYMCIIEHUS 00bEMOB, MacC U MOMEHTOB MHEPLUU OOBEKTOB, a TAKXKe
OrPaHUYEHHOCTh MPUMEHEHHsI OYJIEBbIX onepanuil (BbIYUTaHMS, OOBEAUHEHUS, TIEpe-
CEYEeHMS) U CIOKHOCTh MPOLEAYp yIaJeHUs CKPBIThIX JIMHUA U OTOOpaKeHHs] BHYT-
pEHHUX o0nacTei.

2.2.5 MeToabl npeAcTABIEHUS TBEPAOTEIbHBIX MO/Ie/Ieil

B psae mpukinagHbIx 3a7ad UCIMOJIb30BAHUE amiapaTa KPUBBIX U MMOBEPXHO-
CTEH OKa3bIBACTCSl MCUEPIBIBAIOIINM, OJHAKO B CIIydae, KOTJla HEOOXOIUMO CTPOTO
pasrpaHUYMBaTh BHYTPCHHUE W BHENTHHUE O00JIACTU MOJICTH, BBIYUCIATH Macco-
LIEHTPOBOYHBIE XapaKTEPUCTUKN ONMKUCAHHOTO BBIIIE alllapaTa OKa3bIBAETCsl HENOCTa-
TOYHO. DTUX HEJOCTATKOB JIUILIEHBI TBEPIOTEIbHBIE MOJICIIH.

Teepoomenvhasa moodeb UMEET BCE aTpUOYTHI peabHOTO (PU3UUYECKOTO Tena,
BCE pa3Mephl TaKUX TeJl OTJIIMYHBI OT HyJs. Mojenb TBEpIOoro Teja, TOMUMO OMuca-
HUSI TIOBEPXHOCTEM, OrpaHUYMBAIOIIMX €70, COAECPKUT UHPOPMALIKIO, KOTOpasi Ompe-
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JeJIAeT, HaXOUTCS JIM JIF00ast ToUka BHYTPH, BHE WJIU JIE)KUT HA 3aMKHYTOM I'paHUY-
HOW MOBEPXHOCTH TeJla. DTO MO3BOJSIET UCHOJIb30BaTh JaHHbIE 00 00beMe, Hallpu-
Mep, IS IPOBEIEHNS KOHEYHO-3JIEMEHTHOTO aHAJIU3a.

[IpeumyiecTBa TBEPIOTEIBHBIX MOJETIEH:

— IIOCJIEI0BATEIBbHOCTh ONEPALMI ITPU IIOCTPOCHUH TBEPAOTEIBHON MOACIIN
4acTO OTPAXkAET MOCJIEI0BATEIbHOCTh TEXHOJIOTHYECKUX ONEepaluii B MPOLECCE MPO-
HM3BOJICTBA OOBEKTA,

— CO3/1aHHE TOYHOU TPEXMEPHON KOMIIBIOTEPHOM MOJEIHU IIPOEKTUPYEMOIO
U3JIeHS C BO3MOKHOCTBIO Pa3rpaHUYCHHUsI BHEIIHEH U BHYTpeHHEH o0acTell 00bek-
Ta, YTO HEOOXOIUMO JJIsi OOHAPYKEHHUs HEKeIaTeNbHBIX B3aUMOBIMSIHHIA KOMIIO-
HEHTOB;

— BO3MOYKHOCTb OBICTPOro (pOPMHUPOBAHUS YEPTEKEW U JETKOCTh BHECEHUS
WU3MEHEHUH B IIPOEKT;

— obecreyeHre aBTOMaTHUECKOI 0 yIaJIeHHsI CKPBIThIX JTUHUI;

— aBTOMAaTUYECKOE MOCTPOCHUE TPEXMEPHBIX pa3pe30B, HEOOXOIUMBIX IS
aHaJIM3a CJIOKHBIX COOPOYHBIX U3JIEIHIA;

— MPOCTOTa pa30MEHMs] Ha KOHEYHbIE 3JIEMEHTHI I JaJbHEHIIEro MHXKe-
HEPHOT'0 aHAJIN34;

— BO3MOYKHOCTb ONpe/IeTIeHUsI 00beMa (PUTyphbl U €€ MaCCOBO-UHEPLIMOHHBIX
XapaKTEPUCTHK;

— BO3MOKHOCTh MpeoOpa3oBaHusi B 00jiee MPOCThIC TUITHI MOJIEIEH — CETH U
KapKacHbIE MOJICIIH;

— HaJIMYue pazHOOOpa3HbIX LIBETOB, MOJIYyYEHUE TOHOBBIX AP(EKTOB, MAHU-
MyJIALMS UICTOYHUKOM CBETa, YTO CIIOCOOCTBYET peaju3alii KaueCTBEHHBIX M300pa-
*KeHu (opM, KOMIIOHEHTOB U CEUCHHIA;

— TOBbIIIEHHE 3(PPEKTUBHOCTH UMHUTALMU TUHAMUKNA MEXaHU3MOB, MpPOIIE-
Ayp T€HEepalUy TPACKTOPUH JBUKEHHSI HHCTPYMEHTA, (YHKIIMOHUPOBAaHUS POOOTOB.

OCHOBHBIMM HEIOCTATKAMM TBEPIOTEIBHOIO MOJEIUPOBAHUS SBIISIFOTCS:

— BBICOKHE TPeOOBaHUs K IPOU3BOUTEIBHOCTH aIMapaTHBIX CPEJICTB;

— BBICOKHE TPEOOBaHMS K KBATH(UKAIIMK ITEPCOHAIA;

— 3HAYUTEJIBHAS] CTOUMOCTB TaKUX CUCTEM.

B nporiecce pa3BuTHs CUCTEM TBEPIOTEIBHOIO MOJIECIMPOBAHUS UCIIOIb30Ba-
JIUCh Pa3HbIe MOAXObl K (POPMUPOBAHUIO MATEMATUYECKOW MOJEIIH, OMKUCHIBAIOIICH
MpOeKTUpyeMble 00beKThl. CeroJHsl Ha MPAKTUKE Yalle BCEro MPUMEHSIOTCS METOIbI
ZPAHUYHO020 I KOHCMPYKMUWEH020 TIPEICTABICHUN TBEPABIX TEII.

Memoo KoHcmpyKmugeHol 2eomempuu
B Merome KOHCTPpYKTHBHOW reoMeTpuu (Apyrue HaszBaHusi — CONstructive
solid geometry, CSG, wiu constructive representation, C-rep) moaenu mnpeacTaBiis-

IOTCS KOMOHMHAIIMEH 3JIEMEHTAPHBIX TBEPABIX TEN — IMIMHAPOB, KOHYCOB, TPU3M,
chep u T. I
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Cornacao C-rep, iat000€ TEIO MOXKET ObITh MOCTPOEHO M3 TBEPIOTEIBHBIX
MIPUMUTHBOB WJIM COCTaBHBIX TEJ IMPHU MOMOIIK OyJeBbIX omeparuii (pucyHku 2.34,
2.35). Kak npaBuiio, UCIONb3yI0TCs OyJIeBHI Olepallii — Pa3HOCTh, 00bEITMHCHUE U
nepeceueHre. Takoe MpencTaBICHUE MO3BOJACT YAO0OHO MOIU(UIIMPOBATH TBEPIIO-
TEIBHYIO MOJETh, U3MEHSS OIpeIeNiCHUEe UCXOTHBIX MPUMHUTHBOB — WX pa3Mephl,
OPHEHTAIIUIO ¥ TOUKY TPUBSI3KH.

6) B)

Pucynok 2.34 — Omnepaiyu Ha KOHCTPYKTUBHOW reOMETpHH: a) OyJIeBO 00bEAMHEHHE;
0) OyJeBa pa3HOCTh; B) OyJICBO MepeceucHue

Pucynok 2.35 — IloctpoeHue TBEpOTO TeNa U3 KOHCTPYKTHBHBIX TPUMUTHBOB

[IpenmyniecTBa METO1a KOHCTPYKTUBHOM T€OMETPUH:

— MPOCTasi CTPYKTypa IaHHBIX U, KaK CJIEJICTBUE, TPOCTOE YNPABICHNUE UMH;

— TEJIO BCErjia SIBJIAETCS KOPPEKTHBIM (BHYTPEHHUN 00bEM OJHO3HAYHO OT-
JICJICH OT BHEITHETO);

— BO3MOXHOCTh peoOpazoBanus B B-rep nmpeacrasnenue (C-rep tema MoryT
nocie npeoOpa3oBaHusi OBITh MCHOJIB30BAHBI B MPUKIAJAHBIX MPOrpaMMax, MCIOJb-
3yromux B-rep npeacrasienue);

— TPOCTOTA pealn3aluy MapaMeTPUIECKOTO MOICTUPOBAHUS 3a CUET H3MeE-
HEHUS MapaMeTPOB UCXOIHBIX dJIEMEHTAPHBIX TETl.

HenocraTtku MeTo1a KOHCTPYKTUBHOU T€OMETPUH:

— OTpaHUYEHUS TIPH MOJICTUPOBAHUU OOBEKTOB CIOKHBIX (POPM, TTOCKOIBKY
OTpaHUYeH HA0Op MCXOIHBIX MPUMHUTHBOB U HAOOpP MHCTPYMEHTOB IJIsi MAHUITYJIS-
U UMU;

— JJIL TOTO YTOOBI MOTYYUTh NH(POPMAITHIO O TPAHUYHBIX TTOBEPXHOCTSIX TO-
CTPOEHHOro Tena (KoTopas HeoOXoJuMa BO MHOTHX MPHJIOXKEHUAX, HApUMep, AJIs
nporpammupoBadus ctaHkoB ¢ UITY), HeoOX0MMMO BBITOTHUTH OOJIBIION 00HEM BhI-
YU CIICHUM.
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Memoo cpanuunozo npeocmagieHus

CoriacHO METOy IPaHUYHOTO TpejcTaBicHus (0T aHT. Boundary represen-
tation, B-rep), Tena onMCHIBAIOTCS CBS3aHHBIMH JIPYT C JIPYTOM IOBEPXHOCTSIMH, 00-
Pa3yIOIIMMU «BOJIOHEIIPOHUIIAEMYIO» TPAHUIy MEXAY TEJIOM M IPOCTPAHCTBOM BO-
Kpyr Hero (pucyHok 2.36). Tormosorust MOAENH MPH 3TOM 337aeTCs CBA3SIMH MEXTY
OTJENBbHBIMU TPAHUYHBIMU JIEMEHTaMH — BepIIMHAMU U pebpamu, pebpamu u rpa-
HSMH, a Takke nHpopMmanuend o MPUHAAICKHOCTH KaKIOW TOUYKU BHYTPEHHEH WIIH
BHEIIHEW YacTh Tela. ['eomerpus Tena onpeaenseTcss napaMeTpuIeCKUMH CBOMCTBa-
MH TPaHMYHBIX JIEMEHTOB. [ eoMeTpruecKre TaHHbIe ISl KaKI0TO0 TPAHUYHOTO dJIe-
MEHTa CBOM: JUIsl BEPIIMHBI — €€ KOOPJUHATHI, Ui pedpa — MapaMeTpUyecKoe
ypaBHEHHUE MPOCTPAHCTBEHHOM KpuBoii (daie Bcero B Bujae NURBS), nis rpanun —
napaMeTpuuecKoe ypaBHEHUE MOBEPXHOCTH (OMATh ke yacTo B Buae NURBS).

Ha pucynke 2.37 u B Tabmuuax 2.10-2.12 mpencraBiieH nmpumep MNpPOCTOH
CTPYKTYPbI JAHHBIX JJIS rpaHHquro IIPEJICTABJICHHUS TENA.

11?

Pucynok 2.36 — I'pannuyHOe npeacTaBiIeHue TBEPAOTO Tela

Pucynok 2.37 — CtpykTypa naHHbIX B-rep

Tabmuna 2.10 — Tabmuia rpanei

I'panb F1 F2 F3 F4 F5
Pebpa El, E5, E6 E2, E6, E7| E3, E7,E8 | E4, E8, ES5 | E1, E2, E3, E4

Tabmuna 2.11 — Tabmura pedep

Pebpo El E2 E3 E4 ES E6 E7 E8
Bepumnsr | V1,V2 | V2,V3 | V3, V4 | V4,V1 | VL V5 | V2, V5 | V3 V5 | V4 V5

Tabmuna 2.12 — Tabnwia BepmH

Bepmmna V1 V2 V3 V4 V5
Koopaunarer | X1, vy1, z1 X2,Y2,22 X3, Y2, 23 x4, y4, z4 X5, ¥5, 25
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B Tabmuue 2.10 qis kaxkaod rpaHu 3a7aH MepedyeHb OrpaHUYMBAIONIUX pe-
oep. CobOumromaercst MpaBUIO O TMOCIEAOBATEIILHOCTU TIEpeUrciIeHus: pedbep: MpoTUB
YacOBOM CTPEJIKHU, €CIIM CMOTPETh Ha TEJIO C BHEIIHEH CTOPOHBI. DTO MPaBUIIO MO3BO-
JSIEeT TOJIy4aTh UHPOPMAIIMIO O TOM, PACIOJIOKEHA JIM TOYKAa BHYTPHU TeJia WU CHa-
pyxu. Tabnuma pebep (Tabnuma 2.11) cBsa3piBaeT pedpa U BEPIIMHBI KaK10r0 pedpa.
KoopauHatel BeplIMH (B CHCTEME KOOPAMHAT Tella) NPUBOAATCA B TaOJULE BEPIIMH
(Tabnwmma 2.12).

OmnucaHHas CTPYKTypa COOTBETCTBYET TeJIaM, UMEIOILIUM IUIOCKUE rpaHu. s
TeJ, TPAaHU KOTOPBIX SIBJSIOTCS KPUBOJIMHEHHBIMH, HEOOXOIMMO HECKOJIBKO H3Me-
HUTh COOTBETCTBYIOIIHE CTPOKM TaONHIBI TpaHed U pedep — OHHU JOMOJHSAIOTCS
YpaBHEHUSMHU MTOBEPXHOCTEN U KPUBBIX.

Cucrema ¢ B-rep npezacraBieHueM XpaHUT TOYHOE ONUCAHUE TPAHMI] MOJENIN
moboi cnoxHoctu. Tena, onucanusie B B-rep, Tpedyrot 6osiblie naMaTy, HO MEHbLIE
BBIUMCICHUN U1 co3laHus u3o0paxkeHus, B orimune ot C-rep, rae tpelyercs
MEHBIIIE€ NMaMATH, HO 0oJiblle 00beM BBIYMCICHUI MpU BOCIPOU3BEACHUH U O0TOOpa-
xeHun mojaenu. [Ipu Heo6xoaumocTH, cTpykrypa B-rep nerko npeo6pasyercs K Kap-
KaCHOMY INPEACTaBIECHUIO — HY)KHO JIMILb UCKIIIOUUTh U3 €€ OMMCAHUS Ta0yuIly Tpa-
HEH.

Hucmpymenmul cozoanus meepoomenpbHvix mooeeil

Co3nanue TBEpPAOTEIBHOM MOJIETM BO3MOXKHO HECKOJIBKUMH CIIOCOOaAMHU:
HCIIOJb30BaHUEM OCHOBHBIX (hOpPMOOOpPa3yIOIMIMX OmNepaluii, K KOTOPbIM OTHOCSTCS
BBIJIABJIUBAHWE, BpAIlICHUE, OMepalus MO CEUCHHUSIM, KHHEMaTH4ecKas ormeparius
(Ha3zBaHMs omepanuii MoryT otinuyaTthes B pasinuunbix CAIIP, omnako wmaeonorus
MIOCTPOCHUSI COXPAHSETCA), a TAKKE MPUIAHUEM TOJIIIMHBI MOBEPXHOCTH U IIO-
CTPOEHHUEM JIMCTOBOTO TEA.

Bce ¢opmoobpasyromue onepanyud CTPOST TEJIO TP MOMOIIU TIepEeMeISHUS
CEYCHHsS] B MPOCTPAHCTBE, CJel OT KOTOpOTo ompenenser ¢opMmy aemeHTa. B ka-
YECTBE CEUYEHUSI B PA3HBIX CUTYyalMsIX MOTYT OBITh MCIOJIb30BaHBI PeOpO, KpuBasd,
ACKU3, TPaHb WU OBEPXHOCTb.

DCKHU30M Ha3bIBACTCS OOBEKT TPEXMEPHOTO MOJACIUPOBAHUS, CO3JaHHBIN
CTaHJAPTHBIMU CPEACTBAMH IMOCTPOCHUS IJIOCKUX M300pakeHui (CpeiacTBaMH uep-
TEXKHO-TpaUUECKOro pelakTopa). DCKU3 MOXKET pacrojaraThCs B OJHOM M3 OpTO-
TOHAJIBHBIX TJIOCKOCTEH KOOPJMUHAT, HA TUIOCKOM TpaHU CYIIECTBYIOLIETO Teja WM
BO BCIIOMOTATEJIbHON IJIOCKOCTH, MOJI0KEHUE KOTOPO 3aJaHO MOJIb30BATEIIEM.

DCKU3BI UCTIOJIB3YIOTCS IS Pa3HBIX 1IeJIeH, HapUMep:

— 3a7aHue (OPMBI CEUCHHS TeJla UM MTOBEPXHOCTH;

— 3aJlaHi€ TPACKTOPHUU MEPEMENICHUS CCUCHMUS;

— 3aJlaHK€ MOJI0KEHUS SK3EMIUISIPOB MacCUBA.

Ocku3 m300pakaeTcs Ha IIOCKOCTH. OIWH M TOT K€ 3CKU3 MOXET HC-
M0JIb30BAaThCS B HECKOJIBKUX PA3JIMYHbBIX OMEPAIUSIX.
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dopmooOpa3zoBaHue Tejia, MpPU KOTOPOM CEUYEHUE IIepeMeIlaeTcs BAOJIb
NPSMOJIMHEMHON TpPAaeKTOPUHU, HaA3bIBACTCA 6Gbloasaueanuem. (CeUeHUEM MOXKET
CIIYKUTh IUIOCKAsl 3aMKHYTasi UJIM pa30MKHYTasi KpuBasi (B T. 4. YK€ CYIIECTBYIOIIIEE
B Mojenu pedpo), I'paHb WM TPOU3BOJIbHAS TOBEPXHOCTb, MPOCTPAHCTBEHHAS
KpuBas. B 3aBUCHMOCTH OT BHJa 3CKH3a PE3yJIbTaTOM BBIMOJHEHUSI ONEpalliy Bbl-
JTABIMBAHUS MOXET OBbITh CIDIOMHOW W (WIM) TOHKOCTCHHBIA  3JICMCHT

(Tabnwmima 2.13).

Tabmuma 2.13 — Onepanys BbIJaBIUBaHU

TonkocTeHHBIN .
Buja ceuenus CnjioIHoM 3JIeMeHT
3JIEMEHT

[inockast pa3oMKHY-
Tas KpuBas

[Inockas 3amkHyTas
KpUBast

IToBepxHOCTB, IpaHb

[IpoctpancTBeHHAs
KpUBast

o
-
@ )
“

Omnepanus épauienus GOpMHUPYET TEIIO IyTEM ITOBOPOTA CEUSHUSI BOKPYT OCH
Ha TpeOyemblil yroil. B kauecTBe ceueHHss MOXKET OBITh I'paHb, TTOBEPXHOCTH, Pa3o-
MKHYTasl WIA 3aMKHYTas TUIOCKasl KpWBasi, POCTPAHCTBEHHAs KpHBas. B 3aBucumMo-
CTH OT BHJA 3CKH3a PE3yJbTaTOM BBHITIOJHEHHs OMEPAIMH BPAIICHUS MOXKET OBITh
CIUTOIIHOM M (MJIM) TOHKOCTEHHBIA 3jeMeHT, chepoun u (wmm) Topoua. HekoTopsie
BapuaHThI (OPMEI TEJT BpaIllcHUS IPUBEACHBI B Ta0uIe 2.14.

Kunemamuueckaa onepanus oOpa3yeT TEJNO IMyTeM IMEpPEeMEIIeHUsT CeUCHUs
BJIOJIb IPOM3BOJILHON TpaekTopuu. [Ipu 3TOM ero opueHTaIs MOKET MEHITHCS WITH
0CTaBaThCs MOCTOSHHOW. OCHOBHBIC THUIBI KHHEMATUYECKUX T€Nl — C COXpPaHCHHEM
yIJ1a HAaKJIOHA 3CKH3a OTHOCUTEIFHO TPAeKTOPUH, MApaUIeIbHO caMoOMy cebe U OpTo-
TOHAJIBHO TPAEKTOPUU — IPEICTAaBICHBI Ha pucyHke 2.38.
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Ta6muma 2.14 — Omnepanus BpameHus

ToHKkOCTEeHHDBIH .
Buja ceuenns CIJI0IIHOI 3JIEMEHT
JIEMEHT

|

|

[Inockas pazoMKkHyTas }
WJIA 3aMKHYTas KpuBas i
|

|

|

[IpoctpancTBeHHAs
KpUBast

IloBepxHOCTH, IpaHb

)

a) 0) B) r)

Pucynok 2.38 — Kunemarnueckue Tena, nojrydyaemble pH IBUKEHUU CEYEHHUS BIOJIb TPAEKTOPUU:
a) SCKU3BI CEUCHUS U TPACKTOPHUH; 0) IBIKEHUE C COXpAaHEHHWEM yIila HaKJIOHA; B) apalieIbHO
caMoMmy ce0e; ) OPTOrOHATIBHO TPACKTOPHU

[TocTpoeHue Tena no cewenusam NPOUCXOIUT MYTEM IOCIEN0BATEIBHOTO CO-
€MHEHUS HECKOJIbKUX CEYeHUU. ECIM TOmonorus ce4eHn OJAMHAKOBA, TO TPAECKTO-
pUsl COCIMHEHHUS CE€YEHUH MO0 CTPOUTCS aBTOMATHUYECKH, JIMOO MyTh YKa3bIBAET
0JIb30BaTeNb (PUCYHOK 2.39).

[Ipu mocTpoeHnu 3eMEHTa MO0 CEUYEHUAM MOXET ObITh UCIIOJIb30BaHA 3apaHee
3ajjanHas Tpackropus (pucyHok 2.40).

[ToMuMO OCHOBHBIX (hOpPMOOOPA3YIOIIKX ONEpaluil K CO3IaHUI0 TBEPIOTEIb-
HBIX MOJEJIeH IPUBOJIAT TaKXKe ONEpalvy J1ucmosoe mesio (pucyHok 2.41) u npuoa-
HUe MmoauuHbl, KOTOpas o0pa3yeT Tejo NyTeM J00aBJIeHUs CIosl MaTepralia Ha yKa-
3aHHYIO MOBEPXHOCTH (pucyHOK 2.42). [Tpu momomm 3Toi KOMaHIbl BO3MOXKHO Ipe-
oOpa3zoBaHWe MOJENH, TIOJYICHHONW CPEICTBAMU TTOBEPXHOCTHOTO MOJIEITHPOBAHUS B
TBEPJAOTEJIbHYIO MOJEIb.
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a) 6) B) r)
Pucynok 2.39 — Omneparyist o CeYCHUsIM: a) CKU3bI CCYCHUI; 0) aBTOMATUYECKOE COCTUHECHUE
CCUCHMIA; B, T) COCIMHCHHIE BEPIINH CEUECHUI B MPOU3BOJILHOM IOCIIEI0BATEILHOCTH

a) 0) B)

Pucynok 2.40 — Omnepariysi 0 CEYCHHSIM: a) ICKU3bI CEYCHHUI 1 TPACKTOPUH; 0) aBTOMATHYECKOE
COEIMHECHHUE CeueHHi 0e3 yKa3aHUsl TPAeKTOPUH; B) COSTMHCHUE CEUCHHI TI0 TPACKTOPHH

Pucynok 2.41 — JIucroBoe Teno

DA

Pucynok 2.42 — IlpunaHue TOMIIHUHBI TOBEPXHOCTH

B mporecce GpopmupoBaHusi MOJENIN yYaCTBYIOT TaKKe TaKWe dJIEMEHTHI Kak
dacku, ckpyrieHus, pedpa xKeCTKOCTH, co3aHnue 000JI0YKH U Ap. X oTHOCAT K ore-
paIysM peaaKTUPOBaHUS Tell.
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2.3 IlapameTpu3anus reoOMeTpUYECKUX MOJeJIel

OpnHa 13 OCHOBHBIX 3a7a4, KOTOpYro npusBaHbl pemars CAIIP — cokpaiie-
HUE CPOKOB MPOEKTUPOBAHUS U3Aeuid. IHPEKTUBHOCTH €€ PEIICHUs 3aBUCUT OT aB-
TOMAaTHU3aLHH IOCTPOEHUS MOJIENN U BO3MOKHOCTEHN YIPOIIEHHUS 3TOr0 MpoLecca.

Ecnu B mpouecce co31aHusl T€OMETPUYECKUX MOJENEH MPexycCMOTPETh BO3-
MO>KHOCTb OBICTPOTO U3MEHEHHS F€OMETPHH (M3MEHEHUE PA3MEPOB OTAEIBbHBIX 3JIe-
MEHTOB, B3aMMHO€ M3MEHEHHE Pa3MEpOB U PACHOJOKEHHS JIEMEHTOB, HAJIUYHUE U
OTCYTCTBHE OIPEIEIECHHBIX 3JIEMEHTOB B MOJEIIN, B3aUMHOE PACIION0KEHNE MOJEIIEH
B COOpKE), TO MPOIIECC CO3/IaHUsSI HOBBIX MOJIeNiel Ha 0a3e yXe MMEIOLIUXCS CYIIe-
CTBEHHO YIIPOCTHUTCS, YTO CO3JaCT YCIOBHS I OBICTPOTO MoKcKa Haubomee r¢ek-
TUBHOTO pemnieHus. Mogenu, KOTOpble MOTYT B JAJIbHEHIIEM LIEJICHANPABICHHO HU3-
MEHSATHCSI, HA3bIBAIOTCS RAPAMEMPUUECKUMU.

He Bcerga ncnonp30BaHuE NmapamMeTPpUUYECKUX MoJeNe onpaBaaHo. Tak, 3a-
a4l aBTOMATH3allMUd Pa3padO0TKH KOHCTPYKTOPCKO-TEXHOJOTUYECKON JTOKyMEHTa-
MU, KOTOpasi HE CBS3aHA AaCCOIMAaTUBHO C TPEXMEPHBIMH MOJEISMH, 3a4aCTYIO
yloOHee peliath, UCMOJb3ys HemapaMmeTpuueckue mojenu. VckiroueHnem sBIsioT-
Ccsl, HAIPUMeEp, YEPTEkKHU JeTalel, MPu MOAUPUKALUU KOTOPHIX U3MEHSIOTCS TOJIBKO
pa3Mepbl U HE MEHSIETCS TOIOJIOTHUSI.

J{nst Toro 4ToOBI MOJICNIb MOKHO OBLIO JIETKO U3MEHSTh, B MPOIECCE €€ Mep-
BOHAYaJIbHOT'O CO3/IaHMSI HEOOXOJIMMO CBSI3aTh TpeOyeMble MapamMeTpbl FeOMeTpruye-
CKHUX OOBEKTOB U HAJIO)KUTh OIPAHUYEHUS HA OMPEICICHHBIE SJIEMEHThI MOEIIH.

[TapameTrpuueckast Ua€OJIOTHs 0OECIeUnBAET MPSMOE B3aUMOICHCTBUE MOAY-
aeii Computer-Aided Design (CAD), Computer-Aided Manufacturing (CAM) u
Computer-Aided Engineering (CAE) u CkBO3HYIO NMapaMeTpU3alni0, OCYIIECTBIISS
TEM CaMbIM HJICIO MPSMOTO MPEBPAILCHHUS] KOHCTPYKTOPCKOW MOAENH B JieTalb. M3-
MEHEHHE MCXOAHOM MapaMeTpUYECKOW MOJENN JETalu, IMOJYYEHHOW Ha JTare KOH-
CTPYUPOBAHUS, TPUBOJUT K ABTOMATHUYECKOMY M3MEHEHHUIO PACCUUTAHHOW TPAEKTO-
puu 00pabOTKH U MOTYYEHHOU MO JaHHOW TPASKTOPHUH YIIPABJISIONIEH TPOTrPaMMBI.

[TapameTprueckoe MOJEIMPOBAHNE UMEET CIIEAYIOIINE TPEUMYIIECTBA:

— MHOTOKpPATHOE HCIOJIb30BAHHE MOJEIHN WJIM 4YepTEka C BO3MOKHOCTHIO
M3MEHEHUS €ro MapamMeTpoB;

— BBICOKYIO CTETIEHb aBTOMATU3AI[M MHOTHX MPOEKTHBIX OTIEPaIlnii;

— aCCOLMATUBHOCTh MOJENEH, O3Hayarolas, 4ro Jo0doe U3MEHEHUE Mapa-
METPOB OJIHOM JIeTajdu MPUBOAUT K aBTOMAaTHUYECKOMY MEPECTPOCHHUIO BCEX CBS3aH-
HBIX C HEH 2JIEMEHTOB: COOPOYHBIX Y3JI0B, padOUMX YepTexel, ynpapsiomMX Mpo-
rpaMMm i cTaHkoB ¢ UIIY u T. 1.;

— MPOCTOTY pa3pabOTKU U WHTETPAIMH B COCTAB KOMIUIEKCA MPUKIATHBIX
pPacYeTHO-aHATUTHYECKUX MOJIENICH, 3HAUYUTEIHLHO PACIIUPSAIOMUX ero (yHKIIHO-
HaJIbHbIE BO3MOKHOCTH;

— BBICOKYIO CTETICHb 0€301MO0YHOCTH MPUHUMAEMBIX TPOEKTHBIX PEIICHUH.

B CAIIP npuMeHsieTcsl HECKOJIBKO TEXHOJIOTUH, UCIONb3YIOIIUX METOH0J0-
TUI0 TapaMETPUUECKOT0 MOJEITUPOBAHHUS.
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2.3.1 TabimyHasi napaMeTpUu3anus

TabnuuHas napaMeTpu3alysl 3aKJII0YaeTCsl B CO3/1aHUU TaOJIMLIbI TapaMETPOB
TUNOBBIX JeTaneid. CozaaHue HOBOTO 3K3EMIUIsIpa AETadu MPOU3BOJUTCSA yTEM Bbl-
0opa u3 TabyULbl TUIIOPA3MEPOB. BO3MOXKHOCTH TaOIUYHON MapamMeTpHU3aluu BeCh-
Ma OTpaHHYEHBI, TOCKOJIbKY 3aJJaHuE TPON3BOJIbHBIX HOBBIX 3HAUYEHUI MapaMeTpOB U
reOMETPUUYECKUX OTHOIIEHUI OOBIYHO HEBO3MOKHO.

Tem He MeHee, TaOnMUHAs MapaMeTpU3alUs MIMPOKO MPUMEHSETCS BO BCEX
napametrpuueckux CAIIP, mockosibKy MO3BOJSET CYIIECTBEHHO YMPOCTUTh M YCKO-
pUTH co3AaHne OMOIMOTEK CTaHIAPTHBIX M TUIOBBIX JETajeH, a Tak)Ke UX MPUMEHe-
HUE B ITPOIECCe KOHCTPYKTOPCKOTO MPOSKTUPOBaHUs (pucyHku 2.43, 2.44).

Ttem code () A ()Y B (mm) ) O (mm) )

5

4

f

- 4074 e 15
> 30.5/16 S/15" 19.5
! > 40132 11437 16
' = 40.3/8 E:N 23.6
O B = 40.7/16 7/15" 25.6
—t - a0.1/2 vz 9.4
= 40.9/16 915" 31.5
- 40.5/8 /8" 5.5
S #0516 11716" 375
= 40.3/4 3/a" 41.8
Q = 30.13/16 13/16" 44
- 40748 28" 42
;o 40516 15/16"  s2
c = .1 1" 3.4
10171715 1" /16 €9
= 418 1"lUE  ELs
- 40,1714 114 €88

10.4
129
14.2
15.9
17
19.5
21.2
23.8
23
29.4
29.4
32
a7
AR
39
41
46

Cmm) ) © (mm) ) L{mm) ) Massig) ()

3.E 6 113 18
a.: 5 130 28
Az 6.1 137 34
e 6.6 145 40
5.1 7 153 S3
5.6 8 170 70
5 8.5 178 80
5.6 9.8 193 104
7 133 z00 120
7.8 113 216 160
8 116 229 172
38 123 243 212
0.5 129 260 279
) 132 270 2¢7
8.k 14 Ma 358
9 12,4 305 394
19.1 15 355 575

Pucynok 2.43 — TaOGnuyHas mapaMeTpuieckas MoJIelIb Ta€YHOT0 KJItoya

®avin Bwa Cepeuc Cnpaska
* om0 B s

Haitin

[] F | W

a|[Es | 2|e

OrpaHHHMT&NbHBIA NepedeHs | BCE PazMepe

MonwwnHke 11206 MOCT 28428-90

1]

o Sacnenkn TpybuaTee MOCT ...
£ Waiibe
B Wirnmnsrm
£ Winmanme
£ WrwdTe
£2 wypyne:
[ KpenesHbie vanenua QCTI2
=) £ MNogwwnHmen 1 geTani maiwmH
£ Brynkm sakpennTencHeie U CTSK. ..
2 Brynkm pezuHoBeie
£ radikm, walibe, owobe MOCT 853...
] Koneua cronopHeie NpyxmHHEIE
£ Kpsiwki Topuossie
£ Macnenkn
£2) Don rocT 9650-80
= £ Moawmnmmen kaqers
EI Tun 0. PaaWanbHbIE WapiKo. ..
=l I:'__I Tun 1. PaoWansHbIe WapiK., . .
£ Moawmnmmk MOCT 28428...
£, NMogumrme MOCT 28428... |
£ Nogwmnmee MOCT 28428...
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Pucynok 2.44 — bubmmoteka crannaptHbix usnenuii B CAIIP KOMITAC-3D

78



HpI/I HCII0IB30BaHNM OMOIIMOTEK M 0a3 JaHHBIX, COACPKAIINX I'OTOBBLIC I'CO-
MCTPHUYCCKHUC MOICIIN, KOHCTPYKTOP BI)I6I/IpaeT 13 0a3bl 3aroTOBKY M 3a1aCT HeoOXxo-
AUMBIC PAa3MCPBI HCITOCPCACTBCHHO IICPC BCTaBKOH B JOKYMCHT.

2.3.2 BapuauuoHHasi napamMeTpu3amus

B pa3nmuuyHBIX MCTOYHMKAX 3TOT BHJ MapaMeTpHU3aIllMi MOXXET Ha3bIBaThCS
TaK>K€ ICKU3HBIM, UM PA3MEPHBIM.

Bapuarnuonnas, win pa3MepHasi, mapaMeTpu3aliis OCHOBaHa Ha MOCTPOCHUU
reOMETPUUYECKUX OOBEKTOB BO (hparMeHTax, YepTekax M 3CKH3aX C HAJOKEHUEM B
JTH000M TOpAKE HAa OOBEKTHI PA3TUYHBIX MMAapaMETPUUECKUX CBsI3el (B3auMOCBsI3EN)
Y OIpaHWYEHMH, B TOM YHCJIE€ B BHJIE€ CUCTEMBl YPaBHEHUI, ONPEIEIIAIOINX 3aBUCH-
MOCTHU MeXIy napamerpamu. HamokeHue cBsA3€il U orpaHMYEHUN BO3MOXKHO B JIIO-
00l MOoC/IeA0BATEILHOCTH U HUKAK HE CBSI3aHO C MOPSAKOM IOCTPOEHUS] T€OMETpH-
yeckux 00bekToB [9, 23].

B3aumoceazp o0BEKTOB MOAPA3yMEBAET 3aBUCUMOCTb MEXY MapaMeTpaMu
HECKOJIbKUX OOBEKTOB. PegakTUpoBaHUE OJHOTO W3 B3aMMOCBS3aHHBIX IAapaMETPOB
BJICUET 3a cO00M M3MeHeHue Apyrux. PenakrupoBanue napaMeTpoB OAHOTO OOBEKTA,
HE CBSI3aHHBIX C TapaMeTpaMH IPYTuX 0OBEKTOB, HE BIUSET HA HA KaKHe MapaMeTphl.
[Tpu ymaneHun 0HOTO UM HECKOJIBKUX 0OBEKTOB B3aMMOCBSI3b CUE3aeT.

B kadecTBe mpuMepoB CBs3el, HATOKEHHBIX HAa OOBEKTHI, MOKHO MPUBECTH
NapajuIeNbHOCTh U MEPICHIUKYIIPHOCTh OTPE3KOB, MPSIMBIX, CTPEIOK B3TJIsa, Cer-
MEHTOB JIMHUHM CTYNEHYAaTOTO pa3pe3a, PaBeHCTBO IJIUH OTPE3KOB WM PaTUyCOB
OKpy>XHOCTeH. B3anMo3aBrUCHUMBIMH TTapaMeTpamMu MapajieIbHbBIX OTPE3KOB SBIISIOT-
Cs1 YIJIbI MX HAKJIOHA, T.K. MapajieIbHOCTh OTPE3KOB TOXK/IECTBEHHA PABEHCTBY YIJIOB
UX HakJoHA. Eciu MoBepHYTh OJMH W3 CBSI3aHHBIX TaKMM 00pa3oM OTPE3KOB, T. €.
M3MEHUTh YroJl €ro HakJIOHa, MOBEPHETCS M Apyrod orpe3ok. Ecnu caBuHYTH win
M3MEHUTH JJIMHY OJJHOTO U3 OTPE3KOB, HE U3MEHsS €ro yroyl HakjoHa, BTOPOM oTpe-
30K He u3MeHuTcs. Ecnu ynanuth ouH U3 OTPE3KOB, TO YroJl HaKJIOHA JpYyroro cra-
HET HE3aBUCUMBIM.

3aBUCHUMOCTh MEX]y IapaMeTpaMu MOXKET ObITh M OoJiee CIOXKHOMU, 4eM pa-
BEHCTBO OJIHOTO TapameTrpa apyromy. Hampumep, Bo3MOXXHO 3amaHuie (DYHKIIHH,
OTIpEICTISIONIEH OTHOIIIEHUE MEXKTY MTapaMeTpaMu HECKOIBKUX OOBEKTOB.

Bropoii Tunm mapamMeTpudecKoil CBSI3U — accouuamueHocms 00ObEeKTOB. Ac-
COLIMaTUBHBIMH MOTYT OBITh OOBEKTHI, KOTOPHIE MPH MOCTPOCHUH MPHUBSI3BIBAIOTCS K
ApyruM 0OBEKTAaM — pa3Mephl, TEXHOJIOTUYECKHUE 0003HAUCHUS, INTPUXOBKHU. Takue
O0OBEKTHl «IIOMHST» O CBOEH MPUHAMJIEKHOCTH K 0a30BOMY TpaduueckoMy 0OBEKTY
(OTpe3Ky, OKPYXHOCTU U T. J.) WK K HECKOJIIbKUM 00bekTaM. [Ipu penaktupoBaHnuu
0a30BbIX 0OBEKTOB (HAPUMEp, MX CIABUTE HIIM MTOBOPOTE) aCCOIMATUBHBIC OOBEKTHI
NepecTpanBalOTCsl COOTBETCTBYIOUIMM 00pazoM. B pesynbraTe coxpaHseTcsi B3auM-
HOE pacnojoeHnue 0a30BOT0 U aCCOIMUPOBAHHOTO C HUM OOBEKTA.

[lon ocpanuuenuem mnonpaszymeBaeTcs 3aBUCUMOCTb MEXAY MapaMeTpamu
OTJENBHOTO OOBEKTa WM PaBEHCTBO MapaMmerpa oO0beKkTa KOHCTaHTe. Jlomyckaercs
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TOJILKO TAaKO€ pellakKTUPOBaHUE 00BEKTa, B PE3y/IbTaTe KOTOPOro He OyayT Hapyiie-
HBl YCTAaHOBJICHHBIE 3aBUCUMOCTH.

B kauecTBe NMprUMepOB OTPAHUYCHUHN, HAIO)KEHHBIX HA TEOMETPUYECKHE 00b-
eKThbl, MOXXHO TPUBECTH BEPTHKAIBLHOCTh M TOPU30HTAIBHOCTb OTPE3KOB, MPSIMBIX,
CTpEJIOK B3IUIAJA, JUHUN pa3pe3a/ceueHus. BepTHKalbHOCTh OTpe3Ka TOXKIECTBEHHA
paBeHCTBY X-KOOpPAMHAT €r0 KOHIIOB JAPYT APYTY WM PaBEHCTBY yIjla €ro HaKJIOHA
90°. OTpe30K, Ha KOTOPBII HAJOKEHO TAKOE OrPAHMYEHUE, MOKHO MepeMeniaThb, HO
HEJb3s1 IOBOPAUMBATH, T. €. H3MEHSATH YIOJl €r0 HaKJIOHA.

Ha pucynke 2.45 mpuBefeH MpuMep BapHAIIMOHHOW MapaMmeTpu3alliu Kpu-

BOIIMITHO-IIATYHHOTO MEXaHW3Ma, a Ha pHcyHke 2.46 — MoJeidb MMHTALUH €ro
JABHUIKCHUA.
40
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Pucynok 2.45 — BapuanmoHHas mapamMeTpu3anus KpUBOLIMITHO-IIATYHHOTO MEXaHU3Ma
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Pucynoxk 2.46 — ViMuTtanusi ABMKCHHS KPUBOIIMITHO-IATYHHOTO MEXaHU3Ma
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Huxe mpencraBiieH CIMCOK CBSI3€M M OrpaHUYEHUN, KOTOpPbIE, KaK MpaBuilo,
ucnoiyib3ytoTcs B CAIIP g co3ianus miocKux mapaMeTpuyecKkux MoJieseit:

— BEPTUKATBHOCTh OOBEKTOB;

— FOPU30HTAILHOCTH OOBEKTOB;

— KOJIJTMHEAPHOCTh OTPE3KOB;

— HapaJuIeIbHOCTh 0OBEKTOB;

— NEPHEHIUKYISIPHOCTh 0OBEKTOB;

— BBIPABHUBAHUE XaPAKTEPHBIX TOYEK OOBEKTOB 110 BEPTUKAIIH;

— BBIPABHUBAHUE XaPAKTEPHBIX TOYCK OOBEKTOB MO TOPU3OHTAIIH;

— 3epKajibHasi CHMMETPUSL;

— pacroyioeHue 00beKTa Ha OMCCEKTPHUCE YIIIa;

— PaBEHCTBO PagnyCOB OYT U OKPYKHOCTEH;

— PAaBEHCTBO JIJIUH OTPE3KOB;

— KacaHue KPUBBIX;

— 00BbEIMHEHHE XapaKTEPHBIX TOUEK OOBEKTOB;

— MPUHAJJISKHOCTh TOUYKH KPUBOI;

— PAcmoJIOKEHNE TOYKH HA CEPEIMHE KPUBOU;

— (Qukcaius XxapakKTepHbIX TOUEK O0BEKTOB;

— ¢uKcanus 1JIMHBI;

— (ukcauus yria;

— ¢ukcanus pa3Mepa u peIaKTUPOBAHKUE €T0 3HAUCHUS;

— MPUCBOEHUE pa3MePy UMEHU NIEPEMEHHOM.

[Ipu pegakTpOBaHUU MApaMETPU30BAHHBIX U ACCOLIMATUBHBIX OOBEKTOB TiE-
pecTpoeHue H300paKEeHHUs] MPOUCXOIUT TaKUM 00pa3oM, YTO COOJIOIAIOTCS BCE
HaJIO)KEHHbIE Ha OOBEKTHI OIPAHUYEHUS U COXPAHSIOTCA CBSI3U MEXAY OOBEKTaMH.
Psin orpanmdeHuil U CBsSI3ei MOXKET OBITh OmpejelieH 0e3 SIBHOI'O BBOJA YHCIIOBBIX
3HAUYCHUN (HarpuUMep, TOPU3OHTAIBHOCTD MPSMOW WJIM yCIOBUE KacaHUsl JBYX KpH-
BbIX). HampoTuB, Takue orpaHuyeHus, Kak 3HAUCHUS Pa3MEpOB, JIOJKHBI BBIPAXKATh-
Csl UMEHHO YHCIIOBBIMU 3HAYCHUSIMU.

Hekoropbie CcBsI3u W OTrpaHUYCHHUS MOXKHO 3a/laThb B (OpMe BBIpAKEHUS
(Hanpumep, ykaszaTh (PYHKIIMIO 3aBUCHMOCTH TlapaMmeTpa OObeKTa OT MapameTpoB
Ipyrux OOBEKTOB). 3aJaHUE AHATMTUYECKUX 3aBUCHMOCTEH MEXIYy IMapaMeTpamu
OT/ICJIbHBIX T€OMETPUUECKUX OOBEKTOB SIBISACTCS HanOOJEe CIIOXKHBIM 3TarloM I10-
CTpPOCHHUSI IMapaMeTpuueckor Moenu. OTHaKO UMEHHO TaKOW ypOBEHb MapaMeTpu3a-
LMW TO3BOJISET MOJMYYUTh HAWOOJbIIMK 3DPEKT OT MCMONB30BAHUS MapaMeTpuye-
CKUX MOJECICH.

[TocnenoBaTebHOCTh IEUCTBUN MPU CO3JAHUU MMAPAMETPUUECKOW MOJIEIU C
MCIIOJIh30BAaHNEM BapUAIIMOHHON MapaMeTpU3aluy CIISAYIOIIas:

1) cozmaercs scku3 (mpoduib) s TpeXMepHOH omeparui. Ha scku3 Hakia-
JIBIBAIOTCS HEOOXOIUMBIC TApaMEeTPHUCCKUE CBSI3H (PUCYHOK 2.47);

2) acku3 «obpasmepuBaeTcs». Ha aToM sTame oTAenbHbIE pa3Mepbl MOXHO
0003HAYUTh KaK MEPEeMEHHbIE, TPUCBOUB UM MMEHA, U 3a/aTh 3aBUCUMOCTH JAPYTUX
pPa3MepoB OT ITUX MIEPEMEHHBIX B BUE (HOPMYIT;

81



3) mpOU3BOAUTCS TpeXMEpHas omnepanus. 3HadeHue atpudyra (aTpuOyTOB)
ofepaluy TOXE CIYKUT MapaMeTpoM. B naHHOM cilyyae — BeJIMYMHA BbIJIABJIMBA-
HUs (pUCyHOK 2.48).
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Pucynok 2.47 — Dcku3 ¢ BapualimOHHON apaMeTpH3aliei:
Ha BepTHKAJIbHbIE U TOPU30HTAJIbHBIE JIMHUU HanoxeHbl orpanndenus (V u H),
paBeHCTBO IyT U okpyxkHocTel (R1 u R2)

Pucynok 2.48 — I'eomeTpuueckas MOJi€Ib ¢ BapUallMOHHON apaMeTpHu3aiuen

Bapuanmonnas napameTpusanusi NO3BOJISIET JETKO M3MEHATh (POpMYy 3CKHU3a
WM BEJIMYMHY TNapamMeTpoB OMepaluii, 4To MO3BOJISIET YAOOHO MOAU(DUIIMPOBATH
TPEXMEPHYIO MOJIENb.

2.3.3 Uepapxuueckasi napamMmeTpu3anus

JUIg 5TOro THIa mapamMeTpu3aluu ONpEAeIIoNee 3HaYCHNEe HMEET OPSIOK
co3/1aHus 00BEKTOB, TOUHEE, OPSAAOK UX MOJUUHEHUS APYT APYTY — HEepapXusl.

PaccmoTrpuM noapobHee, 4To MOHUMAETCs 1o uepapxueit oobexTos. st co-
30aHUsl JTH000ro OOBEKTa MOJAEIN HCHOJBb3YIOTCA YK€ CYILECTBYIOLIUE OOBEKTHI
(HammpuMep, AJI CO3JaHMsI ICKU3a HYKHA IUIOCKOCTh WJIM I'paHb, Ul Co3AaHus ¢ac-
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K1 — peodpo U T. 11.). OOBEKT, Il CO3IaHUsI KOTOPOT'O MUCIOJIb30BAIKCH JIOOBIE 3Ie-
MCHTBI U (MJTH) XapaKTEPUCTHKH JPYroro 00bEKTa, CYMTACTCS MOTIYMHEHHBIM 3TOMY
0OBEKTY.

Hampumep, 5cku3 MOCTPOEH HA TPAHU OCHOBAHUSI — ACKU3 MOJTUUHSAETCS OC-
HOBaHUI0. B acku3e ecTh npoekuun pedep MpuKIeeHHOro GopMooOpa3yroero Je-
MEHTa — 93CKHU3 MOAUYMHAETCS ITOMY 3JeMeHTy. Bwipezanusiii hopmooOpazyrommuii
AJIEMEHT MOCTPOEH IyTEeM OTEPAIH HaJ ICKU30M — 3JIEMEHT MOJUHHSIECTCA ICKU3Y.
[Tpu mpuxnenBannu GopMOOOPA3YIOIIETO dJIEMEHTA ITyOHHA €ro BhIJABIMBAHUS 3a-
JlaBaiach 10 BEpPIIMHBI 3JIEMEHTA BPAILIEHUS — AJIEMEHT BBIJABIMBAHUS MOTYUHSCT-
csl ANeMeHTy BpaieHus. dacka nmoctpoeHa Ha peOpe KHHEMAaTHYECKOTO dJIeMEHTa —
¢dacka moguMHAETCS KUHEMaTHYECKOMY 3JIeMeHTy. BecrioMorarenbHast och poBeieHa
yepe3 BeplIHbl (HOpMO0Opa3yroIIUX 3JEMEHTOB — OCh MOAYUHSAETCS 3TUM 3JIEMEH-
TaM. BcnomorarenbHasi MIIOCKOCTh IMPOBEJAEHA Yepe3 OCh MEPHEHAMKYISIPHO T'paHU
(bopMOOOPA3YIOLIEro 3JIEMEHTa — IJIOCKOCTh MOJYUHSETCS OCU U (OopMOOOpasyro-
miemy neMeHTy. U Tak panee.

Bes nmocnenoBaTenbHOCTh MOCTPOEHUSI OTOOpa)kaeTcss B OTAEIbHOM OKHE B
BUJIE «JlepeBa MOCTPOEHUsA». B HeM mepednciieHbl BCE CYIIECTBYIOIIME B MOJEIH
BCIIOMOTATEJNIbHbIE 3JIEMEHTHI, 3CKU3bl U BBINOJIHEHHBIE ONEPAllUK B MOPAIKE UX CO-
3nanus. [lomuMo «aepeBa MOCTPOCHHS» MOJAENH, CUCTEMA 3alIOMHUHAET HEPAPXUIO €€
AJIEMEHTOB (OTHOILIEHUS MEXKY SJIEMEHTaMU ).

K nepapxuueckum napamMeTpuaecKiM CBsI3IM OOBEKTOB OTHOCSIT:

— MPUHATICKHOCTH ICKH3a MIOCKOCTU WM TJIOCKON TpaHu;

— tun (HopMooOpa3yoIIEro IEMEHTa WIH MMOBEPXHOCTH, TOCTPOCHHOTO Ha
OCHOBE ICKHU3a;

— CYIIECTBOBAHUE B ICKHU3E MPOEKINKN 00beKTa (pedpa, rpaHul | T. I1.);

— CBSI3b BCIIOMOT'aTE€JIbHOM OCH WUJIU INTIOCKOCTHU ¢ 0a30BBIMU OObEKTaMU;

— aBTOMATHYECKOE OIpejecHrne riyOnHbI BhIIaBIUBaHUSA (popMooOpa3yto-
IIEro 3JIEMEHTA;

— COOTBETCTBHE BCEX MapaMETpPOB MACCHUBOB (IO CETKE, BJOJb KPUBOH U
T. J1.) MapaMeTpaM UCXOAHBIX SJIEMEHTOB;

— MPUHAJICKHOCTD KPYTJIOTO OTBEPCTHUS I'PaHU;

— y4yacTue onpeesIeHHbIX pedep U BEepIIMH B 00pa3oBaHuu (Hacku, CKpyTie-
HUS U T. 1L.;

— OTCEUEHUE YaCTU MOJIENIN TIIOCKOCTHIO I TOBEPXHOCTHIO;

— y4acTHe ONpeJIeNICHHBIX JeTaieil B OyJIeBbIX omnepanusx (00beauHEeHUe 1
BBIYMTAHUE) U T. 1.

[TapameTpu3zaiusi Ha OCHOBE UCTOPHH MOCTPOCHUHN MPUCYTCTBYET MpaKTHUe-
cku Bo Bcex CAIIP, ucnonp3yronmx TpexMepHoe TBEpAOTEIbHOE MapaMeTPUIEeCKOe
MozenupoBanue. OOBIYHO TaKOM TUI MapaMeTPUYECKOT0 MOACTUPOBAHUS COYETACT-
csl ¢ gapuayuonnou napametpusarueit (m. 2.3.2). Ha pucynke 2.49 nokazan mpumep
reOMEeTPUUYECKO MojeNln 3yO0uaToro MnepeiaroyHoro Baja ¢ MEpapXUUYECKUM Jiepe-
BoM noctpoenuit B KOMITAC-3D.
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Pucynok 2.49 — I'eomerpuueckast MO/Iebh 3y0UaTOro IepeaTOYHOro Bajla ¢ HepapXUIeCKIM
nepeBom noctpoenuit B KOMITAC-3D

["oBOps 0 3aTpyIHEHUSX, KOTOPHIE MOTYT BO3HUKHYTH IIPU MOJICIIMPOBAHUU C
MPUMEHEHUEM TEXHOJIOTHH C UCTOPHEH MMOCTPOSHUS, MOKHO OTMETHUTH, YTO cama HcC-
TOPUS TIOCTPOCHUS U SBJISICTCS OCHOBHBIM MCTOYHHKOM BO3HUKHOBEHUS TPYIHOCTEH
[21]. OHu Bo3HMKAIOT M HAUOOJIEE OIIYTHMBI, TTABHBIM 00pa3oM, KOraa HeoOX0aUMO
OTPEIAKTHPOBATh KAKyIO-HHUOYIb CIOXKHYIO MOJETb. PemakThpoBaHWEe OIHOW U3
oIeparifii, CO3IaHHBIX BHAUYaJIE MpoIlecca MOICITHPOBAHUS, TPeOYyeT IMOCIeI0BATEIIb-
HOTO BBITIOJTHEHHS BCEX IMOCIICIYIOIINX OINEPaIHid, OHO TpeOyeT MPUBHECCHUS U3MeE-
HEHUH B IEPECTPOEHUE 1IETI0M IIETTOYKU B MOJICIIH.
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VYnanenue ke olHON U3 GHOPMOOOPA3YIOMIMX OMEPALMA MOXKET MPUBECTU K
HEXEJNATeIbHOMY YAQJICHHUIO JPYTUX 3JIEMEHTOB, HAXOJSIIUXCS B HEpapXHUECKOU
3aBUCUMOCTH OT yAaysiemMoi ornepaiuu. [Ipu yaseHun oqHOTO U3 AJIEMEHTOB JIepeBa
mozenu B KOMITAC-3D nosBisieTcst [uanor, KOTOpblii HHOOPMUPYET O TOM, Kakue
3aBUCUMBIE OIEpaIuy TOCTPOCHUS OYyT HEU30EKHO y/IaJ€Hbl aBTOMATUYECKH.

JIpyroi u3BECTHBIN HENOCTATOK MMAPAMETPU3ALNHA Ha OCHOBE UCTOPUU COCTO-
UT B TOM, YTO PELICHHE O TOM, KaKhe MapaMeTpbl MOJEIN MOKHO MEHATh, IPUHUMA-
eTcsl B mpoiecce ee cozaanus. Ecinu motom Bam BAPYTr mOTpeOyeTcs MOMEHSTh Ka-
KOH-TO mapameTp, KOTOPBI OTCYTCTBYET B J€peBE MOCTPOEHUS, TO pelIeHre OyAeT
HEMPOCTHIM — JIMOO TOJHOCTHIO MEPECTPOUTh MOJEIb C HYJs, JHO0 MPUMEHSThH
CJIOKHBIE ONTHMHU3ALMOHHBIE aJITOPUTMBI, KOTOPBIE ITyTEM BapbUPOBAHUS 3HAUCHUN
OTIpEACISAIOIUX MAPAMETPOB MBITAIOTCS OJ00PaTh JKeJaeMOoe 3HaueHue TpeOyemMoro
rnapamMmeTpa.

B cucremax aBTOMaTM3MpPOBAHHOIO IMPOECKTUPOBAHMS C MEPAPXUUECKON Ia-
paMeTpu3alnuell CyIIeCTBYIOT HEKOTOPBIE MHCTPYMEHTHI M MPUEMBI, IO3BOJISIOLINE
OOpOThCSl C HEXeNaTeIbHBIMU TIOCIEACTBUSAMUA PEAAKTUPOBAHUS WM yJaJeHUs Ka-
KOW-TO OJHOM omepanud. MOXHO MEHATh JEPEBO MOJEIH, W3MEHASA MOPSAOK IO-
CTPOEHUS IIyTEM IIEPEMEILECHUS ONPEIEICHHBIX ONEpali 10 JEPEBY, €CIU 3TO MO3-
BOJISIFOT HepapxXuveckue cBsi3u (pucyHok 2.50).
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Pucynok 2.50 — Ilpumep nepemerenus onepanuu «CKkpyriaeHue:7»
o uepapxudeckomy nepey mojaean KOMITAC-3D
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Cy1iecTBYIOT TaKkKe Tak Ha3blBaeMble (DYHKLIMU OTKaTa UCTOPUHU NOCTPOEHUS
HaBepX, IO3BOJIAIOLIME BEPHYTHCS K MCTOKAM MOJEIUPOBAaHUS U JOOABUTH HOBBIC
AJIEMEHTBI Ha HAYAJIBHBIX 3Tallax MpoLecca NOCTPOSHUS MOJIEIIN.

OnHako Bce 3TU AEHCTBUS MPEACTABISIIOT COOOM TOBOJBHO HENPOCTOM Mpo-
ecc, TpeOyromni NTOHUMAaHUsl UCTOPUH [TOCTPOCHUSI MOJIETH, ONPE/ICIICHHBIX HABbI-
koB paboTel B CAIIP, a Takke BHUMaHUs, COCPEIOTOUYECHHOCTH M TILATEIHLHOCTH.
Benb He TONBKO BaXXHO CBECTM K MUHHMYMY HEXEJIATEJIbHOE YyJaleHUE OOBEKTOB
reOMEeTpHUH, HO U HEOOXOAUMO, TPEXkKAE BCEro, HaWTH TpPeOyeMblii TeOMETPHUECKUA
3JIEMEHT B JIepeBE NOCTPOCHMS, MOHATh MCTOPUIO MOJEIUPOBAHUSA. DTO OCOOEHHO
CJIO’KHO, €CJIM MOJENb OblIa CO3/1aHa 3a70Jr0 10 TOro, KaK BO3HHMKJIA HEOOXOIUMOCTh
€€ U3MEHUTD, WU ObLIa CO3/1aHa KEM-TO JPYTHM.

Haxkomner, emie ogHOM KIII0U€BOM pobsieMoil mapaMeTpu3ali Ha OCHOBE HC-
TOpUU SIBIISIETCA HEBO3MOXKHOCTb NPUMEHEHHUS 53TOM TEXHOJOIMH IpH pabote
¢ pazHoponubsiMu (Multi-CAD) u yHacieZJoBaHHBIMH JTaHHBIMU. J[€10 B TOM, 4TO TIpH
TpaHCISALUU MOJIEIN U3 OTHOTO opMaTa B APYroil UCTOPUS OCTPOEHUSI OOBIYHO Te-
pseTcs — TPAHCIUPYETCS TOJIBKO cama T€OMETpHsi, KOTOpasl B TAKOM Cilydae Ha3blBa-
eTcst «HeMoi». HexoTtopble TpaHCHAATOPBI CIOCOOHBI KOHBEPTUPOBATh KOHCTPYKTHB-
HBIE 3JIEMEHTBI U3 OJHOW CHCTEMBI B JIPYTYIO, HO OHU HE SBJISAIOTCS IaHALEEeH, T. K.
HOMEHKJIaTypa KOHCTPYKTUBHBIX 3JIEMEHTOB B KaXKJOM CUCTEME CBOS, U TPAHCIIALIMS
OJIMH-B-OJMH HEBO3MOKHA B IIPHUHIIMIIE.

2.3.4 TIpsamoe Mo IMPOBaHME U PeIaKTHPOBaHUE

TexHoysorus mpsIMOro MOJICTUPOBAHUS — 3TO CPABHUTEIBHO MOJOAAs TeX-
Hosnorus st Bcert orpacinu CAIIP B nenom. B cucremax npsmoeco mooenuposanus
JIEPEBO TMOCTPOEHUS OTCYTCTBYET. I[loib30BaTenb pelakTUPYeT caMy T€OMETPHIO,
JBUTasi €€ TPAHUYHBIE DIIEMEHTHI.

[Ipsimoe penakTupoBaHUE TE€OMETPUH, HE 00J1a/lass HU OJTHUM U3 HEIOCTAaTKOB
OTNMCAHHBIX BBIIIE METOJOB MapaMeTPU3ALNU, SIBISETCS MNEPCHEKTUBHBIM KaHIUa-
TOM Ha 0a30BO€ CPENICTBO IJIsi pelakTUpoBaHus TpexmepHoil dopmel [21]. TlepBoie
peanu3alyi METOAO0B MPSIMOro peaakTupoBaHus B 60abmuHCTBE CAD ObLIM JHIIIE-
HBI KJIFOYEBOM OCOOEHHOCTH IMapaMEeTPUUECKOTO PEAaKTUPOBAHUS HA OCHOBE HCTO-
pUHU TOCTPOEHUS — BO3MOKHOCTH BHECEHHUS B MOJENb TOJIBKO T€X M3MEHEHUM, KO-
TOpbIE HE HAPYILIAKOT €€ KOHCTPYKTUBHOM LIEJIOCTHOCTU. llepBoii KoOMMeEpYecKou
CAIIP, peanuzoBasmiei B 2007 T. UACOJOTHIO IPSIMOTO MOJICIMPOBAHUS JIsI CO3/1a-
HUS U PEIaKTHPOBaHUs TBEpAOTENbHBIX 3D-mozenei, snsercs SpaceClaim. Ilpo-
rpaMMa ajipecoBaHa WHXKEHEpaM, KOTOPhIM HEOOXOJMMO BHECTH CBOM BKJaj B pa3-
paboTKy W31enusi, HO KOTOpbIe B HACTOSIIEE BpEeMsl HE WCIOJB3YIOT HU OJHY U3
«mepBuuHbIx» MCAD-cuctem. [Iporpamma mosxet paboTtaTs ¢ 0OIBIIMHCTBOM (HOp-
MatoB 3D MCAD-cuctem, a Takke XpaHHTh JIaHHbIE B COOCTBEHHOM, IMOJTHOCTBHIO
OTKPBITOM (hopMaTe, OCHOBAaHHOM Ha TexHOorun XML.

[Tpu mpsiMOM penaKTUPOBAHWHU TOJIH30BATEIh OCYIIECTBISIET HEOOXOAMMBIC
oreparuy  (IepeHoCc/BpaIieHre/KOMPOBaHNUE/ yIaJIcCHUE) OJHOW WM HECKOJIBKHX
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rpaHeii/pedep/BepiinH Tena (Hampumep, o0pa3yronmx OAMH KOHCTPYKTHBHBIN 3e-
MEHT). A cucTeMa aBTOMaTHYECKH MEHSIET pa3Mepbl U (GOopMy JAPYTUX reoMeTpuye-
CKHX 3JIEMEHTOB, MOJJIEPKUBast TOMOJIOTUYECKYI0 KOPPEKTHOCTh MOJENH (IIpH Iepe-
TaCKUBAHUU OTJEJIBHBIX T'PAHEH MOJEIb HE «Pa3BAIUTCSA», @ COXPAHUT «BOJOHENPO-
HUIIAEMOCTb») U CTapasiCh COXPAHUTh €€ KOHCTPYKTHBHYIO KOHLEHIUIO (HampuMep,
COXpaHEHHE MapaJuIeIbHOCTH TpaHel mocie penaktupoBanus). [Ipumep penaktupo-
BaHUs MOJICJIM B CUCTEME MPSAMOT0 MOJAEIMPOBaHUA MpuBeaeH Ha pucynke 2.51. Ilo-
CKOJIbKY OoNbIIMHCTBO coBpeMeHHbIX CAIIP momnep:kuBaioT rpaHMYHOE MPEICTaB-
nenue (B-Rep) tBepapIx Ten, TO mpsAMOe pelaKTUPOBAHUE SIBIIACTCS HUYEM HHBIM,
KaK peJaKTUPOBAHUEM TPAHUYHOTO MPECTABICHUS TEOMETPHH.

Pucynok 2.51 — IIpsimoe penaktupoBanue mojienu B Creo Direct

ITpenmyiecTBa NpsIMOTO PEAAKTUPOBAHUS COCTOAT B CIIEIYIOIIEM:

— MpsIMOE peAAKTUPOBAHUE OOECIIEUNBAET OTPOMHBII CKAa4YOK B cuOKOCMU TI0
CPaBHEHHIO ¢ KOCBEHHBIM PEJAKTHPOBAHUEM, OCHOBAaHHBIM Ha MCTOPUU MOCTPOEHUS
(B cuctemax ¢ JepeBOM IMOCTPOCHUS PEAAKTHUPYEM TOJBKO T€ MapaMeTpbl, KOTOPbIE
IIPUCYTCTBYIOT B JIEPEBE, IPHU MPSMOM PEJAKTUPOBAHUHA MOKHO MOJBHHYTH BCE, YTO
YrOJIHO Ha KAKO€ YrOJIHO PACCTOSIHUE, IOBEPHYTh HA KAKOW yroJIHO yron);

— IpsSIMOE peAaKTUPOBAaHUE ABJIAETCS Ooyiee HArJIsAHBIM — HW3MEHEHHUS Cpa-
3y K€ O0TOOpakaroTCs Ha HKpaHe, CTOUT JUIIb NMEePEABUHYTh MAaHUIYISITOPOM HEOO-
XOJUMBIN 3JIEMEHT TeOMeTpuu (TpaHb, peOpo UIIH BEPLINHY);
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— CpeACTBa MPSIMOIO MOJEJIMPOBAHUS MO3BOJISIOT paboOTaTh C FreOMeTpHUUe-
CKUMH MOJIEISIMHU, CO3AaHHBIMU npakTruecku B 000t CAD-cucreme. [Ipounssoau-
TEJU Terepb MOryT uMnoptupoBath Jo0yto CAD-reomeTpuio, HE3aBUCUMO OT TOTO,
KaK OHa OblIa co3jaHa — CPEACTBAMU NPSIMOIO WJIM OCHOBAHHOI'O HAa MCTOPHUM IIO-
cTpoeHuit moaenuposanus. [locne 3toro 3D mMonens MOXKHO MOAUPUIIMPOBATH AJIs
3aja4 TOJrOTOBKM Mpou3BoJCTBAa. Hampumep, MHXKEHEPHI-TEXHOJIOTH MOTYT Ao00a-
BUTH 3aTOTOBKY WJIM K€ YAAIUTh KaKWe-TO KOHCTPYKTUBHBIC AJIEMEHTHI, UTO ObIBACT
HEOOXOAMMO ISl pa3IMYHBIX OTIEpaIiii 00pabOTKH;

— TJaBHOM mpoOsieMoil mpu paboTe ¢ pa3sHOPOIHBIMH JAHHBIMH SIBIISCTCS
MOTepsl MHTEJUIEKTYAIbHOCTH, IPUCYIIEH UCXOAHON MOJENIU B TOW CHCTEME, IJIe OHA
ObuTa co3mana. B uyxoil cucteMe TepsieTcsl UCTOPUS TIOCTPOSHUSI MOJIENIH, TEPSIOTCS
apaMEeTPUUECKHE CBSI3U MEXIY €€ JIeMEHTaMu. VIMEHHO B 3TOM MeCTe pOJUJICS
TEPMHH «HEMas» F€OMETPHUsI, KOTOPBIM METKO OOBSCHSET CYyTh MPOOIEMbI: TEOMETPHUS
€CTh, HO paccKka3aTb O CBOE€H KOHCTPYKTHBHOW KOHLIETIIIMM OHA HUYETO HE MOXKET.
HekoTopsie cuctembl MpsIMOro MOJEJIMPOBAHUS MO3BOJISIIOT PEAaKTUPOBATh T€OMET-
puio 6€3 UCTOPUHU MOCTPOCHUS MapaMEeTPUUYECKH, a anmapar reOMETpUYEeCKUX orpa-
HUYEHUN TO3BOJIIET BOCCO3/IaTh U COXPAHUTh KOHCTPYKTUBHYIO KOHIIETIIMIO JIIO00M
MOJCIIN.

HecMoTpst Ha Bce onmMcaHHbIE MPEUMYILECTBA, OAHOW U3 MpoOIIeM, BO3HUKA-
IOIUX TPU TPSIMOM PENaKTUPOBAHHHU, SIBIISIETCS COXPAHEHHWE KOHCTPYKTHBHOM Iie-
noctHocTU. VHOTA, 1 COXpaHEHUsI UCXOJHOTO 3aMbICiia KOHCTPYKTOpa, B CUCTE-
Max MPSIMOTO PEJAKTUPOBAHUS MPUXOIUTCS MpHUOEraTh K PYYHOMY 3alaHUI0 OOJb-
[I0T0 KOJIMYECTBA T€OMETPUYECKUX OTpaHWUYEHUH (B3aMMHON MapasuieIbHOCTH, Mep-
NEHAUKYISIPHOCTH, COOCHOCTH U T. T. OTAEIBHBIX dJIeMeHTOB ¢opMel). UnmocTpariu-
eil ciydast mOTepH TOTMOJIOIMYECKONH KOPPEKTHOCTH M KOHCTPYKTHUBHOM LEIOCTHO-
CTH B IIPOLIECCE PEIAKTUPOBAHUS CIYKUT MOJIEJIb, IPUBEICHHAS Ha pUCYHKE 2.52.

a) 0)

Pucynok 2.52 — HekoppekTHOE pelakTUPOBAaHUE: a) UCXOIHAS MOJICTIb; 0) «BBIBEPHYTAs»
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[lepBbie cucTeMBbl, KOTOpbIE OOBEAUHSIIOT BO3MOXKHOCTH MapaMeTPUUYECKOTO
MOJENUPOBAHUS CO CPEICTBAMHU MPSMOT0 PEIAKTUPOBAHUA MOJEIEH, ITO CHCTEMBI
ot Siemens PLM Software ¢ Tak Ha3piBaeMO# CHHXpPOHHOW TexHoyorueil. CHavaa
CHHXPOHHas TeXHOJorus Obuta peanu3oana B Solid Edge, a 3arem u B NX u mpo-
NOJKAET aKTUBHO Pa3BUBATHCA B HACTOSAIIMI MOMEHT. KOHLENTyalbHO CXOXH H
TeXHOJIOTHH, npemiaraemeie Inventor Fusion (Autodesk) m poccuiickoit kommaHue
JIEJAC (peamuzoBanHo B Bricscad u KOMITAC-3D).

KoMOuHUpYysT BO3MOXHOCTH HEPApXUUECKON MapaMeTpu3alud W periaTeis
reOMETPUUECKUX OTPAaHWYCHM, CHEeIHaTucThl kKomnaHuu Siemens PLM Software
peanmu3oBanu B Solid Edge Tak Ha3piBaeMble CHHXPOHHBIC (JIEKJIApATUBHO 3aIaHHBIC
C IOMOIIIbIO OTPAHUYEHU) KOHCTPYKTUBHBIC AJIEMEHTHI, IPEJOCTABUB CBOUM IOJIb-
30BaTeIsiM BBIOOP — JMOO Cpa3y MPOEKTUPOBATH CBOM MOJIEIH C MCIOJIb30BAHUEM
CUHXPOHHBIX 3JIEMEHTOB, WIH CTPOUTH TMOPUIHBIE MOJIETH C JEPEBOM MOCTPOCHHS,
BKJIFOYAIONIUM KaK KJIACCUYECKHE TMPOoIleTypHble (OCHOBAHHbBIE HA UCTOPUU TTOCTPOE-
HUSI), TAK U1 HOBbIE CUHXPOHHBIE 3JIEMEHTBHI.

Kommanun Autodesk u PTC npemnnoxusid npsiMoe MOJIETUPOBAHUE T€OMET-
pUU OCYHIECTBISTh B OTACNbHBIX npuiiokeHusx (Inventor Fusion u Creo Direct co-
OTBETCTBEHHO), T/I€ IIOJIb30BATENIb MPUMEHSIOT K MOJIETM OIEpalUd MPSMOro
1 KOCBEHHOTO (C MOMOIIBIO YIIPABIISIOUIMX PA3MEPOB) PEAAKTUPOBAHUS, HE UMeEs J10-
CTyna K JiepeBy ee nocTpoenusi. Ho 3arem Ta ke camasi MOJeb MOXET OBbITh 3arpy-
KE€Ha B KJIaCCMYECKOE IMPHJIOKEHHE Ha OCHOBE ucTtopuu mnoctpoeHust (Inventor
u Creo Parametric), rie u3aMeHeHus, ClIeJIaHHbIE C HEMl B CUCTEME MPSIMOT0 MOJICIIH-
pOBaHUsI, MOTYT OBITh MHTEIPUPOBAHBI B €€ JIEPEBO IMOCTPOCHUS. DTU TPOIYKTHI
00ecTeYMBaOT BO3MOXKHOCTHU MPSIMOTO PEJAKTUPOBAHUS C MOJTHOIICHHBIM MapameT-
PUYECKUM KOHTPOJIEM (COXPaHSAIOTCS HAJOKEHHBIE paHEe OTrpaHUYEHUs, HalpUuMep,
napauieIbHOCTh TPAHEH ).

Crioco60oM pa3peninuTh CUTYaIHI0 ¢ HEOJHO3HAYHOCTHIO TTOBEACHUS MOJICIIU B
cUCTeMax MPSMOro MOJAEIMPOBAHUS cTajna npemyioxenHas kommnanueil JIEJJAC tex-
HOJIOTHUSl 6APUAUUOHHO20 RPAMO20 moodeaupoeanusn (BIIM), naromas mnojb3oBaTe-
JIF0 BO3MOHOCTh MCIOJIb30BAaTh AHAJIOT MapaMeTPUYECKOr0 MPOEKTUPOBAHUS HA OC-
HOBE UCTOPUU MOCTPOECHUSI COBMECTHO C MPSIMBIM MOJCIUPOBAHUEM. DTA TEXHOJIOTUS
HCIIOJB3YeT anmapaT T€OMETPUUECKUX OTPAHMYCHHM, KOTOPHIA MO3BOJISIET MIPU pe-
JTAKTUPOBAHUHU COXPAHITH KOHCTPYKTUBHYIO KOHIIEIIIIUIO TPOCKTUPOBIIHKA.

Texnonorus BIIM mnoanepkuBaeT co3gaHue U MOAU(UKAIIUIO T€OMETpUYe-
CKMX MOJIeJiell ¢ TTOMOIIBIO SBHBIX U HEABHBIX orpaHudeHuid. IlonoxxkeHue nr0O0ro
00BbEKTa MOXKET OBITh 3aPUKCHUPOBAHO B A0COTIOTHOM CUCTEME KOOPIMHAT MU OTHO-
CUTEJILHO JAPYrux o0beKTOB. [Toanep:kuBaeMbie TUITBI TEOMETPUYECKUX OTPAHUUYCHUI
BKJIFOYAIOT B C€0s JIOTMUECKHE OTHOIIEHUS MEXIY T€OMETPUUECKHUMH CYIIHOCTSIMHU
(coBmajieHue, NapalieIbHOCTh, KACAaHUE U T. I.) U pa3MEpPHbIE OTHOLICHHUSI, KOTOPBIE
3a/1al0T TpeOyeMble 3HAUCHUS PACCTOSIHUH, YTIIOB WX paanycoB. UHCTpyMEHTHI MO-
TUUKAII MOJIEIIH TIO3BOJISIFOT aBTOMAaTUYECKH CABUTATh W BpPaIlaTh OOBEKTHI B Ta-
KHE MOJI0KEHUS, T]I€ YJIOBJIETBOPSIOTCA BCE HAJIOKEHHBIE HA HUX OTPaHUYEHUS, CTa-
pasich CBECTH K MUHUMYMY TpaHChOpMAaINK 13 Ha4aJIbHON KOH(UTYpAITHH.
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Hecmotps Ha To, 4TO GYHKIIMOHAT CUCTEM MIPSIMOTO MOJCITUPOBAHUS HEMpe-
PBIBHO HapacTaeT, HeJb3sl HE 0OpaTUTh BHUMAHMS M Ha MIPUCYIIME UM Ha CETOJTHSIII-
HHI JIEHb HEJOCTATKU.

Bo-1iepBbIX, OCTaeTcss HEBO3MOXXHBIM PEAAKTUPOBAHHUE CIIOXKHBIX (opM u
NURBS-nosepxnocteii. OHO €710 — paciio3HaTh B MOJICNI C OTCYTCTBYIOIIEH HC-
TOPHEH MOCTPOSHUS IUIOCKHUE, MUIUHApUUIECKHe, chepuueckue, KOHUIECKUEe, TOPH-
yeckue TrpaHu. J[pyroe nemo — MOHATh, YTO JaHHAS TPaHb SBISICTCS PE3yIbTaTOM
MIPUMEHEHUS OTIEPAIMA 3aMETaHuUs TUIOCKOTO KOHTYpa MPH JBWKEHUU BIIOJH 3aaH-
HOM KPHWBOW, MOCTPOEHUE TeJa MO €ro IUIOCKAM CEYCHUSM, TIAIKOTO COTPSIKCHHS
JBYX IIOBEPXHOCTEU U T. II.

Bo-BTOpBIX, CHCTEMBI IPSMOTO MOJICTUPOBAHHMSI CIUIIIKOM MPOCTHI JIJIST OCBO-
eHus. B pesynbrare majgaer MHTEIICKTYaJIbHBIM YPOBEHB MOJIb30BaTeNe. M cox-
HO TIOTOM IEPEXOJUTh Ha CHUCTEMBI C HCTOpUEH MocTpoeHUs. IloaTomMy cHCTEMBI
MIPSIMOTO MOJICIMPOBAHMS JOJIKHBI CTAHOBUTHCS BCE 00JIee MHTEIUICKTYyaIbHBIMHU.

2.4 ABTOoMaTH3auMs BHINOJHEHHUS KOHCTPYKTOPCKOM JOKYMEHTAINH
2.4.1 3ajaya KOHCTPYHPOBAHUS

[lon xomcmpyupoeanuem TOHUMAIOT Pa3pabOTKy KOHCTPYKLIMH IO Mpe-
BAPUTEIBHBIM pacueTaM, pEaIM30BAHHYIO B KOHCHPYKMOPCKYIO OOKYMEeHmayuio, Ko-
TOpast ABISETCA OQHOM M3 BaKHBIX M HambOonee Tpynoemkux B CAIIP. Ee pemenue
OCYUIECTBJISIETCSL ¢ MOMOILBIO TpaUuecKoil MOJCUCTEMBI A6MOMAMUZAUUU GbINOII-
HeHUA KOHCmpPYKmopckou ooxymenmayuu (AK/[) v aBTOHOMHOUN (JIOKadbHOMN)
cucmemovl AK/] co CTpyKTypOi ¥ MPUHLMIAMH NOCTpoeHus!, aHamoruuyubiMu CAITIP.
Jloxanbubie cuctembl AKJI yacTo UCNonb3yrOTCS B MPOU3BOJACTBEHHON MPAKTUKE Ha
HavyanbHOU cramuu BHenpeHusi CAIIP, korma ee cosnmanue omepeskaer pa3padoTKy
CAIIP unu korga cucrema AKJl naBapuanTHa, T. €. npuMmeHuma ko Muorum CAIIP.

Cpencrta peanuzauuu cucteM AKJ] npenocrasinsier komnvromepHas epagu-
Ka, oOecrieunBaroas co3/laHne, XpaHeHne u 00paboTKy Modenell TEOMETPUIECKUX
o0wekToB (I'O) u ux rpadpuyeckux mzodpaxkenuii (I['M) ¢ moMombI0 KOMITBIOTEPA.
Hcnonp30BaHrne KOMIBIOTEPA B KOHCTPYKTOPCKOM JEATEIIBHOCTH KaK 3JIEKTPOHHOTO
KyJbMaHa 3HAYUTEJILHO O0JIerdaeT moAroTOBKY KOHCTPYKTOPCKUX U JAPYrux rpadu-
YECKUX JIOKYMEHTOB, CBSA3aHHBIX C M3TOTOBJICHUEM H3JEIHM, COKpAIaeT CPOKU HX
pa3paboTKH ¢ yayuiieHueM kadecTBa. OcoOeHHO 3TO 3P(HEKTUBHO MPU KOHCTPYHUPO-
BaHUU YCTPOMCTB Ha 0aze MapaMeTpUUECKH YMPABISEMbIX YHUPUIIUPOBAHHBIX U TH-
MOBBIX DJIEMEHTOB KOHCTPYKIIMH, 00€CTICUNBAIOIINX UX MHOTOBAPUAHTHOCTb.

ABTOMAaTH3aIMs KOHCTPYUPOBAHUSI U TOATOTOBKHU MPOU3BOJCTBA Ha OCHOBE
co3aHus TpexMepHbIX monenert ['M BkiIrodaeT: mMpOYHOCTHBIE U KUHEMATUYECKHE
pacyeThl, KOMIIOHOBKY, TEXHOJIOTHYECKUE MPOIIECChl M3TOTOBJICHUS M COOPKU JIeTa-
neit. Monens 'O comepxuT nHGOpMAIUIO O €T0 TEOMETPUHU U UCTIOIB3YETCS KaK st
JBYMEPHOT'O MOJEJUPOBAHUS, TaK U JUIsl pacyeTa pa3iMyHbIX xapakrepuctuk ['O u
TEXHOJOTMYECKHUX MapaMeTPOB €ro U3roToBIeHUs. TakuM 00pazom, reOMeTpUUECKOe
MozenupoBanue spisiercsa sopom CAIIP u ACTIIIL
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2.4.2 CTPpyKTypa ¥ OCHOBHbIE NIPUHIUNBI HOCTPoeHusi cucreMbl AKJ{

Konctpykropckas nokymentanus (KJ[) HeoOxoauma Ha Beex 3Tarnax mporiec-
ca MPOEKTUPOBAHUSA U3JIENUsl — OT MOJy4deHus U yrouHeHus T3 no mepegauu u co-
npoBokaeHus K/I Ha npeanpustuu-u3roroBurese (pucyHok 2.53).
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Pucynok 2.53 — CtpykTypa 1 mociIe10BaTeIbHOCTh padoT, BHITOIHIEMBIX B TIPOIIECCE
MIPOEKTUPOBAHUS U3AETUS
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Cucrema AK]Jl BbINONIHSET BBOJA, XpaHeHUE, oOpabOTKy U BBIBOJ rpadu-
yeckoi uHpopmanuu B Buge KJI. JIns peanuzamnuu cucteMbl HEOOXOIMMBI:

— JOKYMEHTBI, periiaMeHtupyomie padory cucrtembl AKJl, — ucxomnas
uHopManus 11t hopMupoBaHus UHGOPMAITMOHHON Oa3kl;

— uHpopmarmonHas 6a3a, coaepxkamas mojenu ['O, 'Y, anementst odhopm-
nenus yeprexa no ECK/I;

— TEXHUYECKHE U MpOorpaMMHbIe cpeacTBa co3aanus mojenei 'O u ' u ux
BBIBO/IA;

— uHTEep(dEIC MOTB30BaTENS B BHJIC TPAPUIECKOTO THATIOTA C KOMITBIOTEPOM.

Bce nepeuncieHHble COCTaBISAIONIME 00pa3ylOT METOUYECKoe, HHPOPMAaIU-
OHHOE, TEXHHUYECKOE, TPOrpaMMHOE B opraHu3anuonHoe obecrneuenne AKJI.

DddextuBHocth nmpuMeHeHuss AKJ[ npu paspaborke K]l obGecrneunBaercs
CIEAYIOIIMMU €€ BO3MOKHOCTSIMU:

— HaAJIMYUEM Cpeocms npeodpazoéanuii: OBOPOTa, MEPEeHOCca, CUMMETPUPO-
BaHMsI, MACIITAOUPOBAHMSI, IIOCTPOCHUS 3€PKATBHOTO H300paXKEHUS U JIp.;

— HCIOJIb30BAaHUEM 20MOBbIX (hpazmenmos yepmediceli: KOHCTPYKTUBHBIX U
F€OMETPUYECKUX DJIEMEHTOB, YHU(PUITUPOBAHHBIX KOHCTPYKIIUMA, CTAHJAPTHBIX U TH-
MTOBBIX U3JIETIUN;

— BEJIEHUEM 0uano2a ¢ KOMHbIOMEPOM 6 NPUBLIUHBIX O]l KOHCMPYKMOpa
mepmunax 1 ¢ npuBbIYHBIMHU 111 Hero 'O u ['U;

— HAJMYHUEM A3bIKOBbIX CPEOCMmE ONUCAHUS MUNOBbIX MOOenel-npeodCcmasu-
meneti yepmediceti OOBEKTOB, KOI/Ia MPOIIECC CO3/AaHMUSI KOHKPETHOTO YepTexa U3ze-
JIUSL CBOJIUTCS K 3a/IaHUIO PA3MEPOB;

— TOJIYYEHHUEM uepmedicell 8biCOK020 Kaiecmaa, 0(OPMIIEHHBIX MO CTaHAap-
tam ECK]] myTem BbIBOJ1a Ha TPadONIOCTPOUTENH, IPUHTEPHI U IPYTHE YCTPOHUCTBA.

[Toctpoenne AK]J] menecooOpa3HO BBINOIHATH B BHIE CUCHEM-HAOCMPOEK
HaJ| 6a30BOM rpaduIecKoil CUCTEMOM, CoepKaIleii HEOOX0IMMbIE BOZMOKHOCTH.

OcHOBHBIMY HpHHIUIIaMH nocTpoeHust cucteM AKJI siBisroTcs:

— aoanmupyemocms cucteMbl AKJ] x paznmuunbim CAIIP, 1. e. pacuupenue
BO3MOKHOCTEHN €€ UCIOIb30BaHUS;

— ungpopmayuonnoe eouncmso Bcex dacrerr AKJl m CAIIP, kotopoe nipen-
roJjaraeT €IMHCTBO 0a3bl IAHHBIX JJIS PA3JIMUHBIX Ha3HAUYCHUM (MCIOJIb30BAHUE MO-
nenu 1'O u ' kak n1s hopMHUpoOBaHUs YepTEXKeH, Tak U JJI1 pacueToB, HAIpUMED,
aBTOMAaTH3allMKM pa3OUeHUs] O0OBEKTa Ha AJIIEMEHTHI U MOCJEAYIONIeH nepeaadyn JgaH-
HBIX B IPOrpaMMHOE 0OeCIieueHre ¢ MPUMEHEHUEM METO/1a KOHEYHBIX 2JIEMEHTOB);

— 803modcHoCcmb pacuiupenusi cucteMbl AKJ[ myTeM H0OMONHEHHS] HOBBIMU
COCTaBHBIMH YaCTSIMU W PA3BUTHUS UMEIOIIUXCS;

— UHBAPUAHMHOCHIb, T. €. MAKCUMaJlbHasi HE3aBUCUMOCTh COCTABHBIX YaCTEH
u cucrteMbl AKJ] B 1es1oM 10 OTHOIICHHUIO K MPOOJIEMHO-OPUEHTHPOBAHHBIM CUCTE-
mam AKJl u CAIIP. Hampumep, cucrema 3J1€KTPOHHBIX YCTPOUCTB MOXET OBITH MC-
MOJIb30BaHa Kak rpaduyueckasi MojCUCTeEMa B CUCTEME YIpaBiIeHUsS pOOOTOTEXHUYE-
CKMM KOMILJIEKCOM M Kak rpaduyeckasl MOJACHCTEMa B CHUCTEME YIPaBJICHHUS KOH-
TPOJIbHO-U3MEPUTEIIbHBIM YCTPONUCTBOM.
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[TocTpoeHnE TaKUX CUCTEM 3HAYUTENIBHO YIPOIIAETCS, €CJIA OHH CO3JAI0TCS
Ha 0a3ze YHUBEpPCAIbHOM, OTKPBITOM Cpeibl MPOEKTUPOBAHUS VISl peain3anuu rpadu-
yeckux Bo3MoxkHocTeit CAIIP. Tlpumepamu Takoi cpeasl sBisitoTcs Aemoxao, Kom-
nac — yHugepcavHble epaguieckue cucmemsl, 8 OCHO8Y CIPYKMYpbl KOMOPbIX NO-
JIOJHCEH NPUHYUN OMKPBIMOU apXUmeKmypbul, NO360JAOUWUL A0anmMupo8ams U pa3eu-
8amov MHO2UEe QYHKYUU NPUMEHUMENbHO K KOHKPEMHbIM 3A0a4am U mpedOo8aHusM.
[Tpumepamu noacucrem AKJL siBisiroTcst HancTpoiku A GOPMUPOBAHUS YEPTEKEH
TUIOBBIX MAIIMHOCTPOUTENBHBIX J€Tajel, COOPOYHBIX YEpPTEXKEH MEXaHWYECKHUX
YCTPONCTB, aHUMALIMOHHBIX KHUHEMATUYECKUX CXEM U .

2.4.3 Iloaxoabl K MpeACTABJIEHUIO U XPAHEHUIO TPapuUeCKUX JaHHBIX

MoHO BBIAEIUTH JIBa OAX0Ja K KOHCTPYUPOBAHUIO HA OCHOBE KOMIIBIOTEP-
HBIX TEXHOJIOTHIA.

Ilepsviii nooxoo Ga3upyerca Ha JByMEpHOU reoMmerpuueckoit moaenu 'Y u
UCIIOJIb30BaHUN KOMIIBIOTEPA KAK 2JIEKMPOHHO20 KYIbMAHA, TO3BOJSIONIETO 3HAYU-
TEJILHO YCKOPUTH MPOIECC KOHCTPYUPOBAHUS U YIYUIIUTh KaueCcTBO O(OPMIICHUS
KJI. LlenTpasibHOE MECTO B 3TOM MOAXOJE K KOHCTPYMPOBAHUIO 3aHUMAET Yepmedic,
KOTOPBIN CIIY>KUT CPEICTBOM MPEACTABICHUS U3JEIUS, COJIepkKaIEero HHHOpMAIIUIO
Ui pelieHusi rpadUueckux 3ajad, a TakKe JUIsl U3TOTOBJICHUS M3Jenusi (pucy-
HOK 2.54). IIpu TakoM 1oJIX0/Ie TOTydYeHUE TpadhuIecKOro H300paKeHUs 32 KOMITbIO-
TepoM OyJeT palMoOHAJIBHBIM M JTIOCTaTOYHO 3(DPeKTUBHBIM, eciu co3aaHHoe I'U uc-
MOJIb3YETCSI MHOTOKPATHO.

" IIpousBoacreo
MbuIcaeHHBIH Pemenue
oopa3 > Yeprex > reoMeTpUYeCKUX
OpMIHHAJIA 3ajJaa4

A A

OoOpaTHasi cBA3b

Pucynok 2.54 — Cxema TpaJUIIMOHHON TEXHOJIIOTUH KOHCTPYHPOBAHUS

B ocHOBe 6mopoco nooxooa IEXKUT NpOCMpPAHCMEEHHAS 2€OMEMPUUECKAs]
mooensv (I1I'M) w3nenust (pucyHOK 2.55), KOoTOpas SBisieTcsl O0Jiee HaArJIAIHBIM CIIO-
COOOM TIpE/ICTaBJICHUSI OpUTHHAJIA U 00JIee MOIIHBIM M YOOHBIM HHCTPYMEHTOM JIJISI
pEIIeHUsT TEOMETPUYCCKHX 3a1ad. UepTex B 3TUX YCIOBHSAX WIPAcT BCIIOMOTATEIIb-
HYIO POJIb, & CIIOCOOBI €0 CO3/IaHUsI OCHOBaHBI HA METOJaX KOMITBIOTEPHOU IpadUKH,
METOJIaX OTOOPaKEHUS IPOCTPAHCTBEHHOW MOJICITH.
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[Ipu nepBoMm mojnxojie (TpaAUIIMOHHBIN MpOLIECC KOHCTPYUPOBAHUS) OOMEH
uH(popMaIMell OCYIIECTBISETCA Ha OCHOBE KOHCTPYKTOPCKOM, HOPMATHBHO-
CIIPABOYHON M TEXHOJOTHYECKON JOKYMEHTAIMHU; MPU BTOPOM — Ha OCHOBE BHYT-
pEHHEero MammHHOro npencrabiieHus 'O, obmieit 6a3bl JaHHBIX, YTO CHOCOOCTBYET
b dexTuBHOMY HYHKIHOHUPOBaHUIO MporpammHoro obecneuenus CAIIP koHkpeT-
HOTO U3JIETHS.

Yeprex " IIpousBoacreo
MeIc/1eHHbIT IIpocTpan- Pemenue
o0pa3 »| CTBeHHas > reoMeTpHuYeCcKHuX
OpUIHHAJIA MO/1eJIb 3aja4

A

A

OopartHas cBs3b

Pucynok 2.55 — Cxema T€XHOJIOTHH TPEXMEPHOTO KOHCTPYHPOBAHUS

['eomeTpuyeckoe MoaenupoBaHue u BUabl Monened 'O moapoOHO paccMOT-
peHsl B pasnene 2.2. Ha pucynke 2.56 man npumep dhopmupoBanus moaeneid ['U u
[1I'M rpaduyeckoro n300paxeHus! 1eTajiu.

Ha nepsom smane peanbHblii 00BbEKT (B IpUMEpE JeTajib) MoaBepraeTcs ad-
CTpaKIIMH, B PE3yJIbTaTe KOTOPOI OMPENEIICTCS UHPOPMAYUOHHASL MOOETD.

Ha émopom smane B nHbOpMallMOHHON MOJENU BBIIEISIOT YPOBHU CTPYK-
TYypHU3allM{ TaHHBIX U UX B3aUMOCBSI3H, Yallle BCETO C YYETOM IPOLIECCOB 00pabOTKU
uH(pOpMallMu B 3aJlaye NMPOEKTUPOBaHUSA. TakuM 00pa3oM OCYLIECTBIISETCS yTOUHE-
HUE U CTPYKTypUpOBaHHE HMH(MOpMALUU ¢ J102uyeckou mouku 3peHus. CyllecTBeH-
HbIM MOMEHTOM B 3TOM MPECTABICHUU ABIISETCS TO, YTO OHO JOJDKHO OTpa)kaTh Xa-
pPaKTEepUCTUKH HE OJHOM JeTallu, a IeJIOTO Kilacca JeTajed Ha pa3iu4HbIX CTaIusIX
MPOEKTUPOBAHUSA, (PUKCUPYEMBIX B TEXHUUYECKON TOKYMEHTALIUH.

[Ipu GpopmupoBanuu unpopmayuouHot moodenu MPEANONIAraeTCsi UCIOJIb30-
BaHWE MHOXECTBA KOHCMPYKMUBHBIX dJleMeHmo8 I TOMydeHHs IeTalleil Mmpous-
BOJILHOU (DOPMBI, ceomempuueckux 3jnemenmos (TOUeK, KOHTYPOB, MOBEPXHOCTEH,
AJIEMEHTAPHBIX U CIOKHBIX O0OBEKTOB), KOTOPhIE 00ECIIEUNBAIOT 00PaOOTKY reoMeT-
pudeckoi mHQPOpMAIMK IS BCEX MPOIIECCOB aBTOMATHU3WPOBAHHOTO MPOCKTHPOBA-
Husl. TakuM 00pa3oM CTPOUTCS MOOelb OAHHbIX, KOTOpas OTpa)KaeT JOTUYECKYHO
CTPYKTYpY JaHHBIX.

Ha mpemvem smane ocymiecTBisieTcsi mpoIecc OTOOpaKEHUsT MOJIEIH JaH-
HBIX BO BHYTPEHHEE MAIIMHHOE MpeAcTaBIeHne — (HOPMUPOBAHUE MOOenU OOCMYNa,
KOTOpasi OpUEHTHPOBaHa Ha (PU3HUECKOE pa3MEIllEHUE TaHHBIX B KOMITBIOTEPE.
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Pucynok 2.56 — OTo0paxeHne onucanus pealbHOro 00beKTa BO BHYTPEHHEEe MalIMHHOE
Ipe/CTaBICHNE

Ha uemeepmom smane ompenensercs moodenvb XpaneHus, KOTOpas 3alaeT
O0TOOpakeHHE JTaHHBIX B MOJENHU JOCTyNa Ha (PU3MYECKYIO MaMsThb U YIpaBJiCHHE
uMu. CyliecTBYIOT TpH CHOC00a OpraHu3alvMy JaHHBIX Ha (PU3MUYECKUX HOCHUTENSX:
MOCJIEIOBATEIbHBIN, O0BEKTHO-UEpAPXUUECKUN U mpsmoi. B ABTokan, Hampumep,
UCIIONIb3YeTCs] OOBEKTHO-UEPAPXUUECKUN CIOCOO XpaHEHUS TeOMETPHUUYECKUX JaH-
HBIX, YTO JAaeT BO3MOXHOCTH MOJIb30BATEINII0 XPAaHUTh JaHHbIE 00 00beKTax Ha (HU3H-
YECKUX HOCHUTEIISX HE3aBUCUMO OT UX JIOTUYECKON MOCIIEI0BATEIBHOCTH.

Wcnonnenue u3aenus onpeaessiercs 3aJaHHbIMUA MapamMeTpamu, OOHYJIEHHE
KOTOPBIX IPUBOJUT K UCKIIFOUEHHUIO COCTaBHBIX 35ieMeHTOB ['O. B mpocreiimem ciry-
4ae MU3MEHSIOT TOJIBKO pa3Mephl, a KOHCTPYKLHUS OTACIIbHBIX BAPUAHTOB CEMENCTBA
W3IEIUNA OCTAETCS] HEM3MEHHOW. Takou BUJ KOHCTPYUPOBAHUS HA3bIBAKOT NPUHYUNU-
anvHuiM (T. €. C COXpAaHEHUEM IPUHIMIA KOHCTPYKLIMH).
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[Ipu npunyunuanbHom KoHCmMpyuposanuu JAHHBIE TEXHOJIOTMYECKOW JOKY-
MEHTAIlMX HE MOATOTaBIMBAIOTCS KaXbI pa3 3aHOBO, a 3aKPEIJICHBI 32 YK€ UMEIO-
MIMMUCS TPUHLIMITHAIBHBIMU YepTexamu. [I[puMeHeHne Takoro MeToja mpeanosara-
€T, YTO YXE CJeJlaH BBIOOp T€OMETpUHU M MpOoeKTupyemoro uzaenus. O6macTtu
NPUMEHEHUS: MPOEKTUPOBAHUE OTACIbHBIX JieTaneil (pyx uH), KOMIIEKCHBIX (DYHK-
[IMOHATIFHBIX Y3JI0B (MOAIIMITHUKOB), TOTOBBIX H3JAETHH (TpaHcHOpPMATOPOB, HH-
CTpYMEHTA). 3aTpaThl HA ONMCAHUE TUIIOBOM MOJIENIN BEJIMKH IO CPAaBHEHUIO C 3aTpa-
TaMHl Ha TOJIyYEHHE BAPHUAHTOB, IO3TOMY MHOTME CUCTEMBI MCIOJB3YIOT HMPUHIUI
BJIO’)KEHHOCTU MOJEJIEH: OJUH pa3 OMKMCAHHBIE TUIIOBBIE MOJEIN MCHOJB3YIOTCS IS
ONMCAHUS IPYTUX TUIIOBBIX MOJIETIEH.

[TpuMeHHUTENHHO K TEXHOJIOTHH 00pabOTKH B 3TOM CITydae MOKHO TOBOPHUTH O
TUIIOBOM TEXHOJIOTMYecKoM Tmpouecce. [Ipu HeoOxonuMocTh OOHOBJIEHHSI KOM-
IUIEKCHOW MH(OpMalMU O TUIOBOM TEXHOJOTHYECKOM IIPOLIECCE WIIM YEpTEeXE Ha
IpynIy U3J€IUil B CUCTEMY BBOJSTCS HOBBIE BAPUAHTHI COUYECTAHMM PA3IMYHBIX MC-
XOJIHBIX [TaPaMETPOB.

B npoTuBOMOIIOKHOCTh BAPUAHTHOMY METOJY, TIPU 2eHepupyroujem memooe
ONPENEIAIOTCA Pa3IMYHbIE COYETAHUS KOHCTPYKTHBHBIX (MHA4€ KOHCTPYKIIMOHHBIX )
U TEXHOJIOIMYECKHUX AJIEMEHTOB U BblOMpaeTcsl Hawityuuliee peumeHue. [lpunnun pa-
OO0TBI CUCTEMBI, UCTIOJB3YIOIIEH TeHEpUPYIOLIU METO, OCHOBaH Ha paznaenenun 'O
Ha 3JIEMEHTHI U CO3/1aHuK HOBBIX 'O U3 nMeromuxcs 3aeMeHToB. Pa3nuyaror ciemy-
IOIIME TPYIIIBI 3JIEMEHTOB: OCHOBHBIC ((DYHKIIMOHAIBHBIC), BCIOMOTATEIbHBIE (KOH-
CTPYKTHUBHBIE T€OMETPUUYECKHE U PJIEMEHTHI (POPMBI) U TEXHOJIOTUYECKHE.

Ha pucynke 2.56 mpuBeneH nmpumep Takoro pasesieHus JIeTalid Ha dJIeMEH-
Tbl. C MOMOUIBI0O OCHOBHBIX 3JIEMEHTOB CO3JaeTcsi reoMeTpuueckas (opma JaeTaiu
(HapyXHbIE ¥ BHYTPEHHHE MOBEPXHOCTH, MPOTOYKHU). DTO JAET, MPEXIE BCEro, 00-
niee onucanue aeraiu. C UCIoIb30BaHUEM BCIIOMOTATENBHBIX 3JIEMEHTOB, KOTOPBIE
HEINOCPEJICTBEHHO CBSA3aHbl C OCHOBHBIMH, OCYIIECTBIIsIETCSl Oojiee moJIpoOHOE Omu-
caHHWe JAETaj, 4TO IO3BOJISIET MOJHOCTHIO MepefaTh €€ FeOMETPUUECKYI0 (opMy.
TexHOoIOrnYeckne 31eMEHTBI WM XapaKTEPUCTUKH OTHOCATCS M K OCHOBHBIM, U K
BCIIOMOT'aTEJIbHBIM AyIeMeHTaM. OHM TaKXe BIHSIOT HA IPOCTAaHOBKY Pa3MEpOB.

CAIIP, pabGotaroriue mo TeHEepPUPYIOUEMYy MPUHIIUITY, 00JIajatl0oT BBICOKOMN
rMOKOCTBIO U MPUTOJHBI JJI PEIICHUs Pa3IMYHBIX 33/1ad. ITOT MEeTOoJ 3PPEKTUBEH,
TaK KakK ONBIT MMOKA3bIBAET, YTO OOJIBIIMHCTBO KOHCTPYKTOPCKHUX Pa3pabOTOK, Ha3bl-
BA€MbIX HOBBIMU KOHCTPYKLMSIMH, CO3/Ia€TCA MyTEM paHee HE HCIOJIb30BaBILETOCS
COUYETaHHUA JIEMEHTOB, IaBHO M3BECTHBIX KaK MO MPUHLUIY (YHKIIMOHUPOBAHUS, TaK
Y TI0 UCTIOJTHEHHUIO.
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3 OnTumMu3anus NPOEKTHBIX pelleHuii MPU ABTOMATH3HPOBAHHOM
NPOEeKTUPOBAHUM

JIst pelieHnst CTOSIIIUX IEpPE] COBPEMEHHBIM MAIIMHOCTPOCHHUEM 3aJad I10-
BBIILICHUSI HAJEKHOCTH U IMPOU3BOJUTENILHOCTH HEOOXOAMMO HIMPOKOE BHEIAPEHUE
METOJOB M pE3yJbTATOB HAYYHBIX HCCIEIOBAHMM B IIPAKTUKY IPOEKTHO-
KOHCTPYKTOPCKHUX pa®oT. OHO U3 BaXXKHEUIIMX MECT MPHU 3TOM MPUHAJIEKHUT HAYY-
HBIM METOJaM ONTHMMM3allMM MapaMeTPOB MAIWH, HAIPABJICHHBIM HA IOJIyYEHUE
00OBEKTOB C HAWITyYIIUMU CBOMCTBAMH.

Teopust onTuMu3alMu HaXOAUT cerofHs 3(pPeKTuBHOE MPUMEHEHHE BO BCEX
HaIIPaBJICHUSAX MHXXCHEPHOHN AESATENbHOCTU. JTO, B MEPBYIO OYEPEb, TPOCKTUPOBA-
HUE CUCTEM M MX COCTaBHBIX YacTell, MJIaHUPOBAHUE U aHAIN3 (PYHKIIMOHUPOBAHUS
CYLIECTBYIOIIUX CUCTEM, MHXKEHEPHBIN aHau3 U 00paboTka uH(popmaluu, ymnpasie-
HUE TUHAMUYECKUMHU CUCTEMAMMU.

Pemenne MHXEHEpPHBIX 3a/1ay ONTHUMH3AIMU B MPHEMIIEMbIE CPOKH B OOJIb-
IIMHCTBE CJIy4aeB HEBO3MOXHO 0€3 MPUMEHEHHUs! KOMIBIOTEpa, T. €. 0€3 aBToMaTH3a-
uun  npoektupoBanusa. s CAIIP xapakTepHO panMOHAIbHOE PACIPEICIICHHE
GyHKIUI MEXly 4eTIOBEKOM M KOMIIBIOTEPOM, a Takke 000OCHOBAHHBIN BbIOOpP MOje-
JIe 1 METOJIOB JUIsl aBTOMATU3UPOBAHHBIX MPOLIEAYD.

JI1st MHOTHX 0OBEKTOB MAIIMHOCTPOCHHUSI (HapUMep, Uil CTPEJIOBBIX CUCTEM
IPYy30MOAbEMHBIX KPAHOB, METAIIMYECKUX KOHCTPYKUUWA U T. [I.) CETOAHSI PELICHBI
3a/layu MHTerpauuu pa3nuunbix 3TanoB CAIIP, cBA3aHHBIX ¢ BBIBOJIOM IpadUuecKoit
uHpopmanuu (Harmpumep, NojayyeHue rpaduyeckux M300paKeHH CXeM CTPEIOBBIX
YCTPOMCTB U YepTeKEeH METAITNYECKUX KOHCTPYKIIUMA CTpe).

3.1 HocranoBKa 3aaa4n. OCHOBHBIE 3TANbI ONTHMAJLHOIO
NPOeKTUPOBAHMS

TepMUH «ONTUMAaNBHBIN) 03HAYAET «HAWIYUIIHi». CI0BO «ONTUMYyM» B 3HA-
YeHUU «HauOoJiee OJaronpusTHbIC YCIOBUS JIJISl 4ETO-JIU00» MMEET JaTUHCKOE Mpo-
HCXOXJICHUE B yroTpebisuiock emie B JpeBHeM Pume. Tak, B MeTUIIMHCKOM SHITMK-
nornequn Asna Kopuemus Ilensca (I B. H.3.) ckazano: «Optimum medikamentum
guies est» («Hawmnyumee gexapcTBo — 3T0 mokoi»). Eie panbine, B J[peBHem Prume
BO BpeMeHa ['as ['pakxa ontumaramu, T. €. JIYUIITUMH, COCTABIISIONIMAMHU LIBET OOIIIEe-
CTBa, Ha3bIBAJIM MIPEACTABUTEINICH paOOBIIaeIbYeCKOM apUCTOKPATHH.

N3 ompeneneHus MOHATHS «ONTHUMAJbHBIN» CIEIYET, YTO OECCMBICICHHBI
BBIPAXKEHUSI «CAMBIM ONTHUMAJIbHBINY», «00jee ONTUMAJbHBIN», «MEHEE ONTUMAJIb-
HbII» U T.NO. PacnpocTpaHuBiieecss B MOCJIEAHEE BPEMsI CIIOBOCOYETAHUE «OITH-
MaJbHOE MPOCKTUPOBAHUE KOHCTPYKIIUI» YIOTPEOsSeTCs PsiIoM aBTOPOB B 3Haye-
HUU «IIPOEKTUPOBAHUE ONTUMATIBLHBIX KOHCTPYKIIHI.

CrtpemieHre K TOMY, YTOOBI Pe3ybTaThl JEATEILHOCTH ObUIA HAWITYUITUMHU,
OpraHUYECKH MpucyIe 4eoBeKy. CriocCOOHOCTh YeIOBEKa TBOPUTH IO 3aKOHAM Kpa-
COTHI, T. €. MOOWBAsCh HAWIYYIIETO PEe3yibTaTa, MAKCUMAIBHOTO MPUOMIKEHUS K
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ujeaiy, «COpa3MEepHOCTH YacTel MEXAy COOOM U B COOTBETCTBUU C LIEJIbIM, SBIISCT-
Csl TAKMM € HEOTHEMIIEMBIM CBOMCTBOM YeJIOBEKa, KaK MBICIIb, peUb U TPYA. 3a]10J1-
ro JI0 TOro, KaKk 3a/ladyd ONTUMAaJIbHOTO MPOEKTUPOBAHUS BBIICIMIUCH B OTIEIbHBIN
KJIacc 3a/1ay, JIOJU CTPEMUJIMChH MPOCKTUPOBATh HAWIydIIUM oOpa3zoM. Tak, paspa-
0aTbIBasi MPOEKT Basia I PEIYKTOpa, KOHCTPYKTOP pa3yMHO BbIOMpaeT Marepuad,
paroOHATFHO MPUHUMAET OYEePTAHUS JeTalu (4TOOBI OHH, C OJTHOW CTOPOHBI, MOTIIH
OBITH M3TOTOBJICHBI C MAJIBIMU 3aTpaTaMH, a ¢ IPYrou, MpudImKaIuch K Gpopme pas-
HOTO COTIPOTHUBIICHUS), 1IEI€CO00pa3HO (T. €. C Y4eTOM MMEIOIIETOCs OIbITa U 3/pa-
BOT'O CMBICIIA) HA3HAYAET YUCTOTY IOBEPXHOCTHU H CITOCOO MEXaHOOOPaOOTKH | T. II.

PannonansHO permiast BCe 3TU U APYTHUE BOMPOCHI, KOHCTPYKTOP CO3HATEIBHO
WM UHTYUTUBHO CPAaBHUBAET Pa3/IMUHbIC BapUAHThI PEIICHUS 33J]a4u U, B KOHEUHOM
CYeTe, U3 MHOXKECTBA ITUX BAPUAHTOB BHIOUPAET TOT, KOTOPHIN MPEJCTABISETCS eMy
HauTy4dIuM. BeIOOp Takoro BapuaHTa He IPEICTaBIAET TPYIHOCTEN U HE TpeOyeT OT
OTBITHOTO KOHCTPYKTOpPA KaKOW-TO 0CO0O0I METO/OJIOTHH, NOKA peub uoem o cpas-
HUMEIbHO NPOCMbIX 00bEKMAax.

Ilpu pewenuu 0ocmamouro CIO0AHCHBIX 3a0ay BO3ZHUKAET Psiji MPOTUBOPEUUH,
3aTPYAHSIONMX TPUHATHE KOHCTPYKTOPOM PEIICHUS O BIOOPE HAMIIYUIIIEr0 BapraH-
Ta. OTU TPYAHOCTH CBOJIATCS K CIEIYIOLIEMY.

Bo-nepBbiX, BapuaHTbl, 00pa3yloUIMe MHOYKECTBO JOMYCTUMBIX PEIICHUM,
pa3HO00Opa3Hbl 10 CBOEH CTpyKType. Tak, TopMO3a NOIbEMHO-TPAHCIIOPTHBIX MALIUH
MOTYT OBITh KOJOJOYHBIMHU (C JIMHHOXOJOBBIM HJIM KOPOTKOXOJOBBIM MarHUTOM
WM C TUJIPOTOJKATENEM), JICHTOYHBIMHU, OCEBbIMHU (C KOHMYECKUMHU WJIM TIOCKUMH
(GPUKIMOHHBIMU dJIeMeHTaMK). CTpembl MOPTATBHBIX KPAHOB MOTYT OBITh MPSMBIMU
(C ypaBHUTENBHBIM MOJUCIIACTOM, OJIOKOM WM O0apabaHOM), COUJIEHEHHBIMU (C TpSsi-
MBIM WK MPOGUIMPOBAHHBIM X000TOM), TeIeCKOMUYecKuMHu U T. A. Ha pucynke 3.1
JUIsL TIpUMeEpa TpUBeAeHa KiacCu(PUKalusg pealn30BaHHBIX HA MPAKTHKE CTPYKTYP
KPaHOBBIX MOPTAIOB. [Ipr 3TOM HE UCKIIOUEHO, YTO JECUCTBUTEIBHO HAUIIYUIIUN Ba-
PUAHT HE COJIEPKUTCI BO MHOMXECTBE M3BECTHBIX, YK€ PEaTU30BaHHBIX CTPYKTYp, a
JICKUT BHE €TI0 U MOXKET COCTaBUTh NMPEAMET U300pETEHUS.

Bo-BTOpBIX, 7151 KOKI0H CTPYKTYPhl MOKHO MPEATOI0KUTH MHOXKECTBO J0-
MyCTUMBIX BapUAHTOB, PA3TMYAIOIIUXCS MEXITY COOOM MO YMCIOBBIM 3HAYCHUSIM Ta-
pametpoB. Tak, 1y1st KopoOyaToro cedeHus: 0anku npu GUKCUPOBAHHOM MOMEHTE CO-
MPOTUBJICHUSI CYIIECTBYET OECUHMCIIEHHOE MHOKECTBO COUYETAHUW JIMHEWHBIX pa3me-
POB M TOJIIIMH TOSICOB U CTEHOK, PEATU3yIOUIUX TPeOyeMblii MOMEHT COMpPOTHUBIIE-
HUdA. JJ11 COUJICHEHHBIX CTpeN MOPTAIbHBIX KPAHOB MOXHO COCTABUTH CKOJIBKO
YTOJHO NPHUEMJIEMBIX COYETAaHUM JJIMH IJIeY X000Ta, CTPENbl, OTTSKKH, KOOPAUHAT
IapHUPOB, OJIOKOB U T. 1. [ paMHBIX MOPTAJTIOB KPAaHOB Ha KOJIOHHE C KPECTOOO-
Pa3HBIM PUTEIIEM MOXHO BapbHUPOBATH IJIUHBI DJIEMEHTOB MPOCTPAHCTBEHHOW PaMbI
Y CEYEHMSI 3THX DJIEMEHTOB.

Hakonet, coctaB TpeOOBaHM, TPEABABISIEMBIX K 00BEKTY, BECbMa Pa3HO00-
pa3eH, a caMu 3TU TpeOOBaHUS HAXOIATCS YacTO MEXKIY COOOM B JUAIEKTHYECKOM
MIPOTUBOPEYNH: U3MEHEHNE TTApaMETPOB OOHEKTA B HAMPABICHUH YIYUIICHUS OJHUX
€ro CBOMCTB MPUBOJUT K YXYIILICHUIO IPYTUX.
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Pucynok 3.1 — Knaccuduxanus peaan3oBaHHBIX Ha PAKTUKE CTPYKTYP KPAHOBBIX MTOPTAIOB

Tak, cTpenbl NOPTATBHBIX KPAaHOB JOJKHBI UMETh BO3MOKHO MEHBIIYIO Mac-
Cy, MAJIO YKJIOHSIFOILYIOCSI OT TOPU30HTAIN TPACKTOPUIO TPy3a, YAOBIECTBOPUTEIbHbBIC
XapaKTEPUCTUKH U3MEHEHMS IO BBUIETY IPy30BOTrO HEYPABHOBEIICHHOI'O MOMEHTA.
OHu 10JDKHBI 00J1a71aTh CTATUCTUYECKON MPOYHOCTHIO, COMTPOTUBJICHUEM YCTaJIOCTH,
CTaTUYECKOW U AUHAMUYECKON HKECTKOCTBIO U T. .

[Tpu >TOM mpsiMBIE CTPEINBI ISl KPAaHOB CPEIHEH U OOJBIION IPy30M0IbEMHO-
CTH JIETYE, YEM COWICHEHHBIE, YTO BBITOJHO ISl 3aBOJA-U3TOTOBUTEISI U OTYACTH JIJIS
AKCIUTyaTaluu (HampuMep, YMEHbIIEHUE HAarpy30K Ha KPAHOBBIE ITyTH U U3JIEPIKEK Ha
yxo7 3a HuMH). OJTHAKO OHM UMEIOT OOJIBIIINE MPOTUOBI U BpeMsI 3aTyXaHus KoJjieba-
HUM, OOJBINKE IITUHBI MOJBECA TPy3a U aMIUIUTYy €r0 pacKauuBaHUS, YTO MEIIAET
HOpPMaJIbHON JKCIUTyaTallu (yBEJIMYUBAECT JJIMUTEIIBHOCTh IUKIA pabOThl KpaHa U
YMEHBIIIAET €T0 MPOU3BOIUTEIBHOCTD ).

MexaHu3mbl NEepEeIBUKEHUSI KPAHOB MOCTOBOTO THUIIA C Pa3/IeIbHBIM MPUBO-
JIOM JIeTye, Mpollle, ACLIEBIIe, OHU JIy4llle OTBEYAOT TPEOOBAHUAM YHU(DUKAIUU TpU
CEpUIHOM NPOU3BOJCTBE, YEM MEXAHU3MBI C LIEHTPAIbHBIM IPUBOAOM, HO IPUBOJIAT
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K YBEJIIMYEHUIO TIEPEKOCHBIX HATPY30K MPU HECUMMETPUYHOMN 3arpy>KEHHOCTU OIOP
1, BO3MOXXHO, K YBEJIMYEHHUIO MACChl KPAHOB B 11€JIOM.

PamMHbIe IByXCTOEUHBIE MOPTAJIBI MIPU MPOUYUX PABHBIX YCIIOBUSX JIeTYE U Je-
IIEBJIE YETHIPEXCTOCYHBIX, UMEIOT MOHUKEHHYIO BEPTHKAJIbHYIO >KECTKOCTh, YTO
YMEHbBIIAeT pacueTHbIE HArpy3KH Ha KPaHOBBIC MYTH, OJIHAKO C 3TUM COIPSKEHBI
MMOHW)KCHHAs TOPU30HTAIbHAS JKECTKOCTh, YBEIIMUCHHBIC TIEPEMEIICHUS TOYKHU IT0/I-
Beca rpy3a. [lepeueHb MOMOOHBIX MPOTUBOPEUMBHIX CHTYAIlUi MOKHO IPOJIO0KATH
CKOJIb YTOJHO J0JIT0. B 3THX yCIIOBHUSX BBIOOP ONTUMAIBHOTO BapUaHTA y>KE€ HEBO3-
MOKEH Ha YPOBHE HHTYUIIUHA KOHCTPYKTOpA U TPeOYET CHeIManbHOW METOAOIOTHH.

Onmumanvhoe peuienue — 9M0 HAULyyulee peuieHue 8 ucciedyemom MHO-
Jrcecmee 8apUaAHmMos U 8 KAKOM-mo onpeoenenHom cmuicie. Eeo naxoscoenue u ecmo
yeb ONMUMAIbHO20 NPOEKMUPOBAHUS.

Hcxona U3 3TOro onpenesieHrs, MOXHO YCTAaHOBUTh OCHOBHBIE JTallbl ONTH-
MaJbHOTO POEKTHUPOBAHUS:

1) pa3paboTKa pacueTHON CXEMbl Ha OCHOBE T€OMETPHUCCKOTO U300pasKECHHSI
(0ceBOro KOHTYpa) U CUCTEMBI MTapaMeTPOB OOBEKTA, T. €. TAKMX HE3aBUCUMBIX BEJIU-
Y1H, 33JJaHUEe 3HAYCHUI KOTOPBIX JOCTATOYHO JIJIsi OMMCAHUs JTI000T0 BapuaHTa, BXO-
JSIIIETO B HMCCIEyeMOE€ MHOXKECTBO M OJIHO3HAYHO OMPEEISIONIEro MOJI0KEHHE
00BEKTa B MPOCTPAHCTBE;

2) pa3paboTKa CHCTEMbl KPUTEPHEB KadyecTBa, T. €. (PYHKIIMH INapaMeTpoB,
XapaKTEPHU3YIOIINX WHTEPECYIOIMNE HAC CBOWCTBA OOBEKTA, U MPHHATHE OJHOTO W3
KpUTEPHUEB KadyecTBa Kak BakHeimiero. Takas cucreMa HanOoJiee 3HAUMMBIX KPUTE-
pUeB 00BEKTa HA3BIBACTCS Uelesoll (hyHKuuell,

3) pa3paboTka CHCTeMbl OTPaHMYCHUI Ha YHCJIOBBIC 3HAUCHUS [MApaMETPOB U
KpUTEPHUEB KayecTBa U TeM CaMbIM (POPMHUPOBAHUE MHOXKECTBA BapPUAHTOB, Ha KOTO-
POM HIIIETCS ONTUMATBHOE PEIICHUE,;

4) hopMHUpOBaHHE MaTEMATHIECKOH MOJIEIIH;

5) pa3paboTka aaropuT™Ma ONTHMHU3AIMU M €r0 pealn3anns Ha KOMITbIOTEpe.
[Tox anropuTMOM ONTUMM3AIUMU TMOHUMAIOT BBIYHCIUTEIBHYIO MPOIEAYpPY, MO3BO-
JISTOIYI0 YCTAHOBHUTHh YMCJIOBBIE 3HAYEHUSI MApaMeTpoB, 00ECIEUUBAOIINE IKCTpe-
MyM I1eJIEBOM (PYHKITUU TPU BBHITOJTHEHUH OTPAHUYCHHM.

BaxxHO OTMETHTB, UTO B CBSI3U CO CJIOKHOCTHIO WHKCHEPHBIX 3a7ad OITH-
MaJIbHOTO TPOSKTUPOBAHUS, WX PEIICHHUE MOXET OBITh MOJYyYECHO B IpPHUEMIIEMBIC
CPOKH TOJILKO C IPUMEHEHHEM OBICTPOICHCTBYIOMINX KOMITBIOTEPOB, KOTOPHIE MOTYT
OYCHb OBICTPO BBIMOJHATH TPEINMCAHHBIE WM orepanuu. Kommbrorep sBIseTCS
JUIIh TEXHUYECKUM CPEJICTBOM PEIICHHS 3aJlayd ONTHMAIBHOTO MPOCKTUPOBAHUS,
0CBOOOK/T1ast YeJTOBEKA OT HEIIOCHUIBLHOM JIJIT HETO BEIYMCIUTEILHON pabOThI H OCTaB-
75 eMy Bce TBOpUeckHe (QYHKIMU. YemoBEK COCTABISIET aJITOPUTM U MPOTPAMMY
pEIIeHNs 3a7a4M, BBITIOJHIECT OTJIAJIKy MPOTPaMMbI, aHAJIU3UPYET MOJIYYCHHBIE pe-
3yibTaThl. HakoHel, Ha HEM JISKUT Bce OpeMsi OTBETCTBEHHOCTH 3a MPUHATOE perlie-
Hue. Takum o0pazoM, ONTUMATBHOE MPOEKTUPOBAHUE TPEOYET OrpaHUYEHHOTO COve-
TaHUS WH)KEHEPHOTO ¥ MAaTEMAaTHYE€CKOTO TOIX0/I0B.
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3.2 [IapamMeTpbl 00bEKTOB ONTUMM3AIUN

Kak yxxe oTmeuanock, moj mapameTpaMyd 0O0BbEKTa ONTHMH3AIUU TOHUMAIOT
(du3nyecKne BEIUYHMHBI, B CBOCH COBOKYITHOCTH JOCTAaTOYHBIC ISl €r0 OTHCAHMS.
B3aumocBsi3p mapaMeTpoB 1 UX 3HAUCHUH aHAJIOTHYHA B3aUMOCBSI3U alnreOpanvdecKon
BEJIMYMHBI U €€ YUCIOBOro 3HaueHus. B 3anucu t = 17°C Temneparypa t — anreo0-
pamdeckas BemmuuHa, 17°C — ee ymcinoBoe 3HaueHwe. B zammcsax Xa = S wimm
Xs = 8,2 m: X4 5T0 mapameTp, a S unu 8,2 M — ero 3Hadyenue. [IpunaB Bcem mapamer-
paM KOHKPETHBIC YUCIIOBBIC 3HAYEHUS, MBI MOJIYYMM OJWH W3 BAPHUAHTOB OOBEKTA.
[Ipu »TOM MOKHBI OBITH OMPECICHBI BCE MapaMeTPhl, HE TOJDKHO OCTaThCS HEOoIpe-
JICJIEHHBIX.

Cucremy nmapamMeTpoB 0OBbEKTa, UMEIOIIETO KOHKPETHYIO CTPYKTYPY, MOXKHO
chopMHUpPOBATh Pa3TUYHBIM 00pa30M, OJIHAKO B JIOOOM CIlydae YHUCIIO MapameTpoB
Hen3MeHHo. Hanpumep, /uist ABaKIbl CHMMETPUYHOTO KOPOOYATOrO ceueHus Oaaku
(pucyHOK 3.2) MOKHO MPE/IOJIOKUTH TAKUE CUCTEMBI TApAMETPOB:

1) h, b, &, 6. (pucynok 3.2, a);

2) H, B, h, b (pucynok 3.2, 6);

3) h, b, &, J.(pucynok 3.2, B) u T. 1.

) g
-

b | ' g = &

! Y ! d -
b B ]

e e e e e 94 s ———— vy

Pucynok 3.2 — JIBax bl cMMMETpHUHOE KOpoO4aToe ceueHne Oanku

CocraBneHue CHCTEMBI IMAPaMETPOB — 3TO OYEHb BAXKHBIM 3TaIl ONTUMAJIb-
HOT'O MPOEKTUPOBAHUS, BO MHOTOM ompeAesstonuii ero craauu. [lpu dpopmupoBanmuu
CUCTEMBbI MapaMETPOB CIEAYET CTPEMUTHCS K TOMY, 4YTOOBI JItOOOW MmapaMerp MoOT
MPUHUMATh JIOObIEe 3HAYEHUs B JOCTATOYHO LIMPOKOM AHAana3oHE HE3aBUCHUMO OT
3HAYEHUM ApYyrux napaMmeTpoB. Hampumep, s MHOTO3BEHHBIX CTPEJIOBBIX CHCTEM
KpaHOB, YPaBHOBEUIMBAIOIIUX YCTPOMCTB, KJEIIEBBIX IPy303aXBaToB, I'per(epHbIX
MEXaHU3MOB CHUCTEMY IMapaMETPOB XKENATeIbHO COCTABUTh TaK, YTOOBI MpHU JIFOOOM
COYETAHUU UX 3HAYEHUM BBINOJHSUIMCH YCIIOBHS CYLIECTBOBAaHMS MexaHu3Ma. JKemna-
TEJIbHO, YTOOBI U3MEHEHNE KaKUX-T10O0 MapaMeTpoB CYIIECTBEHHO BIMSIIO HA Xapak-
TEPUCTUKH 0OBEKTA B MOJIE3HOM JJIsI HAC CMBICIIE.
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[Tosicamm cka3zanHoe mpuMmepamu. [llapHUpHO-COUNICHEHHAs CTpelia ¢ TPy30-
BBIMH KaHaTaMH, UAYIIUMH BJIOJIb €€ AJIEMEHTOB, ONMHUCHIBACTCS JCBATHIO IMapameT-
paMH, K YHUCIy KOTOPBIX MOTYT OBITh OTHECEHBI (PUCYHOK 3.3, a). JJIMHBI 3BCHBCB
l1,..., ls, yrox |7 HakioHa cToiiku, BbUIETHI OT OCH KadaHus lg u lg. B aTOl cucteme
napaMeTpoB HE BCE OHU MOTYT NIPUHUMATh 3HAYCHHS HE3aBUCHMO OT OCTAJbHBIX. B
JaCTHOCTH, JIOITYCTHMBI JIMIIb Takue 3HadeHus li, |2, |3, Ipu KOTOpBIX BEIMOIHICTCS
YCIIOBHE

1+, > 1.

Kpome Toro, Heo6X0auMo COOII0AEHIE BEKTOPHBIX PABEHCTB
l1+1s = lg+ls+ls,

4dTO COOTBCTCTBYCT ABYM CKAJIIPHBIM pPaBCHCTBAM, IIOJIY4YaCMbIM IIPHU IMPOCKTHUPOBA-
HHNH BCKTOPOB HA KOOPAWHATHBIC OCH.

Y

Pucynok 3.3 — CxeMa mapHHUPHO-COUJICHEHHOTO CTPEIIOBOTO YCTPOHCTBA

Hakonen, nprucBoenue napamerpam lg u lg 4rcioBbIX 3HaUeHWIl O3HAYaeT
HaJIO’)KEHHWE OIPAHUYEHUN 110 PAaBEHCTBY, KOTOPHIE MOTYT BBIIOJIHATHCS WM HE BbI-
MOJIHATBCS B 3aBUCUMOCTH OT 3HAYEHUU MPOYMX MapaMeTpoB (IIPU U3JIMUIIHE KOPOT-
KUX 3BEHBSIX BBUIET lg MOXKET OKa3aThCsi HEJOCTIXKUMBIM). Takasi cucrema mapamer-
pPOB HEyJayHa YK€ MOTOMY, YTO Ha Ka)XJOM LIare Mpolecca ONTUMHU3ALMHU CXEMBI
CTpeJibl MPUIUIOCH ObI, MPEXAE BCEro, MPOBEPATH BBHINOJHEHUE MHOTOYHMCIIEHHBIX
OTrpaHUYEeHUI 1 OTOPAChIBATh HE yIOBJIETBOPSIOLUIME UM BapUAHTHI.

bonee ymauna cucrema mapameTpoB, MmokazaHHas Ha pucyHke 3.3, 0. 31ech
napameTpsl Xi,..., X4 (B paccMaTpuBaeMoM ciiydae 4acTo Xz = X4) B CBOEH COBOKYII-
HOCTH OJHO3HAYHO OIPEACINSIOT JJIMHBI NEPEIHEro Imjaevya Xxo00Ta U CTpesbl, a BCe
NEBATHh MapaMeTpOB — JUIMHBI X000Ta U OTTSLKKU. Kpome Toro, MHOrme KOMIIOHO-
BOYHBIE OIPaHUYECHHs (TPAaHUYHBIE BBUIETHI, BHICOTA PACIOJIOXKEHHUS KOHIIA X000Ta

102



HaJl KOPHEM CTpeJibl, KOHCTPYKTUBHOE PACIIOJIO0KEHUE HIXKHETO MIapHUPA OTTSHKKU U
JIp.) MOXHO BBITIOJIHUTH 3aJaHUEM 3HaueHU nmapaMmeTpoB. Boobiie, ueM Oosbliie na-
paMeTpoOB MOKET OBITh 33/1aHO U3 OTpaHUYEHUM B (hOpMe paBEHCTB, TEM JIy4Ille MO /I-
XOJIUT CUCTEMA TTaPaMETPOB ISl pELICHUS JaHHOU 3a/1a4i ONTUMHU3AIINH.

Bb16op cucteMbl mapaMeTpoB SIBISIETCS BeCbMa Ba)KHBIM 3TanoM padoThl U
TpeOyeT TIyOOKOTro MOHUMAaHU CYIIECTBA 3a/1a4d U TOHKOM WHKEHEPHOU UHTYUIIUH,
MTOCKOJIBKY 3TO MOET BIUATHh HA BCIO CTPATETHUIO PEUICHUSI, KAU€CTBEHHBIE CBOMCTRA
MOJIy4aeMOT0 Pe3yJlibTaTa, OBICTPOTY CXOJMMOCTH BBIYHCIUTEIBHOTO TpoIlecca Oll-
tumm3aiuu. Hanpumep, mnomans F kopoOuaToro cedeHus, KOTOPYIO CIEAYET MU-
HUMH3HUPOBATh, B CUCTEME IMAapaMEeTPOB, COOTBETCTBYIOIIEH PUCYHKY 3.2, a, UMEET
BH/]I

F=2(ho +bo),
a B COOTBETCTBHUH C PUCYHKOM 3.2, 6
F=HB-hb,

T. €. BO BTOPOM CIIy4ya€ BBIUMCISAETCS KaK Pa3HOCTh BEJIMYMH, UMEIOMIMX OJIU3KHE
YHUCJIOBBIE 3HAYCHMUSI, UTO B MPUHIIUIIE HEXKETATEIBHO.

PaccmoTpum emie oqun npumep. Ha pucynke 3.4 moka3aHbl TpU BapUaHTa CH-
CTEMBbI CEMH IMapaMeTPOB JJIsl YPaBHOBEIIMBAIOIIETO MEXaHU3Ma C IIaPHUPHBIM Ye-
THIPEX3BEHHUKOM W KAYarOIIUMCS TIPOTUBOBECOM. YTIIBI (% U (I YCTAHOBKU CTPEITBI
Ha HauOOJIbIIIEM U HAUMEHBIIIEM BbUIETAX SIBJISIOTCS OTPAaHUYCHUSIMHU.

[lepBeiit Bapuant (pucyHok 3.4, a) HEeynaueH, MOTOMY YTO COYETAHMs 3HAYE-
Huii napameTpoB (Xa, X5, Xs) 1 (X1, X2, X3, X5, X7) MOryT 0Ka3aTbCsi HECOBMECTHBIMU.
VY BTOpPOTO M TPEThETO BapHAHTOB (pUCYHOK 3.4, 0, B) 9T HEOCTATKHA OTCYTCTBYIOT.
[lycth nanee tpedyercs oOecrneyuTh HEKOTOPOE (OOBIYHO JIOBOJIBHO Majoe) 3Haye-
nue M, (¢m) MOMEHTa IPOTUBOBECA HA HAMMEHbIIEM BblIeTe. OHO MOXKET OBITh J10-
CTUTHYTO TIPU ONPEICICHHOM MaJIOM 3HA4eHHUH napameTpa Xs, YTO BO BTOPOM Bapu-
ante (pucyHok 3.4, 6) COOTBETCTBYET MPUOIMKEHUIO 33 JHETO TIJIeda MPOTHUBOBECA K
BEPTUKAIIM, a B TpeTheM BapuaHTe (pUCYHOK 3.4, B) — MPHUOIMIKEHUIO TATH K TIPs-
MOMU, IPOXOIAIIEH Yyepe3 OCh KauaHus CTpelbl. TakuM 00pa3oM, B 3aBUCUMOCTH OT
MPUHUMAEMOI CUCTEMBI TAPaMETPOB B JAHHOM CJIy4ae MOJIYy4yaroTcs pa3Hble BapuaH-
THI PEIICHUS.

[TapameTpsl, BXOASIINE B OJJHY CUCTEMY, MOT'YT UMETh Pa3JIMYHbIC pa3MepPHO-
cTH. B paccMOTpEHHBIX NMpUMEpax OHM SBJISFOTCS JIMHCHHBIMUA WJIH YTJIOBBIMH BEIIH-
yrHamMu (pucyHku 3.3, 3.4).

Bo3moskHbI 1 6oJiee cinoxHble ciydyar. Hanpumep, 17151 ypaBHOBEIIMBAIOIIETO
MeXaHu3Ma Ha pucyHkax 3.4, 0, B, mapaMeTpaMud MOTYT OBITh 3Ha4YCHUSI My U My
YpaBHOBEIIMBAIONIET0O MOMEHTA Ha TPAaHWYHBIX BbUIETaxXx. Torga kakue-nuOo Be
T€OMETPUYECKUE BEIUYHHBI U3 X1,..., X7 (Hampumep, yribl Xs u Xg) OyayT mpous-
BOJIHBIMH, 3aBUCSIIIUMHU OT My1 U My ¥ ocTanbHBIX mapaMeTpoB. OHU JOJIKHBI OTpe-
JEISITHCS. U3 HEKOTOPBIX (DYHKIIMOHATBHBIX 3aBUCUMOCTEH MO0 10 HEKOTOPOMY ajl-
TOPUTMY.
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Pucynok 3.4 — Tpu BapuaHTa ceMH mapaMeTpoB YpaBHOBEIIHMBAIOIIETO MEXaHN3Ma
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bonpmMHCTBO HH)XCHCPHBIX 3a/la4 OIITUMAJIbHOTO IIPOCKTHUPOBAHHUA KOH-
CTpYKHHﬁ, B TOM YHCJIC IMOABCMHO-TPAHCIIOPTHBIX MAlllKMH, ABJIAIOTCSA MHOI'OIIdpa-
MCTPHUYCCKHUMMU. HpI/I OTOM OKa3bIBACTCi y,Z[O6HI>IM IIOJIB30BATHCA TGpMHHOHOFHCﬁ
BCKTOPHOI'O aHAJIM3a. HapaMeTpLI 00BeKTa OIITUMH3aIIMN 9aCTO Ha3bIBAIOT (I)&BOBI)I-
MH KOOpAHWHATaMM, ITOUCK OIITUMAJIBHBIX IMAPAMCTPOB — IIOHMCKOM B MHOI'OMCPHOM
IMPOCTPAHCTBEC, 4 CaM 00BEKT OIITUMHU3alIH B €TO KOHKPCTHOM BAapUAHTC — MHOI'O-

KOMITOHEHTHBIM BEKTOPOM X , COCTABJISIOLIME KOTOPOrO MO KOOPAWHATHBIM OCSIM
CyTh ONTUMU3UPYEMBbIE TTapaMeTphl Xi,..., Xn. [Ipu uucne napamerpoB He Oojee Tpex
TAKOE MPEICTABICHUE MOXXHO UHTEPIPETUPOBATH TEOMETPUUECKH.

3.3 [TapameTpuYecKas ¥ CTPYKTYPHAs ONTUMH3ALUA

3ajaun ONTUMAIBHOTO MPOEKTUPOBAHUS MOKHO pa3/eiuTh Ha JBa kinacca. K
NEPBOMY KJIACCYy OTHOCATCS 3aJaud, B KOTOPBIX CTPYKTypa OOBEKTa CUMTAETCs 3a-
JAaHHOM U peub UJET JIMIIb 00 ONPEEIIEHUN YUCIOBBIX 3HAYCHHUI MapaMeTpoB, CBOM-
CTBEHHBIX JJAHHOM cTpyKType. OHM Ha3bIBAIOTCS 3aJa4aMH MapaMEeTPUUYECKON OINTH-
Mu3anuu. K HUM OTHOCATCS, HallpuMep, ONTHUMH3ALUS WU COYJIEHEHHBIX CTPE, WIN
KOpOOYAThIX CEUYEHU METAUIMYECKHX KOHCTPYKLMM, WM PaMHBIX JBYXCTOEUYHBIX
MOpPTAJIOB U T. J. Bo Bcex 3TuX ciaydasx Tl 00BEKTa, €ro CTPYKTypa ONPEEIeHbI U
B XOJ/I€ ONTUMH3ALMKU OCTAIOTCSI HEM3MEHHBIMU (COUYJIEHEHHasl CTpelia, KopoO4aToe
CEUYECHHE, PAMHBINA JABYXCTOEUHBIN MOPTAI U T. 11.). METOA0JIOTUS PELICHUs TaKuX 3a-
Ja4d OyJeT pacCMOTpEHa Jlajee.

Ko BTOpOMYy KJaccy NMpuHAIIEkKaT 3a4a4d, B KOTOPBIX NPEIMETOM ONTHUMH-
3alMM SBJIAIOTCS HE TOJBKO MapaMeTpbl, HO U CTPYKTypa oObekTa. MX Ha3bIBalOT 3a-
Ja4aMH CTPYKTYPHOH (CTPYKTYPHO-CXEMHOM) ONITUMHU3ALUH, HAIIPUMED:

— BBIOOP ONTUMAJILHOTO TUIA CTPEJIOBOTO YCTPOMCTBA Ui 3aJaHHBIX YCIIO-
BUI (COUJIEHEHHAs CTpesa, MpsiMasl CTPeJia C YPABHUTEIbHBIM MOJIMCIIACTOM, MPAMast
CTpeja C ypaBHUTEIbHBIM OJIOKOM WJIM €lle Kakas-JIn0o CTPYKTypa CTPEIOBOTO
YCTPOUCTBA);

— BBIOOp ONTHUMAJILHOTO THMA METAJUIMYECKON KOHCTPYKIUHU CTpPEeJbl (KO-
poOuatasi, TpyOUaras, IIpeHreabHas u T. 1.);

— BBIOOP ONTUMAJBHOTO THNA MOpTaia (PaMHBI YETBIPEXCTOCUHbIN, pam-
HBII IByXCTOEUHBII, pAMHO-PACKOCHBIN U T. 1I.).

Ha npakTtuke BbipaOOTaHbl JABa MPUHLUUIHAAIBHO PA3IMYHBIX MOJIX0Ja K pe-
LICHUIO 337a4 CTPYKTYPHO-CXEMHON ONTUMU3ALMU — MEMO0 NOC1e008amebHO20
UCCNIe006AHUA MHONCECME U MEMOO ONMUMAILHO20 NPOEKMUPOBAHUA C A6MO-
MAMUYECKUM ROUCKOM CXEM.

CorylacHO MeTOAY MOCJEA0BATEIBHOIO HCCIEOBAHUS MHOXKECTB, BHAYAJIE HA
OCHOBE HMEIOILETOCs OIbITa OTOMPAIOT OrPAHUYEHHOE YHUCIIO TEPCHEKTUBHBIX
CTPYKTYp OOBEKTa, KaXk/as U3 KOTOPbIX MOXKET OBITh OMHMCaHa CBOEH COBOKYITHOCTBIO
nmapaMeTpoB. [lanee mociaenoBaTeabHO IMPOBOAAT MAPaMETPUYECKYIO ONTUMHU3ALUIO
KOKIO0M CTPYKTYpbl (MCCIAEAYIOT MHOXECTBO BApHAHTOB, PEATU3YIOIIUX JIAHHYIO
cTpykTypy). HakoHen, monydeHHbIE€ ONTHMaJIbHbIE BapHAHTBl CPABHUBAIOT MEXKIY
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co0Oll M W3 HUX BBIOMPAIOT HAWIYYIIUM, MIPUHUMAs €ro 3a OKOHYATeJIbHOE ONTH-
MaJbHOE pEelIeHUE 3aauH.

[Ipu aBTOMaTHYECKOM MOUCKE CXEM BMECTO MPOCTPAHCTBA MApaMETPOB, OIHU-
CBHIBAIOIIETO M3BECTHYIO KOHKPETHYIO CTPYKTYpPY, BBOAST TaK Ha3blBa€MOE YHHBEP-
canbHOe TpocTpaHcTBO napamerpos (YIIII), B KOTOpoM MOKHO omucath JI00yo J10-
MyCTUMYIO CTPYKTYpPY — KaK H3BECTHYIO, TaK M Heu3BecTHYI0. Ilapamerprueckas
onTUMU3aLus, npoBoaumas nainee B 3toMm YIIII, ABnseTcs 0IHOBPEMEHHO CTPYKTYp-
HOI ONTUMU3ALMEN, TaK KaK B pPE3yJbTaTe PEIICHUSI MBI ITOJIy4aeM OTBET Ha BOIIPOC
O HaWJIy4YIlIed CTPYKType ONTUMHU3UPYyEeMOro oOwvekTa. [Ipu 3ToM MoryT OBITH TOJTY-
4YeHbl U u300peraTenbekue (dBpuctrueckue) pemenus. Crnoco6 3amanus YIIII gon-
’KEH MO3BOJIATH ONMHUCATh JIIOOYIO AOMYCTUMYIO (DOpMY, HEIIPEPHIBHO MEPEXOIUTH OT
OJIHOM CXEMBI K JIpYroi, JIOKaJIbHO YIPABISATh U3MEHEHUEM (POPMBI, OCTABJISIS YacThb
€€ HEU3MEHHOM.

[Tosicaum 310 mpumepom. KopobuaToe ceueHue n3rubOaeMoil KOHCTPYKLIHMU
(pucyHok 3.5, a) onmUCHIBAETCS YETHIpbMs napameTpamu (Xi,..., Xa), ceueHue TpyOsl
(pucynok 3.5, 6) — nByms (Xs, Xs), ceueHue Ha pUCYHKe 3.5, B — IIIECThIO MapameT-
pamu (Xi,..., Xs), oopazyromumu YIIII, koTopoe oxBaTbhiBaeT KOHCTPYKIIMH KOPOO-
yaTtoro (pucyHok 3.5, a), kpyrioro (pucyHok 3.5, 0) U IPOU3BOJIILHOTO ceYeHU. 3a-
METUM, 4TO uncio napamerpoB B YIIII He 00s3aTenbHO JOJKHO OBITH PAaBHO CyMME
YKCEeN MapaMeTPoOB CTPYKTYpP, 00beanHaeMbIx 3TuM Y I1I1.

a) &) a}
X3 Az

Xz
Mo
Xa

.
Xz

- Ay - j
Li ¥ ﬁ A

Tt o r

PI/ICYHOK 35— BapI/IaHTBI OMMMCaHUs 3aMKHYTBIX TOHKOCTCHHBIX Ce4YeHMI

Ecnmm kputepun kadecTBa (Hampumep, IUIOMAAL CCUYCHHS) W OTPAHUUYCHHS
(HampuMep, YCIOBHS MTPOYHOCTH, BKIIFOYAFOIINE MOMEHTBI COTIPOTUBIICHHS ) BRIpaKe-
HBI uepes3 Xi, ..., Xs (pPUCYHOK 3.5, B), TO HAlAs U3 PEIICHUS 3aja4l ONTUMH3ALUU OTI-
TUMaJIbHBIC 3HAYCHHS X1,..., Xg, MBI TEM CaMbIM YCTAHOBUM W ONTUMAJIbHYIO (popMy
CEYCHMUS, T. €. ONTUMAIILHYIO CTPYKTYpYy 00beKkTa. Tak, eciu oKa)KeTcs, 4TO B ONTH-
ManbHOM ciydae Xs = 0, Xg = 0, To ontumansHo# GopMmoit OyaeTr kopoOuaToe cede-
Hue. Coueranue Xy = X = 2Xs5, X1 = X3 = 2Xs COOTBETCTBYET CEUCHUIO KPYTIION TPY-
OBI.
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B Gosiee cnoxHBIX Cilydasx MpUMEHEHHE MeTojia, ocHoBaHHoTO Ha YIIII, co-
IPSKEHO C OOJBITUMU TEXHUYECKUMU TPYJAHOCTSIMHU MU, B YaCTHOCTH, TPEOYyeT 00JIb-
moro o0beMa naMsaTH KOMITbIOTEpa.

[Ipu onTUMaIbHOM MPOEKTUPOBAHUM MOABEMHO-TPAHCIOPTHBIX MAIIMH U UX
y3JI0B 0o0Jiee EePCIEKTUBHBIM IMPEICTABISIETCS METO]I MOCIE0BATEILHOIO HCCIIEI0-
BaHMsI MHOXeCTB. JJ11 (hopMUpOBaHMSI MHOXKECTBAa BApUAHTOB O0BEKTA, HA KOTOPOM
MIPOU3BOAMUTCS TTOMCK ONTHMAIBHOTO PEIICHUs, HEOOXOIMMO MPaBHIBHO pa3pado-
TaTh U YYECTh Pa3JIMUHbIe OrpaHrdeHUsl. OHU MOTYT OBITh 3aMUCAHBI B BUJE CUCTEMBbI
YPaBHEHUI

hX)=0,k=1,2,.... K, (3.1)
HJIN HCPABCHCTB
di(X)>0,1=1,2,.... L, (3.2)
a TaKXKE Ol’paHH‘IeHHﬁ CBCPXY U CHU3Y
XW>x,>xM i=1,2,.,N. (3.3)

BBeneHne orpaHnyYeHU O3BOJISIET YUECTh PEAIbHBIE YCIOBUS U3TOTOBIICHHUS
U (PYHKIIMOHUPOBAHUS OOBEKTa ONTUMU3AIMM, YTOOBI ONTHUMHU3alUg Oblna pusnye-
CKH OCYIIeCTBMMA. 3aa4a o0IIero Buja — MUHUMH3UPOBATh ((X) mpu orpaHUYCHU-
ax (3.1)—(3.3) — HasbpIBacTCsA yCnosHoU onmumusayuetl. 3agada, B KOTOPOHW HET
OTpaHUYCHMM, HA3bIBACTCA ONTUMM3AIMOHHON 3a7adyeil 0e3 OrpaHHueHUN, I Oe3-
VCII0BHOU ONMUMU3AYUEL.

3amaun ONTUMM3AIUU MOXKHO KJIACCH(UIIMPOBATH B COOTBETCTBUU C BUIIOM
byukuuii q, hy, di 1 pazmepHOCTBIO BekTOpa X. 3amaun 0e3 OrpaHUYCHUN, B KOTOPBIX
X npencraBisieT co00il OAHOMEPHBIN BEKTOp, HA3bIBAIOTCS 3aJaueil ¢ OAHOU mepe-
MEHHOM ¥ COCTaBJISIIOT MPOCTEMIIMK TMOJKJIACC ONTUMHU3AIMOHHBIX 331ad. 3ajadu
YCIIOBHOM ONTHMHU3AIMH, B KOTOPBIX (GYHKIUHU N, ¥ d) SIBISIOTCS TUHCHHBIMHU, HOCST
Ha3BaHME 33/1a4 C JIMHEHHBIMU OrpaHuuYeHusiMU. B Takux 3amauax ueneBbie GyHKIIUU
MOTYT OBITh JUOO JUHEHWHBIMU, JIMOO HEIMHEHHBIMU. 3a/aud, KOTOPbIE COJIepIKAT
TOJIbKO JIMHEHHBbIE (YHKIIUU BEKTOpa HEMPEPHIBHBIX MEPEMEHHBIX X, HA3BIBAIOTCS
3a1a4aMu JUHEUH020 NpocpamMmuposanus. B 3agadax 1eJI0YMCIEHHOTO MPOrpaMMuU-
POBaHMSI KOMIIOHEHTBI BEKTOPa X HOJKHBI IPUHUMATH TOJBKO 1IEJIbIE 3HAUCHHUSI.

3amaun ¢ HENMUHEWHOW IeNeBON (DYHKIMEW W JTMHEHHBIMH OTpaHUYCHHUSIMU
WHOT/Ia Ha3bIBAIOT 3a/la4aMU HEIUHEUHO20 NPOSPAMMUPOBAHUS C JTUHEUHbIMU 02pa-
HuyeHusmu. ONTUMU3ANNOHHBIE 33J]Ja4l TAKOTO POJa MOXHO KJIacCU(UIIUPOBATH Ha
OCHOBE CTPYKTYPHBIX OCOOCHHOCTEW HEIMHEWHBIX IENEeBBIX (DYHKIMH — 3amadu
KBaJ[paTUYHOTO, APOOHO-JTMHEHHOTO MPOTPaMMHUPOBAHUS U T. 1.

Jlenenre ONTUMM3AIMOHHBIX 3a/1a4 Ha KJIACCHI MPEACTABISACT 3HAUYUTEIbHBIN
HMHTEpEeC, MOCKOJbKY crenudpruieckue OCOOCHHOCTH TeX WJIM MHBIX 3a/ad UTrParoT
BAXXHYIO POJIb MPU pa3paboTKe METOI0B UX perieHus. [I[puMeHeHne MeTo10B JTUHEH-
HOTO MPOrPAMMHUPOBAHUS OKa3al0Ch IJIOJOTBOPHBIM [JIsl PA3JIMYHBIX 3a/1ad OITH-
MaJbHOTO YIPAaBJIEHUS HEIMHAMUYECKHUMH CUCTEMaMU (ONTHUMAaIbHOE pa3MeIleHUe
000OpyI0BaHUs, OPTaHU3AIMs TPAHCTIOPTHBIX TOTOKOB U np.). [lpu pemenun 3amad
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OIITUMAJIBHOT'O IMPOCKTHUPOBAHUA CIICHUAIBHBIX KPAHOB HCIIOJB3YIOTCA dHAJIUTHUYC-
CKHUC MCTOABI N OTACIILHBIC MCTO/IbI HEJIUHEHHOTO IIporpaMMHpPOBaHUA.

3.4 Kputepuu kauecTBa NPOEKTHBIX pellieHuii

Kpumepuii kauecmea — 5T0 (QyHKUHS NapaMeTPOB, XapaKTEpHU3yrOLIas
ONPE/ICICHHOE CYIIECTBEHHOE CBOMCTBO OOBEKTa onTUMu3anuu. [I[puMeHUTenpHO K
J1000My BapHaHTy, PUTYpUPYIOIIEMY B MPOIECCE MOMCKAa ONTHMAIBHOTO PELICHHUS,
HEO0OXOJMMO YMETh BBIYUCIISITh 3HAYEHUSI KPUTEPUEB KAaueCTBA U TEM CaMbIM KOJIU-
YECTBEHHO M3MEPSATh KaueCTBO BAapHUAHTOB B OIpEAECIeHHOM cMbicie. Kpurepun Ka-
YeCTBa MOTYT OBITh 33JIaHbl JTMOO AHATUTHYECKUM BBIPAXKEHUEM, JIMOO 3aMKHYTHIM
AITOPUTMOM OIPEIETICHUS.

CoctaB  OZHOBPEMEHHO  YYUTHIBAEMbIX TpeOOBaHMII K  IOABEMHO-
TPAHCIIOPTHBIM MallMHAM M UX y3JlaM BeCchbMa OOLIMPEH M pa3HOOOpa3eH, MOAITOMY
3a/1a4¥ ONTHUMAJIBHOTO ITPOEKTUPOBAHUS B IOBEMHO-TPAHCIIOPTHOM MAaIlMHOCTPOE-
HUU — 93TO, KaK IPaBUJIO, MHOTOKpUTEpHUabHble 3a1auu. Hanpumep, npu BeiOOpe
BAPUAHTA CXEMBl IIAPHUPHO-COWIEHEHHOI'O CTPEJIOBOIO YCTPOWCTBA MOPTAJIBHOIO
KpaHa HEOOXOAMMO YUUTHIBATD CIEAYIOIINE TOKA3aTEIH:

— reoMeTpHuYecKre (Halpumep, OTKJIOHEHHE TPAGKTOPHH Ipy3a OT TOpPH30H-
TaJu NPU U3MEHEHUU BBUIETA);

— KMHEMaTu4eckue (YCKOpeHHe KOHIa X000Ta MpHU yCTAHOBHUBIIEMCS JIBU-
KEHUU MEXaHU3Ma U3MEHEHUS BbUIETA);

— Harpy3ouHbl€ (XapaKTepHble 3HAYEHUS T'PY30BOI0 HEYPaBHOBEUIEHHOTO
MOMEHTA);

— TOKa3aTesld Macchl (Macca MoKas3aTeseil CTperIoBOro yCTpoicTBa M CTpe-
JIOBOTO YCTPOMCTBA B IIEJIOM);

— DJHepreTuyeckue (Hampumep, 3aTpaThl HEPTUU MpU paboOTe MexaHH3Ma
M3MEHEHHUS BBUIETA);

— CTOMMOCTHBIC (CEOECTOMMOCTD U3TOTOBJICHHUS );

— ’KOHOMHUECKHE (TPUBEICHHBIC 3aTPaThl B cpepe U3roTOBJICHUS U B cepe
DKCIUTyaTaIim).

B HekoTOpbIX clydasx B aHAIUTUYECKHUE BBIPAXKEHMS ISl KPUTEPUEB Kaue-
CTBa BXOJSAT HaKjaJblBaeMble HAa MapaMeTphl orpanudenus. Hailtu peuienue, onTu-
MaJIbHOE€ OJIHOBPEMEHHO IO BCEM IOKa3aTelssiM, B OOJIBIIMHCTBE CIy4aeB HEBO3MOXK-
HO. Pemenne, obpamatomiee B MUHUMYM (MakCMMyM) OJIMH KaKOW-TO TOKa3aTelb,
KaK MpaBWIo, HE 00pallaeT B MUHUMYM (MakcuMyM) npyrue. [loatomy npuxoaurtcs
BBIOMPATh KaKOW-TO OJMH KPUTEPUN KadyecTBa, SBIISIOMIMICS JUIsl HAC BaXKHEHIIMM.
Takolt kputepuil Ka4ecTBa, XapaKTEPUIYIOITUN BaKHEHIIIee CBOMCTBO 00bEKTa, TIPU-
HUMAIOT 32 LENEeBYI0 (PYHKUMIO Mpu onTuMu3auuu. Llens onTummuzanum — HaWTH

napaMeTpbl X 00beKTa, 00eCIIeUNBAIOLIHE IKCTPEMYM IielIeBoil QYHKIMH J, T. €.
X = max q wiun (3.4)
X~minq. (3.5)
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XapakTep dKCTpeMyMa 3aBUCHUT OT ITOCTAaHOBKH 3adaur. Tak, opma (3.4) ot-
HOCHUTCSI K ONTUMHU3AIIMH TI0 YCIOBUIO MAKCUMyMa, HalIpUMep, 3a4epIbIBaIOIEH CITO-
COOHOCTH 3arpy304HOI0 YCTpOMCTBa, a popma (3.5) — Kk onTUMHU3ALKK TapaMeTPOB
KOHCTPYKIIMH U3 YCIIOBUSI MUHUMYMa, HallpuMep, €€ MacChl.

B coBpeMeHHBIX YCIIOBUSIX peliaromasi pojib IPUHAIICKUT IKOHOMUYECKUM
TpeOOBaHUSAM, MMOATOMY 3a IENEeBYI0 (QYHKUIHIO MPU HAauOOJee MOJHON MOCTaHOBKE
3aJ1a4yu CcleAyeT MPUHUMATh YKOHOMUYECKUH KpuTepuil kauecTBa. OHM U TE XKe Tpe-
O00BaHUS MOTYT OBITh JOCTUTHYTHI C TOMOIIBIO Pa3JIMYHBIX BapHUaHTOB HAy4HO-
TEXHUUYECKUX PELICHUI MPHU pa3HbIX 3aTpaTax OOLIECTBEHHOro TpyAa. B Takux ciy-
Yasx peIIalouM Ui OLUEHKHA HX IeJIeCO00pa3sHOCTH CTAHOBUTCS SKOHOMHUYECKUN
a¢deKT, olleHNBaeMbIii Kak CTOMMOCTbh COBOKYITHOM KOHEYHOI OOIIECTBEHHON Mpo-
AYKIHMH 3a ONPEEICHHBIN epHo] BPEMEHH.

OTMmeTHM, YTO B HEpapXuu TpeOOBaHMI K OOBEKTAM M COOTBETCTBYIOLIMX
KPUTEPUEB KAueCTBA BbIIIE KOHOMHUYECKHX CTOSIT coluanbHble TpeboBaHus. Eru-
MeTcKasi MUpaMKia CYMTajIach ONTUMAIBHONW HE MPU MUHUMYyME, a TP MaKCUMYyMe
3aTpaT MaTepualoB U YEIOBEUYECKOro (paOCKOro) TpyJa Ha BO3BEIEHUE 3TOTO CHM-
BoJIa Besnuus (papaoHa. JIeCTHUIIBI HA MOJBEMHBIX COOPYKEHUSX MPOKJIAAbIBAIOT HE
Mo KpaTJaifiiieit, a mo Haubosee yano0HOM 1 Oe30macHol Tpacce.

DKOHOMHUYECKUM KpUTEPUN KadecTBa 1€1eCO00pa3HO MPUHUMATH 32 LIEJIEBYIO
(YHKLHIO B ABYX CIyYasix:

1) xoraa S5KOHOMUYECKHE IMOKa3aTeM 00BEKTa HE MOTYT OBITh OIPEIIEIICHBI C
J0CTATOYHOM TOYHOCTHIO M3-3a OTCYTCTBUS HEOOXOAUMBIX JaHHBIX, YTO YaCTO UMEET
MECTO Ha CTaJMM ICKU3HOTO U TEXHUYECKOTO MPOCKTHPOBAHMS, KOTJA JJIsl HOBBIX
MAIIIFH U JOJDKHBI OMPEEISITHCS UX ONTUMAIbHBIE CTPYKTYpa U MapaMeTphl;

2) eciH y COCTaBJIIEMbIX MPU ONTHMHU3AIMH BAPUAHTOB 3HAYCHUS DKOHOMH-
YECKOT0 KpUTEPHsI KaueCTBa PAa3IMYaIOTCs B IPeeIax TOYHOCTH UX ONpeAesICHuUsI.

CymiectByeT nBa crioco0a pasperieHusi Takux npoTuBopeunid. [lepBoiii cmo-
c00 COCTOUT B TOM, YTOOBI IPUHATH 3a 1IeJIEBYIO (YHKIUIO TEXHUYECKUHN TTOKa3aTelNb,
KOTOPBIN B YCJIIOBHSIX CPAaBHEHHS BAPHAHTOB MOXKET ObITh IPU3HAH KOCBEHHBIM ITOKa-
3aresieM S3KOHOMHYECKOro 3 dekra. TakuMm mokazaTeneM Ajs mapaMeTpUudecKon omn-
TUMU3ALMN KPAHOBBIX METAJUIMYECKUX KOHCTPYKUUHN (CTpes, MOCTOB, OallleH | T. 1.)
9acTO OKa3bIBAETCsA MX Macca. MHOTOUMCICHHBIMH HCCIEIOBAaHUSIMHU YCTaHOBIIEHO,
YTO MPHU MPOYNX PABHBIX YCIOBUAX ((PUKCHPOBAHHBIX T€HEPAIBbHBIX pa3Mepax Kpa-
HOB, MapKe MaTepuaja, TEXHOJOTUU H3TOTOBJICHHUs) CEOECTOMMOCTh M3TOTOBIICHHUSI
METAJUIMYECKUX KOHCTPYKLMKW MOKHO CUMTATh IIPONOPLUMOHAIBHOM uX Macce. Ilpu
CTPYKTYPHOUW ONTUMHU3AIMH TaKOW MOJXO/ SIBJISICTCS HEKOPPEKTHBIM, MIOCKOJIBKY CO-
MOCTaBIIsIEMbIE BapUAHTHI MPEAIOIaraloT Pa3MYHyI0 TEXHOJOTHIO M3TOTOBICHUS U
UMEIOT Pa3InyHbIe yIeIbHbIE (Ha €UHUILY MACChl) TPYIO0EMKOCTH U3TOTOBJICHUS.

Bropoii crioco6 3akmouaercss B pa3pabOTKE KOMNIEKCHO20 Kpumepus Kave-
cHeéa, KOTOPBIN TIPEACTABIIICT COO0M BBRIpaKEHUE BUIA

p
q= ) adi, (3.6)
i=1
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rie (i — YaCTHhIC KPUTCPUM KauecTBa (CIMHUYHBIC TOKa3ateian 3()(EeKTHBHOCTN);
P — YHUCIJIO YYUTHIBAEMBIX YaCTHBIX KPUTEPHEB KAaU4eCTBa; @ — TaK Ha3bIBAEMBIH KO-
3¢ (UIMEHT BECOMOCTH, OTPAKAIOIINN BaKHOCTH, 3HAYMMOCTH I-TO KpHUTEpHs Kade-
CTBa, MPUIEM

P
q= > aidi=1 (3.7)
i=1

YacTHble mokazaTenad KauecTBa (i 11eeco00pa3HO BBOJUTH B BbIPaKCHHE
(3.6) B Oe3pasmepHOM BHJE, T. €. ONPEACIATh 10 OTHOIICHUIO K IMOKa3aTeasM 0a30-
BOTO BapHaHTa WA MalIMHBI-TIpoToTUNA. COCTaBleHNE BHIPAXKEHUN 1ENeBON (yHK-
muu B popme (3.6) memecooOpa3HO JUIIL TOTHA, Koraa KOd()QHUIIMEHTH BECOMOCTH
¢ Ha3HA4YEeHbI 0OOCHOBAHHO, M TEPSET CMBICII, €CJIM OHH Ha3HAYEHBI TPOU3BOJILHO.

[upoko pacnpocTpaHeHO onpeneneHne Kodh(PUIUEeHTOB BECOMOCTH Memo-
oamu IKcnepmuvlx oyenok. lIpu 3TOM pPEKOMEHAYETCS BBIIOJHAThH CIEIYIOIINE
npasuna. CTeNeHb KOMIETEHTHOCTH BCEX 3KCHEPTOB B BOIPOCE OLEHKU JOJDKHA
OBITh IPUMEPHO OJMHAKOBa. B cocTaB AKCHEPTHBIX KOMUCCUI HE JIOJKHBI BXOJUTH
aBTOpHI M3nenus. Ynuciao skcnepToB TpeOyeTcs HE MEHEE CEMH, HHA4e BEJIMKa BEpo-
ATHOCTb NMPUHATHS CiiydailHoro pemenus. He pekoMeHnayercst oTOpachiBaTh KpaiiHue
orieHKH. Bce skcmepThl TODKHBI paboTaTh HE3aBHCHMO JAPYT OT Apyra Mo eIuHOU
METOJIMKE, YTOOBI Pe3yIbTaThl OBLIH COTIOCTABUMBI.

OnuuM U3 crnocoOoB 00pabOTKHU PE3yIbTATOB AKCIEPTHBIX OLEHOK SIBIISICTCS
Memoo NONAPHBLIX CPAGHEHUIl, OTINCAHHBIN B pasneine 2.1.2, KOTOpBIA BBI3BIBACT Y
HKCIIEPTOB MEHBIIE 3aTPyAHCHUN, YeM PaHKUPOBAHHE OJHOBPEMEHHO BCEX MOKa3a-
teneir. CocTaBUB HOMEHKIIATYpy OJHOBPEMEHHO YYHTHIBAEMBIX IMOKa3aTelel Kaue-
CTBA, KQXKIbI U3 DKCIEPTOB CPABHUBAET IMOMAPHO UX 3HAYUMOCTbH, PU3HABAS OJIUH
U3 HUX OoJiee BaKHBIM. PaccMOTpuM mpuMep KOMIUIEKCHOW OLIEHKH MOPTalbHbIX
KpPaHOB 3TUM METOJ/IOM, HO C HUCII0JIb30BAHUEM JPYIrOro BapuaHTa IIKaJbl KOAPPUIu-
€HTOB BECOMOCTH, 4eM B pazzene 2.1.2.

O6o03HauMB uyepe3 o U @y KOIPPUIIMEHTH BECOMOCTH ToKa3areseit (i u (,
noctpouM marpuity W = || aj||, 2:1eMeHTBI KOTOPOIt UMEIOT CileAyIoImne 3HAYCHNUS

wij= 0 npu a; << ¢j;
wij= 1 npu a; < ¢j, HO HE @ << @;
@wj=21pu o = ¢
@j= 3 1Ipu & > ¢, HO HE O >> O
wij=4 1pu o >> ¢j.

IIpu 3TOM OUEBUIHO

oy + wj= 4,

Wi = wj = 2;

p p )
> D wi=2p%
i-1 j-1
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rie p — 4ucio nokaszareneit. KoaguimeHT BecoMocTH I-T0 MoKa3aTesis BhIYUCIISICT-
cs 1o hopmyiie

p

Y. o

i=1

aj = = ) (3.8)
p p ,
> > @ 2p
i=1 j=1

rJle CyMMa B 4yhcIuTelne Oepercs 1o dJeMeHTaM i-if cTpoku matpuibl. [Tpu sTom

Mo
£

N
Il
[N

o = 1/p pu cpeiHel 3HAYMMOCTH TToKa3aTels (; ;
a; < 1/p mpu ero 3HaYNMOCTH HIDKE CPEIHEH;
o > 1/p npu ero 3HaAYMMOCTH BBIIIE CPETHEH.

Uucno nmokazareneld, YYUTBIBAEMbIX NP CPABHEHUU BAPUAHTOB, HE JIOJHKHO
OBITH CJIMIIIKOM BEJIUKO, B MPOTUBHOM ciydae KOA((PUIIMEHTH BECOMOCTH OTIENb-
HBIX TIOKa3aTesIei MPUOJIIKAIOTCS K CpeIHEeMY 3HaueHUI0 acp = 1/p. Pexomenayercs
3HavyeHue p < 7.

Hwuxe nokazano onpeneneHue K03QQUIHUEHTOB BECOMOCTH MO U3JI0KEHHOMY
METOAY JJIS TMOKa3aTelel COWICHEHHBIX U MPSIMBIX CTpell TpeidepHbIX MOPTATbHBIX
KpaHOB. 3/1eCh M¢cy — Macca CTPEIOBOTO YCTPOMCTBA (CTPENbl, OTTSKKU, X000Ta,
KaHaToB, 0JIOKOB); K5 — SHEPreTHYecKuil MmoKaszarelb, MPONOPIUOHATBHBINA 3aTpa-
TaM PHEPruu npu paboTe MexaHu3Ma U3MEHEHHUs BbUIeTa; L — JIMHA rpy30BBIX Ka-
HATOB B 30HE CTPEJIOBOIO yCTpoiicTBa; M — Haubosbllee 3HaUEHUE IPy30BOTO He-
YPaBHOBEIIEHHOTO MOMEHTA;  — COOTHOLUEHUE CKOPOCTEH TOPU30HTAIBHOIO IIe-
peMeIleHHs] KOHIa X000Ta MPU YCTAHOBUBIIEMCS JBUKCHUM W3MEHEHHMs BbLJIETa OT
HauOOJIBIIETO 10 HAUMEHBIIIETO.

3aroroBuM Tabiuiy mo ¢opme tabmumsl 3.1 mis kBaapatHoid Marpuibl W,
KOTOPYIO TPEIACTOUT 3alojJHUTh. BceM sneMeHTaM TrilaBHOW HUAroHajad MaTpHUIIbI
(i = j) mpucBamBaeM 3Ha4YCHUE, paBHOE JBYM (@ij = 2), TaKk Kak JIt0OOOW MOKa3arelb
PaBHOIIEHEH MO0 BaKHOCTH camoMmy cebe. [lokazaTens Mcy ¢ MO3UIMM, HApUMeEp,
MHXEHEPa-KOHCTPYKTOPA 3aBOJIa-U3TOTOBUTEINS SIBIIAETCS OOJiee BaKHBIM, YEM TpY-
30BOM HEYpPaBHOBELIEHHBIH MOMEHT, IMO3TOMY B 4-i1 KJIETKe |-l CTpPOKH dKCHEpT 3a-
MUCHIBACT w4 =4 U B 1-i1 keTke 4-i ctpoku ay1 = 0.

[To cpaBHeHuIO ¢ MokazareneM K5 Macca TakKe MpeNCTaBisseTcs 0oee BaxK-
HBIM KpUTEpHUEM, OJIHAKO K MPsSIMO CBSI3aH ¢ SKOHOMUYHOCTHIO PabOTHI KpaHa, TMo-
aToMy @3 = 3 u @z = 1. [loctynas nanee mogoOHBIM 00pa3oM, SKCIEPT 3aMOJIHSICT
BCIO TaOJIMIy W 3aT€M BBIYMUCIAECT UCKOMbIE KO3(PPUIMEHTH BeCcOMOCTH (Talnu-
na 3.2). Takum oOpa3oMm, MPU COTMOCTABJICHUHM BAapPHAHTOB CTPEIIOBOTO YCTPONCTBA
HAJIJICKUT MOJIb30BATHCSI KOMIUIEKCHBIM IMOKAa3aTelieM BUa

gq=0,34mcy+ 0,28K5+ 0,2L + 0,12M + 0,06 w.
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Tabmuma 3.1

; J
1 Iloka3zaTenu 1 5 3 a 5
1 Mcy 2 3 4 4 4
2 K> 1 2
3 L 0 2
4 M 0 2
5 w 0 2
Tabmuma 3.2
J P
i IMoka3aTenu 1 2 3 4 5 Z = wij ai
j=1
1 Mcy 2 3 4 4 4 17 0,34
2 K> 1 2 3 4 4 14 0,28
3 L 0 1 2 3 4 10 0,2
4 M 0 0 1 2 3 6 0,12
5 W 0 0 0 1 2 3 0,06

DKCIepT, CBA3aHHBIM HE ¢ MPOSKTUPOBAHUEM M M3TOTOBJICHHUEM, a C DKCILTya-
Talyel KpaHa, o-BUIMMOMY, HHAUYE OIICHUT CPAaBHUTEIbHYIO 3HAYMMOCTh KOHKPET-
HBIX TIOKa3aTelied W TMOJyYuT HHBbIC KodhdumueHTsl BecomMocTH. OKOHYATEITHHBINA
BH/I TTOKA3aTelIs (| MOKET OBITh COCTaBJIEH C YYETOM MHEHHUH BCEX DKCIIEPTOB.

JIJ1s1 KOMIUTEKCHOM OIICHKM Ka4yeCTBa TOIbEMHO-TPAHCIIOPTHBIX MAIIIWH B Tie-
JIOM MCTIOJIB3YIOT TaKK€ WHTETPaJIbHBIN MOKa3aTellb KauecTBa, PAaBHBI OTHOIICHHIO
CyMMapHOro mnoJjie3Horo 3dpdekra /14 OT UCTONB30BAHUS KpaHa K MPUBEACHHBIM 3a-
Tpatam. Hanpumep, 11 meperpy304HbIX TOPTaTbHBIX KPAaHOB

J =m H4m2 KrmS/ Mm4 NﬂmS ’

rae I1, — dacoBasi IPOM3BOJIUTEIBHOCTh; K — KOA()(PHUIIMEHT TOTOBHOCTH, MPE/I-
CTaBJISIONIMNA COOOM CpelHEe OTHOCUTENIBHOE BpeMs MpeObIBaHUSI MAaIIMH B paboTo-
CITOCOOHOM COCTOSTHHUU B TIPEJICIIBHOM CTAallMOHAPHOM PEKHMME dKCIUTyartaruu; M —
Macca kpana, Ny — oOmas momHocTs aurateneir; mp = 0,24; mp; = 0,972;
ms = 0,685; ms = 0,522; ms = 0,025. [TokazaTenr My 1Mo aGCOTOTHOMY 3HAYCHUIO
HauOOJBIIUN U3 My...Ms, T. €. MPU ONTUMATHHOM MPOEKTUPOBAHUU TIEPETPY30UHBIX
KPaHOB BOXHCHUIIIMMH SIBJISTIOTCS TapaMeTphl, U3MCHEHHE KOTOPBIX B HAaMOOJBIICH
CTCTICHU BJIUSET Ha TPOU3BOIUTEILHOCTh KpaHa.

3aoaua 06 onmumuzayuu MapKu mamepuana 0jasa KpaAHoeoll CmpeJivl

Macca ontumanbHO CHPOCKTUPOBAHHOM KOpPOOUYATOW CTpesbl 0OpaTHO Mpo-
MOPLIMOHAJIbHA KOPHIO M3 JIOMYCKAEMOI'o HampsbkeHus [o] (3To gokaszaHo Huke). C
yBEIMYECHUEM [o] Macca cTpenbl Me ymeHsbinaetcs (pucyHok 3.6, kpubas 1), ee
HauMeEHbllIee 3HaueHne OyJeT Mpu HauboJblIeM paccMarpuBaeMoM [ o]. Ho 3x1eck He
YUTEHO JTOTIOJHUTENFHOE HArPyKeHUE CTPEIbl Ae(POPMAIITOHHBIM MOMEHTOM.
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C y4eTroMm 3TOro AOMOJHUTEIBHO-
ro Harpy>X€Husl TOJIy4YHUM H3MEHEHUE
MAacChl MO KPHUBOM 2, 4acTO HMEIOIICH
MHHUMYM IIpU HEKOTOpoM [ o]. Hakoner,

3 pa3iinuHble 3HaueHus [o] TpeOyroT pas-

~—"] auuHblx  Mapok cranu  (Ct3, 09I72C,

2 10XCH/), paznuyaromuxcs mo CTOMMO-
l\ CTH 32 TOHHY.

1 4 Kpusas 3 (cTouMOCTh KOHCTpPYK-

\ o mun C) He OyIeT HEnpepbIBHOM, MpH
\

9TOM HaWMECHBIIEC 3HAYCHHE CTOMMOCTH
\f HC COBIAAAeT MO [0] HU ¢ MHHUMYMOM
| Macchl MO0 KPUBOH 2, HU C HAaUMCHBIIUM
170| _230| 265(6) Ma 3HaueHueM Maccbl no kpuBoil 1. Kak
fCm. 3 ’ﬁfr il;_‘ 10XCHA BHUJIHO W3 TpaHKOB, ONTHMAJILHOH IIO
CTOUMOCTH OyJeT cTpeja U3 CTald

Pucynok 3.6 — KpuBsie 3aBUCUMOCTH 0912C.
CTOMMOCTH METAJIA OT €ro MapKu MoxHO C(l)OpMYJII/IpOBaTB (0] (S

JIYIOIINE TTOJIOKEHUS:
1) xpuTepun KauecTBa ¢ MI3MCHEHUEM TIApaMETPOB 00BEKTa MOTYT H3MCHHUTD-
Cs1 KaK HENPEPBIBHO, TaK U TUCKPETHO;
2) B 3aBHCUMOCTH OT ITOCTAHOBKH 3aJla4¥ ONTHMH3AIMUA ¥ BEIOPAHHOM IielTe-
BOM (DYHKIIMM MOTYT OBITh NOJIy4E€HBI pa3HbI€ ONTUMAJbHbBIC PEIICHUS, T. €. pa3HbIe
3HA4YECHUS ONTHUMAJIBHBIX ITAPAMETPOB.

3.5 OrpaHuyveHus NP MOUCKe ONTUMATBHOTO NMPOEKTHOI0 peleHus

st hopMupoBaHMsT MHOXKECTBA BAPUAHTOB OOBEKTA, HA KOTOPOM TPOU3BO-
JISIT TIOUCK ONITUMAJILHOTO PEelIeHUs, HEOOXOUMO MPABUILHO pa3padoTaTh U y4ecTh
pazinuHble orpaHudeHus. OTpaHUYCHHUS MAaTEeMaTUYECKH BBIPAKAalOT T€ WJIM WHBIC
CBSI3U, HAJIOKEHHbIE Ha OOBEKT ONTUMM3AIUU, U MOTYT OBITh 3allMCaHbl B BHUJE pa-
BEHCTBA

p=0 (3.9)
HJIN B BUAC HCPABCHCTBA
0<0,9>0 (3.10)
HJIN B BUAC HCCTPOTOIro HEPAaBCHCTBA
¢<0, =0, (3.11)

r7I€ @ — HeKoTopas (PyHKIUS OT mapaMeTpoB, KOTOpasi Tak ke, KaKk U KPUTESPUH Ka-
YeCTBa, MOXKET OBITh 3aJlaHa MO0 aHATUTHYECKUM BbIpaXEHUEM, JIMOO 3aMKHYTHIM
AJTOPUTMOM OTIPE/ICIICHHUS.
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BBeaenue orpaHu4eHH TO3BOJISIET YUECTh peajbHbIe YCIOBUS U3TOTOBICHUS
U (YHKIIMOHUPOBAHUSA O00BEKTAa ONTUMH3AIMK, YTOOBI OHA ObliIa (U3UUYECKH OCYIIe-
CTBUMA.

Ozpanuuenusa na napamempepl 4acTo 3a7al0T B BHUJE JIUANAa30HOB 3HAYCHUI
napamMeTpoB JHOO B BHJIE MHOXECTBA MX JUCKPETHBIX 3HAUCHHH, J1M00 B (Qopme
CTPOTUX HJIM HECTPOTUX HEPABEHCTB.

Tak, mpu MoMCKe ONTHMATbHON BBICOTHI Ng ceueHust kopoOUaToil Oaku Mo-
CTOBOT'O KpaHa HEOOXOIMMO BBECTH OIpaHUYCHUE

@z hO_ [h] Soi

riae [h] — naubomnbInas BeIcOTa OAJKH, JTOMYCTHMAs TIPU YCIIOBHH BITUCHIBAHHS Kpa-
Ha B rabapuThl CTPOUTETHLHON KOHCTPYKIIMU 37aHus, I7I€ OH JOJDKeH paboTarth, MO0
0 YCJIOBUSIM TIEPEBO3KH 10 KEJIE3HOM opore.

JIJ1s1 COUNIEHEHHBIX CTpes MOPTaIbHBIX KPaHOB (pUCYHOK 3.3, 0) MOXKHO 3aIu-
caTh CJICIYIONTNE OTPAaHUYCHUS Ha TTapaMEeTPhI

@1=X1—AR=0; (3.12)
@2 =X3—H=>0; (3.13)
@3 = X2 —Ri>0; (3.14)
@1 = Xo— Ay (3.15)
@5 = Xg—Ay>0; (3.16)
@6 = Xg— D1<0; (3.17)
@7 = Xg—D2>0; (3.18)
@8 = Xeg— y>0. (3.19)

3nech B orpannucHusx (3.12) u (3.13) AR — nuamna3oH U3MEHEHHUS BbLICTA,
H — MuHMManbHO HeoOXoauMMasi BHICOTA MOAbEMa Ipy3a HaJ KOPHEM CTpENibl. DTH
BEJIMYMHBI TIPEAMUCHIBAIOTCS MPOCKTHBIM 33/IaHUEM, U OTPAHUUYEHUS SBISIIOTCS -
pektuBHBIME. B orpannuenun (3.14) Ry — 3HaueHune mapamerpa Xz, MUHUMAJIBHO
JIOIYCTUMOE M3 YCIIOBUS Pa3MEILICHUs Ipy3a IOJ CTpeiaor. B mapax orpaHuyeHui
(3.15)—(3.16) u (3.17)—(3.18) mapametpnl X9 U Xg COOTHOCATCS C MPEACITBHO JOMY-
CTUMBIMHM BEPXHUMH U HIDKHUMH 3HaYeHUAMU (A1, A2 ) u (D1, D2) cooTBeTCTBEHHO.
B orpannuenun (3.19) y — MuHMMAaIbHO HEOOXOJAMMOE 3HAYCHUE YIiia YCTAHOBKH
X000Ta W3 yCJIOBUS OTKJIOHEHHUS TPY30BBIX KaHATOB OT BEPTHKAIHM B TUIOCKOCTH Ka-
yanus ctpeibl. Orpanndenus (3.14)—(3.19) sBisroTcss KOMIOHOBOYHBIMU (KOHCTPYK-
TUBHBIMH) W 3allMCHIBAIOTCS HA OCHOBE aHalW3a CYIIECTBYIOIIMX MAIMH U OIbITA
MPOSKTUPOBAHUS U IKCILITyaTaIliH.

B npuBeneHHbIX MpuMepax OTpaHUYEHUS] B BHJIE PaBEHCTBA WJIM HEPaBEH-
CTBa, KaK MPaBUJIO, MOTYT OBITh SIBHO pa3peIIeHbl OTHOCUTEIbHO TEX WJIM UHBIX Ia-
pameTpoB. HacTo BCTpeyaroTcsi OrpaHUYEHUs, HE pa3pelIuMbIe B IBHOM BHJE€ OTHO-
CUTENbHO TapaMeTpoB. [Ipumepamu MOTyT OBITh ypaBHEHHSI COBMECTHOCTU nedop-
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Malui (HarmpuMmep, KAHOHUYECKHE YpaBHEHMsSI METOJa CWJ) NPU ONTHUMH3AIUU CTa-
TUYECKHU HEONPEICTICHHBIX CUCTEM, YCIOBUS 3aMKHYTOCTU UJIM YCJIOBHS MPOBOPAYU-
BA€MOCTH IIPU ONTUMHU3AIMH IAPHUPHBIX MEXAHU3MOB U JIP.

Ozpanuuenuﬂ no npoYHocmu npu onmumulauuu K0p0611amblx ceyenuu
KPAHOBbIX memalyiu4eCKux Koucmpykuuﬁ

[IpoeKTUPOBOYHBIM pacyeT KPAHOBBIX KOHCTPYKUUN OOBIYHO MPOU3BOJAT Ha
MIPOYHOCTH OT HanOOMBIKUX HArpy30kK |l pacdeTHOrO City4as mo ux pacuyeTHBIM KOM-
OounHarusaM. J{7s CTpen MOBOPOTHBIX KPAHOB MPUHUMAIOT CIACAYIOIMNE KOMOWHAITUN
Harpy3oK:

Il, — Bec KOHCTPYKIIUMH, BEC rpy3a npu KodhUIMeHTe TUHAMUYHOCTH @y
(paboTaeT MEXaHU3M IMOIBEMA);

Ily1 mim 1lp, — Bec KOHCTpYyKIMHU, BEC Ipy3a, TPY30BbI€ KAHATHI OTKJIOHEHBI OT
BEPTUKAIIA HA YTOJI ¢ B TUIOCKOCTH Ka4aHUS CTPEJIBI B CTOPOHY YBEIMYCHHS BBLICTA
(Iy1) mmm ero ymenbinenus (llp2) (HeycTaHOBHBIIIGECS JBH)KCHHE MEXaHHU3Ma HM3MeE-
HEHUS BBLJIETA);

Il. — Bec KOHCTPYKIIMH, BEC Ipy3a, KaHAThl OTKJIOHEHBI OT BEPTUKAIM HA
yroa [y TepHneHANKYJISIPHO IIIOCKOCTH KadyaHWs CTpesibl (HEyCTaHOBUBIIEECS JIBU-
KEHHUE MEXaHU3Ma MOBOPOTA).

OrpanuyeHue Mo MPOYHOCTH Il Hauxynamen u3 komOunarui I, llp wmm
11y, umeeT BUg

¢1:M21/WZ+ N1/F—[O']§0,
a 11 komOuHarmu |l
o = M, /W, + My2/Wy+ Nz/F—[O']SO,

rae My, N1 — BepTUKAIBHBIM M3THOAONTNN MOMEHT M C)KMMAIOIasi CUjla B CEYEHUHU
M0 HauXy/IIe KOMOWHAIIMM HArpy30K B IUIOCKOCTH KadaHus ctpeibl; Mz, N —
BEPTUKAJIBHBIA U TOPU3OHTAIBHBIA M3THOAIOIINE MOMEHTHI M CXKUMAIOIAs CHJIa 110
KOMOMHAIIMKM Harpy3ok, BkiItouaroieil 6okossie Harpy3ku; W;, My, F — MOMeHTSI
COIPOTHUBJICHUS M IUIOIIA/h CEUCHHUS; [ 0] — MOMmycKaeMoe HalpshKeHHUE.

B Gonee moiHOM MOCTaHOBKE 3a7]a4l BBOJISAT TaKKe OTPAHUUCHUS IO MECTHOMN
YCTOWYUBOCTHU TOSICOB U CTEHOK, B COCTABE CEUCHMS YUUTHIBAIOT pedpa *KECTKOCTH U
BBOJST OTPAHUYECHUSA HA MX PA3MENICHUE M KOJIMYECTBO, MPEANHUCHIBAIOT COOTBET-
CTBHUE TOJIIUH JIMCTOB COPTAMEHTY H T. JI.

Ozpanuuenusa Ha Kpumepuu Kauecmea OOBIYHO 33JaIOTCS B BHJE HEpa-
BEHCTB M OTHOCSITCS K KPUTEPUSIM KaueCTBA, JOMOJHUTEIBHO YUYUTHIBAEMBIM P OII-
THMM3AIUHU TI0 BRIPAOOTaHHOM 11e1eBOM (yHKIMU. [IpumMepsl Takux orpaHUYSHHI: TI0
mporudy ¥ BPEMEHM 3aTyXaHUs KOJICOAaHWU NP ONTHUMHU3AIUUA TApaMeTPOB KpaHO-
BBIX MOCTOB, IO OTKJIOHEHUIO TPACKTOPUHU Tpy3a OT TOPU3OHTAINA U IPYy30BOMY He-
YPaBHOBEIIEHHOMY MOMEHTY MPU ONTUMHU3AINHU CTPEIOBBIX CUCTEM KpPaHOB U T. 1. B
TaKUX CIy4dasX MHOTJA FOBOPST, YTO JONOJHUTEIbHBIE KPUTEPUH KAYeCTBA IEPEBE-
JI€HBI B pa3psl OTPaHUYCHUM.
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Kaxxgoe orpannueHne B BHJIe paBEHCTBA, HAKJIABIBAEMOE HA TTapaMeTPhl UIIH
KPUTEpUU KauecTBa, YMEHBIIACT HA EIUHHIY Pa3MEpPHOCTh 3a/Jaudl ONTHUMH3AIIHH,
T. €. YUCJIO MTapaMeTPOB, ONPENCTSEMBIX U3 YCIOBUS SKCTPEMYyMa IEJIEBON (QyHKITHH.
Ecnu uncno mapaMeTpoB paBHO YHCITY OTPAaHUYCHHUH B BUJE PAaBEHCTBA, TO ONTHMHU-
3alysl CBOJUTCS K PEIICHUIO CHCTEMBI OTPAaHUYCHHUH OTHOCHUTEIHHO BCEX IMapameT-
poB. Eciii orpaHnueHrss COBMECTHBI, TO PEIICHUE CYIIECTBYET, a €CJIM HECOBMECTHBI,
TO pemreHus HeT. Ecau gucio N mapameTpoB 0oJibiiie yuciaa M HE3aBUCUMBIX OTPaHU-
YEHU B BUJIC PABEHCTBA, TO BO3MOXKHO ONTHUMAILHOE OmpeseaeHue (N—m) napamer-
poB. HakoHerlr, eciu 4rciio He3aBUCUMBIX OTPAHMYCHHUM B BUJIC PABEHCTBA MPEBBIIIA-
€T YHCJIO TTapaMeTPOB, TO TAK)KE BO3MOYKHA ONTUMHU3AIIHS, OJTHAKO ITO SBISETCS OCO-
OBbIM, HE pacCMaTpUBAEMBIM 3]I€Ch CIIydaeM U TPeOyeT CHeruaIbHBIX MOAXOJ0B K
(GhopMHUPOBAHUIO 11€JIEBON (DYHKITHH.

3.6 MaTemaTnyeckas MoJeJIb 00hLeKTa ONTHMHU3AIUH

Cucrema nmapaMeTpoB BMECTE C CUCTEMOM OIpPaHWYEHUN U KPUTEPUEB Kaue-
CTBa 00pa3yeT MaTeMaTUYECKYIO MOJIEIb 0ObEKTa ONTUMH3ALUH.

MonenupoBanue (T. €. NMPEACTAaBICHUE SBJICHUS B yIOOHOM JUISl W3YUYECHMSI
BUJIE) JISKUT B OCHOBE MpAKTHUYECKH 1000 Hayku. ColepkaHUE MOHATHS «MO-
JeNb», «MOJIETMPOBAHNE» B PA3IMUYHBIX cepax 3HaAHUI BecbMa pazHooOpaszHo. On-
HAKO €CTh M o01Iee: MOJENIb B TOM WJIM UHOM CMbICIIE, 00JIe€ UM MEHEe MOJHO UMU-
TUPYET OPUTMHAT — MOJEIUPYEMBII 00bEKT. ByieM roBopuTh, UTO OOBEKT «O» SIB-
JSI€TCA MOJIENIbI0 00BEKTa «a» OTHOCHTEIBbHO HEKOTOPOM CHUCTEMBI «S» XapaKTepu-
CTHK, €CJTU «0» CTpoUuTCs (MU BBIOUpAETCS ) JJISI UMUTALIMU «a» 10 TUM XapaKTepH-
CTHKaM. 371eCh TEPMHUH «OOBEKT» MOHUMAETCS B 00Jiee MHUPOKOM CMBICTIE — OOBEK-
TaMHU MOTYT OBITh JIFOObIE CUTYAIUH, SIBICHUS, IIPOLIECCHI.

Mogenb MOXeT ObITh MOCTPOEHA KaK JJIsl U3YUYEHHUS 3TUX XapaKTepUCTHUK (UcC-
CJIEIOBATENbCKUE MOJIENIN), TaK U AJI1 UX HEMOCPEJCTBEHHOIO HCIOIb30BaHUs (pa-
0oure MOJeNu — aBTONMWIOT, NPOTe3 U T. 1.). MccneaoBarenbckue MO MOXKHO
YCIIOBHO Pa3leiUTh Ha KCHEPUMEHTalbHbIE (IPEeIMETHBIE) U TeopeTHueckue. Teo-
peTrueckue (yMO3pHUTEIbHbIE) MOAEIN (OPMYJIUPYIOTCS Ha SA3BbIKE OMNPEICIICHHOM
HayKu. B 3aBUCUMOCTH OT XapakTepa 3TOro A3blKa MOKHO TOBOPHUTH O MaTeMaTUyYe-
CKHX, 9KOHOMHUYECKUX, SKOHOMUKO-MAaTEMAaTUYECKUX U APYTUX MOJEIISAX.

B nammx ciydasix ymo3purtenbHas ¢puznueckas MOJeNb MpeACcTaBieHa 00bIY-
HO CXEMAaTHYECKUM YEePTEXKOM M HA3bIBAETCS PACUETHOM cXeMo (ITpU TMHAMHYECKUX
MCCJIEIOBAHMIX TMHAMUYECKONW MOJENbI0) — 3TO HACAIM3UPOBAHHOE OTOOpaKeHHE
paccMaTpUBaEMOM CUCTEMBI, UCIIOJIb3YEMOE NIPH €€ TEOPETUUECKOM MCCIIEIOBAHUN U
WH)XEHEPHBIX pacyeTax.

Baxxneiiimmm TpeboBaHHEM K MOJIENH SBJSIETCS TpeOOBaHUE €€ aIeKBAaTHOCTH
M3y4aeMOMY pPEabHOMY OOBEKTY (Ipoleccy) OTHOCHTENHbHO H30pPaHHON CHCTEMBI
ero xapakrepuctuk. [log 3TUM 0OBIYHO MTOHUMAETCS:

1) npaBUIbHOE KaUECTBEHHOE OMHCaHNE 00BEKTa MO0 BEIOPAHHBIM XapaKTepHU-
CTUKAM;
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2) paBUIIbHOE KOJIMYECTBEHHOE OMUCAaHUE 00BEKTA M0 BHIOPAHHBIM XapaKTe-
PUCTUKAM C HEKOTOPOU pa3yMHOUN TOYHOCTHIO.

[IpuMeHUTENBHO K MOJBEMHO-TPAHCIIOPTHBIM MAIlIMHAM M UX Yy3J1aM HY>KHO
oOpamiath BHUMaHue Ha cienytoniee. OrpaHuyYeHUs] Ha MapaMeTphl, ONpeIesIoue
JMana3oHbl X BapbUPOBAHUSA NMPU ONITUMHU3ALINH, TOJKHBI OBITh YCTAHOBJICHBI MTOCIIE
aHaJlM3a aHAJOTUYHBIX OTCYECTBEHHBIX U 3apyOeKHBIX U3JEIUNA B BO3MOXKHO Ooiiee
MOJTHOM HOMEHKJIAType. OJTO XK€ KacaeTcs O0TOOpa CTPYKTYp IpHU CTPYKTYpPHO-
CXEMHOW ONTUMU3ALUU.

Hampumep, npu yCTaHOBJIEHMHM JUANla30HOB 3HAYEHUN MapaMeTpOB COYJIe-
HEHHBIX CTpel Ha Kadeape TpaHCHOPTHBIX U TexHosorndeckux cuctem CIIOITY ObI-
Y TpPOaHAJIU3UPOBaHbl JlaHHbIE O 14 TumopazMepax MOPTAIBHBIX KPaHOB OTEYe-
CTBEHHBIX U MHOCTPAHHBIX (PUPM IOCIIEAHUX JIET BBIIYCKA U MEPCHEKTUBHBIE pa3pa-
OOTKHM TPOMBIIUIEHHOCTH. [Ipy yCTaHOBIEHMM NEPCIEKTHBHBIX THUIIOB CTPEIOBBIX
CUCTEM M MOPTaJOB ObUIM U3y4YEHBI JaHHble Oosiee yeM 250 TUnmopa3MepoB KpaHOB.
[lepcrieKTUBHBIE CXEMBbI KaHATHBIX MOABECOB I'Py3a, CIIOCOOCTBYIOIIMX YMEHBILIEHUIO
packauMBaHHUM Tpy3a, ONpeesieHbl Ha OCHOBE aHaJM3a OIbITa MPOMBIIIJICHHOCTH,
MaTEepUaJIOB JIUTEPATYPHBIX UCTOUYHUKOB U Oosiee 200 MaTeHTOB U aBTOPCKUX CBUJE-
TEJbCTB.

PacyeTHble Harpy3ku, BXOHAILIME B OTPAHUYCHUS IO MPOYHOCTHU, JOJDKHBI
HAa3HA4aThCsl C YyUYETOM JAHHBIX O (DAaKTUUECKON HArpy>KE€HHOCTU COOTBETCTBYIOLIUX
y3JI0B B pEabHBIX YCIOBHUSX SKCIUTyaTalluu. Tak, Harpy3K JJIsl pacyeTa CTpes Imop-
TaJbHBIX KPAHOB 33JAOTCS C YYETOM PE3yJIbTaTOB IKCILTYyaTAlIMOHHBIX MCIBITAaHUM
aHAJIOTUYHBIX KPaHOB. DTH UCCIICIOBAHHUS B CBOE BpeMs ObUIM BBHIMOJHEHHI B IIECTH
noprtax Ha 11 kpaHax, npu 3ToM ObLIO cenaHo U 00pabdoTaHo cBbIie 1,5 MITH. 3ame-
POB HAIPSHKEHUN ¢ OMOIIbIO TE€H30J]aTYUKOB. McciaenoBanue HarpyKeHHOCTH Kpa-
HOB, TEH30METPUUECKHE UCTIBITAHUS UX B YCIOBHSX DKCIUTyaTallUU MPOAOTHKAIOTCS U
CEroJHs, 4TO NO3BOJISIET KOPPEKTUPOBATh COOTBETCTBYIOINE METOAUKHN pacyeTa.

OrpaHuyeHus: Ha KPUTEPUH KauecTBa (JOIMycKaeMble MPOTUObl U BpeMsl 3aTy-
XaHUsI KOJIEOAHMH MOCTOB U CTpeJl, HETOPU3OHTAIBHOCTh TPAEKTOPUU Ipy3a s
CTpeN W T. J.) JOJDKHBI pa3pabaThiBaThCsi Ha 0aze MOApOOHOr0 aHalv3a peajbHBIX
YCIIOBUH HOPMaJIBHOTO (YHKIIMOHUPOBaHUSA OOBEKTa HKCIUTyaTaluu. MeTtoauka
OTpeseNieHUs] HaMpsDKeHUW, MpUHUMaeMmas npu (GOPMUPOBAHUU OTPAHUYCHHUNA TI0
MPOYHOCTH, JTOJKHA OBITh MOATBEPKI€HA (DU3UNUECKUM IKCTIEPUMEHTOM.

OcTanoBuMcs ToJipoOHEe Ha ATOM MOcieIHeM o0cTosTeNnbCTBE. B orpannye-
HUAX @ 1 <0 u @2 <0 (cM. pazzgen 3.5) npu ONTUMU3ALUU CEUEHUNH KOPOOUATHIX
CTpeJ MPEAINoIaracTcsl OnpeaeieHne AeUCTBYIONINX HANPsXKEHUH 1o ¢popMyiaM co-
MPOTUBJICHUS MaTepHalioB. Mex 1y TeM, SKCIIEPUMEHT Ha METATHYECKIX MOJCIISAX U
HATYpPHOU KOHCTPYKLIMHU MOKA3bIBAET, YTO B yrilaX CEUCHUs y IIapHHUpa CTpeaa—penka
nepeHanpspkeHust MoryT gocturatb 40%, a B cepenune nosca 6e3 oTBEpCTHS HAOJO-
JAI0TCA MPOBAJIBI MOl HANPSKEHUH (PUCYHOK 3.7). YuecTb 3TH (haKTOPhl MOKHO C
MpUBJICYCHHEM 0OJiee COBEPIIEHHOrO anmnapara Teopuu ynpyroctd. Ho Takast mocra-
HOBKA 3a/1a4d 3HAUUTEIHHO YCJIOXKHSET pelleHUe, U MPUMEHSATh €€ B OTpaHUYCHUSIX
JUTSL ONITUMU3AIIMH Helles1eco00pas3Ho MO ABYM MPUUYMHAM:
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— BO-TIEPBBIX, YKa3aHHBIE OCO-
O0eHHocTH OYyIyT MPUMEPHO B PaBHOI CTe-
X MIEHU TPOSBIATHCS [JIsl BCEX BAPUAHTOB,
U3 KOTOPBIX OYJIET BRIOUPATHCS PEIICHHUE;

— BO-BTOPBIX, 3TU MEpPEHAINpPSIKE-
HUS TIEPEKPBIBAIOTCS KO3(PPUIIMEHTOM 3a-
raca nmpoYHOCTH.

' /4 IlosTOMy npH ONTUMH3ALNN LIEJIE-
{ COO0pa3HO OrPAHMYUTHCS YYETOM OCHOB-
- y - HBIX, JOMUHUPYIOIIUX (DAKTOPOB, a yTOU-
. HEHHBIC PACUEThl BBIMIOJHATH MPU HEOO-
/ XOIMMOCTH Ha OCHOBE YK€ IMOJYyYEHHBIX
napaMeTpoB  KOHCTPYKIMH, MpUIABas
ATUM pacyeTaM IMOBEPOYHbIN (2 HE MPOEK-

TUPOBOYHBIN) XapakTep.
[TogquepkHeM, YTO aJEKBAaTHOCTH
MOJENHN CIEIYyET paccMaTpUBaTh TOJBKO
Prcynok 3.7 — Dmiops! HanpsKeHuUit B 0 OIpe/eTIeHHBIM IPHU3HAKaM, XapakTe-
CeYCHHH KOPOOUaTOi bastku pHUCTHKAM, IIPUHATHIM B JJaHHOM HCCJIC/IO-
BaHUM 3a OCHOBHbIE. Ecniu Takue xapakre-
PUCTUKU HE yKa3aHbl, TO OHM JOJDKHBI MoJpasyMmeBathbcs. He cymiecTByeTr yHUBEp-
CaJIbHOM aJIeKBAaTHOCTH, OO Takas aJleKBaTHOCTh O3Hayaja Obl TOXKJAECTBO MOJIEIU U

00BEKTA.

MOXHO BBIJICTUTh CJIEAYIOIINE OCHOBHBIC ATAMbl Pa3pabOTKU MOACIN 00bEK-
Ta MPY ONTUMHU3ALUOHHBIX U APYTUX UCCIEIOBAHUSAX:

1) u3ydeHue MOACITUPYEMOro SIBJICHUS, (GOPMYIHPOBKA TEXHUYECKHX TpeOo-
BaHUHN K OOBEKTY M Ha WX OCHOBE — Iiesieit ucciaenoBanus (popMyIupoOBaHKE TIPO-
OJIeMBI);

2) BbIsiBIIeHUE (DAKTOPOB, BIHUSIONIMX Ha BBIMOJHEHHE OOBEKTOM TEXHHUYE-
CKUX TpeOOBaHMI, U BO3ACHCTBUMN, MPEMATCTBYIONINX HIIA CIIOCOOCTBYIOIIMX HOP-
MaJbHOMY (DYHKITMOHHPOBAHMIO,

3) mocTpoeHre KOHIICMIIMKA O MOBEACHIUH 00bEKTa B COOTBETCTBUHU C JIAHHBI-
MU, TIOJTYYeHHBIMH Ha 1-M W 2-M 3Tamax Ha OCHOBE aHaliM3a umeroleiics nadopma-
MU (TEXHUYECKOW TOKYMEHTAIIUU U SKCIIEPUMEHTAIBHBIX JAHHBIX );

4) cocTaBlicHHE KaK MOXKHO 0oJiee MOJIHOW CTPYKTYpbl OOBEKTa B COOTBET-
CTBUU C pa3pabOTaHHOI Ha 3-M dTare KOHIENIUEH;

5) pasOueHue CTPYKTYphI Ha MOACHCTEMbI (OJIOKH), MMOIAIOLIUECS JIECMCH-
TapHOM KOJWYECTBEHHOU OILICHKE M3BECTHBIMU METOJAMH, U BBIYUCIEHUE COOTBET-
CTBYIOIIINX XapaKTEPUCTHUK (JEKOMITO3UIIUSA );

6) CpaBHUTEIIbHBIA aHAIN3 XapaKTEPUCTHUK MOACUCTEM C TOYKH 3PEHHUS TEX-
HAYECKUX TpeOOBaHUH, Ieei UcCae0BaHnus U pa3paOOTaHHOW KOHIICIIIIMH, TTPUHS-
THE PEIICHUIN O 3HAYEHUHU OTJICIbHBIX MOJCUCTEM C YKa3aHHOW TOUKHU 3pEHUS, O BO3-
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MO>KHOCTU HMCKJIIOYEHHUSI OTIEIbHBIX MOJICUCTEM WM 00 OObEIMHEHUHU HECKOJIbKHUX
MOJICUCTEM B 9KBUBAJICHTHYIO MOJICUCTEMY (arperaTupoBaHue);

7) MaTeMaTHYeCKOe OMUCAHUE arperaTHPOBAHHOM CTPYKTYPhI — pa3paboTKa
MaTEeMaTUYECKON MOoJieNTn OOBEKTA;

8) oleHKa a/IeKBaTHOCTH MOJICIIH.

[Ipu pemeHnun 3amady ONTHUMHM3ALMU CIEHUAJIBHBIX MAIUWH JOJDKHBI MPUMeE-
HATHCSI OCHOBHBIE NPHUHIUIBI CUCTEMHOIO IMOAXOAA, KOTOPBIE CBOJATCA K LEJIECHa-
npaBiieHHOCTH (11es1b paboTel — obecrnedenne 3pHEeKTUBHOCTH (YHKIIMOHUPOBAHUS
MAallWHBbI), OTHOCUTENBHOCTHU (MPU pacyeTax KaKIblil 3JIEMEHT pacCMaTPUBAETCS Kak
YacTh LEJIBHOI0), MOJIEIUPYEMOCTH.

CucremMoil Ha3pIBAaETCS COBOKYITHOCTh, 00pa3oBaHHas (M yHopsI0YEHHAs IO
ONpPENEICHHBIM TPAaBUJIaM) U3 KOHEYHOTO MHOXECTBA AJIeMEHTOB. [Ipu 3TOM Mexay
AJIEMEHTAMH CUCTEMBI CYIIECTBYIOT OIPEECICHHBIE OTHOLIECHUS. JJIEMEHT U CUCTEMA
ABJISIFOTCS. OTHOCUTEIBHBIMU NMOHATHSIMU. Hanprmep, rpy3000IbEMHBII KpaH — 3TO
cUCTeMa, 00pa30BaHHAsi CBOMMH 3JIEMEHTaMH, B TO K€ BpeMsl OH MOXET ObITh 3Jie-
MEHTOM IIOPTa, CUCTEMBI «4EJIOBEK—MAIIMHA—OKPY’KAOILAsl Cpeay.

JI1st BBISICHEHUS CBSA3M MEXY JJIEMEHTAMM KpaHa pacCMOTPHUM €ro JIWHAMU-
YEeCKyl0 MOJiejb, Kak Hanbosee oOuryro. CTpykTypa TMHAMUYECKOW MOJEIH MOXKET
OBITH MTOKa3aHa C MOMOIIBIO Tpada (cxembl). bysiem ncnoab30BaTh HEOPUSHTUPOBAH-
Hbl€ TIpadbl, CTPYKTypa KOTOPBIX AHAJIOTMYHA CTPYKTYpE HCCIEAYEMOM MOJIEIH.
I'pad cocTouT U3 3MEMEHTOB CUCTEMBI, U300PAKAEMBIX OKPYKHOCTSIMH, CBA3aHHBIMU
MEXIy cO00il AyraMu, KOTOpbIE 03HAYaIOT, YTO 3JIEMEHThI CUCTEMbI UMEIOT MEXKIY
co00H CBsI3b. DTa CBA3b MOXKET OCYLIECTBISATHCA 32 CUET CUJI YIPYTOCTH, UHEPLUH, B
CBA3b MOT'YT OBITh BKJIIOUEHBI 3JIEMEHTHI AeMiupoBanus. Hag nyramu Moryt ObITh
rpaduyeckue CUMBOJIBI, YKa3bIBAIOLIUE BUJ CBS3U. DTOT BU rpada Mmo3BojseT Irpa-
(buYecKy WLTIOCTPUPOBATh AUHAMUUYECKYIO MOJEIIb C JIF00OOM CTENEeHbIO AUCKpEIUTa-
LM U JIeJIaTh KaYECTBEHHBIE BBIBOJBI O XapaKTEPE CBA3EH MEXAY JIEMEHTAMU CH-
cremsl. [Ipumep rpada auHaMHUYECKON MOJENN IPy30MOIbEMHBIX KPAaHOB MPHUBEIEH
Ha pucyHKke 3.8.

Kpan ¢ rpy3om Ha ruOkoM mojiBece B 00IIeM ciy4yae MpelCTaBisieT coOoi
KOMIIOHOBOYHO-KOHCTPYKTHUBHOE OOBEIMHEHHUE psiAa MOJICUCTEM-/IBUraTeNeH, nepe-
JATOYHBIX MEXaHHU3MOB, METALIUYECKON KOHCTPYKIHMH, IPy303aXBaTHOTO YCTPOii-
ctBa. Kaxxnyro U3 yka3zaHHBIX MOJACUCTEM MOXKHO pa3OUTh Ha OoJiee Menkue OJIOKH,
KOTOpPbIE UMEIOT Pa3IuYHble KOHCTPYKTUBHBIE UCIOJIHEHUS. Takue MmoJCUCTEMBbI Yya-
CTO MPOEKTUPYIOTCS, UCCIEAYIOTCSI M HCIBITHIBAIOTCA OTHENBHO (C ydyeToM, 0e3-
YCIIOBHO, KOMIIOHOBOYHBIX CBSA3€H). XapakTEPUCTUKU Ka)XJAOW U3 MOJACUCTEM KpaHa
MO>KHO OIPEAEIISTh PACUETHBIM WJIU SKCIEPUMEHTAIbHBIM ImyTeM. [lomyueHnue Takux
XapaKTEPUCTHK 3HAYUTENBHO MPOILE, YEM IS LEIOr0 KpaHa.

Ecnu He HM3ydaroTCsi MpOLIECCHl B3aUMOJEWCTBUS TPy303aXBAaTHOI'O OpraHa
(I'3) u meperpyxaemoro rpy3a (I') (B3aumopeiicTBus rperidepa u meperpyxkaemoro
Marepuaa, MIeKTpOMaruuTa u rpysa), To y3iel ['3 u [ Ha pucynke 3.8 MoryT OBITH
O0OBETMHEHBI.
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MK

MEP.

Pucynok 3.8 — Jlunammuueckuii rpad rpy30n0abEMHBIX KPAHOB

bynem paccmarpuBaTh KpaH, HMMEIOIIUMN YEThHIPE MEXAHHW3MA: MEXaHU3M
noabema (MIIJ]), mexanusm mepeamwxenuss kpana (MIIK), mexanusm BpaieHus
kpana (MBP), mexanusm nsmenenus Boutera (MUB) nnm mexanusm nepenBrxkeHUs
tenexku (MIIT). B atoMm ciyyae kpan OyJaeT UMETh YEThIpE CTETICHH MOBUKHOCTH.

JlBurarenu SIBJISIIOTCS TeMH (PYHKIIMOHAJIBHBIMM YaCTSIMHU MAaIIUHBI, B KOTO-
PBIX TPOUCXOMST MPOIECCHI MTpeoOpa3oBaHus dHepruu. B mo0oM ABUTraTene MOKHO
BBIJICJINTh BXOJHBIC TMAPAMETPHI, YINPABJISIONIME STUMHU MPOLECCAMU, U BBIXOJHOE
3BEHO, COBEpIIAIOIIEe OOBIUHO BPAIIATEIbHOE IBMXKEHUE.

CrpykTypa KpaHa (KpaHOBOT'O ME€XaHM3Ma) CYHIECTBEHHO 3aBHCHUT OT Xapak-
Tepa COEAUHEHUsl ABUTraresied. /(s KpaHOBBIX MEXaHHW3MOB HauOOJbIIEE PaCIpo-
CTPAaHEHUE UMEIOT OJHOJIBUTATENIbHBIE arperarbl, B KOTOPBIX UCIOJb3YIOTCS JBUTa-
TEJIM C OJHUM BXOJHBIM IapaMeTpoM. B MHOroaBUraTeiapHbIX MAallMHAX WIM MEXa-
HHU3MaXxX JBUTATEJM MOTYT YCTAHABJIMBATHCS HE3aBUCHUMO WJIA CBS3BIBATHCS MEXKIY
co00¥ IO BBIXOJTY WJIA BXOJY.

[Ipu cBsi3u aBUTaATENEr MO BBIXOJY COCAUHSIOT BBIXOJHBIE 3BEHBS HECKOJb-
KHX JBUTATENICH (Hampumep, JeOeaKn MeXaHu3Ma Mo beMa JIUTEHHBIX KpaHoB). Ya-
II[e BCEro 9Ta CXeMa MCIOJIb3YeTCs JJIsl TOBBINICHHS] HAJIC)KHOCTH PabOThl MEXaHU3-
Ma. B 3ToM cirydae ¢ GyHKIMOHATBHOW TOYKU 3PEHMS MOJIYYAIOT JBUTaTENb C OJHUM
BBIXOJIOM U HECKOJIBKUMU BXOJIaMH.

CBs3b ABUTaTeNield MO BXOJY OCYILECTBIISETCS OOBIYHO B BUAE «IJIEKTpHUE-
CKOT'0 Bajiay, 00€CTIEYMBAIOIIETO MO0 CTPOTYI0 CUHXPOHU3AIUIO JBUKCHUIN BBIXO/I-
HBIX 3BEHBEB, JINOO BhIPABHUBAHUE OOOOLIEHHBIX ABMKYIIUX CUJI (Hampumep, Mexa-
HU3MBI NIEPEABMKEHUS] KPAHOB MOCTOBOI'O TUIIA C OOJIBIIMMU MPOJIETaAMHM).
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Kpan (rpad xoToporo nokasaHn Ha pucyHke 3.8) sIBISETCS MPUMEPOM MHOTO-
JIBUTATEIbHOW MalllMHBbI C HE3aBUCUMBIMU ABUTATENIIMHU. B 3TOM ciyuae auHamuye-
CKasl CBSI3AHHOCTbH JBUTATEJIEM OCYIECTBISACTCS 4Yepe3 NMPUBOJUMYIO B JIBIDKCHHE
MamuHy. Tak, mpu paboTe MeXxaHU3Ma BpAIllEeHUs KpaHa Ipy3 OTKIIOHSETCS U B IJIOC-
KOCTH CTPEJIOBOI CHCTEMBI U HArpy>KaeT JIBUraTreib MeXaHu3Ma U3MEHEHHUs BbLJIETa.

MexaHnnueckas 4acTh KpaHa COCTOUT U3 NepeAaTouyHbix Mexanu3MmoB (IIM) u
MeTtautokoHCTpyKIuu (MK). 310 pazduenune npeacTaBisieTcss yA0OHBIM KaK ¢ TOUKH
3pEeHUs aHaJIM3a U CUHTE3a KpaHa, TaKk U C TOUKHU 3pEHUs MpoeKTUupoBanus. OyHKIu-
OHAJIbHO MEXAHWYECKasl 4acTh KpaHa CIIY>KUT JJIsl TpeoOpa3oBaHUs JBUKCHUN BbI-
XOJIHBIX 3BE€HBEB JIBUTATEJICH B JIBUXKCHUS UCTIOTHUTEIBHBIX OPTraHOB, CIYKaIllUX JJIsi
MepeMEeIIeHNs TOYKH MOoJIBeca Tpy3a Ha KaHaTtax (MOCT KpaHa, cTpelia, 0apabaH), He-
00X0IUMOTO JUIsl BBIMOJIHEHUST pab0ounX MpOIEccoB (MepeMelleHre Tpy3a, YepraHue
Marepuaia rpeidepom).

[IM mpeana3HayeH aiis nepenauu aprkeHust ot asuratens k MK kpana (ot
JBUTATENSI K KOJecaM KpaHa, OT JBUTATENsl K CTpeJie) UM HEMOCPEACTBEHHO K HC-
MOJIHUTENILHOMY oprany (6apabany MexaHuszma noabema). OH MOKET OBITh CBSI3aH C
METaJUIOKOHCTPYKIIMEH KaK KECTKOM, TaK U TMOKOW CBS3bIO (IMOJMCIACTHBIA MeXa-
HU3M U3MEHEHHUS BbUJIECTA, MEXaHU3M TIEPE/IBIKCHHSI C KAHATHOM TSTOM).

JBuratens () u IIM o0pa3yroT KpaHOBBI MEXaHH3M B OOBIYHOM MOHHMMa-
HUU. MexaHu3M U 4acTh METAJTIMYECKOM KOHCTPYKIIMU KpaHa oOpa3yroT psjl KpaHo-
BbIX mojacucteM: noabeMa (CIII), nepenpuxenus kpana (CIIK), BpamieHus kpaHa
(CBP), usmenenus Bouieta (CUB) unu nepeasukenus tenexku (CIIT).

Nnes Beiaenenust kpaHoBoi MK B OTAENBHYIO MOJCUCTEMY COCTOUT B TOM,
YTO MpHU paboTe PA3TUYHBIX MEXAHU3MOB JUHAMUUYECKUN OTKJIUK MOJIY4YarOT OTIEIb-
Hble yactd MK. DTOT BOIpOC TECHO CBSI3aH C pacUETHHIMU KOMOMHAITUSIMU HArpy30K,
M0 KOTOPHIM B HACTOSIIIIEE BPeMsI B OOJBIIMHCTBE CIy4aeB BEACTCS MPOCKTUPOBOY-
HBI pacuer. B 3aBHUCHMMOCTH OT TOro, Kakoil MeXaHW3M paboTaeT, BO3MOXKHBI pas-
JINYHBIC CTENEHHU JeTanu3auuu kpanosoit MK.

[IpencraBnenne Monenu KpaHa B Buje rpada mo3BoiseT B HAMIAIHON popme
BCKPBITh CTPYKTYPHBIE OCOOEHHOCTH CHCTEMBI U CJEeNaTh MPOAYKTHBHBIE BBIBOJIBI O
KaueCTBEHHBIX OCOOECHHOCTSIX IpoIiecca.

3.7 MeToabl ONTUMHU3AIUN

[TapameTpbl, COOTBETCTBYIOIIME IKCTPEMYMY LEIEBON (PYHKIUU TIPHU BBITOJ-
HEHUU OTPaHUYECHHM, HAXOJAT C MOMOUIBI0 KAKOT0-I1M00 METO/Ia BBIYMCIUTEIHLHOU
(mpukIagHON) MaTeMaTUKUA. DTU METObI PA3JEeNsIOT Ha ABE OOJbIINE TPYIIIbI:

1) aHamuTH4ecKkue METOAbl (TIPSIMOE HCCIEOBAaHUE IEIeBOM (PYHKIIMU Ha
AKCTPEMYM, METOJ MHOKHTEIEH Jlarpanka, METO/] BApUALIMOHHOT'O UCYUCIICHMS);

2) 4KCIEHHBbIE METOJIbI, KOI/1a ONTUMAJIbHBIE ApaAMETPbI ONPEAEISAIOT C IO-
MOIIIbI0O HEKOTOPOH UTEPAMOHHOM Mpoleaypsl (TOCae10BaTEIbHBIMU PUOIUKEHU-
SIMU).
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BBuay cinoxHoCTH 1eeBbIX (YHKIMM U OTpaHUYEHU, B UHKEHEPHBIX 3a/1a-
yax ONTUMHU3ALMK HauOoJblliee MPUMEHEHHWE HAXOJAT YHCIeHHble MeTonbl. Cpenu
HUX CIIEJyET BBIJCIUTD:

1) MeTo/bI HEJIMHEHHOTO MPOrPaMMHPOBAHUS, Pa3paOOTaHHbIC JIJIsl HEIMHEH-
HBIX 1EJIEBbIX (QYHKIMM MPU TUHEHHBIX U (UJIM) HEJIMHEHUHBIX OTPAHUYCHUSIX;

2) METOJbI JIMHEWHOTO MPOTPaMMHPOBAHUS, Pa3paOOTaHHbBIE ISl JTMHEWHBIX
[eJIEBhIX (DYHKIMI MpU TUHEHHBIX OTPAaHUICHUSX.

CnoBO «IpOrpaMMHpPOBAaHUE» B 3TUX ONPEIEICHUSAX HE O3HAYAET «COCTaBIIE-
HUE€ BBIYHMCIUTEIBHBIX IPOrpaMm». PaccMOTpUM aHaIMTHUYECKOE PEIIEHHE HEKOTO-
PBIX 33J1a4 ONTUMH3ALUU U OTJEIbHBIE METObI HETUHEHHOTO IPOrPAMMHUPOBAHMUS.

3.7.1 AHaJIuTHYECKHE METOAbI
Ilpamoe uccnedosanue ueneeoii hynkuuu Ha IKCMPEMym

PaccMmoTpum 3adauy 06 onmumanvHwbix napamempax Kopoduamozo ceye-
Hus d6anku, pabomarouieii Ha uzeud. Ilycte Tpedyercst onpeneauTh 3HAYCHHS ONTH-
MaJIbHBIX mapameTpoB N, b, &y, dc kopobuaroro ceuenus (pucyHok 3.2, a), obecre-
YUBAIOIIME MUHAMYM €r0 ILIOMIAAM MPH BBHITOJHEHUH OTPAaHWYCHHUH MO MPOYHOCTH,
MOSICHEHHBIX B pazzeine 3.5

@ =M, /W, —[c]=0;
@, =M, IW, +M,, /W, —[c]=0.
[leneBas GyHKIUS UMEET BU]T
q =2 (hsc+bsn).
W3 ycnosus ¢, =0 umeeM
Wz =Mz/[o].
[ToncTaBuB B 3TO BBIPAXKEHUE ¢, =0 , HAUJIEM

— M y2 M z1 )
Y (M z1 M 12)[0-]

Nmeem 3amauyy 0 MUHUMH3AIMKU TUIOMATU ( KOpOOYATOTO CEYEHUs IpHU 3a-
naHHbIX MoMmeHTax conpotusieHuss Wz u Wy. mes B Buay, 4to

W

Wz = h(osn +hsc /3) -
Wy = b(hse +bsn /3)
(6e3 yueTa cBECOB MOSICOB), MOXKHO MOITYYUTh

q =15 (W./h +Wy/b ) -

122



Haiinem h u b, o6ecrieunBaromue 3KCTpeMyM (
oq/6h=0; —1,5W,/h?=0; h = o;
oq/éb=0; —1,5W,/b? = 0; b = o0;

. :%_%=O;
8hb 8h?
_9\Nz 3\Ny _O
" omhk 2 =
8hb 8b

Takum 00pa3oM, TEOPETHUECKHUI ONTUMYM JOCTUTAETCSA MPH IMOSACAX U CTECH-
KaX, UMEIOIIHNX OECKOHEYHbIE pa3Mepbl U HYJIEBbIE TOJIIIUHBI. DTOT MapaJ0KCaIbHBINI
pe3yNbTaT MOJYYUIICA MOTOMY, YTO B CHUCTEMY OTPAaHMYEHUN HE ObUIM BKIIOYEHBI
OTPAaHUYEHMS 110 MECTHOW YCTOMYMBOCTH. [l OTBICKAHUS PEaJIbHOIO ONTUMYyMA 3a-
(¢uKcUpyeM TOJIIMHY CTEHKH I10 YCIOBHUAM MECTHOW yCTOHYMBOCTH, HE paccMaTpH-
BaE€MbIM 371€Ch [TOAPOOHO, UM 110 TEXHOJOTUYECKUM COOOpakeHusM. Toraa

q = 2W/h + 4héef3;
oq/oh=0;

_ B
h= | Aﬁc'

[Tpu >ToM 3HaueHNH h MOXKHO TOJTYYHTH JUTSI ONTUMAIILHOTO CIIydasi U3 orpa-
HAYEHHU ¢, =0 U ¢, =0

y

5w, \ 29,

c

5 = Mg
wW,

[Ipu 3TOM HOCTUTAaETCSI MUHUMYM IUIOIIA/IA CEYEHHUS], PABHBIN

qmin = 3,27 ﬂWZé‘C .

Paccmotpum 3adauy 06 onmumanvnou ¢popme cmamuuecku Heonpeoenu-
Mmoit 6anku. Tpebyercs onpeaeuTh ONTUMAIBHYI0 (OpMy (pacrpesesieHne MaTepu-
aja 1o JUIMHE) JBaXKIbI 3aIIEeMJICHHON OalKyd KOpOOYaTOro CEUEHHsI, HArpy >KeHHOU
cunoii P B cepenune nposiera (pucyHok 3.9, a).

Ecnu ydecTh CUMMETpHIO HarpyXeHUsI CAMMETPUYHON Oajky U MpeHeOpeyb
BIIUSIHUEM TIPOJIOJIBHBIX CHJI, TO Oasika OyJeT OJWH pa3 CTATUYECKU HEOMPEeaeTMMON
OTHOCUTEIILHO MOMEHTOB M B 3aIlieMJICHUSIX.

DOmropa nonepeunbix cuil Q, mpuBeAeHHas Ha pucyHke 3.9, 0, HE 3aBUCUT OT
(hopMBbI CUMMETPUYHOMN OaNKH.
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Pucynok 3.9 — K pacuety ontumansHO# (pOpMBI CTATUYECKU HEOTIPEACTUMOM OanKu

Omnopa W3rudarImUX MOMEHTOB (PUCYHOK 3.9, a) OyIeT COCTOSATh U3 JIBYX
MPSIMOJIMHEMHBIX YYACTKOB, UMEIOIINX TaHT€HCHI YIJIOB HaKJIOHA, paBHbie Q = £0,5P,
Y OpJIMHATHI HAa KOHIaX, paBHbIe M. 3HaueHHe MOMEHTOB M 3aBUCHUT OT (OpMbI Oal-
KM ¥ uMeeT npefensl u3meHenus ot 0 (6anka ¢ mapHUpPHBIMU OMOpPaMHU Ha PUCYH-
ke 3.9, 1) mo 0,25PL (6anka c mapHupoM B cepeauHe mpojieTa Ha pucyHke 3.9, ).

Omopa Ha pucyHke 3.9, B xapaktepuszyeT HauOosiee oOmmii ciydail. Jta
AIIOpa BIIOJHE OIpEAeNsIeTcss KoopAuHaTo Z 06e3MOMEHTHOUM TOYkW. Benmnuuny Z
MIPUMEM 32 ONITUMU3UPYEMBIN mapamerp.

CoBepIIeHHO OYEBHUIHO, YTO U3 BCeX OaJOK C AMIOPON M3rMOAOIIMX MOMEH-
ToB (pucyHok 3.9, B) camoii jierkoi Oyzer 6ajika, ouepTaHusi KOTOPOW MaKCHUMAJTbHO
npuoIMKaTcs K (GopMe paBHOIO CONPOTUBIICHHUSA, T. €. CTATUUECKH OIpeAeIuMast
paspe3Has Oajika ¢ JByMs IIapHHpaMH B mpojeTre (pucyHok 3.9, €), mpuueMm pacro-
JIO’)KEHHE IIApHUPOB omnpenaesierca koopauHatod Z. Ha pucynke 3.9, x mokaszana
ontuMaibHas (1o macce) popma Takoi O0aaku. BeicoTy h B cedueHun ¢ KOOpAMHATOM
X MOXHO HaAWTH W3 BBIPAKEHUS JIJISI OMTHUMAJIBHOW BBICOTHI KOPOOYATOrO CEUYCHMUS

(cM. BbIIIIE)
h= /3M I2[c]6. ,

IMpuiIcM a6COJ'IIOTHa$I BCJINUMHA I/I3FI/I6aIOH_ICFO MOMCHTA paBHA
M,=05P@Z—X) npu 0 < X<Z;
M, =05P(X —Z) npu Z < X<0,5L.
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MunuMaabHas Iiomanab KOpO6‘I&TOI‘O CCUCHMs, HAI'PY’>KCHHOI'O MOMCHTOM

M,, paBHa
F=327 /M6 I[oc].

MuHuMansHbI 00beM Ok (11e7IeBYI0 (PYHKITUIO JJISI ONTHMH3AlUN Tapa-
MeTpa Z) BBIUUCIIAEM C HOMOIIBIO BHIPAKEHUS

2-3,27./05P5 | ¢ 0.5L 2-3,27,/05P6
V= C{J\/z—xdx+ J.«/x—zdx}: < =
[c] 0 ” [c]

0,5L
] = KEz\/E%(o,SL—Z)m} =

= %[z\/; +(05L-2)05L—z = % Kq.

Haiinem 3nauenue Z, odecrnieunBaromniee MUHUIMYM o0beMa V

oq/oz =0,
1,5vz -15,05L -z =0
z=0,25L.

OTOMy OTBEUaET MUHUMYM 00beMa OaJiku, paBHBIN

V= §K0,25L21/0,25L —0167KLL .

OnTtumansHas dopma 6anku npu Z = 0,25L npuBenena Ha pucynke 3.9, 3.
Taxkyto ke smopy usrudaromux MmomeHnToB ipu Z = 0,25L umeer Ganka mocTosTHHOTO
CEUeHMs, NTOKa3aHHasi Ha pUCyHKe 3.9, 3 MTPUXOBOI JHHUEH. MUHUMANBHBIN 00beM
Takou OajKu paBeH

2PL5, 2-327\J05P5, LVL KLJL
16lc] o] 4 4

T. €. B 1,5 paza Oosbliie, 4em mpu onTUMaIbHOU GopMme. Ecum yuecTs BiIusiHUE TTOTIC-
PEYHBIX CHII, TO PopMy Oanku cieayeT OTKOPPEKTUPOBATH MO PUCYHKY 3.9, u.

3amMeTuM, 4TO MOJOOHBIN MOAXO0] MPUMEHUM JUIsl OTHICKAHHS ONTHUMATbHBIX
(GhopM APYTUX BUJIOB CTATUUECKH HEOMPEACIUMBIX OAJIOK U paM (CM. pUCYHOK 3.2, a).
Jlns pambl ¢ aByms mapaupamu B purene (pucynke 3.10, a) onTHMHU3HPYEMBIM T1a-
pameTpoM OyzeT KoopauHara Z iapaupa. B nanaom ciaydae GyHkius oobema V(Z) B
untepBaie 0 < Z < 0,5L He uMeeT MareMaTH4YeCKOr0 MHUHHMYMa, HO HMEET
HAaUMEHbBIIIEe 3HaUCHHE.

Pama, nokazannas Ha pucysnke 3.10, 0, reomerpuuecku usmensiema. Ha ee
OCHOBE MOKHO TIOJyYUTh T€OMETPUUYECKH HEU3MEHseMylo (Gopmy (TOKa3aHO IITPH-
Xx0BOM nuHUen Ha pucyHke 3.10, 6) U OTHOBPEMEHHO yUeCTh BIUSHHE MOMEPEYHBIX
CUJI.

V* =3,27L

15v,
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Pucynok 3.10 — K pacdery crarudecky HEONPEASTUMON pamMbl

[Ipu »TOM HJIsi COXpaHEHUs PMIOPHI U3THOAIOIUX MOMEHTOB C KOOPJAMHATON
0€3MOMEHTHOM TOUKH HEOOXOJAMMO YJOBJIETBOPUTHh KAHOHUYECKOMY YPABHEHHIO Me-

TOAA CHUJII

npudem (pucyHok 3.10, B, 1)

onH + 61p = 0,

S = 2]- x2dx 1JL- h?dx

+
E) J,(x) E

S = 2 %2% _0,5Phxdx |
P

El 3,00

0

H= E’
2h

rie Ji(X) u J2(X) — pyHKIUM U3MEHEHUS] MOMEHTA UHEPIIMH CEUCHUS 110 JITTMHE CTOEK

U puress.
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[logcTaBuB 3Ha4YCHUS 5_]_1, 5113 U H B KaHOHHUYECKOE YPaBHCHHC, ITOJTYyUYUM

5" Phxdx

! 23,(x) :

2h 5, 2% xdx 1} h’dx '
J,(%)

2
P 51P _ E

+
E. J.(x) Eq

025 xdx

Ph
z I J, ()
h 2 L 2 '
2h ZI xdx+ h-dx
(%) ¢ J,(X)

JlaHHOE yCIIOBHE €CTh OTPAHUYEHUE 110 PABEHCTBY.

3.7.2 MeToabl HEJIMHEHHOI0 POrPAMMUPOBAHUA

OO1ero MeToaa peuieHus] HeMMHEHHBIX 33/1a4 ONTHMHU3AlNY TIOKa HE CyIIle-
cTByeT. Pa3BuTre HETMHEHHOTO MPOrpaMMHUPOBAHUS CBOJIUIIOCH K pa3pabOTKe 4acT-
HBIX aJITOPUTMOB, CPEIU KOTOPBIX BBIJCISAIOTCA Hau0oJiee TUITHYHBIE.

Ha s dexTuBHOCTH TOTO MM MHOTO METOJIa ONTUMHU3AIMK B 3aJladyaxX HElH-
HEHWHOTO MPOrPAMMHUPOBAHUS OKA3bIBAIOT BIMSIHUE:

— BHJI 11€JIeBOM (DYHKIIMHA B OKPECTHOCTH SKCTPEMyMa M BOOOIIE B HCCIIENy-
e€MOM 00J1acTH;

— Pa3MEpHOCTH 33J1a4M (YMCII0 ONTUMUZHPYEMBIX MTapaMETPOB);

— TPUHATHINA AT ¥ AWana3oH U3MEHCHHUS ONTHMH3UPYEMBIX ITapamMeTpOB B
XOJI€ PEIICHNUS;

— Tpedyemasi TOUHOCTh ONPEACIICHHS ONTUMAJTLHBIX ITapaMeTPOB.

JImst paccMOTpeHUsT HEKOTOPBIX HW3BECTHBIX METOAOB TIOHWCKA IMapaMeTPOB,
00eCIeuynBaOIIMX IKCTPEMYM (B JaTbHEUIIEM JJIS ONMPEACICHHOCTH — MHHUMYM)
HEJIMHEHHBIX LEIEeBbIX (DYHKIMI, BBEIEM MOHSITHE JIMHUMI (MIOBEPXHOCTEH) YpOBHS
¢byukuuu. ITycth uMeeTcs: HempepbiBHAsS QYHKIUSA ABYX mepeMeHHbIX ( = (X1, X2)
npu orpanndeHuUAX 0 < X; <4, 0 < X; < 4. Takxke, MycTh M3BECTHA TaOIUIA 3HAYCHUI
¢byukuuu q (Tabnumna 3.3).

KoneuHno, B peanbHBIX 3a/1a4ax Moja00Hast TaOIuIla HUKOTJa He ObIBaeT 3apa-
HEe WM3BECTHA, B MPOTUBHOM CJIy4ac ONTHUMAIbHBIC 3HAYEHUS MAPaMETPOB MOKHO
ObLJI0 OBl YCTAaHOBUTH HEMOCPEJCTBEHHO MO €€ AaHHBIM. B HameM mpumepe (Tadiu-
na 3.3) aro X3 = 2, X2 = 2 (C TOYHOCTBIO JI0 HEbIX), Omin = (2; 2) = 10.

Tabmuma 3.3
X1 | X2 q X1 | X2 q X1 | X2 q X1 | X2 q X1 | X2 g
0 15 0 13 0 13 0 15 0 17
1 13 1 11 1 115 1 13 1 15
0 2 |132] 1 2 12 2 2 10 3 2 12 4 2 13
3 15 3 13 3 12 3 11 3 12
4 17 4 15 4 13 4 1125 4 12
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[Tone3ysice Tabnuneit 3.3 U B HEOOXOJUMBIX CITydasx HHTEPIOJSIUCH, IMo-
CTpPOMM KpHuBBIE ( = CONSt B ocsix Xi, Xz (pucyHok 3.11, a), mpeacTaBistome codoit
YCIIOBHS CBSI3U MKy TIEPEMEHHBIMH, TIPY BBHITTOJIHEHUU KOTOPBHIX (PYHKIHS ( MMEeT
OTIpe/IeTIEHHOE TTOCTOSTHHOE 3HaueHUe. Taknue TMHUH Ha3bIBAIOT JIMHUSIMH YPOBHSL.

.E....x.

|

Pucynok 3.11 — JIuHAY OBEPXHOCTEH YPOBHS

Jnst GyHKIMA Tpex MepeMEHHBIX MOKHO IMOCTPOUTH MOBEPXHOCTH YPOBHS
g = const B ocsix Xi, Xz, Xs. [Ipu umncie nepemMeHHBIX 00jiee TpeX TOBOPST O MOBEPX-
HOCTSIX YPOBHS B MHOTOMEPHOM IPOCTPAHCTBE (MJIH O TUTIEPIIOBEPXHOCTSIX YPOBHS).
Ecnu B uccnenyeMoit o6nactv (pyHKIMS UMEET €IUHCTBEHHBIM 3KCTPEMYM, TO TO-
BEPXHOCTH YPOBHSI PACIIONATalOTCs BOKPYT TOYKH C KOOPJAWHATAMHM, OTBEYAIOIINMHU
aTOMY IKCTpeMyMy (prucyHok 3.11, a, Tabnuma 3.3).

@DYHKIUS C MMOBEPXHOCTSAMH YPOBHS, MOJOOHBIMH ITOKAa3aHHBIM Ha PHCYH-
ke 3.11, 6, MeeT aBa JIOKATBHBIX IKCTpeMyMa (B 00IIeM ciiydae — HECKOIBKO JKC-
TPEMYMOB), MPUYEM ITH IKCTPEMalbHbIe 3HAUCHUS (DYHKIIMH, BOOOIIE TOBOps, HE
COBIAAAIOT MEXy COOOM, U NEUCTBUTENBHBIM (TJI00aJTLHBIM) SKCTPEMYMOM SIBJISICT-
Csl KAaKOW-TO OJIMH. B 3aBUCHMOCTH OT HayaIbHOW TOYKH BHIOPAHHOTO BBIYMCIUTENb-
HOTO TIPOIiecca U MPUHATON CTpATEeTUH MOMCKA, Mbl HAWJEM MapameTpbl, o0ecreyu-
BaIOIIKE MO0 TII00ATBHBIN SKCTPEMYM, JTMOO OJMH U3 JOKAIBHBIX, U I CYKJECHUS
0 XapakTepe MOJYyYEHHOTO pe3yJibTaTa HY>KHbI JOTIOJTHUTEIHHBIC UCCIEIOBAHUS.

Hakonet, ecnu TUHUM YPOBHS B MCCIIEyeMOM 00JIaCTH HE 3aMKHYTHI (PHUCY-
HOK 3.11, B), TO 3TO 03HAYaeT, UTO IKCTPEMYM (PYHKIMU (TOUHEE €€ HaubOoJblIIee WIN
HaUMEHbIIIee 3HaYeHHNEe, KOT/Ia MPOU3BOIHBIC OT (PYHKIIMU MO MapameTpaM He oOpa-
[IAFOTCS B HYJIb) OTBEYAET TOYKE, JIeXKAIIeH Ha TPaHHUIIe 00JIaCTH.

Kak yxxe orMmeuanocs, (hopmMa MOBEepXHOCTEH ypOBHSI OOBIYHO 3apaHee HE W3-
BECTHA, €CJIM TOJHKO OHA HE SICHA M3 (PU3NIECKOTO CMBICTA 3a/la4Hl WM HE WCCIE0-
Bajach CHeIUalbHO. Ecu JaHHBIX 0 MOBeAeHUM (DYHKIIMU B JOMYCTUMOM oOjacTtu
HET, TO TIOMCK ONTHMAJBHBIX MapaMeTpOB Ha KOMMBIOTEpE BEAYyT «Bciaemymo». Ilo-
HSATHBI COTPSKEHHBIE C ATUM TPYAHOCTU M HenocTaTku. [loaToMy mosne3Ho, mpucry-
nas K pa3paboTKe aJlrOpUuTMa ONTHUMU3AINH, MPEABAPUTEIHPHO U3YYUTh TOBEICHUE
(GyHKIMH, BBIICHUTH (POPMY MOBEPXHOCTEH YPOBHS U MO BO3MOXHOCTH MOHATH (Pu-
3WYECKHUE TPUYNHBI, JISKAIINE B OCHOBE ITUX OOCTOSITEIIbCTB.
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Huxe paccMaTpuBaroTCsi HEKOTOPbIE TUIIOBBIE METO/BI ITOUCKA 3KCTPEMyMa
HesnrHelHoH ¢yHkuuu. Creqyer elle pa3 NoJ4epKHYTh, YTO HU OJMH U3 HUX HE SB-
JSIeTCsl yHUBEpCaANbHBIM. [109TOMY B IpakTHKE ONTUMAIbHOIO MPOEKTUPOBAHUS KOH-
CTPYKUUH MOJBEMHO-TPAHCIIOPTHBIX U CTPOUTEIBHBIX MAIIMH MHOI/IA yIAeTCs IpH-
MEHUTb 3TH THUIIOBBIE AJITOPUTMBI, HO HEPEAKO MPUXOJUTCS pa3padaThiBaTh CIELU-
aJIbHBIC AJITOPUTMBI ONITUMU3AIINH, OTBEYAIONINE KOHKPETHBIM OCOOCHHOCTSIM 00BEK-
TOB, LIEJEBBIX QPYHKIMIA U orpaHnueHuid. [IpumepamMu Takux CHeUalbHBIX alTOPUT-
MOB SIBIISIIOTCSL pa3paOoTaHHbIE Ha Kadeape TPAHCTIIOPTHBIX U TEXHOJIOTHUECKUX CH-
ctem CIIOITY anropuTmsl ONTHMHU3aLMKA APaMETPOB KOPOOUYATHIX CEUEHHM CTpEN U
X000TOB MOPTAJIBHBIX KPAaHOB, BKJIIOYAIOIIMX peOpa JKECTKOCTH, aJrOPUTMBbI ONTH-
MaJbHOTO MPOEKTUPOBAHUSA METAUTUYECKUX KOHCTPYKIUN OATOYHBIX U IITPEHIENIb-
HBIX CTpPEJI, TOPTAJIOB, CTPE OJHOKOBLIOBBIX IKCKaBAaTOPOB U JP.

Memoo nepebopa na KOOpOUHAMHOU cemKe

MeTton npowIrOCTpUpOBaH Ha pucyHke 3.12. Pa3znenuB mpuHSTHIE UHTEPBa-
JIbl U3MEHEHHMsI BCEX MapaMeTpPOB Ha HEKOTOPOE YMCIIO YacTel, ONPENEIAIOT 3Haye-
HUS LEeIeBON (PYHKIMHU MPU BCEX BO3MOKHBIX COUETAHUSAX 3HAUCHHUN KaKJI0TO U3 Ia-
paMeTpoB (T. €. BO BCEX y3/aX KOOPJAMHATHOW CETKH) U BBIOMPAIOT U3 HUX TO, KOTO-
poe ISl TOCTATOYHO IIaAKON (PYHKUIMU U HPU JOCTATOYHO MAJIOM IIare M3MEHEHUs
MEPEMEHHBIX OyJIeT OJIN3KO K MICKOMOMY 3KCTPEMYMY.

Meton He TpeOyeT mpenBapuTeabHON MHGOPMAIMK O TOBEACHUH (QYyHKLHUU.
Henocrarok Meroga — HEOOXOAMMOCTh BeCbMa OOJIBILIOTO YnciIa U3MEPEHU (PyHK-
A BO BCEX y3/1aX KOOPAWHATHOW CETKU. ECiam MHTEpBaibl N3MEHEHUS KAXKIOTO W3
napaMeTpoB pas3fielieHbl Ha N yacTel, To obIiee Yuciao u3MepeHuit cocraBut N, rae
M — pa3MepHOCTH 3a1a4yu. M3BECTHO NPUMEHEHUE 3TOTO METOAA JUIsl MUHUMH3aLAN
MacChl IPOJETHOTO CTPOEHHUS KO3JI0BOTO KpaHa, I'/ie MPOLECC ONTUMHU3ALNH IISTH 1a-
paMeTpoB Ha KOMIIBIOTEPE 3aHsJI IPUMEPHO JBa Yaca.

Meton nepebopa MOXKeT ObITh PEKOMEHJIOBAH AJIsl IPEABAPUTENIBHOTO U3yde-
HUSl U3MEHUYMBOCTH M CXOJUMOCTHU LI€JIeBOM (yHKIUU IO IapaMerpaMm B Hccieaye-
MOt 00J1aCTH.

Memoo 10KabH020 NOUCKA HA KOOPOUHAMHOUL CemKe

Meton npousuttocTpupoBaH Ha pucyHke 3.13. B HauanbHOW TOuke ompene-
JSI0T 3HaYeHue QPyHKIUU. 3aTeM Bce M MmapaMeTpoB YBEIUUYMUBAIOTCA M YMEHBIIAIOT-
Csl Ha 3aJJaHHbIE MaJible YMCIIOBbIE BEIMUYMHBI. B pe3ynbrare 3TOro nojaydarmT 2m Ba-
PUAHTOB, YUYW U3 KOTOPBIX MPUHUMAIOT B KAYECTBE UCXOJHOIO JIJIsl CIAEAYIOLEH
uteparu. JIokaapbHBIN MOUCK TO3BOJISIET PE3KO COKPATUTh YMCIIO M3MEPEeHU (DyHK-
MY 10 CPaBHEHHUIO C METOJIOM mepebopa. [Ipu HanMuMM HECKOJBKUX JIOKAIBHBIX
AKCTPEMYMOB METO]I MPUBOAUT K OJHOMY M3 HUX B 3aBUCHMOCTH OT BBIOPAHHOTO
HAYaJIbHOTO MPUOIMKECHHUS.
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Pucynok 3.12 — Metox nepe6opa 1o Pucynok 3.13 — Ilouck no
KOOPJIMHATHOH CeTKe KOOPJIMHATHOH CeTKe

I'paouenmmuuotit memoo

['pamuenToM (QYHKIUU HA3BIBAIOT BEKTOP, MPOEKIIMHA KOTOPOro Ha KOOPIIH-
HATHBIE OCH PaBHBI YACTHBIM MPOU3BOJHBIM (DYHKIIMU O COOTBETCTBYIOIIMM KOOP-
nuHaTaM. J{ns GyHKIMKM TpeX MepeMeHHbIX

g - 0 -
oed 297 5% Tax, 1 Tax,

7€ i,],K — eIMHUYHBIE BEKTOPHI, OPUEHTHPOBAHHBIE IO COOTBETCTBYIOMIUM OCSIM.

W3 BekTOpHOW anreOphl WM3BECTHO, YTO TPATUEHT CKAISPHOU (PYHKIIUU
HaIPaBJIEH B CTOPOHY HAMCKOPEHIIEro YBEIUUEHUs (PYHKIIMU U YTO OH OPTOrOHAJIEH
MOBEPXHOCTU YPOBHS, MPOXOAIIEH Uyepe3 NaHHYI0 TOUYKY. BeKkTop, mpOTUBONOJIOXK-
HBII TpaJMeHTy (aHTUTPAJUEHT), HAIPaBJICH B CTOPOHY HAMCKOPEWILEro yMeHbIIe-
HUA QyHKIUH.

PaccmoTpum 1711 onpeieIeHHOCTH ONTUMU3AIMIO 11eJIeBoM (PyHKIUU ( 1O
rpagiueHTHOMY MeToAay (pucyHOK 3.14). B HauaibHOM TOYKE YMCIEHHO ONMpPEAeIsioT
YacTHbIEC TPOU3BOAHBIC LIETEBON QYHKIUU

q ~ Q(Xi +Ai)_q(xi)
X, A,

rae Ai — majioe npupalieHue mapamerpa Xi. 3aTeM BBIOJHSIIOT IIar M0 aHTUTPaJIH-
€HTY, T. €. 3HaY€HUs MapaMeTpPOB B CIEAYIOLIEH UTepallii MPUHUMAIOT COTJIACHO 3a-

BUCUMOCTSIM
(t)
X0 _x 0 _gf 09|
1 1 1 axl
riae t — Homep mocienHei urepanuy; 1 = 1,..., m; M — guciio napameTpos; & — Ko-

3¢ ULMEHT MPOTOPIHMOHATBHOCTH.
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Pucynok 3.14 — I'pasueHTHbII MeTO Pucynok 3.15 — Metoa Hauckopeumero crycka

ITocne nepexoga K NISMCHCHHBIM 3HAYCHHAM I1apaMCTPOB BHOBb OIIPCACIIAIOT
COCTABJAIOMIUC I'paCHTA U COBCPIIAIOT CJ'IGI[YIOHII/H?I mar, 1 Tak JajJcc, IIOKa BCC
IIPONU3BOAHBIC HC OKAXXYTCA MCHBIIIC HeKOTOpOﬁ 3apaHcee 3aﬂaHHOﬁ BCJIMYMHBI.

Memoo nauckopeiiuezo cnycka

Meton Hauckopeiiiero cnycka (pucyHok 3.15) sBisiercs MoaubuKaiuen
IPaJUEHTHOTO METOJIa M COCTOMT B TOM, YTO NPH MOWCKE MUHUMYyMa (PYHKITUU JBH-
KEHUE 110 aHTUTPAJAUCHTY, OMPEACICHHOMY B UCXOJHOW TOYKE, COBEPIIACTCS O TEX
op, ToKa (PYHKIUS B JTaHHOM HAIMpaBJIEHWH YOBIBAET, MTOCIIEC YeTO TPAJMCHT BHIYHC-
JISTFOT BHOBB JIO JTIOCTMDKCHHS 33JJaHHON Majol BEJIMYMHBI BCEX COCTABIISIFOIIMX T'pa-
nuenTa. Mtepanmmonnas gopmysa mpoiecca

g x5,
g
rae 1=1,..., m; M — 4uCJIO MapaMeTPOB; | — HOMEP TOYKH, B KOTOPOH Omnpe/ie/icH
IpaueHT; t — HOMep UTepalu, OCYIIECTBIAEMON Ha TAaHHOM HaIpaBJICHUH.

['pamueHTHBIN METOJ U B OCOOEHHOCTH METOJI HAUCKOPEUIIIeTO CITycKa 0ObI-
HO UMEIOT 00JIee KOPOTKHUE TPACKTOPUH TTOMCKA, HEXKEITH JIOKAJTLHBIN TTOMCK Ha KOOP-
JTUHATHOM CETKE, OJTHAKO TPEOYIOT BBIYMCIICHHUS YaCTHBIX MPOM3BOIHBIX (PYHKITUH TTO
napameTtpam. Mx 3¢ HEeKTUBHOCTH TIPOSBIISICTCS TpU OOJIBIIIEM yIaTICHUH HAadadbHOM
TOYKH OT KOHEUHOU M MPU MEHBIIIEM YHUCIIEC ITApaMETPOB.

3.8 IlpoekTHpOBaHHE ONTUMAJIBHBIX CXEM CTPEJOBBIX YCTPOICTB
NOPTAJbHBIX KPAHOB
3.8.1 IlapameTpsbl ¥ OrpaAHUYEHUS

Kak otmeudanocs B paznene 3.2, cucTteMy napaMeTpoB T€OMETPUYECKON cxe-
MBI CTPEJIOBOTO YCTPOMCTBA CIEAYET COCTABUTh TaK, YTOObI KaK MOXHO OoJiblliee
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YKCJIO MapaMeTPOB MOTJIO OBITh ONMPEEICHO HEMOCPEACTBEHHO U3 OTPAaHUYCHUH yKe
Ha CTaJUM MPOEKTHOIO 3aJaHus, T. €. 10 ONTUMHU3AIMUUA. TeM caMbIM HCKIHOYAIOTCA
MHOTHE HETIPUEMJIEMbIEC PEUICHUS, YMEHBIIAETCS pa3MEPHOCTD 3a/1a4l ONTUMHU3AIINH,
CTAHOBUTCS MPOIE aJTOPUTM ONTHUMU3ALMHA U COKPAIAETCS BPEMsI KOMITbIOTEPHBIX
BeruncieHui [19].

PaccmoTpum cHauana cxeMy COWICHEHHOU cTpelnbl. B olmiem ciydae, moka-
3aHHOM Ha pucyHke 3.16, nis ee onucanust Heooxoaumo BBecTH 13 mapametpos. K
9-Tu mapaMeTpaM COWJIEHEHHOM CTpeNibl C TPY30BBIM KaHATOM, MIYIIUM BJOJb €€
AJEMEHTOB (CM. pUCYHOK 3.3), 100aBist0TCS emie 3 nmapamerpa, Onpeaeisitonue mno-
J0KeHue OJIOKOB Ha KOJIOHHE M X000Te, a TaK)Ke KPaTHOCTh IPY30BOTO MOJIUCIIACTA.

v
y |
W, -
W \ |
e v, U 2
5* W, o . oy
) / \ Y
X = b T e e
) . H"'-Tz f
Tq : I_,--n!. |
l K. am \*__ i
13
F1 Lo
T ‘ Lz 'F\
: =16 &
< S|
N
Y
X
Pucynok 3.16

B cucremy mapamerpoB LenecooOpa3HO BKIIOYHUTH CIEIYIOIIME BEIMYUHBI
(pucynok 3.16):

X1 — AMama3oH U3MEHEHUS BbLIETA;

X2 — HAaUMEHBIINN BBUIET OT OCH KauaHUs CTPEJIbL;

X3 — BBICOTa KOHIIa X000Ta Ha/l KOPHEM CTpeJbl HA HaNOOJIbIIEM BBUIETE;
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X4 — mepeMenieHue KoHIla X000Ta 1Mo BepTUKAIM PU U3MEHEHUH BbLIETA OT
HaMOOJBIIETO J0 HAUMEHBIIIETO;

X5 — yroj xo00Ta ¢ TOpU30HTAJIBI0 Ha HAWOOJIBIIIEM BBUIETE;

X6 — yroia xo00Ta ¢ BepTUKAJIbIO HA HAMMEHBIIIEM BBLIETE;

X7, Xg — KOOpJUHATHl HIKHETO IIApHUPA OTTSXKKU OTHOCUTEIIBHO KOPHS
CTpEJIbI;

X9 — yroi xo0o0Ta;

X10, X11 — KOOpJWHATHI OJIOKA HA KOJIOHHE OTHOCUTEIHLHO KOPHSI CTPEJIBI;

X12 — KoopauHaTa 6J0Ka Ha X000TE;

X13 — KpPaTHOCTh TPy30BOT0 MOJIUCIIACTA.

Ota cuctemMa napaMeTpoB C MO3WLUNA ONTUMHU3aLUU BBITOJHA TEM, YTO OOJIb-
IIMHCTBO MapaMEeTPOB MOXKET OBbITh ONPEAENIEHO C CaMOro Hauyaja U3 OrpaHuYeHHN
[0 PAaBEHCTBY Ha OCHOBAHWU 33JaHUs HAa MPOECKTHUPOBAHHE WM HA OCHOBAHUU TEX
BECbMa y3KHX JMANa30HOB 3HAYCHUH, MPUEMJIEMBIX MO YCIOBUSM KOMIIOHOBKH, KO-
TOpbIE JAIOT BHIMOJIHEHHBIE UCCIEI0BAHUS U IPAKTUKA POEKTUPOBAHUSI.

[TpuHMMAIOT cleayroUIe 3Ha4€HUsl TapaMeTPOB:

X1 = AR 1o nmpoekTHOMY 3aJI1aHHIO;

X2 = Ry 1o 3a1aHu10 1100 U3 YCIOBUS pa3MeILEHus Tpy3a Mo CTPEIIOil;

X3 = H 1o npoeKTHOMY 3aJIaHHIO;

Xe =7y (y = 4°...10°, MeHbIINE 3HAYCHHS MPEANOUYTUTEIbHEE, HO TPEOYIOT
cHenuaibHbIX MEP MPEJOXPAaHEHUS KaHaTa OT CHaJaHMsl C KOHLIEBOro 0J0Ka X000Ta);

X7 = A o mpoekTHOMY 3ananuto u6o B nHTEepBaiie 0,5AR < A < 0,6AR;

Xg = D mo npoektHomy 3ananuto au6o B uaTepBaie 0,0/AR <D < 0,15AR;

Xg=0;0=0;

X10 = B; |[B-D| < 0,1AR,;

X11 = E; [E-A| < 0,1AR;

X13 = M 1o 3aJaHuro.

Taxkum obOpazom, He ompeneneHbl Bcero 3 mapamerpa: Xa, Xs, Xi2. Bce oHu
MOTYT MIPUHUMATh 3HAYEHMSI B IIMPOKHUX JAMANa3oHax 0e3 HapylIeHUs! yCIOBUN KOM-
MOHOBKM W HOPMAJIbHOM 3KCIUTyaTallMd KpaHa. 3HAYEHHUs 3TUX TPEX MapaMeTpoB
JOJKHBI OBITH HalIEHbI B IPOLIECCE ONTUMHU3ALINHU 110 Macce CTPEIOBOTO YCTPONCTBA
C YYETOM JIONOJIHUTEIbHBIX KPUTEPUEB KAUYECTBA, PACCMOTPEHHBIX B 1. 3.8.3.

3amMeTuM, 4TO B IMPHUHITOW CHCTEME MapaMeTpoB JIJIMHBI 3JIEMEHTOB CTPENO-
BOI'0 YCTPOMCTBA SIBJISIFOTCS 3aBUCUMBIMU BEJTMYMHAMH, IpUueM (pUCyHOK 3.16)

lea Ic = le; Ic (Xla---a XG);
I, lor = I, lor (X4,..., Xo).

Haitnem, Hanpumep, anusbl |, nepemnero rmieua xo6orta u . ctpens. Ha
HauOOJIBIIIEM BBIIETE

[OlTl] = \/X32 +(X1 + Xz)2 ;
ZUT0, = X, +arctg[ X, /(X, + X,)];
Icz = |12x +[OlTl]2 _2I1x [OlTl]COS(AUlTlol) .
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Ha HanMeHbIlIEM BBIJIETE
[Osz] = \/Xz2 + (X3 + X4)2 ;

ZU,T,0, =7 — X, —arctg[ X, /(X + X,)];
|Cz = |12x +[01T2]2 - 2le [Osz]COS(AU ZTZOl) ;

MIOCJIC YeT0 U3 MOJIyYCHHBIX YPaBHEHHH JIeTKo HaWTH |, v |, I0 W3BeCTHRIM 3HaUCHU-
M Xi,..., X¢. AHAIOTHYHO MOKHO TOay4uTh |, 1 lor B 3aBUCHMOCTH OT Xy,.. ., Xs.

CxeMa mpsiMOH CTpelibl ¢ YpaBHUTENbHBIM MOJUCIACTOM B €€ Hauboisee 00-
mem citydae (pucyHok 3.17, a) onuckeIBaeTcsi HAOOPOM 9-TH apameTpoB:

X1 — JlMana3oH U3MEHEHUs BbUICTA,;

X2 — HaMMEHBIIHNH BBUIET OT OCU KayaHUs CTPEJIbI;

X3 — BBICOTa KOHI[A CTPEJIbI HAJl €€ KOPHEM Ha HAaOOJIbIIIEM BBLIETE;

X4, X5 — KOOpAMHATHI OJIOKOB HAa KOJIOHHE;

X6, X7 — KOOpAMHATHI OJIOKOB YPaBHUTEIBHOIO MOJUCIACTA HA CTPETIE;

Xg, X9 — KpaTHOCTH I'PY30BOr0 U YPABHUTEIBHOIO MOJIUCIACTOB.

JIOJDKHBI BBITTOTHATHLCS CICAYIOMNAE OTPAaHUICHUS:

X1 = AR 110 TpOEKTHOMY 3aJIaHHIO;

X2 = Ry mo 3aganuto 1100 U3 yCIoBUS pa3MeElIeHUs rpy3a Mo CTPEIIoi;

X3 = H no mpoexTHOMY 3aJ1aHHIO;

Xs =C, X7 =d 1o ycCJIOBHUSIM KOMIIOHOBKH CTPEJIbl (IIPEAMOYTHTEIBHBI MCHbB-
[IMe 3HAYCHMSI JJISI YMEHBIICHHS JOTMOJHUTEIBHOTO HATPY>KEHHSI CTPEJIbl U3rndaro-
IITUM MOMEHTOM);

Xg = M1 10 MPOEKTHOMY 33J]aHUIO;

Xo9 =My = 3m; (MeHbIIME 3HAUCHUS HE JAIOT JOJKHOTO BBIpABHUBAHUS Tpa-
EKTOPHH TPy3a MPU U3MEHEHUH BBIIETA, a 3 (PEKT JanpHeiIero ypeauueHus Xg Mal
1 HE OKYIAeT YCIOKHEHUS CTPEIOBOTO YCTPOHCTBA).

3HadeHMsI TapamMeTpoB X4 U Xs CIEAYeT ONMPEACTUTh U3 ONTHMH3AIUNA CXEMBI
CTpEJIbI 10 MacCe€ U C YYETOM JOMOJHUTEIIBHBIX KpUTEpHUEB KauecTBa (cM. 1. 3.8.3).
CoOTBETCTBHE ITHX 3HAUYCHUN OTPAaHUYCHHIM 10 KOMIIOHOBKE JIOJDKHO OBITH TIPOBE-
PEHO MOCTIe ONTUMHU3AITUH.

3.8.2 HeaeBasi pyHk1us

3a 1eneBy0 (pyHKIMIO TPUHUMAEM PAaCUETHYIO MacCy OCHOBHBIX METaJuInye-
CKUX KOHCTPYKIMI 3JIEMEHTOB CTPEJIOBOT0 ycTpoiicTBa. ONTUMU3aLus 110 Macce IS
JaHHOM 3a/layMl MPAKTHUYECKU paBHO3HAYHA ONTHMU3ALMU 10 SKOHOMHYECKUM KpU-
TepusM KadecTBa (cM. pazzaen 3.3).

[ToryuuM BBIpaX€HHS AJII PACUETHBIX MAacC METATMYECKHX KOHCTPYKIIHI
X000Ta U CTpesibl Kak ONTHUMalbHBIX KOpoOuarbix Oanok. CormacHo m. 3.7.1, ux
MOYXHO BBIYUCIIUTH 10 hopMyJie:

m= p/uz_[rmmdl !
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r7ie p — IUIOTHOCTh MaTepuasia KOHCTPYKIINHU; {4 — KOHCTPYKTUBHBIN KOAPDHUITUCHT,
YUUTBHIBAIOIIMA OTCTYIUICHHSI OT TEOPETUIECKOW ONTHUMAILHON (OpMBI M HepacdeT-
HBIE 3JIeMEeHTHI (Auadparmbl, pedpa KkecTKoCTH U 1p.). HTerpan Gepercs Ha OJHOM
y4acTKE pPaCUYEeTHOHN SMIOPHI M3TUOAIONIMX MOMEHTOB IO HAMXYAIICH KOMOWHAIIH
Harpy30K B IUTOCKOCTH KayaHUS CTPEJIBI, a CyMMa — I10 BCEM Y9acTKaM 3TOH SITIOPHI.
Cxema Harpy>keHusi xo00Ta noka3zaHa Ha pucyHke 3.18. Biausauem npomons-
HBIX CWJI mpeHeOperaeM. PacueTHolt komOmHanmel Harpy3ok oyzaet I, (cm. m. 3.5),
pacyeTHBIM MOJOXKEHUEM CTPEJIOBOIO YCTPONCTBA — HAWOOBIIHNMA BBUIET. 3HAYCHHUS
KO3 QHIHEeHTa TUHAMUYIHOCTH /| TIPUBEICHBI B ClipaBouHOi uteparype [20].
HawnGonbmas n3rubaromas Harpy3ka P Ha X000T

P =y G cos (a + 9).

M3rubaromuii MOMEHT Ha KOHCOJH X000Ta HM3MEHSETCS I10 YpPaBHEHHUIO
M,=P,. U3 . 3.7.1 umeem

F.n =327yM o [o].

Torpa pacuyeTHass macca KOHCONM (B MPEIINOJIOKEHUU O MOCTOSSHHOM I10
JUTMHE X000Ta 3HAYEHUHU TOJIH_[I/IHBI CTCHKH 0,)

m,. = pu, -3,27,/5. I[o] j JP.dx =327 pu, \[P6, /[0']2 o1 =218pu.[PS. [[o] 2.

N3rubaromuii MOMEHT Ha y4acTke X000Ta MEXIy €ro mapHUpaMu

Muz P I]xX/IZx .
Macca storo yyactka
I

2x
M, =327 pu[5, l[o] [PLX/1, dx =218pu,[PS L, o],
0

OoOmrag macca xoboTa
m_=m,_ +m, =218pu [PS. I[o] (wg +1, L) =

=218pu1 [P

l‘cc

/1€ KOHCTPYKTUBHBINA KOA(DPHUITMEHT 1, MOXKHO MPUHATH paBHBIM u, = 1,3...1,4.

[lepeiinem K ONpPEAEIEHUIO MACChl CTPEJIbI IIAPHUPHO-COYWIEHEHHOIO CTPEJIO-
BOI'O YCTPOMCTBA. 3/1€Ch BO3MOXKHBI 2 ITyTH:

1) uarerpupoBanue Gopmyibl Fyin ¢ y4€TOM MPOIOTHHOM CUJTHI,

2) unrerpupoBanue Gopmyibl Fuin, MoTydeHHON 0€3 yuera MpoI0JIbHON CH-
Jbl, ¥ Y4€T BIUSHUS MOCJIEIHEH ¢ MoMOoublo K03 ULMEHTa [, B OKOHYATEIbHOM
(dhopMyIie Macchl CTPEJIbI.

PaccmoTpum 6omee npoctoit 2-i croco0. Pacuernas narpyska P., nzrudato-
mas crpeny (pucynok 3.19), onpenensiercs no komounaruu ll, (cm. m. 3.5) Ha mak-
CUMaJIbHOM BbUIeTe Mgmax (prcyHOK 3.18) Trpy30BOTO HEYpPaBHOBEIIICHHOTO MOMEHTA
win 1o |l,; Ha MUHUMAaNBHOM BbLIETE. 3HAYEHUS YTIIOB OTKJIOHEHUS! KAaHATOB OT BEP-
TUKaJIM IPUBEJICHBI B CIIpaBOYHOM utepatype [20].
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6 M
1
Pucynok 3.18 Pucynok 3.19

Takum 00pazom,
P:maXF):L=PG+Px+Pa;R~MGmax
‘ I:)2=|PG+PX+P05|;R=Rmin’

rae P — u3rubaronias Harpy3ka OT Ipy30BOI'0 HEYpaBHOBELUIEHHOTO MOMeHTa; P, —
u3rubaroias Harpy3ka oT Beca xo0ota; P, — m3rudaronias Harpy3ka, BbI3BaHHas OT-
KJIOHEHHEM KaHaTOB OT BEPTUKAJIH.

Macca xonconu crpenst U0, (pucyHok 3.18), mo aHamoruu ¢ Maccoil KOHCO-
au x000Ta, onpezensercs no Gopmye

m, =218pu1¥*/P.5. I[o].

Jlns mponerHoi yactu crpensl 0,01, cocrodmiel u3 aAByx Oanok (pucy-
HOK 3.19), BMECTO TOJIIIUHBI CTEHKH O, HAJJICKUT MPpUHATH 2J.. Torma macca mpo-
JIETHOM YaCTH CTPEbl BBIUMCIACTCS aHAJIOTUYHO opmylie st Xxo0oTa

mZC = 2’l8pluc\/Pc : 250 /[O-]\/Ilc /IZC I;L{Z = 2718p/'lc|2c V 2Pc|105c /[0] .
OO6mast Mmacca cTpebl
mc = mlc + mZC = 2718pﬂc V Pcllcé‘c /[O-] (Ilc + IZC \/E) .

KoHcTpykTuBHBIN KO3(POUIIUEHT (, C YYETOM BIUSHHS MPOJOTHHOU CHIIBI
MOYHO MPUHSITH paBHBIM i, = 1,8. Macca npsiMOl CTpesibl C COBMEUIEHHBIMU B €€
BEpIIMHE OJIOKAMH TPY30BOTO M YPaBHUTEIBHOTO MOJUCHIACTOB (pucyHok 3.17, 0)
OTIpE/IENSAETCS MO TOM JK€ 3aBUCHMOCTH, HO HMEET OCOOEHHOCTM — pacyeTHas
Harpy3ka P, Beraucisiercs kak
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Pl:|PG_Pa |;X ~M
P, =P, +P,; X =0(coueranue Il ;)

omin (coueranue 11 ,)

P = max{ ,
rae X ~ Mgmin — BBUIET, COOTBETCTBYIOIIMI MUHUMYMY TPY30BOT'O HEYpaBHOBEIICH-
HOTro MOMEHTa (pucyHok 3.17, a).

Macca npsiMoil CTpesibl C HECOBMEIIEHHBIMH OJIOKaMU I'PY30BOIO M YpaBHHU-
TEIBLHOTO MOJMcHacToB (pucyHok 3.17, a) onpeaensieTcst MoA00HBIM ke 00pa3oM, HO
SMIOPHI M3THOAIOINX MOMEHTOB UMEIOT 0oJiee CIOXKHYIO (GopMy, YTO HEOOXOIMMO
y4eCTh NMPU WHTETPUPOBAHUH.

3.8.3 JlonoiHUTE/IbHbIE KPUTEPUM KavyecTBa

Cunmes cxemol cmpeiloeozco ycmpoftcm(:a no 2panuvUHbIiM 3HAUECHUAM
2PY306020 HEYPABHOBCUIEHHO20 MOMeHma

Kak y»xe oTMeuanocs, KauecTBO CTPEJIOBOIO YCTPOCTBa rpepepHbIX U MOH-
TQXHBIX KPaHOB XapaKTEpHU3YeTCs Pa3sHOOOpPa3HBIMH IOKa3aTeIsIMH, B TOM YHCIE
(cm. paznmen 3.4):

— kuHeMaTndeckuMu (oTkiIoHeHHe AY, TPAeKTOPUH Tpy3a OT TOPU3OHTAIH
pY U3MEHEHUH BBLIETA, COOTHOIIEHUE (» CKOPOCTEH TOPU3OHTAIBLHOTO TMEepeMele-
HUS TPy3a Ha TPaHUYHBIX BBUICTAX);

— CHJIOBBIMU (TPY30BO# HEypaBHOBEIIEHHBIH MOMEHT Mg);

— xectkocTHbIME (niepemernenust AY m AZ Todkm TojBeca rpys3a IO
Harpy3Koi, Bpems t; 3aTyxaHus KojeOaHHi CTpeJIbl);

— sHepreTudeckuMu (3atpatel K, sHepruu npu paboTe MexaHu3Ma U3MeEHe-
HUSI BBUIETA);

— KOHCTPYKTHBHbIMH (IMHA |, KaHATa B 30HE CTPEIIOBOTO YCTPOWCTBA, YHC-
JI0 N, KAHATHBIX OJIOKOB).

W3 sTux mnokaszateneil Ha CTaguud NPOEKTUPOBAHUSA CXEMbl CTPEIOBOTO
YCTPOMCTBA, THIT KOTOPOTO M3BECTEH, CIEAYET YIUTHIBATh XaPAKTEPUCTUKUA TPAEKTO-
puu rpy3a AYr u rpy30Boro HeypaBHOBeUIEHHOTOo MoMeHTa Mg. OcrtanbHble nepe-
YHCIIEHHBIC KPUTEPUHU KauecTBa MO0 Malo, MO0 BOBCE HE M3MEHSIOTCS 10 BapuaH-
TaM MPU ONTHMH3AIUN CXEMBI CTPEIOBOrO yCTpoicTBa (w, li, Ny), MO0 B OObIICH
CTETICHH OIPEACTSAIOTCS TeM, KaK CIPOCKTHpPOBAaHA METATUYECKas KOHCTPYKIHUS
CTPEJIOBOTO yCTpoOiicTBa, a He ero cxeMa (AY, AZ, t;). Bce aTu mokasatenu HYXHO
YUUTHIBaTh IPU MHOTOKPUTEPUATFHOM aHAJIN3€ Ha CTAANH CTPYKTYPHO-CXEMHOMU OII-
TUMH3AIUH (BRIOOpA THIIA CTPEIOBOTO YCTPOIMCTBA).

OT mapaMeTpoB CXEMbl CTPEJIIOBOTO YCTPOWCTBA CYILIECTBEHHO 3aBUCAT Xa-
PaKTEPUCTUKU TPAEKTOPHUH TPy3a U TPY30BOI0 HEYPaBHOBEIIEHHOTO MOMEHTA, KOTO-
pBI€ JOJKHBI OBITH YUTEHBI Ha CTAJWH BHIOOpA MApaMETPOB CXEMbI. DTH XapaKTepH-
CTUKHU HE SIBJIIOTCS] HE3aBUCUMBIMH U CBSI3aHBI COOTHOIIICHUEM

dY /dX =k Mg, (3.20)
rine K — ko3 uimeHT mponopIoHaIbHOCTH, TIEPEMEHHBIN 10 BBUICTY.
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['py30BOI1 HEypaBHOBEIICHHBII MOMEHT — 3TO 0o0Jiee Ba)KHbIN, 3HAUMMBIN
MOKa3aTelb, YEM OTKIIOHEHHE TPACKTOpPUHU Ipy3a OT TOpu3oHTau. Harpysku ot rpy-
30BOT0 HEYPaBHOBEIICHHOTO MOMEHTA JEHCTBYIOT Ha CTPEILy B KaXIOM LHKIE
Harpy>kKeHusi KpaHa, a BCE NMPOYME HArpy3KHu (OT BETpa, CUJI MHEPIIMH, pPACKAUMBAHUS
rpy3a) — TOJBKO B HEKOTOpBIX IUKIaX. C YMEHbIIEHHEM I'Py30BOr0 HEypaBHOBE-
IIEHHOT'0 MOMEHTa YMEHbBIIAETCS H3THOAlIIU MOMEHT, HArpyXarollUid CTpey.
Kpome Toro, xak cienyer u3 nuddepennuanbaoil 3apucumoct (3.20) u moarsep-
KIAETCS OMBITOM, €CIIM 3HAYEHUS TPY30BOT0 HEYPABHOBEIIEHHOTO MOMEHTA BO BCEM
JMana3oHe BBUICTOB HEBEIHMKH, TO MOXKHO OBITh YBEPEHHBIM, YTO OTKJIOHEHHE AY[
TPACKTOPHUH Tpy3a OT TOPU3OHTAIM TOXe HeBelnko. OOpaTHOE yTBEPKACHUE HE BCe-
r7a CIpaBeyInBoO.

['py30Boil HeypaBHOBEIICHHBIH MOMEHT Mg sBisieTcst GyHKIMEH Bcex mapa-
METpPOB CTPEJIOBOIO YCTPOMCTBA U HE3aBUCUMOM IEPEMEHHOM, CBA3AHHOW C BbLIE-
ToM. J{J151 counieHeHHBIX cTpe (pUCYHOK 3.16)

Mg = Mg (X4,..., X13, 0),

rie a < o, < /2—y — TeKyIIHid yroj HaKJIOHa X000Ta.
Jlnst mpsaMbIx cTpen (pucyHok 3.17, a)

MG = MG (Xl,..., Xg, X)

['py30BOii HEypaBHOBELIEHHbII MOMEHT Mg BBIUMCIISETCS MO CIEAYIOLUM

dhopmynam
Mg = Ng I'c (COUICHEHHBIE CTPEIIbI, pUCYHOK 3.16);

Mg = R r— Ry ryy (mpsimbie cTpentsl, pucyHok 3.17, a).

Bce Bxopsmme B 3TH BhIpaKEHUS BETWYMHBI 3aBUCAT OT Beca Tpysa, mapa-
METPOB CXEMBI CTPEIIbI M BbUIETA. XapaKTePHBIM BUJ KPUBBIX IPY30BOTO HEYpPaBHO-
BEIIIEHHOTO MOMEHTa B 3aBUCMMOCTH OT BbUIETA JJII COWJICHEHHBIX U MPSIMBIX CTPE
MOKa3aH Ha pucyHkax 3.16 u 3.17, a.

JIJ1st MCKITIOUEHUS M3 MHOXECTBA COMOCTABIISIEMBIX MPU ONTUMHU3AIMKA Bapu-
aHTOB, 3aBEJOMO HE MPHUEMJIEMBIX IO TPY30BOMY HEYpPAaBHOBEIICHHOMY MOMEHTY,
noTpedyem, 4To0bl Ha TPAHUYHBIX BBUIETAX T'PY30BOM HEYPaBHOBEUICHHBI MOMEHT
MMeJT HEKOTOphIE 3apaHee 3aJaHHbIC 3HAUYCHMs, T. €. BBEJEM CIICAYIONUe OTpaHuyde-
HUS COOTBETCTBEHHO JIJIs1 HAUOOJBIIIETO ¥ HAMMEHBIIIETO BEUIETOB

MG = Ml, MG = Mz, (321)

OCTaBUB MOKa 0€3 pacCMOTPEHUSI BOIIPOC O TOM, KAKMUE YMCIIOBbIC 3HAUEHUS IPUHSATH
3a JI0MyCTUMbIe MOMEHTBI M1 1 M3.

W3 cuctemsl orpanuuenui (3.21) ompenensitoT aBa mapaMmerpa CTPeIOBOTO
yCTpoicTBa. SIBHOE pellieHre BO3MOKHO JIUIIIb JJIs YACTHOTO CiIy4asi MPSIMOM CTPEIIbI
C COBMEUICHHBIMH OJIOKaMU TPY30BOTO U YPABHHUTEIBHOI'O IMOJMCHACTOB (PHUCY-
HOK 3.17, 6). B o0mmux cnyuasx (pucynku 3.16 u 3.17, a) orpanuuenus (3.21) pas-
pelarTCs OTHOCUTENIBHO ABYX [ApaMETPOB CTPEIOBOIO YCTPOMCTBA UYUCIEHHBIMU
METO/IAMH.
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Pemenne cucremsl orpanndeHuit (3.21) camo mo cebe He ABIACTCS ONTUMH-
3aIlMOHHOM 3a7aueil, TOCKOJIbKY YHCIIO UCKOMBIX IMapaMeTPOB PABHO YUCIY OTpPaHHU-
yeHnil. OJIHAKO OHO TPEJICTABISAET CYIIECTBEHHBIM caMOCTOATENbHBIA uHTEpec. I1o-
ATOMY PACCMOTPHM €ro MmojpoOHO. 3aMeTHM, YTO pelIeHHe YKa3aHHOM CHCTEMBbI
OTPAaHUYCHHMM WHAye Ha3bIBAIOT CHHTE30M CXEMBI CTPEJIOBOTO YCTPOMCTBA IO Tpa-
HUYHBIM 3HAYEHUSM I'Py30BOr0 HEYPABHOBEIIEHHOTO MOMEHTA.

st counenennvlx cmpen B IpoILeCcCe CUHTE3A ONPEEISIOTCS mapaMmeTpbl Xs
1 X12. Bo3MOXHOCTB pelienusi cuctembl orpannueHuit (3.21) oTHocuTenbHO Xs U Xi2
CIeAyeT U3 XapaKTepa BIUSHUS U3MEHEHHS ITHX MapaMeTpPOB B OTACIBHOCTH MPHU
3a(pUKCUPOBAHHBIX OCTATBHBIX HA KpuBYIO Mg (pucynok 3.20), rae cTpeiakaMu moka-
3aHO HANpPaBJICHUE YBEIUYEHUS MAPAMETPOB.

N3meHenne Xs cka3pIBaeTCs IJIaBHBIM 00pa30oM B 30HE HAMOOJIBIIIETO BBIJIETA.
C yMeHBIIIEHHEM JTOTO yIJla COWICHEHHAs CTpelia Ha HauOOJbIIEeM BBUIETE BCE
OoJIbIlIe TPUOIMIKACTCS K MEPTBOMY MOJIOKEHHUIO (PACIIONOKEHHUE OTTSIKKH U 3a/THE-
ro Iiedya xo00Ta Ha OJTHON MPSMOi1), KOraa TPaeKTOPUs IPy3a UMEET BEPTHUKAIBHYIO
KacaTeJIbHYIO U IPY30BOM HEYPaBHOBEIICHHBI MOMEHT CTAHOBUTCS OCCKOHECUHBIM.

N3menenne Xiz, T. €. cMeleHue O0J10Ka Ha X000Te B0 €r0 OCH, IPUBOIUT
TOJIBKO K M3MEHEHUIO JUIMHBI TIEpEKaThIBAaHUS KaHATOB IMPU U3MEHEHUH BBUICTA U BbI-
3bIBAE€T, B OCHOBHOM, ITIOBOPOT TPACKTOPHUH I'Py3a B BEPTUKAIBHOU MJIOCKOCTH, a TPy-
30BOM HEYpPABHOBEIICHHBI MOMEHT IPU ATOM Ha BCEX BBbUIETaX H3MEHSETCA IMpHU-
MEpHO Ha OJIHY U Ty K€ BEJIUUUHY.
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AJNTOpUTM CHHTE3a TOsICHEH Ha pucyHke 3.21. McxonHbpIMU SBIISIFOTCS X4 = S
U BhIOpaHHbIE HavaJdbHbIE 3HAYCHUS Xs = o U X12 = Cp. Ha 1-# cTtaguu nporecca (pu-
cyHOK 3.21, a) onpenensioT 3HadeHUe Xip, OTBeyaromee 3aganaomy M, = M,". Tlpu
MCXOJIHBIX 3HAUYCHUSIX 0o U Co BEIYUCIISIOT

M, = M2*+(5M2)1.

Ecmu pasHocts (0My)1 moOnOXHTENbHA, TO, B COOTBETCTBHH C PHUCYH-
xom 3.20, 6, n1a npubmmkenus Kk M," cnenyer ymenpmars Xi2 0 CPaBHEHHIO C Co.
Ecmu ke (0My)1 < 0, To X12 B JanmbHEWIIIEM CIIEAYET YBEIUINBATh. BoIYHCINTEIbHBIHN
IpOLECC MPEeAyCMaTpPUBAeT LUKINYECKOE M3MEHEHHE 3Ha4eHHsl Xi2 B TpeOyeMom
HampaBlieHuU. B KoHIle 3Toi cTaguu moixy4aeMm Xi2 = Cy U COOTBETCTBYIOLIYIO KpH-
BYI0 MOMeHTa Mg, umeromyto My = My u My # My

Ha 2-ii ctaguu nipouiecca (pucyHok 3.21, 6) onpeaenstoT 3HaUeHus Xs U Xio,
obecneunsaromue M; = M;™ u My = M,". TIpu Xs = do, X12 = Cn BBIUHCIISAIOT

M, = M1*+(5M1)1.

Ecnu e (0My1)1 > 0, To uia npubimkeHus K 3agaHHoMy Mj, coryacHo pu-
cynky 3.20, a, Hy>)kHO yMeHbI1ath Xs. [Ipu oTpuniatensHoi pasHoctd (0M1); ciemyer
BECTU MPOIECC YBEIUUYEHUS X5 10 CPABHEHHIO C alo. [Ipu 3TOM C KaKJIbIM W3MEHEHU-
eM Xs IPOUCXOIUT U3MEHEHUe My, Tak 4TO OHO CTAHOBHUTCS OTIMYHBIM OT My". ITo-
ATOMY TIPH MEPEX0/ie K HOBOMY 3HAUCHUIO X5 CIIEIyeT OTKOPPEKTHPOBaATh Xi2 HA Be-
JIMYUHY J¢, TAK Y4TOOBI 3HAYEHHE HTOro mapamerpa ortsedano M, = M,". Dto ocy-
IIECTBIIIETCS TyTEM 0OpallleHus K rpolneaype 1-i ctaauu mpoiecca.

B utore 2-i cranuu npoiiecca nosydaeM 3HaueHust Xs = o U X12 = C, KOTOpbIE
IIpH IPUHATOM X4 = S obecreunBaror My = M;" u My = M,” ¢ 3a1aHHOM TOYHOCTEIO.

Jnst npameix cmpen ¢ ypagHumenbHlM NOAUCHACHIOM TIPU CUHTE3€ CXEMBI
no orpanundeHusM (3.21) onpenenstor KOopAUHATHI OJJ0KOB Ha KosioHHE X4 U X5 (CM.
pucyHok 3.17, a). Ix BiusiHME Ha TPy30BOM HEYPAaBHOBEUIEHHBI MOMEHT MOKAa3aHO
Ha pucyHke 3.22 (CTpenKH yKa3blBalOT HANPABJICHUE YBEINYEHHUS TAPAMETPOB).
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Pucynok 3.22
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[Tpu mocTpoeHMH anropuTMa CHHTE3a WCIOJIB30BAaH W3BECTHBIN UYMCIICHHBIN
meton HetoroHa (Meron kacatenbHbiX) [14]. [Ipu NpUHSTHIX HayalbHBIX 3HAYCHUSIX
X4 = Bo 1 X5 = E¢ BBIYMCIIAIOT 3HAYCHUS TPY30BOTO HEYPAaBHOBEIICHHOTO MOMEHTA
M1 u M3 1 onipenensitoT MOrpenTHOCTH

AMl = Ml*— Ml; AMQ = Mz*— Mz. (322)
OTH K€ MOTPEIIHOCTH 10 MeToay HbIoTOHA ompenenstoTcs Kak

AM; = (dMlldX4)AB + (dedXs)AE,
AM, = (AMo/dX)AB + (dMo/dXs)AE.

[ToncraBuB B cucremy (3.23) 3nauenuss AM; u AM; u3 Beipaxkenuii (3.22),
MOJIYYHM CHUCTEMY JABYX YPaBHEHHU ¢ JIBYMsI HEU3BECTHHIMU. Jlasiee HayaabHbIE 3HA-
yeHus napametpoB B u Eo uzmensitorcs Ha AB u AE, sBasitomuecss KOpHSIMU 3TOU
cucreMmsl. [Iporecc NpomomKaeTCs NUKIMIECKU 10 JOCTHKEHU 3Ha9enniit My u My
C 3aJIaHHOW TOYHOCTHIO. YacTHBIE TPOU3BO/HBIE B ypaBHeHUsX (3.23) ompenenstor
YUCJIEHHO HA MaJIOM IIPUPAILIEHUU COOTBETCTBYIOIIMX IMAPAMETPOB, HAIPUMED

dMl _ Ml(x4 = Bo +a3)_M1(X4 = Bo)
dX, OB

(3.23)

;0B =0,01AR.

PaccmoTpum Tenepb BOMpOC O AOMYCTUMBIX TPAHUYHBIX 3HAUEHUAX TPY30BO-
ro HEypaBHOBEIIEHHOTO MOMEHTa B orpaHuyeHusx (3.21). JIis cowieHeHHBIX CTpen
(pucynox 3.16) ¢ yMeHbIlIeHHEM alreOpandeckoro 3HaueHus MomeHTa M; Ha
HauOO0JIbIIEM BBUIETE BO3PACTAE€T PACCTOSHUE a1, OTHAEISAIOLIEE TOUYKY YCTOMYMBOTO
paBHOBECHsI CTpEJIbl MOJ JACUCTBHEM TPY30BOIO HEYPABHOBELIEHHOTO MOMEHTa OT
HauOO0JIBILIEr0 BbUIETA, YTO XOpoio. OJHAKO CIMIIKOM Majible OTpULATeNIbHbIE 3Ha-
yeHus M; (Oombiue mo abCoMOTHOMY 3HAUYCHUIO) HEXKENATeNIbHBI C MO3UIUNA HArpy-
KEHHOCTH MEXaHW3Ma M3MEHEeHHUs BbuUieTa. OCHOBBIBASICh Ha CTATHCTUYECKUX TaH-
HBIX U3TOTOBJICHHBIX KPaHOB, MO>KHO MpuHATE M1 = —0,25GAR.

JInst mpsIMBIX CTpeJl ¢ ypaBHUTENbHBIM MonxcnacToM (pucyHok 3.17, a) cne-
nyet npuHATh M1 = 0. [Ipu M; < 0 Bo3pacTaroT pacueTHbIe U3rHOAIOIIUE Harpy3KH Ha
CTpelly Ha BCeX BbUIETax, a 3HadeHus M; > 0 HeyIOBIETBOPUTEIbHBI MO YCIOBUAM
YpaBHOBEUIMBAHUS CTPEIBI C TPY30M.

3nadenne M; it 000MX THIOB CTpeN CIAEAYeT OMPEAeiaTh B MPOIECCE Ofl-
TUMHU3ALKU. 3a7a4y ONTUMHU3AIMH M0 MAcCe CTPEJOBBIX YCTPOMCTB MOKHO chopmy-
JUPOBATH CIEAYIOIIUM 00pa3oM:

a) JUIsl COYJICHEHHBIX CTPEJl HAalTH

(X4: S, Mz) ~min ch npu (Xe =q, Xpp= C) ~ (M1 = —O,ZSGAR, Mz);
0) I IPSIMBIX CTPET HAUTH
M, ~ min GC IpH (X4= B, X5 = E) ~ (M1= O, Mg)
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BOITPOCHI 1 YITPA’KHEHUA IS CAMOKOHTPOJIA

Yacms 1

JlaiiTe XxapaKTepUCTUKY TEPMHUHA «IIPOEKTUPOBAHUE» KaK IpolLecca.
HazoBute ocHoBHBIE Bubl 00ecnieueHus u pynkuuu CAIIP.

VYKa)KAT€ TUIOBOM COCTAaB W TMOSICHUTE HAa3HAYCHHE TEXHUYECKUX CPEICTB
APM npoexTupoBIIHKa.

[TpuBenute mpuMep Hepapxuul TEXHUYECKUX OOBEKTOB MPOEKTUPOBAHUS, UX
BHYTPEHHHUX U BHEIIHUX MapaMETPOB U CBA3EH.

[lepeuncivTe OCHOBHBIE 3TAIlbl IPOEKTUPOBAHUS U UX COAEPIKAHUE.

Yacmop 2

OxapakTepHu3yilTe THUIIBI IPOEKTHBIX MPOLEAYP, UX LIETU U 3aJa4H.

Kakue nmoaxopl K pelieHuto 3ajad CTPYKTYpPHOIO CHHTE3a Haubosiee 4acTo
IPUMEHSIOTCS Ha MPAKTUKE?

B 4yem cymHOCTh M KaKOBBI IJIaBHBIE NIPEUMYIIIECTBA METO/A aHAJIU3a uepap-
xui?

PaccuuTaiiTe riiobanbHbIi IpHoOpUTET Napamerpa «Bpems 6e30Tka3Hoi pado-
ThI» 110 SKCIEPTHBIM JaHHBIM Ta0IuL 2.2 1 2.3.

Kakue cpenctBa onucanusi 0000IMIEHHBIX CTPYKTYP MCHOJB3YIOTCS MIPU aBTO-
MAaTH3UPOBAHHOM NpOEKTHUpOBaHuu? [IpuBenuTe npumepsl.

KakoBa nmocraHoBka 3a7ja4v ONTUMAJIBHOTO MPOEKTUPOBAHUS HA dTAIle Mapa-
METPUYECKOTO CUHTE3a?

[Ipn pemennn kakux 3anad B CAIIP ncnosb3yroTcs reOMETpUYeCKue MoJie-
m?

Ha3zoBure BHUIBI KPUBBIX, UCIIOJIB3YEMBIX IIPU IOCTPOCHUU T'€OMETPUYECKUX
MOJENEN.

KakoBbl JOCTOMHCTBA U HEIOCTATKH KapKaCHOI'O MOJIETUPOBAHUS ?
[lepeuncnure BUABI IOBEPXHOCTEN, UCIIOIB3YEMBIX B IIOBEPXHOCTHOM MOJIE-
JMpPOBAaHUU. [laliTe KPaTKyr0 XapaKTEPUCTUKY KaxKJI0T0 BUJIA.

B ueM 0cO0E€HHOCTH MOBEPXHOCTHOTO MOJICITUPOBAHNUSA?

Onuimrre XapakTEpUCTUKHA TBEPAOTEIBHBIX MOJEIIEH.

CpaBHUTE METOABI KOHCTPYKTUBHOM N€OMETPUU M TPAHUYHOTO MpPEICTaBIIE-
HU$1, UCTIOJIb3yEMbIE IIPU MOJIEIMPOBAHUH TBEPABIX TEIN.

Kakne WMHCTpyMEHTBI CO3JaHHsI TBEPAOTEIBHBIX MOJIEIEH HCIOJB3YIOTCS B
KOHCTpyKTOpcKux CAIIP?

B dem 3akiro4aroTcs NpeMMYIIECTBA UCIOJIB30BAHUS MMAPAMETPUUECKAX MO-
nenei?

Kakue Bupl mapamMeTpruuecKkoro MoJeanpoBanus ucnoib3ytorcs B CAIIP?
[IpuBenure mpuMepsbl CBA3CH U OTPAHMYEHHM, HAKIAJAbIBAEMBbIX Ha MOJEIIH
IIPU MCNOJIB30BAHNH BapHALIMOHHOM NapaMeTpr3aiu.

Kakne napamerpudeckue CBA3M XapaKTEPHBI U1l HEPAPXUUECKON NTapaMeTpH-
3auu’?
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B 4em 3akmrouarorcs CJIO)KHOCTH, BO3HHKAIOIMIKUC IIpU MOACIHMPOBAHHUH C
MMPUMCHCHHUCM TCXHOJIOTUHU C I/ICTOpHefI HOCTpoeHI/I}I?
KakoBbI 0COOCHHOCTH TEXHOJIOTHHU IIpsAMOTO MO,ZIGJII/IpOBaHI/IH?

Yacms 3

OxapakTepu3yiTe npouecc ONTUMH3AIUU KOHCTPYKLIHMA KaKk OCHOBY Hayuy-
HBIX MCCJICIOBAaHUH MTPU aBTOMATHU3UPOBAHHOM MPOCKTUPOBAHUMU.

OnunmMTe NOCTaHOBKY 33J1a4M ONTUMAJIBHOTO MTPOEKTUPOBAHMSL.

VYKkakuTe OCHOBHBIE 3Tallbl ONTUMAIBLHOTO TPOEKTUPOBAHMUS.

[IpuBenuTe mpuMepsl 3aa4 ONTUMAIBLHOIO MPOEKTUPOBAHUS TEXHOJIOTHYE-
CKHMX MAIIIMH KaK MHOTOIApaMEeTPUUECKUE U MHOTOKPUTEPHUATIbHBIC.

Uto Takoe mapameTpbl 00BbEKTa ONTUMM3AIUU? YKAXKUTE TPEOOBAHUS K CH-
CTEME MapamMeTpoOB Ha MPUMEPE CTPEJNOBBIX K YPABHOBEUIMBAIOIINX
YCTPOMCTB.

OxapakTepu3ynTe MapaMeTPUUECKYI0 U CTPYKTYPHO-CXEMHYIO ONTHMH3a-
LHUIO.

Onuimre KpUTepUH KaduecTBa KaK KOJIMYECTBEHHYIO OLEHKY Kau€CTBEHHBIX
CBOMCTB 00BEKTa ONTUMU3AIIH.

Yro Takoe auddepeHImaibHbie 1 KOMIUIEKCHBIC KpUTEPUHU KadyecTBa?
OxapakTepu3yuTe MepBOCTENIEHHOCTh SKOHOMHUYECKUX U CTOMMOCTHBIX KpHU-
TEPUEB KAUECTBA HA MPUMEPE METALIOEMKOCTH KOHCTPYKLMM Kak OAUH M3
BOKHEUIINX KPUTEPUEB KaUeCTBA MAIIIUH.

Jaiite onpeneneHus 1eneBod GyHKUMUH, HENPEPBIBHBIX U AUCKPETHBIX KPU-
TEpPUEB KAUECTBA.

PaccmoTpuTe 3a1a4y o BRIOOpE ONTUMAIBHOM (110 Macce ¥ CTOUMOCTH ) MapKu
MaTepHuaia Jjisi METATUYECKUX KOHCTPYKIIHM 0aJOUHBIX CTPEIL.

Uto Takoe orpaHWYEHHs B 3aJa4ax ONTHUMAJIBHOTO MpoekTupoBaHus? Omnu-
IIMTE OTPAaHMYEHHS Ha MapaMeTpbl U Ha KpUTepuu KadecTBa. Paccmorpute
OTIPEJIEIISIIONTYI0 POJIb MMPAKTUKU B OOOCHOBAHMH OTPAHUYEHUUN MPU ONTHUMU-
3alMA KOHCTPYKIMU.

ChopmynupyiiTe MoOHATHE MaTEMAaTUYECKONH MOJIENI 00bEKTa ONITUMU3AIUN U
JIATE €€ CMBICIIOBOE HAIIOJHEHUE.

OnuiMTe aHaJIUTHUYECKHWE W HEJIMHEWHbIE METOJbl ONTHMM3ALMM, UX TIpe-
MMYIIIECTBA U HEJIOCTATKHU.

OnummTe METO IPSIMOTO MCCIIEIOBAHUS LIEJIEBOM (PYHKIIMU HA IKCTPEMYM.
PaccMmoTpuTe 3amady onTUMM3AlMU [MapaMeTpPoB KOPOOYATOro cedyeHus Oa-
KM, paboTaroiiei Ha u3ruo.

OnummuTe Takue MpUMEPhl HEJTMHEHHBIX METOJ0B ONTHUMH3AIIUN KaK Tepedop
10 KOOPJIWHATHOM CETKE, JIOKAIbHBIM IOWUCK, TPAJUECHTHBIA METOJl, METOJ
«HAUCKOPEHUIILIETO CITyCKay.
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MNEPEYEHDb YCJIOBHBIX OGO3HAUYEHUN U COKPAIIIEHUI

AKJ] — aBTOMaTH3alUsl KOHCTPYKTOPCKOM IOKYMEHTALIMKU
APM — aBroMaTu3npoBaHHOE pabodee MecTo

ACHMW — aBToMarn3upoBaHHasi CUCTEMA HAyYHBIX HCCIIEJOBAaHUN
ACTIIII — aBTOMaTU3UpPOBAaHHAsl CUCTEMA TEXHOJIOTMYECKON OIrOTOBKU IIPOU3BOJICTBA
ACYVYII — aBTOMaTU3UpOBaHHAA CUCTEMA YIIPABICHUS ITPOU3BOICTBOM

bJI — 6a3a maHHBIX

BIIM — BapuanroHHO€ NpsiMOE MOAECITMPOBAHUE

I' —rpy3

I'3 — rpy3o3axBar

'l — rpaduueckoe n3zodpaxenue

I'O — rpaduueckuit 00BEKT

I'OCT — rocynapcTBEHHBIH cTaHAApPT

Jl — nBurareib

ECKJl — eaunast cuctema KOHCTPYKTOPCKOM IOKyMEHTaluu
NO — undopmanmonnoe odbecrneueHue

NIIII — uHTErpupOBaHHBIN ITAKET IIPOrPAMM

NIIC — undopManiioHHO-TIOUCKOBAst CUCTEMA

1/C — WHAEKC COTIACOBAHHOCTH

KJ] — KOHCTpyKTOpCKasi JOKYMEHTaLUs

MAW — merox aHanu3a uepapxuit

MBP — mexanu3M BpamieHus

MMUB — mexaHu3M U3MEHEHUs BbLIETa

MK — MeTannoKOHCTPYKIMS

MO — maremaruyeckoe odecredeHue

MIIJI — MexaHu3M nogbeMa

MIIK — mexaHu3M NepeaBruKEHNs KpaHa

MIIT — MexaHu3M NEPEABUKEHUS TEIEKKHU

HWP — nayuyHo-uccnenoBatenbckas pabora

HCIIJ] — HOpMaTHBHO-CIIpaBOYHAas IPOEKTHAs JTOKYMEHTALIHS
OKP — onbITHO-KOHCTPYKTOPCKasi paboTa

OC — onepannonHas cucteMa

OCT — otpacneBoii cranapt

III'M — npocTpaHCTBEHHAs FeOMETpUUECKas MOJEIIb
I[IM — niepeaToYHbIi MEXaHU3M

IIMK — nmporpaMMHO-METOAMYECKUN KOMIUIEKC
[ITK — nporpaMMHO-TEXHUYECKNN KOMILIEKC

I1O — nporpammHoe obecriedeHme

1O — npoGeMHO-OpUEHTHPOBAHHBIN S3BIK

[IIII — makeT nIpUKIagHBIX IIPOrPAMM

CAIIP — cucreMa aBTOMaTH3UPOBAHHOTO MPOEKTUPOBAHNUS
CBP — cucrema BpateHus

CHB — cucreMa n3MeHeHns BbIIETa

CIIGITY — Cankt-IleTepOyprckuii monutexuudeckuit yausepcutet Ilerpa Benukoro

CIIJI — cuctema nmogbema

CIIK — cucrema nepeaBuXeHHs KpaHa

CIIT — cucrema nepeaBUKEHUS TEIEKKH

CTII — cranpapt npeanpusaThs

CYBJl — cuctema yrnpaBiieHus 0a3aMH TaHHBIX
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T3 — TexHu4ueckoe 3aIaHue

TII — TeXHUYECKOE NPEITI0KEHUE

TP — TexHu4yeckoe peleHue

TC — TexHuueckue cpeacTa

TY — TexHuueckue ycaoBus

VIIII — yHuBepcanbHOE IPOCTPAHCTBO MAPAMETPOB
dI'OC BO — denepanbHblii TOCYAapCTBEHHBIM 00pa30BaTEIbHBINA CTAHIAPT BBICIIET0 00pa30BaHUs
@I — QyHKIMOHATBHBIN MAKET MPOrpaMM
UITY — 4ducioBoe nporpaMMHOE YIIpaBJICHUE
OC — sKcnepTHas cucTeMa

3D — TtpexmepHbIii

B-rep — Boundary representation

C-rep — Constructive representation

CAD — Computer-Aided Design

CAE — Computer-Aided Engineering

CAM — Computer-Aided Manufacturing

CSG — Constructive Solid Geometry

MCAD — Mechanical Computer-Aided Design
NURBS — Non-Uniform Rational B-spline
SQL — Structured Query Language

XML — eXtensible Markup Language
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