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Kanaunat TexHuueckux Hayk, qoueHT. Paboran B MockoBcKOM
aBUALMOHHOM TEXHOJ0rnueckoM uucturyre um. K. 3. luonkosckoro,
CIeLMAaIUCT B 00JIACTH YMCIIEHHBIX METOIOB B MEXaHUKE KOMIIO3UTOB
U KOHCTPYKUUH.
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' PykoBonutens otaena pa3paboTky OpOrpaMMHbBIX IPOLYKTOB
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TeHepaTopa CEeTOK.
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. XaputoHoBuu Anekceii ropesny

' PykoBoamTeNh 0T/IENA TEXHITECKOH TOKYMEHTaHH
B OO0 "HHUKA Codreep".




BBeaneHue

Ceiiuac HeT HEOOXOOMMOCTH YOEXIaTh KOro-TM00 B TOM, UTO KOMIBIOTEPHOE MOJIe-
JPOBAHUE SIBISIETCSI HEOOXOIUMbBIM HHCTPYMEHTOM CO3JaHUSI COBPEMEHHBIX TEXHUYE-
cKkuX 00bekTOB. Bee Gostee mumpokuii Kpyr MpeAMETOB U SIBJIICHHM CTAHOBSATCS 00bEK-
TaM¥l KOMIBIOTEpHOU cuMyisiun. OHa BHEIPUITACh TPAKTHYECKH BO Bce cephbl WH-
JKEHEPHOW JeATeNIbHOCTU. [[pyras TeHAeHLMs — pacLIMpPeHue Kpyra noJjb3oBaTeneit
CAE (Computer Aided Engineering)-npoaykroB. Ilpakruuecku n0 koHua 1990-x ro-
JIOB MX 3KCIUTyaTalys Oblia yIeloM Yy3KOTo Kpyra npodeccroHaNoB, CBOETO poja "ry-
py" B coOTBEeTCTBYlOIIMX Bompocax. Ho paciumpenue o6nacTu MpUMEHEHUs! BBICOKO-
TEXHOJIOTUYHBIX HHCTPYMEHTOB (ObITOBAs TEXHUKA, 3JEKTPOHKNKA, UHAYCTPUS aBTOMO-
OWJILHBIX KOMITOHEHTOB, TOBAPHI JUIs CIIOPTa U OTAbIXa, OBITOBAS CBETOTEXHUKA U T. 11.)
noTpeboBaio CO3aHUsl TAKMX MPOrpamm, KOTOpbie ObUTM Obl AOCTYIHbI KBATM(ULIM-
POBaHHOMY MHIKEHEPY U CTaJld aTpuOyTOM CTaHAAPTHOrO pabovero MecTa.

Heckonbko MHas cuTyauusi XapakTepHa JJisi OTEUYECTBEHHON MPOMbILLIEHHOCTU. He-
CMOTpSI Ha COJIUJHBIN "00beM MPOU3BOJCTBA" UHKEHEPOB, KBATU(PULIUPOBAHHBIN Mep-
COHAJl BECbMa HEMpOCTO CHauana nofo0parh, a OTOM 00ecneyuTs paboToi, Tpebdyto-
uieil creuuanbHbIX HABBIKOB M CHOCOOCTBYMOIEH WX pa3BUTHUIO. TexHojoruueckuit
YPOBEHb POCCHHCKOI IPOMBILIIEHHOCTH, @ TAK)XKE CUCTEMA OPraHUu3aluy IPOU3BOJICT-
Ba TaKOBbI, YTO MOYBA JAJISl MPOLBETAHUS MPOAYKTOB high-end He ciuikoM NMOAXOAs-
wast. B To jxe Bpemsi, HalMLO HEKOTOpPOe pa3BUTHUE (@ TOUHEE, BOCCTAHOBJIEHUE) UHTE-
peca k CAE-nporpammam. basa aist 370ro — maccoBoe pacnpocTpaHEeHUE FeOMeTpU-
yeckux CAD (Computer Aided Design)-cucteM. 3HauuTesbHas A0JS NpeANpUSTUI
UCHOJIb3YET TEXHOJIOIMIO MPOCTPAHCTBEHHOIO MOJEIUPOBAHUS, AJI1 HEKOTOPbIX OHA
SIBJISIETCS. OCHOBHBIM HMHCTPYMEHTOM pa3pabOTKH KOHCTPYKTOPCKOI NOKyMEHTaluu
U — HEepeaKO — TEeXHOJOTMUYECKUX MPOLECCOB (XapaKTepHbIl MpUMep — CO3JaHue
nporpamm Ay YUITY). EctecTBeHHBIM SIBIsIETCS] NEPEXO/ HA CIAEAYIOLUI YPOBEHb —
KOMIbIOTEPHBIA aHaIU3 U NPOEKTUPOBAHUE. 3/1€Ch CYLIECTBYIOT J1IBa UCTOYHUKA pa3-
BUTHS: NOTPEOHOCTHU MPOU3BOJCTBA U HOpMaJIbHBIH yenoBeueckuii natepec. Hano cka-
3aTh, UTO BTOPOE MOXET ObITh JoMUHUpYtoluM. Hanbonee noruuHelii myTh — 0cBOe-
HUE WHTErpUPOBAHHBIX MPUIIOKEHUH, CONPOBOXKAAEMOE (HEPEAKO) OBJIAJAEHUEM COOT-
BETCTBYIOLLEH TeopeTuyeckoil 6a3oii.

Bce mporpamMMbl, 0 KOTOPBIX MOWJET peub B KHUrE, SIBNSAIOTCS TaK Ha3blBAGMbIMU
napTHepckuMu npusoxeHusiMu k cucreme SolidWorks. Tlogpo6Hee 00 3ToM peub
noiaer Hibke. 31eCh K€ OTMETUM, YTO 3TO HUKOUM O0pPa3oM HE OrpaHMYMBAET KPYyT
00BEKTOB, KOTOPbIE HCCIEAYIOTCS MPOTrpaMMaMu, U, COOTBETCTBEHHO, KOHTHHICHT
BO3MOXKHBIX uuTareneid. s Haubonee nomynspHbix reomerpuyeckux CAIIP paspa-
60TaHbl COOTBETCTBYIOLINE MOJU(PUKALUYN PACIETHBIX MOy NEH.
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Cpeau aBTOpPOB MPUCYTCTBYIOT pa3paboTUMKH NporpaMMHOro obecredeHus Ha Oase
SolidWorks, a Takxke peceniepbl yIOMSHYTbIX B KHUIe MPOAYKTOB. Hu Ta HU apyras
chepa OeATENFHOCTH HE CYIISCTBYIOT B OTPhIBE OT WHXKCHEPHOW MPaKTUKU, 3a1ad
npou3BocTBa. [loaToOMy, Jekmapupyst ONpefeneHHYI 3alHTEepPeCOBAaHHOCTH B MpO-
JIBIDKEHUM YIIOMSIHYTbIX CUCTEM, Mbl 10CTAPAEMCsl Ha MPUMEPEe KOHKPETHBIX MpodiiemM
[OKa3aTh UX JOCTOMHCTBA, HE yTauBasi OrpaHU4YeHU.

AypouTtopms

[Ipexxne Bcero, aBTOpbI PAacCUUTHIBAIOT, YTO M3JaHUE OYAET MOJIE3HO HHXKEHepaMm-
MpaKkTUKaM, KOTOphble, umes Aeio ¢ reomerpuueckumu CAIIP, crankuBaroTcst ¢ HE0O-
XOJMMOCTBIO BBIMOJHEHUS aHaNu3a. B KHUre oHu HallyT onucaHue anpoOrpOBaHHbIX
MHCTPYMEHTOB, HH(OPMALIMIO O COOTBETCTBYIOLINX PACUETHBIX METOANKAX.

UspsaHas noas 3a1a4, WIFOCTPUPYIOLLKUX IPOrpaMMbl, COAEPAKUT IEMEHTbHI IOUCKA.
DTuU acnexkTbl MOIyT 3aUHTEPECOBATb ACIUPAHTOB, CHELUATIUZUPYIOLLUUXCS B HHXKEHEP-
HBIX AucuuIuinHax. Kak camu no cebe nporpaMmsbl (B TeX paMKax, B KOTOPbIX OHU Oy-
JyT OMUCAHBI), TAK U MPOLECC UX KCILUTyaTallud, CTPOro roBOpsi, He MOTYT ObITH 00b-
eKToM uccnenoBanus. OJHAKO YPOBEHb UX (PyHKLMOHANBHOCTH O0Nee YeM 10CTaToueH
JUIsl TIPOBEPKU THUMOTE3, COMPOBOXKJIAKOLIMX Hay4Hble M3bICKaHUS B TexHuke. bosee
TOTO, AJISl PACCMOTPEHUSI BBHIOPAHBI MPOAYKTHI, CTABLINE B HEKOTOPOM CMBICIIE CTaH-
JapTaMd B COOTBETCTBYHOIIUX cepax mpuMeHeHus. COOTBETCTBEHHO, UX H3YyU€HUE
MOJKET CTaTh CBOGOOPa3HbIM CTUMYJIOM sl COOCTBEHHBIX pa3paboToK.

ABTOpBI HaJICKOTCSI, YTO, MIOMNAB B PYKU CTYACHTA, KHUTa OKAKETCSl UICTOYHUKOM MO3Ha-
BaTeJIbHOM MH(pOpMaLMK U CPeACTBOM pacluupuTh 3pyauuuto. Tem Gojee 4To Komma-
Hust SolidWorks-Russia B pamkax nporpammbl coaeiictBusi By3am SWR-Akanemus Ha
CTeUUANIbHBIX JILFTOTHBIX YCJIOBUSX MOCTaBIsieT MporpamMMmHoe obecnieuenue (SolidWorks,
COSMOSWorks, COSMOSFloWorks, COSMOSMotion 1 psia Apyrux NpUIoKeHU
SolidWorks) ¢ nenbto nogaepxku npoiecca npodeccuoHanbHO# MOArOTOBKM CTYIEH-
ToB ¢ ucnosb3oBaHuemM CAIIP u PDM. JlaHHas nporpamMma oxBaTbiBaeT y4eOHbIe
3aBeneHust Poccuu, ctpan CHI', Cpenneit Asuu u [lpubantuku. Ha MoMeHT chauu
pykonucu B nevarb Kk nporpaMmme SWR-Akanemusi npucoenuHuioch yxe Oonee 20
opranuzauuii. Cpeau Hux: MI'TY um. H. 3. baymana, MockoBckuii rocyjapcTBeHHbIN
aBUALMOHHBIA UHCTUTYT, MOCKOBCKHUI1 rOCYy1apCTBEHHBIN YHEPreTUUeCKUii HHCTUTYT,
Owmckuit I'TY, Xantbi-MaHcuiickuii nHCTUTYT au3aiiHa u texHonorui, Kaynacckuit
TEXHUUYECKNH YHHBEpCUTET, J[OHEeIKas rocyiapcTBEHHAsh MAlIMHOCTPOUTENbHAS aKa-
JIEMUsi U MHOTHUE JIpyTue.

Uznanue He mpeTeHIyeT Ha POJib UCTOUHUKA (pyHIAMEHTAIBHBIX 3HAHUI, OTpaHUINBa-
SICh TIPUKITAJHBIME LEeNIIMU. B TO ke BpeMst OOJIBIINHCTBO OMMUCAHHBIX METOIUK BIOJI-
HE JJOCTYIHO CTYI€HTaM CTapLUKUX KypCOB U MOT'YT ObiTb NPUMEHEHbI /sl BbIIOJHEHUsI
IUTJIOMHBIX paboT. [losb3a BO3pacTeT MHOTOKPATHO, €CJIM YTeHHE JAaHHOTO TEKCTa
OyJeT cOnmpoBOXKAATHCS M3ydeHHEM JINTepaTyphl, coJepkallieil MOJHOLEHHYIO Teope-
THYeCKyto 6azy.
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NpegHa3HayeHue

Ecnu HenpeB34TO NOCMOTPETh HA CUTYaLMIO C OTEYECTBEHHOMN uTepaTypoii B obsac-
TU KOMIIBIOTEPHOIO MOJEJIMPOBAHUS U AHAIN3A, MOXHO CJIENIaTh HECKOJIbKO BbIBOJOB.
OfMH U3 HUX CBSA3aH C T€M, UTO LIMPOKUI MmiacT npobsem B Oosblueil iy MeHblei
CTEIIEHU UCKJIYEH U3 PacCMOTPEHUs. DTO, B 4ACTHOCTH, 3a4a4d BBIYMCIUTEIbHON
a’pOruJpoJAnHaMUKU U TEIUIONEPeayd, UMUTAUUU TEXHOJIOIMYECKUX MPOLIECCOB,
MIPOEKTUPOBAHUs CBETOTEXHUKU U ONTUYECKUX YCTPOUCTB. JlaHHAs TEHAEHLUS B 3HA-
YUTEJIbHON CTerneHu NPpOTUBOPEYUT TOMY, YTO MPOUCXOAWUT B MPOABUHYTbHIX 0006]_Lle—
CTBaX — UCMNOJIb30BAHUE COOTBETCTBYHOLIUX TMPOrpaMMHbIX MPOAYKTOB CTAJI0 O,ZLHOﬁ
M3 COCTaBJISIOLIMX TEXHUUYECKOIO Mporpecca.

B 6onee sxe nonymsipHbIX chepaXx — reoMeTpUdecKOM MOJEIMPOBAHUU, CTPYKTYPHOM
MeXaHWKe, pacueTe MEXaHW4YeCKMX CUCTeM MYyOJNWKalUW TPYNMMUPYIOTCS BO3JE IBYX
MOJIFOCOB: € ONHON CTOPOHBI — (hyHAAMEHTANbHBbIE TeOpEeTUYeCKUe PYKOBOJCTBA, C
JIpyroit — ajbTepHaTHBa B BUJIE HE CIIMIIIKOM KPUTHUECKUX OMUCAHUN C BBIpOKEHHBIM
peKJaMHbIM ToATekcToM. [TocielHUM rpeluT nepuoauka. boiee nmomynspHble xKyp-
HaJTbl, UMes OFOJIXKET, OCHOBAHHBIN Ha pekiiame, He CIHIIKOM 3auHTEePECOBAHbI B aHA-
auThYeckuX Matepuanax. Kpyr ske uuTarenell crieluaIu3upOBaHHBIX W3JaHHi, MO
Oomblliell YacTH BEJJOMCTBEHHBIX, BIOJHE COOTBETCTBYET UX TUpaxy. EcTh u npyrue
UCTOUHNKHN HH(OpMauuu. JJOKyMeHTalus, COMPOBOKIAIOIIAS TPOrPAMMBI, HEPEAKO
COJIEP’KUT BechbMa TNoKazaTelbHble mpuMepbl. Ho, Mo oueBUAHBIM NpUYMHAM, OHU CTO-
MPOLIEHTHO yCHelHbl. Penkuii pa3paboTynk aieKBaTHO OMUILET MPOOIEMBbI U OTPaHHU-
yeHus. Kpome toro, nprmepbl HEUaCTO BLIXOJAT 3a paMKM KAHOHMUYECKUX 3a]au, uTo, B
o011emM-To, U Hermoxo. UMeHHO oHU ecTh 0a3a AJisl u3yueHus siBJICHUH, He JO0MyCcKaro-
LIUX CTPOroro pemeHus. B mocnennee Bpemst MHOTHE (PUPMbI — Kak MPOU3BOIUTEINH,
TaKk U pecelljiepbl — OpPraHu30Bajid COOTBETCTBYIOILME UHTEPHET-PECYPChI, I/le MoMe-
uieHa uHdopmalMs 0 KOHKPETHbIX 3aauax. HecMoTps Ha sICHYHO Liefib — pekjiaMy U
MOUCK 3aKa34yKKa, TaM MOXKHO HalTH 3aciyKWBalOIIWe BHUMaHHs 00pa3Lbl UCCIENO-
BaHuii. He MeHee O4eBUIHO U TO, YTO BCE, HAXOAdALIeecs MeXAy NBYMS MOMEHTaMHU:
(opMyTUPOBKON 3aa4d U OMUCAHUEM pELICHHs YAOCTaWBAETCs, B JIydllleM Ciydae,
TOJIBKO KPaTKoro yoMUHaHUsl.

B nanHOli KHUre aBTOPBI NOCTAPAIUCh COMPOBOAUTH ONKUCAHUE IPOrPaMM IIPUMEPAMU,
WUIIOCTPUPYIOLYMHY BIIOJIHE PEAJIbHBIE WH)KEHEPHBIE 3aauy WM JTalbl 3TUX 3a4ad.
Ilomumo 3TOrO mporecc peleHus COMpoBOXKAAETCs Oojiee WM MeHee MOAPOOHBIM
ONKMCAHUEM METOJUYECKOI CTOPOHBI BOIPOCA, YTO, HANEEMCsl, HAlileT IOHUMAaHuUe 3a-
MHTEPECOBAHHOIO uuTaTessl. OTU PACCyXkJEHUSI MOIYT IO0Ka3aTbCs TPUBUAIbHBIMMU,
OJ/IHAKO MOMEHTbI, OUEBU/IHbIE [TPU UCIOJIb30BAHUN AHAJIUTUYECKUX METO/0B, HE BCE-
rjla Tak OJIHO3HAYHbI, IPUMEHUTEJIHO K aJIrOPUTMaM BbIYUCIUTE]bHOIO aHAJIM3A.

OnucaHHble MPOrpaMMbl pellaloT pa3IudHbIe 33Jaqyd, OJHAKO WX PacCMOTpPEHHE B
OJTHOM M3aHUM (MTOMUMO TOTO, YTO MOUTH BCE OHU, KaK YITOMUHANIOCh, 00Ja1atoT cTa-
TycoM napTtHepckoro npunoxenus: SolidWorks) onpaBaano psinom aprymeHToB. boib-
IIMHCTBO M3 HUX 0a3upyercss Ha METOJIaX BbIUMCIUTEIbHON MaTeMaTHKKN. DTO MOPOXK-
JAeT CXOXKeCTb METOAMK TMOATOTOBKM TIE€OMETPUYECKUX Mojenel, Ha3HaueHus
MCXOAHBIX JAHHBIX U MHTEPNpPETaLy pe3yibTaToB. MHOrMe nporpaMmbl UMEIOT HH-
Tepdeiic mexxay coboit (MuHysa SolidWorks unu npyriue KOHCTPYKTOPCKHE MAKEThl), a
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MHOJKECTBA TUIIOB 3a/1a4 JU1sl HEKOTOPbIX — MEPECceKaroTcs. ITO, HAIPUMEp, pacueT Ha
MPOYHOCTh Ha 6a3e aHAIMTUUYECKUX U YUCIIEHHBIX METOJOB, peLIeHUEe TEMI0BOM 3a1a-
YU MOCPEACTBOM pa3MUHbIX YMCJIEHHbIX annpokcumauuid. OJHUM W3 NPUHLUIOB OT-
6opa mporpamm ObUT MPUHLKIT OPUEHTUPOBAHHOCTH HA UX HMCIOJIb30BAHUE KOHCTPYK-
TOpOM. MHCTpYMEHTbI TEXHOJIOra He paccMarpuBaiucb. HeCOMHEHHO, B peajlbHOM
MPOU3BOJCTBE UMEIOT MECTO pasjMuHble CXeMbl OpraHu3aluu TpyAa, HO BOMPOCHI CY-
ry00 TeXHOJOrMYECKOro XapakTepa — OHU KacaroTcs MpoLeccoB 00paboTKU Marepua-
Jla — MOXXHO BBIYWJIEHUTb U OTACJUTh BIOJHE YBEPEHHO.

ITockonibKy KHUTa NPETEHAYET Ha OMpPeeeHHYI0 CUCTEMHOCTb OMUCAHUS MPOTrpaMM U
METOAUK UX HMCIIOJb30BAHUS, HECOMHEHHO, YTO CTENEeHb MOAPOOHOCTH B OCBEILEHUU
(PYHKLMOHAJILHOCTU TMPOAYKTOB HE MOXET ObITh PaBHOLEHHA. 31€Ch aBTOPbI IpPUAEp-
JKUBAJIMCh OPUEHTALIMY Ha TLIATENBHOE M3JI0KeHNEe Hauboiee akTyanbHbIX aCIeKTOB, a
MeHee TMOMYJIsIpHbIe BOMPOCHI TOJIBKO (POPMYJTUPYIOTCS U HE COMPOBOXKAAIOTCS MPUME-
pamu. Hanpumep, cpeu 3aaay adporuJpoJMHaMUKU U Terjlonepeaaun >Ku3HEHHOCTh
BOIIpPOCA pacyera TEIUIOBbIX PEIKUMOB JIEKTPOTEXHUUECKUX YCTPOHCTB OTHOCUTENIbHO
npo0JeMbl CBEpX3BYKOBOTO TE€UEHMs HECOMOCTaBUMA (110 KpaiiHell mepe, 111 0TedecT-
BEHHOI MPOMBILLJIEHHOCTH). Mex 1y TeM, 00e OHM peliatoTcs OAHOM M TOH ke mpo-
rpammoii. TToxoxuii npumep — MNPOEKTUPOBAHUE CBETOTEXHUKU U MOJEJIMPOBAHUE
MPOLECCOB BOJIHOBOI oNTUKU. [lepBasi — npeaMeT NOBCeAHEBHOMN AEATENbHOCTH MHO-
FUX WHXKEHEPOB, BTOpas — BO3HUKAET TOJbKO 31M30AMYeCcKU. HCTpPYMEHT ke AJist
HUX TOKJECTBEHEH.

Ha otbop paccmarpuBaembIX BOMPOCOB HANOXKWIIM OTIIEYATOK JIMUHBIE MPUCTPACTUS
aBTOPOB, HAJIUYUE MOAXOJALIUX IPUMEPOB, a TAKXKE, HE CKPOEM, JKEJIaHUE OCPEICT-
BOM JIaHHOM KHUTU c(hOopMUPOBATH CIPOC HAa ONMCAHHBIE TporpaMMbl. B To xke Bpems,
abcotoTHOE OOJIBIUMHCTBO CBEACHUIN SIBJISIIOTCS. BMOJIHE WHBAPUAHTHBIMU OTHOCH-
TE€JIbHO CONIOCTABUMbIX [IPOrPAMMHbBIX PELIEHUH.

EH.[C OJIHO 3aM€YaHUEC KaCacTCs o0beMa U CTEIeHH JAcTaln3alnuunu TeOpeTH‘IeCKOﬁ 0a3bl
paccMaTrpuBa€MbiX METO/10B. PyKOBO,[[CTBy}IC]: Ha3BaHUEM KHUI'U U 3/1paBbiM CMbICJIOM,
H3JI0OKECHUEC TCOPUU OrpaHUYUBACTCSA OCHOBAMH, KOTOPbLIC HGO6XO,D,I/IM]>I IJ1A OKCIl1ya-
Taqunu nporpamm: (bOpMaJ'II/ISaL[I/II/I 3aJa4u, obecneueHUs 3(1)(1)6KTI/IBHOFO BbIUUCJIN-
TCJIBHOT'O Mponecca, UHTCpNpeTallin pe3yJibTaTOB. (DyHL[aMCHTaJ'H)HBIe 3HaHUA CJICAY-
€T 11oJiy4aTb U3 Cri€uajibHbIX UCTOYHUKOB.

B kHure takyxe 3aTpOHYTbI BOMPOCHI NOA00pa KOMIBIOTEPHONW TEXHUKHU JUIsl HKCILTya-
tauun CAD/CAE-npoaykToB. Mbl HajieemMcsl, 4TO MPUBEACHHbIC PeKOMEHAaLUK Oy1yT
10JIe3HbI B MPo(ecCuOoHaIbHOMN e TeIbHOCTH YUTaTeei.

CornaweHus

JHas SolidWorks nmeercst pycckos3bluHas Bepcus. [10cko/IbKy UMEHHO ee TpaJAuL1OH-
HO KMCIOJIL3YIOT B Poccuu, TO 3a peIkuM MCKIIIoueHueM KoMaH bl U MeHto SolidWorks
NPUBOJSITCS HA PYCCKOM SI3bIKE.

It COSMOSWorks Takke ecTb pycckosi3bluHasi Bepcusi. OJIHAKO OHA CONEPIKUT PsiJl
HEKOPPEKTHO NEPEBECHHbIX TEPMUHOB. [10 3TOIl mpuunHe B Poccuu ucnonb3yercs
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TaKXKe aHIJIOosA3bIuHas Bepcusi mporpammbl. [1o3ToMy mpakTuyecku Bcerga Mbl Oyaem
COMPOBOXAATh PYCCKUE TEPMUHbI X OPUTMHAJIbHBIM BapuaHTOM, KOTOPbIH AaeTcs B
ckoOkax. Kpome Toro, HeKOTOpble cepbe3Hble HETOUHOCTU NepeBoja OyayT Ucmpasiie-
Hbl B 3aM€4aHUsAX, PACIOJ0KEHHbIX B TEKCTE.

Hpyrue mporpaMmbl MOKa HE MMEIOT PYCCKOSI3bIYHOTO uHTepdeiica 1 GpupMeHHOro
nepeBoja TexHu4yeckol AokymeHTauuu. [1o3ToMy KOMaHbl, MYHKTbl MEHIO U TEPMU-
Hbl, BCTpEUYaIOLUeCs] B HUX, TIPUBEJCHbI HA aHTJIMICKOM SI3bIKE, a PyCCKUM mepeBoj
JlaeTcs B CKOOKax Mpu MepBOM YMOMUHAHWW TOW WM MHOW KOMaHJbl, a BIOCJEACT-
BUU — B CJIy4yasX, KOrjaa 3T0 obJjerdyaeT MOHMMaHUE OMKMChIBaeMbIX mpoueccos. [Ipu
peLUeHUU NPUKIIAJHbIX 331a4 epeBOl MHOIra He npuBoauTcs. HekoTopble TexHuue-
CKUE€ TEPMUHbl, UMEIOLIME YCTAHOBUBLIUECS AHAJIOTUM B PYCCKOM $i3blKE, MOCJE Mepe-
BOJIa UCNIOJIB3YIOTCA TOJBKO B PYCCKOSI3bIYHOM BapHaHTe.

PacueTbl BBIMOJHAIOTCS Uil T€OMETPUUECKUX MOJeNell, MOCTPOSHHBIX MOCPEACTBOM
SolidWorks. Ilpennonaras, 4to unraTesb, N0 KpaiiHeil Mepe, B 00LIMX UepTax, 3HAKOM
€ 3TOH mporpamMMoii (Halo cKa3aTh, YTO AJIsl UTEHUs! BIOJIHE XBATUT NEPBUUHBIX MO-
3HaHMI1), Mbl He OyZleM paccMaTpUBaTh JE€MEHTapHble NOCTpoeHusl. OJHAaKO B CUTYya-
UMsX, KOrja reomerpus "ynpaBisier" pacueToMm, sIBISETCS Pe3yJbTaToOM pacuera Wiu
JKe TOJyyeHa MOCPEICTBOM CHeLu(UUECKUX MPUEMOB, mpouecc ee (OopMUPOBAHUS
OyzeT nNpuBeJeH AOCTaTOYHO MOJPOOHO.

[1pu onucanuu paboThbl ¢ Mbilbio cioBa "uieauok" ("wenakHyTh") u "nBOiHON wLie-
yok" ("ABaXKIbI IIETKHYTH'") MOApa3yMeBatOT HaXkKaTue JeBO KHOTKY MBIIIIH.

BnaropapHocTH

ABTOpBI OJ1arofapHbl CBOMM KoJjuieram — cotpyaHukam ¢upm 3A0 "CUKOP" (Mo-
ckBa) 1 OO0 "NIKA Software" (MockBa) — 3a nomolip B peajiuzaiuuu npoekra. OTt-
JenbHoe cnacu6o nepconany ¢gupmbl SolidWorks-Russia 3a koHCybTalu Mo BONpo-
cam, cBs3aHHBIM ¢ SolidWorks.

HekoTtopsie reomeTpuieckrie MOAEIN U3AEIUi, a Takke UX pacueThl, paccMaTpuBae-
Mble B KHUTE, BBITIOJIHEHbI B MpOLIECCe B3aUMOJCHCTBUS ¢ pupMaMu U MpeAnpUsITUs-
MHU. ABTOpBI BBIpXKAKOT MPU3HATENBHOCTh COTPYJHUKAM 3TUX OpraHusauuil 3a mo-
Motb. Ecnu ucnonb3yercss uHpopmanusi, NpeacTaBisioLias CyleCTBeHHbII HHTepec,
Mbl YIIOMUHAEM 3TU Cllyyau.

KoHTakTHaa nHcpopmauma

ABTOpBI OyAyT OarofapHbl YUTATEISIM 32 TIOKETAHUS M 3aMEYaHusl 10 JaHHON KHUTe
u no reMme CAD/CAE. Hanpagnsiite Balu nucbMa B aapec peaakiuu (mail@bhv.ru)
U 1o pabouyum anpecam aBTopoB (sikor@sikor.ru, alex@nika.sokol.ru). /{ns menee
(hopMabHBIX KOMMEHTApUEB M OOLUEHHUS MOKHO KCIOJIb30BaTh JIMUHBIE MOYTOBbIE
SILIMKY aBTOPOB (A. A. AnssMoBckuii — a_a_a@rbemail.ru, H. b. ITonomapes, A. U. Xa-
putoHoBuu — alharit@nika.sokol.ru). Mudopmanusi 06 0OHOBISHUX NPOrPaMMHBIX
NPOLYKTOB, TPUMEPbl PELICHUS 3ajady, APYrHe BOMPOCHL, CBA3aHHBIE C TEMOii
CAD/CAE, nocrynnbl Ha Web-caiitax http://www.sikor.ru, http://www.nika.biz.
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SolidWorks kak 6a3a
AN UH)XXEHEPHbIX NPUIoXeHW

B o210l r1aBe Mbl KpPaTKO PaccMOTPUM OCOOEHHOCTH HCIOJIb30BAHMSI CHUCTEMbI
SolidWorks kak OCHOBbI MOCTPOSHHSI MHTErPUPOBAHHOM Cpe/ibl MOACTUPOBAHUS U
aHanu3a.

1.1. UHTerpupoBaHHbie CAD/CAE-cuctembl

B nocneanee Bpems 4yeTko 0003HaUMIaCh TEHASHLUS IPYNITMPOBAHUS UHCTPYMEH-
TOB T€OMETPUUECKOTO MOJETUPOBAHUS U PACUETHBIX [IPOrpaMM B UHTETPUPOBAH-
HbI€ cucTembl. O1HOM 13 PUPM, NOJOKHUBLIUX HAYAIO TOMY rpoLeccy, Obiia PTC
(Parametric Technology Corporation), BHenpuBiuas B npounykt Pro/Engineer mo-
JyJY pacueTa Ha MPOYHOCTb METOJOM KOHEUHBIX 3JIEMEHTOB, MPOLELYpbl KHHEMa-
THUYECKOr0 W AuHamuyeckoro ananuza. OpHako nockoibky PTC nomemana
"BHeIIHUe" MPOAYKTbI B 0a30BYyI0 CUCTEMY HOA CBOEH TOproBoi Mapkoii (moxkymnas
aBTOPCKME MPaBa WIIM JKE Ha OCHOBE MapTHEPCKUX COTJIallleHUil ), OrpaHUYMBAs TTPH
3ToM Joctyn K uHtepdeiicy paspaborku npunoxkenuii (API) aist "cBoOoaHbIX"
pa3paboTUMKOB, TO HOMEHKJIATypa MPUIOKEHUH MPaKTUYECKU HE pacLIUpsiach.
®upma Dassault Systems Taroke BHenpuna B Catia V4 Moaynbs pacyera Ha Tpod-
HOCTb METOJIOM KOHEYHBIX 3JIEMEHTOB, IpUYeM ero (pyHKLMOHAIbHOCTD MO3BOJIsIIA
peluarh LUMPOKKUH KPyr 3a1a4 v Obljla HA MOMEHT Havasla JeBSIHOCTbIX I'0/I0B CpaB-
HUMa C TOH, KOTOPYIO UMEJIM YHUBEPCAJIbHbIE NMAKEThl KOHEUHO-JIEMEHTHOIO aHa-
nu3a. OAHAKO CTOPOHHHE Pa3pabOTUMKKU HE MOTJIM MOJYYUTh JOCTYI K IpOLedy-
paM mporpaMMmupoBaHus 0e3 coriacus Biaaaesblia 0a30BOro makera, TpeboBanoCh
Takke rmpuodpeTeHue JUlleH3mii Ha padoTy ¢ nponenypamu APL. Kpome toro, pas-
BUTHE MPUKJIAJHBIX MPUIOKEHUH CIEeP’KUBAJIOCh TOPOroBU3HON kak camoil CAD-
CUCTEMbI, TAK M anmnaparHbiX CpeicTB — rpaduueckux pabouyux cTaHuuil Ha Oaze
RISC-npoueccopos.
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Puc. 1.1. UndbopmaumonHas naHens SolidWorks

Curyauus w3MeHwaach ¢ mnosieieHrem cuctembl SolidWorks (uHpopmarmonHas
naHesb [POrpaMMbl Moka3aHa Ha puc. 1.1), koTopas mpakTUYECKH ¢ MOMEHTa po-
KAeHUs umesia OTkpbiThid APl Ha nepeom atane 310 cTrMysiupoBajio pa3pador-
YMKOB, KOTOpbIE CO3JaBaJid HOBbIE MPOAYKThHl WM Pa3BUBAJIM YXKE CYLIECTBYIO-
uiye, HO MMeIoLe MPUMUTHUBHBIA MHTepdelic nonpzoBarens. OyHKLUMOHAIbHAS
rpaguueckas cpefa U JOCTYI K MaTeMaTUUECKOMY amnmnapary uis o0paboTku reo-
METPUM PaAMKaJIbHO YCKOPSJIM CO3JaHHe KOMMepueckuX nporpamm. llpu stom
pa3paboTunky He ObUTH 00s3aHBI, TTO KpaliHeil Mepe 10 3Tana KOMMep4YecKol pea-
JIW3alUK, BCTYMNaTh B Kakue-nnbo odunmanbHele otTHoueHus ¢ pupmoii SolidWorks
(3a UCKJTIOUEHHEM, Pa3yMeeTCsi, MPUOOPeTeHus JIuiieH3un Ha nporpammy). C Haua-
Jla HOBOTO ThICAYENIeTHs Pa3BUTHE WHTETPUPOBAHHBIX CHUCTEM TIOLIJIO B pEKUME
camoBo30yxaenus. SolidWorks ctanm kpaiine momyssipeH, BOBJIeKasi B CBOKO OpOU-
Ty TBHICSYM HOBBIX TOJb3oBareneil. B 1o >xe Bpems, "camoctostenbhbie" CAE-
CHUCTEMBbI TIOJIOIIUIM K HEKOeMYy "TIOpOry HachIleHus" phIHKA, KOTJIa TPAKTHYECKH
Bce MpodeccuOHabHbIE PAacUeTYUKU Y)Ke 003aBenuch KaKoh-mubo mporpamMoii.
[ToaToMy (UPMBI-NPOU3BOIUTENH CTAIM PEKPYTHPOBATh HOBBIX MOTpeOUTENCH U3
cpelibl MHKEHEPOB-TTPOSKTUPOBUIMKOB, BHEJIPSISICh B MACCOBBIE CHCTEMBbI TIPOCKTH-
poBaHuUsl yepe3 co3fgaHue "ComyTCTBYHOIMX'" HMHCTpyMeHTOB. Ceiuac ocTaluch
CUUTaHHbIE €IWHHLIbI PAcUETHBIX MPOrpaMM, KOTOpble He MMenHu Obl B OOibLUei
WJTM MEHbILIel CTeNeHH YCeueHHOro (Mii, eciiu 0oJiee KOPPEKTHO, aJanTHPOBAHHO-
ro) eapuaHTa, (GyHKUMOHWpYIOUlero kak npuioxeHue SolidWorks wiu kakoi-
mubo napyroii CAD-cucremsl. [locnennssi, oueBUAHO, JOKHA UMETh JOCTONHYHO
BHUMaHUS TONb30BaTeNbcKyto 0Oa3y. Ilpouecc 3awen HacTtonpko riryOoKo, 4TO
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cHavana B SolidWorks 2003 nosisunuce "6ecruiatabie” mogyns COSMOSXPress,
SBJISIFOLLMICS MHCTPYMEHTOM pacuera Ha MPOYHOCTb HAYAJILHOIO YPOBHS, U MO-
nyib Ddusnyeckas AMHAMUKA, NpeAHa3HauYeHHbIH 11 "oxkuBiieHus" cOopok. Bepeus
2005 roga oborarunack npouenypoii MoldflowXpress, BbimonHstoieii aneMeHTap-
HYIO OLIGHKY NPOJMBaeMOCTH (GOPM MPU U3rOTOBJICHUM TOHKOCTEHHbIX JeTanel u3
TepMoriactoB. MOXKHO, KOHEUHO, JAMCKYTUPOBAaTh O CTENEHU aJeKBAaTHOCTH pe-
3yJIbTAaTOB, MOJy4aeMblX NOAOOHBIMU (dparMeHTaMu "OosnpLIMX" CUCTEM, OJHAKO
MapkeTHHroBas 3¢ (eKTHBHOCTh HecoMHeHHa 1 B3anMHa: SolidWorks nprobpera-
€T UMUK BCEOXBATBIBAIOLIETO OPYIHS, a TIOJIb30BaTelb HEHABI3UMBO BTATHBACTCS
B cdepy BIMSHUS TPOU3BOAUTENEH MHKEHEPHBIX POrPamMM.

Tem He MeHee paboTa B MHTETpUPOBAHHOM Cpefie MPOEKTHPOBAHUS U pacyera, Mo-
MHUMO MOTEHIMAIILHOTO YIyUIlIeHHs pe3yJsibTaTa, sBJISIeTCsl BeChMa yBIeKaTeIbHbIM
3aHATHEM. DTO TpeOyeT HOBBIX HABBIKOB, CBS3aHHBIX C OpraHu3alyeil paluoHalb-
HOTO B3aMMOJEHCTBUSI HECKOJIBKMX MHCTPYMEHTOB. PaccMOTpUM HEKOTOpbie BO3-
moxkHocTH SolidWorks, obecnieunBaroiue 3)(peKTUBHOE HUCTIONBE30BAHHE pacdeT-
HBIX MPUIIOKEHUI.

1.2. TBepaoTenbHOE MOgeNnpoBaHue

SolidWorks n3HauanbHO co3aBanach Kak cucTemMa TBEpAOTe/IbHOrO napaMeTpuye-
CKOro MozenrpoBanus. [IporpaMma comepKHUT BClO HEOOXOIUMYIO HOMEHKIIATYpy
MHCTPYMEHTOB, MPUYEM HEKOTOPbIC BO3MOXKHOCTH KpaiHe 3 deKkThBHbI Ajs pas-
paboTKM OOBEKTOB, OPUEHTUPOBAHHBIX HA MOCJCAYIOLIee HMCHOJIb30BAHUE MPO-
rpaMm pacyera. OTO NPOEKTUPOBAaHUE U3IETHI U3 JIUCTOBOTO MaTepuasa, CBapHbIe
Jaetand. OHU NO3BOJISIIOT MOJIyUMTh MOJIE/IM, BECbMa OJIM3KME K TPEOOBAHUSIM aH-
HBIX UHCTPYMeHTOB. [lonMHOXKecTBO (DYHKIMIA, OpUEHTHPOBAHHBIX Ha padoTy ¢
KPUBOJIMHEWHBIMU O0BbEKTAMH: MHCTPYMEHTbI CIUIAIHOB, KOMaH/Ibl CO3/IaHUs TEl,
MMEIOILMX KPUBOJMHEHHBIC MOBEPXHOCTH, MPOLEAYPbl OOecreueHus I1aKOCTH,
MOCTPOSHHUS COTIPSKECHUI, TTO3BOJIIOT — B a0COTIOTHOM OOJIBIIMHCTBE CITy4aeB —
C NPUEeMJIEMON TOYHOCTHIO FOTOBUTH MOJEJH ISl a9POrHAPOIMHAMUYECKOTO aHa-
7132 WM CBETOTEXHUKH (B 3a/1auaxX pacyera Ha MPOYHOCTh KaYeCTBO Mpe/ICTaBiIe-
HUS TOBEPXHOCTH HECKOJIbKO MEHEe MPUHLIMIMHUAIIbHBIN (HaKTop).

Hauunas ¢ Bepcuu 2003 roga, B SolidWorks nosisusicst MuorotenbHbiii pexxum. OH
CYIIECTBEHHO pacUIMpUII BO3MOXKHOCTH TMOJIb30BaTelIsl PU CO31aHUU reOMeTpHye-
CKUX Mogpeneil. OqHaKo aleko He BCe pacdeTHbIe CUCTEMbI MOJACPIKHBAIOT 3Ty
¢yHkumonanbHocts. Hanpumep, COSMOSMotion oOpabaTbiBaeT MHOrOTENIbHbIC
neranu, HauuHas ¢ Bepcud 2005 rona. COSMOSWorks 2005 He B cocTosiHMU pac-
CUUTHIBAaTh TaKKe OOBEKTHI HU B PeXKUMe JeTalli, HU TIPH aHaju3e cOOpOK.

SolidWorks no3sosisier co3naBath KoHMUrypauuu o0ObekTOB. MHTErpupoBaHHbie
MOYJIA B aOCOJIOTHOM OOJIBIIMHCTBE aIeKBAaTHO OO0padaThIBalOT 3Ty (DYHKIHO-
HaJIbHOCTb, MO3BOJISISl PACCUUTBIBATH Pa3HOOOPA3HbIE MCIIOJHEHHUSI PACUETHBIX MO-
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neneii, a, Hanpumep, COSMOSWorks 2005 crioco6en oqHOBpeMEHHO 0TOOpakaTh
pe3y/bTaThl HECKONbKUX pacueToB. Kpome Toro, mapamerpuueckoe npeacraBieHue
reomerpuu B CAD-cucreme 1no3posiuiio opraHuuHo Bkiarountb B COSMOSWorks
MOJYJlb MapaMeTpUUEeCKOll ONTUMHU3ALMY, & TAKKE HHCTPYMEHT CLICHapUEB MPOeK-
tupoBanusl. [locienHue npeaHazHauyeHbl Ui U3yUEHHUS] TOTO, KaK BJIMSIET U3MEHe-
Hue (OpMbl, FPAHUYHBIX YCJIOBUH, TUIIOB MAaTEPUAJIOB U T. I. HA CBOWCTBA KOHCT-
pPyKUMH. YTIIOMSIHYB O MaTepuajiaxX, OTMETHM, YTO OJHO W3 HalpaBJIEHUH pa3BUTUS
SolidWorks, cBs3anHoe ¢ Oosiee TOTHBIM yueTOM "BU3yaJbHBIX" CBOWCTB MaTe-
pHaJIOB, HAILUIO JIOTHYECKOE MPOAOJDKEHWE B MHTETpajibHOM 0a3ze MaHHBIX, BKITIO-
yaroleil kak MHpOpMaLHio O 1BeTe, MPO3PauHOCTH, TEKCType, TaK U TUIOTHOCTH,
XapaKTepPUCTHKAX YMPYrocTH W MpovHocTH (B BepcuM mnpoaykroB 2005 roma o0-
UMM SIBJISIETCS MOJIMHOXKECTBO XapaKTEPUCTHK, OMMCBIBAIOIINX YIIPYTrHe CBOMCTRA).

Jaxxe mepeuncnuth Bece Bo3MoxkHOCTH SolidWorks, koTopbie MOTYT OBITh MOJIE3HBI
TIPU CO3/IaHUW pacyeTHBIX MOjieNell, OUeHb TPYAHO. MBI peKOMeHTyeM 00paTHThCS
K JIOKYMEHTAllM{ MPOrpaMMBbl, MOCKOJIbKY KBaIM(HIMpOBaHHAs paboTa ¢ MpHIIo-
JKeHUSIMU TpeOyeT YBepeHHOTO BliaieHHs1 0a30BOi (hYHKIIMOHATLHOCTBHIO.

1.3. lMoBepxHOCTHOE M rMbpuaHoe
MoaenupoBaHue

ITo cpaBHeHuto ¢ cucreMamu anajgoruaHoro ypoBHs SolidWorks nmeer HanGonee
Pa3BUTBIC BOBMOXHOCTH IJIsi CO3/IaHMSI M PEAKTUPOBAHUS NOBEPXHOCTEH, a TaKiKe
COBMECTHOM 00paboTKK MOBEPXHOCTEH U TBep/biX Tej1. [loBepxHOCTHOE npeacTaB-
JieHue reoMeTpud akThBHO wucnonbdyercss B COSMOSWorks ans cozmanus Ha
9Toili Oaze 00OJOYEHHBIX pacueTHBIX Mojenei. Takke MPUCYTCTBYIOT (pyHKIUH
JUlsl aBTOMAaTU3MPOBAHHOIO BbIYWICHEHUsI CPEAMHHOW MOBEPXHOCTU JIsi TBEPAO-
TeTbHBIX O0OBEKTOB, KOTOPbIE 11e71ecO00pa3HO PACCUUTHIBATH MO 000I0YEUHOM MO-
nenn. SolidWorks o6namaer BceMu HEOOXOAMMBIMU MHCTPYMEHTAMH JIJIsl AOBOJIKH
MOJIyYMBUIMXCSI PE3YJIBTATOB COIJIACHO YCJIOBHOCTSIM pacueTHbix rnporpamm. Kpo-
me Toro, cam COSMOSWorks B cocTosiHUM reHepupoBarh CETKy 000JI0UEUYHbIX
3JIEMEHTOB Ha 0a3e CPEeAUHHBIX MOBEPXHOCTEN. DTa QYyHKLUS — MMJ10] COBMECTHOM
nestensHocTH pupM SRAC u SolidWorks. PazymeeTcs, mpu co3maHuu UCXOAHOTO
MpOoeKTa JOJIKHBI cOOMoaaThes OIpeneieHHble YCIOBUS Ui ee 3(PPeKTHBHOTO
(dyHkiuoHupoBanus. Takke MHTEerpaius MporpaMM MOAPa3yMEBAeT mepeaauy
4acTH paboThl, CBA3aHHOM C MOATOTOBUTELHBIMU OMEPALIMSIMU MPU CO3AHHUU CET-
KM KOHEYHBIX 37eMeHTOB, Ha SolidWorks. IMeHHO ero (yHKIMU crieayeT 3a/eii-
CTBOBATH JJIs1 MOAM(DUKALIMK MOBEPXHOCTEH C LIEbIO CO3/IaHUsI KOPPEKTHBIX CETOK
H3 000JI0YEUHBIX DJIEMEHTOB.

B neranu SolidWorks MoxkeT mpucyTcTBOBaTh Kak TBEpIOTENbHAs, TaK U MOBEPX-
HocTHas uH(opMaims. MHTerprpoBaHHble pacHeTHbIe MOIYJIM €CTECTBEHHBIM 00-
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pa3oM yuuTHIBAIOT 3TO obcrosTesibeTBO. Hekoropeie, Hanpumep, COSMOSWorks
MOryT o0pabaTbiBaTh B OJHOW Pacue€THOW MOJE/IM TOJbKO OJMH THI I'€OMETPHH,
OJTHaKO TO, YTO AJIs TIOCTPOCHUSI, HAPUMEp MOBEPXHOCTH, UCIIOIb30BAIUCH TBEP-
Zible Tena, JJIsl IPOorpaMMbl a0COTIOTHO Oe3pa3iudHo.

To e MoxkHO ckazarb 1npo npuioxenue BlankWorks, rae ucrounukom undopma-
LMY MOJKET OBbITh KaK COBOKYITHOCTb NTOBEPXHOCTEH, Tak v rpaHu Tea. Becbma npo-
cToi uHTepdelic naHHON mporpamMMbl MOApa3syMeBaeT aKTUBHOE WCIOJIb30BaHUE
dbyukuuronanbHoctu SolidWorks ajist noaroroBku noaxoasiueit HCXoaHOH UHGpop-
mauuu. Eciu, nanpumep, B8 COSMOSWorks u COSMOSFloWorks asns coznanust
CETOK MPHUCYTCTBYET (DYHKIIMOHAILHOCTh, TIO3BOJISIONIAS B TOH WJIM UHOM CTeNeHH
YIpaBIATh 3TUM TipolieccoM, To BlankWorks momHocThIo "nonaraercs” Ha pe3yib-
Tat pabotsl SolidWorks.

I'uGpunnbie reomerpuyeckrie MOAETH aKTUBHO HMCIIONB3YIOTCS B 3aJadax CBETO-
TEXHUYECKOTo aHallu3a U NMPOEeKTUPOBaHUA. 3aech pazaeneHne QyHKLUH clemayto-
miee. Ecnu 0OBEeKT sBIsieTCs OTpa)karesieM, MPUUeM MMeeT MPU 3TOM CIIOKHYIO
¢dopmy, Kak, HarrpuMmep, cerMeHTHast (apa, To Kak Ui orepaTopa MpH ee MPOeKTH-
pOBaHUM (C TOUKH 3pEHMs CBETOTEXHMUYECKHX XapaKTePUCTHK), TaK W IJIsl Mpo-
rpaMmbl pacuera 0ojee palMoHaIbHO UMETh MOBEPXHOCTHOE npecTasieHue. [lo-
ciie yJaoBjeTBopeHus (hyHKIMOHANIBHBIX TpeOOBaHUil Ha ero 0a3e MOXKHO MOCTpPO-
UTb OOBEMHYI MoOfeNb, KOTOpas OyIeT HCMOJIb30BaThCsl A KOMITOHOBKH,
pa3paboTKK OCHACTKH U T. A. [Ipy coxpaHeHUM accOLMaTUBHOM CBSI3U MEXIY pas-
HBIMU TPCACTABICHUAMUNU OOHOIO U TOIr0O K€ U3ACJIIUA MPOLECC MO[[[/I(bI/IKaIlI/II/I HC
BbI3bIBACT 3aTpyAHeHUI. Hepenko Bo3HMKaeT oOpaTHas 3ajada: pacueT roTOBOTrO
u3genus ¢ Leblo AajbHEHIIero WUCIOJNIb30BaHUs pe3y/bTaToB (HampuMep, eciu
CO3/1a€TCsl OCBETUTENbHAS CHUCTEMa C HECKOJIBKMMH OJWHAKOBBIMH MCTOYHHKAMH
cera). Toraga ans ynpoleHus aHaiu3a MOKHO BbIUJIEHUTb paboure MOBEPXHOCTH
M MMEHHO UX MepeaaBaTh B pacyeTHYIo nporpammy. Hepenku ciyuaum, koraa Bes
cOopka CBETOTEXHMUYECKOro ycTpoiicTBa (opmupyercss B (aiine eauHCTBEHHON
JeTaliy, a 3aTeM TpaHCIUpyeTcd B MpOrpaMMy CBETOTEXHMUYECKOro pacyera. He
BCErJa 3TO OINpaBJaHHO, HO BO3MOXKHOCTH MPOrpamMM Takod o0pa3 aeHCTBUN He
OTBEpPraror.

1.4. Pabota B c60pke

SolidWorks obsiagaer cambiMu pa3HOOOpa3HbIMU BO3MOXKHOCTIMU JIsl CO3AaHUS U
Moaudukauun cOopok. PacueTHble NMPUIOKEHUs, COOTBETCTBEHHO, 3TY (YHKLHO-
HaJIbHOCTh yuMThIBalOT. Kak u 11 Mozeneil TBepAOTENbHBIX U MOBEPXHOCTHBIX
JeTaneil, OTBETCTBEHHOCTh 3a KOPPEKTHYIO MOATOTOBKY MCXOAHBIX JaHHBIX IS
cbopok B nopasisitoleii yactu Bozsaraercs Ha CAD-cucremy. D10 3Ha4MT, 4TO
B3aMMHOE M0JIOKEHHUE JeTaleld Kak B CMbIC/Ie T€OMETPUH, TAK U B TOM, YTO Kacaer-
Csl Ha3HAYeHWs MapaMeTpoB MX B3aUMOJCHCTBHS B (DU3UUECKOW MOJEIH, TOJHKHO
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OTIpeIeIIAThCS MOCPEACTBOM COTpsDKeHUH. B sIBHOM BHIe OHM HHM B OJHY MpO-
rpammy, 3a uckiarouennem COSMOSMotion, He TpaHciupytoTes. PacuetHbie Mo-
JlyJIi UMEIOT JIEJI0 MCKJIIOUMTEILHO ¢ reoMeTpuei, Ho He ¢ cemanTukoi. COS-
MOSMotion B 1aHHOM psiay siBisieTcsa uckitoueHrneM. Ero Mmatemaruyeckuii anma-
paT J0nyckaeT OTCYTCTBUE B MOJIE/IM COOPKM CBSI3W MEXKIY ACTalsIMU, HO MpU
3TOM OMEpPaLMK, N0 CYTH UCHTUUYHBIC TEM, KOTOpPbIC BbinoHstoTes B SolidWorks,
MIPUACTCS MPOU3BOAUTE B TIpoliecce (hOPMHUPOBAHUS MEXaHH3MA.

Busyanuzanmio knHemMaThku cOopkn MokHO rosyunTh B SolidWorks, He mpuberas
K JIOTIOJIHUTEIbHBIM MHCTPYMeHTaM. [IpUBOJNTE ee B JABHIKEHHE MOMHO MbIIIBIO
uiu xe nocpeactsom QyHkuuu duznueckas nuHamuka. JlocTynHbl KOMaHabl U1s
MIPOBEPKU UHTEp(PEpeHLMH KaK B CTATUYECKOM, TaK U B JIMHAMHUYECKOM COCTOS-
HUM, a TAKIKE BO3SMOXKHOCTb BU3YyaJIM3aLMU JIBUIKEHUsI, CONIPOBOXKIAEMOr0 BXOI0M
JieTajieil B KOHTAKT U BbIXOJOM M3 KOHTakTa. [loaTomMy pekomeHmyercst noaBepr-
HyTb cOopKky mpoBepke uHcTpyMeHTamu SolidWorks, a yxxe 3atem ucnonbzoBaTh
pacuetHbie npouenypbl. Bce oM BecbMa UyBCTBUTE/bHbBI K MPUCYTCTBUIO UHTEP-
(hepeHLIMN meTaNei.

Ilocneanue sepcuun SolidWorks oGsagaroT pa3ButrbiM HAOOPOM KOMAaH[ jjisi npe-
obpazoBaHus AeTaiu B cOOpKy. OHO MOYKET OCYHIECTBISTLCS B PEIKUME aBTOMATH-
3MPOBAHHOI0 PACU/ICHEHHs OJJHOTO TeJa, a TaKkke 0a3uPOBATHCS HA MHOTOTE/ILHOM
npejacTaBieHud. Takas cxema MOCTPOSHHUsI HCXOIHBIX JaHHBIX MO3BOJISIET CTPOUTD
pacyeTHy0 MojieNlb COOPKH, aCCOLMATHBHO CBA3aHHYIO C €MHCTBEHHOM JIETAIIbIO.
D10 BechbMa y/100HO, KOra pacyeTHass MEXaHHU4YeCKasi MOJIe/Ib MPEANosaraeT KOH-
TaKTHOE B3aWMOJIEHCTBHE JleTalell ¢ OJJUHAKOBBIMH HJIH Pa3UuHbIMUA (DPU3HUECKH-
MU CBOMCTBAMU WJIU K€ BBINOJIHIETCS TEMIOBOM pacyeT € pa3jiIMuHbIMH Tel_UIO(bl/l-
3MYECKUMH XapaKTEpPUCTHKAMH MaTepHaioB. Pasymeercsi, MOXHO H3HAYalbHO
CTPOUTh W pacCUUTHIBATH COOPKY M3 "caMOCTOATeNbHBIX" JeTaliei, OHaKo, Ha-
IpUMEpP, CBAPHBIE KOHCTPYKLMUA UHOTJA MPOEKTUPYIOTCS B PEXKUME ACTAIU C IO-
crienytolielt TpaHcdopmariiei B cOopKy.

COSMOSWorks 1 COSMOSFloWorks umetor HaGop onuuii [yis BU3yaJlM3auuu
cOOpKH B COCTOSIHUM PACUJICHEHUS! WK B YaCTUUHO MPO3PayHOM COCTOSIHUM C O/1-
HOBPEMEHHBIM HAJIOXKEHHEM JIMarpamm pe3yJ/ibTaToB. DTH KOMaH/lbl TAKXKE pPeajiu-
30BaHbl Ha 6aze BosMokHocTel SolidWorks.

AKTyaJlbHbIM SIBJIS€TCSL BOMPOC O MOJICIMPOBAHUM COOPOK, COAEPKALIMX 0OJIbIIOe
YHCTIo JieTajleil. 3/iech clielyeT BbIIENUTh ABa acnekTa. [lepBblii cBsI3aH ¢ 6a30Boi
¢yHkumonasnbHocThio  SolidWorks 1jisi mocTpoeHus: reoMeTpuyecKoil Mojesu.
3mech BO3MOXKHOCTH TPOrpaMMbl HerpepbIBHO HapallliBaloTcs, U B HacTosilee
BpeMsi OONBIIUHCTBO MpoOeM B cOOpKax ¢ HECKONBKUMHU ThICSUAMM HECIOMXKHBIX
JIeTajiel BMOJIHE PeLlaeMbl MPU HAJIMYMK a[ICKBATHOrO armnapaTHOro ooecneueHusl.
KpomMe Toro, MOXKHO penakTHpPOBaTh MOJAETH B peKUMe COKpallleHHON cOOpKH.
Bropoii acniekT CBsi3aH C pacueTOM KOHCTPYKLMH, COCTOSIIMX 13 OObIIOrO Ynucia
JeTtanedd. 31ech MOTYT TPUTOAWTBCS Bo3MoxkHOocTH SolidWorks, mozBonstomue
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cOo3/1aBaTh CrielMalibHble pacueTHble KOH(Urypauuu cOOpoK, B KOTOPBIX "HEPYHK-
LMOHaJIbHbIE" OOBbEKThl OTCYTCTBYIOT (IOralleHbl), a OCTaBLUMECS CIeLHalIbHbIM
o0pazoM Moau(ULMPOBaHBI ¢ LENbIO ypouleHus: ux reometpun. bonee noapo6-
Hbl€ PEKOMEHJALMH M0 YBEJMYEHHUIO MPOWU3BOAUTEIBLHOCTH MPH MCMOIb30BAHUN
CAD/CAE-cuctem npuBejieHbI B 21age 10.

1.5. PaboTta B peXxume vyeprexa

Hu onHa w3 paccmaTpuBaeMbix MporpaMm He paboraeT ¢ uepTeskamu. OHaKO He-
KOTOpbIe TEXHOJIOTHYECKUE MPUIIOKEHUSI, HApUMep, MPOrpaMMbl ONTHUMAIBHOTO
packposi, co3ganus nporpamm YUITY st pe3kd JMCTOBOro merasia, B KaUecTBe
MUCXOJHOW MH(pOPMALIMK MOTYT MCHOJIb30BaTh KaK JaHHbIE O Pa3BEepPTKE JAeTallh W3
JIUCTa, TaK W HEMOCPEICTBEHHO uepTesku. KcraTu roBopsi, OTHONW W3 HOBBIX BO3-
moxkHoctel SolidWorks 2005 sinisercs Hanuuue npsmoro penakropa DWGEditor
s obpaborku DXF/DWG-daiinos. [loguepkuem, uto SolidWorks obGnanaer
BCEMHM BO3MOXKHOCTAMH JJis1 0OpPMIICHHsT YepTeskeid BO MHOTMX CHUCTEMaX CTaH-
naptoB, Briatoyas ECKJI.

1.6. O6MmeH rpacduueckoii nHchbopmaymnemn

OnuH U3 UCTOYHUKOB ObICTporo pacnpoctpanenus: SolidWorks cpenu monb3oBa-
Tesied COCTOsI B TOM, YTO Nporpamma MMesa LUMPOKUK BbIOOP TPaHC/ISTOPOB W3
nonyJsipubix CAD-cuctem, a Takke yHUBEpCalbHbIX rpaduueckux (opmaroB.
3areM MX YMCIIO PAaCUIMPSUIOCh 3a CYET HOBbIX MHTep(eicoB, a Al UMEIOLIMXCS
WHCTPYMEHTOB BbIMOJIHSIACh akTyanusauus. [lonHas HoMeHKnaTtypa BXOIHBIX
(dopmatoB nokazaHa Ha puc. 1.2. 3xnech 00paTMM BHUMAaHUE, YTO BO3MOXKHOCTD
CUUTBIBaHUS (aiyoB, CO3MAHHBIX MPUKIAAHBIMUA MPOrpaMMaMH, 3aBUCUT OT HX
Bepcun. Kpome Toro, ¢aiinbl, co3nannsie Catia V5 (OHM UMEIOT paciiipeHue cgr),
HECYT MCKIIIOUMTEJIbHO MIUTIOCTPATHBHYIO MH(OPMALMIO U HENPUrOdHbI IJIsi MX
MOAM(pUKALMK WM MCIIOJIb30BaHUSI B cocTaBe COOPKMU (TPaHC/STOPbI, KOTOpPbIE
OCYIIECTBIISIIOT MOAOOHBIN MepeHOC UHPOPMALUH, CYLIECTBYIOT, OJTHAKO B TAHHOM
KHHTe He paccMarpuBatoTes). Jns Mechanical Desktop u Pro/Engineer BoaMoxkHO
MOJTHOe WJIM YacTHYHOE (B 3aBUCHUMOCTH OT TOTO, Kakhe WHCTPYMEHTHI 0a30BOi
CUCTEMbI ObUIM KCIOJB30BaHbI) BOCCO3aHKUE JepeBa noctpoeHus moaenu. Orme-
THM, YTO UMIIOPT C CEMAHTHKOW peajiM30BaH, KaK MpaBwiIo, JJis He CIMLIKOM CBe-
JKUX BEpPCHUH MpPOrpaMM-UCTOYHHUKOB. B To e Bpems ammapaT oOpaGoTKH Hei-
TpaJIbHBIX (POPMATOB MOCTPOEH Ha MOCTEIHUX pesih3ax COOTBETCTBYIOLIMX IMpPO-
JIlYKTOB, TpU4eM OOHOBJIeHUs] Bepcui rpaduveckux (aiiioB OTCIEKHUBAIOTCS B
nakeTax ooHoBneHul (Service Packs) SolidWorks.

[To6GoYHBIM, HO, KaK OKa3aJloCh, OYEHb BaKHBIM CJICICTBHMEM HAJIMYHs Pa3BUTHIX
BO3MOXKHOCTEH oOMeHa rpaduueckumu daiinamu, sBuIack Npocrora (pasymeercs,
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OTHOCHTEJIbHAs ) OpraHu3auny uHTepdeiica Mexy NpUKiIaJHbIMU IPOrpaMMamMu U
SolidWorks. Te u3 pa3paboTuMKOB NMpoOrpaMm, KOTOpble UMEIOT JOCTATOYHO Pe-
CYPCOB WIJIM K€ HE UMEIOT COOCTBEHHOH rpaduueckoil 000J0UYKH, UAYT MO IyTH
UHTErpaly cBoero Maremaruueckoro anmnapara u SolidWorks, ucnonbsys, pasy-
meetcs, npouenypel APL. Jlpyroli BapuaHT, KOrja OpraHu3yeTcsi CKPbITbIA OT
MOJIb30BAaTENsl KOHBEPTOP, MO3BOJISIOWIMN NpeoOpa3oBbiBaTh MNPOCTPAHCTBEHHYIO
mozenb u3 Parasolid B popmar npuknanHol nporpaMMel HaOpsAMYIO WU XKe Yepes
MPOMEXKYTOUHYIO MO/I€/1b, UMEIOLLYIO, Hanpumep, dopmat STEP. B noaasistoiem
4ucIie cilydaeB 3T Mpeodpa3oBaHus OCYLIECTBIISIOTCS IOCPEJCTBOM MaTeMaTUKu,
nmeroeics B SolidWorks.

P &Nk

Hetane [*.prt;* sidpr

Chopka [* asm;* sldazm]

Yepres [F.diw;* slddrw)

DiF [*.dxh)

LG [* dwig]

Lib Feat Part [* Ifp:*.sldlifp)
Template [*.predot:*. asmdot;”. drwdot)
Parasolid [*4_t:*x_b* wrt_tat:* =mt_hin]
IGES [*igs:*.iges)

STEP APZ03/214 [* step: stp]
ALCIS [ 2at]

WDAFS [*wda)

WRRL [*. wrl]

STL [.5tl]

Cahia Graphics (*.car)

ProE Part [*.prt,” prt.* % mpr)

ProE Assembly [*.asm;* asm.** #ag)
UGI [ prt]

Iventor Part [%ipt)

Solid Edge Part [*.par]

Solid Edge Aszembly [* azm)
CADKEY [=prt*.ckd]

Add-nz [*.dll]

|DF [*.enn:® brd;* bdf # idb)

Boe ganie [*.7]

Puc. 1.2. dopmatbl rpacmnyeckmx annos, 4OCTyNHbIE ANS MUMNOPTUPOBAHNSA

Heckonbko yxe Kpyr BO3MOXKHOCTEH Ui Nepeaayu pe3ysibTaToB eOMeTpUH Uiu
pe3y/ibTaToOB pacdera U3 npukiaaHoi nmporpammbel B SolidWorks. B uucne pac-
CMOTPEHHbIX B JaHHOW KHHUI€ MPOAYKTOB 3TOH (D)YHKLMOHAJIBHOCTHIO OOsajaer
TracePro, kotopas umeer coOCTBeHHbIH rpaduuecKuil peaakTop, MO3BOJAIOLIMNMA
co31aTb T€OMETPUYECKYI0 Mofesb "c Hynasa" WM ke MOAU(PUUMpPOBAaTh OOBEKT,
WMIOPTUPOBAHHBIA B 3Ty nporpammy. Takoke — W 910 Oo0Jjiee MHTEpEeCHbIN clly-
yaif — MOXKHO BoccTaHaBiuBath B SolidWorks TpaekTopuu siyueii, paccuMTaHHbIX
B TracePro u 3anucaHHbIX B OJHOM U3 HeWTpanbHbIX (opmaroB. OnucaHHas B
kHure nporpamma ReflectorCAD umeeT Liesibio co3aaHue NOBEPXHOCTHOM Moaesu
CErMEHTHOro OTpax<areJfisi ¢ MocjeAylolen nepejgadye ee B reoMeTpUYecKui pe-
JIaKTOp WK mporpamMmy pacueta. SolidWorks ¢ ero Bo3amoxHocTs MU oOMeHa rpa-
(hvKol, a Takke WHCTPYMEHTaAMHM PedaKTHPOBAHMS, WCTIONb3yeTcs Kak "mocpen-
HUK" MEXIY MporpaMMaMu.
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ypaBHEeHU PU3NKn
B MmexaHun4veckunx CAIP

®dusryeckue MpoLECChl, XapaKTePU3YIOLIUE HANPSIKEHHO-AS(POPMUPOBAHHOE CO-
CTOSIHUE TBEP/IbIX TEJ, JABHIKEHUE U TEIUIOOOMEH TEKy4eH Cpejibl, MOACIUPYIOTCS
PaccMOTPEHHBIMHM B aHHOW KHUTE MpOTrpaMMaMH C MOMOIIbIO ypaBHEHUH, OMH-
CaHHBIX COOTBETCTBEHHO B 2nagax 3, 4 u 5. B naHHOU rnaBe, ¢ obuiereopernuye-
CKOM TOUKHM 3peHus, T. €. 0€3 OnucaHuss KOHKPETHOIO MPUMEHEHUS Jj1sl PELLEHUS
STUX YPaBHEHWH, PaCCMOTPEHBI MCMOJB3YEMbIE METOJbI PEIICHUS TUX ypaBHE-
HUU: METOJI KOHEYHBIX 3JIEMEHTOB (CM. pa30. 2.1) U METOJI KOHEYHbIX 00BEMOB
(cm. paszo. 2.2). DTA MeTOAbl UCTONB3YIOTCS JOCTATOYHO HMIMPOKO JIsS PerleHHs
pa3NUYHBIX YpaBHEHUU MPHU MaTeMaTHUECKOM MOJAETUPOBAHUM Pa3IUYHBIX (U3U-
YEeCKHMX MpoieccoB. B paccmaTpuBaemMbiX B JAHHOW KHUTE MPOTrpaMMax d3TH METO-
Jbl, MOC/E HEOOXOAMMON KOHKPETH3allMu, WUCIMOJIb3YIOTCS COOTBETCTBEHHO ISt
pelleHUs] yPABHEHUI HAMNPsSKEHHO-1e(HOPMUPOBAHHOITO COCTOSIHUS  TBEPAbIX
Ten — B COSMOSWorks (cm. enaser 3, 4) v nnst peliieHns ypaBHEHUN JBHOKSHUS U
TeruiooOMeHa tekydeii cpensl — B COSMOSFloWorks (cw. enasy 5).

Taroke Oyayt npuBeaeHbl 0a30Bble CBelEHHS 00 ajlrOPUTMAax MapaMeTpUuecKoi
ONTUMU3ALUH U 0030p MOHATHH, KACAIOIINXCS CBETOTEXHUYECKOTO aHAJIN3a.

2.1. OcHOBbI MeTOAa KOHEYHbIX 3JIEMEHTOB

Memoo xouneunvix snemenmos (MKD) B HacTosiiee Bpems sIBJIsIETCS CTaHAAPTOM
MpU PEeLLEHUH 3a]]au MEXaHUKHU TBEPIOro Teja MocpeICTBOM YMCACHHBIX allrOPUT-
MOB. [TonyJisipHbIi B CBOE BpPEMsI METOJI KOHEUHbIX PA3HOCTEH, a TAK)KE NPETEH/0-
BaBUIMH Ha YHUBEPCAJbHOCTb METOJ TPAHUYHBIX 3J€MEHTOB (IpaHUYHbIX HHTeE-
rpaJIbHBIX YpaBHEHUH) ceifiuac 3aHUMAIOT JOCTATOYHO Y3KHE HULLIM, OTPaHUYEHHbIE
HCCIIel0BaTENbCKUMU WM clieluanbHbIMU 3afadamMd. MKD 3ansan nuaupyroinee
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noJjioxkeHue OJsiaronaps BO3MOXKHOCTH MOJEIMPOBAThH LIMPOKUI Kpyr oOBEKTOB U
aBfaeHUH. AGCoMOTHOE OOJBIIMHCTBO KOHCTPYKTUBHBIX 3JIEMEHTOB, Y3JI0B U KOH-
CTPYKUMH, M3rOTOBJIEHHBIX W3 CaMblX pa3HOOOpa3HbIX MaTEpUAaOB, HMMEIOLLUX
pasIuyHyl0 MPUPOAY, MOTYT ObITh paccuuTaHbl nocpeactsom MKDO. Ilpu stom,
pasymeercsi, Hy)KHO YUWTbIBaTb HEM30EXKHbIC MPH JIFOOOH YMCICHHOHN annpokcu-
MalMK1 YCJIOBHOCTH M morpemHocTy. [103TromMmy Bonmpoc coOTBETCTBUS MEXAY pac-
YETHOM MOJEJIbIO M PeasbHOCTBIO SIBJISIETCA, MOKaMyH, OCHOBHBIM MPH UCIOJIB30-
BaHUM Nporpamm aHaiuza. HecMoTpsi Ha To, 4TO Takue rporpamMmmMbl UMEIOT OoJiee
WK MeHee MOoAPOOHYI0 TOKYMEHTALMIO, OHU BCE PABHO OCTAIOTCS B ONPEAESICHHOM
CTEMEHU YEPHbIMU SIIMKaMU. DTO O3HA4aeT ONpElesIeHHYI0 HEeNpeacKa3yeMoCThb
pe3y/bTaTOB, a TAKXKe HEKOTOpbIA MPOU3BOJ B UX MHTeprnperauuu. CienoBarelib-
HO, KaueCTBO 3aK/IFOUEHUI, IPUHUMAEMbIX HA OCHOBE PE3YJIbTaTOB, BCELIE/IO0 3aBU-
CUT OT KBaJIMQUKALMK, & TAKKE, TPUMEHUTEIILHO K pacyeTy Ha MNPOYHOCTb, IPUH-
LMITMalIbHOTrO 3HaKoMcTBa ¢ ocHoBamu MKD. Ha sty Temy ony0iukoBaHO Hema-
JIO€ YMCJIO KHUT, Hanpumep [3], none3Ha Takke JOKyMEHTaLus K nporpammam [16,
18]. B nanHom paznene mbl OyaeM paccMaTpuBaTbh 3TOT METOA NPUMEHUTENBHO K
3a/auaM MEeXaHUKHU 1e(hOpMUPYEMOro TBEpAOTo Tea.

2.1.1. NMNoHATNE KOHEeYHOoro 35IeMeHTa

B ocHoBe Meroja JIe)KHT AMCKpeTHU3alusi 0O0beKTa C LeJIbl0 PelieHUs YpaBHEHUH
MEXaHHUKU CIUTOLIHOM cpelpl B MPEANONOKEHNUH, YTO 3TH COOTHOLUEHHS BBITOJIHS-
I0TCSl B Mpenenax KakIoW U3 aleMeHTapHbIX o0nacteil. OTu 001acTi Ha3bIBAKOTCS
KOHEYHbIMM 3jieMeHTaMu. OHM MOTYyT COOTBETCTBOBATh PEaJIbHOM 4acTu Mpo-
CTPaHCTBA, KaK, HaNpUMep, NMPOCTPAHCTBEHHbIE 3iieMeHTbI (puc. 2.1, 2.2), uim xe
ObITb MaTeMaTHUecKOH aOcTpakuued, KaK 3JIeMEeHThbl CTEepyKHEH, Oanok, MIacTUH
wiu 00oJiouek (puc. 2.3). B npeaenax KOHEUHOro 3/1€MEHTa Ha3HAYAKOTCSI CBOMCT-
Ba OrpaHMYMBAEMOr0 UM Y4acTka oObekTa (3TO MOryT ObITh, HAIPUMEp, XapaKTe-
PUCTUKU JKECTKOCTH M MPOUYHOCTH MaTepuasa, MJIOTHOCTb U T. [I.) U OMUCHIBAIOTCS
MOJIT MHTEPECYIOMINX BeJIMYWH (TPUMEHHTENIbHO K MEeXaHWKe TBEepAOTO Tena 3TO
nepemelleHus, aedopmanuu, HarpskeHus U 1. A.). [lapameTpsl u3 BTOpOit rpymniibl
Ha3HayaloTcs B y3/1ax 3JIEMEHTa, a 3aTeM BBOISATCS WHTEPNoNupyomue GyHKLUNH,
MOCPEJICTBOM KOTOPBIX COOTBETCTBYIOIIIME 3HAYEHUSI MOYKHO BBIYHMCIIHUTH B JIIOOOMH
TOYKe BHYTPH dJIEMEHTa WM Ha ero rpaHuLe. 3ajjadya MaTeMaTHUeCcKOro OTHUCaHUs
JJIeMeHTa CBOAMTCS K TOMY, YTOOBI CBSI3aTh ACHCTBYIOLIME B Yy3/1aX (aKTOPHI.
B Mexanuke cCruiomiHoil cpenbl 3TO, KakK TIPaBMJIO, TMEpPEeMEIeHUs] W yCHIIHS.
PaccmoTpum npsiMoii MeTOZI MOCTPOCHHUSI yPaBHEHH, CBS3bIBAIOIINX 3TH (aKTOphI
B MpeeNax KOHEYHOTO 3JIEMEHTa, B MPEaNoN0KeHUH TMHEHHOH MOCTaHOBKH.

1. Tlone mepemeieHnii A B mpeaenax sieMeHTa (IUis MpOCTPAHCTBEHHON 3aauun
T o
A= [u,v, w] ) TIOCPECTBOM MHTEPIOIALMOHHBIX (YHKLMI (B TaK Ha3bIBaeMbIX

n30NapaMeTpuUYCCKMX KOHCYHbLIX 3J3JICMCHTAX, HWCIOJIb3YyCMbIX, B 4YaCTHOCTH,
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B COSMOSWorks, o uaeHTuuHbl QyHKUMSIM GOPMBbI), cCOOpaHHBIX B MaTpH-
ny [N], seipaxaercs uepes ysiosbie nepemeruerus {4} . CMbiC HHTEPNOs-

HIHWOHHBIX (1)yHK]_II/II7l COCTOHUT B TOM, qTO6I>I, 3Has BEJIMYUHBI, HAIIpUMEp, IMepe-
MEIICHHUI B y3j1ax, MnojiyduTb HX 3HAYCHUSA B Mo00M TOuKe 3JIeMeHTa B
3aBUCUMOCTHU OT KOOPAHHAT. B MaTpUuyHOM BUAC COOTHOLICHWUSA UMCHOT BU:

A=N-{4}.

JUisi nmpocTpaHCTBeHHO 3amaun {4} = [ul,vl,wl,uz,vz,wz,...,uk,vk,wk ]T, rue
k — 4nCIO y3710B KOHEYHOTO 3JIeMEeHTa.

. Tone nedopmaumii € Bhipaxaercs yepes crenenn cBoboapl {4} nocpeacrsom
JuddepeHUUpOBaHKS OIS MepeMelleHui (a pakTUIeCKy UHTEPIOJSLMOHHBIX
(GYHKIMI) COTIaCHO COOTHOILEHUSM, COOPAaHHBIM B MaTpHILY [D] U CBS3bI-
BaIOIIUM J1e(hOpMaLMU ¢ epeMeIeHUIMHU:

e=[D]-{4}.

. C yueToM ypaBHEHMI COCTOSIHUS, B OCHOBE KOTOPBIX JIEXKHUT 3aKOH |'yka u Ko-
3¢ PULUMEHTBl KOTOPbIX 00pa3yloT MaTpULly [E] , YCTaHaBIMBaeTCsA CBA3b CHa-
yajia MeX1y MoJjieM HamnpspKeHUH 1 nosieM fedopmanuii:

o=[E]e,
a 3aTeM U MEX/y HATIPSKEHUSMH M CTETEHAMHU CBOOO/IbI B y3IaxX:
o =[E]-[D]-{4}.
. DOpMyMpYIOTCS BbIpaKeHHs A1s cunl {F}, NeHCTBYIOWMX B BepLIMHAX oJle-

MEHTa, B 3aBUCMMOCTH OT MOJIsI HANpsSHDKEHUH G, Ul 4ero UCHoJsIb3yeTcs: mMart-
puLa npeoOpa3oBaHUs HAMIPSKEHUN B Y3/10BbI€ CHUJIbI [A] :

(K} =[4]-{o}.

. CBs13bIBalOTCS BBIPYKEHUS [Tl Y3JIOBBIX CHJI U TIepeMeIleHHH B y3Jax:
{F}=[k]-{4},

rae [k] = [A] . [E ] . [D] — Mampuya JHcecmKocmu KOHEYHOTO 3JIEMEHTA.

. s npuaaHus marpuue [k] CBOMCTBA CUMMETPUM 100MBAEMCsl 3aMEHbI MaT-
puLbl Ipeo0pa3oBaHuUs XKECTKOCTH MATPULICH, TPAHCIIOHUPOBAHHOM K MAaTPULIC
npeoOpazoBaHus nepeMelneHuil B neopMauu [D] . Torna:

[K]=[D] [£]-[P].
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[lepeuncneHHbIe 3aBUCUMOCTH MO3BOJISIOT, 3HAas MEPEMELICHUSI B y3J1aX, MOJIYYUTh
BE/JMUMHbBI CUJI, @ TAKIKE PELLMTh O0PaTHYIO 3a/auy: [0 CujiaM HalWTu nepemelie-
HUS, 3aTeM JedopMaliy U HAMpsKeHHS B Mpe/iesiax KOHEYHOTO AJIeMeHTa.

[Npsimasi hopMysIMpOBKa, Kak NPaBUIIO, UCIOJBL3YETCs J1sl OYUYEHUs MaTPHLL HKe-
CTKOCTH KOHEUHbBIX 3JIEMEHTOB CTepXHeH, OanoKk M IIacTHH, a Takke AJS onuca-
HUS [IpolLiecca TEMIONPOBOIHOCTH.

Jist nostyueHus MaTpULL dKECTKOCTH NPOCTPAHCTBEHHBIX JIEMEHTOB Hanbosiee yac-
TO MCMOJIB3YIOTCS BapUallMOHHbIE TNPHUHLMIBI, HanpuMep, MPUHLHAIN MHUHUMYyMa
noreHuHanbHo sHepruu. [losyueHHas Takum oOpa3oM MaTpuLa KECTKOCTH W3
nyHkra 6 31ech OyIeT BbIUMCIISTHCS KaK:

[k] = ;[[D]T [E][ D] ddvez

IIpoGaema uHTErpupoBaHUs MO 00BEMY Teja CJIOKHOHU (HOPMBL WM XKe, B Cilydae
000J104EUHBIX 3JIEMEHTOB, — M0 KPUBOJMHEHHON MOBEPXHOCTH PELIaeTCs 3a CYET
TOrO, YTO BBIPAYKEHMS 3alUCHIBAIOTCS B JIOKAJILHON CUCTEMe KOOPAMHAT, CBA3aH-
HOM C 3jieMeHTOM &\, 1), NPUYeM KOOPAMHATBHI UBMEHSIOTCs B MHTepBajie [—1, +1].

[Tpu 3TOM BbIpaXKkeHHUE /1/151 DJAEMEHTAPHOr0 00beMa NMPUOOPETaeT BUL:
dxdydz = |J| d&dwydn,
rae |J | — onpenaenuTenb mampuysl Axoou, unu sikobuan npeodpaszoBanus. Toraa:

+1+1+1

[K]=| [ [ [[D] [E][D]det[J]dédwydn

-1-1-1

AHanUTUYECKUI pacyeT MHTErpajioB B BBIPAKEHUH JJISI MATPHULbl JKECTKOCTH He-
BO3MOJKEH Ja)ke i1 TPEYroJbHUKOB C KPUBOJMHEHHbIMM cTOpoHamu. [loaTomy
npuberatroT K YMCISHHOMY WMHTerpupoBaHvio. OHO 3aK/II0YaeTcsi B 3aMEHE WHTe-
rpajga CyMMOH MpPOW3BENEHUI NOABIHTErPAIIbHBIX BBIPA)KEHUM, BBIYHUCIICHHBIX B
Toukax l'aycca wiM B HEKOTOpPOHM ApYroil cUCTEME TOYEK HA COOTBETCTBYIOLLUE
BecoBble KOI(P(MUUMEHTbI. DTOT MPOLECC COMPOBOXKAAETCS PacueTOM BeJIUYMHBI
onpenenurens sikobuana. OrpuuaTesbHas BeJIMUKMHA ABJSIETCS CJAEICTBUEM BbIPO-
JKA€HHOCTH AaHHOTO KOHeuHoro sneMeHTta. Kak mpaBuno, undopmanus o JaHHOM
00CTOSTEJILCTBE IOMELLACTCS B IMarHOCTUUECKUE COOOLLEHHUSI IPOrPamM.

ITpumepsl KOHEUHBIX ArieMeHTOB, pucyTeTByromnx B COSMOSWorks, npusene-
Hbl Ha WUTIOCTPAMIX: 00BEeMHBIH TeTpa’ApalibHbIi ¢ JTUHEHHBIM TTOJIeM TiepemMe-
LieHUi B npejenax orpaHuuMBaeMoil UM o0iacTu (U, COOTBETCTBEHHO, MMOCTOSH-
Holi pedopmauueil) — Ha puc. 2.1, oObemMHbIi TeTpa’apaibHblii ¢ napadosuue-
CKUM MoJjieM nepemelleHuii (JinHelHbiM pacnpezaeieHuem jaedopmanuii) — Ha
puc. 2.2, TpeyroibHbli 3JeMeHT 000JI0UKK ¢ napaboJIMUecKUM MoJieM fepemelie-
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HUI W yrjioB noBopora — Ha puc. 2.3. Ha pucyHkax Takke 0003HauY€Hbl JIOKaJlb-
Has cUCTeMa KOOpAMHAT 3jeMeHTa &,\,T , riodajibHas cucTeMa KOOPAMHAT TeJa
X,Y,Z , nepemeliieHus B JIOKaJbHOMU: U, V, W, Ul 000JIOUEYHOIO TAKIKE YIJlbl M0-
BOpOTa OTHOCHTENBHO JIOKANIbHBIX Ocedl B y3ie ©.,0,,0, u B robdanbHOM:

U,V,W cucremax KOOpAUHAT.

&
ot

Puc. 2.2. O6beMHblil napabonuyeckui
KOHEYHbI 3aneMeHT

Puc. 2.1. O6beMHbIN NUHENHbII
KOHEYHbI 3afIeMeHT

Puc. 2.3. Napabonnyecknii KOHEYHbIN 3NEMEHT NMOBEPXHOCTM

2.1.2. NMocTtpoeHune nporpammbl MK3

HNmes maTemaTHuecKkuii afrapar A MOJYHYCHUS MAaTpHULl XKECTKOCTU KOHCYHBIX
SJIEMCHTOB, MPUBCACHUA HArpy30K, MPUIOKCHHbBIX K MOBEPXHOCTHU WJIK B oobeme
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JJMieMeHTa K YCHIIMAM B y371aX, a Takke pellleHUs OOpaTHBIX 3a]au: BbIYHCICHUS
noJiel nedopmauuii U HanpspkeHUd B 00beMe diieMeHTa Ha 0a3e nepemelleHuil B
y371ax, MOKHO TOCTPOUTH anroput™ MKD. MbI npuBeieM OfIMH U3 €ro BapuaHTOB
JUlsl pelueHus 3a7a4y B JiMHEHHOW nocraHoBke. KoHKpeTHbie peajau3auuu MOryT
CYLIECTBEHHO OTIUYAThCS OT IaHHOW CXEMBI.

1.

[IpousBoautcs auckperusauus o0beMa, 3aHUMAEMOro AETallblo UM cOOpKOi
Ha JJIEMEHTHI, WM, KaK FOBOPST, CTPOUTCSl CETKA KOHEUHBIX 3JIEMEHTOB. Jlns
o0bemHOro Tejaa obsiacth pasduBaercs (B pamkax (yHkuuonasbHoctu COS-
MOSWorks) Ha TeTpasnapbl ¢ TpaHsIMH, ANMPOKCUMUPYEMBIMU JTHHEHHBIMHU
(JinHeliHas 3aBUCMMOCTb OT KOOPAMHAT) WM NapaboiMYecKUMH (YHKLUHUSMU
KoopAuHat. Jlj11 MOBEPXHOCTHBIX MOJEJeH — Ha TuIoCKWe (JIMHelHas) uiu
KpHuBO/IMHelHbIe (napadonuueckas 3aBUCUMOCTb) TPEYTOJbHUKH.

Jist IpOCTpaHCTBEHHBIX KOHEUHBIX JIEMEHTOB CTENEHSIMU CBOOOADI SIBJISIFOTCS
MepeMelleHHs B HallpaBJIeHUH OCEH JIOKaJIbHOM CUCTEMbl KOOPIMHAT 3JIEMEHTa.
[ KOHEUHbIX 371€MEHTOB 000JI0YEeK K TPEeM MEPEeMELlEeHUSIM B KaXKIOM y3iie
J100aBJISIFOTCS 10 TPU YIJia MOBOPOTa HOPMaJIM K CPEAMHHON MOBEPXHOCTH 00-
JIACTH, aNMPOKCUMHUPYEMOH 3JIEMEHTOM, OTHOCUTEJILHO TeX e OCei.

Onpepesiiores 3aBUCUMOCTH JJIsl peoOpa3oBaHusl epeMeLleHUid U YIJioB 1no-
BOPOTA B y3J/1aX K 1J100aJIbHOW CUCTEME KOOPJIMHAT.

. Beramcnsiorcs MaTpulbl XKECTKOCTU KOHCYHBIX J3JIEMEHTOB. B (bOpMyJ'[I)I JUISL

pacyeTa KOMIIOHEHTOB MaTpPULL )KECTKOCTU KOHEUYHbIX JIEMEHTOB OMUMO KO-
OpAVHAT Y3JIOB BXOAAT MOIYJH yrpyroctv u koaddunmentsr Ilyaccona mare-
puanoB. To ecTb ecnu aHanusupyercs cOopka, TO B 3aBUCUMOCTH OT MPUHAJ-
JIeXKHOCTU 3JIEMEHTa JleTalld MpU pacueTe MaTpHIL] KECTKOCTH 3JI€MEHTOB HC-
MOJIB3YIOTCS] COOTBETCTBYIOIIME XapaKTEePUCTUKH JKECTKOCTU MaTepHana.

. HOJTylleHHLIe MaTpuUlbl )KECTKOCTU C HUCMOJIL30BAHUEM 3aBUCUMOCTEH IS Te-

pexofa oT JOKaJIbHBIX CHCTEM KOOPIWHAT dJIeMeHTa B riio0anbHbie peodpasy-
I0TCSI B TI100QJIBHYIO CUCTEMY KOOPIMHAT.

. ManI/ILIBI JKECTKOCTH, MPEACTABJICHHLIE B rno0anbHBIX KOopAuHaTax, O6’beL[I/I—

HSIIOTCS B TTI00TBHYIO MAaTPHLLy JKECTKOCTH [K ] .

Haznauennslie monp3oBaTesiemMm T'paHHUYHBIC YCJIOBUA, CTATUYCCKUC U KUHEMAaTU-
YECKUEC, MPUBOAATCA K HArpy3kaMm U NnepeMCulICHUIM B y3jlaX, BbIPaXKCHHbLIM B

rj100aJIbHOM CHCTEeME KOOPJMHAT, U BKJIFOHAIOTCS B CTOJI0CL, yCUIui [F ] .

[TosnyueHHas nuHeiHas cucTeMa ypaBHEHUN BUJA [K] . [A] = [F ] peluaercs OT-

HOCHUTESIbHO CTONIONA NepeMellieHrid. To Haubosiee TPYAOEMKHi 3Tam pacyera.
g peunieHns MCMONB3YIOTCS UTEPALMOHHbBIE WIIM TMpsiMble MeTolbl. Marpuia
JKECTKOCTH, KaK MPaBUJIO, XPAaHUTCS B KOMIIAKTHOM opMe, CTPYKTypa KOTOPOH
onpezesseTcs 10 ITana ee 3aroIHeHUS MAaTPULIAMHU )KECTKOCTH JIEMEHTOB.
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9. Jlns KaXaoro KOHEYHOro 3JIeMEHTa, uMmesl nepemelleHus: (yribl MoBOpPOTa)
B y3J1aX U annpoKcuMupyrolme GpyHKIuU, paccunTbiBatores aedopmanuu. Ec-
JIY 3JIEMEHTbI JIMHelHble — NedopMaLuy B Mpeaenax 3IeMEeHTOB [OCTOSHHbIE,
€clli 3JIeMEHThl napabonuyeckue — aedopmaluu W3MeHstoTes auHeiiHo. Ha
OCHOBE ﬂed)opMaum‘/'I BbIYMCJISIFOTCSl HANpsKEHUsE B djiemeHTax. [Ipu Heo0Xxo-
JUMOCTH ((DYHKLMSI NPOrpaMMbl) HANpsDKEHHUS! B y3JlaX CMEXKHBIX 3JIEMEHTOB
OoCcpeAHsIoTCs (3TO TaKkke BeCbMa OTBETCTBEHHBIN 3Tam, Mo-pa3HOMY peliae-
MBIl B Pa3IMUYHBIX MPOrpamMMax) C MOCIEAYIOLINM MepecueToM HanpsLKeHHUH
B npezesnax KakIoro 3JeMeHTa.

10. Ha ocHOBe KOMIMOHEHTOB HampsKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS U Ma-
paMeTpoB MPOUYHOCTH Marepuana (MaTepuasioB) MPOWU3BOIUTCSA BBIUYHCICHHUE
OKGUBANEHIMHBIX HANPAJICEHUN TIO KAKOMY-TTU00 Kpumepuio npouHocmu.

2.1.3. YueT HenuHeinHocTu B npouepypax MK3

Becbma yacTo MoaysIM HEMMHEWHOTO aHanu3a B nporpamMmax MKDO saenstorcs Han-
CTpolikoil Haj 0a30BOI 4YacThiO, OTBeHaloIel 3a YNpyruid cTaTU4ecKHil pacuer.
PaccmoTpuM HekoTOpble acmeKThl peanu3aluy 3TUX poLelyp B cBeTe UHpopMma-
LI U, U3JI0KEHHOM B [6, 8, 17].

Henuneiinble 3a1aun XapakTepu3ylOTCs HEJTMHEWHOW 3aBUCHMOCTBIO MEXIY Hei-
CTBYIOLIMMH (hakTOpaMu W peakuueii Ha HuUX cuctembl. Kpome Toro, Hepeako rpa-
HUYHbIE YCII0BUS (MPUIIOKEHHbIE HArPY3KH M MePeMEeLIeHHs) U3MEHSIOTCSI BO Bpe-
MeHu. Jlyis yudera 3TOro sSBJICHUS BBOAWTCS TOHSATHE Kpugas epemeru (B COS-
MOSWorks — Time curve). CMbicT ee B TOM, 4TO BBOJUTCS MapameTp, UMEIOIIH
pa3MepHOCTh BPEMEHHU U, B 3aBUCUMOCTH OT €r'0 BeJTMYUHBI, HA3HAYAOTCS OTIpe/ie-
nsieMble UM ycIioBusl. To ecTh akTudecku cTposarces rpaduku, B KOTOPBIX aOcIvc-
ca— 3TO BpeMsd, a OpAMHaTa — CHJjla, HampsbKeHue, nepeMenieHne u T. a. Ecau
paccUMTbhIBaeMblii OOBEKT CONEPIKUT MaTepHall, XapaKTePUCTUKH KOTOPOro MOTYT
3aBUCETb OT BPEMEHH, TO MapaMeTp COOTBETCTBYET (DU3UUECKOMY BPEMEHH.
B nmporuBHOM ciyyae — 3To abcTpakTHasi BeTHUMHA, MacinTad KOTOPOW BBIOHpa-
eTcsl U3 cooOpakeHUl yaoOCTBa Mpe/cTaBlIeHns KPUBBIX (pearbHOe BpeMs (ury-
pHUpyeT Takke B 3ajadyax JMHAMUKH, odHAKo pyHKurnoHaabHOCTE COSMOSWorks
He TpeaycMaTpuBaeT WX peuieHus). [aBHbIM TpeOoBaHMEM B XOJE OMUCAHHUS
BHELIHUX (PaKTOPOB SIBISIETCS CHMHXPOHHOCTh WX jelcTBus. Hanpumep, eciiu Ha
00BEKT, U3rOTOBJACHHBIA U3 Marepualia, KOTOpbIi 00jaaaeT CBOWCTBOM (uzuue-
CKOI HEeITMHEMHOCTH, CHaYajia JIeWCTBYeT OJIHA CHIIa, a 3aTeM, IOclie TOro KakK ee
JelicTBHe TpeKpainaeTcs, apyras, TO TiepBblii (akTop pa3Mmelnaercs B OJIHOM HH-
TepBajie, a BTOPOW — B clieAytomeM. J[TUTeNbHOCTh 3THX WHTEPBAIOB MOXET
ObITh paznuuHa. M HaoOOpOT, eciiu CUIlbl B PEAIbHOCTH MPHKIAJIBIBAIOTCS OJHO-
BPEMEHHO, TO pa3MellaTh UX ClieJyeT B OJHOM U TOM JKe OTPe3Ke BPEMEHH.

Caenyrouias mpoueaypa, Heooxoaumas st moaudukanmu aaropurma MKD3 npu-
MEHHMTENBHO K PelleHUI0 HEeNMMHEMHBIX 3ajau, — YMpaBleHHe COXpaHeHHWeM CHC-
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TEMOW COCTOSIHUsI paBHOBeCHsi. B GOJIbIIMHCTBE NPUKIAJHBIX TPOrpaMM MPUCYT-
CTBYIOT TPU METO/A, UCMOJb3YEMBIX AJI Pa3JMUHbIX KJ1ACCOB 3a/au.

O Memoo cun (Force Control) (puc. 2.4), xoraa nociie yBeJIUYeHHUsS HArpy3ok B
COOTBETCTBMU C KPUBOI BPEMEHH Ha BEJIMUMHY HEKOTOPOT'O Llara ornpeaesisitoT-
csl TepeMellleH s, YIOBIEeTBOPSIOLINe ypaBHEHUAM paBHoBecHs. Kak mpasuiio,
METOJ CHJI TpUMeHseTcs Ul 3a/1au ¢ (PU3MUYECKOH HeTMHEHHOCThIO MaTepHa-
JIOB. AJIFOPUTM HENPUIOACH JJ1sl MOJCIIMPOBAHUS Pa3yTPOHHSIOLIMXCS CUCTEM
(T. . KOrza Ha HEKOTOPOM JTale yBEJIMYEHHE NepeMelleHU NpoucxoauT 6e3
MPUPOCTa CHUIIOBBIX (haKTOPOB).

AF,
AF,
KT, E
L -
] R
u, >
£ P ux ’
Puc. 2.4. Cunosble chakTopsl Puc. 2.5. NepemeLueruns
Kak ynpasnsiowuin napameTp Kak ynpasnsioLjne napameTpbl

O Memoo nepemewenuit (Displacement Control) (puc. 2.5), xorga A Ha3Ha4YeH-
HOrO MPUPALICHUs NePEeMELICHUM ([1J1s1 3TOr0 HY>KHO B SIBHOM BW/C HA3HAUYMTh
KOHTPOJIUPYEMbIC CTENEHM CBOOO/Ibl B KOHKPETHBIX Y3/1aX) Noadupaetcs napa-
METp BpPEMEHH, ONpeeTONIMi AeUCTBYIOIIUE B 3TOT MOMEHT CHJIOBbIE (haKTO-
pbl. JlaHHbIM ajaropurm CiieAyeT UCIMOJIb30BaTh B CUTyaLMsIX, KOI/la BO3MOXHA
rEOMETPUYECKAsT HEJIMHEHHOCTh MOBEASHUSI KOHCTPYKLMU. AJICOPUTM HEMPH-
rOZIeH JUTS pacueTHBIX CXeM, Korna AedopMaius KOHCTPYKIUK MOJ| JeHCTBUEM
MPUITOKEHHBIX B BUJIe TPAHUYHBIX YCIIOBHI NIepeMellleHni Ha HEKOTOPOM JTare
COMPOBOXKAACTCS YMEHbIICHUEM MOPOKAACMbIX dTUMU MEPEMELLCHUSIMU CHII.
OnavH U3 BAPHAHTOB 3TOTO SIBIICHHUS — MPOIIETKMBAHHE TOHKOCTEHHBIX 00BeK-
TOB B XOJI¢ OTEPH YCTORUUBOCTH.

O Memoo onunvi dyeu (Arc Length Method) (puc. 2.6), u3BeCTHbI B OTCUECTBEH-
HOM JITepaType Kak METOJ MpPOJIODKEHHUS M0 HaumydineMy napametpy. IIpo-
rpaMma aBTOMAaTHYECKU BBOJUT HEKOTOPbIN MapaMeTp, Ha3blBa€Mblil mapaMer-
POM MpOAOJIKCHUS, KOTOpblﬁ BXOAUT B JONOJHUTECIIbHOC YPABHCHHUEC, BKIIIOYAC-
MO€ B YpaBHEHHUs paBHOBeCHs. MeTOJ OCHOBaH Ha Hee MPOIBHIKEHUS BIOJb
MHO)KECTBA BO3MOXKHBIX PEIICHHH ¢ y4eTOM Ha KaKJIOM Iiare WH(popMaiiu
O pCLICHUAX, MOJYYCHHbIX Ha MPEAbIAYLIUX LHarax. I[aHHblfI AJIrOpUTM CJICAYCT
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NPpUMCHATL [J1A aHajlu3a 3aKpUTUYCCKOIo NnOBCACHUA KOHCprKLIPIﬁ, Koraa mo-
CJIe noTepu yCTOﬁHMBOCTH MNPpOUCXOAUT MNMPOLICIIKUBAHUEC, U CUCTEMA TICPEXOAUT
B HOBOC€ COCTOSAHUE PABHOBECHS.

AF,

U

|
Puc. 2.6. MeTog anuHbl gyru

[1pu pewiennu 3aaa4, coaepKalluX HEJIMHEHHOCTH, HEOOXOUMO OIPEIeIUTb UTe-
PaLUMOHHBINA aNTOPUTM JUIS PELLIEHHUS] CUCTEMbI HEJIMHEHHBIX ypaBHEHUI B MpolLec-
ce MpWIoKeHUs Harpy3ku. Ero QyHKLMSI COCTOUT B KOPPEKTUPOBKE MapaMeTpoB,
OINUCBIBAKOLMX COCTOSIHUE CUCTEMBI, MOCJIE KAXK/I0r0 L1ara yBeJIMUEHUs: HArPY3KHU.
Ecau npuiioxuTh JONOJHUTENIbHYIO Harpy3Ky U Ha OCHOBE MapaMEeTPOB >KECTKO-
CTH, COOTBETCTBYIOLIMX YPOBHIO Ae(opMalii, TMarHOCTUPOBAHHbIX HA MpPebl-
JIyLLIEM 111are, pacCUUTaTh YCHJIMA B y3j1aX, TO MOXKHO BBIUMCIIUTh HEYBS3KY MEXKIY
YCWIHSIMH, MPUIOKEHHBIMU U YCUIMSIMU NOIy4YeHHbIMU. Jlanee Hy»HO mpennpu-
HATb ACUCTBUS A MUHUMHU3aLUU 3TOHU HeyBsi3ku. Hanbonee nomynsipHel aABa an-
ropuTMa.

O Hsiomona — Paghcona (Newton — Raphson) (puc. 2.7), xorga kacartenbHas
MaTpHIIa JKECTKOCTH CTPOUTCS Ha KaXKAON UTepalldu B Mpejenax Jr0oro mara
npupatieHus Harpy3ku. Cam 1o cede ajJroOpuTrM MMEET KBAAPATUUHYIO CKO-
POCTb CXOAMMOCTH M 00J1alaeT BbICOKOM ycTOMUMBOCTBIO. OHAKO HEOOXOAM-
MOCTb CTPOUTbH W pasiaraTh MaTpHIly JKECTKOCTH TpeOyeT 3HAYUTENbHBIX BbI-
YKUCUTE/IbHBIX pecypcoB. [103TOMY AaHHbIN aaroputm CACAyeT UCIOJIb30BaTD,
©CJI1 ajIbTEPHATUBHBIC BAPUAHTbI NIOTEPIIC/IN HEY1auy.

O Moouguyuposannwviti memoo Hviomona — Pagcona (Modified Newton-
Raphson) (puc. 2.8), B KOTOpOM KacarelibHasi MaTpULa KECTKOCTH HAa Ka)I0M
uiare MpUpalleHus Harpy3Ku CTPOMTCS OIMH pa3, a 3aTeM HCIOJIb3yeTcsl Ha
BceX cyOuTepauusax B Ipeaenax 1mara. 9ToT aJroputM Tpedyer 00sbliero yuc-
Jla UTepauuii, OJHAKO BPEeMsi SKOHOMHTCS 3a CUET COKpalUeHUs onepauuii c
MaTpULEH )KECTKOCTH.

Ewue oaHa rpynna ajiroputMoB, OTJIMHAIOLMX HEJMHEHHBIN pacyeT OT JIMHEWHOIo —
T€, KOTOPbI€ ONPEAeJISIIOT MOMEHT OKOHYAaHMWSI UTEepalMil Kak B mpenesax Liara
MIPUPALIEHUS] HATPY3KH, TaK 1 B MOMEHT OKOHYAHUS 3TUX MpHpalleHnid (MMOCKOIbKY
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Puc. 2.7. Cxema ntepaumoHHoro metoga HelotoHa — PadhcoHa B coueTaHnm ¢ METOAOM Cui
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Puc. 2.8. Cxema moancuLmnpoBaHHOro ntepaunoHHoro metoaa Hototona — Padcona
B coYeTaHunm ¢ meTogom cun
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9TOT LIAar MOXKET aAarnTUBHO NOAOUpPAaThHCs NporpamMmoii). OT1o BecbMa cneurpue-
CKMI BONpPOC, U MOITOMY — Ha JIaHHOM YPOBHE U3J105KE€HUS — MOXHO MOPEKO-
MEH/I0BaTh MOJIb30BATEO MPHU ONpPENETIEHUH COOTBETCTBYIOIINX MapaMeETPOB pe-
LIUTb €ro OMNbITHbIM MyTeM. OTMETHM, YTO B 3aBUCMMOCTH OT MPUMEHIEMOro aji-
ropuTMa YINpaBieHUsT UTEPALUOHHBIM MpPOLIECCOM (METOA CHJl, MepeMeLIeHul,
JUTMHBI 1yTH) UCTIONB3YIOTCS KPUTEPUH CXOJAUMOCTH MO MEPEMELLEHUSIM, BEJIMUNHE
HEeypaBHOBELIEHHbIX HArpy30K, OajlaHce SHEepPruu.

2.2. MeTo KOHEYHbIX 06bEMOB

[Tocne Toro kak cocraBneHa cuctema nuddepeHIuanbHbIX W/UIW HHTErPaJIbHbIX
YPaBHEHUH, ONMUCHIBAIOLLASL C MATEMATUYECKONM TOUKU 3PEHUS IBUKEHUE U TEILI0-
oOMeH TeKy4eil cpefibl UK Terionepeaady B OMbIBaeMbIX JaHHOW TeKyuel cpenoi
TBEPABIX TeJax (€C/M pelaeTcs CONpsHKeHHas 3a7ada Tenjaoo0MeHa), clielyomuit
liar — pelleHre 1aHHOi cucteMbl ypaBHeHul. [lockosibky, B oOuiemM ciyuae, 3Ty
YpaBHEHHsI HEJIMHEHHbIE U HE UMEIOT aHAIMTUYECKOTO pELlIeHUs, TO pellaTh UX
NPUXOJUTCS YUCIICHHO, HaX0/ll BMECTO HENPEPbIBHOIO PELUCHUS JUCKPETHBIM Ha-
Oop ero 3HaueHU B OMpeAeTeHHBbIX TOuKax (WM suelkax) MpPOCTPaHCTBA U VIS
OTpe/IeIeHHbIX MOMEHTOB BPEMEHH (€CJIM PEeLIAlOTCsl HeCTalMOHApPHBbIE ypaBHE-
HUS, T. €. C BpEMEHEM, KaK OJJHOW W3 HEe3aBUCUMBbIX NepeMeHHbIX). [1pu atom, uc-
XOZs U3 COOOpaKeHUI NOCTHKEHHs BO3MOXKHOM MaKCUMallbHOH TOUYHOCTH pelle-
HUsl, BBIOMpaeTCs TakkKe Croco0 MpEeACTaBJIEHUsS STHX JUCKPETHBIX 3HAYCHUH B
COOTBETCTBYIOLIMX 3TOH IUCKpeTH3alMu anreOpandeckux aHajaorax HCXOIHbIX
ypaBHeHui. B pesynbrare, maremaruueckas 3ajaua peuieHus cuctembl audde-
peHUMAIbHBIX W/WIIK UHTErpalIbHBbIX YPABHEHUH CBOAMTCS K MareMaTH4ecKoi 3a-
Jlaue pelIeHus CUCTeMbl alre0paniyeckux (0ObIYHO HETMHEHHbIX) YpaBHEHUH.

COOTBETCTBEHHO, METOJl JUCKPETH3aLUH HEeMpephIBHOTO pelleHHs, npeodpa3oa-
HUSl ypaBHEHUH B anreOpanueckue U pelieHus MoJyuYeHHOM cUCTeMbl ajaredbpaunye-
CKHMX ypaBHEHWIl SBISETCS METOJOM pELIeHUS MaTeMaTH4eCKOW 3a/Jaqu, MocTaB-
JICHHOM B MaTeMaTH4eCKOi MOJesIi paccMaTpUBaeMbIX (PU3NUECKUX MPOLIECCOB.

PaccmaTpuBasi pazpaGoTaHHble MeTOAbI pelieHus TuddepeHIUaNIbHBIX /WX WH-
TerpajbHbIX ypaBHEHUI NBW)KEHHUS U TersiooOMeHa TeKy4el cpebl, MOXKHO, clie-
nysi, Hanpumep, dyHIaMeHTalbHONH MoHorpaduu [23], BbIAEIUTH TPH OCHOBHBIX
MOJAXO0/a K PELICHHIO STUX YPaBHEHHH:

O Meroa KOHeuHbIX pa3HocTed sl peweHus auddepeHuranbHbIX YpaBHEHUH,
SIBJIIOLIUIACS, IO CYLIECTBY, NPAMBIM CJIEACTBUEM OIpENETeHHs TPOU3BOAHOMN
B UCIOJIb3YEMOM CUCTEME KOOPAMHAT HAa COOTBETCTBYIOLLEH €l KOOpAUHATHOM
pacueTHON ceTke, BIEepBble MPUMEHEHHBIH DinepoM okoso 240 neT Hazan U
YCHEIIHO UCIOJIb3YEMBIN B HEKOTOPBIX NPHIOKEHUX 10 HACTOSIIIEr0 BPEMEHHU.

O Meroa KOHEUYHbIX 3J71eMeHTOB, paspaboranHbiii B 40...60-X rogax npouwioro
BeKa IS pelieHHus UHTerpoaudpepeHInanIbHbIX YpaBHEHUH HampsHKeHHO-e-
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(OPMUPOBAHHOIO COCTOSIHUSI TBEPIABbIX MaTepualloB B 3ajavyax CTPYKTypHOH
MEXaHUKH, B YaCTHOCTH NP OINpeae/IeHUH yNnpyroi v miacruuHol aedopma-
UMM M MPOYHOCTH KOHCTPYKLUMH, M BIOCICACTBUM NMPUMEHEHHbIN Takxke Jist
pacuera pa3iM4YHBIX TeHUEeHUH, cM., Hanpumep, [23, 16]. OcHOBHOI1 ero ocobeH-
HOCTBIO SIBJISIETCS AUCKPETU3aLMs MPOCTPAHCTBA (TBEPAOro Tesa uin o0sacTy,
3aHATOW Tekyuell cpenoii) pasOueHreM Ha HerpaBujibHble (B oOuieM ciiyvae)
MHOIOIpaHHUKH (4-, 5-, 6-rpaHHUKKN), IPEICTABICHUE PELIEHUS B TUX MHOIO-
rpaHHUKax HaOOpPOM WHTEPNOJSUUOHHBIX (PYHKLMH, U, 0OBIYHO, WCIOIB30Ba-
HUeM MeTona [anepkiHa A HaXOKASHHS TAKOTO pelIeHus .

O Meroa KOHEYHBIX 00BEMOB, Pa3/MuHbie BAPUAHTbl KOTOPOro ObUIM BHEPBbIE
paspaboranbl B Poccuu B 50...70-x rogax (meron l'omyHosa [2,5], unrterpo-
WHTePIOJSMOHHbIe MeTobI [12]) u 3a pyOexxom B Havyane 1970-x rogos mpo-
uutoro Beka ([25, 27], cMm. Takke 0630p B [23]), KpaTkoe onvcaHhe KOTOpOro,
HE00XO0MMOe sl TOHUMAaHHUS 21aebl 6, 1aHO B HACTOSILLEM pasjelie.

MeTO}I KOHEYHBIX 00BEMOB UMEET cjeayromue 0COOEHHOCTH.

O Hcnonb3yeTcs MpOU3BOJIbHAS pacueTHas CeTKa, He 00s3aTesbHO CBA3aHHAas C
KakoH-1100 (HarpuMep, UCTOJIb3YEMOi) CUCTEMON KOOpIMHAT U He 00si3aTellb-
HO peryJigpHas, npru 3TOM BO3MOXKHbI [1Ba BapUaHTa JUCKPETU3ALUN PCLLICHUS !

® [0 y3J1aM pacquHoPi CCTKH,

® 110 guYeiiKaM PAacUETHOM CeTKU, IPUYEM B MPEeax AUeHKU PEeLIEHUEe CUUTa-
€TCsl [NOCTOSIHHBIM, T. €. He NPUBS3aHHbIM K KaKOH-IM00 KOHKPETHOM TOUKe.

O Jlns HaxoxAeHWsl 3TOr0 PELIeHUs] UCMOJIb3YETCsl JUCKPETH3aLus 3alMCaHHbIX
B MHTErpasibHON (hopMe 3aKOHOB COXPAHEHHS MacChl, UMITYJIbCA, SHEPIUH TEKY-
Yell cpeabl M0 MOBEPXHOCTH KOHTPOJIBHOTO 00beMa, B KaueCTBe KOTOPOTO BbI-
Oupaercs:

® eC/IM PeUIeHWe MCKPETU3UPYETCS MO y3JilaM pacueTHOW CEeTKU, — IMOBEpX-
HOCTb, "HaTsHyTas" Ha y3jbl PAaCUETHOM CETKH, JIKALIUE MO COCEACTBY
C paccMaTpUBAaEMbIM Y3JIOM;

® ©C/IM PELUCHUE AUCKPETU3UPYETCSl MO siYeiKam pacuyeTHOM CEeTKH, — IO-
BEPXHOCTb paccMaTpUBaeMON SUEMKHU pacHETHOM CETKM.

HecnoxxHo nokazare [23], 4TO MeTOd KOHEYHbIX OOBEMOB SIBJISIETCS YaCTHBIM,
nmpudeM Goiee POCTHIM, a ClIeJ0BaTeNIbHO, OoJiee OBICTPONEHCTBYIOINM, CITydaeM
(BapraHTOM) MeTOJ]a KOHEUHBIX 3JIEMEHTOB (XOTsl pa3paboT4YMKKW METoJa KOHeu-
HbIX 00BEMOB €ro TaKOBBIM HE CUMTalM, OH ObL1 pa3paboTaH Kak ajbTepHATHBA
METOJy KOHEUHBIX pa3HOCTel, a MPUMEHEHHe MeTOla KOHEUHBIX 3JIEMEHTOB UIS
ra3oruapoarHaMUYECKUX pacueToB ObIJIO pa3paboTaHO Mo3/Hee), a KOHCepPBaTHB-
HbIE CXEMbI METO[a KOHEUHBIX Pa3HOCTEH SBIISIOTCS YaCTHBIMM CIy4asMH (BapH-
aHTaMH) METOJIa KOHEYHbIX 00BEMOB Ha PEeryJIPHON pacyeTHOM CeTKe, CBSI3aHHON
C UCTIONIb3YeMOM CUCTEMOI KOOpIUHAT.
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HMeHHO yka3aHHble 0COOEHHOCTH METO/la KOHEUHbIX 3JIEMEHTOB ObLIM PYKOBOSI-
HIMMH UIeAMH ero pa3paboTku. [Ipuuem y oTeuecTBEHHBIX pa3paboTUHUKOB MEPBO-
HayanbHOM uaeed Oblla pa3paboTka UHTErpoArddepeHIIMabLHOIO METOIa, OCHO-
BAHHOTO Ha JIUCKPETH3allUW 3alMCaHHbIX B WHTErpalibHOM (hopMe 3aKOHOB CO-
XpaHEeHHUs] MaccChbl, UMITyJIbCa, DHEPrUM TEeKy4eH cpelbl, KOTOPbIi NO3BOJIMI Obl
JIOCTAaTO4HO HAJEKHO U MPABUIIbHO PACCUMTHIBATH CBEPX3BYKOBbIE TEUECHHS ra3a C
BOJIHAMU Pa3pexKeHHUs] U CKauKaMu CoKaTHs (B CBS3U C 3TUM MCIOJIb30BaIMCh UHTE-
rpajibHble COOTHOLUIEHUS HA 3TUX HEOJAHOPOJHOCTSIX CO CKAYKOOOPa3HbIM M3MEHe-
HUEM TapaMeTpoB), a pacyeTHasl ceTKa, B OCHOBHOM, MO KpaiiHeli Mepe B MpaKTH-
YecKUX MPUIOKEHUIX, Obljla KOOPIUHATHOM (T. €. CTPYKTYpPUPOBAHHOM MO TEPMHU-
Honoruu [23]), XOTS M He 0053aTeNIbHO JAeKapTOBOM (MPH 3TOM BO3MOMKHOCTD
MCIOJIb30BaHMsl MPOU3BOJILHON PacyeTHOW CETKW He OTpuLaiachk). Y 3apyOeiHbIX
pa3paboTuMKOB METOa KOHEUHbIX 00beMOB [25, 27] nepBoHauaibHOM uaeeit Oblia
paspaborka unrerpoauddepeHLnaIbHOr0 MeTo/1a, OCHOBAHHOIO Ha MCIO0JIb30Ba-
HUM PacyHeTHOM CETKH MPOU3BOJIbHOM POpMBI, € 3-, 4-rpaHHbIMU siueiikamu He 00si-
3aTeNIbHO MPaBUIbHON (GOpMBbI (T. €. HECTPYKTYPUPOBAHHOH MO TEPMHUHOJIOTHH
[23]), 4TO MO3BOJISIIO pacCUMTHIBATH TeUEHHs B KaHAJIaX OYEHb CIOMXKHON (OPMBI
0e3 TIPUBSI3KM PAacUYEeTHOM CETKH K HMCIOJb3yeMOW cHUCTeMe KOOPAMHAT, UTO ObLIO
ya100HO, HArpuUMep, MPH pacyeTe TEUYeHWM B ra3oBbIX TypOMHAX, €CTECTBEHHO,
C MOIMYTHBIM TPEOOBAHUEM BBITIOIHEHHSI 3AKOHOB COXPAHEHUS B TUCKPETHOM (op-
Me. IMeHHO OHH, IBHO TIO aHAJIOTHH ¢ METOJIOM KOHEYHBIX 3JIEMEHTOB, B KOTOPOM
TaK)Ke WCTONb3yeTcs pacdeTHas ceTka MpPOM3BONBHOM (OpMbI, OOBIUHO € 3-,
4-rpaHHBIMU PaCUETHBIMH SYCHKAMH B TPEXMEPHOM MPOCTPAHCTBE W Jak pa3pa-
0OTaHHOMY UMM METOJly UCIOJIb3yeMOe 371eCh Ha3BaHHE — METOJl KOHEUHBIX dJie-
MeHTOB. [lociie KpaTKoro UCTOPUUECKOro IKCKYpca pacCMOTPHUM METOJT KOHEUHbBIX
00BEMOB MoaApoOHee.

CormacHo 3TOMYy MeTOOy, K crmoco0y AMCKpeTH3allH MPOCTPaHCTBA pacyeTHOU
001acTH HUKaKMX OCOOSHHBIX TpeOOBaHWi, 32 UCKITIOYEHHEM €CTECTBEHHOTO Tpe-
OoBaHMS AOCTATOYHOIO pa3pellieHrs OCOOEHHOCTe Te4YeHHs] U TeOMETPUH TIOo-
BEPXHOCTeH TBEpAbIX Tel (0cOOEHHO B 007acTAX UX HEJTMHEHHOTO U3MEHEHUs ), He
MpeabsBIseTcs, T. €. pacieTHas ceTKa MOXKeT ObITh J000ii:

O cmpyxmypupogannoii, T. €. 00pa30BaHHOM, KaK B METOJle KOHEUHBIX Pa3HOCTEH,
KOOPAMHATHBIMU JINHUAMH (CUCTEMa KOOPAWHAT MOKET ObITh JII00OMH: AekapTo-
BOM, KPUBOJMHEHHOMN), TaK YTO Y3JIbl 3TOH CETKU MOTYT OBbITh IPOHYMEPOBAHbI
C THOMOLIbIO LIEJOUYUCIIEHHbIX BEKTOPOB, Pa3MEPHOCTb KOTOPBIX 3aBUCUT OT
pa3MepHOCTH CUCTEMbI KOOPAMHAT;

O uecmpyxmypupoeannoii, T. €. COBEPLUIEHHO MPOU3BOJbHOM, KaK B METOAE KO-
HEYHBIX JIEMEHTOB, HaNpUMep, COCTOSIIIEH U3 HEMPaBWIIbHBIX TETPa’ApoB (IH-
paMua) u/miM rekcadapoB (6-rpaHHMKOB) B TPEXMEPHOM cllyyae, cucTema y3-
JIOB rpaHel KOTOPBIX HUKAK HE CBA3aHa C CUCTEMOW KOOPAMHAT, T. €. C KOOPAU-
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HATHBIMU JIMHUSIMH, TaK YTO Y3Jibl 3TOW CETKM MOTYT ObITb MPOHYMEpPOBaHbI
JIMLLIB ¢ TOMOLLBIO CKBO3HOU HyMepaLuu (T. €. Bce noapsin).

OueBHIHO, YTO OAHO M3 MPEUMYILIECTB CTPYKTYPUPOBAHHBIX PACUETHBIX CETOK
(0 Apyrux ux MpeuMyllecTBaxX CM. Jajee) COCTOUT B TOM, YTO C HUMHU Jierye pabo-
TaTh MpPU MPOBEJECHUN PACUYETOB, a MPEHMYILECTBO HECTPYKTYpHUPOBAaHHBIX pac-
YETHBIX CETOK COCTOWUT B TOM, YTO OHH IMO3BOJIAIOT JIy4Ylle pa3peliaTb CJIOKHBIE
reoMeTpuU NOBEPXHOCTEH TBEpPAbIX TeJ, MPOTOUHbIX obsacteld u obnacreil Henu-
HEHHOro M3MEHEeHUsI MapaMeTPOB TEUEHHUS.

[Tocne Toro kak AUCKpeTH3auUuWs MPOCTPAHCTBA BBHIMOJIHEHA, BO3HMKAET BOIMPOC,
rJie IMEHHO ONpeAessiTh AUCKPETHOE pelleHue 3a1aud. B MeTone koHeuHbIX pas-
HOCTEH TakOH BONPOC HE BOSHUKAET — TaM OH PELIAeTCs OJJHO3HAYHO: €CTECTBEH-
HO, B y3JlaX PacyeTHOH CeTKM — 3TO OCHOBA METOJa KOHEUHbIX pa3HocTeil. B me-
TOZe KOHEUHbIX 00bEMOB BO3MOKHBI IBa BapHaHTa ONpeaeIeH s MeCTOMOI0KEHUS
MCKOMOT'O JMCKPETHOTO pelleHUs 3aadyd (3HaueHUH He3aBUCHMBIX MEePEeMEHHBIX
YpaBHEHHUH):

[ y3i1ax pacquHoi/i CETKH, T. €. KaK B METOI€ KOHCYHbIX pa3HOCTel>'l;

O B siuelikax pacueTHOM CETKH, T. €. KaK Cpe/iHee Mo sueiike, 0e3 cTpororo ornpe-
JIeJIeHUsT TOW TOYKH, K KOTOPOM 3TO pelleHre MOXKET ObITh MpUIUCAHO (s
JlaJpHeHlIero MoJyYeHHs HeNpepblBHONO PELIEHUs! W3 JUCKPETHOIO ¢ IO-
MOLIbK UHTEPIOJISALIUY, T. €. aHATOTMYHO TOMY, KaK 3TO JeJlaeTcs B Cllydae Oll-
peaeneHust AUCKPETHOTO PELEHUs B y3JlaX PACUETHOM CEeTKU: MOJYyUYEHHOE AUC-
KPETHOE pEeLUEHUE NPUIUCHIBAIOT K LIEHTPY SYEHKU, YTO, CTPOro rOBOPs, BECh-
Ma YCJIOBHO) — 3TOT CMOCO0 SIBJISETCS YACTHBIM BaPUAHTOM KCIOJIb3YEMOro B
METO/1€ KOHEUYHbIX 3JIEMEHTOB Cr0co0a, COrjacHO KOTOPOMY PELIeHUE BHYTPH
SUeHKU TpeAcTaBiseTcs ¢ ToMoIIblo Habopa 6a3ucHbIX (GYHKIUI OT peleHui
B y3Jax.

O6a 3Tu cnocoba UMEIT CBOM NPEUMYLLECTBa U HEJOCTaTKHU, O KOTOpbIX Oyaer
CKa3aHO I0CJIe PacCMOTPEHHUs BOIpoca O crnocobe HaXOXKAEHUsI UCKOMOIO JHWC-
KPETHOI'O PELUEHHUSI.

Kax 1 B G0oNbIIMHCTBE pacyeTHBIX METOJOB, B METO/Ie KOHEUHBIX 0O'bEMOB HCIIOJb-
3yeTcs noaxoj Diiepa, T. €. paccMarpuBaeTcs TeYeHWE B BbIJEJISHHOH obJsiacTu
POCTPAHCTBA, — B OTIMYME OT noAaxoja Jlarpanika, CorjacHO KOTOpOMYy pac-
CMAaTPUBAETCS IBUKEHUE B MPOCTPAHCTBE BbIJCIICHHOM 00/1acTH (MacChl) TeKyueH
cpelibl (3TOT MOAXOM YaCTO UCIIOIBb3yeTCs AJI pacueTa JIBHKeHUS MHOPOIHBIX Yac-
TULl B TeKyded cpene). Ecnm 3amaua HecranmoHapHas, TO COOTBETCTBEHHO pac-
CMaTpUBaeTCs IBOJIOLUS (M3MEHEHHEe BO BPEMEHH ) TeUeHUs B BbIIeJIeHHOM obmac-
TU MpocTpaHcTBa. OCHOBHbIE YPaBHEHUS HECTALMOHAPHON ra30ruApOAMHAMUKH,
T. €. YPaBHEHUsl COXPAHEHUSI MacCbl, UMI1yJ1bCa U SHEPruy TEKYUEH Cpejibl B HEKO-
TOPOH BbIJCJICHHOM 3aMKHYTOM 00/1aCTH, uMetoLLel 00beM (2 U I01Ia b NOBEPX-



36 lnaga 2

HOCTH S, MOTYT ObITh MPECTABJICHbI B clieayiolleii nHrerpoauddepeHIuanbHOM
dhopme:
o L
—|Udo=—-pF-dS + | Qdo, 221
= j 95 j 0 (22.1)

roe + — Bpems, U — BekTop (MO 4MCIy YpaBHEHHH) CKaJSIPHBIX HE3aBUCHUMBbIX
MEePEMEHHBIX TeUSHUs, ONpeNeIeHHbIX BHYTPU JaHHOH BbIAEICHHOHN 0bsacTu mpo-
cTpancTBa, F — BEKTOP MOTOKOB (DM3MUECKUX BETMUMH UePE3 MOBEPXHOCTh JaH-
HOW BbIJIGJIEHHON 00JIaCTH MPOCTPAHCTBA S, BJIEMEHTbI KOTOPOi B 9TOM ypaBHe-

HUU O] MHTErpajoM MNpeACTaBleHbl KaK BEKTOpPbl dS, HalnpaBiieHHbIE HapyxKy
00/1aCTH 10 HOpPMaJIM K 3TOM MOBEPXHOCTH, () — HCTOYHUKH, PACIOJIOKEHHbIC

BHYTPU JaHHOW BBIAEJICHHOM 00JIACTH NPOCTPAHCTBA W BIIMSIIOLLME HA U3MEHEHHE
(uznyeckux mapameTpoB B JaHHOM oOmactu. YpaBHeHue (2.2.1) (TouHee, cuctema
YPaBHEHUH, YUCIIO KOTOPBIX PABHO YMCILy 3aKOHOB COXPaHEHHUs, T. €. 3, TII0C YKc-
JIO W3MEPEHUH MPOCTPAHCTBA, YUWTHIBAEMbIX CBbILIE OJHOrO, T.€. 2, UTOro 5
B MPOCTPAHCTBEHHOM CJTy4ae), OKa3bIBaeT, YTO IBOIIOLMS HE3aBUCUMBIX (u3nye-
CKMX MapamMeTpoB C TEYEHUEM BPEMEHH B JAaHHOM BblIeJIEHHOM 00J1acTH NMPOCTpaH-
CTBa omnpesenseTcss GU3NIeCKUMHU TOTOKaMH, MPOXOSIIMMHU BHYTpPb 3TOH 001acTu
yepe3 ee MOBEPXHOCThb, a TAK)KE MCTOUHUKAMM, HAXOJSLIMMHUCS BHYTPHU dTOH 00-
nactu. PaccMmartpuBas nmpupoay 3THX NMOTOKOB M MCTOUHMKOB OoJjiee MoapoOHO,
MOKHO 3aMETUTb, YTO MOTOKH OBIBAlOT KOHBEKTUBHBIMH M AU(D(PY3UOHHBIMHU, a
MCTOYHUKH — OO'bEMHBIMHU U TTOBEPXHOCTHBIMHU.

Utob6sl mpuBecTn cucteMy ypaBHeHMi (2.2.1) k AuCKpeTHOMY, T. e. anrebpande-
CKOMY BHJY, OHA 3anuChIBAeTCs Uil KOHTPOJIbHBIX OOBEMOB, OKPYKAIOUIUX Me-
CTOTIOJIOKEHUSI AUCKPETHOTO PEeIleHHUS:

O ecnau IMCKpETHOE peLIeHUE OMNpelelisieTcs B y3JaX pacyeTHOW CeTKH, TO KOH-
TpOJIbHBIA 00beM "HaTsAruBaeTcs" Ha y3/bl PaCHETHOW CETKM, WM, YTO HE HC-
KJIFOYAEeTCs, HAa PACIOJIOKEHHbIE MEXIYy HUMH TOUKH, OKPYIKAIOLME KaxIblk
paccMmaTpuBaeMblid y3ea (KOHTpOJIbHBIH 06beM MOKeT ObITh OIpenesieH A0CTa-
TOYHO MPOU3BOJILHO, HO OH 0053aTeJIbHO AO0JDKEH OKPY>KaTh paccMaTpuBaeMblii
y3€J1 paCueTHOM CETKH), HApUMep, Kak MOKa3aHHbIC Ha puUC. 2.9 B AByMEpHOM
npocTtpaHcTBe KoHTposibHbie 00beMbl ABCDEFGHA (unu BDFH) u ABCDEA
s y3na J;

O eciu QUCKpeTHOE pelleHHe OINpeeNseTcs B suelkax pacdeTHOH ceTKH (Kak
cpeliHee Mo sueiike), TO KOHTPOJIbHbIM 00BEMOM OJIHO3HAUHO SIBJISICTCS cama
sueiika, T. €. Kak Moka3aHHble Ha puc. 2.10 B TpeXMepHOM MPOCTPAHCTBE KOH-
TpojbHbie 00beMbl ABCDEFGH u EFGHKLMN s siueexk Q; u €, cona-
JTAOIIKE C UX TPAHSIMHU.

B pesysibrare st AMCKpeTHOro pewenuss U, ONPEesICHHOr0 B y3/e MM sueii-

Ke j, cuctemMa ypaBHeHui (2.2.1) mpuobpeTaeT creayrouuii anreOpanueckuii BU
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(3mech QuMckpeTH3alusi N0 BPEMEHM He yKa3aHa, HO, €CTECTBEHHO, NpejrnoJiara-
ercs):
0

N
a_t(Uij):_le(Fj -5)+0,Q,, (2.2.2)

i
rae O, — obbem OKpysKatowero mecrononoxenne U; KOHTPOJIbHOrO 00bema,
S, — nuomwanp i-i rpaHU JaHHOIO KOHTPOJBLHOrO 00beMa, F, — MOTOK uepes

i-10 rpaHb, N — 4YHCJIO rpaHell KOHTPOJILHOTO 00beMa, (), — BeIMYMHA UCTOY-
HMKa B JAHHOM KOHTpOJbHOM oObeMe. [Ipu 3ToM cnoco0 BeluMcienus F, n10/KeH

ObITb OJMHAKOBBIM JJIsl BCEX SY€EK, TAK YTO BeNUYUHbI F;-S,, BBIYMCIEHHbIE HA
rpaHsx, pa3geNsiomuX ABe cocennue sueiiku (Hanpumep, rpanb EFGH, sBisto-
wascs oowen ans aueek Q; u ), Ha puc. 2.10 n, COOTBETCTBEHHO, pa3AesIoIas

uXx), OyyT ¢ pa3HBIMHU 3HAaKaMH, HO OIMHAKOBBIMU IO a0COTIOTHOM BennunHe. Kak
BUJIHO, IJIaBHON OCOOEHHOCTBIO TAKOW JMCKPETU3aLMU SIBIISIETCS €€ KOHCEPBAaTHB-
HOCTb, T. €. aBTOMATH4YE€CKOE BbIMOJIHEHHE 3aKOHOB COXPAaHEHMsl, OMUChIBAEMBbIX
uHTerpoaud dhepeHIMaNbHBIMUA YpaBHEHUSIMU HCXOAHOW cuctembl (2.2.1). Taxk,
O4eBHJHO, ecu Ha puc. 2.10 BMecTo IBYX siueek (Q; U ), paccMaTpuBaTh ONHY,

C E
D C

B F T
B

A H G A

Puc. 2.9. OnpeaeneHne koHTponbHbix 06bemos (ABCDEFGHA nnu BDFH, n ABCDEA)
4nsi yana J pacyeTHOW CeTkn

N K

D

Puc. 2.10. OnpegpeneHne KOHTponbHbIX 06bemoB (ABCDEFGH n EFGHKLMN)
ANs a4einkn Qq n coceaHel ¢ Hel ayYenkn Q;
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HX 00bEAMHSIOLLYIO, TO CyMMa MOTOKOB B NPaBOl yactu ypaBHeHus (2.2.2) He u3-
MEHUTCS, T. K. [P CyMMHPOBAHUHU MO 3TUM JIBYM siUelkaM WX MOTOKH FEFGH
yepe3 3Ty rpaHb B3aMMOCOKPATATCS.

Kak BuaHO U3 cuctembl ypaBHeHui (2.2.2), ocHOBHas npolsieMa B MeTO/le KOHeu-
HbIX 00BEMOB COCTOUT B OIPEIE/ICHUH OTOKOB ﬁ, yepes rpaHu sueeK (OYeBUIHO,
4TO TPYAHOCTH ompefeseHus €, U S, TakKe MOTYT UMETb MECTO, HO OHH IIpe-

OJI0JIEBAIOTCS JIerde M, caMmoe IJlaBHOe, OJHO3Ha4HO). O4YeBUAHO, 4TO YeM Ooee
"sK30THYECKYI0" (HOPMY UMEIOT siueiiku (HarpuMep, HEPAaBHOMEPHO BBITSHYTYIO Y
Pa3HBIX sYEEK), TeM HI)KE TOUHOCTDb OTNpeesIeHUs STUX MOTOKOB, OCOOEHHO B CITy-
4yae OnpeesieHHsl IMCKPETHOrO PelleHHs B y3/laX PacueTHOM ceTku (HeCMOTps Ha
BCEBO3MOJKHbIE YXMIIPEHHUs B ONTUMU3ALMK (OPMbI KOHTPOJILHOIO 00beMa), Mo-
9TOMy GoJiee peANOYTUTENbHBIMH TS 00eceYeHUs] BBICOKOM TOYHOCTH OTpese-

JleHust F, SBISIFOTCS PABHOMEPHbIE CTPYKTYPUPOBAHHbIE CETKU C JUCKPETU3aLUEH

1
pelieHus 1o suelikam (a He Mo y3iam), 4To W caenaHo B nporpamme COSMOS-
FloWorks, paccmarpuBaemoii B 3Toii KHUT®E.

2.3. MeTopbl onTuMu3auumn
B UH)XEHEepHOM aHanunse

OueBUIHON LIETBI0 MHKEHEPHON ACSITEIbHOCTH SIBJISIETCS CO3/laHre "HAWTyqInnX "
KOHCTpyKmii. OHa mocTturaeTcs, BooOIe roBOpPS, MOCPEICTBOM HECKOJIbKHUX HH-
cTpyMeHTOB. [lepBblii — cliemoBaHUE ONpPENEICHHBIM HOPMAaTUBaM U CTaHAapTaMm,
B KOTOPBIX 3aJI0KEH OMbIT "MpeablAyLIUX MOKOJAEHUI". DTH UCTOUHUKH CO3/1aBa-
JIUCh Pa3JIMYHBIMUA MYTSIMHU: CUCTEMATH3alMEH OMbITa, SKCIEPUMEHTAJILHOU OTpa-
0OOTKOM, HE MCKJIIOYCHbI M CJlydau, KOrjla apryMeHThl pa3padOTuMKOB CTaHAAPTOB
He CITUIIKOM JIETKO MOHATh. TeM He MeHee B MOAABJISAIONEM OOJIBIIMHCTBE CUTYa-
UMl coOtoieHe HOPMATUBOB €CTbh HauboJsiee HaJe)KHbIN MyTh. Takke KOHCTPYK-
TOPBI UCTIONB3YIOT HHXEHEPHYIO UHTYHUIIUIO, TTPAKTHUECKHE HABBIKH, OTBIT TIPE/IbI-
Aylux pazpabotok. MHOraa aToT nyTh Aa€T HEMIOXUE PE3YJIbTaThl, OCOOEHHO KO-
r1a pemaloTCs KOHLENTYaJbHbIE BOMPOCHI — QJITOPUTMBI T€HEPAlMd HOBBIX
3HaHUN, HECMOTPS Ha OTpe/ieNIeHHbIN Mporpece B IETaNIX, 0 CUX TOp HeU3BecT-
Hbl. Eilie oaub cnoco6 cozpanust "nydmiunx" u3aenuil — KUCIoJib30BaHUE ajiropuT-
MOB ONTUMAbHOTO MpoekThpoBanus. [IoHATHO, YTO Haubosee MOAXOASIIAM Ba-
pHAHTOM SIBJISIETCS COBMECTHOE HWCIOJIb30BaHWE BceX cpencTB. B mociemyrommx
rjlaBax MPUBEACHBI ABE 3aJa4M, IEMOHCTPUPYIOIINE 3TH BO3MOXKHOCTH. Borpocsl
ONTUMU3ALIMK LUUTALIEBOTO COSAUHEHUS] pacCMOTpPEHbI B pazo. 6.5.3. PellieHue BbI-
NOJIHAJIOCH NocpeacTBoM MoayJisi ontuMusaun COSMOSWorks. B paszo. 9.6.1
OTIMCaH Tpoliecc Moucka GopMbl OTpaxkaressi, 00ecIeYrBaroIIero 3aJaHHoe pac-
npesiesieHne cBeta (eciau Oojiee KOHKPETHO — TO3BOJISIOIIETO MPUOITU3UTECS K
HA3HAYEHHOMY 3aKOHY pacrpezesieHus ). J{ias 3Toro ucrnoap30Bajcs OANH U3 MOy~
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JISIPHBIX aJIrOPUTMOB ONTHUMM3ALIMHK, KOTOPbIM OblUl peajin3oBaH aBTopamu. Mol
OIMILEM €ro Jajee.

OnmumanvHoe npoekmupoeanue, BOSHUKHYB KaK CPeACTBO PELUeHUs MPUKIIAJAHBIX
3a7a4, JOCTATOYHO JABHO MEpecTano ObIThb CXOJACTU4ECKOW HAayKOH, MpeBpaTHB-
LIMCh B [MOBCEAHEBHBIA HHCTPYMEHT, UCMOJb3yEeMbI Ha BCEX YPOBHSIX MPOEKTUPO-
BaHMsl: OT KOHUEMNLIMK J10, 110 CYTH, OTAeJIbHOH aetanu. [lis Tex, KTo Xouet npuoo-
pecTu cucTemMaTruiyeckue 3HaHusl B JaHHOW 00J1acTH, opeKoMeHayeM KHuru [4, 9].
[lepBas comepKUT TaKOHUUHOE U3JI0KEHHE TEOPETUYECKUX MOCTYJIATOB, a TAKKe
aNIrOpUTMbl PELICHUs 3a]ad HeJIMHEHHOro mporpamMmMmupoBanus. Bropoe usnanue
TaKXKe BKIIIOYAET Psijl IPUMEPOB.

2.3.1. NMNapameTpuyeckne cucTemMbl NPOEKTUPOBaHUA
KakK 3J1IeMeHT CUCTEM ONTUMMU3aLn

H3BECTHO YKpYNHEHHOE JieJIeHHEe aJIFOPUTMOB ONTHMH3ALMK HA MapaMeTpUiecKre
W Te, KOTOPbIE CBSI3aHbl C aHAJIM30M UYBCTBUTEIbHOCTH. Llesib nepBbix — nondoop
MEPEMEHHBIX, OMUCHIBAIOLLUX FeOMETPHIO (3T0 HanboJiee pacIpoCTPaHEHHbIH Ciy-
yaii), XapaKkTepUCTUK MaTepUajioB, NapamMeTpoB apMUPOBaHUSI MATEPUAIIOB U T. A.
AHaJln3 4yBCTBUTEJILHOCTHM Mperosaraer rnojydeHue ¢GopMmbl Teja, yA0BIIETBO-
psitolell 3aaaHHbIM TpeboBaHUAM. OHUM U3 Pa3Ivuyuui MeXIy METOAaMH SIBJISET-
sl TO, UTO napamempuieckas OnmuMusayus NpeanoaaraeT onucaiue Gopmbl (Uiu
W3MEHSEMbIX €€ YYacTKOB) TeJjla Yepe3 HEKOTOpbie napamerpbl. 3aTeM 3Td rnapa-
METPbl YUMTBIBAIOTCS [PU NOCTPOeHUU o0bekTa. [lanee crpourcs reomerpuyeckas
MOJIeJib, TOCIIe Yero JUis Hee BBIMOJIHAOTCS HeoOXonumble pacueTbl. [Ipu 3ToM
uHpOpMaLMs O napaMeTpax NpOeKTUPOBaHUS HEOOXOAMMa TOJIKO Ha 3Tanax ro-
WCKa onTUMyMa M (OPMHUPOBaHHS MojaelH. B mpukiagHbiX ke pacderax oHa He
y4acTByeT (TPU 3TOM HCTIONIb30BaHue i pacdetra MKD wuimm apyroro 4ucieHHOro
anropuTMa CoBceM He 00s3arenibHo). MeToJibl aHaJin3a YyBCTBUTENILHOCTH TMpe/l-
MoJIaratoT, 4To 00BEKTOM MOHcKa siBisieTcs Gopma oobekra. Harpumep, ecnu ana-
JIU3UPYETCsl MJIaCTHHA MPH WM3rKbe, TO STO TOJIIUHBI BCEX KOHEYHBIX 3JIEMEHTOB,
Ha KOTOpblie OHa pa3bouta. Eciau npoekTupyercs depma, To 3TO mapaMmeTpsl ceve-
HUl BceX (MK OOJTBIIMHCTBA) CTepKHEeH, 00pa3yloIuX pacyeTHYIO MOelb. AJro-
PUTMBI aHaJM3a YyBCTBUTEIBHOCTH BCTPOEHBI B CleLMabHble KOHEYHO-
AJIEMEHTHBIE TIPOrPaAMMBbI U SBJISIOTCS IOCTATOYHO CII0MKHBIMHM JIJISl KCTUTYaTaL|H.

C uHXeHepHOH TOUKHU 3peHUs napamempuyeckas onmumusayus 0onee ecTecTBeH-
Ha. 3/1eCh TIOUCK MPOM3BOAMTCS B OrPAHUYEHHOM MPOCTPAHCTBE, MPAHULIBI AJIS Ta-
paMeTpoB MOTYT OBITh Ha3HaUeHbl MCXOIS M3 MPAaKTHUECKUX COOOpaKeHWi, 1a U
NocJielytolnas MOAroHKa pa3MepoB K HOPMabHOMY psily YMCeNl, KaK MpaBuIIo,
TOJIBKO HE3HAYMTENIbHO yXyAlIaeT npoekT. OCHOBOM /U1 €€ IMPOKOTO UCTIONB30-
BaHMS CTald TIapaMeTpuyYecKrue CUCTEeMbl TeOMeTPUYecKoro MonenupoBanus. Ha-
npumep, SolidWorks, uMest oTpaboTaHHbIe aNTOPUTMBI OMUCAHWUS W M3MEHEHHS
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(hopMbl, HHCTPYMEHTbI KOH(UIypauuii (MCNOJIHEeHUI), annapar ypaBHEeHUMH, Mpo-
LIelypbl KOHTPOJISI TEOMETPUUECKON Peasn3yeMOCTH, O3BOJIMI €CTECTBEHHBIM 00-
pa3om cBs3ath ¢ HUM cpenctBa ontuMuzauu COSMOSWorks. Ilpu sTom pazme-
PBI SIBISIIOTCS] IEPEMEHHBIMU MPOEKTUPOBAHHUS.

Eme onHo oOcTosTeNbCTBO, OKa3zaBlleecs MPUHIMIHAAIBHBIM Ui 00beIUHEHUS
METOJI0B YHUCJIEHHOTO aHaJIN3a U ONTUMU3ALMU, — 3TO Pa3BUTHE MPENpPOLECCOPOB
B IporpamMmax YMCJIeHHOro aHanuza. Ha mpemnpouieccop Boznaraercs 3aj1a4a aBToO-
MaTU3UPOBAHHOTO TOCTPOCHHUS CETKH, a TAK)KE peajin3alliid TPaHUYHBIX YCJIOBHIA.
Kpome Toro, npon3BoIUTENEHOCTD KaK MPOrPaMMHBIX, TaK M alMapaTHBIX CPeCTB
ceifiuac TakoBa, YTO METOAbl YHMCIEHHOTO aHalKW3a MOTYT HCIOJIb30BAaThCS CO-
BMECTHO C aJiITOPUTMaMHU ONTUMU3ALIUU, B TO BPEMS KaK PaHbIIE UCTIOb30BAIHCH,
B OCHOBHOM, aHAJIMTHYECKHE PEIleHHUS.

2.3.2. ba3zoBble NoOHATUA
HeJIMHEeNHOro nporpaMmMmnupoBaHuna

Cdopmynupyem 3anauy HeauHelHO20 NPOZPAMMUPOBAHUs CIISAYIOLLETro BUA!

MHUHUMU3UPOBATH yenesyio gyukyuio f(X), rae X =(x,X,,X;,...,X, ) — N-Mmep-
HbI BEKTOP, KOMIIOHEHTBI KOTOPOIO SIBJSFOTCS E€HCTBUTE/bHBIMUA YHCIaMH,
Ha3bIBAIOTCS NEPEMEHHBIMU NPOCKMUPOSAHUS U U3MEHSIIOTCSI (BapbUPYIOTCS) B
WHTEpBajax:

x,(") <x < x,-(U);i =12,3,...N.
[pU YCJI0BUU COOJIIOACHUS 02PAHUMCHUU-HEPABCHCNG:
g(x)=20;7=123,..,J
Y 02PAHUYEHUTI-HEPABEHCNE :
h(x)=0;k=1,23,...K .

Ota npoljiemMa Takxke HasblBaeTCs 3ajaued ycroenou onmumuzayuu. Cioo "yc-
noBHas" 0003HAYaeT, YTO Ha MepeMeHHbIe MPOCKTUPOBAHKS HAJIOXKEHbI HEKHE OT-
panudenusi. Eciu orpaHuYeHuil, B TOM 4MClie M Ha JUana30H W3MEHEHHs Mepe-
MEHHbIX MPOSKTUPOBAHUS, HET, TO ONTUMH3ALIMS HA3bIBACTCS O€3)CI0GHOU.

CooTBeTCcTBYIOLIAas WUTIOCTpaLvs npyBeaeHa Ha puc. 2.11. B 3agaue umerorcs ase
CTeneHu cBOOOMBI: X, U X, . LleneBas GyHKIMS — OHA NMOKa3aHA MOBEPXHOCTbIO —
COCTOUT W3 TpeX ydyacTKOB. OHM 00pasyloT 30HY, B KOTOPOM (DYHKUHS SIBJISETCS
He2NIa0KOol, a TAKKe UMEET pa3pbl6. DTH 00CTOSTEIbCTBA BayKHbI /7151 JallbHEHLIEero
uznokeHus. TaM e MoKazaHbl TP TUNA OrpaHUYEHUH-HEPABEHCTB:

O nepsas rpymnmna — Te, KOTOpPbIE ONPEACIISIOT UHTEPBAJIbl U3MEHEHUS NEPEMEH-

HbIX. Ha puc. 2.11 310 BepTuKaabHble CTEHKH, UMEIOLIE B OCHOBAHUM MPSIMO-
YTOJIbHUK;
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8 BTOpas rpymnmna COCTOUT U3 €AUHCTBEHHOI'O JIMHEMHOIO OrpaHUYEHUS;

O TpeTtuil BuA TaKKe MPEACTaBJICH €IUHCTBEHHBIM HEJIMHCUHBIM OTPAHUYCHHUEM,
MpUYEeM OHO MPHUBEJIO K TOMY, YTO Qonycmumas 001acmy CTajna Hegulny Kol

DyHELMA Dy HKLMA
HETNaqKaA pazpLIBHAR

b/\ !

CrpaHu4eHue
NMHERAHDE

FAMHMM M
rnobaneHeIR

MAMHKM Y M
NokaneHe A

OIrpaHuyeHuKe
HENWHERHOE

Puc. 2.11. lNocTaHoBKa 3aaa4m MUHUMU3ALMM

Ha WJUTKOCTpaluu, pa3syMeeTCsa, HEBO3MOXKHO 0TO6paSI/ITL OrpaHHUYCHUs, HAJIOKCH-
HbIC Ha IMapaMeTpbl, KOTOPLIC MABJIANOTCA PE3yJIbTaTaMU YHUCJIICHHBIX pacHCTOB.
d)opmanbﬂo OHU BBINIAAAT TaK KC, KaK U OrpaHUYCHHS, CBA3bIBAOLIUEC TCPEMCH-
HbIC MMPOCKTUPOBAHWA, OAHAKO B ABHOM BU/JC 3aBUCUMOCTHU AJ11 HUX OTCYTCTBYIOT.

JluHMM HA NOBEPXHOCTH, MOJCIUPYIOLLEH LieJeBYI0 (QYHKLHIO, SBISIOTCS €€ ceve-
HusMU. OHM TOKa3aHbl UCKJIIOUUTENbHO Ul HAIJISIIHOCTH U (PYHKLHMOHAIBHOTO
3HAYCHHUS HE UMEIOT.

B npenenax momyctumoli obnactu (GyHKIMS WMeeT HECKOJbKO MUHMMYMOB. ToT,
rae (yHKUUS MMEET HAMMEHbIlIee 3HAYEHUE, €CTeCTBEHHO, 2100anbHblil. OcTalib-
Hble MUHUMYMBbI SIBJISIOTCA JTOKATbHbIMU. 1lpyd 5TOM OAMH U3 HUX PacloJIOKeH Ha
rpaHulie TIOMyCTUMON 00J1aCTH B MECTe NepeceueH s ABYX OrpaHUueHHH.

Ha puc. 2.12 ta xe mMozmenb mpencTaBieHa ¢ 0TOOpakeHHBIMH JTMHUAMH YPOBHSI.
BunaHo, uto B raakoi yactu (yHKIIMK UMeeTCsl 30Ha nepernda — 3TO Clie/ICTBHE
TOTO, YTO (YHKLUS SIBISETCS 3HAKOTIEPEMEHHOW MO BTOPOH MPOW3BOIHOM, T. €.
HUMeeT Kak BBIMyKJIble, TAK U BOTHYThIE Y4acTKu. Bun ¢pyHKUMM cBEepXy MoKa3zaH Ha
puc. 2.13. Oro "kaHOHWYeCKas" KapTHUHA )T 3a/1a91 ONTHMH3AIHH.

Ha paHHbIX wumocTpalusx BNOJHE NPEJHAMEPEHHO HE NMPEICTaBIEHbl OrpaHuye-
HUSI-paBeHCTBA, pUrypupyrolnye B ooliel NocTaHOBKE 33Jjaud MUHUMU3aluu. [1o-
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MbITKA 33/1aTh UX B MPOrpamMMe CYLIECTBEHHO YCJIOXKHSAET KaK caM ajlropyuTM, Tak 1
mnpouecc ero skciutyarauuu. [103ToMy 3TOT TN OrpaHUuYeHUN CTAparoTCs UCKIIIO-
YUTh 4epe3, Harmpumep, npeodpasoBaHUe 3alaud C YMEHbIIEHUEM YMCIa He3aBU-
CHUMbIX IEPEMEHHbBIX TPOCKTUPOBAHUSL.

Puc. 2.12. JIuHun ypoBHS Lenesoi dyHKUnn

X Honyctuman CirpaHu4eHue
2 obnacTe HENWHERHOE

=— %7

OrpaHUYeHHE NMHERHOE

Puc. 2.13. ®yHKUMA ABYX NEPEMEHHBIX — BUJ CBEPXY

H3zBecTHO G0JIbLIOE YMCIIO AJITOPUTMOB PELISHUs 3aa4d HEeJMHEHHOro nporpam-
MUpoBaHus. J[si HenMHeWHOH 1eneBod (GYHKIMU C JTUHEHHBIMH WM HeJIMHEHHbBI-
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MM OIr'paHUYCHUSAMU a0CcoNMOTHOE OOJIBLIIUHCTBO M3 HUX BXOAUT B ABEC I'pyIiIbl: 3TO
METObl npsAmMo2o noucka (Mbl OyaeM paccMaTPUBATh TOJBKO 3Ty Pa3HOBUIHOCTb
Kak HauboJjiee aKkTyalbHYIO AJIS MHXKEHEPHBIX PacdeToB) W MpPOLEAYpbl, UCIOJIb-
3ylolue Npou3BoaHble. HecMOTpd Ha He CIIMIIKOM BBICOKYIO IO CPaBHEHMIO C
IpajiMeHTHLIMU aJirOpuTMaMu 3(P(HEKTUBHOCTb NPU PELLSHUH MOAEJbHbIX 3a/a4,
OHHU OKa3blBatOTcA HauboJjiee MPAaKTUUHBIMU U1l UCTOJIb30BaHUS COBMECTHO C ajl-
TOPUTMaMH YUCJIEHHOTO aHajin3a, HallpuMep, METOAOM KOHEYHBIX 2J1€MEHTOB. Jle-
JIO B TOM, 4T0 nopoxxaaembie MKD u Apyrumu ceTOUHBIMHU MPOLIEAYPAMHU PE3YJib-
TaTbl: HAIPSAXKCHUA, NCPEMCLICHUS, COOCTBEHHBIE 4aCTOTbl, BCJIMYUHbI KPUTHUYC-
CKOW CHJIbI U T. . TpUBOAAT K HCIJIaJAKOCTHU WJIH, Oosee TOro, pa3pbIBHOCTHU KakK
ueneBol (pyHKUMH, Tak W OrpaHuveHui. OrpaHUYeHUs] MOTYT HaKJIaIbIBaThCS He
TOJIBKO Ha FeoMeTpUYecKue MapaMeTpbl, HO Ha KOMIOHEHThI HamnpsKeHWH, mepe-
MCHICHH[?I WJIM HA KPUTUYCCKUE CUJIbI, T. €. TO, UTO MPAMO HJIU KOCBEHHO CBA3aHO C
pe3ynbraramu. HernaakocTs WM pa3pbIBHOCTb MOTYT OBITh Pe3yJIbTATOM OCOOEH-
HocTe (OPMYJTHUPOBKHM 3aladyd ONTUMH3ALMK WU JK€ SBIATHCS CIEICTBHEM
CBOWCTB (puznyeckoii Momenu. Takke MpU HUCHONB30BAHUU UYMCIEHHBIX METOIOB
BO3HMKAET MpobiieMa HEOJJHO3HAYHOCTH W JIOKAJIbHONH HEYCTOWYHMBOCTH PEIlCHHS.
DTO 3HAYWT, YTO Majoe W3MEHEHHE MapaMeTpoB (F€OMETPUH MOJENH, HACTPOEeK
CEeTKH, peluatesiel v T. A.) IPUBOIUT K pe3ysbTaTy, "CyLIeCTBEHHO" OTIMYHOMY OT
HUCXOOHOI'0 BapuaHTa. B cBs3u ¢ 3THUM npouecC BbIYUCIICHHS MPOU3BOAHBIX LIEJIC-
BOM (PYHKIMU W OTpaHUuEHHI MO MePeMEHHBIM MPOSKTUPOBAHUS SIBJIIETCS KpaiiHe
YYBCTBHUTENbHBIM K OCOOEHHOCTSIM 3a/1a4u U, 00Jiee TOro, CTAHOBUTCS 3aBUCHM OT
MOJIB30BATCIIbCKHUX Hpe[[l'quTeHI/Iﬁ (CKOJIBKO HOJIb3OBaTeHel>'l, CTOJIBKO U BaApUAHTOB
CETKM KOHEYHBIX JJIEMEHTOB, CTOJILKO U pe3yibTaToB). JIOOUThCS CXOJUMOCTH B
TaKUX OOCTOSTENbCTBAX OUSHb TPYIHO M, KaK CleACTBUE, IPUMEHEHHE TPaJlueHT-
HBIX METOJIOB B ONTHMH3ALIMOHHBIX MpolieaypaxX Kak B CMbICIIE NMPOrpaMMHUpPOBa-
HHS, TaK W MPU SKCIUTyaTalluu, ABJIACTCA CBOCIo poaa UCKYCCTBOM.

Mertoapl jke MPAMOTro MOWCKAa B MEHbLLICH CTENEeHH UyBCTBUTENbHBI K JOKAIbHOM
HEerJIAZIKOCTH M Pa3pbIBHOCTH 1ieJeBOM (DyHKLIMU U orpaHuueHuii. [1o3TOMy BBIBOJ
caenyromuid. "l[lpoaBuHyThIe" aIrOPUTMBI, €CJIM UCIIOJB30BATh UX JIJIST PELICHUS
CTPOro OUEPUYEHHOTrO Kpyra 3ajad, TMIoTeTHYecky Oosee Mporu3BOAUTENbHbI, OHU
TaK)k€ OCHOBAHbI HAa CTPOTHUX KPUTEPUSX ONTUMAJIBLHOCTH U TIO3BOJISIFOT MOMyYHUTh
"rounoe" peuierue. OIHAKO €CTh BEPOSTHOCTh, UYTO, B CUJLY Psiia OOCTOSTE/IbCTB,
npoLenypa, €clid ee UCNob30BaTh coBMecTHO ¢ MKD unu poncTeeHHbIM pewiate-
Jiem, TipocTo He "3apaboTaer". B To e Bpems MeTOMbI, He TpeOyrolIye BhIUncIie-
HUS TPOM3BOAHBIX, TTO3BOJIAT MOMYUYUTh, MYyCTh U HE ONTUMAJIbHBIA, HO "myuiumii"
[0 CPABHEHUIO C UCXOAHBIM BapuaHT. CTeneHp "yiaydlieHus" Ajia OJHOU U TOMU ke
3aa4d 3aBUCHUT KaK OT MaTeMaTHUECKOH OCHOBbI alropuTMa, Tak U OT CyObeKTa,
YNPaBJISIOUIETO MPOLIECCOM.

H3p$I,E[Ha$[ HaCTb aJITOpUTMOB }/CHOBHOPI OINNTUMHU3allUH 6a3preT05{ Ha METodax
OINNTUMHU3AllUH 663yCJ’IOBHOl7]. Kak OpaBUJIO, AJIA 3TOr0 UCMOJIb3YETCs 3aMCEHa 3a/1a-
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uu. B ueneByro QpyHkuMIO BBOAUTCS J00aBKa, XapaKTepu3yolias "creneHs'" Hapy-
LIEHUS] OFPaHUUYEHUNA. DTH aJropuTMbl MOJTyYUIId Ha3BaHUE METOOB DApbepHbIX U
wmpagueix @yuxyuii. B nepBom ciyvae yBenuueHue (QyHKLUU MPOUCXOIUT MPU
MNpUOIMIKEHUHM K OrpaHMYEHHIO0 M3HYTPH AOIYCTUMOW objacTu, JOCTUras Ha ak-
TUBHOM OrpaHUuYeHHH OECKOHEUHOH BeJinuMHbl. BO BTOpoM BapuaHTe BHYTpPH U Ha
rpaHule J0nycTumoi obsactu "moOaBka" paBHA HyJIIO, a 3aT€M, MPH BLIXOIEC 3a
rpaHuLyy JOMyCTUMOMN 30HbI, OHA HAYMHAET BO3pacTarTh. J[js 3aja4 ¢ moTeHUMalb-
HO HerJIaAKoW LeneBoi ¢yHKUMEeH W HeJIMHEHHbIMM OrpaHMYEeHUsIMH Haubonee
addexTrBHBl HemuddepeHurpyembie uimpaguvie @ynxyuu. llepBbiii BapuaHT:
MocTosHHAs WTpadHas YHKLMS, SBASIOWANACS, 0 CYyTH, O€CKOHEUHBIM OapbepoM
(puc. 2.14). [Tpu nonbiTke NonajaaHus NPoOHON TOYKKM B HEOMYCTUMYIO 00J1acThb
¢dyHKuMs npuHUMaeT "OeckoHeuHoe" 3HaueHWe (B MPOrpaMMHBIX pealu3alusX,
pasymeeTcs, Al 9TOTO HEKOTOPO MepeMeHHOW NMpUCBaUBAeTCS COOTBETCTBYIO-
LMK TPU3HAK), NOCIIe Yero NpuHUMaeTcs pellieHre 0 TOM, Kak JeficTBOBaTh Jallb-
mwe. HepocTtaTkoM 3TOro airopurMma SIBJAsS€TCS HEBO3MOXHOCTb "ydacTus" Heno-
MYCTUMBIX TOUYEK B MOCIEIYIOLEM aHalu3e U, COOTBETCTBEHHO, CKIIOHHOCTh aJlro-
PUTMOB K 3alIMKJIMBaHUIO (3TO (hopMalibHOE ONMCaHKe, pealibHas CUTyalus Oosee
CJIOXKHA), €CJIM MUHUMYM JIS)KHUT Ha TPaHHLIE.

X4 X

Puc. 2.14. MNocTosHHas wrpadHas dyHKuus — 6eckoHeuHblil 6apbep

Bropoii BapuanT — wucnonb3oBaHue adcommoTHOM (yHKIMM mTpada — mokazaH
Ha puc. 2.15, Toe moBepxHOCTh, 00pa3oBaHHAs yYacTKaMU MHUPAMUAbI U KOHyca
o0ulero BUJa U KOTOpasi TEOPETUYECKHU YXOJIUT B OECKOHEYHOCTb, oOpe3aHa. 1o
CyTH, JaHHbIA BUI wTpada — 370 cymma aOCOJIFOTHBIX BEJIMYMH HEBSI30K HApy-
LICHHbIX OrpaHuueHuii. Boipaxkenue 1jist pe3yibTupyrolieh GyHkiuu npuodperaet
BUI:

Fxp) =) +pd|e(x).

iel
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3nech:

Jo — MCXO/IHOE 3Ha4YeHUe LeeBOH ByHKIMY;

f — dynkuus ¢ yuerom wrpada;

p — mapameTp wTpada;

¢(X) — BEKTOp HapyULICHHbIX B TOUKE X OrpaHUUYCHUN;

1 — 4KC0 HAapYLIEHHbIX OrPAHUYEHUM.

F

Puc. 2.15. A6contoTHas wrpadHasa dyHKLUs

EctecTBenHbIM siBRIsieTCA BONpoOC, Kakol napameTp mrpada HyKHO MCHOJIb30BaTh.
Teoperuuecku OH AOJIKEH 3aBUCETh OT MOBEACHUs UCXOAHOW LefeBOH (yHKLMHU.
Ecnu, nanpumMep, oHa "ObicTpo” yObIBaeT B TOUKE HA JJUHUM OTpaHUuUEHUs, TO ""Ma-
Jabli" wTpad HEe CMOXKET KOMIIEHCHPOBATh 3TO yObIBaHME, W Mporpamma MmpojaoJi-
JKUT TIOMCK 3a mpenesiamu aonyctumoi obnacru. Eciu ke wrpad "ciuukom"
0O0NbLIOH, TO BO3HUKAIOT NpoOsieMbl, npucylide adbcotoTHbIM Tpadam. Takum
0o0pa3omM, UCMOIb30BaHUE METOJOB MPSIMOro MOMCKa BKyIe ¢ BHELIHUMH LITpad-
HbIMU (QYHKLMSIMH TAKXKE CBSI3aHO C ONpPEAESeHHbIM CyOBEeKTUBU3MOM, a MoJTyvae-
MbI€ pe3yJIbTaThl HE BCeraa COOTBETCTBYIOT oxkuaaHusiM. Hanpumep, B ocHOBe Mo-
ayas ontumusaumn COSMOSWorks, kak Mbl npernojaraem, JIEKUT ONMUCaHHbIN
naniee anroputM. [losTomMy B cuTyauusix, Kkoraa oOHapy»KeHHbIH MporpaMmMoi yc-
JIOBHBIH OMTHUMYM JIEKMT HAa OJHOM WJIM HECKOJIbKUX OrPAaHWYEHHUSX, BO3MOXKEH
"HeOONBINON" BBIXO/T 32 TPAHUIIBI IOITYCTUMOMN 00J1aCTH.

2.3.3. Anroputm metoga KOMMJIEKCOB

JloroBopMBILIKCH, YTO 33Jja4ya ONTUMHU3aLMH YCIOBHOH npeodpa3oBaHa K ONTHMH-
3aunu 0e3yc/IOBHOM MmocpencTBOM anropurma abcositoTHol wtpadHol (yHKUMM,
paccMOTPHUM MONTYUYUBLIMINCS anropuT™M. B kauecTBe 6a3bl MPUHAT METO KOMMIIEK-
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co6 (OH el1le U3BECTeH KaK METOJl MHo2oepanHuka). CMbICI €ro B TOM, 4TO Ha 0a3e
HEKOTOPOW MCXOJHOM TOYKM, KOTOpas AOJKHA ObITh JOMYCTUMOM (KOMMEHTapuu
CM. B pa3zo. 2.3.4), METOJIOM CITY4aiiHOTO TOWCKa CTPOSTCS ellle HeCKOJIbKO, TakK,
YyTOOBI UX YUCIIO ObUIO PaBHO YMCIYy BapbUPYEMbIX MapamMeTpoB IUIOC OAUH (MHO-
rjia 4Y1cjo TOYeK YBEJIMYMBAIOT Ha O/IHY). B nmpocTpaHcTBe TOUKKM 00pa3yloT MHO-
rorpaHHuk. Cpeny Bcex BEpUIMH BbIAENSETCS HauxyAuas. OTo TOYKa, I7ie MOJH-
¢unmpoBanHas (1. e. ¢ yueroM wuTpada) uesneBas QyHKLHMS UMEET MaKCHMallbHOE
3HaveHue. [locie 3Toro HoBas mpoOHas TOUKA WILETCS OTPaKEHHWEM HauxXyAllei
OTHOCHUTEIbHO LIEHTpa THKECTH ocTanbHbIX. s 3TOro ucnosb3yerca kodp¢u-
LMEHT OTPaKEHUS O, TPAAULMOHHO MpUHHUMaeMblii paBHbIM 1,3. Ecnu npoGHas
BEpLUMHA HapyllaeT OrpaHUYeHUs], HaJOXKEHHbIe Ha MHTEpBaJibl U3MEHEHUs Iepe-
MEHHBIX, TO OHa BBIBOAUTCS Ha Onmkaiilliee K LEHTPY TSHKECTH OCTaJIbHBIX BEPLIMH
orpaHuueHue. Eciu W nociie 3TOro oHa HapyliaeT Kakoe-ii0o apyroe orpaHuue-
Hue (B Cilyuae HaJMuMsl TAKOBBIX), TO KOI(P(PHUIMEHT OTPAKEHHUS] YMEHbLIACTCS B
nsa paza. Tak xke K03(pPULMEHT OTPAKEHUs YMEHbILIACTCS, €CJM HOBasl MpoOHas
TOUKA OCTAeTCs Xy’Ke TeX, KOTOpble OCTAINCh OT Mpeablayleil urepauuu. B xone
paboThI MPOMCXOAUT YMEHbILIEHHE Pa3MEepOB KOMIUIEKCa, a Takke ero 1e¢opMHupo-
BaHWe. B uyacTHOCTH, ANUTENbHOE B3aUMOACHUCTBHE C OTPaHUUEHHUSIMH CIIOCOOHO
MPUBOANTH K MOTEPE KOMIIIEKCOM Pa3MEePHOCTH M, KaK CIIEJICTBUE, K HEBO3ZMOXKHO-
CTH TIPOABUTATHCSA B "MEPCNEeKTHBHBIX' HAMpPaBIEHUAX TMOCJE TOro, Kak orpene-
JIeHHasl 4acTh MyTH BJIOJIb aKTUBHOTO OTpPaHWYEeHHs TpOieHa, a OorpaHuveHHe
"uckpuBmiioch". Hekoropbie 3Tanbl (QYHKIMOHWPOBAHUS METOJa TOKa3aHbl Ha
puc. 2.16. IlpuBenem ¢opmanuzoBaHHOE OMKCaHWE aJTOPUTMa B COOTBETCTBUH
c [9]. B Hero BHeceHbl HEKOTOPbIE KOPPEKTHBBI, KOTOPbIE, C OAHOM CTOPOHBI, HC-
MPaBJISIOT SBHBIE OMEYaTKW WM HETOYHOCTH MEepeBOja, a C APYroW, JAeNarT ero
Oosiee MOHSITHBIM.

B — HaWxYALWaA TOYKS

& — OCTaNbHbIE TOYKM

O — LUEHTR TAMECTH OCTANEHEIX TOYEE
o —I'IF]DﬁHbIE TOYEM

Puc. 2.16. MNounck nyuyLueii TOUKU BHYTPM J0OMNYCTMMOIN 06nactu n Ha ee rpaHule
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0
I/ITaK, UMeeM J0IMIyCTUMYHKO Ha4daJIbHYKO TOYKY X , MHTEpBaJibl U3MCHCHUA IIE€PE-

MEHHBIX [x,.(L),x,(U )J , KOO (ULMEHT OTPaXKEHHUSI O W MAPaMETPbl OKOHYAHUS Bbl-
YHUCJIEHUHN € U O .

LLar 1. TTocTpoeHne HaYaIbHOrO KOMILIEKCa, COCTOSILIEro U3 P OMyCTHMBIX TO-
yek. [ns kaxnoi Toukn p =1,...,P—1:
1. CumyuaiinbiM 00pa3oM ONpeaennuTs KOOPAUHATEI X B MHTEpPBAIe MEXKIY x,.(L) u

7
Ny
2. Ecnu x” — HepmomycTuMasi TOUKa, HAWTH LEHTP TsDKeCTH X yiKe HaliIeHHBIX
TOYEK U TOJIOKHTh
X’ =x"+1/2-(X-x"),
MOBTOPSITH MPOLEAYPY 10 TEX MOP, NoKa X’ He CTaHeT J0IMyCTUMOM.

3. Ecniu x” — nomyctumasi TOYka, MOBTOPATh MyHKT | 10 TeX mop, MokKa
p=P-1.

4. Boruucaurs f(x”) pis p=P—1.

Lar 2. OrpaxeHue KkoMIiekca:

1. Cpenu Bcex BepLIMH KOMILIEKCA BHIGPATh HAUXY/IIIYIO TOUKY X, Ul KOTOpOid
S(x*)=max f(x"),

W IPUCBOMTH TiepeMenHoii F, = f(x*).

2. Haiiti ueHTp TsKecTd X OCTaJIbHBIX TOUEK U HOBYIO IPOOHYIO TOUKY:
X" =X+a-(X-x").

Jlanee BO3MOXKHbBI CeayIOLI1E BapUaHThI:

m m
O ecan x" — ponyctumas Touka U f (X" )= F, ., TO YMEHBbIIMTb B JBa pa3a

paccTosiHUe MeXAy X' M LIEHTPOM TsDKeCTH X M MPOJIOIKATh TMOUCK, TTOKa
m .
f (X ) < Fm/kc 4
O ecan x" — ponycrumasi touka u f(x")<F,  , nepeiitu k wary 4;

O eciu x" — HemoOMyCcTUMAs TOYKA, NEPEUTH K 1ary 3.

Lar 3. KoppekTupoBka KoMILIeKca 1yisi oOecreueHus NonaaaHus BEpLIUHbI B 10-
MYCTUMYIO 00J1aCTh.



48 lnaga 2

(V) )

L L
1. Eciu x" <x", monowuts x" =x", ecnin x” >, nonosurs x” =x"",

1
MpUYeM MpU YMEHbLUEHUW WIH YBEJMUYEHUHM OAHOM U3 KOOpAMHAT MPOOHOM
TOUKH, APYTrHe AOJKHBI YMEHBIIUTHCS WIIN YBEJIIMUUTHCS MPOMOPLHUOHAIBHO.

2. Eciu x" — Hepomyctumasi TOYKAa, YMEHbLIMTH B JIBA pa3a PacCTOSIHUE OT

NMpoOHOM TOYKH 710 HIEHTPa TSHKECTH M MPOIOJIKATh Tak 10 TeX Mop, Moka X" He
MOMnajeT B JOMyCTUMYIO 00J1aCTh.

LUar 4. IIposepka yc/0BHii OKOHYAHUSI BBIYUCIICHUA:

1. Tonoxurs F =lZf(xp) u X:lep.
P P

2. Ecnu Z(f(x”)—F)2 <g wu Z(J;{”—X)2 <0, BbIUHCICHHUS TMPEKPaTUTh M
P p

CUHUTATh, YTO ONTUMYM Hai/leH; B TMPOTUBHOM Cjy4ae MEpelTH K IMyHKTY |
mara 2.
KoHeu anroputma.

B HEKOTOpBIX pealu3alysaX ajJropuTMa MyHKT 2 miara 2 (3TO COOTBETCTBYET CH-
Tyallld, KOrjia nmpoOHasi TOUKa oKasajiach Jiydille HauXy/IIeH) BBIMIAAUT CIIEyt0-
MM 00pazom:

m

m .
Ecnu x" — pnonycrumas roukau f(x")<F,,. . TO:

0 cpeau Bcex BepLIMH KOMILIEKCA BLIOPATh HAWTYHILYIO TOUKy X , /1l KOTOPOii

f(x")=min f(x”),

- w
Y NPUCBOUTH nepemMeHHol F,, = f(x" );
m ~ ~
0O ecmm f(x")2F,,, T.e. HOBasg TOuKa HE cTaja JydlleH, TO MNepelTH
K wary 4;

O ecn f(x")<F,, ,T.e. X" OKa3asach HOBOH JiydiIeil TOUKO, TO Hanpasiie-
HUe Tpu3HaeTcst "yaauHbIM", MOCIIe Yero ClefyeT MOMOJHUTEIbHO PacTSHYTh

MHOTOTPaHHUK;
O wnaittn "ysyumennyo" npoGuyio Touky x° =X+ B-(x* =X), rae BP>1) —
KO3 (DUILIMEHT pacTKEHUS;

O ecmu f(x°)< f(x"), T.e. pacTsDKeHHE YBEHUYAIOCh YCIEXOM, MPHUCBOMTH

X”T — XL’ ;

O nepeiitu k n. 1 wara 4.
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( 3ameuyaHne )

B npuBeaeHHOM anroputMe BEPXHUA MHAEKC MMEET CMbICST HOMepa BepLUNHbI KOM-
nrekca, a He NokasaTesisa CTeneHn. YCrnoBme npekpalleHns BblYMCNEHU Npu 4oCTr-
XKEHUN NpedesibHOro Yucna utepauuin He BKIOYEHO.

IloguepkHem, 4TO Mbl TPUBEJM TOJIBKO BAPUAHT OJHOIO M3 aJirOPUTMOB, KOTOPBIH,
CyJis TIO AMAarHOCTHKE Mporpammel, peanu3zoBad B COSMOSWorks.

2.3.4. icnonb3oBaHue npoueayp ontuMnsauum
B CAIP

OcTaHOBUMCSI Ha OCOOEHHOCTSIX OIMHUCAHHOTO alropuTMa, KOTOpbIe SIBISIOTCS Cy-
IIIECTBEHHBIMHU MPU KUCIOJIb30BAHUM €0 B PACUETHBIX MPOrpaMMax. 1o tem Oosiee
BAYKHO, YTO KOHKPETHbIC peajm3aiuu, Hanpumep, B COSMOSWorks, siBasitorcs,
MO CYTH, YePHBIMH SALIUKAMU, a TOKYMEHTAIWs He COJIep>KUT HUKaKoi nHdopma-
LMK O METOJAMUYECKUX BOMPOCAX, COMPOBOXKAAIOIINX IAHHBIC AJITOPUTMBI.

B xone popmupoBanus HCXOAHOTO KOMIUIEKCa TOUKH ""paz0pachkiBatoTcs” B mpee-
Jlax BCeH aomycTumMoli obsiactu. DTo Bieuer 3a co0oil aBa ciencreus. Hauhem ¢
no3uTuBHOTO. "['MoOaIbHBINA" 0XBAT AOMYCTUMOM 001aCTH MOBBIIIAET BEPOSITHOCTD
BbIZGJICHUs J100a7IbHOTO ONTUMYMA MPH HAJIMYMK HECKOJIBKHMX JIOKAIbHBIX MUHH-
MYMOB, B YaCTHOCTH, COCPEIOTOUEHHBbIX BHYTpH obsiacti. OOparHas CTOpoHa Me-
Jajld COCTOMT B TOM, YTO €CJiM BEPLUMHbI KOMILIEKCAa PAcIOIOKEHbI MO Pa3Hble
CTOPOHBI OT CEIJIOBOI MOBEPXHOCTH WJIH, Kak Ha puc. 2.11, cieBa u cripaBa oT Bep-
TUKaIbHOM JTMHUM nieperuda, To alropuT™, MoA00HO YEOBEKY, Y KOTOPOro MEXay
HOTI' OKa3ajiach BbICOKAsi CTEHKA, OY/IeT He B COCTOSIHUM Yepe3 Hee MepeMeCcTUThCS.
Cxoxkue cUMITOMBI (0JJHAKO Ha COBCEM JIPYToii MoUYBe) COCOOEH BbI3BATh Cllyvaid,
KOrJa HEeBBINMYKJIO€ OrpaHUueHHe Ha HEKOTOPOM 3Tare OKa3blBaeTCs BHYTPU KOM-
riekca. B 3Toll cuTyanu MOmMbBITKM CHCTEMBI €r0 YMEHBIIMTh MPUBEAYT K OCTa-
HOBKE alropurma.

Kax BuaHO u3 onucanus anroputma, KpUTEpUA AOCTHIKEHHUST ONTUMyMa (yClIoBHe
Kyna — Takkepa) NnpuMEHNUTh K METOY KOMIUIEKCOB HEBO3MMKHO. Beraet Bompoc
noadopa napameTpoB OKOHYAHHUSI BBIUMCIICHHUH, ONPEIENSIOMX CTeNeHb MaJIOCTH
W3MEHeHUs 1enieBoil (GyHKIMHM U mara nowcka. "CnuimkoMm" TpyObie TlapaMeTpbl
MPUBEAYT K TOMY, UTO QJITOPUTM, BBIIIS HA HEKOE OrpaHUYEHHE WU MOMaB B 30HY
oBpara 1ejieBoi (pyHKIMH, OCTAHOBUTCS paHblie BpeMeHH. [Ipu Manom wmare mo-
JKeT CIIYYMTBCSl TaK, YTO COCTaBISIOIINE, OOYCIIOBJICHHbIE YMOMSHYTHIMHU BbILIE
HETJIaJIKOCTBIO WM Pa3pbIBHOCTBIO 1IEJIEBOH (DYHKIIMH, OKAKYTCSl COMOCTABUMBI C
Pa3HOCTBIO BeJIMUMH (DYHKUMH B BEepIIMHAX KoMIUlekca. B aTol curyauuum anro-
PUTM MOKeT paboTaTh OECKOHEUHO (€C/i, KOHEYHO, He OTPaHUYMTh YHMCIIO LIaroB
pacueTta) u, B 00111eM, O€3pe3yIbTaTHO.

HuHorna Hepocratku mMerona mrpadHeix QyHKIMN, CBI3aHHBIE C BO3MOMXHOCTHIO
aJITOPUTMA BBIXOJIUTD 3a TPAHHULbI IOMYCTUMOM 00JIaCTH B 00J1aCTh HEJIOMYCTHUMBIX



