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HpI/I CO3JaHUH MAllMH, TCXHUYCCKUX KOMIIIICKCOB U JIPYIUX 00BEKTOB IIHAPOKO HCIIOJIb3YCTCA
MoenrpoBanue. Kak cpeicTBo Mo3HaHUS U MPEOOpa30BaHMs MATEPUAITBHOTO MUpPA MOJCIMPOBAHUE
MNPUMCHSACTCA B OKCIICPUMCHTAJIBHBIX U TCOPCTUUCCKHUX HAYUHBIX UCCICAOBAHUAX.

Mooenuposanue TIpeICTaBISCT COOOH TIpoIlecC 3aMemleHuss OOBEKTa WCCISAOBaAHUS
HeKOTOPOﬁ €ro MOJACJIbIO MW IIPOBCACHUC I/ICCJ'IG,Z[OBaHI/Iﬁ Ha MOJCIM C MCIbIO IIOJIYYCHUSA
HeoOxomumoit mHpopMauu 00 o0bekTe. Modenb — 3TO (PU3MYCCKUN WM abCTpPakTHBIA 00pa3
MOJIETTUPYEMOT0 OO0BEKTa, YIOOHBIN sl MPOBEIEHUS HCCIEAOBAaHUN M TMO3BOJISIIOIIMNA aJeKBATHO
0TOOpakaTh WHTEPECYIOIIHE HWCCceaoBareNsi (U3MYEeCKHe CBOWCTBA M XapaKTEPUCTUKH OOBEKTA.
Y,I[O6CTBO IIPpOBCACHUA I/ICCJ'ICIIOBB.HI/Iﬁ MOXCET OIIPECACIATLCA pa3INdYHbIMHA (1)aKTOpaMI/IZ JICTKOCTBIO U
JOCTYITHOCTBIO TIONyYCHHUS WH(POPMAIIMH, COKPAIICHHEM CPOKOB M YMCHBIICHHEM MaTepPUATbHBIX
3aTpaT Ha UCCIICAOBAHUEC U JP.

Paznuuaror  MopenupoBaHue — npeomemHoe U abcmpaxkmuoe. Ilpu  nmpedomemmuom
MOoOenuposaHuu CTPOAT @husuueckyro mooenb, KOTopas COOTBETCTBYIOUIMM 00pa3oM oOToOpaxaer
OCHOBHbIE (PU3MYECKHE CBOWCTBA U XapaKTEPUCTUKH Mojenupyemoro oobekra. [Ipu 3tom mozens
MOKCT UMCTb HUHYHO (I)I/I3I/IIIGCKYIO npupoay B CpaBHCHUU C MOACIINPYCMbIM 00BEKTOM (HaanMep,
AJIEKTPOHHAS MOJIENb THAPABINYECKON WJIM MEXaHUYECKOM cructeMbl). Eciiu Moniens 1 00BeKT OJTHOM
U TOH ke PU3NYECKOM MPHUPO/Ibl, TO MOAETUPOBAHNE HA3BIBAIOT PUIUUECKUM.

®U3NYECKOEe MOJETUPOBAHUE IHPOKO MPUMEHSIOCH A0 HEIABHErO0 BPEMEHU MPHU CO3JaHUU
CIOKHBIX TEXHHYECKHX OO0BEKTOB. OOBIYHO H3rOTABIMBAJICS MAKETHBIH MM OIBITHBIH O6p&3€].[
TEXHUYECKOI'O O6’L€KTa, MMPOBOAWIIMNCE HMCIIBITAHUA, B IIPOLECCE KOTOPBIX ONPEACTIAINCE €ro
BBIXOIHBIC MTapaMETPhI U XapaKTCPUCTUKU, OUCHUBAJIINCh HAICKHOCTDb (I)YHKLII/IOHI/IPOBaHI/ISI U CTCIICHDb
BBITIOJTHCHUSI TEXHUYECKUX TPEOOBAHUH, MPEABSIBISIEMBIX K 00beKkTy. Eciam BapumaHT TeXHUYECKOH
pa3pa60TI<1/I OKa3bIBaJICA HEYyAaYHbIM, BCC IOBTOPAJIOCH CHa4dajld, T.C. OCYILICCTBIIAJIOCH IMOBTOPHOC
MIPOCKTUPOBAHUE, U3TOTOBIIEHUE OMBITHOTO 00pa3Iia, UCIIBITAHKS | T.]I.

dusnyeckoe MOJCIIMPOBAHUC CJIOKHBIX TCXHUYCCKHUX CHCTCM COIPSKCHO C OOJIBIITNMU
BPEMEHHBIMHU U MaT€pHUaIbHBIMU 3aTpaTaMu.

Abcmpaxkmuoe Mmoodenuposanue CBSI3aHO C TIOCTPOCHHEM abcmpaxmuou moodenu. Takas

MOJI€TIb IPEJCTABIsSIET cOO0M MaTeMaTHUYeCKHUe COOTHOILIEHUS, Tpadbl, CXEMbl, IUarpaMMbl U T. II.
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Haubonee MOUIHBIM H YHUBEpPCAJIBHBIM METOJOM aOCTPAKTHOIO MOJEIUPOBAHUS  SIBISETCS
MaTeMaTUYeCKOe MojesinpoBaHue. OHO IIMPOKO HUCIOJIb3YETCS KaK B HAYYHBIX UCCIIEIOBAaHUAX, TaK U
IIPU IPOEKTUPOBAHMH.

Mamemamuueckoe modenupoganue MO3BOJISET MTOCPEACTBOM MATEMAaTHUYECKUX CHMBOJIOB U
3aBHUCHUMOCTEIl COCTaBUTH OINUCaHWE (PYHKIMOHHUPOBAHUS TEXHHUUECKOTO OOBEKTa B OKpYKarolen
BHEUIHEN Cpele, ONPENENIUTh BBIXOJHBIE IIApaMETPbl U XapaKTEPUCTUKH, IOJYyYUTh OLIEHKY
nokasarenel >(QQGEeKTUBHOCTH U KauyecTBa, OCYIIECTBUTh MOHMCK ONTHUMAIBHOM CTPYKTYpbl U
napameTpoB 0o0bekTa. [IprMeHeHHe MaTeMaTHYecKOro MOJEIMPOBAHUS MpPH TMPOCKTUPOBAHUH B
OOJIBIIMHCTBE CIy4yaeB I[O3BOJISIET OTKa3aThCsl OT (DU3MYECKOTO MOJAEIUPOBAHUE, 3HAYUTEIHHO
COKpaTUTh 0OBbEMBI UCTIBITAHUN M JOBOJIOYHBIX PabOT, 00€CIEUnTh CO31aHNE TEXHUYECKUX OOBEKTOB
C BBICOKHMMHU TOKa3aTeasiMi 3PpPeKTUBHOCTH U kauecTBa. OTHUM U3 OCHOBHBIX KOMIIOHEHTOB CHCTEMBI
IIPOEKTUPOBAHMSI B 3TOM CJIydae CTAHOBUTCS MaTeMaTHUeCKas MOJIEb.

Mamemamuueckaa mModeb — 3TO COBOKYITHOCTh MaTeMaTHUYECKUX OOBEKTOB M OTHOIICHMIA
MEXIy HUMH, aJeKBAaTHO OTOoOpakaromias (GH3UYECKHE CBOWCTBA CO3aBaEMOT0 TEXHHYECKOTO
o0bekTa. B KkauecTBe MareMaTHdecKuX OOBEKTOB BBICTYMAIOT 4YHCIA, IEpEeMEHHBbIE, MHOKECTBa,
BEKTOpBI, MaTpuubl U T.m. [Iponecc ¢hopmMupoBaHUS MaTeMaTHUYECKOW MOJENIU W HMCIIOJIB30BaHUS €€
JUIsl aHaJIM3a U CHHTE3a HAa3bIBACTCS MamemMamuyecKkum mooenuposanuem. B KOHCTPYKTOPCKOM
IIPaKTUKE 1107, MAaTEeMaTHMYECKUM MOJEIUPOBAHUEM OOBIYHO IIOHUMAETCSl MPOLECC IOCTPOEHUs
MaTeMaTUYeCKOW MOJENM, a MPOBEJACHUE HMCCIEIOBAaHUM Ha MOJEIM B IPOLECCE MPOECKTUPOBAHMS
Ha3bIBAIOT GLIYUCIUMENbHBIM IKCnepumenmom. Takoe neneHre yaoOHO JUIsl MPOEKTHUPOBLIMKOB U
(YHKLIMOHAJIBHO BIOJHE OOOCHOBAaHO, MOATOMY B JajbHEWIIEM OyaeM NpUIepKUBATHCS 3TOM
TEPMHUHOJIOTHH.

Jlist OCyILeCTBIIEHUS] BBIYUCIUTENBHOTO 3KcrepuMeHTa Ha OBM HeoOxoaumo pa3paboTarhb
QITOPUTM peann3alii MaTEMaTUYECKOH MOJIEIH.

Anzopumm — 3TO IpeINUCaHUE, ONPEAEIAIONIEE TOCIEA0BATENBHOCTD BBIIIOJHEHUS ONEpalnuii
BBIUHCIIUTENBHOTO Tpouecca. Anreopumm asmomamu3uposaHHo20 NpOeKmupo8aHus TpPenCTaBIsueT
co0Ol COBOKYHMHOCTh MpEANHCaHulM, O0OeCHeunBaIOIIMX BBIMOJIHEHUE ONepauuii M Opouexyp
MIPOEKTUPOBAHMSI, HEOOXOIUMBIX AJIsl OJyYEHHS MPOEKTHOTO perieHus. JlJig HarisJHOCTH alrOpUTMBI
yaiie BCEro MpPEeJCTaBISAIOT B BUJAE CXeM WM rpadoB, MHOTJA Jal0T MX BepOajabHOE (CIOBECHOE)
onucaHue. AJITOPUTM, 3alHCaHHBIE B (QopMe, BOCHPUHMUMAEMON BBIYUCIUTEIBHOW MAIIMHOM,
NPEJCTaBIsAET CO00U npoepammmuyto modens. llpouecc mporpaMMUPOBaHUS HAa3bIBAIOT NPOCPAMMHBIM
MOOEUPOBAHUEM.

dopmanu3anys IMpolecca IPOEKTUPOBAHMS HAa OCHOBE MAaTEMATUYECKOTO MOJEIMPOBAHUSA
MO3BOJISIET ~ €ro  aBromMarusupoBaTb. OJHUM M3 OCHOBHBIX  KOMIIOHEHTOB  CUCHEMbl
asmomamuzuposannoeo npoexkmupoganus (CAIIP) sBusercs mamemamuueckoe obdecneyenue,

BKIIIOYAarOmie€ MaTrTeMaTHYCCKHE MOACIH 00BEKTOB MNPOCKTUPOBAHUA W HUX IJIEMCHTOB, MCTOJAbI H



AJITOPUTMBI BBITIOJHEHUS IPOCKTHBIX ONEpali U IPOLEAYD.

Pa3BuTHe aBTOMaTU3MPOBAHHOIO TPOEKTUPOBAHUS IPOILIO HECKOIBKO cTaauii. BHayane O9BM
IIPUMEHSJIACH JIMIUD JUISl BBINOJIHEHMS BBIYMCIICHHN 110 METOJUKAM, OPUEHTHUPOBAaHHBIM HA PY4YHOE
pelieHne. OJTO HE BHOCWJIO HHUYEr0 HOBOIO B IIPOLIECC IIPOEKTUPOBAHMS, a JIUIIb YCKOPSJIO
BBINIOJIHEHUE OTHEJIBHBIX €ro 3TaloB. 3aTeéM Hayald HCIOJb30BaTh MAaTEMaTHYECKHE MOJCIIH,
MO3BOJISIONINE MMHTHPOBATh (PYHKIIMOHUPOBAHUE OOBEKTOB IPOSKTUPOBAHMS, YTO IO3BOJIUIO
o0ecrneuynTh MOBBIIMIEHHE TOYHOCTU MOJTyd4aeMOH MH(OPMALUHU, OPraHU30BaTh MOUCK ONTHUMAJIbHBIX
IIPOCKTHBIX PELICHUN U JOCTUYb YHUBEPCAJIbHOCTH ONMCAHUS OTACIBHBIX NPOEKTHBIX ONEPalUid U
nporenyp. bbuin pa3paboTaHbl eMHbIE TOAXOAbI K HOTYYEHUI0 MaTeEMaTHUECKUX MOJIENIEH AJIs LeIbIX
KJIACCOB TEXHMYECKMX OOBEKTOB M ATH MOIXOABI YAAJIOCh (hopMann3oBaTh. B pe3ynbrare mporiecc
(GopMHpOBaHUS MAaTEMaTHYECKOW MOJIENIM OKa3aJloCh BO3MOKHBIM BO3JIOKUTh HENOCPEACTBEHHO Ha
OBM. B janpHeimeM OCHOBHBIE YyCWIHMS OBITM HampaBlieHbl Ha pa3pabOTKy CTpaTerud |
METOJI0JIOTUH aBTOMATU3UPOBAHHOI'O IIPOEKTUPOBAHUS.

[TomHOCTBIO (hOpMATU30BaTh W ABTOMATH3UPOBATh IPOLECC MPOSKTUPOBAHHS IMPAKTHYECKH

HEBO3MOXKHO U HeuenecoobpazHo. Ha »sramax pa3paOOTKM KOHLENUIHMU TEXHUYECKOW CHUCTEMBI,
(dbopMHpOBaHUS TEXHUYECKOTO 33JaHHs, BEIOOPA TEXHUYECKOTO PEIICHUS;
CUHTE3a CTPYKTYpPBI, IPUHATHS PELIEHUN U Ip. NEHCTBUS KOHCTPYKTOPA, OCHOBAHHBIE HA €0 OINBITE U
WHTYUIMH, KaK MMPaBUIIO, HETpeACKa3yeMbl U He monatotcs Gopmanusanuu. CAIIP npegycmarpuBaer
TECHOE B3auMOJEHCTBUE denoBeka M OBM. D10 oaMH W3 OCHOBOIOJIArarOIIMX IPHUHIIMIIOB
noctpoenus CAIIP. Bmecre ¢ TeM Bce BHIbI MPOEKTHBIX pabOT, KOTOpbIE MOKHO (hOpMann3oBaTh,
JIOJDKHBI OBITh ABTOMATH3UPOBaHbl. B 3T0il cBsA3M BakHeHIIas poiib MPUHAJICKUT MaTEMATHIECKOMY
monenupoBanuto. Ilpu cozmanunm CAIIP HeoOxonmmma HE TOJIBKO MaTeMaTH4ecKash MOJEIb
CO3/1aBa€MOI0 TEXHHYECKOTO OO0BEKTa, HO M MOJENM peaju3allMd BCEX NPOEKTHBIX ONepanuil u
IpoLeayp.

Hns  pa3paboTku  3((HEeKTUBHOW TEXHOJOTMM aBTOMAaTHU3UPOBAHHOIO IMPOEKTHPOBAHUS
HE00X0IUMO JIeTaIbHOE MPeICTaBICHHE 000 BCEX ATanax U CTagusX cO3/laHusl 00bEKTa ¢ TeM, UTOObI
OCYLIECTBUTH UX (OPMATH3ALMIO U MAaTEMAaTHUECKOE ONHCaHHE.

HaubGonpmmii 3¢pexT Moxer naTh aBTOMaTH3allMs CaMbIX pPAaHHUX ATAaloOB MPOEKTHUPOBAHMS, KOIJa
ocyliecTBisiercss BbIOOp TexHuueckoro pemieHus. CAIIP mo3BosisieT mpocMOTpeTb MHOXECTBE
BAPHAHTOB M OTOOpaTh HECKOJBKO HAWIYYIIMX I JadbHeimer JleTanpbHOM mTpopabOTKH |
OoKOHYaTenbHOro BbIOOpa. Kak ormeuan aBuakoHcTpykTop I1.0.Cyxo#, ommOKy, IOMyIIEHHYIO MpH
3aBsI3KE€ IIPOEKTa, YK€ HE HCIPABUTh COBEPUIEHCTBOM WH)KCHEPHBIX PAacdyeTOB M YEPTEKHBIMHU
aBToMaTamMu. OJIHAKO aNTrOPUTMBI BBINOJHEHHS TMPOEKTHBIX pabOT Ha ATHX H3Tamax M CIOCOObI
MNPUHSITHS PEIICHUH ellle HeJJOCTaTOYHO OTpabOTaHBI.

BbIcOKMI TEXHHYECKHMI YPOBEHb M3JEIUS JOCTUIaeTCs B 3HAUYMTEIILHOM Mepe Ha IJTare

(YHKIIMOHAIBHOTO MPOEKTUPOBAHUS, HAa KOTOPOM OIPEIEISIIOTCS OCHOBHBIE MapaMeTpbl OOBEKTa.
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[IpoekTHble pemieHuss TpU 3TOM B 3HAYUTEIIBHOM Mepe OMNpelensioT ero kadectBa. [lpu
HE/IOCTaTOYHOW TpopaboTKe MpoeKTa 3arparhl Ha OOecrleyeHHe KadecTBa, OOYCIIOBICHHBIC
HEOOXOAMMOCTBIO MOCIIEAYIONIEH JOBOJKH KOHCTPYKIHH, TOCTUTAIOT 10... 20% OT MOTHOM CTOMMOCTH
nponykmun. [Ipu stom 50...70% oO0mux mnpuyuH Ae(PEKTOB MPOMYKIIUU CBSA3aHO C OIIMOKAMHU B
MIPOEKTHO-KOHCTPYKTOPCKUX pemenusax, 20..30% c¢ HemocTaTkaMu TEXHOJIOTMYECKUX MPOLECCOB,
5...15% Bo3HuKarT 10 BUHE pabounx. [ToaToMy riaBHas 3aga4a KOHCTPYKTOPA COCTOUT B TOM, YTOOBI
BBISIBUThH M YCTPAHUTh MOTEHIMATbHbIE HICTOYHHUKH JA€(PEKTOB €IIe Ha CTAJANU MPOCKTUPOBAHUSI.

Onepanuu u mpoueaypsl (YHKIIMOHATBLHOTO TMPOCKTUPOBAHUS, KaK MPaBUIO, TOYTH
MOJIHOCTBIO MOJAAIOTCS (popManu3aliK, YTO B KOHEYHOM UTOrEe CO3[1aeT HEOOXOAUMBIE YCIOBUS IS
ompesieNieHus] U BbIOOpa ONTHUMANILHBIX MAPaMETPOB M CTPYKTYPHI TEXHUYECKOro oObekTa. [Ipu aTtom
UCIOJIB3YIOTCS. MaTeMaTHYeCKHe MOJENN CO3[aBAeMbIX OOBEKTOB, MOJEIM OLEHKU W TMPUHATHUS
penieHnit, KOTOpbIe B BUJE COOTBETCTBYIOIIUX AJITOPUTMOB PEATM3YIOTCS TP MPOEKTUPOBAHHH.

[Tpu pemenun 3amay CUHTE3a CTPYKTYPHI, MOJECIMPOBAHUH MPOIECCOB (DYHKIIMOHHUPOBAHUS
OOBEKTOB C TMEPEMEHHOW CTPYKTypOW BO3HUKAET HEOOXOIUMOCTh TIOCTOSIHHOTO HM3MEHEHHS
MaTeMaTUYeCKOW MOJEIIH.

Ha pasnuunbix »Tanmax © CTagusX MPOEKTUPOBAHUS CJIOKHOW TEXHUYECKOM CHUCTEMBI
UCIOJIB3YIOTCS pa3InyHble MaTeMaTuyeckue Mozenu. Ha paHHuX cTagusx oOBIYHO MOJENH MPOCTHIE,
HO 4YeM moapoOHee mpopadoTKa MPOEKTa, TeM CIIOKHEe Hy)KHa MOJAeTb. MaTeMaTH4ecKue MOJeln
MOTYT MpPEICTaBIsATh C000N cucrteMbl AudGepeHINaTbHbIX YpaBHEHUN (OOBIKHOBEHHBIX WA B
YaCTHBIX TMPOU3BOJHBIX), CHCTEMBbl aJIreOpanvecKux YypaBHEHUH, TMPOCThIE anredpandecKue
BBIpaXEHUS, OMHApHBIE OTHOMICHMS, MaTpHIbl U Ap. CroxxkHble MOAenu TPeOyroT OONBLIUX 3aTpaT
BPEMEHU Ha TMPOBEACHUE BBIYMCIHUTEIBHBIX AKCIEPUMEHTOB. CHCTEMBl YpaBHEHHI TaKHX MOJeeit
OOBIYHO OTJMYAIOTCA IJIOXOM OOYCIOBIEHHOCTBIO, YTO CO3JaeT MpoOJieMbl oOecreueHus
YCTOWYMBOCTH BBIYMCIUTEIBLHOTO TPOIIecca, JOCTHXKEHUSI HEOOXOUMON TOYHOCTH MPU MTPUEMIIEMBIX
3aTparax BpeMEeHHU.

[TockonbKy BCe MPOEKTHBIE pabOTHl HOCIT ONTUMU3ZAIMOHHBIN XapakTep, TO PEIIaTh CUCTEMBI
ypaBHEHUH AJIs1 TOMyYEHHsS] HICKOMOTO pe3yabTaTa MPUXOAUTCS MHOTOKpaTHO. CuTyarus ycyryonsercs
TaKk)k€ MHOTOMEPHOCTBIO W MHOTOKPUTEPUATBLHOCTBIO 3a7ad. Ha 3akIiouuTenbHBIX ATanax
MPOEKTUPOBAHMS YaCTO TMPUXOIUTCS HWCIONH30BaTh BEPOSTHOCTHBIE MOJAENH, C TEM YTOOBI
WCCTIE0OBAaTh MPOIECCh (DYHKIIMOHUPOBAHUS TEXHUYECKOM CHUCTEMBI B YCIOBUSAX, MaKCHMAaJIbHO
MPUOTMKEHHBIX K PEaIbHBIM.

Ecnu CAIIP notpebyeT ciumkom O0JIbIINX 3aTpaT BPEMEHU Ha pa3paboTKy MPOeKTa U3Jeus,
TO OHA BPSIJI JIU TIOJIYYUT HIMPOKOE MPAKTUUECKOE IPUMEHEHHUE.

OtMeueHHble (aKTOPHl YKa3bIBAIOT Tla HEOOXOIWMOCTh TIOMCKAa CIOCOOOB YCKOpPEHUS
00paboTku uHPOpMAIMK U MpUMeHeHUS d(H(HEKTUBHBIX TEXHOJIOTHUYECKUX MAapIIPYTOB BHITTOTHEHUS

MPOEKTHBIX paboT. ['myOokoe 3HaHUE ATHX BONPOCOB M yMEHHUE BbIOpaTh MPAaBUIbHOE PELICHHE MpU
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cozmanuu CAIIP MoxeT mnpuHECTH 3HAYUTENbHBIM A((PEKT B COKpalIeHWHW MaTepUuajbHbIX |
BPEMEHHBIX 3aTPaT Ha MPOEKTUPOBAHUE.

[IpuBeeHbI OCHOBHBIE CBEICHUSI O MOJCIIMPOBAHUN TEXHUUYECKUX O0BEKTOB MPUMEHHUTEIBHO K
COBpeMeHHOf/’I METOA0JIOIrnn ABTOMATU3UPOBAHHOI'O  HPOCKTHPOBAHUA, JaHa KJIaCCI/I(i)I/IKaL[I/IH
MaTeMaTHUYECKUX MOJeIeH.

IIppy  aBTOMAaTU3UPOBAaHHOM  IIPOCKTUPOBAHUHU  HCIIOJIB3YIOTCA  TEOPETUYECKUE U
SKCIIEPUMEHTAJIbHbIE, JETEPMHUHUPOBAHHBIE M BEPOSTHOCTHBIC, CTATUYECKHE U JIMHAMUYECKUE,
CTPYKTYpHBIE U (DYHKIIMOHAJIbHBIC MOAEIH U JP.

Oco0oe BHHUMaHUE YAENEHO pPa3padOTKe alropuTMOB (QOPMHUPOBAHUS MaATEMATUUYECKUX
MOI[CJIGﬁ CJIOKHBIX TCXHHUYCCKHUX CUCTEM U3 MOHGHGI;'I QJICMCHTOB, YTO IMO3BOJIACT aBTOMATHU3UPOBATH

npouecc GOpMUPOBAHUS U OCYIECTBIISITh €0 HEMOCPEACTBEHHO Ha DBM.

6.1. Cmpykmypa u napamempbl 06eKmoe npoeKmuposaHusi

Cmpyxkmypa — 3T0 yNopsJ04€HHOE MHOXKECTBO 3JIEMEHTOB U UX OTHOLIEHUH.

Texuuyeckuii 00bEKT IPU CUCTEMHOM IOAXO0/I€ PACCMATPUBACTCS KaK CUCTEMa, COCTOsINAs U3
B3aMMO/JICUCTBYIOLIMX AJIEMEHTOB, COCTABJISIOIIMNX YIOPSIAOYEHHOE MHOKECTBO.

Cmpykmypa mexuHuuecko2co 00beKkma XapaKTepU3yeTcsl KaueCTBEHHBIM M KOJIMYECTBEHHBIM
COCTaBOM DJJIEMEHTOB M HX B3aMMOPACIOJIOKEHUEM WA B3auMOCBsA3sMHU. KadecTBeHHOE paznuuue
JJIEMEHTOB ormpenensercs ux ¢(usndyeckumu cBoiictBamu. KommuecTBeHHO (u3MuecKue CBOWCTBA
AJIEMEHTOB BBIPAKAKOTCA HEKOTOPBIMH CKAaJSPHBIMA BEJIIMYMHAMH, HA3bIBAEMBIMU HApaMempamu
971eMEeHmMO8.

XapakTepucTUKN (YyHKIIMOHUPOBAHUS TEXHHUUYECKOTO OOBEKTa 3aBUCAT OT €ro (PU3MUecKux
CBOVCTB Y BHEIIHUX BO3JICUCTBUI OKPYKAIOLIEN CPELBI.

®dusndeckue CBONCTBAa 00BbEKTA OMPEEISIOTCA €r0 CTPYKTYPOU U IMapaMeTpamMu 3JIEMEHTOB, U3
KOTOPBIX OH COCTOUT. BHemiHue BO3AEHCTBHS 3aBUCAT OT (PU3MYECKHX CBOWMCTB BHEIIHEHW Cpelbl U
XapakTepa €€ B3aUMOJICUCTBHUSI C TEXHUYECKUM OO0BEKTOM. DU3HUECKHUE CBOWCTBA BHEIIHEH CpeIbl
TAKXe ONPEACISIIOTCS €€ TapaMeTpaMH.

llapamemp — smo eenuuuna, xapaxmepusyoujas C80UCME0 UNU pPedcumM padomsl 00beKmd.
[Ton 006BEKTOM 371€Ch MTOHUMAETCS KaK OTACTbHBIN AIEMEHT TEXHUYECKOW CUCTEMBI, TaK U BCS CHCTEMa
B 1enoMm. Crenyer OTMETUTh, YTO MapaMeTpaMu TEXHUYECKON CHUCTEMBI SIBISIIOTCA HOKazamenu
Kavecmeéa U d¢hgexmusnocmuy: TPOU3BOAUTEIBHOCTh, padoyasi CKOpPOCTh, TIPY30IOJbEMHOCTB,
ylienbHasi MaTepHaiOeMKOCTb, YAeNIbHas SHEPrOeMKOCTh, rabapuThl, Macca, OKa3aTell HaJeKHOCTH,
MOKAa3aTell KadecTBa NEPEeXOJHBIX NPOIECCOB U JAp. OTHU MapaMeTpbl HAa3bIBAIOT 6bIXOOHbLMU
napamempamu mexHu4yecko2o 00veKma.

Ecnu cTpykTypa TeXHMUECKOTO OOBEKTa OMpPEeNieHa, TO €ro BBIXOJHbBIE MapaMeTpPhl 3aBUCAT
TOJBKO OT MapaMeTpPOB dJEMEHTOB W MapamMeTpPOB BHEIIHEH cpenbl. Pa3nuyaroT BHYTpEeHHUE H

BHCIIHUC IMaApaMCTPHI.
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Brympennue napamempsi — 3T0 NapaMeTpbl 3JIEMEHTOB, U3 KOTOPBIX COCTOMT TEXHHUYECKHH
0OBEKT. HaHpI/IMep, ABUTATCIIb U TPAHCMHUCCUS SABJIAKOTCA 3JICMCHTAMU ABTOMOOMIIA. BBIXOI[HBIG
IapaMeTpbl UX — MOIIHOCTh JIBUraTesl, HEPEeAaTOUYHbIE YNCIIa
TPAaHCMHUCCHUHU U OJHOBPEMEHHO 3TO BHYTPEHHHE ITapaMeTPhl aBTOMOOHIIS.

Buixoouvie napamempui xapakmepusyrom c60UCMBa MeXHU4ecko2o0 00vbeKkma, a 6HympeHHue
napamempbl — C60UCMEA €20 21eMEHMO8.

[Tpu nepexone Kk HOBOMY HEPaApPXMUECKOMY YPOBHIO POEKTUPOBAHMS BHYTPEHHHUE MTapaMeTphl
MOTYT CTaTb BBIXOJHBIMHA U HaO60pOT.

Bnewnue napamempwi — 3TO TapaMeTpbl BHEUIHEH Cpenbl, OKa3bIBAIOIIEH BIMSHUE Ha
(YHKIIMOHUPOBAHUE TEXHUYECKOTo 00bekTa. Hanmpumep, BHEIIHEH cpeqon Uit aBTOMOOWIIS SIBIISIETCS
Jopora M BO3AylIHas cpena. [lapameTpbl [oporu: yriibl MPOJOJIBHOIO W IMONEPEYHOI'0 YKIIOHOB,
KOX(QPHUIIMEHTHI COMPOTHBIICHUS KAaUuCHHUIO M CIEIUICHHS KoJieCc ¢ Joporoi. Ilapamerpsl BO3IyIIHOM

CpCAbl: IINIOTHOCTb U OTHOCUTCIIbHAA BJIAXKHOCTb BO3yXa.

6.2. OcobeHHOCMU MmexHoJ1I02UU asmomMamu3upoeaHHO20 NMPoeKmupoeaHus

TexHonorus ABTOMATHU3UPOBAHHOI'O MPOCKTHUPOBAHUA TCXHHUYCCKUX 00BEKTOB 6a31/1pyeTca Ha
n3noxxeHHol B Teme 1 meronmonornu. Cxema THIIOBOTO MapuIpyTa IPOEKTHPOBAHMS TEXHHUYECKOIO
oobekra B cpexne CAIIP mpencraBimena Ha puc. 6.1. OCHOBHBIE KOMIIOHEHTHI Mapuipyra
IPEJyCMAaTPUBAIOT BBIIIOJHEHHE NMPOLEAYp aHaIM3a M CHUHTE3d, BBICTYNAIOUIMX B JUAIEKTUYECKOM
€/IMHCTBE.

Ananus mexnuueckoeo obvekma — 3TO U3y4eHHUe ero (PU3MUECKUX CBOMCTB, XapaKTepU3yeMbIX
BBIXOJHBIMU NapaMeTpamu. [Ipu aHanm3e He co3/1at0TCs HOBbIE OOBEKTHI, @ UCCIEAYIOTCS 3aJaHHbIE Ha
OCHOBE H3y4YeHHs NPOLECCOB UX (YHKUMOHHUPOBaHUSA. I 3TOro MPOBOASTCS BBIYMCIUTEIbHBIC
OKCIICPUMCHTBI C UCITOJIB30BAHUEM MATEMATUUCCKHUX MOI[CHCﬁ 00BEKTOB.

Cunme3 mexnuuecko2o 00vekma — 3TO CO3JJaHME HOBBIX BAapPHAHTOB, 00ECHEUMBAIOIINX
3aJJaHHBINA aIropuT™M (PYHKIIMOHUPOBAHMSI U BBITIOJTHEHUE TEXHUUYECKUX TPeOOBaHUM K OOBEKTY.

Ecin onpenenstoT Hauiaydllne B HEKOTOPOM CMBICIE CTPYKTYpy M IHapaMeTpsl, TO CHUHTE3
Ha3bIBAIOT OHTHMI/ISaHPleﬁ. HpI/I OMPECACIICHUNU ONTUMAJIbHBIX 3HAYCHUH mapaMEeTpoB TOBOPAT O
napamempuueckou onmumusayuu. 3aady BbIOOpa ONTUMAIBHOM CTPYKTYPbI HA3bIBAIOT CMPYKIMYPHOU

onmumuszayuell.
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Puc. 6.1. Cxema THIIOBOTO MapIIpyT MPOEKTHPOBaHUs TexHUIecKkoro o0bekTa B CAIIP

JlekoMmo3unusi U HUEpapXUYHOCTh IMpolecca MPOEKTUPOBAHUS TEXHUYECKOT0 OOBEKTa

06YCJ'IOBJ'II/IB3.IOT MHOFOOGpaSI/IC peuracMbIX 3aaad, HX neiaed u HCIIOJIB3YCMbIX MATCMATUYCCKUX

MoJieJiell Ha Pa3lMYHBIX CTaausAX M dTanax. PazHooOpas3ue yuuThIBAEMBIX MpPH 3TOM (HHU3MUECKHX

CBOICTB pasaciacT OOBEKTHI Ha AUCKPCTHBIC W HCHIPCPLIBHLIC. 910 pasiaue OonpeacIsaCTCsa

MOIITHOCTBIO MHOKECTBaA 3HAYCHHI NEPEMECHHBIX,

XapaKTEPU3YIOINX KOJIUYECTBO BapPUAHTOB
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IPOEKTHBIX pemleHnd. Ecam MHOXECTBO HMEEeT MOINHOCTh KOHTHHYYMa, OOBEKT Ha3bIBalOT
HenpepuvlHbIM, a €CIIH MHOXKECTBO CUETHO - OuckpemHuvim. COOTBETCTBEHHO MAaTEeMaTHUECKUE MOJICIN
3TUX 00BEKTOB HA3bIBAIOT HEMIPEPBHIBHBIMU M TUCKPETHBIMHU.

B oOmem ciyuae 3amadeld CUHTE3a SIBISIETCS OIPENEIIEHHUE CTPYKTYpbl W TapamMeTpoB
TEXHUYECKOro o00bekTa. B cCBiA3M C pasnuuuMeM MaTeMaTHYECKUX MOJENeld HeNpepbIBHbIX U
TMCKPETHBIX 00BEKTOB METO/BI PEIICHUS 3a/1a4 X CUHTE3a pa3IMyHbl.

PaccmoTpuM nospoOHee NpPOEKTHPOBAHUE HENPEPHIBHOIO OOBEKTa Ha OCHOBE MapIIpYTa,
MPUBEICHHOTO Ha puc. 6.1. OOBEKTOM MPOEKTUPOBAHUS MOXKET OBITH JIOO0H 31€MEHT TEXHUYECKOTO
00BEKTa, BBIJICJICHHBIIN B pe3y/bTaTe JEKOMIIO3ULUH.

DopManr30BaTh U aBTOMATU3UPOBATh MPOLEAYPY CHHTE3a CTPYKTYPHI B OOJIBIIMHCTBE CIIy4acB
BECbMa CJI0)KHO, MO3TOMY CHHTE3 CTPYKTYpbl 0OBEKTa OOBIYHO OCYLIECTBISETCS IyTeM Iepedopa
BO3MOKHBIX BapHaHTOB, TE€HEPUPYEMBIX SBPHUCTUYECKMMH MeToIaMH. JlJs KaXJaoro BapHaHTa
CTPYKTYpBl (DOpPMHUpPYETCS CBOS MaTeMaTH4yecKas MOJEIb M BBIOMPAIOTCS MCXOJHbIE 3HAUYEHUS
BHYTpPEHHUX NapameTrpoB. CpaBHHBATh aJbTEPHATUBHBIC BapUAHTHI CTPYKTYP MOXKHO JIMIIb ITOCIIE
OIpeJIeJIeHUs] ONTHUMAJIbHBIX [ApaMETPOB 3JIEMEHTOB 00bekTa. IIpum 3TOM A KakJoro BapuaHTa
OCYIIECTBIISIETCS. UMUTALUS Tporiecca (PyHKIIMOHUPOBAHHS O0BEKTa U OMPEACISIIOTCS €TI0 8bIXOOHbIE
napamempvl — nokasamenu xaiecmea u 3¢ggekmuenocmu, KOTOPbIE HCIOJB3YIOTCS JUIsl OLEHKHU
ONITUMAIIFHOCTH aHATM3UPYEMOTO BapHUaHTA.

MareMaTHUeCKUE ONMHUCAHUS 3JIEMEHTOB CTPYKTYphl IPOEKTUPYEMOro OOBEKTa MU3BECTHBI U
XpaHsaTcs B 0a3e MaHHBIX. B pesymbrare GopMHpOBaHHME MATEMaTHUYECKOW MOIENH MPECTaBISET
co0ol Mo cylecTBy cuHTe3 aOcTpakTHOW Mojenu oObekTa. IIpomenypa cuHTe3a Mpu 3TOM JIETKO
dbopmanuzyercs 1 MOKET ObITh aBTOMaTH3UPOBAHA.

OnTuMu3anuy Nojiexar oObIYHO HE BCE NMapaMeTpbl 00bEKTa, a TOJIBKO HEKOTOpask UX 4acTh.
310 00YyCIOBICHO TEM, YTO INPH MPOSKTUPOBAHUU TEXHHUYECKUX OOBEKTOB IIUPOKO HCIOIB3YIOTCS
CTaHJApTHBbIE U YHU(UIMPOBAHHBIE AJIEMEHTHI, MapaMeTpbl KOTOPbIX HE MOTYT OBITh M3MEHEHHBI.
[TapameTpel  21€MEHTOB O00BEKTa, TMOMJISKANIME ONTHUMHU3AIUHN, HA3BIBAIOT  VAPAGIAEMbIMU
napamempamu.

[lpr TPOEKTHUPOBAHUM YAaCTO OTPAHWYMBAIOTCS CPAaBHEHHEM HECKOJBKUX albTEPHATUBHBIX
BapUaHTOB CTPYKTYp, a UHOIJa TIOMCK peIIeHUs 3aKaHYMBAIOT, €CJIM HailleH BapuaHT,
YIOBIIETBOPSIFOIIMH 3aJaHHBIM TEXHUYECKUM TpeOOBaHHSM. Takoe MPOEKTHOE PElICHHE Ha3hIBAIOT
00Ny CMUMBIM.

Ecmu  cpaBHMBaeTcs OrpaHHYEHHOE YHCIO BAapHAHTOB CTPYKTYpP, TO OCHOBHBIMH
KOMIIOHEHTaMH TEXHOJOIMYECKOI0 MapuipyTa NPOEKTUPOBAHUS SBIAIOTCSA: CHHTE3 CTPYKTYpHI,

aHaJIN3 U ONTUMU3AIUSA TapAMETPOB BAPUAHTOB CTPYKTYP, MTPOLIEAYPA OLUEHKH U MPUHSTHS PEIICHMUS.

6.3. MlocmaHoeka 3aday NPoOeKMuUpoeaHusi

PaCCMOTpI/IM O6II.[I/IC BOIIPOCBHI TIOCTAHOBKH  3aAa4 IPOCKTUPOBAHHA, IIoJlaras, 4YTO
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MIPOCKTUPOBAHUE TEXHUUYECKOTo o0BbekTa ocymiecTisieTcs: B cpeae CAIIP B cooTBeTcTBUM CO cXeMOit
TUIIOBOT'O MapIlIpyTa, IPUBEAECHHOMN Ha puc. 6.1.

Texnuyeckoe 3amaHUE Ha NPOEKTUPOBaHHME OOBIYHO TMpPEACTaBIseT COoO0N BepOalbHOE
(cmoBecHOE) OMHMCAHHWE IENe W 3aJad MPOCKTHUPOBAHUS JaHHOTO OOBEKTa. OTH 3ajJauyu,, Kak
OTMEUAJIOCh paHee, HOCAT ONTHUMH3ALMOHHBIA xapaktep. JlJis OCYyLIECTBIEHUS NPOSKTUPOBAHUS
KOHKPETHOTO TEXHHUYECKOTO0 O0BEKTa HEOOXOauMa €ro MaTeMaTHuYecKass MoJenb M (opMalin3anus

Al

nOHTHS "oNTUMaIbHBINA". B 3TOM M 3aKirodaercs CyIecTBO NOCTAHOBKH 3a/auU.

Pe3ynbraroM BBINIOJIHEHUS MapuipyTa IPOEKTUPOBAHUSA SIBISIOTCA IPOEKTHOE DELIEHUE U
MPOEKTHBIE JIOKYMEHTBI, cojepxkamue HWHGOPMalUI0 O CTPYKType M BBIXOJIHBIX MapaMmerpax
TEXHUYECKOTO OOBEKTa M O MapaMeTpax €ro 3JIEMEHTOB (BHYTPEHHHX IapaMeTpax OO0BEeKTa) MpH
3aJJaHHBIX BHEIIHUX MapaMeTpax.

B o0mem ciydae 3amada TMPOEKTUPOBAHHS HMMEET CJEIYIOUIYI0 MaTeMaTHYECKYIO
GopMynupoBKy: 0npedenums CmMpyKmypy U 6HYMpeHHUe rnapamempbl MEeXHUYEeCKO20
obbekma, docmaernswue 3KCmpeMym Hekomopou cKanspHou oyHkuuu F(X) npu
3a0aHHbIx ogpaHudeHusix ¢ (X) > 0, w(X) = 0, e0e X — 8eKMop OonmuMU3UpPyeMbIX
rnapamempos.

Oynkuuo F(X) Ha3bIBAIOT yenesol Gyukyueti Wi gynxkyuei kayecmsa. OHa KOJIMUYECTBEHHO
BBIPA)KAET KAauyeCTBO TEXHHUYECKOro OO0BeKTa. D((HEKTHBHOCTH M KauecTBO (PYHKIMOHHUPOBAHUS
00BEKTa XapaKTEepPU3yIOTCS €ro BBIXOAHBIMU TapaMeTpaMy, IOITOMY OHHU BBICTYMAIOT B POJHU
Kpumepues onmumanvhocmu. Tak Kak pU3nYecKkue cBOWCTBa 00bEKTa XapaKTEPU3yIOTCSI MHOKECTBOM
BBIXOJHBIX [TAPAMETPOB, TO 33]jaua OKa3bIBAETCS MHOTOKPUTEPHATIHLHOM.

[Ipoueaypa NOCTAaHOBKM 3aJaydl MPOEKTUPOBAHHUS HOCUT HEPOpPMalIbHBII XapakTep u
BKJTIIOYAET CIIEAYIOIIUE TalbI:

e BBIOOP KPUTEPHUEB ONTUMAIBHOCTH,

e (opMHUpOBaHHUE 1IeNeBON QYHKIINH,

e BBIOOp yNpaBisieMbIX (ONTUMHU3UPYEMBIX) TAPAMETPOB,
e Ha3HaueHHe OrpaHUYEHUH,

e HOPMHPOBAHME YNPABISAEMbBIX U BHIXOAHBIX IAPAMETPOB.

Copneprkanue 3THX 3TanoB OyAET pacKpBITO MO3KE MPU U3YUEHUH METOJI0B ONTHUMHU3ALINY.

MHOroKpUTEpHAILHOCTh 33Ja4d CO3/1a€T CJIOKHOCTH (POpMHpOBaHUS 1LeNneBOM (QyHKIUU U
IPUBOJUT K MHOYKECTBY BO3MOJKHBIX pEIICHUI. BblieneHne HEKOTOpOro NOJMHOKECTBA PEIICHUN
3aJjaul OTHOCUTCS K ITpoOsieMe BbIOOpa U MPUHATHUSA pellieHus1. 3adauel npunamusi peuierus Ha3blBaloT
KopTexk 0=<W, ®>, rie W — MHOXXECTBO BapMaHTOB pEIICHNUH 3a1auM; ® — IPUHLINII ONTUMAIBHOCTH,
JAIOUINM MpeCcTaBlieHne O KauyecTBE BapHAaHTOB, B IMPOCTEHIIEM ciydae MPaBWIIO MPENNOYTEeHUs
BapHaHTOB. Pemiennem 3anaun G Ha3pIBarOT MHOXKECTBO Wy € W, MOydeHHOE HAa OCHOBE IIPUHLIMIIA

OIITUMAJIBHOCTH.
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3amaun NMPUHATHS PEIICHUH KIAaCCUPUIHUPYIOT M0 HAIMYKIO MHGOpMAIuu 0 MHOKecTBe W 1
IIPUHLUIIE ONTUMAJIBHOCTH ©.

Eciu W u © Heu3BecTHBI, BO3HUKACT o0was 3adaya npuHamus peuieHus. ITO Hauboiee
CJIOXKHAsS 33/1a4a, TaK KaK JaHHbIE JUIs TOaydeHUs] W ONPEAEISIOT B MIPOLIECCE €€ PEeLIeHUs. 3a1ady ¢
M3BECTHBIM O HA3BIBAIOT 3a0auell 6b100pa, a 3a1ady ¢ u3BeCTHBIMU W U O — 3a0aueii onmumuzayuu.

[Toctpoenue W B o01ieM ciydae sBisieTcs 3aaadeid Beioopa. CienoBaTelbHO, OOIIYI0 3a1aqy
INPUHSTHS PEIIEHUH MOYKHO CBECTH K PEIICHMIO MOCIIEN0BaTeNbHbIX 3a7a4u BeiOopa. Mudopmaruio o
¢u3nveckux cBoiicTBax BapuaHToB W IpH 3TOM focrtaBisgeT DOBM, a BBIOOp OCYIIECTBISET JuYO,
npunumarowee pewerue (JIIP), T.e. NpOEKTUPOBITUK.

CHOXHOCTh 3a/a4d TPUHATUS pEIIeHUs OOYCIOBIICHA YCIOBUSIMH HEONPEIEICHHOCTH,
XapaKTepHBIMU JJI HAYAIBHBIX CTaJUN MPOEKTUPOBAHUS TEXHUYECKOIO O00BEKTa. ITO MPHUBOIUT K
HEOOXOJUMOCTH MHOI'OKPAaTHOTO ITOBTOPEHUS MpPOLELYp IMPOEKTHUPOBAHUS IO MEPE PaCKPBITUS
HEOTpeeIEHHOCTEH.

Paznen matemaTH4eCKOM TEOPUH MPUHATHUS PEIICHUMI B YCIOBHIX HEMOJIHOMN ONPEAEICHHOCTH

Ha3bIBAIOT meopueﬁ cmamucmudecKux pemeHuﬁ.

6.4. Knaccugukayuss Mamemamu4yeckux modersneu

[Ipy  OpPOEKTUPOBAHMM  TEXHUYECKMX OOBEKTOB  HCIOJIB3YIOT  MHOXECTBO  BHUJOB
MaTeMaTU4YECKUX MOJCIIEH, B 3aBUCUMOCTH OT YPOBHS UEPAPXUU, CTCICHU JAEKOMIIO3ULIUUA CUCTEMBI,
aCIeKTa, CTaJuu U dTana NPOEeKTUPOBAHUS.

Ha mro6om ypoBHEe HepapXuu OOBEKT NMPOEKTUPOBAHUS IMPEJICTABISAIOT B BHUJIE HEKOTOPOM
CHCTEMBI, COCTOSILIEH U3 2IIEMEHTOB. B 3TOH CBSI3U pa3nuuaroT mMamemamuyecKue Mooenu 21emMeHmos
U cucmem.

[Tpu nmepexone k Oosiee BHICOKOMY HEpPapXHUECKOMY YPOBHIO OJIOUHOTO CTPYKTYpHUPOBAHHUS
cUCTeMa HU3LIET0 YPOBHS CTAaHOBUTCS AJIEMEHTOM CHCTEMbl HOBOTO YPOBHsS, M HAoOOpOT, IpH
Iepexoie K HU3IIEMY YPOBHIO DJIEMEHT CTAHOBHUTCA CHCTEMOH. B 3TOM ciydae 4acTO OKa3bIBaeTCs
HelleJIeco00pa3HbIM UCIOJIb30BaHUE OJHUX M TEX K€ BHJOB MaTeMaTHMYECKHX MOJEJed Ha pa3HbIX
ypoBHsX. OOBIYHO YE€M HHU)KE YPOBEHb HMEpapXuu OJIOYHOIO CTPYKTYPUPOBAHUS TEXHUYECKOTO
o0beKTa, TeM Oojiee AeTalbHOE OMHCAaHUE ero (U3NYecKHX CBOMCTB. ClieloBaTelIbHO, Ha HU3LIMX
YPOBHSIX HCIOJIB3YIOT Haubosiee CIoKHble MareMaTrudeckue mojenu. Ha BBICIIMX ypOBHSIX MOTYT
OBITH C YCIIEXOM NPUMEHEHBI Oosiee MpocThie MOAETH. X MOXHO MONTyYUTh MyTEM alNpOKCHMALUU
MO/IeJIel HU3IINX HePApXUUECKUX YPOBHEN.

B ofmem ciaydae ypaBHEHHS MaTEMAaTHYECKOM MOJIENN CBS3BIBAIOT (PU3MUECKUE BEIUYHHBI,
KOTOpBIE XapaKTEPU3YIOT COCTOSIHHE OOBEKTa U HE OTHOCSTCS K MEPEUYUCICHHBIM BBIIIE BBIXOIHBIM,
BHYTPEHHMM U BHEIIHUM IapameTpaMm. TakuMH BeIMYMHAMH SIBJIAIOTCA: CKOPOCTH M CHIIBI — B
MEXaHUYECKNX CUCTEMAX; PACXO/Ibl M IaBJIICHUS — B TUAPABINYECKUX U THEBMAaTHYECKUX CUCTEMAX;

TEMIICPATYPhI U TCIJIOBLIC ITOTOKU — B TCIIJIOBBIX CUCTCMAX; TOKHU U HANPSIKCHUA — B SJICKTPUICCKUX



11
cucreMax.

BenuuuHbl, XapakTepHU3YIOLIME COCTOSHUE TEXHUYECKOr0 OO0bEKTa B IIPOLECCE €0
(YHKLIMOHUPOBAHUS, HA3bIBAIOT @pasosvimu nepemennvimu ((Ha3oBbIMU KoopauHaTamu). Bekrop
($a30BBIX MEPEeMEHHBIX 3a/aeT TOYKY B IPOCTPAHCTBE, HA3BIBAEMOM @PA308biM NPOCHPAHCHIBOM.
da3oBoe MPOCTPAHCTBO, B OTIMYUE OT TIE€OMETPUYECKOro, MHOromepHoe. Ero pasmepHOCTb
OTIpeNIeNIETCS KOJIMYECTBOM HCIIONIb3YeMbIX (ha30BBIX KOOPAMHAT.

OOBIYHO B YpaBHEHMSIX MaTeMaTHYECKON MoJienu GUIrypupyIOT He Bce (pa3oBble IIEpEMEHHBIE,
a TOJIPKO YacTb U3 HHX, JOCTAaTOYHAs JJIsl OJHO3HAYHOW MAECHTHU(HUKAIIMHA COCTOSHUS oObekTa. Takue
(ba3oBble NEPEMEHHbIC HA3bIBAIOT OA3UCHbIMU KOOpOuHamamu. Yepe3 O6a3ucHble KOOPAUHATHI MOTYT
OBITH BHIYMCIICHBI 3HAYCHHUS U BCEX OCTAIBHBIX (Da30BBIX MEPEMEHHBIX.

MaremaTuueckue MOJAEIM TEXHUYECKMX OOBEKTOB, HCIOJIb3yeMble NPU MPOECKTUPOBAHUH,
peJHasHaueHbl Ul aHaIHW3a MPOLECCOB (PYHKIIMOHUPOBAHHS OOBEKTOB M OLEHKH HMX BBIXOJHBIX
napameTpoB. OHHM JOJDKHBI OTOOpakaThb (U3MYECKHE CBOIICTBA OOBEKTOB, CYLIECTBEHHbIC IS
peleHust KOHKPETHBIX 3a7a4 nmpoeKkTupoBanus. [Ipu 3ToM Maremarndeckast MOJIENb AOJDKHA OBITh KakK
MO’KHO IIPOILE, HO B TO € BpeMsi 00ecrieunBaTh aJIeKBaTHOE ONMCAHNE aHAJIM3UPYEMOTo Ipoliecca.

Knaccupukamuss MareMaTndecKMX MOJEJCH, HCIOJIb3YeMbIX TP  MPOEKTUPOBAHHH
TEXHUYECKUX CUCTEM, IPUBEICHA Ha puc. 6.2.

B 3aBucumoctn OT crTeneHH aOCTparMpoBaHUs TPH ONUCAHUU (DU3HUYECKUX CBOMCTB
TEXHUYECKON CUCTEMBbI PAa3JIMYalOT TP OCHOBHBIX MEPAPXUUECKUX YPOBHS: BEPXHUN MM CHCTEMHBIN
(MeTaypoBeHb); CPeIHUN WIIM MaKpOYPOBEHb; HUKHHUI UM MUKPOYPOBEHD.

Cucmemnulii yposenv (Memayposens) COOTBETCTBYET HauyalbHBIM CTaUSM MPOEKTUPOBAHMS,
Ha KOTOPBIX OCYILECTBISIETCS HAyYHO-TEXHUYECKMH TIOMCK W MPOTHO3UMPOBAaHUE, pa3paboTKa
KOHIIETIIMM U TEXHUUYECKOTO pEelIeHUs, pa3paboTKa TEXHUYECKOro npeaiaoxeHus. [lng moctpoenus
MaTeMaTHYECKUX MOJeNIell METaypOoBHS HCHOJb3YIOT METO/Abl MOP(OJOTUYECKOTO CHHTE3a, TEOPUU
rpadoB, MaTeMaTHYECKOM JIOTMKH, TEOPUH AaBTOMATHYECKOI'O YIPABICHHs, TEOPHH MAacCCOBOTO
o0cCTy’)KMBaHMsI, TEOPUU KOHEYHBIX aBTOMATOB.

Ha maxpoypoene 0OBEKT NMPOEKTUPOBAHUS PACCMATPUBAIOT KaK JWHAMHUYECKYIO CHCTEMY C
COCpPEIOTOYEHHBIMU MapamMeTpaMu. MaTemMaTHuecKue MOJENIM MaKpOypOBHS IMPEACTaBISIOT cOOOM
CHCTEMBbl OOBIKHOBEHHBIX JAu(depeHlnanbHbIX ypaBHEHHH. OTH MOJAETH HCIOJIB3YIOT IpHU

OTIpe/IeTICHUHU TTapaMETPOB TEXHUIECKOTO 00BEKTa B €T0 (PYHKITMOHATBHBIX JIEMEHTOB.
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Ha muxpoypoene o00BEKT TmpeAcTaBisieTcsl Kak CIUIOIIHAs CpelJa C pacrpeaeaeHHbIMU
napamerpamu. [l omucaHus mpomeccoB (PYHKIMOHUPOBAHUS TaKMX OOBEKTOB HCIHOJIB3YIOT
mubdepeHIaTbHble YpaBHEHHUS B YacTHBIX MPOM3BOAHBIX. Ha MHUKpOypoBHE NPOEKTHUPYIOT
HeJeNuMbIe TI0 (DYHKIIMOHAILHOMY TPU3HAKY O3JEMEHTHl TEXHUYECKOW CHCTEMBI, Ha3bIBAEMbIC
6azosvimu snemernmamu. IlpumepaMu TakuX 3J1€MEHTOB SBISIOTCA paMbl, TAHEIH, KOPIYCHBIE JIETalIH,
BaJIbl, JUCKU (PPUKIIMOHHBIX MEXaHU3MOB | Jp. [IpoekTupoBaHre WX OCHOBAHO HAa aHAN3E CIIOKHO-
HanpsDKeHHOro coctosiHus. Ilpu 3ToM, ecrecTBeHHO, 0a30BbI 3JIEMEHT paccMaTpUBaeTCs Kak
CUCTEMa, COCTOSIIIAas M3 MHOXKECTBA OJHOTUIHBIX (PYHKIIMOHAIBHBIX JJIEMEHTOB OJHON M TOW Xe
buznueckoil MpUPOAbI, B3aUMOJCHCTBYIOUIMX MEXIY COOOW M HaxXOJSMIIMXCS IOJ BO3JICHCTBUEM
BHEIITHEW Cpelbl M JPYTUX JIEMEHTOB TEXHUYECKOTO 00BEKTA, TAKXKE SBIIIONIMXCS BHEIIHEH cpemoi
110 OTHOILIEHUIO K 0a30BOMY 2JIEMEHTY.

Ha Bcex pacCMOTpEHHBIX HWEPAPXHUSCKUX YPOBHSIX HCIIOJIB3YIOT CICIYIOIINE BH/IBI
MaTEeMaTHYeCKUX  MOJENeil: JeTepMUHUPOBAHHbIE UM  BEPOATHOCTHBIC, TEOPETHUECKUE U
IKCIIEPUMEHTAIbHBIC (AKTOPHBIC, JUHCHHBIC ¥ HEIWMHCHHBIC, TUHAMHUYECKHE W CTAaTHYCCKUE,
HEMpepbIBHBIC U TUCKPETHBIC, GYHKIIMOHATbHBIE U CTPYKTYpPHBIE.

[To ¢dopme mnpeacTaBICHUS MATEeMATUYCCKUX MOJICICH a3 IMYalOT HWHBAPUAHTHYIO,
QITOPUTMHUYECKYIO, AHAIUTUYECKYI0O U TpadUyecKyld MoAeNu OO0BbeKTa MNPOEKTUpOBaHUsA. B
uneapuanmuol  ¢opme  MaTeMaTHUECKass MOJIENb  TPEJICTABISCTCS CHCTEMOW  ypaBHEHHM
(nuddepennmanbHbIX, aNredpandecknx), BHE CBSI3U C METOI0OM PELICHHS 3TUX YPaBHEHUU.

B ancopummuuecroii ¢popme COOTHOIICHHS] MOJACIU CBSI3aHBI C BHIOPAHHBIM YHCJICHHBIM
METOJIOM PEIICHUS U 3alUCaHbl B BUJIE AJITOPUTMA — MTOCIEA0BATETHHOCTH BEIUYUCICHUN.

Ananumuyeckas mooenb PEICTABISET COOOW SIBHBIEC 3aBHCHUMOCTH MCKOMBIX MEPEMEHHBIX OT
3a/laHHBIX BENUYMH (OOBIYHO 3aBHUCHMOCTH BBIXOJHBIX IMapaMEeTpoOB OOBEKTa OT BHYTPEHHHUX U
BHEIITHUX IapamMeTpoB). TakWe MOJAETH IOJydalOT Ha OCHOBE (DH3WUYECKHX 3aKOHOB, JHOO B
pe3ynapTaTe MPSIMOTO MHTETPUPOBAHMSI MCXOMHBIX AU(PPepeHIInanbHbIX YpaBHEHUH, HCIONb3Ys
TaOJIMYHBIC MHTETpalibl. K HUM OTHOCSITCS Tak)Ke PErpeCCHOHHBIC MOJIEIH, MOJIydaeMble Ha OCHOBE
pe3yabTaTOB HKCIIEPUMEHTA.

I'paguueckas (cxemmnas) mooenvp TPEACTABISETCS B BHUAEC TI'padoB, SKBUBAJIEHTHBIX CXEM,
TUHAMHYECKHX Mojenel, auarpamm U T.n. s ucmonb3oBaHus TpadUUecKHX MOeNed TOIKHO
CYIIIECTBOBATh IMPABWJIO OJHO3HAYHOIO COOTBETCTBHS YCIOBHBIX HM300paKCHHH  JJICMCHTOB
rpaduueckoit ¥ KOMIIOHEHTOB MHBAPUAHTHON MaTEeMAaTUYECKUX MOJEIEH.

Cpenu anrOpUTMHUYECKUX MOJENEH BBINENSIOT UMUMAYUOHHbIE MOOeau, TpeIHa3HauYCHHBIC
U UMHTAlMA  (PU3NYECKUX H HHQPOPMAIIMOHHBIX MPOIECCOB, MPOTEKAIOIUX B OOBEKTE MpHU
(YHKIIMOHUPOBAHHUH €T0 TI0]T BO3JICHCTBHEM Pa3IMIHbIX (DaKTOPOB BHEUTHEH CPEJIb.

MaremaTuueckrue MOJIETT MOTYT MPEACTaBIATh CO00M (PYHKIIMOHAIBHBIE 3aBUCUMOCTH MEXTY

BBIXO/IHBIMH, BHYTPCHHHUMHU U BHCITHUMU IMapaMECTpaMu:



Y=F(X,Q) 6.1)
rae Y, X, Q — BeKTOPbI BBIXOJHBIX, BHYTPEHHHUX U BHEIIHUX MTaPaMETPOB .COOTBETCTBEHHO:
Y :(yj), j=1m X=(x),1=1,m Q=(q,).k=1,1;
m, n, | = 9UCIO BBIXOJHBIX, BHYTPEHHUX M BHEIIHUX MapaMeTpOB, COOTBETCTBEHHO; F(*) — BekTOp-
GbyHKIIHS.
Maremarnueckast Mozenb Buaa (6.1) oTHocUTCs K ararumuveckoti. OHA TIO3BOJISET JIETKO U
MPOCTO pelaTh 3a7a4d OMNpEJEICHUsI ONTUMANIbHBIX MapameTpoB. [loaToMy, ecnu mpeactaBisieTcs
BO3MOJKHOCTH TTOJIYYCHHS MOJICJIM B TaKOM BHJIE, €€ BCEr/a Iesieco00pa3sHoO peain30BaTh, JaKE €CIU

IIpH 5TOM HNPUACTCA BBIIIOJHHUTL PAA BCIIOMOTaTCIbHBIX IMTPOLICAYP. Takue MOACIN 00BIYHO oJIy4aroT

MCTOJOM ILUIAHUPOBAHUS SKCIICPUMCHTA (BBILII/ICJ'II/ITCJIBHOFO NI q)HSquCKOFO).

Jlenenue MareMaTHMYeCKUX Mojeliell Ha (YHKUMOHAJIbHBIE U CTPYKTYpHbBIE ONpeAaesseTcs
XapaKkTepoM OTOOpaXKaeMbIX CBOMCTB TEXHUYECKOTO OOBEKTA.

Cmpykmyphvle mooenu OTOOPaKalOT TOJIBKO CTPYKTYpPY OOBEKTOB M HCHOJIB3YIOTCS IPH
pelIeHnn 3a1a4 CTPYKTYypHOro cuHTe3a. [lapameTpaMu CTPYKTYpHBIX MOJAENEH SIBISIIOTCSI MPU3HAKU
(YHKLIMOHATIBHBIX MM KOHCTPYKTUBHBIX 3JIEMEHTOB, U3 KOTOPBIX COCTOUT TEXHUYECKUH OOBEKT U 1O
KOTOpPBIM OJIMH BAapUaHT CTPYKTYpbl OObEKTa OTIMYAETCS OT APYroro. JTU MapaMeTpbl Ha3bIBAIOT
mopghonozuveckumu nepemernvimu. CTPyKTYpHBIE MOJIETH UMEIOT hopMy TabIuI, MaTpuil U rpados.
Haubonee nepcriektuBHO npumeHeHue apeBoBUIHBIX rpadoB tuna N-NJIM-nepesa. OHu Mo3BOJISAIOT
aKKyMYJIMpOBaThb HAaKOIUIEHHBIM OIBIT, HCIHOJB3Yysl ONMCAaHHSA BCEX CYIIECTBYIOIIMX aHAJIOrOB,

M3BECTHBIX U3 MaTEHTHOW JUTEpaTypbl, U THIOTETUYECKUX 00beKTOB. Takue Moaenu Haubosee
LIMPOKO MCTIONB3YIOT Ha METAYPOBHE MPU BHIOOPE TEXHUUYECKOTO PEIICHHUS.

DynKyuoHanbHble MoOenU ONKCHIBAIOT MPOLECCH (PYHKIIMOHUPOBAHUS TEXHUYECKUX 0OBEKTOB
U UMeroT (GopMy cucteM ypaBHeHHH. OHU YYUTHIBAIOT CTPYKTYpHBIE U (DYHKIIMOHAIbHbIE CBOWCTBA
0o0BbEKTa U MO3BOJSIOT pellaTh 3ajJauyd Kak MapaMeTpUyecKoro, Tak U CTPYKTYpHOTO cuHTe3a. Mx
IIMPOKO MCIIONB3YIOT Ha BCEX MEPApXMUYECKHX YPOBHSX, CTaIUSAX M 3Tamax, Npu (yHKIHOHAIBHOM,
KOHCTPYKTOPCKOM U TEXHOJIOTUYECKOM IMpoeKkTupoBaHum» Ha meraypoBHe (yHKIIMOHAIbHBIE MOJEIN
MO3BOJISAIOT PeIIaTh 337a4y MPOrHO3UPOBAHUS, HA MAKPOYPOBHE — BEIOOpA CTPYKTYPHI M ONTHUMHU3ALUU
BHYTPEHHUX MapaMeTpoOB TEXHHUYECKOro O0BEKTa, Ha MHKPOYPOBHE — ONTUMH3AIMHM HapaMeTpoB
0a30BbIX 3JIEMEHTOB U HECYIIUX KOHCTPYKLIUH.

[Io cnocobam mosmyueHus (yHKIMOHAJIbHBIE MaTeMaTHYECKHEe MOJENN JeNndrcd Ha
TEOPETUYECKHUE U IKCIIEPUMEHTAJIbHBIE.

Teopemuueckue Mmodenu TOAY4YalOT Ha OCHOBE ONHMCAHMS (DU3MYECKHX TPOIIECCOB
(GYHKIMOHUPOBAHUS 00BEKTA, a 9KCHEpUMeEHmMAlbHble — Ha OCHOBE U3y4eHUs MOBEICHHUS 00OBEKTa BO

BHEUIHEH cpefie, paccMaTpuBas €ro Kak KuOepHeTUYecKui "yepHbIi MUK, DKCIEPUMEHTHI IPU ITOM
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MOTYT OBITh @u3uueckue (Ha TEXHUYECKOM OOBEKTE WIM €ro (U3WYECKOH MOJACNIN) WIH
gvluucaumenvuvie (Ha TEOPETUYECKON MaTeMaTHUYECKON MOJIENHN).

[Ipy mOCTpOEHUM TEOPETUYECKUX MOJENeH HCHOIb3YIOT (QU3NYecKudl U  (QopMalibHbII
MOJIXOJIBI.

Du3zuyeckuii n00X00 CBOAUTCS K HEMOCPEACTBEHHOMY NMPUMEHEHHIO (PU3MUYECKUX 3aKOHOB IS
onucaHus 00bEKTOB, HapuMep, 3akoHoB HetoToHa, ['yka, Kupxroda, @ypwe u ap.

DopmanvHuilti NOOX0O WCIONB3YeT O0IKMe MaTeMaTUYeCKUe MPUHIUIBI U MPUMEHSETCS Mpu
IIOCTPOECHUHU KAaK TEOPETUUYECKUX, TAK U IKCIEPUMEHTAIbHBIX MOJEIIEH.

[Toctpoenue TeopeTnueckux, GopMaibHBIX MOJENIe OCHOBAaHO Ha BapHAIlMOHHOM MPUHIUIIE
I"amunproHa—OcTporpaackoro. [l JUHAMHYECKHX CHUCTEM C COCPEAOTOYEHHBIMHM MapaMeTpaMu
BapUALMOHHBIN NPUHIIMI IPUBOJUT K ypaBHEHUAM JlarpaHka BTOporo poja.

OKcrnepuMeHTalIbHble MoJenn — (opmanbHble. OHM HE YYUTHIBAIOT BCErO KOMILIEKCA
(bu3MUeCKUX CBOWCTB JJIEMEHTOB HCCIEAYEeMON TEXHUYECKOW CHUCTEMbl, a JHIIb YCTAaHABIMBAIOT
00HapyXKMBaeMyl0 B IPOLIECCE JKCIEPUMEHTa CBSI3b MEXJY OTAEIbHBIMU IapaMeTpamMH CUCTEMBI,
KOTOpBIE yAaeTcs BapbUpPOBaTh U (WUJIM) OCYIIECTBIATh UX U3MepeHue. Bapbupyemblie nmapameTpsl npu
TOM Ha3bIBalOT (hakTopamu. Takue MoJenu JaroT a/JleKBaTHOE ONKMCAHUE HMCCIEAYEMBIX IMPOLIECCOB
JUIIb B OrpaHUYEHHOW oO0mactd (aKTOPHOTO MPOCTPAHCTBA, B KOTOPOH OCYIIECTBISIOCH
BapbUpoOBaHUE (HAaKTOPOB B dKcrepuMeHTe. [103TOMY SKCIepUMEHTaIbHBIE MAaTEMaTHYECKHE MOICITH
HOCSIT YaCTHBIA XapakTep, B TO BpeMs Kak (PU3MYECKHE 3aKOHBI OTPAKAIOT O0IIKEe 3aKOHOMEPHOCTH
SBJICHUA M MPOLECCOB, MPOTEKAIONIMX KaK BO BCEMl TEXHUYECKOM CHCTEME, TaK U B KaXIOM €€
3lIeMEeHTEe B OTAeIbHOCTH. Cie1oBaTeNnbHO, IKCIEpUMEHTAIbHbIE (DAKTOPHBIE MO HE MOTYT OBbITH
IPUHATH B KauecTBe (PM3MUECKUX 3aKOHOB. BmecTe ¢ TeM MeTozbl, IpUMEHsIEMbIe I TOCTPOEHUS
TUX Mojeneil (METOJ CTAaTUCTHYECKHX WCIBITAHUNA, PErpEeCCHOHHBIM aHalu3, KOPPENIsSIuOHHBIN
aHaJIN3, IUIAHUPOBAHUE OHKCIEPUMEHTAa U Jp.), IMIHUPOKO HCIHOJB3YIOTCS HpPHU TNPOBEPKE HAYUHBIX
TUIIOTE3.

OyHKIMOHAIbHBIE MATEMAaTUYECKHE MO MOTYT OBbITh JINHEHHbIE U HEJIMHEWHBIE.

Jlunetinvle moodenu CoOIEpKaT TONBKO INWHEHHbIe (QYHKUIMU (PA30BBIX MEPEMEHHBIX U HX

IPOU3BOJHBIX. XapaKTEPUCTUKU MHOTHUX DJEMEHTOB pEAlbHBIX TEXHHYECKHMX OOBEKTOB
HeluHelHbple. MaremMaTHueckue MOJIeNM TakuX OOBEKTOB BKIIOYAIOT HENWHEHHbIE (QYHKIMU
(a30BbIX IEPEMEHHBIX U (UJIM) UX MPOU3BOAHBIX U OTHOCSTCS K HEUHEUHbIM.

C uenpro ympomeHus 3a1ad INPOEKTUPOBAHUS HAa BBICHIMX HEPAPXMYECKHX YPOBHSIX
UCIOJIb3YIOT MPOCThIE JUHEIHbIe Mojenu. Eciau omucanue TeXHUYECKOoro oOBbEKTa IMPeACTaBICHO
CUCTEeMON  JMHEWHBIX, OOBIKHOBEHHBIX JU((epeHIINaNbHbIX  YpPaBHEHUU, TO, MPUMEHSS
npeoOpazoBanue Jlamaca, ee MOXXHO TPUBECTH K CHCTEME aireOpanyeckux YpaBHEHHMH C
KOMIUIEKCHBIMU NEPEMEHHBIMHU, PEIIEHUE KOTOPOM 3HAYMTENBHO IPOIIE, YEM HCXOAHOW CHCTEMBI

nuddepeHIMaNbHBIX ypaBHEeHUH. Takoil MOIX0J] MCHONB3YyeTCs AJsi MOCTPOCHHSI MaTeMaTUYeCKUX
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MoOJielell Ha MeTaypoBHE. B Mopensix MakpOypOBHS CJIEAyeT Y4YWUTHIBATh HEJIMHEHHbIE CBOMCTBA
TEXHUYECKOTO 0OBEKTA.

Ecnu npu MozaenupoBaHUU yYUTHIBAIOTCS MHEPLMOHHBIE CBOWCTBA TEXHUUYECKOTO OOBEKTa U
(uM) M3MEHEHHE BO BPEMEHHM MapaMeTpoB OOBEKTa WIIM BHEIIHEH Cpedbl, TO MOENb Ha3bIBAIOT
Ounamuueckou. B IpoTUBHOM cilydae MOJeNb cmamuueckas. BeiOOp AMHaMUYECKOM WM CTaTUYECKON
MOJICNIA  OTPENCISIETCS PEXKUMOM pabOThl TEXHHUYECKOTO OOBEKTa, IOJO0KEHHBIM B OCHOBY
IIPOBOAMMOM  IPOLELYpPHl aHajAM3a B Mapuipyre IPOEKTUPOBaHUA. bosbIIMHCTBO  3axay
(YHKIMOHATIBHOTO MPOCKTHPOBAHUSA TpeOyeT WCIONb30BaHUS AMHAMUYecKux wmozeneit. [lpu
KOHCTPYKTOPCKOM IPOCKTUPOBAHUU YaCTO IPUMEHSIOT CTATUYECKUE MOJEIN, a JUHAMHYECKHE
3¢ dexTsl mporecca (YHKIMOHUPOBAHUS OOBEKTa YUUTHIBAIOT MPHU (OPMHUPOBAHUU HArpy30UHBIX
XapaKTepUCTUK IOCPEACTBOM KOI(PPHUIMEHTOB JWHAMHYHOCTH, OIpEleNIieMbIX B Ipolecce
(YHKIMOHAIBHOTO IPOSKTUPOBAHUSI.

MaremaTuueckoe NpeAcTaBlIeHUE IMHAMUYECKOH Mojenn B OOIIeM ciydae MOXKET ObITh
BBIPRKEHO CHCTEMOH Tu(epeHINaTbHbBIX YPaBHEHHH, a CTATHUYECKOW — CHCTEMOH anreOpamdecKux
ypaBHeHUH. J[uHamuyeckas MOJENb MOKET TakXKe IMPEe/CTaBIIATh COOON MHTErpasibHble ypaBHEHUS,
nepeaaTouHble (PyHKINH, a B aHATUTHYECKON (popMe — sSIBHBIE 3aBHCUMOCTH (Ha30BBIX KOOPIWHAT HITU
BBIXOJIHBIX N1APAMETPOB TEXHUYECKOIO 00BEKTAa OT BPEMEHHU.

Bo3znelictBus BHemIHEH cpenbl Ha TEXHUYECKUH OOBEKT HOCAT CIy4YalHbBI XapakTtep Hu
OIUCBIBAIOTCS CaydalHbIMU (yHKIMSAMU. [Ipy NpPOEKTHPOBAHMHU TaKXKE YUYMTHIBACTCS CIydalHBIN
pazOpoc mapaMeTpoB DJIEMEHTOB OOBEKTa, OOYCJIOBIIEHHBIH TEXHOJOTHYECKHM IIPOILIECCOM
n3rorosyieHus. Bee nporeccel, mporcxosaiine B 00beKTe, TaKKe CIy4aHbl U MOTYT OBITh OLIEHEHBI
BEPOATHOCTHBIMU M CTAaTUCTHUYECKUMH XapAaKTEPUCTUKAMH: BEPOSITHOCTHIO BBIIOJHEHUS TEX WIU
UHBIX TpeOOBaHUM, KOPPENSUUOHHOW (YyHKLUEH, CHEeKTPaJIbHOM IUIOTHOCTBbIO, MaTeMaTHUYECKUM
OXUJaHueM, aucnepcued U Ap. AHanu3 (QYHKIMOHUPOBAHMS OOBEKTa B 3TOM Ciydae TpeOyeT
MIOCTPOCHUSI 8epOAMHOCMHOU Mamemamuieckou modeau. OJTHAKO Takas MOJIENIb BEChMa CJI0XKHas U ee
HCIOJIb30BAHNE MPU MPOEKTUPOBAHUHU TpeOyeT OONbIIMX 3aTpaT MAIIMHHOIO BpeMeHu. [loatomy ee
IIPUMEHSIIOT Yallle Ha 3aKJIFOUUTEIBHOM 3Talle MPOEKTUPOBAHMUS.

BonbIIMHCTBO MPOEKTHBIX NPOLEAYp BBINONHIETCd Ha JACTEPMUHUPOBAHHBIX MOJEIAX.
Hemepmunupoeannas  mamemamuyeckas MoOelb — XapaKTEPU3yeTcs B3aMMHO  OJHO3HAYHBIM
COOTBETCTBHEM MEX]ly BHEIIHUM BO3/JE€WCTBUEM HA JMHAMUYECKYIO CHUCTEMY U €€ peaklued Ha 3TO
BO3/IeHiCTBUE. B BBIUMCIUTEIHLHOM HKCHEPUMEHTE MPU MPOSKTUPOBAHUN OOBIYHO 33Jal0T HEKOTOPHIE
CTaHJIaPTHbIE TUIIOBbIE BO3JEHCTBUS HA OOBEKT: CMYNEHUAMbIMU, UMNYIbCHbIMU, SAPMOHUYECKUMU,

KyCOllHO-]ZMHelszblMu, OKCNOHEHYUATIbHbIMU U 1P. VX Ha3BIBAIOT mMecmoBbiMu 6030€UCEUIMIUL.

6.5. Tpe6oeaHuss Kk MameMamu4yeckKkomy obecrieyeHuro

[Ipu cozmanuu matematudeckoro odecrnedeHuss CAIIP momKHBI yYUTBHIBATBCS CIEAYIONINE



TpeOOBaHUS:
* AITOPUTMUYECKAS HAJICKHOCTD,
* TOYHOCTb,
* aJIcKBaTHOCTb,
* YHUBEPCAITBHOCTb,
* KOHOMHYHOCTH (3aTpaThl MAIIMHHOTO BPEMEHH, UCIIOJIb3yeMasi ITaMSTh).

Aneopummuueckas naoedxcHocms — CBOUCTBO KomnoHeHTa MO aaBath IpH €ro NpUMEHEHUH U
3apaHee OIpPEICIICHHBIX OIPAaHUYEHUAX IPABUIIBHBIE pPeE3yJabTarbl. KOJIMYECTBEHHOM OLICHKON
ITOPUTMUYECKON HAICKHOCTH CIYXKUT BEPOSTHOCTH IIOJYYECHMs IPABUIBHBIX PE3YJIbTATOB IIPU
cOOJIOZICHUM OTrOBOPEHHBIX OrpaHMUYEHUN Ha MPUMEHEHHE MeTona. Eciu 3Ta BEepOsATHOCTH paBHA
€IMHUILE UK OJIM3Ka K HE|, TO TOBOPSIT, YTO METO/] AJITOPUTMHUECKU HAJISKEH.

C mnpobneMoil alrOpUTMHUYECKON HAJEKHOCTH TECHO CBs3aHA MPOOJIeMa YCmouyusocmu
mamemamuyeckux mooenei u 3a0ay. O MIOXOH YCTOMUMBOCTU IOBOPAT B CIydasx, KOTAa Majble
HOTPEIIHOCTH UCXOAHBIX JaHHBIX MPUBOJAAT K OOJBIINM MOIPEUIHOCTSAM PE3YIbTaTOB. DTO MPUBOAUT
HE TOJIBKO K CHMIKEHUIO TOYHOCTH PE3YyJIbTATOB IPOEKTUPOBAHMS, HO U K POCTY 3aTpaT MAaIIMHHOTO
BpeMmeHu. /[ aHanmm3a W ONTHMH3AaLMU OOBEKTOB C HEYCTOMYMBBIMH MOJEISIMH HEOOXOAMMO
IIPUMEHATH CIIEUAIbHBIE METOBI C MIOBBIIIEHHON aITOPUTMUYECKON HaIEKHOCTBIO.

Tounocms sBnsAeTcs HauboJiee BAKHBIM CBOMCTBOM Bcex kommoHeHToB MO u ompexaenser
CTENEHb COBIAJCHUS PACYETHBIX U HCTHHHBIX DPE3YJIbTATOB. AJITOPUTMHUYECKH HAAEKHBIE METOJBI
MOTYT JaBaTh pPA3IMYHYIO TOYHOCTh. M 5umb B ciydasx, KOorja TOYHOCTb OKa3bIBAETCS XYK€
IpeJeNbHO JAONMYCTUMBIX 3HAUYE€HUH WM pelleHHe BOOOIIe HEBO3MOXKHO IMOJY4YUTh, TOBOPSAT HE O
TOYHOCTH, @ 00 AJITOPUTMHUYECKON Ha/IEKHOCTH.

B OonbmMHCTBE cCly4aeB pelIeHHWE TMPOEKTHBIX 3aad XapaKTepU3yeTcs COBMECTHBIM
UCIIOJIb30BAHUEM MHOTUX KOMIOHEHTOB MO, 4TO 3aTpyAHSET OLIEHKY BIUSHUS IOTPEIIHOCTU
OTJENIbHBIX KOMITIOHEHTOB. IIpn HEOOXOAMMOCTH OLEHKM MX TOYHOCTH MPOBOJAT BBIYMCIUTEIIBHBIE
AKCIIEPUMEHTHI C UCIIOJIb30BAHUEM TECTOBBIX 33]1a4.

Aodexsamnocmy. Mojienb cunTaeTcs aJeKBaTHOM, €ClIM OTpaXkaeT 3a/laHHble CBOMCTBA 00BEKTa
C IpUeMIIeMOi TOYHOCTEIO. [IycTh & — OTHOCHTENbHAS MTOTPENIHOCTh MOJENH 110 j—My BBIXOAHOMY Ha-
pamerpy:

& =(¥,-3) /¥,
rje y,— j—# BBIXOJHOH Napamerp, PacCUMTaHHBIA C TOMOLIBIO MOJENH; }; — TOT K€ BBIXOJHOH
napaMmeTp, UMEIOLUI MECTO B MOJCIUPYEMOM OOBEKTE.

[lorpemHOCTh MOAENN &y MO COBOKYIHOCTHM YYMUTHIBAEMBIX BBIXOAHBIX IapaMeTPOB

OIICHUBAETCS OJHOU U3 HOPM BEeKTOpa &= (&, &, ..., &m), HATIPUMED

&m = max |g| unmm &n =
Jj=1l,...m
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To4yHOCTH MOZIENM PA3JIMYHA B PA3HBIX YCIOBUAX (DYHKIIMOHUPOBAHUSA OOBEKTA. DTU YCIIOBHS
XapaKTepU3ylTCs BHEIIHUMH MapaMeTpaMu. Ecim 3agaTbes npeaenbHol JOMYCTUMOM MOTPEeITHOCThIO
Eper, TO MOJKHO B IIPOCTPAHCTBE BHELIHHUX MAPAMETPOB BBIAEIUTH 001aCTh, B KOTOPOM BBIOIHIETCS
yCIIOBUE

&m < Enpex -

Oty o00nacTb Ha3BIBAIOT 001ACMbIO  adeKeamHocmu MoOJend. BoO3MOXHO BBeaeHHE
UHUBUYaJIbHBIX NPEAEIbHBIX 3HAYEHUH &ypen j AJI KAXKIOTO BBIXOJHOIO IapaMeTpa U ONpelesieHHe
00JIacTH aJeKBaTHOCTH KaK OOJIACTH, B KOTOPOW OJTHOBPEMEHHO BBIMIOJHSIOTCS BCE 71 YCIOBUH BHIA
8] < &upenj -

Omnpenenenne oOnacTeil aneKBaTHOCTH JJIsl KOHKPETHBIX MOJENEW — CIIOKHasl MPOLEAypa,
TpeOyrolias 6OJbIINX BHIYUCIUTENBHBIX 3aTpaT. DTU 3aTPaThl U TPYJHOCTH MPEICTaBICHUS 00JIACTH
aJIeKBaTHOCTU OBICTPO PACTYT C YBEIMUYEHHEM Pa3MEPHOCTH IMPOCTPAHCTBA BHEIIHUX ITaPaMETPOB.
Omnpenenenue o0gacTH ageKBATHOCTM — Oosiee TpyAHas 3ajgada, 4YeM, Hampumep, 3ajada
MapaMEeTPUIECKON ONTUMH3AIHH, TIOATOMY Ul MOJAETeH BHOBb MPOCKTHPYEMBIX O0BEKTOB 001acTH
aJIeKBaTHOCTH HE PACCUUTHIBAIOT.

Omnako Juisi Mojened yHU(PUIMPOBAHHBIX JJIEMEHTOB pacdeT o0JyiacTel aJeKBAaTHOCTH
CTaHOBHTCS OIPaBJAaHHBIM B CBSA3M C OJHOKPATHOCTBIO €€ ONPEAEICHUS M MHOTOKPAaTHOCTBIO HX
WCTIOJIB30BAHUS MIPH MPOCKTHPOBAHNHN PA3IUYHBIX CHCTEM. 3HAHHE 00JaCTH afeKBAaTHOCTH MO3BOJISIET
IIPaBUIBHO BBIOMpATh MOJENIN 3JEMEHTOB M3 4YHUCIA HMEIOIIMXCS M TEM CaMbIM MOBBIIIATH
JOCTOBEPHOCTH PE3YJIHTATOB MAIIMHHBIX PACYETOB.

Yuusepcanonocms MO onpenensieT ero NpUMEHUMOCTh K IIUPOKOMY KJIacCy MPOEKTUPYEMBIX
00beKkTOB. OCOOEHHO 3TO BaXHO NpU co3aaHuu KoMiulekCHbIX CAIIP, BKiIOYaOmMX pazIudHbIe
BUJBl 33a4 OT KOHCTPYMPOBAHHUS W3JENUS U MPOEKTUPOBAHHS TEXHOJIOIMYECKHX MPOLECCOB J0
BBIOOpA PEXKYIEro HHCTPYMEHTA U MIPOSKTHPOBAHUS KOHCTPYKIIUN CHEIMAIHbHON OCHACTKH Ha OCHOBE
aHaJIM3a TUIIOBBIX TEXHOJOTHYECKUX PEIICHUM.

VuuepcanibHocth MO nenaer ynoOHbIM ucnodb3oBaHue OBM, ympomas MeToauky
aBTOMaTU3MPOBAHHOTO MPOEKTUPOBaHUS. B TO *e Bpems clieyeT OTMETHTh, YTO YHUBEPCAIbHOCTh HE
MMeeT KOJMYECTBEHHOH OlleHKU. Peannsys Ty Wil WHYI0 MOJETh U METOH, pazpaboTunk MO momkeH
yKa3aTh YeTKUE I'PaHUIlbl UX MPUMEHUMOCTH. Eciu afeKBaTHOCTh XapaKTepU3yeTcs MOJIOKEHUEM U
pazMepamMu 00JIaCTH a/IeKBaTHOCTH, TO YHUBEPCAILHOCTh MOJIETH OINpPENEseTCs] YUCIOM M COCTaBOM
YYUTHIBAEMBIX B MOJEIIH BHEIIHUX U BBIXOJIHBIX TAPAMETPOB.

3ampamul mMawiuHHO20 8pemeHU BO MHOTOM OIPENENSIIOTCS CIOXKHOCTBIO MPOEKTUPYEMBIX
O0BEKTOB M PAa3MEPHOCTHIO pelIaeMbIX 3ahad. MalluHHOE BpeMs BBIYMCIUTENBHOTO Mpoliecca
SBIISICTCS ~ TJIABHBIM ~ OTPAaHWYUBAIOMIAK  (AKTOPOM TIPH  TOMBITKAX TOBBICHTH  CIIOKHOCTH
npoeKTHpyeMbIx Ha OBM 00beKTOB.

OaHuM U3 myTed COKpallleHUsi CPOKOB IMPOEKTHpOBaHUs sBisercs npumeHeHue B CAIIP
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MHOTOIIPOLIECCOPHBIX BBIYUCIUTENBHBIX CHCTEM, OOECIEUYMBAIOIIMX paclapajuleIMBaHuEe Ipolecca
BBIUMCJIEHMS. B CBA3M ¢ 3TUM MOYKHO OTMETHUTD, UTO BaKHEHIIMM IOKa3aTeneM sKkoHomuunocmu MO
ABJISIETCA €r0 NMPHUCIIOCOOIEHHOCTh K paclapauleIMBaHUIO IIPoLiecca MPOEKTUPOBAHHUS.

Hcnonvzyemas namams SBIAETCS BTOPBIM IIOCIIE 3aTPaT MAIIMHHOIO BPEMEHM IIOKa3aTelleM
skoHoMuYHOCcTH MO. 3artpaThl NaMsATH ONPENeNAOTCA UIMHOW IporpamMmbl U 00BEMOM
UCIIOJIB3YEMBIX MAaCCUBOB JaHHbIX. HECMOTpsl Ha 3HAUUTEIBHOE YBEIMYEHHE €MKOCTH OIEPaTUBHOMN
namsTH B COBpeMeHHbIXx OBM, TpeOoBaHMs 1O 3arparaM HaMmsTH OCTAIOTCS aKTyaJbHBIMH. OTO
CBSI3aHO C TE€M, YTO B MYJBTHIIPOTPAMMHOM pexkuMme (yHKunoHupoBanuss DBM 3amaya ¢ 3ampocom
Oonbliero oObEKTa NaMsATH MOJy4aeT Oosiee HU3KUH NpPUOPUTET, U B pe3ysbTaTe BpeMs ee
npeObIBaHUsI B CHCTEME YBEJIMYMBAECTCA U IPOU3BOAUTENBHOCTh IIpOLECCa IPOEKTUPOBAHUS
CHU)KAETCHA.

B nensix 3KkoHOMUM 3aTpar ONepaTUBHOMN NaMAITH UCIIONb3YIOT BHELIHIO MaMTh (HAKOIUTENIN
Ha MarHUTHBIX JAMUCKAaX, JICHTaX, JUckeTax). OfHaKo YyacTble 0OpallleHus K BHEIIHEH NaMATH IPUBOJISAT
K YBEJIMYEHHUIO 3aTpaT MalUIMHHOIO BPEMEHH, IOATOMY IPU pa3pabOTKE METOJI0B MPOEKTUPOBAHMS,
JITOPUTMOB U IPOrpaMM MPUXOIUTCS pa3peliaTb KOMIIPOMHCC C LENbI0 PAllMOHAIIBHOTO pa3JelIeHUs

IpolLecca UCIoJIb30BaHUs IBYX BUJOB aMatu OBM.

6.6. MUepapxust Mamemamu4eckux modenet e CAIP

bnoyno—uepapxuyeckuii NOAXOA K TMPOEKTUPOBAHUIO M3AEIMM MAIIMHOCTPOEHHUS U
TEXHOJOTMM HMX H3TOTOBJIEHHUS BKIIIOYAET B KayeCTBE CBOEH OCHOBBI HEpPApXUI0 MaTeMaTHYECKHX
mojeneit. [lenenue mMozenel mo uepapxudeckuM ypoBHSAM (YPOBHSIM aOCTparupoBaHUs) MPOUCXOAUT
[0 CTENEeHM JeTaJn3allii OMUCBHIBAEMBIX CBOWMCTB U MPOIIECCOB, MPOTEKAIOIINX B 00bekTe. [Ipu sTom
Ha KaXJIOM MEpapXW4YECKOM YPOBHE HCIIOJB3YIOT CBOM MNMOHATHS "cucrema' u "snmeMmeHTHl'. Tak,
cucTema k—eo ypoBHSI paccMaTpHUBAaeTCs Kak 3JIEMEHT Ha coceqHeM Oosiee BBICOKOM (k—1)—M ypoBHe

abcTparupoBaHus.

w8 -l- -l- IIpenacraBum CTPYKTYPY
3
{ HEKOTOpOro OOBEKTa B BHUJE MHO-

KecTBa dJeMeHTOB (puc. 6.3) u

) 4

CBs3E€M MexIy HHMMU. B KauecTBe

DJIEMEHTOB OO0BEKTa HCIIOJIB3YIOTCA

q : A pa3sMepHblE U TeOMETPUYECKHUE
v ; XapaKTEPUCTUKH ITOBEPXHOCTHU

Q Q Q ACTAIKM, MapaMEeTpbl HUX KadCCTBa

Puc. 6.3. [IpeacraBnenne cTpyKTyphl 00bEKTa

) 4

TEeMIIepaTypHBbIE MapaMmeTpsbl,
TEXHOJIOTUYECKUE PETJIAaMEHTHI U JIp. BhIIenuM B COOTBETCTBUM C OJI0YHO—HMEPApXUUECKUM MOAX0I0M
B CTPYKType OOBEKTa HEKOTOpbIE MOJMHOXKECTBA IJIEMEHTOB M Ha30BeM HUX OJokamH (Ha pHCYHKE

MOKa3aHbl HITPUXOBBIMH J'II/IHI/IHMI/I). HYCTB COCTOSIHHE KaXKJ0il CBSI3HU XapaKTCPU3yCTCA OJHOM
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(a3oBoil mepeMeHHOH V;, Zj UaM Uyx. 31€Ch V; OTHOCUTCS K BHYTPEHHHUM CBA3AM MEXIy dJIEMEHTaMU
JaHHOro OJI0Ka, Zj, Uk OTHOCATCA K BBIXOJAM U BXOJaM OJ0Ka COOTBETCTBEHHO. Tenepp MOSCHUM
Ba)KHBIC JUIs ()YHKIIMOHATBHBIX MOJICJICH TIOHSATHS ITOJIHOW MOJICIIA U MaKPOMO/ICIIH.

Ilonnas mooeny OIIOKa €CThb MOJIENIb, COCTaBJICHHAs W3 MOJIENEH 3JIEMEHTOB C YYETOM
MEXIJIEMEHTHBIX CBSI3€H, T.e. MOJIEJb, ONMUCHIBAIONIAs KaK COCTOSHUE BBIXOJIOB, TaK M COCTOSTHHE
KaX/I0TO U3 JIEMEHTOB OJIOKa.

MogensimMu 37IEMEHTOB OJIoKa A SIBIISIFOTCS YPaBHEHUS, CBS3BIBAIOIINE BXOJHBIE M BBIXOHBIC
NepEeMEHHBIE:

£,(vi,u)=0;
£,(vi,u,)=0; (6.2)
f,(vy5us,v,)=0;
fg(vg,vg,zz):o.
[TonHast MoJieNb OJIOKa €CTh CUCTEMAa YPaBHEHU I
FV,U)=0,Z=¥(V, L), (6.3)
rae V, Z u U — BeKTOpbl BHYTPEHHUX, BEIXOJAHBIX U BXOJHBIX (ha30BbIX EPEMEHHBIX OJIOKA.

[Ipy OONBIIOM KOJUYECTBE DSJIEMEHTOB pPa3MEPHOCTb BEKTOpa V U TOPSAIOK CHUCTEMBI
ypaBHeHHH (6.3) CTaHOBATCS Ype3MEPHO OOJBIIMMHU U TPEOYIOTCS YIPOIIEHUS.

[Ipu mepexome kK Ooyiee BBICOKOMY HEPApPXUYECKOMY YPOBHIO YIPOIIEHHS OCHOBaHBI Ha
UCKJIFOUYCHUH W3 MOJICNIM BEKTOpa BHYTPEHHUX mepeMeHHbIX V. [loimydyeHHas Monenb NpeicTaBiseT
co0oif cuctemMy ypaBHEHHH

P(Z,U)=0 (6.4)
CYIIECTBEHHO MEHBIIIEH Pa3MEPHOCTH, YeM TOoJIHas Mojenb (6.3), U Ha3bIBACTCS MAKPOMOOENbIO.
CrnenoBaTenbHO, MAKPOMOJIENb YK€ HE OMHMCHIBAET MPOIECCHl BHYTPHU OJI0Ka, a XapaKTepu3yeT TOJIBKO
MIPOIIECCHl B3aMMO/ICHCTBHSI JAHHOTO OJI0KA C IPYTUMH B COCTABE CHCTEMBI OJIOKOB.

Monenu (6.3) u (6.4) oTHOCSTCS APYr K APYry Kak MOJHAs MOJAETh U MaKpOMOJedb Ha N—M
ypoBHe uepapxuu. Ha OGonee Bbicokom (N—1)-M ypoBHE OJIOK A paccMaTpuBaeTcsl Kak SJIEMEHT U
Makpomozienb (6.4) craHoBuUTCS Mojenbio siemeHta A. CrenoBarenbHo, Moaenu (6.2) u (6.4)
OTHOCATCS APYr K JPYry Kak MOJEIIH 3JIEMEHTOB COCEIHHUX HEpapXU4yecKux ypoBHeu. M3 moneneit

tuna (6.4) MoKeT ObITh COCTaBJICHA MOJTHAS MOJIENb CUCTEMBI Ha (N—1)—M ypoBHe.



6.7. Mamemamuyeckue Modesiu mexHU4YecKux o6 LeKmoe Ha MUKpOypo8He

Mukpoypogenb — 93TO HIDKHUN HMEpPapXUUYECKHl ypOBEHb JIEKOMIO3UIMH OOBEKTOB
MPOSKTUPOBAHMSI 110 CTENEHU a0CTParupoOBaHUs MPU COCTABICHHHM MaTEeMaTHYECKOro omucaHus. Ha
9TOM YPOBHE OCYLIECTBIIETCS JI€TAIbHOE OMHCAHUE (PU3NYECKUX CBOMCTB TEXHUYECKOTO OOBEKTA.
OOBEKTH paccMaTpUBAIOTCA KakK CIUIONIHBIE CpEe/Ibl, UMEIOUIME KOHEUYHBIE O00JacTH OIpeesiCHHUS,
BbIJIETISIEMbIE B TPEXMEPHOM N€OMETPUUYECKOM MPOCTpaHCTBE. Takue 0OBbEeKThl MPEICTaBISAIOT co00ii,
OuHamuveckue cucmemvl ¢ pacnpeoenenHvimu napamempamu. VIX Takke Ha3bIBAIOT HEnpepbul@HblMU
cucmemamu. OyHKINOHUPOBAHUE ITUX CUCTEM OIUCHIBACTCS OugghepeHyuanbHulMu ypasHeHusmMu 6
YACMHBIX NPOUZBOOHDIX.

OOwmmit BUI ypaBHEHUIl MaTeMaTUYeCKOW MOJENW OMNHCAaHUS (PUIUYECKUX CBONCTB

TEXHHYECKOTO O0BEKTA C pacTpeIeICHHBIMH ITapaMeTpaMu
Op Op  dp Op  Dpy_

F(Xi’xz""'x”’(o’a'axz ""'axn 8_x12 p "

WM B KOMITAKTHOH opMme
Lp(Z) = 0@) )
rie L — muddepennmanpHplii omeparop; ¢ - (asoBas KoopauHATa, X MPOCTPAHCTBEHHBIE

KOOPIMHATHI; N — KOJTHYECTBO MPOCTPAHCTBEHHBIX KOOPAMHAT; t — BpeMs; £ — BEKTOP HE3aBHCHUMBIX
NEpEeMEHHBIX; 0(Z) — n3BecTHast PyHKIHMS HE3aBUCUMBIX KOOPMHAT.

Hezasucumvimu nepemennviMu B 3TUX MOJEIAX SIBJSIIOTCS MPOCTPAHCTBEHHBIE KOOPAMHATHI U
BpeMs Xi , 1=1, ...,n. ®a3oBas KoopJrHATa — QYHKIUS HE3aBUCUMBIX MTEPEMEHHBIX.

Pasmeprnocms 3a0auu onpenensercs YUCIOM IMPOCTPAHCTBEHHBIX KOOpAMHAT N: mpu N=1 —
00BEKT OTHOMEPHBIH; IPU N=2 — IBYMEPHBIH; IPH N=3 — TPEeXMEPHBIH.

Ecnu ypaBHeHHe cofepXUT OJIHY (Da30BYIO IEpPEMEHHYI0, CHCTEeMa OMUCHIBACTCS OJHUM
ypaBHeHHeM Buja (1), eciu HeCKOJIbKO (ha30BBIX MEPEMEHHBIX, T.e. BEKTOp D=(¢1, @2, ..., Pm), — TO
CUCTEMOH YpaBHEHHUM.

Ecnu ¢a3oBrle nmepeMeHHbIE HE SIBISIIOTCS SBHBIMU (DYHKIMSMU BpEMEHH, 3aJady aHajn3a
00BbEeKTa Ha3bIBAIOT CMAYUOHAPHOU, B IPOTUBHOM cilydae — Hecmayuonaprot. CTallioHapHas 3a/1a4a
XapaKTepU3yeT cmamuyeckoe CcOoCmosiHue TEXHUYECKOro oObeKTa. Junamuueckue pexcumbl
(GYHKIMOHUPOBAaHUS O0BEKTa OTHOCATCS K HECTAI[MOHAPHBIM 3a/lauaM U JUIS MX OIIEHKH TpeOyroTcs
UCCIICIOBAHMSI NEPEXOOHBIX NPOYECCOB.

VpaBuenue (1) umeeT MHOXKECTBO pemieHMHA. [y MOMyyeHHs EIUHCTBEHHOTO peIIeHUs
HEOOXOUMO 3a/aTh Kpaesvle ycnogus. KpaeBble yCIOBHS BKJIIOYAIOT TPaHUYHBIE W HaydalbHbIE
ycioBusl. [ panuunvie yciosus — 3TO CBEACHUS 00 MCKOMBIX HENPEpPBIBHBIX (QYHKIMAX @ U (WIH) UX
NPOM3BOJMHBIX HAa TpaHUIE S obimacTh ompeneneHus oObekTa (2, XapaKTEepH3YIOIIHE YCIOBUS
B3aMMOJICUCTBUS C OKPYXAIOIIEH BHEUIHEW cpenou. Hauanvhvie ycnous — 3TO 3HAYEHUS ITUX JIEE

¢byHKIMI BO Bcel oOmacTu ompeneieHHs B HayalbHbIH MOMEHT BpeMeHHM. HauanbHble yCIoBHS
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3a[1al0TCsA TOJIBKO TPU PEIIeHUH HECTAlMOHAPHBIX 3a1ad (MpU HCCIEOBAHUHU IEPEXOJHBIX IMpo-
1IECCOB).

Hcxoanoe muddepeHnranbHoe YpaBHEHHE B YaCTHBIX MPOU3BOAHBIX (1) BMecTe ¢ KpaeBbIMU
YCIIOBUSIMU HOCUT Ha3BaHUE OugghepenyuanvHol Kpaegou 3adayu W MpecTaBisier co0oil MmareMaTu-
YEeCKYI0 MOJIENIb TEXHUYECKOT0 00BEKTa C pacipe/ie]ICHHbIMU TapaMeTpaMH.

Cy1mecTByeT HECKOIBKO CTaHJAPTHBIX CIIOCOOOB 3a/1aHUs TPAHUYHBIX YCIOBUI. JIs TETIIOBOTO
o0BbeKTa, MpeacTaBisoniero coboil TBepAoe TOMOreHHOE (OJHOPOAHOE) TEJNO, HCHOJIB3YIOT
TpaHUYHBIE YCIIOBHSI IEPBOTO, BTOPOTO U TPETHETO POJIOB.

I'panuunvie ycnosus nepgoeo pooa O3HAYalOT 3aJlaHUE HA TpaHULEe S o0jacTu ompeseseHus
oGbexta Q) 3HaueHuit ¥S nckomoit ¢bynkunu Ga3zoBoit IepeMEHHOMH .

[Ipu epanuunsix ycrosusx 6mopozo pooa 3a4at0T HA TPaHUIE 3HAYCHHS YACTHBIX MPOU3BOIHBIX
MCKOMOH (PYHKIMH IO MTPOCTPAHCTBEHHBIM KOOPAMHATAM.

I'panuunvie ycnosus mpemwve2o pooa TPENCTABIAIOT co00M ypaBHEHHS OajlaHCa IMOTOKOB,
XapaKTepU3yIIUX 00MEH dHEpruel 00bEKTa C OKPYKAIOIIEH BHEIIHEH CPeIoii.

B HeKoTOpBIX ciaydasx, HampuMep, ISl TeTEPOreHHbIX (HEOTHOPOAHBIX [0 COCTaBy MaTepuasa)
TEIUIOBBIX OOBEKTOB, MOTYT OBITh M MHBIE TPAaHUYHBIC YCIIOBHSL.

CoctosHue 00BEKTa XapaKTepU3yeTcs HW3MEHEHHEM BO BpeMeHH (a30BbIX KOOPAMHAT,
ONpeNeNIIEMBIX B PA3IMYHBIX €r0 TOYKaxX. 3ajadya aHaimm3a Mporecca (QyHKIIMOHUPOBAHHUS
TEXHUUYECKOro 00bEeKTa Ha MUKPOYPOBHE 3aKIIFOUACTCS B OMpeeIeHnH PYHKIHI (a30BbIX KOOPIAUHAT
IUTSt MHOKECTBA TOYEK, BBIJICIIEHHBIX B 00J1aCTH ONpe/eNIeHUs] 00bEKTa.

OOBeKTHI ¢ pacrpeneNeHHbIMU MTapaMeTpaMu MOTYT OBITh Pa3IMYHON (PU3UYECKON MPUPOIBI:
MeXaHUYeCKHe, THIPABINIECKUE, TEIUIOBBIC, SJICKTPUIECKHAE, MArHUTHBIC U JIP.

Mexannyeckue OOBEKTHI MPEICTABISIOT cO00il »reMeHTh W 0a30BbIE JETald MallMH |
MEXaHU3MOB: KOPITyCa, paMbl, IIAHEJH, BaJIbI, KPBUIbS CAMOJIETOB, JIOMACTH TypOuH U Ap. [Ipu ananmse
MEXaHUYECKUX OOBEKTOB HaxoAiAT naedopMalMu M HamnpspkeHus. OHHM  ONpeneNsioT HECYIIyro
CIIOCOOHOCTh KOHCTPYKTHBHBIX 3JIEMEHTOB, HAJC)KHOCTh M HOPMAJIbHBIE YCIOBHS (PYHKIIMOHUPOBAHUS
0a3UPYIONINXCS HA HUX APYTUX SJIE€MEHTOB O0BEKTA.

[Tpr POEKTUPOBAHMM MHOTHX TEXHUYECKHX OOBEKTOB BO3HHUKAET HEOOXOIMMOCTH aHAIHM3a
TEIUIOHAMPSDKEHHOCTH  JIeTajeil, BhIOOpa  ONTUMAIBHBIX  pa3MepoB U KOH(UTypamuu
TEIUIOOOMEHHUKOB W pEIIeHUs] MHOTHX JPYTUX 3aaad Teruionepenadyd. B TerioBbIX 00BEKTax
OTIpeICTICHUIO TIOJIJIEKAT TEMIIEPATYPHBIE OIS U TEPMUUECKHE HATIPSKEHUS.

[lpn aHanmm3e TUAPABIMYECKMX M IMMHEBMATHYECKHX CHCTEM OMPEACISIOT PEKUMBI TCUCHHSI
CIUIOIIHBIX MTOTOKOB XHUAKOCTEH U ra30B, XapaKTepH3yeMble CKOPOCTSIMH U IaBICHUSMHU.

OOGb1uHO B MCX0IHBIE ypaBHEeHUS (1) BXoaaT HEe Bce (a30BbIe KOOPAUHATHI, XapaKTEPU3YIOIINE
nporecchl (yHKIMOHUPOBAHUS TEXHUYECKOTO 00BEKTa, a TOJIbKO Oa3uCHbIE, HapuMmep, Aeopmanun

— B MOJIEJIM MEXaHUYECKOW CUCTEMBI, TEMIIEPATyphl — B TEIJIOBOU cucteme U T.1. OcranbHble (ha30Bble
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KOOpJMHATHl (HampuMep, HANpsOKeHHs] B YINOMSHYTHIX CHUCTEMax) OINpeAeNsioT uepe3 Oa3ucHbIe
KOOpJIMHAThl HA OCHOBE YPAaBHEHUH, YCTAHABIMBAIOLIUX MEXAY HUIMH COOTBETCTBYIOILUE CBS3H.

Jlis moCTpoeHUsT MaTeMaTH4YeCKHX MOJeNeld TeXHUYECKUX OOBEKTOB C paclpeesieHHbIMU
napamMeTpamMH UCHOJb3YI0T GyHIaMEeHTAIbHbIE (PM3nYecKre 3aKOHbl. K HUM OTHOCSTCS, IPEX/IE BCETO,
3aKOHBI COXpaHEHUS (MacChl, SHEPTUH, KOJTUYECTBA JBUKCHUS).

OOm1ast popMyTUpPOBKA 3aKOHA COXPAHECHUS: UBMEHEHUE 80 BPEeMEHU HeKOMOPOU CYOCmanyuu 8
1eMeHMapHOM 0bbeme pagHO CyMMe NPUMOKA—CMOKA 3Mou CyOCmaHyuu yepes e20 N0GEPXHOCMb C

YUemoMm CKOPOCMU 2eHepayull Uil YHUUMONCEHUA CYOCMAaHyuu 8 3mom odveme.
VYpaBHEHHE, COOTBETCTBYIOLIEE JaHHOU (hOPMYIUPOBKE, UMEET BUJL:

- (3)
% _ —divl +G
ot

rae ¢ — (a3oBas mepeMeHHas (KOOpJWHATA), BBIpaKAIOIIasl CyOCTaHIIUIO; J_ BEKTOp IUIOTHOCTH

noToka (a3zoBOi MEepeMEHHOI; divd — JUBEPreHIUsT BEKTOpa J G- CKOPOCTh T€Hepaluu WIH

YHUUYTOKEHUS CyOCTaHLIUU.

Yy TPEXMCPHOI'0 TCEXHHUYCCKOI'O 00BeKTa BCKTOp J COCTOUT U3 TPEX COCTABJIAKOIINX,

J=0,9,9,)

HaIIpaBJICHHBLIX IIApaJlJICJIbHO OCAM ,I[eKapTOBOI‘/‘I CUCTEMbI KOOpAUHAT X, ), Z, T.C.

I[I/IBCPFGHHI/ISI BCKTOpa J - CKaJIsipHas BCIIMYKWHA, onpcacisieMas BIpa)KCHUEM

- oJ
divd = 0, +—1 +6J

Z

ox oy oz 4)

Z[I/IBepl" CHLIUA BCKTOpA INNIOTHOCTHU ITOTOKA XapaKTECPpU3YECT CYMMY IIPUTOKA—CTOKaA CY6CTaHI_II/II/I

yepe3 MOBEPXHOCTh 3JIEMEHTapHOro odbema. B kadecTBe CyOCTaHIIMM B Pa3iaMyYHbIX (DU3MUECKHX

3daKOHAax BBICTYIIAKOT: MAacCCa, DHCPIUuAd, KOJIUICCTBO ABUKCHHUA U IP.

6.8. Mamemamuy4eckue Modesiu Ha MaKpOypPOEBHe

Ha wmakpoypoBHE OCYHIECTBISIOT MPOEKTUPOBAHME PA3JIMYHBIX MAIIUH W MEXAHU3MOB.
OOBEeKTHl MPOEKTUPOBAHUS PACCMATPUBAIOTCS KaK CIOKHBIE TEXHHMUYECKHUE CUCTEMBI, COCTOSIIUE W3
COBOKYITHOCTH B3aMMOJICHCTBYIOIIMX AJIEMEHTOB. TakuM o0pa3oM, B OTJIMYKE OT MUKPOYpPOBHS, I'lie
00BEKTaMU MPOEKTUPOBAHUS OBUIH JETalld MAIIUH (BaJbl, KOPIyca, MaHEeI! U T.I.), HA MaKpOYpOBHE
00BEKT WMEET CIIOKHYI0 HEOJHOPOIHYIO CTPYKTYPY, COCTOSIIYIO W3 DJJIEMEHTOB — OOBEKTOB
MPOEKTUPOBAHUSI MUKPOYPOBHS.

Ha  MukpoypoBHE  WCHOJB30BAIMCH  MaTeMaTHYECKHE  MOJCIM»  IMPEACTABISICMbIC
muddepeHINATbHBIME YPAaBHEHUSMH B YaCTHBIX MPOU3BOIHBIX. DTH MOJEIH YHUBEPCAIbHBI, JAIOT
HanboJiee TOJIHOE ONMHCaHWe (PU3MUECKUX CBOMCTB W TMO3BOJISIIOT pelaTh JIFOOBIE 3aadyd aHaau3a

TEXHHYECKOI'0 00bEKTa. OI[HaKO OHH tIpe3BI>ILIElI‘/’IHO CJIOXKHBI AaXXE AJIA OTACIBbHOI'O 3JICMCHTA MAllIMHBI
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WIM MeXaHu3Ma M TpeOyIOT 3HAYMTEIbHBIX 3aTpaT BPEMEHHM Ha MpoBeAeHHe aHanuza. Ecnu pac-
CMaTPUBATh KXKABIHA 3JIEMEHT 00bEKTa MAaKPOYPOBHS KaK CIUIONIHYIO CPe.y, T.e. KaK JUHAMHYECKYIO
CUCTEMY C pachpeilelIeHHBIMH MapaMeTpaMH, TO 3TO CAENAeT NMPAKTHUYECKU HepealbHbIM pEIICHUE
3a/1a4 ONTUMH3AIUU CTPYKTYPHI U ITAPAMETPOB OOHEKTA.

Bmecre ¢ TeM MHOTHE 33/1a4i TPOEKTUPOBAHMSI YCIEIIHO PEIIAIOTCS C UCIOIb30BaHUEM OoJiee
MPOCTBIX MATEMAaTUYCCKUX MOJAENeH. DTH MOJETH MOXHO TONYyYUTh IyTeM aIlllPOKCHMAIUH
pacnpeieieHHbIX MOJIeied MUKPOYPOBHS Ha OCHOBE COOTBETCTBYIOLIMX JOMYIIEHUN OTHOCHTEIHHO
MIPEJICTABICHUS CTPYKTYPBl U (PU3UYECKUX CBOWCTB 00BekTa. [IpyM 3TOM nMHAMUYEcKas CHUCTEMa C
pacrpeieieHHBIMM ~ TapaMeTpaMyd IyTeM JTUCKPETH3aluud B IPOCTPAHCTBEHHBIX KOOpAMHATAX
MIPEJICTABIISICTCS COBOKYIMHOCTHIO MAaTEPUATBHBIX OOBEKTOB, BBIJACICHHBIX M3 CIUIONIHON Cpeibl, —
JUCKPETHBIX AJIEMEHTOB C MOCTOSIHHBIMU YCPEIHEHHBIMHU MapamMeTpaMu. Takyl cHCTeMy Ha3bIBalOT
OUHAMUYECKOU CUCEMOT ¢ COCPEOOMOYEHHbIMU NAPAMEMPAMU.

JuckpetHblii s1eMeHT B o0meM cioydae oOnajaeT HMHEPUUOHHBIMU, YOPYTUMH H
JVCCUITATUBHBIMU CBOWCTBaMH (BHYTPEHHHUE CBOMCTBA CHUCTEMBI). Pa3indaroT MpoOCThIE U CIOXKHBIC
3NEeMEeHTHI. [Ipocmoul sn1emeHm HAJEIEeH TOJIBKO OJHUM W3 YHOMSHYTHIX (DU3UYECKUX CBOWCTB, a
Ccn0JicHbll — 00JIee YeM OHUM.

Matematuueckass MOJENb JUHAMUYECKOW CHCTEMBI C COCPEJOTOYCHHBIMHU IapameTpamu —
cucTeMa OOBIKHOBEHHBIX MU PepeHInanbHbIX YpaBHCHUN B!

dvidt =F(V, 1), %)
rae V — BekTop (pa30BBIX KOOPIWHAT; { — HE3aBHCHMAs IEPEMEHHAS — BPEMHI.

[TapameTpsl 2IIEMEHTOB TEXHUYECKOTO 00beKTa X TOKe BXOJAT B MAaTEMAaTUYECKYIO MOJETH (5),
HO TOJIBKO B Ka4eCTBE KOI(PPUITUSCHTOB MIPH MIEPEMEHHBIX V.

Brixognbie mapameTpsl 00bekTa Y HEMOCpPeACTBEHHO He (urypupyroT B cucteme (5). OHu
OTPENENAIOTCS 10 pe3yjbTaraM pelieHus V(1) cucteMbl ypaBHEHUN. DBONBIIMHCTBO BBIXOJHBIX
NapaMeTpPOB UMEIOT CMBICH (PYHKIIMOHAJIOB 3aBUCHMOCTeill (ha3oBbIX KoopauHaT Y =@ N(t)].

OyHKIIMOHAT TIPEICTaBIIIET co00i oToOpakeHHe Kiacca GyHKIMU B Kiacce uucen. [Ipumepsl
(GYHKIIMOHAJIOB: OMpeeNeHHbIe HHTETPAJIbl, SKCTPEMaTbHbIe 3HAUeHUsT (PYHKIIMMA, 3HaUeHUS QyHKIUN
TIPY 33/IaHHBIX 3HAYCHUSIX aPTYMEHTOB U T.II.

Cucrema ypaBHeHHMH (5) ONMCHIBAET JIWHAMUYECKHE PEXKUMBI (YHKIIMOHUPOBAHUS
TEXHUYECKOTO 00BheKTa. AHAJIN3 3TUX PEKUMOB 3aKITIOYACTCS B PEIICHUU CUCTEMBI YpaBHeHHH (5) U
MOCIIEAYIOIIEM OTNpeAeTICHNH BBIXOIHBIX MapaMeTpoB 00beKkTa. 3a/1aBas HavanbHble ycinoBus V(0 =V,
HaXOJAT pelIeHus V(t), a 3aTeM BBIUMCISIIOT 3HAYCHHUS BBIXOJHBIX ITAPAMETPOB Y, UCIOJB3YEMBIX B
KauecTBE KPUTEPUEB MPU ONTHUMH3AINN BHYTPEHHUX MapaMeTpoB 00beKTa X.

Kpumepuu — 3T0 TmOKazartenu KkadecTBa W 3I(P(HEKTHBHOCTH TEXHUYECKOro oOBekTa. Mx
MOMIPA3JCNAIOT Ha CIEAYIOIIMe TPYIIbl: HAa3HAUYCHHUsS; HAJACKHOCTH, SKOHOMHOTO HCIOJIb30BaHUS

CBIpbSl, MaTepUAJIOB, TOIUIMBA, DHEPIMH M TPYIOBBIX PECYpcOB (PKOHOMMYHOCTH); OTpPaHUYEHUS
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BpPEIHBIX BO3JICHCTBUI MPOIYKITUH (IKOJIOTHYECKHUE); O€30MaCHOCTH; CTAHIAPTU3AMH U YHHU(PUKAIIIH.

Matemaruueckass Mojenb B BHJe (5) HENOCPEACTBEHHO MCHOJIb3YETCS IpU aHallu3e
HEPEeXOAHBbIX IPOLECCOB, YCTOMUMBOCTH, CTALMOHAPHBIX PEKUMOB KojeOaHMH. OTa ke Mojenb
MIO3BOJISIET PELIATh U 3a/1a4d aHAJIU3a CTATUUECKUX COCTOSHUM.

Taxkum 006pazom, 0ObEKTHI IPOEKTUPOBAHNS Ha MAaKPOYPOBHE PACCMAaTPUBAIOTCS KaK CUCTEMBI,
COCTOSIIIME W3  COBOKYIHOCTM  B3aMMOJCHCTBYIOUIMX  JUCKPETHBIX  3JEMEHTOB.  3ajaua
IPOEKTHUPOBAHUS TAaKUX OOBEKTOB COCTOUT B OINPEJECIICHUN ONTHMAJIBHBIX MaPAMETPOB M CTPYKTYpPbI
UCXO/Is U3 33JJaHHOTO OTHMCAaHUS BHELIHEH Cpe/Ibl M TEXHUYECKHX TPEOOBaHH K OOBEKTY.

[Ipu MopenupoBaHMM TEXHUYECKMX OOBEKTOB Ha MAaKpOYPOBHE OHU paccMaTpUBAIOTCS Kak
JUHAMUYECKHE CHCTEMBl C COCPEAOTOYEHHbIMM mapamerpaMu. OmnucaHue MpOLECCOB HX
(YHKLUMOHUPOBAHUS JAETCsl CHUCTeMaMM OOBIKHOBEHHBIX JU(depeHIanbHblX ypaBHeHu. Ilpu
MOCTPOCHUH TEOPETHYECKHX MOJICNICH HCIOIb3yeTcs NBa MOIXoja: (U3NYeCKUid M (HOpMalIbHBIN.
Qusuueckuii noOxo0 OCHOBAaH Ha HENOCPEJICTBEHHOM INPUMEHEHUU (U3NYECKHX 3aKOHOB, a
Gopmanvrblil UCTIOIAB3YET OOIIME MAaTEMAaTUYECKUE MPUHIUIBI IPU ONUCAHUM (PU3HUECKUX CBOWCTB
00bekTOB. OOIIMM B HCHOJB30BAHUU OOOMX IOJXOAOB SBISAETCS HEOOXOIMMOCTh IOCTPOEHUS
JUHAMAYECKON MOJIENIN 00BEKTA.

CtpykTypa  JMHAMUYECKOH  MOJenu  NpeAcTaBiIsieTcss B BUAE  COBOKYIHOCTH
B3aUMOJICHCTBYIOIINX JTUCKPETHBIX DJIEMEHTOB, KKIBIH M3 KOTOPHIX HAJAEJCH COOTBETCTBYIOIIMMHU
¢usnuyeckumu  cBoiictBamu. Habop a1eMeHTOB M UX CBOICTBa oOmpenersiioTes CcrnocoOoM
CTPYKTYPHUPOBAHHS.

IIpu ¢opmHpOBaHMM MaTEeMAaTHYECKOH MOJENM TEXHHYECKOro OOBEKTa Ha OCHOBE
KOMIIOHEHTHBIX U TOIMOJIOTMYECKUX YPAaBHEHUN UCIOJIB3YIOT CJIEAYIOIUE CIIOCOOBI:

® y3JI0BOW,

® KOHTYpPHBIH,

® METO/l HEPEMEHHBIX COCTOSHUS,
e TaOJIMYHBIA METOI.

HauOonpiryro ©3BECTHOCTh U LIMPOKOE MPUMEHEHHE NOMYUU 3710601 Memoo. OH OCHOBAH Ha
MCIIOJIb30BaHNUHU TOMOJOTUYECKUX YPaBHEHUH, BHIPAYKAIOUINX YCIOBUSI PaBHOBECHSI IIOTEHIUAJIOB B Y3-
Jax JUCKPETHU3alUU TWHAMHUYECKOW CUCTeMBbl. MaremaTtuyeckas MoJieslb 00bEKTa MOIydaeTcs B BUIE
CHCTEMBI MHTETPO-TU(PPEpEeHIINATHHBIX YPABHEHNUH, HCKOMBIMH HEM3BECTHBIMH B KOTOPBIX SIBIISTFOTCS
(a3oBbIe IepeMeHHbIE THUIIA TTOTOKA, XapaKTEPU3YIOIHE COCTOSIHUE COCPEJOTOUYCHHBIX Macc.

VY3n0oBol MeTOJ HMeeT pSAA  HEAOCTAaTKOB, OCIOXKHSIOIMIUX €ro HCHOJIb30BaHUE JUIA
aBTOMaTH3allMu (OPMHUPOBAHUS MaTeMaTHMYECKOW MOJETH HemocpeacTBeHHO Ha DOBM. OxnuMm u3
HEJ0CTAaTKOB METO/Ia SBJIsIeTCs Hey100Hast popma cucTeMbl ypaBHEHUN MaTeMaTudeckoil moaenu. s
UCITIOJIb30BAHUSI YMCIIEHHBIX METOJOB WHTErpupoBaHus auddepeHnnanbHbIX ypaBHEHHH Haumbolee

MPEOYTUTENBHO IPECTaBICHNE ypaBHEHUI B HOpMaibHOM popme Komu.
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Memoo nepemennvix cocmosiHusi OPUSHTHPOBAH Ha IOJy4YEHHE MATeMaTH4eCKOM MOJenu B
BUJIC CHCTEMbl OOBIKHOBEHHBIX IU((GEpPEHINAIBHBIX ypaBHEHUH B HopMmaibHON (opme Kormm.
OpnHako npencTaBlieHUE CTPYKTYphbl JMHAMUYECKOH MOJENIM B 3TOM METOJE ropa3io CIOXKHEE, YeM B
y3JI0BOM, W TpeOyeT BBIMOIHEHHSI OOJBIIOr0 O0bEMa IOATOTOBUTEIBHOW pPabOTHI, KOTOpas He
[OJIIAETCS] ABTOMATU3ALIUH.

Tabauunvlii. MemoO WCIIONb3YEeT HUCXOJIHBbIE KOMIIOHEHTHBIE M TOIOJOTMYECKUE YpaBHEHUS
HEMOCPEJCTBEHHO, 0e3 Kakux-1ubo mnpeoOpa3oBaHM, MO3TOMY aBTOMATHU3UPOBaTh €ro JIETKO M
npocto. OnHaKo MaremMaThdyeckas MOJENb IMPH 3TOM IIOJIy4aeTCs BBICOKOTO TMOPSIKA U HMEET
n30bITOYHOE 4MCciIo (a30BbIX KoopauHar. CucreMa ypaBHEHHUIl OKa3bIBaeTCsl IEPEOINpe/ieeHHOM.
KonnyecTBo ypaBHEHHIA 3HAUUTEIHHO MPEBHIIIAET YUCIIO CTENICHEH CBOOOIBI CUCTEMBI. DTO MPUBOIUT
K HEYCTOMYMBOCTH BBIYUCIUTENbHBIX AJITOPUTMOB IPU PELICHUHN MOJTY4YE€HHON CUCTEMBbl YpaBHEHUI.

Konmypnoiii memoo TIpUMEHSIETCSI B DJIEKTPOTEXHUKE U CTPOUTEIHHON MEXaHHKE, I/Ie CXEMBI
B3aUMOJICHCTBHUSL KOHCTPYKTHUBHBIX 3JIEMEHTOB O0pa3yloT 3aMKHYTble€ KOHTYPBl IPOXOXIECHUS
curHasioB. llpuMeHeHHe ero Juisi APYrHMX TEXHUYECKHX OOBEKTOB TpPEOYeT ITOCTPOCHUSI CXEMBI
3aMelleHus (3KBUBAJIEHTHON CXEMBI) U CONPSKEHO CO 3HAYUTEIbHBIMH CIIOKHOCTAMH (hOopManu3aluu
mporecca COCTaBICHHUSI MATEMaTHIECKON MOJICIIH.

[Ipu CTPYKTypUpOBaHMM AMHAMUYECKOM MOJEIH MemoOoM @HYHKYUOHANLHO 3AKOHYEHHBIX
9/1eMeHmos BBIIEISIEMbIE JUCKPETHBIE 3JIEMEHTHI He O0IaJaroT TakoW OOIIHOCTHIO, KaK B METOJE
COCPEJJOTOYCHHBIX MAacC HJM B CETOYHBIX MeToaax. KoauuecTBo BbIIeNAEMBIX (YHKIHMOHAIBHO
3aKOHYEHHBIX 3JIEMEHTOB W HMX CBOWCTBAa B KOHKPETHOH TNpPEIMETHOH OOJIACTH OMpEACTISIOTCS ee
ocoOeHHOCTSIMM. JIJii ONMMCaHUS 3JIEMEHTOB pa3IMYHBIX TEXHUYECKHX OOBEKTOB HCHOJIb3YETCs
MHOXECTBO Pa3HOOOpPA3HBIX MaTEMaTHYECKUX MOJEJEH. DTO CO3MaeT ONpeAeTeHHbIC MPEHMYIIECTBa
IPU MOJETUPOBAHMU, TaK KaK MCKIIIOYAIOTCS JIIOObIe OrpaHMYEHHs] Ha CIOCOOBl ONMUCaHUs (QuU3uye-
CKUX CBOMCTB »djeMeHTOB. OjHAaKo TpU 3TOM Tepsercs MEXIpeAMETHas YHUPUKaus
MaTeMaTHYeCKUX OMNHMCAaHUM, 4YTO TpeOyeT co3daHus M XpaHeHus B mamsath DOBM Oubiamorexu
MaTeMaTHYECKUX MOJIENIEH 2JIEMEHTOB BCEX BO3MOXKHBIX TEXHHUECKUX OOBEKTOB. TeM He MeHee, pu
cozannu cnenuanu3upoBaHHbIX CAIIP B KOHKpETHBIX TEXHHYECKHMX OO0JIACTSIX YacTO OTAAETCS
MPEINOYTeHUE METOy (PYHKIIMOHATHHO 3aKOHUYEHHBIX JIEMEHTOB.

[Iupokoe MpUMEHEHHE JUIsl TOCTPOCHUS MaTeMaTHYECKHUX MOJelNeld TeXHUYECKUX OOBEKTOB
HaXOIUT ¢opmanvusiti nooxo0. OH OCHOBAaH Ha HCIOJIb30BAaHUU HHTETPAJIbHBIX BapHAallMOHHBIX
NPUHLUIIOB AHATUTHYECKOW MexaHMkH. OJHMM M3 HamboJiee MOIIHBIX TEOPETHUYECKUX METOI0B
(dhopMaIbHOTO MOAETMPOBAHNUS SBJIAETCS BapHallMOHHbIN npuHiun ["'amunsTona—OcTporpaackoro. Ox
OPUMEHUM K TEXHHYECKUM OOBEKTaM pa3n4HOM (U3NYecKol mpupoabl (MeXaHUYECKUM,
THJIPABIINYECKUM, HIEKTPUIECKUM H JIp.).

Bce ynomsHyThIe BbIIIE CITOCOOBI NMPeIHA3HAYEHBI Ul MOMYYeHHUs MaTeMaTHUYECKUX Mojenen

TEXHUYECKUX OOBEKTOB B MHBapHaHTHOU (opme. DTH MOJEIHN MPEICTaBISAIOT coO00i MbOo cucremy
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KOMITIOHEHTHBIX U TOINOJIOTMYECKUX YPAaBHEHUH, MO0 crcTeMy OOBIKHOBEHHBIX IU((epeHInalIbHbIX
ypaBHEHUH. B WacTHOM cilyyae MpU ONMMCAHUM CTAaTUYECKUX COCTOSHUN TEXHHYECKOT0 0OBEKTa Ma-
TEMaTU4YEeCKOH MOJEbl0 B MHBapUaHTHOH (opMme sABIseTca cucTeMa alreOpandeckux ypaBHEHMH,
noJydyaemasi IyTeM COOTBETCTBYIOIIUX IMPeoOpa3oBaHUil MCXOMAHON CUCTeMbl MU depeHIHaTbLHBIX

YpaBHEHUH.

6.9. Mamemamuyeckoe obecneyeHue aHasiu3a Ha CUCMEMHOM YpPO8He

OOBeKTaMH IPOSKTHPOBAHUS HA CHCTEMHOM YPOBHE SIBIISIIOTCSL TAKHE CIIOYKHBIE CUCTEMBI, KaK
IPOM3BOJICTBEHHbIE MPEANPUSITHS, TPAHCIOPTHBIE CUCTEMBI, BBIYHCIUTEIBHBIE CUCTEMBl U CETH,
ABTOMATU3UPOBAHHBIE CUCTEMBI IIPOEKTUPOBAHUS U YIPABJIEHUS U T.II. B 3TUX NPUIOKEHUAX aHAIU3
nporeccoB (hYHKIIMOHUPOBAHUS CHCTEM CBSA3aH C HCCIEJI0BAaHUEM IPOXOXKACHUS Yepe3 CHCTEMY
MOTOKA 3asBOK (MHA4Ye HA3bIBAEMBIX TPEOOBAaHUSAMH WM TpaH3akTamu). Pa3paboTyMKoOB 1MOJI0OHBIX
CIIO)KHBIX CHUCTEM MHTEPECYIOT TMpEKIe BCEro TaKUe IapaMeTpbl, KaK IPOU3BOIUTEIBHOCTh
(mporryckHasi  COCOOHOCTh)  MPOEKTUPYEMOH  CHCTEMBI, TPOJODKUTEIBHOCT  OOCITY)KUBAHHS
(3azepKKn) 3as1BOK B cucteMe, 3((heKTUBHOCTh MCII0JIb3YEMOTO B CUCTEME 00OPYA0BaHMSL.

3asiBKaMH MOTyT OBbITh 3aKa3bl Ha MPOM3BOJACTBO M3AEIUM, 3aJayd, pellaeMble B
BBIUUCIIUTENILHON CUCTEME, KIMEHThl B OaHKax, Ipy3bl, MOCTYyNAIOUIMEe HAa TPAHCHOPTUPOBKY U Ap.
O4eBHUIHO, YTO MTapaMETPhI 3asIBOK, IOCTYNAIOIINUX B CUCTEMY, SIBISIOTCS CIy4alHbBIMU BEIMUYMHAMU U
OpU HPOEKTUPOBAHWU MOTYT OBITh M3BECTHBI JIMIIb HMX 3aKOHBl pacHpeieieHUs U YHUCIOBbIE
XapaKTepUCTHKHU 3TUX pacnpeneneHuil. [loaToMy aHanu3 QpyHKIMOHUPOBAHUS Ha CUCTEMHOM YpPOBHE,
Kak T@paBWIO, HOCHUT CTaTHUCTHYECKMH XapakTep. B KkauecTBe MaremMaTH4yecKoro ammapara
MOJIEJTUPOBAHUS YI0OHO NMPUHSATH MEOPUI0 MACCOB020 OOCIYHCUBAHUS, A B KAUECTBE MOJIEJIEN CUCTEM
Ha 3TOM YPOBHE MCIIOJIb30BaTh cucmemsvl Maccogozo oocuyxcusanus (CMO).

TunuyapIME BRIXOAHBIMU TlapameTpamu B CMO SBIISIFOTCS YHCIIOBBIE XapaKTEPUCTHKH TAKUX
BEJIMYMH, KaK BpeMs OOCIyXHBaHHUS 3asiBOK B CHUCTEME, JJIUHBI Ouepe]ieil 3asBOK Ha BXO/aX, BpeMs
OXXKUJaHUS OOCIYXHBaHUS B OYepelsiX, 3arpy3ka yCTPOWCTB CHUCTEMBI, a TaKXe BEPOSTHOCTH
00CITy>)KUBaHMsI B 3aJJaHHbIE CPOKHU U T.II.

B npocreiimem cinyqae CMO mpeactaBisieT co00iM HEKOTOpPOE CpeACTBO (YCTPOMCTBO),
Ha3bIBAEMOE 00CIYIHCUBAIOWUM ANNAPAMOM, BMECTE C OUepesIMU 3asiBOK Ha BXojax. boiee crnoxHble
CMO cocTosT W3 MHOTHX B3aUMOCBS3aHHBIX OOCITY)KHMBarOIuX armapaTtoB. OOCTyKHUBarOIINe
anmapatel CMO B COBOKyMHOCTH 00pa3yloT cmamuueckue oovekmvi CMO, uMHaue Ha3bIBaeMble
pecypcamu. Hampumep, B BBIYHCIUTEIBHBIX CETAX PECYpPChl IMPEACTaBICHbl aNNapaTHBIMH U
IPOTPaMMHBIMU CPEICTBAMHU.

B CMO, kpome ctatnuecknx 00bEKTOB, GUTYPUPYIOT QuHaAMUUecKue o0beKmvl — TPAH3aKTHI.
Hanpumep, B MamIMHOCTPOUTENBHOM TPOU3BOACTBE JMHAMHUYECKUMH OOBEKTaMU SBISIOTCA
BBITNIOJIHSEMbIE HAa Y4acTKe IeXxa orepanuu oOpaOOTKu jAeTanu Ha o0OpyIOBaHUU M 3alpochl Ha ee

00paboTKy Ha CTaHKe.
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Cocrosisane CMO xapakTepu3yeTcss COCTOSHHMSIMHU COCTaBIISIOMMX ee 00bekToB. Hampumep,
COCTOSIHUSI OOCITY)KMBAIOLIETO armapara BBIPAXaloTCs OyJIeBHIMH BEIWYMHAMH, 3HAYEHUS KOTOPBIX
MHTEPIPETUPYIOTCA Kak true (3aHsATo) M false (cBOOOAHO), W JJIMHAMU oOdepeled Ha BXOJax
OOCITy)KMBAIOILIEr0 anmnapaTa, NPUHUMAOIIMMU HEOTPHUILATENbHBIE IIEJOYHCICHHbIE 3HAYEHUS.
[lepemennsnle, xapaktepusytoue cocrossaue CMO, Oynem Ha3bIBaTh NEPEMEHHBIMU COCTOSIHUS HIIN
(ha30BBIMH TTIEPEMEHHBIMHU.

[IpaBuiio, coriiacHO KOTOPOMY 3asiBKM BBIOMPAIOT M3 ouepe/iell Ha OOCIyKHBaHHE, Ha3bIBAIOT
OUCYUNIUHOU  0OCTYHCUBAHUsA, A BEIMYHMHY, BBIPAKAIOIIYI0 IPEUMYIIECTBEHHOE MPaBO Ha
oOciy)XxuBaHue, — npuopumemom. B 6becnpuopumemnvix Oucyuniumax BCE TPAH3aKThl HMEIOT
OJIMHAKOBbIe MPUOPHUTETHL. Cpen OECIPUOPUTETHBIX AUCIUILIMH HanOoJiee MOMyIApHbl JUCIUTUTAHBI
FIFO (nepBbiM npumien — nepBsiM oociyskeH), LIFO (nmociaennuM npurien — nepBbIM 00CITyKEH) U CO
CITy4aifHbIM BEIOOPOM 3asiBOK U3 OUEpPEICH.

B npuopumemmnuix oucyuniunax aiis 3asiBOK KaXXI0T0 MPUOPUTETA HA BX0J1€ 00CTYKHBAIOIIETO
ammapara BBIJCNSETCS CBOSI Ouepelb. 3asBKa W3 OYEpeqd C HHU3KUM NPUOPUTETOM IMOCTYMAeT Ha
oOcCiTy>)KMBaHHE, €CIM MYCThl odepeAu C Oojee BBICOKUM MPUOPUTETOM. PaznuuaroT NpUOpPUTETHI
a0COIIOTHBIE, OTHOCHTENIBHBIC U TUHAMUYECKHE. 3asBKa U3 OUepeu ¢ 0oJiee BEICOKUM aOCOMIOMHbIM
npuopumemom, MOCTyMNasi Ha BXOJ 3aHATOTO OOCIY>KMBAIOILETro armrmapaTa, [MpephIBaeT yKe HayaToe
oOciy)KMBaHHE 3asBKH 0OoJiee HHU3KOTO MpHoputeTa. B cimydae ommuocumenvnozo npuopumema
MpephIBaHus HE MPOMCXOAUT, O0Jiee BBICOKOMPUOPUTETHAS 3asBKa JKJIET OKOHYAHMS YK€ HAa4aToro
OOCITy)XKUBaHHA. /JuHamuyecKue NPUOPUTETHI MOTYT U3MEHSTHCS BO BpPEMsSI HAXOXJICHUS 3asBKU B
CMO.

HccnenoBanne noenennss CMO, T.e. onpenesieHie BPEMEHHBIX 3aBUCUMOCTEH TIEpEMEHHBIX,
xapaktepu3yromux coctosaue CMO, npu mojade Ha BXOJABI JTIOOBIX TPEOYEeMBIX B COOTBETCTBUU C
3aJJaHEeM Ha HDKCIEPUMEHT TOTOKOB 3asBOK, HA3BIBAIOT uUMumayuouHvim mooenuposanuem CMO.
MMuTanmoHHOe MOJETHPOBAHUE MPOBOAST MYTEM BOCHPOU3BENCHUS COOBITUH, MPOUCXOISIINX
OJTHOBPEMEHHO WJIM TIOCIIEZIOBATENIFHO B MOJIEIBHOM BpeMeHH. [Ipu 3TOM 1oJ1 cOOBITHEM NOHUMAIOT
(bakT U3MEHEeHUs 3HaueHus 11000 (a30BOi MEpEMEHHOM.

[Togxon, ambTepHATUBHBIA MMHTAIMOHHOMY MOJICIHPOBAHUIO, HA3BIBAIOT AHAIUMUYECKUM
uccnedosanuem CMO. AHaIUTHYECKOE HCCIIEAOBAHUE 3aKIIOYaeTcs B IMOJNydYeHHH (opmyn ams
pacuera BeIXOJHBIX MapameTpoB CMO ¢ nocneayroomeil noJcTaHOBKOW 3HAYEHU apryMEeHTOB B ATH
(OpMyITBI B K&KJOM OTACTHHOM SKCIIEPUMEHTE.

Mooenu CMO, wucnonbzyemble TpPH HMHUTAIIMOHHOM M aHAJUTHYECKOM MOJICIIMPOBAHUH,
Ha3bIBAIOTCS UMUMAYUOHHBIMU Y AHATUMUYECKUMU COOTBETCTBEHHO.

AHaIMTHYECKHE MOJeN YIOOHBI B WCIOJB30BAHWHU, TIOCKONBKY JUISI aHATMTHYECKOTO
MOJICTTUPOBAHUS HE TPEOYIOTCS CKOIBKO-HUOYAbh 3HAYUTENBHBIE 3aTPaThl BHIYUCIUTENBHBIX PECYypPCOB,

yacTo 0e3 IOCTaHOBKHU CIICIHUAJIBHBIX BBIYUCIIUTEIIBHBIX SKCIICPUMCHTOB p33pa6OT'-II/IK MOXET OLICHUTH
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XapakTep BIUSHUS apTyMEHTOB Ha BBIXOJHBIC MapaMeTphbl, BHIIBUTH T€ WJIM WHBIC OOIIHE 3aKOHO-
MEpPHOCTH B TMOBeACHMH cucTeMbl. Ho, K COXaJeHHIO, aHAIMTHYECKOE MCCIEIOBAaHUE YIACTCs
peanu3oBaTh TOJBKO I YACTHBIX CIIy4aeB CpaBHUTEIbHO HecloxkHbiXx CMO. [ns cnoxuabix CMO
AQHAJTUTUYECKUE MOJICNIM €CJIIM U YJIAeTCA MOJY4YUTh, TO TOJBKO MPHU MPUHATHH YIPOIIAIOUIUX
JIONYIIIEHUH, CTaBSIIUX M0/ COMHEHHE aJICKBATHOCTh MOJICIIH.

[ToaTromy ocHoBHBIM moaxoaoM k aHanu3y CAIIP Ha cucTeMHOM ypoBHE IPOEKTHPOBAHUS
CUMTAIOT MMUTALMOHHOE MOJICTUPOBAHUE, a AHAIMTHUYECKOE MCCIEIOBAHUE HCIOIB3YIOT MpHU
MpeABAPUTEIILHON OIIEHKE PA3IMYHBIX MPEAJIaraéMbIX BAPUAHTOB CUCTEM.

Hexkoropeie kommnonenTsl CMO xapakTepu3yroTcs 0ojiee 4eM OJHUM BXOJHBIM M (MJIH)
BBIXOJIHBIM MOTOKaMH 3asiBOK. [IpaBuiia BbIOOpa OJHOTO U3 BO3MOXKHBIX HANpPABJICHHUH JIBHXKCHHS
3a5iBOK BXOJST B COOTBETCTBYIOLME MOJEIM KOMIIOHEHTOB. B OJHMX ciydasx Takue NpaBuiia
OTHOCSITCSI K UCXOJIHBIM JIaHHBIM (HaIpuMep, BHIOOP HAMPABICHUS IO BEPOSTHOCTH), HO B HEKOTOPBIX
CIy4asiX >KeJlaTeJIbHO HAWTU ONTHMAJIbHOE YIPAaBICHHE MOTOKAMHM B Yy3JlaX pa3BeTBieHUs. Torna
3a/1a4a MOJICIIMPOBAHUS CTAHOBHUTCS OOJiee CIOXKHOW 3a/Jaueii CHHTE3a, XapaKTePHBIMH MPUMEPaMU
ABJISIFOTCS. MAapLIPyTU3aLUs 3asBOK WJIM CUHTE3 PACIUCAHUM U IJIAHOB.

6.10. Mamemamu4eckoe obecne4yeHue noocucmemM MawWUHHOU 2paghuKku u
2eoMempuYyecko20 Modesiupo8aHusi

6.10.1. KoMnoHeHTbl MaTemMaTuyeckoro ooecneyeHus

[ToacucTembl MalIMHHON TpaduKku U TeoMeTpudeckoro mojaenupoanus (MI'ul'M) 3anumaroT
LEHTpajgbHOE MecTOo B MammHocTpouteiabHbIX CAIIP KOHCTPYKTOpCKON MOATOTOBKM MPOU3BOJCTBA
(CAIIP-K). KonctpyupoBanue uU3Aeauii B HUX, KaK MPaBUJIO, IPOBOJUTCS B MHTEPAKTUBHOM PEXHME
OpU  ONEPUPOBAHMM  TEOMETPUUYECKHUMH  MOJENSAMH, T.€. MaTeMaTHUYEeCKUMH  OOBEKTaMH,
oroOpaxkatomuMu  ¢opMmy jAeraneld, cocTaB COOpPOYHBIX Y3JI0B M BO3MOXKHO HEKOTOpBIE
JIOTIOTHUTEIIbHBIE TapaMeTphl (Macca, MOMEHT MHEPLIMH, [[BE€Ta IOBEPXHOCTH U T.I1.).

B mnoacucremax MI'ul'M Tunuussii mapmpyT oOpaOOTKM JaHHBIX BKIJIIOYaeT B ceOs
IIOJIy4eHHE MPOEKTHOIO pEHIeHUs B MPUKIAJHOM IIporpamMme, €ro NpeACTaBICHUE B BUIE
reoMeTpUYECcKO Mojenu (reoMeTpuyeckoe MOJEIMPOBAaHHUE), MOATOTOBKY HMPOEKTHOIO PELIeHHs K
BU3YaJIM3alliK, COOCTBEHHO BU3yallM3allMI0 B ammapaType padouedl CTaHUMU U IpU HEOOXOAMMOCTH
KOPPEKTHPOBKY PEILICHUs B MHTEPAKTUBHOM pexuMe. J[Be mocieHue onepanmun peaau3yoTcs Ha 0ase
anmapaTHbIX CpeACTB MamumHHOM rpaduxu. Korma roBopst o mamemamuueckom obecneuenuu
MI'ul'M, uMeroT B BHIY IpPEXIEC BCEro MOJIEIHM, METOAbl U aIrOPUTMBI I I€OMETPUYECKOIO
MOJICJINPOBAaHUS M TMOJArOTOBKM K Bu3yaun3auuu. [Ipm 3TOM 4YacTo KMMEHHO MaTeMaTH4eCKOe
o0ecrieyeHre MOJATOTOBKM K BH3yalM3allMMd HA3bIBAIOT MAaTEeMaTHYECKUM OOECIIE€YeHHEM MAalluHHON
rpaduxmu.

Paznmuuator MaTtemarmueckoe oOecrmeueHue JAByMepHoro (2D) u  TpexmepHoro (3D)

MonenupoBaHusi. OCHOBHbIE MpuUMeHeHHsI 2D rpapukyu — MOATOTOBKA YEPTEKHOW JOKYMEHTALUU B
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MammHocTpoutesbHbIX CAIIP. B pa3Buthix MammnoctpoutesbHbix CAIIP ncnone3yrot kak 2D, Tak u
3D MonenupoBaHUE s CHHTE3a KOHCTPYKUMH, NPEACTABICHUS TPAGKTOPUH pPabdOYMX OpraHoOB
CTaHKOB IpH 00paboOTKe 3arOTOBOK, T'€HEPALMH CETKH KOHEYHBIX 3JIEMEHTOB IIPU aHAIM3€ MPOYHOCTU
U T.IL.

B 3D mopenupoBaHUU pPa3NIUYyalOT MOJEIH KapKacHble (IPOBOJIOYHBIE), MOBEPXHOCTHBIE,
TBEPAOTENbHBIE (0OBEMHEIE).

Kapkacnas moodenv mnipencrasisier (opMmy AeTaad B BUJE KOHEYHOIO MHOKECTBA JIMHUM,
JEXKALUX Ha MMOBEPXHOCTSX AeTanu. Jns Kaxaol JTMHUM U3BECTHBI KOOPAMHATHI KOHIIEBBIX TOYEK U
yKa3aHa HMX WHUUJIEHTHOCTh pedpamM wuiau mnoBepxHocTAM. OnepupoBaTh KapKacHON MOJEbI0 Ha
TaTbHEUIITNX OMEepanusaX MapHIpyTOB MPOEKTHPOBAHUS HEYJOOHO, U MOATOMY KapKacHbIe MOJEIH B
HACTOSIIEE BPEMs UCIONB3YIOT PEIKO.

Ilosepxnocmuas modensb 0TOOpaxaeT GopMy IETau C MOMOMIBIO 3a/IlaHUs OrPAaHHYUBAIOIINX
ee MOBEPXHOCTE, HapUMep, B BHJI€ COBOKYITHOCTH JIaHHBIX O TPaHsX, pedpax v BepIIMHAX.

Ocoboe MecTO 3aHMMAalOT MOJCIH JETAled C TOBEPXHOCTSIMH CIOXKHOW (OPMBI, TaK
HA3BIBAEMBIMU CKYJIbNMYPHLIMU nosepxHocmamuy. K TakuMm JeTansM OTHOCITCS KOpIlyca MHOTHX
TPAHCIIOPTHBIX CPEACTB (HAmpuMep, CYyI0B, aBTOMOOWIIEH), naeranu, OOTeKaeMble MOTOKaMU
KHUJKOCTEH U ra3oB (JIONaTKu TYpOUH, KPBLIbs CAMOJIETOB) H JIp.

TeepoomenbHble MOOeny OTIIMYAIOTCS TEM, YTO B HUX B IBHOM (hopMe copepk aTcsi CBEIAECHUS O
MIPUHAJIJICKHOCTH 3JIEMEHTOB BHYTPEHHEMY HJIM BHEIIHEMY 110 OTHOILICHUIO K JIETAJIA IPOCTPAHCTBRY.

B Hacrosiiiee BpeMss NPUMEHSIOT CJEAYIOIIME MOJIXOJbl K IOCTPOCHUI0 T'€OMETPUUYECKUX
MOJIeJICH.

1. 3ajaHue rpaHUYHBIX AIEMEHTOB — I'paHel, pedep, BEPIIUH.

2. KunemamuuecKkuti memoo, COTJIaCHO KOTOPOMY 3a/1al0T ABYMEPHBIH KOHTYp M TPAEKTOPHUIO
€ro MepeMelleHus; cael OT epeMeleHUs] KOHTYpa MPUHUMAIOT B Ka4eCTBE MOBEPXHOCTHU JETAIH.

3. Ilosuyuonnwviii nooxod, B COOTBETCTBUU C KOTOPHIM PpaccMaTpUBAEMOE IPOCTPAHCTBO
pa3buBalOT Ha SYEWKHM (MO3ULMHK) M JeTalb 33Jal0T yKa3aHHEeM s4eeK, MPUHAJIeKAIIUX eTalH;
OUYEBUHA TPOMO3IKOCTH 3TOTO MOAXO0/A.

4. TlpeacraBneHue CIIOXXHOM AETaaud B BUJE COBOKYIHOCTEH 0a306bix 31eMeHmo8 Gopmbl
(BO®) u BBINIONIHAEMBIX HaJ HUIMH TEOPETUKO-MHOKECTBEHHBIX onepanuil. K BO® otHocaTcs 3apanee
pa3paboTaHHbIE MOJIETN TIPOCTHIX TEJl, 3TO, B MIEPBYIO OUYepeb, MOJENN Mapajuieenuneaa, HUiInHapa,
cdeprl, Tpu3Mbl. THIUYHBIMU TEOPETUKO-MHOKECTBEHHBIMHU OIEPALUSAMH SIBISIOTCS O0bETUHEHHE,
nepeceyeHue, pasHocTh. Hampumep, Monenb MIUTBI C OTBEPCTHEM B HEM MOXKET OBITh IMOJydeHa
BBIYMTAaHUEM LUIMHAPA U3 apaJlIesIeUNea.

Meron Ha ocHOBe BO® wyacTo HA3BIBAIOT MemMOOOM KOHCMPYKMUBHOU 2eomMempuu. ITO
OCHOBHOMH €I1I0COO KOHCTPYHUPOBaHMs COOPOUHBIX y3710B B coBpeMeHHbIX CAITP-K.

B mamsartu OBM paccmoTpeHHble MOJENH OOBIYHO XPaHITCS B BEKTOPHOH Qopme, T.€. B BHUJIE
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KOOP/AMHAT TOYEK, 3aJIAIOIIUX 3JIEMEHTHI MOJENHU. BhINoNHeHNe onepanuii KOHCTPYHPOBAHUS TAKXKE

BBINIOJIHSACTCST HAJ MOJCISIMH B BeKTOpHO# (opme. Hambonee KOMIakTHaA MOJENIb B BHIC

COBOKYITHOCTH CBsi3aHHBIX BO®, KOTOpas NPEUMyLICCTBEHHO W HCIIONb3YeTCsl JJIsl XPAaHCHUS W
00paboTku nHPOopMaUU 00 U3AETHIX B CHCTEMAaX KOHCTPYKTHBHON I€OMETPHUH.

OnHako ISl BU3yallM3alil B COBPEMEHHBIX pa0OYMX CTAHIMSAX B CBSI3H C MCIOJIb30BAHUEM B

HHUX pacTPOBBIX IHCIUICEB HEOOXOIMMa pacmepusayus — NpeoOpa3oBaHHE MOJEIH B PacTPOBYIO

hopmy. OOpaTHYIO OIepalHo Iepexoia K BEKTOPHOU (opme, KOTopasi XapaKTepH3yeTcss MEHbIIHMU

3aTpaTaMu MaMsTH, Ha3bIBAIOT 6ekmopuszayueti. B 4acTHOCTH, BEKTOPH3ALIUs JIOJDKHA BBIIOJIHATHCS 110

OTHOILICHUIO K JaHHBIM, IIOJIy4acMbIM CKaHHPOBAaHHUEM H300paKeHHH B  yCTPOWCTBaX

aBTOMaTU4YCCKOIro BBOAA.

6.10.2. leomeTpnyeckne moaenm

BaxxHOl COCTaBHOM YacThIO I€OMETPUUYECKHX MOJENEH SBISETCA ONUCAHUE MOBEPXHOCTEH.
Eciiv NOBEpXHOCTH J€Talll — IJIOCKUE TPAHU, TO MOJENb MOXKET ObITh BBIPA’KE€HA JJOCTATOUYHO IIPOCTO
omnpezeneHHoN nHpopMalueit o rpaHsax, pedbpax, BepmnHax aetanu. [Ilpu 3ToM 00bIYHO HCTIONB3YETCA
METOJI KOHCTPYKTUBHOM reomerpuu. llpencraBienue ¢ NOMOIIBIO MJIOCKUX TPaHEd MMEET MECTO U B
ciaydae OoJiee CIOXKHBIX MOBEPXHOCTEH, €CIIM 3TH MOBEPXHOCTU AaNMpPOKCUMHUPOBATH MHOKECTBAMU
IUIOCKUX YYaCTKOB — IOJMIOHAJIBbHBIMM ceTKamMHu. Torna MOKHO IOBEPXHOCTHYIO MOJENb 3a/1aTh
OJIHOM U3 creayoumx Gopm:

1) Mozenb ecTb CHHCOK TpaHel, KaK[as IpaHb IpeACTaBlieHa YMNOPSIOYEHHBIM CIHCKOM
BEpLIMH (LMKJIOM BEpILIMH); 3Ta (opMa XapaKTEpU3yeTCss 3HAUUTENbHOM HM30BITOYHOCTHIO, TAaK Kak
KakK7asi BEpIIMHA TIOBTOPSETCS B HECKOJIBKHUX CIUCKaX;

2) MoZeNb eCcTh CIIUCOK pedep, Ui Kax10ro pedpa 3aJjaHbl MHIUACHTHBIE BEPUIMHbI U TPaHH.

OpHako anmpoKcHMalusl MOJUTOHAJIBHBIMU CETKaMU MpU OOJIBIIUX pa3Mepax sUeeK CETKU
JlaeT 3aMeTHbIE MCKaKeHHsI (POPMBI, a IPU MaJIbIX pa3Mepax siueek OKas3bIBaeTcs Hed(PPEeKTHUBHOHN MO
BBIUMCIUTENbHBIM 3aTpaTaM. [loaToMy Oojiee MONyJspHBI ONUCAHUS HEMIOCKUX IOBEPXHOCTEN
KyOM4ecKUMH ypaBHEeHUsIMH B (hopme besbe ninn B-craifHoB.

3HAKOMCTBO C 3TUMH (opMamMH YAOOHO BBIIIOJHUTH, IIOKa3aB UX MPUMEHEHHUE JUIs ONUCAHUS

TCOMETPHUICCKUX 00BEKTOB TEPBOTO YPOBHA — MPOCTPAHCTBCHHBIX KPUBLIX.

[Iprumeganne. ['eoMeTpudaeckuMu 00BbEKTaMH HYJIEBOTO, NIEPBOTO M BTOPOTO ypPOBHEH HA3BIBAIOT COOTBETCTBEHHO TOYKH,
KpUBBIE, IOBEPXHOCTH.

B noacucremax MI'ul'M ncnons3yroTcst mapaMeTpudecky 3aaBaeMble KyOndecKkue KpuBbie
x(t) = at’ + bt’ + et +d,,
YW= at’ + b+ et + d, (6)
2(t) = a.t’ + bt + et + d.,
raie 0 < ¢ < 1. TakuMM KpPUBBIMH OIMCBHIBAIOT CETMEHTHI aNIPOKCUMUPYEMOM KpHUBOW, T.€.

AIMPOKCUMUPYCMYIO KPUBYIO pa36I/IBaIOT Ha CErMEHTBhl WU KaXKOblili CETrMEHT AIlIPOKCUMHUPYIOT
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ypaBHEHUsIMH (6).

[IpumeHeHne KyOMYeCKHX KpPHUBBIX OOECredrnBaeT (COOTBETCTBYIOIIUM BEIOOPOM HYETHIPEX
KOO(Q(QUIIMEHTOB B KAXKJIOM U3 TPEX YpaBHEHHI) BBHIMOJHEHUE YETHIPEX YCIOBHU COMPSHKCHUS
cerMeHTOB. B cinydae kKpuBbIX be3be ITUMHU YCIOBUSMHU SIBISIOTCS MPOXOXKICHUE KPUBOW CETMEHTA
Yyepe3 JIBe 33JaHHbIC KOHIICBBIC TOYKU M PABEHCTBO B 3THUX TOYKAX KacaTEIbHBIX BEKTOPOB COCEIHHX
CEeTMEHTOB. B ciydae B-CruiailHOB BBITIOJTHSIOTCS YCIOBHSI HEMPEPBHIBHOCTH KACaTEIILHOTO BEKTOpA U
KPUBHU3HBI (T.€. MEPBOH W BTOPOW IMPOU3BOIHBIX) B JBYX KOHIIEBBIX TOYKAaX, 4TO OOECIICYMBACT
BBICOKYIO CTENCHb «TJaJKOCTH» KPUBOH, XOTS MPOXOXKICHUE aNpPOKCUMHUPYIOIICH KpHUBOW dYepes
3aJJaHHbIC TOYKH 37ieCh HE oOecrieunBaeTcs. [I[pUMEHEHUE TOJIMHOMOB BBIIIE TPEThEH CTEICHU HE
PEKOMEHIYeTCsI, TaK KaK BEJIMKA BEPOSITHOCTh TIOSIBIICHUS «BOJIHUCTOCTH.

B ciiyuae ¢opmbl besbe koo duriueHTs B (6) Onpeaenstorcs, BO-MEepPBbIX, MOJICTAHOBKOH B (6)
3HaueHu# ¢ = 0 ¥ { = | ¥ KOOPJAMHAT 33JaHHBIX KOHIIEBBIX TOYECK P; 1 Py, COOTBETCTBEHHO, BO-BTOPBIX,
MIOJICTAHOBKOM B BBIPAXKECHUS TIPOU3BOTHBIX

dx/dt = 3a,t’ + 2byt + cy,
dy/dt =3 a,f’+ 2b,t+ c,,
dz/dt =3 a;t’ +2 b.t + c.,
TeX ke 3HadeHuit 1 = 0 u ¢t = 1 u KoopauHAT Touek P, u P;3, 3a/1al0NIMX HAMPABJICHUS KacaTeIbHBIX

BEeKTOPOB (puc. 6.4). B pesynbrare mist popmsel besbe momydaem
x(t) = T'"MGy, y() = T'MG,, z(t) = T'MG,, (7)

e TT = (t3, £t 1) — BekTOp-cTpoKa, MaTpuiia M mpencrasiena B Ta0n. 1, Gy — BEKTOp KOOpAUHAT

P.;, touek Py, P3, Psu Py, ananornuno Gy, G, — BeKTopsl KoopauHaT Py;, P; Tex ’ke Touex.

P, P, Tab6muna 1 Tabmnumna 2
-1/6 12 -1/2 1/6 -1 3 -3 1
172 -1 12 0 3 -6 3 0
P, -1/2 0 12 -3 0
P
3 1/6 2/3 1/6 0 1 0

Puc. 6.4. Kpusas besne

B cnydae B-crutailHOB anmmpoKCHUMHUpYyeMasi KpuBas JCIHUTCS HAa 7 YY4aCTKOB, BBIIEIISIEMBIX
MOCIEA0BAaTENbHBIMU TOUKaMu Py, Py, P;, ..., P,. Y4acCTOK MEXAy Napou coceqHux Todek Py, Py
aIrMmpOKCUMHUPYETCSl B-CIIalHOM, TOCTPOCHHBIM C HUCIIOJIb30BaHUEM YeTbipeX ToueK Pjj, Piy Piigy Piio
B-crinaiin Ha ydacTke [P, Piy;] MOXET ObITh IPECTAaBIICH BbIPAXKEHUSMH, aHAIOTUYHBIMH (7),

x(t) = T"MGsy, yt) = T'"MG,, z(t) = T'"MG,,
AJ1s1 KOTOPBIX MaTpulia M uMeeT HHOH BUA U NpeAcTaBieHa B Tabi. 2, a BeKTopsl Gy, Gy, G, conepkar
COOTBETCTBYIOIINE KOOPAUHATHI TOUEK Pi g, Piy Piv1y Piso.
AHAJIOTMYHO MOKHO TOJIYYUTh BhIpaskeHus sl Gopm besbe u B-criiaiiHOB MPUMEHHUTETHHO K

MOBEPXHOCTAM C Y4Y€TOM TOr0, 4TO BMeCTO (6) HCHOJIb3YIOTCA KyOMYecKHe 3aBHCHUMOCTH OT JIBYX
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MEPEMCHHBIX.

6.10.3. MeToabl M aNropuTMbI MalUMHHOM rpadukmn (MOAroTOBKU K BU3yanusawuvm)

K MeTogam MammHHON rpaUuKu OTHOCSAT METOIBI:
e npeoOpazoBaHus TpahUIECKUX 0OHEKTOB,
e TpencTaBicHUs (Pa3BEPTKH) JTUHUHN B pacTpOBOM opme,
e BbIJICTICHUS OKHA,
e yIaJeHUS CKPBITHIX JTMHHIA,
e [IPOCLUPOBAHUSA,
® 3aKpacKH U300paKEeHUH.
Ilpeobpazosanus epaguueckux 06vexmos BBIOTHSIIOTCS C TOMOIIBI0 ONEpaIuil MmepeHoca,
MacIITabupoBaHus, IOBOPOTA.
[lepenoc Touku U3 mojoxeHUss P B HOBoe monoxeHre C MOKHO BBIMOJIHATH MO (GopMynam
THTIA
Cyi = Py + Ax;,
rae Ax; — npupamieHue mo koopauHate x;. OqHako yno0Hee onepauy npeoopa3oBaHusl MPEACTaBIATh
B €IMHOM MaTpU4HOU (hopme
cC=P-T, (8)
rae T — mpeobpasyromiast Matpuna. Ilpu stom Touku C u P B IByMEpHOM Cilydae H300pa)karoT
BEKTOPaMH-CTPOKaMH 1x3, B KOTOPBIX KpOME 3HAYEHWH NBYX KOOPJMHAT, HA3bIBAEMBIX MPU TaKOM
MPEJICTABICHUH OJHOPOJHBIMH, IOMOJHUTEIHHO YKa3bIBAIOT MacIITaOHBIA MHOXHUTens W. Torma

nepeHoc i1 ciryyas 2D MokHO BbIpa3uTh B Buje (8), rae T npeacrasuseT coboit Tabdm. 3, a W=1.

Tabmumna 3 Tabmnuma 4 Tab6muna 5
1 0 0 my 0 0 COS ¢ sin @ 0
0 1 0 0 m, 0 -sing | cos¢ 0
Ax; Axs, 1 0 0 1 0 0 1

Jns omepanuii MacimtabupoBaHusl U NoBopoTa MaTpuubl 7 mpencrtaBieHbl B Tabm. 4 u 5
COOTBETCTBEHHO, TI€ My, 71, — MAaCIITaOHbIE MHO>KUTEIH, ¢ — YroJI IOBOPOTA.

Y 106cTBO (8) 00BACHSIETCS TEM, YTO JII0OYyI0 KOMOMHAIUIO 3JIEMEHTapHBIX MPeoOpa3oBaHU
MOXHO onucatk (Gopmyinoii (8). Hanpumep, BblpakeHue i CBUTa ¢ OJHOBPEMEHHBIM IOBOPOTOM
UMeeT BUJ

Cc=pP 'Tco 'Tnoe=P 'Ts
rne T =T « Thos, Teo — MaTpunia casura, 7,,, — MaTpHIla TOBOPOTA.

Ilpeocmasnenue epaghuyeckux snemenmos 8 pacmpogoti gopme TpedyeTcs: sl 0TOOpAKESHUS
ATHX JIEMEHTOB Ha OMTOBYIO KapTy PacTpOBOM BHIEOCUCTEMEI. [IycTh TpeOyeTcs pa3BepHYTh OTPE30K
AB mpsmoii y = ax + b. Benem ob6o3nauenusi: A=(xa, ya), B=(xb, yb); 3a Benu4uHy IUCKpeTa

(mukcena) mpUMeM e€AMHMIY. B anropurMme pa3BepTKHM HOMEpa CTPOK M CTOJOIOB KapThl, Ha
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MepeceyeHNH KOTOPHIX JOJKHBI HAXOAUTHCS TOUKH OTPE3Ka, OMPENESIOTCS CIEAYIOUUM 00pa3oM:
1) Ax:= xb - xa;,
Ay:=yb - ya;
X:=xa;
yo=ya;
2)d:=24y - Ax;
3)ecou d>0, To {y:=y+1,; d:=d+2(Ay - Ax)};
uHaue d.= d + 2Ay;

4y x:=x+1;

5) nepexoJ K MyHKTY 3, OKa HEe JOCTUTHYTa Touka B.

DKOHOMHYHOCTH 3TOTO aJIrOpUTMa 00YCIOBIMBAETCS OTCYTCTBHEM JIMHHBIX apU(PMETHUECKUX
OIepalHii TUIIA YMHOKECHHUS.

Buvioenenue oxna TpeOyercss mpu OMpENENIeHUH TOW YacTH CLEHBI, KOTOpas IOJHKHA OBITh
BBIBEJICHA HA DKpPaH JUCIUIES.

[IycTh OKHO OrpaHUYEHO JMHUSIMH X = X;, X= X2, ¥ = y;, ¥ = 2 (puc. 6.5). Iloouepenno ans
Ka)KJJOT0O MHOTOYTOJIbHUKA MPOBEPSAETCS PACIONOKEHUE €ro BEPIIMH U pedep OTHOCUTENbHO I'PaHULL
okHa. Tak, mns mHoroyronbHuka ABCD (cM. puc. 6.5) mpu OTCEYEHHHM MO TpPaHUIE X= X,
IIPOCMAaTPUBAETCS MHOXECTBO BEPLIMH B MOPsiIKE 00X0Ja MO 4acoBOM cTpenke. Bo3MOXKHBI YeTbIpe

CUTyalluu I ABYX IMOCJICAOBATCIIbHBIX BEPIIHNH PuR:
E B Puc. 6.5. Brigenenue okHa

1) ecnu xp > X2 ¥ Xg > X, TO 00€ BEPIIMHBI U UHIUJIEHTHOE UM pedpo

C HaxoziATCda BHEC OKHA W UCKIIIOYAarOTCs U3 JanbHEUIIEro aHalIn3a,

2) ecnu xp < Xx; M Xg < X, TO 00€ BEpIIMHBI U UHIIUACHTHOE UM PeOpO
OCTAIOTCS JUISl 1aJbHEUILEro aHalu3a;

3) ecnu xp <X ¥ Xg > X, TO BeplIMHa P ocTaeTcs B CIIMCKE BEPLINH, a BepIIMHA R 3aMeHseTcs
HOBOM BEPIIMHON C KOOpAWHATAMU X= X, ¥ = yp +( Yr - yp)( X2 - Xp) / ( Xg - Xp); B HAIlIEM MpPUMEpE
Takol HOBOM BepinHOi Oynet E (Bmecto B);

4) ecnu xp > X, U Xg <X, TO BepuinHa P 3aMeHseTcss HOBOW BEPIIMHON C KOOPAMHATAMU X= X,
v =yr +(yp - yr)( X2 - xg)/( Xp — Xg), a BepmmHa R ocTaeTcsi B CIIUCKE BEPIIMH; B HAIIEM MPUMEPE
HOBOMH BepiuHoi Oyzaer F (Bmecto C).

[Tocne oxoHYaHUSI MPOCMOTPA MPUMEHUTEIHHO KO BCEM TpaHUIlAM B OKHE OKa3bIBAIOTCS OC-
TaBILIHUECS B CIIMCKE BEPIINHBL.

[Ipumensist 3Tu npaBuia B HaIlleM IpUMepe, NoJyyaeM cHavaja MHOroyroibHuk AEFD, a no-
Clle OTCEUeHHUs IO BepXHEH TpaHulle y = ), — MHOroyronbHuk AGFD (cMm. puc. 6.5). Omnako
MPaBUJILHBIN PE3yNIbTaT HECKOJIBKO WHOW, a UMEHHO MHOTOYTrOJbHUK AGHFD. DTOT NpaBWIbHBIN

PE3YJIbTAT MOJIYUACTCA IMPU JBOMHOM 06XO,I[C BCPIIIMH CHa4daJa 1o 4acoBOM CTPCIJIKC, 3aTCM IIPOTUB C
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BKJIFOUEHUEM B CIIMCOK HOBBIX BEPILIUH, MOSBISIOMIUXCS MTPH KaXI0M 00X0e.

[IpuMeHSIIOT psA aNrOPUTMOB YyoaneHus cKpvimolx jaunuil. OauH U3 Haubojee MPOCTO
peaNnn3yeMbIX aITOPUTMOB — alroput™m z-Oydepa, rae z-Oydep — obnacTh maMsATH, YUCIO SYECK B
KOTOPOH paBHO YUCITy TUKCEJIOB B OKHE BbIBOJA. [Ipeanomnaraercs, 4To OCh z HaNpaBjieHa 0 HOpMau
K BHUJIOBOI [MOBEPXHOCTU U HAOIIOJaTElb PACIIONokKeH B Touke z = 0.

B Hauane ucnonHeHus: aNropuT™Ma BCe MUKCENbI COOTBETCTBYIOT MAaKCUMAaJIbHOMY 3HAUCHHIO Z,
T.€. MAaKCUMaJIbHOMY YIaJIeHUIO OT HaOJIojaTens, 4To MPUBOAMUT K MOMEIICHHUIO BO BCE SYEUKH Z-
Oydepa 3HaueHMI TUKcenoB (hoHA KapTUHBI (deprexa). [lanee moodepenHo Ui BCEX TOYCK IpaHei
PacCUMTHIBAIOTCS 3HAUCHUS KOOpAUHATHI z. Cpeail TOYEK, OTHOCSIIUXCS K OTHOMY M TOMY K€ IHUKCeIy
(omHOI M TOM *Ke suelike z-Oydepa S), BBIOMpaeTcs TOUKa ¢ HAUMEHBIIUM 3HaYCHUEM Z U ee Ko (T.e.
IBET U SPKOCTh) NomMeniaercsa B S. B urore z-0ydep Oyzaer comepxarh nmukcensl Hanbosee OIU3KUX K
HaOJIIOATEII0 TPaHEH.

Aneopummsl nocmpoenus npoexyuii Ipeodpa3yroT TpeXMEPHbIE H300pakeHUs B IByMepHbIe. B
cllyyae TIOCTPOCHHUSI IEHTPAIBHOW TMPOEKIMH KaXAas TOYKAa TPEXMEPHOTO H300paskeHUs
OoTOOpakaeTcsl Ha KApTUHHYIO MOBEPXHOCTh IMyTeM Iiepecdyera KoopauHat x u y (puc. 6.6). Tak,
KOOPJIMHATY X ; TOYKH A BBIUHCISIOT [0 OYEBUIHON hopMyITe

X o =X (d/2),

AHAJIOTMYHO PACCHUTLIBACTCA KOOPpAHUHATA ) , TOUKHU A.

Xa A’ Puc. 6.6. IloctpoeHue UEHTPAIBHON NPOCKLUHMH TOYKH A

| I

| /
 ta / B napannenpHbIX MpoeKIUsaX d — 0 U KOOPAUHATHI X U ) TOYeK A U A

A
d : / coBnaaarT. [loaTOMy MOCTpoeHHE NapauIebHBIX MPOEKIIMHA CBOJIUTCS K BbIIE-
4 :/ JICHUKO OKHa, IIpUu HGO6XOI[I/IMOCTI/I K IIOBOPOTY I/I306pa)KCHI/IH H, BO3MOXHO, K

I/ o YAQIEHUIO CKPBITHIX JINHUH.

3axkpacka mamoswvix nogepxHocmell OCHOBaHa Ha 3akoHe JlamOepra,
COTJIACHO KOTOPOMY SIPKOCTh OTPAKEHHOTO OT IOBEPXHOCTH CBETA IIPONOPLUUOHANBHA COS Q, TE O —
YIOJl MEXAY HOPMaJIbIO K IMOBEPXHOCTH M HAIIPABIICHUEM JIyda Iajarouiero csera. B anropurme I'ypo
SPKOCTh BHYTPEHHUX TOYEK ONMPEAENSETCA JIMHEWHOW MHTEPIOJSALHNEN SIPKOCTH B BEPIIMHAX MHOIO-
yronbHuKa. [Ipu 3TOM cHayala MPOBOJUTCS MHTEPIOIAIMS B TOYKax pedep, a 3aTeM MO CTPOKaM
TOPU3OHTAILHON pa3BepTKH. bojee peanucTHIHBIMU TOTyJar0TCsl n300pakeHus B aroputme DoHra,

OCHOBAaHHOM Ha JIMHEHMHOMN HHTCPNOJIAINN BEKTOPOB HopManeﬁ K ITOBCPXHOCTH.

6.10.4. I'IporpaMMHo-MﬂopMLlecme KOMMNJIeKCbl reoMeTpnu4ecKoro mogenumpoBaHuma “n
MaLUMHHOW rpacukmn
MupoBbsIMU JTHIEpaMH B 3TOH oOmactu mporpamMmHoro obecreuenusi CAIIP cuumTarotcs

.Pro/Engineer, Unigraphics, EUCLID, CADDSS5, CATIA, I-DEAS u psna npyrux. OTmMeTuM, 4TO 1O

CBOUM (IJYHKI_II/IOHaJ'ILHLIM BO3MOXHOCTAM 3TH KOMIIJICKCHI HpI/I6J'II/I3I/ITCJ'IBHO PaBHOLICHHBI, HOBBIC
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JNOCTUKCHMSI, TMOSBUBIINAECS B OJHOM M3 HUX, B CKOPOM BPEMEHH PEAJHU3YIOTCS B HOBBIX BEPCHAX
OPYruX KOMIUIEKCOB. [IoaTomMy miis mepBOro 3HaKOMCTBA JOCTATOYHO PACCMOTPETh XapaKTEPUCTUKU
OJIHOT0 U3 KoMILIekcoB. Hurke npuBeneHsl KpaTkue cBeieHus no koMmmiekcy Pro/Engineer.

KoMIuiekc HacUMThIBAET HECKOJIBKO JIECATKOB IpOrpamMm (MOAYJEH), KOTOpPbIE pa3/ieieHbl Ha
IpYIIBl IPOrpaMM KOHCTPYKTOPCKOTO MPOEKTUPOBAHUS MEXAHUYECKUX OOBEKTOB, MPOMBIIIIEHHOIO
au3aiiHa, (YHKIMOHAIBHOTO MOJAETMPOBAHMS, TEXHOJOTHYECKOTO0 MPOSKTHUPOBaHUSA, OOMEHa
JAHHBIMU.

ba3oBble MOy KOHCTPYKTOPCKOI'O MPOEKTUPOBAHUS IIPEIHA3HAUEHBI /ISl TBEPAOTEIBHOTO U
IIOBEPXHOCTHOI'O MOJIEIMPOBAHUS, CHHTE3a KOHCTPYKLUI 13 0a30BbIX 3JIEMEHTOB (POPMBI, 3TH MOAYJIU
MOAJCPKUBAIOT IAPAMETPU3ALUI0O M ACCOLMATUBHOCTb, IPOCKIUOHHOE YEPYECHME, BBIIOIHAIOT
pa3paboTKy uepTexel ¢ MPOCTAaHOBKOM pa3MepoB U A0nycKoB. [losb30BaTesnb MOXKET HOMOIHATH OUO-
mnoteky bO® opurnHanbHbIME MonensMu. CHHTE3 TpPEXMEPHBIX MOJAETCH CIIOKHOW (OpMBI
BO3MOXXECH BBITATMBAHUEM IUIOCKOTO KOHTypa IO HOPMAalIM K €ro IJIOCKOCTH, €ro NPOTITMBAHUEM
BJIOJIb IIPOM3BOJIBHOM IPOCTPAHCTBEHHOW KPUBOM, BpAIEHUEM KOHTypa BOKDPYI 3aJaHHOM OCH,
HaTSATMBAaHUEM MEXIY HECKOJIbKMMU 3a/laHHbIMU cedeHUsIMU. CHHTE3 cOOPOK BBINOJIHSAETCSI BEI30BOM
WJIM CCBUIKOW Ha OMOIMOTEYHBIC JIEMEHTHI, UX Moau(UKaIueii, pa3paboTkoi HOBBIX Aetainei. [leranmm
cOOpPKM MOYKHO HYXHBIM 00pa3oM OpUEHTHPOBaTh B IpocTpaHcTBe. Jlanmee cieayeT BBECTH
accOLMaTUBHBIE (COMPSATAIOIINE) CBS3H.

JIONOJIHUTENbHBIE MOAYJIN KOHCTPYKTOPCKOTO IMPOEKTUPOBAHMS MMEIOT 00Jiee KOHKPETHYIO,
HO y3KYIO crnenuanu3anuo. [Ipumepamu Takux MOIyJe€d MOTYT CIYKHTh MOJYJIA KOHCTPYHMPOBAHMS
naHenel W3 KOMIIO3UTHBIX MaTepUaloB, pPa3pabOTKM IITAMIIOB U JHUTEHHBIX mpecc-popm,
TPYOOITPOBOHBIX CUCTEM, CBAPHBIX KOHCTPYKIUI, pa3BOJKHU AJIEKTPUUECKUX KaOesnel U )KIryToB.

Moaynu (GYHKUMOHAIBHOTO MOJEIHMPOBAHUS HCIOJB3YIOTCA Kak Mpenpoleccopsl H
MOCTIIPOLIECCOPBI /I MPOrpaMM KOHEYHO-3JIEMEHTHOTO aHajin3a (HaHECEHHWE CEeTKH KOHEYHBIX
3JIEMEHTOB, BU3yalM3allis pe3y/lbTaTOB aHAIN3a), JUIsl aHAINW3a TEIUIOBOIO COCTOSIHUS KOHCTPYKLUH,
JUI OLICHKU BUOPOYCTOWYUBOCTH U JP.

OCHOBHBIE MOJYJIM TEXHOJOTHYECKOTO IPOECKTHUPOBAHUS CIyXKaT Uil MOJEIMPOBAHUS
TEXHOJIOTHYECKUX TPOIECCOB (pe3epHOM, TOKAPHOH, DIEKTPOIPOZMOHHOM O0OpabOTKU U A
pa3paboTKK MOCTHPOIIECCOPOB VIl CUCTEM YIpaBieHus obopyaoBanuem ¢ UITY.

Cpenu momyneid oOMeHa JaHHBIMH BaKHO HaMuue B3ammocBsizer mo cranmapty STEP, uro
OTKPBIBAET BO3MOXKHOCTU HMMIIOpTa/3KcnopTa AaHHbIX ¢ pasnuunbiMu CAE/CAD/CAM cucremamu,

MOAACPKUBAOIIIMMHA 3TOT CTaHAAPT.



