MOJAEJIUPOBAHUE CUCTEM U ITPOLHECCOB

Jlekuusi 1. MoaeqnpoBaHne KaK YHUBEPCAJIbHbIN
METO/ UCCICAOBAHUS

JIroboif dYenmoBeK WM OpraHW3alis B CBOCH  TOBCETHEBHOW W
MPOU3BOJICTBEHHON JESATEILHOCTH YAacTO CTaJKUBACTCS C CHUTyalluei, Korja
HEOO0XOMMO:

— PaccMOTPETh M OLIEHUTH TOT WJIM MHOM O0BEKT, IPoIiecc, COOBITHE;

— UAEHTU(UIIUPOBATH €r0, COCTABUB O HEM IIPEICTABIICHHUE, OINUCATh €0
MOBEJICHUE B TEX WJIM UHBIX YCIOBUSX;

— TPUHATH pPEHIeHUs MO OTHOUIEHUIO K paccMaTpUBaeMOMY OOBEKTY,
oOecleynBaIIMe  HEOOXOAUMBbIE  YCIOBHS  €ro  paboThl,  yIydIIeHHE
XapaKTEPUCTUK, TMOBBINICHHE A(D(HEKTUBHOCTH (PYHKIIMOHUPOBAHUSA, JTOCTUKEHUE
MTOCTABJICHHBIX LEJEH.

Pemenne Takux 3amad MOXET OBITh TIOJY4EHO B pe3yibTaTe
abcTparupoBaHus peasibHON JEHCTBUTEIHLHOCTH (paccMaTpuBaeMbIX OOBEKTOB), TO
€CTh  OOOOIIEHHOTO TPEACTABJICHUS M OINUCaHUid €€ (MX) C NPUMEHEHHEM
YHUBEPCAIbHBIX CTAHAAPTHBIX aOCTPAaKTHBIX MPUEMOB U 11abioHOB. Takoi
MOAXO/] MO3BOJISIET BBIIBUTH OOIIME 3aKOHOMEPHOCTHU, MPUCYILHUE PA3IUYHBIM IO
CBOEH Mpupojie (CYIIHOCTH, IPOSIBJIECHUAM) 00BEKTaM, IIpolieccaM, SIBICHUSIM.

Hanpumep, B  kypce ¢u3uku  u3yyaercss mpolecc  KojebaHus
MaTeMaTHYECKOr0 MasTHUKA, OMUCHIBAEMBI COOTBETCTBYIOIIUMH YPaBHEHUSIMU.
[Ipy »STOM »OSTU YypaBHEHUS M caM MaTEMaTUYECKUH MAasTHUK MOXHO
paccMaTpuBaTh Kak aOCTparupoBaHHOE IMPEACTABICHHE PEAIbHBIX IPOIIECCOB,
BO3HMKAIOIIMX, HANpUMep, MpH KojeOaHUM YyTyYHHOTO IIapa Ha TpPOce KpaHa,
UCITIOJIB3YEMOTO JIJISl pa3pyIICHUs] CHOCUMBIX CTPOCHHUM WM KOJeOaHUM MasTHUKA
OallleHHBIX YaCOB U T.1I.

OTOT mpuMep TOATBEPKAACT TO, UYTO MEXKIY Pa3IUYHBIMU OOBEKTAMU U
polleccaMr MOKET HaOMIOAAThCsl CXOJCTBO, UYTO TIO3BOJISIET OIKCATh HX C
WCIIOJIb30BAaHUEM €IMHOTO abcTparupoBaHHOro ImabnmoHa (ypaBHeHuid). [lpu
HaJW4YUU TAKOTO CXOJACTBa JiBa OO0BbEKTa TpU UX aOCTparupoBaHHOM
MPECTABICHUM CTAHOBSTCSA HEPA3IUUYMMbBIMU, U BMECTO UCCIEIOBAHUS OJHOTO U3
HUX MOKHO BBITIOJIHUTH MCCJIEOBAaHUE APYroro, paclpoCTpaHUB TMOJTYYEHHBIN
pE3yabTaT HA NIEPBBIK.

ScHo, YTO  omMcaHHas  METOJOJIOTHSI  HUCCJIEAOBAaHUSA  SIBJISICTCS
YHUBEPCAIBHOM, U MIPU €€ peaTM3alluK ONPESIISIONIMM CTAHOBUTCS YCTAaHOBJICHUE
CXOJCTBA MEXIY pa3HbIMU OOBEKTaMH, OOOCHOBAaHHE BO3MOXXHOCTH UX
€IMHOOOPa3HOTO MPEJCTABICHUS C HCIOIB30BAHMEM CTAHJIAPTHBIX aOCTPAKTHBIX
mabsoHoB. [Ipu HamMUYMKM TaKOTO CXOJCTBA PAaCCMATPUBAEMBIM OOBEKT MPHUHSTO
Ha3bIBaTh OPUIMHAJIOM, a HCIOJIb3YEMbI ISl €ro HCCIEeIOBaHUS W B 3TOM
CMBICIIC 3aMEIIAIOIINA €T0 BTOPON 00BEKT — MO/IEIbIO.

Takum oOpa3zoMm, MOJIEIh MOKHO pacCMaTpUBaTh Kak JBOMHUK OpPUTHHAJIA,
MO3BOJIAIONIMNA, C TOYKU 3PEHHS] TMOCTABJIEHHBIX L€ W 3aja4 HCCIEeI0BaHUs,



U3YYUTh HEKOTOpPhIE €ro CBOWCTBAa B OMNpEIEICHHBIX ycinoBusx. Cremgyer
MOTYEPKHYTh, YTO CXOJICTBO MEXIYy IBOWHUKOM W OPHTHHAIOM MOXET OBITh
HETIOJTHBIM, TO €CTh JOCTUTaThCSl HE 0 BCEM XapakTepucTukam (dopme, IBETY,
CTpyKType u T.1.). JlocTaToyHO, YTOOBI CXOJCTBO HAOIIOJANOCH JHUIIH B TEX
CBOMCTBAX, KOTOPBIE MOICKAT PACCMOTPEHUIO M HCCIIEIOBAHUIO Y OPUTHHAIIA.

OTMeTUM CHEAYIONINE C8OUCH8A MOOCIU:

1. Mooenv 6cec0a opuenmuposana Ha OOCMUNCEHUE KOHKPEMHbIX
pe3yibmamos, npogedeHue KOHKPEemHbuLX UCCIe0068aHUll, HAIPUMEP JaXKe JIETCKHUE
UTPYIIKH, KaK MOJETH OOBEKTOB JCUCTBUTEIBHON PEabHOCTHU, MpeIHA3HAYCHBI
JUTS U3YYCHHSI IEThbMU OKPY’KaIOIEero MUpa.

2. He cywecmeyem mooeneil, cnocoOHbIX 80CHpPOU3BECMU BCe CEOUCMEA
opueuHana. ITO CIEAyeT W3 TOro, YTO, BO-TEPBBIX, TAaKHUX CBOWCTB, BOOOIIE
roBoOpsi, 0ECKOHEYHO MHOTO U MHOTHE M3 HUX SBHO HE MPOSIBISIIOTCA. BO-BTOpBIX,
BOCITPOU3BECTH BCE pPeaIbHbIE CBOMCTBA OpUTHMHAJIA MOXKET TOJILKO CaM OPHUTUHAI,
a 1000 JBOMHUK, JaKe OYCHb OJM3KUMN, OTIUYACTCS OT HETO.

Br16op onpenensomumx u nojieskanux UCCIeI0BaHNI0 CBOMCTB U YCIIOBHM,
BBITIOJIHEMBIA Ha JTane NpelBapUTEILHOTO HW3YYEHHS OpUTHHANA, IMO3BOJSET
copMynupoBaTh TpeOOBaHMsSI K MOJAENH, OOECIEUUBAIOLINE JOCTHKEHUE
MOCTABIICHHBIX I[eJe (TpeOoBaHMA K TOYHOCTH COOTBETCTBUS OPHUTHHAIY,
YHUBEPCATHHOCTA, BO3MOKHOCTH TPUMEHEHHUS B  Pa3IUYHBIX  YCIOBHSX,
00ECIIeUYeHNI0 OTBETa HA IOCTABJICHHBIC MPH HCCIEAOBAHWU BOMPOCHI, OIICHKH
CBOMCTB U XapaKTEPUCTHK H T.II.).

Tak, apudMeTHKy MOXKHO paccMaTpuBaTh, KaK MOJCIb BBITTOJHICMBIX
CUYETHO-OOMEHHBIX OIepanuii. DIeKTprUUeckas CXxema HCIOJB3YeTCsl B KauecTBE
MOJIENIA DJIEKTPOHHOW ammapaTypbl. JJIEKTPOHHAs CHUCTEMa aBTOMATHYECKOTO
YIOPaBJICHHUS] HA CaMOJIETE SIBIIACTCS MOJIETBIO, 3aMelIaroell TeUCTBHs MUJIOoTA.
['moOyc sByseTCs MOIETIBIO 3€MHOTO I11apa.

MopaeanpoBaHueM Ha3bIBAIOT TMPOIECC BHIOOPAa W3 M3BECTHBIX WM
IOCTPOCHHE HOBBIX MOJENEH paccMaTpUBaeMoOro OOBEKTa, IO3BOJSIOLINX
BBITIOJIHUTh MCCJIEIOBAHUE HMHTEPECYIONIMX CBOWCTB OpUTHHANIA U OIEHKY €ro
XapaKTEPUCTUK B OIPEACIICHHBIX YCIOBUSAX. MOJETUPOBAHHE MOKHO TaKKe
paccMaTpuBaTh Kak MPOLECC TMO3HAHUS, TMO3BOJSIIONIMKA TOJYYUTh HOBYIO
uH(popmaIuio 00 uccaeayeMoM 00bEKTE C UCTIOIb30BAHUEM €0 MOJEINH.

Mooenuposanue npeononazaem 6vlnoaHeHUe C1EOYIOULUX IMANOEB:

1. Ilocmanoéxka  3a0auu. 31eCh  TPOUZBOAUTCS  CHUCTEMATH3AIIUS
uHpopmanuu 00 OOBEKTE, MOJYYEHHOM B pe3yJbTaTe HaOIIOJCHUN, U3y4deHUE
XapaKTepHBIX MJIs HETO TPOIECCOB, a Takke (QOpPMYIHPOBKA MPAKTUIECKON
po6JieMbl, KOTOPYIO TpeOyeTcsl pelIuTh ¢ UCTIoIb3oBaHueM Mozenu. [Ipu atom u3
COBOKYIMTHOCTH BC€X (PAKTOPOB, OKA3BIBAIONIMX BIUSHUE HA MOJCIHPYEMBIi
o0BeKT, OTOMparoTCs Hawboiee  3HAUYMMbIC, OIICHUBAIOTCS JHUAMA30HBI HX
W3MECHEHHUS M CTEMCHb BIMAHHUS Ha (QYHKIIMOHMPOBAHWE OOBEKTA, JCIAIOTCS
00OCHOBaHHBIE JIOMYIIECHHUS.

2. Ilocmpoenue mooenu. OOBIYHO TIPEANOAraeT He MPOCTO €€ Moa00p H3
U3BECTHOTO MHOXECTBAa CTaHAAPTHBIX MOJENel, HO M CHHTE3, TO €CTh COOpKY



OO0IIIe MOJENN U3 «AIEMEHTAPHBIX» U3BECTHBIX MYJIbTHUIPEIMETHBIX KOMIIOHEHT
(cTaHmapTHBIX MOJEJCH), B TOM YHCIE W3 pPa3IMYHBIX OO0JacTeld HayKu, C
MOMOIIbI0  MHCTPYMEHTAIBHBIX  CPEICTB, KOTOpPHIE  WCIOJB3YIOTCS IS
UCCIICIOBAaHUS 00BEKTA.

3. Ilposepxa  aoexsamnocmu  moodeau. Ilpenamomnaraer  HPOBEPKY
COOTBETCTBHUSI PE3YyJbTATOB, IOJYyYAEMBIX C TOMOINBIO MOJENH, pPEaTbHOMY
MOBEJICHUIO HCClIeyeMoro oobekra. Ha 3TOM 53Tame MOXKET NpPOUCXOAHWTH HE
TOJIKO MPOBEPKA, HO TAKXKE UCCIENOBAHUE U YTOUHEHUE MOJIEIM B COOTBETCTBUU
C MOCTABJICHHOM 3a7aueil, a TaK’Ke KOPPEKTUPOBKA MOCTAHOBKH 3a/1aud, U OOIIETO
MOJIX0/1a K OLIEHKE aJIeKBaTHOCTH.

4. [Ilposedenue uccnedoganuii ¢ ucnoavzoganuem mooenu. (OOBIYHO
IperoiaraeT OlEHKY W IMPOTHO3WPOBAHWE TMOBEACHHS OOBEKTAa B PAa3THMUHBIX
CUTyallUsIX, BBIOOP HAWIYUYIIMX TEXHUYECKUX U YIPABICHUYECKUX pEIICHUM.
[lepexos kK ’TOMY 3Taly BO3MOKEH TOJIBKO MOCTIE 3aBEPUICHUS BCEX MPEIbITYIINX.

Kaxnmas w3 mepeuucineHHBIX  CTaJuil  Tpolecca  MOJIEITUPOBAHMUS
CYLIECTBEHHA.

Crnenmyer OTMETHTh, YTO NHpPHU MOCTPOSCHUU MOJEIe HEOOXOAMMO HMETh
YeTKOE IMpecTaBiIeHUE 00 OCHOBHBIX CBONCTBAaX OOBEKTa, MPOSBISIONIUXCS B
OTIPEICTICHHBIX YCIOBHUSIX, MPUYEM HE O005S3aTeIbHO BCEX, a OMPEICISIONINX.
Mopaens 10KHA MPABHIIBHO YUHUTHIBATH TOJHKO OCHOBHBIE CBOWCTBA, a JHAa3oH
BO3MOYKHBIX U3MEHEHUH TTapaMeTpOB JOJKEH ObITh orpanuyeH. [loaTomy HaydHBIE
METOJIbI UCCIIeIOBAHUS JTOKHBI OCHOBBIBATHCSA TOJIBKO HA OOOCHOBAHHOW 3aMEHE
OpUTHHAIA MOJEIBbI0 MPUMEHUTEIHHO K OIIEHKE OCHOBHBIX CBOMCTB M YCJIOBHH,
OTIpe/IeTsIEMBIX 3a]aueii UCCIICTOBAHMS.

B coBpeMeHHBIX yCIOBUSX (OpMUPOBaHUS IU(PPOBOI IKOHOMUKH 0CO00€
3HaueHHue npuodpeTaeT pa3zpaboTka NU(PPOBHIX ABOMHUKOB (MOJENel) peaTbHbIX
MPOIIECCOB, SIBICHUMN, YCTPOMCTB, MO BO3MOKHOCTH 3aMEHSIIOIIMX OPUTHHAJIBI.
[TockonbKy Takue ABOMHHMKH, BOOOIIE TOBOPS, MOTYT TOJHOCTBIO OTpa)XaTh
CBOICTBa U (YHKIIMOHATBHBIC BO3MOXXHOCTH OPUTHMHAJIA, TO MOJEIb M OPUTHHAI
CTaHOBSITCSI TPAKTUYECKUA HEPAZTUINMBIMH.

Tak, B pamkax mozenu COepOank-online peanu3yroTcss MHOTHE OIEpallny,
paHee BBITIOJTHSACMBIE OIEpPAlMOHHBIME oducamu OaHKOB. B 3THX ycrmoBHsX
MOJIEJTb TTOJTHOCTBIO WJIM BO MHOTOM MMHUTHPYET MOBEACHUE PEaTbHBIX 0OBEKTOB.
Takue Moqeny Ha3bIBAIOT UMUMAUUOHHBIMU.

NMuTanuonHas Mojieb OOBIYHO BKITFOYACT:

— Mamemamuyeckyr) MooOejb, OIMCBHIBAIONIYI0 pEalbHBIE CBOWCTBA U
0COOEHHOCTH (PYHKIITMOHUPOBAHUS OPUTHMHANA;

— KOMNbIOMEPHYI0 NPOCpAMMY, PEATU3YIOIIYI0 MOJEIb U IMO3BOJSIONIYIO
HAXOJIUTh YHUCJIOBBIC XapaKTEPHUCTHKH, OTMHCHIBAIOIINE OPUTHHAN, BBINOIHITH
peanu3yemMbie UM OTIEPAIINH;

— cpeocmea 00pabomKu, GU3VAIU3AYUY, OEMOHCMPAYUU, UMUTHPYIOIINE
MOBEJICHUE OpPUTHHAIA, KOTOPHIC JTAI0T BO3MOXKHOCTH TMPECTABIATh PE3YJIbTAThI
MOJICTUPOBAHUS, HHTEPIPETUPOBATh WX B HATJISITHOW, JOCTYITHOW JJISl aHAIW3a U
OIICHKH (hOopMeE.
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OcHOBHBIE THIILI MOJIeJIeH

Mopenu MOXHO KiacCH(UUUPOBATH MO UX OTHOIICHHUIO K OpPUTHHAIY, a
TaK)X€ II0 COOTBETCTBYIOIIMM UMM BHYTPEHHEW OpraHu3alud U CBA3SAM C
OPUTMHAJIOM. DTO 03HAYAET, YTO OHU OMJIUYAIOMCA RO C/1EOYIOUWIUM RPUSHAKAM:

— 0COOEHHOCTHU OIMMCAHMS CBOMCTB OPUTHHAJA, PCATM30BaHHBIC B MOJICIIH;

— WHCTPYMEHTAJIBHBIM CpPEIICTBAM, HCIIOIB3YEMBIM I MPeoOpa3OBaHMUS
CBOIWCTB MOJIEJIM B CBOMCTBA OpUTHHAJA.

Ilo npusnakam onucanus ceoOUCME OpPUZUHANA U O0COOEHHOCHAM
dynKyuonuposanua MoaeJIv MOAPa3AeasilOTCs HAa:

— Jlo2uuecKue, TIOCTPOCHHbIE HA MPUHIUIIAX JIOTUKHU, U3 KOTOPBIX MOYHO
BBIICJIUTD: 0Opa3Hble — NAIOIINUE HATJISHOE TIpe/icTaBlieHre (HarpuMep, oOpa3Hoe
MPE/ICTABIICHUE aBTOMOOWUJISL JIFOOBIM YEJIOBEKOM); CUMBOIbHbIE, UCTOIb3YIOIINE
CUMBOJIBI (TE€OMETPUUECKUE, XUMUYECKUE U T.1.); 0OPA3HO-CUMBOJIbHbIE CXeMbl,
Hanpumep, KapThl, paIHOCXEMBI;

— MamepuaabHsle, TTIOCTPOCHHBIE MO0 OOBEKTHUBHBIM 3aKOHAM, U3 KOTOPBIX
MOXHO  BBIICIUTH:  YHKyuoHaivHble  (HampuUMep, MpOTe3  CycTaBa);
eeomempuyeckue (HampumMmep, MalluHa-UTPYIIKA); @DYHKYUOHATILHO-
eeomempuyeckue (HalpuMep, MOJENIb caMmoJieTa Uil HCCIEJOBaHU B
a’pOJIMHAMUYECKOU TPYyOe).

Ilo ucnonv3yemvim ycnoeuam npeoOCmMagieHus CEOUCME MOO0enu U
OpuzuHaia MOJEJH Pa3fesaioTCs CJIeIyI0IuM 00pa3oM:

— )YCl0BHble — HAa OCHOBE MPHUHSTOTrO COTJallleHUsl (Hampumep, cuUcTema
(bU3NYECKUX eIUHUI] U3MEPEHUS, CUCTEMa TEXHUYECKON JJOKYMEHTAIIUH);

— aHano0208ble — C WCIIOJIb30BAHUEM JIOTUYECKUX BBIBOJIOB O CXOJCTBE
(HanmpuMep, MPOU3BOIHAS OT (DYHKIIMH 110 BPEMEHU, ONMUCHIBAIOIINN TIPONICHHBIH
MyTh, MOKHO paccMaTpUBaTh KaKk CKOPOCTh MEPEMENICHUSA);

— Mamemamuyeckue — C UCIOJIb30BAHUEM MAaTEMAaTUUECKUX COOTHOILLICHUM.

Paccmotrpum npumep. Mojiesib MaTeMaTHYECKOTO MAasiTHUKA CTPOUTCS IIPU
CHEAYIOIINX JTOMYLIECHUSAX:

— Macca MasiTHUKA COCPENOTOYEHA B TOUKE, PA3MEIICHHON HAa KOHIIE HUTH,

— HUATbH JJIMHHAS;

— HUTb HEPACTSIKUMAS;

— HATh HEBECOMA;

— TpEeHHE U a’pPOJUHAMUYECKOE COIMPOTUBIICHHE TMPU KOJICOAHUSIX
OTCYTCTBYIOT;

— Ha TEJIO ICUCTBYET €IMHCTBEHHAS BHEIIHSS CUJIa — CHJIA TSHKECTH.

MareMaTu4eckui MasiTHUK, C YYE€TOM IPUHATHIX JONYIIECHUW, MOXHO
KJaccu(UIMpoBaTh Kak 00pa3Hy0, YCIOBHYIO MOJIENb PeaIbHOTO MasTHUKA. [Ipu
MQJIBIX YIJIAX OTKJIOHEHHMS MASTHHKA OT IOJIO)KEHUS PAaBHOBECHS, C IOMOIIBIO
(bU3MYECKUX U MAaTEeMAaTHYECKUX PACCYKIICHUN, MOKHO TMOKa3aTh, YTO KOJICOAHUS
OyIqyT TapMOHHUYECKHMHU, TO €CTh OIMHUCHIBAIOTCS (YHKIHEH X = ASin(cot+(p0).

Takyro MOJeab MOXKHO KJIacCU(UIIMPOBaTh, KaK CUMBOJIBHYIO, MAaTEMATHUYECKYIO.
Ecnu cobpath peanbHbIil MasiTHUK M UCIIOJIB30BaTh €ro B KAYECTBE MOJICIIH, TO 3TO



Oyaer reomeTrpuyeckas (WM (PyHKIMOHAIBHO-TEOMETPUYECKAs), aHAJIOroBas
mMozenb.  Ecim  coOparb  3yeKTpuYecKuil  KojeOaTelnbHBIH  KOHTYD,
BOCIPOM3BOASIINN KoneOaHUs MasiTHUKA, TO €ro MOYKHO paccMaTpuUBaTh Kak
(GyHKIMOHaNbHY!O Mofenb. Ecioum  paspaborate mnporpammy it OBM,
peaIM3yIOLIyI0 MOJIEb KOJIEOaHUsI PEaIbHOTO MasiTHUKA, TO TaKasi KOMIIbIOTEpHAs
Mojieb OyaeT (PyHKIMOHAIBHOM, MAaTEMaTHYECKOW U TUCKPETHON (LM(pOoBOii), B
OTJINYKE OT HEMPEPHIBHOM (aHATOTOBOM) B MPEABIAYIIEM CITydae.

W3 mpuBeAeHHOTO MpuMepa CIEAyeT, YTO KiIacCHU(pUKaIus MoJene He
SBIISIETCS JKECTKOM, OJHA M Ta K€ MOJENTb MOXET 00JagaTh HECKOJIbKUMU
KJIACCU(PUKAMOHHBIMU MPU3HAKAMH.

MaTtemaTu4eckue MOJeIH U UX BU/bI

MaremaTudeckass MOJEIb SBISICTCS SIAPOM, TJIaBHBIM JJIEMEHTOM JI00OM
UMHTAITMOHHON Mojenu. OCOOGHHO BaXHBIM B TEOPHH MaTEMaTHYECKOTO
MOJICITUPOBAHUS SBJISETCSA 0OSCIIeueHne Ha BCeX ATanax pa3paboTKH COTJIacOBaHUS
MOJICIIH € 3aJlauaMM U IeIsIMH rccienoBanus. [lapamMeTpsl, onpenensionue Takue
MOJICIH, JOJDKHBI OBITh 3aJaHbl TOYHO MM C HEKOTOpOHl 00O0CHOBAaHHOM
BEPOSTHOCTBIO (HAJEKHOCTHIO). B OCHOBE Takux Mojeneld OOBIYHO JIeXkKaT
ypaBHEHUS, OTMMCHIBAIOIINE OCHOBHBIC MPOIIECCHI U HAOTIOACHUS B OpUTHHAJIC.

Jlaxke dYacTHBIE MOJENTH OTICIBHBIX SIBJICHHUH, HCIIOJNB3yeMble TIPH
COCTaBJICHUH OoJjiee OOIMX M CIOXKHBIX MOJIEICH, JOJDKHBI OBITh OOOCHOBAHO
chOpMYITUPOBAHBI U OMUCAHBI C TOYKH 3PSHUS YCIOBHHA M 00JACTH NMPUMCHCHHUS.
[Ipu pa3paboTke pa3aIUYHBIX MOJCIECH CHCTEM H IIPOIECCOB HEOOXOIUMO
000CHOBAHHO MCKATh CIIOCO0, KaK MOXHO 00Jiee TOYHOTO 3aJaHus ONPEACIISIONINX
O0OBEKT XapaKTEPUCTUK, KaK (PYHKIMOHAIBHBIX, TaK W YHUCIOBBIX. IIpu 3TOM B
MOJICIISAX CJOXKHBIX OOBEKTOB YaCTO BO3HHKAET HEOOXOIWMOCTH ydeTa OOJIBIIOTO
yucia (GakTOpoB, BIUSIONIUX HA WX TMOBEJACHUE, MPUYEM HE TOJIBKO TEX, KOTOPHIC
OTMCBHIBAIOTCS HW3BECTHBIMH 3aKOHaMH Tpupoabl. Heyder (mpeneOpekeHue)
HEKOTOPBIMHU M3 HUX BCET/Ia IOJHKEH OBITh CTPOr0 00OCHOBAH.

MaremaTnyeckue MOAEJIM TPEJICTABISICT COOOM  MaTreMaTHYECKOE
omucaHue oO0BEeKTa. DTO OMHCAaHWE JOKHO OTpakaTh B3aHMOCBSI3H MEXIY
OCHOBHBIMH IMapaMeTpaMy OpHWTHHAJA, OMPEIACIIIONMMA OCOOCHHOCTH €0
byHKIHOHUpOBaHUS. Takue CBSI3U MOTYT OIMUCHIBATHCS C TIOMOIIIBIO:

— yHKIHI;

— OOBIKHOBEHHBIX AU((depeHIIuaTbHBIX YPABHEHUIN WK CUCTEM;

— Pa3HOCTHBIX YPABHCHUH M UX CHUCTEM;

— JIOTUYECKUX aJITOPUTMOB (DYHKITMOHHPOBAHHSI,

— BEPOSTHOCTHBIX (CTOXACTUYCCKHX ) 3aKOHOB U3MEHCHHS COCTOSIHUS.

MareMatrnueckoe omucaHue OOBEKTa MPEANoJiaracT HE TOJBKO yKa3aHHE
B3aMMOCBSI3M  MEXAY OJEMEHTaMH ¢ TapameTpamMu oOBeKTa (3aKOHBI U
3aKOHOMEPHOCTH), HO M JOJDKHO BKIIFOYATh 3aJaHHE MOJTHOTO Habopa YHMCIIOBBIX H
GYHKIMOHATBHBIX ~ JAHHBIX, XapaKTePU3yIOIINX 00BEKT (mapamertpsl,
XapaKTEPUCTHKH, HAdadbHbIE W TPAHUYHBIC YCJIOBHS, OTpaHUYEHUS U T.1.), a



TaK)K€ METOAbl M aJrOPUTMbl BBIYMCJIEHUS BBIXOJHBIX IAPAMETPOB U
XapaKTEPUCTUK MOJEIIH.

[TosToMy oA MaTeMaTHYeCKMM ONHCAaHUEM 00beKTAa CIEAYyeT NOHUMATh
MOJIHYI0O  COBOKYNMHOCTb  JAHHBIX, (QYHKIMA W  METOJOB  BBIYUCIICHHUS,
MO3BOJISIONLYIO TIOJIy4aTh TPEOyeMbIi pe3ysibTaT MOACIUPOBAHUS.

PaznuuaroT crienyoome munst mamemamuyecKux mooeJei.

— pacueTHble B Bujae ¢GopMmys, TaOMWIl, aITOPUTMOB, TpaduKoB,
HOMOTpaMM,

— MOA00HBIE, TPEANOoJaralllue OJMHAKOBOEC MAaTEMaTUYECKOE OMHCAHUE
MIPU TPONOPIHUOHATIEHOM U3MEHEHUHM COOTBETCTBYIOIIUX MMAPaMETPOB;

— JIMHeWHble WV HeJIMHEeHbIe, ONHUCHIBaeMble (PYHKITUSIMH, KOTOPHIC
coJiep>KaT OCHOBHBIE ITapaMeTphl B CTENIEHU HE BBIIIE MEPBOM (JIMHEHHBIE MOJIEIN)
WU JTFOOBIMU BUJIaMH (D YHKITHH;

— CTAallHOHAPHBIE WM HECTAMOHAPHBbIE, HE 3aBUCSIINE WIH 3aBUCSIIUE OT
BPEMEHU;

— HempepbiBHbIE WM [JAUCKPETHbIE, MPEANOJAralomre HW3MEHECHHE
COCTOSIHUSA B JII0O0OH WK B PUKCUPOBAHHBIE MOMEHTHI BPEMEHU;

— YeTKHe WIM He4YeTKHe, OIMCHIBAIONIME YETKO OIpEICICHHbIC WIN
HEYETKHE KadyecTBa (HalpuMep, C IMOMOIIbI0 HEYETKHX MHOXKeCTB: okosio 10;
rIyOOKO MJTM MEJIKO; XOPOILIO WM TI0XO0);

— 1eTEePMUHHUPOBAHHBbIE WM CTOXACTHYECKHUE, MPE/IIoararoinme TOYHoe,
OJIHO3HAYHOE TMPEJICTABICHUE WM BEPOSTHOCTHOE, NMPU KOTOPOM H3MEHEHHUE
COCTOSIHUSI TIPOMCXOJUT C HEKOTOPOH BEPOSITHOCTHIO (MOJEIM MAacCOBOTO
o0cCITy>)KMBaHUS, UMUTALIMIOHHBIC U JIP.).

I[lon nmeTepMUHMPOBAHHOW  MOJEJbI)  TTOHUMAIOT BHJ  MOJEIH,
JONMYCKAIONIMNA  ONUCAaHWE B BUJE AHAIUTUYECKUX 3aBUCUMOCTEH  WIIU
BBITIOJTHSIEMBIX MOCJIEIOBATEILHO BEIYMCIUTENBHBIX aIrOpuTMOB. OHU MO3BOJISIIOT
MIPU OJTHUX U TEX K€ UCXOJHBIX JAHHBIX MOJYYUTh OJIMH U TOT K€ PE3yJbTarT.

BTopoil ocHOBHOW THUN Mojelel >TO MoAedu croxacTtudeckue. OHU
ABJISIFOTCSL MOJIEJIIMM  OPUTMHAJIOB, OTIEIbHBIE JJIEMEHThl KOTOPBIX HEIb3s
OnucaTh AHAIMTHUYECKM WM C TOMONIbIO  OJHO3HAYHOIO  AJITOPUTMA
(GbyHKUHOHUpPOBaHUS. MareMaTuuyecKo OCHOBOW TaKMX MOJENEH SBISIOTCS
CTy4yaliHbI€ BEJIMUUHBI U MPOIECCHI.

CroxacThueckue MOJIENIM HCIMOJb3YIOT MaTeMaTUYeCKUil armapar Teopuu
BEPOSTHOCTEH, MAaTEMAaTUUECKON CTATUCTUKU, TEOPUU MACCOBOTO OOCITYKUBAHUS U
METOJIa CTAaTUCTUYECKUX UCTIbITaHui (MeTosa MonTe-Kapio).

Jleknus 2. AJeKBAaTHOCTh MATEMaTHYECKHX Moj1esIel

MaremaTtuueckas MOJCJIb ITO3BOJIACT BBIIIOJIHUTB HCCICOOBAHUSA 00BeKTa
IMyTcM HPOBCIACHHA  BBIYHUCIMUTCIBHOTO 3KCIICPUMCHTA. BoruuncanreabHbIH
IKCHIEPUMEHT — O3TO IPOUCCC IMOJIYUCHUA I/IHCI)OpMaHI/II/I O MNOBCACHUU 00BEKTa C
HCII0JIb30BAaHUEM MaTeMaTUYECKON MOACIIN AJIsA KaKuX-JIn00 KOHKPCTHBIX Ha60pOB



UCXOAHBIX JTAHHBIX. DTO MOXET OBITh pacueT OJHOr0 U3 MapaMeTPOB WM pacyer
HECKOJIBKMX [TapaMeTPOB MOJEIHU IPU PA3IUYHBIX 3HAUEHUSX UCXOJHBIX JaHHBIX.

JlOCTOBEPHOCTB pe3ynbTara BBIUHCIIUTEIIBHOTO HKCIEPUMEHTA
o0ecnieunBaeTcs MpU OJHOBPEMEHHOM BBINOJHEHUH 08YX ycaoguil. Bo-mepBbIX,
pe3yavmam O0JdHCeH 00CMU2amuvCs ¢ KOHMPOIUPYeMou mo4nocmoio. Bo-BTOpBIX,
He Modicem Oblmb ONPOGEPSHYM C HOMOWDLIO KAKUX-TUOO OONOIHUMENbHBIX
pacuemos.

[Ipy mmaHUPOBAaHWU BBIYKUCIUTEIHFHOTO JKCIEpUMEHTa U 00paboTKe ero
pE3yJNbTaTOB MOTYT OBITh TAaKKE HCIOIb30BaHBl METOJIBl MAaTEMaTHUYECKOIrO
MOJICJIMPOBAHUS, B IEPBYIO OYEPEAb MATEMATHUECKON CTATUCTUKH.

OnHOM M3 OCHOBHBIX XapaKTEPUCTUK MATEMaTHYECKUX MOJIEIEHl sBIsSeTCS
aJIeKBaTHOCTb. AJEKBATHOCTb MaTeMATH4YeCKOW MOJAeJM IIOHHMAaeTcs, Kak
COOTBETCTBHE  PE3YJIbTATOB  BBIYHCIUTEIBHOIO  DKCIIEPUMEHTa  IIOBEJICHHUIO
peasbHOTO 00BEKTa B PACCMATPUBAEMBIX YCIOBHUSIX. DTO JIOJDKHO OLIEHUBATHCS C
TOYKHM 3pEHHs Lenel uccienoBaHusd. IIpu 3ToM BO3MOXKHBI pa3HbIE MOAXOABI K
OLICHKE aJICKBATHOCTH PA3JIMYHBIX MOJEIEH.

JUIiT ~ TEXHMYECKMX  CHCTEM M TEXHOJOTMYECKMX  IPOILECCOB,
XapaKTEepPU3YyIOIIKUXCS M3MEPUMBIMM  BeIMYMHAMHU  (HapaMeTpamu), OOBIYHO
IIPOBOJISATCA CPAaBHEHUS HAWJIEHHBIX B pe3yJbTaTe pacyeTa NapaMeTpoB MOJEIU U
OpUTHHAJa B OJHUX M TEX K€ YCIOBUAX MPU OJHHUX U TEX K€ UCXOJHBIX JTAHHBIX.
[Ipu 3TOM cenyeT cpaBHUBAaTh COOTBETCTBYIOIIME APYT APYTY MapaMeTphbl MEXIY
co00Ol  TOJIBKO B Te€X YCIOBHSIX (DYHKIHMOHHUPOBaHUS OOBEKTA, MPH KOTOPBIX
IPOBOJUTCS UCceA0BaHMe. /{15 OLIEHKU aJieKBATHOCTU MaTEMaTUYECKOH MOJETU
MOBEJACHUIO OpUTMHAIA TEXHUYECKOM CHUCTEMbl M Tpolecca JOCTATOYHO
IIPOBEPUTH BBIIIOJIHEHHE JIBYX YCIOBHI: MOYHOCMU U HENPOMUBOPEUUBOCHIU.

TouHocTh O3HauyaeT, yTo OOOOIIEHHAs XapaKTEPUCTUKA PaccOriacoOBaHUS

COOTBETCTBYIOLIECIO Iapamerpa (IrapaMeTpoB) MoIead U, W OpUrHHama Ugy:

Au = ‘uM —Ugp|, AOJIKHA OBITH HE OOJIBLIC 3apaHee 3a1aHHON BEINMYHHBL AU, . B

KauecTBe OOOOIIEHHON XapakTEPUCTHKU (MPUEMIIEMOM TOTPEIIHOCTH) MOTYT
BBICTYNAaTh HAWOOJbIIIEE 10 MOJIYJI0 3HAYEHHWE PacCOTJIaCOBaHUS, CpeIHee
3HAUEHHE PACCOTIACOBAHUS WJIM €TO CTATUCTUYECKAs! OLICHKA.

HenporuBopeyuBocTh MpeanoyiaracT HaJIMYME HWIACHTUYHOIO XapakTepa
W3MEHEHHUSI CPAaBHUBACMBIX XapaKTEPUCTHUK MOJIETM W OpPUTHHAJIA, HANpPUMED,
CXOJICTBEHHBIN BHJI OCHOBHBIX (DYHKIIMOHAJIBHBIX 3aBUCHUMOCTEH (MHTEPBAJIBI
BO3pacTaHus, YyOBIBaHHS, HAIMYWE MAaKCUMyYMOB M MHUHUMYMOB). [lpm 3TOoM
BO3MOXKHO HCITOJIb30BaHUE Pa3IMIHBIX KpUTEPHCB MIPOBEPKHU
HEMIPOTUBOPEYMBOCTH, KOTOPBIC JIOJDKHBI OBITH COTJIACOBAHBI C  IEISAMHU
ucciaenoBanus. B cimywae, Korma — cpaBHHMBacMbIe — [MapaMeTphl  IPH
GYyHKIIMOHUPOBAaHUM 00BEKTa MOTYT TPUHUMATh MHOXECTBO  Pa3IUYHBIX
3HAYCHWH, BBIBOJBI O COOTBETCTBHHM TIOBEJCHHS MOJEIW W OPUTHHAIA MOYKHO
ClellaTh TOJILKO Ha OCHOBAHHMHM CTAaTHCTHYCCKONH OOpabOTKH pPE3yNIbTaTOB IIPH
Pa3TUYHBIX 3HAYEHUSX TTAPaMETPOB.

IIposepka adexeamnocmu modenu NpeanoaraeT Haludue:



— HE00X0IMMOM MH(pOpPMaLIMU O pEaIbHOM 00BEKTE, KOTOPYIO B OTAEIIBHBIX
cllydasix ObIBAaeT TPYJIHO, @ YaCTO U HEBO3MOXKHO IOJyUHUTh;

— Ppe3yJbTaTOB OJHOIO WJIM HECKOJIBKUX KOHTPOJIBHBIX BBIYMCIUTEIBHBIX
DKCIIEPUMEHTAaX, BOCIIPOM3BOALIUX [TIOBEICHUE OPUTHMHAJA;

— KPUTEPHUEB OLIEHKH TOYHOCTH MaTeEMaTU4E€CKOW MOJIEINH;

— KPpUTEPHUEB MPOBEPKH HEMMPOTUBOPEUYMBOCTH MATEMATUUECKON MOJIETH.

[Ipu BBIOOpE KpUTEPHEB aIEKBATHOCTH MOJENIN HEOOXOAMMO YYUTHIBATH €€
0COOEHHOCTH, 00JIaCTh MPUMEHEHHS, B TOM UHUCJIE:

— JAuana3oH BO3MOXXHOTO HM3MEHEHHsI MapaMeTpOB CHUCTEMBI, HAIpPUMED,
BCJIEICTBUE OTpaHMYEHHUs 00nacTu (YHKIIMOHUPOBAHUA OOBEKTa, B KOTOPOH
BBIIIOJIHSETCS €€ MOJECIMPOBAHNUE;

— COOTBETCTBME MATEMAaTHUYECKOIO ONMCAHHUS YCIOBHMSIM IPOBEACHUS
BBIYHCIIATEIBLHOTO YKCIIEPUMEHTOB;

— BO3MOXKHYI0 HEOJHO3HAYHOCTb, KOTOpas MOXET BO3HHUKHYTh IIPU
IIPOBEICHUH BBIYMCIIMTEIIBHOIO SKCIIEPUMEHTA;

— TOYHOCTH BBIIIOJIHEHHSI BBIYMCIIMTEIBHOTO 3KCIEPUMEHTAa HA MOJEIU U
HaTypHOT'O HAa OpUTHHAJIE.

ToYHOCTP MOZENM OLEHUBAETCA MOIPEIIHOCTBIO, XapaKTEPU3YIOUIEH Mepy
paccorjacoBaHUsl 3HAYECHUI, MMOTYYEHHBIX B pe3yJbTaTe pacyera mapaMeTpoB, MO

CPaBHCHHIO C MX 3HAYCHUSAMH y OpHruHana. Eciu U — Takoil mapamerp, Uy U U,

— €I'0 3HA4YCHM:, ITOJYYACMbIC B OJHHUX MU TCX JKC YCIOBHUAX C IIOMOIIBIO MOJICIIN U
opuruHala, COOTBCTCTBCHHO, TO JII OHOCHKHM TOYHOCTH  MOTIYT OBITH
HCIIOJIb30BAaHBbI.

— abconomuas hozpewrHocms AU = ‘UM - uop‘ ;

Au

— OMHOCUMENbHAsL NO2PEUHOCHb OU = ‘ 100%;
u

Op‘

Au %
— OMmMHOCcCUmMeabHaA npuee()eHHa;l nocpeutHocms ou =% roe u —
u

%
HEKOTOPOE XapaKTepHOE 3HAaYeHNUe, HarpuMep U~ = max|u| .

[Ipu MomenupoBaHUM MOTYT BOSHUKATH CIEAYIOIINE MUNbL HOZPEULHOCIU.

— 2pybas, HEAOMyCTUMAs C TOUKH 3PEHUS TIPOBOJUMBIX UCCIIETOBAHMIM;

— y0o81emeopumesnbHasi, TOIMyCTUMas C TOUKH 3PEHHUS UCCIIEIOBaHUIA;

— cayyauHas, TPUHAMAONIAS CIIyY9aifHbIe 3HAYEHUS TMPU MHOTOKPATHOM
MOBTOPECHUU OIBITAa B HEM3MCHHBIX YCIIOBHUSX (HANpUMEp, 3aMep BPEMEHH IIPH
CcBOOOHOM TMaJi€HUH TeJa C OOJBIION BBICOTHI, U3MEPSEMOTO C MIOMOIIBIO OJTHOTO
U TOTO € CEKYHJIoMepa);

—  cucmemamuyeckas, TPUHUMAIOIIAs TOCTOSHHBICE 3HAYCHUS TIpU
MHOTOKPAaTHOM ITOBTOPECHHUH OIbITa B OJHHMX M TEX XK€ yCIOBUAX (HArpuUMep, TOT
K€ OIBIT, YTO W B TMPEABIAYIIEM CiIydae, HO C HCIOJIb30BaHUEM CEKyHJIOMEpa,
KOTOPBIH B CBSI3M C BBIXOJIOM M3 CTPOsl, HAUMHAET OTCYET C 3amepkkoit Ha 0,1
MOCJIE MMyCKa).



IIpy maremMaTHyecKOM  MOJECIMPOBAHUM  BO3HUKAKOT  IOTPEIIHOCTH,
0OYyCJIOBJIEHHBIE Pa3HBIMU MPUYMHAMU, B TOM YHUCJIE:

— NO2peuHoOCms UCHOAb3YeMOU Guauieckol abcmpaxkyuu, BOSHUKAIONIAs B
CBSA3M C HETOYHBIM YYETOM M ONHCaHWUEeM (U3MYECKUX 3aKOHOB W
3aKOHOMEPHOCTEHN WM 00yCIOBICHHAs! MPEeHEOPEKEHUEM B MOJIEIN HEKOTOPHIMU
CYIIECTBEHHBIMHU (DaKTOPaMHU, OTIPEACISIONIIMH MOBEICHIE OPUTHHAIIA;

— NO2PEeuHOCmb MAmMemMamuyecko2o0 ONUCAHUsA, CBA3aHHAsI C HETOYHOCTHIO
WA TPUOIKEHHBIM BUJIOM 33JIaHUS UCIIOJIb3YEMBIX YPaBHEHUM, MPUOIHNKEHHBIM
IIPEACTABICHUE MCXOJAHBIX JAaHHBIX, MOTPEIIHOCTBIO PACUETOB, IOIPEIIHOCTHIO
WCTIOJIb3YEMBIX YUCIIEHHBIX METO/IOB PEILICHHUS;

— noepewHocms 06pabomKu, BOZHUKAIONIAS TIPU OKPYTJICHUU PE3yIbTaTOB,
HEIMpaBUILHOM rpauyecKoM UX MPECTABICHUU.

Chopmynupyem ocHoguvle ceoticmea nocpewnocmu. Ilycte X u y —

OLICHUBAEMBIE IO pe3yJbTaTaM MOJEIUPOBAHUS MapaMmeTpsl; AX, Ay — HX
aOCOJIFOTHBIE MTOTPEIIHOCTH; OX U OY — OTHOCUTENbHbIE norpemHoctu. [lycts dx
u dy — BeJIUYMHBI OTKJIOHEHUH OT TOYHBIX 3HAYCHUN MapaMeTpoB a u b,
CBSI3aHHBIE C OTPEIIHOCTIMU: \dx\ = AX; \dy\ = Ay . Torma nmeem:

1. AGcotoTHast TOTPEIIHOCTh CYMMBI ITApaMEeTPOB

(x+dx)+(y +dy)=(x+ y)+(dx+dy).
C y4eToMm CBOWCTB MOIYJIs, MOJy4Ya€M HEPABEHCTBO
A(X+Y)< AX+ Ay,

mo ecmb AOCOMIOMHASL NOZPEULHOCHIL CYMMbL He NPesbllident CyMMbl AOCOTIOMHbBIX

nozpewnHocme cia2aemvix.
2. JI1s1 OTHOCUTENIBHOM MOTPENTHOCTHA CYMMBI TTOTy4aeM

OX - |X| + Oy -
S(x+y)< dx-+dy _ 8x-|x|+8y |y .
X+ X+y|
Ilycte nns onpenenenHoctd X >0, y >0 u OX < Oy, TOrJa UMEEM:
OX-X+0y-Yy < Oy -X+dy-y 3y
X+y X+y
Bo Bcex cityyasix nosydaem:
8(x+ y) < max(3x, 8y).
[TosToMy omuocumenvHas nocpewtHocCms  CyMMbL He  npesvliiaem

HaubOIbULYI0 OMHOCUMENILHYIO HOCPEUHOCHTb CA2AEMBIX.
3. [Ipu ornerke aOCOMOTHON TOTPEIIHOCTH PAa3HOCTH UMEEM

(x+dx)=(y +dy)=(x~y)+(dx~dy),
M03TOMY a0COJIIOTHAS MOTPEITHOCTh PA3HOCTH YIOBJIETBOPSIET YCIOBHUIO
A(x—y)<|AX +]Ay].
Takum obpazom, abcoaromuas nocpeuHocms pasHocmell He npesvbluidem

CYMMblL AOCONIOMHBIX NOCPEUHOCIEN 8EIUYUH, 8X00SUUX 8 PAZHOCHIb.
4. JI511 OTHOCUTENBHOM MOTPEIIHOCTH PA3HOCTH UMEEM
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AX+ A OX-X+0V -
S(x—y)< Y _ y-y
x—y| x-y|
OTC}OI[a cnez:yeT, YTO OTHOCUTCIIbHAsA l'IOFpCIHHOCTB paSHOCTI/I X — y MOXKECT

NPUHUMATh 3HAYECHHS 3HAUUTEIBHO OOJBIINE IO CPABHEHUIO C NOTPEIIHOCTAMH X
u y. bonee Toro, mpu ONMM3KKMX 3HAYEHUSIX X U Y OHA JaXXe HEOTPAHHMUYEHHO

BO3pacTaer.
W3 »srtoro cnemyer, umo npu NPUOTUNCEHHBIX BbIYUCIEHUAX Clledyem
CMPEeMUmsbCsl UCKAIOUUMb UCNONIb308AHUE PA3ZHOCMEU HAUOEHHBIX NPUOIUNCEHHO
genudun. Imom ghaxm Heobxo0uMo y4umsleams Npu paspadomke KOMNnbIOmMepHbix
NPOSPAMM, Peanu3yiouwux mamemamuieckue Mooeu.
5. HaiimeM aOCOJIIOTHYIO MOTPEIIHOCTh IPOU3BEACHUS TapaMETPOB, CUUTAs
UX 7151 ONPEEICHHOCTH MOJI0KUTENBHBIMU (X >0, Y > 0). Toraa monarast u = xy,

Inu=Inx+Iny wu wucnone3ys npUOIIKEHHYIO OlEHKY auddepennnana

Au Au AX Ay
Alnu = —, nonyyaem — R —+—]
u u x 'y
Au)~u(8x + 3y).
6. /111 OTHOCUTENBHON NOTPEIHOCTH ITPOU3BEACHUS NUMEEM:
Ei(xy)gM ~ 8X + 9y,
Xy

TO €CTh OMHOCUMENbHASL NOCPEUWHOCMb  NPOU3BEOEHUsl  PABHO  CYMMe
OMHOCUMEIbHBIX NOZPEUWHOCE COMHONCUMEIEU.
7. OueHuM OTHOCHUTEIBHYIO TIOTPEIIHOCTh OTHOILICHUS 3HAYCHUM

X
nmapameTrpoB X, Yy, cumrag, uro X>0, y>0. Ilonoxum U=-—, Torma

y
Inu=Inx—Iny un

%:S(u)£&+ﬂ:8x+8y,

Xy

TO €CTb OMHOCUMENbHAS NOZPEUHOCTNL YACTMHO20 He Npesvbluiaem CYMMY
OMHOCUMENbHBIX NOZPEUHOCMEl 0eNUMO20 U 0eUMEIA.

8. Jls1 aGCOIIOTHOM MOTPEITHOCTA OTHOLLIEHUH MOJIy4aeM OLIEHKY

Au)<u(dx +3y).

9. TycTs Temeph mokasaTemb y pasen Y= f(x), rme f(x) — 3anannas
HenpepeiBHO auddepennupyemas GyHKIUS TokazaTeiass X. Torma mosydaem
ClIEyIoIne OLIEHKH TUISL HOTPELIHOCTH noKasaTelis y:

Ay ~|f'(x}Ax < max|f'(xJAx;
y:ﬂ:\f'(x)(Ax
v If(x)
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B crydJae, Korza f(x)>0 MMEEM

dlin f(x)
Sy = |— "\
=20

AX < max‘(ln f (x))"Ax .

B 3akmoueHHMM OTMETHM, YTO IOTPEIIHOCTh MOJCIMPOBAHUS OOBIYHO
OIPECIIACTCS HWCIOJIb3YEMbIMH METOJaMH W aJIrOPUTMaMH PEIICHUS 3aJ1adu.
[ToaToMy TIpr MOJEITUPOBAHUHU BHIOOP YHCICHHBIX METOJOB JOJDKECH OBITH BCETIIa
000CHOBaH.

OcHoOBHBI€ dTanbl NPOBeeHUs UCCIIeTOBAHUI
¢ MCNOJIL30BAHNEM MATEMATHYECKHX MO/IeJei

MaremaTtuueckoe MOJEINPOBAHUE ABJISIETCSA YHUBEPCAIbHBIM
WHCTPYMEHTAPUEM HAYyYHBIX, IPOU3BOJCTBEHHO-TEXHUYECKUX U COLMUAIBHO-
HKOHOMUYECKUX HCCIEIOBAHUN, MPUMEHEHHE KOTOpPOro TpedyeT CoOJ0IeHus
ONPEIENCHHBIX MPABWI, MO3BOJSIOMIUX CHU3UTh PUCK TIOJYYEHHS HEBEPHBIX
pesynbraroB. [Ipym pa3zpaboTke MareMaTHUECKHMX MOJENEH CIeAyeT CTPEMUTHCS
IPUAEPKUBATHCS CIEAYIOIIEN TTOCIEN0BATEIIBHOCTH IEUCTBUMN:

1. H3yuenue opucunana, KOTOPOE NPEANOIAraeT BBISIBICHHE OCHOBHBIX
(bakTopoB, OCOOEHHOCTEW, JUANa30HOB MW3MEHEHHUS YHUCJIOBBIX MapaMeTpoB,
ONpEJEICHUE YCIOBHI pEIIEeHUs 3aJad, MOCTAHOBKY ((popMyJIMpOBKY) 3aauu
UCCJIEI0BAHMS, 3aJaHNE HEOOXOJUMOIN TOYHOCTH PacUETOB.

2. DenomeHnonocuveckoe onucarue opueunana («pumdyeckoey, HATypHOE,
OOBEKTHOE OMMCAHKE), KOTOPOE BBIMOJHAETCS C Y4ETOM H3BECTHBIX aHaJIOTUH,
(YHKIIMOHAIBHBIX OINKMCAHUN, 3aBUCHUMOCTEH, MOJEICH, IMOJYYEeHHBIX paHee B
paccMaTpuBaeMOi MpeIMETHON 00JaCTH, a TAKKE C YIETOM JIOCTHXKCHHUH B APYTUX
001acTax HayKH, yUYUTHIBas MOTEHIIMAIBHYIO BO3MOKHOCTD UX IPUMEHEHMUSL.

3. Buinonnenue mamemamuiecko20 ORUCAHUA OpUSUHANA B BUIE €ro
000CHOBAaHHOM MaTEMATUYECKOU MOIEIIH.

4. Paspabomky aneopumma YUCIEHHOU peanu3ayuy MaTeMaTUYeCKON
MOJIEJIA C MCMOJb30BAHUEM HMEIOIIUXCS CPEACTB U METOAOB BBIYUCIUTEIIBHON
MaTE€MAaTUKH.

5. Paspabomky  npocpammno20  obecneyeHus Il peaU3alMH
MaTEeMaTUYECKOM MOJIeNIM Ha KOMITBIOTEPE.

6. IlposedeHue  KOHMPONbHLIX — GLIYUCIUMENbHBIX  IKCHEPUMEHMO8,
BOCITPOU3BOJISIINX PEATBHOE JIOCTYIHOE I UCCIEA0BAHMS U OLIEHKH MOBEIACHUE
OpUTMHAJIa B KOHKPETHBIX YCIOBHSIX.

7. OyeHKy adekéamHOCMU pe3yIbmamos KOHTPOJILHOTO BBIYUCIUTEIHLHOTO
HKCIIEPUMEHTA MYTEM HMX CPABHEHUS C UMEIOIIMMHUCS JaHHBIMH O IOBEACHUU
OpUTMHAJIA B TEX UJIK UHBIX YCIOBUSIX.

8. [Ilnanuposanue ewviuuCIUMENLHOO IKCHEPUMEHMA COTIACHO LEJsM
UCCJIeIOBAHUS.

9. [Ilposedenue eviuuCIUMENbHO2O OKCNEPUMEHMA B COOTBETCTBUE C
MPUHATHIM IJIAHOM, 00pa0OTKY €ro pe3yJibTaToB.
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10. Ananuz pezyrbmamos 8vIUUCIUMENbHO2O IKCNEPUMEHMA, CPABHEHUE C
pe3yibTaTamMu, MOJy4YeHHBIMU HA OpUTHHAIIE.

11. @opmynuposky 6160006 10 pe3ybTaTaM BBINIOJHEHHBIX UCCIEIOBAHUM.

[Tynktbl 1 — 7 COOCTBEHHO M COCTaBIISIOT CaM MPOLECC MOJEIUPOBAHUS
(MOCTpOCHMS U pealih3allii MaTeMaTH4YeCKON MOJeNn). 3/1eCh MOKET BOBHUKHYTh
HEOOXOJUMOCTh HMACHTU(UKAIIMKA OTJACNbHBIX MapamMeTpoB MojAenu. Takoi
IPOIECC BO3MOXKHO OyIET BBIMOTHATHCS MHOTOKPATHO, B COOTBETCTBUU C
yHKTaMu 3 — 7.

VYka3aHHble JTambl SABIAAIOTCA 0oO0mmMMHU. OHM peanu3yroTcsl TMPU  BCEX
UCCJIETIOBAaHMSIX, BBITIOJHIEMBIX C UCTIOJIB30BaHUEM MaTEeMAaTUYECKUX MOJEIICH.

OCHOBHBbIE IPUHIMIIBI MO/IEJTHPOBAHUSA
TEXHUYECKHX CHCTEM M TEXHOJOTMYeCKHUX MPOLEeCcCoB

[Ipu wuCMoONBb30BAaHUM HMHUTAIMOHHOTO MOJICIMPOBAHUS B  KauecTBE
WHCTPYMEHTApUs JJIsl aHaliu3a pabOThl U MPOCKTUPOBAHUS TEXHUYECKUX CHUCTEM,
CJIElyeT OPUEHTUPOBATHCS HA BBHIMOJIHEHUE CIEIYIONTUX MPUHIIUIIOB:

1. Obecneuenue mpebyemou cmenenu adeK8AMHOCMU MamMemMamuiecKou
mooenu. Mojienb He MOKET OBITh UCTIOJB30BaHA JIJISl OLICHKU 00BEKTa, €CITM OHA He
Mpolia OIEHKY aJeKBAaTHOCTH. AJIEKBATHOCTh MAaTEMaTHYECKOH MOJIENH
JIOCTUTACTCS TIPH YAOBICTBOPUTEIIBHONW €€ TOYHOCTH M HETPOTHBOPECUYUBOCTH TI0
OTHOIIEHUIO K IMTOBEICHUIO OPUTHHAIA.

2. Ilpunyun  eubrxocmu, UHBAPUAHMHOCTNU u OUHAMUYHOCU
Mamemamuyeckol mooenu, KOTOPBIM mpennongaraeT 0oOOCHOBAHHBIM BBIOOp st
peanu3anuyi MoIeTIH HEOOX0AUMOTO IPOTPAaMMHOTO 0OeCTIeueHHs], HATUIKUEe y HETO
CHEIUATbHBIX  CBOWCTB, OOECIEUYMBAIOIIMX OINEPATUBHYIO  HACTPONKY B
COOTBETCTBHH CO CTPYKTYpOM paccMaTpUBaeMOT0 OOBEKTa, €ro mapameTpamu |
XapaKTEPUCTUKAMHU.

3. Ilpunyun  cocmosamenvHocCmu  pe3yIbMAmMoO8  GbIYUCIUMENLHO2O0
9KCnepumeHma, KOTOpbIM TpeOyeT IOCTHXKEHHS pe3yJbTaToB, OJM3KUX K
WUCTUHHBIM, TO €CTh Kak y opuruHayia. COCTOSTEILHOCTh TAKKE MOKHO TOHUMATh
CTaTUCTHUYECKH, B TOM CMBICIE, YTO MPU YBEIUYCHUU oObeMa HHOpMAIUH
PE3yNbTAaThl BBIUUCIUTEIHHOTO JKCIIEPUMEHTA JAOHKHBI CTAHOBUTHCS KaK yTrOIHO
OMM3KMMH K WCTHHHBIM 3HAYCHUSM I1apaMeTPOB HCCICAYEMOTO OOBEKTa C
BEPOSTHOCTHIO, PABHOU CIUHUIIC.

4. [Ilpunyun yoobcmea npu BbINOJHEHUU MOOEIUPOB8aHUsl, KOTOPHINA
IpenoaraeT MpoCTOTy U YIAOOCTBO pabOThI C MPOTPAMMHBIM OOECIICUeHUEM, B
TOM 4YHCJIC TPU TOATOTOBKE JTAHHBIX JJIS BBHITIOJHEHUS Pa3IMYHBIX BAapHUAHTOB
pacdyera, O0OpaOOTKM W TPEACTABICHHUS PE3yJbTaTOB  BBIYUCIUTEIHHOTO
HKCIIEPUMEHTA. DTO JOCTUTACTCS Pa3BUTHIM UHTEP(EHCOM, THATOTOBBIM PEKUMOM
paboOThl, HAIMYHUEM CEPBUCHOTO IMPOTPAMMHOIO oOOecrnedeHus (mpeCcTaBIeHUs
pe3ynbTaToB B BUAE Ta0nui, TpadukoB © T.I.), YyHU]HUKaKEW BCEro
IPOrPaMMHOTO OOeCTIeYEHUSI.
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5. Ilpunyun 000CHOBAHHO20 NIAHUPOBAHUSL BLIUUCTUNENLHO2O
9KCcnepumenma OOSCTEUMBACTCI B pe3ysbTaTe NPHUMEHEHHUS CIEIHaTbHBIX
METOJIOB M PUEMOB TIJIAHUPOBAHUS SKCTICPUMEHTA.

6. Ilpunyun  KOHKpemu3ayuu  yciosuii U  obaacmu  NpuUMeHeHUs
paszpabamvigaemoli mamemamuyeckou mooeau. ETo BBITIOTHEHHE 0COOCHHO BaXKHO
Ipyl  MaTEeMaTHYECKOM MOJCIMPOBAHUU CIOXKHBIX cucTeM. OH HCKIIOYaeT
BO3HMKHOBEHHE TIOMBITOK TIOCTPOCHHS OJHONM MaTeMaTHYEeCKOM MOJCIIH,
OTMCHIBAIOIICH BCEBO3MOJKHBIE CIICHAPUH MOBEJCHUS OPUTHMHANA, B TEX CIydasXx,
KOrja »dTO HE  BO3MOXKHO, MPEANoaraeT TMOCTPOCHUE  HECKOIBKUX
MaTEeMaTHYECKUX MOJCIICH C IOCTATOYHOUM CTETICHBIO aIeKBAaTHOCTH, OTPAKAFOIIIIX
OTIIETIbHBIE CTOPOHBI TMOBeNCHUS OOBekTa. [IpreM HCIOIb30BaHMS HECKOJIBKHUX
MOJieJie,  Ha3bIBaeMbIi  JeKOMIO3MI[HEl, YacTo TMO3BOJSET  JOOHUTHCA
JIOCTOBEPHOCTH TOJIy4a€MbIX PE3YJIbTAaTOB BBIYUCIUTEIBHBIX JKCIEPUMEHTOB C
UCIIOJIb30BAaHUEM 00Jie€ TPOCTHIX MOjENIeH, MOCTPOUTh KOTOPHIE OKAa3bIBACTCS

po1Ie.
Jlekuus 3. Oco0eHHOCTH pa3paboTKU MATeMAaTHYeCKUX MoeJIei

[Ipu pazpaboTke MaTeMaTUYECKUX MOJENIEeH HY>XKHO MOHUMATh, YTO MOKHO
MOCTPOUTh OYEHb CIIOKHYIO MAaTeMaTUYECKYI0 MOJENib, YYUTBHIBAIOIIYIO BCE
CYILIECTBEHHbIC M HECYIIECTBEHHbIE (PAKTOPhl W SIBJICHUS, OJHAKO, IMOJYyYHUTh
pe3yabTaT C €€ MOMOIIBI0 OKAa3bIBACTCS HE MEHEE CII0KHO, YEM HAINpsIMyI0 Ha
opurnHasie. C JIpyrod CTOPOHBI, MOXKHO TOCTPOUTh OYEHb MPOCTYI0 MOJEINb,
OoTOOpaXxarollyt0 HeOOJIbIIIOE YUCIO CBOMCTBAa OOBEKTa, HO MPUMEHSThH €€ IS
HCCJICIOBAHUS OKXKETCS HEBO3MOXHO B BUTY HU3KOW TOUHOCTH.

[TooToMy, TIpy TOCTPOCHMH MATEMATHYECKHUX MOJCJIEH, BO3HUKAECT
HEO0OXOIMMOCTh MOKMCKA ONTHMAIBHOTO KOMIIPOMHUCCA MEXKAY MPOCTOTOM MOJIEIN
U CTENEHBIO €€ aJeKBAaTHOCTH HM3Yy4YaeMOMY OpUTHHaIYy, 4YTO COOTBETCTBYET
MIPUHITUITY Pa3yMHOMN JOCTaTOYHOCTH.

Ilocmpoenue mamemamuueckoli Mmoodenu (CuHmes ee CMPYKMypsvl U
VKa3zauue napamempos) mpeoyem peuleHusi HeCKOJIbKUX npooiem, 8 mom yucie:

—  MHO2OKpUMEPUANbHOU  OYeHKU  Kavecmea  (YHKYUOHUPOBAHUS
MOOenupyemol cucmemvl, 4TO JOCTUTAETCS 3aJaHUEM HECKOJIBKHUX, BO3MOXKHO
MPOTUBOPEUMUBBIX KPUTEPUEB;

— CHUMICEHUSl PA3MEPHOCU UCNOAL3YEeMbIX ONUCAHUU CLONCHLIX CUCEM
MoOejell — CHWKEHUS YhClia TIEPEMEHHBIX B MOJEIH, OMUCHIBAIOIINX COCTOSIHUE
OpUTHHAJIA;

— obecneuenust a0eK8AMHOCMU MOOEJU.

[Toq MHOTOKPUTEPHATBHOCTBIO CIEAYET MOHUMATh HAJIMYHUE HECKOJIBKHUX
TpeOOBAaHMM K CIIOKHOM CHCTEME B IIEJIOM MIM K €€ DJJIeMEHTaM H
XapaKTEPUCTHKAM, OTPAXKAIOIIMM CBOMCTBA MOJICTUPYEMOTro 00bEKTa (Hampumep,
PKOHOMHYHOCTh M OC30IaCHOCTh IIOJICTOB IIPH IACCAKHPCKUX IEPEBO3KaAX,
OBICTPOTA 1 KaueCTBO OOCTY>KUBAHUS, [IEHA ¥ KAYECTBO MPOIAYKIIMH U T.1.).
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st obecriedyeHus aleKBATHOCTH MaTeMaTHYeCKOW Mojenu Tpedyercs
000CHOBaTh NMPUHUMAEMBbIE JIOMYIIEHUS, BBIICIATh U3 BCEX (PAKTOPOB, BIMSIOLIUX
Ha (QYHKIIMOHMpPOBaHHE OOBEKTA TJIABHBIE, MojJiexaiue ydery. Kpome Toro, B
3aBUCUMOCTH OT CTPYKTYPhl MATEMaTHUYECKON MOJIETH CIIEIyeT JJIsl €€ pean3aluu
BbIOMpaTh Hanbosee mpuemiieMble U d(PPEKTUBHBIC BBIYUCIUTEIBHBIE METObI.
OO00CHOBaHHBIMH TAKXKE JOJIKHBI OBITh KPUTEPUU aJICKBATHOCTH.

Ilpu paszpabomke mamemamuueckux mooenel NPUMEHAIOMCA Caeoyouue
Memoobl:

1. Panscuposanue, KOTOpOE Mpeanoiaraet 000CHOBaHHBIH,
HedopMabHBIA, BO3MOXKHO DOKCIEPTHBIA aHadu3, B pe3yibTare KOTOPOTO
BBITIOJTHSICTCSI Pa3HECEHHE MapaMeTpoB U SBJICHUN MO BaxkHOCTU (paHry). [lpum
ATOM HauOoJiee BaxHbI€ (AKTOPBI, ONMPEACISIONIME COCTOSIHUE 00bEKTa, CIEAYyeT
YUUTHIBATh, & HAMMEHEE BaKHBIMU YaCTO MOXKHO IIPeHEOpeyb.

2. Aepecuposanue (IEKOMIO3UIMA) CBOJIUTCA K pa3OMEHHIO OOJIBIIOTO
yucia ¢GakTopoB (IapameTpoB), XapaKTEPHBIX ISl OpUTMHAajia, HAa HEOOJbIIOE
YUCJIO TpYI, OJOKOB (arperaToB) IO OMNpECICHHBIM MpaBwiaM. Jlamee
YCTaHABJIMBAIOTCS CBA3M MEXAY OJOKaMHu, KOTOpble MOXXHO (popmann3oBath U
ydyecTb. HacTo 3TO TMO3BOJSET HAXOAWTH PEIICHHE 3aJa4l C TEPEMEHHBIMU,
XapaKTEPHU3YIOITMMU KKl arperar, He3aBUCUMO OT JIPYTHUX.

3. Ouenku oé6aacmu u3zmeHeHUs OCHOBHBIX napamempos ((HakTopoB)
OoOBEKTa: TOYEK, JIMHUWA, IUIOCKOCTEW, JAPYrHMX TpaHUL, Ha3bIBA€MbIX
ougypkayuamu, Ha KOTOPBIX MPOUCXOAAT PE3KUE H3MEHEHHS] KaYyeCTBEHHOTO
MOBEACHUS pacCMaTPUBAEMOM CHCTEMBI, IEPEXO0JT U3 OJTHOTO COCTOSIHUS B JIPYTrOe€.
KauecTBeHHOE TMOBEAEHUE CUCTEM B YCIOBHUSAX TaKUX MEPEXO/IOB OMUCHIBACTCS
Memooamu Mamemamuyeckou meopuu kamacmpog. Taxoli aHanus
HEOOXOJMMO JeNaTh C Y4€TOM TOTO, YTO MaTeMaTH4YeCKHue Mojelu OObeKTa B
pa3HBIX COCTOSHUSIX (0 W TIOCJE «KATacTpo(dbl») MOTyT NTPUHIIMIHAIHHO
OTIINYATHCSI.

4, Memoovt nocnedosamenvHvlX  RPUOAUINCEHUIl,  TIO3BOJISIONINC
MOCJIEIOBATEIPHO HAa KaXKJIOM HOBOM IIIare pacueTa BBIMOJHUTH 00Jiee TOUYHYIO
OIICHKY 3HAYEHUW MapaMeTpOB MOJEIH, WA JaXKe €€ CTPYKTypbl. Takue maru
BBITIOJTHSFOTCSI MHOTOKPATHO.

5. Memoo npo6 u owuboK, COTIaCHO KOTOPOMY IO pe3yjibTaTaM OIHOTO
WM HECKOJIbKUX MHOTOBapUAHTHBIX pacueToB, B pe3yJbTaTe€ CPaBHEHUS C
OpUTHHAJIOM, HaXOJSTCS YTOUHCHHBIC OLICHKU 3HAYEHUU MapaMeTpOB MOJICIH, a
TaK)Xe €€ CTPYKTYPBI, MO3BOJISIONINE CHU3UTH OLIMOKN MOJACIIUPOBAHUSI.

6. Memoo nepedopa mpennonaraeT MOUCK pEIICHUS IyTeM mepedopa
BO3MOYKHBIX 3HAYCHHUI MMapaMeTpoB, MPUUYEM MEpPeOOpP MOKET OBITh MPOCTHIM WITU
CIIy4YalHBbIM.

[. Memoo cmamucmuyeckoii npoeepKu 2unome3 NPEANOIAracT
GOpMYIMpPOBKY, aHAM3 W TMPOBEPKY pPa3HBIX MPEANOJIOKEHUNH O MNpUINHAX
MOJIYYCHUS ONPEACIICHHOTO Pe3ysibTata. ITOT METOJI IPUMEHSETCS B TOM Clydae,
Korja TpeOyeTcs HaWTH HE KOJUYECTBEHHOE, a KayeCTBEHHOE OOBSICHEHUE
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CJIO)KHOTO W HEOPAWHAPHOTO SIBJIEHUSA, HA KOTOPOE OKAa3bIBAIOT BIIUSHUE
ciy4aitHble (PaKTOpHI.
8. Memoobt IKCnEepmHBIX OWeHOK TIPEIONIaraloT SKCIEPTHYIO OLEHKY
CTPYKTYPBI U ITapaMETPOB MOJIETIH.
IlopoOue n ananu3 pasmepHocTeil

Teopust momoOus sBIsIETCS HHCTPYMEHTOM YyHH(PHUKAIMH U 00001IeHus
MaTeMaTHUECKUX  MOJeNied  pa3HbIX OpUTHHATOB. B MaremaTmueckoM
MOJICTTUPOBAHUM JIBa O0BEKTa CUUTAIOTCA MOAOOHBIMH, €CIIM BBIMOIHSIOTCS JIBa
YCIIOBHSL:

1) oHM UMEIOT OIMHAKOBOE MATEMATHYECKOE ONTUCAHUE;

2) COOTBETCTBYIOIIME TIEPEMEHHBIE MOJENECH CBs3aHbl MEXKAY COO0Oit
koddduieHTaMu  IPOMOPIMOHATBLHOCTH  (MOAO0OMsI)  WIM  MaciiTabamu
NPUBEACHUS, TPU KOTOPHIX COXPAHSAIOTCS HEU3MEHHBIMU  OIpPECICHHbIE
COOTHOIICHUSI MEXIy Kod(hduIMeHTaMu MNpOnoOpIHUOHATBFHOCTH, Ha3bIBAEMBIMHU
Kpumepuamu noooous.

Jlyist cpaBHEHUS pe3yJabTaTOB MU3MEPEHUI OAHOW M TOM e BEIWYUHBI, WU
OJIHOPOJIHBIX BEJIMYWH, WCIOJIB3YIOTCS 3TaJoHbl (MacmTad). Jis 3Toro BBOIATCS
eIMHUILIBI U3MEPEHUS, pa3MEepHBIC U Oe3pa3MEepHbIC BEINIHHBI.

Enununeii u3mepenust ¢usuyeckoil BeauunHbl D (pazMepHOCTHIO,
o003HayaeMOll ¢ TOMOIIbIO KBaJpaTHBIX CKOOOK [D]) Ha3biBaeTcs YCIOBHO
BbIOpaHHAas B KauecTBE ATAIOHA (pU3MUecKasi BeMWYMHA, UMEIOIIasi TOT K€ CaMblit
¢busnueckuil cMmbici, 4yTo U BennuuHa D. [Ipu 3ToM 3HaueHue mo0oil pusznyeckoin
BEJIMUMHBI MPEACTABIISETCS ABOSKO, B BUE €€ YHCIOBOTO 3HAUCHUs (MacIITaOHOTO
MHOJKUTEJISI 10 OTHOILIEHUIO K €IMHUIIE U3MEPEHUS) U pa3MEPHOCTH.

Hcnionp3yembie TIpH MOJEIMPOBAHUU BEIMYWHBI, YHCICHHOE 3HAYCHHE
KOTOPBIX 3aBUCUT OT MPUHATHIX €IUHULl U3MEPEHHSI, HA3bIBAIOTCS Pa3MePHBIMMU.

Benuuunbl, uyucieHHOE 3HAYEHUE KOTOPHIX HE 3aBUCUT OT TPUHATHIX
SMHUI] U3MEPEHUS, HA3bIBAIOT 0e3pa3MepPHBIMH.

[Tepexoa OT pa3MepHON BETUYHHBI K O€3pa3MEepHOI OCYIIECTBIACTCS MyTeM
JIeJIEHUs] MTPOM3BOJIBLHOTO 3HAYEHUS MEePBOM Ha KakKyro-IH0O (PUKCHUPOBAaHHYIO €€
BEJINYVHY, Ha3bIBAEMYIO 0A3MCHOIA.

AHanu3 pa3MEpHOCTEM IIUPOKO MCIOIB3YETCd NPU MaTEMATUYECKOM
MOJICJIMPOBAHUU U TO3BOJISIET ONUCATh Pa3jIMyHble OOBEKTHI C HCIOJIb30BAHUEM
OJIMHAKOBBIX MAaTEMAaTUYECKUX MOJICIICH.

[Topsimox u mpaBWiIa MPUMEHEHHSI pa3MEPHOCTEH YCTaHABIMBAIOT CHUCTEMBI
eANHUI] u3MepeHusi. B ¢pu3nke ncnonb3oBanoch 1O0CTATOYHO OOIBIIOE KOJIUYECTBO
takux cucreM: CI'C, rexunueckast, MKC, MKCA, CI'CD u CI'CM.

B 1960 rony B Ilapmwxke XI ['eHepanbHas KoH(pEpEHIHS IO MEpaM U Becam
npussiia Meowcoynapoouyio cucmemy eounuy uzmepenus, obosnauaemyro SI (8
pyeekou mpanckpunyuu CH). CeronHs 3Ta cucteMa Ha Teppuropuu Poccun
yrBepkaena 'OCT 8.417-81 Eounuywvl ¢uzuueckux eeauyun. ITUM CTaHIAPTOM
YCTaHABIMBAIOTCS TpaBWja TPUMEHEHUS Pa3MEPHOCTEH B  TEXHUYECKOU
JIOKyMEHTAIIUU, TS PMUHOJIOTHUS U CUCTEMA 0003HAYEHUH.
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B 1106011 cucteMe MOKHO BBIJICIUTH OCHOBHBIE €IUHUIIBI, YEPE3 KOTOPHIE C
MOMOIIIbI0 3aKOHOB TIPUPOABI ompenensaoTcs octanbHbie. B 1832 r. Taycc
NPEJIOKUII B KaUue€CTBE OCHOBHBIX €JMHHI] U3MEpPEHHUS BHIOUpATh HE3aBHUCHUMBIE
eAUHUIIBI (B COBOKYTHOCTU HE CBSI3aHHBIE MEXK]y COOOM 3aKOHAMU MPHUPOJbI), HA
KOTOPBIX CTPOUTCS BCSl cUCTEMA (PU3UUECKUX €TUHUII.

B CU ocnoenvimu edunuyamu npuHsamoi:

— MeTp [M]| B KaU€CTBE MEPHI IJIUHBI;

— KAJIOTPaMM [KT | B KAYECTBE MEPBI MACCHI;

— CEeKyHJa [c]| B KauecTBE MEpbl BPEMEHH;

— amriep [A] B KauecTBE MEphI CUJIbI SJIEKTPUUECKOTO TOKA;

— xenpBuH [ K] B KauecTBe MepBI TEPMOIMHAMMYECKOM TEMIIEPATYPHL

— MOJIb [MOJIb| B KAYECTBE MEPHI KOJIMUECTBA BEIECTBA;

— KaHJella [KJ ] B KaUeCTBE MEPhI CUJIbI CBETA.

Kpome 3TOro, BBOASTCS JOMOJHUTEIBHBIC €IUHUIIBI U3MEPEHUS TJIOCKUX
VIJIOB — pajJdaH [paa] W TENeCHBIX YTIIOB — CTEpaAuaH [Cp]|, ABISIOLIAECS
0e3pa3MepHBIMHU.

OcranbHble pa3MepHbIE €IMHULIBI IPUHATO HA3bIBATh MPOU3BOAHBIMU. OHU
MOJIYYAIOTCSl U3 OCHOBHBIX C TTOMOIIBIO (PU3UUYECKHUX 3aKOHOB.

Hampumep, enununa momuoctu N Bart [Bt] monydaercs u3 ciemyronmx
dbopMys, OTpaKalIIMX U3BECTHBIC 3aKOHBI MEXAHUKH, C HCIOJIb30BAHUEM
BENMYMH: paboTa, CUJa, Macca U YCKOpPEHHE, W UX pPa3MEpHOCTEH:

_é_E_mas
t ot t
2
Otkyna [N]:BT:KFZM 2= 3M
Cc -C C

B cucreme CH mnpenmonaraercss MCHOJIb30BAHME MHUHHUMAJILHOTO Habopa
OCHOBHBIX €JUHHUIl, OOECTEUMBAIOIINX 3aMUCh (PU3UYECKUX 3aKOHOB 0e3
UCTIOJTb30BaHUS Pa3MEPHBIX YHCIOBBIX KOI()PHUIIHEHTOB.

IIpooemoncmpupyem  OCHOBHbIE NOJONCEHUs MEopuu  pasmepHocmell
npumepom. MHOTHE 3aKOHBI HPUPOABI B JIOOON cHCTeME E€IUHUL H3MEpPEHUs

OITNCBhIBAIOTCA CTCIICHHBIMU (bYHKI_[I/ISIMI/I (I/IX Ha3bIBAIOT CHMHJ’IGKC&MI/I) BUaa

_ oy ap
Z=X1Xo% 0 Xp",

(1.1)
TO €CTb B BHJE€ NPOU3BEACHUS pPa3MEPHBIX BEJIMYMH Xj, OMMUCHIBAIOLIUX
paccMaTpuBaeMoe SIBJIEHUE, KOTOPbIE B 3aKOHE YUUTHIBAIOTCS C MOKA3aTeIsIMU 4 .

Hanpumep, 3axkonsl Hetorona, Kynona, ®apages u T.4. ONKHCBHIBAIOTCS UMEHHO
TaKUMH  CTeNneHHbIMH  (QyHKOusMU.  OTMeTuM, 4YTO  (QYHKIIMOHAIHHBIC
COOTHOIIEHHUSI, COJEPKAIME CYMMBl WM PA3HOCTH, OTPAKAIOIIUE OCHOBHBIE
3aKOHBI TPHUPOJIBI, SABISAIOTCS WX cienactBueM. [lpu stom u3 dopmynsr (1.1)
(dbopMalIbHO TIOJTy9aeM, YTO OTHOIIICHHE

YA

B 8,82 an
X TX52 Xy
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0e3pa3MepHO, C YUETOM TOT0, UTO YUCIUTENIb U 3HAMEHATEb UMEIOT OJIMHAKOBYIO
Pa3MEpPHOCTh B CHITY 3allUCH 3aKOHA MPUPObl. MOXKHO CTPOro JA0Ka3aTh, 4TO MpU
ycioBun (1.1) He3aBucHMMas OT BbIOOpa CHUCTEMBI €AMHMI] CBS3b MexAy n+1

a a
pasMEpHBIMH BETMUMHAMH Z, X, X,%, ..., Xﬂ” dopmupyercs B Buae N—K

O0e3pa3MepHBIX  COOTHOUIEHUM  (CTEMEHHBIX  KOMILIEKCOB),  Ha3bIBAEMbBIX
KPUTEPUSIMH TOA00UsI, Tile K — KOJMYECTBO BEJIMYMH U3 HCIOJIb3YEMBbIX,
MMEIOIIUX HE3aBUCHUMBbIE (OCHOBHBIE) Pa3MEPHOCTH.

JlaHHBIN pe3ynbTaT COACPKUTCS B (HOPMYJIHUPOBKE TaK Ha3bIBAEMOM 7-
meopembl NO000Us, KOMOPAs WUPOKO UCNONIb3YemCcs HpU MaAmemMamuieckom
Mmooenuposanuy. JIeCTBUTENBHO, PU aHAIU3€ U3y4aeMOI'0 SIBJIIEHUS TIOCTATOYHO
BBIOpAaTh MapaMeTpbl, KOTOPBIE €ro XapaKTEepU3yIOT, U COCTaBUTh U3 HHUX BCE
BO3MOYKHBIE KPUTEPUU MOA00UA. DTU KPUTEPUH TIOJTOOUS OTPAKAIOT C TOUHOCTHIO
o0  Oe3pa3MepHOTO  YHUCIOBOro  Kod(dduiveHta Bce  JCHCTBYIOIIHME B
paccMaTpuBaeMOM SIBJICHUM 3aKOHBI pupoAbl. [loaTomy, 3apukcupoBaB 3HaUeHUS
KPUTEPHUEB, MOXKHO PaCIPOCTPAHUTh PE3YJIbTaThl OJHOIO pacdyeTa Ha MHOXECTBO
IIPOLIECCOB C pa3HbIMM 3HAYCHUSMHU [1ApPaMETPOB, IPH KOTOPBIX 3HAYCHUS
YCTaHOBJICHHBIX KPUTEPHUEB OCTAIOTCSI HEU3MEHHBIMHU.

B cayuwae 3aBucumoctu Buga (1.1) kputepum mnomo0usi MOTyT OBITH
NOJIydeHbl B cieayrouieM nopsjake. CHadana B mpaByro 4acTb BbipakeHus (1.1)
TOJCTABNAIOTCA pasMepHOCTH |%], [%o], ..., [¥,] Bcex ¢urypupyromux s

dbopmyne (1.1) BemuuuH, mNpUYEeM TPOM3BOJHBIE pa3MEPHBIC  EAUHUIIBI
BBIPAKAIOTCS 4epe3 OCHOBHbIC eauHMIbI B cucteme CU. Jlanee BBINOJTHSETCA
npeoOpa3oBaHUE IIOKAa3aTelIe CTeneHed C OJWHAKOBBIMU OCHOBAaHHMSMHU, B
Ka4eCTBE KOTOPBIX BBICTYNAIOT pa3MEPHOCTH OCHOBHBIX eauHull. [IpeoOpazoBanus
BBITIOJIHAIOTCS C YYETOM TOTO, YTO IPU MEPEMHOKEHUU CTEIIEHEN C OJIMHAKOBBIMU
OCHOBaHHSMH TIOKa3aTelIM CKJIaAbIBalOTCA. B pesymbrate  dopMupyercs
KPUTEPUATIBHOE COOTHOIIIEHUE BUA:

m= [ P x e =1, (1.2)
rje o0miee YUCI0 OCHOBHBIX €IMHHIL Xj, Xj, ..., Xs PaBHO K, a mokasarenu o,
Oj, ..., Og HAXOIATCS B PE3yJbTaTe MPeoOpasoBaHus CTENEHEH ¢ OJMHAKOBBIMHU

OCHOBAHMSIMU, COOTBETCTBYIOUIMMH  OCHOBHBIM  €AMHHUIAM, M  IO3TOMY
BBIPXKAIOTCS YEPE3 BEIUUNHBI 87, 8y, ..., 8.

[Tocne atoro, s obecreueHns BHITIOTHEHUSI KPUTEPUATIHLHOTO BBIPAKCHHUSI
(1.2), dopmupyercsi cucrema K JIMHEHHBIX aJreOpanyecKUX ypaBHCHHMA
OTHOCUTEJIBHO BEJIMYUH 3, Ay, ..., A, BUAA: aj=0;0;=0;..;0s=0.

Ilpu sTOM 0O, Oj, ..., OLg BBIPAXKAIOTCS YEPE3 BEIUUMHBI &, 8p, ..., 8y

SBHO, TIprueM K <N u cucTtemMa MMeeT HEHYJIEBbIe pelicHus. B pesynbrare ee
pelIeHus] HaXOASTCS 3HAUeHUs BEIMYUH &y, 8y, ..., dp M, OCIE MOJCTAHOBKH UX
B ¢popmyny (1.1), cooTBeTCTByIOIIME BETUYMHAM 81, 8y, ..., 8, KpPUTEPHUAIbHBIC
COOTHOIIICHHS.
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PaccmoTpum B kadecTBe mpumepa ABUKEHHE BSI3KOW KUIKOCTU B TJIAKOU
TpyOe (JlTaMUHApHBIN WM TypOYJeHTHBIH MOTOKH). OCHOBHBIMHM IapaMeTpaMH,
XapaKTEePU3YIOIIUMHU JaHHBIN MPOIECC, SBISIOTCS paauyc TpyObl I' [M], BA3KOCTH
KUOKOCTH W [Kr/(M-c)], IUIOTHOCTB KHAKOCTH P -[Kr/M°], CpelHsis CKOpOCTB
JBIDKEHUS KUAKOCTH V [M/C]. BBISICHUM, MOXHO JIM U3 3TUX YETHIPEX MapamMeTpoOB
COCTaBUTH O€3pa3MEpHBIN CTeNEeHHONW KOMIUIeKC. [yt 3Toro obpazyem CTEemneHHOe
KpUTepUalibHOE cooTHOIIeHUE Bua (1.2):

a

B nanHoMm cinywae n=4. Onpenenum, Opu KaKUX 3HAYEHUAX MOKa3aTeei
CTemeHenl aj, dy, Az, a4 Oynmer pocturatbes paBeHcTBO (1.2). Yurem, drto
pasmepHocTH [M], [Kr], [c] HE3aBUCHMBI (OHU SIBIISFOTCS OCHOBHBIMHU €JIMHHUIIAMU
m3mepenus B CH) u, mostomy He MOTYT OBITH II€pEBENICHBI JAPYr B JApyra
BO3BEJICHHUEM B Kakue-1u00 crerenu. [lostomy, B nannom ciydae Kk =3. C yueTom
OCHOBHBIX Pa3MEpPHOCTEH BEJIMUMH, TIOJTYyYaEM:

al . Ja2[~1a3 12 . ay —ay —8 83 —a3 a,, . -—a

[n]=[r][u]P2[p]?e[v]* = mHkrPem 22c R2kr®m BMmP4c ™™ =

_ a2 3a3 g pd2tag —ax—ay :MOKrOcO ~1.

Nmeem creayronryto CHCTEMY JIMHEHHBIX aireOpanyeckux YypaBHEHUU
OTHOCUTENBHO IOKA3ATEJIEU CTEIICHU 87, ), a3, Ay -

a—a,—3a;+a,=0,
a, +a; =0,

Haxonum ob1iee penieHue noJydeHHOM CUCTEMBL: & = 8,, d, =—d,; d3 =4,

, TAme a4 — Tpou3BOJIbHOE uunciao (cBoOoaHass HewsBecTHas). llomcraBiss

HalileHHble 3HayeHuss B cootHomenwe (1.1), momydaem  cleayronIui
0e3pa3MepHBIN CTENEHHON KOMILICKC:

a
rov)

v
IJIe YUCIIO @4 BBHIOMpAETCs MPOU3BOJIBHO.

[Tonaras a4 =1, mnonayyaem kpuTepuii 1OA00MS B BHJIE PaBEHCTBA

T= v _ Re,
u
IJie OJTy4eHHOE YMCI0 Re M3BECTHO B TeOpHuH moao0us, Kak wucio Penonvoca.
Takum oOpa3om, moJlydaem, 4TO MPOIIECCHl JBIKECHUS BS3KOM KHIKOCTH B
rIaaKkoil TpyOe mpu pa3HbIX 3HAYEHUSX MapameTpoB I, p, W,V OyayT MOJOOHBI,

CCJIM JIJIS1 HUX BBITTOJTHSICTCS paBEHCTBO Re =const.

OTtMeTuM creayromy ocoOeHHOCTh. [IpuMeHneHnne kputepueB mojao0us B
MaTEeMaTHUYeCKOM MOJCIMPOBAHUN BO3MOXKHO TOJBKO B cliydae, KOTJa cucmema
onpeoenauux ucciedyemoe aeieHue uiu npoyecc napamempos a6iaemcs noaHou
C MOYKU 3peHusi ux onucauus. ECIu 3TO yCJIOBHE HE BBINOJHAETCA, TO MOXKET
BO3HHMKATh CHUTyalus, Korja chOpMYIUPOBaTh KPUTEPUM TMOAO0US OKaKeTCs
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HEBO3MOXKHBIM. Hampumep, nns  onpeneneHuss BeJIMYMHBI  MoOIIHOCTA N
HEKOTOPOro mpoliecca, Habopa U3 TpeX MapameTpoB: P — IJIOTHOCTh CPEIbl;, S —
nyTh; | — TemmepaTypa, OyAeT HeIOCTaTOYHO. DTO CIEAYeT U3 TOTO, YTO Y ITUX
BEJIMYMH OTCYTCTBYET pPa3MEPHOCTh BPEMEHM, KOTOpas €CTb B Pa3MEPHOCTU
MOITHOCTH. [103TOMY HEBO3MOXKHO MOJYYHUThH C MOMOIIBIO ITUX TPEX MapaMeTpPoB
O0e3pa3MepHBIl CTEEHHOW CHUMIUIEKC B CHUTyalldd, KOT/a MPEeINpPUHUMAECTCS
MOMNBITKA HAUTH MOIIHOCTH C UCIIOJIb30BAHUEM OCTAIbHBIX TPEX MOKa3aTeseH.

OTMeTuM, 4TO KpUTEpHUAIbHBIE COOTHOUIEHUS MOTYT OBITh MOJYYEHBI U B
ciyyae Apyrux, otinyHbiX oT (1.1) cooTHOIIEHUH, OMUCHIBAIONIUX UCCIIETyeMbIe
MPOLIECCHI U SIBJICHUS.

Jlekunsi 4. TexHOJIOTMH MPOEKTUPOBAHUS U IKCILIyaTAIUN
HUMHUTAUUOHHBIX MOJeJIel

B npousBoAcTBE MOHSTHE TEXHOJOTUS BKJIKOYAET B c€0s COBOKYIHOCTH
IIPOU3BOJICTBEHHBIX MPOLIECCOB U ONEpPALM, C MOMOIIbIO KOTOPBIX CO3AI0TCS
OIpPEEIICHHBIE BUJIbI U3/ENINI, & TAKKE ONPEIEISAIOTCS CIIOCOObI IPOU3BOJICTBA.

C yderoM TOTO, UTO MMHUTalMOHHbIE Monaenu (MUM) u peanusyromue ux
nporpamMmmbl st OBM  Takke  SABISIIOTCA  M3ACIHUSMH,  CO3JABAEMBIMU
KOJUIEKTUBAMH CHEUAINCTOB Pa3HOW KBaNM(UKAUU C MPUMEHEHHEM TPYIOBBIX
3aTpaTax, TO aKTyaJIbHOW CTAaHOBHUTCS 3a/laya CO3/1aHHs COBPEMEHHOW TEXHOJIOTUU
IIPOM3BOJICTBA TakuX wm3Aenuil. TexHomorus mpoektupoBanus MM Bkmrowaer B
ce0sl METO/IbI U CPEICTBA, OOECIEUNBAIOIIUE UX CO3JJaHHE U Pa3BUTHE B TEUCHHE
BCErO0 IE€pUOJA KU3HHW. OTOT IMEpUOJA BKIKOYAET JTallbl I[POEKTUPOBAHUS,
u3rotoBiaeHuss u okcmuyatauuu WM. OH  HauMHaercs ¢ (OpMUPOBaHUSA
Ha3HAYEHUs M NPUHLMIOB nocTpoeHus MM m 3aBepuiaercs mocie NpeKkpanieHus
JKCILTYyaTallMi MOJEIH.

[IpoekTupoBaHue CIOKHONW CHCTEMBI NPEJCTaBIACT COOON TPYIOEMKHIA
mpolecc, B KOTOPOM Y4YacTBYIOT pa3Hble creuuanuctel. Ha Bcex »srtamax
MPOEKTUPOBAHMS CHEIHANINCTaM NPUXOAMUTCS paccMaTpuBaTh JBE CTOPOHBI
00BEKTa MPOEKTUPOBAHMS: TPEOOBAaHUS K CUCTEME CO CTOPOHBI BHEUIHEH Cpe.bl
(BHEIIHEEe MPOESKTUPOBAHKE) U OpraHU3ALMIO €€ (YHKIMOHUPOBAHUS (BHYTpPEHHEE
MPOECKTUPOBAHHUE).

He3aBucumo oT Tuma oObeKTa W LENed, MpecieAyeMbIX IMpU CO3JaHUU
MOJIEJIM, MOXHO BBIICJIUTH CIEAYIOUIUE 3mansvl paspabomku u 3IKCHIYamayuu
UMUMAYUOHHBIX MOOeell.

— onucanue 00beKma MOO0enupo8anus, 3aJaHue TPAHUL U OrpPaHUUYCHUN
MOJEIMPOBAHUS, BHIOOp TIOKaszarened Juisi  oneHuBaHUS A (PEKTUBHOCTH
(GYHKIIMOHUPOBAHUS CUCTEMBI (COCTABJIEHUE COAEPIKATEIHLHOTO OMUCAHUS O0BEKTa
MOJETUPOBAHUS );

— gpopmynupoeka yeneti u 3a0ay, KOTOPbIe JOJKHBI PEIIATHCSA C MOMOIIBIO
MOJIeNIM, MEPEX0]] OT PealbHOM CUCTEMbI K JIOTUYECKOW CTPYKTYpHOH CXeme ee
(GyHKIMOHUPOBaHUS (COCTABIEHNE KOHUENTYaAIbHOW MOJIENI 00BEKTA);
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— Onucamue KOMNOHeHm 00beKma C WCIOJIb30BAHUEM MaTEeMaTHYECKUX
MoOJieNiel, aJITOPUTMOB, 3aJaHue (PYHKIUOHAIBHBIX COOTHOILIECHUN i €€
KOMITOHEHT (OINHCaHusl 00bEKTA);

—  pazpabomka  noIHO20  POPMANU308AHHO20  ONUCAHUSL  0ObeKma,
peann3yeMoro B UMUTAIIMOHHOM MOJIENH (TOCTPOEHUE MAaTEMATUYECKON MOJIEIIN );

— npozspamMmuposanue u omaaoka npocpammvl (IPOrpaMMUPOBAHUE
MOJICIIN );

— npoeepka Mmooenu, oyeHka ee ceolcme (UCIBITAHUE W HCCIEJOBAaHUE
MOJICIIN );

— opeanuzayusi MOOenbHblX dKcnepumenmos Ha OBM  (3kcrumyaranus
MOJICIIN );

— UHmMepnpemayus pe3yibmamos Mooeiupo8anusi 1 UX UCTIOJIb30BAHUE IS
aHanu3a paboThl 00bEKTA WIIM MMPOSKTUPOBAHUS (aHAIIU3 PE3YyIbTATOB).

CocraBiieHue COAEPKATEIBHOTO OINUCAaHUS OO0BEKTa MOJICIUPOBAHUS
IpeanojaraeT  3HaKOMCTBO €  HCXOJHOM  TEXHHUYECKOM  HMHQpOpMalUeH,
OIMMCHIBAIOIIEH OCOOEHHOCTH €ro (PYHKIIMOHUPOBAHMUS. 3/1€Ch TAKKE COCTABIISIETCS
CIIUCOK OTpaHUYEHUM, HAJIATa€MBIX HA MOJIENIb, KOTOPbIE HY)KHO YYHUTHIBATH MPU
ee nmoctpoeHuu. Pe3ynbraTom paboT Ha JaHHOM 3Tarie SBJISAETCS COACpPKATEIbLHOE
omucaHue OO0BEKTa MOJCIMPOBAHMS C YyKa3aHHEM Ileled W 3aaad, KOTOophle
JOCTUTAIOTCST TIpU  (QYHKIIMOHUPOBAHUU OOBEKTA MOJICTUPOBAHUSI U KOTOPbIC
HEO0OXOJIMMO YYUTHIBAThH MPU MOJEITUPOBAHUMU.

[TocTpoeHue KOHIIENTYaJIbHOM MOJIeNM TMpeanonaraet (QopMyIupoBKY
oOel [emM MOJETUpOBaHMs. 371ech (OPMYIUPYIOTCS MONYIIEHUS, KOTOpPbIE
MPUMEHSIIOTCSIT TPU  TOCTPOCHUM MWMUTAllMOHHOW Mozenu. B pesynbTare
COJIEP>KATEIIbHOTO OIMMCAaHUS YTOUHSIETCS 3a/ladya MOJACIUPOBAHUS, OMPEICIISIOTCS
nepexobl K PelieHut0. Y TOYHSETCS METOJIMKAa UMUTAIIMOHHOTO JKCIEPUMEHTA C
y4eToM uMerIuxcs pecypcoB. OOmias 3amada MOAEIMPOBAHUS pa30MBaeTCs Ha
YaCTHBIC MTOA3aaUH.

OcymiectBisieTcss BbIOOp METOJOB OOpaOOTKM W aHajdu3a pe3ysbTaToB,
BBIOMPAIOTCS CIIOCOOBI MPEACTABICHUS 0KUAAEMBIX PE3YIbTATOB MOJCIUPOBAHUS.
Pezynomamom evinonnennvix pabom a61810MCsL  KOHYENMYAibHAs MOO0elb, 8
cocmae Komopoti 6X005m:

— YTOUYHEHHOE COJIepKaTeIbHOE OMMCaHNE 00BEKTA MOICTIUPOBAHMS;

— CITMCOK MapaMeTPOB U IEPEMEHHBIX, UCIIOJIb3YEMBIX JIJII MOJICTUPOBAHUS,

— Kpurtepuu >DPEKTUBHOCTH (PYHKIMOHUPOBAHUS pPEATbHBIX BapUaHTOB
HCCIIENYEMOMN CUCTEMBI;

— METO/IbI, UCTIOJIb3yEeMbIE 111 00PabOTKHU PEe3yNbTaTOB MOJAEIUPOBAHUS.

CocraBienue  (GopMambHOr0  OomucaHus  OOBEKTAa  MOJICITHUPOBAHUS
MPEACTaBIICT CO00M pa3paboTKy ero marematudeckor monenu. llenmbro 3mech
SBJISIETCSI TIOJlydeHHE (POPMAIM30BAHHOTO OIMCAHUS KOMIIOHEHT  CIIOKHOMU
CHUCTEMBI U 3aJlaHUE B3aUMOACUCTBUM MEX1y HUMHU. J[JIsI OnmMCaHus KOMIIOHEHT
MOJENed MOTYT HCIOJb30BAaThCSl YPAaBHEHMs] UM CUCTEMBbI  YpaBHCHUH,
(GyHKIIMOHATBHBIE COOTHOIIEHHUS, aJTOPUTMUYECKOE OMKCAHHE TPOIECCOB B
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CUCTEME, a TaK)K€ CMEUIAaHHOE MPEJCTaBICHUE C HCIOJIb30BAHUEM YpaBHEHUH,
bopMyIT U aNTOPUTMOB.

Ha »tame pa3paboTku mnporpamMmbl (KOMIBIOTEPHOW MOJACIH) OOBEKTa
BBITIOJIHAETCSI BBHIOOP HMHCTPYMEHTAIBHBIX CPEJACTB, 3aJlaHUE TEXHUYECKHUX
apameTpoB, OINpPEAENIEHUE HCIOJIb3YyEeMOro si3bIKa MPOrpaMMHUpPOBaHUA. 37€Ch B
KaueCcTBE TEXHUYCCKOTO 3aJIaHUs BhICTymHaeT onucanune M.

Pazpaborka MM mnpenmonaraeT mpeAcTaBlIeHHE OOBEKTa C MOMOIIBIO
YHUBEPCAITBHBIX CPEACTB OMHCAHUS KaK arperupoBaHHOTO KoMiuiekca. [Ipu stom
BBITIOJTHSIFOTCSI:

— JIEKOMIMO3ullMs O0BeKTa Ha cocTaBiisionme (0JIOKHM) W OMUCaHuE
OTACIBHEBIX OJIOKOB MOJICIIH;

— CHUHXPOHU3AIMS B3aUMOJIECHCTBUSI KOMIIOHEHT MOJIEIN JAPYT C JPYroM C
Y4€TOM €JIJMHOTO MOJIEILHOTO BPEMEHU;

— opra"usanys coopa CTaTUCTUYECKUX JTAHHBIX, OMMMCHIBAIOIINX OT/IEIbHBIC
MOJICUCTEMBI U DJIEMEHTHI;

— 3aJlaHUe HAyaJbHBIX YCIOBUUA TapaMeTpoB U  (PYHKIMOHAIBHBIX
OTHOUICHUH JJI1 MOACIIUPOBAHUS;

—  IUIaHUPOBAHME  TMpOIecca  HMHUTAIMA  Pa3IMYHBIX  PEKHUMOB
(GYHKIIMOHUPOBAHUS CHUCTEMBI;

— 00paboTKa pe3yJbTaTOB MOJCIUPOBAHUSI.

JIsi TpoBepKHM aIeKBATHOCTH MOJEIN OOBEKTY MCCICIOBAHUS MOTYT
MIPOBOJIUTHCSA HATYPHBIC DKCMEPUMEHTHI C MCIOJb30BAaHUEM IMMPOTOTHUIIA CHCTEMEI.
B ciygae OTCyTCTBHS MPOTOTHIIA, MOKHO HCIIOJIB30BAaTh CHCTEMY BIIOKEHHBIX
WM, oTnHyaromuxcst Ipyr OT Apyra CTETICHBIO JIeTaau3allid UMHUTAIIUN OJHHUX U
TeX jXe mporeccoB. [Ipu 3TOM TOUHAss MOJEIb MOMXKET CIY>KUTh B KayeCTBE
MPOTOTHUTIA.

Ha »sTane wucnbiTanusi Mozenu MPOBEPSETCS NPABUIHLHOCTH BBITIOJHEHUS
QITOPUTMa, UCIOJIb3YeMOT0 ISl MOACIUPOBAHUS OOBEKTA UCCIIEIOBAHUS, TTyTEM
UMUTAMUA €r0 (QYyHKIUOHUPOBaHUS (TIPOBOAUTCS BepudUKAIUS MOJIEIH). 31eCh
K€ OIICHMBAETCS CTENEHb aJICKBATHOCTH MOJIETH U OOBEKTa HCCIEIOBaHNUA,
TOYHOCTh BOCITPOU3BEICHUSI MOJICIIBIO XapaKTEPUCTHK MOBEJEHUST 00BEKTAa.

[Ipy HemocTaTOUYHOM aIEKBAaTHOCTH BBIMOJHSAETCS KanuOpoBka KM
(KOppEKTHPOBKA W YTOYHCHHE QJITOPUTMOB OIMUCAHUSA OTACIBHBIX KOMITOHEHT
mozaenu). KoppekTupoBka TMpeArnojiaracT aHauW3 CIASJIaHHBIX JOMYIICHUH,
MIPOBEPKY BO3MOXXKHOCTH HCIIOJB3YEMOTO YIPOIICHHOTO OMHCAHUS (PH3NICCKUX
SIBJICHHM, C Pa3HBIX CTOPOH BIIMSIONIMX Ha (YHKIIMOHUPOBAHHE CUCTEMBI. 3/1€Ch
BO3MOYKEH BO3BpaT K dTary (GopMaau3alud CUCTEMbI, BOBMOXEH JIa)K€ TOBTOP
JTama COCTABJICHUS KOHIENTYaJbHON MOJENH, C YYEeTOM HOBOW mHMOpMaImu 00
O00BEKTE U OTBITA.

Ha orane wuccnemoBanust cBoiictB WM oneHuBaercss  TOYHOCTH
MOJICTUPOBAHUS, YCTOWYMBOCTh PE3yJIbTaTOB MOJACIUPOBAHUS, YYBCTBUTEIHLHOCTD
KpUTEPUEB KAayeCcTBa K M3MEHECHHIO MapaMeTpoB Mojenu. [lomyduTs 3T OIIEHKH
yacTto ObiBaeT cioxHO. OmHAKO, OHM HEOOXOMUMBI [IJIi TapaHTHPOBAHHOTO
JTOCTIKEHUSI TPEOYEeMBIX pe3yJIbTaTOB UMUTAIIMOHHOTO MOJICTUPOBAHMSI.
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Onenka vyBcTBUTENbHOCTH MM CBOIMTCS K ONPEAENICHUIO IMPHUPALICHUS
BbIOPAaHHOTO KpPUTEpHUsI KauyecTBa, CTATUCTUYECKOW OIIEHKE XapaKTEPUCTUK IpHU
BapbUPOBAaHUU MapaMETPOB MOJIEIUPOBAHUS HAa BCEM BO3MOYKHOM JUANa30HE UX
V3MEHEHUN.

Okcmmyarauuss MM mpeamnonaraeT onMcaHue IJlaHa  AKCHEPHUMEHTA,
MO3BOJIAIONIETO TMOJYyYUTh HEoOXoaumyro wuHpopmanuio 00 o0bekre. [lpu
IUTAHUPOBAHUM DJKCIIEPUMEHTAa OMPEACNAETCS YHUCIO W YCIOBHUS MPOBEICHUS
OTIBITOB, HEOOXOIUMBIX IS PEIICHUS MOCTaBICHHOHN 3a1aun. 3/1eCh HEOOXOIUMO
00EeCIeUNTh:

— CHI)KCHHE YHUCIIA OMBITOB MPH COXPAHEHHWU BO3MOXKHOCTHU BapbUPOBAHUS
BCEMU NIEPEMEHHBIMU;

—  HWCIOJIb30BAHME  MaTeMAaTUYeCKOro  ammapara  [UIAHUPOBAaHUSA
HKCIEPUMEHTA;

— (opMynaMpOBKY TMpaBui, NO3BOJSAIOIIMX HNPUHUMATh OOOCHOBAaHHBIE
pelIeHUs Mocie KaXa0M Cepur HIKCIEPUMEHTOB Ha MOJIEIIH.

BoinonHenne BceX NEPEUYUCIIEHHBIX HWTEPALMOHHBIX 3TaloB  JOJIKHO
NO3BOJIATh  BBINIOJHUTH OLEHKY BO3MOKHOCTH HCIIOJIb30BAHUS PE3YJIbTATOB
MOJIEJIMPOBAHUS ISl UCCIIEIOBAHUS MOBEACHUS PAacCMaTPUBAEMOro OOBEKTa WIIU
CUCTEMBI, TMO0 HA00OPOT, MPUBOJUTH K HEOOXOAUMOCTU pa3paboTku HOBOM MM,
TaKk KaK HMEIOMIAsiCs HE CMOCOOHA pEUIUTh BO3HUKIINE B paccMaTpUBAEMOM
peaMETHOM 00JIaCTH 3aa4u.

TecTupoBanue UMUTALMOHHBIX MoJeJIei

Pa3BuTHe WMUTAMOHHOTO MOJETUPOBAHUS U POCT €ro BO3MOXKHOCTEH
CTUMYJUPYET pPa3paboTKy CTPOTHMX CTaHAApTOB W METOJOB OIICHKH CTEICHH
JIOCTOBEPHOCTH M 00JIACTH MPUMEHEHUSI CO3/1aBaeMbIX MOjeNIeld. DTO CTaHOBUTCSA
OCOOCHHO  aKTyaJIbHBIM TIpU  pa3paboTke  0oOpa3loB  HOBOM  TEXHHUKH,
COBEPIICHCTBOBAHUU TEXHOJOTUYECKUX MPOLIECCOB, MPUHATUM YIPABICHUYECKUX
penieHuil. B ycrnoBusx ckaThIX CPOKOB, ITAIbl pa3pabOTKH U MPOU3BOJICTBA HOBOM
TEXHUKU U BHEAPEHUS HOBBIX TEXHOJIOTUU MPUXOAUTCS BBIMNOJHATH MPAKTHUYECKU
OJTHOBpEMEHHO. B CBsI3u ¢ OSTUM BO3HMKAET HEOOXOJUMOCTh TPHUHATHUS
MaKCUMAaJIbHO 3()(PEKTUBHBIX UHKEHEPHBIX U MPOEKTHBIX PEIICHUN ellle Ha caMOi
HayaJbHOM cTaguu padoT.

[locne xommnbroTepHOM peanu3auuu KM, BbeImonHAETCS mpoLeaypa ee
UCTIBITAHUSI W TpoBepku. JlaHHas mporeaypa SIBIASETCS BaXKHBIM ATarioM
MMHUTAIMOHHOTO  MOJICTUPOBAaHMs, TaK KaK BBINOJHEHHAs HEJO0CTATOYHO
THIATETbHO  MPOBEPKAa  MOXKET  NPUBOAUTH K  OMMUOOYHBIM  OIIEHKaM
GYyHKIIMOHUPOBAHUST OOBEKTA, MPUHATHUIO HEBEPHBIX PEIICHUH. DTO CIEIyeT W3
TOr0o, 4YTO MOJEJIIMPOBAHUE BCETJa OPHEHTUPOBAHO HA PEIICHUE pPealbHBIX
npakThdeckux 3anad. [losromy HEOO0X0auMoO OBITH YBEPEHHBIM B TOM, YTO
KOHEUHbIE PE3YyJIbTaThl MOJICTUPOBAHUS C KOHTPOJIUPYEMOU TOUHOCTHIO OTPAKAIOT
noBeZicHue OOBEKTa, W HE SBISIOTCS OIMMOOYHBIMU, W JAlOT BO3MOXKHOCTh
OIICHUTbh, HACKOJILKO MOJICNIb U JJAHHBIE, MOTYYEHHBIEC C €€ UCIIOIh30BaHUEM, Oy Iy T
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MOJIE3HBl [JISl TPUHSTHS PEIIEHUHA C Y4eTOM JOCTUraeMOM TOYHOCTH TMpHU
UCII0JIb30BAaHUU Pa3pabOTaHHON MOJIEIH.

B npakThke WMHUTAllMOHHOTO MOJEIMPOBAHUS CIOXKUIUCH METOA0JIOr0-
TEXHOJIOTUYECKHE TMOJXO0/bl K OLIEHKE JOCTOBEPHOCTH MMUTALMOHHBIX MOJECIIEH,
KOTOpPbIE PACCMATPUBAIOTCSA KaK WX BaXHBIM dTam. DTO CIeAyeT U3 TOro, 4TO
UMUTAIMOHHOE MOJICTUPOBAHUE JIOJDKHO OOECIICEUYHBATh IMPOCKTUPOBIIMKOB U
UCClIeIoBaTeNell  CIOXKHBIX  OOBEKTOB  (OpMaIM30BaHHBIMU  CPEICTBAMH,
OMHCHIBAIOIINMHI WX (YHKIIMOHUpOBaHHE. [loaTOMY OmMMOKH, MOMYIIEHHBIC TPH
MPOCKTUPOBAHUH TaKUX OOBEKTOB, MOTYT NMPUBOIAUTH K (DMHAHCOBBIM IOTEPSM,
aBapUIHBIM CUTYAIUSM MPU UCTIBITAHUH U SKCIUTyaTaI|H.

CoryacHO ATHUM CTaHAapTaM, OIICHKAa JOCTOBEPHOCTH BBITIONHSACTCS Kak
MHOTOSTallHBI ~ UTEPAIMOHHBIA  MpOIECC  MPOBEPKH  MPABUIBHOCTH U
KOPPEKTHOCTH BBIBOJIOB (JOCTHXKEHUS HEOOXOJUMOTO YpPOBHSI YBEPEHHOCTH B
MPaBUJIBHOCTH  BBIBOJIOB) OTHOCHUTENIBHO TOBEJACHUS  HCCIEAYyEeMOW  WIU
npoektupyemon M.

Ha npakTuke 00BIUHO 8bi0€e10m MpU OCHOBHBIX dMANA OYEHKU!

1. Oyenxa adexéamnocmu WU ganrudayus mooenu, KOTopas Mmpearnojaraet
MIPOBEPKY COOTBETCTBUA Mexy mnoBeieHMeM MM u ucciemyeMoro peaibHOro
oOBekTa. Bamuaarus Moienn ecTh OATBEPKACHUE TOTO, YTO MOJCHb B TIpeesiax
paccMaTpuBaeMoOM OOJacTH TPWIOKEHUM BeaeT ce0sd 10 CpPaBHEHUIO C
UCCIICTYEMBIM OOBEKTOM C YAOBICTBOPUTEIHHOM TOYHOCTHIO M COOTBETCTBYET
TEIIM MOJICTTHPOBAHMS.

2. Bepuguxayus  mooenu, KoTtopas TpeaIoiaracT IMPOBEPKY  Ha
COOTBETCTBHE TOBEICHUS MOJEIM TEM IeIsIM W 3aJadaM, KOTOpble ObLIH
chopMyIMpOBaHBl Ha JdTame ee MpoekTupoBanus. [lpouemypa Bepudukanuu
BBITIOJIHAETCS JJI1 TOTO, YTOOBI YOEAUTHCS, YTO MOJIETh BeleT ce0s Tak, Kak 3TO
Obu0 3amymano. Jlns aToro mpoBoasTcs ¢opManbHble W HEPOpMaIbHBIC
ucciaenoanust VM. Bepudwukanuss WMUTAMOHHOW MOJIEIM Tpearosaraet
JIOKA3aTelIbCTBO BO3MOXKHOCTH HMCIIOJIB30BAHMS Pa3paOOTaHHONW KOMITbIOTEPHOU
MOJIENIA B Ka4eCTBE OTOOpaKCHHSI KOHIENTyaJbHOW (MaTeMaTUYEeCKON) MOJCIH.
[enwpto mponeaypsl BepudUKAIMKU SBISETCA ONPEACICHUE YPOBHS HMEIOIIETOCS
CXOJICTBA, WJIH OI[EHKA BO3MOKHOCTH JIOCTHKEHUS CXOJICTBA.

Bamupamus u Bepuduxanus MM Hanpsmyro CBsi3aHbl C  OILICHKOU
BHYTPEHHEH CTPYKTYphl MoAeid. B Xoae 3THX Tpolemyp MPOBOASTCS OIICHKH
BO3MOYKHOCTH HCIIOJIb30BaHMS MPUHATON BHYTPEHHEH CTPYKTYpPHI M €€ OIUCAHUS,
000CHOBaHHOCTH NPUHATBIX  JOMYIICHUH, UCCIIeMyeTCs BHYTPCHHSS
COCTOSITEILHOCTh MOJICJIH.

3. Bamuodayus Oaumnwix, KOTOpas JOHKHA OOECIEUMBATH TOITBEPKICHUE
TOTO, YTO BCE UCIOJIb3yeMble B MOJICTIM JaHHBIC, U B MEPBYIO OUEPEIb BXOJHEIC,
UMEIOT  Y/IOBJICTBOPUTEIIBHYI0O TOYHOCTh, HE MPOTHBOpPEYAT HCCICTYEMOMY
00BEKTY, a HallJICHHBIC B PE3YJIhTATEe PACUCTOB 3HAUCHUS MTAPAMETPOB OIMPEICIICHBI
B TIpeJieliax JOMyCTUMOM TOYHOCTH U KOPPEKTHO MCIIOIb3YIOTCH.

Bce mepeuncnenHbie 3Tanbl SBISIOTCS HEOOXOTUMBIMH M BaKHBIMU JUISI
tectupoBanuss VM. Ilpu 3TOM OCHOBHBIM HWHCTPYMEHTApUEM TECTUPOBAHUS
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MoOJIeIel SBJISIIOTCST BepuU(UKaIMsA W BaIMAALMSA, KOTOPbIE MNPUMEHSIOTCS s
OIIEHKHM TOYHOCTH, HAJICKHOCTU U JIOCTOBEPHOCTH BBIUMCIUTEIBHBIX MOJEICH, a
TAKXK€ KOPPEKTHOCTH UX MPOTPAMMHBIX peaIu3aliuil.

CyiiecTByronme HalMoHalbHbIe cTaHAapThl Poccuiickorn denepanuu 1o
Bepu(UKaIUU U BaJUJAIMA YUCIEHHBIX METOJIOB, MPOTPAMMHOTO 0OecIieUeHUs U
pEe3yNbTaTOB  MOJCIMPOBAHWS  BHaudaje  pa3padaThlBAINCh HAa  OCHOBE
opUITMATHHOTO TEPEBOa MEKTYHAPOIHBIX aHAIOTOB, OTPAKAIOIINX 3apyOCIKHBIN
onbIT. OHAKO, B MOCleIHUE Tobl DefepanibHbIM areHTCTBOM MO0 TEXHUYECKOMY
pPEryJIMPOBAHUI0 W  METPOJIOTMM CTaJM  pa3paldaThiBaThCi OTCYECTBEHHBIC
CTaHJApThl B OOJACTH YHCICHHOTO MOJEIUpoBaHusA. JlaHHBIE JOKYMEHTHI
BKJIFOYAIOT MOCTAHOBKH TECTOBBIX 33/]1a4 C TOUHBIMU aHATUTUYECKUMU PEIICHUSMHU
WJIA YCIIOBHO 3TaJIOHHBIMU YHCJICHHBIMU PEIICHUSMH, MTOKPHIBAIOIIUMHU IIIUPOKUN
CIIEKTP PEKHUMOB paOOThI pa3IMYHBIX YCTPOUCTB.

CxemaTHYeCKH TPOIIECChl BepU(DHUKAIMK M BAIMIAIMH, BKIIOYAIOIINE KaK
BBIYUCIUTEIbHBIE, TaK U (PU3UUYECKHE aCIICKThI, IIpeACTaBIeHbl Ha puc. 1. JlaHHBIH
PHUCYHOK WJUIIOCTPUPYET MECTO PACCMATPUBAEMBIX MPOLEAYP NPU PeaU3alUU
€IMHOM CTpaTeruv OLEHKM JO0CTOBepHOCTH VM 1ipu HMX TECTHPOBAHMM.
JIOCTOBEpHOCTh MOJEJIIMPOBAHUSA ITOATBEPKIACTCI HA OCHOBAHWM OLICHKH
COOTBETCTBHSI BBIOpAaHHON KOHIIENITYalbHONM MOJIEIN pEaJbHOMY SIBJICHUIO U
CpPaBHEHUSI PE3YyIbTATOB MOJACIUPOBAHUSA C SKCTIEPUMEHTAIbHBIMH JTAHHBIMH.

[Ipy »TOM mpoBEpKa aIEKBATHOCTH MATEMATHYECKOWM MOJEIA MOXKET
MOJPa3yMeBATh OLIEHKY CXOAUMOCTH YHUCIECHHBIX PEHIEHHWM K TOYHBIM
aHAJUTUYECKUM  pEIICHUsAM, €CJIM OHM JUIS paccMaTpuBaeMoro oObeKTa
CYIIECTBYET, U OLIEHKY YYBCTBUTEJIBHOCTA AJITOPUTMA, PEATU3YIOIIETO MO/IEIIb,
NpU HW3MEHEHWM MCXOJHBIX JAHHBIX M MapaMeTPOB, XaAPAKTEPHUIYIOIIUX
paccMaTpUBaEMbIil OOBEKT.

ATTecTanus
MOaeIHN

WCCJIEJTYEMOE
SABJIEHUE AHaTus
Hucnennoe MATEMATHUYECKA
Baaupanus
oo MOJIETTUPOBAaHUE I MOJIEJIb
IIporpammHuast /
peanuzanus
KOMIIBIOTEPHA Bepudpuxanus
MOIEJIb MoaeIu

Puc. 1. Poab Bepudpukanum u Bajanganuu
B Mpouecce TeCTUPOBAHUA UMUTALMOHHBIX Mo/ejiei
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Ha puc. 1 oTpakeHbl JABE MOAETH — MaTeMaTH4ecKas U KOMIIbIOTEPHaS.
Matemartuueckass MOJIENb COACPKHUT HWCXOIHBIX JaHHBIC, WCIOIb3yeMbIE st
MOJICJTUPOBAHUS, W  OINWCHIBACTCS  YpPaBHEHUSIMH,  COOTBETCTBYIOIIUMHU
Ha0JI0JTaeMBIM B PaCCMAaTPUBAEMOM OOBEKTE MPOIIECCaM U SIBJICHUSM.

MatemaTtnueckass MOJEb OOBIYHO CTPOMTCS TIO pe3ysbTaTaM HaOIIOACHUN
32 (YHKIWMOHUPOBAHWEM  paccMaTpuBaeMoro  (U3MYECKOTO  OOBEKTA.
KomneioTepHass Monenb TMpeacTaBisieT Cco00H HCHONHAEMYIO MpOrpamMmy,
pealM3yIONlyl0 MPHUHITOE MaTeMaTUYeCKOE OIMHMCAHUE HCCIEAYEeMOro OObeKTa
(MaTeMaTUYECKYIO MOJIEIB).

Kak crmegyer u3 puc. 1, Bepudukanus, B YaCTHOCTH, YCTAHABIIMBAET
HAJIMYUE COOTBETCTBUS MEXKAY MaTEMaTHUYEeCKOW W KOMIIBIOTEPHOW MOJICIISMHU.
Banumanus mo3BoJsieT ONpeeNiaTh CTEIIeHb COOTBETCTBHUS MEXTy KOMIBIOTEPHON
MOJIEIbIO U UCCIIETyEMbIM OOBEKTOM, SIBJICHUEM WUJIU IporeccoM. MOoKHO CKazarth,
4yTO BepUUKAIMS U BATUAALNS SBISIOTCS UHCTPYMEHTAMU JIJISl OIEHKU TOYHOCTH
pa3pabaTbIBa€MbIX MaTEMaTUUYECKUX M KOMIIBIOTEPHBIX MOJENIEH COOTBETCTBEHHO.
OcHosHbIMU 3a0adamu eepupurayuu U BaIUOAYUU ABTAIOMCA KOJIUYECHBEHHOe
onpeoenenue cmeneHu O0CMOBEPHOCMU MoOelell U Mepbl 008epusi K HUM.
ATTecTanmsi mpeanojaraeT MOATBEPKICHHE BO3MOYKHOCTHU  HCIOJIb30BAHUS
MaTeMaTHYECKON MOJENU JiA pelIeHus 3a7ad u3 o0JacTH ee MpPearnosiaraeMoro
MPAKTHYECKOTO IPUMEHEHUSI.

Jlekumsi 5. JjieMeHTHI TeOpuM rpados

I'padppl IPUMEHSIOT AT MMOCTPOCHMSI CETEBBIX MMHTAIIMOHHBIX MOJETIEH,
pacnpeneeHHbIX BO BPEMEHHU WJIM B TIPOCTPAHCTBE OOBEKTOB. DIIEMEHTHI TCOPUHU
rpaoB TPUMEHSIOTCS B Pa3IMYHBIX TNPUIOKCHUIX TpH (HOopMaTM30BaHHOM
OTMCAHWUH MCCIICTYEMBIX CIIOXKHBIX CHCTEM U TIPOIIECCOB.

I'pa¢p G mnpencraBnseT coOOM TeOMETPUUYECKHH OOBEKT, COCTOSIIMHA W3
TOYEK, HA3bIBAEMBbIX BEPIIMHAMM, ¥ COCAUHSIOMNX WX JHUHUH, KOTOPHIC
Ha3bIBalOT pedpamu (puc. 1.6). Eciau kakoe-1u00 peOdpo a COeMHSIET BEPIIUHBI X
U y, TO TOBOPST, YTO BEPIIMHBI X U y cMexkHbIe. [Ipu 3TOM roBOpAT, uTO PedpO

a WHIUAEHTHO BEPIIMHAM X, y, @ BEPIIMHBl X, y MHUOMIEHTHBI peOpy a.

Bepmuna rpada Ha3pBaeTCS M30JIMPOBAHHOM, €CITU K HEW HE MOJXOIUT HA OJTHO
pebpo. Pebpa rpada mMoryT uMeTh OpUEHTAIMIO0, KOTOpas OTMEUAETCS CTPEIKOM.
OpueHTHpOBaHHbBIE peOpa HA3bIBAIOT AYTAMH.

I'pad Ha3piBacTCsI  OPMEHTHPOBAHHBIM, €CIM OH HE  HMEET
HEOPUECHTUPOBAHHBIX peOep, U HEOPUEHTUPOBAHHBIM, €CITH OH HE UMEET JYT.

HeopuentupoBannsbiii rpad HaszpiBaeTcs rpadom 0e3 mereib, €CIU B HEM
HET TeTeh — pedep, KOTOPhIe HAUMHAIOTCS W 3aKaHYMBAIOTCS B OJHOU M TOU Ke
BEPILMHE.
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['pad, nmeromuii pedpa Jr00bIX BUOB, HA3BIBACTCS CMEIIAHHBIM.,

2

3 5

Puc. 1.6. Ilpumeps nzodpakeHus rpada
Crnoco0sI npeacrapiaenust rpagos:

1. I'paduueckoe 3ananue. Harnmsanuoit gpopmoii npencrapieHus: rpada siBiasercs
ero u3zoOpaxxeHue B BHUAE pUCyHKa. Ha pucyHke BeplIMHBI 0003HAYaroTCA
TOYKaMHu, a pedpa — JIMHHUSIMH, COCIUHSIOIIMMH COOTBETCTBYIOLIUE peEOpy
BepIIMHBL. {151 Ayr Ha JTMHUK YKa3bIBA€TCS CTPEJIKA, YKA3bIBAIOIIAS OT KaKOW
BEpLIMHBI B KaKyl0 BeJleT Ayra. PacnoyiokeHue BEpIIMH Ha PUCYHKE HE UMEET
3HAUEHUs, TaK K€ Kak M reomerpuyeckas (opma nuHui. OpgHako, Bcerma
CIIElyeT CTPEMHThCS U300pakaTh rpad Tak, dYTOObI ero rpaduyueckoe
Ipe/cTaBlIeHne ObUIO HATSAHBIM. BO3MOXHBIN BapuaHT u300pakeHus rpada
WJUTIOCTpUpYET puc. 1.6.

Ha puc. 1.6 pebpo g — netis, BepiimHa 6 U30JIMpOBaHHAs, TaK KaK K HEH He
NOAXOAUT HU OAHO M3 pebep. M3o00paxxkenHbld Ha puc. 1.6 rpad sBisercs
CMElIaHHbIM. B KOHKpETHBIX 3ajadax cMellaHHbIe Tpadbl UCHOIB3YIOTCS PEIKO.
OOBIYHO OHU MO0 OPUEHTHUPOBAHHBIE, TUOO HEOPUEHTUPOBAHHBIE.

2. 3ananue marpuneid uHuuaAeHuu. Ilycth N — 4Kcio BepumivH, M — YHUCIO
pebep. Matpuna nanunenimii rpada C = (Cjj) pasMepoM Mxn onpenensercs

TaK, 4TO €€ CTPOKH COOTBETCTBYIOT BEpUIMHAM, a cTOJOLBI — pedepam. Eciau a
HEOPUEHTUPOBAHHOE PEOPO MEXKAY BEpUIUHAMU I, ] , TO MOJATaeTCs Cij =Cji =1
, €CIM @ — JAyra, OPHCHTHpOBaHHas u3 i B j, To Cj =1, ¢jj=—1, ecmnt a —
nerisi, a Cij — WHIMICHTHAs ed BepmmHa, To Cjj =K, rie K — moboe gucro,
otiauyHoe ot 0, 1 m —1.
Matpully UWHOMHIASHIIMA B TPWIOKCHUSAX  HA3bIBAlOT  MAaTPHIEH
COeJIMHEHU WU Y3JI0BO MATPULIEH.

Martpuipl “HIMIEHUMA Juis TpadoB, U300pakeHHbIX Ha puc. 1.7 a) u 0),
COOTBETCTBEHHO UMEIOT BUI:
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b ¢ d e f a b ¢ d e
1 1 1111 /|-1
2|1 1 2 | -1 1 -1
C= 3 1)1 , C=3 -1/11]41
4 1|4 4 1

3ameTuM, YTO B ciydae, korma G — opueHTHpoOBaHHBIA Trpad, cymma
AJIIEMEHTOB BCEX CTPOK (CTONOIOB) MaTpuilel paBHa Hymo. Ilycte G —
HEOPUEHTHPOBAHHBIN Tpad. MapumpyTroM Ha rpade Ha3bIBAIOT YEePEayIONIYIOCS
[I0CJIeI0BATEIbHOCTh BEPIIMH M pebep, HAUMHAIOIIYIOCS M 3aKaHYMBAaIOLIYIOCS
BEPILMHOM, B KOTOPOHl JIIOOBIE PSIOM CTOSIIME BEpUIMHA U PeOpPO MHIUACHTHBI
apyr apyry. C KaxIbIM MapHIpyTOM CBSI3aH OIpeaesieHHbId o0xon rpada. Ilpu
BBIXO/IE W3 TIEPBOM BEPIIMHBI MapuIpyTa CIEAYIOIMEe BEpIIMHBI H pedpa
IPOXOJATCS B HEM B TOM IOPSJKE, B KOTOPOM OHHU yKa3aHbl B Mapuipyre. Yacro,
€CJIM 3TO HE BeleT K HEOJHO3HAYHOCTH, MApIIPYT OMHCHIBAETCS B COKPAILEHHOM
Buje. [Ipu 3ToM B €ro 3amucu OCTAarOTCS JIMOO TOJIBKO BEPIIMHBI, JUOO TOJIBKO
peopa.

b b
1 3 1, 3
C
a d a d
e e
2 4 2 ¢ 4
) 0)

Puc. 1.7. I'padbr

MapupyT Ha3pIBaeTCS HUKJIWYECKHM, €CIIM B HEM I€pBas U IOCIEIHSIA
BEPILIMHBI COBNAAAKOT. MapumpyTr Ha3bIBacTCs WHeENbI0, €CIW OH HE COACPXKUT
noBTopsmuxcsa pedep. [{ukinyeckyro 1emnb HA3bIBAIOT MPOCTO IUKJIOM.
MapuipyT Ha3bIBaeTCsi HMPOCTHIM, €CIM B HEM BCE BEPUIMHBI PAa3HbIE, KPOME,
MOET OBITh, TIOCTEAHEHN U TepBoid. [IpocToil MUKIMYECKHT MapIIpyT Ha3bIBACTCS
NMPOCTHIM MAPUIPYTOM.

JIBe BEepIIMHBI HEOPUEHTUPOBAHHOTO I'pada HA3BIBAIOTCS CBA3HBIMM, CCIIH
MMEETCS 11€Mb, HAUMHAIOMIASCS B OJHOM M3 3TUX BEPIIMH U OKAHYMBAIOILIASICS B

JIPyrou.
Hns rpada, mokazanHoro Ha puc. 1.8 mapmpyTt — 1a2b3b2edg5c2 He

ABIIIETCSA Lenblo; 1a2b3b2e4gS5c2e4 1 — NIUKIIMYECKUI MapIIPYT, HE SBIIIOIIHANCS
uenbto; la2ed f1h6i5 — nyTh, HE ABISAIOWINNICS NPOCTBIM NyTeM; la2b3d5c2e4 f1 —
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LIUKJ HE SBILIOWIASACA IPOCTBIM ULHUKIOM; la2e4g5d3 — mpoCTOW IIyTh;
1a2b3d5g4 f1 — npOCTON LUKII.

Puc. 1.8. IIpumeps! mapuipyToB Puc. 1.9. IIpumeps! MapiipyToB

IIycte Ttenepr G opueHTHpoBaHHBIM Trpad. B sToM ciiydae Kaxaomy
MapIIPyTy COOTBETCTBYET OINPEICICHHOE €r0 MPOXOKICHUE C YYETOM OPHUEHTAIIUU
nyr. Eciu Bce nyru MapuipyTa NpoXoAsATCs B HANpPaBJICHUU CTPEIOK OpUEHTAIUU
pebep, TO TaKoM MapuIpyT HA3bIBACTCS OPUEHTUPOBAHHBIM.

Ecnu  opueHTHpOBaHHBIA MapuIpyT SBISIETCS LHUKIXYECKUM, TO OH
HA3bIBACTCA IMUKJIMYECKHMM OPUEHTUPOBAHHBIM MapuipyToM. OpHEeHTHpOBaHHAs
LeNb Ha3bIBACTCS MYTeM, a OPUCHTUPOBAHHBIA ILHUKI — KOHTYPOM.
OpueHTupoBaHHasi MpocTasi 1€Nb  HA3bIBACTCS  MPOCTHIM  MyTeM, a
OPUEHTUPOBAHHBIN MPOCTON UK — MPOCTHIM KOHTYPOM.

Ecnu Bce BepmuHbl rpada sIBISIOTCS CBA3HBIMHU, TO caMm rpad HazbIBaeTCs
CBSI3HBIM.
Jna rpadga Ha puc. 1.9 umeem: 1a2b3d5c2e4 fla2 — OpUEHTUPOBAHHBIN

MapmpyT, He sBIAomMica nyrem; la2b3d5c¢2b3d5g4+1 — OpUEHTHPOBAHHBIN

UUKJIMYECKAN MapUIpyT, HE SBISIIOIIUNCA KOHTYpOM; la2b3dS5c2e4 — nyTh He
ABJIIOIIANCS TPOCTBIM ItyTeM; 1a2b3d5c2e4f1 — KOHTYp HE SBIISIOLIUNCS

npocteiM; la2b3d5g4 — npoctoit nyTh; 1a2b3d5i6h1 — IpOCTON KOHTYP.

JlepeBoM cBsi3HOTO rpada Ha3bIBaeTCS €ro CBSA3HBIA MoArpad, KOTOpbIH
COJIEP>KUT BCE BEPIIUHBI Tpada, HO HE COAEPIKUT HU OJHOTO KOHTYpA.

JlonosiHeHueM aepeBa rpaga Ha3bIBa€TCsl MHOXKECTBO €r0 BETBEU, KOTOPOE
MOJIy4aeTcsl MOcje UCKIIUeHHs U3 rpada Bcex BeTBell nepeBa. OTnenbHbIe BETBU
JIOTIOJTHEHUS IEpEBa HA3bIBAIOTCS BETBAMM CBA3M.

Paccmotpum rpad nva puc. 1.10. Torna, nHanmpumep, nepeBom rpada sBIsIeTCs
noarpad, BkItoyaronmii Betsu c, d, f .
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4

Puc. 1.10. HepeBo rpada

JonosiHenuem rpaga CciIyXUT MHOXECTBO BeTBe a, b, e, koropbie

SBJIAFOTCS] BETBSIMU CBSI3H.

CevyenueM rpada Ha3pIBACTCS MHOXKECTBO €ro BETBEW, HCKIIOUYCHUE
KOTOPBIX pa3jeisaer rpad Ha JBa CBSI3HBIX NOJArpada, OJHUM K3 KOTOPBIX MOMKET
OBITh M30JUPOBAHHBIM y3€i1, MpUUEM Hocieayrouiee J1o0aBieHrue 000N U3 HUX
npeBpauiaet rpad B CBSI3HBIMN.

CeueHre Ha3bIBACTCS IJIABHBIM, €CIIM OHO COJEP>KHUT TOJIBKO OJIHY BETBb
JIEPEBA, a OCTAJIBHBIEC €0 BETBU SBISIOTCS BETBSIMHU CBSI3U.

[IpocTeiM NPUMEPOM CEUEHUN SBIIIFOTCS TAaKHE CEYCHHUs, KaXI0€ U3
KOTOPBIX MPEBpAIAET OJIHY U3 BEPUIMH rpada B U30JIUPOBAHHYIO.

Koutyp Ha3biBaeTcs IJIaBHBIM, €CIM OH COJEPXKHUT TOJBKO OJIHY BETBb
CBSI3H, a OCTaJIbHbIE BETBU SIBJISIOTCS BETBAMH JIEPEBA.

PacmoTpuM oamnH u3 mpocTeix KOHTYpoB rpada (l;). Beibepem nanpasienne

ero 00xo/1a MPOTUB WJIW TIO YaCOBOM CTpEIIKE.
Marpuna B = (bik) HAa3bIBACTCS KOHTYPHOM MAaTpPHUIUEH, €CIU €€ CTPOKHU

cooTBeTBYIOT KOHTYpaM (I; ), CTOIOIBI BETBAM U TIpH 3TOM

1, ecnut K — st BETBb MPUHAICHKUT | — MYy KOHTYPY M IO HAIPABICHHUIO
COBIIJ[aeT C HAIPaBICHUEM €ro 00X0a;

bik =1-1 ecau K — st BETBb IPUHAIICSIKUT | — My KOHTYPY U COBII3JIacT

C HaIpaBJIEHUEM MPOTUBOIOJIOKHBIM €r0 00X0/1a;

\0, HC IIPUHAOJICOUT.

3. Cnucok pebep. Ilpu nmanHom cmocobe 3amganusi rpada OTHOIICHHUE
MHIIMICHTHOCTH 3aaeTcs crnuckoM pebdep rpada. Ilpu sToM kaxknas cTpoka
CIpPUCKAa COOTBETCTBYET peOpy, M B HEH 3amucaHbl HOMEpa BEpIIMH, €My
WHIUACHTHBIX. J[711 HeopueHTHpOBaHHOTO Tpada MOPSIOK BEPIIMH B CTPOKE
MIPOM3BOJIBHBIN, JIJIsI OPUEHTUPOBAHHOTO — MEPBBIM CTOUT HOMEP WIIH JPyroe
HAaUMEHOBAaHME Havajia JIyTH, BTOPHIM — €€ KOHIIA.

Cnucok pedep 11 rpadoB, n300pakeHHbIX Ha puc. 1.8 u 1.9 umeer Bux:

pebpa BEPILNHBI Jyru BEPILINHDI
a 1,2 a 1,2
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b 2,3 b 2,3
c 2,5 c 5,2
d 3,5 d 3,5
e 2,4 e 2,4
f 1,4 f 4,1
g 4,5 g 5,4
h 1,6 h 6,1
i 5,6 I 5,6

[To crucky pebep rpada JerKo MOCTPOHUTH €r0 MATpHUIly WHIUACHIuH. Kaxmas
CTpOKa CITUCKa COOTBETCTBYET CTPOKE MATPHUIIBI C TEM JK& HOMEpPOM.
HEOPUEHTHPOBAHHOTO Ipada B CTPOKE CIHCKa YKa3aHbI HOMEpa JIEMEHTOB CTPOKHU
MaTKHUIIbI MHITMICHITUH, paBHbBIC 1, a JJIT OPHEHTHPOBAHHOTO I'pada B 3TOHW CTPOKE
IICPBBIM CTOMT HOMEP 3JICMECHTA CTPOKH, PaBHBIA -1, BTOPBIM - HOMEp 3JICMCHTA,

paBHBbIN 1.

4. Matpuua cMexnoctu rpadga. 3To KBaJgpaTHas MaTpHIla, CTOIO0LAM U CTPOKaM
KOTOpPOW COOTBETCTBYIOT BepLIMHBI rpada. s HeopueHTHpoBaHHOro rpada
Ka)XK/IbIH 3JICMEHT MaTPHIIBI PAaBEH KOJIMYECTBY peOep, MHIMICHTHBIX | -1 U | —ii
BEpIIMHAM, a s OpPHUEHTUPOBAHHOIO rpada
KOJIMYECTBY pedep, C HAuaioM B | -motl BEpIIMHE U KOHIIOM B |- moltl.

Martpulibl CMEXXHOCTH, COOTBETCTBYIOIIKE rpadam, n300pakeHHbIM Ha puc. 1.8 u

1.9 umerot BU:

1123|456
1 1 1
2 |1 1
3 1
4 |1
3) 1111 1
6|1 1

ITo MaTpuIle CMEXHOCTH JIETKO CTPOUTCS CITUCOK pedep, onpeaesitomuii rpad, a,
COOTBETCTBEHHO, M MAaTpPUIlAa MHLIUACHIINM.

3amaya: B xauecTBe cucTeMbl pacCMaTpUBAETCs padoTa MOCPETHUIECKOM
MenkoonTtoBor pupmel. [Ipennonaraercs, 4To cucTeMa MOKET HAXOIUThCS TOJIBKO
B OJJHOM M3 CBOUX COCTOSIHUU:

So — peructpalysi HOBOro KJIMEHTa,

S; — monydeHue 3aKaza Ha IOCTaBKY TOBapa,

Sy — mouck u mpruoOpeTeHNE HYKHOTO TOBapa,

Sz — ToBap Ha ckiane GUpMHI,

S4 — peanu3zaius ToBapa KJIHEHTY,

K&)KI[I)II/I QJICMCHT pPaBCH

1
1
2
3
4 |1
5
6|1
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Ss — BO3BpaT KJIMEHTOM Ha CKJIa/l HEKaYECTBEHHOT'O TOBapa,
S¢ — ycTpaneHue aedexTa B MaCTEpCKOM M BO3BpaT Ha CKIIA],
S7; — cnucanue B yOBITOK (HEBO3MOKHOCTh PEMOHTA),
Sg — XwuImeHue co CKaa.
[Toctpouts rpad COCTOSHUIN CHCTEMBI, MATPUILY MHIMICHIINHN, CITUCOK
pedep 1 MaTpUILy CMEKHOCTH.
B cneoyrowux nexyusx mel paccmompum npumepsbl npumeHenus 2paghoé npu
HOCMPOEHUs UMUMAYUOHHBIX MOOelel NPOU3800CHEEHHBIX NPOYECCO8.

Jleknust 6. UMuTaniuoHHbIe MOJAETH TEXHUYECKUX U COI[HAIBHO-
IKOHOMHUYECKHX CHCTEM
banaHcoBble cTaTHYeCKHE MO/IeTH

banancoBbie MOJIENM UCCIIENYEMOTO OOBEKTA OMUCHIBAIOTCS HEIMHEHHBIMU
WIN JIUHEHHBIMH alreOpanyecKUMH YpPaBHEHUSIMA OTHOCUTEIBHO TEPEMEHHBIX
cocTostHUS X = (Xq, Xy, ..., X, ) BHAA:

F(x, y)=0, Ax =1y,

rfie Y — BEKTOp BXOIHBIX BO3CHCTBHIA; F()_(, 9), A — 3amaHHBIC BEKTOP-(PYHKITUS
U MaTpHIIA.

PaccmMoTpuM  Ha KOHKPETHBIX MpUMEpax IMOAXOABI K IOCTPOSHUIO
OaJIaHCOBBIX MOJIETIEH.

banancoBast moaesib JleoHThEBa

[Iycts mmeeTcss N oTpaciell TPOMBIIUIEHHOCTH, Kaxaas U3 KOTOPBIX
MPOU3BOJMUT CBOIO OJHOPOJHYIO mpoxaykiuio. [lpu sTom, st oOecrieueHus
MPOU3BOJICTBA, KaX/Ias OTpacib HYXKJTAETCS B CBOCH MPOAYKIHMH W TPOIYKIIUU
npyrux otpacieit. OcTaBiiasicss 4acTh NMPOAYKIIMH, HE TOTpEOICHHAs OTpaCIsiMU,
UJET Ha JUYHOE U OOIIECTBEHHOE TMOTpeOJieHne BHE OTpaciieBo cQepbl
MPOU3BOJICTBEHHOM JIEATEILHOCTH.

bynem paccmaTpuBaTh Tpoliecc MPOM3BOACTBA B TEUEHHE HEKOTOPOTO
OTpe3Ka BpeMEeHH, HarpuMep, roja. BBemem ciemyromme 0003HaAUCHHUS

1) X; — oOmmii 00bEM BBITYCKa POAYKIUH I-i OTPACIH 3a TOJl WIIK BAJIOBOU

OTpaciieBO MPOIYKT (i =1n );
2) Xjj — o0bemM NpoayKuuy i-i oTpacny, NoTpedaseMblil j-i OTPACIBIO TIPpK

HPOM3BOJICTBE MPOAYKIUH B 00beMe Xj, 1 =1,N, ] =1n;:

3) Yj — obbem mponykumu j-i oTpaciu, peanusyeMbiii (HOTpeOISEMBbI) B
HENPOU3BOACTBCHHON cpeae (JImuHOe TOTpeOJeHHE Tpa)KIaH, YIOBICTBOPCHUE
OOIIIECTBCHHBIX IMOTPEOHOCTEH, COJEp)KAaHUE TOCYIAPCTBCHHBIX HMHCTUTYTOB,
SKCIOPT M T.1.), j=1,N.

OYHKIIMOHUPOBAHUE  PACCMOTPEHHOM  MHOTOOTPACICBOM  SKOHOMHKH

ITOKA3aHo Ha puc. |.
Bynem cuurtaTh, 4TO CyMMapHBIA 00bEM MPOAYKIMH X; JTE000I I-0if oTpaciu

MOJTHOCTBIO IMOTPEOJIIETCS BCEMH OTPAaCc/IMH, a TAaKKe B HEMPOU3BOACTBCHHOMN
cdepe. Toraa BEIMONHIETCS CIEAYIOINIEES, TAK HA3bIBAGMOE, ypaBHEHHE OaJiaHca:



32

n
Xi:Xi1+Xi2+---+Xin+yi=inj+yi":Ln' 1)
j=1

t X21y y
X 1 H@ -
11 <
X
nl
Xow
9 X2 | .07 @ Y2 | Tlorpe6urennckmii
- PBIHOK
Xn2 '
n - Xin >6(D Yn >
Xnn ) - Xon

Me>1<0TpacneBa;1 OKOHOMHKaA

Puc. 1. Moaens GyHKIIMOHHUPOBAHUS MHOTOOTPACIEBOM SKOHOMUKH

B. JleoHTheB, B pe3yibTare aHaiau3a MHOrootpaciaeBoit skoHomuku CIIIA, B

X..
i
nepuosa 30-x rogoB XX Beka yCTaHOBWJI, YTO OTHOIICHUS U MensroTes Mano.
X]
Xij S
[TosTomMy Oynem cuuTaTh, BEITUYHUHBI ajj=—, | =1,n, J=1 N — DOCTOSHHBIMU
X .

J
YHUCJIAMH.
[Tpu TakoM JOMYIICHUH MOJy4YaeM, YTO JJIs MPOM3BOACTBA MPOAYKIUHU |-k
OTpaciii B 00bEMe X HY)KHO HCIIOJIB30BATh POLYKIIUIO I-if oTpacnu B 00beMe
Xij Zainj. (2)
TexHOoJIOruu OTpacieBOro MPOU3BOACTBA, YAOBJIETBOPSIOIINE AOMYIIEHHUIO
(2), Ha3pIBAIOT JIMHEHHBIMH, a YKCIIa 8jj — Kod(ppuumeHTAMH NPSMBIX 3aTPaT.
YuuTteIBast paBeHCTBA (2), 3aMUIIEM CUCTEMY
X1 =a11 X + 190Xy +...+ Q1 Xy + Y1,
Xo =ag1X1 +adooXy +...+ Ao Xy + Y2

(3)

BBegem B paccMOTpeHHE BEKTOP-CTOJIOE] X OOBEMOB IMPOU3BEICHHOM
OpOAYKIMH (BaJIOBOIO OTPAciEBOr0 BBIYCKAa), a TakKKe BEKTOp-cTojbOen Y

00BEMOB TPOJYKIIMA KOHEYHOTO moTpedsieHus. Ompenenum Takxke maTtpuily A
ko3 dunreHToB 3arpar. Toraa noaydum:
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X Y1 &1 X2 ... Yy
x=%2|:y=|Y2|; A=| 821 82 - 8
Xn yn anl an2 ann

Hcnonp3ys MpaBWIO YMHOKEHHSI MATPHUIIBI HA CTOJIOEL, 3allUIIEM CUCTEMY
ypaBHeHui (3) B MaTpu4HO hopMme:

X=AX+Y. (4)

CootHomieHre (4) Ha3bIBAIOT ypaBHCHHEM JIMHEHHOT0 MeKOTPAcjeBOro
OaJjiaHca.

VYpaBuenue (4) B (hopMaNM30BaHHOM BHJIE OIKCHIBAET TaK HA3BIBAEMYIO
mojaeab JleoHTbeBa, KOTOpass MOXKET OBbITh HMCIOJb30BaHa [JIsi PELICHHS JIBYX
OCHOBHBIX 3a/ad.

3agaua 1. TIpu M3BECTHOM BEKTOpE BAJOBOTO BBITYCKA X TpeOyercs
OTIPE/ICINTh BEKTOP Y KOHEUHOTO TIOTPEBIICHHS.

3agava 2. /{ng 1uiaHupyeMoro mnepuojia BpeMEHHM (Halpumep, Tof) IpH
M3BECTHOM KOHEYHOM HA pPBHIHKE BEKTOPE MOTPEOICHHH Y  HEOOXOTHMO
OTIPEJIETHTh BEKTOP X BAJIOBOTO BBITYCKA.

Matpuna 4 npsMbIX 3aTpaT Ha3bIBAaeTCsl MPOAYKTHBHOM, €Clu JUIs JTH0O0T0
BEKTOpA Y C HEOTPHIATEILHBIMH >JIEMECHTAMH (y; 20) cymecTByer peureHne
ypaBHeHHS (4) — BeKTOp X, DJIEMEHTH KOTOPOTO HEOTpHIATENbHBI (Xj >0).
CooTBercTByIOIass  3TOMy  Ciy4yaro  MoAeJb  JleoHTbeBa  Ha3bIBacTCA
NPOAYKTUBHOI.

CymiecTByeT HECKOJbKO KPUTEPUEB MPOJYKTUBHOCTH MaTpHlbl A,
HaIpumep:

I. Marpuua 4 npoayKTHBHAs TOTJAa M TOJBKO TOrJAa, KOrjJa MaTrpuua
(E — A)_l CYILIECTBYET U €€ DJIEMEHTHI HEOTPUIATEITHHBI.

2. Marpuna 4 npoayKTUBHA, €CIU €€ 3JIEMEHTBI HEOTPULIATENBHBI, & CyMMa
AJIIEMEHTOB I10 JTI0OOMY CTOJIOIY UJIM CTPOKE HE MPEBOCXOIUT €ANHUIIBI, TO €CTh

g;=0;i=1n; j=1n;

n N

Zaij <1, j:].,n; (5)
i=1

n R

Zaij <1,1=1n. (6)

j=1
[Tpu TOoM X0Ts OBI A1 oxHOro I (WiaH j) cymma (5) u (6) CTPOro MEHbIIE
e IUHUIIBI.
[Tycts A — mponyktuBHas Matpuia. [lepenumem cucremy (4) B BuIe
y=xXx—Ax=Ex—Ax=(E - A)X. @)
Torna ¢popmysna (7) maet uckoMoe penieHue 3aaauu 1.
Pemenwne 3amaun 2 ¢ yueTom paBeHCTBa (7) 3aIMChIBACTCS B BHJIC:

x=(E-Aly. (8)
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Marpuna S = (E — A)_1 HA3bIBAETCS MATPHUIleH MOJHbIX 3aTPAaT.

IIpumep 1. B tabnuie mpuBeACHbI 3HAYEHHUS PE3YJIBTATOB BBIMYCKA U
NOTpeOIeHHS B ABYX OTPACISAX 3KOHOMHUKH (SHEPreTHKA, MAILIMHOCTPOCHHE).

[ToTpebnenue Koneunsiit | Banosiii
Ne Otpacip

€] M MIPOJYKT BBITTYCK
1 | Onepreruka (9) 7 21 72 100
2 | Mamunoctpoenue (M) 12 15 123 150

Onpenenuts HEOOXOIUMBIM 00BbEM BAJIOBOTO BBITYCKA MPOAYKIIMH KaXKIOM
OTpaciH, €cClii KOHEYHOE NOTPEOJIEHHUE SHEPreTHMYECKOW OTpaciau YBEJIUYUTCA
BJIBO€, @ MAIlIMHOCTPOUTEJILHOW COXPAaHUTCS Ha MPEXKHEM YPOBHE.

Nmeem: X =100; X, =150; X1 =7; X120 =21; Xo1 =12; Xy =15, y; =72;
y, =123. Haxoxum no ¢opmyne (8): a1 =0,07; a;, =014; ayy =012; ay,, =01,

TO €CTh
A_(007 014
~lo12 o1 )

DnemMeHThl Matpullbl A HeoTpuuareiabHbie. [Ipu >TOM BBITOTHAETCS
YCJIOBHUE:
max{0,07 + 0,12; 0,14 + 0,1} = max{0,19; 0,24}=0,24 <1.
[TosToMy KpuTepuii 2 NpOIyKTUBHOCTH BBIITOTHAETCS.
J171s1 HOBOrO KOHEYHOT'0 OTPEOJICHUS UMEEM

y=(2-72;123)" =(144;123)",
HE0OXOMMBINA 00bEM BBIITYCKA PAaBEH X = (E - A)_lsl . [ToaToMy HaxouMm:
093 -014
(E-A)=
-012 09
det(E — A)=0,8202;

e _avl_ 1 (09 014)
s=(E-A) _0,8202(0,12 0,93)

X = 1 0,9 014)\144\ ( 179
B 0,8202\ 012 0,93 123) \160,5)
Takum oOpa3oM, BaJIOBOM BBIMTYCK B DHEPTETUKE CIEAYET YBEIUUUTH 10 179

yCI1. €. MPOAYKIMH, a B MAIIMHOCTPOEHUU — 10 160,5 yci1. ea. mpoyKIuu.
Paccmorpum MexoTpacneByto 3koHOMUKY. [lycTth, kak u panee: A —

MaTpula MPSMBIX 3aTpaT Mopsaka n; )_(=(X1, X9, ..oy X )T — BEKTOp BaJlOBOT'O
OTpacieBoro Beimycka. O003HAUUM yepe3 p= (pl, P2y ey pn) — BEKTOp 1ieH, K-
KOOpJMHATA KOTOPOTO P paBHA IIEHE eAWHUIBI MPoayKuuu K -ii orpaciu. Torma
IPU BBITYCKE Xy CAWHUIBI MPOMYKIUH K- OTpacib MOJYYUT BAJIIOBOW JOXOM,

paBHBI Ry = P X, k=1,n. Yactp »TOro moxoja Oyler wu3pacxojioBaHa Ha
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npruoOpeTeHue MPOAYKIMU IPYyTUX oTpacieil. Bo3zHukaeT HeponoaydeHue 10Xo/a
(pacxosia) 3a CYeT TOTO, YTO YACTh MPOMYKIHMH K -i OTpaciad UCIONB3YeTCsS IS
NPOM3BOJICTBA B CaMOW 3TOWM OTpaciu. 3aTpaTrhl, CBS3aHHBIC C MPUOOPETECHHEM
OpOAYKIMK 1-ii oTpacou npu i#k (HemomonydeHue paoxoxa mpu i=Kk),
NPEBBIIIAIOT SIUHHILY MPOAYKIMH B K-ii oTpacim u paBHBl Py Xi; 1=Ln, a
oOIIre 3aTpaThl Ha BBITYCK Xy €AMHUIIBI 33]]AI0TCS PABEHCTBOM
Wi = X (8ay Py + 8ok P2 +--+ ank P ), k=1, . 9)
OcraBinyrocs 4acTh JI0X0/1a, PABHYIO Pa3HOCTH MEXIY BAJIOBBIM JIOXOJIOM H
3arpatamu (9), KOTOPYIO Ha3bIBAIOT A00ABJIEHHOH CTOMMOCTBIO, 00O3HAYNM
aepes Vi = (R —Wy ).
Orta 4YacTh MICT HA BBILIATY 3apIUiaThl, HAJOTH, APCHIHYIO ILIaTy,
WHBECTUIIUH U T.JI. VIMeeT MecTo cienyromniee 0anaHCcoBOE COOTHONICHHE:
Rk :Wk +Vk;
X P = X (ai Py + 82y P2 + -+ @i P )+ Vi, k=1, 1. (10)
PaznenuB paBenctBo (10) ma X, u BBens oOO3HaueHHWs [AJs HOBOMA
nepeMeHHoit Vi =V| /Xy, KOTOpYIO Ha3bIBAalOT HOPMOIl  100aBJIeHHOW
CTOMMOCTH, TIOTYIHNM:
P =y P+ 8o P +...+ 8 Py +Vik;  k=Ln. (11)
Cucrema ypaBHenuii (11), 3anricanHast B pa3BepHyTOH popMe, UMEET BUI:
Pr=3a11P + 2P +...+ 81n P +Vy,

P2 =ap1Pg +ago Py +...+ 8o Py + V2,

(12)
Pn=2an1P1+an2P2 +...+8pp Pn + Vp.
3anumem cucremy (12) B MmaTpuuHoi dhopme:
p=A"p+v, (13)
rae
Py Vi a1 82 - @
p=| P2|:v=| V2| a=|Bn B2 - A
Pn Vn dny 8pn2 - @pp
3anmmem MatpudHoe ypaBHeHue (13) B Buze
[E-ATJp=v, (14)
Y HalJIeM pellieHre MaTpUIHOTO ypaBHeHus (14)
p= (E — AT )_1\7. (15)
YuursiBas, 4TO ET=E , @ TaK)Ke MCIOJb3ysl CBOWCTBA OOPAaTHON MaTpUIIbI,
noJy4aeM

E-ATJ =€ AT =(E-aytf =57,

rie S=(E- AL,
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OTCIO,Z[a ciaeayer, 4ro pCmecHHuE CHUCTEMBI CYHICCTBYCT, CCJIIM MaTpHIA

SBJISIETCA TPOJYKTUBHOMU (ManHua(E - A)_1 CYIIECTBYET M €€ DJJIEMEHTHI HeE
OTPULIATENbHBI).

VYpaBuenue (15) omuceiBaeT, Tak Ha3pIBAEMYIO, MO/IeJIb PABHOBECHBIX II€H.
JlanHast MOZIENTb TTO3BOJISIET PEIIUTH JIBE 3a/1aUH:

3agaya 1. IIpu wM3BECTHBIX HOpMax JOOABJIECHHBIX CcTOMMOCTEH V|,
POTHO3MPOBATH IIEHBI HA MPOAYKIIMIO oTpaciend Py, K=1,n.

3agaya 2. CnOporHo3wpoBaTh H3MEHEHUE LIEH BO BCEX OTpacisX H
UHQISIUIO, BOSHUKIIINE B PE3yJIbTaTe U3MEHEHHS LIEHBI B OJJHOW U3 OTPACIICH.
IIpumep 2. PaccMOTpuUM IBYXOTpAaCIEBYIO 3KOHOMUKY npumepa 1. Ilycts

v =(20; BO)T — 3aJaHHBIA BEKTOp HOpM J00aBOYHON cTtomMocTu. Haiinem

paBHOBECHBIE IIEHBI, UCTIONB3Ys Gopmyny (15). Ins matpunet S w3 mpumepa |
noJiy4aem

T_ 1 (09 012
082021014 013)

[Ipu 5TOM BEKTOp LIEH paBEH

— 7-_ 1 (54 (658
p=Sv= 0,8202 (30,7) - (37,4} '

[Ipennonoxum Teneph, 4TO HOpMa J00ABIEHHOW CTOMMOCTH B TE€PBOM
otpaciu Bo3pociia Ha 10%, To ecTh cTana paBHOU Vi =22. /I HOBOro BeKTOpa

(¥ ! . T
no6asnenHo#t cronmoctr V' =(22;30)', HaXOZMM PABHOBECHBIC LEHBI B STHX

— 15 1 (558) (68
p=sSv= 0,8202 (30,98j - (37,8) '

Jlekuus /. CereBble HMMUTAIIMOHHBIE MOJIEJIH
NMPOU3BO/ICTBEHHbIX MPOLECCOB

YCIIOBUSX:

[Ipu nuaHupoBaHUM U OTEPATUBHOM YIPABIECHUU CIIOKHBIMU KOMITJIEKCAMHU
paboT, OOBEIWHEHHBIX OOIIEeH IeNbl0, YacTO HCIOJB3YIOT HX TrpadudecKkue
MOJIENIA — CeTeBbIC TpaduKu (CeTH), MPEICTABIAIONIMMI COO0N OPUEHTUPOBAHHbBIEC
CBsi3aHHBIC Tpadbl 0€3 MeTesb U KOHTYPOB.

B nmanpheiimiem r00ble  eWcTBHS  (MPOW3BOICTBEHHBIE  IPOIIECCHI),
COMPOBOXIAIOIINECS 3aTpaTaMd PECypCcOB WM BPEMEHH M TPHUBOIALINE K
OTIpe/IeNIeHHBIM pe3yJibTaTaM, Oy/ieM Ha3bIBaTh paboTamu. Pe3ynbTaT 3aBepIieHus
OJIHOW WJIM HECKOJIBKUX Pa0bOT — COOBITHEM.

[ToctaBuM B COOTBETCTBHE KaXXJ0W pabOTE OpPUEHTHPOBAHHOE peOpo Ha
rpade, a KakIoMy COOBITHIO - BEpIIMHY TaK, 4T06bI pebpy (i, /) cooTBeTcTBOBaNA

paboTa, HAUMHAIOMIASICS TTOCTE HACTYIUICHUSI COOBITHUS | W 3aBEpIIAIONIASCS TIPH
JTOCTIKEHUH COOBITHS j . KaxaoMmy peOpy MpUCBOUM YHCIIOBBIC XapaKTEPUCTUKH,

B KaQy€CTBC KOTOPBIX MOIYT CIIYXKWUThb. BPEMs BBIIIOJHCHHUA pa6OTBI, pacxon
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MaTepUaIbHBIX PECYpCOB, KOJIMYECTBO HCIOJHUTENEH U T.A., TO €CTh JItOObIE
HEO0OXOIUMbIE PECYPCHI.

[Ipu noctpoeHuu cetu OyaeM coOIOAaTh CIEIYIONIUE TPaBUIIA:

1. Onny BepiIMHY B CETH, COOTBETCTBYIOIIYIO Hadally BceX pabor, Oyaem
Ha3bIBATh UCTOKOM [ , @ BEPIIMHY, COOTBETCTBYIOIIYIO 3aBEPILICHUIO BCEX padoT, —
CTOKOM S'.

2. Kaxxgas paboTta oTpaskaercsi B CETH OHUM U TOJIBKO OJJHUM peOpoM.

3.Hu onna mapa paboT, BBINOJNHAEMBIX OJHOBPEMEHHO, HE JOJDKHA
0TOOpakaThCs Ha CETH MapaljieIbHBIMU pedpamu.

[Ipyn Hanuumy Takux padOT CIENYyeT BBECTH JIONOJIHUTEIBHBIE COOBITHS H
¢uKTUBHBIE PabOTHl HYJEBOM MPOJOLKUTEIBHOCTH, KOTOpPBIE B CETH Oyaem
0TOOpakaTh peOpaMu B BHUJI€ IITPUXOBAHHOM JIMHUH.

Ipumep 1. Ilycte paGotet A,B BBINOJHSIOTCS OJHOBPEMEHHO IOCIHE
HACTYIUICHUS COOBITUS { W 3aBepIIAIOTCs coObITHEeM j (puc. 2).

HenomycTuMbIM ABASETCA CIEAYIONIEE OTPAKEHUE ITON CUTyallun

A

Puc. 2. Peanusanus pador A u B

BBens nmomonHutensHOoe cOObITHE S W (PUKTUBHYIO paboTy, OTpa3uMm
CUTYAIIMIO HA CETH OJHUM U3 crIoco00B (puc. 3).

Puc. 3. /IBa cnoco0a BBeieHust UKTUBHOM padoThI

BBenenne  GuKTHBHBIX  pabOT  TMO3BOJSET, B  COOTBETCTBHUH  C
YCTaHOBJICHHBIMU TpaBWIaMH 2 U 3, OTOOpa)kaTh HA CETH BCE BO3MOXKHBIC
CUTyalli¥, BO3HHUKAIOIIME TMpPH COBMEIICHWW Pa3HBIX paboOT, KOTOpble 0e3 HuX
UCTIONTb30BaHUS OMUCATh HE YAACTCA.

Ipumep 2. ITycts pabotel A,B HemocpeACTBEHHO MPEAIIECTBYIOT padoTe
C, a pabore D HEMOCPEICTBEHHO NPEIIIECTBYET TOJIBKO pabora B. Bmems
¢ukTHBHYIO padoTy E, 0TOOpa)kaeM 3Ty CUTYallMIO0 HE CEeTH TaK, KaKk MOKa3aHO Ha
puc. 4.



Puc. 4. CereBoii rpagpux pador

IIpu mocTpoeHuu ceTeBOro rpaduka HEOOXOAUMO YCTAaHOBHUTH MHOPSAIOK
ClIeIoBaHUs padoT, T.C.:

— yKa3aTh MOJHBIN CIIHCOK BCEX BBIMOJIHAEMBIX Pa0OT KOMILIEKCA;

— BBISIBUTH TEXHOJIOTUYECKUE CBSI3U KaXKJIOW U3 paboT ¢ ApyruMu paboTtaMu
KOMIUIEKCa, TO €CTh YKa3aTh, KAKUE pabOThI CIIEAyeT 3aBEPIIUTh HEMTOCPEACTBEHHO
JI0 HaJaJia clieiyroliei paboThl;

— OMpEeAeNUTh MECTO KaXIO0W paboThl B KOMIUIEKCE, TO €CTh yKa3aTh
KOHEYHBIE pe3ynbTaThl (COOBITHS) pabOTHI;

— 33JaTh pecypcHoe obecrneueHue Mo TpedyeMoMmy pecypcy (Bpems,
TPYAOEMKOCTb U T.[.) K&KIOU pabOTHI.

IIpumep 3. [TocTpouts CeTh MO CIEAYIOMIUM JaHHBIM:

[TopsinoK BBINOJIHEHUS pabOT

PaGoTsl A4 | A | A3 | A As 4g A7 Ag Ay

HenmocpenctBeHnsl | — | — | — | 41 | A, 4y | A Ay | Ay, As | Ag,dg, A7 | Az, As
e
MPEIIECTBYIONINE
paboThI

[Mpogomxurensio | 3 | 6 | 4 | 5 1 9 6 8 5
CTh PabOTHI

Ha puc. 5 mokaszaHbsl ceTb, COOTBETCTBYIOIIAs HMCXOJTHBIM JIaHHBIM, C
UCIIOJIb30BaHUEM (DUKTUBHBIX PadoT.

Puc. 5. Cerpb no HCXOAHBIM JaHHBIM




39

Ha puc. 6 nmokazana npeoOpa3oBaHHasi C€Th, B KOTOPOH 4YacTh (PUKTUBHBIX
paboT UCKITIOYEHA.

W3 puc. 5 u 6 ciemyer, 4To OJHA M Ta K€ MPOU3BOJCTBEHHAS] CUTYaIIUsI
MO3KET MO-Pa3HOMY OTOOpaKaThCsl C MOMOUIBIO CETH.

Puc. 6. IlpeoOpa3zoBanHasi ceThb
Hailinem Bce BO3MOXHBIE IIOJIHBIE IyTH Ly, ..., Ly, oT [ K §, Torma cymma

IPOAODKUTEIBHOCTE BCEX pabdoT, COOTBETCTBYIOIIMX peOpam mnytn Ly,
HA3BIBAETCA MPOAOKHTEILHOCTLIO MyTH L 1 o6o3Hauaetcs #(Ly ).

IIpumep 4. Paccmotrpum cetb (puc. 7), Ha peOpax KOTOPOW YKa3aHBI
MPOJOJKATEIBHOCTH COOTBETCTBYIOIINX PadOT.

Puc. 7. CereBoii rpapux pador

HNmeem caeayromue moJiHbie MyTH:

Li:1-2-4-5,t(4)=8;

Ly:1-3-4-5, t(Ly)=12;

L3: 1-3-5, t(L3)=6.

HanbosbInyto MpoJO/DKUTENBHOCTh M3 BCEX MOJMHBIX mmyTed Ly, I = 1,_m
Ha3bIBAKOT leO}IO.]I)RI/ITe.JII)HOCTblO KpHTH‘IeCKOFO I[yTI/I, TO €CTh, €CJIU Lk
KPUTUYECKUH ITyTh, TO

t(Ly) = max t(L;) (16)

1<i<m
Tak xak Bce pabOTBI HY)KHO IMOCIIEIOBATENHFHO BEHIMOIHATH B TOM MOPSAKE,
KaK OHM BCTPEYAIOTCA B MONHBIX MyTAX, TO Ly, :t(Lk) Buaa (16) ecthb
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MUHHUMAJIbHOE BpEMS BBINIOJIHEHUSI BCEX pabOT KOMIUIEKCA. DTO MHUHHUMAJIbHOE
BPEMsi HAa3bIBACTCS KPUMUUECKUM CPOKOM 1 0003HATACTCS Ty .

Ipumep 5. /i1 cetu puc. 6 3HaUYCHHUE typ = 12.

PaGotbl u coObITHS, JeXalue Ha KPUTHYECKOM IIyTH, Ha3bIBAIOTCS
KPUTHYECKHUMM, a BCE JPyrye paboThl U COOBITUS — HEKPUTHYECKHMMU.

OTMeTHM, YTO YMEHBIIICHHE CPOKa BBIMOJHEHHS BCEro KOMILIEKca padoT
BO3MOXHO TOJIBKO 32 CUET YMEHBIIIEHHS CPOKa BBIMIOJHEHHUS KPUTHUYECKUX PaboT.
B Toke Bpems, BBINOTHEHHE HEKPUTHUYECKHX pPabOT MOKHO, BOOOIIE TOBOPS,
PO Th, HAIIPUMEP, HA4aTh MO3IHEE 03 YBEIWUYCHUS CPOKA BHITIOJIHCHUS BCETO
KoMIiekca pabotr. IlocrmemHee mMO3BOMSET MepepacnpeneisTh BBIIOJHECHUE
HEKPUTUYECKUX Pa0dOT I YAY4IIEHUS YCTAHOBICHHOTO KPUTEPHS KadecTBa
(3 dexTUBHOCTH) OpraHU3aIMu TPOU3BOJCTBEHHOTO IpoIiecca.

bynem roBoputh, YTO COOBITHE [ CBEPHIMJIOCH K JTaHHOMY MOMEHTY
BpPEMEHU [, €CIM K TOMY MOMEHTY 3aBEPIICHBI BCE BXOMAIINE B BEPIIHHY,
COOTBETCTBYIOIIYIO ATOMY COOBITHIO, paOOThl Ha CETH, U MOXET OBITh HayaTa
mobast BeIXOAsmIas padota. Ilpy STOM paHHMM CpPOKOM tp( j) CBEPIIICHUS

COOBITHSI j Ha3bIBAEM MOMEHT BPEMEHHU, K KOTOPOMY 3aBEpIIAIOTCS BCE pabOTHI,
MPEAIIECTBYIONINE ’TOMY COOBITHIO IO JIFOOBIM IyTsIM OT [ 710 J .
Ipumep 6. [l cetu puc. 7 nmeem
t,(1)=1,(1)=0;
t,(2)=2=0+2=1,(1)+(12),
rjae t(l,2) — BpeMsl BbINIOJIHEHUA padoThI (1,2);
t,(3)=4=0+4=1,(1)+(L3).
CobObiTHe 4 cCBepmIMTCA TPU 3aBEPIICHUU JBYX IOCIEI0BATEIBHOCTEN
abor:
’ h:l1-2-4=1(h)=2+1=3=1,(2)+1(24);
ly:1-3-4=1(l))=4+3=7=1,(3)+13.4),
OTCr0aa
t,(4)=max{,(2)+1(24)1,03)+1(34);=7.

0060011251 TOJIYYeHHBIN Pe3yJIbTaT, UMEeM JUIsl JIF000TO COOBITUS |

()= max i)+ ), (17)
i,j:(i,j)eU]
rae U}r — MHOXECTBO paboT, BXOISAIIUX B BEPIIMHY, COOTBETCTBYIOIIYIO

coOBITHIO j Ha ceTH; 1) (i) — paHHHI CPOK BBHIMONHEHHS HAYANBHOTO COOBITHS
pa6otsr (i, ).
B nomonuaenue x (17) 3ameTm, 4TO B JTF000H ceTH
tp(1)=0, tp(S)=ty,. (18)
Hust ceTn Ha puc. 7 noaydaeM ty (5)= typ =12 ¢ yuerom Toro, uro:
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t,(5)=max{ t,(4)+t(4,5),t,(3)+t(35)} =max{12;6} =12
Mo3anum cpokom t,(i) cBepmenusi coGbITHS | Ha3HBACTCA MOMEHT

BPEMEHH, IOCJE€ KOTOPOrO OCTAETCS PAaBHO CTOJIBKO BPEMEHH, CKOJIBKO HYKHO,
4yTOOBl 3aBEpPUIUTh BCE ClEAyIolUMe 3a coObITueM 1 pPaboOThl MO JIFOOBIM
BO3MOYKHBIM MyTSIM U3 [ B S

Ipumep 7. [l cetu Ha puc. 6 uMeeM

tn(5):tn(s):t1<p-
Jlns m1:000r0 CTOKA UMEEM
t(S)=typ- (19)
Jl71s1 ucToKa noyyaeM
t,(I)=0. (20)
Torna t,(4)= tep ~t(4;5)=t,(5)-t(4,5)=7. I[JI;I COOBITHS 3 UMeEeM:
a) mo pabote (3,5) ty, — t(3;5)=t,(5)-t(3; 5)=1
6) mo pa6ote (3,4) t, —1(3;4)—1(4;5)=t,(4 )— (3; 4)=4.
Ecn B kauectse t,,(3) B3atb 10, To ay1s 3aBepuieHus paboT moTpebyercs
10+1(3; 4)+t(4;5)=18 >1yp. IlosTomMy B KadecTBe ¢ 2(3) Heobxomumo B3ATH

MUHMMANBHOE U3 JBYX 3HaueHuit t,(3)=min {t,(4)-t(3,4); t,(5)-t,(3,5)}=4. W,

tn(i)=i’j:(riflji)gui_{tn(j)—t(i,J)}, (21)

rae U; — MHOKECTBO PaboT, BRIXOANINX U3 COOBITHS | Ha ceTw; 1, (/) — mo3umit

B 00IIIEM BHUJIE

CPOK CBEpILEHHs KOHEYHOTO COOBITHS j paboThl (i, /).

[Tpu ucnonw3oBanun Gopmysl (21) HEOOXOAMMO JBHTAThCS OT CTOKA S K
Bepimne |. Mcnone3ys (21) Haxoaum:

t,(2)=t,(4)-t(2,4)=7—-1=6.
Pe3epBoM BpeMeHM COOBITUSA [ HA3bIBAIOT BEJIUYMHY
R(i)=1, (1) =1, (0), (22)

paBHYIO TMpENenbHO JAOMYyCTUMOMY BPEMEHH, Ha KOTOPOE MOXKHO 3aaep)KaTb
CBEpIIEHUE COOBITHS I 03 HM3MEHEHHS CpOKa HACTYIJICHHS 3aBEpIIAIOIIETO
coObITHs S (00IIEro cpoka BBHIMOJHEHHS BCEX PabOT KOMILIEKCA).

Tak kak I KakIOTO KPHUTUYECKOTO COOBITHS 1, JIeXKAIlero Ha
KPUTHYECKOM MyTH L., M00as OTCpoUKa BBITOJHEHUS COOBITUS [ TPUBOAUT K

YBEIMYECHHIO OOIIEro CPoKa BHIMIOTHEHUS PaboT, TO
R(I)=0, tp(i)=tn(i), i € Lyp, (23)
€CITU | BepIlIMHA KPUTHYECKOTO MyTH.

Beenewm crnemytorue 0003HauYCHUS:
L thu (i, j)=t D (i) — parmuii cpok Hauana pa6ots! (i, /).

2.ty (i, j)=t P (i)+t(i, j) — pannuit cpok okoHuanus pa6oTsi (i, ).
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3.ty (i, §)=tn(i)—t(i, j) — mo3mmuii cpox Hauana pa6otsi (i, ).
4. t,0(i, j)=t,(j) — mo3muuit cpox oxoHuanus padoTH (7, ;).
MakcuManbHOe BpeMs, Ha KOTOPOE MOKHO 3ajlepKaTh Hauasio pabotsl (i, /)

WIN YBEJIWYUTh €€ MPOJOJDKUTENBHOCTh 0€3 YBEIMYEHHs KPUTHYECKOIO CPOKa,
Ha3bIBACTCS MOJHBIM Pe3epBOM PaldoThI (z’, j) 1 000o3Havaercs R, (i, J )

Jlns moGoit pa6oTsl (i, /) uMeeM clemyroliee ypaBHeHne Gananca:

tn(j)_tp(i):t(iaj)+ Rn(ia J)’
Ry (i) =tn ()= 1 (i)~ 1(i. ). (24)

Bpewms, Ha KOTOPOE MOKHO OTCPOUMTH HA4aao paboThl (i, /) WM yBEIUUIUTH

OTCIOZIa

€€ IPOJOJDKUTEIBHOCTh IIPU YCIOBHUH, YTO PAaHHUE CPOKU BCEX MOCICAYIOIIUX
paboT HEe U3MEHATCS, TO €CTh BECh KOMIUIEKC PabOT 3aBEPIIUTCS B KPUTUUECKUN
CPOK, Ha3bIBAETCS CBOOOIHBIM pe3epBOM PadOThI (i, j) U o0o3Hauvaercs R, (z', J )

IIpn sTOM
Rc(isj):tp(j)_tp(i)_t(iaj) (25)
Dopmynsl (24), (25) npowuirocTpupyeM prc. 8 u 9, COOTBETCTBEHHO.

Rn(i, ))=A1+A;

< Ay X : t(lkl AZq

(N RN tp(J) tn(J)
Puc. 8. Mnnwcrpanust popmyasr (24)

—~y

Rc(i, J)=A1+A2

AL ti,J) Y,

SO0 Q) t0) t
Puc. 9. Liuiwocrpamust popmyasr (25)

v

OcCHOBHBIE XapaKTEPUCTHUKUA CETEBOTO Trpaduka OOBIYHO OTOOpaKaroTCs
HEMOCPEACTBEHHO Ha ceTH. [Ipu 3ToM Kaklas BepIlMHA CETH JEJIUTCS Ha YeThIpe
gacTu (CEeKTopa), B KaXXIOW M3 KOTOPBIX YKa3bIBalOTCS: HOMEp COOBITHS 1,
th (i ), t, (i ), R(i). Takoe npencrasienne wurocTpupyer puc. 10.

IIpu pacu€re XxapakKTEpUCTUK CETH MOCIEA0BATEIBHO HAXOISAT: tp(i), th (I)
R(i), kpuTuueckuii myTs.

IIpumep 8. Paccmotpum ceth puc. 6, mpeoOpa3oBaB €€ ¢ y4ETOM BBEICHHBIX
o6o3HaueHui (puc. 11).
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S
<

Puc. 10. Bepmunna ceTu ¢ HoMepaMu COOBITHI

1. JIBurasice oT uctoka | k cToky S, mociaeaoBaTeIbHO HAX0IUM tp(i):
tp(l) :tp(l) =0;

tp(2)=t,(D+t(1;2)=3;

tp(3)=max{ t,(2)+t(2;3);t, (1)+t(1;3) }=6;
tp(4)=max{6+1;0+4}=7;

tp(5)=max{3+5;6+9;7+6}=15;

tp(6)=max{l5+8,7+5}=23;

tp(6)=t,(S)=tg, =23.

Puc. 11. CeteBoii rpaduk

2. TTepememasce oT S k |, HaxomuM t, (i):

tn(ﬁ):tn(S)z th =23;

tn(5)=t,(6)-t(5; 6)=15;

th (4) =min{t, (6)—t(4; 6); t(5)—t(4;5)} ={18;9} =9;
th(3)=min{l5-9; 9-1}=6;

tn(2)=min{l5-5; 6-0}=6;

t,(1)=min{6-3; 6-6; 9-4}=0.

3. Haxonum pe3epBbl BpeMEHMU:

R(1)=0; R(2)=6-3=3; R(3)=6—-6=0; R(4)=9-7=2;
R(5)=15-15=0; R(6)=23-23=0.

4. Ctpoum cereBoii rpaduk (puc. 12).
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Jlns kpuTHyecKux cobbiTHil BemosHsercs R(i)=0. DTo mo3Bonser Ha ceTH
yKa3aTh KPUTUYCCKUH MyTh (OTMEUYCH JBOWHBIMU CTPEJIKAMHU Ha puc. 12).
JUIst BEpILIMH KPUTUYECKOTO ITYTH BBIOIHSIIOTCS CIAEAYIOIIHNE YCIOBHS:

tp(i):tn(i); tp(j):tn(j); tn(j)_tp(i):t(i’ j)

Puc. 12. CereBoii rpapuk

JluHelHBIM rpauKoM KOMIUIEKCa PadoOT Ha3bBalOT Trpaduyueckoe
n300paxeHue Bcex paboT B BHUJIE OTPE3KOB, COBMEIIEHHBIX ¢ OChi0 BpemeHu Ot,
HAJl KOTOPBIMU YKa3bIBAIOTCSI WHTEHCUBHOCTU TMOTPEOJICHUS PECYpPCOB IMpHU

BBINIONIHEHMU PaboT. Ilpu sToM nnmHa ljj OTpeska, COOTBETCTBYIOUIETO paboTe
(i, j), B BeOpaHHOM MacmTabe HPUHHMAeTCS PABHOH TMPOJOKHTETHHOCTH
BeIMONHEHUs paboTh (i, j).

Hpumep 9. [locTtpouMm nuHEHHbIA TpaduK s CETHU, MOKA3aHHBIA HA pUC.
13.

Puc. 13. Cetn

Ha xaxnom pebpe cetm Ha puc. 13 yKasaHbl TPOJOJKMTENBHOCTH 1

pabotsl (i, ) U ljj — KOIMYECTBO pecypca, HEOOXOIUMOTO ISl BBITIOIHCHHUS 3TOM

paboThI (B CKOOKaX).

Cnauana noctpoum ceteBoi rpaduk (puc. 14), COOTBETCTBYIONTUN CETH PUC.
13.
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Puc. 14. CereBoii rpadguk, COOTBEeTCTBYKOIIMIA ceTH HA puc. 13

Tenepr cTpouM JHMHEWHBIA TpaduK, YyKazbiBag HAa HEM PECYpPCHI,
noTpeOIIsieMble MTPU BIMOJIHEHHH padoT (puc. 15).

4 5020 5

A0 Emmt |

2| 70 | |5 : :

2 4 | | I

25%3%3! | |

1 ! —3 |

120 N l
| | | I | | | | | | | | | | | | »
| | | | | | | | | | | | | | | | t'

0 5 10 to 15

Puc. 15. IlorpedieHue pecypcoB npu BbINIOJHEHHH PadoT
I'padux moTpedasieMbIX CyMMapHBIX PecypcoB ImpuBoAUTCA Ha puc. 16. Ha
puc. 16 pecypchl B KaxKJI0i Touke t paBHBI CyMME PECypcOB, HEOOXOIUMBIX ISt
BBIIIOJIHCHMsST paboOT B OSTOT MOMEHT BpemeHn. 3mech I=r(t) — oOmas
HHTEHCUBHOCTD IMOTPEOJICHUS pecypca.
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Puc. 16. I'paduk nmorpedisieMbIX CYMMapHBIX PeCypcoOB

CereBble MOJEIM WCHOJB3YIOTCS IS TUTAHUPOBAHHUS W ONTHMH3AIIAN
periiaMeHTa BBIMOJTHEHUS PA0OT MO KPUTEPHSIM TOTPEOISIEMBIX PECYpCOB U
HEOOXOJAMMOr0 BpEMEHHU. 3JeCh HEOOXOIUMO YYHUTHIBATH HMEIOIIHUECS B
PacCnopsKEHUH PECYPChI, TaK KaK OJJHOBPEMEHHOE BBITIOJIHEHHE HECKOJIBKUX padoT
u3-3a OrpaHUYCHUN B pabouel cuie, 00OpyAOBaHHM, MaTepuagax U T.J. MOXKET
OKa3aThCsl HE peau3yeMbIM. B 3Toi cuTyalnuyu BO3HUKAET HEOOXOAUMOCTD OIIEHKH
BO3MOYKHOCTH U3MEHEHHUS CPOKa BHITIOJIHEHUS OT/ACIIbHBIX pa0OT MPHU YCIOBUH, YTO
9T WU3MEHEHUs OyIyT BBITIOJNHATHCS B Tpe/esiax MOJHBIX PECypCOB BpPEMEHU
HEKPUTUYECKUX PabOT 0e3 YBEIMYCHHS CPOKOB BBHITIOJIHCHUS BCETO KOMILIEKCA
pabor.

CaBuras HEKpUTUYECKYIO paboTy B TpeJenax ee MOJHOTO pe3epBa B TOM
WIM WHOM HaNpaBJIICHWH, MOXXHO JOOWUTHCS YMEHBIICHUS MaKCUMAaJIbHOTO
noTpeOJIeHUs pecypcoB MO BceMmy (poHTy paboT. Jlaxke mnpu OTCYTCTBUU
OTPaHUYCHHI Ha PECYPCHI, TTOJHBIE PE3€PBHI BPEMEHH OOBIYHO MCIIOIB3YIOTCS IS
BBIDABHUBAHMS CyMMApHOTO TOTpebieHus pecypcoB I =r(t) Ha oTpeske BCero

BPEMEHU BBITIONHEHUSI PpadOT [O, thJ. [locnennee 1MO3BOMSET BBINOJHUTH BCHO

nporpamMmy paboT mpu OoJiee WK MEHee paBHOMEPHOM MOTPEOICHUN PECYPCOB B
npeaenax KPUTHIECKOTO BPEMEHH, UTO SIBJISICTCS BKHOM 3a7a4yeil MIIaHUpOBAHUS
MIPOU3BOJICTBA.

Jleknus 8. OcHOBHBbIE MPUHIUNBI IPOEKTHPOBAHUS

[Ton mpoexkTHpoBaHHEM OOBIYHO MOHUMAIOT MPAKTUYECKYIO NEATEIbHOCTD,
OPHEHTUPOBAHHYI0 Ha CO3JaHHE TOr0 WM HHOrO O00BEeKTa, oOecreueHue ero
MOCTIEAYIONIEH OSKCIUTyaTallid, PEeMOHTa W BO3MOXKHO JIMKBHJAIMK, a TaKKe
000CHOBaHHUE PEIIECHU, HA OCHOBE KOTOPBIX ObLT pa3paboTaH 00beKT. OOBEKTOM
IPOEKTUPOBAHUS MOTYT BBICTYNaTh MaTepPHAIBHBIN MTPEIMET, pa3indHbie paboTHl,
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TEXHOJIOTUH, OKa3biBaeMble yciyru. IIpoekTupoBaHue HeoOS3aTeNbHO CBS3aHO C
TEXHUYECKUMU  OObEKTaMU. BO3MOXHO  BBINIOJHEHHE  COLMAIBHOIO U
HKOHOMHUYECKOTO TPOECKTUPOBAHUS, POSKTUPOBAHUS TPOTPAMMHOTO 00€ecTIeueHus
u T.J0. OCOOEHHOCTbIO TPOECKTUPOBAHMUS BO BCEX CIydasX SBISIETCS €ro
MpaKTUYECKass HANpPaBJICHHOCTb, O0053aTebHOE TMOJyYeHUE MPAKTUYECKHUX
pEe3yJIbTaTOB.

[Ipy NOpPOEKTUPOBAHWUU CIIOKHBIX OOBEKTOB WX IPEANOYTHTEIHHEH
paccMaTpuBaTh B BHJE CHUCTEM, T.€. KOMIUIEKCA B3aMMOCBS3aHHBIX JJIEMEHTOB C
ONPEAECIECHHON CTPYKTYpOW, CBOMCTBAMHU, BHYTPEHHUMH M BHEIIHMMHU CBSI3SIMH.
YacTto mNpoekThl OBIBAIOT KOMIUIEKCHBIMH. B 3TOM ciyyae uX BBICOKas
3G ()EKTUBHOCTh JOCTUTACTCS TIPU COBMECTHOM WCIOJIB30BAHUM  Pa3IMYHBIX
cBelieHUH U uHpopMamu U3 (GyHIAAMEHTAIbHBIX, TEXHUYECKHX M COLMAIbHO-
HPKOHOMHYECKUX HAYK, a TaKKe MPU OPUEHTAIMM Ha MOTpeOuTens (MOoKymarTess,
IPOU3BOAMTENA, pa3paboTunka). Takol MOAXoa peaau3yeTcsi B CIOKHUBIICHCS K
HACTOSILIEMY BpPEMEHU METOJOJIOTUH NPOCKTUPOBAHUS, KOTOpPAsl Ha3bIBACTCSA
CUCTEMHBIM  NIpoekTupoBaHueM. CHCTEMHOE  MNPOEKTUPOBAHUE  PEHIAET
MIOCTABJICHHBIC 3aJ]a4yd KOMIUJIEKCHO, C YYE€TOM B3aUMOJECHCTBUS U B3aUMOCBSI3U
OTJICJIBHBIX MOJCUCTEM U DJIEMEHTOB KaK MEXIYy cCO00i, TaKk U C BHEIIHEH Cpeloi,
YUYUTBIBAET COLUUAIBHO-DKOHOMHUYECKHUE UM OKOJIOTUYECKHE TOCIEACTBUS HX
(YyHKIHOHUPOBAHMUS.

Pesynprarom npoliecca MPOEKTUPOBAHUS SIBJISIETCS MPOEKT,
NPEACTABIAIONINI CO00M KOMIUIEKT MPOEKTHOM ITOKYMEHTAllUH, OMUCBHIBAIOLIEH
CO3/IaBaCMbIil MaTepUAIbHBI OOBEKT, BBIMOJHEHHUE paldOT, OKa3aHHUE YCIYT.
VY4acTHUKOB 2TOr0 MpoIecca MOXKHO Pa3feuTh Ha MOTpeOuTtenen (3aKka3urKoB
MPOEKTHBIX pabOT) M MOCTABIIMKOB (MCIOIHUTENEH 3TUX padoT). [lpu co3zganum
MPOeKTa JJisi COOCTBEHHOTO MOTPEOJIEHUS BO3MOKHO TPEJCTABICHUE B OJIHOM
JIUIIE 3aKa3YMKA UCTIOJTHUTEIIS.

[IpoexkTupoBaHue SBIAETCS CIOKHOM MHOTOIUIAHOBOM JIESATEIBLHOCTBHIO, B
KOTOPOM MOXKET yd4acTBOBaTh OOJIBIIOEC KOJAMYeCTBO Jirojgei. Ilpum  stom
nocTrxkeHrne 3(P(EKTUBHBIX Pe3yJbTaTOB HEBO3MOXKHO 0€3 ydeTra 0COOCHHOCTEH
pa3paboOTYMKOB, yMeHHS  cPopMuUpoBaTh  PabOTOCIOCOOHBIM  KOJUICKTUB
WCTOJIHUTENEH W YIPABIATh €ro AeATeNbHOCThIO. [l0o3TOMY mNpoekThpoBaHue
npenoiaraeT He TOJIbKO TBOPUECKUM MTOUCK HOBBIX PEIICHUM, HO U OPTaHU3alNI0
MIPOEKTHBIX pabOT, yIpaBIeCHUE TPOCKTOM.

B Hacrosiee Bpems CIOXWIUCH OOIME TMpoleaypa W aJrOpUTMBbI
MIPOEKTUPOBAHUSA. B KaXIOM KOHKPETHOM CIIydya€ OHM OTJMYAIOTCS TOJBKO
COAECPKaHUEM WJIM HAa3BaHWEM OTIEJbHBIX ATanoB. COCTaBIAIONIME MPOIECCa
MPOEKTUPOBAHUS UILTFOCTPUPYET puc. 1.
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BHyTpeHHee MpoeKTUpOBaHUE

Puc. 1. IIpouecc pemennst 3a1a4u NPOEKTUPOBAHMS

Pemenue mo06oii 3a1a4n HAUMHAETCS ¢ €€ 001Iel (OPMYITUPOBKH, OITUCAHMUS
T3 ¥ yrouHeHHMsI UCXOJHBIX JAHHBIX, KOTOPHIE JEJIAKOTCS B TECHOM KOHTAaKTE C
3aKa34MKOM. B MalIMHOCTPOEHMM OTOT 3Tall YacTO Ha3bIBAIOT BHEIIHUM
OPOEKTUPOBAHUEM, TOJYEpKHUBasi, 4YTO pa3pabOTKy O0ObEKTa, HauuHasg C
NOCTAaHOBKM 3a7auyd ¥ (GopMUpOBKH T3 HYXHO BBIIOJHATH COBMECTHO C
3aKa34yMKOM. BakKHBIM pe3ylbTaTOM 3TOr0O 3Tama SIBJISETCS COIVIACOBAHME Lieien
pa3pabOTKN ¥ HA3HAYEHUS! TIPOEKTUPYEMOTO 00BEKTa (€ro (PyHKIIHT).

CrnenyroomumM 3TarioM SBJISETCS BHYTPEHHEE MPOECKTUPOBAHUE, KOTOPOE
BBITNIOJIHAETCS Pa3pabOTUYMKOM M IpeAroiaraeT onpeaeseHue (CHHTe3) MPUHIUIIOB
NENCTBUS, CTPYKTYpPbl M MapaMeTpoB MpoeKTHpyemMoro oOwvekTa. Ha sTtom srtame
ONPEAENSIOTC NPUHIUIUAIBHBIE MOJOXKEHUsA, (U3UUYECKUE, COLUAIBHBIE H
npyrue 3¢heKTsl, XapakTepHble 11 PYHKIIMOHUPOBAHUS CO3/1aBa€MOT0 OOBEKTA.
OT0 MOryT OBITh YCTaHOBJIEHHbIE HOPMBI, (DyHIaMEHTaIbHbIEC 3aKOHBI U IIPaBUIIA,
YIPOILEHHbIE BapHaHThl HX (GOpMyIUpoBOK. PaboTra Ha 3TOM JTame MOKET
BBITMIOJIHATHCS ¢ MCMOJIb30BAaHUEM KOHLIENITYaJbHBIX MOJENEH U UX TpaduuecKux
OpeJICTaBlICHU B BHJE OJOK-CXeM. OTOMY J3Tally COOTBETCTBYET CTaaus
TEXHUYECKOT0 MPEJIOKEHUS TPOLIEAYPbI TPOCKTUPOBAHHUS.

Ha »Tame CTpykTypHOro CHHTE3a C YYETOM BBIOPAHHOTO NPUHLUIA
JEUCTBUS CO3AAIOTCA BapHaHTbl rpaMyecKoro MpeCTaBlIeHUs O0BbEKTa B BHIE
CTPYKTYpbl,  CXE€M, aJIrOpUTMOB, YIPOILIEHHbIX 3cku30oB. Ha  aTame
napamMeTpUYecKoro CHHTE3a OIpPEACNAIOTCS 3HAuYeHHUs NapaMeTpoB OOBEKTa,
HAaXOJUTCA YHUCJIEHHOE peUIeHUWEe MPOEKTHOW 3aJaud, CO3JaeTcsi MOoApOoOHas
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JOKYMEHTAIUs WIN ONMCaHne 00BEKTA, YEPTEKU U3/ENINA U €r0 YacTel. JTOT JTan
COOTBETCTBYET CTAIUAM TEXHUUYECKOTO U pabovyero npoeKTUPOBaHUSL.

Ha stane BHyTpeHHEro NpoeKTUPOBAHNUS BBIIOIHSIIOTCS AEUCTBUS:

— BBIOOP KCIIOJIB3YEMOM 1151 IPOEKTUPOBAHUS MOJIENHU (OCHOBOIIOIATAIOLINX
IPUHLIUIIOB, TOMYUIEHUH MaTeMaTHYeCKONH MOJIEIH);

— BBIOOp METOJ1a pelIeHUs 3a]a4u;

— pELLIEHuE 3a/1a4u;

— aHAJIM3 TIOJYYEHHBIX PE3YyJbTAaTOB U MPHUHITHE PELICHUMN.

OtmeTnM, 4TO 3 (HEKTUBHOCTH MPOEKTHBIX PA0OT MPH CO3/IaHUU OOBEKTA BO
MHOT'OM OIIpEAENSIETCS] BIOPAHHBIMUA CIOCOOAMHU €ro ONUCAHUs, MCIOJIb3YEeMOM
CTPYKTYpPOM, TapaMeTpaMH, METOJAMU PELICHUS 3ada4H.

@OYyHKIHOHAJIBHOE U TApaMeTPUIECKOoe OMUCAHHE MPOEKTHPYEMOT0 00BHEKTA

CoznaBaeMbple B pe3ysibTaTe€ MPOCKTUPOBAHUS CUCTEMBI M OOBEKTHI
peIHa3HaYeHbl JJIsl YJOBJIETBOPEHHUS DA3JIMYHBIX IMOTpeOHOCTEN nojnen. OTH
NOTPEOHOCTH PEATU3YIOTCSl 3@ CYET BBIIOJHEHUS pa3padaThlBa€MON CUCTEMBI
OTIPEJICTICHHBIX JEUCTBUM WM (DYyHKIMM, MpuyeM Kak BCed B I1E€JIOM, TaK H
OTIEIbHBIMU 3yieMeHTaMu. OJHOBPEMEHHO C TMOHATHEM (PYHKIUS YacTo
UCIIOJIB3YETCSl MOHATHE 3HAY€HHE, OCOOCHHO NpPH PACCMOTPEHHH OOBEKTOB, HE
ABJISIIOIINAXCA TEXHUYECKUMH.

OOecnieueHre BBIMOIHEHUSI TpeOyeMol (GYHKUINU SBISIETCS TJIABHOM LEIBIO
IIPOEKTUPOBAHMS TEXHUYECKOW CHUCTEeMBL. [Ipm 3TOM cama cucrema BBICTYNAET B
KAueCTBE MAaTEpPUAIbHOTO HOCHUTEINS, pealn3yrollero tpedyemyro ¢yHkiuio. B
TOM CMBICJIE 3Ta (PYHKUMS SIBISETCS MEPBUYHOM, a cHUCTeMa — BTOPUYHOM U
CO3J1a€TCs B CBS3M C OTCYTCTBUEM BO3MOXHOCTH HWHBIMHU, HEMaTepUaJIbHBIMHU
CpeICTBaMH YAOBJIETBOPUTH MOTpeOHOCTH droAei. Tak, aBTOMOOWUIb HyXeH IS
NEPEeBO3KM Tpy30B U JroAed ((yHKUIUS — BBIIIOJHEHUE T[EpEeMEIICHU B
IPOCTPAHCTBE) U ObUT CO3/1aH B CBSI3U C OTCYTCTBHEM BO3MOKHOCTH IEPEMEIICHUS
IIPEAMETOB YCUJIMEM MbICIM. Ha3HadueHue pydyku — mucarb, KHUTH — XPaHUTH
uH(OPMAITUIO U T.1.

OyHKIMSA, KOTOpass OTPAXKAET OCHOBHOE HA3HAYEHUE CHUCTEMBI M TO, Paiau
YEero 3Ta CHUCTEMa CO3JAeTcsi, Ha3bIBaeTcs IJaBHOW. DyHKIMH, 0€3 KOTOPBIX
HEBO3MOYKHO BBIINOJHEHUE TJIABHOM (DYHKIIMH, HA3bIBAIOTCS OCHOBHBIMMU.

XapakTepUCTUKON TEXHUYECKOW CHUCTEMBI, €€ IPEACTABICHUS CIYKUT €€
CTPYKTYpa, T.€. opMa, KOJMYECTBO U B3aUMHOE MOJIOKEHUE AIEMEHTOB, YacTel U
T€J, COCTABJSIOIMX U O0pa3yloIIMX pPacCcMaTPUBAEMYIO CHUCTEMY-OOBEKT.
[TonsiTue CTPYKTypbl OOBEKTa OTJIMYAETCS OT TMOHATUS CTPYKTYpHI Ipoliecca,
XapaKkTepU3yIOLIENCs IOCIEN0BATEIBHOCTBIO M COCTaBOM CTaguld M JTAIlOB
paboThl, COBOKYNMHOCTBIO MPOLEAYp U TPUBICKAEMBIX TEXHHUUYECKHX CPENCTB,
B3aUMOJICUCTBUEM  Y4YaCTHUKOB. (OCHOBHOM XapaKTEpUCTHUKOMW  OTIAEIBLHOTO
alieMeHTa J1I000M  cHCTeMbl SIBJISIETCS  [apameTp, BEJIMYHMHA  KOTOPOTO
COOTBETCTBYET OMNPEACICHHOMY (U3NYECKOMY, T€OMETPUYECKOMY WIM HHOMY
CBOMCTBY 0OOBEKTa M HMEET KOJMYECTBEHHYIO OLIEHKY. B 3aBucumoctu oOT
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Ha3HA4YeHMs IapaMeTpbl MOKHO HOJPA3ACIuTh Ha (PYHKIMOHAIbHBIE, OOBEKTHBIE
Y BCIIOMOTaTEJIbHbIE.

@OyHKIMOHAIBHBIE TapaMETPbl ONMCHIBAIOT WM 33Jal0T BBIIOJIHAEMBIC
(GYHKIMM TpOeKTHUpyeMoro o0bekTa. OOBIYHO 3TH MapaMeTpbl B IPOLECCE
IPOEKTUPOBAHUS WM3BECTHBI, U CO3JJaHHE TEXHUYECKOW CHCTEMBI 3aKIIOYAECTCs B
pa3paboTke O00BEKTa, HMEIIEro TpeOyemble 3HAYCHHUS (PYHKIIMOHATbHBIX
apaMeTpoB.

OOBbeKTHBIE TTapaMeTPhl XapaKTEepPU3yIOT OOBEKT, YCTpoHCTBO, m3nenue. K
HUM MOTYT OTHOCHUTBCSI TEOMETPHUECKHE XapaKTepucTuku (pasmep, ¢opmMma,
B3aMMHOE  TOJIOKEHHE, KOJMYECTBO), TpeOOBaHHMS K  HCIOJb30BAHHBIM
MatepuanaMm. Ilpm »sToM Mapka (Ha3BaHHWE) MCHOJB3YEMOIO MaTepHalia
paccmaTpuBaeTcsi Kak 00OOIIEHHbIN nmapameTp, OObeANHSIOMNN B ce0e CBEICHUS
O COCTaBe, yCJIOBHUSX M3TOTOBJIEHMS U MHBIX CBOWCTBax marepuasia. OObEKTHbIE
napaMeTpbl UCIIOJIb3YIOTCA B TEX CIydasiX, KOrJa W3JIMUIIHAS KOHKPETU3aluus Mpu
pelIeHnr 3aJaud  NPOEKTUPOBAaHUS HE Tpedyercs, WM  IpearoJiaraer
UCIIOJIb30BaHUE JIOMOJIHUTENbHBIX CHEIMAIbHBIX 3HaHUN. HaxoxneHue 3HaueHui
OOBEKTHBIX MapaMeTpPoOB SBISIETCd OJHOM W3 3aJad MpoeKTHpoBaHMs. Bce
OCTaJbHbIE MapaMEeTPbl OTHOCATCS K IPYMIIE BCIIOMOTraTeNIbHBIX apaMeTpoB. OHU
UCTIONB3YIOTCSL NI OOOCHOBAHUS TMPUHUMAECMBIX PEIICHUH, XapaKTEPUCTHKU
CHCTEMBI, €€ OT/ICIbHBIX YaCTEeH U T.I.

CocTtaB mapameTpoB, U OCOOEHHO — BCIOMOTATEIbHBIX, NI KaxIOH
KOHKPETHON CHUCTEMBI OTJINYAETCS. DTO OOBACHACTCS HE TOJIBKO PA3IUUUEM CaAMHX
CHCTEM, HO U IPEIBSIBISIEMBIMU K HUM TPEOOBAHUSIMH, YCIOBUSIMU PUMEHEHUSI.

Hanmpumep, B kauecTBe (PyHKIMOHAIBHBIX MapaMeTPOB MPOEKTUPYEMOTO
mudra (GyHKIUS — MOJHUMATh TPy3) OyAYyT BBICTYINATh BBHICOTA MOJBhEMA U Macca
rpy3a, OOBEKTHBIX — pa3Mepsl U Ghopma TudTa U MapKH MaTepUaIoB, U3 KOTOPBIX
OH WU3rOoTOBJEH. B KauecTBe BCHOMOraTelbHBIX MapaMeTPOB MOTYT OBITh
UCIIOJIb30BaHbl CKOPOCTh MOJbEMA, CPOK CIYXKObI, 3a1ac MPOYHOCTH, a TAaKKE BCE
TO, YTO HEOOXOJUMO JJisi 0OOCHOBaHMSI NPUHHMAEMBbIX NMPOEKTHBIX PELIECHUN U
JIOTIOJIHUTEIBHO XapaKTepU3yeT TEXHUYECKUE, SKOHOMHUYECKHE, COLUaIbHbIE U
UHbIE CBOMCTBA MPOEKTUPYEMOro u3leius. TeXHHYecKue CUCTEMBI Pa3IUyaroTCs
0 HAa3HAYEHHWIO W YCTpOHCTBY. [loaTOMy mpu paccMOTpeHMH HX KaK OOBEKTOB
UCCIENOBAHUM M  pa3pabOTKM OHHU MOTYT  OIHCHIBATBCS  PA3NHYHBIMU
UMUTAIIMOHHBIMA MOJICTISIMHU.

ean u 3a1a4u ONTUMAJIBLHOTO IPOEKTUPOBAHMSI ¢ MCNIOJIb30BAHUEM
HMMHUTAIHOHHBIX MOJeJel

NnxeHepHOE NPOEKTUPOBAHWE OPUEHTHPOBAHO HAa pPEUICHHE 3a7ad I10
CO3/IAaHUIO HOBBIX WJIM MOJIEPHU3ALMU CYLIECTBYIOIIMX TEXHUKU U TEXHOJIOTUU U
JOJDKHO ~ OBITh ~ HAYYHO-OOOCHOBAHHBIM,  TEXHMYECKH  OCYIIECTBUMBIM,
HPKOHOMHYECKH I1eJIeCO00pa3HbIM, DJKOJIOTMUECKH Oe3omacHbiM. B Hacrtosiee
BpEMsI MHKECHEPHOE IPOEKTUPOBAHUE BCE B 3HAYUTEIIBHOM CTENIEHU CTAHOBUTCA
cdepoit Hay4YHO-UCCJIEIOBATEIbCKOU NESATEIIbHOCTH, IIPEIIOJIararoen
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UCIIOJIb30BAaHUE METOJIOB M TPUEMOB IIEJCHANPABICHHOTO U 3(P(EKTUBHOTO
UCIIOJb30BaHUsI WHXEHEPOM  HMMHUTALMOHHBIX  MOJEIEM W  IPUKIATHOTO
POrpaMMHOT0 OOeCIIeYeHUSI.

[lenpt0 WHXKEHEPHOTO MPOEKTUPOBAHUS  SBJISETCS pa3paboTKa MpH
HEKOTOPBIX OTPAaHUYEHHUSAX, CBSI3AHHBIX C MCIOJIb3YEMBIMH WHCTPYMEHTAJIbHBIMU
METOJAMH U YCIIOBUAMM HAXOKJICHUS PELICHHS, MOAEIN TEXHUYECKOr0 OOBEKTa
(WM3menusi, CHCTEMBI WK TIPOIecca), 00eCTICUnBAIONIasl ONTUMAIBHOE BHITIOJTHEHUE
TpeOyeMbIX  (QYHKIIMA  TPH  HEKOTOPBIX  JIOMOJHUTEIBHBIX  YCIIOBUSX,
HAKJIaJIbIBAEMBIX HA XapaKTEPUCTUKU OOBEKTA.

3aayu NPOEKTUPOBAHUS MPEAIOJIAraloT PEIICHUE 3a1a4 CUHTE3a U aHan3a.
[lon cuHTE30M TOHMMAIOT TIOCTPOEHUE OMHCaHUs OOBEKTa MO 33JaHHBIM
yCIIOBUSIM (TIOCTpOeHHE WHOOPMAITMOHHOW MOJEIN OO0BEKTa MPOESKTHUPOBAHUSA).
AHanu3 mpeamnoyiaraeT MCCleIOBaHUE (DYHKIIMOHHUPOBAHUS OOBEKTAa IO €ro
OIIMCAHUIO.

B Hacrosimee BpeMs CHHTE3 YacTO OCYLIECTBISIOT C HCIOJIb30BaHUEM
METO/I0JIOTUU OOpaTHBIX 3a/1a4, KOTOpas SIBJISIETCS. OJJHUM M3 HOBBIX HANpaBIICHUN
B U3y4YCHHH (UUYECKUX TIPOIIECCOB, TMPHUMEHSETCS TMPU  ONTUMAIBLHOM
IPOEKTUPOBAHUN TEXHUUYECKHUX OOBEKTOB M TEXHOJIOTUYECKUX MPOIIECCOB. AHAIN3
BBITIOJIHACTCS C  MCIHOJIb30BAHUEM MATEMAaTUYECKUX MOJEIEH W  IIAKETOB
IIPUKIIAIHBIX IpOrpaMM. Pa3inyaroT CHHTE3 CTPYKTYPHBIM M MAapaMETPUYECKHUU.
[{eapto0 CTPYKTYPHOTO CHHTE3a SIBJSIETCS MOJyYEHHE CTPYKTYPHBIX CXEM OOBEKTa,
COJIepKallluX CBEJEHUS O COCTABE AJIEMEHTOB U CIOCO0aX COECIUHEHUS UX MEXKIY
coboii. Ilenb mapamMeTpU4EecKOro CHHTE3a — OIpPEACICHUE YHUCIOBBIX 3HAYCHUU
[IapaMeTpOB  DJIEMEHTOB IIPU M3BECTHOM CTpyKType. CHHTE3 Ha3bIBAIOT
ONTUMHU3AIMENA, €CIM B pe3yJbTaTe pPEUICHUS ONPEACISIOTCS HAWIy4yllue B
ONpENICICHHOM CMBbICIIE CTPYKTYpbl M 3HauYeHUs napamerpoB. lIpu pacuerax
ONTUMAJbHBIX 3HAYEHUW [apaMEeTpOB IMPU 33JaHHOM CTPYKTYpE TOBOPAT O
[apaMeTPUIECKON ONITUMU3ALNH.

B mnocnegHue rogpl co3laHbl M HAXOAST IIMPOKOE MPUMEHEHHUE CUCTEMBbI
aBromaTtuszupoBanHoro npoektupoBanusi (CAIIP). 3ametum, uto coznanue CAIIP
HKOHOMHUYECKH ONPABIAHO, €CIIH MPU ITOM 00€CTIeYNBAETCSI BO3MOKHOCTh BbIOOpa
ONTUMAJIBHOTO BapuUaHTa pPElIeHUs 33aJayd, He0OXO0IUMasi TOYHOCTb, COKpALIEHUE
CPOKOB MPOEKTUPOBAHUS, MaKCUMalbHas 3(P(EKTUBHOCTb HCIOJIb30BAHUS
KoMIbtoTepa. [IpM TPOEKTHPOBAHWU CJIOKHBIX OOBEKTOB YACTO HCIOJIB3YIOT
MPUHINI IEKOMITO3UIINH.

OTMeTHM OCHOBHBIC TIOAXOJbl K CTPYKTYpPHOW U MapaMeTpUUECKOMN
ONTUMM3ALMU, KOTOPHIE HCIOJNB3YIOTCS B CHUCTEMax aBTOMAaTU3WPOBAHHOTO
npoexktupoBanus (CAIIP). [Ins pemeHus 3agayud  CTPYKTYpPHOTO CHUHTE3a
HE0OXO0IMMO 3a71aTh MPABUJIA OIIEHKH PA3JTHYHBIX CTPYKTYP, KOTOPHIE MOTYT OBITh
MOJIYYEHBbI TOJIBKO B pe3ysbTaTe PEUICHUs 3aJauu MapaMeTpuueckoro cuHresa. C
JPYTO¥ CTOPOHBI 3a7]a4a apaMEeTPUUECKOTO CHHTE3a MOXKET OBITh PEIIeHa TOIBKO
IpY 3aJaHHOW CTPYKType. B CBSI3M C 3TUM CTPYKTYPHBIA U IApAMETPUUECKUN
CUHTE3 JOJDKHBI pacCMaTpuBaThCS B paMKax €IUHOIO IMpolecca, KOTOPHIi
peanusyercs B BUJIE TUAJIOTOBOM MPOLEYypbl ONTUMAIBHOTO MPOESKTUPOBAHUS.
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OTMeTHM OCHOBHBIE 33Ja4M CTPYKTYPHOW ONTUMH3ALMUHU U MOIAXOJBI K UX
pereHnio. OOBEKT MPOSKTUPOBAHUS OOBIYHO 33/1a€TCSI MHOKECTBOM 3JIEMEHTOB U
HEKOTOPBIM MHOKECTBOM ONEpalMi HaJl HUMU. Pa3znuyaror clienyromue 3aaadu
ONTUMAJILHOTO MPOEKTUPOBAHUSA:

1. Bbibop MHOXECTBa 3JEMEHTOB, YIOBJIECTBOPSIOMIUX TpPeOOBAHUSM
TEXHUYECKOTO 3a]JaHUS.

2. BpiOOp THIIA 371EMEHTOB, HCXO/S U3 X HAUITyYlIErO0 COYETAHHUS.

3. BriGop gopmbl B3auMOJEHCTBUSI 3JIEMEHTOB B MPOLIECCE ONTUMAIBHOTO
IPOEKTUPOBAHUA C YUYETOM CBSA3€M U pas3auuHOil (U3HUECKOW MPUPOIBI
DJIIEMEHTOB.

B03MOKHBI ClleIyroIIue IOIX0 bl K PEIICHUIO TaHHbIX 33/1a4:

— TMOJHBIA mepedop, KOTOPhIM OOBIYHO, OBIBAET, 3aTPYAHEH BBICOKOU
TPYAOEMKOCTBIO TIpoliecca OLEHKHM A(P(EKTUBHOCTH IpU IMPOCMOTPE BCEX
BO3MO>KHBIX KOMOMHAIIMI COUE€TaHUI 3JIEMEHTOB;

— COKpalleHHbII mepebop, B TOM YHCIE C HCIOJIb30BAHUEM METOOB
CIIy4aifHOTO MOUCKA, KOTOPBIN TpeOyeT 3aJaHus YCIOBUM OCTAaHOBA;

— HKCIIEPTHBIE OLICHKHU.

K mnapamerpuyeckoil ONTUMH3AaLMA OTHOCSTCS CJEAYIOIIUE OCHOBHBIC
3a/1a4H:

— OIpeJIEICHHE ONTUMAJIbHBIX 3HAUEHUW [TapaMeTpPOB;

— HAXO0KJICHUS ONTUMAJIbHBIX JIOMYCKOB HA MapaMeTpbl, YAOBIECTBOPSIOIIUX
3aJIaHHBIM OTPAaHUYEHMSIM Ha MOKa3aTeu KayecTBa;

— mapameTpuueckas uaeHTHQUKanus (YTOUHEHHE MapaMeTpoB B MOJEIU
00BEKTa MPOEKTUPOBAHUS C UCIOJIB30BAHUEM SKCIIEPUMEHTATBHBIX JAHHBIX ).

PaccmoTpum crnenyromuii nmpumep 3ajadyd [apaMeTPpUYECKOrO CHHTE3a.
[Tycte TpeOyeTcsi CHpOEKTUPOBAaTH KOHTEHHEp B (QopMe NpPSIMOYTOJIBHOTO
napasuenenunena oobemoM V =1 M® , HM3pacxo[0BaB NP 3TOM MHHHUMYM
maTepuanoB. Torma mnpu TMOCTOAHHOM  TOJIIMHE CTEHOK IUIOMAAb S
napajuiesienumnesia A0kHa ObITh MUHUMAaNbHOHN. MiMeeM crienyrontyto 3aiady:

S = 2(X1X2 + XoX3 + X1X3)—) min ,
re X, Xp, X3 — AJIMHBI pe0ep.

VYuuteiBas orpaHuueHue Ha oOobeM V mapajuiesenunesna, UCKIYUM OIHY
IIEPEMEHHYO:

1
V =X XoXg=1; X3 =—-—.
X1 X2
[Tomywaem crenyronryro 3aja4yy Ha MUHUMYM
1 1 :
S=2 yXo +—+— |—>min. (1)
X1 X2

[lycts pomonHUTENBHO TpedyeTcsi, YToObl pedpo X, ObLIO B Tpu paza
Oounbiie pedpa X;, TO €cTb X, = 3% . [loacTaBisas 310 Bepaxenue B ycnosue (1)
MOJIyYUM
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S=2 3x12+i+i — min.
X 3%

N3 HE0OX0IUMMOTO yCIIOBUS MUHIMYMA, TTOJTy9aeM

dx 3% 9 9 4

Ecny UCKITIOYUTH YCIOBHE X, =3X%;, TO MOXHO MOKa3aTh, YTO PEIICHUEM
3agaun (1) sBaseTcs:

X =1m X5 =1m X3=1m,
TO €CTh ONITUMAIILHOU (opMOI OyIeT KyO.

JTanbl NPOEKTUPOBAHUSA M HH(POPMALMOHHAs 0a3a

Kak orMewanoche Bplllle, MPOLECC HHKEHEPHOIO IPOECKTUPOBAHMS
paszensercs Ha HECKOJIBKO CTaJWd M 3TalloB, KOTOPBIE YacTO YKPYIHSIOT,
paccMaTpuBas CIEAYIOIINE YTaIbI:

Oran  HayuyHo-HccaenoBarenbckux — pabor  (HUP).  OOGwenunser
IIPEANPOEKTHBIE MCCIEIOBAHUS, TEXHUYECKOE 3aJaHME M YacTb TEXHUYECKOIO
IIPEIOKEHMS. 311eCh MPOBOIATCS MCCIECIOBAHUE IO MOMCKY HOBBIX IPUHIUIIOB
(GYyHKIMOHUPOBAHUS, HOBBIX CTPYKTYp, HOBOTO MCIHOJIb30BaHUS (PU3HYECKUX
IIPOLIECCOB, HOBOM 3JIEMEHTHOM 0a3bl U T.I1. 3J1€Ch K€ BBINOJIHAETCSA CTPYKTYpHas U
napamMeTpuyeckas ONTUMHU3ALMsS, U OOOCHOBBIBAIOTCS MCXOJIHbBIE JAaHHBIC IS
TEXHUYECKHUX 3aJaHuil. DTamn 3aBepIlIaeTCcsl COCTABICHHUEM HAYYHOTO OTYETa.

Takum oOpazom, Ha craguu HUP popmupyercs nHayuHoe obecrieueHre Bcex
paboT MO CO3/1aHUI0 HOBOTO OOBHEKTA.

Otan  OnBITHO-KOHCTPYKTOpckux pabdotr (OKP). OOwneguusier craauu
CO3JaHUSI TEXHUYECKOTO MPENIOKEHHS, ICKU3HBIN MPOEKT, TEXHUYECKUIN MPOEKT.
3nech  BBINOJHSETCS JeTallbHas KOHCTPYKTOpCKas MpopaboTKa IpOEKTa,
IPOBOJSITCS UCIIBITAHUS OMBITHOTO 00paslia u3Ieiusl.

Oran  pabodero mnpoektupoBaHus. OOBEAUHSET CIEAYIOIIUE CTaauu:
pabounii IPOEKT, U3rOTOBJIEHUE, OTJIAJKA U MCIBITAHUS ONBITHBIX MapTUH; BBOJI
00BbEKTa B IKCILTyaTaIlUIO.

IIpn co3zmannm HOBBIX BemiecTB W MarepuanioB BMecto OKP mposoapsiTcs
OMBITHO-TeXHOJNOTMYeckue  padotel  (OTP), koTopele  mpeaycMaTpUBAIOT
pa3paboTKy TEXHOJOTUYECKHUX TMPOIIECCOB MOJYYEHHUS! BEIIECTB UM MAaTEpUasoB,
UCIIBITAHUS ONBITHBIX MAPTHi, MOATOTOBKY TEXHUYECKOU TOKYMEHTAIMHU U T.II.

[Ipu npoexTupoBaHuM JHOO0T0 00BEKTa GOPMUPYIOTCS CICTYIONIUE TPYIIIBI
cBeZieHUu 00 00bEKTE MPOEKTUPOBAHUSL:

a) uHpopManus 0 CTpyKType 00bhEeKTa;

6) TIOCTOSIHHBIE XapaKTePUCTHUKA OO0BEKTa (KOHCTAaHTBHI (U3HUUECKUX
3aKOHOB, XapaKTEPUCTHKHU MaTepuasoB, HanpuMmep, ylenabHas
3JIEKTPONPOBOIHOCTD, KOAPUIIUEHTHI TEIIONPOBOIHOCTH U T.1I1.);
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6) BXOJHbBIC J[laHHbIE, BHEIIHUE MapaMeTpbl OOBEKTa, 3a/JaBacMble IPH
IPOEKTUPOBAHUH, HANPUMEp, MOIIHOCTh DJIEKTPOJBMUIraTelis, HaNpsHKEHUE
NUTAIOIIENH CETH, CKOPOCTh U T.I1.;

2) BappuUpyeMbl€ KOHCTPYKTHBHBIE IIapaMeTpbl, BbIOMpaeMble IIpU
IPOEKTUPOBAHUU (IUAaMETPBI, IJIUHBI, IUIOIAU CEYEHUH U T.11.);

0) TIepeMeHHbIE, 3aBUCSIINE OT TPYNI a) — 2) (HanpspKeHus, AeopMaiu,
MarHuTHas UHAYKLIUA U T.11.);

€) BBIXOJHBIE XaPAKTEPUCTHKU (TEXHHUKO-3KOHOMHUYECKHE I10KAa3aTeNlH,
XapakTepu3yome paboTy 00beKTa B IIEJIOM).

YacTp JaHHBIX TPYMIHI 2) MOXKET MPUHUMATH JIMIIh AUCKPETHBIC 3HAUYCHUS
(Hampumep, aUaMETpPhl MPOBOJA W T.II.). B OONBIIMHCTBE CiIydaeB BBIOOPY
HOJUIeKaT HE BCE MapaMeTpbl ATOM rpynnbl. YacTb M3 HUX MOXKET OBITh
dbukcupoBaHa.

Becbma BaxkHO yJOayHO 3a/aTh HadallbHbIE 3HAYEHUS BapbUPYEMBIX
napaMmerpoB. Hampumep, npu IpOEKTUPOBAHUU 3NIEKTPOTEXHUUYECKMX OOBEKTOB
3€Ch MOTYT OBbITh HCHOJb30BaHbl MNPUOIMKEHHbIE (OPMYJBI U3 TEOPUU
3JIEKTPUYECKHUX alapaToB, TEOPUU JEKTPUUECKUX U MATHUTHBIX LENEH.

B OosbmMHCTBE cllyyaeB Ha HCKOMbIE MapaMeTpbl HaKIaIbIBAIOTCS
OTpaHUYEHMs] THIA HEPABEHCTB WJIM PABEHCTB. DTH OTPAHUYEHUS MOTYT OBIThH
CBSI3aHbI C IEPErPEBOM, rabapuTamMu, BECOM, MArHUTHON MHAYKIIMEN U T.I1.

Hanpumep, orpaHnyeHuss Ha TIe€OMETPHUUECKHE pa3Mepbl MOTYT HMETh
CHEYIOIINI BU:

X205 Xo 20; X3 <X3<X3.

OrpanvueHuss Ha NEpPEeMEHHbIE TPyNNbl o) HANpUMeEp, MOTYT HMETh
CHEQYIOIINI BU:

— 110 cunoBoi Harpyske F <F . ;

— [0 TeMIeparype 06MoTok 1 < T):[OH ;

— 110 TJIOTHOCTH TOKAa B poBoax | < | oM »
— M0 KOJIMYECTBY JIEMEHTOB N <N, .

OrpanudeHus B 00IIEM ClTydae UMEIOT CIICTYIOIINN BU/I;

— tuma paBeHcTB: Ji( X, Xy ,...)=0;

— tuma HepaserncTBa: gi( X, Xy, ...)<0 wm gi( %, Xy, ...)<0,
rne 1=1,2,..,.m; X;, Xp, ... — BapbUpyeMble KOHCTPYKTHBHbIC WU
TEXHOJIOTUYECKHUE MMAPAMETPHI.
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