MOJAEJIUPOBAHUE CUCTEM U ITPOLHECCOB

Jlekuusi 1. MoaeanpoBaHne KaK YHUBeEPCAJIbHbIN
METO/ UCCICAOBAHUS

JIroOboii dYenmoBeK WM OpraHu3alus B CBOEM IOBCEJHEBHOW W IPOM3BOJCTBEHHOMN
JeSITeIbHOCTH YacTO CTAJIKUBAETCS ¢ CUTYyallleH, Koria He00X0IuMO:

— paccMOTpETh U OLIEHUTH TOT WJIM MHOM OOBEKT, MPOLECcC, COOBITHE;

— UAECHTU(GUIMPOBATH €r0, COCTABUB O HEM IPE/ICTaBIE€HUE, ONUCATh €ro IOBEJCHUE B
T€X WU UHBIX YCIIOBUSX;

— MPUHATH PEIIeHHs 110 OTHOUIEHUIO K pacCMaTpUBaeMOMY OOBEKTy, 00ecreunBaroIye
HEOOXO/IMMBIE YCIOBUS €ro paboThl, YIydlIeHHE XapaKTEPUCTHK, MOBBIIIeHNE 3(PPEeKTUBHOCTH
(YHKLIMOHUPOBAHUS, TOCTH)KEHUE [TOCTABICHHBIX LIETIEH.

Pemienue Takux 3a1a4 MOXeT OBbITh IOJIy4EHO B pe3yJsibTaTe aOCTparupoBaHUs peaabHON
JIEMCTBUTEILHOCTH (paccMaTpUBaEMbIX OOBEKTOB), TO €CThb OOOOIIEHHOTO MPEACTABICHUS U
onucanus ee (MX) ¢ NPUMEHEHHEM YHHBEpPCAJIbHBIX CTaHAAPTHBIX A0CTPaKTHBIX HPUEMOB U
1a0s10HOB. Takoi MOIX0/1 MO3BOJISET BBISIBUTH OOIINME 3aKOHOMEPHOCTH, PUCYIIHE Pa3IMIHBIM
10 CBOEH NpUpoAe (CYIIHOCTH, IPOSBICHUAM) 00bEKTaM, IIPOLIECCaM, SIBICHUSM.

Hanmpumep, B Kypce GU3MKHM H3y4daeTrcs TpoOIecC KoJeOaHUs MaTeMaTHudecKoro
MasiTHHKA, OMUCBHIBAEMBbIIi COOTBETCTBYIOIIMMHU ypaBHEHUAMU. [Ipu 3TOM 3TH ypaBHEHUS U caM
MaTeMaTUYeCKU MAasTHUK MOYKHO paccMaTpuBaTh Kak aOCTparupoBaHHOE IPEACTaBIICHUE
peasbHbIX MPOLIECCOB, BO3HUKAIOIIMX, HApUMeEp, NMpH KoleOaHUM YYT'YHHOIO Illapa Ha Tpoce
KpaHa, MCHOJb3YEMOIO JUISl Pa3pyLICHHUS CHOCUMBIX CTPOEHUN WIM KoJeOaHMM MasiTHHKA
OallIeHHbIX YacoB U T.1I.

OTOT mpuMep MOATBEPXKIAET TO, YTO MEXKIY pazIu4YHbIMU OOBEKTaMU U IPOLIECCaMU
MOXET HaOJII0JaTbCs CXOJCTBO, 4YTO IO3BOJISIET ONUCAaTh MX C HCIOJB30BAHUEM €IUHOTO
abcTparupoBaHHOTO 11adaoHa (ypaBHeHui). [Ipu HaMMYUU TAaKOTO CXOJICTBA JIBa 00BEKTA MIPH UX
abCcTparMpoOBaHHOM IPEJICTABICHUH CTaHOBATCS HEPa3IMYMMBIMH, U BMECTO MCCIIEOBAHUS
OJIHOTO M3 HHX MOJKHO BBINIOJIHUTh HCCIIEIOBAaHUE JAPYroro, pacnpoCTPaHUB IOTY4YECHHBIN
pe3yJIbTaT Ha MEPBBIN.

SIcHO, 4TO omMcaHHAs METOJOJIOTHS HCCIIEIOBAHUS SIBJISETCS YHUBEPCAIBHOM, U MpHU €e
peanu3ayy ONpeAesSoINM CTAHOBUTCS YCTAaHOBJIEHUE CXO/CTBA MEX/Y pa3HbIMU OOBEKTaMH,
000CHOBaHHE BO3MOXXHOCTHM HMX €IMHOOOpPA3HOTO TPEJCTABJIECHUS C HCIOJIb30BaHUEM
CTaHJAPTHBIX A0CTPAaKTHHIX IA0JoHOB. IlpM HamMuUMM TaKOro CXOACTBAa paccMaTpHUBaEMbIH
00BEKT MPHUHSITO Ha3blBaThb OPUIMHAJIOM, a MCIOJIb3YEMbIN 711 €ro MCCIEAOBaHUSA U B 3TOM
CMBICJIE 3aMEIAIOIINNA €ro BTOPOil 00BEKT — MO/IEJIbIO.

Takum o0pa3oM, MoAenb MOXHO paccMaTpuBaThb KakK JIBOMHHUK OpHUTHHAA,
MO3BOJIAIOIININ, C TOYKM 3pEHHUS IIOCTaBICHHBIX LEJIEd W 3ajad HCCIIENOBaHUS, W3Yy4UTh
HEKOTOpbIE €ro CBOWCTBA B OINpeAeNeHHBIX yciaoBHsX. Clenyer MOAYEepKHYTh, YTO CXOJICTBO
MEXy TBOMHUKOM W OPUTMHAIOM MOJXET OBbITh HEMOJHBIM, TO €CTh JOCTUTaThCsl HE IO BCEM
xapakTepuctukaM (dopme, IBETy, CTPYKType M T.N.). JlocTarodyHo, YTOOBI CXOJICTBO
HaOJII01aJI0Ch JIMIIb B T€X CBOMCTBAaX, KOTOPbIE MOJUIEKAT PACCMOTPEHHMIO M HCCIEIOBAHUIO Y
OpUTHHAJA.

OTMETUM CIEAYIONINUE C8OUCMEA MOOENU:

1. Mooenv 6cecoa opuenmupoeéana Ha OocmudiceHue KOHKPEMHbIX pe3yabmamos,
npoeedeHue KOHKPEMHbIX UCCIe008anuti, HApUMEp Jake JETCKUE WIPYIIKH, KaK MOJENIU
00BEKTOB JEUCTBUTEIBHON PEaTbHOCTH, MPEJHA3HAUYEHBI JIJISl U3yUEHUSl AETbMU OKPYXKAIOIIEeTo
Mupa.

2. He cywjecmgyem mooenel, CHOCOOHBIX 80CNPOU3BECMU 6Ce CEOUCMBA OPUSUHANA. DTO
clieflyeT M3 TOro, 4TO, BO-TIEPBBIX, TAKUX CBOMCTB, BOOOIE TOBOpsS, OECKOHEYHO MHOIO WU
MHOTHE M3 HMX $IBHO HE MpPOSBIAIOTCA. BO-BTOPBIX, BOCIPOU3BECTH BCE pEaIbHBIE CBOMCTBA



OpUTHHAJIA MOXKET TOJIBKO CaM OPUTHHAI, a JIF0OOW TBOMHMUK, TaXKe OYCHb OJM3KHM, OTINYACTCS
OT HETO.

Breibop ompepensitomux M MOUISKAIIMX —MCCIEIOBAHUIO CBOWCTB U YCJIOBHUH,
BBITIOJTHSAEMBIN HA ATAre MPeBAPUTEIHLHOTO U3YUCHHUs OPUTHHANA, TIO3BOJISIET C(HOPMYITHPOBATH
TpeOOoBaHUSI K MOJIeNH, 0OecreynBarouiie JOCTH)KEHUE MOCTAaBJICHHBIX Lieeil (TpeboBaHus K
TOYHOCTH COOTBETCTBHSI OpPUTMHANY, YHHUBEPCAIbHOCTH, BO3MOXKHOCTH IPUMEHEHUS B
pa3IMYHBIX YCIOBUSX, 00ECIIEYCHHIO OTBETAa HA MOCTABJICHHBIC MPH HCCIEAOBAHUU BOIPOCHI,
OIICHKH CBOMCTB M XapaKTEPUCTHUK U T.IL.).

Tak, apudpmeTHKy MOXXKHO paccMaTpuBaTh, KaK MOJENb BBINOJHIEMbIX CUETHO-
OOMEHHBIX Ollepalyid. DIEKTPUYECKasi CXE€Ma MCIIONIb3YETCs B KAu€CTBE MOJIENM AIEKTPOHHOM
anmaparypbl. OJIEKTpOHHAs CHUCTeMa aBTOMATHYECKOTO YIPAaBJIICHHUS Ha CaMoOJIeTe SIBISETCS
MOJIEJIbIO0, 3aMENIA0IIeH AeUCTBHS MUI0Ta. [ 100yC SABISETCS MOJEIBIO 3¢MHOTO IIapa.

MopenupoBaHueM Ha3bIBAIOT IMPOLIECC BHIOOPA M3 U3BECTHBIX WM MOCTPOCHHE HOBBIX
MOJIeJIe  paccMaTpUBaeMOro  OOBEKTa,  MO3BOJISIIOIIMX  BBHIMOJNHHUTH  HMCCIEIOBaHUE
MHTEPECYIOIINX CBOMCTB OpUTHMHAJIA U OLIEHKY €r0 XapaKTEPUCTUK B OMPEICIIEHHBIX yCIOBUSIX.
MopenupoBaHue MOXKHO TakKe€ pacCMaTpuBaTh KaK IIPOILIECC TO3HAHUS, TMO3BOJISIFOIINI
MOJIYYUTh HOBYIO HH(OpMaILIKIO 00 HcciaenyeMoM 00BEKTe C UCTIONb30BAHUEM €TI0 MOJICIH.

Mooenuposanue npeononazaem 6vinoJIHeHUE C1EOYIOUUX IMANOG:

1. Ilocmanoska 3adauu. 37eCh TPOU3BOAMTCS CHUCTeMaTH3alMsa HHPOpMau 00
00BeKTe, IOYYCHHOU B pe3yJIbTaTe HAOIIOICHUH, U3yUEeHUE XapaKTEPHBIX JIJIS HETO MPOIIECCOB,
a Takke (OPMYIHMPOBKAa MPAKTUYECKOH MPOOJIeMbl, KOTOpYyIO TpeOyeTrcss pemuTh C
UCIoNIb30BaHueM Mojenu. [Ipu 3ToM 13 COBOKYIMHOCTH BceX (haKTOPOB, OKA3bIBAIOIIUX BIUSHUE
Ha MOJIEIUPYEMbIil O0BEKT, OTOMpAIOTCA HauOoJee 3HAuYUMBbIE, OIEHUBAIOTCS IHAMAa30HBI MX
W3MEHEHUSI W CTENEHb BIMSIHUS Ha (DYHKIIMOHHMPOBAHME OOBEKTA, JEIAIOTCS OOOCHOBAHHBIC
JOTTYIICHHUS.

2. Ilocmpoenue mooenu. OOBIMHO TIpEIIONAraeT HE MPOCTO €€ MOoAOOp W3 M3BECTHOTO
MHOKECTBA CTaHAAPTHBIX MOJEJe, HO W CHHTE3, TO €cTb COOpKy oOmeld Monxenn u3
«AJIEMEHTAPHBIX» U3BECTHBIX MYJIbTUIIPEAMETHBIX KOMIIOHEHT (CTaHIApPTHBIX MOJIEJICH), B TOM
quclie M3 Pa3IMYHBIX O0JNacTeil HayKH, C MOMOIIbI0 WHCTPYMEHTAIbHBIX CPEICTB, KOTOPHIE
WCIIOJIB3YIOTCS JUTSl HCCIIETIOBAHUS OOBEKTA.

3. [Ilposepxa aodexsamnocmu moodenu. Ilpenamonaraer NpPOBEpKY COOTBETCTBUS
pEe3yNbTaTOB, IMOJIYYAa€MbIX C TIOMOILIBIO MOJIENH, PEATbHOMY IOBEACHHUIO HCCIEAYEMOIO
o0bekTa. Ha aTOM 3Tame MOXKeT MpOUCXOIUTh HE TOJBKO MPOBEPKA, HO TaKXKe MCCIIEIOBAHUE U
YTOUYHEHHE MOJEIU B COOTBETCTBUM C IIOCTaBICHHOM 3ajadeil, a TakkKe KOPPEKTUPOBKA
MMOCTAaHOBKH 3a/1a4H, ¥ OOIIETO MOAX0/a K OIIEHKE aJIeKBATHOCTH.

4. Ilpogedenue uccreoosanuii ¢ ucnoavsosanuem mooenu. OOBIMHO NpeANoaraer
OIICHKY W TIPOTHO3UPOBAHUE MOBEJCHUS 00BEKTa B PA3IMYHBIX CUTYAIUSAX, BEIOOP HAMITYUIIUX
TEXHUYECKUX U YIpaBieHYEeCKUX penieHud. [lepexon k 3ToMy 3Tamy BO3MOXKEH TOJIBKO TOCIE
3aBEPIICHHS BCEX MPEIbITYIINX.

Kaxxnas u3 nepeuncieHHbIX cTaauil mpolecca MOASIMPOBAHNS CYIIECTBEHHA.

Crnenyer OTMETHUTb, YTO TPHU TOCTPOCHHHM MOJEIei HEOOXOAMMO HMETh YETKOE
mpecTaBieHre 00 OCHOBHBIX CBOMCTBaX OOBEKTA, MPOSIBISIFOIIMXCS B OMPEIEICHHBIX YCIOBHSIX,
mpuUYeM He 0053aTebHO BCEX, a Ompeaersomux. Mojens 0/DKHA TPaBWIBHO YYUTHIBATh
TOJILKO OCHOBHBIE CBOWMCTBA, a JHMANa30H BO3MOXKHBIX M3MEHEHHI MapamMeTpoB JOKEH OBITh
orpannyeH. [loaToMy Hay4dHBIE METOIbI WCCIICIOBAHUS JIOJDKHBI OCHOBBIBATHCS TOJIBKO Ha
000CHOBAaHHOH 3aMeHe OpHUTMHANIa MOJEIbI0 MPUMEHUTEIHHO K OIIEHKE OCHOBHBIX CBOWCTB U
YCJIOBHUM, ONPENEISAEMbIX 3aa4€il UCCIEAOBAHUS.

B coBpemeHHBIX ycnoBusix (GopMUpOBaHUS HU(PPOBOM SKOHOMHUKHA 0OCO0OE 3HAYCHHE
npuodperaeT pa3zpaboTka HUPPOBBIX JBOMHUKOB (MOJENEH) pealbHbIX MPOIECCOB, SIBICHUMH,
YCTPOMCTB, MO BO3MOXKHOCTH 3aMEHSIONIMX OpUTHHANBI. [10CKOIBKY Takue ABOMHMKH, BOOOIIE
TOBOPS, MOTYT TIOJTHOCTBIO OTPa)KaTh CBOMCTBA M (YHKIIMOHAIHHBIE BO3MOXKHOCTH OpUTHHAIA,
TO MOJIENTb U OPUTHUHAJ CTAHOBSITCS MPAKTUYECKU HEPA3TUUYUMBIMHU.



Tak, B pamkax Mmomenu COepOank-Onlinge peanusyrorcs MHOTHE OIEpalldd, paHee
BBITIOJIHACMBIC OIICPALIMOHHBIMU O(I)I’IC&MI/I 6aHKOB. B sTux YCJIOBUAX MOJECJIb ITOJIHOCTBIO UJIX BO
MHOTOM  HWMHTHPYET [OBEJCHHE pealbHBIX OOBEKTOB. TakWe MOJEIM  Ha3bIBAIOT
UMUMAUUOHHBIMU.

NMuTAHOHHAS MOJEJIb OOBIYHO BKJIFOYAET:

— MamemamuyecKkylo Mooelb, OIUCHIBAIOIIYI0 peaabHbIC CBOWCTBA W OCOOCHHOCTH
(YHKIHOHMPOBAHHUS OPUTHHAJIA;

— KOMNbIOMEPHYIO NPOSPAMMY, PEaTH3YIOUIYI0 MOJCTh U MO3BOJSIONIYI0 HAXOIHUThH
YHCIIOBBIEC XapaKTEPUCTUKH, ONMKMCHIBAIOIIME OPUTHHAI, BBIIOIHATH PEATU3YEMbIE UM OTICPAIliH;

— cpedcmea 06pabomKU, SU3YAIUIAYUU, OEMOHCMPAYUU, UMATHPYIONIHE MOBEICHUC
OpHUTHHAla, KOTOPBIE AT BO3MOKHOCTH MPEACTABIATH PE3YJIbTATBl  MOIETHPOBAHHUS,
MHTEPIPETHPOBATH UX B HATJIATHOMN, TOCTYITHOM JUI aHATIN3a U OILICHKH (hopMe.

OcHOBHBIE THIILI MOJIeJIel

Mopnenu MOXHO KiIacCH(PHUIMPOBATh MO MX OTHOILIECHUIO K OpPUTHHANY, a TaKXke IO
COOTBETCTBYIOILIMM UM BHYTPEHHEH OpraHM3alllM U CBSI3SM C OPUTMHAJIOM. DTO O3HAYaeT, uTo
OHU OMJIUYAIOMCA RO CTIEOYIOWUM NPUSHAKAM:

— 0COOEHHOCTH ONKCAHUS CBOMCTB OpUTMHANA, PEaTU30BaHHbIE B MOJIETIH;

— MHCTPYMEHTAJIbHBIM CPEJICTBAM, UCIOIb3YEMbIM IS IPEOOPA30BAHMSI CBOWCTB MOJIEIH
B CBOMCTBA OpUTHHAJIA.

Ilo npu3znaxam onucanusa ceoiicme OpuUHANA U 0COOEHHOCMAM YHKYUOHUDPOBAHUS
MO/1eJIU MOAPAa3/1eJIAI0TCH Ha:

— JlocuyecKue, TIOCTPOCHHbIC Ha MPUHIUIAX JIOTUKH, U3 KOTOPBIX MOKHO BBIIEIHTH:
0oOpasnvble — JIAOIIME HArJsIHOE TPEACTAaBICHHE (Hampumep, OOpa3HOE Mpe/CTaBICHUE
ABTOMOOWIIS JIIOOBIM YEIIOBEKOM); CUMBOIbHbIE, UCIOIB3YIOIINE CUMBOJIBI (F€OMETPUUYECKUE,
XUMHYECKHE U T.J1.); 00PA3HO-CUMBOIbHbIE CXeMbl, HAIPUMED, KAPThI, PATHOCXEMBI;

— MamepuanbHble, TIOCTPOCHHBIE O OOBEKTHUBHBIM 3aKOHAM, U3 KOTOPBIX MOKHO
BBIJICNIUTD: (DYHKYUOHAIbHbIe (HApUMEp, TPOTE3 CYCTaBa); 2ceomempuueckue (HaIIpUMeED,
MAalIMHA-UTPYIIKA); QYHKYUOHANbHO-2eoMempuyecKue (HapuMep, MOJeNb camojeTa i
WCCJIEIOBAHMM B a3pOAMHAMUYECKON TPyOe).

Ilo ucnonv3yemvim yciosuam npeocmasnieHus c60UCme Mooenu u OpuZuHala MOIeIH
pa3essoTcs cielyIoImuM 00pa3om:

— YClo6Hble — Ha OCHOBE IMPHUHATOrO COIJIAIICHHUs (HampuMep, cucreMa (hU3MYecKUX
€MHMI] U3MEPEHUS], CUCTEMA TEXHUYECKON JOKYMEHTAIINH );

— aHanoz2o06vle — C HWCIOJb30BAHMEM JIOTHUECKUX BBIBOJOB O CXOJCTBE (Hampumep,
Ipou3BOJgHAs OT (YHKIMM 110 BpPEMEHH, ONMCHIBAIOUIUI MPOWACHHBIH IyTh, MOKHO
paccMaTpuBaTh Kak CKOPOCTh IEpEMEIIEHus);

— MamemamuyecKue — C UCIOJIb30BAHUEM MaTEMaTHUYECKUX COOTHOUIEHUH.

Paccmotpum nmpumep. Mozens MaTeMaTHYECKOIO MasgsTHUKA CTPOMTCS IPU CIEAYIOLINX
JIOTTYIIEHUSX

— Macca MasiTHUKA COCPEA0TOUEHA B TOUKE, pa3MELLIEHHONW Ha KOHIIE HUTH;

— HUTH JUTHHHAS,

— HUTh HEPACTSHKUMAS;

— HUTb HEBECOMas;

— TPeHHE U a3POAMHAMHUYECKOE COMTPOTUBIIEHUE MPH KOJIEOaHUSIX OTCYTCTBYIOT;

— Ha TeJo AeMCTBYEeT eIMHCTBEHHAs! BHEIIHSS CUJIa — CUJIA TAKECTH.

Marematuueckuii ~ MasSTHMK, C  Y4€TOM  MPUHATBIX  JOMYIIEHHWH,  MOXHO
KJIacCU(UIIUPOBATh KaKk 00pa3Hylo, YCIOBHYIO MOJIENb peaqbHOro MasiTHuKa. [Ipu Manbix yriax
OTKJIOHEHUS] MasATHUKA OT TMOJO0KEHUSI PABHOBECHS, C TIOMOLIbIO (PU3NUECKUX U MAaTEMaTHUECKUX
paccyXJIeHUH, MOXKHO TIOKa3aTh, YTO KoyiebaHusi OyAyT TapMOHMYECKHMH, TO €CTh
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CUMBOJIbHYIO, MaTemaTtuueckyro. Eciu coOpaTh peasbHbII MasTHUK W HCIOJIb30BaTh €ro B
Ka4yecTBE MOJENH, TO 3TO OymeT reoMmerpuyeckass (Wid (yHKIHOHAJIBLHO-TE€OMETPHUECKas),
aHasioroBas Mmozeinb. Ecinu coOpate snekTpuyeckuil kojaedaTenbHbI KOHTYP, BOCIIPOU3BOISIIUI
KoJIeOaHUsI MasTHHKA, TO €ro MOXKHO paccMaTpuBaTh Kak (YHKUMOHAJIbHYIO Mojenb. Ecmu
pa3paboTath nporpammy Ajiss 9BM, peanusyroiyo MoJielb KojieOaH!s peaibHOT0 MasiTHUKA, TO
Takas KOMIIBIOTEpHass MoOJAeNdb OyneT (YHKIMOHATBHOW, MAaTeMaTHYeCKOW W JIMCKPETHOU
(dpoBoii), B OTIIMUKE OT HEMPEPHIBHOM (aHAJIOTOBOM) B MPEIBLIYIIEM CITydae.

W3 mnpuBeneHHOTro MpHMepa cienyeT, uYTo Kiaccuukanus Mojeneil He SBISeTCs
JKECTKOM, OJlHAa M Ta € MOJENb MOXET 00JagaTb HECKOJbKUMH KiIacCU(UKAIIMOHHBIMU
IpU3HAKaMHU.

MartemMaTH4YeCcKHEe MOJEJIN U UX BHAbI

MareMarnueckast MOJENb SBJISIETCS SIPOM, TJIABHBIM AJIEMEHTOM JTIFO00W MMUTAIIMOHHOMN
monmenu. OCOOCHHO BaKHBIM B TEOPUU MATEMATHUYECKOTO MOJCITUPOBAHUS  SBIISCTCS
obOecrieueHHe Ha BCEX JTamax pa3pabOTKH COIIACOBAHHMS MOJCIHM C 3aJadyaMd M LEIsIMHU
uccienoBanus. [lapameTpsl, onpenemnsommne TaKkue MOJENH, TOKHBI ObITh 33JIaHbl TOYHO WJTU C
HEKOTOPOW 000CHOBAaHHOM BEPOSATHOCTBHIO (HAJACKHOCTHIO). B OCHOBE Takux Mojeneld 0ObIYHO
JIe)KAT ypaBHEHUS, ONMCHIBAIOIINE OCHOBHEIC MPOIIECCHI U HAOJIIOICHUSI B OPUTHHAJIE.

Jlasxe yacTHbIE MOJENH OTACNBHBIX SIBICHHI, MCIIONb3yeMble MPU COCTABICHUHU Ooee
OOIINX U CIIOKHBIX MOJIEIICH, TOJDKHBI OBITh 000CHOBAHO COPMYITUPOBAHBI U OTIMCAHBI C TOYKH
3peHusi yciaoBwil M obnmactu npumeHeHHs. [Ipu pa3paboTke pazmUYHBIX MOJENEH CHUCTeM U
MIPOIIECCOB HEOOXOIMMO OOOCHOBAaHHO HMCKAaTh CIIOCO0, KaK MOXKHO 0oJiee TOYHOTO 3aJaHHs
OTIPEACIIAIONINX O0BEKT XapaKTEePUCTUK, KaK (DYHKIIMOHAIBHBIX, TaK U YUCIOBBIX. [Ipu sTOM B
MOJICTISIX CIIOKHBIX OOBEKTOB YacTO BO3HUKAET HEOOXOIUMOCTh ydeTa OOJBIIOro 4Hcia
(aKkTOpOB, BIHSAIONIMX HAa WX IIOBEJICHHUE, MPHUYEM HE TOJIBKO TEX, KOTOPHIE OIHCHIBAIOTCS
W3BECTHBIMHM 3aKOHaMU Mpuponabl. Heyder (mpeHeOpekeHHE) HEKOTOPBIMH W3 HHUX BCETIa
JIOJDKEH OBITh CTPOTO 0OOCHOBAH.

MaremaTuveckne MOAeJIH TIPEICTABIsAECT COOOM MAaTeMaTHUUECKOE OMUCAaHWE OOBEKTa.
DTO omHMcaHHe JOJDKHO OTpakaTh B3aMMOCBSI3H MEX]y OCHOBHBIMH TMapaMeTpamMH OpUTHHAlA,
OTIPEICIIIONIMMU OCOOCHHOCTH ero (DYHKIIMOHHPOBAHUS. Takwe CBS3M MOTYT OIHCHIBATHCS C
TTOMOIIIBIO:

— yHKIMi;

— OOBIKHOBEHHBIX IU(D(hepeHITNaTbHBIX ypaBHEHUHN HIIH CUCTEM;

— Pa3HOCTHBIX YPaBHEHUH U UX CHCTEM;

— JIOTHYECKUX ATOPUTMOB (DYHKIIMOHUPOBAHUS;

— BEPOSATHOCTHBIX (CTOXaCTHUYECKUX ) 3aKOHOB U3MEHEHUS COCTOSTHUSI.

MartemaTtuueckoe onmucaHue OOBEKTa MPEANOoNaracT He TOJNBKO yKa3aHWE B3aWMOCBSI3H
MEXJy 3JIEMEHTaMU U MapaMmeTpamMu oObeKTa (3aKOHbI M 3aKOHOMEPHOCTH), HO U JOJDKHO
BKIIIOYATh  3a/laHW€ TMOJHOTO  Habopa UMCIOBBIX M (DYHKIMOHANBHBIX  JIaHHBIX,
XapaKTePU3YIOMIMX OOBEKT (MapaMeTphl, XapaKTEePUCTUKH, HadalbHBIC W TPAHUYHBIC YCIIOBUS,
OTpaHHWYEHUS U T.1.), & TAK)KE METOJbl M aITOPUTMBI BBIUMCICHHS BBIXOJIHBIX MapaMETpOB U
XapaKTEPUCTUK MOJICITH.

[ToaToMy mojg MaTeMaTHYeCKHMM ONHMCAHUEM O0OBEKTAa CIeAyeT MOHMMATh IMOJIHYIO
COBOKYITHOCTh JAaHHBIX, (YHKIHA W METOJOB BBIYMCICHUS, ITO3BOJISIONIYIO ITOTYyYaTh
TpeOyeMblil pe3yabTaT MOACTUPOBAHUS.

PaznuuaroT crnenyromnie munst mamemamuueckux mooeneu.

— pacueTHble B Bue Gpopmyr, TaOIuUIl, alTOPUTMOB, TpahUKOB, HOMOTPaMM;

— moAo0OHbIe, TPEANOJararonue OJWHAKOBOE MAaTeMAaTHYEeCKOE OIHUCAHWE TMpHU
MPOIMOPLIMOHATIEHOM U3MEHEHHH COOTBETCTBYIOIINX MTapaMeTPOB;

— JMHelHble WIH HeJHHeliHbIe, ONUCHIBaeMbIe (QYHKIUSIMHU, KOTOPBIC COJEpKaT
OCHOBHBIE MMapaMeTphl B CTETIEHU HE BBIIIE TEPBOM (JIMHEHHBIC MOJIEIH) WK JIOOBIMH BHIAMU

byHKIINI;



— CTALIMOHAPHBIE WA HECTAMOHAPHBIE, HE 3aBUCAILNE WU 3aBUCSIINE OT BPEMEHU;

— HelpepbIBHBIE WIH AUCKPETHBIE, IPEANOIATAIONNe H3MECHEHHE COCTOSHUS B JIF000I
WK B PUKCUPOBAHHBIE MOMEHTHI BPEMEHU;

— YeTKHe WIH HeYeTKHe, ONKCHIBAIOIINE YETKO ONPEACICHHbIC UM HEYETKUE KauyecTBa
(HampuMmep, ¢ MOMONIbI0 HEYETKMX MHOXKECTB: OKoso 10; riiyOoKo WM MEJKO; XOPOUIO WM
IJI0X0);

— IeTePMMHHMPOBAHHbIE UM CTOXACTHYECKH e, IPEAINOIaralie TOYHOE, OJHO3HAYHOE
MPEJACTABIICHUE WM BEPOSTHOCTHOE, NPU KOTOPOM H3MEHEHUE COCTOSIHUSA MPOUCXOAUT C
HEKOTOPOI BEPOSITHOCTHIO (MOZEIM MacCCOBOTr0 00CTYKMBAaHUS, MUMUTALIMOHHBIE U JIP.).

[Tox nerepMUHUPOBAHHON MO/IEJIBIO IOHUMAIOT BUJI MOJIEIIH, IOITYCKAIOIINI ONTMCaHUE
B BHUJIC€ AHAJIMTUYECKHUX 3aBUCHMOCTEH MJIM BBIIOJIHAEMBIX MOCIIEIOBATEIbHO BBIUACIUTEIbHBIX
anropuTMoB. OHM MO3BOJISIFOT IIPU OJTHUX M TE€X K€ UCXOAHBIX JAHHBIX MOJYYUTh OIUH U TOT Ke
pe3ynbTar.

Bropoit ocHoBHON THI Mojenei 5TO Moaeau croxacTuyeckue. OHU  SBISIOTCS
MOJICJIIMM OPUTMHAJIOB, OTJEJIbHBIE 3JEMEHThl KOTOPBIX HENIb3s ONUCATh aHAIMTHYECKU WJIHU C
MOMOIIbIO OJTHO3HAYHOTO aJropuTMa (PYHKIIMOHUPOBaHUA. MaTeMaTHYeCKOM OCHOBOW TaKHUX
MO/IeJIEN SABJISIFOTCS C1y4allHbIE BEJIMYHMHBI U ITPOLIECCHI.

CroxacTH4ecKrue MOJIEIN UCTIOIb3YIOT MAaTEMAaTHYECKUM ammapaT TEOPUH BEPOSITHOCTEH,
MaTeMaTHUYeCKON CTATUCTHKH, TEOPUU MACCOBOTO OOCIY)XMBAHHS U METOJa CTATUCTHUYECKHUX
ucneiTanuit (merona Monte-Kapio).

Jleknus 2. AJeKBAaTHOCTh MATEeMaTHYECKHX Moj1ejIel

MatemaTtuueckass MOJENb TO3BOJISIET BBINOJHUTH HCCIEAOBAHUA OOBEKTa MMyTeM
MPOBEICHUS BBIUUCIUTEILHOTO JKCIIEPUMEHTA. BBIYHCIANTENBHBI JIKCIEPUMEHT — 3TO
MPOLECC MONyuyeHus: HHOOPMALIUU O MOBEACHUU OOBEKTa C UCIOJIb30BAaHHEM MaTeMaTHYeCKOM
MOJICNIN JUIsl KaKUX-THOO KOHKPETHBIX HAOOPOB MCXOJHBIX JAHHBIX. JTO MOXET OBITH pacuer
OJIHOTO U3 TMapaMeTpPOB WJIM pacyeT HECKOJbKUX I[apaMeTPOB MOJEIHU MpPH Pa3IUYHBIX
3HAYEHHUAX UCXOIHBIX JaHHBIX.

JIoCTOBEpHOCTh pe3yibTaTa BBIYHCIUTENBHOTO HKCIIEPUMEHTa O0ecleynBaeTcsl Mpu
OJITHOBPEMEHHOM BBITIOJIHEHUH 08YX YCa08Uli. BO-TIEPBBIX, pesyrbmam 0014#ceH 00Cmueamscs ¢
KOHMpOUupyemou mouHocmoio. Bo-BTOPBIX, He Modicem Oblmb ONPo8epeHym ¢ NOMOWbI0 KAKUX-
JUOO OONOIHUMENLHBIX PACYEMO8.

[Tpy TIaHMpPOBAaHMM BBIYUCIUTENHHOTO JKCIEPUMEHTa U 00pabOTKe ero pe3ysibTaToB
MOTYT OBITh TaKX€ HCIIOJIb30BAHBI METOJIBI MAaTEMaTHYECKOrO0 MOJIETUPOBAHUS, B TEPBYIO
ouepeab MaTEMAaTUYECKON CTaTUCTUKH.

OnHOM U3 OCHOBHBIX XapaKTEPUCTUK MATEMATUUECKUX MOJIEJICH SBISETCS aleKBaTHOCTD.
AIeKBAaTHOCTb MATEMATH4Ye€CKOil MOJeIM TOHMMAETCs, Kak COOTBETCTBUE pE3YJbTAaTOB
BBIYUCIIUTEIIBHOTO OSKCIEPUMEHTAa TOBEICHUIO pPEATbHOT0 OO0BEKTa B PacCMaTPUBAEMBIX
YCIOBHSIX. DTO JOJKHO OLIGHMBAThCA C TOYKM 3peHus 1ene ucciepoBanus. llpu stom
BO3MOYKHBI pa3HBIC MOXObI K OIIEHKE aJICKBATHOCTHU PA3JTMIHBIX MOJIETICH.

JInsi TEeXHUYECKUX CHUCTEM UM TEXHOJOTHYECKHUX TMPOIECCOB, XapaKTEPHU3YIOUIUXCS
W3MEPUMBIMHA BEJIMUYMHAMH (TIapaMeTpamMu), OOBIYHO TPOBOJSATCS CPAaBHECHHS HANJICHHBIX B
pe3ynbTaTe pacueTa napaMeTpoOB MOJENIHN U OPUTHHAJIA B OAHUX U TEX )K€ YCIOBHUSAX MPU OAHUX U
TeX K€ HMCXOJHBIX JaHHBIX. [Ipu 3TOM cieayeT cpaBHMBATh COOTBETCTBYIOIIHME IPYT JAPYTY
napaMeTpsl MEKIy CO00 TOJBKO B TeX YCIOBUSIX (YHKIIMOHUPOBAHUS OOBEKTA, MPH KOTOPBIX
MIPOBOJIUTCS MCCeAOBaHUE. /[ OIIEHKM aJIeKBaTHOCTH MAaTEMAaTHYECKON MOJIETH TIOBEACHHUIO
OpUTMHaja TEXHMYECKOW CHCTEMBbl M IIpollecca JIOCTATOYHO MPOBEPUTH BBINOIHEHUE JABYX
YCIIOBHI: MOYHOCIU U HENPOMUBOPEUUBOCTIUL.

TounocTs  O3HauaeT, YTO  OOOOIIEHHAs  XapaKTEPUCTHKA  PACCOTIIACOBAHUS

COOTBETCTBYIOLIETO IapameTpa (mapameTpoB) Mojenu U,, 1 OpuruHana uop: AU = ‘UM —Uu op"



JI0JKHA OBITH He OOJblIe 3apaHee 3aJaHHOW BenuuuHbl AU B kauectBe 00001IEHHOM

o1 *
XapaKTEpUCTUKU (MPUEMIIEMON MOIPEHNIHOCTH) MOIYT BBICTYyNAaThb HauWOOJbIIEE IO MOIYIIO
3HA4YEHUE paccorjiacoBaHMs, CpeAHEe 3HAYCHME PAcCOINIAaCOBAHUS WJIM €ro CTaTHCTUYecKas
OLICHKA.

HenpornpopeunBocTh INpeanosiaraeT Hajluyue HIACHTUYHOIO XapakTepa H3MEHEHHUs
CPaBHMBAEMbIX XaPAKTEPUCTUK MOJIEIN U OpUTHHAJA, HAIIPUMED, CXOJICTBEHHBIM BUJ OCHOBHBIX
(YHKLMOHAJIBHBIX 3aBUCUMOCTEN (MHTEpBaJIbl BO3pacTaHus, yObIBaHUS, HATMYME MAKCUMYMOB U
MUHUMYMOB). IIpu 3TOM BO3MOXXHO HCHOJB30BAaHUE PA3IUYHBIX KPUTEPUEB IMPOBEPKU
HEMPOTUBOPEUUBOCTH, KOTOPHIE JOJIKHBI OBITH COIVIACOBAaHBl C LEISIMM HccieqoBaHus. B
cilydae, KOTJa CpaBHHUBaeMbIe MMapaMeTpbl Npyu GYHKIMOHUPOBAHUN OOBEKTa MOTYT MPHUHUMATh
MHOXECTBO PA3JIMYHBIX 3HAUYEHWH, BBIBOJIBI O COOTBETCTBUU IOBEACHUS MOJEIU M OpUTHMHANIA
MOXHO cJieflaTh TOJBKO Ha OCHOBAaHUHM CTATUCTHYECKOW OOpabOTKH pe3yibTaToOB IIpHU
pas3JINYHbIX 3HAYEHUSAX [TApaMETPOB.

IIposepkra adexkeamnocmu mooenu NPeANoaaracT Halu4ue:

— HeoOxonuMol HMH(pOpMalMU O pealbHOM OOBEKTE, KOTOPYIO B OTAEIbHBIX CIydasx
OBIBaET TPYAHO, a YACTO U HEBO3MOKHO IOIY4UTb;

—  Ppe3ysbTaTOB  OJHOTO WM  HECKOJBKUX  KOHTPOJIBHBIX  BBIYMCIMTEIbHBIX
HKCIIEPUMEHTAX, BOCIIPOU3BOSIIMNX [IOBEICHUE OPUTHHAIA;

— KpUTEpUEB OLEHKU TOYHOCTU MaTeMaTUYeCKON MOJIeNH;

— KPUTEpUEB IPOBEPKU HEPOTUBOPEUNBOCTH MATEMAaTUYECKONH MOJIEIH.

IIpu BBIOOpE KpuTEpueB aJeKBAaTHOCTH MOJEIM HEOOXOAWMO y4YUTHIBATh €€
0COOCHHOCTH, 00JIACTh IPUMEHECHHUS, B TOM YHUCIIE:

— JIMana3oH BO3MOYKHOI'O M3MEHEHHUS IapaMeTpoB CUCTEMBI, HAIlpUMEp, BCIIEACTBUE
orpaHuueHusi oOnacTu (QYHKUIMOHUPOBAHUS OOBbEKTa, B KOTOPOH  BBINOJHAETCA €€
MO/JICJIUPOBAHHUE;

— COOTBETCTBUE MAaTEMAaTHUYECKOIO ONMUCAHMSI YCIOBHSIM IPOBEICHUS BBIUUCIUTEIHLHOTO
JKCIIEPUMEHTOB;

— BO3MOXKHYIO HEOJHO3HAUYHOCTb, KOTOpas MOKET BO3HUKHYTb IpU MPOBEIACHHUU
BBIUNCIIUTEIBHOTO DKCIIEPUMEHTA;

— TOYHOCTb BBINIOJIHEHUS! BBIUMCIMTEIBLHOTO 3KCIIEPUMEHTa Ha MOJENIM U HAaTypHOTO Ha
OpUTHMHAJIE.

ToyHoCcTh  MOJENM  OLEHUBAETCS  IMOTPEHIHOCTBIO,  XapaKTepusylouled  Mepy
paccoriacoBaHMs 3HaYEHUH, MTOJIyYEHHBIX B pe3yJbTaTe pacdera I1apaMeTpoB, 110 CPABHEHUIO C

MX 3HaueHMAMH y opuruHana. Ecim U — rakoit mapamerp, Uy u Uy, — ero 3HaueHus,

MMoJIyd4a€MbIC B OJHUX M TCX KE€ YCIOBUAX C MOMOMIBIO MOACIN U OPpUTHHAIA, COOTBETCTBECHHO,
TO AJII OUECHKHU TOYHOCTU MOT'YT OBITh UCITOJIb30BaAHBI:

— abcomomnas nozpewnocms AU = ‘UM — uop‘ ;

Au
— omnocumenvhas noepewnocms OU = ——-100%;
Uop
Au %
— ommuocumenvHas npusedennas nozpeuinocms OU =—, Tme U — HeKoTopoe
u

XapakTepHOE 3HaUYCHHUE, HAIIpUMEP u* = max|u| .

HpI/I MOJCIMPOBAHUHN MOI'YT BO3HUKATh CICAYIOIIHUEC MUNbL ROCPEUIHOCHIU .
- 2py6aﬂ, HEAOIIYCTUMAs C TOUKHU 3PCHUSA TPOBOAUMBIX HCCHCHOBaHHﬁ;
- y006ﬂ€m60pum€ﬂbHG}Z, A0onmyctumast ¢ TOUKHU 3pCHUsA HCCHC}IOB&HHﬁ;



— cayyaiHasa, TPUHUMAIOIAs ClIydaiHble 3HAYeHHs] MPU MHOTOKPAaTHOM IOBTOPEHHUU
OTIbITAa B HEM3MEHHBIX YCIOBUAX (HampuMep, 3aMep BPEMEHHU MpH CBOOOJIHOM IaJ[EHUU Tela C
00JIBIION BBICOTHI, H3MEPSIEMOI0 C IIOMOILBIO OHOTO U TOTO ke CEKYHIIOMEpa);

— cucmemamuyeckas, TPUHUMAIOIIAs IIOCTOSHHBIE 3HAY€HUs IPU MHOTOKPAaTHOM
MOBTOPEHHUH OMBITA B OJTHUX U TEX K€ YCIOBUSIX (HampUMep, TOT ke OIBIT, YTO U B MPEABIIYIIEM
ciy4ae, HO C UCIIOJb30BAHUEM CEKYHJIOMEpPa, KOTOPHINA B CBSI3M C BBIXOJOM U3 CTPOs, HAUMHAET
oTcueT ¢ 3anepkkoi Ha 0,1 mocie mycka).

[Ipu maremaTHuecKoM MOJCIMPOBAHUU BO3HUKAIOT MOTPEUIHOCTH, OOYCIIOBICHHBIE
pa3HbIMU NIPUYUHAMH, B TOM YHCJIE:

— NOSPewHOCMb UCNOAb3YeMOll u3udeckoli abcmpakyuu, BO3HHUKAIONMIAs B CBS3U C
HETOYHBIM YYE€TOM M ONUCAaHUEM (PU3MUYECKUX 3aKOHOB M 3aKOHOMEPHOCTEH MM 00YCIOBICHHAS
MPEHEOPESIKEHUEM B MOJCIHM HEKOTOPBHIMU CYIIECTBEHHBIMH (DakTOpamu, OMpeAeI oMU
MOBE/ICHE OPUTHHATIA;

—  NOcpewHOCmb MamemMamu4ecKko20 OnUCAHus, CBS3aHHAsE C HETOYHOCTBIO WM
NpUOIMKEHHBIM BHIOM 3aJJaHHs HCIOJIb3yeMbIX YPaBHEHMM, MPHUOIMKEHHBIM MpEACTaBICHUE
MCXOJIHBIX JAHHBIX, MOTPEIIHOCTHIO PACYETOB, MOTPEITHOCTHIO HCIOJb3YyEMbIX YHUCICHHBIX
METOJIOB PEIICHHUS;

—  noepewnocmv  00pabomku, BO3HHMKAIOUIash IpU  OKPYIJIEHUU  PE3YJbTaTOB,
HEMPaBUJILHOM rpa@ueckoM UX MPeICTABICHHUH.

Copmynupyem ocrosnvie ceoticmea nocpewnocmu. IIyctb X U Y — olleHUBaeMbIe 110

pesyabTaTaM MOAeIHpOoBaHust mapameTpsl; AX, AY — ux abcomoTHbIe morpemHocTr; OX u Oy

— OTHOCHUTCJIbHBIC ITOTPCITHOCTH. HYCTB dX u dy — BEJIWYUHBI OTKIOHEHMH OT TOYHBIX

3HaueHMi mapaMeTpoB A M D, CBA3aHHBIE ¢ MOrpEIHOCTAMM: ‘dX‘ = AX; \dy\ = Ay . Torma

MMEEM:
1. AGconroTHas MOTPEITHOCTh CYMMBI ITApaMETPOB

(x+dx)+(y +dy)=(x+y)+(dx+dy).
C Y4eTOM CBOMCTB MOAYJIA, TOJTy4aeM HEPAaBCHCTBO
A(X+Y)< AX+ Ay,

mo ecmv abconomuas nocpeutHocnsv CyMMbl He npeeviuilaent CYymMmbl abcontomHbIx
noepemHocmeﬁ clazaemuvlx.
2. Z[J'ISI OTHOCHUTEIbHOU MOrpeIIHOCTU CYMMEBI I1OJIY4acM

dx+dy 8x-|x|+3y-|y|
X+ X+
[Tycts ms onpexnenerHoctd X >0, Y >0 u X < Oy, Toraa nmeem:
8wx+8yy£8yx+8yyzsy
X+Y X+Y
Bo Bcex ClIydasx moJjrydyacm:
8(x+ y) < max(3x, dy).

[TosToMy ommuocumenvhas nozpewiHocmb CyMMbl He Npesbluiaem HauboabULYIo
OMHOCUMENbHYIO NOSPEUIHOCb CIACAeMBIX.
3. Ilpu oneHKe aOCOMIOTHOM MOTPEUTHOCTH PA3HOCTH UMEEM

(x+dx)~(y +dy)=(x—y)+(dx~dy),
MMO3TOMY a0bcoiroTHas MOrpeIIHOCTL PAa3HOCTU YAOBJICTBOPACT YCIIOBUIO
A(x—y)<|AX|+[Ay].
Takum 00pa3soM, abCONOMHAS NOZPEUHOCb PAZHOCMEl He NPesbluldaenm CyMMbl
abcontommbix nOZpeWHOCWl@IZ GEJIUYUH, GXO()}ZWMX 6 pa3HOCMb.

S(x+y)<




4. JI7ist OTHOCUTENBHOM MOTPEITHOCTHA Pa3HOCTH UMEEM
AX+Ay OX-X+0Y-
S(x-y)< Y _ Yy
x=y x=y

OTCIO,I[a ClIeqyeT, YTO OTHOCUTEIbHAS IMOIPEIIHOCTD PAa3HOCTH X — y MOXKCT IIPUHUMATDH

3HAUEHUS 3HAYUTEIbHO OOJIBILINE IO CPABHEHHMIO C morpemHocTsMu X u Y. bonee Toro, npu
OJM3KUX 3HAYCHUAX X U Y OHA Jake HEOrPaHMYEHHO BO3PACTAET.

W3 sT1OrO Cnenyer, umo npu npubIUINCEHHLIX GLINUCTEHUAX Cledyem CMmpeMumscs
UCKTIIOUUMb  UCNONb306AHUE PASHOCMEl HAUOEHHbIX NPUOIUNCEHHO 6enuduH. Ddmom @akm
HeoOX00uMo  yuumvleams npu  pazpadomke KOMNbIOMEPHbIX NPOSPAMM, Peanu3yrouux
MamemamuyecKue Mooenu.

5. Haiinem aOcCONIOTHYIO MOTPEIIHOCTh MPOU3BEACHHUS IapaMeTpoB, CUUTAas UX IS
ompenenensoct  monokutenbHbiMu (X >0, Yy >0). Torma momaras U=XYy,

Au
Inu=Inx+Iny u wucnomszys npuGmuxennyro ouenky mmdpdepenmuana A Inu=—,

u
MM By,

u x y

A(u)= u(dx + dy).

6. HJ’IH OTHOCHUTEJIbHOM MNOTPCITHOCTHU ITPOU3BCACHUA UMCCM:

5(xy) < Aly) Sx + 3y,
Xy

nojrygyacm

TO €CTb OMHOCUMENbHASl NOSPEUHOCb NPOU3BEOEHUsl PABHO CYMME OMHOCUMENbHBIX
nozpeutHocmel COMHOMICUmMenel.
7. OueHrM OTHOCUTEIIBHYIO IMOTPEIIHOCTh OTHOIIEHHMS 3HA4E€HUH mapameTpoB X, VY,

X
cuuras, yto X >0, y > 0. Ionoxkum U=—, torma INnu=Inx—Iny u

&:8(u)£&+ﬂ:8x+6y,
u Xy

TO €CTb OMHOCUMENbHAS NOSPEUWHOCMb YACMHO20 He npegblulaem CYyMMY OMHOCUMETbHbIX
nozpemHocmezZ 0eUM020 U Oeaumersi.
8. Jlns abcotoTHON MOTPENTHOCTH OTHOIIEHUH TIOJy4YaeM OLEHKY

Au)<u(dx +dy).
9. Ilycte Tenepp nokasarenb Y paBeH Y = f(X), rjae f(X) — 3aJ]JaHHasl HENPEPBHIBHO
muddepennupyemass GyHKIMs Tokazatenss X. Torma moydaem ClAeAyrOIIME OIEHKH IS

IOTPEIIHOCTH MoKa3aTens Y : Ay = ‘ f '(XXAX < max\ f '(X)‘AX ;
Sy:ﬂ:\f’(x)(Ax.
v )
dlin f(x) /
B ciyuae, korza f(X)>0 nmeem oy = d—AX < max‘(ln f (X)) ‘AX :

B 3aKJIFOYCHUN OTMCTUM, YTO HOFpeHIHOCTI) MOJIGJ'H/IpOBaHI/IH O6BI'—IHO OHpeHeHﬂeTCﬂ
UCIIONIB3YEMBIMA METOJAMHU U ITOPUTMAMH pellieHus 3agadd. [loaToMy mpu MOAEeTupOBaHUU
BBIOOP YHCIIEHHBIX METOJIOB JOJKEH OBITh BCeria 00OCHOBAH.



OcCHOBHBIE 3Tanbl MMpoBE€ACHUA HUCCJIeA0BAHMM
¢ HCNO0JIL30BAHHEM MATEMATHYE€CKHX MOaeJen

Matematuueckoe MOJAETUPOBAHUE SIBISIETCA  YHUBEPCAIbHBIM  HHCTPYMEHTapHEM
HAYYHBIX, MPOHU3BOJCTBEHHO-TEXHUYECKHX U COIHUAIBbHO-I)KOHOMHUYECKUX HCCIICAOBAHHA,
PUMEHEHHUE KOTOpPOro TpeOyeT COOMIOACHMS OMPENESICHHBIX MPAaBUJI, MO3BOJSIOUINX CHU3UTH
PHCK TOJIy4eHHUs] HEBEPHBIX pe3yibTaroB. [Ipu pazpaboTke MaTeMaTHUECKUX MOJAETCH Clieayer
CTPEMUTHCS MIPUIEPIKUBATHCA CIIEIYIOIIEH MOCIeA0BATEIbHOCTH ACHCTBUIA:

1. Mzyuenue opucunana, KOTOpOe NPEINONAraeT BBIIBICHHE OCHOBHBIX (DaKTOpOB,
OCOOCHHOCTEH, [Mama3oHOB M3MEHEHMsI UHCIOBBIX [apaMeTpoB, OMNpEICICHUE YCIOBUI
peleHus 3aa4, MOCTaHOBKY ((pOopMyITUpPOBKY) 3a7add MCCIICIOBAHMS, 3a/laHue HEOOXOIMMON
TOYHOCTH PAcueTOB.

2. @enomeHonocuveckoe onucauue opueunana («pumuecKoe», HATYpHOE, OOBEKTHOE
OMKCAaHUE), KOTOPOE BBIIIOJHACTCA C YYETOM U3BECTHBIX aHANOTHH, (YHKIUOHAIBHBIX
OIMCaHUM, 3aBHUCHUMOCTEW, MOJEIIECH, IOJYyYEHHBIX paHee B pPacCMaTpUBAEMOM NPEIMETHOH
o0JacTu, a TakKe C y4eTOM JOCTH)KCHUI B APYTUX 00IAaCTAX HAYKH, YUUTHIBAS MOTCHIIMAIHHYIO
BO3MOYKHOCTh MX IPUMEHEHUSI.

3. BowinonneHue mamemamuyecko2o0 ONUCAHUS OpUSUHAIG B BUIE €ro OOOCHOBAHHOM
MaTE€MaTU4eCKOW MOJEIIH.

4. Paszpabomky aneopumma YUCIEHHOU peanuzayuy MaTEeMaTHYeCKOW MOJIenu ¢
UCTIOJIH30BAaHUEM UMEIOIINXCS CPEJICTB U METOAOB BBIYMCIUTEILHON MaTEMaTHKH.

5. Paszpabomky npoepammnoco obecnewenus s pealu3alldd MaTeMaTHUYECKOW MOJIEITH
Ha KOMITBIOTEpE.

6. Illposedenue KOHMPONLHBIX BbIYUCIUMENLHLIX IKCNEPUMEHMOS8, BOCIPOU3BOASIIUX
peabHOE JIOCTYMHOE JUIsi WCCIICAOBAHHS W OLEHKU TOBEACHHWE OpHUTHHAJIa B KOHKPETHBIX
YCIOBUSIX.

7.  Oyenxy  aldexkeamHocmu  pe3yIbmamog  KOHTPOJIBHOTO  BBIYMCIUTEIBHOIO
HKCIEPUMEHTA MyTeM HUX CPaBHEHHUS C MMEIOUIMMMUCS JAHHBIMU O MOBEJIECHUU OpPUTHHAJa B TeX
VI MHBIX YCIOBUSX.

8. Ilnanuposanue biuuciumenbHo20 IKChepuMeHma COTJIacHO LEIM UCCIIeI0BaHUs.

9. Ilposedenue bluuciumenbHo20 3KCnepumMeHma B COOTBETCTBHE C MPUHSATHIM TUIAHOM,
00paboOTKy €ro pe3ynbTaToB.

10. Ananu3z pe3ynomamog evluucIumenbHo20 IKCnepumenma, CpaBHEHHE C pe3ybTaTaMH,
NOJyYeHHBIMU Ha OpUTHHAJIE.

11. @opmynuposxy 6b160006 1O pe3ylbTaTaM BBINOJIHEHHBIX UCCIEJOBAHHM.

ITyHkTbI 1 — 7 COOCTBEHHO M COCTaBJISIOT CaM MPOLIECC MOJEIUPOBAHUS (IOCTPOCHUS U
peanu3zaly  MaTeMaTU4YeCKOW MOJenH). 371eCb MOXKET BO3HHKHYTh HEO0OXOIUMOCTh
UJCHTUQUKAIMKA  OTJENbHBIX MapaMeTpoB Mojenu. Takod mporuecc BO3MOXKHO Oyzaer
BBITTOJIHATHCSI MHOTOKPATHO, B COOTBETCTBHH C ITyHKTamMu 3 — 7.

VYKkazaHHbIE 3Tanbl ABIAIOTCS OOMMMHU. OHHM pean3yrTCs MPU BCEX HCCIEI0BaHMIIX,
BBITTOJTHSIEMBIX C UCTIOJIE30BaHUEM MAaTEeMAaTHIECKUX MOJICIICH.

OcHoOBHBIE NPUHIMIBI MOACJIUPOBAHUA
TCXHUICCKHUX CUCTEM U TEXHOJOTHYECCKHUX ITPOLECCOB

[Tpu ucnonp30BaHUM UMUTAIMOHHOTO MOAEITUPOBAHUS B KAUYECTBE HHCTPYMEHTApUS JIJIs
aHaym3a PabOTHl W TPOCKTHPOBAHHS TEXHUYCCKUX CHCTEM, CJICIYeT OpPHUEHTHPOBATHCS Ha
BBITIOJTHEHHE CIEAYIOMINX MPUHIIUIIOB:

1. Obecneuenue mpebyemou cmenenu adeK6amMHOCMU MAMEMAMULECKOU MOOelU.
Mopnens He MOXeT OBITh UCHOJB30BaHA ISl OICHKHM OOBEKTa, €CIM OHA HE MPOILIa OIEHKY
aJICKBaTHOCTH. AJICKBATHOCTh MAaTEeMAaTHUYCCKOW MOJICIIH JIOCTUTACTCS TIPH YAOBICTBOPUTEITHBHON
€€ TOYHOCTH ¥ HETIPOTUBOPEUYMBOCTHU IO OTHOIIEHHUIO K TIOBEICHUIO OPUTHHATIA.
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2. [lpunyun cubkocmu, UHBAPUAHMHOCMU U OUHAMUYHOCIIU MAMEMAMUYecKoll
MoOdenu, KOTOPBIN MpearnoaraeT 000CHOBaHHBIN BHIOOD I pealn3aluyi MOJIeTH HEOOXO0IMMOT0
POTPAaMMHOTO OOECIICUCHHSI, HAJIMYME Y HEro CICIUAIbHBIX CBOWCTB, 00ECHEYHBAIOLINX
OINEPAaTUBHYIO HACTPOWKY B COOTBETCTBUU CO CTPYKTYpOH paccMaTpuBaeMoro OOBEKTa, €ro
napamMeTpamMH U XapaKTepHUCTUKAMHU.

3. [Ilpunyun cocmosamenbHOCMU pe3yIbMamos GblYUCIUMENbHO20 IKCHepUMenmd,
KOTOPBII TpeOyeT NOCTHKECHUS Pe3yJbTaTOB, OJM3KUX K UCTUHHBIM, TO €CTh KaK Yy OpUTHHAIA.
CoCTOATENPHOCTh TAKXKE MOXKHO MOHUMATh CTATUCTUYECKH, B TOM CMBICIIE, YTO MPU YBEIUYCHUN
o0beMa MHPOPMALIUU PE3YJIbTAThl BBIYHCIUTEIBHOTO SKCIIEPHUMEHTA JTOJDKHBI CTAHOBUTHCS KaK
yrogHo ONM3KUMH K HCTUHHBIM 3HAYEHUSM IapaMEeTpPOB HCCIEAYeMOro OOBeKTa ¢
BEPOSITHOCTHIO, PABHOH CIMHUIIE.

4. [Ilpunyun yoobcmea npu 6bINOJIHEHUU MOOeIUPO8aHUsl, KOTOPBIH NpeAronaraet
IPOCTOTY U yIOOCTBO pabOTHI C MPOrPaMMHBIM OOECIIEUEHUEM, B TOM YHCIIE MPH TOATOTOBKE
JAHHBIX ISl BBIMOJIHEHUS pPa3lMYHBIX BapHUaHTOB pacdera, OoOpabOTKM M MPEICTABICHHS
pE3yJIbTaTOB BBIYMCIUTEIBHOTO IKCHEPUMEHTA. DTO JIOCTUTAETCS Pa3BUTBIM HHTEpdercoMm,
JMAJIOTOBBIM ~ PEKHMOM  Pa0OThl, HAJIMYHEM CEPBHCHOTO MPOTPAMMHOTO OOECTIeYCHHUs
(mpeactaBneHuss pe3yibTaToB B BuAe Tabmuil, TpadukoB U T.M.), yHUPHUKAIUEH BCETO
MIPOrPaMMHOTO O0ECTICUCHUSI.

5. [lpunyun  000CHOBAHHO20 — NAAHUPOBAHUSL — BLIYUCIUMENbHO2O — IKCHEPUMEHMA
oOecrieynBaeTcsl B pe3ysIbTaTe NPUMEHEHHUs CHEIHMaIbHBIX METOJOB U MPUEMOB IIAHUPOBAHUS
IKCIIEPUMEHTA.

6. [lpunyun koumkpemusayuu ycioeuii u ooOnacmMuU NpUMEHEeHUs paspadbamvléaemor
mamemamuyeckot Mmooenu. Ero BBINIOJHEHHE OCOOCHHO BaXXHO TMPH MAaTEMAaTHYECKOM
MOJICIIUPOBAHUH CIIOXKHBIX cucTeM. OH HCKIIOYAeT BO3HMKHOBEHHE IIOTBITOK ITOCTPOCHUS
OJTHOW MaTeMaTHYECKOW MOJICNIH, OIUCHIBAIONICH BCEBO3MOXHBIC CIICHAPUU TIOBEACHUS
OpUTHHAJIA, B TE€X CIy4asX, KOrJa 3TO HE BO3MOXHO, MpPEIOiaraeT MoCTPOeHNUEe HECKOIBKUX
MaTeMaTHYECKUX MOJEICH C IOCTATOYHOHN CTENEHBIO aJeKBAaTHOCTH, OTPAXKAIOIIUX OTACIbHBIC
CTOPOHBI TIOBEACHUsI OOBEKTa. [IpMeM HCHOIb30BaHUS HECKONBKHX MOJEIEH, Ha3bIBAeMBbIi
JAeKOMIO3ULMel, YacTO TMO03BOJIAET JOOUTHCS JOCTOBEPHOCTH MOJMYYA€MbIX pE3yJIbTaTOB
BBIYUCITUTENFHBIX JKCIIEPUMEHTOB C HMCIOJIh30BaHUEM OoJiee TMPOCTBIX MOJENeH, IMOCTPOUTH
KOTOPBIE OKa3bIBAETCS MPOIIIE.

Jlekuus 3. Oco0eHHOCTH pa3padoTKU MATEeMATHYECKUX MOJeJIeil

[Tpu pazpaboTke MaTeMaTHYECKHX MOJEIEH HYXHO TOHUMAaTh, YTO MOYKHO TOCTPOHTH
OYCHb CIIO)KHYIO MAaTeMaTH4YeCKyl0 MOJE€b, YUYMTHIBAIOIIYI0 BCE CYIIECTBEHHBbIE U
HECYIIECTBEHHbIE (DAKTOpbl W SIBJICHHUS, OIHAKO, IOJIYYUTh pE3yabTaT C €€ IIOMOIIBIO
OKa3bIBaETCsl HE MEHee CJO0XHO, YeM HampsmMyro Ha opuruHaie. C apyroil CTOpOHBI, MOXHO
MOCTPOUTH OUYEHb MPOCTYIO0 MOJIENb, OTOOpaXAIOIIYI0 HEOOIbIIIOE YUCIIO CBOWCTBA 00BEKTA, HO
NPUMEHSTDH €€ JUIsl UCCIIE0BAaHUS OKaXETCs HEBO3MOXKHO B BUJTY HU3KOM TOUHOCTH.

[TosTOMy, TIpHM TOCTPOCHWH MAaTEMAaTHYECKHX MOJeNel, BO3HUKAET HEOOXOIUMOCTh
MOKCKA ONTHUMAJIBHOTO KOMIIPOMHCCA MEXKAY MPOCTOTOM MOJIENN M CTEMEHbIO €€ aJeKBaTHOCTU
MU3y4aeMOMY OPUTHHAIY, YTO COOTBETCTBYET NMPUHIIUITY Pa3yMHOW JOCTATOYHOCTH.

Ilocmpoenue mamemamuyeckou Mmolenu (Cunmes ee CMPYKMYpvl U YKA3aHue
napamempos) mpebyem peuieHus HeCKOJIbKUX npooiemM, 8 mom yucie:

—  MHO2OKpUMEPUATbHOU — OYeHKU Kayecmed (QYHKYUOHUPOBAHUA — MOOeNUpyemou
cucmembpl, 9TO JOCTHTACTCS 3aJJaHHEM HECKOJIBKIX, BO3MOXKHO MMPOTHBOPEUNBBIX KPUTEPUEB;

— CHUDICEHUSI PA3SMEPHOCMU UCHONIb3YEMbIX ONUCAHUL CIOJNCHbIX CUCHEM Mooeell —
CHIDKEHHUSI YHCIIa IIEPEMEHHBIX B MOJIENH, OMTUCHIBAIOIINX COCTOSHIE OPUTHHAIA;

— obecneuenus a0eK8amHoOCmu MoOeu.
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[Ton MHOTOKPUTEPHATBHOCTBIO CIIEAYET MOHUMATh HAIMYUE HECKOJIBKUX TPEOOBAHUHN K
CJIO)KHOW CHCTEME B IIEJIOM HJIM K €€ DJIEMEHTaM M XapaKTEPHUCTUKAM, OTPAKAIOIIUM CBOHCTBA
MoJieIpyeMoro oObeKkTa (HampuMmep, OSKOHOMHUYHOCTh M 0€30MacHOCTh IOJIETOB IMpHU
MACCAXHUPCKUX MEPEBO3Kax, OBICTPOTA M KAUECTBO OOCIYKHBAHHUSA, [IEHA M KAYeCTBO MPOAYKIIUU
U T.J.).

Hnst obecrieyeHHs aeKBATHOCTH MaTeMaTHYeCKOW Mojenu Tpeldyercsi 000CHOBATh
PUHUMAEMble JOIMYIICHUS, BBIICIATh U3 BCeX (PAKTOPOB, BIMSIOMUX HAa (PYHKIIMOHUPOBAHUE
00BbEeKTa TJaBHBIE, NOJJIeKamMe ydery. Kpome TOro, B 3aBHCHUMOCTH OT CTPYKTYpBI
MaTeMaTUYeCKON MOJENU ClenyeT Jid ee pealu3ald BbhIOMpaTh Haubosiee mpueMieMble U
3¢ (eKTUBHBIE BBIYUCIUTEIbHBIE METOAbl. OOOCHOBAaHHBIMU TAaKXKE OJIKHBI OBITH KPUTCPUU
aJIeKBaTHOCTH.

IIpu pazpabomke mamemamuyeckux mooeiel NPUMEHAIOMCs cledyioujue Memoobl:

1. Panstwcuposanue, KoTopoe MpeanonaracT 000CHOBaHHbIN, He(OPMaNbHBIM, BO3MOKHO
OKCIIEPTHHIN aHaJIN3, B Pe3yJbTaTe KOTOPOTO BBIMIOIHSICTCS pa3HECEHUE MApaMETPOB H SBICHUI
no BaxHOCTH (panry). Ilpu 3ToM Hambonee BaxHble (DAKTOPBI, OMPEICNAIOININE COCTOSHUE
00BEKTa, CIIEAYEeT YUUTHIBATh, @ HAMMEHEE BaXHBIMHU YaCTO MOYKHO NMPEHEOPEYb.

2. Aepezuposanue (IEKOMITO3HIINS) CBOJIUTCS K pa3OMEeHHIO O0IBIIOro yucia (GpakTopoB
(mapaMeTpoB), XapaKTEpPHBIX Il OPUTHHANIA, HA HEOOJIBIIIOE YUCIIO TPYIIN, OJIOKOB (arperaton)
M0 OIpeJeJeHHbIM MpaBuiaM. Jlajgee ycTaHABIMBAIOTCS CBSA3H MEXIY OJOKaMH, KOTOpBIE
MOXHO (opMamu30BaTh W ydecTb. YacTo 5TO MO3BOJISET HAXOAWUTH pEIICHUE 3alauyd C
MEePEMEHHBIMH, XapaKTePU3YIOIIUMHU KaXK/IbIi arperar, He3aBUCUMO OT JIPYTHUX.

3. Ouenku oonacmu usmeHeHus 0CHOGHbIX napamempos (HaKTOpoB) OOBEKTA: TOUECK,
JUHHUH, TUIOCKOCTEH, APYruX IpaHUll, Ha3bIBAEMBIX Oughyprauyuamu, Ha KOTOPHIX MPOUCXOMIST
pe3Kre U3MEHEHHs] Ka4eCTBEHHOTO TTOBEICHUSI PACCMaTPUBAEMOM CUCTEMBI, TIEPEXO0/1 U3 OJHOTO
cocrosiHus B japyroe. KadecTBeHHOe TMOBeJEHHME CHUCTEM B YCIOBUAX TaKUX MEPEX0JI0B
OIIHCBIBACTCS MEMOOAMU MAMEMAMUYECKOU meopuu kamacmpogh. Takoit anHanms3
HEOOXOIUMO JIelaTh C YYeTOM TOro, 4TO MaTeMaTHYecKhe MOJAeTH OO0BEKTa B pPa3HBIX
COCTOSIHUSIX (ZI0 ¥ TIOCTI€ «KaTacTpO(bl») MOT'YT MIPUHIUIIAATIBHO OTINYATHCA.

4. Memoowt nocnedosamenvrvlx RPpUOAUICEHUI, TTO3BOIIAIONINE TOCIEIOBATEIBHO Ha
KaX/IOM HOBOM IIare pacueTa BBIIOJHHUTH 0Ojee TOYHYIO OIIGHKY 3HAUYEHHWH IapaMeTpoB
MOJIEJIH, UJIH JIaXe €€ CTPYKTYphl. Takue 1maru BhIMOIHSIIOTCS MHOTOKPATHO.

5. Memoo npo6 u owuboK, COTIACHO KOTOPOMY IO pe3yibTaTaMm OIHOTO WITU
HECKOJIbKUX MHOTOBApPUAHTHBIX PACUeTOB, B PE3YJIbTaTe CPABHCHHS C OPUTHHAJIOM, HAXOJSATCS
YTOYHEHHBIE OIICHKU 3HAYEHHI MapaMeTpoB MOJENIH, a TaKKe €€ CTPYKTYpPbI, MO3BOJISIOIINE
CHU3UTH OIMOKH MOJISITHPOBAHHUS.

6. Memoo nepebopa mpeanonaraeT TOUCK pEIHICHHUS IMyTeM mepedopa BO3MOXKHBIX
3HAUCHUH MapaMeTpoB, MPUIEM Iepedop MOXKET OBITh TPOCTHIM MITH CITyJaitHBIM.

7. Memoo cmamucmuueckoil npoeepku 2unome3 Tpeanonaraet QGopMyJIHnpOBKY,
aQHAIM3 W TMPOBEPKY PA3HBIX TPEANOIOKEHUH O TPHYMHAX IMOJIYICHUS OIPEISICHHOTO
pe3ynpTaTta. OTOT METOJA TMPUMEHSeTCS B TOM cllydae, Korjma TpeOyercss HalTu He
KOJIMYECTBEHHOE, a KAYeCTBEHHOE OOBSICHEHHE CIOXKHOTO W HEOPAWHAPHOTO SIBIICHUS, Ha
KOTOpOE€ OKa3bIBAIOT BIUSHUE ClTydaiiHbIe (DaKTOPBHI.

8. Memoowbl IKcnepmupix OyeHOK TIPEIIONAralOT SKCIEPTHYIO OIEHKY CTPYKTYPHI U
napaMeTpoB MOJIETH.

IloxoOue n anaau3 pazMmepHocTei

Teopust momodus sBISETCS HHCTPYMEHTOM YHU(DHUKAIMK U 0000IIEHUS MaTeMaTHUYECKUX
MoJieJel pa3HbIX OpUTHMHANOB. B MareMaTndeckoM MOJENHMPOBAHUU JIBa OOBEKTAa CUMTAIOTCS
NOAO00OHBIMHM, €CIIU BBIIIOJIHAIOTCS J1BA YCIOBUSL:

1) oHM UMEIOT OIMHAKOBOE MAaTEMAaTHUYECKOE ONHMCAHUE;

2) COOTBETCTBYIOIIME MEPEMEHHbIE MOJIEIeH CBsI3aHbl MeXay co0oi Kod(hdumeHTaMu
MPONOPLUUOHAILHOCTU (M000Ms) MJIM MaciiTabamMy MPUBEACHUSI, MIPU KOTOPBIX COXPAHSIIOTCS
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HEM3MEHHBIMH OIPEEICHHbIE COOTHOIIEHUS MEXIY KOd(p(UIMEHTaMH IPONOPLUOHATIBHOCTH,
Ha3bIBAEMBIMU KPUMEPUAMU NOOOOUSL.

Jlis cpaBHEHMs Pe3y/IbTaTOB M3MEPEHUH OAHOM M TOH K€ BEIUYMHBI, MM OZHOPOIHBIX
BEJIMYMH, HUCIOJIB3YIOTCS 3TANOHBI (MacmTtad). s 3TOro BBOAATCS EIUHHUIBI M3MEPEHHS,
pasMepHbIe U Oe3pa3MepHbIE BETUUNHBI.

Enununeit n3mepenust ¢pusuveckoii BeaumunHbl D (pazMepHOCTBIO, 0003HAYaEMOM ¢
IIOMOIIBIO KBaJpaTHBIX ckoOok [D]) Ha3biBaeTcs ycllOBHO BbIOpaHHas B KayecTBE STalOHA
¢u3nueckas BeIMYMHA, UMEIOMIAsl TOT XK€ caMblid (PU3UYECKUi cMBICH, 4To U BennumuHa D. [pu
9TOM 3Ha4yeHue 1000 PpU3NUecKoi BEIMUUHBI MIPEJCTABISAECTCA JBOSKO, B BUJE €€ YHCIOBOIO
3Ha4YeHUs (MACIITAOHOTO MHOXKUTEJIS IO OTHOLICHHIO K €IMHULIE H3MEPEHHS) U pa3MEPHOCTH.

Hcnonb3yemsble IpU MOAETMPOBAHUN BEITMYUHBI, YUCIEHHOE 3HAYEHNUE KOTOPBIX 3aBUCUT
OT MIPUHATBIX €AUHUL] U3MEPEHNS, HA3bIBAIOTCS PAa3MEePHbIMH.

Benuuunsl, yncieHHOE 3Hau€HHE KOTOPBIX HE 3aBUCHUT OT IIPUHATHIX €IUHUIl H3MEPEHNs,
Ha3bIBAIOT 0e3pa3MepHbIMH.

Ilepexoa OT pa3MepHON BENMYMHBI K O€3pa3MEpHOM OCYLIECTBISETCS IyTeM JEJIEHUS
IIPOM3BOJILHOTO 3HAYEHMsI IEPBOM Ha KaKyI0-I1M00 (QUKCUPOBAHHYIO €€ BEJINYUHY, Ha3bIBAEMYIO
0a3HCHOM.

AHanu3 pa3MepHOCTEN MIMPOKO HCIIOJIb3YETCs MPU MAaTEMaTUYECKOM MOJECIMPOBAHUU U
HO3BOJISIET OMMCATh Pa3IMYHble OOBEKTHI C HMCIIOJIB30BAHHUEM OJMHAKOBBIX MaTE€MaTHYECKHX
MOJCIICH.

[lopsimox W mpaBwiia NPUMEHEHUS Pa3MEPHOCTEH YCTAHABIMBAIOT CUCTEMbI €JMHMIL
u3MepeHus. B ¢pu3nke ncmonp30Bagock JOCTATOYHO OOJbIIOE KOTUIecTBO Takux cuctem: CI'C,
texaunueckas, MKC, MKCA, CI'CD u CI'CM.

B 1960 rony B Ilapmxe XI I'enepanbHas koH(epeHIUs O MepaM U BecaM IpHHsUIa
Medicoynapoonyro cucmemy edunuy uzmepenus, obosnauaemyro SI (8 pycckoii mpanckpunyuu
CH). Cerogns sta cuctema Ha teppuropun Poccum yrepknena 'OCT 8.417-81 Eounuywb
Quzuueckux  @eauyun. ITUM  CTAHAAPTOM  YCTAHABIMBAIOTCA INpaBWIa  IPUMEHEHHUs
pa3MepHOCTeN B TEXHUYECKOW JJOKYMEHTAIMU, TEPMUHOJIOTHS U cUcTeMa 0003HAYEHUH.

B mo60#t cucreMe MOYHO BBLIEIUTH OCHOBHBIE €AMHHUIIBI, Yepe3 KOTOPHIE C MOMOIIbIO
3aKOHOB TPUPOJBI OIpeAenstoTcss ocraimbHbie. B 1832 r. laycc mpemnoxun B KayecTBe
OCHOBHBIX €/IMHUI] H3MEPEHUs BHIOMpAaTh HE3aBUCHUMBIE €IUHMIBI (B COBOKYIMHOCTH HeE
CBsI3aHHBIE MEXy cO00I 3aKOHaMU MPHUPOJIbI), HA KOTOPBIX CTPOUTCS BCS CUCTEMa (PU3MUYECKUX
€IMHUIL.

B CH ocnosnvimu edunuyamu npunamoi:

— MeTp [M] B KauecTBe MephbI JTUHBI;

— KWJIOTPaMM [KT'| B KaUeCTBE MEPBI MACCHI;

— CeKyH/Jia [c] B kauecTBe Mepbl BpEMEHH;

— amriep [A] B kauecTBe MephI CUIIBI DJIEKTPUYECKOTO TOKA;

— KEJIbBUH [o K] B kauecTBe MepbI TEPMOJIMHAMHYECKON TEMIIEPATYPHI;

— MOJIb [MOJIB| B KAYECTBE MEPHI KOJUYECTBA BEIECTBA;

— KaHJiena [KJ] B Ka4eCTBE MEPHI CUJIbI CBETA.

Kpome sToro, BBOASTCS AOMOTHUTENBHBIC SIUHUIIBI N3MEPEHUS TUTIOCKHUX YTIIOB — paguaH
[pan] u TenecHBIX YTTIOB — CTepaguaH [cp], ABISIONIHeCs 0e3pa3MepHBIMHU.

OcranpHbIC pa3MEpHBIC SIUHUIIBI TIPUHITO HAa3bIBAaTh MPOU3BOAHBIMH. OHH TOTYy4arOTCs
U3 OCHOBHBIX C TIOMOIIBbIO (PU3NYECKUX 3aKOHOB.

Hampumep, eguauna momrHoctrn N Barr [BT] momydaercst u3 cienyromux (opmyi,
OTpaKaIOIIUX M3BECTHBIE 3aKOHBI MEXAHUKHU, C UCIOIH30BAHUEM BETHUYMH: padoTa, cuiia, Macca

A Fs mas

U YCKOPEHHE, U UX Pa3MEPHOCTEH: N=—=—=—+

t t t
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KF'M'M_KF'M2
02 -C 03

B cucreme CU mnpearnonaraercsi HMCIOIb30BaHHE MUHHMAaJIbHOTO HAa0Opa OCHOBHBIX
€IMHUL], OOECIeYMBAIOIIUX 3aMUCh (U3NYECKUX 3aKOHOB 0€3 HCHOIb30BAHUS Pa3MEPHBIX
YHUCJIOBBIX KOA((PHUIIEHTOB.

IIpodemoncmpupyem 0CHOBHbIE NOLOHCEHUS Meopuu pasmepHocmell npumepom. MHorue
3aKOHBI TIPUPOABI B JIFOOOM CHUCTEME €IUHHII HW3MEPEHUS OMHUCHIBAIOTCS CTCIICHHBIMH
(GyHKUIMAME (MX HA3bIBAIOT CUMILICKCAMH) BUA

. a a
Z= X[ X520, (1.1)

Orkyna [N ] =Br=

TO €CThb B BHJAC IPOU3BCACHHUA Pa3sMCPHBIX BCIWMYHUH XI , OIIUCBIBAIOIIHUX pacCMaTpuBaACMOC

SABJICHUC, KOTOPBIC B 3aKOHC YYHUTBHIBAKOTCA C MOKA3aTCIIsIMU a.l .

Hampumep, 3akonsl Heiotona, Kynona, ®apages u T.1. ONHMCBIBAIOTCS MMEHHO TaKUMH
crernieHHbIMU  QyHKIHsIMA. OTMETHM, 4YTO (PYHKIIMOHAJIBHBIE COOTHOLICHHUS, COJEpIKaIne
CYMMBI WJIM Pa3sHOCTH, OTPAXKAIOLIHE OCHOBHBIC 3aKOHBI HPUPOJBI, SBISIOTCS UX CIICACTBHEM.
[Tpu sTom u3 popmynst (1.1) popmanbHO TOTydIaeM, YTO OTHOLICHHUE

VA
T =

8 82 an
X 1Xo2 X
0e3pa3MEepHO, C YUETOM TOTO, YTO YUCIUTENIb U 3HAMEHATENb UMEIOT OJJMHAKOBYIO Pa3MEPHOCTb
B CHJIY 3allMCH 3aKOHA MPUPOABL. MOXKHO CTPOro J10Ka3ath, 4To mpu ycioBuu (1.1) HezaBucumas

d
OT BbIOOpA CHCTEMBI €IUHUI] CBA3b MEXAy N +1 pa3MepHBIMU BEIIMYUHAMU Z , Xl , X2 Y eens

a .
Xp" dopmupyercs B Bume N—K GespasmepHbIX cOOTHOUIEHMH (CTENEHHBIX KOMILUIEKCOB),

Ha3bIBACMbIX KPHUTEPUSIMH TOAO0MsI, rie K — KOIMYeCTBO BEJIMYMH U3 HCIOIb3YEMBIX,
MMEIOIINX HE3aBUCUMBIE (OCHOBHBIE) Pa3MEPHOCTH.

JlaHHBIN pe3ynabTaT COAEPXKUTCA B (OPMYJIHMPOBKE TaK Ha3blBa€MOU 7T -meopembl
noooodus, KOMOpAs WUPOKO UCHONb3YemCca Npu  MaAmemMamuieckom MOoOenupo8aHuu.
JleficTBUTENBHO, IPY aHATIM3€ U3Y4aeMOro SIBJIEHUS IOCTATOYHO BBHIOPATh MapamMeTphl, KOTOPbIE
€ro XapakTepU3yloT, U COCTAaBUTh M3 HUX BCE BO3MOXKHBIE KpPUTEPUHU MOJO0MS. DTU KpUTEpUU
nojo0usi OTPaKalT C TOYHOCTHIO JIO 0O€3pa3MepHOro YHCIOBOTrO Kod(dduimeHta Bce
JIeMCTBYyIOIME B pPaccMaTpUBaeMOM SIBICHMM 3aKOHbI INpupojsl. IlosTomy, 3aduxcupoBas
3HAUEHUsl KPUTEPUEB, MOXKHO PaCIpOCTPAHUTh PE3YyIbTAaThl OJHOTO pacyeTa HAa MHOXECTBO
IPOIIECCOB C pa3HbIMU 3HAYCHUSMU IMapaMeTpoB, MPH KOTOPHIX 3HAUEHUS YCTAHOBIICHHBIX
KPUTEPUEB OCTAIOTCSI HEU3MEHHBIMHU.

B cnywae 3aBucumoctu Buma (1.1) kpurepunm mnogoOusi MOTYT OBITh IOJYyY€HBI B
cienyroeM nopsyike. CHavana B MpaByro 4acTh BeIpaskeHus (1.1) moacrapisoTcs pa3MepHOCTH
[Xl], [XZ], oo [Xn] Bcex ¢urypupytoumx B ¢opmyine (1.1) BenuuuH, npuyemM IpOU3BOIHBIE
pa3MepHble €IMHHUIIBI BBIpAXKAIOTCSd 4Yepe3 OCHOBHbIe eauHunbl B cucreme CU. [lanee
BBITOJIHSCTCST MpeoOpazoBaHMe IOKa3zaTeNeil cTeneHed ¢ OJAWHAKOBBIMH OCHOBAaHUSIMH, B
KayecTBE KOTOPBIX BBICTYNMAIOT pPa3MEPHOCTH OCHOBHBIX enuHull. IIpeobpazoBanus
BBITOJIHSAIOTCS C YYETOM TOT'0, YTO NPU IEPEMHOKEHNHN CTENIEHEW ¢ OIMHAKOBBIMH OCHOBaHUSIMH
MOKa3aTelu CKIIaJbIBaloTCs. B pesynbraTe popmupyercst KpureprualbHOE COOTHOIICHUE BUA!

m= 1 g P [x I =1, (12)
rae o0Illee YMCI0 OCHOBHBIX €IMHUI] Xi, X jooe Xg paBHO k , a TMoKasarenmu oy, O jo g

HaxoOdATCsa B pPE3YyJIbTaTe Hp606pa3OBaHI/I$I CTEIIEHEe C OJIWHAKOBBIMH OCHOBAaHUSIMU,
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COOTBETCTBYIOIIIMMH OCHOBHBIM €IMHHUIIAM, U IIO3TOMY BBIpAKalOTCs 4Y€pe3 BCIMYHUHBI al, a2,
L) an .

ITocne sToro, ans oOeCIEYEHUs BBIIOIHEHMS KPMTEPHAIbHOrO BbIpaxkeHus (1.2),
dopmupyercst cuctema K nmHeHHBIX anreGpandeckux ypaBHEHMIl OTHOCHTENBHO BENHYMH &,
ay, ..., Qp BHAA: aj=0;0;=0;..;as=0.

Ilpu sTom O, O j» +--» O BBIDDKAIOTCA 4YEPE3 BEIMYMHBL 81, &p, ..., Ap ABHO,
nprnaeM K <N u cucrema nmeer HeHysesble peuieHus. B pesynbTare ee peIeHUs HAXOIATCS
3HaYEHMS BEIMYMH @1, dp, ..., dp U, IOCIE MNOACTaHOBKM MX B (opmyry (1.1),

COOTBETCTBYIOLIME BEIMYMHAM 81, 8y, ..., 8 KPUTEPHAIbHBIE COOTHOIICHHS.

PaccmoTpuMm B KadecTBe HpuUMepa IBM)KEHHE BS3KOH JKUAKOCTH B TJaIKOM TpyoOe
(TamMuHapHBIM Wi TypOyNneHTHBIH 1MOTOkH). OCHOBHBIMH MapaMeTpaMH, XapaKTepU3YIOIIMMHU
JIAHHBIN MIPOIIECC, SIBIAIOTCA paanyc TPYOBI I' [M], BSI3KOCTb KUAKOCTH |l [Kr/(M-C)], MIOTHOCTH

KHUJIKOCTH P [kr/M%], cpemHss CKOPOCTH ABMKEHHMS KUAKOCTH V [M/c]. BBIACHUM, MOXKHO 11 13
TUX 4YETBIPEX IapaMeTPOB COCTABUTh Oe3pa3MepHbId cTeneHHoW komiuieke. Jljig 3toro
o0pa3yeM cTeneHHoe KpuTepuaabHoe cooTHomeHue Buaa (1.2):
n=rp#2piyd
B nannom cayuae N=4. Onpemenum, mpu Kakux 3HAYEHMSAX IOKA3aTeNel CTEIEHei
dq, Ay, dg, dg Oyner mocrturarbesa paBeHCTBO (1.2). Yurem, uto pasmepHocTH [M], [Kr], [c]

HE3aBUCHMBI (OHM SBJISIOTCS OCHOBHBIMM equHMLAMK u3MepeHus B CU) u, mosToMy HE MOTyT
OBITH NEpeBEACHbl IPYr B JIpyra BO3BEJIEHUEM B Kakue-nmubo creneHu. [loatomy, B gaHHOM
cyqae K = 3. C yueToM 0CHOBHBIX pa3MepHOCTeli BETMUMH, OTyYaeM:

a a a a —-a, — a3, —a -
(] =[r P [ul2 [p]Pe V] = mPtir®2m 2 @2k B B8 =
— Mal—az —3a3+a4Kra2 +a3c—a2—a4 — MOKFOCO — 1
Nmeem crenyromyro CUCTEMY JHUHEWHBIX alreOpandyecKux ypaBHEHHM OTHOCHUTEIHHO
TIOKa3aTeliel cTenenu dq, ay, az, ay:
Haxonum oO1iee penieHye noy4eHHoM cucteMsl: &y = dy, dy, =—3a,; dz =a,, rae dy

— MpOU3BOJbHOE 4YHCIO (cBOOOAHAs HeusBecTHas). llonacTaBnss HaiijleHHbIE 3HAUYEHUS B
cooTHomenue (1.1), monyudaem cienyromuii 6e3pa3mMepHbIii CTEIEHHON KOMILIEKC!

a
(rpv)™
v
rje 4yuciao d4 BEIOMpPAETCs MPOU3BOIIBHO.
y rpv
Monaras d4 =1, nomyuaem kpurepuii nono6us B Bune pasenctea 7 =—— = Re,
vl

rJe moiyueHHoe uncio Re usBecTHO B Teopuu mopodus, Kak uucio Penonvoca.
Takum oOpa3om, mosiydaeMm, YTO TMPOIECCHl JBUKEHHUS BSI3KOW KHUIKOCTH B TJIAJIKOM
TpyOe NHpU pasHbIX 3HAYEHUSAX MapameTrpoB I, P, W,V OyayT MOXOOHBI, €Cau A HHUX

BBITIONHsIETCsE paBeHcTBO RE =const.
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OtmetuMm  crnenyoomylo  ocobeHHOCTh. [IpuMeHnenue  kpurepueB mnomodbus B
MaTeMaTHYECKOM MOJEITUPOBAHUH BO3MOXKHO TOJBKO B CIIydae, KOTJa cucmema onpeoensouux
uccnedyemoe sgleHue UIU NPoyecc Napamempos AeiAemcs NONHOU C MOYKU 3PEeHUsi ux
onucanus. Eciym 3TO ycloOBHE HE BBIIOJHAETCS, TO MOXET BO3HHUKAaTh CHUTyalMs, Kornaa
chopMyIMpoBaTh KPUTEPUHU MOAOOUS OKaXKETCsl HEBO3MOXKHBIM. Hampumep, /uist onpeneneHus
BeJIMYMHBI MOIIHOCTH N HEKOTOporo mpouecca, Habopa M3 TpeX IapaMmeTpoB: P — IUIOTHOCTb

cpenbl; S — myTh; | — TemmepaTypa, OyIeT HEIOCTaTOYHO. DTO CJIEAYeT U3 TOTO, YTO y STHX
BEJIMYMH OTCYTCTBYET pPa3MEPHOCTb BPEMEHM, KOTOpas €CTb B Pa3MEPHOCTH MOIIHOCTH.
[To3TOMy HEBO3MOKHO MOJYYUTh C IOMOIIBIO ITUX TPEX IapaMeTpoB Oe3pa3MepHbIN CTEIEHHON
CUMIUIEKC B CUTYyallH, KOTJa IPEAPUHUMAETCA TONBITKA HAUTH MOIIHOCTD C UCIIOJIb30BAaHUEM
OCTAJIBHBIX TPEX IOKa3aTelen.

OTMmeTuM, YTO KpUTEepHUalbHbIE COOTHOLIEHUSI MOT'YT OBITh IIOJY4EHBI U B Cllydae IpYyrux,
oTiinuHbIX OT (1.1) coOTHOIIEHUH, OMMCHIBAIOIINX UCCIAEAYEMbIE ITPOLIECCHI U SIBJICHUS.

Jleknus 4. TexHO0J10TMH NPOEKTHUPOBAHNS U IKCILUIYyATAIINH
HUMHUTAUMOHHBIX MOJieJeil

B npousBoacTBE  MOHATHE  TEXHOJOTMS  BKJIIOYAaeT B ce0S  COBOKYNHOCTh
IIPOU3BOJCTBEHHBIX MPOLIECCOB U ONEPALMH, C IOMOIIBI KOTOPBIX CO3JAIOTCS ONpPENCICHHbBIE
BU/JIbI U3JIEJIHM, @ TAKXKE ONPEIEINISIOTCS CIOCOOBI TPOU3BOJICTBA.

C ydeToM ToOro, yTo UMUTALMOHHBIE Moaenu (M) u peanusyromue ux nporpaMmsl JJis
OBM Takxke ABIAIOTCS U3JCIUSIMH, CO3/1aBa€MbIMHM KOJUIEKTUBAMHU CIELMAIUCTOB DPAa3HOU
KBAJIM(UKALMKA C TPUMEHEHHEM TPYIOBBIX 3aTparax, TO aKTyaJbHOH CTaHOBUTCS 3ajaya
CO3/IaHUSI  COBPEMEHHOM  TEXHOJOIMM  IMPOU3BOACTBA TAKUX  M3JEHUH. TexXHOJorus
npoekTrpoBanus UM Bkirodaer B ce0s1 METOJbI U CPE/ICTBA, 00ECIEUNBAIOIINE UX CO3JIaHHE U
pa3BUTHE B TEUEHHE BCErO MEpPHOJIA KU3HU. DTOT MEPUOJ BKIKOYAET 3TaIlbl IPOECKTUPOBAHMS,
u3rotoBieHuss M okcrutyatauu WM. OH HaumHaercs ¢ (QOpMHpPOBAaHUS Ha3HAUYEHUS U
npuHLIMIIOB nocTpoenus: UM u 3aBepiaercs mocie npekpamieHus 3KCIlyaTalud MOJIEH.

[TpoekTHpoBaHNUE CIIOKHOW CHCTEMBI NpEICTaBIsAeT cOO0OW TPYIOEMKHH mporece, B
KOTOPOM YYacTBYIOT pa3Hble crenuanuctel. Ha Bcex 3ramax NMpoOeKTHUPOBaHUS CHElMalINCTaM
IOPUXOJUTCS pacCMaTpUBaTh JBE CTOPOHBI OOBEKTa MPOEKTUPOBAHUS: TPEOOBAHUS K CUCTEME CO
CTOPOHBI BHEIIHEN Cpefibl (BHEIIHEE MPOEKTUPOBAHUE) U OpraHU3alMI0 €€ (QYHKINOHUPOBAHUS
(BHYTpEeHHEE TPOEKTUPOBAHHUE).

HezaBucumo ot Thna oObeKTa M Lejiel, IpecieayeMbIX MpU CO31aHUH MOJEIH, MOKHO
BBIJICJIUTH CIEAYIOIIUE 2Mansvl pazpabomku u SKCHLyamayus UMUmayuoHHbX MoOeell:

— onucanue 00veKma MoOeIUuposanusl, 3aJJaHie TpaHuLl U OTPAHUYECHUN MOJIETUPOBaHMS,
BbIOOp TMoOKazarened g oueHuBaHUS S(P(EKTUBHOCTH (PYHKIMOHUPOBAHUS CHCTEMBbI
(cocTaBieHHE COAEPIKATENBHOTO OMMCAHUS 00bEKTA MOACTUPOBAHHNSA);

— ¢opmynuposka yenei u 3a0ay, KOTOpPbIE JOJKHBI pPEIIaTbCs C MOMOILIBIO MOJENH,
nepexoa OT peajbHOM CHUCTEMbI K JIOTMYECKOH CTPYKTYpHOH cxeme ee (yHKIMOHHPOBAHUS
(cocTaBieHHe KOHIIENITYadbHON MOIeTTH 00BEKTA);

— onucaumue KOMNOHeHM 00bekma C WCIOJIIb30BaHUEM MaTeMaTHYeCKUX MoJeneil,
AITOPUTMOB, 3a/1aHne (YHKIIMOHAJIBHBIX COOTHOIICHUH I €€ KOMIIOHEHT (OMHCcaHus 00bEKTa);

— paspabomka noaHo2co GOpMANU306aHHO20 ONUCAHUA 0ObeKma, Peaau3yeMoro B
MMUTAIMOHHON Mozienu (MOCTpOeHNE MaTeMaTHYECKOW MOJIETH);

— npozpammuposanue u 0maaoka npozpammsi (IporpaMMHUPOBAHKUE MOJIEIIN);

— nposepka mooenu, oyenka ee ceoticma (UICIbITaAHNE U UCCIIE0BaHNE MOJIENHN);

— Opeanu3ayusl MOOenbHuIX IKcnepumermos Ha IBM (sKcrutyatanus MOAEIH);

— uHmepnpemayus pe3yIbmamos MOOeIuposanus W UX HCIOJIb30BaHHUE JJIS aHAIHU3a
paboThl 00BEKTA UK MTPOSKTUPOBAHUS (aHATIHU3 PE3YIbTATOB).
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CocraBieHne CcoOAEpKATEIbHOIO ONUCAaHUA OOBEKTa MOJEIUPOBAHMS IPENNoaraeT
3HAKOMCTBO C MCXOJHOM TEXHHWYECKOH HUHQOpMalueil, ONMUCHIBAIONIEH OCOOCHHOCTH €ro
(GYHKLMOHUPOBAHUS. 37€Ch TAKXKE COCTABIISIETCS CIIMCOK OrPAaHUYECHUH, HaJaraeMbIX Ha MOJIEb,
KOTOpBIE HY)KHO YYUTHIBATh IIPH €€ OCTPOeHUH. Pe3ynbraToM paboT Ha JAHHOM 3Tarie sIBISIETCS
coJiepKaTebHOE OINMCaHHE OOBEKTa MOJEIMPOBAHMS C yKa3aHHEM Lesed M 3a/1ad, KOTOpble
JOCTUTAIOTCS TIpH  (YHKIIMOHHPOBAHHHM OOBEKTAa MOJICITMPOBAHUS W KOTOpPBIE HEOOXOIMMO
YUUTBIBATh IPH MOJIEIMPOBAHUY.

[TocTpoeHne KOHLENTYalIbHOM MOJENN Tpeanonaract (HOpMyIHUpPOBKY OOIICH IeH
MOJEeNUPOBaHUs. 31ech (POPMYIUPYIOTCS AOMYIIEHUS, KOTOPblE IPUMEHSIOTCS IPU OCTPOCHUH
MMUTALMOHHOM Mozenu. B pesynpTaTe conep)kaTreabHOrO0 ONMCAaHUS YTOUHSAETCSA 3ajada
MOJICJIUPOBAHMSL, ONPEAEISIIOTCS EPEXObl K PELICHUI0. Y TOUHAETCS METOMKA UMUTALIMOHHOTO
HKCIEPUMEHTA C YUETOM UMerIuXcs pecypcoB. OOmias 3ajaua MOJIeTUPOBaHMs pa30UBaeTcs Ha
YacTHBIE NOJ3a0a4H.

OcymiecTBisercss BHIOOp METONOB 00paOOTKM M aHalW3a pe3yJabTaTOB, BBIOMPAIOTCS
CrocoObl  MPEJCTABICHHUS  OXHMJIAEMbIX  pe3ylbTaTOB  MOJEIUpPOBaHMS.  Pezynrbmamom
8bINOTHEHHBIX PAOOM AGNAIOMC KOHYENMYAIbHASL MOOEb, 8 COCMAE KOMOPOU 6X00AM.

— YTOUHEHHOE COJIepKaTelbHOE ONMCaHUuEe 00bEKTa MOACTUPOBAHHUS;

— CIIMCOK [TapaMETPOB U MEPEMEHHBIX, UCIIOJIb3YEMBIX JIJIS1 MOJCIUPOBAHMUS;

— Kkputepuu 3¢ dekTrBHOCTH (YHKIMOHUPOBAHUS PEATbHBIX BapUAHTOB HCCIIEAYEMOMH
CUCTEMBI;

— METO/Ibl, UCIIOJIb3YyeMble JUIsl 00pabOTKH pe3yabTaTOB MOAEIUPOBAHUS.

CocraBienue (GpopManIbHOTO OMHCAHUS OOBEKTa MOJCITUPOBAHHS MPEICTABISIET COOOM
pa3paboTKy ero Maremarudeckod Moxenu. llenplo  37ech  sBiIAETCS  MOJyYeHHE
(GhopMaIM30BaHHOTO OMHCAHUS KOMIIOHEHT CJIOKHON CHCTEMBI M 3aJaHuE€ B3aMMOJCUCTBHUI
MEXIy HUMH. [l omucaHus KOMIIOHEHT MOJeNeil MOIyT HCIOJIb30BaThCsl ypaBHEHUS MU
CHCTEMBI YpaBHEHUH, (QYHKIIMOHAIBHBIE COOTHOUICHHUS, AITOPUTMUYECKOE OIMCAHHE MPOIECCOB
B CHUCTEME, a TAaK)K€ CMELIAHHOE IPEACTaBICHUE C MCIIOJIb30BAaHUEM YpaBHEHUH, GopMyn U
AJITOPUTMOB.

Ha »tame pa3paboTku mporpaMmsbl (KOMIBIOTEPHOH MOJAETH) OOBEKTa BBIMOIHAETCS
BbIOOpD MHCTPYMEHTAJbHBIX CpPEICTB, 3aJaHUE TEXHUYECKUX IapaMeTpoB, OIpeiesieHue
UCIIOJIB3YEMOTO fA3bIKa INPOTPaMMHUPOBAHUA. 310€Ch B KadeCTBE TEXHUYECKOIO 3aJaHus
BbICTYMAeT onucanue M.

Pazpaborka UM mnpenmnosnaraeT mpeAcTaBiIeHHE OOBEKTa C MOMOIIBI0 YHUBEPCATBHBIX
CPEJCTB ONKUCAaHUS KaK arperupOBaHHOr0 KoMIuIekca. [Ipyu 3ToM BBINOIHAOTCS:

— JIEKOMIO3UIUS 00bEKTa Ha cocTaBisitomue (OJOKM) U ONMUCAHUE OTAEIbHBIX OJOKOB
MO/JIENH;

— CHHXpOHHM3AlMsI B3aUMOJIEUCTBUS KOMIIOHEHT MOJENU APYyr € JPYIOM C Yy4eTOM
€MHOI0 MOJIEIIbHOTO BPEMEHH;

— opraHm3anus coopa CTaTUCTUYECKUX JIAHHBIX, OMKCHIBAIOIINX OTAEIbHBIE [10ACUCTEMBI
Y DJIEMEHTBH;

— 3aJaHle HayalbHBIX YCJIOBUHM MapamMeTpoB U (YHKIMOHAJIBHBIX OTHOIIEHUN JUIs
MOJIETTUPOBAHUS;

— IUIAHHPOBAHME TMPOIECCa HMUTAIUM PA3JIUYHBIX PEXKUMOB (YHKIIMOHUPOBAHUS
CUCTEMBI;

— 00paboTKa pe3yabTaTOB MOICIUPOBAHUS.

JUisi mpoBepKHM aJeKBATHOCTH MOJETH OOBEKTY HCCIeIOBAaHUA MOTYT IPOBOAMTHCS
HaTypHbIE AKCIEPUMEHTHl C HCIIOJIB30BAaHHEM IPOTOTHNA cHUCTeMBl. B cimydae orcyTcTBHS
IIPOTOTHIIA, MOKHO MCIIOJIb30BaTh CHCTEMY BIIOXKEHHbIX VM, oTinMyarommxcs Apyr oT apyra
CTEMEHbIO JIeTANM3alMM UMUTAIMM OJHUX U TeX ke mpoueccoB. Ilpu 3ToM TO4Hass Monenb
MOJKET CIIY>)KMTh B KQU€CTBE IPOTOTHUIIA.

Ha srtane ucnelTaHus MOJeNu NPOBEPSETCS MPAaBUILHOCTb BBINOJHEHUS AJITOPUTMA,
UCTOJIB3YyeMOr0 Ul MOJEIMPOBaHUS OOBEKTa MCCIEJOBAHUSA, IyTEM MMHUTAIUU €ro
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GyHKIMOHUPOBAHUS (TIPOBOAUTCS BepUUKAIUS MOJEIH). 31eCh KE OIEHUBACTCS CTEICHBb
aJICKBaTHOCTH MOJEIM W OOBEKTa HCCICNOBAaHUS, TOYHOCTh BOCIPOU3BEACHUS MOJIEIHIO
XapaKTEPUCTHUK MOBEJICHUSI O0BEKTA.

[Ipu HEmocTaTOYHON aJEKBATHOCTH BBHIMIONHSETCS KanmuOpoBka MM (KOppEeKTHpOBKA H
YTOYHEHHE aJIrOPUTMOB OMHUCAHHUS OTACNBHBIX KOMIOHEHT Mozenu). Koppekruposka
MpeIoyiaraeT aHaIu3 CHCJTAHHBIX JIOMYIICHHWH, IPOBEPKY BO3MOXKHOCTH HCIIOJIB3YEMOTO
VIOPOIIEHHOTO OmucaHusi (U3MUECKUX SBJICHHUM, C pa3HbIX CTOPOH BIUSIOMUX Ha
(GYHKIIMOHUPOBAHUE CHUCTEMBI. 3/1eCh BO3MOXKEH BO3BpaT K dTamy (OopMamu3aldd CUCTEMBI,
BO3MOXXEH JlaX€ MOBTOp dTala COCTaBJIEHHUS KOHLENTYaJbHOM MOJENHU, C Y4YETOM HOBOM
uHpopManuu 00 0OBEKTE U OTIBITA.

Ha orane wuccnenoBanusi cBoiictB VMM oneHuBaeTcs TOYHOCTh MOJECIUPOBAHMS,
YCTOHYMBOCTh PE3YyJIbTATOB MOJCITUPOBAHUS, UYYBCTBHUTECILHOCTh KpPUTEPHEB KauecTBa K
M3MEHEHHUIO MapameTpoB Mojenu. [lonyduts 3TH OLleHKH 4acTo ObIBaeT cioxHO. OJHAKO, OHU
HEOOXOIUMBI JJII TapaHTHPOBAHHOTO JOCTHKECHHUS TPEOYyeMBIX pe3yJbTaTOB WMHUTAIMOHHOTO
MOJICTTUPOBAHUSI.

Onenka yyBcTBHTENbHOCTH MM CBOIUTCS K OIPENCICHHUIO MPHUPAIICHUS BBIOPAHHOTO
KpUTEpUs KauyecTBa, CTATUCTHUYECKON OLIEHKE XapaKTePHCTHUK MPU BapbUPOBAHHH IMapaMeTPOB
MOJICTTMPOBAHUS HAa BCEM BO3MOXXHOM JIMAIa30HE UX U3MCHCHU.

Okcmyarauus MM mpenmnonaraer omucaHue IUTaHAa AKCIEPUMEHTA, IMO3BOJISIFOIIETO
NOJYYUTh HeoOXoauMmyro HHpopMmanuio 00 oOwekrte. [Ipy MIIaHMPOBAHWU HKCIEPUMEHTA
OTpEeNsAeTCS YWCIO U YCIOBUS TMPOBEACHHUSA OIBITOB, HEOOXOAMMBIX JUIS pPELICHUS
MOCTaBJICHHOW 3a/1a4r. 3/1eCh HE0OXO0JMMO 00ECIICUHTh:

— CHH)XCHHE YMHCJIa OINBITOB IPU COXPAaHEHHWH BO3MOXKHOCTH BapbUPOBAaHUS BCEMH
MIEPEMCHHBIMU;

— UCIOJIh30BaHNE MaTEMaTHYECKOTO armnapara IIaHUPOBAHUsI SKCIIEPUMEHTA,

— (hopMyITMPOBKY TIPABHII, MO3BOJISIFOIIMX MPHHUMATH OOOCHOBAHHBIC PEIICHUS TOCIE
KaXKIOW CEpUU HKCIIEPUMEHTOB Ha MOJIEIIH.

BreimonHeHne BCeX TEPEYHCICHHBIX HMTEPAIlMOHHBIX JTalloOB JODKHO ITO3BOJISTH
BBITIOJTHUTh ~ OIIEHKY BO3MOXXHOCTH HCIIOJIb30BaHUS  PE3YyJIbTaTOB MOJCIHPOBAHUS  JUIS
WCCJICIOBAHMS TOBEICHHUSI pPacCMaTpUBaeMOro OOBEKTa WM CHUCTEMBI, JHOO0 HA00OpPOT,
MPUBOJUTH K HEOOXOAMMOCTH pa3paboTku HOBoi MM, Tak kak HMelomasicsi He CIOocoOHa
pEIINTh BO3HUKIIIKE B pacCMaTpUBAaEMOl MpeMEeTHON 00IacTH 3a/1auH.

TecTupoBaHue HMUTAIIMOHHBIX MO/1eJIei

Pa3BuTHe MMHUTAlMOHHOIO MOJEIMPOBAHUS M POCT €ro BO3MOXKHOCTEM CTUMYJIUPYET
pa3paboOTKy CTPOTMX CTaHJAPTOB M METOJOB OLEHKHU CTENEHH JIOCTOBEPHOCTHM M 00acTu
IPUMEHEHHS CO3/1aBaeMbIX Mojeneil. DTO CTaHOBUTCS OCOOCHHO aKTyallbHBIM IIPU pa3padoTke
00pa310B HOBOW TEXHHKH, COBEPIICHCTBOBAHWU TEXHOJOIMYECKHX IPOLECCOB, NPUHATUU
yIpaBJIEHYECKUX pelleHHi. B ycnoBHAX cXaTbIX CPOKOB, 3Tambl pa3pabOTKU U MPOU3BOJICTBA
HOBOW TEXHHUKH U BHEAPEHUS HOBBIX TEXHOJOTUN NPUXOJUTCS BBIMOJHATh MPAKTHUUECKU
OJTHOBPEMEHHO. B CBfi3M ¢ 3TUM BO3HUKAeT HEOOXOJUMOCTb NPUHATHS MaKCHUMalIbHO
3¢ (HEKTUBHBIX HHKEHEPHBIX U MPOEKTHBIX PEHICHUH ellle Ha caMOi HayaJbHOM cTaguu padoT.

Ilocne kommbroTepHON peanu3anuu MM, BbINONHSAETCS INpoLEegypa €€ HCHBITaHUA U
npoBepku. JlaHHas nporieiypa ABIsSETCS BaKHBIM 3TallOM UMUTAIIMOHHOTO MOJEIUPOBAHMUS, TaK
KaK BBIMOJIHEHHAs] HEJAOCTaTOYHO TIIATENFHO NPOBEpKAa MOXET NPUBOAUTH K OHIMOOYHBIM
olleHKaM (yHKIIMOHUPOBAHUS OOBEKTa, MPUHATHIO HEBEPHBIX PEHICHUN. JTO ClieyeT U3 TOro,
4YTO MOJEJIMPOBAHME BCEra OPHUEHTHPOBAHO Ha PEIIEHUE pEAlbHBIX IPAKTUYECKHX 3ajad.
[ToaToMy HEOOX0IMMO OBITH YBEPEHHBIM B TOM, YTO KOHEYHbIE PE3YyIbTaThl MOJEIUPOBAHUS C
KOHTPOJHMPYEMOM TOYHOCTBHIO OTPAXKAIOT MOBEIEHUE 00BEKTa, U HE SBISAIOTCS OMIMOOYHBIMH, U
JAI0T BO3MOKHOCTb OLIEHUTh, HACKOJIBKO MOJIENb U JJAaHHbBIE, IIOJIYUEHHbIE C €€ UCII0JIb30BAHUEM,
OyAyT MOJIe3HBI I NPUHATHS PEIIEHUH C y4eTOM AOCTHraeMoil TOUHOCTH MPHU UCIOIb30BAHUU
pa3pabOTaHHOW MOJIEIIH.
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B npakTtuke = MMHUTallMOHHOTO  MOJEIUPOBAHUSA  CJHOXKUIUCH  METOAOJIOr0-
TEXHOJIOTMYECKUE IOAXOAbl K OLEHKE JOCTOBEPHOCTH HMHTALMOHHBIX MOJEIEH, KOTOpPBIE
paccMaTpUBAKOTCS KAaK MX BaXHBIA 3Tal. IJTO CIENYyeT W3 TOro, 4TO HMMHUTAlMOHHOE
MOJICIIUPOBAHUE JOJDKHO OOEeCreynBaTh MPOSKTHPOBIIMKOB M HUCCIEAOBATENICH CIOKHBIX
00BEKTOB  (POPMAIM30BAHHBIMU  CPEICTBAMH, OMNUCBHIBAIOIIMMU HMX (YHKIUOHUPOBAHHE.
[TosTOMy OMMOKH, JAOMYIIEHHBIE MPHU MPOSKTUPOBAHUU TAKHX OOBEKTOB, MOTYT NMPHBOIHUTH K
(buHAHCOBBIM MOTEPSIM, aBAPUITHBIM CUTYAIUSIM IIPU UCIIBITAHUU U SKCILTyaTallUu.

CornacHo 3TUM cTaHAapTaM, OLIEHKa JOCTOBEPHOCTH BBINOJIHAETCA KaK MHOTIOATAIIHBIN
UTEPALMOHHBIA TMpOIlecC MPOBEPKU MPABUIBHOCTH M KOPPEKTHOCTH BBIBOJIOB (IOCTHUKEHUS
HEO0OXOJUMOr0 YpPOBHSI YBEPEHHOCTH B IPAaBUJIBHOCTH BBIBOJOB) OTHOCHUTEIBHO IIOBEIEHUS
rccielyeMou Uiy npoektupyemont M.

Ha npaxTrke 00bIYHO 6b10€s10Mm mpu OCHOBHBIX JMANA OYEHKU!

1. Oyenka aodexéamnocmu WU eanudayus Mooenu, KOTopas IPeanojaraeT MpoBEpKY
COOTBETCTBUS MeXAy mnoserenneM MM u uccnemyemoro peanbHOro ooOwekra. Bammparus
MOJIeJIM €CTh NOJTBEP)KICHHE TOro, YTO MOZENb B IMpeaeNiax paccMaTpuBaeMod 00J1acTh
INPWIOKEHUN BeleT cels 10 CPaBHEHHUIO C HCCIEAYEeMbIM OOBEKTOM C YAOBIETBOPUTEIbHON
TOYHOCTBIO M COOTBETCTBYET LIEJISIM MOJIEIMPOBAHUSI.

2. Bepuguxayusa modenu, KOTOpas TpEANONaraeT TIPOBEPKY Ha COOTBETCTBUE
MOBE/ICHUA MOJENU TeM IeNisIM W 3ajJadyaM, KOTopble ObUIM chHOpMYIHpPOBAHBI Ha JTale ee
npoektupoBanus. llponenypa Bepudukanuu BBIIOIHAETCS JUIsl TOTO, 4TOObI yOEOUTHCS, YTO
MoJielb BeAeT cebsl Tak, Kak 3To Obuio 3aaymaHo. g 3Toro mpoBoasTcs ¢dopMaibHbIE U
HepopmanbHble uccienoBanus VM. Bepuduxanus WMHTAIMOHHOW MOJAENH NpEAIOiaraet
JI0KA3aTeNbCTBO BO3MOXKHOCTH HCIOJB30BaHUSl Pa3pabOTaHHON KOMITBIOTEPHOW MOJENTU B
KayecTBe OTOOpaKeHHs KOHLENTYyaJbHOW (MaTemaruueckoil) mozenu. llenbro mnponenypbl
BepU(pUKALMU SBISETCS OMNpEJeNIeHHe YpPOBHS HMMEIOIIErocs CXOACTBAa, WM OICHKA
BO3MOKHOCTH JOCTHKEHHUS CXO/CTBA.

Banupauus u Bepuduxarus MM HanpsMyro cBs3aHbl ¢ OLIEHKON BHYTPEHHEH CTPYKTYpPBI
Mozenu. B xone aTux mpouenayp mpoBOAATCS OLIEHKH BO3MOKHOCTH HCIIOJIB30BAaHUS MPUHATON
BHYTPEHHEH CTPYKTYpHl U €€ ONMHUCaHUs, 000CHOBAHHOCTU NMPHUHSTHIX JOMYLIEHHUH, HCcCaeTyeTcs
BHYTPEHHSSI COCTOATEIBHOCTD MOJEIIH.

3.  Banuoayus oanmwix, KoTOpasi 1oMkHA 00ECIIEYUBATh MOATBEPKICHHE TOTO, YTO BCE
UCIIOJIb3YEMBIE B MOJICIIN JTaHHBIE, U B IIEPBYIO OYEPEIb BXOIHBIE, UMEIOT YAOBIECTBOPUTEIBHYIO
TOYHOCTb, HE NMPOTHUBOpEUYAT HCCIEAYEMOMY OOBEKTY, a HalJCHHbIE B PE3yJIbTaTe PacyeToB
3HAQYCHUS [apaMeTpPOB OINpPEIEICHbl B IMpeAeiax IONYyCTUMOM TOYHOCTM U KOPPEKTHO
HCITOJIB3YIOTCHI.

Bce nepeuncieHHble 3Tallbl SBISIOTCS HEOOXOJUMBIMM M BaXKHBIMM /ISl TECTUPOBAHUS
WM. IIpu 3TOM OCHOBHBIM MHCTPYMEHTAapHEM TECTHUPOBAHUS MOJENEN SBISAIOTCS BEpUPHUKALUSI
U BallMJanus, KOTOpbIe NMPUMEHSAIOTCSA Ul OLICHKHM TOYHOCTH, HAJCKHOCTU M JOCTOBEPHOCTH
BBIYMCIIUTEIIBHBIX MOJIENIEH, a TAK)KE KOPPEKTHOCTH UX IPOTPAMMHBIX peaTu3alii.

CymecTByromuye HallMoHalIbHbIE cTaHAapThl Poccuiickoit denepanyu no Bepuduxanuu u
BaJIMJIalli{ YMCIEHHBIX METOJOB, IPOrPaMMHOT0 OOECIeUeHUsI U Pe3yIbTaTOB MOJEIUPOBAHUS
BHayaje pa3pabaThIBAJIMCh HAa OCHOBE OQUIIMAIBLHOIO MEpeBoJa MEXIyHApOIHBIX aHAJOIrOB,
OTpaKalImux 3apy0exHbIi onbIT. OqHAKO, B mocieaane roapl denepanbHbIM areHTCTBOM T10
TEXHUYECKOMY pETyJIUPOBAHUIO W METPOJIOTUH CTald pa3padaThiBaTbCs OTEUECTBEHHBIE
CTaHAapThl B O0O0JIACTM YHUCJIEHHOTO MOJEIUPOBaHUA. JlaHHbIE JOKYMEHTBI BKIIOYAIOT
IIOCTAHOBKM TECTOBBIX 3aJady C TOYHBIMH AaHAJIUTHYECKUMU pEHICHUSMH WIA YCIOBHO
ATAJIOHHBIMU YHCJICHHBIMU PEHICHUSIMH, MOKPHIBAIOLUIUMH IIUPOKUNA CHEKTP PEKUMOB PabOThI
Pa3IMYHBIX YCTPOMCTB.

CxemaTnuecku mpoUecchl  BepUPHUKAMM W BalMJAlUHM, BKJIIOYAIOIIHE  Kak
BBIYUCIIUTENbHBIE, TaK U (U3NYECKHUE ACHEKThl, MpeAcTaBieHbl Ha puc. 1. JlaHHBIA PUCYHOK
WJUTFOCTPUPYET MECTO PACCMATPUBAEMBIX MPOLEAYP MPH PEaTU3alMK €IMHOW CTPATEruH OLICHKU
nocrosepHoctd MIM mpu ux TecTHpoBaHUU. [[OCTOBEPHOCTH MOJAEIUPOBAHUS IOATBEPKAACTCS
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HAa OCHOBAaHUHM OLIEHKH COOTBETCTBUS BBIOPAHHOW KOHLENTYaJbHOW MOJENTU peaJbHOMY
SIBJICHUIO U CPABHEHUS PE3YJIbTATOB MOJEIUPOBAHUS C SKCIIEPUMEHTATBHBIMU JIAHHBIMHU.

[Ipu sTOM mpoBepka aJeKBaTHOCTH MAaTEMaTHYECKOW MOJAENTU MOXKET MOJpa3yMeBaTh
OIICHKY CXOJIMMOCTH YUCJICHHBIX PEHICHUH K TOYHBIM aHAIUTUYECKUM PEIICHUSM, €CJIM OHU JIJIst
paccMaTpuBaeMoro OOBEKTa CYIIECTBYET, U OLEHKY UYBCTBUTEJIBHOCTH aJTOPUTMA,
peANM3YIOLIEro MOJIENb, IPU U3MEHEHUU MCXOAHBIX JaHHBIX U MApaMETPOB, XapaKTEPHUIYIOLIUX
paccMaTpuBaeMblif 0ObEKT.

ATTecTanus
MOJeJIH

NCCIIEAYEMOE

SBJIEHUE Anaus
Hucnennoe MATEMATHUYECKA
Banupanusa
voxen MOJCJIMPOBAHUEC H MOHEHB
ITporpammHuas /
peanuzanus
KOMIIBIOTEPHAS Bepnq)mcaunﬂ
MOIEJIb Moaeau

Puc. 1. Poab Bepudukauuu u Bajauganuu
B Mpouecce TECTHPOBAHUSA UMHUTANMOHHBIX MOJIeJ el

Ha puc. 1 otpaskeHsl 1Be MOJEIIN — MaTeMaTH4YecKasi 1 KOMIbIOTepHas. MaremaTtuueckas
MOJICNIb COJAEPKUT HCXOJTHBIX JaHHBIE, MCIIOJIb3YyEMBbIE ISl MOJEIMPOBAHUS, U ONMUCHIBAETCS
YpaBHEHUSMH, COOTBETCTBYIOIIMMHU HAOII0/IAEMBIM B pacCMaTpHUBAEMOM OOBEKTE IpolieccaM U
SBJIICHUSIM.

Matemaruueckass MojJenb OOBIYHO CTPOMTCS 10 pe3ylbTraTaM HaOMIOACHUNA 3a
(GYHKIIMOHUPOBAaHUEM paccMaTpuBaeMoro (usudeckoro ooObekTa. KommbproTepHas Mojenb
MPEACTABISIET COOON HCIOMHSIEMYIO MPOTpaMMy, PEATM3YIOIIYI0 MPHHSATOE MaTEeMaTUYeCKOe
OTIHMCAaHUE UCCIIEyeMOT0 00bhEeKTa (MaTEMATHUECKYIO MOJIENb ).

Kak cnegyer u3 puc. 1, Bepudwukaiusi, B YaCTHOCTH, YCTAHABJIMBAET HaIUYHE
COOTBETCTBUSl MEXAY MaTeMaTHYeCKOW M KOMIBIOTEPHOM MojensMu. Bammpanus mo3Bossier
OTPENIETISITh CTEMEeHb COOTBETCTBUS MEXJY KOMIIBIOTEPHOW MOJENBI0 W HCCIEAYEMbIM
00BEKTOM, SBJICHMEM WM IMpoleccoM. MOXKHO cKa3aTh, 4TO BepUUKALUSA W BaIHUIAIUSL
SBJISIFOTCS WHCTPYMEHTAMHU ISl OIEHKM TOYHOCTH pa3pabaThbIBAa€MbIX MaTeMaTHYECKUX U
KOMITBIOTEPHBIX MOJEEeH COOTBETCTBEHHO. OCHOBHBIMU 3a0auamu epupurayuu u 8aiudayuu
ABNAIOMCS KOIUYeCMEeHHoe onpeodelieHue cmeneHu 00Cmo8epHoCmuy Mooenel u mepvl 008epus K
Hum.  ATTectalsi  TpEANnojaraer  MOATBEPKACHHUE  BO3MOXHOCTH  HCIHOJIb30BaHUS
MaTeMaTHUYeCKON MOJAENH JUIsl pellieHus 3a1a4y U3 00JacTH ee MPeAnoaraéMoro mpakTH4ecKoro
MIPUMEHEHUS.
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Jleknus 5. bi1o4YHO-MOAYyJ/IbHBIE TEXHOJIOTHH
NMOCTPOCHUSI MMUTALMOHHBIX MOAeJIel

TpaauumoHHble MOIXOABI K pa3pabOTKe UMUTALIMOHHBIX MOJIENIell KOHKPETHBIX OOBEKTOB
IIPEIII0JIAaratoT:

— H3y4YCHME U OLEHKY 3aKOHOMEPHOCTEW, IPHUHLHUIIOB, OCHOBHBIX IIPaBHII
(YHKIIMOHUPOBAHUS HCCIETyEMOro OOBEKTa B PEaIbHBIX YCIOBHSAX;

— MapaMeTpu3anui O0bEKTa, TO €CTh BBEJIEHHE HAboOpa IapaMeTpoB, IOJIHOCTHIO
XapaKTepU3YIOIHUX €ro padboTy;

— pa3paboTKy MaTeMaTUYeCKON MOJEIN 0OBbEeKTa;

— pa3paboTKy KOMITbIOTEPHOU MPOTPaMMBI, peaTnu3yIolel MOIeIb;

— OTJIAaZIKy IIPOrpPaMMBI U OLICHKY aJ€KBaTHOCTH MOJIEIIH;

— IPOBEACHUE UCCIIETOBAaHUI C NCII0JIb30BAaHUEM UMHUTALIMOHHOW MOJIEIH.

IIpu Takom moaxone pa3zpaOaTbiBaeMasi MOJEIb HANpPsIMYyI0 OTpPa)kaeT BCE OCHOBHBIE
npoIiecchl, HaOIr01aeMble B MCCIEyEeMOM OOBEKTE, a €€ OT/EIbHbBIC COCTABIISIIOIINE SIBISIOTCS
YHUKQJIBHBIMH B TOM CMBICIE, YTO HENOCPEACTBEHHO ONMCHIBAIOT WHIUBUIYyalIbHbIE
0Cc00EeHHOCTH (PYHKITMOHUPOBAHMSI OPUTHHANA, UCIIOJIB3YIOTCS TOJIBKO MPUMEHUTEIHHO K HEMY.

OpnHako Uil MOCTPOEHUsI MOJENIEH MOKHO MCIIONIB30BaTh Ipyrod nonaxon. Tak, mpu
HAJIMYUH MHOXKECTBA OJIOKOB, BBITIOJIHSIOIINX TUTIOBBIE (PYHKITUH, XapaKTEPHBIC I OPUTHHANA,
npu co3nanuu MM KaxIplii OTIENBHBIA 3JIEMEHT PeaJbHOro OOBbEKTa MOKET OBITh 3aMellleH
OJIOKOM, BBITIOJHSIOIUM (DYHKIIMIO, COOTBETCTBYIOIIYIO TOW, KOTOpas HaOmomaercs B
peanbHocTH. Kak W y opurumHana, 3T OJOKM JOJDKHBI BBIOJHATH MPUCYIIHE €MY THIIOBbIE
(GyHKLUU, HAIPUMEp, JIOTHYECKUE, 3a/epP’KKU BO BPEMEHH, MHTETPUPOBAHUE, CYMMHMPOBAHUE,
peneitHoe epeKIoueHre U T.11. TUMOBBIX OJIOKOB HE MOXKET OBITH CIMIIKOM MHOTO. [Ipu Takom
MIOIX0JI€ UMUTALMOHHBIE MOJEIN MO>XHO CPaBHUTbH C aHAJIOTOBBIMM, KOTOPBIE PEAIU3YIOTCS C
UCIIOJIb30BAHUEM HECKOJBKHUX JIECATKOB THUIIOBBIX OJIOKOB, IO3BOJISIOUIMX MOJEIMPOBATH
CJIO)KHbIe OO0BEKTHl. Takoil MOAXOM NPUMEHMM K MOCTPOCHHIO HMMHUTAIIMOHHBIX MoJesei
00BeKTOB  pa3iuyHOW mpupoabl. [lo aHajorum ¢  COBPEMEHHBIMM  TEXHOJOTUSMU
IPOEKTHUPOBAHUS U Pa3pabOTKH MPOrpaMM, €ro MOKHO Ha3BaTh MPOOJIEMHO-OPUEHTHPOBAHHBIM
WK OJI0YHO-MOJIYJIBHBIM NMPUHIIUIIOM TOCTPOECHUS UMUTAILIMOHHBIX MOJIEEH.

[IpyHIMIBI MOIYIBHOTO MOAEIMPOBAHUSA HAYald AaKTUBHO HCIIOJIB30BATHCA IIPU
CO371aHUM UMUTAIIMOHHBIX MOJENEN CI0XHBIX arperaTUBHBIX CUCTEM, COCTOSALIMX U3 OOJBIIOrO
yucia 3neMeHToB. Ilpu 3ToMm oThenbHbIe arperarsl (YKpYIMHEHHbIE COCTABIISAIOLINE OOBEKTA)
OTMCHIBAIOTCS COBOKYITHOCTBIO THUIIOBBIX OJIOKOB, MOJEIHUPYIOIIUX Pa3IUYHbIE (JI€MEHTapHbIE)
(GYHKLIUU CIOXKHBIX COLMATBbHO-3KOHOMUYECKUX OOBEKTOB M MPOU3BOJCTBEHHBIX MpoleccoB. B
TOM Ciy4ae KaXblil OJOK MMHUTAIlMOHHOM MOJENN ONMCHIBAETCS C IOMOIIbIO JIOKAJbHBIX
CTaHJAPTHBIX MoJieNel (PYHKIIMOHAIBHO WM JOTMYECKH, a B3aMMOJIECHCTBHE MEXy OJOKaMu B
pamkax oOrmiei OJI0K-CXeMbl MOJIENH 33/1a€TCs YHUBEPCAIbHBIMUA YPAaBHEHUSMHU CBSI3U U MOXKET
He  TpeOoBaTh  NPUBJICYCHHUS  CIOXKHOTO  CHEIHATU3UPOBAHHOTO  MAaTeMaTUYECKOIo
UHCTpyMeHTapusi. EcTecTBEHHO, YTO NpU ONMCAHUU CBSA3eH Mexay OJokamMu HEOOXOIUMO
o0ecrieynBaTh COOTBETCTBHE pPAa3MEPHOCTEW W MacITaboB JUIsl KaKJOr0 MOJEIUPYEMOro
AIIEMEHTA.

Pemienue ¢ ncnonabp30BaHUEM TAKOI MOJIENH MOTyYaeTcst TOT1a, KOr/ia Ha BXO/IbI OJIOKOB
MOJIal0TCA COOTBETCTBYIOIIME BXOJIHbIE BO3JIEHCTBUS WM MOTOKU MCXOIHBIX JTAHHBIX, KOTOPHIE
3aTeM NpeoOpas3yroTcsi, COIVIACHO YCTAHOBJIEHHBIM IpaBMJIaM, MPOXOJS depe3 Kaxablil OJIOoK.
[Tocne mpeoOpa3oBaHMii, BBINOIHIEMbIX OJIOKaMU, (OPMHUPYIOTCSI TOTOKHU BBIXOJHBIX JIaHHBIX,
OTpa’karoIlxe pe3ysIbTaThl paboThl BCeX (PYHKIMOHATIBHBIX OJIOKOB B COBOKYITHOCTH.

Oranbl MOCTPOEHUS HMUTAIMOHHOM MOJENM C HCHOJIb30BaHUEM MPOOJIEMHO-
OPUEHTHPOBAHHOTO (OJIOYHO-MOYJIBHOI0) HPUHIUIA PEANTU3YIOTCS B CIEAYIOUIEM IMOpPSIKe

(puc. 2):
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1. TIlpoBomuTcss KadecTBEHHash OIlEHKA BCErO OOBEKTa W HAOIIOJAeMbIX B HEM
IPOIIECCOB.

2. BrImonHsETCS ONMMCaHWEe OCHOBHBIX JJIEMEHTOB (OJIOKOB) M IMapaMeTpoB (BXOIOB,
BBIXOJ/IOB, IEPEMEHHBIX COCTOSIHUS | T.II.) UCCIIEyeMON CUCTEMBI.

3. Crpositcs  mareMaTHueckue, (DYHKIHMOHAIBHBIE WM  JIOTHUYECKHE  MOJCIH
(YHKIIMOHUPOBAHUS OT/AEIBHBIX OJIOKOB.

4. 3apmaeTcs MaTeMaTHYeCKOE OIMCAHWE NPaBWII COMPSDKCHUS M B3aMMOJCHCTBUS
OTJICTBHBIX OJIOKOB CHCTEMBI.

5. OmnwuceiBaroTcst criocoObl (POPMUPOBAHUS BBIXOJHBIX JaHHBIX U LEIEBBIX (PYHKIUH B
CIIy4ae pelieHus 3a/1a4 ONTUMHU3AIUH.

6. VYka3pIBaroTCS  METOJbI  YIPABJICHUS  JaHHBIMH, CIHOCOOBI  YCTAHOBJICHUS
COMOCTaBUMBIX Pa3MEpPHOCTEH, a TAK)KE BBIMOIHICTCS AHAIU3 BO3MOXXHOCTH HCIOJIH30BAHUS
Pa3IMYHBIX METOIOB, B TOM YHCIIE KOMITO3UIIMUA U JIEKOMIIO3UIIMH OOBEKTOB, (hOPMHUPOBAHHUS
HUEPAPXUUECKUX CXEM U T.1I.

1. Ananus o0bekTa u 2. Ilapamerpuzanus
HAOJII0JaeMBIX ITPOLIECCOB

\ 4

v

3. Maremarnueckas

(dhopManu3anus 3a1aun

7. OcymecTBieHne ¢
MMUTALMOHHOTO 4. TloctpoeHue GIOK-CXEMBI
MOJICITUPOBAHUS 1 00beKTa UMUTAIMOHHOTO
HOTyYeHUE PELICHHS MOJICJIMPOBAHHUS
1 v
6. Iloctpoenue 5. BBIOOp THUMOBBIX OJIOKOB,
KOMITBIOTEPHOH ITPOTPaMMEI BBITIOJTHSIOIINX
¢ ucnonb3oBanuem 110, < HEoOXo UMbl (DYHKIINH,
BOCIIPOU3BOJISIETO TUIIOBEIC COTJIaCHO OJIOK-CXEMBbI
(hyHKIIMH OJIOKOB, MIX o0BeKTa
KOOPJAWHAIINS ¥ COTIPSDKEHNE
B MOJIEIIN

Puc. 2. Cxema peajm3anuun 6J'IO‘{HO-MO,Z[y.]'IBHOFO nmoaxoaa

7. Crpoutcsi 0JIOK-cXeMa WMHUTAIIMOHHON MOJIETM B COOTBETCTBHH C METOJOJIOTHEH
cucTeMHOro aHanu3a. [Ipm 3ToM crTemeHb ApoOJNEeHUs WIM JAe3arperauuu (JIeKOMITO3UINN)
peaIbHOrO 00BEKTA JAOJKHA 00€CIIeYUTh IPUMEPHO PABHYIO 3HAUUMOCTh BCEX UCIIOIb3YEMBIX B
MoJienu OJI0KOB.

8. BriOuparorcss THUIIOBBIE OJIOKM W3 YWCIIa HMMEIONIMXCS, BBIMTOJIHSIONME (DYHKIHH
OTJIENIBHBIX 3JIEMEHTOB OJIOK-CXEM.

9. PazpabatpiBaeTcsi KOMIBIOTEpHAs MpOrpaMMa, peaau3yromas OJIOYHO-MOAYIBHYIO
MOJIENb.

[locne 3aBepmieHusi H3Tana TOCTAaHOBKM M (opmanu3alnuu 3ajadyd, Ha KOTOPOM
OTIPENIENIAIONIUM SIBJISETCSI ONBIT YYaCTBYIOIIMX B 3TOM CIEIHATUCTOB, 3HAIOIIUX CIEUPUKY
00BEeKTa, BBIMOJHAETCS 3aMEIIeHHE OTIENbHBIX YacTed MU 3JEMEHTOB MOJENIN THIIOBBIMHU
0JI0KaMH1, peaTU3YIOIIUMU HEOOXOTUMbIE (PYHKITUH.

Hanmpumep, eciu wuMeer MecTO Kakas-TO JIOTMUECKas ONEpalus, TO BBOAMUTCA
COOTBETCTBYIOLIUH JOruueckuii 6sok. Jpyrum mpuMepoM MOXKeT OBbITh OJIOK, BBITOJHSIOMIMI
(GYHKIMIO 3aJ1ep>KKU BO BpEMEHH KaKoro-HUOyIb npoliecca win oobekta. Hampumep, 310 MoxeT
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OBITH cHcTeMa OOCTY)XKMBaHHUSA, B KOTOPYIO TOCTYMHJIA 3asiBKa, U KOTOPYIO OHa 0OpadaThIBaeT
Kakoe-To BpeMs t. 3TO MOXKET ObITh TaKk)Ke peJIeHHBIN 00K, KOTOPBI B 3aBUCIMOCTH OT YPOBHS
BXOJIHOTO CHUTHAaja, BBbIJIA€T WJIM HE BbIAACT BBIXOJHOM CHTHAJl OMNPEIEIEHHOT0 BHIA
UCIIOJIHUTEIILHOMY DJIEMEHTY.

B cinyuae, xorma B O00BEKTE MOAETUPOBAHUS BXOAHOM CHUTHAN MpeoOpasyercs,
HEOOXOMMO HMETh B PAcHOpsDKEHHH (YHKUIMOHAIbHBIE OJIOKM, CIIOCOOHBIE TakKue
npeoOpa3oBaHus peanu3oBbiBaTh. Eciiu HabmogaeMble MpoIecchl HOCAT JI€TEPMUHUPOBAHHBIN
Xapakrtep, (QyHKIHMOHAIBHBIA OJOK BOCIPOM3BOAUT JETEPMHUHHUPOBAHHYIO (DYHKIIMOHAIBHYIO
3aBHUCUMOCTbH. Ecii 3aBUCUMOCTh HOCUT BEpOSITHOCTHBIN CITy4aiHbIN XapakTep, TO OJI0K JT0JKEH
BOCTIPOM3BOANTh CclydailHyl0 ¢yHKOu0. [lpu STOM mModydeHWe 3aJaHHBIX CIy4alHBIX
3aBHCHUMOCTEH MOKeT ObITh peann3oBaHo MeTogoM MonTte-Kapino. B peanbHbIXx Momensx
0OBIYHO TpeOyeTcs HE MPOCTO BOCHPOHU3BOIUTH CIAYYalHYIO (PYHKIHIO, a JeNaTh 3TO C y4ETOM
YCTaHOBJICHHBIX AMIUPUYECKUX 3aBUCHUMOCTEH, T.€. MMEThb BO3MOXKHOCTh HCIIOJIb30BAaTh B
peoOpa3oBaTeisiX peajlbHble CTATUCTUUECKUE JaHHbIE.

B uMuTanMOHHBIX MOZENSAX B BUAE OTHAEIbHBIX OJIOKOB Hauboyiee 4acTO MPUMEHSIOT
CYMMAmopwvl, MHOMICUMeENU, Oenumenu, pazeemeumeny, uHeepmopsvl. ITH OJOKH JIETKO
YHUPUIUPYIOTCS, @ 3aT€M MOTYT OBbITh HCIIOJIb30BaHbI B KAaueCTBE 0a30BBIX 3JEMEHTOB IpU
[IPOEKTUPOBAHUH UMUTAILIMOHHBIX MOJIEIEH.

TunoBble OJIOKH, HCIONBb3yeMble B HMMHUTALMOHHBIX MOJENSX, B MPUHIUIE MOTYT
ONMCHIBATHCS PA3NMYHBIMU MaTE€MaTHUYECKMMM MOJENSMU, B TOM YHCJIE OCHOBAaHHBIMU Ha
TEOPUU UTP, KOHEYHBIX aBTOMATOB, ONTUMAIbHBIX pelieHuH, nuddepeHanbHbIX YpaBHEHUH,
TEOPHH pACIHCAHUK U T.A. [TTaBHBIM TpPU MCTIOIB30BAaHUM TOTO WJIM MHOTO THIIOBOTO OJIOKa
ABIISIETCS TO, YTOOBI BBHIMOJMHSEMOE UM MpeoOpa3oBaHHE OBLJIO MPOCTHIM, OUYEBUIHBIM U
COIIACOBAaHHBIM C peau3yeMbIM aHajoroMm. Takum oOpaszoMm, 3ajada BblIOOpa TUIIOBOro OJIOKa
JUTSL K&KJIOTO AJIEMEHTAa MOJENU pelIaeTcs MyTeM Moaoopa Mo KPUTEPUI0 aHAIIOTUHU OPUTHHATY.
[Tpu sTOM, TIpoIIEcCHl, HAOIIOAaEMbIE B pEAIbHOM 3JIEMEHTEe 00BEKTa, Kakyro Obl (PM3NYECKYIO
IPUPOIY OHU HU UMEIM, B MaTeMaTHu4ecKkoi ¢opMe JOIKHBI ObITh aHAIOTUYHBI TEM, KOTOPHIE
peanu3yeT THUIIOBOM OJOK. 3/1ech ClEIyeT Y4YUThIBaTh, YTO YEM IIPOIIE 3aBHCHUMOCTb,
BOCIIPOM3BOAMMAs HJIEMEHTOM PEANbHOT0 00BEKTa, TEM JIerde No00paTh MO aHAJIOTUU TUITOBOU
0JIOK, peau3yIomuid 3Ty 3aBUCHUMOCTb. DTO HE O3HAYaeT, YTO MOJIENbh PEATbHOTO OOBEKTa
JIOJDKHA TPEACTaBIATh COOOM TIpPOMO3JKYIO OJOK-CXeMy, COCTOSIIYI0 M3 OOJBLIOrO 4YHcia
IOPOCTEHIINX 3JIEMEHTOB. YPOBEHb JEKOMIO3MLHU JOJDKEH OBITh TaKuUM, 4YTOOBI KaJIbIH
AJIEMEHT HMMMTALMOHHONW MOJEIHW O BO3MOXKHOCTH YKPYINHEHO pPEaJu30BbIBAJl JECUCTBUA U
npeoOpa30BaHusl, aHAIOTUYHbBIE TEM, KOTOPbIE HA0JIIOJAal0TCS B OpraHU3alUH.

[lepeuenp 0OJIOKOB W  peaqu3yeMblX HMH DJJIE€MEHTapHbIX (QYHKUMH  JOJHKEH
COOTBETCTBOBATh HA0JII0JJaEMOMY MHOT0OOpa3HI0 MOBEACHUS HCCIEIYEMBIX CIO0XKHBIX CHCTEM.
[Ipy npoexkTUpoBaHUU OJIOUYHO-MOAYIBHOW MOJAETN HEOOXOJUMO TaKK€ Y4YUThHIBaTh TO, 4YTO
CJIO)KHOCTb CHCTEMBI OIpEJeNsieTCsl HE TOJBKO YHUCIOM 3JIEMEHTApHBIX OJOKOB OOBEKTa, U
YCTaHOBJICHHBIMU OTHOLICHUSIMH TOpSAJKAa MEXIY HHUMH, a TAKKE CBSI3IMU MEXAYy OJOKaMH.
[Tpu 5TOM, »1eMeHTapHble OJOKM HE MOTYT OBbITh HIEHTUYHBIMHM JAPYr JpYyry, TaK Kak
VCIIOJIB3YIOTCS JUIsl BBIMOJHEHUS Pa3iMYHBIX (PYHKIMNA. DTO K€ OTHOCUTCS K B3aUMOCBS3SIM U
OTHOLICHUSM MOPAIKA.

OOBIYHO KaXKIBIN AJIEMEHTApHBINA OJIOK UMEET MaTeMaTH4YecKoe onucanue. CBA3U MEKIY
OokaMM 33Jal0TCA MaTpULIAMH CBsI3eH, a «OTHOUICHUS TMOPAIKa» (PUKCHPYIOTCS CXeMOM
MOJYMHEHHOCTH COTJIACHO OJIoK-cxeme Mozenu. [Ipu 3ToM HEeKOoTOphle AJeMEHTapHbIe OJIOKU
MOTYT 00pa30BBIBATh arperaTbl, COOTBETCTBYIOIINE MOJENAM (YHKIMOHUPOBAHUS OTAEIHHBIX
yacTel CTPYKTYpHI (OTIENbHBIX NMPOILIECCOB) B CIOKHOM cucTEME.

JIrobast cuctema B 00OOIIEHHOM BHJE 0€3 JAeTanu3alil MOKET OBITh OINHCaHa C
HCIIOJIb30BAaHUEM CIIEAYIOIUX XapaKTePUCTHK:

— 8XO00Hble OdaHHble X1, X2, . Xp, KOTOpble OyIeM TpaKTOBAaTh KaK CHUTHAJIBL,

MOCTYIMAIHE HAa BXO 6J'IOKOB;
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— 6bIXOOHble Oanubie Y1, Y9,...,.¥Ym, KOTOpble OyleM paccMaTpUBaTh KaK CUTHAJbI Ha
BBIXOJI€ OJIOKOB;
— napamempbul cucmemol 0lq, 09 ,...,0lk ,

— COCMOAHUA, B KOTOPBIX MOXKET HAXOAUTHECA CUCTEMA Sl’ 82 yrany Sr .

VKa3aHHbIE XapaKTEPUCTUKM MOJEIU CIOKHOM CHCTEMBbl pacCMaTpUBAIOTCA B
IPOCTPAHCTBAX BXOJIHBIX CUTHAJIOB X, BBIXOAHBIX CUTHAJIOB Y, IapaMEeTPOB OL U COCTOSTHUI S.
KonkpeTHast Touka B 3THX IPOCTPAHCTBAX 3aJaeT (pakTHYecKoe 3HaUeHHe MoKa3aTeneil, KoTopoe
OIpesieNsIeTcs KaK pe3ysbTaT (PYHKIMOHUPOBAHHS BCEX IEMEHTAPHBIX OJIOKOB B LIEJIOM.

DOneMeHTapHBIN 0a30BbIN OJOK MOXKET B3aUMOJCHCTBOBATH C APYTMMHU OJIOKAMH TOJIBKO
4yepes3 BXOAbI U BBIXOBI, T.€. YePE3 UMEIOLIUECS B3aUMOCBS3H, B PE3YJIbTaTE BOSHUKHOBEHUS TEX
WINA UHBIX CUTHaJNOB. Jlpyrux crnoco6oB oOMeHa nH(popMalmend MexIy OJIOKaMH M ¢ BHEUIHEH
CpeoH Npu pean3anuy 0JI0YHO-MOYJIBHOTO OX0/a HE CYILIECTBYET.

PaccMOTpuM HEKOTOpbIE THUIIOBBIE OJIOKH, KOTOPBIE HCIOIB3YIOTCS MpPU MPOOIEMHO-
OPUEHTUPOBAHHOM IIPOEKTUPOBAHUN UMUTALMOHHBIX MOZCIIEH.

1. TunoBoi sneMeHTapHbIN OJIOK, KOTOPHIN Ha3bIBa€TCAd «CyMMATOpP», 0003HauaeTcs

cumBosioM 2, (puc. 3).

X1 (1)
X(t) > Y(1) X5 (1) N Z Y (tl
X (1
a) 0)

Puc. 3. Tunsl cymmaTOpOB: a — MOCJIEA0BATENbHBIN, O- TApaJUIEIbHBIN

Ha puc. 3 mokaszanwl ABa THUMAa CyMMaTOpPOB: TOCIEIOBATEIbHBIM W MapajuIebHbIN.
[TocnenoBarenbHBIA CyMMATOp BBIMOJHIET CYMMHUPOBAHHE CUTHAIOB, MOCTYMAIOUINX B OJIOK B

pasnnyHBIe MOMEHTHI BpeMeru 1, 1o, ..., {;; mo ogHOMY Kanamy (BXony). DTH CHUTHAIBI MOTYT

CYMMHUPOBATBCA IO HX YHUCITY, MOMCHTaM IIOABJICHUA HIIM II0 HHTCHCHUBHOCTH. BBIXOHHOﬁ
CHUI'Hall Y (t) HU3MCHSACTCA Ka)KI[Hﬁ pa3 B MOMCHT IIpHUXoaa HOBOIr'oO BXOJHOI'O CUTHAJIA.

IIpu nmapannenbHOM CYMMHUPOBAHMM CUTHAJIBI ITOAIOTCS 110 Pa3JIMYHBIM KaHalaM U Jajiee
B KaX/IbIil MOMEHT BPEMEHH CyMMHpPYIOTCS. Bo3MoxkeH Takke KOMOMHUPOBAHHBIM CyMMaTop,
KOTOpBIM IO3BOJISIET CyMMHMPOBaThb CHUTHAjJbl IO IIOCJIENOBATEIBHOMY U HapalieIbHOMY
kaHajgaMm. CymMMaTopbl SIBIISIFOTCSI TUIOBBIMU 3JIEMEHTApHBIMU OjokamMu. OHU MOTYT Takke
BBITOJIHATH (DYHKIIMIO BBIYMTAHMS, €CJIM OJUH M3 BXOAHBIX CHUTHAJIOB CHayalla MHBEPTHPOBATb,
TO €CTh CyMMHPOBATh C OTPULIATEIIBHBIM 3HAKOM.

VY paBHeHHE NapaIeIbBHOTO CyMMaTOpa 331a€TCs PABEHCTBOM:

Y (1) = X1 (1) + Xo(t) 4ot X, (1)

2. TloporoBsiii 00k (070K AHCIIETYEp) MOXKET BBIMOMHATH (DYHKIMH JHCIIETYEpA,
KOTOPBII MOJAeT YNpPaBIAIOIIME CUTHAJIBl B JApyrue OJOKM MNpU JIOCTHKEHUU 3aJaHHOTO
HOPOrOBOT'O YPOBHS BXOJIHOTO CUTHANA. Y paBHEHHE IIOPOBOT'O IEMEHTA MOYKHO 3allUCaTh TaK:

0, ecmu [Xp(t) + Xp(t) +...o..+ X, (D] < P,
1, ecmun [Xy(t)+ Xo(t) +.oooc+ X, ()]2 P.

rae P — 3aaHHBIN IOPOTOBBIN YPOBEHb.

Y () =
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[loporoBeie 0JI0OKM MOTYT HMETh HECKOJBKO TIOPOTOBBIX YpOBHEH, Hampumep,
Py, Py,..,Pc. Dro o3nauaer, uyro Takue ONOKH (OPMUPYIOT BBIXOZHBIC CUTHAJIBI

Y1(t), Yo(t), ..., Y, (1) npu jocrmkeHMum  COOTBETCTBYIOLIETO — IIOPOrOBOTO — 3HAYEHHMSL.

BapuanTtel peanuzanuu moporoBoro OJ0Ka MOTYT OTJIMYAaThes APYr OT JApyra crocodamu
(dbopMUPOBaHUS BBIXOJHBIX CHUTHAJIOB. Pa3MEpHOCTh BBIXOJHBIX CHUTHAJIOB MOXKET OBITh TaKXkKe
pa3IM4YHOM, MOATOMY, €clu TpeOyeTcs CKIaAbIBaTh STHU CHUTHAJBI, TO WX CHadajga HYXHO
IIPUBECTU K OJJHOM pa3MEPHOCTH.

3. Jlornyeckuii 0JIOK BBIJA€T BBIXOJHBIE CUTHAIbI Yl, Y2, ...,Ym, €ClII BXOIHbBIE

CUTHAJIBl COOTBETCTBYIOT 3a/IaHHBIM JIOTUYECKUM YyciioBUsAM. OH o0OecreyrBaeT BBIIIOJHEHUE
JIOTHYECKUX YCIOBUH, KOTOPBIE ONMPEEIAIOT (YHKIMOHUPOBAHUE PACCMATPUBAEMOI CHCTEMBI.
4. HWurterpupyroummii 0J0Kk peanu3yeT (QYHKIUIO HaXO0XKIEHUS OIpPeNeIeHHOro
MHTETpajla ¢ INEPEMEHHBIM IpeAeoM HHTerpupoBaHus. [Ipy mosBIEHMM BXOJHOIO CHUTHAA
(curHasioB) STOT OJIOK HAYMHAET HHTErPUPOBATH €ro BEIUYHMHY C 3aJaHHOM CKOPOCTBIO,

t
HaIpUMep, TaK: Y(t) = OLI X (t)dt,
0

rae Y (t) — BbIXOmHOMN CHMIHAN, M3MEHSAIOIIMNACSA UCKPETHO WM HENPEPHIBHO IIPH PA3JIMYHBIX

croco0ax 3a/laHus BEPXHEro Ipejena MHTerpajia, Ol — MapaMeTp (MacIuTaOHbIA MHOXKUTEb).
WuTerpupyroniuii 010K MOXKET MCHOJB30BATHCSA OJJHOBPEMEHHO C JJOTHYECKUM WJIU MOPOrOBBIM
0JI0KaMM IIPU YCIIOBUH, YTO OHU (POPMUPYIOT KOMAH/y Ha BBIIOJIHEHUE UHTETPUPOBAHUS.

5. DOYHKUUOHAJIBHBIA 00K o0ecrieunBaeT (YHKIHMOHAIBHBIE MPeoOpa3oBaHUs
BXOJHOIO CHTHaJa U (OPMUPOBAHHME BBIXOJHOTO CHUTHANA, PEAIN3YIOIIEro 3aJaHHYIO
(YHKIIMOHAJIBHYIO 3aBUCUMOCTBIO OT BXOJAHOM IIEPEMEHHOMN:

Y(®) = f[X(). B,
rae f — dynkumonanshas 3aBucumocts ot Bxoanoro curnana X (t), [ -napamerp.

6. T'enepaTop cay4yaiiHbIXx QYHKIUH, KOTOPBIA WCIONB3YEeTCS IS BBIPAOOTKH
CIIy4alHBIX BBIXOJHBIX CUTHAJIOB C 3aJIaHHBIM 3aKOHOM paclpeAciieHus. 3aKOH paclpeleIeHUs
BBIXOJHOT'O CUTHAJIa MOKET 3a/1aBaThCsl SMIIMPUUECKU B pe3ylbTaTe 00paOOTKH CTaTUCTHYECKUX
JAHHBIX WM TEOpEeTHYeCKM B (opMe aHATUTHYECKOrO BBIpAKEHUS Ui (QyHKIHMH
pacnpeneneHusl.

7. IlepexiaouaTeb cBsA3ell BBINOIHIET (DYHKIMM, CBS3aHHBIE C M3MEHEHHEM CBs3€il
MEXJy OTIEIbHBIMU OJOKaMH, TO €cTb (PAKTUYECKH peallu3yeT YIpaBiIsieMOoe H3MEHEHHUe
CTPYKTYpPbI MOJENIM CUCTEMBI. 3ajaya JaHHOTO OJIOKa COCTOMT B TOM, YTOOBI MpH MOAaye Tex
WIM UHBIX CHTHAJOB Ha €ro BXOJl, Ha BbIXOAE (opmHpoBasics CUTHAJ, OOECTIeUMBAIOLIUIT
(dopMHpOBaHHE HOBBIX M JIMKBHJALMIO HEKOTOPBIX JIeHCTBOBaBIIMX cBs3eil. dopmanuzanus
JAHHOTO OJIOKa MOJKET BBINOJIHATHCA DPA3IUYHBIMU CHOCOOaMHM B 3aBHCHUMOCTH OT METOJAA
OpraHM3ali CBs3€d B MOJEIM CHUCTEMBL. B 4YacTHOCTH, €ciu CBSI3W B MOJEIN 33Jar0TCs
MaTpulleld cBs3eH, (MHIOMHAEHLUH) rpada, TO OH JOKEH oOecnedyuBaTh W3MEHEHHE ATOU
matpuubl. [Ipm 3TOM HM3MEHEHMM 3HAaueHHUs 3JeMeHTa Marpulbl cBsized ¢ 0 Ha 1 Moxer
TPaKTOBAThCs Kak 00pa3oBaHKME HOBOM CBsI3H, a C 1 Ha 0 — TMKBUIAIMIO CYIIECTBYIOIIEH paHee
CBSI3H.

8. Cucrema wmaccooro oocayxuBanus (CMO) Ttaxke paccMaTpuBaeTcs Kak
BIIEMEHTApHbI OJOK M TMpenHa3HaueHa s 3aMelleHUs] (YHKUMHA CIO0XHBIX 3JIEMEHTOB
CUCTEMBI, CBSI3aHHBIX C OOCIYXMBaHHEM MAacCOBBIX 3afBOK. Biok OObIYHO Mojaenupyercs B
MMUTALIOHHOM PEXHUME.

8. BbJok o0paTHOlH CBSI3M TI03BOJISIET pEATM30BaTh CHUCTEMY aBTOMAaTHYECKOTO
PETYJIMPOBAHUS TUHEHHOIO U HEJIMHEHHOT0, HEMPEPHIBHOIO MIIM JUCKPETHOTO THIIOB, KOTOPBIE
3aJJal0TCS COOTBETCTBYIOIIMMHU ypaBHEHUSMHU. JlaHHBIM OJIOK IpeaHa3HayeH JUIsl 3aMelleHUus
YYaCTKOB CJIOKHBIX CHCTEM, B KOTOPBIX BBINOJIHIETCS PETYJIMPOBAHUE U YIIPABIECHUE CUCTEMOM.
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OOBIUHO, MaHHBIK OJIOK OOECIEYMBAET YIpaBiCHUE C OTPUIATEILHONH OOpaTHOW CBS3bIO, HO B
HCKOTOPBIX CIIy4asaX MOXKCT GBITI: pCain30BaHa U MOJIOXKUTCIIbHAA 06paTHa;1 CBs3b.

9. T'eHepaTop eIMHOr0 BPEMEHHM WCIOJNB3YETCS JUIA 3aJaHus W CHHXPOHU3ALUU
TEKYIET0 BPEMEHU y BceX ONokoB mojenu. ['eHeparop obecriednBaeT HACTPOHKY Ha JHOOYIO
3aJJaHHYI0 CKOPOCTh HM3MCHEHHUS BPEMEHH, a TaKKE€ MOXET BbIIaBaTh HECKOJIBKO TaKhX
CKOpOCTEH OHOBPEMEHHO.

Hanpuwmep, eciau Mozienb UMUTHPYET pabOTy NPEANPHUSATHS B TEYEHUE CYTOK, HEIEIH,
MecsIa Wik ToAa, To TeHepaTop 7 JOJDKEH 3ajaBaTh MOMEHTBI OTYETa BPEMEHU B Yacax, JHSX,
MecsIIax, a Mpyu HEOOXOJUMOCTH U B CE30HHBIX ITUKIIAX.

10. bJok onpeaeneHusi NPHOPUTETHOCTH TIO3BOJSET 3a/1aBaTh IMPUOPUTETHI
(MprOpHUTETHBIE NPU3HAKK) (DYHKIIMOHUPOBAHUS JICMEHTAPHBIX OJIOKOB MOJIEIH, €CIU B 3TOM
BO3HUKAET HEOOXOAMMOCTh. [I[pHOPUTETHOCTh MOXKET TPAKTOBATHCS KaK «OTHOIICHUE MOPSIIKA
MEXy OJIOKaMH, YCTaHABIMBACT, KAKOW M3 HHUX SIBJISICTCS TJIABHBIM B CIIy4asix, KOT/Ia BO3HUKACT
npo0JieMa MPUOPUTETHON Mepeaauu yIpaBICHUs OT OJHOTO OJIOKA K IPYrOMY HITU TIPU PEIICHUN
3aJjaud O PACHpPEICIICHUH YIPABISIONIMX BO3JACUCTBUI MEXIy OJIOKaMH, a TaKXke Ipu
00CITy’)KUBaHUH 3aIBOK, TIOCTYIAIOIINUX OT OJIOKOB.

OOBIYHO «OTHOIICHUS MOPSIKA» MEKAY JIEMEHTAMH MOJICIIA IIOHUMAIOTCSl HE TOJIBKO B
CMBICJIC Hepapaneacoﬁ WA UHOU CXEMEI MOAYMHCHHOCTH OAHUX BJICMCHTOB MOJCIIN APYI'UM,
HO M TI0 MPHOPHUTETHOCTH 3JIEMEHTOB OTHOCHUTEJIBHO KaKOro-JIMOO MpH3HaKa MEexIy coboil. B
9TOM CJy4ae OLCHKH TMPUOPUTETHOCTH YCTAHABIMBAIOTCS MEXKIY JJIEMEHTaMU OJHOTO YPOBHS,
HAXOMAIIMMHUCSA B OJHOM W3 wWepapxuil. B kadecTBe mnpumepa Ha puc. 4 TpeACTaBICHBI
PAa3JIMYHBIC BAPHUAHTLI OpraHru3alun «OTHOIIIEHUU nopAaAaka» MCKAYy 3JICMCHTAMH MOJICJIN.

b1

—> A~ B> C
» B b2

a)
B b3
— 4 > c—>

—»| A+ A1 > C de
D D d>

6) ds
6)

Puc. 4. BapuaHTbl opraHu3anuu «OTHOUICHUH MOPsIIKa»:
a) — MmocJeoBaTeIbHOM; 0) — mapaieaTbHON; B) — MHOTOYPOBHEBOM

DOneMeHThl, U300pakeHHble Ha puc. 4 a, o0pa3ylOT NOCIEI0BATEIbHYIO MPIMYIO
MOJXYMHEHHOCTH JIPYT PYry. 31€Ch NPUOPUTETHOCTD, WM «OTHOILIEHUS MOPSAAKA» ONPEIEIICHBI
IpsIMON LIENOYKON MOJYMHEHHOCTH. Tak, 3JeMEHT A BBIJJAeT CUTHAJI Ha YIpPaBIE€HUE DJIEMEHTY
B, a cam anemeHT B ynpasiser sseMeHToM C.

Ha puc. 4 6 snemeHT A ynpaBisieT cpazy TpeMms IPYyTUMH dJIeMEHTaMHU. 371eCh, KpoMe
OpsAMOM MOMYMHEHHOCTH 3JeMeHTy A snementoB B, C, D, HeobOxomumo 3agaTh IMpaBHUIIO
nepeaaun yrnpasieHus oT dyieMeHTa A k anementam B, C, D. Hanpumep, curaan ot sneMeHTta A
MOYET OJHOBPEMEHHO MocTynarh Ha 3neMeHTsl B, C, D u uMerh paBHYI0 HWHTEHCHBHOCTb
Bo3/eiicTBUS Ha Onoku B, C, D, nian MOMEHT NOSIBIIEHUS 1 HHTEHCUBHOCTh CUTHAJA 3aBUCAT OT
CTPYKTYpbI Kaxjaoro u3 6moko B, C, D. B mociennem ciiydyae BO3HHUKaeT HEOOXOAMMOCTH
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BBEJICHHS B CTPYKTypy OjloKa A1, KOTOpBIN pacmo3HaeT curHaibl OiokoB B, C, D, a 3arem
dbopMupyeT curHaibl, nogaBaembie Ha Ooku B, C, D oT 610Kka A4, a TakKe yKa3bIBaeT MOMEHTHI
BPEMEHH UX MOCTYILJICHUS.

IIpy MHOroypoBHEBOH mHpsAMON MOAYMHEHHOCTH (puc. 4 6) mociae KaxkIoro
YIPaBISIOLIETO 3IE€MEHTa MOTYT OBITh PACIOJIOKEHBI OJIOKH, paCIO3HAIOIINE CTPYKTYPY CBsI3ei
YIPaBJISEMBIX 3JIEMEHTOB, TO €CTh OIPENENAIONNEe «OTHOIICHUS TMOPSAAKA» MEXay HuUMH. B
3TOM cilyyae B CTPYKTYPHOH CXEMe€ JIOJKHBI MPUCYTCTBOBATh OJIOKU A1 JJIsl OLIEHKH CUTHAJIOB
6nokos B, C, D, a taxxe by, C,, dy ans B3aumopeiictsus ¢ ynpasiseMpIMd UMH GIIOKaMH.

Eme Gonee crnokHO 3a7ar0TCsl «OTHOUICHMS MOPSIKa» IPU HaJIU4uud OOpaTHOM CBS3H,
KOrZa CHIHAbl OT JAaT4UKOB i, Jg, (PUKCHUPYIOUIMX COCTOSHHE TOTO HJIM HMHOTO OJIOKa,
bopMupyroT 00paTHYIO CBSI3b (OTPHULIATEIBHYIO WU MOJOXKUTENbHYIO0), HallpUMep Tak, Kak 3TO
MOKa3aHo Ha puc. 5. 37ech poib pacrmo3HaBaTesst COCTOSHMs BoimonusoT Onoku P, Pp, Ps,

KOTOPBIE OLCHMBAIOT YEPE3 MMEIONMIMECS M3MEPUTENH (IATYMKH) [k COCTOSHUE KAXKIOTO U3

6nokoB, nHampumep, Dp, Do, bs,..., di, dy,d3 u, B 3aBucumocTn oT 3TOrO, BBHIPAGATHIBAIOT

CHTHaJ 00paTHOM CBSI3H, MOCTyMaroIuil Ha 6oku B, D, A (puc. 5).

VYka3aHHBIE CXEMBbl ITOJYMHEHHOCTH ONKCHIBAIOTCS 3aMKHYTBIMH KOHTypaMu |
peanu3yoT HauOoJiee 4YacTO MPUMEHSEMYK Ha TPAKTUKE CXEMY YIpaBleHHs ¢ 0OpaTHOU
CBSI3BIO.

bno4HbIii NPUHIMN TOCTPOCHUS HMMUTAIIMOHHBIX MOJICJICH  HCIIONB3YEeTCsS TpU
npoektupoBarnu UM, peann3yeMbIX B CTaHIAPTHBIX MaKeTaX MPHUKJIATHBIX TIPOTPaMM.

b1
;{il >
::B » D2 P,
%iz >
b3
oH
A » C
Ar P3—_
ds
P
| D »| d2 P,
ds
N

Puc. 5. BapuaHTel OpraHu3aluy «OTHOLICHUH MOPSAAKA» IIPU MHOTOYPOBHEBOU IIPSAMOM
MTOTYMHEHHOCTHU C OOpaTHBIMU CBA3SIMH (3aMKHYTasl CUCTEMA)

Jleknus 6. HNMuTanmoHHbIe MO/I€JIH TEXHUYECKHUX U COIUAIbHO-
IKOHOMHYECCKHUX CUCTEM
banancoBble cTaTHYECKHE MOAE]IHN
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bamancoBrie MOACIIN HCCICAYEMOI'O 00BEKTa OMMCHIBAIOTCS HEJIMHEWHBIMUA  HIIH
JIMHEUHBIMU aJIFe6paI/I‘IeCKI/IMI/I YpaBHCHUAMHU  OTHOCHUTCIIBHO TNCPEMCHHBIX  COCTOSHHA

X = (X, Xp, ..., X ) Buga:
F(x, y)= 0, Ax=y,

rae Y — BEKTOp BXOJHBIX Bo3jaehcTBui; F (X, y), A — 3anannble BekTOp-(QyHKIMA ¥ MATPULIA.

PaccMoTpuM Ha KOHKPETHBIX IIPUMEpax MOAX0/Ibl K IIOCTPOEHUIO 0aJaHCOBBIX MOJEIEH.

BanancoBas moaenb JleonTheBa

Ilycte nmeercss N oTpacieil NPOMBIIUIEHHOCTH, KaXK1ask U3 KOTOPBIX IIPOU3BOIUT CBOO
OJTHOpPOJHYI0 mNponykuuto. IIpum 3ToMm, s obecriedeHUs MPOU3BOACTBA, Kaxaas OTpacib
HY)KJaeTcs B CBOEH NPOAYKLIMH U MPOAYKIMH Ipyrux orpacieid. OcTtaBiiascs 4yacTb POIYKIUHY,
HE MOTpeOIeHHAas: OTPACISIMU, MIET Ha JINYHOE U OOILECTBEHHOE MOTPeOIeHUE BHE OTPACIIEBOM
cdepbl TPOU3BOICTBEHHOH 1EATEILHOCTH.

bynem paccMarpuBaTh IpoOLECC IPOU3BOJCTBA B TEUEHUE HEKOTOPOTO OTPE3KA BPEMEHH,
Hanpumep, rojga. Beegem cienyromme 0003Ha4eHuUs:
1) Xj — o0muii 06beM BBIITycKa MPOTYKIMH i-if OTpaciu 3a TOJ WIH BaJIOBOH OTPACIeBOH

MPOIYKT (i =ﬁ);

2) X j — o0beM mpoxyKiuu I-i  oTpacnmu, NOTpeONseMblid |-l  OTpacibpl0 IpH
IPOU3BOJICTBE IIPOAYKIMH B o0beme Xj, 1 =1, N, J=1,n;
3) Yj — obOwbem mnpoiykumu J-ii OTpaciu, peanusyemblil (IOTpeOIseMBId) B

HEMPOU3BOJCTBEHHON cpejie (JIMYHOE MOTpebIeHue Ipax/iaH, YAOBIETBOPEHUE OOILECTBEHHBIX

noTpeGHOCTEl, ColepkaHne roCyIapCTBEHHBIX HHCTUTYTOB, SKCIopT U T.4.), | =1, N,
OyHKIIMOHUPOBAHHE PACCMOTPEHHOM MHOTOOTPACIIEBOM SKOHOMHUKH ITOKa3aHO Ha puc. 1.
Bynem cuurarh, 4TO CyMMapHbIi 00beM IMPOAYKIUH Xj JIF0OOH i-0if OTpaciy MOIHOCTHIO

noTpeOIIsIeTCs] BCEMU OTPAcisiMH, a TaK)Ke B HEMPOU3BOJCTBEHHOU cdepe. Toraa BBITOIHIETCS
clieiyrolee, Tak Ha3bIBaeMoe, ypaBHEHHE OaaHca:

n
Xi =X+ X0 +...+ Xp + Y = zxij+3’i, 1=1n.

=1
X1y
1 4»61 Y1,
X11 -
Xn1
Xow
9 X2 |/ @ Y2 | Tlorpe6urennckmii
- PBIHOK
Xn2 '
n - Xin >/X\ Yn »
- L%
Xnn 4 X2n
MexoTpacyieBas 5KOHOMUKA

Puc. 1. Mogens (I)yHKI_II/IOHI/IpOBaHI/I}I MHOFOOTpaCHCBOﬁ OKOHOMUKH

(1)
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B. JleontheB, B pe3ynbTare aHain3a MHOTooTpacieBoi skoHomuku CIIA, B mepuop 30-x

X..
i
rogoB XX BeKa YCTaHOBWJI, YTO OTHOIICHUS A MeHsrOTCs Mano. [loatomy Oyaem cuuTarh,
Xj
Xij L —
BCJIMYMHBI aij =—,1=1n, ] = 1, N — nocTOSHHBIMYU YMCTIAMH.
X -

J
[Tpu TakoM AOMYIIEHHU TOJIy4aeM, YTO Ui MPOU3BOJCTBA MPOIYKLIHUH |-H OTpaciu B

o0beme X j HY’KHO HCIONB30BaTh IIPOIYKIHIO I-i oTpaciu B o0beme
Xij Iainj. (2)
TexHomornu  OTpacieBOro MPOM3BOACTBA, YJOBJIECTBOPSIOIIME JOMyHIeHUIO (2),
HA3bIBAIOT JIMHEHHBIMH, a yncIa Qjj — KOI(PPUIHEHTAMH NPAMBIX 32TPaT.
VYuuTeIBas paBeHCTBA (2), 3aMUIIEM CUCTEMY
Xp =a11X% + 12X + ...+ Y Xp + Y1,

Xy =ap1Xy +agXy +...+axpnXp + Y2 @)

BBeieM B paccMOTPEHHME BEKTOP-CTOJIOEl X 00BEMOB NPOM3BEAECHHON IPOIYKIHH

(BaJIOBOTO OTPACIIEBOrO BBIIIYCKA), & TAKXKE BEKTOP-CTOI0EL Y 00BEMOB MPOAYKIUU KOHEYHOIO
notpebnenus. Onpenenum Takke Marpuny 4 koddduureHTos 3atpar. Torma momydnm:

X Y1 &1 d2 ... Y
x=| %2 |, y=Y2 |, aA=| 821 82 . A
Xn yn anl an2 ann

Hcnonb3yst mpaBuiao YMHOXKEHUS MATPHUIBI Ha CTONOEIl, 3alUIIeM CHCTEMY ypaBHEHUH
(3) B MaTpuuHO# popme:
X=AX+Y. (4)
CoortHortieHne (4) Ha3bIBAIOT ypaBHEHUEM JIMHEHHOI0 MeKOTPac/IeBOro dajaHnca.

ypaBHeHI/IC (4) B (1)OpMaJ'II/I30BaHHOM BUAC OIMUCBIBACT TaK HAa3bIBAEMYIO MOJAEJ]Ib
JICOHTbeBa, KOTOpas MOXET OBITH MCITOJIE30BaHA IJId pCIICHUA ABYX OCHOBHBIX 3a1a4.

3anaua 1. [Ipu U3BECTHOM BEKTOpPE BAJIOBOTO BhITyCKa X TpeOyeTcs OMpeaeInuTb BEKTOP
Y KOHEYHOro MmoTpedsaeHusl.

3apgava 2. /lng nmuaHupyemoro mnepuojia BpeMEHH (Hampumep, roj) Hpu H3BECTHOM
KOHEYHOM Ha PBIHKE BEKTOpE MOTpeOIeHUi 9 HE00XO0/UMO OIpPEEeIUTh BEKTOP X BAJOBOTO
BBIITyCKa.

Marpuna 4 npsMbIX 3aTpaT Ha3bIBaeTCsl MPOAYKTUBHOM, €Cliu 1S 1I000ro BEKTOpa 9 c
HEOTPULIATENFHBIMHU 3JIEMEHTaMH (yi 2 0) CYIIIECTBYET pelieHue ypaBHenus (4) — Bektop X,

AJIEMEHTBHl KOTOPOTO HEOTPULIATEIbHBI (Xi > 0). CooTBercTByIOIIasi 3TOMY CIIy4ar0 MOJeJIb
JleoHThbeBa Ha3bIBACTCS] NPOAYKTUBHOM.
Cy1ecTByeT HECKOIBKO KPUTEPUEB IPOAYKTUBHOCTH MAaTPUIIbl 4, HAIPUMED:
-1
1. Martpuna A4 mnpoayKTHBHas TOrZJa M TOJIBKO TOTAA, KOIJa Marpuua (E — A)
CYILIECTBYET U €€ 3JI€MEHThl HEOTPUILIATEIbHBI.
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2. Marpuna A npoayKTUBHA, €CIU €€ JIEMEHThl HEOTPUIATEIbHbI, 3 CyMMa 3JIEMEHTOB
0 TI0OOMY CTOJIOILY UITH CTPOKE HE HpGBOCXOI[I/IT €IMHHUIIBI, TO €CTh

aj;>0;i=Ln; j=1n;

n —
Zaij <1, j=1, ;
i=
Za” <1,i=1n.
j=1

ITpu 5TOM X0Ts OBI 17151 0tHOTO | (WK ) cymMa (5) 1 (6) CTPOro MEHbIIE ¢ IUHHUIIBL.
ITycts A — mpoayktuBHas marpuna. [lepenuiiem cucremy (4) B Buje

y=x—-Ax=Ex—Ax=(E - A)x.

Torna dhopmyna (7) maer nckomoe perieHue 3aaaqmn 1.
Penrenne 3a1aun 2 ¢ y4eToM paBeHCTBa (7) 3aMKMCHIBACTCS B BUJIE:

=(E-Ay.

-1 N
Martpuna S = (E - A) HA3bIBAETCS MATPHULIEH MOJHBIX 3aTpParT.

IIpumep 1. B Tabnuue npuBeneHbl 3HaYEHUsI PE3Y/IbTATOB BBIYCKA U MOTPEOJICHUS B
JIBYX OTPAcCIIIX SKOHOMHUKH (SHEPreTHKa, MalIMHOCTPOCHHUE).

[Torpebnenue Koneunsrit Banossrit
No Otpacib

€] M IIPOJYKT BBIIYCK
1 | Ouepretuka (9) 7 21 72 100
2 | MammnocTpoenue (M) 12 15 123 150

Omnpenenuth HEOOXOMUMBIM 00BEM BaJOBOTO BBIMYCKAa MPOIYKIIMU KaXXJAOW OTPacCIH,
€CIi  KOHEYHOE  IOTpeOJIeHHe  SHEPreTMYecKol  OoTpaciu  yBEIUYHUTCS ~ BIBOE, a
MalIMHOCTPOUTEIBHON COXPAHUTCS HA MPEKHEM YPOBHE.

HNmeem: X1 :100; X2 :150; X11 = 7 X2 = 21, X21 212; X292 =15; Y1 = 72,
Y, =123. Haxomum o dpopmyse (8): 81 =0,07; &, =014; a,;, =012; a,, =01, o

€CThb
A (0,07 o,14j
012 01)
OneMEHTHI MaTpUuIbl A HCOTPULATCIIbHBIC. HpI/I 9TOM BBIITOJIHACTCA YCIIOBHUEC!
max{0,07 + 0,12; 0,14+ 0,1} = max{0,19; 0,24}=0,24<1.

[TosToMy KpuTEepuii 2 NPOAYKTUBHOCTH BBIOJIHSAETCS.
J171s1 HOBOTO KOHEYHOTO MOTPEOICHNS UMEEeM

y=(2-72;123) (144 123)",

v

HE0OXO0IUMBI 00BEM BBIITYCKa PaBeH X = (E —
093 -014
(E-A)= ;
-012 09
det(E — A)=0,8202;

B 1 (09 014
-E-A" 08202(012 093)

y . [loaToMy HaxonuMm:

()

(6)

(7)

(8)
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<_ 1 (09 014Y144)_( 179
B 0,8202\012 0,93 123 ) (1605 )
Takum oOpa3oMm, BaJOBOM BBIMYCK B DHEPreTUKE CIENYeT yBENIHYUTH 10 179 yciu. en.

MPOJIYKLIUU, & B MAITUHOCTpOeHUHU — 110 160,5 yci. en. npoayKuuu.
Paccmotpum MexotpaciieBylo 3koHOMUKY. IlycTh, Kak u paHee: A — MaTpHIA TPSIMBIX

. T
3aTpar Tnopsaka n; X=(X1, X9, weny Xn) — BEKTOp BaJlOBOTO OTPACJIEBOTO BBINYCKA.

O0603HaunM yepe3 B = (pl, P, ..., pn) — BekTop 1eH, K -1 koopauHara kotoporo Py pasHa

neHe enuHUB! poaykuun K -ii otpacin. Torma npu Beimycke Xy €IMHUIB TPpoayKimn K -st

OTpaciib MOIYYUT BAJIOBOI J0X0M, paBHbIl Ry = Py X, k =1,n. Yacts sToro noxoxa Oyner

U3pacXoJ0BaHa Ha NpUOOpETEeHHE NMPOAYKLUU APYruX oTpaciieil. Bo3HMKaeT HemonoaydeHue
moxona (pacxoja) 3a CdeT TOTO, YTO 4YacTh MPOAYKIMH K -if oTpaciu ucmomb3yercs s
IPOM3BOJICTBA B CAaMOM 3TOW OTpaciy. 3aTpaThl, CB3aHHBIE C IpUOOpeTeHNEeM pOoAyKIuH | -if

otpaciu npu 1 #K (gegononyuenne noxona npu | =K ), mpeBbIIaOT eauMHMITY IPOAYKIHU B
K -it otpaciu u pasuer Py Xy ; 1=1,N, a obuiue 3aTpaThl Ha BHUTYCK Xj EIMHHIIBI 3a[1AK0TCS
paBEHCTBOM

Wi = Xic (g Py + 8k P2 + -+ @n P ), k=1, . (9)

OcraBuIylocs 4acTh JOXOJa, PABHYIO Pa3HOCTH MEXJy BaJOBBIM JOXOJIOM M 3aTPaTaMH
(9), KOTOPYIO HA3BIBAIOT JOOABJIEHHOI CTOMMOCTBIO, 0003HAYNM yepe3 V| = (Rk - W, )

JTa 4acThb HUACT Ha BBIIUIATY 3apIliaThl, HAJIOTH, apCHAHYIO IJIaTy, HHBCCTUIIUNU U T.HO.
Hmeet mecto CJICayromee 0aJIaHCOBOE COOTHOIICHHE:

Rk :Wk +Vk;
Xk Pk = Xk(alk P1+ Aok Pp +...+ apk Dn)+Vk  k=1n. (10)
PasnenuB pasenctBo (10) Ha Xg ¥ BBedd 0003HAueHUs s HOBOH IepeMEeHHOI
Vi :Vk / Xk , KOTOPYIO Ha3bIBalOT HOPMOii 100aBJI€HHOH CTOMMOCTH, IIOTYYUM:
Pk =81 Pp + ok P2 + ...+ an P + Vs k=1n. (11)
Cucrema ypaBaenwmii (11), 3anucanHast B pa3BepHyTOH (opMe, UMEET B

Pr=a11P1 t@12Pp +...+ 815 Py + V1,
P2 =ap1Pg +ago Py +...+ 8o Py + V2,

(12)
Ph=an1P1 +an2P2 +...+anp P + V-
Banumiem cucremy (12) B MaTpuuHOit opme:
p=A"p+v, (13)
Trae
P Vi &1 & .. A
p=|P2|.y=|V2|. a=|B1 @2 - @
Pn Vin dnp 8n2 -+ @pp
3anumem MatpudHoe ypasHenue (13) B Buzae
(E—ATE:\_/, (14)

W Haii/ieM penieHne MaTpUYHOTo ypaBHeHus (14)
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p= (E — AT )_1\_/. (15)

T o .
y‘lI/ITBIBaH, qTo E'=E , 4 TAKKC HCIIOJIB3Ys CBOUCTBA 06paTHOI/I MaTpulkbl, IIOoJIy4acM

1 1 Y
[E-ATJ' =(ET-ATT =((E—A) 1) =sT,
e S = (E — A)_l.
Ortcroia criemyeT, 4YTO PEIICEHUE CHUCTEMbl CYIIECTBYET, €CJIM MaTpulla SBISETCS

. -1
MPOIYKTUBHOU (ManI/ILIa(E - A) CYILECTBYET U €€ 3JIEMEHTHI HE OTPULIATEIbHBI).

VpaBuenue (15) omuchiBaeT, Tak Ha3bIBACMYIO, MOJeJb PAaBHOBECHBIX IeH. J[aHHas
MO/JI€JIb TIO3BOJISIET PELINUTH JBE 3aauu:

3amaua 1. [Ipu U3BeCTHBIX HOpMax JMOGABICHHBIX CTOMMOCTEH MPOTHO3MPOBaTh Vi ,

TPOTHO3UPOBATH IIEHbI HA MPOTyKIMio oTpacieit Py, K=1n.

3agaya 2. CpoporHo3upoBaTh HM3MEHEHHE I€H BO BCEX OTpacisix U HHQIIALUIO,
BO3HMKIIME B PE3YJIBTATE N3MEHEHUS LIEHBI B OJTHOM U3 OTPACIIEH.
IIpumep 2. PaccMoTpuM  JIBYXOTpacieByl SKOHOMHUKY npumepa 1. Ilycts

. . an\l . . .
V= 20, 30 — 3aJIaHHbIM BCKTOP HOPM IIO63.BO‘-IHOI/I CTOMMOCTH. HaI/IZIGM PAaBHOBCCHBIC ICHEI,

ucnonb3ys Gopmyiy (15). Jlng matpunsl S u3 npumepa 1 nonyuaem

sT_ 1 (09 012
082021014 013/

[Ipu 3TOM BEKTOp LIEH paBeH

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

TIpe/InonoKuM Temephb, 4TO HOPMA TO0OABIECHHON CTOMMOCTH B IEPBOM OTPACIIH BO3pOCa
Ha 10%, To ectb crana paBHOii Vi =22. Jlus HOBOrO BEKTOpa N0OABIEHHONW CTOUMOCTH

V, = (22, 30) , HAXOJUM PABHOBCCHBIC IICHBI B 9TUX YCIIOBUAX:

— _oTz_ 1 (558)_(68
p=3STv= 0,8202 (30,98j - (37,8)'

Jlexknusa 7. CereBble HMUTALIMOHHBIE MOIEJIH
NMPOU3BOICTBEHHBIX MPOLECCOB

IIpy nmaHupoBaHMM M ONEPATUBHOM YHPABICHMM CIIOXXHBIMU KOMILIEKCAaMH pPadoT,
00BEeTMHEHHBIX O0IIEH EeITbI0, YaCTO UCTIOIB3YIOT UX rpadudecKre MOIeH — CeTeBbIe rpadukm
(ceTw), mpeACTaBIAIOIIMMH cO00M OpUEHTHpPOBaHHBIE CBs3aHHbIE Tpadbl 0e3 merens u
KOHTYPOB.

B nanbHelimem mro0ble AeHCTBUS (IPOM3BOJICTBEHHBIE MPOLECCHI), COMPOBOKIAIOIINECS
3aTpaTaMH pPECypCcOB HJIM BPEMEHH W TPHUBOJIINE K OMpPEIeNICHHBIM pe3yibTaTam, Oyaem
Ha3bIBaTh padoTaMu. Pe3ynbTaT 3aBepiieHus OJHON M HECKOJIBKUX paboT — COObITHEM.

[ToctaBuM B COOTBETCTBHE KaXI0W paboTe OpHEHTHPOBaHHOE pedpo Ha Tpade, a

K&XIOMY COOBITHIO -  BEpIIMHY Tak, 4YTOOBl pedpy (i, ]) COOTBETCTBOBaa pPadoTa,

HAYMHAOIIASCS TIOC]IC HACTYIUICHHUSI COOBITHS [ W 3aBEPIIAOIIASCS TIPU JTOCTHKCHUH COOBITHS
J . Kaxgomy peOpy NpHCBOMM YHCIIOBBIE XapaKTEPUCTHKH, B KayeCTBE KOTOPBIX MOTYT

CIY)XUTh. BpEeMs BBITIOJHEHUS pPaOOTHI, pacxoJ MaTepHUATBbHBIX PECYPCOB, KOJIHYECTBO
WCTIOJTHUTEIIEH U T.1., TO €CTh JIFOObIE HEOOXOAUMBIE PECYPCHI.
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[Tpu mocTpoenuu cetu OyaemM coOII0IaTh CASAYIOIINE MPaBHIIA;

1. Onny BepHIMHY B CETH, COOTBETCTBYIOIIYIO Hadaly Bcex paboT, OyneM Ha3bIBaTh
UCTOKOM [ , a BEpIIMHY, COOTBETCTBYIOILYIO 3aBEPIIEHUIO BCEX PAbOT, — CTOKOM S .

2. Kaxnas paboTa oTpakaeTcsi B CeTH OJIHUM U TOJIBKO OJHUM PEOpOM.

3. Hu onna mapa paGoT, BBIOJIHIEMBIX OJHOBPEMEHHO, HE JOJDKHA OTOOpa)kaThCs Ha
CEeTH NapajiesIbHbIMU pedpamH.

[Tpu Hamuuuu Takux paboT cieayeT BBECTH JOMOJHHUTEIbHBIC COOBITUS M (DUKTUBHBIC
paboThl HYJIEBOW MPOJOJIKUTENBHOCTH, KOTOpPBIE B ceTH OylneM OoToOpakaTh pedpamu B BUJE
LITPUXOBAHHOM JIMHUH.

Ipumep 1. Ilycts paGoter A B BhINONHAIOTCS OXHOBPEMEHHO TOCIE HACTYILIEHUS

coObITHs [ ¥ 3aBepLIatOTCst coobiTHeM j (puc. 2).
HeomycTHMbIM SIBIISIETCSE CIIEAYIOIIEE OTPAXKEHUE STON CUTYAIUH

A

Puc. 2. Peanm3zauus pador A u B

Beenst monosHuTENbHOE COOBITHE S M (MKTUBHYIO PabOTy, OTpa3svM CHTYAlUI0 Ha CETH
OJTHUM U3 Ccr1oco0oB (puc. 3).

Puc. 3. /IBa cnoco6a BBeneHust pMKTHBHOMH padoTHI

BBeI[eHI/Ie (1)I/IKTI/IBHI)IX pa60T IMMO3BOJIACT, B COOTBETCTBHUHM C YCTAHOBJICHHBIMU
npaswiaMd 2 W 3, OTOOpakaTh Ha CETH BCE BO3MOKHBIE CHUTYAllMH, BO3HHUKAIOIIME MPH
COBMEILEHUH Pa3HBIX PaboT, KOTOPBIE O€3 UX UCIOIB30BAHMUS OIUCATh HE YIAETCH.

Ipumep 2. [Tycts paboter A, B memocpenctsenno npemmectsyror pabore C, a pabore
D uenocpenctBenHo mnpemectByer Tonbko pab6ota B. Bens ¢dukrusmyio paboty E,
0TOOpaKaEM OTY CHTYAIMIO HE CETU TaK, KaK MOKa3aHo Ha puc. 4.

A C

Puc. 4. CereBoii rpaguk pador
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[Ipn moctpoenun cereBoro rpaduka HEOOXOOUMO YCTAaHOBHUTH MOPSAOK CIIEIOBAHUS

pador, T.e.:

— YKa3aTh MOJHBIN CIHCOK BCEX BBINOIHIEMbIX pabOT KOMILIEKCa;
— BBISIBUTH TEXHOJIOTHUECKUE CBSI3U KaXIOH M3 paboT ¢ APYrUMHU paboTaMu KOMILICKCA,
TO €CThb yKa3aTb, Kakue paloThl ClIEyeT 3aBepUINTh HEMOCPEICTBEHHO JI0 Hayaja Cleayrollen

paboThI;

— OMNpENeIuTh MECTO KaXIoW paboThl B KOMIUIEKCE, TO €CTh YKa3aTh KOHECUYHBIC
pe3yabTaThl (COOBITHS) pabOTHI;
— 3aJaTh pecypcHoe obecriedyeHue 1Mo TpedyeMomy pecypcy (Bpems, TPYAOEMKOCTh U

T.J1.) K&KA0H paboTHI.

IMpumep 3. [TocTpouTh C€THh MO CACIYIOMMNM JaHHBIM:

[Topsiiok BeIosHEHHsT padoT

Pa6 OTBI A] A2 A3 A4 A5 A6 A7 Ag A9
HenocpencreenHsie - - - | 4 Ay, A Ay, A Ay, As | Ag,Ag, A7 | A3, As
IPEILIECTBYIOLINE

paboThI

[TpomomxurenbHOCTE | 3 6 4 5 1 9 6 8 5
paboThI

Ha puc. 5 MoKa3aHbl CCTbh, COOTBCTCTBYIOIIAA MCXOAHBIM IdHHBIM, C HCIIOJIB30BAHHUEM

(UKTHUBHBIX paboT.

Puc. 5. CeTb M0 HCXOAHBIM TAHHBIM

Ha puc. 6 mnoka3zana npeoOpa3oBaHHasi CeTb, B KOTOPOW YacTh (UKTHBHBIX pPabOT

HNCKJIFOYCHA.

) puc. 5ub CIeayeT, 4TO OJHA MU Ta K€ NMPOU3BOACTBCHHAA CUTyallUsA MOKCT I10-

pa3HOMY OTOOpaKaThCs C TOMOIIBIO CETH.
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Puc. 6. [Ipeodpa3oBanHas ceTb
Haiinem Bce BO3MoxHble monmable mytd Lg, ..., Ly, or [/ x §, torma cymma

IPOJOKUTEIBHOCTEH BCceX pabOT, COOTBETCTBYIOIIMX pedpam mmytn Lj, HasbBaeTcs

NPONOIKATEIBHOCTBIO MyTH L) 1 0603Ha4aeTCs t(Lk )

Ilpumep 4. Paccmorpum cets (puc. 7), Ha pedOpax KOTOPOH  yKa3aHBI
IPOIOJDKUTEILHOCTH COOTBETCTBYIOIIUX PadoT.

Puc. 7. CereBoii rpaguk pador

Hmeem cienyrommue nojHble MyTH:
Li:1-2-4-5,t()=8;
Ly:1-3-4-5,t(Ly)=12;
L3:1-3-5,t(L3)=6.

Haubonpiiyto mpogomKUTENbHOCTh U3 BCEX IMOJHBIX IMyTel Li,l =1M wuaswBaror

NPOJOJ/IKMTEJIbHOCTHI0 KPUTHYECKOI'0 IIYTH, TO €CTh, €CIIN Lk KPUTHUYECKHUU IyTh, TO
t(Lk)I max t(Ll) (16)
1<i<m
Tak kak Bce pabOTHI HYXHO TOCJIEIOBATEIbHO BBINOIHATH B TOM TOPSIKE, KaK OHU

BCTPEYAIOTCA B TOJHBIX IYTAX, TO th :t(l—k) Buma (16) ecTb MUHHMMaNbHOE BpeMs

BBINOJIHEHHST BCEX PabOT KOMIUIEKCA. DTO MHHMMAILHOE BPEMS HA3BIBAETCS KPUMUUECKUM
cpoKom ¥ 0003HaYaETCS th .

IIpumep S. lns cetu puc. 6 3HaUeHHE th =12.

PaboThl U cOOBITHS, JIEKaIMe HA KPUTUUECKOM IYTH, Ha3bIBAIOTCS KPUTHYECKHMH, A
BCE JIpyrue paboThl U COOBITUS — HEKPUTHYECKUMHU.

OTMeTuM, YTO YMEHBIIEHHE CPOKA BBHIMOJHEHHUS BCEr0 KOMIUIEKCAa paboT BO3MOXKHO
TOJIbKO 3a CYET YMEHbILEHUS CpOKa BBHINOJHEHHS KpUTHYECKuX paboT. B Toxe Bpewms,
BBITIOJIHEHHE HEKPUTUYECKUX paboT MOXKHO, BOOOIIE TOBOps, MPOIJIUTh, HalpuMep, HayaTb
no3jHee 0e3 yBEIMYEHHs! CPOKa BBHIMOJIHEHUS BCEro Komiulekca padot. Ilocieanee mnospossier
nepepacupeieNsiTh BBINOJHEHHE HEKPUTHYECKHX paldoT [uId YIY4IIeHHsS YCTAaHOBICHHOTO
KpuTepus kauecTBa (3¢ HEKTUBHOCTH) OPraHU3aluK TPOU3BOJCTBEHHOTO Mpolecca.

BysieM roBOpUTSH, YTO COOBITHE I CBEPUIMJIOCH K JAHHOMY MOMEHTY BPEMEHH [, €CIH K
TOMY MOMEHTY 3aBEpILEHbI BCE BXOSIIME B BEPIIMHY, COOTBETCTBYIOUIYIO 3TOMY COOBITHIO,
paboThl Ha ceTH, U MOKET OBITh HauaTa Jito0as BeIxondmas padora. [Ipu »ToM paHHUM cpokoM

4 p ( J ) CBEpIICHUS COOBITHS ] Ha3bIBACM MOMEHT BPEMEHH, K KOTOPOMY 3aBEpIIAIOTCS BCE

paGoThI, IPEIUIECTBYIOIIHE TOMY COOBITHIO T10 TH0OBIM myTsm ot [ 10 .
IIpumep 6. 1151 cetu puc. 7 umeeM

t,(1)=1,()=0;
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ty(2)=2=0+2=1,(1)+(12),
riae t(1,2) — BpeMsI BbITIOJIHEHUS paboTsl (1,2);
ty(3)=4=0+4=1,(1)+1(13).
CoObiTHE 4 CBEpIIUTCS MPHU 3aBEPIICHUN JIBYX TOCIEI0BATEIILHOCTEH padoT:
hi:1-2-4=1(1)=2+1=3=1,(2)+1(2.4);
lh:1-3-4=1(l))=4+3=7=1,(3)+1(34),
oTCIO/1a
t,(4)=maxi,(2)+1(2.4)t,(3)+1(34)}=7.
O6001mast TOTy4eHHBIH pe3ylIbTaT, UMEeM JUIsl JIF000ro COOBITUS |
tp(j):. ~max +{tp(i)+t(i:j)}, (17)
IR ]Z(l, J)EU;
rne U j — MHOKECTBO padoOT, BXO/AIINX B BEPIINHY, COOTBETCTBYIOLIYIO COOBITHIO ] Ha CETH;

Iy (i ) — paHHHI CPOK BBIMTOJHEHHS HAYaIbHOTO COOBITHS pabOTHI (i i )
B nononnenue k (17) 3ameTum, 9TO B JI000H CeTH

tp(1)=0, tp(S)=typ. (18)
Jns cern Ha puc. 7 nonydaem tp (5) = th =12 ¢ yuerom Toro, uro:
t,(5)=max{ t,(4)+t(4,5),t,(3)+t(3,5)} =max{12;6} =12

Io3nnum cpoxom i, (I) CBepLICHHs COOBLITHS [ HA3bIBACTCS MOMEHT BPEMEHH, IOCTIE

KOTOPOI'O OCTaeTCs pPaBHO CTOJBLKO BPEMEHM, CKOJNBKO HYKHO, 4YTOOBI 3aBEPINUTH BCE
CIIeIYIOIIKE 32 COOBITHEM I pabOTHI M0 JTIOOBIM BO3MOXKHBIM yTAM U3 [ B S .
IIpumep 7. [l cetn Ha puc. 6 nMeeM

tn(5):tn(s):th :
Jlnst mro0oro cToka uMeemM
I (S ) = th . (19)

JIns ucroka nosryqaem

tn (1)=0. (20)
Torma tp (4) (4 5) n 5) t( ) 1. I[nﬂ COOBITHS 3 UMEEM:
a) o pa6ore (3, 5) txp ~(3; 5)=t,(5)-t(3; 5)=1

6) no pabore (3,4) ty, '[( ; ) ( )= n( )— (3; 4)=4.
)

Ecim B kauectBe ¢ (3 B3aTh 10, TO s 3aBepmieHUss paboT TOTpedyeTcs

10 +t(3, 4)+t(4, 5) 18>t . Tostomy B KauectBe I, (3) HEOOXOAUMO  B3ATh
MHHHMAaIbHOS W3 JABYX 3HadeHmii { (3):min{tn (4)—'[(3,4); tn(5)—tn(3,5)}=4. Wmu, B

00I1IEM BHUJIE

ty(i)= min {t,(j)-t(i.j)}, (21)
i jdi,j)eui
re U; — MHOXeCTBO pabOT, BBIXOISLIMX M3 COOBITHS [ Ha CeTH; 1 ( J ) — TO3THUHA CPOK

CBEpIICHUS] KOHEYHOTO COOBITHS | PaboThI (i, ])
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Ipu ucnons3oBanuu Gopmyisl (21) HEOOXOAMMO ABHraTrhesi OT cToka S K BepmmHe |.
Wcnonp3ys (21) Haxomum:

th(2)=t,(4)-t(2,4)=7—-1=6.
Pe3epBoM BpeMeHH COOBITHS [ HA3bIBAIOT BEJIUYUHY
R(i)=1, (1) =1, (0). (22)
paBHYIO MpPEICIbHO JONMYCTHUMOMY BPEMEHH, Ha KOTOPOE MOXKHO 3aJepKaTh CBEPIICHHC

coObITHs | 0O€3 M3MEHEHMs CPOKa HACTYIUICHHS 3aBEpIIAKOIEro coObiths S (00mero cpoka
BBITOJIHEHHS BCEX pabOT KOMILIEKCA).

Tax xak I KaKA0I0 KpUTHUICCKOI'o COOBITHS l , JICKAIICT0 Ha KPUTUYECKOM ITYyTHU LKp )

JIr00as OTCpOYKa BBIITOJIHCHHA COOBITHS l IIPUBOJUT K YBCIUYCHHUIO O6IH€FO CpOKa BBITTOJIHCHHA

pabor, To
R(i)=0, ty(i)=tq(i), i € Lyp, (23)

€CJTH | BepIInHA KPUTUIECKOTO MY TH.
Beenewm crnenyromue 0003HaYeHUS:

1. tpH (I, j) =1 P (I) — paHHHU CPOK Hayaga paboThI (l,])
2. tpo (i, j) =1 P (i ) + t(i, j) — paHHUM CPOK OKOHYAHUS pabOTHI (i,j) :
3.ty (i, j)=tn(j)=t(i, j) - nosanmit cpox nauana pacors: (i, j).

4. 1o (i, j) =ty (j) — T1031HMI CPOK OKOHYAHHUS PAOOTHI (i i )
MakcHMAnbHOE BpeMsi, HA KOTOPOE MOKHO 3ajepikarh Hauano paorsl (i, /) wm
YBEJIMYHUTD €€ NPOI0JKHTEILHOCT 0€3 YBEIMUEHHS KDMTUYECKOTO CPOKA, HA3hIBAETCS MOJHBIM

pe3epBOM padoThI (i, ]) u obo3Hauaercs R, (i, 7).

Jlst mo6oii paboThl (i ,J ) HMMeeM clielyroliee ypaBHeHue Oananca:

tn(j)_tp(i):t(iaj)"‘ Rn(i. J),

Ry (i) =ta ()= 1p (1) = 1(0. ). (24)

BpeM}I, Ha KOTOPOC MOKHO OTCPOYHUTH HaA4aJlIo pa6OTH (l,]) HUJIn YBCIIUYUTHL CC

OTCrOaa

MNpOAOJDKUTCIIBHOCTE MIPpHU  YCJIOBHUH, UYTO pPAHHHUEC CPOKHM BCEX IMOCICAYHOIIUX pa60T HC
HU3MECHATCA, TO €CTh BECh KOMIIICKC pa60T 3aBCPIINTCA B KpI/ITI/I‘IGCKI/Iﬁ CPOK, HAa3bIBACTCA

CBOOOIHBIM pe3epBOM PadoThI (i, ]) u obo3Hauaercs R, (i, J )
IIpu sTom

Rc(i>j):tp(j)_tp(i)_t(iaj) (25)

dopmyisl (24), (25) npowsutocTpupyeM puc. 8 u 9, COOTBETCTBEHHO.

Rn(i, j)=A1+A2

Al 1, 1) A,
° ' Le -
0 &) ) t0)  t()

Puc. 8. Unomoctpanus dpopmyast (24)

—~y
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c(l ) A1+A,

0 tp(') ta(i) tp(J) tn(j) t

Puc. 9. Unnwoctpamus popmys (25)

OcHOBHbIE ~ XapaKTEPUCTUKH  CEeTeBOro  rpaduka  OOBIYHO  OTOOpa)xaroTcs
HEIMOCPEICTBEHHO Ha ceTu. lIpu 3ToM Kaxkgash BepIIMHA CETH JIEJIUTCS Ha YEThIPe YacTu

(cexTopa), B KaXIOl M3 KOTOPBIX YKa3bIBAIOTCS: HOMEp COOBITHS I, tp(i ), t, (i ), R(i). Taxoe

IpeJIcTaBlIeHUE WLIocTpupyeT puc. 10.
IIpn pacu€re XapakTEpUCTUK CETH IOCJIEI0BATEIbHO HAXOJSAT: tp(i), th (i), R(i),

KPUTHYECKHUM ITYTh.
IIpumep 8. Paccmorpum cetb puc. 6, npeoOpa3oBaB €€ € Y4YETOM BBEICHHBIX

o6o3Hauenwmii (puc. 11).

Puc. 10. BepmimHa ceTu ¢ HOMepamMu COObITHH

1. IBurasce oT uctoka | k cToky S, mocie10BaTeIbHO HaXOUM tp (i):
tp(]-) :tp(l) =0;

tp(2)=ty()+t(1;2)=3;

tp(3)=max{ t,(2)+t(23)it, ()+t(1;3) }=6
tp(4):max{6+1 0+4}=7

tp(5)=max {3+5; 6+97+6} 15;
tp(6)=max{15+8;7+5}=23;

tp(6)=tp(S)=ty, =23.
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Puc. 11. CerteBoii rpadgux

2. Ilepememasce ot Sk |, naxomum t,, (I) :
tn(G)ZtH(S):th =23,

th(5)=1t,(6)-t(5; 6)=15;

th (4) =min{t, (6)—t(4; 6); t(5)—t(4; 5)}
tn(3)=min{l5-9; 9-1}=6;
th(2)=min{l5-5; 6-0}=6;
ty(L)=min{6-3; 6-6; 9-4}=0.

3. Haxoaum pe3epBbl BpeMeHU:

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 ceteBoit rpaduk (puc. 12).

JI1st KpUTHYECKUX COOBITUIN BBITIOIHSIETCS R(i): 0. DTo MO3BONSET HA CETH yKa3aTh

KPUTUYECKHI yTh (OTMEUYCH JABOMHBIMU CTpEIKaMU Ha puc. 12).
JI1s BEpIIMH KPUTHUYECKOTO IIYTU BBIIOJIHAKOTCS CIACAYIOIINE YCIOBUS:

tp(i):tn(i)? tp(j):tn(j)? tn(j)_tp(i):t(i’ j)-

(18,9} =9;

Puc. 12. CerteBoii rpadux

JInHeiiHbIM rpa)uKoM KoMILIeKca padoT Ha3bIBalOT Tpaduyeckoe N300pakeHne Bcex
paboT B BHJE OTPE3KOB, COBMEHIEHHBIX ¢ Ocbio Bpemenn OU, Haj KOTOPBIMH yKa3bIBAalOTCS
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MHTEHCUBHOCTH MOTPE6JIEHUs PECYpPCOB MPHU BbINOIHEHNH pa6oT. [Tpu stoM pmna i j OTpesKka,

COOTBETCTBYIOILIETO0  paboTe (i, J), B BbIOpaHHOM MacmTa0e TpPUHUMAETCS PaBHOM

NPOOILKUTENBHOCTH BhmonHenus pa6otst (i, j).
Ipumep 9. [TocTporm nUHEHHBIN TpaduK i CETH, TIOKA3aHHBIN HA puc. 13.

Puc. 13. Cetn

Ha kaxmoMm peOpe ceTd Ha puc. 13 yKaszaHbl IPOJOKHTEILHOCTh tij pa6otsr (i, J) u

i j — KOJIMYECTBO pecypca, HEO0OXOMMOTO JIJIsI BBITTOJIHEHHS 3TOH paboThI (B CKOOKaX).

CHayana noctpouM ceTeBoit rpaduk (puc. 14), cooTBeTCTBYIOLIUN ceTu puc. 13.

Puc. 14. CerteBoii rpadguk, COOTBeTCTBYIOLIHUIA ceTH Ha puc. 13

Teneps cTpouM JHHEHHBIH TpaduK, yKasbiBas Ha HEM PECYpCHI, MOTpeOJsieMble MPH
BBIMTOJIHEHHH paboT (puc. 15).

| |

1 360 5 |

I | |

o—40 | 5 |

=

2 3 | |

11 30 | 15 | |

14 ) L |
| | | I | | | | | | | | | | | | »
| | | | | | | | | | | | | | | | t'

0 5 10 to 15

Puc. 15. IlorpedJieHue pecypcoB nIpH BBINOJTHEHUH padoT
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I'paduk moTpebnsieMbIX CyMMapHBIX pEeCcypcoB NMpuUBOAUTCS Ha puc. 16. Ha puc. 16
pecypcel B Kax1oil Touke { paBHBI cymMe pecypcoB, HEOOXOIUMBIX UIsI BHIITOJHEHHS padoT B
3TOT MOMEHT BpeMeHH. 311ech =r(t) — o0miass MHTEHCUBHOCTH MOTPEOJICHHs pecypca.

r A

200 +
190 [~

150

100 +
80
I |_|_
50 i i
| |

I
|
20 F---- R 4oL
T B — .

3 5 78 10 1415 t

Puc. 16. I'paduk norpediasieMbIX CYMMAPHBIX PeCypcoOB

»
>

CereBble MOJENM HCIOJB3YIOTCS IS IUIAHUPOBAHUS W ONTUMH3ALUU PETJIAMEHTa
BBITTOJIHEHUS paboT MO KPUTEPHUSAM MOTPEOIIEMBIX PECYPCOB U HEOOXOAUMOTO BpeMEHH. 3/1eCh
HEOOXOMMO YYUTHIBATh HMMEIOIIUECS B PACIOPSIKEHUH PECypChl, TaK Kak OJHOBPEMEHHOE
BBIIIOJIHEHNE HECKOJIIBKAX paboT u3-3a OrpaHuueHuid B paboueill cuie, 000pyHOBaHHH,
MaTtepuagax M T.J. MOXET OKa3aTbCsi He peaau3dyeMblM. B 3Toil cuTyanuu BO3HMKaeT
HCO6XOI[I/IMOCTI) OLCHKHW BO3MOKHOCTU HU3MCHCHHSA CPOKa BBIITOJHCHHA OTACIIBLHBIX pa60T npu
YCIOBHMH, YTO 3TH H3MEHEHHs OYyAyT BBINOJIHATHCS B Npefesax IMOJHBIX PECypCcOB BPEMEHHU
HEKPUTUYECKUX paboT Oe3 yBeIWYEeHHUsI CPOKOB BHITIOJTHEHHUS BCETO KOMILIEKCa padoT.

CnaBurasi HEKpUTHYECKYIO paboTy B Ipejenax ee MOJHOro pe3epBa B TOM WIM HWHOM
HaIpaBJIE€HUU, MOXHO JOOUTHCA YMEHBIICHHS MaKCHMAaJIbHOTO TOTPEOJICHUS PECypcoB IO
BceMy ¢PpoHTY paboT. [lake mpu OTCYTCTBHMM OTpaHUYEHHUH Ha Pecypchl, MOJHBIE pPE3EPBbHI
BpEMEHU OOBIYHO HCIIOJIB3YIOTCS [IJISi BBIPABHUBAHHUS CYMMapHOTO TOTPEOJICHUS PECYpPCOB

r= I’(t) Ha OTpe3Ke BCEro BpeMeHH BbimoiHenus pador |0, th . Ilocnennee mno3Bossier

BBITNIOJIHUTH BCIO IIporpamMmy padoT npu 0ojiee UM MeHee paBHOMEPHOM MOTPEOICHUH PECypCOB
B Ipeaenax KpUTHYECKOTO BpPEMEHM, 4TO SBISETCA BaXXHOM 3a7adyeil IJIaHUpOBaHUS
IIPOU3BO/ICTBA.

Jleknusa 8. OcHOBHBbIE MPUHIUNBI IPOEKTHPOBAHUS

Ilon  npoexTHpoBaHWEM  OOBIYHO  TOHHMMAIOT  MPAKTUYECKYIO  JAESTEIbHOCTb,
OPUEHTHPOBAHHYIO Ha CO3JaHHE TOTO HJIM MHOIO OOBEKTa, OO0ECleYeHHe ero IMocienyromei
HKCIUTyaTalli, PEMOHTa U BO3MOXHO JINKBUIALINH, a TaK)kKe 000CHOBAHME PELICHH, Ha OCHOBE
KOTOpbIX ObIT  pa3paboTaH 00beKT. OOBEKTOM MPOEKTUPOBAHHS MOTYT  BBICTYIATh
MaTepuaibHBId  TPEIMET, pa3iuuHble padOThl, TEXHOJOTUH, OKa3blBa€Mble  YCIYTH.
[IpoekTnpoBaHne HeOOA3aTENBHO CBA3aHO C TEXHUYECKUMHU OOBeKTamMH. Bo3MOXHO
BBIMIOJTHEHHE  COLIMAJBHOTO W DSKOHOMHYECKOIO  NPOEKTUPOBAHHUSA,  MPOEKTUPOBAHUS
nporpaMMHOro obecrieueHus u T.1. OcoOeHHOCTHIO MPOSKTUPOBAHUS BO BCEX CIIydasiX sIBISETCS
€ro MpaKTHYecKas HaIPaBJIEHHOCTb, 0043aTEIbHOE MOJyUeHUE PAKTUUECKUX PE3yJIbTaTOB.
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[Ipu npoeKTUPOBAHUU CIIOKHBIX 0OBEKTOB UX MPEANOYTUTENbHEN paccMaTpUBaTh B BUJIE
CHUCTEM, T.e. KOMILJIEKCAa B3aMMOCBSI3aHHBIX JJIEMEHTOB C ONPENEICHHON CTPYKTYpOH,
CBOICTBaMH, BHYTPEHHUMH U BHEIIHUMHU CBS3SIMH. YacTO IMPOEKThI OBIBAIOT KOMIUIEKCHBIMU. B
3TOM Cllydyae HMX BBICOKas 3(PQPEKTHBHOCTb TOCTHUTACTCS TNPH COBMECTHOM HCIIOJIb30BAaHUH
pa3iNyYHbIX CcBeAeHMM W uHbopManuu U3 (GyHIAMEHTAIbHBIX, TEXHUYECKHMX U COLHUaIbHO-
SKOHOMHUYECKUX HAYK, a TAKXKE MPU OPUEHTAIMU Ha MOTpeduTens (MoKynaTesi, IpOU3BOAUTEINS,
pa3paboTunka). Takoil moaxox peanu3yercs B CIOXKUBIIECIHCS K HAaCTOSIIEMY BpPEMEHU
METO/IOJIOTUU  MPOEKTUPOBAHUS, KOTOpash HA3bIBAETCS CHUCTEMHBIM IPOEKTUPOBAHUEM.
CucreMHOE€ MNPOEKTHPOBAHHUE pEHIACT IOCTABJIEHHBIE 337a4d KOMIUIEKCHO, C Y4YE€TOM
B3aUMO/JICHCTBUS U B3aUMOCBSI3H OTJICJIbHBIX MOACHUCTEM U DJIEMEHTOB KaK MEXIy COOOH, Tak U ¢
BHEIIHEW CpPEJ0il, YUYHUTHIBAET COLUAIBHO-DKOHOMHYECKUE U KOJIOTMYECKUE IOCIEACTBUSA HX
(YHKIMOHUPOBAHUS.

Pesynbrarom mpoliecca MPOEKTUPOBAHMS SIBISETCS MPOEKT, MPEICTaBISIONIMI coOoi
KOMIUIEKT TPOEKTHOW TOKYMEHTAIlMH, OIMMCHIBAIONICH CO3/1aBaeMblii MAaTEPUAIBHBIN OOBEKT,
BBIMIOJIHEHHE paboT, OKa3aHHE YCIYr. YYacTHUKOB STOrO Ipoliecca MOXHO pa3feliuTh Ha
norpeduTeneil (3aKka3uyuKoOB MPOSKTHBIX PabOT) M MOCTABIIMKOB (MCIOTHUTENCH ITHX pPabdoT).
[Tpu co3gaHuu MpoekTa AJii COOCTBEHHOTO MOTPEOJIEHUs BO3MOXKHO IMPEICTABICHHE B OJHOM
JIUIE 3aKa34YMKa UCTIOJHUTEIS.

[IpoekTupoBaHue SBISETCS CIOKHOW MHOIOIUIAHOBOW JI€SITENIBHOCTBIO, B KOTOPOM
MOYKET Y4YacTBOBaTh OoJblIOe KoimdecTBO Joaei. Ilpm atom noctmxkenue 3(PpQeKTHBHBIX
pe3yNbTaTOB HEBO3MOXKHO 0€3 ydeTra O0COOCHHOCTEH pa3pabOoTUuMKOB, yMeHUs CHOPMHUPOBATH
paboTOCIOCOOHBIN KOJIJIGKTHB HCIIONHUTENEH W YHPaBISATh €ro JesATeslbHOCThI0. [losTomy
MIPOCKTUPOBAHUE MPEIIOJIAraeT HE TOJIbKO TBOPYECKHI TIIOMCK HOBBIX pELIEHUH, HO U
OpraHM3alHI0 IPOEKTHBIX PadOT, yIIpaBICHUE IPOECKTOM.

B nacrosiiee Bpems ClIOXKWIHCH OOIIHE MPOIEeaAypa U alrOpuTMbl MPOeKTUpoBaHus. B
KOKIOM KOHKPETHOM CIIy4a€ OHU OTJIMYAIOTCA TOJIBKO COJEpYKAaHUEM WIM Ha3BaHUEM
OTZENbHBIX 3TanoB. COCTaBIAIOIIME MPOLECCa IPOSKTUPOBAHUS WILTIOCTPUPYET puc. .

| TexHu4eckoe
3a/laHue

- -
! I
! I
I A 4 |
| MOJIENb |
| < » CuHTE3 NpuHIMNA |
| |
I

I \ 4 METO/ |
I > |
: < o  CTpyKTypHBII |
I

UHT <

: CHHTES pelieHue |
I

: A 4 l |
- I

: P Hapamerpuie TIPHHATHE |
| CKUU CUHTE3 pelIeHs :
! I
! I
! I
! I

BHyTpeHHEE IPOCKTUPOBAHUE

Puc. 1. IIpouecc pemieHus1 3a1a4M NPOCKTHPOBAHUA
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Pemenue mo0oii 3amaun HauMHaeTcss ¢ ee oOmiei GopmynupoBku, omucaHus 13 u
YTOYHEHHSI HUCXOJHBIX JIAHHBIX, KOTOpbIE MENal0TCS B TECHOM KOHTAaKTe C 3aKa3uukoM. B
MaIIMHOCTPOCHUH ATOT JTAll YaCTO HA3bIBAIOT BHEUIHUM IPOCKTHPOBAHUEM, NOTUEPKUBAS, YTO
pa3paboTKy OO0BEeKTa, HAUMHAsg C MOCTAHOBKU 33Ja4yd U (QOpMUPOBKH T3 HYXHO BBINOJHATH
COBMECTHO C 3aKa3UMKOM. BaXHBIM pe3yJabTaTOM 3TOTO 3Tama SBJSETCS COrJlacoBaHHUE Iesei
pa3pabOTKH ¥ Ha3HAYEHUS MMPOCKTUPYEMOT0 00beKTa (er0 (YHKIIHIA).

Craenyrommm 3TanoM SIBISIETCS BHYTPEHHEE MPOCKTHPOBAHUE, KOTOPOE BBHIMOIHACTCS
pa3paboTUMKOM U TPEAINOoiaraeT onpeaeseHue (CHMHTE3) MPUHIUIOB ACHCTBUS, CTPYKTYPHI U
napaMeTpoB MIPOEKTHpyeMoro oOBbekTa. Ha 3ToM »3Tame ompenenstorcss NPUHIUIHAIBHBIC
MOJIOKEHUsA,  (u3nuecKkue, couuadbHble U Apyrue 3GGdeKTsl, XapakTepHble s
(YHKIMOHUPOBAHUS CO3[aBAEMOTO O0BEKTa. ITO MOryT OBITh YCTaHOBJICHHBIE HOPMBI,
byHIaMeHTallbHbIE 3aKOHBI U MpaBUiia, YIPOIICHHbIE BapUaHThl UX QopMyIHUpoBOK. PaboTa Ha
TOM JTalne MOXKET BBIIOJIHATHCA C KCIOJB30BAHHEM KOHLENTYAJIBHBIX MOJENEH M HX
rpadguyeckux TmpeAcTaBIeHUN B BHAE OJIOK-CXeM. JTOMY J3Tally COOTBETCTBYET CTajus
TEXHUYECKOTO MPEII0KECHUS POLETYPhI IPOSKTUPOBAHUSI.

Ha sTane cTpyKTypHOro CHHTE3a C y4eTOM BBIOPAHHOTO MPHUHIIMIIA AEUCTBUS CO3AIOTCS
BapHUaHTHl TpaHUUEeCKOro NpEACTaBICHUS OOBEKTa B BHUJAE CTPYKTYpPBI, CXEM, aJTrOPUTMOB,
VIOPOIIEHHBIX ASCKU30B. Ha »3Tame mnapaMeTpuuecKkoro CHUHTE3a OINpEeAesioTCS 3HaueHUs
napaMeTpoB O00BEKTa, HAXOIHUTCS YHCICHHOE pEIICHHE MPOSKTHOW 3aJadd, CO37aeTcs
nopoOHasi TOKYMEHTAlLUs WM OMHCAHUE O0BEKTa, YEPTEKH MU3JACTIHSI U €ro yacTeil. DTOT sTan
COOTBETCTBYET CTAIHSIM TEXHUYECKOTO B pab0UYero MpOeKTUPOBAHHMSL.

Ha stane BHyTpeHHEro NpOeKTUPOBAHUS BHITIOJIHSIOTCS JCHCTBHS:

— BBIOOD UCIIOTIB3YEMOM [T TPOSKTUPOBAHUS MOJIENN (OCHOBOTIOIATAIOIINX TPHHIIUIIOB,
JOTYIIEHUH MaTEMaTHYECKON MOJIENHN);

— BBIOOP METO/1a PEIICHHS 3a1a4H;

— pelIeHue 3a/1a4H;

— aHaJIN3 MOJTYYSHHBIX PE3YJIbTATOB U MPUHATHE PEIICHUH.

OtmetnM, 4TO 3(h(PEKTUBHOCTH MPOEKTHBIX PaOOT MPH CO3JaHUH OOBEKTa BO MHOTOM
ompenensercss BBIOPaHHBIMH CHOCOOAMH  €r0  ONHCaHUs, HCIOJIB3YEeMOH CTPYKTYpOI,
napaMeTpaMu, METOJIaMH PElIeHHs 3a/1a4u.

(I)yHKlII/IOHaJIbHOQ U NMMapaMETPUIECCKOEC OIMUCAHUE IIPOCKTUPYEMOTI'O o0beKTa

CoznaBaemble B pe3ysibTaTe MPOEKTUPOBAHMS CUCTEMBI U OOBEKTHI MpeAHA3HAYECHBI IS
YJIOBJIETBOPEHMSI pa3IMYHBIX MOTpEOHOCTEN Jrofiel. DTH MOTPEOHOCTH PEaTU3yITCs 3a CYET
BBITNIOJHEHUS pa3pabaThiBa€MON CHCTEMbI ONPEIEICHHBIX AEHCTBUM MM QYHKIUHN, TPUYEM Kak
BCEHl B I11€JIOM, TaK M OTAEIbHBIMHU 37eMeHTaMu. OJHOBPEMEHHO C MOHATHEM (YHKLHS 4acTo
UCIIOJIb3YETCSl MOHSTHE 3HAYEHHE, OCOOEHHO NPU PACCMOTPEHUH OOBEKTOB, HE SBIISIOIIUXCS
TEXHUYECKUMHU.

ObecrieyeHrie  BBIMOJIHEHHS TpeOyemMod  (QyHKIMM — SBISETCS  TJIABHOM  LENbIO
IIPOEKTUPOBAHMUSI TEXHUYECKOW cucTeMbl. [Ipm 3TOM cama cuctema BBICTYNIA€T B KadecTBE
MaTepHaIbHOIO HOCUTES, peallu3yolero Tpedyemyro GyHKIH0. B 3ToM cMbIcie 3Ta GyHKIus
ABJIAETCS TEPBUYHOM, a CHUCTEMAa — BTOPUYHOM M CO3LAETCA B CBSA3M C OTCYTCTBHEM
BO3MO)XHOCTH WHBIMHM, HEMaT€pUAIbHBIMU CPEICTBaMHU YJOBJIETBOPUTH MOTPEOHOCTH JIOJAEH.
Tak, aBTOMOOWJIb HYXEH JUIsI TEPEeBO3KM TpPy30B M Jiofed ((QYHKUIUS — BBINOJHEHHUE
NepeMenieHN! B MPOCTPaHCTBE) M ObUI CO3/aH B CBA3M C OTCYTCTBHEM BO3MOXXHOCTH
NEpPEMELIEHHUS] IPEAMETOB yCHIMeM MbIciM. Ha3HaueHue pydykum — mucaTh, KHUTM — XPAaHUTh
uH(pOpPMALIUIO U T.JI.

@DyHKIMSI, KOTOpas OTPaKaeT OCHOBHOE HA3HAUYEHUE CUCTEMBI U TO, pagu 4YEro dTa
CHUCTEMa CO3/1aeTcs, Ha3bIBaeTcs rJaaBHOM. DyHKINK, 6€3 KOTOPHIX HEBO3MOXKHO BBINOJHEHUE
IJIAaBHOW (DYHKIIMHU, HA3BIBAIOTCSI OCHOBHBIMH.
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XapakTepUCTUKON TEXHUYECKOM CUCTEMBI, €€ MPEJCTABICHUS CIIYKUT €€ CTPYKTYpa, T.€.
dbopMa, KOIMYECTBO M B3aMMHOE IMOJIOKEHHUE SJIEMEHTOB, YacTeld M TeJ, COCTaBISIONINX H
00pa3yromux paccMaTpUBaEMyI0 CUCTeMY-00beKT. [loHsTHE CTPYKTYpBl 00BEKTa OTIIMYACTCS OT
NOHSTHUSL CTPYKTYpbl IIPOLIECCA, XapaKTEPU3YIOLIEHCS I0CIEN0BATEIbHOCTBIO U COCTaBOM
CTaJui U ATAnoB pabOThl, COBOKYIMHOCTBIO MPOLEAYP U MPUBIEKAEMbIX TEXHHUUYECKUX CPEICTB,
B3aMMOJICHCTBHEM Yy4acTHUKOB. OCHOBHOW XapaKTEPUCTUKOW OTIECIBHOTO 3JEMEHTa JII000H
CHUCTEMbI  fABJISIETCS  [ApaMETp, BEJIIMYMHA KOTOPOIO COOTBETCTBYET  OIPEACICHHOMY
(bU3HYECKOMY, TEOMETPUICCKOMY HIIM WHOMY CBOMCTBY OOBEKTa M HMMEET KOJIMYECTBEHHYIO
OlIeHKY. B 3aBucuMocTM OT Ha3HayeHUs NapamMeTpbl MOXXHO MOJAPA3IeIuTh Ha
(GyHKIIMOHATBHBIC, O0BEKTHBIC M BCTIOMOTATEIbHBIE.

OyHKIMOHANBHBIE MapaMeTpbl OMHUCHIBAIOT WM 33/1al0T BBINOJHAEMbIE (YHKIUU
MPOEKTUPYEeMOTo 00bekTa. OOBIYHO 3TH MapaMeTphl B MPOIECCE MPOCKTUPOBAHUS U3BECTHBI, U
CO3/IaHME TEXHUYECKOW CHCTEMBI 3aKIII0YaeTcsl B pa3paboTKe 00beKTa, UMEIOIIET0 TpedyeMble
3HaueHUs (YHKIIMOHATBHBIX TAPAMETPOB.

OObeKkTHBIE TapaMeTpbl XapaKTepU3yIOT OOBEKT, yCTPOWUCTBO, u3aenue. K HUM MoryT
OTHOCHUTBCSI TEOMETPUYECKHE XapakTepuUCTHKH (pasmep, ¢Gopma, B3aMMHOE IMOJIOKEHHE,
KOJIMYECTBO), TpeOOBaHHS K HCIIOJIB30BaHHBIM MatepuanaMm. [Ipm 3ToM Mapka (Ha3BaHuE)
HCIIOJIb3YEMOT0 MaTepHalia pacCMaTPUBAETCs KaK OOOOIICHHBIM MapamMerp, OObEAUHSIONUN B
cebe cBeJIeHHs O COCTaBe, YCIOBUSIX M3TOTOBJICHUS U MHBIX CBOMCTBax MaTepuaia. OObeKTHBIC
napameTpbl HCIONB3YIOTCS B TEX CIydasiX, KOTJa HW3JIUIIHAS KOHKPETU3alMs TPU pElIeHUU
3aJaud MPOCKTUPOBAHUS HE TpeOyeTcs, WM MpPeroyiaraeT HCIOJb30BAHUE JTOTOIHUTEIbHBIX
crienManbHbIX 3HaHUW. HaxoxxneHue 3HaueHU OOBEKTHBIX MapaMeTpPOB SIBISAECTCS OTHON W3
3a/1ay MPOEKTUpPOBaHUA. Bce ocranpHble MapaMeTpbl OTHOCATCS K TpyIIle BCIOMOTaTEIbHBIX
napameTpoB. OHH UCTOJB3YIOTCS JJIT 00OCHOBaHUS MMPUHUMAEMBIX PEIICHUN, XapaKTEPUCTUKU
CHUCTEMBI, €€ OTACJIbHBIX YACTEH U T.II.

CocraB mapaMeTpoB, M OCOOCHHO — BCIIOMOTATENbHBIX, IJISI KaXKIO0M KOHKPETHOM
CUCTEMBl OTIMYAETCA. ITO OOBIACHAETCS HE TOJBKO pazIU4YMeM CaMUX CHUCTEM, HO U
MPEABSBISIEMBIME K HUM TPEOOBaHUSIMU, YCIIOBUSIMU TPUMEHEHUS.

Hanmpumep, B kadecTBe (YHKIMOHATBHBIX MapaMETPOB MPOEKTHUpyeMoro sudra
(pyHKIMS — MOAHKUMATH TPpy3) OyAYT BBICTYNATh BhICOTA MOABEMA M Macca rpy3a, OObEKTHBIX —
pasMepsl U ¢dopMa IudTa U MapKd MaTepuanoB, U3 KOTOPHIX OH HM3rOTOBJIEH. B kauecTBe
BCIIOMOTaTENbHBIX MMapaMeTPOB MOTYT OBITh HCIIONH30BaHbl CKOPOCTH MOIBEMA, CPOK CIYXKOBI,
3amac MPOYHOCTH, a TaKXke BCE TO, YTO HEOOXOAMMO JUisi OOOCHOBAHHUS TPUHUMAEMBIX
MPOEKTHBIX PEIIEHUW M JIONOJIHUTEIBHO XapaKTepU3yeT TEXHUYECKHUE, HKOHOMHUYECKUE,
COITMAIbHBIE ¥ MHBIE CBOMCTBA MPOCKTUPYEMOTO U3/IeTusl. TeXHUYECKUE CUCTEMBI PA3TUYAOTCS
M0 Ha3HAYEHUIO U ycTpoicTBY. [loaTOMYy mpH paccMOTpeHUH WX Kak 0OBEKTOB HMCCIEIOBaHUHN U
pa3pabOTKX OHU MOTYT OIHUCHIBATHCS PA3IMYHBIMU UMUTAIMOHHBIMHA MO/IEIISIMHU.

esn 1 32124 ONTUMAJIBLHOTO MPOEKTHPOBAHUA € HCNOJIb30BAHMEM HMHUTAIIMOHHBIX
MojaeJen

NHxeHepHOEe MPOEKTUPOBAHME OPUEHTUPOBAHO HA PELICHME 33]ad 110 CO3/JaHUI0 HOBBIX
WIM MOJEPHU3AIMM CYIIECTBYIOUIMX TEXHUKH M TEXHOJOTMH W JOJKHO OBITh HAy4HO-
000CHOBAHHBIM, TEXHUYECKU OCYIIECTBUMBIM, IJKOHOMHUYECKH 11€JI€CO00pa3HbIM, YKOJIOTHUECKU
Oe3omacHbIM. B HacTosIIee BpeMsi HHKEHEPHOE MPOEKTUPOBAHNE BCE B 3HAYUTENIHOM CTENEHU
CTaHOBUTCA  cdepoil  Hay4HO-HCCIEeIOBAaTEIbCKOW  JEATENbHOCTH,  Iperojararonen
MCIIOJIb30BaHNE METOJI0OB U NPHUEMOB ILIE€JICHANPABICHHOTO U 3()PEKTUBHOrO HCHOIB30BAHUS
WH)XEHEPOM HUMHUTALIMOHHBIX MOJIeNIeH U MPUKIIAHOTO IPOTPaMMHOTO 00eCIeueHHSL.

lenpto MHXEHEPHOrO TMPOEKTHUPOBAHUS SBISETCA pa3paboTKa TpU HEKOTOPHIX
OTPaHUYEHUSAX, CBSI3aHHBIX C MCIIOJIb3YEMBIMH MHCTPYMEHTAJIbHBIMU METOJAMHU U YCIOBHSMHU
HAXOXJICHUS pEeILIEeHUs, MOJEIN TEXHUYECKOro O0ObeKTa (M3JeNus, CUCTEMbl WM Ipolecca),
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o0ecreunBaroIias ONTUMAIbHOE BBINOJHEHHE TpeOyeMblX (DYHKIMII NpU  HEKOTOPBIX
JIOTIOJTHUTEIBHBIX YCIOBUAX, HAKJIaIbIBAEMBIX Ha XapaKTEPUCTUKU OOBEKTA.

3azayM NPOEKTUPOBAHMA MPEANOJIAaraloT pelIeHHe 3aJad cuHTe3a M aHanusa. Ilox
CHHTE30M IOHHMMAIOT MOCTPOCHHE ONUCAaHHWS OOBEKTAa MO 3aJaHHBIM YCIOBHSIM (TIOCTpPOCHUE
MH(POPMALIMOHHOM MoJienu 00beKTa NPOEKTHUPOBAHHUA). AHAIU3 IpeIoaracT HccieloBaHHue
(YHKIMOHUPOBAHUS OOBEKTA 110 €TO ONUCAHHIO.

B Hacrosimiee BpeMsl CHHTE3 4YacTO OCYLIECTBIIAIOT C HCIIOJIB30BAHHEM METOJOJIOTUU
0o0paTHBIX 3a7ad, KOTOpas SBJSIETCS OAHUM M3 HOBBIX HANpaBICHUH B M3Y4eHUH (DU3MUYECKHUX
IPOLIECCOB, NPUMEHSETCS IPU ONTHUMAIBHOM IPOEKTUPOBAHMM TEXHUYECKUX OOBEKTOB U
TEXHOJOTMYECKUX IIPOLECCOB. AHAJINU3 BBIIOJHAETCA C MHCIOJIb30BAHUEM MaTEMaTHUYECKHUX
MOJEJIE M NAKEeTOB INPUKIAJHBIX MHporpamMMm. Pa3inyaroT CHHTE3 CTPYKTYpPHBIA U
napaMerpuueckuil. Llenpro CTpyKTypHOro CHHTE3a SIBISETCS MOJIYYEHHE CTPYKTYPHBIX CXEM
00BEKTa, COAEPIKAIIMX CBEACHUS O COCTAaBE 3JIEMEHTOB U CHOCO0aX COEAMHEHUS UX MEXIY
coOoil. Llenp mapaMeTpuuecKoro CHUHTE3a — OIPEJIEICHHE YHMCIOBBIX 3HAYEHHUI MapaMeTpoB
3JIEMEHTOB IIPU U3BECTHOM CTpyKType. CHHTE3 Ha3bIBalOT ONTUMHU3ALMEH, €CIIU B pe3ysbTare
pElICHUs OIpPEAESIOTCS HAWIy4IlIMe B ONPEICIEHHOM CMBICIE CTPYKTYpbl W 3HAU€HUS
napaMmerpoB. IIpu pacuerax onTHManbHBIX 3HAUYEHUN MApaMETPOB IPU 3aJaHHOU CTPYKTYype
TOBOPAT O apaMeTPUUYECKON ONTUMU3ALUY.

B nocnenHue rombl co3gaHbl M HAXOAAT IIMPOKOE IIPUMEHEHUE CHUCTEMBI
aBroMatuzupoBanHoro mnpoektupoBanus (CAIIP). 3amerum, urto co3manue CAIIP
SKOHOMHYECKU OIpaBJaHO, €CIM HpU 3TOM 00ecrneuumBaeTcs BO3MOXKHOCTh BBIOOpA
ONTUMAJIBHOTO BapHaHTAa PELIEHUS 3aJaud, HEO0OXoAWMas TOYHOCTh, COKpAlllEHWE CpPOKOB
IPOEKTHUPOBAHUS, MaKCUManbHas H(PQPEKTUBHOCTh HCHOJb30BaHUS KommbtoTepa. llpu
IIPOEKTUPOBAHUHU CIOKHBIX OOBEKTOB YaCTO MCHOJIb3YIOT IPUHIUI IE€KOMITO3ULUH.

OTMETMM OCHOBHBIE NOAXOIbl K CTPYKTYpHOM M IapaMETPUYECKOW ONTHUMHU3ALNU,
KOTOpBIE HCIIOJIb3YIOTCS B CHCTEMax aBToMaru3upoBaHHoro npoektupoBanus (CAIIP). Jlns
peleHns 3a7a4d CTPYKTYPHOTO CHHTE3a HEOOXOAMMO 33/aTh IpaBHUJa OLEHKU pPa3JIMYHbIX
CTPYKTYp, KOTOpbIE MOTYT OBITh IOJIY4YEHBI TOJBKO B pe3ylbTaTe pEIIeHUus 3aJadu
napaMeTrpuueckoro cuHresa. C Opyrodl CTOpOHBI 3a/ada NapaMeTpU4EeCKOrO0 CHUHTE3a MOXKET
OBITh pelieHa TOJBKO IMpH 3aJaHHOM CTpykType. B CBA3M € 3TUM CTPYKTYpHBIH W
NapaMeTPUYECKUM CHHTE3 JOJDKHBI PaCCMATPUBATHCSA B paMKax €IMHOTO IIpoLecca, KOTOPBII
peanu3yeTcs B BUAE JUAIOTOBOM MPOLENypbl ONTUMAIBHOTO IIPOEKTUPOBAHUS.

OTMEeTHM OCHOBHBIE 33Jaud CTPYKTYPHOH ONTHUMH3ALUU U MOAXOJbl K MX PEIICHUIO.
OOBEeKT TMPOEKTUPOBAHMUA OOBIYHO 33Ja€TCS MHOXKECTBOM 3JIEMEHTOB M  HEKOTOPBIM
MHOKECTBOM ~ONE€paldid HaJg HUMU. PasznuuaroT cleaymrolmue 3ajJadd  ONTHUMAalIbHOTO
IIPOEKTUPOBAHMSL:

1. BbibOop MHOXKECTBa 3JIEMEHTOB, YIOBJIETBOPSIOUIMX TPEeOOBaHUSIM TEXHHUYECKOIO
3a/1aHusl.

2. Bo10op THMa 3JI€MEHTOB, UCXO/IS U3 UX HAWIYYILIEro COYeTaHUsl.

3. Boibop ¢opmbl B3aMMOAEUCTBUS  JJIEMEHTOB B Ipolecce  ONTUMAIBHOIO
MIPOEKTUPOBAHUS C YUETOM CBSA3EH U pa3inuHON (pU3NUECKON IPUPOJIBI SJIEMEHTOB.

Bo3MoxHBI clleyromye NoAX0bl K PEIICHNIO TaHHBIX 3a1au:

— TOJHBIA TIepeOop, KOTOPBIM O0OBIYHO, OBIBAaET, 3aTPYAHEH BBICOKON TPYIOEMKOCTHIO
npoiiecca OueHKH 3()(HEKTUBHOCTH MPU MPOCMOTPE BCEX BO3MOXKHBIX KOMOMHAIIMN COYETaHUH
AIIEMEHTOB;

— COKpAIlEHHBIH 1epedop, B TOM YHCIIe ¢ UCTIOIb30BAHUEM METOJIOB CIY4ailiHOTO MOKCKA,
KOTOpBIN TpeOyeT 3a/jaHus yCIOBHM OCTaHOBA;

— DKCIIEPTHBIE OLICHKHU.

K mapamerpuyeckoii onTUMH3AIMKI OTHOCATCS CJIEIYIOIINE OCHOBHBIE 3a/1a4H:

— OIIPENIETICHNE ONTUMAIIbHBIX 3HAaYEHHUM [1apaMeTpOB;

— HaxOXKJEHHsI ONTHUMAJbHBIX JIOMYCKOB Ha MapaMeTphl, YAOBIETBOPSIOIINX 3a/laHHBIM
OTrpaHMUYEHUSAM Ha I10Ka3aTeIN KauecTBa;
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— TapameTpuydeckas uiaeHTH(uKanus (yTOUYHEHHE TMapaMeTpoOB B MOJIETH OOBEKTa
MPOSKTUPOBAHUS C UCTIOTB30BAHUEM IKCIIEPUMEHTAIBHBIX JTaHHBIX ).

PaccmoTpum crieyroniuii mpuMep 3aadu mapamerpudeckoro cuutesa. [lycts Tpebyercs
CIIPOEKTHPOBATh KOHTEHHEDP B (hopMe IPSAMOYroIbLHOr0 Hapamnenenunena oosemom V =1 m°,
M3pacXxof0BaB MPU ATOM MHHHMYM MaTepuanoB. Torja NpH MOCTOSSHHON TOJIIMHE CTEHOK
IUIOIAAb S MapajulesenuIe/ia J0JDKHa ObITh MUHUMAIIbHOW. MiMeeM crienyronnyro 3aiaqy:

S= 2(X1X2 + XoX3 + X1X3) — min ,
rae Xi, Xo, X3 — JUIMHBI pedep.
YuuTteiBas orpaHnueHne Ha 00beM V mapaenenurea, UCKII0UYUM OJTHY TEPEMEHHYIO:

1
V = X1 X9 X3 =1; X3 =—
X1X2

[TonydaeMm crenyroyro 3a1a4y Ha MUHUIMYM

1 1 i
S=2| X Xp +—+— | —>min.
X1 X2
[Tycts nononaHuTENbHO TpeOyeTCsl, 4T0OBI pedpo Xo OBLIO B TpU pa3a OGoublle pedpa X,

10 ecThb Xp = 3% . [Toxcrasisist 910 BbIpaxkeHue B yciosue (1) noxyaum

1 1 i
S=2 3x12+—+— — min.
X 3%
N3 Heo0X01MMOr0 YCIIOBHSI MUHUMYMA, TTOJTy4aeM

a4, 6%, ——— | =0; xf:%E; x§=3?\»F; x;:\ﬁ
Xm 3X1 9 9 4

Eciu HCKITIOUUTE yCcIoBHE Xo = 3X(, TO MOXKHO MMOKa3aTh, 4TO penieHreM 3amadn (1)

SIBIISICTCS:
X =1m X5 =1m X3 =1wm,
TO €CTh ONITUMAJIBHOU (popmoit OyzeT kyoO.

JTanbl NPOEKTHPOBAHUA M HHPOPMALMOHHAA 0a3a

Kak orMeuanoch Bblllle, MPOIECC HMHKEHEPHOIO IPOEKTUPOBAHMS pasfensercs Ha
HECKOJIBKO CTaJM{ U ATANOB, KOTOPBIE YaCTO YKPYIHSAIOT, PACCMATPUBAs CIEIYIOIINE ITAIbI:

Oran  HayuHo-uccienoBatenbckux pabor (HUP). OObenunser mnpeanpoekTHbIE
UCCIJIEJOBAHMSI, TEXHUUECKOE 3aJaHUE U YaCThb TEXHUYECKOTO MPENIOKEHUA. 3ECh POBOJSATCS
HCCJIEIOBAaHKME 10 MOMCKY HOBBIX NMPHUHUMIIOB (DYHKIMOHUPOBAHUS, HOBBIX CTPYKTYp, HOBOTO
UCTIOJIb30BaHUS (PU3UUECKUX MPOIIECCOB, HOBOM 3JIEMEHTHON 0a3bl U T.I1. 3/1€Ch K€ BBITIOIHIETCS
CTPYKTypHasi U MapamMeTpuyecKkas ONTHUMH3AIMs, 1 0OOCHOBBIBAIOTCS HMCXOJHBIE JTaHHBIC IS
TEXHUUYECKUX 3aJaHUN. JTal 3aBEpIIAaeTCsl COCTABIEHUEM HayYHOI'O OTYETA.

Takum obpazom, Ha cranuun HUP dopmupyercs nayunoe obGecnedeHue Bcex paboT mo
CO3JIaHUIO HOBOT'O OOBEKTA.

OTanm  OMBITHO-KOHCTPYKTOpPCKuX pabdor (OKP). OObenuHseT CcTaguu  CO3JaHUS
TEXHUUYECKOTO MPEJJIOKEHUS, ICKU3HBIM MPOEKT, TEXHUYECKUM MPOEKT. 37€Ch BBITOJIHAETCS
JeTallbHas KOHCTPYKTOpPCKas MpopaboTKa MpOeKTa, MPOBOISATCS UCIIBITAHUS OMBITHOTO 00pasia
W3JIENHSL.

Otan pabouero mpoektupoBaHus. OObEeIUHSAET CIEAYIONIHE CTaJAUH: PadOYHi TPOEKT,
U3rOTOBJICHHE, OTJIAJIKA U UCIBITAHUS ONBITHBIX MapTHii; BBOA 00BEKTa B IKCILTyaTalUIoO.

[Ipn cozmanum HOBBIX BemiecTB M MarepuanoB BMmecto OKP mpoBoasTcst OmbITHO-
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texHosiornaeckue padbotel (OTP), kKoTOphle MpeaycMaTpuBarOT pa3pabOTKy TEXHOJOTHUUECKHX
MIPOIIECCOB TIOJTYYCHHsI BEIIECTB M MATEPHANIOB, UCHBITAHUS OMBITHBIX MApTUH, MOATOTOBKY
TEXHUYECKOM TOKYMEHTALlUU U T.II.

[Ipu nmpoekTrpoBaHUH JFOOOTO 00BEKTa (HOPMUPYIOTCS CIESAYIONINE TPYNIbI CBEACHHIA
00 00BEKTE TPOCKTUPOBAHMS:

@) “HpOpMaLUs O CTPYKTYype 00BEKTa;

0) TIOCTOSHHBIE XapaKTePUCTHKH O0OBeKkTa (KOHCTaHTbl (PU3MYECKHX 3aKOHOB,
XapaKTePUCTUKH MaTepUAIOB, HANpUMEp, YAEIbHAs DIIEKTPOIPOBOIHOCTh, KOA(D(UIIHECHTHI
TEIUIONPOBOAHOCTH U T.I1.);

8) BXOJIHbIC JaHHbBIC, BHEIIHUE MapaMeTPhl 00bEKTa, 3aJaBaeMbIe TIPU MPOSKTUPOBAHHH,
HaAIpUMep, MOIIHOCTh 3JIEKTPOJBUTATENS, HAPSHKEHHUE MMUTAIOIIEH CeTH, CKOPOCTh U T.I1.;

2) BapbHpyEeMble KOHCTPYKTHUBHBIC IapaMeTphbl, BBIOMPAEMBIC IPH MPOSKTUPOBAHUHU
(InameTpsbl, UITHHBI, IUIOMAAN CEYECHUH U T.11.);

0) TepeMEeHHbIC, 3aBUCAIIME OT TPy @) — 2) (HampsbkeHus, aedopMaliii, MarHUTHas
UHAYKIHS U T.11.);

e) BBIXO/IHBIE XapaKTePUCTHKHU (TEXHUKO-3KOHOMHUYECKHE MMOKa3aTeJ,
XapakTepusyromme paboTy 00beKTa B IIEJIOM).

YacTh MaHHBIX TPYIIBI 2) MOXKET MPUHUMATH JIUIIb JUCKPETHBIC 3HAUCHUS (Hampumep,
JTUaMETPhI MPOBOJIA U T.11.). B OONBIIMHCTBE cllydaeB BHIOOPY MOAJNIEKAT HE BCE TapaMeTphl ATON
rpynnbl. YacTh W3 HUX MOXKET OBITh (PUKCHPOBAHA.

Becbma BaxHO ymayHO 3a7aTh HavalbHBIE 3HAYEHHUS BAapbUPYEMBIX IapaMeTpOB.
Hampumep, mnpu MpPOCKTHPOBAHWM AJICKTPOTEXHUYECKHX OOBEKTOB 31eCh MOTYT OBITh
WCIIOJIb30BaHbl TMPUOIMKEHHbIE (OPMYIBl U3 TEOPUHM SJICKTPUUYECKUX allapaTtoB, TEOPUU
IEKTPUICCKUX U MATHUTHBIX IICTICH.

B GonpimmHCTBE ciiydyaeB Ha MCKOMbBIE MapaMeTphl HAKIAIbIBAIOTCS OTPAHUYCHUS THIIA
HEPABEHCTB WJIM PAaBEHCTB. DTH OTPAHUYCHHS MOTYT OBITh CBSI3aHBI C IIEPETPEBOM, TadapUTaMH,
BECOM, MAarHUTHOW MHAYKLMEH U T.II.

Hanpumep, orpaHndeHHs] HA TECOMETPUUYECKUE pa3MepPhl MOTYT UMETh CIICTYIONTUI BUI:

X120; X2 >0: X3SX3SX3.
OrpaHu4eHus Ha TIEPEMEHHBIE TPYIIIBI 0) HATIPUMED, MOTYT HMETh CIIEAYIOLINH BUL:

— 110 cunoBoi Harpyske F < F;[on;

— 110 TeMnepaType 0OMOTOK T< TI[OH ;

— 110 TUIOTHOCTH ToKa B mpoBozax ] = Jrom;

— 10 KOJIMYECTBY dJIEMEHTOB N < N
OrpannueHust B OOIIEM CITydae UMEIOT CISAYIOMUA BU:
— TUIIA PAaBCHCTB: ( X11X2 ... ): 0;
— THIa HEPaBEeHCTBA: (Jj ( X1, X9, )S 0 wm gj ( X1, X, .. )< 0,
rre 1=1,2,...,m; X1, X9, ... — BapbUPYEMbIC KOHCTPYKTHBHBIC MM TCXHOJOTHYCCKHUE
apameTpsl.
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