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BBEJIEHUE

B MeroaMueckux — ykazaHUSX ~ cOIepXaTcs ~ MaTepualibl, HEOOXOAMMBIE s
CaMOCTOSITEIILHOM MOATOTOBKH CTYJCHTOB K BBITIOJHEHHIO JTAOOPAaTOpHBIX paboT. B ommcanue
71a00paToOpHbIX pabOT BKIIOYEHBI 1LENb pPalOThl, MOPSIOK €€ BBIMOJHEHUS, PACCMOTPEHBI
TEOPETUYECKHE BOINPOCHI, CBA3aHHBIE C pealn3allield IOCTaBICHHBIX 3aJay, IpHUBEICHA
HeoOXxouMas JInTeparypa.

Meroanueckue ykKazaHusi TMOCBAILIEHBI Kypcy «WHCTpymMeHTanbHBIE CpEICTBa B
WHXEHEPHBIX pacueTax». MoenupoBaHue UHKEHEPHBIX PACUETOB — 3aMEIIEHHE UCCIEAYEMOIO
0o0BeKTa (OpUTHHAJIA) €T0 YCIOBHBIM 00Pa30M, OMUCAHUEM WM JIPYTUM 00BEKTOM (MOJIENBI0) U
MIO3HAHHUE CBOWCTB OPUTMHAJIA ITYTEM HCCIIEIOBAHUS CBOMCTB MOJIEIH.

C MozenssMu U MOJEIMPOBAHUEM Mbl CTAJIKUBAEMCSl B HaIlEH >KU3HU Kbl JeHb. B
JIETCTBe peOeHKa OKPYXKAIOT HWIPYIIKHM — MAIIWHKH, KYKIbl, KyOUKH H T.I. - MOJEINH,
MOBTOPSIIOLINE OTIENbHBIE CBOICTBA pEajbHO CYLIECTBYIOIUX mnpeameroB. Mrpas, pebenox
MOJy4yaeT BaXKHbIE 3HAHMA O HUX. B mpolecce MBIIUICHHS YETIOBEK OMEpPUpPYET oOpazamMu
OOBEKTOB OKPYKAIOIIETO MHpPa, KOTOpPhIE SIBJISIOTCS Pa3HOBUJIHOCTSIMU  MoOJENIed —
KOTHUTHUBHBIMU (MBICTICHHBIMU) MOJENISAMHU. B IIMPOKOM CMBICIIE MPOU3BEACHHS >KUBOIIUCH,
CKYJIBIITYPHI U JINTEPATYPhl MOKHO TaK)K€ CUYMTATh MOJICTISIMU PEAIbHBIX OOBEKTOB.

PeanpHas monb3a OT MOJENHMPOBAHUS MOXKET OBITH MOJY4Y€HA MPU BBINOJIHEHUU JIBYX
IJIABHBIX YCIIOBHM:

- MOZIENIb JIOJKHA OBITh aJeKBAaTHOW OpPUTHMHATY B TOM CMBICIE, YTO JIOJDKHA C
JIOCTaTOYHOM TOYHOCTBIO OTOOpa)kKaTh HMHTEPECYIOIIME HCCIIENOBATENs XapaKTePUCTUKU
OpUTMHANA;

- MOJICITb JIOJDKHA YCTPAHSATH MPOOJIEMBI, CBA3aHHBIE ¢ (U3HMUECKUM U3MEPEHUEM KaKhX-
TO CUTHAJIOB WJIM XapaKTEPUCTUK OPUTHHAIIA.

Yacto B CHUCTEMHOM aHaluM3€ HPU MOJEIbHOM TOJAXOJE HCCIEIOBAaHUS MOXET
COBepIIaThCs OJJHA METOJNYECKast OIINOKa, a UMEHHO, - TOCTPOCHHE KOPPEKTHBIX U aJIeKBATHBIX
Mozenel (MmoaMoJIesieil) MOJCUCTEM CHCTEMBbl W WX JIOTHYECKHM KOPPEKTHas YBsI3Ka HE JaeT
rapaHTUi KOPPEKTHOCTH MOCTPOSHHOM TaKUM CITIOCOOOM MOJIETH BCEH CHCTEMBI.

Mopnenb, moctpoeHHass 0e3 ydera CBSI3€d CHCTEMBI CO CpPEIOW, MOXKET CIIYKUTb
MOATBEPKJECHUEM TeopeMbl ['eniens, a TouHee, ee CIEACTBUS, YTBEPKIAIOIIET0, YTO B CIOKHOU
W30JUPOBAHHOM CHUCTEME MOTYT CYIIECTBOBATh UCTUHBI U BHIBOJIbI, KOPPEKTHBIE B ATOM CUCTEME
Y HEKOPPEKTHBIE BHE €€.

Hayka mopnenupoBaHMsI COCTOUT B pPa3/eieHHM Ipoliecca MOJEIUPOBAHUS (CHCTEMBI,
MOJIeJI) Ha OJTambl (MOJCHUCTEMBI, MOJAMOJENH), JeTaIbHOM W3YYEHHU KaKJOro JTara,
B3aUMOOTHOIIIEHUH, CBSI3€H, OTHOIICHUM MEXITYy HUMH U 3aTeM 3(()EKTUBHOTO OMHUCAHHS UX C
MaKCHMaJIbHO BO3MOKHON CTETIEHbIO (pOpMANTM3AINH U aJeKBATHOCTH.

B cnydae HapymieHuss STUX TpaBUJl [IOJIydaeM HE MOJENIb CHCTEMbI, a MOJENb
"cOOCTBEHHBIX U HETIOTHBIX 3HAHUMN".

MonennpoBaHue paccMaTpuBaeTcs, Kak ocodast popMa SKCIIEpUMEHTa, SIKCIIEPUMEHTa He
HaJ CaMUM OpPWUTHHAJIOM, T.€. TMPOCTHIM WM OOBIYHBIM HKCIIEPUMEHTOM, a HaJ KOmuei
OpurHHaia. 37iech BakeH U30MOp(U3M CHCTEM OPUTUHAIBLHONU U MOJEIBbHOM.

1. IEJIb Y 3AJJAYM U3YUYEHUS JUCHUTIINHBI

[lenbto ocBOEHMSI AMCLUMILUIMHBI SIBIsSeTCS (opMUpOBaHUE Habopa MpodeccnoHambHbBIX
KoMIeTeHIMi Oyaymiero G6akanaspa mo HampasieHuio 09.03.02 MudopmanioHHble cUCTEMBI U
TEXHOJIOTHH.

3azauu OCBOEHMS JUCLUIUIMHBI: U3YY€HNE UHCTPYMEHTAJIbHBIX CPEJCTB B MHKEHEPHBIX
pacueTrax, OCBOCHHE HHCTPYMEHTAJIbHBIX CPEJICTB B MHKEHEPHBIX pacyerax.



2. OBOPYJIOBAHUE U MATEPHUAJIBI

AmnmapaTtHble cpe/IcTBa: EPCOHATbHBINA KOMIIBIOTED;

[Tporpammusbie cpenctBa Anbr Pabouas cranuus 10, Anst Pabouas cranmms K, Anprt
«Cepsep», [Taket oucHbIx iporpamm - P7-Oduc.

VY4eOHbIii kiacc ocHamieH IBM-coBMecTUMBIMH KOMIBIOTEpaMH, OOBEIMHEHHBIMU B
JoKalbHYIO ceTh. JlokanbHas ceTb y4eOHOTO Kilacca MMEeeT MOCTOSHHBIN AOCTyM K cetu Internet
1o BbIJeNeHHOW nuHUHM. [l mpoBeneHus 1a00OpaTOPHBIX PabOT HEOOXOIUMO CIEAyIolIee
porpaMMHOe o0ecrieueHue: onepanroHHas cucrema AnbT Paboudas cranuus, naker ouCHBIX
nporpamm P7-Oduc.

3. YKA3AHMUSA 11O TEXHUKE BE3OITACHOCTH

Ilepen wnawyamom paboOTHI cleayeT YOEOUTbCS B HMCIPABHOCTU AIIEKTPOIPOBOJIKH,
BBIKJIFOUYATEJIeH, ITENCeIbHbIX PO3ETOK, MPH MOMOILM KOTOPBIX 000pYyIOBaHHE BKIIOYACTCA B
CeTh, HATMYMH 3a3€MJICHUS KOMITBIOTEPA, €r0 pab0TOCIIOCOOHOCTH.

JUis CHUXKEHUS WM MpeJoTBpallleHHs] BIMSHHUSA OIACHBIX M BpeIHBIX (PaKTOpoB
HEOO0X0MMO COONIOAaTh CAaHUTApPHBIE IpaBWJIa W HOPMBI, THTUEHHYECKHE TPeOOBaHUS K
HEPCOHATBHBIM 3JIEKTPOHHO-BBIUMCIIUTENILHBIM MAallITHAM.

Bo wu30exaHwe MOBPEXACHUS W3OJSIUH TPOBOJAOB W BO3HHUKHOBEHHUS KOPOTKHX
3aMBIKaHUH HE pa3pellaeTcsi: BellaTh 4TO-IM00 Ha IPOBOJA, 3aKpaIIMBATh M OENUTH IIHYPBI U
IPOBOJIA, 3aKJIA/IbIBaTh MPOBOJA W IIHYPHI 32 Ta30BBIE M BOJOMPOBOAHBIE TPYOBI, 3a Oarapen
OTONMTENBHOM CHUCTEMBbI, BBLACPTUBAThH INTENCEIbHYIO BMJIKY M3 PO3CTKH 3a IIHYp, YCHIIUE
JIOJKHO OBITH MPHIIOKEHO K KOPITYCY BHUIIKH.

JUIsl MCKITFOUEHUS! MOPaKEHUs! AJIEKTPUUECKHMM TOKOM 3aPEIIaeTcs: 4acTo BKJIHOYATh U
BBIKJIFOYATh KOMITBIOTEp 0€3 HeoOXOAMMOCTH, NMPUKACAThCA K IKPAaHy M K THUIBHOM CTOPOHE
OJIOKOB KOMIIbIOTEpa, paboTaTh Ha CPEJCTBAX BBIYMCIMTEIBHOM TEXHMKM U TepudepuitHoM
000pyIOBaHUU MOKPBIMH pyKaMHd, paboTaTh Ha CPEACTBAX BBIYMCIMTEIBHONH TEXHUKH U
nepugepuitHoM 00OpYJOBAHUHU, HWMEIOIIMX HAPYIIEHUS IEIOCTHOCTH KOpIyca, HapyIleHUs
W30JSIIUM  TIPOBOJIOB, HEUCTPABHYIO WHAWKALWIO BKIIOYCHUS MUTAHUS, C [PHU3HAKAMU
AIIEKTPUUYECKOTO HANPSIKEHUs Ha KOPIyce, KJIACThb Ha CPEJCTBA BBIUMCIUTENBHOM TEXHUKHU U
nepudepuitHoM 060pyAOBAHUU TOCTOPOHHUE MPEMETHI.

3ampemiaercss  MOJ  HampsDKEHHEM — OYMIIaTh  OT  MNBUIM M 3arpsA3HEHUs
AJIEKTPOOOOPYIOBAHHE.

Bo  wu3bexxaHue  moOpakeHHMsl  DJIEKTPUYECKUM  TOKOM, TpU  MOJb30BaHUU
AIIEKTPONpUOOpaMH HENb3sl KacaTbCs OJHOBPEMEHHO KakuxX-1ubo TpyOomnpoBojoB, OaTapeit
OTOIICHUSI, METAJUINYECKUX KOHCTPYKIIMHA, COEIMHEHHBIX C 3eMJIEH.

[Tocne oxonuanust pabOTHI HEOOXOIUMO OOECTOYHUTH BCE CPENCTBA BBIYMCIUTEIHHOMN
TEXHUKH U mepudepuitHoe obopyaoBaHue. B ciyuae HempepbIBHOIO ydeOHOTo mpolecca
HEO0OXOMMO OCTAaBUTh BKIIOUEHHBIMHU TOJBLKO HEOOXOIMMOE 000pyI0BaHHE.

4. HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

Ne Tewmsbl | HaumeHoBaHue TeM TUCHUIUIMHBI, UX KpaTkoe conepxkanue | O0vem | U3 HUX
JUCIIUILI 4acoB | MPaKTUYeC
WHBI Kast
MOJATOTOBK
a, 4acoB
4 cemecTp
1 Tema 1. ABTOMaTH3a11Msl HHKEHEPHBIX PACUETOB 4 4
2 Tema 2. MoaenupoBaHre B MHKEHEPHBIX pacyeTOB 4 4




3 Tema 3. OOpaboTka TaHHBIX B MHKEHEPHBIX pacueTax 4 4
4 Tema 4. Buzyanusanuusi MHXXE€HEPHBIX PacueTOB 4 4
5 Tewma 5. UHpacTpyKTypa HHKEHEPHBIX PACYCTOB 4 4
6 Tewma 6. [IporpaMMHBIe TAaKETHl HHKEHEPHBIX PACUETOB 4 4
7 Tema 7. ABTOMaTH3a1Msg MAaTEMAaTUUECKUX BBIYUCICHUI 4 4
8 Tewma 8. JluarpaMMHbBIC TEXHUKH 4 4

HToro 3a 4 cemecTp 32 32

Htoro 32 32

5. COAEP)KAHME JIABOPATOPHBIX PABOT

JlaGopaTopHas padora 1. ABTOMaTH3allUsl MH:KEHEPHBIX PacuyeToB
Heab padoThl: U3yUeHHE HHCTPYMEHTOB MAaTEMAaTHUYECKOTO MOJICTHPOBAHUS.
OcHoBBI TEOpUH

ITocTpoenue moxenn

Mogens U MOJEIUPOBAaHUE - YHUBEPCAIbHbIE MMOHATHS, aTPUOYThI OJHOIO U3 Hambosiee
MOIIHBIX METOJIOB TIO3HAHUS B JI000H MpoQecCHOHANBHON 00acTH, MO3HAHUS CHUCTEMBI,
mporecca, sBJICHUS.

Bun Mozmenn W MeToabl ee HCCieNOBaHMS OONbIIE 3aBHCAT OT HH(DOPMAIMOHHO -
JIOTUYECKUX CBSA3EH IJIEMEHTOB M IOJCHCTEM MOJECIHUPYEMOH CHCTEMBI, PECYPCOB, CBSI3EH C
OKpYXEHHEM, a HE OT KOHKPETHOTO HAMOJIHEHUS CUCTEMBI.

MonenbHbll CTUIIb MBIIIJIEHUS [T03BOJISIET BHUKATh B CTPYKTYPY U BHYTPEHHIOIO JIOTUKY
MOJEIUPYEMOI CUCTEMBI.

ITocTpoenune Mojnenu - cUCTEMHas 3ajiada, TpeOyrollas aHalW3a U CHHTE3a MCXOJHBIX
JAHHBIX, THIOTE3, TEOPH, 3HaAHUHN crenuaucToB. CUCTEMHBIA MOAXO0J] MO3BOJISIET HE TOJIBKO
HOCTPOUTH MOJIENb PEaIbHOW CUCTEMBI, HO U UCMOJIb30BaTh 3Ty MOJENb JIJIsl OLEHKH (HampuMmep,
3¢ (HEeKTUBHOCTH YIPABICHUS WIH (PYHKIIMOHUPOBAHUS) CUCTEMBI.

Mogenb - 3T0 00BEKT WM ONHCAHUE OOBEKTA, CUCTEMBI Ul 3aMEIICHUs OTHOM CUCTEMBbI
(opuruHana) Apyro CUCTEMOM IJs Jy4ylIero W3y4eHHsl OpUrHMHalla WM BOCIPOU3BEACHMS
KaKHUX-JTM0O ero CBOWCTB.

Hanpumep, oroOpakas Gpu3M4eCcKyl0 CUCTEMY Ha MaTEeMAaTHUYECKYK CHUCTEMY, MOJIYyYUM
MaTeMaTHUYECKyI0 MoJienb (huznyeckoit cuctemsl. JIrob6ass MoJeNb CTPOUTCS U MCCIelyeTcsl IpU
OTpeIeNIEHHBIX JOMYLIEHUSIX, TUIIOTE3aX.

ITpumep. PaccMoTpuM (HU3MUECKYIO CHUCTEMY: TeJIO0 Maccoi m CKaThIBaeTCs I10
HAKJIOHHOM INIOCKOCTH € YCKOPEHHEM a, Ha KOTOpOe BO3JIelcTBYeT cuia F.

Hccnenys takue cucremMbl, HpIOTOH Mmomy4yus MaremaTudeckoe cootHomenue: F = m*a.
O10 (u3MKo-MareMaTHdecKass MOJEIb CHUCTEMBbl WIM MaTeMmMaThyeckas Mojenb (HU3HUecKoi
CUCTEMBI CKaThIBAIOIIETOCS TENA.

[Ipu onucaHuu 3Toi CUCTEMBI TPUHATHI CIEAYIOLIUE TUIIOTE3BI:

- MIOBEPXHOCTh UaeatbHa (KO3 (HUIIMEHT TPEHUs paBeH HYJIIO);

- T€JI0O HAXOJUTCS B BaKyyMe (COMPOTUBIIEHNE BO3/IyXa PaBHO HYIIIO);

- Macca Tejla HEM3MEHHa;

- T€JIO ABUKETCS C OJJMHAKOBBIM ITOCTOSSHHBIM YCKOPEHHUEM B JIF000M TOUKE.

[Tpumep. dusnonoruyeckass cucTemMa (CUCTeMa KpOBOOOpAlEHHs YelIOBeKa) -
HNOJYUHACTCSI HEKOTOPhIM 3aKOHAM TepMOAMHAMUKU. OINUCHIBAs 3Ty CHUCTEMY Ha (U3NYECKOM
(TepMOIMHAMUYECKOM) A3BIKE 0aaHCOBBIX 3aKOHOB, MOJIy4YUM ¢dusnveckyro,
TEPMOJMHAMHUYECKYIO MOJeNb (hU3MOJIOTHYecKoi cucTteMbl. Ecin 3amucaTh 3TH 3aKOHBI Ha
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MaTeMaTHYECKOM SI3bIKE, T.€. COOTBETCTBYIOIIME TEPMOJWHAMHYECKHE YPAaBHEHUS, TO YyikKe
MOJTy4aeM MaTeMaTHYECKYI0 MOJIEb CUCTEMBI KPOBOOOpAIIICHHSI.

[Tpumep. CoOBOKYIHOCTh NpEANPHUATHN (YHKIMOHUPYET Ha pPHIHKE, OOMEHHUBAsChH
TOBapaMH, ChIpbEM, yCIIyramu, nHpopmanuei. Eciu onucaTh SJKOHOMHUYECKHE 3aKOHBI, TIPaBUIIa
UX B3aUMOJICHCTBHS Ha pPBIHKE C IOMOIIBI0 MAaTEeMaTHYECKUX COOTHOIICHUH, Hampumep,
CHCTEMBI ajreOpayuecKuX YpaBHEHHWH, TIJie HEU3BECTHBIMH OyIyT BEJIHYUHBI TPHOBLIH,
NOJydaeMble OT B3aUMOJICHCTBHUA NPEANPUATHHA, a KOd(pPUIMEHTAMH ypaBHEHHS OYyIyT
3HAYCHUS] MHTCHCUBHOCTEH TaKMX B3aMMOJICHCTBHIA, TO MOJIYYUM SKOHOMHKO-MaTEMAaTHYECCKYIO
MO/JIENIb CHCTEMBbI IPEANPHUATHIA HA PhIHKE.

CnoBo "mogmens" (mat. modelium) o3Hawaer "mepa', "cmoco0", "CXOACTBO C KaKOW-TO
BEIbI0".

MonenupoBaHue OazupyeTcs Ha MaTeMAaTUYEeCKON TeopHUH MoIo0us, COrJIaCHO KOTOPOH
abCcoOTHOE 1M0/100Me MOXKET MMETh MECTO JIMIIb MPU 3aMEHE OJAHOTO O0BEKTa IPYrUM TOYHO
TaKUM Ke.

[Ipu MonmenupoBaHUM OOJBIIMHCTBA CHCTEM aOCOJIOTHOE MOJ00HE HEBO3MOXHO, H
OCHOBHas 11€JTb MOJICJIMPOBAHUS 3aKIIOYAETCS B TOM, YTO MOJIENIb JOCTATOYHO XOPOIIO TOJHKHA
0TOOpaxarh (PYHKIIMOHUPOBAHUE MOJICIIUPYEMOI CHCTEMBI.

IIo ypoBH10, "riryOHMHe' MOaeJIMPOBAHNS MOJEIH OBIBAKOT:

1. sMIupuYeckue - Ha OCHOBE YMIIMPUIECKUX (PAKTOB (OMBITOB);

2. TEOpPETUYECKUE - HA OCHOBE MaTeMaTHYECKUX ONHCaHUH;

3. CMEUIaHHbIE, MOMYIMIHUPUYECKHE - Ha OCHOBE OHMIIMPHUYECKUX 3aBHCHUMOCTEH U
MaTeMaTHYeCKUX OMMCaHUI.

IIpo6ema Moae/IMpOBaHMS COCTOUT U3 TpPeX 3a/Ja4:

1. noctpoenue monenu (3Ta 3afada MeHee GopManu3lyeMa U KOHCTPYKTHUBHA, T.K. HET
aJropuTMa JJIsl TOCTPOSHUS MOJIENIEH );

2. uccrenoBanne Monenu (3Ta 3amada  Oonee (dopManmzyema, HMEIOTCS METOJbl
MCCJICIOBAHMS PA3JIMUHBIX KJIACCOB MOJIEIIEH );

3. UCTIONIb30BaHUE MOJIENH (KOHCTPYKTUBHAS U KOHKPETU3UpyeMas 3a/1a4a).

Mopens M, onuceiBatomas cuctemy S(x1, x2, ..., xn; R), umeer Bux:

M=(z1,22,..,zm;Q), rme zi€ Z, (i=1,2,..,n);

R - MHO>XecTBa OTHOILIEHUH HaJ X,

Q - MHOXKeCTBa OTHOIIICHHH Hal Z;

X - MHO>XE€CTBOM BXOJHBIX, BBIXOJIHBIX CUTHAJIOB U COCTOSIHUI CHCTEMBI,

Z - MHOKECTBO ONUCAHUM (IIpeICTaBICHUI) 3JIEMEHTOB U MOJIMHOXKECTB X.

Cxema noctpoeHust Mojen M cuctembl S ¢ BXOAHBIMU CUTHajdaMu X M BBIXOAHBIMU
curHainamu Y nzobpaxkeHa Ha puc. 1.1.

Uecnenyemas cucrema S Mopens M

Pucynok 1.1 - Cxema nocTpoeHus MOJEIU

Ecnu Ha BXxog M mocTymaroT curHaibl U3 X M Ha BBIXOJE MOSBISIOTCS CUTHAIBI Y, TO
3a/1aH 3aKoH (mpaBwio) f GyHKIMOHWPOBAHUS MOJIEIN / CHCTEMBI.

MopenupoBanue -  3TO  YHHUBEPCAIBHBIA  METOJA  IOJy4EHHs OIIMCAaHUSA
(GYHKIIMOHUPOBAaHUST OOBEKTa M MCIOJIH30BAHUS 3HAHUN O HEM. MoIeTMpOBaHUE UCTIONB3yEeTCS
B JTF0001 TIPO(heCCUOHATTEHOM e TEIIEHOCTH.


http://www.intuit.ru/department/expert/intsys/10/2.html#image.10.1

IMocTanoBka 3agauu K J1abopaTopHoi padore 1

1. 3yuuTh nipeayiaraeMblii TEOPETUUECKUI MaTEepHal.

2. MathCAD-nokyMeHT JOJKEH COJep)KaTh 3aroJiOBOK, BKJIFOUAIOIIMI Ha3BaHHUE
nabopaTopHO pabOTHI 1 HOMEp BapHaHTa, a TAaKXKe CBeJeHUs 00 aBTope (hammius CTyAeHTa U
HOMEp TPYIIIIbI).

3. OdopmneHne Kaxaoro 3aJaHus HauWHAWTE C yKa3aHUA €ro HoOMepa, Hampumep
«3ananue Ne 1.

4. B 3amanuu 2 BbINOJHUTE OOpaleHHe K (PYHKIMM, HE MPUCBaWBas MEPEMEHHON X
YKa3aHHbIC 3HAYCHUSI.

5. Odopmisis perienue 3afganuii 4—6, cienyer BKIOYATh B JOKYMEHT KOMMEHTapUu st
MOSICHEHHUS UCIIOIb3YEMbIX 0003HAUCHHI U BBIOIHSAEMBIX JEHCTBUM.

6. OpopmMuth otyeT Mo JaboparopHoii padbote. [IpencTaBUTh OTYET 1O JIAOOPATOPHOM
paboTe 11l 3aLTUTHI.

BapuaHTbl HHAUBUAYAJIBHBIX 32 IaHUH

B cooTBercTBHY ¢ OTYyYEHHBIM 33JaHUEM CPOPMHUPOBATEH PEIICHHE U JaTh €r0 OIIMCAHUE
CO CKpUHIIIOTAMU BBITIOJTHEHHBIX JCHCTBUM.
1. 3apaBas X, y, z, HalAUTE 3HAUYCHUE BhIpOXXKeHUS U3 Ta0m.1.1:
Tabmuma 1.1 — BerarciieHne cli0KHOTO BBIPAKEHUS
No Bripaxenue

T 2—1 1
1 — in° + — 7‘)}7 + t 2 .
] nj|y s (X 3J X COS{ g (3 . []J

Z+—
X+ y

2 1
In|| 2y— l—cosz(Zx—EJ x+y7 +sin| t 2( ] .
2 g \/ 4 y s Nx+z

7
2x+z

_ .3 ¥ v+l | Y O
5 In kQ.\.—J]—hm [r—ﬁ]] I_:.T —cnb{l,t_. (3:+1]]_




) 2 |
- +51n(an:tg' ( - ]]
z+2

B

. 2
+Cos| s1n°
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Yt
T ox

x+y

Fy

2. Beluncnute 3HaueHne QYHKUIUU U3 Ta0buuipbl 1.2 Ui yKa3aHHbBIX 3HAYE€HUH X
Tabmuua 1.2 — Berancnenne QyHKIUM I 33JaHHBIX 3HAYEHUI apryMeHTa

DyHKIUA

Ne
x+2 ecmn D<x<2,
vix)=42, ecmn 2 < x <37,
1 sin(x” +1), HHaue
mma s =35 L5 3.2; 5; 'J;: 1|1J3_; log, 10; sin &
5, ecrH X< —2mmuy 24,
Mx)=9x-2, ecmH —1<x< -J";
2 cos(x’ +1), HHaue
mmax =35 —L5; L% qul';: 395 In \E: log, 11; cos &
2x-2, ecnH 0= x<3,
yix)= \I'T eCrH I E X< Jl}r,
3 cos(x” +1), HHAaue
mmax —3,2 2,5 3% 5 J;: In'q'rg: log, 10; cos 5; 22,
6, ecmn —l=x <,
vix)=q+x+1, ecmn 1< x <427,
4 ctg(x’ —2), HHaue

mmax: —4; 0,5 L 6; 7 Indf7; log,13; cus%.




x+1|, ecnH —dzx<2,
¥(x) =42x, ecn 2 < x < 30,
5 te Kt +1), HHAUE
amax: —71.5 0.5; 3,2; 5; +/27; In\.ﬁ; log, 36; ms%.
In |I —x | ecmd X < —2umayx 27,
6 px)=4x=-2, econ 2 £ x < a3,
cos(x’ +.f_‘:]_ HHAYE amax =35 L5 2,2; 5 ZJ;: lnﬁ; log,13; tg 3.
-2 ecrn —2<x<l,
vixh=43, ecmn | < x <271,
7 cos(x® +3), HHaue
amax: 3,5 0,5 3,2; 5 i3x; ]n-q"j: log, 11; arctg 8.
V. ecan x<—2 nmm x 2 8,
yix)=qx-2, ecmn | € x <27,
8 tal 1’ +4), uHaue
anax: —3,5 L5 3,2;9; J}?; ln-.E; log, 11; arccos 0.3.
arcsin{x+2), ecmt —3=x<—l,
M(x)=42x, pemn —l<x < fm+l,
9 cos(f3x?),  HHaue
max: —4,5-1; 2 5 7 +0.5; InAfT; log, 12 tg 7.5.
In{x+2), ecn D<x<2,
10 vix)=142x, ECOH X =—2 WIH X >+f3m.
cos(x” +1), mHae mmx =35 - L% 5 \.I';; Inﬁqﬁ; log,11; sin 12.

3. Ins BBIYMCNCHHWS 3HAUEHHsS BBIpOKEHUS W3 TaObmuisl 1.3 moctpoiite QyHKIHIO,
KoTopasi Obl Bo3Bpamana TekcT «not defined» («He ompeneneHo») TPHU HEIOMYCTHUMBIX
3HAYCHUSIX MMEPEMEHHOMN X. BBIMOIHUTE BBIUUCIEHUS ISl YKa3aHHBIX B Tabnuie 1.3 3HaYeHHit X:

Tabmuma 1.3 — [Moctpoenne GpyHkmu U1 3a1aHHBIX 3HAYCHUN apryMeHTa

No OyHKIUA

x-1
1 ANy X -3,5: 1.5; 3,2; 5; \/;; ln\/§; log, 10; sin 8.
2 In X+l )

r=2 X —4-1;0; 2 5
3 sin =

x+1 =61 2; 3 7.5

l—x

4 r+7 x =l=T7; 0.5 1; 52.




6 In——
(x—x+2) = —-2; 0,5 I; 57

7 Jix—2Wx+8)sin

x—2  x —14:-8: 0.5 2: 5.1.

x—1 2
8 a5 w560 —4 -2 1 %35
Jla=2)x+1)
9 sin——— -
x—4 x: —d;—1; 0.5; 2; 4; 5.8,

10 Jlr=2)0x+1) ;

2 a4 =2 —1: 15 2; 45

Conep:xaHue oTyeTa

ITo BbImonHeHHON paboTe cocraBisercs oTd4eT. OTYeT BBINOJIHACTCS B 3JIEKTPOHHOM
Buje. [1o BeIONIHEHHOMY OTYETY IPOBOAMTCS 3alllUTa JJAOOpaTOPHOU padOTHI.

Otuer mo saboparopHOW paboTe AOIKEH COCTOATh M3 CIEAYIOUIMX CTPYKTYPHBIX
3JIEMEHTOB!

- TUTYJIBbHBIN JIUCT;

- BBOJJHaA 4acCThb,

- OCHOBHasl 4acTb. ONHUCaHUe padoThl, BKIIOYAIOIIEe CKPUHILIOTHI 1EHCTBUI;

- 3aKJII04YEHHE (BBIBOBI).

BBosHas yacTh oT4eTa JOJHKHA BKIKOYATh ITYHKTHI:

- YCIIOBHE 33a4H;

- IOPSZ0K BBITTOJIHEHHUS.

- IPOrpaMMHO-aMNMapaTHbIE CPEJCTBA, UCIIOIb3yEMbIE IIPU BHIMIOJTHEHUN PAOOTHI.

3ammTa oT4yeTa 1o J1adopaTopHOi paboTe 3aKiItoYaeTcs B MPEAbABICHUN IPENoJaBaTeito
MOJIyYEHHBIX PE3yJIbTaTOB B BUJIE (aiiia U JEMOHCTPALIMU MOJIyYEHHBIX HaBBIKOB IPU OTBETAX
Ha BOIPOCHI NMPENOAaBaTeNs.

KOHTpOJIbHLIe BOIIPOCHI

. UTo Takoe MOJieNH U KaKue BUIbI MOJIENIEH BbI 3HaeTe?
. Kakue BuibpI MoJienupoBaHus CylecTBYOT?
. OT 4ero 3aBUCHUT TOUHOCTHh MOJAEIUPOBAHUsA?
. Korna pasymMHo npuMeHsTh ¢puznyeckoe MoaenupoBanme?
. Kakue caMble n3BECTHBIE IPUMEPBI CEPHE3HOTO MOJIETTUPOBAHNS BbI 3HacTe?
. Kakue BubI MOrpenIHOCTH MOJEIUPOBAHMS Bbl 3HaeTE?
. Kakue nporpamMMmHbI€ NPOAYKTHI HCIOJIB3YIOT ISl MOAEINPOBAHUA?
. Kak ocymecTBisiercst moAroToBka K MOJAEIUPOBAHUIO?
. Kakumu Bo3mMokHOCTSIME B MOJienupoBannu oomanaror CKM?
10. Yem oTnuyaercss TpaeKTOpHs IoJieTa KaMHsI 0€3 y4yeTa CONPOTHUBIICHHUS BO3/AyXa U C
€ro yuerom?

O©oOo~NOoO Ol WN -

10



JlabopaTopnasi paGora 2. MoaeJMpoBaHie B MH/KEHEPHBIX pac4eToB

Henp paborel: M3yuyuTh M NOpPUMEHUTh Ha MPAKTUKE HMHCTPYMEHTAJIbHbBIE CpEIbl
KOMITBIOTEPHOTO MOJICTUPOBAHMUS.

OcHoOBBI TEOpUM

Kanaccnpurxanus BugoB moaenupoBanus. CtaTudyeckue v JUHAMHYECKHE,
JAUCKPeTHbIE H HelpepbIBHbIE MOeJIN

Knaccudukanuio Mozeneil mpoBOAAT MO Pa3IMIHBIM KPUTEPHSIM.

Mopenp Ha3bIBae€TCs CTATHYECKOM, €CIM Cpeau IapaMeTpoB, YYacTBYIOLIUX B €€
ONMCAHUHU, HET BpEMEHHOr0 napameTpa. Cratuyeckas MOJAEIb B KaX/Iblii MOMEHT BPEMEHHU J1aeT
munib "pororpaduro” cucTemsl, ee cpes.

[Ipumep. 3akon Hrrorona F=a*m - 3To crarnueckas MOAEIb IBIXKYIIEHCS ¢ YCKOPEHUEM
a MaTepuajJbHOM TOYKHA Maccol m. DTa MOJENIb HE YUUTHIBAET U3BMEHEHUE YCKOPEHUSI OT OJHOM
TOYKH K JIPYrOM.

Mopenb nuHaMUYecKasi, €Clii Cpeu €€ NapaMeTpoB €CTh BPEMEHHOM MapaMeTp, T.€. OHa
oToOpaXkaeT cuctemy (IIpoLEeCcChl B CHCTEME) BO BPEMEHHU.

[Tpumep. JIunamudeckast mogens 3akoHa HpioToHa OyneT UMeTh BU:

F(t)=a(t)*m(t).

Mopenb AUCKpEeTHas, €CIUM OHA ONMMUCHIBAET MOBEJIEHUE CUCTEMbI TOJBKO B JUCKPETHBIE
MOMEHTHI BPEMEHH.

[Tpumep. Ecnu paccmaTtpuBats Tosibko t=0, 1, 2, ..., 10 (cex), To MoaeIb

S(t)=gt?/2

WM YHcToBas mocaenoBaTenbHocTh: S0=0, S1=g/2, S2=2¢g S3=9¢/2, :, S10=50g moxer
CILY’)KMTb TUCKPETHON MOJIENbIO IBUKEHUSI CBOOOIHO MaIalollero Tena.

Mopnens HenpepelBHAsI, €CJIM OHA OMMCHIBAET MOBEIACHUE CHCTEMBI Ul BCEX MOMEHTOB
HEKOTOPOTO NMPOMEXKYTKA BPEMEHHU.

[pumep. Mogens S=gt%/2, 0 < t < 100 HenpepsiBHa Ha pomexkyTke Bpemen (0;100).

NMutanuonHbie MoaeIn

Mopens MMUTAlMOHHAs, €CIAM OHAa MpeJAHa3HayeHa JUIsl WCIBbITAaHUA WIM HW3Y4YEeHHS
BO3MOYKHBIX MyT€H pa3BUTHUS U MOBEECHUS 00BEKTa IMyTEM BapbUPOBAHHS HEKOTOPBIX WM BCEX
napamMeTpoOB MOJIEIH.

[Ipumep. IlycTs MOAENH YKOHOMUYECKON CHCTEMBI IIPOU3BOJICTBA TOBAPOB JIBYX BUJIOB |
u 2, B xonudectBe X1 M X2 €IMHUIl U CTOMMOCTBIO KaKJ0W eAuHUIBl ToBapa al m a2 Ha
MIPEANPUSITHH ONIMCAaHA B BUJIE€ COOTHOIIICHUS:

alxl +a2x2 =S,

riae S - o0mas CTOMMOCTh MPOU3BEIEHHON MpeANnpHUsATHEM Beel npoaykuuu (Buga 1 u 2).
MoXHO €€ HUCIOIb30BaATh B KAYECTBE UMUTALIMOHHON MOJIEIH, MO KOTOPOH MOKHO ONpPENEIsATh
(BapbHpOBATH) OOIIYI0 CTOUMOCTh S B 3aBUCHMOCTH OT T€X WJIM MHBIX 3HAYCHUN OOBEMOB U
CTOMMOCTH MPOU3BOJIUMBIX TOBAPOB.

JleTepMHHUPOBaHHbIE U CTOXACTHYECKHE MO/EJIH

Mopnens JeTepMUHUPOBAHHASA, €CIM KaXJAOMy BXOJHOMY Habopy mMmapamMeTpoB
COOTBETCTBYET BIIOJIHE OIPEIEICHHbBI M OJHO3HAYHO oOmpeneisieMblii HaOOp BBIXOJHBIX
napamMeTpoB; B IMPOTHUBHOM ClIy4yae - MOJENIb HEJICTEPMUHHUPOBAHHASA, CTOXAacCTHYECKas
(BepOsITHOCTHAS).

[Tpumep. IlpuBeneHHble BhINIe (U3MUECKHE MOJAETH - JAeTepMUHHpOBaHHBIC. Eciu B
mozenn S = gt? /2, 0 <t < 100 MBI yd4iIu OBI CIyJaiHBIH TapaMeTp - TIOPBIB BETPa C CHIION P TIPH
NaJeHUH Tena:

S(p) =g(p)t?/2, 0<t<100,
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TO MBI OJYYHITH OBl CTOXaCTUYECKYIO MOZETH (YK€ He CBOOOIHOTO) MaICHHS.

DOYHKIHOHAJIbHbIE, TEOPETHKO-MHOKECTBEHHbIC U JIOTHYECKUE MOJeJIN

Mopnens ¢GyHKIMOHAIbHAs, €CTM OHA IMPEACTaBMMa B BHJE CHUCTEMBl KaKuX- JIHOO
(GyHKIIMOHATBHBIX COOTHOIICHUH.

Mopenb TEOpeTUKO-MHOXKECTBEHHAs, €CJIM OHA MPEACTaBUMa C TMOMOIIBI0 HEKOTOPBIX
MHOKECTB U OTHOLIEHUH IPUHAJIEKHOCTH MEX1y HUMHU.

IIpumep. IlycTs 3a1aHO MHOXKECTBO

X = {Hwuxkomnaii, Ilerp, Huxonaes, IlerpoB, Enena, Exarepuna, Muxawn, TarbsiHa} u
OTHOILICHUS:

Huxkonaii - cynpyr Enensi,

Ekarepuna - cynpyra Ilerpa,

TaresHa - nous Huxomnas u Enensr,

Muxaun - cbiH Iletpa u Exarepunsl,

cembu Muxauna u Iletpa nqpyxat apyr ¢ qpyrom.

Tornma MHOXeCTBO X M MHOXECTBO II€PEUHUCICHHBIX OTHOUIEHHUH Y MOTYT CIIYKUTh
TEOPETHUKO-MHOKECTBEHHOU MOJIENBIO JBYX IPY’KECTBEHHBIX CEMEM.

Moens Ha3bIBACTCS JIOTHYECKOM, €CITU OHA IIPECTaBUMa JIOTUYSCKUMU (QYHKITHSMHU.

Hanpumep, COBOKYMHOCTh JIOTUYECKUX (PYHKIIUN BUJA:

Z=X MY VX, p=xfy
€CTh MaTeMaTH4ecKasi JIOTUYeCcKasi MoJIeNib pabOThl JUCKPETHOTO YCTPOUCTBA.

Hrposbie Moaen

Mopenbs urpoBasi, €CM OHa OIMCHIBAET, PEATU3YET HEKOTOPYIO HUIPOBYIO CUTYaIUIO
MEXJly Y4aCTHUKaMH UTPBHI.

[Ipumep. Ilyctes urpok 1 - 10OpOCOBECTHBIM HAJIOTOBBI HMHCIEKTOP, a HIPOK 2 -
HEeZ00pOCOBECTHBIN HajoromiaaTeapuuK. Vet npomecc (Mrpa) mo ykJIOHEHHIO OT HAJOroB (C
OJTHOW CTOPOHBI) M IO BBISBJICHUIO COKPBITHS YIUIaThl HAJOroB (¢ Apyroi croponsl). Urpoku

BBIOMPAIOT HaTypalibHbIe yncaa i u j (1, ] = n), KOTOPbIE MOKHO OTOX/I€CTBUTh, COOTBETCTBEHHO,
co mTpadoM urpoka 2 3a HeyIUIaTy HaJIOroB MPH OOHAPYKEHUU UTPOKOM | (akTa HEYIIaThl U C
BPEMEHHON BBINOJIOM WIpOKa 2 OT COKPBITHS HaloroB. Mopenp UIpel OMMCBIBAETCS 3TON
MaTpuUllel U cTpaTeruel YKIOHEHHs U MOMMKHU. JTa UTpa - aHTarOHUCTUYECKas.

AJITOPUTMHYECKHE, CTPYKTYPHBIE, TPad)0BbIe MOJCIH

Mopnens anropuTMUYecKas, €ciId OHAa OIMCaHa HEKOTOPbIM aJIrOpPUTMOM  HIIU
KOMIIJIEKCOM JIFTOPUTMOB, ONPEAEISAIOMNM (PYHKIIMOHUPOBAHHE, PA3BUTUE CUCTEMBI.

CnenyeT MOMHUTH, YTO HE BCE MOJEIMU MOTYT OBITH HMCCIEAOBAaHbl WJIH pPEAN30BAHbI
AITOPUTMUYECKH.

[Ipumep. Mozenbio BEIYUCIEHNS CyMMbl OECKOHEUHOTO YOBIBAIOIIETO Psijia YUCEN MOXKET
CIIY’)KMTb aJTOPUTM BBIYMCIEHUS KOHEYHON CYMMBI psja /10 HEKOTOPOW 3aJaHHOM CTENEeHU
TOYHOCTH. AJTOPUTMUYECKOW MOJEIBI0 KOPHS KBaJApPaTHOTO M3 YUCIA X MOXKET CIYKUTh
QITOPUTM BBIYMCICHHS €r0 MPUOIMKEHHOT0 3HAUE€HUS 110 U3BECTHOM peKyppeHTHOH GopmyIie.

Monens Ha3bpIBaeTCs CTPYKTYPHOH, €ClM OHa IpeIcTaBUMa CTPYKTYpPOM NAHHBIX MU
CTPYKTYypaMH JAHHBIX U OTHOIIEHUAMH MEX1Yy HUMH.

Mopnens Ha3biBaeTcsi rpadoBOH, eciM OHAa NpeacTaBuMa rpadgom wuiaum rpapamu u
OTHOLICHUSIMH MEX1Y HUMH.

Hepapxuueckue u ceTeBble MOIETN

Mogens Ha3bIBaeTCs HEPapXUUECKOil (IpeBOBUAHOI), €Clu MpencTaBUMa HEKOTOPOH
UepapXUUECKOl CTPYKTYpOH (IepeBOM).

ITpumep. dns pemieHus 3a7aud HaXOXJIEHHs MaplIpyTa B JepeBe IOHCKa MOXKHO
IOCTPOMTh, HAIPHUMEP, APEBOBUAHYIO MOaeib (puc. 2.1):
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Pucynok 2.1 - Mogenb uepapXxudeckom CTpyKTYphl

Mogaenp Ha3bIBa€TCs CETEBOM, €CIIM OHA MPEICTABUMA HEKOTOPOU CETEBOM CTPYKTYPOM.

[Ipumep. CTpoUTENBCTBO HOBOTO JIOMa BKIIOYAET OIEpaliy, IpPHUBEICHHBIE B
HIDKECIIeAYIoIen Ta0uIle.

Tabnuma 2.1 - PaboTsl npu CTPOUTENBCTBE JOMA

Ne | Onepanus Bpemsa BemosiHenus | [IpeamectByromue Hyrn
(mHM) omnepanuu rpada

1 | Pacuncrka yuyactka 1 HET -

2 | 3aknanka pyHgameHra 4 Pacuncrtka yuactka (1) 1-2

3 | Bo3Benenue creH 4 3aknanka pyngamenta (2) | 2-3

4 | MoHTax 3 Bossenenue cren (3) 3-4
ANEKTPONPOBOJKHI

5 | lIrykarypHble pabOThI 4 MonTax 4-5

AIEKTPONPOBOAKH (4)

6 | braroycTpoicTBO 6 Bossenenue creH (3) 3-6
TEPPUTOPUHU

7 | Otnenoussle paboThI 4 Il tykaTypHble padoTsl (5) | 5-7

8 | Hactun kpeimm 5 Bossenenue creH (3) 3-8

CereBast MoJienb (ceTeBOi rpauk) CTpOUTENBCTBA JOMA JlaHa Ha puc. 2.2.

Pucynok 2.2 - CeteBoii Tpayik CTPOUTEIILCTBA

JIBe paboThl, COOTBETCTBYIOIIUE Nyre 4-8, mapauielbHbl, UX MOXHO JTHOO 3aMEHHTH
OJIHOW, TPEJCTABISAIONICH COBMECTHYIO oOmepainuio (MOHTaX DJJIEKTPONMPOBOIKH W HACTHII
KPBIIIIK) C HOBOW OMeparueil ATUTENbHOCThI0 3+5=8, 1100 BBECTH Ha OJHOU Ayre PUKTUBHOE
coObITHE.

JIMHrBUCTHYECKHE MOAETH

MO,Z[GJ'H) HA3bIBACTCSA ${3BIKOBOI>'I, HHHFBHCTquCKOﬁ, €CJIM OHa Hpe)ICTaBJ'IeHa HGKOTOpBIM
JUHTBUCTUYECKUM O0BEKTOM, (hOPMAaTU30BAHHOM S3BIKOBOM CHCTEMOM MU CTPYKTYPOH.

I/IHOFJIa TAKHUC MOACIN HA3BIBAKOT Bep6aJ'H>HI)IMI/I, CHUHTAKCUYCCKNUMMU.

Hamnpumep, npasuna 10p0KHOIO ABUKECHUS - A3bIKOBas, CTPYKTYPHAsi MOJEIIb IBUKCHUS
TPaHCHOPTA U MENMIEX0I0B Ha JOPOrax.
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BusyaJjbHble, HATYPHBIE, FeOMETPUYECKHE MOIeIH

Mognens Bu3yanbHas, €CIM OHAa IIO3BOJIIET BU3YAJIM3UPOBaTb OTHOLICHWS W CBS3U
MOJIEIIUPYEMOI CUCTEMBI, OCOOCHHO B TUHAMUKE.

Hanpumep, Ha 3KpaHe KOMIIBIOTEPA Y4aCTO IMOJIB3YIOTCS BU3YaJIbHONW MOJEIBIO TOTO WIIH
UHOTO OOBEKTA.

Mogenp HaTypHasi, €CJIM OHA €CTh MaTepHalibHasi KOIUS 00bEKTa MOAEIUPOBAHNUS.

Hanpuwmep, rio0yc - HarypHas reorpaduieckas MoJeslb 3eMHOTO Iapa.

Mogene reomerpudeckas, rpapuueckas, €cild OHa IpeJCTaBUMa I'e€OMETPUYECKHUMHU
o0Opa3aMu 1 0ObEKTaMH.

Hanpumep, MakeT noma sBISIETCS HATYPHOM I'€OMETPUYECKON MOJEIBIO CTPOSAILETrOCs
JomMa. BrimcaHHBI B OKPY)KHOCTb MHOTOYTOJIBHUK JA€T MOJEIb OKPYKHOCTH. MIMeHHO OHa
UCIIOJIb3YeTCsl IPU U300pa’keHUH OKPYKHOCTH Ha 3KpaHe KoMnbroTepa. [Ipsimas nuHus aBiseTcs
MOJIENIBIO YHCIOBOM OCH, a IMIIOCKOCTh YaCcTO M300paXkaeTcs, Kak MapajjiesorpaMm.

Cucrema KJIeTOYHBIX ABTOMATOB

Mopenp KII€TOYHO-aBTOMATHAsA, €CJIM OHA IPEACTABMMAa KJIETOYHBIM aBTOMAaTOM WU
CUCTEMOM KJIETOYHBIX aBTOMATOB.

Knerounbrii aBTOMAT - JAWMCKpPETHAsh IWHAMHYECKash CHUCTEMa, aHAIOT (hU3UIECKOTO
(HenpepbiBHOrO) moss. KierouHo-aBTOMaTHas I€OMETpHsl - aHAJIOI €BKJIMIOBOH T'€OMETPHH.
Henenumelil 351eMEHT €BKIMIOBOM T€OMETPUM - TOYKA, HA OCHOBE €€ CTPOSITCA OTPE3KH,
IpsIMBbIE, INIOCKOCTHU U T.J.

Henenumelii 251eMEHT KJIETOYHO-aBTOMATHOI'O MOJSA - KJIETKA, HA OCHOBE €€ CTPOSTCS
KJacTepbl KJIETOK U Pa3IuyHble KOH(UIypallMM KIETOYHBIX CTpYKTyp. IlpencraBnsercs
KJIETOYHBI aBTOMAaT paBHOMEPHOU CEeThIO KJIETOK ("'stueek") 3Toro mnosis. DBOJIOLHUS KIETOUYHOTO
aBTOMAaTa Pa3BOPAaYMBACTCS B IUCKPETHOM IIPOCTPAHCTBE - KIETOYHOM IIOJIE.

CMeHa COCTOSIHMM B KJIETOYHO-aBTOMAaTHOM II0JIE IPOUCXOJUT OJHOBPEMEHHO U
napajuieIbHO, a BpeMs HIET JUCKPEeTHO. HecMOTps Ha KaKyIIyroCs MPOCTOTY UX IOCTPOECHUS,
KJIETOYHBIE aBTOMAaThl MOTYT JE€MOHCTPUPOBaTh pPa3HOOOpPAa3HOE U CJOKHOE TOBEIEHUE
00BEKTOB, CUCTEM.

B mnocnegnee BpeMs OHHM INIMPOKO MCHOJB3YIOTCS IPU MOJEIUPOBAHUU HE TOJIBKO
(bU3NUECKUX, HO U COL[MATIbHO-?)KOHOMUYECKHX MPOLIECCOB.

@pakTajJbHbIe MOAEIH

Mogens Ha3biBaeTcs (hpakTaJbHOW, €CIM OHAa ONKCBHIBAET SBOJIIOLUIO MOJEIUPYEMOM
CUCTEMBI 3BOJIIOLIMEN (PpaKTaIbHBIX OOBEKTOB.

Ecnu ¢usnyeckuit 00BEKT OAHOPOAHBIM (CIUIONIHOMN), T.€. B HEM HET IOJIOCTEH, TO
MO>HO CYMTaTh, YTO €ro IUIOTHOCTh HE 3aBUCUT OT pa3Mepa. Hampumep, npu yBenmyeHuun
napamerpa oobekTa R 0 2R Macca o6bekTa yBenuuutes B R? pas, ecinu 06bekT - kpyr u B R3
pa3, eciu OOBEKT - HIap, T.e. CYILECTBYET CBA3b Macchl M JuMHBL [lycTh n - pa3MepHOCTb
npoctpancTBa. OOBEKT, Yy KOTOPOro Macca 1 pa3Mep CBs3aHbl, HasbiBaeTcs "KoMmakTHeIM". Ero
IUIOTHOCTh MOKHO PAacCUUTATh 10 (hopMmyie:

Ecmu 06bekT (cuctema) yaosneTsopseT cootHomenuio M(R) ~ R™), rre f(n) < n, To
Takol 0OBEKT Ha3bIBaeTCs (PpaKkTaIbHBIM.

Ero miotHOCTh He OyAeT OAMHAKOBOM Ui BceX 3HaueHWi R, To oHa Macmtabupyercs
corjacHo opmyie:

()~ ME) _ prors
£

Tak xak f(n) - n < 0 mo ompeaeneHuto, TO IUIOTHOCTh (pPaKTaIbHOTO OOBEKTa
yMEHbIIAETCSl € yBeaudeHueM pasmepa R, a p(R) sBasercs KoIM4eCTBEHHOM Mepoi
pa3psHKEHHOCTH 00BEKTA.
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[Tpumep ¢paxTampHON Mozenu - MHoOxecTBO Kanrtopa. Paccmorpum otpesok [0;1].
Paznenum ero Ha 3 yacTu W BBIOpOCHMM cpelHMI OTpe3oK. OcraBimecs 2 MPOMEXYTKa OMSATh
pa3fenuM Ha TPU YacTU M BBIKMHEM CpEAHME NPOMEXYTKH U T.A. llomyuum MHOXecTBO,
Ha3biBaeMoe MHOXecTBoM Kantopa. B rmpenene rmosnydaeM HECUETHOE MHOKECTBO
W30JIMPOBaHHBIX TOYEK.

] ————-—]
0 1/9 29 173 273 79 89 I

Pucynok 2.3 - MuoxectBo Kanropa amns 3-x genenuit

ITocTanoBKa 3a1a4u K J1adDopaTopHOi padoTe 2

1. U3yunTs npearaeMplii TEOPETUUECKUIM MaTepHall.

2. IIpu noctpoenun rpadukoB 3aaiiTe (MI3MEHHUTE) CICAYIOIINE MapaMeTPhl I 00JIacTH
MOCTPOCHHS:

- KOOpAMHATHBIE OCH;

- BBIBO/J] CETKH (M3MEHUB KOJIMYECTBO JEIICHUH 11O OCSIM);

- LBET U TOJILUHY JIMHUY rpaduka;

- 3ar0JIOBOK Tpaduka.

3. IlonpoOyiiTe M3MEHUTh TUN JUHUM (CIUIOLIHAS, MYHKTUPHAs, IUTPUXITYHKTHpHA,
JIMHUS C MapKepamH).

4. YcTaHOBHTE jKeIaeMblii pa3mMep 00J1aCTH OCTPOCHHUS.

5. B 3aganuu 3 kopau ypaBHeHus f (x) = 0 HaiimuTe ¢ moMompo QyHkmun root(f(x), x).
B 3aganum 4 npu HaXxOXIEHUM HyJled MPOU3BOJHON MCIONB3yHTe (QYHKLUIO root B Gopmare
root(f(x), X, a, b). BriOmpaiiTe TpPOMEXYTKM H3MEHEHHs HE3aBUCHMOW NEPEMEHHOH mpu
HOCTPOCHUU I'paMKOB TaKUM 00pa3oM, 4TOOBI YETKO BUJETh HAIWYHME HYJEH aHalIu3upyeMbIX
(GyHKIHIA.

6. Opopmisis pereHue 3afaHus S5, 3aaiiTe NEPEeMEHHYIO IMana3oHa X TakuM 0o0pas3oM,
YTOOBI TIPM W3MEHEHHWW 3HA4YeHUs aOCIUCCHl TOYKH KacaHus X0 TPOMEXYTOK, Ha KOTOPOM
cTpouTcs rpauK, aBTOMaTHUYECKH U3MEHSJICS TaK, YTOOBI OH cojepall 3alaHHoe 3HaueHue x0.
Ha rpaduke Touky kacaHusi TOMETHTE MapKEepPOM.

7. B 3agaHumn 6 HaliquTe KOOPAMHATHI TOYEK MEPeceueHus C MOMOIIbIO OJloKa pereHu
Given-Find.

8. Opopmuts otyer mo nabopaTopHoil pabote. IlpeacraBuTh oTdeT Mo 1abOpPaTOPHOIM
paboTe 1S 3alTUTHI.

BapuaHThl HHAUBUAYAIBHBIX 321aHUI

B cooTBercTBHU C MOTYYEHHBIM 33JJaHUEM C(POPMHUPOBATH PELIEHUE U AaTh €r0 ONHMCAHNE
CO CKpMHIIOTAaMH BBIIIOJHEHHBIX JEHCTBUM.

3anana pynkuus f(X) u3 Tadm.2.2.

1. IToctpoiite TabnuIily 3HaYCHUH (YHKUMHU JUIS YKa3aHHOTO JMANa3oHa X C 3aJlaHHBIM
IIarOM U3MEHEHUs OpAMHATHI (Ta0J1.2.2).

Tabmuma 2.2 — [Toctpoenue TabnuIbl 3HaYCHUH (QYHKITUU HA TUATIa30HE

Ne Oyukiws f(X) Juama3oH X [ar u3mMeHeHus X
1 flx)=x"—x"—6x+3 [-1: 2] h=0,5.

2 fix)=x"-5x"+x+4. [-2:3] h=1.5

3 flx)=x"—5x" —2x+18. [-2:-1] h=0,25.

4 flx)=—2x"—4x" —x+2. [-3:0] h=0,5.
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5 Flx)=—x"+52" —x-7. [-1:2 h=06.
6 f(x)=x"+x" —16x—18. [—4:-1] h=04.
7 fix)=x"+6x" —x—25, [-3:-1] h=0.35.
8 fix)=—x"-5x"—2x+6. [-3:-1] h=03.
9 flx)=—x' —4x’ —x+4. [-1; 2] h=0.6.
10 | flx)=—x —4x +11x+25. [-2: 2] =07,

2. Iloctpoiite rpadguk GyHKIUU U3 TAOIUIBI 2.2, BEIOpaB A PEKTUBHBIN THAa30H.

3. Haiigure Bce 3Hauenus, mpu kotopbix f(X)=0.

4. HaliuTe TOYKH dKCTpeMyMa (DYHKITUU ¥ 3HaYeHUE (YHKITUHU B 3TUX TOYKAX.

5. 3anaBas 3HauCHHE MEPEMEHHON @, MOCTPOMTE KacaTeJbHYI K Tpapuky (QYHKIHH B
TOYKE C abcuuccon X=a.

6. Haiimute Bce TOYKHM TMepecedeHuss Tpaduka (QYHKIUM C JIMHUCH, 3aJaBacMoi
ypaBHEHHUEM U3 TaOIUIGI 2.3.

Tabnumna 2.3 — [loctpoenue nepeceuenus: GyHKIUU C TUHUEH

Ne Oyuknus f(X) VYpaBHEHHE JIHHUN
1 _,F'{.t‘]=.1's—.r‘! —bhr+3 [_1'—I‘,|:+_'r1 =4,

2 flx)=x"—5x"+x+4. X+ p7 =8,

3 flx)=x"—5x" —2x+18 ¥ —5x" =38

4 flx)=—-x"—d4x"—x+2. 16x% =12 =1

5 f(x)=—x +5x" —x-7. v —20x° =10

6 fix)=x"+x" -16x—18. x—2) +y° =30

7 fix)=x" +6x° —x—25, v _ 302 = 40

8 flx)=—x —5x"—2x+6. 3042 =10

9 flx)=—x" —d4x’ —x+4 Ax+1) +y* =9.
10 fix)=—x" —4x" +11x+25. S(x—2) +1° = 106.

Conep:xaHue oT4yera

Ilo BBITTOTHEHHOM pa60Te cocTtapisgeTcs oTrdeT. OTYeT BBIIOIHICTCSA B OJICKTPOHHOM

Buze. [1o BeIMOTHEHHOMY OTYETY MTPOBOAMTCS 3alUTa 1a00paTOpHOMl paboTHI.
Otuer mo nabGopaTopHOW pPabOTE€ MAOKEH COCTOSTh W3 CIHENYIOIIUX CTPYKTYPHBIX

JJIEMEHTOB:
- TUTYJIbHBIN JIUCT;
- BBOJIHAs 4acCTh;

- OCHOBHAs 4acCTh: ONMCaHNE PabOThI, BKIIOYAIOIIEE CKPUHIIIOTHI ACHCTBU;

- 3aKJTF0YCHHE (BBIBOIBI).

BBOI[HEI?I YacCTb OTYCTA JOJIKHA BKIIFOYATh ITYHKTBI:
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- YCJIOBHE 3a]1a4H;

- IOPAZOK BBIIIOJIHEHHUS.

- IPOrpaMMHO-aINapaTHBIE CPEJICTBA, UCIIOIB3yEMbIEC IPU BHIOJIHEHHH PAOOTHI.

3ammuTa oTyeTa 1o JabopaTopHOi paboTe 3aKIII0YaeTCs B IPEIbSIBICHUH PENOAABATEINIO
MOJYYEHHBIX PE3yJIbTaToOB B BUjAE (ailyia M JEMOHCTPAIMH MOJYyYCHHBIX HABBIKOB IPH OTBETAX
Ha BOIIPOCHI IIPETOJaBATEIIs.

KOHTpOJIbHLIe BOIIPOCHI

1. Yro Takoe 3KCIepuMEHTaIbHbIE HCCIICIOBAHUS U C KaKOW IEJIbI0 OHH IMPOBOISTCS?

2. JlaiiTe onpezeneHre MaTeMaTHYECKOW MOJIEITH.

3. OxapakTepusyiTe 3Tarbl MATeMaTHYECKOTO0 MOJICTUPOBAHHMS.

4. Yto siBasieTcss pabOYrM MHCTPYMEHTOM CTaTHYECKOTo aHan3a?

5. [laliTe onpeneneHre CTAaTUCTUIECKON TUITOTE3bI?

6. Kakue ommOKy BCTpedaroTcs MpH BHIOOPOYHOM HAOIIOACHUN?

7. Ilepeunciiute OCHOBHBIC IIPAaBUIJIA, KOTOPHIE JTOJDKHBI BBIMOIHATHCS TPH MPOBEICHUH
CTaTUCTHYCCKUX HAOJIIOICHHI.

8. Uto Takoe KOppesiHoHHas CBSI3b?

9. OxapakTepu3yiTe METOIbI BHISIBIICHUS KOPPEISIIMOHHON CBSI3H.

10. OnumuTe BUIBI MOJACITUPOBAHUS.

JlabopaTopHas padora 3. O0padoTKka JaHHBIX B HHKEHEPHBIX pacyeTax

Lenpb pabotel: HayunThCs HCIIONIB30BaTh MATEMATUYECKHE U CTATUCTHYCCKUE (PYHKIIUU B
cucreme MathCAD.

OcHoBBI TEOpHUU
OcHoOBHBIE CBOMCTBA MO/I€JIM U MOJeJIMPOBAHUS

['panuibl MeXy MOAENSIMU Pa3IMYHOrO BHJIa BEChbMa YCIOBHBI. MO>XHO TOBOPHUTH O
pPa3IUYHBIX pEeXUMaxX HCIOJIB30BaHUS MOJENEH - UMHUTAMOHHOM, CTOXaCTHYECKOM,
JUHAMHUYECKOM, JETEPMUHUPOBAHHOM U JP.

Kak mpaBuno, monens Bkiodaer B cedsi: o0bekT O, cyObekT A (He 00s3aTeNbHO) ,
3aaauy Z, pecypceol B, cpeny monenupoBanusi C.

Mopenbs MOXHO npeacTaBuTh GpopmaisHo B Buge: M =<0, A, Z, B, C >,

OCHOBHBIE CBOICTBA JII000I MOJEIN:

1. [leneHnanpaBiI€HHOCTh - MOJIETb BCETJa OTOOpakaeT HEKOTOPYIO CUCTEMY, T.€. UMEET
[eJIb TAKOTO OTOOPaKEHHUS;

2. KoHeyHOCTh - MoOJETh OTOOpakaeT OpPUTHHAN JIMIIh B KOHEYHOM YHCIIE €ro
OTHOILIEHUW U PECYPCHI MOJETUPOBAHNS KOHEUHBIL;

3. YIpomieHHOCTh - MOJICNTb OTOOPaKaeT TOJIBKO CYIIECTBEHHBIE CTOPOHBI O0OBEKTa M OHA
JOJKHA OBITH MPOCTA /ISl UCCIIEOBAHUS WU BOCIIPOU3BEACHNUS,

4. HarnsimHOCTH, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB M OTHOIICHHIA;

5. JIOCTYMHOCTh W TEXHOJIOTHYHOCTb ISl UCCIIEIOBAHUS WIIM BOCTIPOU3BEICHHUS;

6. MadopMaTHBHOCTh - MOJIENb JOJDKHA COJACpXaTh JAOCTATOYHYIO HHQPOPMAITUIO O
cuctemMe (B paMKax THUIOTE3, NPUHATHIX MPU TOCTPOCHHH MOJIENH) M JOJDKHA JaBaTh
BO3MOKHOCTH TIOJIy9aTh HOBYIO HH(OPMAIIHIO;

7. IlomHoTa - B MOJAENW JOJKHBI OBITH YYTEHBI BCE OCHOBHBIC CBS3M U OTHOIICHUS,
HEO0OXOUMBIE 711 00ECTICUEHUS 1IeTTH MOICTUPOBAHUS;

8. YopaBnseMocTh - MOJeib JOJDKHA UMETh XOTS Obl OAWH MapameTp, M3MEHEHUSMU
KOTOPOT'O MOXXHO HMUTHPOBATH MMOBE/ICHUE MOACIUPYEMOM CUCTEMBI B PA3JINYHBIX YCIOBHUSX.

7KM3HeHHBbIH IHMKJ MOJACTHPYEMOH CHCTEMBI

JKW3HEHHBIN [IUKII MOJIETTUPYEMOI CUCTEMBI COCTOUT U3 CIEAYIONIUX ITAIOB:

1. Coop wunbpopmanuu 00 O0OBEKTE, BBIABMKCHHE THUIOTE3, MPEABAPUTEIBHBIN
MOJCIBbHBIA aHAIN3;

17



2. IlpoekTupoBaHue CTPYKTYpBI U COCTaBa Mojieliel (mmoaMoenei);

3. [loctpoenue crenupukanuii Mojenu, pa3padoTka U OTIaAKa OTJEIbHBIX MOAMO/IEIEH,
cOopka MoJieNu B 1IeTIOM, HIeHTH(PHKALKS (€CTH 3TO HY)KHO) TapaMEeTPOB MOJIEIICH;

4. UccnenoBanue Mojeiau - BBIOOpP MeETOJa HCCIENOBaHHS U pa3paboTka ajaropurMa
(mporpammbl) MOJEIMPOBAHNUS;

5. UccnenoBanue ajeKBaTHOCTH, YCTOMYUBOCTH, UyBCTBUTEIILHOCTH MOEIIH;

6. OnieHKa CpecTB MOJICITUPOBAHHUS (3aTPAYCHHBIX PECYPCOB);

7. UnTepnipetanysi, aHaau3 pe3ylbTaTOB MOJEIMPOBAHUS U YCTAaHOBJICHHE HEKOTOPBIX
NPUYMHHO-CJICICTBEHHBIX CBSI3€H B HCCIIEyeMOW CUCTEME;

8. 'enepatiyisi OTYETOB U MPOECKTHBIX (HAPOJHO-XO35IICTBEHHBIX) PELLICHUI;

9. YTounenue, MoauduKaIys MOICIH, €CIIM 3TO HEOOXOAUMO, ¥ BO3BPAT K UCCIICTyeMOI
CUCTEME C HOBBIMU 3HAHUSMU, IOTYYEHHBIMHU C IIOMOILIBIO MOJAEIN U MOJIEIIMPOBAHHUS.

MojaenupoBaHue KaKk MeTO/l CHCTEMHOI0 aHAJIN3a

Yacto B CHCTEMHOM aHalM3€ IIPH MOJECIBHOM TIOAXOJC HCCICIOBAHUS MOXKET
COBEpIIATHCS OJJHA METOMYECKast ONIMOKa, a UMEHHO, - TOCTPOCHUE KOPPEKTHBIX U aJICKBATHBIX
Mojienielt (MmoaMoIesiell) MOJICUCTEM CHCTEMbl M HMX JIOTHYECKHM KOPPEKTHAas YBs3Ka HE JIaeT
rapaHTUH KOPPEKTHOCTH TTOCTPOSHHOM TaKHM CITOCOOOM MOJICTH BCEH CHCTEMBI.

Mogpenb, moctpoeHHas 0Oe3 ydera CBs3ed CHUCTEMBI CO CPEIOH, MOXKET  CIY)KUTh
MOJTBEPKICHUEM TeopeMbl ['eensi, a TouHee, ee CIICACTBUS, YTBEPKIAIOMIET0, YTO B CIIOKHON
U30JIMPOBAHHOM CHCTEME MOTYT CYIIECTBOBATh UCTHHBI U BBIBOJIBI, KOPPEKTHBIC B ATOW CUCTEME
¥ HEKOPPEKTHBIC BHE €€.

Hayka momenupoBaHHs COCTOMT B pa3[elICHUH MpoIecca MOICITUPOBaHHS (CHCTEMBI,
MOJICJI) Ha JTambl (MOJCHUCTEMBI, MOJMOJECIH), JETATBPHOM W3YYCHHU KaXKJIOro JTara,
B3aMMOOTHOIICHUH, CBSI3€i, OTHOIICHUH MEXKIY HUMH H 3aTeM 3(P(GEKTUBHOTO OIMHUCAHUS MX C
MaKCHMaJIbHO BO3MOXHON CTCTICHBIO (POPMATH3AIMH U aJCKBATHOCTH.

B cnydae HapymieHuss STUX TpaBUl TOJIydaeM HE MOJENb CHCTEMBI, a MOJEeNb
"CcOOCTBEHHBIX U HEMOJIHBIX 3HAHMI".

MonenupoBanue paccMaTpuBaeTcs, Kak ocodas (hoopMa SKCIIepUMEHTa, SKCIIEPUMEHTA HE
HaJ CaMUM OpPWUTHHAJIOM, T.€. TMPOCTHIM WM OOBIYHBIM AKCIIEPUMEHTOM, a HaJ KOIUeH
OpUTHHAlA. 371eCh BasKeH U30MOP(HU3M CUCTEM OPUTUHATIHLHONU U MOJIEIBHOM.

N3omMopdu3m - paBeHCTBO, OJMHAKOBOCTH, TIOJJO0HE.

Monenu u MOIETUPOBAaHUE MPUMEHSIOTCS IO OCHOBHBIM HAIPaBICHHIM:

- B 00y4CHHH, B TTIO3HAHUH U Pa3pabOTKe TCOPUH HCCIICTYEMBIX CHCTEM;

- B IPOTHO3UPOBAHUY (BBIXOTHBIX JaHHBIX, CUTYaI[il, COCTOSIHUN CUCTEMBI);

- B YIpaBIICHUH (CHCTEMOM B IIEJIOM, OT/JICITBHBIMU €€ MTOJICHCTEMAaMH ),

- B aBTOMATHU3aIMH (CUCTEMBI WJIH €€ OTACIBHBIX TOJICHCTEM).

Kunacenpukanusi BUA0B MOeTHPOBAHUSA

Momemmpozarate

$reicecioe Mammaneeaoe

Axamrirecoe Konomsomeproe

/
Usenermos
™~

Crrarsorreecnoe

g

Hrerrarpo e

Pucynoxk 3.1 - Knaccudukanus BuoB MoJeTUpOBaHUS
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ITpu puznueckoM MOAETMPOBAHUU HCIOJNB3YETCS caMa CHCTEeMa, JIMOO mojo0Has el B
BUJIE MaKeTa, HAIIpUMep, JIETaTeNIbHBIH anmapar B a3poAMHAMHUECKOH TpyOe.

MareMaTHueCKOe MOJICIMPOBAHUE €CTh MPOIECC YCTAaHOBICHHUS COOTBETCTBUS PEabHOM
cucteMe S MaTeMaTuyeckoil Mojenu M u ucciae0BaHue dTOW MOJEIH, TI03BOJISIONIEE OTYyYUTh
XapaKTEPUCTHKHU PEATbHON CHCTEMBI.

[Ipy aHanTUTHYECKOM MOJEIMPOBAHUM MPOLECChl (PYHKIIMOHUPOBAHUSA 3JIEMEHTOB
3aMKUCHIBAIOTCS B BHUJIE MAaTEMaTHYECKHX COOTHONICHUN (aireOpanveckux, WHTETPAIbHBIX,
nuddepeHIaIbHBIX, TIOTUYECKHUX U Ip.).

AHanuTHueckas MOJIEIb MOXKET ObITh UCCIIEI0BaHA METOAMU:

- aHAJIUTUYECKUMHU (YCTaHABIIMBAIOTCS SIBHBIE 3aBHCHUMOCTH, IMOJIY4alOTCS, B OCHOBHOM,
AQHAINTUYECKUE PELICHHUS);

- YUCJICHHBIMH (TTOJy4YaroTCs MPUOIMKCHHBIC PEIICHMS );

KomnbroTepHoe mMaTeMaTH4ecKOe MOAETHpOBaHUE (HOPMYIHPYETCS B BHJE ITOPHUTMA
(mporpammbl  anss OBM), dYro mMO3BOJNSET MPOBOAUTH HAJ MOEIBIO BBIYMCIUTEIbHbIC
IKCTIEPUMEHTHI.

UucneHHOEe MOJIETTUPOBAHUE HCIIONB3YeT METOAbl BEIUMCIUTEIbHOM MaTeMaTHKU.

CratucTudeckoe MOJICIIUPOBAHUE UCIOIB3YET OOpaOOTKY JAHHBIX O CHCTEME C LENbIO
MOJIyYEHUS] CTATUCTUYECKUX XaPAKTEPUCTUK CUCTEMBI.

Nmuranmonnoe MopenupoBaHue  BOCHpou3BoauT Ha OBM (umutupyer) mporiecc
(GYHKIIMOHUPOBAHUSI  UCCIEAYEeMOM CHCTEMbI, COOMIOJas JIOTUYECKYId) M BPEMEHHYIO
MOCJIEIOBATEIBHOCTD MPOTEKAHMs TPOIIECCOB, YTO MO3BOJSIET y3HATh JAHHBIE O COCTOSIHUU
CUCTEMBI I OTIEIBHBIX €€ DJIIEMEHTOB B OIpe/IeJICHHbIE MOMEHTHI BpEMEHHU.

[IpumeHeHre MaTEeMaTHYECKOTO MOJEIMPOBAHUS TO3BOJSIET HCCIEAOBATh OOBEKTHI,
pealibHbIe SKCIIEPUMEHTBHI Ha/l KOTOPBIMH 3aTPYIHEHBI HIIK HEBO3MOKHBI.

OkoHOMUYECKHH >(PPEeKT mpu MaTeMaTHUECKOM MOJCITUPOBAHUHA COCTOUT B TOM, YTO
3aTpaThl HA MPOEKTUPOBAHUE CHCTEM B CpelHEM cokpararoTes B 50 pas.

Mathcad — cucrema KOMNBIOTEPHOIT aaTredphI

Mathcad — cucrema KOMITBIOTEPHOI anredphl U3 Kilacca CHCTEM aBTOMATH3HPOBAHHOTO
NPOCKTHPOBAHUS, OPHUEHTUPOBAHHAS Ha IMOJrOTOBKY HWHTEPAKTHBHBIX JIOKYMEHTOB C
BBIYUCIICHUSIMU ¥ BHU3YaJIbHBIM COIIPOBOKIACHUEM, OTIMYACTCS JIETKOCTBIO HCIIOJIB30BAHUS U
NPUMEHEHHS ISl KOJUIEKTUBHOM PaOOTHI.

HIupokuii nuTepec k cucteme Mathcad mpuBen k Tomy, uro B Poccum HakoHel-TO
NOSIBUWINCH KHUTH IO OTAeNbHBIM BepcusiM. Cucrema Mathcad Obi1a co3znana B 80-x rojgax B
yausepcurete Crangpopaa (CLIA).

Cospemennbie Bepcun ais [IK rorosut ¢pupma MathSoft Application. JlocrouncTBO —
IIPOrpaMMUPOBAHUE Ha S3bIKE MaTEMATUKU. DTO YHUBEPCAIbHbIM MaTeMaTH4ecKuii HHTepdeiic:

- Ectb MomHas momnepxka rpadukm.

- Bo3aMoskeH uMmnopt rpaduku U3 APyrux mporpaMmm.

- Bonbiioe konMyecTBO BCTPOEHHBIX MaTEMaTUYECKUX QYHKIMH (COTHN).

- BerpoeHHble clipaBOYHUKH MO TPEMETHBIM 00J1aCTSIM.

- Bo3moxHa aHumanus.

- CUMBOJIbHAsI MaTeMaTHKa.

Henocrarkn:

- DTO UHTEPIIPETATOP.

- Bo3aMosxHOCTH TIPOTpaMMHUPOBaHHS OTPAHUICHEI.

Cuctembl Mathcad monb3yloTCsi OTpOMHOI MOMYJISIPHOCTBIO BO BCEM MHUpe Oiaroaaps
yIIOOHBIM CPEJICTBAM MOJTOTOBKH IOKYMEHTOB, IMEIOIINX BUJ OOBIYHBIX CTATEH MM KHUT. B TO
e BpeMsl OKasbIBaeTCs, YTO TH CPEACTBA BIIOJIHE JOCTATOYHBI JJIsl PELICHUs IMOAABISIONIETO
OOJIBPITMHCTBA 33/1a4 110 MaTeMaTHKe, GU3UKU U PYTUX HATIPABICHUN HAYKU U TEXHUKH.

Mathcad siBnsercss MareMaTuyecK OPUEHTHPOBAHHBIMU YHHMBEPCAJIbHBIMH CHCTEMaMHU.
[ToMmuMO COOCTBEHHO BBIYHMCICHHM OHHM TIO3BOJISIIOT pemiath opopMuTenbckue 3amadu. OHu
MO3BOJISIIOT TOTOBUTH CTAaThU, KHUTH, AUCCEPTAIMH, HAYYHbIE OTYETHI, AUIJIOMHBIE U KYPCOBBIE
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IPOEKTHl C JOCTYIMHBIM HAaOOPOM CaMbIX CJIOXHBIX MaTeMaTHYeCKUX (POpMyN M HU3BICKAHHBIM
rpaduuecKuM mpeICTaBICHUEM PE3yIbTaTOB.

C camoro mepBOro CBOEro MOSABICHHS CUCTeMbl kiacca Mathcad mmenu ymoOHBIHI
M0JIb30BATEILCKUN UHTEP(HENHC — COBOKYIMHOCTh CPEICTB OOIIEHHS C MOJIb30BAaTE]IeM B BHUIE
MacmTabupyeMbIX U MepeMeniaeMbIX OKOH, KHOMOK U MHBIX AJIEMEHTOB. Y 3TOH CHCTEMBI €CTh
3¢ exTrBHBIE CPENICTBA TUIIOBOW Hay4YHOU TpaduKu, OHU MPOCTHI B IPUMEHEHUN U UHTYUTUBHO
nouatHel. CroBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MacCOBOTO TOJB30BATENSA — OT
YUEHHUKAa Ha4aJIbHBIX KJIACCOB JI0 aKaJeMHUKA.

HecmoTpst Ha TO, 4TO 3Ta MporpamMma B OCHOBHOM OPHEHTHpPOBAHA Ha IOJIb30BaTeNeii-
HenporpammucToB, Mathcad Takke wHcmonb3yercs B CIOXKHBIX — IPOEKTaX, YTOOBI
BU3YAJIU3UPOBATh PE3yJIbTaThl MaTEMaTUYeCKOIO MOJICIIMPOBAHUS, IyTEM HCIIOJIb30BaHUSL
pacnpeiei€HHBIX BBIUMCICHUM U TPaJULMOHHBIX S3BIKOB MporpammupoBanus. Taxke Mathcad
YacTO HCIOJNB3YeTCS B KPYINHBIX HMHXKEHEPHBIX MPOEKTaX, I/e OO0JbIIOe 3HAaUCHHE UMEET
TPacCUPYEMOCTh U COOTBETCTBUE CTAHIAPTAM.

Mathcad noctarodno yao0HO UCIIONB30BaTh JJIs1 OOYYEHUs, BBIYUCICHUN W MHKEHEPHBIX
pacuetoB.  OTKpbITass  apxXUTEKTypa IPWIOKEHHS B  COYETAHHU C  MOIJEPKKOM
texnosioruit NET u XML 1o3BosistoT JIerko HHTErpUpOBaTh MPUIIOKEHHE.

Paccmotpum Hanbosiee yacto nmpumeHsiemble QYHKIUU AJS CTATUCTUYECKUX PACUETOB,
KOTOPBIE BCTPOEHBI B IPOTPaMMYy.

@Oynknusa RND(X).

B craructuyeckux pacuerax MpU MOJCIHPOBAHHH PA3IUYHBIX (DU3MUECKHX IMPOIIECCOB
HMIMPOKO TpuMeHsiercss BcrpoenHas ¢Gynkius RND(X), uHHAIMATM3UPYIOIMIas TeHepaTop
CIIydaliHBIX YHCell. 37ech X 3amaéTcs KaK paHKMpOBaHHAsl IMEepeMEHHas M ONpeAessieT YHCIo
CIy4ailHbIX 4yucen. Hampumep, sl MOJNydeHUs AECATH CIy4alHBIX 4YHCEN CJIeNyeT 3aJaTh
uatepsan X = 0..9.

DOyHKIHHN aNNPOKCUMALUHA

Jlnia mpencraBieHust GU3MUECKUX 3aKOHOMEPHOCTEH, a TaKKe MpHU MPOBEACHUU HAyYHO-
TEXHUYECKHX PAcyeTOB HCIOJB3YIOTCS 3aBUCHMMOCTH Buaa Y(X), HO YHCIO TOYEK OTHX
3aBUCHUMOCTell orpaHudeHo. [Ipm 53ToM BO3HMKAaeT 3ajada MNPUOIMKEHHOTO BBIYMCIIECHUS
3HaYeHUH (YHKIMH B MPOMEXKYTKAaX MEXAY Y3JOBBIMH TOYKAMM W 3a UX Ipenenamu. Takas
3a/1aua pelraeTcs anmpoKCUMAIMe UCXOIHON 3aBUCHMOCTH, TO €CTh €€ MOJMEHON KaKol-In0o
JIOCTaTO4YHO TmpocToi (QyHknueir. B cucteme Mathcad mnpenocraBisieTcss BO3MOXKHOCTb
aNIpoOKCUMAllUU ABYMS TUIIAaMH (YHKIIMHA: KYCOUHO-JIMHEHHON U CIUIalfHOBOM.

IIpy KyCOUHO-TMHEHHOW UWHTEPIONSALMN BBIYUCIECHHSA JOINOJHUTENBHBIX  TOYEK
BBITIOJIHAIOTCS MO JIMHEWMHOW 3aBUCUMOCTH. TO €CTh, MpH JMHEHMHON aNmpOKCUMALIMU Y3JIOBBIE
TOYKH COEAMHAIOTCS OTpe3KaMH MPSAMBIX JMHUHA, JUISI Yero UCHoyb3yeTcs (QyHKIHS
Linterp(VX,VY X)— nunelinas uHtepnonsius, rae VX, VY— BeKTOpbl KOOPAWHAT Y3JIOBBIX
TOYEK, a X — 3aJaHHbI aprymeHT. [Ipum HeOONbIIOM YHCIE Y3JIOBBIX TOYEK JIMHEHHas
MHTEPIIONSIIMS  OKa3bIBa€TCsA JIOBOJBHO TpyOoil. Jlaxke mepBas mnpou3BoAHas (yHKIUS
annpoKCHMAllUU TIOJY4YaeTcsl ¢ Pe3KMMM CKauKaMM B Y3JIOBBIX Toukax. Iloaromy nmpumeHstoT
(GYHKIMIO CIUIaliH-annpakCUMallHH.

[Ipu crutaitH-anmpoKCcUMaluy UcXoHast (PYHKIMS 3aMEHSeTCsl OTpe3KaMH KyOW4ecKHX
MOJIMHOMOB, MPOXO/IAIIUX Yepe3 TPU CMEXHbIE y3i10Bble Toukd. Koadduuments sTol pyHkunu
pacCUUTHIBAIOTCS TAaKUM 00pa3oM, YTOOBI IiepBasi U BTOPast MPOU3BOIHBIE ObUIM HEMPEPHIBHBIMHU.
Jlunus, omnwMchIBaolas —CIUIaH-QYHKIMIO, HAroOMUHaeT 1o QopMme THOKYI JIHMHEWKY,
3aKpEIJIEHHYIO B Y3JI0BBIX TOYKaX.

ITaker Mathcad — cucremMa KOMIBIOTEPHOM anreOppl W3 Kiacca CHCTEM
ABTOMATHU3UPOBAHHOI'O MPOEKTUPOBAHUS IMOHATHUS SKCIIEPUMEHTA U MAaTEMaTUYECKOH MOJIEIH.

IlepeunciauM OCHOBHBIE BCTPOEHHBIE (YHKLHH, NPUMEHSAEMBbIE IS CTaTUCTUYECKOH
00pabOTKM JaHHBIX: CIUIaifHOBOM ammpokcuMmanuu (pspline, Ispline, interp), nuHelHHON
perpeccuu (corr, intercept, slope), momMHOMHAIEHON perpeccuu (regress), TMHEHHOW perpeccuu
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obmero Buaa (linfit), HemuHelinas perpeccust obmero Buna (genfit), GpyHKIMSA npeackazaHus
(predict). PaccMoTpyM JTHHEHHYIO HHTEPIIOJISALIMIO.

JIuHeilHasi HHTEePIOJISLUS

3D

T o= L2
= D = Ut Qo

Bekropnt nexoinix gamibix X u YA = csort( A, 0)

X =AU Y = AW f(z) = linterp(X,Y, z) f(2)=3 f(7)=6
CniiaiiHoBasi MHTEPIOJISA LU

S = espline(X,Y) fs(x) :=interp(S. X,Y,x)fs(2) =3 fs(7) = =2.067
Kak ™Mbl BUIMM, 3Ha4YeHUs TOYEK IpU JIMHEHHOW U CIUIAfHOBOW WHTEPMOJIALINN
pa3JInYHBI.

[Toctpoum rpaduku JUHEHHON M CIUIAHHOBOM HMHTEpHosaui. Jlns 3Toro 3amaercs
KOJIMYECTBO TOYEK U IIIar.

A (X)) —min(X
i:=0.length(X)—1 scale := 100 J = 0..scalex; = miu{X)—f—j-m”H ) — min{X)

scale

6 T : . .
5 ————— 5173
4 4
at
: ;i
Yi 3t ¢ . .
ooo Z‘?‘e’)
3 X
.fj(;?!;b_ g s oo bt 7
1+ o .
0,
0. 1 1 1 1 0 1 1 1 1
1 2 3 4 5 6 1 2 3 4 5 6
Xi,xj ds X, xj 6.

Pucynox 3.1 - JIuneitHas u crutaifHoBasi HHTEPIIOJSAIUN

IlocTanoBka 3a1aum K 1adopaTopHoii padore 3

1. U3yunTs npennaraeMplii TEOpETHUYECKUM MaTepHall.

2. BBIMOMHUTG JMHEHHYI0O W CIUIAWHOBYIO HMHTEpHOJAUMHU. VICXOIHbIE IaHHbBIE IS
BBITIOJTHEHHMS 3a7aHus | mpeacTasieHsl B Tadmuie 3.1.

3. IlocTpouts rpadmKu TUHEHHON U CIIJIAfHOBOW MHTEPIOJISILINY,

4. BbIOMHUTE HACTPOIMKY BUJa IpaUKOB C I€JIbI0 MaKCUMaIbHON MH(OPMAaTUBHOCTH,
OTpasuTh WIard IO HACTPOWKe IpaUKOB B CKPUHIIOTAX OTYETa, OOOCHOBATH BBIOpAaHHBIE
napaMmeTpsl opopmIIeHUs IpadUKOB.

5. IlocTpouth OTUET, BKIIOUYAIOMIMKA TpadUKU JTUHEWHOW M CIIAHHOBON MHTEPHOJIAINY,
ONKCaHNEe BbIOOpA KOJIMYECTBA TOYEK M IIara WHTEPIOJSIIMM, CKPUHIIOTHI XOJa BBITOJIHEHUS
paboThl, onMcaHue ACHCTBUN.

6. Opopmuts otyer mo nabopaTopHoil padote. [IpeacTaBuTh OTYET MO JTA0OPATOPHOM
paboTe /a7 3aIUTHI.
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BapuaHThl HHAUBUAYAJIBHBIX 3aJaHUM

B cooTtBercTBUM ¢ Tabnuieit 3.1 BBIMOJHUTH JUHEHHYIO U CIUTAMHOBYIO MHTEPIIOJISAINH,
NOCTPOUTh TpadUKU JIMHEHHOW W CIJTAHOBOW HMHTEPIIOJISALUM, BBIMOJHUTH HACTPOWKY BHIA
rpauKoB, CAeIaTh COOTBETCTBYIOINE CKPUHIIIOTHI.

Tabnuna 3.1 — MicxonHble JaHHBIE 1)1 PACUETOB

BapuanTsr | 1 _ _ 2 _ _ 3 _ _ 4_ _ 5 _ _ 6 _ _ 7 _ _

Hexommwe | [1 07 | [2 4 1 5] | 20 L 0] | [2 3 1 21 113

A 23| | 58] 11]63 3 5 350 | [4 6 3 4 | |4
161193l 24 tol {571 1168]] |56 5
85| | |14 |71 [81]]|[79]]||9o0]|[89]]]6

Conep:xkanue oTyera

[lo BbImoNHEHHOUW paboTe cocTaBisgerca OTYeT. OTYET BBINOJIHAETCS B AJIEKTPOHHOM
Buze. I1o BeIMOIHEHHOMY OTYETY ITPOBOAUTCS 3alllUTa 1a00paTOpHOM paboTHI.

Otuer mo sabopaTopHOW pPabOTE AOKEH COCTOSTh W3 CIEAYIOIIMX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBOJIHAs 4aCTh;

- OCHOBHAsl 4acThb (OMHCcaHue paboThl);

- 3aKJIIOYCHHE (BBIBOJIBI).

BBopHas yacTh oT4eTa TOJHKHA BKIIFOYATH ITYHKTHI:

- YCIIOBHE 3aJlauH;

- TOPSIOK BBITTOJIHEHHS.

- IPOrpaMMHO-aINapaTHbIE CPE/ICTBA, UCIOIb3yEMbIE IPU BBIITOJIHEHHH PAOOTHI.

3amuTa oT4YeTa 1o JiabopaTopHOW paboTe 3aKI0YaeTcs B IPEeIbsBICHUH MPEN0/1aBaTEeI0
NOJYYEHHBIX Pe3yJIbTaToOB B BUjE (ailia M JEMOHCTpAIMM MOJYyYEHHBIX HABBIKOB IPH OTBETAX
Ha BOIPOCHI MPENo1aBaTesl.

KonTposabHbIe BONPoCHI

1. IlepeuncnuTe 1OCTOMHCTBA U HEOCTaTKU cucteMbl Mathcad.

2. Ilepeuncnurte OCHOBHBIE (DYHKIIMHU, IPUMEHSEMBbIE B CTATUCTUYECKON 00paboTKe.

3. s gero npumensiercst pynkuus RND(X)?

4. B xakux ciaydasx NpUMEHSI0TCs GYHKINHU CIJIaiHOBOW anmpoKcuMauu?

5. UeM ornuuaercs (yHKIUS JMHEHHOM perpeccuu oT (yHKIMM JUHEHMHON perpeccuu
oOmero Buaa?

6. JlaiiTe ompesenieHue HETMHEHHOW perpeccuu o0mero sumaa?

7. Jlaiite onpeneneHre GyHKINHU MpeACcKa3aHus?

8. B kakux cimy4asx (QyHKIUS MpeacKa3aHUs MPUMEHSETCs, a B KaKUX NPHMEHEHHE ee
SBJISIETCS HelleJIecoo0pa3HbIM?

9. IlepeunciuTe OCHOBHBIE TEXHOJIOTHH KOMIIBIOTEPHOTO MOJCITUPOBAHHS.

10. [Tepeuncnanre HHCTPYMEHTHI KOMIIBIOTEPHOTO MOJEIINPOBAHMUSL.

JlaGoparopHas padora 4. Busyajau3zanusi HHKeHEPHbIX pacyeToB

]_IGJ'IL pa6OTBIZ Ilokazath MCTOA0JOTHUIO KOMHBIOTCpHOﬁ peaii3aliui MaTEMATUYCCKUX
BI)I‘-II/ICJ'IeHI/II\/lI, OPUMEHUB HUHCTPYMCEHTBI KOMIIBIOTCPHOT'O MOACIIMPOBAHUA.

OcHoBBI TECOPUH

MaremaTudeckoe MOJAEJUPOBAHME CJIOKHBIX CHCTEM
Bynem cumrtath, 4TO AJIEMEHT S €CTh HEKOTOPBIH OOBEKT, 000NN ONIPEACTICHHBIMU
CBOWCTBaMH, BHYTPEHHEE CTPOCHHE KOTOPOTO [JIsl IIeJIEM HMCCIEAOBAHMS HE WIPaeT pOJIH,

22



HarpuMep, caMoJjieT JJIsi MOACTHPOBAHHUS TI0JE€Ta — HE DJIEMEHT, a JJIsi MOACIHPOBAHUS PaOOTHI
a’ponopTa — HJIEMEHT.

Ces3p | Mexny ameMeHTaMH e€cTh NMPOLECC MX B3aUMOICWCTBHS, BRKHBIA Ui LENEH
UCCIICJOBAHMS.

Cucrema S — COBOKYIMHOCTH 3JIEMEHTOB €O CBs3sIMH | W 1iesibl0 (pyHKIIMOHUPOBAHUS
cucremsl F.

CnoxHast cucremMa — 3TO CHCTEMA, COCTOSIIAs W3 Pa3HOTUIHBIX JJIEMEHTOB C
Pa3HOTHUIIHBIMU CBSI3SMHU.

bonbiias cucrema — 3TO cucrema, cocTosuias M3 OONBIIOrO YMCIA OJHOTHUITHBIX
3JIEMEHTOB C OJHOTUIIHBIMH CBA35IMHU.

B o01iem Buze cucteMy MaTeMaTHUE€CKH MOXKHO IIPEICTaBUTh B BUJIE:

S =38, 7}

ABTOMaTI/I3I/Ip0BaHHaH CHUCTCMa SA €CTh CJIOKHas cucrema cC OHpe,Z[CJ'IﬂIOH_Ieﬁ POJIBIO
B3JIEMCHTOB JIBYX THIIOB: TCXHHUYCCKHX CPCACTB St M I[CflCTBI/IfI YEJIOBCKA SH:

S = Usehlsghisah i) F

3,[[60]: So - OCTAJIbHBIC 2JICMCHTBI CUCTEMBI.

JexoMno3unus cucreMbl. XapaKTepUCTUKH CHCTEMbI

JIeKOMIO3MILIMS CUCTEMBbI €CTh pa30uMeHHe  CHUCTEeMbl Ha 3JEMEHThl WIM TIPYIIIbI
DIIEMEHTOB C YKa3aHUEM CBSI3€H MEXIy HMMH, HEM3MEHHBIMH BO BpeMs (yHKIMOHHPOBAHUS
CHCTEMBI.

[IpakTHyeckn Bce CHCTEMBI PAacCMATPUBAIOTCS (QYHKIIMOHUPYIOIIMMH BO BPEMEHH,
[IO3TOMY OINPENEIUM UX JUHAMUYECKHE XaPaKTEPUCTUKH.

CocTosiHHE — 3TO MHOKECTBO XapaKTEPUCTUK 3JIEMEHTOB CUCTEMBbI, U3MEHSIOUIUXCSA BO
BPEMEHU U BaXXHBIX 1A 1IeJIel ee PyHKIMOHUPOBAHUSL.

[Ipouecc (quHaAMKKa) — 3TO MHOKECTBO 3HAYEHHUM COCTOSHUMN CHCTEMBI, U3MEHSIOLNXCS
BO BPEMEHHU.

[enb pyHKIMOHUPOBAaHUS €CTh 3ajaya IMOJIYUEHHUS MKEJIaeMOr0 COCTOSIHHSI CHCTEMBI.
JocTiwkenne 1end OOBIMHO BJEYET IEJICHANpPABICHHOE BMEIIATEJbCTBO B IpoOIece
(YHKIIMOHUPOBAHUSI CUCTEMBI, KOTOPOE HA3bIBAETCSI YIIPABICHUEM.

1. Pacuyer - onpeneneHue 3Ha4eHU MapaMeTpPOB CUCTEMBI.

2. AHanu3 — U3y4eHHe CBOMCTB (YHKIIMOHUPOBAHUS CUCTEMBI.

3. CuHTe3 — BBIOOP CTPYKTYpPHI M TAPaMETPOB 110 3a/1aHHBIM CBOMCTBAM CHUCTEMBI.

IMapamerpsl cucrembl. @a3oBasi TpaexkTopusi. PazoBoe NPOCTPAHCTBO

ITycte T = [to, t1] ecTh BpeMeHHOW HWHTEpBAal MOJACIHPOBAHUS CHCTEMbI S (HMHTEpBa
MOJICJIBHOTO BPEMEHH ).

[TocTpoeHne MOJENH HAYWHACTCS C ONPEICICHUS] MapaMeTpoB M IMEPEMEHHBIX,
ONPEENSIONINX MPOIECC PYHKIIMOHUPOBAHUS CHCTEMBI.

[TapameTpbl cuctembl  6,,6,,....0, - 3TO XapaKTEPUCTHKH CHCTEMBI, OCTAFOLIAECS

MIOCTOSTHHBIMHU Ha BceM mHTepBaje T.

IlepemeHnHbIe OBIBAIOT 3aBUCHMBbIE U HE3aBUCHMBIE.

He3aBucumble TiepeMeHHBIE €CTh, KaK MPaBHIIO, BXOJIHBIC BO3JCHCTBUS (B TOM YHUCIIE
YIPaBIISIOLINE)

u=ult) = @¢),..0, ) eV c B?

MMH MOTYT OBITh TaK)K€ BO3JICHCTBUS BHEITHEH CPEIbI.
[TocnenoBarenbHOCTh U3MEHEHUs X(t) TIpH

tistg sty
Ha3bIBaeTCs ()a30BOM TPACKTOPHEH CHCTEMBI,

Xxe X ,rae X — IPOCTPAHCTBO COCTOSIHUM WK (ha30BOE MPOCTPAHCTBO.
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ITocnenoBarenbHOCTh U3MEHEHUS Y(t) HaA3bIBAETCSI BBIXOJHOW TPAEKTOPHEW CUCTEMBI.
3aBHUCHUMBIE IEPEMEHHBIE €CTh BBIXO/IHBIE XapaKTEPUCTUKH (CUTHAJIBI)

y=r@)=€).y, ) ¥ c B™

MartemaTu4ecKkasi Mo/ieJib CHCTEMbI
OOmast cxema Maremarudeckod moxpenu (MM) (QyHKIMOHUPOBAHHSI CHUCTEMBI MOXET
OBITH MpeJICTaBICHA B BU/JIE, TOKA3aHHOM Ha puUcyHKe 4.1.

MHOX€ECTBO IEPEMEHHBIX {U,V, 0., Y} BMECTE C 3aKOHAMU (PYHKIIMOHUPOBAHUS
x({)=...;
y(@)=...

Ha3bIBACTCSI MaTeMaTHUYECKOM MOACIBIO CUCTCMBI.

vit)

o) : ¥t
8 x({)

Pucynox 4.1 — MaremaTuueckast MOACIIb CUCTEMbI

Ecnu t HEnpepBbIBHO, TO MOJIEIb HAa3bIBACTCS HENPEPBIBHOM, MHAYE — JUCKPETHOM:

E=i-4A,1=12,..)

Ecin Mozens He CONEPXKHUT  CIOy4yallHBIX  DJIEMEHTOB, TO OHAa  Ha3bIBAETCS
JIETEPMUHUPOBAHHOW, B IPOTUBHOM CIIy4ae — BEPOSTHOCTHOM, CTOXACTHYECKOM.

Ecin mMaremaTHdeckoe ONMCAaHME MOJEIN CIMIIKOM CJIOXHOE€ M YacTHYHO WIN
MOJIHOCTBIO HEONPEJIETIEHHO, TO B 3TOM CJIy4ae MCIOJIb3YIOTCS arperaTuBHbIE MOJIEIH.

CyIIHOCTh arperaTuBHOM MOJENIN 3aKJIH0YaeTcsl B pa3OMEHHM CUCTEMbl Ha KOHEYHOE
YHCIIO B3aMMOCBSA3aHHBIX YacTed (IOJCUCTEM), KaxkJas U3 KOTOPBIX JOMYCKAeT CTaHAapTHOE
MaTEMaTHYECKOE OMUCAHUE. DTH MOACUCTEMBI HAa3bIBAIOTCS arperaTraMy.

MonenpoBaHue CiIy4alHbIX 3JIEMEHTOB B CHCTEMax SBISETCS OJHOM M3 CaMbIX
0a30BbIX 33714 MaTEMaTUYECKOI'0 MOAETUPOBAHHUS.

Tunsl 6a30BBIX JaTYUKOB:

- pusznueckue (JOOON (u3Mueckuil mIym), B TOCIEIHEe BpeMs INPAKTUUYECKH  He
UCIOJIb3YIOTCS, T.K. XapaKTEPUCTUKU HECTAOMIIbHBI M pealin3aliiio OBTOPUTh HEJb3;

- ICEBJIOCTyYaliHbIE JaTYUKH.

TpebGoBanust kK 6a30BBIM JTaTUYNKAM:

OTpe30k anepuoIuIHOCTH.

PaBHOMEpHOCTS.

HexkoppenupoBaHHOCTE.

DYHKIUHN perpeccuu.

[Iupoko pacmpocTpaHeHHOW 3amayeil 0OpabOTKM JaHHBIX SIBISETCS MpPEJCTAaBICHHUE HX
COBOKYITHOCTH HekoTopoi ¢yHkiuer Y(X). Takoe mpeicTaBieHHe HAa3bIBACTCS PErpecCHe.
3amaua perpeccMM B TOM YTOOBI MOJYYUTh MapaMeTpbl (DYHKIMU TAaKHUMH, TPU KOTOPBIX
byHknus npubmkaer "oOrmako" MCXOOHBIX TOYEK C HaMMEHbIIEH KBaJpaTHUYHOU
MOTPEIIHOCTHIO.

W3BecTHBI:

- JIuneitnas perpeccus (mpsimMasi JJMHUSA);

- [lonrunomMuanbsHas perpeccus (MOJIMHOM);
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- Jluneiinas perpeccusi o01ero Bujaa (JMHEHHAs CyMMa MPOU3BOJIbHBIX (PYHKIUH);

- Henuneiinas perpeccus obmero Buaa (mpou3BosbHas GYHKINS);

- JInunelinas perpeccus.

ITpu nuueitHoit perpeccun Gpyukims Y(X) umeer Bua Y(X)=ax+b u ommceIBaeT OTpE30K
IPSIMOM.

DyHKUMS NpPeICKaA3aHUusA

Ha mpakTvike HEpeaKo MPUXOIMTCS CTAJIKUBAThCs C 3aJadell pacuéra IMOCIEIYIONIMX
TOYEK TO Psy M3BECTHBIX TOYCK — 3ajadyeil mnpenckazanus. s mpeickasaHus MOBEICHHS
dbyHKIIMOHaNpHOUW 3aBucuMOcTH B Mathcad wumeercs ¢ynkuus: predict (data,k,N) -—
npejickaszanue, rjae data — BEKTOp JaHHBIX, K — YHCIIO TOYEK MPEIIIeCTBYIOIUX MPEICKA3aHuUIO,
N - 9KCII0 IPEACKa3bIBAEMbIX TOUYCK JTaHHBIX.

OyHKIMS pecKa3aHus 00eCIeUYnBacT BBICOKYI0 TOYHOCTD P MOHOTOHHBIX UCXOJHBIX
GyHKIUAX Wik QYHKIMSX, IPESICTABIAEMBIX TOJTMHOMOM HEBBICOKOW CTEIICHH.

Oyuknus predict mpumMeHHMa K PEACKa3yeMbIM COOBITHSAM, MOBEACHHE KOTOPBIX
OIKCBHIBACTCS PEAJbHONH MaTEeMaTHYECKOW 3aBUCHUMOCTBhIO. B cTpaHax co cTaOMIbHOMN
OKOHOMHUKOW 3Ta (YHKIMsS BIOJHE NPUMEHHMMA JUIi ONHCAHUS CE30HHBIX M CTaOMIIBHBIX
Kosie0aHui Kypca BAIIOT, IPUObLICH (GUpM, Ipo1axka TOBAPOB U.T.I.

[Tpumep mocTpoeHUs TMHEWHOW PETPECCHH:

|

VX = ! Wexonnsie ganupieORIGN =1

G Wb =
-—
|
—_— T =

1
1
2
28

Beraucium ko3 duiimenTs! a 1 b TMHEHHOM perpeccu:

a = intercept(VX,VY) b= slope(VX,VY)i:=1.06 flx) =a+bxl=-1.06 b=>58

corr(VX,VY)=0,996f(3) = 15,8 linterp(VX,VY.,3) =15
[1o 3TuM HaHHBIM CcTpOUM IpadUK JIMHEHHON perpeccuu:

4 0 1 1 1 T
I.F‘ 3 ~ 2-!
30 a -
AL
VY; »
588 20k o -
£ Sl
o BT -
|.4 S 2.1
0 | | | |
1 2 3 4 5 6
I.]'-l \.YXI ? i |.6.1

Pucynoxk 4.2 -Jluneiinas perpeccus

ITocTanoBKa 3a1a4u K J1adopaTopHoii padorte 4

1. U3yunTs npennaraeMplii TEOPETUUECKUM MaTepHall.
2. BeImomHUT, MOAENMpOBAaHWE TIO JaHHBIM TaOmumbl 4.1, WCHONB3ysd JUHEHHYIO
perpeccuro.
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3. Beruncnutb k03¢ UIMEHTHI TUHEHHON perpeccuu, mocTpouTh rpaduk.

4. BbIOMHUTE HACTPOMKY BuJa TpadUKOB C LEJbI0 MaKCUMaJIbHON MH(GOPMATUBHOCTH,
OTpa3uTh IIard MO HACTpOike TpadUKOB B CKPUHIIOTAX OTYETa, OOOCHOBATH BHIOpaHHBIE
napaMeTpsl opopMIIeHUS IPadUKOB.

5. Iloctpouths OTYET, BKIIOYAIOIIMN TpapuKH JUHEHHON perpeccuu, OIMCaHUE
MeXaHHM3Ma HaXO0XACHUS KOd()PUIMEHTOB perpeccuu, CKPUHILIOTHI X0/1a BBIOJHEHUS! paboThl,
OIMCaHUE JCHUCTBUM.

6. Opopmuth otyeT Mo JlaboparopHoil padote. [IpencTaBuTh OTYET MO JTAOOPATOPHOI
paboTe 11l 3aLTUTHI.

BapuaHTbl HHAUBUAYAJIbHBIX 3aIaHUN
B coorBercTBMM € WHIMBUIAYAJIbHBIM 33JaHHEM MOCTPOUTH MOJEIb JUHEWHOU

perpeccun. cxonHple JaHHBIC TS BBITIOJTHEHUS 3a/IaHKs TIOMEIIECHBI B Tabsmiie 4. 1

Tabnuna 4.1 — nauBuyanbHbIe 3aJaHUS

No 3agaHHbIE BEKTOpa No 3aaHHbIC BEKTOpa

1 VX=[3, 2, 4, 5] 4 VX=[7, 18, 3, 11]
VY=[7, 8,9, 5] VY=[1,5, 3, 9]

2 VX=[12, 14,7, 11] 5 VX=[24, 9, 12, 27]
VY=[6, 8, 10, 15] VvY=[9, 3, 17, 11]

3 VX=[3, 9, 12, 14] 6 VX=[4, 15, 2, 19]
VY=[7,9, 11, 13] VY=[11, 17,1, 13]

Conep:kanue oTyera

[lo BbImosHEHHOUW paboTe coctaBisgerca OTYeT. OTYeT BBINOJIHAETCS B AJIEKTPOHHOM
Buze. I1o BeIMOTHEHHOMY OTYETY ITPOBOAUTCS 3allUTa 1a00paTOpHOMl paboTHI.

Otuer mo nabopaTopHOW pPabOTE€ MAOKEH COCTOSITh W3 CIHENYIOIIMX CTPYKTYPHBIX
HJIEMEHTOB:

- TUTYJIbHBIN JIUCT;

- BBO/IHAsl 4aCTh;

- OCHOBHAs 4acTh (Onucanue paboThi);

- 3aKJIFOYEHHE (BBIBOJIBI).

BBopHas 4acTh oTYeTa TOJHKHA BKIIFOYATH ITYHKTHI:

- YCIIOBHE 3aJIauH;

- TOPSAOK BBITTOJHEHHS.

- IPOrpaMMHO-aINapaTHbIE CPE/ICTBA, UCIOIb3yEMbIE IIPU BBITOJIHEHUH PAOOTHI.

3amuTa oT4YeTa 1o J1abopaTopHOU paboTe 3aKI0YaeTCs B MPEAbBICHUH IPENO0/1aBaTEI0
MOJIYYEHHBIX PE3yJbTaToOB B BUjE (ailia M JEMOHCTpAIMM MOJYyYSHHBIX HABBIKOB IPH OTBETAX
Ha BOIIPOCHI MPENo/iaBaTesl.

KoHnTpoJsbHbIe BONPOCHI

. MaremMaTrnueckoe MOAEINPOBAHNE CIOKHBIX CUCTEM
. @a3oBas Tpaekropus. PazoBoe MPOCTPAHCTBO

. JIeKOMITO3HUIIMS CUCTEMBI. XapaKTEPUCTUKH CUCTEMBI
. MaTtemarnueckast MOJI€Jb CUCTEMBI

. ArperaTuBHbIE MOJIEIIH

. TpeGoBanwmst kK 6a30BBIM JaTYMKAM

. Tunbl 6a30BBIX TaTYUKOB

. MonenupoBaHue ciy4aiiHbIX 3JIEMEHTOB

. OyHKIIUH perpeccuu

10. ®ynHKuUs npeacKa3aHus

O©oOoO~NOoO O WDN P
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JlabopaTopnasi padora 5. UH(ppacTpyKTypa HHKEHEPHBIX PACYETOB
Iean padothl: [locTpoeHne auarpamMm ¢ IPUMEHEHUEM BBIYUCIUTEIBHON TEXHUKH
OcHoBBI TEOPUH

IMonsiTre 0 cratTuyeckux rpapukax. OCHOBHbBIE 3J1eMeHThI rpadguka

[losnydyeHHbII B pe3yibTaTe CTATUCTHUYECKOI'O HCCIIEIOBAaHUS MaTepuanl HEpPEAKo
n300paxkaeTcs C TOMOIIBIO TOYEK, FEOMETPUYECKUX JUHMM U (GUTryp HIK reorpaduueckux
KapTOCXeM, T.€. TPaQHUKOB.

B cratuctuke rpagukoM Ha3bpIBaIOT HAMIISIHOE U300PaKEHUE CTAaTUCTUUYECKUX BEIHUYUH
U MX COOTHOIICHUH MPHU IMOMOIIY TeOMETPUICCKUX TOYCK, JTUHHMA, (GUTYP UIU reorpapuuecKux
KapTOCXEM.

[IpencraBnenue JaHHBIX B TpaUuecCKOM BUJIE MO3BOJISET peIIaTh CaMble pa3HOOOpa3HbIe
3agaud. OCHOBHOE JOCTOMHCTBO TaKOI'O IMPEACTaBICHUS — HarIsAHOCTh. Ha rpadukax jerko
IPOCMATPHUBACTCS TEHACHIUSA K M3MEHEHHI0. MOXKHO JlaKe ONMpeAeisiTh CKOPOCTh M3MEHEHHUS
TeHACHIMU. Pa3nuyHble COOTHOIICHHMSI, IPUPOCT, B3AaUMOCBSA3b PA3JIMYHBIX MPOILIECCOB — BCE
3TO JIETKO MOXHO YBUJETh Ha rpaukax.

I'padvku mpumarT U3JI0KEHHIO CTATUCTHYECKHUX JTAHHBIX OOJIBIIYI0 HATJISATHOCTh, YeM
TaOJUIIBI, BBIPA3UTEIBHOCTD, OOJETYal0T WX BOCHpUATHE M aHanmu3. CraTUCTUYecKHid rpaduk
MO3BOJIIET  3PUTENBHO  OICHUTHh XapakTep HW3Y4aeMoro sBIEHUS, MpPUCYIIHE EeMYy
3aKOHOMEPHOCTH, TEHJCHIMH  pPa3BUTHSA, B3aUMOCBS3M C JAPYTUMH  IOKa3aTeJsIMH,
reorpauueckoe pa3pelieHne u3ydyaeMbIxX siBlIeHUd. Ele B IpeBHOCTH KUTANIBI TOBOPUIH, YTO
OJTHO M300pakeHUE 3aMEHSET ThICAUy cI0B. [ paduKku nenaroT CTaTuCTHYECKH MaTtepuan oonee
MOHSTHBIM, JOCTYIHBIM U HECIEUHaTUCTaM, MPUBICKAIOT BHUMAHHE HIMPOKON ayIuTOpUU K
CTAaTHCTUYECKUM JIAHHBIM, TOMYJISPU3UPYIOT CTATHCTUKY M CTATUCTHYCCKYIO WH(OPMAIIHIO.

[Ipy n1000¥ BO3MOXKHOCTH aHAIM3 CTATUCTHUECKUX JAHHBIX PEKOMEHIYeTCs BCerjaa
HAaYMHATh C WX Tpaduueckoro uizoOpakenus. ['padux mMO3BOJSET cpazy MONIYIUTH oOOIIee
MpeJcTaBlIeHne 000 BCE COBOKYIMHOCTH CTaTHCTUYECKUX TokazaTenel. ['paduyeckuii mMeTon
aHaJIM3a BBICTYMAET KakK JIOTMYECKOEe MPOJOJDKEHUE TaOIMYHOTO METOJa M CIYKUT LEeIsM
MONyuyeHus: OO0OOIIAOIIMX CTATUCTUYECKHX XapaKTEPUCTUK TMPOILIECCOB, CBONMCTBEHHBIX
MacCOBBIM SIBJICHUSIM.

[Tpu momotu rpadguueckoro u300pakeHusi CTATUCTUYECKUX JAHHBIX PEIIAOTCSI MHOTHE
3a/1a4¥l CTaTUCTHYECKOIO UCCIIEJOBAHMS:

- HaIJIATHOE TIpEe/ICTAaBIICHUE BENUYHMHBI MOKa3aTeneil (sBNeHUi) B CpaBHEHHH IPYT C
ApYTOM;

- XapaKTepUCTUKA CTPYKTYPBI KAKOTO-TUOO SBICHHUS;

- I3MCHCHHE SIBJICHUS BO BPEMEHU;

- XOJ1 BBITIOJTHEHHUSI TIJ1aHa;

- 3aBHCUMOCTh H3MEHEHUS OJHOTO SIBIICHUS OT U3MEHEHHSI IPYToro;

- pacIpoCTPaHEHHOCTh WIIH Pa3MeIIeHHE KaKUX-THO0 BEIMYUH 110 TEPPUTOPHH.

JlpyrumMu  clOBaMH, B CTaTUCTHYECKUX HCCIICOBAHUSAX IPHUMEHSIOTCS — CaMble
pa3zHooOpasHbie rpaduku. B kaxaoM rpaduke BBIACTAIOT (pa3inyaioT) CIEeIyIOIINe OCHOBHBIS
AIIEMEHTHI:

- IPOCTPAHCTBEHHBIE OPUEHTHUPHI (CUCTEMY KOOPIMHAT);

- rpaduueckuii o0pa3s;

- oJie rpaguka;

- MaclITaOHbIE OPUEHTHUPBI;

- OKCIUTUKALUs Tpaduka;

- HaMMEeHOBaHue Tpaduka

WHorna 1.5 v 1.6 00beTUHSIOT B OJIUH 3JIEMEHT.

A) TIpocTpaHCTBEHHBIE OPUEHTUPHI 33AFOTCS B BUJIE CUCTEMBI KOOPJAMHATHBIX CETOK. B
CTAaTHCTUYECKUX TpauKax dYalle BCEro MPUMEHSETCS CHCTeMa MPSMOYTOJbHBIX KOOPAHMHAT.
WNHorma ucnonb3yercs TMPUHIUI TMOJSPHBIX (YTJIOBBIX) KoOpAWHAT (KpyroBbie rpaduku). B
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KapTorpaMMax CpeACTBaMHU IMPOCTPAHCTBEHHOW OpPUEHTALUHU SIBIISIOTCS TPAHUIBI TOCYIAPCTB,
IpaHUIbl aJMUHHCTPATUBHBIX €ro vacTed, reorpauyeckue OpPUEHTUPBI (KOHTYPBI pEK,
OeperoBbIX JUHUNW MoOpei U okeaHoB). Ha ocsx cucrembl KOOpJIMHAT WM Ha KapTe B
ONpENICJIECHHOM IMOpSAKE PACIONaraloTCsl  XapaKTePUCTUKU  CTATUCTMYECKUX IPU3HAKOB
n300paxkaeMbIX SIBJIEHUM WM mpoueccoB. llpusHaku, pacmosnaraeMble Ha OCSIX KOOpIMHAT,
MOTYT OBbITh KaUYECTBEHHBIMHU HJIM KOJMYECTBEHHBIMU.

b) I'paduueckuii 00pa3 CTaTUCTHUECKUX NAHHBIX MPEACTABIAET COOOW COBOKYITHOCTD
TUHUN, QuUryp, Todek, oOpa3yroIMX reoMeTpudecKkue (GUrypbl pasHor (Hopmbl (OKPYKHOCTD,
KBaJlpaThl, IPSIMOYTOJIBHUKY U T.I1.) C Pa3JIMYHON IITPUXOBKOM, OKPACKOM, I'yCTOTON HAHECEHUS
TOYEK.

JIroboe siBIeHME, U3y4aeMOe CTaTUCTUKON, MOKHO MPEICTaBUThH B rpaduueckoil hopme.
Jis aTOro TpedyeTcs HallTH NpaBUWIIbHOE rpauuecKoe pelieHue, ONpeaAeaInTh TOT rpadudeckui
o0pa3, KOTOpBIH JIy4llle BCEr0 COOTBETCTBYET JAaHHOMY SIBICHHMIO, HArjsiiHee H300paxaer
CTaTUCTHYECKUE JaHHble. ['paduueckuii o0pa3 TODKEH COOTBETCTBOBATh LEAM TIpaduka.
[TosToMy mepen mocTpoeHHEM Tpaduka HEOOXOTUMO YSICHHUTH CYHNIHOCTH SIBJICHUS W LEJNb,
KOTOpasi CTaBUTCS Mepen IrpaguueckuM uzodpaxeHueMm. BeiOpanHas ¢opma rpaduka I0JKHA
COOTBETCTBOBAaTb BHYTPEHHEMY COJEPKAHUI0 U XapaKTepy CTAaTUCTMUYECKOIO I10Ka3aTejs.
Hanpumep, cpaBHeHHe Ha rpaduke NPOU3BOAUTCS MO TAKMM M3MEPEHMSIM, KaK IUIOIIA/b, AJIMHA
OJTHOW M3 CTOPOH (PUTYpP, MECTOHAXOKACHNUEM TOYEK, UX TYCTOTOH H T.JI.

Tak, ans u300pakeHUsT M3MEHEHUH SBJIEHHMS BO BpPEMEHH Haubojee eCTECTBEHHBIM
TUIIOM TpaduKa SBIseTCS JTUHUSA. [ psiIoB pactipeieeHnst — MOJUTOH WM THCTOTPaMMa.

Kaxplif 13 OCHOBHBIX BHJIOB TpapUuecKUX M300pa’keHHI B CTATUCTUYECKOMN MpakTHKe
CTPOUTCS C YUETOM ONIPEJIEICHHBIX NpaBWiI. B cTaTMCTUYECKUX MCCIETOBAHUIX /JIsl BBIACHEHUS
XapaKTEPHBIX YepT U 0COOEHHOCTEH MaCCOBBIX SBJICHUM, MO3HAHUS TUIIMYHOTO B 3TUX SIBICHUIX
U pelIeHUs APYTrux 3ajad IIUPOKO MCIIOJIb3YETCS CPaBHEHUE OJHHMX aOCOJIIOTHBIX, CPEIHUX U
OTHOCHUTEJIBHBIX CTaTUCTUYECKUX BEJIIMYUH C IPYTUMHU. AHAJIN3 — 3TO, NIPEXK]IE BCETO CPAaBHEHUE
U CONOCTaBJIEHHE CTAaTUCTUYECKUX JaHHbIX. Hepeaxko BO3HHMKAaeT HEOOXOAMMOCTh
COIOCTABJICHUS PE3YyJbTaTOB CTATUCTUYECKOTO HCCIEIOBAHMUS KOHKPETHOIO SIBJIEHHS C
BEJIMYMHAMU TUIHMYHOTO (MACAIBHOT0) SIBJICHUS aHAJOTMYHOM mpuponbl. [loatomy HarmsgHoe
npezcrasieHue (rpaduueckoe M300pakeHHE) CpPAaBHEHMs CTAaTHMCTHYECKHUX —IIOKaszaresei
OTHOCUTCSI K HauOoyiee pacHpoCTpaHEHHBIM TrpapukaM B CTaTHCTHUKe. [l 3TuX wnenei
NPUMEHSIOTCS TMarpaMMBbl.

Huarpamma — 370 rpaduyeckoe n300paxKeHue, HarjsaJHO MMOKa3bIBAIOIEe COOTHOUICHHE
MEXy CpaBHUBaeMbIMHM BeIMUMHAMM. J[uarpamma mpejcTaBisieT coOoi depTex, Ha KOTOPOM
CTaTHUCTUYECKUE JIaHHBIE YCJIOBHO HM300pakaroTCsl F€OMETPUUECKUMHU JIMHUAMH, QUTYpaMu U
TEJIAaMH Pa3JINYHbIX Pa3MEPOB.

Pa3znuyaroT crneayromiye OCHOBHbIE BUbI I'paUKOB (AMarpaMM) CpaBHEHHUS:

- CTOJIOMKOBEIE;

- TIOJIOCOBBIE;

- KBaJIpaTHBIE;

- KpyTOBEIE;

- (hurypHsle.

JUis TOCTpoeHUsl AuarpaMM HCIIOJb3YIOTCS CIIEIYIOIINE KOMITBIOTEpHBIE MPOTPAMMBI
Excel, Mathcad, MATLAB u npyrue.

g coznanus rpagukoB B cucteme Mathcad mmeercs mporpammubiii rpaduueckuit
nporeccop. OCHOBHOE BHUMAaHUE TpU €ro pa3paboTke ObLIO yIeIeHO 00eCIeYeHHUI0 MPOCTAThI
3ajaHusl Tpa@UKOB U HMX MOJUGUKALMKA C TIOMOIIbIO COOTBETCTBYIOIIMX MapaMeTpoB.
[Iporieccop MoO3BONSET CTPOUTH CaMble pa3Hble IpadUKu, HAIPUMEpP B JAEKAPTOBOM U MOJISIPHON
CUCTEME KOOPJMHAT, TPEXMEPHbIE TOBEPXHOCTH, TPaQUKN YPOBHEMH.

Jlnst mocTpoeHust TpaduKOB UCHOB3YIOTCS MIa0IoHbl. VX mepeueHb COAepKUT MOIMEHIO
Graph menro Insert. BoJbIIMHCTBO MapaMeTpoB IpapUUECKOro Mmporeccopa, HeOOXOMMBIX IS
NOCTPOCHUS TPa(UKOB, MO YMOIYAHUIO 33/7aETCSI aBTOMATHYECKH, MO3TOMY JJIsi HA4aJbHOTO
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NOCTPOCHHS TpaduKka TOrO HJIM WHOTO BHJAA JIOCTATOYHO 3aJaTh THN Tpaduka. B moameHnio
Graph comepHTCsl CIIMCOK U3 CEMH OCHOBHBIX THUIOB rpadukoB. OHU MO3BOJISIOT BBITIOJIHUTD
CIEAYIOLIUE CUCTBUA:

X —Y Plot (nexapToB rpaduk) — co3narh madIoH IBYXMEPHOTo rpaduka B AEKapTOBOM
CHCTEME KOOPINHAT;

Polar Plot (monsipHbIii rpaduk) — co3aaTh 1madaoH rpaduka B MOJSIPHBIX KOOPIUHATAX;

3D Plot Wizard (mMactep TpexMepHbIX rpauKoB) — BbI30B Mactepa IJIsl IOCTPOCHUS
TPEXMEPHBIX IPaUKOB C 3aJaHHBIMH CBOMCTBAMU;

Surface Plot (rpaduk moBepXHOCTH) - CO3/aTh MAOJIOH IS OCTPOCHUS TPEXMEPHOTO
rpaduka;

Contour Plot (kapra nuHUN YpOBHS) — CO3/aTh MIAOJIOH I KOHTYPHOTO Tpaduka
TPEXMEpPHOU TIOBEPXHOCTH;

3D Scatter Plot (Toueunsiii rpaduk) — co3naTh maOIOH IS Tpaduka B BUAE TOYEK
(¢uryp) B TpeXxMepHOM MPOCTPAHCTBE;

3D Bar Plot (TpexmepHas cTONOMKOBas JuarpamMmma) — CO3AaTh INAOJIOH s
n300paKeHMsI B BUJIC COBOKYITHOCTH CTOJIOMKOB B TPEXMEPHOM IPOCTPAHCTBE;

Vector Field Plot (BexkTopHOE mosie) — co3aarh madiioH uist rpaduka BEKTOPHOTO OIS Ha
TUIOCKOCTH.

C nonstueM TpaduKH CBS3aHO TMPEACTABICHHUE O TPaPUUICCKHX OOBEKTaX, UMEIOIINX
OIpeieICHHbIC CBOICTBAa. B OonbIIMHCTBE ciydaeB 00 00BEKTaX MOXHO 3a0BbITh, €CJIM BBl HE
3aHMMAeTeCh OO0BEKTHO-OPMEHTHUPOBAHHBIM IPOTPAMMHUPOBAHHEM. BOJBIIMHCTBO KOMaH/
BBICOKOYPOBHEBOU rpaMky OpPUEHTUPOBAHBI HA KOHEYHOTO MOjb3oBarelnss. OHM aBTOMaTUYECKU
YCTaHABJIMBAIOT CBOMCTBO IpadMuecKux 0OBEKTOB U 00ECIICUNBAIOT BOCIIPOM3BEICHHE IpaduKu
B HY)KHOH CHCTEME KOOPAUHAT, MAIUTPE I[BETOB, MACIITA0C U T.1I.

IMocTpoenue rpaduka noBepxnocTu B cucreme Mathcad.

[TocTpoeHre MOBEPXHOCTEH MO MaTpHIE amUIMKaT HX To4yeK. [10CKOMbKYy »IeMeHTHI
Matpuilbl M — MepeMeHHbIe C IEIOYUCICHHBIMUA MHICKCAMH, TO MEepPEel CO3JaHUEM MaTPHIIbI
TpeOyeTcsi 3afaTh WHIEKCHl B BHJEC PAaHXXUPOBAHHBIX TIEPEMEHHBIX C MEIOYHCICHHBIMU
3HAQYEHHSIMH, a 3aTeM YK€ U3 HHUX (OPMHUPOBATh CETKY 3HAYCHUH X M Y — KOOPIMHAT IS
amIuKat z(X,y). 3Ha4eHHst X ¥ y IPU 3TOM OOBIYHO JTOJDKHBI OBITH BEIIECTBEHHBIMH YHCIIAMH,
HEPEIIKO KaK MOJIOKUTEIbHBIMU, TaK M OTPHIATSILHBIMU. [10CIIe BBITIONHEHHS YKa3aHHBIX BBIIIE
ompeseNieHnit BBoIuTCs 11adJoH rpaduka (komanaa Surface Plot).

29



NMocTpoenne TI'paduka MMoBepXHOCTH

z(x,y) = cos(xy) $YHRIMA IOBYX MNepPeMeHHHX X,¥

1=0.20 ;:=0.20 LenouMCIeHHEES MHISKCEH

M, - Z[ (1—10),(3'—10)}
: 5 5

1 1|
Paste
Paste Special. ..

Format...

Fog
Lighting
Equal Scales
Perspective
Box
v Border .

Perimeter
None

Pucynoxk 5.1 - [Toctpoenue moBepXxHOCTH 0€3 yaJIeHUsT HEBUIUMBIX JTMHUN

Heobxomumo moctpouth rpaduk moBepxHoctd B cucteme Mathcad, ordhopmaruposas
€ro, MPHUMEHUB alTOPUTM (YHKIIMOHAIBHOM OKpAacKd U YyAaJCHWE HEBHIUMBIX JIMHUK.
[Toxa3zaHo, kak oTdopmMaTupoBaTh rpaduk, IpUMEeHEHHE aNropuT™Ma (PyHKIIMOHAIBHON OKpacKu
MOBEPXHOCTHU U yJaJleHUEe HEBUAUMBIX JIMHU.
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IMocrpoersse Ipadomxa IopepxHoCTH

Ax,y) = cos(x y)
1=0.20

j=0.20

PYHRUKA OBYX MNEepEeMEeHMHX X,V
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Pucynok 5.2 - Tloctpoenue rpaduka moBepxHoctH B cucreme Mathcad

IocTanoBka 3agauu K J1abopaTopHoii padorte 5
1. M3yuuTs mpeniaraeMplii TEOPETHUECKHI MaTepHall.
2. [Toctpouts rpaduk moBepxHoCcTH B cucteme Mathcad.

3. BeimosHUTE

dbopmatupoBaHue

MOCTPOEHHOT0  rpaduka, NPUMEHUB

(GYHKIIMOHATBLHON OKPACKHU U yJaJIeHIUE HEBUIUMBIX JIUHUH;

4. IToaroToBuTh OTYET, BKIIOYAIONIUI ONMUCaHHWE Mpolecca MOCTpoeHHs rpaduka u
COOTBETCTBYIOIINE CKPUHIIIOTHI.

5. Opopmuts otyer mo jabopatopHoil padote. IlpeacraBuTh oTdeT MO JIa0OPATOPHOM

paboTe 1S 3anTUTHI.

BapuaHThl HHAUBUAYAJIBHBIX 3aJaHUM

AJIrOpUTM

B coorBercTBUM € HMHAMBHIYaJbHBIM 3a/laHMEM IIOCTPOUTH TIpadUK IMOBEPXHOCTH,
BBITOJIHUTH (POPMATHPOBAHUE ITOCTPOCHHOTO rpaduka, MPUMEHUB ANTOPUTM (DYHKIIMOHAIEHOU
OKpacku M yJajieHue HeBUIUMBIX JuHuN. ChopMupoBaTh OTUYET, BKIIOYAIOIIMN ONHMCAHUE
npoliecca MoCTpoeHus rpaduka U COOTBETCTBYIOLINE CKPUHILIOTHI

Tabmuma 5

.1 — UanuBuayanpHbIC 3a0aHUS

DyHKIMA

No DyHKIMA

Z(X,y)=3cos(x*y)

Z(X,y)=x2*y

z(x,y)=sin(x*y)

glwlr|z

Z(x,y)=tg(x*y)

2
4 z(X,y)=5c0s(x*y)
6 Z(X,y)=2x+y2

31



Conep:xanue oT4yeTa

[To BbIMONHEHHOW paboTe cocramisgercss oT4eT. OTYET BBIMOIHSICTCS B JJICKTPOHHOM
Buze. [1o BeIMOMTHEHHOMY OTYETY IMTPOBOAUTCS 3alUTa 1a00paTOpHOM paboTHI.

Otuer mo JaGOpaTopHOW pabOTEe JOIDKEH COCTOATh W3 CIEAYIONIMX CTPYKTYPHBIX
AIIEMEHTOB:

- TUTYJIbHBIH JIUCT;

- BBOJIHAsI 4aCTh;

- OCHOBHAas 4acTh (omucaHue paboThl);

- 3aKJII0YEHHE (BBIBOBI).

BBojHas 4acTh OTYeTa TOJDKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 33]1auH;

- TOPSIOK BBITTOJIHEHHS.

- IPOrpaMMHO-aINapaTHBIE CPENICTBA, UCIIOIB3yEMbIEC IPU BHIOJIHEHHH PAOOTHI.

3amuTa oT4eTa Mo J1abopaTtopHoi paboTe 3aKI0YaeTCs B MPEIbIBICHUH MPENOo/1aBaTEII0
MOJIYYEHHBIX PE3yJIbTaTOB B BUjAEC (ailyia M JEMOHCTPAIMH MOJYyYCHHBIX HABBIKOB IPH OTBETAX
Ha BOIPOCHI MPETOIaBaTEIS.

KOHTpOJ’IbeIe BOIIPOCHI

1. Uro Ha3bIBAIOT B CTATHUCTUKE I'papuKoM?

2. Kakpe 3amauMm  CTaTUCTHYECKOTO  WCCIENOBAaHMSA  PEHIAIOTCA TPU  TTOMOIIH
rpaguIecKoro n300pakeHus?

3. Kak 3amarotcs mpocTpaHCTBEHHBIE OPHEHTUPHI?

4. Yro npencrasiser codoi rpaguueckuii 00pa3 CTaTUCTUYECKHUX JaHHBIX?

5. [laiite onpenenenue Juarpammel.

6. [lepeunciuTe TUIIBI AUATPAMM.

7. I'ne congepxutcs nepeyeHs mabdbioHOB mocTpoeHus rpadukoB B cucteme Mathcad?

8. Kakue Bo3MOXKHOCTH cozepxar cpeactsa rpaduku Mathcad?

9. Ilepeuncnute U3BECTHBIE BUABI TPA(PHUKOB.

6. VYY4EBHO-METOJUYECKOE U ”THOOPMAIIMOHHOE OBECITIEYEHUE
JUCHUTIINHBI

6.1. IlepeuyeHb OCHOBHOI ¥ JONOJHUTEJbLHON JUTEPATYPbI, HEOOXOAUMOI 115
OCBOCHUS TUCHMILIMHBI

6.1.1. IlepevyeHb OCHOBHOIi JTUTEPATYPHI

1. byitnaue, C.K. IlpuMeHeHue UHCIEHHBIX METOJOB B  MaTeMaTUYECKOM
mMonenupoBaHuu : ydeOHoe mnocobue / C.K. ByitHaueB ; MuHucrtepctBo o0pazoBaHMs U
Hayku Poccuiickoit ®enepanuun, Ypanbckuil QenepaibHblii YHHUBEPCUTET HMEHH IE€PBOTO
[lpesunenta Poccum b. H. Enpumna ; wayu. pea. 1O.B. Ilecun. - ExarepunOypr
WznarensctBo Ypansckoro yHuBepcutera, 2014. - 72 c. : win. - bubmmorp. B kH. - ISBN 978-5-
7996-1197-2; To xKe [DneKTpOoHHBIN pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=275957.

2. Kpaxotkuna E.B. UncneHnnsle METOIbl B HAyYHBIX pacueTax [DNeKTpoHHBIN pecypc] :
yuebHoe mocobue. Kypc nexuuit / E.B. KpaxoTkuna. — DNEeKTpOH. TEKCTOBbIE NaHHbIE. —
CraBpononb: CeBepo-KaBkasckuii ¢enepanbublii  yHuBepcurer, 2015. — 162 c. — 2227-
8397. — Pexxum noctyma: http://www.iprbookshop.ru/62884.html.

6.1.2. [lepeyeHn AONMOTHUTEIbHOM JIUTEPATYPHI

1. BepxOunkuit B.M. UYwucnennsle wmeronpl. JluneiHas anreOpa W HEIUHEHHBIC
ypaBHeHus. — M.: Jloroc, 2014.

2. BonxoB E.A. Uucnennasie Mmetonsl. — M.: Jlanb, 2014.
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6.2. [lepeyeHb YUeOHO-METOIMYECKOT0 00ecTedeHHsI CAMOCTOSITEIbHOI PadoThI
o0yyaromuxcs Mo JUCHUNIHHE

1. Meronuyeckue yka3zaHUs K BBIIOJHEHHUIO JaOOpaTOpHBIX pabOT MO AMCUUILIMHE
«HCTpyMEHTaIbHBIE CPEJICTBA B UHKEHEPHBIX pacueTaxy.

2. Meroanyeckue pEeKOMEHAALUWHU Ui CTYJACHTOB MO OpraHU3alMd CaMOCTOSATEIbHOM
paboTsl o gucrumuinHe «MHCTpyMeHTalbHbIE CPEACTBAa B MHKEHEPHBIX pacueTax».

6.3. [lepeuens pecypcoB HHGPOPMAIHOHHO-TETEKOMMYHUKAIIMOHHOW CeTH
HNuTepHeT, HEOOXOAMMBIX /151 OCBOEHHS TUCHUTIIUHBI

1. Hatmonansubiii OTKpBITHIN YHUBepcuTeT. MHTYHT. http://www.intuit.ru.
2. ®enepanbublii optan «Poccuiickoe oopazoanue. http://www.edu.ru.

3. Poccwuiickas rocynapcrBenHast 6ubnauorexa. http://www.rsl.ru.

4. Pecypc 1o MmaremMaTn4eckoMy MojenrpoBanuio. Exponenta.ru.
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BBEJIEHUE

Meroauueckue peKOMEHJAMU  COAEp)KaT IepeYeHb TEeM C  BOMPOCaMU IS
CaMOCTOSITENIbHOW ~ MPOPa0OTKM, TMepedyeHb JTabopaTopHBIX padoT ¢  BOMpocaMH s
CaMOCTOSATEIILHON MPOPAOOTKH.

Mertoanyeckne yKasaHHs MOCBSIICHBI Kypcy «MHCTpyMeHTalbHBIE CpelcTBa B
MHKCHEPHBIX pacdyeraxy». 3ajadya aBTOMATH3allMd MAaTEeMaTHYECKHX pPAacyeTOB W BBIYMCICHHH
YXOJHUT KOPHSIMH K WCTOKaM 4YeJOBEYECKOW IMBHJIM3ALUH, K TOSBICHHIO TMEPBBIX CUCTHBIX
npucrocodaeHnii — abakoB, COpOOAHOB M JAPYTHUX 3JIEMEHTApHBIX YCTPOHCTB. IIpOphIBHBIM
MOMEHTOM B 3TOM IIPOLIECCE MOXKHO CYHTATh IOSBICHHE AIIEKTPOHHBIX BBIYMCIUTEIBHBIX
MamuH (9BM) 1 KabKyIsSTOpOB, OCHOBaHHBIX Ha MOJTYIPOBOIHUKAX.

B Hamm JHM NpaKTHYECKH BCE MH)KCHEPHBIC PACUEThl BBINOJHSIOTCS C NPUMECHECHHEM
KOMITBIOTEpHOII TexHuku. I[lpum sToM, cdepa pa3paboOTKM HMHKEHEPHOTO MPOTrPAMMHOTO
obecrieyennss oOocobuiace B oraenbHyto IT-unmyctpuro, kotopas paboTaeT Ha CTBIKE
Pa3IMYHBIX HAYYHO-TEXHHYECKUX 3HAHUI M JUCHUILIMH — MaTEeMaTHKH, (GU3UKH, SIEKTPOHUKH,
IPOrpaMMUPOBAHUA. DTO MEXIUCUUIUIMHAPHBINA MOAX0/I, B MOJIHOM Mepe coueTaroluil B cede
unen STEM (science, technology, engineering, mathematics).

1. HEJb U 3AJJAYU U3YUYEHUS JUCIIUITJIMHBbI

Lenpo ocBOGHMSI AMCLUMILIUHBI sIBisieTcs GopMupoBaHue Habopa MnpodeccroHaTbHBIX
KoMIeTeHIM Oymymiero Oakanaspa rmo HampasieHuto 09.03.02 MupopManmoHHbIE CUCTEMBI U
TEXHOJIOTHH.

3a)1aq1/1 OCBOCHUA JUCHUIIIMHBI: U3YYCHHUC MHCTPYMCHTAJIIBHBIX CPCACTB B MHXKXCHCPHBIX
pacueTrax, OCBOCHHE HHCTPYMEHTAJIbHBIX CPEJCTB B HHKEHEPHBIX pacueTax.

2. TEMBI CAMOCTOSITEJIbHOM PABOTHI

Ne rempr | HaumeHoBaHMe TeM NUCLIMILINHBL, UX KPATKOE COAECPKAHUE Obbem
qacoB™®
4 cemecTp
Pasnen 1. IHCTpyMeHTaIbHBIE CPEICTBA B MHKEHEPHBIX pacdyeTax
1 Tema 1. ABTOMaTH3a1Ms] HH)XEHEPHBIX PACUE€TOB 16
2 Tema 2. MoznenupoBaHue B MHXKEHEPHBIX pacueTOB 14

Paznen 2. IlpunoxkeHuss HMHCTPYMEHTAIbHBIX CpPEACTB B
WH)XEHEPHBIX pacyerax

/ Tema 5. UHdpacTpykTypa HHKEHEPHBIX PACUETOB 14

Hroro 3a 4 cemecTp 44

3. TEXHOJIOTUYECKAS KAPTA CAMOCTOSATEJbHOM PABOTHI

OBYYAIOUIETOCHA
CpenctBa u | O6beM yacoB, B TOM YHCIIe
Konawr
TEXHOJIOTHH CPC KonTaktHa | Beero
pean3yeMbIx Bun  gesrenvHOCTH
. OLICHKHU a1 pabora ¢
KOMITCTEHITHH, CTYJICHTOB
MperojaBa
UHIUKaTopa(oB)
TeIeM
4 cemectp
K31, T1-2) IToaroroska k | CobecenoBaune | 21,42 2,38 23,8
JICKIHSIM
K311, H1.2) CaMOCTOSTEIBLHOE Cobecenosanue | 9,18 1,02 10,2
U3yUdeHHE
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JTUTEPATYPHI o
Temam 1, 2, 5
Iloxroroska K | Oruer 9 1 10
NK-3(M[1-1, A1-2) | 1a0OpaTOpHBIM MMUCbMEHHBIN
paboram
Wroro 3a 4 cemectp 39,6 4.4 44
Hroro 39,6 4.4 44

4. PEKOMEHJIALIUM JJ151 CAMOIIOATOTOBKH

4.1 IloaroroBka K jJekuusiM. CaMoCTOSITEJIbHOE U3yYeHHe JIUTEePaTypPbl

Cucrems! MathCad, S-Plus, Axum.

IIporpammusie mpoaykTsl Kommanuu MathWorks, Ink. MATLAB.
Simulink. StatSoft.

Cucremsr STATISTICA.

IMakeTs! ist unciaeHHbIX pacyeros. Scilab. Octave. QtOctave. FreeMat.
ITakeTs! 1 CUMBOJIBHBIX BeIuMciacHui. Naxima. Axiom.
HHTepaKTUBHBIE HHCTPYMEHTAIBHBIC CPEACTBA B HHKEHEPHBIX pacyerax.
B03MOXXHOCTH WHTEPAKTUBHBIX CUCTEM B HH)KCHEPHBIX pacyerax.
NurepakTuBHOE npuMenenune smemenToB MathCad st penieHnst HH)KEHEPHBIX 3a/1a4.
0. BeIUHCINTENBHBIC METOBI PEIICHHS 33724 MOICITHPOBAHHS.

11. IlocTaHoBKa 33124 MOIEITUPOBAHUSI.

12. KonnenryanpHas (GOPMYIHPOBKA 32141 MOACTHPOBAHHS.

13. [ocTpoeHne MaTeMaTH4eCcKoi MoJenl 00beKkTa. BpiOop MeToa perieHus.
14. Waterloo Maple.

15. Cucrema Maple.

16. UniCalc.

17. Simulink. StatSoft.

18. TakeTsl I PEIICHUS] YPAaBHEHHUI B YACTHBIX MPOU3BOIHBIX.

19. OpenFEM. Impact. SALOME. OpenFOAM. Elmer.

20. UuTtepakTHBHOE MpUMeHeHKe eMenToB MatLab

21. O6paboTka MaccuBoB B Mathcad.

22. Oynkuun Mathcad ans pemenwnst cuctem O/Y.

23. Peanuzanus YMCICHHBIX METOIOB MOJICTUPOBAHMSL.

24. TIpoBepka aJIeKBATHOCTH MOJIEITU

25. AHanu3 pe3yJIbTaTOB MOJICITUPOBAHMUS.

RBOoo~Nooa~wONE

4.2 IloaroroBka K J1adb0paTOpHBLIM padoTam
JlaGopaTopHnas padota 1.

. UTo Takoe MOJieNH U KaKue BUIbI MOJIENIEH BbI 3HaeTe?
. Kakue BuibpI MofienupoBanus CylecTByOT?
. OT 4ero 3aBUCHUT TOYHOCTb MOJIETTUPOBAHUSA?
. Korna pasymMHo npuMeHsTh ¢puznyeckoe MoaenupoBanme?
. Kakue caMble n3BECTHBIE IPUMEPBI CEPHE3HOTO MOJIETTUPOBAHUS BbI 3HacTe?
. Kakue BubI MOTpenIHOCTH MOJEIUPOBAHUSI Bbl 3HaeTE?
. Kakue nporpamMMHbI€ MPOAYKTHI HCIOJIB3YIOT JJISI MOAEITUPOBAHUSA?
. Kak ocymecTBisiercst moAroToBka K MOJEIUPOBAHUIO?
. Kakumu Bo3MOkHOCTSMU B MozenrpoBaHuu obnanarot CKM?
10. Yem oTimyaercst TpaeKTOPHS IMOJIeTa KaMHsI 0€3 ydeTa CONMPOTHUBIICHHUS BO3/IAyXa U C
€ro yuerom?

O©OoOo~NOoO Ol WwWN -

JlabGoparopHas padora 2.

1. Yto Takoe 3KCIIEpUMEHTAIbHBIE UCCIEA0BAaHNUS U C KAKOH LIEJIbI0 OHU IPOBOISATCS?
2. JlaiiTe onpeneneHrue MaTeMaTHIECKON MOJIEIH.

37




3. Oxapakrepu3yiTe Tarbl MAaTEMaTHIECKOTO MOACTHUPOBAHHUS.

4. Yro sBisiercs pabouuM HHCTPYMEHTOM CTaTHYECKOro aHanuza?

5. laiite onpezaeneHue CTaTUCTUYECKONW TMIOTE3bI?

6. Kakue ommbku BCTpeqaroTcst IPU BEIOOPOYHOM HAOIIIOACHUH ?

7. Ilepeunciute OCHOBHBIC MPABUJIA, KOTOPBIC JOJDKHBI BBITOIHATHCS MPH MPOBEACHUH
CTaTHUCTUYECKUX HAOIIOCHUN.

8. UTo Takoe KOppessIIMOHHAs CBA3b?

9. OxapakTepu3yiiTe METO/Ibl BHISIBICHUS KOPPEISALIUOHHON CBS3H.

10. OnumuTe BUIBI MOJCTUPOBAHHUSL.

JlabGoparopHas padora 3.

1. ITepeuncnute JOCTOMHCTBA U HeocTaTKu cucteMbl Mathcad.

2. [lepeuncnute OCHOBHBIEC (DYHKIMH, IPHMEHSIEMBIE B CTATUCTHYECKOI 00paboTKe.

3. st wero npumensiercst pyrkust RND(x)?

4. B KaKuX cIydasx NPUMEHSIOTCS (YHKIUH CIUIAIHOBOM almpOKCHMAaIun?

5. Uem otnuuaercst QyHKIHUS JTHHEHHOW perpeccuu oT (YHKIUU JIMHEHHOW perpeccuu
oOmrero Buaa?

6. JlaiiTe onpesenieHue HETMHEHHOW perpeccuu o0mero suaa?

7. Jlaiite onpenenenne GyHKIMH NpeICKa3aHMUS?

8. B kakux cimy4asx (yHKUUS MpeIcKa3aHUs MPUMEHSETCs, a B KaKHMX NPUMEHEHUE ee
SIBJISIETCSI HEeIleJIeco00pa3HbIM?

9. IlepeunciuTe OCHOBHBIE TEXHOJIOTHH KOMIIBIOTEPHOTO MOACTHUPOBAHHUS.

10. Ilepeuncnute HHCTPYMEHTHI KOMITBIOTEPHOTO MOJIETHPOBAHHMSL.

JlaGopaTopHnas padota 4.

. MaremaTtuueckoe MOJEIMPOBAHHUE CIOXKHBIX CUCTEM
. ®@a3oBas TpaekTopus. Pa3oBoe NPOCTPAHCTBO

. JlekoMITo3ULIKs CUCTEMBI. XapaKTEPUCTUKU CUCTEMBI
. Marematuueckasi MoJi€lb CUCTEMBI

. ArperaTtuBHbIE MOJEIN

. TpeboBanust k 6a30BBIM JaTUYMKAM

. Tumbl 6a30BBIX JATYMKOB

. MonienrpoBaHue ciay4yailHbIX 3JIEMEHTOB

. OyHKIUH perpeccuu

10. @yHKIUS peaCcKa3aHus

O©OoOo~NOoO oI WwWN -

JlabopaTopHasi paGora S.

1. Yo Ha3bIBAIOT B CTATUCTUKE Irpaduxom?

2. Kakue 3amauM  CTaTUCTMYECKOTO  HCCIENOBaHMSA  DPELIAIOTCS NpPU  TTOMOUIH
rpaduIecKoro n300pakeHus ?

3. Kak 3amaroTcs npocTpaHCTBEHHBIE OPUEHTUPHI?

4. Yro npexacrasiser coboii rpaduueckuit o00pa3 CTaTUCTUYECKUX JaHHBIX?

5. laiite onpenenenue JuarpaMMel.

6. [lepeunciuTe TUTIBI AHATPAMM.

7. I'ne conepuTcs nepedeHp M1adJIoHOB OCTpoeHus rpadukoB B cucreMe Mathcad?

8. Kakue BO3MOXHOCTH coJiepkaT cpeacTBa rpaduku Mathcad?

9. IlepeuncnuTe U3BECTHBIE BUABI IPa(UKOB.

JlaGoparopuas padora 6.

1. U3yunuts mpenyaraeMblii TEOPETUYECKUH MaTepual, COCTaBUTh KOHCIIEKT IO
MaTepuany «ITalbl KOMIBIOTEPHOTO MOCIIUPOBAHUS.

2. Iloctpouth 0O0BEMHBIE (UTYpHl B COOTBETCTBUM C BapuUaHTAMU HHIUBUAYaJIbHBIX
3aJaHUuN.
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3. BeIomHUTH ocTpoeHue rpaduka MOBEpXHOCTH 03 3aaHusl MaTPHIIBI.

4. BBIMOJIHUTL ~ TOCTpOEHUE Trpaduka TIOBEPXHOCTH C MNPUMEHEHHEM (YHKIUU
CreateMesh, caenatb CKpHHIIOTHI X0a PaOOTHI.

5. BIOTHUTh  TIOCTPOEHHE OOBEMHOW (UTYpBI, KOTOpas TOJIY4aeTcsl BpallleHUEM
KPHUBOH, CIIENIaTh CKPUHILIOTHI X0/1a pabOTHI.

6. [ToAroToBUTH OTYET, BKIFOYAIOIINN CKPUHIIOTHI MOJYYCHHBIX JHAarpaMM U OIHCaHUE
xo0J1a paboTHI.

7. OpopMuth oTyeT 1O JaboparopHoii padore. [IpeacTaBuTh OTYET MO JIAOOPATOPHOM
paboTe 11l 3aLTUTHI.

JlabGoparopHnas padora 7.

. Uto Takoe MoJelIM U KaKKhe BUBI MOJEJIeH Bbl 3HaeTe?
. Kakue Bu1bl MOJICTMPOBAHUS CYLIECTBYIOT?
. OT 9ero 3aBUCUT TOYHOCTh MOJICITUPOBAHMS?
. Korna pasymHo npuMeHsTh puznyeckoe MoaenupoBanme?
. Kakue cambie n3BecTHBIC TPUMEPHI CEPHE3HOTO MOCIUPOBAHUS BBl 3HAECTE?
. Kakue BUIbI TOTPEIIHOCTH MOICIUPOBAHUS Bbl 3HaeTE?
. Kakue nporpamMmMHbIie POIYKTHI UCTIOIB3YIOT ISl MOJIETUPOBAHUS?
. Kak ocymecTtBisiercs noaroroBka K MOJI€IMPOBaHUIO?
.Kakumu ~ BO3MOXHOCTSIMH B MOJACIMPOBAHUU  OOJAMAIOT  HUHCTPYMEHTHI
KOMIIBIOTEPHOTO MOJIEIUPOBAHUS?
10. Yem omimuaeTcsi TpaeKTOpHUS IMOJIeTa KaMHS 0€3 ydeTa CONPOTHUBIICHUS BO3JyXa U C
€ro yuerom?

O©CoO~NO O WDN PP

JlaGopaTopHnas padora 8.

. baitecoBckas kimaccudukarus

. HauBHO-0alieCOBCKHIT ITOIXO

. Meronpl Data Mining

. CBolicTBa HaMBHOM KJIacCU(pUKALIUN

. [locTonHcTBa 0aiileCOBCKUX ceTeH

. baliecoBckas ¢puiabTpaius no caoBam

. MeTos! knaccupuKkaluy U IPOrHO3UPOBAHUS
. Metoz nepeBbEB pEUICHHUI.

01N DN B~ WDN =

5. TEOPETUUYECKHUI MATEPHAJI
5.1 MATEMATHYECKOE MOJAEJIMPOBAHUE B UH) KEHEPHbBIX PACYUETAX

IMocTpoenue moxen

Mogens U MOJENUPOBaHKE - YHUBEPCAIbHBIE MMOHITHS, aTPUOYTHI OJJHOTO W3 Hamboiee
MOIIHBIX METOJIOB TO3HAaHUS B J1000H mNpodeccHoHanbHOM 00JacTH, MO3HAHUS CHUCTEMBI,
nporecca, sBICHUS.

Bun mozmenu um Meroabl ee HccieNoBaHMS OONbIIE 3aBHCAT OT HH(DOPMAIIMOHHO -
JIOTHYECKUX CBSI3€H 2JIEMEHTOB M IMOJCUCTEM MOACTHPYEMOH CHUCTEMBI, PEeCypCOB, CBSI3€H C
OKpY)KEHHEM, a HE OT KOHKPETHOTO HAIIOJHEHHUsI CUCTEMBI.

MonenpHBIN CTHIIb MBIIIJICHUS TI03BOJISIET BHUKATh B CTPYKTYPY M BHYTPEHHIOKO JIOTUKY
MOJICTUPYEMOI CUCTEMBI.

[TocTtpoeHne Monenu - CHCTEMHas 3ajada, TpeOyrolias aHaM3a W CHHTE3a MCXOJHBIX
JTAHHBIX, TUIOTE3, TEOPUH, 3HAHUH crienuaaiucToB. CHCTEMHBIH MOIXO0/ MO3BOJSIET HE TOJBKO
MIOCTPOUTH MOJIENh PEATbHOW CHCTEMBI, HO U UCTIOJIB30BaTh ATY MOJETH ISl OIEHKH (HarpuMmep,
3P PEKTUBHOCTH YIPaBICHUS WU (PYHKIMOHUPOBAHHS) CHCTEMBI.
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Mogens - 3T0 00BEKT WM ONHCAHUE OOBEKTA, CUCTEMBI JUIs 3aMEIICHUSI OJTHOM CUCTEMBbI
(opuruHana) Ipyroil cUCTeMOW A Jy4Illero M3y4eHUs OpUIMHajda WIM BOCHPOM3BEAEHUS
KaKHX-TTMOO ero CBOWCTB.

Hanpumep, oto6paxas Gpu3nueckyro CUCTEMY Ha MAaTeMaTHYECKYI0 CHUCTEMY, IOJYyYHM
MaTeMaTHYECKYI0 MOoJeNnb (husnyeckoi cuctemsl. JIrob6ass MoJeNnb CTPOUTCS U MCCIETyeTCsl IPpU
OIpEIEeIEHHBIX JIOMYIEHHUIX, THIIOTe3aX.

[Tpumep. PaccMOoTpuM (PHU3MUECKYIO CHUCTEMY: TEJIO MAacCOd m CKaThIBAaeTCsS II0
HaKJIOHHOH IJIOCKOCTH € YCKOPEHHEM a, Ha KOTOpoe Bo3zelcTByer cuia F.

Hccnenys takue cucrteMbl, HpIOTOH MOMy4Ynsi MaremMaTudeckoe cootHomenue: F = m*a.
OT0 (QuU3MKO-MaTeMaTH4eckas MOJEIb CHUCTEMbl WJIM MaTeMaTudeckas MOAeIb (hU3HUecKon
CHCTEMBI CKaTBIBAIOLIETOCS TEJIA.

IIpu onucaHuu 3TON CUCTEMBI MPUHATHI CIEAYIOLINE THIIOTE3bI:

- IOBEPXHOCTh UaeanbHa (KO3 (UIIMEHT TPEHHS paBeH HYJIIO);

- TEJIO HaXOJUTCS B BaKyyMme (COIPOTHUBIIEHHE BO3/yXa PABHO HYIIIO);

- Macca TeJia HeM3MEHHa;

- TEJIO IBUIKETCS C OIMHAKOBBIM ITOCTOSIHHBIM YCKOPEHHEM B JII000 TOUKE.

[Mpumep. Dusmosnoruveckas cuctemMa (CUCTeMa KpPOBOOOpaIICHHS 4YeNIOBEKa) -
HOJYUHACTCSI HEKOTOPhIM 3aKOHAM TepMOAMHAMUKU. OINUCHIBAs 3Ty CHCTEMY Ha (U3NYECKOM
(TEpMOIMHAMUYECKOM) SI3BIKE OalaHCOBBIX 3aKOHOB, IIOJTY4UM ¢busngeckylo,
TEPMOJIMHAMHMUYECKYIO MOJeNb (hru3nosornyeckoil cucremsl. Eciin 3amucath 3T 3aKOHBI Ha
MaTeMaTHYECKOM SI3bIKE, T.€. COOTBETCTBYIOIIME TEPMOJWHAMHYECKHE YPAaBHEHUS, TO YiKE
HOJIy4aeM MaTeMaTHYeCKyI0 MOJIEIb CUCTEMbI KpPOBOOOpAILIEHHS.

[Tpumep. CoOBOKYIHOCTh TpEANPHUITHNH (YHKIMOHUPYET Ha pPHIHKE, OOMEHHUBAsChH
TOBapaMH, ChIpbeM, yciayramu, nHpopmanuei. Eciu onucaTb 3KOHOMHUYECKHE 3aKOHbI, IIPaBUIIA
UX B3aUMOJICHCTBHS Ha pPBIHKE C IOMOIIBI0 MAaTEeMaTHYECKUX COOTHOIICHUH, Hampumep,
CHUCTEMBl aireOpanyecKux YpaBHEHHUH, TIJ€ HEU3BECTHbIMH OyJIyT BEIUYUHBI MPUOBLIH,
MOJTy4aeMble OT B3aUMOJICHCTBHSA NPEANPHUATHHA, a KOd(PQPUIMEHTAMH ypaBHEHHS OYIyT
3HaYeHUs] UHTEHCUBHOCTEH TaKUX B3aMMOAEUCTBHI, TO MOJTYYHM SKOHOMHKO-MAaTEMaTHYECKYIO
MOJIENTb CHCTEMBI IPEANPHUSATHIA HA PHIHKE.

CrnoBo "mopmens" (;at. modelium) o3nauaer "mepa", "cmoco6", "cX0ACTBO C KaKOK-TO
BelIbI0".

MogenupoBanue Oazupyercs Ha MaTeMaTH4YeCKON Teopuu Mmojo0usi, COrjlacHO KOTOPOH
abCoIOTHOE 1TOI00ME MOXKET MMETh MECTO JIMIIb TPU 3aMEHE OJHOTO O0BEKTa IPYTUM TOYHO
TaKUM JKe.

[Ipn moaenupoBaHUM OOJBIIMHCTBA CUCTEM aOCOJIIOTHOE I0/00ME€ HEBO3MOXKHO, WU
OCHOBHas 11€J1b MOJIEJIMPOBAHUS 3aKIIIOYAETCSl B TOM, YTO MOJIENb JOCTATOYHO XOPOIIO JTOJDKHA
oTtoOpakaTh (PYHKIIMOHUPOBAHHE MOJIEIIUPYEMON CHCTEMBI.

ITo ypoBH10, "ri1y0nHe' MoAeTMpPOBaHUA MOJe/IH ObIBAIOT:

1. sMniupudecKre - Ha OCHOBE SMITUPUUYECKUX (HAKTOB (OMBITOB);

2. TEOpPETHYECKUE - HA OCHOBE MaTeMaTHYECKUX ONHCAHHA;

3. CMEIIaHHbIe, MONYIMIHPUYECKHE - Ha OCHOBE OMITMPHUYECKUX 3aBHCHMOCTEH U
MaTEMaTHUYECKUX ONHCAHUM.

IIpo6saema MoaeIMPOBAHKMS COCTOMT U3 TpeX 3a1a4:

1. noctpoenue monenu (3Ta 3afada MeHee GopManu3lyeMa U KOHCTPYKTHBHA, T.K. HET
ITOPUTMA JIJIST TIOCTPOSHUS MOJICIICH);

2. uccrnenoBanne Monenu (dTa 3amadya  Oozee (opMamuzyema, HMEIOTCS METOMIbI
WCCJICJIOBAHMSI PA3JTUYHBIX KJIACCOB MOJIEIIEH );

3. UCnoNb30BaHue MoOJIeNH (KOHCTPYKTUBHAS U KOHKpPETU3UpyeMasl 3a/1a4a).

Mogens M, onuceiBaromast cuctemy S(x1, x2, ..., xn; R), umeer Bux:

M=(z1,22,..,zm;Q), rne zi€ Z, (i=1,2,..,n);

R - MHOecTBa oTHOIIEHHH Hax X
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Q - MHOKECTBa OTHOILIICHUI HAL Z;

X - MHOKE€CTBOM BXOJHBIX, BBIXOJHBIX CUTHAJIOB U COCTOSIHUI CUCTEMBI;

Z - MHOXECTBO OMHUCAHUI (IIPEACTaBICHUI) JIEMEHTOB U MOJMHOXKECTB X.

Cxema moctpoeHus: mojend M cucteMbl S ¢ BXOJHBIMHU CUTHaJlaMU X U BBIXOJHBIMHU
curHanamu Y mzoOpakeHa Ha puc. 1.1.

Hccenepyemas cucrema S Mopens M

Pucynok 1.1 - Cxema nocTpoeHust MoAeIu

Ecnmu Ha BXox M mocTymaroT CUTHaIBI U3 X U Ha BBIXOJC MOSBIISIOTCS CUTHAIBI Y, TO
3a/1aH 3akoH (mpaBuiio) f (yHKIIMOHUPOBAHUS MOJICTH / CHCTEMBI.

MogaenupoBaHie - 3TO  YHHBEPCAJIbHBIA ~ METOJ  IOJYYCHUS OIHCaHMSI
(GYHKIIMOHUPOBAaHHSI OOBEKTA U UCIOJIB30BaHUS 3HAHUI 0 HEM. MoJIeTMpOBaHIE UCTIONb3YeTCS
B JI000# PO eCCHOHATTLHOM JIeATEIIEHOCTH.

Kaaccuduxanus Bugos mogenuposanus. Ctarnueckue M JMHAMMYECKHeE,
JUCKPETHBIE U HenpepbIBHbIE MO/Ie/IH

Knaccudukanuio Mojeneit mpoBOAAT MO PA3IMIHBIM KPUTEPHSIM.

Mopnens Ha3bIBaeTCs CTAaTUYECKOW, €CIM CpeAH IMapaMeTpoB, Y4YacTBYIOIIUX B €€
OINMCAHUHU, HET BpeMEHHOro napamerpa. Cratnyeckas MOJEb B KaX/1blii MOMEHT BPEMEHHU J1aeT
s "pororpaduro” cuctemsl, ee cpes.

[Tpumep. 3akon Hrrorona F=a*m - 3To crarndeckas MOIeNb IBIKYIIEHCS C YCKOPEHUEM
a MaTepuaJbHOM TOYKHA Maccol m. DTa MOJIeNIb HE YUUTHIBAET U3BMEHEHUE YCKOPEHUS OT OJHOM
TOYKH K JIPYrOM.

Mognens qMHAMHYECKasi, €CIIM CPEU €€ TapaMeTPOB €CTb BPEMEHHOM MapameTp, T.€. OHa
oToOpaXkaeT cuctemy (IIpPoIeCcChl B CHCTEME) BO BPEMEHH.

[Tpumep. JIunamudeckast Mmogens 3akoHa HeioToHa OyneT UMeTh BU:

F(t)=a(t)*m(t).

Mopenb AUCKpEeTHas, €CIU OHA OMUCHIBAET MOBEJIEHUE CUCTEMBI TOJBKO B JUCKPETHBIE
MOMEHTHI BPEMEHH.

[Tpumep. Ecnu paccmatpuats Tonbko t=0, 1, 2, ..., 10 (cex), To Mogens

S(t)=gt?/2

WK vucioBas mnocienoBatensHocth: S0=0, S1=g/2, S2=2g, S3=9¢/2, S10=50g moxer
CILY’)KMTb TUCKPETHON MOJIENbIO IBHKEHHUSI CBOOOIHO MaIalollero Tena.

Mopenb HenmpepbiBHAsI, €CIM OHA OMUCHIBAET MOBEJIEHUE CUCTEMBI ISl BCEX MOMEHTOB
HEKOTOPOTO NMPOMEXKYTKA BPEMEHHU.

[pumep. Mogens S=gt%/2, 0 < t < 100 HenpepsiBHa Ha mpomexkyTke Bpemen (0;100).

HNMuTanmoHHbie MOAETH

Mopenb MMUTAlMOHHAs, €CIAM OHAa MpeJAHa3HayeHa JUIsl HUCIBITAHUA WIM H3Y4YEHHS
BO3MOJKHBIX TTyTE€H pa3BUTHS M MOBEICHUA 00BEKTa MyTEM BapbHUPOBAHMS HEKOTOPBIX WM BCEX
napameTpoOB MOJIEIH.

[Ipumep. IlycTh MOJENH SKOHOMUYECKON CHCTEMBI IIPOM3BOJICTBA TOBAPOB ABYX BUIOB |
u 2, B koinudectBe X1 M X2 €IUMHHUIl U CTOUMOCTBIO KaXKJ0W eAuHulLBI ToBapa al um a2 Ha
MPEANPUATHHI ONMCaHA B BUJE COOTHOIICHUS:

alxl +a2x2 =S,
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rzae S - o01as CTOMMOCTh MPOU3BEICHHOM MPEANIPUIATHEM Beel mpoAaykuuu (una 1 u 2).
Mo>HO ee UCIOB30BaTh B Ka4eCTBE MMUTAIIMOHHON MOJENH, IO KOTOPOW MOKHO OIpeesTh
(BapbUpOBATh) OOIIYI0 CTOMMOCTH S B 3aBUCHMOCTH OT T€X WJIM WHBIX 3HAUYCHUN OOBEMOB H
CTOUMOCTH NMPOU3BOIUMBIX TOBApPOB.

JleTepMHMHUPOBAHHBIE H CTOXACTHYECKHE MOJeTH

Mopenp neTepMUHUpPOBaHHAsA, €CIM KaXJOMY BXOJHOMY Ha0Opy mapameTpoB
COOTBETCTBYET BIIOJIHE ONPEACICHHbI M OJHO3HAYHO OMNpEIeNsieMblii HAaOOp BBIXOIHBIX
napaMeTpoB; B TPOTHBHOM Cllydae - MOJENIb HEACTePMHUHUPOBAHHAS, CTOXaCTHYECKas
(BEpOSITHOCTHAS).

[Tpumep. [lpuBeneHHsle Bblme (GU3MYECKHE MOJENU - JEeTepMUHHpOBaHHbIE. Eciam B
mozenu S = gt? /2, 0 <t < 100 MbI yumu Obl CIydaiHbIH HapaMeTp - IOPHIB BETPa C CHIIOH p TIpH
HaJICHUN Tea:

S(p) =g(p)t?/2, 0<t<100,

TO MbI IIOJTYIUIINA OBI CTOXAaCTUYICCKYIO MOJCJIb (y>1<e HC CBO60,I[HOFO) naacHus;.

DOYyHKIHOHAJIBHbIE, TEOPETHKO-MHOKECTBEHHbIE U JIOTHYECKHE MOAEJIH

Mopnens ¢yHKIMOHaIbHAs, €CIM OHa IMpPEACTaBMMa B BHJE CHCTEMbl KakKHX- JHOO
(yHKIIMOHAJIbHBIX COOTHOIIEHUH.

Mopenb TEOpEeTUKO-MHOXKECTBEHHAsA, €CJIM OHA NPEACTaBUMa C IMOMOLIBIO HEKOTOPBIX
MHOKECTB U OTHOLIEHUH IPUHAIIIEKHOCTH MEXKY HUMHU.

[Ipumep. IlycTh 3a1aHO MHOKECTBO

X = {Huxkomnaii, [lerp, Huxonaes, IlerpoB, Enena, Exarepuna, Muxawun, TarbsiHa} u
OTHOLLICHHUS:

Huxoumnaii - cynipyr Enensi,

Exkarepuna - cynpyra Ilerpa,

TaresHa - nous Hukomnas u EneHel,

Muxaun - ceiH Iletpa u Exarepunsi,

cembr Muxaunna u Iletpa nqpyxat npyr ¢ qpyrom.

Tornpa MHOXeCTBO X M MHOXECTBO IIEPEUMCICHHBIX OTHOUICHUH Y MOIYT CIIYXKUTh
TEOPETUKO-MHOKECTBEHHON MOJIENBIO JBYX IPY’KECTBEHHBIX CEMEM.

Mogenp Ha3bIBaeTCsl JOTMUECKON, €CIIM OHA MPEICTaBUMa JIOTHYECKUMU (YHKLIUAMHU.

Hanpumep, COBOKYMHOCTh JIOTUYECKUX (PYHKLINN BUJA:

Z=X MYy VX, p=xfty
€CTh MaTeMaTH4ecKasi JIOThYecKasi MoJiellb paboThl JUCKPETHOI'O YCTPONUCTBA.

Hrposbie Mogeaun

Mopenp urpoBasi, €CiaM OHa OINMCBIBAET, PEATU3YET HEKOTOPYIO WUIPOBYHO CHUTYaIUIO
MEXYy YY4aCTHUKAMHU UTPBI.

[Ipumep. Ilyctes urpok 1 - 100pOCOBECTHBIM HAJOrOBBI HMHCIEKTOp, a UIPOK 2 -
HEe1I00pOCOBECTHBIN Hajororuiatenbuk. Vet npouecc (urpa) mo yKJIOHEHUIO OT HAJIOroB (C
OJIHOI CTOPOHBI) U MO BBISIBICHUIO COKPBITUS YIUIaThl HAJOroB (C Apyroi cTopoHsl). Mrpoku

BBIOMPAIOT HaTypajibHbIe uncia i u j (i, ] = n), KOTOpble MOKHO OTOXAECTBUTH, COOTBETCTBEHHO,
co mrTpadoM Urpoka 2 3a HeyIiaTy HaJIOTOB MPU OOHAPYKEHUU UTPOKOM | (pakTa HeyruIaTel U ¢
BPEMEHHOM BBITOJIOM MIPOKa 2 OT COKPBITHS HAJIOroB. MoJenp WUIpbl ONMCBIBAETCS 3TOU
MaTpHIlel U cTpaTeruel yKJIOHEHUS M TOUMKH. DTa Urpa - aHTarOHUCTHYECKasl.

AJITOPUTMHYECKHE, CTPYKTYPHBIE, rpadgoBbie MOe/IH

Mopenp  anropurMudeckas, €CiId OHa OIKMCaHa HEKOTOPBIM aIrOPUTMOM  WJIHU
KOMIUIEKCOM aJITOPUTMOB, ONPENEISIIOIIMM (QYHKIMOHUPOBAHHUE, PA3BUTHE CUCTEMBI.

Crenyer MOMHUTB, YTO HE BCE MOJEIU MOTYT OBITh MCCIEIOBaHbI WM PEaTH30BAHBI
AITOPUTMUYECKH.

[Tpumep. Mozienbio BEIYUCIIEHUS] CYMMBI OECKOHEYHOT'O YOBIBAIOIIETO Psijia YHCET MOKET
CIIY’)KMThb QJITOPUTM BBIYMCICHUS KOHEYHOM CYMMBI psifa N0 HEKOTOPOW 3aJaHHOW CTENEHHU
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TOYHOCTH. AJTOPUTMUYECKOW MOJEIBI0 KOPHSI KBaJApPAaTHOINO M3 YUCIA X MOXET CIYKUTh
QITOPUTM BBIYUCIICHUS €ro IPUOIMKEHHOT0 3HAaYeHHUS 110 U3BECTHOU PEKYpPPEHTHOI popmysie.
Mopnenbs Ha3plBaeTCsd CTPYKTYPHOH, €CIM OHa IpeJIcTaBUMa CTPYKTYpPOM NAHHBIX WU
CTPYKTYypaMU JaHHBIX U OTHOIICHUSIMU MEXIY HUMH.
Mogens HasbiBaeTcs rpadoBOi, ecid oHa npeicTaBuMa rpadoM wiu rpadamMu U
OTHOIICHUSIMUA MEX1Yy HUMH.

Hepapxuyeckue u ceTeBbie MOAEIN

Mogenp Ha3bIBaeTCs HEpapXU4ecKol (IpeBOBUAHON), €ciM IpelcTaBUMa HEKOTOPOH
UEPAPXUUECKON CTPYKTYpOH (AepEBOM).

ITpumep. s pemieHus 3a7aud HaXOXJEHHMs MaplIpyTa B JEpeBe IOMCKa MOXHO
HOCTPOUTb, HATIPUMED, TPEBOBUAHYIO MOJeNb (puc. 2.1):

Pucynok 2.1 - Mojzenps nepapxudeckoi CTpyKTyphbl

Mopenp Ha3bIBaeTCs CETEBOM, €CIIM OHA MPEICTABUMA HEKOTOPOU CETEBOM CTPYKTYPOIl.

[Ipumep. CTpoUTENBCTBO HOBOTO JOMa BKJIIOYAET ONEpaluM, MPUBEICHHBIE B
HIDKECIIeTyIoIel Ta0uIle.

Tabnuia 2.1 - PaboTsl pu CTPOUTENBCTBE JJIOMA

Ne | Onepanus Bpemsa BemosiHenus | [IpeamectByromue Hyrn
(JtHM) ornepanuu rpada

1 | Pacuncrka ydyactka 1 HET -

2 | 3aknazaka pyHnameHrta 4 Pacuunctka ydactka (1) 1-2

3 | Bo3Benenue cren 4 3aknaaka pynnamenra (2) | 2-3

4 | MoHTax 3 Bossenenue creH (3) 3-4
3JIEKTPOIPOBOJIKU

5 | lIrykatypHbie paboThI 4 MonTax 4-5

AIIEKTPONPOBOJKH (4)

6 | braroyctpoicTBO 6 Bossenenue creH (3) 3-6
TEPPUTOPUHU

7 | Otnenoynsle paboThl 4 [l tykaTypHble paboTsl (5) | 5-7

8 | Hactun kpeimm 5 Boszsenenue creH (3) 3-8

CereBast MoJienb (ceTeBOi rpauk) CTPOUTENBCTBA JOMA JlaHa Ha puc. 2.2.
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Pucynok 2.2 - CeteBoii rpayiKk CTPOUTENIHCTBA

JIBe paboThl, COOTBETCTBYIOLIUE Jyre 4-8, mapajuielbHbl, UX MOXHO JH00 3aMEHHUTH
OJIHOM, TPEJCTABISAIONICH COBMECTHYIO oOmepanuio (MOHTaX 3JIEKTPONPOBOJKHM W HACTHUI
KPBIIIK) C HOBOW omeparuell JIuTenbHOCThIO 3+5=8, b0 BBeCTH Ha OJHOU ayre (UKTUBHOE
coObITHE.

JIMHrBHCTHYECKHE MOJE]TH

Mogenp Ha3bIBa€TCA S3bIKOBOM, JIMHIBUCTUYECKOM, €CIIM OHA MPEACTABIEHA HEKOTOPBIM
JUHTBUCTUYECKUM O0OBEKTOM, (POPMATTU30BAHHON SI3BIKOBOM CUCTEMOM WIIM CTPYKTYPOM.

WNuorna Takue Moeny Ha3bIBAIOT BEPOATHHBIMU, CHHTAKCHUECKUMU.

Hanpumep, npaBuiia JOpOxKHOTO ABUKEHHUS - SI3bIKOBAsA, CTPYKTYpPHAsi MOJIEIb IBUKEHUS
TPaHCHOPTA U MEMIEX0I0B Ha JOPOrax.

BusyanabHble, HATYpHBIE, TeOMeTPHUYECKHE MO/IeTH

Mopnens Bu3yaidbHas, €CIM OHA IO3BOJIICT BU3YAJIW3HPOBATh OTHONICHHS W CBS3U
MOJICIIUPYEMOMN CHUCTEMBI, OCOOCHHO B TUHAMUKE.

Hanpumep, Ha 3KpaHe KOMIIBIOTEPA YaCTO MOJIB3YIOTCS BU3YAIBHONH MOJCIBIO TOTO WIIH
WHOTO 00OBEKTAa.

Monens HaTypHasi, €CJI OHA €CTh MaTepUaIbHAS KOMHS 00BEKTa MOICITHPOBAHHUS.

Hanpumep, rio0yc - HatypHas reorpaduieckas MoJellb 3MHOT'O I1apa.

Mopnens reoMeTpuueckas, rpadudueckas, €cid OHa MPEICTaBUMa TI'€OMETPUYCCKHUMHU
oOpazamu U 0OBEKTaMH.

Hanpumep, MakeT qoma SBISICTCS HATYPHOH T'€OMETPHYECKON MOJEIBIO CTPOSIIETOCS
noMa. BrmcaHHBIH B OKPY)KHOCTh MHOTOYTOJBHHK JAeT MOJENb OKPYXHOCTH. MIMEHHO oOHa
UCIIOJNIBE3YETCS IPU U300paKCHUH OKPYKHOCTH Ha 3KpaHe KoMmibiorepa. [Ipsamast TuHwus sIBIsieTCs
MOJIEIIBIO YHCIIOBOM OCH, a IJIOCKOCTh YaCcTO U300paKaeTCsl, KaK MapaijiesiorpaMm.

CucreMa KJIETOYHBIX ABTOMATOB

Mopenp KIE€TOYHO-aBTOMATHAsl, €CIM OHAa MpeICTaBUMa KJIETOYHBIM aBTOMATOM WIIU
CI/ICTeMOI\/JI KJICTOYHBIX aBTOMATOB.

Krnerounslii aBromMar - AMCKpeTHas AMHAMHUYECKas CHCTEMa, aHaJIOT (pU3MYecKOoro
(nenpepbiBHOr0) moiid. KietoyHo-aBTOMaTHas reoMeTpUsl - aHaJOT €BKIJIUIOBOM T'€OMETPHUHU.
Henenumelii 571€MEHT €BKJIMIOBOW TE€OMETPUHM - TOYKA, HA OCHOBE €€ CTPOSTCS OTpPE3KH,
MpsIMBIE, TUNTIOCKOCTH U T.I.

HenenuMmelii smeMeHT KIETOYHO-aBTOMATHOTO MOJS - KJIETKa, HA OCHOBE €€ CTpOsATCS
KJIaCTepbl KJIETOK W pa3JWyHble KOH(QUIypallMM KIETOYHBbIX CTpYyKTyp. Ilpencramusiercs
KJIETOYHBIN aBTOMAaT paBHOMEPHOH CEeThIO KIETOK ("'stueek') 3TOro mosis. DBOIOLHUS KIETOUYHOTO
aBTOMAaTa Pa3BOPAYMBACTCS B IUCKPETHOM ITPOCTPAHCTBE - KJICTOYHOM TIOJIE.

CMeHa COCTOSIHMM B KJIETOYHO-aBTOMATHOM IIOJIE€ MPOUCXOJUT OJHOBPEMEHHO U
napajuIesIbHO, a BpeMs HICT JUCKpeTHO. HecMOTps Ha KaXyIIYIOCS MPOCTOTY UX TOCTPOCHHUS,
KJIETOYHBIE aBTOMAaThl MOTYT JE€MOHCTPHPOBATH pPa3HOOOpPAa3HOE U CJIOXKHOE TOBEICHUE
00BEKTOB, CHCTEM.

B mocnennee BpeMss OHU IIMPOKO HCIONB3YIOTCA TMPH MOJCIUPOBAHMHM HE TOIBKO
(U3HYECKUX, HO M COIIMATLHO-IKOHOMHYECKUX IPOIIECCOB.

DpakTajJbHbIe MOJCIH

Mopenb Ha3bpiBaeTCs (paKTATIbHOW, €CIM OHA OMHUCHIBAET JBOJIIOIUIO MOCITHPYEMOM
CUCTEMBI IBOJIOLINEH (PaKTAIBHBIX 00BEKTOB.

Ecmn ¢dusmyecknii 00BEKT OTHOPOAHBIA (CIUIONIHOW), T.€. B HEM HET IMOJIOCTEH, TO
MOKHO CYHMTaTh, YTO €ro IUIOTHOCTH HE 3aBUCHUT OT pa3Mmepa. Hampumep, mpu yBenuueHUH
napamerpa o6bekTa R 10 2R Macca o6wekta yBemmuntcs B R? pas, ecnm o6bexT - kpyr u B R3
pa3, ecau OOBEKT - IIap, T.€. CYIIECTBYET CBs3b MacChl W JUIHHBL. [lycTh n - pa3smMepHOCTb
npoctpancTBa. OOBEKT, Y KOTOPOTO Macca M pa3Mep CBS3aHbl, HaszbiBaeTcs "KoMmmakTHBIM'". Ero
TUIOTHOCTh MOKHO PacCUMTaTh 1o hopmye:
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AL
o RY —vonst

R?!
Ecnu 06bekT (cucrema) yuosierBopser cootnomenuto M(R) ~ R™, rre f(n) < n, To
TaKol OOBEKT Ha3bIBaCTCS (PpaKTaTHHBIM.
Ero miotHOCTh He OyneT OJMHAKOBOW Ui BCeX 3HaueHHWH R, To oHa Macitabupyercs
coriacHo gopmyie:

JGI:R:I - M(f) - R_jf‘(:u)—x
£

Tak kak f(n) - N < 0 mo ompeaeneHUr0, TO IUIOTHOCTh (PaAKTATLHOTO OOBEKTA
yMEHbIIAeTCsl ¢ yBeaudeHueM pasmepa R, a p(R) sBasercs KoIM4ECTBEHHOM Mepoit
pa3psHKEHHOCTH O0BEKTA.

[Tpumep ¢paxTampHON Mozenu - MHOxecTBO Kanrtopa. Paccmorpum otpesok  [0;1].
Paznenum ero Ha 3 4yacTu W BBIOpOCHMM CpeIHHM OTpe3oK. OcraBmmecs 2 MPOMEXYTKa OMSATh
pazienuM Ha TPU YacTU U BBIKMHEM CpEJHHE MPOMEXYTKM U T.1. I[lomyuyum MHOXeECTBO,
Ha3biBaeMoe MHOXecTBoM Kantopa. B nmpenene rmonydaeM HECUETHOE MHOKECTBO
W30JIMPOBAHHBIX TOYEK.

] ————-—]
0 1/9 29 173 273 79 89 I

Pucynok 2.3 - MuoxxectBo KanTtopa nis 3-x nenenuit
5.2 ABTOMATU3AIIUA MHXXEHEPHBIX PACYHETOB

OcHoBHbBIE CBOIiCTBA MOJEIN U MOAC/IMPOBAHUA

I'panunel Mexay MOJENSIMH Pa3IMYHOrO BHAA BeCbMa YCIOBHBI. MOKHO TOBOPHUTH O
Pa3IUYHBIX PEKMMax HWCIOJNB30BAHUS MOJENCH - HWMHTAIMOHHOM, CTOXAaCTHYECKOM,
JTUHAMHUYECKOM, ICTEPMHUHHPOBAHHOM U JIp.

Kax mpaBuno, mozens Bkitouyaer B cebsa: o0bekT O, cyObekT A (He 00s3aTeNbHO) ,
3amauy Z, pecypcol B, cpeny monenupoBanusi C.

Mopnens MOXHO TIpecTaBuTh popManbHO B Buge: M =<0, A, Z, B, C>.

OCHOBHBIE CBOKMCTBA 0001 MOJIENIH:

1. llenenanpaBlieHHOCTh - MOJIENIb BCETAa OTOOpakaeT HEKOTOPYIO CHCTEMY, T.e. UMEET
1eJIb TAKOT'0 OTOOpaXKEHHUS;

2. KoHeuHOCTh - MoOjenb OToOpakaeT OpUTHHAN JIMIIb B KOHEYHOM YHCIE €ro
OTHONICHHUI U PECYpPChl MOACITUPOBAHUS KOHEYHEI;

3. YIpoOIIeHHOCTh - MOZIeNTb OTOOPaXKAET TOIBKO CYIIECTBEHHbBIE CTOPOHBI O0OBEKTa M OHA
JIOJDKHA OBITH MPOCTA JIJIsl UCCIIEIOBAHMS HIJIM BOCTIPOU3BEICHMUS;

4. HarnsagHocTb, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB U OTHOIIICHUI;

5. IoCTYITHOCTh ¥ TEXHOJOTUYHOCTH JIJISI UCCIIEIOBAHUS WIIH BOCTIPOU3BEICHHUS;

6. MudopMaTUBHOCTh - MOJIENb MAOJKHA COAEpX aTh JOCTATOUYHYH HWH(GOPMAIUIO O
cucteMe (B pamMKax THUIOTE3, NPUHATBIX IPH ITOCTPOCHWH MOJICIH) W JOJDKHA J1aBaTh
BO3MOXXHOCTH TOJy4aTh HOBYIO HH(POPMAIIHIO;

7. ITomHOTa - B MOJENHW JOJDKHBI OBITH YYTEHBI BCE OCHOBHBIC CBS3M W OTHOIICHUS,
HEoOXOouMbIe AJis 00ecreueHUs eIH MOACTUPOBAHNUS,

8. YnpaBnsgeMocTh - MOJIEb JIOJDKHA UMETh XOTS Obl OJWH IapameTp, U3MEHEHUSIMHU
KOTOPOTO MOXHO UMUTHPOBATH MOBEJICHUE MOJICIIUPYEMOU CHUCTEMBI B PA3TUYHBIX YCIOBHSIX.

7KM3HeHHBIN UK MOAETHMPYEMOH CHCTEeMbI

JKW3HEHHBIN LUK MOJIETUPYEMON CUCTEMBI COCTOUT U3 CIEAYIOIIUX HTAIOB:

1. Coop wunbopmamuu 00 0OBEKTE, BBIBHKEHHUE THUIOTE3, MPEABAPUTEIbHBIN
MOJCIbHBIN aHAIU3;

2. [IpoexTrpoBaHue CTPYKTYPHI U COCTaBa Mojelel (oMo enei);
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3. [Moctpoenue crienupukamnmii MoJeNd, pa3padoTKa M OTIAJKa OTJCIBbHBIX MMOAMOJICIEH,
cOOpKa MOJIEIH B TIEJIOM, WIASHTH(UKAINSA (€CITH 3TO HY)KHO) IMTapaMeTPOB MOJIEIICH;

4. ViccnenoBanue MoJzenu - BbIOOp MeTOoAa HMCCIEAOBAHUS M pa3paboTKa aiaropurma
(mporpaMMpl) MOJICTTUPOBAHUS;

5. UccnenoBanue aqeKBaTHOCTH, YCTOMYMBOCTH, YyBCTBUTEIILHOCTH MOICIIH;

6. OneHka cpeacTB MOJEIUPOBAHUS (3aTPAYCHHBIX PECYPCOB);

7. NaTepripetanusi, aHaIU3 pPE3yJbTaTOB MOJCIHPOBAHUS U YCTAHOBICHUE HEKOTOPBIX
MPUYUHHO-CJIEICTBEHHBIX CBS3€H B UCCIIEyeMOM CHCTEME;

8. 'enepariyisi OTYETOB U MPOEKTHBIX (HAPOAHO-XO3SIMCTBEHHBIX) PEIICHUH;

9. YTounenue, MmoguduKanus MOAEIH, €ClId 3TO HEOOXOAUMO, U BO3BpAT K UCCIIETyeMOM
CUCTEME C HOBBIMU 3HAHUSIMU, TIOTYYCHHBIMHU C IIOMOIIBIO MOJCIH U MOJICIIUPOBAHHS.

MopenupoBaHue KaKk MeTOJ CHCTEMHOI0 AHAJIHU3A

YacTo B CHUCTEMHOM aHalau3€ IIPU MOJEIBHOM IIOAXOJE MCCIECIOBAHUS MOXKET
COBEpILATHCS OJIHA METOAMYECKasi OIMOKa, @ MMEHHO, - IOCTPOEHUE KOPPEKTHBIX U aJleKBaTHBIX
Mojiene (rmoamMopeneii) MoACUCTEM CUCTEMBl UM MX JIOTMUYECKM KOPPEKTHAas yBSI3Ka HE JAeT
rapaHTUi KOPPEKTHOCTH MOCTPOSHHOM TaKUM CIIOCOOOM MOJIEIH BCEH CUCTEMBI.

Mopnenb, noctpoeHHas 0e3 yuyera CBs3€Hl CUCTEMBI CO CpPEIOM, MOXKET  CIY)KUThb
IIOATBEPKJIEHUEM TeopeMsbl ['enens, a TouHee, ee CIEACTBUS, YTBEP/KIAAIOUIET0, YTO B CIOKHON
M30JIMPOBAHHON CUCTEME MOTYT CYIIECTBOBAaTh UCTUHBI U BBIBOJbI, KOPPEKTHBIE B ATON CUCTEME
Y HEKOPPEKTHBIE BHE €€.

Hayka mopnenupoBaHMsl COCTOMT B pa3/I€l€HHM Ipollecca MOJEIMPOBAHUS (CUCTEMBI,
MOJeNI) Ha JTanbl (IOJCUCTEMBI, IOAMOJENH), HeTalbHOM M3YyYEHHU KaXJOro JTarna,
B3aMMOOTHOIICHUH, CBSI3€H, OTHOMICHUH MEXAY HUMH H 3aTeM 3(P(GEKTUBHOTO ONMHMCAHUS UX C
MaKCHUMaJIbHO BO3MOXHOM CTENEHbIO (popManu3aluu 1 afieKBaTHOCTH.

B cinydae HapymieHuss 3TUX NpaBUJl IIOJIydaeM HE MOJENIb CHCTEMbI, a MOJEIb
"COOCTBEHHBIX M HEMOJIHbIX 3HAHUH".

MonenupoBaHue paccMaTpuBaeTcs, Kak ocodasi popMa SKCIIEpUMEHTa, SIKCIIEPUMEHTA He
Ha/l CaMUM OpHUTHMHAJIOM, T.€. TPOCTBIM WM OOBIYHBIM HKCIEPUMEHTOM, a HaJ Komuei
OpurvHaia. 371ech BaK€H U30MOp(U3M CUCTEM OPUTUHAIBHONW U MOJEIBHOM.

N3omopdu3M - paBEeHCTBO, OIMHAKOBOCTb, TOJI00HE.

Monenu 1 MOIETUPOBAaHUE PUMEHSIOTCS IO OCHOBHBIM HAINpPaBJICHUSIM:

- B 00y4eHHH, B TIO3HAHUH U Pa3pabOTKe TEOPUH UCCIIEAYEMBIX CUCTEM;

- B IPOTHO3UPOBAHUU (BBIXOJIHBIX JAHHBIX, CUTYallull, COCTOSIHUN CUCTEMBI);

- B yIIpaBJIEHUH (CUCTEMOM B IIEJIOM, OTAEIBHBIMU €€ TI0JICHCTEMaMH);

- B aBTOMATH3allUU (CUCTEMBI WIH €€ OT/IEIbHBIX MOJACUCTEM).

Kaaccudukanus BUA0B MOIeTUPOBAHUSA

Momempozazate

BT

$ioirecive Mameremnceoe

Axamtrirecoe Konormsomeproe

//
Urenermos
N

Crarnemiceoice

P

Mrerrarpo e

Pucynok 3.1 - Knaccuduxarus BHI0B MOACITUPOBAHUS

46



ITpu puznueckoM MOAETMPOBAHUU HCIOJNB3YETCS caMa CHUCTEeMa, JIMOO mojo0Has eil B
BUJIE MaKeTa, HAIIPUMeEp, JIETATeNbHBIN alnmapar B a3poAMHAMUYECKOil TpyOe.

MareMaTHueCKOe MOJICIMPOBAHUE €CTh MPOIECC YCTAaHOBICHHUS COOTBETCTBUS PEabHOM
cucTeMe S mMaTeMaTuyeckoil Mojenu M U uccieoBaHue 3TOW MOJEINH, O3BOJISAIONIEE MOTYyUYUTh
XapaKTEPUCTHKHU PEATbHON CHCTEMBI.

[Ipy aHanTUTHYECKOM MOJEIMPOBAHUM MPOLECChl (PYHKIIMOHUPOBAHUSA 3JIEMEHTOB
3aMKUCHIBAIOTCS B BHUJIE MAaTEMaTHYECKHX COOTHONICHUN (aireOpanveckux, WHTETPAIbHBIX,
nuddepeHIaIbHBIX, TIOTUYECKUX U . ).

AHanuTHueckas MOJIEIb MOXKET ObITh UCCIIEI0BaHA METOAMU:

- aHAJIUTUYECKUMHU (YCTaHABIIMBAIOTCS SIBHBIE 3aBHCHUMOCTH, IMOJIY4alOTCS, B OCHOBHOM,
AQHAINTUYECKUE PELICHHUS);

- YUCJICHHBIMH (TTOJy4YaroTCs MPUOIMKCHHBIC PEIICHMS );

KomnbroTepHoe mMareMaTHUECKOE MOJAEIHpOBaHUE (HOPMYIHPYETCS B BHJIE alrOpUTMA
(mporpammbl  anss OBM), dYro mMO3BOJNSET MPOBOAUTH HAJ MOEIBIO BBIYMCIUTEIbHbIC
IKCTIEPUMEHTHI.

UucneHHOEe MOJIETTUPOBAHUE HCIIONB3YeT METOAbl BEIUMCIUTEIbHOM MaTeMaTHKU.

CraTucTu4eckoe MOJICITUPOBAHUE UCIIONB3YEeT 00pabOTKY JaHHBIX O CHCTEME C IIETIhIO
MOJIyYEHUS] CTATUCTUYECKUX XaPAKTEPUCTUK CUCTEMBI.

Nmuranmonnoe MopenupoBaHue  BOCHpou3BoauT Ha OBM (umutupyer) mporiecc
(GYHKIIMOHUPOBAHUSI  UCCIEAYEeMOM CHCTEMbI, COOMIOJas JIOTUYECKYId) M BPEMEHHYIO
MIOCJIEIOBATEIBHOCTD MPOTEKAHMs TPOLECCOB, YTO IO3BOJSIET y3HATh JAHHBIE O COCTOSHHU
CUCTEMBI I OTIEIBHBIX €€ DJIIEMEHTOB B OIpe/IeJICHHbIE MOMEHTHI BpEMEHHU.

[IpumeHeHre MaTeMaTHYECKOTO MOJEIMPOBAHUS TO3BOJSIET HCCIEAOBAaTh OOBEKTHI,
pealibHbIe SKCTIEPUMEHTHI HaJl KOTOPBIMH 3aTPYIHEHbI UM HEBO3MOXKHBI.

OkoHOMHUYecKUl 3(pPeKT mpu MareMaTHUEeCKOM MOJCITUPOBAHUHA COCTOUT B TOM, YTO
3aTpaThl HA MPOEKTUPOBAHUE CHCTEM B CpelHEM cokpararoTes B 50 pas.

Mathcad — cucrema KOMNBIOTEPHOIT aaTredphI

Mathcad — cucrema KOMITBIOTEPHO# anreOpbl U3 Kilacca CHCTEM aBTOMATH3HPOBAHHOTO
NPOCKTHPOBAHUS, OPHUEHTUPOBAHHAS Ha IMOATOTOBKY HWHTEPAKTHBHBIX JIOKYMEHTOB C
BBIYUCIICHUSIMU ¥ BHU3YaJIbHBIM COIIPOBOKIACHUEM, OTIMYACTCS JIETKOCTBIO HCIIOJIB30BAHUS U
NPUMEHEHHS ISl KOJUIEKTUBHOM PaOOTHI.

HIupokuit nnTepec k cucteme Mathcad mpuBen k Tomy, uro B Poccunm HakoHer-To
NOSIBUWINCH KHUTH IO OTAeNbHBIM BepcusiM. Cucrema Mathcad Obina coznana B 80-x rojmax B
yausepcurete Crangpopaa (CLIA).

Cospemennbie Bepcun mis [IK rorosut ¢pupma MathSoft Application. JlocrouHCTBO —
IIPOrpaMMUPOBAaHUE HA S3bIKE MAaTEMATUKU. DTO YHUBEPCAIbHBIM MaTeMaTHYeCKUi HHTepdeiic:

- Ectb MomHas mogepxka rpadukm.

- Bo3aMoskeH uMmnopt rpaduku U3 APyrux mporpaMmm.

- Bonbiioe konMyecTBO BCTPOEHHBIX MaTEMaTUYECKUX QYHKIMH (COTHN).

- BerpoeHHble clipaBOYHUKH MO TPEMETHBIM 00J1aCTSIM.

- Bo3moxHa aHumanus.

- CUMBOJIbHAsI MaTeMaTHKa.

Henocrarkn:

- DTO UHTEPIIPETATOP.

- Bo3aMosxHOCTH TIPOTpaMMHUPOBaHHS OTPAHUICHEI.

Cuctembl Mathcad monb3yloTCsi OTpOMHOI MOMYJISIPHOCTBIO BO BCEM MHUpe Oiaroaaps
yIIOOHBIM CPEJICTBAM MOJTOTOBKH IOKYMEHTOB, IMEIOIINX BUJ OOBIYHBIX CTATEH MM KHUT. B TO
e BPeMsl OKasbIBaeTCs, YTO ITH CPEACTBA BIIOJIHE JOCTATOYHBI JJIsi PEIIEHHs MOJaBIISIONIETO
OOJIBPITMHCTBA 33/1a4 110 MaTeMaTHKe, GU3UKU U PYTUX HATIPABICHUN HAYKU U TEXHUKH.

Mathcad siBnsercss MareMaTuyecK OPUEHTHPOBAHHBIMU YHHMBEPCAJIbHBIMH CHCTEMaMHU.
[ToMmuMo COOCTBEHHO BBIYMCICHHWNM OHU IO3BOJIAIOT pemath odopMutensckue 3amadu. OHu
MO3BOJISIIOT TOTOBUTH CTAaThU, KHUTH, AUCCEPTAIMH, HAYYHbIE OTYETHI, AUIJIOMHBIE U KYPCOBBIE
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IPOEKTHl C JOCTYIMHBIM HAaOOPOM CaMbIX CJIOXHBIX MaTeMaTHYeCKUX (POpMyN M HU3BICKAHHBIM
rpaduuecKuM mpeICTaBICHUEM PE3yIbTaTOB.

C camoro mepBOro CBOErO MOSABICHHsS CUCTeMbl kiacca Mathcad mumenn ynoOHBII
M0JIb30BATEILCKUN UHTEP(HENHC — COBOKYIMHOCTh CPEICTB OOIIEHHS C MOJIb30BAaTE]IeM B BHUIE
MacmTabupyeMbIX U MepeMeniaeMbIX OKOH, KHOMOK U MHBIX AJIEMEHTOB. Y 3TOH CHCTEMBI €CTh
3¢ exTrBHBIE CpPEICTBA TUIIOBOW HAy4YHOU rpaduKy, OHU MPOCTHI B IPUMEHEHUN U UHTYUTHBHO
nouatHel. CroBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MacCOBOTO TOJB30BATENSA — OT
YUEHHUKAa Ha4aJIbHBIX KJIACCOB JI0 aKaJeMHUKA.

HecmoTpst Ha TO, 4TO 3Ta MporpamMma B OCHOBHOM OPHEHTHpPOBAHA Ha IOJIb30BaTeNeii-
HenporpamMmucToB, Mathcad Takke wucmonb3yercs B CIHOXKHBIX — IPOEKTax, YTOObBI
BU3YAJIU3UPOBATh PE3yJIbTaThl MaTEMaTUYeCKOIO MOJICIIMPOBAHUS, IyTEM HCIIOJIb30BaHUSL
pacnpeiei€HHBIX BBIUMCICHUM U TPaJULMOHHBIX S3BIKOB MporpammupoBanus. Taxke Mathcad
YacTO HCIOJNB3YeTCS B KPYINHBIX HMHXXCHEPHBIX MPOEKTax, I7e OOJbIIoe 3HAaUCHHE UMEET
TPacCUPyEMOCTh U COOTBETCTBUE CTAHIAPTAM.

Mathcad noctarodno yao0HO UCIIONB30BaTh JJIs1 OOYYEHUs, BBIYUCICHUN W MHKEHEPHBIX
pacuetoB.  OTKpbITass ~ apXUTEKTypa MPUIOKEHHS B  COYCTAaHUU C  TOAJCPKKOU
texnosioruit NET u XML 1o3BosistoT JIerko HHTErpUpOBaTh MPUIIOKEHHUE.

Paccmotpum Hanboisiee yacto mpuMmeHsiemble QYHKIUU 7S CTAaTUCTHYECKHX PACUYETOB,
KOTOPBIE BCTPOEHBI B IPOTPaMMYy.

5.3 KOMIIBIOTEPHAS PEAJIM3AIIUA HHXXEHEPHBIX PACYHETOB

MaremaTu4eckoe MOAEJUPOBAHME CJIOKHBIX CHCTEM

Byaem cunTtath, 4TO 3JIEMEHT S €CTh HEKOTOPBIM 00BEKT, 00IaJA0NINI ONpeaeT eHHBIMU
CBOMCTBaMH, BHYTPEHHEE CTPOCHHE KOTOPOrO Uil LEJEHd MCCIENOBaHUS HE WIPaeT POJIH,
HaIrpuMep, caMoJIeT JIJIsi MOJICTUPOBAHUS T0JIeTa — HE AJIEMEHT, a JUIsl MOJICITUPOBAHKS pabOThI
a’ponopTa — AIEMEHT.

Ces3b | Mexmy smeMeHTaMH €CTh MPOIECC MX B3aWMOJCHUCTBHS, BaKHBIA JUIS Iejei
HCCIICTIOBaHUS.

Cucrema S — COBOKYITHOCTH 3JIEMEHTOB CO CBs3siMH | W 1enbi0 (DyHKIIMOHUPOBAHUS
cucremsl F.

CnoxHast cucreMa — OTO CHUCTEMA, COCTOSLIAs M3 PA3HOTHIHBIX 3JEMEHTOB C
Pa3HOTHUITHBIMU CBA3SIMH.

Bonpmiag cucreMa — 3TO CHCTEMA, COCTOAIIAs M3 OOJBIIOTO 4YHCIAa OIHOTHIIHBIX
DJIEMEHTOB C OJJHOTUITHBIMH CBS3SIMHU.

B obmiem Buzie cucteMy MaTeMaTHUYe€CKH MOYKHO TIPEJICTaBUTh B BUJIE:

S ={{sh, U}, F}

ABTOMAaTH3UPOBAaHHAS CHCTEMa SA €CTh CIIOKHAs CHCTEMa C OINPEACIISIONIEH POJIBIO
AJIEMEHTOB JIBYX THIIOB: TEXHUUYECKUX CPEACTB S M IEUCTBUI YETIOBEKA SH:

S, = Hsehisgh{soh i), 7}

31ech So - OCTAIBbHBIE DIIEMEHTHI CUCTEMBI.

JexoMIo3unus cucremMbl. XapaKTepUCTUKH CHCTEMbI

JIeKOMITO3HIIMST CHUCTEMBI €CTh pPa30MEHHWE  CHUCTEMBI Ha DJIEMEHTHI WM TPYIIIbI
DIIEMEHTOB C YKa3aHUEM CBSI3€H MEXAy HUMH, HEM3MEHHBIMH BO BpeMsi (QYHKIMOHHPOBAHUS
CHCTEMBI.

[IpakTH4eckn BCE CHCTEMBI pPacCMaTPHUBAIOTCSH (YHKIIMOHUPYIOIIUMU BO BPEMEHHU,
MOATOMY OIPEIEITIUM UX TUHAMUYECKUE XapaKTEPUCTUKH.

CocrosiHue — 3TO MHOKECTBO XapaKTEPUCTUK JIEMEHTOB CHUCTEMBI, U3MEHSIOIIUXCS BO
BPEMEHHU U BOKHBIX JIJIS 1eJIeH ee PyHKITMOHUPOBAHMS.

[Ipouecc (qMHAMHKA) — TO MHOXKECTBO 3HAYCHHUI COCTOSHUN CHCTEMBI, H3MEHSIOIUXCS
BO BPEMEHHU.
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Lenp (yHKIMOHMPOBAHUS €CTh 3ajJaya MOJYYEHHUS JKEIaeMOro COCTOSHUS CHCTEMBI.
Joctuxenne 1enu OOBIYHO BJIEYET IIEJICHANPABIEHHOE BMEIIATEIbCTBO B  IPOIECC
(YHKIIMOHUPOBAHUS CUCTEMBI, KOTOPOE HAa3bIBACTCSI YIIPABICHUEM.

1. Pacuer - onpenenieHre 3Ha4eHUH NapaMeTpOB CUCTEMBI.

2. AHanu3 — u3yueHue CBOMCTB ()yHKIIMOHHUPOBAHUS CHCTEMBI.

3. Cunre3 — BBIOOp CTPYKTYpHI U TAPaMETPOB 110 33JaHHBIM CBOMCTBAM CHUCTEMBI.

ITapamerpsl cucrembl. @a3oBas TpaekTopus. ®a3oBoe NPOCTPAHCTBO

ITycte T = [to, t1] ecTh BpeMeHHOM HHTEpPBAI MOJCIMPOBAHUS CHCTEMBI S (MHTEpBA
MOJICJIBHOT'O BPEMEHH ).

[loctpoenne Mopaenu HauMHAETCS C OINpEAeTeHUs NapaMeTpoB U MEPEMEHHBIX,
OTIpeIeNAIONUX Mporecc GyHKIMOHUPOBAHUS CHCTEMBI.

[Tapamerper cuctemsr 0,,0,,...,0, - 3TO XapaKTEPUCTUKH CHCTEMBI, OCTAIOIIAECS

MOCTOSTHHBIMH Ha BCeM HHTEpBae T.

[lepemeHHBIC OBIBAIOT 3aBUCHMBIC U HE3aBUCHMBIC.

HesaBucuMble TIEpeMEHHBIE €CTh, KaK IPABHJIO, BXOIHBIC BO3JCHCTBUS (B TOM YHUCIIC
YIPaBISIOLINE)

u=ult) = @¢),..0, ) eV c k*

UMU MOTYT OBITh TAK)KE BO3JICHICTBUS BHEIIIHEH CpeJibl.
[locnenoBarenbHOCTh U3MEHEHUs X(t) mpu

rl <r2 <..‘ <rN
HazbIBaeTCs (a3zoBOM TPACKTOPUEH CHUCTEMBI,

xe X ,Tae X — MPOCTPAHCTBO COCTOSIHUM MU (pa30BOE MPOCTPAHCTBO.
[TocnenoBarenbHOCTh UBMEHEHHS Y(t) HA3BIBACTCS BBIXOIHOM TPAEKTOPHUEH CUCTEMBI.
3aBUCHMBIE TIEPEMEHHBIE €CTh BBIXO/IHBIE XapPAKTEPUCTUKHU (CUTHAIIBI)

y=y@)=n),..y, ) e¥c k™

MartemaTudeckasi MoJeJib CHCTEMbI
OOmas cxema maremarnyeckod mozaenu (MM) (QyHKIMOHUPOBAHMSI CHUCTEMBI MOXET
OBITh IPEJICTaBJIEHA B BUJIE, IOKa3aHHOM Ha pUCYHKe 4.1.

MHOX€ECTBO IEPEMEHHBIX {u’ v,0,X, Y} BMECTE C 3aKOHaMH (PYHKIIMOHUPOBaHUS
x@)=...,
@) =...

Ha3bIBACTCS MaTeMaTUYE€CKON MOAEIbIO CUCTEMBI.

vit)
ut) s s

= 1 8z

Pucynok 4.1 — MaremaTuyeckasi MOJEIb CUCTEMBI

Ecmu t HCIIPEPBIBHO, TO MOJC/Ib HA3bIBACTCH HCHpCpLIBHOfI, nHayc — ,Z[PICKpGTHOfII

E=1-A,1=12,.)

Ecim Mozenmp He CONEPKHT  CIy4YalHBIX — DJIEMEHTOB, TO OHA  HAa3bIBACTCS
JETEPMUHUPOBAHHOM, B IPOTUBHOM CJIy4ac — BEPOSATHOCTHOM, CTOXACTUYECKOM.
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Ecnmu wmaremaTudeckoe ONHUCAHHE MOJEIW CIHIIKOM CJIOXHOE€ W YacTHYHO WIIU
MOJIHOCTBIO HEOMPEICTICHHO, TO B 3TOM ClIy4ae HUCIHOJIb3YIOTCS arperaTuBHbIe MOJIEIH.

CyIIHOCTh arperaTUBHOW MOJENH 3aKI04YacTcs B pa30OMEHUM CHCTEMbl Ha KOHEYHOE
YHCIIO B3aMMOCBSA3aHHBIX YacTed (IOJICUCTEM), KakJIas U3 KOTOPBIX JOMYCKaeT CTaHAapTHOE
MaTEeMaTHYECKOE OMMCAaHUE. DTH MOJACUCTEMbI Ha3bIBAIOTCS arperaTaMu.

MonenupoBaHue CIy4alHbBIX 3JIEMEHTOB B CHCTEMax SBISETCS OJHOM M3 CaMbIX
0a30BBIX 33724 MATEMATHYECKOTO MOJICIIUPOBAHMSI.

Tunbsl 6a30BBIX JaTYUKOB:

- pusuveckue (000N Qu3MUECKHii MIyM), B TOCIEAHEE BpEeMs MPAKTUYCCKH  HE
UCIOJIB3YIOTCS, T.K. XapaKTEPUCTUKU HECTAOMIIbHBI M PEalIn3allii0 OBTOPUTH HEJb3;

- IICEBJIOCIYYaHbIE JATYUKH.

TpebGoBaHust K 6a30BBIM JaTUYUKAM:

OTpe30k anepuoIuIHOCTH.

PaBHOMEpPHOCTS.

HexoppennpoBaHHOCTS.

DYyHKIUH perpeccuu.

[Iupoko pacmpocTpaHeHHOH 3amayeil 00paOOTKM JaHHBIX SBIISETCS MPEICTABICHHUE HX
COBOKYITHOCTH HekoTopoi ¢yHkiel Y(X). Takoe mpeicTaBlieHHE HA3bIBACTCS PErpeccHei.
3amaua perpeccMd B TOM 4YTOOBI HOJYYHTh MapaMeTphl (DYHKIHH TaKUMH, TPH KOTOPBIX
byukus npubmpkaer "oOjako" MCXOOHBIX TOYEK C HAWMMEHbIIEH KBaJIpaTUYHOM
MOTPEIIHOCTHIO.

NsBecTHbI:

- Jluneitnas perpeccus (mpsimasi JIMHUSA);

- [lonuuomuanbHast perpeccus (IOJIMHOM);

- JIuneitnas perpeccus o0uiero Bujia (JIMHeHas cyMMa IPOU3BOJIbHBIX (PYHKIINM);

- Henuneitnas perpeccus o6miero Bua (mpou3BosibHas QyHKITNSA);

- JInneiinas perpeccus.

[Mpu nuHeitHo# perpeccuu GyHkmus Y(X) umeer Bux Y(X)=ax+b u omuchiBaeT 0Tpe3oK
IPSAMOH.

DyHKuUA NpPeACcKa3aHusd

Ha mpakTtuke Hepenko NPUXOIWUTCA CTAJKMBATBCA C 3aJadeil pacuéra MOCIEIyHOLIUX
TOYEK II0 psALY H3BECTHBIX TOYEK — 3ajaded IpenckasaHus. s nmpenckaszaHus NOBENEHUS
dbyHKuMoOHaNbHOM 3aBUcuMocTH B Mathcad wumeercs ¢yukmus: predict (data,k,N) —
npezcka3anue, rae data — BEKTOp JaHHBIX, K — UMCIIO TOYEK MpeIeCTBYIOMUX MPeACKa3aHuIo,
N - 4nciI0 IpeacKa3bIBAEMbIX TOUEK JTaHHBIX.

OyHKIUSA NpeAcKa3aHus 00eCeUnBaeT BBICOKYIO TOUHOCTh IPU MOHOTOHHBIX HCXOJHBIX
GYHKIUAX WM QYHKIMSIX, TPECTABISIEMbIX TOJIMHOMOM HEBBICOKOM CTETIECHHU.

@Oynkius predict mpuMeHMMa K NpPEACKa3yeMbIM COOBITHSIM, IOBEACHUE KOTOPBIX
ONKCHIBAETCSl pEaJbHOM MaTeMaTH4eCKOW 3aBUCHMOCThIO. B cTpaHax co craOuibHOI
HSKOHOMHMKOW 3Ta (YHKLHMS BIIOJIHE MPUMEHUMA JJIsl ONUCAHHUS CE30HHBIX M CTaOMJIBHBIX
Kosie0aHui Kypca BaloT, MpuoObuiel Gupm, Mpoaxxka ToBapoB U.T.1.

[IpuMep nocTpoeHUs TMHEMHONU PErpeCcCUn:
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Brraucinum koaddunreHTs! a U b TuHEHHOM perpeccum:

a = intercept(VX,VY) b= slope(VX,VY)i:=1.06 flx) =a+bxl=-1.06 b=25.8



corr(VX,VY)=0,99f(3) = 15,8 linterp(VX,VY,3) = i
ITo >TM maHHBIM CTpOUM rpaduK JIUHEHHON PETPECCUU:
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Pucynok 4.2 -JIuneitnas perpeccust
5.4 JUATPAMMHBIE TEXHUKU

Iousitue 0 craTnyeckux rpagpukax. OCHOBHBIE 3JIeMEHThI rpaduka

[lonyyenHblii B pe3yiabTaTe€ CTATUCTUYECKOIO MCCIEAOBAaHUSA MaTepuall HepeaKo
n300pakaeTcs ¢ IMOMOIIBI0 TOYEK, I'€OMETPHYECKUX JMHHNA U (UTYp HMIM TeorpadudecKux
KapToCXeM, T.€. TpauKOB.

B cratuctuke rpagukoM Ha3bpIBaIOT HAIJISIHOE U300pa’KEHUE CTATUCTUYECKUX BEIMYUH
U UX COOTHOUIEHUH MPH MOMOIIN T'€OMETPUUYECKUX TOYEK, JIMHUHM, GUTryp Win reorpaduyeckux
KapTOCXEM.

IIpencraBnenue AaHHBIX B rpaduueckoM BUE MO3BOJISET peliaTh caMble pa3HOOOpa3HbIe
3anayi. OCHOBHOE JOCTOMHCTBO TaKOIO INMpeACTaBiIeHUs — HarsAHOCTh. Ha rpadukax jerko
IIPOCMATPUBACTCS TEHACHUUSA K U3MEHEHHIO. MOXXHO Hake OIpeneiaTh CKOPOCTb M3MEHEHUS
TEeHJECHUNHU. Pa3nuuHble COOTHOLIEHMS, MPHUPOCT, B3aUMOCBS3b PAa3JIMYHBIX IPOLIECCOB — BCE
3TO JIETKO MOXHO YBUJIETh Ha rpaukax.

I'paduku mpunarOT U3I0KEHUIO CTATUCTHUECKHUX JIAHHBIX OOJIBIIYIO HArJIJHOCTh, YeM
TaOJUIIBI, BBIPA3UTEIBHOCTh, OOJEr4aloT MX BOCHpUATHE U aHaiu3. CTaTHCTUYECKUH TIpaduk
MIO3BOJISIET  3PUTEJIBHO  OLEHHUTh  XapakTep HM3y4aeMOIo  SBJEHUSA, [PUCYIIHE €MY
3aKOHOMEPHOCTH, TEHIACHLMU  Pa3BUTHUs, B3aUMOCBSI3U C JPYTMMHM  IIOKA3aTeJsIMH,
reorpaduueckoe pa3pelieHne n3ydyaeMbix siBieHuil. Ele B IpeBHOCTH KUTANUIIBl TOBOPHIIH, YTO
OJTHO M300pakeHue 3aMeHseT Thicauy cioB. [ paduku nenaroT cTaTuCTUYECKH MaTtepuan Ooee
MOHATHBIM, JOCTYIIHBIM M HECIEHHAINCTAaM, IPHUBJICKAIOT BHUMAaHHE IIUPOKOM ayAMTOPUH K
CTaTUCTHYECKUM JIAHHBIM, MOMYJISAPU3UPYIOT CTATUCTUKY U CTATUCTUUYECKYIO HH(POPMAIIHIO.

[Ipn n1000H BO3MOKHOCTH aHAJIM3 CTAaTHUCTUYECKUX JaHHBIX PEKOMEHIyeTCs Bcerna
HauMHATh C MX Tpaduueckoro uzodpaxeHus. ['paduk mMo3BOJIsET Cpa3y MONYYUTH oOOIIEe
MpeAcTaBiIeHrne 000 BCEM COBOKYIMHOCTH CTAaTHCTHYECKUX Tokaszareneld. ['padudeckuii meTon
aHalM3a BBICTYMAET KakK JIOTHYECKOEe MPOAOJDKEHHE TaOIMYHOTO METOoJa W CIYXKHT IeNsM
noJiyueHus: O00OOIIAOIIMX CTATUCTUYECKHX XapaKTEPUCTUK IPOLIECCOB, CBOMCTBEHHBIX
MaCCOBBIM SIBJICHUSIM.

[Ipu nmomotu rpaguueckoro u300paxeHusi CTATUCTUYECKUX TAHHBIX PEIIAOTCSI MHOTHE
3a/1a4M CTaTUCTUYECKOIO UCCIIENOBAHU:

- HaIJIAIHOE TIpe/ICTaBJICHUE BEIUYMHBI MOKa3aTeeil (sBleHUi) B CpaBHEHUM IPYT C
APYTOM,

- XapaKTepUCTHKA CTPYKTYPhI KAKOTO-TUOO0 SBICHHUS;
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- U3MEHEHHUE SIBJIEHUS BO BPEMEHU;

- XOJI BBITNIOJIHEHMS IJIaHA;

- 3aBUCUMOCTb U3MEHEHUS OJTHOTO SIBJIEHUS OT U3MEHEHHUSI IPYIOro;

- PacIpoCTPAaHEHHOCTh WM Pa3MELIEHUE KaKUX-TMOO0 BEJIMYUH 110 TEPPUTOPHH.

JpyruMu  cioBamMHM, B CTaTUCTHMYECKHUX HCCIIEJOBAaHUSAX IMPUMEHSIOTCA  CaMble
pasHooOpa3Hble Tpaduku. B kaxxqoM rpaduke BbIIEIAIOT (PAa3IMyaroT) CIEAYIOIINE OCHOBHbIE
AJIEMEHTHI:

- IPOCTPAHCTBEHHBIE OPHUEHTUPHI (CUCTEMY KOOPAUHAT);

- rpaduveckuii oopas;

- moJie rpaduka;

- MaciITabHbIe OPUEHTHUPBI;

- SKCIUIMKaLus rpaduka;

- HAaMMEHOBaHUe rpaduka

Wnorna 0.5 u 1.6 00beIUHSIOT B OJIUH 3JIEMEHT.

A) TlpocTpaHCTBEHHBIE OPUEHTHUPHI 33JAIOTCS B BUJI€ CUCTEMbl KOOPAMHATHBIX CETOK. B
CTaTUCTHUYECKUX TIpaduKax dYalle BCEro MPUMEHSETCS CUCTeMa MPSMOYIOJIbBHBIX KOOpPJUHAT.
WMHorna ucnoip3yeTcs MPUHIMIT TOJSAPHBIX (YIJIOBBIX) KOOpAWHAT (KpyroBele rpadukm). B
KapTOorpaMMax CpeICTBaMU MPOCTPAHCTBEHHON OPHEHTALMU SABIIAIOTCA TPaHMIBI TOCYAAPCTB,
TpaHUIBl aJIMUHUCTPATUBHBIX €ro 4YacTed, reorpa)uiyeckue OpPHEHTUPHI (KOHTYPHI peK,
OeperoBblX JMHUH Moped M okeaHoB). Ha ocsix cucreMbl KOOpAMHAT WIM Ha KapTe B
ONpEACIIEHHOM TMOpPSIKE pacHoJlaraloTcsl  XapaKTEPUCTUKM  CTaTUCTHUYECKUX —IPU3HAKOB
n300pakaeMbIX sBIE€HUI win mnpoueccoB. [Ipu3Haku, pacrnosnaraeMble Ha OCAX KOOpJAMHAT,
MOTYT OBITh KAUECTBEHHBIMU MJIM KOJTUYECTBEHHBIMH.

b) I'papuueckuii 0o0pa3 CTaTUCTMUYECKUX JAHHBIX MPEICTaBIsAET COOONH COBOKYMHOCTb
JWHUAK, QUTYp, TOYEK, 00pa3ylommX reoMeTpudeckue (Urypsl pazHoi (Gpopmbl (OKpYKHOCTB,
KBaJpaThl, IPSIMOYTOJIbHUKH U T.II.) C PA3IMYHON IITPUXOBKOM, OKpacKoi, I'yCTOTON HaHECEHUs
TOYEK.

JIroboe siBIeHHE, U3y4aeMoe CTaTUCTUKON, MOKHO MPEJCTaBUTh B rpaduueckoil hopme.
st aToro TpeOyeTcss HalWTU MPaBHIIBHOE TpapUIECKOE PEIIeHUE, ONPEACIUTh TOT IpaPUIeCKuit
o0pa3, KOTOpBIM JIyyllle BCEro COOTBETCTBYET JaHHOMY SIBJICHMIO, HarjsijiHee H300paxaer
cTaTucThyeckue JnaHHble. ['paduueckuit o0pa3 M0MKEH COOTBETCTBOBaTH LEnNH Tpaduka.
[TosToMy mepen mocTpoeHHeM rpaduka HEOOXOJUMO YSICHUTh CYIIHOCTb SIBIEHUS U IElb,
KOTOpasi CTaBUTCS Iepen rpaduyueckuM u3zoOpaxeHueM. BriOpanHas gopma rpaduka moimkHa
COOTBETCTBOBATb BHYTPEHHEMY COJEPKAHUI0 M XapaKTepy CTAaTUCTHMYECKOIO I10Ka3aTels.
Hampumep, cpaBHeHue Ha rpaduke IpOU3BOAUTCA MO TAKUM U3MEPEHMSIM, KaK IUIOIa/b, JJIMHA
OJTHOM U3 CTOPOH (PUTYpP, MECTOHAXOXKAECHUEM TOUEK, UX T'YCTOTOH U T.JI.

Tax, nns n3oOpakeHUsT M3MEHEHUM SIBIEHHUS BO BpEMEHU Hauloyiee eCTECTBEHHBIM
TUIIOM TpaduKa sBiseTcs JUHUsA. [ psiioB pactpenenenus — NOJUTrOH WK THCTOrpaMMa.

Kaxnpiif 13 OCHOBHBIX BUAOB rpapuueckux M300pakKeHUN B CTAaTUCTHUECKON MpPAaKTHKE
CTPOUTCS C YUETOM OIPEEICHHBIX NPaBUil. B cTaTUCTUYECKUX UCCIIEOBAHMSX ISl BBIICHEHUS
XapaKTEepHBIX YePT U OCOOCHHOCTEN MAaCCOBBIX SIBJIEHUH, MO3HAHUS TUITUYHOTO B 3TUX SIBJICHUIX
U pelieHus APYrux 3ajJad MIMPOKO MCIOJb3YETCS CPaBHEHUE OJHUX aOCONIOTHBIX, CPEAHUX U
OTHOCHUTEJIbHBIX CTaTUCTUYECKHUX BEJIMYUH C IPYTMMH. AHAIIU3 — 3TO, NMPEXK/IE BCETO0 CpaBHEHUE
U COIOCTaBJICHHWE CTAaTUCTHYECKMX JIaHHBIX. Hepeako  BO3HHMKAaeT  HEOOXOIUMOCTh
COTIOCTABJICHUS PE3YyJbTaTOB CTATUCTUYECKOTO UCCIIEOBAHUS KOHKPETHOTO SIBJICHUS C
BEJIMYMHAMU TUIIUYHOTO (MJI€ATbHOTO) SIBICHUS aHAIOTWYHOM npupojsl. [loaTomy HarmsgHoe
npejactaBieHue (rpaguueckoe HM300pakeHHE) CPaBHEHMSI CTATUCTUYECKUX IIOKa3aTesneit
OTHOCHUTCS K HaumOoyee paclnpoCcTpaHeHHbIM rpadukam B craTtuctuke. s 3THX 1enei
MPUMEHSIFOTCS TUarpaMMBl.

Juarpamma — 3T0 rpaduieckoe n300pakeHue, HATJSIHO MTOKA3bIBAIOIIEe COOTHOIICHUE
MEX]y CpPaBHUBaeMbIMHM BeIMYMHAMHM. J(marpamma mpezacTaBiseT coOOM uepTex, Ha KOTOPOM
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CTaTUCTHYECKUE IAaHHBIE YCIOBHO H300paKarOTCSs T'€OMETPUYECKHMHM JIMHUSAMH, (UTypamMu U
TeJIaMU pa3IMYHbIX Pa3MEpOB.

PaznuuaroT cnenyromue OCHOBHBIE BUIBI TPA(QHKOB (IMarpamMm) CpaBHEHHS:

- CTOJIOMKOBEIE;

- TI0JIOCOBBIE;

- KBaJIpaTHBIE;

- KpYT'OBEIE;

- ¢urypHsie.

Jlisi mOCTpOeHHs TUarpaMM HCHOJNB3YIOTCS CIIEAYIOUINE KOMIBIOTEPHBIE MPOTPAMMEI
Excel, Mathcad, MATLAB u npyrue.

Hnst co3nanus rpaduxoB B cucteme Mathcad mmeercss mporpaMMHbIid rpadudecKuit
nporeccop. OCHOBHOE BHUMAaHUE IpU €ro pa3paboTke ObLIO yJeseHO 00ECIeUeHHIO MPOCTaThl
3agaHust TpaQuKOB M HMX MOAU(DUKAIUM C TOMOIIBIO COOTBETCTBYIOIIMX MapaMETPOB.
ITponieccop mo3BONISET CTPOUTH caMble pazHble IpaduKu, HAIPUMEpP B AEKAPTOBOM M MOJSPHON
CHCTEME KOOPJMHAT, TPEXMEPHBIE TOBEPXHOCTH, IPpa)uKN yPOBHEIA.

Jlist moctpoeHust rpauKOB UCHOJB3YIOTCS 1a0IoHbl. VX nepeueHb COAEepKUT MOIMEHIO
Graph menro Insert. BoIbIIMHCTBO TapaMeTpoOB TpaPUUECcKOro Mmporeccopa, HeOOXOAMMBIX IS
IOCTPOCHUS TPa(UKOB, 10 YMOJYAHHUIO 337a€TCS aBTOMATHYECKH, MO3TOMY AJIs HayaJbHOI'O
MOCTPOCHHS TpaduKa TOrO HIM WHOTO BHJAA JIOCTATOYHO 3aJaTh THN Tpaduka. B moameHto
Graph cozep>KuTcs CIIMCOK M3 CEMHU OCHOBHBIX THMIIOB IpadukoB. OHU MO3BOJISIIOT BBIIOJIHHUTH
CIEAYIOLIME EUCTBUA:

X —Y Plot (nexaptoB rpaduk) — coznaTh mabI0H JBYXMEPHOTo rpaduka B 1eKapTOBOH
CHCTEME KOOPIMHAT;

Polar Plot (monsipHbIii rpaduk) — co3aaTh 11adaoH rpaduka B MOJIPHBIX KOOPIUHATAX;

3D Plot Wizard (mMactep TpexMepHbBIX rpa)MKoB) — BbI30B Mactepa IUIsl TIOCTPOCHUS
TPEeXMEpHBIX IpahuKOB C 3aJaHHBIMH CBOICTBaMU;

Surface Plot (rpaduk MOBEpXHOCTH) - CO3/AaTh IMAOJIOH JJIA MOCTPOSHUS TPEXMEPHOTO
rpaduxka;

Contour Plot (kapra nuHUH YpOBHSA) — cO3/aTh MIAOJIOH Ui KOHTYPHOIO Trpaduka
TpEeXMepHOU MOBEPXHOCTH;

3D Scatter Plot (Toueunsiii rpadguk) — co3gaTe 1mA0IOH Juis rpaduka B BHUJIE TOUYEK
(uryp) B TpeXMEpPHOM NPOCTPAHCTBE;

3D Bar Plot (TpexmepHas cTonOMKOBas guarpaMma) — CO3[aTh IMAOJIOH JUIst
n300pakeHusl B BUJIE COBOKYITHOCTH CTOJIOUKOB B TPEXMEPHOM IIPOCTPAHCTBE;

Vector Field Plot (BekTopHOE nosie) — co3aare mabaoH uid rpaduka BEKTOPHOTO MO Ha
IUIOCKOCTH.

C nonstueM rpauKy CBSI3aHO TPEACTaBICHHE O Ipa@HUuecKUX OO0BEKTaX, MMEIOIINX
orpeieNieHHbIe cBoiicTBa. B GonbumMHCTBE ciydaeB 00 0ObEKTaX MOXKHO 3a0BbITh, €CIIM BBl HE
3aHUMAeTeCh OOBEKTHO-OPHEHTHPOBAHHBIM IPOTPAMMHPOBAHHEM. bBONBIIMHCTBO KOMaH]I
BBICOKOYPOBHEBOH IpaMKu OPHEHTUPOBAHBI HA KOHEYHOTO 1oJib30BaTenss. OHM aBTOMAaTHUECKU
YCTaHaBIIMBAIOT CBOMCTBO rpapuueckux 0ObEKTOB U 0OECIEUnBalOT BOCTIPOU3BEACHHUE TpaduKu
B HY)KHOH cHCTeMe KOOPAMHAT, MAIUTPE I[BETOB, MacCIITabe U T.1.

IMocrpoenue rpaduka noBepxnocru B cucreme Mathcad.

[TocTpoeHre MOBEPXHOCTEH MO MaTpHIE amUIMKAaT HX To4yeK. [10CKOMbKY 3IeMEHTHI
Matpuilbl M — MepeMeHHbIe C IETOYUCICHHBIMUA HHICKCAMH, TO MEepel CO3JaHUEM MaTPHIIbI
TpeOyercsi 3aiaTh WHIEKCHl B BHJEC PaHXUPOBAHHBIX TIEPEMEHHBIX C [EIOYHCICHHBIMH
3HAUCHHUSMH, a 3aTeM YK€ W3 HUX (OPMHUpPOBATH CETKY 3HAYEHHH X U Y — KOOPIHHAT IS
amruIuKat z(X,y). 3HaueHHs X ¥ y TIPU 3TOM OOBIYHO JTOJDKHBI OBITH BEIIECTBEHHBIMH YHCIIAMH,
HEPEIIKO KaK MOJIOKUTEIbHBIMU, TaK U OTPHIATSIBHBIMU. [10CIIe BBITIONHEHHS YKa3aHHBIX BBIIIE
ompezeneHuit BBoauTcs mabioH rpaduka (komanaa Surface Plot).
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MocTpoeHue I'paduka [MoOBepXHOCTH

z(x,¥) = cos(xy) PYHKIMA OBYX NepPeMeHHEX X,V

1=0.20 3:=0.20 HeOUMCIeHHEIE MHOSKCH

M = z[ (i- 10) ; (G- 10)}
5 5

i/

Paste
Paste Special...

Format...

Fog
Lighting
Equal Scales
Perspective
Box
v Border .

3 Perimeter
Mone

Pucynoxk 5.1 - [Toctpoenue noBepxHOCTH 6€3 yaaeHNss HEBUAUMBIX JIMHUN

Heo6xoauMo moctpoutsh rpaduk moBepxHocTd B cucteme Mathcad, ordopmaruposas
€ro, INPUMEHUB alNrOpUTM (PYHKIMOHAIBHOM OKpacKW U YyAaJeHHE HEBUIUMBIX JIMHUH.
[TokazaHo, kak oTdopmMaTupoBath rpaduk, IpUMEHEHNHE ANTOpUTMa (PYHKIIMOHATBHON OKPACKU
IIOBEPXHOCTH U yJlaJIeHUEe HEBUMMBIX JIUHUH.

TMocrpoersse I'pagomxa IoBepxHoCTH

Zx,y) = cos(xy) PYHRUKA OBYX NEPEMEHHNK X,V

1=0.20 j=0.20 LenouxcneHinie KHOEKCH

LJ6-1 G-19
lﬂi)-{"—"—.“—""‘]

3D Plot Format E

Genessl | dwes | lppemance | Lighng | Tile |
Backplanes Special | Advanced | QuckPltData |
Flot1 |
Carteur Opliars
v Fil Cornectiviy
[~ Drawlings | Ba Flot Laout — Intespolated Mesh & 4
¥ AuoContour " Rows ;
= A | c
[57 =] Number | g g Columne Line Style
IZ‘Cm(ou:- 1 | | 3 |sd’n1 v[
0K I DrmenHa | [ Cnpaexs l

Pucynok 5.2 - Tloctpoenue rpaduka nosepxHoctu B cucteme Mathcad
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IMocTpoenue TpexmepHoro rpaguka B cucreme Mathcad

B nporpamme Mathcad ecTb BO3MOXHOCTh MOCTPOCHHS TPEXMEPHBIX rpadukoB — 0Oe€3
3aJ]aHusl MaTPUIL allIMKAT MOBEPXHOCTEeW. EJIMHCTBEHHBIM HEOCTATKOM TaKOT'O YIPOIIECHHOTO
METO/Ia TOCTPOCHUS TIOBEPXHOCTEH SBISIETCSI HEONPEAEICHHOCTh B MAaCIITAOMPOBAHHH, I03TOMY
rpaduku TpeOyoT popMaTUPOBAHHUS.

MocTpoeHMe IpadMka NOBepXHOCTH Be=
SamaHuA MaTpMIE

x,¥) = cos(xy) $YHRUMA OBYX IEepeMeHHHX X,V

Pucynoxk 6.1 - [Toctpoenue rpaduka HoBepxXHOCTH 0€3 3aaHUsl MaTPHILIbI

MpuMeHeHne rpadmuueckon PyHkuum CreateMesh

H(u,v) = sinfu-v)
wl=-2 ul=2
vl=-2 wl=2

1. SamanmM QVHRIIO OBYX OepeMeHHHX
2. 3amanMd Opene)E M3MeHeHMA IepeMeHHHX

3. Mcnonesya dyHRIMO CreateMesh cosmanmm
MAaTPHIY MNOBEpPXHOCTH
C = CreateMesh(H ul ul ,v0,v1)

4.353amap nocTpoeHMe Dpadura THna Surface Plot, noiydmm

YIIIIIIIIIIIIIIIIII I IIIIIIIIIIIIIIIIIII I I

0.5

-0.5

Y

=
b
ALCLCLTTETT LT LTI TR TT N

il s

c C

Pucynoxk 6.2 - [Tocrpoenue rpaguka HoBepxHOCTH ¢ npuMeHeHneM ¢pyHkuuu CreateMesh
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Eme omun mpumep mnpumenenus ¢ynkuuum CreateMesh — moctpoeHne 00bEMHOMA
burypsl, KOTOpas MoJy4aeTcs BpalleHueM KPpUBOH, 3alanHoli ¢yHKIHeH f(X), BOKpyr ocu X nuiu
Y. Ha pucynke 6.3 nokaszan npuMmep pelieHus JTaHHOU 3a/1auu.

MocTpoeHue (OUIypel, NOJIYyUYeHHON BpalleHHMeM KpPHUBOW
BOKpyr ocu X

f(x) = x-cos‘xz' a=-2 bi=2 mesh = 30

Flu,w) =u G(u,v) = f(w-cos(v)  H(u,v) = f(u)-sinv)
5= CreateMesh(F,G,H,a,b,U,Zﬂ,mesh)

Ppadur dyHRIMN f(3) MoBEepXHOCTE BpauleHMA DpadMra
£ (%)

x=-2,-19.2

2-_

3
Pucynok 6.3 — @urypa, ojry4eHHasi BpalleHUEM KPUBOM.

5.5 MIPUMEHEHHME JUATPAMM BAWECA. 3AJTAYH BEIBOPA 1
KJIACCHOUKALINHU

BaiiecoBckas kiaaccupurkanus

AnbTepHaTUBHBIE Ha3BaHMA: OailecOBCKoe MoJenupoBaHHe, OallecoBCKas CTaTHCTHKA,
MeTo OaifecoBckux ceteil. M3HauanpHO OaliecoBckas KiacCU(UKALMs HCIOJIb30Balach IS
dopmanuzanMM  3HAHUM OKCIEPTOB B  HIKCHEPTHBIX CHCTeMaX, ceiiyac OaifecoBckas
KJ1accu(uKaus TakKe MPUMEHSIETCS B KaueCTBE OJHOT0 13 MeTo0B Data Mining.

Tak Ha3piBaeMas HauBHas Kiaccu(UKalUs WIM HaWBHO-OallecoBCKMM monxoj (naive-
bayes approach) sBnsiercs Hambojgee TPOCTHIM BAapUAHTOM METOJA, HCIIOIB3YIOIIETO
OaifecoBckue cetH. [Ipum 3TOM mMOAXOJE peIIAlOTCsA 3ajJaud KiacCU(UKALUHU, pe3yabTaToM
paboThl METO/Ia SBJISIIOTCS TaK Ha3bIBaeMble "'Mpo3pavyHbIe’ MoIeTH.

"HauBHas" xmaccupukamuss - JOCTaTOYHO NPO3payHbIi M TMOHATHBIA  METOJ
kinaccuukanuu. "HauBHON" OHa Ha3bIBaeTCs MOTOMY, YTO HMCXOAWUT W3 TMPEINOJOKEHUS O
B3aMMHOI HE3aBUCUMOCTH ITPU3HAKOB.

CaoiicTBa HAaMBHOW KJIaCCU(PUKALUU:

- Mcnonb30BaHKe BceX MEPEMEHHBIX U ONIPEIEIIEHUE BCEX 3aBUCUMOCTEN MEXKTy HUMHU.

- Hannuue aByx npeanonokeHuit OTHOCUTENBHO MTEPEMEHHBIX:

- BCE [IEPEMEHHBIE SIBIISIFOTCS] OJUHAKOBO Ba’KHBIMH;

- BCE IMEpEMEHHBIE SBJISIOTCS CTATUCTUYECKH HE3aBHCUMBIMH, T.€. 3HAYCHHE OJIHOMI
NIEPEMEHHOI HUUYETro HE TOBOPUT O 3HAYEHHUH JPYTOM.

BosIbIIMHCTBO ApYyruX METOAOB KJIACCU(HUKALMK MPEANOoNIaratoT, 4TO IMEepel HadaioM
KJaccu(UKaUU BEPOSITHOCTh TOTO, YTO OOBEKT MPUHAMICKUT TOMY WIM HHOMY KIJAaccy,
OJIMHAKOBa; HO 3TO HE BCET1a BEPHO.
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JlommycTuM, U3BECTHO, YTO OMPE/IEICHHBIN MPOICHT JaHHBIX MPUHAIIC)KUT KOHKPETHOMY
kjaccy. Bo3HHKaeT BOMpOC, MOXKEM JIM Mbl MCIOJIb30BaTh 3Ty MUH(OPMAILIMIO MTPU TMOCTPOSCHUU
mojenu kinaccupukanuu? CymecTByeT MHOXKECTBO pEalbHBIX MPUMEPOB UCIOIB30BAHUS ITHX
AnpUOPHBIX 3HAHUI, MOMOTAIOIIUX KiIacCUPUIUPOBaTh OOBEKTh. THUMUYHBIA MpUMEp U3
MEIWIUHCKOW NPAaKTUKU. Eciau OKTOp OTHpaBiseT pe3ysibTaThl aHATW30B MalMeHTa Ha
JOTIOTHUTEIbHOE HCCE0BaHNEe, OH OTHOCHUT MallMeHTa K KaKOMY-TO OIPE/ICJICHHOMY KJaccy.
Kakum 00pa3oM MOXHO HpPUMEHHTH 3Ty HHpopmanuioo? Mbl MOXeEM HCIOIb30BaTh €€ B
KauyeCTBE JIOMOJHUTENbHBIX JAHHBIX TP MOCTPOCHUH KJIACCU(PUKALIMOHHON MOJICIH.

OTMmedaroT Takue JOCTOMHCTBA 0alleCOBCKUX ceTell kak MeTona Data Mining:

- B MOJICIM OMPEICINAIOTCS 3aBUCUMOCTH MEXIY BCEMH MEPEMEHHBIMH, 3TO MO3BOJSET
JeTKo 00pabaThIBaTh CUTYalllH, B KOTOPBIX 3HAYEHUSI HEKOTOPBIX MIEPEMEHHBIX HEU3BECTHBHI;

- OailecoBcKHE CETH JOCTATOYHO IPOCTO WHTEPIPETUPYIOTCS U MO3BOJISIIOT Ha JTare
MPOTHOCTUYECKOTO MOAETHPOBAHHUS JIETKO MTPOBOJIUTH aHAIN3 O CLIEHApHIO "4To, ecnn';

- OaliecOBCKUI METOJ] MO3BOJSET €CTECTBEHHBIM 00pa3oM COBMEIIATh 3aKOHOMEPHOCTH,
BBIBE/ICHHBIC U3 IAHHBIX, M, HAIIPUMEP, SKCIICPTHBIC 3HAHUS, TIOJTYICHHBIC B IBHOM BHUJIC,

- UCIOJNIb30BaHME O0aleCOBCKUX CeTeil MO3BOJSET M30ekaTh MPOOJIEMbI MepeydrBaHUS
(overfitting), TO ecThb W30BITOYHOTO YCIIO)KHEHUS MOJCIIH, YTO SBJISETCS CJIA00W CTOPOHOM
MHOTHX METOJ/IOB (Hampumep, AepeBbEB PEIICHUN U HEMPOHHBIX CeTeil).

HauBHo-0aliecoBCKU OIX0/] HIMEET CIICTYIOIINE HETOCTATKH:

- TIEPEMHOXKATh YCJIOBHBIE BEPOSITHOCTH KOPPEKTHO TOJIBKO TOT/Ia, KOTJa BCE BXO/IHBIE
NEpEMEHHbIC JICHCTBUTEIBHO CTATHCTUYECKH HE3aBHCHUMBI, XOTS YacTO JAHHBIA MeETOJ
MOKA3bIBAET JOCTATOYHO XOPOIIHE PE3YyIbTAaThl MPU HECOONIOJCHUN YCIOBHS CTATUCTHUYECKOU
HE3aBUCHMOCTH, HO TEOPETHUYECKH TaKasi CHUTyallus JOJDKHA 00padaThIBaThcs 00Jee CIIOKHBIMU
METOJIJaMH, OCHOBAaHHBIMU Ha 00y4YeHHH 0alleCOBCKUX CETEH;

- HEBO3MO)XKHA HETOCpeACTBEHHass 00paboTKa HENpEephIBHBIX NMEPEMEHHBIX - TpeOyeTcs
ux mnpeoOpa3oBaHHe K WHTEPBAIBHOW IIKale, 4TOObI aTpuOyThl ObUIM TUCKPETHBIMHU; OJHAKO
TaKue MpeoOpa3oBaHMsI HHOT/Ia MOTYT MPUBOIUTH K MOTEPE 3HAYMMBIX 3aKOHOMEPHOCTEH;

- Ha pe3ynpTaT KiIacCUPUKAUKW B HAUBHO-OAHECOBCKOM TOJXOJE BIHUSIOT TOJBKO
WHIMBUyAJIbHBIC 3HAYCHHS BXOIHBIX TIEPEMEHHBIX, KOMOMHUPOBAHHOE BIIMSIHUE TIAp WU TPOCK
3HAUEHUN pa3HBIX aTpUOYTOB 3/€Ch HE YYHUTHIBAETCS. DTO MOIJIO OBl YIy4YIIUTH KAa4eCTBO
KJIacCU(UKAMOHHOW MOJIENIM C TOYKH 3pEHHUs €€ MPOTHO3UPYIOIIEH TOYHOCTH, OJHAKO,
YBEJIMYUIIO OBl KOJIMYECTBO MPOBEPSIEMBIX BapHUAHTOB.

baiiecoBckas kiaccuguKkalys Halula MUPOKoe MPUMEHEHNE Ha MPAKTHKE.

baiiecoBckas puiabTpanusd 1o cjoBam

He Tax naBHO OaifecoBckas kiaccudukanus OblUIa TpeIOKeHa Il TEPCOHATBHOMN
¢mipTpanun crnama. Ilepseiii GunasTp O6bU1 paspadboran Ilonem I'paxemom (Paul Graham). Jlns
paboThl anropuTMa TpeOyeTcs BHIMOJHEHNE JBYX TPeOOBaHUH.

IlepBoe TpebGoBaHue - HEOOXOAMMO, YTOOBI Yy KIACCHPHUIHUPYEMOIO OOBEKTa
MPUCYTCTBOBAJIO JOCTAaTOYHOE KOJWYECTBO IMPU3HAKOB. DTOMY HJI€ATbHO YIOBJIETBOPSIOT BCE
ClIOBa IIMCEM TMOJb30BATENs, 3a HCKIIOYEHHMEM COBCEM KOPOTKMX UM O4YEHb PEIKO
BCTPEYAIOLINXCA.

Bropoe TpeGoBaHMe - MOCTOSIHHOE NepeoOydyeHHue U MOIMOJIHEHHe Habopa 'cmaMm - He
craM". Takue ycJoBHSI OY€Hb XOpOIIO pabOTAaIOT B JIOKAJIBHBIX MOYTOBBIX KIMEHTaX, TaK Kak
NOTOK "He crmama" y KOHEYHOro KJIMEHTA JOCTaTOYHO IIOCTOSHEH, a €CJIM M3MEHSAETCS, TO He
OBICTpO.

OpHako Ui BceX KIMEHTOB CEpBEpa TOYHO OINPEAEIUTH MOTOK "HE crama' JT0BOJIBHO
CJI0KHO, TIOCKOJIBKY OJHO U TO K€ MHCHbMO, SIBJSIOIIEECS JUIsl OJHOrO KJIMEHTa CIIaMOM, IS
Japyroro cnamoMm He siseTcs. CrioBapb NOJIY4aeTcsl CIMIIKOM OOJBIIMM, HE CYIIECTBYET
YETKOr0 pa3JesIeHHs Ha craM U "He cnam', B pe3yJbTaTe KauecTBO Kilaccu(ukaiuu, B JaHHOM
cilyyae pelieHue 3a1aun GUIbTpaluy MUCEM, 3HAYUTEIbHO CHUKAETCSI.
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Metoas!l KiaccH(PUMKANMH M IPOrHO3UPOBaHusd. /[epeBbs pelieHuit

Meron nepeBbeB pemieHuid (decision trees) sIBASETCS OJHUM M3 HanOoJIee MOIYISIPHBIX
METO/IOB PELICHUs 331a4 KJIacCU(PHUKAIMK U TporHo3upoBanus. Mnoraa stot meron Data Mining
TaK)Ke Ha3bIBAIOT IEPEBBSIMHU PEIIAIONINX MTPABUIL, I€PEBbIMU Kiaccuukanuu u perpeccun. Kax
BUJHO W3 TMOCJIEIHEro Ha3BaHMs, IPU I[OMOILM JAaHHOIO METOJa PELIAITCA 3aJadyu
KJIacCU(UKALUU U IPOTHO3UPOBAHHUS.

Ecnn 3aBucumasi, T.e. 1eneBas NepeMeHHash NMPUHUMAET JUCKPETHBbIC 3HAYCHUS, IMPHU
MOMOIIN METO/1a JIepeBa pellIeHul peaercs 3aj1a4ya KiaccuuKaimi.

Ecnn xe 3aBucuMas mepeMeHHash MPUHUMAET HEMPEPbIBHbIC 3HAYCHUS, TO JEPEBO
pellleHui yCTaHABIMBAEeT 3aBUCHUMOCTH 3TOM MEPEMEHHOM OT HE3aBHUCHMBIX MEPEMEHHBIX, T.€.
pelaeT 3a7a4y YMCIEHHOIO IPOrHO3UPOBAHMUS.

Bnepsrie nepeBbsi pemieHunit Obutn mpeasiokeHbl XoBuieHaoM u XantoM (Hoveland,
Hunt) B xontme 50-x rogos nponutoro Beka. Camasi paHHss U uW3BecTHas pabora XaHTa u Jp., B
KOTOPOM M3Naraercsi CyThb JepeBbeB pelieHuil - "OkcrnepuMeHThl B uHAyKIuu" ("Experiments
inInduction") - 6bu1a ony6ukoBana B 1966 rony.

B naubonee mpocToM BHZE JEpEeBO PELICHUIN - 3TO CHOCOO MpEeACTaBICHUS MPAaBHI B
MepapXUUyeCcKom, MOCieI0BaTeIbHON CTpyKType. OCHOBA Tako CTPYKTYpHI - oTBeTHl "Jla" nnun
"Het" Ha psn Bonpocos.

Ha pucynxke 8.1 nmpuBezneH npumep JepeBa pelICHUH, 3a7ada KOTOPOro - OTBETUTh Ha
Bonpoc: "Urpate nu B ronbd?" UToObl pemuTh 3agady, T.€. NPUHATH pElIeHHe, UrpaTh JU B
roibd, CIeayeT OTHECTH TEKYIIYI0 CHUTYallMi0 K OJHOMY M3 W3BECTHBIX KJIAacCOB (B JaHHOM
ciydae - "urpatp" win "He urpath'"). s aToro tpedyercst OTBETUTH Ha PsIT BOIIPOCOB, KOTOPHIE
HaXOJATCS B y3J1aX 3TOr0 J€PEBa, HAUMHAs C €r0 KOPHS.

[lepBbiit y3en Hawero nepeBa "CoyiHeUHO?" SIBISIETCS Y3JIOM NPOBEPKHU, T.€. YCIOBHEM.
[Tpy MONOXUTENTPHOM OTBETE HAa BOIPOC OCYILECTBISETCS MEpPeXo]| K JIEBOM 4YacTu JepeBa,
HA3bIBAEMOM JIEBOM BETBBIO, MPU OTPUIIATEIHHOM - K MPaBOW YacTU JepeBa. Takum oOpazom,
BHYTPEHHUH y3€Jl JepeBa SBISIETCS Y3J0M IPOBEPKU OINpeiesieHHOro ycioBus. Jlanee uaer
CIEeIYIOIUNA BOMPOC U T.JA., TOKa He OyAeT JOCTUTHYT KOHEUHBIM y3ed JepeBa, SBISIOLIUNCS
y370M perieHus. s Haiero aepeBa CyIIecTBYeT JiBa THUIA KOHEYHOro y3ia: "urpate" u "He
urpats" B rojibQ.

B pesynpraTe mNpOXOXKIAEHHS OT KOpHS JepeBa (MHOI/Aa Ha3bIBAEMOro KOPHEBOM
BEPILMHOI) 0 €ro BEpIIMHBI pemiaeTrcs 3aaaya Kiaccu(ukaiuu, T.e. BHIOMpPAETCS OJUH W3
KJ1accoB - "urpate" u "He Uurpatp" B roybd.

CoaHeyHo?

HET
Hoer mi mowgny
gda HET
He H[‘paTL HI'paTl:n HE Hl'paT]J HI'paTl:-

Pucynok 8.1 - [lepeBo pemennii "Urpath 1u B ronbgp?"
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[enbro mocTpoeHMs AepeBa PELICHUs] B HALLIEM CiIy4ae SIBISETCS ONPEENIEHNE 3HAaYECHUs
KaTeropuajibHOM 3aBUCUMOM NEPEMEHHOM.

Urak, nys Hamen 3aa4M OCHOBHBIMU 3JIEMEHTaMU JIEPEBA PEILICHUI SBIISIFOTCS:

- Kopensb nepesa: "Conneyno?"

- Buyrpennuii y3en nepeBa wiM y3en npoBepku: "TemmepaTypa Bo3ayxa Bblcokasi?',
"Unet 11 noxap?"

- Jluct, koHeuHbIH y3en AepeBa, y3el peueHus uiu BepmuHa: "Urpate", "He urpars”

- BetBb nepena (ciyqaun otBera): "Jla", "Het".

B paccMoTpeHHOM npuMepe perraercs 3a1a4a OMHapHOW Kiaccu(UKaluy, T.€. CO3JaeTCs
TUXOTOMHMYECKas KiaccuUKaluoHHas Mojenb. I[lpumep nemMoHcTpupyeT paboTy Tak
Ha3bIBAEMBIX OMHAPHBIX JIEPEBHEB.

B y31ax GuHapHBIX epeBhEB BETBICHHE MOKET BECTHCHh TOJIBKO B JABYX HAlpaBICHUSIX,
T.€. CYILIECTBYET BO3MOXHOCTb TOJIbKO JIByX OTBETOB Ha IIOCTaBJIEHHBIN Bonpoc ("xa" u "Her").

IMocTpoenue kiaaccupuKaAUOHHOM MOIEIN

bunapubie nepeBbs ABISIOTCS CaMbIM MPOCTBIM, YACTHBIM CIIy4aeM JCPEBLEB PEIICHUM.
B ocranmpHBIX ciy4asx, OTBETOB U, COOTBETCTBEHHO, BETBEH JepeBa, BBIXOASIIUX H3 €ro
BHYTPEHHETO Y3714, MOKET OBITh OOJIbIIE JBYX.

Paccmorpum Gosee citokHBIM mpuMep. baza JaHHBIX, Ha OCHOBE KOTOPOM JOJDKHO
OCYIIECTBISATHCS TMPOTHO3UPOBAHUE, COJEPKUT CIEAYIONUIUE PETPOCTEKTUBHBIE IaHHBIE O
KIIMEHTax OaHKa, SBIIAIOIINECS ee aTpHOyTaMu: BO3pacT, HATMYKME HEIBUKUMOCTH, 00pa3oBaHue,
CpPEeIHEMECSIHBIN JOXO/I, BEPHYJI JIM KJIUSHT BOBPEMs KPEIUT. 3a/1a4a COCTOUT B TOM, 4TOOBI Ha
OCHOBaHUU TEPEUMCIICHHBIX BBIIIE JAHHBIX (KpOME MOCIEAHEro aTpudyTa) ONpeaeauTh, CTOUT
JIY BBIIABaTh KPEIUT HOBOMY KIIMEHTY.

Takas 3amgada pemnraeTcss B J[Ba dTala: IMOCTPOCHHE KIACCH(PUKAIIMOHHONW MOJACIH U €€
HCIOJIL30BaHUE.

Ha stame moctpoenusi Moienu, COOCTBEHHO, U CTPOUTCSA JEPEBO KIAaCCHPHUKAIUU WU
co3naeTcsi Habop HeKux mpaBuil. Ha sTane ncmonap30BaHUs MOJEIHM TTOCTPOCHHOE JI€PEBO, WU
myTh OT €ro KOpHS K OJHOW W3 BEPIIUH, SBISIOUIUICS HaOOpOM MpaBHI A KOHKPETHOTO
KJIMEHTA, UCTIOJIB3YETCsI 11l OTBETA Ha TIOCTABJICHHBIN Bompoc "BreigaBate jau kpeaut?"

[IpaBunom siBasieTCs JOTUYECKast KOHCTPYKLHUS, IPEACTaBICHHas B BUIE "€ClH...: TO...:".

Ha pucynke 9.2 mpuBenmeH npumep aepeBa KiacCH(PUKAIMU, C MOMOIIBIO KOTOPOTO
pemaercs 3anaya "BeigaBaTh M KpeauT KiaueHTy?". OHa sBISE€TCSs TUINMYHOM 3ajadei
KJIaccu(hUKaluu, ¥ IpU OMOIIH JEPEBHEB PEIICHUH MOJYYalOT JOCTATOYHO XOPOIIIHE BapHAHTHI

€c peIIeHHUS.

aa

a
HET A

J N\

obpazoEaHuA EEICIIEE
/ HeT CpEnHEE
He BEITaBaTh / EBIIAEATE
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Puc. 9.2. [lepeBo pemenuii "BeinaBats au kpeaut?"

Kak mbl BUguM, BHYTpeHHHE Y3Jbl JepeBa (BO3pacT, HaIMUMe HEABHKUMOCTH, JOXOH U
oOpa3oBaHHE) SIBISIOTCS aTpUOyTaMH ONHMCAHHOW BhIMIE 0a3bl JaHHBIX. OTH aTPUOYTHI
Ha3bIBAIOT MPOTHO3UPYIOIIMMH, WM aTpuOyTamu pacmeruienus (splitting attribute). Koneunsie
y3JIBI IEPEBa, WU JIMCTHI, IMCHYIOTCS METKaMH KJlacca, SIBIISIOMMMUCS 3HAUCHUSIMU 3aBUCHMOMN
KaTeropuajibHOM nepeMeHHOM "Bbl1aBaTh'" WM "HE BbIIABATh" KPEIUT.

Kaxxnas BerBb JepeBa, HUAyIias OT BHYTPEHHETO Yy3j1a, OTMEYEHA MPEIUKATOM
pacuieruienus. [locmeanuii MOXXET OTHOCHUTBHCS JUIIbL K OAHOMY aTpHOyTy pacuierieHus
JAHHOTO y37a. XapakTepHas OCOOCHHOCTh MPEIMKATOB pACIICIUICHUS: KaKaas 3aIluch
UCIONIB3YET YHUKAJIBHBIA MyTHOT KOPHS JIepeBa TOJBKO K OJHOMY Y3JIy-pElICHHUIO.
OO0benuHenHas uHpopMalus o0 aTpuOyTax paclIeIUICHUs U MPEIUKaTax PACHICTUICHUS B y3Je
Ha3bIBACTCsI KpUTEpHUEM paciieruieHus (splitting criterion).

Ha pucynke 9.1 wu300pa)keHO OJHO U3 BO3MOXHBIX JCPEBBEB PEUICHUH IS
paccmaTpuBaeMoi 0asbl naHHBIX. Hampumep, kputepuii pacmerienus "Kakoe oOpa3oBanue?",
Mor OBl UMETH J[Ba MpEIUKaTa pacileIUIeHUs] U BRINVIAACTh HHade: oOpa3oBanue "Boiciiee” u "He
Boiciiee". Toraa nepeBo peuieHuit uMeno Obl pyroi BU.

Takum oOpa3om, ISl JTaHHOU 3a1auu (Kak | JUIs JIF00O0M IPYroii) MOKET OBITh MTOCTPOCHO
MHOKECTBO JIEPEBbEB pEIICHUM pa3IUYHOrO KadecTBa, C Pa3IMYHOM MPOTHO3UPYIOLIEH
TOYHOCTBIO.

KauecTBOo mocTpoeHHOro JepeBa pelleHHss BeChbMa 3aBUCUT OT MPAaBWJIBHOTO BbhIOOpa
KpuTepus pacuierieHus. Hanx pa3pa®oTkoil M yCOBEpIICHCTBOBAaHHUEM KPUTEPUEB pabOTAIOT
MHOTHE HCCIIEAOBATEH.

MeTton nepeBbeB pellieHUH 4acTo Ha3biBalOT "HauBHBIM" moaxonaoM [34]. Ho 6naronaps
[EJIOMY PSAYy MPEUMYILNECTB, JaHHBIM METOH SBISETCS OJHUM M3 HauOolee MOMyJSPHBIX IS
penieHus 3a1a4 KiaccuUuKaIuu.

IIpenmyuiecTBa 1epeBbeB pelIeHU I

WNuTyntuBHOCTH NepeBbeB pemieHuil. KiaccuukannonHas Mozienb, NpeAcTaBieHHas B
BUJIC JIepEBa PELICHUN, SBJIAETCA MHTYUTUBHOW M YIPOIIACT MOHUMAHUE pEelIaeMOil 3a1ayu.
Pe3ynbTar paboThl anropuTMOB KOHCTPYUPOBAHHUS JI€PEBLEB PEIICHUM, B OTIWYME, HAIIPUMED,
OT HEWPOHHBIX CeTed, MPEJCTABIAIOIINUX cOo00W "depHble AUIMKHU'", JIETKO HHTEPHPETHPYETCS
M0JIb30BaTE]IEM. OTO CBOWMCTBO JE€PEBbEB pEIIEHUN HE TOJBKO BaXXHO INPU OTHECEHHH K
OTpeNIe]IEeHHOMY KJIacCy HOBOI'O OO0BEKTa, HO M IOJIE3HO NpU MHTEpHpeTaluu MOJeNIH
KJaccupukauuu B 1enoM. JlepeBo pemieHui MO3BOJSET MOHATh U OOBACHUTH, IOYEMY
KOHKPETHBIN 00BEKT OTHOCUTCS K TOMY HJIM HHOMY KJaccy.

JlepeBbsl pelIeHHi JaroT BO3MOXKHOCTh H3BJIEKaTh MpaBuia M3 0a3bl JaHHBIX Ha
ecTecTBEeHHOM s3bIke. [Ipumep npasuna: Eciau Bospact > 35 u [loxon > 200, To BeIaaTh KpEeIuT.

JlepeBns pelnieHnid MO3BOJISIIOT CO3/1aBaTh KIaCCH(UKAIIMOHHBIE MOJIEH B TE€X 00JIACTSX,
IJle aHAJMTUKY JIOCTaTOYHO CIIOKHO (hOpMalIN30BaTh 3HAHUSI.

AJropUTM KOHCTPYHPOBAHMS JepeBa pelleHui He TpeOyeT OT Mojb30oBaTels BhIOOpa
BXOJIHBIX aTprOyTOB (HE3aBUCHMBIX NepeMeHHbIX). Ha BXoJ aaroputma MOXKHO IOJaBaTh BCE
CYIIIECTBYIOIIHNE aTpUOyTHI, AITOPUTM CaM BbIOEpeT HauOoJyiee 3HAYMMBIE CPEId HUX, U TOJIBKO
OHU OyIyT MCHOJB30BaHbI JJISi IOCTPOEHUS JAepeBa. B cpaBHeHUM, HanpuMep, ¢ HEWPOHHBIMU
CEeTSIMH, 3TO 3HAUYUTEIHHO OOJEryaeT IMoJIb30BaTeNo paboTy, MOCKOJIbKY B HEHPOHHBIX CETAX
BBIOOP KOJMYECTBA BXOJHBIX aTpUOYTOB CYIIECTBEHHO BIUSAET HA BpeMs O0YUECHHUS.

To4yHOCTH MOJENEH, CO3JAaHHBIX MPU TMOMOINHM JAEPEBHEB PEUICHUI, COMOCTaBHUMa C
JPYTUMH METOJaMHM TOCTPOCHMS KJIacCU(UKAIMOHHBIX MoJeNel (CTaTUCTUYECKHUE METOJIBI,
HEHPOHHBIE CETH).

Pazpabotan psa mMacmTabUpyeMbIX aJrOPUTMOB, KOTOPBIE MOTYT OBITh HMCIIOJIb30BaHbI
JUI TIOCTPOEHMS JEPEBBEB pEIIECHHS Ha CBEpXOOJbIIMX 0a3aX MAHHBIX; MacIITaOMPYEeMOCTh
3leCh 03HAYaeT, YTO C POCTOM YHCIa NPUMEPOB WIM 3amuceid 0a3bl JaHHBIX BpeMs,
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3aTpaynMBaeMoe Ha O0y4eHHe, T.€. IOCTPOCHHE JAEPEBhEB PEIICHHM, pacTeT JuHeiHo. [Ipumeps
takux anroputMoB: SLIQ, SPRINT.

Beictpeiii mponiecc oOydenus. Ha moctpoenue KiaccHUKAMOHHBIX MOAETCH Npu
IIOMOILIM AJITOPUTMOB KOHCTPYMPOBAHHUS JE€PEBbEB PELICHUN TpeOyeTcs 3HAUUTEIBHO MEHbILE
BpPEMEHH, YeM, Harnpumep, Ha 00ydeHne HEMPOHHBIX CETEH.

BoJIbBIIMHCTBO aIrOpUTMOB KOHCTPYUPOBAHMSI JE€PEBbEB PEIICHUH HUMEIOT BO3MOXXHOCTh
CHenHaTbHON 00pabOTKH MPOMYIIEHHBIX 3HAUCHHIA.

MHorue KI1acCHYecKue CTaTUCTUYECKHUE METObl, NPHU IOMOILIM KOTOPBIX PpEIIAITCs
3aJaun KJIacCU(HUKAIMHM, MOTYT pabOTaTh TOJBKO C YUCIOBHIMH JaHHBIMH, B TO BpeMs Kak
JIepeBbs pelIeHui paboTaloT U C YMCIOBBIMH, U C KATEIOPUAIbHBIMU THUIIAMU JIaHHBIX.

MHorue CcTaTUCTMYECKHE METOJAbl SABIAIOTCS IapaMETPUYECKUMHU, U I0JIb30BaTElb
JIOJDKEH 3apaHee BIJIAJETh ONpe/eleHHOW nHpopManyel, HalpuMep, 3HaThb BUJ MOJIENH, UMETh
TUIIOTE€3Y O BHUJE 3aBUCUMOCTH MEXAY II€PEMEHHBIMM, IIpearnosiaraTb, KakKod BHJ
pacripesielieHus] UMEIOT JaHHble. [lepeBbsi pelleHui, B OTIMYME OT TAKUX METOJOB, CTPOAT
HermapaMmeTpuyeckiue Monenu. Takum o0pa3oM, JepeBbs pElIeHH CHOCOOHBI pemiaTbh TaKue
3agaun Data Mining, B KOTOpBIX OTCYTCTBYET ampuopHas MH(popMalus O BUJE 3aBHCHMOCTH
MEXly UCCIIEAYEMBIMU JAHHBIMU.

[Iponiecc KOHCTPYUpPOBaHMS JepeBa pelIeHui

Hanomuum, 4To paccMarpuBaemasi HaMH 3aa4ya KjJacCU(QUKAMU OTHOCUTCS K CTpaTeruu
o0y4yeHMsI C y4uTeJeM, MHOTJa Ha3bIBa€MOI0 MHIYKTUBHBIM oOydeHHeM. B 3Tux ciydasx Bce
00BEKTHI TPEHUPOBOYHOI'O HAOOpa JaHHBIX 3apaHee OTHECEHBI K OJHOMY U3 IPEIONPEEIIEHHBIX
KJIACCOB.

ANropUTMBI KOHCTPYUPOBAHHUS JEPEBbEB PELIEHUN COCTOSIT M3 ATAloOB '"MOCTpOoeHHE"
wi " co3manue " gepeBa (tree building) m "cokpamenue " nepeBa (tree pruning). B xone
CO3/aHUSI IEPEBA PELIAIOTCSA BOIPOCHI BEIOOpA KpUTEPHsI pacILEIVIEHHUs] U OCTAHOBKU OOydeHUs
(ecnu 3TO MPEAYCMOTPEHO aIropuTMOM). B Xoze sTama cokpaiieHus JepeBa peraercst BOIpoc
OTCEUYEHHSI HEKOTOPBIX €r0 BETBEH.

PaccmoTpuM 3TH BOIpockl HOApOOHEH.

Kpurepuii pacuennenus

IIpouecc co3znaHus nepeBa NMPOMCXOAMUT CBEPXY BHU3, T.€. SIBIETCS HUCXOMAUMM. B
XOJIe Tpolecca AIrOPUTM JIOJDKEH HAWTH TAKOMKPUTEPHH PpACIIECIJIEHUs, HWHOIAA TaKkKe
Ha3bIBaEMBI KpuTepueM pa3OueHHsi, 4TOObl pa3dUTh MHOXKECTBO Ha IOJMHOKECTBA, KOTOPbIE
OBl acCOLMHUPOBAIUCH C JAHHBIM Y3JIOM HpoBepKu. Kaxkablii y3en MmpoBepKH JTOKEH OBITh
IIOMEYEH ompe/eNeHHbIM aTpuOyToM. CyliecTBYyeTIpaBUiIO BblOOpa aTpuOyra: OH JOJDKEH
pa30uBaTh MCXOJIHOE MHOYKECTBO JAHHBIX TaKUM 00pa3oM, 4TOObI OOBEKTHI IOJAMHOXKECTB,
MOJIy4aeMbIX B pe3yJbTaTe 3TOro pa3OueHus, sBISUIMCH MPEICTABUTENSIMU OJHOTO Kjlacca WU
ke ObUIM MaKCHUMAaJIbHO MPUOMKEHBI K Takomy pazouenuto. [locnennss gpasza o3Hadaer, 4To
KOJINYECTBO OOBEKTOB M3 JPYrHMX KIJIACCOB, TaK Ha3bIBaeMbIX "MpUMecei, B KaxaoM Kiacce
JOJI’KHO CTPEMUTHCS K MUHUMYMY.

CylecTBYIOT pa3inuyHble KpUTEepUH paciiervieHus. Haumbosiee wu3BecTHble - Mepa
SHTpoNuU 1 nHAekc Gini.

B HekoTopeix Meronax s BBIOOpa aTpuOyTa pacHICIICHHs HCIONb3YeTCs Tak
Ha3bIBaeMas Mepa MH(OPMATUBHOCTH IMOANPOCTPAHCTB aTpUOYTOB, KOTOpas OCHOBBIBAETCS Ha
HHTPOMUIHOM TOJXO/€ M HM3BECTHA I0J Ha3BaHUEM ''Mepa MH(POPMALMOHHOTO BBIUTpHIIIA"
(information gain measure) uu Mepa SHTPOITHH.
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6. VYEBHO-METOJINYECKOE U THOPOPMALIMOHHOE OBECITEYEHUE
TACIHATITAHBI

6.1. IlepeuyeHb OCHOBHOI1 U 10NIOJHUTEIbHOI JIUTEPATYPBI, HEOOXOAUMOI 1JIS1
OCBOEHMS JHCHHIIIMHBI

6.1.1. IlepeyeHb OCHOBHOM JIMTEPATYPHI

1. byiinaue, C.K. [IlpumeHeHHe YHCICHHBIX METOJOB B  MaTEMaTHYECKOM
monenupoBanun : ydebnoe mnocodbue / C.K. ByitHaueB ; MuHuCTEpCTBO 00pazoBaHHs U
Hayku Poccuiickoit ®eneparuu, Ypanbckuili denepaqbHbIi YHUBEPCUTET HMEHH IEPBOTO
[lpesunenra Poccum b. H. Empumna ; wayd. pex. FO.B. Ilecun. - ExarepunOypr
N3narenscTBo Ypanbekoro yauBepcurera, 2014. - 72 ¢. : wi. - bubnuorp. B kH. - ISBN 978-5-
7996-1197-2; To xe [DneKkTpoHHBII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=275957.

2. Kpaxotkuna E.B. UncieHHbie METOIBI B HAYYHBIX pacueTax [DIeKTpoHHBIN pecypc] :
yuebHoe mocobue. Kypc nexmuit / E.B. KpaxoTkuHa. — DNEeKTpOH. TEKCTOBbIE TaHHbIE. —
CraBponions:  CeBepo-KaBkasckuii ¢enepanpHblii  yHuBepcurer, 2015. — 162 c¢. — 2227-
8397. — Pexxum noctyma: http://www.iprbookshop.ru/62884.html.

6.1.2. IlepeyeHb 1ONMOTHUTEIBHOM JIUTEPATYPbI

1. Buuyroa A.A. MHCTpyMEHTalIbHBIC CPEACTBA Pa3paOOTKU KOMITBIOTEPHBIX CHCTEM H
KOMIUIEKCOB [DJEKTPOHHBIH pecypc]: ydeOHoe mocobue / A.A. BuuyroBa. — DIeKTpoOH.
TekcToBble naHHble. — Caparos: [Ipodobpaszosanue, 2017. — 135 ¢. — 978-5-4488-0015-3. —
Pexxum mocryna: http://www.iprbookshop.ru/66387.html.

2 knsap, M. ®@. OcHOBBI Hay4HBIX HccieoBaHuil: yued. nocodbue / M.®. [lkisp. - 6-¢
u3g. - M. : JlammkoB u Ko, 2017. - 208 c. - [Tpun.: c. 197-206.

6.2. IlepeyeHb y4eOHO-METOAMYECKOI0 00eCIeYeHHsI CAMOCTOATEJIbHOM PadoThI
00yyaouuxcst Mo JUCHUNJINHE

1. Meroauueckue yka3aHHs 1O BBINOJHEHUIO J1a0OpaTOpHBIX paboT MO AUCHUILIMHE
«MHCTpyMEHTaIbHBIE CPEJCTBA B HHKEHEPHBIX pacdyeTax).

2. Meronuyeckue pEeKOMEHJAIUU JJsl CTYAEHTOB [0 OpPraHU3allMd CaMOCTOSTEIbHOMN
paboThel 1o nucuuIuinHe «MHCTpyMeHTalnbHbIE CPECTBA B MHKEHEPHBIX pacueTax».

6.3. Ilepeuenn pecypcoB HHGOPMAIHMOHHO-TEIEKOMMYHUKALMOHHON CeTH
HNHuTepHeT, HEO0XOAUMBIX 1JI1 OCBOCHHMS AUCHHUILIHHBI

1. HaumonanbHeiit OTKpbITHIA YHEBepcuTeT. MHTYHT. http://www.intuit.ru.
2. ®enepanbsbiii moptan «Poccuiickoe odpazoBanue. http://www.edu.ru.

3. Poccuiickas rocynapctBeHHast 6ubanoreka. http://www.rsl.ru.

4. Pecypc o MaTreMaTH4eCKOMY MOJISTHpOBaHNi0. Exponenta.ru.
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