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BBEJIEHUE

B  Meroamueckmx — yKa3zaHUSAX ~ COJCpXKATCA ~ MaTepuaibl, HEOOXOIUMBIC  JUIS
CaMOCTOSITENILHOM MOATOTOBKH CTYJICHTOB K BBHITIOJHEHHIO JTaOOpaTopHBIX paboT. B ommcanue
7a00paTOPHBIX PA0OT BKIIOYEHBI II€7h Pa0OTHI, IMOPSIOK €€ BBIMOJHEHUS, PACCMOTPCHBI
TEOPETUYECKHE BOMPOCHI, CBA3aHHBIE C pealn3aluel IMOCTaBICHHBIX 3aJad, MpHUBEICHA
HeoOXoauMast TUTeparypa.

Metoauueckue yKazaHHS TOCBAIIEHBI Kypcy «MHCTpyMeHTanbHBIE CpelcTBa B
WHXCHEPHBIX pacderax». MojeMpoBaHHe WHKEHEPHBIX PACUETOB — 3aMEIIEHUE HUCCIIeyeMOTO
o0BeKTa (OpUTHHAJIA) €r0 YCIOBHBIM 00pa30M, OMMMCAHUEM WIIH JAPYTUM O0OBEKTOM (MOJEIBIO) U
MMO3HAHUE CBOWCTB OPUTHHAJIA ITyTEM HCCIICOBAHUS CBOHCTB MOJICIIH.

C momensMu ¥ MOJETHPOBAHUEM MBI CTAJIIKMBAEMCS B Hallled JKU3HU KaXIblil JeHb. B
NETCTBE peOCHKAa OKPYXKAIOT HWIPYIIKHM — MAIIWHKHA, KYKIbI, KyOWKH H T.I. - MOJICIH,
MOBTOPSIOIINE OTICNIbHBIE CBOMCTBA PEaNbHO CYHIECTBYIOIMIMX mpeameToB. Mrpas, peGeHok
MoJTIyJaeT Ba)KHBIC 3HAHHWS O HUX. B Tporiecce MBINUICHHS YEIIOBEK OIEepPUpPYeT oOpa3zaMu
O0OBEKTOB  OKPYXKAIOIIETO MHUpPA, KOTOPHIE SIBISIOTCA PAa3HOBUIHOCTAMU MoOJeneld —
KOTHUTHUBHBIMHU (MBICJICHHBIMH) MOJCIISIMH. B IIMPOKOM CMBICIIC MPOW3BEIACHHS >KHBOIIHCH,
CKYJIBITYPHI i TUTEPATYPHI MOKHO TAKXKE CUUTATh MOJACISIMU PEaTbHBIX O0OHEKTOB.

PeanpHas mosb3a OT MOJCIMPOBAHHS MOXKET OBITH IMOJYYCHA NPH BBIMOJHEHUU JIBYX
TJIaBHBIX YCIIOBUM:

MOJICTh JIOJDKHA OBITh aJICKBATHOW OpPUTHHATY B TOM CMBICJIE, 4YTO JIOJDKHA C
JOCTaTOYHOM TOYHOCTBIO OTOOpa)kKaTh WHTEPECYIOIIHE HCCIIEeIOBATeNl XapaKTePUCTUKU
OpUTHHAJIA,;

MOJIeJIb JIOJDKHA YCTPAHSATh MPOOJIEMBI, CBSI3aHHBIE ¢ (PU3UYECKUM M3MEPEHHEM KaKhX-
TO CHTHAJIOB WJIH XapaKTePUCTHK OPUTHUHAJIA.

Yacto B CHUCTEMHOM aHallM3€ MpPH MOJEIHHOM TIOAXOAE HCCIECIOBAaHUS MOXKET
COBEpIIATHCS OJJHA METOJMYECKasl ONIMOKA, 8 UMEHHO, - TOCTPOCHNUE KOPPEKTHBIX U aJICKBATHBIX
Mojiener (moaMopeneii) MoACUCTeM CUCTEMbl U MX JIOTHYECKH KOPPEKTHasl yBsA3Ka HE JaeT
rapaHTUH KOPPEKTHOCTH TTOCTPOCHHOM TaKMM CITOCOOOM MOJIEITH BCEH CHCTEMBI.

Mopnens, mocTpoeHHass 0e3 ydeTa CBSI3e CHCTEMBI CO CpPEIOi, MOXKET CIY>KUTb
MOJITBEPIKICHUEM TEOpeMEbI [ eiens, a TouHee, ee CIECTBUS, YTBEPKIAIOMIETO, YTO B CIIOKHON
U30JIMPOBAHHON CUCTEME MOTYT CYIIECTBOBATH UCTUHBI U BBIBOJIbI, KOPPEKTHBIE B ATOU CHCTEME
Y HEKOPPEKTHBIC BHE €€.

Hayka moaenupoBaHHsi COCTOUT B pa3AeleHUM Mpolecca MOJCIHPOBAHUS (CUCTEMBI,
MOJIeTIM) Ha JTambl (MOJCHUCTEMBI, MOJMOJEIH), IETATHHOM W3YYCHHU KaXJIOro JTara,
B3aMMOOTHOIIICHUH, CBSI3€H, OTHOIICHUH MEXIy HUMH H 3aTeM 3(P(GEKTUBHOTO OMHUCAHUS HX C
MaKCHMaJIbHO BO3MOYKHOH CTEIICHBIO (pOopMalIn3aiiiy U aJIcKBaTHOCTH.

B cnywyae HapymieHHs STHX MpaBHJ TOJdy4aeM HE MOJIENb CHCTEMbI, a MOJCIb
"cOOCTBEHHBIX M HEITOIHBIX 3HAHMIL".

MonenrpoBaHue paccMaTpHBaeTCs, Kak ocodas (hopMa SKCIIEPUMEHTA, SKCIIEPUMEHTA HE
HaJl CaMUM OpPHTHHAJIOM, T.€. TMPOCTBHIM WM OOBIYHBIM SKCIICPUMEHTOM, a HaJ KOIueH
OopUryHazia. 37ech BaKEeH H30MOPPHU3M CHCTEM OPUTHHAIBHONW U MOJCIIBHOM.

1. HEJIb 1 3AJJAYU U3YUYEHUSA JUCHUTIJIMHBI

Lenpto ocBOGHMSI AMCUMILIMHBI sIBiIsieTcs GopMupoBaHHE Habopa MpodeccHOHANbHBIX
KOMIIeTeHIMA Oymymiero OakanaBpa mo HanpasieHuio 09.03.02 MubopmannoHHBIE CUCTEMBI U
TEXHOJIOTHH.

3az1;a111/1 OCBOCHHUS NUCHUIIIMHBI: U3YUCHHUC MHCTPYMCHTAJIBHBIX CPECACTB B MHIKCHCPHBIX
pacueTrax, 0CBOCHHE HHCTPYMEHTAJIbHBIX CPEJCTB B MHKEHEPHBIX pacuerax.



2. OBOPYJTOBAHUME U MATEPHAJIbBI

ArnmapaTHble CpeICTBA: IEPCOHAIBHBIA KOMITBIOTED;

[Iporpammusbie cpenctBa Anbt PabGouas crannus 10, Anet Pabouast cranmus K, Anpr
«Cepsep», [TakeT odpucHsix mporpamm - P7-Oduc.

VY4eOHblii knmacc ocHamieH [BM-coBMeCTUMBIMH KOMIBIOTEPAMH, OOBEIUHEHHBIMH B
JIOKaJIbHYIO ceTh. JIOKabHAs ceTh yueOHOTO Kilacca MMEeT TIOCTOSIHHBIN JTOCTYM K ceTu Internet
no BblAeNeHHOW nuHUH. [ mpoBeneHus 1ab0paTOpHBIX PabOT HEOOXOIMMO CIEAyIolee
MporpaMMHOE OOECTICUeHHE: OTNeparonHas cucteMa AnbT Pabouas cTaHIus, makeT o(pUCHBIX
nporpamm P7-Ocuc.

3. YKA3AHMUS 1O TEXHUKE BE3OITACHOCTH

Ilepen nauyamom paboThl cleayeT YOEOUTbCs B MCIPABHOCTU AJIEKTPONPOBOJIKH,
BBIKJIIOYATENeH, MTENCEeNbHBIX PO3ETOK, MPHU MOMOIIM KOTOPhIX 000pyAOBaHUE BKIIIOYAETCS B
CeTb, HAJTMYMU 3a3€MJICHUS] KOMITBIOTEPA, €r0 PabOTOCIIOCOOHOCTH.

JUis CHW)XEHMS WIM TPEeAOTBpAlllEHUs] BIMSHMS ONACHBIX U BPEAHBIX (HaKTOPOB
HEOO0X0IUMO COOJII0JIaTh CAaHUTApHbIC IpaBUJa U HOPMBI, THTMECHUYECKHE TpeOOBaHUS K
NEPCOHAIBHBIM 3JIEKTPOHHO-BBIYUCIUTEIBHBIM MallIMHAM.

Bo wuszbexxaHue MOBpEXAEHUS U3OJSALUM TPOBOJAOB U BO3HUKHOBEHHUS KOPOTKHX
3aMbIKaHUN HE pa3pelIaeTcs: BellaTh YTO-IM00 Ha MPOBOJA, 3aKpalllMBaTh U OCNUTH HIHYPHI U
IpOBOJA, 3aKJa/JbIBaTh MPOBOJA U IIHYPHI 32 Ta30Bble M BOJOMPOBOIHBIE TPYObI, 3a Oarapen
OTOIUTENIbHON CHCTEMBbI, BBIIEPIUBATh IUTEICENbHYI0 BUJIKY U3 PO3ETKU 3a IIHYp, yCHIIHE
JIOJKHO OBITh MPHIIOKEHO K KOPIYCY BUIIKH.

JUig MCKITIOUEHHUS MOPaKeHUs 3JIEKTPUUECKUM TOKOM 3alpeliaeTcs: 4acTo BKIIOYATh U
BBIKJIFOYATh KOMIIBIOTEp 0€3 HeoOXOAMMOCTH, NPUKACAThCS K JKpPaHy U K ThUIBHOW CTOpPOHE
0JIOKOB KOMIIbIOTEPA, paboTaTh Ha CPEICTBAaX BBIUYUCIUTEILHOW TEXHUKH M TNepupepuitHoM
00OpYJIOBaHUM MOKPBIMH pYyKaMH, paboTaTh Ha CpEJICTBaX BBIYUCIUTEIbHOM TEXHUKH U
nepudepuiitHoM 000pYJOBaHUM, HWMEIOLIMX HAPYIIEHUS LEJIOCTHOCTU KOpIyca, HAapyIIEHUs
M30JIIIMM  TIPOBOJOB, HEUCIPABHYIO MHJIMKALMIO BKJIIOYEHMS MMTAHUA, C [PU3HAKAMU
NEKTPUYECKOT0 HANpsHKEHUs] Ha KOPITyce, KJIACTh Ha CPEJICTBA BBIYUCIUTEIBHOM TEXHUKU U
nepugepruitHoM 000pyJ0BaHUH TOCTOPOHHUE MPEAMETHI.

3anpemiaercd  MOJ  HAOpsOKEHUWEM — OouubiaTh  OT  MbUIM M 3arpsA3HEHU
3NIEKTPOOOOPYJOBaHHUE.

Bo  wu3bexxaHune  mopakeHHs ~ DJIEKTPUYECKUM  TOKOM, IpH  IOJIb30BaHUU
JIEKTPONIPUOOpaMH HeJNb3s KacaTbCs OJHOBPEMEHHO KaKHX-JIMOO TpyOOIpoBOIOB, Oarapei
OTOIUICHHUS, METAITINYECKUX KOHCTPYKIUH, COEAMHEHHBIX C 3eMJIEH.

ITocne oxoHuaHHsT pabOTHI HEOOXOIUMO OOECTOUYMTH BCE CPEACTBA BBIYUCIUTEIHHON
TEeXHUKH M mepudepuitnoe obopynoBaHue. B cilyuae HempepbIBHOTO yd4eOHOTro Iporecca
HE00XO0IMMO OCTAaBUTh BKJIIOUEHHBIMH TOJIBKO HEO0X0AMMOE 000py10BaHHE.

4. HAUMEHOBAHMUE JIABOPATOPHBIX PABOT

Ne Tewmsl | HaumeHoBaHUE TeM AUCHUILIUHBI, UX KpaTKoe cojepxanue | Oovem | U3 HUX
JUCIIUILIT 4acoB | MpaKTHUYeC
VHBI Kas
HOJIFOTOBK
a, 4acoB
4 cemecTtp
1 Tema 1. ABTOMaTH3a1Msl HHKEHEPHBIX PacyeTOB 4 4
2 Tema 2. MoaenupoBaHU€ B MHKEHEPHBIX PacUeTOB 4 4




3 Tema 3. O6paboTKa JaHHBIX B HHKEHEPHBIX pacyeTax 4 4
4 Tema 4. Buzyanuzanusi ”HKEHEPHBIX pacueTOB 4 4
5 Tema 5. UH(pacTpyKTypa HHKEHEPHBIX paCueTOB 4 4
6 Tema 6. [IporpaMMHBIE TAKETHI HHKEHEPHBIX PACUETOB 4 4
7 Tema 7. ABTOMaTH3alMsg MATEMATUUYECKUX BBIYMCICHUIN 4 4
8 Tema 8. JluarpaMMHbIe TEXHUKU 4 4

HToro 3a 4 cemectp 32 32

Hroro 32 32

5. COAEPKAHUE JJABOPATOPHBIX PABOT

JlaGoparopHas pabora 1. ABTOMaTU3auMs MHKEHEPHBIX PacYeTOB
Lean padoThl: U3yuyeHHE HHCTPYMEHTOB MAaTEMATUYECKOI'O MOJCIMPOBAHUS.
OcHoBBI TEOpUH

IMocTpoenune moxenun

Mopens 1 MOJeMpPOBaHUE - YHUBEPCAJIbHBIE MOHATHUS, aTpUOYyThl OJHOrO U3 Haubosee
MOIIHBIX METOJIOB TO3HaHUS B 1000 mpodeccuoHanbHOM 00JacTH, MO3HAHUS CUCTEMBI,
Trporecca, siBJICHUS.

Bun mozmenu um Meroabl ee HcCcieloBaHMA OOJblIe 3aBUCAT OT HH(POPMALMOHHO -
JIOTHYECKHUX CBS3€H AJIEMEHTOB M IOJCHCTEM MOJIEIMPYEMON CHCTEMBI, PECYpPCOB, CBA3EH ¢
OKPYXEHHEM, a HE OT KOHKPETHOI'O HAIIOJIHEHUS CUCTEMBI.

MopensHBIN CTHIIb MBIIIJICHUS TI03BOJISIET BHUKATh B CTPYKTYPY ¥ BHYTPEHHIOKO JIOTUKY
MOJIETTUPYEMON CUCTEMBI.

[TocTpoenne mozaenu - cUCTeMHas 3ajaya, TpeOyrollas aHaiu3a U CHUHTE3a MCXOJHBIX
JAHHBIX, THIIOTE3, TEOPU, 3HAHUHN crieruanucToB. CUCTEMHBII MOJIX0A MO3BOJSET HE TOJBKO
MIOCTPOUTH MOJIEIIb PEaIbHOM CHUCTEMBI, HO U UCIIOJIb30BaTh ATY MOJENb AJIsl OLICHKH (Harpumep,
3¢ (EKTUBHOCTH YIPABJICHUS WIN QYHKIMOHUPOBAHUS) CUCTEMBI.

Monens - 3T0 00BEKT WM ONKcaHue 00BEKTa, CUCTEMBI JUISl 3aMEIICHUS OJHONU CHCTEMBI
(opuruHana) ApYrod CHUCTEMOH Ui Jy4yIlIero M3Y4YeHHs OpHUIHMHaja WJIM BOCIPOU3BEICHUS
KaKuX-1100 ero CBONCTB.

Hanpuwmep, oroOpaxast pU3HUECKyt0 CUCTEMY Ha MaTEeMaTHYECKYIO0 CUCTEMY, IMOIy4YUM
MaTeMaTHYECKyI0 MOJEIb pu3ndeckoil cuctemsl. JIto0as Mosieiab CTPOUTCS U MCCIEAyeTCs Mpu
OIpPEACIEHHBIX TONMYIIEHUAX, TUIIOTE3aX.

[Ipumep.  PaccmoTpum (u3HUYECKyI0 CHUCTEMY: TE€JIO Maccoll m CKaTbIBaeTcsl IO
HAKJIOHHOM IVIOCKOCTH C YCKOPEHHUEM a, Ha KOTOPO€E BO3AEUCTBYET cuia F.

Uccnenys takue cuctembl, HpI0TOH mosyunsi MaTeMaTudeckoe cooTHoueHue: F = m*a.
310 (U3MKO-MaTeMaTU4ecKas MOJAEIb CUCTEMbl WJIM MaTeMaThdeckas Mozenb (usnyeckon
CUCTEMBbI CKaThIBAIOIIETOCS TeJa.

[Ipu onvcaHuu 3TON CUCTEMBI MPHUHATHI CIEIYIOIINE TUITOTE3bI:

MOBEPXHOCTh UeaibHa (KO3 (PUIIMEHT TPEHUs paBeH HYJIIO);

TEJIO HaXOAMUTCS B BaKyyMe (COIPOTHBIIEHUE BO3yXa PABHO HYIIIO);

Macca Tejla HeU3MEHHa;

TEJIO IBUKETCS C OIMHAKOBBIM MOCTOSIHHBIM YCKOPEHHUEM B JIH000i1 TouKe.

[MIpumep. Dusmonornueckass cucremMa (CUcCTEMa KpPOBOOOpAIICHHUS YENOBEKa) -
HOJUUHSETCS HEKOTOPBIM 3aKOHAM TepMOJMHAMUKU. OMUCHIBas 3Ty CHUCTEMY Ha (hU3HYECKOM
(TepMOIMHAMUYECKOM) A3BIKE 0aaHCOBBIX 3aKOHOB, MOy YUM duznyecky1o,
TEPMOJIMHAMUYECKYIO MOZENb (PU3MOJIOTrHUecKoil cucrembl. Ecnu 3amucaTth 3TH 3aKOHBI Ha




MAaTEMATHYCCKOM SA3BIKE, T.C. COOTBCTCTBYIOIINC TCPMOANHAMHUYCCKUC YPABHCHUA, TO YIKC
MOJTy4aeM MaTeMaTUYECKYI0 MOJIETh CUCTEMBI KPOBOOOPAIIIEHHUS.

[Tpumep. CoOBOKYMHOCTh MPENNPHUATHA (QYHKIHMOHUPYET Ha pHIHKE, OOMEHHUBasCh
TOBapaMH, CHIPhEM, yCIIyramu, nHpopManuei. Ecim onmcaTh SKOHOMUYECKHE 3aKOHBI, TIPABHIIA
UX B3aUMOJICHCTBUS HA pPBIHKE C TOMOIIBI0 MAaTeMaTHYEeCKHX COOTHOIICHHH, HampuMep,
CUCTEMBl alre0panyecKux ypaBHEHHUH, TJ€ HEU3BECTHbBIMH OyAyT BEIUYMHBI MNpPHUOBLIH,
MojlydyaeMble OT B3aWMOJCWUCTBUSA TMPEANPUATHH, a KodhdUIMeHTaMH YypaBHEHUS OyAyT
3HA4YECHUS HHTEHCUBHOCTEN TaKUX BSaHMOHeﬁCTBHﬁ, TO MMOJIYYUM 3SKOHOMHKO-MATEMATHUYCCKYIO
MOJIeIh CUCTEMBI MPEATPUSATHI HA PHIHKE.

CnoBo "mogmens" (mat. modelium) o3nagaer "mepa", "cmocoQ", "CXOACTBO ¢ KaKOW-TO
BEIbI0".

MopenupoBanue 0a3upyeTcs Ha MaTeMaTUYECKOW TEOPUH TMOAO00HS, COTIACHO KOTOPOt
a0COIOTHOE MOA00ME MOXKET UMETh MECTO JIUIIb MPU 3aMEHE OJHOTO O0BEKTa APYTUM TOYHO
TaKHUM XK€.

[Ipn monenupoBaHUHM OONBIIMHCTBA CUCTEM aOCONIOTHOE IMOA00HE HEBO3MOXKHO, U
OCHOBHasl LIeJIb MOJICIIUPOBAHMSI 3aKIIOYAETCSl B TOM, YTO MOJIEb JOCTATOYHO XOPOIIO JI0JIKHA
0TOOpaxaTh (PyHKIIMOHUPOBAHUE MOJCIUPYEMOI CHCTEMBI.

I1o ypoBHI0, '"ri1y0uHe' Moje1UpOBaHUsS MOJe/H ObIBAIOT:

1. sMIUpHYECKHUE - HA OCHOBE SMIUPUYECKUX (PAKTOB (OIBITOB);

2. TEOpETUYECKHE - HA OCHOBE MAaTEMaTUUYECKUX OMHUCAHUM;

3. CMEIIaHHbIE, TNOJIYSMIUPUUYECKHE - HA OCHOBE SMIIMPUYECKHX 3aBUCUMOCTEH U
MaTeMaTHYeCKNX OIMMCaHUH.

IIpo6aema MoaeIMpOBaHMS COCTOUT U3 TPeX 3a1a4:

1. moctpoenue Mozenu (3Ta 3amaya MeHee (popmanuzyemMa M KOHCTPYKTHBHA, T.K. HET
aNropuTMa AJsl IOCTPOCHUS MOJIENeH );

2. uccrnenoBanue Mojaenu (dTa 3amada  Oonee ¢GopManuzyema, HMEIOTCS METOIbI
MCCJIEI0BAHMS PA3JIMUHBIX KJIACCOB MOJENEH);

3. UCTIOIB30BaHUE MOJIENH (KOHCTPYKTHUBHAS M KOHKPETU3UpYyeMas 3a/1a4a).

Monens M, onuceiBaromias cucremy S(x1, x2, ..., xn; R), umeer Bua:

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

R - MHOXECTBA OTHOIIICHUM Haa X,

Q - MHOXeCTBa OTHOIICHUH Hall Z;

X - MHO>KE€CTBOM BXOJHBIX, BEIXOJAHBIX CUTHAJIOB U COCTOSTHUI CHCTEMBI,

Z - MHOKECTBO OINUCaHUI (IpeCTaBICHMIT) 2IEMEHTOB U MTOJIMHOXKECTB X.

Cxema moctpoeHuss Mojen M cucTeMbl S ¢ BXOAHBIMH CHUTHAJaMU X U BBIXOJHBIMH
curHasiamu Y uzobpakeHa Ha puc. 1.1.

Hccnenyemas cucrema S Moaens M

Pucynok 1.1 Cxema noctpoenus moaenu

Ecnu na BXog M mocTynaroT curHaibl U3 X ¥ Ha BBIXOJE MOSBIISIIOTCS CUTHAJBI Y, TO
3aJaH 3aKkoH (rmpaBuio) f QyHKIMOHUPOBAHUS MOJEIH / CUCTEMBI.

MopnenupoBanue - 3TO  YHHUBEpPCAIbHBI  METOA  IOJIy4EHHUS OTIHCaHHS
(YHKIIMOHMPOBAHUS OOBEKTa U MCIIOJIB30BaHMS 3HAHUN O HeM. MoenupoBaHUe UCIIONb3YETCs
B J1100011 npodheccuoHaIbHOM NeITeTbHOCTH.


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

ITocTanoBka 3axaum K 1adopaTopHoii padore 1

1. 3yunTs npejuraraeMblii TEOPETUYECKUIM MaTepurall.

2. MathCAD-1oKyMeHT JOJDKEH COJep)KaTh 3arojiOBOK, BKJIIOYAIOIIMN Ha3BaHUE
nabopaTopHOM pabOTHI 1 HOMEp BapHaHTa, a TAaKXKe CBeleHUs 00 aBTope (hamwmims cTyaeHTa U
HOMEp TPYIIIbI).

3. Odopmnenne Kaxaoro 3aJaHus HauWHAWTE C yKa3aHHUS €ro HoMepa, Hampumep
«3aganue Ne 1.

4. B 3amaHuu 2 BBINOJHUTE OOpalieHHe K (QYHKIMHM, HE MPUCBauWBasl MEPEMEHHOM X
YKa3aHHBIE 3HAUYEHUS.

5. Odopmnss peienue 3aaHuil 4—6, cienyer BKIOYATh B JOKYMEHT KOMMEHTapUu st
MOSICHEHUSI UCTIOIb3yEeMbIX 0003HaYeHUH 1 BBITIOIHAEMBIX 1€HCTBUH.

6. OpopmMuth oTdyeT O JIabopatopHoil padote. [IpencraButh oTUeT MO JTAOOPATOPHOI
paboTe A5 3aIUTHI.

BapHaHTLI HHIAUBUAYAJTbHBIX 3agaHui

B cooTBeTcTBHU C MOTYYEHHBIM 33jaHUEM CPOPMHUPOBATH PEUICHHE U JaTh €0 OMHCAHKE
CO CKPHUHIIIOTAMH BBITTOJTHEHHBIX JACHCTBHIA.
1. 3anaBas x, y, z, HaliiUTe 3HaYEHUE BhIpaskeHus u3 Tadm.1.1:
Tabmuma 1.1 — BeruuciieHne cI0KHOTO BBIPAKEHUS
No Bripaxxenue

; 7-1 >
Inj| y- S]ﬂj(.‘(+£J x=——2 " |+cos tg‘( l J :
1 3 e N Vz+1

x+y

2
In 2y—\/l—cosz[2x—£J x+—2  |l+sin tgz( ! J ;
2 4 y Ix+z

P
2x+z

6 Inj x+ tg!'(lr_v+£) .1'—;—_ +sin ctgs[_l +I].
3 ¥ izl




8
9
\
—4 ||+ cos| sin® N
10 L
) %
2. Berancnure 3HaueHne GyHKIUU U3 TAOMUIBI 1.2 1715 yKa3aHHBIX 3HAYCHHUN X
Tabauna 1.2 — Berurcnenne GyHKINUK IJ1s 3aJaHHBIX 3HAYCHUH apryMeHTa
No DyHKIUA
x+32 ecmu 0<x<2,
Mx)=12, ecnH 2 < x <437,
1 sin(x” +1), wumaue
amax: —3,5 L5; 3,2; 5; -ul';: lnﬁ; log, 10; sin 8.
5, eciH x<-2umx 24,
Mx)=q9x=2, ecH —lsx< -\/;
2 cos(x’ +1), wumaue
amax: 3.5 —1.5; 1,2; E-J;; 3.9; 5; InJ_’_o; log, 1L; cos 8.
2x-2, ecnH 0= x<3,
ylx)= 'J? ecIH 3=x< -JZJT,
3 cos(x” +1), HHaue
amax: —3,2; 2.5, 3,2, 5; J;; lnq@; log, 10; cos 5; 2.
6, ecrw —1=x<l,
vix)=14x+1, ecn 1= x <42,
4 cfg[_rz —2), HHaue

amax: —4; 0,5 I; 6; J;; In%ﬁ; log, 13; cns%_




_t-+| ecnn —4<x<2,
vix)= ecnn 2 < x <3,

5 tg{x +1), wuHAYE

anax: —7.5; 0,5; 3,2; 5; «/2x; Inﬁ; log, 36; oosli_,.

In||—.t‘3|, eciH X <—2 mmmx =7,
vix)=4x—2, ecmH 2 £ x < o3,
6 cos(x® +.f3), HHaue

amx 3,5 L5 2,2 5; 24x: In7; log,13; tg 3.

M2 ectn —2<x<l,
P(x)=13, ecnH l<x< 'J.'-L‘r,
7 cos(x” +3), HHaue

amax: —3.5 0.5 3.2, 5 if3x; In-J—B_; log,11; arctg 8.

. ecnu x<—2 wmnx = 8§,
y(x)=4x-2, ecn | €x<+f2r,
8 ta( X +4), HHAYE

ammx: —3.5 L5 3,2:9; 'u'r; ln\E; log, 11; arccos 0.3.

arcsin(x+2), ecm —3<x<—l,

yix)=42x, ecm —l<x<afr+l,
9 c:os{'\/_’_p. ), HHAYE

amax: —4,5-1; 2; 5; J,‘r+0,5; ].nﬁ; log,12; tg 7.5.

Infx+2), ecm D<x<2,
vix)=42x, eCOM X =—2 unM x >-f3T,

10 cos(x” +1), wHaue

max: —3.5 —-1; L5 5 J; In.'!yE; log,11; sin 12.

3. Ins BBIYMCIICHUS 3HAYCHUS BBIpaXKEHUA U3 TaOmunbl 1.3 mocTtpoiTe ¢yHKIHIO,
KoTopast Obl Bo3Bpamana TekcT «not defined» («He ompeneneHo») MpU HEAOMYCTHUMBIX
3HAYCHHIX MEPEMEHHON X. BBIMOTHUTE BBIUUCICHUS IS YKa3aHHBIX B Tabnuie 1.3 3Ha4YeHMI X:

Ta6muma 1.3 — IToctpoeHue hyHKIMH JUIS 33JaHHBIX 3HAYCHHUI apryMeHTa

No OyHKIUSA
- x-1
1 A2 & —=3.5; 1,5: 3,2; '5; \/;; ln\/§; log, 10; sin 8.

In
2 x—2 x 4-1;0;2; 5.

x+1 x —6:-1:2: 3 75




l—x
x+7 x: —-10;-7; 0.5; I; 5,2.

x+1
x—4 |y —4:_1 15 4 18

5 COs

o |l -
(x-1}x+2) x —4-2;051 57

7 ..f('_t' —2)x+8)sin

x—2 x —14;-8: 0.5; 2; 5.1.

x-1 2z
8 - Cc"“_l__g x —5,6; —4; —-2;1; 2;3.5.
. Jlx=2)x+1)
9 sin—— - _
x—4 x: —4;—-1; 0.5; 2; 4; 5,8,
10 ,,J{.r—;'.‘]l_.tf]']

x+2

Conep:xanue oTyeTa

[To BemMoMHEeHHOW paboTe cocTaBisieTcss oTdeT. OTYET BBIMOJHACTCS B DJIEKTPOHHOM
Buje. [1o BBIMOTHEHHOMY OTUYETY MPOBOAMTCS 3aIIUTa IA0OpaTOPHOU PabOTHI.
Otuer mo mabGopaTopHOW pabOTe HOMKEH COCTOSTh U3 CIEAYIOUIMX CTPYKTYPHBIX
3JIEMEHTOB:
TUTYJIbHBIN JIUCT;
BBO/IHAsl YaCTh;
OCHOBHAs 4acTb: OMKMCaHUE pabOThl, BKIIOYAIOIIEEe CKPUHIIOTHI JeHCTBHIA;
3aKJTF0YEHUE (BBIBOIBI).
BBoaHas yacTh oTueTa 0JIKHA BKIHOYATh MyHKTHI:
YCJIOBHE 33/1a4H;
MOPSAJIOK BBIITOJIHEHUS.
MPOrpaMMHO-aIaPaTHRIE CPEACTBA, UCIIOIB3YEMBIC MTPH BBHITTOTHEHUHU PA0OTHI.
3amuTa oT4YeTa 1o J1abopaTOpHO paboTe 3aKIII0YaeTCs B MPEAbSIBICHUN MIPETOAABATEIIO

MOJIyYCHHBIX Pe3yJbTaTOB B BUAE (haiija U JEMOHCTPAIMH MOJYYCHHBIX HABBHIKOB IPU OTBETAX
Ha BOMPOCHI IIPEToAaBaTels.

KoHnTpoJsbHBIE BOPOCHI

. UTo Takoe MOZIeIN U KaKue BUJELI MOJICJIEA BEI 3HaeTe?

. Kakue Buzibl MosieTupoBaHus CyIIeCTBYIOT?

. OT 9ero 3aBUCUT TOYHOCTH MOJICTUPOBAHUS?

. Korna pazymHo npuMeHsTh puzndeckoe MoaeTupoBanme?

. Kakue cambie n3BecTHBIC TPUMEPHI CEPHE3HOTO MOJICTUPOBAHHMSI BB 3HAETE?
. Kakue BU1bI IOTpEeIHOCTH MOACIUPOBAHNUS Bbl 3HAETE?

. Kakue mporpamMmMHbIe IPOIYKTHI HCTIOIB3YIOT JIJIST MOJACITUPOBAHUS?

. Kak ocyiectpisiercs moaroToBka K MOJI€IMPOBaHUIO?

9. Kakumu BO3MOXKHOCTSAMH B MoJieupoBannu oonanaror CKM?

10. Yem oTnmyaercss TpaeKTOPHs MoJeTa KaMHs 0e3 ydeTa CONMPOTUBIICHHS BO3AyXa U C
ero yaerom?

O JIN DN W~



JlabopaTopnasi paGora 2. MoaeJiMpoBaHne B MH/KEHEPHBIX Pac4eToB

Hens paborel: M3yunTh W NPUMEHUTh HA MPAKTUKE HMHCTPYMEHTAIbHBIE CpPEJIbI
KOMITBIOTEPHOT'O MOJEIUPOBAHMUSL.

OcHoBBI TEOPUH

Kaacenpuxanus BuaoB moaenuposanusi. CtaTudyeckue U JUHAMHYECKHE,
JAMCKPeTHbIE U HelpepbIBHbIE MOIeJIH

Knaccudukanuto Moaeneit mpoBOISAT MO Pa3IMYHBIM KPUTEPHSIM.

Mopnens Ha3bIBaeTCsl CTaTUYECKOM, €CIM Cpeau IapaMeTpoB, Y4YacTBYIOUIMX B €€
OMMCaHUU, HET BpeMEeHHOro napamerpa. Ctatnuyeckas MOJieNlb B KaXK/Ibli MOMEHT BPEMEHU JIA€T
auib "gororpaduio’ cuCTEMBI, €€ Cpes.

[Tpumep. 3akon Hetotona F=a*m - 310 cTaTdeckast MOJeNb IBUKYIIEIHCS C YCKOPEHHEM
a MaTepHaJbHOM TOYKHU Maccod m. DTa MOJEeNb HE YUYUTHIBAET U3MEHEHUE YCKOPEHUS OT OAHOMN
TOYKH K JPYTOM.

Monenbs AuHaMHUYECKasi, €CIM CPEeIU €€ MapaMeTpoB €CTh BpEMEHHOMN MapameTp, T.€. OHa
oToOpakaeT cucteMy (IIpOIecChl B CUCTEME) BO BPEMEHH.

[Ipumep. JIunamuueckas mozenp 3akoHa HbroToHa OyneT UMETh BUJ:

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

Monenb AUCKpETHas, €CIM OHA ONUCHIBAET MOBEJEHHE CHCTEMbI TOJBKO B JHUCKPETHBIE
MOMEHTBI BPEMEHH.

[Tpumep. Ecnu paccmatpuBats Tosbko t=0, 1, 2, ..., 10 (cek), To MOeNb

S(t)=gt*/2

WU 9uciioBas nocienoBarenbHocTh: S0=0, S1=g/2, S2=2g, S3=9¢g/2, :, S10=50g MoxeT
CIIYKHUTh TUCKPETHON MOJIENbIO IBHXKEHUSI CBOOOIHO MaIAI0IIEro Tena.

Monens HenmpepbIBHasI, €CJIM OHA OMHUCHIBAET MOBEJCHUE CUCTEMBI JUIsl BCEX MOMEHTOB
HEKOTOPOTO ITPOMEXKYTKA BPEMEHHU.

[Ipumep. Mogens S=gt?/2, 0 < t < 100 HenpepsiBHa Ha TpoMeskyTke Bpemend (0;100).

NMuTanuoHHbIe MOACIN

Mopens WMUTAIMOHHAS, €CIM OHA MpeAHa3HAa4yeHa [JIS HWCIBITAaHUS WIA H3yYCHHS
BO3MOJXKHBIX TIyTeH pa3BUTHSI U MOBEJAEHUS 00bEKTa IMyTeM BapbUPOBAHMS HEKOTOPBIX MU BCEX
apaMeTpoB MOJEIH.

[Ipumep. IlycTs MOJEIH SKOHOMUYECKON CUCTEMBI POU3BOJICTBA TOBAPOB ABYX BUIOB |
u 2, B KoinudectBe X1 M X2 €IWHHUIl U CTOMMOCTBIO KaXJOW eJuHUIBI ToBapa al u a2 Ha
OPEINPUSITUH OTFCaHa B BUJIE COOTHOIICHHS:

alxl +a2x2 =S,

rae S - o01as CTOUMOCTh POU3BEICHHON MPEeANPUsSTHEM Beell mpoaykuuu (Buga 1 u 2).
MOoXHO €€ MCIOIb30BaTh B KAYECTBE UMHUTAIIMOHHON MOJIEIH, 0 KOTOPOH MOXKHO OMPENETsATh
(BapbpHpOBaTh) OOIIYI0 CTOMMOCTH S B 3aBHCHUMOCTH OT T€X WJM MHBIX 3HAYEHHU 00BEMOB U
CTOMMOCTH MPOU3BOIUMBIX TOBAPOB.

JleTepMUHUPOBAHHBIE U CTOXACTHYECKHE MO/IEJIN

Mopnenb JeTepMHUHUPOBAHHAsA, €CIM KaXJAOMy BXOJHOMY Habopy mapaMeTpoB
COOTBETCTBYET BIIOJIHE OMPEIEICHHBI U OJHO3HAYHO OMNpEeNeIsieMblii Ha0Op BBIXOIHBIX
napaMeTpoB; B IMPOTHUBHOM CJIy4yae - MOJEIb HEACTEPMUHUPOBAHHAS, CTOXACTUYECKas
(BEpOSTHOCTHAS).

[Tpumep. IlpuBenennsie BbIlIe (PU3MYECKHE MOJENH - JETEpMUHHUpOBaHHBIC. Eciu B
mozemu S = gt? /2, 0 <t < 100 MbI yunu OBl CIIy4aliHbINA MapaMeTp - HOPBIB BETPA C CHIION P IpH
NaJIeHUHN TeJa:

S(p)=gp)t2/2, 0<t<100,



TO MBI OJYYHJIU ObI CTOXaCTHYECKYIO MOJIENb (y>Ke He CBOOOIHOTr0) MaIeHHs.

DYHKIHOHAIbHbIE, TEOPETHKO-MHOKECTBEHHbIE U JIOTHYECKHE MOIeJIN

Mogens (GyHKIMOHANbHAsI, €CJIM OHAa MpPEJCTaBUMa B BHUJAE CUCTEMbl KakUX- JIMOO
(YHKIIMOHATIBHBIX COOTHOLICHHH.

Mopenb TEOpEeTUKO-MHOXKECTBEHHAsA, €CJIM OHA IPEACTaBMMa C IIOMOIIBIO HEKOTOPBIX
MHOYECTB U OTHOIIEHUI ITPUHAJICKHOCTH MEXKAY HUMH.

ITpumep. Ilycts 3aaHO MHOXKECTBO

X = {Hukonaii, Ilerp, Hukonaes, IlerpoB, Enena, Exarepuna, Muxawn, TaTesiHa} u
OTHOILLEHUS:

Huxomnaii - cynpyr Enensi,

Exkarepuna - cynpyra Ilerpa,

TaresHa - nous Hukomnas u EneHer,

Muxaun - cbiH Iletpa u Exarepunsl,

ceMbu Muxauna u [letpa npy»xar apyr ¢ Ipyrom.

Torpa MHOXKECTBO X M MHOXKECTBO IIEPCUMCICHHBIX OTHOLICHUH Y MOIYT CIy’KHUTb
TEOPETHKO-MHOKECTBEHHON MOJEIIBIO ABYX JPYKECTBEHHBIX CEMEM.

Monenp Ha3bIBaeTCsl JOTMUECKOM, €CITU OHA MPEICTaBUMa JIOTHYECKUMHU (DYHKIHAMU.

Hanpumep, COBOKyIHOCTh JIOTUYECKUX (PYHKLIMN BUJA:

z=x My %X, p=xy
€CTh MaTeMaTu4ecKas JIOTh4ecKasi MoJielb pabOoThl JUCKPETHOIO YCTPONUCTBA.

Hrposbie Mogeu

Mopenp urpoBasi, €Ciad OHa ONMCBIBAET, PEANU3YET HEKOTOPYH) HIPOBYIO CHUTYAILIMIO
MEXY YY4aCTHUKAMHU UIPBL.

[Ipumep. Ilycte urpox 1 - moOpoCOBECTHBI HAJIOTOBBIM HHCIEKTOp, a WMIPOK 2 -
He100pOCOBECTHBIN Hajororiatesapumk. Maer npouecc (Mrpa) mo yKJIOHEHHIO OT HAJOToB (C
OJIHOM CTOPOHBI) U O BBISIBICHUIO COKPBITUS YIUIaThl HAJIOTOB (C Apyroil ctopossl). Urpoku

BbIOMpAIOT HaTypasibHbIe uncia i ¥ j (1, ] = n), KOTOpble MOKHO OTOXKJIECTBUTh, COOTBETCTBEHHO,
co mrTpadoM Urpoka 2 3a HeyIU1aTy HaJIOTOB MPU OOHAPYKEHUU UTPOKoM | (pakTa HEeyIIaTel U ¢
BPEMEHHOM BBITOJIOM WIpOKa 2 OT COKPBITHS HAJIOroB. MoJenb HUIpPbl ONHCHIBAETCS 3TOH
MaTpHULEH U CcTpaTeruell YKIOHEHHS U TIOMMKHU. DTa UIpa - aHTarOHUCTUYECKas!.

AJIropuTMHYEcKHe, CTPYKTYPHBbIe, rpadgoBbie MoAeIU

Mognens anropuTMHYecKas, €CiIM OHAa OIMCaHa HEKOTOPBIM aJIrOpUTMOM WM
KOMIUIEKCOM aJITOPUTMOB, ONPEEISIIOIIMM (DYHKIMOHUPOBAHHUE, PA3BUTUE CUCTEMBI.

Crenyer MOMHUTb, YTO HE BCE MOJIIM MOTYT OBITh MCCIIEAOBAaHBI WM peau30BaHbI
AITOPUTMHUYECKH.

ITpumep. MoJenbio BEIYUCIIEHHUS] CyMMbl O€CKOHEYHOT'O YOBIBAIOLIETO PSAAA YHCET MOXKET
CIIy’KUTb aJTOPUTM BBIYMCIIEHUS KOHEYHOH CYMMBI psjia 0 HEKOTOpPOH 3a/JaHHOI CTerneHu
TOYHOCTH. AJTOPUTMUYECKOM MOJEIBI0 KOPHS KBaJpaTHOTO M3 YUCIA X MOJYKET CIIy>KUTb
QJITOPUTM BBIYUCIICHUS €ro NPUOIMKEHHOT0 3HAU€HUs 10 U3BECTHOM PEKYPPEHTHOM hopmy:e.

Mognens HasplBaeTCsd CTPYKTYPHOHM, €CIIM OHAa IIPEICTaBUMa CTPYKTYpOH NaHHBIX WIH
CTPYKTYypaMU JaHHBIX U OTHOIICHUSMHU MEXIYy HUMH.

Mogens HasbiBaeTcs rpadoBoif, eciau oHa mpeactaBuMa rpadgom wind rpadamu u
OTHOIICHUSMHU MEX1y HUMH.

Hepapxuyeckue U ceTeBble MOJCTH

Mopenb Ha3bIBae€TCS HEpPapXUUYECKOW (IPEBOBUIHOI), €CIM TPEJACTaBUMa HEKOTOPOM
UEPAPXUUECKOI CTPYKTYpOH (IepeBOM).

[Tpumep. Jnsg pemeHus 3agayd HAXOXKICHHUS MapIIpyTa B JIEPEBE IMOUCKA MOXHO
MOCTPOUTH, HAIPUMED, IPEBOBUIHYIO MOJENb (puc. 2.1):


http://www.intuit.ru/department/expert/intsys/10/3.html#image.10.2

Pucynok 2.1 Mopenb nepapxudeckoi CTpyKTYyphbl

Mopenb Ha3bIBAETCSI CETEBOM, €CIIM OHA MPEACTaBUMa HEKOTOPOI CETEBOM CTPYKTYPOH.

IMpumep. CTpoWTENHCTBO HOBOIO JOMa BKJIIOYACT OINEPAlMH, MPUBEJCHHBIC B
HIDKECIIEAYIONIEH TabJIHIIe.

Ta6muma 2.1 PaboThl IPH CTPOUTEILCTBE JOMA

No|Oneparus Bpemss  Bemonnenus|[IpenmectByromue Hyru
(M) oTepaIyu rpada

1 |PacuncTka yyacTka 1 HET -

2 [3axmanka pyHIaMEHTA 4 Pacunctka yuactka (1) 1-2

3 |Bo3Benenue cTeH 4 3aknaaka dyngamenra (2)  |2-3

4 |MOHTaX 3JIEKTPONPOBOJIKH |3 Bossenenue cren (3) 3-4

5 |ltykatypHble pabOThI 4 MoHTax 31eKTponpoBOAKH|4-5

“4)
6 |bnaroyctpoiicTBo 6 Bossenenue cren (3) 3-6
TEPPUTOPUH
7 |OTnenodnsie pabOTHI 4 [ItykarypHabie paboThl (5) |5-7
8 |HacTtun kpbliiu 5 Bossenenue cren (3) 3-8

CereBast Mozienb (ceTeBOil rpauk) CTPOUTENBCTBA IOMa J1aHa Ha puc. 2.2.

Pucynok 2.2 CereBoii rpaduK CTPOUTENIBCTBA

JIBe paboThI, COOTBETCTBYIOIIUE ayre 4-8, mapayienbHbI, UX MOXHO JTHOO 3aMEHHUTH
OJIHOM, TMPEJCTABJIAIONIE COBMECTHYIO OINEpanuio (MOHTaX SJEKTPONPOBOJKM U HACTUI
KPBIIIN) ¢ HOBOH orepanueil JIMTeIbHOCThI0 3+5=8, mnb0o BBECTH Ha OJHOM ayre (PUKTHBHOE
coObITHE.

JIMHrBHCTHYECKHE MOJEJIH

Mogaenp Ha3bIBa€TCS S3bIKOBOM, JIMHIBUCTUYECKOM, €CJIM OHA MPEICTABIEHA HEKOTOPBHIM
JUHTBUCTUYECKUM 00BEKTOM, (POPMATM30BAHHOM SI3LIKOBOM CUCTEMOM WIIM CTPYKTYPOH.

WNuorna Takue Mozeny Ha3bIBalOT BEPOAThHBIMU, CHHTAKCHUECKUMU.

Hanpumep, npaBuia JOp0oKHOTO ABUKEHUS - A3BIKOBAs, CTPYKTYpPHAsi MOJIEIb IBHIKECHHUS
TpaHCIOPTA U MEUIEX0J0B Ha I0pOrax.
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BusyaiabHble, HATYpHbIE, TeOMeTPUYECKHE MO/IeTH

Mopens Bu3yalbHas, €CIM OHAa I[O3BOJSCT BU3yalU3UPOBATh OTHOIICHHS M CBS3U
MOJICIIUPYEMOI CHCTEMbI, OCOOCHHO B TUHAMUKE.

Hanpumep, Ha sKkpaHe KOMIBIOTEPA 4aCTO MOJIB3YIOTCS BU3YAIBHOW MOJIECIBIO TOTO WIIH
WHOTO 00BEKTA.

Mopens HaTypHasi, €I OHa €CTh MaTepHalibHas KOMUs 00bEeKTa MOECTUPOBAHHS.

Hanpuwmep, mio0yc - HatypHast reorpadudeckas MoJIelib 3€MHOTO Iapa.

Mogens reomeTpuueckas, rpadpuueckas, €CIid OHa MPEICTABMMa TE€OMETPUYECKHMU
o0Opa3aMu 1 OObEKTaMH.

Hanpumep, makeT goma SIBISETCS HAaTYPHOW TeOMETPHUYECKONH MOJIECIBIO CTPOSIIEroCs
noMa. BrimcaHHBIN B OKpPY)XHOCTh MHOTOYT'OJBHHMK JaeT MOJEIb OKPYXHOCTH. VIMEHHO OHa
HCIOJIB3YETCS MPH U300paKEHUH OKPYKHOCTH Ha IKpaHe KOMITbIoTepa. [Ipsmast THHUS SBISCTCS
MOJICIIBIO YHCIIOBOM OCH, @ IJIOCKOCTh YaCTO U300paKaeTCs, Kak MapajjieiorpaMM.

Cucrema KJIeTOYHBIX aBTOMATOB

Mozenp KIE€TOYHO-aBTOMATHAsl, €CJIM OHA IPEACTaBUMAa KJIETOYHBIM aBTOMAaTOM WIIH
CUCTEMOM KJIETOYHBIX aBTOMATOB.

Knerounslii aBTOMAT - JAMCKpEeTHAs IWHAMMYECKash CUCTEMa, aHalIoOr (PU3UYECKOTrO
(nenpepsiBHOTO) mosisd. KneTtoyHo-aBTOMaTHasi r€OMETpHsl - aHAJIOI €BKJIMIOBONW TI'€OMETPHUHU.
HenenuMmeblil 21€MEHT €BKIMIOBOM TI€OMETPUM - TOYKA, HA OCHOBE €€ CTpPOSITCS OTPE3KH,
npsiMble, IIIOCKOCTHU U T.[.

HenennMmelil 351eMEHT KIIETOYHO-aBTOMAaTHOI'O IOJISI - KJIETKA, HA OCHOBE €€ CTpOATCA
KJIaCTepbl KJIETOK W pa3iMyHble KOH(Urypanuu KIETOUYHbIX CTPYKTYyp. Ilpeacrasnsercs
KJIETOYHBIA aBTOMAT PaBHOMEPHOM CEeThIO KJIETOK ("'stueek") 3TOro moJsi. DBOJIIOLMS KJIETOYHOTIO
aBTOMAaTa pa3BOPayMBACTCS B IUCKPETHOM IIPOCTPAHCTBE - KIETOYHOM IIOJIE.

CMeHa COCTOSSHMII B KJIETOYHO-aBTOMATHOM II0JIE IPOUCXOJUT OIJHOBPEMEHHO U
napajuleJibHO, a BpeMsl WIET AUCKpeTHo. HecMOTps Ha KaKyllylocs MPOCTOTY HMX HMOCTPOEHUS,
KJIETOYHbIE aBTOMAThl MOTYT JIEMOHCTPUPOBaTh PAa3HOOOpa3HOE U CJIOXKHOE IOBEICHUE
00BEKTOB, CUCTEM.

B mnocnenHee BpeMsi OHM IIMPOKO HCIOJIB3YIOTCS IIPU MOJEIMPOBAHMM HE TOJIBKO
(hU3MYECKUX, HO U COLIMAIbHO-3KOHOMHYECKHX IPOLECCOB.

dpakTajJbHble MOJCIH

Mopnenbs HasbiBaeTcs (pakTaibHOM, €CIM OHAa OMMCHIBAET 3BOJIOLHUI0 MOJAEIUPYEMOMH
CHCTEMBI HBOJIOIMEN (PPaKTATIBHBIX O0BEKTOB.

Ecmu ¢usnvecknii 00BEKT OAHOPOAHBINA (CIUIOIIHOW), T.€. B HEM HET IIOJIOCTEH, TO
MOXHO CYHUTaTh, YTO €ro IUIOTHOCTb HE 3aBUCUT OT pa3Mepa. Hampumep, mpu yBenudeHun
napameTpa o0bekta R 10 2R Macca o6bekTa yBennuutes B R? pas, ecii 00bekT - kpyr u B R?
pa3, eciu OOBEKT - wIap, T.e. CYIIECTBYET CBA3b Macchl W JUIMHBL [lycTh n - pa3MepHOCTb
npoctpancTBa. OOBEKT, y KOTOPOTO Macca M pa3Mep CBsI3aHbl, Ha3biBaeTcs "KOMMakTHBIM". Ero
IUIOTHOCTb MOYKHO PacCUUTaTh Mo hopmyie:

Ecnu 00bekT (cuctema) ymosneTBopser cootHomenuio M(R) ~ R, rae f(n) < n, To0
TaKkoi 00BEKT Ha3bIBaeTCs (PPAKTATIBHBIM.

Ero miotHocTh He OyAeT OMMHAKOBOW IS BCeX 3Ha4YeHHW R, TO oHa macmrabupyercs
coriacHo gopmyre:

MR
o(R) ~ —R': N
Tak kak f(n) - n < 0 mo ompeAcNeHUI0, TO IUIOTHOCTh (PaKTaTLHOTO OOBEKTA

yMEHbIIaeTCs ¢ yBenudeHueM pasmepa R, a p(R) sBiasercs KOIMUECTBEHHOH Mepoid
Pa3psOKEHHOCTH 00BEKTAa.



ITpumep ¢paxtanpHOl Mozenu - MHoxecTBO Kanrtopa. Paccmorpum otpesok [0;1].
Paznenum ero Ha 3 yactu u BeIOpocHUM cpeaHMit oTpe3ok. OcraBuivecs: 2 IpOMEXyTKa ONATh
pazgenuM Ha TPU YacTH M BBIKMHEM CpPEJHHE NPOMEXYTKHM U T.1. [lonmyunm MHOKecCTBO,
HazbiBaeMoe MHOkecTBOM Kantopa. B mpenene momaydaemM HECYETHOE  MHOXKECTBO
M30JIMPOBAaHHBIX TOYEK.

e —————
0 1/9 29 173 23 719 89 1

Pucynok 2.3 MuoxectBo Kantopa s 3-x neneHuit

IlocTanoBKa 3a1a4u K J1a06opaTopHOii padoTe 2

1. U3yunTh npeasiaraeMplii TEOPETUUECKUN MaTepHUal.

2. IIpu noctpoenuu rpaukoB 3a1aiiTe (MI3MEHUTE) CIEAYIOLINE TapaMeTphl A1 00JIacTu
MOCTPOCHUS:

KOOPJIWHATHBIE OCH;

BBIBOJI CETKHU (M3MEHHUB KOJIMYECTBO ACIECHUH 10 OCIM);

[BET U TOJIIIUHY JIMHUH rpaduka;

3aroJIOBOK rpaduka.

3. IlonpoOyiiTe W3MEHUTHh TUN JMHUM (CIUIOIIHAS, MyHKTHPHAS, IITPUXIYHKTHpPHAaSI,
JMHUS ¢ MapKepamH).

4. YcTaHOBHTE JK€JTaeMbIid pa3Mep 00JIaCTH MOCTPOCHHUS.

5. B 3aganuu 3 xopHu ypaBHeHus f (x) = 0 HaliguTe ¢ nomomisio GyHKIUU root(f(x), x).
B 3amanuu 4 npu HaxOXKIEHUHM HYJEH MPOM3BOIHOW HCIONB3YHTE (YHKIHIO root B ¢opmare
root(f(x), X, a, b). BwiOupaiiTe TpPOMEKYyTKH H3MEHEHHS HE3aBHCHMOW IEPEMEHHON TpH
NOCTPOCHUU TPapUKOB TaKMM 00pa3oM, 4TOOBI YETKO BHUJETh HAIWYHE HYJIEH aHaIH3HPyEMbIX
hyHKIH.

6. Odopmisisi perieHne 3afaHus 5, 3aqaiiTe NEpPeMEHHYIO AMana3oHa X TaKUM 00pa3oM,
yTOOBl NMPU U3MEHEHUHU 3HayeHHs abcuucchl TOYKK KacaHud X0 MpPOMEXYTOK, Ha KOTOPOM
cTpoutcs rpaduK, aBTOMAaTHIECKH M3MEHSIICS TaK, YTOOBI OH coJeprKall 3aaHHoe 3HayeHne x0.
Ha rpaduke Touky KacaHus IOMETbTE MapKEPOM.

7. B 3amanum 6 HaliguTe KOOPAMHATHI TOUEK MEPECEUEHUS C MOMOIIBIO OJI0Ka pelieHui
Given-Find.

8. Odopmuts otueT Mo naboparopHoit padorte. [IpencTtaBuTh OTUET MO JTAOOPATOPHOI
paboTe A7 3alIUTHI.

BapuaHTbI HHAUBHAYAJIBHBIX 32IaHUH

B cooTBeTcTBHU C MOTYYEHHBIM 3ajaHHEM CPOPMHUPOBATH PEUICHHE U JaTh €ro OMHCAHKE
CO CKPHUHILIOTAMU BBIITOJTHEHHBIX JCHCTBUM.

3anana ¢pynknus f(x) u3 tab6n.2.2.

1. [Toctpoiite Tabnuiy 3HadeHW (QYHKIUU JUIsI YKA3aHHOTO JHAna3oHa X ¢ 3aJaHHBIM
[1aroM U3MEeHEHUs1 OpIMHaTHI (Ta0:1.2.2).

Ta6nuna 2.2 — [loctpoeHne TabauIBl 3HAUCHNH (PYHKIIMHM Ha AUAIIa30HE

Ne Oynkius f(x) Hunamnazon x [Tar uzmMenenus x
1 j'[x']=_1'3—_1'1 —bx+3 [-1:2] i'|=ﬂ,5.
2 fix)=x" -5 +x+4. [-2; 3] h=1.5.
3 f(x)=x'—5x" —2x+18. [-2:-1] h=0,25.
4 flx)=—x"—4x" —x+2. [-3:0] h=05.




5 f(x)=—x"+5x -x-T7. [-1:2] h=06
6 flx)=x"+x" —16x-18. [—4;-1] h=04.
7 flx)=x"+6x" —x-25. [-3:-1] h=035.
8 flx)=—x"—5x"—2x+6. [-3:-1] h=03.
9 flx)=—x -4x"—x+4. -k 2 h=0.6.
10 flx)=—x"—4x" +11x+25. [ 2] h=07

2. Toctpoiite rpaduk GyHKIIUK U3 TaOIUITEI 2.2, BRIOPaB 3¢ (HEKTUBHBIN AHana3oH.

3. Haiinure Bce 3Ha4ueHwmsI, pu KOTOpbIX f(x)=0.

4. HaliAUTE TOUKH SKCTpeMyMa (DYHKIMU U 3HAUeHHE (DYHKIIUU B O TUX TOUYKaX.

5.3amaBas 3HaueHHE MEPEMEHHOM a, MOCTPOHTE KacaTelbHyI0 K rpaduky (QyHKIUH B
TOUKe ¢ abcuuccoil x=a.

6. Haiimure Bce TOYKHM TmepecedeHus: Tpaduka (QyHKIUM C JHMHUEH, 3amaBaeMoit
ypaBHEHUEM U3 TaOIUIhI 2.3.

Tab6mmma 2.3 — IToctpoeHue nepeceueHust PYHKIUU C JTHHUCH

Ne Oynkums f(x) YpaBHEHUE TUHUU
1 _,|"'(_'r‘,|=_1r3 —x —fxr+3 (_1‘-I'Jz+_\'1 =4,

2 flx)=x"-5x"+x+4. 4y =8

3 f(x)=x —5x —2x+18. y? —5xt =38

4 filx)=—x"—4x" —x+2. 16x° — % =1.

5 flx)=—x"+5c —x-T7. ¥ =202 =10.

6 fx)=x"+x" -16x-18. (x—2)" +y* =30.

7 flx)=x"+6x" —x-25. ¥ —20x* = 40.

8 flx)=—x"—5x"-2x+6. ¥ —30%° =10.

9 flx)=—x"—4x’ —x+4. Ax+1) +y2 =9,
10 flx)=—x"—4x" +11x+25. 5(x—2)* ;_.‘_-: o IO-ﬁ-.

Conep:xaHue oT4yeTa

ITo BbImonHeHHON paboTe cocraBisiercs oT4eT. OTYET BBIMOJIHACTCS B AJIEKTPOHHOM
Buze. [1o BEIMOTHEHHOMY OTUYETY MPOBOAMTCS 3aIIKTa TAOOPaTOPHOI pabOTHI.

Otuer mo naboparopHOW paboTe AOIKEH COCTOATh M3 CIEAYIOIUX CTPYKTYpPHBIX
JJIEMEHTOB:

TUTYJIBHBIN JIUCT;

BBOJHAas 4acCThb,

OCHOBHAs 4acTh: OMMCaHKUE PabOThI, BKIIOYAIOIIEe CKPUHIIOTHI ACHCTBUI;
3aKJII0UYEHNE (BBIBObI).

BBozaHas yacTh oT4eTa 1OJHKHA BKIIKOYATh ITYHKTHI:



yCJIOBHUE 33/1auH;

MOPAAO0K BBIITIOJTHCHUA.

IpOrpaMMHO-aNIapaTHBIE CPEACTBA, UCTIONIB3yEMBbIE TIPH BHIMTOTHEHUH PaOOTHI.

3ammTa oTYeTa 110 JTa0OPATOPHOI paboTe 3aKIII0YACTCs B IPEIbSIBICHHUH TIPETIO/IaBaTENIO
TIOJTyYEHHBIX pe3yJIbTaTOB B BHJE (hailyla M JEMOHCTpAIUU MOJYYSHHBIX HaBBIKOB IPU OTBETaX
Ha BOIIPOCHI IIPETIO1aBaTelIs.

KoHnTpoJsbHBIE BOIPOCHI

1. Uto Takoe SKCTIepUMEHTAJIbHBIE UCCIICIOBAHMS U C KAKOH IEIbI0 OHU TIPOBOSATCS?

2. JlaiiTe onpeneneHne MaTeMaTUYECKOW MOJEIIH.

3. OxapakTepu3yiTe sTanbl MaTEMaTHYECKOTO MOJEIUPOBAHMSL.

4. Yro sBisieTcss paboyrM UHCTPYMEHTOM CTaTHYECKOTO aHaImu3a?

5. aiiTe onpeneneHre CTAaTUCTHYECKON TUTIOTE3bI?

6. Kakue ommOku BcTpedaroTcs Mpy BBIOOPOYHOM HaOIIOIeHUN ?

7. IlepeurcinuTe OCHOBHBIE MpPaBUia, KOTOPHIE JOJKHBI BBIMOJHIATHCA MPU MPOBEACHUU
CTaTHCTUYCCKHMX HAOIIOACHUMN.

8. Uto Takoe KoppemsuoHHas CBS3b?

9. OxapakTepu3yiTe METO/1bl BBISIBIICHUS KOPPEISILIMOHHON CBSI3U.

10. OnumuTe BUABI MOJAEIUPOBAHHUSL.

JlabopaTopnasi padora 3. O0padoTKka JaHHBIX B HHKEHEPHBIX pacyeTrax

Lenb pabotel: HayuuThes MCHOIB30BaTh MaTEMaTUYECKUE U CTATUCTUYECKUE (DYHKLIUU B
cucreme MathCAD.

OcHoBBI TEOPUH
OcHoBHBIE CBOIICTBA MO/IeJIM U MOCTHPOBAHHUSA

['panunpl MEXITy MOJEISIMHU Pa3IMYHOTO BHJAa BECbMa YCIOBHBI. MOXKHO TOBOPHUTH O
pa3MYHBIX pEXKUMaxX HUCIOIB30BAHUS MOJENe - HMUTAIMOHHOM, CTOXaCTHYECKOM,
JTUHAMHYECKOM, JICTEPMHUHUPOBAHHOM U JIp.

Kak mpaBuno, mozens BkItoyaeT B cebsi: 00bekT O, cyObekT A (He 00s3aTenbHO) ,
3amauy Z, pecypeol B, cpeny monenupoBanus C.

Mopnens MOXHO TIpeaCcTaBUTh popmanbHo B Buae: M =<0, A, Z, B, C>.

OCHOBHBIC CBOWCTBA JTFOO0H MOJEIH:

1. llenenanpaBieHHOCTh - MOJIENb BCETJa OTOOpakaeT HEKOTOPYIO CUCTEMY, T.€. UMEeT
1eJIb TAKOT'0 OTOOpaKEHMUS,;

2. Koneynocts - Mopaens oOTOOpakaeT OpUTHHAN JIMIIb B KOHEUYHOM UHCIE €ro
OTHOIICHU U PeCypChl MOJCIIMPOBAHUS KOHEUHBI;

3. YOpomeHHOCTh - MOZeNIb 0TOOpaXKaeT TOJIBKO CYIIECTBEHHBIE CTOPOHBI O0OBEKTa U OHA
JOJDKHA OBITH MPOCTA JIJISl UCCIIEIOBAHMSI HIIM BOCIIPOU3BEICHNUS,

4. HarngaaHocTb, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB U OTHOIIICHUH;

5. JIOCTYITHOCTh ¥ TEXHOJOTUYHOCTH JIJIsl UCCIICAOBAHUS HJIM BOCIIPOU3BEICHHUS;

6. UudopMaTUBHOCTh - MOJIENb JOJKHA COAEpPXKAaTh JAOCTATOYHYIO HH(POPMAIUIO O
cucteMe (B paMKax THUIOTE3, NPHUHATBIX MPHU TOCTPOSHHWU MOJEIM) W JIOJDKHA JaBaTh
BO3MOXXHOCTb MOTY4YaTh HOBYIO HH(POPMAITHIO;

7. lomHOTa - B MOJCIU JIOJDKHBI OBITH yYTEHBI BCE OCHOBHBIC CBS3M M OTHOIICHHS,
HEO0OXOAMMBIC JIsl 00SCIICUEHUS 1SN MOICTUPOBAHUS;

8. YmpaBisieMoCTh - MOJIENb JOJKHA UMETh XOTsI Obl OJMH MapaMmeTp, U3MEHEHUSIMU
KOTOPOTO MOXHO UMUTHPOBATh MOBECHUE MOJCIUPYEMOIl CUCTEMBI B PA3JIUYHBIX YCIOBUSX.

ZKM3HeHHBbIN UK MOJAEJTHPYEMOM CHCTEMBbI

JKM3HEHHBIN LUK MOJEIUPYEMON CUCTEMBI COCTOUT U3 CIEAYIOUINX ATAIOB:

1.Coop wuHpopmammum 00 OOBEKTE, BBIABMKCHHE THUIIOTE3, MPEABAPUTEIHHBIN
MOJIEJIbHBIN aHAJIN3;



2. [IpoexTrpoBaHKe CTPYKTYPBI U COCTaBa Mojieie (moamoaenei);

3. [TocTpoenue cnerudukauii MoAeIH, pa3padoTKa U OTIaJKa OTACIBHBIX TTOIMO/IENCH,
cOopka MoJIeNH B 1IETIOM, HJIEHTU(UKALUS (€CIIM 3TO HYKHO) TapaMeTPOB MOJIETICH;

4. UccnenoBanue MoJeIM - BbIOOp MeTOJa HCCIENOBaHHS U pa3paboTka ajaropurMa
(mporpaMMbl) MOAETUPOBAHHUS;

5. UccnenoBaHue aiekBaTHOCTH, YCTOMYMBOCTH, YyBCTBUTEIILHOCTH MOJIENH;

6. O1eHKa CpeICTB MOJICIMPOBAHUS (3aTpauyeHHBIX PECYPCOB);

7. UnTepripeTanysi, aHadu3 pe3yibTaTOB MOJAEIUPOBAHUS U YCTAHOBJIEHHE HEKOTOPBIX
IPUYUHHO-CJIEICTBEHHBIX CBSA3EW B UCCIIEyEMON CUCTEME;

8. I'enepanyst OTYETOB U MPOEKTHBIX (HAPOJHO-XO3SIICTBEHHBIX) PELLICHUII;

9. YTounenue, MoaupUKaIus MOAEIH, €CIH 3TO HEOOXOAMMO, U BO3BpAT K UCCIeTyeMOi
CUCTEME C HOBBIMHU 3HAHUSMH, OJTYYEHHBIMU C TIOMOIIBIO MOJENIN U MOJEIUPOBAHHUS.

MogaepoBaHie KaK METOA CHCTEMHOI0 aHAJIHM3a

YacTo B CHCTEMHOM aHajau3€ IIPU MOJEIBHOM MOJXOJE HCCIENOBAHUS MOXKET
COBEpILATHCS OJHA METOAMYECKas OIIMOKA, a UMEHHO, - TOCTPOEHHE KOPPEKTHBIX U aJEKBaTHBIX
Mojene (rmoaMopeneil) MoACUCTEM CUCTEMbl M MX JIOTMUECKM KOPPEKTHasl yBsA3Ka HE JaeT
rapaHTUi KOPPEKTHOCTU MOCTPOECHHOM TaKUM CIIOCOOOM MOJIEH BCEH CUCTEMBI.

Mopnenb, moctpoeHHas 0Oe3 ydera CBsi3ed CHCTEMBI CO CpPEIOM, MOMKET  CIIy>KUTb
MIOATBEPKACHUEM TeopeMsbl ['eniens, a TouHee, ee CIeACTBUSA, YTBEPKAAIOLIEr0, YTO B CIOKHOU
W30JIMPOBAHHON CUCTEME MOTYT CYLIECTBOBAaTh UCTHHBI U BBIBOJIBI, KOPPEKTHBIE B 3TON CUCTEME
U HEKOPPEKTHBIE BHE €€.

Hayka monenupoBaHMsi COCTOUT B pPa3A€iICHUM Ipoliecca MOJEIUPOBAHUS (CUCTEMBI,
MOJeNM) Ha AJTanbl (MOJCUCTEMBI, MHOAMOJENH), AECTaTbHOM M3YYEHHU KaXJOro JTarna,
B3aMMOOTHOIIEHUMN, CBSI3€H, OTHOIIEHUH MEX1y HUMHU U 3aTeM 3(PPEKTUBHOTO OMUCAHUS UX C
MaKCHUMaJIbHO BO3MOXHOH CTENEeHbI0 (popManu3anuu 1 aJleKBaTHOCTH.

B cnydae HapymeHus 5STHX NpaBWI IIOJIydaeM HE MOJENIb CUCTEMBI, a MOJEb
"cOOCTBEHHBIX U HETIONHBIX 3HAHMIA".

MonenupoBaHue paccMaTpuBaeTcs, Kak ocodasi GpopMa SKCIIEpUMEHTa, SKCIIEPUMEHTA HE
HaJl CaMUM OPUTHMHAJIOM, T.€. TPOCTBIM MM OOBIYHBIM SKCIEPUMEHTOM, a Haj KOmHuen
OpuUrHHaja. 37ech BaK€H U30MOpP(HHU3M CUCTEM OPUTHHAIBHONU U MOJEIBbHOM.

N3omMopdu3m - paBeHCTBO, OIMHAKOBOCTb, OJ00HE.

Mopenu 1 MOAEIIMPOBAHNE TPUMEHSIOTCS IO OCHOBHBIM HAlIPABJICHUAM:

B 00y4YeHMH, B MIO3HAHUU U pa3pabOTKe TEOPHH UCCIEAYEMBIX CUCTEM;

B IIPOrHO3MPOBAHUM (BBIXOAHBIX JAHHBIX, CUTyallli, COCTOSSHUI CUCTEMBI);

B YIIpaBJIeHUH (CUCTEMOH B 1IEJIOM, OTAEIBHBIMH €€ MOACUCTEMAMH);

B aBTOMAaTHU3aIMK (CUCTEMBI WIH €€ OTJENIbHBIX MOJICUCTEM).

Kaaccudukanus BUI0B MOIeTUPOBAHUSA

Mememporaree

Fremecioe Marrmenreooe

AraTETICE e Kormmsorepre

e s CTATHOTHER M

i o

Hrerrarroamoe

Pucynok 3.1 Knaccudukanust BUAOB MOJETUPOBAHUS



ITpu puznueckoM MOAEIMPOBAHUU HCIOJIB3YETCS caMa CUCTeMa, MO0 rmojoOHas eil B
BUJIE MaKeTa, HallpUMep, JIETAaTeNIbHBIN anmapar B a3poJuHaMHUEcKOi TpyOe.

MatemaTnueckoe MOJIEIMPOBAaHUE €CTh IPOLIECC YCTAHOBIEHUS COOTBETCTBUS PEAILHON
CHCTEME S MaTeMaTU4eCKOW MoAenu M 1 ucciaeoBaHre 3TOM MOJIEH, MTO3BOJISIIONIEE TTOTYYUTh
XapaKTEpUCTUKHU PEaTbHONU CUCTEMBI.

[Ipn aHamUTHYECKOM MOJEIMPOBAHUM Tpolecchl (YHKIMOHUPOBAHUS 3JIEMEHTOB
3alUCBHIBAIOTCS B BHUJAE MATEeMAaTHUYECKUX COOTHOLICHMH (anreOpandeckux, HHTETrpajbHbIX,
g depeHIMaTbHBIX, TIOTHYECKUX U Ap.).

AHanuTuueckas MoJieslb MOXKET ObITh UCCIIeZIOBaHA METOIaMHU:

QHAIUTUYECKUMU (YCTAaHABJIMBAIOTCS SBHBIE 3aBHUCHMOCTH, IOJY4arOTCsl, B OCHOBHOM,
AQHAINTUYECKUE PELICHHUSA);

YHUCJIEHHBIMH (IIOJTy4al0TCs MPUOIMKEHHBIE PEIICHNU );

KommnbroTepHoe MaTeMaTHUeCKOEe MOJAEIHpOBaHUE (HOPMYIUPYETCS B BHIE alrOpUTMa
(mporpammbl  ayis OBM), 4YTO mMO3BOJSET MNPOBOAUTH HAJ MOJENbIO BBIYUCIUTEIbHbBIE
9KCIIEPUMEHTHI.

UucneHHOe MOJIETMPOBAHUE HCIIONIB3YET METO bl BEIUUCIUTEIbHON MaTeMaTHKU.

CraTtucTuueckoe MOJICIMPOBAHUE UCIOIb3YyeT 00pabOTKY AAHHBIX O CUCTEME C LIENbIO
MOJIyYEHUS! CTATUCTUYECKUX XapaKTEPUCTHK CUCTEMBI.

MIMuTalmoHHOE MOJIENIMPOBAaHUE  BOCHIPOU3BOAMT Ha OBM (umuTupyer) mnpouecc
(YyHKIMOHUPOBAHUSI  UCCIENYEeMOW CHUCTEMBbI, COOJIoJlasi JIOTMYECKY0 U BpPEMEHHYIO
II0CJIEA0BATEIBHOCTD MPOTEKAHUS IPOLIECCOB, YTO IO3BOJISIET Y3HATh JIAHHBIE O COCTOSIHUU
CUCTEMBI WIH OTJIEIbHBIX €€ AIIEMEHTOB B OIPE/IeJICHHbIE MOMEHThI BPEMEHHU.

IIpumeHeHne MaTEeMaTHYECKOr0 MOJEIMPOBAHUS TO3BOJISIET HCCIENI0BaTh OOBEKTHI,
peasbHbIE 3KCIEPUMEHTHI HaJl KOTOPHIMH 3aTPYAHEHbI UJIM HEBO3MOKHBI.

OkoHoMuYeckuil 3(PpdeKT mpu MaTreMaTHUECKOM MOJETUPOBAHUM COCTOUT B TOM, YTO
3aTpaThl Ha MPOEKTUPOBAHUE CUCTEM B Cpe/iHEM cokpaiatorcsi B 50 pas.

Mathcad — cucremMa KOMIIBIOTEPHOI aJIredpbl

Mathcad — cucrema KOMITBIOTEPHON anreOpsl U3 Kilacca CUCTEM aBTOMATH3WPOBAHHOTO
OPOEKTUPOBAHUS, OPHEHTUPOBaHHAas HA MOJATOTOBKY HHTEPAKTHBHBIX JOKYMEHTOB C
BBIYUCIICHISIMA M BH3YQJIBHBIM COIPOBOKICHHUEM, OTIMYACTCS JIETKOCTHIO HCIIOJNIB30BAaHUS U
NPUMEHEHHUs IS KOJUIEKTUBHOW PabOTHI.

upokuit maTepec k cucreme Mathcad mpuBen k Tomy, yto B Poccum HakoHeU-TO
NOSIBUJIMCh KHUTHU 1O OTHAENbHbIM BepcusiM. Cucrema Mathcad Obia co3pana B 80-x romax B
yauBepcurere Ctandopaa (CIIA).

CoBpemeHHbIE BEPCHUU JUIS ITIK rotoBut ¢pupma MathSoft Application.
JIOCTOMHCTBO — IPOTPAMMHUPOBAaHUE HA  SI3BIKE  MaTEMaTHKH. OTO0  yHHBEpCAJIbHBIN
MaTeMaTHuecKuil uHTepdeic:

Ectp MomHas moaaepxka rpaduky.

Bo3morkeH uMnopt rpauku U3 Apyrux nporpamm.

bonbiioe Koau4ecTBO BCTPOEHHBIX MATEMaTUUECKUX (DYHKIUHN (COTHH).
BcTrpoenHble cripaBOYHUKH O IPEAMETHBIM 00JIaCTSIM.

Bo3smoxxHa aHuManusi.

CuMBoOJIbHAsI MaTEMaTHKA.

Henocrarkn:

OTO UHTEpPHPETATOP.

Bo3MoskHOCTH TPOTrpaMMUpPOBaHHS OTPAHUYCHBI.

Cuctembl Mathcad monb3yroTcsi OrpOMHOI MOMYJISIPHOCTBIO BO BCEM Mupe Osarogaps
yIOOHBIM CPEICTBAM IMOJTOTOBKH TJOKYMEHTOB, IMEIOIINX BUJ OOBIYHBIX CTaTeH WM KHUT. B TO
e BpeMsl OKa3bIBaeTCs, YTO TH CPEACTBA BIIOJIHE JOCTAaTOYHBI JJIS PELICHHs MOAABISIOLIETO
OOJIBIIMHCTBA 33124 110 MaTeMaTrKe, GU3UKU U JPYTUX HATPABICHUN HAYKU U TEXHUKH.

Mathcad sBisiercss MaremMaTHYeCKH OPUEHTUPOBAHHBIMU YHUBEPCAJIbHBIMU CHCTEMaMH.
[ToMrMO COOCTBEHHO BBIYMCIICHHI OHH IO3BOJIIIOT pemarh opopMHUTENbCckHe 3anaun. OHH


http://fmi.asf.ru/Library/Book/SimModel/Glossary.html#chapter_250
http://fmi.asf.ru/Library/Book/SimModel/Glossary.html#chapter_85

NO3BOJIAIOT FOTOBUTh CTAaThbU, KHUTH, AUCCEPTALIMM, HAyUYHbIE OTUETHI, AUILIOMHBIE U KYpPCOBbIE
MPOEKTHI C JIOCTYIHBIM HAaOOpOM CaMbIX CJOXKHBIX MaTeMaTUYeCKUX (OpMYJ M H3bICKAaHHBIM
rpau4ecKuM MpeACTaBICHUEM Pe3yIbTaTOB.

C camoro mepBOro CBOEro MOsBIEHHUS cucTeMbl Kiacca Mathcad umenu yaoOHBIN
HOJIH30BATENbCKUNA UHTEP(EIC — COBOKYITHOCTh CpPEACTB OOILIEHHS C MOJb30BaTelIeM B BHJE
MacHITaOUpyeMbIX U MepeMeNIaeMbIX OKOH, KHOIOK M MHBIX 3JIEMEHTOB. Y 3TOI CHCTEMBI €CTh
3¢ deKTUBHBIE CPEACTBA TUMIOBOM HayuyHO! IpaMKu, OHU MPOCTHI B MPUMEHEHUN U UHTYUTUBHO
noHsATHBL. CinoBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MaccoBOrO IMOJIb30BATENsl — OT
YYEHHKA HadaJIbHbIX KJIACCOB JI0 aKaJIeMHUKa.

Hecmotpst Ha TO, 4yTO 3Ta MporpaMma B OCHOBHOM OpPHUEHTHpPOBAHA Ha IOJIb30BaTEsei-
HernporpamMmucTtoB, Mathcad Takke wucmonb3yercss B CIOXKHBIX  INPOEKTaX, YTOOBI
BU3YaJIM3UPOBAaTh pPE3yJbTaThl MAaTEMaTHYECKOTO0 MOJCIUPOBAHMS, IIyTEM HCIOIb30BaHUS
pacnpeniel€HHBIX BBIYMCICHUNA U TPaJUIMOHHBIX SI3BIKOB IporpamMMupoBanus. Takxe Mathcad
4acTO HCHOJb3YEeTCs B KPYMHBIX HWH)XKEHEPHBIX MPOEKTaX, TIae OO0JbLIOe 3HAYEHUE UMEET
TPACCUPYEMOCTb U COOTBETCTBUE CTaHAAPTAM.

Mathcad nocratoduHo ya00HO UCIIOIB30BATh JIsl 0OYYCHUS, BEIYMCICHUA H MHXCHEPHBIX
pacueTtoB.  OTKphITasg  apXUTEKTypa NPUIOKEHUS B  COYETAaHUUM C  IOAJEPIKKOU
texHosioruii NET n XML 1o3BoJsIfOT JIErKO MHTETpUPOBAaTh NPUIIOKEHHE.

PaccmoTtpum Hambosee 4acTo mpuMeHsieMble (YHKIMU A CTaTUCTUYECKHUX PacyeToB,
KOTOpBIE€ BCTPOEHBI B [IPOrPAMMY .

®ynknus RND(X).

B crartuctuuecknx pacuerax mpu MOACITUPOBAHUU PA3IMUHBIX (DU3UUECKUX MPOIECCOB
HIMpOKO mpuMeHsieTcss BcTpoeHHas (ynkuus RND(X), uHHUNHManu3upyoolas TeHepaTop
CIIy4alHBIX 4hcell. 31ech X 3aJaéTCsl KaK paH)KMpPOBAaHHAS TIEPEMEHHAs W ONpPENEIseT YUCIIO
Cly4aiiHbIX uymcen. Hampumep, sl MOJyd4eHUs AECATH CIy4alHBIX 4YHUCEN CJIeAyeT 3alaTh
unrepsan X = 0..9,

DOyHKIUM aNNPOKCUMALMHA

Jlia npencraBieHust GU3MUECKUX 3aKOHOMEPHOCTEH, a TakyKe MPU MPOBEACHUM HAy4YHO-
TEXHUYECKUX pPACYETOB HCHOJIB3YIOTCA 3aBHUCHUMOCTH BHMJA Y(X), HO YHMCIO TOYEK 3THUX
3aBUcUMOcTell orpaHuueHo. [Ipm 5ToM BO3HMKaeT 3ajadya MPHUOIMKEHHOTO BBIYMCIICHUS
3Ha4eHUH (YHKIMH B MPOMEKYTKaX MEXIY Y3JIOBBIMU TOYKAaMHM M 3a UX npenenaMu. Takas
3a/1aua pelraeTcs anmpoKCUMaIUe NCXOIHON 3aBUCHMOCTH, TO €CTh €€ MOJIMEHON KaKou-Tu00
noctaTouyHo mpoctoil Qynkumen. B cucreme Mathcad mnpenocraBusieTcss BO3MOXKHOCTH
aNNpOKCHMAIMK ABYMS TUIIAaMH (YHKIMH: KYCOUHO-TMHEIHON U CIIafHOBOM.

[Ipy KyCOUHO-TMHEHHOM MHTEPIOJSIIUM  BBIYUCICHUS JOMOJHUTEIBHBIX TOYEK
BBITIOJIHAIOTCA MO JIMHEWMHON 3aBUCUMOCTHU. TO €CTh, MIPU JTUHEWMHON anmpOKCUMALIMU Y3JIOBBIC
TOYKH COEIMHAIOTCS OTPe3KaMU TMPSAMBIX JIMHHWHA, [N Yero HCIoub3yercs (yHKIUs
Linterp(VX,VY,x)— nunelinas untepnomnsuus, rae VX, VY— BEKTOpbl KOOPIHMHAT Y3JIOBBIX
TOYEK, a X — 3aJaHHbId apryMmeHT. llpu HeOONBIIOM YHCIEe Y3TOBBIX TOYEK JIMHEHHas
MHTEPIIONSANNS OKa3bIBACTCS JOBOJNBHO TpyOoil. Jlake mepBas Tpou3BOmHAS (YHKIUS
anMpOKCUMALIUU TONYYaeTCsl ¢ PE3KMMHU CKAuKaMu B Y3JIOBBIX TOYkax. [[03TOMYy NpHUMEHSIOT
(YHKIHIO CTUTalfH-aINPaKCUMAITIH.

[Ipu crnnaiiH-annpokcuManuu UcxoaHasi (QyHKIUS 3aMEHSETCS OTpe3KaMH KyOWdecKuX
MIOJIMHOMOB, MTPOXOASAIINX Yepe3 TPH CMEXHbIE y3i10Bble Touku. KoadduumenTs! 3toit pyHKumm
PaCcCUUTHIBAIOTCS TAKUM 00pa3oM, YTOOBI MepBasi U BTOpasi MPOU3BOAHBIC ObUTH HETIPEPHIBHBIMHU.
JluHus, ONMCHIBAMOWIAs CIUIAHH-(QYHKIMIO, HAMOMHHAET 10 ¢GopMe TUOKYIO JHHEHKY,
3aKPEIUICHHYIO B y3JI0BBIX TOUKAX.

ITaker Mathcad — cmcremMa KOMIBIOTEPHOH anreOpel W3 Kiacca CHCTEM
ABTOMATU3UPOBAHHOIO MPOCKTUPOBAHUS OHATHUS HKCIIEPUMEHTA U MaTEMAaTUYECKOW MOJEIIH.

[lepeuricniM OCHOBHBIE BCTPOCHHBIC (YHKIMH, TMPUMEHSEMBIC IJISi CTaTUCTHYECKOU
00pabOTKM JTaHHBIX: CIUTAWHOBOW ammpokcuManuu (pspline, Ispline, interp), nuHeWHOU



perpeccun (corr, intercept, slope), momMHOMHUAIBHON perpeccun (regress), TMHEWHON perpeccuu
obmero Buga (linfit), HemuHeitHas perpeccusi obmero Buaa (genfit), GyHKIUSA MpenckazaHUs
(predict). PaccMoTpuM IMHEHHYI0 HHTEPIIOJSLHUIO.

JIuHeilHasi HHTEPIOJIS LU

1

[ I T )

Bekroper nexoanbix ganiabix X u YA = esort( A, 0)

YU e LB

= I =

X =AY Y = AW f(z) = linterp(X.Y, ) f(2)=3 f(7)=6
CniaiiHOBast HHTEPIOJISALIUSA

S = espline(X.,Y) fs(x) :=interp(S, X.Y,x)fs(2) =3 fs(7) = =2.067
Kak ™Mbl BUIMM, 3Ha4YeHUsS TOYEK IMpPU JMHEHHOW U CIUIAHHOBOW WHTEPIOJISLIUU
pa3JIUYHBI.

[Toctpoum rpadukn JUHEHHON M CIUIAHHOBOW HWHTEproisaiui. J{ns 3Toro 3amaercs
KOJIMYECTBO TOYEK U IIIar.

) _ . ) oo omazx(X)—min(X)
i := 0..length(X)—1 scale = 100 j = 0.scalex; = min(X)+j- ' ‘
scale
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Pucynok 3.1 JluneliHas v criiaifHOBasi MHTEPHOJSALIUN

ITocTaHoBKa 3a1a4u K J1adopaTopHoi padorte 3

1. 3yuutsb npeangaraeMplii TEOpETUYECKUI MaTepHUall.

2. BBINOJTHUTD JIMHEHHYI0O M CIUIAHHOBYIO HWHTEpHOIsuMH. VicxomHble maHHBIE HJIst
BBINOJIHEHMSI 3a/1aHus | npeacrasieHs! B Tadbaune 3.1.

3. [TocTtpouts rpadmku JUHEHHON U CIUTAHOBOM MHTEPIOJISIINH;

4. BBIMONHUTH HACTPOMKY BUJAA I'paUKOB C IIENBI0 MAaKCUMaJIbHOW MH(OPMATUBHOCTH,
OTpa3uTh WIard MO HACTpoiike TpadUKOB B CKPUHIIOTAaX OTYeTa, OOOCHOBATh BbIOpaHHbBIC
napamMeTpsl 0pOpMIICHHS TPapUKOB.

5. ITocTpouTh OTYET, BKIOYAONIUN TrpaduKKH JTUHEHHOW M CINIAHHOBON MHTEPIOJISAIIHH,
OmnHUcaHue BbIOOpa KOJIMYECTBA TOYEK W IIara WHTEPHOJISIINH, CKPUHIIOTHI XO/a BBINOTHEHUS
paboThl, ONMCAaHKUE ICUCTBHI.

6. Odbopmuts oTueT mo NMaboparopHoit pabdote. [IpeacraButh oTUET MO JTAOOPATOPHOMN
paboTe 1S 3alTUTHI.



BapuaHThl HHAUBUAYAJIBLHBIX 321aHUHI

B cootBercTBUN ¢ Tabnuiel 3.1 BBIMONMHUTH JTUHEWHYIO U CILUIAHOBYIO WHTEPIIOJISIIIUH,
MOCTPOUTHh TI'padUKU JMHEHHOM W CIJIaifHOBOW HMHTEPIOJIALMH, BBIMOJHUTh HACTPOMKY BHUAA
rpaduKoB, ceaTh COOTBETCTBYIOIINE CKPUHILIOTHI.

Tabnuua 3.1 — MicxoaHble JaHHBIE U1 pacYeTOB
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Conep:xkanue oTyera

[lo BhImONIHEHHOUW paboTe cocTaBisieTcss oT4eT. OTUET BBINOIHSIETCS B 3JIEKTPOHHOM
Buze. [1o BeIMONTHEHHOMY OTUYETY MPOBOAMTCS 3allUTa 1Ja0OpaTOPHOU PadOTHI.

Otuer mo maboparopHOW paboTe MODKEH COCTOSTh M3 CIEAYIONUX CTPYKTYPHBIX
3JIEMEHTOB:

TUTYJIbHBIN JIUCT;

BBOJIHASI YaCTh;

OCHOBHas 4acTh (onucanue padboThl);

3aKII0YeHUE (BBIBOJIBI).

BBojaHas yacTh oTueTa 10JIKHA BKIKOYATh TyHKTHI:

yCIIOBHUE 3aauu;

HOPSZIOK BBIITOJIHEHUS.

POrpaMMHO-aINapaTHbIe CPEACTBA, UCIOIB3YEMBbIE MTPH BBITOJTHEHUN PAOOTHI.

3ammrTa oTyera mo JabopaTopHOil paboTe 3aKiItoYaeTcsl B IPEAbSBICHUN PENOIaBaTeII0
MOJIyYEHHBIX PE3yJbTaTOB B BHJE (aiiia U JEMOHCTPALMH MOJYYEHHBIX HABBIKOB IPU OTBETAX
Ha BOIIPOCHI NIPEN01aBaTENsl.

KoHTpoJibHbIE BONPOCHI

1. Ilepeuncnure TOCTOMHCTBA M HEAOCTaTKK cucteMbl Mathcad.

2. [lepeuncante OCHOBHbIE (PYHKIIMH, TPUMEHSIEMbIE B CTATUCTUYECKONH 00paboTKe.

3. Anst wero npumensiercst pyHkimst RND(x)?

4. B xakux cirydasix MpUMEHSIOTCS (DYHKIIMH CIUIAHHOBOM anmpoKcuMaIun?

5. Yem otnuuaercst (GpyHKIMS JTUHEHHOW perpeccuu oT (YHKIMHU JIMHEHHON perpeccuu
oOmiero Buaa?

6. Jlaiite omnpesenenue HEMMHEHHOW perpeccun o01ero Buaa?

7. Hanite onpenencHue GyHKIUN MPeACKa3aHus?

8. B kakux ciay4asx (QyHKIUS MpeacKa3aHus NPUMEHSEeTCs, a B KaKHX MPHMEHEHHE ee
ABIISIETCS HEIleJIecO00pa3HbIM?

9. Ilepeuncnure OCHOBHBIE TEXHOJIOTMH KOMITBIOTEPHOTO MOJEINPOBAHNUS.

10. IlepeuricnuTe THCTPYMEHTHI KOMIIBIOTEPHOTO MOJAETUPOBAHUS.

JlabopaTopHasi pabora 4. Busyaausanusi MHKeHepPHbIX pac4eToB

ens pabotsl: Ilokazath METOAOJOTHIO KOMITHIOTEPHOW peain3aIllii MaTeMaTHYECKUX
BI:I‘-II/ICJIGHI/If/'I, MNPUMCHUB UHCTPYMCHTLI KOMIIBIOTCPHOT'O MOACIIMPOBAHUA.




OcHoBBI TEOPUM

MartemaTH4ecKoe MOIeJTHPOBAHNE CJIOKHBIX CHCTEM

Bynem cuutarh, 4TO AJIIEMEHT S €CTh HEKOTOPBIN 00BEKT, 00JIaatoINi OnpeaeIeHHBIMU
CBOMCTBaMH, BHYTPEHHEE CTPOCHHE KOTOpPOTO JUIs IIeJieH WCCIICJIOBAaHHS HE WTpaeT pOJIH,
HanpUMep, CaMoJIeT IJIsi MOJECIUPOBAHUS TIOJIETa — HE DJIEMEHT, a JUIsl MOACIUPOBaHUs PaOOThHI
a’poriopTa — JIEMEHT.

CBsi3p [ Mexay dJ€MEHTaMH €CTh MPOLECC UX B3aUMOJICHCTBUS, BAXKHBIM s Iienei
HCCIIEIOBAHUS.

Cucrema S — COBOKYMHOCTH DJIEMEHTOB CO CBSI3IMU [ M TENbl0 (PYHKIMOHUPOBAHUS
cuctemsl F.

CnoxHast cucteMa — OTO CHCTE€Ma, COCTOSIIAs W3 PA3HOTHUIHBIX JIIEMEHTOB C
Pa3HOTHITHBIMU CBSI3SIMH.

Bomnpmiasg cucreMa — 3TO CHCTEMA, COCTOMAINAs M3 OOJBIIOTO YHMCIA OIHOTHIIHBIX
DIIEMEHTOB ¢ OQHOTHUIIHBEIMU CBSI3SIMH.

B o6miem Bue cucteMy MaTeMaTHYeCKH MOXKHO TIPEJICTABUTh B BUJIC:

S = {sh Y, R

ABTOMaTH3UpOBaHHAsI CHUCTEMa S, €CTh CIIOKHAs CHUCTEMa C ONPEACISIONIEH POJIbIO
3JIEMEHTOB JIBYX THUIIOB: TEXHUYECKUX CPEJICTB S; M JEHCTBUII UeloBeKa Sy

S = {seh s b ls b F
3I[€CI) So - OCTAJIBHEBIC DJIECMCHTHI CUCTCMBI.

Jexommo3unmsi CHCTEMbI. XapPaKTEPUCTUKHA CUCTEMBbI

HCKOMHO?;I/ILII/I?[ CHUCTEMBI €CTb paS6I/I€HI/IG CUCTCMblI Ha OJJICMCHTBI WM TPYHIIbL
JJIEMEHTOB C yKa3aHHWEM CBS3€i MEXIy HMMH, HEM3MEHHBIMH BO BpeMs (YHKIIMOHUPOBAHUS
CHUCTEMBI.

[IpakTHdeckn BCE CHCTEMBI paccMaTpUBAIOTCS (YHKIMOHUPYIOIIMMU BO BPEMEHH,
IMO3TOMY OIPCACIIMM X TUHAMUYCCKHUEC XapaKTCPHUCTUKU.

CocTrosiHue — 3T0 MHOECTBO XapaKTEPUCTUK JIEMEHTOB CUCTEMBbI, U3MEHSIOLIUXCS BO
BPEMCHH U BAXXHBIX JJIA ueneﬁ cc q)yHKIlI/IOHI/IpOBaHI/ISI.

[Ipouecc (quHAMKKA) — ’TO MHOXKECTBO 3HAYEHHUH COCTOSHUI CUCTEMBbI, H3MEHSIOUTNXCS
BO BPEMEHH.

Lenp QyHKIMOHUPOBAaHUS €CTh 3ajladya MOJYYECHHS JKEIAeMOT'O COCTOSHHS CHCTEMBI.
Joctumxenne 1enu OOBIUHO BJIEYET II€JICHANPABIEHHOE BMEIIATENbCTBO B  IPOIECC
(YHKIIMOHUPOBAHUS CUCTEMBI, KOTOPOE Ha3bIBAETCS YIIPABICHUEM.

1. Pacuer - onpeseneHue 3Ha4€HUH MapaMeTPOB CUCTEMBI.

2. AHanu3 — U3y4eHHue CBOMCTB (PYHKIIMOHUPOBAHHUS CUCTEMBI.

3. CuHTe3 — BBIOOp CTPYKTYPHI U TAPAMETPOB I10 33JaHHBIM CBOMCTBAM CHCTEMBI.

IMapameTpsl cuctembl. Pa3zoBasi TpaekTopus. @a3oBoe NPOCTPAHCTBO

Ilycts T = [to, t;] ecTb BpeMeHHOW HMHTEpBal MOJIEIMPOBAHUSA CUCTEMBI S (MHTEpBa
MOJIeJIbHOTO BPEMEHH).

[locTtpoenne Mopaenu HAuYMHAETCS C OINPEAEIEHUS NapaMeTpoB U  IEPEMEHHBIX,
OTIpeAeIAIONIUX Mpoliecc GyHKIIMOHUPOBAHUS CUCTEMBI.

ITapamerpel cucremsl (Q,,Q,,...,d, Equation.3 - OTO XapaKTepUCTUKU CHUCTEMBI,

OCTAIOIIHNECs TIOCTOSHHBIMU Ha BCeM MHTepBaje T.

HepeMeHHHe 6BIB3.IOT 3aBUCUMBIC U HE3aBUCUMBIC.

He3aBucumble TiepeMEHHBIE €CTh, KaK MPaBWIIO, BXOJHBIC BO3JCHCTBUS (B TOM YHUCIIE
YIPABJISIIOLINE)

= ult) = (p(t),. 0, @) eU c R?

MU MOTYT OBITh TaKXe BO3/ICUCTBUS BHEUIHEH CpPEIbI.
[TocnenoBarensHOCTh UBMEHEHHUST X(t) mpu



<ty <. <Ly
Ha3bIBaeTCs (Pa30BOM TpaeKTOpUEH CHUCTEMBI,

xl X , e X — mMpOCTPAaHCTBO COCTOSIHUM WiTH ()a30BOE MPOCTPAHCTBO.
ITocnenoBarenbHOCTh U3MEHEHHs Y(t) Ha3bIBaeTCsl BBIXOJHOW TPACKTOPHEW CHCTEMBI.
3aBUCHMBIE IEPEMEHHBIE €CTh BBIXO/IHbBIE XapAKTEPUCTUKHU (CUTHAIIbI)

y=y®) =)y, ©)eV  B™

MaremaTH4eckasi MOJe/Ib CHCTEMbI
OOmast cxema maremarnyeckod mozenu (MM) (QyHKIMOHHPOBAHUS CHUCTEMBI MOMKET
OBITH MpeJICTaBJICHA B BUJIE, TOKA3aHHOM Ha pUCYHKe 4.1.

MHOkK€ECTBO NEPEMEHHBIX {”’ v:q, %,y } BMECTE C 3aKOHaMHU (YHKIIMOHUPOBAHUS
L=
y(f)=...

Ha3bIBACTCS MaTEMaTHUUECCKOM MOJCIBIO CUCTEMBI.

vit)
ut) : ]

&) '

Pucynok 4.1 — MaTtemaTudeckast MOJEJb CUCTEMbI

Ecau t HEnpepbpIBHO, TO MOJIEIIb HAa3bIBAETCS HENPEPHIBHOM, MHAYE — TUCKPETHOM:

[ B I B |

Ecniu ™Momens He COAEpXKHUT CIOydyalWHBIX DJIEMEHTOB, TO OHa Ha3bIBaeTCA
JNETCPMUHUPOBAHHOM, B TPOTUBHOM CITy4ae — BEPOSITHOCTHOM, CTOXaCTHUYCCKOM.

Ecnu wmaremaTuueckoe OMUCaHWE MOJENU CIUIIKOM CJIOXXKHO€ M YacTHYHO WIH
MIOJTHOCTBIO HEOTIPEIEIICHHO, TO B 3TOM CJIy4ae UCIIOIB3YIOTCS arperaTuBHbBIE MOJIEIH.

CyIIHOCTh arperaTUBHOM MOJENHU 3aKIo4yaeTcsl B pa3OMEHUM CHCTEMbl Ha KOHEYHOE
YHCIIO0 B3aMMOCBSI3aHHBIX YacTel (MOJCHCTEM), KaKAas M3 KOTOPBIX JOIyCKAaeT CTaHIapTHOE
MaTeMaTHYeCKOE OMUCaHNe. DTH MOJICUCTEMBI HA3BIBAIOTCS arperaraMu.

MonenpoBaHue CIIy9alHBIX JJIEMEHTOB B CHCTEMax SBJISETCS OJIHOM W3 CaMBIX
0a30BBIX 33/1a4 MATEMAaTUYECKOTO MOJICIIUPOBAHHUS.

Tumbl 6a30BBIX JATYUKOB:

buznueckue (000 ¢uznyeckuit 1Iym), B TOCIEAHEE BpeMs MPAKTHUYECKH  HE
UCTIONB3YIOTCS, T.K. XapaKTePUCTHKU HECTAOWIBHBI M PEATH3AINIO IIOBTOPUTH HEJB3S;

NICEBIOCTyYaiiHbIe JaTUYUKU.

TpebGoBanust kK 6a30BBIM JaTUHUKAM:

OTpe30K anepuoJuIHOCTH.

PaBHOMEpPHOCTS.

HekoppenupoBaHHOCTb.

DYHKIUH perpeccuu.

HIupoko pacnpocTpaHeHHOW 3ajadeil 00pabOTKU JaHHBIX SIBJISETCS NPEACTABICHHUE UX
COBOKYITHOCTH HEKOTOpoi ¢yHkimeir y(x). Takoe mpenctaBieHHEe Ha3bIBACTCS PETPECCHEH.
3ajaya perpeccMM B TOM YTOOBI MHOJYYHUTh IMapaMeTpbl (YHKUIUM TaKMMH, IPU KOTOPBIX
¢byskuus npubnmkaer  "o0nako"  MCXOAHBIX TOYEK C HAWMEHBIICH KBaJApaTHYHOU
HOIPEIIHOCTBIO.



N3BecTHBI:

Jluneitnas perpeccus (mpsimasi JINHUA);

[HonmuHoMuaneHas perpeccus (TIOJIMHOM);

Jluneitnas perpeccust o61iero Buja (JUHeHast cymMma MpoU3BOJIbHBIX QYHKIUN);

Henuneiinas perpeccus o6uero Buja (pou3BosibHas PyHKIHUS);

JInnelinas perpeccus.

ITpu nuneitHO#N perpeccun GpyHKIMA y(X) uMeeT BUA y(X)=ax+b M ONUCBHIBaeT OTPE30K
MIPSIMOM.

DyHKUMSA NPeICKA3ZaHUA

Ha npakTtuke Hepeako MPUXOAMTCA CTAJKUBAThCSA C 3a/Jadeil pacuéra MocCiIeayIOLIUX
TOUEK IO PsALy W3BECTHBIX TOYEK — 3amadel mpenckazaHus. s mpeacka3zaHusi TOBEIEHUS
¢dbyuknuonaneHON 3aBucuMocTH B Mathcad wumeercs ¢ynkuusa: predict (data,k,N) -
npenckasanue, rae data — BEKTOp JaHHBIX, K — YUCIIO TOYEK MPEAIECTBYIOMUX MPeICKa3aHuIo,
N - 4nci0 NpesICKa3bIBAEMbIX TOUEK JaHHbBIX.

OyHKIMS TpecKa3aHus 00eceunBaeT BHICOKYIO TOYHOCTh NP MOHOTOHHBIX MCXOJIHBIX
GYHKIUAX WU QYHKIHSIX, TPEICTABISIEMBIX TOJIMHOMOM HEBBICOKOW CTEIICHH.

Oyukuus predict mpuMeHMMa K MPEICKa3yeMbIM COOBITHSM, MOBEACHHUE KOTOPBIX
ONMCHIBAETCSl pEAJbHOM MaTeMaTH4YeCcKOW 3aBUCHUMOCTbIO. B crpaHax co craOuibHOI
9KOHOMHKOW 95Ta (YHKIMS BIIOJIHE NPUMEHUMA [UIsl OMHCAHUS CE30HHBIX M CTAaOMIBHBIX
KOJIeOaHMil Kypca BaJIIOT, MpUObLUIEH (hupM, Ipoaxa TOBapoOB U.T. 1.

[IpuMep nocTpoCHUS IMHEUHONU PErPECCUH:

I

VX = VY = 5 Nexoanbie gannpieORIGN =1

Tt W =

I DD b
[a—

1
8
Brraucnum ko3 duiments! a u b nuHeHo# perpeccuu:

a = intercept(VX,VY) b= slope(VX,VY)i:=1.06 flz) = a+bxl = —1.6 b=2528

corr(VX, VY )=0,99f(3) = 15,8 linterp(VX,VY.,3) =15
ITo aTM maHHBIM CTpOUM rpaduK JUHEHHON PETPECCUU:

Lad
=
I
1

[a—
=
I

i g VX i 6

Pucynok 4.2 Jluneiinas perpeccus

ITocTaHoBKa 3a1a4u K J1adopaTopHoil padote 4

1. M3yuutsb npeanaraeMblii TEOpETUYECKUI MaTepHUall.



2. BBIMONHUTS MOJENMPOBAaHUE 10 JaHHBIM Tabnuubl 4.1, UCHONb3ys JIMHEHHYIO
perpeccuro.

3. Beruucnutb ko3 GUIHMEHTHI JIUHEHHON perpeccuu, mocTpouTh rpaduk.

4. BBIOMHUTE HACTPONKY BHJA I'paUKOB C LEJbI0 MaKCUMaJIbHON MH(GOPMAaTUBHOCTH,
OTpa3uTh MIard IO HACTPOWKe IpaMKOB B CKPUHILOTAX OTYeTa, OOOCHOBATH BHIOpPAHHBIE
napameTpsl 0popMiIeHHs rpaduKoB.

5. Iloctpouths OTYET, BKIOYAIOIMN Tpa@uKH JTUHEHHOM perpeccuu, ONHCAHUE
MeXaHH3Ma HaXO0XACHUS KO3(PQPUIIMEHTOB PEerpeccuu, CKPUHILOTHI X0/1a BBIITOJHEHUSI pabOThI,
OIMCaHue ACUCTBUMN.

6. OpopMuth oT4yeT O JIabopartopHoil padote. [IpencraButh oTUeT MO JTAOOPATOPHOI
paboTe A5t 3aIIUTHI.

BapHaHTLI HHIAUBUAYAJTbHBIX 3agaHui
B cootBeTcTBHH C WHIAUBUAYAJIBbHBIM 3aIaHUCM IIOCTPOUTH MOIACIIb JIMHEMHOMN

perpeccun. cxonaHble JaHHBIC NI7Is1 BHITIOJHEHUS 3aaHUs TTIOMEIICHBI B Ta0wuile 4. 1

Tabnuna 4.1 — anuBuayansHbIe 3a1aHUS

Ne 3aaHHbIC BEKTOpA Ne 3alaHHbIC 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] VY=[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:xanue oTyera

ITo BbImonHeHHON paboTe cocraBisercs oT4eT. OTYET BBINOJIHACTCS B AJIEKTPOHHOM
Buje. [1o BeIMONIHEHHOMY OTUYETY MTPOBOAMTCS 3alllUTa JJAOOpaTOPHOU PadOTHI.

Otuer mo naboparopHOW paboOTe AOKEH COCTOSATh M3 CIEAYIOIUX CTPYKTYPHBIX
JJIEMEHTOB:

TUTYJbHBIH JIHCT;

BBO/IHAS YaCTh;

OCHOBHasl 4acTh (OmucaHue padboThl);

3aKJII0UY€HUE (BBIBObI).

BBozaHas yacTh oT4eTa 10JKHA BKIIKOYATh ITYHKTHI:

yCIIOBHE 33]1auH;

HOPSII0K BBIIOJHEHHUS.

POTpaMMHO-alNapaTHBIE CPEJICTBA, UCTIONb3YEMBbIC TIPU BBIITOJHEHUH PAOOTHI.

3ammMra oT4era o J1abopaTopHOi paboTe 3aKIH04aeTCs B PEIbsIBICHUH MPENOAaBaTENIo
NOJYYECHHBIX PE3yJIbTAaTOB B BUjE (hailia M IEMOHCTPAIMH MOJyYEeHHBIX HaBBIKOB IPU OTBETaX
Ha BOIPOCHI MPENOAaBaTENsL.

KOHTpOJIbHI)Ie BOITPOCHI

. MaremaTnueckoe MOJEIMPOBAaHHUE CI0XKHBIX CUCTEM
. @a3oBas TpaekTopus. PazoBoe NPOCTPAHCTBO

. JlekomMno3unus cucteMbl. XapakTEepPUCTUKHU CUCTEMBI
. Matematuueckas MoJi€JIb CUCTEMBI

. ArperaTuBHbIE MOJIEIIH

. TpeGoBanwmst K 6a30BBIM JTaTIYNKAM

. Tunbl 6a30BBIX JATUYMKOB

. MonenrpoBaHue ciydyaliHbIX 3JIEMEHTOB

. @yHKIUM perpeccuu

O 00 I AN DN B~ WK =



10. ®yHkuus npenckasaHus

JlabopaTopHasi padora 5. UHdpacTpyKTypa HH/KEHEPHBIX pacyeToB

Ienanb padotel: [TocTpoeHne quarpaMm ¢ IPUMEHEHUEM BBIUNUCIUTEIBHON TEXHUKU
OcHoBBI TEOpUH

ITonsiTue o cratnyeckux rpagukax. OCHOBHBIE 3J1eMeHThI rpadguka

[TonydyeHHbI1 B pe3yibTaTe CTATUCTHUECKOIO HCCIEIOBaHUS MaTepual HEpeaKo
n300paXkaeTcs ¢ IMOMOINBIO TOYEK, '€OMETPUUECKUX JUHHA U uryp uimm reorpaduyueckux
KapTocxem, T.e. TpauKoB.

B craructuke rpadukom Ha3bIBAIOT HAIVIAIHOE M300pa)KeHHWE CTaTUCTUYECKUX BEIMYMH
U UX COOTHOILIEHUI MpHU MOMOIIY T€OMETPUUYECKUX TOYEK, JUHHUM, QUTYp WU reorpapuueckux
KapTOCXEM.

[IpencraBieHue faHHBIX B rpaUyecKOM BUE MO3BOJISIET pEIIaTh caMble pa3HOOOpa3HbIe
3agaun. OCHOBHOE TOCTOMHCTBO TAaKOTO HpECTaBIeHUs — HarisaHocTh. Ha rpadukax yerko
MpoCcMaTpUBaeTCs TEHACHIMS K M3MEHEHHI0. MOXHO JaXke OMpeNeNiaTh CKOPOCTh M3MEHEHUs
TEHACHIMU. PaznuyHble COOTHOLIEHMSI, IPUPOCT, B3aUMOCBSI3b PA3IIMYHBIX IPOLECCOB — BCE
3TO JIETKO MOKHO YBUJETh Ha rpadukax.

I'paduky mpuaaroT M3I0KEHUIO CTATUCTUYECKHX JTAHHBIX OOJIBLIYIO HAIJIAJHOCTh, YEM
TaOJIMIBI, BBIPA3UTEIILHOCTh, OOJIErYal0T MX BocHpusthe U aHaiau3. CTaTUCTHUECKHH rpaduk
IO3BOJIAET  3pUTENBHO  OLICHUTHb  XapakTep H3y4aeMoOro  SBIICHUS, MPHUCYLIME €My
3aKOHOMEPHOCTH, TEHACHLMU  Pa3BUTHs, B3aUMOCBS3M C JAPYTMMH  IOKa3aTeNIIMH,
reorpapuueckoe paspelieHue n3ydaeMbix sBjaeHUl. Emie B IpeBHOCTH KUTaMIbl TOBOPUIIH, YTO
OJIHO U300pakeHHE 3aMEHSET ThicAuy clloB. ['paduku nenaroT ctaTUCTUYECKUN MaTepuall Oosee
HOHATHBIM, JOCTYIHBIM M HECHELMAIUCTAM, IPUBJIEKAIOT BHUMAHUE IIUPOKON ayJIUTOPUU K
CTaTUCTUYECKUM JIAHHBIM, MOMYJISIPU3UPYIOT CTATUCTUKY U CTAaTUCTUYECKYIO HH(OPMALIUIO.

IIpu 060K BO3MOXKHOCTH aHAIMW3 CTATUCTMYECKMX JIAaHHBIX PEKOMEHIYEeTCsl BCeria
HAaYMHATh C WX Tpaduueckoro m3zoOpakenus. ['paduk mMO3BOISET cpa3dy MOIY4YUTH oOIIee
npezcTaBieHne 000 Bcel COBOKYMHOCTH CTATHCTUYECKHMX MokKaszarenel. I'paduueckuii meron
aHaJIM3a BBICTYMAET KakK JIOTMYECKOEe IMPOJIOJDKEHUE TaOIMYHOTO METOJa M CIYXKUT LEeIsM
NOJy4YeHUsT OO0OOMIAIOMIMX CTAaTUCTHUECKUX XapaKTepUCTUK IMPOLECCOB, CBOWCTBEHHBIX
MacCOBBIM SIBJICHUSIM.

ITpu nomouwm rpapuyeckoro U300pakeHus: CTAaTUCTUYECKUX JaHHBIX PEIIaloTCs MHOTHE
3a/1a4¥l CTaTUCTHUECKOIO UCCIICJOBAHMUS:

HarJsIIHOE TPEJICTaBJICHHE BEJIUYMHBI IMOKa3aTeNeil (sBJIeHWI) B CpaBHEHUM Jpyr ¢
Apyrom;

XapaKTepUCTHKA CTPYKTYPbl KAKOTO-THO0 SBICHMUS;

M3MEHEHUE SIBJICHUS BO BPEMEHH;

XO/JI BBIIIOJIHEHHUS IIJ1aHA;

3aBUCHUMOCTb U3MEHEHUS OJTHOTO SIBJIEHUSI OT U3MEHEHHUS JPYToro;

pPacrpoCTPaHEHHOCTb WIIH Pa3MELIeHHEe KaKuX-T100 BEIUYHUH 10 TEPPUTOPHUH.

HpyrumMu  cioBaMH, B CTaTUCTHYECKMX MCCIEIOBAaHUSAX MNPHUMEHSIOTCS  caMble
pasHooOpa3Hble Tpadguku. B kaxaoMm rpaduke BbIAEIAIOT (pa3inyaioT) CIEIYIOLe OCHOBHBIE
3JIEMEHTHI:

IPOCTPAHCTBEHHBIE OPUEHTHUPHI (CHCTEMY KOOPAUHAT);

rpadudeckuii oopas;

noJie rpaduka;

MacmTaOHbIe OPHEHTHUPHI,

9KCIUIMKALus rpaduka;

HauMEHOBaHHE Tpaduka

Wnorna 0.5 v 1.6 00beUHSAIOT B OJIUH 3JIEMEHT.

A) TIpocTpaHCTBEHHBIE OPUEHTHUPHI 33JAIOTCS B BUJAE CUCTEMBI KOOPAMHATHBIX CETOK. B
CTaTUCTHYECKUX TIpaduKax dYalle BCEro MPHUMEHSETCS CUCTeMa NPSIMOYTOJIbHBIX KOOpPJMHAT.



WHorna wucnonb3yercss NPUHIUN MOJSAPHBIX (YIJIOBBIX) KOoOpauHAT (Kpyrosble rpadukxm). B
KapTorpaMMmax CpeACTBAMU MPOCTPAHCTBEHHOW OPHEHTALUU SIBJISIOTCS TPAHUIBI TOCYJapCTB,
TpaHUIBl  aIMUHHCTPATUBHBIX €ro 4yacTed, reorpauyeckue OpPHUEHTUPHI (KOHTYPBI DpEK,
OeperoBbIX JHMHMA Moped U okeaHoB). Ha ocsx cucremMbl KOOpAMHAT WM Ha KapTe B
ONpEACICHHOM TOPSIIKE  PacIHoJIaraloTCsl  XapaKTEPUCTUKM  CTAaTUCTHYECKHX ITPU3HAKOB
n300pakaeMbIX SABJIEHUN WM mpoueccoB. IlpusHaku, pacmojaraeMble Ha OCSIX KOOpIMHAT,
MOTYT OBbITh Ka4eCTBEHHBIMHU HJTU KOJIMYECTBEHHBIMH.

b) I'padmueckuii 006pa3 CTaTUCTUUECKUX JAHHBIX MPEICTABISAET COOOM COBOKYITHOCTH
JUHUH, QUryp, TOUYEK, 0Opa3yrolux reoMeTpuueckue (GUrypbl pazHoil GopMbl (OKPYKHOCTb,
KBa/IpaThl, MPSIMOYTOJIbHUKY U T.II.) C Pa3IMYHON IITPUXOBKOM, OKPACKOW, T'yCTOTOW HaHECEHUs
TOYEK.

JIroboe siBIEeHME, U3y4aeMOe CTaTUCTUKOM, MOKHO MPEACTaBUTh B rpaduueckoil popme.
Jlnist aTOro TpebyeTcst HallTH MpaBUIIbHOE IrpauuecKoe pellieHne, ONpeaeauTh TOT rpaduyecKuii
o0pa3, KOTOpBIA JydYllle BCETO COOTBETCTBYET JAHHOMY SIBJIEHUIO, HarjsigHee H300pakaer
CTaTUCTHYECKUE JaHHble. ['paduueckuii o0pa3 OOKEH COOTBETCTBOBATh LEAHM Tpaduka.
[TosTomy mepen moctpoeHueM rpadrka HEOOXOAUMO YSICHUTH CYIIHOCTh SIBJICHHS U IIEIb,
KOTOpasi CTaBUTCS Mepen rpaguueckum uzodpaxkenueMm. BrpiOpannas ¢gopma rpaduka I0KHA
COOTBETCTBOBATb BHYTPEHHEMY COJEP)KAHUIO M XapaKTepy CTaTUCTUYECKOro IOKa3aTels.
Hanpumep, cpaBHeHue Ha rpaduke IPOU3BOJUTCA 110 TAKUM U3MEPEHUSIM, KaK IUIOIIA/b, AJIHHA
OJIHOM U3 CTOPOH (UTYpP, MECTOHAXOXKACHUEM TOUEK, UX I'YCTOTON U T.1.

Tak, ans u300pakeHHUsT M3MEHEHUH SBIEHHS BO BpPEMEHHM HauOojee eCTeCTBEHHBIM
TUNIOM rpaduka siBisiercs JuHus. [ psaoB pacnpeaeneHus — MOJUIoOH WK FHCTorpaMMa.

Kax/iplif 13 OCHOBHBIX BHI0OB I'paueCKUX M300pakeHUIl B CTATUCTUYECKON MPAKTUKE
CTPOUTCS C YUETOM ONpPEJIEICHHbIX paBui. B cTaTcTUYECKUX MCCIIEIOBaHUIX JJISl BHIICHEHUS
XapaKTePHBIX YepT U OCOOEHHOCTEH MAaCCOBBIX SBJICHHM, O3HAHUS TUIIMYHOTO B 3THX SIBICHUSAX
U pellieHus APYTUX 3a/ay IIUPOKO MCIONb3YETCS CPaBHEHHE OJHUX aOCONIOTHBIX, CPEHUX U
OTHOCHUTEJIbHBIX CTaTUCTUYECKUX BEJIMYMH C APYTMMH. AHAIU3 — 3TO, IPEKIE BCErO CPAaBHEHUE
U CONOCTaBJICHHE CTaTHUCTUYECKUMX JaHHbIX. Hepeako BO3HHMKAaeT HEOOXOAMMOCTh
COIOCTABJICHHUS PE3YyJbTaTOB CTATHUCTUYECKOTO HCCIECJOBAHMSI KOHKPETHOIO SBJICHMS C
BEJIMYMHAMHU TUIHMYHOTO (MAEAJBHOTO0) SIBJICHUS aHAJOTMYHOM mpupojsl. [losTomy HarisaHoe
npezicraBieHue (rpaduueckoe U300pa’keHHE) CpaBHEHHMs CTATUCTUYECKUX IIOKa3arenen
OTHOCUTCSI K HauOoJiee pacnpoCTpaHEHHbIM TIpadukaM B craTHUcTHKe. s sTux 1enei
IPUMEHSIOTCS TUarpaMMBl.

Juarpamma — 3710 rpaduueckoe n300paxKeHHe, HarJsaJHO MOKA3bIBAIOIIEE COOTHOIICHNE
MEXy CpaBHUBaeMbIMH BeIMUMHAMHU. Jmarpamma mpezacraBiseT coOOH uepTex, Ha KOTOPOM
CTaTHUCTUYECKUE JIaHHBIE YCIOBHO H300pakaroTCsl F€OMETPUYECKMMM JIMHUSAMH, UTYypamMH U
TEJIAMH Pa3JIMYHBIX Pa3MEPOB.

PasnuyaroT cnegyroiue oCHOBHbIE BUbI IpaUKOB (AMAarpaMM) CPaBHEHHUS:

CTOJIOMKOBBIE;

MI0JIOCOBBIE;

KBaJIpaTHBbIE;

KpPYTOBBIE;

dburypHsble.

JUia mocTpoeHus AuarpaMMm HCHOJb3YIOTCSl CIEIYIOIIME KOMIbIOTEPHbIE MPOrpaMMbI
Excel, Mathcad, MATLAB u npyrue.

Jnst co3manus rpadukoB B cucteme Mathcad mmeercss mporpaMMHBIA TpadudecKuit
nporeccop. OCHOBHOE BHUMAaHHUE IPU €ro pazpaboTke ObLIO yJeJeHO 00eCHeueHUI0 MpOCTaThl
3aaHusl rpauKoB U MX MOAU(PUKALMKM C IOMOUIbI0 COOTBETCTBYIOLIMX IapaMeTpOB.
[Iponieccop NMoO3BOJISIET CTPOUTH CaMble pa3Hble rpadUKy, HAIPUMEP B JEKapTOBOM M MOJSPHOM
CUCTEME KOOPJMHAT, TPEXMEPHbIE IOBEPXHOCTH, IPAPUKU YPOBHEH.

Jlis moctpoeHust rpauKoOB UCHOJIb3YIOTCA aba0Hbl. VX mepedeHb COAepKUT MOAMEHI0
Graph menro Insert. BonbIMHCTBO TapamMeTpoB rpadUuecKoro Mmporeccopa, HeoOXOUMBIX IS



HOCTPOCHUS TPpa(UKOB, MO YMOJYAHUIO 33/JaETCSI ABTOMATHUYECKH, MOITOMY JIsi HA4YaJbHOTO
MOCTPOEHHsI TpauKa TOTO WM WHOTO BHUAA JIOCTAaTOYHO 3a/1aTh THUN Tpaduka. B moameHto
Graph cozep>XUTcs CIMCOK M3 CEMHU OCHOBHBIX THUIOB IpadukoB. OHU MO3BOJISIOT BHIIOJIHUTH
CIEYIOIINE IEUCTBUS:

X —Y Plot (nexaproB rpa¢uk) — co3aath malIOH JBYXMEpHOro rpaduka B 1eKapTOBOH
cUCcTeMe KOOPIMHAT;

Polar Plot (momnsipHbIit rpaduk) — co3aaTh mabaoH rpaduka B MOJISPHBIX KOOPIUHATAX;

3D Plot Wizard (macTtep TpexMepHbIX rpaukoB) — BbI30B MacTtepa JUisi OCTPOEHUs
TPEXMEPHBIX Ipa(uKOB C 3aJaHHBIMH CBOMCTBAMU;

Surface Plot (rpaduk mMOBEpXHOCTH) - CO3/AaTh MAOJIOH AJIA MOCTPOCHUS TPEXMEPHOTO
rpaduka;

Contour Plot (kapra nuHHMI ypOBHsSI) — cO31aTh IIA0JOH JUIsl KOHTYpPHOTO Tpaduka
TPEXMEPHOI MOBEPXHOCTH;

3D Scatter Plot (Toueunsiii rpaduk) — cozmaTh WAGMOH Ay Tpaduka B BHUAE TOYEK
(¢uryp) B TpeXMEepHOM MPOCTPAHCTBE;

3D Bar Plot (tpexmepHas cronOuKoBas JuarpamMma) — CO3JaTh IA0JIOH JJs
U300paKeHMs B BUJIE COBOKYIHOCTH CTOJIOUKOB B TPEXMEPHOM MIPOCTPAHCTBE;

Vector Field Plot (BekTopHOE nosie) — co3aath m1aldia0H A1 rpadrka BEKTOPHOTO OIS Ha
IUIOCKOCTH.

C nonsarueM rpaduKu CBSA3aHO MPEACTABIEHUE O TpapuuecKUX OOBEKTaX, MMEIOIINX
orpeJiesieHHbIe cBoiicTBa. B GonbimnHCTBE ciydaeB 00 0OBEKTaX MOXKHO 3a0bITh, €CJIM Bbl HE
3aHUMAeTeCh O0BEKTHO-OPUEHTUPOBAHHBIM IPOTPaMMHUPOBAHHEM. bBOJBIIMHCTBO KOMaH/
BBICOKOYPOBHEBOM I'paMKu OPHEHTUPOBAHBI HA KOHEYHOTO 1oJib30BaTesss. OHM aBTOMaTHYECKU
YCTaHABJIMBAIOT CBOMCTBO rpadpuueckux 0ObEKTOB U 00ECIeUnBalOT BOCIIPOU3BEACHHUE IPaPUKu
B HY>KHOH cHCTeMe KOOp/AMHAT, NAJIUTpe IIBETOB, MacIITabe U T.1.

IMocTpoenune rpagpuxka nosepxHoctu B cucreme Mathcad.

ITocTpoeHune MOBEpXHOCTEH MO MaTpHIle alIUIMKAT UX To4yeK. [IOCKOJIbKY 37€MEHTHI
MaTpuIbl M — TIepEMEHHBIE C IENIOUYUCICHHBIMU MHJIEKCAMH, TO TEpe] CO3JaHHEeM MaTpHIIbI
TpeOyeTcst 3agaTb HMHIEKCHl B BHJIE PAHKUPOBAHHBIX IEPEMEHHBIX C IEJIOYHCICHHBIMU
3HAYCHUSIMHU, a 3aT€M YK€ M3 HUX (OPMHPOBATH CETKY 3HAYCHHH X M Y — KOOPIHMHAT JUIS
anmIuKaT z(X,y). 3HaueHHst X U y IpU 3TOM OOBIYHO JOJKHBI ObITh BEIIECTBEHHBIMH YHCIAMH,
HEpeIKO KaK IMOJIOKUTEIbHBIMHU, TaK M OTpUIATeIbHBIME. [l0ocTie BRIOTHEHNST yKa3aHHBIX BHIIIE
orpeiesieHuil BBoauTCs 1madioH rpaduka (komannaa Surface Plot).



MocTpoenne padura [MopepXHOCTH

z(x,¥) = cos(x ) dYHKIMA OBYXE MNepPeMeHHEH X,V
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Pucynok 5.1 IlocTpoeHune moBepxHOCTH 0e3 yaaneHHsI HEBUAUMBIX JIMHHUH

Heo6xomumo mocTtpouts rpaduk moBepxHOCTH B cucteme Mathcad, ordopmaTupoBas
€ro, MPUMEHUB alrOpuUTM (QPYHKUMOHAIBHOM OKpPAacKM U YyJaJeHHEe HEBUAUMBIX JIMHHMA.
[Tokazano, kak ordopmaTupoBaTh rpaQuk, IpUMEHEHHE aANrOpUTMa (PYHKLIHMOHAIBHON OKpacKu
MIOBEPXHOCTHU U YJAJICHUE HEBUANMBIX JIUHUIA.



IMocrpoense pajpueka [MoBepHHOOTH
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Pucynok 5.2 Tloctpoenue rpaduka noBepxHoctu B cucteme Mathcad

ITocTaHoBKAa 3a1a4u K J1aDopaTopHOil padoTe 5

1. M3yuutsb npeangaraeMblii TEOpETUYECKUI MaTepHUall.

2. IToctpouTs rpaduk moBepxHOCTH B cucteme Mathcad.

3. Bemmonuuth  (hopMaTHpOBaHHWE TOCTPOCHHOrO Tpaduka,
(YHKIIMOHATILHON OKPAacKH U yJlaJleHue HEBUAUMBIX JINHU,

4. IToaroToBuTh OTYET, BKIIIOYAIONINM OMHCAHWE Mpolecca MOCTpoeHHs rpaduka u
COOTBETCTBYIOIIAE CKPUHILIOTHI.

5. Odopmute otuer Mo nmaboparopHoit pabdote. [IpeacraButh oT4ET MO JTAOOPATOPHOMH
paboTe 1S 3alTUTHI.

MNPpUMCHUB  AJITOPUTM

BapuaHThl HHAUBUAYAJIBLHBIX 321aHUI

B cooTrBercTBHM ¢ WHAMBUAYAJbHBIM 33aJlaHUEM TOCTPOHUTH TpadUK TOBEPXHOCTH,
BBITIOJTHUTH (hOpPMATUPOBAHKE MOCTPOCHHOTO rpaduka, IPUMEHUB aNTOPUTM (PYHKIIMOHATHHON
OKpacKd M yAaJieHue HeBUAMMBIX JuHHN. ChopMupoBaTh OTYET, BKIIOYAIOIIMA OMUCAHUE
mpolecca MocTpoeHus rpaduka U COOTBETCTBYIOIINE CKPUHIIIOTHI

Tabmuma 5.1 — UaauBuyanbHbie 3a1aHus

DyHKIHA

DyHKINA

z(x,y)=3cos(x*y)

z(X,y)=x2*y

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

z(X,y)=5cos(x*y)

UlW»—z

SR

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

z(X,y)=2x+y2




Conep:xanue oTyera

[To BemMONHEHHOW paboTe cocraBisiercs oT4eT. OTYEeT BBHIMONHSACTCS B AJIEKTPOHHOM
Buze. [1o BeIMOTHEHHOMY OTYETYy NMPOBOAMTCS 3alUuTa 1a00paTOpHOM paboTHhI.

Otuer mo nabGopaTopHOW padOTe HOMKEH COCTOSTh U3 CIEAYIOUIMX CTPYKTYPHBIX
JJIEMEHTOB:

TUTYJIbHBIN JIUCT;

BBO/IHAs YaCTh;

OCHOBHas 4acTh (onucanue padoThl);

3aKJTF0YEHUE (BBIBOIBI).

BBoaHas 4acTh oT4eTa TOJHKHA BKIIFOYATH ITYHKTHI:

yCIIOBHE 3aJIauH;

TIOPSITIOK BBITTOJTHEHMUSI.

pOrpaMMHO-aIapaTHbIE CPEJICTBA, UCTIOIb3yEeMbIE IIPU BBIITOJTHEHUN PAOOTHI.

3ammTa oT4eTa MO0 JJA0OPaTOPHOU PabOTEe 3aKII0UACTCS B MPEIBSIBICHUN MPENOTaBATEIO
HOJYYEHHBIX Pe3yJIbTaTOB B BUjE (hailyia U IEMOHCTPAIMH MTOJyYEeHHBIX HaBBIKOB IPU OTBETaX
Ha BOIPOCHI MPETIOAaBaATEIS.

KoHnTpoJsbHBIE BOPOCHI

1. Uto Ha3BIBAIOT B CTATUCTUKE rpadukomM?

2.Kakue 3agauM  CTaTHUCTUYECKOTO  HCCIIEJOBAaHUS  PEINAIOTCS IMPH  [OMOIIU
rpagu4ecKoro n300paskeHus?

3. Kak 3a1ar0TCs IpOCTPaHCTBEHHBIE OPUEHTUPHI?

4. Yto npeactasiseT co0oit rpaduueckuii o0pa3 CTaAaTUCTUICCKUX JTAHHBIX ?

5. [Jante onpenencHue JuarpaMmsl.

6. [lepeuncnure TUMIBI AUATPAMM.

7. 'ne conepkutcs nepedyeHsp 1adIoHOB OCTPOeHus TpagukoB B cucreme Mathcad?

8. Kakue Bo3aMOXHOCTH cojiepkaT cpeacTsa rpaduxu Mathcad?

9. Ilepeuncnure U3BECTHBIE BUBI TPAPUKOB.

6. Y4EBHO-METOJMYECKOE U UTH®OPMALIMOHHOE OBECIIEYEHUE
TV CHUTIIMHBI

6.1. IlepeyeHb OCHOBHOI1 U I0TIOJIHUTEJIbHOI JTUTEPATYPbI, HEOOXOAUMOI IS
OCBOCHUS TUCHHUILIMHBI

6.1.1. IlepeyeHb OCHOBHO¥ JIMTEPATYPHI

1. byiinaueB, C.K. IlpumeHeHMe 4YHMCIEHHBIX METOAOB B  MaTeMaTHYECKOM
MojenupoBanun : ydebHoe mocobme / C.K. ByiitHaueB ; MwuHHCTEpCTBO 00pa3oBaHUsS U
Hayku Poccuiickoit ®enepanuu, Ypanbckuil QenepanabHblii yHMBEPCUTET HMMEHH IE€PBOT0
[Ipesunenta Poccun b. H. Ensnuna ; nayu. pen. HO.B. Ilecun. - ExarepunOypr
WznatenscTBO Ypansckoro yHuBepcuteta, 2014. - 72 c. : un. - bubnuorp. B kH. - ISBN 978-5-
7996-1197-2; To xKe [DnexTpoHHBIH pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&id=275957.

2. Kpaxorkuna E.B. UnciieHHble METOBI B HAYYHBIX pacueTax [DIeKTpOHHBIN pecypc] :
yuebHoe mocobue. Kypc nekuuit / E.B. KpaxorkuHa. — DIeKTpOH. TEKCTOBBIE IaHHBIE. —
Crasponionb:  CeBepo-KaBkasckuii  (denepanbHbiii  yHuBepcuter, 2015. — 162 c. — 2227-
8397. — Pexxum goctymna: http://www.iprbookshop.ru/62884.html.

6.1.2. IlepeyeHb JONMOJTHUTEIBHOM JIUTEPATYPbI

1. BepxOunikuii B.M. Uwucnennsie Meroasl. JluHeiiHas anreOpa ¢ HEJIUMHEHHBIC
ypaBHenus. — M.: Jloroc, 2014.

2. Bonkos E.A. Uucnennsle MeToabl. — M.: Jlanb, 2014.



6.2. IlepeyeHb y4eOHO-METOAUYECKOTO 00ecIIeYeHNsI CAMOCTOSTE/IbHOI PadoThI
00y4arouuxcH Mo JUCUMUILIHHE

1. Meroanuyeckre yKa3aHUs K BBIIOJHEHHIO JTAOOPAaTOPHBIX pabOT MO JUCHUIUIMHE
«IHCTpyMEHTaNIBHBIE CPEJICTBA B MH)KEHEPHBIX pacyeTax).

2. Meroanueckue peKOMEHAALNU JUIsl CTYJIEHTOB IO OPraHM3ALMHU CAMOCTOSITEIbHOU
paboThI 1o nucuuIuinHe «MIHCTpyMEHTa bHbIE CPECTBA B MHKEHEPHBIX pacueTax».

6.3. Ilepeuensb pecypcoB HH(POPMALMOHHO-TEJIeKOMMYHUKAIIUOHHOM CeTH
I/IHTepHeT, HCOﬁXO}]I/IMle OJ OCBOCHUA JUCHUIIJIMHBI

1. HatmonaneHbiit OTKpEITHI YHUBEepcuTeT. MHTYHUT. http://www.intuit.ru.
2. ®enepanbhblil mopTan «Poccuiickoe o6pazosanue. http://www.edu.ru.

3. Poccuiickas rocynapctBeHHast Oubanorexa. http://www.rsl.ru.

4. Pecypc o MaTeMaTH4eCKOMY MoJieupoBanutio. Exponenta.ru.
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BBEJIEHUE

Mertoandeckne peKOMEHIAINN
CaMOCTOSITENIFHOW  MPOPabOTKH,
CaMOCTOSITENIbHOM MPOPabOTKH.

Metoanuyeckre yka3aHHs MOCBSIIEHBI Kypcy «MHCTpyMeHTalbHbBIE CpeAcTBa B
WH)KCHEPHBIX pacderax». 3ajaya aBTOMAaTH3aIlMH MaTeMAaTHYECKUX PACUeTOB W BBIYUCIICHHH
YXOJIUT KOPHSAMHM K HMCTOKaM YeJIOBEYECKOH NMBMIM3AIMM, K MOSBICHUIO TEPBBIX CUETHBIX
npucnocoOaeHnii — abakoB, COpOOAHOB M JPYrHX 3JIEMEHTAapHBIX YCTpoWcTB. [IpophIBHBIM
MOMEHTOM B 3TOM IHpOIIECCE€ MOXHO CUUTAaTh IOSIBIEHUE 3JIEKTPOHHBIX BBIYMCIUTEIbHBIX
Maul (OBM) 1 kanbKynaTOpoB, OCHOBaHHBIX Ha MOJYIPOBOJIHUKAX.

B Hamm gHM MpaKTUYECKH BCE MH)KEHEPHBIE PAcyeThl BBIOJIHSIOTCS C MPUMEHEHHEM
KOMIBbIOTEpHOH TexHukW. [Ipm sToM, cdepa pa3pabOTKM WHKEHEPHOTO TMPOTPAMMHOTO
obecrieuenuss oOocobuinack B otraensHyto IT-unmyctpuio, koTopas paOoTaeT Ha CThIKE
pa3IMYHBIX HAyYHO-TEXHUYECKUX 3HAHUN U AMCIUIUINH — MaTEeMaTUKH, (PU3HUKH, DIIEKTPOHHUKH,
MIPOrpaMMHPOBAHUSA. DTO MEXIUCUUIUIMHAPHBIN 1OAX0J], B MOJHOM Mepe codeTaromuii B cede
unen STEM (science, technology, engineering, mathematics).

COZepKaT TEpedeHb TeM C
nepedeHp JabopaTopHbIX paboT ¢

BOIIPOCAMM IS
BOIIpOCAMH  JUIA

1. HEJIb 1 3AJTAYU U3YYEHUSA JUCHUTIJIMHBI

Lenpto ocBOeHMSI AMCUMILIMHBI SIBIsieTcd (opMupoBaHHE Habopa NMpodeccHOHANbHbBIX
KoMmneTeHIni Oyaymiero 6akanaBpa no HanpasieHuto 09.03.02 MHpopmalnnoHHbIE CUCTEMBI U
TEXHOJIOTHH.

3azayn OCBOEHUS AMCLHUIUIMHBI N3YyYEHHE MHCTPYMEHTAJIBHBIX CPENCTB B MHIKEHEPHBIX
pacuerax, OCBOCHHE HHCTPYMEHTAJIbHBIX CPEJICTB B MH)KEHEPHBIX pacyeTax.

2. TEMbI CAMOCTOSTEJbHOM PABOTbHI

No tembr | HauMeHOBaHME T€M NUCUUILIMHBI, UX KPATKOE COIEPKAHUE O6nem
yacoB*
4 cemecTp
Paznen 1. MHCcTpyMEHTANIBHBIE CPEJICTBA B MH)KEHEPHBIX pacueTax
1 Tema 1. ABTOMaTH3aIIMs HHKECHEPHBIX PACUETOB 16
2 Tema 2. MogennpoBaHue B MH)KEHEPHBIX PACUETOB 14
Pazgen 2. [IlpunoxkeHus MHCTPYMEHTAIbHBIX CpEACTB B
WH)XKEHEPHBIX pacyeTax
7 Tema 5. MHGpacTpyKTypa HHKCHEPHBIX PAcUCTOB 14
Hroro 3a 4 ceMecTp 44

3. TEXHOJIOTUYECKAS KAPTA CAMOCTOSTEJIbHOM PABOTHI

OBYYAIOUIEI'OCA
Cpencrtpa u | O0beM YacoB, B TOM YHCIIe
Konanr
TEXHOJIOTHH CPC KonraktHa | Bcero
peam3yeMbIX Bung  mestenbHOCTH
- OLIEHKHU a1 pabora ¢
KOMIICTEHIIUH, CTYJICHTOB
Mpeno/aBa
WHIUKATOpa(oB)
TEJIEM
4 cemecTp
T3 1, T-2) IloaroroBka CobGecenoBanne | 21,42 2,38 23,8
JCKIUSIM
MK 3L, 112) CaMocCTOSTEILHOE CobOecenoBanue | 9,18 1,02 10,2
HU3yYCHHUE




JUTEPATYPHI 10
TemaMm 1,2, 5
IToaroroBka K | Otuer 9 1 10
NK-3(U/-1, U]1-2) | mabopaTOPHBIM MMUCbMEHHBIMN
paboram
HTtoro 3a 4 cemectp 39,6 4.4 44
HUroro 39,6 4.4 44

4. PEKOMEHJAIMU I CAMOIIOATI'OTOBKHA

4.1 IloaroroBka k Jexkuusim. CamocTosiTeIbHOE H3YUeHHe JTUTEPaTyPhl

Cuctemsl MathCad, S-Plus, Axum.
[Iporpammusie npoaykTsl komnanuu MathWorks, Ink. MATLAB.
Simulink. StatSoft.
Cucremnl STATISTICA.
[Takersr g yncneHHbIX pacueToB. Scilab. Octave. QtOctave. FreeMat.
ITakeTs! A1t CHMBOJIBHBIX BRIYHCICHNH. Naxima. Axiom.
WHTepakTUBHBIC MHCTPYMEHTAIbHBIE CPEICTBA B MHIKCHEPHBIX PacyeTax.
B03MOXHOCTH HHTEPAKTUBHBIX CHCTEM B HH)KEHEPHBIX pacdeTax.
HHaTtepakTuBHOE TprMeHEeHHE deMeHToB MathCad jtst permennst HHKeHEepHBIX 3a71ad.

. BeIuuciuTenbHbIE METO/IBI PEIICHUS 32184 MOACTHUPOBAHMS.

. IlocraHoBKa 3a/1auu MOJICITUPOBAHUSI.

. KonmnerrryansHast popmynupoBka 3a1a4i MOAECTUPOBAHHUSL.

. IlocTpoenne MmaTemaTndeckor Moaenn o0bekTa. Beibop MeTona pemeHust.

. Waterloo Maple.

. Cucrema Maple.

. UniCalc.

. Simulink. StatSoft.

. IakeTsl st penieHrs ypaBHEHHH B YaCTHBIX IPOU3BOIHBIX.

. OpenFEM. Impact. SALOME. OpenFOAM. Elmer.

. NaTepakTiBHOE prMeHeHue aneMeHToB MatLab

. ObpaboTka maccuBoB B Mathcad.

. ®ynknuu Mathcad mns pernenus cucrem O1Y.

. Peanu3alius 4uCICHHBIX METOZOB MOJICITUPOBAHUS.

. IIpoBepka aileKBaTHOCTU MOJEIU

. AHanmu3 pe3yJabTaToOB MOJCITUPOBAHUS.
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4.2 IloaroroBka K J1a60paTOpPHbLIM padoTam
JlabopaTopnas padora 1.

. YTto Taxoe MOenn M KaKue BUIBI MOJIENIEH BEI 3HaeTe?
. Kakue Buzib1 MOieTupOBaHus CyIIECTBYIOT?
. OT 9ero 3aBUCUT TOYHOCTH MOJICTUPOBAHUS?
. Korna pasymHo npuMeHsTh puszndeckoe MoaenTupoBanue?
. Kakue cambie n3BeCTHBIC IPUMEPHI CEPHE3HOTO MOJICTUPOBAHMSI BB 3HAETE?
. Kakue Bu1bI IOrpemIHOCTH MOACIUPOBAHUS Bbl 3HAETE?
. Kakue mporpamMmMHbIe IPOIYKTHI HCTIONB3YIOT JIJIST MOJACITUPOBAHUS?
. Kak ocyiectpisiercs moaroToBka K MOJI€IMPOBaAHUIO?
9. Kakumu BO3MOXKHOCTAMH B MoJieupoBanuu oonanaror CKM?
10. Yem oTnmuyaercss TPaeKTOPHs MoJeTa KaMHs 0e3 ydeTa CONMPOTUBIICHHS BO3AyXa U C
ero yaerom?
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JlabopaTopnasi padora 2.

1. UTo Takoe SKCIepUMEHTAJIbHBIE UCCIICOBAHMS U C KAKOW 1EIbI0 OHU TIPOBOSATCS?
2. Jlaiite onpeneneHne MaTeMaTUYECKOW MOJEIIH.




3. OxapakTepu3yiTe 3Tanbl MATEMaTHUYE€CKOTO MOJIETUPOBAHMUS.

4. Yro sBisieTcs paboyrM HHCTPYMEHTOM CTaTUUECKOI0 aHaInu3a?

5. laiiTe onpeaeneHue CTaTuCTUYECKON TIIOTE3bI?

6. Kakue ommOku BcTpedaroTcs MpH BBIOOPOYHOM HaOII01eHnN ?

7. Ilepeuncnure OCHOBHBIE MpaBUia, KOTOPBIE JOJIKHBI BBIIIOJIHATHCA MPU MPOBEAECHUN
CTATUCTUYECKHUX HAOJIIOIEHUM.

8. UTto Takoe KoppessLMOHHas CBSI3b?

9. OxapakTepu3yiTe METO/Ibl BISIBIICHUS! KOPPENSALIMOHHON CBS3H.

10. OnumunTe BUABI MOJAEIUPOBAHMSL.

JlabopaTopHas padora 3.

1. Ilepeuncnure TOCTOMHCTBA M HEAOCTaTKU cucteMbl Mathcad.

2. [lepeuncanre OCHOBHbIE (PYHKIIMH, TPUMEHSIEMbIE B CTATUCTUYECKON 00paboTKe.

3. Inst yero npumensiercst pyHkust RND(x)?

4. B xakux cinyyasix NpUMEHSIOTCS (YHKIUHU CIUIaHHOBOW anmpoKCcUMaluu?

5. Yem otnuuaercs (QyHKIMS JTUHEHHOW perpeccuu oT (YHKIMHU JIMHEHHOH perpeccuu
obrero Buzaa?

6. JlaiiTe onpeneneHrne HeMUHEWHOM perpeccuu ooiiero Buaa?

7. Hawite onpenencHue GyHKIUU MPEACKa3aHus?

8. B kakux ciay4asx (QyHKIUS MpeacKa3aHUs NPUMEHSeTCs, a B KaKMX NMPUMEHEHHUE ee
SBJISICTCS] HETEIECOOOPa3HBIM?

9. Ilepeuncnure OCHOBHbIE TEXHOJIOTMH KOMIIBIOTEPHOTO MOZEINPOBAHUS.

10. [Iepeuncinte HHCTPYMEHTBI KOMIIBIOTEPHOTO MOJIEIUPOBAHUS.

JlabopaTopnasi padora 4.

. MaremaTtnueckoe MOJEIMPOBAHUE CIIOKHBIX CHCTEM
. @a3oBas TpaekTopusi. PazoBoe MPOCTPAHCTBO

. JIeKOMITO3HIIHSI CUCTEMBI. XapaKTEPUCTUKH CUCTEMBI
. MaremaTndeckast MOACIb CUCTEMBI

. ArperaTuBHbIE MOJEIHN

. TpeGoBanwust k 6a30BBIM JaTYMKAM

. Tunsl 6a30BBIX JATYUKOB

. MozaenupoBaHue Ciiy4yallHbIX 3JIEMEHTOB

9. ®yHKIMH perpeccuu

10. ®yHkuusa npeacka3aHus

03N LN kW~

JlabopaTopHas padora 5.

1. Uto Ha3bIBAIOT B CTATUCTHKE TpahuKkoM?

2.Kakue 3amayM  CTaTHCTUYECKOTO  WCCIEJOBAHUS  PEIIAIOTCS TPH  [TOMOIIU
rpaduueckoro nzo0paxkenus?

3. Kak 3a1a10TCst NpoCTpaHCTBEHHBIE OPUEHTUPHI?

4. Yto npencrasiseT codoii rpadudeckuii 00pa3 CTaTUCTUYECKUX TAaHHBIX?

5. Haiite onpenenenue Jnarpammel.

6. [TepeuncnuTe TUIBI JHArpaMM.

7. I'me comepKuTcs IepedeHb MadI0OHOB MOCTpoeHHs rpadukos B cucreme Mathcad?

8. Kakue Bo3MoXKHOCTH cozepkar cpencTsa rpaduku Mathcad?

9. Ilepeuncnure U3BECTHHIE BUIbI TPAPHUKOB.

JlaGoparopnasi padota 6.

1. U3yunth mnpepsiaraeMblii  TEOPETHMUECKUH MaTepuall, COCTaBUTh KOHCIEKT IIO
MaTepuaity «ITarnbl KOMIBIOTEPHOIO MOJEITUPOBAHU.

2. [Toctpouth 0OBEMHBIE (UTYpbl B COOTBETCTBHHM C BapHaHTAMH WHAWBUIYaTbHBIX
3aJaHUHN.



3. BeInosHUTH ocTpoeHue rpaduka MOBEPXHOCTH 0€3 3a1aHUsI MATPHIIBI.

4. BbIOMIHUTE  TIOCTpOEHHE Tpaduka TOBEPXHOCTH C TMPUMEHEHHEM (QYHKIHMH
CreateMesh, caenatb CKpHHIIOTHI X012 PaOOTHI.

5. BBINOJAHUTL TOCTpOEHHE OOBEMHON (Urypbl, KOTOpas IOJydYaeTcsi BpallEHUEM
KPHUBOH, clIeNIaTh CKPUHILIOTHI X0/1a pabOoThI.

6. [TonroToBUTH OTYET, BKIIOYAIOIINUNA CKPUHIIOTHI MMOJYYEHHBIX JUarpaMM U ONHCaHue
X0J1a pabOTHI.

7. OpopMuth oTdeT MO JIabopatopHoil padote. [IpencraButh oTueT MO JTAOOPATOPHOI
paboTe A5 3aIUTHI.

JlabopaTopHas padora 7.

. Uto Takoe MoaelIM U KaKhe BUBI MOJCIIeH Bbl 3HaeTe?
. Kakue BuzipI MoziennpoBanus CyIecTByOT?
. OT 4ero 3aBUCUT TOYHOCTh MOJIETUPOBAHUS?
. Korga pasymno nmpumeHsTh pusndeckoe MoaenupoBaHue?
. Kakue camble n3BecTHbIE IPUMEPHI CEPHE3HOTO0 MOJETUPOBAHMS Bl 3HAETE?
. KaKI/Ie BUJbI HOFpGHIHOCTI/I MO}ICJ’II/IpOBaHI/Iﬂ BbI 3HaeTe?
. Kakue nporpammHblie IpOayKThl UCTIOIB3YIOT JIJISl MOJAEIUPOBaHUs?
. Kak ocymecTBisieTcs moaroToBka K MOJACIUPOBAHUIO?
.Kakumu  BO3MOXHOCTSIMH B~ MOJCIHPOBAaHUHM  OOJIAJAlOT  HMHCTPYMEHTHI
KOMITBIOTEPHOTO MOJICTTUPOBAHMSI?
10. Yem oTnmyaercss TpaeKTOPHs MojeTa KaMHs 0e3 ydeTa COMPOTUBIICHHS BO3AyXa U C
ero yaerom?

O 00 IO DN B~ WK =

JlabopaTopnasi paGora 8.

. baiiecoBckas knaccupukanus

. HauBHO-0aitecoBCKHIl MOAXOL

. Metoasl Data Mining

. CBolicTBa HaMBHOM KiacCUpUKALIUN

. [locTonncTBa 0aiteCOBCKUX ceTeH

. baiiecoBckas punpTpanys mo cioBam

. MeTop! kitaccupuKaluy U NPOrHO3UPOBAHUS
. Merox iepeBbeB pELIECHUN.
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5. TEOPETUUYECKHUM MATEPHAI
5.1 MATEMATHYECKOE MOJAEJIMPOBAHHUE B HTH)KEHEPHBIX PACYHETAX

IlocTpoenne monenn

Mopnens 1 MOJEeTMpPOBaHKUE - YHUBEPCAIbHBIC MOHSATHUS, aTPUOYTHI OJHOTO U3 Hauboiee
MOIIIHBIX METOJOB TMO3HAaHMS B JIIOOOW MpodecCHOHaIbHON 00J1acTH, MO3HAHUS CHCTEMBI,
npoliecca, SBICHHUS.

Bun mMomenw m MeTOABI €€ HCCICIOBAaHUS OOJBINE 3aBUCIAT OT HH(POPMAIMOHHO -
JIOTUYECKHUX CBS3€H AJIEMEHTOB M IOJCUCTEM MOJEIUPYEMOW CHUCTEMBI, PECYPCOB, CBS3EU C
OKPY’>KEHHMEM, a HE OT KOHKPETHOTO HAOJHEHHUS CUCTEMBI.

MopenbHbIi CTHIIb MBIILIEHUS O3BOJISET BHUKATh B CTPYKTYPY U BHYTPEHHIOKO JIOTHKY
MOJEIUPYEMOIN CUCTEMBI.

[TocTpoenne mMopenu - CUCTeMHas 3ajaya, TpeOyrollas aHaiu3a U CHUHTE3a MCXOAHBIX
JMAHHBIX, TUIOTE3, TEOPHM, 3HaAHUIN crenuanucToB. CHUCTEMHBIN MOAXOM IMO3BOJISET HE TOJBKO
MOCTPOUTH MOJIETb PEATIbHOM CUCTEMBI, HO M HCIIONIb30BaTh 3Ty MOJIENb JIJIsl OLIEHKH (HampuMep,
3G GEKTUBHOCTH YIPABICHUS WIN (YHKIMOHUPOBAHUS) CUCTEMBI.



Mopens - 3T0 00BEKT WM ONucaHue 00BEKTa, CUCTEMBI JUISI 3aMEIICHUS OJHOW CUCTEMBI
(opurrHana) APYroil CHUCTEMOW IS JIYYIIErO HW3yYeHWs OpPUTHHATIA WM BOCIPOW3BEICHUS
KaKUX-JT10O0 €ro CBOMCTB.

Hampumep, otobpaxkas Gpuznyueckyro CUCTEMY Ha MAaTEeMaTHYECKYIO CHCTEMY, TOTyIHM
MaTeMaTHYECKYI0 MoJieib u3udeckoil cuctemsl. JIro0ast MOJIenb CTPOUTCS U HCCIEAYyEeTCs MPH
OTIpeICIICHHBIX JIOMYIIECHUSIX, THITOTE3aX.

[Mpumep.  PaccmoTpuMm (u3HUYECKYI0 CHUCTEMY: TEJIO MacCOM m CKaTbIBAaeTCs TIO
HAaKJIOHHOM IUIOCKOCTH € YCKOPEHHMEM a, Ha KOTOPOE BO3/eHUCTBYeT cuia F.

Uccnenys takue cuctembl, HpIOTOH MONy4HIT MaTeMaTudeckoe cooTHomeHue: F = m*a.
O1o (u3MKo-MareMaTHdecKass MOJENb CHCTEMbl WIM MaTeMaTHueckas Mojeib (pusnueckoi
CUCTEMBI CKaTBhIBAIOIIETOCS TeJa.

[Tpu onucaHW¥ 3TOM CUCTEMBI TPHUHSATHI CJICAYIONTUE THIIOTE3HI:

MOBEPXHOCTH UeanbHa (Ko (PUIIMEHT TpEeHUs paBeH HYIIIO);

TEJI0 HaXOAMUTCA B BaKyyMe (COMPOTHUBIIEHHE BO3/yXa PaBHO HYIIIO);

Macca Tejla HeU3MEeHHa;

TEJIO ABMXKETCS C OJJMHAKOBBIM ITOCTOSIHHBIM YCKOPEHHUEM B JTFOO0H TOYKE.

[Mpumep. Dusnonoruueckas cuctemMa (CUCTeMa KpPOBOOOpAICHHsI 4YeJIOBEKa) -
MOTIMHSICTCS HEKOTOPBIM 3aKOHAM TepMOJMHAMUKH. OMUCHIBAas 3Ty CHUCTEMY Ha (DH3HMYCCKOM
(TepMOIMHAMUYECKOM) S3BIKE 0anaHCOBBIX 3aKOHOB, MOTy4UM buznyeckyio,
TEPMOJMHAMHUYECKYIO MOJENb (U3M0IOrHYecKkoil cuctembl. Eciu 3amucaTh 3TH 3aKOHBI Ha
MaTEeMaTHYECKOM $I3bIKE, T.€. COOTBETCTBYIOIIHE TEPMOJWHAMUYECKUE YpPaBHEHHUS, TO YiKe
MOJIy4yaeM MaTeMaTUYECKyI0 MOJIEIb CUCTEMbI KPOBOOOPALIICHHUSI.

[Tpumep. CoOBOKYMHOCTh MPENNPHUATHA (QYHKIHMOHUPYET Ha pbIHKE, OOMEHUBAasCh
TOBapaMu, ChIpbEM, yCiIyramu, nHpopmanueit. Ecim onrcaTh SKOHOMUYECKHE 3aKOHBI, TIPABHIIA
UX B3aUMOJICHCTBUS HAa pPBIHKE C TOMOIIBI0 MaTeMaTHYEeCKHX COOTHOIICHHH, HampuMep,
CUCTEMBI aJreOpandecKuX YpaBHEHUH, TJe HEWU3BECTHBIMH OYAyT BEIUYHHBI TPHOBLIH,
MoJlydyaeMble OT B3aWMOJCWUCTBUSA TMPEANPUATHH, a KodhdUlIMeHTaMH YypaBHEHUS OyayT
3HAYCHUS] MHTEHCUBHOCTEH TaKMX B3aUMOJICHCTBUH, TO MOTYYUM SKOHOMHKO-MAaTEMaTHUECKYIO
MOJIeIh CUCTEMBI MPEATPUSTHI HA PBIHKE.

CnoBo "mogmens" (mat. modelium) o3navaer "mepa", "cmocoQ", "CXOACTBO ¢ KaKOW-TO
BEIILIO".

MopenupoBanue 0a3upyeTcs Ha MaTeMaTUYECKOW TEOPUU IMOA00Ms, COTIACHO KOTOPOit
a0COMIOTHOE MMOA00ME MOXKET UMETh MECTO JIUIIb MPU 3aMEHE OJHOTO O0BEKTa APYTUM TOYHO
TaKUM XKe.

[Ipn monenupoBaHUHM OONBIIMHCTBA CUCTEM aOCONIOTHOE MOA00ME HEBO3MOXHO, U
OCHOBHas LIeJIb MOJICIIUPOBAHMSI 3aKIIOYAETCsl B TOM, YTO MOJIEb JOCTATOYHO XOPOILIO JI0JIKHA
0TOOpaxaTh (PyHKIIMOHUPOBAHUE MOJEIUPYEMOI CHCTEMBI.

ITo ypoBH10, "'ri1yonHe' Moae1upOBaHUS MOJe/H ObIBAIOT:

1. sMnupHUYecKue - Ha OCHOBE YMIMPUUECKUX (HAKTOB (OIMBITOB);

2. TEOPETUYECKHE - HA OCHOBE MATEMaTUUYECKUX OMMCAHUN;

3. cMelIaHHbIe, MOJYSMIUPUYECKUE - Ha OCHOBE HMIMPHYECKUX 3aBHCUMOCTEH U
MaTeMaTHYEeCKNX OIMMCAaHUH.

IIpo6Jsiema MogeTUPOBAHUS COCTOUT U3 TPeX 3a/1a4:

1. moctpoenne Mozenu (3Ta 3amaya MeHee (opmanuzyemMa M KOHCTPYKTHBHA, T.K. HET
aNropuTMa JAjsl IOCTPOCHUSI MOJIeNei );

2. uccnenoBanue Mojaenu (dTa 3amada  Oonee (opmanmmzyema, HMEIOTCS METOIbI
UCCJICIOBAHMSI PA3IUYHBIX KJIACCOB MOJIeIel);

3. ucnonp30BaHue MOJIeNH (KOHCTPYKTUBHAS U KOHKPETH3UpyeMasl 3a/1a4a).

Mopnens M, onuceiBaromias cucremy S(x1, x2, ..., xn; R), umeer Bua:

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

R - MHOXECTBa oTHOIIEHWH HAO X,



Q - MHOXeCTBa OTHOIICHUH Hall Z;

X - MHOKE€CTBOM BXOJHBIX, BBIXOJHBIX CUTHAJIOB 1 COCTOSIHUM CUCTEMBI;

Z - MHOKECTBO OIMCaHU# (MIpeICTaBICHMIT) 2IEMEHTOB U MOJIMHOKECTB X.

Cxema mocTpoeHusi MoJiend M CHCTEMBI S ¢ BXOJHBIMU CHUTHAJIAMU X WU BBIXOJHBIMU
curHasiamu Y muzobpakeHa Ha puc. 1.1.

X;

HUccnenyemas cucrema S Mojens M

Pucynok 1.1 Cxema noctpoenus moaenu

Ecnu na BXog M mocTynaroT curHaibl U3 X ¥ Ha BBIXOJE MOSBIISIIOTCS CUTHAIBI Y, TO
3aJaH 3aKkoH (mpaBuio) f QyHKIMOHUPOBAHUS MOJEIH / CUCTEMBI.

MopnenpoBanue - 3TO  YHHUBEpPCAIbHBI  METOA  MOJIy4EeHHUS OTICaHHS
(YHKIIMOHMPOBAHUS OOBEKTa U MCIIONB30BaHMS 3HAHUN O HeM. MoJenupoBaHUe UCIIONb3YETCs
B J1t000# TpoecCOHaNbHOMN ACSITEIHHOCTH.

Kaaccudukanusa Bugos mogenuposanus. CtaTnueckne U JMHAMHYECKHE,
AUCKpPeTHbIEe U HelpepbIBHbIE MO/IeJIN

Knaccudukanuio Mozeneil mpoBoAsT MO pa3IuuHbIM KPUTEPHSIM.

Mopnenb Ha3bIBaeTCsl CTAaTUYECKOM, €CIM Cpeau MapaMeTpoB, Y4YacTBYIOUIMX B €€
ONMCAaHUU, HET BpEMEHHOr0 napameTrpa. CTaTuueckas MOZEIb B KaKAbli MOMEHT BPEMEHH J1a€T
auib "gororpaduio” cucTEMBI, €€ Cpes.

ITpumep. 3akon HeroToHa F=a*m - 3T0 cTatnueckas MoJienb JBIXKYILEHCS C YCKOPEHUEM
a MaTepHaJbHOM TOYKHU Maccod m. DTa MOJENb HE YUYUTHIBAET U3MEHEHUE YCKOPEHUS OT OAHOMN
TOYKH K JPYTOM.

Monenbs AuHaMHYECKasi, €CIM CPEIU €€ MapaMeTpoB €CTh BpEMEHHOMN MapameTp, T.€. OHa
oToOpakaeT cucteMy (IIpOIecChl B CUCTEME) BO BPEMEHH.

[Tpumep. dunamuueckas monmens 3akona HproToHa OyaeT UMETh BU:

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

Monenb AUCKpETHas, €CIM OHAa ONUCHIBAET MOBEJEHHE CHCTEMbI TOJBKO B JIUCKPETHBIE
MOMEHTBI BPEMEHHU.

[Tpumep. Ecnu paccmaTtpuBats Tonbko t=0, 1, 2, ..., 10 (cek), To MOeNb

S(t)=gt?/2

WU YMCciioBas mocienoBarenbHOCTh: S0=0, S1=g/2, S2=2g, S3=9¢g/2, S10=50g moxeT
CIIY’KUTh TUCKPETHOM MOJIEINIBIO JBMKEHHS CBOOOIHO MaJIaroIero Teja.

Monenbs HenmpepbIBHasI, €CJIM OHA OMMCHIBAET MOBEJCHUE CUCTEMBI JUIsl BCEX MOMEHTOB
HEKOTOPOTO IMTPOMEXKYTKA BPEMEHHU.

[Ipumep. Mogens S=gt?/2, 0 < t < 100 HenpepsiBHA Ha poMexyTKe Bpemenu (0;100).

NmuTanuoHHbie MoaeIH

Mopens MMUTAIMOHHAs, €CIU OHA TMpeAHa3HAay€Ha [JIS HWCIBITAaHUS WIA H3yYCHUS
BO3MOJXKHBIX TyTel pa3BUTHS U MOBEJCHHUS 00bEKTa IMyTeM BapbUPOBAHMS HEKOTOPBIX MU BCEX
apaMeTpoB MOJEIH.

[Tpumep. [1ycTh MOETH SKOHOMUYECKOM CUCTEMBI IPOU3BOJICTBA TOBAPOB JIBYX BUIOB 1
u 2, B KoinudectBe X1 M X2 €IWHHUIl U CTOMMOCTBIO KaXJOW eAuHUIBI ToBapa al u a2 Ha

IPEINPHUITHH OIKCAHA B BUJIE COOTHOIICHHMS:
alxl +a2x2 =S,
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rzae S - o01as CTOMMOCTh MPOU3BEICHHOM NpeANpHUsATHEM Beell npoaykuuu (Buaa 1 u 2).
MOo’KHO ee MCIOJIb30BaTh B KAYECTBE UMHUTALIMOHHONW MOJIENH, IO KOTOPOH MOXHO OMNpEIeiTh
(BappupOBaTh) OOILIYI0O CTOMMOCTh S B 3aBUCHMOCTH OT T€X WJIM MHBIX 3HAUCHHH 00bEMOB U
CTOMMOCTH MPOU3BOJIMMBIX TOBApPOB.

JleTepMUHHPOBAHHbIE H CTOXACTHYECKHE MOJIE/IH

Mopnenb JeTepMUHUPOBAaHHAsA, €ClIM KaXJ0OMy BXOJHOMY Habopy mapaMeTpoB
COOTBETCTBYET BIIOJIHE OINPEACICHHbI M OJHO3HAYHO ONpeaessieMblii Habop BBIXOAHBIX
rapaMeTpoB; B NPOTUBHOM CIy4yae - MOJENIb HEACTEPMUHUPOBAHHAS, CTOXAaCTUYECKas
(BeposSITHOCTHAS).

[Ipumep. IlpuBeneHHbie Bhille (U3NYECKHE MOJAETH - JeTepMHHHUpOBaHHbIE. Ecnu B
mozmemu S = gt? /2, 0 <t < 100 MbI yusu Obl CITyYaiiHBIN TAPAMETP - MOPHIB BETPA C CHIION P TIpH
MaJIeHUH Teja:

S(p)=g(p)t2/2, 0<t<100,

TO MBI TTOJTYYUIIH OBl CTOXaCTUYECKYIO MOJIENh (YK€ HE CBOOOTHOTO) MaACHHS.

DYHKIHOHAIBHbIE, TEOPETHKO-MHOKECTBEHHbIE U JIOTHYECKHE MOJeJIH

Mopnenbs ¢QyHKIMOHaJIbHAs, €CIM OHA MPEACTaBMMAa B BHUAE CHCTEMbl KakKHUX- JIMOO
(YHKIIMOHAJIBHBIX COOTHOIICHUH.

Mopenbp TEOpETUKO-MHOKECTBEHHAsA, €CJIM OHA IPEACTaBMMa C IMOMOIIBIO HEKOTOPBIX
MHOKECTB U OTHOLICHUY NIPUHAMIEKHOCTH MEXKITY HUMMU.

[Ipumep. IlycTs 3a1aHO MHOXKECTBO

X = {Huxonaii, Iletp, Hukonaes, IletpoB, Enena, Exarepuna, Muxawun, TaTesiHa} u
OTHOILIEHUS:

Huxoumnaii - cynpyr Enensl,

Ekarepuna - cynpyra Ilerpa,

Tatpsana - 1oub Hukomnas u EneHsl,

Muxaun - ceiH Iletpa n Exarepunsl,

cembu Muxauna u Iletpa npy»xar apyr ¢ Ipyrom.

Tornma MHOXkeCTBO X M MHOXKECTBO IEPEUYHUCICHHBIX OTHOUIEHHMH Y MOTYT CIIyKHTb
TEOPETUKO-MHOKECTBEHHOU MOJEIIBIO ABYX APYKECTBEHHBIX CEME.

Monenb Ha3bIBa€TCS JTOTMUECKOM, €CIIM OHA IIPEICTaBUMa JIOTHYECKUMU QYHKIUSIMU.

Hanpumep, COBOKYITHOCTh JIOTHUECKUX (DYHKIMHA BUA:

z=x My %X, p=x" vy
€CTh MaTeMaTHyYecKas JIOTH4ecKas MOJIeJIb PabOThl AUCKPETHOTO YCTPOMUCTBA.

Hrposbie Moaen

Mognens urpoBasi, €cIM OHa OIMCBIBAET, PEATU3YET HEKOTOPYI0 HIPOBYHO CHUTYaLUIO
MEXly YYaCTHUKaMH UIPBHI.

[Tpumep. Ilycte urpok 1 - moOpOCOBECTHBIH HAJIOTOBBIM HHCIEKTOp, a WIPOK 2 -
HeZI00POCOBECTHBIN Hajororuiarenbiuk. Mmer mpouecc (urpa) mo yKJIOHEHHIO OT HAJIOTOB (C
OJTHOW CTOpPOHBI) M IO BBISBJICHHIO COKPBITHS YIUIaThl HAJOroB (C Apyroi cTopoHsl). Mrpoku

BBIOMPAIOT HaTypajbHbIC uncna i u j (i, ] = n), KOTOpble MOXXHO OTOXKAECTBUTh, COOTBETCTBEHHO,
co mrTpadoM UTrpokKa 2 3a HEyIUIaTy HAJIOTOB PU OOHAPYKEHUH UTPOKOM | (pakTa HEyIIaThl U ¢
BPEMEHHON BBITOJIOW HMIPOKa 2 OT COKPBITUS HAJIOroB. Mojenb UIpbl ONUCHIBAETCS STOU
MaTpHIIeH U CTpaTeruell YKIOHEHUS ¥ TOUMKH. DTa UTpa - aHTarOHUCTHYECKasl.

AJITOPUTMHYECKHE, CTPYKTYPHBIE, IPadg)oBbIe MOAEIH

Mopenp anropuTMuueckas, €CiId OHa OIMCaHAa HEKOTOPhIM aJITOPUTMOM WM
KOMILJIEKCOM QJIFTOPUTMOB, ONPEAEISAIOMNM (PYHKIIMOHUPOBAHHUE, Pa3BUTHE CUCTEMBI.

CnenyeT MOMHUTH, YTO HE BCE MOJIEIM MOTYT OBITh HCCIEAOBAHbI WM pPEaTn30BaHbI
AJITOPUTMUYECKH.

[Ipumep. Moenbio BEIYUCIIEHNS CyMMbl O€CKOHEUHOTO YOBIBAIOIIETO PsAAa YUCET MOXKET
CIIy’KMTb AJITOPUTM BBIYMCIIEHUS KOHEYHOM CYMMBI pslla O HEKOTOpPOM 3aJaHHOM CTENeHU



TOYHOCTH. AJTOPUTMUYECKOM MOJENBI0 KOPHS KBaJpaTHOTO M3 YUCIA X MOYKET CIIY>KHUTb
AJITOPUTM BBIYUCIICHUS €ro IPUOIMKEHHOT0 3HAUEHHUs IO U3BECTHOM peKyppeHTHOM (hopmy:e.
Mognens Ha3plBaeTCsd CTPYKTYpPHOHM, €CIIM OHA IIPEICTaBUMa CTPYKTYpOH JaHHBIX WM
CTPYKTYypaMU JAHHBIX U OTHOIIECHUSMHU MEXIY HUMH.
Mopens HasbiBaeTrcs rpadoBoii, eciau oHa mpeactaBuMa rpadgom wind rpadgamu u
OTHOIICHUSMHU MEXI1Yy HUMH.

Hepapxuyeckue u ceTeBble MOJETU

Mopenb Ha3bIBa€TCS HEPapXUUYECKOW (IPEBOBUIHON), €CIIM TPEACTaBUMa HEKOTOPOM
HepapXUuecKoil CTPyKTypoH (IepeBoMm).

[Mpumep. s pemeHus 3amaud HaXOXKIEHHWS MaplipyTa B JepeBe IOHCKa MOXHO
MOCTPOUTb, HAIPUMED, IPEBOBUAHYIO MoAeb (puc. 2.1):

Pucynok 2.1 Mogenp nepapxuueckoi CTpyKTyphbl

Mojenb Ha3bIBA€TCS CETEBOM, €CJIM OHA MPEJICTABUMA HEKOTOPOM CETEBOM CTPYKTYPOH.

[Ipumep. CTpouUTENbCTBO HOBOTO JOMa BKJIIOYAET OIEpaluu, IPUBEJICHHBIE B
HIDKECIICTYIOIIeH Ta0IuIle.

Tabsuma 2.1 PaboThl IPU CTPOUTEILCTBE JOMA

Ne|Oneparust Bpemss  BemonnHenus|IIpeamecTByromre Hyru
(1HM) OICpALHH rpada

1 |Pacuncrka ydacTka 1 HET -

2 [3axmanka ¢pyHIaMEeHTa 4 Pacunctka yuactka (1) 1-2

3 |Bo3BeneHue cTeH 4 3aknaaka dyngamenra (2) |2-3

4 |MOHTaX 3JIEKTPONPOBOJIKH |3 Bossenenue cren (3) 34

5 |ltykatypHble pabOThI 4 MoHTax 31eKTponpoBOAKH|4-5

4)
6 |bnaroyctpoiicTBo 6 Bossenenue cren (3) 3-6
TEPPUTOPUHU
7 |OTnenodnbie pabOTHI 4 [ItykarypHabie padoThl (5) |5-7
8 |HacTtun kpbliiu 5 Bossenenue creH (3) 3-8

CereBast Mozienb (ceTeBoil rpauk) CTPOUTENBCTBA JOMa J1aHa Ha puc. 2.2.

Pucynok 2.2 CeteBoii rpaduK CTPOUTEIIBCTBA
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JIBe paboThI, COOTBETCTBYIOIIME ayre 4-8, mapauielbHbl, UX MOXHO JHOO 3aMEHHUTH
OJIHOM, TPEJCTABJSAIONMICH COBMECTHYIO OIEpanuio (MOHTaX SJEKTPONPOBOJIKH W HACTHI
KPBIIIIK) C HOBOW omeparuel ATUTENbHOCThI0 3+5=8, nubo BBeCTH Ha OJHOUN nyre (GUKTUBHOE
coObITHE.

JIMHrBHCTHYECKHE MOAEIH

MOJIeHB HA3bIBACTCSA $I3BIKOBOI>'I, JIPIHFBI/ICTI/I‘IGCKOP'I, €CJIN OHa Hp@}ICTaBJ'IeHa HGKOTOpBIM
JUHTBUCTUYECKUM O00BEKTOM, (hOpMaTN30BaHHON S3BIKOBOM CHUCTEMOU UITH CTPYKTYPOH.

I/IHOFI{& TAKHUC MOACIN HA3BIBAKOT Bep6aJ'II)HI)IMI/I, CUHTAKCUYCCKNUMMU.

Hanpumep, npaBuiia JOpOKHOIO ABUKEHHUS - SI3bIKOBAs, CTPYKTYPHAsI MOJENb IBUKEHUS
TPAHCIOPTA U MEMIEX0J0B Ha TOPOrax.

BusyanabHble, HATYpHBIE, TeOMeTPHYECKHE MO/IETH

Mogens Bu3yalbHas, €CIM OHAa I[O3BOJSCT BU3yalHU3UPOBaTh OTHOIICHHS M CBS3U
MOJICIIUPYEMOI CHCTEMbI, OCOOCHHO B TUHAMUKE.

Hanpumep, Ha 3KkpaHe KOMIBIOTEPA 4acTO MOJIB3YIOTCS BU3YAIBHOW MOJICIBIO TOTO WIIH
UHOTO 00BEKTA.

Mopens HaTypHasi, €CJIi OHa €CTh MaTepHalibHas KOMUS 00bEeKTa MOCTUPOBAHHS.

Hanpuwmep, rio0yc - HatypHast reorpadudeckas MoJIelib 3€MHOT'O Iapa.

Mogens reomeTpuueckas, rpaduueckas, €ClId OHa MPEICTABHMa TC€OMETPUYCCKUMU
o0Opa3aMu 1 OObEKTaMH.

Hanpuwmep, makeT goma SIBJIS€TCS HATYPHOW TNeOMETPUYECKONH MOJICIBIO CTPOSIIEroCs
noMa. BrimcaHHBIN B OKpY)XHOCTh MHOTOYTI'OJBHHMK Ja€T MOJEIb OKPYXHOCTH. VIMEHHO OHa
UCTIOJIB3YETCS ITPH U300paskeHUH OKPYKHOCTH Ha dKpaHe KommbioTepa. [Ipsimast THHUS ABIISETCS
MOJICIIBIO YHCIIOBOM OCH, @ IJIOCKOCTh YaCTO U300paKaeTCs, Kak MapajjieiorpaMM.

CucreMa KJIeTOYHBIX ABTOMATOB

Mopenb KIeTOYHO-aBTOMaTHAsl, €ClIM OHAa MPEACTaBUMa KJIETOYHBIM aBTOMATOM WIIH
CHCTGMOfI KJIICTOYHBIX aBTOMATOB.

Krnerounslii aBromMar - AMCKpeTHas AMHAMUYECKas CHUCTEMa, aHaIor (pU3M4ecKoro
(nenpepsiBHOTO) mosisd. KneTtouHo-aBTOMaTHasi reOMETpHsl - aHAJIOI €BKJIMIOBOW T'€OMETpPUHU.
HenenuMmeblii sneMeHT €BKIMIOBOM TE€OMETPUM - TOYKA, HA OCHOBE €€ CTpPOSTCS OTPE3KH,
IpsIMBIE, TNTOCKOCTH U T.]I.

HenenuMmelii 3meMeHT KIETOYHO-aBTOMATHOTO MOJS - KJIeTKa, Ha OCHOBE €€ CTposTCA
KJIacTepbl KJIETOK M pPAa3MYHble KOHQUTypaluHu KIETOYHBIX CTpPYKTyp. IlpeacraBisercs
KJICTOYHBI aBTOMAaT PaBHOMEPHOH CEThIO KIETOK ("'sueex") 3TOro mossi. BOMOLHS KIETOYHOTO
aBTOMAaTa Pa3BOPAYMBACTCS B IUCKPETHOM ITPOCTPAHCTBE - KICTOYHOM TIOJIE.

CMeHa COCTOSHHII B KJIETOYHO-aBTOMATHOM TIOJIE MPOUCXOTUT OJHOBPEMEHHO U
napajuIesIbHO, a BpeMs MICT AUCKpeTHO. HecMOTps Ha KaXyIIyIOCsS MPOCTOTY WX MOCTPOSHUS,
KJICTOYHBIC aBTOMAThl MOTYT JIEMOHCTPUPOBATh Pa3HOOOpPA3HOE M CJIOXHOE TIOBEIACHUE
00BEKTOB, CUCTEM.

B mocnemHee BpemMs OHU IIUPOKO HCHOJB3YHOTCS TPU MOJCIUPOBAHHH HE TOJIBKO
(hU3HYECKUX, HO M COITMATBHO-3KOHOMHYECKHX TIPOIECCOB.

®pakTajbHbIe MO

Mopnenbs HasbiBaeTcs (pakTaibHOM, €CIM OHAa OMMCHIBAET 3BOJIOLHUIO MOJAEIUPYEMOMH
CHCTEMBI HBOJIOLMEN (PPAKTATIBHBIX OOBEKTOB.

Ecmu ¢usnvecknii 00BEKT OAHOPOAHBINA (CIUIONIHOW), T.€. B HEM HET IOJIOCTEH, TO
MOYHO CYHUTaTh, YTO €ro IUIOTHOCTb HE 3aBUCUT OT pa3Mepa. Hampumep, npu yBenudeHuUn
napameTpa o0bekta R 10 2R Macca o6bekTa yBennuutes B R? pas, ecim 00bekT - kpyr u B R?
pa3, eciu OOBEKT - Liap, T.e. CYIIECTBYET CBA3b Macchl M JUIMHBL [lycTh n - pa3MepHOCTb
npoctpancTBa. OOBEKT, y KOTOPOTO Macca M pa3Mep CBsi3aHbl, Ha3biBaeTCs "KoMMakTHBIM'. Ero
IUIOTHOCTb MOYKHO PacCUUTaTh 1o hopmyie:



Ecnu 06bekT (cucrema) ynosiersopser cootHomenuio M(R) ~ R™, rhe f(n) < n, To
TaKOW 0OBEKT HA3BIBACTCS (PPAKTATHHBIM.

Ero miotHOCTh HEe OyZeT OJUHAKOBOW JJisi BceX 3HaueHWH R, To oHa macmtabupyercs
corjacHo GopMmyIie:

JG(R) o M(f‘:' > Rf(?a}—x
£

Tak xak f(n) - n < 0 WMo ompeneneHUI0, TO IUIOTHOCTh (PpPaKTaTBLHOTO OOBEKTa
yMeHbIlIaeTcsi ¢ yBenudeHuem pasmepa R, a p(R) sBuasercs KoaumuecTBEHHOW Mepoi
pa3psHKCHHOCTH 00BEKTA.

[Ipumep dpakranpHOll Momenu - MHokecTBo Kanrtopa. Paccmorpum otpesox  [0;1].
Paznenum ero Ha 3 yacTé W BBIOPOCUM cpeqHM OTpe3oK. OcTaBmiuecs 2 MPOMEXyTKa OISTh
pazgenuM Ha TPU YacTH U BBIKMHEM CpeOHUE MPOMEXYTKH U T.O. [lomyunm MHOKecCTBO,
Ha3zplBaeMoe MHokecTBOM Kantopa. B nmpeaene momydaeM HECUETHOE  MHOXKECTBO
U30JIMPOBAHHBIX TOYEK.

e ——————
0 1/9 29 173 23 719 89 1

Pucynok 2.3 MnuoxectBo KanTtopa s 3-X iesieHuit
5.2 ABTOMATU3AIUA UHKEHEPHBIX PACUETOB

OcHOBHBIE CBOIICTBA MOJeJIM U MOJAEJTUPOBAHUS

['panuibl Mex1y MOJENSIMU Pa3IMYHOTO BHJA BECbMa YCIOBHBI. MOXHO TOBOPHUTH O
pa3IMYHBIX PEKUMaX HCIOJIB30BaHUS MOJENEH - HWMHUTAIMOHHOM, CTOXAaCTHYECKOM,
JUHAMUAYECKOM, JETEPMUHUPOBAHHOM U Jp.

Kak mpasuno, momens Bkimodaer B cels: 00bekT O, cyObekT A (He 00s3aTenbHO)
3amauy Z, pecypceol B, cpeny monenupoBanusi C.

Mopens MOXHO mpeacTaBuTh popmansHO B Buae: M =<0, A, Z, B, C >,

OCHOBHBIC CBOMCTBA JIFO00 MOJCIIH:

1. llenenanpaBaeHHOCTh - MOJIENIb BCET/Ia OTOOpaKaeT HEKOTOPYIO CHUCTEMY, T.€. HMEET
I[EJIb TAKOTO OTOOpaKECHHUS,

2. Koneunocts - Mojaenb OTOOpa)ka€T OpPWUTHHAN JIMIIb B KOHEYHOM YHUCIE €ro
OTHOLLUEHUN U PECYPCHI MOJECIUPOBAHUS KOHEUHBI;

3. YOpomeHHOCTh - MOJIeNIb 0TOOPaXKaeT TOIbKO CYLIECTBEHHbIE CTOPOHBI O0OBEKTa U OHA
JOJKHA OBITH TIPOCTA JIJIS1 UCCIIEAOBAHUS UM BOCIIPOU3BEICHUS;

4. HarnsimaOCTH, 0003pUMOCTh OCHOBHBIX €€ CBOWCTB M OTHOIIICHHIA,

5. JoCTYNHOCTb ¥ TEXHOJOTUYHOCTb JIJIsl UCCIIEAOBAHUS WIIM BOCIIPOU3BEICHHUS;

6. UnpopMaTuBHOCTh - MOACNH AOKHA COACPXKATh JOCTATOYHYIO HWH(MOpMAIUIO O
cucteme (B paMKax THUIOTE3, NPUHATHIX TNPU TMOCTPOSHUH MOJENTH) W JIOJDKHA JaBaTh
BO3MOYKHOCTh TIOJTy4aTh HOBYIO HH(OPMAIIHIO;

7. lomHoTa - B MOJAENU JOJDKHBI OBITH yYTEHBI BCE OCHOBHBIC CBS3M U OTHOIICHUSA,
HEO0OXOAMMBIE /ISl 00eCTIeUeHUs 1IETTU MOICTTUPOBAHUS;

8. YropaBnsieMocTh - MOJENb JOJKHA MMETh XOTsS Obl OJMH Mapamerp, U3MEHEHHUSIMHU
KOTOPOT'0 MOXHO MMHTHPOBATH MMOBEJICHNE MOACIIUPYEMON CUCTEMBI B PA3JIMIHBIX yCIOBUSIX.

7Ku3HeHHBbIN IMKJ MOJAETHPYEMOH CHCTEMBbI

JKW3HEHHBIN IUKI MOJIEIUPYEMOM CUCTEMBI COCTOUT U3 CIEAYIOIINUX ITAIOB:

1.Coop wuHbopmamuu 00 O0OBEKTe, BBIABMKECHHE THUIOTE3, MpPEABAPUTEIHHBIN
MOJICTLHBINA aHAJIN3;

2. [IpoexTrpoBaHuE CTPYKTYPBI U COCTaBa Mojeie (moamoaenei);



3. [loctpoenue crienmpuKanmii MOJENH, pa3padoTKa U OTIAJAKa OTJEIBHBIX MOIMOJIEIICH,
cOOpKa MOJIEH B IIEJIOM, UACHTU(UKAITUS (€CJIM ATO HY)KHO) ITapaMeTPOB MOJIEIICH;

4. UccnenoBanue MoOJETH - BBIOOp MeETOJa HUCCIENOBaHHsS U pa3paboTka ajaropurMa
(mporpammbl) MOJEIUPOBAHMS;

5. UccnenoBaHue afqeKBaTHOCTH, yCTOMYMBOCTH, YyBCTBUTEILHOCTH MOJIETIH;

6. O11eHKa CPEICTB MOJICTUPOBAHMS (3aTPAUYCHHBIX PECYPCOB);

7. NnTepripetanusi, aHaIu3 pe3yibTaTOB MOACITUPOBAHUS M YCTAHOBIIEHHE HEKOTOPBIX
MIPUYUHHO-CJICICTBEHHBIX CBS3CH B HCCIICTyEMOM CHCTEME;

8. 'enepaiyst OTYETOB M MPOCKTHBIX (HAPOIHO-XO3SMCTBEHHBIX) PELICHHIH;

9. YTouHeHue, MOAU(PUKAITAS MOJICITH, €CIIH 3TO HEOOXOIUMO, ¥ BO3BPAT K UCCIICTyEeMOM
CUCTEME C HOBBIMU 3HAHUSIMU, TIOTYYEHHBIMU C TIOMOIIBIO MOJIEIIA U MOJIEIIUPOBAHHUS.

MojaenupoBaHue KaKk MeTO/ CHCTEMHOT0 aHAJIH3a

Yacto B CHUCTEMHOM aHalM3€ MpPH MOJEIHHOM TIOAXOAE HCCICIOBAaHUS MOXKET
COBEpIIAThCS OJJHA METOAMYECKast ONIMOKA, 8 UMEHHO, - TOCTPOCHNUE KOPPEKTHBIX U aJICKBATHBIX
Mojener (moaMopeneil) MoACHCTEM CUCTEMbl M MX JIOTHYECKH KOPPEKTHasl yBsA3Ka HE JaeT
rapaHTUH KOPPEKTHOCTH TTOCTPOCHHOM TaKMM CITOCOOOM MOJIEITH BCEH CHCTEMBI.

Mopnenb, mocTpoeHHass 0e3 ydera CBs3€d CHCTEMBI CO CpPEIO, MOMKET  CIIy>KUThb
MOJITBEPIKJICHUEM TeOpeMbI [ eierns, a TouHee, ee CICCTBHUS, YTBEPIKIAIOMIETO, YTO B CIIOKHON
U30JIMPOBAHHON CUCTEME MOTYT CYIIECTBOBATH UCTUHBI U BBIBOJIbI, KOPPEKTHBIE B ATOW CHCTEME
Y HCKOPPEKTHBIC BHE €€.

Hayka moaenupoBaHusi COCTOUT B pPa3AelCHUM IMPOIEcCa MOJCIHPOBAHUS (CUCTEMBI,
MOJIeJIM) Ha JTamnbl (IOJCHUCTEMBI, IOJMOJEIH), JETATHHOM W3YYCHWH KaXJOro JTara,
B3aMMOOTHOIIICHUM, CBSI3€H, OTHOIIEHUH MEXIy HUMHU U 3aTeM 3(PPEKTUBHOTO OMUCAHUS UX C
MaKCHMaJIbHO BO3MOYKHOH CTEIICHBIO (pOpMalIM3aliy U aJIcKBaTHOCTH.

B cnywae HapymieHuss S5TUX TpaBHJI MOJIy4aeM HE MOJelIb CHCTEMBbI, a MOJEeIb
"COOCTBEHHBIX Y HEMOIHBIX 3HAHMI".

MonenupoBaHue paccMaTpuBaeTcs, Kak ocodasi opMa IKCIIEPUMEHTa, SIKCIIEPUMEHTA He
HaJl CaMUM OpPHUTHHAJIOM, T.€. TMPOCTHIM WM OOBIYHBIM SKCIICPUMEHTOM, a HaJ KOIueH
OpuUTHHaNA. 37eCch BaKeH U30MOP(HU3M CUCTEM OPUTUHAIHLHON U MOJIEIBHOM.

N3omMopdu3m - paBeHCTBO, OJMHAKOBOCTD, TIOJJO0HE.

Monenu u MOIETUPOBAHUE MPUMEHSIOTCS IO OCHOBHBIM HANpPaBICHUSIM:

B 00yYCHHUH, B TIO3HAHUH U Pa3padOTKe TEOPUU UCCIICyEMBIX CUCTEM;

B IIPOTHO3UPOBAHUH (BBIXOAHBIX JAHHBIX, CUTYAllMid, COCTOSTHUI CUCTEMBI);

B yIPaBJICHUH (CUCTEMOU B IEJIOM, OTACIEHBIME €€ TTOICHCTEMaMH );

B aBTOMATH3aIMK (CUCTEMBI WIH €€ OTJACIIBHBIX MOJICUCTEM).

KJ'laCCI/I(l)I/IKaIII/Iﬂ BUAO0B MOJI€/IUPOBAaHUSA

Memempopazoe

$remecioe Marrmarnreoe

PN Tt Kommmso reprioe

CTATHOTHEE e

WYrrnesmooe

A o

Hrerrarromoe:

Pucynok 3.1 Knaccudukarust BUA0B MOJAETUPOBAHUS



ITpu puznueckoM MOAEIMPOBAHUU HCIOJIB3YETCS caMa CUCTeMa, MO0 rmojoOHas eil B
BUJIE MaKeTa, HallpUMep, JIETAaTeNIbHBIN anmapar B a3poJuHaMHUEcKOi TpyOe.

MatemaTnueckoe MOJIEIMPOBAaHUE €CTh IPOLIECC YCTAHOBIEHUS COOTBETCTBUS PEAILHON
CHUCTEME S MaTeMaTU4YeCKOW MoAenr M 1 ucciaeoBaHre 3TOM MOJIEH, MTO3BOJISIONIEE TTOTYYUTh
XapaKTEpUCTUKHU PEaTbHONU CUCTEMBI.

[Ipn aHamUTHYECKOM MOJEIMPOBAHUM Tpolecchl (YHKIMOHUPOBAHUS 3JIEMEHTOB
3alUCBHIBAIOTCS B BHUJAE MATEeMAaTHUYECKUX COOTHOLICHMH (anreOpandeckux, HHTETrpajbHbIX,
g depeHIMaTbHBIX, TIOTHYECKUX U Ap.).

AHanuTuueckas MoJieslb MOXKET ObITh UCCIIeZIOBaHA METOIaMHU:

QHAIUTUYECKUMU (YCTAaHABJIMBAIOTCS SBHBIE 3aBHUCHMOCTH, IOJY4arOTCsl, B OCHOBHOM,
AQHAINTUYECKUE PELICHHUSA);

YHUCJIEHHBIMH (IIOJTy4al0TCs MPUOIMKEHHBIE PEIICHNU );

KommnbroTepHoe MaTeMaTHUeCKOEe MOJAEIHpOBaHUE (HOPMYIUPYETCS B BHIE alrOpUTMa
(mporpammbl  ayis OBM), 4YTO mMO3BOJSET MNPOBOAUTH HAJ MOJENbIO BBIYUCIUTEIbHbBIE
9KCIIEPUMEHTHI.

UucneHHOe MOJIETMPOBAHUE HCIIONIB3YET METO bl BEIUUCIUTEIbHON MaTeMaTHKU.

CraTtucTuueckoe MOJICIMPOBAHUE UCIOIb3YyeT 00pabOTKY AAHHBIX O CUCTEME C LIENbIO
MOJIyYEHUS! CTATUCTUYECKUX XapaKTEPUCTHK CUCTEMBI.

MIMuTalmoHHOE MOJIENIMPOBAaHUE  BOCHIPOU3BOAMT Ha OBM (umuTupyer) mnpouecc
(YyHKIMOHUPOBAHUSI  UCCIENYEeMOW CHUCTEMBbI, COOJIoJlasi JIOTMYECKY0 U BpPEMEHHYIO
II0CJIEA0BATEIBHOCTD MPOTEKAHUS IPOLIECCOB, YTO IO3BOJISIET Y3HATh JIAHHBIE O COCTOSIHUU
CUCTEMBI WIH OTJIEIbHBIX €€ AIIEMEHTOB B OIPE/IeJICHHbIE MOMEHThI BPEMEHHU.

[IpumeHeHHe MaTEeMaTHYECKOr0 MOJEIMPOBAHUS TO3BOJIIET HCCIENOBaTh OOBEKTHI,
peasbHbIE 3KCIEPUMEHTHI HaJl KOTOPHIMH 3aTPYAHEHbI UJIM HEBO3MOKHBI.

OkoHoMuYecKUil 3(PpPeKT mpu MaTreMaTHUECKOM MOJEITUPOBAHUM COCTOUT B TOM, YTO
3aTpaThl Ha MPOEKTUPOBAHUE CUCTEM B Cpe/iHEM cokpaiatorcsi B 50 pas.

Mathcad — cucremMa KOMIIBIOTEPHOI aJIredpbl

Mathcad — cucrema KOMITBIOTEPHON anreOpsl U3 Kilacca CUCTEM aBTOMATH3WPOBAHHOTO
OPOEKTUPOBAHUS, OPHEHTUPOBaHHAas HA IMOJATOTOBKY HHTEPAKTHBHBIX JOKYMEHTOB C
BBIYUCIICHISIMA ¥ BH3YQJIBHBIM COIPOBOXKICHHUEM, OTIMYACTCS JIETKOCTHIO HCIIOJIIb30BAHUS U
IPUMEHEHHUS IS KOJUIEKTUBHON PabOTHI.

upokuit maTepec k cucreme Mathcad mpuBen k Tomy, yto B Poccum HakoHeU-TO
NOSIBUJIMCh KHUTHU 1O OTHAENbHbIM BepcusiM. Cucrema Mathcad Obina co3mana B 80-x romax B
yauBepcurere Ctandopaa (CIIA).

CoBpemeHHbIE BEPCHUH JUIS ITIK rotoBut ¢pupma MathSoft Application.
JIOCTOMHCTBO — IPOTPAMMHpPOBAaHUE HA  SI3BIKE  MaTEMAaTHKH. OTO0  yHHBEpCAJIbHBIN
MaTeMaTH4ecKuil uHTepdec:

Ectp MomHas moaaepxka rpaduky.

Bo3morkeH uMnopt rpauku U3 Apyrux nporpamm.

bonbiioe Koau4ecTBO BCTPOEHHBIX MATEMaTUUECKUX (DYHKIUHN (COTHH).
BcTrpoenHble cripaBOYHUKH O IPEAMETHBIM 00JIaCTSIM.

Bo3smoxxHa aHuManusi.

CuMBoOJIbHAsI MaTEMaTHKA.

Henocrarkn:

OTO UHTEpPHPETATOP.

Bo3MoskHOCTH TPOTrpaMMUpPOBaHHS OTPAHUYCHBI.

Cuctembl Mathcad monb3yroTcsi OrpOMHOI MOMYJISIPHOCTBIO BO BCEM Mupe Osarogaps
yIOOHBIM CPEICTBAM IMOJTOTOBKH TJOKYMEHTOB, IMEIOIINX BUJ OOBIYHBIX CTaTeH WM KHUT. B TO
e BpeMsl OKa3bIBaeTCs, YTO TH CPEACTBA BIIOJIHE JOCTAaTOYHBI JJIS PELICHHs MOAABISIOLIETO
OOJIBIIMHCTBA 33124 110 MaTeMaTrKe, GU3UKU U JPYTUX HATPABICHUN HAYKU U TEXHUKH.

Mathcad sBisiercss MaremMaTHYeCKH OPUEHTUPOBAHHBIMU YHUBEPCAJIbHBIMU CHCTEMaMH.
[ToMrMO COOCTBEHHO BBIYMCIICHHI OHH IO3BOJIIIOT pemarh opopMHUTENbCckHe 3anaun. OHH



NO3BOJIAIOT FOTOBUTh CTAaThbU, KHUTH, AUCCEPTALIMM, HAyUYHbIE OTUETHI, AUILIOMHBIE U KYpPCOBbIE
MPOEKTHI C JIOCTYIHBIM HAaOOpOM CaMbIX CJOXKHBIX MaTeMaTUYeCKUX (OpMYJ M H3bICKAaHHBIM
rpau4ecKuM MpeACTaBICHUEM Pe3yIbTaTOB.

C camoro mepBOro CBOEro MOsBIEHHUS cucTeMbl Kiacca Mathcad umenu yaoOHBIN
HOJIH30BATENbCKUNA UHTEP(EIC — COBOKYITHOCTh CpPEACTB OOILIEHHS C MOJb30BaTelIeM B BHJE
MacHITaOUpyeMbIX U MepeMeNIaeMbIX OKOH, KHOIOK M MHBIX 3JIEMEHTOB. Y 3TOI CHCTEMBI €CTh
3¢ deKTUBHBIE CPEACTBA TUMIOBOM HayuyHO! IpaMKu, OHU MPOCTHI B MPUMEHEHUN U UHTYUTUBHO
noHsATHBL. CinoBoM, cuctembl Mathcad opueHTHpOBaHBI Ha MaccoBOrO IMOJIb30BATENsl — OT
YYEHHKA HadaJIbHbIX KJIACCOB JI0 aKaJIeMHUKa.

Hecmotpst Ha TO, 4yTO 3Ta MporpaMma B OCHOBHOM OpPHUEHTHpPOBAHA Ha IOJIb30BaTEsei-
HernporpamMmucTtoB, Mathcad Takke wucmonb3yercss B CIOXKHBIX  INPOEKTaX, YTOOBI
BU3YaJIM3UPOBAaTh pPE3yJbTaThl MAaTEMaTHYECKOTO0 MOJCIUPOBAHMS, IIyTEM HCIOIb30BaHUS
pacnpeniel€HHBIX BBIYMCICHUNA U TPaJUIMOHHBIX SI3BIKOB IporpamMMupoBanus. Takxe Mathcad
4acTO HCHOJb3YEeTCs B KPYMHBIX HWH)XKEHEPHBIX MPOEKTaX, TIae OO0JbLIOe 3HAYEHUE UMEET
TPACCUPYEMOCTb U COOTBETCTBUE CTaHAAPTAM.

Mathcad nocratoduHo ya00HO UCIIOIB30BATh JIsl 0OYYCHUS, BEIYMCICHUA H MHXCHEPHBIX
pacueTtoB.  OTKphITasg  apXUTEKTypa NPUIOKEHUS B  COYETAaHUUM C  IOAJEPIKKOU
texHosioruii NET n XML 1o3BoJsIfOT JIErKO MHTETpUPOBAaTh NPUIIOKEHHE.

PaccmoTtpum Hambosee 4acTo mpuMeHsieMble (YHKIMU A CTaTUCTUYECKHUX PacyeToB,
KOTOpBIE€ BCTPOEHBI B [IPOrPAMMY .

5.3 KOMIIBIOTEPHASA PEAJIM3ALIMA NTH)KEHEPHBIX PACYETOB

MaremaTudeckoe MOJAeJUPOBAHNE CJIOKHBIX CHCTEM

Bynem cumrtath, 4TO AJIEMEHT S €CTh HEKOTOPHIN 00BEKT, 00JIaJatoNINi onpeaeIeHHbIMU
CBOWMCTBaMH, BHYTPEHHEE CTPOCHHE KOTOPOTO ISl LEJIed HCCIEAOBAaHUS HE WIPaeT pOJIH,
HaIpUMep, CaMoJIeT AJIsi MOJECIUPOBAHUS TI0JIETa — HE AJIEMEHT, a JUIsl MOACIUPOBaHUs PaOOThHI
a’ponopTa — AIEMEHT.

Cesi3p [ Mexay dJ€MEHTaMH €CTh MPOLECC UX B3aUMOJICHCTBUS, BAXKHBIM s Iienei
HCCJICTOBaHUS.

Cucrema S — COBOKYMHOCTH DJIEMEHTOB CO CBSI3IMU [ M TENbl0 (PYHKIIMOHUPOBAHUS
cuctemsl F.

CnoxHast cucreMa — 3TO CHUCTEMa, COCTOSAIIAs M3 PA3HOTHIHBIX 3JEMEHTOB C
Pa3HOTHUITHBIMH CBSI3SIMH.

Bonpmiasg cucteMa — 3TO CHCTEMA, COCTOAINAs M3 OOJBIIOTO YHMCIA OJHOTHIIHBIX
3JIEMEHTOB C OJHOTHITHBEIMH CBSI3SIMH.

B o6miem Buze cucteMy MaTeMaTH4eCKH MOXKHO TIPEJICTAaBUTh B BUJIE:

S = {sh Uy, P

ABTOMaTH3MpOBaHHAsl CUCTEMa S, €CTh CIIOXKHAsi CHCTeMa C OINpPEAESIIoUIed pPOJIbIo
3JIEMEHTOB JIBYX THUIIOB: TEXHUYECKUX CPEJICTB S; M JEHCTBUI ueloBeKa Sy:

8= s s s 000, F
3I[€CB So - OCTAJIBHEBIC DJIECMCHTHI CUCTCMBI.

JlexoMIo3uIusi CUCTeMbl. XapaKTEePUCTUKU CHCTEMbI

I[CKOMHO?;I/IHI/I}I CHUCTEMBI €CTb pa36I/IeHI/Ie CUCTCMbI Ha JJICMCHTBI WM TPYHIIbL
JJIEMEHTOB C yKa3aHHWEM CBSA3€il MEXIy HMMH, HEM3MEHHBIMH BO BpeMs (YHKIIMOHUPOBAHUS
CHUCTCMBI.

[IpakTHuecku Bce CHCTEMBI paccMaTpUBAIOTCS (YHKIHMOHUPYIOIIMMU BO BPEMEHH,
IMO3TOMY ONPCACIINM UX NTUHAMUYCCKUC XapPaKTCPHUCTUKU.

CocTosiHHE — 3TO MHOXKECTBO XapaKTEPHUCTUK 3JIEMEHTOB CUCTEMbI, H3MEHSIOUINXCSA BO
BPEMEHU M BaXXHBIX JJIS 1IeTIeH ee yHKIMOHUPOBAHHUS.



[Iporecc (qmMHAMUKa) — 3TO MHOXKECTBO 3HAUEHHUI COCTOSIHUN CHCTEMbI, U3MEHSFOITUXCS
BO BPEMEHHU.

enp QyHKIMOHUPOBAHUS €CTh 3a/ladya MOJYYCHHS JKEITAeMOTO COCTOSHHS CHCTEMBI.
Hoctmwxkenne 1enu  OOBIYHO BJIEUET II€JICHANPABIEHHOE BMEIIATEILCTBO B TIPOIIECC
(YHKIIMOHUPOBAHUS CUCTEMBI, KOTOPOE Ha3bIBACTCS YIIPABICHUEM.

1. Pacuer - onpenenenue 3Ha4€HUN MapaMETPOB CUCTEMBI.

2. AHanu3 — U3y4eHne CBOMCTB (PYHKIIMOHUPOBAHUS CUCTEMBI.

3. CunTe3 — BBIOOP CTPYKTYPHI M TAPAMETPOB T10 33/IaHHBIM CBOWCTBAM CHCTEMBI.

ITapamerpsl cucreMsbl. ®a3oBas Tpaekropus. Pa3oBoe NPOCTPAHCTBO

Ilycts T = [to, t;] ecTb BpeMeHHOW HMHTEpBal MOEIMPOBAHUSA CUCTEMBI S (MHTEpBal
MOJIEJIbHOTO BPEMEHHN ).

[locTtpoenne Mopaenu HauMHAETCS C ONpEeAENeHUS NapaMeTpoB U IEPEMEHHBIX,
OTIpeIeNIAIONUX Ipoliecc GYHKIMOHUPOBAHUS CUCTEMBI.

[Tapamerper cuctemsl  Q;,Q,,...,.q,, Equation.3 - 3TO XapaKTEPUCTUKU CHUCTEMBI,

OCTaIOIINECs TIOCTOSTHHBIMU Ha BCeM MHTepBaie T.

HepeMeHHBIe OBIBAIOT 3aBHCHUMBIE U HE3ABUCHUMBIE.

HesaBucumMbie MepeMEeHHBIE €CTh, KaK MPaBHIIO, BXOIHBIC BO3JEHCTBUS (B TOM YHUCIE
YIIPABJISIIONITHUE)

w=ult) = ()., @) eV = B?

UMH MOTYT OBITh TaK)K€ BO3JICHCTBHS BHEIIIHEH CPE/IbI.
[TocnenoBarenbHOCTh U3MEHEHUs X(t) TpH

<ty <. <y
Ha3bIBaeTCs (Pa30BOM TPaeKTOPUEH CHCTEMBI,

xl X ,rae X — MpOCTPAHCTBO COCTOSIHUM WiTH ()a30BOE MPOCTPAHCTBO.
ITocnenoBarenbHOCTh M3MEHEHHs Y(t) Ha3bIBaeTCsl BBIXOJHOW TPACKTOPHEW CHCTEMBI.
3aBUCHMBIE IEPEMEHHBIE €CTh BBIXO/IHbIE XapAKTEPUCTUKHU (CUTHAIIbI)

y=y®) =)y, ©)eV < R™

MaremaTH4eckasi MOJe/Ib CHCTEMbI
OOmast cxema marematuyeckod mozenu (MM) (QyHKIMOHHPOBAHUS CHUCTEMBI MOMKET
OBITH MpeJICTaBJICHA B BU/IE, TOKA3aHHOM Ha pUCYHKe 4.1.

MHO0K€ECTBO EPEMEHHBIX {”’ v:q,%, ¥ } BMECTE C 3aKOHaMHU (YHKIIMOHUPOBAHUS
L=
y()=...

Ha3bIBACTCS MaTEeMaTHUCCKOM MOACIBIO CUCTEMBI.

vit)
ut) : |

gl '

Pucynok 4.1 — MaTtemaTudeckast MOJEJb CUCTEMbI

Ecau t HEnpepBpIBHO, TO MOJIEIb HA3bIBAETCS] HENPEPHIBHOM, MHAYE — TUCKPETHOM:

E=iedyi=1k2:0)



Eciu Mozenp He COAEpXKMUT  CIOydyalHBIX DJIEMEHTOB, TO OHAa Ha3bIBaeTCA
JETePMUHUPOBAHHOM, B TPOTUBHOM CIIy4ae — BEPOSITHOCTHOM, CTOXaCTUYECKOM.

Ecin mMaremaTmdeckoe ONMCaHME MOJENIN CIMIIKOM CJIOKHOE M YacTUYHO WIH
MOJIHOCTHIO HEOIPENIETIEHHO, TO B 3TOM CJIy4ae UCIOJIB3YIOTCS arperaTuBHbIE MOJIEIH.

CymHOCTh arperaTuBHOM MOJENN 3aKJII0YaeTcsl B pa3OMEHHH CHUCTEMbl HAa KOHEYHOE
YHCIIO B3aMMOCBSA3aHHBIX YacTed (MOJICUCTEM), KakJIas U3 KOTOPBIX JOMYCKaeT CTaHAApTHOE
MaTEMaTHYECKOE ONMCAaHUE. DTH MTOICUCTEMBI HA3bIBAIOTCS arperaTaMu.

MonenpoBaHue CiIy4allHbIX 3JIEMEHTOB B CHUCTEMax SBJSETCS OIHOM U3 CaMbIX
0a30BbIX 33/1a4 MaTEMATUYECKOT0 MOACTHUPOBAHHUS.

Tumnbsl 6a30BBIX JaTYUKOB:

¢usnueckue (M000M (U3MUECKUH IIyM), B TOCJIEIHEEe BpeMs IpPAaKTHUYECKH  He
HCIOJIb3YIOTCS, T.K. XapaKTEPUCTUKN HECTAOUIIbHBI U pealn3aliio IOBTOPUTH HEb3S;

NICEBIOCTyYaliHbIE JATUUKH.

TpebGoBanust kK 6a30BBIM JTaTUUKAM:

OTpe30k anepuoJuIHOCTH.

PaBHOMEpPHOCTS.

HexkoppennpoBaHHOCTS.

DYHKIUHM perpeccuu.

[upoko pacmpocTpaHEeHHOM 3anaueil 00pabOTKU NAaHHBIX SBISAETCS MPEICTABICHHE MX
COBOKYITHOCTH HEKOTOpod ¢yHkiuei y(x). Takoe mnpelcTaBieHHE Ha3bIBa€TCSl PErpeCcCHEN.
3amaya perpeccMM B TOM YTOOBI MOJYYHMTh MapaMeTpbl (YHKIUM TaKUMH, HPU KOTOPBIX
¢bynkuus  npuOmkaer  "o0inako"  MCXOJHBIX TOYEK C  HaWMEHbUIEW  KBaJpaTUYHON
HOTPELIHOCTHIO.

N3BecTHBI:

JluneitHast perpeccus (IpsiMasi TUHUSA);

[TonunomuaneHas perpeccus (IOJIMHOM);

JluneiiHas perpeccus o01ero Buaa (JMHEHHas: cyMMa IPOU3BOJIbHBIX (DYHKIIHI);

Henunelinas perpeccus oouero Buaa (Ipou3BoabHas GYHKIIHS);

JIuneiinas perpeccus.

[Ipu nuneiHON perpeccuu GyHKIMS y(X) UMeeT BUJ y(X)=ax+b U ONUCHIBAET OTPE3OK
IIPSIMOM.

DyHKIMA NpeacKa3aHus

Ha mnpaxTuke Hepeako MPHUXOOUTCA CTAJIKUBAThCS € 3ajadeil pacyéra MOCIeTyoLINX
TOYEK TIO PsALY HW3BECTHBIX TOYEK — 3aJayeil mpenackazaHus. s mpeacka3aHus MOBEICHHS
¢yHKuMOHANBHON 3aBUcuMocTH B Mathcad wumeercs ¢ynkuus: predict (data,k,N) —
npezcka3anue, rae data — BEKTOp JaHHBIX, K — YMCIIO TOYEK MPEeIIIeCTBYIOMUX MpeACKa3aHuIo,
N - 4ncno mpeacKa3pIBaeMbIX TOYEK JTAaHHBIX.

OyHKIMS TpeacKa3aHus 00eCIeYnBaeT BEICOKYIO TOYHOCTD ITPH MOHOTOHHBIX MCXOJIHBIX
GYHKIMSIX 1M QYHKIUSX, TPEJCTABISIEMBbIX TIOJTMHOMOM HEBBICOKOH CTETICHHU.

@Oynkius predict mpuMeHMMa K TpPEICKa3yeMbIM COOBITHSIM, IIOBEICHHE KOTOPBIX
OIMCHIBACTCSl pPEallbHOM MaTeMaTH4ecKOW 3aBUCHMOCTBIO. B cTpaHax co CTaOHIbHOM
SKOHOMHMKOW 5Ta (YHKIHS BIOJHE NPUMEHHMA Ui ONHCAHUS CE30HHBIX M CTAOMIIBHBIX
KoneOaHui Kypca BallOT, IpUObLIeH (GUpM, Ipoiaka TOBAPOB H.T.JI.

[IpuMmep nocTpoeHUs IMHEUHONW PErPECCHH:

Uexoanbie nannbieORIGN =1
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Ut

Berauciaum kosddunpeHTs! a U b TMHEHHON perpeccumu:



a = intercept(VX,VY) b= slope(VX,VY)i:=1.06 flz) = a+baxl =—-1.06 b=2>5.8

corr(VX,VY)=0,99f(3) = 15,8 linterp(VX,VY,3) =15
ITo »TM JaHHBIM CTPOUM Tpad UK JIMHEHHON perpeccuu:
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Pucynoxk 4.2 Jluneitnas perpeccus
5.4 IMATPAMMHBIE TEXHUKH

IHousitue o crarnyeckux rpagukax. OcCHOBHBIE 3JIeMEeHTHI rpaduka

IlomyuyeHHBII B pe3ynapTaTe CTATUCTUYECKOrO MCCIIEIOBAHUA MaTepUall HEPEIKO
n300pa)kaeTcsl ¢ MOMOIIbI0 TOYEK, M€OMETPUYECKHX JUHUM M (uUryp wim reorpapuueckux
KapToCcXeM, T.e. TpapuKOB.

B cratuctuke rpadukom Ha3bpIBalOT HAIVISIHOE M300pakeHUE CTATUCTUYECKUX BEITUYMH
U UX COOTHOUICHUH MPH MOMOIIM T'€OMETPUUYECKUX TOYEK, JIMHUH, GUTyp miu reorpadguyeckux
KapTOCXEM.

[IpencraBnenue JaHHBIX B TpagMuecKOM BUJE MO3BOJISET pellaTh caMble pa3HOOOpa3HbIe
3anayr. OCHOBHOE JOCTOMHCTBO TaKOIO MpEACTaBlIeHUs — HarsAHOCTh. Ha rpadukax jerko
IIPOCMATPUBACTCS TCHACHLMSA K M3MEHEHUI0. MOXHO Ja)ke OIpPENesATh CKOPOCTb U3MEHEHUS
TEHJEHUMN. Pa3nuyHble COOTHOIIEHMS, MPUPOCT, B3aUMOCBS3b Pa3JIMYHBIX MPOLIECCOB — BCE
9TO JIETKO MOKHO YBHUJIETh Ha rpadukax.

I'padvku mpunarT U3I0KEHUIO CTATUCTUYECKUX JIAHHBIX OOJBLIYIO HAIISIIHOCTb, YEM
TaOJIMIIbI, BBIPA3UTEIBHOCTh, O0JErdaloT MX BOCHpUATHE U aHanu3. CTaTUCTUYECKUH Trpaduk
IIO3BOJISIET  3PUTENIBHO  OLEHHUTh  XapaKTep M3y4aeMoro  SIBJICHHs, NPHUCYLIUE €My
3aKOHOMEPHOCTH, TEHACHIUU  PAa3BUTHUs, B3aUMOCBA3M C  JPYIMMHU  IIOKa3aTellsiMH,
reorpaduyuecKoe pa3pelieHne u3ydaeMbiX sBieHui. Ele B IpeBHOCTH KUTAWUIIBI TOBOPHIIH, YTO
OJTHO M300pakeHue 3aMeHseT Thicauy cioB. ['paduku 1enaroT CTaTUCTUYECKUI MaTepuan bosee
HNOHATHBIM, JOCTYIIHBIM M HECIEHHMAINCTaM, IPUBJICKAIOT BHHUMAHHME IIUPOKOW ayAUTOPUHU K
CTaTUCTUYECKUM JTaHHBIM, MOMYJIIPU3UPYIOT CTATUCTUKY U CTATUCTUYECKYIO HH(POPMALIUIO.

[Ipn 710001 BO3MOXKHOCTHU aHalM3 CTAaTUCTUYECKUX IaHHBIX PEKOMEHJIyeTcs Bcerja
HauuMHaTh C MX Trpaduueckoro uzobpaxenus. ['paduk mo3BojseT cpa3y MHOIY4YUTh oOIIee
IpeJcTaBlIeHHe 000 BCE COBOKYMHOCTM CTaTHCTHYECKUX MokazaTenel. ['paduueckuit meton
aHalu3a BBICTYHAaeT KakK JIOTMYECKOEe MPOAOIDKEHHE TAaONMYHOIO METOJa U CIYXKUT LeNsM
nojlyuyeHus: OOOOUIAIOIIMX CTATUCTUYECKUX XAapAaKTEPUCTUK IPOILIECCOB, CBOWCTBEHHBIX
MacCOBBIM SIBJICHUSM.

[Tpu nomon rpahu4eckoro M300pakeHUsI CTATUCTUIECKUX JaHHBIX PEHIalOTCs MHOTHE
3a/1a4¥ CTaTUCTUYECKOIO UCCIICJOBAHMS:

HarJsiJHOE MPEICTaBICHUE BEJIMYMHBI IMOKa3aTeneill (SIBICHUN) B CpaBHEHUH APYT C

APYyrom;



XapaKTePUCTHKA CTPYKTYPbl KAaKOTO-TMO0 SBICHHUS;

M3MEHEHUE SIBJICHHS BO BPEMEHH;

X0/l BBIITOJIHEHHUS IIJ1aHA;

3aBHCHUMOCTbh U3MEHEHHSI OJJHOTO SIBJIEHUSI OT U3MEHEHUS IPYroro;

PacIpOCTPaHEHHOCTh WM Pa3MEeLIeHUe KaKUX-T100 BEIMYHH [0 TEPPUTOPHUH.

JlpyrumMu  ciioBaMH, B CTaTUCTHYECKHX MCCIEIOBAaHUSAX MNPHUMEHSIOTCS  caMmble
pa3HooOpa3Hble Tpaduku. B kaxmom rpaduke BBIACHAIOT (pa3inyaroT) cielylolue OCHOBHbIE
3JIEMEHTHI:

IPOCTPAHCTBEHHBIE OPUEHTHUPHI (CHCTEMY KOOPAUHAT);

rpaduueckuit o0pas;

noje rpaduka;

MacIITaOHble OPUEHTHUPBI;

HKCIUTMKALUS rpaduka;

HaMEHOBaHHE rpaduka

Wnorna 0.5 v 1.6 00beTUHSIOT B OJIUH JIEMEHT.

A) TIpocTpaHCTBEHHBIE OPUEHTHUPHI 33JAIOTCS B BUAE CUCTEMbl KOOPJAMHATHBIX CETOK. B
CTaTUCTHYECKUX TpaduKax dYalle BCEro MPHUMEHSETCS CUCTeMa NPSIMOYTOJIBHBIX KOOpPJIMHAT.
WNHorpa ucnonp3yeTcss MPUHLMIT MOJSPHBIX (YTJIOBBIX) KOOpAMHAT (KpyroBble rpaduku). B
KapTorpaMMax CpeICTBaMU INPOCTPAHCTBEHHOM OPHUEHTALMU SIBJISAIOTCA TPaHMIbI FOCYAApCTB,
IpaHUIbl aJIMUHUCTPATUBHBIX €ro 4YacTeil, reorpapuueckue OpPHUEHTUPBl (KOHTYpBI peK,
OeperoBblX JMHUH MOped M okeaHoB). Ha ocsx cucreMbl KOOpAMHAT WIM Ha KapTe B
ONpE/ICIEHHOM TOpPSIKE  PpacIoJlaraloTcsl  XapaKTEpPUCTUKH  CTAaTUCTHUUECKUX IPU3HAKOB
n300pakaeMbIX sIBI€HUH win mnpoueccoB. IIpu3Haku, pacrmonaraeMble Ha OCAX KOOPJIMHAT,
MOTYT OBITh KAUE€CTBEHHBIMU MJIM KOJTMYECTBEHHBIMH.

b) I'paduueckuit 0Opa3 CTAaTUCTHUECKUX JAHHBIX MPEACTaBIseT cOOOM COBOKYITHOCTh
nuHuM, Quryp, Touek, oOpasyroumx reoMerpudeckue GUrypsl pazHoil Gopmbl (OKPYKHOCTD,
KBaJ[paThl, IPSIMOYTOJIBHUKH U T.II.) C PA3JIMYHON IITPUXOBKOM, OKpaCKOH, I'yCTOTOW HaHECEHUs
TOYEK.

JIroboe siBIeHME, U3y4aeMOe CTaTUCTHKON, MOXKHO IPEJCTaBUTh B rpaduyeckoit popme.
st aTOoro TpeOyeTcst HAWTU MPABHIIBHOE TpaUIECKOE PEIICHHE, ONPEACIIUTh TOT rpaduIeCKUii
o0pa3, KOTOpBII Jyyllle BCEro COOTBETCTBYET JaHHOMY SIBJICHMIO, HarjsiiHee H300paxaer
cTaTucThyeckue naHHble. ['paduueckuit o00pa3 NOMKEH COOTBETCTBOBATH LENHM Tpaduka.
[TosToMy mnepex mocTpoeHueMm rpaduka HEOOXOIUMO YSICHUTh CYIIHOCTh SIBJCHUS U LEb,
KOTOpasi CTaBHUTCS Tepen TpaguuecKkuM n3oOpakeHueMm. BreiOpanHas ¢opma rpaduka IT0HKHA
COOTBETCTBOBATb BHYTPEHHEMY COJEPKAHUIO M XapakTepy CTaTUCTUYECKOrO IIOKa3aTels.
Hanpumep, cpaBHeHHe Ha TpaduKe TPOU3BOJUTCS 110 TAKUM U3MEPEHUSIM, KaK IUIOMIA b, IJIHHA
OJTHO! U3 CTOPOH (hUTYpP, MECTOHAXOXKAECHUEM TOUEK, UX TYCTOTOM U T.JI.

Tak, ans w300pakeHUsT M3MEHEHWH SBICHHS BO BPEMEHHM HaWOOJee €CTECTBEHHBIM
TUIOM rpaduka sBisieTcs JUHUs. s psioB pacnpeneneHus — HOJIUIOH WM THCTOrpaMMa.

Kaxp1if 13 OCHOBHBIX BHJIOB TpapUUECKUX M300pak€HUI B CTAaTUCTUYECKON MPAKTHUKE
CTPOUTCS C YYETOM OIPENEICHHBIX IPaBui. B cTaTMCTUYECKUX MCCIIENIOBaHUAX ISl BBIICHEHUS
XapaKTEepHBIX YEPT U OCOOCHHOCTEN MACCOBBIX SIBJICHUH, TO3HAHUS TUIIMYHOIO B 3TUX SIBICHUSIX
U pelleHMs APYTuX 3aj4ad HIMPOKO HCIOJb3YeTCs CpaBHEHHE OJHUX AOCONIIOTHBIX, CPEIHHUX U
OTHOCHUTEJIbHBIX CTaTUCTUYECKUX BEJIMYMH C JPYTMMH. AHAIIU3 — 3TO, IPEKIE BCEIO CPaBHEHUE
U COIOCTaBJICHHWE CTAaTUCTHYECKUX JaHHbIX. Hepeako  BO3HHMKAaeT  HEOOXOIUMOCTh
COIOCTABJICHUA pE3YyJbTaTOB CTATUCTUYECKOTO HCCIEJOBAHMSI KOHKPETHOI'O SIBJIEHMSI C
BEJIMYMHAMHU TUIIUYHOTO (MJI€aJIbHOTO) SIBJIEHUS] aHAJIOTWYHOHM npupoasl. [losaTromy HaryisgHoe
npezacrasieHne (rpaduyueckoe W300pakeHHE) CpaBHEHHsSI CTATHCTUYECKHX IIOKa3aTesen
OTHOCUTCSI K HaumOoyiee paclpoCTpaHEHHbIM TrpadukaM B cratuctuke. [l sTux wnenen
HPUMEHSIOTCS TUarpaMMBl.

Juarpamma — 310 rpaduueckoe U300pakeHue, HarjsIHO MTOKa3bIBAIOIIEe COOTHOLICHNE
MEXJly CpPaBHMBAaEMbIMHM BeJIMYMHAMU. JlMarpamMma MpencTaBisieT cOOOM YepTex, Ha KOTOPOM



CTaTUCTHYECKUE JAaHHBIE YCIOBHO H300pa)KarOTCS T'€OMETPHUUYCCKUMH JIMHUSAMH, (UTypaMu U
TEJIaMU Pa3IHIHBIX Pa3MEpOB.

PaznuualoT cnenyromuye OCHOBHbIE BUIBI TPA(QUKOB (MarpamMm) CpaBHEHHS:

CTOJIONKOBBIE;

MOJIOCOBBIE;

KBaJ[paTHBIC;

KPYTOBBIE;

burypHsble.

JUis moCTpOoeHHs TuarpaMM HCHOJB3YIOTCS CIEAYIOIUEe KOMITBIOTEPHBIE MPOrpaMMbl
Excel, Mathcad, MATLAB u npyrue.

Jns co3manus rpadukoB B cucteme Mathcad mmeercss mporpaMMHBIA TrpadudecKuit
nporieccop. OCHOBHOE BHHUMAaHHUE TIPH €r0 pa3paboTKe OBLIO YIEJICHO 00ECIeYEHUI0 MPOCTAThI
3agaHusd Tpa@uKoB M HMX MOAU(PUKAMM C IOMOIIBIO COOTBETCTBYIOIIMX MapaMeTpOB.
[Iporieccop NMO3BOISIET CTPOUTH CaMble pa3Hble rpaduKu, HAPUMEP B JEKAPTOBON M MOJSPHOM
cucTeMe KOOPJMHAT, TPEXMEpPHbIE TOBEPXHOCTH, IpauKu YPOBHEH.

Jlnist mocTpoeHust TpaduKOB HCMONMB3YIOTCS MabIoHbL. VX TiepedeHb COMepKUT IMOAMEHIO
Graph menio Insert. BonbIIMHCTBO MapamMeTpoB rpaduuecKoro Mnporeccopa, HeoOXOUMbIX IS
NOCTPOCHHS TPa(UKOB, MO YMOIYAHUIO 33Ja€TCS aBTOMATHUECKH, MOATOMY ISl HA4YaJbHOTO
IOCTPOEeHUs Tpaduka TOro MM MHOTO BHJA JOCTAaTOYHO 3aaaTh THUI Tpaduka. B moamento
Graph conep>KUTcs CIMCOK M3 CEMH OCHOBHBIX THITOB TpadukoB. OHHU TO3BOJISIOT BBITIOJIHHUTH
CIEYIOLINE NEUCTBUSA:

X —Y Plot (nexaptoB rpa¢uk) — co3narh 1madiIoH IByXMEpPHOro rpaduka B 1€KapTOBOM
cucTeMe KOOPIUHAT;

Polar Plot (monsipusiii rpaduk) — co3aaTh madaoH rpaduka B MOISIPHBIX KOOPIUHATAX;

3D Plot Wizard (mMactep TpexMepHbIX rpauKoB) — BbI30B Mactepa Uil MOCTPOEHUS
TPEXMEPHBIX IPpahMKOB C 3aJaHHBIMH CBOMCTBAMU;

Surface Plot (rpaduk moBepxHOCTH) - cOo37aTh MIAOIOH IS TMOCTPOCHUS TPEXMEPHOTO
rpaduka;

Contour Plot (xapra nuHuIl ypoBHS) — co3/laTh HIAOJNOH AJs KOHTYPHOTO Trpaduka
TPEXMEPHOM MTOBEPXHOCTH;

3D Scatter Plot (Toueunslii rpa¢uk) — co3znaTh 1AONOH A rpaduka B BUIE TOYEK
(¢uryp) B TpeXMEepHOM IPOCTPAHCTBE;

3D Bar Plot (tpexmepHas cronOukoBas JuarpamMma) — CcO3[aTh IA0JOH 7S
n300paKeHHs B BUZEC COBOKYITHOCTH CTOJIOUKOB B TPEXMEPHOM MPOCTPAHCTBE;

Vector Field Plot (BexkTopHOE nosie) — co3aats 1m1alioH i rpaduka BEKTOPHOT'O MO Ha
TUTOCKOCTH.

C nonsatueM TpaduKH CBS3aHO TMPEACTaBIEHHE O TpadUUecKMX OOBEKTaX, MMEIOIINX
oTpesicNieHHBIC CBOMCTBA. B OOJIBIMMHCTBE ciiy4aeB 00 0O0BEKTaXx MOXKHO 3a0BITh, €CIIH BbI HE
3aHMMAaeTeCh OOBEKTHO-OPUEHTUPOBAHHBIM MPOTPAMMHUPOBAHHEM. bBOJBIIMHCTBO KOMAaH[
BBICOKOYPOBHEBOH TpaKi OPHEHTUPOBAHBI HA KOHEYHOTO TOJIb30BaTelsi. OHM aBTOMAaTHIECKU
YCTaHABIMBAIOT CBOMCTBO rpadpuueckux 0OBEKTOB U 00ECTIEUYNBAIOT BOCIIPOU3BEACHNUE TPaPUKU
B HY>KHOH CHCTeMe KOOPAWHAT, MAJIMTPE IIBETOB, MACIITA0E U T.1.

ITocTpoenne rpaduka nosepxHocTu B cucreme Mathcad.

[TocTpoeHne MOBEPXHOCTEW MO MaTpUIle ammuIuKaT UX TouyeK. [[OCKONBKY 3JIeMEHTHI
MaTpuilbl M — MepeMEeHHbIC C IEJIOYMCICHHBIMA HHJCKCAMHU, TO TEPE CO3JaHHEM MaTpPHIIbI
TpeOyeTcs 3aJaTh MHJEKChI B BHJE PAaHXKUPOBAHHBIX TMEPEMEHHBIX C IICJIOYHCICHHBIMU
3HAUEHUSIMHU, a 3aTEM YK€ U3 HUX (OPMHUPOBATH CETKY 3HAYEHUH X U Yy — KOOpPAHMHAT s
anmuIMKar z(X,y). 3Ha4yeHus: X U y TIPHU 3TOM OOBIYHO JOJIKHBI OBITh BEIICCTBEHHBIMHU YHUCIIAMU,
HEPEJKO KaK MOJOKUTEIbHBIMH, TaK U OTPHULIATeIbHBIMU. [l0ocIie BBIMOTHEHHS YKa3aHHBIX BBIILE
ornpezesieHui BBoAUTCS 11abioH rpaduka (komanma Surface Plot).



NMocTpoenne Tpaduka MMoBepXHOCTH

z(xz,y) = cos(x¥) PYHRIMA OBYX NepeMeHHEH X,¥

fi=illia20  Hi= 0520 HelouMcoieHHES MHEIESKCH

Mij:z[ (1—10),(1'—10)J
’ 5 5

Paste
Paste Special..,

Format, ..

Fog
Lighting
g  Equal Scales
Perspective
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Pucynok 5.1 IlocTpoeHue moBepxHOCTH 0e3 yJaueHHsI HEBUAUMBIX JIMHUH
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Heo6xomumo mocTpouTs rpaduk moBepxHOCTH B cucreme Mathcad, ordopmaTupoBas
€ro, NPUMEHUB alIroput™M (YHKIMOHAILHOW OKpPACKM W yJNaJCHHE HEBUIUMBIX JIMHHM.

[Tokazano, kak oTopmMaTUpoBaTh rpadukK, MPUMEHEHHE aNTOpUTMa (DYHKIIMOHAIBHONW OKPacKH
MOBEPXHOCTHU U YJAJIICHNE HEBUAUMBIX JTUHHIA.

TMocrpoerse I'pagoa [oBepsHocTH

AX.F) = cos(xy) PYHRIKA OBYX MNEpEMEHNNX X,V

i=0.20 i=0.20 LenouxcneHmse KMHIeXCH

i}
3-D Plot Formal f?
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Pucynok 5.2 Tloctpoenue rpaduka moBepxHoctu B cuctreme Mathcad



IMocTpoenune TpexmepHoro rpaguka B cucreme Mathcad

B nporpamme Mathcad ecth BO3MOXHOCTh TIOCTPOCHHUSI TPEXMEPHBIX TpadukoB — 6€3
3aJaHus MaTpUI] alIUIMKAT MOBEPXHOCTeH. EMMHCTBEHHBIM HEJOCTATKOM TAaKOTO YIPOIIEHHOTO
METO/1a TOCTPOCHHUS MOBEPXHOCTEN SABIISETCS HEONPEAEIEHHOCTh B MacITAOMPOBAHUH, TIOITOMY
rpaduku TpedyroT popMaTHPOBAHHUS.

MocrpoeHMe PpabMEa NOBepXHOCTH Ges
Sa0aHMA MATPMHIE

=[x, %) = cos(x¥) FYHRIMA OBYX [NEPEMEHHHX X, ¥

Pucynok 6.1 TloctpoeHue rpaduka MOBEpXHOCTH O€3 3aJaHMsI MATPHIIBI

MpuMeHeHe rpaduueckon ¢(yHroMHM CreateMesh

1. SapanmM $VHEIMED IBYX IepeMeHHHX H(u,v) = sin(is-v)

ul = -2 ul =32
Z. SAmanMM OpedeSH MSMEHEHMA IIEDEMEHHHX
Wil = -2 vl =12

3. Menmone=syva dyHRIMGD CreateMesh coznanmm
MAaTpHITY IOBEPXHOCTH

= Createldesh(H ,ul, ul w0, +1)

4. 5agae nDocTpoeHME DpadMea THIa Surface Plot, IOIyUMM

I

s

Pucynok 6.2 Iloctpoenue rpaduka mosepxHoctu ¢ npuMmeneHneM ¢pyakmun CreateMesh



Eme omua npumep npumeHenus ¢ynkiuu CreateMesh — moctpoenune oO0beMHON
(burypsl, KOTOpas Moay4yaeTcs BpalleHHeM KpUBOH, 3aaHHol ¢yHkueil f(x), Bokpyr ocu X uinu
Y. Ha pucysnke 6.3 nokaszas npuMmep peleHus JaHHOM 3a1auu.

MocTpoeHe (UIYpH, IONYUYEeHHOH BpalleHHeM KPHBOH
BOKPpYVID oCcH X

fi®) = x-l:l:uslle a=-2 bo=2 mesh = 30

Flu,v1:=u Glu,v) = f{w-cos(w)  Hiw,v) = flu)- sindv)
= CreateMesh(F,G,H,a,b,l:l,h,mesh:l

Tpadue dyuRmmm fix) MNoBepXHOCTE BpaleHMA DpadHEa
(=)

x=-2,-19.2

2_-

a3
Pucynok 6.3 — ®urypa, nony4ueHHas BpalleHUEM KPUBOIL.

5.5 IPUMEHEHME JIMATPAMM BAMECA. 3AJJAUA BEIBOPA 1
KIIACCUOUKAIINHN

BaiiecoBckasi kiaaccupuranus

AJNbpTepHATUBHBIC Ha3BaHUS: 0alleCOBCKOE MOJIEIMpPOBaHME, OalleCOBCKas CTATHCTHKA,
MeToa OaifecoBCKUX ceTel. V3HadanmbHO OaiiecOoBCKasi KiaacCHU(UKAIUS HCIIOIb30BalIach s
(dbopManm3anuu  3HAHWH OKCIIEPTOB B  OKCIEPTHBIX CHUCTeMaX, ceiuac OaliecoBckas
KJaccuuKanus Takke MPUMEHSIETCS B KaueCTBE 0HOr0 13 MeToa0B Data Mining.

Tak Ha3piBaeMasi HauBHas Kiaccu(UKalus WIM HauBHO-OailecoBCKMil moaxoxa (naive-
bayes approach) sBasercs Hauboiee TPOCTHIM BApPUAHTOM METOJA, HCIIOIB3YIOUIETO
OaifecoBckue cetu. [Ipm 3TOM MOAXOAE peIIAOTCS 3aJadyd KIacCH(PHUKAIUHN, pPe3yIbTaToM
paboThl METO/Ia SBIISIIOTCS TaK Ha3bIBaeMbIe "Mpo3pavyHbIe’ MOIEIH.

"HauBHas" xmaccupukamust - JOCTaTOYHO NPO3PAYHBIE H  TMOHATHBIA  METOA
kinaccudukanuu. "HauBHOW" OHa HA3bIBAETCSA MOTOMY, YTO HMCXOJHWT M3 TPEIINONOXKEHUS O
B3aUMHOI HE3aBHUCUMOCTH MPU3HAKOB.

CBoiicTBa HAaMBHOM KJ1acCU(DHUKAIINN:

Hcnonp3oBanue Bcex MEPEMEHHBIX U OMPEICNICHUE BCEX 3aBUCUMOCTEN MEX/1y HUMHU.

Hanuuue nByX npeanonokeHui OTHOCUTEIbHO MTePEMEHHBIX:

BCE€ MEPEMEHHBIE SBIISIOTCS OJIMHAKOBO BaKHBIMU;

BCE IMEPEMEHHBIC SIBJSIOTCA CTATUCTUYECKH HE3aBUCHUMBIMHU, T.€. 3HAUYEHUE OJHOM
IIEPEMEHHON HUYETO HE TOBOPUT O 3HAYECHUHU JPYTOM.

BonpmMHCTBO APYyrHX METOAO0B KIACCH(PUKAIMK IPEINOoJIaraloT, 4To IMepes HadajaoMm
KJIacCU(UKALUKA BEPOSITHOCTh TOTO, YTO OOBEKT NPUHAMICKHUT TOMY HIM WHOMY KIACCY,
OJIMHAKOBA; HO ATO HE BCETJIa BEPHO.



JlonycTuM, U3BECTHO, YTO ONPEEIECHHBIN NIPOLEHT AAHHBIX PUHAMIEKUT KOHKPETHOMY
Kjaccy. Bo3Hukaer Bompoc, MOKeM JIM Mbl UCHOJb30BaTh 3Ty MHPOPMAIMIO MPH MOCTPOCHUHU
mojenu kinaccupukanuu? CymecTByeT MHOXKECTBO PEalbHBIX MPUMEPOB HUCHOJIB30BAHUS ITHX
anpUOPHBIX 3HAHUI, MOMOTAIIUX KIaCCUPHUIMPOBaTh OOBEKThl. TUNMHUYHBIA TNpuUMeEp U3
MEIUIUHCKON NpPaKTUKU. Eciau IOKTOp OTHpaBiseT pe3yibTaThl aHAINW30B MalMeHTa Ha
JIOTIOJTHUTENBHOE HCCIE0BaHNE, OH OTHOCUT MalMeHTa K KaKOMY-TO OIpE/IEJIeHHOMY KJlaccy.
Kakum o0Opa3oM MOXHO MNpUMEHUTHh 3Ty HHpopMmanuoo? Mbl MOXKEM HCIOJIB30BaTh €€ B
KauecTBe JIONOJHUTENIbHBIX JaHHBIX MPH MOCTPOECHUH KJIacCU(DUKAIIMOHHOW MOJIEIH.

OTMeyaroT Takue T0CTOMHCTBA OallecOBCKUX ceTel kak MeTona Data Mining:

B MOJIEJIM ONPEIENSIIOTCS 3aBUCUMOCTH MEX]ly BCEMHU IEPEMEHHBIMH, 3TO IO3BOJISIET
JeTKo 00pabaThIBaTh CUTYallMH, B KOTOPBIX 3HAYEHUsI HEKOTOPBIX IEPEMEHHBIX HEU3BECTHBI;

OaifecoBCKHME CETH JOCTAaTOYHO MPOCTO HMHTEPHPETUPYIOTCS M TO3BOJISAIOT Ha JTare
IIPOrHOCTUYECKOI0 MOJIETIUPOBAHUS JIETKO MPOBOIUTH aHAJIU3 0 CLIEHApHIo "4To, ecan';

OaifecoBCKMII METOJI TIO3BOJISIET €CTECTBEHHBIM 00pa3oM COBMeEUIaTh 3aKOHOMEPHOCTH,
BBIBEJICHHBIEC U3 JJAHHBIX, U, HAIPUMEP, SKCIIEPTHBIC 3HAHUS, TIOJTYUYCHHBIE B IBHOM BUJIE;

UCIIOJIb30BaHNE OalecOBCKUX CEeTel Mo3BoyIAeT H30ekaTh MNpoOJIeMbl MepeyuyrBaHUS
(overfitting), To ecTh HM30BITOYHOI'O YCIIOKHEHHMS MOJEIH, UYTO SIBJISETCS CIAab0H CTOpPOHOH
MHOTUX METOJIOB (Hampumep, AepeBbEB PEIICHNN U HEMPOHHBIX ceTell).

HausHo-0aiiecoBckuii MOAX01 UMEET CIEAYIOIINE HETOCTATKH:

IIEPEMHOXXATh YCJIOBHbIE BEPOSTHOCTU KOPPEKTHO TOJIBKO TOTJa, KOrJa BCE BXOJHBIE
IIEPEMEHHbIE JEHCTBUTEIBHO CTATUCTHUUECKH HE3aBUCHMBI; XOTd 4YacTO JAHHBIM METOJ
MOKa3bIBAET JOCTATOYHO XOPOILIKE PE3YJbTaThl MPU HECOONIOJECHUN YCIIOBHSI CTaTUCTHUECKON
HE3aBUCHMOCTH, HO TEOPETHUYECKHU TaKas CUTyalus J0JDKHA oOpaldaThiBaThCs 00jee CIIOKHBIMU
METO/1aMH, OCHOBAaHHBIMHU Ha 00y4eHUHN 0alI€COBCKUX CETEH;

HEBO3MOKHA HENOCPEICTBEHHAs: 00pab0TKa HEMPEPBIBHBIX NEPEMEHHBIX - TPeOyeTCs uX
npeoOpazoBaHue K MHTEPBAJIbHOM 1IKaie, 4TOObl aTpUOyThl ObLIM TUCKPETHBIMU; OJHAKO TaKue
npeoOpa30BaHusl MHOTJa MOTYT IPUBOJAUTH K MOTEPE 3HAUMMBIX 3aKOHOMEPHOCTEH;

Ha pe3ysibTaT Kilaccuukaluy B HaMBHO-0aleCOBCKOM MOAXOJAE BIMSIOT TOJIBKO
UH/IMBUAyaJIbHbIE 3HAYEHUS BXOTHBIX ME€PEMEHHBIX, KOMOMHUPOBAHHOE BIMSIHUE Nap WK TPOEK
3HAUEHUN pa3HbBIX aTpUOyTOB 37€Ch HE YUYUTHIBAETCA. DTO MOIJO Obl YJIy4YlIUTh KayecTBO
KJacCU(UKAMOHHOW MOJIENIM C TOYKH 3pEHHUs] €€ MPOrHO3UpYIoIIeld TOYHOCTH, OJIHAKO,
YBEJIMYMIIO ObI KOJIMYECTBO IPOBEPSEMBIX BAPUAHTOB.

baiiecoBckas kinaccuukalus Haluia IMUPOKOe MPUMEHEHHE Ha MTPaKTHKeE.

BaiiecoBckas puiabTpanus 1o cjoBam

He tak nmaBHO OaiiecoBckas kmaccuukanusi Oblia MPEANIOKEHA s MEePCOHATBHOM
¢mnbTpanmu cnama. Ilepsoiid unbTp 06T pa3padoran Ilonem I'paxemom (Paul Graham). s
paboThl anropuT™Ma TpedyeTcs BHIMOIHEHHE JBYX TPEOOBaHMIA.

[TepBoe TpeOoBaHWe - HEOOXOAWMO, YTOOBI Yy KIACCUPUIUPYEMOro OOBEKTa
MPUCYTCTBOBAJIO JTIOCTATOYHOE KOJIWYECTBO MPHU3HAKOB. DTOMY HJIEaJIbHO YIOBJIETBOPSIOT BCE
ClIOBa TIMCEM IIONB30BATENs, 3a MCKIIOUYEHHEM COBCEM KOPOTKHX M OYEHb pPEIKO
BCTPEYAIOLTNXCA.

Btopoe TpeGoBanme - mocTosiHHOE TepeoOydeHHe U TOMOJIHEHHE Habopa 'craMm - He
cnam". Takue ycioBusi 0O4eHb XOpOILIO PabOTAarOT B JOKAIbHBIX MOYTOBBIX KIMEHTAX, TaK Kak
NOoTOK "He crmama" y KOHEYHOro KJIMEHTa JOCTATOYHO MOCTOSHEH, a €CIU WU3MEHSETCS, TO He
OBICTPO.

OpHako Juid BceX KJIMEHTOB CepBepa TOYHO OINpPEAEIUTh MOTOK "He crama' JO0BOJIBHO
CJIOHO, TIOCKOJIbKY OJTHO U TO € MHCHhMO, SIBJISIOLIEECs ISl OJHOTO KIIMEHTa CIaMoM, st
Ipyroro cnamoMm He sBisieTcs. CioBapb TOJTy4aeTcsl CIHMIIKOM OOJNBIIUM, HE CYIIECTBYET
YETKOTO pa3JesIeHUs Ha craM U "He cmam', B pe3yJibTaTe KauecTBO Kiaccuukaiuu, B JaHHOM
cllydae pemieHue 3a1a4u QUIbTPALUH IHCEM, 3HAYUTEIHHO CHUKACTCSI.



MeTtoasl KiaccH(pPUMKANUH U NIPOrHO3UPOBaHud. /lepeBbs perneHuit

Meron aepeBneB pemieHuit (decision trees) sIBISICTCS OAHUM W3 HanOoJiee MOIMYJISIPHBIX
METO/IOB PELICHUs 3a/1a4 KJIacCU(pHUKAIMU U TporHo3upoBanus. Horaa stot Meton Data Mining
TaK)Ke Ha3bIBAIOT IEPEBBSIMU PEIIAIOUINX MIPABUII, IEPEBbIMHU KiaccupuKkanuu u perpeccun. Kak
BUJHO W3 TOCJIEIHEro Ha3BaHMs, IPU IIOMOIIM JAHHOTO METOAA pEIIAoTCsS 3aAauu
KJ1accu(UKalUU U MPOTHO3UPOBAHUS.

Ecnu 3aBucumas, T.e. LieneBas NEpPEMEHHAas INPUHUMAET IUCKPETHBIE 3HAUEHUS, IPU
MIOMOIIY METO/a JepeBa PeIIeHNH pemaeTcs 3a1a4ya KiaccupuKaim.

Eciu xe 3aBucumas InepeMEHHas NPUHUMAET HENPEPBIBHBIE 3HAYEHHS, TO JIEPEBO
pelIeHnid yCTaHaBIMBAET 3aBUCUMOCTb ATOM NEPEMEHHOM OT HE3aBUCHMBIX NEPEMEHHBIX, T.€.
pelIaer 3agady YACIEHHOIO IPOrHO3UPOBAHMSL.

BrnepBbie nepeBbsi pemieHuil Obutn mpensioxkeHbl XoswuieHaoM u Xantom (Hoveland,
Hunt) B xoHue 50-x rogos npomwioro Beka. Camas paHHss U U3BecTHas paboTta XaHTa H Jp., B
KOTOpOl M3naraercs CyTh JepeBbeB pelieHuil - "OkcrnepumenTsl B uHAykiun" ("Experiments
inInduction") - Obu1a omy6nukoBana B 1966 roxy.

B nambGonee mpoctoM BHAE AEPEBO PEHICHUH - ITO CMOCOO MPEICTaBICHUS TPABUI B
UEPAPXUUECKOH, MOCIEN0BATENIBbHON CTpyKType. OCHOBa TakoW CTPYKTypsl - oTBeTHl "Jla" min
"Het" Ha psi1 BOIPOCOB.

Ha pucynke 8.1 mpuBeneH npuMep AepeBa pelICHHH, 3a7adya KOTOPOro - OTBETUTh Ha
Bonpoc: "Urpate nu B ronbd?" YToObl pemuTh 3agady, T.e. NPUHATH pEUIeHHE, UrpaTh JU B
roibd, ciaenyer OTHECTH TEKYILIYI0 CUTYalldi0 K OJJHOMY U3 H3BECTHBIX KJIAacCcOB (B JAaHHOM
ciaydae - "urpats" win "He urpats"). s 3Toro TpedyeTcss OTBETUTH Ha Psiji BOIIPOCOB, KOTOPbIE
HaXOZSTCS B y3J1aX 9TOrO JEPEBA, HAUUHAs C €r0 KOPHSI.

[TepBrrit y3en namero aepeBa "CoyiHeuHO?" SIBISETCS Y3JIOM MPOBEPKHU, T.€. YCIOBHEM.
[Ipy MONOXUTENBHOM OTBETE HAa BOIPOC OCYLIECTBISETCS NEPEXO] K JIEBOW YacTH JEpPEBa,
Ha3bIBA€MOM JIEBOM BETBBIO, NMPU OTPUIIATEIBHOM - K IpaBOM yacTH JepeBa. Takum oOpazom,
BHYTPEHHUI Yy3€Jl JepeBa SBISETCS Y3JIOM IPOBEPKHM ONPENEIICEHHOro yciosud. Jlamee uuer
CJIEyIOIIMIA BONPOC U T.JA., IOKa He OyJeT NOCTUTHYT KOHEUHBIN y3es JepeBa, SBISIOLIUNCS
y3J70M peuieHus. s Hamero aepeBa CyIIeCTBYET JBa TUIIA KOHEYHOIO y3ija: "urparts"' u "He
urpath" B roinQ.

B pesynbraTe npoXOKIEHHS OT KOpHA JepeBa (MHOTJAa Ha3blBAEMOrO0 KOpPHEBOH
BEPIIMHOM) 70 €ro BEpIIMHBI penraercsl 3ajada Kiaccudukanuu, T.e. BBIOMpAeTCs OAWH W3
KJaccoB - "UrpaTth" U "He urpath" B rosbd.

ComxeyHo?

HET
Hpet mi goxges
Ad HET
He HIpaTh HI'PATh HE HI'PaTh HI'PAaTh

Pucynok 8.1 JlepeBo pemenuii "Urpate im B ronbd?"



[enbto nocTpoeHus AepeBa peLICHMsI B HALLIEM CIIy4ae sIBJISETCS ONPEEICHUE 3HAUCHUS
KaTeropruaJIbHOW 3aBUCUMOM IEPEMEHHOM.

Wraxk, ans Hauel 3aja4l OCHOBHBIMU 3JIEMEHTAMM JIEPEBA PELICHUN SBIISIOTCA:

Kopens nepesa: "Conneuno?"

BuyTpennuii y3en gepeBa unu ys3en nposepku: "Temmeparypa Bo3ayxa BbIcokas?",
"Uner 1 moxap?"

JIuct, KoHEUHBIN y3€en AepeBa, y3el pemenus uiu sepmuHa: "Urparte", "He urpars”

BetBs aepeBa (cimydan otBeta): "Jla", "Het".

B paccmoTpenHOM npumepe perraercs 3agaya OuHapHOW Kiaccu(UKaluy, T.e. Co3JaeTcs
IUXOTOMUYECKas KiaccuukanuoHHas Mojenb. Ilpumep nemoHcTpupyeT paboTy Tak
Ha3bIBAEMBIX OMHAPHBIX JIEPEBHEB.

B y3nax GuHapHBIX epeBhEB BETBICHHE MOXKET BECTUCH TOJIBKO B JBYX HalpaBiICHUSIX,
T.€. CyLIECTBYET BO3MOXKHOCTh TOJIBKO JIByX OTBETOB Ha MOCTaBJIeHHbII Bonpoc ("na" u "Her").

IHocTpoenne kinaccupuKaAMOHHONW MOJeIH

bunapHbie nepeBbst SBISIFOTCS CaMbIM MPOCTBIM, YACTHBIM CIIy4aeM JE€PEBBHEB PELICHUIA.
B ocranbHBIX cily4asx, OTBETOB H, COOTBETCTBEHHO, BETBEH JEpeBa, BBIXOAAIIMX M3 €ro
BHYTPEHHETO y3J1a, MOXKET ObITh OOJIBIIE IBYX.

Paccmorpum Gomee cioxHbIM mpuMep. baza maHHBIX, Ha OCHOBE KOTOPOWM TOJKHO
OCYILIECTBIISATbCSL MPOTHO3UPOBAHUE, COACPKUT CIEAYIOLIME PETPOCHEKTUBHBIE JAHHBIE O
KJIMEHTax OaHKa, SBIISIOIMINECS €€ aTpuOyTaMu: BO3pacT, HAIMYKE HEJBMKUMOCTH, 00pa3oBaHue,
CpeIHEMECSYHBIN JOXO/I, BEPHYJ JIM KJIMEHT BOBpEeMs KpeIuT. 3ajlada COCTOUT B TOM, 4TOOBI Ha
OCHOBAHHWU TEPEUYHCIICHHBIX BBIIIEC JAaHHBIX (KpOME IMOCIEAHETO aTpuOyTa) OMpeaeinuTh, CTOUT
7Y BBIIABATh KPEIUT HOBOMY KJIMEHTY.

Takast 3amava pemiaeTcsi B JIBa dTara: MOCTPOCHHE KIACCU(MUKAITMOHHOW MOJEIH U €€
HCIIOJIb30BaHUE.

Ha srame moctpoenuss mMojenu, COOCTBEHHO, U CTPOUTCS JEPEBO KIacCU(UKAIUU WITH
co3maercs Ha0op HEKHMX MpaBwi. Ha sTame MCHonab30BaHUS MOJETH MOCTPOCHHOE JEPEBO, WU
MyTh OT €r0 KOPHS K OJHOW W3 BEPIINH, SBISIONUNCS HAOOpOM MPaBWI JJIsi KOHKPETHOTO
KJIUEHTA, UCTIONB3YETCs NIl OTBETA Ha MOCTAaBJICHHBIHN Boripoc "BrinaBate nu kpeaut?"”

[IpaBunom siBnsieTCs JOrUYECKasi KOHCTPYKIIHS, MPECTaBlIeHHas B BUE "eciu...: To...:".

Ha pucynke 9.2 mpuBeneH mpumep JepeBa KiacCU(UKAIMH, C TOMOIIBIO KOTOPOTO
pemaetrcss 3amada "BeimaBate s kpeauT kiueHTy?". OHa sBIAETCS TUNUYHOM 3aadyeit
KJIacCU(UKAILMH, ¥ IPU TIOMOIIN JEPEBbEB PEIICHUI MMOIYYaI0T JOCTATOYHO XOPOIINE BApUAHTHI

e¢ peIICHHS.

aa

a
HET A

J \

obpazobaHua EBLICLIEE
/ HeT CpERHEE
He BEIJABaTh / EBIJABaTE



Puc. 9.2. [lepeBo pemenuii "BoinaBats au kpeaut?"

Kax mMbl BUIUM, BHYTpEHHHE Y3JIbl JiepeBa (BO3pAcT, HaJTUUHUE HEABUKUMOCTH, 10XOJ U
o0Opa3oBaHHe) SBIAIOTCA aTpUOyTaMH OINMCAHHOM BbIme 0a3bl JaHHBIX. OTH aTpUOYTHI
Ha3bIBAIOT MPOTHO3UPYIONIMMHU, WM aTpuOyTamu pacuieruieHus (splitting attribute). Koneunsie
y3Jbl IEPEBA, UIIU JIMUCTHI, UMEHYIOTCS METKaMM Kjlacca, SBJISIOIMMUCS 3HAUEHUSIMHU 3aBUCUMON
KaTeropuaJIbHOW NTEPEMEHHON "BbIJIaBaTh" WM "HE BBIJABAThH' KPEIUT.

Kaxxnas BetBb JepeBa, uAylas OT BHYTPEHHETO Yy37a, OTMEUYEHA MPEAUKATOM
pacmernyieHus. [locienqHuii MOXeT OTHOCUTBHCS JIMIIL K OJHOMY aTpHOyTy paclleIuieHUs
JAHHOTO Yy3/1a. XapakTepHas OCOOCHHOCTh MPEAMKATOB pacLICIUICHHUs: Kaxjaas 3amuch
WCIOJIb3YET YHUKAJIbHBIM IyTHOT KOpHS JepeBa TOJbKO K OJHOMY Y3JIy-pelieHHIO.
OO6wenunenHas uHpopmaiys 06 aTpudyTrax paculelIeHUs U NpeJuKaTax paclleUIeHus B y3iie
Ha3bIBaeTCs KpUTepueM pacuierienus (splitting criterion).

Ha pucynke 9.1 wu3o0pakeHO OJHO M3 BO3MOXHBIX JIEPEBBEB pELICHUH s
paccMmatpuBaeMoi 0a3wl maHHbIX. Hampumep, kputepuii pacmemienus "Kakoe obpasoBanue?",
Mor Obl UMETH J[Ba MIPEUKaTa pacIleIUIeHUs U BRIMIAACTh MHaYe: oOpa3oBaHue "Briciiee" U "He
Boiciiee". Toraa nepeBo peieHuii uMeno Obl Jpyroi Bu.

Taxum obpazom, As JaHHOU 3a7auu (Kak U 7S JII0OOH APYroit) MOXKET OBITh IOCTPOEHO
MHOKECTBO JIEPEBbEB pELICHUI pa3IMYHOrO KauyecTBa, C pa3jIMYyHOM MpPOTrHO3UpPYIOIEH
TOYHOCTBIO.

KauecTBO mocTpoeHHOro JepeBa pellleHusi BeCbMa 3aBUCUT OT IPaBWJIBHOTO BbIOOpa
Kputepus pacuieruieHus. Haj pa3pa®oTkoif M yCOBEpIIEHCTBOBAHHEM KpHUTEpHEB paboTaroT
MHOTHUE HCCIIEA0BATENH.

MeTton nepeBbeB pelieHui yacTo Has3biBaloT "HauBHBIM" moaxonoMm [34]. Ho 6naronaps
HeJIOMY pSiAy HNPEeUMYIIECTB, JAHHBIM METOJ SBJSETCS OJHUM M3 HauOoJiee MOIMYJISPHBIX IS
peleHus 3a1a4 KiaccuuKaum.

IIpeumymiecTBa nepeBbeB peleHU

WHTYUTHBHOCTH JiepeBbeB pelieHuil. Knaccupukanmonnas Mozenb, NpeCcTaBiIeHHAs B
BHJIC JIepEBa PEIICHUM, SBJISETCS MHTYUTUBHOW M YNPOUIAET NMOHUMAHUE pPEIIaeMOM 3aJadu.
Pe3ynbraT paboThl aJropuTMOB KOHCTPYMPOBAHUS IEPEBbEB pEICHHM, B OTIMYHME, HAIIPUMED,
OT HEHpPOHHBIX CeTeH, MPEICTaBISAIOUIMX COO0OM "udepHble SIIUKU", JErKO HHTEPIpPETUpYEeTCs
II0JIb30BaTENEM. OTO CBOWCTBO JEPEBbEB DPEIIEHUN HE TOJIBKO Ba)XXHO IIPU OTHECEHHH K
OINpesIeIECHHOMY KJlacCy HOBOTO OOBEKTa, HO M TIOJ€3HO IpU MHTEpHpPETalud MOAEIU
KJaccupuKauy B LenoM. JlepeBo peleHHi I03BOJIAeT MOHATh U OOBSCHHUTH, MOYEMY
KOHKPETHBIN O0BEKT OTHOCUTCS K TOMY WJIM UHOMY KJIAcCy.

JlepeBbsi pelIeHuil JaroT BO3MOYKHOCTh M3BJIEKAaTh NpaBWiIa U3 0a3bl JAaHHBIX Ha
ecTecTBeHHOM si3bIke. [Ipumep npaBuna: Ecinu Bospact > 35 u Jloxon > 200, To BeIIATh KPEINUT.

JlepeBbsl peleHuii MO3BOJISIOT CO3/4aBaTh KJIACCU(PUKALMOHHBIE MOAEIH B T€X 00JIACTIX,
TJIe aHAJMTUKY TIOCTaTOYHO CIIOKHO (hOpMaIIN30BaTh 3HAHUSI.

ANTopUTM KOHCTPYHMpOBAHHUsS JiepeBa peIleHH He TpeOyeT OT IoJb30BaTess BblOOpa
BXOJHBIX aTpuOyTOB (HE3aBUCUMBIX MepeMeHHbIX). Ha BX0oJ anropurmMa MOKHO IMO/aBaTh BCE
CylLIeCTBYIOIME aTpUOyThI, aITOPUTM CaM BbIOEpET Haubosiee 3HaUUMble CPEN HUX, U TOJIBKO
OHM OYAYT MCIIOJIb30BaHbI JUIsl IOCTPOEHHUS JepeBa. B cpaBHeHMH, HAaIpuUMeEp, ¢ HEMPOHHBIMU
CEeTSMH, 3TO 3HAYUTEIBHO OO0JIEryaeT IMOJb30BaTEI0 paboTy, MOCKOJIbKY B HEHPOHHBIX CETIX
BBIOOP KOJIMUECTBA BXOTHBIX aTPUOYTOB CYIIECTBEHHO BIHSIET HA BpEMs OOy4CHUSI.

TouyHoCTE MoOAEneH, CO3MaHHBIX IPU IOMOILIM JCPEBbEB PELICHHWH, CONOCTaBUMA C
JIPYTUMH METOJaMH TOCTPOCHHS KIACCU(UKAIMOHHBIX MOJENeH (CTaTHCTUYECKHE METOJIBI,
HEMpPOHHBIE CETN).

Pazpabotan psa mMacmTabUpyeMbIX alTOPUTMOB, KOTOPBIE MOTYT OBITH HCIIOJIb30BaHBI
JUI TIOCTPOEHUS JEPEBBEB pEIIEHUs Ha CBepXOoJbIIMX 0a3aX JAHHBIX; MAcCLITaOMPyEeMOCTb
3/1eCh O3HAuaeT, 4YTO C POCTOM 4YHCJa NPUMEPOB WIM 3amnuced 0a3bl JIAHHBIX BpEMs,



3aTpaynMBaeMoe Ha O0y4eHHe, T.€. IOCTPOEHHE JEPEBLEB pPEIICHU, pacTeT JuHelHo. [Ipumepsl
takux anroputMoB: SLIQ, SPRINT.

BbeicTpeiit mporiecc oOydenus. Ha mocTpoeHue kiaccu(UKAIMOHHBIX MoJeNed mnpu
MIOMOIIY AJTOPUTMOB KOHCTPYHPOBAHUS JI€PEBHEB PELICHUI TpeOyeTcsl 3HAUUTEIbHO MEHbIIE
BpPEMEHH, YeM, Harpumep, Ha 00yyeHHe HEMPOHHBIX ceTeil.

BonbIIMHCTBO aNrOPUTMOB KOHCTPYUPOBAHHUS JE€PEBHEB PELICHUN MMEIOT BO3MOYKHOCTD
CrielManbHOM 00pabOTKH MPOMYIIEHHBIX 3HAUCHHH.

MHorue ki1accuyeckue CTaTUCTHUYECKHE METOJbl, MPU MOMOIIM KOTOPBIX pellaloTcs
3aJaun KJIacCU(HKAIMKU, MOTYT paboTaTh TOJBKO C YUCIOBBIMH JaHHBIMHM, B TO BpeMs Kak
JIepEeBbsI pelIeHu paboTalOT U C YUCIOBBIMH, U C KATETOPHUAJIbHBIMHU TUIIAMU JAHHBIX.

MHorue CcTaTUCTHUECKHE METOABl SABIIAIOTCS NapaMETPUYECKHMH, WU TOJIb30BaTEIIb
JOJKEH 3apaHee BIaJeTh ONpEeIeHHON MH(popMalueil, Hapumep, 3HaTh BUJ MOJIEIH, UMETh
TUIIOTE3Y O BHJE 3aBUCUMOCTH MEXAY IE€PEMEHHBIMM, IIpearoyiaraTb, KakOW BHJ
pacopeneneHus UMEIOT JaHHble. JlepeBbsl pelieHuil, B OTIMYHE OT TaKHUX METOJIOB, CTPOST
HermapaMmeTpuyeckue Monenu. Takum oOpa3oM, AepeBbsl peIleHHH CIMOCOOHBI pelmaTh TaKue
3amaun Data Mining, B KOTOpBIX OTCYTCTBYET ampHOpHas MH(OpMalus O BUAE 3aBUCUMOCTHU
MEXly UCCIEAYEMBIMH JaHHBIMU.

[Ipouiecc KOHCTPYHpPOBaHUS IepeBa pELICHUM

Hanomuum, 4to paccmarpuBaeMas HaMH 3aJia4a Kjaccu(UKalui OTHOCUTCS K CTPaTerun
0o0y4eHHUsl C y4yuTelleM, UHOIJIa Ha3bIBAEMOI'0 MHIAYKTHUBHBIM OOyueHHeM. B 3Tux ciayuasx Bce
00BEKTHI TPEHUPOBOYHOTO HAOOpa JaHHBIX 3apaHee OTHECEHBI K OJJHOMY M3 MPeAoNpeaAeIeHHbBIX
KJIACCOB.

ANropuTMbl KOHCTPYHPOBAHMS JEPEBbLEB PEIICHUH COCTOSAT M3 3TanoB ''mocrpoeHue"
win " co3ganue " nepesa (tree building) u "cokpamenue " nepeBa (tree pruning). B xone
CO3JIaHMsl JIepeBa PEIIaloTCsl BOMPOCH BHIOOpAa KPUTEPHsI pACLICIICHUS U OCTAHOBKU O0Yy4eHUs
(ecau 3TO MPEeTyCMOTPEHO AJIrOPUTMOM). B Xoze aTana cokpamieHus iepeBa periaeTcs BOIpoc
OTCEUYEHMSI HEKOTOPBIX €r0 BETBEH.

PaccMoTpuM 3TH BONpOCH! MOAPOOHEH.

Kpurepunii pacienenns

[Ipouecc co3zmanus nepeBa MPOUCXOAMT CBEPXY BHU3, T.€. SBISETCS HUCXOIAIIMM. B
XOZle Tpolecca aaroOpuTM JIOJDKEH HaWTH TaKOHMKpUTEpUH paclIenyeHus, HHOIJA TaKxke
Ha3bIBaEMbI KpUTEpUEM pa30HeHUs], 4YTOObI pa30UTh MHOXKECTBO Ha IMOJMHOXKECTBA, KOTOPbIE
OBl acCOLMMPOBAINCH C JAaHHBIM Y3JIOM INpoBepku. Kaxaplil y3en NmpoBepKH JOJKEH ObITh
IIOMEYEH OIpeNeeHHbIM aTpuOyToM. CyIIecTBYeTNpaBmiIO BbIOOpa aTpulOyTa: OH OJDKEH
pa3duBaTh MCXOJHOE MHOXXECTBO JAHHBIX TaKMUM 00pa3oM, YTOObI OOBEKTHI IMOJMHOMKECTB,
MOJy4YaeMBIX B pe3yjbTaTe 3TOT0 Pa30OMEHHUs, SBISIIUCH MPEICTAaBUTEISIMU OJHOTO Kjacca WU
e ObUTM MaKCHUMAaJIbHO MPUOIMXKEHbI K TakoMy pa3ouenuto. Ilocnennsst ¢ppaza o3HadaeT, uyTo
KOJIMYECTBO OOBEKTOB M3 JIPYIMX KJIaCCOB, TaK Ha3bIBaeMbIX 'TpuMecei'", B KaXJOM Kiacce
JIOJDKHO CTPEMUTBCS K MUHUMYMY.

Cy1miecTByIOT pa3inyHble KpUTepuHu paciuersieHus. Haumbonee wu3BecTHble - Mepa
SHTpONHH U UHAEKC Gini.

B HekoTophlx MeTomax Juisl BblOOpa aTpuOyTa pacIICIICHUS MCIOIb3yeTcs Tak
Ha3blBaeMasi Mepa MH()OPMAaTUBHOCTH MOJNPOCTPAHCTB aTpUOYTOB, KOTOpas OCHOBBIBAE€TCS Ha
SHTPONUITHOM IIOAXO0Je W WM3BECTHA TIOJ Ha3BaHHWEM ''Mepa HH()OPMAIMOHHOTO BBIMTPHIIIA"
(information gain measure) Uau Mepa SHTPOIIHH.



6. YYAEBHO-METOJUYECKOE U HTHOOPMALIMOHHOE OBECHIEYEHUE
JUCLUIINHBI

6.1. IlepeyeHb OCHOBHOI 1 I0TIOJHUTEJIbHOI JTUTEPATYPBI, HEOOXOAUMOI IS
0CBOCHMUSA NUCHUIIJIMHBI

6.1.1. IlepeyeHb OCHOBHOM JIMTEPATYPHI

1. byiinaueB, C.K. IIpuMeHeHHME YHCIEHHBIX METOJOB B  MAaTeMaTH4YE€CKOM
MonenupoBaHuu : yuyebnoe mnocodbue / C.K. ByitHaueB ; MuHuctepcTBo 00pazoBaHHs U
Hayku Poccuiickoit ®enepauuu, Ypanbckuil ¢enepaibHbli YHUBEPCUTET HMEHHU NEPBOIO
IIpesunenra Poccum b. H. Ensnmua ; nHayd. pen. HO.B. Ilecun. - EkarepunOypr
W3narensctBo Ypansckoro yHuBepcurera, 2014. - 72 c. : ui. - bubnuorp. B kH. - ISBN 978-5-
7996-1197-2; To xKe [DneKTpOHHBII pecypc]. - URL:
http://biblioclub.ru/index.php?page=book&i1d=275957.

2. Kpaxotkuna E.B. YuciieHHble METOABI B HAYUYHBIX pacueTax [DJIeKTpOHHBIN pecypc] :
yuebHoe mocobue. Kypc nexuuit / E.B. KpaxoTkuna. — DJIEKTpOH. TEKCTOBbIE IaHHbIE. —
CraBpononb: CeBepo-KaBkazckuii ¢enepanbubiii yHusepcurer, 2015. — 162 c. — 2227-
8397. — Pexxum noctyma: http://www.iprbookshop.ru/62884.html.

6.1.2. Ilepe4yeHb JONMOTHUTEIBLHOH JIUTEPATYPbI

1. Buuyroa A.A. UHcTpyMeHTalbHbIE CpEACTBa pa3pabOTKU KOMIIBIOTEPHBIX CHUCTEM U
KOMILIEKCOB [DNeKTpoHHbIH pecypc]: ydueOHoe mocobue / A.A. BuuyroBa. — DJeKTpoH.
TekcToBble nanHbie. — Capatos: [Ipodobpazosanune, 2017. — 135 ¢. — 978-5-4488-0015-3. —
Pexum noctyna: http:// www.iprbookshop.ru/66387.html.

2 lxnsp, M. @. OcHOBBI HayuHBIX HccleAoBaHu: yued. nocodue / M.@. Hkisp. - 6-¢
u3a. - M. : lamukoB u Ko, 2017. - 208 c. - [Ipuin.: c. 197-206.

6.2. Ilepeuenb y4eOHO-MeTOAUYECKOTO 00ecTiedeHHsI CAMOCTOSTE/ILHOI PadoThI
00y4yaromuxcs Mo JUCHHUIINHE

1. MeToauueckue yka3aHus 110 BBIIOJHEHUIO J1TAOOPATOpPHBIX PadOT MO AHUCUUIUIMHE
«IHCTpYMEHTAIbHBIE CPELICTBA B MHKEHEPHBIX pacyeTax».

2. Meronnyeckue pEeKOMEHJAIUMU AJI CTYAEHTOB IO OpPraHMU3allMd CAMOCTOSITEIbHOU
paboTel o qucuuIuinHe «IHCTpyMeHTallbHbIE CPEACTBA B MHKEHEPHBIX pacueTaxy.

6.3. Ilepeuenn pecypcoB MH(POPMALHOHHO-TEJIEKOMMYHHUKALMOHHOI ceTH
HNuTepHeT, HEOOXOAMMBIX /151 0CBOEHHS TUCIUTIIHHBI

1. HatmonaneHbiit OTKpEITHIA YHEBEpcuTeT. MHTYHT. http:/www.intuit.ru.
2. @enepanbHblil mopran «Poccuiickoe obpazosanue. http://www.edu.ru.

3. Poccwuiickas rocynapctBenHast Oubarorexa. http://www.rsl.ru.

4. Pecypc o MmaTreMaTnu4eckoMy MoJenupoBanuto. Exponenta.ru.



