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BBE/IEHHUE

B  MeTOOMYECKHMX  VKa3aHHSX  COOEp’Karcs MaTepHalbl, HeOOXOAHMEIE IS
CaMOCTOSITEIIbHOH ITOATOTOBKH CTYAEHTOB K BEIOIOIHEHHIO JIa0OpaTOpHBIX padoT. B ormucaHie
TabopaTOPHEIX PpadOoT BKIFOYEHEI IEJIb PAaOOTHI, IOPAAOK €€ BBIIOIHEHHS, PAacCMOTPEHBI
TEOPETHYECKHE BOIIPOCHL, CBSA3aHHBIE C PpealH3aliHell TIIOCTABJIEHHBIX 3ajJay, IIPHBEJcHA
HeoOXOoauMas IHMTepaTypa.

MeToamyueckie VKaszaHHS IIOCBSINEHRI Kypcy «MHCTpyMeHTalbHBIE CpelCTBa B
HH)KEHEPHBIX pacueTaxy. MoJemipoBaHHe HHKEHEPHBIX PACYETOR — 3aMEII[eHHE HCCIIeAyEMOT0
oObekTa (OpHIHHAJIA) €0 YCIOBHBIM 00pa30M, OIHCAHHEM HIH APYTHM 00BeKTOM (MOJEBIO) H
II03HAHHE CBOHCTB OPHIHHAJIA ITYTEM HCCIIETOBAHH S CBOICTB MOJEIIH.

C MOJEISIMH H MOAETHPOBAHHEM MBI CTAIKHBAacMCS B HaIlleH JKH3HH KaKIbIH JeHb. B
HETCTBE pebeHKa OKPYKaroT HIPYIINKH — MAalMHKH, KYKIB, KyOMKH M T.J. - MOJIEI,
TIOBTOPSIEOIIME OTAEIbHBIE CBOICTBA PealbHO CYINECTBYIOIMX IpeaMeTOB. HMrpas, pebGeHOK
IOIIy4YyaeT BaKHBIE 3HAHMSA O HHX. B IIpolecce MBIIIUIEHHS YEIOBEK OIEpHpPYeT oOpazaMi
OOBEKTOB OKPYKAIOIErO0 MHpa, KOTOpBIe SBIIIFOTCS PasHOBHIHOCTSMH  MOJENeH —
KOTHHTHBHBIMH (MBICIIEHHBIMH) MOJEISIMH. B IIHPOKOM CMEICIIE ITPOH3BEIEHHS KHBOITHCH,
CKYIIBIITYPEL H JINTEPATYPhI MOKHO TAKKE CUMTATh MOIEIISMI PealbHBIX OOBEKTOB.

PeanpHas Ioinb3a OT MOIEIHMPOBAHHMS MOJKET OBITH ITOIYYEHA ITPH BHITIOIHEHHH IBYX
ITIABHBIX YCIIOBHH:

- MOZIETIb JOJDKHA OBITh aJeKBAaTHOH OpHIHHAIY B TOM CMBICIIE, UTO JOJDKHA C
IOCTAaTOYHOH TOYHOCTBIO OTOOpakarb MHTEPECYIOIIHE HCCIIEMOBATENS XapaKTEepPHCTHKH
OpHIHHAJIA,

- MOJIEJIb JOJIKHA YCTPaHSTh IPOOJIEMEBI, CBS3aHHBIE C (DH3HUYECKHM H3MEPEHHEM KaKHX-
TO CHTHAJIOB HJIM XapaKTepHCTHK OPHIHHAIA.

Yacto B CHCTEMHOM aHaluM3e IIPH MOIEIBLHOM IIOAXOAE HMCCIETOBAHISI MOXKET
COBEPINATLCS OJIHA METOIHYECKas OMINOKa, a IMEHHO, - IIOCTPOEHHE KOPPEKTHBIX H aJIeKBaTHBIX
MoJielIeil (TToAMOeNnei) IMOACHCTEM CHCTEMBI H HX JIOTHYECKH KOPpPeKTHas yBs3Ka He JacT
rapaHTHH KOPPEKTHOCTH ITOCTPOEHHON TAaKHM CITOCOOOM MOJEIH BCEH CHCTEMBEL.

Mopgens, mocTpoeHHas Oe3 ydueTa CBS3EH CHCTEMBI CO CPEJOH, MOXKET  CIIYKHTH
IOATBEPKIACHHEM TeOPeEMBI [ eelsl, a TOUHEe, €€ CIEACTBHS, VIBEPKIAIOIIETO, YTO B CIIOXKHOM
H30IIHPOBAaHHON CHCTEME MOI'YT CYII[ECTBOBATh HCTHHBI H BEIBOJBI, KOPPEKTHEIE B 3TOH CHCTEME
H HEKOPPEKTHEBIE BHE €€.

Hayka MoeIHpOBaHHS COCTOHT B Pas3jlelIeHHH ITpollecca MOJEIITHPOBAHHS (CHCTEMBEI,
MOJIEIIH) Ha 5Tarbl (IMMOACHCTEMSEI, ITOAMOZENH), JeTallbHOM H3Y4YeHHH Ka)KJIOro 5STalla,
B3aHMOOTHOIIIEHHH, CBSI3€H, OTHOIIEHHH MeXJIy HHMH H 3aTeM 3()(eKTHBHOI'O OITHCAHHS HX C
MAaKCHMAaIJIbHO BO3MOKHOIH CTEIIEHBIO (DOPMATH3alMH H aleKBaTHOCTH.

B ciydyae HapyIleHHS 5STHX IIPaBHII IIOJIy4aeéM He MOJEIb CHCTEMBI, a MOJEID
"COOCTBEHHBIX M HETIOIHBIX 3HAHMI".

MopgermpoBaHHe paccMaTpHBaeTCs, Kak oco0as (popma sKCIIepHMeEHTa, SKCIIEpHMEHTA HE
HaJ CaMHM OpPHIHHAJIOM, T.€. IIPOCTBIM HIIM OOBIYHBIM SKCIIEPHMEHTOM, a HaJ KOITHEH
OpHIHHAaJA. 37eCh BaKeH H30MOP(H3M CHCTEM OPHIHHAILHOH H MOJEILHOM.

1. HEJIb U 3AJTAYHN U3YYUHEHHWUA JTUCIHHITJIMHBI

[{enpr0 OCBOEHHS IHCIMIUIHHBI SBISIETCS (OpPMHpOBaHHE Habopa ITpodecCHOHATBHBIX
KOMITeTeHITHH Oyaymiero OakanaBpa 1o HarpablIeHHIO 09.03.02 MH}opMallHOHHBIE CHCTEMBI H

NOKYMEHT NoanncAH
IJNEKTPOHHOW MOArnnMcheIio 1€ HHCTPYMCHTAJIbHBIX CPEACTE B HHKCHEPHBIX
Ceptudmkar:  12000002A633E3D113AD425FB50002000002A6 B B HHKEHEPHBIX PacueTax.
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2. ObOPYAOBAHHUE U MATEPHAJIBI

ATmapartHble CpeCcTBa. IepPCOHAIBHEIH KOMITBIOTED;

[Tporpanmmeie cpenctBa:; OC MS Windows; MS Visual Studio, MS Office.

YueOHbeI Ki1acc ocHameH IBM-COoBMeCTHMBIMH KOMITBIOTEpaAMH, OOBeIHHEHHBEIMH B
JIOKAJIbHYIO CeTh. JIOKambHas ceTh YueOHOro Kiacca HMEeeT ITOCTOSHHBIN JOCTVYII K ceTH Intemnet
II0 BBIACIEHHOH JIMHMHM. /I NpoBeAcHHSI I1adopaTOpHBEIX padoT HeOOXOANMMO CIIEAVIOIIEE
IMporpaMMHOe o0ecIieueHHe: onepaIllHoHHas cucreMa MS Windows, rmakeT o(HCHBIX ITpOrpaMM

MS Office, maxer MS Visual Studio.
3. VKA3BAHHUA 11O TEXHHUKE BE3OITACHOCTH

[lepeq Hauvamom paboTel ciexyeT YOEIHTHCS B HCIIPABHOCTH SIIEKTPOITPOBOIKI,
BBEIKITFOUATENEH, IITEIICEIbHBIX PO3ETOK, IMPH ITOMOIIM KOTOPHIX O0OpYAOBAaHHE BKIIFOYAETCS B
CETh, HAJIMUMH 3a3eMJIEHHS KOMITBIOTEPaA, €r0 paboToCIiocoOHOCTH.

JInsg CHIDKEHMS IIH TIPeJOTBPaIlleHHS BIHMSHHSI OINACHBIX H BPEeJHBIX (PaKTOPOB
HeoOXOAHMO COOMIOMAaTh CaHHTApPHBIE IIPaBHIAa H HOPMBI, THTHEHHYeCKHe TpeOOBaHHMSI K
IIePCOHAJIBHBIM AIEKTPOHHO-BBIYHCIIHTEIILHBIM MAIIIHHAM.

Bo mn30exaHHe TIOBpPeXKACHHS H3OISIHMH IIPOBOJOB M BO3SHHKHOBEHHS KOPOTKHX
3aMBIKAHHIH HE pa3pelllacTCs. BEeIllaTh YTO-JIMOO0 Ha IPOBOJA, 3aKPaIlBaTh H OSINTh IIHYPBI H
IIPOBOMA, 3aKIaJbIBaTh IIPOBOAA H IIMHYPHl 3a Ia30Bble H BOJOIIPOBOJHEIE TPYORI, 3a OaTapeH
OTOITHUTEIBLHON CHCTEMEBI, BBIAEPTHBATH INTEIICEIbHYIO BHIKY H3 PO3ETKH 3a IIMHYP, YCHIHE
IOJKHO OBITH ITPHIIOKEHO K KOPITYCY BHIIKH.

JITIsT MCKITIOUEHH S TTOPAKEHH S BJIEKTPHYECKHM TOKOM 3allpellaeTcsa. YacTO BKIIFOYAThH H
BEIKIIFOUATh KOMITBIOTEDP Oe3 HeOoOXOMMMOCTH, ITpHKacaThCsd K SKpaHy M K TBIIIBHOH CTOPOHE
OIIOKOB KOMITbIOTepa, padoTaTh Ha CPEICTBAX BBIUYHCIMTEILHOH TEXHHKH H TepH(epHITHOM
O0OpPYIOBAaHHH MOKPBIMH pPYKaMH, padoTaTh Ha CPEeACTBAX BBIYHCIHTEIILHOH TEXHHKH H
nepH@epHiHOM OO0OpPYIOBAaHHH, HMEIONIHX HApPYIIEHHS IEIIOCTHOCTH KOPITyca, HapyIIEeHHS
H30ISIHH  IIPOBOAOB, HEHCIIPABHYIO HMHAMKAI[HIO BKIIOUEHHS IMMTAaHHS, C IIPH3HAKaAMH
SIEKTPHYECKOI0 HAITPSDKEHHS Ha KOPITyCe, KIIACTh Ha CPEJCTBAa BBIYHCIIHTEIIBHOH TEXHHUKH H
nepHdepHITHOM 000PY0BaHHH ITOCTOPOHHHE ITPeAMETEHL.

3amperaeTcsad  IIOA  HAIPsDKeHHEM — OYHMINAThL OT IBUIM M 3arpssHeHHS
AIEKTPOOOOPYIOBAHHE.

Bo  wu30exaHme  IOpaXeHHS  JJEKTPHYECKHM  TOKOM, TIIPH  IIOJb30BAHHI
SIEKTPOIIPHOOpAaMH HENIB3S KacaTbCs OJHOBPEMEHHO KaKHX-JTHOO TpyOOIIpOBOJOB, OarapeH
OTOITJIEHH S, MeTaJUIHUe CKHX KOHCTPYKIIHI, COEHHEHHBIX C 3EMIICH.

Ilociie oxoH4yaHHS PAabOTEl HEOOXOAHMO OOECTOUYHTH BCE CPEACTBA BBIYMCIIHTEIBLHOH
TEXHHKH H TlepHpepHiiHOe 00OpyJoBaHHe. B ciIyyae HenpepbhIBHOIO Yy4eOHOro IIpollecca
HeOoOXOAHMO OCTaBHTh BKIIFOUEHHBIMH TOJIBKO HEOOXOIHMOE 000PYIOBAHIIE.

4. HAUMEHOBAHHE JIABOPATOPHLIX PALOT
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S. COAEP/KAHHUE JIABOPATOPHLIX PALOT

JIadopaTopHas padora 1. ABTOMaTH3a1[ls HHKEHEPHBIX PACcIeTOB

Ilesb padoThl: H3yYEHHE HHCTPYMEHTOB MaTeMAaT HYECKOIO MOJEITHP OBAHH L.
OcHOBBI TeopHH

ITocTpoenne moae

Mogems 1 MOJeTHpOBaHHE - YHHBEpPCAJIbHbIE MOHATHS, aTpHOYTHI OJJHOTO H3 HaHOOIIee
MOIIHEIX METOJOB ITO3HAHHSA B JIFOOOH ITPO()eCCHOHAIBbHOH OOIAcTH, ITO3HAHHS CHCTEMBEI,
ITPOLECCa, SIBJICHHS.

Buxg mozemi M METOOBI €€ HCCIIeJOBAaHHSI OOMIbINe 3aBHCAT OT HH(POPMAI[HOHHO -
JIOTHYECKHX CBS3€H 53JIEMEHTOB H IIOJACHCTEM MOJEIHPYEMOH CHCTEMEI, PECYPCOB, CBS3EH C
OKPYKEHHEM, a He OT KOHKPETHOI'O HAIIOITHEHH ST CHCTEMBI.

MoenbHEIH CTHIIb MBINDIEHHS ITTO3BOJIIET BHHKATh B CTPYKTYPY H BHYTPEHHIOK JIOTHKY
MOJIEITHPYEMOH CHCTEMEL.

[TocTpoeHre MOIEIH - CHCTEMHAs 3ajavya, TpeOyrollmas aHalli3a H CHHTEe3a HCXOIHBIX
TaHHBIX, THIIOTE3, TEOPHIl, 3HAHHH CIEeIHATHCTOB. CHCTEMHBIH ITOAXOJ ITO3BOIISIET HE TOIIBKO
ITOCTPOHTh MOJIEIb PEATbHOH CHCTEMBI, HO H HCITOJIb30BaTh ATY MOENb IS OLEHKH (HaIIpHMeED,
3()(eKTHBHOCTH YITPABJIEHHS HIH (DYHKIFM OHHPOBAHH ) CHCTEMBI.

Mogeib - 370 00BEKT HIIH OIMCaHHe 00beKTa, CHCTEMBI JJIS 3aMEINeHHS OHONH CHCTEMBI
(opHrHHama) APYTOH CHCTEMOH IS JIYYINEerOo H3YYeHHS OpHTHHAlIa IIH BOCIIPOH3BEICHHS
KaKHX-TTHOO €ro CBOHCTB.

Hammpumep, oToOpakast (PH3HYECKYIO CHCTEMY Ha MaTeMaTHYEeCKYIO CHCTEMY, ITOITYIHM
MAaTeMAaTHYECKYI0 MOJAEIb (PH3HYECKOH CHCTEMBI. JIF00ass MOJellb CTPOHTCS H HCCIIEAYETCS IIPH
OITpEAEIIEHHBIX JOITYIIEHISX, THITOTE3aX.

[Iprmvep.  PaccMorpuM  (H3HYECKYRO CHCTEMY: TEIIO MacCOH IN CKaThIBaeTCS IIO
HAKJIOHHOH IUIOCKOCTH C YCKOpPEeHHEM a, Ha KOTOPOe BO3AeHCTBYeT cHia F.

Hccenenys takue cuctembl, HbIOTOH ITONYYHII MaTeEMaTHYECKOEe COOTHOMIEHHe: F = m™a.

OTO0 QJHBIH{G-MHTEMHTH‘IECI{HH MOACIIE CHCTCMBI IIH MATEMATHYUCCKAA MOJCIIb (bHBHLIECI{Gﬁ
CHCTCMbBI CKATHIBAIOITICTOCAH TClIA.

[TpH ormHcaHHH 3TOH CHCTEMBI ITPHHSATEI CIEYIOIHE THITOTE3bI:
- TIOBEPXHOCTH HcalIbHA (KO3((HIIHEHT TPEHHS paBeH HYIIIO);

- TEJIO HAXOQHTCS B BaKyyMe (COIPOTHBJIEHHE BO3AyXa PaBHO HYIIIO);,
- Macca Tejla HEH3MEHHa,

- TEJIO ABHIKETCS ¢ OJHHAKOBBIM ITOCTOSIHHBIM YCKOPEHHEM B TFO00IT TOUKE.

[Iprmvep. @u3HOIOrHYecKass CHCTeMa (CHCTeMa KpOBOOOpaIleHHS 4elIOBeKa) -
MTOAYHHSAETCS HEKOTOPBIM 3aKOHAM TepMOAHHAMHKH. OITHCHIBAS 3TY CHCTEMY Ha (PH3HYECKOM
(TepMOIHHAMHYIECKOM) SI3BIKE O0allaHCOBEIX  3aKOHOB, TTOITYIHM (pH3HYECKYTO,
TEPMOJHHAMHYECKYI0O MOJENIb (PH3HOJIOTHYECKOH CHCTEMBI. ECIH 3aImmcaTh STH 3aKOHBEI Ha
MaTeMaTHYEeCKOM SBBIKE, T.€. COOTBETCTBVIOIIHE TePMOJHHAMHYECKHE YpPaBHEHHS, TO YiKe
MOITy4aeM MaTeMaTHUYe CKYEO MOJIETIb CHCTEMBI KPOBOOOPAIIEHHS.

AOKYMEHT NoarimCAH |
SMEKTPOHHOW NOANUCHID LCJIIH OITHCAaTh 3KOHOMHYCCKIC 3dKOHEI, ITPpAaBHJIA
Ceptudinkar: . 12000002A633E30113AD425FB50002000002A6 . MATeMATHUYECKIX CQQTHQH_[EH}]}”[: HaITpHMED,
Bnapeneu,; Lebayxoea TateAHa AneKkcaHapoBHa

HEM3BECTHBIMH OYIyT BEIHYHHBI ITPHOBIIIH,
MeiicTRiTENeH: ¢ 20.08.2021 ro 20.08 2022 M, a KO3((UIMEHTAMH YpaBHEHHS OyIyT



3HAYEHHS HHTEHCHBHOCTEH TAaKNX B3aHMOJEHCTBHH, TO ITOIMYYHM 3KOHOMHKO-MATEeMAaTHYECKYEO
MOJIETIb CHCTEMBI ITPEIIIPHSTHIT HAa PHIHKE.

CnoBo "mozenp" (maTr. modelium) o3nHauvaer "mepa”, "crocoG", "CXOACTBO ¢ KaKOH-TO
BEIIBIO".

Mogermporanne OaszHpyeTcs Ha MaTeMaTHYECKOH TeOPHH IOA00HS, COITIaCHO KOTOPOMH
aOCOIMOTHOE MOA00He MOXKET HMETh MeCTO JIMIIb ITPH 3aMeHe OJHOro 00BheKTa APYTHM TOYHO
TaKHM XKe.

[Ipn MomenmupoBaHHH OONBINMHHCTBA CHCTEM aOCOMIOTHOE ITOJAO00OHE HEBO3MOKHO, H
OCHOBHaS IIeJIb MOJICIIMPOBAHNSA 3aKIF0YaeTCsI B TOM, YTO MOJIEh JOCTaTOYHO XOPOMIO JOIDKHA
oroOpaxaTh (PYHKITHOHHPOBAaHHE MOJEIINPYEMOH CHCTEMEI.

IIo ypoBH10, "1UIYyOHHE" MOe/IMPOBAHHAA MoJde/IH ObIBAIOT:

1. sMITHpHYECKHE - Ha OCHOBE SMITHPHYE CKHX (PAKTOB (OITBITOB);

2. TEOpeTHYECKHE - HA OCHOBE MaTeMaTHYe CKIX OITHCaHHII,

3. CMelllaHHbIe, IIONYAPMITMPHYECKHE - HAa OCHOBE SMIMPHYECKHX 3aBHCHMOCTEH H
MaTeMaTHYEeCKIX OITHCaHHII.

IIpobJieMa Mo e/ THPOBAHHUA COCTOMT M3 TPeX 3a4a4:

1. mocTpoeHne MoOJienH (3Ta 3ajJada MeHee (popMaIM3yeMa H KOHCTPYKTHBHA, T.K. HeT
aIITOPHTMAa JUIS ITOCTPOeHH I MOJIeTieH);

2. HcclleloBaHHE MoOJlelmH (5Ta 3ajgadya Oojee (opMalH3yeMa, HMEIOTCS MeTOJBI
HCCIIeJOBAaHHS Pa3THYHBIX KIIACCOB MOJIENEH);

3. HCTIONIB30BaHHe MOAEIH (KOHCTPYKTHBHASA H KOHKPeTH3HpYyeMas 3ajaya).

Mogens M, onuceIBarornas cucreMy S(x1, X2, ..., xn; R), mMmeeT BHJ:

M=(zl,z2,..,zm;Q), tme zn= Z, 1=1,2, ....n);

R - MHOXecTBa OTHOIIEHHI Hall X,

(Q - MHOKeCTBa OTHOIIEHII Ha Z;

X - MHOXECTBOM BXOJHBIX, BBIXOJHBIX CHTHAIOB H COCTOSHHH CHCTEMEIL,

7, - MHOKEeCTBO OITHCaHHH (TIpeJcTaBIIeHHI) 3JIeMEHTOB H ITOAMHOKECTB X.

CxeMa IoCTpoeHHSI MofemH M CHCTEMBI S ¢ BXOJHBIMH CHIHalaMH X M BBIXOIHBIMH
CHTHarlaMH Y H300pakeHa Ha puc. 1.1.

Uccnenyemas cucrema S Moaens M

PucyHok 1.1 - CXeMa IocTpoeHs MOIEIH

Ecm Ha BXom M mocTymaroT CHTHAIIBI H3 X H Ha BBIXOJE ITOSIBJIIFOTCS CHTHAIIBI Y, TO
3aJlaH 3aKOoH (TIpaBwio) { (pYHKITHOHHPOBAHMS MOJETH / CHCTEMEI.

MogemporaHHe - 5TO  YHHBEPCAJIbHBIH  METOJ  ITOJIYYeHHS OITH CaHHSI
(PYHKIIHOHHPOBaHHSA 00bEKTa H HCIIOIIb30BAHMS 3HAHHHI O HeM. MoJIelIHpoBaHHE HCITOIb3YeTCs
B TF000H Mpo(eCCHOHAIEHOH JIEeSTeIbHOCTH.

IlocTaHoBKa 3aJa4H K J1adopaTopHoii padore 1

1 MArvunuTe ThATTarTa eMETIT TEONATUUACKTIJ] MaTepHal.

AOKYMEHT NoarnnMcAH —
ANEKTPOHHOW MOAMUCHIO PEKaThb 3aroJIOBOK, BKIIHOHAIOIIIT Hd3BaHHC
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3. OdopmiieHHE KakKIOro 3aJlaHMs HauyHHAHTE C YKa3aHHSI €ro HoMepa, HallpHMEp
«3amaHue No 1».

4. B 3agaHuH 2 BBINIOJIHHTe oOpamieHHe K (PYHKI[HH, He IIPHCBaHBasd IepeMeHHOH X
yKa3aHHBIE 3HAUESHHSL.

5. O opmiisasg pemeHne 3ajaniii 4—0, cleayeT BKIIIOYaTh B JOKYMEHT KOMMEHTAPHH JIJIT
TTOSICHEHHS HCITONIB3YeMBIX 0003HAUYEHII H BEITIOITHSIEMBIX € HICTBHIL.

6. OpopmuThk oTueT IO nabopaTopHOH pabore. IIpeAcTaBHTL OTYET IO Ia0OPATOPHOMH

paboTre IS 3alTEL
BapHaHThI HHARBHIYAJIbHLIX 3aJaHHN

B COOTBETCTBHH C ITOJTYYEHHBIM 3aJlaHHeM C(POPMHPOBATH PelIeHHE H JaTh €0 OITHCAHHE
CO CKPHHIIIOTAMH BBITIOTHEHHBIX JEH CTBHIL.

1. 3amaBas X, vy, Z, HAHIUTE 3HAaUYeHH e BEIpaKeHHs 13 Tadm.1.1:

Tabmma 1.1 — BerumcineHme ci10KHOr0 BEIPaKeHH S

No | BBIpaxeHme

r 3

In|| v rsin3 ‘F-:r+ i x y -1 +cos r;tgl (! \ﬁ‘

1 | \’ v 3l sy X L \Vz+1))

1 X+y)

«., ( \
i’ - P / 4 | A
In|| 2y— ;l—cnszf 1::——] X+ — +sin| tg’| ——
2 '\ ‘4‘_{}3I v ¥ k: L'{JIﬂ‘EHJ
\ 2x+z )
I."

3
A
5

s

1 Fr.a HI: . 2 I
6 Inj x+ Jtg'| Zxy+— ||| x—— +sin| ctg”| - +1
; 1+ = vl zl
L S
[ )
. v v =1 ; l
5 Inf| xy— [sin”| x+— ||| x— |+ cos| lg |
\ ] — | Do 01 X | =+ |.
AOKYMEHT NoAarnncAH
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Ceptuchmkar:  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lLlebGayxoea TateAHa AnekcaHapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



N "
In [}C—Jl—sinz[I+E]J xX— E__‘:;E +Ig[m53[ : ]]
8 Y z+ yx+y
" =V
7
In|| 2x— [sin’ _}'—I—E L +sin| arctg® : ;
9 3 —”rt_l Nz +2
v
¢ ’ ) 3
|n{_1}=_,\!5inj[xt}?)] l _31 _4 || + cos| sin?| —! l
10 z s izl
S S Y X/

2. Berumcimre 3HaYeHHe (PYHKIHH H3 TaOmHIbI 1.2 11 YKa3aHHBIX 3HAYEHHH X
TaGnma 1.2 — Berumcinenne (pyHKIMH IS 3aJaHHbIX 3HAUEHIIT apryMeHTa

No DOVYHKIHA
s T eciH D<x< 2,
w(x)=42, ecH 2 € x < A3,
1 sin{x” +1), wHAue
aax: =35 L5; 3.2 5 -f;: ln«.ﬁ; log, 10; sin 8.
5 eciM X< -2 HIH X 2 4,
Mx)=qx—2, eCc/H —li.'-:c:-.l';.
2 cos(x’ +1), HHAYE
ansx: -3,5% —15 1,% 2J7:3,9; 5 In+f3; log, 1L cos 8.
[2x—2, ecnH 0<x<3,
yix)=+ W.III.;, ecIH 3 < x < 14"2?1’,
3 .EDE{I: +1), HHaue
amx =32 2.5 3.2 5 Ja: In8; log, 10; cos 5; 2°.
[ 6. eco —l<=x <],
vix)=q4x+1, ecin | € x <27,
A . ctg(x’ —2), HHage
ama x;: —4; 0.5; I 6; E; In «a.ﬁ; log, 13; ED‘S%.
rﬁ_r 1|, ecm —d4<y=l,
vx)=q2x, ecnmH 2 < x < of3m,
5 tg(x® +1), HHAYE
[OKYMEHT NOAMUCAH os =
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In‘l—rz‘. ECnH X< —2 mmHx = 7,
6 vlx)=sx—2, ecnH 2 < X <+J3x,
cos(x’ +~3), MHAUE max: =3,5; 1,5; 2,2 5; 24 In47; log, 13; tg 3.
(3 2 ectH —2<x%]l,
yixh=143, ecan | < x <~f2r,
7 cos{x’ +3), HHaue
o x; —3.5:0.5; 3,2: 5 Jf3x; In -.,E; log, 11 arctg 8.
'_,E? eCHH X< —2HIHX 28,
yix)=4x—2, ecmn 1= x <27,
8 tg{f +4), HHAYC
ammxy —35 LS5 3.2 9 q'r;'?; In -J'E; log, 11; arccos 0,3.
—EIIEEEI]{I-I—EL ecH —31< v <],
wx)=42x, ecr —1< vy <o+,
9 ;mﬁfﬂrl}, HHAME
aax; —4.5-—1; 2; 5 Jx+0,5; ]Ilﬁ; log, 12; tg 7.5
In{x+ 2), ecn O<x <,
10 vixh=12x, EClTH X< -2 HIH X >~37T,
_Ell‘-f-fz +1), HHA4E max —3.5 —1; L5 5 sjf;: In !1.5; log,11; sin 12.

3. JIng BBIYHCIIEHHS 3Ha4YeHHS BBIpakeHHT H3 TaOmuipl 1.3 IocTpoiiTe ()YHKIHIO,
Koropasgd Obl Bo3Bpamiaila TekcT «not defined» («He ompeneneHo») IIPH HeJOITY CTHMBIX
3HAUEHHSX IIEPEMEHHON X. BBITIOIHNUTE BEIYMCIEHNS U1 VKa3aHHBIX B TaOnuIle 1.3 3HAUEHHH X:

TaGmnmra 1.3 — ITocTpoeHne (YHKIIMH IS 3aJaHHBIX 3HAYCHHI apryMEHTa

No OVHKIHA
| [x—1 — — _
1 ANer2 X =35 15 3,25 5 V7, In+/3; log, 10; sin 8.
x+]
p) In )
x—2 X =d:—1: 0 2; 5.
. Ix=3
3 SIM
x+l x —6-1; 2; 3 7.5
l—x
4 x+7 x =107, 0,5 1; 52
¥+
5 Cos .
x—4 x —-'-I-:—l_', Ij: -ﬂ.: ?,E_
JOKYMEHT NoOAnmMcAH
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(x—2Nx+8)smn .
7 v 1 x—2 x =14:—8:- 0.5 2: 5.1

x—1 2

8 v +4 EDH‘_T_E no—ab —4; -2 10 235,
-.ﬂ.r—E][:cH]-
0 S1n -
x—d v —d-—]- 0.5 2- 4 5§ 8.

10 J{.ﬁ.‘—E]lI—]] .
42 =4 —2: —1: L5 2: 45,

C 0JCPRaHHC OTYIETA

[Io BBROIONMHEHHOH paboTe COCTaBIIETCSA OTYET. OTYET BBINONHAETCS B 3JIEKTPOHHOM
BHJIE. 110 BEIMTOIMHEHHOMY OTUYETY ITPOBOAHUTCS 3allHTa JIadopaTOpHOH padboTHI.

Otyer 110 J1abopaTopHOM padoTe MIOIDKEH COCTOSATh H3 CIEAYIOIMX CTPYKTYPHBIX
BIIEMEHTOB:

- TUTYIIbHBIH JIHCT,

- BBOJIHAS YaCTh,

- OCHOBHAS YacCTh: OITCcaHHe pabOTHI, BKIIIOYAIOIEE CKPHHINIOTHI AeHCTRIIA,

- 3aKIIFOYeHHE (BBIBOJIBI).

BBOmHAS 4acTh OTYETA JAOJDKHA BKIHOYATh ITYHKTHI:

- YCIIOBHE 3aJa4H,

- TIOPSIIOK BEITIOJTHEHHS.

- IpOrpaMMHO-aIlIapaTHRIE CPEICTBA, HCIIONb3YeMBIE IIPH BEITIOTHEHHH PaOOTHI.

3armra oTyeTa 1o 1adopaTopHOH padoTe 3aKIOYAETCS B IIPEABABIIEHHH ITPEIIOAaBaTEIIO
MOITYYEHHBIX Pe3YylIbTaTOB B BHJIE (paillla H JeMOHCTPAI[HH ITOJTYYEHHBIX HAaBBHIKOB ITPH OTBETaxX
Ha BOIIPOCHI ITPEINOJAaBATENSL

KoHT POJIBHBIE BOITPOCHI

. UTO TaKoe MOJIENIHN H KaKHe BHABI MOJEIIEH BB 3HAETE?
. Kakme BHIBI MOZETMPOBAHIS CYIIECTBYIOT?
. OT 4ero 3aBHCHT TOYHOCTh MOJIEITHPOBAHHS?
. Korpma pa3syMHO ITpHMEHSTH (PH3HYECKOE MOJEITHPOBaHHE?
. Kakme cambie H3BECTHBIE IIPHMEPBI CEPBE3HOIO0 MOJETHPOBAHH S BB 3HAETE?
. Kakme BHIBI ITOTPEMTHOCTH MOAETHPOBAHH S BBI 3HAETE?
. Kakme rporpaMMHEIE ITIPOAYKTEI UCITOIB3VIOT JJIS MOAEIIHPOBAHH 7
. Kak ocy1necTriseTcs IIOAroTOBKa K MOJAEIMPOBAHIEIO?
9. KaxnMu BO3MOXKHOCTSIMH B MOJEITHpOBaHHH o0jragaror CKM?
10. UeM oTiIm4aeTcs TpaeKTOPHS IOJIEeTa KaMHS Oe3 yueTa COITPOTHBIIEHHS BO3AYXa H C
€ro YUYeTOM?

O -1 =W

JIabopaTtopHuas padora 2. MoaesimpoBaHHe B HH:KeHEPHBIX PacieToB

[lenp pabGorel: M3y4nTh H IIPHMEHHTh Ha IIPaKTHKE HHCTPYMEHTAIIbHBIE CPEIbI
KOMITbIOTE€PHOI'0 MOAEITHPOBAHHSL

OcHOBBI TEOpHH

AOKYMEHT MNOANMMCAH afa. CTaTHyecKkHe H JHHAMHYECKHE,
3NEKTPOHHOW MOAMWUCHIO

Ceptudpunkatr: "12000002A633E3D113AD425FB50002000002A6
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Monens HasplBaeTCS CTAaTHYECKOH, €CIIH CPead IapaMeTpoB, VYACTBYIOIMX B €€
OIMMCAaHNH, HET BPEMEHHOI O ITapaMeTpa. CraTHyecKas MOJEID B KaKAbOI MOMEHT BPEMEHH JAET
b " (pororpadHI0” CHCTEMEL, €€ Cpe3.

[TprMep. 3axoH HproToHa F=a*m - 3T0 cTarHyeckas MOJeNIb ABHIKYIIEHCS ¢ YCKOPEHHEM
a MaTepHaJIbHOH TOYKH MAacCOH IM. OTa MOJEIDb HE VUHTBIBAET H3MEHEHHE YCKOPEHHS OT OHOH
TOYKH K IPYIOMN.

Mogens JHHaMHYECKAs, €CIIH CPedH €e ITapaMeTPOB €CTh BPEMEHHOH ITapaMeTp, T.€. OHa
oro0OpaxkaeT cHcTeMy (IIPOLIECCHI B CHCTEME) BO BPEMEHH.

[IprmMep. JImHaMH4YecKas MOZIENIb 3aKOHAa HerOTOHa OyaeT HMeTh BH:

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

Mogens AHUCKpeTHasl, eClIi OHA OITHCBHIBAET TOBEJEHHE CHCTEMEI TOIBKO B JHCKPETHBIE
MOMEHTEI BPEMEHH.

[TprMep. Ecnn paccmarpuBarh Toibko =0, 1, 2, ..., 10 (cek), To MOJIeIIb

S(t)=gt*/2

HIIH YHICIIOBAS IocleoBaTeIbHOCTh: S0=0, S1=g/2, S2=2g, S3=9g/2, :, S10=50g moxkeT
CITYKHTh JUCKPETHOH MOZENBIO ABHKEHH I CBOOOIHO IMaJaroIIero Teja.

Mogens HenpephIlBHAS, €CIIH OHA OITHMCBIBAET IIOBEIEHHE CHCTEMBI JIISI BCEX MOMEHTOB
HEKOTOPOT'0 IMPOMEKYTKA BPEMEHH.

[Tprmep. Mogems S=gt*/2, 0 < t < 100 HeIpepsIBHA Ha IpoMekyTKe BpeMeHH (0:100).

N MHTAIIHOHHBIE MOJAEIH

Mogens HMHTAI[MOHHAs, €CIH OHa IIpelHa3HauyeHa IS HCIBITAHHSI HIH H3YUYEHHSI
BO3BMOJKHBIX ITYTEH PasBHTHSI H IIOBEAcHHSI 00beKTa ITYTeEM BapbHPOBAHH S HEKOTOPBIX HIIH BCEX
ITapaMeTPOB MOJIEIH.

[Iprvep. IIycTs MOZETL SKOHOMHYECKOH CHCTEMBI IIPOH3BOJICTBA TOBAPOB ABYX BHIOB 1
H 2, B KonnuecTBe X1 M X2 eQMHHI] H CTOMMOCTBRIO KaKJIOH eIHHMIKBI ToBapa al m a2 Ha
TIPeATIIPHSATHH OITHCaHA B BHAE COOTHOIIEHI:

alx]l +a2x2 ==,

rae S - o0Imast CTOHMOCTD IIPOH3BeeHHOH TIPEIITPHATHEM BeeH ITPOAYKIHH (BHAa 1 1 2).
MOXHO €€ HCIIONIB30BaTh B KaUeCTBE HMHTALMOHHON MOJEIH, IT0 KOTOPOH MOKHO OIIPEIEIISTh
(BapbHPOBaTh) OOHIYIO CTOMMOCTh S B 3aBHCHMOCTH OT T€X IJIH HHBIX 3HaueHHH OOBEMOB H
CTOMMOCTH IIPOH3BOAHMBIX TOBAPOB.

JleTepMHHHPOBAHHBIE H CTOXACTHYECCKHE MOAE/IH

Mogems JeTepMHHHPOBAaHHAS, €CIH KaKIoMy BXOJHOMY Halopy IlapaMeTpoB
COOTBETCTBYET BIIOIIHE OIPEACIEHHBIH H OJHO3HAYHO OIPEAeNsseMbIi HaOOp BHIXOIHBIX
[[apaMeTPOB, B TIIPOTHBHOM CIIyYae - MOJIENIb HEICTEPMHHHPOBAHHAS, CTOXAacCTHYECKAas
(Be pOSITHOCTHAS).

[Tprvep. IlpuBeneHHbIe BhIIE (QH3HYECKHEe MOAEIH - JeTepPMHHHpPOBaHHBIe. Eciam B
MogerH S = gt*/ 2, 0 <t < 100 MBI y4IIH OBl CITYYAIHEBLI ITapaMeTP - IIOPLIB BETPA C CHIIOH P IPH
TTaJIcHIH Tea;

Sp)=gp) t'/2, 0<t<100,

TO MBI TTOIYYIIH OBl CTOXaCTHYECKYEO MOJENb (yikKe He CBOOOIHOTO) MaJ eHHSL.

PO YHKIIHMOHA/IbHbIE, TEOPETHKO-MHOKeCTBEHHbIE H JIOTHIECKHE MOJE/TH

Mogems (yHKIIHOHAIBHASL, €CIIH OHa IIpeJicTaBHMa B BHJAE CHCTEMBI KaKHX- JIHOO
(PYHKITHOHAIBHBIX COOTHOIIEHHH.

Mojenns TeopeTHKO-MHOKECTBEHHAS, €CIIH OHa ITPeJCTaBHMa C ITOMOIIBIO HEKOTOPBIX
MHOKECTB H OTHOIIEHHIT ITPHHAJIEKHOCTH MKy HIME.

.I I""“'-.‘!"!""--"-"'"-""“'.- .I .I".':"'s""-'.""'_ FRea TRFR W /s BT W U AT TS R

OOKYMEHT MNoarmmcAH
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Ceptudomkar: | 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: llebayxora TateAHa AnekcadapoBHa

Nencreutened: ¢ 20.08.2021 no 20.08.2022



TaTesHa - 1oub HHuKOTag H EleHEI,

Muxauin - ceIH IleTpa 1 EKaTepHHEL,

ceMbHd Muxanmna u [leTpa gpyxar Ipyr ¢ Ipyrom.

Torga MHOXecTBO X H MHOXKECTBO IIEPEYHCIIEHHBEIX OTHOINEHHH Y MOTYT CIVKHTH
TEOPETHKO-MHOKECTBEHHOH MOJEIIBIO JIBYX JIPYKECTBEHHBIX CEMEH.

Mopenms Ha3sIBaeTCSA JOTHYECKOI, €CITIH OHA ITpeJcTaBHIMa JIOTHYECKHMH (P YHKITFSIMH.

Harpumep, COBOKYITHOCTh JTOTHYECKHX (DYHKIHH BHJA:

Z=X"MNy VX, p=xXNy
€CTh MaTeMaTHYe CKasl JIOTHYeCKasd MOAENb PadoThl JUCKPETHOIO YCTPOHCTBA.

Hrposbie MoJe Il

Momerb HI'PpOBad, CCIIH OHa4 OIIHCBIBACT, PCAIM3YCT HCKOTOPYIO HI'POBYIO CHIYALIIO
MEAKAY YVHIACTHHKAMH HI'PBI.

IIprmmep. Ilycts mrpok 1 - HOOPOCOBECTHBIH HAIOTOBBIH HMHCIIEKTOP, a HIPOK 2 -
HeJOOpOCOBECTHRIN HaJIOrOIUIATEIIbINHK. MaeT mpoiecc (Hrpa) Mo YKIOHEHHIO OT HalIoroB (C
OJTHOM CTOPOHBI) H IO BBIIBJIEHHIO COKPBITHS YIUIATHL HAJIOroB (C JPYTOH CTOPOHEI). HMrpokm

BEIOHPAIOT HATypalIbHEIE YHcIa 1 H ] (1, ] = n), KOTOPble MOXXHO OTOKJIeCTBHTh, COOTBETCTBEHHO,
cO IITpad)oM HIpoKa 2 3a HeyIUIaTy HaJOoroB ITPH OOHapy KeHHH HIPOKOM 1 (pakTa HeyIUIaTHl H C
BPEMEHHOHN BBITOJIOH HMIPOKA 2 OT COKPBITHS HAIOroB. MOJelns HIPHEl OIMHCBIBAETCS 3TOH
MaTpHIIEH H CTpaTerHeH YKIOHEHHS H IIOMMKH. OTa HI'pa - aHTarOHHCTHYeCKasl.

AJIropurMu4ecKne, CTpYKTYpPHbIe, rpagoBble MOJe/TH

Mogems anropurMHyeckas, e€clIH OHa OITHMCaHa HEeKOTOPBIM AalICOPHTMOM  HIIH
KOMIUIEKCOM aJITOPHTMOB, OIPEASISIONHM (PYHKITHOHHPOBAHHE, Pa3BHTHE CHCTEMEL.

CllefyeT IIOMHHTb, YTO HE BCE MOJEIIH MOI'YT OBITh HCCIIEJOBAHBI HIH PeaTH30BaHBI
AT OPHTMHYECKH.

[Tprvep. Moaenso BEIYHCIIEHHS CYMMBI OCKOHEUYHOr O YOBIBAFOIIET O PSAJIAa YHCEll MOKET
CIIY’KHTh aJITOPHTM BBIYHCIEHHS KOHEYHOH CYMMBI psfa IO HEKOTOPOH 3aJaHHOH CTelleHH
TOYHOCTH. AJITOPHTMHYECKOH MOJIETIbI0 KOPHS KBaJPaTHOIO H3 YHCIIA X MOXET CIYKHTb
aJITOPHTM BBIYHCIIEHHS €r0 MPHOIMKEHHOI O 3HAYEHHS 10 H3BECTHOH PEKYPPEHTHOH (POPMYIIE.

Mogens Ha3bIBaeTCS CTPYKTYPHOH, €CIIH OHa IIPeJICTaBHMa CTPYKTYPOH JAaHHBIX HIIH
CTPYKTYPaMH JaHHBIX H OTHOIIEHHSIMH Me KTy HIMH.

Mogems HaspiBaeTcs I'padOBOH, €ClIH OHa IIpeAcTaBHMa Irpad)oM HIH IpadaMH H
OTHOIIEHH SIMH MEJK]TY HHMH.

HEpﬂpKﬂ‘IECHHE H CETEBbIC MOIEJIN

Mogens Ha3pIBaeTCS HepapXH4YeCKOH (IPEeBOBHIHOM), €CIH IIpPeJACcTaBHMa HEKOTOPOH
HepapXHYeCKOH CTPYKTYPOH (ZepeBoM).

[Tprvep. JIng pemmeHHs 3ajayd HaXOKACHHS MapHIpyTa B JiepeBe IIOHCKAa MOXKHO
ITIOCTPOHTB, HAIIPHMED, APeBOBHIHYIO MOJeNnb (puc. 2.1):

AOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
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[Iprmmep. CTPOHTENBCTBO HOBOIO JOMa BKIIOYAET OIEpallH, IIPHBEACHHBIE B
HIDKECTIEIVIOIIEN TaOIHIIE.

TaGmmia 2.1 - PaGoTHI ITpH CTPOHUTEILCTRE JTOMA
Ne | Oneparis Bpemsa BreinmonHeHHd | [Ipemiectsyromngie JyrH
(JUHIT) OIe parfHH rpaca

1 | Pacuncrka y4yacTtka 1 HET -

2 | Baxmagka pyHIaMeHTa 4 PacumcTka yyacTka (1) 1-2

3 | Bo3Benenue cTeH 4 3aknagka yHgamMenTa (2) | 2-3

4 | MoHTax 3 BosBeneHue cTeH (3) 3-4
BIEKTPOITPOBOIKH

5 | LITykaTypHBIe paboTH 4 MoHTax 4-5

AIEKTPOITPOBOAKH (4)

6 | BrmaroycTpoiicTBo 6 BosBegeHue cTeH (3) 3-6
TEPPHTOPHH

7 | Orgenoynrsle paboOTHI 4 [IITykaTypHble paboTH (5) | 5-7

8 | HacTmn xpeinm 5 BosBeneHue cTeH (3) 3-8

Ceptuchmkar;  12000002A633E3D113AD425FBS0002000002A6
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

CeTeBas MOJIEND (CeTeBOH IpaHK) CTPOHTEILCTBA JOMa JaHa Ha puc. 2.2.

Prcynok 2.2 - CeTeBoH Irpa(HK CTPOHTENLCTBA

JIBe paboTEI, COOTBETCTBYIOIHE Ayre 4-8, MapaUlelIbHBI, HX MOKHO IHOO 3aMeHHTH
OMHOM, IIPEJCTABILIIOINEH COBMECTHYIO OIEpanHio (MOHTaK BJIEKTPOIIPOBOAKH H HAaCTHII

KPBIIIIH) C HOBOH OIlepallHeH JIHTEeIIbHOCThIO 3+5=8, mi00 BBECTH Ha OJHOH AyTe (PHKTHBHOE
COOBITHE.

JINHrBHCTHYECKHE MOJeJIH

Moenb Ha3hIBAETCS S3BIKOBOH, JIHMHIBHCTHYECKOMH, €CIIH OHA IIPeJIcTaRlIeHa HEKOTOPhIM
JIMHTBHCTHYECKHM O0BEKTOM, (POPMaIH30BAaHHOH S3BIKOBOH CHCTEMOH HIIH CTPYKTYPOH.

MHorma takie MOJEIH Ha3bIBaIOT BEPOAIbHEIMI, CHHTAKCHYECKIMH.

Hampumep, nmpagmia JOpOKHOIO ABIKEHHS - S3EIKOBAS, CTPYKTYPHAS MOJEID ABHIKECHIS
TPaHCIIOPTa H IEIEeXO0A0B Ha JTOporax.

BH3iya/ibHbIe, HATYPHbIE, FeOMeTPHYECKHE MO/Ae/TH

Mogens BH3yalbHAs, €CIIH OHa II03BOJISIET BH3YAIH3HPOBATh OTHOINEHHS M CBS3H
MOJETTHPYEMOH CHCTEMEBI, OCOOEHHO B JTHHAMHKE.

HampuMep, Ha 5KpaHe KOMITBIOTEPa YacTO ITONIB3YIOTCS BH3YAJIbHOH MOJEIBIO TOTO HIIH
HHOr'0 0OBEeKTaA.

Mogens HaTypHasL, €CJIM OHA €CTh MaTepHAalIbHAas KOIMHI 00beKTa MOJIEIHPOBAHHS.

Hammpumep, riao0yc - HaTypHas reorpadryeckas MoJellb 3eMHOIO IIapa.

Monmens reoMeTpHueckasd, rpaHueckas, €CIIH OHa IIpeJicTaBHMa TIeOMeTPHYECKIMH

[IOKYMEHT NOANWUCAH
SNEKTPOHHOW MOAMNMNCHLIO PHOH T'eOMETPHYECKOH MOJEIBIO CTPOSIIET OCS

yHHK J4CT MOJICIIbE OKPYAHOCTIH. HMMeHHO OHa
d JKPdHE KOMIIBIOTEPA. HPHIMIHH JIMHITA ABIIACTCA

fOencteurenen: c 20.08:2021 no 20.08,2022 6pa}I{aETG A, KaK TTapalllICIIOI PaMM.




CucreMa KJj1eT0YHBIX ABTOMATOB

Mogens KIeTOYHO-aBTOMAaTHAS, €CIIH OHA IIPEACTaBHMa KJIETOYHBIM aBTOMATOM HIIH
CHCTEMOMH KJIeTOYHBIX ABTOMATOB.

KileTouHpli aBTOMAT - JHCKpeTHasd JHHAMHYecKas CHCTeMa, aHalIor (PH3HYECKOro
(HenpeprIBHOrO) 1o, KieToyHo-aBTOMAaTHasI TeOMETPHS - aHaJIOI E€BKIIMJOBOH I'e€OMETPHH.
HegenumeIll »lIeMeHT E€BKIIHJOBOH TEOMETPHH - TOYKAa, Ha OCHOBE €€ CTPOSICS OTPE3KH,
IIPSIMBIE, TDIOCKOCTH H T. 1.

HegennMeIll 51IeMEHT KIETOYHO-aBTOMATHOI'O IIONS - KJIETKA, Ha OCHOBE €& CTPOSATCS
KIIacTephl KIETOK H Ppa3lIHyHble KOH(QHTYpallHH KIETOYHBIX CTPYKTYp. IIpencraBisgercs
KIIETOYHBIH aBTOMAaT PaBHOMEPHOH CeThIO KIeTOK ("'sa4eek") 3TOro Monsd. DBOIFOIHS KIIETOYHOIO
aBTOMAaTa Pa3BOPAaYHBAETCS B JHCKPETHOM ITPOCTPAHCTBRE - KIETOYHOM ITOIIE.

CMeHa COCTOSHHII B KIETOYHO-aBTOMAaTHOM IIOIE ITPOHCXOAHT OJHOBPEMEHHO H
IapajIelIbHO, a BpeMs HAET JHUCKPeTHO. HecMOTpsa Ha KaKyIYIOCS ITPOCTOTY HX ITOCTPOEHHSL,
KIIETOYHBIE AaBTOMAThEl MOI'YT JeMOHCTPHPOBATh PasHOOOpPa3sHOE H CIOKHOE ITOBEIEHHE
O0OBEKTOB, CHCTEM.

B 1ocinemHee BpeMS OHH IIHPOKO HCIIOIB3VIOTCS IIPH MOJEIHPOBAHHH HEe TOIBKO
(PH3HYECKHX, HO H COIHAIbHO-3KOHOMHYECKHX ITPOIIECCOB.

PDpakTaabHbIe MOJETH

Mopems HasbIBaeTCS (PPAaKTaIbHOM, €CIIH OHa OITHCHIBAET SBOJIIOLIHIO MOJEITHPYEMOH
CHCTEMEI 3BOIIFOLHEH (PpaKTalIbHBIX OOBEKTOB.

Ecmm usmdeckiii o0beKT OJHOPOMHBIN (CITIIOINHOM), T.€. B HEM HET IIOIOCTEH, TO
MOXKHO CUHTaTh, YTO €r'0 IUIOTHOCTh He 3aBHCHT OT pasMepa. Harmpumep, npH yBeITHYEHHH
rapaMeTpa o0bekTa R 10 2R Macca oOneKTa yBEIHUYHTCSA B R° pas, eclH 0ObeKT - KPyr H B R’
pas3, eclIM OOBEKT - IIap, T.€. CYIIECTBYET CBSA3h MACChl M JUIMHBEI. IIyCcTh n - pasMepHOCTH
IpocTpaHcTBa. OOBEKT, Y KOTOPOIr'0 Macca M pasMeEP CBS3aHBI, Has3bIBacTCS "KOMITAKTHBEIM'. ET0

ITIOTHOCTE MOZKHO PACCHIITATD IIO QJGPI\{}’HEZ

AT
g — -~ RY —const

R:‘!

Ecim o6wexT (cucrema) ymoBinerBopsier coorHormeHmo M(R) ~ R™, rae f(n) < n, to
TaKOH 00OBeKT Ha3bIBaeTCs (PpaKTaIbHBIM.

Ero mioTHoCTh He OYAET OAMHAKOBOH JJI BCeX 3HAaUeHHH R, TO OHa MaciuradbHupyercs
cornacHo (popMmyie:

MK
a(R) - 220

Tak xkak f(n) - n < 0 Mo omnpeJeleHHIO, TO IUIOTHOCTh (PpaKTalbHOrO OOBeKTa
yMeHbIIAaeTCSI ¢ YyBelInmdyeHHeM pasMepa R, a p(R) SBIgeTcad KOIHYECTBEHHOH MEpOMH
paspsKEHHOCTH OOBEKTA.

[Tprmep ¢pakTanpHOH MoAemH - MHOKecTBO KaHTopa. PaccMorpmM oTpesok [0:1].
PaziemM ero Ha 3 4yacTH M BEIOPOCHM CPeJHHH OTpe3oK. OcTaBimecsd 2 IMPOMEKYTKa OIISTh
pasfgenM Ha TPH YacTH M BREIKHHEM CPEIHHE ITPOMEXYTKH H T.4. IlomyunM MHOMKeCTBO,
Ha3pIBAEMOe MHOXKeCcTBOM KaHropa. B T1pemene r1onyyaeM HeCUYETHOE MHOMKECTBO

. gl

M30JIHPOBAHHBIX TOYEK.
e — e ————
0 1/9 2/9 113 213 79 8/9 l

PucyHok 2.3 - MHOoXecTBO KaHTOpa 15 3-X JIeTIeHI

MacTauarica 1Tamaun ¥ 1afnanaTanunia paﬁure 2

AOKYMEHT NoArnnCAH
SNEKTPOHHOW MOANUCKIO i MaTepHal.
Ceptucpukar:  12000002A633E3D113AD425FB50002000002A6 | 5
Bnapeneu: LLiebayxoBa TaTeAHa AnekcaHdpoBeHa IBMEHIHE) CIIEAYIOIHE lapaMeTpbl UL 001t
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- BEIBOJI, CETKH (M3MEHHB KOJTHYECTBO JEJIEHHH I10 OCSIM);

- I[BET M TOJIIIMHY JIHHHH T'PadHKa,

- 3arOJIOBOK I'padHKa.

3. [TorpoOyiiTe HM3MeHHTh THII JIMHHH (CIUIOIIHAS, ITYHKTHPHAS, IITPHXITYHKTHpPHAS,
JIMHHS ¢ MApKEPaMH).

4. YCcTaHOBHTE XKeJIaeMBIH pasMep OOIaCTH IMTOCTPOEHH .

5. B 3aganuu 3 kopHH ypaBHeHH { (X) = 0 HaHHTe ¢ ITOMOIIBIO (PYHKITHH Toot(f(X), X).
B zagaHum 4 IIpH HaXO0XIAeHHH HYIeH IMPOH3BOIHOH HCIIOIL3YHTE (PYHKIHIO T0oof B (hopmare
root(f(x), x, a, b). BriOmpaiiTe ITpOMEKYTKH H3MEHEeHHS He3aBHCHMOH IIepeMeHHOH IIpH
ITOCTPOEHHH I'papHKOB TaKHM 00pa3zoM, YTOOBI YETKO BHIETh HAIMYHE HYJIEH aHAIM3HPYEMBIX
yHKIRII.

6. O opmiisag pellleHHe 3aJlaHHA S, 3aJaliTe IepeMeHHYIO JHalla30Ha X TaKHM 00pa3oM,
yToOBl TIPH H3MEeHEHMH 3HayeHHS alOCIHCChI TOYKH KacaHHS X0 IIpOMeXYTOK, Ha KOTOPOM
CTpPOHTCS IpapHK, aBTOMAaTHYECKH H3MEHSIICS TaK, YTOOBI OH COZeprKall 3aJaHHOe 3HaYeHHe X0.
Ha rpaduke TOUKy KacaHHS IIOMETETE MapKepPOM.

7. B zamaHui 6 HaHAHTE KOOPAMHATHEI TOUEK IepeceueHNs ¢ ITOMOIIBIO OIOKa pEeIleHHH
Given-Find.

8. Opopmuth oTueT IO nabopaTopHOoH padore. IIpeacTaBHTL OTYeT IO Ia0OPaTOPHOMH
padoTe IS 3allHTEL

BapunaHTbl HHARBHAY AJILHBIX 33JaHHH

B COOTBETCTBHH C ITOJIVHCHHBIM 3ddHIICM C(bﬂphﬂ[pﬂEﬂTL PCOICHHE H JdaTb €I'0 OITHCAHHC
CO CKPHHIIOTAMIT BBIITOJIHEHHBIX JIEFICTBHH.

3agaHa QyHKIHA {(X) 13 Ta01.2.2.

1. IlocTpolite TaOimiIly 3HaYeHH (DYHKIHMH JJIS YKa3aHHOI'O JHAla30Ha X C 3aJaHHBIM
IIIaroM H3MEHEHH I OpJHHATHI (Ta0m.2.2).

Tabmnma 2.2 — ITocTpoeHne TaOIHIBI 3HAYEHII (DYHKI[HH Ha JHAla30He

No OyuxamA f(x) JIHara3oH X [TTar n3MeHeHH T X

1 fix)=x"—x —6x+3 [-1: 2] -h=[l.5.

2 fix)y=x"=5x" +x+4. -2 3] h=15

3 flx)=x" —5x —2x+I18. [—2:—1] h=0,25.

4 fix)=—x —4x" —x+2. [—3:0] h=05.

5 flx)=—x +5x"—x-7. [—1:2] h=0.6.

6 fix)=x"+x —16x-18. [—4;—1] h=04.

7 fix)=x"+6x" —x—25_ [—3.—1] h=035.

8 fix)=—x —5x° —2x+6. —3;—1] h=0.3.

9 fix)=—x —d4x" —x+4. [-1; 2] h=10,6.

10 fix)=—x —dx +1lx+25. [-2; 2] h=0.7.

ANOKYMEHT NoanncAH
AIEKTPOHHOM MOAMUCHIO 1161 2.2, BEIOpaB 3()(PeKTHBHEIH JHAIIa30H.

Cepmdmr{j':lr: 12000002A633E30113AD425FB50002000002A6 f(x)=0.
Bnapeneu: lebayxoea TateAHa AnekcaHapoBHa

H 3HAYCHIIC (1)}J'HIU_[I]II B 5THX TOYUKAX.
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5. 3amapas 3HauyeHHe IIEPeMEHHOH a, ITOCTPOHTe KacaTelbHYIO K IpaHKy (DYHKIHH B
TOYKe ¢ aDCI[MCCOH X=a.

6. Haiimure Bce TOYKH IepecedeHHT TpaHka (QYHKIMH C JIHHHeH, 3aJaBacMOIl
ypaBHEHHEM H3 TaOIHMIIEI 2.3.
Taommia 2.3 — [locTpoeHne nepecedyeHIS (PYHKIIHH ¢ THHHEH

No OyHKIH A 1(X) YpaBHEHHE TIHHIT
1 fix)=x" —x" —6x+3 (x—1)*+yv" =4

2 fix)=x"-5x"+x+4. x*+ v =8

3 flx)=x" —5x —2x+18. y —5x" =38,

4 fix)=—x" —dx —x+2. 16x* —y* =1.

5 flx)=—x 45 —x-T7. ¥ —20x° =10.

6 fix)=x'+x —16x-1%8. x=2) +y" =30.

7 fix)=x"+6x —x-25. ¥ —20x% = 40.

3 fix)y=—x" —5x"-2x+6. ¥ —30x% =10

9 flx)=-x"—4x" —x+4. Ax+1P +)° =9.
10 | flx)=—x"—4x" +11x+25. S(x—2)" + y* =106.

C 0JCpPRaHHC OTYIETA

[Io BBOIONMHEHHON paboTe cocTaBiIeTcsa OTYET. OTYET BBINOJHAETCS B 3JIEKTPOHHOM
BHJIc. 110 BEIITOITHEHHOMY OTYETY IIPOBOAUTCS 3aIHTa 1a00paTOPHOH padOoTHI.

Otyer 110 J1abopaTopHOM padoTe MOIDKEH COCTOSTh H3 CIEAYIOIMX CTPYKTYPHBIX
BIIEMEHTOB:

- TUTYIIbHBIH JIHCT,

- BBOJIHAS YaCTh,

- OCHOBHAS YacCTh:. OITMCcaHHe pabOTEI, BKIIFOUAIOIEe CKPHHINIOTHI JEHCTRIIA,

- 3aKIIFOYeHHE (BBIBOJIBI).

BBOmHAsg yacTh OTYETA JOJKHA BKIIOYATh ITYHKTHI:

- YCIIOBHE 3aJJauH,

- TIOPSITOK BEHITIOJIHEHHS.

- IPOrpaMMHO-aIlIapaTHRIE CPEICTBA, HCITONb3YeMBIE ITPH BEITIOTHEHHH Pa0OTHI.

3armra oTyeTa I1o 1adopaTopHOH padoTe 3aKIOYAETCS B IIPEABIBIICHHH ITPEIIOJaBaT eIk
MOTYYeHHBIX Pe3YIIbTAaTOB B BHJE (paillla M JEeMOHCTPAI[MH ITOTYYEeHHBIX HaBBHIKOB ITPH OTBETaX
Ha BOIIPOCHI ITPEIOJAaBaTESL

KoHT POJIbHBIE BOIIPOCHI

1. Uto Takoe sKCIepHMEHTAIBHBIE HCCIIETOBAHIS H ¢ KAKOH I[EIbI0 OHH ITPOBOASTCSA?
2. JlaniTe orpeerieHHe MaTeEMAaTHUYECKOH MOJEIIH.
3. OXapaKTEPHU3VITE 3Tallbl MATEMATHYECKOTO MOIETTHPOBAHIS.

AOKYMEHT MNOONMCAH [ CTaTHYECKOrO aHalIH3a?
SNEKTPOHHOW MOANUCHIO | 5 '
Ceptudmkar: 12000002A633E3D113AD425FB50002000002A6 "HITOTE3bI :
Bnapeneu: lebayxoea TateAHa AnexkcaHapoeHa OPOYHOM HﬂﬁJ]IGI[EHI]II?
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7. llepeuricriTe OCHOBHBIE ITpPaBHIIa, KOTOPBIE HOJLKHBI BRIIIOIHATLCS ITPH ITPOBEIEHHI
CTaTHCTHYE CKIX HAOIIOIEHHI.

8. UTO Takoe KOppEIAIHOHHAS CBI3h?

9. OxapakTepH3yYHTE METOIBI BRISBIEHHS KOPPEISIIHOHHOH CBSI3H.

10. Oroure BHABI MOAEITHPOBAHH L.

JIadboparopnas padora 3. OdpadoTka JaHHBIX B HHKeHEPHBIX pacyeTax

[{enp paboThl: HayuHThCS HCIIONMB30BAaTh MaTeEMAaTHUYECKHE H CTATHCTHYECKHe (DYHKIMH B
cucteMe MathCAD.

OcHOBBI TEOpHH
OcHOBHbIE CBOHCTBA MOJe/IH H MOACTHPOBAHH A

['paHMIBI MEXIY MOESISAMH Pa3IMYHOIO BHAA BeChbMa VYCIOBHBEL MOXHO TOBOPHTH O
Pa3IMUHBIX PEXMMaxX HCIIOJIb30BAHMS MOJEIEH - HMHTAILMOHHOM, CTOXAaCTHYECKOM,
IMHAMITYECKOM, JeTe pPMHHHPOBAHHOM H .

Kakx mpaBHIIO, MOJieIh BKIIIOYaeT B ceOs: oObekT O, cyObekT A (He 00S3aTelbHO) ,
3a7auy Z, pecypcel B, cpeny moaenupoBaHusa C.

Mogenr MOXKHO IpejicTaBHTh (popManmbHO B BHAe: M =<0, A, Z, B, C >,

(OCHOBHBIE CBOHCTBA JIF000H MOJIEIIH:

1. [{eneHarpaBlIeHHOCTh - MOJENIb BCerga oToOpakaeT HEKOTOPYIO CHCTEMY, T.€. HMeeT
I[e]Ib TAKOI'O OTOOpaKeHH L,

2. KOHEYHOCTh - MOJEIb OTOOpakaeT OpPHIHHAI JIMINb B KOHEYHOM YHCIIE €ro
OTHOINEHHH H PECYPCHl MOAEIIMPOBAHHS KOHEYHEI,

3. YIIPOILIEHHOCTH - MOJIENIF OTOOpakaeT TOINBKO CYIIECTBEHHBIE CTOPOHBI 00OBEKTA H OHA
TOJKHA OBITH ITPOCTa VIS HCCIIEeOBAHH S HIIH BOCIIPOH3BEICHH,

4. HarmsagHocTs, 0003pHMOCTE OCHOBHEBIX €€ CBOHCTB H OTHOIIIEHHIH,

5. J1oCTYITHOCTE M TEXHOJIOTHYHOCTS JJIS HCCIIeAOBAHH S HIIH BOCITPOH3BEIEHHST,

0. MHpopMaTHBHOCTE - MOJIENh JOJDKHA COJEPIKaTh JOCTaTOYHYIO HH()OPMAIHIO O
cucreMe (B paMKax THIIOTe3, IIPHHATBEIX IIPH ITOCTPOSHHH MOJIETIH) H JOIKHA JaBaTh
BO3MOKHOCTH MOITY4aTh HOBYIO HH() OPMAIIHIO,

7. IlomHoTa - B MOJAEIH AOIMKHBEI OBITH YUTEHBI BCE OCHOBHBIE CBSI3H H OTHOIIEHIS,
HeoOXOANMEIE [IJ151 O0ecIieYeHHS LEIIH MOJeIIHPOBAHIST,

8. YIIpaBIsIeMOCTh - MOJIEIL AOIDKHA HMETh XOTS OBl OAHH IIapaMeTP, H3MEHEHIMSIMI
KOTOPOr'0 MOKHO HMHTHPOBATh IIOBEAeHHE MOAEITHPYEMOM CHCTEMBI B Pa3IIHUYHBIX Y CIIOBHSX.

ZKH3HeHHBIH UK MOJeJTHPYEMOH CHCTEMbI

JKH3HEHHBIH ITHKII MOJAEITHPYEMOH CHCTEMBI COCTOHT H3 CIIEAVIOIIHX 3TAIIOB!

1. COop wmHpopManmu 00 0OBbeKTe, BBIIBIDKEHHE THIIOTE3, ITIpeJBapHTEIbHBIH
MOJIETIbHBIH aHAJIN3,

2. IIpoekTHpOBaHHE CTPYKTYPHI H COCTaBa MoJeleH (TToaMoaeNeH);

3. ITocTpoeHne crielpHKaII MOJENH, pa3padoTKa H OTIIaJKa OTAelIbHBIX ITOIMOJETIEH,
cOOpKa MOJIENH B IIEJIOM, HASHTH(HKAIH (€CITH 3TO HYKHO) ITapaMeTPOB MOJIeIIEH,

4. UccnegoBaHre MOIENH - BRIOODP METOAA HMCCIENOBAHHSI M paspadoTKa alropHTIMa
(IIporpaMMbI) MOAETHPOBAHIS,

5. UccnegoBaHie aieKBaTHOCTH, YCTOHYHBOCTH, UYBCTBHTEIILHOCTH MOJIEIIH,

6. OneHKa cpeJICTB MOJeIIHPOBaHH A (3aTpauyeHHBIX PECYPCOB);

7. UHTepripeTalis, aHaIM3 Pe3yIbTaTOB MOJIESTHPOBAHNS H YCTAHOBJIEHHE HEKOTOPHIX
IIPHYHHHO-CJIEACTBEHHBIX CBSI3€H B HCCIIEYEMOH CHCTEME,

| NOKYMEHT NOANMUCAH )OJTHO-X03SIHCTBEHHBIX) PEIlleHHIT,

ANEKTPOHHOW MOANCHIO ST 3TO HEOOXOAHMO, H BO3BPaT K HCCIIEAYEMOH
CepTudukar: 12000002A633E3D113AD425FB50002000002A6 |
TOMOIIBIO MOJETTH H MOJEIIHPOBAHHS.

Bnapeneu: LLlebayxoea TatbAHa AnekcaHapoeHa
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MoaempoBaHle KAK MeTOd CHCTEMHOI'0 AHAJIM3A

YacTo B CHCTEMHOM aHalM3e IIPH MOJICIIBHOM IIOAXOMAE HCCIIEJOBAHMSI MOXKET
COBEPINIATHCS OJHA MeTOJAHYECKas OIMHOKa, a HIMEHHO, - IIOCTPOEHHE KOPPEKTHBIX H aJIcKBAaTHBIX
Mojleller (TToAMOene) ITOACHCTEM CHCTEMBI H HX JIOTHYECKH KOPpPeKTHas YBs3Ka He JacT
TapaHTHH KOPPEKTHOCTH ITOCTPOEHHOH TAKHM CIIOCOOOM MOJEIH BCEH CHCTEMEI.

Momenp, ImocTpoeHHass 0e3 vyuera CBS3€H CHCTEMEI CO CPedOH, MOKET  CIIYKHTB
IIOJITBEPKICHHEM TEOPEMEI [ eJlells, a TOUHEE, €€ CIEACTBHS, VIBEPAKIAOIIETO, YTO B CIIOKHOH
H30JIHPOBAHHON CHCTEME MOI'YT CYIIECTBOBATHE HCTHHBI H BEIBOIEI, KOPPEKTHEIE B 3TOH CHCTEME
1 HEKOPPEKTHEIE BHE €€.

Hayka MozenHpoBaHHSI COCTOHT B Pa3jlelIeHHH ITPOIecca MOJEITHPOBAHHS (CHCTEMHEL,
MOJIEIIH) Ha 5STarbl (IMMOJCHCTEMEI, ITOAMOJEIH), JeTalbHOM H3YYeHHH KayKJOro 5STalla,
B3aHMOOTHOIIIEHHH, CBSI3€H, OTHOINEHHH MeXJIy HHMH H 3aTeM 3()(eKTHBHOI'O OIMHCAHHS HX C
MAaKCHMAaJIbHO BO3MOKHOH CTEIeHbI0 (DOPMaTH3aIHH H aJeKBATHOCTH.

B cimyyae HapyIeHHs 5STHX IIPAaBHII IIOIIYYaeEM HE MOJEIh CHCTEMBI, a MOJIENb
"COOCTBEHHBIX M HEITOHBIX 3HAHII "

MopgemipoBaHHe paccMaTpHBaeTCs, Kak ocoOas (popMa SKCIIepHMeEHTa, SKCIIepHMEHTa He
HaJ caMHM OpPHITHHAJIOM, T.€. IIPOCTBIM MM OOBIYHBIM SKCIIEPHMEHTOM, a HaJ KOIHEH
OpHIHHAaJA. 371eCh BaKeH H30MOP(PH3M CHCTEM OPHIHHAILHOH H MOJEIhHOM.

Mzomopdn3M - paBeHCTBO, OJHHAKOBOCTD, ITOIOOHE.

Mogenm 1 MOoZIEMPOBAHHE ITPUMEH SIFOTCS II0 OCHOBHEIM HaITPABIICHH SIM.

- B OOYUEHHH, B ITO3HAHHH H pa3padoTKe TEOPHH HCCIIEIYEMBIX CHCTEM,

- B IIPOTHO3HPOBAHHH (BBIXOIHBIX JAaHHBIX, CHTYAL[HIL, COCTOSHHI CHCTEMBI);,

- B YIIPaBIeHHH (CHCTEMOH B LIEIIOM, OTIEIIbHBIMH €€ ITOJICHCTEMAMH ),

- B aBTOMATH3aLMH (CHCTEMEI HIIH €€ OTJEIIBHBIX IIOJCHCTEM).

Kanaccupukanus BHA0B MoAeTHPOBAHNS

Maempozame
et T
Przmenos Mamrmmrireane
Aﬂmmy Hu:u'mrepm:-e
T / ':;m:e

W e

Mrerrareozmoe

Pucynoxk 3.1 - KnaccupHKaIHsI BHAOB MOJEIHPOBAHH

[Ipn pH3HYecKkOoM MOAEIHPOBAHHH HCIIOB3YETCSA caMa CHCTeMa, THOO IMojJo0Has eil B
BHJIe MaKeTa, HallpHMep, JIeTaTelIbHbIH armiapaT B a3poJHHaMHYECKOi Tpyoe.

MaremaTHYecKOoe MOJIEIIHPOBAHHE €CTh ITPOIeCC YCTAaHOBJIEHHS COOTBETCTBHS PeajIbHOM
CHCTEME S MaTeMaTHYeCKOH MOAeIH M H HcclleJOBaHHE 3TOH MOJEIH, ITO3BOIIONIEE ITOTYYHTh
XapaKTe PHCTHKH PealbHOH CHCTEMEL.

[IpH aHaMTHYECKOM MOJEIHPOBAHHH IIPOLECCHl (DYHKIIHOHHPOBAHHS SIeMeHTOB
3aITHCHIBAIOTCS B BHAE MaTeMaTHYeCKHX COOTHOIIEHHH (anreOpanyecKHX, HHTErpPaIbHBIX,
T (]epeHIHaTbHIX, TOTHYECKHX H IP.).

NOKYMEHT MOAONVCAH 0 SJICJOBAHA METOTa M.
SNEKTPOHHOW NOAMUCHIO BHBIE 3aBHCHMOCTH, ITIOJIYYAIOTCS, B OCHOBHOM,
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLleBayxoea TaTesaHa AneKkcaHgpoeHa

HBIC pEHIEHI[H);
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KommproTepHOoe MaTeMaTHYECKOE MOJEIIHMPOBAaHHE (POPMYIHPYETCS B BHJE alTOpHTMa
(mporpaMmbel a1t 5BM), YTO ITO3BONSET ITPOBOJHTH HaJ MOJEIBI0 BBIYHCIHTEIbHEIE
SKCIIEPHMEHTHI.

YrcrneHHOe MOJIEITHPOBAHHE HCIIONB3YET METOBI BEIYHCIIHTEIEHOH MaTeMaTHKH.

CTaTHCTHYECKOE MOJEIIHPOBAaHHE HCIIONb3YeT 00pabOTKY JAHHBIX O CHCTEME C IIEJIBIO
MOITYYeHHSI CTaTHCTHYECKHX XapaKTePHCTHK CHCTEMEI.

MnMuTalinoHHOE MOJEIMPOBAaHHE  BOCIIPOH3BOAHT Ha OBM (MMHTHpPYET) IIpolecc
(YHKIIHOHHPOBAHHSA HCCIeQyeMOH CHCTeMBI, cOONIoJasd JIOTHYECKYKD H  BPEMEHHYIO
ITOCIIEIOBATEIIbHOCTh ITPOTEKAHHS ITPOLECCOB, YTO ITO3BOJIIET Y3HATh JAaHHBIE O COCTOSHHH
CHCTEMBI HIH OTJEIIBHBIX €€ 3JIEMEHTOB B OIPeIeIIEHHBIE MOMEHTEI BPEMEHH.

[IprMveHeHHe MaTeMaTHUYECKOTO MOJENHMPOBAHHSI ITO3BOISIET HCCIIeAOBaTh OOBEKTHI,
peanbHbIe SKCIIEPHMEHTHI HaJl KOTOPBIMH 3aTPYyAHEHBI HIIH HEBO3MOIKHBEI.

OKOHOMHYECKHH 3((QeKT IMpH MaTeMaTHYECKOM MOJEIIHPOBAHHH COCTOHT B TOM, YTO
3aTpaThl Ha IIPOEKTHPOBAHHE CHCTEM B CpeJHEM COKparmaroTcsI B S0 pas.

Mathcad — cucTeMa KOMIIBIOTEPHOH AJIredpbl

Mathcad — cucTeMa KOMITbIOTEpHOMH anreOphl H3 KIacca CHCTEM aBTOMATH3HPOBAHHOIO
IIPOEKTHPOBAHHS, OPHEHTHPOBAHHAS Ha IIOATOTOBKY HHTEPAKTHBHBIX JOKYMEHTOB C
BEIYHCIIEHHSIMH M BH3YAJIBHBIM COIIPOBOXKJIEHHEM, OTJIMYAETCSH JIETKOCTHIO HCIIOIB30BAHHSA H
IIPHUMEHEHH S 1S KOIJIEKTHBHOH PadOoTHhI.

[Iupoxiit mHTEpec K cHcTeMe Mathcad mprBen Kk ToMy, 4yTo B PoccHH HaKOHEI[-TO
MOSIBIUIFICh KHHTH IO OTJelIbHBIM BepcHsaM. Cuctema Mathcad Orima cosmana B 80-xX romax B
yHHBepcHuTeTe Crandopaa (CIIIA).

CoBpeMeHHbIE BepPCHH IS [TK roroBHT (pupMa MathSoft Application.
JIOCTOHMHCTBO — IIPOrpaMMHPOBAHHE Ha SI3BIKE MaTeMAaTHKH. 210 YHHBEPCAJIbHBIH
MaTeMaTHYeCKHI HHTep( eHC:

- EcTp MonmHasg moaaepskKKa rpaHKH.

- Bo3MokeH HMITOPT I'padpHKH H3 IPYTHX IIPOrPaMM.

- BorpIioe KOMHYeCcTBO BCTPOEHHBIX MaTeMaTHYECKIX (DYHKIHI (COTHH).

- BcTpoeHHBIE CIIPaBOYHHKH I10 IIPEAMETHBIM OOIIACTSIM.

- BosMoxxHa aHHMAIHs.

- CHMBOIIbHAS MaTeMaTHKaA.

HemocraTku:

- 3TO HHTEPIIPETATOP.

- BO3MOXHOCTH ITpOr paMMHPOBAHH S OTPaHHYEHEI.

Cucremsl Mathcad momb3yrOTCS OIPpOMHOM ITOITYIIIPHOCTBIO BO BCEM MHpe Onmarojaps
YIOOHBIM CPEICTBAM IIOATOTOBKH JOKYMEHTOB, HMEIOIX BH OOBIYHBIX CTaTeH HIIH KHHUT. B TO
Ke BpeMs OKasbIBAETCS, UTO BTH CPeICTBa BIIOJIHE JOCTATOYHEBI IJIS PEIleHHS ITOLABIISIOILET O
OOJILINMMHCTBA 3aj[a4 IT0 MaTeMaTHKe, (PH3HKH H IPYTHX HallpaBIeHHH HayKH H TeXHHKH.

Mathcad sgRiIseTCS MareMaTHUYeCKH OPHEHTHPOBAHHBIMH YHHBEPCAJIBHBIMH CHCTEMAaMH.
[TomMrmMO cOOCTBEHHO BBIYHCIIEHHH OHH IIO3BOJISIOT pellaTh O(OPMHTENbCKHe 3ajaud. OHH
IIO3BOJISIOT TOTOBHTh CTAaThH, KHHUTH, JUCCEPTAL[HH, HAYUYHBIE OTYETHI, JUIUIOMHBIE H KYPCOBBIE
ITPOEKTHl € JOCTYITHBIM Ha0OpPOM CaMBIX CIIOKHBIX MaTeMaTHYeCKHX (POPMYI H H3BICKaHHBIM
rpapHYECKHM IIpeICTaBIEHHEM Pe3yIbTaTOB.

C camMOoro IEpPBOrO CBOErO ITOSBIIEHHSA CHCTEMBI Kiacca Mathcad mmenn ymoGHBIH
MTONIB30BaTeNILCKHI HHTep(delic — COBOKYIIHOCTh CPeJCTB OOMIEHHS C ITOIb30BaTeleM B BHJE
MACIITA0OHMPYEMBIX H IEPEMEIAEMBIX OKOH, KHOIIOK H HHBIX 3JIEMEHTOB. Y 3TOH CHCTEMBI €CTh
a(ppeKTHBHEIE CpeJICTBa THIIOBOH HAayYHOH I'pa()HKH, OHH IIPOCTHI B IIPHMEHEHHH H HHTYHTHBHO
TTORSITHEBI EEE&EHT ﬁEﬁﬁﬁEﬁHE fothead o7 T'THPOBAaHEI Ha MAacCOBOIO IIOIB30BATEIsI — OT
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pacIpeeIEHHBIX BRIYMCIIEHHH H TPaJHIFMOHHBIX S3BIKOB ITporpaMMHpoBaHmsI. Takxke Mathcad
YaCTO HCIIONB3YETCS B KPYIHBIX HHKEHEPHBIX IIPOEKTaX, Ife OONIBINOE 3HAUYECHHE HMEET
TPACCHPYEMOCTEH H COOTBETCTBHE CTAHIAPTaM.

Mathcad mocrarouno ygoGHO HCITONB30BaTh A1 OOYYeHHS, BEIMHCIEHHH H HHKEHEPHBIX
pacuetoB. OTKpeITass apxXUTEKTypa IIPWIOKEHHS B COYETAHHH C  IOJAEPKKOH
TeXHOJIOrHH NET n XML IMO3BOSIOT IIETKO HHTETPHPOBATE ITPIIIOKEHHE.

PaccMoTpuM HanGoJlee 4acTO IPHMEHSEMbIe (DYHKIHH JJISI CTaTHCTHYECKHX pPacyeTOoB,

KOTOpBIE BCTPOEHEI B IIPOIPAMMY.

dynkmua RND(X).

B craTHCTHYeCKHX pacyeTax IIpH MOJEIIHPOBAHHH Pa3IIHYHBIX (PH3HYECKHX ITPOILIECCOB
IMHPOKO IpuMeHsIeTcs BcTpoeHHasd QyHKIMA RND(X), HHHIHMaIH3HpPYIOIIas TIeHepaTop
CIIVUAHHBIX YHCell. 3[eCh X 3aJacTcd KaK PaHKHPOBAaHHAS IepeMeHHasd H OIPeIeisaeT YHCIIO
CIIVUAaHHBIX uHcell. Harmpumep, UId IOIMYYEHHS IECATH CIYYaHHBIX YHCEN CIeAyeT 3alaTh
mrrepan A = 0..9.

DOYHKINH ANNPOKCHAMAIIHH

Ji1s1 ripeicTaRiIeHHA (PH3HYECKHX 3aKOHOMEPHOCTEH, a TaKKe IIPH ITPOBEAEHHI HayIHO-
TeXHHYECKHX PacyeTOB HCIIONB3YIOTCS 3aBHCHMOCTH BHAA V(X), HO YHCIO TOYEeK HTHX
3aBHCHMOCTEH OrpaHHyeHO. [IpH 5TOM BO3HHKaeT 3ajaya IIPHOIIDKEHHOTO BBIYHCIIEHHS
SHAaYeHHH (PYHKI[HH B ITPOMEKYTKaX MeXAY Y3IIOBBIMH TOYKAMH H 3a HX IIpeflellaMH. T akas
3ajlaya peIacTCs arapoOKCHMAIIHEH HCXOIHOH 3aBHCHMOCTH, TO €CTh €€ IOAMEHON KaKOH-THOO
IOCTAaTOYHO TIIpocToH (QyHKIHeH. B cucreme Mathcad mpemocTaBiIsieTcss BO3MOXKHOCTD
ATITPOKCHMALTHH JBYMS THITAMH (PYHKITHH: KyCOYHO-THHEHHOH H CITJIaiHOBOH.

[Ipy KYCOYHO-THHEHHOH HHTEPIIONSI[MH  BBIUMCIEHHS JOMOJMHHTEIBHBEIX TOYEK
BEITIOJIHSIFOTCS 110 JTHHEHHOHN 3aBHCHMOCTH. 10 €CTh, IIPH JIHHEHHOH aloIpOKCHMAIHMH Y3JIOBBIE
TOYKH COEQUHSIOTCS OTpe3KaMH IIPSIMBIX IJIMHHH, JJII Yero HCIIOIb3YeTCd (DYHKIHS
Linterp(VX,VY X)— muHeitHag mHTepnoaiusd, rae VX, VY— BeKTOpH KOOPAHHAT Y3IOBBIX
TOUEK, a X — 3aJaHHBIH aprymMeHT. IIpn HeOOJIbIIIOM 4YHCIE VY3IOBEIX TOYEK JIMHEHHAS
HHTEPIIONSINS OKa3bIBaeTCsI JOBOINBHO TIpyOoH. Jlake TIiepBas IIPOH3BOAHAS (DYHKI[HS
AIIIPOKCHMAIIHH IIOJIYYAETCA ¢ PE3KHMH CKauKaMH B Y3IIOBBIX TOUYKaxX. [losroMy IpHMEeHSIOT
(PYHKIIHIO CTIJIAHH-aITITPaKCHMALIHH.

[Ipn crmaiH-aImmpoOKCHMAIIHH HCXOMHaS (PYHKIMHS 3aMeHSeTCS OTpe3KaMH KyOHYeCKHX
TTOITHHOMOB, ITPOXOJSIIHX Yepe3 TPH CMeKHbBIE Y3II0BbIEe TOUKH. Koa(HIHEeHTHI 3TOH () YHKIHH
PAaCCUYUTHIBAIOTCS TaKHM 00pa3oM, YTOOHI IepBas H BTOpas IIPOH3BOAHEIE OBIITH HEITPEPhIBHBIMI.
JIMHMS, OIMHCBIBAIOINAS CIUIAHH-(DYHKIHIO, HAaIlOMHHAeT II0 (opMe THOKYIO JIHHEHKY,
3aKPEIUIEHHYIO B V3IIOBBIX TOUKaX.

[Taker Mathcad — cHcTeMa KOMITBIOTEpPHOH amreOphl M3 KIacca CHCTEM
ABTOMATH3HPOBAHHOIO ITPOEKTHPOBAHI S IIOHATHS SKCIIEPHMEHTA H MaTeMaTHYECKOH MOJIEII.

[lepeuriciM OCHOBHBEIE BCTPOEHHBIE (PYHKIIHH, ITPHMEHSEMBIE JJISI CTaTHCTHYECKOMH
00paOOTKH JaHHBIX. CIUIAHOBOH armpokcHMarmu (pspline, lspline, interp), ImHeiHOI
perpeccHH (corr, intercept, slope), MoMHHOMHAIFHOH perpeccHH (regress), MHHEHHOH perpeccHH
oomiero Bupa (linfit), HemmHelHaa perpeccusa oOmero BuAa (genfit), GYHKIMS IpeacKa3zaHH
(predict). PaccMOTpHM ITHHEHHYIO HHTEPITOISIHIO.

JINHeHHA S HHTEePIIOJISI IS

p—
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2
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X =AY Y = AW f(2) .= linterp(X,Y, x) f(2) =3

CmuiaiHOBas HHTEPIOJISAIHSA

S = espline( X, Y) fslz) =interp(S, X, Y,z)fs(2) = fs(T) = —2.067
Kak MBI BHAMM, 3HAYECHHS TOYEK IIPH IJIMHEHHON H CIUIAHHOBOH HHTEPITOISIIHI
Pa3IHYHBI.

[TocTponMm rpadukH JIHHEHHOH H CIUIAHHOBOH HHTePIOISIHI. IS »3TOoro 3agaercs
KOIIHYECTBO TOYEK H IIIar.

. max(X) — min(X)

scale := 100 j = 0..scalex; = min(X)+j-

i .= 0..length(X)—1

scale

PucyHoK 3.1 - JInHeHHasa U CIUIaHHOBAS HHTEPITOIISLIHI

ITocTanoBKka 33724 K J1abopaTopHoi padorte 3

1. U3yumrh npeairaraeéMeIl TEOPETHYECKHI MaTepHal.

2. BEITIOMHHUTE NHHEHHYIO H CIUIAHHOBYIO HHTEPIIONSIMH. WMCXOAHBIE MaHHEIE I
BREITTIOJIHEHHS 3aJaHu s 1 TIpeacTaBIceHEl B Tadbmme 3.1.

3. ITocTpouTh IpapHKH ITHHEHHOH H CITIaHHOBOH HHTEPITOIISIIHH,

4. BEIIOIMHNUTL HACTPOHMKY BHAA I'Pa()HKOB C L0 MAaKCHMAaIbHOH HH(POPMATHBHOCTH,
OTpPa3HTh IMAarH II0 HACTPOHKE TIpa(HKOB B CKPHHIIOTAX OTYeTa, OOOCHOBATh BEIOPAHHBIE
ITapaMeTphl 0 OpMIEHHS I'Pa)HKOB.

5. ITocTpouTh OTYET, BKIFOYAFONI TpadHKH THHEHHOH M CIUIaiTHOBOM HHTEPITOJISIINI,
OIMCaHHe BEIOOpa KOJHMYECTBA TOYEK H Ilara HMHTEPIOISIIHH, CKPHHIIOTHEI XOJa BEHITIOTTHEHHS
paboTHI, OIHCAaHHE JEHCTBHH.

0. Opopmute oTueT 10 nabopaTopHOH padore. IIpeacTaBHTL OTYeT IO I1a0OPATOPHOMH
padore I 3alTEL

BapunaHnTsl HHAHRBHAY AJILHBIX 33JaHHH

B coorBercTBHH ¢ TaOnHIleH 3.1 BEIMIOIHHUTE JIMHEHHYIO H CINIAHHOBYIO HHTEPIIOJISIIHH,
IIOCTPOHTh T'pa)HKH JIHHEHHOH H CIUIAHHOBOH HHTEPITOSIIHH, BBIIIOIHHTH HACTPOHKY BHA

rpapHKOB, CAeIaTh COOTBETCTBYIOMIHE CKPHHITIOTEI.
Tabmmira 3.1 — McxXoaHble JaHHBIE 71 PacyeTOB

Bapuants | 1 2 3 4 5 3] 7

Mexommpie | | 1 () 2 4 | 5 20 1 0 2 3 | 2 3

IaHHEIE o _ .. - = o - . :
2 3 S b 3 3 D 3 9 4 0 3 4 4
[OKYMEHT NOAnNMUCAH { R — . A .
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C odepAaHHE OTYHIETA

[Io BBROIONMHEeHHOH pabdoTe cocTaBIIeTCA OTYET. OTYET BBINIONHSAETCS B 3JIeKTPOHHOM
BHJIc. []10 BEIITOITHEHHOMY OTYETY IIPOBOAMTCS 3aIHTa 1a00paTOPHOH padOoTHI.

Otyer 110 JjabopaTopHOH padoTe MOOIDKEH COCTOSTh H3 CIEAYIOIMX CTPYKTYPHBIX
BIIEMEHTOB:

- TUTYIIbHBIH JIHCT,

- BBOJIHAS YacTh,

- OCHOBHA 4acTh (OmHcaHHe padoTHI);

- 3aKIIFOYeHHE (BBIBOJIBI).

BBOmHAsS yacTh OTYETA AOJDKHA BKIIOYATh ITYHKTHI:

- YCIIOBHE 3aJayH,

- TIOPSJIOK BEITIOJIHEHHS.

- IPOrpaMMHO-aIlIapaTHRIE CPEICTBA, HCITONb3YeMBIE ITPH BEITIOTHEHHH Pa0OTHI.

3armra oTyeTa Io 1adopaTopHOi paboTe 3aKIFOYAETCS B IIPEABABIIEHHH ITPEITOAaBaTEIIO

ITOIIYHCHHBIX PE3YIIBTATOB B BHJC Q)af'ma H ACMOHCTPAIHH ITOJIIYYEHHBIX HABBIKOB IIPH OTBECTAX
Had BOIIPOCEI ITPCIIOJAaBaTCJIA.

KonTt POJIbHBIE BOIIPOCHI

1. IlepeuriciiTe JOCTOMHCTBA H HeJoCcTaTKH cHcTeMbl Mathcad.

2. IlepewricinTe OCHOBHBIE (DYHKIIHH, ITPHMeEHSIeMbIE B CTaTHCTHYECKOH 00paboTKe.

3. Jlnsg yero npumeHsaeTcsa QyHKIMI RND(X)?

4. B KakHX CIy4asxX MPHMeHIIOTCS (DYHKIHH CIDIaHOBOH aIOIIpOKCHMAIHH?

5. UeMm ornmyaeTcs QYHKIMS JTHHEIHON pPerpecCHH OT (PYHKIMH ITHHEHHOH perpecCcHH
oO11ero Buga?

0. JlafiTe ornpeeneHe HETHHENHON pPerpecCcHH OOIIEro BHja?

7. JlaniTe onpepeneHye (PYHKIHH IIpeAcKa3aHHsI?

8. B xakux ciay4yasx (yHKIHI IpeJcKa3aHHSI IIPHMEHSIETCS, a B KaKHX IIPHMEHEHHE €€
SIBIISIETCS HEIlETIeCOo00pa3sHbhIM?

9. IlepeunicimTe OCHOBHEIE TEXHOIIOTHH KOMITbFOTEPHOI'O MOJIEIIHPOBAHHSL.

10. Ilepeuncinure HHCTPYMEHTEI KOMITLIOTEPHOI'O MOJIETIHPOBAHIA.

JIaboparopnas padora 4. Busya/m3anusa HHKeHEPHbIX PACUETOB

]_[E:HB paﬁﬂTBIZ IIokazaTh MeTOOJIOTHIO I{Ghﬂ'[LH]TEpHGﬁ peaJIH3alliil MAaTCMATHYCCKIX
ELI‘IHCJIEEHI]IUI: ITPHMCHHB HHCTPYMCHTBI KOMIIBIOTCPHOI'O MOACIITHPOBAHIA.

OcHOBBI TeopHH

MaremMaTH1ecKo€e MOJeJIMPOBAHHIE CJIOKHBIX CHCTEM

bymaeM cUHTaTh, UTO 3JIEMEHT S €CTh HEKOTOPHEIH OOBEKT, 00IaJarOIHH OIpeaere HHBIMH
CBOHCTBAMH, BHYTPEHHEe CTPOeHHEe KOTOPOro IS IIEIeH HCCIEHOBAHMS HEe HIPaeT POJII,
HaIlpHMEP, CaMOJIET VIS MOJEIIMPOBAHHA IIOJIETa — HE 3IEMEHT, a JJI1 MOJAESITHPOBAHNS PadOTH
a’pPOoIIopTa — AIIEMEHT.

CBsI3b [/ MeXIy 3IeMeHTaMH ecTh ITPOIeCcC HX B3aHMOJCSHCTBHS, BajKHBIH JUIS IieJIei

HCCIIeJOBaHHSL.

CHcTeMa S — COBOKYIIHOCTL 3JIEMEHTOB CO CBSI3SIMH / H IO (PYHKIFOHHPOBAHHS
CHCTEMEI F.

ClIoKHasl CHCTEMa — 5TO CHCTEMA, COCTOSINAS M3 PasHOTHITHBEIX BIEMEHTOB C

Pa3HOTHITHBEIMH CB3AMI.
bombiagd cHcTeMa — 5TO CHCTeEMA. COCTOSIasgd H3 OOJBINOrO 4YHCIAa OJHOTHITHBIX

NOKYMEHT NOANWCAH
SNEKTPOHHOW NMoanunceio
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ABTDM&TIIBHPGE&I-H-IHH CHCTeMa Sp €CTh CIOXHasl CHCTEMa C GHPE,I[EJIHI'DH_[Eﬁ POJIBEO
SIIEMCHTOB JBYX THIIOB. TEXHHYCCKHX CPCJACTB 5: H IeHCTBHH YelIOBeKa Sy

S_ﬂ = {{SI‘}J{S_H}J{SS}J{!! }:I F}
B,I[E:GB g - OCTAJIbHEBIC 3JICMCHTRI CHCTCMBIL.

JeKOMIO3HINA CHCTEMbIL. XAPAKTEPHCTHKH CHCTEMbI

JIeKOMITO3HI[HS CHCTEMBI €CTh Ppa3z0HeHHe  CHCTeMBbl Ha SIeMEHTHI IIH TPYIIILI
AIIEMEHTOB C YKa3zaHHeM CBS3eH MeKJIy HHMH, HEH3MEHHBIMH BO BpeMS (PYHKIIHOHHPOBAHHS
CHCTEMBEL.

[IpakTHYEeCKH BCE CHCTEMBI pacCMaTpHBAIOTCS (PYHKIHOHHPYIOIIHMH BO BPEMEHH,
II03TOMY OIIPeJelINM HX JHHAMHYECKHE XapaKTePHC THKH.

COCTOSIHHE — 3TO MHOKECTBO XapaKTEPHCTHK 3JIEMEHTOB CHCTEMBI, H3MEHSIOIIIXCS BO
BpeMeHH H Ba)KHBIX JJIS IeleH ee () YHKITHOHHPOBAHHS.

[Tponiecc (pHAMIKAa) — 3TO MHOKECTBO 3HAYEHHII COCTOSHIH CHCTEMBI, H3MEHSIOIIIXCS
BO BPEMEHH.

[lenp QYHKIIMOHHPOBAHHS €CTh 3ajladya IOIMYYEHHS KEJIaeMOI'0 COCTOSHHS CHCTEMEI.
JlocTiKeHHe IeIM  OOBIYHO BIIEYET IlelIeHAlIpaBIIEHHOE BMEINATELCTBO B IIPOIIECC
(PYHKITHOHHPOBAHHS CHCTEMBI, KOTOPOE Ha3bIBAETCS YITPaBIIEHHEM.

1. Pacuer - onpejeneHie 3HaUESHHIT ITapaMeTPOB CHCTEMBEI.

2. AHaIN3 — H3yYEeHHE CBOHCTB (PYHKIIHOHHPOBAHHS CHCTEMBI.

3. CuHTE3 — BRIOOP CTPYKTIVYPEI H ITapaMETPOB II0 3aJJaHHBEIM CBOIICTBAM CHCTEMEI.

IIapamMetpsl cucTeMbl. @aszoBas TpaekTOpHA Pa30B0oe NPOCTPAHCTBO

[Tycts T = [y, t;] ecTh BpeMeHHOH HHTepBall MOJEITHPOBAHHSI CHCTEMBI S (HHTEepBall
MOJIETIbBHOI'O BPEMEHH).

[IocTpoeHHe MOJENH HAYMHAETCSA C ONPEHelIEeHHS IapaMeTpoB H IIEPEMEHHBIX,
OIpeAEILIFOINX ITPOLeCC (PYHKIIHOHHPOBAHHS CHCTEMEL.

[TapameTper cucTeMbl .0, .....0, - 5TO XapaKTEPHCTHKH CHCTEMBI, OCTAIOIIHECS

ITOCTOAHHBIMIT Ha BCEM HHTCPBAJIC T.
HEPEMEH}[&IE OBIBAIOT 3aBHCHMBIE H HE3aBHCHMBIE.
HezarmcHMbIe IIEPEMCHHEBIC C€CTh, KaK IIPABHJIO, BXOJHBIC BO3JICHCTBH S (E TOM YHCIIC

VITPaBIISIOIIHE )
u=ult) = (), 0, 1)) eV < K7

HMH MOT'YT OBITh TaKKe BO3J[eHCTBHS BHEIIHEH CPe/IbI.
[TocnemoBatennbHOCTS H3MeHeHHS X(t) IIpH

fid ity dty

HazbIBAETCS (pa30BOH TPAaeKTOPHEH CHCTEMEL,

x € X ,rae X — IIPOCTPAHCTBO COCTOSHII HIH (pazoBOe IMTPOCTPAHCTRO.
[TocnemoBatennbHOCTS H3MeHeHH Y(tf) Has3bIBaeTCS BBIXOJHOH TPAaeKTOPHEH CHCTEMEL.
3aBHCHMBIE TIEpeMEHHBIE €CTh BBIXOJIHBIE XapaKTePHCTHKH (CHTHAIIEI)

y=y@)=iplt)...y, tNerc k™

MaremMaTH4YecKas MoJeJIb CHCTEMbI

OOmraa cxema mareMaTHuYeckon Mojems (MM) (yHKIIHOHHPOBAaHHS CHCTEMBI MOJKET
OBITE ITpe/iCTaBIIEHA B BHE, TTOKa3aHHOM Ha PHCYHKe 4.1.

U, v,0,x,y ] BMeCTe C 3aKOHAMH (PYHKI[HOHHPOBaHH

MHOKecTBO IICPEMCHHBIX [
FL
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PucyHok 4.1 — MarematHueckasts MOJIENIb CHCTEMBI

Ecmi t HEIIPEPBIBHO, TO MOJACIIb HA3BIBACTCA HEHPEPLIEHCIf[:, HHAa4< — ﬂIICKpETHGﬁZ

=i f0i=1200)

Ecrm  Momens He CONEPXKUT  CIIYYAHHBIX  3IIEMEHTOB, TO OHAa HAa3bIBACTCS
IEeTEPMHHHPOBAHHOH, B IIPOTHBHOM CIIyYae — BEPOSTHOCTHOH, CTOXAaCTHYE CKOH.

Ecim MareMaTH4YeCcKOe OIMCaHHe MOIEIH CIIHIIKOM CIOKHOE M YacTHYHO WIIH
IIOJTHOCTBIO HEOIIPEAEIIEHHO, TO B 3TOM CIIy4Yae HCIIOIb3VIOTCS arperaTHBHBIE MOJIEIIH.

CVYIIHOCTh arperaTHBHOH MOJEIM 3aKIIOYacTCd B pa3OHEHMHM CHCTEMBI Ha KOHEYHOE
YICIO B3aHMOCBS3aHHBIX YacTel (TTOACHCTEM), Kakaas M3 KOTOPBIX JOITYCKaeT CTaHAapTHOE
MaTeMaTHYECKOE OIMCAaHHE. OTH TTOJACHCTEMBI HA3EIBAIOTCS arperaTaMI.

MogemuporaHie CIIyYaHHBIX 3IIEMEHTOB B CHCTEMAX SBIISETCS OIHOH M3 CaMBbIX
0a30BBIX 3324 MaTeMaTHYECKOTO MOEIIMPOBAHIAL.

THIEI 6a30BBIX JATUHKOB:

- pu3Hyeckre (JIF000H (H3HMYECKHIT IMyM), B IIOCIeAHEe BpPeMSI IPaKTHYECKH  He
HCITONB3YIOTC, T.K. XapaKTEePHCTHKH HeCTAOIIBHEI H PEATIH3AIIIO IIOBTOPHTE HETIB3S,

- TICEBJIOCITYUYaHBIE AT YHKH.

Tpebopans K 0a30BEIM JaTUHKAM:

OTpe30K arnepuoIHIHOCTH.

PaBHOMEPHOCTE.

HexoppempoBaHHOCTE.

DOYHKINH perpeccHu.

[HInpoko pacrpocTpaHeHHOH 3afayell oO0paloTKH JaHHBIX SBIISETCS IIPelCTaBIeHHE HX
COBOKYIIHOCTH HeKOTOpoH (yHKImeH y(X). Takoe IpeiCcTaBlIeHHE HA3BIBACTCS PErPECCHEH.
3aJaya perpeccHH B TOM YTOOBI ITOMYYHTh IapaMeTpPhl (PYHKIMH TaKHMH, IPH KOTOPBIX
QyHKIHS nOpHODDKaeT "oOmako" HCXOZHBIX TOYeK C HaHMeHbIIeH KBaJpaTHYHOMH
TTOr PEIITHOCTBIO.

M3BECTHBRI:

- JInHeliHas perpeccHs (TIpsvas JTHHH ),

- [TomHommManpHas perpeccHs (IIOITHHOM);

- JInHeltHas perpeccHs o0Imero Buaa (JTHHeHHas cyMMa ITPOH3BOIBHBIX (DYHKIIHI);,

- HemmmueliHast perpeccHs oOmiero BHaa (IIpOH3BOIbHAS (PYHKIIH);,

- JInMHeNHas perpeccus.

[Ipn miHeHHOH perpeccHH QYHKIHA Y(X) HMeeT BHI V(X)=axXx+b H OIHCBIBAeT OTPE3OK
TIPSIMOI.

D yHKIMA NpeacKa3aHuA

Ha mpakTHKe HepeJKO NPHXOIHUTCSA CTaJKHBaThCI C 3ajaueii pacyéTa ITOCHeTyFOIHX
TOYeK II0 PSAY H3BECTHBIX TOYeK — 3ajadell IpejckazaHud. [ IpelcKazaHHSI ITOBEJeHHS
(YHKIMOHATBbHOH 3aBHCHMOCTH B Mathcad mveercs ¢yaxama: predict (data,k,N) -—
mhenckarane Tre data — RekTon mawHEIY k — YpCIO TOYEK IpeIIeCTBYIOIIX IIpelcKa3aHHIo,

OOKYMEHT NoarnncAH
SNEKTPOHHOW NOANUCHIO
Ceptudukar: 12000002A633E3D113AD425FB50002000002A6 BICOKYIO TOHHOCTD IIPH MOHOTOHHBIX HCXOJHBIX
ESI'IEI,D,EHEHZ LLIEE'E}"HGEE TateAHa JﬂtﬂEHCEIH,E,ﬂ'GEHEI [HHOMOM HEEBICGKGﬁ CTelIeHH.

Nencreutened: ¢ 20.08.2021 no 20.08.2022



OyHKkima predict IpHMeHHMa K IIpeJcKa3yeMbIM COOBITHAM, ITOBeJcHHE KOTOPBIX
OIMCBIBAETCS PeaJlbHOH MaTeMaTHYeCKOH 3aBHCHMOCTBIO. B crpaHax co craOHIbHOH

SKOHOMHKOH 5Ta (PYHKIHSA BIIOJHE IIPHMEHHMA JJIS OIHCAHHS CE30HHBIX H CTaOMIbHBIX
KojleOaHHI Kypca BallloT, IMIPHOBUIEH (PHPM, ITpojaka TOBAPOB H.T. /.
[ IprMep OCTpOeHHS IMHEHHOHN PErPECCHI:

1\ y
: ()
VX =13 VY =115 Nexomusie nanusieORIGN =1
4 21
o/ 25/

Breruricmmv ko3 (pPHIMEHTHI a H b IMHHEeHHOH perpeccHH:

a = intercept(VX,VY) b= slope(VX, VY )i = 1.0 flr) =a+bxl = =1.0 h=02.8

corr(VX,VY)=0.,99f(3) = 15,8 linterp(V X, VY,3) = 15
[To 3THM JaHHBIM CTPOHM I'pahHK IMHEHHOH PerpeccHH:

40 . .

VX i 6
PucvyHok 4.2 -JInHeHHas perpeccus

IlocTaHoBKa 3aJa4H K JiIaOopaTopHoil padore 4

1. U3yuuTs IpeaiiaracMeli TEOPETHYECKII MaTepHal.

2. BRIITOMHUTE MOJAEHMPOBAaHHE II0 JAHHBIM TaOipaiel 4.1, HCIIONB3YS JIHMHEHHYIO
PETPECCHIO.

3. Berumcimrs Ko3()(HIMEHTHI THHEHHOH PErPecCHH, IIOCTPOHTh I'Pa(HK.

4. BEIIIONMHNTE HACTPOMKY BHAA I'Pa)MKOB C LIEIBI0 MaKCHMAalIbHOH HH()POPMAaTHBHOCTH,
OTpa3HTh IIMarH IO HACTpoiKe TIpaHKOB B CKPHHINOTAaX OTYeTa, OOOCHOBATh BHIOPAHHBIE
TTapaMeTpPhI 0(p OpMIIEHHS I'Pa(pHKOB.

5. ITocTpours OTYET, BKIIOYAIONIHH TpaHKH JIHHEHHOH PperpeccHH, OITHCAaHHE
MeXaHH3Ma HaXOKJIeHHS KO3((HIHEHTOB PErPECCHH, CKPHHIIOTH XOAA BEITOIHEHHS PaOOTHI,
OIMCAHHNE JTEHCTBHIA.

6. OpopmuThk oTueT IO nabopaTopHOH pabore. IIpeAcTaBHTL OTYET IO Ia0OPATOPHOMH
paboTe IS 3allHTEL

JAOKYMEHT MOANMUCAH

SNEKTPOHHOW noarnnicoeio
CEDTHdJHHEITZ 12000002A633E3D113AD425FB50002000002A6 A BMH}HIEM HGGTPGIITB MG,[[EHI) J]IH‘[Eﬁ]‘IGﬁ
Bnapeneu: llleG3yxoea TateAHa AnekcaHapoBHa

[ 3aJIaHHS IToMellleHEI B TaOmare 4.1
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Tabmina 4.1 — MHauBHaYanbHBIE 3a1aHIS

No 3aJlaHHBIE BEKTOPA No 3aJlaHHBIE BEKTOPA

1 VX=(3, 2,4, 5] 4 VX=[7,18, 3, 11]
VY=[7,8,9, 5] VY=[I1, 5, 3, 9]

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

3 VX=[3,9,12, 14 0 VX=[4,15,2,19
VY=[7,9,11, 13 VY=[11,17,1, 13]

C 0JCPRaHHEC OTYIETA

[Io BBOIOIMHEHHOH pPadoTe COCTaBIIIETCSA OTYET. OTYET BEIIONMHSETCS B 3IIEKTPOHHOM
BHJIE. 110 BEIMTOIMTHEHHOMY OTUYETY IIPOBOAHUTCS 3allHTa ITadopaTOpHOH pabOoTHI.

Otyer 110 J1abopaTopHOH padoTe MIOIDKEH COCTOSATh H3 CIEAYIOIMX CTPYKTYPHBIX
BIIEMEHTOB:

- TUTYJIBHBIN JIHCT,

- BBOJHAA YdCTh,
- OCHOBHAA Y4CThb (GHIIGEIHIIE pﬂﬁ(}T LI);

- 3aKIIFOYeHHE (BBIBOJIBI).

BBomHas yacTh oT4eTa JOKHA BKIIFOYATh ITYHKTHI:

- YCIIOBHE 3a]1a4H,

- TIOPSIIOK BBITIOTHEHHS.

- IpOrpaMMHO-aImIapaTHEIE CPeICTBA, HCITOIb3YeMbIe ITPH BRITTOTHEHHH PabOTHI.

3ammTa oTyeTa IT0 1abopaTOpHOIl paboTe 3aKMoYaeTcs B MpeAbIBIeHHH ITPeroJaBaTellio
MOITYYEeHHBIX Pe3yIIbTaToB B BHje (pailla H JeMOHCTPAIHH ITOJTyYeHHBIX HABBIKOB ITPH OTBeTaxX
Ha BOITPOCHI ITPEITOJaBaTeIsl.

KoHT POJIbHBIE BOIIPOChHI

1. Marematiyeckoe MOJEIIHMPOBAHHE CIIOKHBIX CHCTEM
2. azoBag TpackTopHs. Da30BOE IIPOCTPAHCTBO
3. JleKOMITOZHIM A CHCTEMBI. XaPaKTEPHCTHKH CHCTEMEI
4. MaremMaTH4eCcKas MOJIETb CHCTEMEI
5. ArperaTuBHEIE MOJEIH

0. TpeboBaHuA K 6a30BEIM JaTUHKaM

7. Tl 0a30BBIX JaTYHKOR

8. MozgemporaHie CIIy4yalHBIX JIEMEHTOB

9. DYHKIMH PErPECCHH
10. OYHKIIN IIpeaCcCKa3aHH I

JIabopaTopHas padora S. UnpacTpyKTYpa HH/KeHEePHBIX PACUETOB
Ilean padorhl: [locTpoeHHe qHArpaMM ¢ IIPHMEHEHHEM BRIYHCIHTEILHOH TEXHHKH
OcHOBBI TEOpHH

IloHnsaaTHE 0 cTaTHYEeCKHX rpadgukax. OCHOBHbIE VIEMEHThI rpaguKa

[IonmyyeHHBIH B pe3yibTaTe CTAaTHCTHYECKOIO MCCIEAOBAHMS MaTepHall HEPEIKo
H300pakaeTcsl ¢ IIOMOIIBI0 TOYEK, I'EOMETPHYECKHX JIMHHI H (PHIYp HIH TeorpadryecKHx
KapTOoCXeM, T.€. Tpa(pHKOB.

B craTtHCTHKE I‘I]ﬂd)I]I{DM Ha3bIBAIOT HAIJIAIHOC HBDﬁpﬂ}KEHHE CTATHCTHHUCCKIX BCIIMNYIHH
T TV AANTIIATIIALTIT TTNTT TTOMATIIIT TanraThImra oy X TOYLK. TIHHIDL (bIH'}rp HITH regrpa(b}[qecm[}{
I e 2

NOKYMEHT NOAMNMUCAH
SNEKTPOHHOW NOANMCHIO
Ceptuchukar:  12000002A633E3D115AD425EB50002000002A6 BHJIE ITO3BOJISIET PEIIaTh caMbIe pﬂBHQGﬁpﬂBHLIE
Bnapeneu; Lebayxopa TateaHa AnekcaHapoBHa "ABIIEHIS — HATTISITHOCTE. Ha I‘pad)HI{ED{ TIETKO
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TEHJIEHIMN. PasnHyHbIe COOTHOINEHHS, IIPHPOCT, B3aHMOCBS3h Pa3IIHYHBIX IIPOI[ECCOB — BCE
ATO JIETKO MO’KHO YBHJIETh Ha I'papHKaX.

['pauky MpHIAIOT H3JIOKEHHIO CTaTHCTHYECKHX JAaHHBIX OONIBINYEH) HArJLIAHOCTh, YeM
TaOJIHIBI, BEIPA3HTEIILHOCTh, OOJIEr4ar0T HX BOCIIPHSITHE M aHamu3. CTaTHCTHYECKHH I'pa]HK
IIO3BOMISIET  3PHTEIIBHO  OIEHHTh  XapaKTep H3Yy4aeMOI'0  SBJIEHHS, IIPHCVIIHE  EMY
3aKOHOMEPHOCTH, TEHJAEHIMH  pPa3BHTHS, B3aHMOCBSI3H C  JPYTHMH  ITOKa3aTEIsIMIL,
reorpapH4YecKoe paspellleHHe H3y4aeMbIX SBJIeHHI. Ellle B JPeBHOCTH KHTAHI[BI TOBOPHIIH, YTO
OIHO H300pakeHHe 3aMEeHSET THICSYY CIIOB. ['padHKH JIeIar0T cTaTHCTHYECKHH MaTepHall Oomee
IIOHSTHBIM, JOCTYIIHBIM H HeCIIEI[HalcTaM, ITPHBJIEKAIOT BHHMAHHE IMHPOKOH ayIHTOPHH K
CTaTHCTHYECKHM JaHHBIM, ITOIMYILIPH3HPYIOT CTaTHCTHKY H CTaTHCTHYECKYEO HH()OPMALHIO.

[Ipn mro0oH BO3MOKHOCTH aHAalM3 CTaTHCTHYECKHX JAaHHBIX PEKOMEHIVETCS BCErJa
HAYHHATh C¢ HX IrpadHyeckoro H3o00pakeHHSA. I'padHK ITO3BONISET cpa3y IIONYYHTh OOIIee
IpejicTaBlIieHHe 000 BCeH COBOKYIIHOCTH CTaTHCTHYECKHX ITOKazaTelei. ['padHyuecKiii MeTO[
aHallM3a BBICTYIIAET KaK JIOTHMYECKOE ITPOMOJIKEHHE TaOIMYHOTO METO[a M CIIYKHT IEJISIM
IONTYyYeHNI OOOOMIAFOIIX CTATHCTHYECKHX XapaKTEPHUCTHK IIPOLIECCOB, CBOMCTBEHHBIX
MAaCCOBBIM SIBIICHISIM.

[Tpn mmomoru rpadpHyeckoro H300pakeHHs CTaTHCTHYECKHX JaHHBIX PelIal0TCS MHOTHE
33a4YH CTaTHCTHYECKOr O HCCIEIOBAHI:

- HaITISMHOE IIpeACTaBIIEHHE BEIHYHHBLI IOKazaTeleH (SBIIEHHII) B CPaBHEHHH APYT C
APYI'OM,

- XapaKTEePHCTHKA CTPYKTYPHI KaKOT'0-JIMOO0 SABIICHHS,

- I3MEHEHHE SBJIEHHS BO BPEMEHH,

- XOJT BBIIOJTHEHHN S TUTIAHA,

- 3aBHCHMOCTb H3MEHEHHS OJHOI0 SBJIEHHS OT H3MEHEHH S JPYIOro,

- PACTIPOCTPAHEHHOCTE WIH PasMEIIEHHE KaKHX-JIHOO0 BEIIMYMH I10 TEPPUTOPHH.

JIpYTHMH  CIIOBAMH, B CTaTHCTHYECKHMX HCCIIEJOBAHMSIX IIPHMEHSIOTCA  CaMEBIE
pazHOOOpa3HEIe Ipaduki. B KaxIoM rpadHke BBIAEISIOT (pa3iHYarOT) CIIEAYIOIHEe OCHOBHBIE
BIIEMEHTHI:

- IIPOCTPAHCTBEHHBIE OPHEHTHPHI (CHCTEMY KOOP/IHHAT);

- rpadpryeckIii o6pas;

- TI0Ne TpadHKa;

- MacITaOHbIe OPHEHTHPHI,

- HKCIUTHKALHS IPpadHKa,;

- HaHMEHOBaHHE I'padHKa

Huorma 1.5 u 11.6 o0be IHHSIIOT B OJIHH AJIeMeHT.

A) IlpocrpaHcTBeHHBIE OPHEHTHPHI 33Jal0TCSI B BHIE CHCTEMBI KOOPJAHHATHBIX CETOK. B
CTaTHCTHYECKHX IpaHKaxX 4Yallle BCEro IIPHMEHSETCS CHCTeMa ITPSAMOYTOJIbHBIX KOOPIHHAT.
MHorma HCIomb3yeTcsa IIPHHIMIT ITONSPHBIX (VITIOBBIX) KOOpAHHAT (KpPyroBele Ipaduki). B
KaprorpaMMax CpeIcTBaMH IIPOCTPAHCTBEHHON OPHEHTAIMH SBISIOTCS I'PAHUIIEI T'OCYAAPCIB,
TPaHHIBI  aAMHHHCTPAaTHBHBIX €ro 4YacTel, reorpaHueckme OpPHEHTHPHI (KOHTYPHL peK,
OeperoBeIX JIMHHH MOpell H OKeaHOB). Ha ocsIX cHCTeMBbl KOOpPAHHAT HIH Ha Kapre B
OIIPEJIETIECHHOM TIOPSIKE PacIlolararoTcsd XapaKTEpHCTHKH  CTaTHCTHUYECKHX IIPH3HAKOB
n300pakaeMbIX SBIEHHH IIH IPOIECCOB. lIpH3HaAKM, pacriolaraéMele Ha OCSX KOOpPAHHAT,
MOTYT OBITh KaUECTBEHHBIMH HJIH KOITHYECTBEHHBIMI.

BE) I'padgmueckmii oOpa3 cTaTHCTHUYECKHX JAaHHBIX IIPeJCTaBISeT COOOH COBOKYITHOCTH
IIHHHH, (HTYp, TOYeK, OOpa3yIOMIHMX IeOMeTpHYeCKHe (PHTYphI pa3sHOH (POopMbI (OKPYKHOCTB,
KBaJpaThl, IIPSMOYTOJILHHKH H T.I1.) ¢ Pa3IMYHOH IITPHXOBKOH, OKPAacKOH, I'YCTOTOH HaHECEHH

TOUEK.
AOKYMEHT NOANMCAH i, MOJKHO ITPeJICTaBHTh B IpadrecKoii (hopMe
SNEKTPOHHOW NOOMUCHIO o pedl rpa¢ dop .
CepTudukar ' 12000002A633E3D113AD425FB50002000002A6 HECKOE pEIlEHHE, OIPENENIHTh TOT IpadHuecKHit
Bnapgeneu: [eBayxora TateAHa AnekcaHapoeHa ¢ JaHHOMY MABJIICHHIO, HarTIAJTHES HBGﬁpa}I{aET

} 13 JOIIXKEH COOTBCTCTBOEATE IICIIH I‘pﬂ(l)I]I{El.
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[losToMy mepen mocTrpoeHHeM rIpadrka HeoOXOAHMO VYSICHHTH CYIIMHOCTh SIBJIEHHS H IIETIb,
KOTOpasl CTaBHTCA Ilepe]] rpaduueckrM H300paxeHHeM. BriOpaHHas ¢opma rpaduka JOIKHA
COOTBETCTBOBATh BHYTPEHHEMY COJEPKAHHIO M XapaKTepy CTAaTHCTHYECKOI'O ITOKa3aTesIs.
HarpuMep, cpaBHeHHe Ha IpaHKe IIPOH3BOAHTCS IO TaKHMM H3MEPEHHSAM, KaK IUIOIAb, JJIHHA
OJTHOM M3 CTOPOH (PHI'YP, MECTOHAXOKIEHHEM TOUYEK, HX I'YCTOTOH H T.JI.

Tak, mma m3o0pakeHHsS H3MEHeHHIl SBJIeHHS BO BpPeMeHH HaHOolIee eCTECTBEeHHBIM
THITOM I'pa(pHKa SBJISETCS THHHA. [[JIS pSIOB pacipeAelIeHHS — ITOIHIOH HIH THCTOrPaMMa.

KakKap1il H3 OCHOBHBIX BHIOB I'papHuecKHX H300pakeHHII B CTaTHCTHYECKOH ITPaKTHKE
CTPOHTCS C YUETOM OITPEAEIIEHHBIX IIPAaBII. B CTaTHCTHYECKIX HCCIIEMOBAHMSIX M1 BRISICHEHHS
XapaKTEPHBIX YEPT H OCOOEHHOCTEH MACCOBBIX SBIIEHHH, ITO3HAHHS THIIMYHOI'O B 3THX SBIEHHSIX
H PEIeHHI APYIHX 3aJay IIHPOKO HCIIOIB3YETCS CpaBHEHHE ONHIX aOCONMIOTHBIX, CPEJHHX H
OTHOCHTEINBHBIX CTATHCTHYECKNX BEJIMYHH C JPYTHMH. AHAJN3 — 3TO, IIPeXkIe BCETO CpaBHEHHE
H COIIOCTABIEHHE CTAaTHCTHYECKHMX  JaHHBIX. Hepeako  BoO3HMKaeT  HeoOXOAHMOCTE
COITOCTABJIEHHS PE3YIIbTAaTOB CTAaTHCTHYECKOIO HCCIEAOBAHHSA KOHKPETHOIO SBJIEHHS C
BEJIMYHHAMH THITHYHOI'O (MJealIbHOI0) SIBJIEHHS aHAJIOTHYHOH ITPHPOJHBL. [loaTOMY HarmsgHOeE
nmpeAcTaBlieHHe (Tpadmdyeckoe H300pakeHHEe) CpaBHEHHS CTAaTHCTHYECKHX ITOKa3aTelleH
OTHOCHTCSI K HaHOOllee paclIpOCTPaHEeHHBIM TIpaHKaM B CTaTHCTHKe. IS STHX IieleH
IIPHUMEH SFOTCS JHarPaMMBI.

Jlmarpamma — 310 rpadryeckoe H300pakeHHe, HAITISIHO ITOKA3bIBAOINEEe COOTHOIIEHHE
MeXIY CPaBHHBACMBIMH BEIMUYMHAMH. /[HarpamMma IIpelicTaBIsIeT COOOH 4Yeprek, Ha KOTOPOM
CTaTHCTHYECKHE JaHHBIE YCIOBHO H300paKaroTCS IeOMETPHUYECKHMH JIHHHSAMH, (QHTYpaMH H
TeJIaMH PasIMYHbIX Pa3sMEPOB.

PazmiyaroT ciaeayrolnie OCHOBHBIE BHABI IPa()HKOB (JHarpaMM) CpaBHEHH .

- CTOIIOMKOBEIE,

- TIOJIOCOBEIE,

- KBaJpaTHEIE,

- KPYTOBHIE;

- (PHT'YPHEIE.
JI1s1 MOCTpOeHH JHarpaMM HCITOJIL3YIOTCS CIeAYIOIHEe KOMITBIOTEPHBIE ITPOrPaMMEI

Excel, Mathcad, MATLAB u apyrue.

Il cosmanug rpadukoB B cHcTeMe Mathcad mMeeTcs mporpamMMHBIN TpadHyeCKHI
mporeccop. OCHOBHOe BHHMAaHHE ITPH ero pa3zpaboTke OBIIO yaAeleHO oOecleYeHHIO ITPOCTAThI
3aJlaHHs TPaHKOB H HX MOJH(HKAIHH ¢ IIOMOMIBI0 COOTBETCTBYIOIIHX ITapaMEeTPOB.
[Iporeccop MO3BOISET CTPOHTh CaMble pa3Hble I'pa(HKH, HallpHMEP B JeKapTOBOH H ITOJISPHOMR
CHCTeMe KOOPIHHAT, TPeXMePHBIE ITOBEPXHOCTH, I'PaHKH YPOBHEI.

T mocTpoeHHS I'pa(pHKOB HCITOIB3YIOTC MIa0IoHbl. X nepeyeHb COTMEPKHT ITOAMEHIO
Graph meHro Insert. BonpIMHCTBO MapaMeTpoB IrpapHueCKOro IIporeccopa, HeOOXOMHMBIX IS
MTOCTPOEHHI I'papHKOB, IO YMOTYAHHIO 3a7aeTCsS aBTOMATHYECKH, ITO3TOMY JJIS HayaJbHOIO
MIOCTPOEHH I'padiKa TOro HIH HHOIO BHJAAa JOCTAaTOYHO 3aJarTh THII Ipaduka. B moameHIo
Graph cofepXHTCS CITHCOK H3 CeMH OCHOBHBIX THIIOB I'Pa(pHKOB. OHH MO3BOISIOT BBIIIOIHHTD
CIIeIyIOIIHe JeHCTBH:

X — Y Plot (mexapToB rpaduk) — co3maTh MaOlI0H JBYXMEPHOIO IrpapHKa B JIeKapTOBOH
CHCTEME KOOpIHHAT,

Polar Plot (momsapHeiii rpadHuK) — co3maTh mMadiIoH rpaHKa B ITOISIPHBIX KOOPAHHATAX,

3D Plot Wizard (mMacTep TpexXMepHBIX I'pa(HKOB) — BBI30B MacTepa IS ITOCTPOSHHSI
TpexXMePHBIX I'Pa(hHKOB C 3aJJaHHBIMH CBOICTBaMH,

Surface Plot (rpadHx moBepxHOCTH) - co34aTh MIAOIOH JJII ITOCTPOEHHS TPEXMEPHOTO
rpadbHKa.

NOKYMEHT NOAMWUCAH |
SNEKTPOHHOW NOAMNCHIO co3faTh IMaOIOH A1 KOHTYPHOIO IpadHKa

Ceptudurar:  12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LleBayxosa TarbaHa AnexkcaHapoBHa CO304Th I1a0JIOH I I'pﬂ(bHI{El B BHAC TOYUCK
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3D Bar Plot (TpexmepHasg cTonOHKOBas JHarpamMMa) — co37aTh IHaOIOH IS
H300pakeHHS B BHE COBOKYITHOCTH CTOIOHKOB B TPEXMEPHOM IIPOCTPAHCTBE,

Vector Field Plot (BekTopHOe 107Ie) — co37aTh MIa0IoH JJId I'padHKa BeKTOPHOIO ITOJIS Ha
IUIOCKOCTH.

C ImoHsATHeM rpaHKH CBS3aHO IIPEJCTaBIIEHHE O TI'paHYecKHX O0BeKTaX, HMEFOIHX
OIpeZleJIEHHBIE CBOHCTBA. B OOJBIIHHCTBE ciyyacB 00 OOBEKTax MOKHO 3a0BITh, €CIIH BBl HE
3aHHMAETeCh OOBEKTHO-OPHEHTHPOBAHHLIM ITPOrPaMMHPOBAHHEM. bBOIBIIMHCTBO KOMAH[
BEICOKOYPOBHEBOH I'Pa(pHKH OPHEHTHPOBAHBI Ha KOHEYHOIO IT0Ib30BaTeNnsS. OHH aBTOMaTHYECKH
yCTaHABIIHBAIOT CBOHCTBO I'papHYecKHX 00BEKTOB H 00ecIleUHBaIOT BOCIIPOH3BeAeHHE I'Pa(pHKH
B HY’KHOH CHCTEME KOOPAHHAT, ITAJIMTPE IIBETOB, MacITade M T. 1.

IlocTpoenne rpagpuka nosepxnoctu B cucreme Mathcad.

[TocTpoeHe ITOBEPXHOCTEH ITO MAaTPHIE aIlIUIMKAaT HX To4eK. IIoCKOIbKY 3IeMEHTHI
MaTpHILI M — IlepeMeHHbIe C LEIOYHCIIEHHBIMH HHJEKCaMH, TO Ilepel, CO3JaHHEM MaTpPHIIbI
TpeOyeTcs 3aJaTh HHAEKCHI B BHJE PaHXHPOBAHHBIX II€PEMEHHBIX C IeJIOYHCIICHHBIMH
3HAYEHHSIMH, a 3aTeM yKe H3 HHX (JOPMHpPOBATh CETKY 3HAYEHHH X H Y — KOOpPJHHAT I
armUInKaT Z(X,y). 3HaueHHS X H Y IIPH 3TOM OOBIYHO JOIKHBI OBITH BEIIECTBEHHBIMH YH CIIAMH,
HEPEJIKO KaK IOJIOKHUTEIILHBIMH, TaK H OTPHI[aTEIbHBIMH. 110CIIe BRIITOIHEHHS YKa3aHHBIX BBIIIE
OIpelelIeHH BBOIHUTCS Ia0oH rpaduka (komaHaa Surface Plot).

MocTpoearne M'padbmra NoBepXHOCTH

Z(X,¥) = COslX-v) dVHRIOKMA OBRVH MNepeMeHHHBX H, VY
sl 20  gi= B HenouMcleHHENE MHIS ECH
_ a-10) - 10
My, =1z ,
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PucyHoK 5.1 - IlocTpoeHne nmopepxHocTH 0€3 yaaleHI s HEBHANMBIX JIMHITH

HeoOxomnMo mocTtponThs rpaduk rnmoeepxHocTH B cHcTeMe Mathcad, ordopmarnporas
ero, NPHMEHHB aJITOPHTM (DYHKI[HOHAIbHOH OKpPackKH H VyJaJeHHe HEBHINMBIX JIHHHI.
[TokazaHo, kKak oT(opMaTHpOBaTh rpadHK, IIPHMEHEHHE allrOpHTMa (PYHKITHOHAIIbHOH OKpPacKH

IIOBEDXHOCTH M VIaJIeHHEe HEBHINMBIX JIHHHI.
AOKYMEHT NoanmncAH

SNEKTPOHHOW NOAMUCHIO
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Pucynok 5.2 - IlocTpoenue rpaduka moBepxHocTH B cucreMe Mathcad

ITocTanoBKA 337a4H K J1a0opaTopHoil padore S

1. U3yunrh npeairaraeMeli TEOPETHYECKHI MaTepHal.

2. ITocTpouts rpaduk moBepxHocTH B cucTeMe Mathcad.

3. Bemmonmante  (popMaTHpOBaHHE IIOCTPOEHHOIO TIpadHKa, IIPHMEHHB aJITOPHTM
(P YHKIHOHATBHOI OKPacKH U yAajleHHe HEBHIHMBIX JTHHII,

4. IlogroToBHTh OTYET, BKIIIOYAIOIMH OIMMCAaHHe IIpoIlecca IIOCTPOeHHS TpadHKa H
COOTBETCTBVIOIIHE CKPHHIIIOTHI.

5. Opopmuth oTueT IO naboparopHoH padore. IlpeacTaBHTL OTYeT IO I1a0OPATOPHOMH
padore I 3alTEL

BapunaHnTsl HHAHRBHAY AJILHBIX 33JaHHH

B COOTBETCTBHM ¢ HHAHMBHIYAJIbHBIM 3aJaHHEM IIOCTPOHTh TI'pa(pHK ITOBEPXHOCTH,
BBITIOJIHUTh (pOPMaTHPOBAHHE ITOCTPOEHHOIO I'padHKa, IIPHMEHHB alTOPHTM (PYHKI[HOHAILHOMH
OKpacKH H YyAaJleHHe HeBHAHMBIX JTHHHI. CQOpMHpPOBaTh OTYET, BKIFOYAKOIIHIT OITHCAHHE

ITpoliecca ITOCTPOeHHA rpapHKa H COOTBETCTBYIONIHE CKPHHITIOTEI
Tabmira 5.1 — MHIUBHIYaIbHBIE 3a1aHI

AOKYMEHT NOOANUCAH
SNEKTPOHHOW NOAMUCHIO 0 (D}fI{I{L[IfIH
Ceptuchmkar: 12000002A633E3D113AD425FBS0002000002A6
E!n::a.r > H~ Z(X,}’):KZ’F}’
aeneu. lLleBayxoBa TateaHa AnekcaHapoBHa

Z(X,y)=5cos(x*y)
Z(Xy)=2xty2

| |2 =
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C odepAaHHE OTYHIETA

[Io BBROIONMHEeHHOH pabdoTe cocTaBIIeTCA OTYET. OTYET BBINIONHSAETCS B 3JIeKTPOHHOM
BHJIc. []10 BEIITOITHEHHOMY OTYETY IIPOBOAMTCS 3aIHTa 1a00paTOPHOH padOoTHI.

Otyer 110 JjabopaTopHOH padoTe MOOIDKEH COCTOSTh H3 CIEAYIOIMX CTPYKTYPHBIX
BIIEMEHTOB:

- TUTYIIbHBIH JIHCT,

- BBOJIHAS YacTh,

- OCHOBHA 4acTh (OmHcaHHe padoTHI);

- 3aKIIFOYeHHE (BBIBOJIBI).

BBOmHAsS yacTh OTYETA AOJDKHA BKIIOYATh ITYHKTHI:

- YCIIOBHE 3aJayH,

- TIOPSJIOK BEITIOJIHEHHS.

- IPOrpaMMHO-aIlIapaTHRIE CPEICTBA, HCITONb3YeMBIE ITPH BEITIOTHEHHH Pa0OTHI.

3armra oTyeTa Io 1adopaTopHOi paboTe 3aKIFOYAETCS B IIPEABABIIEHHH ITPEITOAaBaTEIIO
MOITYYEHHBIX PE3YIILTATOB B BHJIE (paiila H JEMOHCTPAI[MH ITOJTYYEHHBIX HABBHIKOB ITPH OTBETaX
Ha BOIIPOCHI IIPEIOJaBaTes.

KonTt POJIbHBIE BOIIPOCHI

1. YTo Ha3BIBAIOT B CTaTHCTHKE I'Pa(pHKOM?

2. Kakme 3agauyd  CTAaTHCTHYECKOIO  HCCIENOBAHMS  PEINArOTCS IIPH  ITOMOIIH
rpapHYecKOro H300paKe HHA?

3. Kak 3agaroT1cs IMpoCTpaHCTBEHHBIE OPHEHTHPEI?

4. Yto npencTaBIgeT co00i rpadgpHyeckiii o0pa3 CTaTHCTHYECKIX JaHHBIX?

5. Jlafite ornpeneneHye J[HarpaMMBeI.

0. IlepeuncriTe THITBI JHATPAMM.

7. 1'me comep KHTCA NepedyeHsb IMadIOHOB ITOCTPOoeHH I rpa)HKOB B cHcTeMe Mathcad?

8. Kaxiie BO3AMOKHOCTH cojiepkaT cpelicTBa rpaduxu Mathcad?

9. IlepeuricinTe H3BECTHBIE BHALI I'Pa) HKOB.

6. VAEBHO-METOJUYECKOE 1 TH®OPMAITMOHHOE OBECHEUEHHIE
TACIUTLINHBI

6.1. Ilepevenn OCHOBHOI H JOIOJHHT €JILHOH JIUTEPATYPbl, He0OX0AMMOM 11
OCBOECHH A U CIHILIMHbI

6.1.1. IlepeyeHb OCHOBHOH JIMTEPATYPbI

1. byriHaue, C.K. lIpuMeHeHHe  YHMCIEHHBIX METOJOB B  MaTeMaTHYeCKOM
MoJlemHpoBaHHH : yieOHoe mocobme / C.K. ByitHaueB ; MuHHcTepcTBO 00pa30BaHHSI H
HaykH Poccmiickoii Depepaimiu, YpanbCkuii (efepalbHBIH YHHBEPCHTET HMeHH IIEPBOIO
IIpesupgenra Poccrm b, H. Emempma , Hayu, pexn. HO.B. llecnH. - ExarepuHOypr
M3parenscTBO Ypansckoro yHuBepcuteTa, 2014, - 72 c¢. : wi. - bubimmorp. B KH. - ISBN 978-5-
7996-1197-2; To xe |[OmnexrponHsrii pecypc|. - URL: http://biblioclub.rv/index. php?
page=book&1d=275957.

2. Kpaxorkuna E.B. UncneHHbIe MeTOIBI B HAYYHBIX pacyeTax | IeKTpOHHBIH pecypc] :
yyeOHOe mocoOHe. Kypce nexmmii / E.B. KpaxoTkmHa. — OIeKTpoOH. TeKCTOBBIE JaHHBIE. —
CraBponoiib: CeBepo-KaBkaszckuil (eAepalbHBIl YHHBepcHTeT, 2015. — 162 c¢. — 2227-
8397. — Pexum goctyma: http://www .iprbookshop.r/62884 html.

6.1.2. IlepeyeHb JONMOHHTEILHOH JIHTEPATYPDI

AOKYMEHT MOANMUCAH leToael. JImHefiHas amrebpa H HeITHHEHBIE
ANEKTPOHHOWM NOANUCHIO

Ceptudbmkar: "12000002A633E3D113AD425FB50002000002A6
Bnapeneu: LLlebayxoea TareAHa AnekcadpoBHa [.: .]_[ElHL:, 2014.
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6.2. Ilepevyenn Y4eOHO-MeTOMIECKOT0 00ecIIeYeHHA CAMOCTOATEIbHOH PadoT bl
00YJAIOIIMXC A 10 JUCIHILIHHE

1. MeTtognueckue YKd3aHHA K BBIIIOJIIHCHHIO HﬂﬁﬂpﬂTﬂpHﬁIX pﬂﬁﬂT Mo JHCIIHILIHHE
{{I/IHCTPWEHTEIHLHLIE CPCACTBA B HHKCHCPHBIX PACHCTAX).

2. Metomiyeckue PEKOMCHAAIIHH JJIA CTYIACHTOB IIO OPIaHI34dIlHH CaMOCTOSITEJIbHOH
pElﬁDTLI ITO JHCITHIUIHHE « HHCTP}"I\IEHTEIJILI{BIE CPEACTBd B HHKCHCPHBIX PACHCTAX).

6.3. Ilepeuenns pecypcoB HHPOPMANHOHHO-T €JIEKOMMYHHKAIHMOHHOH CceTH
I HTEpHET, HEOOXOAHUMBIX /ISl OCBOEHHSA AHCIHILIHHDbI

1. HarmonamsHeIH OTKPEITEIH YHHBepcHTeT. UHTYHT. hitp://www.infuit.ru
2. OenepanbHEIi opTal « Poccuiickoe oOpa3zoBanue. http://www.edu.ru.

3. Poccmiickas rocygapcTBeHHas: OnOnuoTeka. hitp://www.rsl.ru.

4. Pecypc 1o MaTeMaTHYeCKOMY MOJeJINPOBaHIIO. Exponenta.ru.
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BBE/IEHHUE

Mertoanyeckie PEKOMEHAAIMH COHEpKAT IIEPEYEHh TEM C  BOIpOCAMH  JUIA
CAMOCTOSTEIILHONH IPOpaldoOTKH, IIepeuyeHbh JabopaTOpHBIX pabdoT ¢  BOIpOCAMH IS
CAMOCTOSITEIILPHOH ITPOPadOTKH.

Meroanyeckie VyKaszaHHS IIOCBSINEHBI Kypcy «FMHCTpyMeHTalIbHBIE CPEACTBA B

HHDKEHEPHBIX pacyeraxy. 3ajadya aBTOMATH3AI[MH MaTeéMaTHYECKHX PacueTOB M BBIYMCIICHHH
VXOIUT KOPHSMH K HCTOKAM YEJIOBEYECKON IMBIUIM3AIMH, K IIOSBJIEHHIO TIEPBEIX CUYETHBIX
IIpHCITOCOOJIEHIIT — abaKoB, COpoOaHOB M APYIHX SIEMEHTAPHBIX YCTPOHCTB. lIpOpBIBHEIM
MOMEHTOM B 5TOM IIPOIIECCE MOKHO CUHTATh IIOSBIIEHHE SIEKTPOHHBIX BBEIYHCIIHTEIIBHBIX
MamryH (OBM) H KanbKyISTOPOB, OCHOBAHHBIX Ha ITOTYIIPOBOJHHKAX.

B Haimm JHH IIPAKTHYECKH BCE HMHKEHEPHBIE PACUYETHI BBIIIOIHSIOTCSA C IMPHMEHEHHEM
KOMITLIOTEPHOH TexXHHKH. [Ipum »ToM, cdepa pa3paboTKH HHKEHEPHOIO IIPOrPaMMHOIO
obecrieueHHsI o00ocoO0mIack B OTAeIbHYVIO [T-HMHAVCTpHIO, KOTOpass padoTaeT Ha CTBIKE
Pa3IIMYHBIX HAYYHO-TEXHHYECKHX 3HAHHH H JHCLIHIUIHH — MaTeMaTHKH, (DH3HKH, 3J1eKTPOHHKH,
IIPOrPaMMHPOBAHHA. OTO MEKIHCIIHIUIHHAPHBIN ITIOAXOA, B IIOJTHOH MEPE COYETAIONHI B cebe
nnen STEM (science, technology, engineering, mathematics).

1. HEJIb 1 3AJTAYHN U3YUEHUA JUCIHHUII/INHDBI

[{enpr0 OCBOEHHS IHCLHIUIMHBEI SBIIETCS (POPMHpPOBAHHE Habopa ITpo(eCcCHOHAIBHBIX
KOMITeTeHITHII Oyaymiero OakamaBpa 1o HarpalIeHHIO 09.03.02 MH)opMaIllHOHHBIE CHCTEMBI H
TEXHOJIOTHH.

3ajau OCBOEHHS AUCIHIUINHEL H3YVUEHHE HHCTPYMEHTAIBLHBIX CPEACTB B HHIKEHEPHBIX
pacyeTrax, OCBOEHHE HHCTPYMEHTAILHBIX CPEACTB B HHKEHEPHBIX pacueTax.

2. TEMbBI CAMOCTOSTEJILHOM PABOTHI

Ne Tembl | HanmeHOBaHHe TeM JHCIIHIIIMHEL, HX KPaTKOE COJep KaHHe O06peM
JacoB™
4 cemecTp
Paspen 1. MHCTpyMeHTaIBHBIE CPEACTBA B HHXKEHEPHBIX pPacueTax
1 Tema 1. ABTOMaTH3aIM I HHKECHEPHBIX PACUETOR 12
2 Tema 2. MogenupoBaHiie B HHKEHEPHBIX PacueTOB 12
Pasgen 2. IlpwnoxeHMsT HHCTPYMEHTAIIbHEIX CPEICTB B
HHKEHEPHBIX pacyeTax
7 Tema 5. MH(ppacTpyKTypa HHKEHEPHBIX PacyeToB 9
Hroro 3a 4 cemectp 33
3. TEXHOJIOTTUECKASI KAPTA CAMOCTOATEJILHON PABOTHI
OBYYAIOHIEI' OCA
Kojbr CpencTea H | OObeM 4acoB, B TOM YHCIIE
pearmi3yeMbl TEXHOIIOTHH CPC KonraktHa | Bcero
X OL[EHKH s pabora C
Bup IEATEIIbHOCTH
KOMIIETEHIH IIperoaana
3 CTYJIEHTOB
H, TEIEM
‘!'!'UT!"!'!'[-‘-E'!"!"-.-"':‘!"‘!"Z‘!I
[IOKYMEHT MNOAMNUCAH
ANEKTPOHHOW NMOANUCHLIO
Ceptudmkart: ; -12000002A633E3D113AD425FB50002000002A6
BEnageneu: ebayxoea TaTeAHa AnekcaHgpoBHa CeIOBAHIE 2:1 6 0:24 2?4
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IIK-3, CaMOCTOSTEILHOE Cobecenopanrie | 20,06 2,34 23.4
EE; %; H3YUEHHE THTEPATYPHI 10

TeMaM 1, 2. 5
11K-3, [TogroroBka K | OTyer 7,28 0,72 7.2
11-1 IIK-3, .
112 TK-3 1abopaTOpHBIM padoTaM | ITHChbMEHHBIH
Htoro 3a 4 cemecTp 2977 3.3 33
HUtoro 297 3.3 33

4. PEKOMEHIAIINNA J1JIA CAMOIIOAI' OTOBKH

4.1 Iloaroroska K JeknuaM. CaMoOCTOATEIbHOE H3YYEHHE JIUTEPATYPbI

1. Cuctemsr MathCad, S-Plus, Axum.

2. IIporpammmsie IIpoAyKTH KoMItaHiHH MathWorks, Ink. MATL AB.

3. Smnulink. StatSoft.

4. CucreMmsel STATISTICA.

5. TlaxeThl mid yHcIIeHHBIX pacueToB. Scilab. Octave. QtOctave. FreeMat.

6. IlakeTHI 19 CHMBOIBHBIX BEIUHCIEHHI. Naxima. Axiom.

7. VHTepaKTHBHEIE HHCTPYMEHTAILHEIE CPeCTBA B HHKEHEPHEIX PacueTax.
8. B03MOXKHOCTH HHTEPAKTHBHEIX CHCTEM B HHKEHEPHEIX pacueTax.

9. HHTepakTHBHOE IIpHMeHeHHe 31eMeHToB MathCad Mg pelile HiA HHAEHEPHBIX 3a/1au.
10. BRIUHCIIHTEI® HEIE METOIEI PEIIIEHHT 3a0aU MOJEIIH POBAHI.

11. ITocTaHOBKA 3aaurl MOJETHPOBAHHA.

12. KonenryaimpHasd GOpMYIHPOBKA 3aJa4H MOJEIHPOBaHIA.

13. ITocTpoeHie MaTeMaTHUYeCKOH MOJIeIH 00BeKTa. BEIOOp MeTo/1a pere .
14. Waterloo Maple.

15. Cucrema Maple.

16. UmCalc.

17. Simulink. StatSoft.

18. IlakeTrI 1A pellleHH I YPABRHEHHII B UACTHRIX IIPOH3BO/IHBIX.
19. OpenFEM. Impact. SALOME. OpenFOAM. Elmer.

20. HHTepaKTHBHOE IIpHMEHEHIE 3MeMeHTOR Matl.ab

21. OGpaborka MaccHeoB B Mathcad.

22. ®yuxaumn Mathcad g pertrenis cucreMm OJY.

23. Peammsaigida uicIeHHBIX METOJOB MOJIEIIHPOBAHT.

24. IlpoBepka aJeKBaTHOCTH MO/JEIIH

25. AHaTH3 pe3yIkTaTOB MOJIETHPOBAHH .

4.2 IloaroroBka k J1a00paT opHLIM padoTaM
JIabopaTopHas padora 1.

1. YTo Takoe MOJZIelIH H KaKHe BHILI MOJielleH Bl 3HaeTe?

2. Kakne BHABI MOAEIIHPOBAHHS CYILECTBYIOT?

3. Ot 4yero 3aBHCHT TOYHOCTb MOJESITHPOBAHH 7

4. Korpma pa3yMHO IIPHMEHSTH (PH3HYECKOe MOJIETHPOBaHHE?

5. Kakne caMpble H3BECTHBIE IIPHMEPHI CEPHE3HOI0 MOJIEIIHPOBAHH I BEI 3HAETE?
0. Kakme BHIBI ITOTPEIITHOCTH MOAEIIHPOBAHH I BEI 3HAETE ?

7. Kakme rporpaMMHEIE ITPOAYKTEI HCITOIB3VIOT JJISI MOIEITHPOBAHH 17

8. Kak ocyIecTBISeTCS IIOATOTOBKA K MOAEIIMPOBAHIIO?

9. KaxnMu BO3MOXKHOCTSIMH B MOJEITHPOBAaHHH o0agaror CKM?

1

0. UeM oTnHYaeTCHd TPACKTOPHA ITIOJIETd KdMHA 0e3 YHUCTa COITPOTHBIICHIIA BO3YVXd H C

OOKYMEHT NoanmncAH
SNEKTPOHHOW NOAMUCHIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lLlebayxoea TateAHa AnekcaHapoBHa
TOBAHI A H C KaKOH IICJIIBIO OHH HpGEG,[[HTCH?
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3. OxXapakTepH3yYHTE 3Tallbl MATEMATHUYECKOT'O MOAEIIHPOBAHSL.

4. Yto seisgercsd paboynM HHCTPYMEHTOM CTaTHYECKOrO aHam3a’?

5. JlafiTe orpefiesieHHe CTaTHCTHYECKOH THITOTE3hI?

0. Kakne onmmOKH BCTpevyaroTCs IPH BEIOOPOYHOM HAOIFOIeHIH ?

7. IlepeuniciiTe OCHOBHBIE ITTPABHIIA, KOTOPRIE JOJIKHBI BEITIOHATHCS TIPH ITPOBEIEHHI
CTaTUCTHYE CKIX HAOIIOICHI.

8. UTO Takoe KOppEIAIHOHHAS CBSI3h?

9. OxapakTepH3yYHTE METOIBI BRISBIEHHS KOPPEISIIHOHHOH CBSI3H.

10. Ormure BHABI MOIEITHPOBAHISL.

JIadopaTopHas padora 3.

1. IlepeuriciTe JocTOMHCTBA H HeJgocTaTKH cucreMel Mathcad.

2. IlepewicmmTe OCHOBHBIE (DYHKIMH, TPHMeHIeMbIe B CTaTHCTHUECKOH 00paboTKe.

3. Jlnsg yero npuMmeHseTcsa QyHKIMI RND(X)?

4. B KaKHX cIIy4Yasx MPHMeHSIOTCS (DYHKIIHH CIUIaIfHOBOH aITIPOKCHMAIIHH?

5. UeMm ornmdaeTcss QYHKIHS JIHHEMHOH PErPecCHH OT (DYHKIHH ITHHEHHOH PEerpeccHH
oOI11ero Bujga?

0. JlariTe ompeneneHne HEITHHEHNHON perpeccHy oOIIero Buaa?

7. JlaliTe onpeaeneHte (pYHKIHH IIpeJcKa3aHHs?

8. B kakux ciay4yasx (YHKIHSI IpefcKa3aHHI IIPHMEHSIETCS, a B KaKHX IIPHMEHEHHE ee
SIBJISIETCS HELIETIECOOOPA3HBIM?

9. IlepeunicimTe OCHOBHEIE TEXHOIOTHH KOMITbFOTEPHOI'O MOJIEIIIPOBAH L

10. ITepeuncinre HHCTPYMEHTEI KOMITHIOTEPHOI'O MOJIETTHPOBAHIA.

JIabopaTopHas padora 4.

. MarematHyeckoe MOJEIIMPOBAHHE CIIOKHBIX CHCTEM
. Dazopas TpacKTopHs. DazoBOE IIPOCTPAHCTBO

. JJEKOMITO3HIIHM S CHCTEMBIL. XapaKTEPHCTHKH CHCTEMBI
. MaTtemaTtH4eckas MOJIeIh CHCTEMEI

. ArperaTHBHBIE MOJIEIIH

. Tpebopanns K 6a30BEIM JaTYHKaM

. THITEI 6a30BRIX JaTUHKOB

. MogemipoBaHHe CIIy4alHBIX JIEMEHTOB

9. OYHKIHMH PErPeCcCHH
10. OYHKIHA IIpeaCKa3aHH g

0 ~1 S bh = W b

JIabopaTopHas padora S.

1. YTo Ha3pIBAIOT B CTaTHCTHKE I'Pa(pHKOM?

2. Kakne 3amayd  CTAaTHUCTHYECKOI'O  HCCIEJOBAHHMS  PEINaroTCcsd IPH  ITOMOIIH
rpaHyecKoro H300paKeHHT?

3. Kak 3agaroTcs nmpoCcTpaHCTBEHHBIE OPHEHTHPEI?

4. Yro npencTaBiasgeT co00H rpadpHiecKHil 00pa3 CTaTHCTHYECKIX JaHHBIX?

5. JlafiTe ornpeneneHue J[HarpaMMBEI.

0. IlepeuncriTe THITBI JHATPAMM.
7. T Ie comep KHUTCA MepedeHb IMadIOHOB ITOCTPOeHH I rpapHKOB B cHcTeMe Mathcad?

8. Kakxme BO3MOKHOCTH cojiepkar cpejacTBa rpaduku Mathcad?
9. IlepeuricinTe H3BECTHBIE BHEI I'Pa() HKOB.

JIadoonaTonHasa nadora 6.

NOKYMEHT NoanncAH
SNEKTPOHHOM NnoanncbLio 2CKIHIH MATCPpHAJI, COCTABHTIE KOHCIICKT IIO
Ceptudmkar.  12000002A633E3D113AD425FB50002000002A6 s AHTISTY
Bnapeneu; lebayxoea TateAHa AnekcaHapoBHa

JOTBCTCTBHHM C BapHaHTaMIT HHIHNBIYaJIBHBIX
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3. BEIMOMHNTE IOcTpoeHHe IpapHKa ITOBEPXHOCTH 0e3 3aJaHI I MaTPHIIBI.

4. BEIMOMHUTL TIOCTPOEHHE TpaHKa TIOBEPXHOCTH C IIPHMEHEeHHeM (PYHKIHH
CreateMesh, cienaTh CKpHHIIOTHI X0Ja pabOTHI.

5. BRIMOMHHUTE TIOCTpOoeHHe OOBEMHOH (PHTYpPBRI, KOTOpas IIOJIyyaeTcsI BpalleHHEM
KPHBOH, CHeNaTh CKPHHIIIOTEI X04a PabOTHI.

0. IIoArOTOBHTE OTYET, BKIFOYAIOIIIGT CKPHHIIOTEL ITOMYYEeHHBIX JHAarpaMM H OITHCaHHE
X0J1a padoTHI.

7. OpopmuTh oT4eT IO nabopaTopHOH pabGore. IIpeacTaBHTL OTYeT IO Ia0OPATOPHOIM
padoTe IS 3allHTEL

JIadopaTopHas padora 7.

. UTO Takoe MOJIENIH H KaKHE BHIBI MOJIEIIEH BEI 3HAETE?
. Kaxme BHIBI MO ETHPOBAHIS CYILECTBYOT?
. OT 4yero 3aBHCHT TOYHOCTh MOJIETHPOBAHH S?
. Korpma pa3syMHO ITpHMEHSTH (PH3HYECKOE MOJEITHPOBaHHE?
. Kakme camble H3BECTHEIE IIPHMEPHI CEPhe3HOI0 MOJEITHPOBAHHS BEI 3HAeTe?
. Kaxme BHJIBI IOTPEITHOCTH MOJIEIIHPOBAHH S BBl 3HAETE ?
. Kaxme mporpaMMHEIe MPOAYKTEI HCITOIB3YIOT A1 MOACITHPOBAHHS?
. Kak ocyIecTRISeTCS ITOATOTOBKA K MOJIEIIHPOBAHHIO?
0. KakrMn ~ BO3MOJKHOCTSMH B MOJEIHPOBAaHHMH  00NaJalOT  HMHCTPYMEHTEI
KOMITbIOTEPHOI'0 MOAEITNPOBAHHS?

10. UeMm ormnmyaercs TpacKTOPHS IojIeTa KaMHSI 6e3 yueTa COIPOTHBIIEHHS BO3AYXa H C
ero yueTom?

QO -1 S =

JIabopaTopHas padora 8.

. baliecoBckas KimacCcH(pHKaITHI

. HanBHO-6alie COBCKHH ITOAXOL

. Meroarr Data Mining

. CBOICTBAa HAHBHOI KJ1aCCH(MpHKAIHH

. JlocToHHCTBa OaHECOBCKHX CETEH

. baliecoBckas (pHIbTpaIfs IO CIIOBAM

. MeTopl K1acCH()HKAIHH H ITPOrHO3HPOBAHH
. Meron nepeBbeR PEIICHHIL.

0 ~1 S bh = W b

5. TEOPETUYECKHUI MATEPHAJI

5.1 MATEMATHYECKOE MOJAE/IMPOBAHHE B HHKEHEPHBIX PACUETAX

ITocTpoenne Moae

Mogems 1 MOJeTHpPOBaHHE - YHHBEPCAJIbHbIE MOHATHS, aTpPHOYTHI OJJHOTO H3 HaHOOIIee
MOIIHEIX METOJOB ITO3HAHHSA B JIFOOOH ITPOQ)eCCHOHAIbHOH OOIacTH, ITO3HAHHS CHCTEMBEI,
Ipoliecca, SIBJICHHS.

Bug mozemi M METOMBI €€ HCCIIeJOBaHHSI OONIBIIE 3aBHCAT OT HH(POPMAI[HOHHO -
JIOTHYECKHX CBS3€il 5JIEMEHTOB H IIOJCHCTEM MOJECIHPYEMOH CHCTEMEI, PECYPCOB, CBSA3CH C
OKPYKEHHEM, a He OT KOHKPETHOI'O HAIIOITHEHH ST CHCTEMBI.

MozembHEIH CTHIIb MBINDIEHHS TTO3BOJISET BHHKATh B CTPYKTYPY H BHYTPEHHIOK) JIOTHKY
MOJIETTHPYEMOH CHCTEMEL.

[TocTpoeHne MojenH - cHCTEMHAs 3ajjada, TpeOyrolmas aHalli3a H CHHTE3a HCXOJHBIX

L=

AT HbI A, TR o a EC R SIrATTET emetriaTrieToB. CHCTEMHBIH ITOAXO[ ITO3BOISIET HE TOJIIBKO

NOKYMEHT NMOONMUCAH
SNEKTPOHHOW NOANMUCHIO TOJIB30BATh 5TY MOJACIDb JJIA OLICHKII (Ha]'[pI]MEp:,
Ceptudcbikat: - 12000002A633E3D0113AD425FB50002000002A6 IEEIHIIH) CHCTEMBI.
Bnapeneu; lebayxoea TateaHa AnekcaHgpoBHa
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Mogeib - 370 00BEKT HIIH OIMCaHHe 00beKTa, CHCTEMBI JJIS 3aMEINeHHS OHONH CHCTEMBI
(opHrHHama) APYTOH CHCTEMOH IS JIYYINEerOo H3YYeHHS OpPHTHHAlIa IJIH BOCITPOH3BEIEHHS
KaKHX-TTHOO €ro CBOHCTB.

Hammpumep, oToOpakast (PH3HYECKYIO CHCTEMY Ha MaTeMaTHYEeCKYIO CHCTEMY, ITOITYIHM
MAaTeMAaTHYECKYI0 MOJAEIb (PH3HYECKOH CHCTEMBI. JIF00ass MOJellb CTPOHTCS H HCCIIEAYETCS IIPH
OITpeIelIeHHBIX JOITYIIEHHSX, THITOTE3aX.

[Iprmvep.  PaccMorpuM  (H3HYECKYRO CHCTEMY: TEIIO MacCOH IN CKaThIBaeTCS IIO
HAKJIOHHOH IUIOCKOCTH C YCKOpPEeHHEM a, Ha KOTOPOe BO3AeHCTBYeT cHia F.

Hccenenys takue cuctembl, HbIOTOH ITONYYHII MaTeEMaTHYECKOEe COOTHOMIEHHe: F = m™a.
Or0 (pH3MKO-MaTeMaTHYeCKas MOJENb CHCTEMEI IIIH MaTeMaTHYecKas MOJEeNb (PH3HYECKOH
CHCTEMBI CKaTHIBAIOIIETOCS TelIa.

[TpH ormcaHyH 3TOH CHCTEMBI TIPHHSTHI CJIETYFOIIHE THIIOTE 3bI:

- TIOBEPXHOCTH HcalIbHA (KO3((HIIHEHT TPEHHS paBeH HYIIIO);

- TEJIO HAXOIHTCS B BaKyyMe (COITPOTHBJIEHHE BO3AyXa PaBHO HYIIIO);,

- Macca Tejla HEH3MEHHa,

- TEJIO ABHIKETCS ¢ OJHHAKOBBIM ITOCTOSIHHBIM YCKOPEHHEM B TFO00IT TOUKE.

[Iprmvep. @u3HOIOrHYecKass CHCTeMa (CHCTeMa KpOBOOOpaIleHHS 4elIOBeKa) -
MTOAYHHSIETCS HEKOTOPHIM 3aKOHAM TepMOAHHAMHKH. OITHCHIBAS 3TY CHCTEMY Ha (PH3HYECKOM
(TepMOIHHAMHYIECKOM) SI3BIKE O0allaHCOBEIX  3aKOHOB, TTOITYIHM (pH3HYECKYTO,
TEPMOJHHAMHYECKYI0O MOJENIb (PH3HOJIOTHYECKOH CHCTEMBI. ECIH 3aImmcaTh STH 3aKOHBEI Ha
MaTeMaTHYEeCKOM SBBIKE, T.€. COOTBETCTBVIOIIHE TePMOJHHAMHYECKHE YpPaBHEHHS, TO YiKe
MOITy4aeM MaTeMaTH4Ye CKYEO MOJIETIb CHCTEMBI KPOBOOOPAIEHHS.

[Iprnvep. COBOKYITHOCTH MNPENNPHATHH (PYHKIIMOHHPYeT Ha PhIHKe, OOMeHHBAasCh
TOBapaMH, CHIPbEM, YCIyraMH, HHpopMalHeH. EcIH ormicars SKOHOMHYECKHE 3aKOHEI, IIpaBHIIA
HX B3aHMOJACHCTBHSA Ha PBIHKE C IIOMOINBIO MAaTeMAaTHYEeCKHX COOTHOINEHHI, HaIpHMED,
CHCTeMBI anreOpaHYecKHX VYPaBHEHHH, IJe HEH3BECTHBIMH OyAyT BelIHYHHBI ITPHOBLIH,
MOITy4aeMble OT B3aHMOJAECHCTBHS IIPEANPHITHH, a KO3((QHIMEHTAaMH YpaBHEHHS OyIyT
3HAYEHHS HHTEHCHBHOCTEH TAaKNX B3aHMOJIEHCTBHIH, TO MOIIYYHM 5SKOHOMHKO-MAaTeMaTHYECKYEO
MOJIETIb CHCTEMBI ITPEIIIPHSTHIT HA PHIHKE.

CnoBo "mozenp" (maT. modelium) o3Hauvaer "mepa”, "crmoco6", "CXOACTBO ¢ KaKOH-TO
BeI[BIO".

Mopgemporanne OasHpyeTcs Ha MaTeMaTHYeCKOH TeOPHH IOA00HS, COIJIaCHO KOTOPOMH
aOCOIOTHOE MOA00He MOXKET HMETh MECTO JIMIIb ITPH 3aMeHe OJHOro 00beKTa APYTHM TOYHO
TaKHM XKE.

[Ipn MomenupoBaHHH OONIBIMMHCTBA CHCTEM aOCOMIOTHOE ITOJAO0OHE HEBO3MOKHO, H
OCHOBHaS IIeJIb MOJICIIMPOBAHHS 3aKIH0YaeTCsI B TOM, YTO MOJIENb JOCTaTOYHO XOPOMIO JOIDKHA
oro0OpaxaTh (PYHKITHOHHPOBAHHE MOJEIIHPYEMOH CHCTEMBI.

ITo ypoBHIO, "TiIyOHHE' MO/ ITHPOBAHHA MO/1eJIH ObIBAIOT:

1. SMITHpHYECKHE - Ha OCHOBE SMITHPHYE CKHX (PaKTOB (OITEITOB);

2. TEOPETHYECKHE - HA OCHOBE MaTEMaTHYe CKIX OITHCaHHIL,

3. CMEIIAHHEIE, ITONYSMIIMPHYECKHE - HAa OCHOBE SMIMPHYECKHX 3aBHCHMOCTEH U
MATEMATHYECKIX OITHCAHII.

IIpodJiema Moae/IMpOBAHHA COCTOHT H3 TPeX 3a1a1:

1. mocTpoeHne MojenH (3Ta 3ajjaya MeHee (popManH3yeMa H KOHCTPYKTHBHA, T.K. HET
aIITOPHTMA JJISI IIOCTPOEHHS MOJEIEH),

2. HcclleJoBaHHe MoJellH (PTa 3amada  Oojee (opMamHzyeMa, HMEKOTCS MeTOMBI
HCCIIeJOBAHHS Pa3IHYHBIX KIIaCCOB MOJEIEH);

AOKYMEHT MOANMCAH Has 1 KOHKPETH3HPYeMas 3aaya).
ANEKTPOHHOWM NOANUCHIO ) ‘R .
CepTucbukar:  12000002A633E3D113AD425FB50002000002A6 > X2, .., X0, R), HMeeT B,
Bnapeneuy: lLlebayxoea TateAHa AnexkcaHapoBHa — 1: 25 ees n);
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(Q - MHOKeCTBa OTHOIIIEHHI HaJ 7,
X - MHOXXeCTBOM BXOJIHBIX, BEIXOIHBIX CHTHAIOB H COCTOSHHI CHCTEMEI,

Z, - MHOKECTBO OITHCAHHH (IIpeJICTAaBIEHHIT) 3JIEMEHTOB H ITOJIMHOXKECTB X.
Cxema mocTpoeHHsI Moae M CHCTEMBI S ¢ BXOJHBIMH CHIHaTaMH X M BBEIXOIHBIMI
CHTHaJIaMH Y H300pakeHa Ha puc. 1.1.

HMccnenyemas cucrema S Moaems M

PucyHok 1.1 - CXeMa IoCTpOEHHS MOAEITH

Ecm Ha BXom M mocTymaroT CHTHAIIBI H3 X H Ha BBIXOJE ITOSIBJIIFOTCS CHTHAIIBI Y, TO
3aJlaH 3aKOoH (TIpaBwio) { (pYHKITHOHHPOBAHMS MOJETH / CHCTEMEI.

MogemporaHHe - 5TO  YHHBEPCAJIbHBIH  METOJ  ITOJIYYeHHS OITH CaHHSI
(YHKIIHOHHPOBaHHSA 00beKTa H HCIIOIIb30BAHMS 3HAHHHI O HeM. MoJIelIHpoBaHHEe HCITOIb3YeTCs
B TF000H Mpo(eCCHOHAIEHOH JIEeSTeIbHOCTH.

Kiaccupukanua BHI0B MoAe,HpoBaHuA. CTaTHyecKHe H JHHAMHIYECKHeE,
JMCKPeTHbIE H HellpepbIBHbIE MOE/TH

Kiraccndukaigiro MozeIeH IMPOBOJSAT 110 PA3THYHEIM KPHTEPH SIM.

Mogens HasbpIBaeTCSAd CTATHYECKOH, €CIIH CpeJH IlapaMeTpoB, VYACTBYIOIIHX B €€
OIMCAHNH, HET BPEMEHHOI' O MmapaMeTpa. CraTHuecKas MOJIENb B KaKIbII MOMEHT BPpeMEHH JlaeT
b " (poTorpadHIo" CHCTEMEL, €€ CPes3.

[Tprmep. 3axoH HeroToHa F=a*m - 3T0 cTaTmdeckas MOJENIb ABHIKYIIEHCI ¢ YCKOPEHHEM
a MaTepHalbHOH TOYKH MACCOH IN. 3Ta MOJIEIIb HE YUHTBIBAET M3MEHEHHE YVCKOPEHHS OT OJIHOM
TOYKH K JIPYTOIL.

Mogens JHHaMHYeCKas, ECIIH CPeJIH €€ ITapaMEeTPOB €CTh BPEMEHHOH ITapaMeTp, T.€. OHa
oro0OpaXkaeT cucTeMy (IIPOLIECCHI B CHCTEME) BO BPEMEHH.

[Iprvep. JlmHamMIdeckKas MOAENb 3aKOHAa HproToHa OyIeT HMETH BHI!

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

Momens JHCKpPETHAS, €CIIM OHAa OIMCBHIBAET ITOBEIAEHHE CHCTEMEI TOIBKO B JHCKPETHEIE
MOMEHTEI BpEMEHH.

[Ipmmvep. Ecmu pacemarpuBath Tonbko =0, 1, 2, ..., 10 (ceK), To MOJENb

S(t)=gt*/2

HIIH YHCIIOBAs ITocNeloBaTenbHOCTh: S0=0, S1=g/2, S2=2¢g.  S3=9g/2, :, S10=50g mMoXKeT
CIIYKHTh JUCKPETHOH MOJIEIBIO JIBHKEHH I CBOOOIHO ITaarOIIEro Tea.

Momens HelpepeIBHAS, €CIIM OHA OIMMCHIBAET IMOBEIEHHE CHCTEMEI JJIS BCEX MOMEHTOB

HEKOTOPOI'0 IMPOMEXKYTKAa BPEMEHH.
[Tprmep. Mogems S=gt*/2, 0 < t < 100 HellpepbIBHa Ha IIpoMexkyTKe BpeMeHH (0;100).

N MuTAIMOHHBbIE MOdeJIN

Mopgens HMHTAI[HOHHAS, €CIIH OHAa IIPeJHasHaYeHa JUIS MCIBITAHMS HIIM H3YYEHIS
BO3MOJKHBIX ITYTEH PasBHUTHA H IIOBEJIEHHSI OOBEKTa ITYTEM BapbHPOBAHNS HEKOTOPBIX HIIH BCEX
ITapaMeTPOB MOJIEIIH.

ITntmen TIveTs MOTeTRE AKOHOMUUACKON CHCTEMBI ITPOH3BOJICTBA TOBAPOB ABYX BHIOB 1

an%%ﬁgﬁnggﬂ%”ﬂﬁﬁéim [OCThIO Ka’KJOH eIHHHIEI ToBapa al M a2 Ha
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rae S - o0mass CTOMMOCTE ITPOH3BEICHHOH ITPEAIIPHATHEM BCEH ITPOAYKIMH (BHAa 1 1 2).
MOKHO €€ HCIIONIB30BaTh B KAUeCTBE HMHTALMOHHON MOJEIH, IT0 KOTOPOH MOKHO OIIPEIEIISTh

(BapbHpPOBATh) OOMIYIO CTOHMOCTh S B 3aBHCHMOCTH OT TeX HIH HHBIX 3Ha4eHHH O0BeMOB H
CTOMMOCTH ITPOH3BOAHMBIX TOBAPOB.

JleTepMHHHPOBAHHLIE H CTOXACTHYECCKHE MOAe/IH

Mogens JAeTepMHHHPOBAaHHAs, €CIH KaXIOMy BXOJHOMY Halopy II1apaMeTpoB
COOTBETCTBYET BIIOIIHE OIPeJelleHHBIHH H OJHO3HAYHO OIIpeJeisdeMblii HaOOp BBIXOIHBIX
IIapaMeTpoB, B IIPOTHBHOM CIIyYae - MOJEIb HEAeTEPMHHHPOBAHHAS, CTOXACTHUYECKAS
(Be pOSITHOCTHAS).

[Iprmep. IlpuBeneHHbIe BBINIE (DH3HYECKHE MOAEIH - JeTepPMHHHPOBAaHHBIE. EcCIH B
MoJerH S = gt*/ 2, 0 <t < 100 MBI Y4 OBl CIIYYAiHBL1 [TapaMeTP - IIOPbIB BETPA C CIIIOH P IPH
TTaJeHHH Teja:

Sp)=gp)t°/2, 0<t<100,

TO MBI ITOJTYWIUIH ObI CTOXAaCTHYECKYIO MOJEIND (yKe He CBOOOTHOI0) IMaJeHH .

DOYHKIHOHAJIbHbIE, TEOPETHKO-MHOKECTBEHHbIE H JIOTHYEeCKHE MOAE/TH

Mogems (QyHKIIHOHAIBHASL, €CIIH OHa IIpeJlcCTaBHMa B BHJAE CHCTEMBI KaKHX- JIHOO
(PYHKITHOHAIBHBIX COOTHOIIEHHI.

Mogens TeopeTHKO-MHOKECTBEHHASA, €CIIH OHAa IIpeJCTaBHMa C ITOMOIIBIO HEKOTOPBIX
MHOKECTB M OTHOIIIEHHH ITPHHAIEKHOCTH MEKITY HIMIL.

[Iprmep. IIycTh 3a1aHO MHOKECTBO

X = {Hwmxomnaii, Iletp, Hukomnaes, IlerpoB, EneHa, Exareprnna, Muxami, TaTeaHa} H
OTHOINEHH .

Hukomait - cynpyr EjeHEI,

ExarepnHa - cympyra llerpa,

TathgHa - 1oub HHuKOIad H EjleHEI,

Mmxani - ceIH lleTpa H ExaTepHHEL,

ceMbH Muxanna u [leTpa gpyxar Ipyr ¢ Ipyrom.

Torga MHOXecTBO X H MHOXKECTBO IIEPEYHCIIEHHEIX OTHOINEHHH Y MOTYT CIVAKHTH
TEOPETHKO-MHOKECTBEHHOH MOJEIIBIO IBYX JIPYKECTBEHHBIX CEMEH.

Mogerns Ha3bIBaeTCA JJOTHYECKOH, €CIIH OHA IPeJcTaBUMa JIOTHYECKHMH () YHKITFLSIMH.

Harrpumep, COBOKYITHOCTh JTOTHYECKHX (DYHKIHI BHA:

Z=X"Ny ¥ X, P=X"Yy
eCTh MaTeMaTHYe CKas JIOTHYeCcKasd MOAENb PaldoThl JHCKPETHOIO YCTPOHCTBA.

Hrposbie Moge Il

Mogens HrpoBasi, €CIIi OHa OITMCBIBAET, PEAM3YET HEKOTOPYIO HIPOBYIO CHTYAI[HIO
MeKTY YVUYaCTHHKAMH HIPEI.

[Iprmmep. Ilycts mrpok 1 - HOOPOCOBECTHBIH HAJIOTOBBIH HMHCIIEKTOP, a4 HIPOK 2 -
HeJOOpOCOBECTHRIH HaJIOrOIUIATEIIbINHK. MaeT mpoiecc (Hrpa) Mo YKIOHEHHIO OT HalIoroB (C
OHOM CTOPOHBI) H IO BBIIBJIEHHIO COKPBITHS YIUIATHL HAIOroB (C JPYrOH CTOPOHEI). HMrpokm

BEIOHPAIOT HATypalbHEIE YHcIa 1 M ] (1, ] = n), KOTOPhle MOXXHO OTOKJIeCTBHTh, COOTBETCTBEHHO,
cO ImTpad)oM HIpoKa 2 3a HeyIUIATy HaJOI'OB ITPH OOHapy KeHHH HIPOKOM 1 (pakTa HeyIUIaTHl H C
BPEMEHHOH BBITOJIOH HIPOKA 2 OT COKPBITHS HAIOroB. MoOJens HIPHEl OIMHCBIBAETCS 3TOH
MATPHIEN H cTpaTerHel YKIOHEHHS H ITOMMKH. OTa HIpa - aHTarOHHCTHYECKasL.

AJIropurMHYecKHe, CTPYKTYPHbIE, rpagoBble MOJe/TH
Mogems anropurMHYecKas, €clIH OHa OITFCaHa HEeKOTOPBIM AalICOPHTMOM  HITH
KOMIUIEKCOM aJITOPHTMOB, OIPEAETISIONMM (PYHKITHOHHPOBAHHE, Pa3BHTHE CHCTEMEI.

AOKYMEHT NOANUCAH - MOI'YT OBITH HCCIENOBAHBI HWIH PeaIH30BAHEBI
3NEKTPOHHOW NoanuUChIo

Ceptudmkat: - 12000002A633E3D113AD425FB50002000002A6
Bnapgeneu: Lebayxoea TateAHa AnekcaHgpoBHa OEeCKOHEYHOI'O WBIBEII'DH_[ETG PAOdd THCCII MOMKET
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TOYHOCTH. AJITOPHTMHYECKOH MOJIENIBI0 KOPHS KBaJPaTHOIO H3 YHCIIAa X MOXET CIIYKHTb
aJITOPHTM BBIYHCIIEHHS €TI0 MPHOIHKEHHOI O 3HAYEHHS 10 H3BECTHOH PEKYPPEHTHOH (POPMYIIE.
Mogens Ha3bpIBaeTCS CTPYKTYPHOH, €CIH OHa IIpeJICTaBHMa CTPYKTYPOH JAaHHBIX HIIH
CTPYKTYPaMH JaHHBIX H OTHOIIEHHSMH ME KTy HIMH.
Mogems HaszpIiBaeTcS I'padOBOH, €CIIH OHAa IIpeAcTaBHMa Irpad)oM IH IpadaMH H
OTHOITIEHH SIMH MEJKTY HHMI.

Hepapxu4yeckHe H ceTeBble MOAeJIN

Mogems HaszbpIBaeTCS HepapXH4YecKOH (IpeBOBHIAHOM), €CIH IIpeJcTaBHMa HEKOTOPOH
HEpapXHYeCKOH CTPYKTYPOH (IepeBOM).

[Iprvep. JIng pemmeHHs 3aJayd HaXOKAEHHS MapHIpyTa B JIepeBe IIOHCKAa MOXKHO

ITIOCTPOHTE, HAIPHMED, APEeBOBHAHYIO MOJENb (pHc. 2.1):

PucyHok 2.1 - Mojenp HepapXuueCKOH CTPYKTYPEI

Mopgens Ha3kIBaeTCA CETEBOMH, €CIIH OHA IIPECTaBIMa HEKOTOPOH CETEBOH CTPYKTYPOHL.
[Ipmvep. CTpOHTENBCTBO HOBOIO JiOMa BKIIXOYAET OIEpallii, IIPHBEIECHHBIE B
HIDKECTIEAVIOIIEH TaOIIIlE.

Tabmmia 2.1 - PabGoTHI ITpH CTPOHUTEILCTRE JTOMA
Ne | Orneparris Bpemsa BreinmonHeHud | [Ipemiecteyrone JyrH
(JTHIT) OIe palfHH rpaca

1 | Pacuncrka y4yacTtka 1 HET -

2 | 3axmagka ¢pyHIaMeHTa 4 PacuricTka yuyacTka (1) 1-2

3 | Bo3BeneHue cTeH 4 3akinaaka pyHgaMenTa (2) | 2-3

4 | MoHTax 3 BosBeneHue cTeH (3) 3-4
BIIEKTPOITPOBOIKH

5 | HItykaTrypHbIe padoThl 4 MoHTaX) 4-5

AIEKTPOITPOBOAKH (4)

6 | BrmaroycTpoiicTBo 6 BosBeaeHue cTeH (3) 3-6
TEPPHTOPHH

7 | Orgenoydsle padbOTH 4 [TITykaTypHble paboTH (5) | 5-7

8 | HacThn xpbInm 5 BosBegeHue cTeH (3) 3-8

CeTeBas MOJIeIb (ceTeBOH IpaHK) CTPOHTEILCTBA JOMa JaHa Ha puc. 2.2.
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PrcyHok 2.2 - CeTeBoi rpaHK CTPOHTENILCTBA

JIBe paboTEI, COOTBETCTBVIONE Ayre 4-8, IMapalielbHbBl, HX MOXHO OO 3aMeHHTH
OMHOM, IIPeJCTABIIIIOINEH COBMECTHYIO OIepalHio (MOHTaXK 3JIEKTPOIIPOBOAKH H HAaCTHII
KPHIIIH) ¢ HOBOH omepallHeld IIHTeIbHOCThIO 3+5=8, mi00 BBECTH Ha OJHOH JAyTre (PHKTHBHOE
COORITHE.

JINHrBHCTHYECKHE MOJeJIH

Monens Ha3bIBAETCS S3BIKOBOM, JIHMHIBHCTHYECKOMH, €CIIH OHA IIPeICTaRlIeHa HEKOTOPBIM
JIHHTBHCTHYECKHM OO0BEeKTOM, (POpMaIH30BaHHOH S3BIKOBOM CHCTEMOH HITH CTPYKTYPOH.

MHorma takie MOJEIH Ha3bIBaIOT BePOATbHEIMI, CHHTAKCHYECKHMH.

Hampumep, npagmia JOpOKHOIO ABHKEHHS - S3IKOBAS, CTPYKTYPHAS MOJIEID JABIHIKEHHS
TPAHCIIOPTa H IEIEXO0A0B Ha JOporax.

BuszyajibHble, HATYPHbIE, TeoOMeTPHYeCKIEe MOJe/IH

Monmemns BH3ValbHAs, €CIIH OHa II03BOJISIET BH3YAIM3HPOBAaTh OTHOIIEHHS H CBSI3H
MOJIEJINPYEMOH CHCTEMBI, OCOOEHHO B JHHAMHKE.

Hampumep, Ha sKpaHe KOMITBIOTEPA YaCTO IMOMB3YIOTCS BH3YAJIbHOH MOJENBIO TOrO HIIM
HHOI 0 OOBEKTA.

Mogens HaTypHast, €CIIH OHa €CTh MaTepPHAIIbHAS KOITHSI 00BhEKTa MOJIEIMPOBAH AL

Hampumep, rmmo0yc - HaTypHas reorpadHyeckas MOJAEIb 3eMHOIO Iapa.

Mogems reoMerpHyeckas, rpauyeckas, €clIH OHa IIpeJcTaBHMa I'eOMeTPHYECKHMH
oOpazaMH 1 OOBEKTAMIL.

Hampumep, makeT goma SBIISIETCS HATYPHOH I'e€OMETPHYECKOH MOJEIBIO CTPOSIIEr OCS
IoMa. BIIHCaHHBIH B OKPYKHOCTH MHOTOVIOIBHHK JaceT MOJIENh OKPY/KHOCTH. MIMeHHO oOHa
HCITIOJIb3YETCS ITPH H300pakeHHH OKPYKHOCTH Ha SKpaHe KOMITbIOTepa. [IpsaMast JHHS SBISeTCS
MOJIEJILIO YHCIIOBOH OCH, a TUIOCKOCTH YacTO H300paskaeTcs, KaK IapariielIorpaMM.

CucremMa KJIeTOYHBIX ABTOMATOB

Mozgens KIETOYHO-aBTOMATHAs, €CJIM OHA IIPeJCTaBHMa KIIETOYHBIM aBTOMATOM HIIM
CHCTEMOH KIIETOYHEBIX aBTOMATOB.

KileToyHbni aBTOMAT - [JHCKpPeTHAs JHHAMHYECKas CHCTeMa, aHaJIor (PH3HYECKOIO
(HemmpephIBHOrO) ITONA. KIeToyHOo-aBTOMAaTHasI TeOMETPHS - aHaJIOr EBKIIMIAOBOH I'eOMETPHH.
HepennMmelil sineMeHT €BKIHIAOBOH TEOMETPHH - TOYKA, HAa OCHOBE €€ CTPOSTICS OTPE3KH,
IIPSIMBIE, TUIOCKOCTH M T ..

HememmMeril smeMeHT KIeTOYHO-aBTOMATHOI'O OIS - KIIETKAa, Ha OCHOBE €& CTPOSTCS
KIIACTEPBl KIIETOK H Pa3IHYHble KOH(PHTYpallHH KIeTOYHBIX CTPYKTYp. IIpencrarinsercs
KJIETOYHBIH aBTOMAT PaBHOMEPHOH CEThIO KIIeTOK ("sueeK") 3TOro Momsa. DBOMIOIHS KIIEeTOYHOIO
aBTOMATa Pa3sBOPAYHBAETCS B JHUCKPETHOM IIPOCTPAHCTBE - KIIETOYHOM II0JIE.

CMEHAa COCTOSHMII B KIETOYHO-aBTOMAaTHOM IIOJIE ITPOMCXOANUT OIJHOBPEMEHHO M
IapaiielIbHO, a BpeMI HIET AHCKPeTHO. HecMOTps Ha KaXXyIIYIOCS IPOCTOTY HX ITOCTPOEHHSL
KIIETOYHBIE ABTOMAThl MOTIYT JIEMOHCTPHPOBATh PasHOOOpasHOE M CIOKHOE IIOBEJEHHE
OOBEKTOB, CHCTEM.

B r1mociaemHee BpeMS OHH IIHMPOKO HCIOIB3YIOTCSA IIPH MOJEIHPOBAHHH HE TOIBKO
(pH3HYECKIX, HO H COIHAIbHO-3KOHOMHYECKHX ITPOIIECCOB.

dpakTaabHbIe MOJE/IH

Mogems HasbIBaeTCS (PPaKTaAIbHOM, €CIIH OHa OITHCBHIBAET SBOJIIOLHIO MOJEITHPYEMOH
CHCTEMBI 3BOIIFOLHEH (PpaKTalIbHBIX OOBEKTOB.

Ecmm uzmdeckmii oObeKT OJHOPOMHBIH (CITIOIMHOM), T.€. B HEM HET IIOIOCTEH, TO

[OKYMEHT NOANVCAH SHT OT pasMepa. Hampumep, IpH yBeTHYEHHH
ANEKTPOHHOM MOANNCHIO semuHTCa B R° pas, ecm 00BeKT - KPyr U B R’
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A
g — R" —canst

E:‘!
Ecimm o6®ekT (cucTema) yaoBieTBopseT coorHorreHmo M(R) ~ R™, rge f(n) < n, to
TaKOH 00OBeKT Ha3bIBaeTCs (PpaKTaIbHBIM.
Ero mioTHocTh He OyAEeT OAMHAKOBOH IS BCeX 3HAaueHHH R, TO OHa Maciuradbupyercs

COITIacHO (popMyTIE:
thl::ﬁ:l . M{f} . Hj'imj—n!
R

Tak xkak f(n) - n < 0 mo omnpeJeleHHIO, TO IIIOTHOCTh (ppaKTalbHOro OOBeKTa
yMeHbIIAaeTCSI ¢ YyBelHmdeHHeM pasMepa R, a p(R) sSBIgeTcd KOIHYECTBEHHOH MEpOMH
paspsKeHHOCTH O0OBEKTa.

[IprMep ¢pakranpHOH MOAemH - MHOKecTBO KaHTopa. Paccmorpmm otpesok [0:1].
PazgermiM ero Ha 3 4acTH M BBRIOPOCHM CpeJHHH OTpPe30K. OcTaBimMecs 2 IIPOMEKYTKaA OIISTH
pasgemM Ha TPH YacTH M BREIKHHEM CpeJHIHEe IIPOMeXYTKH H T.4. IlomyuiM MHOXeCTBO,
Has3pIBAEMOEe MHOXKeCcTBOM KaHTopa. B T1pefmene r1onyyaeM HeCUYETHOE  MHOMKECTBO

M30IIHPOBAHHBIX TOYEK.
T —— o —————1
0 1/9 29 113 2/3 79 89 l

PucyHok 2.3 - MHoxkecTBO KaHTOpa i1 3-X AeneHui
5.2 ABTOMATH3AIINA HH)KEHEPHBIX PACYHUETOB

OcHOBHbBIE CBONMCTBA MoOJeJIH H MOJCJIHPDOBAHH A

['paHMIBIl MEXAY MOJEISIMH PasiIHMYHOI'O BHIA BEChMa YCIOBHBEL. MOKHO TOBOPHTHL O
PAa3MYHBEIX PpeXHMax HCIIONB30BAHMS MOJENIEH - HMHTAIHOHHOM, CTOXaCTHUYECKOM,
IIMHAMHYECKOM, JIETe PMHHHPOBAHHOM H .

Kakx mpaBHIIO, MOJieTIh BKIIIOYaeT B ceOs: oObekT O, cyObekT A (He 00S3aTelbHO) ,
3a7auy Z, pecypcel B, cpeny moaenupoBaHusa C.

Mogenr MOXKHO IpejicTaBHTh (popManmbHO B BHAe: M =<0, A, Z, B, C >,

(OCHOBHBIE CBOHCTBA JTFOOOH MOJIEIIH:

1. LlenmeHanpaBIeHHOCTh - MOJIENIF BCErJa OTOOpaKaeT HEKOTOPYIO CHCTEMY, T.€. HMEET
I[EJIb TAKOI'O OTOOpaKeHH S,

2. KoHeyHOCTE - MOJENs OTOOpakaeT OpPHIHHAJI JIHINhF B KOHEYHOM YHCIIE €ro0
OTHOIIIEHHH H PECYPCHI MOJCIIHMPOBAHIS KOHEYHEI,

3. YIIPOIIIEHHOCTE - MOJIENIF OTOOpPakaeT TOINBKO CYIIECTBEHHEBIE CTOPOHEI 00OBEKTa H OHA
IOJIKHA OBITH ITPOCTA IS HCCIIETOBAHIS HIIH BOCITPOH3BEIEHILT,

4. HarmsagHocTs, 0003pHMOCTE OCHOBHEBIX €€ CBOHCTB H OTHOIIIEHHIH,

5. JIOCTYITHOCTE M TEXHOJIOTHYHOCTE JJIS HCCIIEAOBAHM I HIIH BOCIIPOH3BEAEHHS,

6. MHpopMaTHBHOCTE - MOAENb JO/DKHA COAEpkKaTh JOCTaTOUYHYED HH(OPMAIHIO O
cucTeMe (B paMKax THIIOTe3, IIPHHITBEIX IIPH ITOCTPOEHHH MOJEIH) H JOIMKHA JaBaTh
BO3MOKHOCTH MOITY4aTh HOBYIO HH() OPMAIIHIO,

7. IlomHoTa - B MOJENIH IOMKHBI OBITH YUTEHBI BCE OCHOBHBIE CBSI3H H OTHOIIEHHS,
HeOOXOAMMBIE IJIS1 0OeCIIeUeHHS LIETTH MOJAEIIHPOBAHHS,

8. YIIpaBISIEMOCThE - MOJENL AOJKHA HMETH XOTS OBl OAHH ITapaMeTp, H3MEHEHHSIMI
KOTOPOI'0 MOKHO HMHTHPOBATE ITOBEIEHHE MOJIEIIHPYEMOH CHCTEMEBIL B PA3/IMUHBIX YVCIOBHSIX.

ZKH3HEHHBIH IHKJI MOJE/IHPYEMOH CHCTEMbI

"'ﬁﬁﬁﬁéﬁf ﬁﬁﬁl‘iﬂﬁﬂﬂ_"“ ST OO T MBI COCTONT M3 CIICAVYIOIHX 3TAIIOB!
SNEKTPOHHOM NOANMUCLIO BBIABHXCHHE THIIOTCS, ]'[pE,[[EapHTE:JIBI{BIﬁ
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3. IlocTpoenne crielpHKAIII MOIEIIH, pa3paboTKa H OTIaJKa OTJEIbHBIX ITOAMOIEIICH,
cOOpKa MOZEH B IIEJIOM, HIeHTH()HKAIN (€CIIH 3TO HY’KHO) ITapaMeTPOB MOJEIIEH,

4. UccnegoBanre MOAENIH - BRIOOP METOJa HCCIIeLOBAaHHSA M pas3paloTKa airopHTMa
(IIporpaMMbI) MOAETHPOBAHHS,

5. UccnemoBanie aieKBaTHOCTH, YCTOHYHBOCTH, YYBCTBHTEIBHOCTH MOJIEIH

6. OneHKa cpeICTB MOAEITHPOBAHHUS (3aTpauyeHHBIX PECYPCOB);

7. MHTepripeTalfs, aHaIN3 Pe3VyIIbTaTOB MOJEIIHPOBAHHS H YCTAHOBJIEHHE HEKOTOPBIX
IIPHYIMHHO-CIIEACTBEHHBIX CBS3€H B HCCIIETYEMOI CHCTEME,

8. I'eHepaI1is 0OTYETOB H MPOEKTHHIX (HAPOJHO-XO3SICTBEHHBIX) PEIIIEHHIT,

0. YTOoYHeHHe, MOAH(HKAIIS MOJEIH, €CIIH 3TO HEOOXOAHMO, H BO3BPaAT K HCCIIEIYeMOI
CHCTEME C HOBBIMH 3HAHHSMH, ITOTYYeHHBIMH C ITOMOIIBEI0 MOJIETH H MOJIETTHPOBAHIS.

Moge/mpoBaHNe KAK MeTO CHCTEMHOI'0 AHAJIM3A

YacTo B CHCTEMHOM aHalM3€ IIPH MOJIEIILHOM IIOAXOAE HCCIIEAOBAHMSI MOXKET
COBEPINIATHCS OJHA MeTOJAHYECKasl OIMHOKa, a HIMEHHO, - IIOCTPOEHHE KOPPEKTHBIX U aJIcKBAaTHBIX
MoOJlelIer (TTOAMOJENeH) ITOACHCTEM CHCTEMBI H HX JIOTHYECKH KOPPEKTHasl YBS3Ka HE JacT
TapaHTHH KOPPEKTHOCTH ITOCTPOEHHOH TaKHM CIIOCOO0M MOJETH BCEH CHCTEMEI.

Mopgens, mocTpoeHHas Oe3 ydueTa CBS3EH CHCTEMBI CO CPEJOH, MOXKET  CIIYKHTB
IIOJITBEPKICHHEM TEOPEMEI [ eJlellst, a TOUHEE, €€ CIEACTBHS, VIBEPAKIAIOIIETO, YTO B CIIOKHOH
H30JIHPOBAHHON CHCTEME MOT'YT CYIIECTBOBATH HCTHHBI H BEIBOIELI, KOPPEKTHEIE B 3TOH CHCTEME
1 HEKOPPEKTHEIE BHE €€.

Hayka MoeIHpOoBaHHS COCTOHT B pas3jlelIeHHH ITpollecca MOJETHPOBAHHSA (CHCTEMBEI,
MOJIEIIH) Ha 5Tarbl (IMOJCHCTEMSBI, ITIOAMOJEIH), JeTallbHOM H3YYeHHH Ka)kKJOro STalla,
B3aHMOOTHOIIIEHHH, CBS3€H, OTHOINEHHH MeXJTy HHMH H 3aTeM 3()(eKTHBHOI'O OIMHMCAHHS HX C
MAaKCHMaJIbHO BO3MOKHOH CTEIEHBIO (DOPMATH3aIMH H aIeKBATHOCTH.

B ciyyae HapyIleHHs 3THX IIPAaBHII IIOIIYYAaEM HE MOJEIh CHCTEMBI, a MOJIEIb
"COOCTBEHHBIX M HETIOHBIX 3HAHII".

MogemporaHHe paccMaTpHBaeTCs, Kak ocoOas (popMa SKCIIEpHMEHTA, SKCIIEPHMEHTA He
HaJ caMHM OpPHIHHAJIOM, T.€. IIPOCTBIM MM OOBIYHBIM SKCIIEPHMEHTOM, a HaJ KOIHEH
OpHIHHAJA. 371eCh BaKeH H30MOP(H3M CHCTEM OPHIHHAILHOH H MOJEILHOM.

MzomopdnsM - paBeHCTBO, OJHHAKOBOCTD, ITOJIO0HE.

Mogenm 1 MoZIEHPOBAaHHE ITPHMEH SEFOTCS IT0 OCHOBHEIM HaITPABIIEHH SIM:

- B 00YYEHHH, B ITO3HAHUH H Pa3paldoTKe TEOPHH HCCIIEYEMBIX CHCTEM,

- B IIPOTHO3HPOBAHHH (BBIXOIHBIX JaHHBIX, CHTYAL[HI, COCTOSHHI CHCTEMBI);,

- B YIIPaBJIeHHH (CHCTEMOH B LIEIIOM, OTJIEIIbHBIMH €€ ITOJICHCTEMAMH ),

- B aBTOMAaTH3aLMH (CHCTEMEI HIIH €€ OTAEIIBHBIX IIOACHCTEM).

Kiaaccupukanus BHIA0B MoAeTHPOBAHNS

Mogarmp oz 2o
FrcrEcioe Maemerreae
Eﬁmniny ch'mmrepl-tc-e
CTATHCTHERCH
i me poe /
| I'T_wcerraﬂ;enx-u-n:e
NJOKYMEHT NOANMUCAH
SNEKTPOHHOWM NOoANUCLIO
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[Ipn pH3HYecKOM MOAEIHPOBAHHH HCIIOJIB3YETCSA caMa CHCTeMa, JTHOO IMoJo0Has eil B
BHJIe MaKeTa, HallpHMep, JIeTaTelIbHbIH armrapaT B a3poJHHaMHYECKOi Tpyoe.

MartemaTHYecKOe MOJIEIIHPOBAHHE €CTh ITPOIeCC YCTaHOBJIEHHS COOTBETCTBHS PeajlbHOM
CHCTEME S MaTeMaTHYeCKOH MoAenH M H HccllefOBaHHE 3TOH MOJENIH, ITO3BOIISIONIEee ITOTYYHTh
XapaKTe PHCTHKH PealbHOH CHCTEMEL.

[Ipn aHaIMTHYEeCKOM MOJEIHPOBAHHH IIPOIECCHl (DYHKIIHOHHPOBAHHS SIeMeHTOB
3alTHCHIBAIOTCS B BHIE MaTeMaTHYeCKHX COOTHOIIEHHH (anreOpaHyecKHX, HHTEerpPaIbHBIX,
T (]epeHIHaTbHBIX, TOTHYECKHX H AP.).

AHamuTHYeCcKas MOJEIh MOKeT OBITh HCCIeJOBaHAa MeTOMaMH:

- AaHAJINTHYECKHMH (YCTaHABIMBAIOTCS SBHBIE 3aBHCHMOCTH, ITOIYYarOTCS, B OCHOBHOM,
aHAIIMTHYE CKHE PeIlleHUS),

- YHCIeHHBIMH (TIOJTYYarOTCS MPHOIIHKEHHbBIE PellleH ),

KommproTepHOE MaTeMaTHYeCKOe MOJAEIHpOBaHHe (DOPMYIHpPYeTCS B BHJE aJrOpPHTMAa
(mporpammel  JyiT  5BM), 4TO IIO3BONSET IIPOBOJHTL HaJ MOJENBI0 BBIYHCIHTEIBHEIE
SKCIIEPHMEHTHL.

UncrmeHHOe MOJETHPOBAHHE HCIIONB3YeT METOABI BRIUHCIHTEIHHOIN MaTeMaTHKH.

CTaTHCTHYECKOE MOJEIIHPOBAaHHE HCIIONb3yeT 00pabOTKY JAaHHBIX O CHCTEME C IIENIBIO
MOITYYEeHHS CTaTHCTHYECKHX XapaKTePHCTHK CHCTEMBI.

MMHTanimoHHOE MOJEIMPOBAaHHE  BOCIIPOH3BOAHUT Ha OBM (MMHTHpYeT) IIpoIecc
(YHKIIMOHHPOBAHHSA HCCIEAYEMOH CHCTEMBI, COOMIOJAas JIOTHYECKYIO H  BPEMEHHYVIO
MTOCIIEAOBATEILHOCTh ITPOTEKAHHI ITPOIECCOB, YTO ITO3BOISIET Y3HATh JaHHBIE O COCTOSHHH
CHCTEMBI HITH OTJIEIbHBIX ee 3IIEMEHTOB B OIpejielleHHble MOMEHTEI BpeMeHH.

[IprMeHeHHe MaTeMaTHYeCKOr0 MOJEIHPOBAHHS IT03BOISIET HCCIEeNOBaTh OOBEKTHI,
pealbHbIe SKCIIEPHMEHTHI HaJl KOTOPBIMH 3aTPYAHEHBI HIIH HEBO3MOKHEL.

OKOHOMHYECKHH »(pQeKT ITpH MaTeMaTHYECKOM MOJIEIHPOBAHHH COCTOHT B TOM, YTO
3aTPaThl Ha MMPOeKTHPOBAaHHE CHCTEM B CpeJJHEM COKpaImaroTcaB 50 pas.

Mathcad — cucTeMa KOMIBIOTEPHOH AJIredpbl

Mathcad — cucrema KoMIbrOTEpHOH areOphl M3 Kilacca CHCTEM aBTOMATH3HPOBAHHOIO
IIPOEKTHPOBAHHMS, OPHEHTHPOBAHHAS Ha IIOATOTOBKY HHTEPAKTHBHBIX JIOKYMEHTOB C
BEIUHCIIEHISIMH M BH3ValIbHBIM COITPOBOXIAECHHEM, OTIMYACTCS JIETKOCTBIO HCIIOIB30BAHHS I
TIPHMEHEHH S U1 KOIIEKTHBHOM paOOTHI.

[IIupoxiii mHTEepec K cHcTeMe Mathcad mpuBen k Tomy, yTo B PoccHH HaKOHEI-TO
MTOSIBIIMICh KHHTH IO OTJelIbHBIM BepcHsaM. Cuctema Mathcad Orina cosmana B 80-X romax B
yHHBepcuTeTe Crandopaa (CIIA).

COBpEeMEHHBIE BEPCHH U1 [TK roroBHT (pupma MathSoft Application.
JIOCTOMHCTBO — ITpOrpaMMHpPOBAaHHE Ha SI3BIKE MaTEMaTHKH. 310 YHHBEPCAJIbHBIH
MaTeMaTHYeCKHH HHTep eHc:

- EcTh MoIHas moaAepKKa IrpapHKH.

- Bo3mokeH HMITOPT IpaHKH H3 JPYTHX ITPOTrPaMM.

- Bomb1moe KOIMIM4IecTBO BCTPOSHHBIX MaTeEMAaTHUYECKHX (DYHKINHI (COTHI).

- BCTpoeHHEIE CITPaBOYHHKH TIO ITPEIMETHBIM O0JIaCTSIM.

- Bo3MOKHa aHHMAaI[Hs.

- CHMBOIIbHAS MaTeMaTHKA.

Hegocratku:

- OTO HHTEPIIPETATOP.

- BO3MOXHOCTH ITpOr paMMHPOBAHH 1 OTPaHHYEHBI.

Cucrembl Mathcad momp3yroTcs OrpOMHOH ITOMYIIPHOCTBIO BO BceM MHpe Onarojaps
Y OOHBIN HOKYMENT MOANVCAH |~ 77777777777 MIMEIOIIHNX BHA OOBIYHBIX CTATEH HIIM KHHUT. B TO

ANEKTPOHHOM MOAMUCHLIO THE NOCTATOYHBI JJIS PEIINEHHS ITOLAaBIISFOIIET O
CepTudvkar: . 12000002A633E3D113AD425FB50002000002A6 [PYTHX HATIPABIEHHI HAYKH H TEXHIKIL
Bnapeneu: le6ayxoea TatesaHa AnekcaHgpoBHa
SHTHPOBAHHEIMH YHHBEPCAIbHBIMH CHCTEMAaMH.
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ITO3BOIISIFOT TOTOBHTh CTAaThH, KHHIH, MHCCEPTALIMI, HAYUHEIE OTYETHI, JUIUIOMHBIE H KYPCOBEIE
ITPOEKTHI C JOCTYITHBIM HAaOOpPOM CaMBIX CIIOKHBIX MaTeMaTHYeCKHX (DOPMYII H H3BICKaHHBIM
rpa(pHYeCKHM IIPeICTaBIEHHEM PE3YIIbTATOB.

C caMoro IIepBOrO CBOEro IOSBIEeHHA CHCTeMBl Kiacca Mathcad mmenn yaoOHEBIH
TTOITB30BATENCKHH HHTEP(EHC — COBOKYIIHOCTh CPEACTB OOIIEHHS C IIOIb30BAaTEIIEM B BHIE
MaCIITaOHpPyeMBIX H ITEpeMEIaeéMBIX OKOH, KHOIIOK H HHBIX 3JIEMEHTOB. Y 3TOH CHCTEMBI €CTh
s()(peKTHBHBIE CPeICTBA THIIOBOH HAyYHOH I'Pa(HKH, OHH IIPOCTHI B IIPHMEHEHHH H HHTYHTHBHO
nmoHATHEI. CiaoBoM, cHcTeMbl Mathcad opmHeHTHpOBaHBI Ha MAacCOBOrO IIOIB30BATEISI — OT
VUEHHKA Ha4aJIbHBIX KJIACCOB JIO aKaJcMHKa.

HecMmoTps Ha TO, 4TO 3Ta IMporpaMmMa B OCHOBHOM OPHEHTHPOBaHAa Ha IIOJIb30BaTellCH-
HermporpammmictoB, Mathcad Takke ucmomp3yeTcsi B CIIOKHBIX — ITPOEKTaX, YTOOBI
BH3YAIM3HPOBATh PE3YIIbTATEI MATEMATHYECKOTO MOJEIHMPOBAHHSA, IIYTEM HCIIOJIb30BAaHHI
pacIpeJeIEHHBIX BRIYMCIEHHH H TPaJHIIMOHHBIX S3BIKOB ITporpaMMHpoBaHHA. Takxke Mathcad
YaCTO MCIIONB3YETCS B KPYIHBIX HHKEHEPHBIX IIPOeKTax, IAe OOJIBIINOE 3HAUYEHHE HMEET
TPaCCHPYEMOCTh H COOTBETCTBHE CTaHAapTaM.

Mathcad moctarouno yao0HO HCITOMBE30BATh A1 OOYUYeHHS, BEIMHCIEHIH H HHKEHEPHBIX
pacueToB. OTKpBITass apxXHUTEKTypa IIPWIOKEHHI B  COYETAaHHH C  ITOJIEPIKKOH
TexHonorud NET u XML IMo3BOISIOT I€rKO HHTETPHPOBATE ITPHIIOKEHHE.

PaccMoTprM HanOoJlee 4acTO IPHMEHSEMBIE (DYHKIHH JJISI CTaTHCTHYECKHX PacyeTOB,

KOTOPBIE BCTPOEHEI B ITPOrPaMMYy .
5.3 KOMIIBIOTEPHASA PEAJIMBAIINA HH KEHEPHBIX PACUETOB

MareMaTH4eckoe MOJeJTHPOBAHHE CJIOKHBIX CHCT €M

byneM CUHTATh, YTO 3JIEMEHT S €CTh HEKOTOPHEIH OOBEKT, 00IaJarOIHH OIpeaeiie HHBIMH
CBOHCTBAMH, BHYTPEHHEEe CTPOEHHE KOTOPOro IS IeleH HCCIETOBAaHHS HEe HIPacT POIIH,
HAIIPpHUMEP, CaMOJIET IJIS MOJIEIIMPOBAHHS IIOJIETA — HE AIEMEHT, a JJIS1 MOJEIITHPOBAHNS PadOThHI
asporopra — 3JIEMEHT.

CBs3p [ MeXIy SIeMeHTaMH eCTh ITPOIecC HX B3aHMOJCSHCTBHSI, BaKHBII IS IlelIei

HCCIIeJOBaHHSL.

CHcTeMa S — COBOKYIIHOCTL 3JIEMEHTOB CO CBS3SMH / H IIelbI0 (PYHKIHOHHPOBAHHS
CHCTeMEI F.

CnoxHasl CHCTEMa — 5TO CHCTEMA, COCTOSINAs M3 PasHOTHIITHBIX 3SIEMEHTOB C

Pa3sHOTHITHBIMI CB3AMIL.

bompirag cHcTeMa — 5TO CHCTCMd, COCTOMAIAAd H3 OOIIBIIIOTO YHCIA OJHOTHITHBIX
JJICMCEHTOB C OJHOTIIIHBIMIT CBASANI.
B ofmeM BHIE CHCTEMY MATCMATHHYCCKH MOHO ITPEACTABHTDL B BH/IE.

S = (s}, {1}, F

ABTDM&THBHPOEHI—H—IHH CHCTeMa S. €CThb CIOXHAasl CHCTEMa C DHPE,I[EJIHIGH_[Eﬁ POJIBIO
ANEMCHTOB JBYX THIIOB. TEXHHYCCKHX CPEACTB 5 H IEHCTBHH YEeJIOBEeKa Sy:

Sﬂ - {{ST}J{S_H}J{SH}J{E }:I F}
B,I[EGB sp - OCTAaJIBHEBIC 3JICEMCHTEI CHCTCMBI.

I[EHUMHHSHI[HH CHCTEMbLI. XﬂpﬂHTEpHCT HKH CHCTCEMbI
I[EHDBHTDBIILUIH CHCTCMBI cCTb pﬂSﬁHEHHE CHCTCMbI Ha 3JICMCHTIBI HIH IPVIIIIBL
JNIEMCHTOEB C YVKaA3dHICM CBSI3eH MEARAY HHMH, HEH3MCHHBIMILI BO BPCMA @}?MUIGHIIPGEHI—HIH

CHCTCMEI.
r[‘!"‘!{'![-""!""!'!"!'!'r"'-!\[-"!'!' T T MATT AT AR MM T SR TETATFAL W ST R, )
NOKYMEHT NOANUCAH HEAIOTCA @}HK]IIIGP]IIP}J’IOH[IMI BO BPCMCHIIL,
SNEKTPOHHOW NOAMACHKIO PHCTHKII.
Ceptuchmkar:  12000002A633E30113AD425FB50002000002A6 HCTHK BIeMeHTOB CHCTEMBI, H3MEHSIONIIXCSI BO
| e
Bnapeneu;: lWebayxoea TateaHa AnekcaHgpoeHa
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HPGHEGC (:E[I]HEIIMHII{E],) — 3TO MHOKECTBO 3HAYEHHI COCTOSHIH CHCTCMbI, H3IMCHAROIIITXCA
BO BPEMCHII.

L[EHB d)}?HCLUIDHI[pDEElHIIH €CTh 3aJa'd IIOIIYHCHIA KCIIACMOI'O COCTOSHHA CHCTCMEL.
ﬂGGTH}I{EHIIE Ilelld  OOBIYHO BIIEYET OEJICHAIIPABIICHHOC  BMCIIATCIIBCTBO B IIPOIIECC

QJ}U{ICL[IIDHHPDEHHHH CHCTEMBI, KOTOPOC HA3bBIBACTCA YIIPABJIICHHCM.
1. Pacuer - OITPpEACIICHIC 3HAYeHHI IIapaMETPOB CHCTCMEIL.

2. AHamm3 — H3y4YeHHE CBOHCTB (PYHKIIHOHHPOBAHHS CHCTEMBI.
3. CuHTEe3 — BRIOOP CTPYKTYPHI H ITapaMeTPOB 10 3aJaHHBIM CBOMCTBAM CHCTEMEI.

ITapamerpsl ciucrembl. PazoBas TpaekTopus. ©a30Boe NMPOCTPAHCTBO
[Tycte T = [fg, t1] ecTh BpeMeHHOH HHTepBall MOJEIHPOBAHHSI CHCTEMEI S (HHTEpBal

MOJIEIIBHOTO BPEMEHH).
[TocTpoeHHe MOJEIH HaYHHAETCSI C OINpeJlelleHHd IlapaMeTpPOB H IlepeMeHHBIX,

OITpeAeIIIIOINX ITPOoLiecC (PYHKIIHOHHPOBAHHS CHCTEMEL.

[TapameTpel cHcTeMBl .0, .....0, - 5TO XapaKTEPHCTHKH CHCTEMEBI, OCTAIOIIHECS
MTOCTOSIHHBIMH Ha BCeM HHTepBaie T.

[lepeMeHHBIE OBIBAIOT 3aBHCHMEIE H HE3aBHCHMBIE.

HeszaBucHMBIe IIepeMeHHBIE €CTh, KaK ITPaBHIIO, BXOJHEIE BO3JACHCTBHSA (B TOM YHCIIE

VITPABJISIOIIHE )
1=1(t) = (ulﬁ(r),,...,uq (t))elf C R®

HMH MOT'YT OBITh TaKKe€ BO3J[€HCTBHS BHEIIHEH CPEJIBL.
[TocnemoBatembHOCTS H3MeHeHHSI X(t) IIpH

bty

HazbIBaeTCS (Pa30BOH TPaeKTOPHEH CHCTEMEL,

x e X ,rae X —IIPOCTPaHCTBO COCTOSHHI HIIH (pa30BOe MPOCTPAHCTRO.
[TocnemoBatenbHOCTE H3MeHEHH Y(f) Ha3BIBA€TCS BBIXOJHOH TPAeKTOPHEH CHCTEMEL.
3aBHCHMBIE TIEPpeMeHHBIE €CTh BRIXOJHBIE XapaKTePHCTHKH (CHTHAIIHI)

y=ye)=n) .y, Ny c k™

MaremMaTH4ueckass Mo/aeJIb CHCTEMbI
OOmaa cxemMa MareMaTHuYeckon MojemH (MM) (yHKIIHOHHPOBAHHS CHCTEMBI MOJKET
OBITE ITpe/iCTaBIIEHA B BHJE, TTOKA3aHHOM Ha PHCYHKe 4.1.

1,v,0.x, y]

MHOXeCTBO IICPEMEHHBIX [ BMCCTC C 3dKOHAMH QJ}U{ICL[IIDHIIPDEHHI[H

xlt) =...,
¥E)=...

HasbIBacTCSI MaTeMaTHUYeCKOH MOJJEIIbIO CHCTEMBIL.

Wit
ut) : W)

T &x

Pucvror 4 1 — MatemaTtiyeckasd MOJAENIb CHCTEMBI

NOKYMEHT MOANUCAH
SNEKTPOHHOW FOANUCHIO [CsI HETTPEPBIBHOI, HHaYe — JHCKPETHOM:
CepTucmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: lLlebayxoea TateAaHa AnekcaHgpoBHa
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Ecrm  Momens He CONEPXKUT  CIIYYAHHBIX  3IIEMEHTOB, TO OHAa HAa3bIBACTCS
IEeTEPMHHHPOBAHHOH, B IIPOTHBHOM CIIyYae — BEPOSTHOCTHOH, CTOXAaCTHYE CKOH.

Ecim MareMaTH4YeCcKOe OIMCaHHe MOIEIH CIIHIIKOM CIOKHOE M YacTHYHO WIIH
IIOJTHOCTBIO HEOIIPEAEIIEHHO, TO B 3TOM CIIy4Yae HCIIOIb3VIOTCS arperaTHBHBIE MOJIEIIH.

CVYIIHOCTh arperaTHBHOH MOJEIM 3aKIIOYacTCd B pa3OHEHMHM CHCTEMBI Ha KOHEYHOE
YICIO B3aHMOCBS3aHHBIX YacTel (TTOACHCTEM), Kakaas M3 KOTOPBIX JOITYCKaeT CTaHAapTHOE
MaTeMaTHYECKOE OIMCAaHHE. OTH TTOJACHCTEMBI HA3EIBAIOTCS arperaTaMI.

MogemuporaHie CIIyYaHHBIX 3IIEMEHTOB B CHCTEMAX SBIISETCS OIHOH M3 CaMBbIX
0a30BBIX 3324 MaTeMaTHYECKOTO MOEIIMPOBAHIAL.

THIEI 6a30BBIX JATUHKOB:

- pu3Hyeckre (JIF000H (H3HMYECKHIT IMyM), B IIOCIeAHEe BpPeMSI IPaKTHYECKH  He
HCITONB3YIOTC, T.K. XapaKTEePHCTHKH HeCTAOIIBHEI H PEATIH3AIIIO IIOBTOPHTE HETIB3S,

- TICEBJIOCITYUYaHBIE AT YHKH.

Tpebopans K 0a30BEIM JaTUHKAM:

OTpe30K arnepuoIHIHOCTH.

PaBHOMEPHOCTE.

HexoppempoBaHHOCTE.

DOYHKINH perpeccHu.

[HInpoko pacrpocTpaHeHHOH 3afayell oO0paloTKH JaHHBIX SBIISETCS IIPelCTaBIeHHE HX
COBOKYIIHOCTH HeKOTOpoH (yHKImeH y(X). Takoe IpeiCcTaBlIeHHE HA3BIBACTCS PErPECCHEH.
3aJaya perpeccHH B TOM YTOOBI ITOMYYHTh IapaMeTpPhl (PYHKIMH TaKHMH, IPH KOTOPBIX
QyHKIHS nOpHODDKaeT "oOmako" HCXOZHBIX TOYeK C HaHMeHbIIeH KBaJpaTHYHOMH
TTOr PEIITHOCTBIO.

M3BECTHBRI:

- JInHeliHas perpeccHs (TIpsvas JTHHH ),

- [TomHommManpHas perpeccHs (IIOITHHOM);

- JInHeltHas perpeccHs o0Imero Buaa (JTHHeHHas cyMMa ITPOH3BOIBHBIX (DYHKIIHI);,

- HemmmueliHast perpeccHs oOmiero BHaa (IIpOH3BOIbHAS (PYHKIIH);,

- JInMHeNHas perpeccus.

[Ipn miHeHHOH perpeccHH QYHKIHA Y(X) HMeeT BHI V(X)=axXx+b H OIHCBIBAeT OTPE3OK
TIPSIMOI.

DOYHKIMA ONPeACKA3AHAA

Ha mpakTHKe HepeIKO IPHXOAUTCS CTAJIKHMBATLCA C 3afadyed pacyéra IIOCIeXYROIIHX
TOUEK II0 PSAY HM3BECTHBIX TOYEK — 3aJauceH IIpeAcKasaHusd. /(I IIpelcKa3aHHsI IIOBEIEHHS
(YHKIMOHATBbHOH 3aBHCHMOCTH B Mathcad mveercs ¢yaxama: predict (data,k,N) -—
nmpeJicKazaHue, TAe data — BekTop JaHHBIX, kK — 4HCIO TOYek MpeIIecTBYIONINX ITPeicKa3aHHIO,
N - YHCIIO IIpeIcKa3sbIBaEMBIX TOYEK JAaHHBIX.

OVYHKIHA ITPeAcKa3aHus 00eCIIeYHBAET BRICOKYIO TOYHOCTD IIPH MOHOTOHHBIX HCXOMHBIX
(QYHKIFSIX WIH (PYHKIHSIX, IIPEICTABIIEMBIX IIOTHHOMOM HEBBICOKOH CTEIIEHH.

OyHkimsg predict IpHMEHHMMa K IIpeJcKa3yeMbIM COOBITHSAM, IIOBEJEHHE KOTOPBIX
OIIICBIBAETCS PeajlbHOH MaTEMaTHYECKOH 3aBHCHMOCTRIO. B cTpaHax c¢o cTaOHIBHOH
SKOHOMHKOH 53Ta (PYHKIIHS BIIOIIHE IIPHMEHHMA JJII OIMHCAHHS CEe30HHBIX H CTaOHIbHBIX
KojleOaHHI Kypca BallloT, IMIPHOBUIEH (PHPM, ITpojaka TOBAPOB H.T. /.

[ IprMep OCTpOeHHS IMHEHHOHN PErPECCHI:

Al

NOKYMEHT NMOOMWUCAH Nexomupie nannbieOQRIGN =1
SNEKTPOHHOW NOANMUCHLIO
Ceptudcmkar: 12000002A633E3D113AD425FB50002000002A6
Bnapeneu: leb6ayxoea TatesaHa AneKkcaHgpoBHa
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a = intercept(VX,VY) b= slope(VX, VY )i =1.0 flr) =a+bxl = =1.0 b=25.8

corr(VX,VY)=0.99f(3) = 15,8 [interp(V X, VY,3) = 15
I[To 3T¥M JaHHBIM CTPOHM I'pahHK JTHHEHHOH perpeccHH:

40 - .

1 2 3 4
& V3G i 6,

Ly
Ly

PucyHOK 4.2 -JIMHEHHas perpeccus
5.4 JHAI'PAMMHBIE TEXHUKH

IlonsaTHe 0 cTaTHYeCKHX rpagpukax. OCHOBHbIE VIeMEHThI rpaguKa

[Jomy4yeHHEIIT B pe3yibTaTe CTAaTHCTHYECKOIO MCCIEAOBAHHS MaTepHall HepeIKo
H300pakaeTcs ¢ IIOMOIIBI0 TOYEK, T'eOMeTPHYECKHX JIMHHHH H (PHIYp HIH Teorpa(HyecKHx
KapTOCXeEM, T.€. Tpa(pHKOB.

B cratHcTHKe rpaHKOM Ha3BIBAIOT HAITISAHOE H300pakeHHE CTaTHCTHYECKHX BEITHYHH
H MX COOTHOINEHHH IIPH ITOMOIIH I'eOMETPHYECKNX TOYEK, JIMHHI, (DHUTYP HIIM I'eorpaHIeCcKHX
KapTOCXEM.

[IpencrapineHne JaHHBIX B Ipa]HIeCKOM BHJE ITO3BOJIIET PelIaTh caMble Pa3sHOOOpa3HbIe
sajlayd. OCHOBHOE JOCTOHHCTBO TAKOI'O ITPeJICTAaBIEHHS — HaITISAHOCTh. Ha rpadukax nerko
IIPOCMATPHBAETCS TEHAEHIIMSI K H3MEHEHHIO. MOXKHO JaXKe OIPEIENSITh CKOPOCTh H3MEHEHHS
TEHIEHIMMH. Pas3niyHpeie COOTHOIIEHHS, IIPHPOCT, B3aHMOCBS3h PA3IMYHBIX ITPOILIECCOB — BCE
ATO JIETKO MO’KHO YBHJAETH Ha I'pa(pHKax.

['paduky MpHIAIOT H3IOKEHHIO CTATHCTHYECKHX JAaHHBIX OONIBINYEOD HArJLSIAHOCTh, YEM
TaOJIHIBI, BEIPA3HTEIILHOCTh, OOJIEr4ar0T HX BOCIIPHSITHE M aHamu3. CTaTHCTHYECKHH I'pa]HK
IIO3BOISIET  3PHUTEIIBHO  OLIEHHTh  XapaKTep HM3Y4YaeMOI'0  SBJIEHHS, TIPHCVIIHE €My
3aKOHOMEPHOCTH, TEHJICHIMH  PasBUTHS, B3aHMOCBS3M C  JAPYTHMH  ITOKa3aTeJlsMIL
reorpaHyecKoe pa3pellleHHe H3y4aeMBIX SBJIeHHIL. Ellle B APeBHOCTH KHTAMIBI TOBOPHIIH, YTO
OIHO H300pakeHHe 3aMEeHSET THICSYY CIIOB. ['padHKH JIeIar0T cTaTHCTHYECKHH MaTepHall Oomee
IIOHSTHBIM, JOCTYIIHBIM H HECIIEI[HAICTaM, IPHBIIEKAIOT BHHMAHHE IIMHPOKOH ayIHUTOPHH K
CTAaTHCTHYECKHM JaHHBIM, ITOIYIIIPH3HPYIOT CTaTHCTHKY H CTaTHCTHYECKYEO HH()OPMAIIHIO.

[Ipu mo6Goi BO3MOXKHOCTH aHaIM3 CTaTHCTHYECKHX MJAaHHBIX PEKOMEHAYETCS BCErIa
HAYHHATh C¢ HX IrpadHyeckoro H3o00pakeHHSA. I'padHK ITO3BONISET cpa3y IIONYYHTh OOIIee
IpejicTaBlIieHHe 000 BCeH COBOKYIIHOCTH CTaTHCTHYECKHX ITOKazaTelei. ['padHyuecKiii MeTO[
aHaJIM3a BEICTYIIAET KaK JIOTHYECKOEe ITPOMOKEHHEe TaOIMYHOIO METOHA M CIIVKHUT IIENSM

ITOIIYHCHIA 00O00MIarOIMX CTAaTHCTHYECKHX XAPAKTCPHCTHK  IIPOLICCCOB, CBOHCTBEHHBIX

AOKYMEHT NOANWCAH
SNEKTPOHHOW NOANUCLIO
Ceptudurkar: 12000002A633E3D113AD425FB50002000002A6

Bnapeney: Lebayxopa TaTeAHa AnekcaHgposHa

HA CTATHCTHYCCKIX JdHHBIX PCIIAIOTCH MHOI'HE

IIoKazaTelen (HBJIEHI]IHI) B CpaBHCHIIH IOPYI C
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- XapaKTEePHCTHKA CTPYKTYPBI KAKOTO-IIMO0 SBIICHIS,

- H3MEHEHHE SBJIEHHS BO BDEMEHH,

- XOJ BEIOTOITHEHH S TUIaHA,

- 3aBHCHMOCTh H3MEHEHHS OHOI'O SBIIEHHS OT H3MEHEHH S IPYIOr0;

- PaCIIpOCTPAHEHHOCTD WIH pPa3sMelleHHe KaKHX-TTHOO0 BEJIMYHH I10 TEPPHTOPHH.

JIpyrUMH  CIIOBAMH, B CTATHCTHYECKHX HCCIEIOBAHMSIX IIPHMEHSIIOTCA  CaMbIe
pazHOOOpa3HbIe Ipaduki. B kaxaoMm rpadHke BBIAEISIOT (pa3lHYarOT) CIEAYIOIHEe OCHOBHBIE
BIIEMEHTHI:

- IIPOCTPAHCTBEHHBIE OPHEHTHPHI (CHCTEMY KOOP/IHHAT);

- rpadHyeckHil o0pas;

- TIoNe TpadHKa;

- MacIITaOHbIEe OPHEHTHPHI,

- BKCIUTHKALHS IPpadHKa;

- HAHMEHOBAHHE I'padHKa

HMHorpa 1.5 1.0 oOBEANHSIOT B OQHH 3JIEMEHT.

A) IlpocTpaHcTBeHHBIE OPHEHTHPHI 33Jal0TCSI B BHAE CHCTEMBI KOOPAHHATHBRIX CETOK. B
CTAaTHCTHYECKHX TIpaHKaxX 4Yallle BCEro IPHMEHSIETCS CHCTeMa ITPSAMOYTOIbHBIX KOOPIHHAT.
MHorma HcIomp3yeTcs IIPHHIMIT ITOMSPHBIX (VYITIOBBIX) KOOpAHHAT (KpyroBble Ipaduki). B
KapTorpaMMax CpelcTBaMH ITPOCTPAaHCTBEHHOH OPHEHTAIMH SBIISIOTCS T'PAHHILI T'OCYAAPCIB,
TPaHHIBI aAMHHHCTPATHBHBIX €ro 4YacTeH, IeorpaHyecKHe OpPHEHTHPHI (KOHTYPHL PeK,
OeperoBeIX JMHHH MOpeil H OKeaHOB). Ha ocsSX cHCTeMbI KOOpPAHHAT HIH Ha KapTe B
OIPENECIIEHHOM TIOPSAKE PacIOIararoTcsd XapaKTEPHCTHKH  CTaTHCTHUYECKHX ITPH3HAKOB
H300paKaeMbIX SIBIEHHH IIH ITPOllecCOB. IIpH3HAKH, pacrionaracMble Ha OCSIX KOOPIHHAT,
MOTYT OBITH KaUeCTBEHHBIMH HIITH KOTHYECTBEHHBIMH.

BE) I'padrueckmiti 0Opa3 cTaTHCTHYECKHX JaHHBIX ITPeACTaBISIeT COOOH COBOKYITHOCTH
IIMHHH, (HTYp, TOYeK, OOpa3yIOMIHMX IeOMeTpHYeCKHe (PHTYpPhI pa3zHOH (POpMBI (OKPYKHOCTB,
KBaJpaThl, IIPSMOYTOJILHHKH H T.I1.) ¢ Pa3IMYHOH IITPHXOBKOH, OKPAacKOH, I'YCTOTOH HaHECEHHS
TOYEK.

JIroOoe SIBIEHHE, H3yYaeMOEe CTaTHCTHKOH, MOXHO ITPeJCTaBHIbL B IPaHIECKOH (POpME.
Jli1s1 sToro TpedyeTcs HaHTH IpaBIIbHOE TpadidecKoe pelleHHe, OMpeIeIHTh TOT rpadHuecKiii
o0pa3, KOTOPBIH JIVYIIE BCETO COOTBETCTBYET JAHHOMY SBIIEHHIO, HAITISAHee H300pakaeT
CTaTHCTHYECKHe JaHHBIe. ['paduueckmii oOpa3 JOIKEH COOTBETCTBOBATh IEIH TIpadHKa.
[TosToMy mepen mocTpoeHHeM IpadHka HeoOXOIHMO VYSICHHTH CYIIHOCTh SIBJIEHHS H IIETIb,
KOTOpasl CTaBHTCS Ilepe]] rpadryecknM H300paxeHHeM. BriOpaHHas gopma rpaduka JoIKHA
COOTBETCTBOBATh BHYTPEHHEMY COJEPKAHHIO M XapaKTepPy CTAaTHCTHYECKOIO TITOKa3aTesls.
HarpuMep, cpaBHeHHe Ha rpadHKe IIPOH3BOAHTCS IO TaKHM H3MEPEHHSAM, KaK IUIOINAb, JJIHHA
OJIHOM H3 CTOPOH (PHI'YP, MECTOHAXOKIeHHEM TOYEK, HX I'YCTOTOH H T.JI.

Tak, m1a m3o0pakeHHs H3MEHEHHH SBJIEHHS BO BpPeMeHH HaHOOlee eCTECTBEHHBIM
THITOM I'pa(pHKa SBJIIETCS IHHHUA. IS pSIOB pacIpeaelIeHHs — ITOIMIOH HIH THCTOIPaMMa.

Ka KapIit 13 OCHOBHEIX BHAOB I'padpruecKixX H300pakeHHII B CTaTHCTHYECKOH ITPaKTHKeE
CTPOHTCS C YUETOM OITPEAEIIEHHBIX IIPABII. B CTaTHCTHYECKIX HCCIIEMOBAHMSX M1 BRISICHEHHS
XapaKTEPHBIX YepT H 0COOEHHOCTEH MAaCCOBBIX SBIIEHHH, ITO3HAHHS THIIYHOI'O B 3THX SBIEHHSIX
H PEIeHHS APYIHUX 3aJay IIHPOKO HCIIOIB3YETCSA CPaBHEHHE OMHHMX aOCONMIOTHBIX, CPEJHHX H
OTHOCHTEIBHBIX CTATHCTHYECKNX BEIIMYMH C JPYTHMH. AHAN3 — 3TO, IIPEXIe BCETO CPaBHEHHE
H COIOCTABIEHHE CTAaTHCTHYECKHMX JaHHBIX. Hepeako BO3HIMKaeT HeOOXOZHMOCTE
COITOCTABJIEHHS PEe3YIIbTAaTOB CTAaTHCTHYECKOIO HCCIIEAOBAHHS KOHKPETHOI'O SBJIEHHS C
BEJTMUHHAMH THITHYHOI'O (MJealIbHOI0) SBJIEHHS aHAIOTHYHOH IPHPOJBL. [losToMYy HarisHoe
nmpe[cTaBlieHHe (TpadHdyecKoe H300pakKeHHE) CpaBHEHHS CTAaTHCTHYECKHX ITOKa3aTelleH

NOKYMEHT NOAMNMWUCAH .
3NEKTPOHHOW noanuceo I'pa(l)I]I{ﬂIvI B CTATHCTHEEC. I[JIH STHX IICJICH
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CTaTHCTHYECKHE JaHHBIE YCIOBHO H300pakKaroTcsI IeOMETPHYECKHMH JIMHISIMH, (HI'YpaMH H
TellaMH Pa3IHYHBIX Pa3MEPOB.

Pa3myaroT ciaeayrolnie OCHOBHBIE BHABI I'Pa(h)HKOB (JHarpaMM) CpaBHEHH .

- CTOIIOHKOBEHIE;

- TIOJIOCOBEHIE;

- KBaJpaTHbIE,

- KPYTOBHIE;

- (DHT'YPHBEIE.
Jlms1 MOCTpOeHHS JHArpaMM HCITOJIb3YIOTCS CIeAYIOIHe KOMITBIOTEPHBIE ITPOrPaMMEI

Excel, Mathcad, MATLAB u gpyrue.

Jlma cozmanmsa rpadukoB B cHcTeMe Mathcad mmeeTca mporpamMMHBIN TpadirdecKiit
nponeccop. OCHOBHOE BHHMAaHHE IIPH ero pa3paboTKe OBIIO YelIeHO 00eCIEYeHHIO ITPOCTaThI
3alaHis TpapHKOB H HX MOJH(HKAIHH C IIOMOIILI COOTBETCTBYIOIHX ITapaMETPOB.
[Iporeccop mo3BOIISIET CTPOUTH CaMbIE Pa3Hble I'Pa(pHKH, HAIIPHMEP B JA€KapTOBOH H ITOJIIPHOH
CHCTeME KOOPAMHAT, TPeXMEPHEIE IIOBEPXHOCTH, I'Pa(pHKH YPOBHEH.

Il mocTpoeHNs Tpa(pHKOB HCIIONb3YIOTCS MIabIoHbI. X nepeueHs COAepKHT ITOAMEHEO
Graph MeHro Insert. BonbIIIMHCTBO ITapaMeTpPoOB IpadHYECKOro IIporeccopa, HeoOXOMHMBIX IS
ITOCTPOEHHS Ipa(p)HKOB, IO YMOTYAaHHIO 3aJaceTCs aBTOMATHYECKH, IO3TOMY JIS HAayaJbHOIO
ITOCTPOEHH rpa)HKa TOrO WIH HHOTO BHJAA JOCTAaTOYHO 3ajJaTh THII rpadHka. B ITOAMEHIO
Graph coaepKHTCS CIIHCOK H3 CEMH OCHOBHBIX THIIOB I'papHkoB. OHH ITO3BOJISIOT BBIIIOIHHTE
CIIeIYIOIIHE TeHCTBH:

X — Y Plot (mexapToB rpaduk) — co3maTh MaOlIOH JBYXMEPHOIO IrpapHKa B JIeKapTOBOH
CHCTeMe KOOpHHAT,

Polar Plot (ronspHeIi rpadHk) — co3maTh MadIoH IrpadHKa B ITOISIPHBIX KOOPAHHATAX,

3D Plot Wizard (macTtep TpeXMepHBIX I'papHKOB) — BBI30B MacTepa IS ITOCTPOSHHS
TpeXMEePHBIX I'PaHKOB C 3aJaHHBIMH CBOHCTBAMH,

Surface Plot (rpadux moBepxHOCTH) - co37aTh MIAOIOH JJI ITOCTPOEHHS TPEXMEPHOTO
rpadHKa;

Contour Plot (xapra muHHI YpOBHS) — co3JaTh IMAOJIOH I KOHTYPHOrO IpadHKa
TpexXMePHOH ITOBEPXHOCTH,

3D Scatter Plot (ToyeuHslii rpadHk) — co3gaTh IIAOIOH JJIA IpadHKa B BHIE TOYeEK
(puryp) B TpeXMepHOM ITPOCTPAHCTBE;,

3D Bar Plot (TpexmepHad cTOJIOHMKOBasA JHarpaMMma) — CO34aTh INMAOJIOH I
H300pakeHIs B BHJIE COBOKYITHOCTH CTOIIOHKOB B TPEXMEPHOM ITIPOCTPAHCTRE,

Vector Field Plot (BekTopHOe IoJe) — co3aTh MIa0IoH 14 IpadHKa BeKTOPHOIO ITOJISI Ha
TUIOCKOCTH.

C ITOHATHEM TI'pa(HKH CBS3aHO ITpeJcTaBlIeHHe O IpaHYecKHX OOBEKTaX, HMEFOIIHX
OIIPEJIETIEHHEBIE CBOHCTBA. B OOJBINMHHCTBE ciiydaeB 00 OOBEKTaX MOKHO 3a0BITh, €CIIH BEl HE
3aHHMAaeTeCch OOBEKTHO-OPHEHTHPOBAHHBIM ITPOrPaMMHPOBAaHHEM. DOIBIMHCTBO KOMaH
BBEICOKOYPOBHEBOI I'PaHKH OPHEHTHPOBAHEI HAa KOHEYHOIO IT0Ib30BaTelIsL. OHH aBTOMAaTHYECKH
yCTAHABJIHBAIOT CBOHCTBO I'papruecKHX 00BbEKTOB H 00ECIIEYHBAIOT BOCIIPOH3BEAEHHE I'Pa(pHKH
B HY’KHOH CHCTeMe KOOPJHHAT, ITaJIHTPe IIBETOB, MacIuTade H T.1.

IlocTpoenne rpagmka nmopepxHoctTu B cucreme Mathcad.

[IocTpoeHHE ITOBEPXHOCTEH ITO MATPHIE AaMIUMKAaT HX TOYeK. IIOCKOIBKY 3IIEMEHTEI
MATPHIEI M — IepeMeHHBIE C IIETTOYHCIEHHBIMH HHAEKCAMI, TO IEPE] CO3MaHIeM MaTpPHI[BI
TpeOyeTcd 3aJaTh HMHASKCHI B BHAE PAHXHPOBAHHBIX IIEPEMEHHBIX C IIEIIOYHCIEHHBIMI
SHAYEHHSMH, a 3aTeM yKe H3 HHX (JOPMHpPOBATh CETKY 3HAYEHHH X H Y — KOOpPJHHAT I

dTOUTHRAT Hhﬁhﬂléjl:l:f:ﬁﬁﬁﬁlr_‘léﬂﬁ =T TTTT STOTT OSRIYHO JOMYKHBI OBITH BEIleCTBEHHBIMH HITCIIAMII,
SNEKTPOHHOW NOAMUCLIO TIbHBIMH. [IOCTe BEINTOIHEHH T YKd3dHHbBIX BBIITIC
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PucyHok 5.1 - IlocTpoeHne moBepXHOCTH 0e3 yIaJIeHH I HEBHINMBIX TITHII

HeoGxomumo mocTpoHTh I'padHK ITOBepXHOCTH B cHcTeMe Mathcad, oTrdopmaTHpoBaB
ero, IIPHMEHHB aJTrOPHTM (PYHKI[HMOHAIbHOH OKpacKH M YyJaleHHe HEBHIHMBIX JIHHHIL
[TokazaHo, KaKk oT(opMaTHpoBaTh I'padHK, IIPHMeHEHHE alTrOpHTMa (PYHKITHOHAJILHOH OKpacKH
MTOBEPXHOCTH H yIalIeHHEe HEBHAHMBIX JIHHHI.
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IlocTpoenne TpexmepHoro rpagpuka B cucreme Mathcad

B mporpamme Mathcad ecTh BO3MOKHOCTE IOCTPOEHHS TPEXMEPHBIX I'pa(pHKOB — Oe3
3aJaHHS MATPHI] aldIHKAT ITOBEPXHOCTeH. EQHHCTBEHHBIM HeJOCTAaTKOM TaKOIr'O YIIPOIIeHHOI'O
MeTO/ia ITIOCTPOEHH S TIOBEPXHOCTEH SBJISIETCS HEOIIPEAelIEHHOCTh B MACIITaOHPOBAHIH, II0O3TOMY

rpapHKH TpeOyIOT (popMaTHPOBAHH L.

NocTpoeHMe DpadMEa OOBREpPHHOCTH Bes
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PrcyHoxk 6.1 - IlocTpoeHne rpadHka IMOBEpXHOCTH 0e3 3aJaHH I MaTPHIBI

MpuMeHeHe Tpatuuecrod (YyHKRIMH Createlesh

Hiu, ) = s u-+)
ul=-2 ul =1
wl=-2 vl =1

1. Sapanomr HRLMD OBV ISpEMeHHEX
2. SaladMd NpelseNE H3MeHeHMA NepeMeHHEM

2. Moemonesva vHERLIMD Createlesh coznmanmma
MaTPHITY IICOBepMHOCOTH

= Createlleshi H ul ul .+, +1)
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OOKYMEHT NOAMNUCAH C
SNEKTPOHHOWM MOANMUCHIO
CepTuchukar:, . 12000002A633E3D113AD425FB50002000002A6

Bnapeneu: lllebayxoea TateAHa AnekcaHapoBHa

10CTH ¢ MpuMeHeHHeM (pyHKIMH CreateMesh

HNeincreutened: ¢ 20.08.2021 no 20.08.2022



Eme onmH npumMep nprMeHeHHSI (yHKIpm CreateMesh — mocTpoeHne oO0BeMHOM
(PHI'YpBI, KOTOpas MOIy4YaeTcs BpallleHHeM KPHBOH, 3aJJaHHOH (pyHKIHeH {(X), BOKPYT ocH X HIIH
Y. Ha pucyHke 6.3 1mokasaH IIpHMEP PEIeHHS JaHHOH 3a1auH.

MNocTpoeHne (MIypH, NCAYVUYSHHOM BpPalleHHMEeM KpRpHBEOH
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PucyHoK 0.3 — Ourypa, IoIyuycHHas BpalleHHeM KPHBOH.

5.5SIIPUMEHEHUE JUATPAMM BAHECA. 3AJTAUYH BBIGOPA 1
KJIACCUDPHUKAIINH

banecoBckas KiaccupuKaAnMA

AIbTEpHATHBHEIE Ha3BaHHS OaHeCOBCKOe MOJEIHMpPOBaHHe, OaHeCOBCKasd CTATHCTHKA,
MeTOJ[ OalieCOBCKHX ceTeil. M3HayanpHO OaliecOBCKas KIAaCCH(HKAI[HS HCIIOIb30Balach I
(opMaIM3aliii  3HAHHH SKCIIEPTOB B HKCIIEPTHBIX CHCTEMaX, ceHyac OaliecOBCKas
KITaccHHKaIHI TakKe MPHMeHIeTCS B KauecTBe OJHOI0 M3 MeTofoB Data Mining.

Tax Ha3pIBacMas HaHBHAS KIacCH(HKAINSI HIH HaHBHO-OaHeCOBCKHI ITOAXOX (naive-
bayes approach) sBmsgeTcs HamOoIee TIIPOCTBIM BapHAHTOM MeETOJa, HCIIOIL3YIOIIETO
OailecOBCKHe ceTH. [IpH STOM IOAXOoJe PpeInarorcs 3aJayd KIacCH(pHKAIHH, pe3yIbTaTOM
PabOoThI METO/IA SIBIISIIOTCS TAK Ha3bIBAEMEBIE ''TIPO3PayHbIe” MOEII.

"HamBHag" KmacCH(pHKAIMSI - JOCTAaTOYHO TIIPO3pPayHBIH M IIOHATHBOLI METOJ
KraccHukary. "HauBHOH" OHA HasbIBaeTCS ITOTOMY, YTO HCXOAHT H3 IPEAION0KeHHSI O
B3aHMHOH HE3aBHCHMOCTH ITPH3HAKOB.

CBOHCTBAa HAHBHOH KJIaCCH(PHKALIH

- Mcrionm30BaHIe BCEX TIEPEMEHHBIX H OITPedelIecHHE BCEX 3aBHCHMOCTEH MEXIY HIIMII.

- Haymume aByX IpearonoKeH OTHOCHTEIBHO IIEPEMEHHBIX:

- BCC IICPEMCHHBIC ABJISIOTCH OAHHAKOBO BaKHBIMI,
- BCC IICPEMCHHBIC ABIAIOTCHA CTATHCTHYCCKH HC3dBHCHMBIMI, T.C. 3HAYCHIIC OJTHOH
OOKYMEHT NMOAnMCAH yTOH.

3NMEKTPOHHOM MOANMUCKIO
CepTudbuikat:  12000002A633E3D113AD425EB50002000002A6 (bHKaI[FH IIPEMIIONAratoT, YTO Iepejl HavalloM
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JIOITYCTHM, H3BECTHO, YTO OIPEASICHHBIN ITPOIIEHT JaHHBIX IIPHHALICKHT KOHKPETHOMY
K1accy. Bo3HHKaeT BOITPOC, MOXKEM JIH MBI HCIIOIB30BaTh 3TY HH(POPMAIIHIO IPH ITOCTPOeHHH
MOJIeH KJaccH(pHKapH? CyIecTBYeT MHOKECTBO PeallbHBIX IIPHMEPOB HCIIOIb30BAHHS ATHX
aIIPHOPHBIX 3HAHHH, ITOMOTalOIHX KIACCH(HIHPOBATh OOBEKIBbl. THITMUYHBIN IIPHMEp H3
MEIHMIIHHCKOH IIPAKTHKH. ECIH JOKTOP OTIIPABJISIET Pe3YibTaThl aHAIM30B IIAI[HEHTa Ha
IOIIOJIHUTEILHOE HCCIEJOBAaHHE, OH OTHOCHT ITaIfHEHTa K KaKOMY-TO OITPeIelIEHHOMY KIIaccy.
KaknMm oOpa3zoM MOXHO IIPHMEHHTH 3Ty HH)opMaimrio? MBI MOXeM HCIIOIB30BaTh €€ B
KayecTBe JOIIOJIHHTENNbHBIX JaHHBIX ITPH ITOCTPOSHHH KIacCH()HKAITHOHHOH MOJIEIIH.

OTmMeyaroT TaKHe JOCTOHHCTBa 0alieCOBCKHX ceTel Kak MeToja Data Mining:

- B MOJIEJIH OIPEAEIIIIOTCS 3aBHCHMOCTH MEXIY BCEMH IIEPEMEHHBIMI, 3TO ITO3BOIISET
TIeTKO 00padaTksBaTh CHTYAI[HH, B KOTOPBIX 3HAUYEHHI HEKOTOPHIX IIEPEMEHHBIX HEH3BECTHEL,

- OaleCOBCKHE CETH JOCTATOYHO IIPOCTO HMHTEPIIPETHPYIOTCS M IIO3BOJISIIOT HA 3Talle
IIPOTHOCTHYECKOI' O MOAEINPOBAHHS JIETKO IIPOBOAUTE aHAIN3 110 CLIEHAPHIO "YTO, ECIIH",

- DaHeCOBCKHH METOJI IO3BONISET €CTECTBEHHBIM 00pa30M COBMEINATh 3aKOHOMEPHOCTH,
BEIBEJICHHBIEC M3 JAHHBIX, M, HAIIPHMED, SKCIIEPTHBIE 3HAHHS, ITIOIIYUEHHBIE B IBHOM BHIIE,

- HCIIONIBb30BaHHE OanHeCOBCKHX CeTeH IT03BOJISIET H30eKaTh ITPOOIEMBI IIepeyulBaHHI
(overfitting), To ecTb H3OBITOYHOI'O YCIOKHEHHS MOJENH, 4YTO SBISIeTCS CIa00H CTOPOHOMH
MHOTHX MeTOJIOB (HaIlpHMep, JePeBbeB PellleHHH H HEHPOHHBIX CeTeH).

HangHo-0arnecoBCKHH ITOAXOM HMEET CIEAVIOIHE HEQOCTATKH:

- TIEPEMHOKATh YCIIOBHBIE BEPOSITHOCTH KOPPEKTHO TOJIBKO TOrAa, KOrJa BCE BXOIHEBIE
IIEpEMEHHBIE JIEHCTBHTEIIPHO CTAaTHCTHYECKH HE3aBHCHMEBI, XOTS YacTO JAaHHBIH METOX
IIOKA3BIBAET JOCTATOYHO XOPOIIHE Pe3YIIbTAaThl IIPH HeCOOIMIOJEeHHH YCIIOBHSA CTAaTHCTHYECKOH
HE3aBHCHMOCTH, HO TEOPETHUYECKH TaKas CHTYaI[HS JOIKHA oOpadaThIBaThCs Oojiee CIIOKHBIMH
METOJAaMH, OCHOBAaHHBIMH Ha 00yUYeHHH OaHeCOBCKIX CETEH,

- HEBO3MOJKHA HEIOCPEACTBEHHAsI 00paloTKa HEIPEPBIBHBIX IIEPEMEHHEIX - TPeOyeTCs
HX IIpeoOpa3oBaHHEe K HHTEPBAIBLHOH INKajle, YTOOBI aTpHOYTHI OBIIIH JHCKPETHBIMH, OJHAKO
TaKHe ITpeo0pa30oBaHHsI HHOI/IA MOT'YT IIPHBOAHTE K IIOTEPE 3HAUHMBIX 3aKOHOMEPHOCTENH,

- Ha pe3yiabTaT KIacCH(pHKAIIHH B HaHBHO-0aleCOBCKOM ITOJXOJle BIHSIOT TOJIBKO
HHANBHIYAIIbHBIE 3HAYEHHS BXOIHBIX II€PEMEHHBIX, KOMOMHHPOBAHHOE BIMSHHE ITap IWIH TPOEK
3HAUEHHH pPa3HBIX aTpHOYTOB 3[eCh HE YUHMTBIBAETCI. 3TO MOITIO OBl VIIVUIIHTE KadyeCTBO
KITaCCH(PHKAIITHOHHOH MOJEIH ¢ TOYKH 3peHHS ee IIPOrHO3ZHPYIOMEH TOYHOCTH, OJHAKO,
YBEJIMYIIO OB KOITHYECTBO ITPOBEPSIEMBIX BAPHAHTOB.

BaliecoBckas K1accH(HKAI[HI HaIllIa IIHPOKOe IIPHMeHEeHHe Ha ITPaKTHKE.

banecoBckass QUIbLTpPanUA 110 CJIOBAM

He tak maBHO OaliecoBcKasd KIacCH(HKAI[HI Oblla IpeIIoKeHa IS IePCOHAIbHOH
(IbTpalH criaMa. IlepBeii QHIbTp Obln paspadoTaH ITonmem I'paxemom (Paul Graham). J[ns
paboTHl aIropuTMa TPeOyeTCs BRIIIOTHEHHE ABYX TPeOOBAHII.

[leppoe TpeGoBanme - HeoOXOAHMO, 4YTOOBI Yy KIAacCHQHIMPYeMOro oOBbeKTa

IIPHCYTCTBOBAJIO JOCTATOYHOE KOJMYECTBO ITPH3HAKOB. OTOMY HIEAIbHO YJIOBIIETBOPSIOT BCE
CIIOBa IMMCEM TIOJIb30BATENIS, 3a HCKIIOUEHHEM COBCEM KOPOTKMX H OYeHb PEIKO
BCTPEYAFOIIHXCS.

BTopoe TpeGoBaHHE - IIOCTOSHHOE IIepeoOydyeHHe H IIONOIHEHHe Halopa "cIlaMm - He
crtaM”. Takie YCIIOBHS OYEHBh XOPOIINO PabOTaroT B JIOKAJBHBIX ITOYTOBBIX KIIHEHTAX, TAK KakK
IIOTOK "HE cItaMa" y KOHEYHOI'O KIIHEHTA JOCTAaTOYHO ITOCTOSIHEH, a €CIIH H3MEHSETCS, TO HE
OBICTPO.

OIHaKo IS BCEX KIIHEHTOB CEpPBEpa TOYHO OIPEAEIHTH ITOTOK "He craMa’ JOBOJIBHO
CIIOKHO, ITOCKOJIIBKY OIHO H TO K€ IIHCHMO, SBIIIOINEECS IJISI OJHOIO KIHEHTa CITaMOM, JIJIS

OPYTOIO ﬁEHE}MEI:I:I:I:HiﬂﬁﬁC:ﬂH_ OO TTTTYHACTCA  CIITHITIK OM 6()]]1:11]1]1%1: HE CYHOICCTBYCT
SNEKTPOHHOW MNMOANNCBIO =3YJIbTATC KAUCCTBO I{JIE],CCII(l)HI{ElI_[HH:, B JdaHHOM
Ceptudukar:, . 12000002A633E3D113AD425FB50002000002A6
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MeTtoabI KJIaccHPUKANHUN H NIPOrHO3HPOBaHU . /lepeBbs penieHHH

Meton nepeBbeB pemeHmii (decision trees) SBISeTCS OJHHM H3 HaHOOIee ITOIYIISIPHBIX
MeTOJOB pelleHHs 3aJa4 KIacCH(PHKAIMH H ITporHo3upoBaHua. MHorma stot Metox Data Mimng
TaK)Ke Ha3bIBAIOT JEPERBSMH PEINAOINNX ITPaBHII, AePeBbsSIMH KIIacCH(PHKAIIHH H perpeccHu. Kak
BUIHO H3 IIOCIEAHErO Ha3BaHHMSA, IIPH IIOMOIINH JAHHOTO METOMa PEMIAaTCI 3aJadyi
KITaCCH(PHKAITHH H IIPOTHO3HPOBAHHL.

Ecim 3aBHCHMAs, T.e. ILEleBas IepPeMeHHas IIPHHHUMAET AHCKPETHBIE 3HAUEHHS, IIPH
ITOMOIITH MeTO/Jia JiepeBa pellleHHH peliaeTcs 3aJadya KiIacCH(HKAL[HH.

Ecim Xe 3aBHCHMAs IepeMEHHAas IIPHHHMAET HEIIPePBIBHBIE 3HAYEHHS, TO JIEPEBO
PEIIEHMI YCTaHABIIMBAECT 3aBHCHMOCTE BTOH IIEPEMEHHON OT HE3aBHCHMEBIX IIEPEMEHHEIX, T.€.
pEIIaeT 3a4auy YHCIEHHOI O IPOTrHO3HPOBAHH AL

BriepBhie JiepeBbs pelleHHH OBIIH IIpeIokeHbl XoBHIeHAoM H XaHtoM (Hoveland,
Hunt) B xoH1le 50-X romoB Impomnoro Beka. Camas paHHSII H H3BecTHas pabora XaHTa H JIp., B
KOTOPOH H3/Iaraercs CyTh JIepPeBbeB pelleHHH - "3JKcrepHMeHTH B HHAYKIHH" ("Experiments
inInduction") - 6r11a omyonHkoBaHa B 1966 roxy.

B Hanbomnee MpoCcTOM BHAE AEPEBO PEIlleHHI - 3TO CIoco0 IpeJCTaBICHHSI TIPaBHI B
HEPAPXHYECKOH, ITOCIIEAOBATENBHON CTPYKTYpe. OCHOBA TaKOH CTPYKTYPHI - OTBETHL "Jla" i
"Het" Ha psj BOIIPOCOB.

Ha pucyHke 8.1 mpuBeeH IMpHMEpP JepeBa PelIeHHH, 3ajladya KOTOPOro - OTBETHTH Ha
Borpoc: "Wrpate mi B romed?" UToOBI penmTh 3agady, T.e. IIPHHATh pelleHHe, HIpaTh JIH B
roiab(, clIelAyeT OTHECTH TEKYIYIO CHTYal[HIO K OJHOMY H3 H3BECTHBEIX KIIaCCOB (B JAaHHOM
ciydae - "HrpaTh" Wi "He Hrpath"). [ 3TOro TpedyeTcs OTBETHTh Ha Pl BOIIPOCOB, KOTOPBIE
HaXOJATCS B Y3JIaX 3TOr0 JAepeBa, HauMHas ¢ er0 KOPHSL

IlepBEIN y3en Halero aepepa "ComHEYHO?" SABJISIETCS Y3JIOM IIPOBEPKH, T.€. YCIIOBHEM.
[IpH ITONMOXUTEIPHOM OTBETE Ha BOIIPOC OCYINECTBIIIETCS IIEPEeXOHd K JIEBOH YacTH JEpeBa,
Ha3BIBAEMOH JIEBOH BETBBIO, IIPH OTPHIIATEIIFPHOM - K IIPAaBOH YacTH JiepeBa. TakuM o0paszoM,
BHYTPEHHHI y3ell JIEpeBa SBISETCS Y3JIOM ITPOBEPKH OIPeJelIEHHOIO YCIOBHA. [lanmee HIET
CIIEAVIOIIMI BOIIPOC M T.X., ITOKa He OYIeT MOCTHIHYT KOHEYHBIH Vy3ell JepeBa, SBJISFOIIMIICS
YV3JIIOM peIleHHs. /{71 HaIero AepeBa CYIIECTBYET JBa THIIA KOHEYHOI'O y3jIa. "HIpaTh" H "He
HTpaTh" B TOIBQ.

B pesynprare NpoXOKIEHHS OT KOPHSI JepeBa (HMHOTJAa HAa3bIBAEMOIO KOPHEBOM
BEPIIMHOH) JO €ro BepIIMHBI PellaeTcs 3ajJadya KIaCCH(HKAIMH, T.e. BBEIOHpaeTCS OJHH H3
KJIacCOB - "HrpaTh" M "He HIpaTh" B roJb(.
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[{enpro IMOCTPOEHNS AepeRa PEIIEHNI B HAIIIEM CIIy4Yac SBISETCS OIPENETICHIE 3HAUCHHS
KaTer OPHAIIBHOH 3aBHCHMOH ITEPEMEHHO.

HMraxk, 1 Halnel 3aJayd OCHOBHEIMH 3JIeMEHTAMH JIEpeBa PEICHII SBIISIOTCS:

- Kopens gepepa: "ConHeyHO?"

- BHyTpeHHHH y3ell JepeBa IIH Y3€ll IPOBEPKH: "TeMieparypa BO3ayXa BBICOKas?',
"UneT m1 goxas?"

- JIMCT, KOHEUYHEIN Y3€IlI JepeRa, Y3ell pellleHus WiH BeprmHa: "HMrpars”, "He urpats”

- BeTBb JiepeBa (cirydan otBeTa): "J[a", "Her".

B paccmoTpeHHOM IpHMeEpe pelnaeTcs 3afadya OHHapHOH KIaCCH(PHKALTHH, T.€. CO3/1aeTCs
IUXOTOMHYECKAs KIACCH(HKAIITMOHHAsA MOJelb. [IpHMmep JIeMOHCTpHpPYeT paldoTy Tak
Ha3bIBAEMBIX OMHAPHBIX JTEPEBBER.

B y3max OHHApHBIX JepeBbeB BETBIIEHHE MOXKET BECTHCEH TOIBKO B JBYX HaIIPaBIIEHISIX,
T.€. CYIIECTBYET BO3MOKHOCTh TOIBKO JIBYX OTBETOB Ha ITOCTaBIeHHEIH Borpoc ("aa" u "HeT").

IlocTpoeHne KiaccH(pUKANUOHHOM MOAe/ IH

BiuHapHBIE AepeBhS SBISIOTCS CaMBIM ITPOCTBIM, YACTHBIM CIIYYaeM JAE€PEBBEB PEIEHHIL.
B ocTanpHEIX CIIy4Yasx, OTBETOB H, COOTBETCTBEHHO, BETBEHl JcpeBa, BREIXOAMIIHX H3 €0
BHYTPEHHETO Y3IIa, MOKET OBITH OOJIBIIE ABVYX.

PaccmoTrpuM 0Oofiee CIOXKHBIH ITpHMEpP. baza JaHHBIX, Ha OCHOBE KOTOPOH JOJIKHO
OCVIIECTBIATHECS IIPOTHO3HPOBAHHE, COMEPKHUT CIEAVIOIHE PETPOCIEKTHBHBIE JaHHBIE O
KIMeHTax OaHKa, SBILIIOINHECS e aTpHOyTaMIl: BO3pacT, HalIYHEe HEABIDKIMOCTH, 00pa30BaHHE,
CPEIHEMECSUHBI JOXO, BEPHYI JIH KIIHEHT BOBPEMSI KPeIHT. 3ajJadya COCTOMT B TOM, YTOOHRI Ha
OCHOBAaHHH II€PeYHCIIEHHBIX BBHIIIE JAaHHBIX (KpOoMe ITOociaeQHero aTpHOyTa) OIpeJelHTh, CTOHT
M BBIJIABATh KPEAUT HOBOMY KIIHEHTY.

Takas 3aada pelmaeTcs B JBa dTala. ITOCTPOEHHE KIIACCH(HKAIIHOHHOH MOJEIH H ee
HCITOJIb30BaHIE.

Ha sTare mocTpoeHHS MOJETH, COOCTBEHHO, H CTPOHTCS JEPeBO KIIacCH(HKAIMH FIIH
cozmaeTcsa HaObop HeKHX IpaBHiI. Ha sTalle HCIIOMB30BaHMS MOIEIH ITOCTPOSHHOE JIEPEBO, HIH
IIYTh OT €ro KOPHS K OMHOH H3 BEPIIMH, SBISIOIIHICS HAaOOPOM IIPaBHI 11 KOHKPETHOIO
KIIMEHTA, HCIIONB3YETCA UL OTBETA Ha IIOCTABJIEHHBIH BOIIPOC " BeIjaBaTh IH KpeauT?"

I IpaBiiioM SBIISIETCS JIOTHYECKAsI KOHCTPYKIINS, ITPEACTARIIEHHAS B BHJIE "€CIIH. ... TO....".

Ha pucynke 9.2 mpHBeJeH HpHMep JepeBa KiIacCH(HKAIMH, C ITOMOIIBIO KOTOPOIO
pelmaeTcd 3ajava 'BeIgaBaThk JIH KpeAHUT KIHeHTY?". OHa SBISETCS THITHYHOH 3aJayeH
KJIaCCH(PHKALTHH, H ITIPH ITOMOIIN JIepeBbEB PEIeHHH IMOIYYaloT JOCTAaTOYHO XOPOIIHE BapHAHTEI

€€ PCIICHHMA.
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Puc. 9.2. Jlepero pemeHun " Bergasarts JIH KpeJuT?"

Kakx MBI BHANM, BHYTPeHHHE Y31IBI JilepeBa (Bo3pacT, HATHYHE HEABHKHMOCTH, JOXOM H
0o0pa3oBaHHE) SBIIIIOTCS aTpHOYTAMH OIMCAHHOH BBINE Oas3bl JaHHBIX. OTH aTPHOYTHI
Ha3BIBAIOT ITPOTHO3HPYIOMIMMH, HIIH aTpHOyTaMH pacineruieHus (splitting attribute). Koneungble
V3IIBI JIEPEBA, HIIM JIHCTHI, HMEHYIOTCS METKAMH KJIacca, SBIISIOIMMMICS 3HAUYEHHSMH 3aBHCHMOI
KaTer OPHAJIBHOM IEPEMEHHON "BBIJAaBaTh" M "HE BBIIABATh" KPEIHT.

Kaxmag BeTBb JepeBa, HAVINAS OT BHYTPEHHETO V3lIa, OTMeYeHa IIpeAHKaTOM
pacmieruieHHa. IlocimefHHMI MOKET OTHOCHTBCS JIMIIF K OJHOMY aTpHOYTY pacIleIUIEHHS
TAHHOIO Vy3Ia. XapakTepHasd OCOOEHHOCTh IIPeJHKATOB PacIeIUIeHHI. Kaxaas 3allch
HCIIOJIb3YET VHHKAJIBHBIH IIYTBOT KOPHS JIEpeBa TOINBKO K OZHOMY Y3IIY-PEIIEHHIO.
OObeanHeHHasS HH(pOpMaIHsI 00 aTpHOyTax pacIIeIIeHHI H ITpeJHKaTaX PacIleIUICHHSI B Y3JIE
Ha3kIBaeTCS KpHTepHeM pachiervieHHs (splitting criterion).

Ha pucynke 9.1 w#n300pakeHO OJHO M3 BO3MOXKHBIX JIEPEBBER PEIIEHHUH I
paccMaTpHBaeMOH Oasbl JaHHBIX. Harmpumep, KpurepHi paciuervieHHs "Kakoe oOpasoBaHHE?",
MOT' OBI HMETH JBa ITPeAHKaTa PacIleIUIEHH H BBIITISAETh HHaue: oOpa3oBaHHe "BRICIIEE” H "He
BEICIIIEe" . Torma IepeBo pelleHHH HMeI0 ObL Py OH BHI.

Taxzmv o6pa3oM, I JaHHOH 3aJaul (KakK M I TF000H APYToit) MOKeT OBITh ITOCTPOEHO
MHOJKECTBO JIEPEBBEB PEIIEHHH Pa3IHYHOIO KayecTBa, C Pa3IHYHOH ITPOrHO3HPYIOILIEH
TOYHOCTBIO.

KauecTBO ITOCTPOEHHOIO JepeBa PEILIEHHS BeChbMa 3aBHCHT OT ITPaBIJIBHOIO BEIOOpPa
KpuTepHs pacineruieHus. Hajx pa3paGoTKOH M YCOBEPIIEHCTBOBAaHHEM KPHTEPHER padoraroT
MHOI'HE HCCIIELOBATEH.

MeTon mepeBbeB pellleHH 4acTO Ha3pIBaroT "HanBHEIM" momxoxoM [34]. Ho Gmaromaps
L[ETIOMY PSOY IPEHMYINECTB, JTAHHBIH METOH SBJISIETCS OAHHM M3 HauOolee ITOIMYISPHBIX I
PEINeHHs 3a/1ad KIIacCH()HKALHH.

IIpenMyinecTBa AepeBbeB pelleHHH

MHTYHTHBHOCTE JlepeBheB pelneHMil. KiaccudHkalloHHasa MOAEIb, ITpeJcTaBIeHHAS B
BHUJIe JIepeBa PEIIEHUH, ABISCTCS HHTYHTHBHOH M VIIPOINAET ITOHHMaHHE pPeIlacMOH 3aauH.
PesyimpTaT paboThl aIrOPHTMOB KOHCTPYHPOBAHHS IePEBBEB PEIIEHHI, B OTIIMYHE, HAIIPHMED,
OT HEHPOHHBIX CETEH, IPEIACTABILIONIMX COOOH "YepHBIE SIMHKH', JIETKO HHTEPIPETHPYETCS
IIOJIL30BATENIEM. 3TO CBOHCTBO JEPEBBEB PEMIEHHH HE TOIBKO BaXHO IIPH OTHECEHHH K
OIPeIe]IEHHOMY KJIacCy HOBOro OOBEKTa, HO H TIIOJIE3HO IIPH HMHTEPHpeTalii MO
KIaCCH()HKAITHH B IIeIOM. JlepeBO peIleHHH II03BONISeT IIOHSITh H OOBSCHHTh, IIOUYEMY
KOHKPETHBIH OOBEKT OTHOCHTCS K TOMY HIIM HHOMY KJIacCy.

JlepeBbsl pEIleHHH JaroT BO3MOXHOCTh H3BJIIEKATh IIpaBHIa M3 Oasbl JAaHHBEIX Ha
eCTECTBEHHOM s3BIKe. |IpuMep npaBiuia: Ecinu Bospact > 35 u Jloxox > 200, TO BRIIATE KPEIHT.

JlepeBbs pelIeHHH TTO3BOJISIOT CO3aBaTh KIIACCH(DHKAI[HOHHBIE MOJIEIH B TeX 00IIacTsX,
IJle QaHAIHTHKY JOCTaTOYHO CIIOKHO (POPMaIH30BaTh 3HAHHSL

AJTOpPUTM KOHCTPYHPOBAHHS epeBa PelleHHH He TpeOyeT OT ITONb30Barels BeIOOpa
BXOIHBIX aTpHOYTOB (HE3aBHCHMEIX ITepeMeHHEBIX). Ha BXOJ alropurmMa MOKHO IIOZ[aBaTh BCE
CYILECTBYIOIIIE aTPHOYTHI, aJITOPUTM CaM BEIOepeT Hambolee 3HaAaUHMMBIE CPEAH HUX, H TOIBKO
OHH OVAYT HCIIOJIb30BAHEI JJIS IIOCTPOEHHS JepeBa. B CpaBHeHMH, HaIIpUMED, ¢ HEHPOHHBIMI
CETSIMH, 3TO 3HAUYHMTEIIBHO OOJIerdaeT II0JIb30Barelro padoTy, ITOCKOIBKY B HEHPOHHBIX CETSX
BEIOOP KOIMYECTBA BXOMHBIX aTpHOYTOB CYINECTBEHHO BIHSET HAa BPpeMSI OOYUEHHA.

TOYHOCTEP MOJIENIEH, CO3JAHHBEIX IIPH IIOMOINM [IEPEBLEB PEINEHHH, COIIOCTaBHMAa C
APYTHMH METOJAaMH ITOCTPOEHHS KIaCCH(HKAIMOHHBIX MOJEIeH (CTaTHCTHYECKHE METOJIBI,
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3aTpayrBacMoe Ha OOYUEHIE, T.€. IIOCTPOEHIE AEPEBLER PEIICHII, PACTET JTHHENHO. [IprMeprl
TakuX aJropuTMoB: SLIQ, SPRINT.

BricTphiii mmponiecc oOyduenHusa Ha mocTpoeHHe KIacCH(PHKAIHOHHBIX MOZEIeH IIpH
TIOMOIIM alTOPHTMOB KOHCTPYHPOBAHHS JEPEBBEB PeEIlleHHI TpeOyeTcsa 3HAUMTEILHO MEHBIIE
BPEMEHH, YEM, HalIpUMEpP, Ha 00yUYeHHEe HENPOHHBIX CETEH.

BONBIIIMHCTBO alrOPHTMOB KOHCTPYHPOBAHH S JIePeEBbEB PEIIEHHH HMEIOT BO3MOKHOCTE
CITEIHAIILHOH 00padOoTKH ITPOITYINEHHBIX 3HAUEHIH.

MHOrue KIacCHYeCKHE CTAaTHCTHUYECKHE METOJMBI, IIPH ITOMOINMH KOTOPBIX PEINAIOTCS
3ajlayd KIacCH(PHKAI[HH, MOI'YT pa0oTaTh TOIBKO C YHCIOBBIMH JaHHBIMH, B TO BpeMS Kak
IEPERBS PEMICHITT Pad0Tar0T M ¢ YHCIIOBEIMH, H ¢ KaTeTOPHAIBHBEIMI THIIAMH JaHHBIX.

MHOrHe CTaTHCTHYECKHE METOABI SBJISIOTCS ITapaMETPHUYECKHMH, H IIOJIb30BaTEIIh
IOIDKEH 3apaHee BIaJeTh OIpeelIeHHOH HH(pOopMallei, HallpHMeD, 3HATh BHJ MOJIEIIH, HMETh
THIIOTE3Y O BHAE 3aBHCHMOCTH MeXAY IIEpEMEHHBIMH, IIPeAIloaratb, KakKOH BH]I
pacIpeie]IeHHs. MMEIOT JaHHBIE. J[epEeBBS PEIleHMI, B OTJIHYHEe OT TaKHX METOIOB, CTPOST
HelmapaMeTPHYECKHE MOJEIH. TakuM o0pasoM, JIEPEBBS PEIIeHHIT CIIOCOOHBI PeIlaTh TakKHE
sajaynd Data Mining, B KOTOPBIX OTCYTCTBYET alpHOPHAs HH(OPMAIMSI O BHAE 3aBHCHMOCTH
MeKIY HCCIeYEMBIMH JTaHHBIMH.

[Ipoliecc KOHCTPYHPOBAHHS AePeEBA PEIIEH I

HarmoMHIM, 4TO paccMaTpHBaeMasi HaMH 3aj[adya KIacCH(HKAIIHH OTHOCHTCS K CTPaTeIrHH
OOVUEeHHMs C VUHTEIIEM, HHOIAAa Ha3hlBAEMOI'0 HMHAYKTHBHBIM OOy4YeHHEM. B 3THX CiIyyasx Bce
O0BEKTHI TPEHHPOBOYHOIO Habopa JaHHBIX 3apaHee OTHECEHBI K OQHOMY H3 ITPedOITpeIeIeHHBIX
KIIaCCOB.

ANTOPHTMBEI KOHCTPYHPOBAHHS JIEPEBBER PEIEHHH COCTOST M3 3TAllOB 'TIOCTPOcHHE"
wm " co3manne " gepeBa (free building) m "cokpaimmeHne " gepeBa (free pruning). B xoje
CO3JIaHH JepeBa PEINAOTCS BOIIPOCHI BEIOOPAa KPUTEPHS PACIIEIUIEHSI H OCTAHOBKH OOYUEHH S
(eCIH 3TO IPeAyCMOTPEHO alTOPHTMOM). B Xojie 3Tara coKpalleHHS JepeBa pelraeTcs BOIIPOC
OTCEYEHHS HEKOTOPHBIX €TI0 BETBEH.

PaccMOTpHM 3TH BOIIPOCHI ITOIPOOHE.

KpHuTepHi paciieriieHn s

[Ipoltecc cosmaHHs JIepeBa IMPOHCXOAUT CBEPXY BHH3, T.€. SABISETCS HHCXONSIINM. B
XO[e TIIpoIEcCa alrOPHTM JOMKEH HAaHTH TaKOHKPHUTEPHH PacINeIUIeHHs, HHOIJa Takxke
Ha3BIBAEMBIN KPHTEPHEM pa30HeHH, YTOOR pa30HTh MHOKECTBO HA ITOAMHOKECTBA, KOTOPEIE
OBl aCCOLIMHPOBAIIMCH C JAaHHBIM Y3IO0M ITPOBEPKH. KaKablil y3el IPOBEPKH JIOJLKeH OBITh
IIOMEYEH OIPEICIEHHBIM aTpHOyTOM. CVYIIECTBYETIIPABIIIO BBRIOOpa aTpuOyTa: OH MJOIKEH
pa30HBaTh HCXOJHOE MHOXKECTBO MTaHHBEIX TaKHM O0O0Opa3zoM, YTOOBI OOBEKTHI ITOJAMHOKECTE,
IOIIYYaeMBIX B PE3YIIBTATE 3TOTO PazOHeHHS, SBISUIHCH IMPeCTaBUTEISAMH OJHOIO KiIacca HIH
ke OBLIH MaKCHMAalIbHO ITPHOIIIKEHBI K TakKoMy pa3OneHHio. [lociueaHsas ¢pasza o3Ha4yaeT, 4YTO
KOIIHMYECTBO OOBEKTOB M3 JAPYIHX KIIACCOB, TAaK HA3BIBAEMBIX '"TIPHMECEH", B KaKIOM KIacce
IOJIKHO CTPEMHTHCS K MHHHMYMY.

CVIIECTBYIOT pa3lIHYHBIE KPHTepHH pacluervieHHsd. Hamnbomee mH3BeCcTHBIe - Mepa
SHTPOITHH H HHAeKc Gini.

B HekoTOpeIX MeTOHax 11 BeIOOpa arpuOyTa pacIlelUIeHHS HCIIONb3YeTCsS TakK
Ha3bIBacMasl Mepa HH(OPMAaTHBHOCTH ITOJIIPOCTPAHCTB aTpHOYTOB, KOTOpas OCHOBBIBAETCS Ha
SHTPOITHMIHOM TIOAXOJE H HM3BECTHA IO Ha3zBaHHeM "Mepa HH(OPMAI[HOHHOI'O BEIHIPHIIIA"
(information gain measure) HIH Mepa SHTPOITHH.
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6. VAEBHO-METOJUYECKOE 1 UTH®OPMAITMOHHOE OGECHEUEHHUE
TACITUTLINHBI

6.1. Ilepevens 0CHOBHOI H JIOIIOJIHHT €JILHOH JIMTEPATYPbl, He0OX0AMMOM 11
OCBOECHH A MU CIHILIHHBI

6.1.1. IlepeyeHb OCHOBHOH JIMTEPATYPbI

1. byrmaues, C.K. lIpumeHeHHEe  YHCIEHHBIX METOJAOB B  MaTEMaTHYECKOM
MOJeIHpoBaHHH : yieOHoe mocobue / C.K. ByiiHaueB ; MHHHCTEPCTBO 00pa30BaHHI H
HaykH Poccmiickoii Depepaiin, YpanbCkui (elepalbHbIH YHHBEPCHTET HMeHH IIEPBOLO
IIpesupgenra Poccrm b, H. Emempma | Hayu, pexn. HO.B. llecnH. - ExarepuHOypr
M3paTenscTBO Ypainsckoro yHuBepcuteTa, 2014, - 72 c¢. : wi. - buGimmorp. B kH. - ISBN 978-5-
7996-1197-2; To xe |[OnexrponHeri pecypc|. - URL: http://biblioclub.rwindex. php?
page=book&1d=275957.

2. Kpaxorkuna E.B. UncneHHbIe MeTOIEI B HAYYHBIX pacyeTax | OIeKTPOHHBIH pecypc] :
yueOHOe mocoOne. Kype nexmii / E.B. KpaxoTknHa. — OIeKTpPOH. TeKCTOBBIE JaHHBIE. —

CraBpononb: CeBepo-KaBkasckmii (pemepanbHblii yHHBepcHTeT, 2015, — 162 c¢c. — 2227-
8397. — PexxmM moctyra: http://www.1prbookshop.ru/62884 html.

6.1.2. llepedyennb JONOIHHTEILHOH JJUTEPATYPSDI
1. Bruyropa A A. MHCTpYMEHTAIIEHEIE CPEACTBA Pa3pabOTKH KOMITBIOTEPHBIX CHCTEM H

KOMITIEKCOB |OneKTpoHHBIH pecypc|: yueOHoe mocobue / A A. BuuyroBa. — DJIEKTpPOH.
TEeKCTOBBIE JaHHbIle. — CapatoB: IIpogobpazoBanme, 2017. — 135 ¢. — 978-5-4488-0015-3. —

Pexxrv moctyta: http://www.iprbookshop.ru/66387 .himl.
2 Hxmap, M. @. OcHOBEI Hay4HBIX HccIedoBaHIii: yuel. mocodue / M.D. IIxmap. - 6-e

m3a. - M. : Jlamkos 1 Ko, 2017. - 208 ¢. - IIpu.: ¢. 197-206.

6.2. IlepeyeHb Y1e0HO-MeTOHIECKOT0 00ecIieYeHH I CaMOCTOATEIbHOI padoThbI
00Y4YAHINHXCHA 0 JHCIHILIHHE

1. MeTomHyeckme YKd3dHHA 110 BBIIIOIIHEHHIO HﬂﬁﬂpﬂTOpI—[bI}{ pﬂﬁDT 1o AHCIIIIINTHE
{{I/IHCTP}"MEHTEIJILHLIE CPCACTBA B HHACHCPHBIX PACHCTAX).

2. Metogmueckiie PEKOMCHIAITHI I CITYVIACHTOB IIO OPI'aHHM3aIlHII CAMOCTOSITEIIbHOH
pﬂﬁDT bI ITO JHCITHITIIHHE <« I/IHCTP}MEHTEIHBI{BIE CPCACTBa B HHKCHCPHBIX PACUCTAX)).

6.3. Ilepeuenn pecypcoB HHPOPMANHOHHO-T €JIEKOMMYHHKAIIHOHHOH CETH
HHTEpHET, HE0OXOAHUMBIX /ISl 0CBOEHHSA AHCIHILIHHDbI

1. HarnonamsHeri OTKpEITEIH YHHBepcHTeT. UHTYHT. hitp:/www.1infuit.ru
2. OepepanbHLBIL TOpTal « PoccHiickoe oOpazoBanHe. hitp://www.edu.ru.

3. Poccuiickas rocygapcTBeHHas1 OnOnuoTeka. http://www.rsl.ru.

4. Pecypc o MaTeMaTHYeCKOMY MOJIeJIHPOBaHHIO. Exponenta.ru.
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