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BBE/IEHHUE

B  MeroguMueckux — yKazaHWAX ~ COOEpPKATCA  MATEPUAIBI, HEOOXOOUMEBIE I
CAMOCTOATENRHON MOATOTOBKU CTYAEHTOB K BBIMOJHEHHIO J1A0OpPATopHEIX padoT. B onmucanme
1adoparopHEIX pabdOT BKMOYEHBI 1EAHL PAOOTHI, MOPSAOOK €€ BBIMOJIHEHUSA, PACCMOTPEHEI
TEOPETUUECKUE BOIMPOCH, CBA3AHHBIE C peanu3anued IMOCTABIEHHBIX 3a7ad, IPUBEICHA
HEOOXOaMMAs JIUTEPATYPA.

Meroguueckue ykazaHus TOCBAMIEHBI Kypcy «MHCTpymeHTanpHBIE CpencTBa B
WHKEHEPHBIX pacuerax». MoaemipoBaHue MHKEHEPHBIX PACUETOB — 3aMENIEHNUE UCCIIETYEMOTO
00BEKTA (OPUTHHATA) €T0 YCIOBHBEIM 00pa30M, ONMMMCAHUEM WM PYTHUM 00BEKTOM (MOIEIBI0) U
MO3HAHUE CBOMCTB OPUTHHAJIA ITYyTEM HCCIENOBAHUA CBOMCTB MOJIENH.

C mMomemaiMi U MOJETUPOBAHUEM MBI CTAIIKUBAEMCSA B HAIIEH KU3HU KAXKIOBIM O€Hb. B
OETCTBE peOEHKA OKPYKAT WIPYHIKM — MAIIMHKWA, KYK/IBI, KYOMKM W T.O. - MOJEIH,
HOBTOPAIONINE OTAEIBHEIE CBOMCTBA PEANTBHO CyHMIECTByHONMX mpeameroB. Mrpas, pebenok
MOJIYJ4aeT BAKHBIE 3HAHMA O HUX. B mOporecce MBINUIEHHS YEJIOBEK OMepupyer oOpazamu
OOBEKTOB  OKPYXKAIOMIETO MHPA, KOTOPBIE ABIAIOTCA PA3HOBUIHOCTAMUA  MOJENEH —
KOTHUTUBHBIMU (MBICIIEHHBIMH) MOJEIAMH. B IIMPOKOM CMBICIIE TMPOU3BEACHUSA KUBOMHUCH,
CKYJIBOTYPEI ¥ JIMTEPATYPEI MOKHO TAKKE CUATATE MOJEIIAMH PEANBHBIX 00LEKTOB.

PeanpHas momp3a OT MOIETMPOBAHMUA MOJKET OBITH MOTYy4E€HA IIPH BBEIMOJTHEHUH JBYX
TJIABHBIX YCJIOBUM:

- MOZENIb OJKHA OBITh AJEKBATHOM OpPUTMHAIY B TOM CMBICIE, 49TO MOJKHA C
OOCTATOYHOM TOYHOCTBIO OTOOpakarh HHTEPECYIONIAE MCCIEAOBATENA XAPAKTEPHUCTHUKH
OpUTUHATA;

- MOJEIb OOJIKHA YCTPAHATE MPOOJIEMEBI, CBA3AHHEIE C (PU3MUECKUM M3MEPEHNEM KAKHX-
TO CUTHAJIOB WJIHM XaPAKTEPUCTHK OPUTHHAIIA.

Yacro B CHCTEMHOM aHaJIW3€ IIPH MOJEIBHOM IIOAXONE MCCIENOBAHUA MOIKET
COBEpIIATHLCA OTHA METOQUUYECKAA OMMNOKA, 4 UMEHHO, - IIOCTPOCHUE KOPPEKTHBIX U aI€KBATHEBIX
Monenen (ImoaAMOENIEH) MOACUCTEM CHCTEMEI M WX JOTHYECKH KOPPEKTHAsA YBA3KA HE OAET
rapaHTH KOPPEKTHOCTH HOCTPOEHHOM TAKUM CIIOCOOOM MOIIETH BCEH CUCTEMEL.

Mopems, mocrpoenHas 0e€3 ydera CBA3€d CHUCTEMBI CO CPEAOH, MOWKET CIYyKUTh
MOITBEPKACHUEM TEOPEMBI [ 'enensd, a Tounee, €€ CIEACTBHUA, YTBEPKAAIONMIETO, YTO B CIOKHOU
W30JIMPOBAHHOU CHUCTEME MOTYT CYIIECTBOBATE UCTHHEL U BEIBOAEL, KOPPEKTHEIE B 9TOU CUCTEME
1 HEKOPPEKTHEIE BHE €€.

Hayka mopenupoBaHusa COCTOMT B PAa3IeICHUM IPOIECCA MOAEIHUPOBAHUA (CHCTEMBEI,
MOJEIN) HA OSTanbl (DOOCUCTEMBI, MOAMOIENH), AETATBHOM W3YYEHWHW KaKAOTO JTamna,
B3aUMOOTHOIIIEHWUH, CBA3€H, OTHOMIEHUN MEXKIYy HUMH U 3aTEM 3(P(PEKTUBHOTO OMACAHUA HX C
MAKCUMAJIBHO BO3MOKHOH CTENEHEBIO (pOpManm3anum U aIeKBATHOCTH.

B caydae HapymeHusa 5TUX HOPaBUI IOJy4aeM HE MOAENbh CHCTEMBI, 4 MOIENb
"COOCTBEHHBIX W HEIMOJHBIX 3HAHUM .

MopemipoBanue paccMaTpuBaeTcCs, Kak ocodas (popma SKCHepUMEHTa, SIKCIEPUMEHTA HE
HAJ CAMAM OPWUTMHAJIOM, T.€. HPOCTBIM HJM OOBIYHBIM OJKCIEPUMEHTOM, a HaJ KONHEH
OpUrHHaIa. 30€Ch BAKEH M30MOP(PU3M CUCTEM OPUTHUHAIHEHOW U MOJEIBHOM.

1. HEJIb U 3AJTAYHU U3YYEHUS JUCHUIIJIMHDBI

[lensro OCBOEHMA OMCHMILUIMHEL ABIAECTCA (popmupoBanue Habopa mpopecCuoHATBHBIX
KoMmOeTeHIui Oyaymiero Oakamaspa no HampasaeHuro 09.03.02 MudopmanimoHHeI€ CUCTEMBI U

TCXHOJIOTHHOKYMEHT NOANMUCAH

nge
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2. ObOPYTIOBAHHUE UMATEPHUAJIbI

AnmaparHeie CpeCcTBa: MEPCOHATBHEIN KOMIBIOTED;

[Tporpammmusre cpenctea: OC MS Windows; MS Visual Studio, MS Office.

YueOnemi knacc ocHamieH IBM-coBmecTHMBIMM KOMITBIOTEpAMH, OOBEIMHEHHBEIMUA B
MOKamBHYIO CeTh. JIOKanpHasA cers yueOHOro Kiacca MMEeT MOCTOSHHBIM OOCTYII K ceTu Internet
MO0 BBIAEICHHOM JmMHUW. [{nsa mpoBeneHus nabopaToOpHBEIX padOT HEOOXOOUMO CHEOYIOMIEE

mporpamMmmHoe obecneuenue: oneparpmonHas cucrema MS Windows, maker o(puUCHBIX TTporpaMm
MS Office, maker MS Visual Studio.

3. YKA3AHUA 11O TEXHUKE BE3OITACHOCTH

[lepen wawanom paboTel ciaenyer yOemuTECS B MCIOPABHOCTH  SIEKTPOMPOBOIKH,
BBIKJTIOUATENEH, MITENCEILHBIX PO3ETOK, MMPH MNOMOIIM KOTOPBEIX 000pPyIOBAaHME BKIIFOYAETCA B
CETh, HAJIMYUU 3a3€MJIEHUS KOMITBIOTEPA, €T0 pad0TOCTOCOOHOCTH.

Jna cHwKeHuA WM IPENOTBPALICHMSA BIMAHWUA ONACHBIX M BPEIHBIX (PAKTOpOB
HEOOXOAMMO COONMIOIATE CAHUTAPHBIE MPABWUIAA W HOPMBI, TUTHEHUYECKHME TpPEOOBAHUS K
MEPCOHAIBHBIM 3J1E€KTPOHHO-BEIUMCIUTEIBHBIM MAITTHAM.

Bo wu30exanue mNOBpEkKIECHUA W30IAIMUA IMPOBOJOB W BO3HUKHOBEHMSA KOPOTKHUX
3aMBIKAHUUM HE Pa3pelIaeTcsa: BEmars 4ro-au0d0 Ha MPOBOJA, 3aKPAIIMBATE U OCIUTH NIHYPHEI U
MPOBOJA, 3AKJIAIBIBATE MPOBOAA U HIHYPHL 3a TA30BBIE U BOJAOHPOBOIHEIE TPyOEI, 3a Oarapeu
OTONMUTEILHON CHUCTEMEBI, BBIJEPTUBATH MITENCENBRHYIO BWJIKY M3 PO3ETKH 34 IIHYP, YCHIHE
OOJKHO OBITH ITPUJIOKEHO K KOPIYCY BHIIKH.

Jlnd ACKIIFOUEHUS MOPAKEHUS SJIEKTPUYECKAM TOKOM 3AMPENIAeTCA: 4acTO BKJIOYATH U
BBIKJIIOUATE KOMITBIOTEP 0€3 HeoOXOAMMOCTH, HPHUKACATECA K OKPAHY U K TBUIBHOH CTOpPOHE
OTOKOB KOMITBIOTEpPA, padOTaTe HA CPEACTBAX BBIYUCIMTEILHOW TEXHUKU M HEPUPEPUITHOM
00OpyZIOBAaHMM MOKPBIMH pyKamu, padoTars HAa CpPEACTBAX BBHIUMCIUTEILHOM TEXHUKH U
nepu()epuiiHOM 000PYIOBAHUHM, WMEIONINX HAPYUIEHUS IEIOCTHOCTH KOPIMyCd, HAPYIIEHUS
W30JIIIMM  INPOBOJOB, HEUCIPABHYK) WHAWKAIMWIO BKIIOUYEHHUSA MHUTAHUA, C MPHU3HAKAMU
SIEKTPAYECKOTO HANPAKEHUSA HA KOPITYCE, KIACTh HA CPEACTBA BBIYUCIWUTEIRHOM TEXHUKH U
nepupepuitHoM 000 Py JOBAHUH MOCTOPOHHUE MPEIMETHL.

3ampenmiaeTrcsa  mOA  HANPKEHHMEM  OYWMMIATE OT OBUIM WU 3arPA3HEHUSA
SIEKTPOOOOPYIOBAHHUE.

Bo  wu30exanume  mopaxkeHus ~— ONEKTPUUYECKAM  TOKOM, MPW  IOJb30BAHUU
SIEKTPONIPUOOpAMHM HENB3A KACAThCA OTHOBPEMEHHO Kakux-mubo TpyOompoBoaoB, Oarapeu
OTOMJICHU I, METAJUTUUE CKUX KOHCTPYKIAM, COEIMHEHHEBIX C 3€MJIEH.

[Tocne okonuanus padoTEl HEOOXOIUMO 00ECTOUUTH BCE CPENCTBA BBIYMCIMTEIBHOU
TEXHUKU W Tnepudepuitnoe odbopynoBanue. B ciyuae HempepelBHOrO ydeOHOro mpoiecca
HEOOXO0AMMO OCTABHUTH BKIFOYEHHBIMH TOJLKO HEOOX0aumoe 000py10BaHUE.

4. HAUMEHOBAHUE JIABOPATOPHBLIX PABOT
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6 Tema 6. [IporpaMvHubI€ MAKETEI HHKEHEPHEIX PACUCTOB 3 3

7 Tema 7. ABTOMATH3AIMA MAaTEMATHUIECKUX BBEIYACIICHHUH 3 3

8 Tema 8. JlnarpaMMHEIC TEXHUKH 3 3
Hrtoro 3a 4 cemectp 24 24
Htoro 24 24

5. COAEPKAHUE JIABOPATOPHBIX PABOT

JlabopaTopHasi padora 1. ABTOMAaTH3AI N HH:KeHEPHBLIX pacyeToB
Leb padoThI: M3YUECHHE HHCTPYMEHTOB MATEMATHUUECKOTO MOIEIHPOBAHU .
OcCHOBBI TEOPpHH

ITocTpoenne Moae/1H

Mopems 1 MOOETUPOBAHUE - YHUBEPCAIBHEIE MOHATHA, aTPUOYTHI OOHOTO M3 Haubomee
MOMIHEIX METOIOB ITO3HAHUA B MOOOM mpodeccnoHambHOM 001acTH, MO3HAHUS CHCTEMBEI,
IPOLIECCA, ABJIEHHUIL.

Bung mMomemi u MeTOOBl €€ MCCACNOBAaHUA OOnbmI€ 3aBUCAT OT WH(POPMAIUOHHO -
JOTUYECKUX CBA3EH SJIEMEHTOB M TOJICHUCTEM MOJIECIUPYEMOU CHUCTEMBI, PECYPCOB, CBA3EH C
OKPYEHHEM, a HE OT KOHKPETHOTO HAIOIHEHUS CHCTEMBI.

MoaenpHbBIH CTWIb MBIIUIEHUS MO3BOJAET BHUKATH B CTPYKTYPY M BHYTPEHHIOIO JIOTHKY
MO JEJIMPYEMOU CUCTEMEL.

[TocTpoenue momenu - cucremHas 3agada, TpeOyromias aHaan3a M CUHTE3d MCXOIHBIX
OAHHBIX, THUIIOTE3, TEOPHUI, 3HAHUN CHEHUATMCTOB. CHCTEMHBIM MOAXOJ MO3BOJAET HE TOIBKO
MOCTPOUTH MOJIENEL PEATBHON CUCTEMBI, HO U UCTOIL30BATEL 3Ty MOJIENE A7 OLIEHKH (HAIpUMep,
3] eKTUBHOCTH YIIPABIECHUA WIH (DYHKIIMOHUPOBAHUA) CUCTEMBEI.

Mogens - 370 00BEKT WM OmrucaHue 00LeKTa, CHCTEMEI I 3aMENMIEHUA O THOH CHCTEMBI
(opurnHana) OPyrod CHUCTEMOM [JA Jy4MIETO W3YYEHUA OPUTHHANA WIM BOCHPOU3BEICHUA
KaKUX-JIN00 €ro CBOMCTB.

Hampumep, otoOpaxkas (pu3nueckyro CUCTEMY HAa MATEMATHUYECKYIO CHUCTEMY, ITOTYIUM
MATEMATUIECKYIO MOJENL (PU3NUECKON CUCTEMBI. Jlfo0as Momens CTPOUTCA U UCCAENYETCA MPU
ONMPENENEHHBIX JOITYILIEHUAX, TUITOTE3aX.

[Tpumep. Paccmorpum (usuueckyro CHCTEMY: TEI0 MAacCOM M CKATBIBAETCS IO
HAKJIOHHOM IIOCKOCTH C YCKOPEHHUEM 4, HA KOTOpOoe BO3aerucTByeT cuia F.

Hccnenya takue cucremsl, HeI0TOH moaydmn MareMaTH4eckoe cooTHomenue: F = m*a.
JT0 (PU3UKO-MATEMATUYECKAA MOJENL CHUCTEMBI WIM MATEMATHYECKAA MOAETb (PU3MIECKOU
CUCTEMBI CKaTBIBAIOMIErOCA TENA.

[Tpu omicanuu 5T0i CUCTEMBI TIPUHATEHL CIEIYIONIME THIIOTE3HI

- MOBEPXHOCTE UACATRHA (KOA(P(PUIIMEHT TPEHU PABEH HYIIIO );

- TEJI0 HAXOOUTCA B BAKYyME (COMPOTHUBIEHUE BO3IyXa PABHO HYJIIIO);

- MAacca Tejla HEW3MEHHA,

- TEJIO ABUKETCA C OAMHAKOBEIM HOCTOSAHHEIM YCKOPEHUEM B OO0 TOUKE.

[Tpumep. Ousmonornueckas cucremMa (CACTEMA KpPOBOOOpANMIEHWsA YENIOBEKA) -
MOAUUHAETCA HEKOTOPBIM 3aKOHAM TEPMOAMHAMMUKH. OMUCHIBAsA 3Ty CHUCTEMY Ha (PM3MYECKOM
(TEPMOOMHAMHUYECKOM ) A3BIKE OamaHCoOBBIX 3aKOHOB, HOJIYUHM (pH3HnIeCKyIO,
TEPMOJAMHAMHUUECKYIO MOIENE (PU3MOIOTHUECKON CcuUCTEeMBI. Ecnm 3ammucare 5TH 3aKOHBI HA
MATEMATUUECKOM S3BIKE, T.€. COOTBETCTBYIONIME TEPMOAMHAMHUYECKHE YPABHEHMA, TO YK€
MOJIY4aeM MAaTEMATHIECKYIO MOJENh CUCTEMEI KPOBOOOpanieHHs.

HPMHTQ%QEHHDCTE OpeanapuATUH  ()YHKIIMOHUPYET HA pPBIHKE, OOMEHUBAACH
TOBa paMPESEEPBIERI, a1, naopmanmen. Ecim omicarts S5KOHOMUYECKHUE 3aKOHBI, MPABUIIA

Cepridiiay ﬁ%ﬁﬁgﬁ%ﬁﬁ%EWSﬁﬁ%&@“E MOMOIIEK0 MATEMATHYECKUX COOTHOWICHWH, HaIpUMED,

Bnapenei: eKcaHapos

CUCTEMBI aNreOpandeCcKux ypaBHEHUM, TIO€ HEWU3BECTHEIMA OyIyT BEIWYMHEI OPUOBLIH,

[IOJIVHAEMEIE OT B3aUMOIEHCTBHA MIpEeanpuiarudl, a xodxddHuimenTaMu aBHeHHudI O T
,D,EHCTEMTEHEH}T:H 08.2022 no 19.08.2023 A peAIp ’ q)q) L Yp Yoy



3HAYEHUS MHTEHCUBHOCTEHN TAKNX B3aUMOJICUCTBUM, TO MOIYIUM HSKOHOMMKO-MATEMATHIECKYIO
MOJEIb CUCTEMEI MMPEANTPUATHNA HA PBIHKE.

Crmoso "mopmems" (mar. modelium) ozmagaer "mepa", "cmoco0", "CXOICTBO ¢ KAKOW-TO
BEIIbI0'.

MopemipoBanue 0azupyerca Ha MATEMATHUYECKON TEOPHH MOOOOUA, COrIacHO KOTOPOM
a0COMOTHOE MOA00ME MOMKET UMETh MECTO JUIIEL IMPHU 3aMEHE OTHOTO OOBEKTA APYTHM TOYHO
TAKUM KE€.

[Ipu mopenupoBannm OONBIIMHCTBA CHUCTEM a0OCOIOTHOE MOAOOME HEBO3MOMKHO, H
OCHOBHAS 1I€Tb MOJEIUPOBAHUA 3aKIIOYAETCA B TOM, YTO MOJEIb JOCTATOYHO XOPOMIO AOKHA
0TOOpa)are PyHKIIMOHUPOBAHUE MOIEINPYEMON CUCTEMEL.

ITo yporHIO, "T1YOHHE'" MOJe/ITHPOBAHUS MO/Ie/IH OLIBAIOT:

]. sMOupUuecKre - Ha OCHOBE HYMITUPUUECKUX (PAKTOB (OTBITOB);

2. TEOPETUUYECKHE - HA OCHOBE MATEMATHIECKUX OMUCAHUU;

3. CMEMIaHHbIe, MOJYIMIMPHUECKHE - HA OCHOBE HMIMPHYECKUX 3aBUCHUMOCTEH H
MATEMATUUECKUX OIMMUCAHUM.

ITpobsieMa Mo/1e/THpOBAHHS COCTOMUT U3 TpPeX 3aJau:

1. mocTpoenne mozaenu (dTa 3amada MeHee (popmanmm3zyema M KOHCTPYKTHMBHA, T.K. HET
ATOPUTMA 171 MTOCTPOEHUSI MOAEIIEN);

2.uccnenoBanue moaemu (dTa 3amada Oomee (popmanuzyeMa, HMEIOTCA METOIbI
MCCIENO0BAHUSA PA3IMIHBIX KJIACCOB MOJENEN);

3. UCHOJIBE30BAHNUE MOAEIN (KOHCTPYKTUBHAS U KOHKPETU3UPYEMAS 3a1a49a).

Mogems M, onmuceiBaronias cucremy S(x1, x2, ..., xn; R), umeer sun:

M=(zl,2z2, ..,zm; Q), rne zi= Z, (i=1,2, ..., n);

R - MHO)KECTBA OTHOIEHWH HAT X,

QQ - MHOKECTBA OTHOIICHUN HAN Z;

X - MHOKECTBOM BXOJIHBIX, BEIXOJHBLIX CUTHAJIOB H COCTOSHHI CHCTEMEI;

/. - MHOKECTBO ONMUCAHUM (IIPEACTABIEHHM) 3JIEMEHTOB U MOJMHOKECTB X.

Cxema mocrpoenus momenu M cucTeMbl S ¢ BXOJHBIMH CUTHAJTAMHM X U BBIXOJHBIMU
curHazamu Y m3oOpaxena na puc. 1.1.

Yi

Hccnenyemas cucrema § Moaens M

Pucynoxk 1.1 - Cxema nocrpoenns mopenu

Ecm wa Bxog M mocrynaroT curHanel U3 X U HA BBIXOAE MOSABIIAIOTCA CUTHAIEL Y, TO
3a7aH 3aKoH (mpaBwio) { (pyHKIMOHUPOBAHUA MOIOENH / CHCTEMEL.

MopemipoBanue - HTO  VHUBEPCANBHBINL  METON  HOMYUYEHUA OTIICAHUS
(YHKIMOHUPOBAHUA 00BEKTA U HCHOJIH30BAHUS 3HAHUUM 0 HEM. MoOaempoBaHUE UCTIOJIBb3YETCA
B 1F000M mpo(PeCCHOHANEHON AEATENLHOCTH.

ITocraHoBKAa 3a1a4H K J1adopaTopHOil padoTte 1

1. W3yuurs npennaraeMelid TEOPETHIECKHIT MaTEPHAIL.
MMWMHT TOKEH COAEPKATH 3aroJ0BOK, BKIIOYAIONIMHA HA3BAHHUE

E e naﬁoagampnﬁﬁ : ﬁmﬁ ﬁ* mfrmep ‘BdpmanTa, a Takke ceeneHnsa 00 aprope (haMumHMsa CTyaeHTa
HOMEp [PYIIIB).

S e = A0 A8 37T 5 - 3 M T3
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3. O¢opmiieHne Kax)aOTO 3aJaHMSA HAYMHAWTE C YKA3aHUA €r0 HOMEpPA, HAIPUMED
«3amanue Ne 1.

4.B zamanwm 2 BeIOHWUTE OoOpanieHne K (PYHKIHH, HE MPUCBAWBASA TEPEMEHHOW X
YKa3aHHBIE 3HAYCHHUSL.

5. O opmiiaa pemenne 3anannl 4—06, CIEAyET BKIOYATh B JOKYMEHT KOMMEHTAPUM [IJIA
MOSCHEHUSA UCIOJIB3YEMBIX 0003HAUCHUH W BHITIOJTHAEMBIX TEHCTBUIA.

6. Opopvuts oTuer mo sadoparopHou padore. [IpeacraBurs oTgeT Mo AdGOPATOPHOM
paboTe IS 3amUTHL

BapuaHTbI HHANBHAYAJIBHBLIX 32/1aHHH

B cooTBeTrcTBUM € MOIYUYEHHBIM 3aHaHUEM CPOPMHUPOBATH PELIEHNUE U IATh €0 OMUCAHUE
CO CKPUHIIOTAMM BEIITOJIHEHHBIX €U CTBUML.

1. 3anaBas x, y, Z, HAWAATE 3HAYCHUE BRIpaKeHuA 13 T1adm.1.1:

TabGmuma 1.1 — Berunciaenue ca0KHOT0 BEIPAKEHUS

No BripaxeHHe
r 3
: ™
| . 3 ( T ’.'*“'2 -1 2 (1 ‘H.
) In _];—\’sm ‘ X+ ||| x————|+cos|tg |- ‘
2
3
4
5
]
1 Fr.a HIJ . 2 I
6 Inj x+ jtg' | 2o+ — ||| x—— +sIn| cig +1
; 1+ = vl zl
\ S
i 3
; d - |- 7 l
7 Inf| xv— !-'.m!{_t'+i] r—— |+ cos| lg”
Xz L, X z+1
AOKYNEHT MNoarnncAH 2+ T4y |
TEI{TF’ HHOW NOANUCEIO . 1
Ceprudmkar: |[2C0000043ESABBBO52205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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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 —”ft_l vz +2
v
¢ ’ ) 3
|n{_1}=_,\!5inj[xt}?)] 4 _31 _4 || + cos| sin?| —! l
10 z s izl
S S Y X/

2. Beraucmure 3Hagenne (PyHKIMH W3 Ta0MIe! 1.2 11 yKa3aHHBIX 3HAYEHUN X
TaGmuua 1.2 — Beraucienne ()yHKIMN U1 38 JAHHBIX 3HAYEHUH 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,
4 ;.:-,rg[_rj —32), HHAYE
ama x;: —4; 0.5; I 6; E; In «a.ﬁ; log, 13; ED‘S%.
r ﬁ_;- 1|, ecm —d4<y=l,
vx)=q2x, ecnmH 2 < x < of3m,
5 tg(x® +1), HHAYE
T
ST gEVOS, iz, 7. lok, 36 cos X
Ceptudjukar: |2C0000043E9ABBBO52205E 7TBAS00060000043E
Bnapeneuy: Lebayxoea TaTtesHa AnekcaHapoBHa
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In‘l—rz‘. ECnH X< —2 mmHx = 7,
6 vlx)=sx—2, ecnH 2 < X <+J3x,
ms{_,,_-1+.,‘|'3_,*||1 HHAYEC ama x: —3.5; L5 2.2: 5 o = ln«ﬁ; 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.
'.ﬁ? eCHH X< —2HIHX 28,
Fx)=4x-—2, ecmn 1= x <27,
] tg{x’ +4), HHade
ammxy —35 LS5 3.2 9 q'r;'?; ]n-J'E; log, 11; arccos 0,3.
—EIIEEEI]{I-I—EL ecH —31< v <],
wx)=42x, ecr —1< vy <o+,
0 ;ms{ﬁfl HHAYE
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,
_::u:v.l,‘r:+l], HHAYE max —3.5 —1; L5 5 sjf;: In!ﬁ; log,11; sin 12.

3.]lna BBIYMCIEHWS 3HAYEHWUS BBIPOKEHUSA w3 TaOmmier 1.3

MOCTPOUTE (P YHKINTIO,

KoTopas Ovl BO3Bpamiana TekcT «not defined» («me ompememeHo») TPH HETOITY CTUMBIX
3HAUEHUIX MEPEMEHHON X. BBITTOTHUTE BEIUMCICHNS T YKa3aHHEIX B TaOmume 1.3 3HaueHuit x:

Ta0Omua 1.3 — ITocrpoenne (pyHKLMY 11 3aJaHHBIX 3HAYCHHUH apryMEHTa
No OVYHKIHAA
| [x—1 — —
1 ANer2 X =35 15 3,25 5 V7, In+/3; log, 10; sin 8.
x+]
2 In )
x—2 X =d:—1: 0 2; 5.
. Ix=3
3 sin
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; 4: ?,E_
ROKYMEHT HOGNVCAR
EE'EI'F'DHHDEI noannuceo
Ceptwdmkart: |2(000004 Eﬁﬁﬁifiﬁéﬂﬁji?ﬂﬁﬂﬂﬂﬁﬂ 10043 |
Bnageney: LUEEﬁE‘y’ oea TarBAH F(]E pDEFE: _‘3.0_1535 l‘ S‘T
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(x—2N0x+8)sm .
7 v x—2 x -14;-8; 0,5 2; 5.1

x—1 2x
COS
x+4 x—2

w3060 —4; -2 1; 2: 3,5,

i Jx—2)(x+1) _
9 ' v—4 v —d—1- 0.5 2 4 5.8

10 Jix—2Hx+1) )

[ x:—4; —-2; -1; L3 2Z; 4.5

CBHEPWHHHE oT4deTa

[To BemosnenHou padorte cocraBmaeTCsa OTdeTr. OTUET BBIMOJHAECTCA B SIEKTPOHHOM
Buze. [1o BEIMOMTHEHHOMY OTUETY NPOBOOUTCA 3amIATa JJA00paTOPHOM PadOTEL.

Otuer mo maboparopHOM padOTE OOMKEH COCTOATE W3 CIEAYIONIUX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIBHBIA JTUCT;

- BBOHAA 4acCTh;

- OCHOBHAsA 49aCTh: OMUCAaHUE PadOTEL, BKIIFOYAIONIEE CKPUHILOTHI JEHCTBHI,

- 3aKJTFOYECHME (BEIBOJIEI).

BBOmHAas 94acTh OTUETA NOJIKHA BKIFOYATH ITYHKTHL:

- YCJIOBUE 3aa4U;

- HOPAIOK BBIIIOJIHECHUA.

- IPOTPAMMHO-ANNAPATHEIE CPEACTBA, UCIIOJIB3YEMBIE PH BHIITOTHEHUH PAOOTHI.

3ammra oTuera mo 1adopaTopHOi padOTe 3aKMOYAETCS B MPEABABICHIN MPETOIABATEITIO
MOJIY4EHHBIX PE3YIBTATOB B BUAE (paiyia M1 TEMOHCTPAIMU MOJYYEHHBIX HABBIKOB IPH OTBETAX
HA BOMPOCEHI ITPEIOIABATEIIA.

KoHTpo/ibHBbIE BONIPOCHI

. Ut0o Takoe Moagenu U KaKkHue BUIBI MOOEJIEH BEI 3HAETE?

. Kakue Buas1 MOgEmIpoOBaHUs CYNIECTBYIOT?

. OT "ero 3aBUCHUT TOYHOCTh MOJETUPOBAHUSA

. Korpa pazymMHO mpuMeHATEs (pU3UUECKOE MOAETUPOBAHUE?

. Kakue cambie M3BECTHBIE MPUMEPBI CEPBE3HOTO MOAEITUPOBAHUSA Bl 3HAETE?
. Kakue Buabl MOrpentHoCTH MOAEINPOBAHNS BEI 3HACTE

. Kakue mporpaMMHbI€ OPOAYKTE UCTTONB3YIOT A MOOEIUPOBAHUA?

. Kak ocymiecTBiagercs moaroTOBKA K MOOETMPOBAHUIO

. Kakumut Bo3mokHOCTAMEU B MOAenupoBannn odbnanaror CKM?

10. Uem ornnuaercsa TpaekTOpusA MONETa KamHs O€3 yueTa CONMPOTHBIECHHUA BO3OyXad U C
€r0 y4eToM?

OO0 1 N s I

JIabopaTopHas padora 2. MoJe1npoRaHHe B HH:KeHEPHLIX pacueToB

[lens pabGorer: M3yuuTp W NOPUMEHWUTH HA HOPAKTUKE WHCTPYMEHTAIBHBIE CPEIEI
KOMITBIOTEPHOTO MOJEIUPOBAHMA.

OcHOBBI TeOpHH

Kt Ha it bunos Monenpopanns. Ctarnyeckue H IHHAMHYECKHE,
CeprubRCKPETH kS I HeHP e bR LI MOTE TH

snapeneu:  LeCRURACCHPIKATIIIGP NP D enell mPOBOIAT MO PA3TUIHEIM KPUTEPH M.
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Mopene Ha3pIBAETCA CTATHYECKOM, €CIW CPEAM HapaMeTpoB, YYACTBYHONMX B €€
OMMCAaHNM, HET BPEMEHHOT 0 mapamMerpa. Crarngeckas MOJEIEk B KAkKIbIII MOMEHT BPEMEHN JAET
mnik (ororpaur’ CUCTEMEL, €€ CpPE3.

[Tpumep. 3akon HeroTona F=a*m - 5T0 crarnmueckas MOAens ABUKYIIENCA C YCKOPEHHEM
a MATEPUAIILHOU TOUKH MACCOM M. JTda MOJEJb HE YUUTHIBAET N3MEHEHUE YCKOPEHUA OT OJHOU
TOYKH K IPYTOM.

Mopens nuHaMu4deckas, eCIM CPeau €€ mapaMeTpoB €CTh BPEMEHHOM MapaMeTp, T.€. OHa
oToOpaxaer cucreMy (IpOIECCH B CHCTEME) BO BPEMEHH.

[Tpumep. /Innammueckas mopens 3axkoHa HeroTona Oymer umers BUA:

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

Mopens auckperHasa, €CaM OHA ONMMCBHIBAET MOBEACHHUE CHUCTEMEI TOMBKO B JUCKPETHBIE
MOMEHTEI BPEMEHH.

[Tpumep. Ecnu pacemarpuBars Tonsko t=0, 1, 2, ..., 10 (cex), To mogens

S(t)=gt*/2

WA 4UCIIOBasd mocaenoBarensHocTh: S0=0, S1=g/2, S2=2g, S3=9g/2, :, S10=50g moxer
CJIyKUTh JUCKPETHON MOJENBIO JBHKEHUA CBOOOTHO MAJAr0MIEro Tea.

Mopens HenpepeiBHAA, €CIM OHA OMMCHEIBAET MOBEIEHUE CHUCTEMBI IJIA BCEX MOMEHTOB
HEKOTOPOTO ITPOMEKYTKA BPEMEHH.

[Tpumep. Monems S=gt*/2, 0 < t < 100 nenpeprisaa Ha nmpomexyTke Bpemenu (0;100).

HMMBATAIIHOHHEBIE MO/Ie/IH

Mopgens uMmUTAIMOHHAA, €CAM OHA TPEAHA3HAUEHA IS WCHBITAHWA WM M3YUCHUS
BO3MOJKHBIX MyTEH PA3BUTUSA U MOBEACHUA 00BEKTA MyTEM BAPLUPOBAHUSA HEKOTOPBIX WM BCEX
mapaMeTpoB MOIEIH.

[Tpumep. IlycTe MOmEND S3KOHOMUYECKOW CUCTEMBI IPOU3BOICTBA TOBAPOB ABYX BHUOOB |
u 2, B konudecrBe x| m X2 eguHun ¥ CTOMMOCTBIO KaXIOW equHUIEl ToBapa al m a2 na
MPEATPUATHHA OMTUCAHA B BUIE COOTHOIIIEHUS:

alx] +a2x2 =8,

rae S - 00mas CTOMMOCTE MPOU3BEAEHHOM TIPEINPUATHEM BCEU TpoayKuuu (Buaa 1 u 2).
MoKHO €€ UCnoIb30BaTh B KAYECTBE UMUTAIIMOHHON MOJEIN, IO KOTOPOH MOKHO ONPENENATEH
(BappupOBaTh) OOMIYI0O CTOMMOCTE S B 3dBUCUMOCTH OT T€X WJIM WHEIX 3HAYCHUU OOLEMOB H
CTOMMOCTH TTPOU3BOJUMBIX TOBAPOB.

JleTepMHHHPOBAHHBIE H CTOXACTHYECKHE MOJIeIH

Mopenms nmerepMUHMpPOBAHHAA, €CIM KAKIOMYy BXOAHOMY HA0Opy mapamerpoB
COOTBETCTBYET BIOJHE OIPENEIEHHBIM W OJHO3HAYHO ONPEIeaseMBI HA0Op BBIXOIHBIX
mapaMeTpoB;, B MPOTHBHOM CiIy4a€ - MOJENb HENECTEPMUHUPOBAHHAA, CTOXACTHYECKAA
(BEpOATHOCTHAA).

[Tpumep. IlpuBenennsie BhImIE (PU3UUECKHE MOAEIH - OETEPMUHUPOBAHHBIE. Ecnu B
moem S = gt*/ 2, 0 <t< 100 Ml yumm OBI CTy4aliHELA ITAPAMETP - MMOPEIB BETPA C CHIIOH P IpH
MagE€HUH TEJIA:

S(p)=g(p)t°/2, 0<t<100,

TO MBI HOJTYYWIN OBl CTOXaCTHYECKYIO MOJENE (YK€ HE CBOOOIHOTO) A CHUA.

DOYHKIHOHAIBHBbIE, TEOPETHKO-MHOKEeCTBeHHbIE U JIOTHYeCKHe MOJIe/IH

Mopems (yHKUMOHANBHASA, €CIM OHA MNPEACTABUMA B BUOE CHUCTEMBI KAaKuX- JHOO
()YHKIIMOHAIBEHBIX COOTHOIIIEHHUH.

Mopene TEOPETMKO-MHOKECTBEHHAA, €CIU OHA NPEACTABUMA C MMOMOMIBI0 HEKOTOPBIX
MHOYKECTB U OTHOIIEHUNA MPUHAICKHOCTH MEKIY HUMHU.

Hpusps HyGTR3aaHo MHOKECTBO

xonexTebhiRe iasvdderp, Hukomaes, Ilerpos, Enena, Exarepuna, Muxaun, Tareana} u
Ceprudigar. 2C0000043E9ABBBI52205E7BA500060000043E

Bnapenel eDayxoBa TaTeAHa AnekcaHapoBHa

Huxkomait - cynpyr Enensi,

[elcTeuTteneH: c 19%(2%—59%%@8-20 é’npyra HE‘TpH,



WDKUKAT 2C0000043E9AB8B952205E7BAS00060000043E

HeRcTeuT

TartesaHa - nousr Hukomag u EnenHsl,

Muxaun - ceie [lerpa u Exarepunsi,

cempn Muxauna u [lerpa gpyxar gpyr ¢ apyrom.

Torma muoOxkecTBO X M MHOMKECTBO MEPEYUCIECHHBIX OTHOMIEHWHM Y MOTYT CIYKHUTh
TEOPETUKO-MHOKECTBEHHON MOJIENBIO ABYX APYKECTBEHHBIX CEMEM.

Mopens Ha3eIBAETCA TOTHYECKOM, €CJIM OHA MPEACTABUMA JIOTUYECKUMU () YHKIIMSAMH.

Hampumep, COBOKYMHOCTE JTOTHUECKUX (DYHKIMH BUIA:

Z=X"y VX, p=x"y
€CTh MATEMATHUYECKAsA JIOTHUECKAA MOAENIb PA0OOTE JUCKPETHOTO YCTPOUCTBA.

HUrpoBsie Mo1e/1H

Mogens urpopas, €caum OHA OMUCHIBAET, PEATM3YET HEKOTOPYIO WUTPOBYIO CHTYALMIO
MEXIY YIACTHUKAMU UTPBHL

[Tpumep. Ilycte urpok 1 - moOpocoBecTHBIM HATOTOBBIM HMHCHOEKTOP, 4 WUIPOK 2 -
HETOOPOCOBECTHRIN HAJOTOILIATENBIIMK. M IeT mponecc (Mrpa) mo yKIOHEHWIO OT HAIOTOB (C
OMHOW CTOPOHBI) U MO BBIABIEHHUIO COKPBITHUS YILIATHI HANOTOB (C APYrou ctoponsl). Urpoku

BEIOMPAIOT HATYPATBHEIE YMCAA 11 ] (1, ] = n), KOTOPEIE MOKHO OTOXKAECTBUTH, COOTBETCTBEHHO,
co mrpadoM Urpoka 2 3a HEYIUIATY HAJIOTOB IIPU 00HAPYKEHUH UTPOKOM | (pakTa HEYIIaTH U C
BPEMEHHOM BBITOJOH WrpPOKa 2 OT COKPBITHA HAIOTOB. Mopgems Wrpel OMUCBHIBAETCA 3TOU
MATPULIEH U CTPATETHEH YKJIIOHEHUA U HOUMKH. JTA UTPa - AHTATOHUCTHUUECKAs.

AJIropHTMHYeCKHe, CTPYKTYPHbIE, rpaoBbie MOe/IH

Mopens anropurmMmueckas, €CIM OHA ONMCAHA HEKOTOPBIM AITOPUTMOM  WJIH
KOMIUIEKCOM QITOPATMOB, ONIPEAEIAIONINM (PYHKIIMOHUPOBAHHUE, PA3BUTHE CHUCTEMEL.

Cienyer mOMHHMTB, 4TO HE BCE€ MOIEIM MOTYT OBITH HMCCIENOBAHBI WM PEATN30BAHEI
IO PUTMHY ECKH.

[Tpumep. Monensro BEIYUCIEHNUS CYMMEI OECKOHEYHOTO YOBIBAOMIETO PAIA Y CETT MOKET
CIYy’KUTh AITOPUTM BBIYMCIECHUS KOHEYHON CYMMBI psfa O0 HEKOTOPOW 3aJaHHOM CTENEHU
TOYHOCTH. AJNTOPUTMHYECKOM MOJENIBI0 KOPHS KBaAPATHOIO M3 YHUCJIA X MOKET CIyKWTh
AITOPUTM BEIUMCIEHUA €r0 MPUOMMKEHHOTO 3HAYEHUS MO0 U3BECTHON PEKYPPEHTHOU (hopMyII€.

Mopens HA3BIBAETCA CTPYKTYPHOM, €CJIM OHA MPENCTABUMA CTPYKTYPOH OAHHBIX WM
CTPYKTYpaMU JAHHEIX U OTHOIEHUAMH MEKAY HUMHU.

Mopems nHazeiBaercsa rpadoBoi, ecid OHA mnpencrtaBuma rpadom wim rpadamMu u
OTHOMIEHUAMM MEKIY HUMH.

HNepapxuueckHe U ceTeBbIe MOJETH

Mopens Ha3BIBAETCA HMEPAPXUYECKONU (APEBOBUOHOM), €CIM MHPEICTABUMA HEKOTOPOU
UEPAPXUUECKOU CTPYKTYPOH (IEPEBOM).

[Tpumep. [lna pemenus 3amaud HAXOKACHUA MaApUIPYyTA B JEPEBE MOUCKA MOKHO
MOCTPOUTE, HAIPUMED, JPEBOBUIHYIO MOAENTE (puc. 2.1):

AOKYMEHT MNOANMCAH
JNEKTPOHROW 1NO4INMCBHD

Hebayxora Tareana AnercaPpieyok 2.1 - Moaems uepapxudecko CTPYKTY PBI

new ¢ 19V Oens HA3EIBAETCA CETEBOM, €CIIM OHA MPEACTABUMA HEKOTOPOU CETEBOU CTPYKTYPOM.



[Tpumep. CrpourensCTBO HOBOTO O0MAa BKIIOUAET ONEPALMK, IPUBEICHHBIE B
HIKECIEAYIOMIEN TadmmIe.

Tabnuma 2.1 - PaboTer mpu CTPOUTEILCTBE A0MA
Ne | Onepanusa Bpemsa Breimosmenuns | [IpemmecrByronme Hyru
(mHMI) onepanuu rpada

1 | Pacuucrka ygacrtka 1 HET -

2 | 3akmagka (pyagameHTa 4 PacumcTka yuacrka (1) 1-2

3 | Bo3senenue cren 4 3axknanka pyamamenrTa (2) | 2-3

4 | Monrax 3 Bo3ssenenue crex (3) 3-4
HYIEKTPOIIPOBOIKH

5 | llItykarypHsie pabOTEI -+ MonTax 4-5

NIEKTPOIPOBOAKHU (4)

6 | bmaroycrpoiictBo 6 BozBenenue cren (3) 3-6
TEPPUTOPUH

7 | Ormenogynsie pabOTHI E HItykarypusie paboTsl (5) | 5-7

8 | Hactun kpeiim 5 Bo3ssenenue creH (3) 3-8

CereBas Moaens (CETEBOU Tpapuk) CTPOUTENLCTBA AOMA JaHa HA puc. 2.2.

Pucynok 2.2 - CereBou rpauk CTPOUTENLCTBA

Jlse pabotei, cooTBeTCTByIONME Ayre 4-8, MapaiieibHBI, UX MOKHO JTHOO0 3aMEHUTEH
OMHOM, MPEACTABILAIONIEN COBMECTHYIO OTEpPAUI0 (MOHTAXK JJIECKTPONPOBOAKHM W HACTHI

KPBILIN) C HOBOU ONEpalue IIUTEILHOCTBIO 3+5=8, 00 BBECTU HA OOHOM Iyre (PUKTUBHOE
cOOBITHE.

JINHIBHCTHY eCKHe MOJIe/TH

Mopens Ha3eIBAETCS A3BIKOBOM, JTMHTBUCTUYECKOW, €CJIM OHA MPEICTABICHA HEKOTOPBIM
JTUHTBUCTUYECKUM OOBEKTOM, (POPMATM30BAHHOUN A3BIKOBOM CUCTEMOMN WIIH CTPYKTY POH.

HMuorna takue moaenu Ha3bIBAIOT BEPOATBHBIMU, CHUHTAKCHY €CKUMMU.

Hamrpumep, mpaBuia 1OpOKHOTO IBWKEHUS - A36IKOBASA, CTPYKTYPHASA MOJEIH JBUKECHUS
TPAHCOOPTA U MENIEX0I0B HA JOPOTAX.

BusyaibHble, HATYpPHbIE, FeOMeTpHYeCKHEe MO/Ie/IH

Mopene Bu3yanpHas, €CIM OHA IMO3BOJIIET BU3YAJIW3UPOBATH OTHOWMIEHMSA W CBA3M
MO JEJIMPYEMOU CUCTEMEL, 0COOEHHO B TMHAMUKE.

Hanpumep, Ha 5kpaHe KOMIBIOTEPA UACTO MOAB3YIOTCA BU3YAIBHOH MOJIENBIO TOTO WM
MHOTO O0OBEKTA.

Mopnens HarypHas, eciii OHA €CTh MAaTEpPHANbHAs KO 00BEKTa MOIEINPOBAHUA.

Hampumep, rmo0Oyc - narypnaas reorpapuieckas MOAEIb 3EMHOTO MIAPA.

Mopene reomerpuueckas, rpauueckas, €CiIM OHAa NPENCTABAMA TI€OMETPHUCCKUMH
o0Opa3 aMu gmﬂﬁmaﬁmﬂwmﬂ

Ceptvpukar. 2C00000: [ ﬁ JABL

Jféﬁége%sfbﬁﬂh{ﬂﬂﬂemﬂﬂﬂ HATYPHOU TE€OMETPUUYECKOH MOJENBIO CTPOAIIETOCs
BranendlO MaL - BIHCAHHEIH-B.-QKPY;KHOCTh MHOTOVTOJBHUK JAa€T MOJENhL OKpyxkHOocTH. MMeHnHo ona

UCITOJIL3YETCA ITPH Haﬂﬁpamemm OKPYKHOCTH Ha SKpPaHE KOMIIBEHOTEPA. HpHMHH JIMHHUA ABJIACTCA
NeicrarMOUGIBHY HHCIAOBOITOCH, 4 INIOCKOCTEL 9aCTO U30 Gpamaemﬂ, KaK IapaaciIorpamMM.

LT



CHcTeMa K/I€TOYHBIX ABTOMATOB

Mopens KI€TOUHO-aBTOMATHAA, €CIM OHA MPEICTABMMA KIETOUHBIM ABTOMATOM WIIH
CUCTEMOU KJIETOYHBIX aBTOMATOB.

KijleTouHBlI aBTOMAT - AMCKPETHAS OWHAMUYECKAs CHCTEMA, AHAIOr (PU3MUECKOro
(HEmpeprIBHOTO) 1OJIA. KieTo4HO-aBTOMATHAS TEOMETPHUA - AHAIOT E€BKIMJ0BOM TE€OMETPHM.
Hepnenumerii 5m1€MEHT €BKIMAOBOM TEOMETPHUM - TOYKA, HA OCHOBE €€ CTPOATCA OTPE3KH,
MPSMBIE, IITOCKOCTH U T..

HenenuMmerit 51€MEHT KJIETOYHO-ABTOMATHOTO ITOJIA - KJIETKA, HA OCHOBE €€ CTPOATCA
KIACTEPHI KJIETOK W Pa3IM4Hble KOH(UIypanuud KIETOYHEIX CTpykryp. IlpencraBnsaercs
KJIETOYHEBIN ABTOMAT PABHOMEPHOH CETBIO KIIETOK (''sAueek’) 3TOro Ioad. JBOJIOLMS KIETOYHOTO
ABTOMATA PA3BOPAYUBAETCA B TUCKPETHOM MPOCTPAHCTBE - KJIETOYHOM MOJIE.

CMmeHa COCTOSHMIL B KJIE€TOUHO-ABTOMATHOM IIOJIE€ MPOMCXOAUT OJHOBPEMEHHO U
MApPAIIENEHO, 4 BPEMA HUIET TUCKPETHO. HeCMOTps HA KaKyNIyIOCsa HPOCTOTY HUX ITOCTPOEHUH,
KIIETOYHBIE aBTOMATBI MOTYT JEMOHCTPUPOBATH PAa3HOOOpPAa3HOE M CIOKHOE ITOBEICHHUE
00BEKTOB, CHCTEM.

B mocnemnee BpeMs OHM MIMPOKO WCHOJB3VIOTCA TPU MOJETUPOBAHUM HE TOJIBKO
(pM3UIECKNX, HO U COIMATBHO-YKOHOMHUUECKUX MTPOIECCOB.

dpaxkrajibHbIe MOJEH

Mopens Ha3pIBaeTCA (PPAKTAIBHOM, €CIM OHA OMHUCBHIBAET HBOJIOIUIO0 MOIECITUPYEMOU
CHUCTEMEI YBOJIIOLMEN (PpaKTANBHEIX 0OBEKTOB.

Ecrm ¢Qu3muecknii 00BEKT OJHOPOAHEBIN (CIIOIIHOM), T.€. B HEM HET IIOJOCTEH, TO
MOHO CUUTATh, 9TO €ro IUIOTHOCThR HE 3aBUCHT OT pazmepa. Hampumep, npu yBemuueHUH
mapamerpa o0nekra R mo 2R macca oOnekrta yBenuuurcs B R pas, ecim 00bekT - Kpyr u B R°
pa3, ecnu OOBEKT - map, T.e. CYMIECTBYET CBA3L MACCH M MMHBEL. [lycTh n - pasmMepHOCTH
npocTpancTBa. OOBEKT, Y KOTOPOr0 MAacca U pa3Mep CBA3AHEI, HA3BIBAETCA 'KOMITAKTHBIM' . Ero

UIOTHOCTE MOYKHO PacCYUTaTh Mo (Ppopmyie:

AT
g — -~ RY —const

RH
Ecm o0nexT (cucrema) vmosiaersopser cootHomenuo M(R) ~ R™. roe f(n) < n, To
y
TAKOW 00OBEKT HA3BIBAECTCS (PPAKTATHHBIM.
Ero mnotHoCTe HE Oymer OAMHAKOBOM AJA BCEX 3HA4eHUH R, TO oHa macmradupyercs

COrsIacHo (popmyne:

J{JI:R) . M[f:' . Ej'in!j—m

R

Tak kak f(n) - n < 0 mo ompeageneHuo, TO IUIOTHOCTH (PPAKTATBHOTO OOBEKTA
yMEHBIIAETCA ¢ yBexmueHnem pasmepa R, a p(R) aBmaerca KomuM4ecTBEHHOM MEpOH
pa3psAKEHHOCTH 00BEKTA.

[Tpumep ¢paxransHOM Momemn - MHOKECTBO Kautopa. Paccmorpum orpeszox  [0:1].
Pazgemim ero Ha 3 4acTu U BRIOpOCHM CpegHUH OTpe30K. OcraBmmecs 2 mpoOMEKYTKA OIATH
pazgenuM HAa TPA 4YaCTHM M BEIKMHEM CpEIHME MPOMEXKYTKM W T.A. [lomyumm MHOM¥eCTBO,
Ha3eIBaEMOE MHOKeCTBOM Kanrtopa. B rmpemene momydaem HECUETHOE  MHOKECTBO
W30JIMPOBAHHBIX TOUYEK.

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

Pucynoxk 2.3 - MuoxecrBo Kantopa s 3-x neneHuin

IlocTaHoBKA 3a1a4M K ﬂaﬁnpaTupHuﬁ paﬁu're 2
AOKYMEHT T1OA4MNw

ljJ TPOHHOW NQ HI-"'ILI:rI{J
Ceptudmkar: 2C000D0

Bnageney:  LLeG2yx Hpmnmmpa
ITOCTPOCHU:
Neicranrenen: ¢ 190KOOPAHHATHEIE OCH,




- BEIBOJ CE€TKH (M3MEHUB KOJIUUECTBO ACICHUM MO OCAM);

- I[BET ¥ TOJIIMHY JUHUHU TpaHKa;

- 3ar0JIOBOK rpaduka.

3. ITonpoOyiTe W3MEHUTH THUO JWHWUM (CIUIOIIHAS, MTYHKTUPHAS, MTPUXMYHKTUPHA,
IVHUA C MAPKEPaMH).

4. Y cTaHOBUTE KETAEMBIN pa3Mep 001aCTH MOCTPOEHU .

5. B 3aganuu 3 xopuu ypaBHeHus f (x) = 0 maiigure ¢ momonieio PyHKIUM root(f(x), x).
B 3amannu 4 npu HAXOKIEHUM HYJIEHM NPOW3BONHOW MCIOJIB3YUTE (PyHKIUIO root B opmare
root(f(x), x, a, b). BreriOupaiite TPOMEKYTKHM H3MEHEHHUS HE3ABUCUMON MEPEMEHHOW TIpH
MOCTPOECHUN IpapuKOB TakuM 00pa3om, 4TOOBI YETKO BUAETH HATWUYME HYICH AHAIM3UPYEMBIX
(PYHKIMH.

6. O opmsa penieHue 3amanus S, 3a0alTe TEPEMEHHYIO OUAMA30HA X TAKAM 00pa3om,
yTOOBI OPU M3MEHEHWM 3HAUYEHMA AOCIUCCHI TOYKUW Kacanus X0 OpOMEXKYTOK, HA KOTOPOM
CTPOUTCA TpaduK, aBTOMATUUECKNA U3MEHAICA TAK, YTOOBI OH comepxkai 3ananHoe 3naueHue x0.
Ha rpajuke Touky KacaHus DOMETETE MAPKEPOM.

7. B 3aganumn 6 HAMOUTE KOOPAMHATHE TOUEK MEPECEUEHMA C MOMOMIBI OI0Ka pelmeHnu
Given-Find.

8. Oopmute oTuer mo madboparopuou padore. IlpeacraBurs oruer mo naboparopHOU
paboTte A 3anuTHL

BapuaHTbI HHANBHAYAJIBHBLIX 321aHHH

B cOOTBETCTBUU C NTOJTyYEHHBIM 331aHUEM C(POPMUPOBATE PEMICHUE U AATh €0 OMUCAHUE
CO CKPUHMIIOTAMH BEITOJTHEHHBIX €U CTBUIL.

3anana @yukumsa f{(x) w3 tadm.2.2.

1. ITocTpouire Tabmmiy 3HaUeHUN (PYHKIMA IS YKA3aHHOTO OUAMA30HA X C 3aIaHHBIM
IaroM M3MEHEHUA OpAUHATHI (Tabmn.2.2).

Tabmumna 2.2 — I[TocTpoenne TabnuIe! 3HaAYE€HNI (PYHKIIMK HA JAANA30HE

No OyHkUA f(X) HuanasoH X [IIar u3MeHeHHS X
] fix)=x"—x —6x+3 [-1: 2] i-.= 0.5.
2 fixy=x"-52" +x+4. ~2: 3] h=1.5
3 flx)=x"—5x —2x+18. [=2:—1] h=0.25.
4 fix)=—x —4x" —x+2. [—3:0] h=025.
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' -5 —2x+6. —3;—1] h=0.3.
9 f(x)=—x —dx" —x+4 . [-1; 2] h=10,6.
10 fix)=—x —dx +1lx+25. [-2; 2] h=0.7
AOKYMEHT MOAMCAH

Ceprudukar: zcﬂgo%mﬁ%%ﬂ@gﬁﬁ&%ﬁﬂém 3 Tabmnet 2.2, BEIOpaB 3(PPEKTUBHEIN AUATA30H.

Bnapeney mesiwliﬂﬁﬂhiﬂﬁﬁjﬁﬁﬂ@&ﬂﬁem{m IIPH KOTOPBIX f(K):U-
4. HAUIUTE TOUKU SKCTPEMyMa (PYHKIUU U 3HAYEHUE (PYHKIIMM B 3TUX TOUKAX.
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5.3amaBasg 3HAYECHUE IMEPEMEHHOM 4, MOCTPOUTE KACATEIBHYI K rpauky (PyHKIMM B
TOYKE ¢ aOCI[MCCON X=a.

6. Haiimure BCe TOukM mnepecedueHus rpapuka (PyHKIMHA C JAHAEH, 3a0aBAEMOU
ypaBHEHUEM M3 TA0mIIE! 2.3.

Tabnuma 2.3 — [Tocrpoenune nnepecedernms (PyHKIHM C IMHUEH

No OyHkus f(x) YpaBHeHH e THHHH
] 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 flx)=—x —4x" —x+2 16x* — )" =1.

5 fx)=-x +5x -x-T. ¥: —20x% =10.

0 fix)=x"+x —16x-1%. x=2) +y" =130

7 f(x)=x"+6x" —x—25. y' =20x" = 40,

8 fix)y=—x" —5x"-2x+6. ¥ —30xF =10,

9 fix)=—-x —4x" —x+4. Wx+1F +y° =9,
10 fix)=—x" —4x> +11x+25. S(x—2) j .r': 18

Cﬂ,[[Epm&HHE oT4deTa

[To Bemomnennou padore cocraBmaeTcs OTder. OTUeT BBIMOJHAETCA B SIEKTPOHHOM
Buze. [1o BEIMOMHEHHOMY OTUETY MPOBOIUTCA 3amIndTa J1a00paTopHO padboTHL.

Oruer mo mnaboparopHoM padOTE MOOMKEH COCTOATH M3 CIEAYIONIUX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIBHBIA JTUCT;

- BBOJIHAA YACTBh;

- OCHOBHAS 494CTh: OMUCAHUE PA0OTEHL, BKIIIOYAONIEE CKPUHILIOTEL JEUCTBUN;

- 3aKJTFOYECHME (BEIBOEI).

BroaHnas gacTe OTUETA JOMKHA BKIIOUATE MyHKTHI:

- YCIIOBUE 3aJaUK;

- HOPAOOK BBEIITOJHEHUA.

- IPOTPAMMHO-ANNAPATHEIE CPEACTBA, UCIIOJIb3YEMBIE IPH BEITOITHEHUH PAOOTHI.

3ammra oryera mo 1adboparopHou padoTe 3aKIM0YAE€TC B IPEABABICHUN IPENOIABATEIIIO
MOJYYEHHBEIX PE3YyAbTATOB B BHE (pailna M JEMOHCTPAIMU MOIYUYEHHEIX HABBEIKOB MPH OTBETAX
HA BOIIPOCH MTPEMOAaBaTENS.

KoHTpo/ibHBbIE BONIPOCHI

1. YTo Takoe 3KCIepUMEHTAITBEHBIE UCCIEN0BAHUS U C KAKOU 1EJIbI0 OHU OPOBOIATCA?
2. Jlaitite onmpeneneHne MaTeEMaTHIECK O MOJEIH.
3. OxapakTepu3yuTe STAMLl MATEMATHIECKOTO MOAEINPOBAHUI.

%ﬁﬁ%ﬁ%ﬁ@qﬂm WHCTPYMEHTOM CTATMUECKOTr0 aHam3a’

Ceprucbukar:  2CONJ] AN APEIFCHEHNETPATHCTHY €CKOW TUITOTE3BI !
Pragened Letg RaKIE b GRIT BErpeuarores mpu BeIGopoaHOM HA6MO KEeHIN?
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7. Ilepeuncimure OCHOBHBIE IIPABMIIA, KOTOPEIE JOJIKHEI BEIIOJHATHECSI HPH HPOBEICHUU
CTATUCTHYECKUX HAOIIO IEHUH.

8. Yo Takoe KOppeIsIuMOHHAA CBA3h?

9. OxapakTepu3yuTe METOIBI BEISABIEHHUS KOPPEIAIMOHHON CBS3H.

10. Omuure BUABI MO IETUPOBAHUA.

JlabopaTopHasi padora 3. O0padoTka JaHHLIX B HHKeHe PHBIX pacyeTrax

Llens paboTter: HayunTeCa HCMONB30BATE MATEMATUYECKUE U CTATUCTUYECKHUE (DYHKIIUU B
cucreme MathCAD.

OcHOBBI TeOpHH
OcHOBHBIE CBOHCTBA MO/IeJIH H MO/Ie THPOBAHUS

['panuier Mexny mMomensMu pa3MdHOTO BHIA BECbMa yCIOBHBL. MOMkKHO TOBOPHUTE O
Pa3IMYHBEIX PEKUMAX HMCHOJB30BAHUA MOJEIEH - HMUTAIMOHHOM, CTOXACTHYECKOM,
IMHAMHUUECKOM, JTIETEPMUHUPOBAHHOM U .

Kak mpaBuno, momens BkmouaeT B ceOsa: odwsekt O, cyOnekt A (e 00s3arensHO) |,
3amauy Z, pecypcel B, cpeny monenupoBanus C.

Mopems moxkHO npeacraBursk popmansHo B BUae: M =<0, A, Z, B, C>.

OCHOBHBIE CBOHUCTBA JJFOO0H MO IETH:

1. llenenanmpaBneHHOCTE - MOJENE BCEraa OTOOPAKAET HEKOTOPYH) CHUCTEMY, T.€. UMEET
IIE€]Tb TAKOTO OTOOpaKEHM S,

2. Koneunoctes - wmogmens 0ToOpaxkaer OpPUTHHAN JHIIb B KOHEYHOM YHCIE €T0
OTHOTIEHUH U PECYPCHI MOAEINPOBAHUS KOHEUHEI;

3. YIIponieHHOCTE - MOAENE 0TOOPAKAECT TOJBKO CYNIECTBEHHEBIE CTOPOHBEI OOBEKTA W OHA
n0JkHA OBITE TPOCTA [T UCCIAEI0BAHUS UIIH BOCIIPOU3BEICHUS

4. Harnagaocts, 0003pUMOCTE OCHOBHBIX €€ CBOMCTB U OTHOILIEHUI;

5. JI0CTymTHOCTE U TEXHOJIOTUYHOCTH JJIA UCCIEN0BAHUS NN BOCIIPOU3BEICHNS;

6. Mu(opmaruBHOCTE - MOIENHP MOOJGKHA COIEPKATH TOCTATOYHYIO HWH(POPMAIMIO O
cucremMe (B paMKax THUIOTE3, OPUHATBEIX IIPU IOCTPOEHWM MOJAEIN) U [OOJKHA JABATEH
BO3MOJKHOCTE MTOTYy4aTh HOBYIO MH() OPMAITHIO;

7. Ilomora - B mMomenu OOMKHBI OBITH YYTE€HBI BCE OCHOBHBIE CBSA3M M OTHOIIEHMSA,
HEOOXOAMMBIE 1A 00ECIIeueHNs 1€ MO JEIAPOBAHUS;

8. YIpaBisaeMoCTs - MOJENL J0KHA UMETH XOTS OBl OAWH MAapaMerp, M3MEHEHUAMU
KOTOPOTO MOKHO UMUTHPOBATE TMTOBEAEHUE MOACTHPYEMON CUCTEMBI B PA3JIMUHBIX VCIOBUAX.

AKHu3HeHHBIH MUAKT MO THPYEeMOH cHCTEMbI

JKM3HEHHBIN TUKIT MOJIETHUPY EMOH CUCTEMEBI COCTOUT U3 CIEIYIONMIUX 3TAIOB:

1.Coop wunpopmanmu 00 0O0BEKTE, BBABMKEHUE THUIIOTE3, MPEABAPUTEIBHBIN
MOJI€JIEHBEIA aHAJTH3;

2. IIpoexktupoBanue CTPyKTYpPEL U COCTABA MOJENIEH (ITOAMOIEIEN);

3. [Toctpoenne cnermmdukanmii Moaenu, pa3padoTka U 0TI4IKa OTAEIbHEIX MTOIMOIENIEH,
cOOpKa MOJIEMM B LIEIOM, HASHTU(PUKAIMA (€CIIH ATO HYKHO) HAPAMETPOB MO IEJIEH;

4. UccnemoBanne mopenu - BRIOOP METONA MCCIENOBAHMA U pa3paboTka amropurma
(mporpaMmel ) MOAETUPOBAHUA,

5. UccnenoBanme anekBaTHOCTH, YCTOMIUBOCTH, UYBCTBUTEIBHOCTHA MOIEITH;

6. OneHka cpencTs MOOETUPOBAHUSA (3aTPAYEHHBIX PECYPCOB);

7. Untepnperanusa, aHaiu3 pe3yabTaTOB MOISTUPOBAHUA W yCTAHOBJIEHHUE HEKOTOPBIX
MPUYUHHO-CJIEICTBEHHBIX CBA3EU B UCCIIENYEMOM CHCTEME;

8. EOH%HHMMMDB 1 OPOEKTHBIX (HAPOIHO-XO03ANCTBEHHEBIX) PEILIEHMUI;
HOW NOAMMCHIO

SAEKTP .
CepTidukar: zcﬂgﬂnﬁﬁﬂégﬁ%ﬁﬁ %M%gg MOJENH, €CIIA 3TO HEOOXOIMMO, U BO3BPAT K UCCAECOYEMOU
Branend@CTEMEyOHOBHMABHAHIAMI, [TOTYUEHHBIMH C ITOMOIIBI0 MOIEIN U MOJEITUPOBAHUA.
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MopgeinpoBaHHe KAK MeTO/[ CHCTEeMHOI'0 AHAJIH3A

Yacto B CHCTEMHOM aHaIW3€ TIPH MOJEIBHOM MOAXOAE MCCIETOBAHUA MOIKET
COBEpIIATHLCA OTHA METOQUUECKAsA OMMNOKA, 4 UMEHHO, - IIOCTPOEHUE KOPPEKTHBIX M aI€KBATHBIX
MOJENEN (MOAMOJENIENH) IMOJCUCTEM CHCTEMBI M HMX JIOTUYECKHM KOPPEKTHASA YBA3KA HE OAET
rapaHTHH KOPPEKTHOCTH HOCTPOEHHON TAKUM CITOCOOOM MOIENTN BCEU CUCTEMEIL.

Mopgens, mocTtpoeHHas 0e3 ydera CBA3EHM CHUCTEMBI CO CpPEIOM, MOMKET  CIYKUTEH
MOITBEPKACHUEM TEOPEMEI ['enens, a Tounee, €€ CIEeICTBUA, YTBEPKIAIONIETO, YTO B CIOKHOU
W30JIMPOBAHHON CHUCTEME MOTYT CYIIE€CTBOBATH MCTHHEI M BEIBOJABI, KOPPEKTHEIE B ATOW CUCTEME
M HEKOPPEKTHBIE BHE €€.

Hayka mopenmupoBanusa COCTOMT B PAa3eICHUH IIPOLECCA MONEIHUPOBAHUA (CHCTEMBEI,
MOJEIN) HA STanbl (DOOCUCTEMBI, MNOAMOIENH), AECTATBHOM W3YUYEHWHW KaKAOTO HTamna,
B3aUMOOTHOIIIEHUM, CBA3€H, OTHOMIEHUH MEXKIY HUMH U 3aTEM 3(P(PEKTUBHOTO OMACAHUS MX C
MAKCUMAJIBHO BO3MOKHOH CTENEHBIO (pOpMaT3anum U aIeKBATHOCTH.

B cioydae HapymeHWsa O5THX MOPaBUI ITOJy4a€M HE MOAENb CHUCTEMBI, a4 MOIENb
"COOCTBEHHBIX 1 HEIOJHEIX 3HAHUM .

MopgemipoBanue paccMaTpUBaEeTCA, Kak 0codas (popma SKCIEPUMEHTA, SKCIIEPUMEHTA HE
HAT CAMUM OPWUTMHATIOM, T.€. MPOCTBIM MM OOBIYHBIM SKCIEPUMEHTOM, a HAaa KOOHEH
opurvHama. 30eCh BaKEH M30MOP(PU3M CHCTEM OPUTHHAIBHOW U MOJEIIBHOM.

HM3omopdusm - paBeHCTBO, OTMHAKOBOCTH, ITO100HE.

Mopem n MonemMpOBaHNE MPUMEHAIOTCA IO OCHOBHBIM HAIIPABICHUAM:

- B 00y4eHUHN, B MO3HAHUU U Pa3pabOTKE TEOPUHM UCCIENYEMEIX CHCTEM;

- B MIPOTHO3UPOBAHUH (BEIXOIHBIX JAHHEBIX, CUTYAllU, COCTOSHUNA CUCTEMEI);

- B YIIPABJIEHUH (CUCTEMOU B IIEJIOM, OTIEIBHBIMH €€ MOACUCTEMAMH );

- B @BTOMATHU3AILMH (CUCTEMEI WJIH €€ OTACIBHEIX MOJACHCTEM).

EJIHCEH[])HKHHHH BH/I0B MOJIc/IHPDOBAHHA

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

W e

Mrerrareozmoe

Pucynoxk 3.1 - Kmaccudukanms BUIOB MOIETMPOBAHM

[Tpu dusmueckom MoOAETMPOBAHUM HCIOJB3YETCA cama CUcTema, M1u0o mogoOHas e B
BUJE MAKETA, HAPUMED, JIETATEILHBIN ANmapaTr B a3poaIMHAMHIECKOH TPyOe.

MaremaTnueckoe MOAEIUPOBAHUE €CTh IMPOIECC YCTAHOBIEHUA COOTBETCTBUA PEATLHOMN
CUCTEME S maremarndeckou monenu M u uccnenoBanue 5TOM MOAEIH, ITO3BOJLIONIEE TOTYIUTE
XAPAKTEPUCTUKUA PEATEHON CUCTEMBEI.

[Ipu anamiTHUECKOM MOAETUPOBAHUM TMPOLECCH (PYHKIIMOHUPOBAHUS SJIEMEHTOB
3aMUCBIBAIOTCA B BHUAE MATEMATHUECKUX COOTHOMIEHUM (anreOpandeckux, HWHTErPAIbHEIX,
mi(pepeHanbHbeIX, JOTHIECKUX U aP.).

A HIDHPBAGCKAR MO T1E7T6 MOKET OBITH MCCAEI0BAHA METOJAMU:

POHHOW MNOOMNWUCH
CopTndnKar: zcmﬂ%%ﬂ{ﬁﬁ% m{ﬁb’&’gﬁgﬁjﬂdﬁﬂmTﬂﬂ SABHBIE 3aBUCHUMOCTH, MOJYyYAIOTCS, B OCHOBHOM,
BnanendlHATHAHNEE KIS POTIRHIEA) A
- UM CJIEHHBIMH (TTOJTyYar0TCA TPUOIMAKEHHBIE PEIICHNS );
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KoMmnerorepHoe mareMaTndeckoe MOAEIMPOBAHUE (POPMYIUPYETCA B BHUIAE aJTOPUTMA
(mporpamMer aas OBM), d4T0 mMDO3BOISET MPOBOIWTE HAA MOOEIBI0 BBEIYUCIUTEILHBIE
SKCITEPUMEHTHI.

Yucnennoe MOOEIUPOBAHNE HCHOIB3YET METOBI BEIYMCIUTEIEHON MAaTEMATHKH.

CTaTuCTHUECKOE MOJIEINPOBAHUE UCMOJIB3YET 00pabOTKy MaHHEIX O CUCTEME C IIENBIO
MOJYYECHUS CTATUCTUIECKHUX XAPAKTEPUCTHK CHCTEMEL.

Nmvuranimonnoe momemapoBanue  BocmpousBomgur Ha OBM  (ummtupyer) mporiecc
(YHKIIMOHUPOBAHUSA  HUCCIEAYEMOM CHUCTEMBI, COOmMOOas JOTHYECKYI0 U BPEMEHHYIO
MOCJIEAOBATENBHOCTh MPOTEKAHUS MOPOLIECCOB, UTO IMO3BOJAET Y3HATH MAHHBIE O COCTOSHUH
CUCTEMEI WIN OTJEIBHBIX €€ 3JIEMEHTOB B ONPEIECICHHEIE MOMEHTEI BPEMEHH.

[Ipumenenne MATEMATHYECKOTO MOJAECAMPOBAHUA MO3BOJAET MCCIENOBATH OOBEKTHI,
pEANbHBIE SKCIIEPUMEHTHI HAT KOTOPEIMU 3aTPYIHEHBI WM HEBO3MOKHEI.

OKOHOMHYECKHHU 3(PPEKT mpU MATEMATHUECKOM MOIETUPOBAHUM COCTOUT B TOM, UTO
3aTparsl HA MPOEKTHUPOBAHUE CUCTEM B CpeIHEM COKpamiaroTcsa B 50 pas.

Mathcad — cHcTeMa KOMIOBIOTEPHOH AIreOpbI

Mathcad — cucrema KOMIBIOTEPHOM AMTreOpPEI M3 KJIAcCa CUCTEM aBTOMATH3UPOBAHHOTO
NPOEKTUPOBAHUA, OPUEHTUPOBAHHASA HA MOATOTOBKY MHTEPAKTUBHBIX JOKYMEHTOB C
BEIYHUCIEHUAMH W BHU3YAJIBHBIM COIPOBOKICHHEM, OTIMYAETCA JIETKOCTBIO MCITOJIB30BAHUA U
OPUMEHEHUS 71 KOJLIEKTUBHOU PaOOTHI.

[MIupoxmit maTepec k cucreme Mathcad nmpusenr k Tomy, uro B Poccumm HakoHer-To
MOSABWIMCh KHUTH O OTAenbHBIM Bepcusam. Cucrema Mathcad Opita cozmana B 80-x romax B
yausepcurere Crandopaa (CLIA).

CoBpeMEHHEIE BEPCUH I [TK roroBut (pupma MathSoft Application.
JIOCTOMHCTBO — MPOTrpaMMUPOBAHNE HA  A3BIKE  MATEMATHKH. IT0 YHHUBEPCAIbHBIN
MATEMATUIECKUH UHTEP( EUC:

- EcTe MoOmiHag nogaepxkka rpadukm.

- Bo3mokeH uMmmopt rpapuki U3 Apyrux OporpamMm.

- bosp110€ KOMMYECTBO BCTPOEHHBIX MATEMATHIECKUX (DYHKIMH (COTHH).

- BcTpoeHHbI€ CIPABOYHUKHA O MPEAMETHBIM 00JIACTAM.

- Bozmoxaa agumarnad.

- CuMBONIBEHAA MATEMATHKA.

Henmocrartku:

- ITO UHTEPIPETATOP.

- BO3MOKHOCTH ITPOrpaMMHUPOBAHU A OTPAHUY €HEL.

Cucremsr Mathcad momb3yoTCa OrpoOMHON MOMYJIPHOCTEIO BO BCEM MHpe Osaromaps
yaO0OHBIM CPEACTBAM MOATOTOBKH JOKYMEHTOB, MMEIONINX BU OOBIUYHBEIX CTATEN UM KHUT. B TO
K€ BpPEMA OKAa3bIBAETCA, YTO STH CPEACTBA BIOJHE NOCTATOYHEI JJIA PELIEHWS MOABJIAIOMIErO
OONMBIIMHCTBA 33144 IO MAaTEMAaTHKE, (PU3UKN U IPYyTrUX HATPABIEHUH HAYKU U TEXHUKMU.

Mathcad sBasercs mMaTreMarMuyecKu OPUEHTUPOBAHHBEIMU YHUBEPCATBHBEIMH CHCTEMAMHU.
[TommmoO COOCTBEHHO BEIYMCIEHUN OHM MO3BOJIAIOT pemars OpopMuTensCckue 3agaun. OHu
MO3BOJISIOT TOTOBUTH CTAThH, KHUTH, TUCCEPTAIIUH, HAYUYHBIE OTUETHI, TUILUIOMHBEIE U KYPCOBBIE
MPOEKTHl C JAOCTYHHBIM HA0OPOM CAMBIX CIOKHBIX MATEMATUYECKHX (POPMYI M W3BICKAHHBIM
rpa(puIeCKUM IIPEACTABICHUEM PE3YJILTATOB.

C camoro mepBOro cpoero mnosBiaeHHA cucreMsl kiacca Mathcad umenn ymnoOHEBIHM
MOJIB30BATENBCKUH HHTEP(PEUC — COBOKYITHOCTH CPENCTB OOMIEHWA C MHOIB30BATEIEM B BHIE
MACIITAOMPYEMBIX M IMEPEMEMIAEMBIX OKOH, KHOTIOK M MHBIX 3JE€MEHTOB. Y 3TOM CHCTEMEBI €CTh
3¢} exTuBHBEIE CPENCTBA TUMTOBOM HAYYHOHU rpa(uku, OHU MPOCTHI B IPUMEHEHUH U UHTYUTHUBHO
TOHATHBL. & JRBAVionEHEE EMBL Mathcad opuenTHpOBaHEI Ha MACCOBOTO IIOJB30BATENIA — OT

yueHIKa HATAE H X W4 EE O Z0 AKaNEMUKA.

CEpTHd}HHaT ECEI' 043ESABBBO952205E7/BAS00060000043E
Bnanened SEMOTPA HAT00HE0 3TA MPOrPaMMa B OCHOBHOM OPHEHTHPOBAHA HA MOJIb30BATEIICH-

HEHpﬂFpﬂMNﬂ{CTDB, Mathcad Takxe @ wcCnomb3yercs B CI0KHBIX — TMPOEKTAX, YTOOBI
NeiiersBAZY AIH3UPOBALE s PE3YIBTATEl  MATEMATHUYECKOTO MOJACIUPOBAHMA, IYTEM HCIOJb30BAHMS




pacupenenéHHEIX BEIYMCICHUA W TPATUIMOHHEIX A3BIKOB ITporpaMmupoBanms. lakxke Mathcad
JacTO HCHOMB3YETCS B KPYIMHBIX WHKEHEPHBIX TMPOEKTAX, TAe OOIBII0E 3HAUEHUE NMEET
TPACCUPYEMOCTE M COOTBETCTBUE CTAHIAPTAM.

Mathcad nocrarouno ymodHO MCTOMB30BaTh M1 00yYEHUS, BEIYUCIECHUH U WHIKEHEPHBIX
pacuetoB. OTKpeITAd  aApPXUTEKTypa TMNPWIOKEHUA B  COYETAHUM C  MOJAEPKKOU
TexHOonoTHd NET 1 XML no3BOstoT IErk0 MHTErPUPOBATE MTPHUIIOKEHHE.

PaccmoTpum Hambosiee 4acTo mpUMEHAEMBIE (PYHKIMU AJA CTATUCTUUECKUX PACUETOB,
KOTOPBIE BCTPOEHBI B IPOTPAMMY.

Oyuknusa RND(X).

B craructuyeckux pacderax mpu MOOETUPOBAHUM PA3IMYHBIX (PU3NUECKHUX MPOIECCOB
IUPOKO mOpuMeHseTrca BCTpoeHHads (ynkuusa RND(X), wHunmammsupyromas TreHepaTop
CIyUAWHBIX YHCENI. 3JeCh X 3aaéTCA KaKk PAaHKUPOBAHHASA MEPEMEHHAS U OMPEAECIAET YHUCIIO
CIIydalHBIX yucen. Hampumep, mid mOonydeHWsa AECATH CIyYaWHBIX YWACENT CIEAyeT 3aaaTh
marepsar A = 0..9.

OYyHKIAA ANNPOKCHMAITHA

Jlna mpencraBnenns (PU3NUIECKUX 3aKOHOMEPHOCTEH, a4 TAKKE IIPU MPOBEICHUN HAYYHO-
TEXHUUECKUX pACUECTOB MCHOJB3YIOTCS 3aBUCHMOCTH BHAA V(X), HO UYHCIO0 TOUEK ITHX
3aBUCHUMOCTEN orpaHnudeHo. [Ipm 5TOM BO3HMKaer 3amada NOPUOIMKEHHOTO BBIYUCIECHUSA
3HAYEHUN (PYHKIMU B MPOMEKYTKAX MEKAY Y3IOBBIMA TOYKAMH W 3a UX Opepenamu. lakas
3a/1a4a PEemaeTcs anmmpoOKCUMAINEd UCXOIHOH 3aBUCUMOCTH, TO €CTh €€ MOAMEHON KAKOH-ITHU00
nocrarouno mpocront (ynkumeit. B cucreme Mathcad mnpemocraBnsercas BO3MOKHOCTE
ATIITPOKCUMAIAM ABYMS TUTTAMHU (DYHKITNH: KyCOYHO-TUHEWUHON U CILIAHOBOI.

[Ipy KyCOUHO-TMHEWNHOW HWHTEPHOIAIMM BBIYUCIACHUA OOMOJHUTEINBHBIX TOUYEK
BEITTOTHSAIOTCS MO JIMHEWHOMW 3aBUCUMOCTHA. 10 €CTh, IIPH JTUHEHHOW ANNPOKCHUMAIIAHN Y3JIOBEIE
TOUKH COEIUHAIOTCS OTPE3KAMHM TMPAMBIX JIAHWUH, OIS0 UYEro HUCHOJb3YeTcad (PyHKIMA
Linterp(VX,VY x)- munenHas wHrepnoiasauusa, rae VX, VY— BEKTOPEI KOOPAWHAT Y3JIOBBIX
TOYEK, 4 X — 3amaHHeld apryment. [Ipm HeOOnMpmOM wHCHE y3M0BBEIX TOYEK JIMHEHHAS
WHTEPIOIANMA OKA3bIBAETCS OOBONBHO rpyOoi. Jlaxe mnepBas npousBogHas (PyHKuuA
ATIITPOKCUMALIMN MOJIYJAEeTCsl C PE3KMMH CKAauykKaMH B y3JIOBEIX TOUkax. [losromy mpumensror
(PYHKIMIO CILTAWH-AMITPAKCUMALINN.

[Tpn conaiH-anopokCUMANMK UCXOAHAS (PYHKIMA 3aMEHAETCA OTPE3KAMM KyOHMd4eCKUx
MMOJTMHOMOB, MMPOXOANIAX YEPE3 TPU CMEKHBIE Y3I0BEIE TOUKHA. Kod(ppuimeHnTsr 3ToH () yHKIH
pPaCCUMTEHIBAIOTCSA TAKUM 00pa3zom, 4TOORI MepBas U BTOPAs MPOU3BOIHEIE OBLIM HEMPEPBIBHBIMH.
Jluama, onwuceBammag CrUlaH-(QYHKIUIO, HAMTOMUHAET 1O (Qopme THOKYI JIMHEHKY,
3aKPEIUICHHYIO B Y3JIOBEIX TOUKAX.

[Taker Mathcad — cucrema KOMIBIOTEPHOM aireOpel W3  KjIacca CHUCTEM
ABTOMATU3UPOBAHHOTO MPOEKTUPOBAHIS HOHATHA SKCHEPUMEHTA M MATEMATUYECKO MOIETH.

[lepeuncimim OCHOBHBIE BCTPOEHHBIE (PYHKIMH, MPUMEHSIEMBIE IS CTATUCTHYECKOU
00pabOTKM MaHHBIX: CIUITAWHOBOW ammpokcuMmanmu (pspline, Ispline, interp), muHelHON
perpeccuu (corr, intercept, slope), TOTMHOMHUAIEHON PErpeccuu (regress), TMHEHHONW Perpeccuu
obomiero Buma (linfit), memuueiinas perpeccus obmiero Buma (genfit), pyHkimsa mpenckazaHus
(predict). PaccMoTpum THHEHHYTO WHTEPITOJIATIHIO.

JInHelHAYI HHTePIIOJ I U

(1)

,
bt -

A =
OOKYMEHT UDﬂHHCHH
IANEKTPOHHOW NOAONKC y 2

Ceptvdmkar: 2C0000043E9ABBB952205E7BAS Q§IE_@5;D+]1]43E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

BekTope nexoanbix gannex X u Y A (= esort( A, )

_
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AV Y = AW () = linterp(X,Y,x)  f(2) =3

CniiaiiHOBasi HHTEePIIO IS IHAS

S = espline( X, Y) fslz) =interp(S, X, Y,z)fs(2) =
Kak ™Mbl BUOMM, 3HAYEHWsA TOYEK IIPU JMHEMHOM W CIUIAMHOBOW HHTEPIIOIALIAN
pazIMIHEL.

[Toctpoum rpaduku aMHEHNHONW W CILTAMHOBOM uHTEpHosAimii. Jlas sToro 3amaercs
KOJIMYECTBO TOUEK U IIAT.

-mazx(X) —min(X)

scale 1= 100 J = 0.scalex; = min(X)+j-

i = 0.length(X)—1

scale

i, % 8

Pucynok 3.1 - Jlunennas v CrutalHOBas MHTEPITOIALIHN

ITocraHoBka 3a1a4H Kk J1adopaTopHOil padoTe 3

1. M3yuurs npenmaraemslvl TEOPETHYECKUN MATEPHAIL.

2. BeimomHuTe IUMHEMHYI W CIDIAMHOBYIO WHTEepnoisuuu. McexonHele nanHeie U
BEIMOJIHEHUA 3ananus | nmpeacrapnens B Tadbmune 3.1.

3. [Toctpours rpauku MMHENHON U CIUTAMHOBON MHTEPIIOJIAIINN;

4. BeImOMHUTE HACTPOUMKY BUAA TPAPHUKOB C IEIbI0 MAKCUMAITLHOU MH(OPMATUBHOCTH,
OTPAa3UTh IIArM IO HACTPOUKE Tpa(UKOB B CKPUHILOTAX OTYETA, OOOCHOBATH BEIOpPAHHEIE
mapaMeTpel 0 OpMIECHUA rpapuKoB.

5. IlocTtpours 0TuéT, BKIFOYAOMMK TPpa@UKN TUHEMHOM M CIUTAMHOBOW WHTEPHOJIALINH,
OIMMCAaHNE BBIOOpA KOMMUECTBA TOYEK M IIAra MHTEPHOJANMH, CKPHUHILIOTE XOA BBIITOJTHEHUS
padOoTEI, OMMCAHNUE NENCTBUM.

6. Oopmute oTuer mo maboparopuou padore. IlpeacraBurs oruer mo naboparopHOU
padoTe a1 3anuTHhL

BapuaHTsl HHIHBHAYAJIBHBLIX 3aJaHUH

B coorBercrBuu ¢ Tabmuiien 3.1 BRIMOIHUTE JTUHEMHYIO M CILTAHMHOBYIO MHTEPIIOIIAIINAH,
NOCTPOUTE Tpa(PUKu THUHENHOM M CIUIAMHOBOW WHTEPITOJIAINHW, BBIMOJIHUTHE HACTPOMKY BHUOA

rpa(puKoOB, CAEAATH COOTBETCTBYIONINE CKPUHIIOTHI.
Tabmmma 3.1 — Mcxopusie nanneie 111 pacueToB

£5(7) = —2.067

il = a
EDTH

Bnand

Bapuanter | 1 2 3 4 6 7
Wcxommere | ] () 2 4 [ O 2 0 [ 0 2D | 2 3
JdHHEIC y - . p - p - . -
2 3 S b 5 3 0 S 40 3 4 4
OOKYMEHT U'Qﬂ TNGAH 3 | R . ) - - -
anegTPpHiioydancyct) 5 2 4 49 SO b & SV )
bukar: 2C0000043E9 E-ﬂf-ﬂ:?l:ﬁl:l'[?}-ﬂ.ﬁ 006000004 3E . . )
neu lLle6ayxoed Ta 1;3851 --_Fli aHfposha l i I H I i 'f] E] iJ H -f] E]
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CBHEPWHHHE oTHeTa

[To BemonneHHou pabote cocraBmsaeTcsas OTdeT. OTYeT BEBIMOJHAECTCA B SJIEKTPOHHOM
Buze. [1o BEIMOMHEHHOMY OTUETY OPOBOIUTCA 3aMIATA TA00PATOPHOM pabOTHL.

Oruer mo mnaboparopHoM padOTE MOOMKEH COCTOATH M3 CIEAYIONIUX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIBHBIA JTACT;

- BBOIHAA 44CTh;

- OCHOBHAS 4acCTh (omucaHnue padoTEl);

- 3aKJTFOYCHME (BEIBOJIEI).

BBOaHAas 4acTh OTUETA IOJKHA BKIFOYATH ITYHKTHL:

- YCIIOBHE 3a1aUH;

- MOPAIOK BBIMOJIHECHUA.

- IPOTPAMMHO-ANNAPATHEIE CPEACTBA, UCIIOJIb3YEMBIE MPH BEITOITHEHUH PAOOTHI.

3ammra oruera mo nadoparopHoi padoTe 3aKMOYAEeTCS B MPEABABICHUN MPENOIABATEITIO

MOJIY4EHHBIX PE3YyIbTATOB B BUAE (paiyia M1 IEMOHCTPAIMU MOJYUYEHHBIX HABBIKOB IPH OTBETAX
Ha BOITPOCHI MIPENONABATEN .

KoHTpoJibHBbIE BONIPOCHI

1. [Tepeuncrmre nocTtoMHCTBA M HEAOCTAaTKK cucTeMbl Mathcad.

2. [lepeuncmure 0CHOBHEIE (DYHKIIUH, PUMEHAEMEIE B CTATUCTUIECKOM 00padoTKe.

3. s gero npumenserca pyukupsa RND(x)?

4. B Kakux CiIydasx OPUMEHSIOTCS (DYHKINHN CIDITAMHOBOUW AIMIIPOKCUMALMN !

5.Yem ornuuaercsa (PyHKUMA TUHEWHOW pPETpecCHur OT (PDYHKIMM JTUHEHHOM PErpeccuu
o0miero suna?

6. [laiite onpenenenne HEIMHEMHOM perpeccuu 00miero suaa?

7. Jlanite onpenenenue (pyHKIIMU IPEACKa3aHus !

8. B kaknx cnydasx (PyHKUMSA NPEACKA3aHUA MPUMEHICTCA, 4 B KAKNX NPUMEHEHHE €€
ABJIAETCS HELENeCo00pa3HeIM?

9. Ilepeuncmmre 0CHOBHBIE TEXHOJIOTUN KOMITBIOTEPHOTO MOJEINPOBAHUA.

10. Ilepeuncanre THCTPYMEHTEI KOMIBIOTEPHOTO MOIEIIAPOBAHUS.

JlabopaTopHasi padora 4. Busya/inzanus HHKeHePHbIX pACYeTOB

Llens paboter: Ilokazare METOTOIOTHIO KOMOBIOTEPHOM PEATH3ANNM MATEMATHYECKHUX
BBEIYUCJICHUN, MTPUMEHHB HHCTPYMEHTHI KOMITEIOTEPHOTO MOAETHPOBAHUAL.

OcCHOBBI TEOPpHH

MaremaTnyeckoe MO/Ie/IHPOBAHHE CJIOKHBLIX CHCTEM

bynem cuurare, 94TO 3IEMEHT S €CTh HEKOTOPBEIM 0OBEKT, 00IATAI0IIMK OMPENEIEHHBIMU
CBOMCTBAMU, BHYTPEHHEE CTPOCHHME KOTOPOTO [JIA MENEH MCCIEOOBAHUSA HE WUTPAET POJIH,
HAIPUMEP, CAMOJIET AJI MOJEIUPOBAHUA IIOJIETA — HE SJIEMEHT, 4 AJI MOACIUPOBAHUA PaOOTEL
a’poTopTa — SIEMEHT.

CBsa3b [ MEKIOY SIEMEHTAMHM €CTh MPOIECC WX B3aUMOAEUCTBUA, BAKHBIN I IIETIEH

MCCIIETOBAHMSL.

CucremMa S — COBOKYHHOCTBH 3JIEMEHTOB CO CBA3AMHU [ M 1IEIBbI0 (PYHKIIMOHUPOBAHUSA
cucremsl F.

CrnoxHas cuCTéMa — 9STO CHCTEMA, COCTOAMIAA W3 PA3HOTHUIHEIX AJEMEHTOB C

Pa3HOTHUITHEIMH CBA3AMHU.
bonpmias cucTeMa — 9TO CHCTEMA, COCTOAMIAS W3 OOJBIIOTO YHCIA OTHOTHITHBIX

OKYMEHT NOANWCAH
W1 EMEHTQ;é ﬂrﬁﬁlﬂ@ﬁh%ﬁfm{; CBA3SMH.
Cepruchukar:  2COBOYOEYENPRIZCEC HPPENIP NPdifeMaTIe CKM MOKHO IIPEACTABUTE B BUE:

Bnaneneu: llebayxoBa bRHA ca BHAa
N2 Hs IR
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ABTOMATH3UPOBAHHAA CUCTEMA Sp €CTh CIOXKHAS CHUCTEMA C OHPEHEIAIONIENH POJIBIO
IEMEHTOB JBYX THIIOB: TEXHMYECKUX CPEACTB S, U JEHMCTBUM YEIOBEKA Sy:

S_ﬂ = {{SI‘}J{S_H}J{SS}J{!! }:I F}
S,HECB Sg - OCTAJIBHEIC 3JICMEHTEI CHCTCMEI.

JleKOMITO3HIIHA CHCTEeMbI. XaPAKTePUCTHKH CHCTEMbI

JIekoOMMO3uIMsa CUCTEMBI €CTh pa30MeHHe  CHUCTEMBI HA SIEMEHTHl WM TPYIIIHI
SMIEMEHTOB C YKAa3aHMEM CBA3EH MEKIY HHUMH, HEM3MEHHBIMH BO BpeMsA (PYHKIMOHUPOBAHUS
CUCTEMBEL.

[IpakTueckn BCe CHCTEMBI pAcCMaTpPUBAIOTCA (PYHKIIMOHUPYIONIMMH BO BPEMEHH,
MOSTOMY ONPEAEINM UX JUHAMUYECKUE XapaKTEPUCTHKHU.

CoCcTOsTHHE — 3TO MHOKECTBO XAPAKTEPHUCTHK AAEMEHTOB CHUCTEMEBI, W3MEHAIOMIUXCA BO
BPEMEHU U BAKHBIX I TIENEH €€ () yHKITMOHUPOBAHMAL

[Tponecc (nmHamMmka) — 5T0O MHOKECTBO 3HAYEHUU COCTOSHUN CHUCTEMEI, H3MEHSIIOMINX CA
BO BPEMEHH.

Llenp ¢yHKIMOHMpOBAHUA €CTH 3aJada MOJYUYECHHS KEIAEMOr0 COCTOSHMA CHCTEMEL.
Jloctimkenne 1nemu OOBIUHO BJIEYET IIEJIEHANPABIACHHOE BMENIATEILCTBO B MIPOIECC
(YHKIIMOHUPOBAHUSA CUCTEMBI, KOTOPOE HA3BIBAETCSA YIIPABICHUEM.

1. Pacuer - onpeneneHue 3Ha4EHUN NAPAMETPOB CUCTEMEL.

2. AHaIM3 — U3y4€HUE CBOUCTB (PYHKIMOHUPOBAHUS CHCTEMBEI.

3. CunTe3 — BEIOOP CTPYKTYPEI U HAPAMETPOB 110 3aJAHHBIM CBOMCTBAM CHCTEMEL.

ITapaMeTpsl cucTeMbl. Ma3oBas TpaexkTopus. @a30Bo0e MPOCTPAHCTRO

[Tycts T = [to, t1] €ecTh BpeMEHHOM MHTEPBAT MOIEIUPOBAHUSI CHUCTEMEBI S (MHTEPBAT
MOJEJIEHOTO BPEMEHH).

[Toctpoenne wmopenn HAUMHAETCA C OHPENENCHUA MAapaMETPOB M MEPEMEHHBIX,
OMPEAEILIONINX MPOLECC (PYHKIMOHUPOBAHUA CUCTEMEL.

[Tapamerper cuctemsr .7, .....6,, - 5T0 XapaKTEPUCTHKU CHUCTEMEI, OCTAFOTIIHECS

[MOCTOAHHBIMHA Hd BCCM HHTCPBAJIC T.

[lepemennsie ObIBAIOT 3aBUCUMEBIE M HE3ABUCHUMBIE.
HezaBucumeie mepeMEHHBIE €CTh, KAK IMPABUIO, BXOOHBIE BO3ACUCTBUA (B TOM UYHUCIE
YIIPABIIAIONINE)

1 =1i(1) = (z,srr(ﬂ:,...,ule (t)ell = K™

UMH MOTYT OBITH TAK/KE BO3JAEHCTBUA BHEIIHEH CPELEI.
[TocnemoBarensHOCTE MI3BMEHEHUA X(t) TIpH

fuctyc ity

HAa3BIBACTCA (PA30BOU TPACKTOPUEN CUCTEMEL

x &€ X ,rne X — mpoCTPaAaHCTBO COCTOAHUU M (PA30BOE MPOCTPAHCTRO.
[TocnenoBarensHOCTE M3MEHEHUA V(i) HA3BIBAETCH BBIXOJHOU TPAEKTOPHEN CHCTEMEL.
3aBUCHMEIE EPEMEHHBIE €CTh BEIXOIHBIE XaPAKTEPUCTUKH ( CUTHAIIHI )

y=y)=n ).y, k) e¥ < B

MareMaTu4eckas MO/1eJIbL CHCTEMbI
Obmas cxema maremarnueckon monaemn (MM) (yHKIIMOHUPOBAHMA CHCTEMBI MOMKET
OBITH MPENCTABICHA B BUJE, MIOKA3aHHOM Ha }‘)HC}’HI{E 4.1.

u,v,0,x, v

MHO0K€eCTBO NEPEMEHHBIX ‘ Vo B V] pvecte ¢ 3akonamu (PYHKIIMOHUPOBAHUA
A (ELH?MEHI NOAMNWCAH
3MNEKTPOHHOW NOANMCHIO

Ceptudmkar: 2C00 B8B952205E7BA500060000043E

Bnageneuy; llleGayxoea TaTeAHa AnexkcaHgpoBHa -

HA3BIBACTCA MATEMATHYCCKOHN MO OCIBEH CHCTCMBEI.
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Pucynok 4.1 — Marematnueckas MOIENb CUCTEMBI

Ecm t HempepBIBHO, TO MOAENE HA3BIBAETCS HEMPEPLIBHOM, MHAUE — TUCKPETHOM:

=i f0i=1200)

Ecom  Mozmene HE  CONEPIKUT  CIIYUAMHBIX — JJIEMEHTOB, TO OHA HA3BIBACTCA
OETEPMUHUPOBAHHOM, B MPOTUBHOM CIIYU4a€ — BEPOSTHOCTHOM, CTOXACTHIECKOH.

Ecim maremarndeckoe OIMMCAHME MOMEIM CIUIIKOM CJIOKHOE€ W 4YacTUYHO WIH
MOJTHOCTBIO HEOIIPEAEIEHHO, TO B 3TOM CIIy4a€ UCHOIb3YIOTCS arpETaTUBHBIE MO IEIH.

CyIIHOCTE arperaTuBHOM MOJENN 3aKIIOYAETCS B pa3OMEHNN CUCTEMBI HA KOHEYHOE
UUCI0 B3aUMOCBA3AHHBIX YACTEH (MOICHCTEM), KAkOasd M3 KOTOPBIX JONYCKAET CTAHOAPTHOE
MATEMATUUECKOE OMMCAHNE. JTH MOICUCTEMBI HA3EIBAIOTCA arperaTaMH.

MopemipoBanue CIy4alHBIX DSJIEMEHTOB B CHUCTEMAxX SABIAETCA OJHOM M3 CaMBIX
0a30BBIX 331449 MATEMATUYECKOTO MOIEIMPOBAHUA.

Tumner 0a30BEIX TATYUKOB:

- (pm3nueckue (m000M (PU3NYECKUH NIyM), B MOCIEOHEE BpPEMA MPAKTHUYECKH  HE
MCITOJIB3YIOTCS, T.K. XaPAKTEPUCTUKN HECTAOWIBHEI U PEATM3AIIAIO TOBTOPHUTE HETB34;

- ICEBIOCIYYAUHBIE TATUUKH.

TpebOoBanusa k 0a30BEIM OATUMKAM:

OTpe30K anepuoguvIHO CTH.

PaBHOMEPHOCTE.

HexoppemipoBaHHOCTE.

DOYHKIHH perpeccHm.

[HInpoko pacnpocTpaneHHOM 3amadend 0OpadOTKM TAHHBIX ABIAECTCA MPEACTABICHUE MX
COBOKYITHOCTH HEKOTOpOM (PyHKIMEH y(x). lakoe mpencraBneHHME HA3BIBACTCA PErPECCUEH.
3amaga perpeccu B TOM 4YTOOBI HOMYYWUTE MOAPAMETPHl (PYHKIMU TAKUMH, OPU KOTOPBIX
¢yuakmmsa  opubmnxaer "obOmako" MCXOZHBIX TOUEK C HAMMEHBIIEH KBAZPATUIHOU
MOT PEMIHOCTBIO.

M3BecTHLI:

- Jluneninas perpeccus (Ipsamast ITUHUA);

- [lonmumHoMuaneHas perpeccus (IMOJIMHOM);

- Jlmneitnas perpeccus oOmiero Buaa (MMHEHHAs CyMMa TPOU3BOIBHBIX (PYHKIINI);

- Hemueitnas perpeccus o0miero Buaa (Mpou3BOJIEHAS (PYHKIIMA );

- Jluneiinas perpeccus.

[Tpyn muueitHON perpeccun PyHKIMA y(X) MMEET BHUO y(X)=ax+b m OmMCEIBAET OTPE30K
IPSAMOM.

dOyHkIus npeacKkazaHus

Ha mpaktuke Hepemko MPUXOIWTCS CTAIKUBATHCA C 3a4adeidl pacuéra MOCIemMyIOIINX
TOYEK MO PAAY M3BECTHBIX TOYEK — 3amadeil mpeackazanus. J[Ja mpenckazaHus MOBEIEeHUS
¢yakmmonaneHOM 3aBucumoctn B Mathcad wmeercs ¢yuxmuma:  predict (data,k,N) —
peCKa3aHue, rie data — BekTOp maHHBIX, k — YKMCIO TOYEK MPEAMIECTBYIONINX MPENCKA3AHUIO,

NOKYMEHT NOONMCAH
N - UHCTOERPeR CICHBBIBARMEIX TOUCK JAHHBIX.

Ceptvdpukar: EC“@ﬁﬁEﬁﬁﬁﬁ?ﬁ%’ﬁ%’ﬁﬁ%ﬁ?P@ﬁcnmmaﬂ BBICOKYIO TOUHOCTh OPH MOHOTOHHBIX MCXOIHBIX

Bnageneuy: llleGayXoea TaTeada AhekcaHgpoBHa -
(T)}’HI{T_[HHK HJIH (f)}’HI{T_[HH]{, HpEﬂCTHBI[HEN[BD{ [MOJIHMHOMOM HEBBICOKOHM CTCIICHH.
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Oynakmma predict mpuMeHMMAa K IPEICKA3YeMBIM COOBITHAM, ITOBEIEHHE KOTOPBIX
OMUCBIBAETCA PEATBHON MATEMATHUECKOM 3aBUCUMOCTRIO. B crpanax co CcraOuiapHOU

SKOHOMUKOH 7Ta (PYHKIMA BIIOJHE MPUMEHMMA I OHUCAHUSA CE30HHBIX M CTAOWIBHBIX
konebaHu Kypca BAJIIOT, MPpUOBUIEN (PUPM, MPOAA)KA TOBAPOB H.T. .
[Tpumep mocTpoeHns TMHENHON PETPECCHU:

/ 1 1

2 (11\

VX =13 VY =115 Nexomusie nanusieORIGN =1
9

4 2]
\5/ \28/

Beraucmum ko3 puimenTsr a 1 b TUHEHHOM perpeccum:

a = intercept(VX,VY) b= slope(VX, VY )i = 1.0 flx) :=a+bxl = =16 bh=05.8
corr(VX,VY)=0,99f(3) = 15,8 linterp(VX,VY.3) = 15

[To 5TiM manHBIM CTpOMM TpadUK JTMHENHON PETPECCHM:

40 . | ;
F52,

30F G
VY;
=EH8 0

fiy

d o Jd 44 4

101
422

L —

VX, i 6
Pucynok 4.2 -Jlunennas perpeccus

ITocTaHoBKA 321a4H K J1a0opaTOpHO padoTe 4

1. N3yuurs npeanaraemsiil TCOPETUIECKUN MATEPHA.

2. Beimomautes MoOmemupoBaHWE O JaHHBIM TaOmuier 4.1, MCOONB3ySA NMHENHYIO
perpeccuro.

3. Berancimrs K03()(UIMEHTHI IMHEHHOM PETPECCHH, ITOCTPOUTE TPpa(PHK.

4. BeImOMHUTE HACTPOMKY BUAA TPaHUKOB C IEJIbI0 MAKCUMAILHOU MH(OPMATUBHOCTH,
OTpa3uTh IAaru IO HACTPOMKE Tpa(uKOB B CKPUHILIOTAX OTUETa, OOOCHOBATH BEIOPAHHEBIE
mapaMeTpsl 0() OpMIeHUA rpa(puKoB.

5.Ilocrpours oOTuér, BKIIOUAONIMN TpapUKH JMHEWHON PETPECCHM, OMUCAHUE
MEXAHN3MA HAXO0KACHUA KOA(P(PUUMEHTOB pETPECCHM, CKPUHIIOTHI X044 BBIMOTHEHUS PaOOTHI,
OITMCAHUE JEHCTBUIL.

6. Opopmvute oTuer mo madboparopuou padore. IlpeacraBurs oruer mo madOPATOPHOU
paboTe a1 3anuTHhL.

Bﬁ@%ﬁﬁiﬁ%@yaﬂhnmx 3a/IaHHii

I:::'”::I"'t-"":"- JE9ABBBO52205E7BAS00060000043E s s
Bnanenel Ea EPDQTEEF?T?TBW’I C HHIUBHAYAJIBHEIM 33JaHUEM ITOCTPOMTH MOMENL JIMHEHHOI

perpec':}m Mcxomubie maHHbBIE OIS BREITTOJIHEHUS 3a0aHHA [TOMEIIeHEBl B Tabmuie 4.1

S e = A0 A8 37T 5 - 3 M T3
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Tabmuna 4.1 — UupuBunyaneHeie 3ananms

No 3aJaHHEIE BEKTOPA No 3a7aHHBIE BEKTOPA

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

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

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

Cﬂ,[[Epm&HHE oT4eTa

[To BemomnenHou padote cocraBmaeTCs OTUeT. OTUET BEIMOJHAECTCA B SICKTPOHHOM
Buze. I10 BEIMOMTHEHHOMY OTUETY MPOBOOUTCA 3ammTa 1a00paTopHOU padOTEL.

Oruer mo naboparopHoM padOTE MOOMKEH COCTOATH M3 CIEAYIONIUX CTPYKTYPHBIX
5JIEMEHTOB:

- TUTYJIBHBIA JTACT;

- BBOIHAA 9aCTh;

- OCHOBHAS 44CTh (OmUcaHue padoTEl);

- 3aKJTFOYCHME (BEIBOEI).

BBOmHAas 94acTe OTUETA NOJKHA BKIFOYATH ITYHKTHL:

- YCJIOBUE 3a7a4U;

- HOPAIOK BBEIMOJIHECHUA.

- IPOTPAMMHO-ANNAPATHEIE CPEACTBA, UCIIOIB3YEMBIE MPH BEITOTHEHUH PAOOTHI.

3ammra oruera mo nadoparopHoi padoTe 3aKMOYAETCS B MPEABABICHUN MTPENOIABATEITIO

MOJIY4EHHBIX PE3YIBTATOB B BUAE (paiyia M1 IEMOHCTPAMU MOJYUYEHHBIX HABBIKOB IPH OTBETAX
Ha BOIIPOCHI IPENOgaBaTENs.

KoHTpo/ILHBIE BONIPOCHI

. Maremarnueckoe MOIETMPOBAHUE CIOKHBIX CUCTEM
. @azoBas Tpaekropusa. Da30BOE TPOCTPAHCTBO

. JIeKOMITO3UIM S CUCTEMEL. XaPAKTEPUCTUKNA CUCTEMEI
. Maremarmnueckas MOOeIb CHCTEMBI

. ATperaruBHBIE MOJIEIIN

. ITpeboBanusa k 0OA30BEIM JATUMKAM

. THmel 0a30BRIX TATYHKOB

. MopemipoBanue Cry4alHBIX 3JIEMEHTOB

. OyHKIIMK pErpeccHu

10. @yHknuua npeackaanus

OO0 1 N n s D

JIlabopaTopHas pabdora 5. UHppacTpyKTYypa HH:KeHePHBLIX pacyeToB
Henas padotsi: [locTpoenue muarpamMm ¢ IPUMEHEHNEM BBITUCINTENHFHOU TEXHUKHU

OcHOBBI TeOpHH

ITousiTie 0 craTHYeckuX rpapukax. OCHOBHbBIE YIeMeHThI rpaduka

[Tonmyuennsli B pe3ynpTare CTATUCTUUECKOTO MCCIEIOBAHMA MATEPHAT HEPEOKO
M300pa)aercsa ¢ MOMONIBI0 TOUEK, T€OMETPUYECKUX JMHUA U (QUIyp WM reorpauueckux
KapTOCXEM, T.€. TPA(PUKOB.

B cratuctuke rpa@mkoM HA3BBAIOT HATIAAHOE M300paKEHHUE CTATUCTUYECKUX BEMMUYNH

M HIX COOTHQINEHHIH FDHLJTOMOII FCOMETPHICCKIX TO'CK, JIMHHM, (puryp nmm reorpa)uuecKux
KapTOCX @NEKTPOHHOM MOANMCHIO

Ceprtmar ol IPEICTABACANE TAHITEIX B TPaduueckoM Bre MO3BOILET PeIaTh caMble Pa3HOOGpasHbie

Bnaneneu: llleGay aTkAHA KCaH

3agauri. OCHOBHOE HOCTOMHCTBO TAKOTO IIPEACTABICHUA — HATIATHOCTE. Ha rpadukax nerko

OCMATPHBACTCA TEC c Hd K U3MCHCHHIO. MUH\'HD dKC OIIpeaciadTs CKOPOCTE H3MCHCHHMA
,D.EHCTEHTEE eH:c 19. DPEEIEE no 19.08. EDEI_SI'H HI A p -1 p




TEHCHIMH. Pa3auuHeie COOTHOLIEHUA, MPUPOCT, B3aUMOCBI3b PA3TUYHBEIX MPOLIECCOB — BCE
3TO JIETKO MOYKHO YBHIETHh HA rpadukax.

['padukn mpuparoT W3M0KEHUIO CTATUCTUYECKUX NAHHBIX OOJBIIYI0 HATIAOHOCTBH, YEM
TAOJIUIIEI, BBIPA3UTEIBHOCTE, OONErdaroT uX BOCHpUATHE M aHamu3. CTarucTuueckun rpaduk
MO3BOJIIET  3PUTEILHO  OILIEHUTh  XAPAKTEP M3Y4YaeMOTO  SABJIECHUA, TMNPUCYIIHE  EMY
3aKOHOMEPHOCTH, TEHAEHIMH  PAa3BUTHUA, B3aUMOCBI3M C  JAPYTUMH  ITOKA3aTEIISAMHU,
reorpapuueckoe pa3peneHne N3yJyaeMeIX SBIeHUN. Enie B ApEBHOCTH KUTAWIIBI TOBOPUIIM, UTO
OHO M300paKeHNEe 3aMEHSET THICAUY CIOB. [ paduku genarT CTaTUCTUUECKUN Marepuan Oosnee
MOHATHBIM, JOCTYHHBIM M HECIENHAIMCTAM, MPUBJICKAIOT BHUMAHHE HIMPOKOH AyIUTOPHUM K
CTATUCTUYECKUM JAHHBIM, HOIYLIPU3UPYIOT CTATUCTUKY U CTATUCTUYECKYIO HH(pOpMALHUIO.

[Tpu mo0o0i1 BO3IMOKHOCTH aHAMM3 CTATUCTUUECKUX OAHHBIX PEKOMEHOYETCS BCEraa
HAYMHATE € uUX rpapuueckoro wm3oOpaxenua. I'paduk mo3somser cpazy mnoaydurh oOmiee
npeacTaBieHue 000 BCEM COBOKYIMHOCTH CTATUCTHYECKMX mokaszarened. ['paduueckuii Meron
aHaIM3a BBICTYINAET KAK JOTHYECKOE MNPOAOLKEHHE TAO0MMYHOrO0 METOAA U CIYKUT LEIIM
mOJydeHUsT 0000mAarnmx CTaTUCTUYECKUX XAPAKTEPUCTHK MPOLECCOB, CBOMCTBEHHBIX
MACCOBEIM SABJICHUAM.

[Tpu momomu rpaduueckoro M300paxkeHns CTATUCTUIECKNX JAHHBIX PEMIAIOTCS MHOTHE
3a71a4¥ CTATUCTUYECKOTO UCCIENOBAHHNA:

- HATIAAHOE TPEACTABICHUE BEIWYMHBI MOKA3ATEIEN (SABJIECHWHM) B CPABHEHUU JPYT C
APYToMm,

- XAPaKTEPUCTUKA CTPYKTYPHI KAKOTO-JTMO0 ABICHNUS,

- I3MEHEHHE ABJIECHUA BO BPEMEHU;

- XOJ1 BEITOJTHEHU A TUIAHA;

- 3aBUCUMOCTb U3MEHEHUA OQHOTO ABJIEHUS OT U3MEHEHUS OPYTOro;

- pPaCIpOCTPaHEHHOCTE WIH PA3MEMIEHNE KAKNX-TN00 BEIMUHH IT0 TEPPUTOPUH.

Jlpyrumu  cioBamMu, B CTATUCTUUECKUX MCCIECOOBAHMAX HOPUMEHAIOTCA  CaMBbIe
paznooOpaszueie rpaduku. B kaxaom rpaduke BRIAEHAIOT (pa3MuaroT) CIEAYIONME OCHOBHEIE
SJIEMEHTHI:

OPOCTPAHCTBEHHEIE OPUEHTHUPEI (CUCTEMY KOOPIUHAT);
rpapuueckuii 00pas;

mone rpaduka;

MAacmTaO0HBIE OPUEHTUPHI;

- HKCIUTMKAINA rpaduka;

- HANMEHOBaHue rpapuka

HNuorma .5 v 1.6 00BLeIUHAIOT B OTHH AJIEMEHT.

A) IlpocTpancTBEHHBIE OPUEHTUPHI 3a1AI0TCA B BUAE CHUCTEMBI KOOPOWHATHBIX CETOK. B
CTATUCTUYECKUX Tpa(uKax dame BCEro MPUMEHAECTCA CHCTEMA NPAMOYTOJIBHBIX KOOpPIHMHAT.
WNuorma ucnmons3yercs NPUHLOMI MOJAPHBIX (YTJIOBBIX) KoOopauHAaTr (KpyroBeie rpaduku). B
KaprorpaMMax CpeACTBAMH IIPOCTPAHCTBEHHOW OPUEHTALMH SABIAIOTCA I'PAHMLEI IOCYOApCTB,
rPpaHUIEl AOMUHUCTPATUBHEIX €r0 4Yacre, reorpa)uueckue OpPHEHTUPHl (KOHTYPHL PEK,
OeperoBeIXx IMHUM MOpEH M OKkeaHoB). Ha ocsax cucremMel KOOpOAMHAT WJIA HA Kapre B
ONMPENENEHHOM IOPANKE pAaCHoJIararoTCsa XapakTEPUCTHKH  CTATUCTHYECKHX IPU3HAKOB
m300pakaeMBIX ABJICHUN WiIH mporeccoB. [IpusHaku, pacmomaraembie Ha OCAX KOOPAMHAT,
MOTYT OBITE KAYE€CTBEHHBIMH MJIN KOJIUYECTBEHHEIMU.

b) I'padpuueckuir o0Opa3 CTaTUCTMYECKUX OAHHBIX MPEACTABIAECT COOOU COBOKYITHOCTH
muHuH, (pUryp, TO4eK, 00pa3yrommx reoMerpudeckue (purypel pazHod (popmsel (OKPYKHOCTB,
KBAAPATHL, MPAMOYTOJIBHUKH U T.I1.) C PA3TUYHON IITPUXOBKOM, OKPACKOM, TYCTOTOW HAHECEHUS
TOYEK.

TEO RGeS aRIIcH ””i%'ﬂ,wqaemme CTATUCTUKOM, MOKHO IIPEACTABUTE B rpauueckon (popme.

CepruchiiasT 20O TPROSEESTCASHEATIORPABIFAEHOE TpaPIeCKoe penieHue, OMPEeaeIuTh TOT TpaUueCKUil
EAEG6pass KOToPhii AYETE "Ecero cooTBETCTByeT NAHHOMY SBICHMIO, HATIISIHEE M300pajcaer

craTUCTHUECKHE pnaHuele. ['paduuecknii 00pa3 OOMKEH COOTBETCTBOBATH MLENH rpaduka.
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[TosTromy mepen mocrpoeHuem rpauka HEOOXOAUMO VYACHUTH CYIIHOCTEL SABJIECHUS W IEIb,
KOTOpass CTaBUTCA mepen rpaduueckum msodOpaxenuem. BeiOpannas ¢gopma rpaduxa gomkHa
COOTBETCTBOBATEL BHYTPEHHEMY COJEPKAHUIO W XAPAKTEPY CTATHCTHUECKOTO ITOKA3aTels.
Hampumep, cpaBHeHue Ha rpapuke mMpOU3BOAUTCA MO TAKUM MU3MEPEHUAM, KAK IUIONIAb, JJIMHA

OIHOM U3 CTOPOH (PUTYP, MECTOHAXO KIEHUEM TOUEK, UX TYCTOTOH U T. .
Tak, pna w300paxeHns W3MEHEHUM SABICHUA BO BPEMEHHM HAMOOIEE €CTECTBEHHEIM

TUIIOM Tpapuka sABiAeTCsS muHuA. /(711 pAnoB pacnpeneneHns — MOIUTOH I THCTOTPaMMa.

Kaxaeiii 13 OCHOBHBIX BUAOB rpa)UuECKux N300paxKeHull B CTATUCTUUYECKON MPAKTHUKE
CTPOUTCA C YUIETOM ONPENENEHHBIX NMPAaBwWI. B CTaTMCTHYECKNX MCCIENOBAHUAX IJIA BBISACHEHUA
XApPaKTEPHEIX 9YEPT U 0COOEHHOCTEN MACCOBEIX ABJICHUH, ITO3HAHUA TUIIMYHOTO B 3THX SABJICHUAX
W PEeHIeHUs APYTUX 33144 MIMPOKO MCHOIB3YETCS CPABHEHUE OJHUX A0COMIOTHEIX, CPEOHUX M
OTHOCHUTEIBHEIX CTATUCTMYECKHNX BEIMUMUH C APYTUMH. AHAIA3 — 3TO, MPEKIE BCETO CPABHEHUE
U COINOCTABIEHME  CTATUCTUYECKUX  JAHHBIX. Hepemko  BO3HMKAET  HEOOXOIMMOCTE
COMOCTABIECHNUS PE3YJIbTATOB CTATUCTHYECKOTO MCCIENOBAHUA KOHKPETHOTO SBJIEHUA C
BEJIMYUHAMM THUIIMYHOTO (MIOCATBHOrO) SBJICHUS aHAJIOTWUYHOW mpuponawl. [losromy narnmsamuoe
npeacraBneHue (rpaguueckoe w300pak€HWE) CpaBHEHMA CTATUCTUUECKUX IMOKA3aTENneH
OTHOCHUTCA K HauboIee pacmpocTpaHeHHBIM Trpadukam B cratuctuke. [na sTux uenen
MPUMEHSAIOTCA THATPAMMEL.

Jluarpamma — 510 rpauyeckoe N300pakKEeHNe, HATAIHO MOKA3BIBAIONIEE COOTHOIIEHHUE
MEXKIy CPABHUBAEMBIMHM BEIMUMHAMHU. JlmarpaMma mpencTtaBiser cOOO0M 4epTex, HA KOTOPOM
CTATUCTUYECKUE MOAHHBIE YCIOBHO H300pakKarOTCA T€OMETPUUECKUMM JTUHHAMH, (Urypamu u
TETAMU PA3IMUHEIX Pa3MEPOB.

PazmiuaroT cnegyronine 0CHOBHEIE BUABI TPA(UKOB (AuarpaMm) CPaBHEHUA:

- CTOJIOMKOBEIE;

OJIOCOBEIE;
KBAPATHBIE;
KPYTOBEIE;
(purypHsie.

Jlnsg mocTpoeHua guarpaMm HCHOJB3YIOTCA CHEOYIONIME KOMITBIOTEPHBIE MTPOTPAMMEI
Excel, Mathcad, MATLAB u npyrue.

Jlna cozmanua rpagukoB B cucreme Mathcad umeercss mporpamMvHBId rpadudgeckmit
nponeccop. OCHOBHOE BHUMAHUE MPHU €ro pazpadorke ObLIO yAeneHo O0ECIEeUueHU0 MPOCTATEHI
3amaHusa TpaUKOB M UX MOIM(UKAIUM ¢ TOMOMIBI0 COOTBETCTBYIONIMX ITAPAMETPOB.
[Iponieccop mo3BOIAET CTPOUTH CAMEIE PA3HEIEC rpa(puKy, HATPUMEDP B AEKAPTOBOM U ITOJIAPHOU
CUCTEME KOOPIUHAT, TPEXMEPHEIE MOBEPXHOCTHU, TPAPHUKH YyPOBHEM.

Jlns moctpoenus rpa(pukoB UCHOMB3YIOTCA madnonel. MIx mepedens comep KuT mOaMEHIO
Graph menro Insert. bonbmMHCTBO mapamMeTpoB rpapuueckoro mpoueccopa, HEOOXOIUMEIX 1A
MOCTPOEHUS TpaUKOB, MO YMOJYAHUIO 3aTAETCSA ABTOMATHYECKH, MOATOMY /IS HAYATBEHOTO
MOCTPOEHUA rpa)uka TOr0 WIM HWHOIO BHIA OOCTATOYHO 3amarek Tull rpaduka. B mommenro
Graph comep)uUTCa CIUCOK M3 CEMHU OCHOBHEIX THUIOB rpa()ukoB. OHM MO3BOJAIOT BEIITOJIHUTE
CIEAYIONIAE OENCTBUIL:

X —Y Plot (nekapToB rpadguk) — co3aaTe mMadIOH IBYXMEPHOTO rpauka B IEKaAPTOBOH
CUCTEME KOOPANHAT;

Polar Plot (monsapuerii rpaduk) — co3gaTs madaoH rpaduka B MOIAPHEIX KOOPIUMHATAX;

3D Plot Wizard (macrep TpexmepHbeix rpaukoB) — BeI30B Macrepa Ui mOCTPOEHUS
TPEXMEPHBIX IPA(PUKOB C 3aTAHHBIMUA CBOMCTBAMU;

Surface Plot (rpaduk moBepxHOCTH) - €03MaTh MAOJIOH IS MOCTPOCHHUS TPEXMEPHOTO
rpauka;

C@,ﬁ%ﬁﬂﬁﬂém[%ﬁ JIUHAN YPOBHA) — CO3IaTh MMAONOH UIA KOHTYPHOTO rpaduka

CoprubTPEX MO HE THO BEPIRAGETH)0060000043E
sraseneu HeOy S EUTte P18t (FSueunsiit rpaduk) — cozmare mabmon muA rpaduKa B BUIE TOUEK

(puryp) B TpEXMEPHOM IMPOCTPAHCTRBE;
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3D Bar Plot (rpexmepnas cronOukoBas muarpamMma) — C€o034aTh WAOIOH  AJI
M300pakeHNs B BUAE COBOKYIMHOCTH CTOTOHMKOB B TPEXMEPHOM MPOCTPAHCTBE;

Vector Field Plot (BexkTopHO€ mosie) — cozmars madmaoH a1 rpapuka BEKTOPHOTO TOJI Ha
IUIOCKOCTH.

C mousatueM rpaukm CBA3aHO OPEACTABIECHHE O TpapUUIECKUX OOBEKTAX, MWMEHOMINX
OMpENENCHHBIE CBOMCTBA. B OompmuHCTBE cnydaeB 00 00BEKTax MOKHO 3a0BITh, €CIM BBEI HE
3aHUMAETECh OOBEKTHO-OPUEHTUPOBAHHBIM MPOTPAMMHUPOBAHMEM. bBOMBIIMHCTBO KOMAHZ
BBEICOKOYPOBHEBOH Ipa(pMKH OPUEHTUPOBAHBI HA KOHEUHOTO MOJIB30BaTENd. OHU aBTOMATHUECKHU
yCTAHABIWBAIOT CBOMCTBO rpa(puIeCcKux 00BEKTOB M 00ECIEUNBAIOT BOCIIPOU3BEAEHHUE TPaAPUKH
B HYKHOU CUCTEME KOOPOMHAT, TAIMTPE LIBETOB, MacIITade u T.1.

ITocTpoenne rpaguxka nopepxHoctu B cucreme Mathcad.

[TocTpoenne moOBEpXHOCTEN MO MATPUIE AMIUIMKAT UX TOueK. [loCKOMBKY 51EMEHTEI
marpunl M — mepeMeHHBIE € HEIOUYMCIEHHBIMM HHIEKCAMH, TO HEpPEN CO3JAHUEM MATpPHLIBI
TpeOyercs 3amare WHOEKCHI B BHIE PAHKHPOBAHHBIX ITEPEMEHHEBIX C IEJIOYHCICHHBIMU
3HAYEHUAMM, d 3aTEM YK€ U3 HUX (POPMHUPOBATE CETKY 3HAUYEHUM X M y — KOOPIWHAT A
ATTUIMKAT Z(X,y). 3HAYEHUSA X U y OPH 3TOM OOBIYHO JOJIKHEI OBITH BEMIECTBEHHBIMHM YHCIIAMMU,
HEPEIKO KAK MOJOKUTEILHEIMU, TAK U OTpULATEILHEIMU. [10CI€ BRIMOHEHNS yKA3aHHBIX BBITIE
ompenencHuid BBOauTCs madmon rpaduka (komanga Surface Plot).

MocTpoearne M'padbmra NoBepXHOCTH

z(x,¥) = cos(x-v) TVHEOMA OBYVH MepeMeHHBH H, Y
sl 20  gi= B HenouMcleHHENE MHIS ECH
1— 10 1 — 10
v = 6710 G
. 5 5
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Pucynoxk 5.1 - Iloctpoenne noBepxuoctu 0€3 y1aneHns HEBUANMEBIX JIMHUHN

Heobxomumo moctpouts rpaduk moBepxuoctu B cucteme Mathcad, ordopmaruposas
€r0, IMPUMEHUB aJITrOPUTM (PYHKIMOHATHLHOH OKpACKM MW YIAIECHUE HEBUIWUMEBIX JIMHUI.
[Toxazano, kak ordopmarupoBars rpauk, IPUMEHEHUE AITOPUTMA () YHKIIMOHAITBHON OKPACKU

[TOBCPXHOCTH HE?’,I[HI[EH'HE‘ HEBHIHMBIX JTUHAH.
OOKYMEHT NMoanncAaH

SNEKTPOHHOW NOAnMCLIO
Ceprvpukar: 2C0000043ESABBBO52205E7BAS00060000043E

Bnageney, LUleD3ayxoBa |aTeAHa ANeKkcaHapoBHa
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Mocrpoerse Ipadroca MMoRepKuoors

TEF) = cos v PUHMIKA ABYR MEpeHeHMHE ¥, ¥
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Pucynok 5.2 - [Toctpoenune rpaduka mosepxHoctu B cucreme Mathcad

ITocranoBka 3a1a4uH K J1a0opaTopHOil padoTe 5

1. M3yuurs nmpenmaraemslil TEOPETUUIECKUM MATEPHAIL.

2. [TocTpowuts rpaduk mopepxuHocTH B cucreme Mathcad.

3. BemmomauTte (pOpMaTHpPOBAHUE MOCTPOCHHOTO Tpaduka, NOPUMEHHB AJITOPUTM
(PYHKIIMOHATBEHOHN OKPACKH U YIAIIEHUE HEBUIUMBIX JTUHUM;

4. ITonroToBuThs OTUET, BKIIOUAIONIMIT OMMCAHHUE TMPOIECCAa TMOCTpoeHus rpaduka u
COOTBETCTBYIOIINE CKPUHIIIOTHI.

5. Ogopmvuts oTuer mo saboparopHou padore. [IpeacraBurs oTdeT MO JTAOOPATOPHOM
paboTe s 3amnTHL

BapuaHTsl HHIHBHAYAJIBHBLIX 3aJaHUH

B coorBercTBMM ¢ WHOAMBUAYyAIRHBEIM 3aIaHUEM ITOCTPOUTE TpaPuK TOBEPXHOCTH,
BBIMIOJTHUTE (POPMATHPOBAHME MTOCTPOEHHOTO rpauka, MPUMEHUB ANTOPUTM (PYHKIIMOHAJIEHON
OKpAaCKM W yJaleHue HEBUAUMBIX IuHuM. CopmmpoBars OTYET, BKIIIOYAIONIMM OMACAHUE
MPOLECCa MOCTPOEHUS TpaduKa U COOTBETCTBYIONINE CKPUHIIOTEI

Tabmuma 5.1 — UuauBuayatbHbIE 33 TaHM

JOKYMEHT NOANMCAH
SNEKT

Cepmwcomkatr: 2C0000043E -+ ] -y 0oo0 HJ'-E
Bnaneneu: lLleBayxosa TaTAAHA Anerd ﬁ:,_u}f Ha C(]S( Y)

3 z(x,y)=sin(x*y)
HNeicteutenad: ¢ 19.08.2022 né*l 9.08.3 Elﬁ{:{ay):tg(xﬁcy}

0 DyHKIMA
Z(X,y)=Xx2*y
Z(X,y)=5cos(x*y)
Z(X,y)=2x+y2
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CBHEPWHHHE oTHeTa

[To BemonneHHou pabote cocraBmsaeTcsas OTdeT. OTYeT BEBIMOJHAECTCA B SJIEKTPOHHOM
Buze. [1o BEIMOMHEHHOMY OTUETY OPOBOIUTCA 3aMIATA TA00PATOPHOM pabOTHL.

Oruer mo mnaboparopHoM padOTE MOOMKEH COCTOATH M3 CIEAYIONIUX CTPYKTYPHBIX
3JIEMEHTOB:

- TUTYJIBHBIA JTACT;

- BBOIHAA 44CTh;

- OCHOBHAS 4acCTh (omucaHnue padoTEl);

- 3aKJTFOYCHME (BEIBOJIEI).

BBOaHAas 4acTh OTUETA IOJKHA BKIFOYATH ITYHKTHL:

- YCIIOBHE 3a1aUH;

- MOPAIOK BBIMOJIHECHUA.

- IPOTPAMMHO-ANNAPATHEIE CPEACTBA, UCIIOJIb3YEMBIE MPH BEITOITHEHUH PAOOTHI.

3ammra oruera mo nadoparopHoi padoTe 3aKMOYAEeTCS B MPEABABICHUN MPENOIABATEITIO
MOJIY4EHHBIX PE3YyIbTATOB B BUAE (paiyia M1 IEMOHCTPAIMU MOJYUYEHHBIX HABBIKOB IPH OTBETAX
HA BOIPOCHI MPEINOJABATEIIA.

KoHTpoJibHBbIE BONIPOCHI

1. YTo HA3BIBAIOT B CTATUCTUKE TPAPUKOM?

2. Kakue 3amaum  CTATUCTUYECKOTO  HWCCIEOOBAHWSA  PEIIAIOTCA I[PH  TOMOINIH
rpapuiecKoro n3o00paxkeHus’

3. Kak 3amaroTcsa OpoCTPaHCTBEHHBIE OPUEHTUPEL !

4. Yro npencrapnaeT coOou rpadpuueckuil 00pa3 CTaTUCTUUECKUX JAHHBIX !

5. Jlaiite onpenenenue JluarpaMmer.

6. [lepeuncimre TUITEL UarpaMm.

7.'ne comepxwurca mepedens mabdiioHoB nocTpoenus rpadukos B cucteme Mathcad?

8. Kakue Bo3moxxuOCTH comepikar cpeacrsa rpaduxu Mathcad?

9. Ilepeuncimmire n3BECTHBEIE BUIBI TPA(PHKOB.

6. YHEBHO-METOANYECKOE I UTHO®OPMAIINOHHOE OBECITEYEHUE
JUCHHUITJINHBI

6.1. IlepeyeHn OCHOBHOH H JONOTHATE/ILHOH JIHTEPATYPbI, HEOOXOTHMOMH /11
OCBOCHHS U CIHILIHHLI

6.1.1. IlepeyeHs OCHOBHOMH JIHTEpPATYPbI

1. byimaue, C.K. Ilpumenenme  4MCIEHHBIX METOOOB B MATEMATHYECKOM
mogemmpoBanun @ yuebnoe mocobme / C.K. byitnaueB ; Munucrepctso o00pazoBanusa u
Hayku Poccuiickon @epepauyu, YpameCkuil (PeIepaabHBIN YHUBEPCUTET HMEHU HEPBOTO
[Ipesunenta Poccum b. H. Ememmmnma ; wayu. pen. HO.B. Ilecun. - EkarepunOypr
M3narenscTBO ¥Ypaneckoro yuusepcurera, 2014, - 72 c. : wn. - bubmorp. B ku. - ISBN 978-5-
7996-1197-2; To xe [Onekrponnsrii pecypc]. - URL: http://biblioclub.ru/index.php?
page=book&id=275957.

2. Kpaxorkuna E.B. Hucnennsie MeTonbl B HAYUHBIX pacyeTax [ JIEKTPOHHBIN pecypce| :
yueOnoe mocobue. Kype meknumii / E.B. KpaxoTkuna. — Sn€KTPOH. TEKCTOBBIE NAHHBIE. —
CraBponone: CeBepo-KaBkazckuit (¢enepansuei  yausepcurer, 2015, — 162 c. — 2227-
8397. — Pexum nocryna: http://www.iprbookshop.ru/62884 .html.

6.1.2. IlepeyeHs JOMOJHUTE/ILHOH JTIHTEPATYPHI

CA [ ()
lam&ﬂﬁmcﬁcﬁd. Yucnennsie wmeronsl. Jluneitnas anreOpa W HETUHEWHBIE
CepuchypaBresIBEsEoAvbaos lopot A2 dedoo00a3E

Snapenewn: WeOXBoRkoE B Uit ienarie meTtonsr. — M.: Jlans, 2014.

Nencteutened: ¢ 19.08.2022 no 19.08.2023



6.2. IlepeuyeHn YueOHO-METOIHYECKOI0 ODeCIIeYeHHSI CAMOCTOSATEILHONH padoThl
00y4ar HUXCs M0 JUC IUILIHHE

1. Merognueckne yka3zaHus K BBIITOJHEHUIO JTa0OpATOPHEIX PadOT MO AMCIIUILIMHE
«MHCTpyMEHTANBEHEIE CPENCTBA B MHKEHEPHBIX pacyeTaxy.

2. Meromuueckue pEKOMEHIANNUA IIA CTYAEHTOB IO OPraHW3alny CaMOCTOSATEILHOMN
pabotsl o quctuminae « MTHCTpyMEeHTanbHEIE CPEICTBA B MHIKEHEPHEBIX PACUETaAX .

6.3. IlepeueHs pecypcoB HHPOpMAIHOHHO-TeIeKOMMYHHKALIHOHHON CeTH
NuTepHeT, HEOOXOTHMBIX 111 OCBOCHHUSA JTHCIHILTHHbI

1. Haumonameneiit OTkpeITeid Y HUBepeureT. Maryur. http://www.intuit.ru.
2. ®enepanpHEni opTant «Poccuiickoe odpazosanue. http://www.edu.ru.
3. Poccwmiickas rocymapcrBennas omommoreka. http:// www.rsl.ru.

4. Pecypc o mMareMaTH4eCKOMy MOJaemupoBanuro. Exponenta.ru.

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Ceprvdmkatr: 2C0000043E9ABBB952205E7BAS00060000043E
Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa
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MHWHHUCTEPCTBO HAVKHU U BBICIIIETO OBPA3OBAHUS POCCUHMCKOUN ®EIEPAIINA
DelepanpHOE FOCYJAPCTBEHHOE aBTOHOMHOE 00pa3oBarebHOe YUpeK/IeHHE BEICIIETO 00pa30BaHus
«CEBEPO-KABKA3CKWU OEAEPAJIBHBI YHUBEPCHUTET»

[Taturopckuii uncturyt (pruman) CKOY

METOIUYECKHUE PEKOMEH/JAIIUN JIJIS1 CTYIEHTOB 11O OPI'AHU3ALIUN
CAMOCTOSATEIBHOU PABOTHI MO JTNCHUIIVIMHE UHCTPYMEHTAJIBHBIE
CPEJ/ICTBA B MHX KEHEPHbBIX PACUHETAX

HarnpagjieHue moJIrOTOBKH 09.03.02
HNupopmManuoHHble CHCTEMBI H TeXHOJIOTHH
[Tpo(wib MOATOTOBKH HNupopmManunoHHble CHCTEMBI H TEXHOJIOTHH
HHPPOBOro KOHTEHTA
Kpamupukanus BEITYCKHHKA bakamnasp

AOKYMEHT MNOANMCAH
SNEKTPOHHOW NOAMNWMCLIO

Cepmudomkatr: 2C0000043ESABBB952205E7/BAS00060000043E
Bnageney: lle6ayxosa TaTtbAHa AnekcaHapoeHa HHTI’TFDPCIL 2022
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BBE/IEHHUE

Meroguueckue pEeKOMEHIALMK  CONEPKAT IMEPEUYEHbh TEM C  BOIPOCAMH  [UIA
CAMOCTOATENRHON TpopabOTKM, mnepeueHs JgadopaTropHeIx pador ¢ BOmpocamMu  OJA
CaMOCTOSATEMLHOM MPOPAOOTKH.

Meroguueckue ykaszaHusa TOCBAMIEHBEI Kypcey «MHCTpymMeHTanbsHEIE CcpencTtBa B
WHKCHEPHBIX pacuerax». 3aJada aBTOMATH3alMu MAaTEMAaTHYECKHX PACUETOB M BBIYMCICHUU
VXOIUT KOPHAMHM K MCTOKAM YEIOBEUECKOM IMBWIM3AIMH, K MOABJIECHHUIO INEPBEIX CYETHBIX
opucnocoOneHui — abdakoB, COpPOOAHOB W APYTUX SIEMEHTAPHBIX YCTPOUCTB. [IpOpEIBHEIM
MOMEHTOM B 5TOM IPOIECCE MOMNKHO CUMTATh MOSIBICHHE SICKTPOHHBIX BBIYMCIATEIBHBIX
mvamuH (IBM) 1 KaTbKynATOPOB, OCHOBAHHBIX HA MOMYPOBOIHUKAX.

B nHamm OHM NPakTUYECKH BCE MHIKEHEPHBIE PACYETHl BBEIMOJIHAKOTCA C MPUMEHEHHEM
KOMIOBIOTEpHOM TexHUkHu. IIpm sTOM, cdepa pa3padoTKM MHKEHEPHOTO MPOTPAMMHOIO
obecmeuenus obOocobunace B otaensHyro IT-unmycrpuro, koropas paboTaer Ha CTHIKE
Pa3INYHBIX HAYYHO-TEXHUUECKUX 3HAHWWA U JUCHUIUIMH — MATEMATHUKH, (DU3UKH, SJIEKTPOHUKH,
OPOTPAMMHUPOBAHUA. ITO MEKIUCIHUIUIMHAPHBIN MOIXO0M, B IMOTHON MEpPE COUETAoNMi B cede
unen STEM (science, technology, engineering, mathematics).

1. HEJb U 3AJIAYH U3YUHEHUS JTUCHUIT/INHBI

Llenpro OCBOEHMA OUCHUIUIMHEL ABIACTCA (POpMHUpOBAaHUE HAOOpa mpodecCHOHATBEHBIX
koMneTeHIui Oyayniero Oakanaspa no HampasaeHuro 09.03.02 MudopmaninoHHEIE CUCTEMBI U
TEXHOJIOTHH.

3amagu OCBOEHMSA QUCIUILUIMHEL M3YUYEHUE MHCTPYMEHTAIBHBIX CPENCTB B MHIKEHEPHBIX
pacdyerax, 0CBOEHHE MHCTPYMEHTAIBHBIX CPEACTB B HHKEHEPHBIX PACUeTax.

2. TEMbI CAMOCTOSITEJIbHOU PABOThI

Ne remer | HanmenoBanue TeM DUCIHUILIMHEL, UX KPATKOE COOEPKAHUE Oo0neMm
qaCcoB™

4 cemecTp
Pasznen 1. MHCTpyMEHTANBHEIE CPEACTBA B MHKEHEPHBIX pacueTax 9

1 Tema 1. ABToOMaTu3ammsa MHKCHEPHEBIX PACUETOB 9

2 Tema 2. MogenupoBanme B MHKCHEPHBIX PACUCTOB 9
Paznen 2. IlpunoxkeHus HMHCTPYMEHTAIBHBEIX CPEICTB B 3
WHKECHEPHBIX pacyerax

7 Tema 5. Mu@dpacTpykTypa HHKEHEPHBEIX PACUETOB 3

Hroro 3a 4 cemectp 33

3. TEXHOJIOTUYECKASI KAPTA CAMOCTOSTEJIBHON PABOTHI

OBYYAKOUIEI'OCS
Konaer Cpencrra 1 | O0BeM 4acoB, B TOM 4HCIIE
pea3yeMbl TEXHOJIOTHU CPC Konrakthna | Bcero
X OIIEHKH a1 pabora c
Bun NeATeILHOCTH
KOMIIETEHI[A MpenoaaBa
. CTYIE€HTOB
", TeIeM
HHAVKATO PR hmEHT noanvcaH
0B) 3NEKTROHHOM NOAMKUCHIO
Cepridyrar_ 2CU000043EIABBBI52205E 7TBASU0060000043E
Bnag ce aThEHa ANeKCaHANORKA
Eﬁ'iﬂ’lﬂ'h [ToaroToBKA K JEKIMAM Cobecemosanue | 10,8 1,2 12
11-2)
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EK'E’;G’M‘L CaMoCTOATEBHOE CobOecenoBanue | 9.9 1,1 11
-2 M3YUCHHUE JTUTEPATYPHI 0
TemMam 1, 2. 5

IT;K-i(Hﬂ- L, [ToaroroBka kK | Otuer 9 1 10
712) nabopatopHbeIM padoTaM | TUCBEMEHHBIN

Utoro 3a 4 cemecTp 29,7 3,3 33

Hroro 29,7 3.3 33

4. PEKOMEHJIALUU JIJISA CAMOITIOATOTOBKHA

4.1 IoaroroBka Kk JeknuaM. CaMOCTOATE/IbHOE H3YUYECHHE JINTEPATYPbl

Cucremsl MathCad, S-Plus, Axum.
[TporpamMMHBIe TpoYKTH KOMITAaHUH MathWorks, Ink. MATLAB.
Simulink. StatSoft.
Cucremsl STATISTICA.
[TakeTsl 171 UM clIeHHBIX pacdeToB. Scilab, Octave. QtOctave. FreeMat.
[TakeTsl 119 CHMBOJILHBIX BEIUHCIeHHH. Naxima. AXiom.
MHTEepakTHBHBIE HHCTPYMEHTAIBHBIE CPEJICTBA B MHKEHEPHBIX pacderax.
BO3MOKHOCTH UHTEPAKTUBHBIX CHCTEM B WH)XKEHEPHBIX pacyeTax.
MHaTepakTHBHOE TpUMeHeHHe ieMedToB MathCad jiis pemenns nHkeHepHBIX 3a/ad.

. BEIUHCITHTENIbHBIE METO/IBI pelIeH s 3a71a4d MOJIeIH POBAHUS.

. ITocTaHOBKA 3a7]a4l MOJIEJIHPOBAHUS.

. KoHnenryanbHas (popMYJIHPOBKA 3a71a4l MOJIEJIMPOBAHUS.

. [locTpoeHHe MaTeMaTHUeckOl MOJIe/TH 00BekTa. BEIOOp MeTo/1a penIeHus.

. Waterloo Maple.

. Cucrema Maple.

. UmCalc.

. Simulink. StatSofi.

. ITakeThl /IS pellleHUs] YpaBHEHU B UaCTHBIX IMPOU3BO/IHBIX.

. OpenFEM. Impact. SALOME. OpenFOAM. Elmer.

. MHTEepakTHBHOE MTpUMeEHeHHe »JieMeHToB MatLab

. Obpaborka Mmaccupor B Mathcad.

. @yaknun Mathcad s pemmenus cucrem OJ1Y.

. Peanu3aiiys 4ncleHHBIX METO/I0B MOJIeJIMPOBAHHSI.

. ITpoBepka aleKBaTHOCTH MO/Ie/IH

. AHaAJIH3 pe3ybTaTOB MOJICTHPOBAHUSL.

e Al e
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4.2 IloaroroBka K 1a00paTopHLIM padoTam

JlabopaTopHasi pabora 1.

. Ut0o Takoe Moagenu U KaKkHue BUIBI MOOEJIEH BEI 3HAETE?

. Kakue Buas1 MOgEmIpoOBaHUs CYNIECTBYIOT?

. OT "ero 3aBUCHUT TOYHOCTh MOJETUPOBAHUSA

. Korpa pazymMHO mpuMeHATEs (pU3UUECKOE MOAETUPOBAHUE?

. Kakue cambie M3BECTHBIE MPUMEPBI CEPBE3HOTO MOAEITUPOBAHUSA Bl 3HAETE?

. Kakue Buabl MOrpentHoCTH MOAEINPOBAHNS BEI 3HACTE

. Kakue mporpaMMHbI€ OPOAYKTE UCTTONB3YIOT A MOOEIUPOBAHUA?

. Kak ocymiecTBiagercs moaroTOBKA K MOOETMPOBAHUIO

. Kakumut Bo3mokHOCTAMEU B MOAenupoBannn odbnanaror CKM?

10. Uem ornnuaercsa TpaekTOpusA MONETa KamHs O€3 yueTa CONMPOTHBIECHHUA BO3OyXad U C

€0 YIETOMOKYMEHT MOANMCAH
ANEKTPOHHOW MOAMWCHIO

Ceprudmrar:  2C001RHO ?pﬁgwmﬂE

Bnaneneu: llleGayxoea TaTeAHa AnekcaHgpoBHa

1. YTo Takoe SKCIepUMEHTATBEHBIE UCCIET0BAHNS U C KAKOU 11€JIbI0 OHU OPOBOIATCA?
HelcTBuTENEH: C 19%5.%?@9%%&611&1{!{& MATEMATHYECKON MOZIEITH .
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3. OxapakTepu3yuTe STAMbl MATEMATUIECKOTO MOAEINPOBAHUI.
4. Yro sBasgerca padOduM MHCTPYMEHTOM CTATUUECKOTO aHam3a?
5. JlaniTe onpenenenne CTaTUCTUYECKOW THITOTE3BI !

6. Kakue ommOku BcTpeuaroTca mpu BEIOOPOUHOM HAOIIO 1eHNH ?

7. Ilepeunciure OCHOBHBIE MPAaBUIIA, KOTOPHIE NOJGKHBI BBIMOIHATHECA IIPH OPOBENCHUU
CTATUCTUUECKUX HAOII0 IeHHH.

8. YUTto Takoe KOppEIAIMOHHASA CBA3E?
9. OxapakTepu3yuTe METOIbI BEISABIEHUS KOPPEISIMOHHON CBS3H.
10. Omumwre BUABI MO AETUPOBAHUA.

JlabopaTopHasi pabdora 3.

1. [Tepeuncrmre mocrouHCcTBA M HEAoCcTaTku cucteMmel Mathcad.

2. Ilepeunicnmure OCHOBHEIE (DYHKIIMH, TPUMEHAEMEBIE B CTATUCTHYECKOHU 00pabdoTKe.

3. s gwero nmpumensierca pyukips RND(x)?

4. B Kakux CiIydasx OPUMEHSIOTCS (DYHKIMH CIDTAMHOBOUW AIMMIIPOKCUMALNN !

5.Yem orimgaercsa (PyHKUMA JUHEMHOW PETPECCHHM OT (PDYHKIIMM TUHEWHOU PErpPECCHU
o0mIero suma’

6. JlaiiTe ompeneneHne HEMUHENHOW perpeccuu 00miero suaa?

7. Jlanite onpenenenue (pyHKIUU IpeaCcKa3zanus ?

8. B kakux cnydasx (PyHKIMSA NPEACKA3aHUA MPUMEHSIETCA, 4 B KAKMX NPUMEHEHHE €€
ABJIAETCS HEENECO00pa3sHEIM?

9. Ilepeuncmmre OCHOBHEBIE TEXHOJIOTUH KOMITBIOTEPHOTO MOIEIUPOBAHU.

10. Ilepeuncanre THCTPYMEHTBE KOMIOBIOTEPHOTO MOIETAPOBAHUS.

JlabopaTopHasi padora 4.

. Maremarnueckoe MOIETMPOBAHUE CIOKHBIX CUCTEM
. @azoBas Tpaekropusa. Da30BOE TPOCTPAHCTBO
. JleKoMITO3UI s CUCTEMEL. XapPAKTEPUCTUKNA CUCTEMEI
. Maremarmueckas MOOeIb CHCTEMBI
. ATperaTuBHEIE MOJIETH
. TpeboBanus k 0a30BBIM TaTYUKAM
. Tumel 0A30BEIX TATYUKOB
. MopemipoBanue Ciy4alHBIX 3JIEMEHTOB
. OyHKIIUHN perpeccuu
10. OyHkua mpeackazanus

\DDGHJGNU‘I-ILMJMI—L

JlabopaTopHasi padora 5.

1. YUTo HA3BIBAIOT B CTATUCTUKE TPAPUKOM?

2. Kakue 3amaum  CTATUCTUYECKOTO  HUCCIENOBAHWSA  PEIIAIOTCA I[PH  [TOMOIIH
rpapuuecKoro n300paxkeHus’

3. Kak 3amaroTcs OpOCTPaHCTBEHHBIE OPUEHTUPEI !

4. Yro npencramaeT co00# rpaguieckuii 00pa3 CTaTUCTUUECKUX TAHHEIX?

5. [lanite onpenenenue JluarpaMmer.

6. [lepeuncimre TUITEL TUarpaMm.

7.T ne comepxurca nmepedens mabdsioHoB nocrpoenus rpadukos B cucreme Mathcad?

8. Kakue Bo3moxHOCTH coaepixar cpeacrsa rpaduxu Mathcad?

9. Ilepeuncmmre M3BECTHBIE BUAEI IPA(PUKOB.

JladbopaTopHas padoora 6.
no MEH Dﬂnm AH

19 ?\19@5& TAEMBIH TEOPETHYECKUN MATEPHUAN, COCTABUTH KOHCHEKT II0
Ceprudmkar:  2C0000043 555952205 7HA500060000043E

BnanendATCPHEAIY. A ATAHRLKOMERE TEPHOTO MOIEIHUPOBAHUS.
2. [locrpoures 00BEMHEIE (PUTYPEI B COOTBETCTBMM C BAPUAHTAMH WHIWBUAYAIBHEIX
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3. BeimomHuTe nocTpoeHne rpaduka mOBEPXHOCTH O€3 3a7aHus MaTPHULLEL.

4. BeIMOMHUTE MOOCTPOEHUE Tpauka MNOBEPXHOCTH C MOPUMEHEHHEM  (DYHKIUH
CreateMesh, cnenats CKpUHIIOTEL X04a PAOOTEHL.

5. BeimomHuTe mocTpoeHue O0BEMHOM (PUTYPBRI, KOTOpAs IOJYYAETCS BPAMICHUEM
KPUBOMW, CAENATH CKPUHILOTEI X014 PA0OTHI.

6. IToaroroBuTe OTUET, BKIIOUAONIMN CKPUHIIOTEL MOMYYEHHEIX TAATPAMM WU OIMHUCAHUE
x01a paboTHI.

7. Oopmute oTuer mo madboparopuou padore. IlpeacraBurs oruer mo nadboparopHOU
paboTe a1 3anuTHhL

JlabopaTopnasi pabora 7.

. Ut0o Takoe Moagenu U KaKkHue BUIBI MOOEJIEH BEI 3HAETE?
. Kakue Buas1 MOgEmIpoOBaHUs CYNIECTBYIOT?
. OT "ero 3aBUCHUT TOUHOCTh MOJETUPOBAHUS?
. Korpa pazymMHO mpuMeHATEs (pU3UUECKOE MOAETUPOBAHUE?
. Kakue cambie M3BECTHBIE MPUMEPBI CEPBE3HOTO MOAEITUPOBAHUSA Bl 3HAETE?
. Kakue Buabl MOrpentHoCTH MOAEINPOBAHNS BEI 3HACTE
. Kakne nporpamMMHEI€ DPOOYKTHE UCTOIB3YIOT JJI1 MOAEIUPOBAHUA !
. Kak ocymiecTBiagercs moaroTOBKA K MOOETMPOBAHUIO
. Kakumu  BO3MOKHOCTAMH B MOJEIMPOBAHMM  00IamarOT  WHCTPYMEHTEI
KOMIBIOTEPHOTO MOIEIUPOBAHUA
10. Uem ornnuaercsa TpacKTOpUsA MOJETa KamMHs Oe3 yueTa COMPOTHBIECHUA BO3OyXd U C
€T0 YUETOM?

OO0 ] O n s W o

JlabopaTopnasi pabdora 8.

1. baliecoBckas knaccupukanms

2. HanBHO-0aieCOBCKUH MOOX 0O

3. Meroasr Data Mining

4. CBOUCTBA HAMBHOM KJIaCCU(PUK AL

. locrouncrea 0al€COBCKHX CETEH

. bariecoBckas (punpTpanpsa oo caoBam

. Meronsr knaccu(pukanuy U MPOrHO3UPOBAHUSA
. Meron nepeBreB pemeHuit.

S0 1 O LA

5. TEOPETHYECKHNUN MATEPHUA.I

5.1 MATEMATHYECKOE MOJAE/IUPOBAHUE B UHKEHEPHbLIX PACUHETAX

ITocTpoeHne Moje/ 1

Mogems 1 MOOETUPOBAHUE - YHUBEPCATBHEIE MOHATHA, aTPUOYTHI OOHOTO U3 Haubomee
MOMIHEIX METOIOB ITO3HAHUA B MOOOM mpodeccnoHambHOM 001acTH, MO3HAHUS CHCTEMBEI,
IPOIECCa, SBJICHUS.

Bug momemn u METOABI €€ MCCAenoBaHWA OOibme 3aBUCAT OT HMH(POPMAIUOHHO -
JOTUYECKHX CBA3€M SJIEMEHTOB M MOJACHCTEM MOAETUPYEMOU CHUCTEMEI, PECYPCOB, CBA3EH C
OKPYKEHHUEM, 4 HE OT KOHKPETHOTO HAMOTHEHUS CUCTEMEI.

MopensHbeIH CTUITBL MBINUIEHUSA MO3BOJIAET BHUKATH B CTPYKTYPY U BHYTPEHHIOK JTOTHUKY
MO JEJIMPYEMOUN CUCTEMEL.

[Tocrpoenne momenu - cucremHas 3agada, TpeOyromias aHaIn3a U CHUHTE3a MCXOIHBIX
TAHHBIX, mngﬁgm, 3HAHWN coeHuamcTOB. CHUCTEMHEBIN TOIXOI MO3BOJAET HE TOJIBKO

MOCTPONTRERIBAHEIRY i1 CCTEMBI, HO U MCTOAB30BATh ATY MOIEND IS OLIEHKH (HAIpPUMED,
CEpTHdJHHq)Tq) CO000043E9ABBBI52205E 7BA500060000043E

Bnanenct P P GKEHBHOCTH VIIDABJICHIA WIH VHKIMOHUPOBAHNA) CUCTEMEL.
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Mogens - 370 00BEKT WM OmrucaHue 00LeKTa, CHCTEMEI I 3aMENMIEHUA O THOH CHCTEMBI
(opurnHama) OPYrod CUCTEMOM IS JYyYHIETO W3YUEHUA OPUTHHANA WIA BOCHPOU3BENCHUS
KaKUX-JIN00 €ro CBOMCTB.

Hampumep, otoOpaxkas (pu3nueckyro CUCTEMY HAa MATEMATHUYECKYIO CHUCTEMY, ITOTYIUM
MATEMATUIECKYIO MOJENL (PU3NUECKON CUCTEMBI. Jlfo0as Momens CTPOUTCA U UCCAENYETCA MPU
OMPENEIECHHBIX JOMYIIEHUAX, THITOTE3AX.

[Tpumep. Paccmorpum (usuueckyro CHCTEMY: TEI0 MAacCOM M CKATBIBAETCS IO
HAKJIOHHOM IIOCKOCTH C YCKOPEHHUEM 4, HA KOTOpOoe BO3aerucTByeT cuia F.

Hccnenya takue cucremsl, HeI0TOH moaydmn MareMaTH4eckoe cooTHomenue: F = m*a.
JT0 (PU3UKO-MATEMATUYECKAS MOJEIL CHUCTEMBI WIM MATEMATUYECKas MOAEIb (PU3MIECKOU
CUCTEMBI CKaTBIBAIOMIErOCA TENA.

[Tpu omicanuu 5T0i CUCTEMBI TIPUHATEHL CIEIYIONIME THIIOTE3HI

- MOBEPXHOCTE UACATRHA (KOA(P(PUIIMEHT TPEHU PABEH HYIIIO );

- TEJI0 HAXOOUTCA B BAKYyME (COMPOTHUBIEHUE BO3IyXa PABHO HYJIIIO);

- MAacca Tejla HEW3MEHHA,

- TEJIO ABUKETCA C OAMHAKOBEIM HOCTOSAHHEIM YCKOPEHUEM B OO0 TOUKE.

[Tpumep. Ousmonornueckas cucremMa (CACTEMA KpPOBOOOpANMIEHWsA YENIOBEKA) -
MOAUUHAETCSA HEKOTOPBIM 3aKOHAM TEPMOAMHAMHUKH. OMUCHIBAsA 5Ty CHUCTEMY Ha (PM3MYECKOM
(TEPMOOMHAMHUYECKOM ) A3BIKE OamaHCoOBBIX 3aKOHOB, HOJIYUHM (pH3HnIeCKyIO,
TEPMOJAMHAMHUUECKYIO MOIENE (PU3MOIOTHUECKON CcuUCTEeMBI. Ecnm 3ammucare 5TH 3aKOHBI HA
MATEMATUUECKOM S3BIKE, T.€. COOTBETCTBYIONIME TEPMOAMHAMHUYECKHE YPABHEHMA, TO YK€
MOJIY4a€M MAaTEMATHYIECKYIO MOJENE CUCTEMEI KPOBOOOpanieHus.

[Tpumep. COBOKYMHOCTE HOpennpuATHH ()YHKIIMOHUPYET HA PBIHKE, OOMEHUBAACH
TOBApaMu, CBIPbEM, yCIyramu, nHpopmannen. Eciu omicares S5KOHOMUYECKUE 3aKOHBI, MPABUIIA
MX B3aUMOICHUCTBHUSA HA PBIHKE C MOMONIBI0 MATEMATUUECKMX COOTHOMICHWUN, HAIPUMED,
CUCTEMBI AITEOpaMdeCcKuX YpPaBHEHWUM, TAE€ HEM3BECTHBIMM OyIyT BEIMYWHBI TPUOBLIH,
MOJIY4a€MBIE€ OT B3AMMOIEHUCTBUSA MNPEANPUATHH, a Kod(p(puumeHnramm ypaBHEHUS OyayT
3HAYEHUA MHTEHCUBHOCTEN TAKUX B3aWMOJIEHCTBUM, TO HOJIYUHUM HSKOHOMHKO-MATEMATHYECKYIO
MOJEJIb CUCTEMEI IPEANPUATHNA HA PBIHKE.

Crmoso "mogmens" (mar. modelium) ozmazaer "mepa", "cmoco0", "CXOACTBO € KAKOW-TO
BEMIBIO'.

MopemipoBanue 0azupyercsa Ha MATEMATHUYECKON TEOPHHM MONOOUsA, COrIacHO KOTOPOM
abCOmOTHOE MOAO00HUE MOMKET MMETh MECTO JIHILb OPH 3aMEHE OTHOTr0 00BEKTAa APYTUM TOUHO
TAKHM KE€.

[Ipu momenupoBanum OONBMIMHCTBA CHUCTEM AaOCOMOTHOE MOAOOME HEBO3MOMKHO, U
OCHOBHAS II€Th MOJETUPOBAHNA 3AKTIOYAETCA B TOM, YTO MOJEIB JOCTATOYHO XOPOMIO AOKHA
0TOOpa)ars (PyHKIIMOHUPOBAHUE MOIEIUPYEMON CUCTEMEL.

ITo yporHIO, "T1yOHHE'" MOJe/ITHpOBAHUS MO/Ie/IH ObIBAIOT:

l. sMOupHUUECKHE - HA OCHOBE SMITUPUUECKUX (PAKTOB (OMBITOB);

2. TEOPETUYECKUE - HA OCHOBE MATEMATHUECKNAX OIHMCAaHMM,

3. CMEIIAHHBIE, MOMYSMOUPUUYECKHE - HAa OCHOBE HSMIMPHYECKUX 3aBUCUMOCTEH W
MATEMATUUECKUX OMUCAHUM.

ITpobGsieMa Mo/Ie/THpOBAHHS COCTOMUT U3 TpPeX 3a/au:

1. mocTpoenne mozaenu (9Ta 3amada MeHee (popmanmu3yema M KOHCTPYKTHMBHA, T.K. HET
ATOPUTMA 71 ITOCTPOCHUSA MOJEIIEN);

2.uccmenmoBaHne moaemi (dTa 3amada  Oomee (opmanmzyeMa, HMEIOTCA METOIEI
MCCIENOBAHUSA PA3IMYHBIX KJIACCOB MOJENIEN);

3. Mo aBAHIe Monem (KOHCTPYKTHBHASA M KOHKPETH3UPyeMas 3a1a4a).
ar 2coNbomesmdM;onnesmBaromascucreMy S(xl1, x2, ..., xn; R), nmeer Bun:

e UM (21022)°0mQ), e zi€ Z, (1= 1,2, .., n);

Meiict
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R - MHOKECTBa OTHOILICHUH Ham X,
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NelcTeUTe

QQ - MHOKECTBA OTHOILICHUN HAN Z;
X - MHOECTBOM BXOJHBIX, BEIXOJIHBIX CUTHAJIOB U COCTOSHHI CHCTEMEI;

/. - MHOKECTBO ONMUCAHUM (IIPEACTABIEHHM) 3JIEMEHTOB U MOJMHOKECTB X.
Cxema mocrpoenus momenu M cucTeMbl S ¢ BXOJHBIMH CUTHAJTAMHM X U BBIXOJHBIMU
curHazamu Y m3o0paxkena nva puc. 1.1.

Vi

Hccnenyemas cuctema S Moaems M

Pucynok 1.1 - Cxema nocrpoenns monenu

Ecm wa Bxog M mocrynaroT curHanel U3 X U HA BBIXOAE MOSABIIAIOTCA CUTHAIEL Y, TO
3a7aH 3aKoH (mpaBwio) { (pyHKIMOHUPOBAHUA MOIOENH / CHCTEMEL.

MopemipoBanue - HTO  VHUBEPCANBHBINL  METON  HOMYUYEHUA OTIICAHUS
(PyHKIIMOHUPOBAHUSA 00BEKTA U HCHOJIH30BAHUS 3HAHUM 0 HEM. MoaempoBaHUE UCTIOJIB3YETCA
B 1F000M mpo(PeCCHOHANEHON AEATENLHOCTH.

Kinaccnpukanusa BHI0OB Mojge/iHpoBaHusA. CTaTHYeCKHe H JHHAMHYECKHeE,
TUCKpPeTHBIC H HeNpepbIBHbIE MO/IE/TH

Knmaccu(ukaipro Mogene mpoBOAAT MO PA3TNIHBEIM KPUTEPHSIM.

Mopene Ha3bIBAETCA CTATHYECKOM, €CIW CpEeAd NapaMerpoB, YYACTBYIONIMX B €€
ONMMCAaHUM, HET BPEMEHHOTr 0 nmapamMerpa. Crarngeckas MOJENIs B KAKIbII MOMEHT BPEMEHHU JAET
mnik (ororpadun’ CUCTEMEL, €€ CPE3.

[Tpumep. 3akon HeroTona F=a*m - 5170 crarnueckas Moaens ABUKYIIEHCA C YCKOPEHUEM
a MATEPUATTEHON TOUKH MACCOM M. ITa MOJEIb HE YUUTHEIBAET M3MEHEHUE YCKOPEHUA OT OTHOU
TOYKH K JPYTOU.

Mopens nuHaMu4geckas, €CIM Cpeau €€ mapaMeTPoB €CTh BPEMEHHOU MapaMeTp, T.€. OHa
oTOOpaxaer cucreMy (IpOLECCH B CHCTEME) BO BPEMEHH.

[Tpumep. Jlunammueckas moaens 3akoHa HeproTOHA OyIer UMeTs BUA:

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

Mopene nuckperHas, €CaM OHA ONMMCBIBAET MOBENEHHE CHUCTEMEI TOJMBKO B JUCKPETHHIE
MOMEHTEI BPEMEHH.

[Tpumep. Ecnu paccmarpuBars Tossko t=0, 1, 2, ..., 10 (cek), To mogens

S(t)=gt*/2

WM guciaoBag mocnenoBarenbHoCTh: S0=0, S1=g/2, S2=2g  S3=9g/2, :, S10=50g moxer
CJIYKUTh JUCKPETHOH MOJENBIO IBHKEHUA CBOOOTHO MATAromIero Tea.

Mopene HenpepreiBHAA, €CIM OHA OMMCHEIBAET MOBEIEHUE CHUCTEMBI IJI BCEX MOMEHTOB
HEKOTOPOTO IIPOMEKYTKA BPEMEHH.

[Tpumep. Mogens S=gt*/2, 0 < t < 100 nenpepsisHa Ha mpomexyTke Bpemenu (0;100).

NMUTAIHOHHBIE MOJIEJIH
Mopems uMHUTaMOHHAA, €CAW OHA NPEAHA3HAYEHA Ui WCIBITAHWA WJIM HW3y4YEHHA

BO3MOMKHBIX ITY ref Pa3sBHTHA U IMOBCOACHHA 00BeKTa IMIYyTEM BAPBHUPOBAHHA HCKOTOPBIX WJIH BCCX

mapaMeTpoOB MOJEIH.
l'[pl%r%@rg)[“l;[ CTh MOTIETIE YKOHOMUYECKON CHUCTEMBI MPOWU3BOJICTBA TOBAPOB ABYX BUIOB |

12, B mﬂﬂumﬂﬂm mﬁij €OUHWUI] U CTOMMOCTBIO KaXIOW enquHuiel ToBapa al w a2 na

npe,z[ﬂrrpﬁmﬁ I’B'rf‘H»‘tca:HEE B Bﬂﬂe COOTHOUICHHA:

JBHA

alxl +a2x2 =8,

ned: c 19.08. 2022 no 19.08. 2023

i



rae S - 00mas CTOMMOCTE IMPOU3BEAEHHON NIPEANPUATHEM BCEU ITponykuuu (Buga 1 u 2).
MoxHO ee uChmoaL30BaTh B KAYECTBE MMUTAIMOHHON MOJETN, IO KOTOPOH MOKHO OMPENETATEH
(BappHpOBaTh) OONIYI0O CTOMMOCTH S B 3dBHUCUMOCTH OT T€X WJIM WHEIX 3HAYEHUU OOBLEMOB H
CTOMMOCTH IMTPOU3BOIUMBIX TOBAPOB.

JleTepMHHHPOBAHHBIE H CTOXACTHYECKHE MOJIe/IH

Mopems nmerepMuUHHpPOBAHHASA, €CIM KaKIOMY BXOAZHOMY HA0Opy mapamerpoB
COOTBETCTBYET BHOJHE OIPEAECICHHBIN W OJHO3HAYHO ONPEOEIsIeMBI HAOOpP BBIXOIHBIX
mapaMeTpoB; B MNPOTHBHOM CIy4ae - MOJENb HENECTEPMUHUPOBAHHAA, CTOXACTHYECKAA
(BEpOATHOCTHAA).

[Tpumep. IlpuBenennsie BhimE (PU3NUECKHE MOAENHN - NETEPMUHUPOBAHHBIE. Ecnu B
mogem S = gt*/ 2, 0 <t< 100 MBI ywm OBI CITyJaMHELI ITAPAMETP - TOPEIB BETPA ¢ CHJIOHN P IpH
MagEeHUH TEA:

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

TO MBI ITOJTYUUIN OBl CTOXACTHUECKYIO0 MOJENE (yKE€ HE CBOOOIHOTO) maaeHUS.

OYHKIHOHA/IBHBIE, TEOPETHKO-MHOKEeCTBEHHbIE H JIOTHYECKHE MO/Ie/TH

Mopems (yHkuMOHaNBEHASA, €CIW OHA IPEACTABUMA B BHUIE CHUCTEMBI KakuX- JHOO
(PYHKIIMOHAIBHEIX COOTHOILIEHUM.

Mopens TEOPETHKO-MHOKECTBEHHAA, €CIU OHA MPEACTABMMA C MOMOIIBI0 HEKOTOPBIX
MHOKECTB M OTHOIIEHUH MTPUHALIEKHOCTH MEKIY HUMH.

[Tpumep. IlycTe 3amaH0 MHOKECTBO

X = {Huxomau, Ilerp, Hukomaes, Ilerpos, Enena, Exarepuna, Muxaun, lareana} u
OTHOIIIEHU

Huxkomnait - cynpyr Enens,

Exarepuna - cynpyra Ilerpa,

TatesaHa - mousr Hukomag u Enensl,

Muxawun - cera Ilerpa u Exkarepunsr,

cempn Muxanna u [lerpa gpyxar gpyr ¢ apyrom.

Torma muoOkecTBO X M MHOMKECTBO MEPEYUCIECHHBIX OTHOMEHUM Y MOTYT CIYKHUTh
TEOPETUKO-MHOKECTBEHHON MOJIENBIO ABYX APYKECTBEHHBIX CEMEM.

Mopens Ha3BIBAETCA TOTUYECKOM, €CIM OHA MPEACTABUMA JIOTHYECKUMU () yHKIIFIAMH.

Hanpumep, COBOKYIMHOCTE JIOTMYECKUX (DYHKIIUM BUOA:

Z=x My VX, p=xny
€CTh MATEMATHUYECKAA JIOTHUECKAA MOAENIb PA0OOTE JUCKPETHOTO YCTPOUCTBA.

HUrpoBsie Moe/1H

Mopgens urposas, €CoM OHAa OMMCBIBAET, PEATM3YET HEKOTOPYIO UTPOBYIO CHUTYAIHIO
MEXIY YIACTHUKAMU UTPHL

[Tpumep. Ilycte urpok 1 - moOpocoBecTHBIM HATOTOBBEIM MHCHEKTOP, 4 WUIPOK 2 -
HETOOPOCOBECTHRIN HAJOTOILIATENBIIMK. M meT mponecc (Mrpa) mo yKIOHEHHWIO OT HAlIOTOB (C
OMHOW CTOPOHBI) U MO BBIABIEHHUIO COKPBITHUS YILIATHEI HANOTOB (C APYrow croponsl). Urpoku

BEIOMPAIOT HATYPAIEHEIE 9uCaa 1 U | (1, ] = n), KOTOPBEIE MOKHO OTOKAECTBUTH, COOTBETCTBEHHO,
co mrpad)oM Urpoka 2 3a HEYIUIATY HATOTOB IIPU 00HAPYKEHUU UTPOKOM | (pakTa HEYTIIATH U C
BPEMEHHOM BBITOJOM WrpPOKa 2 OT COKPBITUA HAIOTOB. Mopgems Wrpel OMUCBHIBAETCSA STOU
MATPUIIEH U CTPATETHEN YKIIOHEHUA U MOUMKH. JTA UTPa - AHTATOHUCTHUUECKAs.

ANIropuTMHYeCKHe, CTPYKTYPHbIE, rpaoBbie MOAEH
Mopenms anropurMmueckas, €CIM OHAa ONMHMCAHA HEKOTOPEIM AJITOPUTMOM WM
KOMILIEKCOM AJITOPUTMOB, OOPEIEIISIONIAM (PYHKIIMOHUPOBAHUE, PA3BUTHE CHCTEMEL.
Cﬁﬁﬁﬁfﬁ@% qTO HE BCE MOJEIH MOIYT OBITE HMCCIEOOBAHBI WJIH PEATH30BAHEI
H 0 H Iy -1 P
CepnT -"1MDPHWI!]E.@EH¢|GSS ISETBAS00060000043E
ranenet HeTpEvEp T MO AENET0 BEITMCITeHNS CyMMEI O€CKOHEUHOr0 YORIBAIOMIETO PAIA YHCET MOKET
CIIyKUTh QITOPUTM BBIYUCICHUSA KOHEUHOW CYMMEI pAda OO0 HEKOTOPOM 3aJaHHON CTENEHU
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TOUHOCTU. AJTOPUTMHUYECKON MOJEIBI0 KOPHSA KBAAPATHOTO M3 UHMCIAA X MOKET CIIYKHTE
AMTOPUTM BEIUMCIEHUA €r0 MPUOMIKEHHOTO 3HAUEHUS MO U3BECTHOM PEKYPPEHTHOU (hopMy €.
Mopens HA3BIBAETCSA CTPYKTYPHOM, €CIIM OHA MPENCTABUMA CTPYKTYPOH OAHHBIX WIIH
CTPYKTYpPaMH JAHHBIX U OTHOIIEHUSAMH MEKIY HAMMU.
Mopems HasweiBaerca rpadoBoM, e€ciM OHA mnpeacraBuma rpadgom wim rpadpamu u
OTHOMIEHUAMHU MEKIY HUMHU.

Hepapxnyeckue H ceTeBbIe MO/Ie/TH

Mopens Ha3BIBAECTCA HMEPAPXUYECKOU (APEBOBUOHOM), €CIM NPEICTABUMA HEKOTOPOU
UEPAPXUYIECKOUN CTPYKTYPOU (IEPEBOM).

[Tpumep. [lma pemenua 3amaud HAXOXKACHUA MApLUIPYTA B JEPEBE MOUCKA MOKHO
MOCTPOUTE, HAIIPUMEP, IPEBOBUIHYIO MOAEIE (puc. 2.1):

Pucynok 2.1 - Monens nepapxmudeckoi CTPYKTY I

Mopens Ha3BIBAETCA CETEBOM, €CJIM OHA MPEICTABUMA HEKOTOPOH CETEBOU CTPYKTYPOHU.
[Tpumep. CrpouTensCTBO HOBOTO JI0Ma BKIIOYAET ONEpPAIMHA, HNPUBEACHHBIE B
HIDKECIEAYIONIEN TadmmIe.

Tadnua 2.1 - PaboTer mpu CTPOUTEILCTBE A0MA
Ne | Onepanus Bpemsa Breimommenus | [IpemmectByronme Hyru
(mHMI) onepanu rpada

1 | PacuucrTka yuacrtka 1 HET -

2 | 3aknanka pyHzaMeHTa 4 PacuncTka yuacrka (1) 1-2

3 | Bo3Benenue creH 4 Jaxuanka (pynmamenra (2) | 2-3

4 | Monrax 3 Bo3ssenenue creH (3) 3-4
YIEKTPOITPOBOIKH

5 | lrykarypHeie padbOTEI - MonTax 4-5

MIEKTPOIIPOBOIKH (4)

6 | bmaroycrpoiicteo 6 Boseenenue creH (3) 3-6
TEPPUTOPUH

7 | Ornenounsre padOTHI 4 [HITykarypusie padboTel (5) | 5-7

8 | Hactun kpeiim 5 Bo3ssenenue creH (3) 3-8

CereBas Moaens (CETEBOU Tpadpuk) CTpOUTENLCTBA OOMA JaHA HA puc. 2.2.

o~ B — § = s g — T = 2 e F - P . PN e
Bnapneneu llebayxoea TaTeRAHa AnexcadaopoBHa
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Pucynok 2.2 - CereBou rpauk CTpOUTENECTBA

Jlee paboTEl, COOTBETCTByHONIME OyTe 4-8, MAPATIEABHBI, UX MOKHO JHMOO 3aMEHMUTEH
OMHOM, MPEACTABIAIONIEM COBMECTHYIO OTEpAdI0 (MOHTAXK AICKTPONPOBOAKNM W HACTHI
KPBILIA) C HOBOU OMEpanuer IIUTEIbHOCThI0 3+5=8, m00 BBECTH HA OOHOM Iyre (PUKTUBHOE
COORITHE.

JINHIBHCTHY eCKHe MOJIe/TH

Mopens Ha3BIBAETCS A3BIKOBOM, JMHITBUCTUYECKOW, €CJIM OHA MPEACTABICHA HEKOTOPBIM
AMHTBUCTUYECKUM 00OBEKTOM, (POPMATM30BAHHOUN S3BIKOBOM CUCTEMOM WIH CTPYKTYPOM.

Muorna Takue moaenu Ha3eIBAIOT BEPOATEHBIMUA, CHHTAKCHY ECKUMHU.

Hampumep, mpaBuia 10pOKHOTO IBUKEHUS - A3bIKOBAA, CTPYKTYPHAA MOJEITH JBUKECHUS
TPAaHCOOPTA U TMEMIEX0I0B HA JOPOTAX.

BusyaibHble, HATYpPHbIE, FeOMeTPpHYeCKHE MO/Ie1H

Mopene Bu3yanbHasAs, €CIM OHA MMO3BOJIIET BU3YAIU3MPOBATE OTHOUIEHMA M CBA3M
MO JEJIMPYEMOM CUCTEMEL, 0COOEHHO B TMHAMMKE.

Hampumep, Ha skpaHe KOMITBIOTEpPA 9ACTO MOMB3YIOTCA BU3YAIBHON MOJAENBI0 TOTO WIH
MHOTO 0OBEKTA.

Mopgene HarypHas, eciii OHA €CTh MATEPHANBHAS KOMUA 00BEKTA MOIEINPOBAHUA.

Hampumep, rmo0Oyc - marypaas reorpapuieckas MOAEIb 3EMHOTO MIAPA.

Mopene reomerpuueckas, rpauueckas, €CiIM OHA NPENCTABAMA TE€OMETPHUECKUMH
oOpazamu 1 00BEKTaAMM.

Hampumep, maker noma ABIAETCS HATYPHOM TEOMETPUYECKOW MOIEIBIO CTPOAMIETOCH
ooMa. BmucaHHEIM B OKPYKHOCTh MHOTOYTOJIBHMK [JA€T MOIENb OKpyxkHOCTH. MMeHHO oOHa
MCITOJIB3YETCA TTPU M300paKEHNN OKPYKHOCTH HA SKpaHe kKoMmbioTepa. [Ipamas minua asasercs
MO IE€JIBI0 YUCIIOBOH OCH, d IUIOCKOCTh 9aCTO W300pakaercs, KaK MmapaaaeaorpaMM.

CHcereMa KIIeTOYHBLIX ABTOMATOB

Mopens KIETOUHO-aBTOMATHAA, €CIM OHA MPEICTABMMA KIETOUHBIM ABTOMATOM WIIH
CHCTEMOH KJICTOYHEIX ABTOMATOB.

KjieTouHenI aBTOMAT - AMCKPETHAS OUHAMUYECKAs CHCTEMA, AHAIOT (PU3UUECKOro
(HEmpepeIBHOTO) 1OIA. KieToyHo-aBTOMATHAS TEOMETPHUA - AHANOT EBKIMI0BOM TE€OMETPHM.
HenmenuMmeril 35I€MEHT €BKIIMAOBOM TEOMETPUM - TOUYKA, HA OCHOBE €€ CTPOATCS OTPE3KH,
IPSMBIE, TITOCKOCTH U T.].

Henenmmerit S1€MEHT KJIETOYHO-ABTOMATHOTO TOJIA - KJIETKA, HA OCHOBE €€ CTPOSTCS
KITACTEPHI KJIETOK W pa3aMuHble KOH(UTypanuud KIETOUHBIX CTPyKTyp. IlpencraBasercs
KJIETOYHBIM ABTOMAT PABHOMEPHOM CETBIO KIIETOK (''sfueek’ ) 3TOr0 IMomd. DBOIOLMS KIETOUYHOTO
aBTOMATAa Pa3BOPAYUBAETCA B TUCKPETHOM MPOCTPAHCTBE - KJIETOYHOM MOJE.

CMmeHa COCTOSHMM B KJIE€TOYHO-ABTOMATHOM ITIOJI€ MPOUCXOOUT OJHOBPEMEHHO H
MapaiaeabHO, 4 BPeMa HUIET TUCKPETHO. HecMOTps HAa KaKYUIIYIOCS MPOCTOTY HUX IMOCTPOEHUH,
KIETOYHEIE ABTOMATEI MOTYT MJEMOHCTPUPOBATE PAa3HOOOpAa3HOE M CIOKHOE TOBEICHUE
00BEKTOB, CHCTEM.

B mocnennee BpeMsa OHM MIMPOKO HCHOJB3VIOTCA TPU MOJETUPOBAHUU HE TOJIBKO
(pM3NIECKNX, HO U COLMATBHO-9KOHOMUUECKUX MTPOIECCOB.

@pakraibHbIe MOJETH

Mopems Ha3piBaeTCs (PPAKTAIBHOM, €CIM OHA OMHUCBHIBAET HBOMIOIMIO0 MOJEITUPYEMOM
CUCTEMBI HYBOJIIOLMEN (PPAKTATBHBIX 0OBEKTOB.

Ecrm (u3nuecknii 0OBEKT OOHOPOIHBIM (CILIOMIHOM), T.€. B HEM HET MOJOCTEH, TO

MOKHO CYIOKAWEST HUANVEPR® ILIOTHOCTE HE 3aBUCHT OT pasmepa. Hanpumep, npu yBennueHun
AMNEKTROHHOM 1

CeprbhIPANETP L2 %g%[ﬂﬁ%mgg 00BEKTA YBEIMYUTCA B R? pa3, ecam 0OBEKT - KPyT U B R’

Bnanenddd3, \BCHD:OOBOKTA e« @IAPsHT.C. CYMIECTBYET CBA3L MACCH M AMMHEL. [IyCTh n - pasMepHOCTE
npocTpancTBa. OOBEKT, Y KOTOPOTO MAcCa M pa3Mep CBA3AHBEI, HA3BIBAETCA 'KOMITAKTHBIM' . Ero
NeiicravEAQTHOGTboMQIKHE: PRECUUTATE TIO (POpMYJIE:
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Ecm 00nexT (cucrema) vmoeiaersopser cootHomenuo M(R) ~ R™. rme f(n) < n, To
y
TAKO OOBEKT HA3BIBAETCS (PPAKTATHHBIM.
Ero mnotHoCTe HE Oymer OOMHAKOBOM AJ BCEX 3HAa4eHUH R, TO oHa macmradupyercs

coramacHo popmyne:
I::E:I . M{R} Hj'imj—n!

Tak kak f(n) - n < 0 mno ane,[[EJIem{m, TO MIOTHOCTH (PPAKTAIBHOTO OOBEKTA
yMEHBIIAETCA ¢ yBemmueHnem pasmepa R, a p(R) saBmaerca KOMMUIECTBEHHOM MEpOM
pa3psAKEHHOCTH 00BEKTA.

[Tpumep ¢pakranenon momemn - mHOKkecTBO Kanrtopa. Paccmorpum otpezok  [0:1].
Pazgemim ero Ha 3 gactu U BeIOpoCcHM cpemHuU OTpe30K. OcraBmmecs 2 mpoOMEKYTKa OIATH
pazgenuM Ha TPU 4YACTHM M BEIKMHEM CpEIHME MNPOMEXYTKM U T.4. [lomyumm MHOkeCTBO,
Ha3eIBAEMOE MHOKeCTBOM Kantopa. B mpemene momydaemM HECUETHOE  MHOKECTBO
W30JIMPOBAHHBIX TOUYEK.

e — e ———_————
0 1/9 29 113 2/3 79 89 l

Pucynoxk 2.3 - MuoxecrBo Kantopa ana 3-x nenenuit
5.2 ABTOMATHU3AIIUA UH) KEHEPHBIX PACUHETOB

OcHOBHBIE CBOMCTBA MOJe/IH H MOIde/IHPpOBaAHHH

['panumer Mexkay MOAENSIMHM Pa3aMIHOTO BUAA BECBMA YCIOBHEL MOKHO TOBOPHUTH O
Pa3IMYHBEIX PEKUMAX HMCHOJB30BAHUA MOJEIEH - HMUTAIMOHHOM, CTOXACTHYECKOM,
OUHAMHYECKOM, JETEPMUHUPOBAHHOM U JP.

Kak mpaBuno, monens BkmoudaeT B ce0sa: o0wvekr O, cyOnekTt A (He 00s3arensHO) |,
3amauy Z, pecypcel B, cpeny monenupoBanusa C.

Mopems moxkHO npeacraBursk popmansHo B BUae: M =<0, A, Z, B, C>.

OCHOBHBIE CBOMCTBA OO0 MO IETH:

]. llenenanpaBneHHOCTh - MOAENL BCETZa OTOOpAak)aeT HEKOTOPYIO CHUCTEMY, T.€. UMEET
IIEJIb TAKOTO OTOOpaKEHU;

2. Koneunoctes - wmogmens 0ToOpaxkaer OpPUTHHAN JHIIb B KOHEYHOM YHCIE €T0
OTHOIIEHUH U PECYPCEl MOAEIMPOBAHNS KOHEUHEI;

3. YIOpOomeHHOCTh - MOJEIE 0TOOPaX)aeT TOJBKO CYIIECTBEHHEBIE CTOPOHEI O0OBEKTA M OHA
OOmKHA OBITHE MPOCTA O UCCIEOOBAHUSA UM BOCIIPOM3BENCHMA;

4. Harnagaocts, 0003pUMOCTE OCHOBHBIX €€ CBOMCTB U OTHOILIEHUI;

5. J10CTYIMHOCTE U TEXHOJIOTUYHOCTE AJIA UCCIEA0BAHNUA UM BOCIIPOU3BENECHUA;

6. MuopmaruBHOCTE - MOIENE OOJKHA COAEPIKATH OOCTATOYHYIO HH(POPMAIMIO O
cucremMe (B paMKax THUIOTE3, NPUHATHEIX TMPU MOCTPOEHWH MOJEIN) W JOJKHA JaBAThH
BO3MOJKHOCTE MTOTYy4aTh HOBYIO MH() OPMAITHIO;

7. Ilomora - B mMomenu AONNKHBI OBITH YYTE€HBI BCE OCHOBHBIE CBSA3M M OTHOIIEHMA,
HEOOXOAMMBIE 1A 00ECIIEeYEeHNs 1€ MO JEIAPOBAHUS;

8. YIpaBmaeMOCTs - MOJENEL J0KHA UMETh XOTS OBl OAWH MapaMerp, M3MEHEHUIMU
KOTOPOr0 MOKHO UMUTHPOBATE MOBEAECHUE MOOEITUPYEMON CUCTEMBI B PA3JIMYHBIX YCIOBUAX.

A H3HeHHbIH MAKT MO/Ie/IHPYEMOH CHCTEeMBbI

KuBHOHHBIHDHCA- MOIETHPY EMOM CUCTEMEI COCTOUT U3 CIEAYIONIMX 3TAIl0B:

) a@ﬁ[ﬁ HH%@%ﬁfﬁﬁm{ D@ 00bEeKTe, BBIABIKCHHE THIIOTE3, IPEIBAPHUTEIILHEIH

Bnaper LMDEEJIBHEILH ﬂﬂw-?'u

2. Hpﬂ&l{THpﬂBam{e CTPYKTYPEL M COCTABA MOAENEH (1O MO AEIIEH );
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3. ITocrpoenne cnemmpukanmii MoaenH, pa3padoTKa U 0TIaIKa OTHAEIbHEIX TOIMOIEIIEH,
cOOpKa MOJIEMM B LIETIOM, UASHTU(PUKAI (€CIIH ATO HYKHO) TAPAMETPOB MO IETIEH;

4. UccnemoBanne mopenu - BRIOOP METONA MCCIENOBAHMSA U pa3paboTka amropurma
(mporpaMmel ) MOAETUPOBAHUA,

5. UccnenoBanme anekBaTHOCTH, YCTOMIUBOCTH, UYBCTBUTEIBHOCTA MOIEIH;

6. Ouenka cpencTs MOAETUPOBAHNA (3aTPAYEHHBIX PECYPCOB);

7. Untepoperanysa, aHaiau3 pe3yabTaTOB MOICTUPOBAHUA W yCTAHOBJIECHHE HEKOTOPBIX
MPUYUHHO-CJIEICTBEHHBIX CBA3EU B UCCIIENYEMOUM CHCTEME;

8. I'eneparsa OTYETOB ¥ NPOEKTHBIX (HAPOIHO-XO03AMCTBEHHBIX ) PEILIEHHH;

9. YTouHeHue, MO (pUKALINA MOJEIN, €CIIA 5TO HEOOXO0AMMO, U BO3BPAT K UCCIENYEMOU
CHUCTEME C HOBEIMHU 3HAHWUSAMM, MTOTYIEHHBEIMU C MTOMOIIBI0 MOJEITN U MOJIETUPOBAHNSA.

MopennpoBaHie KAk MeTO/ CHCTEeMHOI'0 AHAIN3A

Yacto B CHCTEMHOM aHamM3€ OPH MOIEIBHOM MNOOXOAE WCCIEOOBAHMA MOKET
COBEPILATHCA OJHA METOOUYECKAS OIMMNOKA, 4 UMEHHO, - MOCTPOEHUE KOPPEKTHBIX U 4IE€KBATHBIX
MOJEJIEN (MOAMOJENIENH) IMOJCUCTEM CHCTEMBI M HMX JIOTUYECKHM KOPPEKTHAA YBA3KA HE OAET
rapaHTUI KOPPEKTHOCTH MOCTPOCHHOU TAKUM CITOCOOOM MOJEIHN BCEU CUCTEMEI.

Mopens, mocTpoeHHas 0e3 ydera CBA3EM CHUCTEMBI CO CPEIOM, MOWKET  CIYKUTEH
MOATBEPKICHUEM TeopeMel ['enens, a Tounee, ee CAENCTBUSA, YTBEPKIAOMIETO, UTO B CIOKHOU
W30JIUPOBAHHON CHCTEME MOTYT CYNIECTBOBATH UCTUHBI M BRIBOJBI, KOPPEKTHEIE B ATOU CHUCTEME
1 HEKOPPEKTHEIE BHE €€.

Hayka momenupoBaHus COCTOMT B PA3OEIEHUM MPOLECCA MOJECIUPOBAHUA (CHUCTEMBEI,
MOJEIM) HA ATanbl (MOJCHUCTEMBI, MOAMOAENN), MOETATBHOM W3yUEeHMM KaKIOTO HTarma,
B3aUMOOTHOILIEHUH, CBA3€H, OTHOMIEHUH MEXKIY HUMH U 3aTEM 3(P(PEKTUBHOTO OMUCAHUS UX C
MAKCUMAJIBHO BO3MOKHOH CTENEHBIO (POpPMATM3aiMi U aIEKBATHOCTH.

B cnoywae nHapymeHus 5STHUX MPABUNI IOJIy4deM HE MOAENb CHUCTEMBI, a4 MOJIENb
"COOCTBEHHBIX M HEITOIHBIX 3HAHWUN .

MopemipoBanue paccMaTpUBaETCs, Kak ocodas (popma SKCHEPUMEHTA, IKCIEPUMEHTA HE
HAJ CAMUM OPUTHHANIOM, T.€. TMPOCTBIM HJMA OOBIYHBIM SKCIEPUMEHTOM, 4 HAJ KOMUEH
OpUrHHama. 30€Ch BAKEH M30MOP(PU3M CUCTEM OPUTHHAIBHOH U MOAEIBHOM.

M3omopdusm - paBeHCTBO, OTMHAKOBOCTH, ITO100HE.

Mopem 1 MOAEeTMpPOBAHNE NPUMEHAIOTCA MO OCHOBHEIM HAMPABICHUAM:

- B 00y4eHHH, B TO3HAHUH U pa3pabOTKE TEOPHUU UCCIEMYyEMBIX CUCTEM;

- B MPOTHO3UPOBAHUH (BEIXOIHBIX JAHHEIX, CUTYalll, COCTOAHUN CHUCTEMEI);

- B YIIPABJIEHUH (CUCTEMOU B IIEIOM, OTIEIBHBIMH €€ MOACUCTEMAMH );

- B ABTOMATH3AIMH (CUCTEMEI WJIH €€ OTACILHEIX ITOACUCTEM).

Knaccnpuxamnusi BUI0B MO1e/THPOBAHHS

Monemipazare
] lf;mm
Eﬁmnimy Hn:ﬂ'ru'l:mrepl-tc-e
. / [

Hrerrareosmce
OOKYMEHT NoarincCAH \‘

SNEKTPOHHOW MOAMUCHIO
Ceptudukar: '-?Gmﬂm“E%BBEQEEg@ﬁﬁyﬁﬁﬁﬁcﬁ?@@%{ﬂaccn@}mau}m BHUIOB MOJEINPOBAHUS
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[Tpu ¢puznueckoM MOAETMPOBAHUM HUCIOJIB3YETCA caMma cucrtema, mudo moaodHas el B
BUJE MAKETA, HAMPUMED, JIETATEILHBIN ANMapaT B a3pOIMHAMUIECKON TPyOe.

MaremaTnueckoe MOZEIUPOBAHUE €CTh ITPOLECC YCTAHOBIEHUA COOTBETCTBHUA PEATLHON
cucTeMe S maremMarndeckoit monenu M u uccnenoBanue STOM MOAENH, IMO3BOJIAIONIEE MOTYIUTh
XAPAKTEPUCTUKA PEATTEHON CHUCTEMBEI.

[Ipu amamITUUECKOM MOAETMPOBAHUM MPOLECCH (PYHKIIMOHUPOBAHUA SIEMEHTOB
3a0UCBIBAIOTCA B BHUOE MATEMATHUECKUX COOTHOIIEHUM (amreOpandeckux, HWHTETrPATBHEIX,
mi(pepeHanbHbIX, TJOTHIECKUX U OP. ).

AHamTHyecKas MOJENs MOKET OBITh HCCIETOBAHA METOJAMU:

- AHATUTUYECKUMH (YCTAHABIMBAIOTCA SIBHBIE 3aBHCUMOCTH, MOJIYYAIOTCA, B OCHOBHOM,
AHATMTUYE CKUE PEIICHUA );

- YU CJIEHHBIMHU (TTOTy YA TCA TPUOMIKEHHBIE PEIIEHNS );

KommproTepHOE MaTeEMAaTHYECKOE MOJIEIMPOBAHUE (POPMYIHMPYETCA B BHUIAE AITOPUTMA
(mporpammer gt OBM), d9TO MDO3BOJSET MPOBOIATE HAA MOIEIBI0 BBEIYUCIUTEINLHBIE
SKCIIEPUMEHTEL

YucnenHoe MOAETUPOBAHNE UCIOIB3YET METOABI BEIUUCIUTETEHON MATEMATHKH.

CTaTuCTUUECKOE MOIEINPOBAHUE MCMOIB3YET 00padOTKY TAHHEIX O CHCTEME C IIENBIO
MOJIYYE€HUA CTATHCTHIECKUX XAPAKTEPUCTHUK CHCTEMBI.

Unvuranmonnoe mopemmpoBanue — BocrnpousBonur Ha IBM  (ummtupyer) mporecc
(PYHKIIMOHUPOBAHUA HUCCIECAYEMOM CHUCTEMBI, COOmMOnas JOTHYECKYI0 M BPEMEHHYIO
MOCJIEOOBATEILHOCTh MPOTEKAHUSA MPOIECCOB, UTO MO3BOJAET Y3HATH MAHHBIE O COCTOSAHUH
CUCTEMBI WM OTIEIBHEIX €€ 3JIEMEHTOB B OIPENEIEHHBIE MOMEHTEI BPEMEHU.

[Ipumenenne MaTeMaru4eckoro MOJIENMPOBAHUA MO3BOJET HCCIENOBATH OOBEKTHI,
pEanbHBIE SKCIIEPUMEHTHI HAZl KOTOPBIMU 3aTPYAHEHBI WM HEBO3MOKHHEI.

JKOHOMHUECKAHU 3(PPEKT mpU MATEMATUUECKOM MOIECIUPOBAHUM COCTOUT B TOM, YTO
3aTpaTsl HA MPOEKTUPOBAHUE CUCTEM B CpemHeM cokpamiaroTcs B 50 pas.

Mathcad — cucreMa KOMIOBIOTEPHO#H AIreOpbI

Mathcad — cucrema KoMTIBIOTEPHOM ATeOpEI M3 KJIacca CHCTEM aBTOMATH3HUPOBAHHOTO
MPOEKTUPOBAHUA, OPUEHTUPOBAHHAA HA MOATOTOBKY MHTEPAKTUBHBIX JOKYMEHTOB C
BEIYHUC/ICHUAMH W BHU3YAJIBHBIM COIPOBOXKIECHHEM, OTIMYACTCA JIETKOCTBIO MCIIOJIB30BAHUA U
OPUMEHEHUA 1A KOJIJIEKTUBHOU PaOOTEHI.

[Iupoxmit maTepec k cucreme Mathcad nmpusenr k Tomy, uro B Poccum HakoHeI[-TO
MOSABUIMCHh KHUTH IO OTAenbHBIM Bepcusam. Cucrema Mathcad Opuma cozmana B 80-x romax B
yausepcurere Crandopaa (CILIA).

COBpEMEHHEIE BEPCUH I [TIK roroBut (pupma MathSoft Application.
JIOCTOMHCTBO — MPOTPaMMUPOBAHNE HA  S3BIKE  MATEMATHKMH. 310 YHUBEPCATLHBIHN
MATEMATUIECKUHU UHTEP( EHC:

- EcTp Monmas nogaepxka rpapuku.

- Bo3amoxkeH uMItopt rpapuku U3 Apyrux Oporpamm.

- bonpmoe KOMUUECTBO BCTPOCHHBIX MATEMATHYECKUX (DYHKIMI (COTHH).

- BcTpoeHnHsie CIPaBOYHUKHA MO MPEAMETHBIM 00JIACTAM.

- Bo3zMmoxHaa agumMaru.

- CHUMBOJIEHAS MATEMATHKA.

HenocraTku:

- 3TO UHTEPOPETATOP.

- BO3MOXKHOCTH MPOrpaMMHUPOBAHNS OTPAHNY €HBL.

Cucremsr Mathcad momb3yoTCs OrpOMHON TTOMYJAPHOCTREIO BO BCEM MHpe Osaromaps
yI0OHBIM EHEHETBAMERAROTOBKHI JOKYMEHTOB, UMEIONINX BUJ OOBIYHBIX CTATEH MM KHUT. B TO

e B%Eﬂ%?ﬂﬁﬁﬁ@?@ﬂ”% OTHL CPEICTBA BIIOJHE JOCTATOUHEI JULL PELICHHS I10JAB/IIOIIErO
Ceprucigar:  2CO000043E9AB8BI52205E TBA500060000043

BnanenddOTBINKMHCTRA, 344 a5 110, MATEMATHKE, (DU3UKK U JPYTUX HAIPABIECHUHU HAYKHU U TEXHUKH.
Mathcad sBasercs mMaTeMarMuecKu OPHUEHTUPOBAHHBIMI BEPCAJILHBIMH CHCTEMaMH.
VHU

[lonymQ, £00CTBEHHO, BEIYUCIEHUI OHHU ITO3BOJLIIOT PEIIATh O(OpPMUTEILCKHE 3amaud. OHu
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MO3BOJIAIOT FOTOBUTH CTATBH, KHUTH, TUCCEPTAIIUH, HAYYHBIE OTUYETEHI, TUILUIOMHEIE U KYPCOBEIE
MPOEKTHl C AOCTYHHBIM HAOOPOM CAMBIX CIOKHBIX MATEMATUYECKHX (POPMYI M W3BICKAHHBIM
rpa(puIECKUM IIPEACTABICHUEM PE3YJIBTATOB.

C camoro mepBOro CBOero mosBiaeHMs cucremsl kiacca Mathcad wmenn ynoOHBIHM
MOJIL30BATEILCKUM HHTEP(PENC — COBOKYITHOCTH CPEACTB OOMIEHUA C ITOJB30BATEIIEM B BHIE
MACIITAOMPYEMBIX M IMEPEMEMIAEMBIX OKOH, KHOTIOK M MHBIX 3JE€MEHTOB. Y 3TOM CHUCTEMEBI €CTh
3¢} exTuBHEIE CPEACTBA TUMTOBOM HAYYHOU rpadrki, OHU MPOCTHI B IPUMEHEHUN U MHTYUTUBHO
moHaTHeI. CrnoBoMm, cucremsl Mathcad opueHTHpOBAaHEI HA MACCOBOTO TOJH30BATENA — OT
YUEHHUKA HAYAIBHBIX KIACCOB 10 aKaIEMHUKA.

HecmoTpsa Ha TO, 4T0 3TA IMpOrpaMMa B OCHOBHOM OPHUEHTHUPOBAHA HA ITOJIE30BATEIICH-
memporpammuctoB, Mathcad Takke WMCMOMB3YETCs B CHOKHBIX — OPOEKTax, dTOOBI
BU3YAIN3UPOBATE PE3YIABTATEl MATEMATHUECKOTO MOJEIUPOBAHMA, IIYTEM HCIOIB30BAHU
pacupenenéHHbIX BEIYMCICHUA W TPATUIMOHHEIX A3BIKOB TTporpaMmupoBanus. Takxke Mathcad
JacTO HWCHONB3YETCA B KPYIHBIX HWHKEHEPHBIX IPOEKTAX, IA€ OOJIbII0E 3HAUEHUE UMEET
TPACCUPYEMOCTE M COOTBETCTBUE CTAHIAPTAM.

Mathcad nocrarouno ymoOHO MCOMB30BaTh MJi 00yYeHNS, BEIUUCICHUH U WHIKEHEPHBIX
pacuetoB. OTKpeITAA  APXUTEKTypa TMPWIOKEHUA B  COYETAHMM C  MOOJAEPIKKOU
texnonoruit NET n XML mo3BoIstoT JIErKO MHTETPUPOBATH MTPHIIOKEHUE.

PaccmoTpum Hambosiee 4acTo mpUMEHAEMBIE (DYHKIMU AJA CTATUCTHYECKUX PACUETOB,
KOTOPEIE BCTPOEHEBI B IIPOTPAMMY.

5.3 KOMIIBIOTEPHAS PEAJIM3ALIUSA MHAKEHEPHBIX PACUHETOB

MareMaTH4eckoe MO/JIe/IHPOBAHHE CJIOKHBIX CHCTEM

bynem cuuTars, 94TO AIEMEHT S €CTh HEKOTOPHEIM 00BEKT, 00IaTaonIMi ONMPEqETIEHHBIMU
CBOMCTBAMM, BHYTPEHHEE CTPOEHHUE KOTOPOTO OJd LENEH MCCIENOBAHMSA HE WUIPAET POJIH,
HAMPUMEpP, CAMOIET AJI1 MOIEIUPOBAHUS IMOJIETA — HE BJEMEHT, 4 AJI1 MOIEIUPOBAHUA PAOOTEI
a’ponopTa — IEMEHT.

Cea3p [ MEXKOy SIEMEHTAMHM €CTh MPOIECC UX B3AUMOJEUCTBUA, BAKHBIM I LEJIEH

MCCIIETOBAHMSL.

Cucrema S — COBOKYHHOCTBH 3JIEMEHTOB CO CBS3AMHU [ M 1IEIbI0 (PYHKIIMOHUPOBAHUSA
cucremsl F.

CrnoxHas cucremMa — O5TO CHCTEMA, COCTOAMIAA W3 PA3HOTHUIHEBEIX JJEMEHTOB C

PA3HOTHUITHEIMH CBA3AMH.

bonpmas cucremMa — 9TO CHCTEMA, COCTOAMIAA W3 OOIBIIOTO YHCIA OIHOTHITHBIX
IEMEHTOB C OTHOTHITHEIMH CBA3AIMH.

B o0miem Buae CUCTEMY MATEMATHYECKH MOKHO IMIPEACTABUTE B BUJE:

S = (s}, {1}, F

ABTOMATH3UPOBAHHAA CHCTEMA Sp €CTh CIOKHAS CHUCTEMA C OHPEIENSIONIEH POJIBIO
IEMEHTOB ABYX THIIOB: TEXHHMYECKUX CPEACTB S; U JCHUCTBHH UEIOBEKA Sy:

Sﬂ - {{Sr}:{gﬂ}:{gg}:{g}:f’?}

3,I[E‘CB Sp - OCTAJIBHEIC 3JIEMCHTEI CHCTCMBEI.

JleKkOMITO3HIUA CHCTeMbI. XapaKTePHCTHKH CHCTEMBI

JlekoMmo3uIusa CHCTEMBI €CTh pa30MeHue  CHUCTEMBI HA OJIEMEHTBHl WM TPYHIIBI
SJIEMEHTOB C YKA3aHMEM CBA3ECH MEXKIY HUMH, HEM3MEHHBIMH BO BpEMA (PYHKIIMOHHUPOBAHUA
CHUCTEMEL.

HpaKTaeckshRGE CHCTEMBl PACCMATPUBAIOTCA  (PYHKIMOHMPYIOMIUMH BO BPEMEHH,

I0ATO INGARVERraMITIeCKie XapaKkTePUCTHKH.
Ceptudmkar:  2C0JA0043E9ABBBIS2205E7BA500060000043E
Branenew  Weroy QETOAHHE = OTO MHOMKECTBO XapPAKTEPHCTHK JIEMEHTOB CHCTEMBI, H3MEHIIONHMXCA BO

BPEMEHU U BAKHBIX I HENEH €€ () yHKIIMOHUPOBAHMUAL.
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[Tponecc (nmHammka) — 5T0 MHOKECTBO 3HAYECHUM COCTOSHHUU CHUCTEMEI, H3MEHIIOIIMX CA
BO BPEMEHMU.

Llenp (QpyHKIMOHMpPOBAHWUA €CTh 3a1adya MOJYUYEHUS JKEIAEMOTO COCTOAHUS CHCTEMEIL.
JloctTmikenne 1nemu  OOBIYHO BJICUET IEJMEHANPABICHHOE BMEMIATENLCTBO B MPONECC

(PyHKIMOHUPOBAHUA CUCTEMBI, KOTOPOE€ HA3BIBAETCS YIPABICHHUEM.
1. Pacuer - onpeneneHue 3HaUEHUM MAapaAMETPOB CHUCTEMEL.

2. AHam3 — U3y4eHue CBOMCTB (PYHKIIMOHUPOBAHUS CHCTEMBEI.
3. CunTe3 — BEIOOP CTPYKTYPEI M HAPAMETPOB 110 3aJAHHBIM CBOMCTBAM CHCTEMBEL.

ITapamMeTpsl cucteMsbl. @a3zoBasi Tpaekropust. Ma3oBoe NMPOCTPAHCTRO

[Iycte T = [to, t1] €cTh BpeMEHHOU MHTEPBANI MOIEIUPOBAHUA CUCTEMBI S (MHTEPBAT
MOJEJIEHOTO BPEMEHH).

[Toctpoenne wmopenn HAUMHAETCA C OHpPENENCHUsA MapaMeTpPOB U MEPEMEHHBIX,
OMPENEAIONINX MPOLECC (PYHKIMOHUPOBAHUSA CUCTEMEI.

[Tapamerper cuctemsr .67, .....6, - 5T0 XapaKTEPUCTHKH CHUCTEMEI, OCTAFOTIHECS
NOCTOSHHBIMHM Ha BCEM UHTEpBane 1.

[Tepemennsie ObIBAIOT 3aBUCUMEBIE M HE3ABUCHUMEIE.

HeszaBucumeie nmepeMEHHBIE €CTh, KAK IMPABHUIO, BXOIHBEIE BO3JICUCTBUS (B TOM UYUCIIE
YIIPABIIAIONINE)

1 =1(t) = (HI»(I),...,HHL (t))el] = E®

UMH MOTYT OBITE TAK/KE BO3ACHCTBUA BHEIIHEN CPELEL.
[TocnenoBarensHOCTE M3MEHEHUA X(t) mpu

L by

HAa3BIBAETCA (PA30BOUM TPAEKTOPUEN CUCTEMBEL,

x € X ,rae X — nNpoCcTPaHCTBO COCTOSTHUU MM (Pa30BOE MPOCTPAHCTRBO.
[TocnenoBarensHOCTE M3MEHEHUA Y(t) HA3BIBACTCS BBIXOJHOU TPACKTOPHEN CHCTEMEL.
3aBUCHMEBIE IEPEMEHHEBIE €CTh BRIXOIHBIE XaPAKTEPUCTUKHN ( CUTHAIIEI )

y=r@)=(»Q)..», el c E™

MareMaTHYeCcKAsI MOJIeJIb CHCTEMBbI

Obmas cxema marematunueckonn moaem (MM) GyHKIIMOHUPOBAHMA CHUCTEMBI MOMKET
OBITE MPENCTABIIEHA B BUJE, TOKA3aHHOM Ha EHC}!HKE 4.1.

MHOKECTBO TEPEMEHHBIX ‘ u,v,0,x, y|

x(t)=...,
¥(E)=...

HAa3LEIBAETCSI MATEMATHYECKOMN MO OCJIBEH CHCTCMBI.

BMECTE C 3aKOHAMHU (DYHKIIMOHUPOBAHUA

it
) ; 1t)
—_— A

Pucynok 4.1 — MaremaTnueckas MOIEIb CUCTEMBI
AOKYMEHT NOAMNCAH

NEKTPOHHOW NOANMUCLIO - v
Ceptuukar: 2C0 %&Aﬁ%@%%%ﬂ%@ﬂ%@ﬂ@ﬂh Ha3bIBACTCA HE-TIp E‘-‘p BIBHOH, NHAYEC — EHCKP CTHOH.

Bnageneuy; L1 eﬁ{fxm Ei'aT &-&a P..HEHI%EJ‘PPEH}
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Ecom  Mozmene HE  CONEPIKUT  CIIYUAMHBIX — JJIEMEHTOB, TO OHA HA3BIBACTCA
OETEPMUHUPOBAHHOM, B MPOTUBHOM CIIYU4a€ — BEPOSTHOCTHOM, CTOXACTHIECKOH.

Ecim maremarndeckoe OIMMCAHME MOMEIM CIUIIKOM CJIOKHOE€ W 4YacTUYHO WIH
MOJTHOCTBIO HEOIIPEAEIEHHO, TO B 3TOM CIIy4a€ UCHOIb3YIOTCS arpETaTUBHBIE MO IEIH.

CyIIHOCTE arperaTuBHOM MOJENN 3aKIIOYAETCS B pa3OMEHNN CUCTEMBI HA KOHEYHOE
UUCI0 B3aUMOCBA3AHHBIX YACTEH (MOICHCTEM), KAkOasd M3 KOTOPBIX JONYCKAET CTAHOAPTHOE
MATEMATUUECKOE OMMCAHNE. JTH MOICUCTEMBI HA3EIBAIOTCA arperaTaMH.

MopemipoBanue CIy4alHBIX DSJIEMEHTOB B CHUCTEMAxX SABIAETCA OJHOM M3 CaMBIX
0a30BBIX 331449 MATEMATUYECKOTO MOIEIMPOBAHUA.

Tumner 0a30BEIX TATYUKOB:

- (pm3nueckue (m000M (PU3NYECKUH NIyM), B MOCIEOHEE BpPEMA MPAKTHUYECKH  HE
MCITOJIB3YIOTCS, T.K. XaPAKTEPUCTUKN HECTAOWIBHEI U PEATM3AIIAIO TOBTOPHUTE HETB34;

- ICEBIOCIYYAUHBIE TATUUKH.

TpebOoBanusa k 0a30BEIM OATUMKAM:

OTpe30K anepuoguvIHO CTH.

PaBHOMEPHOCTE.

HexoppemipoBaHHOCTE.

DOYHKIHH perpeccHm.

[HInpoko pacnpocTpaneHHOM 3amadend 0OpadOTKM TAHHBIX ABIAECTCA MPEACTABICHUE MX
COBOKYITHOCTH HEKOTOpOM (PyHKIMEH y(x). lakoe mpencraBneHHME HA3BIBACTCA PErPECCUEH.
3amaga perpeccu B TOM 4YTOOBI HOMYYWUTE MOAPAMETPHl (PYHKIMU TAKUMH, OPU KOTOPBIX
¢yuakmmsa  opubmnxaer "obOmako" MCXOZHBIX TOUEK C HAMMEHBIIEH KBAZPATUIHOU
MOT PEMIHOCTBIO.

M3BecTHLI:

- Jluneninas perpeccus (Ipsamast ITUHUA);

- [lonmumHoMuaneHas perpeccus (IMOJIMHOM);

- Jlmneitnas perpeccus oOmiero Buaa (MMHEHHAs CyMMa TPOU3BOIBHBIX (PYHKIINI);

- Hemueitnas perpeccus o0miero Buaa (Mpou3BOJIEHAS (PYHKIIMA );

- Jluneiinas perpeccus.

[Tpyn muueitHON perpeccun PyHKIMA y(X) MMEET BHUO y(X)=ax+b m OmMCEIBAET OTPE30K
IPSAMOM.

DOyHKIUS NpeIcKa3aHus

Ha npaktuke Hepenko NpuUXOOUTCA CTAJIKUBATHECA C 3amaded pacdéra MOCIEyHONINX
TOUEK IO PAOY M3BECTHBIX TOUEK — 3amadeil mnpenckaszanud. [lnda nmpeackazanus MOBENEHUA
¢yakmmonaneHOM 3aBucumoctn B Mathcad wmeercs ¢yuxmuma:  predict (data,k,N) —
mpeackazanue, rae data — BeKTOp JaHHBIX, K — YCI0 TOUEK MPEaIECTBYIONINX MPEICKA3aHUIO,
N - gucn0 mpeacKa3pIBAEMBIX TOUEK JAHHBIX.

OyHkIM npeackazanusa 00ecneunBaeT BEICOKYI0 TOYHOCTh MPU MOHOTOHHBIX MCXOIHBIX
QyHKIMAX WK PYHKIMAX, TPEACTABIAEMBIX ITOJTMHOMOM HEBBICOKOU CTETEHH.

Oynakmma predict mpuMeHMMAa K IPEICKA3YeMBIM COOBITHAM, ITOBEIEHHE KOTOPBIX
OMMCBIBAETCS PEATBHOM MATEMATHUECKOM 3aBUCHUMOCTRIO. B crpanax co CcraOuiasHOU
S5KOHOMUKOHW 9Ta (DYHKIMSA BIIOJHE NPUMEHWUMA [JI1 ONMUCAHUS CE30HHBIX U CTAOWIBHBIX
konebaHu Kypca BAJIIOT, MPpUOBUIEN (PUPM, MPOAA)KA TOBAPOB H.T. .

[Tpumep mocTpoeHns TMHENHON PETPECCHU:

) n

NOKYMEMTXIoBRANEAB VY =115 Uexomubie nannsieORIGN =1
ANEKTPOHHOW Noan L 21
Ceptudmkar: 2C0000043ESABEB952205E7/BASUO60000043E ‘_ X
Bnaneneu: llleGayxoea TaTeAHa AnekcaH bbz; \2*‘"‘/

Beraucmum ko3 puimenTs a 1 b TuHEHHOM perpeccu:
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a = intercept(VX,VY) b= slope(VX, VY )i =1.0 flx) :=a+baxl = =10 h=205.8

corr(VX,VY)=0,996f(3) = 15,8 linterp(VX,VY.3) = 15
[To 5Tum naHHEIM CTPONM rpapuK TMHEMHOHN PETPECCUH:

40 . | ;
3532,

JJJJJJ

VXj.i 6
Pucynok 4.2 -Jlunennas perpeccus

5.4 IUATPAMMHBIE TEXHUKHA

ITousiTHe 0 ctaTHYeckUX rpapukax. OcHOBHbIE YIeMeHThI rpaduka

[TomyueHHsli B pe3yapTaTe CTATHUCTUUECKOTO MCCIEIOBAHMA MATEPHAT HEPEOKO
M300paX)aercs ¢ MOMOMNIBI0 TOUEK, TEOMETPUYECKMX JTMHUA U (UIyp WM reorpaduueckmx
KapTOCXeM, T.€. TPa(UKOB.

B craructuke rpa)mkOM HA3BIBAIOT HATIAAHOE M300paKEHUE CTATUCTUYECKUX BEIMYUH
U UX COOTHOIIEHWH HPU IMOMOIIM F€OMETPUYECKNX TOYEK, JIMHUH, (PUTyp WM reorpapuiaecKnx
KapTOCXEM.

[TpencraBnenue gaHHEBIX B Tpa()UUECKOM BUAE MO3BOJIIET PEIIATE CAMBIE PA3HOOOPA3HEBIE
3amagn. OCHOBHOE HOCTOMHCTBO TAKOTO MPEACTABJIEHUS — HATIAIHOCTH. Ha rpadukax merko
MPOCMATPUBAETCA TEHACHIMA K M3MEHEHWI0. MOKHO ma)ke ompeneniaTts CKOpPOCTh W3MEHECHUA
TEHCHIMH. Pa3auuHeie COOTHOLIEHUA, MPUPOCT, B3aUMOCBI3b PA3TUYHBEIX MPOLIECCOB — BCE
3TO JIETKO MOYKHO YBHIETh HA rpadukax.

['paduku mpumaroT M3M0KEHUIO CTATUCTUYECKUX OAHHBIX OOJNBIIYVI0O HATIAOHOCTEH, YEM
TAOJIUIIEI, BBIPA3UTEIBHOCTE, OONErdaroT uX BOCHpUATHE M aHamu3. CTarucTuueckun rpaduk
MO3BOJIIET  3PUTEILHO  OILIEHUTh  XAPAKTEP M3Y4YaeMOTO  SABJIECHUA, TMNPUCYIIHE  EMY
3aKOHOMEPHOCTH, TEHAEHLUMW  pPAa3BUTHUA, B3aUMOCBI3M C  JPYTUMU  ITOKA3aTEIISMHU,
reorpapu4ecKoe pa3penieHue N3y4aeMeiX ABI€HUM. Enle B APEBHOCTH KUTANIEI TOBOPHIINA, YTO
OHO M300paKeHNEe 3aMEHSET THICAUY CIOB. [ paduku genarT CTaTUCTUUECKUN Marepuan Oosnee
MOHATHBIM, JOCTYHHBIM M HECIENHAIMCTAM, MPUBJICKAIOT BHUMAHHE HIMPOKOH AyIUTOPHUM K
CTATUCTUYECKUM JAHHBIM, MOMYIPU3HPYIOT CTATUCTUKY U CTATUCTUYECKYIO UH(POpMALIHIO.

[Tpu mo0o0i1 BO3ZMOKHOCTM aHAIM3 CTATUCTHUYECKUX OAHHBIX PEKOMEHIYETCS BCEraa
HAYMHATE € uUX rpapuueckoro wm3oOpaxenua. I'paduk mo3somser cpazy mnoaydurh oOmiee
npeacTaBieHue 000 BCEM COBOKYIMHOCTH CTATUCTHYECKMX mokaszarened. ['paduueckuii Meron
aHAIM3a BBICTYIAET KAK JOTHYECKOE MNPOAOLKEHHWE TAO0MMYHOrO0 METOAA W CIYKUT LEISIM
moJiydeHuss 0000maronx CTAaTUCTUYECKUX XAPAKTEPUCTHK MPOIECCOB, CBOMCTBEHHBIX
MACCO B R F A o mClo

Ceprumear: 2codd PHEAIOMORIN FPAPHILCKOTO N300paKEHNA CTATUCTUIECKUX NTAHHBIX PEMIAIOTCA MHOTHE
Bnanensg nad OTaATHCTHICCKOT O HACCIC TI0OBAHMA
- HATJAAHOE TPEACTABICHUE BEIMYHUHBI MOKA3ATENIEN (SIBJICHWM) B CPABHEHUU JPYT C
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- XaPaKTEPUCTUKA CTPYKTYPEI KAKOT0-JIM00 SABJICHNUS,

- I3MEHEHHE ABJICHUA BO BPEMEHU;

- XOJ1 BEITOJTHEHUS TUIAHA;

- 3aBUCUMOCTb U3MEHEHUA OQHOTO ABJIEHUS OT U3MEHEHUS OPYTOro;

- pacnpoCTPaHEHHOCTEL WIH PA3MEMIEHNE KAKUX-TN00 BEIMYHH IT0 TEPPUTOPHH.

Jpyrumu cioBamMu, B CTATUCTUUECKUX HCCICHOBAHMAX HOPUMEHAIOTCA  CaMBIC
paznooOpaszusie rpaduku. B kaxaom rpaduke BRIAEHAIOT (pa3MuaroT) CIEAYIONME OCHOBHEIE
SJIEMEHTHI:

OPOCTPAHCTBEHHEIE OPUEHTHUPEI (CUCTEMY KOOPIUHAT);
rpadguueckun 00pas;

nmose rpauka;

MAacITaOHBIE OPUEHTHUPHL;

- HKCIUTMKAINSA rpaduka;

- HAUMEHOBaHue rpapuka

HMuorma .5 ¢ 1.6 00BbeIUHAIOT B OJHH AJIEMEHT.

A) IlpocTrpancTBEHHBIE OPUEHTHUPEHI 34aI0TCA B BUAE CUCTEMEBEI KOOPAWHATHEIX CETOK. B
CTATUCTUYECKNX Tpa(uKax damie BCEro MPUMEHAECTCA CHCTEMAa NPAMOYTOJIBHBIX KOOPIMHAT.
WNuorpa ucnonp3yercs NPUHLOMI MOJSAPHBIX (YTJIOBBIX) KoopauHar (KpyroBeie rpaduku). B
KaprorpaMmMax CpeACTBAMH ITPOCTPAHCTBEHHOW OPUEHTALMH ABIAIOTCA T'PAHMLEBI TOCYIapCTB,
ITPAHUIEI  AAMUHUCTPATHUBHBIX €r0 4acTeH, reorpa)uueckue OpPHEHTHPEI (KOHTYPHEL PEK,
OEperoBeIx JMHHMI MOPEH M OKeaHoB). Ha ocAX CuCTeMBl KOOpAMHAT WJIM HA Kapre B
ONMPENENEHHOM IOPSAAKE paCHOJIararoTCsa XapaKTEPUCTHKH  CTATUCTHYECKHX IMPU3HAKOB
m300pakaeMeIX ABJICHUN WiIH mporeccoB. [IpusHaku, pacmomaraembie Ha OCAX KOOPAMHAT,
MOTYT OBITH KaUECTBEHHBIMH MJI KOJIUYE€CTBEHHEIMHU.

b) I'paduueckuit 00pa3 CTaTUCTUYECKUX NAHHBIX IMPENCTABISAET COOOM COBOKYITHOCTH
miHui, (pUryp, TO4eK, 00pa3yrommx reoMerpudeckue (urypel pazHoud (Gpopmsel (OKPYKHOCTB,
KBAAPATHL, MPAMOYTOJIBHUKH U T.I1.) C PA3TUYHON IITPUXOBKOM, OKPACKOM, TYCTOTOW HAHECEHUS
TOYEK.

JIro0oe aBneHmne, N3ygaemMoe CTAaTUCTUKOM, MOKHO IPEACTABUTH B rpauueckon (opme.
Il sToro Tpedyercs HauTH NPAaBUIBHOE TPA(PUIECKOE PEMICHUE, ONPEAEIUTE TOT rpa(udecKuit
00pa3, KOTOPBIM Jy4YIlI€ BCETO COOTBETCTBYET TAHHOMY SBJICHHUIO, HATIAIHEE W300paxkaer
craTUCTUUECKUE pnaHuele. ['paduuecknii 00pa3 OOMKEH COOTBETCTBOBATH MLENH rpaduka.
[TosTromy mepen mocrpoenuem rpaduka HEOOXOAUMO VYACHUTH CYIIHOCTEL SABJIECHUA W IIEIb,
KOTOpas CcraBurcsa mepen rpaduueckum m3oOpaxeHunem. BriOpannas ¢gopma rpadguka gomxkHa
COOTBETCTBOBATL BHYTPEHHEMY COIEPKAHHUIO M XApPAKTEPy CTATUCTHYECKOTO MOKA3aTENs.
Hampumep, cpaBHeHuEe HA rpaduke TPOU3BOAUTC MO TAKMM M3MEPEHMAM, KaK IUIOMIANb, JTIMHA
OIHOM U3 CTOPOH (PUTYP, MECTOHAXOKIEHUEM TOUEK, UX T'YCTOTOH M T.[I.

Tak, mma w3oOpaxeHns W3MEHEHWN ABIEHUSA BO BPEMEHM HAUOOIEE €CTECTBEHHBIM
TUIIOM Ipa(puka sABirieTCs JuHuA. 711 pAnoB pacrnpeneneHus — MOJUTOH I THCTOTPaMMa.

Kaxk el 13 OCHOBHBEIX BUAOB Ipa(uuecKx M300paKeHU B CTATUCTUYECKOM MPAKTHUKE
CTPOUTCS C YUIETOM OTMPEIENEHHBIX MPAaBWI. B CTATMCTHYECKNX MCCIEIOBAHUAX I BBISACHEHU
XAPAKTEPHEIX 9EPT U 0COOEHHOCTEN MACCOBEIX ABJICHUH, IMO3HAHUA TUITMYHOTO B 3THX SABJIEHUAX
W PELIEHUS APYTUX 3a1a4 MIMPOKO MUCHOIB3YETCA CPABHEHUE OJHMX A0COMIOTHEIX, CPEOHUX H
OTHOCHUTEIBHBIX CTATUCTHYECKUX BEJMYHMH C IPYTAMH. AHAIM3 — 3TO, IPEKIE BCETO CPABHEHHUE
M CONOCTABJICHME CTATUCTMYECKUX JAaHHBIX. Hepeanko  BO3HHMKAET  HEOOXOAUMOCTH
COMOCTABIECHNUA PE3YJIbTATOB CTATUCTUYECKOTO MCCIENOBAHUA KOHKPETHOTO SBJIEHUA C
BEJIMYUHAMM THUIIHUYHOTO (MOCATBHOrO) SBJICHUS AHAIOTHUUHOW mpuponawl. [losromy narmsamuoe
IPEACTABICHUE (rga MYECKOE M300paKeHWE) CpaBHEHMA CTATUCTHYECKUX IIOKA3aTeneu

OKYMEHT NGANNCAH .
DTHﬂcmgﬂ%#gm%ﬁ LPACIIPOCTPAaHEHHBIM Trpaukam B cratuctuke. [ma sTtux wnemeu
CepTnd P MEFPATOECIN ZHE ATPAMNBTY 006000004 3E

B © IWebyyxona TarkaHa An
TR TP  udrpamya — 310 Tpaduueckoe u300paxeHne, HATIATHO MMOKA3LIBAIONIEE COOTHOIIECHHE

MEKIY CPABHUBAEMBIMHM BEMMUMHAMHU. JlparpamMma mpencraBiasger coO0M 4epTex, HA KOTOPOM
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CTATUCTUYECKUE MAHHBIE YCJIOBHO H300pakaroTCA TCOMETPUUECKUMH JMHUAMH, (PUTCypaMH U
TETAMH Pa3IMIHBIX Pa3MEPOB.
PazmiuaroT cnegyronine 0CHOBHEIE BUABI TPA(UKOB (AuarpaMm) CPaBHEHHUA:
- CTOIIOMKOBEIE;
0JI0 COBEIE;
KBAJPATHEIE;
KPYTOBBIE;
(purypHsie.

Jlnsg mocTpoeHnsa guarpaMm HCHOJB3YIOTCA CHEOYIONIME KOMITBIOTEPHBIE MTPOTPAMMEI
Excel, Mathcad, MATLAB u npyrue.

Jlna cosmanusa rpadukoB B cucreme Mathcad umeercs mporpamMmubid rpadudgeckKuit
nporeccop. OCHOBHOE BHUMAHUE MPH €ro pa3zpadoTke ObLIO yAEIeHO O0ECIEUuEeHUI0 MPOCTATEHI
3amanusa rpapukoB W HUX MOIU(PHMKAIIAM C MOMONIBI0 COOTBETCTBYIOMIMX ITAPAMETPOB.
[Iporieccop mo3BOJAET CTPOUTH CAMEIE Pa3HEBIE TPa(puKA, HAMPUMEDP B JEKAPTOBOM U IMOJIAPHOU
CUCTEME KOOPAMHAT, TPEXMEPHBIE TOBEPXHOCTU, TPA(PHUKHN YPOBHEM.

Il mocTpoenusa rpa(pukoB UCTIOIB3YIOTCA ma0n0HE. X nepedens cCogepkuT mogMEHIO
Graph menro Insert. borbmMHCTBO mapaMeTpoB rpauuecKkoro MpoIeccopa, HEOOXOIUMEIX 1A
MOCTPOEHU TpauKOB, MO YMOJYAHUIO 3aTAETCS ABTOMATHYECKH, MOATOMY I/ HAYATBEHOTO
MOCTPOEHHUA rpa)uka TOrO WIM WHOrO BHJA JOCTATOYHO 3amarek Tl rpaguka. B mommenro
Graph comep uTCs CIUCOK U3 CEMHM OCHOBHEIX THHOB rpaukoB. OHM MO3BOJIAIOT BBEIITOJIHUTE
CIEOYIOMIMNE TEUCTBUA:

X —Y Plot (nekapToB rpadguk) — co3aaTe mMadIOH IBYXMEPHOTO rpauka B IEKaPTOBOH
CUCTEME KOOPINHAT;

Polar Plot (monspusrii rpadmk) — co3gaTs madaoH rpaduka B MOIAPHEIX KOOPIHMHATAX;

3D Plot Wizard (macrep TpexmepHbeix rpaukoB) — BeI30B Macrepa i mOCTpPOEHMS
TPEXMEPHBIX TPAPUKOB C 3aTAHHEIMUA CBOMCTBAMM;

Surface Plot (rpaduk moBepxHOCTH) - €031aTh MAOJIOH IS MOCTPOCHUS TPEXMEPHOTO
rpa(uka;

Contour Plot (kapra muaMiIl ypoBHA) — CcO3maTh MAOIOH IS KOHTYPHOTO Tpaduka
TPEXMEPHOU MOBEPXHOCTH;

3D Scatter Plot (Touewnsrii rpadgumk) — co3gare mabdmoH mas8 rpaduKa B BHAE TOYEK
(puryp) B TpEXMEPHOM IPOCTPAHCTRBE;

3D Bar Plot (Trpexmepnas cromOukoBas muarpamMma) — C€O31aTh MWAOMOH  IJId
n300paxeHus B BUJIE COBOKYITHOCTH CTOIOMKOB B TPEXMEPHOM IIPOCTPAHCTBE;

Vector Field Plot (BekTopHO€ mosie) — cozmars madmaoH a4 rpapuka BEKTOPHOTO TOJIA Ha
IUIO CKOCTH.

C monsatueM rpauku CBA3aHO OPEOCTABICHHE O TpaUUIECKUX OOBEKTAX, UMEHMINX
OMPENEIEHHBIE CBOMCTBA. B OOMpmMHCTBE ciiydaeB 00 00BEKTAX MOMKHO 3a0BITh, €CIU BBl HE
3aHUMAETECE OOBEKTHO-OPHEHTHUPOBAHHBIM  IIPOrPAMMHUPOBAHMEM. DOJBIMMHCTBO KOMAHT
BEICOKOYPOBHEBOU Ipa(pUKH OPUEHTUPOBAHEI HA KOHEYHOTO TT0N630BaTeNs. OHM aBTOMATHUUECKH
yCTAHABIMUBAIOT CBOMCTBO Tpa(pUIECKUX 00BEKTOB U 00ECMEUNBAIOT BOCIIPOM3BEAEHHUE TPAPUKU
B HY’KHOU CUCTEME KOOPAUHAT, TAIMTPE LIBETOB, MacmITade u T.1.

ITocTpoenne rpaguka noepxHoctu B cucreme Mathcad.

[Toctpoenne moOBEpXHOCTEM MO MATPUIE AMIUIMKAT UX TOUeK. [lOCKONBKY 31€MEHTEI
Marpuiitl M — mepeMeHHBIE ¢ ETOUMCICHHEIMH WHAEKCAMH, TO HEPEe CO3JaHMEM MAaTpPHIIBI
TpeOdyeTca 3agaTh WHOEKCH B BHAE PAHKUPOBAHHBIX IEPEMEHHBIX C IEIOUYNCICHHBIMHA
3HAYEHWAMM, 4 3aT€M YK€ M3 HUX (POPMHUPOBATE CETKY 3HAUYEHHM X M Y — KOOPOWHAT I
ANIUINKAT ZX4yEHTIEAHSEI X U Y TP 3TOM OOBIYHO JOIKHBI OBITH BEIIECTBEHHBIMH UM CIIAMH,

HE E%Kﬂaﬂﬁﬁrprﬂﬁ'ﬂﬂw}i‘ﬁiﬂlm, TAK U OTPULIATCALHEIMA. [T0C/IC BEIMMOIHEHNA YKA3aHHEIX BEIIIC
Ceprudukar ﬂﬂﬂﬂﬂdSEEABBEQEEEDSETBASD%’DEG{]GWME

Bnanend TP SAGASHML BRQ AKEECA, A0 IOH rpaduka (komanna Surface Plot).
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Pucynoxk 5.1 - Tlocrpoenne noBepxHOCTH 0€3 yIATICHUS HEBUIUMBIX JIMHUIH

Heobxomumo moctpouts rpaduk moepxHocth B cucteme Mathcad, ordopmaruposas
€r0, MPUMEHUB AQITOPUTM (PYHKIMOHATBEHOM OKPAaCKH W YJIAIECHWE HEBUAWUMBIX JIMHHIL.
[Tokazano, kak oropmarupoBars rpauk, MPUMEHEHUE AITOPUTMA (P YHKIIMOHAIIBHON OKPACKH
MOBEPXHOCTH U YAAJIECHUE HEBUANMEBIX JIMHUM.

MocTpoerke Cpafeia TobBepxHocTH

AEF) = cosxy) FYHMIMA DEYX MepeMeaHHE ©, ¥
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Bnaneneu: llleGayxoea TaTeAHa AnexkcaHgpoBHa

Pucynok 5.2 - ITocrpoenue rpaduka mopepxHoctu B cucreme Mathcad
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ITocTpoenne TpexMepHoro rpaguka B cucreMe Mathcad

B mporpamme Mathcad ects BO3MOKHOCTE TOCTPOEHUS TPEXMEPHBIX TrpapukoB — 0e3
3a1aHNs MATPHUI] ANMMUIMKAT MOBEPXHOCTEH. EAMHCTBEHHBIM HEAOCTATKOM TAKOT 0 YIPOIIEHHOTO
METOIa TTOCTPOEHUS MOBEPXHOCTEH ABIIETCSA HEOMPEAETEHHOCTE B MACIITAOMPOBAHUH, TTOATOMY
rpaduku TpedyoT (pOpMATUPOBAHUA.

NocTpoeHMe DpadMEa OOBREpPHHOCTH Bes
=aaHMA MATRFITE

%,V = oosxy THRIMA OBEFXY HepeMeHHBRX X, 7
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Pucynoxk 6.1 - [Tocrpoenne rpaduka moBepxHOCTH 0€3 3aJaHAS MATPHIIE]

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)

1, 3508F8 NoCTpoeHMeE DpadMBEa THIa Surface Plot, oMM

.l'.l'.i'.i'.i'.-'.-'.l'.l'.-'.-'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.i'.i'.i'.l'.i'.i'.i'n'.l'.l'.-'.-'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.l'.i'.i'.l'.l'.i'.i'.-'.-'.l'.l'.-'.-'.-
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NGKYMEHT NOONWCAH C
SNEKTPOHHOW NOONUCHIO

CepTudmkat: . 2C0000043E9ABBBI52205E7BA500060000043
Snaneney.  PHCYHOK6.2.= LlocTpoenue rpatﬁmsca MOBEPXHOCTH ¢ mpuMeHeHneM (pyukumu CreateMesh
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Eme omun npumep npumenenus (Qynkuum CreateMesh — mocrpoenne o0nemMHOU
(UTypeI, KOTOpAsA NOIYJAETCS BPanieHHuEeM KPUBOH, 3aqaHHol (yHknuen f{(x), Bokpyr ocu X Win
Y. Ha pucyHnke 6.3 mokaszaH npuMep pemeHus JaHHOW 3a0a4uH.

MNocTRpoeHHe (UMIYPRPR, IOAYYSHHOH BRAdlleHHMEeM KpHBOH

BORPYID OCH X

fix) = :n:--:clsl-:-:EI a.=—d b=2 mesh = 3l

Flu,wv1 =1u ofu, w1 = i -costv) Hiw, w1 = fu)- s v
o= GreateMesh(F,G,Hja,hjﬂjﬂ,mﬂsh:]

Mpadmr dvarmmn (X [[OEEpXHOCTE EDSIEHKA Dpadika
L(x]

=~ B

2--

7

Pucynok 6.3 — @urypa, mony4eHHas BPANIeHUEM KPUBOU.

5.5 IPUMEHEHUE JUAT'PAMM BAUECA. 3AJJAYHN BBIBOPA U
KIIACCUOUKAIINHN

baiiecoBckasi KiaccHpHKA U

ANBTEpHATUBHBEIE HA3BAHUA: 0all€COBCKOE MOJEIMPOBAHUE, OAMECOBCKAA CTATUCTHKA,
meron OamecoBckux cered. M3nauanmsno OalecoBckas wiaccu(puKanusa HCIMOIB30BATACH LA
popMasM3anui  3HAHUM  OKCIEPTOB B OKCIEPTHBIX CHCTEMAX, cenyac OanlecoBCKasd
KJIacCU(PUKANMA TAKKE IPUMEHAETCS B KAUeCTBE 0AHOTO 13 MerogoB Data Mining.

Tax naseiBaemas HamBHAsA KiaacCH(PUKATIMA MM HAUBHO-0AleCOBCKUI MOAXOI (naive-
bayes approach) saBmserca waubomee TMPOCTEIM BAPHAHTOM METOMA, WCHOIB3YIOMIETO
OamtecoBckue ceru. [Ipm sTomM momxome pemarorca 3amadu KIaCCH(PUKAIMU, PE3YJIBTATOM
padOTEI METOIA ABIIAIOTCA TAK HA3BIBAEMEIE 'TIPO3pAYHEIE" MOIEIIH.

"HauBnaa" kmaccu(ukamumsa - O0CTATOYHO MOPO3PAUHBIM M TOHATHEIL  METON
kmaccupukanuy. "HamBHOW" OHA HA3BIBAETCA HOTOMY, YTO HCXOAUT W3 MPEAIMOIOKEHUA O
B3aMMHOU HE3aBUCUMOCTH IMPU3HAKOB.

CBOHCTBA HAMBHOM KIaCCU(PUKAINN:

- Micnonp30Banie BCEX MMEPEMEHHBIX U ONIPENEICHUE BCEX 3aBUCHMOCTEN MEKIY HUMHU.

- Hammume nByx opeamnonokKEeHUil OTHOCUTENBEHO MEPEMEHHEIX:

- BCC ICPEMCHHEBIC ABJIAIOTCA O JMHAKOBO BAKHBIMH,
- BCC IICPCMCHHBIC ABJIANOTCA CTATHCTHYCCKH HC3dBUCHMBIMH, T.C. 3HAYCHHC D,II,'[—IDﬁ

népeme%@%ﬁﬁﬁﬁﬁﬁﬂ@pm 0 3HAYEHUH JIPYTOH.

2co b OTHIIHCTRBOS APYTHXOMETOJOB  KIACCH(DHUKAIMKM TPEIITOIaraloT, 4ro Mepes HadaloM

Bnager KracCupukaing “ BEPOSTHOCTE TOro, 4TO0 OOBEKT TPUHAMICIKUT TOMY WIM HMHOMY KJIACCY,

OOUHAKOBA, HO 5TO HC BCCT' Id BCPHO.

- - - . A ! '| b Ll | - (s} 1
EUCTBUTENEH: C 19.U6.20 19.08.2023
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JlomyctimM, U3BECTHO, YTO ONMPENEIEHHEBIN ITPOLEHT JAHHEIX IPHHANJICKNUT KOHKPETHOMY
kmaccy. Bo3Hukaer BOOPOC, MOKEM JIM MBI MCIIOJIB30BATh 3Ty WH(OPMAIMIO MPH MOCTPOECHUN
moaem knaccuukanmu? CynieCTBYET MHOJKECTBO PEAIbHBIX IMPUMEPOB MCIOIB30BAHUA ATHX
ATPUOPHBIX 3HAHWH, MNOMOTAIONMX KIACCU(PUIIUPOBATE OOBEKTHI. |WOWMUHBIM TpUMED U3
MEOUIMHCKON TIpakTUKU. Ecam gOKTOp OTHpaBiasfer pe3yabTaThl AaHAIM30B ITAIMEHTA HA
DOTOHUTEILHOE MCCIEN0BAHUE, OH OTHOCHUT HAIMEHTA K KAKOMY-TO OHPENEIEHHOMY KIIACCY.
Kakum 00pazomM MO¥KHO NPUMEHUTH 9Ty UH(popMmaimro? MBI MOkeM HCHOIB30BATE €€ B
KaueCTBE NOITOJIHUTEEHEIX JAHHBIX IPU MOCTPOEHUH KIACCU(PHUKAITMOHHON MO JEIIN.

OTrmeuaroT Takue I0CTOMHCTBA 0alecOBCKUX cerer kak merona Data Mining:

- B MOJEIM OIPEICIAIOTCA 3aBUCUMOCTH MEXKAY BCEMH IIEPEMEHHBIMHU, 5TO ITO3BOJIAET
1eTKO 00padaTrBaTh CUTYAIMH, B KOTOPEIX 3HAUECHUA HEKOTOPHIX MTEPEMEHHBIX HEU3BECTHHI;

- OalecoBCKHE CETH OOCTATOUYHO IPOCTO WHTEPIPETHUPYIOTCS M IMO3BOJIIOT HA JTAIE
MPOTHOCTUYECKOT 0 MOAEIMPOBAHUS JIETKO MPOBOAUTE AHAIN3 IO CLEHAPHIO ' 4TO, €CIIN |

- 0anecOBCKMM METOJ MO3BOJIAET €CTECTBEHHBIM 00pa3oM COBMENIATE 3aKOHOMEPHOCTH,
BEIBEJICHHBIE W3 TAHHEIX, U, HAOPUMED, SKCIIEPTHEIE 3HAHUS, ITOJTYIEHHELIE B ABHOM BUJE;

- MCMONB30BaHME 0AMECOBCKUX CETEM MO3BOAET M30e€)kare MpPOOJIEMEBI MmEPEydUBAHUA
(overfitting), TO ecTp W30BITOUYHOTO YCIOKHEHUS MOAENHU, UTO SABISAETCA CIad0H CTOPOHOU
MHOTHX METOO0B (HAPUMEP, NEPEBLEB PEIIEHUN U HEUPOHHBIX CETEH).

HanBHo-0aiiecoBCKUN NOAXO0 UMEET CIEAYIONINE HEAOCTATKHU:

- NEPEMHOKATh YCIOBHBIE BEPOATHOCTH KOPPEKTHO TONBKO TOrAAd, KOTAa BCE BXOIHBIE
MEPEMEHHBIE JIEHMCTBUTEIBHO CTATUCTUYECKHM HE3aBUCUMEI; XOTS 4YaCTO MAHHBIM METO[
MOKA3BIBAET JOCTATOUYHO XOPOILIME PE3YIbTATHl IIPH HECOOMOIEHUH YCIOBHUSA CTATUCTHUYECKOMN
HE3aBUCUMOCTH, HO TEOPETHYECKH TAKAS CUTyanua DOMKHA 00padareiBareca 00ee CIOKHBIMU
METOIaMH, OCHOBAHHEIMHU HA 00yueHUHN OANECOBCKHUX CETEH;

- HEBO3MOKHA HENOCPEICTBEHHAA 00pabOTKa HENPEPBIBHBIX MEPEMEHHEIX - TpeOyercs
X Opeo0pa3oBaHNE K MHTEPBAIBHOM MIKAnE, 4TO0OBl aTpuOyTHI OBLIM TUCKPETHBIMH; OJHAKO
TAKME MPeo0pa3zoBaAHNA HHOTAA MOTYT IPHUBOAUTE K MOTEPE 3HAUMMBIX 3aKOHOMEPHOCTEM;

- HA pe3yabTaT KIACCH(PUKAIIMM B HAWMBHO-OANECOBCKOM MOIXOAE BIHUAIOT TOJBKO
WHIWBUIYAJTEHEIE 3HAUEHNA BXOJIHBIX ITEPEMEHHBIX, KOMOMHUPOBAHHOE BIMAHUE MAP WIN TPOEK
3HAUEHUM pAa3HBIX aTpUOyTOB 30€Ch HE YYUTHIBAETCA. IJTO MOTIO OBl YIYUIIUTE KAuyeCTBO
KTACCM(PUKAITMOHHON MOJENIN C TOYKM 3PEHHSA €€ NOPOTHO3UPVIOMIENM TOYHOCTH, OJIHAKO,
YBEJINUMIO OBl KOJIMYECTBO ITPOBEPAEMBIX BAPHAHTOB.

baiiecoBckas xkiracCH(puKanMg HANUIA IUPOKOE MTPUMEHEHNE HA TPAKTHKE.

baiiecoBckasi (PUILTpaIHA 110 CJIOBAM

He tak nmaBno OamnecoBckas knaccuukanus Obla MPEMIONKEHA s IMEPCOHAIBHOM
¢unsTparu crama. [Tepeerit Gpuwistp Ob1n pazpadoran [Tomem I'paxemom (Paul Graham). Jns
padoTEI anropuTMa TpeOYyeTC s BEIMOJIHEHUE IBYX TPEOOBAHMI.

[leppoe TpeboBanue - HeoOxogumoO, UTOOBRI Yy KIACCHPUIMPYEMOTO OOBEKTA
MPUCYTCTBOBAIO MOCTATOYHOE KOJMYECTBO MPU3HAKOB. ITOMY HUACATHHO VIOBJIETBOPSIOT BCE
CJI0Ba IMMCCM MOJB30BATCIA, 34 HCKIHOYCHHCM COBCEM KOPOTKHX W OUCHB PCOKO
BCTPEYATOTIIMXCA.

Bropoe TpeboBanue - mMOCTOAHHOE MepeoOydeHHe W MOMOJHEHWE Hadopa "cmam - He
cnam'. Takue yCrnoBusA OUEHb XOPOMIO padOTAIOT B JIOKANBHBIX MOYTOBBIX KJIMEHTAX, TAK KAk
NOTOK ''HE crmama" y KOHEYHOTO KJIMEHTA OOCTATOYHO MOCTOSHEH, a4 €CIM H3MEHAETCA, TO HE
OBICTO.

OnHako oad BCEX KIUEHTOB CEPBEpPA TOUYHO OMPENEIUTH MOTOK 'HE cmama' JOBOJIBHO
CJIOJKHO, MOCKOJIBKY OJHO M TO K€ MUCHMO, SBIAIONIEECA MJI OOHOTO KJIMEHTA CIIAMOM, JIA
IPYTOTO GHAMEN: fdgnaaierca. CroBape IMONy4aeTcs CIAIKOM OOINbIIMM, HE CYyIIECTBYET

JETKOTO ?ﬁﬁgﬁﬁ@ﬁﬁﬂoﬁﬁ”ﬁﬁm 1 "He crmam', B Pe3yJLTATe KAUECTBO KJIACCH(HUKAIIMH, B JAHHOM
Ceprudmkar:  2C0000043E9ABEBI52205E 7BA500060000043E

Bnanendy 1y SRS PEHIGHUE 344391 (PIIBTPAIIMH ITMCEM, 3HAUUTEIBHO CHUIKACTCA.
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Metoan! k1accupUKaAIHU U IPOrHO3HPOBAHHSA. /lepeBbi pelieHHI

Meron mepeBreB pemenuii (decision trees) ABASETCS OTHUM W3 HaUOOJIEE TOTYJISIPHBIX
METOI0B PENMIEHU 3a1ad Kinaccupukarmu u nporuozupoBanua. Muorga stot meron Data Mining
TAK/KE€ HA3BIBAIOT JEPEBbAMH PEILAONINX HPABUII, IEPEBBAMH Kaaccu(pukanuu u perpeccun. Kak
BUIHO W3 MOCIEIHETO HAa3BaHWUA, HOPHU TOMONIM JAHHOTO METOAA pEmAarTCia 3amadu
KJIaCCU(PMKAIUK U TPOTHO3UPOBAHUA.

Ecmi 3aBucumas, T.e. LeneBas INMEPEMEHHASA NPUHUMAET OUCKPETHBIE 3HAYEHMSA, INPU
MOMOIINA METO1a JEPEBA PEIIEHNH PEMIAETCA 3a1a49a KIacCu(puKanmu.

Ecmm ke 3aBuCHMas IMEPEMEHHAS IPUHUMAET HENPEPBIBHBIE 3HAYEHUA, TO IEPEBO
pEmEHNN YCTAHABIUBAET 3aBUCHMOCTEL OTOH IIEPEMEHHOU OT HE3aBUCHMBIX NEPEMEHHEBIX, T.€.
pemaer 3axaqy YMCIE€HHOr 0 NPOTHO3UPOBAHUA.

Breperie nmepeBrs pemenuwi Oplmu mpemmoxeHsl XoBwieHaoM u XantoMm (Hoveland,
Hunt) B konne 50-x rogos mpomuoro Beka. Camas panHsas M w3BeCTHas padora XaHTta U ap., B
KOTOPOH M3JIATAETCA CyTh NEPEBBEB PEHICHUM - "ODKCHEPUMEHTH B MHAYKOuU' ("Experiments
inInduction") - 6s1a oy OsTrKOBaHa B 1966 romy.

B naunbonee mpocTtomM BUAE AEPEBO PEMIEHHH - 3TO CIOCOO MPEeACTABICHUA IPABUI B
MEPAPXUYECKOM, MOCIET0BATENEHON CTPYKTYpe. OCHOBA TAKOM CTPYKTYpHI - OoTBETH ''Jla" mmm
"Het" Ha pag Bonpocos.

Ha pucynke 8.1 mpuBemeH mpumep nepeBa pemeHud, 3agaga KOTOPOrO - OTBETHTH HA
orpoc: "Hrpare mu B rone(?" UToOBl pemurs 3amady, T.€. NPUHATE PELICHUE, UTPATH JIU B
roae), Creayer OTHECTH TEKYIIYI CHTYAlUi0 K OJHOMY W3 W3BECTHBIX KJIACCOB (B JaHHOM
ciydae - "urpats’ WM 'He urpars’ ). s 5toro tTpedyercs OTBETUTE HA PAA BOMPOCOB, KOTOPHIE
HAXOJATCS B Y3JaX 3TOT0 AEPEBA, HAUUHAA C €T0 KOPHSL.

[lepBrii y3en namero nepepa "ConHedno?" ABIAETCA y3JIOM IPOBEPKH, T.C. YCIOBHEM.
[Ipy monoxKUTEIEHOM OTBETE HA BONPOC OCYIISCTBILIETCA MHEPEXOA K JIEBOM 4acTH OEpeBa,
HA3BEIBAEMOHW JIEBOU BETBBIO, NMPU OTPUIATEIHHOM - K MPABOM 4ACTHU AepeBa. lakum o0pazom,
BHYTPEHHUM y3€JI JEpeBa ABIAETCS Y3JI0M IMPOBEPKH ONpEeneneHHoro ycmaoBus. [lamee uper
CIEAYIOMIMA BOMIPOC W T.H., MOKA HE OyOeT MOCTUTHYT KOHEYHBIM Y3€JI AEPEBA, SABIIAIOMIUHCA
y3JIOM pemenus. Jyig Hamero nepeBa CymieCTBYET JBAa THUIA KOHEUHOrO y3j1d: "'Mrpare’ W '"HE
Urpare’ B roab().

B pe3synaprare npoxoKOEHMSA OT KOpPHA MOepeBa (MHOTAA HA3BIBAEMOTO KOPHEBOI
BEPIIMHOM) [0 €r0 BEPHIMHEI PEIIAETCS 3amada KiaacCu(pukanmm, T.€. BRIOMPAETCS OOUH U3
KJTACCOB - "'urpare’ U "He urpars’ B rons.

CoarHewydD T

HET

HFloeT M ooEnss

He HTpaTh HI'PdTh HE HI'PATh HI'PATb

AJOKYMEHT NOoANCAH
ANEKTPOHHOM NOONMUCEID

buiar: - 2C0000043E9ABEESS22 PRy O K 811"Y IlepeBo pemenuit "Urpars m B rone(p?"
‘OBa IThAH; | HOpOBHA

Bnapeneu Lllebayxo
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Llenpro mocTpoeHns nepeBa PELICHU B HALLIEM CIIy4ae ABIACTCA ONPENCICHUE 3HAUCHUS
KATETOPUATIBHOMN 3aBUCUMOU TTEPEMEHHOI.

Wrak, nnsg Hamen 3aqauv OCHOBHBIMU 3JIEMEHTAMHU JEPEBA PEIICHUN ABIAIOTCA:

- Kopens nepeBa: "Comneuno?"

- BuyTpennuil y3en nepeBa WM y3e€ia IpoBepku: 'lemmeparypa BO3ayxa BeICOKaA?',
"Uner ma moxap?"

- JIner, kOHEUHBI y3€e IepeBa, y3ea pemenns win sepmmHa: "Urparts"”, "He urpars"

- BeTBp nepesa (ciyuan otBera): "[la", "Her".

B paccmorpenHoM mpumepe pemaercs 3anada OMHaApHOM KinacCu(pukanmu, T.€. CO31aeTcs
IUXOTOMHYECKAs Kiraccu(pukanuonHas wozpens. [lpumep npemoncrpupyer pabory Tak
HA3BIBAEMBIX OMHAPHEIX JEPEBEEB.

B y3max OMHApHBIX AEPEBHEB BETBICHUE MOMKET BECTHCH TOJBKO B JBYX HATPABICHUX,
T.€. CYIIECTBYET BO3MOKHOCTh TOIBKO IBYX OTBETOB HA MOCTaBIEHHBIN Bonpoc ("na" u "umer").

IMocTrpoenne kiaccHpUKAIHOHHOH MOJe N

bunapHeIE NEPEBBA ABIAIOTCA CAMBIM HPOCTBIM, YACTHBIM CIIy4a€M JI€PEBLEB PELICHUM.
B ocraneHeIX Cinydasx, OTBETOB M, COOTBETCTBEHHO, BETBEM OEPEBA, BBEIXOANIMX W3 €T0
BHYTPEHHETO Y3714, MOKET OBITH OOBIIE ABYX.

PaccmoTpum Oonee cioxHbId npumep. basza naHHbIX, HA OCHOBE KOTOPOH MOJKHO
OCYILIECTBJIATHECA MPOTHO3UPOBAHUE, COIEPKUT CIEOYIONIUE PETPOCHEKTUBHBIE TAHHBIE O
KIMeHTax O0aHka, ABIMIONINECS €€ aTpuOyTaMu: BO3pACT, HAMUUME HEABMKUMOCTH, 00paz0BaHuE,
CPEOHEMECAYHBIN JOXOM, BEPHYJI JIM KIIMEHT BOBPEMA KPEAUT. 3a1a4a COCTOUT B TOM, UTOOBI HA
OCHOBAHUM MEPEUMCIEHHBIX BBINIE MAHHBIX (KPOME MOCAEIHEr0 aTpudyTa) ONpPENEIuTh, CTOUT
M BEITABATH KPEIUT HOBOMY KJIIUEHTY.

Takas 3amaua pemaercs B AaBa drama: MOCTPOCHUE KIACCU(PUKAIMOHHOW MOJENN U €€
MCIT0JIb30BAHHUE.

Ha srame mocTpoenus moaemi, COOCTBEHHO, M CTPOUTCA OEPEBO KIACCHU(PMKAIMA WIH
cozmaerca HaOOp Hekux mpasui. Ha stame mcnmonms30BaHNsS MOIETH MOCTPOEHHOE TEPEBO, WU
OyTeh OT €r0 KOPHSA K OOHOM W3 BEPIIMH, ABISMIOMANCA HAOOPOM MpPaBUN i1 KOHKPETHOTO
KIIMEHTA, UCHOJIB3YETCA 11 OTBETA HA MOCTABIEHHBIN BONIPOC "BrigaBare nu kpeaur?"

[TpaBwiom ABIsIETCA TOTUYECKAS KOHCTPYKIUSA, TPEACTABICHHAA B BUJE '€CIH...: TO...:".

Ha pucynke 9.2 mpuBemeH mpumep aepeBa kKiaacCH(puKanmu, ¢ TOMONIBK KOTOPOTO
pemaerca 3amada "'BeimaBate nu kpeauT kiaueHty?'. OHa ABISETCA TUNUYHOM 3amaded
KITaCCH (PUKAIIMK, U TTPH NOMOILIM JEPEBLEB PEMIEHNUH MMOJIYYAOT JOCTATOUYHO XOPOIINE BAPUAHTEI
€€ PEeIECHUA.
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Puc. 9.2. JlepeBo pemenuii "Breinasars nu kpeaur?"

Kak MBI BUOUM, BHYTPEHHHUE V3JIBI JEPEBA (BO3PACT, HAIMUME HEOBIIKUMOCTH, JOXO U
00pa3oBaHuEe) ABIAIOTCA AaTPpUOyTAMM OMMCAHHOW BBIIMIE 0a3bl OAHHBIX. JTH  ATPUOYTEHI
HA3BIBAIOT TIPOTHO3UPYIOMIMMHA, WIIH aTpuOyTaMu pacniervienus (splitting attribute). Koneunsie
y3JIbI 1€PEBA, WIN JINCTHI, MMEHYIOTCA METKAMM KJIACCA, SBJIAIONIAMUCS 3HAYEHUAMH 3aBHCHMOU
KaTerOPUAJIIBHOU ITIEPEMEHHOM 'BEIIABATE WM 'HE BBIIABATE' KPEIUT.

Kaxnas BeTBer pepeBa, uaymas OT BHYTPEHHETO y3J1d, OTMEUEHA IPEAUKATOM
pacmiennenus. [locnemmmit MOKET OTHOCUTBHCS IMINE K OJHOMY AaTpuOyTy pacmienacHUsA
OAHHOTO y31a. XapakTepHas OCOOEHHOCTh NPEIUKATOB PACIICIUICHMA: KaKIasd 3aInch
UCIIOJIB3YET YHUKAJIBHBIA IYTBOT KOPHA JEPEBA TOJBKO K OJHOMY Y3IIy-PELIEHHUIO.
OOnennnennas uHpopmarpsa 00 arpudyrax pacHienIeHus U MPEAUKATAX PACIICIUICHUA B y3JIE
HA3BIBACTCSA KPUTEPHEM pacmieruieHus (splitting criterion).

Ha pucynke 9.1 wuzo0paxkeHo OTHO W3 BO3MOXKHBEIX JEPEBBEB PEMICHUHN I
paccmarpuBaeMor 0Oasel maHueix. Hanmpumep, kpurepui pacnieruienus "Kakoe oOpazoBanue?",
MOT OBI UMETH JIBA MPEANKATA PACIIEIVIEHUA U BBITJIANETE HHAUE: 00paszoBanue "Beicuiee” U "He
Beicmiee" . Torma nepeBo pemenn UmMeno Ovl APYTrOu BULL.

Taxum oOpazom, qiasa maHHOM 3a8a49u (Kak ¥ 171 Mo 00 APyrou ) MOKET OBITE MOCTPOEHO
MHOKECTBO JEPEBBEB PEMIEHUM PAa3NUYHOT0 KAa4ecTBd, C Pa3MUUYHON MPOTHO3UPYIONIEH
TOYHOCTBIO.

KauecTBO MOCTPOEHHOTO AEpeBa PENICHUA BECHMA 3aBUCHUT OT HPABWIBHOTO BBIOOpA
Kpurepusa pacoienigenus. Hanx pa3paboTkoml M yCOBEPIICHCTBOBAHUEM KPUTEPHEB PadOTAIOT
MHOTH € UCCJIETOBATENH.

Meron nepeBreB pemieHUIl 4acTO HA3BIBAOT 'HAMBHBIM' moaxonom [34]. Ho dnaronmaps
LEIOMY PAIy IMPEUMYNIECTB, NJAHHBIM METOJ ABJIAETCA OOHUM M3 HAUOOJIEE MOMYJIAPHBIX IJIA
pPELIEHUA 3a7a4 KJIACCH(PUKATINH.

IIpenmyniecTBa {epeBbeB pellieHHH

MuTyuTHBHOCTE OepeBreB pemenuil. KimaccuukannonHas Moaens, NPEACTABICHHAA B
BUJE NEPEBA PENICHUH, ABIACTCA WHTYWUTHBHOM W YIIPOMIAET MOHMMAHWE PEIIAEMOM 3aTadu.
PesyneraT paboTEl aNrOPpUTMOB KOHCTPYHUPOBAHUA JEPEBEEB PEUIEHUM, B OTJIMYUE, HATPUMED,
OT HEUPOHHBIX CETEH, MPEACTABIAIONINX COOOM "dUEpHBIE AMIMKH', JIETKO WHTEPIPETHPYETCA
MOJIL30BATENEM. JTO CBOHCTBO JEPEBBEB PEMICHUNA HE TOJBKO BAXKHO NPU OTHECEHUH K
ONMPENENEHHOMY KJI4CcCy HOBOTO OOBEKTa, HO MW MOJE3HO IPH MWHTEPIPETAIUN MOIEIHN
kmaccupukanuu B 1enom. JlepeBo pemeHuit MO3BOMAET MOHATH U OOBACHUTH, MHOYEMY
KOHKPETHBIH OOBEKT OTHOCHUTCS K TOMY WJIA MHOMY KJIACCY.

JlepeBpd pemieHui OarT BO3MOKHOCTH W3BJIEKATH IpaBUiaa W3 0a3bl JAHHBEIX Ha
ectecTBEHHOM s3bike. [Ipumep npasuna: Ecou Bospact > 35 u Jloxox > 200, To BELOATE KPEIUT.

JlepeBns pemeHuil MO3BOAI0OT CO3aBATh KIACCU(PUKAITMOHHBIE MOJEIN B TEX 00IACTAX,
I1€ QHAIUTHKY OOCTATOYHO CIOKHO (POPMAIN30BATh 3HAHMUA.

AJNTOPUTM KOHCTPYMPOBAHUA [EPEBA PEIIEHUM HE TpeOyer OT MOnb30BATENA BHIOOpA
BXOIHBIX 4TPpUOYTOB (HE3ABUCHUMBIX HNEPEMEHHEIX). Ha BXOI anropurMa MOKHO ITOOABATEH BCE
CYILIECTBYIONIME ATPUOYTHI, AITOPUTM CaM BeIOEpeT HaubOOJIee 3HAYMMEIE CPEOU HUX, U TOJIBKO
OHM OyIayT MCHONMB30BAHBI M1 MOCTPOEHUA AepeBa. B cpaBHeHMH, HAIPUMEDP, C HEUPOHHBIMU
CETAMH, HTO 3HAYUTENBLHO OO0JIETUaeT MOJb30BATEM0 padOoTy, MOCKONMBKY B HEMPOHHBIX CETSX
BEIOOp KOJMUECTBA BXOIHBIX ATPUOYTOB CYNMIECTBEHHO BIUAET HA BpeMsA 00yUEHHUS.

Tounocte moOpenen, CO3mAHHBIX OPU IIOMONIA OEPEBBEB PELICHUM, COMOCTABUMA C
OIPYTUMHU METOAAMM IMOCTPOEHMA KIACCH(PMKAIMOHHBIX MOJENEH (CTATUCTUUECKUE METOEL,
HEHPQH%I&JWFHDHHHGAH

HMmTaGpremx ANTOPUTMOB, KOTOPBEIE MOTYT OBITH MCHOJIB30BAHBI
gjg;jﬁﬁ H%@%?pi@%gfﬂiﬂfﬁ@ﬁg?mgmﬂ MIeHHa Ha CBEpXOOIBIIMX 0a3aX JAHHBIX; MACIITAOHPYEMOCTH

e dHOpPOBHA

30€Ch O03HAYAECT, 4YTO0 € POCTOM YHCIA MNPUMEPOB WM 3amuced 04a3pl OaHHBIX BpEMH,
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3aTpadynBacMo€ Ha 0OydeHHE, T.€. MIOCTPOCHUE AEPEBLEB PEMIEHUN, pacTeT nuHeHo. [Ipumeprr
takux anroputmoB: SLIQ, SPRINT.

bricTpeiii mpouecc o0yuenus. Ha nmocrpoeHne kinacCu(PpUKAIMOHHBIX MOAEIEH MPH
MOMOMIA AITOPUTMOB KOHCTPYHPOBAHHUA JEPEBBEEB PEHIEHUN TPEOYeTCAd 3HAYMTEINBHO MEHBINE
BPEMEHU, UEM, HAIIPUMED, HA 00YUEHNE HEHPOHHBIX CETEM.

BOIBMMHCTBO ANTOPUTMOB KOHCTPYUPOBAHUA AEPEBBEB PEMIEHHI UMEIOT BO3MOKHOCTE
CHENMATEHON 00padOTKH MPOMYNIEHHBIX 3HAYEHUI.

MHuorue kimacCMyecKkue CTATUCTUYECKHME METOIBI, MPH ITOMONIM KOTOPBIX PEMIAIOTCS
3amau KIacCH(PUKanuu, MOryT padoTare TOMBKO C YMCJIOBBIMH JAHHBIMHM, B TO BpPEMS K4k
IEPEBBA PEMICHUN PadOTAIOT U C YMCJIOBBIMH, U C KATETOPHAJIBHEIMA TUITAMH JAHHEIX.

MHuorue CraTUCTHYECKME METOIBl ABIAIOTCA NAPAMETPUYECKMMM, W II0JIB30BATEIND
OOKEH 3apaHee BIAAETh ONMPENEIEHHON WH(pOpMAIMend, HAMPUMED, 3HATh BUI MOIEIN, UMETE
TMIOTE3y O BHAE 3aBUCHMOCTH MEXKAYy NEPEMEHHBIMH, IIPEAINONaraTb, KakOM BHUJ
pacrpeneneHus MUMEIT OaHHbIE. J|€peBhA pEelIeHWH, B OTJIMYUE OT TAKMX METOHOB, CTPOAT
HEMAPAMETPUUIECKHE MOJAEIN. lakum 00pa3oM, HDEpPEBbA PEMIEHUNM CHOCOOHBI pEemaTe TaKHe
3amagn Data Mining, B KOTOPEIX OTCYTCTBYET anmpuOpHas HMH(OpMAanya O BHIE 3aBHCHUMOCTH
MEXK Ty UCCIETYEMBIMHI JAHHBIMMU.

[Tponiecc kKOHCTPpYHPOBAHUA TEPEBA PEILIEHUI

Hamomuum, 4T0 paccMaTpuBaemMas HAMM 3a7ada KI1acCU(PUKAIIMN OTHOCUTCS K CTPATETUH
O0y4eHUA C y4UTENEM, MHOTIA HA3BIBAEMOTO MHIAYKTUBHEIM 0OyueHneM. B stux cioygasx Bce
0OBEKTEI TPEHUPOBOUHOTO HA0OPA TAHHBEIX 3apaHEe OTHECEHEBI K OMHOMY M3 HMPEIOIPEIEIeHHBIX
KJTACCOB.

ANTOPUTMBEL KOHCTPYUPOBAHUA OEPEBBEB PEIICHUM COCTOAT W3 3TAINOB 'MOCTpOeHUE"
wm " cozmanue " mepepa (tree building) u "cokxpamienme " mepeBa (tree pruning). B xome
CO3JaHMs JEpPEBA PEIIAIOTCS BOMPOCH BEIOOpA KPUTEPHUS PACILEIUIEHUS M OCTAHOBKU OOy4EeHUS
(ecm 5TO MPeayCMOTPEHO anropuTmMoM). B xoxe srama cokpamieHus JepeBa PEemaercs BOIPOC
OTCEYEHUA HEKOTOPBIX €0 BETBEH.

PaccmoTpum 5TH BOOPOCH TOAPOOHE!.

Kpurepuit pacnienyieHus

[Tporiecc co3manusa nepeBa MPOUCXOAUT CBEPXY BHU3, T.€. ABIACTCS HUCXOOAMINM. B
XOO€ TMpOIEecca ANrOPUTM MOMKEH HAUTH TAKOUKPUTEPHI pACHIEIUICHHMA, WHOTOA TAaKkKe
HA3EIBAEMBIA KPUTEPUEM pa3zOueHus, uToObl pa3OUTh MHOKECTBO HA MOJMHOMKECTBA, KOTOPHIE
OBl ACCOIMUPOBAIMCE C JAHHBIM Yy3JIOM MPOBEPKU. Kamawlll y3e€n MpOBEPKH NOJLKEH OBIThH
MOMEUEH OmnpeneneHHeIM arpuOyroM. CymiecTByernpaBwio BEIOOpa arpulyra: OH JOIKEH
pa30MBaTe MCXOJHOE MHOKECTBO JAHHEIX TAakUM 00pa3om, 4TOORI OOBEKTEI ITOJIMHOKECTB,
MOAYYAEMBIX B PE3YJIBTATE HTOTO pa3zOHUeHUs, ABINCH OPEICTABUTENAMH OJHOTO KJAacca WIN
K€ OBUIM MAaKCUMAJIBHO NMPUONMAKEHBEI K TakoMmy pazouenuto. [locnemnsas ¢pasa o3znagaer, 4rto
KOTWYECTBO OOBEKTOB M3 APYIMX KIACCOB, TAK HA3BIBAEMBIX 'MPUMECEHU', B KAMKIOM KIacce
DOJKHO CTPEMUTECS K MUHUMYMY.

CyniecTByIOT pa3iudHbIE KpUTEpUM pacmierieHus. Haubonee wm3BecTHeie - Mepa
SHTpOTTUH U nHAEKC Gini.

B HekoTOpEIX MeTOmax ans BeIOOpAa arpulyra pacmierieHus WCIOJIB3YETCS Tak
HA3bIBAEMAA MeEpa MH(POPMATHUBHOCTH ITOANPOCTPAHCTB aTpuOyTOB, KOTOpas OCHOBBIBAECTCA HA
SHTPOIMUIHOM ITOAXOAE M HM3BECTHA ITOJ HA3BAHMEM 'Mepa WH(OPMAIMOHHOTO BBEIATpHIMIA"
(Information gain measure) UiId MEpPa SHTPOIHH.
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6. YHEBHO-METOANYECKOE U UHOOPMAIINOHHOE OBECIIEYEHUE
JUCHHUILJINHBI

6.1. IlepeyeHn OCHOBHOM H JONOTHATE/ILHOH JIHTEPATYPbI, HEOOXOTUMOMH /1151
OCBOECHHS U CIHILIHHBI

6.1.1. IlepeyeHs OCHOBHOM JIHTEpPATYPbI

. byinaue, C.K. Ilpumenenme  dYMCIEHHBIX METOAOB B  MATEMATHYECKOM
monempoBanun : yuebnoe mocobue / C.K. bynnaueB ; MunucrepcrBo o00pazoBanus u
Hayku Poccmiickonn @epepanmu, YpamsCkuil (peIepambHBIL YHUBEPCUTET HMEHH HEPBOTO
[Ipesunenta Poccum b. H. Ememmma ; wayu. pen. HO.B. Ilecun. - EkarepunOypr
N3narenscTBo ¥Ypansckoro yuusepcurera, 2014, - 72 c. : wn. - bubmorp. B ku. - ISBN 978-5-
7996-1197-2; To xe [Onexrponnsrii pecypc]. - URL: http://biblioclub.rw/index.php?
page=book&id=275957.

2. Kpaxorkuna E.B. Hucnennsie MeTOIBI B HAYUHBIX pacdeTax [ IIEKTPOHHEIN pecypce| :
yueOHoe mocobue. Kype mekuumii / E.B. KpaxoTkuna. — DnEKTpPOH. TEKCTOBBIE NAHHBIE. —
CraBponons: CeBepo-KaBkasckuit (¢enepansubii  yauBepcurer, 2015, — 162 c. — 2227-
8397. — Pexum nocryna: http://www.iprbookshop.ru/62884.html.

6.1.2. IlepeyeHn JOMOJHUTE/ILHOH JIHTEPATYPHI

1. Buayrosa A.A. HCTpyMEHTANbBHEIE CPEACTBA PA3paA0OTKU KOMITBIOTEPHBIX CHUCTEM U
KOMIUIEKCOB |JNEKTPOHHBIA pecypc]: yueOnoe mocodume / A.A. BuuyroBa. — DOneKTpoH.
TekCTOBBIE maHHeie. — Caparos: [Ipo¢obpazosanue, 2017. — 135 ¢. — 978-5-4488-0015-3. —

Pexxum mocryma: http://www.iprbookshop.ru/66387.html.
2 Hknap, M. @. OcHOBH HAYy4HBEIX HCCaenoBaHui: yue0. mocodbue / M.D. lxmap. - 6-e

m3a. - M. : Jlamkos u Ko, 2017. - 208 c. - [Tpun.: ¢. 197-206.

6.2. IlepeyeHn Y4eOHO-METOAHYECKOT0 ODecIieYeHHSI CAMOCTOSITe/ILHONH padoThl
o0yuarnuxcs 1Mo Juc Ui IHHe

1. Meroguueckue ykazaHus IO BBIITOJHEHUIO JTA0OPATOPHEIX padOT MO MUCHUMIINHE
«MHCTpYyMEHTAIBHEIE CPEICTBA B MHKEHEPHBIX PACUETaX ).

2. Meroguueckue pPEeKOMEHIAUMN A CTYACHTOB N0 OPraHu3alnud CaMOCTOSATENBEHOH
paboTel o gucHumuinHe « MTHCTpyMEHTATBHEIE CPEACTBA B MHKEHEPHBIX PACUETAX).

6.3. Ilepeuenn pecypcoB HH(MOPMANHOHHO-TEJIeKOMMYHHKALNMOHHOH ceTH
NnrepHer, He00X0THMBIX VISl OCBOCHHS THCIUAILTHHBI

1. Haumonameneiit OTkperTeid Y Husepeuret. Maryur. http://www.intuit.ru.
2. ®expepanpHEni mopTan «Poccuiickoe oOpazopanue. http://www.edu.ru.
3. Poccwmiickas rocymaperBennas omOmmoreka. http:// www.rsl.ru.

4. Pecypc mo maremaTu4ecKkomMy mMoaemipoBanuio. Exponenta.ru.
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