®EJIEPAJIBHOE TOCYJAPCTBEHHOE YUPEXJIEHUE UHCTUTYT
«®EJIEPAJIBHBIA UCCJEJOBATEJIBCKNAHN IEHTP
IMPUKJIAJHON MATEMATHUKHA UM. M.B. KEJIJIBIIIIA
POCCHMCKOM AKAJEMUHU HAYK»

Yr1BepikaeHna

Yuensim coBeToM OUILL UTIM

nM. M.B. Kennprma PAH,

npoTokoaI Ne 0T« » 2018 r.
3aMecTUTeNb JUPEKTOpa

AJL. AbennukoB

(moamuck, pacHu(poBKa MOIIHUCH)

« » 2018 T.

PABOYAS ITPOT'PAMMA

YUYEBHOM JUCIUIIJIAHBI
BbIuucauTENbHBIN IKCIIEPUMEHT

HanpagieHnune noaroroBKu
09.06.01- «MudopmaTrka 1 BHIYUCIUTEIbHAS TEXHUKAY

Ipodnian (HAPAaBJIEHHOCTH NMPOrPaMMBbl)
05.13.18— «MaremaTrudeckoe MOJICTUPOBAHNE, YUCIICHHBIC METOIBI U KOMILJIEKCHI
IPOrpaMM»

KBanudukanus BbINyCKHHUKA
HccnenoBarens. [IpenogaBaTenb-uccieqoBaTelb

dopMma o0yueHust
O4YHast

Mocksa, 2018



Hanpagaenue noarorosku: 09.06.01

Mpopuns (HanpaBienHocts mnporpammbl). 05.13.18- «Maremaruueckoe MOJICITUPOBAHHE,
YHCJIEHHBIE METO/Ibl U KOMILJIEKCHI ITPOIPaMM»

JucuumniimHa: BelUuCIuTENbHBIA 9KCIIEPUMEHT
dopma o0yueHusi: OUHas

PaGouas mporpamma cocrasiena ¢ yaetom @I'OC BO no Hampasienuto nmoarorosku 09.06.01 —
«MHbOopMaTHKa U BEIYUCITUTENbHAS TEXHUKAY, YTBEPIKICHHOTO PHKa3oM MUHHCTEPCTBA
oOpazoBaHus 1 Hayku Poccuiickoit @enepaunu ot 30 urong 2014 r. N 875, 3apeructpupoBaHo B
Muntocte Poccuniickoit @enepaunn 20 aBrycta 2014 r. N 33685, u [IporpaMMbl-MUHUMYM
KaHIMATCKOTO K3aMeHa I0 CIIEIHaIbHOCTH, YTBEPKACHHOU MpHKa3oM MHUHUCTEpCTBa 00pa30BaHuUs
u Hayku Poccutickoit ®deneparuu ot 8 okTsi0ps 2007 roga Ne 274 (3apeructpupoBano MuHOCTOM
Poccuiickoit ®eneparuu 19 oxtsaops 2007 rona Ne 10363).

PEINEH3EHT: Jlyukuit Anexcannp EBrenpeBud, IHCTUTYT NPUKIIAJHON MaTEMATUKHU UM.
M.B.Kennpeima PAH, 3aBegyromuii ceKTopoM, JOKTOP GU3HKO-MaTEMATHIECKUX HAYK, mpodeccop

PABOYAS ITPOT'PAMMA PEKOMEH/IOBAHA
VYyenbm coperom OUL UTIM um. M.B. Kenaprma PAH, nporokxon Ne oT«__ » 2018 .

HNUCHOJHUTEJID (pa3paboTyrk mporpamm):
Menbmos U.C., UTIM um. M.B. Kennpimma PAH, Benymuii Hay9HbIi COTPYIHUK, 1I.().-M.H.

3aBeayromrii aCIUPaHTypOit / Menbmos U.C. /




OrJiaBJienue

AHHOTALIZIS ...tttk ettt b ekt e et e e st ettt e anb e et et e e 4
1. HEJU U 3AJAUYM OCBOEHUSA JUCHUIIIIMHBL . .......ocoiiiiiiiiiiiieieceee e 4
2. TPEBOBAHUS K PE3YJIbTATAM OCBOEHUSA JUCHUITJIMHBI ........ccveiviiiiiiiiice 4
3. CTPYKTYPA U COAEPXXAHUE JUCHUITIINHBI .........coiiiiiiiiiiiiieiec e 5

3.1, CHIPYKIYPA OUCUIIIIUHBL. ...ttt ettt 5

3.2.  Co0eprcanue PA3z0en08 OUCHUNIIUHDL ....................ocureiieeeiireeasiieesatieeasteeaaaeeasseeesneeesrneens 6

3.3, COMUHAPCKUE BAHAMU ..o ettt ettt et et et e et e et e st e e nnee e 7
4. TEKYIIAS U ITPOMEXYTOUHAA ATTECTALMA. ®OHA OLIEHOYHbIX CPEJICTB ......7
5. YYEBHO-METOJMYECKOE OBECITEUEHUE JUCHUIIIIAHBI .........ccoiiiiiiiiiiieiece 9
6. MATEPUAJIbHO-TEXHUYECKOE OBECIIEUEHUE JUCLUTIIIMHBI ........cccvvviviiiienee 11



AHHOTALIMSA

JucuuminHa «BblYMCcIuTeNbHBIN 3KCIIEPUMEHT» peanusyercs B paMkax bioka 1 OcHoBHOI
npodeccuoHanbHONH 00pa30BaTENIBHOM MPOrPaMMBbl BBICIIETO 00pa30BaHMs — MPOTPaMMBbI IOTOTOBKH
HAy4YHO-TIEAarOTUYECKUX KaapoB B acnupantype DeaepaabHOr0 TOCYAAPCTBEHHOTO OOIKETHOTO
yupexJieHuss Hayku Mucturyra npukinaanoit marematuku um. M.B. Kengeimma PAH (UIIM nm. M.B.
Kenmpima PAH) mo nampasnenuto moarotoBku 09.06.01 — «MHdopmaTtnka W BBIYHCIHTEIbHAS
TEXHUKA.

Pabouast mporpamma cocrasiena ¢ yauetom @I'OC BO no nanpasienuto noarorosku 09.06.01
— «/HdpopmaTnka W BBHIYMCIHUTENbHAS TEXHHWKA», YTBEP)KIECHHOTO NpPUKa3oM MUHHCTEpCTBA
oOpaszoBanust u Hayku Poccuiickoit @enepamun ot 30 urons 2014 r. N 875, 3apeructpupoBaHo B
Muntocte Poccuiickoit ®enepaunn 20 asrycra 2014 r. N 33685, u IlporpamMmbl-MUHUMYM
KaHIMIATCKOTO PK3aMEHa 0 CHEeNHaTbHOCTH, YTBEPXKICHHOHN MprKa3oM MUHHCTEpCTBAa 00pa3oBaHuUs
u Hayku Poccuiickoit ®enepanuu ot 8 oktsa0ps 2007 roma Ne 274 (3apeructpupoBaHo MUHIOCTOM
Poccuiickoit ®eneparuu 19 oxtsa6ps 2007 rona Ne 10363).

OCHOBHBIM HCTOYHUKOM MaTEpUajoB AJsl (GOPMUPOBAHUS COJIEPKAHUS TPOTPAMMBI SIBJISIOTCS:
MaTepuaiabl KOH(EpeHIN, CUMIIO3MyMOB, CEeMHUHapoB, WHTepHET-pecypchl, HAaydHblE HU3JaHUS U
MOHOTpa(HUUECKHe UCCIIEOBAHUS U MyOJINKAIIIH.

OO0r11ast TPYA0EMKOCTh TUCIHILIMHBI 0 ydeOHOMY TUTaHy cocTtaBiser 4 3au.ei. (144 gacos), u3
HUX JIeKIWH — 4 daca, cemuHapckumx 3aHsaTwii — 10 dacoB, mpaktudeckmx 3aHsaTHH — 0 dacos,
CaMOCTOSITEIbHOW paboThl — 94 yaca M MOATOTOBKA K 3K3aMeHy - 36. JluciuminHa peanusyeTcs Ha 2-M
Kypce, B 3-M ceMecTpe, TPOJI0HKUTEILHOCTE 00yueHus — 1 cemectp.

Tekymas arrecranys NpOBOJIUTCS HE MEHee 2 pa3 B COOTBETCTBUM C 3aJlaHUSIMU U (opMaMu
KOHTPOJIS, IEPIyCMOTPEHHBIE HACTOSIIEH MPOrpaMMON.

[TpomMexxyTodHasi OIICHKAa 3HaHUS OCYIIECTBISICTCS B IEPHOJ 3aYETHO-3K3aMEHAIIMOHHHOU
ceccuu B (popMme IK3aMeHa.

1. IEJHA U 3AJAYUN OCBOEHUSA ANUCHUTIJIMHBI

HCJII/I H 3aJa4YM JUCHUIIJIMHbI «BBprancnuTenbHbIN OKCIICPUMEHT»

He.]]b: OCBOCHHEC (bYHI[aMeHTaJ'IBHHX OCHOB BBIYUCIIUTEIBHOTO 3KCIICPpHMMCHTAa M YHCJICHHBIX
MCTOAOB, IPUHIHIIOB pa3pa60TKH N TIOCTPOCHHA KOMILUICKCOB IIpOIrpaMM I pEHICHUA Hay4YHBIX
U TCXHHUYCCKHUX, (I)YHI[aMCHTaJ'IBHBIX H MMPUKIIAAHBIX HpO6J'I€M, HCCICJOBAaHUEC MAaTCMaTHYCCKHUX
Mojenaeun (1)I/I3I/I‘ICCKI/IX, XHUMHNYCCKHUX, OMOJIOTMYECKUX U APpyrux €CTCCTBCHHO-HAYYHBIX, a4 TAKKE
COLMAJIBHBIX, DKOHOMHNYCCKHUX M TCXHUYCCKUX 0OBEKTOB.

3amaun: He MeHee 3
- OCBOHMTH OCHOBHBIC MPUHIIMIIBI TIOCTPOCHHUS BBIYMCIUTEILHON MOICIIH;

- OCBOUTb OCHOBHBLIC MCTOAbI MATCMATUYCCKOTO MOJACIUPOBAHHA U IMOAXOJbI K IIOCTPOCHUIO
MaTeMaTUdYCCKUX MOI[CJ'ICI\/’I;

- OCBOUTH pPCAIU3alUI0 YUCIICHHBIX METOJOB W AJITOPUTMOB B BUIAC KOMIIJICKCOB HpO6J’I€MHO-
OPUCHTHPOBAHHBIX POTPaAMM IS IPOBCACHUSA BBIYUCIIUTCIIBHOTO SKCIICPUMCHTA.

2. TPEBOBAHUA K PE3YJIbTATAM OCBOEHUSA IUCLHUIIJIMHBI

[Iporiecc u3y4deHHs AUCHUIUIUHBI «BBIUMCIUTENBHBIA 3KCIIEPUMEHT» HalpaBlieH Ha
(dopMupoBaHHE KOMIETEHIMH WM OTIENBHBIX MX 3JeMeHTOB B cooTBerctBUM ¢ PI'OC BO mo
HanpasieHuto noarotoBk 09.06.01 — «MHpopmaTrka U BEIYMCIUTENbHAS TEXHUKA), YTBEPKIESHHOTO
npuka3zoM MuHHcTepcTBa 006pa3oBanus u Hayku Poccuiickoit @eneparuu ot 30 utons 2014 r. N 875,
3apeructpupoBaHo B MuHrocte Poccuiickoii @enepanuu 20 arycra 2014 r. N 33685
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a) yuuBepcajbHble (YK): He mpeaycMoTpeHo
0) oomenpodeccuonanbubix (OIIK): He npexycmoTpeHO

B) npogeccuonaabHbIX (IIK): CriocoOHOCTh MPUMEHSTH aICKBATHBIC YHCICHHBIC METOIBI JUIS
pemenust BerunciautenbHoit Mogenu (I1K-2), CrocoOHOCTh peann30BBIBAaTh METOABI U AITOPHUTMBI
BBIYMCIIMTEILHON MOJICIIU B B BUJIC KOMIUIEKCOB POOJIEMHO-OpUeHTHpOoBaHHBIX Tiporpamm (I1K-3).

B pe3ynbraTe 0CBOCHUS AUCLUILIMHBI O0Y4aIOIUICs JOKEH:

HNmethb npeacraBiaeHue: BeIyMCINTENbHBINA SKCIIEPUMEHT, OCHOBHBIE TIOHSTHSI, ONPEICTICHHUS,
MOJieNb, MojenupoBanue. (OCHOBHBIE JTalbl TOCTAHOBKM M TPOBEJACHUS BBIYHCIUTEIHLHOTO
skcriepuMenTa. Cdepbl NPUMEHEHHS  BBIYUCIUTENIBHOTO  DKCIEPUMEHTA.  BBIYMCIUTENbHBIN
AKCIIEPUMEHT B (PU3HUKE U MaTEMaTHUKeE.

3HaTh: 3HaTh OCHOBHBIE MOHATHS, PE3yJAbTaThl U 3aJaud (pyHIaMEHTAIbHOW MaTEeMaTHKU U
MEXaHUKH. 3HaTh OCHOBHBIE U CIIECHUAIbHbIE pPa3/ieibl MEXaHUKU >KUIKOCTEH, raza U IUIa3Mbl U
MEXaHUKH MHOTO(a3HbIX Cpell, KayeCTBEHHbIE U KOJIMYECTBEHHBbIE METOJbl HCCIEJOBaHUS
MEXaHUYECKUX CHCTEM, COBPEMEHHbIE TEHACHIIUU B Pa3pabOTKe MOJeNel MEXaHUKH.

YMerb: YMeETh NMPUMEHSATH OCHOBHBIE MaTeMaTHUECKHE METObl U aJTOPUTMBI JUISI PEIICHHS
CTaHJAPTHBIX 3aJlad MaTeMaTHUKA. YMETh (PU3NYECKH KOPPEKTHO CTaBUTh 3a/Jadyd MEXaHUKH
KUJKOCTEH raza W IJIa3Mbl M MEXaHWKH MHOTO(Aa3HBIX Cpel, BBHIOMpAaTh METOABl MX aHauu3a |
pelleHus, MPEACTaBIATh U HWHTEPIPETHPOBATh IOJYYCHHBIE pE3yJabTaThl, /1aBaTh KayeCTBEHHbIE
3aKJIIOUEHUSI O TIOBEJCHHM CIOKHBIX MEXaHWYECKUX CHCTEM, aHaJU3UpOBATh MPOTEKAIOIIHNe
MIPOLIECCHI.

Baanern: BJ'IaI[eTB METOAAMHU MAaTEMaTHYCCKOIO MOJACIMPOBAHHA W YUCIICHHBIMH MCETOJaMM
pPEeIICHNA AUCKPCTHBIX 3aJ1a4

IIpuoGpectn  ombiT:  [IpoekTupoBanme U  co3JaHUE  KOMIUJIEKCOB  MPOOJIEMHO-
OPUEHTUPOBAHHBIX MPOTPAMM JIJIsl IPOBEACHUS BHIYMCIUTEILHOTO SKCIIEPUMEHTA.

3. CTPYKTYPA U COAEPKAHUE JUCHUIIJIUHBI
3.1.  Cmpyxkmypa oucuuniunol

Pacnpenesienne TpyA0eMKOCTH TUCHHUILIMHBI 10 BUIaM Y4eOHbIX padoT

TpynoeMKoCTh
Bupa yueOHo# padoThl oo1mmas M3 HUX
3a4.el.| 4ac. Jlekn. | IIpak. | Cem. Cam.p.
OBHIAA TPYJAOEMKOCTD no YueGHOMY Miany 4 144 4 36 10 9
Ayoumopnuie 3anamus 14
Jlexuuu (JI) 4
ITpaktuyeckue 3ansaTus (I13) noaroToBka K sK3aMeHy 0
Cemunapsl (C) 10
Camocmoamenvnan paooma (CP) 6e3 yuéma 94
HPOMENCYMOUHO20 KOHMPOTIA:
CamonoaroToBka (npopaGoTka W MOBTOPEHHE JIEKIIMOHHOTO
MaTepuania W Marepuaja y4eOHMKOB M Y4eOHBIX TIOCOOMH, 36

NOArOTOBKAa K CEMHHAPCKMM MW  MNPAKTHYCCKUM 3aH$ITI/I$IM) 15
CaMOCTOATCIIbHOC U3YUYCHHUC TCM JUCHHUIIJIMHBI




Buo konmpons: sxzamen

3.2.

Cooeporcanue pazoenos OucCyunIuHbsl

O0u1ee cogep:xkaHue TUCHHUILINHBI

Ne HaumeHoBaHue dDopMa TekyLen
Conepxxanue Tembl (pa3jiena)
pasgena | tembl (pa3jea) aTTecTalnu
Brenenue.
1. OCHOBEI OCHOBHBIE MTOHATHS, OIPEEIICHHsI, MOJIEIb,
BBIYUCITUTETHHOTO MOJICTIMPOBAaHHE, CUMYJISIIIMS. BraucauTensHbIi O, 13
JKCIIEpUMEHTa 9KCIIEpUMEHT B pu3nke u MateMaTtuke. OCHOBHBIE
9TaIbl IOCTAHOBKH U IIPOBEJICHUS] BBIYUCIUTEIEHOTO
skcriepumenTa. Cepbl puMeHeHHsI
BBIYHCIIUTENBHOIO SKCIIEPUMEHTA.
WHcTpyMeHTanbHbIe Cpe/ibl M TaKeThl IPUKIIaHBIX
MpOrpamMM JiIsl BBITIOJTHEHHST BEIYUCIUTEIBHBIX
SKCIEPUMEHTOB.
2. OCHOBEHI OCHOBHBIE IPUHIMITBI MATEMATHUECKOTO
MaTEMAaTHUYECCKOI'O MOJCIIUPOBAHMA. IlonsaTne maTemMaTHUECKOMH MOACIIN. O’ 213
MOZEJIIUPOBAHUS Knaccudukarys MaTeMaTH4eCKuX MOJENIeH 1
METOJIOB MOJICIIMPOBAHUsL. AJIEKBATHOCTb
MaTeMatuueckoil Mozenu. [lonarue Bepudukamy u
BAJIMAALMY MAaTEMATUYECKON MOJIEIIN.
3. Pa3paboTka OCHOBHBIE TIOAXO/BI K Pa3pab0TKe MaTEMaTUIECKUX
MaTEMaTUYECKUX Mozeneit. Pa3paboTka MaTeMaTHYeCKUX MOJICIICH Ha 0O, /3
Mozeneu OCHOBE 3aKOHOB coxpaHeHus. Iloctpoenue
MaTeMaTHYECKHX MOeIe Ha OCHOBE BapHallMOHHBIX
NPUHIMIIOB. MEeTOABI ITIOCTPOSHUS U aHAIIN3a
JTUCKpEeTHBIX Mojeneil. CXOQUMOCTh M YCTOHYUBOCTh
JIUCKPETHOM MOJEIH.

IIpumeuanne: O — ompoc, J| — auckyccus (IUCHYT, KPYIJIBIHA CTOJ, MO3TOBOM IITYypM, poyieBas urpa), 3 — nomaiixee
3aganHue (3cce U mp.). GopMBI KOHTPOJIS HE SBISIOTCS JKECTKMMH U MOTYT OBITh 3aMEHEHBI IperofaBaTesieM Ha APYrylo
(opMy KOHTPONS B 3aBHCHMOCTH OT KOHTHHI'€HTa oOydarommxcs. Kpome Toro, Ha 3aHATHAX CEMUHAPCKHX MOXET
NPOBOAMTCS paboTa ¢ HOPMATUBHBIMHU JJOKYMEHTAMH, W3IaHUSMH CPEACTB MH(OPMAIMU U ITpoYee, YTO TAKKE OLEHHBACT-
sl IPEToIaBaTEeNIeM.

3.3. Jlekyuounvie 3anamus

Koa-Bo
4aCc0B

Ne Ne Pazjena

sansTs (emb1) Kparkoe conep:xkanue Pa3znena (Tembl)

BeruncianTenbHbIA SKCIIEPUMEHT: OCHOBHBIE TTOHATHS, ONpe/ieneHns. Moemb.
Monenupoaaue. Cumymanus. BerauciutensHeIA 9KCIIEPUMEHT B (PU3UKE U
MaTeMaTnke. OCHOBHBIE 3Tallbl TIOCTAHOBKU M IIPOBEIECHHS BBIUUCIUTEIHHOTO
skcriepuMmenTa. Cepbl MPUMEHEHHS BBIYUCIUTEIBHOTO SKCIIEPUMEHTA.
OCHOBHBIE OHATHS MaTEMaTHIECKOTO MOJECTUPOBAHMS. DIIEMEHTapHBIE
MaTeMaTnieckue Mozenu. OCHOBHbIE IPHHIUITEI MaTEMaTHIECKOTO 2
MoznenupoBaHus. [TorsaTre Maremarnueckoi Mmozenu. CxeMaTHIHOe
TIpeACTaBlIeHNEe 00beKTa MoepoBanusl. CHcTeMa ONpeersTIoIInX
ypaBHeHuH. HauanbHble JaHHBIE U TPAHUYHBIE yCIO0BUs. [[uHamuueckue u
CTaTHCTHYECKNE MOJIeNTl. Mozien 1eTepMUHNPOBAHHBIE U CTOXACTHIECKHE.
Mopnenu crarioHapHbIE, KBa3UCTALMOHAPHBIE M HecTannoHapHble Mozenn
HETIPEPbhIBHbIE U TUCKPETHBIE.

Tpu moaxoxa k pa3paboTKe MaTeMaTHIECKUX MOJIETIEH: TEOPETHUECKHH,
SMIMPUIECKIHA ¥ KOMOMHUPOBAHHBIH, TPH Kilacca MeTo/10B. Pa3paboTka
MaTeMaTU4eCKUX MOJENEH Ha OCHOBE 3aKOHOB coxpaHeHus. [locTpoenue 2
MaTeMaTHYeCKUX MOJeIe Ha OCHOBE BAPHAIIOHHBIX NPUHIINIIOB. AHAIN3
JICKPETHBIX MOJIENIEH - CXOMMMOCTh M YCTOHYMBOCTB.




BCEI'O 4

3.4. Cemunapckue 3anamus

e e Kpartkoe conep:xanue Pa3nesna (Tembi) LR
3aHATHSA (TeMBbI) P Aep A 4acoB

MaremaTtuueckoe MOICINPOBAHUE KaK OCHOBHOI HHCTPYMCHT
3. 1 BBIYUCIIUTECIIBHOI'O 3KCIICPUMCEHTA. OCHOBHBIE TTOHITHS MaTEMaTHUYECKOT'O 2
MOACINPOBAHUS. :)JICMeHTapHBIe MAaTCMaTHYCCKHUEC MOICIIN.

[TonsTHe MaTeMaTHIecKOi Monen. CXeMaTHYHOE MPECTaBICHHE 00hEKTa
MOJIETUPOBaHus. BEKTOpbI BXOAHBIX KOOPJUHAT, BAPbUPYEMBIX MTApaMeTPOB U
4, 2 BBIXOJHBIX KOOPIUHAT 00BheKTa. BekTop mapamMeTpoB MaTeMaTHIeCKOH MOJICIIH. 2
Cucrema omnpenensonmx ypaBHeHuid. HauanbHble JaHHbIE U TPaHUYHbBIE
YCIIOBHSL.

Pa3paboTka MaTeMaTHUECKUX MOJIENICH HA OCHOBE 3aKOHOB COXPAHEHHSL.
[pumep pa3paboTKH MaTEMAaTHYECKON MOJICITH MOJIEKYISApHOMN Tud(y3un.
5. 3 [pumep pa3paboTKU MaTEMAaTHYECKON MOJIENH TETIIOMPOBOTHOCTH 2
(muddepennmanpHOe ypaBHEHUE TETUIONPOBOAHOCTH). JnddepeHunansaoe
ypaBHEHHE KOHBEKTHBHOTO MepeHOca Tera.

Pa3paboTka MaTeMaTHYECKUX MOJIeleil Ha OCHOBE 3aKOHOB COXPaHEHUSI.
[Tpumep pa3pabOTKK MaTeMaTUIECKOW MOJIECIH THAPOIMHAMUKH. [Ipumep
6. 3 pa3paboTKK MaTeMaTHYeCKOH MOJIeNH 1e()OPMUPYEMOTO TBEP/IOrO TeNa. 2
ITocTpoeHne MaTeMaTHUECKUX MOZEIEeH Ha OCHOBE BapUAI[MOHHBIX IPUHIIUIIOB.
YpaBHEHYsI IBUKEHMS U 3aKOHbI coxpaHeHus. Ilpumepsl.

7 1 I/IHCprMeHTaJ'ILHLIe CpE€abl U MMAKEThI NPUKIIAAHBIX IpOorpaMm IJIs1 BBIITOJTHECHUSA 2
) BBIYHCIUTCIIBHBIX OKCIEPUMEHTOB.

BCET'O 10

4, TEKYIIAA U ITPOMEKYTOUYHASA N UTOI'OBAA ATTECTALIUA.
®OHJA OOEHOYHbBLIX CPEACTB

Texymass arrecTauusi acnupaHToB. Tekylias aTTecTalus AaclUpPaHTOB IPOBOJUTCS B
co0TBETCTBUU C JoKalbHbIM akToM OUIL] UIIM um. M.B. Kenasima PAH - Tlosnoxxennem o Tekymien,
MPOMEKYTOYHOM M uTOroBou arrecramuu acnupantoB OUIl MIIM um. M.B. Kengsima PAH mno
MporpaMMam BBICIIEr0 0Opa3oBaHHUs — MporpaMMaM IMOATOTOBKH HAy4YHO-TNEAArOTHUYECKUX KaJpOB B
acmHUpaHType U SIBIsIeTCS 003aTeNbHOI.

TeKymaﬂ arreécrauus 1o JUCHUIINIMHE IIPOBOAUTCS B (bOpMC oIpoca, a TaKK€ OLICHKH BOIIpOocCa-
OTBCTA B PAMKax y4dacCTus O6y‘laI-OH_[I/IXC$I B IUCKYCCHUAX U PA3JIMYHBIX KOHTPOJIBHBIX MCEPOIPUATHAX
110 OICHHUBAHUIO q)aKTI/I‘leCKI/IX PE3YyJIbTaTOB O6y‘IeHI/IH, OCYIICCTBJIACMBIX MMPEIIOAABATCIIEM, BEAYIIITUM
AUCHUIUINHY. OHCHO‘IHLIC cpeacTtBa A TCEKYHICro KOHTPOJA YCIICBAEMOCTH, HpOMe)KYTOqHOﬁ
aTTcCTailuu 110 H”TOIr'aM OCBOCHMA NJHCIHUIIIIMHBI CM. HHXKC.

OObexTamMu OLCHUBAHUS BBICTYIIAKOT:

- yqe6Ha51 AUCHUIUIMHA — AaKTUBHOCTBH Ha 3aHATHAX, CBOCBPCMCHHOCTDH BBIIIOJIHCHUA
Pa3JINIHBIX BUIOB 38.IlaHI/II\/’I, nocemacMoCThb 3aH5[THI>'I;

- CTCIICHb YCBOCHHA TCOPCTUUCCKUX 3HAaHUU H YPOBCHL OBJIAACHUA TPAKTUUCCKUMU
YMCHHAMHU MU HaBblKaMH 110 BCEM BHIaM yqe6H01“4 pa60TBI, MMpOBOJUMBIX B paMKax
CCMUHAPOB, IMPAKTUYCCKUX 3aHATHU U CaMOCTOSTEIbLHOMN pa6OTBI.

OneHrBaHue 00ydaroIerocs Ha 3aHATUSX OCYLIECTBIISIETCS C MCIOJIb30BAaHMEM HOPMAaTHBHBIX
omeHoOK 1o 4-x OampHOM cucteme (5-oTiamuyHO, 4-XOpomio, 3-yJOBIETBOPUTEIBHO, 2-
HE Y/I0BJIETBOPUTEIIBHO).

OneHoOYHBIE CPEACTBA /ISl TEKYLIEro KOHTPOJISA YCIIeBAeMOCTH, IIPOMEKYTOYHOI
aTTecTalliy 110 UTOraM OCBOCHHS JMCIUIIIMHBI.




. Bun
(I)opMa ROHTpOJ’IH SHAHHUU HpnMeqa}me
aTTreCralnmm
MpOBEpOYHbIe pabOThl B TEYEHHUE | TeKyIas Hwuxe MIPUBEICHBI NepeUYCHU
BCEIro Kypca PEKOMEHYEMBIX KOHTPOJIBHBIX BOIIPOCOB
OK3aMCH HUTOIroBas

[IpuMepHBI nEepedYeHb PEKOMEHIYEMBIX KOHTPOJIBHBIX BOIIPOCOB ISl OLICHKH TEeKYIUEro

YpOBH$ YCIIEBAEMOCTH CTY/ICHTA!

1. BeruncnuTenbHbIN SKCIEPUMEHT: OCHOBHBIE TIOHSITHS, OTIPEICIICHHS.

Monens. MoaenupoBanue. Cumynsnusi. BerunciaureabHblid SKCIEPUMEHT B (PU3HKE U MaTeMaTHKeE.

2. OCHOBHBIE 3TaIlbl TOCTAHOBKHU U MIPOBEJICHUS BHIYUCIUTEIIBHOTO SKCIIEPUMEHTA.

3. Cdeprl npuMeHEHHS BHIYUCIUTENBHOTO IKCIIepUMeHTa. CUTyaliu, B KOTOPBIX

BBIYUCIIUTEIBHBIA DKCIEPUMEHT MOXKET OBITh E€IMHCTBEHHBIM MHCTPYMEHTOM HCCIICIOBAHUSI.
[Ipumepsl.

4. MartemaTH4eCKOE MOJICTUPOBAHNE KaK OCHOBHON MHCTPYMEHT BBIYMCIIMTEIILHOTO AKCIIEPUMEHTA.
OcHOBHBIE TIOHATHSI MATEMATHYECKOTO MOJICIIUPOBAHUS. DIIEMEHTAPHBIE MATEMaTHIECKHUE MOICIIH.

5. OcHOBHBIE MPUHIUIIBI MATEMATHUECKOTO MoienupoBanus. [IpuHiun nHpopmMauoHHON
noctatoyHoCTH. [IpuHimn ocymectBumMoctu. [IpuHIIMIT MHOX)ECTBEHHOCTH Moaenen. [Tpuanumn
arperupoBanus. [IpuHIIUT TapamMeTpu3aIum.

6. [lonstue maremaTrueckoit Moaenu. CXxeMaTudHOE TPEICTaBIeHNE 00bEKTa

MOJIETUPOBaHUs. BEeKTOpBI BXOJHBIX KOOPJIUHAT, BAPHUPYEMBIX TTAPAMETPOB U BBIXOJHBIX KOOPIMHAT
o0bekTa. Bekrop mapamerpoB MaremaTudeckor Mojenu. CucTema ONpeAesIoNNX ypaBHCHHM.
HavanbHble 1aHHBIE U TPAHUYHBIE YCIOBHSL.

7. Knaccudukamus maTeMaTHYECKUX MOJEIeH W METOJO0B MoJaenupoBaHus. JluHamuueckue u
CTATUCTUYECKME MOJIENH. MoJenu ¢ paciipeieIEeHHBIMU U COCPEIOTOYEHHBIMU ITapameTpamMu. Moaenu
JNETEPMUHUPOBAHHBIE W  CTOXacTuyeckue. Mopaenn CTauuMoOHapHblE, KBAa3UCTAllMOHApHBIE U
HecTalMOHapHble MoJienn HenpepbIBHBIE U JUCKPETHBIE.

8. AJIEKBaTHOCTh MaTeMaTHYECKOW MozAeiu. MeToabsl NPOBEPKU aJeKBATHOCTH Mojenu. [loHsarue
BepuUKalMU U BAIUIAIUN MaTeMaTuueckoi mojienu. [Ipumepsi.

9. Tpu noaxoaa K pa3paboTKe MaTEeMAaTHUECKUX MOJEIICH: TEOPETHICCKHH,

SMIUPUYECKUN U KOMOMHUPOBAHHBIN, TpU Kilacca MeToA0B. [IpumMepsl pazpaboTku

MAaT€MAaTHYECKUX MOJIEJEH C MOMOLIBIO 3TUX MOAXOJOB M CPABHUTEIBHBIM aHAJINU3, JTOCTOMHCTBA U
HEJOCTATKHU.

10. Pa3paboTka MaTeMaTHYeCKUX MOJENe Ha OCHOBE 3aKOHOB coxpaHeHus. llpumep pazpaboTku
MaTeMaTH4eCKON MOJIeIH MOJIEKYISIpHON Audy3um.

11. Pa3paboTka MaTemMaTH4eCKUX MOJENEel Ha OCHOBE 3aKOHOB coxpaHeHus. [Ipumep pazpaboTku
MaTeMaTH4eCKOH MOJENH TeIJIONPOBOTHOCTH (IuddepeHnanbHoe YpaBHEHHE TETIOPOBOIHOCTH).
JuddepennnanbHoe ypaBHEHHE KOHBEKTHBHOTO MEPEHOCa TEeIlia.

12. Pa3paboTka MaTeMaTHYeCKUX MOJENed Ha OCHOBE 3aKOHOB coxpaHeHus. llpumep pa3paboTku
MaTeMaTH4YE€CKOM MOJIEIH TUIPOIUHAMUKH.

13. Pa3paboTka MaTreMaTHYeCKHX MOJElell Ha OCHOBE 3aKOHOB coxpaHeHus. lIpumep pa3paboTku
MaTeMaTH4eCKOU MoJienu 1ehOpMUPYEMOTO TBEPOTO

Tena.

14. TlocTpoeHne MareMaTHYECKHMX MOJIEJ€l Ha OCHOBE BapHUALIMOHHBIX IPUHIIMIIOB. YpaBHEHUS
JBUKEHUS U 3aKOHBI coXpaHeHus. [Ipumepsl.

15. HcTpyMeHTaNbHBIE CPEbl M TAKETHI MPUKIIATHBIX MPOTPAMM JJIsl BBIOTHEHUS BHIYUCIUTEIBHBIX
AKCIIEPUMEHTOB.

16. Metoapl MOCTPOCHUS M aHAJIN3a AUCKPETHBIX Mojesied. CXOAUMOCTh U YCTOMYMBOCTh AUCKPETHOM
MOJIENH.




17. Mogenu OHOJOTHYECKUX CHUCTEM, OIMCHIBAEMbIE OJHUM JH(QPEepeHINATBHBIM ypaBHEHUEM.
Mogenu pocra nonynsuuu. Mogens Mainbryca.

18. Knaccudukarmst 3koHOMHYECKHX Mojeneid. OCOOEHHOCTH MPUMEHEHHsI METO/1a MaTeMaTHIECKOTO
MO/ICTTUPOBAHUS B COIIMANTBHO-IKOHOMHYECKUX UCCIIETOBAHMSIX.

Hrorosas arrecraums acnupaHroB. IIpoMexyrouyHas arrectanus acnupaHTOB 110
JUCLHMIUIMHE MPOBOJUTCA MPOBOJUTCS B COOTBETCTBHM C JIOKaIbHbIM aktoM DPUI] UIIM um. M.B.
Kenppima PAH — [lonoxenuem o Tekylied, NpOMEXyTOUYHONH M UTOTOBOW aTTECTALlUU ACIIUPAHTOB
OUL UIIM um. M.B. Kengsima PAH mno mporpammam BeIciiero o0Opa3oBaHHsi — IIporpaMmmam
MIOATOTOBKH HAayYHO-TIEJarOrMUECKUX KaJIpoB B aCIIUPAHTYpPE U ABJIAETCS 0043aTEIbHOM.

Wrorosas arrectanus no JUCHUILIMHE OCYIIECTBISETCS B JOpME dK3aMeHa B MEPHOJ] 3a4ETHO-
9K3aMEHALIMOHHOW CEeCCMM B COOTBETCTBUM ¢ ['papukomM ydeOHOro mpolecca IO MpUKa3y
(pacmopspKeHUI0 3aMECTUTENI0 JUPEKTOpa MO HaydHou pabote). OOydarommuiics JOMycKaeTcs K
9K3aMEHY B Cllydya€ BBINOJHEHHUS] acCHUPAHTOM BCeX Y4YeOHbIX 3aJaHUil U  MEpOIPUSTHH,
MPEeyCMOTPEHHBIX HacTosed mnporpamMmoi. B ciaydae Hamuuus ydeOHOHM  3a107KEHHOCTH
(IpOMYIIEHHBIX 3aHATUN W (UJIM) HEBBINIOJHEHHBIX 33JJaHUi) aCOUPAHT OTPaOATHIBAET MPOIYILIEHHbIE
3aHSITHS U BBITIOJHSET 3a/1aHNUA.

OrneHuBaHue 0OYYArOMIETOCS HAa MTOTOBOM aTTECTAIMHM OCYIIECTBIISETCS C HCIIOJIH30BAaHUEM
HOPMATHBHBIX OIICHOK Ha 3k3amMeHe — 1o 4-x OajnpHOW cucTeMbl (5 — ommyHO, 4 — xopomo, 3 —
YIIOBJIETBOPUTENHHO, 2 — HEYJOBJIETBOPHUTEIBHO).

OueHnBaHue aCIUPAHTA HA POMEKYTOYHOM aTTecTaluu B Gopme IK3aMeHa

Onenka Tpeﬁonalmﬂ K 3BHAHUAM M KPUTEPUH BBICTABJICHUSA OLICHOK

OtcyTcTBHE 3HAHUI
2, HEYJIOBJIETBOPUTEIHLHO

OO1mue, HO He CTPYKTYPHUPOBAHHbIE 3HAHUSI METOOB KPUTHYECKOTO aHalU3a U OLIEHKH

3, YHAOBIETBOPUTEIIBHO COBPEMEHHBIX HAayYHBIX JOCTIKEHMH, a TakKe METOJOB I'€HEPUPOBAHUS HOBBIX HJEH
2

TIPU pELICHHH UCCIIE0BATENbCKUX M MPAKTHYECKUX 3a7au

CdopmupoBaHHbIe, HO COZEeprKalle OTACIbHBIE MPOOesbl 3HAHUS OCHOBHBIX METOIOB
KPUTHUYECKOTO aHajih3a M OLEHKH COBPEMEHHBIX HAYYHBIX JOCTHXKEHHUM, a Takxke

4, XopoLo METOJIOB TCHEPUPOBAHUS HOBBIX HAEH TP PpEIICHUH HCCIEHO0BATENBCKUX U
MIPAaKTHYECKUX 33Ja4, B TOM YHCIIE MEXKIUCIUIUIMHAPHBIX
CdopMupoBaHHBIE CHCTEMAaTHYECKHE 3HAHMS METOOB KPUTHUYECKOTO aHAJIM3a U OLEHKH
5. OTIIHYHO COBPEMEHHBIX HAayYHBIX JOCTIKEHMH, a TakKe METOJOB I'€HEPUPOBAHUS HOBBIX HEH
5

IIpu  pPEIICHUH  HUCCICHOBATCIBCKUX W IPAKTHYECKHUX 3aJa4, B TOM  YHCIC
MEKINCIUTIINHAPHBIX

Cnucox BOIIPOCOB K IK3aMEHY.

1. BbuncIUTENbHBIN SKCIEPUMEHT: OCHOBHBIE MOHSATHUS, ONPEACTICHHUS.

2. Mopnens. MogenupoBanue. Cumynsauus. BpluMcauTenbHBI SKCIEpUMEHT B (U3UKE U
MaTeMaTHKe.

3. OcHOBHBIE 3Tarnbl IOCTAHOBKHU U MTPOBEAECHUS BBIYMCIUTEIBHOTO 3KCIIEPUMEHTA.

4. Cdepsl NpUMEHEHUS BBIYUCIUTEIBHOTO 3KCIIepruMeHTa. CUTyalluu, B KOTOPBIX BHIYUCIUTEIbHBIN

OKCIICPUMCHT MOKCT OBITH CANHCTBCHHBIM MHCTPYMCHTOM HCCJIICIOBAaHU. HpI/IMCpBI.



10.

11.

12.

13.

14.

15.

16.

17.

MareMarruueckoe MOJECIMPOBAHUE KaK OCHOBHOM MHCTPYMEHT BBIYMCIUTEIBHOTO SKCIIEPUMEHTA.
OcHOBHBIE OHATHSI MATEMATUYECKOTO MOJICIIMPOBAHUSA. DIIEMEHTAPHbBIE MAaTEMATUYECKUE
MOJIEJIN.

OcCHOBHBIE IPUHIIUITEI MATEMATUIECKOTO MoienupoBanws. [IpuHimn nadopManmoHHON
noctatoyHOCTH. [IpuHimn ocymectsumMoctu. [IpuHIM MHOX)eCTBEHHOCTH Moaeen. [Ipuanun
arperupoBanus. [IpuHIIMN napameTpuzaiuu.

[lonarue maremaruueckoi mopenu. CxemMaTHYHOE MPEACTaBICHHE OOBEKTa MOJCITUPOBAHUS.
BekTopsl BXOIHBIX KOOpPJIWHAT, BapbHPYEMBIX MapaMeTPOB M BBIXOJHBIX KOOPAMHAT OOBEKTA.
Bektop mapamerpoB MartemaTudeckoil wmojaenu. CucTemMa OMNPENENSIONUX  yPaBHEHHIA.
HauanpHbie naHHbIE U TPAHUYHBIC YCIOBHSL.

Knaccudukanus maremarnueckux MOJENIEed W METOJOB MOJEIUpoBaHUs. JIMHAMUYECKue u
CTaTUCTUYECKHE MOJENH. Mozenu ¢ pacnpeleleHHBIMH M COCPEIOTOYEHHBIMU IMapaMeTpaMHu.
Mogenu neTepMUHUPOBAHHBIE U CTOXacTUUeCKHe. MOJenn cTallMOHApHBIE, KBA3UCTAIIHOHAPHBIE
Y HecTalnoHapHbie Moien HeTPepBhIBHBIE U TUCKPETHBIE.

AJIEKBaTHOCTh MaTEMAaTHYECKOW Mozenv. MeToabl MpOBEpPKUA aAeKBaTHOCTH Mojenu. [lonstue
Bepu(HKaIMK U BATWAIIMNA MaTeMaTHu4decKon moaenu. [Ipumepsr.

Tpu moaxoma kK pa3paboOTKe MaTeMaTHUYECKHX MOJENCH: TEOPETUUYECKUM, SMIUPUUYCCKUN |
KOMOMHHMPOBAHHBIN, TpH Kjacca MeToA0B. [IpuMepsl pa3pabOTKM MaTeMaTHYEeCKHUX MOJeJeH ¢
ITOMOIIIBIO ITUX MOJAXOJ0B U CPABHUTEIbHBIN aHAIN3, JOCTOMHCTBA U HEJOCTATKH.

Pa3paboTka MaremMaTuueckux MoJeJel Ha OCHOBE 3aKOHOB coxpaHeHHs. [Ipumep pazpaboTku
MaTeMaTH4eCKOU MOJIeIH MOJIEKYIISIpHON AU Py3uu.

Pa3paboTka mMaTemMaTuyecKux MOJIeNei Ha OCHOBE 3aKOHOB coxpaHeHus. Ilpumep pa3paboTku
MaTEeMaTHYECKOU MOJeNn TEIJIONPOBOJHOCTH (muddepenmmanbuoe ypaBHEHUE
TeruionpoBogHocTH). JuddepenunansHoe ypaBHeHHE KOHBEKTUBHOTO MEpEeHOCa TEIUIa.
Pa3paboTka mMaTemaTuuecKux Mojeleil Ha OCHOBE 3aKOHOB coxpaHeHus. [Ipumep pa3paboTku
MaTeMaTH4YE€CKON MOJIEIH THIPOIUHAMUKH.

Pa3paboTka mMaTemaTuuecKux Mojejeil Ha OCHOBE 3aKOHOB coxpaHeHus. [lpumep paszpaboTku
MaTeMaTH4eCKOU MoJienu 1ehoOpMUPYEMOTO TBEPJOTO Tea.

[TocTpoeHne MaTreMaTHYeCKMX MOJIEJI€l Ha OCHOBE BapHALIMOHHBIX MPUHLMUIIOB. YpPaBHEHUS
JBUKEHUS U 3aKOHBI coxpaHeHus. [Ipumepsl.

NHcTpymeHTanbHble  CpeAbl M MakeThl MPUKIAOHBIX  OpOrpaMM Ui BBINIOJIHEHUS
BBIYUCIIUTENIbHBIX 3KCIEPUMEHTOB.

MeTtoasl TNOCTPOECHHMS W aHalW3a JUCKPETHbIX Mojene. CXOOuMOCTh M YCTOMYHMBOCTh

JUCKPETHON MOJIETH.
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18. Mopnenu OMONOTHYECKUX CHCTEM, OINHChIBaeMble OJTHUM AH(depeHInanbHbIM ypaBHEHUEM.
Mogenu pocra nonynssuud. Mogens Mainbryca.
19. Knaccupukamusi ~ SKOHOMHUYECKHMX  MOJICNEH. OcobeHHOCTH ~ TpPUMEHEHHS  MeToJa

MaTEMaTH4YCCKOTO MOACIIMPOBAHUA B CONUAIBHO-OKOHOMUNYCCKHUX UCCIICAOBAHUAX.

20. YYUEBHO-METOJIUWYECKOE OBECHHEYEHHME JUCHUIIJIMHBI

OcHnognasa numepamypa

1. Camapckuii A.A., Muxaiinos A.Il. Marematnueckoe MoaenupoBanue.- M.: @uzmatiur, 2012.

2. Camapckuii, A.A., I'ynun A.B. Uucnennsie metossl. - M., Hayka, 2011.

Hononnumenvnan rnumepamypa u Hnmepnem-pecypcol
1. Mowucees H. H. MaremaTuka craBut skciepumeHT. M.: Hayka, 1975.
2. K.O. IInoxorHnkoB. Martematndyeckoe MOJACIHPOBAHHE W BBIYMCIUTEIBHBIN JKCIIEPUMEHT:

MeTooJIorHs U npaktuka. http://intsys.msu.ru/magazine/archive/v13(1-4)/plokhotnikov-005-032.pdf

21. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHBI

Jlna obecrieyeHUs] WMHTEPAKTUBHBIX METOJOB OOYy4YeHHs JJsl YTEHMs JIeKUud Tpelyercs
ayTUTOpUS C MyJIbTUMEIUA (BO3MOXEH BapUaHT C UHTEPAKTUBHOM JJOCKOM).

Jlisa mpoBeneHusi JUCKYCCUH W KPYIJIBIX CTOJIOB, BO3MOJKHO, HCIOJIb30BAHUE ayTUTOPUHN CO
CHelHaIbHBIM PACHOJIOKEHUEM CTOJIOB U CTYJIbEB.

HUCHOJIHUTEJIA (pa3paboTyuku MporpaMmebl):
MenbmoB U.C., UTIM um. M.B. Kennpimra PAH, Beaynuii HaydHbIH COTPYAHHK, 1.¢.-M.H.
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