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ycraHoBOK»; 0431-2 — cmenmanpHOCTE «XWMHYECKass TEXHOJIOTHS MAaTEepPHajOB COBPEMEHHOH JHEPTeTHKID).

PaccmoTpenune npoBeneHo B cucTeMe 3-X mokaszaTesieil BeTynutenbHbIx ucnbsitanmid ([IBW): EI'Dp — pesymsrater ET'D
o pycckomy s3eIKy, EI'OM — mo matematnke, EI D¢ — mo ¢usmke. CratucTideckoe MOAETHPOBAHNE MPOBEIEHO B
cucteme Statistica.

Ha ocHoBe koppemsiumonHoro ananuza [IBM meronom riaBHBIX KOMIIOHEHT Oana moctpoeHa (akTopHas
Mmonens [IBM, B pamkax KOTOpoil ObLIM MOJSy4eHbl HOBBIE (aKTOpHbIE TIoKazaTesnd. MDakTopHbBIE HArpy3KH
nepBoHauanbHbix [IBU  paspemmnuce mo Qakropam criepyromM obpazom: ¢daktop 1 — dakrop Qusnko-
MaTeMaTHYeCKNX 3HaHWU cTyaeHTOB (PdM) xapaKTepu3yeTcsl MOJOKHUTEIBHON KOPPEIIHOHHOM cBs3pio ¢ EI'DOM u
EI'D¢d; daxrop 2 — dakrop rymaHuwTapHBIX 3HaHUH cTyaeHTOoB (®r) xapakrepusyeTcs IOJOKUTEIBHON
KOppENAOHHOH cBsi3bio ¢ EI'Dp.

B moctpoerHOM 2-X MepHOM (akTopHOM IpocTpancTBe {Ddm, Dr} mpoBepeH KIaCTEpPHBIH aHATN3 YICOHBIX
rpynn @TU no ux rpynmoBbIM cpedHHUM. B pesynpTare kiacTepusanuu OBIIO MOJSy4YeHO pa3duenue 12 rpymm Ha 5
knactepoB: K1— rpynmer 0A33, 0432; K2 — 0A32, 0A34, 0B31, 0431; K3 — 0731, 0732; K4 — 0A35, 0/131; K5 — 0A31,
0B31. CoryiacHO AHMCIIEPCHOHHOMY aHAJIHM3y KIAcTEphl IPYI CTYACHTOB Pa3IMYarOTCs BBHICOKO 3HAYUMO IO (hakTopy
ddm (yposens 3Hauumoctu p =~ 0,00001 < 0,0005) u cuibHo 3HaunMo o Pr (Ha yposue 3HaummMoctu 0,0005 < p =
0,003 < 0,005). Aranmu3upys KIacTepHBIC CPEeIHIE, MOKHO CIENaTh BBIBOA, YTO TPpymITsl Kiactepa K1 mMeroT BEICOKHE
3HaHUS [0 TEXHUUYECKUM IpeMeTaM U cpelHue Mo rymMaHuTapHbM; K2 — cpeaHue 3HaHUS 1Mo BceM mpenmeram; K3 —
BBICOKHEC 3HAHUA IO BCEM IMPCAMETaM; K4 — Cp€aAHUC IO TEXHUYCCKUM U HU3KUE 110 T'YMAaHUTAPHBIM, K5 — Huskue mo
TEXHUYCCKUM U CPCAHUC 110 T'YMAaHUTAPHBIM.

[TocTpoeHHbIe (hakTOpHast M KiacTepHas Mojaenu o0pa3oBaTeNIbHOrO MPOCTpaHCTBa Ha npumepe EI'D moryt
OBITh IPUMEHEHBI IIPU NPOBEACHNH MOHHTOPHHIA BCTYIHTEIBHBIX HCIIBITAHWUM M TEKyIlel yCIIeBaéMOCTH CTYICHTOB
BY30B [2].
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IIporece n3ydeHus Kypca MaTeMaTHIECKOTO aHAJIN3a B TEXHUUECKOM BYy3€ MPEACTaBIsieT co00H pa3paboTKy H
co3/laHue OaHKa BaKHEHIIMX MaTeMaTHYECKHX MOJENEH, B IIEPBYIO OYepe/b NpeJHAa3HAUYEHHBIX /IS pelIeHus 3aj1ad
JIUCLUITIMH €CTECTBEHHOHAYYHOTO ¥ TEXHMYECKOTO IUKJIA. TaKMMHU MOJAEISMHE SIBJISIFOTCS KJIacChl (DYHKIMH, HAIpUMeD,
3JIEMEHTapHbIE, UMEIOLIHE TIpeiell, HelpephIBHbIE, Tu(depeHIpyeMble, HHTEIpUpYyEMBIE.

ITocTpoeHne MareMaTHYecKOW MOJENM HAa4YMHAETCS C (OPMUPOBAHHMS OCHOBOIIOJATAIOUIETO ITOHSTHS,

KOTOpPOMY, KakK TIIpaBUJIO, MNPEAMICCTBYET PCIICHUE KOHKPETHBIX MPAKTUYECKUX 3aaady C TOCICAYIOINUM
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a0CTparupoBaHUEeM OT UX KOHKPETHOT'O COJCpP)KaHMUS M BBIBICHUS OOILIETro, MPUCYIIEro MM MaTeMaTHYeCKOro CMBICIA.
Tak MosABIAIOTCS, HAIPUMED, IIOHATHS TIpeaena, MPOU3BOJHON, HHTerpana. OHM XapaKTepU3yITCs BBICOKOH CTEIICHBIO
a0CTPaKTHOCTH, 3HAUYUTEIILHOW HHPOPMALIMOHHOI eMKOCTBIO, 0OeCIIeYHBarONIeil yHUBEPCAIBbHOCTD UX PUMCHEHHSI.

OcHoBoroJIararolee CBOHCTBO (PyHKLIUH SIBISETCS CHCTEMOOOPA3yIOLIMM B IPOLECCE MOCTPOSHHS KIIACCOB
GbyHKIMH.

OcranoBuMcs 6onee moapoOHO Ha (HOPMHUPOBAHUM Kiacca (YHKIMH, UMEIOIINX KOHEYHBIH Mpe/ie B TaHHOW

touke: lim f(X) = A. Onpenenenne npenena — 510 pasmuumsie npeacrasnenns crpemnenns 1 (X) — A mpu
X—>Xg

XX,

C ¢usnuecKkoil TOYKU 3peHUs MOHATHE NpeeNia XapakTepusyeT NoBeeHne QYHKIMU B TOUKe X, BBIABIAA B
HEM MPUYMHHYIO OOYCIIOBICHHOCTh MOJEIHPYEMOTO €0 mporecca. JTO OOCTOSTENHCTBO IMO3BOJISET IOHATH, YTO

npeaei q)yHKL[I/II/I MOXET OBITh OIIPCACIICH TOJIBKO B HpeZ[eHBHOI;‘I TOYKEC XO MHOXECCTBa X , Ha KOTOPOM 3aJaHa

GyHKIHSA.
Haubonee obmumM onpeaeneHueM npesena GyHKIUHE B TOUKE SBISETCA ONpeeleHHe Ha A3bIKe OKPECTHOCTEH,

XapaKTepu3ylollee €ro I'eOMETPUYECKUH CMBICI U SBISIOLICECS OCHOBaHHEM YAOOHOTO JUIsi IMPAaKTHYECKOTO

npuMeneHus ompexenenns mpefena ma sswike £—0: Im f(X) = A < Ve>0 30(6)>0 wx:

X—>Xg

xeXN0< | X—= X0| <d(¢) 3| f(x)— A| < & . C moMomp0 3TOro ONMpPEAENEHUs JA0Ka3aTeNbCTBO PABEHCTBA

im f (X) = A cBoaures k YCTaHOBJIEHUIO SKBUBAJIEHTHOCTH JIByX HEPaBEHCTB.
X—>Xg

Haxkonern, TpeThe ompejercHue Mpenenia (PYHKIUH «HA S3bIKE MOcieqoBaTebHOCTel» (mo I'eline): lim
X—> X

f (X) - As V{Xn}: X, #Xgr X, > Xg f (Xn) — A. Onpenenenue npesiena no IeifHe ucHonb3yeTcs Kak B

JIOKa3aTeIbCTBAX, TAK U B HAXOXKACHUH MTPEJICIIOB U IPUOIIKEHHBIX BEIYUCICHHSX.
Kak wu mr000e MaremaTtHueckoe BBICKA3bIBaHHWE, IIOHATHE TMpejeiia SIBISETCS JIOTHYecKoit (opMoi,

MO3BOJISIIOIIEH paboTaTh C HUM IO TpPaBWJIAM MaTeMaTHYECKOM JIOTMKH, HAalpHUMeEp, CTPOWUTh €ro OTpHUIaHHE.
MHoxecTBO BceX (yHKUMH, MMEIOMNX KOHEUHBIH mnpejen B Touke X, ¢ apUPMETHYECKMMH ONEpalHsiMH HaJ
(GYHKIMAMH, KOMIIO3UIMSAMH ¥ CPaBHEHHEM (YHKIMH C MTOMOIIBIO COOTBETCTBYIOIINX TEOPEM HPEIEIFHOTO IIepexoaa
00pa3yIoT Lebli Kiace pyHKIMH, HMEIOMNX KOHEYHBIH npesen B Touke X, cO CBOEH ONepallMOHHOH CHCTEMOI.

Beigenss B 9TOM Kiacce MOJIMHOXKECTBO NMOCTOSHHBIX (YHKLIUHA W OECKOHEYHO ManbiX (YHKIHME, MOXHO
OIPENICNTUTh €ro CTPYKTYpY: Kakaas (GYHKUHWS 3TOro Kiacca NMPEACTaBHMAa B BHIE CyMMbI NMOCTOSHHOW (YHKIHMH U
0eCKOHEYHO MayIoi (pyHKIMH. DTO CBOICTBO yKa3bIBaeT Ha OIPEICIIAIONIYI0 PONb OECKOHEYHO MAalbIX (YHKIUH B

TIOHATHUH NIPEACIa U ABJIACTCA XapaKTCPUCTHICCKUM CBOMCTBOM (t)yHK[H/II/I, I/IMC}OH_IGﬁ KOHEYHBIN Mpeacii B TOUYKE.

AHanorn4HeIM 00pa3oM omnpejenserca Kinacc OeckoHe4HO Oonbmimx B Touke X, (yHKUMA co cBoei

OIEPALMOHHOM CHCTEMOH M yCTaHABIMBAETCS €r0O CBA3b CO MHOXKECTBOM (DyHKLMMH, OECKOHEYHO MalbIX B TO4ke X .

Takum >xe oOpasoMm ¢GopMHpYIOTCA KiIacChl (YHKIHWH, WMEIOMWX KOHEYHBIH W OECKOHEYHBIH Mpeaensl Ha

OECKOHEUHOCTH C COOTBCTCTByIOIIICﬁ OHepaHHOHHOﬁ CHCTEMOM.
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I[O6pOTHO€ OCBOCHHMEC a30B MAaTEMAaTHYECKOTO MOJACIHMPOBAHUSA CTAHET 3aJIOrOM YCHEHIHOTO PEIICHUA

MPaKTHYECKNX 33124 B Pa3INYHBIX 00sacTsAX Oymymiel npodecCHOHaIbHON AEATEIBHOCTH.
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B Hacrosmee BpeMs BOIPOC O HEOOXOAMMOCTH CO3[aHHMS HOBBIX MAaTE€pHalioB, C 3apaHee 3aJaHHBIMU
CBOWCTBaMH, CTAQHOBUTCS HamOojiee NOMYJISAPHBIM. HecMOTpss Ha BBICOKME IOCTHXKEHHS B OOJIACTH CO3/aHHA
HAaHOMAaTepHaJIOB W OOBIYHBIX CIUIABOB, 33Ja4d pacyera Imepell SKCIEPHUMEHTOM OCTAlOTCS BBITOJHBIMU Kak
SKOHOMHUYECKH, TaK MU BO BpeMEHHOM IuiaHe. Llenp Hacrosmiell paboThl — MPOBECTH HMCCIIENOBaHHE METOMIOB pacyera
HOBBIX MaTepHaJOB, UX CYLIECTBYIOUIYIO peai3alliio B BHJIE POrPaMMHBIX IPOJYKTOB, a Takke C(hOPMUPOBATH UJIIEH
[0 CO3JaHHIO BBICOKONPOU3BOIUTENHEHOTO MPOTPaMMHOTO KOMIDIEKCA MO pacdeTy CBOWCTB HOBBIX MaTEpHAIOB Ha
OCHOBE HEAMITUPHUUECKHX BBIUUCICHUH (HE TPeOYIOINX MPeIBapUTEIbHBIX SKCIIEPUMEHTAIBHBIX JaHHBIX).

Cpenu MHOXXECTBA METOZOB, ITO3BOJIIOIIMX pEaTN30BaTh BBIMHUCICHHS AaTOMHBIX CTPYKTyp, HamOoiee
BBIICIAIOTCS. METOABl pPacyeToB M3 IepBbIX npuHUMIOB (Ab Initio) m MeTomel MONEKYISAPHOW IMHAMHKH.
BrlieynoMsiHyThIe METOABI MOTYT MCIOJIB30BAThCSA KaK MO OTAEIBHOCTH (YTO MpHUBENET K MOTepe TOYHOCTH HIU
YBEJIMUEHUIO BPEMEHH pacdyeTa COOTBETCTBEHHO), TaK M COBMECTHO. BBINOIHEHHBIM B XOA€ HCCIICAOBAHHS aHAJIN3
JUTEpaTyphl MoKa3all, 4To HanboJiee YacTo MCHOJB3YETCsl METOJ PACYeTOB U3 MEPBBIX NMPHUHIIUIIOB, a UMEHHO TEOpHUs
(GyHKIMOHANa TIUIOTHOCTH, TJI€ OJIEKTPOHBI ONHCBIBAIOTCS HE II0 OTHEJNBHOCTH, Kak €JWHUYHble, 0Oe3 yuera
KOppEeIAMOHHBIX 3(¢dexToB (MeToapl XapTpH), a Kak HEeKHH (DyHKIHMOHAJ, 3aBUCHMBIA OT BBIOPAHHBIX ITapaMeTpOB.
O06o0menHas cxema, BKJIIOYAoNIas B ce0sl BHIMICYIOMSIHYThIE METOMBI, NpHUBeAeHa Ha pucyHke l. Takum oOpasom,
nepea TeM, Kak NMPUCTYIHUTh K OJHOMY U3 MeToJoB AD Initio, MOXXHO BOCHONB30BATHCS METOAAMH MOJICKYJISPHOM
JTUHAMUKH, TOTYySMIHPHYECKUMH METOJaMU WM JK€ B3STh T'OTOBBIE 3KCIIEPUMEHTANBHBIC IAHHBIC, COIEpIKaIIe
TeOMETPHUECKHE TMapaMeTphl KPUCTAJUINYECKON permeTkd (MOXKHO NMPOIYCTHTh 3TOT IIAar, €CIH BOCIOJIB30BalCs, K
IIpUMeEpY, pacdeTaMy FeOMETPHUECKUX MapaMeTpoB PEUIeTKH C MOMOINBIO NIceBIonoTeHnana). Ha cnemqyromem mare
MIPOU3BOJUTCA pacueT OJHHM M3 METOAOB M, IOCJIE INPOBEPOK, MOTydaeTcs pe3yibTaT. B mpaxkTuyeckoMm IulaHe
MOJTYYSHHBIH PE3yJbTaT MHTEPECEH TEM, YTO HA €ro OCHOBE MOXKHO PacCUMTaTh MPOYHOCTH [l], »IEKTpOHHYIO
CTPYKTYpY [2], ontueckue cBoiicTBa [3], TpaHUIBl GOPMHPOBaHUS 3epeH [4], TEIIONPOBOIHOCTh, YIPYTOCTh [5] 1
MHoroe jpyroe. Takum o0pa3om, He NMPUCTYyMNasi K SKCHEPHUMEHTY, NPHU HAJIMYUH COOTBETCTBYIOMIETO IPOTPAMMHOTO
KOMIIIIEKCA, MOKHO BBIYMCIUTh HHTEPECYIOIINE CBOICTBA MAaTEPHAIIOB C BBICOKOH TOUHOCTBIO.

Pabora BrmonHeHa mnpu (UHAHCOBOW TOAJEpKKe MuUHHCTEpcTBA 00pa3oBaHWSA W HAayKH PocCCHHCKOM

Oenepanuu. Cornamenne o npegocrasiernn cyocnann RFMEFIS7814X0095 ot 28.11.2014 r.
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