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AHHOTaumA

Lindposnsaumsa, oKkasbiBatoLas CyLLEeCTBEHHOEe BAUAHME HA
Bce cdepbl ¥KM3HW COBPEMEHHOMO SKOHOMMYECKOTO 0bLLe-
CTBa, AUKTYET CUCTEME BbiCLLEro 06pa3oBaHuMs HoBble Tpebo-
BaHWA K YPOBHIO MOATOTOBKM CMELMANCTOB MHXKEHepPHO-
NPOMbILWNEHHOW oTpacau. Ha3peswasa HeobxoaMmocTb Mo-
AEePHU3aLMM CYLLECTBYIOLLMX MOAENeN 0byUYeHMs NpUBOAUT
K NMOMCKY 3dPeKTUBHBIX 06Pa30oBaTEIbHbIX TEXHONIOTUIA 415
pa3BUTMSA Y By 4yLUMX BbIMYCKHUKOB TEXHWUYECKUX BY30B Lind-
POBbIX KOMMETEHLMIA, OTBEYAIOLMX COBPEMEHHbIM pea-
mam. OAHOM U3 TaKMX TEXHOIOMI BbICTYNAET CMELLaHHOe
obyyeHune, noppasymeBatoLlee COBMECTHOE NPUMEHEHWe
¢$opmaToB OHMAlH- 1 odpnaiH-0byyeHus. B cTaTbe aHanm3u-
pYyeTca NoHATUE «CMELLAHHOe 0by4eHue», 0603HaYeHa 3Ha-
YMMOCTb AaHHOM 06Pa30BaTEILHOM TEXHOIOMMM C TOUKM 3pe-
HUA MEXAMCLMNIMHAPHOIO NOAX0AA K OCYLLECTBAEHMIO CO-
BPEMEHHOW  MHPOPMALIMOHHO-MaTeMaTUYECKOM  NoAro-
TOBKM OyAylMX CheLuasnctoB MHMKEHEPHO-TEXHUYECKOTO
npoduna. BaxkHOCTb B3aMMHOW WHTErpauumM 3HaHWMA Ha
ypoBHe QYHAAMEHTANbHbIX TEXHUYECKMX HayK U MHbOpMa-
LUMOHHO-KOMMYHUKALMOHHbIX TexHonormi (UKT) obocHo-
BaHa Ha NpMMepe WHTerpauuy AUCUMNANH MHPOpMaLU-
OHHO-MaTEMATMYECKOro LMKAA. MpK 3STOM NoAYEPKHYTA OCO-
6asa ponb MHGOPMALIMOHHO-MATEMATUYECKOTO MOAENNPOBa-
HMA KaK cnuctemoobpasytollero ¢akTopa MHTerpaumm 3Ha-
HWIN NO paccmaTpMBaeMbim aucumnanHam. Lienb pabotbl —
BbIABUTb METOANYECKME BO3SMOXKHOCTU MPUMEHEHUA TEXHO-
JIorniA CMeLLaHHOTo 0byyeHUs B MHKEeHepHOM 06pa3oBaHnM
MPU OCYLLECTBAEHUN MEXANUCLMNIMHAPHOW UHTErpaumm B
npenogasaHun AUCUMNIUH MHGOPMALMOHHO-MATEMATHYE-
CKOTO UMKNa. B nccnefoBaHUM NnpUMeHANNCH 0bLLEHAYYHbIN
OVMANEKTUYECKMA  METoZ, TEeOPETUKO-METOA0/10MMYECKUM
aHanM3 1 0bobLieHNe coaepKaHUA MATEMATUYECKON, MH-
$OpMaLUMOHHOM, NefarorMyeckor, MeToau4yeckon, Hay4yHo-
TEXHWUYECKOW ITEpaTypbl B 061aCTN 3apybeKHOro 1 HaLmo-
HaNbHOTO MH¥KeHepPHOro obpasoBaHuA. Ha npumepe noctpo-
€HUA MOoZenn MaLIMHHOro obyvyeHWA MPOUANIOCTPMPOBAH
OJMH U3 BaXKHbIX 3Tarnos UCCNeA0BaTeIbCKOro aHau3a AaH-
HbIX — BblfiBNIeHME BbIBPOCOB M X 06paboTKa nocpeacTsom
COBPEMEHHOTO CTEKa UMPOBbLIX TEXHOMOMMI (A3bIKa Npo-
rpammupoBaHusa Python, 6ubanotekn Pandas n Seaborn).
HoBW3Ha HacTOALLEro UcCnes0BaHUA COCTOMUT B PacLLMpPeHnn
Hay4YHO-METOAMYECKOrO annapaTa akTUBM3aLMK AeATe/IbHO-
CTV CTYAEHTOB C Lie/Ibl0 Pa3BUTUA COOTBETCTBYHOLLMX LiUbPO-
BbIX KOMMNETEHLMI 33 CHET peannsaLmm B yuebHomM npouiecce
TEXHONIOTUIA CMELLAHHOTO 0BYYeHWA NPU OCYLLECTBNEHWM
MEXOMCUMNANHAPHOW MHTErPaLLMM B NPENoAaBaHUN ANCLM-
NAVH MHPOPMALIMOHHO-MATEMATUYECKOTO UMKAA. TeopeTn-
yecKan 3HAYMMOCTb MCCNELOBaHMA 3aK/IHOYaeTca B paspa-
60TKE METOAMYECKMX PEKOMEHAAUMI K MPUMEHEHUIO WH-
CTPYMEHTapUA CMeLLaHHOro obyyeHns Npu peanusaumm UH-
$opMaLMOHHO-MATEMATUYECKON NOATOTOBKM CTYAEHTOB MH-
YKEHEpPHbIX CneLmanbHOCTeN By30B, BbIABNEHUM U 06OCHOBa-
HWMW OCHOBHbIX MPEVMYLLECTB BHEAPEHUA TEXHOOMIA CMe-
LIaHHOro oby4yeHMa B 0bpa3oBaTe/ibHbIN NPOLLEeCC TeXHUYe-
CKOTO B33, a TaKKe 0603Ha4YEHUM UX POAIU B NOBbILLEHWUM Ka-
yectBa 06pa3oBaHMA M MOArOTOBKM MHMKEHEPHbIX Kagpos
Ana undpoBOM IKOHOMMKM. MpaKTUYecKan 3HaYMMOCTb MUC-
CNef0BaHMSA 3aK/HOYAETCS B TOM, YTO NPeaJIOXKEHHbIE METO-
AVYEecKMe MNpPUEMbl BHEAPEHUA TEXHONOTWUM CMELLAHHOMO
0b6y4eHna MoryT HbITb MCNONBb30BaHbI TPOdECCOPCKO-MPEno-
[aBaTe/IbCKUM COCTaBOM MHPOPMALMOHHBIX 1 MaTeMaThye-
CKMX Kadeap TEXHUYECKMX BY30B B CBOEI HAy4YHO-MeToaNYe-
CKOW M NpaKTMUYecKol paboTe B yCI0BUAX LMPPOBOMN TpaHC-
dopmaumm obpasoBaHus.

Kntouesble cnoBa
undposmsaums, umdpposas TpaHchopmaLma 0b6pa3oBaHms,

cmellaHHoe obyyerune, UKT, nH»KeHepHoe obpasoBaHue,
NMHOOPMALLMOHHO-MATEMATUYECKOE MOLENNPOBaHNE

Hayuno-memoduueckuii asexmponnsiil xypHas «Konyenm»

Abstract

Digitalization, which has a significant impact on all
spheres of life in modern economic society, dictates new
requirements to higher education system for a level of
training of specialists in the engineering and industrial
sector. An urgent need to update existing training models
leads to the search for effective educational technologies
to develop digital competences in future graduates of
technical universities that meet modern realities. One of
these technologies is blended learning, which involves
the joint use of online and offline learning formats. The
article analyzes the concept of “blended learning” and
outlines the significance of this educational technology
from the point of view of an interdisciplinary approach to
the implementation of modern information and mathe-
matical training of future engineering and technical spe-
cialists. The importance of mutual integration of
knowledge at the level of fundamental technical sci-
ences, information and communication technologies
(ICT) is substantiated by the example of the integration
of disciplines of the information and mathematical cycle.
At the same time, a special role of information and math-
ematical modeling is emphasized as a system-forming
factor in the integration of knowledge in the disciplines
under consideration. The aim of the work is to identify
the methodological potential for using blended learning
technologies in engineering education when implement-
ing interdisciplinary integration in teaching disciplines of
the information and mathematical cycle. The study used
the general scientific dialectical method, theoretical and
methodological analysis and generalization of the con-
tent of mathematical, informational, pedagogical, meth-
odological, scientific and technical literature in the field
of foreign and domestic engineering education. Using the
example of building a machine learning model, one of the
important stages of exploratory data analysis is illus-
trated — identifying outliers and their processing by
means of a modern digital technology stack (Python pro-
gramming language, Pandas and Seaborn libraries). The
novelty of this research lies in the expansion of the scien-
tificand methodological apparatus for enhancing student
activity in order to develop relevant digital competences
through the introduction of blended learning technolo-
gies in the educational process when implementing inter-
disciplinary integration in teaching information and
mathematical disciplines. The theoretical significance of
the study lies in the development of methodological rec-
ommendations for the use of blended learning tools in
the implementation of information and mathematical
training for students of engineering specialties at univer-
sities, the identification and justification of the main ad-
vantages of introducing blended learning technologies
into the educational process of a technical university, as
well as the designation of their role in improving the qual-
ity of education and training engineering personnel for
the digital economy. The practical significance of the
study lies in the fact that the proposed methodological
techniques for introducing blended learning technologies
can be used by the teaching staff of information and
mathematics departments of technical universities in
their scientific, methodological and practical work in the
context of digital transformation of education.

Key words
digitalization, digital transformation of education,

blended learning, ICT, engineering education, infor-
mation and mathematical modeling
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Beenenne / Introduction

CoBpeMeHHBIVI 3Tall pa3BUTIIA 00pa30BaHIs Ha BCeX ero CTyTIeHsSIX XapaKTepu3yeTcs II-
POKIMM ¥ CTpeMIUTeJIbHBIM BHeJIpeHVieM HPPOBBIX TEXHOJIOTMII HApsly ¢ MHAOPMaIIVIOHHO-
KOMMYHMKaIIMoHHbIMI TexHostorvsiMu (VIKT), 9ro He ciy4artHO, IOCKOJIBKY HOf, BIIVISTHVIEM
IpoLIeccoB LM PpOBM3aLM OKa3aIVCh IIPaKTUIecK/ Bee cpepbl XM3HWM COBPeMeHHOIO VH-
dopmarimonHoro obirectBa. ['ocyapcTBo, B CBOIO oUepesp, fellaeT 3alpoC Ha BEICOKOKBAJIV-
pvIIpOBaHHBIX CIIEMAIVICTOB HOBOTO (popMaTa, KOTOpble 00JIa/ialoT COBpeMeHHBIMY -
POBBIMI KOMIIETEHIIVISIMY, TTO3BOJISTFOIIIVIMYL MIM PabOTaTh C BBICOKOTEXHOJIOTMTIHBIM 000PY/10-
BaHVIEM U IMPPOBBIMI CUICTEMaMV B Pa3/INMYHbBIX OTPac/IsaX IIPOU3BOJICTBA LIPOBOVI SKOHO-
MUKy COOTBETCTBYIOIIE TPeOOBaHMs K CLIEHMAIVICTAM Pa3/INTIHOIO MHKEHEPHOTO IIPOVIIA
OTpakeHbI B psijle HOpMaTMBHBIX JOKYMEHTOB, OITy OJIMKOBaHHBIX Ha cartte MunTpyzaa Poccrn
[1]. Kax ormeuaer IO. C. be3pykaBHMKOBa, /I pellleHs IIOCTaB/IEHHOV TOCYIapCTBOM 3a/1aui
«yupeXXeHNs BbICIIIero o0pa3oBaHVsl JO/DKHBL B MAaCCOBOM IOpsifike popMIpPOBaTh MCCIIEI0-
BaTeJIbCKIIEe, aHATUTIYeCKIe V1 IIPOeKTHbIe KOMIIETeHIIN CTY/IeHTOB» [2].

OpHyM 113 TPeHIOB B YCIIOBMSX M@ poBom TpaHcdopMaliny oOpa3oBaHVIs SIBIISETCS
BHeZIpeHVIe TeXHOJIOruy cMertaHHoro o0ydenns (Blended Learning - BL), nogpasymesarto-
IIIeTo, B CBOeM KJIaCCMYEeCKOM IIOHMMAaHMM, COBMEeCTHOe IIpMMeHeHVe OHJIalH- WU
odpiravH-o0ydeHmss. OCHOBBI JJaHHOTO IIOAXOfa K OOYYeHMIO, COITIACHO WCCIIeIOBAHIIO
O. Crpmxko, ObUH 3a510KeHH! eltle B «60-x rogax XX Beka, Torga Kak caM TepMUH IOSIBUJICS
T10CJIe BBIITyCKa IIepBoro mporpaMMmuoro odecriedenus (I10) ms mpeniogasanms yepes Bee-
MUPHYIO TTayTUHY AMepuKaHCKUM VIHTepakTuBHBIM YueOHbIM LleHTpoM» [3]. Kak oTme-
ugaeT H. AupeeBa, TepMIH «CMellIaHHOe 00y4UeHve» BIIepBble Ipo3Bydail B Hauasle 1990-x,
«KOrJla OfHa 13 KOMIIaHWUVI, KOTOpasi OpraHM30BbIBajla yueOHble KypChl II0 KOMIIBIOTEPHO
IrPaMOTHOCTV, HaIvcasia, 9To OyIeT IpMMeHsSITh CMellIaHHOe 00y4eHwe, 11 9YTO YIeHVKY Oy-
AyT paboTaThk Kak 3a KOMIIbIOTEpaMM, TaK M C yumuTesleM, ¥ codeTaTh 3TU [IBa II0XO0a B
rporiecce 3aHATU. To OBUIO MMEHHO IlepBOe MCIIOJIb30BaHe TepMIUHa» [4].

B nacrosmee spems, 1o Maenviro H. B. bopmosckon n E. A. Komkmuaori, JaHHbIN IIOA-
X0/, K 0Oy4eHIIO He TOJIBKO He IOTePsUI CBOeV aKTyaIbHOCT, HO ¥ IIOJTy Yl CBOe HOBOE pas-
BuTHe [5]. Psan HopMaTUBHBIX TOKYMeHTOB, Takux Kak Ilocranossienme Ilpasureribcrsa Poc-
curickont Depepanyt ot 16.11.2020 Ne 1836 «O rocynapcrBeHHOV MHAPOPMAaIIVIOHHON CU-
creme «CoBpemMeHHas 1M poBasi oopasoBaresibHas cpefia» [6], macropt denepasibHOTO IIpo-
exTa «nudposast obpaszoBaTesibHas cpefa» [7] 1 npyrue, roarsepxgaeT HeOOXOAMMOCTD
BHeIpeHVIsI M pa3BUTHS TexHosIorui BL B KOHTeKcTe peasv3aliiy COBpeMeHHOTo y4ueOHOoro
poriecca B 1 posor obpasosarerpHOM cpefe. Bo ®I'OC BO HoBoOro riokosieHms oTMevueHa
«11e71ecO00pasHOCTh ITpUMeHeHNs BL 11 HTepaKTMBHBIX TEXHOJIOIVI OOy YeHMs B KOHTEKCTe
3JIeKTPOHHOT0 00yudeHms» [8]. CTpeMurerbHOe passuTie coBpemeHHbIX VIKT Kak citefcTeume
IIPOLIeCCOB III00aIbHOV I POBMU3aLI CIIOCOOCTBYeT OOHOBIIEHWIO V1 MOAepHM3ALINN yXKe
VIMEIOIIIVIXCSI TEXHOJIOT M 0Oy YeH s, VX afjaiTaliiy I10]1 HOBble TpeOoBaHVIs IIOATOTOBKY Oy-
AYIIMX CHeIMaIICTOB, OCOOEHHO eciI peub MAeT O CIelaIcTax VHKeHePHOV OTPaciIi.
VimenHO OymyImMM M XKeHepaM IpeaCcTOUT paboTaTh CO CJIOKHBIMM TEXHUYECKMMIU 00bek-
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tamu (TO) m crcreMaMy Kak Ha 3Talle MX IIPOEKTVPOBaHMS, Pa3pabOTKY, TaK 1 HEIIOCpesl-
CTBEHHO IIPM VX 3allyCKe B CAaMbIX Pa3sHOOOPA3HBIX OTPACIISIX IPOVU3BOACTBEHHO-ITIPOMBIIII-
JIEHHOTO KOMIUIEKCa B YCJIIOBUAX LI POBOV SKOHOMUKN. DPopMImpoBaHIie 11 pa3BUTIIEe COOT-
BETCTBYIOIIVIX KOMITETeHINTI, KaK ObIIO OTMeYeHO aBTOpaMy HaCTOSIIeV CTaTbu B paboTe [9],
BO MHOTOM OCYIIECTBJIIeTCS B ITpoliecce MHAOPMAIMIOHHO-MaTeMaTIecKOV OATOTOBKM
CTYI€HTOB B IIepMO]L X 00yUeHMs B TeXHNYIeCKOM By3e. OTpOMHYIO POJIb IIPU 3TOM UTpaeT
MeXIVCIUITIMHAPHAS VHTerparyis B IIperiogaBaHyy AVICHUIUIMH IMK/Ia «MaTeMaTyKa — MH-
dopmaTmKa», B3aMMOCBsI3M KOTOPBIX HOAPOOHO M3JI0OKEHBI B Hallleyl IPedbIIyIIel CTaTbe
[10]. I'To cnosam B. A. TaymmHrepa, «11epexof, K MeXIIpeIMeTHOV HTerpaliuy, B OCHOBY KO-
TOPOVI MOJIOXKeHO PopMMpOBaHMe I1eJIOCTHOTO 3HaHWS MO M3y4YaeMbIM AVCIIMIUIMHAM Ha
CTYI€HTOLIEHTPVPOBAHHOV OCHOBE», SIBJISI€TCSI OHOVI 113 BaXKHEVIIINIX TPaeKTOPUV Pa3BUTHI
VIEDKeHepHOTro 00pa3oBaHIs Ha COBpeMeHHOM 3Tarte [11].

DddexTrBHOE OCyIIIeCTBIeHNEe TTOT00HOI MeXIIpeIMeTHOVI MHTerpalliy B IIpeIoza-
BaHVV IVIK/Ia MHQPOPMAIIMOHHO-MaTeMaTIeCKMX AVICHVIUIVIH BO3MOXHO C IIpVIMeHeHVIeM
TexHos10rmi BL ¢ 11e/1p10 TOBBIIIIeHVIS KauecTBa HOATOTOBKY CTYI€HTOB M KeHepHO-TeXH-
4ecKOro IpodwIs.

O030p nureparypsl / Literature review

AHaJIn3 Hay4YHOV JIUTepaTyphl 10 TeMe MCCIeqOBaHMs IO3BOJIVII BBIIEJINUTD CJIe1yIo-
IIVie BapMaHThl TPAKTOBKM IOHATHS «CMeIllaHHOe O0y4JeHe».

1. JI. EropimmHa OpuBOAWUT CiIefyrolllee OIlperesieHVe, IpemiokeHHoe Kiterrronom
KpuncrernceHOM — aBTOpOM TeOpMI «IIOAPBIBHBIX TEXHOJIOIMI» — B KHUTe «[ IpopbIBHOM KiTacc:
KaK VMHHOBAIIVV M3MeHAT criocob oOyuenns B mupe» (2008): «dopmart, Koraa IIKOIBbHUKM CO-
YeTaloT OYHYIO PaboTy C ydmTeeM ¥ CaMOCTOSITeIIbHOE IIPOXOXKAEH Ve IIPOrPaMMbl OHJIAVIH,
XOTSI TEMII V1 TPAeKTOPVIsL y4eObl MOTYT YaCTMHYHO KOHTPOJIVIPOBAThCS B3pOC/IBIM» [12].

2. H. Anpgpeesa nnpusoauT opMyJIMPOBKY, IIpejIokeHHy0 MHCTUTyTOM Kiterrtona
Kpucrencena B 2013 romy: «oOpa3soBaTeIbHBIV IOAXOI, COBMeIAIOIINI OHJIalH-00yueHne
C ydacTueM y4uTeJsId JIUIIOM K Jimity» [13].

3. E. V. Yupxkosa, E. M. 3opmnHa nos1 cMeIriaHHBIM 0Oy4eHVeM [IOHMMAIOT «MHTerpa-
LIVIFO METOA0B 1 POPM AVMCTAaHIIVMOHHOTO 1 00Ilero oopasoBaHsl, HallpaB/IeHHYIO Ha pas-
BUTVIe BHyTpeHHeV MOTMBAaLMV OOYYaloIIMXCs M VX CIIOCOOHOCTM K caMOOOpa3oBaHUIO C
y4eTOM IOBBIIIeHNsI CKOPOCTV OCBOeH M yueOHoro MaTepuasa» [14]. [To MHeHMIO aBTOPOB,
TaKasi MOJieJ/Ib OOy4JeHms sABjIsieTcs «0oslee rMOKOV M MPUCIOCO0IeHHON K IIOCTOAHHO W3-
MEeHSIOIIMCS 3aJ1auaM o011ecTBa B cpepe oOpasoBaHms» [15].

4. b. E. Crapuuenko, V1. H. CemeHoBa, A. B. Crtentyxma 0603Ha4a0T cMelIaHHoOe 00y-
yeHMe KaK «M30paHHBIV IIOIXO]I, TPV KOTOPOM IJIaBHBIM OPVMEHTUPOM 4BJISeTCs CTelleHb
IpyMeHeHNs: B 00pa3oBaTeJIbHOM IIpollecce HUQPPOBBIX (37IeKTPOHHBIX) peCcypcoB, II03BO-
IOV YHUUIIMPOBAaHHO ¥ KOPPEKTHO OIIpelle/INTh BCe CYIeCTBYIOIIVe B COBpeMeH-
HOVI BBICIIIEV IIIKOJIe BUIBI OOyueHMs (TpagMIIMOHHOe, IMCTaHIMIOHHOe, 3JIeKTPOHHOe U
CMeIllaHHOe), YCTAaHOBUTD CBsI3b U IIOKa3aTh pasHUIy MeXay HuMu» [16]. VIMeHHO 3TO, 1O
MHEHWIO aBTOPOB, CIIOCOOHO 00eCIeunThb «pa3yMHBIVI KOMIIPOMVCC IIPY MOAeIMPOBAHUN B
BBICIIIEVI IIIKOJIe BAPMAHTOB IOATOTOBKY CHEIMaINCTOB» [17], 9To He ciIy4aitHO, ITOCKOJIbKY
y4eOHBIV IIpOollecc P 3TOM BOCIPMHMMAETCS KaK «COBMECTHBIVI TPY/L IIperiofjaBaTesIs U
CTyZeHTa (TOB), HallpaBJIeHHBIVI Ha IpMo0peTeHVie 00yUaeMbIM 3HAHW, CIIOCOOOB [IesiTeIb-
HOCTU " 0OCOOeHHOCTeV KOMMYHMKAaIINI, COOTBETCTBYIOIINX TpeOoBaHMAM OyayIIen Ipo-
dpeccum, ocy1ecTBIIIe MBIV C IIPVIMeHeHeM yueOHbIX MaTepyaIoB MH(POPMAaIIMIOHHOIO Xa-
pakTepa 1 HeobxogmumMoro obopyaosaHms» [18].
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[TompoOHBIT aHaJIN3 CYIIECTBYIOMINX IIOIXOA0B K OIIpele/IeHIIO TIOHATMS «CMelllaH-
Hoe oOy4eHme» ripercrasiieH B pabote T. IO. ITirersro, A. C. Ocrantenko, C. H. AHTOHOBOTI.
ABTOPBI COITOCTaBWIIV COOTBETCTBYIOIIIVE IIeJIaroridecKyie MOJIesIV, BbIIesIVB B KauecTBe OC-
HOBHBIX CpaBHMBaeMbIX IIapaMeTpOB «IOMUHUPYIOMINY (PYHKIVMOHAIBHBIN IpPU3HAaK,
MPVHIIAIIE TPOEKTUPOBaHMS M OCHOBHBle KOMIIOHeHThI» [19]. Ha ocHoBe pesyibraToB
IIPOBeIeHHOI'O CpaBHEeHMs YKa3aHHBIM BbIIIIe KOJUIEKTVBOM aBTOPOB IIpelljIo’KeHa CIIeTyIo-
mas Kiaccudukanys Iefarornyeckx Mojesierl CMelllaHHOro oOy4deHVs: «MHCTUTYIINO-
HaJIbHBIe, TeXHOJIOTMYecKue, AUIaKTIIecKe 1 cuHepreTudeckue» [20]. ABropamu Taxxke
IIpeyIOKeH CBOVI ITOXOI K IIOHVIMaHWIO KoHIernum BL, cyTh KOoTOpom 3aKjItouaeTcs B «aK-
TyaJIM3alyy MexXaHMU3MOB COIJIACOBAaHMs, COIIPOBOXKIEHVS, MHTeTpali VI HeJIMHEeTHOTO
coueTaHMs TPAAULIVIOHHOTO U 3JIeKTPOHHOI0 (popMaToB II0JTydeHms 3HaHm» [21].

INTenarorvaeckuie acriekTs! BL crasm rpeiMeToM paccMOTpeHst HayYHOV pabOThI KOJUIEK-
TrBa aBTopoB B. V1. BriHosa, E. FO. Ecenntor, V1. C. Cepreesa. ABTopamyt 000CHOBaH COOCTBEH-
HBIVI TIOFIXOL K Turosiorvt Mofestenn BL, peamisyeMbl Ha pas/mMuHBIX YPOBHAX: «y4eOHOro
IDIaHa, y4eOHOro IpeMeTa, pasferia WiVt TeMbl (B paMKax y4ueOHOro mpemmMeTa), yaeOHOro 3a-
HATVISI, BHEAYIMTOPHOV TEXHOJIOIMI o0ydeHVs» [22]. ITo mHeHmro aBTopoB, BL ciemyer pac-
CMaTpMBaTh KaK COYeTaHMe TPpeX PasINMIHbIX CIIOCOO0B OpraHmsariiy ooydeHs: «1) Tpagyain-
OHHOTO, YWV KOHTaKTHOTO (life); 2) myicTaHIIOHHOTO B3anMOIEVICTBIIS CTYAEHTOB U IIperoaBa-
TeJIsl, CTYJIEHTOB JIPYT C IPYTOM IV CTY/I€HTOB C CeTEBBIM MHTePaKTMBHBIM pecypcoM (online);
3) aBTOHOMHOTO 00yUeHs1 CTYIeHTOB C MCIIOJIb30BaHMeM 3JIeKTpoHHOro pecypca (offline)» [23].

B mporiecce mcciiemoBaHMs, BBIIIOJIHEHHOIO KOJUIEKTMBOM aBTOPOB BO IJIaBe C
H. B. bopriosckoit, Obuta «paspaboTaHa MeToAVKa M3ydeHns 3PPeKTVBHOCTY CMeITaHHbIX
oOpa3oBaTeIbHBIX TEXHOJIOIUVI, IIPVIMEHSEeMBIX B COBPEMEHHOM BBICIIIEM OOpa3oBaHMN,
cpopMyIMpOBaHBI ee KOHIIeIITyaIbHble OCHOBBI, OIIpeie/IeHbl OCHOBHBIE 3Tallbl 1 OIVICAHBI
VHCTPYMEHTHI OLIeHMBAHVS, IPOBEIEeHBl ampoOamys ¥ IIpoBepKa 3TOV METOOMKM Ha
HAaJIe)XHOCTD U BAJIVIITHOCTh» [24].

Hyxmranas monens BL, paspaboraHHast B pyciie TeXHOJIOIMYECKOIo II0/IX0/1a, B OC-
HOBe KOTOPOTO JIEXWUT aHaJIN3 CYITHOCTHBIX XapaKTepucTukK BL, mpemioxeHa B pabote
H. JI. banaukosornt. [laHHas Mofiesib BKJIIOYaeT B ceOs Tput KoMmrioHeHTa: «1. LlesreBoit Kom-
IOHeHT: (1) o3HaKOMIIeHVIE ¢ MaTepuaIoM; (2) ero oTpaboTKa; (3) KOHTPOIIb CPOPMMUPOBAH-
HOCTM 3HaHWII, YMeHUN 1 HaBBIKOB. 2. CpefcTBa 0OydeHMs (JIeKTPOHHbIE VI He 3JIeK-
TpoHHBIe). 3. MecTo 0OyueHM (B yueOHOM 3aBeleHUN VWIN BHe ero)» [25].

Bumer BL, MeToygeckyte oaxobl K ero OpraHm3aliyy, a Takke VMEeOIIVICS [TpaKTide-
CKMVI OIIBIT II0 €r0 peaI3alyy IIpeJicTaBieHbl B paboTax pslia MHOCTPaHHBIX aBTOPOB. Tak,
Kepruc [Ix. bonk, Yapsss P. I'pam, [Dxert Kpocc  Marvixt I'. Myp B cBoent kanre «PyKoBoaCTBO
II0 CMeIllaHHOMY OOy4eHNIO: IJI00aIbHble epCIeKTVBbI, MeCTHbIe IIPOeKThI» OIVICBIBAIOT CY-
IIIeCTBYIOIIIVe IlepeoBble IMPaKTUKM ¥ TEeHIEeHIUI B CMeIlIaHHOM OOydeHMM, aKIeHTUpPYs
BHVMaHIe Ha peaIbHbIX CUTYaLVsIX VX BHeJIpeHVs B 00pa3oBaTeIbHBIN IIpoliecc [26].

Asropsl Xusep Crenkep 1 Manxi1 B. XopH B cBoent pabote «Kiaccudmkariys cme-
ma"HHoro ooyyenms K-12» anaamsupyroT cyliecTBYIoIIe oIlpeesieHs CMelllaHHOro o0y-
ueHs U IpeJljlaraioT VX 0OHOBJIEHHBIe 1 paclIpeHHble POPMYJIVPOBKI B COOTBETCTBUN
C COBpeMeHHBIMV MHHOBAIMIOHHBIMI IIpOIlecCaMi B Pa3sBUTUN CMeIIaHHBIX TeXHOJIOTUTA.
ITo MHeHMIO aBTOPOB, ITpoOIlecC OOHOBJIEHNS VI pacIIpeHus OIlpefesIeHNiI CMeIllaHHOIO
oOydeHMs OCHOBaH Ha IByx npuHIInIax: «1. PaspaboTka rOkuix orpemesieHn, 9ToObI OHM
MOIJIV OCTaBaTbCs IIOJIE3HBIMM, Jake ecyI B 3TOV 00JIacTy PO OJDKAIOTCS VHHOBALIMMNL.
2. VicmroueHne HOpMaTUBHBIX TpeOoBaHM» [27]. Taxke Xusep Crevikep 1 Manikit b. Xopa
IPUBOAAT KilaccudmKarimio momesert BL.
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Ix. beprman sBiisteTcss OqHMM U3 aBTOPOB Men Takon Mofdenu BL, Kak «1repeBepHy-
T Ki1acc (flipped classroom)», corsacHo KOTOpOVI M3ydeHre HOBOTO MaTepiasia yJaliy-
MCSL IPOVICXOAUT B JOMAIITHeVI 0OcTaHOBKe ¢ IIpMMeHeHeM OHJIaH-KyPCOB, a ero I1ajlb-
Heri11lee oOcy>kIeHne B popMaTe IMCKYCCUIL OCYIIeCTB/ISIeTCS B paMKax 3aHSATUN Herlocperl-
cTBeHHO ¢ yumuTesieM. Ee cooTBeTcTByOIIee onmcanme npusoaut J1. EropmmHa [28]. K oc-
HOBaTeJIAM JaHHOTO IToAxoaa Takxke crrpaseyinbo oTHOCAT C. XaHa n A. Camca. Tak, C. Xa-
HOM OBUI CO3[1aH «pecypc C KpaTKMMU BUAEOJIeKIMAMM M0 pasHbIM JVCIIUIUIVHAM, KOTO-
PBIMI MOTYT II0JIb30BaThCs IIKOJIBHUKM M CTYHAEHTHI 10 BceMy Mmupy. IlpuHImn yaanen-
HOTO IIPOCMOTpa KpaTKOVI JIEKIIN, Ha KOTOpOM ocHoBaHa Bcst mesi C. XaHa, v JIeXXUT B Oc-
HOBe «IlepeBepHyTOro odyueHwmsi», a ero kaura Flip Your Classroom: Reaching Every
Student in Every Class Every Day, HanvcaHHasi B cOaBTOPCTBe, cTajla dyHIaMeHTaIbHbIM
Hay4HBIM TPYAOM J1jIs OOJIBIINHCTBA 3allaJIHbIX I1€/1ar0roB, KOTOPbIe 3a/1yMbIBaJIVICh O TOM,
CTOWT JIV VIM «IIepeBepHYTh Kj1acc»...» [29].

B pabote A. IllepueHKO OTMeUEHO, UTO, IOMUMO MOJIeJIN «IlepeBepHYThIN Kj1acc», VIH-
cturytoMm KpucrerceHa BoimesteHo eme Tpu mopert BL [30]:

1. «Pomayus cmanyuii»: Mogesb BL, ipu KOTOpOV yYeHUKM BO BpeMs ypoKa depe-
AYIOT «CTAHIIMW» (30HBI VI CLIOCOOBI JIeITeJIbHOCTI B KaOMHeTe) 110 (PUKCHMPOBAaHHOMY I'pa-
Puxy: 1/3 gacTp ypoka oHI pabOTalOT Ha KOMIIBIOTEpaX WIN IUIaHIIeTax, 1/3 - HarpsaMyto
C yumnTesieM, ocTaBIlascd 1/3 - B IpoeKTHbIX Ipyniax. [Ipy 3ToM Kakabit 00y4yaeMblit MO-
JKeT BBIOMpaTh I1OCIIeI0BaTeIbHOCTD IIPOXOXKIEHNMS CTAHIINI CAMOCTOSATEIbHO, TeM CaMbIM
JAOCTUTaeTCs «MHAVBYIyaJIbHas poTallyis».

2. «Pomayus aabopamopuii»: Mopesb BL, mpu KoTopoit yacTh ypoKoB (10 pas/IMIHBIM
IpeMeTaM, He TOJIBKO I10 MH(OpMaTIKe) IIPOBOANTCS B KOMITBIOTEPHOM Kylacce VIV B JIIO-
Oom KaOmHeTe Ha IUIaHIIIETaX, YacThb — yUMUTeIeM OOBIYHBIM CIIOCOOOM.

3. «lubkas modeav»: Momestb BL, mpu koTopoit pabota yJartyxcst IIPOVICXOIMAT IO HIVBY-
AyaIbHOVI IIpOrpaMMe U pacIliCaHuIO, TTie IpeolIafiaeT caMOCTOATeIIbHOe V3ydeHye MaTepi-
as1a orlavH. ITpu aToM yueba mmpoxoquT B KaMITyce IIKOJIbI, yJalljiecss MOI'yT OObeqVIHSATBCS B
IPYHIIBI ITO YPOBHIO 3HAHWVA V1 [T IIPOEKTOB, Ileflarorv 00ecTieurBaroT VX COIPOBOXKIIEHIe.

Llesmpro viccrtenosanmst A. HoyOwm m T. Asixaszaim Opulo m3ydeHMe BivsiHVe cpenbl BL Ha
yCIIeBaeMOCTb 1 YIJTy OJIeHHOe M3yUeHvie IIPeIMeTOB CTyIeHTaMI YHBepcuTeTa I lepcrickoro
3aJIMBa P pa3paboTKe 1 IpeficTaB/IeHNy y4eOHBIX MaTeprasIoB 11 MarvucTparypbl. Cpera
BL Obu1a paspaboTaHa TakvM 00pa3oM, 4TOOBI OHa MOIJIa 00eCIeunTh BO3MOKHOCTD MHTerpa-
LIVVI CHICTeMBI yITpaBiieHys1 ooyudeHvieM “Moodle” c ymanbiM B3arMoziericTBeM B ki1acce. [
VI3y4eHsl 1CCIIeoBaTesIbCKIX BOIIPOCOB ObUI MCIIOJIb30BaH KBasMAKCIIepVIMEeHTaIbHbIN ITO]I-
xo71. Berbopka vcciemosaHms coctostia 113 19 acripaHTOB My>KCKOTO 1 KeHCKOI'0 I10J1a, IIPOXO0-
auBIIx ooyuenme 1o «[Iporpamme gucraHimoHHOro ooy4yeHns» B Kosuiemxke mocyienniuiom-
HoOro oOpasoBaHI B TedeHMe IiepBoro cemectpa 2015/ 2016 yuebHoro ropga. st 3ydeHms cTe-
IIeHN yCBOeHWIs CTYIeHTaMM coflepkKaHVs Kypca ObUT MCITOIb30BaH TecT ycreBaeMocTi. Taxke
ObUIa 1CII0/Ib30BaHa IKasla yIiIy OJIeHHOTO M3y4eHs], YTOObI OLIeHUTh YPOBEHb YCBOEHWIS CTY-
JleHTaMV, KOTOpblIe M3ydaslvi cofep>KaHue Kypca B cpefie BL. PesysibraTsl viccirenoBaHs HoKa-
3aJIM1, YTO ITOKa3aTes IV yYallyXcsl TIocyIe IIPOXOXKIeHNs TecTa yCIleBaeMOoCT yiTydnnuIich. He
ObUTO OOHApPYXXEHO CTaTMCTIYECKV 3HAUYVMBIX PasIMdnil MeXIy CpeIHVMM ITOKa3aTesIsiMI
YYaIIMXCs 10 M TOoCiIe MPOXOXKIeHNs TecTa O IIIKaJle TIIyOonHbI 00yueHys. OpHaKo ObUIo 3a-
MeueHO, YTO CpefHMe Oa/UIbl yYallyxcsl II0CIe IIpVIMeHeHVIs IKaIbl TIIyOMHBI 00ydeHs
(65,3750) OpUIM HEMHOT O BBIIIIE, YeM TP ITpeBapuTesIbHOM nprMeHeHvn (63,1250). Taxoe 6o-
Jlee BBICOKOE CpelHee 3HaueHVe MOXKEeT CBUIIeTe/IbCTBOBaTh O He3HAUMTeIbHOM ITOBBIIIEHI
yPOBHSI yCBOeHVIsI MaTepuasia yuarymmcs [31].
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Visyuenue crerieHn BIMsIHMA TexHosornvi BL Ha ypoBeHb ycrieBaeMOCTH CTYI€HTOB
HpeficTaBIeHo B Hay4yHOM pabote X. JInt (1 mp.). Onmpasick Ha pe3ysIbTaThl UCCIIeIOBAHS,
B KOTOPOM IIPUHSUIN y4dacTue 235 CTyAeHTOB YHUBepcuTeTa barica Hampasienns «Havaib-
Hoe oOpasoBaHMe», 00ydJaroIecs 10 By XCeMeCTPOBOVI IIporpaMmMe 110 AucHuIUIHe «Pas-
BUTHe pebeHKa 1 Iefarormdeckas IICUMXO0JIOIVs», MOApa3yMeBalollel B IIepBOM ceMecTpe
dopmat BL, a Bo BTOpoMm - aBTOHOMHOe 0Oy4JeHe, 110 OKOHYaHWM Kypca CpaBHWIN aKaje-
MIYecKye IoKasaTe/I TpeX IPYIII CTy[JeHTOB, COOTBETCTBEHHO, C BBICOKVIM, CPeIHVIM W
HVU3KVM YPOBHsIMI OOyd4eHMs 3a [IBa ceMecTpa [JId olleHKM 3ddekra oT BHenpeHus BL.
Pe3ysbpTaThl MOKa3aIv, YTO BHEIPEeHe CMeIIIaHHOTO OHJIalH- 1 0dpiIaitH-00yueHs OKa3bl-
BaeT OoJIblliee BIIVISIHVE Ha YUYaIIVIXCS C XOPOIIVMMW M OTJIMYHBIMI OLleHKaMM, B TO BpeMs
KaK Ha HEKOTOPBIX yUalllMIXCs CO CpeHVMM OlleHKaMl OHO OKa3bIBaeT OosIblllee CTUMYJIV-
pylolliee BO3MEVICTBIE M B TO )K€ BpeMsl MaJIo BJIVSIeT Ha YJallyIXCs C HM3KOW yCIleBaeMo-
creio. Ha ocHOBe pe3ysibTaTOB MPOBeIeHHOr O MCCIIeloBaHVsl aBTOpaMy CPOPMYJIMPOBaHbI
BBIBOZIBI, COITIACHO KOTOPBIM «CMeIllaHHOe oOydeHMe, oCHOBaHHOe Ha IuiaTrdpopme UMU,
crocoOCTByeT yriyOreHHOMy OOy4eHMIO CTYIEeHTOB C OTIIMYHOV VI CpedHel ycIleBaeMo-
CTBIO VI TIOJTY Y€HWIO JIYYIIIVIX Pe3yJIbTaToB 00ydeHms» [32].

BBIBOIIBI OTHOCUTEIIBHO TOTO, UTO MCHOJIb30BaHMe BL oKkasbIBaeT cyIiecTBeHHOe BIINs-
HVIe Ha MaTeMaTI4decKye CIIOCOOHOCTH yUaIyXcs II0 CPaBHEHMIO ¢ TPaAUIIMIOHHBIM 00y Je-
HVIeM, ITOJTyYeHBbl 110 pesyJibTaTaM uccienoBanms, nposegentoro 1. H. Masapan, K. A. by-
avHyHrcnx, CyrnmaH. ABTOpaMu MCIIO/Ib30BaICs MeTO/, MeTaaHaJIMTIYeCKOro VcciIeIoBa-
HUSL, B KOTOpoM ObUIM 000OmIeHs! 37 mokasaTesierl 3¢ddeKTa, MOJTydeHHbIX Ha OCHOBe
26 TIepBUYHBIX UCCIIelOBaHUTL. B pesysibraTe mcciieqoBaHms ObUI 10Ty deH CyMMapHBIV pas-
Mep 3¢ eKTa, OTHOCAIINIICA K KaTeropmy 0OJIbIINX. ABTOPBI OTMEUAIOT, YTO «CMeITaHHOe
oOyueHme CITOCOOCTBYeT yJI0B/IETBOPEHMIO ITOTPeOHOCTeN yYaIlxcs B 00ydeHm ¢ MaKCH-
MaJIbHBIM BbIZIeJIeHIIeM y4eOHOro BpeMeH, IIOCKOJIBKY ydartiyecst Oyay T Ooiee rOTOBBI BOC-
HNpUHMMAaTh MaTepuasl B KJlacce, IOTOMY YTO OHM paHee M3ydaIn ero goma» [33].

ITpencrasiennas B padote Y. Wxyn u V1. [Dxent d3n nporpamma Apple Teacher ncriors-
3yeT CMelllaHHBIV PeXXVM 00ydeHIs TP ITpertojlaBaHNI Kypca, codeTas ceTeBble pecypchl ¢ pe-
aJIbHOVI cpenovt 11 popMmpoBaHms «OHIanH-00y4YeHns + HofiepKKa acciCTeHTa IIperofia-
Batesrst; Odpari-Kiacc + TemaTiraeckoe m3ydeHve; OOMeH MHEHVSIMU + TIOfIBefleHVie ITOrOB»
B OTHOM 113 pexxviMoB BL 11 «ba3oBble 3HaHM: — caMoTecTrpoBaHme — PopMa yueOHOM esiTelIb-
HocTy; Tematiaeckoe oOyueHNe - caMoco3uiaHe — MToroBast pedpiiekcysi» [34]. ITo MHeHVIO
aBTOPOB, B COBpeMeHHOM MIpe coueTaHVe OHJIaltH-pexxiMa 1 BL crasio Tenpentyers, a adpdexr
BL y>ke cTas1 BaXXHBIM HallpaB/ieHVeM Ileflarormdeckort pedpopMel B cpepe oOpasosanmet [35].

P. Apun, roops 06 0OCHOBHBIX ITpoOsIeMaX, COIIPOBOXKAAIONINX IIPOliecC BHeAPeHs
TexHosormvi BL B 0OpasoBaTesIbHBIN IIpoIlecc, OTMedaeT KOHTPOJIb Hall HMM CO CTOPOHBI
opraHM3alnil, yupeXIeHn, Iperofasaresient u cryaeHTos. [To MHeHMIO aBTOpa, «Ba’kKHO
He TO, MeHseTcs JIV Halll MO3T K JIy4IlleMy WiV K XyZIIIeMy, a TO, HACKOJIBKO MBI JOBepsieM
cMellIaHHOMY oOyueHmro» [36]. P. Apum npusbiBaet paccMaTpmBaTh BL Kak «cMernmannoe
IperiojaBaHye», IIOCKOJIbKY 3Ta dppasa cofpepXUT CIOpHOe Ipefronoxenue. Ilpernonasa-
TeJIV, BbIOMpasi TpaAUIIMIOHHbIe 11 OHJIaH-CpeicTBa MacCOBOV MHGOPMAaIV, ITOJIHOCTHIO
KOHTPOJIMPYIOT Ipoliecc 0OydeHMs, HO y4dallyecs B KOHeYHOM cUeTe CaMy SBJIIOTCS IJlaB-
HBIMI apOUTpaMu B IIpoliecce CBOero oOydeHms.

B crarpe b. 'mmupa paccmaTpumBatoTcst ipobiieMsl 11 Bo3MOXKHOCTH BL B cembekmx n
OTHaJIEHHBIX IKOJIax. B cciiemoBann aBTopa nmokasaH psj mpenmyinects BL Hazt ounbiv,
JOMAIITHVIM VI OHJIaIH-00y4YeHneM, a TakxKe ciejlaH BBIBOJL O TOM, YTO «CMeIllaHHOe o0yuJe-
HVe SBJIeTCs OTJIMYHBIM ITOJIXO0M K IIperofaBaHuIo 11 00y4eHMIO B CeJIbCKOVI MeCTHOCTU
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C TOUKMV 3peHVs JOCTYITHOCTY yUuTesIer], BpeMeH!, He0OXOIMMOTO YUallyIMCs JIJ1s TT0e310K
B TOPO/I, M B3aVIMOJIEVICTBIS YUAIIMXCS C OKpYyJKatolte cpenon» [37].

Cymxara C. Katnaymst, Cu Var Knat n Kpuctnaa Mapu Towm, orMmeuast Bo3pociimi
VHTepec COBpeMeHHOIro o0pa3oBaTeIbHOro coobdlecTsa K KypcaMm BL, B cBoeM mcciiegoBa-
HUM OMIMCBHIBAIOT «CMeIIaHHBIV Kypc 0OyueHMs HaBblKaM Hay4YHOV KOMMYHWKALIUN J1JIs
CTYIeHTOB CTapIIIMX KYPCOB, KOTOPBI OBbLI ITpeobpa3oBaH B Kypc OOyUeHMs C MCIIOIb30Ba-
H1eM coBpeMmeHHBIX TexHOIormm (TEL) B paMkax MHMIIMATUBEL YHUBEpCUTeTa 110 BHeIpe-
HVIO OHJIAVH-O0yYeHMs B CBOV KypchD» [38].

I'. B. MmwstoBaHOBa 71 COaBT., MCCIIEMysI OCHOBHBIE ITpo0iieMs! IdppoBmsarmm oOpaszoBa-
HVIs1, TOBOPSIT 00 M3MeHeHNN XapaKTepa «COLMaIbHOTO IPVUCYTCTBIS CTYAEHTOB 1 ITperoyaBa-
TeJIev» B y4eOHOM IIpoliecce, IIPOTeKaloIleM B IMCTaHIIMOHHOM dopMate [39]. ABTOpBI OTMe-
4aloT TI0sIBJIeHVe TaKVX PVICKOB, KaK YyBCTBO M30JIMPOBAHHOCT Y CTYAEHTOB, VICUe3HOBEeHVIe
COpPeBHOBATEJILHOTO /IyXa, OTCYTCTBIE CBOEBPEMEHHOV OOpaTHOV CBSA3M C IIpeliofiaBaTelIeM.
Bcé 3710 3HauUMTEIPHO CHIDKaeT yueOHyI0 MOoTMBaLMIO oOyuJaroryixcs. 1o MHeHIIO aBTOPOB,
CMeIIaHHBI popMaT OOyUeHNs, COUeTAOMMI B cebe «OHJIalH-00yUeHVe (IOTOYHbIe JIeK-
1) 1 odrarH-00ydueHVe (IIpaKTidecKie 11 J1abopaTopHble 3aHSTVS B IPYIIIax ¥ HOATPYII-
Tax), ABJIsieTcsl Oosiee MATKMM I10 CPAaBHEHWIO C TIOJTHBIM IVCTaHToOM» [40].

B Hayunom cratbe I'. I1. O3epoBon Ha mpumepe Kypca «/HpOopMaIvIOHHbIe TeXHOJIO-
IUV» IHpeJcTaBleHa «pa3paboTKa aJIrOpUTMa OLIeHKV CaMOCTOSATeSIbHOM paboThl M IIpo-
THO3a YCIEITHOCTM 00ydeHMUs CTyAeHTOB I AVCHUIUIVH, pealM3yeMbIX Ha OCHOBE MO-
nermt BL 8 LMS BlackBoard» [41].

briaronmaps viccienosanmio, mposefgeHHomy O. V. I'm3aTymvHON 10 BHEAPEHUIO CMe-
IIaHHOVI MOJeJIVt B O0y4eHUN PYCCKOMY $I3bIKY, aBTOPY YIaJIOCh BBIAEIUTD Pl IIperMy-
IIeCTB JIaHHOV MOJEeJIN: «I'MOKOCTh (BpeMsi, MeCcTO, TeMII); KOMIIeHcals HefJocTaTKa ayIu-
TOPHBIX YaCcOB; HalleJIeHHOCTh Ha BOCIIMTaHMe “aKTMBHOI'O CTyeHTa” ; BOSMOXXHOCTb VIH/IV-
BUIIyaJIM3alny 00y4deHMs; CTyJeHTOLIeHTPUYHOCTD; IOBbIIIeHVe 3(PdPeKTUBHOCTY OUHBIX
3aHATUIL; yAO0OCTBO B M3MEpeHUN 1 aHaJIv3e pe3ysIbTaToB U ap.» [42]. ABTOp Takke OTMe-
4vaeT posib BL B MOBBIIIIEHN MOTMBALIAM yYaIIMIXCsl, IIOCKOJIBKY JaHHBIV popMaT oOyue-
HMS BO MHOTOM OTBeuaeT oOpasy XM3HM U IOTPeOHOCTSM COBpPeMeHHBIX CTyIIeHTOB. [1o-
nobHOM ToukM 3peHMs npuaepxuBaeTcs 1 B. I'. HecrepeHko, mo MHEHMIO KOTOPOI «CMe-
IIaHHOe 00yueHMe IpeJjlaraeT IIperogaBaTe/ M BO3MOXHOCTb CIIPaBUTBCA C MEHSIOIIeVICs
posbio yunresid B XXI B. 1 TpeOyeT IlepeocMbICiIeHIs CBOEV! e TeJIbHOCTY, 11eJIbI0 KOTOPO
CTaHOBUTCH TIOJIep>KKa CTY[IeHTOB B 0OyueHUN 11 HalleJIMBaHUM Ha ycriex» [43]. MoTuBa-
LIOHHBIe acrieKThl BL Takke oTpakeHsl B padote T. M. ®dwtpueHKoBO [44].

ITpoBemeHHBIVI aHAIM3 HAYYHOVI JIMTepaTyphl IO TeMe MCCIIeloBaHVIs II03BOJIsAeT Clle-
JIaTh BBIBOJI, O TOM, YTO IPOIiecchl 1 pOoBM3alui OKa3bIBaIOT CYIIleCTBeHHOe BIIVIsIHVIe Ha
BBIOOP POPM, METOMIOB ¥ TeXHOJIOTUI OCYIIeCTB/IeHNsI 0Opa3oBaTe/IbHO IesATeIbHOCTH.
OmH1M 13 BaKHBIX HallpaBJIeHUI MOJepHM3aly COBPeMeHHOT0 00pa3oBaHMs SIBJIAeTCs
BHeJIpeHue TexHosorum BL B yueOHBIN mpoliecc, B CBsI3M C UeM HacTosiIllee Vccile/loBaHle
HalleJIeHO Ha IIOVMCK MeTOAMYecKMX IIyTeVl peasiM3aluy MHAOpPMaIMMIOHHO-MaTeMaTiJe-
CKOVI TIOZITOTOBKM OYIIyIIMX MHXeHePHBIX KaJpOB B YCIOBMAX IM(POBOV MHTEPaKTUBHON
oOpasoBaTesIbHOVI Cpeibl Ha OCHOBe TexHos1ormi BL.

MeTtonosornmueckasi 6a3a nccinegosanmsi / Methodological base of the research

TeopeTtnyeckne BBIBOIIBI, TI0JIyYeHHbIEe aBTOpaMI HaCTOAIIEro VCCiIeJOBaHMs, OCHO-
BaHBI Ha aHa/IM3e Hay4uHbIX NyOsmkamnmi otedectBeHHbIX (IO. V. Kamycrun, A. A. Kosa-
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nesckas, B. H. Kyp06auxwur, H. B. Jlomonocosa, JI. I'. TutapeHko u 1p.) n 3apy0OeXHbIX aB-
topos ([Ix. berumn, [Ix. beprman, K. bouk, Y. I'paxem, [Ix. Pyanu, X. Crenkep, A. Cams,
M. XopH n p.) 110 1IpO0IIeMe 1 IIepCIieKTVBe ITprMeHeH s TexHostoruii BL B o6pasoBaresns-
HOM I1po1iecce. Pe3yIbTaThI MIcCIIeOBaHMUI BhIITIeIlepeunc/IeHHbIX aBTOPOB IT03BOJINIIV 000-
3HAYNTb [IpaKTHUUecKye peKoOMeHAaluy K IpuMeHeHMIo TexHotoru BL ipu opranmsanym
MH@POPMalIMOHHO-MaTeMaTUYeCKOV MOATOTOBKM CTYIeHTOB MHKeHEPHBIX CHellVaJIbHO-
CTeVl B TeXHUYECKIX YHUBepCUTeTax.

VccrrennoBanmst Borrpocos HydppoBoit TpaHcdopMariiy 00pa3oBaHisl, OTpaKeHHbIe B TPY-
nax P. bapmioy, Xwmsepa A. Xopcra, 1. Mwuiepa, A. Cvmura, T. C. Axpomeesor,
E. B. MorgasoBovz, A. A. BepOriikoro, 1. I11. TTupormanosa, I'. H. ITamxosa, A. B. Konbieson
VI APYTVIX, C BbIJIeJIEHHBIMY B HVIX OCHOBHBIMV XapaKTepyCTMKaMV P POBU3ALIVN C TOUKM 3pe-
Hust PopMIpOBaHMsL HOBOV 1IMPPOBOV KYJIBTYPbI IO3BOIVIIM 0003HAUMUTh BO3MOXKHOCTH VAC-
TI0JIb30BaHVI IVIPPOBBIX TEXHOJIOI VI, OTBEYAIOIINX TpeOOBaHVISIM COBPeMeHHOVI 5KOHOMVIKY 11
HaIlpaB/IeHHBIX Ha POpMIpOBaHe 1 pa3BUTIe I POBBIX KOMITETEHIVI Oy Ay X Crielyarm-
CTOB MH>KEHEepHOVI OTpac/Iv B 00pa30oBaTeIbHOM ITpOLIecce TEXHIYECKOTO By3a.

Teopernueckyro 6a3zy HacTosIIel pabOTHI COCTaBMIIN TaKXe Hay4dHbIe 1 ydeOHO-Me-
TOIVYEeCKIe VICCIIeOoBaHMs B 00stacTy npernogasadms MmatemMatviku (M. Kimann, B. B. @up-
cos, JI. 1. Kynpssues, A. H. Koimmoropos, C. M. Hukosnbckun, B. A. I'yces, B. @. byTy30B,
B. A. Hammurep, C. H. [IBopsarkuHa, I'. B. Hopodees u ap.) n nrdopmaruxu (K. K. Komms,
A. A. Kysnenos, M. I1. Jlarrunk, H. W. ITax, E. C. Ilonat, V. B. Pobepr, b. E. CrapuueHnxo,
E. K. Xennep u ap.).

Pe3ynbrarsl ncciienoBanms / Research results

B xoHTeKcTe mpernofgaBaHMs ONCIIUIUIVMH MHAOPMaLMOHHO-MaTeMaTNYecKOTo IIMKIa
B TeXHIYECKOM BY3€ MOXKHO BBIZIeJINTh HECKOJIBKO CIIOCOOO0B peaIn3aliyi 1 BHETPEHMS TeX-
Hosormyi BL. PaccMoTprM OCHOBHBIE MeTOMIIIecKye TIOIXOAbI M IpVIMePhl KOMOVHAIII
MHCTpyMeHTOB BL 11 mpenogaBanHms 1mKiia MHMOPMAIIMOHHO-MaTeMaTIIeCKX IVICIIV-
IUTVH, PV 5TOM MHTEePaKTMBHBIE METOAHI B paMKax BL momoraror crenaTe mporecc Oortee
yBJIeKaTeJIbHBIM 1 3 (PeKTBHBIM.

1. Omaaun-kypcwl u Budeosexyuu

Vcnonp3oBanme Takmx mudposbix mwiatdopm, kak Google Meet, Zoom 1t Mirapolis,
IS IPOBelleHVIsl MHTePaKTUBHBIX JIEKIIVVI C BO3MOXKHOCTBIO 3a7laBaTh BOIIPOCHL B peaJIbHOM
BpeMeH, 00Cy>XIIaTh TeMBbI B IPyIIIIaX ¥ IIPOBOAMTE ITI03HaBaTe/IbHble BUKTOPVHBL

[IpenioaBaTest MOTYT 3allCBIBaTh BUAEOJIEKLIMM IO KIIFOYEBBIM TeMaM, KOTOpble
CTYIEeHTBI MOI'YT M3y4aTh B cBoeM TemIle. Hammprmep, jiexiyis o BapualiOHHBIM psiiaM 1
VIX YMCJIOBBIM XapaKTepUCTVKaM MOXKeT OBbITh IIpeficTaBjleHa B popMarTe BUIe0, B KOTOPOM
IperiofjaBaTesIb OObsICHsIET OCHOBHBIe ITOHATH. LlerrecooOpa3Ho TaxKe MCHOIB30BaHe 00-
pa3oBaTeJIbHBIX BUIEOPOJIVKOB C MHTEIPUPOBAaHHBIMY BOIIPOCAMY U 3allaHMAMM, KOTOpbIe
CTYIeHTBI JOJDKHBI BBIIIOIHATE 10 Mepe IIPOCcMOTpa.

Lindpossle mwardopmsl, Takme Kak Stepik, CIIO «Moodle» 11 HekoTOpBIE ApyrUie, BO3-
MO>KHO VCIIOJIB30BaTh JIsI CO30aHNs OHJIAH-KYPCOB, BKIIIOUAOIIMX MHTEePaKTUBHBIE TECThI
C aBTOMaTM3MPOBAaHHBIM KOHTPOJIEM 3HAHWUW M MHTepaKTVBHBbIE 3a7laHls, KOTOPBIe CTy-
Je€HTBI BBIIOJIHSAIOT BHE ayAUTOPUN.

IlerrecooOpa3HO MCIOJIb30BaTh B y4eOHOM ITpoIiecce MacCOBble OTKPBITble OHJIAVIH-
Kypcel (MOOK), pasmelieHHble Ha HalMOHAJIBHBIX IIM@PPOBBIX 00pa3oBaTeIbHBIX ILIAT-
dopmax Stepik (https:/ / stepik.org/ catalog), «OTKpBITOE oOpasoBaHme»
(https:/ /openedu.ru/course/), «Jlekropmuym» (https:/ /www.lektorium.tv/). Hampumep:
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- MOOK «Teopusi BepodTHOCTEN ¥ MaTeMaTdeckas CTaTUCTVUKA JI VHXXeHEepPOB»,
paspaboTanHbIV YpatbcknM deepaibHBIM YHUBEPCUTETOM MMeHM ItepBoro [IpesuneHTa
Poccvmt b. H. Enprimaa (https:/ /openedu.ru/course/urfu/ TheorVer/ ?session=fall_2024);

- MOOK «Beiciras matematuka. 1 cemectp», paspaboranubit PTAOY BO «Cankr-
[TeTrepOyprckmi MOJIMTeXHUYeCKMU YHUBEpPCUTET Ilerpa Besmikoro»
(https:/ /openedu.ru/course/spbstu/ HIMAT/ ?session=fall_2024);

-MOOK «Indposag TrpaMOTHOCTb [JId WMHXXKEHEPHBIX WM  TeXHUYECKMX
HalIpaB/IeHU», paspaboTaHHBII HarmoHampHBIM VCC/IeIOBATEILCKMIM YHUBEPCUTETOM
«BpIcmag IIIKOJIa SKOHOMWMKII»
(https:/ /openedu.ru/course/hse/DIGLIT_4/?session=2022);

-MOOK «OcHOBBI MalIMHHOIO OOydeHMs1», PpaspaOoTaHHBII MOCKOBCKIM
roCcyJapCTBEeHHBIM YHVBEPCUTETOM VIMEHW M. B. JIomonocosa
(https:/ /openedu.ru/course/ msu/ MACHINELEARNING/ ?session=fall_2024).

2. Qaunned-xaacc (nepebeprymuiil k1acc)

B pamMkax maHHOro ITOAX0a CTYAEHTHI CHadasla M3y4aloT MaTepiasl CAMOCTOSTEIbHO
(HammpuMep, depe3 BUIEeOPOIMK 00pa3oBaTeIbHOIO Ha3HAYeHVsI WIV CTaTbl IO COOTBET-
CTBYIOLIIEVI TEMATHMKE), a 3aTeM IIPUXOMAT Ha 3aHsTIe ISt 0OCyXIeHNs, pelleHns 3afad 1
BBITIOJIHEeHVsI IIPaKTUYecKMx Win jabopaTtopHbix pabot. Hampumep, nepen saHATHEM 1O
MaTeMaTU4eCKOMY MOAeJIMPOBaHUIO CTyJeHThI MOTI'YT HOJIYYNUTh 3aJaHye IIpoYnTaTh peKo-
MEeHJIOBaHHYIO IIperiojiaBaTesIeM CTaThIO 1 BBITIOJIHUTD IIpeIBapUTesIbHBIN pacyer.

3. Unmepaxmubnole yugpoboie niamgopmoi

Vcnionb3zoBanme Takux g posbix wiatdopM, Kak Nearpod, Mentimeter v Quizlet,
U1 IPOBeeHsS MTHTePaKTUBHBIX OIIPOCOB ¥ TECTOB BO BpPeMsI 3aHAT C HeMeZJIeHHO 00-
PaTHOV CB3BIO. DTO IIOBBIIIIAET BOBJIEYEHHOCTh CTYEHTOB ¥ II03BOJIIeT MIHOBEHHO Olle-
HMBaTh VX IIOHMMaHMe y4eOHOro MaTepuaa COOTBeTCTBYoMIe aucmiuiHeL. Lndposere
OHJIAVIH-IIPVJIOXKEHMS 111 COBMeCTHOM paboThl, Takme Kak Google Docs, MoryT OBITH 1iC-
IOJIb30BaHBI ISl pa3pabOTKM 1 BefleHVsI IPYIIIOBBIX IIPOEKTOB, a TAKXKe BBIITOJIHEHNS COB-
MECTHBIX PeIeHNI MeXIVICIIUIUIVHAPHBIX 3a7ad.

4. MobuavHvle npusoxerus 045 00yHeHUs

[IpertogaBaTerm MOTYyT peKOMEHIOBAaTh CTyAEeHTaM WCIIOIb30BaTh MOOVUIbHBIE IIPUI-
JIOKeHWs 171 3aKperuleHns 3HaHu. Hampumep, npuioxennis 11 M3ydeHMs sI3bIKOB IIPO-
rpaMMIpOBaHMs, TaKie Kak SoloLearn, MOryT 1moMoub cTy/IeHTaM CaMOCTOSITeJIbHO pa3BU-
BaTh HaBBIKI IIPOIPaMMVPOBAaHSL.

5. Ilpoexmnas paboma c ucnosvzobaruem yuppobuix mexrosroeuti (6 mom uucse yugpobuix
cepBu.cob)

Opranmsaliys rpyIoBbIX 3a1a4, I7le CTYIeHThl paboTaloT B KOMaH/Ie KaK OHJIalH, TakK
1 odpi1aviH, YTO TIOMOraeT pa3BuBaTh HaBBIKM COTpyIHMYecTBa. Llidposble cepBrich! mpes-
CTaBJIAIOT cOOOVI 3(pdeKTMBHBIe AMTaKTIUecKre CpelicTBa KakK I M3y4eHns yueOHOro Ma-
Tepuasia AUCHUUIUIVHBI, TaK U I peay3aliiy HMQPPOBBIX MEXINUCIUIUIMHAPHBIX IIPOeK-
TOB. DTO CIIOCOOCTBYeT POPMIPOBAHNIO IIe€PCOHAIIBHOIO 00pa3oBaTeIbHOrO Tpeka o0y4a-
eMoro. CTyeHTbI MOTyT paboTaTh Hall LIMQPOBLIMIU IIPOEKTaMM, VCIIONIb3Ys LG POBbIe
TeXHOJIOI' MY 151 MUHTeJUIeKTYaJIbHOTO aHaIn3a JaHHBIX, HallpyMep SI3bIK IIpOrpaMMUpOBa-
Hust Python ¢ 6ubmmorekamu NumPy 1 Pandas B cpene mndposoro cepsuca Google Cola-
boratory vy maremariaeckun maketr MATLAB. IIpeniogasaTesii Takke MOTYT ITpeOCTaB-
JIATh JOCTYII K OHJIaVIH-pecypcaM, I1e CTyAeHThl MOTYT HOJIYUYNUTh AOIIOTHUTEIbHYIO VH-
dopmaruio 1 HOMOIIb, HAIIpVIMep:

— DATAtab Online Statistics Calculator (https:/ /datatab.net/) m1s BeirtosiHeHVs aHa-
JI3a JaHHBIX ITOCPeCTBOM CTaTVCTUKN B peXXVIMe OHJIaVH;
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— mudposont Tematmueckuit cepsuc (https:/ /statpages.info/), xoTopwm1 comepxxuT
CCBUIKM Ha BeO-CTpaHMITB], OTKPBIBAIOIIVIE TOCTYII K MOIITHOMY, yIOOHOMY ¥ IOCTYITHOMY MHO-
rorutaTPOPMEHHOMY CTaTVCTIUECKOMY IIPOrPaMMHOMY ITaKeTY; TakKe VIMEIOTCS CChUTKM Ha OH-
JIaVIH-KHUTY 110 CTaTHCTVIKe, 3arpy kKaeMble 1 poBble yueOHble 1Tocobist B popmarte *.pdf, rmpo-
rpaMMHOe oDecTieueHve IS CTaTVICTVIKY Y COITy TCTBYIOIINIe 1P pOBbIe pecypchl.

6. Bupmyaavnruie 1abopamopuu u CUMyAAYUU

Vcriontb30BaHMe CIIeaIM3MPOBAaHHBIX IIPOrPaMM ¥ IIPVUIOXKEHNV, ITO3BOJISIOIIVIX
MOJIeIMPOBaTh peasIbHble IIPOLIeCChl; IIpVIMeHeHVIe BUPTYaJIbHbBIX JJaDopaToOpii II03BOJISeT
CTyeHTaM IIPOBOANTD SKCIIEPVIMEHTHI VI MOAeJIVIPOBaHIe He BBIXOASA 13 JoMa. Hampumep,
undposas wiatdopma MATLAB Online vy Simulink MmoXkeT 1icriosp3oBaThCs 115 IIpOBe-
JeHMS MOZEIIVPOBaHS CJIOKHBIX TEXHMYECKMX cUcTeM. VIHTepaKTUBHBIE CHIMYJISLINN B 00-
JacTV PUBUKY ¥ BBIYMCINTEIBHON MaTeMaTHUKIM MOTYT IIOMOYb CTYAeHTaM BU3YyaJIN3UpO-
BaTh CJIOKHBIE TexHM4YecKue mmporeccer 1 TO.

7. Obpamuas c643b u camooyeHka

IIpenioaBaTesvt MOTyT MCIIOIB30BaTh LVIPPOBBIe IVIaT(OPMBI 11 HEKOTOPBIe LI POBbIe
TexHostorvi (HarpyumMep, Google Forms, Yandex Forms, Socrative 11 11ip.) myist oGpatHoOI CBS31,
I7ie CTYeHTBI MOTYT OLIeHVMBATh CBOVI 3HaHMS VI IIOJIy4daTh PeKOMEHAAIVV IO YTy UIIeHNIO.
Hampvmvep, cuictema KOHTposIst yerieBaeMocTy, peasimsosatHasd B CZ1O Moodle, mossosiser cTy-
JeHTaM BUIETb CBOV OIMOKM M paborars Ham HuMMI. TakKe co3maHMe OHJIAVH-(POPYMOB
(marrprivep, B CIJO Moodle) vom rpymm B MecceHmpkepax (Hampumep, Tenerpam), roe cry-
JEHTBI MOTyT 00CYy>XIaTh y4ueOHbIe MaTepyasIbl AVICHVIUIVIHEL 3aaBaTh BOIIPOCHI M IeJINTHCS
VIesIMVL; PeTyIIIpHOe TIOJTydeHe OOpaTHOI CBSI3MI OT CTYIEHTOB O IIporiecce 0OydeHms depes
OITPOCHI 11 aHKETBI, YTO II03BOJIIET aflallTHPOBaTh Ky PC IO VX ITOTPeOHOCTIA

KaxpIvt 113 9TVX METOIOB MOXKeT OBITh aJIalTTVPOBaH I10/] KOHKPETHBIe y4eOHbIe 1Ie/IV U
KOHTEKCT, B KOTOPOM IIPOXOANT o0yueHe. BL 1aeT Bo3MOXXHOCTE KOMOVHMPOBATh pas/IiHbIe
TIOZIXOZIBI VI HAXOAWTB HavOoIee 3o PeKTMBHBIE PelleHIs I BOBJIeUeHIs CTYIeHTOB 1 YIIyd-
IIIeHVIST Pe3yJIbTaToB Mx 00ydeHys. I1penyioxKeHHbIe BBIIIIe ITOIXOIbI MOTYT 3HAYMUTEIIHHO TI0-
BBICUITH Ka4eCTBO OOyUeHIs, CIeJIaB ero Oojlee MHTEPAKTVIBHBIM V1 JOCTYIIHBIM VIS CTYI€HTOB
TeXHIYECKIX YHUBEPCUTETOB, a Takke 3aKpelus II0TyueHHbIe 3HaHs Ha ITPaKTVKe.

PaccMoTpuM mpuMep, B KOTOPOM, IIpeXile YeM IIOCTPOUTh MOe/Ib MaIllMHHOTO 00y-
ueHns (Machine Learning - ML), kotopast paboTtaeTr addeKTMBHO 1 KOPpPeKTHO, HeoOX0-
AVIMO HavaTb C MccilefoBaTe/IbcKoro aHasmsa gJaHHbix (Exploratory Data Analysis - EDA).
OnuH 13 BaxHbIX 3TanioB EDA - BbIsBiIeHMe BEIOPOCOB 1 11X 00paboTka. 1 peasmsarym
EDA BriOpana cpena umdposoro cepsuca Google Colaboratory, s13bIk porpaMMupoBaHs
Python ¢ 6ubnmorekamm Pandas 1 Seaborn. briaromapst o0o3HaueHHOMY cTeKy 1IMPPOBBIX
VIHCTPYMEHTOB sl PellleHs IT0CTaB/IeHHO 3a7aull BO3MOXXHO 3 eKTUBHO 1cciIejoBaTh
JaHHBIe Ha IIpefiMeT BLIOPOCOB B MHTEPaKTVBHOM peXXVMe OHJIaH.

B craTucTike BBIOpOCHI IPeICTaBIIAI0T COO0I KOHKpeTHbIe TOUKM JaHHbBIX, KOTOpbIe
3HAYNTEIIPHO OTJIMYAIOTCS OT OCTAJIBHBIX HaOJIIOeHMI B Habope TaHHBIX. DTO HalbImome-
HVISI, KOTOpbIe HAaXOOSTCSA Ha aHOMAJIBHOM PacCTOSHUV OT APYTMX 3HAUYEHUV B CJIyYaltHOM
BbIOOpPKe 13 nonysrsiiym. [Iporienypel BeIsiBIIeHVs 1 00paboTKM BEIOPOCOB MMEIOT pelllaio-
Illee 3HaUeHMe B IIpoliecce aHaIM3a JaHHBIX, [IOCKOJIBKY OHM MOTYT VMCKa3UTh pe3yyIbTaThl
VI TIOBJIVISITh Ha IIPOV3BOAUTEIIBHOCTD CTATVICTYECKVIX MOIeIIert.

BeIOpOCH MOTYT BO3HMKATB IO Pa3HBIM IPUYMHAM, B TOM YVCIIe:

1. OmmmOkm mpyt BBOME IaHHBIX: OIleYaTKM VIV OLIMOKM PV BBOME JaHHBIX MOTYT
MIPUBECTY K BEIOpOcaM.

2. OmmOKM M3MepeHNst: OIMIMOKIL B IIpoIiecce M3MepeHsI MOTYT IIPVBECT K ITOJTyde-
HWIO 3HaYeHNVI, KOTOpble He OyIyT TOYHO OTpaXkaTh MCTVMHHYIO IIPUPOIY ITaHHBIX.
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3. IlommHHBIe SKCTpeMasTbHble 3HaUeHVIsT: IHOITIA BEIOPOCHI MOT'YT IIPeICTaB/ISTh COOOVI 3a-
KOHHBIe 5KCTpeMasIbHble 3HaUeHVIs B TaHHBIX; BayKHO Pa3/IiaTh HOMIHHBIE BEIOPOCHI 1 OIIIVIOKIAL.

4. Omm6Kxm BEIOOPKI: BEIOPOCH! TaKXKe MOTYT BO3HMKATD 113-3a IIPpo0sIeM C IIpoIieccoM
BBIOOPKY, 0COOEHHO ITpy HEOOJIBIINX pa3sMepax BEIOOPKIAL.

5. Ommbxy 06pabOTKM TaHHBIX: OHIMOKM PV OYMCTKe WM IpeoOpa3oBaHUM [TaH-
HBIX MOT'YT IIPUBECT K II0SIBJIEHNIO BEIOPOCOB B HAaOOpe TaHHBIX.

6. EcrecTBeHHas1 I3MEHUMBOCTD: B HEKOTOPBIX CJIy4asix BBIOPOCHI MOT'YT OBITh Pe3yJIbTaTOM
€CTeCTBEeHHOVI M3MeHUYMBOCTV JTaHHbIX. OIlperiesieHHble COOBITVS VIV YCIIOBVS MOTYT IIPUBECTI
K 5KCTpeMaJIbHBbIM 3HaUeHVIsIM, KOTOPbIe BBIXOIIAT 3a ITpefie/Ibl HOpMaJIbHOTO Ayalla3oHa.

[axxe B HOpMaJIbHOM paclipezieleHUI MOIYT OBITh BBIOPOCHL. B 3aBucmmMocTn ot mx
IPUPOBI M UYBCTBUTEIIBHOCTY pa3pabaTbIBaeMOV CTaTUCTUUECKOV MOeIM K BhIOpocaM
11eJIecoo0pasHo Mx ycTpaHuTb. OObIYHBIE CTpaTerni BKJIIOYAIOT yceueHue VIV MCIIOIb30-
BaHIe CTaTUCTUYECKMX MeTOO0B Il OrpaHMYeHNs IV KOPPEKTUPOBKM 3TVX 3HAUYEHUIA.
ITepBble TpU MeTOIA TIOMOTAIOT VX UAEHTUMUIIMPOBATh, a YeTBEPTHIVI METOJI, II03BOJIsIeT KaK
VIeHTNPUIINPOBaTh, TaK M YCTPAHUTH MX (YTO Ha caMOM fiejle cJIeflyeT paccMaTpMBaTh Ha
3Tarle OYMCTKM JaHHBIX, a He Ha 3Tare EDA).

Cmamucmuueckue mecmol (Memo0 Z-0yeHKu uAU CanHoapmHo20 0MKA0HeHUA): OOBITHO 1IC-
MIOJIB3YeTCs 1711 HOPMaJIbHO pacIipeielIeHHbIX TaHHBIX; OIlpefieriseT BEIOPOCH Ha OCHOBE
TOT'0, CKOJIBKO CTaHJaPTHBIX OTKJIOHEHUTI VIMeeT TOUYKa JaHHbBIX OT CpeJHero 3HaueHmsl.

Memod mexxBapmuavnoeo pasmaxa (InterQuartile Range - IQR): HageXxHbIVI 11 3 PEKTMB-
HBIVI METO]I, 1151 BBISIBJIEHNS BBIOPOCOB; MeHee UyBCTBUTe IeH K 9KCTpeMasIbHbIM 3HAYeHSIM
VI HOAXOOUT I CMMMETPUYHBIX paciipefiesleHni1 (Takux KaK HOpMaJIbHOe pacipefieie-
Hte). MoXXHO BU3yaymsmpoBaTh BEIOpockl MeTogoM IQR - nuarpamma «SImyik ¢ ycamm» v
Boxplot (mastee - Boxplot) 13 61bmmorexn Seaborn.

MexxBapTwibHbI pasMax (IQR) - aTo Mepa cTaTucTUYecKOV OMUCIIepCuu, KOTopast
paBHa pasHuie Mexay 1-m u 3-m kBapTwaMm: IQR = Q3- Q1. Bce sHadyenns sbie Q3 +
1.5*IQR u 3nauenns Hroke Q1 - 1.5*IQR gsistoTcs BBIOpocaMit. DTO B OCHOBHOM BCe TOUKM
3a pefesiamMu ycoB (puc. 1). Te Toukm, KoTopble jIeXar 3a IpefieslaMi yCOB, OOBIYHO CUMTa-
10Tcst BIOpocamut. ITpu aToM ycbl pacriosiararoTcsi Ha paccTosiHUM, paBHOM 1,5 MexkBap-
TiibHOrO pasMaxa (IQR) ot kpas cooTBeTcTByIOMmIErO 11051s. OOBIYHO BEIOPOCH TAHHBIX OT-
MeYaroTCsl TOuKaMmm Ha auarpamMme (cM. puc. 1). Takmm o6pasom, BEIOpocC orrpeessieTcst Kak
TOYKa JJaHHBIX, KOTOpas HaxoAuTcs 3a Iipenetamu auarnasoHa (Q1 - 1.5*IQR, Q3 + 1.5*IQR).

ITodx00v1, ocHoBanHbvie HA MOOeAAX: MOTYT OBITH IIPUTOAHEL ISt 00pabOTKM BEIOPOCOB B
HOPMaJIbHO paclipefie/leHHbIX JTaHHBIX; KaK IpaBIIo, 3TO perpeccoHHble MOJIesIy, KOTO-
pble pa3paboTaHbl TaK, YTOOBI OBITH MeHee UyBCTBUTEIbHBIMY K BIIMSHUIO SKCTPeMaIbHBIX
3HadeHmy1, Harpumep, perpeccop RANSAC («RANdom SAmple Consensus - KOHCeHCyC
CJIy4aViHOVI BBIOOPKM) — 9TO UTepaTUBHBIVI METOJI, I Ha/IeXKHOV OlleHKN ITapaMeTpoB Ma-
TeMaTIN4eCcKOV MojieIn 13 Habopa HaOJIIoIeHn1, Cofep Kalimx BEIOpockl» [45]).

Buncopusayusa (Winsorizing): MeTo1, IIpy1 KOTOPOM 3KCTpeMaIbHble 3HaUeHVs 3aMeHsI-
I0TCSI MeHee 3KCTpeMaJIbHBIMI; IIOAXOONT I HOpMaJIbHBIX pacIipeieleHIi1, 0COOeHHO KO-
I7la Hy>)KHO «CMSITUYUTB» BIIVISHIE BEIOPOCOB, He YHalssd MX IOIHOCTBIO.

B paccmarpuBaemom mpumMepe Bocrionb3syeMmcss Habopom mauHbIx Churn_Modelling
(Hatacer Churn_Modelling B3sT ¢ nmdposont mwiardopmsl Kaggle, ncronpsyemort mist co-
pesHOoBaHM 110 Data Science 1 ML), KOTOpBITI COCTOUT 13 aTpMOYTOB KJIMEHTOB 11 MHMOP-
Malu O TOM, IIPeKpaTIN JIVi OHV CBOV COe[IVIHEeHMsI C HEKOTOPOV TeJIeKOMMYHMKAIIVIOH-
Hovt komriaHmert N. B anaymsupyemom Habope mannbix 10 000 3ammicent 1 14 mpusHaKoB,
BKJIIOYasi 11eJIeBYIO IlepeMeHHYIO (CM. TabsuiLy).
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Interquartile Range

(IQR)
Bhibpochi Beibpockl
"Minimum" "Maximum"
(Q1 - 1.5*IQR) Q1 Meavara (3 (Q3 + 1.5*%IQR)
(25th Percentile) (75th Percentile)
-4 -3 -2 -1 0 1 2 3 4

Puc. 1. Cmpyxmypa ouaepamms: BoxPlot daa 6usyarusayuu 6vi6pocod

Omnmcanne arpnOyToB HaOopa maHHBIX Churn_Modelling

No | Haumenobanue

e ampubyma Onucanue ampubyma

1. | RowNumber HOMep CTPOKM

2. | Customerld YHUKaJIbHBIV UIeHTUPUKATOp KIMeHTa

3. | Surname damMwmg 3aKa3zumKa

4. | CreditScore KpPeOUTHBIV PEVITUHT KJIMeHTa

5. | Geography CTpaHa 3aKa34ymKa

6. | Gender 101

7. | Age BO3pacT KJIMeHTa

8. Tenure KOJINTYEeCTBO MECSIIEB, B TeUeHVe KOTOPBIX KIVIEHT
pabotaer B pupme

9. | Balance OCTaBIINVICS OCTAaTOK Ha cUeTe KIIMeHTa

10. | NumOfProducts | Kolm4ecTBO TOBapOB, IIPOJAHHBIX KIMEHTOM

11. | HasCrCard €CTb JIV Y KJIMeHTa KpeIuTHas KapTa VIV HeT

12. | IsActiveMember | akTMBeH 11 KIMEeHT WV HET

13. | EstimatedSalary | mpepmonaraemasi 3apmiaTa KveHTa

14. | Exited YILIeJI JIVI KJIVIEHT VIV HeT

Ha puc. 2 nmpexacrasiien pparmenT naracera Churn_Modelling.

RouNumber CustomerId Surname CreditScore Geography Gender Age Tenure

Balance MumOfProducts HasCrCard IsActiveMember Estimatedsalary Exited

1

15634602 Hargrave

619

France

Female

42

2

0.00

1

1

1

101348.88

1

215647311 Hill 608 Spain Female 41 1 83807.86 1 0 1 112042.98 0

3 15679304 Onio 502 France Female 42 8 159660.80 3 1 0 113931.57 1

4 15701354 Boni 699 France Female 39 1 0.00 2 0 0 93826.63 0

5 15737888  Mitchell 850 Spain  Female 43 2 125510.82 1 1 1 79084.10 0

Puc. 2. @pazmenm damacema Churn_Modelling

Coszpagym guarpammy Boxplot 1t Bcex aTpubyToB Habopa JaHHBIX C IIOMOIIBbIO O110-
ymoTtekn Seaborn. Beropocs! BunHEI 1 aTpubyToB «KosmdectBo mpogykTos», «Bospact»
u «Kpenutaem pentiHr» (cM. puc. 3).
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NumOfProducts Age CreditScore

o0

4.0 ° 0
800
3.5 801

701 700

2.0
407 500

1.0

NumOfProducts Age CreditScore

Puc. 3. Busyaausayus Bvibpocob 6 damaceme Churn_Modelling nocpedcmbom ouaepamms: BoxPlot

Habrmrommast 3a mipmBeleHHBIMM BbIIle ayarpamMMmamu Boxplot (puc. 3), MOXHO Bu3y-
JIPHO OOHAPY>XXUTb BBIOPOCHI B 3HAUEHMSIX: KPEAVTHBIVI PEMTUHT COIePKIUT OOJIbIIe Pe3Ko
OTKJIOHSIOIIMXCS 3HAUYeHM I10 CPaBHEHUIO C IPYT UM

JlaBariTe HavimeM 3TV TOYKM MaTeMaTUYecKu, a He BU3yaJIbHO. [aBariTe HOCMOTPUM
Ha IQR. PaccmoTpuM miarm mo oOHapy XeHMIO BBIOPOCOB IIyTeM OIperesieHNs HVDKHeN
(Minimum) v BepxHen (Maximum) rpaHuIIbI JaHHBIX (cM. puc. 1):

1. OTcopTmpoBaTh JaHHbBIE B IIOPAIKe BO3pacTaHs.

2. Paccumrate Q1 (mtepBblit KBapTWwib) 11 Q3 (TpeTuit KBapTuJlb).

3. Beramcrmmrs IQR = (Q3 - Q1).

4. BeramcmTh HYDKHUT AnarnasoH Kak Q1 - (1.5 * IQR) u BepxHMi1 Anana3oH Kak Q3 +
(1.5 * IQR).

Cosmanym nuarpamMy Boxplot mst Tpex aTrpubyTos (cM. puc. 3) oqHOBpEMEHHO C Iie-
neBout rtepemenHom “Exited”, comeprkaren Kiacc KpeIMTHOTO PeVITVHTA 3aeMIIIKa.

Puc. 4. Cpabuenue ouaepamm BoxPlot npusnaxob «Koaruuecmbo npodyxmob», «Bospacm» u «Kpedummnuiil peiimume»
C yeaeBbiM NPUSHAKOM

JlaBariTe HavizieM BEIOPOCHL: OTCOPTMPYeM JIaHHBIe 10 BO3pacTaHWIO ¥ BbIBEIeM X Ha
sKpaH (puc. 5), 3aTeM Beramcivm 1-v1 u 3-i1 KBapTwin (puc. 6).

# COPTHUPOBKA JlaHHBIX

data = df.CreditScore
sort data = np.sort{data)
sort_data

array([35e, 350, 350, ..., 850, 850, B58])

Puc. 5. CopmupoBxa danHsix
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# ucnofb3yeM QyHKUMH nanpercent(), 4ToOb MrHOPUPOBATL NPONYWEHHOE 3HaYeHHe
ql = np.nanpercentile(data, 25, method='midpoint')

q2 = np.nanpercentile(data, 50, method='midpoint')

g3 = np.nanpercentile(data, 75, method='midpoint')

IQR = g3 - ql

print{"IQR = ', IQR)

IQR = 134.8
Puc. 6. Boruucaenue k6apmuaeir Q1 u Q3

Paccuntaem Bepxaun (lower_limit) v HvoxkHUI penertbl (upper_limit) 11 BEIGpoO-
COB, a TaKXXe pacCMOTPVM BEIOPOCHI HVDKHETO ¥ BEPXHETO IIpeesios (cM. puc. 7).

lower limit = q1 - 1.5%(q3 - q1)

upper_limit = g3 + 1.5%(g3 - q1)

print{"HwxHuid npegen = ", lower limit)

print("BepxHuii npepen = ", upper_limit)

lower limitoutliers = sort data[sort _data < lower limit]
print ("Beibpocw HuwkHero npepena:", lower limitoutliers)
upper_limitoutliers = sort data[sort_data > upper_limit]

print ("Buibpocw BepxHero npefena:”, upper_ limitoutliers)

HuxHWiA npegen = 383.0

BepxHuii npenen = 919.0

Buibpochkl HU¥Hero npegena: [350 350 350 350 350 351 358 359 363 365 367 373 376 376 382]
Bulbpocsl BepxHero npepena: |[]

Puc. 7. Buuucaenue 8vi6pocob nusxieeo u Bepxteeo npedesol

ABanmmsupys JaHHBbIe, IpefcTaBIeHHble Ha PuC. 7, MOXHO ce/laTh BBIBOJ, YTO BbI-
OpoceI BCTpevaroTcs TOJIBKO B HVDKHEV 4YacTy Iiperieria. [1pu skeraHMM MOXKHO 3aMEHUTh
3Ha4YeHN 3a IIpeesiaMy COOTBETCTBYIOIINX IIOPOroB, HO B JAHHOM KOHTEKCTe 3TO MOXKHO
He J1eJ1aTh.

3akroueHme / Conclusion

ITogBomst mTOry, HEOOXOIVIMO BBIIEINTD CIeAyIole KITFoUeBble JOCTOVMHCTBA peali-
3a1Mm yuebGHOro Impoliecca AUCIUIUIVH MHPOPMalMOHHO-MaTeMaT4ecKoro HyKiIa ¢ Ipu-
MeHeHVeM TexHorormv BL:

1. DddexTBHOCTS 0OYUeHMs: ITpUMeHeHMe TexHostornit BL v pearmsariiis Mmoperien
BL nmeMOHCTpUPYIOT BBICOKYIO cTelleHb 3(PeKTMBHOCTY IIperofaBaHysl OVUCIIUIUINHE VH-
dpopMaIMoHHO-MaTeMaTNYeCKOrO IIMKJIa, [I03BOJIS OIITVIMAJIBHO COYeTaTh TeOpeTdecKre
3HaHMSA C IIPaKTUYeCKMMY HaBbIKaMy, YTO COOTBETCTBYeT COBpeMeHHOVI KOHIIeIIIIM ITOf-
TOTOBKM Oyayimx crenanictos, ooosnaueHHor B @I'OC BO HoBoro mokosieHus B ycjio-
BUSIX I pOBOT TpaHcOpMaly HaCTOSIIIero ooIIecTsa.

2. TlosbiieHne MOTMBaLMM Y OOydaromyxcs: Oarogapst MCIOIb30BaHUIO OHJIAVIH-
w1aTpopM, HPPOBBIX CEPBUCOB ¥ MHTEPAKTVBHBIX METOHOB OOyUeHMs CTYIeHTHI IIPOsIB-
JISTIOT OOJIBIIYIO 3aMMHTEPECOBAHHOCTH ¥ BOBJIEUEHHOCTh B 00pa30BaTesIbHBIV ITPOIIeCC, YTO
CrI0cOOCTBYET ITOBBIIIIEHVIO YPOBHS YCBOEHS yUeOHOT O MaTeprala M3ydaeMbIX IVICITTUIVIH.

3. Ilepconaymsaiyst 00ydeHws:: TexHOIIOrMM BL IIpeiocTaBsistoT BO3MOXXHOCTb MHIVBY-
Ayaymsanmy y4eOHOro mpoliecca 1 popMupoBaHMs IepCOHAIBHOIO 00pasoBaTe/IbHOIO
TpeKa, YTO IIO3BOJISIeT CTy IeHTaM OcBavBaTh MaTepuasl B yIOOHOM ISt HUX TeMIle 1 (popmare.
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4. OOpartHasi CBsi3b: peryJisipHas oOpaTHasl CBsi3b OT CTYIEHTOB ¥ VICIIOJIb30BaHMe
IMQPOBBIX CEPBIICOB 3HAUNTEIILHO TIOBHIIIAIOT YPOBEeHb BHYMAHMS VI IOHVIMaHMSA CTyAeH-
TOB, UTO CIIOCOOCTBYeT CBOEBpPeMEHHOV IMAarHOCTMKe O0Opa3oBaTeIbHBIX pe3yJIbTaToB U
KOppeKIInM y4ebHOro Irpoliecca.

B miestom pesysibTaThl HacTOSAIIIETO MCC/IeOBaH ITOATBEP KIAI0T, 4To TexHosorum BL
SIBJISIFOTCS BaKHBIM MHCTPYMEHTOM [1JIs1 TIOBBIITIeHV KadecTBa 0Opa3oBaHMs VI TIOATOTOBKM Oy-
AYIIVX CIeLMaIVICTOB TeXHNYEeCKX YHUBEPCUTETOB, a Takke MOT'YT OBITh YCIIeIITHO IpViMe-
HeHBI B IIpeTiofaBaHNy OVICLIMIUIVH MHPOPMALIOHHO-MaTeMaTIYecKoro IIMKiIa ¥ peasiisa-
VIV MeXITpeAMeTHON MHTerpauyn. 1 ycrnemnrHon peaymsanym TexHonoruv BL B TexHvge-
CKOM By3€e HeOOXOIVIMO ITPOA0IDKATh Pa3pabOTKy V1 BHeIpeHVIe MHTePaKTVBHBIX METOIVK O0Y-
yeHs], a Takke HeOOXOIMMO perysisipHOe IOBbIIIeHre KBayduKalyy IIpodeccopcKo-IIpe-
roflaBaTesIbckoro cocrasa B oosactu VIKT v idppoBmsarym coBpeMeHHOro oopasoBaHs.
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