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MopeanpoBaHue clioco00B NMpPeoaoJIeHUsl TPYAHOCTell B 00y4eHUH
NMPOrpaMMHUPOBAHNIO

B oannoii pabome paccmampusaemcs 3a0aua ucciedo8anus u Gopmanuzayuy UCXOOHbIX OAHHBIX
07151 NOCMPOEHUSL MAMEMAMUYECKOU MOOeNU NO ONPeOeleHUI0 ONMUMATLHOU Mpaekmopuu ooyye-
HUSL HA OCHOBe usyyenusi cnocoonocmu cmyodenmog UT-nanpaeienuti no020mosKu K camocmosi-
menvHoU pabome. Ha ochose cmamucmuueckoli 00pabomKu mMaccosvix HAOMOOeHUl 6bls61eHbl
3aKOHOMEPHOCMU, Onpedensiouue N00X00bl CMYyOeHmMOo8 K PeuleHulo CIoACHOCmel 8 06pazo8a-
menvHom npoyecce. Ilo pezynvmamam ucciedosanuii 6ulia NOIYYEHA MOOETb MEeMAOAHHbIX OISl
HOCMPOEHUs. MOOeNU HeYemKUX OMHOWeHUtl O YNpAGIeHus 00pa308amenbHbIM NPOYECCOM.
Onpedenenvl Kpumepuu, onpeoensiowue ypogeHs CamoCmosmerIbHOCIU CIMYy0eHmos.

Knrouegvie cnosa: HT-obpazoeanue, npozpammuposanue, mpyoHocmu 00y4eHus, Koppeaayus,

MO0e/Ib MEMAOAHHDBIX.

BeedeHue

Hedruut cnemmanmnctoB B UT-cekrope B mo-
CJIEHUE TOABl OCTAeTCsl YCTOMYMBOM TEHICHIMEH.
Tak B EC B 2015 1. Ha 900 TBIC. BaKaHCHUI 0XKHIAaeTCS
tonpko 100 ThIC. BhIMyckHHKOB M T-crienmansHOCTEH
(nanHble aHajMTHUYecKoil kommnanuu Empirica). He-

XBaTKa KaJpoB B 3TOH cepe Ha Ykpaumne B 2015 T.
cocraBut 170 TeIc. enmoBek (manHeie ['ocymapcTBeH-
HOTO areHTCTBa MO BOIPOCAM HAayKH, MHHOBALMH U
uapopmaruzanun). [lepunur UT-cneumanuctoB B
P® na 2015 r. coctaBut 320 ThIC. YenoBeK (IIPOTHO3
“IBM B Poccun™).

IIporHo3sl B KpaTKOCTPOUHOM IEPCIEKTUBE

UMEIOT Ty ke AuHaMmuKy. Tak no 2018 r. cucrema
00pa3oBaHKs ¥ TOBBILCHNS KBATH(UKAIMU TOJDKHA
MOATOTOBUTH HEe MeHee 350 ThIC. CIEUaTucTOB s
yckopenus: pasputus UT-otpacon P®. OgHako ko-
nmyecTBO 00y4yeHHbIX 1o WT-HampaBieHHsAM cocTa-
BUT TONbKO 150 ThIC. (MO OlleHKaM MUHKOMCBSI3H
PD).

ITosToMy cokparmieHHe KagpoBOrO TOJIOa B
UT-chepe saBisieTcs akTyaslbHOHM 3a1adeid, a MyTH ee
pellleHHs HaXOAATCsA B LIEHTPE BHUMAHUSA COBPEMEH-
HOTO UH(POPMAITMOHHOTO O0IIECTBA.

C 2015 yuebnoro roga MOH VYkpaunst B 25
By3axX HAUMHAET 3KCIEPHUMEHT IOJIy4eHHs: o0pa3oBa-
TENbHO-KBAIM()UKALIMOHHOTO YPOBHS  CIICIHAJINCTA
0 CHEeNHATIBHOCTAM OTpaciy 3HaHui «HpopmaTika
M BBIYNCIINTENbHAS TEXHUKA» BBITYCKHHKOB BY30B,
KOTOpEIE TIOJTYIHITH o0Opa3oBaTenbHO-
KBaJTM(UKAIMOHHBIA YPOBEHb OakanaBpa M3 HEKOTO-

PBIX  MHXXKCHEPHO-TEXHHYECKHMX M  ECTECTBEHHO-
MaTeMaTHYeCKUX HampasieHnd noarorosku. MOH
PO na 2015-2016 yueOHbIH TOn yBEIMYMBaeT Ha
34% mpuem no UT-cnenuansHoCcTsM. [Ipu aToM mpu-
€M II0 MporpaMMe MarucTpaTrypsl yBEIHUYWICSA B 3a-
BHUCUMOCTH OT CIelManbHOCTH OT 74% 10 208%.

OpfHako MpU YBEIMYEHWH KOHTHHIEHTa 00y-
gaeMblx 1o MT-HampaBieHHsM HaOmogaeTcs OTCTa-
Banue 1T-o0pa3oBaHMsl OT TEMIOB CMEHBI TEXHOJIO-
ruil u cpencts UT-unpycrpuu. Hampumep, Toiabko
15-20% BBIITYCKHUKOB 110 WHXKCHEPHBIM CIICIIHAIIb-
HOCTSM TIPUTOAHBI K HEMEIUICHHOMY TpPYIOYCTpOii-
ctBy B UT-chepe (manasie MunkomcBsizu PO).

ITosToMy coBpeMeHHbIE YCIOBHUS HpPEABABI-
I0OT K cHucTeMe Beiciiero oOpasoBanus mo WT-
HaIpaBJICHUSM IOBBIIICHHbIE TpeboBaHus. Mx yrmo-
BJIETBOPEHHE IpeJIoaraeT NCIOoJIb30BaHHEe MHHOBA-
IIMOHHBIX TTOAXO0JO0B K pealn3aluy Iporecca odyde-
HUs. JI1g KaXIoro KOHKPETHOTO CTYJEeHTa IPOIecC
00y4eHHs MPOTEKAeT B HEUETKHX YCIOBHSAX, CBSI3aH-
HBIX C €r0 CIIOCOOHOCTAMH K BOCIIPHSITHIO y4eOHOTO
Mmarepuana. [losTomy wnccienoBaHHe 3aKOHOMEPHO-
CTell KaueCTBEHHOH MPOQECCHOHANBEHON TOATOTOBKH
NT-cienaniucToB CTaHOBUTCSI OCOOEHHO AaKTyaslb-
HBIM.

AHanus nocnedHux uccnedoeaHul u ny6nu-
Kauuu

Wummmatnea CDIO nHanpasiena Ha pedopmu-
poBaHKe 0a30BOTO BBICIIETO 00pa30BaHUs B 00JacTH
TEXHHKH W TexHomoruit. B mokymentax CDIO [2]
c(hOopMyITHPOBAaHBl OCHOBHBIE IIEJIH B COOTBETCTBUH C
Mozensto «Ilnanuposats — [IpoexTuposats - IIpous-
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BoauTh - Ilpumenars». Cranpaptel CDIO cnenyer
paccMmarpuBaTh Kak 0a3uc MOJrOTOBKH CIEIHAICTOB
UT-nanpasneHuil.

ACM wu IEEE pa3pabaTrIBaloT U peKOMEHIY-
0T K MCIOJB30BaHuio yueOubie miansl (Curriculum)
U yuebusie mporpammel  (Syllabus) mo HUT-
HAIPABICHUSM [OArOTOBKH 0a30BOr0 ypoBHS (KOM-
OBIOTepHBbIC Hayku [3-4], mporpaMMHasi WHKCHEpHS
[3]). BeimosHeHre pekoMeHIanUi U3 3TUX JTOKYMEH-
TOB TaK)Xe HalpaBiIieHO Ha olecrieueHne MOOMIBHO-
ctu cryaeHToB u UT-cnenuanucros.

OOy4yeHne NpPOrpaMMHUPOBAHUIO HUMEET CBOU
0COOCHHOCTH 110 CPaBHEHUIO C JPYTUMHU JTUCLUILIIH-
Hamu [5]. OGocHOBaHME BIMSHUS HAYAILHOTO YPOB-
HsI TOJTOTOBKY ¥ MHIVBHUIYaIBHBIX 0COOEHHOCTEH
BOCHPUATHS y4eOHOTO MaTepuala Ha KOHEYHBIH pe-
3yJbTaT O0y4YeHHs BBINOJIHEHO B pabdorax [6, 7]. B
pabote [7] BBIABIECHBI BBICOKAsl CAMOCTOSATEIILHOCTD B
nporiecce 0O0yuyeHHH M Pa3BUTHE CIOCOOHOCTH K ca-
MOOOYYEHHI0O KaK KOMOETeHTHoCTH Oynmymmx WT-
crneruainucToB. OTHAKO MOJIENb CIIOCOOOB MPeoIoIe-
HHUS TPYAHOCTEH B OOYYEHHMH NPOTrPaMMHUPOBAHUIO
OTCYTCTBYET.

[TocTpoeHue u uccieqOBaHHE MOJENEH, ydu-
TBHIBAIOIUX HEOTPEIEIICHHOCTh, MOJKHO PEaN30BaTh
C TIOMOIIIBI0 MaTeMaTHYECKOH CTATHCTHKH M TEOPUH
HEYeTKUX MHOecTB [1]. BTopoii moaxox mo3Bosser
UCTIONb30BaTh CYyOBEKTHBHBIC OIEHKH CTYICHTOB M
IpernojaBaTenel, ClIeloBaTeIbHO, KOPPEKTHPOBATH
npouecc 00y4eHHs Ha OCHOBE MOJYYCHHBIX NaHHBIX.
Oco0eHHOCTh TIOCTPOCHUSI MOZEIEH HEYETKUX OTHO-
HIEHUH CBsi3aHAa C HEOOXOIMMOCTHIO MAaTEeMaTH4ECKO-
ro ONUCaHWs HAOJIIOAAaeMbIX SBJICHUH M HX WHTEp-
NpeTalyy B KOJMYECTBEHHOM BHJI€ HA OCHOBE aHAJIH-
3a CyOBEKTHUBHBIX MpPEJCTaBICHUH, OLEHOK JKCIep-
TOB M JIHI, NPUHUMAMOUIMX PELICHHs. Y CIEIIHOCTh
WCTIONIb30BaHMSl MOCTPOSHHBIX MaTEeMaTHYECKUX MO-
Jiefield TapaHTHPOBaHa JIMIIb B CIIydae HaJUdUs 00b-
eKTHBHOWH WH(OpMaNNH O pearbHOM COCTOSIHUH JIel,
BO3MOXKHOCTSX CTYAEHTOB.

lMocmaHoeka 3adayu

Lenpto paboTBl SABIIAETCS HCCIEIOBaHUE U
q)opManmaLu/m HUCXOOHBIX HAHHBIX IJIA HOCTpoeHI/ISI
MaTeMaTU4eCKO MOJENH IO OMNpPEAESIEHUI0 OMNTHU-
MaJbHON TPAEKTOPUHU OOYUECHHSI HA OCHOBE M3yUEHUS
crocoOHocTH cTyAeHToB WT-HampaBieHWd MOATO-
TOBKH K CAMOCTOSITEJILHOH paboTe.

Mamepuan u pe3ysibmamai uccnedoeaHus

O6o03naunm DL Hammume TpymHocteil B 00y-
YyeHuH nporpammupoBannio. Torna DL mMoxxHO omu-
cath:

DL =< VC,DS,RD,WD >

rue:

VC = {vc;}, i€ [1;nv] (MHEHHS O CIIOXKHO-
CTH IIPOTPAMMHUPOBAHMUS);

NV — KOJIMYECTBO BapUAHTOB MHEHUH O CIIOXK-
HOCTH IIPOTPaMMHUPOBAHHUS;

DS = {ds;}, i€ [1;nd]
MIPOTPaMMHUPOBAHIA);

nd - KOJIUIECTBO 3TANOB IPOrPaMMHUPOBAHMU,
MPU3HAHHBIX CJIOXHBIMU;

RD = {rd;}, i€ [1;nr] (upuuunsl TpyAHO-
CTell B N3y4CHUH NPOTrPaMMHUPOBAHUS);

Nr - KOJIMYECTBO NMPUYUH TPYJHOCTEH B H3Y-
YEeHHH IPOrPaMMHUPOBAHMUSL;

WD = {wd;}, i€ [1;nw] (cmocobsl mpeomo-
JCHUs] TPYZHOCTEH B OOY4YEHHWH IIPOTPaMMHpPOBa-
HUIO);

nW - KOJIMYECTBO CIIOCOOOB MPEOIONICHHS
TPYZXHOCTEH B 00y9IEHUH IPOTPaMMUPOBAHHIO.

ABTOpBI TIPOBENN AaHKETUPOBAHUE CTYIECHTOB
WUT-nanpaBnenuid noaroroBku. Llens ompoca - uzy-
YeHHe UX MHEHHUS O TPYIHOCTSX, BOSHUKAIOUIMX MPU
o0y4yeHHH MpPOrpaMMHPOBAHHUIO, M OIpeAeTIeHHe
ypoBHS  C(hOPMHUPOBAHHOCTH  MPO(HECCHOHATBLHON
camocTosaTensHOCTH. [Ipu mpoBeneHuu uccienoBa-
HUs OBbITIa MCIONB30BaHA aBTOPCKas aHKeTa Ypasae-
Bo#t JLYO. u Janys H.H. [7].

B ompoce yuacTBoBasim oOyuyaemble pa3iauy-
HBIX YpOBHe#l oOpa3zoBanus. ['pynmy 1 cocraBistor
CTYJCHTHI TIEPBOTO YPOBHS 00Opa3oBanus (6akanaBp)
OYHOI1 (OpPMBI OOy4YEeHHUS] MEPBOrO, BTOPOTO U 4eT-
BEpPTOro ceMecTpoB o0ydeHus. B rpynmy 2 oTHeceHbI
ciymarend  (axkynbTeTa MEepPeroAroTOBKH  KaJpoB
(BTOpOI YpOoBEHH 00pa30BaHus), KOTOPBIE 00YJaIOTCS
0 OYHO-3209HOH (popme 00yUdCHHS.

PaccMoTpuMm mapaMeTpsl HCCleryeMoi Moje-
7, 3HAYEHHsI KOTOPBIX IOJYYEHBI 10 pe3yJbTaTaM
AQHKETUPOBAHMS.

1) VC (nv =5):

B o0eux rpymmax TMOJOBHHA OMPOIIEHHBIX
Ha3BalM MNpPOTPAMMHUPOBAHHE JIETKUM, HO Tpedyro-
muM Oosbiioro BHUManus. OT 5% o0yuaeMbIX rpyn-
sl 2 710 27% CTYAEHTOB YETBEPTOrO CEMecTpa IpyI-
bl 1 yKa3alii Ha CII0’KHOCTB POrPaMMHUPOBAHHUSL.

2) DS (nd =9):

Cpenu TeXHOJIOTMYECKHX 3TaroB pa3pabOTKU
MPOTpaMM, CO3JAIOLIMX CJIOXHOCTH TIPH H3YyYCHHH
NporpaMMHUpPOBaHUsL, B TpyIne 1 Ha3BaHbI pa3paboTka
anroputMma (ot 9% 10 23%) u mpeacTaBIeHUE anro-
pUTMa Ha s3bIKe TporpaMmmupoBanus (0T 2% 1o 5%).
B rpymnme 2 Ha060poT, yKa3aau CIOKHBIM MPEICTaB-
JICHWE aNropuTMa Ha S3bIKe ImporpaMMupoBanus 19%
00yuyaeMbIX, a 3Tamn pa3padorku anropurma — 10%.

3)RD (nr=9):

Henocrarounslii ypoBeHb 0a30BOH IIKOJIBEHOMN
HOJArOTOBKM YyKa3aH INIABHOW NMPUUMHON TPYAHOCTEH
B H3y4eHHWH nporpamMMmupoBanus. OIHAKO Kpome
O0OBEKTHBHBIX IPUYHMH aHKETHPYEMBbIE YKa3bIBAIOT U
CyOBEeKTHBHBIH (PaKTOp - OCOOCHHOCTH XapakTepa
cTyaeHTos (B cpexHeM 10% B KaXao# U3 Tpym).

4) WD (nw = 8):

Hccnenyem, UMEIOT T MECTO 3aKOHOMEpPHO-
CTH B BBIOOpE CITOCOOOB NMPEOAONEHUS TPYIHOCTEH B

(CITOKHBIE DTAaITbI
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00y4eHNH TPOrpaMMHUPOBAHHIO Y CTYAEHTOB pPa3sHbIX
CEMECTPOB W CTyIeHel oOpazoBaHHsA. PacdeTsl BBI-
HOJIHEHB C IIOMOLIBIO JEMOBEPCHH IIPOTPaMMBI
StatPlus. B kauecTBe pSIOB TaHHBIX HCIONB3YIOTCS
JAaHHBIC BBIOOPKY MO CTyAEHTaM TpyHmsl 1 rpymmsr 2
cooTBeTcTBeHHO. [lo pe3yibraraM CTaTHCTHYECKOTO
aHAJIM3a MMeEeM: B3sB B KayecTBe (DMKTHUBHBIX Ilepe-
MEHHBIX CIIOCOOBI PEOIONIEHHS YIEeOHBIX NPOOIEM Y
CTYZICHTOB, Mbl IMEEM HOpPMaJIbHOE pacIipeieseHue.
3TO CBUAETENBCTBYET TOTO, YTO HMPOLECC pacipese-
JICHUsI CTYAEHTOB IO CIIOCO0aM IPeoJ0JIeHHs TPY.I-
HOCTe#H OCYILEeCTBISIETCS CTUXHIHHO[ 6].

AHanM3 TOJy4YEeHHBIX 3aBUCHMOCTEH MOKa-
3pIBaeT ciepyromee. HaGmiomaetcss Koppemsmms,
MEXIy BBIOOPOM CTYIEHTOB IIEPBOTO M OCTaJbHBIX
KypcoB. DTO MOKHO HHTEPIPETUPOBATH KaK HAIUYHE
0a30BBIX YCTAaHOBOK Ha CIIOCOO pemieHHs y4eOHBIX

npobJieM y BCEX CTYJEHTOB, C(HOPMHUPOBAHHBIX K
nepBoMy Kypcy. OTMETHM, YTO B OTJIMYHE OT CTy-
JICHTOB YETBEPTOTO CEMECTpPa, MHEHHUsS CTyJCHTOB
BTOPOTO YpPOBHS 00pa30BaHMs 3HAUYUMO IIOJIOKH-
TENBHO KOPPETUPYIOT TOJBKO C MHEHHEM IIEPBOTO
cemecTpa mepBoro ypoBHs. HoBuaku o0oux ypoBHeH
00pa3oBaHMs UMEIOT OJMHAKOBBIE 0A30BBIE YCTAHOB-
KU, KOTOpBIE 3aTe€M BHIOM3MEHSIOTCS M3-3a ajarTa-
MM K peajibHbIM YCIOBUSIM OOy4YeHUsI.

PaccMoTpuM naniee KOppensnu MexXIy co-
0011 crioco0OB NpeoIoNIeHHs TPYIHOCTEH B 00y4eHHN
nporpaMMupoBaHuio. B tabnuie 1 BbIIeICHBI TOJIBKO
3HauMMble 3HaueHus1 kodddunuentor [Iupcona u mo
Moaymo npesbiatomue 0,5.

[Ipoananusupyem IONydEHHBIE 3aBHCHUMO-
CTH.

Tabmuua 1. Koaddunuentsr [Tupcona

HIOMOIIIb CaMOCTOSTEIILHO

Cnoco6 npeojone- | ureHue npodeccu- | KOHCYIbTAIHs MOMOIIb CTY/ICHTOB C TIOMOIIBIO
HUS TPYAHOCTEH OHaJIbHBIX KHUT MIPENnoNaBaTeNs | COKYPCHUKOB CTapIluX caiito B UH-

KypCOB TepHeTe

MOMOIIb CTYICHTOB -0,57

CTapIIMX KYpCOB

noMmoIis npodeccu- -0,71 0,75 -0,72

OHAJIBHBIX TPO-

TpaMMHUCTOB

CaMOCTOSITEIIBHO C -0,61

MIOMOIIIBIO CAlTOB B

WHurepuere

CaMOCTOSITENIHHO C 0,53 0,58 -0,72

MOMOIIBIO (POPYMOB

B UHTEepHEeTE

[TomoImp CTYyJeHTOB M KOHCYJIBTAIIUHM HaXo-
JIATCSL MEXIy coO00W B 0OpaTHOW KOPPESIIIMOHHON
cBa3u. TakuM o0Opa3oM, eciu CTyIeHT mpuleraer K
MOMOIIY JIPYTUX CTYJEHTOB, TO OH HE oOpaiiaercs K
IpernoyaBaTeNsiM 3a KOHCynbTanusimMu. Habmonaercs
oOpaTHas KOppeJsIUs MEXy 4acTOTOH oOpaiieHus K
npodeccHOHANBHBIM TPOTPaMMHUCTAM M CTYZAEHTaM
CTapIIMX KypCOB.

Te obOyuaemble, KTO H3y4aroT NpogeccHo-
HaJIbHbIE KHHUTH, He 00pamaoTcs K MpogeccHoHab-
HBIM TIporpammuctam. OJIHOBPEMEHHO HaOIII0AaeTcst
MOJIOXKHUTEIbHAS KOPPEIAus MEXAy oOpalieHueM K
npo¢ecCHOHANBHBIM TPOTPAMMHUCTaM W TIPETO/IaBa-
TEJSAM.

Ecmm cTynmeHT Haydmicsi CaMOCTOSITEIBHO
pemaTs CBOM ydeOHbIE TPOOIEMBI, TO OH MpaKTHYe-
CKH HE IOJB3YyeTcs APYIMMH criocobamMy MX pele-
HUs. B MONy4eHHBIX JaHHBIX YETKO MPOCIEKUBAECTCS
OTpHILIAaHUE TIOMOIIM COKYPCHUKOB U HOJHAas CaMOJI0-
CTaTOYHOCTH 00y4aeMoro.

OueBuHO, YTO HMCIOJIb30BaHHE (GOpyMOB B
HEKOTOPOW CTENEeHH CPOJHH KOHCYJIBTAIMSAM IpEro-

JlaBatelisi ¥ MOMOIIM COKypcHUKOB. [loaTtomy cyiie-
CTBYeT 00OpaTHasi KOPPEISILMS C TIOJTHOCTBIO CAMOCTO-
ATENIbHBIM PELICHHEeM MNpoOJIeM C HCIOJIb30BaHHEM
Wnrepuer.

Jlns cpaBHEHHS TIOJMYyYEHHBIX OJHOMEPHBIX
pacrpesieneHuii ObUT MPUMEHEH ABYXMEPHBIH BH3Y-
IBHBIN aHANN3 JaHHBIX. IS TpesCTaBIeHNs I0ITy-
YEHHBIX PpE3yJbTAaTOB CTATUCTUYECKOH 00paboTKM
JIAaHHBIX OBLT UCTIONIBK30BaH rpaduk box-and-whiskers
diagram. OH mpuMeHsieTcss B ONUCATEIbHON CTaTH-
CTHKE M OTOOpaXKaeT B CXKATOM BHJE MEIUaHy, HUXK-
HUN U BEPXHUU KBapTWIM, MMUHUMAJIbHOE U MaKCH-
MaJbHOE 3HAYeHHE BHIOOPKH W BHIOPOCHL. M300paxe-
HHE HECKOJIBKUX box-and-whiskers diagram naer
BO3MOXXHOCTb HATJSITHO CPaBHHUTh HECKOJIBKO pac-
npefeneHnid Apyr ¢ ApyroM. AHamn3 (opMbl box-
and-whiskers diagram mo3BonseT ONpeNeNUTh CTe-
MIeHb PAaCCEUBAHUs B BEIOOPKE, BBISIBUTH aCHMMETPHUIO
B paclpesie]ieHuH 1 BBIOpocHl. [IpenmymiecTBoM Ta-
KOT'0 THIA IPahMKOB SBJISETCS UX CIIOCOOHOCTD BU3Y-
IN3UPOBATh CPABHUTENILHBIN aHAIM3 TOBEICHMS
HECKOJIbKUX pacrpe/ieieHss Ha OCHOBE BbIOOPOYHBIX
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Uccie0BaHNi. ACUMMETPHS JaHHBIX BBISABISIETCS I10
CMCIICHAI0O MEIUaHbl OTHOCHUTENBHO TPAHUIBI DOX-
and-whiskers diagram.

B Hamem uccnenoBaHMM HCIOJNB30BaH bOX-
and-whiskers diagram ¢ BepTHKaIBHBIM pa3MEIICHH-
eM. Pasmep stmmka B box-and-whiskers diagram mpo-
MOPIIMOHAJICH KOJIMYECTBY HAOIIOACHWI B BEIOOPKE.
B xkawectBe 3HaueHuit rpamun box-and-whiskers
diagram uCHONB3YIOTCS COOTBETCTBEHHO HEPBBIH U
Tpetuid KBapTwid. [IyHKTHUpHas JMHUS y COOTBET-
cTByMOIero simmka Ha box-and-whiskers diagram
n300pakaeT MenaHy, a KOHLbI YCOB - MUHUMAaJIbHOE
Y MaKcUMaJlbHOE HalOJIF0laeMoe 3HaYCHUsI 10 BBIOOD-
ke. BeiOpocsl oToOpakeHbl Ha rpaduke B BHIE AWC-
KOB U 3BE3I.

Ha ocHOBe MONyYeHHBIX MAHHBIX IMOCTPOMM
MOJEIIb [UISl CTY/ICHTOB IIEPBOTO YPOBHS 00pa3oBaHUs

(puc. 1).
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Pucynok 1 - Box-and-whiskers diagram mst
CTYZICHTOB MIEPBOTO YPOBHS IO CEMeCTpam

JlanHBIe Ha pHCYHKE | — 3TO KOIUYECTBO OT-
BETOB Ha BOIIPOCHI aHKEThl OTHOCHTEJIBHO BHIOOPOB
crnocoba pemeHHs y4eOHBIX TPOOIIEM CTyIeHTAMHU
MEPBOTO, BTOPOTO U YETBEPTOTO CEMECTpa OO0YUICHUS
(stimmkm ¢ HoMepamu 1, 2 1 3 COOTBETCTBEHHO).

Ha ocuoBe rpaduka  box-and-whiskers
diagram MOXHO cIenaTh BBIBOJ O COKpAIIEHHS pas3-
Opoca HaHHBIX BBIOOPKH OTHOCHUTEIBHO CpPEIHETO.
Takum 06pa3oM, K KOHITy 4ETBEPTOTO CeMecTpa CTy-
JICHTBl aJanTHPYIOTCS K PEIIeHHI0 Y4eOHBIX IIpo-
6sem. Beibpocom Ha oOmiem QoHe sSBIsSETCS BBIOOP
BO3MOXHOCTEl MHTEpHET I C€aMOCTOSATENBHOIO
NpPEeOJIoNICHHsT TPYJHOCTEH B OOYyYEHHH MPOTrpaMMHu-
POBaHUIO.

CpaBHUM OTHOLIEHHE K PEIICHUIO Y4YEeOHBIX
npoOJieM CTYJEHTOB NEPBOTO M BTOPOTO YPOBHS 00-
pa3oBaHusl. B MoJeny JOMONHHUTENBHO MpEACTaBICH

SIIUK 4, KOTOPBIH COOTBETCTBYET CIYIIATEISIM TPYII-
el 2 (puc. 2).
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Pucynok 2 - Box-and-whiskers st cTyieHTOB
MEPBOTO ¥ BTOPOTO YPOBHsI 00pa30BaHusI

Amnanmns box-and-whiskers mokaseiBaeT, 4TO
YeM CTapilie CTAHOBHUTCS KYPC CTYICHTOB, TEM MCHbB-
me pa3dpoc M MPOIEHT BHIOPaBIIMX HECAMOCTOS-
TeNbHbIE ()OPMBI PELIeHHS YYeOHBIX MPOOIeM.

B TO e Bpems 4eTKo HaOoAaeTcsi TEHICH-
LML POCTA PELICHUsI TPOOJIEM C MOMOIIBIO CaMOCTOSI-
TENBHOTO HCIIONB30BaHUs pecypcoB HHTepHeT. BrI-
Opoc 0COOCHHO 3aMeTeH Uil CTYICHTOB YETBEPTOTO
ceMecTpa IepBOro YPOBHS 00pa3oBaHHs U CTYICHTOB
BTOPOTO YPOBHs O00pa30oBaHMs, NpPHYEM 3HAUCHUE
BBIOpOCa YBEIIHMYHUBACTCS.

3aknoyeHue

B nanHON paboTe aHAIM3UPYIOTCS UCXOAHBIC
JaHHBbIC, HeO6XO,E[I/IMBIe JJIA IOCTPOCHUA MOAECIN HE-
YeTKUX OTHOIICHHH, C TOMOIIBIO KOTOPOH OyIyT
OTIPENeNATECS ONTUMAIBHBIE TPACKTOPHUU OOYy4EHUS
CTYACHTOB M KOPPEKTHPOBATHCS MO Mepe O0yUeHHS.
Ha ocHoBe crarucruueckoii 00OpabOTKHM MacCOBBIX
HaOIOZICHNH BBISBICHBI 3aKOHOMEPHOCTH, OIIpesie-
JSIOIIKE TOAXOIbl CTYJEHTOB K PELICHUIO CI0XKHO-
cTeil B oOpazoBarensHOM Tporiecce. [1o pesynbraTam
WCcIe0BaHNi OblIa MoJTydeHa MOJIENb METaJaHHbIX
JUIl TIOCTPOEHUS MOJAEIH HEUETKUX OTHOMICHWH Ui
yrpaBieHus o0pa3zoBaTeiabHBIM nporeccoM. Ompene-
JICHbI KPUTEPHUH, ONIPECIIAIONIIe YPOBEHb CaMOCTOS-
TENIBHOCTU CTyZAeHTOB. Iloka3aHo, 4TO moka3areiem
3penocTy  NpoEeCCHOHATIBHON CaMOCTOSTENBbHOCTH
MOJKHO CUHTaTh crocobHocTs UT-cTyneHTOB permath
CBOU TPOOJIEMBI MOJHOCTHIO CAMOCTOSITETIBHO C HC-
MOJIb30BaHNEM yUeOHBIX pecypcoB MHTepHET.
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! HyKHbOBapTOBCHKH JIepKaBHUI YHIBEPCUTET

2 JloHeIbKHMil HALIOHATBHIH TeXHIYHUI yHIBEPCHTET

MOJEJIOBAHHSI CITIOCOBIB TIOJOJIAHHSA TPYJHOIIIB Y HABYAHHI TIPOI'PAMYBAHHIO
VY nmaniit poOOTI po3TIIAOaETHCS 3aMada JOCTHKEHAS Ta (hopMalizamii BUXiITHUX JaHUX U TTOOYIOBH MaTeMa-
TUYHOI MOJIENi 3 BU3HAUCHHS ONTHUMAIIBHOI TPAEKTOPil HABYAHHS HAa OCHOBI BUBYEHHs 3mi0HOCTI cryneHTiB IT-
HANPSMKIB IiITOTOBKH JI0 CaMOCTiHOi pobotu. Ha ocHOBI cTatncTHYHOI 00pOOKH MAaCOBHX CIOCTEPEKECHB BH-
SIBIICHI 3aKOHOMIPHOCTI, 1[0 BU3HAYAIOTh MiJXOIU CTYACHTIB O BUPIMICHHS CKIIAJHOIIIB B OCBITHOMY IPOIIECI.
3a pe3ynpTaTaMM JOCHIIKEHb Oyna OTpHMaHa MOJIENb METAJaHUX A MOOYI0BH MOJEN HEYITKHX BiIHOCHH
JUISL YIIPaBIIiHHS OCBITHIM IpoliecoM . BuzHaueHo kpuTepii , 1110 BU3HAYAIOTh PIBEHb CAMOCTIHHOCTI CTY/ICHTIB.
Knirouogi cnosa: IT-oceima, npozpamysanns, mpyoHouii HA6UaAHHA, KOPEAAUIA , MOOEIb MEMAOAHUX.
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MODELING WAYS TO OVERCOME DIFFICULTIES IN LEARNING PROGRAMMING

Reduction of staff shortage in the IT-field is an urgent task. Ways to solve it are the focus of the modern
information society. Modern conditions impose on the system of higher I1T-education increased requirements.
Therefore, the study the regularities quality training IT professionals becomes especially important. In this paper
we consider the problem of exploration and formalization of the original data to construct a mathematical model
to determine the optimal trajectory of learning by studying the ability of students to work independently. The
authors conducted a survey of students of I1T-specialties. The objectives of the survey are to study their opinions
on the difficulties encountered in teaching programming and determining the level of formation of professional
autonomy. Author's questionnaire was used in the research. Model of ways to solve educational problems is pro-
posed according to the results of the survey of students in the first and second level education. Ways of overcom-
ing difficulties in learning programming depends on the period of study. Newcomers both levels of education
have the same basic settings, which are then modified by adaptation to the reality of teaching. Dependencies
between options ways to overcome the difficulties in learning programming defined. Thus, the proposed model
shows that the ability of IT-students to solve their problems completely independently using educational re-
sources on the Internet is an indicator of the maturity of professional autonomy. On the basis of statistical pro-
cessing mass observations revealed regularities determining approaches to solving the difficulties of 1T-students
in the educational process. According to the research was obtained metadata model for constructing a model of
fuzzy relations for the management of the educational process. The criteria the level of autonomy of students
determined.
The proposed model can be used to individualize the learning process in professional IT-education.
Keywords: I1T-education, programming, learning difficulties, correlation, metadata model.



