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AnHOmauyus. BeeoeHue. [Iag peLIeHNs CAOXKHBIX TEXHOAOTMYECKHX Ipodec-
CHOHAABHBIX 33/1a4 COBPEMEHHOMY HHIKEHEPY HYKHO 00AaaTh BBICOKUM IIOTEHITH-
aAOM KOTHHTHUBHBIX CIIOCOOHOCTEH, B YaCTHOCTH AATOPUTMHYECKUM CTHAEM MBIIII-
AeHus (ACM). B cBa3M ¢ 5TUM HOATOTOBKA OYAYIIMX CIIEIIUAAHCTOB TEXHHUYECKOTO
npoduas MOOAXKHA IIpeAyCMaTpHUBaTb HAAWYHE Y BBIIIYCKHUKOB BYy30B 3HaHUH
O IIPUHIIUIIAX U CIIOCO0ax IIOCTPOEHHS Pa3AHMYHBIX aATOPUTMOB, YMEHHUH UX aHAAU-
3UpPOBAaTh U BHIOMpPATh HauboAee ONTHMAaAbHbIE BAPHAHTBI OCYIIECTBACHHS HHIKe-
HEPHOH AedaTeABHOCTH. [Iad MOAHOIIEHHOro cTaHoBAeHHd ACM y CTyZI€HTOB B METO-
OUKax o0ydeHHs TpeOyeTcsl yYHUTBIBATh BCE KAHAABI IICHXOAOTHYECKOTO BOCIIPH-
ATUS U MBICAUTEABHOM 00paboTKu y4ebGHO#H MHQOpPMAIINU: BH3YAABHBIH, ayauasb-
HBIM ¥ KHHECTETUYIECKHH.

Llenb U3A0KEHHOTO B ITyOAMKAIIMH HCCAEIOBAHHS COCTOHUT B TEOPETHYECKOM
060CHOBaHNH HEOOXOAHMMOCTH pa3paboTKH U HCIIOAB30BaHUA B yueOHOM IIpoliecce
KOMIIAEKCA [AHAAKTHYECKHUX CPEACTB, Pa3BUBAIOIINX AATOPUTMHYECKHII CTHAB
MBIIIIA€HHS y CTYAE€HTOB IIPH OCBOCHHH MMH Kypca IIPOrpaMMHUPOBAHHS.

Memodonozus u memoouxu. MeToIOAOTHYECKON OCHOBOM paboThl SBHUAUCH
KAIOYEBbIE ITOAOXKEHHS KOTHHUTHBHOM IICHXOAOTHH H HH(OPMAIIHMOHHOIO ITOAXOOA
K OpraHu3aiuu o6pa3oBaTeABHOTO IIpolecca. B xone HccAeoBaHUSA IIPUMEHSIAUCH
TaKHe METOAbI, KaK aHaAM3; MOAEANPOBAHHE KOTHHUTHBHBIX ITPOIIECCOB; MPOEKTH-
poBaHKe 00yYaloIUX CPEACTB, VYUTHIBAIOIINX MEHTAABHOCTH U MHAHUBUIyaAbLHBIE
0COOEHHOCTH BOCIIPHUSTHS HH(OPMAIUH; JUATHOCTHKA 3(P(PEKTUBHOCTH OUIAKTH-
4EeCKOT'0 HHCTPYMEHTAaPH.
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Pesynemamst. B coorBeTcTBHH cO CTPYKTypoit ACM 6blaa CIIPOEKTHPOBAaHA
TPEXypoBHEBass MOOEAb OOydYeHMS IIPOTPaMMHPOBAHHIO OYAYIINX MHIKEHEPOB,
IIpeACTaBA€HHAas TPEMS KOMIIOHEHTaMH — 4YyBCTBEHHBIM, MOAEABHBIM U IIOHS-
THUHHBIM. BblIeAeHB! 3Tambl yCBOEHHUs yieOHOro MaTeprasa AUCHUIIAMHEL. [lokasa-
HO, YTO Ha HAYaABHOM CTaAuH HPHOOpEeTeHHs HaBBIKOB W YMEHUI ITOCTPOEHUS
MEHTAABHBIX aATOPUTMHYECKHX CXEM I1€AeCOO0OpPAa3HO BBIIIOAHEHHE AATOPUTMHYEC-
KHX OIlepalliii BPyYHYIO C IIOMOIIBI0O KMHECTETHYECKHUX TPEHAXKEPOB; a Ha 3Tarax
hbopMHUPOBaHHUS Y yYAIUXCSI AATOPUTMHYECKHX MOJAEABHO-IIOHATHHHBIX 00pa3oB
IPOAYKTUBHO IIPHUMEHEHHE aArOPUTMHYECKOM aHHMAallM¥d | aATOPUTMHUYECKHX
MEHTAABHBIX KapT. PaspaboTaHpl KHHECTETHYECKUE TpPEeHaXKepbl, IIpeaHa3HadeH-
HBIE AT YCBOEHHS 0a30BBIX YMEHHH M HAaBBIKOB II0 aATOPHTMH3AIINH OEITEABHOC-
THU U 3aKpPEIACHHS 3HAHUU U KOMIETEHIIMM B 00AacCTH mporpaMMupoBaHud. [1po-
JEMOHCTPHUPOBAHO, KAKUM 00pa3oM [aHHbIE NUAAKTHYECKHE CPEICTBa 00AETYaroT
IIOHUMAaHHE COAEPKAHUA CAOKHBIX Pa3/IEAOB, TEM U IIOHATHH Kypca IIpOorpaMMH-
POBaHUA U CIIOCOOCTBYIOT (POPMHPOBAHUIO AATOPHUTMHUYECKOTO MBIIIACHHUS OyIy-
IIUX UHXKEHEPOB.

Hayunas nosusHa. IlpenaaraeMble aBTopaMu MeToAbl pasBuTud ACM mpus-
LUTIHAABHO OTAHYAIOTCS OT CYIIECTBYIOLIMX TE€M, YTO HAlleA€HBI HE TOABKO Ha Tpa-
OUITMOHHBIE IAd O0pa3oBaHHUsS BU3YAABHBIM U ayAHWaAbHBIH KaHaAbl BOCIPHUSTHS
y4ebHOro Martepuasa, HO M Ha KHHECTETHYECKHEe CIIOCOOBI 00paboTku HH(popMa-
IIMH ¥ aKTHBHU3AIIHUI0 MOTOPHOH 30HBI ITaMsaTH. CoraacHO MMeLIeHca CTaTUCTHKE,
KHHECTETHYIECKOe ITIOCTHKEHHE OKPYKaloIllero Mupa npeobaanaetr y 40% aroneit,
OIHAKO [0 CHUX IIOp Ha 3ToT (haKT oOpalnasoch Mas0 BHUMAaHHS B METOAUKAX IIpe-
IoAaBaHUs PA3AWYHBIX JUCIIUIIANH. JKCIIEPHMEHT 10 BHEAPEHHIO B Y4eOHbIH IIpo-
I1eCC KMHECTETHYECKHUX TPEHA’KEePOB C ITOCAEAYIOIIEeH MUarHOCTUKOH YPOBHEH pas-
Butud ACM U KadecTBa 0Oy4YeHUS IIPOTPAMMHUPOBAHHUIO CTyAeHTOB CHOHUPCKOro
denepasbHOTO YHUBEPCHUTETA ITOATBEPAUAN 3(P(DEKTHUBHOCTh HCIIOAB30BAHHUSA OAH-
HBIX TUAAKTHUYECKHUX CPEACTB IIPH IIOATOTOBKE BBIIIYCKHUKOB MHXKEHEPHBIX CIIEIHU-
aABHOCTEMH.

IIpaxkmuueckass 3Hauumocmsb. KHHECTETHYECKHH apceHaa METOAMYECKHUX
cpeactB pasButugd ACM MoxkeT ObITh BOCTpeOOBaH KaK YIUTEASMH B IIKOABHOM
Kypce HH(POPMAaTHKH, TaK U BY30BCKHUMH IIe[aroTaMH, IIPEIONAOIINMHY THUCIIUIIAY-
HBI, CBS3aHHbBIE C IIPOTPAMMHUpPOBaHHEM. IIpH OIIpeneAeHHOH Ccoaep:KaTeAbHOH
afanTalii KMHECTETHYECKHUE TPEHAKePBhl MOXKHO 3a/eAICTBOBATh JIAS AYYIIIETO yC-
BOEHUS YYaIllMMHCS APYyTHUX TEXHUYECKHX U €CTeCTBEHHOHAYYHBIX IIPEIMETOB, Ha-
IIpUMep MaTeMaTHKH.

Knroueeble cnoea: asrTOpUTMHUYECKOE MBIIIIACHHE, KHHECTETHYECKHE KaHa-
ABI BOCIIPUSATHS, CPEACTBA O0yUeHHs IIPOrpaMMUPOBAHUIO, CPEACTBA PA3BUTHS aA-
TOPUTMHYECKOI'O MBIIIIA€HHUS CTYAEHTOB, MEHTaAbHBIE AATOPUTMHYECKHE CXEMBI,
MOTOpHAad 30Ha IaMsITH
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Bnazodaprocmu. ABTOpPBI BBIPaXKAKT OAAroJapHOCTH pELIEH3EHTaM 3a
TIIATEABHBIH aHaAU3 CTATBhH M DAL [IEHHBIX IIPEIAOKEHUH.

[ns yumupoeanusi: Ilymkapesa T. II., CrenanoBa T. A., Kaautuna B. B.
JnnakTUYecKUe CPeACTBa Pa3BUTHI aATOPUTMHYECKOTO CTHAS MBIIIIA€HUS CTYAEH-
ToB // OOpasoBanue u Hayka. 2017. T. 19. Ne 9. C. 126-143. DOI: 10.17853/
1994-5639-2017-9-126-143
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Abstract. Introduction. Modern engineers must possess high potential of
cognitive abilities, in particular, the algorithmic thinking (AT). In this regard, the
training of future experts (university graduates) of technical specialities has to
provide the knowledge of principles and ways of designing of various algorithms,
abilities to analyze them, and to choose the most optimal variants for engineering
activity implementation. For full formation of AT skills it is necessary to consider
all channels of psychological perception and cogitative processing of educational
information: visual, auditory, and kinesthetic.

The aim of the present research is theoretical basis of design, development
and use of resources for successful development of AT during the educational pro-
cess of training in programming.

Methodology and research methods. Methodology of the research involves the
basic thesis of cognitive psychology and information approach while organizing the
educational process. The research used methods: analysis; modeling of cognitive pro-
cesses; designing training tools that take into account the mentality and peculiarities
of information perception; diagnostic efficiency of the didactic tools.

Results. The three-level model for future engineers training in programming
aimed at development of AT skills was developed. The model includes three com-
ponents: aesthetic, simulative, and conceptual. Stages to mastering a new discip-
line are allocated. It is proved that for development of AT skills when training in
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programming it is necessary to use kinesthetic tools at the stage of mental algo-
rithmic maps formation; algorithmic animation and algorithmic mental maps at
the stage of algorithmic model and conceptual images formation. Kinesthetic tools
for development of students’ AT skills when training in algorithmization and prog-
ramming are designed. Using of kinesthetic training simulators in educational
process provide the effective development of algorithmic style of thinking and in-
crease the level of understanding and learning of educational material on algo-
rithms and programming.

Scientific novelty. The developed tools and methods for developing algo-
rithmic style of thinking during the educational process of training in program-
ming is fundamentally different from existing ones that are aimed at kinesthetic
channels of perception and activation of motor-memory area. According to the la-
test statistics, over 40% of people have kinesthetic sensing of the world; however,
researchers have not treated this phenomenon in much detail. On the whole, the
use efficiency of the didactic means when training graduates of engineering speci-
alties has been proved in the course of the carried out experiment on kinesthetic
tools introduction into educational process with the subsequent diagnostics of the
levels of AT skills development, and the quality of training in programming among
the students of the Siberian Federal University.

Practical significance. The proposed tools and methods for developing algo-
rithmic thinking can be used in the training process in the school course of com-
puter science, as well as university courses of programming of various kinds. The
presented kinesthetic tools can be used for other technical and natural-science
specialities (e.g. Mathematics) after applying specific content adaptation.

Keywords: algorithmic thinking, kinesthetic channels of perception, tools
for programming training, algorithmic thinking development tools, mental algo-
rithmic maps, motor-memory area
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BBeaeHue

[ITupokoe BHeapeHHE KOMIIBIOTEPHOM TEXHUKH, HOBBIX MH(pPOPMAITHMOH-
HBIX TEXHOAOTHH U IlepexXofl K PBIHOYHOM 3KOHOMHKE OOYCAOBHAM HEOOXOIM-
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MOCTB ITIOATOTOBKH HE IIPOCTO HHIKEHEPHBIX KaAPOB, a CIEIIHAANCTOB, CIIOCO0-
HBIX pellaTh 33Ja4i Ha CThIKE MH3KEHEPHUH U MH(POPMATHUKHU.

B ocHoBe pelreHUs IpodpeCCHOHAABHBIX HHKEHEPHBIX 3a/1a4 A€XKUT I10C-
TPOEHHE PAa3AWYHBIX AATOPUTMOB, MX aHAAU3, OIleHKa U BbIOOp Hauboaee 3d-
(bEeKTUBHBIX BapPHAHTOB pPELIeHHd. TpaHCAIIHUG W peasn3allusl IPOrpaMMHBIX
MomeAell pPas3AMYHBIX HHQOPMAIIMOHHBIX IIPOILIECCOB U CHUCTEM, CBSI3aHHBIX
¢ PYHKIIMOHUPOBAaHUEM OOBEKTOB HHIKEHEPHOU deATEALHOCTH, BO3MOXKHEI
TOABKO IIPH OOCTATOYHO BBICOKOM YPOBHE Pa3BUTHs KOTHUTHUBHBIX CIIOCOOHOC-
TeH CIIEeIUaANCTOB, B YACTHOCTU AATOPUTMHUYECKOTO CTHAS MblliaeHus (ACM).
Haauuwne pazButoro ACM y cTyaeHTOB OakKaraBpUaTa TEXHHUYECKUX HaIlpaBAe-
HU#l O0y4eHUsS He TOABKO obAerdaeTr Ipoilecc (POpMHPOBAHUS y HUX YMeEHUH
U HABBIKOB peLIATh Pa3HOr0 pojaa NpodeCCHOHAABHO OPUEHTHPOBAHHBIE 3a/1a-
YH, HO ¥ CO3JaeT y BBIIIYCKHHUKOB YBEPEHHOCTb B CBOMX CHAAX W CIIOCOOHOC-
TSIX, IIOBBIIIAET UX KOHKYPEHTOCIIOCOOHOCTh Ha PBIHKE TPyda.

O0630p AHTepaTypBhI

BaaroTBopHOE BAWSHHE aATOPUTMHYECKOH AedTEABHOCTH Ha (hOpPMHUPO-
BaHHE MBICAUTEABLHBIX OIlepallnii HaydHO obocHOBaHO B paborax M. B. Beas-
eBal, B.Il. Becnaavko?, A.W. lazeiikunoit, II. 4. Faavnmepunas, . 9. Kuyr,
A. H. AeonteeBa, C. A. Pybunmreiina u ap. [1-4]. Onupasice Ha TPyabl Hepe-
YHCAEHHBIX aBTOPOB, MOXKHO YTBEPKOATH, YTO OOyUYeHHE ITPOrPaMMHPOBAHUIO
U aATOPUTMH3AINH (POPMHUPYET CIIOCOOBI MBICAUTEABHOM OESTEeABHOCTH, pPas-
BuBaeT ACM. CaetoBaTeAbHO, METOAUKA O0yUeHUs IPOrPaMMHUPOBAHUIO baka-
AaBPOB TEXHUYECKHUX HallpaBA€HUH MOAXKHA He IIPOCTO YVUYUTHIBATEH 3TOT (PAKT,
a IleAeHAIIpaBAEHHO CIIOCOOCTBOBATH PAa3BUTHIO KOTHUTHBHBIX CIIOCOOHOCTEH
CTyIEHTOB.

B Hay4HOU AUTepaType OIHUCBHIBAIOTCS Pa3AHMYHEIE ITOAXOABI K 0OYIEHUIO
aATOPUTMH3AUU | IIporpammupoBaHuio. Tak, A.T. I'etin u A. 1. CeHOKOCOB
IpeaaAararT akKTUBHee MNPUMEHATb UAEeU CTPYKTypHoro mnoaxona*; B. H. Uca-

1 BeasgeB M. B. AATOPUTMHYECKOE MBIIIAEHHE KaK IIeAb COBPEMEHHOTO 06pa3oBa-
Husg // OKOAOTHS YeAOBEKa: B3aHMOAEHCTBHE KyABTYPBI UM 00pa30BaHHS B COBPEMEH-
HBIX YCAOBHSX: COOPHHMK MaTepHaroB MeKIyHapoOoHOH pervoHaAbHOM KOH(EpeHIINH
FOHECKO. Y. 1. HoBocubupck. 1998. 150 c.

2 Becrtaabko B. I1. CaaraeMble ITearorm9eckoii TexHororur. Mocksa: ITemaroru-
Ka, 1989. 192 c.

3 Taarnepus I1. 4., Tasezuaa H. ®@. CoBpeMeHHAs TEOPHS IIO3TAITHOTO (HOPMH-
poOBaHHS YMCTBEHHBIX AeticTBuil. MockBa, 1979. 185 c.

4 Teitu A. T., CenokocoB A. U. UucdopmaTuKa: MeTogudeckoe mocobue. Mocksa:
Hpoda, 2002. 288 c.
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koB u B. B. lcakoBa cuuTaioT 1ieaecoobpas3uHbiM U 3PPEKTUBHBIM II0CTEIIEH-
HO€ TIOBBIIIEHNE YPOBHS MOTUBHPOBAHHOCTH 3anadl; rmo mMHeHuto 4. H. 3aii-
neabMana, I'. B. AebeneBa u A. E. CaMOBOABHOBO#, 0cob0e BHUMaHUE CAEAyET
YOEASTH TTIOCTOSTHHOM YMCTBEHHO# paboTe CTydeHTOB2.

B nenmarorudeckoil mpakKTUKe HPU OOYIEHHU aATOPUTMH3AIMH U IIPOT-
PaMMUPOBAHUIO AKTUBHO HCIIOAB3YIOTCSI KOMITBIOTEpHBIE ITpe3eHTalllu, obec-
IIeYHBalOlFe BU3yaAU3allHIio yIeOHOTO MaTeprana; o0yJaroIiye BHICOPOAHUKH,
HAAIOCTPUPYIONINE BBIIOAHEHHE PA3AHMYHBIX aATOPUTMOB. B mocaemHee Bpewms
BCe dYallle CTAaAW IIPUMEHATBECS AUHAMHWYECKHE UIPhbl, MEHTAaAbHble KapThl
u cxeMmbl [5-9]. Bce aTu cpencrBa CTUMyAHpPYIOT pa3BuTue ACM, HOBBIIIIAIOT
YPOBEHBb YCBOEHHUS y4eOHOro MaTeprasa daaromaps TOMY, YTO OHH 3aneificTBYy-
0T KaK BU3YaABHBIM, TaK U ayAUAABHBIHM KaHaAbl BOCIHPUATHS HHQOPMAIIUU
[10]. OmHakO KHHECTETHYECKHE CIIOCOOBI 00paboTKu MH(OPMAIIMH OCTAIOTCS
IIOYTH HEBOCTPEOOBAHHBIMH, XOTS, COTAACHO UMEIOLIEHCsT CTATUCTHKE, UMEHHO
OHH SIBAFIOTCS BeAyIIUMH IIpuMepHo y 40% aromei#t [11-12]. Takum obpasom,
CYLIECTBYET IIPOTHUBOPEYUE MEXKIY HEOOXOMUMOCTHIO PA3BUBATH KOTHUTHUBHEIE
CIIOCOOHOCTH CTYAEHTOB IIPH OOYyYEHUH AATOPUTMH3AIIUU U IIPOTPaMMHUpPOBa-
HUIO W HEHOCTATOYHOH pa3paboTaHHOCTBIO CPEACTB M HHCTPYMEHTAPHsS OAS
JOOCTUKEHUA NJAaHHOM LIEAH.

MEbI IpeaIIpUHSIAN OIBITKY pa3paboTaTh IUAAKTUIECKUE CPeACTBa 00y-
4YeHUS aATOPUTMHU3AIUH U IIPOrpaMMHPOBAHUIO, HAIIpaBA€HHbIE Ha pa3BHUTUE
ACM Oyayuix UHKEHEPOB, U TEOPETUYECKH 000CHOBATH HEOOXOAUMOCTD ITPH-

MEHEHUA NJaHHBIX CPEACTB.

MaTepnaAu, METOoAbI H PE3YABTATHI HCCACOAOBAHHA

JAg onipeqeAeHUs CYLTHOCTH aATOPUTMHYECKOTO CTHASI MBIIIA€HUS B Ha-
IIeM HCCA€IOBaHHUHM HCIIOAb30Baacs IIpensoxkeHHbIH H. WM. [Takom uHdpopma-
IIMOHHBIN moaxo[ K o6ydeHuo, ¢ mo3unuii koroporo ACM mnipencraBaseT coboit
IIPOIIECC IIOCTPOEHHS Ha OCHOBE AATOPUTMHUYECKOrO Te3aypyca Ioaxonsaiieit
LETIOYKH U3 XPAHSAIIUXCI B ITaMSITH aATOPUTMHUYECKUX KOHCTPYKIIHH [13].

Crpykrypa ACM BKAIOYaeT TPHU OCHOBHBIX COCTaBALIOIINE — YyBCTBEH-
HYIO, MOJEABHYIO B IIOHSITHHHYIO, YTO 00YCAOBHAO IIOCTPOEHHE aBTOPCKOU Tpe-
XypoBHeBoH Moneau pa3putug ACM (puc. 1) [14].

1 Ycakos B. H., HUcakosa B. B. AATOpUTMH3AIHS U IPOTPAMMUPOBAHHE: METO-
nudeckue acrekTsl // UHpopmaTrnKka u obpasoBanue. 1995. Ne 2. C. 44-49.

2 Baiimeasman 9. H., CamoBoabHOBa A. E., Aebenen I'. B. Tpu KuTa UIIKOABHOH
uHgopmatuku // udopmaruka u obpazosanue. 1993. Ne 4. C. 13-16.
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Kak ObIAO CKa3aHO BBILIE, U3BECTHRIE METOIbI cTaHOoBAeHHs ACM B OCHOBHOM
HalleACHbI HA aKTUBU3AIHUIO €I0 MOIAEABHOMN M IIOHSTUHHON KOMIIOHEHT, & YyBCTBEH-
Hasl COCTaBA]OIIasl, 6a3upyIOLIAscs HA KMHECTETHUEeCKUX KaHaAaX BOCIIPHSATHS HH-
dopMariry, UCIOAB3YeTCsT MaAO HAM BOODIIe ocTaercs: 6e3 BHUMaHUs. BMmecre ¢ TewM,
COT'AACHO ITOAOZKEHMSAM TEAECHOTO ITI0/IX0/1a, KOTOPbIH SIBASETCH OTHOCUTEABHO HOBBIM
HaIIpaBAEHUEM B IICUXOAOTHH, HAIIIM OLIYIIEHUS UTPAIOT HEMAAOBAXKHYIO POAD
B (hOPMHPOBAHUM MBIIIIACHHS BOOOIIE H aATOPUTMMYECKOIO B YacTHocTH [15-19].
[ast obecriedeH st TIOAHOIIEHHOTO Pa3BUTHs UyBCTBEHHOH KoMIIOHeHTEI ACM Tpely-
IOTCSI CIIEIIaAbHblE KMHECTETHYECKHE TPEHAaXKephbl, I10J, KOTOPBIMH Mbl IIOHHMMAaeM
CpeICTBa CTaHOBAEHUS WU 3akperreHust ACM, CriocoOCTBYIOIIME BO3HUKHOBEHUIO
MBICAEHHBIX 00pa30B M MEHTAABHBIX CXEM U YYUTHIBAIOIINE B3aHUMOCBA3b TEACCHBIX
OIIYIIIEHUH C APYTUMHU KaHAAAMU BOCIIPUSTHS HH(OPMAITIH.

Ucxonsa M3 TOAOKEHUH HH(QOPMAIIMOHHOTO MOAX0Aa K OOYYEeHHIO U Te-
AECHOTO — K IICUXOAOTHH BOIPHULATHS, 4 TAKXKE U3 BBIIBACHHBLIX CTPYKTYPHBIX
ocobenHocTe#t ACM, MBI CIPOEKTHPOBAAU MOJEAL OOYYUEHUS aATOPUTMH3AIIUU
U IPOrpaMMHPOBAHUI0 0aKaAaBPOB TEXHHUYECKHUX HAIIPABACHUM, CTHMYAUPY-
oy passurue ux ACM (puc. 2) [14]. JanHag momeab Oblaa arpobHpoBaHAa
B CubupckoMm denepasbHoM yHHUBepcHuTeTe B 2013-2016 y4yebHBIX rogax B IIPO-
ecce npenonaBanusa aucnunauH «MHpopMmarukar u «IIporpamMmMupoBaHUes.

[IpyHMMag BO BHHMaHUE, UTO TPAAUIIMOHHBIE MeTonbl pa3Butuga ACM
IIPaKTUYECKHU He o0paIaroTcss K YyBCTBEHHOM KOMIIOHEHTE MBIIIACHHS, OCTa-
HOBHMCH Ha BoImpoce opMupoBaHus ACM Ha KHHECTETHYeCKOM ypoBHe 6o-
Aee TIoAPO6HO.

FaaBHOU 3amadedl oOydeHHS NOPOrPaMMHUPOBAHHIO Ha IMEPBOH CcTaguu
BbIpabaTeIBaHusa y cTyAeHTOoB ACM Ha HWHTEpecyIoIIeM HAaC YPOBHE SBASETCS
CO3JaHUE aATOPUTMHUYECKOTO 00pa3a B BHIE MEHTAABHOM CXeMbl. [lasd 9TOMH 1ie-
AW MBI TIpEIAaraeM HCIOAB30BATh KHHECTETHYECKHE TpeHasKkephbl. [lokaskeMm
BO3MOXKHOCTH UX NPUMEHEHUS Ha IpUMepe H3ydeHUs OyAyLIMMU HHKeHepa-
MU COCTaBHBIX THIIOB OaHHBIX (MacCHBa, 3alllced, MHOXKECTB), aATOPHTMOB
COPTHPOBKH MacCCHBOB C IIOMOIIBI0 METOA IIy3bIPbKa, a TAKXKe OCBOEHUS OU-
HaMHUYEeCKUX THIIOB JAaHHBIX (CTEKa U OYepenH).

Ha nagaabHOM cTaaul CTyAEHTHI YacTO IIyTaloT 3HAUYEHUE HHIEKCAa dAeMeHTa
MacCHBa CO 3HAUEHMEM CAaMOI0 SA€MEHTa MaccuBa. MHOrue ydalpiecss He ITOHHMAa-
IOT, YTO BCE 3AEMEHTBI MaCCHBa JOAKHBI OBITH OTHOTO THIIA, YTO MACCHB JIOAKEH 00-
pabaThIBaTBCS TIOSAEMEHTHO C ITOMOIIBI0 ITMKAQ; HE OCO3HAIOT, KaK O0paTHUTHCS
K Hy>KHOMY 3A€MEHTY MaCcCHUBa, He JIOITyCTUTDL BbIXO/IA 3a €r0 IIpe/ieAbl U T. II. KuHec-
TETHYECKHE TpPeHaKephbl IT03BOAST CTyAEHTaM «0Ccd3aTh» MAaCCHUB, «IIOJIEpKaTh» €TI0
B PyKax, BbIIIOAHUTH CAaMOCTOSITEABHO [IEHCTBHSI, KOTOPBIE B JaAbHEHIIIEM ydalllecs
B Ka4YECTBE OIIEPATOPOB SI3bIKA [IPOrPaMMUPOBAHHS OYyT IIPEAITUChIBATE MAIIIHHE.
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Harnsgueie v KHHECTETHYECKHUE TPEHAMKEPEI,
AJTOPHTMHYCCKHE aHHUMAIHH, alMMOPpHTMHYCCKHE MCH-
TallbHbIE KapThl,

MYJIbTHMEIHA PECYpChl, CriclHallbHasa CHCTEMa MHOTO-
ATAlTHBIX 3a1a4

Craaun o0ydeHuns
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MITOLANW

Puc. 2. CprKTypHO—AOI‘I/I‘-ICCKaH MOIEAB O6y‘-ICHI/IH IIpOorpaMMHUPOBaHUIO CTYAEHTOB.

— 9YYBCTBCHHBIN

;Y

— MOJAEABHBIN

; MY

— IIOHSTHUHHBIN

Ypoau ACM: ITY

Fig. 2. Structural and logical model of students training in programming
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Tpenaxxep A M3y4eHHsS CTATHYECKOI'O OJHOMEPHOI'O MacCHBa IIpe.-
craBasieT cob0if KOPOOKY C KPBIIIKOM OAS XpaHEHUS 3A€MEHTOB MacCHUBa, KO-
TOopasg UMHUTHPYeT 06AacTb maMdaTH (puc. 3).

9KPAH

ITone nna aueex
MacCHBa

Puc. 3. KunecreTudyeckuii TpeHaKeEP OAI U3YIEHHUS COCTABHBIX TUIIOB
MAHHBIX: CTATUYECKUY OOMHOMEPHBIN MaCcCHUB
Fig. 3. Kinesthetic training simulator for composite types of data studying:
The static one-dimensional array

Ha xpsbimike KopoOKH (Ha «9KpaHe») HaIllMCcaHa HHCTPYKLHA 110 pabore
C TPEHAaXXEPOM, BHYTPH HaAXOMUTCH IIOA€ Pa3MEIIEHHd 3A€MEHTOB MacCHBa
(Fuetiku maMaTH). B COOTBETCTBUH C HNEPBBLIM IIYHKTOM HHCTPYKIIHMU CTYACHT
[OAKEH OIIPEIEAUTHCS C Pa3MEPHOCTBIO MAaCCHBA, 3a0aTh KOAMYECTBO €T0 dAe-
MeHTOB. YTOOBI «IIPOYyBCTBOBATL» MAaCCHB, OOyJaIOUTHUNCS NOAXKEH K3 3apaHee
3aTOTOBAEHHBIX IPOHYMEPOBAHHBIX OT 1 10 N MaAeHBKHUX KOpoOOYeK BHIOpATh
POBHO TakKoe HX KOAWYECTBO, KAKO€ COOTBETCTBYET pPas3sMEpPHOCTH MAaCCHBA,
U Pa3AOKHUTL KOPOOOYKH B MOPSAKE UX BO3PACTAHUA B IIOAE IAS SdUeeK. Bro-
PO IIar — ompeaeAeHHe THIIa HaHHBIX, KOTOPble 3apaHee 3aroTaBAHBAIOTCS
npernogaBaTeAeM. MaccHB IpencraBasgeT coboii HabOp 00HOMUNHBLIX KOMIIO-
HEHTOB, U, YTOOBI IIOAYEPKHYTH 3TO, NAHHBIE OOHOTO THIIA HAHOCSTCS Ha
¢dumku ogHoO# (POPMBI: HAIIPUMEDP, HA KPYTAble (DUILIKH 3aIIMCHLIBAIOTCS ITHQ-
PBI, Ha KBaJpaTHLIE — CHMBOABL U T. II. (pUC. 4).

\ C q
) f

Puc. 4. Tumnsl JaHHBIX MacCHUBa
Fig. 4. The types of data array
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YuebHasg 3aga4a 3aKAI0UAETCS B 3aTIOAHEHUH CO3/IAHHOTO0 MACCHBA 9A€MEH-
TaMmu. PerteHne Takod 3amadum TpeOyeT HUCIIOAB30BAHUA ITUKAQ, A PEAAH3AIH
KOTOPOTO CTYAEHTY HEeOOXOOUMO OTKPBIBATH IO MOPAAKY C 1-if mo N-fo gueifiku
U KAACTh B HUX JaHHEBIE. [IperofgaBaTeAb obpaliaeT BHUMAaHUE OOYYaIOIIHXCS
Ha TO, YTO MAaCCHB MOIKET 3alOAHATBCS ABYMsSI CIIOCODAMH — C KAABHUATYPBI
U C IIOMOIIIBIO TeHepaTopa CAyJaHbIX 4uceA. B mepBoM caydae Gepercss (puIi-
Ka C Hy’KHBIM YHCAOM H OIIyCKaeTCd B KOPOOOYKY, BO BTOPOM — BBIOHpaeTcs
HayraJl IPOU3BOAbHAsA (DUINKA U ITApPAAAEABHO AeMOHCTpUpPYyeTcs paboTa reHe-
paTopa cAy4alHBIX 4HCEA. [IOCKOABKY CTYAEHTY HPUXOOUTCS BBIIIOAHATH OIHU
U Te JKe NeHCTBUSI HECKOABKO Pa3, CMBICA H HEOOXOAUMOCTH NIPHUMEHEHUS IIUK-
Aa [IAST 3aTIOAHEHUS MacCHBa UM YCBaMBaeTCHd JOBOALHO OBICTPO U B HEOOXOMH-
MOM CTeIIeHH.

IIpu mpoeKTHPOBAHHUHU TAKOTI0 TPEHaXKepa MOXKHO yIE€CTh pa3AUYHBIE Ba-
PHaHTBI BBOZA 3A€EMEHTOB MaccuBa. Hampumep, MOXKHO creaaTh OTKPBITOH
TOABKO OIHY KOPOOOYKY [AS MMHUTAIIMH OOHOTO SA€MEHTa MacCCHUBa, KoTopas
JOAKHA 3aKpbIBAaThCS aBTOMATHYECKH: HAM MOXKHO 3a4aTh YCAOBHE H3BA€YE-
HUS COAEPKUMOTO U3 KOPOOKHU TOABKO MHHIIETOM, YTOOBI ITOKa3aTh, YTO HOC-
TYII K 3A€MEHTaM MacCHBa OCYIIIECTBASIETCH IIO3AEMEHTHO M HEBO3MOXKHO OfI-
HOBPEMEHHO A0CTaTh U AEpPKaTh B pyKax cpady ABa 3A€EMEHTa MacCHBa HAHU
ooaee U T. 1.

IIpakTKka ©NOKa3bIBA€T, YTO OIIPEAEACHHBIE CAOXKHOCTH Y CTYAEHTOB
BO3HHUKAIOT IIPH H3YYEHHH aAATOPUTMOB COPTHPOBKMH MaccuBa. [lazke Takou
IIPOCTEUIIUN aATOPUTM, UMEIOIIUNA SBHYIO HATYPHYIO aCCOLMALIUIO, KaK METOL
IIy3bIPbKa, IIOCAE€ €r0 OIIMCAaHHUS Ha MOAEABHOM U IIOHATHHHOM YPOBHHAX all€K-
BaTHO BOCIIPHHHMAETCS JAAEKO He BCEMHU 00yYIaIOIIHUMUCH.

KuHecteTHuyecKuil TpeHakep, pa3dpaboTaHHBIA HaMHU OAS U3YUEHUS a-
TOPUTMOB COPTHUPOBKH, BBITASIIUT KaK HAOOP OGUABSIPAHBIX IIAPOB, YAOIKEHHBIX
Ha nofacTaBKy. Ha kaxnoMm Itape, UMHTHPYIOIIIEM 3A€MEHT MacCCHBa, IIOIIIH-
CaH HOMEp — UHJEKC SA€MEHTa MacCuBa, IPUYEM ITOT HOMEP MOXKHO CTEPETH
W HaIncaThb 3aHOBO, IIOCKOABKY B XO/I€ BBIIIOAHEHUSI aATOPUTMA CTYACHTY IIPH-
JOEeTcs MEHATh 9A€MEHThI MecTaMU. lllaprsl nMeroT pa3HbIi Bec, UX KOAUYECTBO
paBHO N (Hampumep, 10). Lleab ydyeOGHOro 3amaHULg — YHOPSAOYHTE LIAPHI II0
Mepe yObIBaHUS Beca. [IAd MOOKPETIACHHS HATASIHBIX ACCOIIMAIIHH ITaphl Mac-
CHUBa OKpallleHbl TaKUM 00pa3oM, YTO KOTJa MacCHUB OyAeT OTCOPTHPOBAH, TO
IIBeTa CAOXKAaTCHd B OIIPEAEACHHOH IT0CA€MOBATEABHOCTH — B BHU/IE CIIEKTpa pa-
OYTH HUAHU IIOCTEIIEHHOTO YCUAEHUsI/ ocAabAeHUS TOHA.

IlockOABKYy B COOTBETCTBHH C aATOPUTMOM MOXKHO CPaBHHBATh TOABKO
IBa COCEMHUX 3AE€MEHTA MaCCHBAa, CTYAEHTY IIpeAAaraeTcs B34Th B PyKH OBa
PAOOM A€KAIIUX IIIapa U ONPEAEAUTb, KAKOM U3 HUX TAKEAEE U, €CAU HeoOXO-
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OVMO, IIOMEHSTBH IIIapbl MECTaMH, IIepelHrcaB Ha HUX HHAEKCHl. IlomobHas
npolieaypa IIOBTOPSIETCS C IIOCAEAYIOLUIMMU IlIapaMU BIIAOTH 0 IIOCA€OHEU I1a-
pbI. TakuM 06pazoM HATASIAHO AEMOHCTPHUPYETCH HEOOXOAUMOCTb UCIIOAB30Ba-
HHUY [IHUKAA, B XOZ€ KOTOPOTO OIPEAEAdETCS KOAUYECTBO IOBTOpeHUU N — 1.
B pesyabTaTe BBIIIOAHEHUSI aATOPUTMa CaMbI¥ AETKUY HIap («IIy3bIpeK») CTaHO-
BUTCH IIOCAEIHHUM («BCIIABIBET Ha IIOBEPXHOCTB»), HO OCTAABHBIE IIIaphl OCTAIOT-
cg HeynopdanodeHHBIMHU. [loaToMy mpolenypa MOBTOPAETCA C CaMOro Hadaaa,
HO CpaBHEHME Beca KaKIOU mapbl BBINIOAHsSIETCH Ternepb He 9, a 8 (V- 2) pas:
TaK KaK CaMbIfl AeTKUH 3A€MEHT yKe HAaXOAHTCS Ha CBOEM MecTe, HeoOXOmu-
MOCTBH BO B3BE€IINBAaHUU U CPaBHECHUU HOCAeI[HefI IIapeI IIapoB OTIIQAACT. Kor-
[la BTOPOM IO AETKOCTH IIap 3aHHMAaeT CBOE MECTO — CTAHOBHUTCH IIPEAIIOCAE-
HUM; «BCIABIBAET» OUYEpPeqHO «Imy3bIpek». HaragmHo ybe qUBIINCE, YTO IIPOIIECC
CpaBHHBaAHHA IIap IIapoB MIPHXOAUTCH MIPOU3BOAUTE CTOABKO pPa3, CKOABKO
9A€MEeHTOB B MaccuBe (= N), CTyIeHT 0CO3HAeT HEOOXOAUMOCTb UCIIOAB30BaAHUSI
KOHCTPYKIHMH U3 ABYX BAOXKEHHBIX ITUKAOB [Ad p€aAnu3allii asAropuTrMa COpTHU-
poBKuU. [IpryeM, IOCKOABKY Ha KaKJOM IIOCAEOYIOIIEM 3Tall€ BbIIIOAHEHUS aA-
ropuTMa IIPHUXOAUTCS CPaBHUBATHL BCE MEHBIIlee U MEHbIIIee KOANYECTBO IIap,
ydJalleMycsl CTAaHOBUTCH IIOHATHO, ITOYEMY MHAEKC BAOXKEHHOIO IIUKAA (ZOIIyC-
THUM, j) MeHdeTcd He 10 N, a 1o N — i, Iie i — UHAEKC BHENIHEro IINKAa, KOTO-
PRI, B CBOIO odepenb MeHsgeTcd oT 1 10 N — CTOABKO pa3, CKOABKO pa3 IIPUXO-
[OUTCS HAa4YWHATh IIPOIIECC CHadaAa.

[TomoOHBIH TpeHaXKep MOXKET ObITh HCIIOAB30BAH W OAS HATASIHON HA-
ATOCTpaIU 0OA€Ee CAOXKHBIX AATOPUTMOB COPTHPOBKH — COPTHPOBKH Xoapa,
OUTOBOI HMAM Pa3pPAIHON COPTHPOBKHU, KOTOPBIE OYE€Hb YaCTO OCTAIOTCS HEIIO-
HSATHBI IIOCAE€ TIEPBOI'0 CAOBECHOTO OOBSICHEHUS JaKe A CHABHBIX CTYAEHTOB.

CAOKHBIMH IA OOABIIIMHCTBA OOYYAIOINMXCS SIBASIOTCS U IIPHUHITUIBI
paboThl C AMHAMUYECKHUMH THUIIAMH AaHHBIX. OTYACTH TPYAHOCTH OOYCAOBAE-
HBI CTEPEOTUIIaMU, BO3HUKAMIIUMHU Y CTYAEHTOB IPU paboTe CO CTATUYECKU-
MU THUIIaMH JaHHBIX. HekoTophble, HAIpUMeD, II0AAraloT, YTO 10 UHIEKCY MOXK-
HO OOpaTHUTECS HAIIPSIMYIO K AIOOOMY 3A€MEHTY, OQHAKO ATH AeHCTBUS HEIPH-
€MAEMBI B OTHOIIIEHHH TaKHX JHHAMH4YECKHX THIIOB MOAaHHBIX, KaK CTEKH
u ouepenu. KuHecTeTU4eCcKUH TpeHaXKep AAd HU3Yy4EeHHUd IIOCA€OHUX BBITASIUT
Kak Ty0yC, B KOTOPOM XPAHATCH MIYU AT UTPHI B TEHHHUC.

CTek — 3TO OAHOHAIIPABAEHHBIM CIIMCOK, B KOTOPOM BCE€ BKAIOYEHUS
U YOAAEHUS BBIIOAHSIOTCSA C KOHIIA, T. €. OH paboraer mo mpuHnuiy LIFO
(last-in, first-out = «arocaegHUM IIpHIIEA — IIEPBBIM BhIIIeA»). ETo Mogeablo Mo-
JKET CAYXKUTH TyOyC A Maded, OTKPBIBAIOIIHUICI TOABKO C OQHOTO Topiia. Xo-
pOIII0, ecAM MAYU OyAyT PasHOTO IIBETa U CTYAEHTHI OyoyT HarAdIHO BHOETH,
YTO €CAM IEPBBIM OIIyCTHUTBL B TYOyC KpacCHBIH MS4YHK, a 3aTeM KEATBIH, 3eae-
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HBIH U ApP., TO OAS TOTO, YTOOBI AOCTATh KPACHBIH (HAIIPHUMED, C IEABIO ITPOYH-
TaTh, YTO HA HEM HAIIHCAHO), Hy?KHO BBIKATHTBL BCE IIIaphl, KOTOPBIE ObIAH II0-
MeEIIIEHbI B CTEK I1033Ke, YeM TpebOyronuiicsa o6beKT.

Oduepens — 3TO OAHOHAIIPABAECHHBIN CIHCOK, B KOTOPOM VAAA€HHE 3Ae-
MEHTOB MPOUCXOAUT M3 €ro Hadasad, a BKAIOYEHHE HOBBIX 3AEMEHTOB OCY-
IIIECTBASIETCSl B KOHIIE CITMCKa. B aToMm caydae paboraer npunnun FIFO (first-
in, first-out = «mepBBIM IIpHIIEA — IIEPBBLIM BBIIIEA»). MoaeABIO OUepeal MOXKET
OBITH TYOyC mas Msdel, OTKPBIBAIOIIMHMCS C ABYX TOPIIOB, HO C KasKIOTO H3
HHUX JOAXKHBI OBITh YCTAHOBA€HBI aHTHKAAIIAHBI, PabOTAIOIINE TOABKO B OTHOM
HaIlpaBACHHH.

ITockoabKy mpucBoeHHe cryfeHTamu ACM Ipu H3y4eHHH Kypca IIpOor-
PaMMHPOBaHUS IIPOUCXOAUT 3a CHET IIOCTPOEHHsS obpasa asropuTMa AeHCTBUA
Y 3HAaKOMCTBa C KOMOMHAIIMAMH 3THX 00pa30B Ha KaxKIOM M3 YPOBHEH (4yB-
CTBEHHOM, MOJEABLHOM H IIOHATHUHHOM), II0CA€ IIPUMEHEHUS KHHECTeTHYEeCKUX
TPEHAXXEPOB CAEAyeT IEPEeXOAUTh K (POPMHUPOBAHUIO MOMAEABHOM U ITOHS-
TUHHON COCTaBAAIONUINX aATOPUTMHYECKOTO CTHUAS MBIIIACHH.

Ha BTOpO# cTaguu obydeHus — pa3zButu ACM Ha MoOeAbHOM YPOBHE —
Ha OCHOBE€ IIOCTPOEHHOM MEHTaAbHONH aATOPUTMHYECKOM CXEMBI IPENCTaBAL-
IOTCS pa3AWYHble (DOPMBI 3aIIMCH aATOPHUTMA peLIeHHus 3amadi (BepbasbHoe
omncaHue, OAOK-cxeMa U T. 11.). [Ipu pemreHnn 3aady CTYLEHT caM BbIOHpaeT
HamboAee IIOHSTHBIN, Ha €ro B3TAS, BHUJ, 3aIlIUCH aATOPHUTMA.

TpeTbsl cTaauss OCBOEHUS IIPOrPAaMMHPOBAHUS, KOTOPOH COOTBETCTBYET
HOHATHUHHBIN ypoBeHb popMupoBaHus ACM, IocBsllleHa H3YYEHUIO CHHTAaK-
cuca (POPMaABHBIX fA3bIKOB KOMITBIOTEPHBIX IIPOIPaMM H 3alIUCH aATOPHUTMA
B BHJE IIPOrpaMMBbl Ha OTHOM M3 HHUX.

Ha MomeabHOM U MOHSTHHHOM YPOBHSX CTAaHOBA€HUS U pas3BuTus ACM
B KadecTBe 0a30BbIX CPEACTB OOydUeHUs, C Hallel TOYKH 3peHUs, BecbMa 3d-
hbeKTUBHBI MEHTaAbHbIE KaPThl U MHOTOYPOBHEBEIE 3aza4un [14].

AaropuTMHYeCcKHe 00pas3bl BO3MOXKHO BBICTPaWBaTh Pa3HBIMH CIIOCOba-
MH; OAS 9TOH LIEAH MOTYT HCIIOAB30BaThCS 00pa3bl OMHOM HMAM HECKOABKHX 00-
AacTed MaMsaTH U UX KOMOMHAIIMK B PA3AWYHBIX codeTaHUdax. Yem Goablle 06-
pas3oB c BepxHUX ypoBHe# ACM Oymer 3ameiicTBOBaHO, TeM 0Ooaee pa3BHUTHIM
CTaHET Y YeAOBEKa pacCMaTpPUBa€MbIH CTHAB MBIIIACHUS.

3agraAO4YeHHE

®opmupoBanue ACM O0AKHO HA4YUHATBCHA C pPaHHEro BO3pacTa, HO Ha-
nbosee aKTUBHBIM IIEPHOIOM IIPHU3HAETCS LIKOABHBIH nepuon. OmHaKO CoOBpe-
MeHHad IIKOAa OPHEHTHPOBaHAa IIPEUMYIIECTBEHHO Ha CTUMYAHMpPOBaHHE pas-
BUTHS AOTHYECKOH M ayQHaABHOM COCTaBASIIOINMX MBICAMTEABHOIO IIpOIEcca.
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ITo MHeHHIO Ipodeccopa IICHXOAOTHH ['apBapACKOro AMHTBHCTHYECKOTO YHH-
Bepcuteta I'. FapaHepa, oOyueHue B 0011e06pa3oBaTEeABHBIX YIE€OHBIX 3aBee-
HHUSX PACCYHUTAHO Ha JAeTed C AOTHMKO-MaTeMaTHYEeCKHUM AHOO0 AWHIBHUCTHYEC-
KMM THIIAMH MBIIIACHHSI, KOTOPBIE HE SBASIIOTCH IIPE0OAaIaIOINMIMH CPEIH
IIpeCTaBUTEAEH HOBOTO IOoKoAeHHs: Moaonexku [20]. Iloaydgaercs, 4To 3HAYH-
TE€ABHAadA 9YaCThb CETOAHAIIHNUX INTKOABHHUKOB U CTYAECHTOB OCTAIOTCH «3a 60pTOM»
Ka4eCTBEHHOro 00pa3oBaHUs.

YuuThIBask 3TH OOCTOSTEABCTBA, MBI IIPEAIIOAOKHAHM, YTO IIpoliecc op-
MupoBaHuda U pasBuTua ACM Oyaetr mpoxoauThk 6osee 3¢p(PEKTUBHO U Pe3yAb-
TATUBHO, ECAU B HEM, KPOMe BU3yaAbLHOM, ayauaAbHOM U abCTpakTHOM 30H Ia-
MaTu obydaromierocs, OymerT 3amelicTBOBaHAa €Ille U er0 MOTOPHAs esITeAb-
HOCTB.

B xome mpeAnpHUHATOr0 HaMH HCCA€IOBaHULI:

e ObIAa CIIPOEKTHpPOBaHA TPEXYPOBHEBAsI MOJAEAb OOyUEeHUS ITPOrPaMMHU-
POBaHHUIO OyAyIINX HHXKEHEPOB, COCTOSINAs M3 TPeX KOMIIOHEHTOB — YyB-
CTBEHHOT'O, MOAEABHOTO U MOHATUHHOIO, COOTBETCTBYIOIIUX CTPYKType ACM;

e c oropoii Ha 0a30BbIE IIOAOXKEHHS TEAECHOTO M HH(OPMAIIMOHHOTO
IIOAXOM0B K OpraHu3aluy y4eOHOTro IIpoliecca Oblaa TeopeTHdecKu obocHOBa-
Ha HeoOXOAMMOCTb pa3paboTKH U HCIIOAB30BaHHS KHHECTETHUECKHUX TPEeHaXKe-
poB mag craHoBAeHHS ACM y CTyZE€HTOB TEXHHWYECKHX HallpaBAE€HUH IOATO-
TOBKH IIPH O0YYEHHH HX IIPOrPaMMHIPOBAHHUIO;

® YCTAHOBAEHO, YTO BBIIIOAHEHHE AATOPUTMHYECKUX Ollepallui BPYIHYIO
C IIOMOIIBI0 KHHECTETHYECKHX TPEHaKepPOB CIIOCOOCTBYET BBICTPANUBAHUIO
B CO3HAHHUU OOYy4aIoOINXCs aATOPUTMHYECKHX 00pa3oB B BHIE MEHTAABHBIX
CXeM, CYLIECTBEHHO YIIPOIIAOIINX [TIOHUMaHHe yIeOHOTO MaTepHana, II03BOASI-
IOIIMX 3allucaTh AaATOPHUTM DPeEIIeHHS 3a4a4Hl B BHAE OAOK-CXEMBI, a 3aTeM —
B BH/JIe IIPOTPaMMBbI Ha OJHOM M3 (DOPMAaABHBIX I3BIKOB IIPOIPAaMMHPOBAHHUS;

® MUaTHOCTHUKa ypoBHA pasButusa ACM (nmpoBoayaach IOCPEACTBOM TeCTa
AmMTxayspa) W TecToBas IIpOBepKa KadecTBa OOydeHHS CTyAeHTOB CHOHPCKOTO
denepasbHOI0 YHUBEPCHUTETA ITOATBEPAHUAN 3(PPEKTHBHOCTL HCIIOAB30BAHHST aK-
THUBHU3UPYIOIINX MOTOPHYIO 30HYy HaMATH KMHECTETHYECKHMX CPEACTB OAG yCBO-
eHUs TPEeOYIOIMXCS YMEHHUH U HABBIKOB 10 aATOPUTMU3AIUHN AESITEABHOCTH U JIAS
3aKPETAEHU 3HAHUH 1 KOMIIETEHITUY B 00AaCTH IIPOrpaMMUPOBAHUS.

B maambHeiillIeM MBI IAQHHUPYEM CO3JaHUE ITOAHOTO KOMIIAEKCA KHHECTEe-
THYECKHX TPEHAaKEePOB, 00ECIIEYHMBAIONIIEr0 AUAAKTHYIECKYIO ITOAAEPIKKY BCEX
TeM BY30BCKOro Kypca «IIporpaMmMupoBaHHe» M THUPaKUPOBaHHE MTaHHOTO
KOMIIA€KCa cpeacTBaMu 3D-nipuHTEpPAa.

[lepcrneKTUBBI IIPOAOAIKEHUS HCCAEIOBAaHUM B 3TOM HAaIIpaBA€HUU BH-
OATCS HaM TaKKe B yTOYHEHHH U AeTaAu3aluyd HH(MOPMAIIMOHHOH MOIEAH
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Pas3BUTUS AaATOPUTMHYECKOTO CTHAS MBILIIACHUS U €€ NIPUMEHEHUU IPU OCBO-
€HHUU CTYACHTaMHU CoACpPXKaHUA APYI'UX AUCIUIIAMH, HAIIPDUMEDP MaT€MaTUuKH.

KpoMme TOro, B HACTOSIIIIEE BPEMS OTKPBITHLIM OCTAETCS BOIPOC MUATHOC-
TUKU YPOBHS AATOPUTMHUYECKOTO MBIIIAEHUS. BOABIIMHCTBO CYILIECTBYIOIIHUX
BapUAHTOB MOHHUTOPHUHTa 3HAHUM OLIEHWBAIOT UX KA4YeCTBO U PE3YABTATHB-
HOCTB O6pa3OBaHI/IH B II€EAOM, TOorga Kak OAd BBIABACHUA COCTOAHHUA HEIIOCPEA-
CTBEHHO AATOPUTMHUYECKOTO MBIIIIAEHHUS HEOOXOAUMA pa3paboTKa COBOKYITHOC-
TU CIIENU(PUIECKUX TUATHOCTHIECKUX ITPOLIELYD.
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