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Cmpimkuii  po36umox HO8ux iHpopmayitno-komyHikayitinux mexuonoeiu (IKT) ma
iHhopmamu3zayis oceimu 8UCY8aOMsb NIOBUUEHI BUMO2U 00 NPOPecinoi ni020moeKu MaubymHix
Qaxieyie 3 ingopmamuxu. Ceped HAUBANCIUGTUUX MEMOOUYHUX HPULOMIB, WO CHPUSE
NOCUTIeHHIO MOMUBAYIUHOI CKIA0080T HABUANLHO20 Npoyecy I, sIK HACIIO0K, pooums 1io2o Oinlbul
ehekmusHuUM € UKOPUCMAHHA HAOYHOCMI. [lepcnekmusHUM HAnpAMOM 8MiNeHHs OUOAKMUYHO2O0
NPUHYUNY HAOYHOCMI 8 JHCUMMS € 3ACMOCYBAHHA MYIbMUMEOTUHUX MEXHON02IU. 3a paxyHoK
gizyanizayii abcmpakmuux o06’ckmie ma A6UW, pPeanizo8aHoi KOMN TOMeEpHUMU 3acobamu,
nioBUWYEMbCSL pi6eHb OO0CMYNHOCMI CKAAOH020 Ol CHPULHAMMA HABYAILHO20 Mamepiay,
3a6e3neyyemucs U020 ONMUMAIbHE 3AC60EHHS MA 3aNaM SMO8Y8AHHS CIYO0EHMAMU.

Y cmammi pozensioacmovca numanHsa 600CKOHANICHHS IEKYIIHO20 3AHAMM Y Uil KO
3 ghaxosoi oucyunninu « Kpunmonoeiay 3a 0onomozoro 3acobieé komn romepHoi aHimayii Ha 0CHO8I
flash-mexnonoeii. Ob6rpynmosyemocs doyinenicme 3acmocysanms MyaIbmumeOitiHux 000amKie sIK
Ha emani NOSACHEHHS HOB020 Mamepiany, mak i y npoyeci camocmiunoi pobomu cmyoenmis.
Ynposaoowcenns romn’romeproi animayii kpunmoepagiunux ancopummie Ha ocHosi flash-
MexHOI02Il' Yy 0C8IMHIU npoyec akmusizye Ni3HABAIbHY OisIbHICMb CMYOEHMI8 Ma PO36UBAE ) HUX
iHmepec 00 HaYANbHOI OucyuniiHu. /lemoncmpayilo npuHyunie pooomu KpunmozpagiuHux
aneopummie NPonoHyemvcs 30IUCHIO8AMU 13 CYNPOBOONCeHHAM animosanux flash-npezenmayiti
Ha 6asi cepedosuwa CrypTool 1.

Knrouoei cnoea: kpunmonocis, komn romepHna animayis, flash-mexnonozis, naounicme.

IMoctanoBka npodjemu. OnHiel0 3 HalmomumpeHimKUx (GopM MPOBEIEHHS HaBYAIbHUX
3aHTh Yy BH3 € nekuis, ronoBHe npu3HayeHHs K01 3a0€3MeUnTH TEOPETUUHY OCHOBY HaBYaHHSI,
aKTHBI3yBaTU Mi3HABAJIbHY JAISUIBHICTH T PO3BUHYTH IHTEPEC 10 KOHKPETHOI AUCIUIITIHH.

Hapuanbua nekuis — e JIOTIYHO 3aBeplIeHUI, HayKoBO OOIPYHTOBaHHM 1
CHCTEMAaTU30BaHUI BMKJIAQJ [EBHOTO HAyKOBOro ab0 HayKOBO-METOJMYHOTO MHMTAHHS,
UTIOCTpOBaHUM, 3a HEOOXITHOCTI, 3ac00aMH HAOYHOCTI Ta JEMOHCTpaIli€ro mociimaiB. JIexiis
TaKOK BU3HAYa€e HAMPSMOK, OCHOBHUI 3MICT 1 XapakTep yCiX IHIIMX BUIB HABYAJIbHUX 3aHATH Ta
CaMOCTIITHOT pOOOTH CTY/ICHTIB i3 BIJMOBIIHOTO HABYAIBHOTO TipeamMeTy [1].

OCHOBHOIO CKJIQJIOBOIO YAaCTMHOK CHUCTEMHM MIJrOTOBKM MaiOyTHIX (axiBIiB 3
iHpopmatuku € kypc «Kpunronoris», B SKOMY BHUCBITJIIOIOTHCS 0a30B1 MOHATTS, METOAM Ta
MPUHIUIH TOO0YA0BU KJIACUYHHUX Ta CyYaCHMX alrOpUTMIB K pyBaHHs. BapTo Bia3HauuTH, 1o
TPAIUIIIAHNN TIIX1 10 TIPOBEICHHSI JICKI[IH 3 IbOT0 KypCy Hapasi € MaIoe()EKTUBHUM Ta Ma€ Pl
HEJIOMIKIB:

— TMo-Tieple, ciyxayaM CKJIaJHO 30epiratu yBary MpOTArOM YChOTO 3aHSTTS, OCOOJIHMBO

SKILO JIEKIIis T0Ia€ThCSI MOHOTOHHO, BiICYTHE Bi3yajbHE CYNPOBOIKECHHS;
— TMO-Apyre, CTYACHTaM JOCUTh BAXKO YSBUTH Ta 3pPO3YMITH POOOTY KpUITOrpadivyHUX
QITOPUTMIB, JaHI B SKUX IE€PETBOPIOIOTHCS B JBINKOBOMY a00O HIICTHAALATKOBOMY
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BUTTIAAL  (SIK mpaBuio, mmdpyBaHHS BigOyBaeTbcs Yy JeKiIbKa payHIiB, 3
BHUKOPHUCTAHHIM P13HOMAHITHUX OIepalliid MepecTaHOBKH, 3aMiHH, 3CYBY TOIIIO);

— IO-TPEeTe, i Yac TPAAULIHHOT JIEKLIi CTyI€HTH 3BUKAIOTh JJO ACUBHOI'O CIIPUIMAaHHS
Yy)KUX JIYMOK, IO CIOBUIBHIOE CaMOCTIHE MHCIICHHsI Ta 3BUIBHSE iX BiJl MOTpPEOH
caMuM 37100yBaTH Ta CHCTEMaTHU3yBaTH 3HAHHSI.

OTxe, BUHHUKAE HEOOXIAHICTh TOIIYKY HOBHUX METOMIB, (OpM Ta 3aco0iB HaBYaHHS
mucuuiutiag «Kpunrosoris» Ha TUX eTamnax, sSKi € HeIOCTaTHbO €(PEKTUBHUMH Y 1X TpaJuIiiHIHI
opranizarii. BupimuTyi mocraBieHy mnpoOieMy Ta BIOCKOHAIMTH JICKIIMHE 3aHATTS 3 i€l
JUCLUUIUTIHA MOJKHA 3aBJSIKM BHUKOPHUCTAaHHIO CYYacHOTO IPOrpaMHOIO 3a0e3MeueHHs], IO
JI03BOJISIE JIEMOHCTPYBATU CKJIAJHI KpUOTOrpadiuHl alropuTMH B JOCTYIHIM [Js1 3aCBOEHHS
cryaeHTamu (Gopmi i3 MiHIMAIBHUMH BUTpaTaMH pecypciB. 3acoOu KOMIT IOTEpHOI aHiMaIlii Ha
ocHoBl flash-TexHomorii marTh 3MOry cCHoOCTepiraTd 3a TPOLECOM KpHUNTOrpadidHOro
MEPEeTBOPEHHS Ha BCiX HOro eramax, MOJETHIYIOTh CIPHUHATTS iH(oOpMamii 3a paxyHOK ii
IIPEJCTABICHHS B 00pa3HOMY BUIJIS/L, TAKUM YMHOM CIIPUSIFOUM pealizallii OCHOBHOI'O NPUHIIUITY
IUNAKTUKY — HAOYHOCTI.

AHaJgi3 ocraHHix Aociaimlkenb i myOuikauii. [Iuranns suxopuctanas IKT B ocBiTi
BUCBITNIIOIOThCs B jociipkeHHsx B.JO. bukora [2], M.IL XKannaka [3], B.B. Jlaniucekoro [4],
H.B. Mops3e [5], O.M. Cuipina [6], FO.B. Tpuyca [7] ta 6aratbox inmmx. [lnaxu peamizarii y
HaBYAJIbHIM MiSTTBHOCTI MPHUHIUIY HAOYHOCTI 3 BUKOpucTaHHAM cydacHux IKT posrimsinanu
C.A. Bosommunos [8], JL.M. Jlu6kosa [9], T.M. Kozak [10] Ta inmi HaykoBii. CTBOpEHHIO Ta
3aCcTOCYBaHHIO iHTepakTUBHUX flash-TexHONOTi MpM HaBYaHHI PI3HUX IUCHUIUTIH MPHCBSIYEHI
po6otu T.JI. Ataman [11], B.M. I'yruina [12], B.B. Jlumapenko [12], T.A. IlIBeroBoi [13] Ta
THIIHX.

AHasli3 HayKOBUX JIOCHKeHb [JarOTh MIJCTaBU CTBEpPKYBAaTH, IO IUTaHHS
BJIOCKOHAJICHHSI JIEKIIHHOI (hOpMHU TIPOBENEHHS 3aHATTS 3 AUCHUILTIHU «KpUOTONOTisS» NUISIXOM
BUKOPUCTaHHA Cy4YaCHOIO IIPOrpamMHOro 3abe3rneyeHHs He Oylo MpeaMeToM IUIICHOTO
JOCTIPKEHHS 1 JIMIIAETHCS aKTYATbHHIM.

Mera crarTi — pPO3KPUTH AMJAKTHUYHUM TOTEHIiall BHUKOPUCTaHHS KOMII IOTEPHOL
a”imanii kpunrorpadiyHuX aiaroputMmiB Ha ocHOBI flash-rexHomorii y mpoueci HpoBeAeHHS
JEKIIIHOr0 3aHATTA 3 AUCHUILTIHU «KpHUIITONIOT1s.

Bukisan ocHoBHoro marepiany. [lpouec nHaBuanns y BH3 BinOyBaeTbcs y Mexax
PI3HOMaHITHOI IUTICHOI CUCTeMH opraHizaumiiHux ¢opm. Popma oprasizauii HaBYAIBLHOTO
mpouecy — crnocid oprasizaiii, moOyaoBM § MPOBEIEHHS HaBYAJbHUX 3aHATh, y SKUX
peanizytotbest 3MicT [14]. 3MicCT JIeKIIITHOTO 3aHSTTS MOBUHHI BiAMOBIIaTH HACTYITHUM BHMOTaM:

— HaykoBa OOIDYHTOBaHICTb, 1H(QOPMATUBHICTb, 1 CyYaCHHH HAyKOBUH piBEHb
JTUIaKTHYHUX MaTepialis;

— METOJUYHO BIJNpalbOBaHA 1 3py4YHa MAJs CHPUUHATTS MOCTIOBHICTh BHUKJIALy Ta
aHaJli3y, 4iTKa CTPYKTYpa 1 JOTiKa PO3KPUTTS MOHSTD;

— raubOKe METOJIMYHE ONpallOBaHHS MPOOJIEMHMX NHUTAaHb JIEKIli, J/J0Ka30BICTh 1
apryMEHTOBAHICTb, HAsBHICTh JOCTaTHbOI KUIBKOCTI SICKPaBHX, HEPEKOHIMBHUX
MPUKIIANIB, (haKTiB, OOTPYHTYBaHb, JOKYMEHTIB 1 HAYKOBUX JIOKa3iB;

— SICKpaBICTh BHKJIAJY, €MOIiIHICTh, BAKOPUCTAHHS €(EKTUBHUX OPATOPCHKUX MPUHOMIB
BUBEJCHHS TOJOBHUX JIyMOK 1 TIOJIOKEHb, TIJKPECICHHS BUCHOBKIB, BHKIIA]
JOCTYITHOIO 1 3p03yMLIIOI0 MOBOIO, PO3’SICHEHHS HOBOBBE/ICHUX TEPMiHIB 1 Ha3B;

— 3aJy4yeHHs B MIi3HABAJIBHUM Mpolec ayAuTOpii, aKTHBI3allil MHUCIEHHS CIyXadyiB,
MIOCTAHOBKA MUTAHb I TBOPUO MiSIBHOCTI;

— BHKOPHCTaHHS MOXJIMBOCTEH 1H(OpMaIiiiHO-KOMYHIKAIIIMHUX TEXHOJOriH, 3aco0iB
MYJIbTHMEIIA, IO MiJICHIIIOI0Th €(EKTUBHICT OCBITHBOTO MPOIIECY.

3yNUHUMOCH JIeTallbHillle HA BUKOPUCTaHHI 3aC001B MyJIbTUME/1a Ha JIEKI[ITHOMY 3aHSATTI.
B mmpokomy ceHci «MyapTHMEIia» O3Ha4ya€ CHEKTp 1H(GOpPMALIHHUX TEXHOJIOTiH, 10
BUKOPHUCTOBYIOTh PI3HOMaHITHI MPOTrpaMHi Ta TEXHIYHI 3aC00U 3 METOI0 HalOUIbII eheKTUBHOIO
BIUIMBY Ha KOpHCTyBaua (IO CTaB OJHOYACHO 1 YMTa4yeM, 1 CiyxaueMm, 1 risjgadeM). 3aBIsKd
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3aCTOCYBaHHIO B MYJIBTUMEAIMHUX MPOAYKTaX 1 MOcCiyrax ofHo4acHoi nii rpadiyHoi, aymio
(3BykoBOi) 1 Bi3yanpHOI i1H(oOpMariii 1i 3acoOW BOJOMIIOTh BEIMKAM EMOI[IHHUM 3apsioM i
aKTHBHO BKJIFOYAIOTh yBary KopuctyBaua (ciayxada) [15].

[TepcnieKTHBHUM HANPSIMKOM BUKOPUCTAHHS TEXHOJOTIH MyJIbTHMEIia B HaBYAIBHOMY
nporeci € flash-texHonoris, Mo A03BOJIIE CTBOPIOBAaTH Ta BUKOPUCTOBYBATH I1HTEPAKTHBHI
aHiMOBaHI MyJIBTUMEIIHHI AOAATKH 13 3acTOCYBaHHAM BekTopHOi rpadiku. Hauanphi flash-
POJIUKH BIJPI3HIIOTHCS BiJl TPAAMIIIIMHOI MPE3EHTAIlll OCOOIMBOIO THYYKICTIO Ta TUHAMIYHICTIO,
BHCOKOIO SIKICTIO Bi3yautizallii JOCTiDKyBaHUX 00’ €KTiB, 3aliMarOTh MEHIIUK OOCAT mam’sTi Ha
JMCKOBOMY TPOCTOPI Ta BUMAraroTh MiHIMAJIBHOTO Yacy JIJIs 3aBaHTAKCHHSI HAa €KpaH.

Komm’torepHa aHiMallisi € MOTY)KHUM IHCTPYMEHTOM, IO JO3BOJISIE CYTTEBO MiJIBHIIUTH
HAOYHICTh JICKIIHHOTO MaTepialy Ta JOIOMarae yrpuMyBaTu yBary CTYACHTIB, IEPETBOPIOIOYH iX
3 TACHBHUX CIIOCTEpIravyiB B aKTUBHUX YYAaCHUKIB HaBUAJIBHOTO Tporecy. JlocmimkeHHs
noka3ytots [10, c. 3], mo MynbTuMeniliHi 3aco0M HaBUaHHS JAIOTh 3MOTY 3allydyaTH KiTbKa
KaHAIB COPUUHATTS, 32 PaXYHOK YOTO JIOCATAETHCS IHTErpallisi BIZIOMOCTEH, SIKi JOCTABISIOTHCS
pi3HuME opranamu 9yTTiB. Bimomo, mo maiixe 80% indopmartii cpuiiMaeTbest opranamu 30py, i
mume 20% — po3yMOBUMH 3YCHJUIIMH, HaMm’sATTIO. Bisyamizaiis D03BOJIS€ 3HAYHOK MIpPOFO
CKOPOTUTH CJIOBECHHI OIMC, BIUIMBA€ HAa PO3BUTOK IaM'siTi, acOIiaTHBHOTO, OOpa3HOro Ta
JIOTIYHOTO MUCJICHHS, CIpHUsi€ e(QEeKTUBHINIOMY 1 TpPUBATIIIOMY 3aCBOEHHIO HABYAIbHOTO
Marepiany.

3 MeTor0 BU3HAUEHHS nepeBar BukopucranHs flash-animanii y HaBuaapHOMY mporieci BH3
Oyll0 TPOBENEHO ONUTYBAaHHS CTYACHTIB Ta BUKIaAaviB JKUTOMHPCHKOTO JI€P’KaBHOTO
yHiBepcuTeTy iMeHi IBana ®dpanka. B ankeTyBaHHI B3sjM y4acTh cTyAeHTH 4, 5 Ta 6 KypciB
cnenianbHOCTI «IH(pOpMaThka*». 3aranpHa KUIBKICTH PECIOHIEHTIB cTaHoBHia 123 ocobu.
PesynbTati ommMTyBaHHsS TOKa3ylwoTh, 10 82% pECHOHICHTIB BBaXKalOTh, IO Bi3yalbHE
MPEJCTAaBICHHS HaBYAIBHOTO Marepiany 3 BUKopucTaHHsAM flash-animarnii crpusie Kpamomy
PO3YMIHHIO TEOPETUYHUX OCHOB, 68% — TpuBajimoMy 3amam’aTOByBaHHIO iH(opmarii, 75 % —
30CepEe/DKCHHIO yBaru Ha mnpenMmeri HaBuaHHs, 80% — MiABHINEHHIO IHTEpPECY IO JUCIUILIIHU
(puc. 1).
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Puc. 1. Pe3ynomamu onumyseanus.

BaxxnuBuM muTaHHSAM, 10 TOCTa€ CHOTOJHI Mepeia BHKJIanadeMm, € BHOIp e(heKTHUBHOTO
3aco0y JUIsl TOJaHHS HAaBYAJIbHOTO JIEKIIHHOrO Marepiany. BukopuctanHs HaoyHOCTI Mae OyTu
MeJaroriyHO BUMPABIAHUM, PO3MIISIATUCH TIEPEayCIiM 3 TIOTJISY TIeAaroriyHuX Mepesar, ki BoHa
MOXE JaTH TIOPIBHSHO 3 TPAAMIIINHOIW MeTOAnKO. OCHOBHI AacleKTH, SKUMHU MOTPiOHO
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KepyBaTHCs MpH BHOOpI Ta aHaIi31 HABYAIBHUX MYJIBTHUMEAIMHUX MPOrpaM Ta ixX 3aCTOCYBaHHS,
e:

— IICUXOJIOTIYHUHA — BIIJIMB J1IaHOI POrpaMu HAa MOTUBALIII0 HAaBYAaHHS, HA BIJHOIIEHHS Ta

1HTepecC 110 IpeaMeTa;

— TeJaroriyHuil — BIANOBIAHICT, MPOrpaMH 3arajbHId CHOPSIMOBAHOCTI KypCcy Ta

npodeciiiniii miaroToBi (Gaxibis;
— METOJUYHUN — CHPUSHHS NPOTpaMH KpalloMy 3acCBOEHHIO MaTepiany, JOUIIbHICTh
BUOOPY 3aBAaHb, METOIMYHA MPABMWIIbHICTh MOJAAHHS HABYAIILHOTO MaTepiaiy;

— Oprasi3amiifHui — paIioHANBHICTh MJIAHYBAaHHA 3aHATH 13 3aCTOCYBaHHSM KOMIT I0Tepa
i MyJbTUMEIIHHOTO MPOrpaMHOro 3a0e3NedeHHs, BiBEIEHHS Yacy A BHUKOHAHHS
CaMOCTIHHUX POOIT.

CyuacHi KOMIT'IOTepHI TEXHOJIOTIi BiIKPHBAIOTH MEPE BUKJIAAa4yeM HIMPOKI MOXKIUBOCTI
y BHOOpI Ta 3acTOCyBaHHI 3ac0o0iB HaBYaHHS 13 BpaxXyBaHHSAM CIEHU(PIYHUX OCOOIUBOCTEM
HaBYaJIbHO! Aucuuiutinu «Kpunromnoris». [[ns BHCBITICHHS OCHOBHHX MOHATh Ta HECKIIAJIHUX
KIACUYHHUX  alNrOpUTMIB IM(pyBaHHS Mpe3eHTAllil0 JIeKlii MoO)KHa MiAroTyBaTu 13
BukopuctanusaM Microsoft Power Point. Ilpore mpencraButu Ha ciaiifi AWHAMIKY CKJIQJHOTO
0araTOKpOKOBOI0 KpUNTOrpaiqHOro ajJropuTMy, BHYTpIIIHI B3a€MO3B'A3KM HOr0 CKJIAJ0BUX
YacTUH TMOTpedye HeaOWsSKUX 3yCHJIb Ta 3HAYHMX BHUTpAT 4acy. SIK 3a3Haydanocst BHIIE, MPH
MiArOTOBII JIEKIIH 3 AucuUILTiHU «KpUNToNorish» Uist JOCATHEHHS LiJIeH HaBYaHHS Ta PO3YMIHHS
mpenMera OCOOJNHMBY yBary BapTO NPHAUIATH IHTAaHHIO Bidyamizamii 3HaHb. ToMy HaMmH
BHUKOPHCTOBYEThCsI Oe3koiIToBHE Tporpamue 3abesmneuenns CrypTool 1[16], xapakrepHoro
PHCOI0 SIKOTO € IMUPOKUH Aiama3oH aHiMmamii kpunrorpadiuHux anropuTmiB Ha ocHOBI flash-
texHouorii. CrypTool 1 cTBopeHuii came 1Uisl €JI€KTPOHHOTO HaBYaHHS Ta 33JJ0BOJIbHSE OCHOBHUM
JTUIAKTAYHAM BUMoram [17].

HocBin BrupoBamkeHHs flash-ponukiB i MIATPUMKH  HABYaHHSA  JAMCIUILUTIHU
«Kpurrrontorisiy Ha kadempi npukiIagHOi MareMaTHKA Ta iH(GOpMaTtuku JKHUTOMHUPCHKOTO
JepKaBHOTO YyHiBepcuTeTy imeHi IBana ®panka mnokazaB iX e(eKTHBHICTb y 3a0e3NedyeHHi
BHCOKOTO pIBHS MOJaHHS TEOPETUYHOro Marepiany. 3a nomoMororo 3acody CrypTool 1
CTY/IEHTaM JIEMOHCTPYIOThCS HaiiBigomili anroputmu mugpyBanHs — mugp Llesaps, Bixkenepa,
DES, AES, npoTokonau eneKTpoHHOro Hu(poBOro MiANHCY Ta OOMIHY KpHUOTOrpadiuHUMHU
KkmoyamMu  Tomo. Jlo Toro ok Takui crnoci0 TOJaHHA HaBYAIBHOTO MaTepialy MOxXe
BUKOPHUCTOBYBATHUCS SIK TOTMOBHEHHS /IO TPAIUIIIMHOI JIEKII11, III0 3HAYHOO MIPOIO 11 yIOCKOHATIOE
Ta MiJICWIIIOE, pOOUTH OLIBII SCKPABOIO 1 LIIKaBOIO, IHPOPMALIIHHO Ta eMoLiiiHO HacuueHoto. Kpim
Toro, myinbtuMeniiiHi iHcTpyMeHTH CrypTool 1 MokHa 3acTOocoByBaTH Ha eTami 3aKpiljeHHS
HaOyTHX 3HaHb Ta IiJ Yac caMOCTiIHHOI pOOOTH CTYIEHTIB, 1110 CIIOHYKAaTUME iX 710 mpodeciiiHoro
CaMOpPO3BUTKY Ta CAMOBJ/IOCKOHAJICHHSI, PO3BUBATHME TBOPYHUH ITiJIXi]T 10 HABYAHHSI.

Ha ocHOBiI momepeaHboro AOCHIIKEHHS Oylo NMPOBEAEHO I OAHE OMHUTYBAHHS, SKE
CTOCYBAJIOCSI OCOOJIMBOCTEH 3aCTOCYBaHHSI CHEI1ali30BAaHOIO IPOTPaMHOIO 3a0€3MEUYEeHHS Yy
nporieci HaByaHHs Juctumiing «Kpunronoris». Bapto 3ayBaxkutu, mo 94% onurtaHux 3rojiHi,
mo nokpokoBa flash-animaniss kpunrorpapiuyHUX aarOpuUTMIB JOMOMAarae Kpaie crIpuiiMaTH
HaBYAJIbHMN MaTtepiajl MOPIBHSAHO 13 TpaauuiiiHoio nekuiero. Kpim Toro, 55% omnutyBanux
3a3HAYMIIM, 110 KOPHUCTYIOTHCS CIIELIaji30BaHUM IPOrPaMHUM 3a0€3MEUEHHSIM 13 3aXHUCTy
iH(OopMaLIHHUX pecypcCiB MiJ 4ac caMOCTIMHOI MIATOTOBKH /10 HABYAIBHHUX 3aHATh. 3 OTJISAY Ha
Te, 10 MepeBakHa OUIBIIICTh KpunrorpadiyHuX mporpamHux 3aco6iB, 3opema CrypTool 1,
JIOKaJIi30BaHi aHTJIMCHKOI0 MOBOIO, PECIIOHIEHTaM OyJI0 MOCTaBJICHO 3anuTaHHd «Yu BUKIIMKAE
y Bac tpyasHomi iHmomoBHa (HampWKJIaA, aHTJIIHChKA) JIOKai3amis KpUNTorpadigHoro
IIporpamMHoOro 3acody (pecypcy)? », Ha mo 73% pecrnoHIeHTIB 1anu BianoBiabs «Hi».

SlckpaBuUM IPUKIIAIOM KOMIT FOTEPHOI aHIMallli KpUNTorpapiyHUX ajiropuTMiB Ha OCHOBI
flash-texuomnorii e CrypTool-animariss cumerpuunoro mmdpy AES (Advanced Encryption
Standard) [18, c. 75], 1o € HAHOIIBII CKIAAHAM JUTS CIOPUNHSATTS CTyA€HTaMH. BUBUYEHHS 1bOTO
aropuTMy THependadyeHo y pamkax TeMd «CHMETpUYHI alropuTMu MHQpyBaHHS» 3TiIHO
pobouoi mporpamu kypcy «Kpunronoris». Ha mogarky nekuii, 151 TOro mo0 BUKIMKATH 1HTEpec
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CTYAICHTIB Ta MIATPUMYBAaTH HOTrO MpPOTATOM YCHOTO 3aHATTSA, IOTPIOHO CTBOPUTH YITKY
MOTHBAIlI}0 HAaBYaHHS, POJEMOHCTPYBATH 3B’SI30K TEMH, IO PO3IIISIAETHCS 3 MPAKTHKOIO Ta 3
MaiOyTHBOIO TPOECIHHOO MISITBHICTIO.

Posrnmsim pobGotu anroputmy Oyno O noOpe modatd 3 mnurTaHHS: «HOoMy BUHHKIA
HEOOXITHICTh y TOSBI HOBOTO CTaHAAPTY MMHUGpPyBaHHA?». TakuM YMHOM CTYIEHTH MAalOTh
MPUralaTd OCHOBHI XapaKTEPUCTHKH KPUMNTOTPadiuHUX alrOpPUTMIB, IO PO3TIISAAIMCS Ha
MUHYJIMX JIEKIiSX 1 3pOOMTH BHCHOBOK MO PIBEHb IXHBOI KpuITOCTiiiKOoCTi. CTyneHTaM BapTo
HaroJIOCUTH, IO Ha BIAMIHY BiJ BHUBYEHHMX DpaHime KpunrocucteM, AES 06aszyerbcs Ha
apXITEKTypi, A AKOi XapaKTepHO MPeICTaBICHHs 0JI0KY y BUIJISIII MacuBY OalTiB Ta BUKOHAHHS
KpUNTOrpadiuHuX MEepeTBOPEHb, K HAJ OKPEMHMHU OaiiTaMU MacHBY, TaK 1 HAJI HOTO PSIKaMHU Ta
CTOBMISIMH. 3HAYCHHs OaTy 3ama€Tbcsi B INICTHAIISMTKOBIA CHUCTeMiI YHCICHHS. baiT

po3rIsAaoTh K enement moms lamya GF(2°). Hampukman, mmorowren X' +X° +1 y momi

GF(2°) Bimmosinae 8-6itoBomy cioBy 10100001.

[Tpesentamiss AES cknamaeTscssi 3 ABOX YacTHH: alrOpUTMy MIMGPYBaHHSA Ta MPOLECy
YTBOPEHHS KJIIOUiB. Y Hilf MICTHUTBCS PETENBHO BiNiOpaHWil Ta cHCTEMaTH30BaHUI HaBUAIBHUI
MaTepial, BUOKPEMIIEHO HANOUIbII CYTTEBI MOHATTS Ta €TaMU KPUNTOrpadiuHOTO aaroputMmy,
BIJICYTHI HQUIMIIKOBI MareMaTH4Hi oOuucieHHs. CroyaTKy CTYyJIEHTH O3HAaHOMIIIOIOTHCS 3
y3araapHeHOIO cxemor pobGotu AES, mo BimoOpaxkae mpouec mudpyBaHHS Yy BHUIJISAL
nociigoBHocTi payHaiB (puc. 2). CrypTool-aniMarliisi BUKOPUCTOBYE JIOBXKUHY KIIFO4Ya Ta OJOKa
128 6it. bnok mpomiKHOrO pe3ynpTaTy Ta K04 MH(PPY pPO3IISLAa0Th SK MaTpulll OailTiB
pO3MipHICTIO 4x4.

Cipher key
initial
(Raonsier) © - round
Cipher key
9
Round key 8 main
rounds
@
ROUND 1]
to Round key 10
Encryption Key final
Process Schedule @D round
Giphertext FEFH

Puc. 2. Flash-animayis areopummy AES.

[Iudpysanus BinOyBaeThbcs y aecsATh payHaiB. Ha HacTymHOMY KpoOIl JIEKI[lT CTyAE€HTaM
JIeTalbHO JEMOHCTPYIOTHCS Ta MOSCHIOIOTHCS €TalM KOXKHOTO payHAy: 1— mijcraHOBKa OaiTiB; 2
— 3CYB PS/KiB; 3 — mepeMillyBaHHs CTOBIIIB; 4 — 10/laBaHHs payHJI0BOro Kitova (puc. 3). Bapro
3BEpHYTH YBAary CTYJIEHTIB, Ha TOH (akT, IO B OCTAHHbOMY pPayHJI HPOITYCKA€ThCs OIeparlis
nepeMilyBaHHs CTOBIIILIB.

Oco6muBO CcKJIagHUM JuIs BUBYEHHS B anroputMmi AES € mpoiec yTBOpeHHS KIIIOUIB.
Buknagau mMoxe croyaTKy MOSCHHUTH MEXaHI3M Te€HEpyBaHHS MEpIIOro payHAOBOTO KIOYa, a
MOTIM TOMPOCUTH CTYACHTIB 32 AHAJOTIEI0 NMPOKOMEHTYBAaTH YTBOPEHHS HACTYIHUX KIIOYIB,
CIIOHYKAlOYH THUM CaMUM ayJuTOpII0 JO CIOCTEPEXKIUBOCTI Ta CaMOCTIHHOI PO3YyMOBOIi
nisutbHOCTi. TyT BapTO BIA3HAUUTH MPOBIIHY pPOJb JIEKTOpa, SIK TOJOBHOI Mdi€BOT 0COOH
JEKIIHOTO 3aHATTS, KWW TOBUHEH HE JIMIIE BMIJIO KOPUCTYBATHCS JAONOMDKHHUMH HAOYHUMH
3aco0amu, ane ¥ 3A1iCHIOBATH 3BOPOTHHUI 3B’SI30K 31 CTyAEHTaMH, 3aJlydyaTH iX JI0 aKTUBHOTO
00TOBOpPEHHSI MUTaHb, CIIUIBHOTO PO3B’SI3aHHS MPOOIIEM.
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Puc. 3. Flash-animayis 4-ox ocnoenux emanie wiughpy AES.

Ha edextuBHiCTh NEKIil TaKOXX BIUIMBAIOTH W 1HII YMHHUKH, TaKi, SIK TEMIT MOJadvi
MmaTepiaily, Horo 03yBaHHS, €MOLIHHICTb BHUKJIANy, MaWCTEpHICTb 1 CTWJIb CHUIKYBaHHS
BHKJIa/aua 3 ayautopiero. [loeqnanus komenTapiB jektopa 3 flash-animariiero go3Bosisie JOoCSITTH
MaKCUMaJIbHOI 1H(OpMaliifHOT HaTOBHEHOCTI 3aHATTA, MiATPUMYBATH yBary cilyxadiB, BUAUTUTH
HaWOUIbII CYTTEBI Ta BaKiIMBI MoMeHTH. JlomuibHo miakpeciautH, mo CrypTool-npesenTariist
MICTUTh JIOCTaTHIO KITBKICTh HEHAB S3IMBUX aHIMAIifHUMH e(eKTiB, SKI TpU3HAUeH IS
KEepyBaHHs YEProBICTIO MOSBU 00’ €KTIB Ha eKpaHi. JleMoHcTpallist KO)KHOTO KaJipy MOXKe 3aiimaru
BiJl OAHI€I A0 M'ATH XBWJMH, IO Ja€ 3MOIYy CTyJAEHTaM IIOBHICTIO 3acBOITHM iX 3MICT. 3a
HEOOXIAHOCTI ICHYE MOJKJIMBICTh IOBEpHEHHS [0 HAWOUIbLI CKJIAJHUX abo HE3pO3yMUINX
(parMeHTiB HaBYAIBHOTO MaTepiaty.

Flash-ipesenTantii  nekuifiHoro wmarepiany i3 BukopuctanHsM CrypTool 1  wmaroTh
IHTepaKTUBHUIA XapakTep Ta 3a0e3NedyroTh [Jiajlor KOpHCTyBaya 3 IPOrPAaMHHM 3aCOOOM.
KopucryBau npuiimMae pimeHHS MpO MEperisa BIANOBITHOTO aJrOpUTMY 1 3/iHMCHIOE BHOIp Ha
eKpaHi MoTpiOHOTO 00’ €KTa 3a JOMTOMOTOI0 MUIII a00 HATUCHEHHSIM Ha KIIaBiaTypi.

MeTtouka YUTaHHS JEKIii 13 BUKOPUCTAHHSIM KOMIT IOTEPHOI aHIMallii KpunrorpapiaHux
anroputMiB Ha ocHOBI flash-TexHosorii nependayae HasIBHICTh PO3IATKOBOTO MaTepiaty, 30KpemMa
cxeM, TaOJuIlb TOIIO, 00 MiHIMI3yBaTH POOOTY CTYIEHTIB MiJ 4ac KOHCIIEKTYBaHHS JIEKIIIH 1
30UIBIIMTH MIBUJKICTh MOAaHHS iHpopmamii. Takok MOXHAQ BUKOPHUCTOBYBATH KapTKH, IO
MICTSTh BUIBHI MICHS JUIsl 3allMCy OCHOBHHUX TIOJIOKEHB JICKIlii, SKi BUIAIOTHCS CTYIACHTaM
3a37anerijib, nepes moyatkom 3ausTTs (puc. 4). Pazom 3 Tum, He BOauaeMo 000B’A3K0BOI MOTpeOH
y TOBHOMY KOHCTIEKTYBaHHI CTyJEHTaMH YChOTO TEOPETUYHOTO MaTrepiaiy, OCKIIbKH BOHHU
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MaloTh BUIBHUH JOCTYN SK IO TEKCTIB JICKII B €IeKTPOHHOMY BuUTIsAmi, Tak 1 mo flash-
npe3eHTamii. TakuM YMHOM BUBUIBHEHHH BiJl KOHCTICKTYBAHHS Yac 1 yBary CTyJICHT BUTpadae Ha
ocMUCIIeHHs 3MicTy Temu. Llell pakT 0co0aMBO BaXKIMBHUH B yMOBaX CKOPOYECHHS ayAUTOPHUX
HaBYaJbHUX TOJWH Ha 3aCBOEHHS Kypcy «Kpurromorisy.

T've gor a better-than=-Cinderella

AES — ne aMepuKkaHChKUN CTaHAApT MUGPYBaHHS JTaHMX,
Y e bk et 19 7%°™ 3aIIPOIIOHOBAHMI Ha 3aMiHy CTaHIAPTy
l AES O0a3zyeTbcss Ha apXIiTEKTypi
Hoxuna 6moka AES ~ 6ir.
AES 103BOJIs€ BHKOPHUCTOBYBAaTH TpH PI3HUX KJHOYa
noBkuHOIO 128,  abo 256 OiT.
@ Marematuyna 6a3a AES:

JInst onmcy alnropuTMy BHKOPHCTOBYETHCS CKIHUEHHE ITOJIE
GF(2°), moOymoBaHe SK pO3IIMPEHHS MO
GF(2) ={0, I} o Mmoayr0 HEPO3KIAIHOIO MHOTOYJIEHA

IIudpyBanns 3a anropurmom AES cknagaernes 3:

I. TToyaTkoBOTO JOJIAaBaHHS PAYHIOBOTO KJIHOYA.

[1. N, payHmiB, KOKEH 3 IKUX CKJIaHA€TbCs 3 YOTUPHOX €TalliB:
1. IlimcraHoBka OaWTiB;

2. PAIKIB;

3. TlepemimryBaHHs ;

4. JlomaBaHHS

I1I. 3aBepiIanbHOIo payHny N,, B AKOMY [IPOIYCKAETHCS

Puc. 4. Dpaemenm kapmxu 01 3anucy 0CHOBHUX NOJIONHCEHb JIeKYi.

BuCHOBKM. Y3arajgpbHIOIOUYM BUIIEHABEJEHE, MOXKHAa BIEBHEHO CTBEP/XKYBaTH, IO
BUKOPHUCTAHHSI KOMII IOTEpHOI aHIMalli KpunrorpagiyHUX aJrOpuTMIB Yy MpoOIeci MPOBEICHHS
JEKIIIHOr0 3aHATTA 3 AUCHUILTIHU «KpUIITOJIOTis» A03BOIISE:

— MIJBUIIMTH HAOYHICTh HAaBYAJILHOI'O MaTepiany, aKTUBI3yBaTH Mi3HABaJIbHY JisSIIBHOCTI
CTY/IEHTIB, CTUMYJIIOBATH PO3BUTOK aOCTPAaKTHOTO Ta JIOTIYHOTO MHUCIIEHHS, TOCUIUTH
MOTHBAIIIIO 0 BUBYCHHS JUCIUTLTIHHY;

— CHCTEMHO Ta HalOLIbII MOBHO PO3KPUTH CYTh 1 3aKOHOMIPHOCTI KpHUITOTpapidHUX
MIEPETBOPEHD, YITKO BUAUTUTH CTPYKTYPY JIEKIIITHOTO 3aHSTTS;

— peani3yBaTH JOCTYMNHICTb 1HQOpMAIl MIISAXOM I1HTETpyBaHHSA BI3yaJbHOTO Ta
BepOaIbHOrO CIIOCO0IB CIPUNHHATTS;

— TMOJITIIUTH PO3YMIHHS Ta 3amaM’ STOBYBAaHHS TEOPETHUYHUX OCHOB, CIPHUSIOUU
dbopMyBaHHIO  3HaHb HEOOXIAHMX U1  3aCBOEHHS  MPHUHIMIIB  MOOYIOBU
KpUNITOrpaQiuHUX CUCTEM;

— TPUBEPHYTH YBary ayamTopii 3a paxyHOK JOIUIBHOTO 3aCTOCYBaHHS aHIMaIlii,
JeMOHCTpallii KpuntorpadiuHux Mporecis B JUHAMIIL;

— 3a0e3neuynTy IHTEHCHU(IKALII0 HABYAHHS, palliOHaJbHE Ta €(PEKTUBHE BUKOPUCTAHHS
JIEKIIIHOT0 Yacy Mpu mepeiadi BEJIMKOro 00Csry 3HaHb;

— y pa3i HeoOXiHOCTI 3a0e3MeUnTH MOBTOPEHHS Ta 3aKPIIUICHHS MPOWISHOr0 MaTepiaty.

Jlexuist — e pyHAaMEHT, BiJ AKOCTI SIKOTO 3aJIeXaTh Pe3yJbTaTH MOJAJIbIIOT HABYAIbHOT
TISUTbHOCTI  cTyAeHTa. JlocBiJ 3acTOCyBaHHS KOMIT'IOTEpHOi aHIMalii KpunTorpadiuHux
anropuT™MiB Ha ocHOBI flash-TexHosorii sk 3aco0y IMoJaHHS HaBYAJIBHOTO Marepially MOKa3aB
HOro BHUCOKY €(EKTUBHICTH Yy TPOBEICHHI JEKIIHHOrO 3aHATTA. [apMOHIiiiHE MOoeqHAHHS
OCHOBHMX TNPHUHLUMIB TpaauliiiHoro HaByaHHsa Ta cydacHux IKT BigkpuBae MpUHIMIIOBO HOBI
TUIAKTAYHI MOMJIMBOCTI JIJISl YIOCKOHAJIEHHs (popM Ta METO/IB HaBYaHHS (PaxoBHX JUCITUILIIH,
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JI03BOJISIE MABULIUTH PIBEHBb MiATOTOBKM MalOyTHIX (axiBLiB 3 iH(OPMATUKH, SIKI BOJOIIIOTH
npodeciiHIMU KOMIIETeHIIIIMH Ta BiAMOBIJAIOTh CyYaCHMM BHMoraMm puHKY. [lepcmexktuBu
NOJAIBIINX JOCHIPKeHb y0adyaeMO y BHBUEHHI TEOPETHYHUX 1 TMPAKTHYHUX ACIEKTiB
3aCTOCYBaHHS IHTEPAKTUBHHUX TEXHOJIOTIM HaBUaHHA y MpOIECi NMPOBEACHHS J1a0OpaTOPHUX
3aHATH 13 AUCHUILTIHE «KpUIITOTIOTis.
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COMPUTER ANIMATION OF CRYPTOGRAPHIC ALGORITHMS BASED ON
FLASH-TECHNOLOGY AS TOOL FOR PRESENTATION EDUCATIONAL LECTURE
MATERIAL

Rapid development of new information and communication technologies (ICT) and
informatization of education places heavy demands on computer science specialists training.
Among the most important methodological procedures that conducive to increasing of
motivational component of educational process and, as a consequence making it more efficient is
the use of visualization. The using of multimedia technology is perspective direction for
realization of the didactic visualization principle. By means of visualization of abstract objects
and events implemented by computer tools, had been elevated level of perception complicated
educational material, ensured its optimal learning and memorizing by students.

The article considers issues improvement the course of Cryptology training at higher
school by tools of computer animation based on flash-technology. The practicability using
multimedia applications both at the explanation of new material, and in the course of independent
work of students is given. The introduction of computer animation of cryptographic algorithms
based on flash-technology in the educational process activates the cognitive function of students
and develops their interest to the subject. Has been proposed demonstrate cryptographic
algorithms with accompaniment of animated flash-presentations based on CrypTool 1.

Keywords: cryptology, computer animation, flash-technology, visualization.

3aranbka H. A.

Kuromupckuii rocyiapcrBeHHbIi yHHBepcuteT uMenn Bana ®panko, Kuromup,
Ykpauna

KOMIIBIOTEPHAA AHUMALIUS KPUIITOI'PAOUYECKUX AJIT'OPUTMOB
HA OCHOBE FLASH-TEXHOJIOT'HU KAK CPEACTBO IIPEIACTABJIEHUSA
YUEBHOTI O JIEKIIMOHHOI'O MATEPUAJIA

CtpeMuTenbHOE Pa3BUTHE HOBBIX HH()OPMAIMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJOTHMA
(MKT) wu wundpopmaTH3amusi o00pa3oBaHUs TPEABSBISIOT MOBBIIICHHBIE TpeOOBaHUA K
po¢eCCHOHATBHON TTOATOTOBKE OYIYIIMX CIENUaTUCTOB Mo nHPopMaTuke. Cpenn BaKHEUITHX
METOJIMYECKUX TIPUEMOB, CIOCOOCTBYIONIMX YCHJICHHIO MOTHBAIMOHHON COCTaBISIOIEH
y4eOHOro Tmporecca M, KakK CIEICTBHE, JeNalomux ero Oosee 3(DQPEKTUBHBIM SIBISETCS
WCIIONb30BaHUE HArISAHOCTU. [lepCreKTUBHBIM HalpaBiIC€HUEM BOIUIOLIECHUS IHUJIAKTHYECKOTO
MPUHIUIIA HATJISITHOCTH B JKU3HB SIBJSIETCS MPUMEHEHHE MYJIbTUMEANIMHBIX TEXHOJIOTHI. 3a cueT
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BU3yalHM3aluu a0CTPaKTHBIX OOBEKTOB W  SBICHUH, PEATU30BAHHONW KOMITBIOTEPHBIMH
CPEICTBaMH, IMOBBIIIACTCS YPOBEHb JIOCTYIHOCTU CIJIO)KHOTO JJIsi BOCHPHSATHS y4eOHOIO
Marepuaia, 00ecreurBaeTCsl €ro ONTUMAIbHOE YCBOCHUE U 3aIIOMUHAHKE CTYACHTaMHU.

B cratee paccmarpuBaeTrcss BOIPOC COBEPIICHCTBOBAHUS JIEKIIMOHHOIO 3aHSATHUS B
BBICILICH IIKOJIE II0 CHENUabHOW JucuuiuimHe «Kpunronorus» ¢ MNOMOIIBIO CPEACTB
KOMITbIOTepHOU aHuManuu Ha ocHoBe flash-texnomorun. OOOCHOBBIBAaETCS 11€7I€CO00PA3HOCTD
MPUMEHECHHS MYJIbTUMEIUWHBIX MPUIOKECHHM, KaK Ha 3Tare o0bsICHEHUS HOBOTO MaTepuaa, TaK
U B IPOLECCE CaMOCTOSTENbHON paboThl CTYNEeHTOB. BHeapeHune KOMIBbIOTEPHOW aHUMAaIUU
KpUNTOTpaguuecKux anropuTMoB Ha ocHoBe flash-rexHomoruum B 00OpazoBaTeNbHBINA MpOIECC
aKTUBU3HUPYET [M03HABATEIbHYIO JIEATEIBHOCTh CTYACHTOB U Pa3BUBAET Y HUX UHTEPEC K yueOHOU
TUCIUIUIMHE.  J[EeMOHCTpalui0  TPUHIOMIOB  paboThl  KPUNTOTPAQUIECKUX  AJITOPUTMOB
Mpe/iiaraeTcsi OCYyIIECTBISATh C CONPOBOXKIeHUEM aHMMHpoBaHHBIX flash-mipesenTanuii Ha 6aze
cpenst CrypTool 1.

KiloueBble cji0oBa: KpHUNTONOTHS, KOMIbIOTepHas aHumainus, flash-rexHomorus,
HarJSIIHOCTb.
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