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Anomauyia: Memorw cmammi € po3pooka memoodonocii eubopy ma 8izyanizayii
NapaneibHux —aneopummis, KA CHPAMOBAHA HA NIOBUWEHHA e@eKmMUSHOCMI
BUKNIAOAHHA  napaneibHo2o npocpamyseants. (Ocobausa yeaea Npuodiiaemuvcs
aneopummam, wo 30amHi HAOYHO INOCMPY8AmMU NPUHYUNU 0A2amonomodyHoCmi,
CUHXPOHI3AYII NOMOKI8 Mma ONMuMI3ayii pecypcis, a makoic nio8UwLY8amu po3yMiHHs.

CMyOeHmamu CKIAOHUX KOHYenyiu 3a80s KU IHMmepakmueHit oemoHcmpayii. ¥V
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O00CTIONHCEHHI 3ACMOCOBAHO KOMNIEKCHUU NIOXI0, W0 BKIIOYAE AHANI3 Jimepamypu,
OYIHKY aneopummié 3a po3poONieHUMU Kpumepismu ma CUuHme3s npaKmuyHux
pexomeHnoayiti ons ix eizyanizayii. Kpumepii oyinxu oxonaroroms 0emMOHCMPayito
NPUHYUNIE  NAPANIEIbHO20  NPOCPAMYBAHHA,  IHMYIMUGHICMb  gizyanizayil, Il
IHMEPaAKMUBHICMb, MONCIUBICIL NOCMYNOBO2O VCKIAOHEHHS mMa GIiON08IOHICMb
HagyanbHum yinam. Ha ocnosi yux kpumepiie npogeoeno knacugikayiro ancopummis i
BU3HAYEHO IX npuoamuicms O IHmMezpayii y HaguanbHuii npoyec. Y xo00i
00Cni0XMCeHHs OYI0 0OPAHO YOMUPU NAPAIENbHI ANCOPUMMU. COPMYBAHHS 3NUMMAM,
00yUCIeH s 000ymKy mampuyb, noutyk y epagi (BFS) ma cenemuune npocpamyeamHs.
Jl1s1 KOJHCHO20 3 HUX PO3POONIeHO THOUBIOYANbHI PeKOMeHOaYil Wo0o iHMepaKmueHol
gizyanizayii, 6KIOYAYU NPUKIAOU animayit 1 2paghivHux npeocmasieHs.
3anpononosani nioxoou OeMOHCMPYIOMb, AK PO3NOOLL 3a0ad MIdC NOMOKAMU,
CUHXPOHI3AYIsL Ma ONMUMI3AYIsL pecypcié Modcymb Oymu e@pekmueHo 8i3yaniz08ami
0151 HaguanvbHux yineu. Po3pobaeni memoou iHmepakmueHo2o HA8YAHHS CHPUSAIOMb
PO3BUMKY KPUMUYHO20 MUCTIEHHS Y CMYOEHmis, 00noMmazaroyu Kpawje po3ymimu
CKIAOHI KOHUYenyii. 3anponoHosana memooonocis niosuuye SAKicmv Nni02omoeKu
MautOymHix iHdceHepig-npocpamicmis, gopmyouu y Hux "napanenvhe mucneuHs'".
Bizyanizayii 0onomazarome cmyoenmam epeKmuHo onamo8ysamu CKiaoHi KOHYenyii
napaneibHo20 Npocpamy8anHs, eKCHepUMEHMY8amu 3 DIZHUMU al2OPUMMAamMu ma
cnocmepieamu 3a iX BUKOHAHHAM Y PealbHOMY Yaci. Bnposaodwcenns makux nioxoois
Y HA84albHI npocpamu cnpusmume adanmayii cmyoeHmie 00 GUKIUKIE CYYACHO20
PUHKY npayi, 3a6e3neuyroyu ix HeoOXIOHUMU 3HAHHAMU MA NPAKMUYHUMU HABUYKAMU.
OcHogHui pe3ynbmamu OOCNIONCEHHS MAlomb NPAKMUYHe 3HAYeHHs Ol pO3pPOOKU
BIpMYAIbHUX 1AOOPAMOpill, AKi MOXCYymb OymMu aoanmo8ari 00 nomped 0CIMHIx
3aKna0is i 3abe3neyumu 8UCOKUL piBeHb IHMepakmueHocmi Hagyanus. Lle iokpusae
nepcnekmusu 0Jisl NOOANbUUX OOCHIONHCEHb ) 2aly3i IHMEPAKMUBHO20 HABYAHHS MdA

PO3POOKU HOBUX OCBIMHIX MEXHOJLOCILL.
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napaneivhe npocpamy8anHs, 0C8IMHi MexHol02il.
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Abstract: The aim of this article is to develop a methodology for selecting and
visualizing parallel algorithms to enhance the effectiveness of teaching parallel
programming. Special attention is given to algorithms that can visually demonstrate
the principles of multithreading, thread synchronization, and resource optimization,
while improving students' understanding of complex concepts through interactive
demonstrations. The study employs a comprehensive approach that includes literature
analysis, evaluation of algorithms based on developed criteria, and synthesis of
practical recommendations for their visualization. The evaluation criteria encompass

the demonstration of parallel programming principles, visualization intuitiveness,
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interactivity, scalability, and alignment with educational objectives. Based on these
criteria, the algorithms were classified and their suitability for integration into the
educational process was determined. The study identified four parallel algorithms:
merge sort, matrix multiplication, graph traversal (BF'S), and genetic programming.
Tailored recommendations for the interactive visualization of each algorithm were
developed, including examples of animations and graphical representations. The
proposed approaches illustrate how task distribution among threads, synchronization,
and resource optimization can be effectively visualized for educational purposes. These
interactive learning methods foster critical thinking in students and help them better
comprehend complex concepts. The proposed methodology enhances the training
quality of future software engineers by fostering "parallel thinking." Visualizations
enable students to effectively grasp complex concepts of parallel programming,
experiment with various algorithms, and observe their execution in real-time.
Integrating such approaches into educational programs will help students adapt to
modern job market challenges by providing them with the necessary knowledge and
practical skills. The key findings have practical significance for the development of
virtual laboratories that can be tailored to the needs of educational institutions,
ensuring a high level of interactivity in learning. This opens opportunities for further
research in interactive learning and the development of new educational technologies.
Keywords: parallel algorithms, interactive learning, visualization, parallel

programming, educational technologies.

ITocranoBka nMpo0JieMH y 3araJibHOMY BHUIJISIAL Ta ii 3B'A30K 3 BaKJIMBUMH
HAYKOBMMM 4YM NPAKTHYHMMM 3aBIaHHsAMU. [lapanenbHi oOuyucieHHsT 3aiiMalOTh
BXKJIMBE MICIIE Y Cy4aCHOMY MpOorpaMyBaHHi, 3a0€3MeUy04l MOXKIUBICTb 00POOJISITH
BEJIMKI OOCSTM JaHUX MIBUAIIE Ta epeKTUBHINIE. Y CBIiTi, A€ oOcsaru iHpopMmarii

IIOCTIHHO 3pOCTarOTh, a4 3aBAAHHA CTAI0OTh BCC CKJ'Ia,Z[HiHII/IMI/I, HapaJICJ'IBHi 00YHCIICHHS
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J03BOJISIIOTh  ONITUMI3yBaTH POOOTY TPOTPAMHHUX CHCTEM Ta TOKPAIIUTH IX
NPOJYKTUBHICTb. BOHM BHKOPHCTOBYIOTHCSI B PI3HUX Taiy3siX, BiJ HAayKOBHX
JTOCITIDKEHBb 0 KOMEPILINHUX T0AaTKIB, 3a0e3Meuyoun HeoOXIIHY MOTYKHICTb JJIs
BUKOHAHHS CKJIQTHUX O0YHCITIOBAIBHIX 3aBAaHb.

OpHak, BUBYEHHS MapajielIbHUX 0OYHCIICHb € CKIaAHUM 3aBJIaHHIM, OCOOJIMBO
JUISL CTYJICHTIB, SIK1 B3K€ 3BUKJIM JO MOCIIAOBHOTO nporpamyBanHs. [licis TpuBaioro
BUBYEHHS Ta TMPAKTUKU POOOTH 3 TMOCIIJOBHUMH aJIrOpUTMaMH, MEPeXisl 0
napajieIbHOTO TpOorpamMyBaHHS MOXKe OyTH JOCHTh CKIagHuM. Llg ckmamHicTh
3yMOBJIEHA HEOOX1IHICTIO 3MIHU MIAXOIB A0 MUCJIEHHS Ta PO3YMIHHS MPOILIECIB, SIKI
BiJI0YBAIOTHCS I11]] YaC BUKOHAHHS MapaieiabHuX 3aa4. CTyJeHTH MOBUHHI HABYUTHUCS
MpaloBaTd 3 OJHOYACHUM BUKOHAHHSAM JCKUIBKOX IIPOIIECIB, CHUHXPOHI3AIIEI0
MOTOKIB Ta €()eKTUBHUM PO3MOJILJIOM PECYPCIB.

VY 1bOMy KOHTEKCTI BUHHKA€E MOTpeda B PO3BUTKY y CTYJIEHTIB 3IaTHOCTI IO
"mapanenbHoro MucieHHs". Lleit TepMiH 03Ha4Ya€ yMIHHS pO3yMITH Ta 3aCTOCOBYBATH
PUHITUIIH [TapajieIbHOTO MPOrpaMyBaHHs, 0AYUTH MPOIIECH B iIXHbOMY B3aEMO3B'SI3KY
Ta nepeadavaTi MOXIIMBI KOH(IIIKTH 1 UIAXM iX BUpimieHHs. [lapanenbHe MUCICHHS
JI03BOJIsIE MporpamictaM e€(EeKTUBHO PO3pOOJISATH Ta ONTUMI3yBaTU MapaielibHi
QITOPUTMH, 10 € KPUTUYHO BAXKIIMBUM Y Cy4aCHOMY MPOTpaMyBaHHI.

OnHuM 13 TIEPCIEKTUBHUX MIIXOJIB /10 HABYaHHS CTYACHTIB MapajeibHOMY
OpOrpaMyBaHHIO € BUKOPUCTaHHS Bizyamizamiid. Bizyamizaiiss mnapanenbHUX
JOTIOMOTTH CTYJEHTaM Kpallle 3p03yMITH MPUHITUIIN MapajebHOro MPOoTrpaMyBaHHS.
Yepes Bizyamizalliio CTyJACHTH MOXYTb Oa4UTH, SIK PI3HI MPOLECH B3a€EMOMIIOTH, 5K
BIIOYBA€ThCSA PO3MOIINT 3a7ad Ta $KI MpoOJieMH MOXYTh BHUHUKATH IIiJT dac
napajenbHOro BUKOHaHHs. Lle 103Bossie HAOYHO JEMOHCTPYBATH CKJIAH1 KOHIIETIIIIT,

poOIsIUM iX OLIBII 3pO3yMUIMMU Ta TOCTYITHUMHU.



HAYKOBI 3ATNMMCKH

@ NEAOATON4YHA AKAOEMIA:

BukopucTtanns Bi3yanizalliil y HaBYaIbHOMY IPOLIECl MOKE 3HAYHO M1ABUIIUTH
e(EeKTUBHICTh 3aCBO€HHA MaTepiay. BOHM MOXyTh OyTH I1HTEPaAaKTHBHHUMH,
JO3BOJISIIOYM  CTYZICHTaM EKCHEPUMEHTYBATH 3 PI3HUMH alrOpuTMamu, OadyuTH
pe3yJIbTaTH CBOIX il B pealbHOMY Yaci Ta Kpale po3yMiTH HACTIIKU TEBHUX PIIICHb.
Takuii miaxig He JIUIIe COpUsie KpalioMy po3yMiHHIO MapaielbHUX 00YuCIeHb, alle i
CTUMYJIIOE IHTEPEC A0 L1€1 BAXKIIMBOI Tally31 IPOrpaMyBaHHS.

OT:xe, BUOIp nmapanenbHUX alrOPUTMIB JJIA 1X Bi3yani3alli € BaXKJIMBUM KPOKOM
y TIAroTOBIl MalOyTHIX (axiBuiB y cdepi nporpamyBanHs. Lle qo3Bossie He muie
CIIPOCTUTH TIPOIIEC HABYaHHS, aj€ ¥ MIABUILUTU SIKICTh MIATOTOBKH CTYJCHTIB,
JIOTIOMAararoy iM OMaHyBaTH KIIFOUOBI HABUYKHU, HEOOXIJHI JUIsl YCIIIIHOI POOOTH Y
Cy4acHOMY CBITI TEXHOJIOTIH.

AHaJi3 oCcTaHHIX JocaiTxKeHb i myOaikanii. [IutanHs BuOopy anropuTmis Ta
iX Bi3yamizallii JJigs OCBITHIX IIJIEH pO3MIISIAAIOCS HA PI3HUX PIBHIX, BKIIOYHO 3
MDKHApoJHUMH. HaykoBa CHUIBHOTa BHBYAJIA 1[I0 TeMy 4Yepe3 MpU3My
porpaMyBaHHs, TEAAroriKM Ta TEXHOJOTIYHUX 1HHOBamii. CydacHi JOCIHIKCHHS
0a3yl0ThCsl Ha HANpAIIOBAaHHSAX OCTaHHIX POKIB, KOJIM TEXHOJIOT1i 6araTornoToYHOCTI
Ta PO3MOJJIEHUX OOYMCIIEHb JOCSTJIM 3HAYHOTO PIBHS PO3BHUTKY. JlocmikeHHs
Patrick Diehl, Steven R. Brandt ta Hartmut Kaiser [1] € xiato4oBuM 111 po3yMiHHS
poim cydacHoro C++ y HaBYaHHI MapajelbHOrO0 MpOrpaMyBaHHsA. ABTOpH
JTOCHDKYIOTh ~ TepeBard  BUKOPUCTAHHsS  Bi3yamizamii i1 J€MOHCTparlii
6araronorouynocTi. [Ipamst Chilei Wang Ta criiBaBTOpiB [2] BUCBITIIIOE aCTIEKTH MaCOBO
napajiebHUX —aiaropuTmiB 1ansi  rpadiB. ABTOpU BKa3ylOTh Ha BaXJUBICTb
IHTEPaKTUBHOTO TPEJCTABICHHS CKJIQJHUX TMPOIECIB, TaKUX SIK OOYMCICHHS
HaWKOPOTIIUX MUISXIB y JWHAMIYHUX Trpadax. 3TiIHO 3 HaBUAJLHUM MOCIOHUKOM
"ITapanenbHi Ta posnoziieHi oounciaenua” (2021) [3], ocobnuBy yBary HmpHALIEHO
BUKJIMKAM MacHITa0yBaHHS Yy TMapajiebHUX CHCTeMax. ABTOpPU pO3TIISIAIOThH

MpaKkTUYHI TIIXOAU JO CTBOPECHHS aJTrOpUTMIB, 110 3a0e3meuyioTh e(EeKTUBHE
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BUKOPHUCTAHHS PECypCiB, 1 MPOMOHYIOTh METOH, SIKI MOXKYTh OyTH aJanToBaHl AJs
IHTEpaKTUBHOIO HaByaHHs cTyleHTiB.. Luis Cunha Tta iioro xoneru [4]
30CEepPE/KYIOThCSl Ha Tapajeiismi jJepeB Ta TpadiB, MIAKPECIIOYM HEOOXITHICTh
IHTYITUBHUX 1HCTPYMEHTIB JuUisi BuBUeHHs anroputmiB. [Ipams Subodh Kumar [5] €
byHIaMEHTAJIBHOIO /1711 BABYEHHS 0230BHX KOHIICTIIIH MapajieIbHOTO MPOrpaMyBaHHs
Ta MPOIMOHYE OCBITHI METOJIU JIJIsi CTYJEHTIB, SIK1 JIMIIIE PO3MOYMHAIOTH BUBYATH IO
TeMy. KonekTuB aBTOpiB [6] JOCIIIKY€E 3aCTOCYBAHHS AJITOPUTMY MOILIYKY B IIHUPUHY
(BFS) y peanpHux crenapisix, 30kpemMa npu o0poOii Beaukux rpadiB. Y pobOoTi
aKIEHTY€EThCS Ha BAXKIMBOCTI ONTHMI3aIlil alrOpUTMY MJIs JOCATHEHHS BHCOKOT
IPOJYKTUBHOCTI, @ TaKOXX HAa MOXJIMBOCTSIX HOTO amapaTHOro MPUCKOPEHHS, IO
3a0e3nedye 3HAYHE TMIJBUIIECHHSA €()EKTUBHOCTI O0OOYMCIEHb. ABTOPH TaKOX
MIJIKPECIIOIOTh TIOTEHIIaJl BUKOPUCTAHHS TaKUX MIAXOJIB ISl 1HTEPAKTUBHOIO
HABYaHHS 3aBJSKA HAOYHOCTI Ta mpakTuyHii 3Hauymocti BFS. Tianyi Yu, Wei Li [7]
MpoaHaNi3yBaJld MapayiefbHI aJrOpUTMU COPTYBaHHS, IO MalOTh BUCOKY OCBITHIO
I[IHHICTh 3aBIIKH MOXJIMBOCTI IIOCTYNOBOTO YCKJIAMHEHHs, IO pPOOUTH iX
NPUIATHUMH JIJ11 HABYAJBHUX I1I7IeH. 3HAYHUI BHECOK Y JOCIIHKEHHSI MOXKJIMBOCTEH
METACBPUCTUYHUX AJITOPUTMIB 3p0o0sieH0 y poboTi Saman M. Almufti [8]. ABTopu
aHATI3yIOTh POJIb Bi3yai3allii B ONTHUMI3aIlli aarOpUTMIB, IO 3aCTOCOBYIOTHCS Y
CKJIQJHUX OOYMCIIEHHAX. Y CTaTTl [9] po3risgaroThbesl aiTOPUTMH, OPIEHTOBAHI HA
rpadiuyHe TPEACTaBICHHS  OOYMCIIOBAIIBHMX  MPOIECIB, 13  3aCTOCYBaHHSIM
IHHOBAIIMHUX TMIJXOMIB JO IX I1HTEpPaKTUBHOI neMoHcTparii. OcHOBHa yBara
OPUAUIAETECS CTBOPEHHIO HABYAJIBHOI CHCTEMH, IO 3a0e3neuye AUHAMIYHY
Bi3yaumizalfifo poOOTH aJrOpUTMIB, MOKPOKOBUN OMHUC iX BUKOHAHHS Ta TOJAHHS
teopetnyHoi iHMopmariii. Y moxymenti Computer Science Curricula 2023 [10]
aKIICHTYEThCS HAa HEOOXIAHOCTI I1HTEPAKTUBHUX HABYAJIbHUX I1HCTPYMEHTIB, SIKI

AO3BOJIAKOTE CTYJACHTAM CKCIICPUMCHTYBATH 3 IMAPAJICIIbHUMHU AJITOPUTMaAMMU.
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BupisieHHsi HeBUpIilIeHNX paHille YACTHH 3arajbHoOI npodJjemMu. TakuM YUHOM,
NONpU 3HAYHI HAYKOB1 JOCSTHEHHSI, 3aJMINAIOTHCS BIAKPUTHUMH TUTaHHS BHOOpPY
QITOPUTMIB IS Bi3yajizallii 3 ypaxyBaHHSM iX OCBITHBOI I[IHHOCTI, CTBOPEHHS
IHTEpaKTUBHUX 1IHCTPYMEHTIB ISl AEMOHCTpAIlli CKJIaJHUX MPOIleciB Ta (OpMyBaHHS
"MapanenbHOro MHCIEHHS" Yy CTYJEHTIB. 3alpoloHOBaHA CTAaTTA CHpsIMOBaHa Ha
BUPIIICHHS [IUX MUTaHb T4 BHECEHHS HOBOTO MiAXOAY J0 1HTEPAKTUBHOTO HABYAHHS

[apajieNbHOrO IPOrpaMyBaHHs.

D®opMyJIIOBAHHS LJIEH CTATTI

[Is craTTs mOpHUCBSYEHAa aHajidy Ta BHUOOpPY ONTUMAIbHHMX MapayleIbHUX
AITOPUTMIB JIJIs1 iX Bi3yasli3allil y KOHTEKCTI HABYAHHS [TapajiesIbHOrO IPOrpaMyBaHHS.
BianoBigHO 10 METH BU3HAYEH1 HACTYIIHI 3aBIaHHS:

° BuzHauuTy, siKi anropuTMU HalKpauie UTFOCTPYIOTh OCHOBHI MPHUHIIMIH
napajieTbHOTO MPOrpaMyBaHHs, Taki K PO3MOMALI 3a7a4, CHHXPOHI3allid MOTOKIB Ta
ONTUMI3allisi BAKOPHUCTAHHS PECYPCIB.

° CdopmynroBatu 00’ €KTUBHI KpUTEPIi OLIHKHU aJITOPUTMIB 3 ypaxyBaHHSIM
iXHBOI OCBITHBOI IIIHHOCTI, IHTEPAKTUBHOCTI Ta MOXKJIMBOCTEH Bi3yasri3aliii.

© Ha ocHOBiI po3poOneHux KpuTepiiB 00paTv ajiropuTMu, siKi MaroTh
MaKCUMaJIbHUN HaBUYAJIbHUN TMOTEHINA] Ta BIJAMOBIJAIOTh CYYaCHUM BUMOTaM
napaneabHOro IporpaMyBaHHs.

© [Tokazatu, sk BUKOPUCTaHHS Bi3yati3aliil MOXe MOJETIIUTH PO3YMIHHS
CTYICHTAMH CKJIAJHUX KOHIICMIIA Ta CHOPUATH PO3BUTKY HABHUOK MapasieTbHOTO
MUCJICHHS.

© 3anponoHyBaTH CIOCOOM 1HTEPAKTUBHOI JIEMOHCTpAIIl aITOPUTMIB, K1
MOXYTh OyTH BIPOBA/XKEH1 Y HaBYAJIbHUI MpolEC, BKIOYAIOYM aHIMallii, rpadiuHi

MIPEICTABJICHHS TA 1HIIII METO/IH.
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Buksiag oCHOBHOrO Martepiajly AOCTiI:KeHHSI 3 IOBHUM OOIPYHTYBAaHHSIM
3100yTHX HAYKOBHUX Ppe3yJbTaTiB. AHami3 Ta BUOIp ONTUMAJBLHUX MapalelbHUX
AJTOPUTMIB IS Bi3yallizallli moTpedye 4iTKOTO BU3HAYEHHS KPUTEPIiB, K1 JO3BOJIATH
00'€KTUBHO OIIIHUTH IXHIO TPUIATHICTH JUIsI HAaBYAIBHUX IiJIEH. Y pPO3TISTHEMO
KpUTEPIi, 1110 JO3BOJSATh BU3HAUYUTH HAUOLIbII €()eKTUBHI AJITOPUTMHU JIJIS Bizyasizarlii
Ta IHTEPAKTUBHOTO HABUAHHS CTYJICHTIB.

[lepie, Ha 1110 MU 3BEPTAEMO yBary npu BUOOp1 NapajneabHUX aITOPUTMIB IS
Bi3yasizaiii, - 1¢ iXHsS OCBITHSA IIHHICTH. Ilii OCBITHBOIO IIHHICTIO PO3yMIETHCS
3MATHICTh AJITOPUTMY HAOYHO JEMOHCTPYBAaTH OCHOBHI MPUHIIMIU Ta KOHIEMIIIT
napajieIbHOTO MporpaMyBaHHs. AJTOPUTMH MOBHUHHI OyTH JOCTaTHHO MPOCTUMHU JJIS
PO3yMIHHS CTyICHTaMH, aji¢ BOJHOYAC MATH JTOCTATHIO CKIIQIHICTh JJIS IEMOHCTpAITil
BAXKJIMBUX ACTEKTIB MapaJIeIbHUX O0UKCIICHb. 3a IIUM KpUTEPiEM MOKHA chopMyBaTH
HACTYTHI BUMOTH JI0 aJTOPUTMIB:

© Bubpani anropuTMu MOBHHHI MOKa3yBaTH TaKi KOHIICIIIT, SIK PO3MOALI
3a/1a4, CUHXpOHI3allisl MOTOKIB, YIPaBIiHHS pecypcaMu Ta YHUKHEHHS! KOH(DJIIIKTIB.

© ANTOPUTMU TIOBUHHI JTIO3BOJISITH TIOCTYIIOBE BBEJCHHS HOBUX €JICMECHTIB
Ta KOHIIEMIIIH, TOYMHAIOYHN 3 IPOCTUX MPHUKJIIAJIB 1 IIOCTYIIOBO MEPEXOASIN JO O1IBII
CKJIQJTHUX 3a/1a4.

© AJNTOpPUTMHU TIOBUHHI BIJINMOBIAaTH TE€MaM, IO BXOJISATH 10 HAaBYAIBHOI
MporpamMu 3 TMapajiebHOTO TMpOorpamMyBaHHS, Ta OyTH aKTyaJbHUMH JJISI Cy4acHHX
BUKJIMKIB y TalTy3l.

JlpyruM BaXJIMBUM KPUTEPIEM € MOMJIMBOCTI Bi3yalli3arii aaropuTMiB.
Bizyanizaiis moBuHHa OyTH 3pO3yMIIOIO, 1HTEPAKTUBHOIO Ta 37aTHOI HAOYHO
JEMOHCTPYBaTH poOOTY anropuTMy. BoHa MoOBHHHA JOoIOMaraTé CTyACHTaM OadyuTH,
K BiIOYBA€ThCS BUKOHAHHS TapaJiebHUX 3a7ad4, sIK B3a€EMOJIIOTH MOTOKH, Ta SKi

npo0ieMu MOXYTh BHHHMKATH. 3a IIUM KpUTEpieEM MOKHa cHOpMYBATH HACTYIIHI

BUMOTH JI0 aJITOPUTMIB:
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Bizyanizamii noBuHHI OyTH 1HTYITHBHO 3pO3yMIIUMU Ta JIETKO
cpuiiMaTucs cTyAeHTaMu. BukopucranHs rpadidyHUX €JIEMEHTIB Ta aHIMallild MOXe
3HAYHO MOKPAIIUTUA PO3YMIHHS CKJIATHUX MPOIIECIB.

© CryneHTH TIOBMHHI MaTH MOXJIMBICTh B3a€EMOJISTH 3 Bi3yalli3alli€lo,
3MIHIOBaTH TapaMeTpu aJTOPUTMY, CIIOCTEpIraTH 3a HOTO TMOBEIIHKOI Yy PI3HUX
YMOBAaX Ta €KCIIEPUMEHTYBATHU 3 PI3HUMHU CLICHAPISIMHU.

© Bizyauni3aiiis noBuHHA MiITPUMYBATH K MPOCTI, TaK 1 CKIJIAHI ClIEHAPII,
J03BOJISIIOYM CTYJIEHTaM 0auuTH poOOTY aJrOPUTMIB Ha PI3HUX PIBHAX CKJIAJHOCTI.

TpeTiM KpuUTEpiEM € acleKTH 0araTomoTOYHOCTI Ta omnTuMmizalli. Bubpani
QITOPUTMH TOBHHHI HE JIMILIE JEMOHCTPYBAaTH 0a30B1 MPUHLMUIIN MapaieIbHOIO
nporpaMyBaHHS, aje W JO3BOJSTH CTYACHTaM O3HAMOMHUTHUCS 3 TMHTAaHHAMU
onTuMizaiii Ta €PEeKTUBHOIO BHUKOPUCTAHHS PECypciB. 3a IIUM KPHUTEPIEM MOKHA
chopMyBaTH HACTYMHI BUMOTH JI0 AJITOPUTMIB:

° ANTOpPUTMU NOBHHHI IEMOHCTPYBATH, IK €EKTUBHO PO3NOILISATH 3aaul
MK TIOTOKaMH, YHUKATH HEPIBHOMIPHOTO 3aBAHTAKEHHA Ta MAaKCHMI3yBaTu
MPOJyKTUBHICTb.

° Bubpani anroputmMu MOBHMHHI MOKa3yBaTH Pi3HI METOAM CHHXPOHI3alli
MOTOKIB, YIIPaBIHHA KPUTUYHUMU CEKI[ISIMU Ta YHUKHEHHS CTaH1B TOHUTBH.

© AJropuTMH  TOBHMHHI  JIOMIOMaraTh CTyJEHTaM  3pO3yMITH, SIK
ONTHUMI3YBaTH BUKOPHCTAHHS MPOIECOPHUX PECYpCiB Ta Mam'siTi ISl JOCSTHEHHS
MaKCUMaIbHOI €PEeKTUBHOCTI.

[Ticnst BUBHaYEHHS KPUTEPIiB 7151 OLIHKH MapaiesibHUX allTOPUTMIB MU MOKEMO
NEePEeNTH 10 NeTalbHOTO aHali3y KOXKHOTO alrOpUTMY 3 TOUKH 30pY iX BIAMOBIAHOCTI
M kputepisMm. s GopMyBaHHS OINHOK MO aJrOpUTMaM MU 3BEPHYJIUCH 10
HACTYMHUX JHKEpeNl: Orjisij alfTOPUTMIB Mapaliei3My CHIJIbHOI Mam’sITi B Cy4aCHOMY

C++1BIIO [1], ornsin mapanieabHOro aaropuTMy MOUTYKY HAaWKOPOTIIOro HUIXy [2],

orjsi mapanenizmy rpadis Ta aepeB [3], [(pyHTOBHMI TBip 10 OCHOBaM IEPajebHOIO
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nporpamyBanHs Bix C.Kymap [5], orsisg MeTaeBpUCTUYHHX TTApaJIeTbHUX aJITOPUTMIB
[7] Ta Computer Science Curricula 2023 [10]. byaemo omiHOBaTH BiJIMNOBIIHICTH
AITOPUTMY BUMOTaM 32 JIeCATUOATBHOIO IIKAJIOK0 1€ 1 — HallHMK4a BIMOBIHICTD, a
10 — naiiBumia. [yis cripoieHHst MpeACTaBICHHS B TAOIHII MPOHYMEPYEMO BUMOTH:

Buwmora 1: JlemoHcTpallisi OCHOBHUX MPHUHIIUITIB MapajiesIbHOr0 MPOrpaMyBaHHS

Bumora 2: MoXIUBICTh TOCTYIIOBOTO YCKIaHEHHS

Bumora 3: BianoBiJiHICTh TEMaM HaBYaIbHOT IPOrpaMu

Buwmora 4: InTyiTHBHA 3p03yMUTICTh Bi3yasi3allii

Bumora 5: IHTepakTUBHICTH Bi3yasi3arlil

Bumora 6: MoxnuBicTs MaciiTabyBaHHS

Bumora 7: Po3moniin HaBaHTaKEeHHS

Bumora 8: CuHxpoHi3ailis Ta yrpaBiaiHHS TOTOKaMU

Bumora 9: Ontumizaiist pecypciB

Hwxue npencrapieHo Tabiuiio 1, o MiCTUTh OIIHKU KOKHOTO aJrOPUTMY 3a
BCIMa BUMOTAMHU K1 MU BU3HAYMIIU y TPHOX KPUTEPISX.
Taoauua 1

OyinKu napanenbHux ancopummis
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[Tapanenbruii
aJrOPUTM

COpPTYBaHHS 3JIUTTIM 7 41 10 5 71 10 3 7 8| 61




[TapanensHuii
AITOPUTM
COpPTYBaHHS

Quicksort

NEAOATON4YHA AKAOEMIA:
HAYKOBI 3ATTUCKH

49

[TapanenbHuii

MTOLTYK

10

10

50

[TapanensHuii
aJIrOPUTM
00YHCICHHSI

N00yTKY MaTpHIIb

54

[TapanensHuii

MOIIYK y Tpadi
(BFS)

10

10

68

[TapanensHe
3HAXOHKCHHS
MIHIMaJILHOTO
OCTOBHOTO JIepeBa
(Kruskal's
Algorithm)

40

Anroputm
napaneabHOro
MOIIYKY IIa0JIOHY

(Rabin-Karp)

10

48

[Tapanenbruii
ITOPUTM 00POOKHU
300paxenb (Edge

Detection)

52
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[Tapanenbue
TeHETUYHE

pOorpamMyBaHHs 2 5 8| 10 9 9 1 9 71 60

Anroputm
[apaJIeIbHOTO
IHTErpyBaHHS
MeTooM MoHTe-

Kapno 9 8 1 8 8 3 1 8 31 49

Jxepeno: BiacHa po3poOKa aBTOPiB

PosrnssHemMo pesynpTaTH  aHamizy. JleMOHCTpallisi OCHOBHUX INPUHIUIIB
MapajelbHOr0 MPOrpaMyBaHHS OIIHIOE, HACKUIBKH J0OpE alroOpuTM UIIOCTPYE
KITFOUOBI aCTEKTH TMapajesibHOrO0 TMporpaMyBaHHs. HaWBHINI OLIHKK OTpUMAalU
anropuTMu mapanenbHuil nomyk y rpadi (BFS) (9) Ta napanensHoro iHTErpyBaHHS
Meto0M MonTe-Kapiio (9), mo nigkpecitoe iXHI0 epeKTUBHICTh Y IIbOMY KOHTEKCTI.
MOXIHMBICTh TOCTYIOBOTO YCKJIAJHEHHS BH3HA4Ya€, HACKIIbKU JIETKO MOXKHA
30UTbLIYBATH CKIAAHICTh AITOPUTMY. AITOPUTMH 0OUHCIIEHHS 10OYyTKY MaTpuilb (7),
napanensuuit nomyk y rpadi (BFS) (7) Ta interpyBannst metonom MonTe-Kapio (8)
OTpUMaJIM HAMBUIIlI OI[IHKY, BKa3ylOUH Ha IXHIO THYUYKICTh y HaBYaHHI. BiAmoBiqHICT
TE€MaM HaBYaJIbHOI MPOrPaMHU OILIHIOE, SIK 100p€e aJrOpUTM IHTETPYETHCS B HABYAIBHY
nporpamy. BUCOKI OIIIHKH OTpUMAaH aITOPUTMHA OOYUCIICHHS 100yTKY MaTpuilb (10)
ta copryBaHHA 3mutTaM (10). IHTyiTMBHa 3po3yMimicTh Bi3yani3alii OIIHIOE,
HACKUIBKH 3p03yMLJION0 € Bi3yaltizallisi poOoTH anropurmy. HaiiBuiii oliHKY OTpUMalu
QITOPUTMH TApaJieIbHOTO OOYHMCICHHS M00yTKy Matpuile (9) Ta TEHETHYHOTO
nporpamyBaHHs (10). [HTepakTUBHICTH Bi3yali3allil OL[IHIOE 3JaTHICTh AITOPUTMY A0
iHTepakTUBHOTO HaBuaHHs. [lapanensuunii momryk (10) Ta reHeTHUHE MPOrpaMyBaHHS

(9) maroTh BHCOKI OIIHKKA. MOXJIMBICTh MacmTaOyBaHHS OIIHIOE, HACKIIBKA
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QNTOpPUTM 37aTeH OOpoOsATH 30iIbIeH] 00csIrh JaHuX. BHCOKI OIIHKM MaloTh
QITOPUTMU COpTyBaHHS 3aUTTsAM (10) Ta mapanenbHOro momyky madnony (10).
Posnoninn HaBaHTa)X€HHsI OLIHIOE €(EKTUBHICTh PO3MOALTY OOYHMCIIOBAIIBHOTO
HaBaHTa)XeHHs Mk notokamu. HaiiBum orinku otpumanu BES (10) ta [Tapanensamuit
anroput™ 00pooKku 300paxkens (9). CUHXpOHI3allis Ta YIIPaBIiHHS TOTOKaAMU OLIIHIOE,
SIK I0Op€e arOpUTM YIIpaBJIsie TOTOKaMU Ta IXHOIO CUHXPOHI3alli€r0. HallBuI oiHKu
MaroTh aroput™Mu BFS (9) Ta renernune nporpamysanss (9). Ontumizaiiisi pecypcis
OIIHIOE 3JIaTHICTh AITOPUTMY €(QEKTUBHO BUKOPUCTOBYBATH pecypcu. HaliBuiii
orinku orpumaiid BFS (10) ta mapanensuuii nomryk (10).

JI71st moAaIbIIoro pO3IJISly Bi3bMEMO aJITOPUTMHM 3arajibHa OIlIHKA SKUX BHUIIE
CEpEeIHbOIr0 3HAUECHHS 3araJIbHOI OI[IHKU. B pe3ynpTaTi OTpUMyEMO TaKl alrOPUTMH:

l. [TapanenbHUil aNnTOPUTM COPTYBaHHS 3IUTTAM (61)

2. [TapanenbHuii anrOpUTM OOYUCICHHS T00YTKY MaTpuIlh (54)

3. [TapanensHuii nomyk y rpadi (BFS) (68)

4. [TapanenbHe reHeTn4He nporpamyBanHs (60)

Po3srissHeMo i alropuT™MH Ta MOXKJIMBOCTI iX aHIMAIll JOKIa HIIIE.

[TapanenbHe COpTYBaHHS 3JIUTTSIM € OJHIEI0 3 €DEKTUBHUX TEXHIK JJI1 00pOOKH
BEJIMKUX HAOOpIB JIaHUX, ONTHUMI3YIOUYM BUKOPUCTAHHA MHOTOIMIOTOYHOCTI Ta
3MEHIIIYIOUM 3arajibHui yac copTyBaHHA. Lleil anroputM 06a3zyeThCsi Ha KIIACHYHOMY
aNTOPUTMI COPTYBAaHHS 3JIUTTSAM, ajie aJalTOBaHWW JUIsi BUKOHAHHS Ha JIEKiIBKOX
npoiiecopax abo sgapax omaHodacHo [11]. OcHoBHA iaesi mMapajebHOTO COPTYBaHHS
3JIATTSIM TIOJISITA€ y PO3MO/III1 TOYaTKOBOTO HA0Opy JaHUX Ha JIEKIJIbKa IMiAMHOXHH,
K1 MOKYTb OyTH BIZICOPTOBaHI HE3QJICKHO B PI3HUX MOTOKax abo mporecax. [licms
COPTYBaHHS OKPEMHUX MIAMHOXUH PE3yJIbTaTH 3JIMBAIOTHCS B OJUH BIJCOPTOBAHUMN
Ha01p. AJITOpUTM MOXHA PO3IJIUTH Ha JBI OCHOBHI (ha3u: pO3MOILI 1 3IUTTS.

Ha ¢as3i po3nosain moyarkoBuii HaOip MaHWUX TITUTHCS HA MEHIII IMiIMHOXHWHH,

IpUYOMY KUIBKICTh MIJMHOXHH 3a3BHYail  BIJMOBIJA€ KUIBKOCTI JOCTYMHHUX
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oOuucmoBabHUX sifep. KokHa MiIMHOXWHA COPTYETBCS OKPEMO, IO MOXKE
BUKOHYBATHUCh MapalieIbHO 0€3 B3a€MO/IIT 3 THITUMH IM1IMHOKHHAMHU.

Ha ¢a3i 31uTTa copTroBaHi MiAMHOKHHHU TOCIIJIOBHO 3JIMBAIOTHCS B OLIBIII
copToBaHi MHOXUHHU. []e#i poriec mpoaoBKYETHCS, JOKU BC1 OKpEMI IMiIMHOKHUHU HE
OynyTh 00'eHAHI1 B OJIMH B1JICOPTOBAHMM HAOIp JIaHMX.

[Tapanemnizaifiss mpouecy 3JUTTS TaKOXXK MOXMJIMBA 1 BKJIOYAaE OUIBIN CKJIaJH1
MEXaHI3MH 711 €()EKTUBHOTO 3JUTTS COPTOBAHUX IMIJIMHOXHUH. 3JUTTS MOXKE OyTH
OpraHi30BaHO TaK, 00 KOKEH MOTIK a00 MpoIec 3aiiMaBCst 3TUTTSAM JIBOX M1IMHOXKHH,
a pe3yabTaT 3JIATTS 3HOBY OyB NEpeIaHuid 10 3JUTTS 3 HACTYITHOIO IiIMHOKHHOIO B
1HIIOMY TOTOI. Takuil miIxig MOXe 3HAYHO 3MEHIITUTH 3arajibHUi 4ac COpTyBaHHS,
0COOJIMBO MpH BEJIHUKUX o0csirax naHux [12].

[TapanensHe COPTYBaHHS 3JHUTTSIM € MOTY)XHHM 1HCTPYMEHTOM B Cy4aCHOMY
IporpaMyBaHHi, 30KpeMa B 00J1acTX, JIe TOTpiOHA MIBUIKAa 00pOOKa BEIIMKHUX OOCATIB
JAHUX, SIK y (PiHAHCOBUX aHai3aX, BEIMKUX 0a3axX JaHUX Ta HAYKOBUX JOCHIKCHHSX.

Jlnst nemoHcTparlili mapanaeiabHOr0 alrOpUTMy COPTYBAHHS 3JTUTTSM Y BUTJISIL
aHiMallii, KOpUCTyBaud CIOYaTKy Oy/le BBOAUTH KUIBKICTh SIJEP BIPTyabHOI CHCTEMU
Ta pO3MIip MaCUBY, KU TOTPIOHO BiicOpTYBaTH. Lle 703BOIUTE alanTyBaTH aHIMAIli0
1] pecypcH Ta MoTpedu KOpUCTyBaya.

[Ticnst BBeeHHS HEOOXIAHMX MapameTpiB, KOPUCTYBau HATUCKATHUME KHOIMKY
"CrapT", 110 1HIIIIO€ Bi3yalli3allilo MPOIIECy COPTYBAHHS. AHIMAIIIS ICKPABO TTOKaXe,
SIK MACHUB CIIOYATKy PO3/IISETHCS HA MEHII YaCTUHH, KOXKHA 3 IKUX B1JCOPTOBYETHCS
B OKpPEMOMY IOTOIli, a MOTIM BIJOYBAETHCS iX MOCTYNOBE 3JIUTTSA Y BIJCOPTOBAHUMN
MacuB. Koxxen etan copTyBanHs Oyie BiIOOpaKeHUI 32 JJOTIOMOT OO PI3HUX KOJIHOPIB
a00 1HIUKATOPIB, III0 POOUTH MPOIIEC IHTYITUBHO 3pO3YMIJIUM 1 HABYATHHUM.

JonaTtkoBo, iHTepdehc MoKe BKIOYATH HaJalTyBaHHS IIBUIKOCTI aHIMAIIi,
IO JI03BOJIMTH KOPHUCTYyBadaM CIOCTEPIraTd 3a KOXXHUM KpPOKOM JeTallbHile abo

OTpUMATH IIBHAKUWA OIJIsA Tporiecy. TakoX MOJXKJIMBE BBEJCHHS BapiaHTIB
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Bi3yauti3arlii: BiJl IpOCTOTO 300paXkeHHs OapiB, M0 MPEACTABISAIOTh EJICMEHTH MacHUBY,
710 OUTBII CKJIaHUX rpadiuHUX MPEACTaBICHb, K1 MIIKPECIIOITh CTPYKTYPY AaHUX 1
anropuTMiuHi onepariii. Lle 3poOuTh IHCTPYMEHT KOPUCHUM SIK JIJI1 HOBAUYKiB, TaK 1 IS
JOCBITYEHUX PO3POOHUKIB, 1[0 JOCTIIKYIOTh MapajelibHe TporpaMyBaHHS.

Bizyaunizaiis nmapajaeibHOro alropuTMy COPTYBaHHS 3JIUTTAM J1aCTh CTyACHTaM
MO>KJIUBICTh PO3YMITH PO3IOALT 33/1a4 LUISIXOM JEMOHCTpALli pO3/IIJIEHHSI MaCUBY Ha
MIIMHOXXHUHH 11 OOpOOKH B PI3HUX MOTOKaX. MOXKIMBICTh MOOAYUTH MapayesibHe
BUKOHAHHS 3aBJlaHb TP OJHOYACHIM 00poOIll MIAMHOXHH, MiJIKPECTIOIYH
e(eKTUBHICTh 0araTonoTo4HOCTi. [l00AYMTH CHHXPOHI3ALiI0 TOTOKIB HUISIXOM
JIEMOHCTpaIllii y3ro/>KeHHs poOOTH MOTOKIB ij] Yac cOpTyBaHHA. B pesynbTaTi - Taka
JEMOHCTpaLlisl TOJIETIIY€E PO3YMIHHS CKJIAJHHUX AJTOPUTMIYHUX KOHULEMUIA uepes3
BI3yaJIbHI IT1JIKa3KH.

[lapanenbHuii anrOpuT™M OOYHMCICHHS JOOYTKY MAaTpHllb € e(QEeKTUBHOIO
TEXHIKOIO sl 0OpOOKHM BEIMKHUX MATPUYHUX MHOXKHH, ONTUMI3YIOUH BUKOPUCTAHHS
0araTomoTOYHOCTI Ta 3MEHIINYIOYM 3arajbHui yac oOuucnenb. lleir anroputm
0a3yeTbcs Ha KIACMYHOMY METOJl MHOXKEHHS MaTpHllb, aje aJanTOBaHuM aJis
BUKOHAHHSI Ha JEKUIBKOX TMporecopax abo siapax oaHoudacHo [13]. OcHoBHa imes
MOJIATa€ B PO3MOJUII BUXINHOI 3ajadi Ha Mmia3agadi, SKi MOXYTh BHUKOHYBaTHCh
HE3aJIE)KHO B PI3HUX MOTOKax abo mpouecax.

AJITOPUTM MOXKHA PO3IIIUTA Ha JIBI OCHOBHI (pa3u: PO3MOALT JaHHUX 1
oO0YHCIIeHHS 100YTKIB.

Ha ¢a3i posmoainy marpuili po30MBarOTbCS Ha MEHII OJIOKH, MNPUUYOMY
KUIBKICTh OJIOKIB 3a3BUYail BIAMOBIIA€ KUIBKOCTI JOCTYITHUX OOUHCITIOBAIBHUX SIIEP.
Koxxen 010k 0OpOOISETHCS OKpPEMO, IO MOXKE BUKOHYBAaTHUCh IapajelibHO 0e3

B3acMO/I11 3 1HIIIMMU OJIOKaMHU.
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Ha ¢a3i obuncineHHs KOXXEH IMOTIK BUKOHYE MHOXEHHsS OJIOKIB 1 30epirae
pe3yJIbTaTH y BIATIOBIIHUX MO3MINIAX BUX1AHOT MaTpuIl. Llei mpoiiec mpoaoBxKyeThes,
JIOKU BC1 0JIOKH HE Oy1yTh 00pOOIICHI.

[Tapanemnizariist mportecy OOYMCICHHS BKIIOYa€e €(pEKTUBHUIN PO3MOILT JaHUX 1
YOpaBJIiHHS TaM’SITTIO IS MiHIMIZaIli KOHQUIIKTIB JOoCTymy. Takok Mo)KHa
OpraHizyBatu OOMIH JaHMMH MK MOTOKAMH JIJIsl ONTHMI3alli pO3MOJLITY PECYPCIB.
Takuil miaxig 3Ha4HO 3MEHIIY€ 3arajiIbHUN 4ac 00YHUCIIeHb, 0COOJUBO MpPHU POOOTI 3
BEJIUKUMH MATPULISIMH.

[lapanenpHuid anroput™M OOYMCIEHHS JOOYTKY MAaTpHIlb € MOTYXHUM
IHCTPYMEHTOM y Cy4YacHOMY IMporpaMyBaHHI, 30KpemMa B 00JIacTsX, Jie¢ MOTpiOHa
HIBUKA 0OpOOKa BETMKUX 0OCSTIB JaHUX, SIK Y HAYKOBHX JTOCIIIIKEHHSX, MAIIUHHOMY
HaBYaHHI Ta KOMIT'TOTE€pHIN rpadiri.

Jlst meMoHcCTpallii mapaineabHOro ajJrOPUTMY Y BUTJISIII aHIMaIlli, KOpUCTyBa4
BBOJIUTh PO3MIpP MaTpuIlb 1 KUIBKICTH sjep cucteMmu. lle mo3Bosise anmantyBatu
aHIMaIliio MiJ pecypcu Ta moTpedu KOpUCTyBaya.

[Ticnss BBeJEeHHS HEOOXIAHMX TMapaMeTpiB, KOPHCTYBaud HATHUCKAE KHOTKY
"CrapTt", 1110 1HILIIOE Bi3yalli3allilo Mpouecy 004ucieHb. AHIMAIIIS SICKPABO MOKAa3YeE,
SK MaTpHlll po30MBAaIOThCS Ha OJIOKH, KOKEH 3 SKHX OOpOOJIIETHCS B OKPEMOMY
MOTOIIi, a MOTIM Pe3yJbTaTu 00'€AHYIOThCS y BUXIJIHY MaTpuilto. KoxeHn eram Oyje
B1JI0OpakeHUH 3a JOMOMOTOI0 PI3HUX KOJIbOPIB 200 1HIUKATOPIB, 10 pOOUTH MPOILIEC
3pO3yMIJIUM 1 HABYAJIbHUM.

JonaTtkoBo, iHTepdehc MoKe BKIOYATH HaJalTyBaHHS IIBUIKOCTI aHIMAIIi,
0 JI03BOJIIE KOPUCTYyBayaM CIIOCTEPIraTh 3a KOXKHUM KPOKOM JIeTajbHIIIe abo
OTPUMATH MIBUAKUN OTJIsiA Tiporiecy. Lle poOuTh IHCTpYMEHT KOPUCHUM JIJIsi HAaBYAHHS
napaselbHOTO MPOTpaMyBaHH.

Bizyanizaiig nmapanensHOro alropuTMy OOYMCICHHS AOOYTKY MaTpHIlb JacTh

CTYJIEHTaM MOJIMBICTh PO3YyMITH PO3MOJLT HABAHTAXKEHHSI ILISXOM JEMOHCTpaIlii
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PO3MOIEHHS POOOTH MK MOTOKAMH, MOXKJIHMBICTH MOOAYUTH OJAHOYACHY OOpPOOKY
PI3HMX YaCTUH MAaTpHIlb, IO JO3BOJIUTH CTYJIEHTaM Yy MOJAAJIbIIOMY MiABUIIUTH
IIPOJIYKTUBHICTh CBOIX IIporpaM. Bizyaiizailis 17IF0CTpye Mpoliec ONThMi3allii pecypci
[UIIXOM €(DEeKTUBHOTO BHUKOPUCTaHHs mpoiiecopiB. [loka3ye ynpaBiiHHS CHTBHUMH
pecypcamu, 3amoOiraHHs KoHuikTaMm. Jlomomarae Kpare 3acBOITH KOHIICTIIIT
napajeiabHOTO MPOoTrpaMyBaHHs Yepe3 Bi3yaslbHI IMiIKA3KU.

[Tapanensuuii momyk y rpadi (BFS) € epexTuBHOIO TEXHIKOIO JUIsl aHANI3y
BEJUKUX TpadoBUX CTPYKTYp, ONTHUMI3yIOUHM BUKOPHUCTaHHS 0araTomnoTOYHOCTI Ta
3MEHIIYIOUM 3arajibHuil yac oOpoOku. Lleit anmroputm 0a3yeThCs Ha KIACUYHOMY
MOIIIYKY B IIUPUHY, aJie a/IallTOBAaHUN JIJI1 BUKOHAHHS Ha JIEKUIBKOX MpoIecopax abo
sapax ogHovacHo [14]. OcHoBHa 11es napanensHoro BFS nonsirae y po3noaini podotu
MIXK MMOTOKAaMHU, sIKI OJJHOYACHO JOCHIIKYIOTh pi3HI yacTuHM rpada. Lle mocaraerbcs
[UIIXOM TIOJILTY BY3JIiB HA OKPEMI IMiIMHOXHUHHU, sIKI 00OpOOJISIFOTHCSI HE3aJIEIKHO.

AJITOPUTM CKJIAJIa€ThCs 3 IBOX OCHOBHUX (pa3: po3noaury Ta oopooku. Ha dasi
PO3IOIIY TOYATKOBI BY3JIM, 3 SKHUX IOYHHAETHCS IIOINIYK, PO3MOIISIOTHCS MIXK
JOCTYITHUMHU TToTOKaMu. KoXeH MOTIK JOCTIKY€ CBOI BY3JIU 1 10J1a€ CYCITHI BY3JIH JI0
4yepru AJis NoAaNIbIIol OOpOOKH.

Ha ¢a31 oOpoOku Bci By3nu, siki Oynau JojaHi A0 4Yeprd, HapayielbHO
00po0stoThCs MoTOKaMu. [lapanenizailisi BKtouae B ce0e KOOPAUHALIIIO TOCTYITY 10
CHUTBHUX CTPYKTYp JNAHUX, 00 YHUKHYTH KOH(JIIKTIB 1 3a0€3MeUYUTH KOPEKTHICTh
ANTOPUTMY.

AJITOpUTM TIapajebHOTO MOIIYKY y Tpadi Ha MCEBIOKOl MOXE BUTIISIAATH
HACTyITHUM YHHOM:

[Tapanensauii BFS € moTyXHUM 1HCTpYMEHTOM JUIsSl aHAJI3y BEIUKUX MEPEX,
TaKMX $K COI[lalbHI Mepexi, BeO-rpadu Ta IHIII CKIAIHI CTPYKTYpU. 3aBISKU
BUKOPUCTAHHIO 0aratornoTOYHOCTI, BIH JIO3BOJIIE OJHOYACHO OOpOOJIATH BEJHKI

o0csarH JaHHuX, pOSHOI[iJ'ISIIO‘II/I HaBaHTa)KCHHS MDK KIJIbKOMa sApaMu rmpouecopa.
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Lle#t migxia 3HaYHO 3MEHIIYyE Yyac 0OPOOKH, OCKUIBKH KOXEH MOTIK JTOCIIHKYE
OKpeMy 4acTHHY Ipada He3aJIe:KHO. Y COLlaIbHUX MEPEKax 11e MOXkKe OyTH KOPUCHUM
JUISL aHAUTI3y 3B’ SI3K1B MK KOPUCTYyBauyaMH, TIOIITYKY BIUIMBOBUX BY3J11B 200 BUSIBIICHHS
cuinpHOT. Y BeO-rpadax BFS momomarae B anaiizi CTpyKTyp OCHIIaHb, IO BAXKJIMBO
JUTSL AJITOPUTMIB PaHKyBaHHS CTOPIHOK.

3aranom, mapanenbHuii BFS edexTuBHMil mii1 cy4acHMX 3acTOCyBaHb, €
IIBUJKICTh 1 MAaCIITA0OBaHICTh MAIOTh KPUTUYHE 3HAUEHHS, 3a0€3MEUyI0UH MIBHJIKY
00poOKy Ta aHaj13 BEJIMKHX MACHBIB JTaHUX.

Bizyanizaris anroputmy napaienbHoro BFS nonomoske cryeHTaMm 3p03yMiTH
po3MOALT  poOOTH MDK MOTOKaMH, MIJAKPECIIOYN €PEKTUBHICTh MapaleabHOl
00poOku. Uepes nmapasnenbHe BUKOHAHHS BUHO, SIK BY3J1M OOPOOJISIFOTHCS] OJTHOYACHO,
110 IGMOHCTPY€ MPUPICT MBUIKOCTI. Bizyaiizailisi moka3ye ynpaBiiiHHS JOCTYTIOM J10
CIIUJIBHUX CTPYKTYP JTaHUX, KOJIpHA cCXeMa J03BOJIS€ JISTKO BIJC/IIIKOBYBATH BiABIIaH1
BY3JIY, 110 JOTIOMArae 3p03yMITH aJITOPUTM Y Jli. [HTepakTUBHA Bi3yalli3alisl Cpuse
IUOIIOMY PO3YMIHHIO KOHIICTIIIH MapaiebHOrO MporpaMyBaHHS.

[TapanenbHe TeHETMYHE NPOrpaMyBaHHS € €()EKTHUBHOIO TEXHIKOW MJis
onTHUMI3alli CKIaJHHUX 3a/1a4, BUKOPUCTOBYIOUM 0AraTONOTOYHICTh JJIsl IPUCKOPEHHS
eBositoliifHOro mporecy. Llel anroputm 6a3yeTbcsi Ha KIACUYHOMY TE€HETHUHOMY
nporpaMyBaHHI, aJaNTOBAaHOMY [UIsl TApajielbHOTO BHKOHAHHA Ha JCKIJIBKOX
nporiecopax ado siapax.

OcHOBHa iJes ToOJsra€ B TOMY, ULIO0 PO3MOAUIUTH OOYHMCIIOBAJIEHE
HABAHTAXKEHHS MIXK KIJIbKOMa IOTOKAMU, KOXKEH 3 SIKUX 00pO0JIsie YaCTUHY MOMYJIALIT,
BUKOHYIOUH Olepailii Big0opy, cXpellyBaHHs Ta MyTauii He3anexHo. [licis koxHoro
MOKOJIIHHS Pe3YyJIbTaTH 00'€IHYIOTHCS 111 CTBOPEHHS HOBOT MOITYJIALII].

AJITOpUTM MO’KHA PO3JIIUTH Ha JIBI OCHOBHI (ha3u: mapajieibHa 00poOKa

MOMYJIAIINA Ta 00'€THAHHS PE3YIbTATIB.
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Ha ¢a3i mapanensHoi 0OpoOKM TOMYJSAIIS AUTATHCS HA TAMHOXHHH, SKi
00pOOJISIIOTECS HE3aJICKHO B PI3HUX MOTOKaX. KoXeH MOTIK BUKOHYE €BOJIIOIINHI
oreparlii, Tak1 siK Bi01p, CXpeIlyBaHHs Ta MyTallis, 1Ji1 CTBOPEHHS HOBOT'O IMTOKOJIIHHS.

Ha ¢a3i oO'eqHanHa pe3ynbTaTd 3 PI3HUX TMOTOKIB KOMOIHYIOTBHCS IS
CTBOPEHHSI €JMHOI HOBO1 MOIYJIALLT, sika OyJie BAKOPUCTaHa B HACTYITHOMY MOKOJIIHHI.
[eit miaxig 3HAYHO MPUCKOPIOE MPOIIEC €BOJIIOIT, OCOOIMBO MPU BEIUKIN MOyl
Ta CKJIaJHUX 33/1a4ax.

[lapanenbHe TreHETUYHE TMPOTPAMyBaHHA € TIOTYKHUM I1HCTPYMEHTOM YV
Cy4acHOMY MpOrpamMyBaHHi, 30KpeMa B 00JACTAX IITYYHOTO 1HTEJIEKTY, ONTUMI3allii
Ta MalllMHHOTO HaB4aHHs [15].

JInst neMoHcTparlii napaneabHOro alfOPUTMY Yy BUIJISIII aHIMallll, KOpUCTyBay
BBOJIUTh MapaMeTpH, Taki K PO3Mip MOMYJslli, KUJIbKICTh MOKOJIHb Ta KUIBKICTb
noTokiB. Ilicis mporo HatuckanHs KHONKH "Crapt" iHIIMiIO€ Bi3yalli3allilo Mporecy,
AKa TOKaXe, sIK P13H1 MOTOKU NMapaiebHO 00pOOSIOTh MMiIMHOXKUHYU MOMYJISALIL Ta K
pe3ynbTaTi 00'eqHyI0ThCs. KokeH etan Oyze BioOpa)keHUH 3a JOTOMOTOI0 Pi3HUX
KOJIBOPIB a00 1HAMKATOPIB, 110 POOUTH MPOIEC 3PO3YMUIHM 1 HABYAILHUM.

[aTepdeiic Moke BKIIOUATH HATAIITYBaHHS IBUAKOCTI aHIMaIllii, 10 T03BOJISIE
KOPHUCTYBauaM JE€TaIbHO CIIOCTEPIraTv 3a KOKHUM KPOKOM ab0 OTpUMATH HIBUIKUAN
OrJIsi MPOLECY.

AnTropuTM TapalneNbHe TEHETWYHE MPOTrpaMyBaHHS Ha TICEBIOKOMAI MOXeE
BUTJISIIATH HACTYITHUM YHHOM:

Bigyamizanis napajgeiabHOr0  airopuTMy T'€HETHYHOTO  MPOrpaMyBaHHS
JI03BOJIUTH CTYJCHTAM MOOAYUTH KIIFOUOBI €Taly T€HETUYHOTO MPOTpaMyBaHHs, TaKi
K BIIOIp, CXpellyBaHHs Ta MyTarlisi. JlacTb ysSBIEHHS PO PO3MOMALT 33Ja4 MIJISTXOM
JEMOHCTpaIlli, K TOMYJSALis PO3MOAUBIETBCA Ha MIAMHOXHHHU IS TapajeabHOl
00poOKH, MiAKpecTIoYn e()EeKTUBHICTh PO3MOALTY HABAHTAKEHHS MK TMOTOKAMH.

LmrocTpye omHOYacHy OOpOOKY MIJAMHOXHH TOMYJISIi PI3HUMU TOTOKaMHU, IO
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JIEMOHCTpY€E TiepeBaru 6aratornotodHocTi. [lokaszye mporiec 00'enHaHHS pe3yabTaTiB
B1Jl PI3HUX TOTOKIB U1l (DOPMYBAaHHS HOBOI MOIYJIALII, MIIKPECIIOI0UN BaXIUBICTh
CUHXpOHI3alii B mnapanenbHuX oOuucneHHsx. [lojerurye 3acBO€HHS CKJIaAHHMX
KOHIIEMIIii1 uepe3 Bi3yalbHI MiAKA3KH Ta aHIMaIliio. J[ae MOKIMBICTh CIIOCTEpITraTu 3a
MOKpPAIICHHSIM MPOAYKTUBHOCTI TPU BHUKOPHUCTAHHI MapajelbHOTO BUKOHAHHS
MOPIBHSIHO 3 TIOCJIIJIOBHUM.

3acTocyBaHHd B pealbHHMX cleHapiax: [likpecitoe NpakTUYHY LIHHICTb
T€HETUYHOTO MPOTrpaMyBaHHs JJI BUPIIIEHHS CKJIATHUX 3a7a4 ONTUMI3aIliil.

BucnoBku. IlpoBenenuil aHami3 BKa3zye Ha MEPCIEKTUBUM BUKOPHCTAHHS
BUOpaHUX TMapajelIbHUX aJITrOPUTMIB JJisi TOAAJBIIOTO X BHUKOPHUCTAHHS TpHU
ctBopeHH1 "BipTyanbHoi nabopaTtopii mnapajiebHHMX OO4YHMCIIeHB" Ha ypokKax
MapayieIbHOTO MPOrpaMyBaHHSl y CTYJEHTIB YHIBEPCUTETY HampsMy '"KOMII IOTEpHI
Hayku'". BukopucTtanHs Bizyasizailiil mapajieabHUuX aJlrOPUTMIB JI03BOJISIE€ TTOKPAIIUTH
PO3YMIHHS CKJIQJHHMX KOHIICTIINA TapajelbHOTO MPOTpaMyBaHHA, IO € KPUTHYHO
BXXJIMBUM Y CYYaCHUX YMOBAaX IIBUIKOTO PO3BUTKY TEXHOJIOT1H Ta 3pOCTaHHS O0CATIB
nanux. OCHOBHI MEPCNEKTUBU BUKOPUCTAHHS BIPTYaJIbHOI JJabopaTopii MU 6a4nmo y
JIOTIOMO31 CTYJEHTaM Kpamie 3pOo3yMITH MpoLecH, M0 BiAOyBarOTbCS i 4ac
BUKOHAHHS TapaJIeIbHUX 3ajad, 3aBIsKd HAOUYHIM JEMOHCTpAIlil po3Modily 3ajad,
CUHXpOHI3allil MOTOKIB Ta onTuMizamii pecypciB. CTyIeHTH HaOyBalOThb BMIHHS
NpaloBaTH 3 OJHOYACHUM BHKOHAHHSAM KIJTBKOX TPOIIECIB, IO CHPUSE PO3BUTKY
KPUTUYHOTO MHCIICHHS Ta 3JaTHOCTI TiependayaTyt MOKIIMBI KOH(IIIKTH Ta MUISIXU 1X
BUpilieHHs. BipTyansHa naboparopiss J03BOJSE CTYyACHTAM EKCIEPUMEHTYBATH 3
PI3HHMH aJITOPUTMAaMH, 3MIHIOBATU MMapaMeTPH Ta CIOCTEpIraTd 3a pe3yJbTaTaMu B
peanpHOMY 4Yaci. Lle cripusie kpamoMy 3aCBOEHHIO MaTepiaty Ta MiABUIIYE IHTEPEC 10
nmapajelbHOTO  TMPOTpaMyBaHHA. BUKOpPHCTaHHS  akTyaJbHUX  MapajelbHHUX
QITOPUTMIB, TAKHUX SIK COPTYBAHHS 3JUTTSIM, OOUHCIEHHS JOOYyTKY MaTpHIIb Ta MOIIYK

y rpadax, 3abe3nedye CTyJAeHTaM 3HAHHS Ta HABUYKH, HEOOXITHI JJIi PoOOTH Yy
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cyuacHill TexHosoriuHii cepi. BipTyansHa nabopaTopiss Moke OyTH HalallTOBaHa
17 1HIUBIAyalbHI MOTPEOM CTYJICHTIB Ta PECYpCHU YHIBEPCHUTETY, IO JI03BOJISE
e(hEeKTHBHO BUKOPHUCTOBYBATH JOCTYITHI OOUHCITIOBAIBHI MOTYKHOCTI Ta 3a0€3MEUUTH
BHUCOKHUH PIBEHb MiATOTOBKH.

BnopoBamkennss "BipryanpHoi maboparopii mapaienbHUX OOYHCIEHB" |y
HaBYaJbHUN IIpolleC 3a0E3MEeYuTh CTYACHTaM TJIMOOKE PO3YyMIHHS MPUHLMIIIB
napaneabHOrO MpOorpaMyBaHHs, MiIBUIUTH SIKICTh iXHBOI MIJTOTOBKU Ta TOTIOMOXKE
YCHIIIHO aJanTyBaTUCs A0 BUMOI' Cy4YaCHOT'O pUHKY mparli. Lle He TUIbKu cnpustumMe
MIJBUILEHHIO OCBITHBOTO pIBHS, aj€ M CTUMYJIOBATHME IHTEPEC IO MNOAATIBUINX

JOCIIIKEHB Ta pO3p000K y Tally31 MapaielbHUX 0O0YUCIICHb.
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