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Beryn. B ymoBax 3MiH, 1110 BiJOYBaIOTLCSI B CHCTEMI OCBITH, & caMe B YMOBax MEPexojy o
HOBUIX I[iJIeH 1 3aBJaHb B CHUCTEMIi OCBITH, NMEPETBOPEHb B OCBITHROMY CEpEJIOBUINI HABYAIHLHOI'O
3aKnany npodeciiiHa JisSbHICTH CY4acHOTO BUMTEIN iHGOPMATHKHU CTa€ Bce OUIbLIE MOB’SI3aHOIO0 3
JOCTiKEHHSIM 1HHOBALiHHUX MEAAroriYHUX 1 HAYKOBO-TICUXOJOTiYHUX PO3POOOK 3 BHKOPHCTAHHS
oprasizamiiaux (opM IJTaHyBaHHS HABYAIBHOT'O INPOIECY B HOBOMY iH(OpPMAIiitHO-OCBITHROMY
CEPEeIOBHIII.

[TpoBenenmii anamiz poOit mocmimaukiB (B. bukos [1], T.Besupor [2], A.Typxiit [3],
P.'ypesnu [4], C.3apiupka [5], B.Jlamincekuii [6], P.Maromemo [7], €. Ilatapakin [§],
I. CmuproBa [9], I'. Crenierxo [10], M. Cypxaes [11], T. Ipons [12]) mo3BoNMB Big3HA4YaE Taki
MUTAKTHYHI MOMKJIMBOCTI HOBHX OprafizamiiHux ¢opM: iHGOpMaIitHO-METOAUYHY MIATPUMKY
OCBITHBOT'O TIPOLIECY, MOTO TUIAaHYBaHHS 1 pecypcHe 3abe3ledeHHs; MOHITOPHHT 1 (ikcamiio Xomy i
Pe3yabTaTiB OCBITHHOTO MPOLIECY; CyYacHi NpOLEoypH CTBOPEHHS, MOWIYKY, 300py, aHalizy, 0OpoOKH,
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30epiranHsl Ta MOAaHHS 1H(GOpPMAI]; eNEeKTPOHHY B3a€MOMII0 BCiX YYaCHUKIB OCBITHHOTO MPOIIECY,
30KpeMa B MeXaXx JUCTaHIIIHOI, alalTUBHOI Ta 3MIIlIaHOI OCBITH TOIIIO.

Merta: pO3KpPHTH UUISIXM BIOCKOHAICHHS TNPOLECY MiATOTOBKH MaiOyTHHOTO BUMTEIS
iHpOpMaTHKH 3 ypaxXyBaHHSAM IHHOBAIlIMHUX OpTraHi3aIliiHuX GopM HaBUaAHHSI.

Marepiaju i MeTOAM: aHANI3 HAYKOBUX DKEPEN i3 MPpoOJIEeMH IOCTiHKEHHS, IMOPIBHSIbLHA
XapakTepUCTUKA TPAAMLIMHUX Ta IHHOBAIIMHMX oOprai3auidiHux ¢(OpM, PO3KPUTTA CYTHOCTI
IHHOBaIiMHUX (OPM IUTAaHyBAaHHS HABYAJIBLHOTO TIPOIECY IMATOTOBKHM MAaHOYTHIX YUYHUTENTIB
iHpopMaTHKH B iHPOPMAITIHHO-OCBITHBOMY CEPEIOBHIII

Otpumani pesyastaTu. OcoOIMBICTH 32CTOCYBAaHHS €JIEKTPOHHOI JIEKIIT TOJISTAE B TOMY, IO
BUKJIaJlad MOKE BUKOPHCTOBYBATH ii B MPOLIECI YCHOTO BUKJIAAy HABYAIBHOTO MaTepially sIK HAOUHUH
3pa3oK, a00 HamaTH ii CTyIeHTaM Il CAaMOCTIHHOTO O3HaOMIIeHH:. EeKTpoHHa JeKIIis, 0 MICTUTh
MAaJTIIOHKH, TaOJIHIl, CXEMH, TEKCT € MPE3CHTAIlI0 3 MIOKPOKOBUM BHMKIJIAIOM HaBYAJIBHOTO MaTepiany,
a00 TIMepTEeKCTOBY CTPYKTYpY. Y MEPIIOMY BHIAIKYy BaXXJIUBY POJIb BiAirpae HAOUHICTh HABYAIHLHOTO
Marepiaiy, 30kpeMa MynsTEMeia enrmkmonedis: SeKum BookStudio; SunRav Book Editor; ommaiin-
koHCcTpykTopu: UCo0z (http://www.ucoz.ua), Nethouse (http://nethouse.ua), Jimdo (http://jimdo.com),
caiitit Google Ta iH.

BukopucTanHs BeNWKOI KiIBKOCTI HA0YHOTO TpadiuHOro MaTepiany 03BOJSIE HE TUIBKU
Kpalle IpeICTaBUTH iHPOPMAIIiIo, a i BUBYMTH MPUHIMIHN 30epiraHHs TaKUX AaHUX JUIS TOJANIBIIOTO
BUKOPHCTaHHS B MpoQeciifHii AisutbHOCTI [5].

Y pasi, KOJIM ENeKTPOHHA JIeKI[i € TINepTEeKCTOBOI0 CTPYKTYpOrO, il TakoK MOXKHA
BUKOPUCTOBYBaTH MpPU 1HIWBIAyaJbHOMY UYMTAaHHI KOXXKHHUM CTYJIEHTOM. [imepTekcToBa CTPYKTypa
€JIEKTPOHHOT JIeKIii HaJae MOXKIMBICTh 3AIHCHIOBATH IIBUIKUK MEPEXiJ MO Pi3HUM CTOPIHKaM TpH
BHBYCHHI HOBOTO MaTepiairy.

Hns 3a0e3medyeHHst Bisyamizamii OCBITHBOI iH(poOpMaLii JEKIiHHOrO Kypcy Hamu Oyiu
PO3p0o0JICHI KOMIT IOTEpPHI CIIalA-JeKIIii JIJIs JEMOHCTpaIlii HABYaJILHOTO MaTepiay.

3a0e3meyeHHsT HAOYHOCTI TP BUKOPHCTAHHI MYJNBTHMEHIMHMX 3acO0iB  HaBYAHHSI
peari3yeTbcs Ha MPUHLHUIIOBO HOBOMY, OUIBII BHUCOKOMY piBHI, JO3BOJISIIOUYM, 3a TBEPIKCHHSIM
¢axiBiis, B 2-3 pa3u (10 75%) 30UTBIIUTH YacTKy 3aCBOIOBAHOTO MaTepially, OCKIIbKU MapaeibHO
3aJlisiHI OpraHu 30py i cinyxy [2, ¢.80].

3 BuxopuctanHsiM WEB-pecypciB Ha 3aHATTSX 3 iHQOPMATHKM 3aCTOCOBYIOTBCS Taki BHIH
JEKMIMHNX 3aHATh: online-NeKis, CIalia-JIeKIis, Bineonekiyis. KpiM Toro, MmMpakTHKyeThCs MPOBEICHHS
KOMOIHOBaHHX JIEKIIii, KOJIH 3aCTOCOBYEThCS IHTEPAKTHBHA JIONIKA, MYJbTUMEIMHAN MPOEKTOpP, YHTAHHS
JIeKIIIT BUMTENIEM CYNpPOBODKYEThCS KoMl totepHuMmu mnpeseHTarismu (Microsoft Office PowerPoint;
ProShow Producer; OpenOffice.org Impress; Kingsoft Presentation Free; Picasa; SlideRocket; onnaiin
cepeicu: Prezi, Powtoon, Haiku Deck, ThingLink, Glogster; npesenramii Google ta iH.)

JlaGopatopHi poOOTH MPOBOAATHCA 13 BUKOPHUCTAaHHSIM KOMITIOTEpa Ta BIJAIOBIIHOTO
nporpamuoro 3abesneuenns: Microsoft Office, PageMaker, Adobe Photoshop CS3, CorelDraw,
Sound Forge, UVScreenCamera, Format Factory, Movie Maker 3.0, Pinnacle Studio, Adobe Flash
Professional CS3, SMART Notebook 10, mporpamuoro 3abesmeuenns IPBoard v6.3, Internet
Explorer, onnaitH-cepBiciB, ciucTeMH KepyBaHHS HaBuaHHAM Moodle; ans BU3HAYCHHS HABYAIBHHUX
nocsirHens: Microsoft Office PowerPoint; EasyQuizzy; ownnaitn-cepsicu: LearningApps.org, Online
Test Pad; dopmu Google Ta iH.

VY nocmipkeHH] TpodeciiHOl MiroTOBKM MaiiOyTHIX YUHUTEINIB TEXHOJIOTIH IO po3poOIIeHHS 1
BUKOPHUCTaHHS E€JIEKTPOHHHX OCBITHIX pecypciB [. CMHpHOBa TPOINOHYE BUKOPHCTOBYBATH JIJIsS
PO3po0IIeHHST TEKCTIB O€3KOIITOBHUI TeKCTOBUHN peaakTop «AbiWordy, skuii 3a CHCTEMOIO MOCIYT Ta
iHTepdeiicom mnopioHuit 10 «MS Word». ns po3pobneHHs # pemaryBaHHA —300pakeHb
BUKOPHUCTOBYIOTh Oe3KomToBHUI rpadiunuid penaktop «GIMP». Jlnst peaaryBaHHs 3ByKOBUX (aidiiB
BUKOPHCTOBYIOTh O€3KOIITOBHMU ayniopenakrop «Audacity». Ilporpama mae 3Mory mnpaioBaTH 3
takumu (popmaramu, sk «WAV» ta «MP3». 3a momomororo mporpaMu MO>KHa BHKOHATU 3aIllkC i3
MikpoOoHa, JiHIHHOrO BHXOLY Ta IHIHUX mkepen. /[l po3poOneHHS HaBYaJIBHOTO BiZEO
BUKOPHCTOBYIOTHh Oe3komToBHUI pemakTop «UVScreenCamera». 3a HOMOMOTOK IBOTO pedaKTopa
MOJKHA 3aIMcaTy BCI [ii, 0 BiIOYBalOThCS Ha €KpaHi MOHITOpa, Ta 30€perTd B Takux (opmarax, sk
«UVF, EXE, SWF, AVI». Ilicis po3pobieHHs BCiX KOMIIOHEHT pecypcy iX HEOOXiHO opraHizyBaTu B
€IMHUHA OCBITHIN BeO-pecypc. s nporo mocayroBytoTscsi 6e3xomToBHOIO mporpamoro «EXEy, mo €
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cydacauM «XHTML» pemakropom, 3a IOIMOMOTOI0 SKOTO MOXXHA CTBOPIOBATH CYYacHi OCBITHI
eJIEKTPOHHI pecypcH B Takux popmatax: «html, txt, SCORM, IMS content package» [9, c.356].

Ha nexuiiHMX 1 NpakTHYHMAX 3aHATTSAX CTYJCHTH OTPHUMYIOTH TEOpPETHYHI 3HaHHA. Ha
7ab0PaTOPHUX 3aHATTIX BUATHCS CITLIHFHO 3 BHKJIAadeM, a ITCIIs CaMOCTIHHO PO3pOOUTH 1 arrpoOyBaTH
WEB-pecypc. Ilpu 1mpoMy BHBYCHHS TEXHOJIOTiIH cTBOpeHHS Web-pecypca Mae 3miicHIOBAaTHCS
MaiOyTHIMH YUHTENSIMU B MIPOLECi CTBOPEHHS 1HAMBIAyaTbHUX (KOMaHAHMX) NPOeKTiB. [yis miel metn
MaHOyTHI BUMTENTI MOXKYTh KOPHUCTYBATHCS Pi3HUMH iHGOpMamiifHIMy mxepenaMu. Crio9aTKy BUKIagad
3HAOMHTH CTY/ICHTIB 3 OCHOBAaMM KOHKPETHOI TEXHOJIOTi{, MPOIOHY€ OMHCATH 3arajJbHy CXeMy i
nocIigoBHICTH cTBopeHHs] WEB-pecypca B Mexkax 1aHOT TEXHOJIOT].

dopmMyBaHHS y CTYACHTIB BMiHHA po3poOku WEB-pecypciB My 3ailicHIOBaNM NpH HaBYaHHI
crBoperas WEB-By3na i eJ1eKTpOHHOTO HaBYaIbHO-METOIUYHOTO MaTepiaiy.

Crnenmdika BHBYCHHS TexHoJOTiH momyky WEB-pecypca momsrae B ToMy, IO, HaBIiTh
BUKOHYIOUM OJIHE CIiJIbHE 3aBIAHHA, CTYIACHTH MOXYTh OTpHUMATH pi3Hi pesynsTatu. Hampuknan,
BUKOHYIOUM CIIUJIbHE 3aBJaHHS, MOB'sSI3aHE 3 MOUIYKOM iH(popMalii Mo OJHOMY i TOMY X 3aluTy 3
BUKOPHUCTAHHAM OJHI€] 1 Ti€l K IMONIYKOBOI CHCTEMH, SK PE3YJbTAaT TOMIYKY CTYACHTH MOXYTh
3aCTOCOBYBATH Pi3Hi iHMopMariitai pecypcu. OmHak aarOpUTM Yy BCiX Oyae OTHAKOBHM 1 ITOBHHEH
OyTH 3aCBOEHUI1 Ha PiBHI 3HaHb, yMiHb 1 HABUYOK.

[Mpuknanom maboparopHoi poOoTH 3 iH(popMaTuku € crBopeHHs BiacHoi WEB-cTopinku;
BHKJIAJICHHS BJIACHUX HaBYAJLHHUX PO3pOOOK UM 3aBJaHb Ha CaiiTi; CTBOPCHHS (GopyMy ab0 IMOCHIaHHS
Ha Aitouuii GopyM; CTBOpEHHS IMOCHIIaHHs Ha BiacHy WEB-cTopiHKy 171 IIBHAKOTO TOCTYITY.

CamocriitHa pobota 3 I1H(QOPMATUKK Tepeadaya€ BHBUCHHS IICHXOJIOTO-TIEAarorigHol
JiTepaTypH, y4acTh B AUIOBUX irpax, MeAaroriyHuX i MCUXOJIOTIYHUX TPEHIHTax, poOOTYy B HAYKOBHUX
TYpTKaX, CEKIIiAX, MPOOJEMHUX TPyIax, MPOBEACHHS MPOOHUX YPOKIB, 3aHATh, OCBOEHHS BEIHMKOTO
o0csary Matepiany 3 JJOCHIHKYBAaHOTO IIpeIMeTa 3a JOMOMOTOK poOOTH 3 TEpIIoHKEpesiaMHu,
BUDILIICHHSI TEJArOTiYHUX 3aBJaHb, PO3POOKM TMPOEKTIB, HamucaHHs pedepaTiB, NPOBEACHHS
HaBYATBHO-IOCII THUIIEKOI Ta HAYKOBO-IOCIITHUITEKOI POOOTH TOIIIO.

Hanpuknan, camocriiina po6ora «Opranizaiis mMepexkeBoi B3aemosii» mnependayae poOOTy
rpynamu 1o kijieka oci0. [legaror 3a3nasnerins BUKIIaJae OCBITHIO 3a1a4y Ha GopyM npoekTy. Koxna
rpyIa CMijbHO HAMAraeThCs 3HAUTH OPUTIHABHE PIIICHHS IOCTABICHOT MPOOIIEMH.

CamMocriifHa TisUTRHICTB 11032 ayIUTOpPier0 nepeadadae aHami3 iHdopMallii 3a 3a1aHO0 TEMOIO,
BUOIp, MATOTOBKY i 0()OPMIIEHHSI CaMOCTIHHOI poOOTH B MeXKaxX TeMH, BUKOHAHHS TPYIIOBUX 3aBJIaHb,
TECTYBaHHs, Y4acTh B AMCKYCIsIX Ha caiiTi Gopymy.

Bei  BUIM  miSTIBHOCTI  MPUITYCKAIOTh aKTHBHE BUKOPUCTAaHHS iHQOpMAaIiiiHMX Ta
KOMYHIKaI[IHHUX TEXHOJIOTiH, 30kpemMa InTepHeT. HoBH3HA METOMMKH BHKIALy MaTepiaily, HOJIATrae B
BUKOprcTanHi MoxumBocteld WEB-pecypciB B HaBuaibHOMY TipoI1ieci.

Cy4acHOI0 OprasizaimiiHow (HOpPMOIO MEAAroriYHOl JISUIBHOCTI BUKJIAJIa4iB Ta CTYJICHTIB €
MepeskeBa B3aemofis. Crnoci® JisuIbHOCTI 31 CHUIBHOIO 3aCTOCYBaHHS ENIEKTPOHHUX PeECypCiB
(HaBYABHHX 1 HABYAILHO-METOJMYHUX MaTepialliB) B OCBITHBOMY IPOIIEC, 1[0 3HAXOAATHCS B PI3HUX
OCBITHIX yCTaHOBax 1 caiTax, 3a JOMOMOTOI0 iHTepHET i iH(QOpMaIliiHUX 1 TeNEeKOMYHIKAIIHHNX
TEXHOJIOTI OyZIeMO PO3YyMITH SIK MEPEKEeBY B3a€EMOJiI0. ENEKTpOHHI OCBITHI pecypcu MOXYTh
3MIHIOBAaTUCS B XOJi MEPEXKEBOI B3a€MOJIl MK yY4aCHHKaMH OCBITHBOTO mIpouecy. Ha HUHIIIHbOMY
eTarni pO3BUTKY CHCTEMH OCBITH MepeKeBa B3a€MOMIS € KaTalli3aTOpOM 3a0e3MeUYeHHs TOCTYMHOCTI
e(eKTHBHOTO HaBYaHHs, CIIOCOOOM SIKICHOT opraHizamii npo(diIbHOr0 HaBYaHHS B CYYacCHOMY
ocBiTHbOMY 3akiai. llIupokuit po3suTok 3aco0iB IKT i mosiBa HOBUX MOMKJIMBOCTEH 1X 3aCTOCYBaHHS
B OCBITHbOMY IIpOLECi CIIOHYKa€ BiANIYKyBaTW IHHOBALiiHI MiIXOAW JO Oprasizauii mpouecy
HaBYAHHS HAa OCHOBI BUKOPHUCTAHHS MEPEKEBOI B3aEMOIIi.

MepexxeBa B3aeMOJisi MOKe OyTH JIMIIE MK THMH YYaCHHKaMH MEpeXi, sKi CyO0'€KTHO
ABTOHOMHI 1 He 3aIe)KHI HaB’I3aHOMY KOJEKCY BigHOCHH [7, ¢.58].

MoXHa BHIUTUTH HaWMOMYJISIPHINI pecypcH MEpEeKeBOi B3aeMOii: TeleKOH(EepeHIis, yar,
WWW (World Wide Web), enexrponna nomrra, FTP, 6or.

Cy4acHOm0 OprasizamiiHow (HOPMOIO MEAaroriyHol AISUTBHOCTI BHKJIAAadviB Ta CTYJEHTIB €
MEPEKEBI CHUIBHOTH. Y CyYaCHHUX MEAaroriYHUX MEPEKEBHX CIUJILHOTAX 3aCTOCOBYIOThH Taki (Gopmu
HaBYaJbHOI JisIBHOCTI: HaByaibHa TenekoH(pepenuis, Off-line kondepenuis abo BipTyansHa
KOH(]epeHLis, 0OrOBOPEHHsI B 4aTi, HABUAIBHUI MPAaKTUKYM, BipTyalbHE HaBYaHHS 3a JOMOMOTOIO
MearoriqyHol CHIJIPHOTH, HAaBYAIBHHWKM KOHKYpC, criibHe cTtBopeHHS WEB-CcTOpiHOK, BipTyaianHE
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ONMUTYBAaHHS CTYACHTIB, HABUAILHUH BIPTYaIbHHH IPOEKT, BipTyalbHA BEUipKa, MaicTep-Kiac 3
MEBHOT TEMATHKH, MMPOEKTYBAILHUHN CeMiHap, (DeCTUBAIIb IPOEKTIB TOIIO.

OCHOBHOIO METOIO IIi€1 CIUILHOTHU € Mepeaya MearorivHoro JOCBily iHIMUM 11 yYaCHUKAM.
OmauM 3 OCHOBHHMX (DaKTOpIB € Te, IO yYaCHUKH IeJaroridHuX MEpPEeKEeBUX CILIBHOT MAaroTh
MOXKIJIMBICTh OTPUMYBAaTH HOBI 3HAHHS 32 CBOEIO CICMIIBHICTIO, MIIBUNTYIOYH PiBEHb MpodeciiHol
KOMIICTEHTHOCTI.

Ha cywacHomy erami poO3BHTKY CHCTEMH OCBITH iCHy€ OuIbIIe TPbOX NECATKIB MOPIBHSIHO
e(heKTUBHUX CEpeIHIX 1 BEIMKUX [HTEpHET-MalTaHINKIB, IO € CTAJTUMH IIEAArOTIIHUMH MEPEKCBUMHU
CIiTBHOTaMH. Y CBOIH pOOOTI BUIIIMMO JCSKI 3 HUX.

OdiniiauMu MEPEKEBUMU CIIBHOTAMHU € YPsIAOBHIA nopran -
http://www.kmu.gov.ua/control, MinictepcTBo ocBiTH i Hayku Ykpainu — http://www.mon.gov.ua;
noBimkoBumu:  OcBiTAHCBKa  Mepeska  Ykpaimm—  http://galanet.at.ua/dir/36-1-0-120;

«O06pa3oBarenbHbie pecypebl WutepHera. IllkonpHukam u cryaeHtam» — http://www.alleng.ru;
Bceykpaincbkuii ieHTp onimmiaj mkossipis B [arepueri — http://www.olymp.vinnica.ua;

TeMaTHuHUMHE: LmrocTpoBanuii camoBuntens mo Microsoft Office 2003 —http://msoffice.if.ua;
imocTpoBaHuii  camoBunTedb Front Page -http://verstweb.info; IntepaktuBHI TexHOMOTIT -
http://westukr.itgo.com; Ykpainceka menarorika — http://ped.sumy.ua; nus BunTeniB iHGOpMATHKH -
http://galanet.at.ua/dir/0-0-1-117-20; xypc sekmii 3 auciumiian «OCHOBH  iH(pOpMAaIiHEX
texuoiorii» — http://informatuka.info;

noprand: nopran 3HaHb — http://www.znannya.org; Octpis 3Hanb —http://ostriv.in.ua; Kisikca
— iH(opMaliitHO-OCBITHIN mopTan aist BuuteniB indopmatuku — http://www.klyaksa.net; OcgitHiit
moprtai —http://www.osvita.org.ua; Beeykpaincskuii mkinpuuit mopran —http://www.school.ed.net.ua.

Ha mmx pecypcax y4YacHWKH CHINBHOTH (CTYyAEHTH, y4Hi, BUWTEN, BHKJIajadi) MarOTh
MOJKJIMBICTh PO3MIIlyBaTH HaBYAJIbHO-METOAMYHI MaTepiaiu, MOXKYTh BECTU iHJMBIITyaJbHUN OJIOT,
OpaTH y4yacTh B KOHKypcax i1 Gpopymax.

i pecypcu € MaiimaHYMKOM IJIsS OpTaHi3allii AMCTAHIIMHOI B3aEMOMil MK yJaCHUKaMH
OCBITHBOTO TPOLIECY, 30KpeMa Ul CTBOPEHHS 0a3 JAaHHX 10 OCBITHIM NPOTPaMHHM HPOIYKTaM i
JOCBiZly iX BHKOPHUCTAaHHS Ha ypOKax iH(QOPMATHKH, a TaKOX Y MO3aKJIAacHIH MisSJIbHOCTI YYHIB;
HABYAJIbHO-METOJIUYHOT MIATPUMKU TEIaroriB Juis 3actocyBaHHs 3aco0iB IKT B HaBuaabHOMY
TIPOIIECi; TIPE3EHTAIlill HOBOTO MPOTrpaMHOTo 3a0e3MeYeHHs ISl 3A1MCHeHHST HaBYallbHOI TisITbHOCTI Ta
Npe3eHTallill HABYAIBbHHUX | HABYAJIbHO-METOAMYHUX MaTepiajiB O HUX; BIPOBA/UKEHHS B HABYAIbHHN
MPOIIEC CYYaCHUX 1H(OPMAIIHUX TEXHOJOTIH 1 METOAIB AMCTAHI[ITHOTO HABYAHHS; BIIOCKOHAJICHHS
[UTICHOTO  OCBITHBOTO TPOCTOPY; CTBOPEHHsS MEXaHi3MIB BigKpuToi (axoBoi eKCIepTU3U
MeAAroTiYHOTO JIOCBiY BWKIIanada; 3abe3ledueHHs IUTABHOTO BXOJ/DKEHHS IIEAaroriB 1 OCBITHIX
3aKJIaJ[iB B CydacHE MIKHApOJIHE CITIBTOBAPHUCTBO HOBATOPIB B OCBITi, 301IBIIYIOTH SIKICTh HaBUAHHS
Ha OCHOBI 3aCTOCYBaHHs 3aC001B iH(OpMaIiHHUX TEXHOJIOTIH.

[MopTanu HamarOTh MOXKIUBICTh BHKIIQJa4aM CTaTH OJHUM 3 OPraHi3aTopiB BCEYKPaiHCHKHX
3aX0JiB; YYHSAM, a TaKOXK I1X OaTbkaM OTpuUMaTH mpodeciiiHy OMOMOry memarora i ICHXOJOTa;
OTpUMATH CepTU(]IKAT ydaCHWKA BCEYKPAiHCHKHUX OJiMImiaa abo KOHKYPCiB; BHUTpaTH TPaHT Ha
HaBuaHHs B 3BO; orpuMaTu npodeciiiny pereHsiro Ha TBOpYi poOOTH yUHIB BiJl IEPEIOBUX BUUTEIIIB.

OTtxe, BUOUIAIOTBCS Taki AMJAKTHYHI MOMKJIMBOCTI BUKOPMCTAHHS MEPEXeBOi B3aeMOAii Ta
MEpPEeKEHUX CIUIBHOT B OCBITHBOMY MpOIECi: BUIBHMN JOCTYI A0 OCBITHBOI, HAYKOBOi Ta HAyKOBO-
nomyJsipHoi  iH(opMallii, CTBOPIOBAHOI IMEAaroriYHUM CIIBTOBAPUCTBOM 1 BUKJIQJCHUM Ha PI3HUX
IHTepHeT-pecypcax; MOKIMBICTh TIONTYKY HeoOximHol iHopMarii 3a qormomMoror [HTepHET-pecypciB;
MOJJIUBICTb OTPUMAaHHSl TIOMITOBOI PO3CHIIKH, 3aMOBIEHOI iH(popMalii; MOXIMBICTH ydYacTi B
PI3HOMaHITHUX OCBITHIX ceMiHapaX, (opyMax i yarax NIpHd OOrOBOpPEHHI NpoOJIEM OCBITHBOTO
XapakTepy; MOKJIMBICTh HAJ@HHS BiJICTPOYCHOI Ta IHTEPAKTHBHOI KOHCYJIBTATHBHOI MIiNTPUMKH
CTYZICHTaM 1 YYHSM; MOJIUBICTh 1HTEPAKTHBHOI POOOTH NPH CAMOOCBITI; MOXKIHUBICTH IEPEriisLy
BiZeokoH(epeHLiil 3a JonoMoroio [HTepHeT, 30KpemMa y BiJIaleHUuX perioHax KpaiHH.

[HHOBaNiiHOIO (HOPMOIO OCBITHBOT'O MPOLIECY € AUCTAHLIHE HABUYAHHS - 1I€ L1JIECTIPSIMOBAaHUN
npolec IHTepaKTHBHOI B3a€MOJii BUKJIanadiB (BUMTENiB) 1 CTyAeHTIB (y4HIB) MiX coborm 1 3
HaBYAIHHO-METOJAMYHAM MaTepiajioM, iHBapiaHTHHM 10 IX pO3TAlIyBaHHS B IPOCTOPi 1 daci, KU
3MIHCHIOETHCS B CTICHUGIYHIA JUNAKTUIHIN CUCTEMI.

PosrnsinemMo mporpamue 3a0e3neueHHS UIA  JUCTAaHIIMHOTO HaBYaHHS, pO3poOJeHe
MPOBITHUMH CBITOBUMH KommaHisMu 3 IT-TexHomoriid. 3 mpodeciiHuX po3po0OK MPOrpaMHOro
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3a0e3medeHds JUISI  BHUPIIICHHS 3aBAaHbh JUCTaHIiiiHoro HaBdamHst — 1ne STELLUS -
noBHOQYHKIiOHANBHE, MoOyAoBaHe Ha WEB-texnomorii nporpamHe 3a0e3neyeHHss A MiATPUMKH
Bigkputoi ocBitu. I1pu Bukopucranni STELLUS ctyaeHTH MaTUMyTh JOCTYII A0 HAaBYAIBHUX KYPCiB,
BHKJIAJICHUX B Mepexi [HTepHEeT, 3acTocoByroun Oyab-skuii web-Opaysep. 3a mormomororo
IporpamMHOro 3a0e3ledeHHs MOYKHA YIPaBIATH Oe3mocepeaHbO OCBITHIM IPOIIECOM, HAIPHKIAI,
3a0e3revyyBaTu TpOIeNypy HPUHOMY ICHHUTIB 1 TECTiB B HANiBAaBTOMATUYHOMY 1 aBTOMATHYHOMY
PEXHMi, TUIAHYBaTH HaBYAJIbHE HABAHTAKCHHS.

Kowmmanis Microsoft Bumyctuna mpomykt GlassServer, mpu3HadeHHH I TUCTAHIIIHHOTO
KEepyBaHHsS HaBYaJIbHO-BUXOBHMM TipouecoM. IIporpama 103Bosisie CTBOpPIOBATH 1 pegaryBaTh
HaBUYaNbHI MaTepiand, BKIIOYAIOUM ayJio- Ta Bijeo- (parMeHTamu, rpadidfi i TEKCTOBI MPUMITKH,
TECTH 1 3aBAAHHS.

Kpim Ttoro, xommanis Microsoft Bumyctmina mpomaykT Microsoft Learning Gateway, skuit
JIO3BOJIIE BUKOPHCTOBYBAaTH B SIKOCTI HABYaJbHUX MaTepiasliB E€NEeKTPOHHI KypcH BiA pi3HUX
MOCTaYaIbHUKIB 200 CTBOPIOBATH BIIACHI PO3POOKH B SIKOCTI HaBUANbHUX MaTepianiB. Llel mpomykT
po3pobieHo Ha 0a3i Microsoft SharePoint Portal Server cmemianpHO mms ocBith. BiH BKIFOWae
TexHoJIoTii Microsoft 3 ympaBiliHHS 3HAHHAMH, B3a€MOZII Ta CHUIBHOI poOOTH. J[0 HUX BiTHOCATHCS:
Microsoft SharePoint Learning Kit — 3aci6, mo mo3Bosse BUKIaa4aM CTBOPIOBATH 3aBIaHHSA 3 Oy/Ib-
SAKHX JOKYMEHTIB, 10 30epiratotecsi B 0i0mioTeni nokymeHTiB SharePoint; Microsoft SQL Server
Bunycky 2008 — mast po6otu 3 6a3zamu ganux; Microsoft .NET Framework — mimst 06’ eqHaHHS CHCTEM,
iHopmMartii Ta mpucTtpoiB 3a monmomororo WEB-cmyx0: Active Directory — ciry»06a KaTaJIOTiB, IIIO
Hajae 3aco0u Juisg ympaBiiHHA OONiKOBMMH 3ammcamu; Microsoft System Center — mnpomykT
Kopropaii MalikpocodT Aj1st CHCTEMHOTO aMiHICTPYBaHHSI.

M. CypxaeB MpOIOHYE BHKOPUCTOBYBaTH HaBuanbHy mporpamy Microsoft Class Server,
BiZleoypokH 1 TexHoJjorii Interwise video classroom, sika 3aificHtoe 3anmyck pizanx WEB-kondepeniit
0e3 nonepeaaboro wianyBanus [11, ¢.147].

Haii6inpIm nepereKTHBHIMH Taly3sIMA MOXITMBOTO 3aCTOCYBAHHS JAMCTAHIIMHOTO HABYAHHS
€: OpraHi3aIlis eHTPiB TeCTyBaHHS (PailOHHUX, MiCHKUX, PETiIOHAIBHHUX ); TOJJATKOBA OCBiTa; HABYAHHS
JITel 3 OOMEXKEHUMHU OCBITHIMH MOJJIMBOCTSIMH, HaBUaHHS 00/IapOBaHUX JiTeH, HaBYAHHS JITEH y
BiJIaIeHUX CUTbCHKUX palloHaX, HABYaHHS B yMOBaX KapaHTHHY TOIIO.

Anamizyroun (yHKIIT TpaJuIiifHOTO Ta MTUCTAHIIHHOTO HABYAHHS, MPUXOJAUMO JI0 BUCHOBKY
Mpo JOUIIBHICTE Oprasizaifii 3MilIaHOTO HaBYaHHS, TOOTO IOE€JHAHHSI OYHOTO HAaBYAaHHSA 3
JUCTAHIIIMHUMU OCBITHIMHU TEXHOJIOTISIMU.

3minrani (opMU HaBUaHHS MependavaroTh, 10 CTYACHT OTPUMYE JOCTYN 10 HEOOXIIHUX
HaBYaJIbHO-METOJMYHMX MaTepialiB 3a JOIMOMOTOI0 CIELialIbHO OpraHi3oBaHOTO [HTepHeT-pecypcy
(iapopMarliitHO-OCBITHROI CHUCTeMH), SKWUU 103BOJsIE #oMy: 1) B OinbmIiid CTymeHi CaMOCTIHHO
TUTAaHYBATH Yac i MIBHUJIKICTh 3aCBOEHHSI HABYAIBHOTO MaTepiaily; 2) B OUIbIIiil Mipi BUKOPUCTOBYBaTH
CrieIfiaJibHI T0JaTKOBI H(POBI OCBITHI pecypcH 1 eNeKTPOHHI 010110TeKH; 3) aKTUBHO B3a€EMOJIISATH 3
BUKJIAJa4eM 1 IHITUMHU CTYJIEHTaMH 32 JOMTOMOTOI0 iCHYIOUHX 3aC00iIB CITIIKYBaHHSI.

Peamizamiss 3mimaHoro HaBYaHHS MOXIMBA 3ac00aMH  €IEKTPOHHOTO, JUCTAHIIIHOTO,
MOOiLTbHOTO HaB4aHHsA. KiacudikyroTe 3aco0u  3mimiaHoro HapuanHs [12, c.114]: 1)3a
CHUHXPOHHICTIO/aCHHXPOHHICTIO: CHHXPOHHI 3aCO0M — BiJI€OKOH(EpeHLis, TOJIOCOBHHA Ta TEKCTOBUMN
yatu, TeJdeOHHUH 3B’SI30K; acHMHXpOHHI — SMS, enekTpoHHa momTa, (GOpPYMH, COLialnbHI MEpexi,
MECEHJPKEpU TOMIO; 2) 32 MPOBiNHOI (opMOI opranizamii HaBYaHHS: 3aCO0M TPAJAMIIIAHOTO Ta
3ac00H EIEKTPOHHOTO, TUCTAHIIIHHOTO Ta MOOIJTFHOTO HABYAHHS.

Jlo KOMIOHEHTIB iH(pOpPMaLiifHO-KOMYHIKalliHUX TE€XHOJIOTiH 3Mmimanoro HaB4aHHs T.1Lpomns
BIIHOCUTH MOOLIBHO-, KOMII'IOTEPHO- Ta XMapo-OpieHTOBaHi: 1) MeToau HaB4YaHHsS (3a JKeperoM
3100yTTS 3HaHb): BepOaybHi (CIOBECHI), HAOYHI, MNPaKTW4Hi; 2)3aco0M HaBUaHHS: arapaTHe
3a0e3MeUeH s, CUCTEMHE 1 TMpPHKIAJHE IporpamMHe 3a0e3leueHHs, 3aco0M KOMYHIKaIli, 3acoou
CHiBIIpaLli / MO3KOBOT'O LITypMY, IHTEPaKTHBHI CHCTEMH pearyBaHHs CTYAEHTIB a00 3acO0M ONUTYBaHHS,
6noru / RSS-kananu, ocBiTHI Mepexi, CHCTEMH YIPaBIiHHS KypcOM / CHCTEMHU YIPaBIIiHHA KOHTEHTOM /
CHCTEeMH — T0Jladi / CHUCTEMH YIpaBIiHHS HaBYaHHIM, TUaTHI (i3 3aKPUTHM KOJIOM) i OE€3KOITOBHI
CepBiCH AJIsI €IEKTPOHHOTO 1 MOOUTBHOTO HABYAHHSI, IHCTPYMEHTAIIbHI 3aCO0H AJIsl aBTOPCHKOI PO3POOKH
€JIEKTPOHHUX 3aC00iB HaBYaHHsI, O€3KOIITOBHI OHJIAMH KypCcH / KOHBEHTH, TIATGOPMHU I ITPOBEIACHHS
OHJIaltH-BeOIHApIB, COIiaIbHI cepBick [HTEepHET, MporpaMyd Ta OHJIAWH-CEPBICH JUIS CTBOPCHHS,
penaryBaHHs Ta 3B’sI3yBaHHS €JIEMEHTIB MyJbTHMe[ia, MOAemowoYl / ocBiTHI irpu (Scratch), xmapsi
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cepsicu u1st 30epiranHs ¢aiiniB / KOHCTIEKTyBaHHS; 3) (hopMU Oprasizaiii OCBITHBOI iSTIBHOCTI Ta BHIU
HAaBYAJIbHUX 3aHATH: JICKIii, CEeMiHApW, NpPaKTU4HI 1 JaOOpaTOpHi 3aHATTS, KOHTPOJBHI 3aXOIu
(aHKETYBaHHS, TECTYBaHHs), HAYKOBO-AOCIIITHUIILKA, CAMOCTIIiHAa PO0OOTa 3 BUKOPUCTAHHSM MOOUIBHHUX,
KOMIT IOTEPHO- Ta XMapO-OpIEHTOBAaHMX TEXHOJOTI B MeXaxX ayAWTopiil 3akiamy OCBiTH; (opMu
€JICKTPOHHOTO (IMCTAHIIMHOTO, MOOUTFHOTO) HABYAHHS: BiICOTPAHCIIAIISA, YaT, BimcOKOH(MEPEHIIii,
BeOiHapH, MpPOBEJCHHS I1HTEPAKTHBHUX JIEKLid, ceMiHapiB, NPaKTUYHUX 1 J1aOOPaTOPHUX 3aHSITB,
HaBYAILHUX AUCKYCiH, KOMIT IOTEPHOOPIEHTOBAHI €K3aMeHH 1 3ajtiku Toro [12, ¢.117].

OO0roBopeHHsi. Y X0Mdi TOCITIHKEHHS BHOKPEMIJICHO MHIAKTHYHI MOMKIIHBOCTI 3aCTOCYBAaHHS
IHHOBAIiTHUX OpraHi3aliiiHuX (OpM B HaBUATEHOMY MPOLIECI:

- BHUKOPHUCTAaHHS MEPEXKEBOi B3aeMOJii i OOMiHY NEpEJOBHM IIEAaroriYHUM JIOCBIZIOM
mejarora 3 elarorom, rmeaarora 3i CTyJIeHTOM (y9HeM), U CIUIKYBaHHS 3 OaTbKaMu;

- MOXKJIMBICTH Oprasizarii iHpopmamiiHoi B3aeMomii MiX PI3HUMH Y9aCHUKaMH HABYAIHHOTO
npolecy: CTyACHTa, eNEKTPOHHUX OCBITHIX PECypCiB 1 Iearora,

- MOXJIMBICTh Oprasizaiii JAMCTaHIIHOTO, 3MIIIAHOTO HABYAaHHS 3a JIOTIOMOTOI 1HTEPHET-
TEXHOJIOT1H; MOMJIMBICTh 3HAXOIWTH, OI[IHIOBATH Ta €(EKTHMBHO BHKOPUCTOBYBATH iH(OpMAIIIO B
OCBITHHOMY ITPOLIECI, 8 TAKOK CTBOPIOBATH OCBITHI peCypcCH;

- B3a€EMOJII0 BIIJTAJICHUX YYaCHHUKIB IPOIECY HABYAHHS MiXK COOOFO JJIsl OpraHi3alii JUCKycCii
B PEXXHMI BiIeOKOH(EpEeHii 1 TeTeKoHpepeHIlii, eNeKTPOHHE JTUCTYBAHHS;

- KOHCTPYIOBaHHS Pi3HUX OCBITHIX TPA€KTOPiH, 3MIHCHEHHS TONOBHUX (YHKIIH MeaaroriyHol
TSTPHOCTI, 3a0e3MeveHHsT 3aCTOCYBaHHS B TMEAArOTiYHIA MisUNTBHOCTI CYYacHUX iH(opMarliitHux
TEXHOJIOT1H;

- MOXKJIIUBICTh OpraHi3yBaTH KOJICKTHBHI JOCHiJHI POOOTH CTYJIEHTIB, MeIaroriyHux
MIPAIiBHAUKIB 3 PI3HUX OCBITHIX 3aKJIaJiB, HABUYAIBHHX 1 HAYKOBHX IICHTPIB Pi3HUX KPaiH i perioHiB;

- CTBOPCHHS I BUKOPHMCTaHHS JiarHOCTYIOUUX, MCHUXOJOTO-IeJaroriyHiuX METOIAMK OLIHKH 1
KOHTPOJIIO PiBHSI 3HaHb CTYJCHTIB 3 BUKOPUCTAHHIM iHPOPMALIIHUX 1 KOMYHIKAI[ifHUX TEXHOJIOT1H, B
TOMY YHCJIi 33 JOITOMOT'0I0 HOBHX OpraHizamiiftHux Gopm.

AHaI3yroud BWINEBUKIAZCHE, MOXXHA BWIUTUTA OpraHizamidiHi (QopMH HaBYaHHS, SIKi
3aCTOCOBYIOTBCSI B OCBITHIX 3akiajax (1koui, 3BO): mpakTiyHi, ceMiHapchKi 3aHATTs (KeHC-TEeXHOOT 1,
MepexeBUi var); Jekiii (online-Jiekilis, MOTOKOBE BiJIO, CIANA-JIEKIIis, BIJCOJICKIIis); BUIYCKHI Ta
KypcoBi kBamiikamiliHi poOOTH (Keic-TeXHOIIOTi1, MepeXeBa B3aEMOIis, TENIEKOMYHIKAIIHHUHN TIPOEKT,
e-mail-koHcybraris); NpakTUKyMH (KEHC-TEeXHOJIOT i, MepekeBa B3aeMOjis, email-koHCybTarris,
TPEHAXXEPH, METOA TPOEKTIB); TabOpaTOpHi POOOTH (KEHC-TEXHONOTIs, METO MPOEKTiB, e-mail-
KOHCYJIbTAllis); Teaaroriyna mpaktuka (dopym, e-mail-koHcynbTaltis, yat, MepexeBa B3aEMOIis);
caMmocTiifHa po0OoTa CTyAEHTIB (JIOKaNbHI i MepeXeBi HaBUAIbHI TIOCIOHMKH, MEpeKeBa B3a€MOJIis,
e-mail-koHcybTaltis, OCBITHI TIOPTAIH, TOBIIHMKHU TOIIIO).

BucnoBku. TpaguiiiiniMu opranizanidianmu (opmamu HaBuanHs y 3BO e yexis, cemiHap,
ymabopaTopHa po0OTa, TpakThKa. Y HOBOMY iH(OPMAIIIHO-OCBITHROMY CEPEIOBHMII 3MIHIOOTHCS
TpanuuiitHi GopMu HaBYaHHS. 3’ SIBJISIOTHCS HOBI ()OPMH HABYAIBHOT TiSUTBHOCTI 13 3aCTOCYBaHHSIM 3aC00iB
IKT (mepexxeBa B3a€MOJIisl, MyIbTUMETia-JIEKIis, online-TeKIis, Clai-IeKIlis, TUCTaHIliiiHe HaBYaHHS,
CNICKTPOHHI  ceMiHapu, BeOiHapH, Keiic-TexHooris, (Gopy™m, e-mail-koHcymbTallis, KOMIT FOTepHE
TECTYBaHHS, TEJIEKOMYHIKALIMHUNA IPOEKT, IPYNOBI MPOEKTH 3a TEXHOJOTi€l0 Wiki, CHiJbHE BEICHHS
6moriB TOIIO). BHOKpeMileHo Taki opraHizamiiiHi (GOopMH IUIaHyBaHHsS HABYAIBHOTO MPOLECY MiIrOTOBKU
MaOyTHIX y4HTeNiB iHGOPMATUKH B iH(POPMAIIIHO-OCBITHROMY CEpEJIOBHINI: €JIEKTPOHHI JIeKIil Ta il
Buau  (online-neKkiis, ClIaMI-TeKIs, BiICO JIEKIlis, KOMOIHOBaHI JieKilii);, JlabopaTtopHi poOoOTH 3
BUKOPUCTaHHAM KOMIT'IOTEpa Ta BiJNOBIAHOIO IPOIPaMHOro 3a0e3ledeHHs; CaMOCTiiHy poOoTy 3
iHpopMaTHKH; MEepekeBy B3aeMOIiI0 Ta i pecypcu (TenekondepeHnuis, yar, WWW (World Wide Web),
enexkTponHa momra, FTP, Gmor), MepexeBi chiibHOTH Ta (HOPM HABUAIBHOI JAISUILHOCTI (HaBYalbHA
tenekoHpepeniis, off-line koHdepeHiiss abo BipTyanbHa KOH(EpEHIls, OOroBOpeHHS B 4YarTi,
HaBYAJILHUI NPaKTHKYM, BipTyajbHe HaBYaHHS 3a JAOMOMOTOI0 NEAaroriyHoi CHijbHOTH, HaBYAIBHHUN
KOHKYpPC, CIiJIbHE CTBOPEHHS BEO-CTOPiHOK, BipTyaJbHE ONUTYBAaHHS CTYACHTIB, HaBUAJIBLHHUI
BipTyaJIbHUI TIPOEKT, BipTyallbHa BeUipka, MaiicTep-Kiiac 3 TIeBHOI TEMATHKH, IPOEKTYBAITLHUHN ceMiHap,
(ecTHBANb IPOEKTIB TOILO), TUCTAHIIIMHE, 3MIIIIAaHE HABYAHHS Ta IX IporpaMHe 3a0e3MeYeHHS.

[lepcnexTHBY MOAANBIINX AOCTIIKEHb BOAYAEMO Y PO3KPUTTI Y3rOMKEHOTO 3aCTOCYBaHHS B
OCBITHBOMY TIPOLIECI aKTHBHUX METOJIB HABYaHHS, IHHOBAaLiIWHUX (HOPM, TEXHOJIOTIH i BiINOBITHHUX
3ac00iB 3a0€3MeUCHHS IOTO MPOLIECY.
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2020 rom sBNSETCS HACTOSILIMM HCIBITAHHMEM JUIi 4YelOBEYEeCTBA: MHOXKECTBO cdep
nocTpajaia H3-3a MaHJIEMHUA. OKOHOMHKA, MPOM3BOJACTBA, 3/PABOOXpaHEHHE W B TOM YHUCIE
oOpaszoBanue. IloBceMecTHbIE KapaHTHUHBI IIOCTaBWJIM IO YIpo3y TPaJULHMOHHBIE CHOCOOBI
NPOBEJICHNE 3aHSATHI, MPAKTUYECKH y BceX GopM oOydeHHs, KpOMe JUCTAHIMOHHOTO 00pa30OBaHUSI.
Msuorue By3bl PecniyOnnkn benapych ObLIH BBIHYKACHBI MIEPEHTH Ha yAaleHHYIO (GopMy oOydYeHHsI.
Heobxonumo Obuto «Ha XO0Ay» mepepalaTbiBaTh ayJUTOPHBIE 3aHSATHS Ha YAaJCHHBIA ¢opmar
NIPOBEJICHNS, UCKATh TTOJXOSIIIE HHCTPYMEHTHI IPOBEJICHHS 3aHATHs. BMecTe ¢ TeM, CaMOM30IISIIUS
Jro/iel BbI3BaJIa HACTOSIIIUM BCIIECK JAOTOIHUTEIBLHOTO 00Pa30BaHMsl C MIOMOILBIO OHJIAHH-KYypCOB, 1
KypCOB AMCTaHIIIOHHOTO 00pa30BaHMUA.

Huctannmonnoe oOydenue ([JIO) — »To B mepByro ouepenr B3aUMOJICHCTBHE YUAIIUXCS H
YUHUTEIsl MEeXIy COOOH Ha PacCTOSHHUU (JUCTaHLMOHHO), pH 3ToM Takoe [1O oTpaxaeT MpakTHYeCKH
BCE TIpHCylMe Yy4eOHOMY IIpOIecCCy KOMITOHEHTHI (METOJbI, IIeNH, OPTaHW3alMOHHbBIE (OPMBI,
COZEpP)KaHUE, a 4YacTO M CpPEACTBa OOydYeHMs) M pealn3yeMoe CHEeUU(PUIHBIMU CPEACTBAMHU
TENEKOMMYHHUKAIIHOHHBIX TEXHOJIOTHH, IPElyCMaTPUBAIOIIUMI HHTEPAKTUBHOCTh IpoIiecca 00yUeHHSI.

OTnenbHO CTOUT OTMETHTh, 4YTO JIUCTAaHIIMOHHOE OOydeHHe — 93TO B OCHOBHOM
camocTosiTelIbHass GopmMa OOy4YEeHHUs, TJIABHBIM CPEICTBOM KOTOPOTO SBJISIOTCS HWHGOPMALMOHHBIE
texHosoruu [1].

OcHoBHbIe QopMBI IpoBeAeHUS 3aHsATUH 110 cucteme J1O ato:

1) yvar-3aHsTHE

2) BeO-3aHsATHE

3) TenexondepeHuns

4) TenenpucyTCTBHE.
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OnHa U3 OCHOBHBIX MPOOJIEM MPH UCIOIB30BAHUH CUCTEM AUCTaHIMOHHOTO 00y4enus (CO)
ABJISIETCS. IPOMEXKYTOUYHBIM M UTOTOBBIH KOHTPOJb 3HaHUH cTyzneHTa. OAMH U3 BapUaHTOB PELICHUS
9TOW mpoOileMbl TpuBeaeH B cTathe Kusa M.B. «BapwaHTBl KOHTPOJS 3HAHMA B CHCTEME
JUCTAaHIIMOHHOTO oOpa3oBanus» [2]. B cBoeii cratbe aBTOp Ha mpumepe cucteMsl MOODLE u
KOHKpPETHBIX peanm3aiuii B BY3e. Takxke aBTOp OTMEUaeT CIOXKHOCTH pa3pabOTKH KadyeCTBEHHOTO
kypca J1O. OObHO Takue KypChl TOTOBSITCS HE OJMH MECSI] TPYIIION 13 HECKOIBKUX denoBeK. CTouT
TaKe OTMETHTh, YTO OCHOBHOW YIIOp B TAKUX CUCTEMaX MAET Ha KOHTPOJb C IIOMOIIBbIO PEUTHHTOBBIX
CHCTEM M UTOTOBBIX TECTOB.

IIpu Bceii cxoxectn C/1O u kimaccndeckoro 00y4eHus €CTh CYyIIeCTBEHHBIE PAa3UIXs KaK JIIs
nmperogasareneir, Tak u g cryaeHTtoB. Opranmszanus CJIO TpeOyeT cepbe3HBIX BIOXKEHUH,
TEXHUYECKUX CPEICTB H, 3a4acTyI0, JOOOyUeHHUs TIPErogaBaTes.

OmnnaiiH-o0y4eHne — 3TO NOJy4YE€HHE 3HAHWH M HABBIKOB IIPU IIOMOIIY KOMIIBIOTEpA WIIH
JIPYTOro Ta/pKeTa, MOAKIIOUYEHHOT0 K MHTEPHETY B peKUMe “371ech U ceigac”. 1ot popmart oOydeHuns
elle Ha3pIBalOT e-learning wiM ‘“anekTpoHHOe oOydeHue”. W OHO cyMTaeTcss JIOTMYECKUM
MPOJIO/DKEHUEM JTUCTAHIIMOHHOTO. A CIIOBO “OHJIAMH" JIMIIIb YKa3bIBACT HA CIIOCOO MOJTyYeHUS 3HAHUH
Y CBSI3M NPENOJABATENs CO CTYIEHTOM.

CxoncTBa M pa3nuuusi OHJIAWH-OOYYEHHS M AWCTAHIIMOHHOTO OOyd4eHHs [JiaBHOE CXOJNCTBO
OHJIAHH-00YUYeHHS ¥ JUCTAHIIMOHHOTO — MPOLECC MOTYYCHHS HOBBIX 3HAHUN W HABBIKOB BHE ayAUTOPUI
1 HETIOCPEICTBEHHOTO KOHTAaKTa C npernoaaBaresivi. [lonsTre “aucraniimonHoe o0y4deHre” yKa3bIBaeT
Ha TO, YTO MEXIY CTyISHTOM M TpErojaBaTelleM CYIIeCTBYeT pacCTosHue. A “‘OHiaiiH-oOydeHne”
03HAYaeT, 4To 3T0 OOy4YeHHE MPOUCXOJUT TNPU TMOMOIIN MHTEpHET-COSMUHEHUS W TaJKeToB. B
OCTaJIbHOM — OHHM HPAKTUYECKH IOJHOCTBIO MICHTHYHBI M 00JaJal0T TaKMMHU HPEUMYILIECTBAMU:
WHIVBUAYATBHBINA TeMn OOydeHHs — HM3y4aTh MaTepHanbl MOXKHO 1O COOCTBEHHOMY rpaduky, 0e3
TPUBSI3KH K TPYIIIE, BpEMEHH U MECTY 3aHATHSI JOCTYITHOCTh — YUHUTHCS MOKHO € JFOOOTO KOMITHIOTEpa
B yA0oOHOE BpeMsi MepCOHAbHbIE KOHCYJIBTAlMK C THIOTOPOM — 3({QeKTUBHAs oOpaTHas CBS3b OT
MpernoaBaTeNneil B Xo/le BCEro mepuoja oOydeHHs Kypc B ‘“‘KapMaHe” — MOXKHO B JIFOOOW MOMEHT
MepeCMOTPETh YPOK WM TPOIYNICHHBI BeOMHAp B 3allliCH, CKavyaTh y4eOHbIE MaTephajbl M CIaTh
paboTy Ha 1mpoBepKy ThroTOpY [3].

Tenepp, pa3oOpaBIINCh C OCHOBHBIMHU HE KJIACCHYECKUMH (hOpMaMU MOTydeHUs] 00pa3oBaHus,
MOYKHO MOTOBOPHUTH O TOH (hopMe, UTO CIIOHTAHHO POAMIACh B 3TOM roxy. HeoOXxonumocTs B KpaTkue
CPOKH H JJIsl ITUPOKOTO Kpyra CTYJIEHTOB, paHee OOydYaBIIMXCS OYHO, MPUMEHUTH OECKOHTAKTHBIE
TEXHOJIOTHH OOy4YeHHs Jaj0 OrpoMHOE IIoJIe MJIsl JKCIEPUMEHTOB Kak C INporpaMMaMud M
wiaThopMaMu Ui TUCTAaHLIHOHHOTO 00y4YeHHMsI, TaK U C METOAMYECKHMH IIPHEMaMHt 10 MPOBEACHUIO
3aHsATHI B quctaHmoHHON (opme. B XXI Beke cymiecTByeT OrpoMHOE KOJHYECTBO Pa3HOOOPa3HBIX
NPUIOKEHUI Ha Bce BO3MOXKHBIE YCTpOHCTBa | miiartdopmbl. Kazamock Obl, TP TaKOM KOJIWYECTBE
PasHOO0Pa3HOro MPOrpaMMHOTO 0OecTieueH s, He TPeOYIOLIEero Crelnaln3uPOBAaHHOTO aNlapaTHOro
oOecrieyeHus1, OpraHu3anus yaajJeHHOH paboThl He NoKHA Obljla UMETh 0CO0bIX mpobaeM. Ho 3To He
coBceM Tak, na Takue cucteMbl kak MOODLE, ZOOM, Nevik meet u T.1. WK afanTUPOBaHBI MO
pasinuHble TIaTGOPMBI, HO 3a4acTyio TpeOyeT Hainuyue BeO-KaMepbl, KOTOpble €CThb HE Yy BCeX
CTYACHTOB W IpenojaBaTeneil. Bropas mpobieMa, o KOTOPOH CTOMT YHNOMSHYTH 3TO CIOXXHOCTh
OIIEHKW 3HAHWUH W CTENCHb CAMOCTOSITENIBHOCTH BBITIOJNIHEHHSI CTYJEHTOM CBOeW paboThl. YacTHYHO
9Ty poOJIEMY MOXHO PEIUTh C MIOMOIIBIO OITMCAHHBIX BHIIIE TPOTPAMM.

Kommnexkc MOODLE — monHoueHHas cucTeMa JUCTaHIMOHHOTO oOpa3oBaHus. B Hel ecTb
BO3MOXXHOCTh TMPOBOJIUTH Bce (opmbl 3anstuii JIO. Ho mnst ynanenHoit ¢opmbl oOydeHus oHa
W3JIHIITHE TSHKEJIOBECHA, TpeOyeT HEeKOTOPOro BPEMEHH Ha NMPHUBBIKAHKUE W aJIalTAllUI0 Kypca, Ha 4TO B
CETOIHSIIHUX PeasInsiX MpocTo HeT BpeMeHH. K rurrocam 3Toii cucTeMbl MOXKHO OTHECTH BO3MOXKHOCTh
NPOBOJMUTH BCEX HEOOXOOMMBIX (OpM 3aHITUH, Kiaccudeckux Qopm oOyueHus. BosmoxkHOCTB
KOHTPOJIMPOBATh YTO JIENAeT cTyleHT. K MHHycaM — He BO3MOXHOCTH TapaHTHpOBaTh, YTO Ha
BOIIPOCHI MPH cllaue, AOMYCTUM J1ab0opaToOpHBIX paboT, OTBEYaeT caM CTYACHT T.K. [IpenoxaBatens He
BUINUT OTBEYAIOLIETO.

Oty npobieMy MOTYT PEeIlluTh JBE JPYyrUe MPUBECHHBIE BBIIIE IPOTPAMMBI.

OmeiT ncnonb3oBanus npuitoxenus Navek Meet mokasai ero cieayroniie CHiIbHbIC CTOPOHBI:

1. Ge3omacHOCTh W KOH(HECHIMATBHBIX JaHHBIX. M3BecTHO, uto cepBuc ZOOM wumen
HEKOTOpBIE HeTOCTaTKH [4];

2. Tlonp3oBatesro HOCTYIICH MOJHBIA (YHKIIMOHAI cpa3y [5];
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3. Bce HeoOXoMMBbIe CPECTBA ISl TPOBEJACHHMS JICKITUOHHBIX U Ja00paTOPHBIX 3aHITHI;

4. B0o3MOXXHOCTB TIOJIKITIOYATHCS K CHCTEME depe3 MOOMIbHBIC MprtoxkeHus Android u 10S.

Navek Meet — OpaysepHas cucTeMa, MPEAOCTABISIONIAS BO3MOXKHOCTH TPOBEICHHUS
BUJIcOKOH(pepeHni. OMHOBPEMEHHOTO OHJIAH-4aTa KOH(epeHIMH. BO3MOXHOCTE JIEMOHCTpAIUH
dKpaHa JIOOBIM W3 Toib30oBaTenedl. KHomka momHsTHS pyKu sl oOpaTHOW cBsi3u. BO3MOXHOCTB
3aIHCH TEKYIIEro o0CcykAeHus. Tak jke BOZMOKHOCTD BKITFOUEHUS BBIKITIOUSHHS KaMep, MEKPO(OHOB,
3ByKa U BUJICO.

HemanoBaxHbIM (pakTOM TpU BBIOOpPE 3TOM CHUCTEMBI ObLIa BO3MOXHOCTh YCTaHABIUBATh
MapoJTh Ha BUIE0 KOH(EPEHIINIO, YTO TEOPETHIECKU MO3BOJISAET 3aTUTHTD ITPOBEICHIE 3aHATHI OT He
CaHKIIMOHUPOBAHHOTO JOCTYIIA JIIOJEH, KOTOPhIX HE JOJDKHO OBITh Ha KoH(pepenmuu. OmgHako Ha
npumMepe Toro ke ZOOM, K HEKOTOpPhIM KOJUIETaM, HEB3Upas Ha HAJTUYUE TapOJisl TOIKIHYATUCH
HETIOHATHBIE JIIOIH, cphiBaBinne 3ausaTrsa. O6 sTom Tak ke mucann B CMU. Cucrema Navek Meet xe,
orpanudeHa tepputropueid Pb 4To MO3BOJSET COKPATUTH KOJUYECTBO <JIMIIHUX)» JIOJIEH WU K€ U
BOBCC I'apaHTUPOBATh UX OTCYTCTBHC.

bnaromapsi BO3MOKHOCTH JIEMOHCTpAllMM 3KpaHa, MpPEeNoJaBaTe]ib MOXET YHTaTh JICKIUH
MPAKTHYECKH HE BUJOM3MEHSS UX MO0 CPABHEHUIO C T€M, YTO OH OOBIYHO YUTAeT B ayAuTopuu. Benp
OH MOJKET T0Ka3aTh IpauuecKuii MaTepuall CO CBOEro MOHUTOpA JUIs Beex. Takke 3To ymoOHO mpH
JICMOHCTpPAIIMY HAIMCAaHUs MPOTrPaMM, PEUICHHs KaKuX-1u00 (GOpMyI WM JOKa3aTeIhCTBA TEOPEM —
TeX BeIel, KOTOpbIe KpaifHe TsHKeJI0 BOCIPUHUMATH TOJIBKO M UCKIIOYHTENBHO Ha ciyX. llpu cmaue
mabopaToOpHBIX pabOT CTYNEHT, AEMOHCTPUPYS CBOW DKpaH TOKAa3bIBAET PE3YNHTAThl BBITOIHEHUS
paboThl B peajbHOM BpeMeHH. [IpenojamBaTento HET HEOOXOIUMOCTH YCTaHABIMBATh y ce0s Ha
KOMITBIOTEPE MHOXKECTBO cpena paspabotku, QperimpopkoB mwm CYBJl. A mocne aeMoHCTparuu
MpOrpaMMbl — BKJIIOYHB PEXHM KaMepbl ONPOCHTH CTYyJIEHTa W YOEOUThCS B €r0 TMOHUMaHHH
BBITIOJTHCHHOM paOoTEHI.
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Blockchain, In the process of globalization, a consumer has the priority due to which

quality of service and timely delivery of the required products determine

ggﬁf contracts, the competition among the companies. All participants of the supply
X process, including logistics service providers, have traditionally focused on
Cryptocurrency.

optimizing process management and minimizing supply chain costs [1].
The determining factor of supply efficiency from the perspective of
procurement and logistics is the uninterrupted supply of raw materials and
semi-finished goods that depends on the selection of a reliable supplier, as
well as the continuous improvement of the quality of materials and the
reliability of the customer-supplier relationship. The purpose of this article
is to analyze use of blockchain technology to improve reliability of supply
chains, whereas the rationale behind the management of business
processes and the contractual obligation between the parties are verified
cryptographically, using a smart contract.
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Introduction. The management of material flows in the supply chain is related to the
management of financial flows. The customer pays the service fee at the time of receipt of the product,
but the parties involved in the supply chain may have time delays due to several issues, for example,
when cargo is being transported, documents are checked at the several customs points and the original
documentation is required, especially such as a certificate of origin (EUR1), export license (EX1),
wayhbill, etc. The waybill is required in original, especially when the cargo arrives at the destination
terminal, the change or amend waybill is associated with problems which interrupts the product
acceptance process. Due to the variety of waybill, we often find in the process of the air and sea
transportation, internal and external bills of lading, HBL / MBL - MAWB / HAWB, which further
complicates the product registration process, thus hindering the efficiency of supply chain.
Furthermore, the major problems with the parties involved in the supply process remain financial
settlement, reliability, security, etc.

Blockchain technology. According to the current situation, countries that do not have the
long-term experience in the modern logistics management can’t keep up with the technological
concepts such as shared platforms, data analytics, or the use of cloud services, this lag hinders the
process of optimization, reduces delivery time and increases service costs. Digital transformation
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enables companies to implement and use innovative technologies that can significantly change
delivery management. One such application of scientific knowledge is blockchain technology, which
is a chronologically updated decentralized and cryptographically encrypted database, where the
authenticity of information is protected by the method of mathematically based data hashing.
Blockchain was previously only known as the technology for the operation of cryptocurrency,
although its role and purpose in everyday life is gradually increasing. For more than a decade, it has
been considered as a sole mean of decentralized, transparent and reliable data management [6].
Blockchain technology significantly increases the speed of money transfers, regardless of geographical
location, with maximum protection of confidentiality and reliability. As it is well known, the
information that is stored in the blockchain is not stored on one of the specific servers, its copies are
shared on millions of computers. Each newly formed block is linked to the previous block by a
complex mathematical algorithm that eliminates unauthorized access, data modification, removal and
physical damage. The usage of blockchain technology gives a wide range of opportunities to the
parties involved in the supply chain, eliminates mistrust, secures and makes the ongoing business
processes transparent and puts the parties involved in the supply chain in a superior position, because
without the expense of intermediaries and additional financial resources, they can determine the terms
of cooperation and security issues based on a smart contract, which on one hand relies on the data
stored in the blockchain and on the other hand, participates in updating the blockchain database itself.

Smart contract. A Smart contract is a software code placed in the blockchain which ensures
compliance with the terms of the contract. Placing a smart contract on the blockchain means
simplifying the difficult process in which several parties are involved due to lack of trust [2]. It is a set
of transaction protocols that uses mathematical algorithms to automatically verify compliance with the
terms of a contract and store it on a blockchain platform. A working condition of the algorithm and its
consistency is determined by the logic of mathematical methods. The logic of a smart contract is
established by a chain process presented as blocks on the internet, which is connected to all the
operations in the network [3; 5]. It is performed independently, the working principle of which is
based on logical operators - if / then. There are included agreements between the parties to the
contract, which will be fulfilled only if the established conditions are met [4].

Fulfilment of the obligation of mutual agreement between the parties of the smart contract
participating in the supply chain is confirmed by an unique digital signature, which is kept in the
decentralized digital transaction register - blockchain. A smart contract can be called a software
container, which includes the negotiating parties, the object of the negotiation and the cryptocurrency
or any other asset. The terms of the contract are represented by software codes implemented on the
blockchain platform, which ensures autonomy, transparency and, most importantly, pre-verification of
the terms of the contract concluded between the parties [6-7].

There are several platforms for creating smart-contracts, from which Ethereum stands out. It
has developed a special programming language called Solidity, which is focused only on creating
smart contracts. To put the smart contract into action, a descent algorithm is used for the initiation,
which will be activated as a result of fulfilling the relevant condition of the initial code.

Research methodology. The methodology of given research is about how to study
transportation documents which help to define structure of each document and the purpose for their
further classification (fig.1).

By studying above mentioned topics despite we have identified the necessary list of the
documents which are important to arrange transportation and every part of this the which should be
transported to smart contract, also we have identified the processes of this job and the field of studies
that are connected to with the Supply Chain and the complex ruling of it by using the smart contract
which will be our further research topic. In the process of researching, we also mentioned the faults
that interrupt the identification of the electronic documentation and makes delivery process difficult.

During the process of Studying we develop the method and according to given result we have
represented the process of documentation in a structured way. First of all, we identified the list of
documents which is enclosed the cargo during the transportation process and which are required by the
customs; Secondly, from the documents we separated the main points from the document list, which
should be included in the smart contract (fig. 1).

14 8(50), December 2020 RS Global



International Academy Journal Web of Scholar ISSN 2518-167X

We have already studied several transport operations and represented documentation by the
method of linear regression analysis (fig.2). We have identified the documentation which enclosed the
cargo during the transportation.

~
ofind the documents
First M} «Clisify the documents
stage J
™y
sIdentify the main topics
Second stranspormation into smart contract
stage J

Fig. 1. Classification of documents
The below mentioned picture there is represented the main list of documents of transportation.

et

6.00

5.00 v =0.3504x% + 2.3087
R* = 0.0

4,00
3.00
2.00
1.00 ve
0.00
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Fig. 2. The result of a linear regression analysis

As a result, we have done the classification of document into basic/or main and additional
documents (Tablel).

Table 1. Classification of documents
Basic documentation Additional documentation

Agreement with Shipper and Consignee packing list (PL)

movement certificate (EUR 1) - reduced or nil rate of
import duty under trade agreements
Material Safety Data Sheet (MSDS) - If cargo is

Invoice for product

Export License (EX 1)

Dangerous
Waybills (CMR, Bill of lading, Airwayhbill, | phytosanitary certificate - (for horticulture, agriculture,
Rail waybill) food or water resources)
Invoice for transportation Veterinary Certificate, Fumigation Certificate, etc.

The conducted research helped us to define the request that should be represented in smart
contract that should indeed be taken into account in the process of agreement.

Study results. Product delivery is one of the most important processes of a supply chain. As
mentioned above, delivery process is often hampered by paper-based processing of documentation that
must be certified for authenticity and persuasiveness by a different authorized person and submitted in
a hard copy. This process increases the time waste and cost as well as the likelihood of fraudulent
transactions [7, 9].
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Submission above mentioned of such documentation often leads to increased costs and
delivery time, delays in the business process, increased inventory opportunity cost, also there is an
increased risk of product spoilage or damage in the event of perishable or dangerous shipments.

The way to solve this problem is to use a smart contract in the transportation process, where
the information about the authenticity of the suppliers and the carrier will be stored in the blockchain,
and the terms of the mutual agreement between them will be determined using the smart contract.
Prior to the final confirmation of the contract and the transfer of the service amount, the fulfiliment of
the conditions stipulated in the contract between the parties will be checked using a logically compiled
mathematical algorithm and program code.

We are using the platform called Ethereum decentralized blockchain platform to accomplish
the task, where any mathematical function can be used. With the help of a specific address written in
the blockchain, we can call the code of the smart contract, and the smart contract itself will be run on
one of the knots that are part of the Ethereum platform.

The structural network of the smart contract structure in the Ethereum network is presented in
the figure below, where the infrastructure of interconnected external servers, protocols and software in
the network are presented for the implementation of the terms of the smart contract (fig. 3) [10].

Geth Console  Party Browser
?
} } } i
Mist Browser o.|.» Geth «-»| Parcy |a—» Party
t | 3 4 ENS
L4 y mycontract.etu
Chrome Browser _ | | corh {Metamask) [pointing to youx
~Metamask Plugin e
icontract deployed
address
=
Your contract ABI Webapp+"Web3.js hosted on
hosted on Swarm IPFS
: : : ¥ N
Swarm <—*Swarm Swarm IPFS = P‘]PFS
— T3 Sget™ " appll Wi
I e . ><_ ¢ | St P I
~ - ~ . YA B NS =
Swarm Swarm Swarm IPFS EIPFS [ IPFS
Smart Network IPFS Narcarl

Fig. 3. Smart contract structure in Ethereum

A timestamp function can be used to activate the smart contract launch process, which will
call the appropriate payment method. It is also possible to check the time directly before calling the
payment initiation method in the smart contract.

The above-mentioned problem posed by us can be presented in a simple structure in the form
of the following (fig.4).

P ——
Su ppl ier 1 I' \ Smart-Contract

Carrier
D — -

" g
g

Fig.4. Overview of smart contract process
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In the process of transportation, there the trust is important factor, both for the supplier (when
the amount is paid in advance before the delivery of the product) and the carrier (who should receive
partial payment after the delivery of the product is completed). In this process, it is important to
increase the confidence factor, especially if the payment is completed electronically. Smart-contract
will be completed when digital money transfer is confirmed by the so-called mediator (Escrow). With
such scheme, the user transfers the money to Escrow, where the "mediator", software code checks the
fulfillment of the terms of the contract [7, 8].

The example we have just reviewed verifies both, the quantity and quality of the products
received, after which the Ethereum platform plays the role of a mediator, in case of a positive answer,
the amount will be transferred to the account.

The software code for the process we initiated during the research is written in Solidity, the
Ethereum programming language. The project is a dApp (Decentralized Application) that uses
Ethereum computing currency in the form of Gas to perform operations. We used the Token object as
a means of accessing a limited resource to implement the software code. It acts like an electronic key
to obtain an access.

Each user involved in the system pays a certain number of tokens to the system to process its
contract, which is proportional to the workload carried out by the system, and also covers the
calculation of gas costs. The payment process is carried out by transferring the ERC-20 tokens (fig. 5).

A Home 3_S olier. s 2_Owner.sc 1_Storage.s Token. s PP.JS
(@) F.EEXPLORERS a ® Hon ESUPEN 80 _Owner.sol _Storage.so oken.50 app js
v 1 e ob Contracts' wi be injected here, which contains all
2° Contracts['Token'] = {
~browser [+ o 3 It .
Q] 1_Storage.so 4 res
2_Owner.so S ndpo
» tests 6
7
‘c 3-Supplier.sol 8 ites on instance of the smart contract, passing it as a property
» artifacts 9 which allows web3.js to interact with it
4 Token.so! 18 = function Token( -4
- app.is 11 this.web3
12 this.instance H
‘, 13 this.Contract Contract;
14}
15
16 18 t T 1 b
17 = Token.prototype.init O
18 Creates a new Web3 instance using a provider
19 earn more https web3is. readthe cs . to/en/vl web3, html
20 this.web3 - new Web3(
21 (window.web3 & w.web3.currentProvider)
22 nen Web3.providers. HttpProvider(t .Contract.endpoint)
23 )
24
25 Creates the contract interface using the web3.js contraoct object
26 earn more: http web3js.readthedocs.io/en/vl @/web3-eth-contract.html
27 ar contract_interface his.web3.eth.contract(this.Contract.abi);
28
29 Defines the address of the contract stance
30 this.instance this.Contract.address
31 ? contract_interface.at( .Contract.ocddress)
32 : { createTokens: () £3:F;
33 15
4
s Displays the token balance in address, triggered by the “Check balance" but
36 * Token.prototype.showAddressBalance (hash, cb) {
38
39 / Gets form input value
490 var address $("#balance-address").val();

Fig. 5. Software Code Fragment - Use of Tokens in a smart contract

We also used the Tokens as a way to repay the amount stipulated in the smart contract,
without leaving the Ethereum system, as the Token also has monetary value. This process is illustrated
in the program code in the figure below.

We presented the Client as a party to the contract for the realization of the software code
(fig.6). Object Supplier: writing in software code, means the Client must fulfill the terms of the
contract in return for payment.

Recipient: is the Client, who is obliged to give the payment to the Supplier in case of
fulfillment of the terms of the smart contract.
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Fig. 6. Software Code Fragment - Check the terms of the contract

Shipment: is a set of Products that Supplier is responsible for delivering to the Recipient.

Conclusions. Blockchain technology is a decentralized database that records all the operations
performed in the supply chain. The main advantage of the blockchain is that it allows the parties to
communicate directly with each other without a third party. In addition to cryptocurrency, a smart
contract can be placed in the blockchain, where the terms of the contract between the parties are
validated using software codes.

For drafting the smart contracts, we have recorded the documentation required for
transportation and implemented them on the Ethereum platform. The result of our research showed
that, it is technically possible to submit almost all documents, except the certificate of origin of the
product, in the form of smart contracts, whereas these documents will be kept confidential, secure,
accurate and the process will be rapid and economically efficient.

Using blockchain and smart-contract technology in the supply chain management is the one of
the possible solutions to reduce the costs, speed up business processes, ensure proper and timely
financial settlement, guarantee reliability without altering information in both state registries and
transactions between the participants of supply chain process. It is also notable that the data is stored
in an open decentralized blockchain, which allows for rapid audit and control.
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The relevance of research. Electronic journals currently occupy a significant place in the
information sphere of Internet resources. However, they have not yet been studied from the standpoint
of visual presentation [5, 6, 8]. The design of electronic journals has not been developed as a separate
direction; therefore the elaboration of all its aspects is a relevant topic for research.

The extent of research work done on the problem. The fast-paced development of
information web-based resources has led to the growing popularity of Internet publications, which
include electronic journals. These have come into existence relatively recently as a type of periodicals.
As a matter of fact, there are practically no publications devoted to the study of this issue from the
standpoint of design. Separate publications are devoted to technical issues of creating a journal on the
internet. In the scientific literature, attention is paid to the magazines’ content, their functions, the
character of the impact made on the audience, the analysis of the audience age, the comparative aspect
of men's and women's magazines, etc. [1, 2, 5, 7, 9].

Up to date, a considerable design experience in the look of internet sites and web pages has been
accumulated. It is these elaborated principles that are applied in the development of the design of an
electronic journal [9]. The insights of graphic designers in the field of print media are also used [4, 5].

The purpose of this article is to determine the current state of the art as regards the use of the
color scheme in the design of electronic periodicals on various topics.

Proceeding from the purpose, the following tasks were set:

- to study the subject matter of electronic periodicals;
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- to perform the sampling of the journals and magazines in various thematic areas so as to
identify a specific color palette;

- to analyze the principles of using color in the electronic journals and magazines’ design;

- to determine the distinguishing features of creating the color scheme for electronic
periodicals, depending on the subject matter.

Materials and Methods. The study draws on the principles and methods of historical
analysis, observation, description, formalization, generalization, structural, quantitative and
comparative analysis, classification, objectivity, specificity, determinism. The method of content
analysis is used to study the content of journals presented in visualized forms. The study of the visual
components of the publication was carried out by the method of semiotic analysis.

Research results. Electronic journals are defined as periodicals published in electronic
format on the Internet, which contain full versions of publications, and as such refer not only to the
sites that provide access to the content and abstracts of the articles. Electronic journals are
subdivided into three groups:

- parallel electronic journals — are electronic versions of traditional print publications, while
the print and electronic versions are identical;

- integrated electronic journals — are published in print and electronic format, which differ,
they rather complement each other;

- original electronic journals — are published only in electronic format, also known as
networked journals.

The archives of electronic preprints of scientific articles perform a similar function. Similar to
the fully-fledged electronic journals, such archives present to their subscribers the new scholarly
articles and provide access to the texts.

The publication of an electronic journal on the network is presented in the form of one or
several files, which contain articles reflecting the subject matter of the journal. Access to the articles is
made by the table of contents using a system of links. The journal has a table of contents from which
you can be redirected to the text of a particular article. An electronic journal, unlike a printed one, can
contain interactive elements, which makes it more vivid for perception. This is especially the case with
the children's magazines.

Due to their accessibility, electronic journals play an increasingly important role in the social
life, as they provide the information in a structured manner. Apart from that, they can have the
subscription features and a parallel web page meant for discussing publications.

For consumers, electronic journals are a sheer commodity. Therefore, design is an essential
factor in the demand for the journal on the network. The color system of the journal is one of its main
elements. The topic of the influence of color on the user in the design of electronic journals has
received a relatively scarce consideration to date. It stands to reason that to attract the target audience,
not only the content is essential, but also the design.

In paper versions of the journals, the first stage of evaluation is the reader's acquaintance with
the cover. In the case of an electronic publication, this is obviously the web page. The main objectives
of color scheme are to attract attention, to foster the orientation and facilitate the perception. However,
the choice of color scheme is determined not only by the potential audience, but also by the nature of
the publication and its subject matter.

The color is a bearer of information. Its functions in periodicals can be as follows:

- communicative: distinctive, opposition, division, uniting;

- symbolic: associative, associative-coding, encoding;

- expressive [3, c. 1-2].

Online electronic journals can be divided into groups (or types). A successful version of the
typology was proposed by I. Lapteva for printed journals [3, p.1-2], which was to a certain extent used
in this study.

1. Specialized magazines:

- official;

-scholarly

- popular scienfic;

- literary and artistic;

- journalistic;
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- professional;

- special interest magazines.

2. Entertaining and educational:

- women's — as with the print periodicals, publications of a universal nature prevail, which
satisfy the information needs of women in various areas of their lives, the specialized publications
devoted to the fashion and beauty industry are the most robust in their development;

- men's — by analogy with the printed magazines, also reflect the role of a man, his behavior
and social connections as well as interpersonal interaction.

- children’s — are educational and insightful by their nature.

We performed a sampling of electronic journals [10-16]. The most striking examples that
provide an overall general idea of the color system formation in magazines of the diverse thematic
focus are presented in Tables 1-3.

Table 1. Electronic scholarly journals

Subjects Color system of the journal’s web page
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Table 2. Electronic entertainment magazines

Subjects Color scheme of the magazine’s web page
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Table 3. Electronic special

interest magazines

Subjects

Color scheme of the magazine’s web page

Country
house,

garden,

kitchen
garden

Cooking

House
master

Cars

Handicraft

Hunting
and
fishing

Table 4 is an example of a more detailed analysis of the color system of one of the scholarly
journals’ types, in particular, medicine (see Table 4). It does not present the entire analyzed factual sample,
but the most striking examples. The limitations are caused by the limited amount of graphic material.
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Table 4. Analysis of the color system of electronic medical journals

Subjects Magazine name Page Layout / Colo Logo Colors

Medicine | Medical World Qo ot == Main — shades of blue
Additional — gray

@EDMJR Accentual — red

Main — shades of blue
Main - // -
Accentual — none

Psychopharmacology&
Biological Narcology

Main — shades of blue
Additional — gray
Accentual — none

Spine Surgery

Stroke 0 Main — black
A Additional — yellow
baeaes | ACCENtUal —none
ACCOUNG UWA
no fopehe
C_MHCYNBTOM
SonoAce-Ultrasound A Main — black
SONQUQ”CUE Additional — grey
Accentual — yellow
Universum: Medicine vz ™ Main — shades of green

and Pharmacology Additional — grey

Accentual — none

Based on the above examples, the following patterns can be traced:

- the color palette in the design of electronic magazines contains the colors of the logo;

- the main bulk of medical journals are designed utilizing the shades of blue as the main color,
gray as an additional color, and red as an accentual color;

- magazines designed taking into account the current trends in graphic design stand out from
the whole mass — a minimalistic scheme utilizing the black and yellow colors in two variations: the
main black or yellow color act as an additional or as an accentual one, the gray color can also be
additional; in this case, the text background is presened in the classic version — the white color;

- a separate group is made up of magazines designed in the traditions of academia — the use of
well-designed images in line graphics, monochrome photos, the color system is built on nuanced
shades, gradients: the main color is shades of muted green, the additional color is gray, there are no
accentual colors.

Color is known to have its own symbolism (a historically formed one, a genetic one and a
regional one), gender and age characteristics of perception, etc., which was discussed by us in
previous articles. Therefore, when choosing a color system for the design of an electronic journal, it is
necessary to analyze the information field in which the images and stereotypes are likely to operate.

For instance, despite having a gender-identical audience, every men's or women's magazine
will have its own consumer. The readership differs in social status, age, income level, etc. The
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peculiarities of the readership determine the choice of the color system, the nature of its use, the
distinguishing features of layout and design, the ways of presenting the illustrative material, which
also falls into the sphere of influence of the general color palette.

The technique of color contrast is used to highlight the key information and to enhance its
significance. Both types of contrast are used: achromatic (light) and chromatic (color). Most often, two
complementary colors are used: red-green, yellow-violet, blue-orange. The color contrast is mainly
used to design the advertising modules. In editorial material, the color contrast can be used when the
message is of particular importance, and the light contrast is more widely used. Black font on a white
background is one of the most common light contrast techniques.

This example below (Fig. 1) traces the changing trends in graphic design. They relate to any
objects of graphic design, including scholarly journals of any format. Here, the font in the title was
changed towards simplification, while the color contrast with the substrate was increased: there was
the white font on a red background — there became the yellow font on a black background. The overall
color scheme has become more laconic and graphic.

=

In the analyzed examples of the scholarly journals (see Table 1), with rare exceptions, the
main field of the page is white or light pastel shades. This artwork makes the magazine page as
readable as possible. Scholarly journals are primarily aimed at conveying the relevant information, so
they have a very laconic color scheme. The problematic issue is advertising, which is an utterly alien
element on the page.

Electronic scholarly journals of diverse directions can be published by one publishing house.
In this case, there is uniformity in the color scheme of the journals, regardless of the subject matter
(Fig. 2). The theme stands out due to the varied use of color (in this case, in the series "Natural and
Technical Sciences" a large proportion of red is used, while in the series "Humanities" red is used
minimally as an accentual color) and in the title illustration.

M APRIORI

Cepwusi: EcrecTBeHHbIe
Y TeXHUYeCKne HayKu

"APRIORI vt

Cepusi: l'ymanuTapHbie HayKu
SEKTPOHHBIMA HAYMHBIRUKYPHAIL | 2/TEKTPOHHBIV HAYUHBIM XYPHANI

Fig. 2. The use of a single color palette as a corporate identity for the publishing house in a different
system to highlight the journals’ subject matter

Research results (conclusions). As a result, it was found that scholarly and other professional
journals have mainly a monochrome artwork based on gradients of one color. The neutral, muted color
is chosen, the main field is predominantly white. Gray-blue or blue color scheme prevails. The natural
sciences, in particular ecology are distinguished by the use of shades of green and ocher. Red and
orange colors can be used as accents, but in a very minimal amount — 2-10% of the entire color field.

Entertainment magazines have a wider color palette. In the design of children's magazines, a
color system was used, built mainly on the predominance of pure open colors. Their brightness and
saturation can even be excessive, which tires the eyesight and interferes with the perception of the
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texts. The basic (background) ones are bright green and blue, the additional ones are used in large
quantities, which brings diversity.

The color scheme of women's magazines has two distinct directions associated with their
themes. On the one hand, the emphasis is placed more on housework, childcare, etc., so it uses bright
vivid colors (similar to children's magazines) and a white background. Color is used to highlight the
headings and articles, line graphics, photographs are mostly kept in a pastel palette. On the other hand,
the second direction is fashion and beauty. Thus, here the dramatic design is achieved through a
laconic but catchy color system. Recent background colors are white, grayscale, black. Additional
colors are as follows: shades of red (hoble), deep pink (fuchsia), yellow (gold).

Men's magazines in design can also vary from a pronounced status (a classical version, well
anchored in the subconscious) to the prevalence of an intellectual component, which can be attributed
to the latest trends. Status is indicated by a laconic color system based on the use of the contrasting
classical combinations: white — black, black — gold. Intelligence is more emphasized by the
introduction of shades of blue (analogy with scientific journals).

Youth magazines in their design tend towards men’s and women’s. But they are generally
executed in a more graphical artwork, using the minimum number of colors — black, red, blue, pink.
The background color is predominantly white.

The special interest magazines reflect their topics to the greatest extent in the color system
used in their design. The theme of working with soil and plants is expressed in shades of green. The
theme of house construction is expressed via the color of the material with which the specialist works,
for example, wood has shades of ocher, etc. Background colors are white with some shades of gray.

Discussion of results. Among the negative aspects of using color that were identified during
the study, the following should be noted. When choosing a color system for electronic journals on
various topics, the perception peculiarities of people with visual impairments are not taken into
account. Obviously, the most publications will not be available to them. For example, the greatest
contrast is found in children's magazines, primarily by using the bright, open colors. Textual
information is most clearly seen in scholarly publications, since they use a “classical” scheme — a
black text on a white background. But journals’ navigation can be seriously hampered by the
monochrome color system — the tonal differences between components are scarce, making the entire
page blurry, without clearly highlighting the structure of the journal.

Advertising is another major obstacle to color perception in electronic magazines. Some of them
embed it into their overall context. In such case it does not interfere with the general vision of the page.
In the case of the formal inclusion of ad units in the page field, they, due to their specificity, completely
change the impression from the perception of the magazine, interfere with the study of the content.

Conclusions. In general, it can be noted that the subject matter component is far from being
crucial in choosing the color scheme for an electronic journal. This is due to the presence of a large
number of additional factors affecting its creation. Moreover, there are general trends in graphic
design that set out though a conventional, but still a limitation in the color palette, especially the trend
towards minimalism. What matters the most is the well-established system of stereotypes in color
preferences and the conveyance in color of certain messages (e. g., the status). Hence, it is necessary to
pay attention to the further elaboration of this problematics, since color has a considerable potential in
design and makes it possible to diversify the visual imagery in the design of electronic journals.
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Beryn. Metolo cucteMu IIaHyBaHHS 3aBIaHb € €(QEKTHBHE YIPAaBIIHHS PO3MNOIiICHOIO
00YHCITIOBAILHOIO TOTY)KHICTIO POOOYMX CTaHIINA, CEepPBEPiB Ta CYIMEPKOMIT IOTEPIB 3 METOH
MaKCHMi3allii MPOIMYCKHOI 37aTHOCTI POOOTH Ta BHUKOPHCTaHHS CHCTEMHU. [IpOTHO3YEThCs, IO J0
KiHLS [IOTO JECATHIIITTSI MU MATUMEMO CUCTEMY MacIuTaOyBaHHS 3 MIJIbHOHAMH BY3JIB 1 MiJIbsIpAaMHU
MOTOKIB BUKOHAHHS [1].

Ha »anb, cydacHi IJIaHyBajlbHI CHCTEMHM MalOTh ILICHTPATi30BaHy apXiTekTypy Master/Slaves
(mampuknan, Slurm [2], Condor [3, 4], PBS [5], SGE [6]), ne nenTtpanizoBaHuii cepBep BiIIOBiIae 3a
HaJaHHA pecypciB Ta BHKOHaHHS 3aBaaHb. L1 apxitekTypa no0pe mpamfoBasia B macmradax
00YHCITIOBAJIBHUX MEPEX Ta rpyOMX I'paHyJbOBAaHUX pOOOYMX HAaBaHTaXKEHHSX [7], ajie BOHA Ma€ MOraHy
MacmTaboBaHICTh TPH EKCTpEeMaJbHMUX Macirabax cucreM 13 JApiOHO3EpHUCTHIMH POOOYNMH
HaBaHTaXeHHsMH [8, 9]. PimreHHsM wiei mpoOiemMu € mepexia 10 IeUSHTPai30BaHHX apXIiTeKTyp, sKi
YHUKaIOTh BUKOPHCTAaHHS OJTHOTO KOMIIOHEHTA B AKOCTI MeHemKepa. Po3nonisieHi miaHyBaibHi CHCTEMH,
SK TIPaBWJIO, peayi3yloThesi B iepapxiuHiii [10] abo moBHICTIO posmomureHid apxitekrypi [31] misa
BUpILLIEHHS MPo0JIeMH MaclITabOBaHOCTI. BUKOpHCTaHHS HOBUX apXiTEKTyp MOYKE BUPIIIMTH MOTEHIIHHY
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€IMHY TOYKY BiJ]MOBH Ta MOKPAILUTH 3aralbHy NPOAYKTUBHICTb CUCTEMH JI0 TIEBHOTO PiBHS, ajleé MOXKYTh
BUHHKHYTH TPOOJIEMH TIPH PO3IIO/ILTI 3aBJaHb Ta OallaHCyBaHHI HABAaHTaKEHHS MIX By3Jlamu [25].

[mest BUKOpHUCTaHHS XMapHUX CEPBICIB TSI BUCOKOMPOAYKTHBHUX OOYMCIICHb ICHY€E BXE KiJIbKa
pOKiB, ajie BoHa He Halysia MOMYJSPHOCTI B Meplly 4depry depe3 Oararo mpoOieM. Maroun BenHKi
pecypcu, myOnidHi XMapd MOXKHAa BUKOPHUCTOBYBATH MJIsI BUKOHAHHS 3aBIJaHb B EKCTPEMAJIbHHX
MaciTabax po3noAiieHnM crocobom. Harra Mera y 11boMy MPOEKTI - 3a0€e3MeYnTH KOMITAKTHY Ta JIETKY
PO3MIOJIIEHY CTPYKTYPYy BUKOHAHHS 3aBJiaHb, sika mpairoe Ha Amazon Elastic Compute Cloud (EC2)
[17], BuxopucTOBYIOUM CKIIaHI po3MoIiieHi Oy/IiBenbHI OJ0KH, Taki sik Amazon Simple Queuing Service
(SQS) [18] Ta Amazon, posmoairennii NoSQL xmrou/3Hauenns cxosuma (DynamoDB) [33].

Byno O6arato nmocnmigHWIBKHX pPOOIT 3 BHKOPHCTAHHS 3arallbHOOCTYIHOTO XMAapHOTO
CepeloBHINA U HAYKOBUX OOYMCICHb Ta BUCOKOMpOXyKTUBHUX oOunciieHb (HPC). Binbmricts 1mx
POOIT MOKa3y0Th, M0 XMapa HE MOTJIa BUKOHYBaTH 100pe Mpaiioiodi HaykoBi nmporpamu [11, 12, 13,
14]. BifpuIicTh iCHYOYHX JAOCITITHUIBKUAX POOIT BUKOPUCTOBYBAIU IMiXiJ BUKOPUCTAHHS MyOIiduHOT
XMapHu SIK TOAIOHWIA pecypc IO TpaIulifHUX KJIAacTepiB Ta CyNEepKOMIT toTepiB. BukopucranHs
CHIUILHUX PECypCiB Ta TEXHOJIOTiH BipTyalizalii poOHTh 3aralbHOJOCTYITHI XMapH 30BCIM iHIIUMH,
Hix TpaauuiiiHi cucremu HPC. 3amicTh ToTO, 1100 3amyckatd ONHI ¥ Ti K TpamWIifHI mporpaMu Ha
iHIIIHA 1HPpaCcTPYyKTYypi, MU MPOMOHYEMO BUKOPHCTOBYBATH ITyOJIiUHI XMapHi CepBiCHI MporpamH, siKi
ONTUMI30BaH1 ISl XMapHOTO CepeAoBHINA. BHUKOpUCTaHHS 3araJbHOAOCTYHHHUX XMap, TaKHX SIK
Amazon, sk pecypcy Uil BUKOHAaHHS 3aBJaHb MOXKe OyTH CKIQJHUAM s KiHIEBHX KOpPHCTYBAadiB,
SIKIII0 BOHO Hajae juiie HeoOpobieny laaS [34]. Byno 6 ayxe KOpUCHO, SKOW KOPHCTYBadi MOTIIH
JIMIIIC YBIMTH B CBOKO CHCTEMY Ta HAJICJIATH 3aBAaHHS, HE TypOYIOUHUCH PO YIPABIIHHSI PECYPCAMHU.

lle omgHi€r0 TIEPEBArOr0 XMApHUX CITYXKO € Te, 0 KOPUCTYIOUHCH IIMMH CITy)Oamu, KOpUCTyBadi
MOXXYTh BIPOZOBK KOPOTKOIO Mepiofy BIIPOBAAWTH MOPIBHSIHO CKJIAIHI CHCTEMH 3 Iy)Ke KOPOTKOIO
0azor0 koxy. Hama mera - mokasatd J0Ka3u TOTO, IO KOPUCTYIOUHCH IIMMH TOCITYyTaMH, MH MOKEMO
HAJIaTH CHUCTEMY, SIKa HaJla€ BHCOKOSKICHI IMOCIYTH, SKI BIIMOBIAIOTh CyYaCHUM CHCTEMaM, i3 3HaYHO
MEHIIIOI0 0a3010 Komay. V yitli pobomi mu po3pobrsaemo ma enposadsiCyeEMO MACULMAOOBAHY CIMPYKIYDY
BUKOHAHHS 3A80aHb HA XMapi Amazon, sukopucmosgyrouu pizni xmapni cepgicu AWS, i cnpsamogyemo ii na
RIOMPUMKY 0OYUCTEHD [3 Oa2ambMa 3a80AHHAMU MA BUCOKONPOOYKMUBHUX POOOUUX HABAHMAICEHD.

HaiiBa>xnuBilmM KOMIIOHEHTOM HAIIO1 CUCTEMH € ciIy»k0a npocToi uepra Amazon (SQS), sika
nie gk ciayx06a JOCTaBKM BMICTY AJIsl BUKOHAHHS 3aBAaHb, JO3BOJIAIOYM KIi€HTaM €(EKTHUBHO,
ACHHXPOHHO Ta MaclTaboBaHO CIiJKyBaTHcs 3 cepBicamu. Amazon DynamoDB - ne me oxun
XMapHHUH CepBIC, SIKHMH BUKOPUCTOBYETHCA, 100 MEPEKOHATHCS, IO 3aBJAHHS BUKOHYIOTHCS PIBHO
oluH pa3 (ue notpiOHo, ockinbkn Amazon SQS He rapaHTye CEMaHTHKY JOCTaBKH TOYHO OJUH Pa3).
Mu takox Bukopucropyemo Amazon Elastic Compute Cloud (EC2) ans ynpaBiiHHS BipTyaJbHHUMHU
pecypcamu. 3aBIsKH MOMUIMBOCTI SQS OJHOYACHO JOCTABIATH HAJ3BHYANHO BEJMKY KIJIBKICTh
TIOBIIOMJICHb BEJHKiN KITBKOCTI KOPUCTYBadiB, CHCTEMa IIaHyBaHHS MOXKE 3a0€3MEUUTH BHCOKY
MIPOIYCKHY 3J]aTHICTh HaBiTh Y OLIBIINX MacIITabax.

CyuacHa aHaJiTHKa JaHUX HAIpaBlieHa J0 IHTEPAKTHBHUX KOPOTIIHMX 3aBAaHb i3 OLIBIION
MPOIYCKHOIO 3[IaTHICTIO Ta MEHIIOK 3aTpuMKoro [35][10]. binbime mporpaM BHKOPHCTOBYETHCS IO
3aIycKy OUTBIIOT KUIBKOCTI 3aBJaHb 3 METOIO MOKPAIIEHHsI MPOIYCKHOI 31aTHOCTI Ta NPOyKTHBHOCTI
mporpam. XopoIuM MPUKIIaI0M U IIHOTO THITY mporpam € 6araro3anaydi oouucienus (MTC) [15,
16, 39, 40]. Joaatku MTC yacto BUMararTh KOPOTKOTO Yacy JJIsl BUPILICHHS i MOXYTh BUMaratu
3HaYHUX KOMYHiKaIliii a0o ganux [41].

PosnozisieHi cucTeMu yrnpapiiiHHS POOOTOI0 MalOTh MPOOJIEMY HU3BKOTO BUKOPHUCTAHHS depes
iX moraHy crpareriro OanaHCyBaHHS HaBaHTaXeHHS. Mu npononyemo FlexQueue sk cucmemy
VAPAGNIHHA pobOYUMU MicysmuU, sKA 3a6e3nevyye 2apHe OANAHCYBAHHA HABAHMAICEHHS MA GeluKe
BUKOPUCTIANHS CUCMEMU Y 8eIUKUX Macuimabax. 3aMiCTh BUKOPUCTaHHS TAKHX METOMIB, SIK BUIAJKOBA
BHOipKa, FlexQueue BukoprCTOBY€E pO3MOiICHI Yepry, Mo0 KOPEKTHO TOCTABUTH 3aBIaHHS CepBicaMm,
HE BUMararo4y Ipy [bOMY CUCTEMH BHOOpPY MiX By3iaaMu. Po3nozisieHa yepra Ciry>KUTh BEJIMKHAM ITyJIOM
3aBJaHb, SIKi € BUCOKOAOCTYTHIMMH. CepBic BUPILIYE KOJIM OTPUMATH HOBE NMOBigoMIIeHHs. Takuil miaxin
3abe3rneuye MPOCTOTY Ta e(EeKTUBHICTh [u3aifHy. bBijbllie TOro, 3aCTOCOBYIOYM TaKWH MiAXIij,
KOMITOHCHTH CHCTEMH HEIIUTBHO 3B’sI3aHi MK c00010. ToMy cucmema b6yoe 8ucoxo macuumabosanoro,
HaOIliHOI0 Ma NPOCMoi0 6 OHOGIeHHi. X04a MOTHBAIE0 1€l poOoTH € miarpumMka 3aBnanb MTC, BoHa
TakoX 3abe3redye miaTpuMKy posmominenoro ianyBanuas HPC. Ile mossosste FlexQueue Gytu e
OLTBIIT THYYKHUM, OJJHOYACHO BUKOHYIOUH Pi3HI THITH POOOYNX HABAaHTAXKCHb.
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OCHOBHUM BHECKOM I1i€1 poOOTH €:

1. Cnpoexmysamu ma enposadumu npocmy ma ne2Ky CMPYKMypy 6UKOHAHHA 3A80AHbL 34
donomoeoro cepsicie Amazon Cloud (EC2, SOS ma DynamoDB), wo niompumye ax HA8AHMANHCEHHS
MTC, max i HPC

3. Oyinxa npooyxmuenocmi 00 macwmady 1024 exzemnasapie nopieusno 3 Sparrow ma
MATRIX: FlexQueue 30ammuuii nepesepwiumu inwi 06i cucmemu nicis macwmadyéanus 64
eK3eMNIAPIG 3 MOYKU 30PY NPONYCKHOT 30aMHOCMI Ma epeKmueHoCmi.

Pemrra po3ninis wiei crarti € Takumu. B Posnin |l mpogemoHcTpoBaHo neTani MpoeKTyBaHHS
ta peamizamii FlexQueue. Posmin Il omintoe edexrunicts FlexQueue y pisHux acrekrax,
BUKOPHUCTOBYIOUH Pi3HI MOKa3HUKH. Po3xain |V BuBUae BifmoBigHY poOOTY B raixy3i CHCTEM BUKOHAHHS
3aBaaHb. Hapemiri, po3min V 0OroBoproe OOMEXEHHsI MOTOYHOI POOOTH Ta BUCBITIIOE MaiOyTHI
HaIPSMKH 1€ poOoTH.

Po3poOka Ta BnpoBamkenHs flexqueue.

Metorw 1iei poOOTH € BOPOBAKEHHsSI CHCTEMHM IUIaHYBaHHS/YIPABIiHHS CcepBicamMH, sKa
BIZITIOBIAA€ YOMUPLOM OCHOBHUM YIIAM:

* Macwmab.: nponoHyemo 30inbuumu RPOnycKHy CHPOMONCHICMY 13 Oinbuumu macumabamu
yepes po3noodineHi nociyau

* bananc  Hagammasicenus: NPONOHYEMO  OANAHCYBAHHA  HABAHMANCEHHS V  GENUKUX
macumaobax npu HeOOHOPIOHUX POOOUUX HABAHMANCEHHAX

» Cnabko 36’s3aHaA. SupiwiaivbHe 3HA4YeHHs Ol Mo2o, Wob 3pobumu cucmemy Cmiukow 00
HecnpagHocmell i nPOCcmolio 8 06CY208Y68aAHMHI

Jlnst mocsiraennst MacirraboBanocti FlexQueue BukopuctoBye SQS, sikuii € po3moIiicHuM Ta
nyxe wmacimraboBanuMm. Sk ocHoBHHit enmemeHT FlexQueue, SQS Moe 3aBaHTaXyBaTH Ta
3aBaHTaXXyBaTH BEJUKY KUIBKICTh TOBIJOMJICHb OJHOYACHO. He3aliexkHIiCTh CEpBICIB Ta KIIIEHTIB
3a0e3nevye 3py4yHICTh POOOTH CHUCTeMHM B Oulbmiux Maciitabax. [l 3a0e3nedeHHs 1HIIMX
(hyHKITIOHATPHIX MOXIIUBOCTEH, TAaKMX SK MOHITOPUHT a00 TOCHTIIOBHICTP BUKOHAHHS 3aBJIaHb,
FlexQueue Takox BHKOpPUCTOBYE Taki XxwmapHi cepBicu, sk DynamoDB, ski € mnoBHicTIO
PO3MO/IIJICHUMH Ta MaCIITA00OBaHUMHU.

[ Dynamic Provisaaning Chpnamc0e
MS: Monitaring Syslam
MAT: Munitcring Thresd oF | Ms

W Worker | hresd
CT - Chlendt Thisad

Giohial Requast Qs
T
)
Chan '-:-.':T'l.:ll:e sy
&

lenik 2 Wik
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Puc. 1. Ocnao apximexmypu FlexQueue

Yepe3 BUKOPHUCTAHHS XMapHHUX CIyk0 BuTpartd Ha 00poOKy FlexQueue my:ke Husbki. bararo
porpaMHuX BUKIKKIB y FIeXQueue - 1ie BUKIMKH 0 XMapHUX CITy:kK0. Maroun abCOMOTHO HE3aIEKHI
cepsicu i kiienTiB, FlexQueue ue noTpiOHO 30epiratu Oyab-sKy iHpOpMaIiio PO CBOT BY3JIH, TaKy sK
IP-anpeca ab6o Oyb-SKHii 1HINI CTaH CBOIX BY3IIiB.

Kommonentn FlexQueue MokyTh mpalfroBaTH He3aleKHO Big KoMmoHeHTa SQS mocepeauHi,
mo0 BiJOKpEeMHUTH pi3HI YacTHHU (pedMBOpPKY onauH Biag oxHoro. lle poOute Ham au3aiiH
KOMITaKTHUM, HaJiHHUM 1 JIETKO PO3IIMPIOBAHHUM.

CucremMa TmIaHyBaHHS MOXE IMPAIOBATH B MIKIIATHOPMEHHIH CHCTEMI 3 MOKIJIMBICTIO
00CIIyroByBaHHS B HEOAHOPITHOMY CEpENOBHIII, SKE MA€ CHUCTEMH 3 PI3HUMH TUIAMU BY3JiB 3
pizHuMH TuIaTdopMaMu Ta KoHQIrypauisiMu. BUKOpuUCTaHHS PO3MOIIIEHUX Yepr TAKOX JOIoMarae
3MEHIIIUTH 3aJISKHICTh MK KIIi€HTaMH Ta ceppicamu. KIliEHTH Ta CEpBICM MOXYTh CaMOCTIHHO
3MIiHIOBATH CBOIO MIBHAKICTE PUL/SUD Ge3 Oy Ib-IKMX 3MiH y CHCTEMI.

VYci BumIe3a3HaueHi mepeBary MOKJIaJaloThCs Ha PO3MOJIIICHY Yepry, sika MOKe 3a0e3MeunTH
XOpOIly MPOAYKTUBHICTE y Oyab-skoMy MacmiTabi. Amazon SQS - e BHCOKOMIBHAKICHA XMapHa
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ciryx0a, sika MOXe HaJaTu BCi (QyHKIIT, HEOOXiAHI JJIs pealtizallii MaciITabOBaHOI CHCTEMH TUIAHYBaHHS
3aBaaHb. BUKOpHCTOBYrOUM LIl cepBiC, MU MOXXEMO IOCSITH METH - MaTH CHUCTEMYy, fKa 1A€aJIbHO
BIIMCY€THCS B 3aTalbHOAOCTYITHE XMapHE CEPEIOBHUILE Ta ONTHUMAJIBHO MPALIOE HAa CBOIX pecypcax.

CucteMa TIONErirye KOpucTyBadaM pO3MOiIeHy poOOTy HaJ XMapHHUMHU PecypcaMu, MPOCTO
BUKOPHCTOBYIOUN KIIIEHTCHKHUM 1HTEpdeiic, 0e3 HeoOXiMHOCTI 3HATH JAeTam 0a30BHUX PECypciB, a
TaKO’X HAJAIITOBYBATH KJIACTEP.

A. Apximexkmypa.

VY 1poMy po3aiii MOSICHIOEThCs cucTeMHnil au3aitn FlexQueue. Mu BUKOpHCTAIM AM3alH HA
OCHOBI KOMITOHEHTIB IS IIbOTO MPOEKTY 3 nBoX npwurH. (1) /ln3aitH Ha OCHOBI KOMIIOHEHTIB Kpalle
HOiAXOOWTh ANl XMapHOro cepenosumia. lle Takox nomomarae po3pOOMTH TNPOEKT Y BLIBHOMY
noeaHanHi. (2) [lominmuTy BIpoBakeHHS B MaHOyTHBOMY OyJle TIPOCTIIIIe.

VY HacTymHUX PO3[iTax MOSICHIOETHCS apXiTeKTypa cucTeMu sK s HaBaHTaxednb MTC, Tak i
st HPC. FlexQueue mae MOXKIJIMBICTB 3aITycKaTH poO0Ui HaBaHTaKEHHS 3a JOMIOMOTO0 CyMilili 000X
TUMIB 3aBJaHb. [lepmuii po3ain moka3ye apXiTeKTypy CHUCTEMH Ha BHIIQJIOK BHKOHAHHS BHKIIOYHO
3apnanb MTC. Jlpyruii po3aisn onucye mpolec y pasi 3amycky 3apaanb HPC.

1) Ynpaeninnsa zaéoannsmu MTC.

Ha Puc. 1. mokazani pi3Hi kommonenTu FlexQueue, siki OepyTh ydacTh JIMIIE Y 3alyCKy
3apnanb MTC. 3apnanns MTC Bu3HA4Ya€eThCs SIK 3aBJIaHHS, SIKE BUMarae 00YMCIIIOBAIbHUX PECYPCIB,
SAKi MOXKE 3aJI0BONIFHUTH OIWH CepBic (HANPHKIAI, TaM, JIeé CEpBIC Kepye SapoM ado BY3IIOM).
KiienTcpkuit By3ou mpaiitoe sk iHTepderc ans KOpUCTyBadiB IS MOAaHHA CBOIX 3aBHaHb. SQS Mae
obomexenHs B 256 Kb aist po3amipy HOBiIOMIICHB, SIKOTO IOCTaTHBO JUIs po3Mipy 3aBaanHs FlexQueue.
Jns HancunaHHS 3aBAaHb depe3 SQS HaM MOTPIOHO BUKOPHCTOBYBATH E(QEKTUBHHUHA ITPOTOKOI
cepiamizallii 3 HU3bKUMH HAKJIaJHUMHU BUTpaTaMH Ha 0OpoOKy. 3 Ii€l MPUYINHU MU BHUKOPHCTOBYEMO
oydep nporokony Google. 3aBnanHs 30epirae CUCTEMHUI KypHAI ITiJ] 4ac poIiecy, Mepelatoyu pi3Hi
KOMITOHEHTH. TakuM YHHOM, MH MOXEMO MOBHICTIO 3pO3YMITH Pi3HI KOMIIOHEHTH, BUKOPUCTOBYIOUHU
JOKJTJTHI Ky pHAIIH.

OcuoBaumu KommonenTamu FlexQueue mms samycky 3aBmane MTC e Kimient, Cepsic,
I'moGanbHa yepra 3anutiB Ta Yepru Bianosijei kiienta. CucTeMa TakoXK Mae JMHAMIYHUN MpoBaiizep
JUTsL yTIpaBIiHHA pecypcamu. Bin Takox BukopuctoBye DynamoDB mnst 3abe3meueHHss MOHITOPUHTY.
Jns KOKHOTO cepBica 3alymIeHW TIOTIK MOHITOPUHTY, SKHH IEpIOJUYHO MOBIAOMIISIE TIPO
BUKOPHUCTaHHS KOXKHOTO CepBica JI0 CXOBHIIA 3Ha4eHb Kimoya DynamoDB.

KiieHTChKMIT KOMIIOHEHT HE 3aJeKUTh BiJ IHIIMX YacTWH CUCTeMHU. BiH MoOXxe modaTu
BUKOHYBATH Ta I10/IaBaTH 3aBlaHHS 0e3 HeoOXiTHOCTI peecTpyBaTucs B cucteMi. HasiBHOCTI agpecu
rJI00ajgbHOI Yepru JOCTaTHLO, 100 KommoHeHT KitieHTa npuenHaBcs 10 cucteMu. KitieHTChka
nporpaMa Oararonoto4Ha. Tox BiH MOXKe 1M0/IaBaTH KiIbKa 3aBJIaHb NapainensHo. [lepexa BiampaBkoro
Oynp-skux 3aBnaHb KimieHT cTBOproe mns cebe depry BimmoBiged. Yci mojmaHi 3aBAaHHA MICTSThH
aapecy uepru Biamosized Kiienta. KiieHT Takok Mae MOXIIMBICTb BUKOPHUCTOBYBAaTH I'PYITyBaHHS
3aBJlaHb, 11100 3MEHIIIUTH HAKJIAHI BUTPATH Ha 3B’ SA30K.

3 METOI0 MiABHUILEHHS MPOAYKTUBHOCTI Ta €PEeKTUBHOCTI CUCTEMU MU BHUPIIIWIA BCTAHOBUTH
IBa pexxuMHu. SIKmo B cucteMi BUKOHYIOThHCS 3aBAaHHsS MTC, yci cepBicu mpauiolTh sIK 3BHYaiHi
cepBicu. AJie y BUTIaJIKy 3ammycKy HaBaHTaxeHb HPC abo HaBaHTaxkeHb 13 KoMOiHariero 3aBaans HPC
ta MTC, kpiM 3BHYalfHUX CEpPBiCiB, CEPBICH TAKOXX MOXXYTh CTaTH a00 MEHE/DKEpaMHu cepBicaMu, sKi
kepytoTh cepBicam HPC, abo cyOcepBicamu, siki BUKOHYIOTH 3aBaanHs HPC.

[Moni6Ho mo xommonenta Kiient, kommnoHeHT CepBic caMocTiiiHO mpaioe B cucremi. 1o
crocyetbes miarpumMkn MTC, poGoda (yHKIIOHAIBHICTH € BIIHOCHO MPOCTOIO 1 MpsMoro. Marouu
3arajibHy 4yepry 3anuris, CepBicH MOXYTb NPHEAHATUCS 10 CUCTEMH Ta BUNTH 3 Hel B OyAb-sSKUi 4ac
mig yac BUKOHaHHS. ['noGanbHa uepra 3amuTIB Ji€ SK BEIUKUH Iyn 3aBaaHb. KilieHTH MOXYThb
MoJaBaTH CBOI 3aBAaHHSA JO 1€l 4Yepru, a CepBIC MOXYTh BHUTATYBaTH 13 Hel 3aBIaHHA.
BukopucTOBYIOUM TakMi MigxXiJ, MacITA0OBaHICTh CHCTEMH 3aJICKUTh JIMIIE BiJl MaciiTaOOBaHOCTI
I'mobanpHOi 4Wepru, i Ile He Npu3BeAe 1O JOAATKOBOTO HABAaHTAXKEHHS HA CEpBICIB y OUIBIIMX
MmacmTabax. Koy cepBica Takox € 6araTonoTOKOBUM 1 MOXKE MapaJie]IbHO OTPHUMYBATH KiJIbKa 3aB/aHb.
Koxken motik Moxke 00’ennaT 10 10 00’eqHaHMX 3aBAaHb. 3HOBY X TakH, I (GyHKIIis 3po0ieHa s
3MEHIICHHS BEJIMKMX HAaKJIagHUX BUTpaT Ha 3B’s30K. Ilicis oTpumanHS 3aBHaHHS poOOUYMil MOTIK
nepeBipsie AyOJII0BaHHS 3aBIaHHs, a MOTIM MEPEBIpsIE THII 3aBAaHHA. Y pasi 3amycky 3aBaanb MTC e
opasy X 1e 3poouts. [1oTiM BiH TOMIIIae pe3yIbTaTH B 3aBAaHHS 1 BUKOPHCTOBYIOUHN 3a37aJICTiIh
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3a/laHy aJIpecy BCEpEIWHI 3aBJaHHsS, BiJIIPABIsSE 3aBJaHHS Ha3aj B uepry Biamosimi Kiienra. fAx
TITPKKA dYepra BIATOBIAEH OTpUMy€e 3aBIaHHs, BIANOBIMHUN IOTIK KII€HTA BUTITYE pPe3yJIbTaTH.
IIponec 3akiHuyeThCs, Kou KIlieHT OTpuMye BCi pe3yibTaTh CBOIX 3aBAaHb.

2) Ynpaeninus zaeoannamu HPC.

Ha Puc. 2 mokasani nojgaTkoBi KOMIOHEHTH i 3amycky 3aBnaHb HPC. Sk 3a3znauanocs
BUIIIE, Y pa3i 3amycky noeaHanus 3aBaanb HPC ta MTC koxeH cepBic MOXke BUKOHYBAaTH Pi3Hi POJIL.
Y pa3i orpumanus 3aBmanHs MTC cepBic mpucrymae J0 BUKOHAHHS 3aBJaHHS CaMOCTIHHO.
DynamoDB BukopHCTOBYETbCS Uil MIATPUMKH CTaTyCy CHUCTEMH, IIOO CEpBICH MOTJIHM NPHUHMATH
pillleHHs PO >KUTTE3NaTHICTh BUKOHaHHs 3aBiaHHs HPC. Ilo cyri, y DynamoDB mu 36epiraemo
MOTOYHY KUNBKICTh MIIOYMX MEHEIDKEpiB Ta MiANOPSIAKOBAHUX CEPBICIB, SIKi 3aiHATI BHUKOHAHHSIM
3aBianb HPC, 110 nae iHImmM cepBicam ysBIEHHS PO T€, CKUIBKH HASBHUX PECYPCIB iCHYE,

Sxmo cepric orpumye podbory HPC. DynamoDB mnepeBipsieThes, 00 MepeKoHATUCS, IO B
CUCTEMi JIOCTATHBO JOCTYIHHX BY3IiB, IO IMITYIOTh JJsl BHKOHaHHs 3aBiaHHs HPC. Skmo me
3aJI0BOJICHO, CEpBiC (SIKUH Temep Ha3MBAETHCS MEHEMKEpOM poOOUYMX) po3Millye N MOBIIOMIEHB Y
apyromy SQS (Yepra 3aBmanb HPC), n - KijbKicTh po0OOYMX MICIb, HEOOXiTHHX pPOOOUOMY
MEHE/DKepY JJIsl BUKOHAHHS 3aBJaHHS. SIKIIO HEITOCTaTHHO JOCTYITHHX PECYpCiB, BY30J HE MOXKeE
BUKOHYBaTH (YHKIII MEHe/Kepa CepBiciB; HATOMICTh 1el By3ou mepeBiputh Yepry 3aBmans HPC Tta
BUCTYIIUTH y POJIi JOMTOMIXKHOTO cepiica. Skimo B uep3i HPC e moBigomiieHHs, cyOcepBic MOBIOMUTh
MeHe/Kepa, BUKOPUCTOBYroun |P-anpecy pobodoro meHemkepa. MeHemkep cepBica Ta cyOcepBic
BUKOPHUCTOBYIOTh RMI mnst crinmkyBansst. [licins BUKOHAHHS MEHEKEp CEpBICIB HAJICHIIA€ Pe3yNbTaT
JIO YeprH BiMOBIICH, IKYy IOBUHEH 3a0paTh KIIIEHT.

WT: Worker Thread OynamoDE
\CT :COhent Thread W]
SW:5ub'Worker —

1 Mordsae
YN Worker Manager —

Cliest Global Regues! Qusos

.. T T T 1
[ CT | e EliE].
[ CT | Client Respanse Quaves

L
(o] (5 -

Sub Workers HPC Queue
() ] ST
Puc. 2. Ocnsa0 apximexmypu FlexQueue-HPC

b. I[Tumannsa y3200>cenocmi 6UKOHAHHA 3A60AHHS.

OcHoBHEM oOMexxeHHsIM SQS € Te, 10 Yepra rapaHTye JOCTaBKY MOBiJOMIIEHb NMPUHANMHI
onuH pa3. lle o3Havae, MO0 MOXYTh iCHyBaTH AyOJIiKaTH IMOBiJOMIICHb, IO MEPEHAOThCS CepBicaM.
IcryBaHHs AyOmiKaTiB MOBiIOMIIEHb TTOXOIUTH BiJ] TOTO, IO IIi MTOBiJOMJICHHS KOIFOIOTHCS Ha KiJbKa
CepBEpIB 3 METOH 3a0E3MeUeHHS] BHUCOKOI JOCTYIMHOCTI Ta 30ULIBIICHHS MOXIIMBOCTI MapajieIbHOTO
noctyny. Ham moTpiOHO 3ampornoHyBaTH METOAMKY, sIKa 3aro0irae 3amycKy ayOJIikaTiB 3aBlaHb, SKi
nmocrapisie SQS. Y OaraTh0X THNAX HAaBaHTAKCHb BHKOHAHHS 3aBJaHHS OUIBIIE OJHOTO pPasy
HenpuitHaTHO. s Toro, mob OyTH CyMIiCHUM Ui Takux THIB mporpam, FlexQueue morunen
rapaHTyBaTy piBHOMipHE BUKOHAHHSI 3aBJIaHb.

Jus Toro, mo0 M™MaTH MOXKIWBICTh TEPEBIpUTH TyONIOBaHHSI, MU BHKOPHCTOBYEMO
DynamoDB. OrpumaBiu 3aBganHs, poO0ounii MOTIK HepeBipsi€, Y4 BUKOHYETHCS 3aBAaHHs BIEpILE.
PoGounit morik poOMTh yMOBHMI 3amuc y Tabmuiro DynamoDB, nomatoun yHiKanbHHN
iIeHTUdiKaTOp 3aBJaHHs, KU € KOMOIHALI€0 iqeHTH(iKaTOpa 3aBJaHHs Ta iIeHTU]IKaTopa KIi€HTa.
Omneparist 3aBepIIyeTbCS YCIHILIHO, SKIIO igeHTU(ikaTop He OyB 3amucaHuil padime. B iHmomy
BUIAJAKY CITy>)kOa BHJAa€ BUHITOK JIJIsi CEPBica, 1 CEpBIC CKHIAE AyOJiKaT 3aBIaHHS, HE 3allyCKalOuu
fioro. L5 omepailist € aTOMapHOIO OINEPALIIEIO.

Sk MU BKe 3rajiyBaid BUIIE, PIBHO OJWH pa3 JOCTaBKa HEOOXigHa Jyisi 0araThOX THITIB
mporpaMm, TakWxX sSK HAyKOBI MporpaMu. AJie € Ieski Mporpamu, SKi MalOTh MEHII BHMOTH JIO
MOCJIIZOBHOCTI 1 BCE IlIe MOXYTh (pYHKIIIOHYBaTh Oe3 i€l BuMoru. Hara mporpama Mae MOKJIUBICTh
BUMKHYTH 110 (DYHKIIIFO I WX TOporpam, mo0 3MEHIMUTH 3aTPUMKY Ta 30LIBIIATH 3arajibHy

Worker Worker Maragey
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NPOAYKTHBHICTh. MM BUBUMMO HAKJIaJHI BUTPATH HA L0 (YHKIIIO MO0 3arajibHOi MPOILYKTHBHOCTI
CHCTEMH B PO3JLIII OIiHKH.

C. Junamiune 3abe3neuenns.

OpHi€ero 3 TOMOBHUX LIed y MyONiYHOMY XMapHOMY CEpeIOBUINI € EKOHOMiYHa
edexTuBHICTh. JlOCTyITHA BapTiCTh PECYpCiB € OMHIEI0 3 TOJOBHUX OCOOIMBOCTEH IMyOIidHOT XMapu
JUIS  3aJydeHHsS KopHcTyBadiB. Jlns Takoi CHCTEMH, IO TMIATPUMYE XMapy, IyXKe BaKIHBO
NiATPpUMYBAaTH BUTPATH Ha HaWHWK4YOMY piBHI. s MOCATHEHHS €KOHOMiI4HOi e()eKTHBHOCTI MU
BIPOBAIWIM JUHAMIYHY CcHCTeMy 3a0e3medeHHs. JluHamiyHMH TmOCTa4albHUK BIiAMOBiZAE 3a
MpU3HAYEHHS Ta 3aIlTyCK HOBUX CEPBICIB 10 CHCTEMH, 00 HE BiJICTABATH BiJ BXiTHOTO HAaBAaHTAKEHHSI.

KoMmoHeHT muHaMi9HOTO MOCTaYalbHUKA BiAIIOBIIA€ 32 3aITyCK HOBUX €K3EMIUIIPIB CEpPBICiB
y pas3i Hecrtadi pecypciB. JlogaTok mepioguvHO MepeBipse 00’e€M TI00anbHOI Yeprd 3aluTiB Ta
MOPIBHIOE JTOBXHHY Yepru 3 TOMEPeTHIM po3MipoM. SIKI0 MBHIKICTE 30UMBIICHHA NEPEBUIILYE
JIO3BOJIEHY MEXyY, BIH 3allyCKa€ HOBHH cepBic. SIK TUIBKM 3amyIIeHHid, CcepBiC aBTOMATHIHO
NPUETHYETHCS 0 CUCTEMU. | iHTEpBai mepeBipKy, i OPIr po3Mipy HaJAIITOBYIOTHCS KOPHCTYBaYEM.

Jyis Toro, 1mo0 3ampoONOHYBAaTH PIlIEHHS JJIS IWHAMIYHOTO 3MEHILIECHHS MaciTaly CUCTEMH,
mo0 yTpuMaTH HU3BKI BHTpPAT MU AOJAlK TpOTpamy, 100 CEepBiCHM MOTIH NPUIHHHUTH EK3eMILISp
SKIO BUKOHYIOTHCS ABl yMOBH. Lle TpamisieTscst nuiie B TOMy BHNAAKY, SKIIO CEPBIiC Ha JESKUH Yac
MEPEeXO/IUTh Yy PEKUM OYIKYBaHHS, a TaKOX SKIIO EK3EMIULp HaONMXKaeTbcs 10 TOHOBJICHHS.
Exzemrsipu B Amazon EC2 cTsaryroTbes MOTOAWHM, 1 BOHH OyAyTh IIOHOBIIOBATHCS IIOTOAWHHU, KOITH
KOpUCTYBa4 He BUMHUKae ix. Ileif MexaHi3M jomomarae Halniid CHCTEMi aBTOMATHYHO 3MEHIITYBAaTH
MacmTabn 0e3 HeoOXiJHOCTI OTPUMYBATH OYyIb-SKHH 3alUT BiJi KOMIOHEHTa. BUKOpUCTOBYIOUH i
MEXaHi3MH, CHCTeMa 3[]aTHa JUHAMIYHO MacIITabyBaTH Bropy i BHH3.

Dynanma

Glabal Faguas! O

- —

Client Response Cusues

—= T [ T :

Puc. 3. Bapmicmbw 36 ’s13Ky

D. Bumpamu na cninkysanus.

3arpuMKa Mepeki MK eK3eMIUIIpaMH B 3arajbHOJOCTYIHIA XMapi MOPIBHSIHO BHCOKA Y
nopiBastHHI 3 cucremamu HPC [36, 37]. JIns gocsrHEHHS pPO3YMHOI TPOIYCKHOI 34aTHOCTI Ta
3aTPUMKH HaM TOTPiOHO MiHIMI3yBaTH HakKJIaJHI BUTPATH HA 3B’S30K MK PI3HUMH KOMIIOHEHTaMH
cuctemu. Ha Puc.3 moka3zaHo KUIBKICTh 3B’SI3KiB, HEOOXIJHUX IS 3aBEPIICHHS IOBHOTO IMKITY
3armycKy 3aBaaHHs. JIos BUKOHAHHS 3aBIaHHs icHye 5 kpokiB. FlexQueue takox 3abesmeuye
rpyIyBaHHS 3aBAaHb MiJl 4ac KpokiB. KilieHT MoXe HaJCHIIaTH KiJibKa 3aBJaHb pa3oM. MakcuManbHuN
po3mip nakera moBigomieHb y SQS cranosuth 256 Kb abo 10 mosigomiieHs.

E. be3neka ma naoiiitnicmes.

Ifo crocyetbest cuctemuoi Oesnekn FlexQueue, mu mokiagaemoch Ha Oesneky SQS. SQS
3a0e3neuye Haa3BHUYaiHO O€3neuHy cUcTeMy, L0 BHUKOPHCTOBYE MeXaHi3M aBreHTH(]ikamii. Jlume
aBTOPH30BaHI KOPUCTYBavi MOXKYTh OTpUMATH J0cTyT 1o BMicTy Yepr. 11106 30eperta HU3bKY 3aTPUMKY,
MU HE JO0Ja€EMO >KOAHOro IupyBaHHSA A0 MOBimoMieHb. SQS 3a0e3mnedye HamIHHICTh, HAJTHUIIKOBO
30epirarour MOBiIOMJICHHS Ha JEKIIBKOX CEpBEPax i B AEKUIBKOX HEHTpax 00poOku aaHux [18].

F. /lemani peanizauyii.

Mu Brposazwau Bei kommonertr FlexQueue B Node.js. Harma peaimizariist 6araTormoTokoBa sk
B KOMIIOHEHTaxX KiieHta, Tak i B Cepsicax. barato ¢yHkmii B 000X IHUX cHCTEMax, TaKUX SK
MOHITOPHHT, Y3IOJKEHICTh, KUIbKICTh MTOTOKIB Ta PO3Mip pO30UTTS 3aBIaHb, MOKHA HAJAIUTYBaTH SIK
apryMeHT BBEICHH: [IPOrpaMu.

Ouinka epekTuBHOCTI. MM orfiHrOEMO MpoAyKTHBHICTH FlexQueue i mopiBHIOEMO ii 3 1BOMA
IHIIMMH PO3IMOIINIEHNMH CUCTEMaMH YIpaBliHHS poOoTolo, a came Sparrow Ta MATRIX. Cnovatky
MH O0OTOBOPUMO iX OCOOJHMBOCTI BHCOKOTO PiBHS Ta OCHOBHI BiAMIHHOCTI. [IOTIM MU HOpPIBHIOEMO iX
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e(hEeKTUBHICTh 3 TOUYKHU 30pYy MPOIYCKHOI 3IaTHOCTI Ta e(h)eKTUBHOCTI. MU TaKOX OI[IHIOEMO 3aTPUMKY
FlexQueue.

A. Iopisnannsa FlexQueue 3 inmumu cucmemamu nianyeanHs.

Ham Oyno mocratHbo mopiBHATH Hamry cuctemy 3 Sparrow Ta MATRIX, ockinbku mi aBi
CHCTEMH IIPEJICTABISIIOTh HAWKpaIlli y CBOEMY POJIi PO3MOMINICHI CHCTEMH YIIPABIIHHS 3aBJaHHIMH 3
BIIKPUTHM KOJIOM.

Sparrow OyB po3poOyieHUid Al JOCATHEHHS] METH YIIPaBIiHHS MiIICEKYHAHUMH CepBicaMu y
MIMPOKOMACIITaOHI po3moAinieHid cuctemi. BiH BHKOPHCTOBYE JELEHTpaTi30BaHMN  IMiJIXif
paHmomizoBaHOi BUOIpKHM HJIsl TUIaHYBaHHS 3aBIaHh Ha poOOYMX BYy3dax. Y CHCTEMI € KijbKa
TUTAHYBAJBHUKIB, KOXKEH 13 SKHX Ma€ CHHCOK CEpBICIB 1 po3moxinsge poOodi MICIS MiX cepBicaMHu,
NpUAMAarOYy pillleHHsI HA OCHOBI TOBKUHH YePTH POOOUHX MICIIb.

Y MATRIX Ha KOXHOMY KOMIT IOTEPHOMY BY3JIi TIpAIfo€ TUIAaHYBAJIBHUK, BUKOHABENb Ta
cepsep ZHT. BukoHaBers Moke OyTH OKPEMHM JIAHITIOKKOM y TUTaHYyBaJIbHUKY. BCi MaHyBaIbHUKH
TIOBHICTIO TIOB’5I3aHi 3 KOXKHUM, 3Hal04H Bci iHII. KITiEHT - 11e iHCTpYMEHT CTeH0BOI PO3MITKH, SIKHI
BUJIa€ 3alUT Ha TeHepalilo Habopy 3aBAaHb 1 Tepelae 3aBOaHHs OyIb-IKOMY IUIaHYBaJILHUKY.
BukoHaBeup pooBKy€e BUKOHYBAaTH 3aBAaHHs IUIaHyBajdbHUKa. KOXXKHOrO pa3y, KOJIN IUIaHyBalbHUK
HE Ma€ BUKOHYBaTH OUIbIIIC 3aB/JaHb, BiH IHIIIIOE€ aNaliTUBHUN alropuTM, 100 3a0paTu 3aBIaHHS y
IUTaHYBaIbHUKIB-cycCimiB-kaHnauaatie. ZHT - ne DKVS, skuii BUKOPUCTOBYEThCS s 30€peiKEHHS
MeTa/IaHuX 3a/1a4i PO3MOIiIEHUM, MAaCIITA0OBAHUM Ta BiIMOBOCTIHKHAM CIIOCOOOM.

Onuiero 3 rojaoBHUX BiaMinHOCTel Mixk Sparrow ta FlexQueue a6o MATRIX € Te, mo
Sparrow posmofinge 3aBAaHHSA, MIAMITOBXYOYHM iX 10 cepsiciB, Tomi sk FlexQueue ta MATRIX
BUKOPHUCTOBYIOTh miaTsarytounidi minxia. Kpim Ttoro, B FlexQueue cucrema Hajacwiae KiIi€HTaM
pe3ynbTaTh BUKOHAHHS 3aBlaHb. Ane sk y Sparrow, Tak i B MATRIX, cucrema He Hajacwumae Oynb-
KU TUI TOBiMOMJICHh Ha3aj kiieHtaMm. lle moxe mosBonutu Sparfow ta MATRIX mparoBatu
HIBHIIIE, OCKUJIBKH 1€ JI03BOJISIE YHUKHYTH III€ OJTHOTO KPOKY CIIJIKYBaHHS, aJle TAaKOXK YCKIAIHIOE
JUTSI KITIEHTIB 3’ SICYBaHHS, YU YCIIIITHO BUKOHYBAIHCH iX 3aBJIaHHS.

B. Tecmosuii cmeno.

Mpu posropraeMo Ta 3amyckaemMo Bci TpH cuctemMu Ha Amazon EC2. Mu BHKOpUCTOBYBaIH
ex3emiunsipu t3.large Ha Amazon EC2. Mu npoBenu Bei Hallli €KCIIEPUMEHTH B IIEHTPi 0OPOOKH TaHUX
Amazon (us.eastl). Mu macmrabyBanu excriepumentd 10 1024 Bysmi. s Toro, 1mo6 3poouTH
eKCIIepUMEHTH ¢(PeKTUBHIUMH, KIIEHTCHKHI Ta pOOOUMI BY3JH 3aIyCKAIOThCS Ha KOXKHOMY BY3Ti. Yci
eK3eMILTIpH Maju omnepamiiiHi cucremu Linux. Hamr ¢peiiMBOpKk moBHHEH mpaioBatH Ha OyIb-sKiit
OC, mo mac Nodel2+, sxkmrouaroun Ubuntu.

C. Ilponyckna 30amuicme.

1) 3asoanna MTC.

st Toro, mo0 BUMIpSITH MPOIYCKHY 34aTHICTh HAILIOI CHCTEMH, MU 3aIlyCKaeMO 3aaadi sleep
0. Mu TakoX TOPIBHIM MpOMyckHy 3aaTHicTh FlexQueue i3 Sparrow ta MATRIX. ¥V koxHOMY
eK3eMIUIIP] 3alymeHo 2 MOTOKH KiieHTa Ta 4 poOoui moroku. KoxeH exzemrurap momae 16000
3aBmaHb. Puc. 4 mopiBHIOE mpomyckHy 3matHicte FlexQueue i3 Sparrow ta MATRIX y pi3Hux
Macmtabax. Koxen exzemmsip momae 16000 3aBmasp i3 3aranbHUM o0csroMm a0 16.38 MinbloHIB
3aBJlaHb y HAHOLIBIIOMY MacITaoi.

Iponyckua 3matHicte MATRIX 3nauno Buia, Hixk FlexQueue ta Sparrow y 1 exsemrumsipi.
[Ipuunna nonsirae B Tomy, mo MATRIX moxe BuKOoHyBaTH 0araTo AeTalbHUX 3aBAaHb JOKAIBHO,
Oyap-fKe IUIaHyBaHHS ab0 HAKIaJHI BUTpAaTH Ha Mepexy. Asne Ha FlexQueue 3aBmaHHS MOBHMHHI
MPOXOJIUTH Yepe3 MEePExKy, HaBiTh SKIIO B CHCTEMI 3aITylICHUH OJMH BY30J1. PO3pUB MixK IPOITyCKHOIO
3JIaTHICTIO CUCTEM 3MEHIIYETHCS, OCKUIBKU HAKJIAJAHI BUTPATH Ha MEPEXKyY NOJAIOTHCS A0 JBOX 1HIIMX
cucreM. [lnanyBanbHukn MATRIX cuHXpOHI3yIOTBCS MiX COOOIO, BUKOPUCTOBYIOUM 3arajbHUN
METOJI CHHXpOHi3alii. Maroun 3aHanTto Oarato BigkpuTux TCP-3’e¢qHaHb MK cepBicaMu Ta
IUIaHyBaJbHUKAaMHU y MacmuTali 256 exzemmsipiB, MATRIX crae nectabinpHum. IIpoaykTuBHicTh
Mmepexi B xmapi EC2 3HayHo Hmxua, HiK y cucremMax HPC, ne MATRIX ycnimHo 3anymieHuit y
MacmrTabax 1024 By3nu.
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Puc. 4. Ilponyckna 30amuicmo FlexQueue, Sparrow ma MATRIX (3asoannuss MTC)

Sparrow € HalMmoBiIMBHIIIOW cepell TPHOX CHCTEM 3 TOUKH 30pY MPOIMYCKHOI 31aTHOCTI. Bona
JIEMOHCTPY€E CTabUTFHY MPOMYCKHY 3/aTHICTh 3 Maibke JIHIHHAM MPUCKOPEHHSIM 10 64 eK3eMIUTPIB.
OCKUTBKH KITBKICTh €K3eMILISPIB 301IbIIY€ETHCS Oljbllie HiXK Ha 64, CIIMCOK €K3eMILIAPIB AJis BUOOPY
JUTL KOYKHOTO TJIaHyBaJlbHUKa Ha Sparrow 30umblnyeThes. Tomy Oarato cepBiciB 3aiumaroTbesi 6e3
po0OTH, a MPOITyCKHA CIIPOMOKHICTh HE 30UTBIIUTHCS, SK OYIKyBajocsi. MH HE 3MOTJIH 3aIlyCTHTH
Sparrow y macmradi 128 abo 256 mpuMipHHUKIB, OCKUTPKA Y TIAaHYBaIBHHUKIB OYyJIO BIAKPHUTO 3aHAATO
0araTo COKETIB, [0 TIPU3BEIIO 10 30018 CHCTEMHU.

FlexQueue mocsirae xopomioro npuckopernss B 500 pasi, mounnaroun 3 238 3aBmaHb Ha
cexyHny Ha 1 exzemmurapi go 119 tuc. 3aBnans Ha cexkyHnmy Ha 1024 exzemmspax. Ha Biaminy Bifg
IHIIUX JIBOX CHUCTEM, Ipoliec IuianyBaHHs Ha FlexQueue He BukoHyeThesi ek3eMiuiipaMu. OCKUTbKH
VIpaBIiHHS 3aBAaHHAMH 31ilicHIoe SQS, MPOAYKTUBHICTH CUCTEMH B OCHOBHOMY 3aJICKHUTh BiJl Ii€i
HOoCIyrd. MU IPOrHO3y€EMO, IO MPOIYCKHA 3[JaTHICTH OyJie MPOJOBKYBAaTH MaclITaOyBaTHCS, TIOKH
HE JOCSTHE OOMEXeHb MPOAYKTUBHOCTI SQS (sikmx Mu He 3Moryiu jocsartu 10 1024 exzeMIuispiB).
UYepes OromKeTHI OOMEKEHHST MU HE 3MOIJIM PO3IIMPUTH Ham MacimTad moHan 1024 exzeMriuisipw,
X04Ya MU IUTAHYEMO TIO/IaTH 3asABKYy Ha JH0AAaTKOBI kpeaut Amazon AWS Ta mepeHecTH Halry OIiHKY
Ha mkamu exk3emMmuripiB 10K, Haiibinmpnry gomycTHMy KiBKICTh €K3eMIUISIPIB Ha KOpHCTyBada 0Oe3
MOTIEPEHBOTO PEe3ePBYBAHHS.

2) 3asoanna HPC.

Mu J1eMOHCTPY€EMO HPOIYCKHY 31aTHicTh FlexQueue mix pobourM HaBaHTaKCHHSM 3aBIaHb
HPC. 3anyck 3aBnanb HPC nonae cucremi Oijibllie HAKJIaHUX BUTPAT, OCKUIBKH OyJle BUKOHAHO OLIbIIE
KPOKIB JJIsi iX BHUKOHAHHS. 3aMiCTh TOro, 100 BUKOHYBATH 3aBJaHHS Bijipa3y, MEHEKEPY cepBica
MOTPiOHO MPOUTH KiIbKA KPOKIB 1 TIOYEKAaTH, 00 OTPUMATH JOCTATHHO PECYPCIB LIS 3aIyCKy poOOTH.
Buxopucranns DynamoDB crnosinbHI0O€e Tpo00Ty cricTeMu Ta 3HIKYE e()eKTHBHICTh pOOOT. AJe 11e He
BIUTMBAa€ Ha MaciiuraboBaHicTe. Bukopucranns FlexQueue moske 3HAYHO TMOKpANITUTH 9ac POOOTH
pobounx HaBaHTaxkeHb HPC, mnapaneabHO BHKOHYIOYM 3aBIaHHS, SKE 3a3BHYall BHKOHYETBHCS
MociIoBHO. Mu BuOpaymm cepsicu 3 4, 8 Ta 16 3aBmanHsMH. Ha KOXXKHOMY €K3eMIUIAPI 3amyIIeHO
4 cepsicHi ToTOKU. KUTbKICTh BUKOHAHUX 3aB/IaHb 32 KOXKHOFO IIKAJIOK JUIS PI3HUX CEPBICIB OJJHAKORBA.

Puc. 5 mopiBHIOE TIPOITYyCKHY 3/1aTHICTh CHCTEMH Y BHMAAKY 3amycKy 3aBaanb HPC 3 pizHoto
KUTBKICTIO IMiJ[3aBJIaHb Ha 3aBJaHHs. Pe3ynbTaT MOKa3yloTh, IO MPOMYCKHA 3/IaTHICTh IMITAIliTHUX
3aBJIaHb 13 OUIBIION KUIBKICTIO 3aBJlaHb Ha OJIHE 3aBAaHHs MeHIia. Ha po0oumx Micisix i3 OUIBIIOH
KUIBKICTIO 3aBJIaHb MOTPIOHO YeKaTH, MOKH Oijbllie CEPBICIB MOYHYThH Ipollec BuMupanHs. lle momae
OinbIlie 3aTPUMOK 1 YMOBUTBHIOE pobOTy cucTemMu. Mu Gaummo, 1o FlexQueue 3maTHuii qocsArta
BUCOKOI mpomyckHoi 3aaTtHOCTI B 205 cepBicax B ceKyHAy. Pe3ynpTaTu TakoX MOKa3ylOTh XOPOLILY
MacITabOBaHICTh, OCKIIBKH MU JIOJIAEMO OLIbIIIEe TPUMIPHUKIB.
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Puc. 5. Ilponyckua 30amuicms FlexQueue (3asoanns HPC)
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D. Jlamenmnuicmo.

JIsT TOYHOTO BWIMIPIOBAaHHS 3aTPUMKH CHCTEMa ITOBHHHA 3allCaTH 3allUT 1 BiAMOBICTH Ha
TO3HAYKYU 4Yacy KoxHoro 3aBianHs. [Ipo6iema Sparrow ta MATRIX monsirae B ToMy, 110 B mporieci
BUKOHAHHS pO0O0OYOr0 Yacy CepBicH HE HaICHUIAIOTh CHIOBIILCHHS KilieHTaM. TOMy HEMOKIJIMBO BUMIPSITH
3aTPUMKY KOXKHOTO 3aB/IaHH:I, TOPIBHIOIOYM MITKH Yacy 3 Pi3HUX BY3IiB. Y IIOMY PO3ILTI MU BUMIPSUIA
natentHicTh FlexQueue ta mpoanasizyBasu JaTCHTHICT Pi3HUX €TaIiB MPOIIECY HITaMIIa.

Ha Puc. 6 nokasana 3arpumka FlexQueue mis pexumy cHy 0 Mc, mMacmtabyBanHs Bix 1 10
1024 exzemmuisipiB. KoxkeH exk3emruisip 3amyckae | KIi€HTCHKHIA MOTIK 1 2 pobodi TOTOKM 1 HaACKIIae
16000 3aBgaHb Ha EK3EMITIAP.

Labeney jri)
o3 ES B

1 4 & &4 256 1024
& Instances

Puc. 6. 3ampumka 3asdans FlexQueue sleep 0 ms

UYac 3aTpuMKu cricTeMu Ha 1 By371i € BITHOCHO BUCOKHM, TIOKAa3yI0UX HaKIagHi BUTpaTH 95 Mc,
nmonaHi cucteMoro. Arne 1ie Oyae mpuiHATHO y Oimbmmmx Macmrtabax. Toit ¢axt, mo 3aTpuMka He
30inbryerbest Oimpme 10 mMc mpu 30inblIeHHI KiMBKOCTI ex3eMIuisipiB 3 1 exzemruisipa go 1024,
cBimuuTh mpo cTabinbhicTh FlexQueue. SQS sk mynm 3aBmaHb - 1€ HAA3BHYAWHO MacCIITaOOBaHUI
BIJIIPaBHUK, pE3EpPBHE KOIMIOBAHHS SKOTO CKJIANAEThCS 3 JEKUIBKOX CEepBEpiB, M0 3abe3nedye
BiJIpaBHMUKA AyKe MaciuTaboBaHuUM. TakuM 4MHOM, MaclITaOyBaHHS CHCTEMH LUIAXOM JOJABAHHS
MOTOKIB Ta 30UIbIIEHHS KUTBKOCTI 3aBAaHb HE BIUIMBAE Ha NpoayKTuBHICTH SQS. Kiientchkuii Ta
CEPBICHMI BYy3JIH 3aBXAW OOPOOJIAIOTH OJHAKOBY KiJIBKICTh 3aBIaHb y pi3HUX MacmTabax. Tomy
MmaciitabyBaHHS HE BIUIMBaE Ha ek3eMiuripu. FlexQueue Bkiovae Kibka KOMIIOHEHTIB, i #Oro
MPOJYKTHBHICTh Ta 3aTPUMKa 3aJIe)KATh BiJl PI3HUX KOMIIOHEHTIB. Pe3ynprar 3arpumku Ha Puc. 6 He
MOKa3y€ HaM KOJHUX TMOJIPOOHUIs IIOJI0 MPOAYKTUBHOCTI cucTeMu. J{iist Toro, mobd mpoaHamizyBaTu
e(heKTUBHICTh PI3HUX KOMIIOHEHTIB, MH BUMIPIOEMO Yac, SKAW KOXKHE 3aBJIaHHS BUTpadae Ha Pi3Hi
KOMITOHEHTH CUCTEMH, PEECTPYIOUH Yac i 4ac Mpolecy BUKOHAHHS.

Puc. 7, 8 Ta 9 BiAmoBiTHO MOKA3yIOTh CYKYIHHM PO3MOJIN €Taly 3aBIaHHs JIOCTaBKH, €TaIy
pe3ynbTaTy IOCTaBKU Ta €Tally BUKOHAHHs 3aBiaHb Ha FlexQueue. KoxeH eram CriiKyBaHHs Ma€ TpH
eTaIy: HaJICUIaHHs, 4yepry Ta oTpuMmanHs. Yac 3arpumkn Bukinkis APl SQS, Bkmovatoun send-task ta
receive-task mis 060X, MOCHTH BHCOKHI y TIOPIBHSHHI 3 4acOM BHMKOHaHHs 3aBaaHb Ha FlexQueue.
[TprunHOIO 1IKOTO € AOpora BapTicTh M3BiHKIB APl BeO-ciry)0wm, sika BUkOpucToBye popmat XML mms
3B’s13Ky. OOpoOKa cepBicoM 3aiimae 16 mc Ounbiie 50% BunazakiB. Crogu Bxomuts DynamoDB Ha sikuit
BimBomuThCs 8 Mc y monan 50% Bumnanxis. Lle cBimgunTh, 1m0 rimorernuno 3arpuMmka FlexQueue mosxe
3HAYHO MOKPAIUTHUCH, SKIIIO MH BUKOPUCTOBYEMO HU3bKY PO3IOJIICHY Yepry MOBIJIOMIICHb, SIKa MOXKE
rapaHTyBaTu piBHY JOCTABKY 3aBAaHb. MU PO3IJISIHEMO 1€ IOKJIaIHILIEe B HACTYIIHOMY PO3.Iisli pOOOTH.
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Puc. 7. Kymynamusnuii po3nooin 3ampumku Ha emani GUKOHAHHS 3A80AHHS
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Puc. 8. Kymynamugnuii po3nooin 3ampumkuy Ha emani nOOAHHs 3a80aHHS

[HIIMM TTOMITHHM MOMEHTOM € Pi3HHUIIA MiX YacOM BHKOHAHHS 3aBJIaHHS Ta PE3yJIbTaTOM
JIOCTAaBKH 5K Y 4ep3i, Tak 1 IpH OTPUMAaHHI Ha3aJl, HaBiTh SKIIO BOHW MalOTh OJHAKOBI BUKIWKHU API.
Yac, BUTpaveHNH 3aBAaHHAMHU Ha YepTy BiJIMIOBiJeH, MEPEBUIIY€E Yac, BATPAUCHUIN HA Yepry 3aIluTiB.
[MpuunHa momsirae B TOMY, IO Y KOXXKHOMY €K3EMIUIAP] € JABa MOTOKU CEPBICIB 1 JHINE OJUH MOTIK

kiieHTa. ToMy yacTOTa BUKOHAHHS 3aBaHb BUIIA, KOJIM 3aBJIaHHS TATHYTh POOOY HUTKHU.
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Puc. 9. Kymynamusnuii po3nooin 3ampumku Ha emani 00CmasKu pe3yibmanty

E. Egpexmusnicmo FlexQueue.

Jis cucteMu Jy’Ke BaXIMBO C(PEKTUBHO KepyBaTh cuUcTeMaMu. JOCATHEHHS BUCOKOI
e(heKTUBHOCTI B pO3MOJICHUX CHCTEMax IUIaHYBaHHS CEpBICIB He € TpuBianbHUM. Baxko
CTpaBe/IJIMBO PO3MOAUTUTHA HABAHTAXKEHHS Ha BCIX CepBCiax 1 3alHATH BCi BY3JIH ITiJ] 4aC BUKOHAHHS Y
OlTBIIMX MacIITadax.

Juig Toro, mo6 mokazatu eeKTUBHICTh CUCTEMHU, MU PO3POOWIIH JIBa HAOOPH €KCIIEPUMEHTIB.
Mu mnepeBipsieMO €(QEKTHBHICTh CHCTEMU Ha BHIIQAOK OJHOPIIHUX Ta HEOAHOPIAHUX 3aBIAaHb.
OnHOpiZHI 3aBJaHHA MAalOTh [E€BHY TpHBalIicTh. ToMy 1IX Jiermie pO3NOJUINTH, OCKUIBKH
IUTAHYBAJIBHUK Tepeadadvae, 1o s 1X 3amycKky HoTpideH omHakoBui dac. lle moxe matu Ham
XOpOIIMK BIArYK NpO €(PEeKTHBHICTh CUCTEMH Y BHINAJAKY 3aIlyCKy Pi3HMX THUIIB 3aBIaHb 3 Pi3HOIO
JieTaltizamiero. Mu TakoX MOXKEMO OI[IHMUTH 3JaTHICTh CHCTEMH BHKOHYBATH Y€ JOBII 3aBIaHHI.
[IpoGniemMa mepIIOro EKCIIEPUMEHTY IOJIsirae B TOMY, IO Ul BUKOHAHHS BCIX 3aBlIaHb NOTPiOHA
OJIHAKOBa KiNbKicTh dacy. lle Moxe CyTTeBO BIUIMHYTH Ha €(EKTUBHICTb CHCTEMH, SIKIIO
IUTaHYBaJIbHUK HE Oepe A0 yBaru 00’eM 3aBlaHb. BunajnkoBe poOoue HaBaHTa)KEHHS MOXKE MTOKa3aTu,
K TUTaHYBaJbHHUK MPAIFOBATAME Y BUIAJKY 3aIlyCKy PeabHUX JOAATKIB.

1) Oonopioni nasanmascenns.

VY mpomy po3nii Mu mopiBHOeMO edektuBHIcTh FlexQueue i3 Sparrow ra MATRIX mono
JoroMibkHuX 3aBnaHb. Ha Puc. 10 mokasana edekTHBHICTH 3aBaaHb Ha cuctemu 1, 16 ta 128 mc.
Edexrurnicts FlexQueue npu BUKoHaHHI 3aBIaHb Ha 1 MC HIDKYaA, HIK Y IHIIUX JIBOX cHCTeMax. STk MU
B)KE 3ragyBajM paHiie, 3arpumka FlexQueue Bemuka s ayke KOPOTKMX 3aBIaHb 4Yepe3 3HauHi
HaKJIaJHI BUTPATH MEPEXKi, T0/IaHl B UK/ BUKOHAHHS. Matpuiis Ma€e Kpaiy e(peKTUBHICTb Ha MEHIIINX
MaciTabax, ane, sK MoKa3ye TeHACHIIS, e()eKTUBHICTh Ha3BHYAIHO 11a/1a€, JOKK CHCTEMa He BHIE 3
Jagy Yepe3 3aHaATO BEMUKY KinbKicTh kKommiminid TCP Ha macmrabax 128 exsemmuisapiB abo Oinbiie.
Hnst 3aBnanb cHy 16 mc edexruBHicTs FlexQueue cranoButh Ommsbko 40%, mo e HusbkuMm (y
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NopiBHsHHI 3 iHIMME cuctemami). EpextuBaicts MATRIX nounnaetses 3 6inbin Hixk 93% Ha ogHOMY
eK3eMIULSIPi, ajie 3HOBY K BOHA TMajae M0 HIK4Y0I edextuBHOCTI, HiK FlexQueue y Oinpliiii KibKOCTI
eK3eMIUIpiB. M MOXKeMO MOMITUTH, 110 edekTuBHICT FlexQueue myxe crabinbHa B MOPIBHAHHI 3
JBOMa IHINUMH CHCTeMaMH B pi3HuMX Maciirabax. Ile mokasye, mo FlexQueue mocsrae kparimoi
maciTaboBaHocTi. Y 3aBmaaHHsax 128 mc st cHy edextuBHicTh FlexQueue csirae 88%. 3HOBY *x Takwu,
pe3yIbTaTH MOKa3yIoTh, Mo edexktuBHicTh MATRIX mamae y Oinpmmmx macmrabax.

Sparrow eMOHCTpye AyKe XOpOouly Ta CTaOuIbHYy e(pEeKTHBHICTb, BUKOHYIOYHM OIHOPIAHI
3aBJaHHs 10 64 ex3eMIuisipiB. EQexkTUBHICTD Magae micis miei mKaiu i KOPOTIIUX 3aBAaHb, Maroun
3aHaTO 06araTo CEepBICiB AJIs PO3MOLTY 3aBAaHb, INIAHYBAJIHHUK HE MOXE MAaTH i€aIbHOTO OallaHCy
HAaBaHTXKEHHS, a JesKi cepBicW 3anumaroThes 6e3 o0poOku. Tomy cucrema Oyae HEZOCTaTHBO
BUKOPHCTaHa, a €(heKTUBHICTh 3HU3UThCSA. CHcTeMa aBapiliHO 3aBepinye poOoTy Ha Mmacmrabax 128

abo OinmpIIIe yepes Te, MO0 B IUTaHyBAIBHUKAX HAATO OaraTo COKETiB
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Puc. 10. Epexmusnicmo FlexQueue, Sparrow ma MATRIX, wio uxouytoms 00HOPIOH poboui
Hasawmaoicenns piznoi mpusanocmi aeoans (3aeoanns 1, 16, 128 mc)

2) Heoonopioni hasanmasrcenns.

Hus toro, mo6 BuMIpATH e(eKTHBHICTh, MW IOCTIAMIN HAHOIMBIINNA TOCTYIMHUAW CIij
peanbHuX poOoumx HaBaHTaxkeHb MTC [38] Ta BindinbTpyBaiM >KypHanu, 00 BWAUIUTH JIWIIE
JIOTIOMIXHI 3aBJaHHs, sIKi 00’eqHamu Onm3pko 2,07 MIIH 3aBAaHb 3 Jlialma30HOM 4acy poOOTH Bif
1 mimicekynaun mo 1 cekynam. 3aBnmaHHS Oylv TOJaHi BHITAIKOBUM 4YWHOM. CepemHsi TPUBANiCTh
3aBJIaHHS PI3HUX CK3EMIUISPIB BiJAPI3HIETHCSA OJ[HA BiJl OJTHOT.

Koxen exzeMiuisip BUKOHYe B cepequbomy 2K 3aBnanb. [lopiBHssHHS edekTrBHOCTI Ha Puc. 9
nokasye mofioHi Tenaenii momo FlexQueue Ta MATRIX. B 060x cucremax cepBic TATHE 3aBIaHHs
JIUIIIE TOJIi, KO Y HBOTO € JOCTYITHI PECYPCH IS 3aIyCKy 3aBAaHHsA. ToMy TOH (akT, 0 TPUBAIICTh
BUKOHAHHS 3aBJIaHb Di3HMN, HE BIUIMBAE€ Ha ©()EKTHUBHICTh CHCTEMHU. 3 1HIIOrO OOKy, y Sparrow
TUTAHYBAJIBHUK PO3IONIJISAE 3aBJaHHS, HAJCHIIAIOUHN iX CepBicaM, y SKHX MEHIIE Yeprd 3aBJaHb IS
BUKOHAHHS B 4ep3i. Toil (akT, mo 3aBAaHHS MalOTh Pi3HUI Yac BUKOHAHHS, BIUTMHE Ha €(EKTUBHICTH
cuctemu. Jleski 3 cepBiciB MOXKYTh MaTh Oarato JOBIHX 3aBJiaHb, a 0arato iHIIMX CEPBIiCIB MOXYTh
BUKOHYBAaTH KOPOTKI 3aBJIaHHS.
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Puc. 11. Epexmusnicms cucmem, uwjo 6UKOPUCHOBYIOMb HEOOHOPIOHI HABAHMANCEHHS.
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Bynyun HemocTaTHRO BUKOPUCTaHUM, e(DEKTHUBHICTH SParrow mae HaibOinmbine mamiHas 3 1
npuMmipHuKa 1o 64 mpumipHuKiB. CHcrema He mpairioBana B 128 Bumamgkax i Ouremie. IlomiGHUIM
yuHOM edektuBHicT MATRIX nouanacs 3 Bucokoi epeKTHBHOCTI, ajie movasa CyTTEBO MalaTh Yepe3
3aHa/ATO Oarato BimkpuTux coketiB Ha TCP-3’ennannsx. EpextuBnicTh FlexQueue He Taka BUCOKA, K
y [IBOX 1HIIMX CHCTEMax, ajie BOHA € OLIbII CTa0UIbHOIO, OCKUIBKY 3MEHIIy€eThes tuiie Ha 6% Bix 1 oo
64 npumipnukiB mopiBHsHO 3 MATRIX na 19% i Sparrow, mo magae Ha 23%. 3HOBY X Takw,
FlexQueue Oyna eauHOI0 QYHKIIIOHATBHOK CHCTEMOIO Ha 256 ek3eMIuispax i3 77% eheKTHBHICTIO.

F. Haknaoni gumpamu na nociiooenicme.

VY 11pOMy pO3[IiJli MU OIIHIOEMO BILIMB Y3TO/DKCHOCTI BUKOHAHHS 3aBaaHb Ha FlexQueue. Ha
Puc. 10 mokazana cuctema 3amycKy Juis 16Mc CHY 3 KOHTPOJEpOM JyOJIOBaHHS BMHKA€ETHCS 1
BUMHKA€EThCS. BUTpaTh Ha iHII 3aBAaHHA 31 CHY OyJiM MOMiOHI 70 IbOro excrepuMeHTy. OTxe, MU
BKITFOUHIIN JIUIIIE OJIMH i3 eKCIIEPUMEHTIB Y 110 POOOTY.

Overhead —

—+—Exec. Consistency Disabled

—#-Exec. Consistency Enabled

# Exzemnisapu

Puc. 12. Bukonatime HaKIQOHI 6Umpamu Ha nociioosHicms eukoHanHs 3aedarns Ha FlexQueue

Haknmaani  MOKa3HMKM  KOHCHUCTEHIN  301bIIYIOTBCS 31 30UIbIIEHHSAM  MacmTaly.
HesinnoBigHicTh y pi3HUX MacIiTabax € pe3yabTaToM 3MiHHOI KUTBKOCTI IIOBTOPIOBAHUX MOBIIOMIIEHB
Ipy KOXHOMY 3amycky. Lle mpu3BoauTh 10 OibII BUNAAKOBOI MPOAYKTHUBHOCTI CHCTEMH B PI3HHX
EKCIICPUMEHTaX, 3arajoM HakJIajaHi BuTpatu 3a mkanorw MeHme 10 cranommsate menme 15%. I1i
HaKJIaJHI BUTpaTH CIyXaThb 3AeOUIBIIOT0 /Ui YCHIIIHHX omepanid 3amucy Ha DynamoDB.
VMoBipHicTh OTpuMaTH ayOmiKaTH 3aBIaHB 3pocTac y Oimpmux MacmTtabax. ToMy BHHSTKIB Oyie
oinpmie. lle mpu3BoaAMTH A0 BUINMX HAKJIaJHUX BUTpar. HakmamHi BUTpaTH y OiNBIIMX MaciuTadax
cararoTh 10 35%. OpHak cTaBKa HaKJIaJHUX BHUTpAT CTaOLIbHA 1 HE MEPEBHINYE IO CTaBKY.
BukopucTtanHs po3MOAiIEHOT Yepru MOBIJOMIIEHb, SIKa TapaHTY€ IOCTAaBKY TOYHO OAMH pa3, MOXeE
3HAYHO MOKPAIIUTH IPOAYKTHUBHICTb.

IMor’s13aHa podoTa. [InaHyBajIbHUKHU 3aBJaHb MOXKYTh OYTH LICHTPATI30BAaHUMH, € €TUHHIA
JHCTIETYEP Kepye MOJAHHAM POOOTH Ta OHOBJIECHHSM CTaHy BHUKOHAHHS; a00 i€papXiyHMH, Jie KiIbKa
JUCTIETYEPIB OpraHi3oBaHi B TOIOJOrI Ha OCHOBI JepeBa; ab0 pO3MOAUICHUH, A€ KOXEH
00YHCITIOBATILHAN BY30JI TIITPUMYE BJIACHY CTPYKTYPY BUKOHAHHS 3aBJIaHb.

Condor [3] OyB peami3oBanMii /UIsi BHKOPHCTaHHS HEBHKOPHCTAHHMX IHKIIB Ipollecopa Ha
poOOYMX CTAHIISAX JUIA TPHBAIUX MakeTHUX poOiT. Slurm [2] - 1e mMeHemwkep pecypciB, NMpu3HaUYCHUIT
utst kmacrepiB Linux ycix poswmipi. Bin Hagae KOprUCTyBaYaM €KCKIIO3MBHHM Ta/a00 HEBMKIIFOUHMI
JIOCTYIT JI0 PECypciB MPOTSATOM IIEBHOTO MEpioJy 4Yacy, 100 BOHM MOIJIM BHUKOHYBaTh podOTy, i
3a0e3nedye OCHOBY JUIsl I0YATKy, BUKOHAHHS Ta MOHITOPUHI poOOTH HaJ HAOOpOM BHIUJICHUX BY3IiB.
[MopraruBHa nmakerna cucrema (PBS) [5] Oyna cnoudarky po3pobieHa st 3amoBosieHHs notped HPC.
Bona Moxe KepyBaTH MaKeTHUMH Ta B3a€MOAKTHBHUMH POOOYMMH MICISIMH, a TaKOX JOJaBaTH
MO>KJIMBICTh CHTHAJII3allii, MOBTOPHOrO 3amycKy Ta 3MiHM 3aBmanb. LSF Batch [19] - me xommoneHT
PO3MOALTY HABAaHTAKEHHS Ta YEPr MaKeTiB y Ha0Opi IHCTPYMEHTIB YIpaB/IiHHS HABAHTAXKEHHSM.

BucHoBkn Ta MmaiidytHsi podota. IllupoxomaciitabHi pO3MOAIEHI CHCTEMH BHMAararTh
e(eKTUBHOI CHCTEMM IUIAaHYyBaHHS 3aBIaHb [UIsl JIOCSATHEHHS BHCOKOI IIPOILYCKHOI 3JaTHOCTI Ta
BUKOPUCTaHHA cHCTeMH. BaximmBo, mo0 cucTema IuaHyBaHHs 3a0e3ledyBajia BHCOKY IPOITYCKHY
3IaTHICTh Ta HU3BKY 3aTPUMKy Ha OLIBIINX MacmiTadax Ta JojaBaja MiHIMAJILHY HAKJIAIHY BHTPATY 0
pobogoro mporrecy. FlexQueue - 1ie posmoisieHa mporpaMa BUKOHAHHS 3aBIaHb, IO MATPHMYE XMapy,
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gka mpamoe B xmapi Amazon AWS. lle yHikanbHa cHCTeMa 3 TOUKH 30py BHKOHAHHS POOOYMX
HaBaHTaxxeHb HPC ta MTC y 3araisHOOCTYITHOMY XMapHOMY cepeioBuIili. Bukopucranus ciyxou SQS
nae FlexQueue mnepeBary wmacmraboBanocti. Ominka FlexQueue noBomwth, IO BOHA € JyKe
MaciTaboBaHOIO Ta 3abesmedye cTalilbHY MPOAYKTHBHICTH y PI3HMX MacimiTadax. Mu HpoTecTyBalln
Hairy cuctemy 10 1024 exzemmiipis. FlexQueue 3mir mepeBepmvTH iHII CHCTEMH, Taki sIK Sparrow Ta
MATRIX, y macitabax 128 ex3eMiuisspiB abo Oinblie 3 TOUKH 30py MpoOIyckHOI 3aaTHoCTI. FlexQueue
Jocsirae eheKTUBHOCTI 10 87%, BUKOHYIOYM OJIHOPIJHI Ta HEOJHOPLIHI JPIOHO3CPHHCTI 3aBJaHHS Ha
CeKyHAy. Y TIOPiBHAHHI 3 IHIIMMH CHCTEMaMH, TAaKUMH sIK SParrow, BiH 3a0e3nedye MeHIy e()eKTUBHICTh
Ha MEHIHX Macirabax. Aye y OUThIINX MaciITabax BiH JOCSTae 3HAYHO BHUIO1 €(hEeKTHBHOCTI.

Icaye GaraTo HampsAMKiB aist mojanbmioi podotn. OAWH i3 HANPSMKIB - 3pOOUTH CHCTEMY
NOBHICTIO HE3aJICKHOK Ta MPOTECTyBaTH I HA pPI3HMX JEpKaBHUX Ta INPHBATHUX XMapax. Mu
30MpaeMoCh BITPOBAIUTH IOCIYTY, TOAIOHY 10 SQS, 3 BUCOKOIO TIPOIYCKHOIO 3IaTHICTIO HAa OLTBITIX
MacmrTabax JOCTyIy. 3a IOTIOMOTOI0 IHIIIMX CHCTEM, TaKUX SK posmoniieHa xem-tadmuus ZHT [32],
MH 3MOXXEMO peallizyBaTh Taky Mociayry. IHmmM wmai0yTHIM HampsMKOM Mi€i poOOTH €
BIIPOBAKEHHS OLTBIN TiCHO TOB’s13aH0i Bepcii FlexQueue i TectyBanus 1 Ha CymepKOMIT IOTEpax Ta
cepenopumax HPC mig wac 3amycky 3aBmanp HPC poszmoxineHuM cmocoOoM Ta TMOpPiBHSIHHS
6e3mocepenHbo 3 Slurm Ta Slurm++ B TOMY X cepeaOBHILI.
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Beryn. 'eHeTnuHi alropuTMu BUHHKIIN B PE3yJIbTaTi CIIOCTEPEKEHHS i CIPoO KOIiIOBaHHS
MIPUPOIHUX MPOIIECIB, IO BiJI0OYBAIOTHCS B CBITI JKUBUX OPraHi3MiB, 30KpeMa, €BOJIIOLIT Ta MOB'A3aHOT
3 HE ceJeKiii (MPUpOTHBOro BiAOOPY) MOMYMNSIIA XKMUBHX OpraHi3miB. ['€HETWYHI airopuTMu
3aCTOCOBYIOTHCS IPHU PO3pOOLI MPOrpaMHOro 3abe3nevyeHHs, B CHUCTEMax IUTYYHOTO IHTEJEKTY,
BEJIMKOTO KOJIa 33/1a4 ONTHUMI3allii Ta B IHIIUX Taly3sX 3HaHb. Y T€HETUYHUX alTOPUTMAaxX € Pi3Hi
niepeBary, ki 3poOHIIM 1X JTOCHUThH MOMYJSIPHUMHU. TOMY € aKTyallbHHM JIOCIHIDKEHHS TEOPETHYHHX
OCHOB JITOPUTMIB IaHOT'O KJIacy Ta aHalli3 iX 3aCTOCYBaHb.

IHocTanoBka nmpodJemMu.

OnHUM 3 BOKJIMBUX NHUTaHb B TEOPil TEHETHYHUX AITOPUTMIB Ta X MOAH(DIKOBAaHUX BEpCill €
MOLTYK HalKpamoro 6anaHcy MiX MPOAYKTUBHICTIO 1 TOUHICTIO. HalOibI CKTagHUMU B IBOMY CEHCI
€ 3amadi, ge ¢iTHec-QyHKIisS B 0ONacTi MOUIYKYy Mae 0araTto JIOKaJIbHUX EKCTPEeMyMiB 1 OIWH
riobanpHUI a00 TeKiUTbKa TTT00aTEHUX EKCTPEMYMIB, IO CITIBIAAAIOTh.

Jlnst 3armo6iraHHs MOSBI «XHOHOT €KCTPEMaIbHOI TOYKHY BAXIIMBY POJIb BiAirpae mporesypa
MyTanii.
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B po6oti mpencraBieHo pe3yibTaTH OOCTIHKEHHS Ta aHaNi3y BIUIMBY NESKHX MPOLEAYD
MyTamii Ha MIBUIKICTH JOCSITHEHHS PO3B 3Ky 3a/ladi MOIIYKY TI00aIbHOTO eKCTpeMyMy (YHKIi
OnHi€l 3MIHHOI TPH 3aCTOCYBaHHI MOAM(IKOBAaHOTO TEHETHYHOTO AalTOPUTMY, A€ OlepaTopamMu
«y3araJbHEHOT'0 KPOCOBEPY» Ta «y3arajlbHEHOI MyTallii» € CTOXaCTU4HI MAaTPHLI.

MonudikoBaHMi TCHETHYHHI AITOPUTM pealli3oBaHO y MPOrpaMHOMY Moy Ha MoBi C#, 1o
A€ 3MOTY JOCHITUTH e(EeKTUBHICTH pPOOOTH 3allpOMOHOBAHOTO AaNTOPUTMY Ha KIaci BiIOMHX
TECTOBUX (PYHKIIH, SIKi BUKOPUCTOBYIOTBCS MPU OLIHII €()EeKTUBHOCTI TEHETHYHHX aITOPUTMIB.

AHaJi3 OCTaHHIX J0CTiIKeHb Ta MyOJTiKalii.

Uu He roJ0BHUM MUTAHHIM JOCHIDKEHHS FeHETHYHHUX aJITOPUTMIB CTaJI0 PO3YyMIHHS B3a€EMHOI
KOMIUTIMEHTapHOCTI Tpiagy TEHETHYHUX OIEepaTopiB «KPOCOBEp - MyTamis - iHBepcis». Takoro
BUCHOBKY mipuiiioB B 1997 Boponosckuii I'.K. [1]. Ile mutanHs akTyaibHe i 3apa3, OCKIIbKH POrpec
B PO3BUTKY T€HETUYHUX AITOPUTMAaX HE 3yIHHUBCS.

Myrtanis - reHeTHYHa 3MiHA, MI0 TPUBOAWUTH MO SKICHO HOBOTO TIPOSIBY OCHOBHHUX
BJIACTUBOCTEH T€HETUYHOro Martepiaiy. JaHuii oneparop HEOOXiTHHUN IS «BHOMBAHHS» TOMYJISILIT 3
JIOKQJILHOTO EKCTPEMyMYy 1 TEPeUIKOKaHHs MepeadacHoi 30DKHOCTI. 3aroliraHHs MepeadacHol
301KHOCTI JIOCATAETHCS 38 PAXyHOK TOT'O, 1[0 3MIHIOEThCS BHITAJKOBO OOpaHuii TeH y Xpomocomi [2].

IcHye Oarato cxem knacugikaiii MyTailii, X MOKHA PO3IAINTH:

1) 3a cmocoOOM BHHUKHEHHS: CIIOHTaHHI MyTallii, iHyKOBaHi MyTalrlii.

2) 10 aJanTUBHOMY 3HAYECHHSIM BHIISIOTh MyTallil: MO3UTHBHI, HETATUBHI, HEUTPAJIbHI;

3) 3i 3MiHU F€HOTHITY MyTallii OyBaOTh: T€HHI (TOYKOBI), XPOMOCOMHI, TEHOMHI;

4) 1o joKami3arii B KIITHHI: SAepHi, TUTOIIa3MaTHYHI.

Taky knacudikarito HaBosITh ['magkos ta Kypeiiunk [3].

Merta gocigKeHHs.

EdexTHBHICT, TEHETUYHOTO alrOPUTMY 3aJICKHTH BiJl PI3HUX (AKTOpiB, HANPUKIAT BiJ
BJIAJIOTO CTBOPEHHS MEPBUHHOI MOMyJALii. Takoxk B Teopil TEHETHYHHX AITOPUTMIB BaXKJIUBY POIb
BiZIITpalOTh METOIM pEeKOMOIHAIIT A1 OTPUMAHHS Kpalol HoMmyJsii HamaakiB. MeToro qaHoi po6oTi
€ JTOCTIJKCHHS IeSKUX BUIB MYTalliil pH 3aCTOCYBaHHI MOAN(IKOBAHOTO TCHETHYHOTO alrOPUTMY
JUTSL 3HAXOJDKEHHS MiHIMyMy (yHKIIT oJfHi€T 3MiHHOI.

Onmnuc.

B po6Goti [4] Oyno 3ampornoHOBaHO MOAW(IKOBAHWN TE€HETHYHHMH aJITOPUTM IOILIYKY
rII00aTbHOTO eKCTpeMyMy. Ha 0CHOBI MaTpUYHOTO KPOCOBEPY MOOYI0BAHO i OOIPYHTOBAHO 301KHICTh
MOCITIIOBHOCTI HaOIIMKEHUX PO3B’SA3KIB 3a7avi MONIYKY III00ATBbHOTO eKCTpeMyMy (DYHKINT B 3aaHii
00JacTi MomIyKy.

B naniii po0Ooti mpomnoHyeThcss Moaugikaiis MyTailii, ska 0a3yeTbCcs Ha 3acTOCYBaHHI

1 1
Sta S—a

1 1
27 F 3tk
Kpocosepy mpu &, § < 0,5 Ta onepatopom Mmytanii npu «, > 0,5. HeoOXigHO BigMITHTH, 110 TpH
a,f > 0,5, oneparop, NOPOIAKYBaHUI BHUILEHABEACHOIO MAaTPHUIICI0, € ONEPAaTOPOM PO3TATYBaHHS
BiZpi3Ky 3 KoedimieHToM @ + . Y TakoMy BUINAJKy LIel OepaTop BUKOHYE M0 MOAIOHY 10 MyTalii.
KiHIleBI TOYKHM PO3TATHYTOTO BIJIPi3Ky SIBISIFOTH COOOK HOBY OATBHKIBCHKY Mapy XpOMOCOM, SIKY
BpPaxOBYEMO TpPH BH3HAYEHHI OOJIACTI TMOIIYKYy HA HACTYMHOMY IiTepalliifHOMy KpoIli poOoTu
anroputMy. OnepaTopu po3TATYBaHHS BUKOPHUCTOBYIOTHCS HE Ha KOXKHOMY KPOILi pPOOOTH aIropuTMmy
MIOLIYKY €KCTpeMyMy. [TepariifHuii mpoliec npu nmboMy € 301KHHM, IO 3a0e3MeYy€eThes M00YI0BOIO
TIOCHTIIOBHOCTI BKIIQJieHUX Binpi3kiB. [lapy «,f > 0,5 MoxHa BBaKaTW napameTpamH KepyBaHHS
npouenyporo Myramii. [HmMMM cioBamu, 3MiHa IMX BEJIMYMH NPU3BOIUTH OO PI3HUX BapiaHTIB
MOKPHUTTS 00JIACTi MOILYKY, cepel] IKUX MOXXHA BUAUTUTH ONTUMAaJIbHUN B CEHCI HAWMEHIIOI KiJIbKOCTI
iTepaiid, HEOOXIMHUX I JOCATHEHHs 3a7aHoi TouHocTi. EdexkTuBHICTH 1€l mpoueaypH
MiATBEPPKEHO MPH JOCIKESHHI BIZIOMUX TECTOBUX (DYHKIIIH.

AHaJIi3 OTPHIMAHMX Pe3yJIbTATIB POOOTH NPOrpaMu.

3a J0noMOror0 MporpamMu po3pobiieHol Ha anropuTMidHid MoBi C# y iporpaMHOMY JIOIATKY
Visual Studio 6yio mpoBemeHO MOpiBHAHHA €(DEKTUBHOCTI poOOTH MOMU(PIKOBAHOIO TEHETHYHOTO
anroputMy 0e3 3aCTOCYBaHHsI OIIepPaToOpiB MyTallii Ta i3 IX 3aCTOCYBaHHSIM.

CTOXAaCTUYHUX MATpUllb BUIIIALY . ]_[SI Marpuld € Yy3araJlbHCHUM OIIEpaToOpoOM
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[Iporpamuuii MoyTb MPU3HAYCHUH ATl 3HAXOMKEHHS EKCTpEeMYMiB QPyHKIIH onHiel 3MiHHOT 1
JTO3BOJISIE TOCIIUTH €Tay POOOTH allTOPUTMY 3 TIEBHUM PiBHEM LITIOCTpAIlii iTepariiHiuX KPOKiB.

B nmamiii mporpami MokHa 0OOpaTH OHY 3 3alpPONOHOBAaHUX (YHKIIA Ta BHKOHATH i
JociipkeHHs [5].

[TouaTkoBi AaHi TSI KOXKHOTO MOIIYKY €KCTPEMyMY OJHAKOBI, K 3 BUKOPHUCTAHHSAM MYyTallii
Tak i 6e3.

1. JlocmimkeHHs! BAKOHYBAIOCH JUIsl QYHKLI1, sIKa Ma€ BUTIISIL

F ! ! 6
() = ((x Z03)2+001  (x—09)2+004 )

Bigomo, mo ms i€l GyHKiii raobanbHi eKcTpeMyM 3HaxoauThes y Toumi x = 0,3 F(x) =

—96,5, kpim Toro, hyHKIIsI Ma€e JIOKaabHUi ekcTpemyM, (Puc. 1).

5 © Oliinyk Bazhan __program - O X

DavitData Example 1 Example2 Example 3 Example 4 Example5 Example6 Example 7 Example 8 Example 9 Example 10
tabPage10

x F2 . Biskd o et
20
o EED 0 L Ext

045 39158..
048 3,8686...
047 38196, 0

046 37683 ]

045 |37163.. \

044 |36618.. . /\ y
043 |36052

042 |35484

041 |34854..

04 [34219

039 3355

033 |32073..

037 |32158.. .
036 31414

035 |30638

034 |29829..

033|289 80

-032 28102
031 27180,
03 28216...

023 25207, -05 3.08780778723872E-16 0.500000000000001 1 15 2
-0.28 24150 | v

s
=

Puc.1 I'paghix ¢pyukyii, axa Oyna obpana 011 00crioxceHHs 8i006patceHull 8 pO3poOIeHOMY
NPOSPAMHOMY O00AMK).

B pesynbrati mpoBeaennx 30 BUMpoOyBaHb OTPUMAHO HACTYIHE: HAWKpalMid pe3ynbTar
pobotu mporpamu 0Oe3 BHUKOPHCTaHHS omeparopiB Mytamii craHoButh X = 0,299963954180099
sHaueHHs (itHec-pynkuii F(x) = —96,4997166844533 . TouHicTh MOPIBHAHHSA 3 ETAJTOHHUM
3HaveHHsIM cTaHoBUTH 99,98798%. Cepene 3HaueHHs Pi3HUII BIAXUICHHS OTPHUMAaHOI BUOIPKH TOUOK
ekctpemyMmiB  ctaHoButh  (0,0002292131.  Po3scitoBaHHS  3HaYeHb  pe3yJlbTaTiB  CKJIA/IA€
0.0000000219402. Lle o3Hauae, 10 ANTOPUTM HE 3adillae JIOKaTbHUNA MiHiMyM. CTaHJapTHA TOMMIIKA
st BuOipku ckiamae 0.0000468404, a crannmapre BimxwmieHHS BigmosigHo 0,000148122. Cepennst
KUTBKICTB iTepariii ckimagae 833 mpoxomis.[6]

AHJIOTIYHO BHMKOHAHO IIOIIYK IJI00aIbHOTO EKCTPEMYMY 3 BHKOPHCTaHHSM OIEpaTOpiB
myTanii. Haiikpamuii pesynbrar poOotu mporpamu ckinazae x = 0,300171750690756 3unauenHs
ditaec dynkmii F(x) = —96,5009936275525. Cepeane 3HaueHHS BHOIPKH PE3yNIBTATiB CKIAIA€
0,30126147, a cepeane 3HaveHHs pisHUIL BiaxuneHHs nopiBaioe 0,00126147. Po3ciroBaHHs 3HAYCHb
pesynbratiB  cknagae 0.00000379111, cranpgaprHa nommika s BuOipku ckiamae 0,00061572,
cragnapre BigxuneHHs BignosimHo 0,001947076. Cepemns kinpkicth irepamiii ckiamae 110.
Pe3ynbTaTi eKCIIEpUMEHTIB 3BEZICHI B MOPIBHSIbHI Tabui 1 Ta 2.
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Tabauus 1. Tabauus DOpiBHAHHS pe3ybTaTiB pOOOTH MPOTpaMH.

. 1 1
©yrkmia F(x) = — ((x—0.3)2+0.01 (x—0.9)2+0.04 + 6)

@ FJ‘IO6a...1'.ILHI/II71 ekctpemyM: x = 0,3 F(x) = —96,5 .

2, bes myTaii 3 MyTari€et

5 Kinpkicts Kinpkictp

! X F(X) renali X F(x) ) .

partis iTeparis

1 0,3003171635 | -96,50137445 122 0,3003221989 | -96,50138007 73

2 0,3003536942 | -96,50140376 55 0,3003425267 | -96,50139763 42

3 0,3003178752 | -96,50137527 110 0,3003341696 | -96,50139141 86
4 0,2999639542 | -96,49971668 2906 0,3008685071 | -96,49898360 53
5 0,2999731936 | -96,49979178 3378 0,3037081129 | -96,39072362 109

6 0,3002711783 | -96,50129966 417 0,3002774040 | -96,50131226 257

7 0,3001626196 | -96,50095563 844 0,3059037134 | -96,19752271 167

8 0,3003424815 | -96,50139760 66 0,3003448140 | -96,50139909 50

9 0,3003322966 | -96,50138982 82 0,3003414995 | -96,50139694 61
10 0,3002576740 | -96,50126968 347 0,3001717507 | -96,50099369 199

Tabmus 2. IlopiBHSIHHS CTATUCTHYHUX XapPaKTEPUCTHK
be3 myrartii 3 MyTalli€ew
Haifkparmii pesymbTat po6oT X | 0,299963954180099 0,300171750690756
aJIrOpUTMy F(x) | -96,4997166844533 -96,5009936275525
Tounicts pesymbrary 0,000036045819901 -0,00017175069076
99,98798% 99,94275%

min KUTBKICTb iTepariit 55 42
max KUIBKICTb iTepaltiif 3378 257
> KINBKiCTh iTeparii 8327 1097
CepenHs KiTbKICTh iTepaltii 833 110
CepenHe 3HaUEHHS Pi3HUIN BiIXHICHHS 0,0002292131 0,00126147
Cepenne 3HaueHHs BUOIPKU 0,300229213 0,30126147
Jucnepcis 0.0000000219402 0.00000379111
CraHjapTHa IOMHJIKA 0.0000468404 0,00061572
CrangapTe BiIXWIESHHS 0,000148122 0,001947076

2. Takox OyJI0 IPOBEACHO aHAJIOTIUHE JOCHIHKSHHS 111 (DYHKIIT

5,283144387x — 2,291009347

F(x) = 3 (x2
(x) (x + —6,77

9211907

—6,779211907

< (5,28144387x—2,291009347)2 7>2
X - ]

2
11) +

—-5<x<5

Oco06nuBicTh (YHKIIIT [TOJIATa€ B TOMY, 110 BOHA Ma€ JIBa OJJHAKOBHX IJI00aJIbHUX MIHIMYMH,
npu x = —3,7778, F(x) = 0Tax =3, F(x) = 0. ®ynkuis 306paxena Ha Puc.2.
Jnst 3HaxomKeHHsT ekcTpeMyMiB Oyno BukoHaHo 100 BumpoOyBaHb. Halikpammii pesynsrat

g wiel  QyHkuii  0e3  BHUKOPHCTaHHS

MyTarii

CTaHOBHUTL X = 2,999949474514,F(x) =

0.000000395245 Ta x = —3,779373812 F(x) = 0.00000071193602 , a 3 Myrami€lo BiIIOBIJHO

x = 2,99994947451,F (x) = 0.0000003952459

Ta

x = —3,77925970772539

F(x) =

0.00000042845529 , CepenHst KiIbKICTh iTepauiid A anropuTMy cTaHoBUTH 436 Ta 323 itepauiit
BignoBigHo. Crix BigMITUTH, o ceped 30 MOIIyKiB TOYOK eKCTpeMyMi, MiHIMyMu Oynu 3HaiineHi B
BigHomeHHi 60/40%. Tobro 17 pasiB OyB 3HalijeHuii MiHiMym B Touli X = 3 Ta 13 pasiB OyB
3HaleHuH B Toumi X = —3,7778. [Ipu 30inblIeH] KITBKOCTI MOIIYKIB, BigHOIIEHHS npsmye 1o 50/50.
Cratuctiuni naHi Oyno oOpaxoBaHO OKpeMO AJisl IBOX MiHIMyMiB Oe3 MyTamii Ta 3 MyTali€lo.
AHaJIOTi4HO BCl JaHHI OyJIK 3BeICHI 10 TaOIuIb 3 Ta 4.
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5 @ Qliinyk Bazhan __program - O X
[ai\Data Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7 Example 8 Example 3 Example 10
Graph  tabPagel4 Start
:525 1:4[:»3.. ’ 1200 @ Bt
45625 |118.18..
45 98.424..
44375 | 80,730 1000 |
4375 | 65.020...
43125 51,212 /
425 35.231..
-4,1875 |28997... 800
T /
4 8.0398. 600
-3.9375 |4.0574..
<3875 [1.4580.. /
38125 |0.1722.. 00 e
a7 0138 / ~
-36875 |1.2659.
.\
Sz . A .~
-33125 |29.252.. 5 -4.0625 -3.125 -2.1875 -1.25 0.3125 0.625 1.5625 25 34375 4,375
325 36.868... |\
Puc. 2 @ynxyis 3 06oma enodanrbHuMu MiHiMymamu
Tabnuus 3. Tabauus NOPiBHAHHS ASSKUX PE3YJIbTaTIB sl Ipyroi QyHKIii.
OyHKIiA
Fix,y) 3( 2 4 5,283144387x — 2,291009347 11)2
x,y)=3|x —
Y —6,779211907
2
+ 4 (5,28144387x — 2,29100934-7)2 .
x [—
—6,779211907
< I'nobanbamii ekctpemym: x = —3,7778, F(x) =0tax =3, F(x) =0
1)
é_ be3 myramii 3 MyTartiero
o . .
g X F(x) KIJII)KIC.TL X F(x) K]J’ILKIC'TB
1Teparist 1Teparist
3 | 2,9998101 0,00000558190851 101 2,99981012093 0,00000558190 101
4 | 2,9999073 0,00000133031413 73 2,99990730493 0,00000133031 73
5 | -3,7797006 | 0,00002384450725 449 -3,77944585399 | 0,000002967311 235
11 | 3,00029514 | 0,0000134887686 344 2,999548714969 | 0,00003152803 353
12 | -3,7777615 | 0,0003705011867 1987 -3,77945208652 | 0,000003237971 1364
19 | -3,7792295 | 0,0000010260140 51 -3,77939399451 | 0,000001181705 51
20 | 3,00007756 | 0,0000009315881 73 2,999891266230 | 0,000001830491 73
24 | -3,7793738 | 0,0000007119360 54 -3,77937381239 | 0,00000071193 54
25 | 2,9999494 0,0000003952459 52 2,99994947451 0,000000395245 52
27 | -3,7797443 | 0,0000294442639 532 -3,77937767431 | 0,000000792069 349
29 | 3,0013911 0,0002997562037 3906 3,000626757004 | 0,00006083192 1251
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Tabnuus 4. [TopiBHSHHSA CTATUCTUYHUX XapaKTEPUCTUK PYHKIIT

bes myTarii 3 MyTari€ero
X1 2,999949474514 2,99994947451
Haiikpaimuii pe3ynprar F(x,) 0.000000395245 0.0000003952459
poGoTH anropuT™My Xy —3,779373812 —3,779259707725
F(xy) 0.00000071193 0.00000042845529
min KiTBKICTh iTepartii 51 51
max KUIbKICTh iTepaliii 3906 1364
> KIJIBKICTh iTE€palii 13094 9693
CepeHsi KUTBKICTb iTepalii 436 323
CepeiHe 3HAYCHHS Pi3HUII X1 0,008905888 0,009302444
BIIXWJIEHHS X, 0,000331697112078 0,000242414679210
Cepeniie sHaueH s BHOIpKH X1 -3,778951502 -3,779151891
X 3,000287382 3,00024699
CepesHe sHaverHs GyHKii F(x;1) 0,000055155916 0,000016472
F(xy) 0,000033113 0,000005429
CraHgapTHa TOMIIIKA 0,0000956311 0,0000415954
CranmapTe BiOXHICHHS 0,000364482 0,000163003

[NopiBHtotoun i maHHi It 000X (YHKIIH CHiJ BIAMITUTH, IO KUTBKICTH iTepamii mpu
BUKOPHCTaHHI OIEpaTopiB MyTallil MOXe 3alHIIaTHCh TaKoko K 1 06e3 myrtarii. Lle o3Hagae, mporec
MOITYKY €KCTPEMAabHIX TOYOK BiOYBA€THCS JOCTATHHO PIBHOMIPHO. B nmeskux BUMamkax KildbKiCTh
iTepaliid 3MIHIOEThCS, a CaMe 3MCHIIYIOThCs, Hanpukiaa 3906 - itepaniii 0e3 myrarii, Ta 1364 —
iTepamiii 3 MyTami€lo MpU OJHAKOBMX MOYATKOBUX JHaHUX. lle o3Hawae, mo A TMEBHOrO Kiacy
(GYHKIH anropuT™ He MOTpedye BUKOPHUCTAHHS OTEepaTopiB MyTallii, Ha BiIMiHY BiJ Bimomoi QyHKIii
Pacrpirina ([4]), ans sKOi € BenMKa BIPOTIAHICTH MOTPANMTH B JIOKAJIbHHHA ekcTpemyM. Jlis
JIOCITIPKYBaHOT (PYHKIIT 00JIaCTh MOIIYKY PIBHOMIPHO CTHCKAETHCSA HABKOJO €KCTPEMAJIbHOT TOUKH,
1110 BUIHO Ha Tpadiky crpod nomyky ekctpemymy (Puc.3).

. A
A 1
1L NI
il fllIR}
i Tt

- 0
2.80214579440753 2,98281683217784 3 -3,64683185750088 -3,69342654502655 -3,73857604333064 -3,77136182908496 -3,7814308814

Puc. 3 I'paghixu nowyxy excmpemymis

BucHoBku. BukopucranHs omeparopiB MyTauii, 110 HaBEACHUH y JaHid poOOTi, J03BOJISE
BUKOHATH JIeSKi BUCHOBKH, 1110 B 3aJIGKHOCTI BiJl BUAY (QYHKIIT MyTaIlisi MOXe K TPUCKOPUTH MPOIIEC
3HAXOJKCHHS, TaK HE BIUIMBATH Ha MPOIEC MOIIyKy. Takox mpoleaypa MyTallii J03BOJISE YHUKHYTH
MOMaIaHHs B XUOHUIA €KCTPEeMyM, 33 PaxyHOK TOTO, IO OIepaTop MyTallii peryyisipHO MepeBipse Ha
HAsSBHICTh KpaluX pO3B’SA3KiB Ha BiApi3Ky. Takox ciiag BiAMITHTH, IO CMOCOOM MyTaIlii, sKi
PO3IIAAATNCH Ta aHATI3YBAIUC Nal0Th €PEKT MPUCKOPEHHS POOOTH aIfOPUTMY 1 3 BUCOKHM PiBHEM
BIpOT1THOCTI 3a0€3MedyloTh 3HAXOKCHHS TJIOOATBHOTO eKCcTpeMyMy. OcOOIMBOCTI BHKOPHCTAHHS
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KOXKHOI 13 TpoleAyp MyTauii MPU3BOASTH IO THYYKOI poOOTH reHeTHYHHUX anroputmis. Ilpouenypy
MyTalii MOXKHa OpraHi3yBaTH sIK KOMOIHAIIF0 HaBEACHHWX CIIOCO0IB, IO TaKOX IMiABHUIILYE
edexkTuBHICTH anroputMy. Sk 1 Oylio 3a3HA4€HO OmMepaTOpH MyTalii MaloTh €PeKT MPUCKOPEHHS
po0OTH anropuTMy i 3a0e3MeuyoTh MBHIIIE 3HAXOPKEHHS TTI00aTbHOTO EKCTPEMYMY.
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