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PO3NIOAIVIEHA CUCTEMA ABTOMATU30BAHUX OBYUCJIEHDb HA BA3I1
XMAPHOI IHOPACTPYKTYPU

CTaTTa NpUCBSUCHA TEOPETHYHOMY JOCTIDKEHHIO Ta pO3pOoOIl PO3MOAiICHOT CUCTEMU aBTOMAaTH30BaHUX OOYHCIIEHb Ta aHANi3y Ha
6a3i xmapHoi iHdpacTpykTypu. [IpeamMeToM MOCHiIKEHHS € TCOPETHUYHI Ta MPAKTUYHI 3acagy MOOYJIOBH CHCTEM aBTOMATH30BAaHHX
PO3paxyHKiB Ta aHaji3y, L0 3aCHOBaHI Ha KIIE€HT-CEPBEPHIH apXiTeKTypi Yy pO3MoIiUIeHid iH(QpacTpykTypi Ha 0a3i XMapHHX
TexHoJorii. MeTo10 cTarTi € po3poOKa Ta OOTPyHTYBaHHS NMPAKTHIHUX PEKOMEHIAIIH 1010 GOPMYBaHHS iHPPACTPYKTYPH CHCTEMH
aBTOMAaTH30BaHUX OOYNCIIEHb, BHOOPY 1i CKIIAJOBHX €JIEMEHTIB Ta iX KOMIIOHEHTIB. 3aBJaHHA pPOOOTH: BHSBUTH HEOOXiITHI
CTPYKTYpHI €JIEMEHTH CHCTEeMH aBTOMAaTH30BaHMX OOYHCIICHb Ta HAaJaTH ISl KOXKHOTO 3 HHUX aHaNi3 CKIaJOBHUX KOMIIOHCHTIB Ta
(YHKIIOHAIBHOTO HaBaHTa)XCHHS, IIOCTABUTH KOHKPETHI 3aadi A1 OOy IOBH KOXKHOTO i3 HUX Ta OOIpyHTYBaTH BHOIp IHCTPYMEHTIB
JUIsL X BHpIIIEHHSA. Y XOZi JIOCHUKEHHS BHKOPHCTAaHO METOAM CHCTEMHOTO aHaji3y Ui AEKOMIIO3HMLIl CKJIAJHOI CHCTeMH Ha
€JIEMEHTH Ta KOKHOTO €JIeMEeHTa Ha ()YyHKLIOHANbHI KOMIIOHEHTH. Y pe3yJibTaTi AOCIiMKEHHS BCTAHOBJIECHO, IO iHQPACTPYKTypa
CHUCTEMH Ma€ CKJIAJaTHCA 3: €IMHHX iHILiaTopa OOYHUCICHb Ta IICHTPa OOYHCIICHBb, KaHATIB 3B 53Ky 13 KII€HTAMH, Ta KiHIIEBUMH
KIIIEHTaMH, 110 OOpOOISAIOTh pe3yibTaTh. Ycsl CHCTEMa Ma€ IMpaIioBaTh y peaJbHOMY a00 OJM3BKOMY IO PEalbHOTO Yaci, 0 Mae
OyTH HOCSITHYTO 4depe3 oOpoOKy MOAii omepamiiiHOi cHCTeMH Ta 30BHIIIHIX cepBiciB. Kanamm 3B’s3Ky MaroTh OyTH MaKCHMajbHO
VHIBEpCATbHUMH Ta HaJaBaTH IIMPOKI MOXIJIMBOCTI KIIEHTaM JJisi JOCTYIy 10 AaHux. KiHIIEBI KJII€HTH MalTh OyTH JBOX THIIIB:
TIOBHOIIIHHI JUIsl THYYKOI Ta iHAMBiXyansHOT 0OpOOKYM JaHHX, Ta CIPOLIEHI /Ul iHTErPOBAHOTO CEpEeOBHINA y3aralbHeHOI 00poOKH
JIAHUX Y MOOUThHOMY a00 JIECKTOMHOMY Opay3epi. 3a OTpUMaHHMU PEKOMEHAIISIMHA PO3POOJICHHUI OJIMH i3 BapiaHTIB TaKOl CUCTEMH,
TM0Ka3aHi IPUHIMIIK HOro poOOTH Ta HaBeleHi pe3yabTaTu. BucHoBKH. Po3polbiieHi TeopeTHyHi Ta MPaKTUYHI OCHOBH JUTS peasizamil
CHCTEM DO3MOJIICHHX aBTOMATH30BAaHUX OOYMCIICHb Ta aHaJi3y Ha 0a3l XMapHUX TexHoJorid. [lokazaHO MiIBUINEHHS HAAIHHOCTL
30epekeHHS pe3yJIbTaTiB MOJICIIOBAHHA y Takid cucTeMi depe3 iX MOTpiiiHe OyONMrOBaHHS 3aBASKU: JIOKAIBHOMY CXOBHILY,
BUKOPHUCTAHHIO 30BHIIIHIX 0a3u gaHuX Ta (aitmoBoro cepsicy. HamgaHi 1oBOAM 11010 MiABHIICHHS 3pyYHOCTI Ta THYYKOCTi y 00poOIi
pe3yabTaTiB uyepe3 MOXKIIMBICTh BUKOPUCTAHHS CTOPOHHIX aHANITHYHUX NOJATKIB, IO MIATPUMYIOTh 3aBaHTAKEHHS HAHUX 13 TaKHX
mkepen. [Toka3zaHa eKOHOMIYHA BUTO/Ia Bil BUKOPHCTAaHHS olicaHoi cucTeMu. HaBeneni MaitOyTHI nutsixu ii BIOCKOHAJICHHSI.

KunrouoBi ciioBa: XMapHi TEXHOJIOTI; po3noaiieHa iHppacTpyKTypa; XMapHi aBTOMaTH30BaHi 00YNCIIEHHS; EKOHOMIS pecypciB
Ta KOIUTIB; iTepaliiHi anrropurmu; Mathematica.

Beryn OJIM3BKOMY /IO PEaIbHOTO Yaci.

3amadi, [0 CTOATh IMepeli TaKMMH KOMaHIAMHU
MOXXYTh MIHSTHCS, & 3 HUIMHU 3MIHIOETbCS W po3pobieHa
cucteémMa, 10 TMpU3BOJAUTL 10 BUTpAT KOH_ITiB Ha

JlocArHeHHs cy4acHOI PUKIIAJHOI HAYKU € 3HAYHOIO
MIpOI0  pe3y/nbTaroM poOOTH  KOJIEKTHBIB  BYEHHX,

JIOCIIIIHUKIB Ta IH)KEHEPIB, 4acTO MDKIUCUUILTIHAPHUX.
[MpumipoM Takoi B3aeMOJIl MOXYTh CIYXHTH pOOOTH
MOTOYHOTO POKY [1-7], y KOXHil 3 SKuX mpuiiMana y4acTb
3Ha4YHa KIJBKICTh CHEMIAIICTIB, 10 HajeXajld HE TUIBKHA
JI0 pI3HUX OpraHi3aimiif, a # 4acto A0 pi3HUX HAMPSIMKIB
nocnipkeHs. HaouyHo BHIHO, IO OTPUMAaHHA IHX
pe3yibTaTiB  CTAJ0O  MOXIMBAM  TUIBKH  3aBJISIKH
MixtmpodecioHanbHI Kooneparrii.

OcoOiuBicTIO Takol B3aemMoiil € Te, 0 KOXKEH
BUKOPHCTOBY€E 3BUYHI y #oro o0macti IHCTPyMEHTH
PO3pOOKH, TOCIIIKECHHS Ta aHATi3y, [0 BAXKO MMOETHATU
y oaHy cucremy. Tomy mix wac BaxiauBux abo
JNOBrOTPUBAJIMX JOCHIKEHb y Takid rpymi, 1100
OpraHizyBaTH pobory, PO3pOOITIOIOTHECS abo
BIIPOBA/KYIOTHCS CIIEiaNi30BaHi CHCTEMH B3a€MOJii IS
nepenadi pe3ynbTaTiB MK ydacHukamu. Lli cucremm
YacTO CTBOPIOIOTHCS OpraHi3amisMH I1iJ] KOHKPETHI 3a/1adi
1 TOMy A7l KOXKHOTO BUMNAAKYy OyIyTh BiIpi3HATHCS B
cuity O1bIIOT Pi3HULI Y 3a/1auax KOMaH[ Ta iX CTpyKTypi.

KpiM TOro y chOromHilHiX yMoOBax JIOAW, IO
OepyTh  Oe3mocepefHIO  y4acTh y  KOMAaHIHHX
JOCIIJKEHHSIX, MOXKYTh OyTH SIK PO3IOAIJICHI MO CBITY, B
TOMY YHCJi 32 YaCOBHMH TOSICAMH, TaK i 3HAXOAUTHUCH Y
OJTHOMY MiCTi aie 6e3 MOXKIIMBOCTI OyTH pa3oM i3 iHIIHMHU
yuacHukamu. L{o6 opramisyBatm iX KOMGOPTHY
B3AEMOJIII0 TaKOX PO3POOIIOIOTHCS aHANOTIUHI CUCTEMH,
o JI03BOJISIIOTH 0OMiHIOBaTHCS pe3yabTaTaMu
JOCIT/KEHb Y aBTOMaTHYHOMY PEXHMi y peabHOMY abo

HEBUPOOHHYI MPOLIECH.

Po3Butox Ta BAOOcKkOHanmeHHA xMmapHHX laaS
TEXHOJIOTiH JT03BOJISE MIMIATH A0 BUPIMNICHHS W€l 3a1a4i 3
iHmoro OOKy — HE KYIyBaTH Ta BOJOIITH IOPOTOIO
TEXHIKOIO I TOOYIOBU 1HPPACTPYKTYpH Ta CICMCHTIB
CHUCTEMH, a OpeHAyBaTH iI Ha TOTpiOHWI dac y
noTpiOHOMY 00’eMi i3 TOTPiIOHMMHU pecypcamu. Y pasi
3MiHM NOTpeO Taka iHPPACTPYKTypa 1 pecypcH KOKHOTO
eIeMEHTY MOXYTh OyTH 3MiHEHI 3a JIYCHI XBUJIMHHU.
Co0iBapTicTh BOJIOMIHHSA HEH €, BOYCBHIb, 3HAYHO
MEHIIOK Ta MPHHOCUTH HaHOIJIbLIy €KOHOMIIO KOIITIB Y
pasi yactoi 3MiHM 3aJia4, 10 CIPUYHHSIIOTH ICTOTHY 3MiHY
KoHpirypamii iHppacTpyKTypH, abo IpU HEPETYIAPHOMY
il BUKOpPHCTaHHI dYepe3 MOXJIMBICT BHKIIOYCHHS SK
IH(QPaCTPYyKTypH LIIKOM TaK 1 OKpEeMHX ii eleMEHTiB.

VBara miei crarri npuaiieHa npobiemi moOyn0BU
CHCTEMH aBTOMATH30BaHHWX OOYMCIICHb JUI BHUIAIKY
BUKOPHUCTAaHHS iTepallifiHuX aaroputMiB nporpamu [8-11]
i3 OIHUM IHIIIATOPOM OOYHCICHb i3 BUKOPUCTAHHIM Yy
SIKOCTi OOYHCIIOBAILHOTO IIEHTPY SApa MaTeMaTHYHOTO
nporecopy Wolfram Mathematica [12] ra 6a3i xmapHOTO
IaaS cepsicy, 1m0 BpaxoBy€e TaKy Ba)KIHMBY CKIIAIOBY JJIs

BiJIaJICHOTO BUKOHAHHS AK ABTOMAaTH30BaHUH
Harsig 32 IPOLECOM  PO3PaxyHKIB i3  MHTTEBUM
CHOBIIICHHSAM Ta pPO3paxoBaHy Ha BHUKOPUCTAHHS

MaKCHMaJIbHO IIHPOKOTO CIEKTPY KIHLEBUX KIIEHTIB,
KOKeH 3 SKHX TIIOBMHEH MaTh 3MOTY aBTOMAaTH4HO{
00poOKM pe3ynbTaTiB OOYMCIECHHS y ONM3bKOMY [0
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pearsHOTO Yaci.

MerToro 1i€i cTaTTi € po3podka Ta OOTPYHTYBaHHS
NPakTHYHUX  peKOMeHJaumid  moxo  (OpMyBaHHS
iHppacTpyKTypu Takoi cucTteMmH, BUOOpY 11 CKIIalOBHX
€JIEMEHTIB Ta iX KOMIIOHEHTIB. 3aBIaHHS — BUSIBHTH
HeoOximHi 11 CTPYKTYpHI €JEMEHTH Ta HaJaTH
JUIl KOXKHOTO 3 HHX aHalli3 CKJIaJOBUX KOMIIOHEHTIB
Ta  (YHKIIOHANEHOTO  HaBaHTaXEHHs,  [TOCTaBUTH
KOHKpeTHi  3amadi g 1moOyJoBH  KOXKHOTO i3
HUX Ta OOIpyHTyBaTH BHOIp IHCTPYMEHTIiB mis iX
BHPIIICHHS.

ITepanifini anroput™Mu oOpaHi dYepe3 Te, IO iX
0coONMMBICTIO € "mpupomHa" 3MATHICTH O 30epeKCHHS
CTaHy MICJIs 3aKiHYEeHHsI KOXHOI iTepauii — pe3yibTaTH
ycixX paHilie oOYHMCIEHUX iTepaliii MoxkHa 30epiratu Ta
3aBaHTa)XyBaTH, THM CaMHM HOBHICTIO BiJIHOBJIIOBAaTH
30epeKeHnit CcTaH TporpaMu Uil TIEBHOTO  KPOKY
anroputMmy. Heiteparliiini  ajqroputMu, 10 34aTHI
30epiraTh CBill CcTaH Ta pe3yJbTaTH IPOMDKHUX
o0YmCIeHp UIA  aHami3y, TaKoX MOXYTb OyTu
BHKOPHCTAHI.

Marematnuauii  mpomecop Wolfram Mathematica
OyB oOpaHWii Yepe3 BHYTPIIIHIO MOOYIOBY 3a KII€HT-
CEpPBEPHOIO  apXIiTeKTyporo: KiieHT Mathematica Ta
sapo  WolframKernel, Ta mratdopMoHe3anexKHICTh
cepBepy.

Bukitanemo TeopeTHYHi OCHOBH ISl TOOYIOBU TaKo1
CHUCTEMU Ta pe3yjbTaT, M0 € OJHUM 13 MOXJIHMBUX
BapiaHTiB 11 peaizauii.

CKJ’IaJIOBi CHCTEMH ABTOMATH30BAHUX 00YMCJIEHb

Jdnst  noOymoBHM  CHCTEMH  aBTOMAaTH30BaHHUX
oOurcieHp iTepariiiaumu anroputMamu y Mathematica
MMO3HAYNMO TpoOjeMu, Mo MarTh Oyt Bupimeni. Lle
OynyThb, HO-TIEpIIE, 3allyCK Ha BHUKOHAHHS IPOTpaMu y
simpi Mathematica enmuHNM iHIIATOPOM OOYHCIICHb Ta
aBTOMAaTUYHUH Harisi 3a KOPEKTHOIO pPoOOTOrO siipa i3
CHOBIII[EHHAM iHimiaTopa 00YNCIIEHD. [o-npyre,
30epeKeHHs] Ta Tmepenada pe3yJbTaTiB [0 KIiHIEBUX
KJI€HTIB 51 oOpoOKM Ta aBTOMaru3aiis 00poOKH Ha
TaKHX KII€HTaX.

Hns pO3B’sI3aHHSA
chopmymroeMo  3amadi  y
€JIEMEHTIB 32 HaIlPaBJICHHSIMH.

[HimiaTop oO4YHCIEHP Ma€ 3aXWIICHUN MEpEeKEBUI
JIOCTYI JI0 IEHTPY OOYNCIICHb, y aBTOMAaTHYHOMY PEXHUMI
30epirae jmokymMeHT Mathematica micist KOXKHOTO BHBOJY
MPOMDKHUX PE3yJIbTaTiB YH 1HILIOTO.

Llentp oOumcieHp Hajgae 3aXUINEHUH MepexeBHi
JOCTYN JJIs  iHII[iaTopa OOYHUCIICHb, Ma€ 30BHIIIHE
MIPOTOKOJIFOBAHHS POOOTH HPOTpaMy, MHUTTEBO CIIOBIIIA€E
mpo 30iif y mpomeci oOumcieHHs, 30epirae pesynpTaTu
oOurcIeHHsT KOXKHOI iTepamii, ounmmae 3aiiMaHi pecypcu
KOMIT FOTepa Micis 3aKiHIeHHS 00YNCIICHb.

Kanan 3B’s3Ky i3 KiieHTam#, 00 0OpOOISAIOTH
pe3yibTaTé mepenae y OJM3BKOMY JI0 pPEeaJlbHOTO daci
pe3ysbTaTé OOYHMCIICHHS KOXKHOI iTepamii Ta NpOTOKOI
po0OTH MporpamMu 10 KiHIIEBUX KII€HTIB.

MOCTaBIEHUX npobyieM
BUDJISJI  XapaKTEPUCTUK

Kiientn 00YHCITIOBAIEHOT CHCTEMH, 1110
00poOIIIOTE JaHi y OJU3BKOMY IO peajbHOTO daci,
MarTh MOXJIMBICTH aBTOMAaTHYHOTO aHAJI3y Yy CHCTEMI
Mathematica, CTOpOHHIX JoOJaTKaXx Ta IUIATHOPMO-
He3aJIe)KHOMY CEePEIOBHIIII.

OOpaHHsT XMapHHX TEXHOJIOTIH JuIsi OOYHCIIECHb
MaroTh HAaCTYIIHI NepeBaru: TaKkWUi cepBep MOXe OyTH
MIBUAKO  PO3TOPHYTHH,  IIBHJKO  3MiHEHa  HOro
KOH(Iryparis Ha Ty, IO 3aJ0BOJIBHSIE TOTPeOaM MMOTOYHOL
3ajadi, MBHAKO KIOHOBAaHWH JUIA  HapajelbHOTO
00YHNCIICHHS ACKITBKOX 3a/1a4. Y SKOCTI MOTYKHOCTEH OyB
o0paHMil ONTMH 13 CBITOBHUX JIiJIEPIB XMApHUX TEXHOJIOTiH
DigitalOcean, ne Oymu po3TalioBaHi: cepBep OOYHCICHD
i3 sapom Wolfram Mathematica 11.3.0 for Linux x86 (64-
bit) [12] na 6a3i OC Ubuntu 20.04 LTS x64, cepsep 6a3
nmaanx MySQL 8.0.20 Community Server Ha Tili camiit
OC, BebO-cepBep Ha 0a3i Apache 2.4.29 (Ubuntu) Ta
¢peiimBopky Laravel 6 [14] na Tiii camiit OC.

bnok-cxemMa cucTeMH aBTOMAaTH30BaHHUX OOUYHCIICHb
NokasaHa Ha puc. 1.

PobGota cucTeMH TOYHHAETBCA 13 MiOKITIOYCHHS
kimieaTa Mathematica Ha KOMITIOTEpi, INO IHIIIIOE
o04nCIIeHHS, 10 cepBepa 00YHCIEeHb Ta 3allyCK IPOrpaMu
y sapi Mathematica Ha BUKOHaHHS.

@oHOBHMI MpoIec Haririgada KOHTPOIIOE PoOOTy
aapa Ta y pas3l HOro amapiiiHOi 3yNHWHKH BiJIpaBisie
CrioBillleHHs1 Ha e-mail iHiLiaTopa OOYHMCICHb Ta Yy
npuBatHy rpyny Slack, no sxoi MawoTe goctyn yci
3aliKaByieHi 0COOH.
pe3ynbTaTH 30epiraloThCsA y CHEIliabHO BHAUICHUIH
JOKaJbHIA AUPEKTOPii Ha cepBepi 0OUHCIIeHb, a (POHOBHI
npouec (aitmoBoro Harmsgmava iX y peaJbHOMY dYaci
AaBTOMATHYHO 3aBaHTaXye, IO-TIepIie, Yy CIeialbHO
BUINICHY TUpeKTopito Ha cepepi Dropbox wepe3 web-
API, mo-nmpyre, y BumineHy 0a3y manmx Ha MySQL-
cepsepi. AHajorivHuM obpazom HPOXOAUTH
3aBaHTXKEHHS IIPOTOKONY pOOOTH IpOrpaMu — JIOT-
(aiinis.

OOpoOka Ta Bizyawizalis Mpolecy OOYHUCICHb Y
OMM3bKOMY [0 pEaJbHOr0 dYaci Ha  KIIEHTCHKHUX
KOMIT' FOTepax peali3yeTbcsi [BOMA HUISIXaMH: IO-Teplie,
yepe3 KiieHT Mathematica abo iHmMHA aHATITHIHUN
JIOJIATOK, 0 00poOroe Qaiimm, orpuMmani i3 Dropbox y
JOKIBHY JHUPEKTOpil0 KOMIT'IoTepa, Io-Apyre, depes
Opay3ep, IO MIOKIIOYAaeThCS 1O BeO-cepBepy, MIO
3’€THYIOTBCS 13 CepBEpOM 0a3y JTaHuX.

Uepes MyJbTHU-KIIEHTHY apxXiTeKTypy, L0 BiX
caMoro TIOYaTKy TPHUCYTHS y BeO-cepBepi, KUIBKICTh
KITIEHTIB, IO MiAKIIOYAIOTHCS depe3 Opaysep, oOMexeHa
JIMIIE TTOTY)KHICTIO cepBepa Ta Moke OyTH TiJIBHIIEHA 3a
morpebu. KpiMm Toro, i KijbKicTh BeO-cepBepiB, IO
MiIKITI0YA€THCS JI0 €IMHOT 0a3u MaHUX TEX OOMEXKYEThCS
TUIBKH TTOTY>KHICTIO OCTaHHBOI.

JIis  KITEHTIB, MO I €IHYIOTBCS Yepe3 CepBic
Dropbox, He oOMexeHa He TUITBKH KUTBKICTh IOMIOHHX
KOMIT FOTEpIB-KIIIEHTIB, ale #W KUIBKICTh 3aITyIleHHX
JIOZIATKIB, IO MOXYTh OOpOOJIOBATH IapayieNIbHO Ti XK
cami JJaHi pi3HUMH CIIOCOOAMH.
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Kowmmr’roTep KopHcTyBaya, IO 1HIII0E 00UNCIEHHS

Knient Mathematica

CepBep | oOurncineHHA

Mathematica kernel

=5

BJ1

Daim
pe3yIIbTaTIB
o04nClIEeHb

Harmanau
nporecy
MathKernel

DaioBuit
HarsIay

E-mail Slack

Cepsep MySQL

Buminena

Cepgep
Dropbox

BH,HiJIeH@
JHUPEKTOPIS

[ B

8 N

ITepconanpHmit
KOMIT'I0TEp

Web-cepsep

Laravel bpay3zep

<+

X il \§ j
h )) b j)
[TepconanbHMil
KOMIT'I0TEp

Kmient

<

Dropbox

-

=

)

Puc. 1. HeKOMHOZ}I/IHiH CUCTEMH aBTOMAaTH30BaHUX O0YHCIIEHb Ha CprKTyle CICMCHTH

PosrimsgHemMo  Jgami  KOXHUM
JIOKIagHIIIe.

1. IniniaTop 06uncieHb

Mae mepexeBuil 1ocTyI uepes ssh-kaHai 10 HEHTPY
0o0uYHMCIIeHb 13 BUKOPUCTAHHSM KIIOYIB ACHMETPHUYHOTO
mupyBaHHs, [0 TapaHTyIOTh IOBHY O€3IEYHICTh
riepesiadi KOMaH]| Ta MPUHHATTS Pe3yJbTaTiB BiJl cepBepa
00YHnCIIeHB.

UYepes Te mo mix yac podotu nporpama Mathematica
BUBOJMTh Y CBI JOKYMEHT pe3yJIbTaTH BHKOHAHHS
pi3HMX omeparmii: OOYHCIEHHs, TPOTOKOJI pOOOTH,
rpadikd, TPOMDKHI 3HAYEHHS 3MIHHHX 1 Take IHIIE,

— mo0 YHHKHYTH iX BTpaTd y pasi 30010 BKIOYCHE

CICMCHT CHCTCMU

aBTOMaTHYHe 30epekeHHs (aimy oOgHMM 3  JIBOX
CI10cO0iB:
-3a JIONOMOTOK0 YCTAHOBKM Ol JTOKyMEHTa

NotebookAutoSave [13] y 3HaueHHs True HaCTyIHOIO
KOHCTPYKII€IO: SetOptions[EvaluationNotebook([],
NotebookAutoSave -> True],

-depe3 pydHe 30EpeKEHHs 33 JIOHNOMOIO0
NotebookSave [13] y Micusax mporpamu 0OpaHHX
KOPHCTYBaueM.

Iepmwmii crioci6 36epirae ¢ailn micas KOKHOI 3MIiHK
Ta MIAXOAUTH Uil BUIIAJKIB HEBEIMKOI 4YacCTOTH 3MIHHU
JIOKyMeHTa. SIKIIo Xk Iporpama reHepye 0arato BUBOIY y
JIOKYMEHT, TO TaKHH MiAXi1 MOXE ICTOTHO 1 CITOBUTEHUTH.
Y TakoMy pa3i pPEKOMEHIYETbCS BHUKOPHCTOBYBATH
JIpyTHH c1ioci0, Ta 30epiraTi JOKyMeHT KOKHHH pa3 micis
BUBOJY BaXJIMBOTO MAaKeTy pe3yJbTaTiB OOYHCIICHb,
HaIpHKJIa], micisl KOXKHOI iTepallii a0 KpOKY ajIropHTMY.

2. CepBep 00unc/ieHb

Hamae kimieHTaM 3axWIIEHANH MEPEKEBHHA TOCTYII
yepe3 ssh-kaHam, II0 BHUKOPUCTOBYE ayTeHTH(IKAIIIO
BUKJIFOYHO 33 KJIFOYaMH aCUMETpUYHOro mudpysanus. Lle
3amofirae BWITQJKaM BTpaTh abo 3aryOiieHHS MapoJiiB
JOCTyny, abo HempaBOMIPHOMY JIOCTYIy uepe3 ix
KPaJiKKy.

Bnpoeaodiswcenna npomoxonioeanns (JIOTYBaHHS) Y
nporpamy Mepeciiaye IBi METH: BUSBUTH MOTOYHUI KPOK
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BHKOHAHHSA aNTOPUTMY W BU3HAYHUTHU Yac i MiCIe TIOMIUIKA
y BHIaAKy 30010 B poboTi abo mpu aBapiiiHOMY
3aBepmieHHi. Ili 30BHINIHIM TPOTOKOJIIOBAHHSAM  CIIiJ
PO3YMITH 3alMC Y TaKe CXOBHIIE JaHUX, IO HE 3aJIC)KUTh
BiJl mporpamMu OOYHCIICHHS: CTOPOHHIN (aiii, 6a3a naHuX,
Elasticsearch, iHmmii komm’1oTep i Take iHIe.

Jnst moOynoBM Takoro MexaHi3my oOpaHuil BapiaHT
3amucy y (aiin depes3 Te, IO TaKWil CHOCIO JOCTaTHBO
HaJiHHUH, TIATPUMYE JerKe AyOIroBaHHs, Ta He MoTpedye
HEOOIPYHTOBAHOTO YCKJIQJHEHHS CHUCTEMH. Y Has3By
(hafimy BKJIIOWEHO ATy W 4ac i3 TOYHICTIO JO TOJWH, Ha
MOMEHT 3JiicHeHHs 3amucy: : "log " + mata y ¢opmati
"Pik.Micsiip. [lens Tomuan" + posmmpenHs "txt". Ile
O3HAaYae, Mo KOXKEH Jac CTBOPIOETHCS HOBHA JIOT-(aill, Ta
3aIMC TePEeHOCUTHCS 0 HBOro. Taka Ha3Ba yHIKalbHA Y
pamMKax JUpeKTopii, a ¢aiim i3 Ha3BOW y TaKoMy
¢dbopmMaTi AaTH JIETKO COPTYBAaTH Ta IIYKAaTH Cepel HUX
notpiOHuil. I3 QyHKUiOHATBHOI TOYKM 30py 1€ Jae
MOJJIMBICTh KOXXEH Yac BHIAIATH a00 MEPCHOCHTH B
apxiB crapuil Jor-aiia 1A aHami3y Ta Ha0YHO OaYyHTH,
I0 T[porpamMa Mpamoe, IUBISIYUCH Y JUPEKTOPI0
IIPOTOKOJIFOBAHHS pOOOTH.

Jlor-¢aiin BigkpHuBa€eThCS MPOTPAMOI0 IS JO3AMUCY
y pexkuMi cristbHOTO goctymy (read shared mode), mo mae
3MOTY YHUTaTH Hel ¢ail CTOPOHHIMH TOJATKaMH IS
aHaJi3y I gac 3amucy. Y npoMy Qaimi 30epiraroTbes:

- gac MoJii ¢ TOYHICTIO 0 MiNliCeKYH]I,

- Ha3Ba Ioii,

- iHpopMalliss TpPo YCHIMHICT il
3aBepIICHHS.

[ToTpiOHO 3BEepHYTH yBary Ha Ba)kJIHMBICTb 3aIluCy
PO YCHIMIHICTh KOYKHOTO €Tary MOl OKPEMHM PSIKOM,
a He NAaKeTHWH 3amuc Npo BCIO MO0 IIKOM — Yy
MPOTHBHOMY BHUNAIKY ITIPH CEPHO3HOMY 3001 pAIOK PO
BCIO TIO/IIF0 MOXE 30BCIM HE 3aIHCATHUCS Y JIOT-(haiii, THM
CaMHUM pO3MIUPIOIOYN O00JACTh MOMIYKY ITOMIJIKH IS
pO3poOHUKA.

Tekcr xonyerbest y UTFS, tomy mo e no3Boiisie
30epiraTd pa3oM i3 3BHUYaWHUMH CHMBOJAMH TaKOX
crewialibHi, 110 YacTO MOJIETIIY€E YUTAHHS JUIS HayKOBI.
IIporpama y Mathematica HajmamTOBaHa TaKHUM YHHOM,
o Jjgomae KoxHuU psagok y ¢dopmari StandardForm,
BHIIEPEKAIOYN HOTO JIaTOr0 i yacoM y dopMmarti "aa-MMm-
pppp uu:xx:cc.mc". @opmar StandardForm rapanTtye, 1o
yci cUMBOJIM OyZIyTh APYKOBaHUMH Ta cepell HUX He Oyze
CITy’)kOOBHX IaHWX, IO BIAHOCATHCA IO BHYTPIITHHOTO
¢dopmary Wolfram Mathematica.

30epercenna pe3yipmamie BUKOHAHHSA KOXHOL
iTepanii mepeciijye BI METH: 3aXMCTHTH BXXE OTPHMaHi
pe3ynpTaTH  o0YMCICHb Binm 300iB Tpu  OOYHCICHHI
HACTYITHHUX, Ta CTBOPUTH MOXJIMBICTb PYYHOI 3YIHHKH i
3alyCKy MpOrpaMy y JIOBUIBHHI MOMEHT 4acy, a TaKoxX
MOHOBJIEHHS ii poboTm micisa amapiitHoro 36010. Ilo
TaKOX IIiJIBUIY€E BiIMOBOCTIHKICTh MPOTPaMU B IIJIOMY.
VY 3aranbHOMY BHIIQAKY, 30epiraHHs pe3yibTaTiB y
30BHIIIHIA TaM’sTi TakoX [03BOJsE 0€3 TpPyAHOIIB

3amycky abo

MEPEHOCUTH  pe3ynbTaTH  (4acTkoBo abo  Bci) i
MPOJOBKYBAaTH BUKOHAHHSI NOpPOTpaMHd HA  IHIIHX
KOMI'IOTepax.

ExcniopryBaHHS ~ TPOBOAMTHCSA  3pa3y  JBOMa

nusixamu: ¢yskuiero DumpSave [13] — y ¢aiin nammy

JUIS  HAWIBHOIIOTO  3BOPOTHOTO  3aBaHTAXEHHS ¥y
Mathematica, ta ¢ynkimiero Export [13] — y TekcToBOMY
dbopmari  nmngs oOpoOKM  CTOPOHHIMH  JOJaTKamw.
PesymbTaTil KOXKHOT iTepallii 3aIHCYIOTECS 0 OKPEMOTO
(atiny, a He MOAIOThCs Y 0JIMH (Y KiHEIb). Y OCTAaHHBOMY
BUMAJKY 301 mij yac 3amucy 1o ¢aiimy 3poOuTh HOro He
NPUIATHAM JI0 BUKOPHCTAHHS, KpiM Toro (aiin mamiry
MoXxe OyTH CTBOPEHHH e OIWH pa3 B CHIYy CBO€EI
npupoau Ta HE Moxe Oyt Moan(iKOoBaHHWM, wIIe
nepesanucanuii 3HoBy. Tpeba 3a3HaumTH, IO 32 MOTPEeOH
eKCIIOPTYBaTH MOJXKHA TaKOXK 1 B IHIN IwiaTdopMo-

He3anexHi (Qopmati, MmO MATPUMYIOTECS (QYHKIIEIO
Export.
MexaHi3M  30epeeHHS  IMOBHHEH  3a3JlaJieTiah

HiITPUMYBaTH aBTOMATHYHE PO3ALICHHS 33 3HAYCHHSIMH
BXIJHMX TIapaMeTpiB  OOYHCIeHb, MO0 yHHUKHYTH
iytaHuHy. lle nocsiraetbest 3a JONMOMOTOIO CTBOPEHHS
BUJIIJIGHOT TUPEKTOPIi IS KOHKPETHOT 3aJa4i, Ha3Ba SKOi
MICTUTh ~ 3HAa4eHHs  IapaMeTpiB  OO4YMCIeHb,  Je
nepeOyBaloTh mnamnku 3 Jor-aitnamu, pesysibTaTamMu
iTepaniii, 3araJbHUMH pe3yJIbTaTaM{, ESKCIIOPTOBAHUMU
rpadikamu i Tomy monidne. Kpim Toro pekomeHayeThcs
HaJaTH KOPUCTYBAYeBi MOMKIIMBICTD 3CEPEIUHU IPOTrPaMH
JO/IaBaTH B KiHEIpb Ha3BH NUPEKTOPii KOPOTKY CTPOKY
JeAKoi  Cyk00Boi  iHopmariii: mpo THIM MaWOyTHIX
00YHCIICHb, JOJATKOBI XapaKTEpHUCTUKH 1 Take iHmIe. 3
MPaKTUKHU [15], HaliMEeHYBaHHS BUTJISLY
"Param1Vall Param2Val2 ... AdditionalStr" 3pydne ms
Ki1acudikauii pe3yabTaTiB 00YHCICHb OAHIEI0 TPOTPAMOI0
OJHi€T 3a/1a4i 13 PI3HUMU BX1THUMU MapaMeTpaMu.
Mummeee cnogeiwiennn npo 30iii 'y npoueci
obuucnenns. Bukonanus nporpamu y siapi Mathematica
94acTo MEPEBHUIIYE NCKIIbKA TOAWH Ta HABITh MHIB. [1i yac
OOYHCIICHb SIIPO MOXKE aBapiiHO 3aBEPIUMTHCh: 4Yepe3
HecTady OIEpaTUBHOI IaM’sITi, BHYTPIIIHBOTO 30010 Yy
anroputMax Mathematica, 3000 y poOoTi Mepexi Ta
iHmoro. Y TakoMy pa3i 3py4HO MAaTH MEXaHi3M
ABTOMAaTUYHOIO CHOBINIEHHS NPO TaKy CHUTYyaLilo.
KoHTpoutoBaTH Lie 3cepeAnHH MaTIaKeTy HEMOXKIUBO, 60
SIIPO  — OCHOBHUH HOro T1eHTp OOpoOKH KOMaH]
KOpHUCTYBaya, i Maike BCl omepaii MmpoxoasTh 3a Horo
yuacti. ToMy po3poOieHO CTOpOHHIH aomaTok Ha 0asi
bash-ckpurnrie aBTOMaTHYHOTO pearyBaHHs Ha 3amyCK Ta
3akputTs siapa Mathematica — mpouecy WolframKernel.
Moro inest ck1agaeTsest 3 JoaaBanHs GOHOBOT 3a1adi, 110
- TIpW 3aIlyCKy sapa OJHOKPATHO CTBOPIOE aitm "~

/mathkernel.run", 1110 MICTHTD PID mporecy
WolframKernel OTpUMAaHUI KOMaH/I010 "pgrep
WolframKernel", Ta Biamnpasise crnosimieHHs Ha e-mail Ta
y Slack [16],

- TIpH 3aBEpIICHHI YCIX slep BUAANAE mel ¢ain ta
BiJIMTpaBJIsi€ iHIIIE CTIOBiMIEHHS Ha e-mail Ta y Slack.

Jnsa BigmpaBku e-mail BukopucToByeThCs Mailutils
3.7, nns BimmpaBieHHA crioBimeHHs y Slack — cTBOpeHnit
nmomatok y Slack Ta po3pobnenuit bash-ckpunt mmst
poboTu i3 ioro BeO-API.

BaxnuBuMm 3ayBakeHHSM € Te, IO JIO OJHOTO
cepBepy OJHOMOMEHTHO IIiJKJIIOYAETHCS TIIBKH OJIMH
KJII€HT-1HINIaTOp, IporpaMa sSKOro y Mporeci BUKOHaHHS
MOXeE 3alyCKaTh JeKiibKa saep Uil TapajelbHUX
obuncnenb. Tomy cHrHajaoMm aBapii CIyXKHTb 3aKpUTTS
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ycix mporeciB sapa, a PID BHKOPHUCTOBYETBHCS ISt
OJTHO3HAYHOTO BU3HAYCHHS KOPEHEBOTO MPOILIECY.

Ouucmka 3aimanux pecypcie nicia 3aKiHUeHHs
npozpamu. HanpukiHii poOOTH mporpamMu 3aKpUBAETHCS
simpo Mathematica, 00 3BUTBHUTH OINEpPATHBHY IaM'sITh
JUI IHIIAX JOJATKiB Ha cepBepi. s 1boro ciayxuth
¢ynkuist Quit [13], mo miaTpUMYye MOBEpPHEHHS KOy
3aBepUICHHS OTOYEHHIO uepe3 cBild apryment. I[lpu
3aKpHUTTI sIpa TyOJSAThCS BCl BU3HAYEHHS (QYHKIIH i
JaHuX, SIKI B HbOMY Oyinm, i He Oynu 30epekeHi B
30BHIIHIA  TaM'ATi 9 MOTOYHOMY  IOKYMEHTI
Mathematica.

3. Kanaa 3B’s3KYy i3 KJIi€HTaMH, 10 00pOOJISIIOTH
pe3yJbTaTn

Jlns aHamizy Ta OOpOOKM pe3ysIbTaTiB OOYHMCICHHS
iTepariif JogaTkaMyd Ha CTOPOHHIX KOMII'IOTepax (aiiim
LUX pe3y/bTaTiB MOBUHHI 30epiraTucs Ha:

- HOCIi, JocTynmHOMY 30BHI (3 Mepexxi LAN To1110),

- iHIoMy komm’totepi y Mepexi LAN, 30BHIIHBOMY
cepBici TorIo.

[epuuii BapiaHT € OUTBIN CTAOLTBHUAM, HAAIMHUM Ta
MPO30pUM JJIsl ToJaTka, 00 JIOTiYyHO Ta (Pi3UYHO BiH HE
BiIPI3HAETHCS BiJ 30€piraHHs y 3BHUYAWHINA, HEAOCTYIHIH
30BHI, JOupekTopii. pyrwmii — OiIbIIe MiAXOIUTH IPH
BEJIUKIH KITBKOCTI 3BEPHEHD JI0 Pe3yJIbTaTiB 00YHCIICHbD 13
CTOPOHHIX KOMM'IOTepiB. JIoriuHO BiH TaKOX HE
BIIPI3HAETBCA UIS  JoJaTKa, ajne (i3UIHO 3HAYHO
CKIIQIHIIINN 1 depe3 Iie OUTbIN HeHaMiHHUNA. AJjie BiH Ja€e
MOXKITMBICT 30€pITrlIM OJIMH pa3 pe3ysbTaTd O0UHCIICHHS
30BHI, 0OpoONATH iX pI3HUMH AHATITUYHHUMH Ta
CTaTUCTUYHMMHU  NPOTPAMHHMH  KOMIUIEKCaMH,  He
TypOyrOUl OOYMCIIOBAIBHUN JIOJATOK Ta PO3BAHTAXKHTH
cepBep BiJ 3BepHEHD i3 Mepeki. TakoK OCTaHHI BapiaHT
Jae OUThITy TapaHTif0 30epeXeHHs NaHUX TpU (Pi3UdHIN

aBapii.
[Ipu moOymoBi cucTeMH BUKOPUCTAHWH TiOpHIHUIA
MiAXig — JaHi Ta TPOTOKOIH POOOTH 30epiraroThes

JIOKaJbHO 0€3 JOCTYITY i3 30BHIMIHIX cucTeM. CIerianbHo
CTBOpEHHH T0aTOK Ha 0a3i bash-ckpumTis:

- ny6umroe 1x y cxoBuiie Dropbox uepes web-API,

- Ioja€e 1X BMICT micist po30opy (mapcuHry) mo 6a3u
naanx MySQL Ha cTOpoHHBOMY cepBepi.

ABTOMaTHYHE BHSBJICHHS II0SBU HOBUX (haiiiiB
3acCHOBaHE Ha CIYKOOBOMY CHCTEMHOMY JIOJaTKy
inotifywait [17], mo mpu reHepyBaHHI CHCTEMOIO MOJIT
3aKiHUCHHS 3amIucy 10 (ailiry Ta Horo 3aKpUTTS 3aIlycKae
BHIIIE Omucany o0poOKy. KirrouoBa dacTrHa CKpUNTY, IO
BiZINOBIi1a€ 32 00poOKy moxaii, HacTynHa: inotifywait -m -r
-q --format "%f" -e close_write "$DIR" | while read FILE,
ae "$DIR" — nuisix 10 TUPEKTOPIi ATk HArJISTaHHS.

Komn oGuuncnenHs oxHiel itepamii 3aiiMae 3Ha9HUI
4ac y JIOJIaTKy € MOJJIMBICTh BKIJIFOUWTH BiINpaBICHHS
crioBiteHHs y Slack micnst KOXKHOTO J0JaBaHHs Gainy y
JUPEKTOPi0 pe3yibTaTiB iTepariif, o A03BOJITE KOXKHIN
3amikaBleHiH 0co0i 6aunTH Tporpec po3paxyHKy. Aje
TaKy MOXIIMBICTh HE PEKOMEHIYEThCS BUKOPHUCTOBYBATH,
SIKIO 9ac OO4YMCIIeHHs iTepanii meHme 15 xBwimH, 060
MOBIZIOMJICHHSI TIPUXOIATH Jy’)KE€ 4YacTo Ta HE MaloTh
CeHCY.

IlepeBarn BuKopucTaHHs cepBicy Dropbox s
nyOmroBaHHS — pe3ynbTariB  oOumcneHb Ta  (aiiiB

MPOTOKONy POOOTH y TOPIBHSAHHI i3 BHUKOPUCTAHHIM
CBOTO BIIACHOTO CepBepy /s pO3poOJIeHOT CcHCTeMU
HACTYTIHI:

- CHHXpOHI3alliZ i3  TPUCTPOEM  KOPHCTyBada
MIPOXOJIUTH aBTOMATHUYHO YV (OHI Ta MalyKe MHTTEBO, IIPH
bOMY (OPMYETBCSl JIOKAJIbHA HE3aJeXHA KOIs JaHHX,
mo 3aBkau 30epiraerTecs, a 3BepHEHHS 10 HeEl He
HaBaHTAXYIOTh cepBep o0uncieHHs Ta cepBep Dropbox,

- UIs IOCTYIy MoTpibeH nuie ponatok Dropbox abo
Opay3zep Ha cMapTQOHi, IUIaHIIeTi, HOYTOYIli, KOMIT FoTepi
TOLIO.

4. KiienTn
00po0aAI0TH 1aHi

3acHOBaHI Ha BUKOPHCTaHHI KaHAIIB 3B’S3Ky, IO
OIMCaHl BHINE, 1 SK HACHIAOK, 3MIMCHIOIOTH aHaji3
pe3ynbTaTiB 00YHMCIIEHh KOXKHOI iTeparmii OJHUM 3 JBOX
IUTIXIB, KOKEH 3 SKUX Ma€ sK CBOi NepeBarn TaK i
HEJIOJIKH.

[Mepmmii — Ha mepcoHansHOMY Komm'totepi i3 OC
Windows 10 i3 miakmodeHoro gupextopiero Dropbox,
4yepe3 OJHOMMEHHHI KIIE€HT, Yy SKOCTI BiIAaJEeHOI0
qupekropii Ta Wolfram Mathematica 8, mo npu nossi
HOBUX (aiimiB y Hif yuTae iX Ta 00poOisie. besmeka

00YHCIIOBAJIBHOI  CHCTEMH, IO

OasyeTbcs Ha BOYJOBaHHX MOJMIIHMBOCTAX  KIEHTY
Dropbox.

Moro mepesarm OdYeBHMAHI: JOCTYm 1O BCiX
BOYMIOBAaHMX AaHANTHYHHX (QYHKIIIH MaTeMaTHYHOTO

MPOIIecopy, PI3HOMAaHITHI 3aco0uW O0OpOOKHM Ta aHami3y,
3MiHa QJITOPUTMIB OOpOOKM Ta aHauily MOoxe OyTH
npoBeJieHa IHIUBINyanbHO Ta y OyAb-fKUil uac 3a
noOaXxaHHSIM KOPUCTyBa4a, MOXIIHMBICTH OOpOOKH OyIib-

SKAM  IHIIMM  TPOrpaMHUM  3a0e3leueHHs M  3a
noba’kaHHIM KOPHUCTyBaya.
Hemomiku:  moTpiOHE  CTOPOHHE  TIpOTpaMHE

3a0e3IeueHHs, a IOCTYIl A0 Pe3ybTaTiB TAKOro aHaJI3y €
TITBKH HA TOMY KOMIT IOTEpI, Ie BOHU OTpHUMaHi.

Hpyruit — po3poOienuii BeO-I0MATOK, 3aCHOBAHHN
Ha Laravel (Bepcist moBu mporpamyBanHs PHP 7.4), mo
00po0IIOE 3amUTH Ha OTPUMAHHS BeO-CTOPIHOK depe3
Opay3ep KiHIIEBOTO KOpHCTyBaua, Ta Biamosimae Ha API-
3alUTH Uil OTPUMAaHHsS Ta aBTOMATHYHOIO OHOBJICHHS
JIAaHUX 4epe3 MexaHi3M ajax. AyTeHTudikaiis 3acHOBaHa
Ha KJIACMYHOMY MiJIXOXi: BXiJ 3a JIOTIHOM Ta IapoJieMm,
00po0OKa i3 BHKOPHCTAHHSIM cookie Ta ceciii, IPOTOKOJ
3’e¢nnanns HTTPS.

Moro mepeBaru: J0CTYI € y KOKHOIO KOPHCTyBaua,
0 Ma€ JOCTY, i3 OyAb-AKO1 YaCTUHU CBiTy 4yepe3 Oyab-
SIKHIA TIPHUCTPild, IO Mae BCTAaHOBJICHUH Opay3ep, TaKokK
BiZICyTHE HAaBAaHTA)XEHHS HA KIIEHT Ha 0OpPOOKy HaHUX —
yBeCh aHaJli3 IPOXOANTH Ha BeO-cepBepi.

Hemomiku: gyke Manuifi CHEKTp aHANITHIHHX
omepamiif, SKAMH MOXIUBO OOpoOIIoBaTH naHi, y
MOPiBHSIHHI i3 crhemnianxizoBaHUM MaTeMaTUYHUM
3a0e3medeHHs M, a I O00poOKM  MOXyTh OyTh
BUKOPHUCTAaHI TiIBKYU 3a37aJIeTiIb 3alporpaMoBaHi Ha BeO-
CepBepi aJrOPUTMH aHATI3Y.

OxpeMo Tpeba B3yNMHHTHCS Ha BHKOPUCTAHHX
TEXHOJIOTISIX Ta BIAMITHTH, IO MOBa IIPOrpaMyBaHHS
PHP, ¢peiimBopk Laravel, CYBJ] MySQL o0paHi Tiibku
gepes3 Te, 10 MiJl 9ac PO3POOKH CUCTEMH BOHH BUSIBHIIHCS
HaWOUIbII TNPHUAATHUMH 32 IIBHIKICTIO PO3POOKH Ta
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posropranHsi. Takoro 3’ CaMOro pe3yiabTaTy MOXKHA
OCATTH OyAb-IKAMH 1HITUMH aHAJIOTIIHUMHE 3ac00aMu.

JemMoHcTpanisa podoTu

Jnis  memoHcTparlii poOOTH TOO0YIOBAaHOI CHCTEMHU

oOpanmit PO3paxyHOK 3amadi 00YHnCIICHHS
PO3MOBCIOJDKEHHS  iMITylibey  Eifpi 'y omHOMipHOMY
IUTOCKOIIIAPYBaTOMY cepeoBHIL METOJIOM

anpoKcUMyunX QyHKIH [9]. VBech npoliec 004nCIeHHs
BeleThCA JUIA BiApi3Ky HOopMoBaHoro uacy t=[0, 10] ta

17 Cur: 42¢ - 450
{207.969, Null}
{1275}

{1275, 2}

step 0

step

Tt8.5-9.

HOpMoOBaHOoTO mpocTopy X=[0, 1], KpOKOM MOMEITOBaHHS
h=0.02.

PosrissHeMo oGumnciieHHs itepartii Nel7 mist Bigpisky
gacy t=[8.5, 9.0]. Lle o3Hauae, 110 Ha MMONIEPETHIX iTeparlis
IUIs Biapizky dacy t=[0, 8.5] pe3ynabTaTH Bke OTpHUMaHi,
30epekKeHi JIOKaJbHO Ta BIAMANCHO. PHUCYHKH, MIO
HaBeJIeHI HI)KYe OTPUMaHi y OJJHAKOBHH Hac.

Ha kiienTi-iHimiaTopi oO4YMCIEHHS — BHBIJL Y
JokymeHTi Mathematica mokasanuii Ha puc. 2. Taki x
caMe CTPOKM 3alUCYIOThcs [0 (ailily HpOTOKOIy
pobotu.

g L g Ll

g La g

d a1

Puc. 2. Busin y noxymenti Mathematica na kiienTi-inimiaTopi o04ucIeHHs

Ha cepBepi oOOuYMCIEHHS, IIO pO3TAlIOBAaHUH Y
XMapHOMY cepefioBHILi, y ssh-koHcoui y Toii ke yac Oyze
HACTYIIHUW BWBIN, MOKa3aHW{d Ha puc. 3. Bumno, sk
GbaiiyoBUil  Harisga4  OTPUMYE  CHOBIIIEHHS — TIPO
CTBOpEHHsI HOBOro (ailly pesynbTaTiB iTepaii, 110 Mae

New iteration results found B1 Airy NL Tt6.5-7.0.txt:

Ha3By Burisny "Bl Airy NL Tt* *-**.txt", ne 3ipouxu
— e uudpu, Ta aBTOMaTHYHO 3aBAHTAXKYE IX 10 CEepBicy
Dropbox pa3om i3 J0AaBaHHSAM 3amucCiB 10 0a3u JaHHX.
AHAJIOTIYHUM YHHOM TMPOXOJUTh 00pOOKa CTBOPEHHS Ta
3MiHH (ailsliB MPOTOKOIY POOOTH.

» Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel _eel3 ho.02_Tt10_T06_Xo0/B1 Airy NL_Tt6.5-7.0.txt" to "/math/B1_Airy NL Tt6.5-7.0.txt"... DONE

» MySQL: Adding records for time interval '6.5 - 7.0'... DONE

New iteration results found B1 Airy NL Tt7.0-7.5.txt:

» Dropbox: Uploading "~/math/2d/Airy/Airy NL/eel ee13 ho.02_Tt10 Te0 Xe0/B1 Airy NL Tt7.0-7.5.txt" to "/math/B1 Airy NL T7.0-7.5.txt"... DONE

» MySQL: Adding records for time interval '7.0 - 7.5'... DOIE

New iteration results found B1 Airy NL Tt7.5-8.0.txt:

» Dropbox: Uploading "v/math/2d/Airy/Airy NL/eel_eel3 h0.02_Tt10 TA0 Xo6/B1 Airy NL Tt7.5-8.0.txt" to "/math/Bl Airy NL Tt7.5-8.0.txt"..

» MySQL: Adding records for time interval '7.5 - 8.0'... DOIE

New iteration results found B1 Airy NL Tt8.0-8.5.txt:

=1

» Dropbox: Uploading “~/math/2d/Airy/Airy NL/eel_ee13_ho.02_Tt10 60 X00/B1 Airy NL_Tt8.0-8.5.txt" to "/math/B1 Airy NL_Tt8.0-8.5.txt"... DONE

» MySOL: Adding records for time interval '8.8 - 8.5'... DOIE

Puc. 3. Busig y ssh-koHconi ¢aiinoBoro Haryisiiada Ha cepBepi 00urciIeHb

OxnH 3 KIi€HTIB, 1O 00poOmOE pe3ysbTaTH
o0uncineHb Ma€ HAacTynHUH (QparMeHT BHBOLY Yy
nmokyMeHTi Mathematica, mo HaBeJeHHd Ha puc. 4 — 3a
JIOTIOMOT0I0  po3po0iieHoi  ¢yHKii Oyayerscst rpadix

BUXiZHOT XBWi (CyLiUIbHA JIiHIS) Ta OTpUMaHOi IpH
po3paxyHkax (IyHKTHpHa JIiHis) Ha TOBHIH oci
mozentoBanus t=[0,10].
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File Edit Inset Format Cell Graphics

Evaluation

Palettes Window Help

L

PrintGraphsT[plotColor, 0.2];

el3_h0.02_Ttl0_TO0_X00

Puc. 4. O6po0OKa pe3y bTaTiB HA KIIIEHTI y MaTeMaTHyHOMY mporiecopi Mathematica

O®parMeHT BHUBONY BeO-KI€HTY, OTpPHUMAaHUHA Y
Opay3epi KOMIT'IOTepa, HaBEICHWUN HIDKYE Ha pHC. S:
3BEpXy — 3HAUYCHHS MapaMeTpiB MOICIIOBAHHS, JIIBOPYY —

O I progress...

step
step
step
step
step

A 10

0
1
2
3
4

step 0.5
{79.922,Null}
07 0.0
-+
step 0
step 1
step 2 05
step 3
step 4
step 5
-1.0
0

MPOTOKONI POOOTH, TPaBOpPyd — Tpadik MOIEIHOBAHOT
(hyHKIIIi.

2d — Airy — NL — &=1, £;=3, h=0.02, T=10, Tg=0, X,=0

Puc. 5. BuBin o6po6iiennx Ha Web-cepBepi pe3ynbTaTiB Ta IpoTOKOIy poOoTH y Opay3epi Ha KITi€HTI

IlepcneKTHBH MOAATBIIOTO PO3BHTKY CHCTEMHU

[epciekTBamu MOJaJIBIIIOTO PO3BHTKY
po3pobneHoi cucteMu OauAThCS HACTYIHI IMPOTpamHi
BAIOCKOHaseHHs. [linBuineHHs Oe3meku 30epekeHHs
OTPUMaHUX pPE3yJIbTATiB, MO BIANIPABISAIOTHCS  Ha
30BHIIIHE cxoBume Yy Dropbox, uyepe3 mnomnepeane
muppyBaHHS aCHUMETPUYHUMH Kitoyamu. /[t Ouibin
PETEeTHHOTO MOHITOPHHTY poOoTH sinpa Mathematica nHa
cepBepi 00UNCIIeHs BUKOPUCTOBYBATH TaKUH MapaMmeTp SIK
HaBaHTAKCHHS Ha LIEHTPAJIbHUI TPOLIeCcop.

BucHoBkn

VY poboti po3pobieHi Ta OOrpyHTOBaHI NMPAKTHUHI
OCHOBM  JUId  peaii3amii CHCTeMH  PO3MOAUICHUX

aBTOMATH30BaHUX OOYHUCIICHb Ta aHaJi3y Ha 0a3i XMapHOI
IHQPACTPYKTYpH, IO CKIAJAETHCS 3: KIEHTa-iHiIiaTopa
obuncnenb, 1eHTpa oOumcieHp Ha ©0asi  sjpa
MmarematuyHoro nakery Wolfram Mathematica, xananiB
3B 53Ky 13 KIIIEHTaMu, 10 OOpOOJSAIOTH pe3ysbTaTH, i3
BUKOPUCTAaHHAM (aiimoBoro cepricy Dropbox, cepsepis
6a3u maHuxX Ta BeO-cepBepy; Ta KIIEHTIB, IO aHATI3YIOTh
Ta OOpOONIOIOTh PE3yJbTaTH 3a JOMOMOTOI0 MATIMAaKETy
Mathematica abo iHTerpoBaHOTO cepenoBuina y Opaysepi
KOMIT 10Tepa abo cmapTdoHa.

[Minxomu, ommcani y cTarTi, 10 (OPMyBaHHA
CHUCTEMH JO3BOJHIIM, IO-TIePIe, MiABHIIUTA HAIIHHICTH
30epeXEeHHS Pe3yNbTaTiB OOYHCIICHHS 4epe3 iX MOTpiiiHe
JyOJIIOBaHHS: JIOKAIbHI (aiiny Ha cepBepi 0OUUCIIEHb, 1X
Komii 3aBaHTaXkeHi N0 cepsicy Dropbox Ta 3anmcu Ha
CTOpOHHIH cepBep 6a3u nanux. [lo-apyre, aHanizyBatu Ta
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0o0poOnATH nMaHi pIi3HUMH 3aco0aMH Ta Ha PI3HUX
cepBepax, 10 MaloTh JOCTYN 0 IHUPEKTOpii y cepsici
Dropbox abo 6a3u gaHux, Ta 3pOOUTH MapaieTbHUMH BCi
mporiecu 0OpoOKH pe3yNIbTaTiB Ha KiHIICBUX KITI€HTaX, 0e3
moOyAyBaHHS Yepr 3a MPIOPUTETOM Ta OYiKyBaHHA. [1o-
TpeTe, HANaromguTH KOMMOPTHHHA JUIS KOpHCTyBada
MUCTAHI[ITHUNA  KOHTPOJIb  MPOLECY OOYMCICHb Ta
pearyBaHHs Ha 3001 B poOOTI siipa, Ta HarisaaTH 3a
MporpecoM Ta OOpPOOKOI0 PEe3yNbTaTiB Yepe3 OyIab-sKuid
cmaptdon abo miranmer. Yepes iTepauiitHuii anropurm
OporpamMu CTaj0 MOXJIMBUM I€pepHBaTH OOYUCICHHS Y
cepenuHi, SKIIO TporpaMa Jae BOYCBHAb HEBipHI
pe3yJIbTaTH, HE OYIKyIOYM ii 3aKiHYEHHS, IO MOXKE
€KOHOMHTH BII TOAWH TO TW)KHIB B 3aJIEXKHOCTI BIN

ExoHoMiuHa BHTOJIa BiJl BHKOPHUCTAHHS OIHCAHOI
CHCTEMH JOCSITA€THCS 3aBIISIKH MaKCHMaIbHIN
aBTOMaTH3aIllil, MO MPU3BOAUTH IO ITiJABHINEHHS SKOCTi
mpami JOCHiAHHUKIB dYepe3 MiHiMi3alifo HEBHPOOHHUIOTO
BUKOPHUCTaHHA POOOYOro 4acy. 3aBIsSKH BHKOPHCTAHHIO
XMapHUX TEXHOJIOTIH co0iBapTicTh BOJIOZIHHS
IHQpaCcTPyKTypoIO CHUCTEMH € 3HAYHO MEHIIOK Y
MOPIBHSHHI 13 PEAIbHOI0 TEXHIKOIO Ta 3BEIEHa JI0 4acy
peanbHOro ii BUKOPMCTAaHHSA, a 4ac Ta BUTpaTU Ha il
Moaudikaniro HaliMenmn. Haii0inplnry eKOHOMI0 KOIITIB
OmMCaHa  CHUCTeMa  JacTb  NIPH  HEPETyISIPHOMY
BUKOPHCTaHHI a00 y pas3i dYacTtoi 3MiHM 3amad, MIo0
CHPUYHHSIOTH iCTOTHY 3MiHYy KoHiryparii
iHPPACTPYKTYPH.
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PACIIPEJIEJIEHHASI CHCTEMA ABTOMATHU3UPOBAHHBIX BBIYMCJIEHA HA
BA3E OBJIAYHOU UH®PACTPYKTYPBI

CraThsl NOCBSILCHA TEOPETHYECKOMY HCCIEA0BAHUIO U Pa3pabOTKe paclpeeeHHOH CUCTeMbl aBTOMAaTH3UPOBAHHBIX BBIYUCICHUH U
aHaymM3a Ha Oase oOnayHOW MH(pPacTpykTypbl. IIpeamMeToM HcclIeoBaHUS SBISIOTCS TEOPETHYECKHE M NPAKTHYECKHE OCHOBBI
MOCTPOCHUSI CHUCTEM AaBTOMAaTH3HPOBAHHBIX BBIYMCICHMH W aHAIM3a, OCHOBAaHHBIX HAa KIMEHT-CEPBEPHOW apXUTEKType B
pacnperneneHHOi HMHQpacTpykType Ha 0Oa3e oOnauHbIX TexHosorud. Ileablo cratbm siBisieTcst pa3paboTka W OOOCHOBaHHE
MIPAaKTUYECKUX PEKOMEHIAIMi K (hOPMUPOBAHMIO HH(PACTPYKTYPHI CHCTEMBI aBTOMAaTH3HPOBAaHHBIX BBIUMCIECHHH, BBIOOpY ee
COCTaBHBIX OJJIEMEHTOB M WX KOMIIOHEHTOB. 3ajada paOOoTH: BBIIBHTH HEOOXOIWMBIE CTPYKTYPHBIE JJIEMEHTHl CHCTEMBI
aBTOMATH3UPOBAHHBIX BBIYMCIEHHH M MPOBECTH IS KKIOTO M3 HUX aHAIN3 COCTAaBIAIOIINX KOMIIOHEHTOB M ()YHKIHMOHAIbHON
Harpy3KH, IOCTaBUTh KOHKPETHBIC 3aJa4H JUIs OCTPOCHHUS KayKJIOT0 M3 HUX U 000CHOBATh BHIOOP MHCTPYMEHTOB I UX peleHus. B
XOJIe MCCIIE0BaHNs MCIIOIb30BaHbl METOABI CUCTEMHOTO aHAJIN3a JUIS ACKOMIIO3ULIMU CIOXHOM CHCTEMBI Ha 3JIEMEHTBI ¥ KaXXJ0ro
3NIeMEHTa Ha ()YHKLIMOHAJIbHbIC KOMIIOHEHTHL. B pe3ysbTaTe HCCIEIOBAHUS yCTaHOBIEHO, YTO MH(PACTPYKTypa CHCTEMBI JIOJDKHA
COCTOATH U3: CAMHBIX WHUIMATOpPA BBIYMCICHUH M LEHTPa BBIYMCICHHI, KaHAJIOB CBA3M C KIMEHTaMM, M KOHCYHBIMH KIHECHTaMH,
KOTOpBIe 00pabaTEIBArOT pe3ynbTaThl. Bes cucTema nomkHa paboTaTe B pealbHOM WM OIM3KOM K pealbHOMY BPEMEHH, UTO JOJDKHO
OBITH JOCTHTHYTO depe3 00paboTKy COOBITHI OIEpalMOHHOM CHCTEMBI M BHEIIHHMX CEpBHCOB. KaHaibl CBSI3M JOIKHBI OBITH
MaKCUMAaJIFHO YHHBEPCAIBGHBIMU M IPEJOCTABIATE IIHPOKHE BO3ZMOXKHOCTH KIIMEHTaM JJI JHOCTyIa K JaHHBIM. KoHeYHBIe KIMeHTHI
JOJDKHBI OBITH JBYX THIIOB: HOJHOICHHBIE [UII THOKOM ¥ WHIMBUIYAIBHOW OOpaOOTKM IaHHBIX, W YIPOLICHHBIE [UIS
WHTETPUPOBAHHON cpembl OOOOUmIEHHOH O0OpaOOTKM MJaHHBIX B MOOWIBHOM WM JECKTOMHOM Opaysepe. Ilo momy4eHHBIM
pPEKOMEH/AMAM pa3paboTaH OJMH M3 BapHaHTOB TAKOH CHCTEMBI, NOKa3aHbl NPUHLMIBI €ro pabOThl M NPUBEICHBI PE3YJbTAaThl.
BbiBoabl. Pa3paboTaHbl TEOPETUYECKHE M NPAKTHYECKUE OCHOBBI IS Pean3allii CUCTEMbI PaclIpe/ieNICHHBIX aBTOMATH3HPOBAHHBIX
BBIYHMCIICHUH U aHalM3a Ha 0a3e 00JavyHbIX TeXHOJIOTHil. IToKa3aHO MOBBILICHUE HA/ISKHOCTH XPAHEHHS PE3y IbTaTOB MOCIMPOBAHUS
B TaKOH cHcTeMe uepe3 UX TpoiHoe TyOnupoBaHue Oiarogapsi: JJOKaIbHOMY XPaHIIIUILY, MCIONIB30BAaHUIO BHEITHUX 0a3bl TAHHBIX U
¢aitnoBoro cepsuca. IIpenocraBieHbl DOBOIBI IO IIOBBIMICHUIO YHOOHOCTH M TMOKOCTH B 00paboTKe pe3yJbTaToB Onaronaps
BO3MOYKHOCTH HCIIOJb30BaHHsI CTOPOHHHUX AHAJMTHYECKHX IPHIOKECHUH, KOTOpBIE MOAJMECPKUBAIOT 3arpy3Ky MAAHHBIX W3 TaKHX
nuctoyHukoB. [loka3aHa OJKOHOMHMYECKash BBITOJAa OT WCIOJB30BAaHMS OIMCAHHOW cucTeMbl. [lokaszaHel Oynymue IyTH ee
YCOBEPILICHCTBOBAHMSI.

KitoueBble cj10Ba: 00JIagHbIe TEXHOIOTHH; paclpeieieHHass HHPPACTPyKTypa; aBTOMATH3UPOBAHHBIC BEIYUCIICHHUS; SKOHOMHUS
PECYpCOB U ICHET; UTepallMOHHBIE aNropuTMBl; Mathematica.

THE DISTRIBUTED SYSTEM OF AUTOMATED COMPUTING BASED ON CLOUD
INFRASTRUCTURE

The article is devoted to theoretical research and development of a distributed system of automated calculations and analysis based on
cloud infrastructure. The subject of the research is theoretical and practical principles of building automated calculation and analysis
systems based on client-server architecture in a distributed infrastructure based on cloud technologies. The purpose of the article is to
develop and substantiate practical recommendations for the formation of automated computing system infrastructure, the choice of its
elements and their components. Tasks of the study is to identify the necessary structural elements of the system of automated
calculations and provide for each of them an analysis of components and functional load, set specific tasks for the construction of
each of them and substantiate the choice of tools for their solution. The methods of system analysis to decompose a complex system
into elements and each element into functional components were used during the study. The study found that the system infrastructure
should consist of: a single computing initiator and computing center, customer communication channels, and end customers who
process the results. The entire system must run in real time or near real time mode that must be achieved through the handling of
operating system events and external services events. Communication channels should be as versatile as possible and provide
customers with ample opportunities to access data. The end customers should be of two types: powerful for flexible and individual
data processing, and simplified for the integrated environment of generalized data processing in mobile or desktop browsers.
According to the received recommendations one of variants of such system is developed, principles of its work and results are shown.
Conclusions. The theoretical and practical foundations for the implementation of a system of distributed automated computing and
analysis based on cloud technologies have been developed. An increase in the reliability of storing the simulation results in such a
system through their triple duplication is shown due to: local storage, using of external databases and external file service. Arguments
are given to increase the convenience and flexibility in processing the results due to the possibility of using third-party analytical
applications that support getting data from such sources. The economic benefits of using the described system are shown. The future
ways of its improvement are given.

Keywords: cloud technologies; distributed infrastructure; automated cloud calculations; saving resources and funds; iterative
algorithms; Mathematica.
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