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BUKOPUCTAHHSI BEB-TEXHOJIOT'TIA B CHCTEMAX KEPYBAHHS

Psazanues O.1., lllep6akos €.B., lllepoakoBa M.€.

THE USE OF WEB TECHNOLOGIES IN CONTROL SYSTEMS

Ryazantsev O.1., Shcherbakov E.V., Shcherbakova MLE.

Poszenanymi  cyyacui  moeu  po3mimku,
npozpamyeanns 6eb6 — 000amKi6 ma NPOAHANI308aHA
eexmuenicmo  npocpam  ma  Gi3yaibHux — inmepgelicis,
po3pobnenux 3 iX  GUKOPUCTNAHHAM. Ilokasano, wo
Modxcausocmetl yux mMo8 ma 3aco6ig ix peanizayii 0ocmamusvo
0nd  po3poOKU  OCHOBHUX niocucmem podooyux Ccmanyii
cucmem Kepy6anHsl MexXHONO2TUHUMU npoyecamu.
Jocniooiceni ocobnueocmi nAGHY8anHsA ma 3anycKy 3a0ad, sKi
DYHKYIOHYIOMb HA POOOUUX CINAHYIAX KOMN TOMEPHUX CUCTHEM
Kepyeanus. J{na 3a0au  6epXHbO20 PIGHA  Kepy6aHHs
PpOo3pobnieni memoouka i aneopumm oucnemuepusayii 3aoad,
AKULL  8pAX08YE  ONA  KOMCHOI 3a0ayi 6iopasy OeKinibKa
NOKA3HUKIB, HANPUKLAO, ii 6adCIusicmv, uac 6UpiueHHs
3a0aui, iHmencugHicms pobomu 3a0ayi 3 6azamu OauHux i m. n.
3anpononosanuii  aneopumm  Oucnemuepuzayii  3a0au

cmunizayii i

BUKOPUCOBYEMbCS 8 OUCHemuepi pearbHo20 4dcy CYY4acHoi

eepcii nakemy ,, Keapy-2013".

Knrwwuosi cnosa: HTML, CSS, JavaScript, 6e6 — sukonasyi,
KOMN lomepHa cucmema KepyeanHsl, PealbHuil 6UMIp yacy,
oucnemyepusayis.

Beryn. B pjanmii wac MoBa  rinepTeKcTOBOT
po3mitkm  HTML, Ttabmumi crumie CSS Ta MoBa
IporpamMyBaHHs JavaScript CTanu HACTUTBKH

POBIIOBCIOKEHUMH, 110 0araTo omnepamiiHHX CHCTEM,
30kpema, Windows 8, Firefox OS, Gnome ta Chrome
OS npuitHsH X B SKOCTI OCHOBHUX 3aC00IB PO3POOKH
nmomatkiB. OkpiM Toro, MoOUTEHI IpucTpoi Ha 6a3i OC
iPhone ta Android miaTpumyloTh BEO-IIpeACTaBICHHS,
10 J103BOJIsiE BKIoUatu GyHkuioHanpHicte HTMLS Ta
JavaScript B ix pimHi momatku.  JavaScript Takox
MPOCYBAETHCS B CBIT TEXHIYHHUX 3ac00iB. Taki mpoekTH,
sk Arduino, Tessel, Espruino i NodeBots B
HaWOMIKIOMYy MaiOyTHBOMY I€pelBillIalOTh 4Yac, B
skoMy JavaScript MOXe cTaTu CHUIBHOIO MOBOIO IS
CHCTEM KepyBaHHs Ta pOOOTOTEXHIKH.

Merto10 podoTH € po3poOka METONy IUTaHyBaHHSI
3a[a4d peaJbHOTO BUMIpPY Yacy 3 ypaxyBaHHIM OaraTbox
iX XapaKTEepHUCTHK Ta peaji3allisi alrOpuTMiB IIHOTO
METOJly Cy4acCHUMH 3ac00aMu BeO — po3poOKH.

OCHOBHI KOMIIOHEHTH Ta e()eKTHBHICTHL 32c00iB
Be0 — po3podku. CTBOopeHHs mporpamu Ha JavaScript
[1] Take * mpocTe, Ik pearyBaHHs TEKCTOBOTO (haiimy
1 BIOKpUTTS Horo B Opaysepi. TyT Hemae cKkJIagHHX
CepeIoBHUIIl PO3POOKH, SKi MOTPIOHO 3aBaHTAXKYBATH 1

BCTaHOBJIFOBATH, 1 He MOTPiOHO BuBuUaTH ckiagdi IDE.
Kpim TOro, moBa JavaScript mpocta B OCBOEHHI.
bazoBuii cuHTakcuc Binpasy 3HaoMHH OyIb-sSKOMY
nporpamicry, SKHi B)Ke MaB CIIpaBy Xo4da O 3 OJHI€I0 3
MoB cimeiictea C. JKogna iHma MoBa HE MOXe
MOXBAJIUTHUCS TAKUM HU3BKUM 0ap'€poM BXODKEHHS, K
JavaScript. B cywacHux Opaysepax OUIBIIICTE KOIy
JavaScript - me  BiAKOMIIBbOBaHWM,  100Ope
ONTHUMI30BaHUN 1 BUKOHYBAaHHHA SK MAaIIMHHUH KOX, i1
TOMY IIBHIKICTP BHKOHaHHA OJIM3bKa IO WIPOTPaM,
HAaIlCaHUX Ha TPAAULIHHAX MOBAX IPOrpaMyBaHHS.

B nmanuit gac 3acobu BeO - po3poOkm Ha 0asi
HTML 5, CSS 3 Tta JavaScript 3a cBoiMH
(GYHKIIOHAIBHUMHA ~ MOXJIUBOCTSMH 1 IIBHUJAKOCTI
BUKOHAHHS PO3pO0JICHHUX BEO - JOAATKIB JOCATIIU PIBHS,
JIOCTaTHBOTO Uil X BHUKOPUCTaHHS B CHUCTEMax
KEpyBaHHS, Ki MIPALIOIOTh B PEXXHUMI peaslbHOTO BUMIpY
yacy. /JlilicHo, 3acoOu mBHIKOrO BifOOpakeHHS
rpadiuyHuX 1 MynbTHMeAiHHMX aaHuX Ha 0a3i Canvas
API, BeO - coketm mims 3B'SI3Ky pOOOYMX CTAHINH 1
KOHTpOJIEpiB y pearbHOMYy dYaci Ha 0a3i NPOTOKONIB
Iureprer, Texnomoris Web Storage mis MIBHIKOTO
30epeKeHHA JaHUX y 30BHIMIHIN mam'saTi KoMm toTepa,
MexaHi3mMu BeO - BukoHaBmiB HTML 5 mis oOpoOku
iHpopmarii B mapaledpbHUX IMOTOKaxX 1, HApEIITi,
ICTOTHHI Mporpec B OOYHUCIIOBaIbHIA e()EeKTUBHOCTI
aNropuTMiB, HamucaHux Ha JavaScript, JarTh
MOJJIMBICTh ~ 3aCTOCOBYBaTH BeO -  TEXHOJOTIT
NPaKTHYHO JUIS BCIX IIJICUCTEM BEPXHBOTO pIBHA
CHCTEM KEpyBaHHS TEXHOJOTIYHUMH HpoLecaMu i
00'exTamH.

3 meperniueHNX BUIIE BeO - TEXHOJOTIH Ba)IUBY
POIb BimirparoTh BeO - BUKOHABIII, OCKIIBKH camMe BOHH
JIAI0Th MOXJIMBICTh PO3POOJSITH KOHKYPEHTHO3JATHI
3acobu aucnerdepu3aliii 00YHCIIOBAIEHUX MIPOILECIB Y
By3JlaX CHCTEM KEepYyBaHHS, SKi NPALOIOTh B PEXHUMI
peasbHOrO BUMIpY 4acy.

Be6 - BUKOHaBII MPEACTABISAIOTH  COOOKO
e(eKTHBHO MpALIO0Yi MMOTOKH BHKOHaHHS [2]. Beb -
BUKOHABIi JKMBYTh B ABTOHOMHOMY CEpEIOBHII

BUKOHAHHS, O/HaK 0Oe3 NOoCTymy 10 00'ekTiB Opaysepa
Window a6o Document, i MOXyTb CHUIKyBaTHCS 3
TOJIOBHAM  TIOTOKOM  TiJIBKHM  4epe3  MeXaHi3M
ACHHXPOHHOI Iiepenadi moBimomieHs. Lle o3Hauae, 1o
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mapajienbHa Moaudikaris 00'eKTHOI MOJIeNTi JOKyMEHTa
(DOM) Bce me HEMOXJHMBA, aje pa3oM 3 THM BeO -
BUKOHABIl JAlOTh MOXIIMBICTH BHKOPHCTOBYBATH
cuaxponHi APl i mucarm ¢QyHKuii, sKi BUKOHYIOTBHCS
JOCUTHL JOBIo Ta IpU LObOMY HC TaJlbMYIOTh MUK
00poOKku mofii 1 He miABimyTh Opay3ep. CTBOpeHHS
HOBOT'O BUKOHABIII HE € BEJIMKOBAaroBOIO OIlEpalli€lo,
TaKol0, SK BIJKPUTTA HOBOTO BiKHa Opay3epa. Aue
BHUKOHABIII HE HAWIMPOCTINII IMOTOKK 3 YCiX, 1 TOMYy HE
Mae CEHCy CTBOPSHHS HOBHUX BHKOHABLIB IS
BUKOHAHHS TPUBIANBHUX onepamii. s cxragaux BeO -
JONATKiB MOXE BHSBUTUCS KOPHUCHUM CTBOPIOBaTH
JIECSATKA BUKOHABIIIB, aJie MaJOWMOBIPHO, IO JOJIATKH 3
COTHAMH ab0  THUCSYaMH  BHUKOHABIIB  OyIyTh
3yCTpiYaTrcs Ha MPaKTHUII.

Sk y Oyap-sixomy norokoBomy API, € nBi uactunu
BU3HAYCHHS BeO - BUKOHABIL. [lepIlor YacTHHOK €
o0'exkr Worker: BiH Bu3Hauae, SK BHKOHAaBEIb
NIPE/ICTABISETECS 330BHI, 3 OOKy IOTOKY, SKMH HOTO
ctBoproe. [Ipyroto yactunoro € WorkerGlobalScope -
rno0anbHuii  00'€KT JUIS HOBOI'O BUKOHABI, SIKHH
BU3HAYAE, SIK MOTIK BUKOHABLS BHIJISIIAE 3 BHYTPILIHBOT
CTOPOHH, 3 KOJy BUKOHABIIS.

[orik BuKOHABI BHKOHYyE cCBiii kox (i Bci
IMIIOPTOBaHi CIeHapii) CHHXPOHHO 3BepXy BHHU3, a
MOTIM BXOJAWTh B AaCHUHXPOHHY a3y, B sKii BiH
BIJINIOBiJla€ Ha MOAil Ta TaiiMepu. SIKIIO BHUKOHABEIlh
3apeecTpyBaB 0OpOOHHUK MmO onmessage, BiH He Oyne
3aBEpLICHUI Hi 3a SIKMX OOCTaBMH JIO0 THX Mip, NOKU €
MOXJIMBICTh HAIXOJPKEHHS HOBUX HOBIJIOMJICHBb. AJe
SKIIO BHKOHaBeIlb HE CIyXa€ IIOBIIOMJICHb, BIiH
npaifoBaTUMe JIMIIE [0 THX Tip, IIOKH ICHYE
HEBUPIIICHI 3aBIaHHA (TaKi sSK 3aBaHTAKEHHS i 00poOKa
TaiiMepiB) 1 He OyOyTh oOmpamboBaHi BCi 3BOPOTHI
BUKJIMKH, IIOB's13aHl 3 3aBgaHHsaMu. Ilicis Toro, sk
3aBEPIIUTHCS 00POOKA BCIX 3apeECTPOBAHUX 3BOPOTHHX
BUKJIMKIB, y BHMKOHABLS 3HHMKAE MOMJIUBICTH IOYATH
HOBE 3aBJIaHHS 1 B IIeil Yac MOKHA O€3MEYHO 3aBEPIIUTH
poOOTY MOTOKY.

Hwxue Ha npukiaal JOBOJI CKIaAHOT HiICHCTEMU
qucrierdyepuszanii  3agad  poOOYMX CTaHLIA CHUCTEM
KepyBaHHS Oyne MIOKa3aHo, K MOXHa
BUKOPHCTOBYBATH OIMCAaHI BUIIE BeO — TEXHOJIOTIT /IS
NpOrpaMyBaHHs CHCTEM PEATLHOI0 BUMIpY dacy.

AJroput™m amcrnerdepusanii 3agay peajbHOro
BUMIpY 4acy 3a  CTPYKTYPHHM  KpHUTepieMm.
OCOoO0JMBICTIO YIIPABIiHHS O0YHCIIOBAIBHUM POLIECOM
B PeXHMI peaJbHOr0 BHUMIpPY 4acy € Te, L0 AJs BCIX
3a1a4, sIKi MiJIraloTh BUKOHAHHIO, HANIEPEI BiIOMI BCl
OCHOBHI XapaKTEPUCTHKH, a TaKOX CHCTEMHI pecypcw,
SKI BUKOPHUCTOBYIOThCA MiJ 4ac ix poboru. lle nmae
MOXJIMBICTh TIJIBUIIUTH €(QEKTUBHY IPOIYKTHBHICT
CHCTeMH, SIKIIO ISl JucrieTdepusanii 3amad OyayTb
BUKOPHCTOBYBATHCS QJITOPUTMH, IO 3a0€3MeUyIoTh Y
NOPIBHSHHI 3 HaWITpOCTINMHU NrOpUTMaMu
JUCTIeTYepHU3aIlii OLIBIIT IIOBHE 3aBaHTAXKEHHS
mporecopa i MIHIMI3YIOTh BTpPaTH MPOAYKTUBHOCTI
gepes KOi3ii, IKi BHHUKAIOTh PH OJHOYACHIH poOOTI i3
3araJlbHUMH CUCTEMHUMH PECYPCaMu.

HucrieTdaepusanis 3amav, ToOTOo BHOIp 33amad Ha
BUKOHAHHS TpoIrecopaMu pobouoi CTaHIIii,
mpenacraBisie  co0or0  cepio3Hy  mpobmemy  [3].
JloBouThCsl BpaxoByBaTH, IO OjHOYacHa pobora
JIEKUIBKOX TIPOLECOpIB i3 3arajJbHUMH pecypcaMmu
CHUCTEMH, TaKUMH, SK JiHIi 3B'SA3Ky, TaOJNUIl [aHHX,
MOXE  IPU3BECTH A0  3HAYHOTO  3HWKEHHA
MIPOJyKTUBHOCTI.

Haiimpocrimmmu i 4acTo BHKOPHCTOBYBaHHUMH
TUCHHIUTIHAMU OOCIYTOBYBaHHA € IOOpEe BiIOMi HaBiTh
3 TOBCSKICHHOTO MOOYTY Oe3mpiopiTeTHA AMCIUILTIHA
«TepIIM TPHUHIIOB - MEepIIMM OOCIYyTrOBYETHCS» 1
JUCLHMIUTIHA OOCIYrOBYBaHHS B NOPSAAKY CTapIIMHCTBA
npioputeTiB. CTOCOBHO IHCLUIUTIHM BHOOpY 3agad Ha
BHpIIICHHS 1€ O03Hadae, M0 BHOWpAEThCs 3aaada, sSKa
paHinie 3a BCiX NpHiilia B 4epry abo Mae BHIIMH
npiopurer. Taka &IUCUMILIIHA BHMarae JiHIHHOTO
BIOPSIIKYBaHHA  BCIX  3ajgady, sKI  MiJISTaoTh
BUKOHAHHIO, IO JUIS CKJIAQJHUX CHCTEM pEaJIbHOTO
BUMIpY 4acy, B SIKUX Ul BCTAaHOBJICHHS CTapIIMHCTBA
MDK 3a7adaMM TIOTpiOHO BpaxoByBaTH KiJIbKa He
MOPIBHIOBAaHMX MDK COOOI  IIOKa3HUKIB, MOXe
BUSIBUTHCSI HEJOLUIBHUM. Y TOH e 4ac MOXJIUBICTH
napaiensHoro BukoHaHHs B OC Windows mekigpKox
3a7ad  JIO3BOJISIE  TepedTm  Bim  iX  JiHIAHOTO
BIOPSAKOBYBAaHHS 0 OZHOMY, CKaJIPHOMY KpPHUTEpilo
JI0 CTPYKTYpHOro, TOOTO 110 AMcHeTdepu3aii 3amadq
BiZpazy 3a rpymnotro kpurepiie [4]. Ilpu wupomy
YEProOBICTh BCTAHOBIIIOETHCS HE MK  OKPEMHMHU
3aa4aMy, a MK TpylaMyd pPIiBHOIIHHUX 3amad. Takuit
OiAXig HE Ja€ HIAKAX [epeBar, SKIIO  JUJIsd
BIIOPSIIKOBYBAaHHS 4eprd 3anad € TUIBKM OJUH
YUCIIOBUN TTOKA3HUK, alle BiIKPHBAE€ HOBI MOMIIUBOCTI,
SIKIIIO TAKMX MOKA3HUKIB JIEKIIbKA.

[MokasHMkamu, 1[I0 XapaKTepH3YIOTh  3alagy,
MOXYTb OyTH: TmepioJ] MOBTOPEHHs 3ajadi, 00'eM
omepaTWBHOI Tam'sATi, 3alHATOI 3ajgadero, dac ii
BHpIIICHHS], IHTEHCHUBHICTh po0OTH 3 TabmuisaMu 0a3
JIaHUX, Yac 3aiHATOCTI KaHaNiB 3B'SI3KY JJIsl OTPUMAaHHS
3HaUYeHb TEXHOJIOTIUHMX mapamerpiB Bix OPC -
cepBepiB i T. A. Moxe OyTH BCTQHOBJIEHO MOPSIIOK
BUpINIEHHS 33724 10 KOXXHOMY 3 IIOKa3HHKIB, aje
iHpopMarlis, HeoOXigHa JuIi  TOPIBHSAHHSA  LHX
MMOKAa3HUKIB MK CO0O0, SIK MpaBwio, BiacyTHsA. OnmHa
3aJadya MOK€ BHMaraTh Oarato dacy mjis poOOTH 3
TabmuIsIMHA 0a3 MaHWX, MAJI0 Yacy 3aiHATOCTI KaHAJIB
3B'SI3KY 1 CEpeIHBOTO Yacy BUPILICHHS, iHIIA - Majoro
gacy s poOOTH 3 TabmuisiMu 0a3 TaHWX, BEJIUKOTO
gacy 3alHATOCTI KaHamiB 3B'A3Ky 1 Oarato wacy mis
BUpINIeHHS. SIK MOpiBHATH Taki 3a1ayi?

Po3srissHeMo MeTOAMKY TOpIBHSHHS 3ajad, LIo

XapaKTepU3yThCs JIeKlIbKOMa 4YKUCIOBUMH
BiIacTHBOCTSMH. J[1g  KOXKHOT 3amadi  IOMICTHMO
3HAUeHHs BCiX 11 BJIACTUBOCTEH Yy CIeLialbHY

CTPYKTYpY, 3BaHy OJIOKOM yIpaBiiHHS 3a1aueio (tcb).
IIpu mpoMy mepenik BCiX 3amad, MO OOPOOISIOTHCS
ANTOPUTMOM  JIUCHeTdepu3alii, Oyme mpeacTaBIeHO
MacuBOM CTPYKTyp posMipHOCcTi N (tcn[N]), me N —
4KCIO BCiX 3aa4. bynemo BBaxkarH, 4To 3amada ten(i]
Mae repeBary nepen 3agadero ten[k], skmmo 3amgaga ten[i]
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nepeBakae 3amady ten[k] xoua O 3a ojHi€O
BiactuBicTiO (ten[i].j > ten[k].j), a mo BciM iHIIUM He
ripma 3a Hei. Hampuxman, Hexai 3amada ten[l]
XapaKTepU3y€eThCsl HACTYITHUMH BJIACTHBOCTSIMH: YHCIIO
3BEpHEHb 110 TaOuuip 0a3u gaHux icropii - 12, uyac
BUpINIEHHS - 7 CeKyH[, 3anaya ten[2] - 1215 cexyHa
BiAmoBinHO. | Hexal «Kpaioio» BBa)KaeThCS Ta 3a/1a4a,
B SIKOT YMCJIO 3BEpHEHb N0 TAabJMIb 0a3 JaHWX Ta yac
BupimeHs MenHme. Tomi 3amava tcn[2] Oyme MaTtu
mepeBary mepen 3agadero ten[l], oCKUTBKH 3a JpyTOrO
BJIACTHBICTIO BOHAa Kpaiia, a 3HAYeHHSA Mepoi
BJIACTHUBOCTI B 000X 3a7a4 OIHAKOBI.

Bynemo BBaxkatu, mo 3amadqi ten[i] i ten[k] He
MOpIBHIOBAaHI MK 0000, sKmO 3amada ten[i]
nepeBaxkae 3agady ten[k] 3a 3HAYCHHSIMH OJHHUX
BJIaCTHBOCTEH, a 3a7a4a ten[k] nepeBakae 3anauy ten[i]
3a 3HaueHHsMH iHIIUX. Hanmpuknan, ten[1] ={12, 7} i
ten[2] ={16, S5} He mnOpiBHIOBaHI MDX CcOO0OI0.
HesanexHo BiJ TOTro, BBAXKAETHCS «KpalluM» Oijblie
3HAYCHHS BJIACTHBOCTI a00 MEHINE, MOPIBHIOBATH IIi
3aga4i 6e3 10AaTKoBOI iHpopMalii MU HE MOXKEMO.

BincyTHiCTP BHUMOTH IHIHHOTO BIOPSAKYBaHHS
3amad B CHHCKY JO03BONsiE 0O0'emHATH Jlesiki  He
MOPIBHIOBaHI 1 €KBIBaJICHTHI 3a/ia4i B OJHY TpyIy 1 Iiif
TpyMi NPHUCBOITH HOMEp (paHT), IO BU3HAYAE TOPSIOK
BUKOHAHHS: YUM MEHIIIE HOMEp, TUM BUILE PAHT TPYIH
3ajad.

B ctpykTypy, 1m0 npexacrapisie OIOK yrnpaBiiHHS
3ajqa4yero, BBeAEMO Hal0ip OJHOPO3PSIHHMX  TIOJIB,
3HAYEHHSAMH SKHUX OynyThb Oynesi 3minHi ten[i].p[j] (O
<= j <= N-1). ons p, mwo npencraBisAOTh 1i OyJeBi
3MiHHI B KOXKHIH CTPYKTYpi, B CYKYITHOCTi YTBOPIOIOTb
KBaJpaTHy MAaTPHIO, eIEeMEHTaMH $KOI € 3MiHHi
ten[i].p[j]. 3 BusHaueHns ten[i].p[j] cuimye, oo oxuHUII
B i-My psAAKy MAaTpHIli BH3HA4alOTh 3amadi tcn[j], mo
BIJIHOLLICHHIO J10 sikuX ten[i] Biggaerbes nepesara. Tomy
SKIIO B j-MY CTOBII CTOSITh BCI HyJI, TO, 3HAYMTh,
HEMae 3amadi, AKId  BIAMAETbCS  IepeBara  Io
BiJTHOIICHHIO 10 3afaui tcn[j]. Po3rmsHyTi BiacTUBOCTI
3agad 1 Meroj 1MOOyIOBM MaTpuli JIO3BOJISIIOTH
3IIHCHIOBATH 1X YNOPSAKYBaHHS. Po3risiHeMo npuKiia.

Hexait y cnmcky € neB'satb 3amau. Koxna 3amaya
XapaKTepU3yeTbCs TPbOMA BIACTHBOCTSAMH: 4YacoM
BUpIIMICHHS, KUTBKICTIO 3BEpHEHb OO0 Ta0OiHIp O0a3m
JAHUX iCTOpii i YaCOM BHKOPHCTAaHHS KaHATIB 3B'S3KY
JUIi  OTPUMAaHHS ONEpPAaTUBHUX JaHUX. 3JHAYCHHS
BJIaCTHBOCTEH 3a7a4 HaBEJCHO B TaOI. 1.

Tabnums 1

BuiactuBocti 3a1a4

\Homep 3adaui 11234 (5]6]7]8]9
IBiiactuBicts 1 (4ac 31126724129
BalHATOCTI KaHAJIB
BB 513Ky, MCEK)
IBriacTuBicTh 2 (4ac 15(10(17( 7 [28|16(19|17|11
BUPIILICHHS 3a/1a4l,
MCEK)
IBiactuBicth 3 (uucno | 7 [21(27]4 | 2 |22] 8 |23|21
BBEpHEHB 10 TaOIUIb
0a3u JaHuX icTopii)

[MoOymyemo OyneBy MAaTpHIIO 3 eleMEHTaMHU
ten[i].p[j] (Tabum. 2). Jns 1poro 3Ha4eHHs BIACTHBOCTEH
3ajaui ten[i] OyaeMo BigHIMATH 31 3HAYEHD BIATOBIIHUX
BJIACTUBOCTEH 3amadi ten[j].

Tabnuus 2

Bynesa maTpuns JUisi BUBHAYEHHS PAHTiB 32124
1 2 1314516171819

O ||| [Ww o f—
(=] (=) P [l [} [} fer) fen ) fen)
ol Ll K=d Ll K =1 k=1 Ll Kl K}
[=] (=] (=) fw) fe) [ ) fe) fe) fe)
==l =] (=] =] [=] [=] ]
[=] (=] [o] [=) [a) fa) [ fa) fe)
(=1 Ll (=) [ [} fa) El fe ) fen)
[=] [=] [o] [=) [a) ) [ fa) fe)
[=] (=] [o) [ [} fa) Ll fe) fen)
[=] (=] [o] [=) [a) [a) [ fa) fe)

B Taba. 2 mudpu meprioro CTOBMIS 1 MEPIIOro
psnka IMO3HAa4YalTh HOMepu 3amad. s Toro 100
BU3HAYUTH TPYIy 3aad MEpUIOr0 PaHry, JOCTATHHO
3HAMTU CTOBIII, B SIKUX CTOSITh TUIbKH Hyii. Takumu
CTOBIIAMH OyayTh 3-#, 5-i, 7-i 1 9-i. 3axaui 3 uuMHU
HOMepaMmHu oTpuMaroTh panr 1. Lli 3agadi i MaroTh OyTH
BUOpaHi i1 BUKOHAHHA. SIka 3 IUX YOTHPHOX 33134
Mae WTu padilie 3a iHIINX, 0e3 JoAaTKoBOI iHpopMarii
BU3HAYHTH HE MOXKHA, TOMY Taki 3aJadi ITOBHHHI
BUKOHYBATHCS B PEKUMI KBAHTYBaHHSL.

Buznauumo rpymy 2-ro pasry. Bukpeciumo 3
MaTpuii croBoii 3, 5, 7, 9 Ta BigmoBiaHi M psaaku. B
OTpUMaHii MaTpulli 3HOBY 3HAWAEMO CTOBIII, IO
MICTATh JiMIle HyJ. 3ajadam, L0 BiMOBIJAIOTh UM
CTOBIIIAM, MPUCBOIMO paHr 2. Tak caMO BU3HA4Ya€eThCS
rpymna 3ajad paHry 3 i T.J.

Meronuka nmucrieTyepusanii 32 CTPYKTYpHHUM
KpPUTEpIEM 3 ypaxyBaHHSIM HECYMICHOCTI 3ajad IIo
BUKOPHCTOBYBAaHHX pecypcax Mo)ke OyTH peaiizoBaHa
3a JIOIIOMOT'0I0 HACTYITHOTO MPOCTOTO aJITOPUTMY .

3 MeTor 3amoliraHHsS OJHOYACHOTO 3aIyCKy Ha
BUKOHAHHSA HECYMICHHX MiX c000¥0 3amad, Uil BCIX
3amad, [0 BHUKOHYIOTBCA 1 TOTOBI 110 BUKOHAHHS,
MIATPUMYETBCA CHUMETpHYHa OyjieBa MaTpHIls, KOXKEH
EIEMEHT KOl BH3HAYAE€ThCS HACTYITHHM YUHOM:
ten[i]r[j] = 1, skmo  i-Ta 3ajgaya CyMicHa IO
BUKOPHCTOBYBaHHX pecypcax ¢ j-1o 3ajmauero; 0 — B
IHILIOMY BUITAJIKY.

[Ipouenypa BuOOpY 3a1a4 Ha BUKOHAHHS MOJIATaE
B HactymHoMy. [lepernmsmaroTbes psIKA — MaTpUIL
CYMICHOCTI 3ajad, IIOMi4€Hi HOMEpaMU BUKOHYBaHHUX
3amad. BigMmidaroTeCs BCi CTOBIIII MATpHIi, B SKUX Y
BUUJICHUX PSIKaX 3HAXOMSATHCS OJMHUYHI 3HAYCHHSI.
Homepn nwx cTOBNIIB BU3HAYAIOTH 3a/adi, CyMiCHI 3
BukoHyBaHuMu. Cepel HHUX 1 BUOMpAKOThCs 3anadi 3
HAMBHIUM DPAHTOM Ui BUKOHaHHA. Ilpu 3aBepiueHHi
BUKOHAHHS SIKOT-HEOYZb 3aJa4l 3 MaTpHUIll CyMiCHOCTI
3a]1a4 BUJAIISIOTHCS BIAMOBIIHI PSIOK 1 CTOBIEID, 1 IS
BUJIBHUX IIPOLIECOPIB BUOMPAIOTHCS 3aAadi BiAMOBIIHO
IO BITKOPUTOBAHOT MATPHIII.

3acrocyBaHHs Be0-TeXHOJIOTiii s
peanmizanmii ajaropuTMy aucnerdepusaudii 3axau 3a
CTPYKTYPHHM KpHTepieM. ANTOPUTM IUCTIETYCPU3AIIiT
3a CTPYKTYpHHM KPHTEpIEM, MPeACTaBlIeHUI Bulle, OyB
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BUKOPHUCTaHWH TIpH po3poOIli jaucmerdepa 3amad
peamsHOrOo yacy cucreMu SCADA makery «Ksapu-
2013» [5], OCHOBHI KOMIIOHEHTH SIKOTO PO3pOOJIeHI 3
BUKOPHCTAHHSIM MPOTPaMHUX BEO - TEXHOJIOTIH.

Hucneryep 3amau (puc.) 3abe3mneuye
(yHKIIOHYBaHHS B Oararo3agauyHoMy pexumi 10 32-X
3a7a4 BIIMOBIAHO 10 BaXJIMBOCTI KOXKHOI 3aadi, yacy
MOYaTKOBOTO 3aIyCKy i/ab0 mepioy OBTOpEHHs 3a/1a4i
Ta IHIIMX XapaKTEePUCTHK, SKi BCTAHOBJIOKTHCS
IHAWMBITyaTbHO IJIS KOXKHOI 3a/1a4i.

Hucrietaep OyB po3pobneHuii sk BeO - MOTATOK,
SKHA CTBOPIOE I KOXKHOI KOPHCTYBAIbKOi 3amadi
OKpeMuil MOTIK BHUKOHAHHSI. Jlst 1150} §0)
BUKOpHCTOBYBasacsi Texnoinoris Web Workers [4], sika
JIO3BOJISIE TIPH BUKOHAHHI CKPHIITa HA CTOPOHI Opay3epa
CTBOpIOBaTH crenianbHuii  o0'ekt  Worker, skuit
BUKOHYe 3anaHi (QyHKUil y (QoHOBOMY moroui, a He
MOTOI intepdeiicy kopucryBaua. Ilapanenbhe
BUKOHAHHS 3aJay MOJIIIIIIO HPOMYCKHY 3IaTHICTh
CHCTEMHM Ta JIO3BOJIWJIO Kpalle BHUKOPHCTOBYBATH
MOJKJIMBOCTI OaraTosiepHHUX IMPOLIECOPIB.

B cBoiit poboTi 3amaga MoOke BHUKOPHCTOBYBAaTH

npaktiyHO  Bci  MoxamBocti  OC  Windows i
CepelloBHIIa IPOTPAaMyBaHHS, BHKOPHCTAHOTO I
po3pobku  mporpamu. BukopuctoByroun OPC -

cepBepH, B Iporpami MoXyTb 00pOOIATHCS NPAKTHYHO

Bci  TexHoyoriuHi  maHi  makery — «KBapi-2013»,
BKIIIOYAIOUW TICPBUHHI JIaHi, SKI HAaIXOAATh Bif
KOHTpoJiepiB. B 3ajmauax, ski (yHKLUIOHYIOTH Iij

YIPaBIiHHAM IHCHETYEpPa, MOXE BHUKOPHUCTOBYBATHCS
NOJ[i€EBE YIPaBIiHHS BHKOHAHHSIM IIpOrpaM, B TOMY
YHCHl BiJNpalOBaHHS THMYACOBHX MOJIH 3 TOYHICTIO
JI0 YaCTOK CeKYH[H.

Koxna 3 3amau, ska (yHKIiOHYe Ha poOodiit
CTaHMIi M YIPaBIiHHIM AHUCIETYEpa 3a/1a4 PEeaTbHOTO

[ AnecrneTtuep 3apad =

C' | [ hitp:/localhost: 4551 ftask_st

uler html

4acy, OIMCYEThCS CBOIM OJIOKOM YIpAaBIiHHS, SKAH
30epirae 3HAYEHHS OCHOBHUX napameTpiB
(xapakTepuctrk) 3ana4i. Ha puc. 1 0j0ku ynpapmiHHs
3aJa4yaMy TPEJICTaBICHI BEPTHKAJIbHUMU HaHEIsIMH 3
HOMEpaMH 33/1a4 B BepXHiit yacTuHi nanesni. OqHo4acHO
y BIKHI JucrieTdyepa BHIHO OJIOKM YNPaBIIHHS TUIBKH
I'SITH 33734 i3 CyMDKHMMH HOMepaMu. [ 'opHu3oHTallbHA
JHIHKA CKPOJIHTY B HIDKHIM YacTHHI BiKHa AUCIIeTYEpa
3a0e3neuye mepersy i podoTy 3 Omokamm BCiX 32-X
3amad. Ha maneni Onoky ympaBiiHHS KOXHOI 3a/adi €
HACTYIIHI ITOJIS 1 €IEMEHTH YIIPaBIiHHS 3a/1a49€0: HOMEp
3amavi, ¢ainm 3amycKy 3ajadi, THO 3a1advi, dac
MOYaTKOBOTO 3aITyCKYy, MEpioJl MOBTOPEHHs 3a/1a4i, AaTa
W Yac 4YeproBOro 3alycKy, MOTOYHUM CTaH 3ajadi Ta
KHOIIKa yrpaBiiHHsa 1 ctanoM. HesanoBHena (mycra)
nmaHesab OJIOKY YIpAaBIiHHSA 3a7a4ei0 MICTUTh TiJBKH
HOMEp 3aJayi i OJHy KHONKy "BBeieHHs", sKy CIif
HATUCHYTH, SKIIO IMOTPIOHO 3amaTH XapaKTEPUCTHKH
HOBOI 3aj1a4i, sika Oyae BUKOHYBAaTHCS IiJ KEPyBaHHIM
JicIieTyepa 3 IpiopuTeTOM, PIBHUM HOMEPY MaHedi.

OpHUM 3 HaWOUTBII BU3HAYAIBHUX KPUTEPIiB IS
KOXKHOI 3a7a4i, o (YyHKIIOHYE Ha poOOoUill CTaHIIT g
VOpaBIiHHAM IWCIIETIEpa 3aJad pPeabHOro 4Yacy, € ii
NpIOPUTET, SIKUI 3a7a€ ii BaXKJIMBICT cepel IHIINX
napasesibHO BUKOHYBaHHMX 3amad. Ilpiopurer 3amaui €
LUIMM YKCJIOM y aiama3zoHi Bif 1 mo 32, uuM MeHiie
YHCII0, TUM BUILMH NpiopuTeT 3aaadi. [Ipioputer 3anaui
3aJIA€ThCS HOMEPOM Y BEPXHIil YaCTHHI ITaHEN, Ha SKId
3aJal0ThCSl Ta BiJOOPAKAIOTHCS XapaKTEPUCTHKU 1i
OsioKy ynpasiniHHsA. TakuMm YMHOM, Yy BIiKHI Jucrerdepa
3a71a4 OJOKM YHpaBJIiHHA 3aJadyaMH PO3MIILYIOThCS
371iBa HANpaBO BIANOBIOHO 10 YOyBaHHS BaXXJIHUBOCTI
(npioputery) 3amad.

Posknax poboTH Ta CTAH 3339 PeanbHOIo Yacy

1 2
IleperuHa 0bpobxa Pixcania
KHONOTMHHX JaHHX 3 apapiiHHE

ob'exra cUTYaLiR

3

CrarucTuyHa obpobia
TEXHOJIOMHHOL

iHdopMani

4 5
Kontpone Benennaicropii
EHMIPIOBANEHAX TEXHONOMHEAX
KaHANB LaHHE

P Al Ay CKY:

P ain samycKy:

P AT ATy CKY:

P aF 3 AITYCKY:

P aF 3 ATy CKY:

ic Aworkers\pptijs

T sagaw:
Tepiomrma
Tepuns samyck:

lc:\wofkels\fes.js
T sagawm:
Tepiomma

TMepundt samycx:

lc:\wntkm\spﬁ.js

T 3agaw:
Mepiomnma

Tepung samycx:

ic ‘wrotkers\mmeh js

T sagaw:
Mepiommma

Tepungi samycx:

c\workers\pptijs
Trm sagaw:

Mepiomrma
Tepungi 3 armyck:

00:00:00
Mepiog samyexy:

1 cexynga
Hacrymndt samyck:

00:00:00
Mepiog samyexy:

2 cexynmu
Hactymadt samyck:

00:00:00

Tlepioa samyexy:
30 cexyng

Hactymndt samyck:

00:00:00
Tepiog samycky:
30 xpuomm

Hacrymodt samycx:

00:00:00
Mepiog samycxy:

2 cexyHm
Hacryondt samycx:

[16:2531 25122014

1162532 25.122014

16:00:30 25.12.2014

|16:30:00 25 12 2014

t6:25:3225 122014

IToTourngi cTad 3agamw: TToToursdt cran 3agaw:

Buxonyereca | Cron | || Buxonyereca | Cron

ToTowdt cran sagamw:

3ynuHeHa

TMorowrngi cTan sagawm: ITorowrngi cran sagawm:

| Crapr Buronyereca  Cron | §| Buxomyereca | Cron

Puc. Aucneruep 3anau
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JucrieTyep 103BOIISIE 3aIyCKAaTH HA BUKOHAHHS 5K
CKpUITH Ha MOBI JavaScript, Tak 1 BUKOHYBaHi (aiinu 3
po3imupeHHsM .exe. CTBOpIOBaHOMY AJIsL KOXKHOI 3azaui
00'exty Worker miepenaeTbest 1JIsl BAKOHAHHS BKa3aHUI
KOpHUCTyBadeM (aiia 31 CKPUIITOM i3 PO3LIMPEHHSM .js,
a00, SKIIO KOPUCTyBad BUOpAaB i1 BUKOHAHHS cXe-
(aiin, BHUKIMKAaeTbCA CHELiaJibHA IpoLeAypa Ha
JavaScript, sika ioro 3amyckae. OOpaHHil KOPUCTYBaueM
NporpaMHUN MOayib Oyne 3armycKkaTHcs Ha BUKOHAaHHS
Ha TmepioguuHii abo pa3oBiii ocHoBi. Tum 3amadgi
BH3HAYa€ CHOCiO 3amycKy mporpaMu (yHKIIOHYBaHHS
3amadi 1 3aJae€ThCs METOIOM BHOOpPY BiAIOBITHOTO
eJIEeMEeHTa 31 CITUCKY, SIKHUH 3'ABJIAETHCS MICH KIalaHHs
MUILICI0 MO0 CTPUII B OJAHOWMEHHOMY BIKHI OJOKY
YIOpaBIiHHS 33a4€rO0.

BucHoBku. BuxopuctaHHs ~— BeO—TEXHOJIOTIH,
TaKUX SK MoBa TrimeprekcroBoi po3mitku HTML,
tabmuii cruie CSS, MoBa mporpamyBanHs JavaScript,
3aco0u BinoOpaxxeHHs rpadiyHuX naHux Ha 6a3i Canvas
API, mexanismu BeO - BukonHaBuis HTML 5 npu
po3po0Iii  miACHCTEMH — JUCHETYepu3amii  3amad
peabHOr0 Yacy € Ie ONHHM MiITBEPIDKEHHSIM IX
e(eKTUBHOCTI A1 PO3POOKH TIACHCTEM BEPXHBHOTO
PIBHS CHCTEM KepyBaHHS TEXHOJIOTIYHUMH IPOLecaMH i
o0'ektamMu. BHUKOpHUCTaHHSA IMX TEXHOJOTH Ta
METOAMKH JucIieTYepu3alii 3ajad 3a CTPYKTypHUM
KPHUTEPIEM JIaJI0 MOJJIMBICTH CKOPOTHTH BTpAaTh 4acy
pobouoi cTaHIii Ha BUKOHAHHS 33/1a4 BEPXHHOT'O PiBHS
ynpasininnas ACK TIT npubnuzno Ha 8 — 10 %. Lle Oyno
JIOCSITHYTO, B IIEpIIy Yepry, 3a paxyHOK 3MEHIICHHS
HENPOAYKTUBHUX IPOCTOIB 33124 B Ueprax O4iKyBaHHS
3BUJIbHEHHS IOCIIIOBHO BHKOPHCTOBYBAHHX PECYPCIB,
TaKUX SK 3arajbHi TaOmumi 0a3 JaHWX TEXHOJIOTIYHOTO
mpolecy Ha IUCKYy, 3arajbHI KaHall 3BS3KY 3
KOHTpoJiepamu i T. 1. Buxopucranas texnomorii Web
Workers B gucmerdepi 3amad, peanizoBaHOMY SIK BeO -
JOAATOK, JO3BOJHMJIO BUKOHYBATH 3aJadl 3 OJHAKOBUM
MIPIOPUTETOM OJTHOYACHO B Pi3HUX TMOTOKAX BiIIMOBIIHO
IO PO3POOJICHOT AUCIUILTIHY TUCTICTYCPH3ALIii.
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Pasannes A. U., lllep6akos E. B., Illep6axkosa M. E.

Hcnoan3oBanne Be0 - TEXHOJOTHIA B  cHCTEMAaX
ynpaBJieHUs
Paccmompenvt  cogpemennvie  A3bIKU  pa3MEmKU,

cmunu3ayuy U NpocpamMMupo8anusi 6e6 — NpunodiCceHutl, a
makoice NPOAHATUUPOBAHA IPDEKMUBHOCHIb NPOSPAMM U
BU3YANLHLIX — UHmMepgeicos,  pazpaboOmaHHblx ¢ UX
ucnonvzosanuem.  Ilokazano, 4mo 603MOJICHOCHEl DMUX
A3BIKO8 U Cpedcme ux peamuzayuu  OOCMAMOYHO  OJis
paspabomxu  OCHOGHBIX ~ nOOCUcmem  paboyux  cmanyuu
cucmem  YNpAeleHus.  MEXHOIOSUYECKUMU — NPOYeccamil.
Hccnedosanvt ocobennocmu nianuposanus u 3anycka 3a0ad,
Komopvle — QYHKYuoHupylom — Ha — paboyux — CMaHyusx
KOMNbIOMEPHBIX cucmem ynpagienus. s 3a0ay epxmnezo
VPOGHSI YNpAGieHus. pazpabomansvl Memoouka u aneopumm
Jucnemuyepuzayuu 3a0ay, KOMopwvlil yuumuléaem OJis Kaicoou
3a0ayu  cpazy HECKOAbKO NoKazameiel, Hanpumep, ee
BADICHOCMIb,  BPEMSI  peuleHusl  3a0aui,  UHMEHCUBHOCTb
pabomwl 3a0auu ¢ 6azamu Oauwnblx u m. n. IIpeonoscennviil
aneopumm  oucnemuepuzayuu 3404y UCNONb3YEMC 8
oucnemuepe  peanbHO20  BPEMEHU  COBPEMEHHOU  6epCcuu
nakema ,, Keapy-2013".

Knruesvie cnosa: HTML, CSS, JavaScript, ee6 -
UCRONHUMENU, CUCIEMbL YRPAGLEeHUsl, DPealbHblll MAcumad
8pemeHU, OUChem4epuU3ayUsl.

Ryazantsev O. 1., Shcherbakov E. V., Shcherbakova
M. E. The use of Web technologies in control systems.

Considered the modern languages for styling, markup
and programming Web applications, as well as the efficiency
of programmes and visual interfaces developed using them.
Shows that the capacity of these languages and their
implementation is sufficient for the development of the main
subsystems of the workstations of control systems of
technological processes. Researched features of planning and
running tasks that run on the workstations of computer control
systems. For top-level management objectives developed the
method and algorithm for scheduling tasks based on each task
by several indicators, for example, its importance, time
challenge, intensity of work tasks with database, etc. The
proposed scheduling algorithm used in real-time task manager
of modern version of the package "Quartz 2013".

Keywords: HTML, CSS, JavaScript, Web Worker,
control systems, real-time, scheduling.
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