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SCADA sistemebSi adamiani-kompiuteris interfeisis

damuSavebis sakiTxisaTvis

levan imnaiSvili, maguli bedineiSvili, Tamar talikaZe, malxaz jabua

saqarTvelos teqnikuri universiteti

reziume

ganxilulia SCADA sistemebis samomxmareblo interfeisis xarisxobrivi

maCveneblebi. gakeTebulia interfeisis xarisxobrivi maCveneblebis ranJireba SCADA
sistemebSi maTi gamoyenebis saWiroebis mixedviT. SCADA sistemebis samomxmareblo

interfeisis xarisxobrivi maCveneblebis SefasebisaTvis rekomendebulia GOMS, fitsis da
hikis meTodebis gamoyeneba.

sakvanZo sityvebi: SCADA sistema. adamiani-kompiuteris interfeisi. adamiani-

kompiuteris interfeisis xarisxobrivi maCveneblebi.

1. Sesavali

SCADA (Supervisory Control And Data Acquisition – dispetCeruli marTvis da

monacemTa Sekrebis sistemebi) sistema teqnologiuri procesis marTvis procesSi

aucileblad gulisxmobs adamianis monawileobas. sadavo ar aris, rom SCADA sistemebs

moeTxovebaT maRali saimedooba. dReisaTvis SCADA sistemaSi mtyunebaTa 80% modis

adamiani-operatoris Secdomaze da mxolod 20% fiqsirdeba aparaturul-programuli

saSualebebis xarvezebze [1]. adamiani-operatoris uxarvezo muSaobisaTvis saWiroa

gaizardos adamiani-operatoris momzadebis done, unda gaumjobesdes misi samuSao garemo,

magram amasTan udidesi mniSvneloba aqvs adamiani-kompiuteris interfeisis xarisxsac. Tu

adamiani-kompiuteris interfeisi dabali xarisxisaa, masTan muSaoba gauWirdeba

maRalkvalificiur operatorsac, rasac Tan moyveba misi swrafi daRliloba, nervuli

stresebi da  SecdomaTa raodenobaTa zrda. SCADA sistemebis interfeisis proeqtirebis

meTodebi ZiriTadSi ar gansxvavdeba zogadad adamiani-kompiuteris interfeisis

proeqtirebis meTodebisagan, magram mainc xasiaTdeba garkveuli specifiurobiT.

2. ZiriTadi nawili

zogadad adamiani-kompiuteris interfeisis xarisxobriv maCveneblebs miekuTvneba:

bunebrivoba; Tavsebadoba; megobruloba; principi „ukukavSiri“; simartive; moqniloba;

esTetiuroba [2].

CamoTvlili xarisxobrivi maCveneblebi aqtualobas ar kargaven SCADA sistemebis

SemTxvevaSic. ganvixiloT TiToeuli maTgani SCADA sistemebis Taviseburebebis

gaTvaliswinebiT.

interfeisis bunebrivoba. interfeisi bunebrivia, Tu is saSualebas aZlevs

momxmarebels gamoiyenos amocanis gadasaWrelad misTvis nacnobi praqtikuli Cvevebi.

SevecadoT avxsnaT es ramdenime praqtikul magaliTze.

„studentTa akademiuri moswrebis monitoringis sistemis“ [3] agebis safuZvels

warmoadgens studentis an moswavlis Sefasebis uwyisi (Jurnali), romelic Tavis mxriv

warmoadgens studentTa CamonaTvals da SefasebaTa erTobliobas konkretul saswavlo

kursSi. amdenad, eleqtronuli uwyisi srulebiT bunebrivi da nacnobi garemoa rogorc

pedagogisaTvis, aseve studentisaTvis. sxva Temaa, roca informaciuli teqnologiebi

iZleva met informaciul da gamomsaxvelobiT SesaZleblobebs, vidre es qonda Cveulebriv
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qaRaldis uwyiss. magaliTad, ferebis gamoyeneba SefasebaTa ranJirebisaTvis. Tumca aqac

aris SenarCunebuli nacnobi garemo: wiTeli feri miuTiTebs swavlis Sedegebis

miuRwevlobaze, yviTeli - SesaZlebelia miRweuli iqnas swavlis dadebiTi Sedegi, mwvane

- studentis moswreba normaSia. Sinaarsobrivad ferTa aseTi ganawileba

informirebisaTvis momxmareblisaTvis nacnobia cxovrebiseuli gamocdilebiT. magaliTad

misTvis nacnobia moZraobis regulireba msgavsi ferebis gamoyenebiT (SuqniSani),

sayofacxovrebo teqnikaSi wiTeli feriT aRiniSneba xelsawyos gamorTuloba, xolo

mwvaneTi CarTuloba da a.S.

srulebiT sawinaaRmdego mniSvnelobas iZens wiTeli da mwvane feri

eleqtroenergetikul sistemebSi.  eleqtronergetikaSi wiTeli feri aRniSnavs, rom

eleqtrogadamcemi xazi an agregati CarTulia, anu Zabvis qveSaa, xolo mwvane feri -

gadamcemi xazi gamorTulia. es aris energetikosisaTvis bunebrivi mdgomareoba. amdenad,

energetikuli daniSnulebis sistemis interfeisis dagegmarebisas unda SevecadoT, rom

aRniSnuli logika SenarCunebuli iqnas. imavdroulad eleqtroenergetikaSi gamoiyeneba

CamrTvelebi da gamTiSvelebi, romelTac ori mdgomareba aqvT: CarTulia an gamorTulia.

gasaTvaliswinebelia is momenti, rom energetikosic Cveulebrivi moqalaqea da sargeblobs

Tundac sayofacxovrebo teqnikiT, romlisTvisac wiTeli aRniSnavs, rom xelsawyo

gamorTulia, xolo mwvane - CarTulia. amdenad energetikosis qvecnobierebaSi es ori

situacia winaaRmdegobaSi eqceva.  am mdgomareobidan Tavis daRwevis mizniT, Cveni

rekomendaciaa interfeisis agebis dros gamTiSvelebze da amomrTvelebze manipulirebisas

ar gamoviyenoT ferebi da maTi CarTva/gamorTva avsaxoT CamrTvelis virtualuri

saxeluris mdgomareobis SecvliT. 1-el naxazze naCvenebia maRali Zabvis qvesadguris

monitoringisa da marTvis SCADA sistemis ZiriTadi samuSao fanjara. romlis

mnemosqemidan irkveva, rom yvela amomrTveli CarTulia.

nax.1. maRali Zabvis qvesadguris sainJinro sadguris

ZiriTadi samuSao fanjara
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imisaTvis, rom momxmarebelma gamorTos romelime amomrTveli, man marTvis velSi

unda gamoiyenos amomrTvelis wiTeli Rilaki, ris Sedegadac mnemosqemis velSi

amomrTvelis Sesabamisi grafikuli gamosaxuleba da masTan funqciurad dakavSirebuli

komponentebi gamwvandeba (amoirTveba Zabvidan). cxadia, erTis mxriv gamorTvisaTvis

wiTeli Rilakis gamoyeneba da meores mxriv mwvane komponetebis warmoSoba mnemosqemaze

operator-energetikosSi iwvevs diskomforts. umjobesi iqneboda marTvis veli

ganxorcielebuliyo ise, rom masSi CamrTvelebis tradiciuli ferebi ar yofiliyo

gamoyenebuli. magaliTad, CamrTvelis feri yofiliyo neitraluri (ruxi) da misi CarTva-

gamorTva gakontrolebuliyo CamrTvelis saxeluris motrialebiT.

„pedagogTa registrirebis sistemas“ [4] aseve safuZvlad udevs pedagogebisaTvis

kargad nacnobi cxrili, sadac isini leqciaze mosvla/wasvlaze xels awerdnen saswavlo

procesis warmarTvis adgilis mixedviT.  aseve efeqturadaa gamoyenebuli ferebi, rac

uadvilebs pedagogebs konretul situaciaSi orientirs.

interfeisis Tavsebadoba. interfeisis Tavsebadoba saSualebas aZlevs momxmarebels

gadaitanos arsebuli codna axal amocanaze, aiTvisos axali aspeqtebi ufro swrafad da

aqedan gamomdinare moaxdinos mTeli yuradRebis koncentracia gadasawyvet amocanaze da

ar dakargos dro ama Tu im marTvis elementebis da brZanebebis gamoyenebas Soris

arsebul gansxvavebebSi garkvevas. Tavsebadoba uzrunvelyofs adre miRebuli Cvevebis da

codnis memkvidreobiTobas da xdis interfeiss nacnobs  da prognozirebads. interfeisis

Tavsebadobis kargi magaliTia pedagogTa registrirebis sistemis interfeisi, sadac

mTavari fanjara Sesrulebulia pedagogisaTvis ukve nacnobi cxrilis saxiT. imavdroulad

cxrilebSi orientaciisaTvis gamoiyeneba sami feri: wiTeli, yviTeli da mwvane, sadac

mwvane feriT aRiniSneba mecadineobebi, romlebic koreqtulad dasrulda, yviTeli feriT

- dawyebuli (mimdinare) mecadineobebi da wiTliT - gacdenili mecadineobebi. ferTa aseTi

TamaSi, momxmareblisaTvis nacnobia sxva yofiTi sakiTxebidan. garda amisa, dasaxelebul

sistemebSi uxvad gamoiyeneba piqtogramebi, romlebic imdenad nacnobia momxmareblisaTvis

sxva gamoyenebiTi programebidan, rom damatebiTi ganmartebebis micemac araa saWiro.

interfeisis maRali Tavsebadoba SCADA sistemebis operatorisaTvis aqtualuria axali

sistemis aTvisebis momentSi. axali sistemis aTvisebis Semdeg igi operatorisaTvis

aqtualobas kargavs, ramdenadac operators yoveldRiuri saqmianoba uwevs nacnob

garemoSi.

megobruli interfeisi (momxmareblisTvis „patiebis“ principi). upirveles yovlisa

gulisxmobs momxmareblisaTvis „patiebas“, anu momxmarebels yovelTvis unda qondes raime

procesSi „ukan dasaxevi gza“.  rogorc wesi, momxmareblebi axal programul produqtTan

muSaobas swavloben cdebis da Secdomebis meTodiT. efeqturi interfeisi unda

iTvaliswinebdes am midgomas. muSaobis yvela etapze  man unda dauSvas moqmedebebis

mxolod Sesabamisi erToblioba da gaafrTxilos momxmarebeli, Tu mis qmedebas SeuZlia

teqnologiuri procesis Seferxeba, sistemis an monacemebis dazianeba. umjobesia Tu

momxmarebels aqvs Sesrulebuli moqmedebis  gauqmebis an gamosworebis saSualeba.

„patiebis“ principi aucileblad unda iqnas gamoyenebuli SCADA sistemebSi marTviTi

funqciebis ganxorcielebis dros. ramdenadac adamianisaTvis damaxasiaTebelia Secdomebi,

amitom mas yoveli marTviTi qmedebis dros unda qondes „ukan dasaxevi gza“, anu Secdomis

gamosworebis saSualeba. amitomaa, rom yvela zemoT motanil  sistemebis interfeisebSi
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momxmareblis yovel moqmedebas axlavs gafrTxileba imaze, namdvilad unda Tu ara mas am

operaciis Sesruleba.

principi „ukukavSiri“. principi „ukukavSiri“ gulisxmobs momxmareblis moqmedebaze

sistemis mxridan aucilebel vizualur, zogjer ki xmovan dadasturebac, rac imis

mauwyebelia, rom sistemam aRiqva micemuli brZaneba. amasTan reaqciis saxe, ramdenadac

SesaZlebelia, unda iTvaliswinebdes Sesrulebuli qmedebis Sinaarss. arafrismTqmelia

momxmareblisaTvis Setyobineba: „Tqveni brZaneba Sesrulebulia“. magaliTad, pedagogTa

registrirebis sistemaSi registrirebaze ukukavSiris saxiT gamoyenebulia Setyobineba:

„registrirebulia“, rac gamokveTilia wiTeli feriT (nax.2). termini „registrirebulia“

gamarTlebulia, ramdenadac momxmarebeli - pedagogi misi qmedebidan gamomdinare elodeba

mecadineobis dawyebis an damTavrebis registrirebas. SCADA sistemis operatorisaTvis

ukukavSiria agreTve gamafrTxilebeli Setyobinebani teqnologiur procesSi mimdinare

darRvevebis Sesaxeb. ukeTesia, Tu aseTi Setyobinebebi iqneba xmovani saxis.

nax.2. pedagogis registrirebis procedura „pedagogTa

registrirebis sistemaSi“

interfeisis simartive. interfeisis simartive gulisxmobs sistemis gamoyenebis an

Seswavlis siadviles. cxadia, rom interfeisi unda iZleodes sistemiT gaTvaliswinebuli

yvela funqciuri SesaZleblobebis gamoyenebis saSualebas. amitom xSir SemTxvevaSi,

magaliTad profesinalur sistemebSi interfeisi SeiZleba gadatvirTuladac mogveCvenos.

sistemis farTo funqcionalur SesaZleblobebTan wvdomis realizacia da muSaobis

simartive ewinaaRmdegeba erTmaneTs. efeqturi interfeisis dasaproeqteblad saWiroa am

miznebis dabalanseba. SeiZleba arCeuli iqnas kompromisuli gzac, roca interfeisis

simartivis SenarCunebas ewireba sistemis funqciuri SesaZleblobebi, anu xdeba funqciuri

SesaZeleblobebis dabalanseba interfeisis simartivis sasargeblod. magaliTad, aseTi gzaa

gamoyenebuli Microsoft Word-Si, roca momxmarebeli samuSao panelze tovebs mxolod im

funqciaTa piqtogramebs, rac misi saqmianobisTvisaa saWiro da misaRebi. kidev erTi gza

simartivis SesanarCuneblad aris elementebis ganlageba da warmodgena ekranze maTi

Sinaarsobrivi daniSnulebis da logikuri urTierTdamokidebulebis mixedviT.
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es iZleva muSaobis procesSi momxmareblis asociaciuri azrovnebis gamoyenebis

saSualebas. amitom SCADA sistemis interfeisSi umjobesia cal-calke davajgufod

marTvis Rilakebi da monitoringis panelebi, romelic SeiZleba gakeTdes calkeuli

teqnologiuri danadgaris mixedviT (Tu aseTi aris ramdenime).

interfeisis moqniloba. interfeisis moqniloba - esaa misi unari gaiTvaliswinos

momxmareblis momzadebis done da Sromis warmadoba. moqniloba gulisxmobs dialogis

da/an monacemebis Setanis struqturis cvlilebis SesaZleblobas. moqnili (adapturi)

interfeisis koncefcia amJamad warmoadgens adamiani-kompiuteris urTierTqmedebis

kvlevebis erT-erT mTavar sferos. mTavar problemas warmoadgens ara is, Tu rogor unda

moxdes dialogebis cvlilebebis organizeba, aramed Tu rogori miniSnebebis  gamoyeneba

unda moxdes aucileblad Sesatani  cvlilebebis gansazRvrisaTvis.  interfeisis

moqniloba SCADA sistemebisaTvis ar TamaSobs gadamwyvet rols, ramdenadac sistemasTan

samuSaod daiSveba mxolod momzadebuli operatori. Tu sistemasTan muSaobs ori an meti

operatori, maSin moqnili interfeisis SemTxvevaSi umjobesia davicvaT Sida standartebi,

rom ar moxdes romelime operatoris mier sakuTari „gemovnebiT“ interfeisis gadawyoba.

esTetiuri momxiblaoba. vizualuri komponentebis proeqtireba warmoadgens

programuli interfeisis SemuSavebis umniSvnelovanes  Semadgenel nawils.  gamoyenebuli

obieqtebis konkretuli vizualuri warmodgena uzrunvelyofs  sxvadasxva obieqtebis

urTierTqmedebis da qcevis Sesaxeb damatebiTi informaciis gadmocemas. amave dros unda

gvaxsovdes, rom yoveli vizualuri elementi, romelic Cndeba ekranze, potenciurad

iTxovs momxmareblis yuradRebas, romelic araa usazRvro. ekranze unda moxdes iseTi

garemos formireba, romelic ara marto daexmareba momxmarebels warmodgenili

informaciis gagebaSi, aramed gaamaxvilebs mis yuradRebas mis ufro mniSvnelovan

aspeqtebze.

me-3 naxazze naCvenebia Jinvalhesis kaSxalSi wylis donis monitoringisa da

analizis sistemis mTavari samuSao fanjara. ekranze cisferi tonebis arseboba aixsneba

ori momentiT: sistema gankuTvnilia wyalsacavSi wylis donis monitoringisaTvis da misi

mflobeli aris `jorjian uoTer end faueri" (GWP), romlis ZiriTadi misiaa

wyalmomarageba da wylis distribucia.

nax.3. wylis donis monitoringisa da analizis sistemis

samuSao fanjara
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1-el cxrilSi motanilia SCADA sistemebis, specialuri da saerTo daniSnulebis

informaciuli sistemebis interfeisebis xarisxobrivi maCveneblebis saWiroebis eqspertuli

Sefasebani sambaliani sistemiT. specialuri daniSnulebis informaciul sistemaSi igulisxmeba

samsaxurebrivi daniSnulebis sistema, romelTanac daiSveba momzadebuli momxmarebeli.

cxr.1

ინტერფეისის
ხარისხობრივი
მაჩვენებლები

ხარისხობრივი მაჩვენებლების საჭიროების შეფასება

SCADA
სისტემები

სპეციალური დანიშნულების
ინფორმაციული სისტემები

საერთო დანიშნულების
ინფორმაციული სისტემები

ბუნებრივობა +++ ++ +
თავსებადობა + + +++
მეგობრულობა +++ ++ +
პრინციპი „უკუკავშირი“ +++ ++ +
სიმარტივე + ++ +++
მოქნილობა + + +++
ესთეტიურობა + + +++

rogorc cxrili 1-dan Cans, SCADA sistemebis interfeisisaTvis ufro mniSvnelovania

is xarisxobrivi maCveneblebi, romlebic mimarTulni arian operatoris uSecdomo saqmianobaze.

aqve unda aRiniSnos, rom konkretuli teqnologiur procesTan ukve adaptirebulia SCADA
sistema da misi moqniloba ukve ar aris aqtualuri. Tavsebadobis da simartivis

maxasiaTeblebis mniSvnelobani aseve ukana planze iwevs, ramdenadac sistemasTan daiSvebian

mxolod momzadebuli momxmareblebi.

interfeisis xarisxis Sefaseba raodenobrivi maxasiaTeblebis mixedviT sakmaod rTulia,

Tumca misi ase Tu ise obieqturi  Sefaseba SeiZleba miRebuli iqnas qvemoT CamoTvlili

maCveneblebis safuZvelze [5].

• mocemul sistemaSi dasmuli amocanis gadaWris dro, ramdenadac mniSvnelovania sistemis

ara swrafqmedeba TavisTavad, aramed momxmareblis mier dasmul amocanaze pasuxis miRebis

siswrafe [6]. Sesabamisad aq Tavs iCens adamiani-kompiuteris interfeisis swrafqmedebis

Sefasebis amocana;

• dro,  romelic aucilebelia gansazRvruli momxmareblisaTvis programasTan samuSao

codnis da Cvevebis mocemul doneze asaTviseblad (magaliTad, profesionalma energetikosma

maRali Zabvis qvesadguris monitoringisa da marTvis SCADA sistemasTan muSaoba unda

aiTvisos ramdenime saaTis ganmavlobaSi);

• samuSao Cvevebis Senaxva garkveuli drois manZilze (mag., momxmarebels 1-kviriani

Sesvenebis Semdeg unda SeeZlos garkveuli operaciebis Sesruleba mocemul droSi);

• momxmareblis subieqturi kmayofileba sistemasTan muSaobisas (romelic raodenobrivad

SeiZleba iyos gamosaxuli procentebSi an ramdenime baliani skaliT).

SCADA sistemebSi adamiani-kompiuteris interfeisis xarisxobrivi maCveneblebis zemoT

motanili Sefasebidan gamomdinare did mniSvnelobas iZens interfeisis swrafqmedebis

raodenobrivi Sefaseba. am mizniT ZiriTadSi gamoiyeneba araevristikuli GOMS meTodi [5],

romelic saSualebas iZleva raodenobrivad Sefasdes interfeisis saSualebiT kompiuterTan

momxmareblis interaqcia. aqve unda aRiniSnos, rom adamiani-kompiuteris interaqciis

SefasebisaTvis aseve metad efeqturia fitsis da hikis meTodebi [7.8], romlebic Cvens mier iqna

gamoyenebuli pedagogTa registristrirebis sistemis interfeisis xarisxobrivi SefasebisaTvis

[9].
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3. daskvnebi

• ganxilulia SCADA sistemebSi gamoyenebuli adamiani-kompiuteris interfeisis

xarisxobrivi maCveneblebi.

• Sefasebulia SCADA sistemebis interfeisebis xarisxobrivi maCveneblebi saWiroebis

mixedviT sambaliani sistemiT. gakeTebulia daskvna, rom SCADA sistemebis interfeisebSi

upirveles yovlisa yuradReba unda mieqces bunebriobis, megobrulobis da principi

„ukukavSiris“ xarisxobrivi maCveneblebis uzrunvelyofas.

• SCADA sistemebis interfeisebisaTvis mniSvnelovania interaqciis drois Sefaseba,

romlisTvisac gamoyenebuli unda iqnas GOMS, fitsis da hikis meTodebi.
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TO HANDLE ISSUES OF HUMAN-COMPUTER INTERFACE IN SCADA SYSTEMS
Imnaishvili Levan, Bedineishvili Maguli, Talikadze Tamar., Jabua Malkhaz

Georgian Technical University
Summary

In the represented article there are considered quality indicators of the user interface for SCADA
systems. There was made ranking of qualitative indicators in SCADA systems as needed for their usage. In
order to assess the qualitative indicators of SCADA systems users' interface it is recommended to use
methods of GOMS, Fitts' and Hick.

К ВОПРОСУ РАЗРАБОТКИ ЧЕЛОВЕКО-КОМПЬЮТЕРНОГО ИНТЕРФЕЙСА В SCADA СИСТЕМАХ
Имнаишвили Л., Бединеишвили М., Таликадзе Т., Джабуа М.

Грузинский  Технический  Университет
Резюме

Рассматриваются качественные показатели пользовательского интерфейса для SCADA систем.
Выполнено ранжирование качественных показателей  интерфейса в SCADA системах по мере
необходимости их использования. Для оценки качественных показателей пользовательского
интерфейса SCADA систем рекомендовано использование методов GOMS, Фитса и Хика.


