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COBPEMEHHBIE KOMIIVIEKCbBI CBETOTEXHUYECKOI'O OBOPYIOBAHUA
B3JIETHO-IIOCAJIOYHBIX IMTOJIOC: OCOBEHHOCTHU NOCTPOEHMUA,
YHPABJIEHUSA U ITEPCIIEKTUBbI PA3SBUTUSA

AHHoTanusi. B crarbe BBIMONHEH KOMIUICKCHBIM aHAIW3 COBPEMEHHBIX KOMIUIEKCOB CBETOTEXHHYECKOTO
o0opynoBaHHS  B3JETHO-TIOCATOYHBIX TOJOC  ad3pPOAPOMOB  TPaKAAHCKOW aBHAMM Kak  OOBEKTOB
aBTOMAaTH3UPOBAHHOTO YIPaBIICHHs. PacCMOTPEHBI TpeOOBAHUS MEXKITyHAPOIHBIX HOPMATHBHBIX JJOKYMEHTOB K
MOCTPOCHHIO M ()YHKIIMOHHPOBAHUIO CHUCTEM YIPABJICHUS CBETOCHUTHAIBHBIM OOOPYIOBAaHUEM, HCCIICOBAHBI
0COOCHHOCTH MX 3KCIUTyaTallMd B KJIMMATHYCCKUX YCIOBUsX PecrmyOnuku KazaxcraH U BBISBICHBI OCHOBHBIC
OTPaHMYCHHUS CYMICCTBYIOIIMX TEXHHUYCCKUX pemreHuit. (OOOCHOBaHBI IEPCIEKTUBHBIC HANPABICHUS
MOJICPHU3AIIMM  KOMILUICKCOB  CBETOTCXHHYCCKOTO  OOOPYIOBaHHs, IMPEAyCMATPUBAIONINC  BHEAPCHHE
CBETOIVMOJHBIX WCTOYHHUKOB CBETa, pACIpEHeN€HHBIX CHCTEM MOHHUTOPHHTa TEXHHYECKOTO COCTOSHHUS
obopynoBaHnss W OeCHpPOBOTHBIX TEXHOJIOTHH Tepelavyd NaHHBIX MU pPEHIeHHs 3ajad IUAarHOCTHKH H
yAanéHHOTO MOHHTOpHHTA. [lomydeHHBIE pe3ylbTaThl MOTYT OBITH HCIIONB30BaHBI TPH pa3paboTke U
MOJIEpPHU3AIIMA aBTOMATH3HPOBAHHBIX CHUCTEM YIPABICHHUS CBETOTEXHHYECKHM OOOPYIOBaHHEM a’pOIPOMOB
TpakIaHCKOH aBHAIIUH.

KiroueBble cJji0Ba: CBETOTEXHMUYECKOE OOOPYJOBAaHUE, a’pOAPOM; B3IETHO-NIOCATOUYHAS
[0JI0Ca;,  aBTOMATM3MPOBAaHHAas ~ CHCTEMa  ympaBieHUs;  0€30MacHOCTh  MOJIETOB;
CBETOCUTHAJIbHOE  00Opy/lOBaHME;  CBETOAUOJHBIC  TEXHOJOIMH;  paclpenesIEHHbIN
MOHUTOpPHHT; LORa.

BBengenue

Be3omacHOCTh MOJNIETOB SIBIISETCS OJHUM M3 KIIFOUEBHIX TPeOOBaHMI K (YHKIIMOHUPOBAHHIO
CHUCTEMBI BO3IyIITHOTO TPAHCIIOPTA U BO MHOT'OM OIPEEIIIETCS YPOBHEM TEXHUYECKOTO OCHAIICHUS
a’poapoMoB. HecMoTpst Ha mIMpoKoe BHEAPEHHE CIYTHUKOBOM HaBUTAIlMU, aBTOMATU3HPOBAHHBIX
CHUCTEM YTPABIICHUS TMOJETOM U COBPEMEHHBIX OOPTOBBIX CPEACTB HABWUTAIlMU, ATAlbl 3axoja Ha
MOCaJIKy, MpU3eMIICHUSI U podera BO3AYIIHOTO CYIHA 1O B3JIETHO-TIOCAIOYHON T0JI0CE OCTAIOTCS
Han0oJiee OTBETCTBEHHBIMH (DazaMu MoOJETA, XapaKTEPUIYIOMMMHUCS TOBBIIMICHHONW BEPOSTHOCTHIO
BO3HMKHOBEHHMS aBUALIMOHHBIX MPOUCHIECTBUN. B yCcloBUAX OrpaHUYE€HHON BUJIMMOCTHU pElIatoiee
3Ha4YeHHE TMpuodOperaeT HaASKHAS paboTa KOMIUIEKCOB CBETOTEXHHUYECKOTO O00O0pYyIOBaHMS
B3néTHO-ocaounbix monoc (KCO BIIII), obecrneynBaromyx SKUMK BO3AYIIHOTO CyJIHA
HEOOXOAMMOM BHU3yadbHOW WHpOpMAIMel ajis 0€30MacHOrO BBIMTOJHEHHS B3JIETHO-TIOCAIOYHBIX
orepanuii B COOTBETCTBHH € TPeOOBaHUAMHI MeXTyHapOIHON OpraHu3aluy IpaX JaHCKON aBHalluU
(MKAO) [1-3].

CoBpeMEeHHBIN 3Tall Pa3BUTHUSL a3POJIPOMHBIX CBETOCUTHAJIBHBIX CHUCTEM XapaKTEpPHU3yeTCs
MEepexXoA0M OT TPATULIMOHHBIX CHUCTEM OCBEHICHHS K HMHTEIUICKTyaJlbHbIM aBTOMATH3UPOBAHHBIM
KOMIUIEKCaM,  BKIIIOUAIONIUM  SHEProdPQeKTUBHbIE  CBETOJMONHBIC  HCTOYHUKUA  CBETA,
MPOrpaMMHUPYEMBIE CPEJICTBA YIIPABIICHUS, pACIPEICIEHHBIE CUCTEMBbI JUATHOCTUKU W TEXHOJIOTUH
JTMCTAHIIMOHHOTO  MOHHTOPHMHTA TEXHHUYECKOro cocrostHus obopymoBanus [11, 14-16].
Hcnonbs3oBanre mogoOHBIX PEIICHUH MTO3BOJISET MOBBICUTH IKCIUTyaTallMOHHY0 HaaéxkHocTs KCO
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BIIII, cokpatuTh 3HEpromnoTpediieHne, YMEHBUINTh 3aTpaThl HA TEXHUYECKOE OOCITYyXUBAaHUE U
peann30BaTh Nepexoa K 00CIyKUBaHUIO 000PYOBAaHUS 110 €ro (PaKTUIECKOMY COCTOSHUIO.

Oco0yro aktyansHOCTH Bonpockl Moaepamn3anuu KCO BIIIT npuoGpeTaroT 11t a3poapoMoB
PecnyOnukn Kazaxcran. 3HauuTenpHas dYacTh a’poOJPOMHONW HMH(PAcTpyKTyphl BBEAEHA B
AKCIUTyaTalMi0 HECKOJBbKO JAECATUIICTHH Ha3aj u TpedyeT MOCIe0BaTeIbHOI0 TEXHUYECKOTO
oOHOBNeHMsA. JlomonHuTEeNbHBIE TpeOOBaHMS  OOYCJOBJIEHBI  PE3KO  KOHTHHEHTAJIbHBIMU
KJIIMMaTH4YE€CKUMH  YCJIOBHUSIMH CTpPAHBl, XapaKTEPU3YIOUIMMHCS 3HAYUTEIbHBIMU CE30HHBIMU
KonebaHusAMU Temreparypsl Bozayxa (oT muHyc 40..45 °C B CeBepHBIX permoHax 3UMOH [0
temrnepatypbl MOKpbiTUss BIIIT cBeime mmoc 60 °C B I0KHBIX pPETHOHAX JIETOM), BBICOKOH
MOBTOPAEMOCTBIO HEOJIAaronpHsATHBIX METEOPOJOTHUECKUX SIBJICHUH, a TaKXKe IOBBIIICHHBIMU
BETPOBBIMH M TIBUICBBIMH Harpy3kamu [6—8]. YkazaHHble (PakTOpbl CYIIECTBEHHO BIMSIOT Ha
HaAEKHOCTh (PYHKIIMOHUPOBAHUS CBETOTEXHUYECKOTO0 O0OpyNOBaHMS M TPeOYyIOT NpPUMEHEHHUS
COBPEMEHHBIX TEXHUYECKUX PEIIeHUN, 00EeCIIEUNBAIOIINX YCTOMUNBYIO pabOTy CUCTEM yIIPaBIICHUS
B IIMPOKOM JIMANla30HE IKCILTyaTallUOHHBIX YCIOBUH.

AHanIM3 OTEUYECTBEHHBIX U 3apyOEKHBIX HCCIEIOBAHUN MOKA3bIBAET, YTO OOJBIIMHCTBO
oIy OJIMKOBAHHBIX Pa0OT MOCBAILICHO COBEPIICHCTBOBAHUIO KOHCTPYKLUI CBETOCHUTHAJIBHBIX OTHEM,
MOBBIIICHUIO YHEPreTHYecKor A((PEKTUBHOCTH a’pOAPOMHBIX CHCTEM OCBEIIEHHUs, pa3paboTKe
METOIOB TUAarHOCTUKU TEXHUYECKOTO COCTOSHHUS OOOpYyNOBaHMS M BHEIPEHHUIO CBETOIUOHBIX
TexHoJorui [5, 9-16]. BmecTe ¢ TeM 3HAYUTEIPHO MEHBIIIE BHUMAHUS YJEIEHO KOMILJIEKCHOMY
aHaJIN3y apXUTEKTypbl coBpeMeHHbIX cucrteM ynpasiaeHuss KCO BIIII, onenke orpaHudeHuit
CYLIECTBYIOIIUX TEXHUYECKUX pEIICHUH U ONpeAeNeHUI0 HampaBlIeHUH UX MOAEpHUBALNU
MPUMEHUTETIHHO K YCIOBHUAM 3KCILTyaTaluu a’poapoMoB Pecriybnuku Kazaxcran. 9T1o onpenenser
aKTyaJIbHOCTh HACTOSIILIErO UCCIIEJOBAHMUS.

OOBeKkTOM HCCIEeOBaHUS  SIBIAIOTCS  aBTOMATU3WPOBAHHBIC CHUCTEMbI  yNpaBIICHUS
KOMIUIEKCAMH  CBETOTEXHHUYECKOTO 000pYJOBaHMSI B3JIETHO-TIOCAIOUYHBIX IIOJIOC a’3pOJAPOMOB
rpak1aHCKOW aBUALIUU.

[IpenMeT wuccnenoBaHUS COCTaBISIOT MPUHLMUIIBI MOCTPOCHUS, (YHKIIMOHUPOBAHMUS,
JUArHOCTHKU M NEPCIEKTUBHBbIE HamlpasieHus MoaepHu3anuu cuctem ymnpasieHus KCO BIIIT ¢
y4ETOM COBPEMEHHBIX TPeOOBaHMM K OOCCTEUeHHIO OE€30MacHOCTH TOJIETOB M OCOOCHHOCTEH
SKCIUTyaTanuu a’poapoMoB Pecriybnmku Kazaxcras.

[lenp uccnenoBaHUs 3aKIIOYAETCS B KOMIUIEKCHOM aHAJIM3€ COBPEMEHHBIX KOMILIEKCOB
CBETOTEXHUYECKOIO 000pyI0BaHUS B3JIETHO-II0CA/I04YHbIX I10JIOC KaK 00BEKTOB
aBTOMATHU3MPOBAHHOTO  yMPAaBICHHUS, BBIABICHUM OrPAaHUYEHHUH  CYLIECTBYIOIIUX  CHUCTEM
yIOpaBJIeHUsT U pa3paboTKe HAYYHO OOOCHOBAaHHBIX PEKOMEHJAIMI MO COBEPLICHCTBOBAHHMIO HX
aApXUTEKTYphl U MEPCIEKTUBHBIX HAIPABJICHUN PAa3BUTHS C YUETOM COBPEMEHHBIX TpeOOBaHUM K
obecriedeHn0 0€30MacHOCTH TOJETOB M OCOOCHHOCTEW IKCIUTyaTalluu a’poApoMoB PecryOimku
Kazaxcran.

Hayunass HOBHM3HA HCCIEIOBaHMS COCTOMT B KOMIUIEKCHOM aHaJU3€ COBPEMEHHBIX
apxutektyp cucteM ymnpasieHus KCO BIIII ¢ nmo3unmii aBTOMaTu3aluyd TEXHOJOTMYECKHX
MPOIIECCOB, BBISIBICHUM OCHOBHBIX OTPAaHWYCHUH CYIIECTBYIOIIUMX pEUICHHH H 00O0CHOBaHHMHU
HampaBJICHUH WX MOJEPHU3ALUMWN NPUMEHHUTEIBHO K YCJIOBHUAM SKCIUTyaTalldd a’poJpOMOB
Pecny6nukn Kazaxcran. B omimume oT cymiecTByomux 0030pHBIX paboT ocoboe BHUMaHHE
yAENIEHO BOIIPOCaM MHTErpalluu pacrpeaeaEéHHbIX CPEICTB MOHUTOPUHTA TEXHUYECKOTO COCTOSHHUS
000pyIOBaHUS, MCIIOIB30BAHUIO OCCIIPOBOAHBIX TEXHOJOTMHA NEepeAayd JAaHHBIX B HEKPUTHUYHBIX
KOHTYpaxX AUWAarHOCTUKM M MOHMTOPHMHTIA, a Takxke oleHke mnepcrnektuB pasutuss KCO BIIII B
paMKax KOHLEINH HU(POBOTO a3poipoMa.

[TpakTHyeckas 3HaYMMOCTh MCCIIEOBAaHUS 3aKJII0YAeTCd B BO3MOKHOCTH MCIIOJIb30BAHUS
MIOJIyYEHHBIX PE3YyJbTAaTOB IPU MOJEPHMU3ALMM aBTOMATU3UPOBAHHBIX CHUCTEM YIPABIICHUS
CBETOTEXHUYECKUM O0OpYyIOBAaHHUEM a’pOJAPOMOB TpaKJAHCKOM aBuWaluMu U pa3paboTke
pPEeKOMEHALUH 10 pa3BUTHUIO IU(PPOBOI adpoapoMHO nHPpacTpyKTypsl Pecybmuku KazaxcraH.

ABTOpPCKHMI1 BKJaJ aBTOPOB 3aKIIOYAETCs B CHCTEMAaTH3allMd COBPEMEHHBIX MOIXOIO0B K
IIOCTPOCHHUIO aBTOMAaTU3MPOBAHHBIX CHUCTEM YIIPABICHMSI KOMIUIEKCAMU CBETOTEXHHYECKOIO
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000py10BaHUs B3IETHO-TIOCAI0YHBIX MOJIOC, KOMIIJIEKCHOM aHAJIU3€ OIPaHUYECHUN CYIIECTBYIOIINX
ApPXUTEKTyp YIpPAaBICHUS, a TaKkKe B pa3pabOTKe HAYYHO OOOCHOBAHHBIX PEKOMEHIAIMHA TIO0
moaepum3aniun KCO BIIIT ¢ yu€tom coBpeMeHHBIX TpeOOBaHHMI K OOECTICUCHHIO OE30MacHOCTH
MOJETOB M OCOOCHHOCTEH 3KCILTyaTauu a3poapomMoB Pecrybnuku Kazaxcra.

Kommiekebl  CBeTOTEXHHYECKOr0 O0OPYIOBAaHMST KaK CpeACTBO olecnevyeHHs
0e30macHOCTH NMOJIETOB

KoMrutekcsl CBETOTEXHUYECKOTO 000pyoBaHus B3nETHO-ocanounbix nosioc (KCO BIIIT)
OTHOCSTCS K YHCIYy KPUTHYECKH BaXKHBIX DJJIEMEHTOB a’pOAPOMHON HWHEGPACTPYKTYPHI,
o0ecnieunBaOIMKUX 0O€30MacHOe BBIMOJIHEHHE B3JETHO-MOCAJOYHBIX OINEpaluii B YCIOBHIX
OTPaHUYECHHOM BUAMMOCTH U B TEMHOE BpeMs CYTOK. VIX OCHOBHOE Ha3HA4YE€HME 3aKJIIOYACTCS B
(hOpMHUPOBAHWHM HEMPEPHIBHOM BH3yaIbHOW WHOOPMAITMOHHOW Cpebl, TO3BOJISIONIEH JKHUIAXKY
BO3JYIIHOTO CyJIHa CBOEBPEMEHHO OLICHMBATh IIPOCTPAHCTBEHHOE IOJOKEHUE OTHOCUTEIBHO OCH
B3JIETHO-TIOCQ/IOYHOM TOJIOCHI, MOPOra TOJOCHI, 30HBI NMPU3EMJICHUS W Pacu€THOM TpPaeKTOpHUU
camkenwus [ 1-3].

DddextuBHocts GyHkuuonupoBanuss KCO BIIII HemocpeacTBEHHO BIMSET Ha YPOBEHBb
6e3omacHOCTH MONETOB. [Ipy BBHIMOJHEHMH 3aX0Aa Ha IMOCAJIKY B CIOXKHBIX METEOPOJIOIMYECKHX
YCIIOBUSIX CBETOCUTHAJIbHOE OOOPYJOBAHHME CTAHOBHUTCS OCHOBHBIM HCTOYHHKOM BH3YyallbHOM
uHbOpMAaIMY JJIs SKUITaXKa IOCIIe BBIX0/Ja BO3IYITHOTO CyJHa U3 obmadnoctu. [loaTomy K cocraBy,
(boTOMETpUYECKUM XapaKTepUCTUKaM, HaAEKHOCTH U OTKAa30yCTOWYMBOCTH CBETOCHUTHAJIBHBIX
CUCTEM TPEIbSBISIOTCS TOBBIIICHHBIE TpeOoBaHMs, periameHTupyembie [Ipunoxennem 14 x
KonBenmun o MexmayHapoaHoil rpaxknaHckor aBuanuu (Annex 14 ICAO), PykoBoactBom 1o
npoektupoBanuio a’dpoapomoB ICAO Doc 9157 u HauuoHaNbHBIMH aBUALMOHHBIMHU IIPaBUIAMHU
rocynapctB — yuactaukoB MKAO [1, 2, 6].

B 3aBucumoctu ot xareropuu touHoro 3axona Ha nocaiky (CAT I, CAT II u CAT III)
U3MEHSIIOTCSI  COCTaB  KOMIUIEKCAa  CBETOTEXHMYECKOro  o0opynoBaHHs, TpeOOBaHHS K
PE3EPBUPOBAHUIO €T0 3JIEMEHTOB M JIONYCTUMBIM YpOBEHb OTKa30B. C MOBBILIEHHMEM KaTETOpPHUU
BO3paCTaeT poJib aBTOMATU3UPOBAHHBIX CPE/ICTB YNPABICHUS, TOCKOJIBKY JakKe KPaTKOBPEMEHHBIH
OTKa3 OTJIEJIbHBIX IMOJCUCTEM MOXKET MPUBECTH K OTPAaHUYEHHUIO SKCIUTyaTalldd a’dpoapoMa JInOo
BPEMEHHOMY TMPEKPAIICHUIO BBIMOJIHEHUS MONETOB. [lo 3TON mpUYMHE NpU MPOEKTUPOBAHUU
coBpemeHHbiIx KCO BIIII ocoboe BHMMaHue yAENSIE€TCS BOIPOCAaM OTKa30yCTOHYHMBOCTH,
pe3epBupoBaHus 000pyAOBaHUS U HEMPEPHIBHOTO KOHTPOJIS €ro TEXHUYECKOro cocTossHus [1].

CTpykTypa KOMIUIEKCA BKIIOYAET HECKOIbKO (PYHKIIMOHATHHO B3aMMOCBS3aHHBIX
MOJICUCTEM, KaX/Jasg U3 KOTOPBIX 00ecreunBaeT pelieHrue ONpeaesIEHHON HaBUTallMOHHOW 3a/1a4yM.
Cuctema orueir moaxona (Approach Lighting System, ALS) dopmupyer BusyaibHbIi OPHEHTHD
JUIs OOHAPY’KEHUSI OCH TMOCAJKHU TO0Cje BBIXOJa BO3AYLIHOTO cyAHa U3 obmayHoctu. OrHU mopora
(Threshold Lights, THL) o6o3HauaroT Ha4yamo B3JIETHO-IOCAIOYHON TOJIOCH, OTHU Kpasi MOJIOCHI
(Runway Edge Lights, REL) obecneunBaroT BU3yajlbHOE BOCTIPUSATHE €€ TpaHUIl, a OTHU OCEBOM
muann  (Runway Centre Line Lights, RCLL) mno3BonsitoT NHUIOTY COXpaHATH Tpedyemoe
HampaBlIeHWE JABM)KCHUS IIPU BBIIOJIHEHWU Tocagku W mpodera. OTHHU 30HBI MPU3EMIICHHS
(Touchdown Zone Lights, TDZL) ucrons3ytoTcst A7l TOYHOTO ONpPENEIeHUsI yJyacTka KacaHus, a
CUCTEMBI BU3yanbHOW MHAuKauu riauccaasl PAPI u VASIS obecrieunBaroT KOHTPOJIb MOJ0KESHUS
BO3YIIHOT'O CyJHA OTHOCUTENBHO PACUETHON TPAEKTOPUM CHUXKEHMS [2, 3].

Crnemyer OTMETHUTh, YTO MEPEUUCIICHHBIE MOACUCTEMbI (DYHKIIMOHUPYIOT HE U30JIMPOBAHHO,
a KaKk eIUHBIA TEXHOJIOTMYECKMH KOMIUIEKC, 3((EKTUBHOCTE KOTOPOro ONpeAesseTcs
COrJlacOBaHHOW paboToit Bcex »daeMeHTOB. OTKa3 OTHENbHBIX CBETOCHUTHAJIBHBIX YCTPOMCTB
CIOCOOEH MpPHUBECTH K YXYALICHUIO YCIOBMM BHU3YyaJbHOTO IWJIOTHPOBAaHUS, CHUXXEHUIO
MIPOITYCKHOM CITOCOOHOCTH a’pOJIpOMa M YBEIWYCHHIO DKCIUTyaTAllMOHHBIX OrpaHudeHuid. FiMeHHO
IIO3TOMY COBPEMEHHBIE KOMIUIEKCHI pacCMaTpUBalOTCd HE TOJBKO KakK COBOKYITHOCTB
CBETOTEXHUYECKUX YCTPOHCTB, HO U KaK OOBEKT aBTOMAaTHU3MPOBAHHOTO YIPABICHUS, TPEOYIOIIHIA
MIOCTOSIHHOTO KOHTPOJISE TEXHUUECKOTO COCTOSIHUSA, ONIEPAaTUBHOIO OOHAPYKEHHsI HEUCTIPAaBHOCTEH U
CBOEBPEMEHHOT0 (hOPMUPOBAHUS YIPABIAIONIUX BO3ACHCTBHIH.
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CocTaB KOMILJIEKCOB CBETOTEXHHUYECKOTO OOOPYIOBAaHUS I Pa3IMYHBIX KaTeropui
TOYHOTO 33aX0[a Ha MOCAJIKy MPUBEAEH B TabuIe 1.
Ta6mmma 1 — Cocra KCO BIIII B 3aBHCMMOCTH OT KaTeTOPUH TOYHOTO 3aX0J1a HA TTOCAJIKY.

TToncucrema CAT I CAT Il CAT I
Cucrema orsaeii nogxona ALS 420-900 m 900 m 900 m + SF
Ornu nmopora THL + + +

Ornum kpas BITIT REL + + +

Oruu oceBoit inanu RCLL - + +

Ornu 30861 npuseMiieauss TDZL - + +
PAPI/VASIS + + +
TlocnenoBaTenbHO MUTAIOIIHE OTHH — + +

AHanu3 naHHBIX TaOMUIBl 1 MOKa3bIBAaET, YTO TOBBIIICHHE KAaTETOPHHM TOYHOTO 3aX0/a Ha
IIOCAJIKy CONPOBOXKAACTCA HE TOJBKO YBEJIMYEHUEM KOJINYECTBA NPUMEHSAEMBIX CBETOCHTHAJIBHBIX
MOJICUCTEM, HO U CYIIECTBEHHBIM POCTOM TpeOOBaHUN K HaA&KHOCTH MX (PYHKUMOHHPOBAHMUS,
CKOPOCTH OOHapyXeHHs OTKa30B M 3(()EKTUBHOCTH ABTOMATHU3MPOBAHHOIO YyrpasiieHUs. s
asponpomoB  kareropun CAT III gomycTuMBIi YpOBEHb OTKa30B OTIENbHBIX 3JIEMEHTOB
MUHHMMAJIEH, MOCKOJbKY HapylIeHHE paboTOCHOCOOHOCTH Jake€ OJHOM M3 KPUTHUYECKH Ba)KHBIX
MOJICUCTEM CHOCOOHO NMPHUBECTU K BPEMEHHOMY OTPAHMYEHUIO SKCIUTyaTalluu a’pojpoma. B atux
ycinoBusix nanbHedmee pazsurue KCO BIIII cBsi3aHO HE CTOJIBKO € COBEPLIEHCTBOBAHHUEM
OTIENBHBIX CBETOTEXHUYECKUX YCTPOMCTB, CKOJIBKO C IOBBINICHUEM HMHTEUIEKTYaJIbHOCTH CHCTEM
YIPAaBJIEHUS, PACIIMPEHUEM BO3MOXHOCTEH aBTOMATU3UPOBAHHOW [MAarHOCTUKU U BHEIPEHHEM
CPEACTB HEMPEPHIBHOIO MOHUTOPHHIA TEXHUYECKOTO COCTOSTHUS 000PYA0BaHMSL.

CoBpemeHHbIe NPUHIMIBI TOCTPoeHus cuctem ynpasiaenusa KCO BIIIIT

CoBpeMeHHbBIE CHCTEMBI YINpPaBJIEHUS KOMIUJIEKCAMU CBETOTEXHHYECKOTO OO0OpYIOBaHUS
B3JIETHO-TIOCAIOYHBIX IOJIOC TPEACTABISIIOT COO0OW CIelHaIn3upOBaHHBIE aBTOMATU3HPOBAHHBIC
CHCTEMBbl YIPAaBICHUS TEXHOJIOIMYECKHMMHM IpPOLECCaMH, OOECHEeUnBAIOIINE LIEHTPAIU30BaHHOE
yIpaBICHUE peXUMaMH pabOThl CBETOCUTHAJIBLHOTO OOOPYJOBaHUS, HENPEPHIBHBI KOHTPOJIb
TEXHUYECKOI'O COCTOSIHUS JJIEMEHTOB KOMIUIEKCA, PErMCTPALMIO SKCIUIyaTallMOHHBIX COOBITHH U
MH(OPMALIMOHHYIO MOAIEPKKY AUCIIETYEpCKOro nepconana [4, 5, 10].

Pa3zBuTHe cpeAcTB aBTOMATHU3alMK a3pOJPOMOB IPHUBENIO K MEPEXOAY OT JIOKAJIBHBIX CXEM
YOpPaBIEHUS  OTHAENbHBIMU  TpYINIIaMU  CBETOCUTHAIBHBIX OTHEH K  paclpenciéHHbIM
MHOT'OYPOBHEBBIM CHCTEMaM, 0ObEANHAIOMUM QYHKIMN YIPABICHUS, JUarHOCTUKH, MOHUTOPHHTIA
U apXUBUPOBAHMs OKCIUTyaTallMOHHOW wuH(popMmamuu. Takas apXuTekTypa oOecrednBaeT
MOBBIIIEHUE  OTKa30yCTOMYMBOCTH  KOMILJIEKCA,  COKpallleHHMEe  BPEMEHU  OOHapyX eHHUs
HeHcnpaBHOCTe U Bo3MokHOCTh uHTerpanuu KCO BIIII B enunyto nudpoByto HHGPACTPYKTYPY
a’poapoma.

Haubonee pacmpocTpaHéHHON — siBisieTcss  TPEXYPOBHEBAsh — apXUTEKTypa  CHCTEMBI
yIIpaBJICHUS, BKIIFOYAIOIIAsl BEPXHUM, CPETHUI ¥ HIDKHUM YPOBHH (pPUCYHOK 1).

Bepxuuii ypoBeHb MpEACTAaBICH AaBTOMATHU3MPOBAHHBIM pabOuYMM MECTOM JAMCIeTYepa
KOMAaH/IHO-AMCIIETYEPCKOr0 TMyHKTa, (yHKIpoHupyomum Ha O0aze SCADA/HMI-cucrem. Ha
JAHHOM YPOBHE OCYILECTBIISIETCSI BBIOOpP pexHuMa paboTbl CBETOCHTHAIBHOTO O0OpYIOBaHUS,
yIpaBI€HUE MHTEHCUBHOCTBIO CBEYEHHUS OTAEIbHBIX MOJCHCTEM, OTOOpakeHHWEe HH(pOpMALUU O
TEXHUYECKOM COCTOSIHUM KOMILJIEKCA, PETUCTpalus JEHCTBUM oOmepaTopa U apXUBUPOBAHUE
HKCIUTyaTallMOHHBIX JaHHBIX. JlONMOJHUTENBHO oOOecreYnBaeTcss BU3yalu3alus aBapUIHBIX
cooOuieHnit, (OpMHUpPOBaHHUE XXYPHAJIOB COOBITHMIH M HMH(OpMAIMOHHAs TOJAEPKKAa TNPUHATUSA
pewennii gucneryepom [10, 13].

Cpennuii ypoBeHb BKIIIOYAET IpOrpaMMUpyeMblie Jsorndeckue koHTpoiuiepsl (PLC),
pean3yoIue  aNrOpuTMBl  aBTOMAaTU3UPOBAHHOIO  YIPABIECHUS M KOOPAUHHUPYIOLIHUE
B3aMMOJICHCTBHE MEXIY BEPXHMM YPOBHEM M HCHOJHHUTEIBbHBIM 00opynoBaHueM. KoHTpoiieps!
IPUHUMAIOT KOMaH[bl OIEpaTopa, KOHTPOIUPYIOT UX KOPPEKTHOCTb, (OPMHUPYIOT YIIPABISAIOLINE
BO3/ICUCTBUS HA UCIIOJHUTEIbHbBIE YCTPOHCTBA, 00pabaThIBAlOT IUATHOCTUYECKYIO HH(OpMAIUio U
obecrieunBaloT OOMEH JAHHBIMHM IO IPOMBIIUIEHHBIM IPOTOKOJAaM CBs3U. /[l aspoapomoB
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kateropuii CAT Il u CAT III npenycmarpuBaercsi pe3epBUPOBAHUE KOHTPOJUIEPOB U MMPUMEHEHUE
CXEM TOpsSiUero pes3epBa, MO3BOJSIONIMX COXPAaHUTh PaOOTOCIOCOOHOCTH CHUCTEMBI IMpPH OTKase
OT/CJIbHBIX anmnapaTHbIX KOMIIOHEHTOB [1].

Hwxuuii  ypoBeHb 00pasytoT perynstopsl noctosHHoro Ttoka (CCR), u30mA1IMOHHBIC
TpanchopMaTopbl, KOMMYTAI[HOHHBIC YCTPOWCTBA M CBETOCHTHaJIbHbIE OrHU. OCHOBHOU 3amayeit
JAHHOTO YPOBHS SIBJIIETCS HEMOCPEJICTBEHHOE BBINOJIHEHHE YNPABISAIOLIUX BO3JCHCTBUIM,
MOCTYNAIOUIMX OT MPOTrPAMMUPYEMBIX KOHTPOJIJIEPOB, MOAJEpKaHUE 3a/laHHOTO 3HAYEHUS TOKa B
MOCJIEIOBATENbHBIX LEMSIX MUTaHUS, KOHTPOJb OJJIEKTPUUYECKUX MMapaMeTpoB M Iepeaaya
JTUAarHOCTHYECKOW MH(OpMaIlUK B cUCTeMy yrpaBieHus [11].

OyHKIMOHUPOBAHUE CHUCTEMbl YIpPaBICHHS OCHOBAHO Ha HENPEPHIBHOM OOMEHe
nHpopmanet  Mexay €€  YpOBHSIMH.  YIpaBisolMe  KOMaHIbl  MEpeNalTcsi  OT
aBTOMAaTH3MPOBAHHOTO pabovyero mMecra JuUcleTdepa K MPOrpaMMHUpPYEMbIM KOHTpOJUIEpaM, Jajiee
— K peryjsTopaM MoCTOSHHOTO TOKa U UCIIOJHUTENIbHBIM yCTpoiicTBaM. B o6paTHOM HanpaBieHUH
NepeaaloTCs CBEICHUS O peKUMax paboThl 000pyIOBaHUSA, 3HAUEHUAX IEKTPHUUECKUX MTapaMEeTPOB,
COCTOSIHMM OTAENbHBIX MOJICUCTEM, BOSHUKHOBEHUH HEUCIPABHOCTEH M pe3ysibTaTax BBITOJIHEHUS
yOpaBsIOIUX KomaHna. Takas opranuzamus uH(poOpManumoHHOro oOMeHa oOecreyuBaeT
OTEepaTHUBHOE BBISIBICHUE OTKJIIOHEHUH M CBOEBPEMEHHOE MPUHSTHE PEUICHHUI M0 BOCCTAHOBIECHUIO
paboToCIIOCOOHOCTH KOMILIEKCA.

B cootBercTBHm ¢ TpeboBanusmu MKAO perynupoBanue sipKOCTH CBETOCUTHAIBHBIX OTHEH
OCYIIECTBISICTCS ~ JTUCKPETHO. B OOJBIIMHCTBE  COBPEMEHHBIX  CHUCTEM  peajM3yercs
MATUCTYNEHYATOE YIPaBJICHUE MHTECHCHUBHOCTHIO CBEUEHMsI, MO3BOJISIIONIECE aAanTUPOBaTh paboTy
CBETOCHTHAJILHOTO 00OPYAOBaHUS K JIHEBHBIM, HOUYHBIM U HEOIArONMpUsATHBIM METEOPOJIOTHIECKUM
yCIIOBUSIM. VI3MeHeHHe ypOBHS SIPKOCTH MPOU3BOAUTCS IEHTPAIU30BAHHO C YYETOM KaTeropHhu
a’poapoMa, TEeKYIIUX YCIOBUH BUAMMOCTH W TpeOOBaHMH CIIy)KOBbl yNpaBIEHUS BO3AYIIHBIM
IBmxenueM [1, 2].

OgHuM W3 KIIOUEBBIX HAIIPaBJICEHUH COBEPLICHCTBOBAHMSI COBPEMEHHBIX CHCTEM
YIpaBJIEHUS SBISETCS pa3BUTHE CPEACTB TEXHUUYECKOM AMAarHOCTUKU. B TpaJWLIMOHHBIX cHcTeMax
KOHTPOJIb TEXHUYECKOTO COCTOSIHMSI OCHOBAH IPEMMYIIECTBEHHO HA HM3MEPEHUU AIEKTPUUYECKUX
MapaMeTpoB IOCJIENOBATENbHBIX LENed MHTaHWUsS, YTO TO03BOJIAET OOHApYXUTh HaIUYHE
HEHCIPABHOCTH, OJHAKO He oOecreunBaeT e€¢ TouHyr Jokammsanuio [14]. I[lpumenenwue
pacnpenenéHHbIX JUarHOCTUYECKUX MOJyJed U HHTEIJIEKTyalbHbIX JIaTYMKOB I1O3BOJISIET
KOHTPOJHMPOBATh IMapamMeTpbl pPadOTHl OTACIBHBIX CBETOCHUTHAIBHBIX YCTPOWCTB, BKJIOYAS
BEJIMYMHY TOKa, HANpPSKEHHE MUTAHUS, TEMIIEPATypy, COCTOSHUE UCTOYHUKOB CBETA U MapaMeTphbl
OKpYKarollel cpeapl. DTO cO34aE€T MPEANOCHUIKY Ul IIEpeXoJa OT IUIAHOBO-IIPEAYIIPEIUTENBHOIO
oOcnmy>)KMBaHUsI K OOCTY)KHBaHUIO OOOpyJOBaHHS TI0 €ro (aKTHUYECKOMY TEXHUYECKOMY
cocrosiHuto. Tunosas ctpykrypa cucremsl ynpasienuss KCO BIIII npencrasiena Ha pucyHke 1.

Jlna opranuzannu odMmeHa mHpopManyeid Mexay KOMIOHEHTaMU KOMIUIEKca B HacTosIiee
BpeMs MPEUMYIIECTBEHHO HCIIOJIb3YIOTCS MIPOBOIHBIC MPOMBIIIJICHHbIE CETH Ha 0a3e MPOTOKOJIOB
Modbus RTU, PROFIBUS DP u PROFINET, o6ecneunBaromux BBICOKYIO CKOPOCTH TMepeaadu
JTaHHBIX, YCTOWYMBOCTH K OJJIGKTPOMAarHWTHBIM TIOMeXaM U TpedyeMyro HaJI&KHOCTb
(YHKIIMOHUPOBAHUS CUCTEM yrpaBieHus [13].

OHOBpPEMEHHO pa3BUBACTCS NMPUMEHEHUE OECIPOBOIHBIX TEXHOJOTMH Mepeaadd JaHHBIX,
MIPEKE BCEro JJIsl OpraHu3aluu pacipeesIEHHbIX CUCTEM MOHUTOPUHTA TEXHUYECKOTO COCTOSHUS
obopynoBanusi. Cpenu Takux pelIeHUi 3HAYUTENbHBIM MHTEpeC MpeacTaBiseT TexHoiorus LoRa
(Long Range), ucnonp3ytomass meton momyisiuu Chirp Spread Spectrum u oGecnedunBaromas
SHEeprodPPeKTHUBHYIO TNepeaady IUarHOCTHYECKOW HMH(OpMAIlMM Ha 3HAYUTENBHBIE PACCTOSHUS
[11, 12]. BmecTe ¢ TeM aHanu3 €€ TEXHUYECKUX XAPAKTEPUCTUK MOKA3bIBAET, YTO OTPAHUYECHUS IO
CKOpOCTH TIepe/laur JaHHBIX U 3aJepKKaM oOMeHa He O3BOJISIOT paccMaTpuBaTh LoRa kak 3ameny
MPOBOAHBIM  MPOMBIIIJICHHBIM ~CETSIM B KOHTYypax KPUTHUYECKH Ba)KHOTO  YIIPaBJICHUSA
CBETOCHTHAJIbHBIM ~00opyzoBanueM. HaumbGonee parnuoHanbHOW 001acTbio €€  IpUMEHEHHUs
SBIIAIOTCS 33J]a4l YJAIEHHOTO MOHUTOPHHTA, cOopa TUArHOCTHYECKON MH(OpMAalMU M KOHTPOJIS
COCTOSIHUS pacrpeeIEHHBIX 00BEKTOB a3pPOAPOMHOI HH(PPACTPYKTYPHI.
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[IpoBen€éHHBIN aHANIM3 MOKA3bIBAET, YTO NalibHEMee pa3BuTue cucrteMm ympasienuss KCO
BIIIT cBA3aHO ¢ MHTErpanuedl MHTEUIEKTYAIbHBIX aJrOPUTMOB IOANEPKKU NPUHATUS pPELICHUH,
Pa3BUTHEM PaCIPEICIEHHBIX CPEICTB JTUArHOCTUKH, UCIIOJIB30BAHUEM TEXHOJIIOTHNA NPEAUKTUBHOTO

oOCITy’)KMBaHUsI  OOOpPYJOBAaHUS W  CO3/JaHUEM €OUHOrO  HU(POBOro  HMH(OPMAIIMOHHOTO
IMPOCTPAHCTBA a3poapomMa.
APM aucnetyepa KON
(SCADA / HMI)
A
Y
Mporpammupyemblin NOrMYecKui
koHTponnep (PLC)
¥ Y Y
Perynatop Perynatop Perynatop Perynatop
NOCTOSHHOTO TOKa NOCTOSIHHOTO TOKa NOCTOSHHOTO TOKa NOCTOAHHOO TOKa
(CCR-1) (CCR-2) (CCR-3) (CCR-4)
Y Y Y Y
M30onAaunoHHbIA W3onaunoHHbIA M3onAaumnoHHbIA M3onaUnoHHbIA
TpaHcchopmarop TpaHccopmarop TpaHcdopmarop TpaHcopmarop
Y Y Y Y
[pynna orHedn CucTema BU3yanbHon OrHu nopora u kpas OrHU 30HsI
noaxoga WHOMKALMM IMMCCa! B3NETHO-NOCAJ04HOM NPU3eMNEHNA 1
(ALS} (pAp| / VAS'S) nonocki 0CEeBOW NUHUKN
(REL, THL) (TDZL, RCLL)

Pucynok 1 — Hepapxudeckas cTpyKTypa CUCTEMBI yIIPABIECHUS KOMIUIEKCOM
CBETOTEXHUUYECKOr0 000py10BaHMs B3JIETHO-II0CAJOUYHOMN TOJIOCHI.

Oco0eHHOCTH JKCIVIYyaTAIlMM KOMILUIEKCOB CBETOTEXHHYECKOro o000pyJa0BaHHMSI B
ycaosusix Pecny6smkn Kasaxcran

OKcITyaTalds KOMILJIEKCOB CBETOTEXHMUYECKOIO O00OpYAOBaHUS B3JIETHO-NIOCAOUYHBIX
nojjoc Ha Ttepputopun Pecnybnmuku Kaszaxcran ocymiecTBiusieTcs B YCIOBHUSX 3HAUMTENIbHOU
KJIIMMaTU4E€CKON HEOJHOPOIHOCTH, YTO OKAa3bIBAECT HEMOCPEICTBEHHOE BIMSHUE HA HAAEKHOCTD
(YHKIMOHMPOBAHUS 00OPYAOBAHUS, IEPUOJINYHOCTh TEXHUUYECKOTO 00CTYKMBaHUS M TpeOOBaHUS
K CHCTEMaM aBTOMAaTU3UPOBAHHOIO yIPAaBIEHUs. B oTiM4Yne OT pETHOHOB ¢ YMEPEHHBIM KIIMMATOM,
aspoapomHas uHppacTpykrypa Kazaxcrana skcruryaTUpyeTcsl B IIUPOKOM JIMAia30HE TEMIIEparTyp,
IIPM HMHTEHCUBHBIX BETPOBBIX HArpy3Kax, BBICOKOM 3albIEHHOCTH OTHCIBHBIX TEPPUTOPUU H
BBIPQKEHHOW CE30HHOM M3MEHYHMBOCTH TIOTOIHBIX ycaoBuil [6—8].

HanOonee crnoxHble yCIOBUS 3KCIIyaTallUd XapaKTEpHBI AJISI CEBEPHBIX U LIEHTPAJIbHBIX
PETHOHOB CTPaHBbI, I/I€ TEMIIEpaTypa OKPY’KAIOLIEr0 BO3/1yXa B 3UMHUMN MEPHOJ MOXKET CHUKATHCA
no munyc 40-45 °C, torga kak J€TOM TeMmIepaTypa MOKPBITHUS B3JIETHO-TIOCAI0YHON MOJIOCHI B
I0KHBIX obOnactax pocturaer 60-70 °C. IlomoOHble TemmepaTypHbIe IEpenaabl BBI3BIBAIOT
JONOJTHUTEIbHBIE MEXAHUYECKHE U TEPMUYECKUE HArpy3KH Ha KaOeIbHbIC JIMHUM, U30JIALUOHHBIE
TpaHc(hOpMaTOpPbl, CBETOCUTHAIBHBIE OTHU U JICKTPOHHbIE KOMIIOHEHTHI CUCTEM YIPABICHHSI, YTO
YBEJIMYUBAET BEPOSITHOCTh BOZHUKHOBEHUS OTKA30B M COKPAIIIAET CPOK CIykObl 000pynoBaHus [6].

Cy1iecTBEHHOE BIMSHHUE HA 3KCIUTyaTallMOHHYIO HaJEXHOCTh OKAa3bIBAIOT TaKKE BETPOBBIC
Harpys3KH, IblIEBbIE 3arpsi3HEHMsI U aTMocdepHble ocanku. [lonananue Biaaru, NbUK U 3arpsisHEHUN
B CBETOCHTHAJIbHBIE YCTPOWCTBA NPHUBOJUT K CHM)KEHHIO CBETOBOIO II0TOKA, YXYALICHUIO
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(OTOMETPUUYECKUX XaPaKTEPUCTUK M YCKOPEHHOMY M3HOCY OTAENBHBIX 3JIEMEHTOB 000pYyI0BaHUS.
B s1ux ycioBusiXx Bo3pacTaeT 3HAUY€HHE aBTOMATH3MPOBAHHBIX CPEACTB KOHTPOJS TEXHHUYECKOTO
COCTOSIHUS, TTO3BOJISIFOIIMX CBOEBPEMEHHO BBISBIISTH OTKJIOHEHUS SKCIUTyaTallMOHHBIX MapaMeTpOB
U TUJIAHUPOBATH MPOBEICHUE MPOPUIAKTUIECKUX paboT.

Ocoboe MecTo 3aHUMaeT a’ponopT AJMaThl, PACIOJOKECHHBIM B TPEATOPHOW 30HE
3annmiickoro Amaray. OcobeHHocTH penbeda MECTHOCTH OOYCIOBIMBAIOT —MOBBIILICHHYIO
MOBTOPSIEMOCTh TYMaHOB, HM3KOH OOJaYHOCTH U CIOKHBIX METEOpPOJIOTUYECKUX YCIOBHIA,
0co0eHHO B OCeHHe-3UMHUH nepuon [8]. B pesynbraTe 3HAUUTENBHO BO3PACTa€T WHTECHCUBHOCTH
UCIIOJIb30BaHUS PEKMMOB TOYHOIO 3axoJa Ha TMOCAAKy, YTO TMPEIbSBISET IOBBIIICHHBIE
TpeOoBaHUs K HANEKHOCTH (PYHKIIMOHUPOBAHUSI KOMIUIEKCOB CBETOTEXHHUECKOTO 000pYAOBaHUS U
3¢ (HEeKTUBHOCTH UX aBTOMATU3UPOBAHHOTO YIIPABIICHUS.

CrnemyeT y4yuThIBaTh, YTO 3HAYUTENbHAS 9aCTh adpPOApOMHOI HHDpACTPyKTyphl PecryOnuku
Kazaxctan Obuta BBemeHa B akcmuryatamuio B 1970-1990-x romax. HecmoTpss Ha mpoBOaUMYIO
MOJICPHU3AIIMIO OTHEIBHBIX adpPONOpPTOB, HA psAA€ OOBEKTOB MPOIOKAIOT HCIOJIB30BATHCS
CHCTEMBI, PECypc KOTOPBIX B 3HAYUTENIbHOIN CTeNeH! ucuepnad. B nepByto ouepesb 3TO OTHOCUTCS
K KaOEIbHBIM CETSIM, PETYJISITOPaM MOCTOSIHHOTO TOKa U OT/IEIhHBIM 3JIEMEHTaM CBETOCHTHATBHOTO
000pyI0BaHUs, YTO YCIOKHSIET BHEAPEHNUE COBPEMEHHBIX IIU(PPOBBIX TEXHOJIOTUHN 03 MpoBeIeHUs
KOMIUIEKCHOW PEKOHCTPYKITUH a3POPOMHON HHPPACTPYKTYPHI.

Opuum u3 Hambosee 3(PGEeKTUBHBIX HANPABICHUN MOJIEPHU3ALMU SBISETCS MEPEexXo]l Ha
CBETOJMOJIHBIE CBETOCUTHAJIbHBIE CHUCTEMBL. [0 CpaBHEHMIO € TpPaJULMOHHBIMU TaJIOT€HHBIMU
HMCTOYHMKAMH CBETa CBETOJMOIHBIC YCTPOWCTBA 00Jamar0T Oo0Jiee BBICOKOW JHEPreTHYECKOM
3¢ (HEeKTHBHOCTHIO, YBETUYCHHBIM CPOKOM CITYKObI, MEHBIITUMH JKCILTyaTallHOHHBIMU 3aTpaTaMu H
MOBBIIICHHOW  YCTOMYMBOCTBIO K MEXAaHUYECKUM BO3JCUCTBUSIM [6]. JlOMOTHUTETbHBIM
MPEUMYIIECTBOM SIBISIETCS BO3MOXKHOCTh HMHTErpallUd BCTPOEHHBIX CPEACTB JAUArHOCTHUKH,
JUCTAHIIMOHHOTO MOHUTOPUHTA M HMHTEJUIEKTYaJlbHOTO YIpPABIECHUS pPEKUMaMU pabOTHI
000pyIOBaHUS.

AHanM3 yCJIOBHM dKCIUTyaTalluu MOKa3bIBaeT, uyTo Il adpoapoMoB Pecry6onukn Kazaxcran
HanOonpumii 3¢p¢GexkT MoXKeT OBITh JOCTHUTHYT MpH KOMIUIeKCHOM MmoxaepHm3ammu KCO BIIII,
IpelycMaTpuBaroleil 0JHOBPEMEHHOE OOHOBIIEHHE CBETOCUTHAIBLHOTO 000pYy/10BaHUsl, BHEIPEHHE
COBPEMEHHBIX aBTOMATU3WPOBAHHBIX CHUCTEM YIPABJICHHUS, PACHPEICIEHHBIX CPEJACTB IUATHOCTUKU
U 1U(POBBIX TEXHOJOTUH MOHUTOPHHIAa TEXHUYECKOTO COCTOSIHUS oOopynoBaHus. Takoil moaxon
MO3BOJIUT TOBBICUTH JKCIUIyaTAllMOHHYIO0 HAJEKHOCTh KOMIUIEKCOB, COKPAaTHTh 3aTparbl Ha
TEXHUYECKOE OOCTy)KMBaHHE M OO0ECHEYUTh COOTBETCTBHE a’dpPOJPOMHON HMHQPPACTPYKTYPHI
COBPEMEHHBIM MEXIYHAPOIHBIM TPEOOBAHUAM 1O OE30MMACHOCTH MOJIETOB.

AHaJau3 orpaHn4yeHni cymecrByrmmnx cucrem ynpasiaennss KCO BIIII

HecmoTpst Ha BBICOKMI YPOBEHb Pa3BUTHUSI COBPEMEHHBIX KOMIIJIEKCOB CBETOTEXHUYECKOTO
obopynoBanus, cymectByromue cucteMbl ynpasiaeHuss KCO BIIIT coxpaHstoT psig TEXHUYECKUX H
OpPraHMU3AIMOHHBIX OTPAaHWYCHHM, CHIDKAIOMUX J(PQGEKTUBHOCTh HKCIUTyaTalldud a’poApOMHON
MHPPACTPYKTYphl M YCIOXKHSAIOMMX €€ MaabHEHITyr0 MojepHu3anuio. [IpoBenéHHbIil aHamm3
OTEUYECTBEHHBIX U 3apyOESKHBIX PEIICHUH MOKa3bIBAET, YTO OOJIBIIMHCTBO MPUMEHSEMBIX CHCTEM
pazpabaThBAINCh C OpHEHTAaIMell Ha oOecnedeHre TpeOyemMoro ypoBHS — HaAEKHOCTH
(YHKIIMOHUPOBAHKS CBETOCUTHAIIBHOTO OOOPYIOBAaHMsS, OJHAKO WX AapPXUTEKTypa B MEHBIICH
CTETIEHH YYHMTHIBA€T COBpEMEHHbIe TpeOOoBaHUS K LU(PPOBU3ALMU MPOLECCOB YIPaBICHUS,
HEMPEPHIBHOMY MOHHUTOPHHTY TEXHUYECKOTO COCTOSHHUS OOOPYIOBAaHHUS M WHTEIUICKTYalbHOM
NoJJepKKe MpUuHATUS pewenuii [9, 10, 15].

OaHUM U3 OCHOBHBIX OIPAHMYEHUN SIBJISETCS BBICOKAs 3aBUCUMOCTh IMpOIEcca yIpaBieHUs
CBETOCHUTHAJIBHBIM OOOPY/JOBaHMEM OT NEUCTBHH AMCIETYEPCKOro MepcoHana. B OonbImnHCTBE
IKCIUTyaTUPYEMbIX CHCTEM HM3MEHEHHE PEKMMOB PabOThl KOMIUIEKCA BBIMOIHIETCS OMEPaTOPOM
nocJie Mnoxy4eHuss nHpopMauu OT CiIyKObl yrnpaBieHHs] BO3AYLIHBIM JABMKeHHeM. HecmoTps Ha
BBICOKYIO HAJEKHOCTh MOJO0HON CXEMBbI, HAIMYUE YEIOBEKAa B KOHTYPE YIPABICHUS YBEIUIHBACT
BpEMs peaklUd CHUCTEMbI U MOBBIIIAET BEPOATHOCTb BOHUKHOBEHHS OLIMOOK MPH WHTEHCHBHOM
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BO3JYIIHOM JIBM)KEHHUHU JHOO B YCIIOBUSIX IOBBIIIEHHON MNCUXO(U3HOIOIMUYECKON Harpy3ku Ha
nucneryepa [9].

JpyruM CyHIECTBEHHBIM OIPAHMYEHHEM SIBIIAETCS HENOCTATOYHAs aBTOMATH3aLUs
MPOLIECCOB KOHTPOJS TEXHHYECKOTO COCTOSHUS O0OpyaoBaHUs. B OONBIIMHCTBE ACHCTBYIONIUX
KOMILIEKCOB JUArHOCTHUKA OCYLIECTBIISIETCS HAa OCHOBAHMM KOHTPOJISL JEKTPUUYECKUX MMapaMeTpOB
MOCJIeIOBATENbHBIX LIETIeW MUTaHUsS, MPEXKAE BCErO CHIIBI TOKAa M HampsbkeHus. Takol moaxon
MO3BOJISIET CBOEBPEMEHHO OIpPEAETUTh (AKT BO3HUKHOBEHHS HEHCIPAaBHOCTH, OJIHAKO HE
obOecrieunBaeT WACHTU(UKAIIMIO KOHKPETHOTO OTKAa3aBIIETO »JJeMEeHTa 0e3 MpOBEIeHUs
JOTIOJTHUTENBHBIX IPOBEPOK HEMOCPEICTBEHHO Ha a’pojapome. B pesynprare yBEeIMUMBAIOTCS
MPOJOJKUTENILHOCTh TIOMCKA HEHWCIPABHOCTEH, BpeMsi BOCCTAHOBIIEHUS PabOTOCTIOCOOHOCTH
000pyI0BaHUS U SKCIUTyaTaIllMOHHBIE 3aTpathl [ 14, 15].

AHanmu3 CyHIECTBYIOIIMX CHUCTEM TIOKa3bIBa€T TAaKXE OrPAaHUYEHHBIE BO3MOXKHOCTHU
MPOTHO3UPOBAHUS ~ OTKa30B  oOopynoBaHus. IlpuMeHsemble  alropuTMbl — JAMATHOCTHUKH
OPUEHTUPOBAHBI MPEUMYIIECTBEHHO HA PErUCTPALMI0 YXKE BO3HUKIIMX HEUCHPABHOCTEH W
MIPAKTUYECKH HE HCIHOJIb3YIOT METOJAbl OLEHKH OCTAaTOYHOI'O pecypca 3JIEMEHTOB KOMILIEKCA.
OTCcyTCTBHE CpPEICTB MPEIUKTHUBHOW JHUATHOCTHKH 3aTPYIOHSIET TMepexod K OOCTyKUBAHUIO
o0opy/a0oBaHusl MO €ro (akTHUYEeCKOMY TEXHHYECKOMY COCTOSIHHIO W IMPHUBOJUT K COXPaHEHUIO
TUTAHOBO-TIPEAYIIPEAUTEIHHON CTPATETHH TEXHHUECKOTO OOCITY KIBAHUSI.

OtnenbHOW  mpoOIeMON  OCTaéTcs  MOJEPHH3alUs  JCUCTBYIOIIMX  adpPOJAPOMHBIX
KOMILIEKCOB. 3HAUUTENbHAs YacTh AKCILUTyaTUPYEMbIX CHUCTEM CO3/1aBajlaCh C HCIOJIb30BAHHEM
[EHTPATM30BaHHON KaOenhbHOW HWH(PPACTPYKTYpPHI, PEKOHCTPYKIUS KOTOPOH COMPOBOXKIACTCS
CYIIIECTBEHHBIMH (DMHAHCOBBIMH 3aTpaTaMd W HEOOXOJUMOCTBIO BPEMEHHOTO OTpaHHYCHUS
SKCIUTyaTallud OTHENbHBIX OOBEKTOB a’poApoMHON uHGpacTpykTypel. I[lo 3Toil mnpuunne
BHEJPEHUE HOBBIX CPEJCTB TUATHOCTHKHA U MOHHUTOPUHTA TPEOyeT MOMCKA TEXHUYECKUX PEIICHUH,
MO3BOJISIIOIINMX PACIIUPSTH (PYHKIMOHAIbHBIE BO3MOKHOCTH CYHIECTBYIOIIMX KOMILIEKCOB 0€3
MaciTaOHOW PEKOHCTPYKIMH KaOEeNbHBIX CETeH.

CrnenyeT OTMETUTD, YTO MPUMEHEHUE OECIPOBOIHBIX TEXHOJOTUH Mepelauu JaHHBIX TaKXKe
HMEET OIpeIeIEHHbIe OrpaHrueHus. HecMOoTps Ha nepCcreKTUBHOCTh Hcnoib3oBaHus LoRa u
AQHAJIOTUYHBIX PENICHUH I OPTraHM3alWH PACIPEACIEHHOTO MOHUTOPHUHIA, WX TEXHUYECKHE
XapaKkTePUCTHKU HE OO0ECIeYMBAIOT BHIMIOJHEHHE TPEOOBAaHUM, NPEABSBIAEMBIX K KOHTYypaM
YIOpPaBIEHUSI KPUTUYECKH BaXKHBIM CBETOCUTHAIBHBIM 000pyAoBaHHeM. OrpaHudeHHas CKOPOCTb
nepenayn  JaHHBIX, HalWuuMe 3aj7iepKeK oOMeHa WHQOpMaIMeil M 3aBHCHUMOCTh KadecTBa
PaZMOCBS3H OT YCIIOBUM pacIpOCTpaHEHUsl CUTHala He MO3BOJSIOT paccMaTpUBaTh OECPOBOIHBIE
CeTH KaK 3aMEHY NpPOBOJHBIM IPOMBIIUICHHBIM HHTep(delicaM ympaBieHus. B cBsi3u ¢ 3TUM
UCIIOJIb30BaHNUE TMOJIOOHBIX TEXHOJOTHH SIBISEeTCA LenecooOpa3HbIM TMPEUMYIIECTBEHHO IS
nepenayn JUarHOCTHYECKON MH(OpMamuu, KOHTPOIS TEXHUYECKOTO COCTOSHUS 00OpYyIOBAaHUS U
OpraHM3aly  yAaJEHHOIO  MOHMTOPUHIA  paclpefeNéHHBIX  OOBEKTOB  a’pOAPOMHOMN
uHppacTpykTypsl [11, 12].

BbINTONHEHHBI  aHAINW3 MOKa3bIBA€T, 4YTO JaJbHEHIIEE COBEPIICHCTBOBAHUE CHCTEM
ynpasienuss KCO BIIII nomxHO OBITH HANpaBIE€HO HA KOMIUIEKCHOE pELICHHE HECKOJIbKUX
B3aMMOCBSI3aHHBIX 33/1a4: CHI)KEHUE BIHSHUS YeJIOBEUYEeCKOro (hakTopa Ha MPOIECCHl YIPaBICHHUS,
pPa3BUTUE HUHTEIUICKTYyaJIbHBIX CPEACTB JAUArHOCTUKHU, BHEJIPEHUE METOJOB IPOTHO3WPOBAHUS
TEXHUYECKOIO COCTOSIHMSI 00OpYJIOBaHMsSI, PACIIMPEHHE BO3MOXKHOCTEH aBTOMATH3UPOBAHHOTO
MOHHUTOPHHTa ¥ O0OECIeYeHHEe COBMECTHOW pa0OTHl TMPOBOJHBIX CHCTEM YIPABICHHUS C
OecrpoBOJHBIMU CpPEACTBAMH TEpeaun AUarHocTUdecko MHpopMmanuu. Peannsamnus ykazaHHBIX
HalpaBJI€HUW  TO3BOJUT  TOBBICUTH AKCIUTyaTallAOHHYI0  HaJIEKHOCTh KOMILJIEKCOB
CBETOTEXHHYECKOI0 000pYI0BaHMsI, COKPATUTh BPEMsI BOCCTAHOBJIEHHUSI paO0OTOCIIOCOOHOCTH OCIIEe
BO3HUKHOBEHHUS OTKAa30B M 00ECMEYHTHh AalbHEHIIee pa3BUTHE a’pOJAPOMHON MH(PPACTPYKTYpHI B
COOTBETCTBUH C KOHLEMIUEH IUPPOBOro aspoapoma.

Jns  cucreMaruzanMy pe3yJbTaTOB MPOBEAEHHOTO aHalU3a OCHOBHBIE OTpaHUYECHUS
cymectByromux cucrem ympapienuss KCO BIIII, ux »skcmlyaTallMOHHBIE TOCIEACTBHUS U
MEePCIIEKTUBHBIC HATIPABIICHUS! COBEPIICHCTBOBAHUS TIPEICTABJICHEI B TAOIHIIC 2.
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Tabmuma 2 — OcHOBHBIE OrpaHUYeHHs cymecTByommx cucreM ympasieHuss KCO BIIII u
HaIpaBJICHUA UX COBCPIICHCTBOBAHU A

ITepcniekTuBHOE HarmpaBJICHUE
OrpannyeHne OKCIDTyaTalnOHHBIE TIOCIEICTBHS
COBEPIIEHCTBOBAHMSI
PazBurtue aJTOPUTMOB
VBenuueHne ~ BpEeMEHH  peakIuu .
aBTOMATU3UPOBAHHOMN TTOIIEPIKKH
Bricokasi 3aBHCHMOCTh MPOIECCOB | CHCTEMBI, BEPOATHOCTH OIIMOOK TpPH .
o . o TIPUHSITH peneHui u
YIIpaBJICHUS OT JEHCTBHUI IUCTIETIepa | BHICOKOM MHTEHCHUBHOCTH
MHTEJUICKTYalIbHBIX CpenCTB
BO3/YIIHOTO JBHXKCHUS
yIpaBJICHU
VBennuenue BPEMECHHU noucka | BHenpenue pacnpenenéHHBIX
OrpaHHYCHHBIC BO3MOKHOCTH N N
HArHOCTIKI HCHCIIPABHOCTEH W BOCCTAHOBJICHUS | THATHOCTHYCCKUX Moy el i
paboTocnocoOHOCTH 000pYIOBAHUS WHTCIUICKTYaJIbHBIX JaTYHKOB
[Ipumenenue [IJIAHOBO-
OrtcyTcTBHE MPOTHO3UPOBAHUS Hcnons3oBanue METOJI0B
OpeyIpPeIUTEIBHOTO 00CTyKHBAHUS N
TEXHUYECKOIO COCTOSIHHUS MPETUKTHBHOM IIMarHOCTUKHU U
U YBEIUYCHHUE OSKCIUTyaTaIIMOHHBIX
obopynoBaHus OIIEHKH OCTaTOYHOTO pecypca
3aTpar
Ucnons3oBanue THOPUTHOM
aApPXUTEKTYPhI c MTPOBOTHBIMHU
enTpanu3zoBanHas kabenpHas | BbICOKass CTOMMOCTh MOJEPHH3AINH
CHCTEMAaMU yHOpaBICHUS u
nHPPACTPYKTypa CYIIECTBYIOIINX KOMIICKCOB
OecrpOBOTHBIMU cpelcTBaMu
MOHHUTOPHHTA
OrpaHu4eHHbBIE BO3MOXHOCTH | DopMuUpoBaHUE €AWHOTO HU(POBOTO
HenocraTounas WHTETpaIus
aHaliM3a TEXHUYECKOTO COCTOSHUS | HMH()OPMAIMOHHOTO MPOCTPAHCTBA
9KCIUTyaTAIUOHHBIX TAHHBIX
060pyﬂ0BaHI/I${ aspoapoma

[IpencraBinenHsie  pe3ysibTaTbl  CBUAETEIBCTBYIOT O  TOM, 4YTO  JaJibHeMiee
coBepuieHcTBOoBaHKe cucteM yrnpasieHus KCO BIIII gomkHO oCcylecTBIAThCS HE MyTEM 3aMEHbI
CYILIECTBYIOIIEH apXUTEKTYpPbl, @ MOCPEACTBOM €€ MO3TAMHON MOACPHU3AIMHU 32 CUET MHTErpaluu
MHTEJJIEKTYaJIbHBIX CPEACTB AUArHOCTUKHU U HU(POBBIX TEXHOIOIMM MOHUTOpUHTA. Takol moaxon
obecrieynBaeT BO3MOXKHOCTb MOJICPHU3AIMH JACHCTBYIOIIUNX a3pOJpOMOB 0e3 CyIIeCTBEHHOTO
M3MEHEHUS CYIIECTBYIOIICH KaOeIbHOW HHPPACTPYKTYPHI.

IlepcnexTuBsbl pasButus cucrem ynpasiaenusa KCO BIIIT

CoBpeMeHHbIE TEHJICHIIUU Pa3BUTHS a3pOJPOMHON MHEOPACTPYKTYpPhl CBUIETEIHCTBYIOT O
MOCTENEHHOM  TepexoA€ OT TPaAJAMIMOHHBIX CHCTEM  YINPABICHUS  CBETOTEXHUYECKUM
000py/I0BaHWEM K HWHTEIJIEKTYaJbHBIM aBTOMATH3MPOBAHHBIM KOMILIEKCAM, OOECIeunBaoONIuM
WHTETrpanuio QyHKINA yIpaBiIeHHs,, MOHUTOPUHTA, JUATHOCTUKU U WHPOPMAITMOHHOHN MOAIEPKKH
IKCIUTyaTarmoHHoro mepcoHana. JlampHeitmee coBepmeHcTBoBanue KCO BIIIT gomxHO OBITH
OPUEHTHPOBAHO HE TOJILKO HA MOBBIIIEHUE HAJIEAKHOCTH OT/IEIbHBIX TEXHUYECKUX CPEICTB, HO U HA
co3JaHue eAMHON MU(PPOBOI Cpelbl YIIPABICHUS a3POIPOMHON HHPPACTPYKTYPOH.

OpauM U3 HanOollee MEePCIIEKTUBHBIX HAMIPABIICHUH SBIISETCS Pa3BUTHE UHTEIUICKTYAIbHBIX
CUCTEM TEXHUYECKOI JMarHOCTHKH, o0ecrneurBaoImnX HEeNpephIBHBIN KOHTPOJIb
AKCIUTYaTalMOHHOTO COCTOSIHUS 00OpYyIOBaHUs. B oTiM4ne OT TpaaulIMOHHBIX METOJ0B KOHTPOJIA,
¢bukcupyomux (GpakT BO3SHUKHOBEHHS] HEUCIPABHOCTH, COBPEMEHHBIE TUArHOCTHYECKHE CHUCTEMbI
MTO3BOJISIFOT OCYIIECTBIISITH HEMPEPHIBHBIN aHAIN3 TapaMeTpOB (PYyHKIIMOHUPOBAHUS 000PYI0BAHHS,
BBISIBJISTH IPU3HAKU €r0 JEerpajallid U MPOTHO3WPOBATH BEPOSITHOCTH BOSHMKHOBEHHS OTKA30B.
Hcnonb30BaHrue TMOJOOHBIX pEIICHUH CO3MaeT MPENNOChUIKK JUIsl Tepexoja OT IUTAHOBO-
MpeIyNpeTUTeIbHOTO O0CIY)KUBaHHUSI K OOCIYy)XMBaHHIO TO (DaKTUYECKOMY TEXHUYECKOMY
cocrostHUIO obopyaoBanus [14, 15].

BaxkupiM HampaBieHHEM MOJCPHHU3ALMU SIBISIETCS JalbHEWIee BHEAPEHNUE CBETOINOIHbBIX
TexHosnoruii. [IpuMeHeHHWe  CBETOAMOJHBIX  HCTOYHHUKOB CBE€Ta  TMO3BOJISIET  MOBBICUTH
SHEPreTHUecKyl0 3(PPEeKTUBHOCTh KOMILIEKCOB CBETOTEXHUYECKOTO OOOpYIOBaHUS, YBEIUYHUTDH
pecypc 3KCIUlyaTalldd CBETOCUTHAIBHBIX YCTPONCTB, CHU3UTH JKCIUTyaTallUOHHBIE DPACXOAbl U
o0ecneunTh BO3MOXKHOCTh HHTETpalliil BCTPOCHHBIX CPEACTB JUATHOCTHUKUA U JAMCTaHLHUOHHOIO
KOHTPOJISI TEXHUYECKOTO COCTOSTHUS 000py1oBaHus [6].
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CyliecTBEHHbBIE  BO3MOYKHOCTM  OTKPBIBA€T  PA3BUTHE  PACHPEACIEHHBIX  CUCTEM
MOHHUTOPHHTA, MPEeIHA3HAYCHHBIX JUIsl OMEpPaTHBHOrO cOOpa AMArHOCTUYECKOW WH(POpMAIUU C
TEPPUTOPUATILHO pachpenea€HHbIX OOBEKTOB a’poJipoOMHOM HWHOpACTPyKTyphl. B 3Toil cBs3M
0COOBIN HHTEpEC MPEACTABISET MPUMEHEHHE OECHpPOBOJHBIX TEXHOJOTHUH TMepenadyd JTaHHBIX,
MO3BOJISIIONIMX ~ OPraHW30BaThb OOMEH  JIuarHocTudecko wuHpopmarmuendr 0e3  co3maHus
JOTIOTHUTENIBHON KalOenbHOM WHOPAcTpyKTypbl. OIHAKO pe3ysibTaThl MPOBEAEHHOTO aHAIN3a
MOKa3bIBAIOT, 4YTO  HUCIHOJb30BaHWE  TexHomoruun LoRa  sBmsercs  menecooOpa3HbIM
MPEUMYIIECTBEHHO NP PEUICHUH 33a4 MOHUTOPUHTA M JUArHOCTUKH OOOPYIOBAHUS, TOT/IA KaK
(GyHKIUU yOpaBlieHUS! CBETOCHUTHAJIbHBIMU CHCTEMaMH JIOJKHBI PEaIM30BBIBATHCS MOCPEACTBOM
MPOBOAHBIX MPOMBIIUICHHBIX WHTEP(]EICOB, YIOBIECTBOPSIOMUX TPEOOBAHHUSIM IO HAAEKHOCTH,
OBICTPOJICUCTBHUIO U OTKA30YCTOMYUBOCTH.

CpaBHUTENbHAS XapaKTePUCTHKA HauOoliee pPacHpOCTPAaHEHHBIX TEXHOJIOTUN Tepeaaqn
JIAHHBIX, TIPUMEHSIEMbIX B cucTemax ymnpasieHus u Monutopunra KCO BIIII, npeacrasiena B
tabnure 3.

Tabmuua 3 — CpaBHHUTENbHAs XapaKTEPUCTUKA TEXHOJIOTMH Tepefayd  JaHHBIX,
MPUMEHSAEMBIX B cucTeMax ymnpasieHus 1 Monuropunra KCO BIIII

[MTapamerp Modbus RTU PROFIBUS DP PROFINET LoRa
Cpena nepenaun RS-485 RS-485 Industrial Ethernet Panuokanan
CKopocTh nepenayu | mo 115 xbut/c 1o 12 Mowut/c 1o 100 Mout/c 0,3-50 x6ur/c
JTAHHBIX
Tunuunas  nmanbHOCTH | 110 1,2 KM 1o 1,2 km mo 100 M (mo | mo 15-20 km
CBSI3U MeJIHOMY Kabeltio)
Heob6xoaumocTs Ja Ja Ja Her
Ka0empHOU
HHPPACTPYKTYPHI
VYcroitunBocTh K | Beicokas Bricokas Bricokas 3aBUCUT OT YCIIOBUH
ANEKTPOMArHUTHBIM pacmpocTpaHeHHS
moMexam CUTHaJIa
IIpumenenue B | Ha Ja Ja He pexomenayercs
KOHTYpax yIpaBJICHHUS
[Ipumenenwue s | Ja Ja Ja Hawubonee
MOHHUTOPHHTA u 3 dexTrBHO
JTHarHOCTHKH
OcHOBHOE IIpocroTa Bricokas Bricokass ckopocth | bonbmias ganpHOCTH
MIPEUMYIIECTBO peanu3arim HA/ICKHOCTD obmMeHa CBS3M W OTCYTCTBHE
KabenbHOU
UHPPACTPYKTYPBI
OcHoBHOE OrpanuyeHHas CroumocTh TpeboBanus Kk | OrpanuueHHas
OrpaHHYeHUe CKOPOCTb o0opyznoBaHus ceTeBoi CKOPOCTb  Iepeaayu
nHdpacTpykrype JTAaHHBIX u
HEBO3MOKHOCTb
HCTIONTb30BaHUS B
KOHTypax
KPUTHYIECCKH BaKHOTO
yYOpaBICHUS
Ilpumeuanue — Yxazanuvie 3HaAUeHUs OATLHOCMU Nepedayu OAHHBIX OAs NPOBOOHLIX

MEXHON02Ull NpueedeHsvl 0 CMAHOAPMHBIX TUHUL céa3u. IIpu ucnonv3oeanuu OnmMo6oI0KOHHbIX
JIUHUL C653U U COOMBEMCMEYIOUe20 Cemeso20 000py008anus OaIbHOCMb nepeoayu moxcem Oblms
CYujecmeeHHo ygenuiena 6e3 CHUMCeHUs HA0edCHOCMU U CKOPOCMU 0O MeHa OaHHBIMU.

Kak cnenyer w3 naHHbBIX TaOnuubl 3, NMPOBOJAHBIE NPOMBIIUIEHHBIE CETH COXPAHSIOT
NpPEeUMyIECTBa TPU pealu3aliil KOHTYPOB YIPABJICHUS CBETOCUTHAJIBHBIM 000pYAOBaHHEM
Onmarozapst BBICOKOW CKOpOCTM OOMEHa JaHHbIMH, MUHUMAJIbHBIM 3aJlepXKKaM Iepegadu
uHbOpMAIMM M BBICOKOM AKCIUTyaTallMOHHOW Han&xHocTH. B To ke Bpems TexHoinorus LoRa
o0siafjaeT 3HaAUYUTENbHBIM MOTEHIMAIIOM IIPU OpPraHU3alMK pachpeAeIEHHbIX CUCTEM MOHUTOPHHIA
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W JMarHOCTUKH, oOecreynBasi CHIDKEHHE 3aTpaT Ha  MOJEPHHU3ALMIO  CYIIECTBYIOIIEH
UHOPACTPYKTYphl 0e3 HapylleHus TpeOoBaHM K 0e30MmacHOCTH (YHKIMOHUPOBAHUS CUCTEM
YIIpaBJICHUS.

[lepcieKTUBHBIM HaNpaBICHUEM AATBHEHIINX UCCIIEIOBAaHUM SBISETCS MHTETPALUs CUCTEM
ympasienuss KCO BIIII ¢ apyrumu mHGOpPMAIMOHHBIMH TIOJICHCTEMaMH a’pOApPOMa, BKITFOYAs
CHCTEMBI 3JIEKTPOCHAOKEHUS, METEOPOJIOTHIECKOT0 00eCIIeYeHHs, TEXHUYECKON SKCIUTyaTalluu U
YIpaBJIeHUS BO3AYIIHBIM IBHXKeHUEM. DOpMUpPOBaHUE €MHOTO0 MHPOPMAIIMOHHOTO MMPOCTPAHCTBA
MO3BOJIUT MOBBICUTH 3()(HEKTUBHOCTH AKCIUTyaTallMH a3pOAPOMHOM MH(PACTPYKTYPHI, 00ECIICUUTD
LEHTPAIN30BAaHHbI aHAIN3 OJKCILTyaTallMOHHBIX JaHHBIX M CO3/1aThb OCHOBY [UISl BHEIPEHUS
TEXHOJIOTUH H(POBOTO a3poaApOMa.

3akiroueHue

B pesynbrare npoBeJEHHOIO UCCIIEI0BAaHUS BBIIIOJIHEH KOMIIJIEKCHBIM aHAIN3 COBPEMEHHBIX
KOMIUJIEKCOB CBETOTEXHUYECKOT0 O00OpYAOBAaHUS B3JIETHO-TIOCAIOUHBIX IIOJIOC KaK OOBEKTOB
aBTOMATHU3MPOBAHHOTO YIPABIEHUS M OIpPENEICHbl OCHOBHBIE HANPABJICHUS HUX JalbHEWUIIEro
pa3BUTHA. YCTaHOBJIEHO, YTO MOBBIIEHUE TPeOOBaHUN K OE30MACHOCTH MOJIETOB, pacIIMpEHHE
NPUMEHEHHUST CBETOAMOAHBIX TEXHOJOTUH M IM(PPOBHU3ALMS a3POJPOMHON HH(PACTPYKTYPHI
00yCIIOBIMBAIOT HEOOXOJMMOCTh COBEPILIEHCTBOBAHMSI CylIeCTBYOMUX cucteM ympasieHus KCO
BIIII.

[TokazaHo,  4YTO  COBpPEMEHHBIE  CHCTEMBbl  yIOpaBlieHHs  00JalaloT  BBICOKOM
HKCIUTyaTallMOHHON HaI&KHOCTHIO U COOTBETCTBYIOT TPEOOBAHUSAM MEXTYHAPOIHBIX HOPMAaTHBHBIX
JOKYMEHTOB, OJTHAKO COXPAHSIOT PsiJl OTPAHUYEHUH, CBA3aHHBIX C HEIOCTATOYHON aBTOMaTU3alueil
IIPOLIECCOB JIMAarHOCTUKH, OTPAaHMYEHHBIMM BO3MOXXHOCTSIMHU IPOIHO3MPOBAHMSI TEXHUYECKOIO
COCTOSIHUSI 000PYZIOBaHUS, BBICOKOM CTOMMOCTBIO MOAEpPHU3ALNU KaOEeTbHOU MHPPACTPYKTYPHI U
CYIIECTBEHHOM  3aBUCUMOCTBIO  OTZACJIBHBIX  IIPOLECCOB  YIpaBIEHUs  OT  JEUCTBUU
JKCIUTyaTallMOHHOTO MEPCOHAaa.

Ha ocHoBanum mnpoBenEHHOro aHaiau3a OOOCHOBAHO, YTO HamOoJee MepCleKTUBHBIMU
HanpaBJIeHUAMU coBepuieHcTBoBaHUsS cucteM ympasienuss KCO BIIII seagiorcs BHeapeHue
MHTEJUIEKTYalIbHBIX CPEACTB JMAarHOCTUKH, IEPEeXo] K OOCIy)XHBaHUIO 0O0OpYyIOBaHMSA IO €ro
(aKkTHUYECKOMY TEXHUYECKOMY COCTOSIHMIO, Pa3BUTHE PACHPEICIEHHBIX CHCTEM MOHUTOPUHIA U
MHTETpalusi  aBTOMATH3MPOBAHHBIX  KOMIUIEKCOB  YIpaBJCHHS B  eauHOe  IU(poBoOe
MH(OPMALIMOHHOE TMPOCTPAHCTBO a’poapoma. Ilpu 5ToM ycTaHOBIEHO, 4YTO MPUMEHEHHE
0ecrpoBOJIHBIX TEXHOJIOTMH Tepenauyd JaHHBIX, Bkioyas LoRa, sBisercs uenecooOpa3sHbIM
MIPEUMYIIECTBEHHO JUIsl OPraHM3allld MOHUTOPUHIA M JUArHOCTUKH TEXHUYECKOI'O COCTOSHHS
0o0OpyIOBaHUs, TOTAA KaK (PYHKLIMHU YIPABICHUS KPUTHYECKH BAKHBIMH OOBEKTAMH JOJDKHBI
pealn30BBIBATHCS TIOCPEACTBOM IIPOBOJIHBIX MTPOMBIIIJICHHBIX UHTEP(EHCOB CBA3H.

[IpakTnyeckass 3HaUMMOCTb BBIIIOJIHEHHOTO HCCJIEIOBAaHUS 3aKIIOYAETCSl B BO3MOXKHOCTHU
WCIIOJIB30BAaHUS TIOJYYEHHBIX PE3YJNbTATOB NPU MOJEPHU3ALMM CYIIECTBYIOIIUX KOMIUIEKCOB
CBETOTEXHMYECKOT0  OOOpYAOBaHHS ~ a’pOAPOMOB  TPAXAAHCKOM  aBHanuu, pa3paboTke
MEPCTIEKTUBHBIX aBTOMAaTHU3UPOBAHHBIX CHUCTEM YINPAaBJICHUS U BHIOOpE TEXHUUYECKUX PELICHUH st
MOBBIIIEHUS HKCIUTyaTAallMOHHONW HaA&KHOCTH a’pOAPOMHON HMHQPACTPYKTYpHl, B TOM YHCIE C
y4€TOM 0COOCHHOCTEHN IKCIUTyaTaIiuu a’dpoapoMoB Pecryonuku KazaxcraH.

[lomydyeHHble pe3ynabTaTbl MOTYT CIY>KMTh OCHOBOM JUIsl JAJIbHEHIIMX WCCIEHOBAaHUM,
HampaBJIEHHBIX Ha pa3pabOoTKy HHTEUIEKTyaJIbHBIX aQJTOPUTMOB  YIpPABIEHUS, METOJOB
NPEJUKTUBHON TUArHOCTUKM M IHQPOBBIX TEXHOJIOTMH MOHUTOPUHTA, 00ECIEUYNBAIOLINX
MOBBILIEHNE 0€30MacHOCTH U 3(PPEKTUBHOCTH BHITIOTHEHHS B3JIETHO-TIOCAOYHBIX OMEpaIii.
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