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MEPEK HA OCHOBI JIIHIH IIEPETABAHHSI EJTEKTPOEHEPT T

AHoTanis. B po6oti po3rmaHyTo TexHONOrIl Ta CHCTEMATH30BaHI TEXHIYHI IOKAa3HHKU iH(pOpMaminiHoO-
CHEPreTHYHUX Mepex. [IpoBeeHo aHai3 TEeXHOJIOriH Cy4aCHHX aJbTCPHATHBHUX JDKEpeEN eHeprii Ha 0asi
(hOTOENEKTPUYHHX MEPEeTBOPIOBAYIB B CKIIAJi CyJacHHUX COHSYHHX OaTapesx. IIpoBeneno kinacubikariiamii
aHaJIi3 Ta BJOCKOHANICHO Kiacudikamniro reoindopmaniiiHo-eHepreTHIHNX MepeK. 3alpOIOHOBAHO i IX0IU
JI0 CTBOPEHHSI HOBOi Mojeni iH(pOpMaliiHUX Mepex 3 PO3MOIUICHHMH (OTOENCKTPHIHUMHU JDKeperaMu
JKUBIICHHSL.

Aunotanusi. B pabore paccMOTpeHBI TEXHONOTMHM W CHCTEMAaTH3HPOBAHBI TEXHHYECKHE IOKa3aTeiln
MH(POPMALIMOHHO-3HEPTeTHYECKUX cereil. IIpoBe/ieH aHaIu3 TEXHOJOTUi COBPEMEHHBIX AIbTEPHATHBHBIX
HCTOYHHKOB SHEPrHH Ha 06a3e (POTONICKTPHUUESCKHUX MpeoOpa3oBaTeNeil B COCTaBe COBPEMEHHBIX COTHEUHBIX
Garapeit. IlpoBemeH — KiacCH(PMKALMOHHBIA  aHAIM3 W YCOBEPIICHCTBOBAHA  KJIACCH(UKALS
reonH()OPMAIIOHHO-OHEpreTHIeckuX ceTeil. IIpennoskeHsl MOAXOOBI K CO3JaHHIO HOBOW MOJenn
MH(POPMAIMOHHBIX CETeH C PacIpeeIeHHBIMH (POTOIIEKTPUYCCKUMH HCTOYHUKAMH [THTAHHSL.

Abstract. In the work the technologies of information-power networks are considered and was systematic
of their technical parametrs. Conducted analysis of modern alternative renewable technologies of
photovoltaic light energy sources. The classification analysis and improved classification of
geoinformation-power networks was made. Also was received approach of creation a new model of
information networks with distributed photovoltaic power sources.

Kurouosi cioBa: reoindopMariifHo-eHepreTHIHa Mapexka; (poToeIeKTpHIHHI IepeTBOPIOBAY; BOJIOKOHHO-

ONTHUYHUI KaHA;
BCTYII

Cdepa 3acTOCYyBaHHS CYYaCHHX MEPEXK MOCTIMHO PO3IMIUPIOETHCS, OXOTUTIOIOYH 00JIACTI BiJl JOKAILHOTO
00poONeHH 1 MOHITOpPHHTY iHPOpPMALiHHUX MapaMeTpiB Ha JIOKATBHHX MOOUTBPHHX IUTaTGopMax g0
BUKOPHUCTAHHS JUII 00pOOJICHHS 1 TIepe/laBaHHs B MariCTpaJlbHUX MEpEeXeHHX IuaThopmax Triao0anbHOi Mepexi
Internet Ta By3pKOcCHemianizoBaHUX iH(popMamiiHUX Mepex (IM) MOHITOPHHTY, KOHTPONIO Ta TMepeJaBaHHS
MPOCTOPOBO-TIOB ‘sI3aHUX JaHUX (reoindopmarii) opieHTOBaHMX Ha (PYHKLIOHYBaHHS B 3HAYHO PO3HECCHOMY
reomnpoctopi [1].

OcranHi po3poOku B obnacti reoindopmaniitanx (I'IC) TexHOJOTIH NpU3BENN 10 MOSBH 00°€IHAHUX
iHpopMaliiHUX MepeX Ha OCHOBI JIiHIM TepenaBaHHs enekTpoeHeprii. B meprmomkepenax [2,3] Taki Mepexi
oTpUMalM Ha3By — TreoiHpopmaniiiHo-eHepretuuHi Mepexi (I'TEM), 3a paxyHOK TOro, mo B HHX OCHOBHI
00uMCITIOBAJIbHI PECYpCH MO€AHAHI 13 IHIIMMM OKpiM iHQopMmauiiHol, me W No eHepreTHdHiil CKialoBii.
OCHOBHHMMH eNleMeHTaMH, 3 KX ckianaetbess ITEM e: craHIis eHepro3abe3neyeHHs, MEPEXeBi KOMyTaTOPH,
TOJIOBHUI cepBep B CKIaJi IEHTPY KepyBaHHs Ta KiHIEBi KopucTyBadi i mpuctpoi. Lle mo3Boisie peanizoByBaTH
iHpOopManiHO-CHEPTeTUYHY MIATPUMKY BCIiX alapaTHHX CKIAJOBUX 1 MOKIHMBICTh IHTEPaKTUBHOT'O KEPYBaHHS,
KOMYTAIlil Ta ImepeHanpaBiIeHHs iHPOPMAaIiHHIX Ta CHEPTeTHYHNX IOTOKIB MiX BciMa OJOKaMH i By3JIaMH, SKi
BXOITH JO CKIagy Takoi Mepexi. Pa3oM 3 IMM 3Ha4YyHO aKTyaNi3yBajJWUCh NPOOJIEMH IiJBHIICHHS
iHpopMamiiHOi CTaOIMPHOCTI Ta HAMIHHOCTI (YHKIIOHYBaHHS pO3MOIUICHUX KOMII IOTEPHHX MEpeX Ta
30epexeHHs LITICHOCT] Ta KOH(]IJeHIIITHOCTI 0CO0aMBO Ba)IMBHX JaHuX. OCOOJIMBO 1isl IpoOiieMa aKkTyasjbHa
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JUISL MariCTpajJbHUX CEMEHTIB PO3NOAIIEHUX 1H(GOPMAIIHUX MEpexX Ta 3aKpPUTHX KOPHOPAaTHBHUX MEpPEK.
[Iporpamui 3acobu opraHizanii o0UuCIeHb Ta NepeaaBaHHs AaHuX, TakuxX sk GRID-rexnomorii [2], BipTyansHi
kopriopaTtuBHi kKaHamu VPN (Virtual Point Network) [2] He 3aBkau H03BOJISTIOTH BHPIMIUTH IO NPOOIIEMy Ha
TPUHIAIIOBO SKICHOMY PiBHIi, OCKIIbKH BOHH BHKOPHCTOBYIOTH IIO XX CaMy HE 3aBXKIH JOCKOHANY (i3W4uHY
apxXITeKTypy TpaJuIifHUX KaHaMiB Ha 0a3i Mepexi Internet.

Memoro poOOTH € TOPIBHAIBHUNA Ta KiIacH(iKamilHUN aHaNi3 CyJyaCHHX TEXHOJIOTiH iHpopmariiiHo-
SHEPreTUYHNX MEpeXk, a TaKOXX BH3HAYCHHS IIEPEIyMOB CTBOPEHHS HOBOI MOZENi iH(pOpMamiiHUX MeEpex 3
BHIIMMH TIOKa3HUKaMU iHPOpMAaLiifHOT CTaO1IbHOCTI.

VY 3aranpbHOMY BHIAJAKY iH(QOpMaliiiHa KOMI‘FOTepHa Mepexa, a Takox 11 pisHoun — ['TEM sBisie
c00O0F0 CYKYIHICTh anapaTHO-IPOTrPaMHUX 3aC00IB i OOUMCITIOBAIBHUX CTAHINII Ta JOMOMIKHOTO KOMYTYHOUOTO,
Hepeslatoyoro, peTPaHCISIIIIHHOIO 00JIaIHAHHS, SIKe 3B5I3aHO MK COOOI0 KaHajllaMM NepenaBaHHs iH(opmarii.
Sk Bimomo i3[3], Bci IM BUKOHYIOTH J1BI OCHOBHI Ba)JIUBI iHpOpMAaIIiiiHi QyHKIT:

1) KOJNEeKTHBHUI JOCTyn Ta 0OpoOieHHs iHdopmauii 3a BHYTPILIHIX JOIOMOTOK OOYHMCIIOBATBHUX
CIPYKTYp;

2) mepenaBaHHS iH(pOpMamii MiXK OOYHCIIOBANBEHOI CTPYKTYPH, BY3JaMH Ta IHOIMMH KOMIIOHCHTAMHU
Mepexi. Bei icHyroui iHopMartiitHi Mepexi OCHOBYIOTBCS Ha IUX OCHOBHHX OTEpAIlisX.

CYYACHI KOMIT'IOTEPHI IH®OPMAIIMHI MEPEKI HA BA3I BOJ13 TA METOIU
NIJIBUIIEHHS CTABLJIBHOCTI iX ®YHKI[IOHYBAHHSA

CydJacHi xomn ‘roTepHi iHGopmariiitai Mepexi (IM) B Tomy uucii riobaibHa Mepexa Internet 3Ha4HO
PO3BHHYJIMCh B OCTaHHI POKH 1 MalOTh 3HAYHI MMOKA3HUKH IPOTYKTHBHOCTI Ta MPOITYCKHOI 3JaTHOCTI KaHAIIB,
OCKIJIBKH OOCSTH IMOTOKIB iH(pOpMAaIlii 3HAYHO 3pOCII B OCTaHHI POKH. Po3BUTOK IM MpOMIIOB MIJISAX MOYHHAIOYN
i3 80-x pokiB XXcCT. Bii mepmux paniopeiaedHux i KaHaJbHUX NPUCTPOIB MepeiaBaHHs JaHUX i3 MPOIYCKHOO
3parrictio B 0.5-1 KBiT/c Ta mpoxykruBHicTio 1-5-10° om./c [2, 3], 10 HaiicydacHImMX KOMyHIKALIHHAX MepesK
Ta MyJnbTHCepBicHUX craHUid Ha 0a3i BOJI3. IlpomyckHa 3xaTHiCTh B ocTaHHiX ckianae 120 — 200I°6it/c Ha
KaHai [4, 5], a IPOAYKTUBHICTh 10'2-10"® om./c [6], mo 00yMOBJICHO BUCOKMMH 3HAYCHHSIMH ONTHYHUX YACTOT
(mo 2°10' ') Ta aKTHBHHM BHKOPHCTAHHSAM METOJiB PO3MAPATCIIOBAHHSA OOUMCIIOBANHLHOIO MPOLECY Ta
iHpopMaLiHHUX MOTOKIB.

3aBISKH 3aCTOCYBAaHHIO BOJIOKOHHO-ONTHYHUX CEpPENOBHIN TepenaBaHHS iH(opMmarii, B Cy4acHHX
Mepekax HaOyIIn KOMITIEKCHOTO 3aCTOCOBYBAHHS Pl CyJaCHHX TEXHOJIOTIH ymiinsHeHHs kKaHainiB TDM, FDM i
WDM [4], nigTpuMKu OibIIOCTI MPOTOKOJiB 00MiHY JaHMMH Ha KaHaJIbHOMY Ta MepexeHoMy piBHi: IGMP,
CLNP, ICMP, IKE, IP,VolIP, XDSL, Ethernet, TCP/IP, FDDI, FiberChannel, IEEE 802.2XX, IEEE 802.1XX.
Ile B CyKymHOCTI i3 BUCOKOC(EKTUBHUMHU TEXHOJOTISIMU MOOyA0BH amapaTHUX 3aco0iB Ha BOJI3 mo3Bossie
OyayBaTH BUCOKOIIBHAKICHI iH(poOpMamniiiHi Mepexi Ha 0a3i cranmapTtiB opranizamii mepexx SDH (SONET) ta
ATM i MepexxeHHX MYJIBTUCEPBICHUX cTaHLiH (T1arhopm).

CyuacHa u¢poBa MynbTUcepBicHa TaTthopma mepexi BOJI3 — ne ckinagHuidi TEXHIYHUN KOMIUIEKC, B
KU BXOAWTH Ipylla NpUHMaviB Ta IepeiaBadiB, ONTHYHI MYJIBTHIUIEKCOPH Ta JEMYJIBTHILUIEKCOPH, BOJIOKOHHO-
OIITUYHI NPUCTPOi BBEACHHS-BUBEJICHHS, CUCTEMAa aBTOMAaTHYHOTO Pe3epBYBaHHs KaHaIIB Ta amapaTHOi arperamii
(00po0OKkH) iHQOPMAIIHHIX TOTOKIB, CHCTEMH IWCTAHI[IHHOIO VNPABIiHHA 1 CHUrHAJi3amii, KOHTPOJBHO-
BUMIpIOBaJIbHA allapaTypa, IPUCTPO] CIIy’»kO0BOTO 3B 3Ky Ta CHCTEMa €IEKTPOCHEPTeTHIHOTO KUBJICHHSL.

Ha cydacHoMy etam po3BuTky IM pO3MOBCIOJKEHI JABI HAWOIIBII TIOMHUPEHI apXiTEKTypH
iHdpopmamiiitanx Mepexx Ha ocHoBi BOJI3: AON (All Optical Network — MOBHICTIO ONTHYHI MEpexi, sKi
nepeadadaoTh Iepenavdy ONTHYHHX CHTHANIB 0e3 IepeTBOpeHHsA iX B enekTpuuHy ¢opmy), PON (Passive
Optical Network — macuBHI onTmuni Mepexi) [4]. PisHums monsrae B ToMy, mo B apxiTekTypi AON
nepeadadeHO BHUKOPHCTAaHHS AaKTHBHUX TPOMDKHHX BY3JiB (aKTHBHHX ONTHYHUX PETPAHCIATOPIB,
pereHepaTtopiB Ta iH., SIKi MOTPeOYIOTh EHEPreTHYHMX 3aTparT), a B apxiTekTypi PON BUKOPHCTOBYIOThCS TINBKH
MacUBHI NIPOMDXKHI BY3JH (pO3rayly/pKyBadi, 00 €IHyBaui, aTeHIOATOPH), SIKI HE IMTOTPEOYIOTh 30BHILIHIX 3aTpaT
eneprii. [Ipu 3acrocyBanni apxitektyp AON, PON 3 nporokonamu Ethernet, FDDI, FiberChannel abo ATM
BOHM HaOyBalOTh BH3HAUEHOI'O XapakTepy i po3rsAaloThes okpeMo, Hampukian, Ethernet PON — EPON [4].
BukopucTaHHSI BOJIOKOHHO-ONITUYHOTO CEPEIOBHUINA BUTIIHO HE TIJIbKM B MariCTpaJibHUX cerMeHTtax IM, ane i
TaKOX B JIOKAJbHUX KIHIIEBUX IX JIAHKAaX KOMII'FOTEPHUX OOYMCIIOBAIBHMX CHUCTEM JUIsi BHUPILICHHS 3ajad
MiAKITIOYCHHS KIHIIEBUX MPHUCTPOIB MiX c00010. BHCOKi 3HaueHHsS MPOIYCKHOi 3AaTHOCTI Ta MOXKJIHBICTBH
MacmTaboOBaHOCTI KaHANIB MepeaBaHHs iHPopmamii B cydacHux IM Ha 6a3i BOJI3 00ymoBIeHO HaWOIIBIIO0
MPOIYCKHOO 3IaTHICTIO ONITOBOJOKOHHOTO CepeAOBHINa (IIMPOKa CMyTa MPOIYCKaHHI 1.5-2x10" T'), manomy
3aracanHio (<0.01-0.02 J16/xm), a Takox MajmoMy 3HadeHHIO nucnepcii (0.5-2.5 mc/HMkM.), O s Cy9acHUX
KaHaJIiB JO3BOJIIE OTPUMATH YaCTOTHY CMYTY HPOITYCKaHHS JO 2:10"- 2.5:10" T'u Ta BigmoBimHy TeopeTHYHO
MOJKJIMBY CUMBOJIBHY MIBHIKICTh niepenaBanns Bifg 200 I'bit/c go 1,5T 6it /c B kaHaJIi HA OCHOBI OJTHOMOJIOBUX
ONTHYHUX BOJIOKOH. TakoX, /710 OCHOBHMX II€peBar BOJIOKOHHO-ONTHYHHMX KaHAJIB 1 MEpexX, OKpIM BHCOKOI
CHMBOJIFHOT LIBHAKOCTI MEpeJaBaHHs JaHMX Ha iX OCHOBI MOXKHAa TAaKOXX BiJJHECTH 3aXMILECHICTh KaHAJIB Ta
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BHUCOKY JaJIbHICTh Niepenadi 0e3 perexepariii.

Jlns mepenadi JaHUX B OOUMCITIOBAIBHHUX KOMIUIEKCAX CY4acHHMX MEPEX Ta MK iX OKPEMHMH CTPYKTYPHHMH
BY3JIAMH CHOTO/IHI BUKOPHICTOBYIOTh JICKUIbKA OCHOBHMX BHCOKOIIBHIKICHUX BOJIOKOHHO-ONTHYHMX KAHAJIB, 0 YHCIIA
skux Hasiexath [2-4]: FibreChannel (FC), Optical Ethernet (OE), Fiber Distributed Data Interface (FDDI). Po3risiHemo
OCHOBHi 0COOJIMBOCTI KOKHOTO 3 HHX.

Fibre Channel (FC) (BomOKOHHWMI KaHalx) — BOJIOKOHHO-ONITMYHHN BHCOKOIIBHAKICHHN CTaHIAPT
KaHAJIB Tepeiadi MaHWX, [0 TNPH3HAYCHWH IS OpraHizamii iHGopMamifHUX 3B‘A3KiB MK MOTYKHUMH
KOMI ‘FOTEPHAMH CTaHIIISIMH, CepBEpaMH 1 cHCTeMaMHu 30epiraHHs iHpopMaIiiiHHX Ta TeleKOMYHIKAIliiHUX
MEpeX 3a TUIIOM MiAKIIOueHHs — Touka-rouka (Point-to-Point). Kanamum Fibre Channel 3a3Buuaii
BUKOPUCTOBYIOTH OJIHE BOJIOKOHHE CEpPEIOBHINE Ta MIATPUMYIOTH MepeaaBaHHs iH(QOpMAIIl i3 MBUAKICTIO BiJ
100 M6it/c no 10 I'6it/c Ha Bincrani no 70 kM. [lepeBaramu kxanamy FC € mopiBHSHO BHCOKa IIBHJIKICTB 1
JaJbHICTh Nepeiavi JaHuX, a TaKoK EKOHOMISl pecypciB HpH BHKOPHCTaHHS OJHOTO BOJIOKOHHO-ONTHYHOTO
KaHaJly Juis HoOynoBH Tomoorii Mepex Ha ocHoBi FC (puc. 1).

Kanamn Fibre Channel Gynu ctBoperi B 1985 pori, i Tineku B 1994 p OyB 3aTBepKeHUI acomialiiero
ANSI gk cTaHmapt KaHaliB 3B‘s3Ky uisi IM Ha 3aMiHy TpamuIliiHUM JiHISIM i3 MacHBHUMHU S50-TapHUMH
kabemsmu. [lepmoueproBumu 3amadamu ctBopeHHs: Fibre Channel Oy migBHIIEHHS TaTbHOCTI Ta CIIPOIICHHS
T IKTIOYCHHS JTiHIN iepeaadi, a He MiIBUIICHHS IIBUIKOCTI.

Henonixamu € BiICYTHICT €HEPTETHYHOI aBTOHOMHOCTI pereHeparopis Ha Ainsakax BOJI3, mo 3meHmTye
CTabITBHICTH TIPH 3aCTOCYBAHHI HOTO B ITBUAKOIIIOYMX MaricTpalbHUX KaHanax IM.

N_port N_pori i N_port

N_paort Fabric

I}!{

N_port N_port ' N_port '

Fabric

||
m e

Point-to-Point

Puc.1. Ocnosni Tomosorii cranmapty Fibre Channel (FC) [3]

B 3anesxnOCTI Bix Tomosorii (puc. 1)i TUIB MPUCTPOIB MOPTH MOMINAIOTHCS Ha JACKiIbKa THITIB (3TiIHO
puc.1.):

— TIOPTH BY3IiB:

—N_Port (Node port), noptu npuctpois nigrpumMku Tonoorii FC-P2P («rouka-touka») abo FC-SW (c
KOMYTaToOpOM);

—NL_Port (Node Loop port), moptu ninrpumku Tonosnorii FC-AL (arbitrated loop — kepoBaHa metiis);

— MOPTH KOMyTaTopa/mapupyrtusaropa (st tonosnorii FC-SW);

—F _Port (Fabric port), nenrpansuuii nopt (switched fabric — komyToBaHa 3B‘s13Ha apxiTeKkTypa).
BukopuroByeThcst npu migxitodeHHi noptis Tuny N_Port 1o komyTaropa, 6€3 miITpUMKH TOHOJIOTIT MeTJIi;

—FL_Port (Fabric Loop port), ieHTpamsHIA TOPT 3 MiATPHUMKOIO TOIOJIOTI] MeTiTi. BUkopuTOBYy€eTHCS
IUTS TiaKmro9eHHs s noptiB Tuma NL Port o xomyTtaTopa.

— E _Port (Expansion port), mopTu po3mupeHHs. BUKOpHCTOBY€eTbCS ATIS 3°€THAHHS KOMYTATOPIB;

— EX port mopt ms 3‘exnanas FC-mapmpyTmsaropa u FC-komyraropa. TE port (Trunking Expansion
port (E_port)) BHecenuit B Fibre Channel xommanietro CISCO SYSTEMS [4], i 3apa3 npuiiHATHIA K CTaHIAPT.
e posmmpenntit ISL a6o EISL TE port , sixwif 31iiicHIOE MapIIpyTH3aIlifo 0araThox IMOTOKIB B Mepexkax VSANSs
(Virtual SANSs).

Fiber Distributed Data Interface (FDDI) — BOJOKOHHO-ONTHYHHWII KaHaln Mepeaadi JOaHuX B
posnoninenux IM (puc. 2), sikuii 3a0e3neuye nepenady inpopmarii 31 mBuakictio Big 100 Moit/c — 1 I'6it/c —
Ju1st 6araToMoz0Boro ontoBonokHa Ta 10-80I'6iT/c — ot ogHOMOROBOTO Ha JOBXMHAX XBUib 1310 HM Ta 1550
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HM. JlanbHicTe mepemaui iHpopmanii 3HaxoguThcst B Mekax 1 — 40 kM, a Uil eKCHepUMEHTaJIbHUX
J1a00paTOpHUX 3paskiB — g0 120 kM.
FODI .
FoBI AL ool
. ' Vickery ool
Foo! e Cisca? 507 Brocken
Holmes ' Ciseo 7507
Ciseo 7507
‘| FoDE | Pocle
o | Cisco 7507
Strode Care Cisca 7507 Strads Feca 7000
FODI B Foot
FODI
Farst Ethermet
Etharnet
24 part 10BaseT
- : Foyt Ethamnal
Typical Building Acc 24 port 10BaseT ; ’ Z
Y Foma FOOO
24 port 10BaseT Bun Server

24 port 108aeeT Fast Etharnet

24 pon 10BaseT

4 port 1080uT "1 3Com 151000

28 port 1060ssT B 24 pont 10BaseT

24 part 10BaseT
24 port | 0Basel

Puc.2. Kinbnesa Tonosorist IM Ha 6a3i BosokoHHO-onTnuHOro kanany Fiber Distributed Data Interface (FDDI) [4]

4ih Floor l I

| |
Rofe ||

nd Floor I

‘51 Floor I |

Puc.3. TlinkmoyeHHs KiHIIEBUX MPUCTPOIB 10 Mepeki Ha 6a3i kananiB FDDI no Tomosorii kinbie

BonoxoHHO-oITTHYHIN cTaHAApT KaHatiB nepegadi qanux FDDI Ha nporpaMHOMY piBHI sIBIIsiE 00010 HaOip
npoTtokoiiB ANSI ayis nepenadi udpoBrX JaHKUX IO BOJIOKOHHO-oNTHYHMM JIiHisIX. FDDI iHdopMaiiiai Mepesxi (1Mo
arasorii 3 cranmaptom IEEE 802.5) nmo mporokomy Token Ring (momBifHOTO Kifmblisl) MiATPUMYIOTH IIBHAKICT
mepenadi gaHux B Mepexi mo 100-Moit/c — 12006it/c. Indopmariiiai mepexi Ha 06a3i FDDI, sk mpaswmiio,
BHUKOPHCTOBYIOTBCS B SKOCTI MaricTpalieil depe3 MATPAMKY BHCOKOi MPOITYCKHOI 3[aTHOCTI 1 BEIMKHX
perpanciiaux ainsHok. Cremmdikaris cranmapty FDDI Ha 6a3i poBinHuKiB MinHOT BuTOl mapu (karam CDDI)
€ aHAJIOTOM BOJIOKOHHO-ONTHYHOI Bepcii, i3 nepeaaueto iHpopmarii no KpydeHuit MiaHi# BuTiit mapi go 100 Moit/c.

IepeBaramu inTepdeiicy FDDI e Bulia nansHICTh mepeaadi Ta MIBHIKICTh, a TAKOK SKOHOMISI pecypciB
NPU BHUKOPUCTaHHS OJHOIO BOJIOKOHHO-ONTHYHOIO KaHasy. OCHOBHMM HEIOJIIKOM, TIOB‘S3aHUM i3
3aCTOCYBaHHSIM Yy BHCOKocTaOutbHMX IM € HelmocTaTHsS eHepreTHYHa aBTOHOMHICTH BY3JIB 1 MPOMIKHOTO
o0nagHaHHs (PETPAHCIATOPIB Ta pereHepaTopis ninsaok BOJI3).
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Optical Ethernet (OE) — BOJIOKOHHO-ONITHYHMI KaHall NepeAadl AaHUX, SKUH 3aCTOCOBYETHCS IPU
moOyoBi gokanbHuX LAN Ta perioHansaux Mepexx MAN Ta nepenbavae rnepeqaBaHHs JaHUX HA IIBHIKOCTSIX
Bix 100 M6it/c mo 10 I'6iT/c Ha BiacTani Bix 1 1o 10 kM Ha goBKHMHAX XBUIbL 1310 HM — AJ1s1 TOTIEpeHIX Bepcii
ta 1550 HM — ANg OCTaHHIX, B SIKUX BHKOPHCTOBYETHCS OJHOMOJOBE ONTHYHE BOJOKHO. OcTaHHI Bepcii
iaTepdeiicy Optical Ethernet 100GE mepen6auarots mepenaBanus indopmarii 3 mBuakictio go 100 I'6it/c Ha
Binctanb g0 70 KM 0e3 peTpaHCIsmii Ta MiACHICHHA i € OJNHUMH OCHOBHUX IIPH IOOYHOBI MaricTpaiei
TII00ANEHUX MEPEXK.

Hemomikom Takox € oOMexeHi (pyHKIIOHANBbHI MOIJIMBOCTI Ta HU3bKa CTaOUIBHICTH amapaTypd IO
CHEPreTUYHIN CKIIQJ0BIH.

PosrisnyBmM iX ocraHHi Bepcii 1 OCHOBHI OCOONHMBOCTI NMOOYZOBHM, MOXHA HPHUBECTH MapamMeTpu
HaWMOMIMPEHIINX BOJIOKOHHO-ONTUYHHUX KaHAJIIB B y Tabumni 1.

Tabmmus 1.
IMapamerpu cyyacuux ka"ajis BOJI3 nyis koM I0TepHUX Mepe:k
BoJiokoHHo- KiabkicTh MakcuMajbHa BUAKICTH MaxkcumaJjibHa
ONTHYHUIA KAaHAIB nepenadi ingpopmanii, M6it/c JAJIBHICTD Nepeaavi JaHUX, KM
KaHa
Fibre Channel 2 100 — 10 000 70
FDDI 2 1000 — 1000 70 (120)
Optical Ethernet 2 100 — 10 000 40

[IpakTudHO yCi iCHYIOUI TOMOJOTIi CydacHHUX BOJIOKOHHO-ONTHYHHUX I1H(GOPMALIHHAX MEpex Ta
reoiH(popMamiiHO-€HEPTeTHIHNX MEPEX Ha IX OCHOBI aKTHMBHO BHUKOPHCTOBYIOTHCS Ui MOOYIOOBH CKIAIHOL
MepexkeBoi iepapXii iHpopMaIifHNX KOMYHIKaIil CydacHOTO iH(GOPMamifHOTO MPOCTOPY Ta III0OaTBHOT Mepexi
Internet a Tak0o>k BHIIJICHIX KOPIIOPATUBHUX MEPEXK.

Cepell OCHOBHHX CBITOBMX BHPOOHHKIB arnapaTHUX 1 IPOrpaMHUX MPOMYKTIB iH(OpMAIIHHUX Mepex
3B 3Ky MoxkHa Bim3Hauutd Taki: Cisco Systems Inc., Nortel Networks, OptiStar, Alkatel, 3Com Corp.,
Bay Networks Inc., Cisco Systems, Compaq Computer Corp., Granite Systems Inc., Intel Corporation, LSI Logic,
Packet Engines Inc., Sun Microsystems Computer Company, UB Networks, VLSI Technology, Siemens, Lucent,
TeraBeam, Marconi Communications, JDS Uniphase, ADC, Sunx and GSI-Lumonics Ta inmmi. Koxen 3 HuX Ma€e
CBOIO, JIOCUTh IIUPOKY JIHIAKY MPOIYKTIB JJisi BHU3HAYCHOTO KOJNA 337a4 BUKOPUCTAHHS Ta 3 TCXHIYHUMH
XapaKTePUCTHKaMU OPIEHTOBAHUMHM Ha BY3bKY 00JIACTh 3aCTOCYBaHHSI, HAIPHUKIIA] MaricTpaibHi TaTGopMHu, Taki sK
Opterra Long Haul 1600-1900 (Nortel Networks) i3 mpomycknoto 3matricTio 800I'6iT/c Ta 3 80 BOJOKOHHO-
orTmaHAMH KaHaiami (1o 10 I'6it/c Ha xoxHHH ), Optics Metropolis (Alkatel) i3 mpormyckHoro 3gatHicTIO 1201°6iT/C,
34000 iHpopMaIliiHUMA KaHATIAMH K Ha OCHOBI OTITUYHOTO BOJIOKHA TaK 1 KaOEIbHUX KOAKCIaTbHUX JIHIH.

TEXHOJIOI'Ti OPTAHI3AIIII OB‘€THAHUX IHOOPMAIIMHO-EHEPTETUYHUX MEPEX

Jo nanbmmxunx npomucioBux ananorie I'IEM moxxHa BimHectn Texnosorito HomePlug (PLC, Power
Line Communications) [6, 7], sika 0a3yeTbcs Ha cTBOpeHHI IM 3a HONOMOTOI0 BXKE iCHYIOUMX HAsSBHHX i
nommpeHux JiHid €auHoi Eneprocucremu. IloToxm manux dvepe3 iHpOpMAaIiliHI CHUTHaJIM TEPENaloThCS J0
aOOHEHTCHKUX IIPHUCTPOIB uepe3 BXiaHy enekTpoMmepexy 0.4xkB/220B ~50-60I'n. Ilepemaua iHdopmauiitHux
MOTOKIB TI0 ENEKTPUYHUM JIiHisiM, 1o TexHousorii PLC, BinOyBaeThcs MO LEHTpasi30BaHid ie€papXiuHii
CTPYKTYpi: Bl LEHTPAIBHOTO By3Ja JO IPOMDKHOTO (po3mofinbuoi craHuii), a B KIHII — JIO KIHLEBOTO
aboneHTcpkoro mnpuctporo. llentpansHuii komyratrop PLC B cBoro uyepry 3‘€[HUI BOJOKOHHO-ONTHYHUM
kabenmeMm mo Marictpani rimobansHoi Mepexxi WAN abo 1o perioHanmpHOi Mepexki MAN. OCHOBOIO TEXHOIIOTIT
HomePlug (PLC) € marictpansuuii (puc. 4, a) Ta xinneswii (puc. 4, 6) By3mu mepexi PLC [6], sxi BukoHye
(hyHKII{ KOMyTaTOpa MEpeXi Ta NUTI03Y i3 a0OHEHTCHKUMHU MPUCTPOSIMH, 1 BCTAHOBIIOETHCS 13 PO3PaxXyHKY Ha
OJTHY 30HY 00CITyrOByBaHHS 3 N — KUTBKIiCTIO KOPHUCTYBAUiB.

Kinneswuit Byzom mepexi PLC mpencraBneHuii B y BUMIIAAI aODOHEHTCHKOTO MOJIEMY, SIKHH TIpaIfoe Ha
MPUHININ 9acTOTHOTO po3aineHHs kanainiB FDM (Frequency Division Multiplexing) Ha 6a3i crangaptis ADSL,
XDSL uu VDSL [7]. KinneBe aboneHTChbKe oOnmamHaHHS sIKUM BBaxaerbcsi moaem PLC (Power Line
Comunication) peamisye inTepdeiic mis 3B‘sA3Ky 3 mepcoHanbHuMHU koM ‘toTepamu [IK yepes inTepdeiicu
kopuctyBaua USB a06o Ethernet. Bxin Takoro MoaeMy ImiJKIFOUAEThCSA 10 MOOYTOBOI enekTpomepexi — 220B.

Texnomnoriss HomePlug € mepiior0 mpoMHCIIOBOIO TEXHOJOTIEI0, Y sIKIM OyJIO0 3aCTOCOBAHO IPUHIMITH
00°€ZIHAHHS OKPEMO ICHYIOYMX I1H(QOpPMAIHUX KOMYHIKaliii i MepeX 3 MOIIMPEHOIO EJIEKTPOSHEPTeTHYHO
MEpEexKeEI0.

104




BOJOKOHHO-OTTHYHI TEXHOJIOTTT B THOOPMAIIITHUX (INTERNET, INTRANET TOII0) TA EHEPTETHYHUX MEPE/RAX

NokaneHa Mepexa

] KiHU EBMA

~ e KOPMCTYEEY
KIHL|EEHiA "
KOpMCTyBaY .

<

EHepromepesa
DSWCsY,

KomyTaTopm Ta Whkosm ‘.'
o

A -
NoKANEHWK pornn

.
KOMYTATOp  bridge } | —
VTP woaew I -
Wireless HomePlug [ ) o KIHL e B
LAN FIHL=BVA KOPWCTYBAY
EHepromepea Powrerline HOPHCTYBEY ol
bridge . x
Fincézs point [lelat=liv] [ -] o / 8
‘ HomePlug pas S o & 7
’ - «l Zo -
) s L I\.I Qg & -
5§ &/ 5 =
Powerline ! - c -
Network KIHLEBWIA
BesnpoTtoea KOPWCTYBEM
Mepexa
a) 6)

Puc. 4. By3nu mepexi HomePlug [7]: a)MaricTpanbHuii Ta 0)KiHIIEBUH

Craagapt HomePlug pearizye npuHIIMI MHOXHHHOTO JOCTYIY “TOYKa - MHOXKHHA TOYOK™ 1 MOXKe OyTH
e(heKTUBHO 3acTOCOBaHa SK 3aci0 MiABHINEHHS CTa0iIBbHOCTI TepenaBaHHS 1 oOpoOneHHs iH(OpMaIliitHIX
MTOTOKIB y KoMII ‘foTepHUX IM. AIle BOHa HE BiIbHA BiJ BATOMUX HEIOJIKIB:

- 3HAYHWHM piBeHb 3aBajJ B iHPOpPMAIIHHUX KaHAIax, SKi BUKIMKaHI YaCTOTHUMH TapMOHIKaMH B
CYMIMIEHNX 3 HUMH KaHaJIaX eJIeKTPOMEPEexi;

- HenoctatHs mBHAKoAIs (10-100MGiT/c) 3a paxyHOK OOMEXKEHOCTI CMYTH 4YacTOT B HEZOCKOHAIHMX
SJISKTPUYHHX KaHajJax MPOMUCIIOBOI eJeKTpoeHepreTuuHoi Mepexi 220B 501w, sika mo ninboBuM (QyHKIIsSM He
NpU3HaYeHa JuIs epeaadi iHpopmarii;

- TOpPIBHSHO HHU3bKWI piBeHb crabinpHOCTI mnepenadi 1 0o0poOku iHpopmauiiiHux mnoTokiB. Lle
BUKJIMKAHO 1€PapXiyHOI0 CTPYKTYpOIO [epejadyi eHEepreTMYHMX IIOTOKIB O KUBJIEHHS iH(opmauiiHoro
o0Jia/IHaHHS BiJl OJHOTO JDKEpena eleKTpoMepexi (IPUHLMII BEPTUKAILHOTO PO3IOALTY elIeKTpOeHeprii Bia
[IEHTPAIEHUX SHEPTOCTAHIIIH).

Takox oOMexyrounM (akTopoM IO BIPOBAKEHHIO cTaHaapTy HomePlug € makcumanbHa manbHICTH
repenadi iHgopmarii (Ha piBHI 1-2kMm [6]), sIKa 3aIeXKUTH Bif piBHA 3aBaj y enekTpomepexi ~220B.

ToMmy Taki TEXHOJIOTi], BpaXOBYIOUM OCTaHHI ABa HEIOJNIKH 3HAYHO YCKJIAJHIOE BUKOPHUCTAHHS i 5K
¢izmaroi Mepexi — anga moOymosu ['ITEM  MoHiTOpHHTY 1 mepemaBaHHS iH(GOpPMAIiHHUX TOTOKIB Ta
reoiHpopMarii 3 METOIO TiIBUIIEHHS CTAOUTFHOCTI 1 pO3MINPEHHS (QYHKITIOHAIBHIX MOXKITUBOCTEH.

JlpyruM BUIOM KaHaIIIB CHIJIHOTO TepeaaBaHHs iHpopmMalii Ta eHeprii € Texnonoris PoE (Power over
Ethernet), sika no3BoJisie 3MIKMCHIOBATH IHTErpOBaHy O00°‘€qHaHy TMepelady JaHUX Ta EJNEKTPUYHOI eHeprii
(mampyra >xkuBJeHHs ckianae 48B) no kiHmeBoro obOmamHanHs mepexi. Kouremniis texHonorii PoE € mocuts
HPOCTOIO: 3'€THAHI B MEPEKY KOMIIOHEHTH, Hanpuknaj, Touku gocrymy WLAN; npomixkHi perpancisitopu RtE;
IP Web-kamepu; MepexeBi komyrtatopu Net Switch oTpuMyroTh eHEpriro >KHBJICHHS 3 pOOOUYOI0 HAMPYIOIO
Vr=48B (e BapianT Ha 24B) 3a cranmaptHuMm kabenem Ethernet (puc. 5). IlepeBaramu Takoro mMiaxoay €
MiIBUINCHAS HATIIHOCTI poOOTH MiAKIIOUCHUX MEpPEKCHUX KOMITOHCHTIB Ta MPOMDKHHX BY3JIiB, a TaKOX
3HIDKCHHSI BUTPAT Ha eKCILTyaTaliro iHppacTpykTypu. MokIuBOCTI Ta iepeBaru TexHouorii POE peanizyroTbes
JUIsl 3a0e3ledeHHs J0CTyIly B Mepexy Internet B «mpoOieMHHMX TOYKax», HalpHKIal: JTakax, I0i3lax,
aeporoprax, rearpax. abo B IHIIMX I'POMaJICBKHX MICIIIX.
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Ethernet switch

Power over Ethernet
midspan hub
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VolP phone  Wireless LAM Bluetooth Metwaork
accesspoint access point camera

Puc. 5. Ipuxman miakirodeHHs a0OHEHTCHKUX MPUCTPOIB 10 MepexkeHoro komyTtaropa PoE Switch mo
texHoorii Power over Ethernet

Cramgapt PoE mo cnemmdikamii 802.3af mependadae ycTaHOBKY HBOX THIIIB TIPUCTPOIB, IO
BUKOPUCTOBYIOTBCS I mofadi Hampyru skuBieHHS (Power Sourcing Equipment — PSE): 1)¢dyHkuionansHO
sakinueHnx (End—Span); 2)momomixkamx (Mid—Span). Ilpuctposmu End—Span € komyratopm Ethernet 3
IHTETPOBAHOIO TEXHOJIOTI€I0 TOAa4i HANPYTH JKWBJICHHS dYepe3 JOoKalbHYy Mepexy. [Ipuctpoi Mid—-Span e
koHneHTpatopamu Power Over Ethernet i3 kimbkicTio TOpTiB Bif 6 1m0 24. BOHM BCTaHOBIIOIOTBCS MiXK
komytaTopoM Ethernet i kinneBumu npuctposimu: Toukamu goctynmy WLAN a6o Bluetooth, Tenedonamu mis
nepenaui rojocy mno IP-mepexxam (VolP) abo Web-kamepam. Koxen xanan nepenadi TOMOMDKHOTO IPHCTPOIO
BOJIOZI€ OJJHUM IIOPTOM JUIS NPUIOMY JaHUX 1 KoMOiHOBaHMM BuxojoM RJ45 s mepenaui gaHux i Hanpyru
sxuBieHHs. Cuila cTpyMy CepeHbOCTATUCTUYHOTO By3J1a (IIpY HOMIHAILHOMY 3Ha4YeHHI MOCTiitHOT Hanpyru — 48
B) oOmexena BemmuuHOO 350 MA, IO BIAMNOBINAE Jif04OMY CTaHmapTy Oe3meku Ta BuMoOram. To0OTo
MaKCHMallbHEe 3HA4YeHHS MOBHOI eJIeKTPHYHOI MOTy)HOCTI ckianae P=Urlr=48x0.35=16.8VA mo nepenaroTsbcs
mo kabenmpHUM TpoBinHUKaM Ethernet. 3arampHa crokuBaHa MOTYXKHICTH Jocsrae mpuomu3Ho 13 BT, i Moxe
OyTH BHMipsiHa Ha KO)KHOMY BY3Ji Mepexi. [Ipu 1iboMy B po3paxyHOK BKe MPUHHATHI BHUTIK CTPyMY B KaOei
noBxxuHOI0 10 100 M. Be3apoToBi JokanpHI 00UnCITIOBaBHI Mepexki Ta Web—KkaMepH CIOKHBAIOTh IPUOITU3HO
Bim 3.5 mo 9 Bt motyxHocti. Texnomoriss PoE Oyma po3pobieHa Ha ocHOBi cranmapTie HomePNA, sxwuit
nependavaB repeaavyy roJlocoBUX TaHUX Ta HANPYTH JKUBJICHHS KIHLEBHX anapariB B TedeOHHUX JHIAX. AJe
JUTS 3aCTOCYBaHHS B cydacHuX Mepexkax Ethernet, rexnomoris HomePNA crana He NpUHHATHOO MO TEXHIYHUX
MOKa3HMKAX IBUIAKOCTI Ta MaibHOCTI iH(opMmaliiiHoro 38°s3ky. Konkypeniito cranaapry PoE morna ckimactu
TexHouorisi koM totepHux 3‘enqHanb USB (Universal Serial Bus), ska Takox BHKOHye (yHKLIi nepenayi
€JIEKTPOECHEPTeTUYHOTO JKUBJIEHHS /10 nopraTuBHUX mnpuctpoiB [IK i3 pobovoro Hampyroro S5B. Ane sikiio
nopiBHATH TexHoJorii PoE ta USB no TexHiuHMM moka3Hukam (Tadm. 2), TO MOKHa 3pOOMTH BHUCHOBOK, ILO
BuKopHcTaHHs TexHoJorii USB oOmexeHo moOyToBUMH 3aCTOCYBaHHSIMH, a POE € IOBHOIIIHHMM IPOMHUCIIOBAM
CTaH/IapTOM 13 BUIIMMH TEXHIYHUMH XapaKTEPUCTUKAMH.

Ta6muus 2.
IopiBHsinas mapamertpiB TexnoJoriii PoE ta USB
TexHiuHi MOKA3ZHUKH TEXHOJIOTIT PoE USB
JloBxxuHa kabeno, M Jo 5 120-150
Makec. [Toryxuicts ciokuBanas Ethernet — npunagis, Bt 2.5 15
[IBunkicte nmepemadi, MOiT/c 11 1000
MinnicTs 130ims1ii, B 1500 1500
Hamnpyra >xuBnenns, B 48 5
MakcuManbHUI pobounii cTpym, A 0.35 0.5
MakcumManbHa 6iToBa IMBHIKICTh JaHUX U1 Bepciit 2.0 10 I'6it/c 480Mit/c

PosrsiHyTi BapiaHTH iHTerparii 3B’SI3Ky y €HepreTHdHi KaHaIM eJEKTPOMEPEX, BIITHOCATHCS CKOpilIe
JI0 YaCTUHHUX BUIAJIKIB CTBOPEHHS KaHAJIB iH(QOpMAIifHO-CHEPreTHIHUX MEPEk, OCKUIBKH BOHH HE MOXYTb
BUKOHYBaTH IHTEJEKTyalbHE YIPaBIiHHA iHPOpPMAaNifHO-CHEPTeTHYHUMH pecypcaMH Ta BiANOBiAaTH
3pocTaroduM 00’ eMaM iHpopMaIlii, 0 MepeaacThcs Ha PiBHI MEPEKESHUX MaricTpaliel.

B sxocti Tperboro Tumy npomuciaoBux TexHoioridi I'IEM MoxHa po3risHyTa iHTEJIEKTyajbHi
enekrpoeHepretuuHi Mmepexi Smart Grid [8, 9]. 1ls TexHONOTiS B POMHICIOBOMY CEIMEHTI BUHUKIJIA IOCTATHBO
HemonaBHo B CIIIA ta mepenbavae opraHizawilo iHTEIEKTyalbHHX 0araTo)yHKIIOHAJIBHHUX ENEKTPOMEPEX i3
¢ynkuisMu nepenaui iHpopmaniiiHoro Tpadiky Ta iHTEpaKTHBHAM KEpYBAaHHSM CKJIQJIOBHMH TaKMX Mepex. B
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mepexkax Smart Grid mo Tumy oprasizamii X apXiTekTypu (yHAaMEHTaJbHO 3aKJIaJeHO HPUHLUI
(yHKIIOHYBaHHSI Mepexi Ha 0a3i po3noJuIeHnX Jukepen (ik iHpopMmaniiiHuxX Tak 1 eHepreTnyHux). Ha Bigminy
BiJl OULTBIIOCTI BiJIOMHUX TPOMHCIOBUX TEXHOJOTIH iH(MOpMAIHHUX MEpPEX Ta EIEKTPOCHEPTETUIHUX MEPEK,
koHmerniss Smart Grid mepeabadyae BUKOPUCTaHHS OKPEMO iCHYIOUMX HE3aJeKHHX CeTMEHTIB iH(opmariiitHoi
Mepex Ha 0a3i KIIaCTepHUX CepBEpiB, SKi CHEPTeTUYHO MiKUBIIOIOTHCS K BiJ IEHTPATi30BaHOI €HEPTeTHIHUX
JiHIA, Tak i Big PO3MOIUIEHUX TEHEPaTOPiB eIeKTpoeHeprii (B T.4. (OTOTANbBAaHIYHUX CTAHMIH HAa COHSYHHUX
eJIeMEeHTaxX Ta IHIINX aJbTePHATUBHUX Kepenax [8]). 3rifHO BU3HAYCHD AEKITBKOX €BPOIEHCHKUX KOMICIH 1O
iHpopMamiiHUM Ta eHepreTWYHUM craHaapram : European Technology Platform SmartGrids [9], The NETL
Modern Grid Initiative [9], IEEE The IntelliGrids [9], Texnonoris Smart Grids (puc. 6) — Le HOBHUi BHJ
EJIEKTPOEHEPIreTUYHUX Ta IHPOPMAIIHHIX MEPEeX, sIKi Oy yTh 3aJOBOJIbHATH MaiOyTHIM TEXHIYHUX BUMOTaM I10
epekTuBHOCTI, Ha 0a3l TOETHAHHS  CYKYNMHOCTI  TEXHOJIOTi  MiJBHMIIEHHS  EHeproe(eKkTUBHOCTI,
IHTeJIeKTyamizalil, yNpaBliHHS TEXHOJOTIYHMMH NpolecaMu 1 IX JUCHeTYepH3alilo, KepyBaHHS Ta
KOMYHIKaI[IfHUX MOXKJIMBOCTEH iHpOpMaLiHUX Ta €IEKTPOCHEPTETHIHUX MEPEK.

Mo manmm ampssHcy NETL Modern Grid Initiative, Texnomoris Smart Grid 3a0e3nedye CyKyIHICTH
OpraHizaliifHuX 3MiH HOBOI Mozemi iH(pOpMAaIifHIX IPOIIECiB Ta TEXHIYHUX PIllIeHb Y Taiy3i iHhopMaIliifHuX Ta
CHEPreTHYHUX TEXHOJIOTIH, a TaKOX ABTOMATH30BaHMX CHCTEM YIPABIiHHA TEXHOJOTIYHHMH IPOLECAMH Ta
JHCIIETYEPCHKOTO YIIPABIIiHHS PO3NOAUICHOIO SICKTPOMEPEKEIO.
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Puc.6. Ctpykrypa mepexi IM Ha 6a3i «Smart Grid» i3 po3mnoaiieHuMu iHGOPMAIIIHHAUME [IEHTPAMH Ta
€HepreTUYHUMU JKkepenami [9)

B crpykrypi inpopmaniiiHoi Mepexi (puc. 6) 3abe3neuyeTbest nepenayda iHpopMarii Ta eHepreTHIHOro
MiJUKKMBIIEHHS cKi1aqoBuX IM Hapsiay 13 QYHKIISIMU IHTEIEKTYaIbHOI0 KepyBaHHs iHpOpMaliHHIM NOTOKAMH Ta
€JIEKTPOCHEPTETUYHOTO  YKUBJICHHS. Posnoxineni kepena sk iHGOpPMAIifHUX MOTOKIB, TaK 1
€JIEKTPOECHEPTETUYHOTO  Ii/DKUBIICHHS JJO3BOJISIIOTH  PO3MIIAATH  TaKy MOJENb SK e(eKTHBHUH cI1ocid
MiABUIICHHS CTAaOUTBHOCTI TpoIeciB mepemadi i oOpoOieHHS iHPOPMAIiiHUX IOTOKIB Ta E€HEPTreTHYHOTO
JKUBIICHHS, TaK 1 K 3aci0 po3mupeHHs GyHKIIOHAIFHIX MOXITHBOCTEH IM IIISIXOM BIIPOBaKEHHS PSAAY HOBUX
¢yHKIiA omepyBaHHS 3 iHQOpMamiiHUMH JaHWMHU (B TOMY YHMCHi 1 iHpoOpMamiiHUN MOHITOpWHT) Ha 0Oasi
TIPOCTOPOBO-PO3IMOIUICHNX alapaTHO-IIPOrPaMHHX 3ac0o0ax y 1Mo iHpopManiiHO-eHePTeTHIHOI CTPYKTYPH.

Ha 6a3i Smart Grid moxe OyTH pearnizoBaHa po3mojiiieHa reoiHpopMmamiiHa cCHCTeMa MOHITOPHHTY,
0o0poONeHHs 1 TepeAaBaHHS IaHUX TE€ONPOCTOpPY i3 (QYHKIIAMH MiABHIICHHA CTaOUTFHOCTI Ta mepenadi
MyJabTHMEia Tpadiky Ta MepeKi MOHITOPUHTY i3 BHCOKOK IIBUAKICTIO. JI0 TOTO * BXXE iCHYHOTh TEXHOJIOTI]
00‘e/IHaHHS BHCOKOIIBU/KICHMX BOJIOKOHHO-ONTHYHMX JIHIK TNepegadyl JaHUX 3 eJNEeKTPOCHEPreTHYHUMHU
MPOBIJHUKAMHU, a TAKOX OpraHi3ailisi aBTOHOMHOTO Ii/DKUBJICHHS 1HQOPMALIHHUX amapaTHUX CKJIAJOBUX
Mepexi Smart Grid 3a 101IOMOTroI0 COHIYHUX (POTOENEKTPUYHKX cTaHLiil Ta cucreM. Ctpykrypa iHdopmaniiiHol
Mepexxi Smart Grid Ha 06a3i po3nojiieHHX (POTOENEKTPUYHUX JDKEpElN, sika Oylia 3alpoIOHOBaHA aJbSHCOM
HomePlug Powerline Alliance npeicraBieHa Ha pUCyHKY 7.
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Puc. 7. Ctpykrypa IM Ha 6a3i TexHomorii Smart Grid Ha 6a3i po3noaiieHuX (OTOSTEKTPUIHUX
JDKeped, sika 00’ eTHye pi3HOMaHITHI iHQOpMaIiifHi cepBicH 13 GYHKIISIMU eHepro30epeKeHHs Ta
IHTETEKTYaIbHOTO YIIPAaBIiHHS PO3NOIiTOM eHeprii [9]

B cTpykTypi Mepexi (puc. 7) nmependadeHo Takox 3abe3neueHHss PYHKINA TereMeTpii, AUCTaHIIHHOTO
MOHITOPHHTY, BiJIe0 CIIOCTEPEKEHHS Ta IepeaBaHHs MOTOKIB BieoTpadiky MO BOJIOKOHHO-ONITHYHAM KaHaIaM
13 MAaKCUMaJIbHOIO IIBHJKICTIO JJIsi ONTOBOJOKOHHHMX TexHoyorid (Bim 100 MOiT/c Ha KaHam s
06araToMOJJOBOTO ONTOBOJOKHA Y KIHIIEBHX a0OHEHTCHKHMX cerMeHTax, no [20I'6it/c B MaricTpambHHX i
MPOMDKHUX CErMeHTax iH(opMaIiiHOT Mepexi). BukopucTaHHS COHSYHUX Oarapel B PI3HUX CErMEHTax
JIO3BOJISIE OCATTH BHCOKO1 iH(opMariiitHoi ctabinpHOCTI IM.

AJte SIKIIIO TEXHOJIOTIS] BOJIOKOHHO-ONITHYHHX KaHaiB B Mepexkax Smart Grid € 10cTaTHbO e(heKTHBHUM
IHCTpYMEHTOM  MiJBHIICHHS  iHQOpMamiiHOI MpPOMyCKHOi  3/[aTHOCTI  MeEpeXi, TO  BUKOPHCTAHHS
(oToeNeKTPUUHUX JKepel eHepril Ha 0a3l TpaauLiiHUX MPOMHCIOBUX THIIIB (DOTOENEMEHTIB Ha 0a3i KpeMHio
JI03BOJISIE JIOCSITTH €()EKTUBHOCTI BUKOPHCTAHHs eHeprii Tiibku Ha piBHI 18-20% [23]. Tomy motpiben mouryk
HOBUX IIUISIX1B Mi/IBUILEHHS €()eKTHBHOCTI PO3MOIICHUX JKepell eHeprii B ckiai apxiTekrypu Smart Grid.

Takox mpomuciosnmu Bapiantamu [TEM € «ABTomaTn3oBaHa reoiH(opMariiiHa cHcTeMa MOHITOPHHTY
BOJIOKOHHO-ONTHYHIX TEJICKOMYHiIKamiitHIx Mepex» [10], Ta «['eoindopmariiiiHa crcTeMa MOHITOPHHTY PO3IIOIUICHOL
ra30TpaHCIOPTHHX Mepex» [11]. B mepmmiii cuctemi 3akimajeHi OCHOBH iH(OpPMAIHHOI PO3MOALICHOT Mepexi 3
reorpa(iqHO-PO3HECCHIMH TATYMKAMH, sIKa 3[IIACHIOE MOHITOPHHI TENICKOMYyHIKaifHUX Mepek Ha 0a3i BOJI3 Ha
Teputopii aekinmpkox kpain CHJI (Ykpaina, Pocis ta Kazaxcran). [lpuaipm aii Takoi po3moaiieHoi iHpopMamiiHOT
crcTeMu 0a3yeThCsl Ha TiepeaBaHHi iHPOPMAMITHIX MOTOKIB Bill CHEPreTHIHO aBTOHOMHHUX CEHCOPIB, SIKi 3iHCHIOIOTH
BUMIpIOBaHHs mnapametpiB ¢izuynoi BOJI3 B pi3nux il niasHkax Ha Tepurtopii kpaidH. B kiHueBid craxii npouecy
(YHKUIOHYBaHHS JIaHi PO CTaH TeJeKOMYHIKaIIHHUX Mepex Ta okpemux jaunsiHok BOJI3 nepenatothest B TOJOBHHN
iHpopMaliiHui eHTp 13 3a0e3rneyeHHsIM (QYHKIIH IHTEpaKTHBHOIO KOHTPOJIIO 1 MOHITOPHMHIY IapamerpiB. Takuii
BapiaHT JI03BOJISIE MaKCUMaJbHO ONTHUMI3yBaTH Mpoliec poOOTH BCi€i TenekomyHikariitHoi mepexi. Lls cucrema €
CKJIAJTHOIO 1 3HAYHO PO3IMOALICHOI0 HA BEMUKUH Iwionti. Jlo TEXHIYHMX amapaTHUX OOKIB BHCYBAaIOTHCS MaKCHMAaJbHi
YMOBH MO CTaOLIBLHOCTI POOOTH 1 iH(OpMALIiiiHI ITPOIYCKHIH 30aTHOCTI.

Jo HemomikiB 1€l Mepexi BITHOCATBCS BiACYTHICTH Tepenadi MYJbTHMEIIHHOTO iHQOpMaLiiHOTO
Tpadiky Ta (GYHKLIA BiEOCHOCTPEkKEHHSA. B Takiii crcTeMi BUKOPUCTOBYIOTHCS OKpeMi a0 IEHTpalli30BaHi
JoKepesia  eJIEKTPUYHOrO OKMBJEHHS 1H(GOpPMAaIiHMX CHCTEM KOMYHIKalii Ta OJOKIB CeHcopiB. Aue
BUKOPHCTAHHS aJbTEPHATHBHUX BiJHOBIIOBAILHAX JOKepena — (DOTOENEeKTpUYHUX Oarapeil mo3Bonmio 6
MIIBUIUTH TEXHIYHI XapaKTePUCTUKH, 30KpeMa dYac aBTOHOMHOI pPOOOTH Ta SIK HACTIJOK ITiJBUIUTH
cTabinpHicTh poboTH migcucteM ['IC BOTOKOHHO-ONTHYHUX TEICKOMYHIKAIIMHUX MEPEX.

Iamra cucrema [11] mae momiOHY apxiTekTypa i CKIaJ KOMIIOHEHTIB, BIMIHHICTh CKJIaIa€e THI
BUKOPHUCTAHUX CEHCOPIB 1 IIbOBE NMPU3HAYCHHS — MOHITOPHHT TapameTpiB razorpancrnoptHux cucreM (I'TC).
CeHCOpH BHKOPHCTOBYIOTHCS ATl MOHITOPHHTY OCHOBHHX MapaMeTpiB Ta30TPAaHCIIOPTHOI CHUCTEMH: THCKY,
00’eMy Ta3zy, 0 TPAHCIIOPTYETHCS B PO3MOJIICHIH 1 IPOCTOPOBO-pO3HECEHIH MiKHapOIHIN Tra30Bii cucTeMi
Ha tepuropii kpain CH/I Ta cxizHoi €Bporm. CTpyKTypa CHCTEMH aHAJIOTiYHA 10 MepIoi, iHhpopMamiiHi TOTOKH
3 TEXHIYHUMHM IapaMeTpaMH Yy BUIJISJl CHT'HANIB 3 NPHB A3KOI0 0 TeorpadiyHuX KOOPAWHAT HAaIXOISITh Y
rosoBHui iHQopmauiiHui neHTp Bix okpemux By3niB ['TC. B ronoHomy iHdopMmariifHOMy ueHTpi
3IIMCHIOETBCSI  MOHITOPMHI Ta  aBTOMaru30BaHMW  3BopoTHIH koHTpoinb I'TC. Ils wmepexa €
BY3bKOCIIEIIaJII30BaHOIO 1 PU3HAYeHA Ha BY3bKO OPIEHTOBAHI CTpaTEriyHi 3a1a4i.

Henoniky 11i€l cucTeMHM aHAJIOTIYHI O TMeEpIuoi: BY3bKi (DYHKIIOHaIbHI MOXKJIMBOCTI Ta HEIOCTAaTHIH
piBeHb CTaOIIBHOCTI 4Yepe3 HEMOXKJIMBICTH IMOBHOTO ABTOHOMHOI'O €Hepro3adesleueHHs BigajeHHX OJIOKIB
JATYHKIB BiJ allbTepHATHBHUX JpKepel. | mepma i npyra mepexi I'IC Ha dismarOMY piBHI MaricTpani OCHOBaHI Ha
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BOJIOKOHHO-OITUYHHX MEPEeXax, 110 00YMOBIIFO€ MOTEHIIHHO BUCOKI 3HAYEHHSI IMPOITYCKHOI 371aTHOCT] KaHAIIB.

Xoua ui Tvnu I'IC ycnimHo QyHKIIOHYIOTH BXKE TPHBAIMI Yac Ta BUKOHYIOTh CTpATEriyHi 3aBIaHHs,
BOHM MAalOTh BY3BKOCIIEIiai3oBaHi (YHKIIOHAJbHE NPU3HAUYEHHS Ta HE MOXYTh BHKOPHCTOBYBAaTHCH B
3araJbHOJOCTYITHUX 3aflad B SIKOCTI iH(OpMAIiitHIX Mepex.

Takox iCHye TEXHOJOTisI MOHITOPHHTY CTaHy 3ajli3HHYHUX JOpir Ha 0a3i cucremMu mnepenadi
iHpOpMamiHHUX JaHUX BiJ TEIEMETPUIHUX CCHCOPIB IO JIHISAM eNeKTporepenadyi KOHTAaKTHOT Mepexi 3aIi3HHUII
(COOTH-JIEID) [12]. Crpykrypa po3momineHoi Mepexi Mae iepapxidHuil xapakTep 1 momiOHa a0 IBOX
BHIIIE3a3HAUCHUX po3poOoK. LlimkoBrM mpr3HaUeHHAM Ii€l iH(pOopMaIiitHOT Mepeki, TakoK mo0yIoBaHOi Ha 6a3i
I'C € MoHiTOPHHI cTaHy 3aJi3HMYHMX LUIIXIB Ta mepeiadya iHpOpMamil NIpo MONOXKEHHS 3ali3HUYHUX
TPAHCIOPTHUX COCTaBiB. [laHa cucTema 3ilCHIOE Tepenady Oyab-iKOi TeleMeTpHYHOi iH(opMaIii 1o
BUCOKOBOJILTHUM (3-27kB) Ta Hu3bKk0BONBETHUM (0,4 KB) ninisim enextponepenadi JIETT. Cucrema ckiianaersest 3
KOHTPOJIBHOTO OJIOKY, PO3MOAUICHUX OJIOKIB CEHCOPIB Ta IEHTPAIBHOTO OJIOKY MYyHKTY KEpyBaHHS, KOXEH 13
akux minkiaoyaerbes a0 JIEI enektpuunoi Mepexi, yepes siKi 31iHCHIOEThCS nepeaaBaHHs iHopmarii.

Jns BCiX TpUBEACHUX PO3POOOK OpiEHTOBaHA MANBHICTh TEpelaBaHHS Oe3 pereHepariii cKiagae B
Mexax 70-150 kwm, a iHpopMamiiiHa MBHAKOIIA 3HAXOAUTECS B Mexkax Bin 0.3MOit/c (ocTaHHSA Mepeka Ha 0a3i
I'IC MoniTopuHTY 3ami3HUYHUX cocTaBiB) 1o 10'iT/c (Ha KaHAN B cepeAHROMY) [UIS MIEPIINX TBOX Mepexk Ha 0asi
I'IC monitopunry tpancnoptHoi Mepexi BOJI3 ta I'TC.

PosrnsHyTi BapiaHTH iHTerpamii iHGOpPMAIIIHUX CEpBICIB 1 PO3MOAUICHHX Mepex iH(OpMAaIifHOTOo
MOHITOPHHTY i TIepeaBaHHs HAPSMYy i3 CHEPreTHYHUM JKUBIICHHSM BITHOCITHCA A0 pO3pPOOOK iH(pOpMamiiHO-
eHepreTUYHUX TexHojorid crBopeHHs I'TEM. Oxpemi BapiaHTH CErMEHTIB TaKMX MEpPEX Majo MPUAATHI s
oprasizauii indpopmariitnoro oOMiHy Ta GyHKIIOHAITY.

Ha xoHmentyanpbHOMY piBHI ICHYIOTh HayKOBOIO IKoJior mpod. Koxem‘sxko B.II. po3pobieni
IZICONIOTIYHI 3acald CTBOPEHHs TreoiH(opMalifHO-eHEpreTHYHNX MepeXx Ha 0a3l 00‘€qHaHUX  BapiaHTIB
iHpOpMAaIIHOTO Ta EHePreTUYHOTO MPOBIAHUKIB — OiHapHUX MpoBiAHUKIB. Lli BapiaHTH Mepex nependavaroTh
00‘eqHanHs iHQOPMAIIfHUX amapaTHHUX pecypciB (cepBepH, KiHIEBI KOpPHCTyBadi, KOMYyTaTopu Ta iH.) Ta
eHepreTnuHuX (JIiHIT IepegaBaHHs eJIEKTPOEHeprii, MPOMiXHI By3iH, TpaHchopmaTopu, Tomo). Cepen Takux
I'EM e 1.) Onruxo—eneKkTpoHHa IHQOPMAIIHHO—€HEpreTHYHa CUCTEMa TOTAJIBHOTO TECTyBaHHA 1
ONTHMAJILHOTO YIPaBIiHHS HAYKOBO—OCBITSIHCHKUMHU 1 6i6mioTeunnmu pecypcamiu [13]; 2.) OnTHKo-eIeKTpOHHA
iHpopManiiHO-eHepreTHYHa CUCTeMa YNpaBiliHHS iH(pacTpyKTypolo periony [14]; 3.) OnTHKo-eneKTpoHHa
iHpopManiiHO-eHepreTHYHa cucteMa OioMequyHoro mpusHaueHHs [15]. JletanbHO i po3poOKH pO3MIISHYTI i
npoanaiizoBaHi B [16]. B pesynprari ananizy po3pobok I'IEM Ta TexHosoriit opranizanii Mepex oTpuMadi ix
OCHOBHI TEXHIYHI ITOKa3HHUKH HaBeIcHI B TaOmuI 4.

Binminmicts y opranizamii I'TEM (tabn. 3) momsdrae y OiTb0BOMY NpPHU3HAYEHHI 1 MOXKIHMBOCTI
MacmtaOyBaHHA Mepek Ha (QisugHoMmy piBHI kaHamiB. KimpkicTe iH(OpMAamiiiHO-eHEpreTHIHNX 3B SI3KiB
CHUCTEMH BH3HAYA€THCS KUIBKICTIO MAariCTpajJbHHX €JEMEHTIB CHCTEMH, KOPHCTYBadiB Ta NepHdepiiHIX
MIPUCTPOIB BBEJCHHS-BUBEICHHS.

Jns nepenaBanHi iHpopmanii no kanamax BOJI3 y IM wuwepe3 koxHi 30-120kM HeoOXimHO
BCTAHOBJIIOBATU PETPAHCIIOIOYM CTaHII [2], AKi MiICHIIOIOTH MOCTIHHO 3racarodi iHpopmamniiiHi curnamu. Li
peTpaHCIAIiiHI (pereHepaTUBHI) CHCTEMH € aKTUBHUMH KOMIIOHEHTaMH iH()OPMAIIHHUX MEPEkK, OCKUIBKU
NOTPeOyIOTh J0JATKOBOTO JKUBJIEHHA. [loenHaBIM iHpOpMaIiiHI KaHaIu 3 €HEepreTHYHUMH Ta BUKOPUCTAHHS
PO3MOIICHUX BiIJaJCHUX JDKEPEI aBTOHOMHO CHEPreTUYHOTO JKHBIICHHS, MOXHA IIiJBUIIUTH HAMIHHICTh
pobotu iHdopMaIiiiHol Mepexi, 3a PaxyHOK 3MECHIICHHS HMOBIPHOCTI BIJAKIIFOYCHHS CHEPrOIMOCTAYaHHS Ha
OKpEeMHX AIISTHKaX. B ocTaHHI POKH MEPCIIEKTHBHNM € BIIPOBA/KEHHS JAHOI TEXHOJIOTI] B MOBCSKACHHE XXUTTS, 1
CTBOPCHHS HOBOTO HampsMy B 00JacTi CBITOBI KOMYHiKalii — reoiH(opMaIliifHo-eHepreTHIHnX Mepex. Ha puc.
8 mpencTaBiieHO 300paxeHHS mepepi3zy iHPopMaLiiHO-eHepTeTHYHOTO MPOBinHIKa (OiHapHOTO TpoBinHUKA. Ha
0a3i TakuX MPOBITHUKIB KOHIETITYaIhbHO TOOyAOoBaHi OinbmricTs kaHaniB [TEM.

30BHILIHA 3UXUCHA

060s10HKa eHepro-
iHopmauinHoro

kabento

BOJTOKOHHO-ONTUYHWUIA
kabenb 3 N-KinbKicTo
BOJTOKOH
eneKTPUYHI Xunnm
€HeproXunBneHHs

BHYTPILIHSA 3MXUCHA
0bonoHka

ONTUYHOrO Kaben HanoBHIoBaY

Puc. 8. 300pakeHHs monepeyHoro nepepisy dinapaoro nposigauka ['TEM [17]
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Tabmuus 3.
IMapameTpu ocHOBHMX aHAJIOTIB reoingopmauiiiHo-eHepreTHYHUX Mepex
Ha3sBa Tunu Tun kanaugis, axi | Moxausicte | Hemoaiku Ta Tum,
ingopmaniiino- MOSKJIMBHUX 3aCTOCOBYIOThCSI niABUIIIEHHSA noTeHuiiHi npu3Have
eHepreTu4IHol TomoJIoriii Ta MaKcMMaJibHa | cTadiabHOCTI | mMpodJeMu HHs IM,
cucTeMHu Mepeski HIBUHAKICTH 3a paxyHoOK BY3JIH
nepeaaBaHHs po3Moai.aBT
indopmanii B N— | oHOMHOrO
KaHaJbHIl CHePreTU4HOr
Mepesxi 0 KUBJICHHS,
1. TIEM ToTanbHOro | 3MimiaHa, GinapHUI HU3bKa iepapxiyH
TECTyBaHHS 1 mmionoioHa, | mposinHuk, BOJI3 iHpopMariiHa a, 3ar.
ONTUMAJILHOTO nepesorofibHa | o 120I°6it/c B CTaOUIBHICTD 32 IPU3H.
YIpaBIiHHS HAYKOBO Maricrpaii, 10 BiZICyTHS paxyHOK (N, Ny
—OCBITIHCEKMMH 1 10I'Git/c B BiJICYTHBOI €HEpT. >10,
6i0mioTeUHUMH KIiHIIEBUX CETM. aBTOHOMHOCTI y
pecypcamu KiHIIEBUX
CerMeHTax
2. I'TEM ympaBmiaHs | 3Mimnana, OiHapHUH BiICYTHSI -/- -/-
iHPaCTPYKTYpOIO muHOoNoNi0Ha | mpoBigauk, BOJI3
periony 3ipkononibna | mo 120I°6iT/c B
MaricTpari,
3. TTEM 3MilIana, OiHapHUH JacTKoBa (3 -/, -/-
OGioMeTUIHOTO 3ipkorofiOHa | TPOBITHUK, KAHAIH | BUKOPHCT. HU3bKa IBUIKICTh
MPU3HAYCHHS pajio IoCTymy 10 KUBIICHHS nepeaBaHHs
1Mobir/c KIHIEBUX paniokaHaioM
IIPUCTPOIB)
4.T'IEM indopma- JepeBoBuHA, | OiHapHUil BiACYTHA -/- -/-
HifiHO-eHepreTHyHOi | 3MilllaHa NIPOBITHUK 10
in)paCprKTypI/I 120I'6it/c B
periony (MmicTa) maricrpaii
5. Mepexi Ha 6a3i NIEPEBOBH/IHA, | eleKTpoeHepreTHd | dacTkosa (3 -/, iepapxiuH
PLC-kanauiB i 3ipkoromiOHa, | Hi KaHAH BHKOPHCT. HU3bKa IMBHUIKICTH | a, 3ar.
TIPOMHUCIIOBOTO IIMHOTIONI0OHA | IPOMHCIOBUX KUBIICHHS nepeaaBaHHs MIPH3H.
CTaHIAPTY mepex 0.22 /10kB | kiHmeBux paniokaHajioM y (N, N,
HomePlug 50I", mo 10M6Git/c | mpucTpoiB) KiHII.CerMEHTax >100,
6. Mepexa Ha 6a3i muHonozibna | Ethernet kananu na | wacTtkoBa (3 -/~ iepapxiuH
crangapty PoE 0a3i MPOBIHKKIB 3 | BUKOPHCT. HM3bKA MIBUAKICTE | a, 3ar.
po3‘emamu RJ JKUBIICHHS repeaBaHHs MIpU3H.
-24B-48B 0.35A KIHIIEBUX KaHaJlaMu Ha 6a3bl (N, Ny
IIPUCTPOIB) BUTOI IIapH, >24,
oOMeskeHi
3HAYEHHS CHepTil
7. Mepexi Ha 6a3i 3MIIIaHa, €NIEKTPOCHEPT. HasBHA (3a HeoOxinnicTs po3noine
KOMILIL. TEXHOJIOTiH 3ipkonioniona, | xamamm 0.22 /10kB | paxyHok migsuml. KKJI po3- | Ha,
SmartGrid rpatkoroaioHa | 50I'm, BOJI3 PO3MOICHUX | MOMUICHUX JDKEpEN | 3ar./crerl.
o 120- 200I°6it/c | mxepen) Ta ONTHMI3aIlii TIPU3H.
B MaricTpasix CTPYKTYPH Mepexi | crenianbH
BOJI3 oro
(N, >200,
8. Amaparni Mepexi | 3MillaHa, iH(popMaIliiHi BiJICYTHS HU3bKa IIBHJIKOTiS
reoindopmManiiHux NIMHOMOAIOHA | eJNIeKTpHYHi , HEOOX1qHICTE i€papxiyvH.
CUTEM MOHITOPUHIY kaHanu, BOJI3 IT1ABUIIIEHHS crerl.
PO3IIOIiIL.MEPERK no 10-100I°6it/c B €HepreTUYHOT TIPU3H.
TeleKoMyHiKalliii Ta kananax BOJI3 aBTOHOMHOCTI (N, >10
I'TC KIiHIICBUX BY3JIiB N,>100,

* N, — KUTbKIiCTh BY31iB; N;— KUIBKICTh PUCTPOIB Ta KOMYTATOPiB MEPEXKI.
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Crpykrypa KaHany(puc. 8) siBisie CO0OI0 IO€AHAHHS BOJIOKOHHO-ONTHYHOTO KaOelio i3 3BHYaHUMHU
CJICKTPONPOBIIHUMH JIIHISIMH, TMOMIIICHAMHU B 3O0BHIIIHIO 3aXHUCHY OOOJIOHKY 3 HAallOBHIOBaueM. ICHYIOTH
BapiaHTH i3 OJHUM METAJICBUM TPOBIAHUKOM. I[HIIMM EHEPreTHYHUM MPOBITHUKOM (U1 TiepeqaBaHHS
eJIeKTPOeHEePTii TPaJUIIfHIMH NUIIXaMH HEOO0XiTHO MiHIMYM 2 TIPOBITHUKH) CITyTye Oe3MocepeHbO0 3eMIs, a00
iHmM# miaBicHUE Tpoc. IcTOTHOIO mepeBaror Takoi CTPYKTypH OiHApPHOTO MPOBiTHUKA (PUC. 7) € BIACYTHICTH
B3a€MHHX HETATHBHHX BIUIMBIB IIPH Iepenadi iHpopmarii Ta eHeprii oqrHowacHo [1], Tak sk (i3uyHi sBUIIA, 10
BUKOPHUCTOBYIOTBCS MAIOTh BIIMIHHY (i3WYHY IPUPOITY i SIEKTPUIHHUNA CTPYM HE BIUTMBA€E HA CBITIIOBI CHTHAIIH.
3BICHO IO TakUX CTPYKTYyp HpeA SBISIOTHCS IOCTATHBRO BHUCOKI TEXHIYHI BUMOTH, 30KpeMa IO MEXaHigHOi
MIIHOCTI, MaKCUMaJIbHOMY paJiiyCy 3rMHY, OTIOpY €JICKTPUYHOT 1301411, yMOB €KCIUTyaTallil ONTUYHUX BOJIOKOH.

BukopucTtanHs crioco0y miBUINCHHS CTaOUTFHOCTI nportiecy nepenadi iHpopmanii y [TEM ta criocody
MiBUILEHHST JAanbHOCTI mepenaui iHpopmanii (monany 100-150 kM) 3aBnsku 3a0e3nedeHHs aBTOHOMHOTIO
JKHUBJICHHS peTpancistopiB BOJI3, npencTaBieHO Ha PUCYHKY 9.

TTpmeTpoi 3afesTe e HEA AFTOHIMHOTO
& HE [T THUEHOTD S HETSHEA

N
[] ]

LREREND & NEKTRMYHOT l l i l
EHE ]
[ ]
L
AL LT pE rEHE pETOR Mgk FnEy
BCN3 BON3 BCN3

—_———— =
niHiT nepen adi
ENeKTROEHER M

BonowHHO-0n THYHI NiHIT
nepe gaqi ind apmagji
Puc. 9. Ctpykrypa nanku ['TEM 3 BHCOKOIO NaibHICTIO epeaadi iHdopmMallii 3a paXyHOK OpraHi3arlii BACOKO
cTabiTbHOTO T4 ABTOHOMHOT'O €HEPTEeTHYHOTO YKUBJICHHS

BukopucTaHHs TOEJHAHOTO BapiaHTy EHEPreTHYHOTO IKUBJCHHS: BiJl EJNEKTPOSHEPreTUHIHUX
nepenaBanbHUX JiHIA Mepexxi [TEM Ta Big cHCTEeM aBTOHOMHOTO JKHBJIICHHS JO3BOJISE TpPUHAWMHI BIBidi
MiABUIINTHA CTaOiIBHICTD €HEPTreTHYHOTO 3a0e3MeueHHs, a i OTxe — CTabUIbHICTE (QYHKIIIOHYBaHHS BCi€i
Mepexi. Lle € mieBuM crnocoOoM ImiIBUIIEHHS HaIiHHOCTI B KPUTHYHUX CEIMEHTaX 1 MICISIX CyJacHHX Mepex i3
BHUCOKO KOH(]IIEHIIHHOIO Ta BakimMBOIO iH(popMamieto. Exeprermanoro. B crpykrypi (puc. 9) MOXINBEM €
TaKoX 3a0e3MeYeHHs JKUBJICHHS W camoi mpuitManbHOi cranmii BOJI3(mpu 3abe3nedeHHI yMOB Iepenadi
eJIEKTPUYHOT eHeprii 3 BucokuM Bigcotkom KK/ >95%).

KJACH®IKAILIS I'TEM HA BA3I BOJIOKOHHO-ONITUYHHUX KAHAJIIB JUISI MOHITOPUHTY 1
MEPEJABAHHSI TEOTH®OPMAIII TA IOCTAHOBKA 3AJIAY JIJISI IX TOJAJILIIOTO
JOCJIKEHD

VY pob6orti [18] Oyno po3pobieno nepury kiacugikario reoiHpopMaliifHO-eHEPIeTUYHIX MEpex (pHc.
10), Ha OCHOBI SIKOi B pe3yJIbTaTi MOJANBIINX JAOCIIPKEHb B poOoTax [16, 19] 3anpornoHoBaHa OUIBII JOCKOHAIA
i HaouHa knacuodikauis 'IEM (puc. 10), sika TakoX BpaxoBye KJIacH aKTUBHHMX ONTHYHHUX €JIEMEHTIB Ta
anaparhy peainizauito ['TEM.

3a QyHKLIIOHATBHIUMHU MOXIMBOCTSMH 1 momupeHicTio I'TEM moainstoTs Ha BIAKPUTI ISl pO3MIMPEHHS
Ta JIOTIOBHEHHS Ta 3aKPHUTi. 3a TEPUTOPIaTbEHAM OXBAaTOM KIIacH]ikyroTh rimodansHi ' TEM, 3aransHOHAIIOHATBHI
I'lEM, perionaneHi, nokanpHi Ta MyHinunaneHi I'IEM. 3rigpo [18], 3a mimpoBuMm BukopuctanHsaMm ['TEM
MOJUIAIOTECS. Ha 0araTOINBOBI, iHPOPMAaLiHO-TOBIAKOBI, MOHITOPUHIOBI, IHBEeHTAapHU3aLiiHi, JOCIIIHHUIBKI,
y400Bi, BUIAHHS pillleHb, Ta iH. 32 MpoOIeMHO-TeMaTHIHOI0 opieHTamielo ' TEM ximacugpikyroTh Ha eKOJIOTivHi
Ta TMPHUPOJHBONI3HABAIBHI, COLIANEHO-eKOHOMIYHI, 3E€MEJIbHO-KaJacTPOBi, TEOJOTiIUHI, MYHIIUIAIbHI,
HaJ[3BUYAIHUX CUTYalliii, HaBiramiiiHi, TpaHCIIOPTHI, TOPTiBEIbHO-MapKETUHIOBI, apXEOJIOTIUHI Ta iH.

Y poboti [19] HaBeneHa Ounbin HaouHa knacudikauwis [IEM. V wili T'IEM noginsrore Ha Mmepexi
3a0e3Me4eHHs] MacOBOTO JIOCTYITY KiHIEBHX KOPHCTYBauiB iH(GOPMAaIIHHUMH Ta EHEPreTUYHUMH CEPBiCaMH, a y
3akputux ['1EM 3a0e3neueHHs cepBicaMi BUKOHYETHCS LIl BU3HAYEHOT'O YMCIIa KOPUCTYBaUiB.
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Puc. 10. Knacudikanis I'TEM [18]
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3a tepuropiasibnuM 06xBaToM ['TEM moninsiroTh Ha riobaibHi 1 30HHI. BiIOBIHO 10 30HHUX BXOISATh
nokansHi ['TEM, perionansui I'TEM, a Takoxx I'IEM wmicra ta paiiony. 'mo6ansni I'TEM oxortoroTs 3HauHi 3a
obcsrom reorpadiuni tepuropii. 3a TEmom Tomoiorii I'TEM mominstoteca: I'IEM rHyukoi Tomouorii
(macmraboBani I'I[EM), T'IEM sxopctkoi Tomonorii. AmranoriuHo, ['TEM xmacugikyioThcs 3a THIOM
apxitektypu: THydkoi apxitektypu, ['TEM xopcTkoi apxitekrypu. ['HyUKiCTH TOTOJIOTIi WM apXiTeKTypu
BHU3HAYa€ MOXKIUBICTD posmupeHas IEM sk 1o KibKOCTI MiIKIIOYeHs HOBUX BY3JiB, KOPUCTYBAUiB UM 1HIITHX
MEpeXK, TakK i 10 KUTBKOCTI HOBHX (PYHKITIOHATEHAX MOKIIHBOCTEH.

VY [18] TTEM Ttakox KIacu]iKylOTh 32 TAKIMH O3HaKaMH K (YHKIIOHAJIHHUN BMICT, THIT JaHUX, PaHT,
TN  00poOkM  iH(dopMalii, NpPU3HAYEHHs, [OTEHLIaNl PpO3IIMPEHHS (YHKIIOHAJbHUX MOXKINBOCTEH,
TepUTOpiaJibHE OXOIUICHHS, IIbOBE BUKOPUCTAHHS, IPOOJIEMHO-TeMaTH4Ha OpieHTaLlisl.

3a npuzHaueHHssM ['TEM Moxke OyTH 3arajibHOro0 KOpHCTYBaHHS, CUCTEMHOTO, CITy»KOOBOTO, JOTIOMIXXHOTO
KOPUCTYBaHHS, Ta iH. 3a TurnoMm o0poOku inpopmanii I'TEM BukoHye (yHKIii HakonmudyBaHHSI Ta 30epiraHHs
indopmanii Ha cepBepax I'I[EM, 3axucty, TpaH3uTy, BBEICHHS/BUBEICHHS Ta NepeTBopeHHs iHpopmarii [18]. 3a
parroMm [18] I'IEM moke OyTH K TII00aJbHOIO CHCTEMOIO JIFOJICTBA, TaK 1 JIOKANFHOIO y MEXaX pETioHy, MICTa,
patioHy i T.11. O6’€qHAHHS TaKHX JIOKAIBHAX Mepek CTBOproBaTiMe €auHy riodansHy ['TEM. Kmacudixkaris [TEM 3a
(hi3FYHOFO TIPHPO/IOIO HOCITB Ta THIIAMH KaHAIB MiepenaBanHs iHpopmartii HaBeneHa B [19] (puc. 11).
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Puc. 11. Knacudikarmis I'TEM [19]

3rigHo ninpoBoro BukopucTanus, ['TEM y [19] nominsaioTe Ha 0araTouiiboBi Ta BY3bKOOPIEHTOBaHI.
BaratonineoBi 'IEM opieHTOBaHI Ha BUKOHAHHS JESKOTO YMCIA 33a4 Ta BOJHOYAC Mepenadi iHpopmarii.
BysbkoopientoBani 'TEM npu3HaueHi 1711 BAKOHAHHS HEBEIMKOTO YHCIIA CIIENiali30BaHuX 3a/1a4.

3a ¢yHkuioHanbpHOW0 opieHTanieo y [19] 'EM nmoxinstoTses Ha: TpaHCHOPTHI Mepexi, MOHITOPHHTY,
HaBiranii, 00poOKH, KaracTpy, kepyBaHHs Ta iH. OcHOBHI QyHKIII, siki BUKOHYIOTh [ TEM, Takox MOXyTh OyTH
ki1acudikoBani mo 0OazoBomy HaOopy [19] a) indopmauiiini ¢yHkuii: o0poOka, 30epiraHus, oOMiH; 0)
eHepreTUyHi QYyHKIIi: 3a0e3MeUeHHS Ta IePepO3IOaia eHepril.

Mo ¢iznuniit mpuponi HociiB ['NEM knacudikyors [19] Ha emeKkTpoHHi, ONTHYHI Ta ONTHKO-
enektpoHHi. O6uncmoBanbHi cTpykrypu ['TEM Takox mimmamaroTh IiJ JaHy O3HAKy Kiacuikamii: onmTwdHI,
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OITOCNICKTPOHHI, eyieKTpoHHi. [To Tumy mxepen 1 mpuiiMadiB BUIPOMIHIOBAHHS, SIKi BUKOPHUCTOBYIOTHCS IS
nepenaui iHgopmanii Ta eHeprernuHoro s>kuBieHHs, [TEM xmacudikyrorecst Ha T'ITEM 3 naszepuHumm,
CBITJIOIIOMHUMHU Ta anbTepHaTHBHUMHE [19] mkepenamu. 3a tunoMm Qortonpuitmadi Ha: 'TEM 3 naBUHHUMH
(APD), IEM 3 p-i-n — poTomiogamm.

OIEM € HOBUM MIBHAKOMIIOYAM TOKOJIHHAM iH(OPMAaLiHHO-CHEPTETHIHNX  MEpeX, II0
BUKOPUCTOBYIOTH ONITUYHI TEXHOJIOT1l 00pOOICHHS Ta epe1aBaHHs.

BaxxnmuBoro Bu3HavanpHOO o3Hakoio I'IEM e ix kimacudikaris 3a THIoM iHGOpMaIiitHO-eHEPTreTHIHNX
kaHamiB. Sk 3a3HadaeThcs y [80] wmoxmBa peamizamis 3-X TwmiB kaHamiB qug [TEM:  BigkpuTi onTwuHi
(arMocdepHi); BOJOKOHHO-ONTHYHI; MeTajeBi cTpyMoHecydi. KomruiekcHe 00°‘€mHaHHS 3-X THIMIB KaHaliB
MOXJIMBE Yy ONTHYHUX TeoiH(popMaliiiHo-eHepreTnuHux Mepexax (OI'IEM) [19].

Onrtuuni  reoindopmaniiino—eneprernuni  mepexi (OT'IEM) [19] — wne TIEM, B skux
BUKOPHCTOBYIOTbCS ONTHUYHI Ta ONTHKO-CJICKTPOHHI MeToau 0OpoOKM iH(poOpMalii, Ta ONTHYHI Y MOEAHAHHI 3
eJIeKTpOHHUMH MeToau nepenadi. B OT'TEM o6po0ka inpopmaii 3a06e31euyeTbesi ONTHYHUMH IIBUIKOI FOUHMH
3acobamu, a mepenada iHGOpPMAIiMHUX JaHUX Ta CHEPTrii JKUBJICHHS 10 KIiHIEBHX CETMEHTIB 3MIHCHIOETHCS
BOJIOKOHHO-ONITHYHUMH KaHallaMH Tiepenadi iHdopMallii Ta eHeprii Ha OCHOBI CIIEHialli3oBaHUX ONTHIHHUX
BOJIOKOH 3 BEJIMKHMM J1iaMETPOM.

Moxnaa BrockoHamuTH kmacudikaiiro ['TEM 3rimHo ocTaHHIX pe3yibTaTiB, IO HaBeAeHI B poboti [19].
BpaxoByroui TpHHIUNK CTBOPEHHS IHTENEKTyalmbHHX Mepex (TexHomoris «Smart Grid»), T I'IEM wmoxHa
KkmacupikyBaTH 3a CTPYKTYpOIO €HEPreTHYHOro 3a0e3ledeHHs Ha: 3 pO3MOAUICHUMH JDKEpelIaMu; 3
LEHTpaIi30BaHUM eHepromnocradanusM Ta ['IEM i3 3MilaHoi0 eHepreTH4HO CTpyKTyporo. Lli o3Haku naroTh
MoxMBicTh BigHocuTH ['IEM Oinbll TOYHO 1O MiAKIACIB MO CTPYKTYPi PO3MILIEHHS JDKEpen Ta HalpsIMKy
eHepro3zadesneyeHHs. Takox 3a ninboBuUM BuKopucTaHHs [ TEM MoxyTh OyTH Kiacu(ikoBaHi 1€ 110 J0JaTKOBii
o3nargi — ['IEM cnyx60Boro kopucTyBanHs. Bnockonanena kinacudikairisi [ TEM 300pakena Ha pucyHky 12.

32 Qiannoro A 3a TepiTopiansHuM 3 L1ITHOBHM 33 (YHKL{OHATLHOIO 32 TUMNOM BHYTPILIHBOT
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IEM cry#BoBOrD MOHITORUHTY,
AokyMeHTOORINY Ta Bife0CNOCTePENEHHA

Puc. 12. Boockonanena knacugikamis [TEM

ITo kommuiekcy OCHOBHMX O3HaK, a came: ¢yHkuii ['IEM, uinpoBe BHKOpUCTaHHS, CTPYKTypa
eHeprozabesneveH s, 3a JOCTYNHICTIO. A TaKOX 3 BPaxyBaHHSM O3HAaK IIJKJIACY OCTaHHIX TEXHOJOTIH —
OI'IEM, wmoxnHa BuBecTH HOBuH miakmac ['TEM: reoiHpopmaniiiHO-eHepreTHYHI Mepexi CcIyxk00BOro
MOHITOPHHTY, TOKYMEHTOOOITY Ta Bimeo cmoctepexxeHHs. Lleit HoBmii kimac I'IEM ommcyeTscs 1 BigmoBigae
Cy4JacHHM TECHICHIISM IO CTBOPEHHS aBTOMAaTH30BAHUX CHCTEM YIPAaBIiHHA iH(OpMaIli€ro, reoiHpopManifHOTo
MOHITOPHHTY Ta  IHTETpaJbHUX IIPOILECIB BiAEOCIIOCTEPEKEHHS B PI3HOMAHITHHX 00JAacTAX HApOIHOTO
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rOCIO/IapCTBA.

IMepcniektuBu crBopeHHss OIEM 00yMOBIIOIOTBCSI 3aCTOCYBaHHSIM 3acO0iB  BHCOKOIIBHUAKICHOTO
00poOJIeHHS 1 TepeaBaHHS Ha OCHOBI MapaJielbHUX METOJIB, 3 OJHOYACHUM 3a0e3TeUeHHSIM E€HEepPreTHIHOL
aBTOHOMHOCTI iX po0OoTn. TexHomoOrii 3acTOCYBaHHS BOJIOKOHHO-ONITHYHHUX iHGOPMALifHUX KaHAJIB Ta
BHCOKOTIPOTYKTUBHIX KOMII FOTEPIB AOCIiKeHi y podoTax [13-17, 19]. Benukuii HaykoBHi iHTEpeC MpeICTaBIIsIe
JOCIiKeHHS Ta po3podka momeni I'TEM Ha 6a3i posmnoaineHnx GpOTOSTEKTPHIHNX HKEPET SHEeprii Bil] COHIIHOTO
BUTIPOMIHIOBAHHS, a TAKOXK HOBHX CIIOCOO1 MiABHINEHHS CTaOUIFHOCTI mepenaBaHHS iH(GOpPMAIl Y BOJOKOHHO-
ONITHYHHX KaHaJIaX Ta CTPYKTYPi MEpexi.

BpaxoByroui aHaiiz BUMOI' Ta TEXHOJIOTIH CHUILHOTO 1H(OpPMALiifHO-eHEPreTHYHOr0 OOMIHY, MOXKHA
chopmysroBaru Bumoru 1o 'IEM MoniTOpHHTY 1 IepejaBaHHs JaHUX 3eMEIbHIX PECYPCiB:

- HIMPOKa 3arajbHOJJOCTYITHICTh Ta PO3IOBCIOJUKEHICTh KaHAIIB MEPEXKi Ta IHTePPEHCIB MiAKIIIOUECHHS;

- MOXKJIMBICTh CTaOIIBHOTO MEpeIaBaHHs JaHUX Y MEPEXKI JUIs MIMPOKOTO CIIEKTPa 3a/1a4 y Psijii ramy3ei
HapOJIHOTO TOCIIONAPCTBA B T.4. JUIsl MOHITOPUHTY 1 IIepeJjaBaHHs JaHUX 3eMEIbHUX;

- BHUCOKOIIBHIKICHHH, SIKICHUH Ta CTAaOITBHHUIA OOMIH BelMWKHMHU 00’eéMaMu reoiHpopMarii Ha 3HAYHI
BiZIcTaHi 06e3 pereHeparlii CHTHaNiB (BOJIOKOHHO-ONITHYHI JIiHIT 3B’ SI3KY);

- CYMICHICTh CTaHJIAPTIB 1 IPOTOKOMIB 3 iH(POpMAIiTHIMU MepekaMH Ta CHCTEMaMH 1HITUX THITIB;

- BHCOKa CHEpPreTHYHA aBTOHOMHICTH IH(OPMAaNifHO-CHEPTETHYHOTO OONaTHAHHSA Ta SK HACTIIOK —
BHCOKAa CTa01JIbHICTB;

- MapajerbHa BHCOKOTIPOIYKTUBHE 0OpOOIICHHS Ta BUCOKOIIBHIKICHE TIepeiaBaHHs reoiHhopMaIliiftHuX
JIAHUX Y €JIEKTPOHHOMY Ta ONITUYHOMY (hOpMaTi;

- 3a0e3meyeHHs] 3aBaJOCTIMKOCTI mepenadl iHpopmamii B cHCTeMi 3aBISKH BUKOPHCTAHHIO
3aBaJIOCTIIKMX METO/iB IIEPETBOPEHHS Ta MEePEJaBaHHS.

Ha ocHoBi mpoBemeHoro aHamidy BioMux TexHoJorid y cdepi 'TEM MoxHa CTBEpKyBaTH, IO
OCHOBHHMH IIpOOJeMaMHM €: HU3bKa CTAOLIBHICTD Ta 3aBaJ03aXHIICHICTh NepeiaBaHHs iH(opMalii B KaHanax
MEpexi, 10 IPU3BOIUTE 10 3001B B X poOOTi; BUCOKA BapTICTh arapaTypH Ta 3Ha4YHE ii HAarpOMaKCHHSL.

BUCHOBKH

B poOoti mpoaHamizoBaHO CydYacHi TEXHOJOTII MOOYHZOBH BOJOKOHHO-ONTHUYHHUX MEPEXK, a TaKOK
MPOTPECHBHI TEHACHII PO3BUTKY HANpsSIMy ONTHYHHUX MEPEK HOBOTO IIOKOJIHHSA — reoiHdopmamiiiHo-
SHEPreTHMYHNX MepeX. B pesynmbrari aHamizy cHCTEMaTH30BaHI TEXHIUHI IOKAa3HMKM OCTaHHIX pO3po0OK
iH(popMaIifHO-eHEPIeTHYHNX MEpPEeX 1 BOJIOKOHHO-ONTHYHMX KaHauiB. [IpoBeneHo kiacudikamiiHui aHaii3
I'EM, B pe3ynbTati skoro Oyio BIOCKOHajeHa icHytoda kiacudikauis ['TEM, mo BpaxoBye HOBI O3HAaKH MO
MOKa3HUKaMH alapaTHOTo 3a0e3nedyeHHs. 3aKiaaeH] NepeayMOBH CTBOPEHHS HOBOI MOJieNl iHpOpMaIiifHIX Mepex
3 aBTOHOMHUM €HEPreTHYHHUM JKUBJICHHSM, SIKi 0a3yIOThCS Ha PO3MOJUICHHX aTbTEPHATHBHUX (POTOCIEKTPUYHUX
JbKepeliax eHeprii Ta MaloTh BHIIY arlapaTHy CTabiIbHICTH poOOTH.

Jls BUpIIIeHHS 3aBIaHHS IiIBUINCHHS iHPOPMAIiHHOI cTabiIbHOCTI CydacCHUX MepeX, BCTAHOBJICHO,
mo y iX KiHIEeBHX i HPOMDKHHX CEIrMEHTaxX IOBHHHO OyTH peaii3oBaHO aBTOHOMHE JKMBIICHHS Ha 0as3i
aJbTEPHATUBHUX JDKEPEN EHEeprii — COHAYHHMX KOHIIGHTpaTOpHUX ¢oTtoenekTpudHux mkepen (CPV) vy
MOEHAHHI 13 TEXHOJIOTIEI0 CHEKTPalbHOI TpaHchopMallii JOBXWH XBHIb. lle J03BOJMTH MiABHIIHUTH
€HEepreTUYHy aBTOHOMHICTb, KA € KPHUTEpiEM 1 TapaHTi€l0 BUCOKOi iH(opMamliiiHOT CTabiIbHOCTI Mepex.
KiHneBi npucTpoi nepeTBOpeHHs Ta MOCTayaHHs €Hepril BiJi COHSYHOTO BUIIPOMIHIOBaHHS Ha 0a3i TeXHOJIOTIT
crieKTpoTpanchopMaTopa i KOHIEHTPATOPHOT POTOBOJILTATKM TO3BOJISATH BUPIIIUTH IIi 33/1a4i, Ta B IOEIHAHHI 13
TEXHOJIOTIEI0  BOJIOKOHHO-ONTUYHHMX KaHaNiB IMOOYAyBaTd MOJEIh YHIBEpPCAIbHOI BHCOKOCTaOLIBLHOT
reoindopManiitHo-eHepreTHIHOT MepexKi.
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