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HeitipomMaTemaTH4YHe eKBiBaJIeHTYBAaHHA HeTejleMeXaHi30BaHUX (parMeHTiB 1is
3aJa4 OMEePaTUBHOI ONTUMI3aLil PEXXMMIB eJIEKTPHIHHUX Mepesx

B cmammnii onucano 00ui i3 nioxoie 00 hop.iyGaHHs eKGI6aneHnie y npoyeci po3e a3aHid 3a0a4i OnMmMuUMIZauil peaCcUMIG eeKMPUHHILY MePeHC

6 VMOGAX PLANbHOZ0 HACY 3 YMOBU HACTIKOGOT IH(OPMAUIIHOI HEGUZHAEHOCL.

B cmamue onucaro 00uM u3 nooxo0os K c])opmupasamuo IKGUBANEHINOB 68 NPOLCCCC PeLleHs 3adavu ONMUMUIAUUU PEAHCUMOB INIEKNIPUUECKUY

cemeil 6 VCAOBUAX PCANLHO20 BPEMEHI C YUCINOM Yacmu4HoLl lll'{(])O]),H[Il(llOHl{Oﬁ HCUII])C’()C/I&’HH()C””I.

AKTyaIbHIiCTH | MOcTaHOBKa 3aja4i. Ha cydacHo-
My €Tari pO3BUTKY CICKTPOEHEPTETHIHUX CHUCTEM
(EEC) 1opsit 3 OHOBJIEHHAM CHJIOBOTO OOJIQ(HAHHS
EIHEKTPUYHMK CTAHIN Ta CIEKTPUIHUX MEPEX BIPO-
BaJUKYIOTLCSI HOBI pOrpecuBHi iHopManifizi Ta KoM-
’1orepHi TeEXHOJOriT. BIpoBajuKEeHHsT TAKUX TEXHOIIO-
riii, B KIHIEBOMY BapiaHTi, CIIPUSIE HIIBUILIEHHIO ehek-
tusHOCTi pyHKiionysanua EEC 3aranom ta CTpyKTyp,
30KpeMa.

OnguuM i3 KpuTepiiB eeKTUBHOCTI (DyHKIIOHY-
painst EEC ta enepronocradansuux kommnaiii (ETTK)
€ 3HVKEHHsI piBHSI TEXHOJIOTIYHMX BUTPAT €IEKTPO-
eneprii (TBE) y ixHixX eJlekTpyHUX Mepexax. locsir-
HEHHS Tliel MeT MOoXKe OYTH 3/TiICHEHO B PE3YJIbTaTi
PO3B’sI3aHHsT 3ajladi ONEPAaTUBHOT ONTUMI3alil pexu-
MIiB eJIEKTPUIHUX MEPEX.

Auaniz ocTaHHix JoCIpKeHb Ta IMyOnikanii.
BrpoBajukeHHs HOBMX HPOrPECHBHUX iH(bOpMariii-

© JTanmmok O.B., Kozosuit A.B., llIseub M.M., Menbnuk LP..
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HUX Ta KOMITIOTEPHUX TEXHOJIOHN Y chepy KepyBaHHSA
pexumamu EEC 1 ETTK dopmye HoBe OauenHs cTocoB-
HO HOAAILINOI0 CTBOPCHHSI HOBMX Ta PO3BUTKY ICHY-
[09MX MIIXOMIB 0 pO3B’sI3aHHsI ONTUMI3AIHHNIX 33129
Ta BIIIOBIHOTO MPUKIIAJIHOTO IPOTpaMHOro 3abesne-
genHsi. Ha Hamy nyMKky, take 6a4eHHs 10JIArac B Ha-
CTYITHOMY:

— JIOIUILHO TIOBHOIIIHHO BMKOPUCTOBYBATH BXKE
CTBOpEHI Ta anpofoBaHi METO/IN OTITUMI3aIll peXXUMIB
eyiekTpuaHuX Mepex [5, 9, 19] 3 apmanraniero ix mo
Cy4acHUX PUHKOBUX YMOB [16, 23];

— HEOOXIIHO CTBOPIOBATH HOBI OiNIbIN eheKTHUBHI
HIX0AM JIO ONTUMI3AIIMHMX MaTCMaTUYHUX MOJie-
JIEH, SIKi BpaxOBYIOTH TEPUTOPiaJIbHMI (hakTop (hopMy-
Banust EEC [2, 6];

— BPaxOBYBATH MOMUIMBOCTI cydacHUX iHhOpMa-
HIAHMX TEXHOJIOTIHA, TOOTO HEOOXITHO pO3PO0JISITU HO-
BI METOJM Ta METOAMKY OTIEPATUBHOT ONTUMI3ALI pe-
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kuMmis [ 1,3,4,24];

— BPaxoOBYBAaTM TOW peanbHUU axr, 1Mo He BCi
THJCTaHIT] eTEKTPUTHIX MEPEK OCHAIIEHO 3acobamu
TeJIeMeTpil, 3aava ONTUMI3AIT PEeXXUMIB CIeKTPUY-
HUX MEPEXK 3BOMUTHLCST 10 0071acTi po3B’si3aHHs! 3a/1a4
33 YMOB HEBM3HA4YeHOCTI (He IOBHOI a0 4acTKOBOI
BU3HAUCHOCTI), 1[0 TAKOXK BUMAarae CTBOPEHHS! HOBUX
HJIXOJIIB, METOJIB Ta METOJIUK [3, 4, 24];

— JOIIILHO CTBOPIOBATY | OCHAIIYBATHA aBTOMATH-
30BaHl CHCTCMU OIEPATUBHO-JIUCIETICPCHKOIO KEpy-
BallHsl QJIEMCHTAMM ITYUHOro iHTenexry [7,17,18,22].

JLo1iILHICTL BpaxXyBaHHsI BUITICHABEICHUX TBEPJI-
JKEHB MJIKPITUIIOETHCS 3aKOPAOHHUMU ITyOJIKAIIsIMU
[8,25—27].

Hiae crarri. IcTOprYHO CKITAIOCA TaK, 1110 OCHOB-
HY yBary CTOCOBIO iHdopMarnsanii NpuaisIiocs
enexkTpruiaHuM MepeskaM 220—750 kB. o crocyerbes
eyiekrpriannx Mepesk 110 kB 1 nmxe, To B HUX ocHa-
IICHTIST IJICTAHIINA TPUCTPOSIMHU TeJIeMeTpil 3jtiiic-
HIOBAJIOCSE 34 3JIMIIKOBUM IIPUHIMIIOM 1 JIMIIE 32
YMOBY HASIBHOCTI CIIEI{aJIICTIB-CHTY31aCTiB.

BHACIIJIOK [LOTO CKIIANACs CUTYAIisl, KOJIU eJICK-
TPUHIHI MEPEXI 34 03HAKaMU 1XHLOT iH(MOpMaTU3aIil
YMOBHO MOJUIMIIMCS HA (DPArMCHTU CIIEKTPUTHUX MC-
pex, orrsiaHi 3acobdamMu tesieMerpil (OTJIAIHI eIeK-
tpuini mepexki — OEM), 1 ¢parmMenTn e1ekTpuaHnx
MCPEXK, HEOJIsijiHI 3acobamu TesieMeTpil (HeorIis i
esiektpuaHi Mepexi — HEM).

OueBWjNoO, MO M1 Yac ONEPaTUBHO-UCIIETIEP-
CHKOT'O KCpYBAHHSI pEKUMaMy MA€ Miclie IParHeHHs B
HOCSIPHEHHI  SIKOMOTA  CYTTEBIIIOTO  EKOHOMIYHOTO
edpexry. 3MicT Horo nosnsrae y 3abes3nedeHl Herepep-
BHOT'O CJICKTPONOCTAYalHsI CIIOKMBAYIB 32 YMOBY Mi-
HiMi3alil TCXHOJIOTTIHUX BUTPAT CIICKTPUIHOT eHepril
Ha IEPECYUTAHHST, PO3IIOJUT Ta €JIEKTPOITOCTAYaHHs, IO
BIJ{IITOBINA€ 3a/1a4l ONTUMI3alil PEKUMIB EJICKTPUIHUIX
MEPEK B PEaTbHOMY Yaci 3 BpaXyBaHHSIM (haKTopy da-
CTKOBOT iH(hopManiiiHoT HEBU3HAYEHOCTI, a caMe:

— OITUMI3AIlisT MOBUHHA 3(ACHIOBATACS B IIPO-
[eCl BEJICHHSI PEeXXUMY CJIEKTPUIHOI MEpeXi 3 Bpaxy-
BaHHAM pealibHO1 KoHdiryparyi cxemu ("ornepaTmuBHa
onTuMizaris"), Jie SIK BXijHa ingopMartist BUKOPUCTO-
BYIOTBCSI PE3YJIbTaTH PO3B’SI3aHHST 3a/1a4i OIIHIOBAHHSI
cragy, 10 BITBOPIOIOTH YCTAJICHUN PEXKUM JUIsI IIEB-
HOT'O MOMEHTY 44Cy, sSIKUIf € CTaPTOBUM JIJISI TIOIIYKY
ONTHUMAIJILIOIO PIIICHHST;

— ONTHMI3anisi MOBUHHA 3/ ICHIOBATUCS HA OC-
HOBI CUCTEMHOIO IJXO/y 3 BpaXyBaHHSIM 3MiHU Ta
B3zaemuoro Brutusy OEM i HEM, 6o "Bikupanust" (He-
BpaxyBanus) HEM € HEKOpEKTHUM 3 TOYKH 30py aHa-
N3y YCTWIEHUX PEXUMIB 1 MOXE IPUBECTU JO0 He-
OpaBUIILHUX pe3ynbraTiB (ocobnuBo, sikimo HEM
npejicrapisge cod010 3aMKHEHY a00 CKITaJITHO3aMKHEHY
MEPEXY 1 KMBUTBCST Bil JIBOX ab0 OUIbINE IIMH ITijl-
ctadiin OEM);

— pe3yJIbTaTaMU PO3B’SI3aHHS 349l OTITUMIi3allil
3a KpUTEpiEM MIHIMYMY TEXHOJNOIMHUX BUTPAT €JIEK-
TPUYHOI cHeprii € OakaHi 3Ha4YeHHsI KoedilieHTiB
TpaHchopMauil TpaHcgopMaTopiB Ta aBTOTPaHChOp-
MaTtopis (y BUIIQJIKY HasSIBHOCTI 3aMKHEHUX parmMeH-

TiB CJIEKTPUYHUX MEPEX) 1 ONTUMaJIbHI 3HAYEHHS pe-
aKTUBHOI IOTY>KHOCTI JKEPENT PEAaKTUBHOI MOTYX-
HOCTI;

— 32 MMM 3HaYEHHAMU KoedinieHTiB Tpancgop-
Mallil i peakKTUBHOI IOTY)KHOCTI, 3 BpaXyBaHHSIM IIpOT-
HO3y 3MiHM HaBAaHTAKEHHS CIIOXKMBAYIB EJIEKTPO-
eHeprii BUOMPAIOTHCS BIATAITY)XEHHST IPUCTPOTB pery-
JIOBAHHS MiJ{ HABAHTOKCHHSIM Ta cKiiaj (abo ycTaBKu
PEryJIATOPIB) KOMIIEHCATOPIB PEAKTUBHOT IOTYKHOCTI.

OnHic1o 3 OCHOBHMX ITpoOJIeM Iiji Yac peanizamii
BUIIEHABE/IEHOTO € YCYHEHHs 1H(OPMAIIiiHOT HEBU3~
HAYeHOCTI CTOCOBHO YaCTKOBO TeJIEMEXaHI30BaHUX
eNeKTpUYHUX Mepex. Came i 3anadi NpUCBsIIyeThLCs
naHa ctarts, ne HEM 3anponoHOBaHO MpeiCTaBIsiTU
3a JIOIIOMOTOI0 HEHPOMATEMAaTUYHUX PEXKUMHUX €K-
BiBaJICHTIB.

3 METOI0 BU3HAYEHHSI MICISI 3aCTOCYBAHHS Heli-
pOMAaTeMaTUIHUX PEKUMHUX €KBIBAJIEHTIB B 3arajb-
HOMY aJITOPUTMI OITEPAaTUBHO-JIUCIIETIEPCHKOTO KEPY~-
BaHHsI POKMMaMM HaBCAEMO CaM allOpPUTM.

1. TTonepeHbO IS MOBHOI CXEMU EJIEKTPUYHOT
Mepexi BUAUIsIoThes Bei HEM.

2. GopMyeThCS apXiTeKTypa HEHPOHHUX MEPEK,
3a JIOIIOMOTIOIO SIKMX NPENCTaBIATUMYTbCs i HEM.,
Tyr OepemMo 10 yBaru 3aralpHy KUIBKICTH BY3JIIB
npumukauasi HEM o OEM i BpaxoByemMo Moxiun-
BiCTh IX BTPATH BHACHJIOK KOMYTAIliii, IPOBEIEHUX
AUCIETIEPOM (BUHUKHEHHS aBapiliHUX CHUTYalliil He
PO3TIJIANAETLCSA, TOMY IO Yy BUIIAQAKY aBapil 3anada
ONTUMIi3alii peXXMMIB BTpayae CBOIO aKTYaJILHICTB ).

3. PopMyeThCsA CTPYKTYPAa MHOKHHY BXOJUB (3Ha-
YEHHSI MOJIYJIiB HAIIPYT BY3J1iB YMOBHOTO cTUKY OEM i
HEM, axTuBHA Ta peakTUBHA HOTYXXHOCTI, 110 BTiKa-
10Tb B HEM 3 6oky OEM) i cTpyKTypa MHOKXUHM BU-
XO/iB (3HAYCHHST HO3/{OBXKHIX aKTUBHUX Ta PEAKTHB-
HUX OIIOpIB NIPOMEHIB €KBiBaJICHTA, 3HAYCHHS IOIIE-
pPEYHMX AKTUBHOI Ta PEAKTMBHOI IPOBITHOCTI B LIEHTPI
€KBIBAJIEHTA, 3HAYCHHSI CYMApPHOI'0 aKTUBHOI'O Ta pe-
AKTMBHOI'O HaBaHTaXeHHSI BCiX crioxkuBavis HEM, 30-
CEPEJPKEHOTO B LIEHTPI eKBiBaJIEHTa).

4. Ins Bcix HEM Ha ocHOBI MaTeMaTUYHOT MOJEI
PEXMMHOTO eKBiBaJIeHTyBaHHsI [ 13] 3iliiCHIOETBCS Ha-
BUAHHSI HEMPOHHUX MEpPEX B MMOBHOMY TEXHOJIOTTIHO
JOIYCTUMOMY Jliana3oHi icHyBanHs pexumis (THIIIP)
(Bijt pexxuMy HEpOOOUOro XOMIY J{O PESKUMY IIEPEBAHTA-
JKCHHST €JICMCHTIB CJIEKTPUYHOI Mepexi 31 CTOpOHM
xkxupieHHs1 HEM), ski HazmBaTMMeMO Helipomare-
MaTUYHUMU peXMMHUMH ekBiBasienTamu (HMPE).

5.3apesysnbpraraMu HaB4YaHHs hopMyeThest "Basa
naHux", ne 30epiraloThCs aHi Npo apXiTeKTypy Hei-
poHHMX Mepex KoxkHoro 3 HMPE (xinbkicts mrapis,
KUIBKICTh HEMpPOHIB B KOXKHOMY 3 IIapiB, KUIbKICTD
BXO/IIB 1 BUXO/IIB, HASIBHICTH JIATEPAJIbHUX 3B’A3KIB) Ta
ixHi pyHKIiOHANBHI HapaMeTpH (Barosi KoedilienTn,
koedilieHTH Ta po3MipHOCTI (hYHKIII aKTUBAILT).

6. 3a faHUMU TeJeMeTpil, AKi HaAXOASAThL 3 Mif(-
CTaHIiM, IO € By3iamu npumukanuss HMPE, 3uiiic-
HIOETBCST NOUIYK B "Basi manux" BiIOBiIHUX HEHPOH-
HUX MEpEeX Ta IXHIX IapaMeTpiB, 3a JJOIIOMOTOI0 SIKUX
HPOJYKYIOTLCS BIANOBIAHI BUXOAM (aHi TeneMeTpil €
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BXOJIaMM).

7. i 3uaveHHst 3 MPOJyKOBAHUX BUXOJIB BUCTY-
MAIOTh sIK 3HAYEHIS TTapaMETPIB PEXXMMHOIO eKBiBa-
JIEHTA JUISE PEKUMY CICKTPUYHOT MEpeki B MOMEHT
SJUUTYBAHHST JIAaHUX TEJICMETpil.

8. dopMyeThCs CIIUTbHA PO3PAXyHKOBA CXeMa
enekTpuaHOT Mepeki nursixoM npucjnannst HMPE
ycix HEM jio pospaxynxosol cxemu OEM.

9. B uponeci nenepepsuoro ¢yukijonysanus EEC
3 Hallepe/l BU3HAUCHOIO JUCKPETHICTIO Yacy BUKOHAH-
HS 1LIL. 6—8 TIPOJIOBXKYETHCSI.

Tak 5K 3aja1l OIHIOBAHHS CTaHy, aHAJI3y Ta
OIITUMI3ALT PEKMMIB EICKTPUIHMX MEpPEX € Jo0pe
pupueHumMu [1—6,8,9,16—20,23,25—27], To mu ne
OyeMO 3YIMHSITUCST HA TXHHOMY BUpIIIEHH], a IIpy-
AIMMo Otbiie yparu caMe (hOpMYyBAHHIO Ta (yHK-
uionyBanuio HMPE.

3arajibHa XapaKTEePHCTHKA METOJY PEKHMHOIO
ekBiBatenTyBaHHs. MCTOJl PCKUMHOIO CKBIBAIEHTY-
panust (PE) [13] OyB sanpononosanuii me y 1990 p. i
YCIIITHO 3aCTOCOBYBABCS JIUILC [UIsi OOPOOKU PEKMM-
HUX 3aMipiB, TUIAHYBaHHi PEKUMIB Ta IIATOTOBKU
PEMOHTHUX CXEM B ©ICKTPUUHUX Mepexax 35—110
kB EITK BAT "JTnsiBoGuenepro” (KonuimuaboMy JIbBiB-
CHKOMY TIINPUEMCTBI €JICKTPUIHUX MCPEX), JIE CXe-
MM KUBUIBHUX eJlekTpuaanx mMepesk 220—330 kB i
CXeMU Mepex celickrponocradanusa 6—10 kB came
upejcrapisimcs 3a jgornomororo PE. Ha Toii 1ac jgo-
CIIijpKennst, npoBesieni Ha Kadespl eJIEKTPUIHUX CU-
creM i Mepex Hanijonansuoro ymisepceurery "JIbBis-
cbKa moJtirexHika" (KojauimHiin JIbBIBCHKMHA nosiTex-
HIYHMI {HCTUTYT), MOKa3aJy, IO MaKCUMalbHa Bill-
HocHa noxubka TBE, sika masia Micle y BUITQJIKY Bijl-
KIIOUCHHS HAaWOUILII 3aBaHTaXKEHOT JIHIT B cXeMi eJlek-
TpU4IHOT Mepeki, npeacrasienol PE, e nepepuiiysaia
10% juist PE-330 B ra 5% — mist PE-110 B [14].

3 METOIO 3MCHUICHHSI 1IAX NOXUOOK, HaMU 3iiic-
neno mojmdikaniio odynosu PE. Anropurm 11o0y-
JOBY MOJIM(IKOBAHOIO PEKUMHOTO CKBIBAJICHTA HABE-
JIEHO HVDKYC,

1. ®parmenT enekrpuanol Mepexi (HEM), siknii
nijUIsirac eKBiBaJICHTYBAHHIO, IIPC/CTABIACTLCA Y BU-
sl 6araTolpoMEHEBOT 3ipKH, JIe KILKICTh IPOMEHIB
PE (puc. 1) BU3HAYAETLCSA KUIBKICTIO BY3JIB IPUMU-
KaHHs1 JaHOI'O (parMeHTy JIO CXEMHU eJIeKTPAIHOT Me-
pexi, sika He exkpiBasienTyeThest (OEM).

2. IMosrosxui napamerpu npomenis PE — 11¢ 3Ha-
YEHHS aKTUBHMUX F=(r|,..l ,.fy) T4 PCAKTMUBHMX
x=(x1,...,r”,...,rN) ornopis (puc. 1), 3a JOOMOI0IO SIKUX

3ACHIOETHCS MOJIEJTIOBAHHST 3MIHHUX BTPAT aKTUB-
HOT HOTYKHOCT] y (hparMenTi eJIeKTPUIHOT Mepexi, 110
mijyisirac eKBiBaJICHTYBAHHIO.

3. Y 3anponoHoBaHOMY MOJM(DIKOBAaHOMY pe-
xumuomy expisasierti (PE-M), Ha igminy Bijg PE[13],
B IIPOMCHI €KBIBaJ€HTa BBCJICHO iicalibHI Tpancgop-
MaTOpH, 1110 JIO3BOJIsIE 3/IACHIOBATY CKBiBaJeHTYyBaH~
Hs1 (pparMeHTIB CIICKTPUIHUX MEPEX 3 BY3JIaMU IIpH-
MUKAIHsI DI3HUX KJIACiB HOMIHQILHUX HAIIPYT.

4.Y sysnax npumukanus PE-M juist ninsuineHns
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LPOBIJIHOCTI IPOMEHIB €KBiBaJIEHTA
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ne (g, ,+Jb, o) — momnepetni npoBiIHOCTI I-cXeM 3ami-
HIEHHs JIHHIA i (gj.0+jbj N nonepeyni IpoBiIHOCTI
I'-cxem TpaHcdopMaTopis, IO BUIXOIATH B By3Jja
NPUMUKAHHSI 11.

5. B nenrpi PE-M Tako:x BBEJICHO 3HAYEHHS CY-
MapHUX aKTUBHOT Ta PEaKTUBHOT HOTYKHOCTEH HaBaH-
Ta’KeHHSI PO+jQO ycix cnoxupadis (M) dparmenra
CJIEKTPUIHOT MEPEKi, SIKa MISITac eKBIBAJICHTYBAHHIO

[\

M
P +jQ,= 2 (P

m=1

+0,).- 2)

m

6. Y 3aJeKHOCTI Bijf pEKMMIB HaBAHTXXCHHS 11X
crioskuBayin, neHTp PE-M xapakTepusyeThest Halpy-
010 U0<60, JIC KJIAC HOMIHAJIBHOT HAIpPyI'u Mij{ vac
(hopMyBalHsI CTPYKTYpPU CKBIBAICHTA BUOMPAETHCS 3
YMOBU

N
=arg min Ui.nom) - kn . =1
; min

i=1
(3)
7. 3naveHHs KoedilicHTIB TpaHchOpMaIii Juist
BCIX IHIIMX ilealibHUX TpaHchOPMATOpIB IPOMCHIB
PE-M Bu3navarorh sk

U =U ;N
0 HOM n _ HOM min
min

k =U /U n=1,N.

n n.HoM  O.HOM (4)
8. Kpim uporo, B nenrpi PE BBejieno nonepeuny

NPOBUHICTS (g, (+/b, ;), 3@ IOTIOMOTOIO SIKOT MOjie-

JIOIOTHCS YMOBHO IOCTIHI BTpaT aKTUBHOT Ta peak-
TUBHOT NOTYKHOCTEH (P, (+/Q,) ) Y NONEpeIHnx ee-
MeHTax parMeHTa eJICKTPUIHOT MEePEsKi, IO HUIATrae
€KBIBAJIEHTYBAHHIO, TOOTO Y MONCPEYHMX IIPOBIIHOC-
1s1x [T-cxeM 3aMileHHsa JiHii 1 T-cxeM 3aMileHHst
TpaHchOPMAaTOPIB, a TAKOXK CXEM 3aMIIICHHS KOMIICH-



C’d'l‘()piB pCZlKTHBHO.]‘ UO’l'y)KH()C'I‘i, aJie 3a BUKITIOYICHHSIM

TUX  NPOBUIHOCTEH, SIKi  BIIXOJATHL  BiJl  By3Ja
PUMUKAHHSE
Po.o+-7Qoo 2 (Pl()+’Q1()) )

Jie P[ o ,jQ[ 0 BIJIIOBIJTHO BTPATU aKTMBHOL Ta pe-
AKTUBHOT TOTYKHOCTI Y NONEPEYHUX cJIeMEHTax /-01
BITKM, sIKa HAJIECKUTH J{O (hparMeHTa eJICKTPUIHOT Me-
PCXI, 1O VISIIae SKBIBAJICHTYBAHHIO;

Poo Qoo .

80.0T1b0 0= U2 —J 2 (0)
[0} [0}
U — 3Ha4eHHsl MOJYJIsl Halpyru B nientpi PE-M.

0 )
MareMarTH4yHa MOJIelIb PEKHMHOI'0 €KBIBAICHTY-

Bamnst. [1pu3naverHsiM MaTeMaTUIHOT MOJieJi € BU-
3HaveHHs napamerpis PE-M (r,x,UO,()O) B TOIIP. dns
HOI0 MaTeMaTuany mojieiir PE-M ¢gopmyemo na oc-
HOBI METOjla BY3JIOBMX Hampyr y ¢dopMi Gananca no-
TYKIOCTEH JUIst BY331B cxemu [20]

1[...,/”(, XU 8,)=P,

0’ 7_Plz.()(Un)—

o 0 x U 60)=O,...},T;

n - 0’

0’ O) Q Qn O(Un)

{"" ;V+n(rn’r
=0, o(Uy 8,5, U 80)=0,..] .

Jon i XU 00)=P+P =

(7)

x Uy 8)=0;

._Ep

n=1

—n ( Un ’911 I,
Jon20XU00)=0,+0 o=

1’ n” 4 ’kn’UO’QO):O ’

- 2 Q()—n

n=1

ne nepmi N pisBHsiHb 3anucano y ¢opmi Oanancy
AKTUBHOT HOTY>KHOCTI JUIs BY3J1iB ipuMuKaHHs1 PE-M;
P — 3Ha4YCHHsI aK TUBHOT TOTY>KHOCTI, IKa HAIXOANATH
JIO 1-TO BY3J1d IIPUMUKAHHS PL-M,P” ()(U) U‘ 8.0~
3HAUCHHsI AKTUBHOT IOTYXKHOCTI, sIKa CHOXKHBAETLCS
11011epe‘m010 nponi,unicno n-ro 1pomensi PE-M;

(U ,8”, 'n, 0 )) PO3pPaxyHKOBE 3HAYEHHS aK-
TUBHOT HOTYXKHOCTI 72-r0 1ipoMenst PE-M 3i croponu
By3Jla NpUMUKanist; apyri N piBHSAHbL 3alUCAHO Y
chopMi GaslaHca peakTUBHOI TOTYKHOCTI HJIsL BY3JIB
npumMmkanns PE-M; Q” — 3HAUCHHS PEaKTUBHOT
HOTY>KHOCTI, sIKa nanxozuxrrb JIO 2-T'0 By3J1a IPUMUKAH-
st PE-M; Qn.().( ) n n 0
HOT OTYKHOCTI, sIKa CIIOXKMBAETHCSI HOIIEPEYHOIO 11PO-

— 3HAYCHH PCAKTUB-
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BiJIHICTIO n-ro
Qn -0 ( Un ’611 ,I‘” ’Xn ’ UO 0
AKTMBHOI HOTYKHOCTI 12-r0 poMenst PE-M 3i cropouu
ByaJIa npuMuKanust; (2N +1)-e ta (2N +2)-¢ piBHsiH-
st 3arnmucano y hopmi GananciB akTUBHOT Ta PEaKTUB-

IIPOMEHS] PE-M;
() — PO3PaXyHKOBI 3HAYECHHSI pe-

HOT MIOTY>KHOCTE y LEHTpi PE-M;
PO—-n(U 611” \n’U()’GO)’ QO (U 6 r t”, 0’90)
PO3PaxyHKOBl 3HAa4YCHIST aKTUBHOI Ta pPEAKTHBHOT

HOTYXXHOCTEN n-ro npomenst PE-M 3i croponu iioro
[EHTpA.

Busnaucuust napamerpis PE-M rx,U,0,) 31~
CHIOETBCSI TUISIXOM PO3B’I3aHHsI HEJIHIHHOT CUCTEMU
pisusinb (7) merogom Helorona [20]. A nonepeuna
npoBiicTs B ieHTpi PE-M BusHavaeTnest 3a (6). Bei
inmi napamerpu PE-M Bmsuauaemo 3a dopmyiiamu
(1-=5).

OnepaTnBie eKBiBaJIeHTYBaHHs JUISI PO3B’ SI3aHHs
3aja4i omepaTHBHOI OHTHMIzanil pexHMiB  ejek-
TPUMHIX MepeK. Y TPoIeci HPaKTUMHOTO PO3B’sd3aH-
Hs1 3aJ1adi OTEpaTUBHOT ONTUMI3AIl PEXUMIB EIeK-
TPUMHUX MEPEX, JIe BXIHOIO iH(opMalliero € Tese-
BUMIpH, BUHUKAE HCOOXIHICTD 3J(IAICHIOBATY E€KBiBa-
JICHTYBAHHSI HETEJIEMEXaHi30BaHUX (hparMeHTiB Jyist
KO>XKHOTO 3pi3y TeJIEBUMIpIB. 3a0¢31ICUUTH 1€ MUIISIXOM
(hopmMyBaHHS PEKMMHHUX €KBiBaJICHTIB (BU3HAUCHHS
napaMeTpiB pexXMMHOIo exBipasienra (rx,U ,00)) JULSE
KOKHOT'O 3pi3y y BitoBigHOCTI 3 (7) € HEMOMJIMBUM,
TOMY IIIO JIO CKJIAJy TEJICBUMIpIB HE BXOJISITh 3HAYCHHSI
KyTiB HAmpyr By3JiB NOPUMHUKAHHSA PESKUMHOIO
eksiBanenra6 ,n =T,N.

Buxojsrin 3 BUIIECKA3aHOT0, MIPONIOHYETHCS 3a-
CTOCYBATH METOJ| HEpOMaTEMATUYHOI'O MOJEIIIOBaH-
Hs1 [12], 3MiCT IKOrO HOJIATAE B 3aCTOCYBAHHI SIK IHCT-
PYMCHTAPIIO JUIS TapaMETPiB POKUMHOI0 EKBiBAJICHTa
(rx,U ,00) Halepe HaBYECHUX 3a IOIIOMOT0I0 MaTeMa-
TUYHOT MOoJielti (B HamoMy BUTIKY (7)) HeHpOHHUX
MEPEXK 3 (PYHKIIOHAILHUM CHUHTE30M JIOaTKOBUX
BXofiB [ 15]. Taki cTpyKTypM Ha3MBaTUMEMO HEpoMa-
TEMATUIHUMY pOXUMHMUMY ekBiBasieHnTamyu (HMPE).

Ons ¢dopmysansst HMPE 3acrocoByemo Heit-
poHHI Mepexi, 1110 chopMOBaHi Ha OCHOBI Helipornapa-
JUrMu "(pYHKIIOHAJ Ha MHOXWHI TaOJIUIHUX (DYyHK-
miit" [10], mi1a s1ko1 OCHOBHOIO 1IEPEBATOI0 AJITOPUTMY
11 HaBYAHHSI € HeITepaliitHMi AJITOPUTM, B OCHOBI SIKO-
10 JIEKUTH METOJ OPTOrOHAJI3aMiT B IIPOCTOPi BEKTOPIB
— peatizaniil JOCIPKYBaHOIO Ipolecy (3arpoIroHo-
BaHUii Ta po3podienuii npod. P.O. TkaueHKOM).

Bnepiie ijiero HeiipoMaTeMaTHYHOTO €KBIBUICH-
TyBaHHSI 0yJI0 3aIIPOMNOHOBAHO aBTOpaMu B [24] i Oyio
peali30BaHO SIK EKCIUIyaTallifHO-J(OCIITHUIA TIPOr-
paMHUIA MOJTYJIb B CEPEAOBUII ONIEPATUBHOTO iHGOP-
MarniiiHo-kepyrodoro komiuiekcy (OIKK) "30OIAK"
[11] juist onepaTMBHOIO EKBiBAJIEHTYBAHHsI HEOTJISII~
HOro 3aco0amMu TeJieMeTpil hparMeHTy EIEKTPUIHOL
Mepexi "JIbBiBebkoro cHepropyssa” BAT "JIbBiBoOI-
edepro”. OuepaTvBHE €KBIBAJICHTYBaHHSI 3JIIACHIOBA-
Jtocst 3a goromororo HMPE Ha ocHOBI oftHi€T HEelipoH-
HOI Mepexi 0e3 (yHKIIOHAJIBHOTO CHUHTE3Y JlojlaT-
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KOBUX BXOJIB, JIC $IK BUXOJU BUKOPUCOBYBAINCS 3Ha-
YEHHSI BCIX IapaMeTpiB  pPeXMMHOI0 EKBiBaJIeHTA
rx,U,0,).

B pouieci onepaTUBHOT ONTUMI3ATIT eIEKTPUYHOT
Mepexi "JTLBIBCHKOI0 eHEProBy3Jia’ st JISIKUX PexKU-
MiB Majia MiCIle IIOXUOKA CTOCOBHO BTpAT aKTMBHOT
HOTYXKHOCTI, 3Ha4YCHHsI sIKOT OYJIO criBBUMIpHUM 13
BTpaTaMM aKTUBHOT IIOTY>KHOCTI B OJIHOMY Tpancdop-
Maropi.

Hamu Oyiio 3anpornonosano sjilicHioBatu ¢op-
mysannst HMPE 3a lonnoMoroio asox Heiiponuux Me-
pex 3 QYHKIIOHAILHUM CUHTC30M J{OJIATKOBUX BXOJIB
[15], ne Buxojtamu repiiot HeipoHnoT Mepeski € napa-
merpu nentpa PE-M,; a jpyroi — napamerpu npome-
HiB, 1110 BIIIIOBIAIOTH TEXHOJIOTIIHIN CTPYKTYpi BTpar
AKTUBHOT II0TYKHOCTI (YMOBHO-IIOCTIIHI Ta 3MiHHI).

[Mposeseni pociipkeHHs oKaszaiu, mo GopMmy-
BanHst HMPE na OCHOBI JBOX HCHPOHHUX Mepex
(HM-1iHM-2) 3 hyHKITOHAIEHUM CHHTE3OM JIOAT-
KOBUX BXOJUB (PHC. 2) JIO3BOJIWIIO 3HATHO HIBUILUTY
QIEKBATHICTE 1 3HU3UTY 1IOXUOKK Mojetopannst. Heii-
ponni Mepexi HM-1 1 HM-2 ¢yukuionyiors 3a kac-
Ka/IHUM HpUHIMIOM — Buxoau HM-1 sucrynarors sik
yacTuHU BXoAiB HM-2. ¥ Bunajiky sacrocyBauust oji-
Hiel He#poHHoi Mepexi B 36% AOCTIPKYBAHUX PEXKU-
Max noxubka exsisaneurysannst HEM 10-35 B 3na-
xXojunacs B giarazoni 1—5%, a y BUInajiky Kackajioro
npunnuny nux ke HEM sona ue nepesunysana 1%.

Bxojgamm HM-1 e Gesnocepeiiibo nani resemerpit
X, sIKi HajIXOJsITh 3 M(CTAH T npumukanust HEM jo
OEM na konnenrparop indopmarnii oneparuBumx in-
thopManiitHO-Kepy1I0UMX KOMIUIEKCIB BIJIIOBIIHUX €JICK-
TPOECHEPTETUMHUX CTPYKTYp. [lepeBakHo Takumu ja-
Humu € Moy Hanpyr JU | Bysnis npumumkanms,

U
AKTUBHI F1 Ta peaKTUBHi )n} HOTYKHOCTI, SIKi T€UyTh B

I
HaAlpPsIMKY lipomeHin PE

X=((U,P 0T, P 0 )T PO (5)

OJHICIO 3 OCHOBUUX 3acCajl IIBUIIEHHS TOYHOCTI

|

EEEEEEER

HM-1

TBI0s0cne inbapeiveprady 1P

(YHKIIOHYBAHHS HCHPOHHUX MeEpeX € 3a0e3nedens
Has{BHOCTI sikOMOTa OUIbIIoil KinbkocTi Bxojis [15] 3a
YMOBH, IO I BXOJAM HE € 3alBUMM, TOOTO BOHM
HOBMHHI OYTU B3a€MHO NOB’SI3aHUMU 3 BUXOJAMMU Y
BUIIOBIHOCTI JIO BIITBOPIOBAHOIO PEANTBLHOIO TEXHO-
JIOTiMHOro 1pouecy. B [15] 3anpononopano juist Takux
BUIIAJIKIB 3aCTOCOBYBATU HEHPOHHI Mepeski 3 (hyHK-
IIOHAIBLHUM CUHTE30M JIOJIATKOBMX BXOJiB, TOOTO jlo-
JlaTkoBl Bxopm X ® HOBMHHI BIINIOBIIATH peabHuM

GbisuuHMM nponecam, B HAIOMY BUIAJIKY, HPOIECAM,
SIKI OIIMCYIOTLCA 3TiTHO 3 3aKOHAMU €JIEKTPOTEXHIKI

FX) _
_ . 2y 1/2 — . —1/2
X = X )) (V3U) :

n

e F(X) — oneparop (hyHKIIOHAIBHOIO CHHTE3aTOpa
JIOJIQTKOBUX BXOMIB; /] | — 3HAueHHst po3paxyHKOBIX
crpymis, siki HajxosiTs B PE 3i croponn OEM i yrso-
PIOIOTH MHOXUHY JIOJIATKOBUX BXOJIIB
X@=<[1""’In""’lN>' (9)

Ha sxijt HM-1 nogaeTbest MHOXMHA, sika yTBOpe-
Ha HIJIMHOKMHAMY ITapaMeTpiB pexumy (8) i cunreso-
BAHUMU 3HAaYeHHsAMH cTpyMiB (9), a Ha Buxopi niei
HCIPOHHOT MepPeXKi OTPUMYEMO CYKYITHICTh TIOTIEpEet-
HUX NHapamerpis nenrtpa HMPE X L

X

HM-1

=X &XG) > Xy = L

=(80.0 80,00 P Oy ) (10)
[Ticnst nporo, na Bxin HM-2 nofactbest MHOKMHA,
sIKa YTBOpEHA MiIMHOXWHAMY NapaMETPIB pexuMy
(8) 1 cunTE30BaHUMM 3HAUCHHSIMHU CTPYMIB (9), a Ta-
KOX BXKE 3IPOJYKOBaHI 3a jionomororo HM-1 nomne-
peuni napamerpu nerrpa HMPE (10). Ha Buxopi miei

IREX

(R
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HEMPOHHOT MEPEK OTPUMYEMO MHOXKMHY MO3XOBXKHIX
napameTpis rpomenis HMPE

HM-2

X:

X <X&X SLX >_>XHM—2 -> -

HM-1

=( <r:,x~l> . (r}‘fﬂ) . (r},,x},) ). (11)

B pesyiprari OrpuMyeEMO 1IOBHY MHOXKHY 3Ha-
YCHB MapaMeTpiB HeHpoMaTeMaTUIHOTO PEXUMHOIO
CKBiBAJIEHTA

Xympp=A&, &X))=

=( <r1 ,\‘l> s </'”,x”> s <rN,

Y BULIQJIKY, SIKIO B CXEMI CJICKTPUYHOT Mepexi
nekinka hparmentis HEM, To nponenypy opmMyBaH-
st HMPE rnorpibno 3piicHUTH JUIsl KOXKHOI'O 3 HUX.
TTicisi 1HOro cXeMa CJIICKTPUYIHOT Mepexi Mojrdiky-
erpes musixoM 3aminn HEM mumn HMPE, 1 spiiic-
HIOETHCST OITUMIBAIS PEKUMY HOBHOT eJIEKTPUIHOT
MepesKi.

Hanuansst Heiiponnol Mepexi 3a JI0NoMoroio Ma-
TeMaTIYHHX Mojie/1eii. [1715s1 HapuaHHsi HepOHHUX Me-
pesk HeoOXx1jrHo cchopMyBaTi HapdasibHy BUOIpKY. B Ha-
HIOMY BMIIQJIKy HaBuajiblia BUOIpKa (hOpMYEThCs 3a
JIOMOMOT'0I0 JIBOX MAaTeMaTUIHUX MOJIEJICH:

— MaTeMaTU'HOT MOJEJ aHAI3Y YCTaJICHUX
peXUMIB eleKTpuunux mepex [20], ae Juist 1OBHOT
cxemu B Meskax TIIIP smificHioeThes cepist pospa-
XYHKIB [IOTOKOPO3IOJUIY B eNICKTPUYHIA Mepei;

— JUisl IIUX PO3PAaxyHKIB 3a JOINOMOIOI0 MaTe-
MaTUIHOT MOJIES PEKUMHOTO €KBiBAJICHTYBAHHS JIJISI
Bcix HEM 3jtificHIOCThCS BU3HAYEHHST I1apaMETPIiB
cxeMH 1 pexkumy PE-M;

— Ha OCHOBI IMX JJaHUX (POPMYIOTHCST HaBYANbHI
BUOIPKU

XNJ’gOD’bOﬁ’PO’QOX

Hyvio =

Bxognm HM-1 Buxoqu HM-1
<""’<Un’ ’Q ’I>)1 <g0.()’b0.0’PO’QO>1

n-n

e <U P Q Y >'")h <g0‘0’b00 U’QO>

n’n

Hyvoo=

Bxopqn HM-1
(.- <U ’P QL) ) <g()O’bO.O“PO’Qo»l

nn

<(’< Un ’Pn’Qn ’In>’"')h<g0‘0’b0.0’P0’QO» h

50

Buxonu HM-2
{...,(rn,x”)l,...}l

{...,(rn,x")l,...}h

Jie i — KUTBKICTh HaBYaJIbHUX T1ap.

Ipuiag KoMI'I0TepHOro exkcrnepumenTta. st
eJIeKTpuyHOI Mepexi 35-110 kB miBHIYHOT YacTHHU
EINK BAT "JInBiBoOnenepro" 0ysio HpOBENEHO Oiist
COTHI HAYKOBO-EKCIUTyaTAI{HUX HOCIIKEHD, ¢ SIK
BXIJIHI JaHI BUCTYNAJIM pealibHi 3HAYEHHSI 3Pi3iB Tese-
MeTPpil, sIKi Ha/IXOJIWIIN Ha KOHIEHTPATOp iHdopMail
OIKK"30IAK" ta perpocnekTuBHOT iHhopMarii npo
peayibHi peKUMMA.

B of1H0MYy 3 IMX TOCIIJDKEHDb 00’ €M PO3PAaXyHKOBOT
CXEeMHU yCI€eT eNIeKTPUIHOT Mepexi ckiiajas 834 Bys3nu i
1070 Bitoxk, o cknaxy HMPE nanexurs 72 Bysnu i 94
BiTKM, TOOTO PO3PAXYHKOBA CXEMa CIEKTPUIHOT Me-
pexi 3 HMPE mictuts 763 By3su i 980 BiToK.

PesynbTaTn ROCIHIJEKEHD 3a IOTOMOTOI0 KOMILIEK-
cy APEM [21] nokasanu, 010 BTpaTy akTUBHOT IOTYK~
HOCTI B EJIEKTPUYHINA MeEpexi MPaKTUYHO HE 3MIHM-
JIACS, a JINIIE IIePepO3MONUIMIMCA MK MEpPEKaMU.
JIJIst HaIoro BUIIAJIKY MEPEPO3IIOJILT BTpaT aKTUBHOT
notyxHocti (A) B mepexxax 110 i 35 kB Binosigno

A ,=10,647TMBri A, .=-0,646 MBT. A 1e cBin-

YUTD [1PO JIEKBATHICTH PEXKUMHOT'0 €KBIBAJIEHTYBAHHS
JUIST 387129 ONTUMI3AI|] PeKMMIB CJICKTPUIHUX MEPEXK
3a KpUTEpIEM MIHIMYMY BTpAT aKTUBHOT MOTY>KHOCTI.
3ayBaXXuMo, 10 IIiJi Yac MOCIIKEHb BPaXxOBYBa-
JIVCST TAKOX eeKTpruaHi Mepexi 220—330 kB 3axixnol
CJICKTPOCHCPIeTUYHOI CUCTEMHU, BiJI STKUX YKUBJISIThCSI
estekrpnydi Mepexi EITK BAT "JIsBiBoOGiienepro”.

BuchHoBku. 1. Po3p’si3aHHs 3ajavi ornepaTuBHOl
ONTUMI3alll PEKUMIB EICKTPUIHOT MEpPEXKi HOBUHHO
3JUMACHIOBATHCS HA OCHOBI CUCTEMHOTO HIJIXOY 3 Bpa-
XYBaHHSIM peasibHUX 3MiH KOH(pIryparii cxemu i mapa-
METPIB PEXXUMY, BiIIIOBIIHO, B OTJISIJIHIX Ta HEOIJISII-
HUX 3acobaMM TesieMeTpil (pparMeHTIB eJEKTPUTHUX
MEpEeX, a TAKOXK IXHiX B3aEMHUX BIIJIUBIB,

2. B nporieci onepaTUBHO-UCIETIEPCHKOIO KEPY-
BaHHS PEKMMaMHM CJICKTPUYHUX MEPEX MiJ[ 4ac po3-
B’sI3aHHsI 337124 AHAJI3Y Ta ONTUMI3allil YCTAJICHUX pe-
JKMMIB Ha OCHOBI JIaHMX TeJIeMeTpil HeoOXiHo 3a0e3-
HCYUTH JOTPUMAHHS NPUHIMITY "CHILHOCTI", TOOTO,
HE MOKHA "CXeMHO BifknjaTu" (He BpaXxoByBaTH) He-
orJisidi 3acobaMu TeJIeMeTpil (pparMeHTH EIeKTPUY-
HUX MEPEX, TOMY 1110 I1e MOXKE IPU3BECTY JIO HETOUHUX
1 HABITH JIO HEQJIEKBATHUX PE3YJILTATIB.

3. Pesysprat IpoBe/IeHUX HAYKOBO-EKCIDTyaTa-
IIAHUX JIOCTKEHb JO3BOJSIIOTH CTBEPJKYBATH PO
NPUITHSITHY CTYNiHb aJICKBATHOCTI ONIEPATUBHOT OIITHU-
Mi3alil peKUMIB EJIEKTPIYHUX MEPEX, Jie HEOTIJIsyIHI
(bparMeHTH MPECTABISIIOTHCS Y BUTIISII HEfipoMare-
MaTUIHUX PEKIMHUX CKBIBAJICHTIB, c(hOPMOBAHUX 34
KaCKaJHAM NPUHIMIIOM Ha OCHOBI JIBOX HEMPOHHUX
MCpPEK 3 (YHKIIOHAJILHUM CHHTE30M JOJATKOBUX
BXOJiB, JUIST SKMX BHU3HAUYEHHS MNapaMeTpiB 3jiic-
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