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BUKOPUCTAHHSI ®OPMY.JIA TEHJIOPA JIJISI JEKOMITIO3UIIIT
EJIEKTPUUHUX MEPEX I1J] YAC PO3PAXYHKY KOMIIEHCAIII
PEAKTHUBHOI NIOTYKHOCTI B HUX

Ha ocnosi ¢popmynu Teiinopa 3anpononosano mooenv po30inenHs (QYHKYIl 3HUNICEHHS empam HA 084
CKAAOHUKU. Nepuiull — 3HUIICEHHS. GMpam AKMUGHOI NOMYICHOCMI, 3YyMOGIeHe OI€l0  OKPeMux
KOHOEHCAMOPHUX YCIAHOBOK, OpYeull — 3HUNCEHH 6Mpam aKmuHoi NOMYNCHOCHI, 3YMOGIeHe iXHbOI
CRINbHOIO JI€I0, WO 00380JIAE NPOBOOUMU OEKOMNOZUYTIO MEPENC.

Knwuoei cnosa: oexomnoszuyis mepeosci, gmpamu akmugnoi nomyacnocmi, popmyna Teiinopa.

IlocranoBka npodaeMu. 3MEHIIEHHS BTpAT €JIEKTPOEHEPrii B €IEKTPUUHUX MEpekax MOKHA
JOCATTU 32 paxXyHOK KOMIleHCyBaHHs peakTHBHOI noTyxHocTi (KPII) y Hux. OcHOBOIO HasiBHUX
MetoaiB po3paxyHKy KPII B mux mepexax € miaxin, SIKUA IPYHTYETbCS Ha IPOBEJIEHHI TaKHUX
PO3paxyHKIB JUIs BCi€l €IEKTPUUHOT Mepexi oqHovacHo [1, 2].

AHaJi3 ocTaHHiX gocaigxkeHb i myOuaikaniii. Po3s’s3yBatu 3agady TakuM YWHOM  CKJIQIHO,
OCKUIBbKH:

1) enekTpuuHa Mepexa — 1€ lepapXiuHa CUCTeMa, Y SKif il YaCTUHU MOXKYTh IPUMMATH pIILICHHS
BIJIMIOBIJIHO JI0 CBOIX EKOHOMIYHUX IHTEPECIB OKPEMO BiJ| IHIIUX YACTHH;

2) po3B’si3aHHS 33/1a4l B LIJIOMY OTpeOye 3HAUHUX 3aTpaT Ha 30ip iH(opMmaIlii.

OTtxe, 3 01HOTO OOKY, BUHUKAIOTh TEXHIKO-€KOHOMIYHI TpyaHo1ui po3paxyHky KPII onnouacHo
JUIS BCl€T Mepexi, a 3 IHIIOro — ICHYe IEeBHA HE3aJIEKHICTh YaCTUH €JIEKTPUYHOT MEepexi MiJ yac
TaKOro po3paxyHKy.

Tomy Mera po0GoTH noisirae B po3poOIl METOJIB PO3JAUICHHS €JIEKTPUYHOI MEepexki MiJ dac
po3B’si3anns 3amadl KPII Ha wacTuHM (IEeKOMMO3MIlii €IEeKTPUYHOT Mepexi), IO JA03BOJUTH
CHPOCTHUTH 110 3ajiauy.

Marepianu i pe3yabTatu gociailzkeHHs. OCHOBHOIO YMOBOIO MOJKJIMBOCTI JI€KOMITIO3HUIIII €
piBHICcTH noka3HukiB ctany KPII mepexi no nexommnosunuii i micins Hei [3]:

n n_ n

aZ(QKI):Zai(QKi)+zzaij(QKdi’QKkj)> (1)
v o

ne oy (Qf) — mnoxasnuk crany KPII mis Bei€i enexTpuuHoi Mepexi, AKMA € (QyHKIIE

BeNM4YMHU noTyxkHocted KY Q,, min wac poss'a3anHs 3ajgadl O6e3 nekomnosunil; 1=1...s; s —

KUIBKICTh BY3JIB €JIEKTPUYHOI Mepexi, y skux BcraHoBieHo KVY; o, (Q,;)— mokasnuk KPII

i-01 MiACUCTEMH, SKUH € (YHKIIE0 BEIMYMHU HOTY)KHOCTI KOMIIEHCYBAJIBHUX YCTAHOBOK,
YCTaHOBJIEHUX B -1l migcucteMiQy,; i, j = 1...n; n — KUIBKICTb MIJJICUCTEM €JIEKTPUUYHOI MEpEXKI;

@ (Qyyis Oni;)— NMOKA3HUK B3AEMOBIUINBY [-01 Ta j-Oi MIACHCTEM, SKHH € (DYHKUIEO BEIMYHH
MOTY)KHOCTEH KOMIIEHCYBAJIIbHUX YCTAHOBOK, YCTAHOBJICHUX B i-i Ta j-iil mincucreMax Oy, O s

d=1...h; k=1...h;; h;, h; — KUIbKOCTI1 BY3JIiB BIIIOBIHO i-0i Ta j-0Oi MICUCTEM €JIEKTPUUHOI MEpEexKI,

n
y aKkuXx ycrtaHoBieHo KVY; z h =s.
i=l1
I3 (1) BumHO, 1m0 AEKOMMO3ULIS Mepexi MnoTpedye AeKOMMO3ulii (yHKIIi HNOKa3HHUKa
KOMIIEHCAIlll peaKTUBHOI MOTYXHOCTI. TakuM IMOKa3HUKOM Yy OUIBIIOCTI BHUIAJKIB € 3HIKCHHS
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BTpaT aKTUBHOT MOTYXHOCTI.

PosrasiHeMo neKOMIO3UII0 (YHKLI 3HUKEHHS BTpAT, sIKa 3aJ€KHUTh Bl BEJIIMYMHHU BEKTOPA
3HWKECHHs peakTHMBHMX HaBaHTaxeHb AQ =0, -0, (Q,,0,— BIINOBIIHO BEKTOPU PEAKTUBHUX
HABaHTAXEHb MEPEXK1 10 1 MICHSI XHBOT'O 3HUKEHHS).

3MiHa KOOpAMHAT BeKTopa (J, Ha BenuuuHy AQ 3yMOBIIIO€ 3HUKEHHS (DyHKIIII BEJIMYMHU BTpAT

BiJl BEKTOpa PEaKTUBHUX HaBaHTa)XCHb AP(Q):§.QT -R-(Q Ha BeIWYHUHY 5P(Q), Ky MOKHA
3HaTH 32 monomoroto hopmynu Teinopa [4]:
1
5P(0)= (VP(Q)) - A0+ —-A0" - V*-(AP(0))) - AQ, @)

ne VP(Q]), VZ(AP(Q] )) — BIIMOBIAHO BEKTOP-CTOBITYMK MEPUINX MOXIIHUX Bif QYHKIIIT AP(Q) 3a
3MIHHAMHU KOOPJIMHAT BEKTOPAa PEAKTMBHHMX HaBaHTakeHb (), ZVZ(AP(Q] )), CUMETPUYHA MATPHILL
OPYTUX TOXUTHUX Bif (QyHKIIT AP(Q) 3a 3MiHHMMU Q.. BigmosimHo no [2] maTpumi VP(Q) 1

VZ(AP(Q)) VIS MEPEX1, 3aJaHOT MaTPUIICIO BY3JIOBUX aKTUBHUX ONOPIB R, BUBHAYAIOTH SIK:

R, . .. R]|lO R, = .. R
R e . R R e . R
vRQ)= u). 2 VAPO) = | 2
R, .. .. R|lO R, . .. R

je R, — BXijHuW# omip f-ro By3na; R, — B3aeMHHil omip f-ro Ta p-ro By3uis; U, — HOMiHalbHA

Harnpyra mepexi; f, p=1...s; f # p.
Iincrasumo (3) y (2) 3 ypaxysauusam AQ, = Oy, AQ, = Oy, | 01epKUMO:

r avl

R, ..R, T R, -..R,,
! o) O Oy ! "1 Ok
) R, ..R,, 0, Or» 1 Ok, Ry Ry, O«

SP(Q,) = T . . e : : _
RS] ...RSS Qs QKS QKS RS] ...RSS QKS
2 N N N 1 N )
U 20 Ry Or+2.2 Oy R, O +§'ZQKJ‘ Ry |+ 4)
no \ =1 p=1 f=1 7=l

1 N N
+—52.2. 0 O Ry
UH f=1p=1
®opmyna (4) BinoOpaxae nexomnosunito GpyHkuii sumkenns srpat 0P (Qyy,Oy,) Binmosiano (1). Bona

JUTATH 110 (YHKINIO Ha JIBa CKIAIHWKHU: MEPIIMA — 3HUIKCHHsI BTPAT aKTUBHOI MOTYXHOCTI, 3YMOBJICHE
TUIKA  NOTYX)HicTIO (5 JAPYTHi  CKIAIHUK 5P(QKf,QKp) BPAaxOBY€ 3HIDKCHHS BTpAT aKTHUBHOI

MOTY>KHOCTI, 3yMOBJICHE CIiIbHOIO miero KY QKf i QKP. Ile mo3BOJIsIE TPOBOAWTH aHAJI3 3MEHIICHHS

BTpaT, 3yMoBIIeHHH kKoxHOI0 KY okpemo.

Po3rasitHeMo MOXJIMBICTh JEKOMIO3HULIT BKa3aHOi PyHKIII mix yac ycraHoBieHHs KY B ogHOMy
BY3J11 IOBUTEHOT MEpeX1 BIMOBITHO 10 (4)
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1 . ;
5P(QKf):?' Rﬂ'(QKf'Qf+QKf)+2'QKf'ZQP'R/?? : (5)

f#p

dopmyna (5) BuaUILE 3 yciel cXeMu Mepexi i yactuny (puc. 1), sika 6epe y4acTb y po3paxyHKy
KOMIIEHCAIll pEaKTUBHOI'O HaBaHTAaXXEHHS f-T'0 By3Ja.

-

Ql Qf+1
Qr T Qg

Puc. 1. YactiHa po3paxyHKOBOI Mepexi, ska Oepe yuacTh Y po3paxyHKy KOMIIEHCallii peaKTHBHOTO
HaBaHTa)KEHHS f-I'0 By3J1a

BuxopucrtoByroun ¢opmyny (4), 3A1CHUMO JEKOMIO3ULIIO €JIEMEHTapHOT MEpEeXkKi, 3aCTYIHY
cxeMa SIKOi IPUBEJIEHO Ha puc. 2, I yac ycraHoBiaeHHS KY B nepuomy Bys3ii.

Ri

L
R —
— 1 R fﬂQm
e

Puc. 2. 3acTynHa cxema elIeMEHTapHOI Mepexi: R — 3HaueHHs aKTHBHOTO ONOpY XUBHIbHOI Mepexi; R, R, —

€KBIBJICHTHI aKTUBHI OIOPY MEPEX MEPIIOi Ta JPYroi YaCTHH €JIEKTPUIHOI Mepexi; Q1 , Q2 — peaxkTuBHi

HaBaHTa)KEHHS Bi/MOBIHO MEPIIOro Ta JPYroro By3IIiB

3HaiigemMo (QyHKIIIO AP(Q) i BemmumHy OP(Q,,) ud Mepexi, 300pakeHoi Ha puc. 2,
BiIMOBiTHO 10 popmynu (2):

AP(Q):%[(QI +Q2)2 'R+Q12 ‘R, +Q22 'Rz]

2 R'(Q1+Q2)+R1'Q1 T.QK1+ 1

U R(Q+Q)+R, -0 |0 U

:%'@'Qlﬂ'(R'(Ql+Q2)+R1'Q1)+Q12<1'(2'R+R1))

Ilpuxnao. BUKOPUCTOBYIOYM pO3pOOJIEHUI MeTox JeKOMIOo3ulil, s Mepexi (puc. 3)
HeoOxinHOo BuOpatu Micie yctaHoBieHHs KY nortyxhicTio 50 kBap, sike 3a0€3Me4nTh MaKCUMallbHE
3HIKEHHS BTpatT. BBaxkaemo, mo ycranosmoBatu KY mosxna Ha ctoponi 0,4 kB Bcix TII.

Ha puc. 3 moka3zaHo OCHOBHI mapameTpu Mepexi. Po3paxyHKOBI peakTHBHI HAaBaHTA)KEHHS
3a/1aHo y KBapaxX. ¥ TaOu. | mpuBeIeHO BETUYMHU AKTUBHUX OMOPIB €JIEMEHTIB 33/1aHO1 CXEMH.

|R+R R |0

(QK]) K1 R R+R2 O

Tabmuus 1
BeanyuHU AKTHBHHUX OMOPIiB eJIeMEHTIB CcXeMH
Hazpa CIICMEHTa ™ ™ ™ JinsHku KabenbHuX MiHii
Ha cXeMi
250 400 630 10-9 9-8 8-7 7-6
AXTHBHUI omip
eneMenta, Om 6 3,7 1,9 0,032 0,73 0,05 0,13
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Po3paxyHok mpoBenemMo HUISIXOM Hepedopy BCIX MOXKIMBUX Micupb ycraHoBieHHs KVY. s
KOXKHOTO MICISl YCTAaHOBJIEHHS] BUBHAYA€EMO 3HMKEHHsI BTpaT. Micusg ycranoBieHHst KY Bubupaemo
B TOMY BY3I1, IKMi1 3a0e31euye MaKkcuMaibHe 3HUKEHHsI BTpar [5].
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Puc. 3. Cxema po3paxyHKOBOI Mepexi

[Tin yac ycranosienHa KVY B 1-My By3ini BIANOBIAHO 10 po3poOJI€HOr0 METOAY JAEKOMIO3MUIIT
pO3paxyHKOBa cxema MaTuMme BUIJsA (puc. 4), a 3HIKEHHsS BTpaT aKTUBHOI MOTYKHOCTI B

PO3paxyHKOBIA Mepex i BUSHAYUTHCS SIK
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Puc. 4. Po3paxyHkoBa cxeMa Mepexi, oiep)kaHa Ha OCHOBI JCKOMIIO3HITIT
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i
5(AP)11 = 72'[QK.V1 2. (Qz '(R6—7 + R7—8 + R8—9 + R9710)+
Uy

+ Q3 ' (R7—8 + R8—9 + R9710)+ Q4 ' (R8—9 + R9710 )+ Qs ' (R8—9 + R9710)+ Qs ' R9710) +
+ (Rl—(u +Ro;+R g+ R g+ R9710)' (2 O Okyr — Qiy, )] =

= # [50-2-(76-(0,13+0,05+0,79 + 0,032)+122- (0,05 + 0,79 + 0,032) +

+192-(0,79+0,032)+192- (0,79 + 0,032)+ 6440 -0,032) + (6 + 0,13+ 0,05+ 0,79 + 0,032)- (2 76 - 50 — 507 )] = 903,542 (Bm).

AHAJIOTYHO 3HAXOIUMO BEIUYUHU O(AP);; JUlsl HIIUX BY3JIB!
8(AP),, = 903,542(Bm);
8(AP),, = 960,45 (Bm);
8(AP),, = 5(AP),; =933,06(Bm).

OcCKiTbKM MaKCHUMaJbHE 3HIDKCHHSI BTPAT JOCITAEThCA i 4ac ycTtaHoBJeHHS KY B TpeTthomy
By311, To KY notyxHicTio 50 KBap YCTaHOBIIOEMO B IIbOMY BY3JIL.

BucHosku

1. Ha ocHoBi ¢popmymnu Teiinopa 3anpOmOHOBAaHO MOJIETh PO3AUICHHS (YHKIIIT 3HIKCHHS BTPAT
Ha J[Ba CKIIAQJHHUKU: MEPIIUNA — 3HWKEHHS BTPAT aKTHUBHOI IOTY)KHOCTI, 3yMOBJICHE JII€I0 OKPEMUX
KOHJICHCATOPHUX YCTAaHOBOK; JAPYIHMH — 3HIDKEHHS BTpAT aKTHBHOI MOTY)KHOCTI, 3yMOBJICHE
iXHBOIO CIUTHHOIO JI€I0, 110 JO3BOJISE MTPOBOIUTH ACKOMITO3HIIIO MEPEXKI.

2. Ilix yac po3paxyHKy KOMIIEHCAIll peaKTUBHOI MMOTYXHOCTI B €JIEKTPUYHIA Mepexi popmyna
Telinopa m103BOJISIE BUAUIUTH 3 YCI€ET CXEMU Ty il YaCTHHY, sika Oepe y4acTh Y IIbOMY PO3PaxyHKY, 1
BIJIMOBITHO CIIPOCTUTH €M PO3PAXYHOK.
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