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Ompumarno HO8y AHATIMUYHY YMO8Y OOYIILbHOCE 3ACMOCYB8AHHA NAPALeTbHUX akmusHux girempis (IIAD) ma ¢hopmyry oyiniosanns
eHep2030epieayo2o epexny 6i0 iX 6CMAHOGIEHHS 8 MPUDASHUX CUCMEMAX eNeKMPONOCMAYAHHA NPU CMAYIOHAPHOMY HABAHMA-
JICeHHI. 3anponoHoeano oyineamu enepeosbepicaiouuil egexm 6i0 sacmocysanns [TAD npu nepioOuyHo 3MIHIOEAHOMY HABAHMA-
JHCEHHI KOepiyicHmom suepawty 3a enepeielo émpam, 0Jisl AK020 HABEOeHO MeMOOUKY GUSHAUEHHS. 3aCMOCY8aH A MeMOOUKYU NPOiio-
CMPOBAHO PO3PAXYHKOM eHep2030epieailonoeo e(exmy 3a pe3yibmamamu MUNCHe8020 MOHIMOPUHZY CRONCUBAHHS eeKmpoeHep2ii y
eypmoxcumky Ne7 KHYTJ[. bibn. 9, tabn. 1, puc. 2.

Kniouogi cnosa: noTyxHicTh BTpart, napajeibHUi aKTUBHUHA QinbTp, TprudasHa cucTeMa eleKTPONOCTauaHHsI.

Beryn. 3acTocyBaHHS aKTHBHUX CHJIOBHX (UIBTPIB Y TpHU(A3HMX CHCTEMaX EIEeKTPOIIoCcTadyaHHs 3a0e3neuye Bif-
HOBJICHHSI SIKOCTI €JIEKTPOSHEepril Ha KIeMax MOTYXHUX CIIOKUBAYIB Ta € OTHUM i3 MEPCIEKTUBHAX TEXHIYHUX HATIPSMIB
eHepro30epekeHHs IIUITXOM 3HIDKCHHS TETUIOBMX BTpAT y JiHii nepenadi [1, 2]. AnropuTMu KepyBaHHS MapalieIbHAMA
akTuBHuMH QinbTpamu (ITA®D) 31e011bIIOro IPYHTYIOTBCS HA CYYaCHUX TEOPISIX MUTTEBOI Ta IHTEIPAJIbHOI MOTYKHOCTI.
I[Nepura BukopuCTOBYE iH(MOPMALLIO IPO MUTTEB] 3HAYEHHS CTPYMIB Ta HANpPYT CHCTEMHU €JIEKTPONOCTAYaHHs s 11030aB-
JICHHSI BiJl HEAKTUBHOI CKJIaJ0BOT MUTTEBOT MOTY»HOCTI [3]. Y Apyriii Teopii CkiIasoBi MOTYKHOCTI BU3HAYAIOTHCS 1HTET-
pyBaHHSM J00YTKIB CTpyMiB Ta HaIpyT Ha MEpiofi Hapyru ejaekrpomepexi [4, 5], B pe3ynbrari ii 3acTocyBaHHS TOKpa-
HIyIOThCSl €HEPreTUYHI TIOKa3HUKH CHCTEMH €JIeKTPOIIOCTauaHHsl, aje mnoripiyerbest mBunkois [TA®. He3paxaroun Ha
HasIBHICTh OKpPEMUX ITyOJIiKawiii [6, 7], HenocraTHs yBara npuaiieHa noOyaoBi allrOPUTMIB KEpYBaHHs 3ac00aMH aKTHBHOT
¢inpTpanii y BUnaaKy, Koiau nepios 3MiHM HaBaHTa)KEHHsI CyTTEBO MEPEBUILYE MEPIO HAIPYTH eleKTpoMepexi. MeToio
i€l poOOTH € BUBEIICHHS PO3PaXyHKOBUX CITIBBIIHOIICHD JUTSA BiTHOCHHX BTpAaT CHEPrii Ta OIIHFOBAHHS JOIIBHOCTI 3a-
crocyBaHHs [IAD Ha OCHOBI THXHEBOTO MOHITOPUHTY TpH(a3HOT YOTHPHUIIPOBIHOT CHCTEMH €JIEKTPOIIOCTaYaHHs ITypTO-
*KUTKY Ne 7 KnuiBCEKOTO HalliOHAIBHOTO YHIBEPCUTETY TeXHOJOTiH Ta nu3aitny (KHYT/I).

YMoBa qouiTbHOCTI 3acTOCYBAHHS aKTHBHUX (PUILTPIB 1/15 eKOHOMII BTpaT eHeprii Npu cTanioHapHOMY
HaBaHTa:KeHHi. B ycrasieHOMy pexuMi CUCTEMH JKUBIICHHS [IPU CTAlllOHAPHOMY HABaHTAXKEHHI EHEPreTHYHI MPOLECH
BU3HAYAIOTHCS MEPIOAMYHMMH BEKTOpaMH JiHiiinux ctpymis i(Z) Ta ¢asuux manpyr U(?), mepios sSKux HOpiBHIOE

nepioay 7 Hanpyr TpudasHoro mkepena. [y pe3ucTuBHOT Moeni JiHii nepenadi (puc. 1) BiTHOCHA MOTYXHICTh BTPAT

BU3HAYAETHCSI BUPA3oM [2]
¥ =AP/P=0.5k, —1-/(0.5k, —=1)* =17, 1)

T T
. 1 . A
e AP :l J' i" ()Ri(f)dt — NOTYXKHICTb BTpaT; P=— I u” (¢)i(f)d¢t — aKTHBHA MOTY)KHICTh HABAHTAXEHHS; ~ — 3HAK TPaHC-
T 0 T 0
HOHYBaHHS; R =/1+r,jj" = R — MaTpuIls ONOpiB BTpar JiHii nepenayi; I — omuHUYIHA MATPHILS; it = H1 1 1H; 7 — OIIip
KOKHOTO (ha3HOro MpOBOJY; 7y — OHip HEHTPaNbHOIO NPOBOAY; k, = F,/ P — KOe(ilieHT HaBaHTa)KEHHs TpU(a3HOI CHC-
Temu; F,— MOTYXHICTb KOPOTKOTO 3aMHKAHHS CHCTEMH eleKTporocTadants; A = P/S — koediuient noryxuocti; S —
MOBHA MOTYXKHICTh HABAHTAXKEHHS, 1[0 BU3HAYAETHCS 33 (POPMYJIOO

S= \/% j i (ORi(1)dt %ju (DR "u()dr. @

Jis cucTeM €NEeKTPONOCTavaHHs, B IKHX BUKOHYEThCS YMOBa k, > 20, Bupas3 (1) Moxe OyTu HaOIMKEHO IIe-
peTBOpEHHMH 3a NpaBHIaMU OIIEPYBaHHS 3 HECKIHUEHHO MaJIMMH BEIMYHHAMUA

/ 1 1 1 1
=0.5k, —1-(0.5k, —1) || -——————— =~ (0.5k, —1){1 -[1 - = r— 3
d 212036 ) (0.5k, —1)* 2° (0.5, =Dil -1 2(0.5kL—1)2/12]} (k, =2)A* Kk A° ®
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€IMHIME TTapaMeTpaMH, 0 BU3HAYAIOTh BITHOCHY MOTYXHICTh BTPAT, € KOe(illieHT HaBaHTa)KeHHS Ta Koedi-
IIEHT MOTYXHOCTI, 3HAUYEHHs SIKOTO JUIsl TUIIOBMX HaBaHTakeHb HaBeneHi y [8]. Hexaii npu 3acrocyBanHi [TA®D 3 mo-
TYKHICTIO BJIaCHHX BTpaT P BeIM4YHMHA Koe(illieHTa MOTYKHOCTI MaKCUMaJIbHO HaOnwkeHa 10 oauHumi. Toxi moTyx-
HICTB BTpAT B JIiHII IIepeaadi 3a HasBHOCTI GiabTpa BiamoriaHo 10 (3) ckiagaTtume

1 _1+P./ P 4)

PIP+P.)  k

Ockinbku [TA®D reHepye CTpyMH, IO KOMIICHCYIOTh HEAKTHBHI CKJIAJOBI IOTY>KHOCTI HaBaHTa)XCHHS, BBaXKa-
TUMEMO TIOTYXKHICTh BIIACHUX BTpAT (PiIbTpa MPOIMOPIIHHOI0 BETUINHI HEAKTUBHOI OTY>KHOCTI HABaHTKECHHS

P =k NS =P =k, P17 -1, Q)
Je k. — xoe(ilieHT NPONOPLUIHHOCTI, 1110 3aJIEKUTh Bijl €IEMEHTHOI 0a31 Ta YaCTOTH KOMYTallii TpaH3UCTOPIB iHBEpPTO-

Ar=

pa I[TA®, sxuit Ha3BeMo (akropoMm BTpaT ¢utsTpa. s HasBHOCTI eHepro3oepirarouoro epexry B TpudasHiil cucremi
Biz 3acrocyBaHHs [IA®D exoHOMIs BiIHOCHOT NOTY KHOCTI BTpAT B JIiHII lepeaui Ma€e EPEBUILYBaTH BiTHOCHY TOTYX-
HicTh BTpar [TAD
X—xr>P./P. (6)
Topni, migcrasnsitoun BennunHu (3)—(5) y Bupas (6), micist IepeTBOPEHb OTPUMAEMO aHATITHYHY
YMOBY JIOLUIBHOCTI 3acTocyBanHs [TAD 3a Moka3HUKOM €KOHOMIT el1eKTpOeHepril
P
k. <ki', (7)
L _{:}_’; _1  Jle TpaHWYHE 3HA4YeHHS (QakTopa BTpaT (HLIBTpa U CTAliOHAPHOTO HABAaHTAKCHHS BU3HAYAETHCS
BUpasoM k" =47 —1/(k, +1).
Enepros6epiratounii edekr Big 3acrocyBanHs [IA® npu cramioHapHOMy HaBaHTa)KEHHI
MOXe OyTH OIliHeHHH KOe(illiEHTOM BUTpaIlly 3a OTY)KHICTIO BTpaT, 1[0 BU3HAYAETHCS HA riepioni 7'
1 1+P./P P A7 A7
z___ 1 (WB/P B (®)

THKEPENo
HABAHTAKEHHA

Puc. 1

kyy = - = = . .
Y et BIPRA ko P ) 144k kAT -1 Tk /)< (A7 1)

KoedinienT Burpamy 3a eHepriecio BTpaT npu NepiognvHo 3MiHIOBAHOMY HaBaHTa:KeHHi. Po3risanatume-
MO NIEPiOJIMYHO 3MIHIOBaHE HaBaHTa)keHHs 3 nepionoM 1; = NTg, ne T — TpUBATICTh IHTEPBALY CIOCTEPEKEHHS, IPO-
TSTOM SIKOTO €HEPreTHYHI IapaMeTpy CUCTEMU BBa)KalOThCSI HE3MIHHMMH, N — KiJIBKICTh IHTEPBAJIB CIOCTEPEKEHHS.
Tonai BeNMYMHM BiTHOCHUX MOTY)KHOCTEH BTpAT, 110 BU3HAYAIOThHCS 3a popmynamu (3)—(5), 3anexxaTUMyTh BiJi HOMepa
n iHTepBaNly crocrepexenss (n=1... N). Bennuuna eHepri'i BTpar Tpn(paz,Ho'l' cucreMu 0e3 (inbTpa 32 Bech Hepio 3Mi-

Pz
HHM HaBaHTaKEHHS W =T = S 9
Szzn n P() zﬂz ( )

n=l1 n=l1
e P,,/, — aKTHBHA NOTYXXHICTh HABAHTAXXEHHS Ta KOEQIIi€HT MOTYXXKHOCTI Ha n—My IiHTEpBali CIIOCTEPEKEHHS. 3a
HasiBHOCTI [TAD, anroputm kepyBaHHs sSKUM 3a0e3nedye Koe(illieHT MOTY>KHOCTI, HAOIMKEHHH 10 OJMHHUII B KOXKHO-

My iHTepBai CHOCTepexceHHﬂ BEJIMYUHA eHepril’ BTpAT 3a nepiou 3MiHM HAaBaHTA)XCHHS BU3HAYATHMETHCS BUPa30M

WF—TSZ;(FnP +TSZPF,,=—ZP2 2 it +TSZPFn:—ZP2+TSkFZPM2-1 1+ ., (10)

n=1 0 n=1 0 n=1 n=1
Ie Pp, — MOTY)XHICTh BIAaCHHUX BTpaT (inbTpa Ha n—My iHTEpBali CIIOCTEPEKEHHS, IO 3aNEKHUTh BiJ BeInduH F,, A,
BIANOBIAHO 10 (5) 3 HE3aJISKHUM BiJ] 7 3HAYEHHAM Kk . YMOBY mouinbHOCTI 3acTocyBanHs [TAD i exoHoMil eHeprii
3a MepioJI 3MiHU HaBaHTaKEHHS 33]]a€ HEPIBHICTh
ky <k, (11)

JIe TpaHUYHE 3HAYCHHs (akTopa BTpAT (LIBTpa I HepiOIUIHO 3MIHIOBAHOTO HABAHTAXXCHHS BH3HAYAETHCS 3 MPUPIB-
HIOBaHHS mpaBux yactuH (9), (10) y Burmsmi

N N
K =D B4 =1+ Y BB+ BWA -1, (12)

n=1 n=1
Sxuro ymoBa (11) BuKkoHyeTbCs, KOehillieHT BUTPALy 32 SHEPri€l0 BTpAT Ha Nepioil 3MiHU HaBAaHTA)XXEHHS BU-

3HAYaTUMETHCA BUPA30OM
N

= ﬁpjﬁf +>'P, [Pn +k, (P, +P)JA> —1} (13)

n=1 n=1
[NocninoBHICTH OTpHMaHHS 3HaYEeHb CKIAIHUKIB popmyn (12), (13) Ta oOUMCIeHHS 32 HUMH YTBOPIOIOTH Me-
TOIMKY PO3paxyHKy eHepros0epirarouoro edekrty Bim 3acrocyBanHsa [TIAD y TpudasHiil cucTemi eneKTpOIOCTaqyaHHs
MIPH TIEPiIOTUIHO 3MiHIOBAHOMY HaBaHTa)KEHHI.
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Po3paxyHok eHepro3oepiraouoro egexrty 3a pe3yJibTATAMU MOHITOPUHIY CIOKMBAHHS eJeKTPOeHeprii
ryproxutky Ne 7 KHYT/I. Ha puc. 2 noka3aHo rpadik 3MiHH aKTHBHOI HOTY)XHOCTI ITPOTATOM pOOOYOr0 THXKHS Y
ryproxutky Ne7 KHYT/I, oTpumaHuii HUIsIXOM BUMIPIOBaHHS [IapaMETPIiB CUCTEMH €JIeKTPONIOCTaYaHHs aHAII3aTOPOM
C.A 8335 QUALISTAR PLUS BupoOuwuirsa kommasii Chauvin-Arnoux Group (®pamuiiist) B pexxumi «Trend» [9].

%0 _[I{BT]

70 T
60 T
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[Ani]
t t t t t } t
19.06.17 20.06.17 21.06.17 220617 23.06.17 24 0617 250817 26.06.17 27.08.17
Puc. 2

MoHiTOpHHT TPOBOAMBCSA 3 iHTepBaoM (ikcarii mapamerpiB 16 xB, mo 3ade3neumno N =24x60/16 =90
BIJUTIKIB [TapaMeTpiB Ha 00y, AKi 3alMCYBaJIMCh B ONEPATHBHY IaM'ATh Npwiaxy. s po3paxyHKy HOTOYHHX 3HAUYEHb
Koe(illiEHTIB MOTYKHOCTI 32 pe3yJibTaTaMi BUMIPIOBaHb 3aCTOCOBYBaNach (JOopMyJa, 0 BUILIUBAE 3 (2) IPU CHHYCOi-
JHUX CUMCTPUYHHUX Hallpyrax IKepeiia

2 2 2 (2 2 2 2
]’n :Pn /3U®n([An+IBn+ICn+INnrN/r)’ (14)
ae Usysdin>IpnsLcys Iy, — BIANOBIOHO Nitoul 3Ha4eHHs (a3HOI HANPYTH, NIHIMHUX CTPyMIB Ta CTpyMy HeHTpaii Ha n-
My iHTepBaili crioctepeskeHHs. Ha BiaMiHy Bij KoedillieHTa MOTYXHOCTI, BU3HAYCHHS SIKOTO TPYHTYETHCS Ha (OpMyJIi

MOBHOI MOTYXHOCTI Byxromema [4], e Jae 3MoTy BpaxyBaTH BTPaTH €HEprii B HEUTpaTbHOMY IPOBOJI. 3HAYEHHS T10-
00BHX KOeQIIiEHTIB BUTPAIITy 3a CHEPTi€I0 BTpAT, po3paxoBaHi 3a popmynamu (12)-(14), 38eaeHo 10 TabmiIi.

Jara | 19.06.2017 | 20.06.2017 | 21.06.2017 | 22.06.2017 | 23.06.2017 | 24.06.2017 | 25.06.2017 | 26.06.2017

ke, 1,3542 1,3520 1,2863 1,3109 1,2967 1,3332 1,3676 1,4485

BucnoBku. OTprMaHO HOBY aHANITHYHY YMOBY (7) momimsHOCTI 3acTocyBaHHS [TAD Ta dopmyiry omiHIOBaH-
Hsl eHepro3bepirarodoro edekry (8) Bix #oro BCTaHOBIEHHS B TpHU(a3HUX CHCTEMAaX EJICKTPOIIOCTaYaHHS IPHU CTaIlio-
HapHOMY HaBaHTa)keHHi. Li cIiBBiTHOMIEHHS HAKJIAIAaIOTh OOMEKEHHS Ha BHOIp eleMeHTHOi 0a3n Ta 9acTOTy KOMYTa-
i1 CUIIOBOTO IHBEPTOpA Ha PaHHIX CTafisx mpoekryBaHHs [TAD.

3arpornoHOBaHO OLiHIOBAaTH eHepro30epiratounii edekt Bif 3acrocyBanHs [TAD mnpu nepioAnvHO 3MiHIOBaHO-
MY HaBaHTaXXECHHI KoedillieHTOM BUTpally 3a eHeprieto Brpar (13), [uis SKOro HaBEJICHO METOIUKY BU3HAUYESHHS. 3aCTO-
CYBaHHSI METO/IMKH TPOLTIOCTPOBAHO PO3PAXYHKOM €Hepro3zoepirarouoro eekry 3a pesysnbTraraMy THXKHEBOI'O MOHITO-
PHHTY CIIOXXHMBaHHS eJleKTpoeHeprii ryptoxxutky Ne 7 KHYT/I.
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Tonyuenvt HoBOE aHAMUMUYECKOE YCA0BUE YENECOOOPASHOCU NPUMEHEHUS NAPAIICAbHBIX AKMUGHBIX (DUIbMPOs
(IIAD) u ghopmyna oyenxu suepeocbepezaioweco 3¢pghexma om ux YyCManogKu 8 Mpexpasvix CUCMEMAX dJIeKmpo-
CHabxcenus npu cmayuonaprou nazpyske. Ilpeonosceno oyenusamo suepocbepecaiowull dghgpexm om npumenenus
TIAD npu nepuodunecku usmeHsIOWelcs Hazpy3Ke KOIDHUUUEHMOM 8blUSPbIUIA HO IHEP2UL NOmepb, Ol KOMOPO2O
npusedena memoouxa onpeodenenus. lIpumenenue mMemoouku npoUIOCMPUPOSAHO PACHemoM dHepeocbepecaoue2o
apghexma no pesyrbmamam HedeIbHO2O MOHUMOPUHeA NomMpeOiieHus dnekmpodnepeuu 6 oowexcumuu Ne7 KHYT]].
bubin. 9, Tabn. 1, puc. 2.

Knrouesvle cnosa: MOUHOCTH IOTEPh, TAPATUICILHBIA aKTHBHBINA (GUIBTp, Tpex(a3Has CUCTEMA dIIEKTPOCHAOKEHUSI.

ACTIVE FILTERS APPLICATION FOR ENERGY LOSSES REDUCTION IN THREE-PHASE
POWER SUPPLY SYSTEMS
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A new analytical condition of expedient application of shunt active filters (SAF) and formula for estimating the energy
saving effect from their installation in three-phase power supply systems under stationary load have been obtained. It is
proposed to evaluate the energy-saving effect from the use of SAF under periodically varying load by the energy losses
gain coefficient, for which the method of determination is given. The application of the method is illustrated by the cal-
culation of the energy-saving effect by the results of weekly monitoring the electricity consumption in the KNUTD hostel
number 7. References 9, table 1, figures 2.

Key words: power losses, shunt active filter, three-phase power supply system.
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