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A.B. BOJIOLIKO, T.H. JIVTUUH

OorJisA A ICHYIOUUX NIAXOAIB OITUCY KIJIBKICHUX TA
AKICHUX OCOBJIUBOCTEM I'PA®IKIB EJTEKTPUUYHUX
HABAHTA’KEHDb

VY mpexncraBieHiit cTaTTi NpuBeneHa Kiacupikamis iCHYIOUMX METOMIB OmHCy TpadikiB eIeKTPUIHUX
HaBaHTaXCHb. Y BUJI KiIacudikaTopa BHOpaHi AKiCHI Ta KUTBKICHI 0cOOIMBOCTI TpadikiB CHOXUBAHHS. 3aBIIKH
IBOMY  3IIHCHIOETBCS TOALT  ICHYIOUMX METOHIB [0 MiAXOAY TPEACTaBICHHS  XapaKTePHUCTHKU
eJIEKTPOCTIOKHMBAHHSA Ta ii ocobimBocTel (IiKiB / MPOBaNiB) Ha BCHOMY IHTEpBAJi NOCITILKEHHS. BaxIuBicTh
OMHCY BCHOTO Trpadika eNeKTPHYHUX HABAHTAXKCHb KiTBKICHO-SIKICHIMH METONAMH CHPHUYHUHSIETHECA PAIOM
3a/ma4, TaKUX SK TUCIETYCPChKE YIIPaBIiHHSA, MPOTHO3YBAaHHS DIBHIB CIIOKMBAaHHS Ha HACTYMHHU MeEpiox Ta
(opMyBaHHS BapTOCTI €JIEKTPOEHEPTIi Ta MJIATDKHUX PaXxyHKIB 3a CIOXHTY EJIEKTPOEHEprilo. Y CTaTTi TakoxX
NPE/ICTaBJICHI B 3arajlbHOMY BHUJIi METOJIM OIUCY JJISI MOXKJIMBOCTI PalliOHaJIbHOTO IiJIXOAY Y 3aJeXKHOCTI Bif
HassBHUX BXIJHUX YMOB.

KoarouoBi ciioBa: rpadik eneKTpuYHOro HaBaHTAXEHHs, METOJ ONHCY IpadikiB CHOXMUBaHHS, KUJIbKICHI Ta
SKiCHI 0cO0IMBOCTI rpadikiB HaBaHTAXKEHb.

[IIBuaki TemMmu aBTOMATH3aIlil MPOMUCIOBHX MIiANPHEMCTB MPU3BEIH A0 HEOOXiTHOCTI KOHTPOIIOBAHHS
PIBHIB CIIOKMBAHHSA IIPOMHUCIOBUMHE MIAMPHEMCTBAMHU 1 TOOYTOBHMH CIIOKHMBa4aMHd y mijomy. [lana motpeba
BUKJIMKaHA MiIBUIICHUMH BUMOTAaMH 0 ITapaMeTpiB €JIEKTPOCIIOKNUBAHHS JUIA €(EKTUBHOTO BUPIIICHHS 33134
IUIIXOM OOpOOKH BHMIpPIOBAaHMX ITaHWX Ta (POPMYBaHHSIM IIEBHHUX KPUTEPIiiB s 3a0e3IeYeHHS TOYHOCTI y
BIAMOBITHOCTI [0 MAIOYMX HOPMATHBHUX AOKYMeHTIB [9]. BpaxoByroun HasBHICTh CHOXXHBA4iB 3 PI3HUMH
npwiazamMu oONiKy (HamlpHKIaA, 3 NOTOJAWHHUM KOHTPOJIEM DIBHIB CIIOKMBAHHS) €JIEKTPOEHeprii, 00’ eMamu
MEepBUHHUX 0a3 30epiraHHs JaHWX, MPOMYCKHOIO 3[aTHICTIO KaHAJIB 3B’SI3KY, IPUAMAILHIMHU MOXKIHBOCTSIMH
npwiaiiB 00poOKu Ta 30epiraHHsi JaHWX Ha BUIIUX PIBHSIX BHUMIPIOBAHHS CHEPrOCHCTEMH, IEPBHHHI NaHi
JIOCUTh YacTO MiJJAI0ThCS MONEPEIHHOMY OIpALIOBAaHHIO IJisi (OPMyBaHHS IX PpENPEe3CHTATUBHOTO BUIY
Mpe/ICTaBICHHS.

Po3risiHeMo 1Ba BU/iM BpaxyBaHHS 0COOJNMBOCTEH TpadikiB eJIEKTPUYHUX HABAHTAKEHb, @ CaMe KiJbKICHUX
(TikiB / IpoBaiB) Ta KiNBKICHO-AKICHUX, SIKi TOJATKOBO IO MOIEPEIHIX BPaXOBYIOTh MOMEHTH BHHHKHEHHS Ta
TPHUBAJICTh BUOKPEMIICHHX IiKiB Ta MPOBAJIiB.

Ocnogni nioxoou onucy 2pagikie eneKmpuuyHuUx HAGAHMANCEHb 3 YPAXYEBAHHAM iX KiNbKiCHUX
ocodnusocmeil.

3a KiIbKICHUMU MMOKa3HUKaMHK PO3PI3HAIOTh HACTYIHI rpyru MeroaiB onucy ['EH [10]:

1. Po3paxyHKOBI METO/IM: MMMTOMHX BUTPAT eJEKTpoeHeprii Ta koediieHTy MakcuMyMmy. HaBeneHi metonn
XapaKTepU3yIThCs HU3bKOIO TOYHICTIO, AOLIJIBHO BUKOPUCTOBYBATH JIMIIIE HA CTA/IisX HPOCKTYBaHHI.

2. MeToau OCHOBaHI Ha HMOBIPHICHO-CTATHCTHYHOMY IiJXOMi: €KCTPAMOJSAIiiHI, perpeciiti, (GakTOpHOTO
aHaJi3y, IMOBIpHICHI.

BukopucTaHHs MeTOAy IUTOMHX BUTPAT eJIEKTPOEHEePTil JOIiJIbHE NPU BIIHOCHO OJHOPIIHINA NPOIYKIIi.
OCHOBY HOTO CKJIaJla€ 3aJISKHICTh 3MIHM MUTOMUX BUTPAT €JEKTPOEHEpril BiJ BUAY MPOAYKLIi Ta KiJIBKOCTI
BUITYCKY.

MaxcumanbHa 3asiBlIeHa IIBIOAWHHA TOTY>KHICTh 3HAXOANTHCS 3TIHO BUpPA3Y:

30
I:)3max - (A + B/Qi )Qi' @)
ne A; — 3MiHHA CKJIaI0OBOT TMTOMMX BUTpPAT €JIEKTPOCHEPTii Ha i-Mil BUI IPOIYKILi;
B —nocriiiHa cki1asioBa MUTOMUX BUTPAT €JIEKTPOEHEPTii, BEeINIHNHA SKOT HE 3aJIeKUTh B BUY POIYKILi;
Qi — MPOAYKTUBHICTE 3a PO3PaXyHKOBHIA MEPIOJ TI0 i-OMY BHIY HPOIYKIIii.
PospizasoTs Moaudikaiii JaHOTO METOMy y 3aJIeKHOCTI BiJl MipH PIBHOMIPHOCTI BTpaT Ta XapakTepy
HAaBaHTAXKECHHSI CIIPUYUHEH] PI3HUM MTOXOJPKEHHSM BTpAT.
3asBieHa MOTYKHICTh 32 MeTOAOM Koe(illieHTa MAKCHUMYMY BU3HAYAETHCS PIBHIHHIM:

PEE = 'E'-mu.xPEmJ (2)

Imax

ne P, — cepeJHb03MiHHA MOTYKHICTB,
Kmax — KoedillieHT MakCUMyMy.
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Jlo Haii0inbIl PO3NOBCIO/KEHMX METOJIB NMPOTHO3YyBaHHS BIIHOCATHCS eKcTpamoasuiiini. [Ipun nanomy
MiAXO/I MPOIEC PO3KIATAETHCS Ha JIB1 CKIIAJIOBI, 3ane>1<Hi Big yacy t, — mukmiuny f (P, t) Ta Bumagkosy ¢ (t):

3max = f(P,t)+&(t). ®)
Jlnst BU3HAYEHHS 3asBJICHOI TMOTYXHOCTI y po6oti [1] 3ampomoHOBaHO BHKOPHUCTOBYBATH CTCIICHEBY
(hyHKIIO:
3max =a(t)", 4)
JIe a Ta ¢ — eMITipUYHI KOoe(iIlieHTH, SKi BU3HAYAIOTECS y pe3yabTaTi 00poOKH MakCHMaJIbHAX HaBaHTaKEHBb

3a MOTIePeTHI POKH.
Takox BUKOPHUCTOBYIOThCS (DYHKIIIT BUIY Y BIJMOBIIHOCTI 1O BXiIlHI/IX aHHUX:

PO =a+bt, RO —a+bt+ct?, P =k—ae®, PO =k/(@+be ™). ©)

V 3arajgpHOMY BUNAIKy HeBioMi koedinieHTH QyHKII po3paxoBYIOThCS METOAOM HaMEHIINX KBapaTiB.
Perpeciiinnii merox Moxxe OyTH BHKOPUCTAaHHMH JIMIE NPH BUKOHAHHI YMOB: yCi BEJIMUYMHHM HOBUHHI
HIiANOPSIKOBYBATHUCS HOPMAIbHOMY 3aKOHY pO3MOALTY, IX B3a€EMHHMH pPO3MOJLT TakoX IOBHHEH OyTH
HOPMaJIbHUM, OKpeMi 3HAueHHs ENCKTPHYHUX MAaKCHMalIbHUX HaBaHTA)XCHb ITOBHHHI OyTH HE3aJ©KHUMH, a
JCIIepCisi MaKCHMMalbHOTO HAaBaHTaXEHHS — BECh 4ac IOCTIHOIO, MpU 3MiHI 3Ha4eHb (AKTOPHUX O3HAK
PIBHSHHA perpecii, apoKCUMYIOYi eMITipHYHI JaHi MAIOTh 3aJTUIIATHCS JTIHIHHUME BiTHOCHO CBOiX ITapaMeTpiB.

[IporHo3He 3HAYEHHS P33n(%ax PO3TIIANAETECA ¥ MOMEHTH 4Yacy tr.. i mpencraBiseTbes yepe3 Qymkmio N
(GakTopiB X, Xo, .00y XN

P30 = (X Xoerny Xy )- (6)

ITpu N = 1 Mozenb crae 0JHO(MAKTOPHOIO 1 3aJIEKUTH BiJl Yacy.
Metoxa koedinieHTiB TeMmy pocTy — HaHOLIBLI IPOCTHH METOJ MPOTHO3YBaHHSA 3asBJICHOT IIOTYKHOCTI 32
YaCOBHUM DPSIOM €JIEKTPUYHOIO MAaKCUMAJIBHOIO HABAHTA>KECHHS:

F)Smax = Pomax (E)t’ (7)

ne Pymax — MovaTKOBHMI piBeHb sy,

K — kxoedimienT cepeHBOro TEMITy poCTy.
CepenHiii TeMIl pOCTYy 3HaXOAWTHCS 3a CEPEIHIM T'EOMETPUYHHM Y BHIAIKY, SKIIO IMHAMIiKa POy Mae

TEHIECHIIIE 3pOCTaHHA:
k =NTTK), ®)

IS k P / -1~ JIAHITIOTOBUH MOMEHT pocTty,

N — 4ncro JIaHIIOTOBMX MOMEHTIB POCTY.
A00 3riIHO METOJly YTOYHEHOT CEPEAHBO T€OMETPHYHOTO:

k = Xtftrs ©)
I:)0 max

ze Zt — CcyMa TOPSIKOBHX HOMEPIB PIBHIB MUHAMIYHOIO PSAY CICKTPHUYHOIO MaKCHUMaJIbHOTO
HAaBaHTAXEHHSI,

| [ (Pax) — #o6yTok pienis nanoro mopsaxy,

N’ — 4uCIo CKIIAJI0BUX PSIY SICKTPUIHOTO MAKCUMAIbHOTO HABAHTAXKEHHSL.

3a cepeHbO apuPMETHIHOIO (HOPMYIIO0 — Y BUTIAJIKY, SIKITO 3HAYEHHS PSSy MOXKYTh 3pOCTaTH Ta CIaIaTh:

E: 1 zpmaxi
N'=12 Praxiz

Jns iiMoBipHiCHMX MeTOiB XapakTepHa BJIACTUBICTH cramioHapHocTi. [Ipy HopmambHOMY po3moAiNi
3asIBJICHOT TOTY)KHOCTI Ha JIOCTaTHBO BEJIMKOMY IHTEpBaJi Yacy 3HA4YCHHS 3asiBJICHOI MOTY>KHOCTI MOBHICTIO
BU3HAYAETHCS CEPEAHIM 3HAYEHHAM MAKCHMAIBHOTO EJIEKTPUYHOIO HABAHTAKEHHS Y TOAWHH MaKCUMyMy

(10)

€HEProCUCTEMU H?rﬁax i cepeiHIM KBaAPATHIHUM BiIXUICHHIM GiSO
30 30
P3max =P +30; . (11)
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MOBipHiCTF NONMAJAHHS MAKCHMAIbHOTO ICKTPHYHOTO HABAHTAXKEHHS Yy TOAMHM MAKCHMYMY
€HEeprocUCTeMH Ha BEPXHIO MEXY JJOBIPYOTO IHTEpBaly — He3HaYHa.

Jnis moenHaHHS MaTeMaTHYHUX PO3PaxyHKIB Ta 3HaHb €KCHEPTIB BHKOpUCTOBYeThCs BailiecoBmii mimxin,
SKAHA BPaxOBYE PEXXHUMH eNeKTpOoCIokuBaHHSA. CIPOIMICHHS MOJENi AOCATANOCA MPH MEpeXomdi Bil CE30HHUX
CKJIaJOBHX OE3MOCEPeNHbO JI0 eNEKTPHUYHIX HaBaHTaKEHb 1 3MiHCHIOEThCS y OBa eTanu. Ha meprmomy erari 3a
HOIEpeIHIMU PO3paxyHKaMH, y SKHX BPAaXOBYETHCS SKCIICPTHA OL[IHKA CE30HHOCTI HaBaHTa)KCHHS, 3HYDKCHHS
CIIOKMBAHHS 332 PaxXyHOK PETyNIOBaHHs], 3MiHM TEXHOJOTIYHOTO mporecy. Ha npyromy erami Koperyerbcs
3HaYCHHSIMH MaKCUMAJIbHUX HaBaHTAXXEHb 32 MONEPenHiil nepioxn.

Ilioxoou onucy zpagikie eneKmpuyHuUX HAGAHMANCEHL 3 YPAXYBAHHAM IX KIIbKICHUX ma AKICHUX
ocobnueocmeii

Po3risiHeMo 0ziHI 3 HAUMOIIUPEHIMIMX MMiAX0AIB onucy ¢popMu rpadika crokuBaHHA y 1ijoMy abo 1o iforo
YJacTHHAX.

Cucrema He3aJeKHMX KYCKOBHX mNoJgiHOMiB. s BKazaHoro migxody rpadiku po30MBarOThCS Ha
iHTepBaiy. [ligBMIIEHHS TOYHOCTI AOCSTae€Thbcs NpPU poOOTI 3 AWHAMIYHUMH TpaHMLSIMM iHTepBaiiB. Jaii
obupatoTscs creminb L momiHoMa i Bu3Hav9aroThcs Horo ckinanosi. ns I'EH BBaxkaeTbes HaiOLIbII eheKTHBHAM
TOJIIHOM TpeThoTo crernerto [10]:

2 3, 3,» 139 1, 2.3
P,t)=1P ,t)=1-—t;P )=1-——t+—t;P, ; () =1——t+=t" ——t". 12
0,3 () 3,0 () 3 5.3 (0 clre 3,5 (1) 99 73" 59 (12)

Po3paxoByroThcs KOeQillieHTH C) pO3KIaay pAay:

L
P.(t)= IZ R (). (13)
=0

Jnst po3B’si3aHHS CUCTEMH JOLIJIBHO BHKOPHCTOBYBATH cXeMy ['OpHepa 3 mepeTBOPeHUMH KoedilieHTaMu

posknany ¢’ [10]:
P (t) =co'+t(c '+...+t(c 1 +tc ). (14)

3a3HaunMMo, 10 NPH 3aJaBaHHI rpadika CIIOKMBAHHSI KyCKOBUMH IOJIIHOMAaMH MOYKHA 3MiHIOBATH HE JIMILE
TpaHUIIl iHTEpBaJIiB PO30MBaHHS, aJie 1 3MiHHI, Bi skux 3anexutb Gpopma ['EH. Tak y sKoCTi OCHOBHOI 3MiHHOI,
ska BIuMBae Ha ¢popmy 'EH, MoxxHa oOpatu TemnepaTypy 30BHIIIHBOTO cepeaoBHIa (0COONIMBO IOLUIBHO A
noOytoBux crnoxuBadiB) [5, 6]. Hdus oxapaktepusyBaHHsS (opmu g0060BHX rpadikiB BHKOPHCTOBYIOTHCS
KOe(I[IEHTH BIJJHOCHUX 3HAYEHb PAHKOBOIO, NEHHOTO Ta BEYiPHBOIO HABAHTAXXEHb LIOJ0 MAaKCHMalbHOTO
BEUiPHBOI'O HABAaHTA)KEHHSI.

VY nanomy BHUManKy H000Bi rpadikd HABAHTAKCHHS OMHCYIOTHCS 33 JOMOMOTOI HACTYITHHX IOKa3HHUKIB
(puc.1) [8]:

— BEJIMYMHM PAHIIIHBOIO MAKCUMYMY HaBaHTaxeHb WP,

— BEJIMYMHHM JICHHOTO HaBaHTaxeHHs (HamiBIiky) WP,

— BETIMYUHH BEYipHBOTO MiKa HaBaHTakeHHT WP,

— BETMYUHH HIYHOTO criaay HaBaHTaXeHHT WP .,

— TPUBAJIOCTI BEUIPHHOI0 MAKCUMYMY 7 pan,

— TPUBAJIOCT] HIYHOTO MAaKCUMYMY 7 e

WP
Tpan Theu
/\
TSN—
NPHiq WPpaH WPneH WPBC‘{
0 4 8 12 16 20 24 T

Puc. 1. ITapamerpu no6oBoro rpadika HaBaHTAKEHHS
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3Ha4HI BIAMIHHOCTI M)XK MIKOBHMH i MiHIMAJIbHUMH HaBaHTKEHHS MAalOTh MICIIE OCIHHIO Ta BECHOIO IPH
KOM(OPTHUX TeMIepaTypax; 30ImKEeHHS MiHIMAIBHUX Ta MIKOBUX HaBAaHTaKEHb BiAOyBAa€THCS 3UMOIO Ta JIITOM
TIPY i IBUIICHOMY CIIO’KMBAHHI €IeKTPOEHepTii Ha 00ITpiB Ta OXOJIOIKEHHS.

TemmeparypHi  3almexHOCTI  KoedimieHTiB  ¢Gopmu  m1060BHX rpadikiB HaBaHTaXeHHsA 3rimHo [8]
PO3paxoOBYIOTHCS BITHOCHO MaKCHMAJIFHOTO HABAHTA)KEHHS Y BEUipHil Iepio]] HACTYITHUM YHHOM.

PaHKOBE HaBaHTaKEHHSA:

W%EH(T} =1,015—2,579-1073T — 7,358 - 107*T*+ 1,907 - 1075T3, (15)

ﬂeHHe HaBaHTaXXCHHS:

WE.. (T)=0999—19,782-1073T — 5,03 107*T2 + 1,779 1075T 3, (16)

Hiune HaBaHTa)KeHHS:

WP, (T) = 0,696 + 5,498 - 107*T — 1,075 - 107372 + 2,761 - 1075T3, 17)

Mapa6oaiunmii cnuaiin. CrumaiiH-¢yHkmisn Py(t) — MaTemMaTHuHa MOjeNs BH3HAUCHA Ha inTepsaii [a, b],
po3butomy Ha K iHTepBamiB [tig, t] Tak, mo a = t< t<...< {1< tx = b. 3azHauumo, 10 y OYAB-IKOMY i-OMY
inTepBaii criaiH-(yHkiisn Pa(t) cniBnagae 3 nomginomom Pi(t) crenento N. 3HaueHHs cruiaiiHy Ta #oro (N —m)
MEePIIMX MOXIJHUX 3J1iBa Ta CIIpaBa Bia TOUYOK fj, ki po3ainstors inTepBanu [tiq, ti] 1 [t ti+1], piBHI Mixk coboto,
t06TO [10]:

o~ o~
?Pi(ti_o)zgpi(ti"'o): (18)

aek=0,1,...(n—m);
M — YUCII0 PO3PUBHUX MOXIAHUX CIUTAWH-DYHKINH (1edekTiB cruaiiny) Py(t) Ha inTepsani [a, b].

»

Pa(t)]

to=a ty i1 ¢ t=bt
Puc. 2. T'padik crmaita-¢ynkmii [ 10]

I'EH npwuiinsiTo onucyBaru napadosivHo crulaiiH-¢yHkiiew (nopsnok 2, nedekr 1). JlosxkuHa iHTEpBaLy
npuiiMaeTbcsi piBHOWO onuHMII. [IpM 1BOMY IOJOXKEHHS TOYKM BCEPEIOHMHI i-TO IHTEpBaly BHU3HAYAETHCS
HOPMOBaHUM apryMEHTOM:

i—(i-1N
X= AU (i-1) , 19)
N
ne j € [0; Nk] — nomep opaunatu TEH,

i € [1; k] — HOMep iHTepBasTy po30HBaHHSL.

Tomix=01 x =1 — BiZNOBITHO MOYATOK i KiHEIb IHTEPBAIY PO30OMBAHHS.

VY Mexax i-To iHTepBally po30MBaHHS NapaOONIYHMI CIUIAWH TpPeAcTaBise COOOK TOJIIHOM JPYroro
creneHro Pi(X), (i € [1; K]). V rpannunux Toukax iHTepBany Pi(X) «CKJICeHi» MO CHiNbHIA 0THYHINA. Bu3HaueHa
TaKUM YHHOM CIUTaWH-(YHKINsA Oy/e HEemepepBHOIO pa3oM 3i CBOE0 MEpIIoro MoximHow Ha intepsami [1; K].
Buxoasun 3 mukiaiygocTi go6oBux 'EH, HeoOXiIHO JOCATTH chiBHnagaHHs (GVHKIIT HA [MOYATKy Ta B KIHII
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intepBany [1; K]. BukoHaHHs [TaHOTO BUMOTH IiATBEPIKYETHCS EPEBIPKOIO (CIUTAHH «CKICEHUIN MOTIHOMAMM)
[10]:

2 2y2 2
X _@=xX) ) X

1—X2 2
Pi(X):Trl %—F-ﬁ 1- > > Ti+l7 (20)
1 33/I0BOJIBHSIE YMOBH HETIEPEPBHOCTI (PYHKIIIT:
R@1-0)=R@+0), (21)
0 0
—P(@-0)=—P(1+0). 22
110 =—R(1+0) (22)

Buxoasuu 3 YMOBHU HepiOI[I/I‘{HOCTi JJ1A BCIX HaTypaJIbHUX YUCECII: T] = Tj+k .

3HaueHHs koediuieHTiB Ty, T5,..., T BU3HAYAETHCS 3 MIHIMyMY CEpEIHBOTO KBaJpPaTUYHOTO BiIXWIICHHS
crutaitHy Bix ctaggaptHoro I'EH, 10610 3 MiHiMyMy KBanpatuaroi ¢popmu [10]:

1 kN J 2
DM, T2 ) = > 22 {P. (NJ_YN(i—1)+(j+1):| : (23)

N3 j=o

Oynukiionan mae MiHimyMm npu koedimientax T; (i € [1; k]). Hami ckmamaetbess cucteMa piBHSHB 1
BUPIIIYyEThCS METOJIOM IPOTOHKH. TakoX epeKTHBHO BUKOPUCTOBYBATHU CITAWHH TPETHOTO MOPSIKY. AJITOPUTM
po3paxyHKy skux noniouuit mo omucy I'EH mapabonidauME crutaiiHaMu.

CreneHeBo-rapMoHiiiHuii miaxiny 3a mnpuHiunoM noAiOHME 10 cmiaiiHoBoro omwcy ['EH  [4].
JocmimkyBannii curHaI TpadivHo MpeacTaBIeHUH Ha puc. 3.

P

Puc. 3. HepiBHOMipHHUii rpadik CrIoKUBaHHS t
P(t)=F, [1— ae ™ cos(mt — \u)} : (24)
Jie A — BeJIMUMHA, K2 BU3HAYAETHCS:
(03 2 o
a=,[1+ (—j , = arctg (—J (25)
m m
e M — macurrad 1o oci adcruc,
0L — CTEIICHEBUI [TOKA3HUK:
TIPY BIUTUBI TIKiB OKPEMO:
1
a=N 1a g==In(-y,), (26)
t t,
IIPH CyMiCHOMY BIUIMBI ITiKiB:
1 1-
o= =% 27)
3=t 1-y,

Pagu ®yp’e. YV maHoMy BHMAAKy U1 OMHCY rpadikiB BUKOPHCTOBYETHCS TPUTOHOMETPHUYHHUI IONIHOM
suny [9]:
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J . .
Py(t) = Ao+ | A cosﬂ+ B; sin@ : (28)
=i N N

ne Ao, 4j1 Bj — napamerpu Bupaszy Qyp’e, siki po3paxoByIOThCs 3a IpoLeayporo PyHre;

j € [1; J] — inTepBan ycepeaHeHHs mo9aTkoBOi BuOipku 3 N 3HaYEHb.

B ycix BunaaxoBux SBUIAX BapTO PO3PI3HSITH JIBi CKJIAQJOBI: OCHOBHY, SIKa XapaKTE€PH3Y€E CIUIbHI O3HAKU
MDX siBUIIAaMHU (TIPOSIB LIUKJIIYHOCTEH), Ta JOJATKOBY, sIKa BUHUKA€E y pe3yJibTaTi MEBHUX O0COOIMBOCTEH yMOB
MPOTIKAIOYOT0 Npolecy (HaNpUKIIad, 3aJIe)KHOCTI Bijl TEMIIEPaTypH).

Mertoau MaTeMaTH4HOI CTATUCTUKHU Ta TEOPii KMOBIPHOCTI JI03BOJIAIOTh Y LIJIOMY OIMCATH IIEBHE SIBUIIE Ta
mpoIiec, HE BCTAHOBIIOIOYM NPWYMH WOTO BHHUKHEHHA. /[l OLiHIOBaHHS HMOBIPHICHHX METO/IB
BUKOPUCTOBYIOTBCS IHTETPANIbHI XapakTePUCTUKH PEXHAMIB, SKi BH3HAYAIOTHCA 3aKOHOMIPHOCTSMH 3MiH
HAaBaHTaKCHb CIIO’KHBAYaMH.

3a JOMTOMOTO0I0 IMOBIPHICHIX METO/IB Ha JOBIOTPHUBAINX ITPOMIKKAX Jacy BHIAJKOBUI IPOIIEC CyMapHOTO
HABaHTaKCHHSI CITOXKUBAYiB BAPTO MPEACTABISIOTE Y BUTIIA/II aJUTHBHOTO HECTaIlioHapHOTO Tiporiecy [3]:

P(t) = % P, cos(w,t +a,) + Py(t) + P, (29)

n=1

ne o, P, o, — BinnoBiaHO yacToTa, ycepeHeHa aMILTiTY A i (pa3oBuii 3cyB N-01 rapMOHINHHOT CKIIaI0BOT,
PO (t) — CTalllOHAPHUHM BHIIAQJAKOBHU TPOIEC 3 HYJHOBHM MATEMAaTHUYHUM OYIKYBaHHIM, CEPEIHIM

MaTeMaTUYHHM BIOXWJICHHAM Ta eKCIOHCHLIIHOI KOPEALIHHOI (QYHKIIEI0, 5Ka XapaKTepU3yEThCS
KoeilieHTOM 3aTyXaHHS,

P — CCPCAHE 3HAYCHHSA HABAHTAXKCHHS 3a Z[OCJ'IiZ[)KyBaHI/Iﬁ iHTepBaJ'I qacy,

ne [l; N ] — KIJIBKICTh BPaXOBaHUX TaPMOHIK.

Bup 3akoHY po3NOAiTY 3aleXHUTh Bl CIIBBIIHOIIECHHS CEPEIHBOTO KBAJPATHYHOTO BIAXWICHHSI O P, > KN
MPOTOPLIHHUK YacTIli BUMAAKOBOI CKJIJ0BOI y MPOIECi, 1 CepeIHbOi aMILTITYId TapMOHIYHOI CKJIAT0BOL Pn'
IIpu © P, / Pn >1 3axom posmoniny 6ausbKkmii 10 HopMambHOTO. Ilpu G P, / Pn <1 jioro mMoxHa BBaXkaTH

PIBHOMIpHUM, a IIpU Op, / B, < 0,5 — nonimonansruM (puc. 4).

p(R) 1

0'|:>C /Pn

0 R/P

Puc. 4. 3miHa 3aKOHY PO3IO/IiTy HABAHTAXKECHHSI Y 3aJIEXKHOCTI BiJl BIIHOIIECHHS aMILIITy 11 FrapMOHIHHOT
CKJIJIOBOI 1 CepeIHBOT0 KBAaPATHYHOTO BiIXHICHHS BUITAIKOBOT BEIMYHHH [3]

ImiTaniline MonearoBanHs. BkasaHuii miIxin J03BOJSIE BPaxOBYBaTH BUJ 3aKOHY PO3MOAUTY AaHUX [5].
IIpoTte Ha BimMiHY BiJ HONMEPEAHBOTO, MIPH HOTO 3aCTOCYBAaHHI BHKOPHCTOBYIOTHCSA PeXUMHI moka3zHuku. ['EH
MPEJCTABISIETHCS Y BUTIISIL:

A

t
P(t) = F)malx _(Pmax - I:)min) ? npu r>1 (30)
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Un
t
P(t) = Pmin + (Pmax - Pmin)(l_?] IpH A Sl, (31)

1€ Prjn 1 Pmax — 3HAYeHHS MiHIMaJIbHAX Ta MAaKCHMAJIBHUX MOTYKHOCTEH 3a po3paxyHKOBHUil mepiox gacy 7.

JomoMi>kHHA KOe(Ili€HT MPEICTABISIETHCA Y GOpMI:

A= F::: — I:)min

Pmax - Pc
Otpumarn TpadikiB HaBaHTAKCHb HAONMKEHHX [0 peallbHIX MOJXKHA NUIIXOM AampOKCHMAaIii rpadikiB

EKCITOHEHIIHHIMHY 3aJICKHOCTSMH BUIy [5]:

—(at)P
P(t) = Pmin + (Pmax ~ Pmin )e (ot) ) (33)

Iie oL i p — mapameTpu MacImTady, SKi BH3HAYAIOTHCS y POIIECi alpOKCUMAITi].
MacmtabHuit mapamerp p IpuiiMae IUCKPETHI 3HAYEHHS Ta 3aJeKUTh Bin ¢popmu ¢yHkmii. s Toro, mob

(32)

MOTIEPEIHRO OMIHUTH BUA (YHKIII aHaNi3yeThCs KoedillieHT 3amoBHEHHS Tpadika [2]: mpu kg >0,7 -
napaGoiyHuii, kg €[0,5; 0,7) - niniiinuii, kg €(0,25; 0,5) - excnonenuiiiuuii Ta kg <0,25 -

rinepOoiYHO-TIHIHHUN XapaKTepH.

BucHoBok. Y mnpencraieHiil crarTi HaBeAeHI METOAM ONMUCY TpadikiB €IEKTPUYHHUX HABAHTAKEHb Yy
3aNIe)KHOCTI BiJl HEOOXIMHOCTI BigOOpakKeHHS KIJMBKICHO-SKICHUX OCOONMMBOCTEH TpadikiB eIeKTPUIHUX
HaBaHTaXCHb. MeTonu TpeACTaBICHHS MOIUICHI 3TiMHO JAeTaiizamii MpeicTaBiIeHHS Tpadika CHOXHBAHHS.
3a3Ha4yeHi OCHOBHI MPUHLMITK PO3PaxXyHKIB YKa3aHUX METOIIB JUI CHPOIICHHS BHOOPY 32 HassBHUMH YMOBaMH
Ta ICHyIOYMMH BUMOTaMH JI0 TTI0Ka3iB BUMIPIOBaHHS KOHKPETHOTO CIIOXKHBAYa.
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A. VOLOSHKO, T. LUTCHYN

REVIEW OF EXISTING APPROACHES FOR THE DESCRIPTIONOF QUALITY AND
QUANTITY OF FEATURES OF ELECTRICAL LOADS

In the present paper, a classification of existing methods for describing graphs of electrical loads is provided.
The qualitative and quantitative features were selected as classifiers. In this way, well-known methods of
representation of power consumption characteristics and their features (peaks / dips) divide over the entire
interval of the research. The fully graphic descriptions of electrical loads with the quantitative and qualitative
methods should be for solving numerous tasks such as dispatching, forecasting consumption levels for the next
period and the formation of the cost of electricity and settlement of accounts for the electricity consumed. The

Crneusunyck — 2013 53




ISSN 2308-7382 (Online) EnepreTuka: eKOHOMiKa, TeXHOJIOTIi, eKoJI0ris

paper also presents methods for the description of the rational choice approach depending on the existing
conditions.

Keywords: curve of electric load, method of describing consumption load, quantitative and qualitative
features of the load.
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V]IK 621.316.11
A.B. BOJIOILLIKO, T.H. JIYTUMH

OB30P CYHIECTBYIOIIUX ITOJAXO/J0B OIIMCAHUSA KOJIMYECTBEHHBIX U
KAYECTBEHHBIX OCOBEHHOCTEM I'PA®UKOB 3JIEKTPUYECKUX HAT'PY30K

B mpencraBieHHOW cTaThe MPHBOAUTCS KiIacCH(UKAIMA CYMICCTBYIOIINX METOJOB ONHCAHUS TpaUKOB
JNEKTPUYECKUX HArpy3oK. B KkadecTBe Kiaccudukaropa BEIOpaHBI KAadeCTBCHHBIE W KOJIHYCCTBEHHBIE
0COOCHHOCTH TpaduKOB MOTpeONeHHs. Takum 00pa3oM, TPOU3BOIUTCA pa3[elicHHE H3BECTHBIX METOIOB
MPECTABICHUS XapaKTePUCTUK AIIEKTPOMOTPEOICHUsI W WX OcOoOeHHOCTeH (MHUKOB / TpPOBAJIOB) Ha BCEM
MHTEpPBaJIe HCCIIeI0BaHMs. BaKHOCTP OMMCaHUs MOJHOCTHIO Ipadrka IEeKTPUIECKHX HArpy30K KOJIMUECTBEHHO-
Ka4eCTBEHHBIMH METOJAaMH CIEIyeT C psija 3ajad, TaKuX KaK AUCHETYEPCKOe YNpaBliCHHE, MPOTHO3UPOBAHUE
YPOBHEH MOTpeOJIeHUsI Ha CIEAYIOMNI Mepuoa U (OPMUPOBAHHSI CTOMMOCTH JIEKTPOIHEPTUH U PACUETHBIX
CYETOB 3a TOTPEONICHHYIO DJJEKTPOdHEPrHio. B cTaTeke Takke MPEACTaBICHBI METOJBI OIMUCAHMSA I
BO3MOKHOCTH BBIOOpa pAI[OHATIFHOTO MTOAX0/Ia B 3aBUCUMOCTH OT CYIIECTBYIOIIHUX UCXOAHBIX YCIOBHI.

KaroueBble ciaoBa: rpaduk 3J€KTPUYECKOW HArpy3KM, METOJA ONHUcaHus TpadukoB MoTpediaeHus,
KOJIMYECTBEHHBIC W KAYeCTBECHHBIC 0COOCHHOCTH Irpa)HKOB HATPy30K.
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