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ABSTRACT

Dzheria T.E. Optimization of information flows of parameters of the power
supply regime. — Qualifying scientific work on the rights of manuscripts.
Dissertation for obtaining the scientific degree of Doctor of Philosophy in the field
of knowledge 14 — Electrical engineering by specialty 141 — Electric power
engineering, electrical engineering and electromechanics. — National Technical
University of Ukraine «Igor Sikorsky Kyiv Polytechnic Institute», Kyiv, 2024.

Modeling and simulation of power quality distortions is becoming a
fundamental research methodology to provide an alternative assessment of the
performance of complex energy systems and the possibility of testing the application
of various methods and means of improving the quality of electric power by timely
changing the modeling parameters.

For this, the development of new system models and simulation tools requires,
in turn, the creation of models for the generation of various power quality distortion
signals with the necessary flexibility of modeling and generation from simple to
complex signals, including multi-stage, and in the case of the simultaneous presence
of several distortion signals that arise parallel, or superimposed on each other.

This requires continuous monitoring and a long period of time to acquire and
collect all types of power quality parameter signals, as the occurrence of distortion
Is uncertain. Considering all this, the topic of the dissertation is relevant both from
a scientific and a practical point of view.

The dissertation work is devoted to increasing the efficiency of power supply

systems by increasing the speed of data acquisition and processing and timely
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response (issuance of control influences) based on the analysis of the received

information.

Keywords: quality of electrical energy (QEE), modeling, generation of QEE
distortions, optimization of information flows, electrical noise, power consumption
modes, voltage dips, transient processes, short circuits, short circuit effect on
voltage, wavelet analysis, spatial vector, Smart Grid, information uncertainty,
Verhulst function, Stein method.
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BCTYII

AKTyaJbHiCTb TeMH. MoJenoBaHHsI Ta IMITallisl CHOTBOPEHb SIKOCTI
CJIEKTPUYHOI eHeprii cTae (pyHIaMEHTaIbHOI METOJOJIOTIE0 JTOCHIIKEHHS IS
3a0e3MeYeHHs aNbTEPHATUBHOI OLIHKH MPOAYKTUBHOCTI CKJIAQJHUX €HEPreTUYHHUX
CHUCTEM Ta MOJJIMBOCTI TECTYBaHHS 3aCTOCYBaHHS PI3HOMAaHITHHX METOMAIB Ta
3acO0IB TOKpAIIEHHS SIKOCTI €JIEKTPUYHOI EHeprii MIITXOM CBO€YaCHOI 3MIHU
napameTpiB MOJICTIOBaHHS.

Jis 1poro po3poOKa HOBUX CHUCTEMHHUX MOJEJNEH Ta I1HCTPYMEHTIB
MOJICJIIOBaHHsI NOTpeOye B CBOIO 4Yepry CTBOPEHHS MOJENe uis TeHepauil
PI3HOMaHITHMX CHUTHAQJIB  CIIOTBOPEHHS SIKOCTI  €JEKTPUYHOI  €Heprii 13
3a0e3MeUYeHHsIM He0OX1THOT THYYKOCTI MOJICJIIOBAaHHS Ta reHeparlii BiJl MPOCTUX 10
CKJIQJHUX CHUTHAJIB, BKJIIOYAIOUM OaratoCTyNeHEBl, Ta y BUNAAKY OJHOYACHOL
HasIBHOCTI JEKIIbKOX CHTHAJIB CHOTBOPEHHS, SIKI BUHUKAIOThH IMapajeibHO, abo
HAKJIa/1al0ThCsl O/IH1 HA OJIHY.

Ile moTpedye OGe3nepepBHOrO MOHITOPUHTY Ta TPUBAJIOTO MEPIOAy Hacy s
OTpUMaHHA Ta 300py BCIX THITIB CUTHAIIB MapaMeTpiB SIKOCTI E€JIEKTPOCHEPTii,
OCKIIbKM BUHUKHEHHS CIIOTBOPEHHSI € HEBH3HAYCHUM. BpaxoByioun Bce 1ie TeMa
JUCEPTALIIITHOT pOOOTH € AKTYaJIbHOIO SK 3 HAYKOBOI TaK 1 IPaKTUYHOI TOYOK 30Dy .

Metow poboTu € miABUIICHHS €(EeKTUBHOCTI (DYHKI[IOHYBaHHS CHCTEM
€JICKTPONOCTaYaHHs 332 PaxXyHOK 301JIbIIEHHS IIBUIKOCTI OTPUMAHHS Ta 0OpPOOKH
JTAaHUX 1 CBO€YacCHE pearyBaHHs (BUJada KEPYIOUMX BIUIMBIB) HA OCHOBI aHAJI3y
oTpuMaHoi iHdopmariii.

OcHoBHI 3aaa4i TOCTiKeHHA

1. IlpoananizyBaTu cy4acHUN CTaH METO/IB 1 3aCO01B OI[IHIOBAHHS SIKOCTI
€JIEKTPUYHOT €HEPITIi.

2. OHUTH BIUIUB CY4YaCHUX MATEMaTHYHUX METOAIB JJIsi TMOOY/I0BU
CHUCTEM MOHITOPUHTY SIKOCTI €JIEKTPUIHOI €HEpTii.

3. Po3poOutu maremaTuuHy MoJeib (POpMyBaHHS CHOTBOPEHB SIKOCTI

CJIEKTPUYHOT €HEPTii.
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4. Ha ocHOBI1 po3po0JieH0T MaTeMaTUYHO1 MO/1eJ1 opMyBaHHS CIOTBOPEHD
SKOCTI €JIEKTPUYHOI €Heprii po3poOUTH METOJ] KOMII FOTEPHOTO MOJEIIOBAHHS
CJIEKTPUYHOI HANPYTU B €JICKTPUUYHINA MEpexi 13 3aJJaHUMHU TUIIAMU CIIOTBOPEHD
aMILTITY U 1 9aCTOTH.

5. Po3poOutn a60 MoaudikyBaTi MeTO iAeHTU(DIKAIT TUTIIB MEePEXiTHUX
MPOILECIB B CUCTEMAaX KUBJICHHS.

6. Po3pobutun abo moamdikyBaTH METOAM ONTHUMI3alliil 1HGOpMAaIIHHIX
NOTOKIB B TUIaHI BHJAJCHHS IIYMOBHUX KOMIIOHEHT NEPEXiAHUX TPOIECIB B
CUCTEMax JKMBJICHHS, aJalTOBAHMUX JI0 TApMOHIYHOIO CKJaJy CHUTHaNIB Ta iX
CUHTYJISIPHOCTI.

O00’exkTOM HOCHITKEHHS € MPOLEC OLIIHIOBAHHS Ta MOHITOPUHTY SIKICHUX
XapaKTEPUCTUK PEKHUMIB €JIEKTPOIIOCTAYaHHS.

IIpenmerom  fmociaigkeHHss € METOAM Ta  3aco0uM  omTUMI3aIli
1H(}OpMAIIITHOTO OTOKY apaMETPIB PEKUMY €JIEKTPOIOCTAYaHHS.

Metoau pocaimkenHsi. Po3B’si3aHHS NOCTaBJIEHUX 337ad BUKOHAHO 3
BUKOPHCTAHHSAM METOJIB MaTEMaTHYHOTO aHaji3y, MaTeMaTHYHOI CTaTHUCTHKH,
METO/IIB MATEMaTHYHOTO MOJICIIOBAHHS Ta MU(PPOBOi OOPOOKH CUTHAIIB. 3 METOIO
NEepeBIPKU JOCTOBIPHOCTI OTPUMAHUX PE3yJIbTaTIB 1 3alIPONOHOBAHUX AJITOPUTMIB
00poOKu iHGOpMaIIMHUX CUTHAIB y cepenoBuiii Matlab 6.5 SPI/7 + Simulink 5/6
BUKOHYBAJIOCh MaTeMaTUYHE MOJEIIIOBAaHHS Ta TECTOBI PO3PAaXyHKH.

3B’5130K pO00TH 3 HAYKOBUMM NPOrpaMaMH, IJIAHAMH, TEMaAMH

Huceprartiitna po6ota BukoHaHa Ha kadenapi enektporoctadanns KIII im.
Iropst CikopchKOIO B paMKax:

- Posnopsimkenns KaGinery MinictpiB Ykpainu Biz 14 sxoBTHs 2022 p. Ne 908-
p «KOHLIEITIIA BpoBamkenus “po3yMHUX Mepex’’ B YKpaini 10 2035 poky»;

- HaionansHOTO M1aHy 3 €HEpreTHKU Ta kKiaiMaty Ykpainu 2025-2030;

- nporpamu MiHICTEpCTBA OCBITM 1 HAayKH YKpaiHM 3a HACTYNHHUMH
MPIOPUTETHUMHU HAIMIPSIMAMU PO3BUTKY HAYKU 1 TEXHIKH:

- 3a0e3nedYeHHs eHeproe)eKTUBHOCTI Ta CTIMKOCTI €JIEKTPOIIOCTaYaHHS;
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- IIJIBULLEHHS SIKOCT1 €JIEKTPOEHEPTii Ta 3MEHIIEHHS BIUIMBY CIIOTBOPEHb HA
CIICKTPUYHI MEPEXKi,;
- PO3BUTOK HOBHUX TEXHOJIOT1/ Ta METO/I1B KOHTPOJIIO SIKOCTI €JIEKTPOCHEPTII.

HaykxoBa HOBH3HA po00TH OOTpYHTOBaHA HACTYITHUM.

1. YaockoHaaeHO METOJT 3MEHIIEHHS IITyMOBUX KOMIIOHEHT MpU BU3HAUYECHI
napaMeTpiB SKOCTI €IEKTPUYHOIT €HEPTii 32 paXyHOK BBEACHHS JIOT1ICTUYHOT (QyHKITT
®epxronbeTa 3 aJaNTUBHUM KOEQIIIEHTOM KPYTHU3HM KpPHUBOI, IO J03BOJIHIIO
IPOBOAUTU 3HEUTYMJICHHS OLIbIIOT PI3HOMAHITHOCTI NEPEXiAHMX TMPOIECIB B
CUCTEMaX >KUBIICHHS Ta 33 PI3HUX PIBHIB IIyMY.

2. Po3pobiena maremMathyHa MOJAENIb (POPMYBAHHS CHOTBOPEHb SIKOCTI
€JIEKTPUYHOI €HEeprii, OCHOBOIO SIKOi € CHUHYCOiJaJdbHUN CHUTHAJ, MOJYJIbOBAHHIM
PI3HOMAHITHUMHM THUIIAMH MaTeMaTUYHUX (QyHKUINA, aJanToBaHUX MO0 THUILY
CHOTBOPEHHS, WI0 3abe3neyye HEOOXIHy JOCTOBIPHICTh Ta THYYKICTb
MOJICJIFOBaHHS Ta TeHepallii Bil MPOCTUX JO CKJIAIHUX TUIIIB CIOTBOPEHb.

3. Po3pobineno metos iieHTrudikaliii TUIIIB MEePeXiTHUX MPOIECIB y CUCTEMax
KUBJCHHS [UIIXOM BH3HAYEHHS 1X BHCOKOYACTOTHHX XapaKTEPHUCTUK, IO
JIO3BOJIMJIO 3TPYMyBaTH THUIM TEPEXITHUX TMPOIECIB Ha TPU OCHOBHI TPYyIH:
NEePEMUKAHHS TEPEeXITHUX MPOIIECiB, AYyroBl 3aMHUKaHHS Ta yJIapu OJHMCKaBKH.
TakoX CcTano MOXJIMBUM MPOBEICHHS AaHANI3y HECHPABHOCTEW B EIEKTPUUHIN
Mepexi, sIKl BUKJIMKaH1 TIePEX1THUMH MPOIIECaMHU.

4. Moau(hikoBaHO METOJI CEIEKTUBHOCTI 3aXUCTY ACUHXPOHHOTO JBUTYHA 3a
paxyHOK BH3HAUEHHS 3aJIe’KHOCTI MIKOBOTO CTPyMYy CTaTopa BiJl TPUBAJIOCTI Ta
rMOMHU TIPOBAJly HAmMpyrd 1 cTpuOKa (a3oBOro KyTa, 1€ JaJ0 MOXKIUBICTh
BCTAHOBIIIOBATH CEJICKTHUBHICTh 3aXHCTy IBUTYHA BiJl 3HaU€Hb CTPyMY, SIK TIpU
MIPOCKTYBAIBHUX POOOTAaX TakK 1 B MPOIECl HOTO pOOOTH.

IIpakTuyHe 3HAYEHHSI OTPUMAHMUX Pe3yJIbTATIB:

1. Po3pobnena marematuuHa Mojesib (OPMYBaHHS CIOTBOPEHb SIKOCTI
eJIGKTPUYHOI €Heprii ajanrtoBaHa JO0 TUITy CHOTBOPEHHS 3a0e3ledye HeOoOXIAHY
JIOCTOBIPHICTh Ta THYUYKICTh MOJICJIFOBaHHS Ta reHepallii BiJl MPOCTUX JO CKJIAJIHUX

THUIIIB CIIOTBOPEHb JJII BUKOPUCTAHHS B CUCTEMaX MOHITOPHHTY.
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2. Y TOCKOHAJIEHUI METO]T 3MEHIIEHHS! ITyMOBUX KOMIIOHEHT MPU BU3HAYEH1
napameTpiB SIKOCTI B €JIEKTPUYHUX MEpexkax 3a PaxXyHOK BBEJICHHS JIOTICTHUYHOI
¢ynkii depx’ronpcTa 3 aganTHUBHUM KOE(DIIEHTOM KpPYyTH3HH KpPUBOi IO
JTIO3BOJIMIIO @IalTYBATUCS 10 TAPMOHIYHOTO CKJIaay 1H(GOPMAIIHOTO CUTHAITY.

3. Po3pobnenuii MeTOm KOMITIOTEPHOTO MOJICTIOBAaHHS — peaji3alii
CJICKTPUYHOI HAMpPYTH 13 3aJaHUMH THUIAMH CIOTBOPEHb aAMILIITYH 1 YaCTOTH
3a0e3MeuyeThCsl ANbTEPHATUBHA OI[IHKA MPOJIYKTUBHOCTI CKIIAJHUX €HEPreTHUHUX
CHUCTEM Ta MOJKJIMBOCTI TECTYBaHHS 3aCTOCYBaHHS PI3HOMAaHITHHX METOMAIB Ta
3ac001B TIOKpAIEHHS AKOCTI €JEKTPUYHOI €HEeprii HUIIXOM aJalnTUBHOI 3MiHH
napaMeTpiB MOJICITIOBAHHS.

Oco0ucTuii BHECOK 3100yBaya.

JloBeieHO, IO 3aCTOCYBaHHS €MIIPUYHOTO CIIBBIAHOIICHHS JUIS JESKHUX
BUOIPOK €JIEKTPOCIOKMBAHHS TPHU3BOAUTH 10 3HAYHUX MOXMOOK y BHU3HAYEHI
nokasHuka Xepcra [1].

3anponoHOBaHO cMnoci0 CTUCHEHHS 1H(QOpPMAIIHHUX IOTOKIB Ha OCHOBI
3aCTOCYBaHHS METOJAIB NOPOroBOi (UIbTpalli Koe()IlieHTIB OpPTOrOHAIBHOTO
nepeTBOpeHHs rpadikiB eICKTPUIHOTO HaBaHTa)keHHs [6].

Po3pobiieHa nporao3Ha MoJieNb CIIOKUBAHHS €JEKTPOEHEPTI] 3 ypaxyBaHHAM
noaaTkoBuX (hakTopiB (TeMrepaTypyd HABKOJIMIIHBOTO CEPE/IOBUINA, Yacy J00u,
CBSITKOBHX Ta poOoumx 1HiB) [3].

3anponoHoBaHO crocid oO0poOku 1H(OPMAIIHHUX TOTOKIB PEKHUMIB
CIOXKUBAaHHS B CHCTEMax €JIEKTPOCIIOXKHUBAHHS Uil (OPMYBaHHS CUCTEMHU
MOHITOPUHTY Ta KEpyBaHHS IHTCIICKTyaIbHUMH EHEPTeTUYHUMHU crucTeMami [4].

Po3pob6iena moaens iHGOpMAaIIHHOTO TOTOKY B IJIaH1 BUSBJICHHS HassBHOCTI
CIIOTBOPEHHS SIKOCT1 €JIEKTPUYHOI eHeprii st ToOyA0BH CUCTEMH iX MOHITOPUHTY
B peajbHOMY 4aci [5].

Ha ocHoB1 po3po0neHoi MoJeni CIOTBOPEHHS SIKOCTI €JIEKTPUYHOI €Heprii
JOCITIJIKEHO OJHO(a3HI KOPOTKI 3aMUKAaHHS B TPU(PA3HUX EICKTPUIHUX Mepekax
HUIAXOM Iepexoy ii 0 oAHO(a3HOT CUCTEMH 3 JBOMA MPOEKIISIMU -3 1 BEKTOPOM

HANpyTrH HyJIbOBOI MOCIiOBHOCTI [6].
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JlocnmipkeHo TepeBar Ta psii  OOMEXEHb Yy 3aCTOCYBaHHI MO/l
iHQOpMAIIITHOTO TIOTOKY PEXKHUMIB €JICKTPONOCTadaHHs Il (OpMyBaHHS
lepapXiyHOi ~ CTPYKTypH  TOpIBHAJBHUX  YacCTOTHO-BIOPSIKOBAHHUX  Ta
B3a€MOIIOB’I3aHUX BelBieT-KoediieHTiB [7].

[IpencraBneno Meron mmdpyBaHHs 1HOOPMALIMHUX CHTHATIB Ha OCHOBI
3aCTOCYBaHHS BEHBJIET-aHAII3y Ta HOPOroBuX (pyHKIii [8].

3anponoHOBaHO MOJM(IKOBAaHUN BEKTOP O3HAK Kiacu(ikallli croTBOPEHb
SKOCTI €JIEKTPUYHOI €Heprii Ha OCHOBI PO3MOJUTY MOTY>KHOCTEH CIOTBOPEHOTO
CHTHAJTy BiJIIOBIIHO /10 PiBHIB BEHBIIET-AeKOMITO3UIIIT [9].

3anponoHoBaHa CTPYKTypa o0y/10BU 3ac001B 3HIXKEHHSI BIUTMBY HEJIIHIMHUX
HAaBAHTA)KEHb HA AKICTb €JIEKTPUYHOI €Heprii Ha OCHOBI BHUKOPUCTaHHS
aBTOMATH30BaHOI cTabumi3alii ¢popM Hanpyru Ta ctpymy [11].

3anponoHOBaHO crocid 00poOkM 1H(OpPMALINHUX TOTOKIB MOHITOPUHTY
PEXKUMIB EJIEKTPOCIIOKHUBAHHS Ta KEPYBAHHS 1HTEIEKTYaJbHUMH EJICKTPUIYHUMU
CUCTEMaMH, fAKUM mependayae TO€IHAHHA  1HGOpPMAIliiTHO-MaTeMaTHIHUX
TEXHOJIOT1M Ta BUKOPUCTAHHA MIKHAPOAHUX CTaHAAPTIB BITHOCHO OOPOOKH TaHHUX
[17].

3anpornoHoBaHa CTPYKTypu3allil OTPUMAHUX JaHUX I (HOpMyBaHHS
KJIACTEPIB MPOTHO3YBAHHS, 1110 JO3BOJUJIO 301JBIINTUA ONEPATUBHICTh OTPUMAHHS
NPOTHO3HKX 3HAYEHb B JIeKiJbKa pa3is [18].

3anpornoHoBaHo iH(popMaIliiiHy MOJIeNTb BU3HAYEHHS HAsBHOCT1 CLIOTBOPEHHS

SKOCTI €JICKTPUYHOT eHeprii Ta ineHTudiKyBaTu oro tum [14].
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PO3/1T 1.

OITUMIBALISI IHOOPMAIIMHUX MTOTOKIB TIAPAMETPIB
PEXKUMY EJEKTPOIIOCTAYAHHA

1.1 Anani3 icHyr0OuMX METOA1B ONTHUMI3allli iIH)OopMaliifHUX TOTOKIB

AHai3 Cy4yacHOT0 CTaHy €JIeKTPOECHEPTreTHUHOI Tay31 Y KpaiHu CBIYUTB, 110
il 1HTerpauis 3 €JEeKTPOCHEPTeTUYHUM CEKTOpoM KpaiH €C MOIMBa TUIBKH 3a
YMOBH JOTPUMAHHS KOPCTKHX BUMOT JI0 MapaMeTPiB SIKOCTI €IEKTPUUHOI eHeprii,
Kl TIOBUHHI 3HAXOJWUTUCh y MeEXaxX JJOMYyCTUMUX pIBHIB, BCTAaHOBICHUX Y
BIJNIOBIIHUX HOPMAaTUBHUX JAOKyMeHTax. IIpu npomy ciii 3ayBakKuTH, 1O SKICTH
€JIEKTPUYHOI €HEeprii B 3HAYHIA MIpl BIUIMBA€ Ha HAAINHICTh (YHKIIOHYBaHHSA
CJIEKTPOCHEPTeTUKN YKpaiHU, 1 € TOCTIHHO [iIo4uM (HaKTOpOM, SIKHH MOXKe
NPU3BOJUTH /10 HEOOIPYHTOBAHMX EKOHOMIYHUX BTpaT sK Oe3[nocepeaHbo
€HEpronocTavyaibHUX KOMIAaHIH, TaK 1 0araTb0X CIOXKUBayiB €JIEKTPUYHOI EHEprii.

Sk cmigye 13 aHanmizy HAYKOBUX JOCHIHKEHb, METOAM 1AeHTU(IKAIi Ta
kiacudikaiii iHpopMaliitHuX CUTHaJIB a00 3a0€3MeUyI0Th 3a10BUIbHY TOYHICT, 32
YMOBH JJOCUTh CKJIAJTHUX AJITOPUTMIB iX BUKOPUCTAHHS, a00 Ha PiBHI 13 IIBUKOIIEI0
Ta MPOCTOTOK AJITOPUTMIB HABIAKU HE JO3BOJSAIOTH JOCATTH 33JaHOI TOYHOCTI.
To0OT0, BOHM MOXKYTbh 3aCTOCOBYBATHUCH JJIsl BUPIIIEHHS THX YU IHIIUX BUOIPKOBUX
3ama4, ajie 3a0e3leueHHs ONTHUMAJILHOTO CIIBBIOHOIIECHHS MK TOYHICTIO
kiacudikaili, MBUAKOMIEID Ta MPOCTOTOK aJTOPUTMIB 3aIMIIAETHCS JOCUTh

CKJIQJTHOIO MPOOIEMOIO.

1.1.1 Knacudikaris

OnTuMmizaniss Mae HE3aMiHHI 3aCTOCYBaHHs, 1 Hapa3l HEMOXJIMBO Ha3BaTH
JKOMHOI Tramy3i, sika O HEe BUKOPUCTOBYBAaJa MPOIEC OMNTHMI3aIii. 3araiom,
onTUMI3alis 3 OOMEKEHHAMHM — 1€ MaTeMaTHUYHHM TIPOILEeC 3HAXOMKCHHS
MIHIMaJbHOIO 200 MAaKCHUMAJIBHOTO 3HAYEHHS IIbOBOI (YHKIIT 3 ypaxyBaHHSIM
pPI3HOMaHITHUX OOMEXEHb, HAKJIAJECHUX Ha MPOCTIp MOIIYKY 3a/1adi, Ky TOTpiOHO

po3B’sizatu. KopiHHs mporecy omTumizaiii cAraiTh paHHIX poOit Eitnepa Tta
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Jlarpanxa, sk 1ie Oyjo 3HaWJEHO Yy BapilalliiHOMY YHWCIICHHI. 3arajibHy 3ajady
ONTUMIi3aIlii 3 0OMEKEHHSIMH MOKHA MATEMAaTHYHO OTHMCATH TaK:

F(X) =f1(x), f2(), ..., fm(X),

gi(xX)<0,i=1,2,...,p, (1.1)
hj(x)=0, j=1,2,...,q,
X' <x'<x! i=1,2,...,N,
ae X = (Xi, X2, . . ., Xn)' € Q € BapiaHTOM pimeHHA 3 N 3MiHHUMH

pimeHHs/nivicaumu apamerpamu, F(X) € ¢yskmiero 3 m musvu, gi (X) < 0 €
dynkuismu, ooMexenumu HepiBHicTio 1, hj (X) = 0 € dyHKUisAMU, 0OMEKSHUMU
piBHicTIO |, a X' <x' <x, MOB’s13aHi 3 0OMEKEHHAMM B IIpocTOpi momyky X [1].

3agavya (1) HasuBaeThcs 3amadero JdiHIMHOrO nporpamyBanns (JIII) ab6o
3a/1a4eIo JIIHIHHOT ONTHMI3aIlii, SKII0 BC1 M MUIBOBUX (PYHKITIH 1 BC1 IXHI BiATOBITHI
GbyHKIIT 3 00MekeHHSAMU JTiH1HHI. [Tog10HMM YHMHOM, SIKIIIO BC1 M HUTBOBUX (DYHKITIN
€ KBaJpaTUYHUMH, a BCl iXHI BIANOBIAHI (GyHKIII OOMEXEHb € JIHIMHUMH, TO
npobiema (1) Ha3UBaeThCS KBAJAPATUUYHUM MpOrpaMmyBaHHSIM. KpiM TOro, sIKIo
m=1, to 3amaya (1) crae OJHOMIILOBOIO 3a4aUC0 ONTHUMI3aIlli, a Ko M > 2, TO
npoo6sema (1) HazuBaeThes OararomiaboBoro 3amaueto ontumiszaiii (b30). fAxio Bei
HII0B1 PYHKUIT Ta QYHKIIT 3 OOMEKEHHAMH ONUCAHI B MIMCHUX 3HAYEHHSX, TO
3amaya (1) 0yne nenepepsaoro b30.

3amauy JIHIAHOTO TporpamyBaHHS a00 JIHIAHOT ONTUMI3AIll MOPIBHSHO
JIETKO BUPIIIATH MOPIBHAHO 3 TpoOsieMaMu HeniHidHOT onTumizarii (HO).
IcHyBaHHST OOMEXEHb PIBHOCTI € JIOCUTH CKJIAJHUM 1 OUIBII CHIpHUM MijJ Yac
BUPIIIEHHSI TIPOOJIEM HENIHIMHOTO MporpamMyBaHHS IUISXOM BraayBaHHA, SKi
OOMEKEHHSI € aKTUBHHMH, a K1 HEAKTUBHUMH [ 2].

3a ocTaHHI JABa JECATWIITTS Oysu po3poOJeHl pi3HI METOAM ONTUMI3allii, sIK
noka3ano Ha puc. 1 [Tpo6nemu JIIT maroTe Garato nepesar 1 HeouiKiB. [{e m1ocuTh
HEpeaJbHO, TOMY IO OUIBLIICTh MPOOJIEM y raidy3sX HayKH Ta TEXHIKH MPHUPOJIHO

MOJICTIOIOTRCS K HEIiHIMHI ipobiaemu [3].
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Pucynok 1.1 - Knacudikariiss MeTo1iB onTumizariii

ITigxoan mo HEMHIMHOI ONITUMI3AL] JaJTl TOIIAIOTHECS Ha METOIHU JTOKAIBHOI
ta riaobanpHOI onTumizamii [4]. JlokambHI MeETOAM TIOIIYKY 3a0€3IeuyIoTh
JIOKAJIbHUM ONTUMYM 13 HHU3BKOI OOYMCIIIOBAJILHOK BApTICTIO MOPIBHSIHO 3
MeToJaMH rio0aibHOro momyky. Merog HpioToHa Ta MOCHiIOBHE KBaJpaTUYHE
MporpaMyBaHHs 3a3BUYail BUKOPUCTOBYIOThCS JIOKadbHI MeToau onTumizarii. Lli
TPaliEHTHI METOAW MOJKHAa BHKOPHCTOBYBATH SK OINTHUMI3aTOPU JIOKAJTLHOTO
TMOTITYKY.

OnHak BOHU HE HAJITO €(DEKTHUBHI y BUPIIIECHHI CKJIQJHUX 3a]1a4 ONMTUMI3aIlli,
OCKUIBKM MalTh BHCOKY MYJbTUMOJANbHICTh, PO3PUBHICTH 1 TajlaciuBi
nauamadT. 3arajgoMm, MiIb0oBI (PYHKIII TpoOIeM peasbHOro CBITY 31€OUIBIIOTO

HenudepeHIliioBani, HEMEPEpBH1, HEJTHIMHI, 3alIyMJIEH], TIJIOCKI Ta 6araToBUMIpHI1
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a00 MICTATh 0araTo JOKaJbHUX MIHIMyMIB. TpaauIliifiHI METOAW ONTHUMIi3allil
3/1€OUIBIIOT0 HE MOXYTh 3HAWTH SKICHE PIIIEHHS IS MPoOJIeM 13 HEIIHIMHICTIO,
MYJIBTEMOJIATTBHICTIO Ta BUCOKOPO3MIPHUMHU CTPYKTYpaMHu.

3a ocTaHH1 JBa NECATUIITTA Oynu po3poOJieHl pi3HI METOIU TJI00AIbHOI
ONTUMI3allii, Kl YCHIIIHO BUPINIyBaIM Pi3HI CKIAJHI MPOOJIEeMH ONTHMI3aIlil Ta
nouryky. EBOIONIHI anropuT™My € 3HaYHO MPOCYHYTIIIOK Ta 0aratoo0ils0u0i0
aTbTEPHATUBOIO TIOPIBHSIHO 3 TPAJlEHTHUMH METOJaMH omnTuMizalli. EBosroriiiHi
AITOPUTMH € TOMYJSALIMHUMU METOAaMH Ta 3a0e3MeuyloTh XOpOIll HaOIMKeHi
pILIEHHS B OJHIN CUMYJISIIIT HA BIIMIHY B1Jl TPAAUIIITHUX METO/IB MATEMaTHYHOT O
nporpamyBaHHs. EBOJTIONIITHI aITOpUTMH — 11€ METAEBPUCTUKH, 1110 0A3yIOTHCS Ha
NOMYJISILISAX 1 3arajoM MOJAUISIOTHCS Ha I€B’SITh PI3HUX I'PYIL: O10J0T14H1, (Pi3UYHI,
CcolllaJIbH1, My3W4Hi, XIMIYH1, CIIOPTUBH1, MATEMaTH4H1, POHOBI Ta T1OPUIHI METOIH.
['eHeTHYHMII AJITOPUTM, E€BOJIOLIMHA CTpATeris, €BOJIOLIIHE MpOorpamMyBaHHS 1
TeHeTUYHE IPOrpaMyBaHHsI € KITACHYHUMU MTapaJiurMaMu €BOTIOMITHIX OOYNCIICHb.
JudepeniiaapHa €BOJIIOIIS, ONTHMI3AIlisl PO YAaCTHHOK, ONTHUMI3allis KOJOHIT
Mmypax, momyk «CucCkoo» Ta anropuTM ONTHUMI3aIlii Ha OCHOBI BHKIIQJAaHHS W
HABYaHHS € HAUTIOMYJISIPHIIITUMHU Ta OCTAHHIMU PO3PO0JICH] €BOJIOIIIHI allTOPUTMHU
[5-9].

PolioBuil 1HTENEKT — 1€ KOJIGKTUBHA TIOBEMIHKA JCIICHTPaTI30BaHUX,
CaMOOPTaHI30BaHWX  CHUCTEM, TMPUPOJHMX  YM  IITy4HHX.  KoHIemnmis
BUKOPUCTOBYETHCS B pOOOTI HAJl IITYYHUM 1HTEJIeKTOM. Bupa3z Oyiio BBeneHo bewi
ta Banrom y 1989 pomi [10] y KOHTEKCTI KIITHHHHX POOOTU30BAHUX CHUCTEM.
ANTOPUTMH, 3aCHOBaHI Ha pOHOBOMY IHTENIEKTI, B OCHOBHOMY HAaTXHEHHI
MOBEAIHKOI0 peaJbHUX poiB ab0 KOJOHIM KoMax, TMoKa3ajdu MOKpalleHy
MPOIYKTUBHICTh Y IIMPOKOMACIITAOHIM ONTUMI3AIi Ta MpoOjeMax MPUHHSTTS
pimies [11]. BoHu MOXyTh MpalioBaTé KOJIEKTUBHO, JOTPUMYIOUHUCH IMEBHHUX
npaBuil. JleneHTpanizallis Ta caMoopraHizailis € OCHOBHUMHU JKEpeIaMu B3aeMOIT
MDK POEM Ta areHTamMu. POWOBHII IHTETIEKT OTPMMAaB BEIMKHI IHTEpPEC 1 yBary B
310paHHl mpanb. Y CHUIBHOTAaX ONTHMI3alii, OOYMUCIIOBAJIBHOIO IHTENIEKTY Ta

iHpopmaTuku, OIOIHCHIPOBAaHI aNTOPUTMHU, OCOOJIMBO aAITOPUTMH Ha OCHOBI
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pOMOBOTO 1HTENEKTY, HaOyJIM BEJIUKOi MOMyJspHOCTI. HaTxHeHHI TpUpo0I0
METAaeBpUCTUYHI ~ AITOPUTMH  3apa3 € OJHMUMH 3  HaWOUIbII  IIMPOKO
BUKOPHCTOBYBAaHUX JITOPUTMIB IS ONTHMI3allii Ta OOUNCIIOBATBHOTO 1HTEIEKTY
[12]. Bukopucranus ancamOJIeBUX CTpaTErii B paMKax pi3Hi ICHYIOUI €BOJIIOIIHAHI
JITOPUTMH TIPUBEPHYJIM yBary JIOCIITHUKIB Y HAyKOBUX KOJIaX Ta MPOMHCIOBHX
J0JIaTKax 3aBASKMA CBOIM MOXIUBOCTSIM. JIOCTITHUKH €BOMIOIIHOTO OOYUCIEHHS
BUSIBUJIM BEJIMKUHM 1HTEPEC O BUKOPUCTAHHS KIJIBKOX OMEPaTOpiB MOUIYKY, TAaKHUX
SK OJHOTOYKOBHH, JBOTOYKOBHUW 1 OMEpaTOpU PIBHOMIPHOTO KPOCHHTOBEDY,
CUMIUIEKCHOTO  KpOCOBEpY, TYypHIpY, PpEHTHHIY, CTOXAacTHKY, OIleparopa
PIBHOMIPHOT BUOIPKH, KJIIPUHTY, CKYMUYEHHSI, CIUILHOTO BUKOPUCTAaHHS METOIU
HIlI, aJanTUBHUN ITpad, €NCUIIOH 1 MepeBara miaxoaiB 0 0OpOOKH MOKIUBUX
OOMEKEHb IiJl Yac BUPIMIEHHS CKJIAJHUX HAOOPIB TECTIB €TAIOHHUX (YHKIIH 1
0araTb0X BaXJIMBUX MPOOJIEM PEATLHOTO CBITY MaJld BUCOKY CKJIA/IHICTh, FaJaciIiBe

CepeIOBUIIe, HETOYHICTh, HEBU3HAYCHICTH 1 HEUITKICTh Y CBOIX cTpyKTypax [13].

1.1.2 CtucHenus

Jliist onTuMizariii poOoTH eIeKTpoMepeK HEOOX1THO MepeaaTH 3HaUH1 00CITH
naHux. Po3BuTOK mnepenoBoi 1HGPACTPYKTYpHU BHUMIPIOBAHHS Ta KOHTPOJIIO
3a0e3nedye 3pOoCTaHHS OOCATY JaHWX, IO MEPETAr0ThCS B PO3YMHHUX MEpPEKax.
CTucHEHHsS JaHuX — Il CTpaTeris 3MEHIIEHHS HaBaHTaxeHHsA. llg1 crarTs
MIPEJICTABIISE TOTOYH1 BUKJIMKU B 00J1aCTI CTUCHEHHS YaCOBUX psiiiB AaHuX. HoBum
BHECKOM III€1 CTATTI € MO IAHUX Y PO3YMHUX Mepekax Ha JJaH1 B peaJIbHOMY 4acl,
Kl BUKOPUCTOBYIOTHCSI HJIsi IJIE KOHTPOJIIO, 1 BEJIMKI HAOOpW MaHUX, SIKI
BUKOPHUCTOBYIOTHCS JIJII HEKPUTHUYHOTO 1O Yacy aHam3y cuctemud. OOuaBi Il
porpaMu MaroTh Pi3HI BUMOTH 10 €()EKTHBHOTO CTHUCHEHHS. AJITOPUTMH, IO
BUKOPHCTOBYIOTHCS Ha JJAaHWH MOMEHT, TIEpepaxoBaHi Ta OINMKCaHi 3 X IepeBaramMu
Ta HeJIOJIIKaMu JJIsl 000X KX Mporpam. Takoxx Oyi10 HalaHO JeTaji, HeoOX1IH1 s
peamizaiiii anroputmy. KomruiekcHui aHami3 1 TMOPIBHSHHS TNPU3HAYCHI IS

ITOJCTIICHHA pO3pO6KI/I MCTOAY CTUCHCHHA NAaHHUX, aAallTOBAHOI'O IJIA KOHerTHO'l'
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nporpamu. BakiuBUM BHECKOM € ONUC BIUIMBY METOIB CTUCHEHHS JaHUX Ha
KibepOe3neKy, sKa € OJIHIEI0 3 TOJIOBHUX MPOOJIEM CydacHUX €ICKTPOMEPEIK.

[HpopmarriiiHi TOTOKM XapaKTEpU3YIOThCA BETUKUM o00csarom. bBymu
pO3po0IIeH] Pi3HI METOJM CTUCHEHHS, X BUKOPHUCTAHHS CTajJ0 HEOOXIIHICTIO JJIs
3MEHIIEHHS  00cAariB  iHpopMamidHuX  TOTOKIB.  CTHUCHEHHS  MOXKHA
BUKOPHCTOBYBATH SIK 3aci0 MiBUILIEHHS 1HpOpMaIiitHOi 6e3nexu iHGopMaliifHuX
MOTOKIB, OCOOJIMBO SIKIIO 1]l YaC CTUCHEHHSI 3aCTOCOBY€ETHCS MapOJib.

Mu po3ymieMo MmiJiT CTUCHEHHSIM TNEPETBOPEHHS MOTOKY BXIJHUX TAaHUX Y
KOoJi. PimmeHHs mpo BIAMOBIAHICTh «BX1JHI JaHI — BUXIJIHI KOAW» 0a3yeTbCs Ha
nonepeaHb0 obpaniit mozgeni [14]. V pa3i epeKTUBHOIO CTUCHEHHS OTpUMaHUN
MOTIK KOAIB € MCHIIMM 3a 00CSATOM, HiK BXITHI JaHl, aj¢ HaBITh SKIIO CTUCHCHHS
He € edeKTUBHUM, (pailioBUll 00’€KT MaTUME Kpallui 3aXUCT BiJ PI3HUX aTak,
OCKUJIbKH BHXIJIHI JJaH1 OyyTh MPECTaBIEHI KOJaMHU.

[Ipioputesaliss NaHUX € Ba)XJIMBOK MPOOJEMOI0 B KPUTHUYHO BaXIJIMBUX
CUCTEMAaX, TAKHUX SIK KEPYBaHHS eJIeKTpoMepekero. J[aHi B pexumi peasibHOTO Yacy,
K1 BKJIIOYAIOTh 1H(MOPMAILIIO MPO MOTOYHE €HEPrOCIOXKMBAaHHSA, CTAaH MEPEKI Ta
MPOYKTUBHICTH 00JIaIHAHHS, MOXXYTh TOTPEeOyBaTH MPIOPUTETY HAJ ICTOPUIHUMHU
JAHUMU JJI1 HETaitHOrO MPUMHATTA pillieHb. [CTOpUYHI 1aHi, TakKi K JTOBFOCTPOKOBI
MOJIEJ1 CIIOYKMBAHHS Ta 3aMMCH MPO TEXHIUYHE 00CIyroBYyBaHHS 00JIaTHAHHS, MOXKHA
30epiraTul Ta aHaji3yBaTu okpemMo. KpuTHuHuM JaHUM, TaKUM SIK 1H(OpMAITis po
3001 B cucTeMi, OpylIeHHs Oe3meku abo HaJ3BUYalHI CHUTYaIlil, CJIiJI HaJlaBaTU
HaWBUIIMHI TipiopuTeT. HekpuTH4HI faHi, IK-0T pyTUHHA iH(OpMAaIlisi MOHITOPUHTY,
MOXKYTb 00pOOJIATHCS 3 HIDKYUM TIplopuTeToM. JlaHi, OB’ si3aHi 3 MPOTHO3YBaHHIM
HaBaHTa)XKCHHS Ta MPOTHO3HUMH MOJICIISIMH, MOXYTb MMOTpeOyBaT 0COOIMBOI yBaru
JUTsl TOYHOTO €HEePreTUYHOTO TuTaHnyBaHHs. OnepaTUBHI JaHi, TaKl sIK CTaH MEPEXKi B
peaabHOMY Yacl Ta cTaH 00JIaHAHHS, € BAXJIMBUMU ISl €PEKTUBHOTO YIPABIIHHSA
[15]. Po3minieHHs naHUX BHUMIPIOBAaHb € KPUTHYHO BaXJIMBUM MHUTAHHSAM Y
CepeloBUIAX 3 IHTCHCUBHUM 00’€MOM JaHMX. B enexkTtpoMmepexax maHi
BIJIOKPEMITIOIOTBCS 3a JIOMIOMOIOK0 Cerperaiii Ha OCHOBI MpaBuia abo aHajizy

yacoBuX psiaiB. CUCTEMHU Ha OCHOBI IIPABWJI BUZHAYAIOThH KPHUTEPIi A1 Kiacuikarii
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JAaHUX 3a PI3HUMHU piBHSAMU mnpioputery. [IpaBuia MoXyTh 0azyBaTHCs Ha TaKUX
dakTopax, SK JPKEepeao JaHWX, TEPMIHOBICTh 1 KPUTHYHICTh. MeETOIU aHami3y
YacOBUX PAMIB PO3PI3HIIOTH JIaHl B peajbHOMY uaci Ta icTopuyHi TpeHau. Taxi
anroputmu, ik ARIMA (aBToperpeciiiHe 1HTErpOBaHE KOB3HE CEPEIHE), MOXKYTh
JIOTIOMOTTH 'y TPOTHO3YBaHHI Ta pO3AUICHHI JaHUX. 30BCIM HeAaBHO Oyla
MPEACTaBIICHA apXiTeKTypa nepudepiiHux o0YnuCiIeHbh 1 METOAW MAIIUHHOTO
HaBYaHHS, 1100 MOKPAIIUTH SKICTh 1 €PEKTUBHICTh cerperaiii JaHux. AJITOpUTMHU
MAIIMHHOTO HAaBYaHHS aBTOMATHYHO KJIACH(IKYIOTh 1 MPIOPUTE3YIOTh JlaHl Ha
OCHOBI1 ICTOPUYHUX MOJIeNIeH 1 YMOB PEaIbHOTO 4Yacy. AJTOPUTMH KllacTepu3allii
MOXYThb TPYITyBaTH MOJI0HI aH1 111 eeKTUBHOI 00poOKH. I'paHnyYHI 00UHCICHHS
BUKOPUCTOBYIOTh OOpOOKY JaHUX JIOKAJbHO B JIPKEPEINl, 3MEHIIYIOUd NOTpedy B
nepenadl BEJIMKUX 00csariB HeoOpoOnenux nanux. [lpuctpoi Edge MoxyTh
BUKOHYBAaTU TIEPBUHHY CErperauilo JaHuX 1 HaJACWIATH JUIIE BIANOBIIHY
1H(pOpMAaIIifO IO IEHTPAILHUX cucTeM [16].

[lonynapHicTh  METOIIB  CTUCHEHHS JaHMX 3pocTaja  pa3oMm 13
MOMYJISIPU3ALIE€I0 PO3MOIIEHUX OO0UHCIICHb 1 CUCTEM 30€piraHHs TaHUX, OCKUIbKU
11e 3MEHIIIYBaJIO CIIBBITHOIICHHS MK BapTICTIO Ta MepeBaraMu TaKUX CUCTEM. Y
OaraThox cepax CTUCHEHHS JaHUX € (yHIaMEHTAIbHOI0 YaCTUHOIO 1X PO3BUTKY.
CkiazHa Ta BUMOIVIMBA JI0 JaHUX 1H(pOpMallis, Taka SK ayJlo- 4d Bimeodaiinu,
MPOTATOM TPUBAJIOTO Yacy € MPEeIMETOM BHUBUEHHS CTUCHEHHs naHux. [Iporpamwu
peanbHOro 4acy, Takli sSIK JBOCTOPOHHS Nepeaada TroJioCy, TaKOXK ICHYIOTh Y
CTUTbHUKOBUX TEXHOJIOT1sX. Y chepi eHepreTHYHUX CUCTEM CTUCHEHHS JaHUX 0YJI0
HIIIEBOIO TEMOIO OUIBIy YacTUHY Yacy, ajie HeJAaBHE 3POCTAaHHS CKIIAJIHOCTI
Cy4YaCHUX €HEPreTUYHUX CUCTEM Pa3oM 13 MOTpeOOI0 B JeTaTbHUX BUMIPIOBAHHSIX
BUMarae onTuMizarii nepeaadi ganux [17].

3a NPUHITUTIOM POOOTH METOAM CTUCHEHHS JTaHMX MOXHA PO3AUIUTH Ha JIB1
KaTeropii — i3 BTpaTaMu JAaHHX 1 0e3 BTparT.

be3 BTpar. Anroput™Mu CTHCHEHHSI 0€3 BTpaT pO3pOOJICHI i 30€peKeHHS
Bciel iHdopmaIlii, Mo MICTUThCA y BUXIAHUX AaHuX. lle o3Hadae, 1m0 Kojau AaHi

CTUCKAIOThCS 3a JIOMOMOTOIO IUX METOJIB, IX MOJXKHA MI3HIIIE PO3MaKyBaTH, 100
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OTpUMaTH TOYHY KOIIK BUXITHUX JaHUX Oe3 BTpaT abo croTBOpeHb. Meroau
CTUCHEHHSI 0€e3 BTpaT 4acTO CHUPAIOTHCA HA KOHUEIMIII0 €HTPOMii, sIka € Miporo
iHpopMmariiHoro BMmicTy B agaHux. OCHOBHa iJes TMOJdsSrae B TOMY, II00
11eHTH(PIKyBaTH Ta BUKOPHUCTOBYBAaTH 3aKOHOMIPHOCTI, HQJIMIIKOBICTH 1
CTAaTUCTUYHI BIACTHBOCTI B MEXaxX MaHUX [JIsI OUIbIl e(EeKTHUBHOTO iX
npeacTaBieHHsd. Haiinmommpenimn MeToIH, sIKi BAKOPUCTOBYIOTBCS JIsi CTUCHEHHS
naHux 0e3 OyIp-SKHX BTpAT, 0a3ylOThCA Ha CTATUCTUYHOMY KOIYBaHHI 3 METOIO
3MEHIIICHHS EHTPOIIi B cCUTHAJI [16], TaKUM YMHOM 3MEHIITYIOYHM KUTHKICTh JTaHHX,
ab0 Ha CJIOBHMKOBHUX METOJaX, SIKI 3aMIHIOIOTH TMOBTOPIOBAaHI JaHI KOPOTIIMMHU
KOJaMH.

3 BTpaTamu. MeTo/IM CTUCHEHHS JJaHUX 13 BTPATOIO JAHUX — 11€ METO/IH, SIKi
BUKOPUCTOBYIOTBCS JUJII 3MEHIICHHS pO3Mipy IUGPOBUX JaHUX [UIIXOM
BUOIPKOBOIO BUJAJIEHHS ESIKO1 1HPOpMAIlii, IKa BBAKAETHCA MEHII BaXJIUBOIO a00
neplHeniiiHo MeHIl 3Hauynoto. [{i MmeTonu 3a3Bu4ail BUKOPUCTOBYIOTHCS B TAKUX
nporpamax, sik CTUCHEHHS 300paKeHb 1 ay/110. Y CTHUCHEHHI 3 BTpaTaMu OCHOBHOIO
METOIO € TOCATHEHHS BUCOKHX KOE(IIIEHTIB CTUCHEHHS NUISIXOM YCYHEHHS 3aliBUX
a00 MeHIII BaXKITMBUX JeTtaneil. [{e mepenbadae kBaHTYBaHHS, KOJIU 3HAYCHHS JAHUX
OKPYIJIIOIOTBCST a00 B1AOOpakaroThbCs Ha MEHIIMK Hallp 3HayeHb. BiakuHyTy
iH(opMaIlito He MOXHA BIJIHOBUTH MiJ Yac JEKOMIpECii, 110 pOOUTh CTUCHEHHS 3
BTpaTaMu HENPUIATHUM JJIs1 JIOAATKIB, J€ TOYHICTh JaHUX € KPUTUYHOIO,
HANPUKIIAJ, TPUUAHATTS BaXJIMBUX PIllleHh WIOAO CTaHy eJIEKTPOMEPEKi.
KitouoBoro mpo061eMor0 Mpu CTHUCHEHHI 3 BTpaTaMH € JOCSTHEHHS OajaHCy MIXK
JIOCSITHEHHSIM 3HAYHOTO CTUCHEHHSI TIPYU MiHIMI3aIlii MOTIpIIeHHS CHPUMHSTTS. Xo4a
CTUCHEHHS 13 BTpaTaMu JIaHMX 3a0e3ledye CYTTEBE 3MEHIICHHS PO3MIpy, dyKe
BaXXJIMBO BUKOPHCTOBYBATH MOTO 3 PO3YMOM Y CILIEHApisiX, KOJIM HE3HAayHa BTpaTa
JAHUX € PUNHATHOIO.

Po3po6ka MeToy CTUCHEHHSI JaHUX 13 BTpaTaMy BUMarae TInO0KOro 3HaHHS
cucteMu Ta iHopmarlii, MO0 MICTUTBCA B JIaHUX, [0 YCKJIQJHIOE peai3alliio
QITOPUTMIB CTUCHEHHSI 3 BTpaTaMH, aje 3pEIITOI0 MOXE 3alpONOHYBATH OLIbII

OINTHUMI30BaHy CHCTEMY KOHTPOJIIO iIHTEIeKTyaibHOT Mepexi [18].
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VY KOHTEKCTI €JIeKTPOMEPEXK CTIMKICTh JJO MOMUJIOK B aJITOPUTMAX CTUCHEHHSI
JAHUX Ma€ BUpIIIAIbHE 3HAYEHHA JJII CUCTEM pealibHoro uacy. lle moB’si3aHo 3
BEJIUKUM 00’ €MOM JTaHUX, SIKI TCHEPYIOTh €JIEKTPOMEPEKI, III0 MOXKE TTPU3BECTH 10
NEepPeBAaHTAXKEHHS JAHUX, SKIIO HE KEPYyBaTH HAJICKHUM YMHOM. 3reHEpOBaHI JaH1
BKJIFOYAIOTh  1HGOpMAII0O TPO  BUPOOHUIITBO, TMepeAady Ta  PO3MOJILIT
CJIEKTPOCHEPTii, a TaKoXX 1H(GOpPMAIlI0 TPO MOXJIMBI HECTPABHOCTI Ta 3001 B
CIICKTPOMEPEXKI.

OpHuM 13 MIXOIB 10 KePYBAHHA [IMMU JaHUMU € BUKOPUCTAHHS CTpaTerii
CTUCHEHHSI €HEPreTUYHUX JaHuX y peaidbHoMy uaci. Lli cTparerii cipsMoBaHi Ha
3MEHIIeHHS TpadiKy TaHUX NUISIXOM €(DEKTUBHOTO CTUCHEHHS JaHUX JIUMIbHUKIB.
[le 0co0JMBO BaXXJIMBO B CUCTEMAX IHTEJIEKTYaJbHUX E€JIEKTPOMEPEXK, AKI MAIOTh
po3UIMpeHy 1HPPACTPYKTypy BHUMIpDIOBaHHS, SKa AaBTOMATHYHO 30upae paHi
JIYWIBHHKIB 13 IIUPOKO PO3MOBCIOKEHUX JATUHKIB.

3anporoHOBaHUH aNTOPUTM CTHCHEHHS CHEPreTUYHUX JaHUX y PeaTbHOMY
yaci MO€JHY€E KUIbKa ICHYIOUMX allTOPUTMIB CTUCHEHHsS Ta mpaitoe Ha 2—10%
e(eKTUBHIIIE, HDK paHile omyoOsikoBaHl anroputMu. Ll edekTuBHICTH Mae
BUpIIIATbHE 3HAYEHHS B CHCTEMaX PEaJbHOTO Yacy, /i€ JIaHi OBUHHI 0OPOOISITHCS
Ta MepelaBaThCs WBUIKO, 100 YHUKHYTH 3aTPUMOK 1 MOTEHI[IHHUX 300iB CUCTEMHU.

OKpiM CTUCHEHHS JIaHUX, CTIMKICTh JO IOMUJIOK Y CUCTEMaX €JIEKTPOMEpEK
TaKOX Tepenadavae BUKOPUCTAHHS METOJIB MAIIMHHOTO HAaBYAHHS Ta IITY4YHOTO
IHTEJICKTY JJIS BUSBIICHHS Ta JIarHOCTUKHA HecmpaBHocTel. Lli mMeTomu MOXKyTh
JIOTIOMOTTH 17IeHTU(IKYBaTH Ta J1arHOCTYBAaTU HECIPABHOCTI B €IEKTPOMEPEKI B
pEeXHUMI peabHOTO Yacy, JO3BOJISIIOUH IIBUIKO BUTIPABIISATH Ta MIHIMI3yBaTH BILJIUB
[IUX HECIPABHOCTEH Ha pOOOTY €JIEKTPOMEPEKI.

Hanpuknan, riOpuaHi MOl  MAIIMHHOTO  HAaBYaHHS  MOJKHA
BUKOPHUCTOBYBATHU JIJIS MJBUILICHHS CTIMKOCTI €IEKTPOMEPEKI IUISIXOM BUSBIICHHS
Ta YCYHEHHsS HECNpaBHOCTeH y peainpbHOMy dYacl. Lli Mozmeni moeaHyrOTh pi3HI
METOJM MAIIMHHOTO HABYaHHSA JUIS MIABUIICHHS TOYHOCTI Ta €(EeKTUBHOCTI

BUABJICHHA Ta )IiaI‘HOCTI/IKI/I HCCHpaBHOCTeﬁ.
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Kpim TOTO, CTIMKICTH €JIEKTpOMEPEKl MOKHA BHUMIPSATH 3a JOIMOMOTOIO
MOJIe/Il BBEJCHHS-BUBEJCHHS JUHAMIYHOI Hemparie3gaTHocTi. BoHa BimoOpakae
3IATHICTH EJIEKTPOMEPEXK] CIPABIATUCSA 31 30ypEHHAMH Ta 3MIHAMU PiBHOBAXHOTO
CTaHy uepe3 3AaTHICTh BIAHOBIEHHS. L{0 Mozmens MOXHa BUKOPUCTOBYBATH IS
BHUMIPIOBAHHSA CTIMKOCTI €JIEKTPOMEPEXI Ta i MepeBIpKU ePEeKTUBHOCTI 3aXO/IiB,
BXKUTHUX JJIS TIIBUIIEHHS CTIHKOCTI €IIEKTPOMEPEKI.

[Ipsime BUmMpaBiIEHHS NMOMUIOK — L€ METOJ, SIKUH BUKOPUCTOBYETHCS B
nepeaavl JaHUX JUIs BUSIBICHHS Ta BUMPABICHHS MOMUJIOK, SIKI BAHUKAIOTh i 4ac
nepenayi fanux. Lleit MeToa mparoe NUIIXOM J10/1aBaHHS HAJUIMIIKOBUX JIaHUX JI0
BUXIIHUX JJaHUX Iepen iX nepeaayero. L1 HauIKoBi 1aH1 BAKOPUCTOBYIOTbCS TS
BUSIBIICHHSI Ta BUIIPABJICHHA MOMIJIOK, 1[0 BUHUKAIOTH MiJl Yac mepenadi. SKio
BUSIBJICHO TIOMUJIKY, HAJJIHUIIKOBI JaHI BUKOPUCTOBYIOTHCS MJIi BUIIPABICHHS
noMuIKy. L{e 103B0JIsIE TOUHO PEKOHCTPYIOBATH BUX1IHI JaH1, HABITh SKILIO YaCTUHA
ix OyJia BTpaueHa abo MOMIKOKEHA 1] Yac mepeaadi.

AJTOpUTMHU CTUCHEHHS HE € HEUTpaJbHUMH JUIsl Oe3neKd. 3acTOCyBaHHS
CTHCHEHHS JaHUX PI3HUMH CIIOCOOaMU BIUIMBAE HA BIACTUBOCTI OE3MEKU CHCTEM.

1. EdbexTuBHICTD Nepeaayl JaHUX

CTHUCHEHHS JaHUX YaCTO BUKOPUCTOBYETHCS JIJIsl SMEHIIEHHS po3Mipy (aiiiiB
a00 naHux A OuTblI e(peKTUBHOI Nepeiayl yepe3 Mepexi. MeHii po3Mipu JaHuX
O3HAYAIOTh MIBUJIIINI Yac Tepeiadl Ta MEHIIY MPOIYCKHY 3AaTHICTh. Y KOHTEKCTI
kiOepOesnekn 1 e(PEeKTUBHICTh Ma€ BUpPIIAIbHE 3HAYEHHS JUISl TIATPUMKH
Oe3neuHoi Ta onepatuBHOi Mepexi. LlIBuama nepegaua Moxe COpUATH HIBUALLIOMY
yacy peakxiiii Ha BUSBJICHHS Ta 3amo0iranHs 3arpo3aM Oe3MeKHu.

2. besneka mepexi

CtucHyTi JaHl MOXYTh BIUIMBATH Ha Te, SIK MPHUCTPOi OE3IMeKH, Taki SK
OpaHaMayepH Ta CUCTEMHU BUSIBIICHHS BTOPTHEHb, aHAII3YIOTh MepekeBUl Tpadik.
JleskuM 1HCTpyMeHTaM Oe€3MeKu MOKe OyTH Ba)KKO MEPEBIPUTH CTHUCIHI JaHI,
NOTEHLIHHO JIO3BOJISIIOYM  IIKIJJIMBOMY BMICTY 3aJMIIATHCS HEMOMIYEHUM.

3JI0BMUCHUKHU MOXYTh BUKOPUCTOBYBAaTH CTUCHEHHS, II0OO MacKyBaTH CBOi KOPUCHI
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JlaHI Ta YCKIAJIHIOBAaTH CHCTeMaM Oe3neku 1JAeHTU(IKalio Ta OJIOKYBaHHS
3JIOBMUCHHUX IH.

3. L{imicHICTD TaHUX

ANTOPUTMHU CTHUCHEHHSI, SIKIIIO BOHM HE peaji3oBaHi abo HajallTOBaHI
HaJCKHAM YHWHOM, MOXYTh CTBOPIOBATH BpA3JIMBOCTI, SKHUMH MOXYTh
CKOpUCTATHUCS 3710BMUCHUKH. [lorano po3pobiieH1 alropuTMU CTUCHEHHS MOXYTh
MPU3BECTH JO MOIIKO/KEHHS JaHUX a00 HaBiTh MOJETIIWTHA TIEBHI TUIHU aTak,
HAIPUKIIA]] aTaKh Ha OCHOBI CTUCHEHHSI.

4. besneka 30epiranHs

VY cepenoBuiax 30epiraHisi CTUCHYTI JaH1 3a3BU4ail BAKOPUCTOBYIOTHCS JIsI
onTuUMI3alli mpocTtopy s 30epiranHs. OjHak, SKIIO aJTOPUTM CTHUCHEHHS
HeOe3NeUHn, BUHUKAIOTh MpoOsieMu 3 Oe3nexoro. SKIIO0 3JI0BMHCHHUK MOXKeE
MaHIITyJTIOBaTH CTUCHYTHUMH JIaHUMH TaKHM 4YHHOM, 00 BHUKOPHUCTOBYBATH
Bpa3JIMBI1 MICLA B IPOIIEC] JEKOMITPECIi, 1€ MOKE MPU3BECTH 10 MOPYLIEHb OE3MEKH.
HanexxHuil 3aXuMcT CTHUCHYTHUX JaHUX IMiJI 4Yac 30epiraHHs € BaKIMUBHUM JUIS
30epekeHHs! KOH(D1IEeHIIMHOCTI Ta IITICHOCTI KOH(P1ASHIIHHOT 1H(hOopMalIii.

5. be3neuyna nepenaya ¢ainin

VY Ge3neuHux MpoToKojiax mnepenadi (aiaiB CTUCHEHHS 4acTO 1HTETPOBAHO
JUIsL onTUMI3alli yacy nepenadi ganux. OgHak Oe3neka alropuTMy CTUCHEHHS Ta
HOTO BMIPOBA/KEHHS CTA€ MEPIIOPSAHUM y 3abe3nedeHH] KOH(IACHIIIHOCTI Ta
LUTICHOCTI MepefaHux JaHux. Meroau mudpyBaHHsS BBOIATHCS ISl 3MIHM JAHUX
nepen nepeaaydeto, mob 30epert KOHQPIACHIINHICTS CTOPIH, SKI 0epyTh y4acTh y
CHUJIKyBaHHI, a00 3aXWUCTUTH KOH(IACHIIINHICT, NaHWUX BiJl 3JIOBMHUCHHUKIB. Y
O0araTbOX BHUIIAJKAX TMepelaHi JaHi BUMIPIOBaHb MarOTh (OpMYy ABOBUMIPHOL
rpadiky, siKa CTUCKAETHCS 3a JIOIMIOMOTOI0 KOJICKIB 300pakeHb. Y TaKMX BHIAIKaX
BKpall BAXKJIMBO CTUCHYTH JaH1 31 30€peKEHHIM SIKOCTI, TPUAATHOI JJIsI TIO1aJIbIIIO1
0OpOOKHM J1aHUX, 1 30€perTy BIaCTUBOCTI O€3MeKH MU(pyBaHHS.

6. CrieHapii aTak 13 BAKOPUCTAHHSIM METOIB CTHCHEHHS



27

CTUCHEHHSI JaHUX NPUHOCUTH KOPUCTh Yy BUIJISAAI OLIbIT e€()EeKTUBHOTO
CHUIKYBAaHHS, OJHAaK 3MiHa BIACTHBOCTEH JaHUX MOXKE TiANaTH CHCTEMY

excruryararii [19-20].

1.1.3 BunaneHHs IIyMOBUX KOMITOHEHT

BinHoBIEHHS CUTHATY 3 CIIOCTEPEKYBAHUX JAHUX 13 3allyMJICHHSM 3a3BHYai
PO3TIISIAETHCS SIK BOXKIJIMBA TIOTIEpeIHS 00poOKa 1 € cheporo TOCTIHKEHD MTPOTATOM
necatuiiTh. Jloci B miTeparypi Oysio onmucaHo 0araTo aJrOpUTMIB JJIsl 3MEHIIICHHS
IIyMy, BKJIIOYAIOUU TPAAULIMHUN JHIAHUNA (QUIBTP, Takud sSK (UIBTP HU3BKHUX
yactoT barrepBopra, QpuibTp Binepa Ta moporoBuii (GUIETp Ha OCHOBI BEWBJIETIB
[21]. butpwmicTe 13 HMX BHUABWIHMCS €(QEKTUBHUMHU Y BHIAJEHHI HeOaKaHUX
KOMITOHEHTIB. OJHaK JiHIHHI MeToAau GUIbTpallii He IyXe edeKTHBHI, KOJIH
CUTHAJIM MICTATh TOCTpPl Kpai Ta IMIYJIbCH KOpOTKOi TpuBanocti [22]. o
CTOCYETBCSL METOJIB YCYHEHHS IIyMy Ha OCHOBI BEHBJIETIB, TO Ba)XXKO BHUOpaTH
OCHOBY BEilBleTy, MacuTad, MOPOroBy (QYHKIIO Ta ONTHMAaJbHE IIOPOTOBE
3HAYCHHS.

HemonaBHo BueHi po3poOuin eMiipuaHui pesxum aekommnosuiii (EPJT) mis
JEKOMITO3UIIII HEJTIHIMHUX 1 HEeCTallOHApHUX CHUTHAJIB Ha cepilo  (QyHKIIl
BHYTpiliHbOro pexumy (PBP). ['onosHa nepeBara EPJl nossirae B TomMy, 110 BiH
MOBHICTIO 3aJIeKUTh BiJ camux naHux. OTxke, pe3yJbTaTd 30epiraloTh IMOBHY
HECTAI[IOHAPHICTh XapaKTEPUCTHUK IILOBUX CUTHAMIB. Y 11boMy cBiTJIi MeToa EPJ]
€ KpaluM 3a MiIX1]] BelBiIeT-aHaizy, ae 6a30Bi QyHKIlT € (HIKCOBAHUMU 1, TAKUM
YIHOM, HEe 000B’S3KOBO 301raf0ThCS 3 yciMa pealbHUMU CUTHaIaMH. BiacTuBicTh
EPJl Bectn cebe sik miaguuHuid OaHK (iabTpiB, MOAIOHWUN 10 BeHBIETIB, Oyia
KOPHUCHOIO JIJIsl YCYHCHHS IIIyMY CHTHAJTy Ta IIpUBepTalia Bce Oublie yBaru [23-25].

Opnaxk anroput™m EPJ] Moxe 31TKHYTHCS 3 MPOOJIEMOIO 3MILITYBaHHS PEXKUMIB,
KOJIU CHUTHAJI MICTUTh TNepepuBYacTicTb. Tomy Oyjo BBeAEHO aHcaMOJIeBY
emmipu4Hy MojioBy nekommosuiito (AEM/I). Anroputm BuszHauae Haoip O@BP nms
aHcaMmOJIt0 BUITPOOYBaHb, KOKHE 3 IKMX OTPUMaHO NUIIXOM 3actocyBanHs EPJI 1o

I[IKAaBOTO CHUTHAJY 3 JOJIaBaHHIM HE3aJIEKHOTO OJIHAKOBO PO3MOJIJIEHOTO O1710T0
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IIYMY 3 OJJHAKOBUM CTaHJIAPTHUM BIIXUJICHHSM. BpaxoByrouu BIIaCTUBOCTI O1710TO
IIyMy, MOXHa IMOJOJaTH MpoOJieMy 3MINIyBaHHS MOJ. 3aBASKU BpakarouuM
xapaktepuctukam AEM/] BUKOpHCTOBYBaBCS JUIsl BUPIIICHHS KUTBKOX MPOOJIEM Y
ranysi HayKH Ta TeXHikH. Floro BUKOPUCTOBYBAIIM JUIS PO3PAXYHKY 3aJIHIIKOBOIO
CUTHAJTY 3 METOIO BUSIBJICHHS JIOKATI30BaHUX HECTIPABHOCTEH KOPOOKH miepenad abo
MONIKO/DKEHHS Ha paHHIN cTafmii. Y [26] aBTOpM BUKOPUCTOBYBAIM HOTO IS
MPOTHO3YBaHHS KOPOTKOCTPOKOBOTO MACAKUPOIOTOKY 3a JIOMOMOTOI0 HEHPOHHUX
Mepex 3BopoTHOro nomupenHs (HM3II). Bueni po3kiaim exo-curHalv yaapy Ha
IHIIUN CIEKTPATbHUM CKIaa JIJIs BUAUICHHS CUTHATY J1e(DeKTy.

Sx 6inbm Hamiitny Bepcito EPJ 13 3axucrom Big mymy, AEMJI moxHa
BUKOPUCTOBYBATH SIK aJIbTEPHATUBY METOJIaM YCYHEHHsS IIyMiB Ha ocHOBI EP/I.
Kpim Toro, HemoaaBHo OyJi0 BUBUEHO BUKOpUCTaHHs mipouiecy AEMJI sik ¢inbTpa
Ta oro nopiBHsiHHEA 3 MeTogoM EPJI [27]. [lokpamieHa eekTuBHICTh (inbTparrii
Moxe Oyt nocsarayta 3a aornomororo AEMJI, nixk EPJl 3 BianoBigHuM n0AaHUM
IIYMOM 1 JJOCTaTHBOIO MPOOHOIO KIJIBKICTIO.

BupanenHs mryMoBUX KOMIIOHEHT € OJIHUM 13 BaXJIMBUX €TamiB MoOyJI0BU
Mozeni 1H(GOPMAIIHHOTO CUTHATY, SIKAA Tepeaye HWoro anamizy. HaiOinbi
BiJIOMUMH Ta 3aCTOCOBYBAaHUMH METOJIaMU BUIAJICHHS IITyMY Ta CTUCHEHHS JTaHUX
€ METOAM, B SIKMUX BHUKOPUCTOBYETHCA ampoKcUMalliss Oa3suCHUMHU (PYHKUIIMH
pi3HOMaHITHUX TUMiB. Bcei cuctemu 0a3ucHUX (QYHKINNA MOKHA MOJIIUTH HA TPU
TpyIIN:

1) rmo6anbH1 opToroHanbHi (0azucu dyp’e, Xaptii, YeOurena);

2) nokayibH1 (KyCKOBI TIOJIIHOMH, 0a3WCHI CIUIAHM);

3) rnobankHi HeopToroHabHi (GyHkiii KotensaukoBa, ctyneHesi) [28].

1.2 Cy4acHi MeToau Ta 3acO0U MOHITOPUHTY SIKOCTI €JIEKTPUYHOT €Heprii

OaHuM 13 HaWOPOCTIIIMX 1 OCHOBHMX METOJIIB BHUMIPIOBaHHS SIKOCTI
CJIEKTPOCHEPT1i € BUKOPUCTAHHS MyJbTUMETpa ad0 BOJBTMETpa ISl TEPEBIPKU
HaIpyTH Ta YaCTOTH JHKepelia )KUuBJIeHHs . [{e Moke TomoMOorTi BU3HAYUTH Oy /Ib-SK1

BIIXWJICHHS BiJl HOMIHAJIBHUX 3HAYEHb, HAMPUKIAJ TICPEBUINCHHS HAIPYTH,
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3HMKEHHSI HAalIpyTu 200 KoyMBaHHs yacToTu. OIHAK el METOI A€ JIUIIEe MUTTEBUI
3HIMOK SIKOCTI €JIGKTPOCHEprii B TMEeBHUH MOMEHT 4dacy Ta He (IKCYE >KOJHHUX
NEPEeXiAHUX YU TUHAMIYHHUX TOJ1H, TAKUX K CTPUOKH, Caau 9 KoluBaHHA. Kpim
TOro, el MeToJ He Hajaae >koaHoi iHdopmMmarlii mpo dopmy curHairy abdo
CTIIOTBOPEHHS, SKI MOXKYTh BIUIMHYTH Ha BMICT TapMOHIK 1 KOE(IIIEHT TOTYKHOCTI
JDKepera KUBJICHHS.

[HIIMIT MEeTO] BUMIPIOBAHHS SIKOCTI €JIEKTPOCHEPT1i MOJsrae y BUKOPUCTAHH1
ocmmtorpada abo anamizaropa GOpMHU CUTHATY JIJIS 3aXOIUICHHS Ta BiIOOpaKeHHS
(dbopMu cUrHaNIB HApyru Ta cTpyMy. Lle Moxke AomoMOorT! BaM BU3HAYUTH OY[Ib-
ki aHomami abo chnoTBOpeHHS Yy ((opmi CUTHAIy, Takl $K TapMOHIKH,
1HTEpPrapMOHIKH, BUIMKH, IIIyMU 200 MepexTiHHS. ['apMOHIKM — 11€ 4aCTOTH, KpaTH1
OCHOBHIM 4YacTOTI, fKI MOXYTh CHPUYMHUTH TEPErpiB, BTPATH, MEPEIIKOIU abo
PE30HAHC y cucTeMi. [HTeprapMoHiKu — 11€ 4acTOTU, HE KpaTHI OCHOBHIM 4acCTOTI,
1 MOKYTh COPUUYMHATH MOA1I0HI MpoOIeMu, 1110 i rapMOHikU. BuiMku — 11e panToBi
3HWKEHHS (OpPMHU CHUTHAJIy Hampyrw, $KIi MOXYTb BHHUKHYTH BHACIHIJIOK
nepeMukaHHs ado BunpsmieHHsa. lym — e Oynb-akuii HeOakaHUl CUTHAIL, SIKAN
MO>KE 3aBa)KaTH 3B’ 3Ky a00 KOHTPOJIIO CUCTEMU. MepexTIiHHS — IIe IMIBHU/IKA 3MiHa
aMIUTITYM Hampyrd, fKa MOXK€ CHPUYMHHUTHU BIIYYTHI KOJIMBAHHS SICKPABOCTI
cBiTiHa. AHami3 ¢GOpMH CUTHAJy MOXE HaJaTd OUIbIl AETAJbHY Ta TOYHY
1H(}OopMaIIito Mpo SAKICTh €NEKTPOSHEPTii, HI)K BUMIPIOBAHHS HAIIPYTH Ta YacTOTH,
ajie I UbOro MOTpiOHE OLIbII CKIaAHE Ta Jopore oOjJagHaHHS Ta MPOrpaMHE
3a0e3MeyeHHs.

Tpertiit MeTO BUMIPIOBAHHS SIKOCT1 €JIEKTPOSHEPT1i MOJISITae€ Yy BUKOPUCTAHHI
BUMIpIOBaYa Koe(illieHTa TMOTYXHOCTI a0o0 aHaji3aTopa TMOTYXHOCTI JIJIst
oOuucieHHss Koe(imieHTa TOTYXXHOCTI JpKepena kuBleHHsA. KoedimieHT
MOTY>KHOCT1 - 1I€ BIIHOUIEHHS peajbHOi MOTYXHOCTI JI0 MOBHOI MOTY>KHOCTI Ta
BKa3y€, HACKUIBKU €()EKTHUBHO TOTY)KHICTh BHKOPHCTOBYETHCS HaBaHTAKEHHSIM.
Husbkuii  koe(dimieHT TMOTY>KHOCTI O3Ha4a€ HASBHICTh BHUCOKOI CKJIQJI0BOT
PEaKTUBHOI MOTY>KHOCTI, fIKa HE CIpHsIE KOPUCHII poOOTI, aje BUKIUKAE BTPATH Ta

NaJiHHS HAnpyru B cucteMi. HUu3pkuii KoeillieHT MOTY>KHOCTI TaKOX MOXKe OyTH
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pe3yJbTaTOM BHUCOKMX TapMOHIMHUX CIOTBOPEHb, IO 3MEHINYE €(QEKTUBHY
Hafpyry Ta CTPYM, JOCTYMHI /IS HaBaHTa)XeHHs. BuMiproBaHHs koedirieHTa
MOTY>KHOCTI MOX€E JTJOTIOMOTTH BaM OI[IHUTH €()EeKTUBHICTb 1 MPOAYKTUBHICTH BaIlOl
CHUCTEMH Ta BU3HAYUTH OYJb-AKI MOXKJIMBOCTI ISl TIOKpAIeHHsT a00 KOMIICH CAIli.
Opnak numie BUMIpIOBaHHS Koe(illieHTa MOTYXKHOCTI HE BKa3ye Ha JKEpeno ado
MPUPOAY TPOOJIeM 3 SAKICTIO E€IEKTPOCHEPTii, HANMpPHKJAJ], YA BOHU BHUKJIMKaHI
rapMOHIKaMH, KOJIMBAaHHSIMU HAaIPyru a00 XapaKTepUCTUKAMU HAaBaHTAKEHHS.
YerBepTrii METOJ BHUMIPIOBAHHS SIKOCTI €JICKTPOCHEPTii TMojsrae y
BUKOPUCTAHHI BUMIpIOBauYa SIKOCTI €JEKTpOeHeprii abo MOHITOpa SKOCTI
CJIEKTPOCHEPTIi JJIsl 3aMKCy Ta aHaji3y PI3HUX MapaMmeTpiB 1 MOKA3HUKIB SKOCTI
€JIEKTPOEHEPTii MPOTArOM IMEBHOrO Mepiogy 4acy. BumiproBau sKocTi
CJIEKTPOCHEPT1i MOXKE BHUMIPIOBATH Ta BIOOpakaTu HANpyry, CTPyM, 4acToTy,
bopmy XBUII1, KOEPILIEHT NOTYXHOCTI, TAPMOHIKH, 1HTEPrapMOHIKH, MEPEXTIHHS,
NOJii Hampyru Ta CHOKHUBAHHS €HEprii JKEepejaoM >XUBJIEHHs. MOHITOp SIKOCTI
CJIEKTPOEHEPT1i TaKoXX MOKe 30epiraTH Ta mepenaBaTh JaHl Ha KOMIT IOTep abo
MEpexy g TMoJaiblioi oOpoOKM Ta 3BITyBaHHSA. BuMiproBaHHS SIKOCTI
CJIEKTPOCHEPT1i MOKE HaJaTH HAWMOBHINIY Ta HaJIWHY 1H(OpMAIlI0 MPO SAKICTh
€JIEKTPOEHEPTii Ta JOMOMOITH BaM BU3HAYUTH MPUYWHU, HACTIAKUA Ta PILICHHS
npo0seM 13 AKICTIO enekTpoeHeprii. OqHak BUMIPIOBAHHS SIKOCT1 €JIE€KTPOEHeprii
TaKOXX TOTpedye HANCY4YacHINIOTO Ta JOPOroro OOJIaJHAHHS Ta MPOTPAMHOTO
3a0€3MEeUeHHs, a TaKOoX MOXKe 3HanoOuTHCs mnpodeciiiHe BCTAHOBIECHHSA Ta

00CITyrOByBaHHS.

1.2.1 ITapameTpu AEE Ta ix cnoTBopeHHs

Hamaratourch BU3HAUWTHU: 10 TaKE SKICTh €IEKTPOCHEPTii B €IEKTPUIHUX
Mepexax, SIKUMH (paKTOpaMH BOHA BU3HAUAETHCS Ta 3a SKUMHU MEpeayMoBamu ii
OI[IHIOBATH, HEOOX1JHO YTOUHUTH BJIACHE 3HAUCHHS TEPMIHY SIKICTh €JIEKTPOSHEPTi.
[1e#t TepMiH 4aCTO BUKOPUCTOBYETHCS SIK CHHOHIM HAJAIHOCT1 €JIEKTPOTIOCTaYaHHS,

1100 BKa3aTH Ha HAsIBHICTh aJICKBATHOTO Ta 0€3MEYHOr0 €JIEKTPONoCcTayaHHs. [Hiie,
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HIMPIIE BU3HAYEHHS OMKCYE SKICTh MOCIIYT, 10 OXOIUIIOE TPU ACTIEKTHU: HAJIHHICTh
MOCTayaHHs, SKICTh MPOIIOHOBAHOI €JIEKTPOCHEPTrii Ta HalaHHs 1H(opMalIii.

Enextpoeneprisi sk 0coOJMBUN MPOMYKT Ma€ IMEBHI XapaKTEPUCTUKH, IO
JAI0Th MOJKJIMBICTh BU3HAYUTH 11 IPUAATHICTD ISl PI3HUX BUPOOHUUYUX MPOILIECIB.
[le#i HaOlp XapakTEepHUCTUK, IO JAIOTh 3MOTY CIHOXKMBayaM EJIEKTPOEHepril
BUKOHYBaTH TMpHU3HA4YeHI  (YHKIIi, y3arajJbHIOETHCA TOHATTAM  "SKICTh
enekTpoeHeprii”. OCTaHHIM YacoM BEJUKY yBary MpUAUISIIOTh M1BUIIEHHIO SIKOCTI
enekrpoeneprii. Lle moB'si3aHo 3 THM, 10 HEBIAMOBIAHICTD SKOCTI €JIEKTPOCHEPTil
BCTAHOBJICHUM  TOKa3HUKaM  MOX€  YWHUTH  HETaTUBHUM  BIUIMB  Ha
€JIEKTPOCTIOKUBAHHS, PEKUMU pOOOTH €IEKTPOOOIaIHAHHS, CUCTEMHU PEJIEHHOTO
3aXUCTy, aBTOMATUKHU i TeJIeMEXaHIKM, BHUPOOHHYI NPOLECH Ta MPHU3BECTH [0
3HaYHUX €KOHOMIUHUX yTpaT 4epe3 3HWKEHHS HAa{IHHOCTI €JIEKTPONOCTauyaHHS.

[IpoGnema oOWEAIMBOTO BHKOPUCTAHHS BCIX BH/IB €HEPrii, 30KpeMa
€JIEKTPOEHEPTii, 1 MIABUIICHHS €()EKTUBHOCTI POOOTH €JIEKTPOOOJa HAHHS €
BaXXJIUBOIO JIepKaBHOIO mpobemMoro [29].

SKicTh eneKkTpoeHeprii B1100paXkaroTh TaKl TPy MOKa3HUKIB.

1. Benuuunw, 1110 XapakTepU3yOTh HECHHYCOiAHICTh HanpyrH [30].

KoeditieHT cnoTBOpEeHHS CUHYCOiTHOCTI KPUBOi HANPYTH Ta KOEPIIEHT N-
TapMOHIYHOT CKJIaMoBOi Hampyrd. J[ias oOuncieHHs OCTaHHBOTO HEOOX1THO
BU3HAYHUTH 3HAYEHHS HAMPYTH OKPEMHX TapMOHIK, [0 TEHEPYIOThCS HETIHIHHUM
HaBaHTaXEeHHAM. HopmanpHO Ta TrpaHMYHO mTpUMycTHMi 3HadYeHHa Ky, €
HOpPMOBaHMMH BenuunHaMu. CTaHIapT Jae 3MOTY HE BpPaxOBYBaTH TapMOHIYHI
CKJIaJI0B1 mopsiakiB moHas 40 ado Ti, 3HaueHHS skux MeHI 3a 0,3 %.

Hebe3neky VIS €JIEKTpOo00JIaTHAHHS CTAHOBIIATH CIIOTBOPEHHS
CUHYCOITHOCTI KpUBOi1 Hampyru moHaa 8§ % abo HasIBHICTh y KpHBIH HaAmpyrH ii
TFapMOHIYHUX CKJIaJIOBUX HEMApHOTO (IMapHOT0) MOPSAIKY 3 KOe(II[IEHTOM rapMOHIK
oinpImMM 3a 5 %.

2. Bennunnu, 1110 XapakTepu3yOTh HECUMETPII0 HAPYTd OCHOBHOI YaCTOTH.

KoedimieHT HECUMETpIi HANPYT 32 3BOPOTHOIO MOCITIIOBHICTIO BUZHAYAETHCS

BIJIHOIICHHSM JIIOYOTO 3HAYEHHS HAMPYTU 3BOPOTHOI MOCIIJOBHOCTI OCHOBHOI
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yacToTl Tpu@as3Hoi Hampyru U.i) 1o HOMIHanbHOI JiHINHHOI Hanpyru Upinowm
BUPAXEHUM Y BIJICOTKAX.

KoedimienT HecumeTpii Hampyr 3a HYJIHOBOIO TOCIITOBHICTIO TpHpa3zHOI
YOTUPUIIPOBIAHOI CUCTEMH >KHMBJICHHS (3 HYJIbOBHM TPOBOJOM) BH3HAYAETHCS
BITHOIIICHHSM JIIFOYOT0 3HAYCHHS HAMPYTH HYJIHOBOI IMOCIHIIOBHOCTI OCHOBHOIT
gactoTd Uo (1) 10 HOMiIHaNBHOT Qa3Hoi HarpyTH U, , BAPAKEHUM Y BIJICOTKAX.

HopMmanbHo Ta rpaHMYHO MPUMYCTHMI 3HA4YCHHS KOEQILIEHTIB HECHUMETPil
HaIpyT 3a 3BOPOTHOIO Ta HYJIHOBOIO MOCIIIOBHOCTSMHU A0piBHIOIOTH 2,0 Ta 4,0 %
BIJIMTOBITHO.

3. BenunuuHM, 1m0 XapakTepu3ylOTb TapMOHIYHI CHOTBOPEHHSI BXI1JHOTO
CTpyMy, L€ KOe(DILI€HT 3arajJbHUX TaPMOHIYHUX CIOTBOPEHb CTPYMY, 3BAXKEHUUN
KOe(DIIIEHT TapMOHIYHUX CHOTBOPEHb BXIJIHOTO CTPYMY, YaCTKOBO 3Ba)KCHUU
KOC(IIIEHT TAPMOHIYHUX CIIOTBOPEHB CTpyMy [31].

VY pasi OpoxoIKEHHS CTPYyMIB BHIIMX TapMOHIK €JIE€MEHTaMU CHCTEMH
€JIEKTPOIIOCTa4YaHHsl BUHUKAIOTh JI0/1aTKOB1 BTPATU €JIEKTPOCHEPTIi, HacaMmIiepes B
TpaHcopmaropax, ABUTyHAX 1 reHepaTtopax. Y HU3I BUNAKIB 11 BTPATH MOXKYTb
PU3BECTH 10 HEIPUITYCTUMHX HOpYIIEHb TEIJIOBOTO pPEXUMY
€JIEKTPOOOIIaTHAHHSI.

4. BenuuuHu, 10 XapakTE€PU3YIOTh CIIBBIJHOIICHHS MK AKTHUBHOKIO Ta
MOBHOIO MOTYXHOCTSIMHU.

AKTHBHa TMOTYXHICTh P JOpIBHIOE CEpeIHbOMY 3HAYEHHIO MHUTTEBOL
MOTY>KHOCTI 32 TEpioJy HampyrW SKUBJICHHS Ta BH3HAYa€  KUIBKICTh
€JIEKTPOMArHITHOT EHEPT1i, 1110 HE3BOPOTHO MEPETBOPIOETHCS 3a IIEH Yac B 1HIII BUAH
eHeprii. [loBHa MOTY>KHICTh € OJHUM 13 0a30BUX MOHATH TEOPil MOTYKHOCTI, 110
BU3HAYAETHCS K MAKCMMajbHA AKTUBHA TOTYXXHICTh HABAaHTAXCHHS, 10 MOXKE
OyTH JOCATHYTa 3a 3a/laHuX HANpyT CHUCTEMH >KUBIIEHHS Ta MOTY>KHOCTI BTpAaT B
niHii epenayi [32].

[ToBHa MOTYXHICTh S 3a3BHuail OuIbIlA, HIXK aKTUBHA MOTYXHICTH P depes
ICHYBaHHS HEAaKTUBHHMX CKJIQIOBUX IMOTYXXHOCTi, CTPyMH SKHX, HE CTBOPIOIOYH

KOpUCHOTO edeKTy Tepeaadi eJeKTPOSHEPTii CHOKKWBAaueBl, MNPU3BOAITH O
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30UIBIIICHHS BTPAT €HEPrii B JIiHII nepefaavi. BUaAUISIIOTh TpU HEAKTHBHI CKJIAJ0BI
MOBHOI TOTYXXHOCTI [32]: peakTHBHA TMOTYXHICTh (MOTYXHICTh 3CyBYy) Q,
3yMOBJieHa (ha30BUMH 3CyBaMU MIDK TapMOHIYHMMH CKJIAJOBUMH Hampyr Ta
CTPYMIB; TIOTYXHICTb CIHOTBOpPEHHS R, 3yMOBJI€Ha TapMOHIKaMH CTPYMiB
HEJIHIMHOTO HABaHTAXKEHHS, SIKUX HEMA€E B CIIEKTP1 HANIPYT KUBIICHHS; TOTY>KHICTb
HecuMeTpii (HebOanancy) B, mo BuHHMKae numie B OaratodasHux cucTeMax depes

HECUMETPIiI0 HaBaHTaXXEHHS (a3.

1.2.2 MartemaTn4H1 METOIH Ta criocoOu oriHoBanHa AEE

HanexHuil aHami3 sKOCTI €JIEKTpOEHEprii BUMara€ BUMIPIOBaHHS JOCHUTh
BEJIMKOI KIJIBKOCTI PI3HMX MMapaMeTpiB. 3a3BUYail BUMIPIOBAHHS JUIsl OLIIHKU SIKOCTI
CJIEKTPOEHEPT1i MPOBOJATHCS 3 BUKOPUCTAHHSIM alrOpUTMIB IUGPOBOi 0OpOOKH
CUTHAJIIB. AJie BapTO MIJKPECIUTH, IO aHajl3 TapMOHIN 1 MEepexXiAHUX MPOLECIB
(amamiz ¢opmu XxBWIl) chpabal BuMarae Habarato OUIBIIOI OOYHCIIOBAILHOL
MOTYKHOCTI, HIXK BU3HAYCHHS 1HIIIUX MTOKA3HUKIB SIKOCTI €JIEKTPOSHEPrii.

Tpanuuiiino neperBopeHHs Pyp'e MalixKe BUKIIOUHO BUKOPUCTOBYBAJIOCS B
CHEpreTulll Il BHUJUICHHS BHUCOKOYACTOTHUX KOMIIOHEHTIB. TMM HE MEHI, B
OCTaHHIN JiTEpaTypi 3 MOCUJIAHHSIM Ha MOTEHI[IHHI 3aCTOCYBaHHS €HEPreTUYHUX
CHUCTEM OOTOBOPIOBAIKCS TPHW OCHOBHI anbTepHaTuBU [33, 34]. Lle mepeTBopeHHS
VYomma, Xaptii ta BetiBier. Oco0a1MBO OCcTaHHINM BapTO peKOMeHyBaTu. BeiiBier-
nepetBopeHHs (BII) 3a0e3neuye mBHAKUN 1 e(QekTUBHMI cHociO aHamizy
HecTarioHapHux ¢GopMm Harmpyru Ta crpymy. OTKe, MOXXKHA CKa3aTd, IO IIeH
IHCTPYMEHT CTa€ NMEPIIOPSIAHUM JIJIsi BUSIBIICHHSI Ta aHAJI3y MEPEXiTHUX MPOIIECIB.

[Toni6no nmo Bumanky ®yp'e, BII po3kiamae curHaa Ha HMOro 4acTOTHI
CKJaloBl, aje Ha BigMiHy Biax mneperBopenHs @Dyp'e, BII moxe amantyBatu
PO3ALIbHY 3/IaTHICTh YaCTOTH. BeiiBner-nepeTBopeHHs Mae nmudpoBy peaizoBaHy
BEpCIiI0, TUCKPETHE BEHBIICT-NIEPETBOPEHHS. Y IIbOMY BHJII TIEPETBOPEHHS 3MiHHI
MacIITady Ta TPaHCISLIT TUCKPETHU3YIOThCS.

B icHytouili eHepreTuuHiii cuctemMi (OpMy CUTHAJIy MOXHA OTpUMAaTH 3a

JIOTIOMOT'OI0 BUMIPIOBaHb y TOUKAX 3arajbHOrO 3B’SI3KY, a iX YaCTOTHI KOMIIOHEHTH
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MOTIM BUBOJSTH 32 JOIIOMOT'OI0 00poOKH curHaiy. Llei mpoiiec cTocyeThCs OLIIHKU
SKOCTI, peajizoBaHOi 3a JOMOMOTOI0 MPHUCTPOIB 1 CHUCTEM MOHITOPHHTY SIKOCTI
CIIEKTPOCHEPT1i.

BianoBigHa KOHTpOJIBHO-BUMIPIOBAJIbHA araparypa JJisg BUPIIMICHHS 3ajiadl
OLIIHKHM SIKOCT1 €JEeKTPOCHeprii 3a3BUYail CKIAMAEThCs 3 OaraTo(yHKIIOHATIBHUX
MIKpOTIPOIIECOPHUX MpPUIAAiB, a came CHeliali30BaHuX aHalli3aTopiB SKOCTI
CJICKTPOCHEPTi.

MOHITOpPHUHT SKOCTI €JIEKTPOCHEpPrii mependadae 3axOIUICHHS Ta 0OpOOKy
CUTHAJIIB HAIIPYTH Ta CTPYMY B PI3HHUX TOYKax cucteMu. CHUrHamu, siki MOTpiOHO
BJIOBUTH, 3a3BUYall MalOTh BUCOKI PiBHI HANPYTH Ta CTPyMYy, 1 116 BUKOPUCTAHHS
TpaHc(OPMATOPIB CTPyMy Ta HAIpPYyrd € HEOOXIAHUM, NEPII HDK iX MOXKHa Oyne
00pOoOUTH TIPHUIIAJIAMHU.

VY [35] 3anporoHOBaHO 1HTETPOBAHMI METO/]] OLIIHKHU SIKOCTI €JIEKTPOEHEPTii
Ha OCHOBI €JIEMEHTHOTO aHalli3y peuoBUHHU. Teopis Marepii-eleMeHTa € METOJOM
MPOTUPIYYSI, BCTAHOBIIIOE MOJICNIb CKJIAJIHUX MpoosieM, o0 OyTU abCTpaKTHOIO, 3
KOpEJALIMHOI0 (QYHKITIEIO 711 BUPAXKEHHSI peuel 3 IEIKUMHU BIIACTUBOCTSAMHU, MOXKE
OIMCATH CTaH 3 JBOX AacCIHEKTIB: SKICHOIO Ta KUIbKICHOro. MeTOH OILIHKH,
3aCHOBAHMI Ha METOJ1 MaTepii-elIeMEHTa, 0JIa€ MpPoOJieMy CKIAJHOTO BHOODY,
KOJIM TPUOJIM3HUM CTYIHb TPUHAIEKHOCTI JJO HEUITKOTO OLIIHIOBAHHSI, BCTAHOBJIIOE
MOJICNIb CKJIQJHUX MpoOJieM SK aOCTpakTHY, BHKOPHUCTOBYIOUU KOPEISLINHY
GYHKITIO [T OMHCY peuei 3 IeTKUMH BIaCTUBOCTSIMH, MOYKE OTTCATH CTaH 3 JABOX
ACTEKTIB AKICHUX 1 KUIbKICHHX, aJie Ha HUX BIUTUBaTUME (hakTOp Cy0’ €KTHBHOI Bary.

Y [36] Ha OCHOBI CTaTUCTUKU MMOBIPHOCTEH Ta BEKTOPHOI aireopu
3aMpOIOHOBAHO METOJ OIIHKHU SIKOCTI €JEKTPOEHEePrii Ha OCHOBI JOOOBOIO ITUKITY.
binbi 3pydHuM 171 po3paxyHKIB € METO]T OI[IHKU SIKOCTI €JIEKTPOCHEPTii Ha OCHOBI
CTaTUCTUKMA WMOBIpHOCTEH 1 BEKTOpPHOI ainredpu. Meroxg MaTeMaTHYHUX
pO3paxyHKIiB OUIbII CHCTEMAaTHUYHMI, pe3yJbTaT 3pO3yMUIMHI, a mpobiemy
HEBU3HAYCHOCTI MOXKHA BUPIIMIUTH 1HTYITHBHO. OCHOBHA i7Ies MOJISTAE B TOMY, 100
32 TEBHUM MPOMDKOK Yacy BHMKOPHUCTOBYIOUM TEOPI0 HWMOBIPHOCTI PO3MOALTY

WMOBIPHOCTEH NJiIi KOXKHOTO 1HJIEKCY Ha KOXXKHOMY PiBHI, a TMOTIM OOYUCIUTH
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IHIEKCHUM CTaHJapT OYIKyBaHHS Ta CTAaHJAPTHE BIIXWUJICHHS, 00 OIIIHUTH
CUTyaIlll0 IIOAO0 SIKOCTI EJICKTPOCHEPTrii HIISAXOM TIOPIBHSHHS OYiKyBaHHS Ta
CTaHJApTHOTO BigxuieHHs. OgHAK BHUMOTa MOHITOPHHTY JaHUX Yy PEXKHUMI
pealbHOrO0 Yacy TMOKa3HUKIB SKOCTI eJeKTpoeHeprii € Buimow. HeoOxigHo
KOHTPOJIIOBATH SIKICTh €JIEKTPOCHEPTii B OyIb-sIKUI Yac MPOTATOM IEpioay Jacy Ta
OIIIHIOBATH CTaH SKOCTI €JIEKTPOCHEPTIi B 1IeH Jac.

['eHeTYHMII  aNTOPUTM  BUKOPUCTOBYETHCS  JJIi  OLIHKK  SIKOCTI
eJIEKTPOCHEPTi, 110 POOHUTH OLIHKY SIKOCTI €JIEKTPOCHEPTii OUIbII TOYHOIO Ta
KOHKpETHOI0. [IpHHIIMI TeHEeTHYHOro ajropuTMy B 010JI0Tii, JapBiHIBCHKE
BIDKMBAHHS ~ HAWNPUCTOCOBAHINIONO,  BUKWUBAHHA  HAWMPHUCTOCOBAHIIIOTO,
3aCHOBAHE HAa OCHOBHIN omeparlii 0araropazoBOro BHUKOPUCTAHHS T'€HETUKH IS
yTPUMaHHS TPYIU MOXKJIMBHUX PIIIEHb, IPOJOBXKY€E F€HEPYBATH HOBY IMOMYJIAIIIIO,
MOMYJISALIS MOCTIMHO PO3BUBAETHCS, Y TOM Yac SK riI00anbHUN NapajieTbHUN MOLIYK
TE€XHIKAa TOLIYKY ONTUMAaJIbHOIO 1HJAWBIJA B TPYIl, OTPUMAHHSA ONTHUMAJIBHOTO
pILIEHHS IS 33JOBOJICHHSI BUMOT. 3aBJSIKU T'PAJIEHTHOMY CIIyCKy Ta aJTOPUTMY
MOIITYKY 3 MOJICTIOBAHHSM BiJNany, TCHETUIHUN aJTOPUTM € TIPOCTUM, HAJIMHUM 1
notyxaum [37].

Knactepuzamisi — 116 HEKOHTPOJhOBAaHE MAIIMHHE HABYaHHSI Ta METOIHU
aHaji3y JaHUX, MONIYK /i1 BU3HAYEHHS OOMEXKEHOTO HAOOpy JMaHUX ISl OIHUCY,
KWW MOe 00’ €KTUBHO B1IOOpa)KaTh pealbHUM CBIT, 3aJICKHUN Bil Cy0’ €EKTUBHHX
(bakTopiB, CTYIMIHb HU3BKUM, 1 3pyuyHUN oOuMciieHHS. OCTaHHIMU POKamMHu aHaJI3
KJlacTepu3allii MIMPOKO BHMBYABCA Ta 3acTOCOBYBAaBCS /0 0OaraThoX raiyse,
BKJIFOYA0YM 00pOOKY 300pakeHb, aHalli3 JaHHUX, PO3Mi3HaBaHHs 00pa3iB Ta 6arato
IHIMX oOnactedl. BiAMoBiAHO 10 pI3HUX PEXKHUMIB BUPAKEHHS KllacTepu3allli,
QITOPUTMH aHaNMI3y KJIAcTepH3allii MOKHAa PO3IUIUTH Ha Pi3HI TUMHU. [CHYIOTH
QITOPUTMM  KJacTepu3allii Ha OCHOBI PO3AUICHHS, AaJTOPUTM 1€papXIvyHOI
KJIacTepu3allii, aITOPUTM KJIaCTepH3allii Ha OCHOBI CITKH, aJITOPUTM KJlacTepHu3ailii
HAa OCHOBI MIIJIBHOCTI, QJITOPUTM KJacTepw3allli Ha OCHOBI MOJEJl TOIMIO.
BukopucTtoByeThcsi HEUITKUM CHUHTETUYHUM 1HIEKC JJIS  OLIHKA  SIKOCTI

CICKTPOCHEPTIl Ta 3MIMCHEHHS KOMIUIEKCHOI OITIHKHM SIKOCTI eleKTpoeHeprii. Jlis
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TOrO, 1100 3pOOUTH MPOIEC OLIHKUA OUIbII 00’ €KTUBHUM 1 CIPaBEIJIMBUM, METO/I
aHAJIITUYHOTO TPOIeCy lepapxii BUKOPHUCTOBYETHCS JJII OOPOOKH Baru KOXKHOTO
iHAeKCy. BpaxoByroun, 0 OIiHKA SKOCTI €JIEKTPOSHEPTIi € 1HAEKCOM MHOXHUHHOI
OLIIHKA Ta BHM3HAYEHO HU3KY (HaKTOpiB BIUIMBY, 3alpPONOHOBAHO KOMIUIEKCHY
METOJMKY OLIHKH SKOCTI €JEeKTpOeHeprii Ha OCHOBI Teopii HEUYITKOro
0aratoIiIbOBOro NpUHHATTA pimeHs [38-39].

VY nesxkux BUIAJKaX pO3TIISIAI0ThCSA Pi3HI OIIHOYHI MOKA3HUKHU TIPU OIlIHIII
SKOCT1 €JIEKTPOCHEprii, 3alpolOHOBAHO METOJ OIlIHKH SIKOCTI €JIEKTPOCHEprii,
3aCHOBAHMM Ha METOJI OCKYJIIOIYOi BeauuuHH. Lleit mMeToj Mo)e BUKOHYBaTU
KOMILJIEKCHY OIIIHKY Ta aHaji3 0e3 cy0’€KTMBHMX IMapaMeTpiB, TaKUX K (yHKIIIS
MPUHAIEKHOCTI, TOMY pE3yJbTaT € OUIbII 00’ €KTUBHUM Ta €peKTUBHUM. Edekt
KOPOTKO{ JIOIIIKK, 3aCHOBAHUM Ha TEOPii Ta HA OCHOBI €JIEKTPOMArHiTHOI CyMICHOCTI
YYTJIMBOIO OCOOJMBOIO IMONUTY CIIOXKMBAaya PIBEHb, PIBEHb IJIAaHYBaHHS, PIBEHb
CYMICHOCTI Ta pIBEHb IMYHITETY OOJaJHAaHHS, BUCYHYTUHA METOJ OLIHKU SKOCTI
CJIEKTPOCHEPT1i KOMIUIEKCHOTO PIBHA, 10 CHPHUSE€ PO3PI3HEHHIO  SIKOCTI
CJICKTPOEHEPTii Ta  CTYHEHS  OIIHKKM  SIKOCTI  ejekTpoeHeprii.  Takox
BUKOPUCTOBYETHCS TPYIOBUI METO MIPUHHATTS pillleHb aHATITHYHOI 1€papXii s
BU3HAUYCHHSI Bard KO>KHOTO 1HJIEKCY OIlIHKH. Ha 1111 0CHOBI BCTAHOBIIIOETHCS MOJIEITH
1 METOJl KOMILJIEKCHOT OI[IHKH SIKOCTI €JICKTPOCHEPTii 3a JOMOMOTrOI0 JepeBa
Mozenen. Jlekoam BHUCYBaeTbCS KPUTEPIM JTOCTOBIPHOCTI SIKOCTI €JEKTPOEHEPTii,
3aCHOBAHUM Ha METOJI HEYITKOI KOMIUIEKCHOI OI[IHKH, BCTAHOBIIOE KOMIUIEKCHY
OIIHKY 1€papX14HOi MOJIEN1 SIKOCTI €JIEKTPOCHEPTii, y MOJIEIl B yMOBaX CTaJIOro Ta
MEPEXiTHOTO PEKUMIB AKICTh €EKTPOCHEPTIi MOXKE 3aJIeKaTH BiJl KOMIUIEKCHOTO
posrisny [40-42].

BincyTHicTh MeTOmy KOMOIHOBAaHOTO 3Ba)KyBaHHS METOJY OI[IHKM SIKOCTI
eJIEKTPOCHEPT1i, 3aCHOBAHOTO HA METOJi TOJOJIAaHHS €IUHOTO TpaBa, THCK MOXKE
MIJBUIIUTH TOYHICTh OIIHKUA SKOCTI e€JIeKTpoeHeprii. byno 3ampomnoHoBaHO
BU3HAYATH KOMOIHAIII0O BaroBHX KOE(IIIEHTIB 1HAEKCIB SIKOCTI €JIEKTPOCHEpril
(ToOTO CyO’€KTMBHUM METOJI 3BaKyBaHHS B IMO€EJHAHHI 3 00’ €KTUBHUM METOJOM

3Ba)KyBaHHS), a 3@ IOTIOMOT'0I0 METOTY 3araJIbHOI0CTYITHOT TOUKH 3B’ 13Ky HEUITKO1
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CUHTETUYHOI OI[IHKH SIKOCTI eJeKTpoeHeprii eeKTUBHO MOKpallyBaTu 00'€KTHBHA
Ta HayKOBa HEYITKa KOMILJIEKCHA OITiHKa SKOCT1 €JIEKTPOCHEPTIi.

Takok BUKOPUCTOBYETHCS HEUITKHUN KOMIUICKCHUNA METOJ OIIHKH SKOCTI
CJICKTPOCHEPT1i, 3aCHOBAHMM Ha TMpOIeCl aHami3y iepapxXii EHTPONIMHOI Baru.
EnTpormiiina Bara, sik MeTOJ] 00’ €KTHBHOTO 3Ba)KyBaHHS, HAJICKHUTh JO KOHIIEMIIIT
Teopii iHpopmarii. EHTpomis sBisie cO000 Mipy HEBHU3HAYEHOCTI Y BHIQJIKOBIN
nmoAii Ta Moke OyTH 1HTEpIpeTOBaHA SK WMOBIPHICTh MOSBU MEBHOI 1H(OpMAIIii.
Yum MeHIIIa SHTPOITisA, TUM OLIBINI oOcaT HagaHoi iHdopmMarlii, TUM OiIbIIIa POJb
B OIIIHII1, TUM O1JIbIIIOK0 Ma€ OyTH Bara. HaBmaku, 4um O1J1b11a eHTPOTIisl, THM MEHIIIA

Bara [43].

1.3 Metoau ontumizarii iHQoOpMaIIitHUX CUTHAIIB

BukopucTaHHs =~ UEHTpali30BaHUX  Ta  JCUEHTPAII30BAaHUX  CXEM
€JIEKTPOTIOCTavYaHHs1, BBEJICHHS 3BOPOTHHUX 3B’ S3KiB MK CIIO’KUBAYEM €JIEKTPUIHOT
eHeprii Ta ii BUpOOHMKOM TPHU3BEIO JI0 CTPIMKOTO 30LIBIICHHS 1H()OpMAIIHHUX
MOTOKIB Ha BCIX eTanax ()yHKIIIOHYBaHHS €JIEKTPOECHEPIeTHUYHOI rainy3l YKpaiHu,
MOYMHAIYM 13 BUPOOHMIITBA EJEKTPUYHOI eHeprii 1 g0 1 crnoxuBaHHA. lle
00yMOBIIIOE HEOOXIAHICTH OOpOOKM, 30epiraHHsi Ta Mepenayl BETUKHX MacCHBIB
JaHux. 3 1HIIOro OOKYy, 4YacoBi OOMEXEHHs, SIKi HaKJIaJaroThbCs Ha OOPOOKY
1H(dopMaIrii Ta onepaTUBHICTh TPUUHSITTS PIIIEHb, 2 TAKOXK OOMEKEHa MPOIYCKHA
CIIPOMOXHICTh KOMYHIKAI[IHHUX Mepex MnoTpedye e(EeKTUBHOT ONTHMI3aLlii
1H(OopMaIIHHUX TOTOKIB y TIUIAHI iX CTHCHEHHS Ta KOMITAKTHOTO 30epiraHHsi,

nepeayl Ta BiTHOBJICHHS O0€3 BTpart.

1.3.1 Knacudikaris indhopmariiitHux CUrHajiB

Bupimenna 3agaudi kinacudikamii iHGOpPMAIIHHOTO CUTHANTY MOJSTae y
BCTAHOBJICHHI MpPaBWJ BIHECEHHSI WOTO J0 OJIHOTO 13 KJIAaciB 3a O3HaKaMu, sIKi
oJiep>KaHl Ha eTari CTBOPEHHS WOTO MOJEN, OI[IHKA MOT0o mapaMeTpiB i MO0y 0BH
onucy KJaciB. B 3arajibHOMY BUIISI Kiacu(ikallisi MPeaCcTaBiise co00 MPoIieC

BIJIHECEHHSI JIOCIIKYBAaHOTO 00’ €KTY, MPEJICTABIEHOTO CYKYITHICTIO JUCKPETHHX
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JAHUX, 10 OJHOrO 13 aJbTepHATUBHMX KiaciB. Takuii mponec 0Oa3zyeThCs Ha
ICHYIOUHX BIAMIHHOCTSX JIESIKO1 YIOPSAKOBAHOI CYKYITHOCT1 O3HaK PO3Ii3HABAHHS.
TpamumiitHo, BKa3aHi o03HakKu (OPMYIOTBCS HA OCHOBI TaKMX TMapaMeTpiB
iH(QopMaIiitHOTO CHUTHANly, K KOCQIIIEHTH BUKOPHUCTAHHS, 3arpy3ku, ¢Ghopmu,
MaKCUMYyMY Ta 3alIOBHCHHS.

Knacudikamiero iHGpOpMaIHHNX CUTHATIB € JUCKPUMIHAIIIS, KJIACTePU3aIlis
Ta rpynyBaHHs. [Ipu auckpumiHaniiHOMY aHai31 KJIACH BUAAIOTHCS TJIOIIMHAMU
“MOBIpHOCTEM a60 HaBUaIBLHUMH BUOIpKamMu. [TOHATTS AMCKpUMIiHALIIT MOXKE TAKOXK
MaTh mig Cco0OK Taki CHHOHIMH: pO3Ii3HaBaHHSA o00pa3iB, JIarHOCTHKA,
aBTOMAaTHYHA KJacu(iKallis 13 BUMTEIEM, CTATUCTUYHA KiIacu(ikalls 1 T. 1H.

HaiiGinpmoro nommupenHss HaOyno posmi3HaBaHHS oOpasiB. Lle o3Hauae:
moOyIOBY KJIACTEPiB HAa OCHOBI BEJMKOI KUIBKOCTI HaBYAIBHUX JaHUX, HAJTAHHS
KOXXHOMY 3 KJIacTEpiB BIJIOBIJHOI MITKH, ACOLIIIOBAHHS KOXKHOTO OO0’€KTa, IO
HAJIMIIOB Ha BX1J aIrOPUTMY pO3IMI3HABAHHS, 3 MITKOIO BIAMOBIHOTO KJacTepa.
HaBmaku, npu kiacTepusailiii Ta rpymnyBaHHI METOIO € 1IeHTU(]IKaIlIS Ta BUAICHHS
kiaciB. [Ipu rpynyBaHHI JOCSTAETHCS MO €IEMEHTIB Ha TPYIH, SIK1 HE 3aJIeXKaTh
BiJI TOTO, Y € MEXI1 MOJIITy MPUPOHUMHU 4 Hi. MeTa - 3HAaUTH TPy OJTHOPITHUX
00'eKTIB, fIKI CXOXI MIX c00010, ane "CycCiaHl" Ipynu MOXYTb HE MaTH PI3KUX
BimMiHHOCTEH. [Ipn 11bOMY 3aBHaHHS KJIACTEPHOTO aHATI3Y IMOJISATaE B TOMY, 100 Ha
OCHOB1 EMIMIPUYHUX JaHUX 3'SICYBaTH, HACKIJIbKM €JIEMEHTH 3rpyIoBaHi ado
PO3MaIal0ThCS Ha 130JIbOBAH1 KJIacTepH, KiacTepu. [HIMMu cioBaMu, MeTa MoJisirae
y BUSIBJICHHI TPy OJHOPIAHUX OO0'€KTIB, CXOXKHUX MK COO0I0 (SIK y TpyITyBaHHI),
KOJIM 111 TPy PI3KO BiIPI3HIIOTHCS OJIHA BiJ OJIHO1 (Ha BIAMIHY BiJ TPyITyBaHHS)

[44].

1.3.2 CtucHeHnHs iHpOpMaLIHHUX CUTHAJIB

EdexkTuBHEe ynpaBiiHHS — €JIEKTPOMEPEXKOI BHUMAarae BiJ oOmeparopa
BOJIOJIIHHS TOYHOIO 1H(POPMAITIEI0 TIPO CTAaH CUCTEMH B SIKOMOTA OUIBIMHN KIJIBKOCTI
TOYOK, III00 MaTH TOYHI JaHi JJig KepyBaHHs cuctemoro. Crocid 311MCHUTH 1€

noJisirae B po3po0Ill BUMIPIOBAIBHOI 1HOPACTPYKTYPH, TOJaBaHHI HOBHX TOUYOK
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BUMIPIOBaHHs, 30UIBIIEHHI PO3JAIILHOI 3AaTHOCTI 3a YacoM 1 aMIUTTY/IH,
30UIBIICHH] TPOMYCKHOI 3JaTHOCTI 3B’A3KYy Ta BHUKOPHUCTaHHI CY4YaCHHUX
OOYHCITIOBAILHUX CUCTEM a00 CydyaCHUX MPUBOIB 13 MIBHIIMM YacOM peakiii Ta
MEHIIIUMHU TIepEeNIKoIaMUi, BHECEHUMHU JI0 i1 cuctemu [45]. Peanizartis Oyab-saKoi 3
X il BUMarae BUTpaT. BomgHOYac CroOXUBa4l OYIKYIOTh HAWHIKYOI IIHK Ha
SHEPrir, 0COOJMBO HA CYYaCHHUX 1 PO3BUHEHUX PUHKAX, K1 JO3BOJISIOTH TOPTIBIIIO
SHEPTi€l0, T03BOJISAI0UN OaraThboM cy0’€KTaM TOpPryBaTH Hero. BifmosigHo 10 Teopii
KepyBaHHS, POJIb BHMIPIOBAILHOI CHCTEMH TOJIATa€ B 300pi JaHWUX PO CTaH
KOHTPOJILOBAHOT CUCTEMH Ta Mepeiadi iX KOHTPOJepy, SKUi aHalli3ye JaHi, BUTIATYE
3 HUX 1H(OpPMAIIIIO Ta Ja€ KOMaHAU BUKOHABYOMY MEXaHI3MY JISITH BiJMIOBITHO.

OpHi€l0 3 TOJOBHUX MPOOJIEM Y PO3BUTKY CYYaCHHX EIEKTPOMEPEK €
3a0€3MeUeHHs] JOCTaTHBhOI KUIBKOCTI JaHUX BUMIipioBaHb [46]. BpaxoByroouu
pUTaMaHHy TEPIOJUYHICTh, Ky IEMOHCTPYIOTh CHUTHAIA B EICKTPOMEPEKaXx,
MPOIEC CTUCHEHHS CHUTHAJBHUX JIaHUX CTa€ CHOPUATIWBHM IMIIXOIOM IS
30UTBIIIEHHS MTPOITYCKHOI 3J]aTHOCTI CUCTEMH 3B 3Ky Ta €(EKTUBHOI'O KEPyBaHHS
HEOOXITHUM JTHCKOBHM MPOCTOPOM. METO M CTUCHEHHS JaHWX JTYXKe MOMYJISIpHi B
Takux obJyacTsx, sk o0podka 300paxens (JPEG, GIF, PNG, WebP), Bineo (H.264,
H.265, VP9) a6o aymio (MP3, AAC, Opus), a Takox 3arajibHa 1H(popmaIris-
onTuMizalis criiBBiaHomenHs aanux (ZIP, Gzip, LZ77, LZ78).

VY cdepi Teopii iHpopMmalii Ta CTUCHEHHS JaHUX JBI (yHIaMEHTAJIbHI
KOHLIEi, BUXIJHE KOJyBaHHS Ta €HTPOMINHE KOJYyBaHHS, BIAITPAIOTH KIHOYOBY
pOJIb B ONTHUMI3AIII] MPECTABICHHS Ta Mepenayi Jannx. BuxigHe KoayBaHHS, SIKE
4acTO HA3UBAIOTh CTUCHEHHSIM JIaHUX a00 CTUCHEHHSIM CUTHAJY, CIIYKUTh OCHOBOIO
JUTSl 3SMEHIIEHHS po3Mipy HA0OPiB TaHMX, 30€pirarouu iXHIO BaXJIUBY 1HPOPMALIIIO .
[le#i mpomec mnepemdavae YCyHEHHsS 3alBUX JeTajed 1 3aiBoi i1Hdopmariii.
Hanpuknaa, moBcrogHa TexXHiKa KoAyBaHHA XaddMmaHa NnpuzHaAYa€e KOJIU 3MIHHOT
JOBKMHU CHMBOJIaM y TEKCTOBOMY JOKYMEHTI Ha OCHOBI iX YacCTOTH TOSBH.
Haiibinpn yacTo BHUKOPHMCTOBYBaHI 3HAU€HHS OTPUMYIOTh KOPOTIIl KOJH, IO

NPU3BOAMTD 10 €PEKTUBHOTO CTUCHCHHS TEKCTOBUX JMaHuX [47-48].
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EnTpomniiine komyBaHHs, 3 1HIIOTO OOKY, SIBJsi€ COOOIO CIeIiani30BaHUI
NIIMHOXKMHA BHUXIJTHOTO KOJYBaHHS, SIK€ 3arjuOJIIOETbCSl B  CTATUCTUYHI
BJIACTMBOCTI Ta MMOBIpPHOCTi, BIACTHBI J/Kepelny AaHux. BiH BUKOpHCTOBYe
nepeBaru MpUHIMIIB Teopii iHpopMmarlii Ta Teopii UMOBIPHOCTEH TSI ONITUMI3AIII]
epexkTuBHOCTI cTucHeHHS. Hampuknan, apudmernyHe KOAyBaHHS — 1€ METO[
CHTPOMIMHOTO KOJIYBaHHS, SIKHH KOAye JaHI Ha OCHOBI iX KyMYJSTUBHOTO
posnoainy HMoBipHOCTeH. Ilpu3Havyaroun OUIBII KOPOTKI KOJW BipOTiTHIIIUM
CHUMBOJIaM, JOCATAIOTHCS KOS(DILI€EHTH CTUCHEHHS, sIKI HAaOIMKAIOTHCS 10 SHTPOIl
Jokepena nanux. Lle oco0ia1MBo 1IHHO B porpaMax CTUCHEHHs 0e3 BTpart, TaKuX sIK
CTHUCHEHHS JaHMX, OB’ A3aHUX 13 TOJISIMH, JI€ BaXKJIMBa TOUHA PEKOHCTPYKIIIS.

MeToau BUXIAHOTO KOIXyBaHHS, Taki sIK KOJyBaHHS JOBXKWHU cepii, MOXKYTh
€(pEeKTUBHO 3MEHIIUTU PO3MIp JBIMKOBUX 300pa)K€Hb LUIAXOM KOJTyBaHHS
MMOCIIIOBHUX ILHUKJIIB 1IEHTUYHUX OAalTIB AK OJHE 3HAUEHHS. THM YacoOM METOIU
EHTPOMIKHOIO KOJAYBaHHS, BKIIIOYaOUYM KOayBaHHA XaddmaHa abo apupmMeTnyHe
KOAYBaHHS, JOAATKOBO CTHCKAalOTh JIaHl, BUKOPHUCTOBYIOUM CTaTHUCTHYHI
BJIACTUBOCTI 3HaueHb BUOIpKU. [lo cyTi, BUXigHE KOAYBaHHS Ta EHTPOIMIiilHE
KOJyBaHHS € OCHOBHUMHM IHCTPyMEHTaMHU B IHCTPYMEHTapii CTUCHEHHS /IaHUX,
KOXEH 3 SIKHX MPOIOHYE YHIKAIbHI CTpATerii sl ONTUMI3allii MpeJCTaBIEHHS Ta
nepenadi iHGopmallii, 13 3aCTOCYBaHHSAMM, 1[0 OXOIUTIOIOTh TEKCT 1 300paKeHHs, a
TaKOX ayJli0 Ta BiJCO/IaHI.

KomyBaHHs HOBXMHU MKy — 1€ QJITOPUTM CTUCHEHHS O€3 BTpaT, SIKUH
BUKOPUCTOBYETHCS B aHA3l CHUTHAJNIB EJIEKTPOMEpPEekl g e(HEeKTUBHOTO
MIPE/ICTABIICHHS TAHUX YaCOBHUX PAJIB BIJ AATYUKIB Hampyru T1a ctpymy. [lig gac
(da3u KOJyBaHHS TMOCIIIOBHI 1IEHTUYHI 3HAYEHHS B CUTHAJIl CTUCKAIOTHCS B OJHE
3HAYEHHs Ta NIAPaXyHOK, 3MEHIIYIOUM BHMOTH A0 30epiraHHs Ta mepeaaui.
CtucHeH1 AaHi, 10 CYNPOBOKYIOTHCS BIAMOBIIHUMH METaJaHUMU, 30€piraloThCs
abo nepenaroTecs. Ha erami gexoyBaHHS BUXIIHUN CUTHAT PEKOHCTPYIOETHCS IS
aHai3y, o 03BOJISE 1IeHTU(DIKYBAaTH KOJTMBAHHS HAMIPYTH, MEPEX1aHI MPOIECH Ta
1ikaBl mwadnoHu B enekTpoMepexi. RLE € nmpoctum anropuTMom; TakuM YHHOM,

HOTO MOKHA peai3yBaTH 32 HU3bKUX BUTpAT PECypCiB.
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KonyBanna Xad@dmana, mMPOKO BUKOPUCTOBYBaHA TEXHIKA CTHUCHEHHS
JaHUX, TAKOK 3HAXOJIUTh 3aCTOCYBAHHS B CTUCHEHHI CUTHAIY eleKTpomepexi. Bin
MOYMHAETHCS 31 300pY JTaHUX YaCOBUX PAJIB 13 NaTUMKIB €IEKTPOMEPEXKI, a MOTIM,
Ha OCHOBI YaCTOTHOTO PO3MOALTY JaHuX, Oyaye nepeBo Xaddmana, sike mpu3Haydae
KOPOTII JIBIMKOBI KOJIW 3BHYAHUM 3HAUCHHSM CUTHATY Ta JOBII KOAW MEHII
gactuM. Lle amanToBane KOAyBaHHS 3HaYHO 3MEHIIY€E po3Mip nanux. Ctucii naHi
pa3zoMm 3 iHdopMaIl€er MNpo CTPYKTypy JnepeBa Xaddmana 30epiratoTbcsi ado
nepenatoteesi  edpexkruBHo. Ilim dyac nexomyBanHs — gepeBo  Xaddmana
BUKOPHCTOBYETHCS JJIsl PEKOHCTPYKIIIi MOYaTKOBUX 3HAUYE€Hb CUTHAIY, 30epiratouu
TOYHICTh JAHUX JUIsI KPUTHUYHO BAXJIMBUX IPOrpaM €JIEKTPOMEPEkKl, BKIOYAIOUU
MOHITOPUHT MEPEKI Ta BUSBJICHHS HECIIPABHOCTEH.

JIUCKpEeTHE KOCHHYCHE IE€PETBOPEHHS IIUPOKO BHUKOPUCTOBYETHCS B
CTUCHEHHI IaHUX €HEPreTUYHUX CUCTEM. J{aHl 3 eHeprocucTeM, TaKl SIK €JIEKTPUYHI
BEJIMYMHU, Takl SK HAMPyTra, CTPYM 1 MOTY>KHICTh, YaCTO MAalOTh BUCOKOYACTOTHY
CKJIa0By. JIMCKpEeTHE KOCHHYCHE IEPETBOPEHHS MOXXHA BHUKOPHCTOBYBATH IS
CTHCHEHHSA IMX JaHWX IIIJIIXOM TIEPETBOPEHHS I1X y 4YacTOTHY 0OJacTh, e
BUCOKOYACTOTHI KOMIIOHEHTH MOXYThb OyTH BIJIKHHYTI, SKIIIO BOHH HE POOJISATH
3HAYHOT'0 BHECKY B 3arajbHi jaHi [49].

BeiiBner-nepeTBopeHHs € MOTYXKHUM IHCTPYMEHTOM I CTUCHEHHSI JaHUX,
0CcO0JIMBO B CHCTEMax peajibHOro uacy. [Ipoliec BelBieT-IEpeTBOPEHHS BKIIIOUAE
MOJIIJI CUTHATY Ha Pi3HI YaCTOTH, K1 MOTIM MOXYTb OyTH CTHCHYTI He3aJlexkHO. Lle
0COOJIMBO KOPUCHO ISl IaHUX, OB’ 3aHUX 3 €HEPrOCUCTEMOIO, € CUTHAIN 4acTO
JEMOHCTPYIOTh HU3bKOUACTOTHI T4 BUCOKOYACTOTHI KOMIIOHEHTH.

[IBuake Oe3nepepBHE BEUBIIET-IEPETBOPEHHSI — 11€ AITOPUTM 13 BIAKPUTUM
BUXIJTHUM KOJIOM, SIKUH PO3JLUIsS€ HE3aJekKHI BiJ MacmTady omepailii Ta omneparii,
110 3aJIeKaTh BiJ MacmTady, 0 € KOPUCHUM JIJIsl BUCOKOSIKICHOTO, 3aBaJ0CTIHKOTO
YaCTOTHO-YAaCOBOT'O aHaNI3y B pealbHOMY 4Yacl HECTAl[lOHAPHUX HIYMOBHX
CUTHAJIB.

B enepretnyHux cuctemMax s CTHCHEHHS 3alMCAaHMX JaHWX KOJIMBaHb

MOKHa BHUKOPHCTOBYBaTH METOJ CTHCHEHHS JaHMX Ha OCHOB1 BeiBieriB. Lleit
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METO/J BUOMpaEe ONTUMalbHY BeWBIET-QYHKIIIO Ta IIKATy pO3KIaJaHHS 3a
KpUTEPIEM MIHIMAJIBLHOTO KOMIIO3UTHOTO 1HAEKCY CIIOTBOPEHHS CTUCHEHHSI.
Haitnonynsipuimmumu BeiiBneT-QyHKIIsAME € ciMeiicTBa Xaapa, [Jobemri ta Koiidure.
I{e BpiBHOBaXXy€ €(hEKTUBHICTh CTUCHEHHS Ta TOYHICTh PEKOHCTPYKIIi.

BeiiBner-QyHKIIi0 Ta MIKany po3KJIaJaHHsS MOKHA BUOpaTu O6e3mocepeHbo
BIJIMTOBITHO JI0O YaCTOTH KOJIMBAaHb, KA € HAWOUIBII CYyTTEBOIO XapaKTEPHUCTUKOIO
KoJiuBaHb. OOCAT 00YMCIICHB Y [IbOMY METOJI1 3HAYHO HIDKYMN, HIK Y METOJIax, sKi
BHMAararoTh CTUCHEHHS Ta PEKOHCTPYKIIIi CUTHAJIB 3 yciMa KaHIuJaTaMH BEUBIIETIB
1 macmrabiB. Ile poOUTH METOJ CTHUCHEHHS JaHUX Ha OCHOBI BEHBIIETIB IS
KOJIMBaHb B €HEProcucTeMax 0COOIMBO €(DEKTUBHUM. Y METOJI CTUCHEHHS JTaHUX
Ha OCHOB1 BEWBJICTIB JOBXKMHA BIKHA JaHUX, 10 OOPOOJISIIOTHCS OJHOYACHO,
3aCIyTOBy€ Ha yBaXHUH po3risia. J[oBKMHa BiKHA BU3HAYa€ KOMIIPOMIC MiXk
KoeQIIiEHTOM CTUCHEHHS Ta piBHEM crioTBopeHH: [50].

CTyniHb CTUCHEHHS 3aJIeKUTh BIJ YaCTOTH KOJIMBaHb 1 MOXE Mailke
JOCSITAaTU MEXI1 CTYTEHs] CTUCHEHHS 1Kaiu 1. KoedilieHT cioTBOPEHHS! CTAHOBUTH
10 3araioMm i 3aBxkau He Oimbime 2 x 1073, OOUYMCITIOBAIbHE HABAHTAXKCHHS
HEBEJIMKE JIJIs1 CTUCHEHHS B CXOBHIII].

BeiiBneT-cTuck 3arajioM € KpamiuMm pillleHHAM JJsi 0OpoOKH MHepexiTHUX
TIPOLECIB, IO POOHTH HOTO GiNBII e(heKTHBHUM s HecTabinbHEX Mepex. HMoro
MO>XKHa BHKOPHUCTOBYBAaTH SIK KOMIIOHEHT TIOPHIHOTO METOIY pPa3oM 3 1HIIMMHU
NTOPUTMAaMH, K1 Kpallle MPaIo0Th IS Mepea0adyBaHnuX MEePioJUIHUX JAHUX, 110
€ TIONTUPEHUM THIIOM CUTHATY B CTA0IIBHUX €IIEKTPOMEPEIKAX.

3aranom, BuUOIp NPaBUIBHOTO METOJy CTHUCHEHHS JaHUX IS CUCTEMHU
O0a3zyeTbcss Ha OanaHci Koe(illleHTa CTUCHEHHS, BHUKPUBJICHHS JaHUX 1
o0uuCIIOBaNIbHOT CKIagHOCTI. OmHak y cdepl eHepreTHYHUX CHUCTEeM JaHl, SKi
BUKOPHUCTOBYIOTbCS  JUISI ~HEKPUTHUYHUX JO 4Yacy IIijied, 3aeOuUThImioro
30CEepPEKYIOThCSI Ha JOCSATHEHHI BHUCOKOTIO KoeQillieHTa CTUCHEHHS 3 HU3bKUM
CHOTBOpEHHSAM JaHuX. CKIQJHICTh AJITOPUTMY PIIKO € BHIIAJKOM IS TaKOTO

J07aTKa, OCKUIbKM TPUBAJIMN 4Yac OOYMCICHHS € MPUUHATHUM, 1100 3MEHIIUTU
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BUKOPUCTAHHA CCPCAOBHUIIA 3B,}13Ky. Cucremu p€ajldbHOIro 4aCy HaaarOTb HabaraTo

O1bIIe OOMEXKEHh HAa 0OpaHMUI METOI.

1.3.3 BuganeHHst iryMOBUX KOMIIOHEHT

SIx Bimomo, mpoOiema BIUIMBY IIYMY € OJHIEIO 13 HaWOUIbII aKTyaldbHHX 1
MOIMMpPEHUX TpodeM y cdepi 00podku iHGOpMAIIHHUX CUTHATIB 3arajoM 1 TpH
CTUCHEHHI CHUTHaJiB 30Kpema. JlokanbHa 3allyMJIEHICTh CHUTHAIy WpU HOTo
CTHCHEHHI MOXe OyTH XMOHO TpHIfHATa 3a MOTr0 XapakTepHI OCOOIUBOCTI, IO
MPU3BEJIC /0 3HAYHOTO YCKIIQTHEHHS aJrOPUTMY CTHCHEHHS, a TaKOXX HETraTUBHO
BIUIMHE Ha SKICTh CTHCHEHHS. BJOCKOHaNeHHS METOMIB BUAAJICHHS IIYMOBUX
KOMIIOHEHT 13 1H(OpMAIIfHOTO CHUTHAy Ta TMOJAJbIIOTO WOro CTUCHEHHS
(BITHOBJICHHSI) € aKTyaJIbHOIO HAYKOBO-NPAKTUYHOIO MTPOOIIEMOIO.

Sk yxke 3a3Hauvanoch y po3aial 1, yci cucreMu 06a3ucHuX (PyHKIIH MOXHa
NOJUIMTA Ha TPU TpyNu: TJI0OAbHI HeopToroHanbHi (pyHkuii KoTenbHHKOBA,
CTYTIEHEBI), TTI00abHI OpTOoroHaNbHI (0a3ucu Pyp’e, Xaptii, Uebuiiepa), ToKaabH1
(KyCKOBI MTOJIIHOMH, Oa3MCHI CIUIaHN).

JlokanbH1 CHCTEMH 3aCTOCOBYIOTHCS 32 HasBHOCTI 1H(OPMAIIHHUX MMOTOKIB,
Kl XapaKTepU3YyIOThCS CHEUUM(DIUHUMH BIIACTUBOCTAMM (PO3PUBM MEPILIOTO Ta
JPYyroro pojay aMIuUITyJ] CHEKTPabHUX, KOPEISALIMHUX Ta EeHTPONIMHUX
xapakTepucTk). [Ipu TeBHIN SKOCTI CTUCHEHHS JaHWUX BHJIAJIEHHS ITYMOBHX
KOMIIOHEHT PI3KO 3MEHIIY€EThCS, & B OKPEMHX BHITAIKaX MPU3BOANUTH 0 3HAUHOTO
30UTBIIIEHHST OOCATIB JTaHUX CTOCOBHO TIOYAaTKOBHMX. 3aCTOCYBaHHS (YHKIIIM
KorenbHukoBa (ocsraeTbcss HaWBUIIMK KOE(IIIEHT CTUCHEHHS) MPHU3BOIAUTH JI0O
CYTTEBOTO 301TBIIIEHHSI BUTPAT HA CTUCHEHHS Ta PO3MAaKOBKY. J[1s1 opTOroHampHUX
0a3ucCiB 3arajbHE YHUCIIO OIepalii Ha OJWH BIUTIK OUIBINE, HDK JJIT KYyCKOBHUX
MOJIIHOMIB.

3a ocTaHHI JeCATWITTS Yy cdepy IHTEpEeCiB MIMPOKOro Kojia HAyKOBIIB
YBIAIIOB TaKW MaTeMaTUYHHUM amapar, sk BehBIeT-miepeTBopeHHs [51]. Anamis

BJIACTUBOCTEN 1IOTO MAaTEMATUYHOTO anapary BiJHOCHO HOTO 3aCTOCYBAaHHHS IS
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BUJIAJICHHS ITyMOBUX KOMIIOHEHT 1 CTUCHEHHSI 1HPOpMAIIHHUX CUTHAJIIB JO3BOJISIE
CTBEP/I’)KyBaTU HACTYIIHE:

. iH(pOpMaLIHHUN CUTHANT MOXKe OyTH MPEACTAaBICHO 3a JOMOMOTOI0
OPTOTOHAJIBHUX KOC(IIIEHTIB;

. MOMEHTH BEHBJIETIB NPSIMYIOTh N0 HyJIS 1 JO3BOJISIOTH CHUTHATY
aHami3yBaTu nApiOHOMAacmTaOHI (IyKTyamii 1 OCOOJMBOCTI BHCOKOTO TMOPSIKY,
ITHOPYIOUM HAMOUIBII peryJIsipHi MOJIHOMIAIBHI CKIIaJI0BI;

. OaraTtopiBHEBa BEUBIICT-ICKOMITO3HUITIS HaJlae MO>KJIUBICTh
3aCTOCOBYBaTH €(QEKTUBHY IOPOTOBY OOpOOKY BEHBIET-KOE(IIIEHTIB KOKHOTO
PIBHSI 171 OTPUMAHHS OUTBIIIOTO CTYIIEHS CTUCHEHHS.

VY poborti [52] HaBeneHO (QYHKINIIO CTUCHEHHS Ha OCHOBI BEWBIIET- aHATI3Y,
sKa 3 BUKOPUCTAHHSIM aHaji3y BCEPENIMHI MacIITaOHOI KOpeJsiii MK BEUBIET-
Koe(dilieHTaMH 13 3aCTOCYBaHHSM HEYINEpeIKeHOi OLIHKK pusuky llTeiina
JI03BOJISIE JOCATTH ONTUMAIbHUX MapaMeTpiB CTUCHEHHS. Ha BiAMIHY BiJ METO/IB,
3aCHOBaHMX Ha oliHkax baiieca, y 3ampornoHOBaHOMY METOJ1 HE BHUKOPHUCTAHO
YKOAHUX TOMEPEIHIX TIMoTe3 1010 BeBieT-koedimieHTiB. PazoM 3 TuM, nmoxmoka
(pY3HK) TaHOTO METO/IY € IOCTATHHO 3HAYHOIO 1 3aJICKUThH BiJl TAPMOHIYHOTO CKJIa Ty
CUTHAIYy.

VY po6ori [53] 3anpornoHoOBaHO METO PEKOHCTPYKIT HeBitoMoi ¢yHKiii f Ha
[0,1] 3 3amymjieHMMH JaHUMH 13 OJHAKOBO PO3MOAUICHUMH CTaHJAapTHUMU
rayCOBHMH BHITAIKOBUMH 3MIHHHMH, B SKOMY TIPEICTABIICHO OIIHIOBAY TIOPOTOBUX
3HA4YCHb, AAANTUBHUH J0 TJIaJAKOCTI CUTHATY f B IIMPOKOMY CITEKTi.

PoGora [54] mpucBsueHAa OCHOBHUM NIPUHIIMIIAM BHU3HAYCHHS BEHBIICT-
MOpPOTy Ta MOPOroBUX (PYHKIIN TpaauuiiHUX cTpykTyp. g moOynoBH HOBOI
OCHOBHM TPAJUINNHUX TOPOToBUX (YHKIM BEUBJIETIB BBEACHO KOeDIMIEHTH
KoperyBaHHs. Ha OCHOBI aHajizy BIACTUBOCTEH (hDIKCOBAHOTO IOPOTY BBEICHO
JorapumiuHy (QYHKIIFO KUTBKOCTI PIBHIB PO3KJIalaHHs BEHUBIICTIB I CTBOPEHHSI
HOBOT (hopMyTH (hiKCOBAHOTO MOPOTY. 3aNPOINIOHOBAHUH T1IX1/1 MOKpantye GyHKIil
M’SIKOTO TTOPOTOBOI'0 3HAYEHHS 3 MOCTIMHUM BIIXUJIEHHSAM 1 )KOPCTKOTO MOPOTY 3

po3puBamMu (yHKIIII.
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Henounik Takoro mijxoy Mojisirae B TOMy, 110 Ha Pi3HUX PIBHSIX PO3KIIaIaHHS
PUIMAETHCS OJIHAKOBE MOPOToBe 3HaUeHH. [Ipu 11boMy HE TOCTaTHHO €PEKTUBHO
biabTpy€eThes MIyM (IIyMH MOXYTh MaTH OJHAKOBI 3aKOHHM PO3IOJAUIECHHS, ale i3
PI3HUMH JTUCTIEPCISIMU).

Y po6oti [55] maHO OIIHKKA PU3UKY JUISI HIMPOKO BXKUBAHUX TMOPOTOBHX
¢ynkmiii, a came SURE (Stein unbiased risk estimation) meton, mertoau
yHIBEpCAJIBHOTO TIOpory Ta minimax. IlokazaHo, 1m0 ajaroputM BUOOPY
BEUBIIETHOIO MOPOTOBOTO 3HAUEHHS 3a3BHYail BUKOPHUCTOBYETHCS B OpPTOTOHAII
JIEKOMITO3HI111, TOOTO JUIsl MPOBEJCHHS aHATI3y 3 PI3HOIO PO3UTHHOIO 3JaTHICTIO Ta
MEPETBOPEHHAM IMaKETHUX BEUBJETIB. BupimeHo Takox MNHUTaHHS MiA00pY
KOPCTKOTO ab0 M’SKOro moporiB, (IKCOBaHOro ab0 3aJieKHOTO BiJ pIBHS
KOMITO3HIII.

HenoctaTHhO0 0OOTpyHTOBaHO BIUIMB THUITy BEHBJIETY HA YCYHEHHS IITyMY.
CTBepIKy€eTbCsl, 10 OOYMCIIECHHS JIMILE JAEKIJIbKOX HEHYJIbOBUX KOE(]ILIEHTIB Ma€e
BUpIIIATbHE 3HAYCHHS /Il YCYHEHHS [ITyMYy Ta 3MEHIIEHHS CKIJIAIHOCTI 0OUHCIICHb.
Aute 11e He 30BCIM Tak. BuOip Tumy BeiiBieTa 3 ONTUMAJIbHUM OOYMCIICHHSIM JIJIs
OTPUMaHHS OUIBINIOT KITBKOCTI BEHBIET-KOS(DIIIEHTIB, OMM3bKUX 10 HYJs, HE €

BUPIIATBHUM JJIs1 OUIBIIOCTI 3aCTOCYBaHb.

1.4 OcHoBHI 3aaa4l AOCTIIKEHHS

MopentoBaHHsI Ta IMITallisl CIIOTBOPEHb SKOCTI €JIEKTPUYHOI €HEprii cTae
byHIaMEHTAIBHOIO METO/IOJIOTIEI0  JIOCHDKeHHS A 3a0e3MeUYeHHS
aJIbTEPHATUBHOI OIIIHKM NPOAYKTHBHOCTI CKJIQJHUX EHEPreTMYHUX CHUCTEM Ta
MO>KJIMBOCTI TECTyBaHHSA 3aCTOCYBaHHS PI3HOMAHITHUX METOJIB Ta 3aco0iB
MOKPAIICHHS SKOCTI €EKTPUYHOI €HEeprii MIITXOM CBOEYACHOT 3MIHM TapameTpiB
MOJIEIIFOBAHHS.

JUist uboro po3poOKa HOBUX CHCTEMHHMX MoOjeNed Ta 1HCTPYMEHTIB
MOJICITIOBAaHHSI TOTpe0ye B CBOIO 4YEpry CTBOPEHHS MOJENeH Juisi TreHepartii
PI3HOMAHITHUX CHUTHAJiB CIIOTBOPEHHS SKOCTI  €JIEKTPUYHOI €eHeprii 13

3a0e3MedeHHsIM He0OX1THOT THYYKOCTI MOJICIIIOBAHHS Ta TeHEepaIlii BiJl MPOCTUX 10



46

CKJIAJHUX CHUTHAJIB, BKJIIOYAIOUM 0aratoCTyleHeBi, Ta Yy BUNAAKY OJHOYACHOL
HAsSIBHOCTI JEKITBKOX CHUTHAJIB CHOTBOPEHHS, SIKI BUHUKAIOThH IMapajeibHO, abo
HAKJIQJAI0ThCS OHI Ha OJTHY.

Ile motpebye OGe3nepepBHOTO MOHITOPUHTY Ta TPUBAJIOTO MEPIOY Yacy AJis
OTpUMaHHs Ta 300py BCIX THUIIIB CHUTHAJIB IMapaMeTpiB SKOCTI €IEKTPOEHeprii,
OCKIJTbKM BUHUKHEHHSI CIIOTBOPEHHS € HEBHM3HAaueHWM. BpaxoByroum Bce 1€ TeMa
JUCEPTALIITHOT pOOOTH € aKTYaJIbHOIO SK 3 HAYKOBOT TaK 1 MPaKTUYHOI TOYOK 30Dy .

OcHOBHI 321241 JOCITIKEHHS:

1. ITpoananizyBaTu CydyacHUW CTaH METOJIB 1 3aCO01B OIIHIOBAHHS SIKOCTI
CJIEKTPUYHOT €HEPTTIi.

2. OuiHUTH BIUIMB CYYaCHMX MAaTE€MaTUYHUX METOJIB 1Jisi MOOYyJA0BH
CHUCTEM MOHITOPHUHTY SIKOCTI €JIEKTPUYHOI €HEprii.

3. Po3poOutu maTemMaTU4Hy MOJiedb (POPMyBaHHA CHOTBOPEHb SIKOCTI
€JIEKTPUYHOI €HEPITIi.

4. Ha ocHOBI1 po3p00JIeHOT MaTeMaTHYHO1 MOJIeN1 (hOpMYBaHHS CHOTBOPEHb
SAKOCTI €JICKTPUYHOI €HEpPTrii pO3pOOMTH METOJ KOMII IOTEPHOI0 MOJEITIOBaHHS
CJICKTPUYHOT HAMPYTH B EJEKTPUYHIN MEpexi 13 3aJaHUMU TUIIAMU CIIOTBOPEHD
aMILTITYAU 1 YaCTOTH.

5. Po3pobutu abo monudikyBaTu MeToA iAeHTU(IKALlT TUITIB TEPEXITHUX
MPOIIECIB B CUCTEMAX >KUBJICHHS.

6. Po3pobutu abo MoaudikyBaTH METOAM ONTHUMI3aLIi 1H(QOpMALIHHUX
MOTOKIB B TUIaHI BUJAJICHHS IIYMOBUX KOMIIOHEHT TME€PEXiIHUX TIPOIECIB B
CUCTEMaX >KMBIICHHS, aJalTOBAaHUX 10 TAapPMOHIYHOTO CKJIaqy CHUTHAJIB Ta iX

CUHTYJISIPHOCTI

1.5 BucHoBku 10 po3ainy 1

Ha ocHOBI aHamizy cy4acHOro CTaHy METOJIIB OI[IHIOBaHHS SIKOCTI
EJICKTPUYHOI €HEeprii BA3HAYEHO HAWO1IbIII KpUTUYHI TpoOJIeMu npH 11eHTH (KA
TUITy CIIOTBOPEHb EJIEKTPUYHOI €HEeprii, skl He TOBHICTIO BHUPIIIEHI Ha JaHUN

MOMCHT.
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[Iporiecn moOys0BM Ta MONANBIIOrO (YHKIIIOHYBaHHS 1HTEICKTYyaJlbHUX
CJIEKTPUYHUX MEpEX MNOTpeOyIoTh IPaMOTHOI IHTErpaumii Ta aBTOMATH3aLlii
MpOLIECiB TeHepallii, nepeaadi, iHpopMariiHoi  mIaTpopMu  AAHHUX 1
OCHOBaHOi Ha HIM  y3araJibHeHoi  Mojenl  iHdOopMaliHUX  TMOTOKIB
enekTpocnoxuBanHs. [licas mpoBeneHNX po3paxyHKIB 1 aHANI3Y AOBOAMUTHCS, IO
ICHy€ MOJKJIMBICTH CTBOPEHHS Yy3arajibHEHOI Mojeil 1H(pOpMaIiiiHUX MOTOKIB
PEXKHUMIB  €JIEKTPOCHOKMBAHHS, MPEACTABICHY 1€PApXIYHOI  CTPYKTYPOIO
MOPIBHEBOTO YAaCTOTHOTO OOYMCICHHS JIOKAJIbHUX MAaKCHUMyMiB BEHBIET-
NEPETBOPEHHS 13 3pYIICHHAM, SIK€ € aJalTUBHUM J0 JOCII)KyBaHOIO CUTHay. B
3aJIeKHOCTI B/l TOCTABJIEHOT 3a/1a4l CTBOPEHA MOJIENb JO3BOJISIE IPOBOJUTH aHAMI3
Ta 00poOKy iH(pOpMallli 3a OKpEeMUMHU PIBHSIMH, IO 3a0e3rnedye MpOBEACHHS
MOHITOPUHTY KUIBKICHUX Ta SKICHUX XapaKTEPUCTUK EJIEKTPOCIOXUBAHHS Yy
peanbHOMY 4aci; MMPOBEACHHS €KCIIPEC-MOHITOPUHTY SKOCTI €JIEKTPUYHOI €Heprii
JUIA CBOEYACHOTO 3alpOBA/PKCHHS BHIIEPEIKYIOUMX KEpPYIOUMX BIUIMBIB Ta
BUSIBJICHHS BUHYBATILsl 1CHYIOUOTO CIIOTBOPEHHS; NPOBEJCHHS OaJaHCOBUX
pPO3paxyHKIB 3a CIOXKUTY E€JIEKTPUYHY EHEPril0 1 TaKOX y BIAMOBIIHOCTI A0 il

SIKOCTI.



48
PO3/11 2.

PO3POBKA MATEMATHUYHOI MOJEJII ®OPMYBAHHSA
CHOTBOPEHbB SIKOCTI EJJEKTPUYHOI EHEPTI'II

MopentoBaHHsl Ta iMiTallisl CIIOTBOPEHb SKOCTI EJICKTPUYHOI €Heprii crae
byHIaMEHTAIBHOIO METOJI0JIOT1EI0 TTOCIIIKEHHS IS 3a0e3neyeHHs
aJIbTEPHATUBHOI OIIIHKKA TPOAYKTHBHOCTI CKJIQJHUX CEHEPreTMYHUX CHUCTEM Ta
MOXJIMBOCTI TECTYBaHHs 3aCTOCYBaHHS PI3HOMAHITHUX METOJIIB Ta 3aco0iB
MOKPAIIEHHS SKOCTI €JIEKTPUYHOI €HEeprii MUISIXOM CBOE€YACHOI 3MiHU MapaMeTpiB
MOJICITIOBAHHS.

Po3pobka i1 1bOrO HOBUX CHUCTEMHHMX IHCTPYMEHTIB MOJICIIOBAHHS
noTpedye B CBOIO YEpPry CTBOPEHHS MOJIENEH CIIOTBOPEHHS SKOCTI €NIEKTPUYHOT
eHeprii 13 3a0e3MeueHHsIM HEeO0OX1THOT THYYKOCTI MOJIETIOBAHHS BiJ MPOCTUX [0
CKJIQJHUX CUTHAIIB, BKIIOUAIOUM 0araToCTylEHEBI, Ta JJIs BHUIAJIKY OAHOYACHOI
HasIBHOCTI JEKIJIbKOX CHUTHAJIB CHOTBOPEHHS, SIKI BUHHMKAIOTh MapayeiibHo, a0o

HaAKJIaJar0ThHCA OOWH Ha 1HIIWM.

2.1 Yucnori moaeni (opMyBaHHSI CHOTBOPEHB SKOCTI €JIEKTPUIHOT €Hepril

Ha nanuii yac icHye BenmKa KUTBKICTh 3aC001B JJIi MOJCIIFOBAaHHS CHUCTEM
enekTpornoctayands. Cepesl HUX HAWOUIbII YacTO B aKaJeMIYHOMY CEepeIOBHIII
BUKOPUCTOBYIOTbCS HACTymHI — mporpamui 3acoou: Bepcisi ATP cumymnstopa
IporpaMu eJIEKTpOMarHiTHUX mnepexiguux mporecie (EMT) [56]; EMTDC
(cUMYJIATOp €JEKTPOMATHITHUX TMPOIIECIB, BKIIOYAIOUM TIOCTIMHHM CTpyM) -
MIPE/ICTABIISE Ta PO3B’sA3Yy€ NU(PEpeHITialIbHI PIBHAHHS (111 000X €1eKTPOMArHITHUX
Ta €JEKTPOMEXAHIYHUX CHCTEM) Yy 4YacoOBIM 00JIacTI Ta HAMOUIBII 3aCTOCOBYETHCS
JUTST MOJICITIOBAHHSI MHUTTEBHX PEAKIi y 4YacoBiii 00nacTi (TakoXX BIJOMHX SIK
€JICKTPOMATHITHI MEPEXi/IHI MPOLECH) eIEKTpUYHUX cucteMm; cumyisitop PSCAD
(Power Systems CAD) 3 EMTDC [57, 58] - monemtoioThest 30ypeHHS B CHCTEMI
pPO3MOMUTY EJIEKTPUYHOI €HEeprii, BKIIOYAIOYM TUIBKU MPOBAIN/TICPEBUINCHHS,
nepexiJiHi MPOLIECH, TAPMOHIKH, Tepenagyd Hanpyru Ta MEPEXTIHHS, SIK1 BITUBAIOTh

Ha sKicTh enexktpoeHeprii; MATLAB 3 Power System Toolbox [59] — nunamiune
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monetoBanHsa, Power System Analysis Toolbox [60] - 1e iHcTpymenTapiit Matlab
JUISl CTaTUYHOTO Ta JMHAMIYHOIO aHali3y 1 KepyBaHHS €JIEKTPOCHEPreTUYHUMU
cucremamu; Simulink 3 SimPowerSystems (SPS) [61] — imiTariitHe Mo IeroBaHHS
eJIeKTpoTexXHIYHUX npuctpoiB. Ha BinmMiny Big Simulink, B SPS Mozaensax B sakocTi
MOYAaTKOBUX YMOB O€pyThbCcs pE3yJbTaTH MOMEPEIHBOTO0 PO3PAXyHKY CTajIoro
pexumy. [lns 3amaHHa Hynb0BuX (b0 1HIIMX) MOYATKOBUX YMOB HEOOXiIHE
BUKOPHUCTaHHS TpadidHOro cepenoBuina KopuctyBada. Power Analysis Toolbox
(PAT) [62] - € mye THYYKHM i MOJYJIEHUM 1HCTPYMEHTOM ISl aHaJi3y MOTOKIB
HABAHTAXKEHb, MEPEXITHUX MPOIIECIB 1 CITAOKUX CUTHAIIB CUCTEM EJIEKTPOCHEpril
(MaJIMX Ta CepeIHIX).

AHani3 3acTOoCyBaHHS JaHMX IporpaM Ta 3aco0lB CHUMYJILII TMOKa3ye
HacTynHe. Bci BOHM, B OCHOBHOMY, MpPHU3HAY€HI /JIi MOJEIIOBaHHS CUCTEM
€JIEKTPOIIOCTAaYaHHsI, IOYMHAIOYM 3 TE€HEpallii, lepeayl Ta po3MnoAlLy e1eKTPUIHOI
€Heprii, 1 MaloTh OJHY 3arajbHy pUcy. BpaxoByrouu iX MOTYXKHUN MaTeMaTUYHHMA
amapaT Ta TEXHIYH1 3aCO0M, BOHHU 3aCTOCOBYIOTBCS JUISl aHANI3y Ta MOJEIIIOBAHHS
€JIEKTPOEHEPTETUYHNUX CHCTEM B AaKaJEMIYHOMY CEpelOBHUIIl, ab0 MOTYXHUX
HaBYAJIIBHUX 3akjafax. Jljms MmMpoKoro 3arajlly HAayKOBIIIB HEOOXigHI OIbII
JOCTYIIHI Ta IIUPOKO BUKOPUCTOBYBAHI MOJENI reHepaiii 1 oOpoOKH mnapameTpiB
SKOCTI1 €JIEKTPUYHOI EHEeprii.

[lepmmm JOCTITHUIIBKMM KPOKOM ISl BHUPIIICHHS JaHOI MpooOsieMu OyJio
MOJICJIIOBAaHHSI — SIK aJbTEPHATUBHUI CHOCIO OTpUMaHHS CUTHAIIB MapameTpiB
AKOCT1 eNeKTpuuHOi eHeprii. CrmoyaTKy THI TapaMeTpiB SKOCTI EJIEKTPUYHOT
SHeprii, sIKi MOXHa OyJI0 3MOJCITIOBATH, 0OMEXYBaBCS BUKJIIFOUHO MOKIUBOCTSIMHU
IPOrpaMHOTO 3a0e3MedYeHHs] IS MOJCIIOBaHHs, JOCTYIHICTIO MOJelneld Ta
3HaHHSIMU KOpucTyBauiB [63]. Takox, MMPOKO BiJOME BUKOPUCTAHHS 3arajibHOTO
Ha0Opy MaTeMaTU4YHUX pPIiBHSIHBL [64, 65], yuciaoBe MOJIENIOBAHHS Ta TeHeparlis
CIIOTBOPEHb  SIKOCTI €JIGKTPUYHOI €Heprii s TEpeBIPKUM PI3HOMAHITHUX
QITOPUTMIB aHAITI3Y SKOCTI €JIEKTPUYHOT €HEeprii.

[ToTpiGHO BIAMITUTH, 1110 aHAJII3 3aCTOCYBAHHS JAaHUX METO/I1B MOJICTIOBaHHS

CIIOTBOPEHb SIKOCTI €NIEKTPUIHOI eHepTii (3araibHUI HaOlp YUCIOBHUX MO/IETICi ) OyB
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oOMeXeHHI JuIle AeKiIbKoMa TUIIaMU MPOCTUX CIIOTBOpeHb. Ha Toil yac BiH He
OXOIUTIOBaB MAaJiHHS HANpyTH, CIPUYMHEHE 3alyCKOM MOTY>KHUX JIBUTYHIB Ta
OiAKIIOYEHHAM TpaHcpopMaTopiB, IMIYJIbCHI TMEpeXigHl MpOIECH, BIUIHB
NeMI(pEPHUX KOHTYPIB Ta €JIEKTPOMATHITHI nepemkoau. OKpeMoro rpyIow Mnpu

IIbOMY € HassBHICTh JICKUJILKOX THIIIB CIIOTBOPEHB OJ{HOYACHO [66].

2.1.1 OcHoOBHI MaTeMaTH4Hl PIBHSIHHSA BHU3HaueHHsS crnoTtBopeHb SEE Ta
dbopMyBaHHS Ha iX OCHOBI TpadiYHUX IPEICTABICHD

[IpoBam  Hampyru — THUMYacoOBE 3MEHILCHHS CEPEeAHbOKBAAPATHUYHOL
BEJIMYMHU HANpPYTH B TOYIll €JIECKTPUYHOI CUCTEMH EJIEKTPOIOCTAYaHHS HUKYE
BU3HAYEHOr'0 CTApTOBOro nopory. CrapToBuil mopir npoBainy BBaxaroTb 90% Bix
BENTMYMHU omnopHOi Hampyru. [IpoBan Hampyru € HainmomupeHimuMm tumnom PQ
nopyueHHs, skuid tpusae Big 0,5 mo 10 mmxmi. IlpoBamum Hanpyru 3a3Buyaii
MOB’s13aHl 3 KOPOTKUMH 3aMUKAHHSIMU, TaKUMHU SIK OJIHONPOBITHUM KOHTAKT 13
semuiero (LG), minis-minis (LL), moasiiina miHis-3emisa (LLG), tpudazuuit (LLL), 1
3aMHKaHHA TphoX (a3 Ha 3emuiro (LLLG).

[IpoBanu Hampyru € HECTAIIOHAPHUMU 1 MOXKYTh BiIOyBaTHUCS Yac BiJ 4acy
YIIPOJIOBK 100U Yepe3 HECTIPABHICTh EHEPTOCUCTEMHU, OJTMCKABKY, MOTPAIISTHHS 1111
HarnpyTry TpudaszHoro TpanchopmarTopa Ta 3alyCcK eJIEKTPUYHUX ABUTYHIB. [IpoBan
HAIpYTH, COPUYMHEHUM KOPOTKHUM 3aMUKAHHIM, MOXKE OyTH 3MOJEIhOBaHUM 3a
JIOTIOMOT'OI0 CHHYCOTAQJIbHOI (DYHKIII1, aMIUTITy AHO-MOYJIbOBAHO1 CTYIIHYACTUMU
bynkuisiMu. YucmoBa MOJENb MPOBAy HAMpPYTH, BUKIMKAHOTO HECHIPABHICTIO,

MOKe OyTH 3MOJIeIbOBaHA HACTYITHUM YHHOM [67, 67]:
U, = A[l—a(u(t—tl)—u(t—tz)ﬂsin(znflt+9A), 2.1)

ne a — raubuHa mpoBany y B.o., 0.1<a<09, T StZ—L_LSQT, f, — ocHOBHa

JacToTa, 0 p - basoBuii KyT.
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TpuBanicTh MajiHHA HANPyrd BU3HAYAETHCA CTYMHYACTUMU (PYHKIISIMU

u (t —tl) ,u (t —t2) : tl 1 t2 € YacOM MOYaTKy Ta KiHI maaiHHs Hanpyru. Ha puc. 2.1

IIPEICTABIICHUH MPOBaT 0AHO(Aa3HOT HAIIPYTH, JIe tl =0.06 s, '[2 =0.12s.

[Mposan nanpyra

W W N W
SN INInn
SATATRT A AATRTATAY
VT

0 0.02 004 006 008 041 012 014 016 018 02

Pucynok 2.1 — Ognoda3zuuii mpoBai HaPyTH

[Ipu upomy HeoOXigHO BiAMITUTH HacTynHe. llepeHampyra, TUM4YacoBe
NApeBUILEHHS  HANPYTd  €JNEKTPONOCTasiaHHs —  THUMYacoBe  3pPOCTAaHHSA
CEpEIHbOKBAAPATUYHOT BEJIIMYMHU HAMNPYTH B TOULl EJIEKTPUYHOI CHUCTEMH
€JIEKTPOIIOCTAYaHHsI BUILE, HI)K BU3HAYEHUM cTapToBUil nopir. CTapToBUNA MOPIT —
110% Big BenuyuHM OMOpPHOI Hampyru. [ns  MoJenroBaHHS TEpeHanpyru
BUKOPUCTOBYETHCSI T€ caMe piBHAHHA (2.1), 3a BUHSATKOM TOro, IO IIMOWHA
poBaJly NO3UTUBHA B J1ana3oHi Big 1,1 B.o. g0 1,8 B.O.

ITpoBan TpudaszHoi HAIPYTU MOJACIIOETHCA 3a JOMOMOTo (ha30BOTO KyTa

0 y =0, 0 B =—1200, 0 C =+1200. [IpoBamu OGanmaHcoBOi Ta JaucOaTaHCOBOL

HAIpyTrd MOJIETIOIOTHCS IUISAXOM MaHIMYJIOBAaHHS HOro0 BETUYMHOIO JJI KOXKHOI
¢a3u. CuMeTpuyHU KOMIIOHEHT TIO3UTHUBHOI, HETaTUBHOI Ta HYJIbOBOI
MOCIIZOBHOCTI Ta CTPUOOK HOTo (ha30BOr0 KyTa TAaKOX MOJIETIOETHCS LUISIXOM

MaHimnyJroBaHHs (a3oBUM KyTOM 0 g 0 pTa 0 (- 32 JIOTIOMOT010 YHCII0BO] MOJIeT

(2.1), MoxHa MOIENIOBaTH Ta TCHEPYBAaTH TMAIiHHS HANpyTH, BUKIUKAHE
3aMHKAHHSAM OJHI€l JHIT 3 3eMJICI0, ABOMA JIHIIMH 3 3eMJICIO, MDKIIHIMHAMH

3amukaHHsMu (Tunu npoBaiiB A, B, C, D, E, F, G [66]) Ta nepepuBanns. Ha puc.
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2.2 mpencTaBiaeHoO TprdasHUA poBall (IPOocaaKa) HAMPYTH, BUKIUKAHUH IIITXOM

3aMUKaHHs mojBiiHa JiHig-3emis (LLG), cTBopeHMil 3a AOMOMOTOI0 YHUCIOBOI

MOJIEJ.

Tun npoany E
LN
VEIVL IV IV IVEIVE VY VL

i

A W VA AL VA W A

LU0

0 0.05 0.1 0.15 0.2 0.25
T, cek

500 M

I — o

daza B 4
®a3za C ||+

—

Amnnityga, B
o

I I

035 04 045

-500

) ———

I

Pucynox 2.2 - Tpudaszuuii npoBan (mpocaaka) HaNpyrd, BUKIUKAHHUMA
NUIIXOM 3aMUKaHHS TozBiiHa miHig-3eMas (LLG), cTBopeHuii 3a JTOMOMOTOIO

YHCJIOBOI MOJEI1

YucnoBa monenb, HaBeAeHa B (2.1), qoOpe MiaXOAuTh ISl MOJETIOBAHHS
HECITPaBHOCTI, [0 BUHUKAE B CUCTEMI Iepejadi, a MpoBajl HAMPYTH 3a3BUYail Mae
npsaMOKYTHY ¢opMmy. OgHaK y CHCTEMi PO3MOAUTY Ha IMPOBal HANPYTH MOXKE
BIUTMBATU TaKe HABAaHTAXXEHHS, SIK aCUHXPOHHHWI JBUTYH, KM 3MIHIOE (opMy
MpOBajy HANpyryd Ha HEMPSAMOKYTHY. UuciaoBa MOJienb MpoBaly Hapyry, Ha KKK

BIUTUBAaE poOOTa IHAYKIIHHOT MamyHu (nBuryHa) [68-69], MoXHaA MoOmenrOBaTH

HAaCTYyITHUM YHHOM:

U, ={1—s(ul(l—e_at1j}—u2(1—e_ﬂt 2 Hsin(anltJrO N (2.2)

Jie € — EKCIOHEHIlabHa (PYHKIIIS JIJI1 MOJICJTFOBAHHSI TTIIHHS HAMPYTH i1

BIUIMBOM 1HAYKIIMHOI MaIllMHU, 0. — IIBUJKICTh CIay HAImpyry mpoBaiy, a f —
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IIBUJIKICTh 3pOCTaHHS (BIAHOBJICHHS) HAMpPyru IIICIA MOpoBaily, 13 — MOYaTok

npoBaiy, t, — MOYaTOK BiIHOBJICHHS IPOBATY

Tpudazuuii npoBan Hanpyru MiJg BIUTMBOM AaCHUHXPOHHOTO JIBUTYHa Ta

3MOJICITLOBAHUI 3a JIOTIOMOTO0X0 (2.2) Tmoka3aHuii Ha puc. 2.3.

—_—

f] ! T T ]N AACARCAANARNT
a3z A

dataz
®aza C

AN
0.05 0.1 0.15 0.2 0.25 0.3 0.35 04
T,¢

o

—_—
i

AmMmrniTyoa, B.O.

[

Pucynok 2.3 — Tpudaszuuii npoBan Hanpyru, BU3BAHUI 3aITyCKOM MOTYHOTO

ACMHXPOHHOI'O ABUI'YHA

[lepeximuuii mporec — 1€ IyX’e KOPOTKOYaCHUU CTPUOOK Hampyru abo
CIUIECK HAmnpyrd Ha cuHycoinainpHid dopmi. Ile HecTarioHapHa momist SKOCTI
€JIEKTPOEHEPT1i, AKa MOXKE CTaTUCS B OyIb-KHl 4Yac yHpoAOBX 100U dYepes
NepeMUKaHHs B cucTeMi po3noiny. [lepexiaauii mporiec, BUKIMKAHUN MisUTbHICTIO
NEPEeMUKAHHSI, STK IPABHJIO, € KOJTHBAIBHUM 1 MOXKE OYTH YHCEIBHO 3MOJIETbOBAHUI

3a piBHSHHSM (2.3).

—si i . —pt}
U, S|n(2nf1t+6A)+[u1tmsm(anOSCLl) e :
(2.3)
A€ Y - Yac IOYaTKy IEPEXiTHOro INpoLEeCy, ty - BEIMYMHA IEPEXiTHOrOo
npouecy, foge - 4aCTOTA MEPEXIAHOTO KOJMBAHHS, a p - MIBUAKICTh BCTAHOBJICHHS

MEPEXiTHOTO MPOIIECY
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Ha puc. 2.4 nmoka3aHo mepexiTHHIA IPOoIeC CUCTEMH KHBJICHHS, CIIPUYHHCHHH
nepeMUuKaHHsIM Oarapei KOHIIEHCATOpIB 1 3MOAENHOBaHUN 3a jonoMorow (2.3).
HMoro BigmoBimuuil cepenHbOKBampaTHuHUil Tpadik MOKA3ye JHIIE HEBEIHKE
3pOCTaHHS BEJMYWHHU I Yac TEPEXiTHOTO MPOIeCy, a CHEKTP CBIAYUTH, IO

KOJIMBaJIbHA YaCTOTA MEPEXiAHOTO MPOIIECY CTAHOBUTH MpuOm3HO 425 - 450 ' [ 70,

71].

MepexigHun npouec nepeMmMKaHHA
] 1 1 ] T

8 2 ] I ] 1
o 1 T
=
20 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
T, cek
& Npadhik cepeaHbOKBagpaTUYHUX 3HAYEHb
m; 1 _L—__—-____!_!\l T T T I I
= |
Eos| A R
s |
E 0 1 | 1 1 1 1 1 ‘l
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
T, cek

KonuBanbHa yacroTra nepexigHoro npouecy
1

200 250 300 350 400 450 500 550 600
YacrtoTa, Ny

Pucynok 2.4 - Ilepeximuuii mpolec CHUCTEMH >KUBICHHS, CHPUYMHEHHM

nepeMUKaHHIM OaTapel KOHIACHCATOPIB 1 3MOIe/IbOBaHUH 3a 10moMoroo (2.3).

dmikep.

Onikep (MEpPEXTiHHS) - BIAYYTTS HECTIMKOCTI 30pOBOrO CIPUHHATTA,
CIPUYMHEHE CBITJIOBUM MOAPA3HUKOM, SICKPaBICTh a00 CHEKTPATbHUNA PO3MOJILT
SKOTO KOJIMBAETHCS B 4aci. BuHWKae TPUBOXKHUM €(PEKT MEPEXTIHHS Y BUIUMOMY
CBITJI1, IKMI CTBOPIOE TUCKOMGBOPT IS JIFOJICHKOT0 OKa. [HTEHCUBHICTh MEPEXTIHHS

BUMIPIOETHCS B Pst (KOpoTkodacHe MepexTiHHA) 1 Pt (10BroTpuBaie MepexTiHHS)
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YIPOJOBXK Mepioay yacy 10 XBuIMH 1 2 TOJUHM BIANMOBIAHO. YacToTa MepexTiHHS

3HaxoquThcA B Mexax 0.5 — 30

I

B [72-74] posrismaeTbcss CHTHAJI OCHOBHOI YacTOTH, 3MOJIYJIhLOBaHHH

CHHYCOI,Z[&JILHI/IMH KOJIMBAHHAMM HAIIPYTH. Ywucnosa MOICIIb MepeXTiHHSI HallpyTu

MOJCIIOETHCA 3a AOIIOMOI'OIO

Ap 19acTOTOIO MepexTiHHS fi:

U, :[1+ Amsin(2nf t+6 )}sin(2nf1t+6

CUHYCOiTaTbHOT (PYHKINT 3 BETMYMHOIO MEPEXTIHHS

) >

Ha puc. 2.5 npencraBineHo KOJMBaHHS HAMpYTH, IO CHOPUYUHSE (Iikep

YOPOJOBXK MEPIOAy Yacy B 1 CEKyHy 3 4aCTOTOIO MepexTiHHs 8,8 111 1 BeIMYMHOI0

(d% ) =16 %, 3reHepoBaHa TaKOI YHUCIOBOK MOJICILTIO

Ko

BAHHA HANPYTH, WO cnpuunnse daikep

1 A J m
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g | |
o 0.5
m
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e
£ 0| \
z o
-1 H 1 1 1 1 1 | L 1 I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
T, ¢C
i § Moa v o4 il cHrua
5 Los - A T |
:_ du Orungioya
= | :
_::‘ 1 ______ | . .unill B R
5 095
| | i | : i |
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Pucynok 2.5 — KonvBanHs Hanpyr, 1o cuipuyuHse Gaikep
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Enextpuunuii mrym.

EnexTpuunuii nryM BUHUKA€E 4epe3 €JEKTPOMArHiTHI MEPElIKoau, 1 BOHH €
OB CEepHO3HUMHU Ha MPOMHCIOBUX MIAIMPUEMCTBAX 13 1IHTEHCHUBHOIO POOOTOIO
MalyH. 3riAHO 13 HOPMATUBHUMH JIOKYMEHTaMH, IIIyM — II€ BHUIAJKOBUMU
CIEKTPUYHUN CHUTHAJ 13 BEIMUMHOIO MeHIe 1% Bijg HOMiIHAIBHOI BenmnyuHU. Bin
Ma€ MIMPOKOCMYTOBUHN CIIEKTP, PIBHOMIPHO PO3MOJIJICHHUM 3a BCIMa Jiara30HaMH
4acTOT 1 MOJICITIOETHCS 3a IOMTOMOTO0 Mojieni O1oro mymy ["ayca. I[lepenbadaeTnses
HOpMasbHMI po3noii ["ayca 31 cratuctuunumu BnactuBoctsamu N(0,1), ne cepenne
3HaYeHHs NopiBHIOC P=0, a 3HAYEHHs AUcIepcii gopiBHIOE 62=1. Moaens mymy,

JodaHa o0 (bOpMI/I CUTHAIY SIKOCTI GJIGKTpOeHepI“i'l' BUITIda€ HACTYIIHUM YUHOM:

UA:sin(2nf1t+6?A)+(nma(t)), (2.5)

1€ o(t) — OLnuii rayCiBChbKUM 1IyM, a Ny — PIBEHb IIyMy

[IIym 3a3BUyaii BUMIPIOETHCS Yy BiIHOIIEH! cUTHAN/mym y nb. TumnoBuit
pIBEHb IIyMYy B CHCTEMI XUBJEHHS CTaHOBUTH NpuOau3Ho BiA 50 n1b no 48 ab, o
BianoBigae npudauzHo 0,7% mo 0,9% Bix iioro HomiHaILHOI BenuuuHu. Ha puc. 2.6
MIPEICTABICHUIA CHHYCOIaTbHII CUTHAIT 0€3 IITyMOBOT KOMITOHEHTH Ta 3 HASBHICTIO

mymy B 15 nb ta iioro neperBopenHst Qyp’e.
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Pucynok 2.6 - CunycoiganbHUil curHan 0e3 IIyMOBOi KOMIIOHEHTH Ta 3

HasBHICTIO IIyMy B 15 ab Ta fioro neperBopenHs Oyp’e

2.2 CtpyKTypa noOyJ0BH YMCIOBOI MOJIENl (JOPMYBaHHS CIIOTBOPEHB SIKOCTI
€JIEKTPUYHOI €Heprii

JleTanbHUI aHai3 TPEACTaBICHUX B pPOOOTI pe3yibTaTiB JOCTIIKECHb
JI03BOJIUB C(hOpMYyBaTHU y3arajibHeHy Mojenb cnoTBopeHb SAEE. IlpomonoBana B
CTaTT1 MOJIENIb OyIy€THCSl HA OCHOBI TaK 3BaHOI apXITEKTypH GPENMBODPK, SKa 33]1a€
CTPYKTYpY, BU3HAYA€E MIPaBUIIA Ta IPEICTABIIsIE€ HEOOX1THUN HAOIp IHCTPYMEHTIB IS
CTBOPEHHS MOJIEJII.

CtpykTypa Mojeni moka3zaHa Ha puc. 2.7, 1€ CHHycOigaJibHa (GyHKIIIS
€HEProCUCTEMU MHOXXUTHCS Ta/ab0o MiACYMOBYEThCA 3 (PYHKIISIMA OCHOBHUX
napaMeTpiB SIKOCTI €JEKTpOEHEeprii JJjisi OTPUMaHHS YHCJIOBOI MOJAENII JaHOTO
napamMeTpy SAKOCTI eJIeKTpoeHeprii, mpu 1pomy, a(t) — QYyHKIS J0IaTKOBHX
napameTpiB SKOCTI €JeKTPOCHEprii, HaNpuKIaj] MepexXiIHUi Mpouec, PI3HUIL

Hanpyru, rapMoHika ta mym [70, 75-76].
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Pucynok 2.7 — Y3arajibHeHa CTpYKTypa o0y 10BU Mojieli (hopMyBaHHS

CIIOTBOPEHB AKOCTI €JIEKTPUYHOI EHeprii

Sk BUAHO 13 MPOBEACHUX JOCIIIKEHb, OCHOBHOIO (PYHKIII€IO (YACTHUHOIO)
MaTeMaTUYHUX BUPA31B BU3HAYEHHS MOKA3HUKIB SIKOCTI esiekTpuyHoi eHeprii (1EE)
€ CUHYCOiJJaJIbHUN CUTHAJ, B TIA YW 1HIIINA MIpi CHOTBOpPEHUH (B 3aJI€KHOCTI Bij
TUIy TIOKa3HUKa). ToOTO, OCHOBOI MPOMNOHOBAHOI MOJIENl CIHOTBOPEHb SIKOCTI
CJIEKTPUYHOT eHeprii Oylie CUHYyCOi/la, MOJIyJbOBaHA PI3HOMAHITHUMH THUIIAMH
MaTeMaTUYHUX (PYHKITIH:

UPQ :[n(t)]sin(anlt+6A)+[a(t)], (2.6)

JIJ1st 9iTKOCT1 MpeCTaBICHHS YMCIOBOI MOJIEII BBEJICH1 JACsKi MO3HAYCHHS, a

caMme.

2.7)

[1+a(u(t —Ll)—u(t —tz)} ~[n(t)],

ne 0.1<a <0.9 119 MOACTIOBAHHS MPOBAJIIB 31 3HAKOM «MIHYC» Ta 0.1< < 0.8
JUIL MOJEJIIOBAaHHA nepeHanpyr, T <t,—t <7T Ta %0 <t, -t S-%O JUTSL IMITYJIbCHUX

nepepuBaHb, Ta s Quikepa
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[1+ Bsiny2nf;1-+0 A)] :[n'(t)} , (2.8)

ne 0.1<p<0.2Ta 0.1<y<0.2(0.6)
DyHKIIT TpeacTaBlIeHoi B ctarti Mojeni cnotBopeHb SAEE migcymoBaHi B

tabmuii 2.1,
Tabmus 2.1
[TapameTp SKOCTI  €JIEKTPUYHOI DyHKIIISA YUCIOBOT MOJIeII
eHeprii
[TpoBan [n()]-sin (anlt + OA)
I[TepeBunicHHs [n()]-sin(2xf,t+0,, )
[TepepuBanus [n()]-sin(2xf,t+0,, )
[apMOHiKH sin (2nf1t +0 A) +[a®)]
IMITyIbCHI TTEepeprBaHHS [n(@)]-sin (2nf1t +0 A)
dikep, QuayKTyanii [n' (t):| -sin(2nf,t+0 , )
EnexTpuaHmii mrym sin (anlt +0 A) +[am)]
[ apMOHIKM+TIPOBAJ/TIEPEBUILICHHS sin (anlt +0 A) [[n®]+[a®]]

2.3 MogentoBaHHd Ta AOCHIPKEHHS OAHO(DA3HUX KOPOTKMX 3aMUKaHb B

CJICKTPUYUHIN MEpexi

B ocTtaHH1 poKy HaCMYEHHS €JIEKTPUYHUX MEPEX MOTYKHUMH HETIHIMHUMU
HABAHTAKCHHSMH, BIIPOBA/DKCHHSI 3ac00iB TMEPETBOPIOBAIBHOI TEXHIKH Ta
BIJIHOBJIIOBAaHUX JIPKEPEN €HEeprii MpU3BOAATH 10 HEOOXITHOCTI CHCTEMAaTUYHOTO
aHai3y Ta JOCIiKeHHS sKOCTI enekTpuunoi eHeprii (FIEE). Onaum i3 ¢akrtopis,
K1 CyTTE€BO BIUIMBAIOTH HA POOOTY €JIEKTPOOOIaIHAHHS € KOPOTKI 3aMUKaHHs. B
JaHlid poOoTi, Ha OCHOBI po3poOieHoi Mozaeni (opmyBaHHsi cnioTBopeHb AEE

JOCIIKEHO OHO(Ga3HEe KOPOTKE 3aMHUKaHHS B TpudasHiid eNeKTPUYHIA Mepexi
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HUIIXOM IepexoAay ii 10 0JHO(a3HOI CUCTEMU 3 IBOMA MIPOEKIISIMU 0- 1 BEKTOPOM
HaIpyTH HYJbOBOI IMOCI1JOBHOCTI.

JlociKeHHs BIUTMBY MICISl pO3TallyBaHHS TOUYKH KOPOTKOTO 3aMUKAaHHS Ha
HaMpyTy B CJICKTPUYHIA MEpEeXi MOKazaJid, IO PI3HMI y BIJCTaHI BIJ MICII
MOIIKO)KEHHSI /10 HABAaHTAXKEHHS, TUITy KOPOTKOTO 3aMUKAHHS MPHU3BOAMUTH 0
pI3HOTO CTyNEHs 3MiHM Hampyrd. Pe3ynpTaTH MOJAENIOBAHHA Ta TEOPETUUYHUMN
aHai3 TMOKa3yloTh, IO 3alpOlOHOBAaHA MOJIEIb Ta 3aCTOCYBaHHS METOY
IIPOCTOPOBOIO BEKTOPY 100pE IMITYIOTh 3MiHY HaIllpyTH MIPH KOPOTKOMY 3aMHUKaHHI
1 MOXKyTh OYyTH OCHOBOIO CTBOPEHHsI cucTteMu MoHITOpuHry SIEE B enekTpuyHux
MepeKax.

Sk cmiaye 13 HAyKOBHX Ipallb B yMOBax eKCIUTyaTalii CHCTEM
€JIEKTPONIOCTAYaHHsI CEpeJl OCHOBHUX MPUYMH BUHUKHEHHS PIZHOTO POy
NEPEX1IHUX MPOILIECIB MEPEBAKAIOTh KOPOTKI 3aMUKaHHS, SIKI CYTTE€BO MOPYIIYIOTh
HOPMAJIBHUNA PEXUM pPOOOTH EJNEKTPOYCTaHOBOK [7/7]. B enexrpoycraHoBKax
3aJIeKHO B1J] KJIacu(PiKaliifHUX O3HAK EJIEKTPUYHUX MEpex (Hampyra, BUJ CTPYMY,
KUIBKICTB (ha3 4M MOJIOCIB, CTaH HEUTpai ado cepelHbOi TOUYKH) PO3PI3HSIOThH TaKi
THUIIA KOPOTKUX 3aMHUKaHb: Tpudaszue, neodazHe, 1BodasHe 3a3eMIICHHS, OJHO(a3He
3azemieHHs [/8]. Sk mokasye aHanmi3 HAyKOBUX IyOJiKaiid, OUIBIIICTB
HECMPABHOCTEHN MPUHOCUTH Y CUCTEMAX IMepeiadl 1 po3noAuTy o HO(a3HEe KOPOTKE
3aMUKaHHS Ha 3eMJI0. BOHO MNpU3BOAWTH 10 KOJMBaHb HANPYTd B CHUCTEMax
YKUBJICHHS, CIIPUYMHSIOUM ii MaJiHHS, MEepepuBaHHA Ta i1 30UIbLICHHS, & TaKOX

NPU3BOMTH 10 30UIbIICHHS CTpyMy [79].

2.3.1 Meroau MOJENIOBaHHS Ta PO3PaxXyHKIB KOPOTKUX 3aMUKaHb

IcHye 6araTo MeTOAIB MOJICTIOBAaHHS Ta PO3PAXyHKIB KOPOTKUX 3aMHKaHb B
enekTpuuHuX Mepexax. Cepen HuUX MOxHA BiaMituth HactymHi. B [80]
MPEICTABICHO METOJI PO3PAXYHKIB KOPOTKUX 3aMUKaHb IIJISXOM 3aMiHU peasIbHO1
CIEKTPUYHOT Mepeki  OAHO(PA3HOI IUISXOM  CTBOPEHHS  €KBIBAJIEHTHUX
JIBOIIPOBITHUX OJHO(MA3ZHUX MEPEX, MoAIOHNX a0 TpudazHux. Merosa 103BoJIsIE

pO3paxoByBaTH Ha 0 JHO(A3HIN TBOMPOBIAHIN OCHOBI CTPYM KOPOTKOTO 3aMUKaHHS
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(cTamioHapHUM CTaH) yepe3 3eMIT0 Ha TpudasHiil 3a3emiieHiil HelTpaii. Ha ocHOBI
BUBEJICHHS MaTE€MaTUYHOI MOJEJl CHUCTEeM pIBHSAHb [/6], K  YHIBEpCaJIbHOIO
croco0y po3poOKH peXUMIB pPOOOTH CHCTEMH, KOJM BOHA TiA€THCS
MOIIKOJIKEHHIO MMiJT JI€I0 KOPOTKUX 3aMUKAHb PI3HOTO THUITY.

JI7iss BCTaHOBJICHHA CHUCTEMHU 3aXHCTy B EJIEKTPUYHIN Mepexi HeoOXiIHO
3HATW 3HAYEHHS CTPYMY KOPOTKOTO 3aMHUKaHHsS. MoJentoBaHHS MPOBOJUTHCS Ha
mwiatgopmi Matlab/Simulinr [81-82]. B [83] npeacTaBieHo enekTpUuyHy Halpyry Ha
ocHOBI Mepexi [letpi.

CKJ1aJHICTh JaHUX CUCTEM Ta METO/I1B, BAKOPUCTAHHSI B OCHOBHOMY METO/IIB
CTATUCTUYHOIO aHali3y poOUTh iX 3acCTOCYBaHHA JUIsi TOOYIOBU CHUCTEM
MoHiTopuHry SEE B peasibHOMy yaci Hee(peKTUBHUM. Y 3B’SI3KYy 3 YUM IHUTAHHS
MOJICJIIOBaHHSI Ta BEJIEHHS pPO3PAXyHKIB IapaMETpiB MEPEXiHUX MpPOLECIB B
CIIEKTPUYHUX MEpexkax € aKTyaJbHHUM, OCOOJIMBO Ha eTami MPOEKTyBaHHSA Ta
eKCIUTyaTallii CHCTeM eJEeKTPOMOCTayaHHS 3 METOK OTPUMAaHHA OI[IHOK

IICPCIICKTHBHUX 1 JOCAXKHHUX ix XapaKTCPHUCTHK.

2.3.2 MopentoBaHHs 0JHO(PA3HOTO KOPOTKOTO 3aMUKAHHS

PosrasitHeMo mpuHIMIOBY cxeMy 3a3emiieHHA (a3u A B eHeprocuctemi (puc.

2.8).
- : BT L 20 0 60
— R |”L':|_ﬁ"_"fl r /= GO0+ =
N~ 150 30
- r.ﬂ—a\l_ I‘EIG_'X‘l rﬁﬁ| j[.
= ' 180 0
e = E-JL';JU L F2d rﬁﬁ-ﬁlﬂ L
— 210 330
- 240 300
270
a) 0)

Pucynox 2.8 — IIpunmnumnoBa cxema oHO(})Aa3HOTO 3aMUKAaHHS Ha 3€MITIO — a)

Ta HOro BEKTOpHA jJiarpama — 0)
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Hanpyru ninii 3amMmukanHs craHoBisTh [18]:

Upp=0 (2.9)

Ug p=Ug-U,=+v3U,e™, (2.10)
= - =+3- e- , .

Uep=Ug U, =3-U 15 (2.11)

vy 3arajJibHOMYy BI/II‘JI}I,IIi IIpu HasIBHOCTI KOPOTKOI'O 3aMUKAHHA KYTH 3MiHI€HH51

HaIpyT OOYUCITIOIOTHCS HACTYITHUM YHHOM

ne N —Homep azu, B=2, C=3.

57

Tonai ans dhazu B maemo 6, = o n-% =150 - 120 = 30°

Taxsxe camo i st dasu C. 150 — 180 = - 30°:

MopentoBaHHs 01HO()Aa3HOTO KOPOTKOTO 3aMHKAHHS Ha 3€MJTIO0 TPOBOIUIIOCH
32 JIOTIOMOTOI0 po3po0JIeHOI aBTOpOM Mojeli (OpMyBaHHS CIOTBOPEHB SKOCTI
eNeKTpruyHOi eHeprii. CTpyKTypa JlaHoi Mojenl noOyJoBaHa HA OCHOBI Tak 3BaHO1
apxiTekTypu framework, sika 3a71a€ CTpyKTypy, BU3HAUa€ MpaBuia Ta MpeACTaBIIsIE
HEOOX1THUM HAO1p IHCTPYMEHTIB IS CTBOPEHHS MOJIEIIL.

Jlns MopentoBaHHS OAHO(A3HOTO KOPOTKOTO 3aMHUKAaHHS B OCHOBI JaHOT
MOJIEJIl € CUHYCOIIH, aMIUTITYTHO-MO/TyJIbOBaHI PI3HOMaHITHUMU MaTEMaTUIHUMU

dbyHkuisiMu. B 3aragsHOMY BUTTISIAI MAEMO!
U= A[l—a(u(t—tl)—u(t—tz))}sin(anlt +0), (2.12)

ne A —amrmunityga, 0 — ¢dasa curnany, @ — BelIMYMHA IPOBATY/TIEPEBUILICHHS,

TPUBAJICTh MAJIHHS/TIEPEBUIICHHS HANPYyTd BU3HAYAETHCA  CTYMIHYACTUMU

GyHKITSIMU u(t—tl), u(t—tz), t i t, € w9acoM ImOYATKy Ta KiHIA

Na {IHHS/TIEPEBUILICHHS HAIIPYTH
[Tonganein gochiKeHHs BIAMOBIIHO 10 puc.l, moka3anu HacTynHe. Komm y
dasi 4 BigOyBaeThcs oqHO(a3He 3aMUKAHHS Ha 3€MJTIO, HanpyTa y (as3i A 1opiBHIOE

HYJIt0, a Hanpyra ¢a3 B 1 C y Miclli 3aMUKaHHS M1IBUIIYETHCS 10 MOYATKOBOI (pHC.
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2.9). Yac moznemntoBanns BuOpanuii 7= 0.4 c. [ToyaTok KOPOTKOro 3aMUKaHHA — 4
= 0.11 ¢, a #oro sakindeHHs t, — 0.15 c. Omip TOYKM 3aMHKaHHS, Ta TOYKH

nomkokeHHs BuOpano 0.001 Om [84]. Ha puc. 2.9 npencraBieHo pe3ysibTaTu

I[OCHiI[}KCHHH O,HHO(1)213HOFO KOPOTKOI'O 3aMHMKaHH Ha 3CMJIIO.

Hanpyra ¢asu A

SN AN AN AN
g ATRVATATAT VA 'ATAVRVATATATAY

B

0 0.05 0. 0.1 0.2 0.25 0.3
T, cek
— aupyn'z dazun B '
5 O\/\/\/\/\\/\V[\\/ (AVAVAVAVAVAVAVAVAVAVAVAY
~s00, 0.05 a1 0_15L 0.2 0.25 0.3 0.35 0.4
T, cek
%656 anpyra ¢gazu C
= (,/\/\A/\/\\J\/\h{/\/\/\/\/\/\/\/\/\/\/\
= /VVVV\J\VVVV\HVVVV\JVVVV
-SUU(] 0.05 0.1 \'/U.Il 5\ ()’.2 025 03 0.35 0.4
T, cex

Pucynok 2.9 — Hampyra Ha CTOpOHI KUBJICHHSI IPU OJHO(DA3HOMY 3aMUKaHHI Ha
3€MJTIO
I3 puc. 2.9 cmigye, mo Hampyra ¢asu A magae i3 «TPEMTIHHAMY, KOJIH
onHo(aszHe 3aMukaHHs BinOyBaeThes 3 0.11 ¢, Hanpyra ¢a3 B 1 C 3poctae. 3MiHa

(dha3oBUX CTpyMiB IIpejcTaBiieHa Ha puc. 2.10.

3HAaYEeHHsI CTPYMY HiJl 4AC KOPOTKOI'O 3aMHKAHHA, A

0.3
®dasza A
l ®Paza C
0.2 h = "Oaaa B
2 N T s
o | ||} — PHBAIICTE K. 3.
Q 0.1 -
© 31 I
53 |
: il
s AR
= ° vyl' i
=3 | |
3} 1
z l
T -01 it
53 i
x |
£ I |
@ { W
-0.2
-0.3 L J
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
T, cek

Pucynok 2.10 — Kpusi ctpymy y Touii 0AHO(}a3HOr0 3aMUKaHHS Ha 3€MJTI0
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Ha puc. 3 Bugno, mo ctpym ¢asu A, B, C nopisnroe 0 nepea ogHodazHuM
3aMUKaHHAM, CTpyM (a3u A Oiabliie He JopiBHIOE 0, KOJIU Bi10YBAa€ThCS 3aMUKAHHS
dasu A, ctpym ¢a3u A CHITEHO KOJIMBAETHCS 32 3aKOHOM CUHYCOIIH 1 IBUAKO A€

1o 0.

2.3.3 BusHaueHHs BIUIMBY MICL PO3MIIIEHHS KOPOTKOTO 3aMUKAaHHS Ha
HaIpyTy B €JICKTPUYHIN Mepexi

SIx BiIOMO, PI3HULIA Y BIICTaH1 BiJ MOIIKO/KEHHS O HaBaHTAXCHHS (3MiHa
napameTpiB JIiHiT MOCTaYaHHs/CIIOKUBAHHS ), MICIISI HECIIPABHOCTI Ta TUI KOPOTKOTO
3aMHMKaHHS MPU3BOJATH 10 PI3HOTO CTYTIEHS 3MIHU HAIlpYTH.

PosrnsineMo 3HaueHHs (pasHUX Hampyr reHeparTopiB. BumipsiHi 3HaueHHA
Hanpyr ¢a3 A, B, C 10 Touku 3aMuKaHHs, M1 Yac J1i KOPOTKOTO 3aMUKaHHS Ta

IIiCJIsl BIHOBJICHHS Ipale3aTHOCTI CHCTeMH BigmoBigHo po (2.9) — (2.11)

{\/{\U ;\lﬂ\/ﬂ

I I
o 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
T, cex
Hanpyra dgazn B
T

f?ﬁAAAAﬂﬁAAﬂA AN DA A\
5 VYAV VTV VYV

-200 v v
1 0.15 0.2 0.25 0.3 0.35 0.4
T, cek
Hanpyra dgazn C

npecTaBieHi Ha puc.2.11.

Hanpyra dazn A

200

Us
(=]
|
|
%
i ¥

o
o
(=]
(4]
o

200 | - i
3 VAL AAAANANAANNNAN
= VVVVYV VU\/‘}/\/UEUUVVVEUU

B
=
=
—
=
=

Pucynox 2.11 — Hanpyru tpudasznoi cucteMu B TOUIl KOPOTKOTO 3aMUKAHHS

Sx mokazano nHa puc. 2.11, Hampyra ¢asu A mepepuBacTHCS, KOJIU TPH
TeHEPaTOpH MPU KOPOTKOMY 3aMHUKaHHI 3aMuKaroThes uepes 0,11 c. Hanpyra ¢aszu
A nopisnioe 0, Toai sik Hanpyra ¢a3 B 1 C 3pocrae. Hanpyra Ha 3emuto ¢gaszu B, C
JI0 KOPOTKOTO 3aMHUKaHHs cTaHoBUTH 160 B, Tomi six Hampyra 3poctae mo 277 B

HicCJIs HeCpaBHOCTI, (277=160x ), sixi migxonats 10 popmy (2.1) - (2.3). Koau nis
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KOPOTKOT'O 3aMUKaHHS 3akiHuyeThes (micist 0,15 ¢), 3nadyenns Hanpyr ¢asz A, B, C
MIOBEPTAIOTHCS 0 HOPMATBHOTO.

JlocmimKyBaBCs TaKOXK BIUTHB THUITY KOPOTKOTO 3aMHUKAHHS HA CTYIICHb 3MIHH
Hanpyru [85]. Ha puc. 2.12 npeacrasnena tpuda3Ha cucremMa Hanpyr Ha CTOPOHI
XKUBJCHHS. SIk BUAHO 13 puc. 2.12 Hampyra Bcix TpboX (a3 Mpociiae Ha BEIUIUHY
0.8. YV mopiBHAHI 3 pe3yJdbTaTaMHd JIOCIIDKCHHS OJHO(A3HOTO KOPOTKOTO
3amMukaHHsa (puc. 2.12) BUIHO, 110 MacmTad MajiHHSA HANpyrd npu TpudasHOMY
KOPOTKOMY 3aMHKaHH1 MEHIIINN, Hi’K MacIITal MaiHAS HAIIPYTH MPU OJHO(PAZHOMY

3aMUKAaHHI.

Hanpyra ¢azn A
A — T A o

\]
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A\ A

NN

-200 \|
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202 “\
\

-200

I’\ﬂ\ﬂ\l
I l

Pucynok 2.12 — Hanpyru Tpuda3Hoi cucteMu B TOUIIl JKUBJICHHS Y BUMTAJIKY
TpU(a3HOro KOPOTKOTO 3aMHUKAHHS

Sk cniye 13 HaBeACHUX Pe3yJIbTaTIB JOCTIIKEHb, B 3aJIEKHOCTI BiJ BiJCTaH1

BIJl MICIISl 3aMHMKaHHSI 3HAQYEHHS HAnpyr 3MiHIOeTbes. [IpoBeneHH1 JOCTIIKEHHS

MoKa3ajad HacTynmHe. UMM MeEHINAa BIJCTaHh MDK HaBaHTaXEHHSIM 1 TOYKOIO

KOPOTKOT'O 3aMHUKaHHS, TUM OuUIbIIIE Nagae Hanpyra y ¢as3i 4 i TUM MEHIIe 3pocTae

Harpyra B JIBOX 1HIHMX (pazax (mkana maainas Hanpyru 3 0,46 3miawmnacs o 0,4, a
HIKajga niABUIIeHHs Hanpyru y ¢azax B1 C—3 1,3 go 1,6).

[IpoBeneni  DOCHIIKEHHS  TOKa3alM, IO PI3HUNA TUI HECIPaBHOCTI Ta

napamMeTpu EeJICKTPUYHOI MEPEXi B MICIl KOPOTKOTO 3aMHKAaHHS, CIPUYHUHSIIOTH

pI3HI TOpPYIIEHHS €JEeKTPUYHOI Hampyru B CHUCTEMI >KuBJIeHHsS. HasBHICTH

KOPOTKOTO 3aMUKAaHHS OJHOTO THITY TPH PI3HUX HOTO MICIX 3HAXOKEHHS,
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PU3BOJUTH JIO PI3HOTO TMAAiHHA Ta MEepEeBUIICHHS Hanpyrd. KopoTkodacHa 3MiHa
HANPyTH € HaWTMOIIMPEHIIINMH CIHOTBOPCHHSIMH SIKOCTI €JEKTPUYHOT HANpPyTH B
CIIEKTPUYHUX Mepekax. Pe3ybratu MoemtoBaHHS HA OCHOBI PO3pO0OJICHOT MOIeTl,
Y3TrOKYIOTBCS 3 TEOPIE€IO 1 JOCTOBIPHO IMITYIOTh 3MiHY HaIlpyTH B €JICKTPUYHIN
MEpEexKi.

[IpencraBieHa Mojenb MOXE JOMOMOITH CTBOPEHHIO OCHOBM ISt

imeHTrikalii Ta moAaNbIINX 3aX0/1B KOHTPOJIIO MOPYIIEHb 3MIHU HAMPYTH.

2.4 Meroa inaeHTHdIKAIIl TEPEXiTHUX MPOLECIB B EJICKTPUYHUX MEpernKax
[UIIXOM aHai3y X BUCOKOYACTOTHUX XapaKTEPUCTUK

VY OUIbIIOCT] BUNIAAKIB YMOBHU CHCTEMH KUBJIEHHS 3MIHIOIOTHCS Yepe3 Pi3Hi
YMOBH HaBaHTa)XE€HHs a00 3001 B cucTeMi. Y€l 3MIHU CTBOPIOIOTH MEPEX1THUNA CTaH
y MEPEXi 10 TOCSTHEHHS HOBOTO po00Y0ro cTany. Y 3B’SI3KY 3 IIUM CJIiJl BA3HAUUTH
NPUYUHY MEPEXIHOTO0 CTaHy, OCKUIBKUA 1€ MOXE€ BIUIMHYTH Ha HaJIAHICThH 1
MPU3BECTH JO TMOILIKO/HKEHb CUCTEMHU. 3arajibHa Kiacudikaiis s JAOCTiIKEHb
MEPEXiAHUX MPOIECIB B EHEPrOCHCTEMaX MpeACTaBlieHa Ha puc. 2.13, sika BKIIO4ae
NepEeMUKaHHs KOHJIEHCATOPIB, M0/1avy HAMPYyTH Ha JIiHIi Ta HECTIPABHOCTI B JIIHISIX

eJIeKTpornepeaadi, cepe iHmoro [86-88].
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llogpasa manpyra

Jocii msceHEm — . T
MIOBITPAHOL JHHIT

HNepeXigHNN [IPOLIECIE
EHEePT OCHCT M

MNMoeTopHe BEiMHHEHHA
noeiTpAHOT AiHIT iz
ZATPUM SHMMI SMiHaMM

TTepemirarsa KomvTaria xoHneHcaTopa
MIepexi THITX
Opotects I'li oz eparmaii kabens
B C HHA
— Tpamchopmarop i

I VHT VEOHME peaKTop

Binxmnenna
HABAH TAXK SHHA

vwroel zaMHEKaHHT
Awpamiz
HeIIpaEHOC Tel
[rmni eMom HecnpaeHOCTEH
Ynapi
GBI CEABEM

Pucynok 2.13 — 3aranpHa kiacudikaiiis st 1OCTIKEHb MEePeXiIHUX MPOLIECIB B

CUCTEMaAX CJIICKTPOIIOCTAaYaHHA

3a ocTaHHI JECATHIITTS KUIBKICTh CXEM 3aXHCTy, 3aCHOBAaHMX Ha aHami3l
nepexiHuX Mpolecis, 3poctae. OHAK 111 CXEMU MOBUHHI OYTH OIIHEH1 3a Pi3HUX
MEpPeXiIHUX yMOB, OCKUIBKM BOHHU MOXYTh CHPUYMHUTH  TTOMMJIKOBE
CIIpaIlbOBYBaHHS, KOJIM BUHUKAIOTH 30ypeHHs KoMyTallii abo yaapu 6vckaBku [ 89-
91]. Takum 4MHOM, IJI TOTO, MO0 CIPHUATH 1AeHTU(DIKAIIT TePEeXiTHUX SBUII, TPU
TUTIN TEPEX1THUX SBUII PO3TIISAAIOTHCSA, TOOTO AYyroBl 3aMUKaHHSI, TIEPEMUKAHHS

KOHJICHCATOPIB 1 M/HKUBIICHHS JIIHIT Iepeaayi.

2.4.1 YacToTHUH CHIEKTP MEPEXiTHUX MPOIIECIB
Vel eneKkTpoMarHiTHI MEpexXifiHi MPOLECH B EHEProcUucTeMax MaroTh
IIUPOKUN YaCTOTHUN CIIEKTpP, SIKAWA BIAPI3HAETHCA IJII YMOB HECIPABHOCTI Ta

MEePEeXiIHUX TPOoIeciB nmepeMukanHs. [oTiM JocmimKeHHsT TTepexXiIHUX MPOIECiB
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CIIOHYKAJI 10 MPOBEACHHS JOCIIIKEHb 3 METOI OXapaKTepU3yBaTH YaCTOTHUM
CIIEKTp, CTBOPIOBAHUI PI3HUMU MEPEX1THUMHU IPOIIECAMU B €HEPTrOCUCTEM1

KpiMm Toro, meski AOCHIIKEHHS BCTAaHOBUJIM MaKCHUMAaJbHI YacTOTH JJIst
pi3HUX mepexigHux sBull. Hampukian, ans mepexiHuX MpOIECiB, BUKIMKAHUX
NEPEeMUKAHHIM KOHAEHCATOpa, OUIKYEThCS, 110 MaKCHMMajbHa 4acTOTa CUTHAJIB
HANpyTu Ta cTpyMy Oyzae Omm3bkoro mo 46 k[ [92]. 3 iHmoro Goky, 4aCTOTHHIA
CIIEKTp 13 MAaKCHMAaJbHOIO YacTOTOI 2 KI'Il CTBOPIOETHCS MiJ Yac IMiJKUBIICHHS
JiHiM enekrponepenadi [93]. Hapemri, 1yroBi 3aMUKaHHS, SK1 JAyXe MOUIMPEH] B
eHeprocucTeMax, MOXyTh CTBOptoBaTH yacTotd 10 1 kl'u. ToOrTo, KoXeH Tun
MEePexXiIHOTO TMpolecy Mae MoMi0HI (GOpMH CHUTHANIB, $IKI PO3PI3HAIOTHCSA 3a
BEJIMUMHOI0, (pa3010 Ta TpuBaiicTio. CyAsuu 3 bOTro, JIJIsl IPOBEJACHHS TOCIIKEHb

HE OTPIOHO MaTH BEJIUKUHN HAO1p MEepeXiIHUX CUTHAIIIB.

2.4.2 MopaentoBaHHs EPEX1AHUX MPOLIECIB
Jl1st mpoBeieHHsT AOCTIPKeHb MEPEeXITHUX MPOIIECiB, BUXOASUU 13 MOMEPEeaHIX iX
YaCTOTHHUX XapaKTEPUCTUK BUKOPUCTOBYEThCS yacTOoTHA BUOIpka 92 kl'1 (wacrora
JMCKpETH3aIlil MOBUHHA OyTH y JIBa pa3u OLIbIIE JOCHIKYBAaHOTO CUTHAY) Ta iX

MOJICTIOBaHHSI BUKOHYETHCS B €KBIBAJICHTHIM cUCTeMI KUBJICHHS (puc. 2.14).

IMlr1rza 1 Illz1rza 3 IIlr1eza 2

TL 1 TL 2 T2

Pucynox 2.14 — EkBiBajeHTHa cHUCTEeMa >XUBJICHHS MOJICTIOBAHHS IEPEXiTHUX

nporiecis [34]
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MO,Z[CJ'II-OBaHH}I AYTOBUX 3aMHKdHBb ITPOBOIUIIMNCH HA OCHOBI p03p06JI€HOI B

poboTI Mojenl CIOTBOPEHHS SKOCTI €JIEKTPUYHOI €Heprii B3JAOBXK JIiHIT
enekTporiepenadi TL1. B mapamerpax Momeni BpaxoByBajlach 3aliekKHICTh il
napamMeTpiB Bijg yacy (moaiouo [92,95]). [Ipu npboMy BpaxoByBalIKCs Pi3Hi TOBKHHU
JiHIA Ta pi3HI Yacu BUHUKHEHHS JYTrOBHX 3aMHKaHb. JKUBJICHHA JiHIN
3MIACHIOETHCS B JIIHIT Tiepeaadl eJeKTpU4Hoi eHeprii TL2, ska KUBUTHCS 3 OOKY
IIVHU 2.

Ha puc. 2.15 npeacraBieHi HepexifiHi CUTHAIW HANpPyTd TPU JYTOBUX
3aMHMKaHHAX (puc. 2.15,a) Ta CUTHANM 3 BUJAJIEHUM EJIIEKTPUYHUM HIYMOM (pHC.

2.15,6) 3a momomorow po3poOiieHOro B poOOTI aganTHBHOTO METOaY BHOOPY

IOPOIroBOIr0O 3HAYCHHS Ta TUITY BCfIBJ'ICTy.

1 — =
|
. 05 7
g | e
g5 (\ {
05} 7
B W \
0 0.01 0.02 .03 0.04 0 0.01 0.02 0.03 0.04
T.ms T, ms

SNR=16 dB SNR =39d

U, B.o.

Pucynok 2.15 — IlepexinHuii curHai Hampyryu JyrOBOIO 3aMUKaHHS

[lepexiguuii curnan Hapyru ayroBoro 3amukaHHs SNR = 16 dB Ta 3

BUJIaJIEHHSM ITyMoBHUX KoMmoHEeHT SNR =39 dB.

Po3knaganHs mepexilHOrO MpOoIlecy BHACIIIOK IMOAayl JKUBJICHHS Ha

YaCTOTHI KOMIIOHEHTH (puc. 2.16) TOKa3aB HasBHICTh TPbOX KOMIIOHEHT:
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HU3bKOuacToTHA — 418 I'11, AB1 BUCOKOYACTOTHI CHHYCOIIU IIBUAKOTO 3aTyXaHHS

1283 I'irta 1855 I'm.

U, B.o.

0.0

SNR=37d

¢ p VA
P -0.1 + P -0.1 UU
-0.2 - - / J -0.2
-0.3 y - -0.3
0.01 ‘02 0.03 0.04 0 0.01 0.02 0.03 0.04
T, ms T, ms

Pucynok 2.16 — 3Moe1b0BaHUI CUTHAJI NP TTOAAa4il HAIIPYTHU B JIIHIIO PO3MOILTY

Crniye BIAMITUTH, IO 111 Bl CUHYCOIM CIIOYATKY BHOCSATH Maie pIBHUI
BHECOK Y MAaKCUMYM HAIPYTH, 5K 1 CHHYCOiJ]a HI>KYOT 4YaCTOTH.

BucHoBok. MakcumanibHa Hampyra y BHUMAJAKy T0Jadl >KUBJICHHS Ha JIHIIO
BUHUKAE HE Yepe3 JOBTOTPUBAI HU3BKOYACTOTHI KOJIMBAHHS, a 4epe3 MPUXiJ
HAIPYTH BiJl BIAKPUTOTO KiHIIS JiHii. JlaHu# cCUTHAII HAanIpyTH MIBUAKO MaIae.

Ha puc. 2.17 mnpeacrtaBieHWil mNepexigHUIl CHUTHAI TMpPU KOMYTaIlii

KOHJIEHCATOpPHO1 OaTapei.
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Pucynok 2.17 — nepexiiHA CUTHANI MPU KOMYTallli KOHAEHCATOPHO1 OaTapei

[Ipu anamizi mepexiiHOro MPOIEeCy BHACIHIIOK aKTHBAIlll KOHJIEHCATOpa 3
N1JCUJICHHSAM HANpyTy OyJI0 BUSBIIEHO, 10 YACTOTHU JIBOX CUHYCO1/l CTAHOBJIATH 477
I'm ta 1742 T'u. Ilpu npoMy, Ha MOYNTKY HEPEXIAHOTO IPOIECY JIBI CHHYCOITU
nepeOyBaroTh y ¢aszi, BHOCSYM PIBHUN BHECOK B PE3yibTylouy IepeHanpyry. Lle
SBUIIIE B POOOTI BHUKOPHCTOBYETHCSA I 1AeHTHU}IKAIT Tpolecy iICHICHHS
Hanpyrd. Iloganpmmii aHami3 MEPEeXiJHOrO IIPOIECYy BHACTIAOK aKTHBAIlil
KOHJIeHCaTopa 0e3 MiJACWJICEHHS HaIpyrd, BUSBUB HASBHICTh JBOX CHHYCOil 3
yactotamu 474 I'm ta 1507 I'm 3 mporunexuumu ¢azamu. B 3B’s3Ky 3 uum,
nepeHanpyra 3Ha4HO HKYA.

BucHoBok. AmnHamiz mnpoBeneHHX B PpoOOTI JOCIIIKEHh  JTO3BOJIMB
3alpONOHYBATH METOM iAeHTHdIKAIIl MepexiTHUX TPOIECIB B EICKTPUUHUX
Mepekax IMUIIXOM aHami3y iX YacTOTHHUX XapaKTePUCTUK, IO JO3BOJIHIIO
OTIEPATUBHO BUSBIIATH HECIPABHOCTI B EIEKTPUYHIA CUCTEMI IJII YHUKHCHHS
MOIIIKO/KEHb €JIEKTPOOOIaTHAHHS TUIIXOM CBOEYACHOTO BKIIFOUCHHSI HEOOX1THUX

3ac001B 3aXHUCTY.

2.5 BHUCHOBKH 110 po3aiy 2



72

1. OyHKIIS ~ YUCIOBOI MOJIEJl  CIOTBOPEHb SIKOCTI €JIEKTPUYHOT
€Heprii CIY>KUTb OCHOBHUM OyAiBEJIbHUM OJIOKOM YHCIOBOI CTPYKTYpH JUIs
OTPUMAaHHSI Ta MOJICTIOBAHHS OUIBII CKIIQJHUX CIIOTBOPEHD SKOCTI €IEKTPOCHEPrii,
HaIpUKJIaJ] TeHepalii 0ararocTynmeHeBOTO CHUTHATY Ta JIEKUIBKOX MapameTpiB
SIKOCTI €JIEKTPOCHEPTii HASIBHUX OJTHOYACHO.

2. 3anpomnoHoBaHa CTPYKTypa  YHCIOBOi  MOJENIl  JO3BOJISIE
MozentoBaTu crioTBopeHHs SEE 6e3 HeoOxigHOCTI po3poOKH CKIIaJHOI MOJesi
eHEeproo0’ KTy (EHEProCUCTEMH) a00 TOCTYMy 10 0a3 TaHUX CUCTEM MOHITOPUHTY
€HEprOBUKOPUCTAHHS.

3. 3acTocyBaHHA 4HCIOBOI Mojem crnoTBopenb SIEE mMoxke cripusitu
po3po0I1li 1HTEPAKTUBHOIO MPOTPAMHOTO  3a0e3MeyeHHs [JIs BHUKJIAJaHHSA Ta
HaBuyaHHA 3a TeMolo SEE y BUIIMX HaBUadbHUX 3aKiajlax 3a chemiaibHicTio 141
EnexTpoeHepreTrka, eIeKTpPOTEXHIKA Ta eleKTpoMexaHika. Oco0IMBO 3BaXKarOun
Ha TOM ¢akT, MO 3 il JONOMOrOK MOKJIMBAa MUTTEBA Bizyamizauis (popmu
cnotBopeHb SEE Ta ix XapakTepHCTHK 3a TOIOMOTOI0 IHTEPaKTUBHOI'O KEPYBaHHS
YUCJIOBUMHU MapaMeTpamMu MOJIEII.

4, MOoXITMBICTh KEpYyBaHHS XapaKTepUCTUKAMH (DOPMU CUTHATY YUCITIOBOT
MO/IeJII IIIJIIXOM 3MIHH 11 MTapaMeTpiB 103BOJISIE peani3yBaTH YUCIOB1 MOIeN B Oy 1b-
axkomy DSP mporecopi - creniajii3oBaHOMY MPOTPaMOBaHOMY MIKpPOIPOIIECOpi,
MPU3HAYECHOMY JUIsl MAaHIMyJIOBaHHS B peaJbHOMY MacmTabi 4acy IOTOKOM
uuppoBUX AaHMX 0€3 HEOOXIAHOCTI 3aCTOCYBaHHS TMOTYXKHUX  3ac00iB

MOJEIIOBAaHHA.
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PO3/11 3.

JOCJAIJI)KEHHS BILIUBY TUIIIB IIPOBAJIIB HATIPYT'HM TA IX
XAPAKTEPUCTHUK HA POBOTY ACUHXPOHHHUX /IBUT'YHIB

[aTepec 10 mpoBalliB HANMpYrd 3pOCTa€E, TOMY IO BOHU CIPUYUHSIOTH
MIKIJJIMBANA  BIUIMB Ha KiJJbKa YYTJIMBUX TMPUCTPOIB, TaKUX SK TPUBOAH 3
pEryJIbOBaHOIO IIBUJKICTIO, aCHHXPOHHI Ta CHHXPOHHI JBUTYHH, OONaIHAHHS IS
KepyBaHHS TMpoIlecaMH, MpOrpaMOBaHi JIOTIYHI KOHTPOJEPH, POOOTOTEXHiKa,
KOMIT'FOTEPUM Ta [IIaTHOCTUYHI CHCTEMH, YYTJIMBI 1O TIEpenajiB Hampyru.
HecmipaBHicTh 11b0T0 0072 JHAHHS MOKE OYTH CIIPUYMHEHA TPOBAJIAMU HAIPYTH, 110
npu3Bene 10 3yNUHKA poOOTH ab0 BUPOOHMIITBA 31 3HAYHUMHU IMOB’SI3aHUMHU
BuTparamu [96-98].

Tak sk HaWOUIBINI BTpaTH BUPOOHUITB BiJ MpoBadiB Hampyru (60%)
NPUXOAATHCA HA aCMHXPOHHI JBUTYHH, B JaHId poOOTI pO3IIISIAIOTHCS BIUIMBH
IIPOBAJIIB HAPYTH HA iX IPOJYKTUBHICTD.

JlocnmipkeHHsT BIUIMBY TMPOBAJIB HANpyrd Ha ACHHXPOHHI JIBUTYHH
MIPOBEJIEMO 3aCTOCYBAHHSIM SIK CUMETPUYHHX, TaK 1 HECUMETPUUHHUX TpudazHUX
MPOBaTIB. SIKIIIO TPOBAJl € CHMETPUYHHUM, TOOTO OJHAKOBO TJIMOOKUM Y BCIX TPHOX
(dazax, MOKHa BUKOPUCTOBYBATH HAaWHWXKYY 3aJUIIKOBY HANpyry B OyJb-sKiH 13
da3 g XapakTepUCTHKH TpOBalTy. SIKII0 MpoBall € HECUMETPUYHUM, TOOTO
MpPOBAJIM HE OJIHAKOBOI TIMOMHM B YCIX Tphox (Dazax, s XapaKTEPUCTHKU
NPOCiIaHHS BUKOPUCTOBYETHCS (pa3a 3 HAWMEHIIIOK 3aJUIIKOBOIO Harpyroro [99].
B HaykoBO-TeXHIUHIH JiTepaTypl TaKOXX BUKOPHCTOBYIOTHCS HA3BH MPOBAIIB —

30aJIaHCOBAaH1 Ta He30aJIaHCOBAHI.

3.1 CtpykTypHa cxema AOCTIHKCHHS

JlocmimKkeHHsT IPOBOAIIINCS Ha OCHOB1 po3po0sieHoi B JaHii poOOTI Mol
cnorBopeHb SEE B miaHli HasBHOCTI NPOBAJIIB HANpPyrd 3 PI3HOMAHITHUMHU

3HAUYEHHSAMH 1X XapakTepucTuk. [y aHamizy poOOoTH aCHHXPOHHOTO JIBUTYHA OyJia
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3aCTOCOBaHa MOJCNIb acMHXpoHHOro asuryHa B Mathlab/Simulink [96]. Yuciosa

Moieb (hOpMYBaHHSI MPOBAIIB HAIIPYTH MPEICTaBICHA HACTYITHUM YHHOM:
U AT A[l—a(u (t —tl)—u (t —tz))}sm(anlt +9A) : (3.1)

ne o — rmbuHa mpoBany y B.o., 0.1<a<09, T Stz—tlSQT, f, — OCHOBHa
yacrora, 0 A ¢azoBuii KyT.

TpuBanicTe magiHHSA HANpPyTd BU3HAYAETHCS CTYMIHUYACTUMHU (DPYHKIISIMH
u (t —tl) , u (t —t2) , tl 1 t2 € 9acOM TOYaTKy Ta KiHI maainHs Hanpyru. Ha puc. 3.1

MpeICTaBICHU MPoBa 0AHO(Aa3HOT HATIPYTH, JI€ t'.l. =0.06 s, t2 =0.12s.

[Iposan nanpyra

AL e NN N
NIV SN
NETRTATA: ~/ANATAVATAY
v LUV VIRV RVRY

0 0.02 004 006 0.08 0.1 0.12 014 0.16 0.18 0.2
T.c

Un_).t
-
—

100%,

Pucynok 3.1 — [IpoBan omHoda3Hoi HanpyTu

YuciioBa MoJeb MpOBaly HANpyTH, Ha KU BIUIMBA€E poOOTa 1HAYKIIHHOT

MaruHae (aBuryHa) [97]), MokHa MOJIETFOBATH HACTYITHUM YHHOM:

U, =[1—s[u1[1—e_ath—u2 [1—e_ﬂt 2 J]sin(znflue N (3.2)

Jie € — CKCIOHEHIlallbHa (PYHKIIIS JIJI1 MOJICJTFOBAHHSI T IIHHS HAMPYTH 11T
BIUTUBOM 1HIYKIIHHOT MAaIlIMHM, 0. — IIBUIAKICTH CIay HAMPYTH MpoBaly, a § —
MIBUIKICTh 3pOCTaHHs (BITHOBJICHHS) HAMPYTHW IMicis TpoBaily, tl — modaTok

poBaily, t2 — MOYaTOK B1IHOBJIEHHS MTPOBAITY.
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Tpudazuuii npoBaa HANPYIH
T T = A = =

Awmnnityaa, B.0.

0.25 0.3 0.35 0.4

Pucynok 3.2 — Tpudaszuuii npoBasi Hampyry, BUKIUKAHUH IMMiAKIIOUYEHHSIM
ACUHXPOHHOTO JIBUTYHA

tl Ta t2 — Touka MovyaTKy Ta BIAHOBJICHHS MMPOBAJY HAIIPYTH BiAMOBITHO.

CTpyKkTypHa cXxema JOCHII)KEHHSI BIUTUBY PI3HUX XapaKTEPUCTHK MPOBAJIB HA

pO6OTy ACHMHXPOHHOI'O IBHUI'YHA IIPCACTABJICHA Ha PHUC. 3.3.

Buxiaui
napameTpu

Tumnu npoBaiiB

Mogenb aCUHXPOHHOro
OBUTYHA

ozienb HOpMYyBaHHS TPOBAJIIB
HAIPYTH 3 PETYIIOIYNMU
XapaKTePUCTUKAMH

>

AcnH-
XPOHHOTO
ABUIMyHa

Pucynok 3.3 — CrpykTypHa cxeMa JOCHIJKEHHS BIUIMBY PI3HHUX

XapaKTEPUCTHK MPOBAJIIB HA pOOOTY ACHHXPOHHOTO JIBUTYHA

Tunu npoBatiB HanpyTu GopMyBaKCs BIAMOBIAHO 110 iX kiacudikanii [100]
3 PI3HUMH XapaKTepUCTUKaMH (TPUBAJIOCTI Ta TJIMOMHH TMPOBAILY, CTPUOOK
¢dazoBoro Kyrta, TOYKM NOYATKy Ta 3aKkiH4YeHHs npoBaiiB). Ha Buxomi mopmeni
ACUHXPOHHOTO JBUTYHA aHANI3YBAJIUCA TakKl WOTro MapaMeTpu: MIKH CTPYMIB,

KPYTHUH MOMEHT, IIBUJIKICTb.

3.2 BmumB pi3HUX XapaKTepUCTUK NPOBAJIB Ha POOOTY ACHHXPOHHOTO
JIBUTYHA
BmumB pi3HuX mpoBaniB HANpyrd Ha poOOTY ACHHXPOHHOTO JBUTYHA

3aJIeKUTH BiJl HACTYIHHX (DaKTOPIB:
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- ITMOWHHU TIPOBATY HAIIPYTH;
- TPUBAJIOCTI MPOBAJTY HAIMPYTH;
- SNIEKTPUYHUX IMApaMEeTPiB aCHHXPOHHOTO JABUTYHA;
- HAaBaHTKCHHS Ta MEXaHIYHOI 1HEPITii.
Biamosimnao g0 [101], acuHXpOHHMIA TBUTYH MOXKE JEMOHCTPYBATH JBI Pi3HI
MOBEIIHKH NMPU BUHUKHEHH] MaliHHA HAIIPYTH.
1. ACHHXPOHHHH JIBUTYH 3yIHHSIETHCS 1 HE MOYKE MIPUCKOPUTHCS TTCIIS
BiJTHOBJICHHS HAIIPYTH KUBJICHHS 10 HOPMaJILHOTO. e Ha3uBa€eThCs «3yIMUHKOOY.
2. ACHHXpOHHUM JIBUTYH BTpaya€ MIBUJKICTD 1 3HOBY IPUCKOPIOETHCS
TICIIS BIHOBJICHHS HAMPYTH KUBJICHHS 10 HOPMaJILHOTO.
[TpoBan HanpyTH U151 ACHHXPOHHOTO JIBUTYHA BU3HAYAETHCS K 3HUIKCHHS

Harpyru 10 20-30% Bij HOMIHAJILHOTO 3HAYEHHSI MPOTITOM MeHIe Hixk 10 mukIiB.

3.2.1 BrumB TpUBAJIOCTI NPOBAy HANPYIH Ha pOOOTY ACHHXPOHHOIO
JIBUTYHA

TpuBamicTh mMpoBay HANPYTH CHIBHO 3aJCKUTh BiJl Yacy YCYHEHHS
HECMPaBHOCTI. Y CHCTEeMaxX BHCOKOI Hampyrd HECHPABHOCTI YCYBalOThCS
3aXMCHUMH MIPUCTPOSMH T4 aBTOMATHIYHUMHU BUMHUKa4YaMH. THUTTOBUI Yac YCyHEHHS
HecnpaBHOCTI ckianae Bix 100 mo 500 mc. HecnpaBHOCTI B cucTemMax HU3BKOI
HaIPYTH yCYBAETHCS 3aMOOKHUKAMU 3 4acOM yCyHEHHS Bia 10 MC 10 AEKITBKOX
CeKYyH/I.

BB TpuBanocti mpoBany Hampyrd Ha poOOTy aCHMHXPOHHIO JBUTYHA
JOCITIJIKYBaIacs Ha MPUKJIAl IBOX THIIB MPOBAITY: 30aJIaHCOBAHOTO TUITY MPOBAITY
A Ta He30anmaHcoBaHOrOo — Tuily B (3amukanusa daza-zemns). Ha puc. 3.4 a0

HaBEJICHI BEKTOPHI JiarpaMu Ta (JOpMU CUTHAJIIB HAMPYTH JAHWUX THITIB TIPOBAJIIB.
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Pucynox 3.4 — BekTopHi AiarpamMu Ta (OPMU CHUTHAIIB HANpPyTrH THIIIB

npoBaity A —a) Ta B — 0)
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3.2.1.1 BrumB TpuBaIOCTi IPOBaAy HAMPyTH HA MIKK KPYTHOIO MOMEHTY Ta
KA CTPyMY

JIist BUBYEHHS BIUIMBY TPHUBAJIOCTI MpOBally HANpyru  Ha pooOoTy
ACHMHXPOHHOTO JBUTYHA TIPUUMAIIACS TIKH KPYTHOTO MOMEHTY Ta KU cTpymy. Lli
3HAYCHHS PO3PaXOBYIOTHCS Ha OJMHHUITIO SIK HOMIHATLHUN 00 HOMIHAJIBHUN CTPYM

1 KpyTHUI MOMEHT 3a JIOIIOMOI'0I0 HACTYIMHUX PpiBHIHB [102]:

' peak ~ max{fi)

Ipeak_ﬁ-lN_ 2. (3:3)
|
_ peak _ max {7 ()]}
Tpeak_ TN = TN , (3.4)

Ie TN — HOMIHQJILHUI KPyTHUH MOMEHT, a | N~ HOMIHAJIBHUI CTPyM

Ha puc. 3.5 npeacrasieni pe3yiabTaT JOCTIKEHHS MIKIB KPYTHOI'O MOMEHTY
ACMHXPOHHOTO JBUTYHA ITiJl Yac MpoBaly Hanpyru tumy A ta Tuny B npu pizaux

TOYKaX IMOYaTKy MpOBaly HAMPYTH y BUMAAKax TpuBanocTi mposaiy 0,2 ci 1 c.

5 4 [likn KpyTHOrO MOMEHTY 5 [likn kpyTHOrO MOMEHTY
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A _[===ch=05]] F0.08 T ——I—1
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225 » h=02[] £0.06F—+—+{===" h=05[
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5 ! { ] Eooe}——t—————
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Ilikn KPYTHOTO MOMEHTY

[Tikn KPYTHOTO MOMEHTY
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Pucynok 3.5 - Pe3ynbTaTl 1OCHIIKEHHS MIKIB KPYTHOTO MOMEHTY aCUHXPOHHOTO
JIBUTYHA IiJ] yac mpoBaity Hanpyru tuny A (puc. 3.5,a) ta tuny B (puc. 3.5,0)
MIPH PI3HUX TOYKAX MOYATKY MPOBATY HAMPYTH Y BUMAKAaX TPHUBAIOCTI MPOBAITY

0,2 ¢i 1 ¢ [103], h — rmubuna npoBaty

Sx BuaHO 13 puc. 3.5, a, MKW KPYTHOTO MOMEHTY Maii’ke MOCTIHHI IS BCIX
MOYATKOBUX KYTIB JJisl poBainy Tuny A. MakcumanbHi1 HiKH KPyTHOTO MOMEHTY
JOCATAIOTHCA IIPHU KyTi ModaTKy nposrcanns 90° nyisg mposany tuny B, a MiHiManbHi
niku crocrepiraroThes npu KyTi 0°, Ilpu nposany Hanpyru Tuimy A BenmnunHOO 0,2
1 TPUBAJIOCTI NAAIHHA | ¢ IBUTYH 3yIUHSAETHCS.

TenaeHiis 10 KOJIMBaHb KPYTHOTO MOMEHTY Ha TIOYATKY Ta B KIHI[I 3HUKEHHS
HAIPYTH € OJIHIEI0 3 OCHOBHUX IMpoOJieM, MOB’A3aHUX 13 MaiHHAM Harpyru. Lle
SBHIIE MOXKE MOPYIIMTH Tporiec abo MOUIKOAWTU IBUTYH. [HIIOIO mpobiemoro,
MOB’S3aHOI0 3 MPOBAJIOM HAMpPYrd Ta ACMHXPOHHUMH MAaIllMHAMH, € TOBEIIHKA
MAaIIMHH, KOJIH MPOBAJl HANIPYTH BiAOYBAETHCS HA MMOYATOK MAAIHHSI HAMPYTH, TOMY
10 KPYTHU MOMEHT MPOMOPIIHHIKN KBAJAPaTy HAMPYTH, 1 IMBUAKICTH TAKOXK BIIAJIE.

JIBUTYH CIIOKMBATHME€ 3HAUHUN IyCKOBUH CTpPyM MiJ 4ac cTafil cramy
HANpyTH, HacamIepes IJIsl BCTAHOBICHHS IOJs MOBITPSHOTO 3a30py, aje TaKoX

4yepe3 TOBTOPHE NPHUCKOPEHHsS. Y OLIBIIOCTI MPAaKTUYHUX 3aCTOCYBaHb, KOJU
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JIBUTYH CHOBUIBHIOETBCS, KPYTHMH MOMEHT HABaHTAKEHHsS MaJae, a KPYTHUI
MOMEHT JBUTYHa 30unblIyeThcs. Lle 3MeHmIye mpoGiemy Ta MOJETuIye JeTKUi
nepesamnyck aBuryHa. [losis yacTo BiiOyBa€eThCsl HACTUIBKH IIBUJIKO, IO KPYTHUI
MOMEHT MO>KHa BBa)KaTH MOCTIMHUM, a ()aKTU4HA BTpaTa MIBUAKOCTI YaCTO MEHIIIA,
HDK ouiKyBajocs. /[BUTYH moTpeOyBaTHMeE BEIMKOTO CTPyMY, K OIMCAHO, JJIS
JESIKUX HAaBaHTAXEHb 3 MPAKTUYHO MOCTIMHUM KPYTHUM MOMEHTOM a00 BHCOKOIO

iHCpHiEIO, a il ACAKNX HABAHTAXXCHb ABUT'YH HC 3MOXKC IICPC3aITyCTUTH B3araii.

3.2.1.2 BruuB rMOMHM TIPOBAJIIB HAIPYTH HA MIKU CTPYMYy aCHHXPOHHOTO
JIBUTYHA

JIBUTYH CHOXMBAaTUME 3HAYHMM MYCKOBUU CTPyM IIiJI 4Yac CTajaii cragy
HaIpyT¥, Hacammepena JUisi BCTAHOBJIEHHS MOJI MOBITPSHOTO 3a30py, alleé TaKOXK
yepe3 MOBTOPHE MPUCKOPEHHS. Y OUIBIIOCTI MPaKTUYHUX 3aCTOCYBaHb, KOJU
JIBUTYH CIIOBUIBHIOETHCS, KPYTHUM MOMEHT HABaHTAXXEHHS IaJla€, a KPYTHUU
MOMEHT JBUT'yHa 30UIbIIyeThcA. Lle 3MeHIIye mpoOsieMy Ta MOJErmye Jerkui
nepe3aryck aBuryHa. [losis yacto Bi10yBa€ThCS HACTUIBKU MIBUJKO, 10 KPYTHHIM
MOMEHT MO>KHA BBa)KAaTH MOCTIHHUM, a (paKTUYHA BTpaTa MIBUJIKOCTI YACTO MEHIIIA,
HIX O4YiKyBajocs. JIBUT'YH moTpeOyBaTHME BEIMKOIO CTPyMy, SIK OMHMCAHO, IS
JIESIKMX HABAHTAKEHb 3 MPAKTUYHO MOCTIHHUM KPYTHUM MOMEHTOM a00 BUCOKOIO

THEPIIIEI0, a JIs JISIKUX HAaBaHTAXKEHb JBUTYH HE 3MOKE Mepe3anyCTUTH B3arai.
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Ta MICJIS BITHOBJIEHHS MPOBATY
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Pucynox 3.7 — Ilepexigauii ctpym ctatopa

Sk B1IOMO, MPOBAJIU HANPYTU TUIY A € CHMETPUYHUMU (30aJ1aHCOBAaHUMHU).

BmuuB iX Ha MKy cTpyMy MpeCcTaBiIeHO Ha puc. 3.8.
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Pucynoxk 3.8 — Ilik cTpymy, cipyuuyuHEHUN MaaiHHAM Hanpyru Ttumy A, (a)

pi3Ha TPUBAJICTh IpoBaity, (0) pi3HA rHOWHA MPOBALY

[Tiku cTpyMy — 11€ MaKCUMaJIbHUI CTPYM, KU CIIOKUBA€E JBUTYH 3 JIIHII, 1

BiH BUHMKA€ B MOMEHT BIJTHOBJICHHSI HAaNlpyTu. 3 pucyHKa 3.8, a MOXKHA MMOMITHUTH,

10 MEHIII MPOBAJIX HANPYTU MPU3BOJATH 10 OLIBIIOrO MKy cTpyMy. PesynbraTi

YITKO MOKa3ylOTh, 110 MK CTPYMY JIHIAHO 3aJI€KaTh BiJl BEJIMYMHHU MTPOBUCAHHSI.

[lix cTpymy, OTpuMaHUil TiJ 4Yac TEpepuBaHHS, MOXE Jocsratu Oiibine 4 Ha

onuuuio. Ha puc. 3.8, 6 mokazaHo BIJIMB TPUBAJIOCTI NaAIHHS HA MIKU CTPYyMY MIPH

PI3HUX BEIWYHMHAX ITaIIHHA.

miniyactocTi [104].

KpuBi mikoBOoro crpymMy MarOTh TEHJEHLIIO
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3a BUHSATKOM TOTO, IO MK CTPYMY, BUKJIMKAHUN BelTnuruHOIO nafinusa 20% 1
HIDKYe, He € JIHIHHUM U1 KopoTmoro mnaaiHasg Bix 50 mo 250 mc. Y Bumaaky
NepepUBaHHs CTPYM Pi3KO 3pocTae mpoTsaroM nepioay Big 50 mo 250 Mc, a motim
MOCTYIIOBO 3MEHINYEThCS. ToW camuil pe3ysbTaT HUIIXOM MOJENIOBaHHS OyIio
noka3zano Pedra [105], koiau acMHXpPOHHUU [BHUTYH TWiAJaBaBCs MPOCITaHHIO
BennunHoI0 10%. [loTounuit mik Tpoxu BUmIwii 3a TpuBanicts MeHie 200 mc Tomy
TPUBAIICTh MPOBATY Ma€ HE3HAYHUH BILUIMB Ha IIKH CTPyMY, 1 BOHO B1I0YBa€ThCs

JMIIe B KOPOTKUN TIEPioj TPUBATIOCTI IPOBATY.

3.2.1.3 BruB npoBaliiB HAPyTy Ha MIBUJIKICTh aCHHXPOHHOT'O JIBUTYHA

BtpaTta mBuakocTi ABUryHa: MOsiBa MAaIiHHS HANpPYrd 3MEHIIYE KPYTHUH
MOMEHT JBUTYHA. J[BUTYHM 3 HM3bKOIO I1HEPIIE€I0 MIBUJIKO CIOBUIBHIOIOTHCS 1
MO>KYTb 3yIIUHUTHUCS, TOA1 SIK IBUTYHU 3 BUCOKOIO IHEPII€I0 BTPAYAIOTh IIBHJIKICTb,
ajie 3HOBY PO3TaHAIOTHCS MICHs BiTHOBIEHHS. [liciig BIJHOBIEHHS ABUTYH 3r0/I0M
3HOBY MPUCKOPUTHCSA, 3aJI€KHO BIJl BTPATH MIBUAKOCTI IM1J1 4aC MPOCIIaHHS, @ TAKOK
Bl Hampyru micias BigHoBieHHd. Ha puc. 3.9 mnpencraBieHi pe3yibTaTu

JTOCITIJIKEHHS 3aJI€KHOCTI IIBUKOCTI IBUTYHA BiJ] TPUBAJIOCTI Ta TITUOMHU MPOBATY

HAIpyTH.
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Pucynok 3.9 — 3MiHa MIBUAKOCTI JIBUTYHA, BUKJIMKaHA MIpOBajaMy HaAIPYTH,

a) — TUII MpoBaty A, 0) — TuIl nposainy b

3 pucynka 3.9 (a) BUIHO, IO HEMA€E CYTTEBUX MPUYUH 3HUKEHHS IIBUJIKOCTI
JBUTYHA 10 BenuunHU npoBucaHs 40%. Jluie yoTupyu BETUYUHU TPOTHHIB, TOOTO
Bix 30% mo 0%, Opu3BOJATH 10 3HAYHOI BTpPATH IIBUIKOCTI. JIBUTYH MpHUMIUHSE
MIPAIfIOBAaTH BIIEPIIE, KOJIM BiH MIAAAETHCS MaAiHHIO Hanpyru Ha 10% TpuBaicTio 6
cekyHp 1 Ounpmie. /[BUTyH 3yNMUHSETHCS HA MEHIIWNA Yac, KOJHM BiH TiTa€ThCS
najinHio Harpyru 0% (mepepuBaHHs) 13 TPUBAIICTIO MaJiHHS 4 C, ajie ABUTYH HE
3yNUHAETbCS mpsMo. Lle Tomy, M0 AOCTymHUI MOMEHT 1HEpIi, SIKUM BOJIOJIIE
nuryH [106]. 3 mporo sBuUIla MOXKHA TOSICHUTH, IO BEJIMYMHA Ta TPUBAJIICTh
MIPOBHUCAHHS ICTOTHO BILTMHYJIH JIUIIIC HA HU3bKY BEJIMYUHY MMPOBUCAHHS Ta BEITUKY
TPUBAJICTh IPOBHCAHHS.

PesynpTaTi gociikeHs 3Be1eH] B Tabuin 3.1.

Tabmuus 3.1. Pe3ynpTaT NOCHIKEHb BIUIMBY PI3HUX THINB MPOBATY

HaMpyry Ha aCUHHXpOHHMI ABUTYH [103]

Tun BruiB Ha BTpary | Brus Ha ctpym BB Ha
IPOBaJy HAIPYTH IBHIKOCTI JIBUTYHA KPYTHHIA MOMEHT

JIBUTYHA

Tun A MiHimManbHUN He BruBae He BrumuBae

Tun B Makc. mpu ©=90° | Makc. npu p=90° He BrumBae

Tun C Makc. ipu @=0° | Makc. npu @=0° He BrumBae

Tun D Makc. npu @=90° | Makc. npu @=90° He BrumBae

Tun E Makc. pu @=0° | Makc. npu @=0° He BrumBae

Tun F Makc. mpu ©=90° | Makc. npu =90° He BrumBae

Tun G Makc. ipu @=0° | Makc. npu @=0° He BrumBae

Brus tumniB nposainiB C, E, Ta G ogHakoBHi1 Ha BTpaTy MIBUAKOCTI JBUTYHA
Ta Ha oro crpymy (MalTh MakcuMyM npu (azoBomy kyTi ¢=00. s Tumis
npoBasty Hanpyru B, D Ta F makc. BmiuBy OyB mpu ¢ = 900.. Tun A —

30a1aHCOBAaHUM THII TPOBAITY, MAa€ MIHIMAJIbHUIN BIUIMB.
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3.3 CeNneKTUBHICTh 3aXUCTy ACMHXPOHHUX JBUTYHIB ITiJI 4YaCc HasBHOCTI
MIPOBAJIIB HAMPYTH B €JIEKTPUUHIN MEpexKi

CeneKTUBHICTb, sIKa TAKOK Ha3WBAETHCS BUOIPKOBICTIO, — 1€ KOOPAWHAIIS
ABTOMATUYHUX 3aXUCHHUX MPUCTPOIB TAKUM YHHOM, 1110 HECTIPABHICTh, SIKa BUHUKAE
B JIaHIM TOYIll MEPEXi, YCYBAa€TbCSd 3aXUCHUM TIPUCTPOEM, BCTAHOBJICHUM
Oe3rmocepelHb0  TIepe/l HECHpPaBHICTIO, 1 1M TPUCTPOEM. BiakmroueHHs
ACHHXPOHHUX JIBUTYHIB Yepe3 TPOBaJM HAMpyrd 301bIIye He3aIIaHOBaHY
3YyNUHKY TEXHOJOTIYHMX TMpOIECiB, a CENEeKTUBHUNA I1X 3aXUCT J03BOJIE
MIPOMUCIIOBUM MITPUEMCTBAM €EKOHOMHUTH 4Yac, €hEeKTUBHO 3aXUIATH 00JIaTHAHHS

Ta 301LIBIITYBATH CEpEHIN Yac 10 BUXOY iX 3 Jafy.

3.3.1 Bubip 3axucHUX MPUCTPOIB ACUHXPOHHUX JABUTYHIB 1] Yac MPOBAJIIB
HaANpyTH

JlociipKeHHs NPOBOAMIINCA Y TIJIaH1 BU3HAYEHHS Yacy 3aTPUMKH Ta MIKOBOTO
NEPEXIAHOTO CTPYMYy CTaTopa, SIKHH 3MOXE KOOpPAMHYBATH CXEMy 3axucry. B
npolect JOCHIIKEHHsI BIUIMBY IPOBANIB HANpPyrd Ha poOOTYy aCHHXPOHHHUX
nBUTYHIB (po3ain 3.1), Oylio BUSBIEHO, IO 3POCTaHHS CTPYMY CTaTopa IiJ 4Yac
MpoBajgy Hampyru (B 3aJIEKHOCTI BIJ KWOrOo TPUBAJIOCTI Ta TJIMOMHU)  MOXKE
NepeBUUlyBaTH HOro HOMIHalIbHE 3HaueHHd g0 18 pasis. Ilpu wnpomy
PEKOMEHIOBAaHUM Yac 3aTPUMKHU 3aXUCTy TOBUHEH OyTH BcTaHoBleHu Mixk 100 Ta
200 mc.

Sk chigye i3 HaykoBo-TexHiYHUX Jxepen [107 ,108], acuHXpoHHI ABUTYHH
po3po0eH] 3 IHEPIINHUM 3aXUCTOM 1 3[aTHI MPOTHUCTOSATH BIUIUBY HANpyTH
JDKepena KUBIICHHS TPOTATOM KOPOTKOTO MEPioy, 3a BUHATKOM MOPYIICHb Yepe3
IpoBAJIM Ta KOPOTKOYAcHI mepeboi Hampyru. Jladnli MOpYIIEHHS MOXYTh
COPUYMHUTU BIJKIIIOUEHHS JBUTYHIB (BTpaTa BUPOOHHUIITBA) Ta 3aTPUMKH 13 iX
nepesanyckoM [109, 110]. Takox BIUIMBU MPOBAJIIB HANPYTH 3aJIeKATh BiJ BUIY
HaBaHTAXXCHb B CIEKTPUYHIN Mepexi, mBuakocTi apuryHa [111], ymoB ix
BUKOPHUCTaHHS, 3HOCY 00JIaHAaHHS, HECITPABHICTIO 130JIA111 1 T. 1. Bce 1e 3mennye

OYIKyBaHUH TEPMIH CIy>KOM MaIIMHM 1 HaBITh HE3aIUIAaHOBaHI BIAKIIIOUEHHS IO
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CTpyMy 4Yepe3 CHpallbOBYBaHHS OCHOBHHX 3aXHMCHUX mpuctpoiB [112-113].
[Tomaneim JOCHIKEHHS MOJKJIMBOCTI pOOOTH ACHMHXPOHHOTO JIBUTYHA IIiJT 4ac
IPOBaJIiB HAPYTH 200 KOPOTKUX TepepuBaHb, MOKa3aly, 110 MK CTPyMy cTaTopa i
NepexiJIHANA Yac MOKHA BBaXKATH TaKUMH, IO PO3PI3HAIOTH BCl 3aCO0M 3aXUCTYy
ACHHXPOHHOTO JBUTYHA. SIK Cliye 13 aHaMi3y TeXHIYHOI JOKYMEHTAIIl Ta HayKOBOT
miteparypu [114-115] yac mpoBaly HanmpyTH, KU MOKE MPOUTH aCHHXPOHHUIA
JBUTYH, cCTaHOBUTS Bi 0,3 10 0,6 ¢, ayie J0C/IIKEHHS B JaH1M pOOOTI MPOBOIUIIUCS

3 mpoBajioM Harnpyru TpuBaiictio 0.18 ¢ 1 kopoTkoi nepepsu a0 0.5c.

3.3.2 Crparerisi 3aXUCTy aCHHXPOHHOTO JIBUTYHA

3riiHO 13 MIKOM CTPYMIB CTAaTOpa 3aXHCT ACHHXPOHHOI'O JBUT'YHA IMOBUHEH
OyTH BCTaHOBJEHUM 10 18 pa3iB BiJl 3HAYEHHsS CTPyMy CTaTopa Ha OIMHMIIIO
3HAYEHHSA HOMIHAJIBHOTO CTpyMy 13 3aTpuMKOI0 Biz 0.4 10 0.2 c. Ilepion 0.1 a6o 0.2
C BHOUpAETbCA Il YHUKHEHHS OylIb-IKOTO 3aBEpIICHHS POOOTH KOJIU
ACUHXPOHHUU JABUTYH MPAIIO€ TIPU OLTBIIIN TPUBAIOCTI IPOBATTY HAPYTH.

BcTaHoBIeHHS MKOBOTO 3HAYEHHS CTPYMY, SIKUA MOXKE 3aXMCTUTH JIBUTYH
i yac poOOTH MPH HASBHOCTI MPOBAJiB HAMPYTH 3aJIEKUThH Bl pOOOYOTO THUITY
ACMHXPOHHOT'O JIBUT'YHA, XapaKTEPUCTUK 3ac00iB 3axucty. Yac 3aTpuMKu perse
3aJIeKUTh BiJ MepioAy 1 PiBHSA MPOBaIy HANpPyrd Ta NEPEXIJTHUX MPOLECIB MpH
poOOTI ACHHXPOHHOTO ABUTYHA. [IpoBeieH1 JOCTiHKEHHS 3aI€KHOCTI MIKIB CTPYMY
cTaTopa BiJl TPUBAJIOCTI Ta TJIMOMHU NpPOBaIy JAalOTh 3MOTY BCTAHOBIIOBATH
CEJIEKTUBHICTh 3aXMCTY ACMHXPOHHOI'O JIBUTyHa BIAMOBIAHO A0 3HAYEHb CTPYyMY

cTaTopa.

3. 4 BucHOBKH /10 po3aity 3

1.  Ha mik cTpyMy BIUIMBA€ TJIMHA TIPOBajy HANpPYTH, sSKa JUIsI MEHIIOT
BEJTMYMHY MAIIHHS HAPYTH MPU3BOIUTH JIO BUIIKX MIKIB CTPyMY.

2. TpuBanicTh MpoBajy HANPYTH ICTOTHO HE BIUIMBAE HA MOTOYHUH MIK.
Tpoxu BuIIl MIKK CTpyMy OyJIM OTpUMAaHi JIUIIE 32 KOPOTIIY TPUBANICTh 1 HU3BKY

ITMONHY TIpOBay.
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3. I'mubuna Ta TpUBAIICTH MPOBAJIB HANPYTM CYTTEBO BIUIMBAIOTH HA
IIBUJIKICTh JBUTYHA JIMIIE JUISl HU3bKOI TVIMOMHM MPOBAYy 1 3HAYHIM TPUBAIOCTI
MPOBay HAIIPYTH.

4, BcTaHoBIIEHO, IO CENEKTUBHICTh 3aXUCTy ACHHXPOHHOTO JIBUTYHa
3aJIeKUTh BiJ IIMOMHU Ta TPUBAJIOCTI MPOBATY HANPYTH, IHEPIIIHOCTI JBUTYHA Ta
XapaKTepUCTUK HaBAaHTAKECHHSI.

S. Ctpy™m cTaTopa B ACHHXPOHHOMY JIBUTYHI € TOJIOBHOIO BETUYHHOIO JISI
CeNIeKTUBHOTO 3axucTy. [lpm 1boMy TOTpIOHO BpaxoByBaTH TPHUBAIICTD
NEPEX1AHOr0 MKOBOTO 3HAYEHHS CTPyMY JUIsl Oe3mepepBHOi poOOTH ABUTYHA.

6. 3anpornoHoBaHa cXeéMa CEJIEKTUBHOIO 3aXUCTY JI03BOJISIE€ HANAIITYBATH
piBEHb MPUCTPOIB 3aXHUCTy 1 4Yac 3aTpuMku pene. Ilpu mpoMmy ycyBaroThes
MO3aIlJITAHOBl  BIAKIIOYEHHS 1 30UIBIIYETHCS TPUBANICTh  (PYHKIIOHYBaHHS
ACHHXPOHHOTO JIBUTYHA.

7. [Ipn mpoekTyBaHHI YCTaHOBKH, SKa BUTPUMY€ NPOBAIN HAIPYTH,
PO3pOOHUK MOBUHEH OLIIHUTH ACHHXPOHHI ABUTYHU B MOPSAKY X KPUTUYHOCTI JJIs
nporiecy. [1oTiM MOTpiOHO OLIIHUTH JIPKEPETIO KUBJICHHS, 11100 BU3HAUUTU, CKUIBKU
3 IUX JBUTYHIB MOKHA 3alycKaTh OjHOoYacHo. s 1poro HaOOpy ABUTYHIB
HEOOX1THO BHECTHU BIAMOBIHI KOHTAKTOPH a00 BIANOBIAHI MOAUQIKALIT ICHYIOUNX
KOHTAKTOPiB, 1100 rapaHTyBaTd, 110 KOHTAKTOPU 3aJMIIAIOTHCS BBIMKHEHUMHU.
TpuBamicTh 4acy, MpOTSATOM SIKOTO BOHM TTOBUHH1 30€pIraTUCs, BU3HAYAETHCS TUM,
K Ha YCTaHOBKY BIUIMHE BTpaTa NOTYXHICTI. Lle Moxke OyTH MOpSIAKY CEeKYH]I.

8. JIBUryHu, 10 3aJMIIAIMCS, TIOBHHHI JIO3BOJISTH  BIIKIFOUCHHS
KOHTAKTOPIB, a OTIM iX MOBTOPHE 3aCTOCYBAHHS TaAKUM YHHOM, III00 MiHIMi3yBaTu
HAaBAaHTA)XCHHS SK Ha MEXaHIYHy CHCTeMy, TaK i Ha €JIeKTpuuHy cucremy. Lle
O3HaYae, 1o a00 HEOOX1THO 3aCTOCYBATH YACOBY 3aTPUMKY, 1100 MEPEKOHATUCS, 110
MOTIK y JBUTYHI JOCTaTHHO 3MEHIIMBCSA, a00 10 JABUTYH IMEPEMHUKAETHCS Ha
JDKEpeo JKUBIICHHS, KoMK (aza MiX HAmpyrolo JABUTyHA Ta HANPYTOIO KUBJICHHS

MeHIIa, cKaxximo, 30°.
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PO3/11 4.

ONTUMIBAIIIS IHOOPMAILIMHUX MMOTOKIB B IVIAHI
BUJAJIEHHA KOMIIOHEHT EJIEKTPUYHOI'O IIYMY

VY 3B’A3Ky 3 MIHUPOKUM BUKOPHUCTAHHSAM YYTIMBOI'O CHUJIOBOIO €JIEKTPOHHOIO
oOJaJHaHHS Ta BUCOKHM pIBHEM NPOHUKHEHHS MEPEepPHBYACTOI BiIHOBIIOBAHOT
€Heprii B €HEepProcMCTeMy B OCTAaHHI POKM THUTAHHS SKOCTI EJEKTPOEHEPTii B
nepexigaux npouecax (PQ) npusepnyio 3HauHy yBary. EdpexTrBHE BUsABICHHS Ta
aHaJji3 HeCTalllOHApHHUX MOPYIIEHb SKOCTI eekTpoeHeprii (PQD) mae BupimanbpHe
3HAYEHHS JJIs MOAAJIBIIOr0 KOHTPOJIIO 3a opyueHHsaMu. Ha npakTuii 310panuii y
peanbHOMY yaci curHan PQ Oyne cuiibHO 3a0pyAHEHHMI IIyMOM, IO YCKJIaIHUTh
BUSIBJICHHS Ta aHali3 XapakTEePUCTUYHOI iHopmarlii peanbHoro curHamry [116—
119]. Sk HacmigoK, OCTaHHIMH POKAMH CIIOCTEPITa€ThCs CIUIECK IHTEpPECy 0
JOCIIKEHb 3MeHIIeHHs myMmy B PQD. Xopommii anroput™ yCyHeHHS IIyMiB Ma€e
3/IaTHICTh €(DEKTUBHO (PUIBTPYBATH IIYM, 30€pirarouu XapakTEPUCTUKU MEPEIIKO]]
peanbroro curnaiy [120]. HeoOximHo BpaxoByBaTH yac, HEOOXITHUM AJS 3HATTSA
IIyMiB, 100 HOro MOkHa OyJI0O BUKOPUCTOBYBATH JJisi BUSBIICHHS NMPAKTHYHOT

TexHiku [121].

4.1 IcHyrodi MeTOAM TOAABJICHHS IIYMOBUX KOMIIOHEHT B 1H(GOpMAIiiTHUX
CUTHaIax

OcranHiMu pokaMmu OyJIM 3alPOTIOHOBAHI METOJIM YCYHEHHS [ITyMy CHUTHAIY,
BKJIFOYAIOYH PO3KIIAaHHs CUHTYJIsIpHOTO 3HaueHHs (SVD) [121,122], po3kiananus
emmipuaHoro pexxumy (EMD) [123], marematnuny mopdororito (MM) [124],
¢inprpamnito Kanvana (KF) [125] , BeitBner-neperBopenns (WT) [126,127]. Bei mi
METOJU JIEMOHCTPYIOTh HEOOXITHICTh HASIBHOCTI JaHUX JUIsi 0OpoOJIeHHs Olbliie
MOJIOBUHU BUMIPSHUX JIaHUX (13 HASBHICTIO ITYMOBHMX KOMIIOHEHT). SIK HaCNiJIOK,
YCYHEHHSI TIEPEIKOJ] SIKOCTI €JIEKTPOCHEPTrii 3a JOMOMOTOI OUIBIIOI KiJTbKOCTI
TOYOK JaHUX TOTpedye 3HAYHOrO dYacy, IO HECYMICHO 3 TPAaKTHUYHUM

3aCTOCYBAHHSM.
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OnauM 13 edeKTUBHHUX CIOCOOIB TOMABJICHHS IITYMOBHX KOMIIOHEHT €
BEUMBJIET-aHAJII3 3 MO JAJIBIINMUA MaTeMaTUYHUMU orepartissMu HaJ

anpOKCUMYIOUMMH Ta JETaNI3yI0UMMH Koe(illieHTaMH.

4.1.1 3actocyBaHHS MOPOTOBUX (PYHKIIIi
Ha mouatky 3acTocyBaHHS TOpPOTOBUX (YHKIIM MAJis IIyMOIIOAaBIICHHS
BUKOPHUCTOBYBAJIMCS TaK 3BaHI TPaJMIIAHI JBI OCHOBHI (PyHKIIii, 3aIpOTIOHOBAHI

Jlonoxo [121] — xxopcka (hard) Ta m’sika (soft) (puc.4.1).

a) 6)

Pucynok 4.1 — )Kopctka a) Ta Msika 6) moporosi (hyHKIIII, A - BEJIMUKUHA [TOPOTY
Bubip nopory, sik KJI1t040BOro akTopy BEUBIET-IIOPOTOBOTO 3HEITYMIICHHS,
Mae€ BEJIMKUW BIUTUB Ha SKICTh PUIbTpalii. K110 MOpOoroBe 3HaYEHHS MEPEBUILIECHO,
TO KOPUCHUY CUTHAJ Oye BiI(PUIBTPOBAHO SK ITyM, SKIIIO BUOPAHUI TOPIT 3aHATO
Majui, BeNWKa KUIbKICTh IIyMOBUX CHUTHJIIB OyJe 3MIIIaHO Yy BEUBIET-

Koe(]ilieHTH, 1110 TPU3BEJIE 10 CIIOTBOPEHHS CUTHAITY.

< [eD[eD; ]2
Dy = ’ ' : (4.1)
T00 oDy <
.k
ne CDJ-k - JeTanmizyroul Koe(illieHTH BEWBIET-TIEPETBOPEHHS JO MOPOTOBOi

00po0Okw, cD ik JeTan3yo4i Koe(iIl€HTH MICII BUAJICHHS ITyMOBUX KOMITOHEHT
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OcHOBHa pOJb KOPCTKOI (YHKIII — yTpUMaHHS BEUBJIET-KOCQIIIEHTIB
3HAQYCHHS SKUX OUIBIINI BEJIMYUHH TOPOTY A 1 BUAAIUTH (OYHMCTUTH) BEWBIICT-
KoedillleHTH 3HAYCHHS SIKUX He MepeBullytoTh mopir A. JXopcTka moporosa
(GYHKITIS HE 3MIHIOE JIOKAJIbHI XapaKTEePUCTUKU CUTHATY, OCKUIBKU BIH € PO3PUBHUM
Ha A, myMm OyJie 3MIIIaHo y BeHBIeT-Koe(ilieHTax, 3HaYeHHs SKuUX Oynu > £, 110
NPU3BOIUTH J0 3HAYHOI MOXUOKHU B Pe3yJIbTaTi BUAAJICHHS IIyMYy.

Tak sk >xopcTka (QYHKIIS € PO3PUBHOIO Y BCid o0macTi = A, TO
PEKOHCTPYHOBaHMUN CUTHAT (TICIS IIyMOIIOTJIMHAHHS) MICTUTh y €001 JIesKi
KOJIMBAHHSI.

I3 HaykoBUX mKepen mo0pe Bigomo, 1o it dinerparnii cnorBopedb AEE
¢bynkuis (4) mparde 30epertd Outblie iHGOpPMALIl MPO CHUrHaj, 3a0e3Mevyr4H
Buiuii SNR 1 Menmy nomwmiky ammunityau (AE). OgHak skopcTka OIliHKa Mae
pO3pUBH, OCKUIBKM BOHAa He Ju(epeHlIioBaHa, 10 B KIHIEBOMY IMIJICYMKY
CIOPHUYMHSAE TPOOJIEMH 3 HECTAOUIBHICTIO Ta YYTIMBICTIO /10 HEBEJIHMKUX 3MIH Y

JAaHUX — MPOsIBU TiceBno-epexty ['1606ca.

o, - sgn(cDj’k)(‘cDjvk‘—x), cDj‘k‘ >, | 42)
0, ‘CDj‘k‘<7\,.
1 CDj,k<O
sgn(cDj’k)z 0, CDj,k =0, (4.3)
1 CDj,k >0

@DyHKI[I M’SIKOTO IOPOTY Ma€ XOpoIry Oe3nepepBHICTh, alie ekl MOMEHTH
pi3KOi 3MIHM MOKYTh MOTPAMUTH B CUTHAJ, IO CIPUYUHUTH WOTO CIIOTBOPEHHSI.
Kpim Toro, mocriline 3Ha4eHHS, SIKE€ BUKOPUCTOBYETHCS JJISI CTUCHEHHS BEUBJICT-
Koe(]illieHTIB OIBIIUX 3a MOPIT, Ma€ BEIUKUN BIUIMB HAa TOYHICTH BiHOBJICHHS
curHairy. HeoOXigHO TakoXX BIAMITUTH, MO Yy (YHKIIT M’SKOro MOpOry ICHY€
BIIXWJICHHS MK 1 Ko . Lle mpu3BOAMTH 10 BIIXUJICHHS MiXK BITHOBIIOBAIBHUM
Ta peajbHUM CUTHAJIOM.

Oynkiisa Soft € cnado audepeHIiioBaHO0 Ta CTBOPIOE BUCOKE OCIa0IeHHS

KOEQILIEHTIB 1, OTXKE, 3MEHIICHHS] aMIUNTYAH Pe3yJbTYIOUOro cuUrHany. Takox
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M’sike TOpOroBe 3HAYEHHS MPU3BOJUTH JIO0 TMEPEBUIICHHS 3TIaKyBaHHS
BIJIHOBJICHOTO CHUTHAJIy - 3aBXIU ICHY€ IOCTIHA TMOXMOKa MK BIJHOBJICHHUM 1
peaTbHIM CUTHAJIAMHU.

Xoya M’SKI Ta >KOPCTKI IOPOrOBI METOAM cepTU(]IKOBaHI SK MPOCTI Ta
3MIIMCHEHHI, BOHU BCE K MAlOTh NIEBHY MOTEHITIHHY CaOKicTh. OIIHCHWA CUTHAT |,
OTPUMAHHUM >KOPCTKOIO MOPOTOBOIO (YHKIIEID € PO3PUBHUM TpHU FA, IO
cnpuunHUTh peHomen [lceBmo-1'i100ca. [Tapamerp , oTpuMaHHii 3a JTOIIOMOIOIO
M’sIKOT MOpOroBoi (yHKINT, Mae Kpairy Oe3nepepBHICTh, a CUTHAN MICHS 3HATTS
IITyMiB BIJIHOCHO IUIABHUH, aJjie MOCTIMHE BIAXUJICHHS MK 1 Wj,K 3aBK 11 BUXOIUTD,
10 MPU3BOJUTH JI0 TOTO, MO CUTHAN OyJe 3aHaJITO TJIaJKUM Yy JCSKUX TOCTPHUX
TOYKaxX 1 TAKUM YUHOM BTpayae Jesiki 0COOIMBOCTI BUX1IHOTO CUTHAIY.

IcHye G6araTo moporoBux (GyHKIINH SKI € KOMIPOMICHUMH M1k KOPCTKOIO Ta
M’SIKOIO IOPOTrOBUMH (DYHKLISIMH, K1 TAKOK MAaIOTh CBOI IIEPEBAry Ta HEJIOMIKH 1 1X
3aCTOCYBaHHSA 3JIEKUTh BIJ CHHTYJSIPHOCTI 1H(popMariiiHoro curnany. OcHOBHA
171Ies. ToJisirae B TOMY, IIO0 CTBOPUTH TOPOTOBY (YHKIIIO MOPSIAKY BHUCOKOI
MOX1JIHOT, 110 COpHsIE 11 BAKOPUCTAHHIO B aJrOpUTMax ONTUMI3allli, SIK1 IIYKalOTh
ONTUMAJIbHI MTApaMETPH JIJIs1 3aCTOCYBaHHS B MOPOTOBiH 00p0oOIll KOKHOTO CUTHATY
[127].

[Ipy u1bOMy HEOOXIIHO BIAMITUTH, TaKa MOporoa (PyHKIIS MOBHHHA OyTU
aJanTUBHOIO JI0O CHUTHaIy, 10 Iijajaarae oOpoOIl, TMOKpaIlyldd SKICTh
3HEIIYMJICHHS cuTHaiTy. Taka QyHKIlis TOBUHHA MOEIHYBATH B COO1 BJIACTUBOCTI K
YKOPCTKOI TakK 1 MAKOI MOPOTroBUX (PYHKINH (30epe’KeHHsS KOCe(DIIIEHTIB 1 BEIMYUH,
Hajmanux ¢yHkiieo Hard, a Takox nudepenitiaiis Ta TUIABHICTh, SKi1 3a0e3mneuye
¢bynkuis Soft). [Ipu npomy, BaXIIMBO JOCITTH KpAIIOro 30€peKeHHS BETUYUMHU
curdainy (mika) i criBBigHomeHHs nryM/curaai (SNR). Oxgrak OimbimicTs QyHKITIH
HE MOXXYTh aJIalITyBaTHCS JI0 PI3HUX CUTHAIIIB uepe3 (pikcoBaHy KpUBY MEpexoay Ha
MOpPOroBe 3HaueHHs. Y [MX (YHKIIAX BCE IIe ICHy€e Olabllia TEHACHINS N0

3TJ1a/KyBaHHS KOS(IIIEHTIB, HIXK 0 X 30€pEKEeHHS.



91

3acToCyBaHHS BEUBIET-IIEPETBOPEHHS [IJIsl 3HEIIYMJICHHS 1H(OpPMAIIIfHOTO
CUTHAJIy IIPOBOAMTHCS B TPH OCHOBHI etamnu [128]:
1. Posknaganus (TEKOMITO3HITiS) CUTHaITy Ha anpPOKCUMYFOUi
(HU3BKOYACTOTHI1) Ta JAC€TaNi3y0oul (BUCOKOYACTOTH1) KOS(DIIIEHTH.
2. 3acTOCYBaHHA BIJIMOBIAHMX TOPOTOBHX  (YHKII 10 BeWBIET-
Koe(ili€HTIB HAa KO)KHOMY PiBHI BEHBIET-IEKOMITO3HIII].
3. BinHoBieHHs curHainy (oOepHeHE BEHBIIET-TIEPETBOPEHHs) Ha OCHOBI

BEUBJIET-KOC(PIIIEHTIB, B IKMX BUIAIUIHN IITyMOBY CKJIQ/IOBY.

4.1.2 Po3poOka MeTony IMOJABJIECHHS IIYMOBHUX KOMIIOHEHT (EJIEKTPUYHOTO
IIyMY) IpU BU3HAYEH]1 TapaMETPIB SIKOCTI €IEKTPUYHOI EHEpTii

3a OCHOBY JOCIHIIKEHHS OYB B3SITHI BIJOMUN METOJ MOJABICHHS IIYMOBUX
KOMIIOHEHT — METO/I aIalTUBHOI KOpeKIIii moporoBoi ¢yHkiii [116] . BinmosigHo
JI0 TAaHOT'O METOTy BEMBIIET-KOE(ILIEHTH KOPUCHOI 1H(POpMAIlii Ta ITyMy, 00po0JIeHI
3a JIOTIOMOTOI0 JUCKpeTHOro BelBier-neperBopenus (DWT), waroTe psin
0COOJIMBOCTEN 3aJie)KHO BIJ PIBHS BEUMBIET-IEKOMIIO3HIII. EHEpriss KopucHOro
CUTHAJTy 30CEepeIPKeHA B JICKIJTLKOX BEUBIIET-KOe(DIIli€eHTax BETUKOI BEJIMUUHH, TO1
SK €Heprisi UIyMy PO3CIIO€ThCS [0 BCbOMY BEMBJIET-I0MEHY 3a J0MOMOr0I0 BEITUKOI
KUJIBKOCT1 BEMBIET-KOE(PIIEHTIB Majioi BEIMYMHU. MOyJib BEUBIIET-KOEPIIEHTIB
HIyMY TPOJIOBKY€E MaaTH B Mipy 301IbIIEHHS KUTLKOCTI PiBHIB po3kiaaanns [101].

3a3BUyail, TUMOBI MIAXOAHU JO MOPOrOBOrO LIYMY BEWBIETY OOPOOISIOTH
KOXXEH pIBEHb BEUBIET-KOS(DIIIEHTIB, BUKOPUCTOBYIOUHM TIOCTIHHUN TOPIr, IO
BHOCUTH 3Ha4yHI BIIXWICHHS B IIyMOBUW BIUUB. [Ipu BeliBieT-koedimieHTax 3
MEHIIIUM MacIITaboM po3KJIaJaHHsT OOpOOJSIIOTECS 3 (PIKCOBAHUM IOPOTOM,
HEJOCTaTHIN IIyM BUIAISAETHCS 1 €()EeKT IIyMOo3ariayleHHs MOTaHui, TO/1 SIK KOJIH
BeUBJIET-KOS(PIIIEHTH 3 OUIBIIUM MAacIITaboM pO3KJIaJaHHs OOpOONISIOTHCS 3
(biKCOBaHUM MOPOTOM, BIIOYBAETHCS (LIBTPALlisi KOPUCHOI 1H(POpMAIIi.

VY cBITHI i€l XapaKTePUCTUKH TOPIT, 110 3aJCKUTh BiJl PIBHS PO3KIIAaIaHHS,
KU BUKOPUCTOBYE ln(j + 1) JUI KOPEKIIIT YHIBEPCAIBHOTO ITOPOTY, 3alIPOIIOHOBAHO B

[124]. 3i 30inblIeHHSIM | TOPIr MOCTYMOBO 3MEHIIYEThCs. Moayiab BeHBIIET-
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Koe(]iIlieHTIB MOXXHAa BUKOPHUCTOBYBATH JJIS OMKCY KIUJIBKOCTI €HEprii, Ky BOHHU
nepeHocsaTh. Komu 3anrymiieHuil cCurHai po3KIagacTbess Ha MEHINK MacmTad, ix
CHepreTUYHUIN BMICT Pi3K0 3pocTae. Takum 4uHOM, l€papXiyHi KpUTEpii OI[IHKH,
PO3TJISHYTI paHille, sKi OIIHIOTh TUIBKM PO3MOJII IIyMy, HENpHAaTHI 0

3alTyMJICHOI'O CUTHATY

4.1.2.1 MoaudikoBaHUN METOJT TOAABIEHHS IIIYyMOBUX KOMIIOHEHT

B pesynmbrari mpoBeACHMX IOCHIDKEHh B PpOOOTI  3ampOINOHOBAHO
MOAM(IKyBaTH BIJOMUN METOJ[ TOJABICHHS IIYMOBHUX KOMIIOHEHT  HUISIXOM
BBEJICHHSI PEryJIbOBAHOIO aJalTUBHOTO TIOPOTY BEHBJIETIB, SKUH HE TUIBKH
CYMICHHUM 13 PO3MOJUIOM IIyMy MpPH KOXHOMY PO3Mipi pO3KJIajaHHs, ajie W 13
PO3MOALIOM 3HAYYHUX 1H(OpMAIl, 0 MICTUTBCA B pi3HUX (OpMax CHUTHAIIB
CIIOTBOPCHHS HAa KOXXKHOMY piBHI BeiBieT KoMmo3wmii (JIoricTHyHOI (yHKII

depxronbera [129]:

f(x) = (4.4)

L
1+ e—s(x—xo) |

ne L — makcumywm jorictuyHOi QyHKITI, X - 3HAUYCHHs apryMEHTY, 3a SIKOro

(GyHKIliS TOPIBHIOE TTOJIOBUHI CBOTO MaKCUMAaJIbHOTO 3HaueHHs L, S — koedimieHT

KPYTH3HU KPUBOI B TOYIII Xg 1S> 0.

Ha puc. 4.2 npencrasnennii rpadik goricruanoi gpyskmii f (X).

-

[ R Y B R v B 0 B . B 1]
nm W & 0 &~ @ 0
T

&

Pucynok 4.2 — I'padix noricrinunoi gpynkuii (s =1, x; =0, L =1)
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Ak cninye 13 (4.4), yuM OuIble 3HAYCHHS KoedillieHTa S, TUM OLIbII KPYTO

3pocTae JOricTUYHA (QYHKIIIS B T. Xg - BpaxoByioun BJIACTMUBOCTI €KCITOHEHIIIIHOT

GyHKII1, HA TMPAKTHUIN JIOTICTUYHY (YHKII0O OOYHCIIOIOTh B MEBHOMY Jiama3oHi
MIACHUX 4YHCEN, SKUH € JOCTaTHIM I 3a0e3leYeHHs HEOOXIJTHOI TOYHOCTI
oOurcieHHs i€l pyHKIi mig yac HaOIMKSHH 10 KpakHix i1 3HadeHb (0 1 L).
OCKUIbKH METOIO MPOIIECY BCTAHOBJICHHSI IOPOTY € 30epekeHHs Koe(IIlieHTIB
BUIIE TIOPOTOBOTO 3HAYCHHS, JIETKO MOOAYNTH, 1[0 MaKCUMaJIbHE 3HaueHHs L Oye

pPO3KJIaJICHUM BelBIteT-KoediieaTom CD ik (mo BiamoBimae 3MiHHIN X). Takum

yruHOM, (yHKIS OyjAe MiATPUMYBaTH CHUMETPIIO, KOJIM MU 3MIHIOEMO KOHCTaHTY

HaxXWIy S KpUBOi. AJanTUBHA MOPOroBa PyHKIIA Oy/1e MAaTU HACTYITHUN BUTJISIA:

7 (Do hns) =t Pk @5)
: 1+e—s[cDj,k—/1J 5 —CDj +4]

l+e

Ha puc. 4.3 npuBenena mnoporoBa ¢yHKIISI 3 MOAU(PIKOBAHUMHU

Koe(illiEHTaMH.

""" KoediyieHTn
w— KpyTuit (hard)
s Monorun (soft)

“ ®nemiHr (3miHHa ¢)

Moporosi KoediuieHTH
}\

KoediuieHTn
Pucynox 4.3 — TIpadik mnoporoBoi (QyHKIIi 3 MOAUPIKOBAHUMHU

KoedilieHTaMu
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Tak BUAHO, IO MPU BUCOKUX 3HAYEHHSX S HAXWJ KPUBOiI B TOPOTOBIM TOYII
TaKui, M0 HAOIMXKAETbCA IO JKOPCTKOi (yHKIi, ane 3 OUIbII IUIABHUM
(mudepentiiiiopanuM) nepexo1oM. [Ipr HU3bKUX 3HAYEHHAX KoedillieHTa KPyTU3HH
Haxwi (yHKIil Oyae TiSTH 3 MEHIIOK 1HTEHCHUBHICTIO Ha KOC(IIIEHTH HIDKYE
MIOPOTOBOTO 3HAYEHHS 1 3 OLIBIIOI0 IHTEHCUBHICTIO Ha KOE(IIIEHTH HA KOoe(]ilieHTH
BUIIE 1ILOTO 3HAYEHHS. 3 BIJAMOBIHUM BHOOPOM 3HAUEHHS S ISl KOXKHOTO THUITY
CUTHAJIB MOXHa OTPUMATH 3HAYHE IMOKPAILECHHS PE3yJIbTaTy 3MEHIICHHS LIyMy

BEMBJIET-4aCTOTHOT'O PE3YIIbTaTy BiI[HOCHO KOPCTKHX Ta MIAKHX IIOPOIOBHUX

GyHKITH.

4.1.2.2 Crpykrypa 1noOymaoBu MOAM(GIKOBAHOTO METOAY BHUIAJICHHS
ITyMOBUX KOMITOHEHT
IcHye nekinbka THIB BelBieT-iepeTBopeHHs [122] (auckpeTHe BEHBIIET-
nepetBopenns (/IBII) - (anroputm Maana), BelBieT-MaKkeTHE NEPETBOPEHHS
(BIIII), craumionapue BeliBier-niepetBopeHHs (CBII), abo koMIuiekcHe BeWBIIET-
MEPETBOPEHHS 3 MOJBIMHUM JepeBoM. B maniii poOoTi 3actocoByerbes [IBIT —
anroput™m Maana.
Kinacuuna cxema anroputmy Masia mnpeacrtaBiisie COOOH TMOCIIIOBHY
GIbTpalifo BXIJIHOTO CHUTHAJIY 3a JOIMOMOTIOK KacKaJaHoO-3’€qHaHUX OJIOKIB

¢inbTpiB HU3bKOi Lo D Ta Bucokoi Hi_D uactotu (puc. 4.4) [120]:

- Hi_D—>¢2—>CDj:1,k

f(t)- —>Hi_D—>l2->cD,,
—>Lo_D—>l2-cA |

—>Lo_D—>l2-cA,,

Pucynok 4.4 — CtpykrypHa cxema JIBII
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ne Hi_D - Bucokouactornuii ¢pinerp, LO_D - ausbkowacroramii Gpiastp,
CAj:l,k - koe(imieHT anpokcumartii, ¢D ik | Koe(illieHT aeTamizamii, | - piBeHb
BEHBIICT-ICKOMITIO3UIIIT, K - KIJbKICTh BEHBICT-KOCPII[IEHTIB Ha BIAIOBIIHOMY
PiBHI IEKOMITO3HITI1

CrpykTypHO-(yHKIIIOHATbHA MOJIeJIb OOpOOKM CHUTHAIY IO aJIrOpUTMY

Maana  mpezactaBisie co0OK0 1€papXiuHy CTPYKTYpy MOPIBHEBUX YaCTOTHO-

BIIOPSAIKOBAHUX Ta B3a€EMOIOB’ I3aHIX BEUBIET-KOC(PIIIEHTIB!

N-1 N-1 J N-1
{f [k]}kzo = IZ:OCAJ (k)+ 2 2 cD;(k), (4.6)
= j=1k=0
ne {f[k]}:l_ol — BUXIAHI JaHl 1H()OpMaAUIHHOTO CUTHATY (HYJIbOBHI PIBEHb
: N-1 : .
BEHBIICT-IEKOMIIO3HIIIT), >, CA; (k) — ampoxcumyrodi BeifBieT-KOoedilieHTH
k=0

: . J N1 . .
OCTaHHBOTO, J pIBHS BEUBIET-IEKOMITO3UILI, >, > cD;(k) — meranizyroui
j=1k=0

BelBier-koedimienT 3 mepmoro (j=1) mo ocranHiit (J) piBeHb BEHBIIET-
nexkommosuiii, N — 4ucio 3HaYeHb 1HPOPMALIMHOTO CHUrHalNy, KpaTHe 2,
(pO3ALIBHICTD 21 =N ).

Ha puc. 4.5 npencraBieHa CTpyKTypHO-(QYHKIIIOHAJIbHA MOJIeTb 0OpOOKHU

CUTHAJTy TI0 anroputMy Maana.
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[MepepuBanps HANPYry 3 HIYMOM

: —1600 I'i—
DN AN

0 10 00 300

Koeoiuient f T
arpokcumartii CAl -Dl. | Lk 800 I'n

/ 0 % 10 18 cb1
Koedirient My 400 'y,
armpokcumariii CA2 o e cD2
/\20 40 6w &
Koediuient : 200 I'n

(FRemessaaas=sssy cD3

anpokcumaitii CA3

/ 0 n N n o4

Koedimient 100 '
anpokcuMmarii CA4 cD4
a cA5 \"‘/\r_" 50T
’ cD5

0 10 20 N 4 T

Pucynok 4.5 — cTpykTypHO-(yHKIIIOHaJIbHA MOJI€NIb OOPOOKH CUTHAITY MO

anroputMy Maana

YacrtoTta auckperusanii curHainy — 1600 ', YacToTH1 cKi1ajoBl BEUBIET-
JICKOMITO3HIIIT 3HaXOAThCsl B HacTynmHUX Mexkax: 50 ' (J = 5) + 800 ' (j=1).

BeiiBner-koedimientu kopucHoi iHdopmalii Ta mrymy, oOpoOJjeHi 3a
JIOTIOMOTOI0 TUCKPETHOTO BEHBIIET-TMIEPETBOPEHHSI, MAalOTh PsAI OCOOIMBOCTEH
3aJIeKHO BIJ] PIBHSA BEUBJIET-IEKOMITO3UINl. EHEpris KOPHUCHOTO CHUTHATY
30cepe/KeHa B JEKUIbKOX BeEHBIIET-KOC(IIIEHTAX BEJIMKOI BEJIWYWHU, TOMAl SIK
SHeprisi MIyMy PO3CIIOETHCS MO BChOMY BEWBIIET-IOMEHY 3a JOTIOMOTOIO BEIHKOT
KIJIbKOCTI BeliBiieT-KoedimienTiB Masol Beanuunu [129].

Moaynb BeiiBieT-Koeili€HTIB IyMY IPOJOBXKYE MMaJ1aTh B MIpY 301IbIICHHS

KUTBKOCTI piBHIB po3kiananss [120]. Sk pe3ynbrar, TUIIOBI AXOIH 0 TOPOTOBOTO
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IIyMY BEHBJIETY 00pOOJISIOTh KOXKEH IIap BEUBJIET-KOE(]IIli€HTIB, BAKOPUCTOBYIOUN
MOCTIMHMM TTOPIT, 1110 BHOCUTH 3HAYH1 BIAXWJICHHS B IITyMOBHUH BIUIMB. [1pu BeliBeT-
KoedilieHTax 3 MEHIIMM MaciITaboM po3KiIagaHHs oOpOoOISIIOTECS 3 (IKCOBAHUM
MOPOTrOM, HEJIOCTATHIN IIYM BUJAJISETHCS 1 €PEKT MIyMO3ariylleHHs TOTaHu, TOI1
SIK KOJIM BEUBJIET-KOC(IIIEHTH 3 OLTBIITUM MACIITaA00M PO3KIIagaHHI 00pOOIISIFOTHCS
3 (iIKCOBaHUM MOPOTOM, BiIOyBaeThes (inbTpallisa KopucHoi iHdopmarii. Y cBiTii
Ii€1 XapaKTEPUCTUKH TIOPIr, IO 3aJCKUTh BIiJ PIBHSI PO3KIAIAHHSA, SKUN
BUKOPHUCTOBYE lnj + 1) JUISI KOPEKIii YHIBEPCAIBHOTO IMOPOTY, 3alpONOHOBAaHO B
[127].

31 30UIBIICHHSIM j TIOPIT TIOCTYMOBO 3MEHINYEThCs. MOJylib BEUBIET-
KOe(DILIEHTIB MOKHA BUKOPUCTOBYBATH JJIsi ONUCY KIJIBKOCTI €HEpTii, SIKY BOHHU
nepeHocsaTh. Komu curnan po3kiaaaerbes Ha MEHIIMNA MaciTad, iX eHepreTHUHUN

BMICT PI3KO 3pPOCTaE.

4.1.2.3 Bubip amanTUBHOTO MOPOTOBOTO 3HAYEHHS BIAMOBIAHO 10 (4.4) Ta
(4.5)

Sx Oyno panimie 3a3Ha4€HO, MICHIS TOTO, SIK BEWBIET IMEPETBOPEHHS
pPO3KJIIa[Ja€ CUTHAN 3 HAsABHICTIO wmyMy ( IIyM JOMIHy€ Ha MajoMy piBHI
poskiamgands (j < j0)), 1 BelBaeT-KOEDIIIEHTH LMX PIBHIB 3MEHIIYIOThCS 31
30UIBIICHHSM TIOPIBHEBOI KOMIIO3MINi, IO O3HAYae, IO CHEepris BEHBIIET-
KOe(DILIEHTIB TaKOXX 3MEHIIyeThcsl 31 30uUIblieHHsSM j. Ha Ounpmomy piBHI
po3kianganHs (j > j0) KopucHuUM CUTHAJ MIepeBaXkae, a CHepris BerBleT-koedilieHTa
Benuka [133]. Kputnunuii Macitad MOKHa OI[IHUTH 32 JOTIOMOTOI0 €HEPTeTHIHHIX
XapaKTEePUCTUK BeWBIET-KOe(illieHTa IIyMy Ta CHTHaly, 0 claiayroTh 3a BIL
[lepmra excTpemalibHa TOYKa Ha KPUBINA €HEpTii BeHBIET-KoeDilieHTa 3'IBISE€THCS
npu 30UIBIICHH] j, @ PIBEHb PO3KJIaJaHHsS, BIAMOBIAHUN EKCTpeMasbHIA TOYII,
BUOUPAETHCS SIK ONTUMATBHUN KpUTHUHUM MaciTad j0.

dopMya po3paxyHKy eHeprii KO)KHOTO PIBHS BHUTJISIAE TAK:

|_.

= z cD? (4.7)

Jik?
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[Toxaxxemo e(eKTUBHICTD BUKOPUCTAHHS 3aIPONIOHOBAHOTO
MOJU(IKOBAHOTO METOJY 3MEHILIEHHS IIyMOBUX KOMIIOHEHT Ha MPHUKIAIl THUILY
CTIOTBOPEHHS SKOCTI €JIEKTPUYHOI €Heprii — MepepuBaHHs HANPYTU 3 HAABHICTIO

mrymy B 20 dB. Ha puc. 4.6 npecraBiieHa BEHBIIET JEKOMITO3HIIIS JAaHOTO CUTHATY.

4 IepepuBanus nanpyru 5 [lepepuBanus HANPYIH 3 HIYMOM
/ < ]
e AVAVAVAVAV e VAV B AVAVAVAVA e VAY
0 100 200 30820cD1 0 100 200 300
0.05 ; .
0 } I v : ™Y i
-0.05 Bttt e .
50 100 150 cD2 0 50 100 150
0.2 v g - S e
O F ‘vl ‘M_d _8 B ¥ OUWwW S A |
0.2 0.
20 40 60 80 0 20 40 60 80
cD3
5 5
0 | A N
-5 -5
0 10 20 30 40 cD4 0 10 20 30 40

0 10 20 30 40 0 10 20 30 40
N Moporoee 3Ha4eHHs

Pucynox 4.6 — BelineT-1eKoMIO3U1IIs TOJABJICHHS IIIyMYy B CUTHAJIl IEpepUBaHHS

HAIPYTH 3 HASBHICTIO IIIyMY

IToporoBi 3HaueHHS IS KOXHOTO  PIBHA  BEHBJICT-IACKOMITO3HIII]

po3paxoByBasucs BinnoBiaHo 1o (4.4), (4.5), (4.7).

[Ticnst kopekiiii 3Ha4YeHb BEUBJIET-BEHBIIET-IEKOMIIO3UIIII MPOBOIUIACS

PEKOHCTpYKIis curHany [116-117].
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4.2 TlopiBHSAIBHUM aHaMI3 BIAOMHX METOMIB TOAABJICHHSA IIyMy Ta

MO IM(IKOBAHOTO B AaHiN poOOTI

[TopiBHAIBHUN aHATI3 BUAAJICHHS €JICKTPUYHOTO MIyMy MOAM(DIKOBAHOTO B
po0OTI MeTomy Ta BIJOMHX METOJIB 13 3aCTOCYBaHHSIM >KOPCTKHUX, M SKHX,
KOPEISIIHHUX Ta ampOKCUMYIOYHX MeETOMiB. s TpoBeneHHS BiAMOBIIHOTO
MOPIBHSUTBHOTO ~ aHAN3y MOJIETIOBAIMCA CIIOTBOPCHHS TIOKA3HHKIB  SIKOCTI
CJIEKTPUYHOI €Heprii 3 pi3HUM cHiBBigHOMmIEHHsAM curHaw/mym (SNR) 1

niapaxoByBajacs cepeiHbokBaapaTnyHa noxuoka (MSE):

P.
SNR=10log, , PSL”‘" db (4.8)
noise
1y N
MSE=WZ‘f(t)—f o (4.9)

ne f(t) - samymurenmii curdain, f (t) - CHrHAJI 3 BHIAIEHHM IIIyMOM, Psignal -

MOTY>HICTh KOPUCHOT'O CUTHAITY, Proise MOTYXHICTb LIyMY

Ha puc. 4.7.1, 4.7.2 npencraBieHi pe3yJbTaTd MOPIBHIBHOIO aHAJIZy —

CUTHAJI IEPEBUIIICHHS! HOMIHAIBHOTO 3HAYCHHS HAIIPYTH 3 HASBHICTIO TAPMOHIK.

(2) ®) ()

2 2 2
= (o] (o] (o]
=2 -2 -2
(8] 0.1 0.2 (o] 0.1 0.2 (o] 0.1 0.2
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I A e
2 ) 2 ) 2 (e)
= 0 o o
=D -2 -2
(s] 0.1 0.2 (o] 0.1 0.2 (o] 0.1 0.2
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£ 3
> Gx) > )
= o )
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Pucynox 4.7.1 — AHani3 3aCTOCyBaHHS PI3HUX METO/IB MO/IaBJICHHS LIyMY
JUTSI CUTHAJTY 3 HasIBHICTIO MEPEBUILIEHHS] HOMIHAJIbHOTO 3HAYEHHS Ta HAsIBHOCTI

TapMOHIK

(a) - rapMoHIKH 0e3 HasBHOCTI IIyMy 3 MEPEBUIICHHSIM HOMIHAJIBHOTO 3HAYCHHS;
(0) - rapmoniku 3 nepeBunieHHsIM 1 SNR 20 1b; (B) - &0pcTKe NOPOTroBe YCyHEHHS
mymiB; (T) - 3MEHIICHHS IIyMy 3 M SKHUM IOPOToM; (JI) 3MEHIIEHHS IIyMiB 3a
metoaoM, onucanuM y [130]; (€) - 3MeHIIeHHS TITyMiB 32 METOJOM, OMUCAHUM Y

[131]; (k) - 3MeHIIICHHS [IYMIiB 3a METOI0M, onrcanuM y [132]; (3) - 3MeHIIeHHS

IIYMIB MiCst 00pOOKH MOAM(IKOBAHUM METOJIOM.

60 6
4]
2 50
24
74
7
= 40
I
3
% 30
aa]
20 =
10 20 30 40 50 40 50
Bxiguunit SNR/dB Bxinuuit SNR/dB
= = = *Kpuea 1 kpvea 3 kpuea 5 kpviea 7
KpuBa2 === Kkpvea 4 N KDIRG Kkpvea 8

Pucynox 4.7.2 - IlopiBusinag SNR 1 MSE 111 curnany 3 nepeBHUILIEHHIM

HOMIHAJIBHOTO 3HAYEHHS Ta HasBHICTIO TAPMOHIK

Kpusi 1 -6 - XKopcTke MOpOroBe YCYHEHHS IIYMiB; KPUBI 2 — 5 - 3SMEHIIICHHSI
HIyMy 3 M’SIKUM TIOPOTOM;; KpUBi 3 - 7 - 3MEHILIEHHS IIyMiB 3a METOJIOM, OITMCAHUM

y [116]; ; kpuBa 4 — 8 — MmoaH}iKOBaHUI METO/I.

Ha puc. 4.7.3 — 4.7.4 npexncraBiieHl pe3yJbTaT MOPIBHSUIBHOTO aHATI3Y —

CUTHAJI TPOBATY HATIPYTH 3 HASBHICTIO TAPMOHIK.
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Pucynok 4.7.3 — AHai3 3acTOCyBaHHSI PI3HUX METOJIB MOJaBICHHS IIyMY JJIs

CUTHAJIY 3 HasIBHICTIO IIpoBally HOMIHAQJILHOT'O 3HAYCHHS Ta HasIBHOCTI FapMOHiK

(@) - 6e3rrymHMIA TpoBai Hanpyry; (0) - mposa Hanpyru 3 SNR 20 1b; (B) -

YKOPCTKHUH MOPIT UIyMO3ariayleHHs; (T) - 3MEHIIEHHS IIyMy 3 M’ SIKUM [TOPOroM; (1)

- 3MEHIIEHHS IIyMiB 3a MeToaoM, onucanuM y [130]; (€) - 3MeHIIeHHs myMiB 3a

MeToaoM, onucanuM y [131]; (k) - 3MCHIIICHHS IITyMiB 3a ONMMMCAHUM METOJOM Y

[132]; (3) - 3MeHIIIEHHS ITyMiB Tic/Isi 00pOOKH 3alpPOIIOHOBAHUM Y POOOTI METOIOM
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Pucynok 4.7.4 — TlopiBasinHss SNR 1 MSE a1 curnany 3 npoBajioM HarpyTu Ta

HasIBHICTIO ITYMOBHX KOMITIOHCHT
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Kpugi 1 - 6 — >kopcTke MOpOoroBe yCyHEHHs IITyMiB; KPUBI 2 - 5 — 3MEHIIICHHS
IIyMy 3 M SIKUM TTOPOTOM; KpUBi 3 - 7 — 3MEHIIICHHS [ITyMiB 32 METOJIOM, OTTMCAHUM
y [116]; ; xpuBa 4 - 8 — MoaudiKOBaHHUI METO

Ha puc. 4.7.5 — 4.7.6 npexacraBieHi pe3yJabTaTH 3acTOCYBaHHS PI3HHUX

MCTOI[iB IMOJAABJICHHS IIYMY I CUTHAJTY 3 HepeXiI[HI/IM IMpoucCOM - KOJIMBAHHAM

() (D) (=)

o 0.1 0.2 0.05 0.1 0.15 0 0.1 0.2
T, c T € T
(r) (1) (e)
1 1 1
S
m
0 (o]
= o]
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o} 0.1 0.2 8] 0.1 0.2 8] 0.1 0.2
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Pucynox 4.7.5 — AHaii3 3aCTOCYBaHHS PI3HUX METO/IB NOJIaBJICHHS LIyMY

AJIs1 CUTHAaITYy 3 HCpCXiI[HI/IM MMpouecCcoOM — KOJIMBAHHAM

(a) - mepexigHuil Tporiec OE3NTyMHUX KOJIMBaHb; (0) - mepexiaHui mpoiiec
konuBaHb 13 SNR 20 nb; (B) - »KopcTKHii MOpOroBe 3HATTA UIYyMiB; (T) - 3MEHILICHHS
HIyMy 3 M’SIKHM TIOPOTOM; (1) - 3MEHIIICHHS IITyMiB 3a onrcanuM mMeto oM B [130];
(€) - 3MEeHIIeHHs [ITyMiB 32 METOJIOM, oncanuM y [131]; (k) - 3MeHIIeHHs myMy 3a
MM MeToioM omucaHo B [132]; (3) - 3MEHIIEHHA IIyMiB TMiciIs OOpOOKH

3aIIpOIIOHOBAHHUM METOAOM.
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Pucynok 4.7.6 - IlopiBasaaus SNR 1 MSE curnany 3 nepexiTHuM HpOIECOM -

KOJIMBaHHAM

Kpusi 1 -6 - XKOpcTKe MOpOroBe YCYHEHHS IIIyMiB; KPUBI 2 — 5 - 3SMEHIIICHHS

IIyMY 3 M’SIKUM TTIOPOrOM; KpHBI 3 - 7 - 3MEHILIEHHSA IITyMiB 32 METOJIOM, OITMCAHUM

y [116]; ; kpuBi 4 — 8 — MmoaHdikoBaHUI METOS .

Takox Oynu mpoBeleH! MOPIBHSUIbHI aHAMI3M 3aCTOCYBAHHS BIJIOMHUX

METO/IB 3HEIIYMJIEHHS CUTHAIIB 3 MOAU(pIKOBAaHUM B poOOOTI HA MPUKIAIL

IMITyJIBCHOTO TIepexiHoTo nportecy (puc. 4.7.7).
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Pucynok 4.7.7 — iMITyIbCHUI niepexigAHUIN TpoLec
(@) - Oe3mrymMHMIA IMITYJILCHUIA MepexigHui mporec; (0) - IMITyJIbCHHIA

nepexinuuii ponec i3 SNR 20 nb; (B) - kopcTkuit moporoBe 3HATTS IIyMiB; (T) -
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3MEHIIIEHHS [IyMy 3 M’ SKHUM IOpOTOM; (1) - 3MEHIICHHS IIyMiB 3a OMHCAHUM
MetosoM B [130]; (€) - 3MeHIIeHHs ITyMiB 3a MeTOJ0M, oncanuM y [131]; (k) -
3MEHIIICHHS IITyMY 3a IIIM METOI0M onucaHo B [132]; (3) - 3MEHIIIEHHS IITyMiB ITiCIIs

06p06KI/I 3aIlIPOITIOHOBAHHUM MCTOIOM.

4.3 BucHoBKH 10 po3airy 4

1. Po3poOnenuit MoaudiKyBaHH BIJIOMHM METOJ TMOAABJICHHS ITYMOBHUX
KOMIIOHEHT HUISXOM BBEJEHHS PEryJIbOBAHOTO aJalTUBHOTO MOPOTY BEUBIIETIB,
AKUW HE TUIBKM CYMICHHH 13 pO3MOAUIOM IIyMy MpHU KOXHOMY pPO3MIpi
PO3KIIaJIaHHs, ajie U 13 pO3MOALIOM 3HAUYIIHMX 1H()OpMAIIii, 110 MICTUTHCA B PI3HUX
dbopMax CHUrHajgiB CIOTBOPEHHS Ha KOXXHOMY PIBHI BEHBJIET KOMIIO3HIIIL
(;rorictruHoi GyHKIIT DepXronbCcTa MoKa3aB MPUHHATHY TOYHICTh Ta €PEKTUBHICTh
JUIsT BUJAQJICHHS LIYMOBUX KOMIIOHEHT IpW aHadi3l MEepexiiHUX IPOLECiB B
CHEPreTUYHUX CUCTEMaX.

2. llIBuakicth, TOYHICTH Ta JOCTOBIPHICTH TIPU  3aCTOCYBaHHI
MOAM(PIKOBAHOTO METOJy MOAABICHHS LIYMOBUX KOMIIOHEHT B 3HAa4yHIA Mipi

3aJIeKUTH BiJl BUOOPY MAaTEpPUHCHKOTO BEUBIIETY.

BUCHOBKH

1. Ha ocHOBI JIOCTIPKEHb CYYaCHOTO CTaHy 3aCTOCYBaHHS METOJIIB 1 3ac00iB
OLIIHIOBAHHS SIKOCTI ~€JIEKTPUYHOI €Heprii Ta moOyJoBM Ha iX OCHOBI
aBTOMATHU30BaHUX CHCTEM MOHITOPUHIY NapaMETPiB PEKUMY €JIEKTPOCIIONKUBAHHS
B po0OOTI 3alporNOHOBaHa MaTeMaTH4YHAa MOJENb ()OPMYBaHHS CIIOTBOPEHb SIKOCTI
€JIEKTPUYHO1 €HEepTii, a1alTOBaHa JI0 TUIy CIIOTBOPEHHS 1 MPEACTaBIIsE HEOOXIAHY
1 IOCTOBIPHICTh Ta THYYKICTh MOJICIIFOBAHHS Ta TEHEPAIIi] BiI TPOCTUX JIO CKIIATHUX
THUITIB CIIOTBOPEHb.

2. Jlns CTBOpEHHsS aBTOMATHM30BaHOI CHUCTEMH MOHITOPUHTY SIKICHHX
napameTpiB PEeKUMY EJIEKTPOCIIOKMUBAHHA B POOOTI Ha OCHOBI PO3pOOJICHOT
MaTeMaTUyHOI Mojeni (OpMyBaHHS CHOTBOPEHb SKOCTI €JIEKTPUYHOI EHeprii

pPO3pOOJICHH METOJ] KOMII IOTEPHOTIO MOJICIIIOBAHHS pealizamiii  eIeKTPpUIHO1



105

HAlpyry 13 3alaHUMH TUIIAMU CIIOTBOPEHb SIKOCTI €JIEKTPUYHOI €Heprii, o
3a0e3nedye anbTepHATUBHY OIIHKY NPOAYKTUBHOCTI CKIIAIHUX EHEPreTHUYHUX
KOMIUIEKCIB Ta MOJIMBOCTI TECTYBaHHS PI3HOMaHITHUX METOJIB Ta 3aco0iB
MOKPAIICHHS SKOCTI €IEKTPUYHOI €HEPrii MIJITXOM CBOEYACHOI 3MIHU MapaMeTpiB
MOJICTTIOBAHHSI.

3. Ha ocHOBiI nocnigkeHb BIUIMBY MapaMeTpiB MpOBally HAamNpyrd Ha
MPOJYKTUBHICTh POOOTH ACHHXPOHHOTO JBWUTYHA HE TIIBKH BIJ TPUBAJIOCTI Ta
MMMOWHA TIPOBAy HAMpyTH, aje 1 Bil JOMATKOBUX XapaKTEPUCTHK IPOBATIB
HAIPYTH, TAKUX K CTPUOOK (ha30BOro KyTa, TOUOK IMOYATKY Ta 3aKiHYEHHS ITPOBAIY,
3aJIMIIKOBO1 HAMPYTH B pOOOTI po3po0sIeHO Moau(iKOBaHUNW METO1 TOOYA0BH HOTO
CEJIEKTUBHOTO 3aXUCTy AaCHHXPOHHOTO JBUTYHa 3a paxyHOK BH3HAYCHHS
3aJIEKHOCT1 CTPyMy CTaTOpa BiJl XapaKTEPUCTUK MPOBATy HAMPYTH, SIK OCHOBHHX
TaK 1 JOJaTKOBHUX.

4. MopgentoBaHHs 0gHO(A3HOTO KOPOTKOTO 3aMUKaHHA Ha 3EMJIIO
MPOBOJUIOCH 3a JOMOMOTOI0 PO3pO0JIeHOT aBTOpoM Mojen (hopmMyBaHHS
CTIOTBOPEHB SAKOCTI el1eKTpuyHOi eHeprii. CTpyKkTypa AaHoi Mojesi mo0yroBaHa Ha
OCHOB1 Tak 3BaHOi apxitekTypu framework, sika 3amae CTpPyKTypy, BU3HAuae
npaBuia Ta MpeAcTaBisie HeOOX1THUN HAOIp IHCTPYMEHTIB JIi CTBOPEHHS MOJIETI.
[IpoBeneHi JOCHIKEHHSI MOKa3alu, 110 PI3HUN TUIT HECITPABHOCTI Ta MapaMeTpu
CJIEKTPUYHOT MEpEeXi B MICI[l KOPOTKOTO 3aMHKaHHS, CIPUYMHAIOTH PI3HI
MOPYIIEHHSI €NEKTPUYHOI HANpyTd B CUCTEMI KHUBJICHHA. HasBHICTH KOPOTKOTO
3aMHUKaHHS OJHOTO THUIY MPHU PI3HUX HOTO MICHSX 3HAXOKEHHSI, MPU3BOJAUTH JI0
pI3HOTO MajiHHS Ta TepeBulleHHs Hanpyru. KopoTkodacHa 3MiHa  HaNpyru €
HAUTIOMIUPEHIITUMHI CTIOTBOPEHHSMH SIKOCTI €IEKTPUYHOT HAMIPYTH B €ICKTPUYHUX
Mepexxax. Pesympratu  MoOneIIOBaHHS HAa  OCHOBI  po3po0JeHoi  Mojen,
y3rOJIKYIOThCS 3 TEOPIEIO 1 JOCTOBIPHO IMITYIOTh 3MIHY HANpyTH B €IEKTPUUYHIN

Mepexi.
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