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3ACTOCYBAHHA  METO/IIB CAMOOPTAHI3ALIII MATEMATHYHHX
MOJIEJIEH EHEPTOCIIOKUBAHHSI 1J1S1 BCTAHOBJIEHHS «CTAHJIAPTIB»
B CUCTEMAX OIIEPATUBHOI'O KOHTPOJIIO EHEPTOE®EKTUBHOCTI

B cmamve paccmompeno npumenenue memooa 2pynnogo2o yuema azpymMenmos 0iisi NOCmpoe-
HUSL Mamemamuyeckux mooenel nompeoienus moniuea Uil d1eKmpodHepeUul Ha NPOMbIULLEHHbIX
npeonpusmusx.

V' cmammi pozenamymo sacmocysanns memooy 2pyno8o2o YpaxyeawHs ap2yMeHmie 0.
no6yo0osu mamemamudHux Mmooenell CNOXCUBAHH NAausa ado erexmpoenepeii Ha NPOMUCTIOBUX
nionpueEMcmaeax.

Beryn

Sk BiJOMO, BCTAHOBJIECHHS TaK 3BaHUX «CTaHIAPTIB» CIIOKMBAHHS EHEPrii € OJHUM 3
HaBOXIMBIMIMX €TamiB CTBOPEHHS Ta (YHKIIOHYBAaHHS CHCTEM OIEPATUBHOTO KOHTPOIIO
€(EKTUBHOCTI EHEPrOBUKOPUCTAHHS, IO IIUPOKO 3aCTOCOBYIOTHCS B 3apyODKHIN NpakTUIl i
BioMi B YKpaiHi ik cucteMu KoHTpodro i tuianyBanHs (Kill) abo xonTposto 1 Hopmanizanii (KiH)
eneprocrniokuBanus [1]. Takuii «crangapT» B 3arajlbHOMY BHUITJKY SIBIIsi€ COO0I0 OUTBIT 200 MEHII
CKJIaHy MaTeMaTU4yHy MOJIENb CIOKMBAHHS MAJMBA YW €HEPTii JeSIKUM TEXHOJOTIYHUM 00’ €KTOM
(YCTaHOBKOIO, arperaroM, TEXHOJIOTIYHOKO JIiHI€I0) B 3aJIeKHOCTI BiJI OCHOBHHX YHHHHKIB, IO
CYTTEBO BIUIMBAIOTh HA BUTPATY €HEPTii Ha IbOMY 00’ €KTi. Y SKOCTI TAaKUX YMHHHUKIB, 3/1€01IBIIOTO,
BUCTYIAIOTh ACOPTUMEHT Ta 00CSATH BUPOOHUIITBA MPOAYKIIii, TApaMeTPH TEXHOJIOTIYHOTO MPOIIECY,
30BHIIIIHI, 30KpeMa, KJIIMaTUYHI YMOBU BUPOOHHUITBA To1[0. OUeBUIAHO, IO BiJl IKOCTI TOOYAOBaHOI
MaTreMaTUYHOI MOJIENI, BiJl CTYNEHIO il aJeKBaTHOCTI MPOLECY €HEPrOCHOKUBAHHS Y MOJANIBIIOMY
CYTTEBO 3alie)KaTUMe, Yd OyayThb pe3yibTaTd KOHTPOJIO €(EeKTHBHOCTI BUKOPHCTAHHS €Hepril
BIJIIIOB1THUM TE€XHOJIOTIYHUM 00’ €KTOM JIOCTATHHO TOYHHUMH Ta OOTPYHTOBAHUMHU.

B 3apyOikHil mpakTuIi Npu MoOyJOBI Ta BUKOPUCTAHHI CHUCTEM KOHTPOJIO 1 IJIaHyBaHHS
eneprocnokuBanus (cuctem Kill) «cTanmapTi» CHOXHBAaHHS €HEPril TPaAHUILiHO BCTAHOBIIOIOTH
y BUIISIAI KOHCTAHTH, TOOTO JEsIKOT HE3MIHHOT BEIMYMHU 200 y BUIVISAL MPOCTUX JIIHIHHUX PiBHSIHD
perpecii, siki BpaXOBYIOTb BIUIMB Ha €HEPTOCIIOKUBAHHS JIUIIIE OHOTO-ABOX OCHOBHUX YMHHUKIB [2].
OcCKiTbKH Ha 00CAT CIIOKMBAHHS ITAJIMBA YU €HEPTii pealbHUMHU TEXHOJIOTTYHUMHU 00’ €KTaMH BILJIMBAE
3HAYHO O1JIbINIA KUTBKICTh YMHHUKIB (JI0 TOTO K, XapakTep iX BIUIMBY, 31€01IIBIIOTO, BiIPI3HAETHCS BiJl
JTHIHHOTO), 3pO3yMIJIO, IO TPATUIIIHI «CTaHIAPTH» JAJIEKO HE 3aBXKAU BHUSABISIOTHCS JIOCTATHBO
a/ICKBaTHUMH BiJIIOBITHUM MPOIIECaM €HEProCOKUBaHHS.

Po3poOHuKH  BITUM3HSHUX CUCTEM OIIEpaTUBHOIO KOHTPOJIIO e(eKTUBHOCTI
€HEPrOBUKOPUCTAHHSA, 30KpPEMa, CHCTEM KOHTPOJIO 1 HOpMasi3alii €HeproCroKMBaHHsS (CHUCTEM
KiH), mponoHyroTh BCTAaHOBIIIOBATH «CTAHIAAPTH» CIIOKUBAHHS CHEPTii IS PiI3HUX TEXHOJIOTTYHUX
00’€KTIB Ha OCHOBI NMOOYIOBM 3HAYHO CKJIAQAHINIMNX, Oarato()akTOPHUX MaTeMaTHMYHHX MOJeien
eneprocniokuBauus [1]. Ilpudomy st 1i€l MeTH 3aCTOCOBYETHCS KJIAaCH4YHA IMPOLeaypa MoOyI0BU
piBHSHBb OararodakTopHOi JiHIMHOT perpecii, sfika I03BOJIAE€ OJEPXKYBAaTH MaTeMaTH4yHI MOE,
SK1 JIOCTaTHRO TOYHO BiJJOOpPa)xaroTh 3MiHY OOCSTIB CIIOXKMBAHHS MaJlKMBa YU €HEpPrii Ha 00’€KTi B
3aJIeXKHOCTI BiJl OaraTbOX YNHHHKIB, IO CYTTEBO BILTUBAIOTH Ha Ie mporiec [2].

3actrocyBaHHs OaraTo(akTOPHUX MAaTEeMAaTHYHUX MOJIENIEH MPU BCTAHOBJIEHHI «CTAHIApTiB»
€HEepPrOCIOKMBAHH Yy TMOPIBHSAHHI 3 TpaauliiHuMu 3apyOikHuMu cuctemamu Kill no3Bonse
3a0e3MeYUTH ONEP)KAHHS 3HAYHO OUIBII TOYHUX Ta OOIPYHTOBAHMX pE3YJbTATIB KOHTPOIIO
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€(DEeKTUBHOCTI BUKOPUCTAHHS €HEPTil TeXHOJOTIYHUMHU 00’ekTtaMu. OJHAK BIPOBAHKCHHS BITUM3-
HSHUX METOAMK ITOOYI0BHY Ta GYHKIIIOHYBaHHS CUCTEM OTIEPATUBHOTO KOHTPOITI0 eHeproe(heKTUBHOCTI
Ha MPaKTHULll OB’ s13aHe 3 MEBHUMH TPYIHOILIAMH, SIKI 30KpeMa, BUHUKAIOTh B MPOLIECi BCTAHOBIICHHS
«CTaHJAPTIB» €HEPrOCIOKUBAHHS.

OcHoBHI npoOneMHu, M0 BUHUKAIOTH Ha IIbOMY €Talll CTBOPEHHS Ta BHUKOPHUCTAHHS CHUCTEM
OTIEPaTUBHOTO KOHTPOJIIO €HEeProepeKTUBHOCTI MONATaloTh B HacTynHoMmy. [lepin 3a Bce, mobynosa
JIOCTaTHBO CKJIATHUX PErpeciiHUX MOJIETIEH, 1110 BKIIOUAIOTh BEJIUKY KUTbKICTh HE3aJIeKHUX 3MIHHUX,
noTpeOye HAsSBHOCTI 3HAYHUX OOCSTIB CTAaTUCTUYHUX JAHHUX, 301p SKUX € IOCUTh TPYAOMICTKUM 1
BHUMAarae CyTT€BUX BUTPAT 4yacy.

Kpim Toro, cama kiacu4Ha mporeaypa moOyqoBu OararoakTOpHUX pPIBHSHb perpecii €
CKJIQJIHOIO0 1 TPYAOMICTKOIO, a TaKOX MOTpeOye BIANOBIAHMX 3HAHb Ta MPAKTUYHUX HABUYOK.
o Toro x, s mpoueaypa He Moke OyTH TMOBHICTIO peajli3oBaHa 3a JOMOMOIOK CTaHIapTHUX
IpOrpaMHUX 3acO0iB KOMIT IOTEPiB, OCKUIBKM MaTeMaTU4YHE MOJEIIOBAHHS EHEProCIOKUBAHHS
BHUMAara€ CHUCTEMaTHUYHOI y4yacTi JOCIHITHUKA, K Ha eTarl BU3HAYEHHs CTPYKTYPH MOJEINi, TaK 1y
MOJIAJIBIIIOMY ITiJT Yac aHajli3y MYJbTHKOJIIHEAPHOCTI HEe3aJIe)KHUX 3MIHHUX, 3HAYMMOCTI OJIep KaHUX
napaMmeTpiB mozeni Touo. [Ipu npomy ciijg mam’satatu, o y BUpOOHUYMX YMOBaX BCTAHOBIICHHS
«CTaHJAPTIB» EHEProCIOXKUBAHHA ISl YUCICHHMX TEXHOJIOTIYHUX 00’ €KTIB MalOTh 3/1MCHIOBATU
(haxiBIIi-eHEpreTHKH, K1 Ha CHOTOJHINIHINA JACHB, 31€0LIBIIIOT0, HE MAIOTh I I[LOTO Hi JOCTATHHO
po6ovoro yacy, Hi BiJIMTOBITHUX 3HaHb Ta HABUYOK Y TaJIy31 MATEMaTHIHOTO MOJICITFOBAHHS.

3 iHmOro OOKy, JAOCHTH M00pe BIJOMHMH € pO3poOJeHi CBOro 4acy B YKpaiHi METOAH
caMooprasizarlii MaTeMaTUYHUX MOJEJICH, K1 JT03BOJISIOTh aBTOMATUYHO (IIPU MiHIMAJIBHIA y4acTi
JnociiTHrKa) (GOpMyBaTH MaTeMaTH4HI Mojeii ckiamaux mporeciB [3]. [lpu mpomy Momeni, 1o
OJIEP)KYIOThCSI METOIaMU CaMOOprasizailii, MaloTh ONTHUMAJbHY CTPYKTYpY, IalOTh MOKIUBICTH
BpaxoBYBaTH BIUIMB Ha TPOIEC, IO JOCTIHKYEThCS, BETUKOI KUIBKOCTI HE3JIEKHUX 3MIHHUX 1
MoTpeOyIOTh Il BU3HAUYCHHSI MTapaMeTPiB MOJEN 3HAYHO MEHIIMX OOCATIB CTATUCTHYHHMX JIaHUX,
HDK TP 3aCTOCYBaHHI KJIACHYHUX AJITOPUTMIB PErpeciiiHOro aHaizy.

JlocaipkeHHs

Buxoasiun 3 3arainbHOi XapakTepUCTUKM 3a3HAYEHHUX BHIIE METOIIB MOJETIOBAHHS, €
OUYEBHJIHUM, IO 3aCTOCYBaHHS METOJIB CaMOOpraHizamii Jjis MoOyI0BU MaTeMaTHYHHX MOJENIeH
CIIOKMBAHHS TMaJIUBa YW €HEpPrii TEeXHOJOTIYHUMHU 00’ €KTaMH BHIAETHCS OLIBII 3PYYHUM IS
(haxiBHiB-BUpOOHUYHUKIB. O HAK, TIEPII HIK CTBEP/KYBATH, III0 BUKOPUCTAHHS ITUX METOJIB IS
BCTAHOBJICHHS «CTaHAAPTIB» €HEPrOCIOKUBAHHS € MOXJIMBUM 1 TOIITBHUM, HEOOX1THO Ha TIPUKJIA/II
peanbHUX TEXHOJOTIYHUX YCTAHOBOK UM MPOLECIB MEPECBITUUTHUCS, 1110 PE3yJIbTaTh MaTeMaTHYHOTO
MOJICJIIOBaHHS B IIbOMY BUTIAAKY OymyTh, MPUHAKWMHI, HE TIPIITUMH, HIK TIPH 3aCTOCYBaHHI METO/IIB
0araroakTOPHOTO PETPECIMHOTO aHai3y.

Mertomomnoris mooynoBu 6araroakTOpHUX PIBHSHB pEerpecii T0CUTh IMUPOKO BiJJOMA, 1ETATLHO
oTHCaHa y BIAMOBIAHIN JiTeparypi (Hanpukiaz, y [4]) 1 He BUMarae I0IaTKOBOTO po3IIsiLy. Tomy
HIOK4Ye Juiie OyayTh HaBe[EHI pe3yibTaTH MaTeMaTHYHOIO MOJENIOBAHHS EHEProCloKUBAHHS
OKpPEMHUX TEXHOJOTIYHUX 00’€KTIB, OJepKaHl 3 BHUKOPHCTaHHSAM perpeciiinoro anamizy. Lo x
CTOCYETBhCS peajizailii METOiB caMOOpraHi3allii MaTeMaTHYHUX MOJIeJIe Ha KOMIT IOTepi, TO BOHU
3HaYHO MEHII PO3MOBCIOKEHI 1, HA TyMKY aBTOpIB Ili€l cTarTi, MOTPeOyI0Th OUIBII JE€TaTbHOTO
pO3TIISY.

OdYeBHIHO, 10 MaTeMaTHYHE MOJCITIOBAHHS OYIb-sIKOTO TPOIECY IMPH 3aCTOCYBaHHI IHX
METO/[IB TaKOK 0a3yeThCs Ha E€KCIEPUMEHTAJbHUX JaHHX, SIKI XapaKTepu3ylTh (yHKIIOHYBAHHS
00’ €KTy, IO TOCTIKYEThCS. [Ipr BCTaHOBIIEHHI «CTaHAAPTIB» €HEPrOCIOKUBAHHS B SIKOCTI TaKMX
JTAaHUX BUCTYTIAalOTh 00CATH CIIOKMBAHHS [1aJIMBa UM €HEPrii Ha 00’ €KT1 Ta YUCIIOB1 3HaU€HHS (haKTOpIB,
10 CYTTEBO BIUIMBAIOTH Ha IIeH Mpoliec, 3apeecTpoBaHi y BIANOBIIHI MOMEHTH 4acy.

3aaua MOJICITIOBAHHS TOJISITA€ B TOMY, IO 3a HASBHUMH PE3yIbTaTaMHU 71 CIIOCTEPEIKEHB
3aJIEXKHOT 3MIHHOI Y Ta EBHOT KUIBKOCTI HE3AIEKHUX 3MIHHUX X, (1 = 1, 2, ..., p) HEOOX1IHO BUSHAYUTH
aHANITUYHY 3aJIEXKHICTD ¥ = f(X), AKa HalKpaIlluM YUHOM OIHUCY€E MPOLEC EHEProCIOKUBAHHS, 1110
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JTOCITIKYETHCSL.

OnHi€l0 3 OCHOBHMX OCOOIMBOCTEM METOJIB camMoOpraHizalili MaTeMaTUYHUX MOJeel €
CTBEP/UKEHHS, 1110 ICHY€E JIMILIE OJHA MOJAENb, HalOUIbII aJIeKBaTHA IPOLECY, IO JTOCTIIKYEThCS.
Bynp-sika iHIIIa MaTeMaTudHa MOJIENb, SIK MEHIII, TaK 1 OUTBII CKJIaHA, € MEHIII TOYHO0. Buxomsuu 3
IILOTO TBEPKEHHS, TOOYJ0Ba MaTeMaTHYHIX MOJIEJIEH ONTUMAIBHOT CKIIaIHOCTI 0a3y€ThCS HA TOMY,
110 BU3HAYEHHS MapaMeTpiB MOJENI 1 OIIHKA ii 3aJUIIKOBOI MOXMOKM MOBHHHI 3/1MCHIOBATUCH 3a
PI3HUMH CTATUCTHYHUMH JAHUMHU.

ToGT0, BC1 HasiBHI CTAaTUCTUYHI JIaHi MpH MOOYIOBI MaTEMaTHYHUX MOJETIEH 3 3aCTOCYBaHHSAM
METOJIB caMoopraHizailii HeoOXiJHO PO3AUIATH Ha JBi TPyNU: HAa TaK 3BaHI HaBUaibHy (A) Ta
nepesipouny (B) mocmigoBrocTi. [Ipn 11poMy 3a TaHUMH HaBYAIBHOI MTOCIIJOBHOCTI BU3HAYAIOTHCS
napameTpu (KOHCTaHTH) MaTeMaTHYHUX MOJeNIel JOCHIUKYBaHOTO TIPOILECYy, CTPYKTypa SIKHX
MIOCTYIIOBO YCKIIQHIOETHCS 32 TICBHUM ITPABUIIOM, a Ha IT1/ICTaBi JAHHUX ITEPEBIPOTHOI ITOCIITOBHOCTI
BU3HAYAETHCS 3QTMIIKOBA MOXMOKA IIMX MOJIENIEH, 32 BETMUYMHOIO SIKOi BIIOMPAIOTHCS Kpalli MOJENI 1
POOHUTHCS BUCHOBOK TPO JOCATHEHHS ONTUMAIBHOI CKIIAJHOCTI MaTEMAaTHIHOT MOJIEITI TIPOIIECYy.

Crioci6 po3moniay eKCIepUMEHTAIBHUX JaHWX Ha 3a3Ha4eHi TOCIIJOBHOCTI oOupae cam
JOCIiTHUK. Po3MimuTi BUXIiMHI JaHI MOKHA Ha J[BI OHAKOBI 32 00’€MOM BHOIpKH, TAKMM YHUHOM,
mo0 OCTaHHI 3HAUYEHHS EHEPrOCIOKUBAHHA 1 KOKHOTO 3 (aKTOpIiB YBIHILIM O MEPEeBIpOYHOT
MOCITITOBHOCTI. AGO y 1HIIUX MPOTIOPIIISIX, HAMPUKIIA TaK, 00 KUTBKICTh 3HAYCHB, [0 YBIHIILIN 10
BIJITOBIIHAX MOCIIAOBHOCTEN criiBBiHOCHINCS Sk NA/NB = 2.

Cepen BenMKOi KUTBKOCTI METOJIIB TEOpil caMoopranizaiii MaTeMaTHYHUX MOJIeNIel HalOiIbI
BIZIOMUMH € TaK 3BaHI OaraTopsHi aNTOPUTMH 3 TIOPOTOBHM BiOOPOM, sIKi MarOTh Ha3By: MeTon
I'pynoBoro VYpaxyBanusi AprymentiB (MI'YA). Lli anropurMu peani3yloTh 3arajbHy i/1€10
camoopranizainii MarematuaHux Mozeneit na [IEOM.

[cHyt0TH pi3HOMaHITHI anroputMu MI'VA, oOCHOBHA BIIMIHHICTB SIKUX TOJIATAE y 3aCTOCYBAaHHI
PI3HUX TaK 3BaHUX MOJIENICH-TIPETEHACHTIB (OMOPHUX (YHKIIIHN), @ TAKOXK PI3HUX MPABUII TOCTYIOBOTO
YCKJIQHEHHS IPOMDKHHUX MaTeMaTHUYHUX MOZAEIIEH JOCIiIKYyBaHOTO TPOIIECY.

Cxutan onmopHUX (PYyHKIIM BU3HAYAETHCS JOCTITHUKOM Ha MiJCTaBl HOTO MPUITYIIEHb MIONO
XapakTepy BIUTUBY HAassBHUX (DaKTOPiB (HE3aICKHUX 3MIHHUX ) HA BiJIOBITHUIA MPOIIEC, a TAKOXK MO0
CTpyKTypH 1rykanoi mozaeni. [Ipu npomy onopsi ¢yHKII, IO 32CTOCOBYBaTUMYThCSI TIPU TTOOYIOBI
MaTeMaTU9YHOI MOJIENi, MOBUHHI OyTH JiHIHHO HE3aJeKHUMHU OfHA BiJ onHOI. OYeBHIIHO, IO Bij
MIPAaBUIBHOTO BUOOPY OMOPHHUX (PYHKI[IH CYTTEBO 3aJIEKHUTH PE3yJabTaT MOJCIIOBAHHS MPOIECY, 110
JIOCITIJKY€ThCSI.

[Ile OmHMM TPUHIMIIOBO BAXJIMBUM KpPOKOM, SIKMM HEOOXiZHO 3pOOMTH [0 TOYaTKy
MOJICITIOBAaHHS Oy/Ib-SIKOTO MPOIECY 3 3aCTOCYBaHHSAM METOIB caMOOpraHizailii, € BUOip KpUTepito
JUIsL BUSIBJIIGHHS Kpalux Mozesnei. Takuii Kputepiil Ha3uBalOTh 30BHILIHIM, TOMY II0 HOT0 3HAYEHHS
OOUHUCITIOIOTHCS 32 JAHUMHU OKPEMOi MEePEeBIpOYHOI MOCIITOBHOCTI, SKi HE BUKOPUCTOBYBAJIHCS TIPU
BU3HAUEHHI TapaMeTpiB (KOHCTAHT) MaTeMaTHYHUX MOJIETICH.

Bubip 30BHINIHBOTO KpHUTEpPish 3IIHCHIOETHCS TOCITIIHUKOM B 3aJIKHOCTI BiJ 3ajadi, sKa
po3B’si3yeThes. J0CBi I MPaKTHYHOTO 3aCTOCYBAaHHS METOIIB CAMOOpraHi3allii CBITYHUTh, IO HAMO 1B
IIMPOKE 3aCTOCYBAaHHS MAIOTh TaK 3BAaHUN KPUTEPIH PETYIAPHOCTI 1 KpuTepiit MiHIMyMy 3CyBY [3].

Kpurtepiit perynspHocTi BuUMarae, mo0 CEpeIHHOKBAJAPATHYHE BIIXHWICHHS pPE3yIbTaTiB
MOJICITIOBAHHS JIeAKOi 3aJIeXKHOT 3MIHHOI Y Bix i1 (akTWMYHMX 3HAYeHb, PO3paxOBaHE 3a JaHUMHU
MePeBipPOYHOT MOCTIAOBHOCTI B , OyJ0 MiHIMaJIbHUM:

Ng
Z ( Yimaor = Yu ) |2

2 =1 .
A(B) == — min, (1)
2
Z(ymaﬁﬂ)i
i=1
e (Ymasn)i — TaOaWuHi (€KCHIEPUMEHTAIbHI) 3HAYCHHS 3aJIEXKHOI 3MIHHOI B TOYKax X;

(i=1,...Ng), 10 Hanmexath JI0 MEePEeBipOUHOT MOCITOBHOCTI B;
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(Ym)i — 3HaYeHHs 3aJeXHOI 3MiHHOI B Toukax x; (1=1,...Ng), po3paxoBaHi 3a BiIMOBITHOIO
MaTeMaTU4HOI MOJAEIIIIO;

Ng — KiJIBKICTh €KCIIEPUMEHTAIBHUX TOUYOK, IO BITHOCATHCS JI0 MEPEBIPOYHOT TTOCITIIOBHOCTI.

Kputepiii MiHiMymMy 3CcyBy BUMarae, mo0 pe3yJbTaTH MOJCIIOBAHHS, OJAEpKaHi 3a
MaTeMaTUYHUMU MOJENAMH, NOOYyJZOBaHMMHM 32 JaHMMHU HaBYanbHOi A 1 TepeBipOYHOL
B mocmioBHOCTI, sIKOMOTa MEHIIE BIAPI3HSIUCS MK COOOI0 Ha AESIKOMY IHTEPBAJl €KCTPAIOJISLIi

(X1; xaN):

i(yA _yB)iZ

=
a- Z(yma&v)iz
i1

1€ (Ymasn)i — €KCHEPUMEHTAIbHI 3HAUCHHS 3ajexHoi 3MiHHOI B Toukax x; (i =1,...N), mo
HaJIS)KATh JI0 HaBYAIbHOI 1 mepeBipouHoi mociigoBHocTi gaHuxX (N = Na+Ng);

(ya)i — 3HaAuUEHHS 3aJeKHOI 3MIHHOT B TOYKaX X;, OJCp)KaHi 3a MOJCIUII0, MOOYI0BAHOKI 3a
JTAHMMU HAaBYAJIBLHOI IMOCIIIIOBHOCTI 4]

(Yg)i — 3HaYeHHs 3aJe)KHOI 3MIHHOT B TOYII X;, OJEPKaHi 3a MOJEILIIO, MOOYIOBAHOI 3a
JAHUMH TIEPEBIPOYHOT MOCIIJOBHOCTI B;

0— KOeiIieHT eKCTpamnosmii, sikuii mpuiiMae 3HaueHHs « = 1,0-3,0.

Haii6inpim 3aBagoCTIHKUMH BHSABISIIOTHCSI aTOPUTMH, B SIKUX BUKOPHUCTOBYIOTH KOMOiHAIIi{
JIBOX KpUTEpiiB, a came TOCIiJIOBHE 3aCTOCYBAaHHA KpPUTEPII0 MIHIMYMY 3CYBY 1 KpUTEpiro
PETYJISIPHOCTI.

®opMyBaHHA MaTEeMaTHYHOI MOJETI ONTUMAIbHOI CKIQJHOCTI OyIb-SIKOTO JOCTIKYBaHOTO
IpoILeCy BiIOYBA€ThCA IUIIXOM BUKOHAHHS YHCICHHUX ITEPATUBHHUX PO3PAXyHKIB, SKI HA3WBAIOThH
psiTaMH CeTIEeKIIii MOIE.

3arapHy 1I€F0  CENIEKIi MaTeMaTWYHOI MOJENl ONTHMAJBHOI CKJIAJHOCTI MOXHA
MPOJIEMOHCTPYBATH Ha MPUKIAAI OJHOTO 3 anroputMiB MI'YA, 300paXeHOTO y BHIJIAI CXEMH,
HaBeJleHoi Ha puc. 1.

Ha mnepmomy psgy cenekiii  (GopMyrOTbCSs MaTeMaTH4HI MOJETI TpOIeCy, Mo
JOCIIIKYETBCS, SKI BpaxOBYIOTh BIUIMB Ha HBOrO Jmmie JBOX ¢akTopiB. [lpu mpomy

2
scyey

— min, 2

nepedUpatoThest BCI MOXIIMBI BapiaHTH HOMAPHOr0 KOMOIHYBaHHS HE3aJIeKHHUX 3MIHHUX &;. OTxe

pe3yJIbTaTOM MEPIIOTro PSAAY CENEKIlli € HU3Ka MPOMIKHUX MaTeMaTUYHUX MOJeNel Mpolecy, sKi B
3araJlbHOMY BUIIAJIKy MOKHA MOJIaTH Y BUIJISA/Il HACTYITHUX PIBHSHb!

Y, = (X5 X,) Y, = F (X Xg) Yy = £(X, 5 X,), 3)

e ¥, }’;‘, ?; - 3HAYEeHHs 3aJie)KHOI 3MIHHOi, OJiep>KaHl 3a BIAMOBIAHUMH MOJEISIMU

MEPIIOTO PSAY CENEKIIii;
S — KUIBKICTh TMOMAPHUX CIONYyYeHb HE3AICKHUX 3MIHHHX, MI0 BHKOPUCTOBYIOTHCS IPH
MO/JICJTFOBaHHI.

Hesinomi mapametpu (KoHCTaHTH) Mozenei (3) BU3HAYAIOTHCS 3 3aCTOCYBaHHSM METOY
HalMEHIIHUX KBAJPaTiB 3a €KCIIEPUMEHTAILHUMH TOYKAMU HaBYaJIbHOI MOCIIiJOBHOCTI.

B 3anexxHocTi Bii 0OpaHOTrO 30BHIMIHBOIO KPUTEPIIO CeNeKlii MaTeMaTHYHOl MOJeNl
ONTHUMAJIBHOI CKJIQHOCTI JUIs KOKHOT 3 MPOMDKHHUX Mojeneit nepioro psay (3) 3a dopmysioro (1)
a00 (2) po3paxoBYIOTHCS YUCIIOBI 3HAYCHHS BiMOBIAHOrO KpuTepito. [Ipu mboMy, K 3a3Ha4anocH,
3HAQUEHHS KPHUTEPII0 CeNeKIii Mojeni OOYMCIIOIThCA Ha MiACTaBl JaHUX IEPEeBIPOYHOT
[TOCJI1TOBHOCTI.

3 MeTO 3JifiCHEHHS LUIECHPSAMOBAHOI CeJeKlli MaTeMaTMYHOI MOAENIl OHNTHUMAaJIbHOI
CKJIQJHOCTI BCl MPOMDKHI Mojeni mepiioro psay cenekiii (3) HeoOXiaHO BIOPSAKYBaTH 3a
3pOCTaHHSM 3HaueHb BUOPAHOI'O 30BHIIIHBOIO KPUTEPIIO, 10 BIAMNOBIAIOTH LIUM MOJIEIISM.
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Buxigni nezanexsi 3MiHH1

X X X3 X -1 Xn

1-i pag

cenekuii YiF=1(X;; X5) Y5 = (X X3) Yi=1(Xy1; X,)
moaeni

cenekuii ZE=f(Y{¥, YY) Z5=f(Y{*; YY) Z”I; =f(Yy,:Y)
Moaeni

- 7 7 AN

cenenii | | @ = f(F¥E}) ¥ = £ (FF S EY) O = f(F i F})
Moaeni

MareMaTu4uHa MOJAENb ONTUMATLHOL CKI[EL[I,HOCTi

Puc. 1. Cxema camoopranizaiiii MaTeMaTUYHUX MOJIEJIeH 3 3aCTOCYBAaHHSIM OJTHOTO
3 anroput™iB MI'YA

Jamni 3 3arajbHOi BIOPSAKOBAHOI MHOXKHHHU MPOMDKHUX Mojeneit (3) BinOupaeThes neBHa

KUTBKICTh KpaluX MOJIeNei, a OTpHMaHi 3a LUMH MOJEISIMH 3HAuU€HHS 3aJeKHOI 3MiHHOL ’:’}

MPUMMAIOTHCSI B SIKOCTI HOBUX He3aleXHMX 3MiHHUX. [Ipu mpomy BiaOip He OjHI€l, a MEBHOI
KUTBKOCTI KpalMxX MPOMDKHUX MOZeNed 03BoJisie 3a0e3MeynTH HEeOoOXiTHYy CBOOOLY BHOOpPY
pillleHb Ha HACTYMHHUX psAAaxX celeKUii MaTeMaTUYHOI MOJedl ONTHUMAaJbHOI CKJIAJAHOCTI MPOLECY,
1110 JTOCIKY€ThCS.

Ha npyromy psiai cenekuii, mofgioHO 10 mepuioro psiay, GopMyrOThCs HOBI, OUIBLI CKIJIAJIHI,

. . . . T .
mozeni (puc. 1), KokHa 3 SKUX SIBIISIE COO00 (YHKIIIO JBOX MPOMDKHUX 3MiHHHX 5;, AKi Oynu

BiJIIOpaHi Ha TONIEPETHLOMY eTarll CeJIeKIIii MOeli:
Zy =AY £f = [ROTIE) 0 2 = (oK) (4)

ne £y, £5, Z. - 3HaYCHHS 3aJIe)KHOI 3MIHHOI, OTPUMaHi 38 MOJCIISIMH JIPYTOTO PSITY CEIeKLIii.
TakuM 4YMHOM MOJeNi APYroro psAay Ccelekiii BpaxoBYIOTh BIUIUB Ha IMpolec, IIo
JOCIIKY€ThCS, BKE YOTHPHOX BUXIJTHHX 3MIHHHX A, OCKUIbKH KOXHA 3 IPOMDKHUX 3MIHHHX I"Fh

€, Y CBOIO 4epry, QyHKII€0 ABOX BUXIAHUX (akTopiB. [IpoMikHI MOzl Apyroro psay cenekiii (4)
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TaKO0X BIOPSAIKOBYIOTHCS 332 3pOCTaHHAM OOYMCICHHX JUIsl HUX 3HaY€Hb BUOPAHOTO 30BHIIIHHOTO
KPUTEPIIO, SKI pO3PaXOBYIOTHCS 3a CKCIICPUMEHTATBHIMH JAaHUMH ITEPEBIPOYHOT MTOCITITOBHOCTI.

Jlani Halikparii MoJieni, ofep KaHi MicJig MepPUIOro Ta APYTroro psiay Celekilii, MOpiBHIOITHCS
MK CO0OI0 32 PO3paxOBaHWMHU Ui HHUX YHCIOBUMH 3HAYCHHSMH BHOpPAHOTO 30BHILIHHOTO
KpuTepito. SKmo Haiikpamia MNpOMDKHAa MOJENb, OfepXaHa MIiCas APYyroro psay Cenexlii,
BUSIBUTHCS TIPIIOI 32 HaWKpally MOJICIUTIO MEPIIOro sy, TO Ha IMbOMY Mporec (HhopMyBaHHS
MaTEeMaTHUYHOI MOJEN ONTHUMAalbHOI CKJIAaIHOCTI 3aBepinyerbes. [lpu npomy Halikpamia Mozenb
NEPLLIOro psALy CEJeKlii, K Taka, 1110 Ma€ HaliMeHIIe 3Ha4eHHs BUOPaHOIr0 30BHIIHBOIO KPUTEPIIO,
ABIIs€e COOOI0 IIyKaHy MaTeMaTHYHy MOJENb ONTUMAalbHOI CKJIQJHOCTI TMpolecy, UIo
JTOCITITKYETHCSI.

SIkmo K Kpamia 3 MoJeNeld Jpyroro psiay Cenekilii BUSBISETHCS TOYHIIIOW 3a HaWKparry
MOJIeTTh TICPIIIOTO Psy, 3HAYCHHS 3aJIe)KHOI 3MIHHOT .:j’ OTpUMaHI HAa OCHOBI BIiJIOBITHHUX

HAWOUIBII TOYHUX TMPOMDKHUX MOJENEH APYroro psdy, B SKOCTI HOBHX NMPOMDKHUX HE3AJICKHUX
3MIHHUX NOTPAIUISIFOTh HA HACTYTIHUH, TPETIiH, PsijI CeNeKIlii MOJIei ONTUMABHOI CKIaTHOCTI.

Takum 9MHOM, CKJIQJHICTh MPOMDKHUX MAaTEMAaTHYHUX MOJENEH NOCIHiIPKYBaHOTO IIPOIECy
BiJl Ay JI0 PsIy CEJEKIlil 3pocTae 3a paxyHOK 30UIbIICHHS KUTBKOCTI BUXIIHUX (DaKkTOpiB, MO B
HHUX BpPaxoBYIOTbcs. [Ipy 1IbOMYy YHCIIOBI 3HAYEHHS TOTO YH IHIIOTO KPHUTEPIIO «IKOCTI» IUX
MoJieNiel, sIKi BU3HAYAIOTHCS 3a BCIMAa HAsSBHUMHU EKCIEPUMEHTAIBHUMHU JaHUMH, OYyIyTh
3MIHIOBATUCh MOHOTOHHO. 3Ha4eHHs X Oy/b-SIKOT0 30BHIIIHBOTO KPUTEPIIO, sKi, K 3a3HA4anocH,
PO3paxoBYIOThCS 33 JAHUMU OKPEMOI MepeBipOYHOI MOCTIAOBHOCTI, TIPH MiABUIICHHI CKIAJIHOCTI
NPOMDKHHX MOJENeH 3MiHIOIOThCS HEMOHOTOHHO, IO JJO3BOJISIE BUKOPUCTOBYBATH Ii BEJTMYMHU B
SIKOCTI KPUTEPI0 3aBEPIICHHS MPOIIECY CEJICKIN] MaTeMaTHYHOI MOJIeNIi ONTHUMAIIbHOT CKJIaIHOCTI.
[Hakmie Kaxydd, yCKJIQJHEHHS MPOMDKHHMX MOJIENICH MOLIBHO MPOJIOBXKYBAaTH IOTH, TOKM Ha
OMHOMY 3 psaiB cenekuii He Oyne IOCATHYTO MiHIMyMy BHOpPAHOTO 30BHIIIHBOTO KPHUTEPIIO.
MareMaTuyHa MOJENb, IO BIAMOBiMA€ I YMOBI 1 OylIe IIyKaHOK MOJE/UII0 ONTHMATbHOL
CKJIAJHOCTI, HAMOLIBII aJeKBAaTHOIO JOCIIPKYBAaHOMY MpOIECY, €IWHOIO MpPHU JaHOMY HaOopi
BUXigHUX (hakTopiB. Taka Momenp B 3arajlbHOMY BHIAIKy MOXKE OYTH IpEACTaBlICHAa y BUTIISI
MOJIIHOMY

=0y + @A ta Xt Hay Ay, (5)
ne €q, dy, g ..., Gy —NapamMeTpy (KOHCTAHTH) MOJIEII;
XJ, X;r, ceey X.%‘ — BHXIAHI He3aJIe)KHI 3MIHHI, SIKI BBIMIUIM 0 MaTEMaTHYHOI MOJIENl

ONTUMAJIBHOI CKJIaTHOCTI.

Buxozsun 3 HaBeeHOI BUIIIE METOJIOJIOTI, IIIJTKOM OYEBHIHO, IO MPAKTUYHE 3aCTOCYBAHHS
METOIB caMOOpraHizaiii MaTeMaTHUYHHUX MOJEeJeH, 30KpeMa MpH BCTAHOBJEHHI «CTaHAAPTIB»
€HEePTOCIIOKUBAaHHS B CHCTEMax OIEPAaTUBHOIO KOHTPOIIO €HEProe(eKTUBHOCTI € MOXKJIMBHUM Ta
JOLIIbHUM JIMIIE 32 YMOBH BHKOPUCTaHHS JUIs Ii€l METH KOMIT I0Tepa Ta BiAMOBIIHOTO
MPOTrpamMHOTO 3a0€e3MeUeHHS.

OnHopsAHUN anropuT™M MOoOyIOBM MaTeMaTHUYHMX MoJeNiell ONTHUMAajabHOI CKJIaJHOCTI 3
3aCTOCYBaHHSM METOJy I'PYIOBOTO ypaxyBaHHs apryMEHTIB MO)KHA IPOUTIOCTPYBATH HA MPUKIIAII
MOJICTIIOBaHHS BHUTpAT €JEKTPUYHOI eHeprii B 1eXy 3 BHUPOOHUITBA aMiaKy XIMIYHOTO
MIITPUEMCTBA.

B 1mexy BcTaHOBIEHI JBa OJHAKOBI 3a MOTYXHICTIO aMiayHi TMOPIIHEBI KOMIIPECOPHU
MPOAYKTUBHICTIO 25 TOH amiaky 3a TOAWHY, CHPOBUHOIO IS BAPOOHUIITBA SIKOTO € MIPUPOIHUINA ra3
1 moBiTpa. TakuM YMHOM OCHOBHUMH NpUKiMadyaMH €JIeKTPUYHOI eHeprii B IeXy € THXOXITHI
CUHXPOHHI JBUTYHU aMIayHMX KOMIIPECOPIB, a TaK0X TypOOKOMIpPECOpiB, L0 MOAAIOTh 0 HHUX
MOBITPs Ta NPUPOAHUH ra3.

Bennumna BUTpaT eneKTpoeHeprii B LeXy 3a JAeSKHid IepioJ] 3aJeKuTh Bif 0araTbox
YMHHUKIB, OCHOBHMMHU 3 SIKMX € 0OCSAI BUPOOHMIITBA aMmiaKy Ta CIIO)KMBAHHs NPHUPOJHOrO Trasy,
CepeaHs TeMIIepaTypa MOBITPs, 10 MOJAETHCS IO aMiaYHUX KOMIIPECOPIB, TEMIIEpaTypa 3BOPOTHOI
BOJIM B CHUCTEMaX OXOJIOKEHHsSI KOMIIPECOPiB TOLIO.
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OueBugHO, MO TpU TOOYAOBI MaTeMaTHYHOI MOJENl E€JIEKTPOCIOKMBAHHS I1eXy Oyio O
JOLIUTEHO, TTI0 MOKIIUBOCTI, BpPaxyBaTH sIK BCI IIi, Tak 1 4ucleHH] iHml ynHHUKH. OJIHAK HasiBHI B
1exy NpWiagd Ta CHCTEeMH OOJIIKYy Ha CHOTOJHINIHIA JE€Hb JO3BOJISIOTH PEECTPYBATH JIHIIIE
IIOTO/IMHHI 3HAUYEHHS BUTPAT €JIEKTPUYHOI EHEPrii, a TAKOK 0OCSTIB CIIOKUBAHHS IPUPOTHOTO Ta3y
Ta BUPOOHUIITBA aMiaKy, III0 B PEIITI PEIIT BU3HAYMIO CKJaj (aKTOpiB, sKI OyJM BUKOPUCTaHI y
IbOMY TIPHUKJIAT].

OTxe, B SIKOCTI BHXIJIHUX JAHHWX JII MOJICIIOBAHHS BUTpPAT EJIEKTPOCHEprii B IeXy 3
BUPOOHHUIITBA aMiaky OyJM BUKOPHMCTaHI LIOTOJMHHI BEJIMYMHM 3a3HAYEHUX BHUIIE (HAKTOpIB, SIKi
HAKOIMUYYyBAJIUCS TT0YaCOBO MPOTATOM IIECTH pOOOYMX JTHIB 1 YaCTKOBO HaBeIeHi B TabI. 1.

Tabmums 1
Buxinni nani qyist no0ya0BM MaTeMaTHIHOT MOEITI

[Hara Yac Bupobitka | CroxuBaHHS Crnoxura
aMiaky, MIPUPOJTHOTO | €JICKTPOCHEPTis,
TOHH rasy, 1000 kBtrox
1000
M3/roHYy
X1 X2 Y

20.../.../01 | 01:00:00 48,724 53,461 37,271
20.../.../01 | 02:00:00 48,801 53,351 37,225
20.../.../01 | 03:00:00 48,756 53,398 37,262
20.../.../01 | 04:00:00 49,292 53,494 37,312
20.../.../01 | 05:00:00 50,080 55,097 37,436
20.../.../01 | 06:00:00 49,578 54,182 37,791
20.../.../01 | 07:00:00 49,191 54,504 37,572
20.../.../01 | 08:00:00 49,241 54,358 37,629
20.../.../01 | 09:00:00 49,387 54,164 37,564
20.../.../05 | 06:00:00 49,912 54,449 36,718
20.../.../06 | 17:00:00 48,540 53,862 36,111
20.../.../06 | 18:00:00 48,216 53,179 36,031
20.../.../06 | 19:00:00 48,489 53,413 36,071
20.../.../06 | 20:00:00 48,217 54,031 36,104
20.../.../06 | 21:00:00 48,555 53,971 36,340
20.../.../06 | 22:00:00 48,678 54,126 36,396
20.../.../06 | 23:00:00 48,407 53,958 36,424
20.../.../07 | 00:00:00 48,532 54,241 36,371

Posmonin HasgBHUX BHXIJIHUX JaHMX Ha HaBYAJbHY Ta TMEPEBIPOYHY TOCIITOBHOCTI
3MIMCHIOBABCS BUIIAJKOBUM YHHOM, Tak 1100 3a0e3neunty 3agane coissigHomenus Na/Ng = 2. lo
[IOTO CJiJ JO0JaTH, IO MPU IMOOYIOBI MaTeMaTHYHHX MOJEICH ONTHUMAJIbHOI CKJIQJHOCTI 3
3acTocyBaHHsIM anroputMiB MI'VA, sk mokasamud JOCHIDKCHHS aBTOpIB i€l cTarTi, 10
MePEBIPOYHOI MOCTIAOBHOCTI, KPiM 310paHUX CTAaTUCTUYHHMX JIAHUX, JOLUIBHO BKIFOYATH TaKOXK TaK
3BaHI XapaKTEepHI TOYKH. 30Kpema, y TaHOMY MpHUKIAJl y TMepeBipouHill MOCTIIOBHOCTI Oyna
BpaxoBaHa xapakTtepHa Touka 3 koopauHatamu (0; O; 0), mo BiamoBimae cuTyarlii, KOJU IE€X HE
mpaioe, TOOTO B HHOMY BiJICYTHE BHUPOOHMIITBO MPOMYKINi, a TAaKOX CHOKMBAaHHS CUPOBHHH 1
eJeKTpUYHOi eHeprii. BxioueHHs 1€l TOYKM JO3BOJIAE CYTTEBO MIABUIIUTH TOYHICTH
MaTEMaTHYHOTO MOJICJIFOBAHHSI TOCIIKYBaHUX MPOIIECIB.

Jlnst  imrocTpamii  HaBEACHOI BUINE METOJOJIOTIT TOOYIOBM MAaTeMaTHYHHX MOJeeh
ONTUMAJIBHOI CKJIQJHOCTI B MpOLECi BUPILMICHHS Li€i 3a7a4i po3paxoByBaINCA YHUCIOBI 3HAYCHHS
JIBOX 3OBHIMIHIX KpUTEpiiB: Kpurepito peryisipHocti (1) i kputepito MmiHimymy 3cyBy (2). Ilpu
pOMY KoedilieHT ekcTpanosuii ¢ Oyio npuiitHaTo piBHUM 1,5.
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MareMaTHuHe MOJICITIOBaHHSI 00CSATY CIIO)KMBaHHS €JIEKTPOCHEPTii B 1eXy 3 BUPOOHHIITBA
aMmiaky 3JIfCHIOBaJIOCH 3 3acrocyBaHHsAM mnporpamu MI'YA [4], ska peanizye OTHOPSIHUN
(koMOiHAaTOPHMIA) aITOPUTM caMoopraHizaiii mojaenei 3acobamu Mathcad 2000 Professional.

basuchi ¢yHkuii (Mogemi-npeTeHAeHTH), sKi OyJIM BHKOPUCTaHI B IIbOMY MPUKIAI IS
moOyTI0BM MaTEMaTUIHOI MOJIEN ONTUMAIBLHOIT CKIAHOCTI JOCIIKYBAaHOTO MPOIECY HABEACHI HA
puc. 2.

1
Iy
51

ty -t
[_1'-:-:!'l
FunModei(y) = | 1)
[_t:-}l =
[_'E1:IIl -ty
(t0)” - (1)
[_1'-:-:!I3

[t1}3

Puc. 2. Bikno nporpamu Mathcad 2000 Professional 3 3a3HadenusmM 6a3ucHUX QYHKITIH, 1110
BHKOPHCTOBYBAJIKCH B MPOIIECi TOOYI0BH MaTeEMaTHIHOT MOJIEIi ONTHMAIBLHOI CKJIaTHOCTI
(to Ta t; - KoM He3aMEKHUX 3MIHHUX X1 Ta X3)

[ToOynoBa Moen NOYMHAETHCA 3 BU3HAUCHHS MapHUX PIBHSIHB perpecii, To0To 3 nodya0BH
NPOMDKHUX MaTeMaTHMYHMX MOJIeJIel MepLIoro psiy Celiekuii, sfKi BpaxOBYIOTh BIUIUB Ha
€JIEKTPOCTIOKHUBAHHS 1I€Xy TUIBKM OJHOIO 3 BIJOMHX (PAKTOpiB 1 B 3arajbHOMY BUIJISAL MOXYTh
OyTu 3anucani sk Y= (X3) Ta Y= (X2).

[IpoMi>kHI MaTeMaTU4HI MOJENI CIIOKUBAHHS €JIEKTPUYHOI €Heprii B LeXy Ha IeplioMy
psy ceJeKIii MoJeni ONTUMANIbHOI CKJIaJHOCTI OyJiM BU3HAUEHI IUIIXOM MOBHOTO mepedopy BCiX
MOJKJIMBHUX MOJICTICH-TIPETCHICHTIB 3 MPEICTABICHOI HA PUC. 2 X MHOKHHHU.

PesynbraT momryky HalKkpamoi MaTeMaTH4HOI MoOJeni psly, SKa BpaxoBYe€ BIUIUB Ha
CIOKMBAHHSl €JIEKTPUYHOI €Heprii B IieXy 3 BHpPOOHMLTBA amiaky TUIbKH OJHIET He3aJeXHOI
3MiHHOI X1, HaBEIEHO Ha puc. 3.

Sxalinena MOOSNn g(t) = FunR.(t m)

gty — —2.1663787874757160010 + 1.4723310826674107630 - t; — 1.3609705730019243416 - 107 [_t:.}s

SHadYeHHE KpMTeplin pervIApHOCTi, AKe OOCETHYTE 1.,’@{: 1.727 = 1|}_4
- — &
SHadveHHA KpMTepin MiHiMyMYy 3CVEY, HEe OOCHATHYTE Wege = 3.883 x 10
W
Tmbr=Ea Misimymy EpuTepim Mi=imyeoy jump = M jump = 397732
- min] W)
YEY

Puc. 3. Bikno nporpamu Mathcad 2000 Professional 3 pesynpraTamMu momryky Haikparioi Moesi
Buay Y= (Xy)
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Takum dYmHOM, Halikpama HPOMiKHA MaTeMaTH4HA MOJENb EJIEKTPOCIIOKHBAHHS IIEXy B
3aje’)kHOCT] BiA (pakropa X1, A SIKOT YUCIIOBE 3HAYCHHS KPUTEPIIO PEryJISIPHOCTI € HAaliMEHIINM,
Ma€e BUTIIA!

Y= -2,16638+1,47253-(X1) -0,00014-(X1)* .

Ha tomy » mepmioMy psay celekiii MaTeMaTHUYHOI MOJEN ONTUMAaJIbHOI CKJIagHOCTI Oyia

BHU3HAYCHA HaKpama MOJAeb sy, sSKa BPaxOBY€ BIUIMB Ha CIIOXHBAHHS €JICKTPUYHOI CHEprii B
1IeXy TIIbKU He3aJaekHOT 3MiHHOT X7 (puc. 4) 1 Ma€e BUIIISL:

Y=1,62521+0,71600-(X2).
SHalineda MOOENb g(t) = FunR(t m)

gty — 1.6232001440223687235 + T1600324845780530656 - 1

3r HE i ; i : -3
SHadeHHA KpUTEeplb perylApHocTi, AKe OOCATHYTE Vot = 3.363 x 10
SHaueHHA KpMTepin MIiHIMyMy 3CVEY, HKe OOCHATHYTES Wopt = 1.031 x w0
max| W
T'mufvEa MiHiMyMy EDMTepim MisimMyeos jump = L jump = 104984
SCVEY min{ W)

Puc. 4. Bixno nporpamu Mathcad 2000 Professional 3 pe3ysibpraTamu nomryky
Haikparoi mogeni Bunxy Y= T (X3)

Buxonsuu 3 HaBeneHUX Ha puc. 3 Ta puc. 4 YUCIOBUX 3HAYEHb 30BHINIHIX KPUTEPIiB, 3 IBOX
HABEJICHUX MPOMDKHUX MAaTeMAaTHYHUX Mojeiei kpaioto € mojenb Buay Y= f (X3). Ockinbku 11e
CTBEp/KEHHSI HE € aOCOJIIOTHO OYEBHIHUM, HOTrO CIpaBeUIMBICTh MOXXe OyTH MiITBEpKEeHA
NUITXOM OOYMCIICHHS JUIsI 3a3HAauCHHWX BHINE JBOX MATEeMAaTUYHUX MOJENeH TpaauiliiHUX
CTaTUCTHUYHHUX KPHUTEPIIB SIKOCTI MOJENIOBAHHS, 30KpeMa, 3HAaYeHb MHOXHHHOTO Koe(ilieHTy
KopeJssiii, KoedimieHTy aeTepMmiHamii 1 3aJWIIKOBOI CepeIHbOKBAApaTHYHOI (CTaHmapTHOT)
NMOXUOKM onepkaHuX Mojeneil. PesynbraTm po3paxyHKy IIMX BEJIWYHMH, BHKOHAHOTO 3
3aCTOCYBaHHSIM MPOorpamMHoro 3abesneuenus Microsoft Excel (maker «AHami3 qaHux»), HABEJICHO B
Tab. 2.

Ta0mus 2
PesynbraTi po3paxyHKy CTATUCTHYHUX KPUTEPIiB OI[IHKH SKOCTI
o0y/TIOBaHUX MAaTEeMAaTUYHUX MOJIEJIel €HePTOCIIOKUBAHHS 1IEXY
3 BUPOOHHUIITBA aMiaKy

MHoxuHHMI Koedirient
MatemaTuyHa MOJENb KoeirieHT JeTepMiHarii
kopensuii (R) (RY)
OnHodakTopHa MOJEIb BULY
Y = /(X)) 0,563 0,316
OnHoakTOpHA MOJIENb BUILY
Y =f(X5) 0,410 0,168

Orxe, HaBeNeHI B Ta0JI. 2 3HAYCHHSI CTATUCTUYHHMX KPHUTEPIiB MiATBEP/KYIOTh, IO Kpala
npoMikHa MaTeMaTHyHa Mogenb Buay Y = f (Xi) nificHO € OLIbII TOYHOO: 11 MOJIEIIb ITOSICHIOE»
31,6 % 3aranpHOI Aucnepcii GaKTHIHUX 3HAYCHBb €JICKTPOCIIOKUBAHHS II€XY, B TOW Yac SK Kpaiia
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mojenb Buny Y = T (X;) «mosicHIOE» AucHepcio 3a3Ha4YeHol 3alieKHOI 3MiHHOI Juiie Ha 16,8 %
(BiAMOBIAHO 1151 MOJIENTb MA€ OLIBIITY 3aJHITKOBY CEPEAHbOKBAIPATHUHY MIOXHOKY).

Onnak, miciis MepuIoro psiay CeNeKIlii e He MOJKHA CTBEPIKYBATH, 10 OJIep:KaHa HallKpala
MPOMDKHA MaTeMaTHyHa MOJeib SBJIs€ CO0OK MOJeNb ONTUManbHOI ckiIagHocTi. [[o0
MEPECBITUUTHCH B I[bOMY a00 MaTH MiJACTaBU CTBEPKYBATH MPOTHIICKHE, HEOOXITHO MPOIOBKHUTH
MpOLIEC caMOOpraHizalii MaTeMaTH4HOI MOJEN eJIeKTPOCHOKMBAHHS IIeXy 3a HAaBEJACHUM BUIIE
3aranbHUM anroputMoM MI'VA, T00TO, BUKOHATH IOHANMEHINE e OJUH PSJI CEJEKINi MOIEIT.
SIk 3a3HAYAIOCs, Ha JAPYroMy sy, BUXOASYH 3 MPUHHATOrO ckiany O0asucHuX (GyHKIiH (puc. 2),
MaroTh OyTH chopMOBaHi BCi MOKIIMBI MMPOMIXKHI MaTeMaTH4HI MOZEI, SIKi BpaXOBYIOTh BILIMB Ha
CIIO’KMBAHHS €JIEKTPUYHOI Heprii B 1leXy 3 BUPOOHMIITBA aMiaKy B)K€ JABOX HE3aJIEKHUX 3MIHHUX:
X Ta Xy, MICHSA 4OTr0 3 yCl€i MHOKMHHM TaKUX MOJIEJICH 3a BIAMOBIAHUMU 30BHIIIHIMHA KPUTEPIIMH
noBMHHa OyTH BuOpaHa Halikpamia. Pe3ynbraT mnomryky Haiikpamoi MmaTeMaTH4HOI MOJen,
moOy/1I0BaHO1 HA APYTOMY PsIIy CEJEKIlii, HaBeIeHO Ha PHC. .

JuaineHa MOOENEb z(t) = FunR(t,m)

g(f) — 2.93980103828643640 - 10° + 1.0638966373570600012 - t; — 1.389617153430213614 - 107 ty - tp + 1.382129772847660629 - 0% [_t:.}3
SHaveHHS KpMTeplDn peryIApHOoCTi, AKe OoCHDHYTE ﬁ;ﬂp{ = 07204 1|:|.‘i
SHaweHHA KpUMTepipn MiHiMyMy 3ICVEY, HESe OOCETHYTS “_rﬂpt= 7255 w 1I}_4

TmufMHa MiHiMyMy EpuTepin MisimyMy o max| W) ump = 2322 % 1|]'4

3CyEY = min{W)

Puc. 5. Bikno nporpamu Mathcad 2000 Professional 3 pe3yspraTamu nomryky
Haiikpamoi mozeni Buay Y = f (X1, X2)

TakuM yMHOM TICHsI APYTOTO PSAY CeNeKilii oJep:kaHa HalKpala MaTeMaTHYHa MOJEIb, IKa
Ma€ BUTIISI,

Y =0,00029 + 1,06590 - X,-0,01390 - X;- X,+ 0,00014 - (X1)3

3a KpHTepieM PEryJIsIpHOCTI [ MOJENIb € OiIbIl TOYHOK HIXK HaWKpalia 3 MPOMIKHUX
MOJICJICH, oJiepKaHuX IICIs TEPIIOTO psAxy cenekiii. ToOTo, B MPUHIIKII, IPOLIeC caMoopraHizaiii
MaTeMaTU4YHOT MOJETI eNeKTPOCIOKUBAaHHS 1IeXy MoTpioHo Oyno O 3aiiicHioBatd nami. OpHak,
OCKIJIbKM BC1 HasBHI HE3aJICKHI 3MiHHI 1 BCl MPUHAHATI Oa3ucHI (QYHKIIIT B)Ke BUUEpIaHi, MOAIbIIIE
MIPOJIOBIKEHHS I[LOTO TIpoIiecy € HeMoxuBUM. OTxKe HallKkpalna mpoMi>KHA MOJIeNb, MO0y J0BaHa Ha
JIPYroMy psiy CeNeKIli, 1 € MaTeMaTHYHOK MOJEIUII0 ONTHMAalIbHOI CKJIQJHOCTI IMPOIECy, M0
JOCITIJIKYETBCS.

[I{o6 oIiHWUTH, HACKUIBKK SKICHOIO € MOJIEIh CIIOKMBAHHS €JIICKTPUYHOI €Heprii B mexy 3
BUPOOHMIITBA aMiaKy, oJiepXKaHa B HaBEJACHOMY NPHUKIAl 3 3aCTOCYBaHHIM airoputmy MIVA,
JOTIUTHHO JIJISl IHOTO YK BUPOOHUYOTO 00’ €KTY 32 TUMHM K CAMHUMH BUXITHUMHU JTAaHUMH TOOYTyBaTH
MaTEeMaTUYHy MOJENIb EJICKTPOCIIOKUBAHHS 32 TPAIUIIHHOI METOANKOK OaraToakTopHOTro
perpeciitHoro a”amizy. Sk 3a3Hauanocs, 15l METOJIMKA € JI0Ope BIJOMOIO, TOMY JOCTaTHBO MPOCTO
HABECTHU OJIepXKaHe 3 1l BAKOPUCTAHHIM PiBHSIHHS perpecii, sike Mae BUTIISL

Y=0,00002:x,3+0,62x,+1,19.
PesynpTatu po3paxyHKy 3HaY€Hb CTATUCTUYHUX KPHUTEPIiB SIKOCTI MOJIEIIOBAaHHS IPOILIECY,

JOCIIPKYBaHOTO B IbOMY TPHKJIA/L, I MATEMaTUYHUX MOJIENeH, MoOyJOBaHHUX 3 3aCTOCYBaHHIM
anroputMiB MI'Y A Ta 6ararogakTopHOTO perpeciiiHoro aHaiisy, HaBeZeHi B Ta0. 3.

N°05 (99) 2012 SHEPIOCEEPE>KEHWE ¢ SHEPIETUKA ¢ SHEPITOAYAUT



SHEPIOCBEPE>KEHUE

Tabmuus 3
PesynbraTi po3paxyHKy CTATUCTHYHUX KPUTEPIiB OI[IHKH SKOCTI
no0y/I0OBaHUX MaTEMAaTUYHUX MOJIeJIel €eHEPrOCIOKUBAaHHS LIEXY 3
BUPOOHUIITBA aMiaKy

Crioci6 moOynoBu MHOXUHHUNA KoedirmienT
MaTeMaTH4HOI Moiei KoeirieHT JeTepMiHarii
kopesii (R) Cilp)
Mopens, mobyaoBana 3a anroputMmom MI'YA 0,778 0,605
Mopens, moOynoBaHa 3a aIrOpUTMOM
6aratoakTOPHOTO perpeciifHOro aHamizy 0,58 0,336

Hapeneni B Tabn. 3 3HaU€HHS CTAaTUCTUYHUX KPHUTEPIiB MIATBEPIKYIOThH, IO MaTeMaTHYHA
MOJIETIb CIIOKMBAHHS EJEKTPUYHOI eHeprii B Iexy 3 BUPOOHHUIITBA aMiaky, MoOyqoBaHa 3a
anroputMoM MI'VA, € kpamow y TOpIBHSHHI 3 MOJEJUTIO, OJIEPKAHOI 3 3aCTOCYBaHHSM
TPagULIHHOT METOJUKU 0aratoakToOpHOro perpecitHoro aHasizy, OCKUIBKA MOJENb ONTHMAIbHOT
CKJIQJIHOCT1 OUIbLI IOBHO «IIOSICHIOE» JMCIEPCII0 OOCSTIB EJNEeKTPOCHOXKUBAHHS LEXy, TOOTO
TOYHIIIIE OMUCYE 3aJIeKHICTh I[1€1 BEIMYMHU BiJ HASBHUX YMHHUKIB, 1[0 HA HEl BIUTMBAIOTH.

BucuoBku

1. JInst moOy10BM MaTeMaTUYHUX MOJENIEH CIIOKMBaHHS MaIMBa UM €HEPrii, Ha MiACTaBl SKUX y
MOJANBIIOMY CJIi1 BCTAHOBIIOBATH BiIMOBIIHI «CTaHIAPTU» EHEPTrOCIIOKUBAHHS AJIs1 TEXHOJIOTTUHUX
1 TOCIIOAAPCHKUX 00’ €KTIB, y BUPOOHUYUX YMOBAX ITIKOM MOKJIHBO 1 JIOIITLHO BUKOPHUCTOBYBATH
METOAM CcaMOOpraHizaiii MaTeMaTHYHHUX MOJeJel, 30Kpema, alfOPUTMH METOAY TPyHOBOrO
ypaxyBaHHs aprymeHTiB (MI'VA).

2. 3acTocyBaHHS 3a3HAYEHHUX AaJTOPUTMIB Ta BIAMOBIIHOTO MPOrPAMHOTO 3a0€3MEUYEHHS Yy
MOPIBHSAHHI 3 BUKOPUCTAHHSAM TPAAMIIIHHUX METOAIB 0araTro()akTOPHOTO PETPECiHHOrO aHalizy
JO3BOJISIE  OZIEPXKYBAaTH OUIBII TOYHI pe3ydbTaTd MaTEMaTUYHOTO MOJENIOBAHHS IPOIIECIiB
€HePTOCIIOKUBAHHS IIPH 3HAYHO MEHIITUX BUTPATax poOOYOro yacy ¢axiBIliB-BUPOOHUIHHKIB.
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APPLICATION OF MATHEMATICAL MODELS FOR THE
INSTALLATION "STANDARD" IN THE SYSTEMS OF OPERATIONAL
CONTROL OF ENERGY EFFICIENCY

W. F. NAKCODOYV, Cand. Tech. Scie., I. V. STETSENKO, Cand. Tech. Scie.
Ja. S. BEDERAK, engineer

This paper debates the use of the group method of data handling (GMDH) for the application
of mathematical models of fuel or electric consumption at industrial plants.
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