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OpQHOM 13 OCHOBHbIX 3a4a4v CUCTEMbI YNpaBreHus MeTannyprryeckum npovM3BoACTBOM SIBNSETCH
onTMMarnbHOe NNaHWpOBaHWE W MPOrHO3MpoBaHWE MOTPebNeHns 3HepreTUHecKkux pPecypcoB, YTO
B CBOI O4Yepeab HEBO3MOXHO 6e3 NpoBeaeHUst NONUTUKM aHeprocbepexxeHnsi. HeprocbepexeHne Ha
OAO «MMK» HanpaBrneHo Ha cokpalleHne obbemoB NOTPeBneHnst NOKYMHbIX 3HEPreTUYEeCcKnx pe-
CypcoB — peluaeTcs, B NepBylo o4yepedb, 3a CYeT CTpeMieHns K Hanbonee apekTMBHOMY UCNOSb-
30BaHUIO BCeX NOTPebNsembIx Ha NPeanpuaATUM S3HEPropecypCcoB, Kak BblpabaTbiBaeMbIX HA KOMOUHa-
Te, Tak M NokynHbIX. QHeprocbepexeHne B OAO «MMK» peanusyeTcsi B NOCTOSSHHO MEHSIHOLLNXCA
YCIOBUSIX, KOTOpbIE ONpeaenstTca NocTeneHHbIM pocToM 06beMOB NPomM3BOACTBa M KornebaHuamm
9KOHOMMWYECKOW CUTYaLMM BHYTPU CTPaHbl U HA BHELUHEM PbIHKE, U3BMEHEHMSIMU COCTaBa NPON3BOACT-
BEHHbIX MOLLHOCTEWN U CTPYKTYPbl MPON3BOAMMON NPOSYKLUN.

Ctpyktypa notpebneHusa nokynHeix 3aHepropecypcos OAO «MMK» B 2002 rogy 6bina cneayto-
wen. MNMogaBnsALy0 OONKO COCTaBAAT KOoKcywowwmicsa yronb (59,9 %) v npupogHein ras (37,7 %).
MepBbi N3 HUX ABNSETCS CbipbeM AN NPOM3BOACTBA KOKCA, NPEUMYLLECTBEHHO TEXHOMOMMYECKOro
3Hepropecypca, UCcnonb3yeMoro Ansi BOCCTaHOBMEHWS Xene3a B AOMeHHOM npouecce. [1o604YHbIM
NPOAYKTOM NpW NPOU3BOACTBE KOKCA SBMSETCS roproyni (M oQHOBPEMEHHO SA0BUTBIN) KOKCOBbIV ras,
a B JOMEHHOM npoLiecce — AOMeHHbIN rad. Oba rasa, obnagaroline OTHOCUTENbHO HU3KOW Kanopui-
HOCTbIO, MUCNONb3YOTCA B Ka4yecTBe TOMMMBA, 3aMEHSIOWEro NPUPOAHbIA a3, B TEXHOMOrM4eckmx
N 3HepreTu4ecknx yctaHoBkax. [1pypoaHbIn ras, B Cuy CBOEro XMMMYECKOro coctaBa, UCMonb3yeTcs
N KaK BOCCTaHOBUTENb B JOMEHHOM MpoLiecce U Kak aHepreTudeckoe Tonnmeo. OcTanbHble 3Heprope-
CYpCbl U3 NpeaCcTaBnNEeHHON CTPYKTYPbl UMEIOT YNCTO 3HEpPreTMyYeckoe HasHavyeHue, nNpu 3TOM dHepre-
TUYECKUI Yronb CXUraeTcsa Tonbko B koTnax TOU, a masyT — B (hakenax MapTEHOBCKMX Mne4en
(Tabn.).

CtpykTypa noTtpebneHua tonnuea Ha OAO «MMK» OCHOBHbIMU noTpebutenamu

Liex MoTtpebneHune, oonsa oT cymMMapHoro, %
MpupoaHbIn ras KokcoBblIi ras [JOMeHHbIN ras Yronb
[oMeHHbIN 26,05 4,25 33,6
Jinu-10 5,71
JINu-—4 3,58 9,65
KX 0,3 26,54 14,63
YI'9, Bcero 47,55 27,53 47,17
BT.YM. TOL 29,07 100
Uuac 11,46 21,99
NnBaC 7,01 25,12 25,19
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Taknm obpasom, cHMXKaTb pacxod COOBCTBEHHO 3HEPreTUHECKUX PECYpCOB BO3MOXHO TOSbKO 3a
CYET yMeHbLUeHNs 06beMOB NOTPeObNeHns NPMPOLAHOro rasa, 3N1eKTPOIHEPTUUN, SIHEPrETUYECKOIO Yris
n masyTta. Mcnonb3oBaHne mMasyTa Ha KOMOMHaTe, C NMKBMOAUMEN NOCNegHUX MapTEHOBCKUX Meden
B ntoHe 2003 roga, npekpalleHo. QHepPreTMYeckuin yronb SBNSETCS pe3epBHLIM TonnmeoM ans TOL,
OTHOCUTENBbHO AOPOr M 3Konormyeckn 6onee BpeaeH, NO3TOMY UCMONb30BaHME €ro HEBEMMKO U HOCUT
BbIHY>XAEHHbIA XapakTep AN NOKpbITUA NOTPEOGHOCTN B TONMMBE NpU OrpaHUYeHnsIX No NPUpPOAHOMY
rasy co CTOPOHbl MocTaBlmKka. B pesynbTate, Haubonbline ycunusa No COKpalleHuo noTpebneHus
MOKYMHbIX 3HEPropecypcoB Ha NpeanpuaTun HeobxXxogMMo COCpPeaoTOUNTb Ha ANEKTPOSHEPTMM U NpU-
poLHOM rase.

Ha kombGuHaTe npoBoguTcs Gonbliass 1 MHOFOCTOPOHHSAS paboTa no pauMoHanusauum notpebne-
HWS1 9HEPropecypcoB, CHKEHWUIO 3aTpaT Ha MX npuobpeTeHune, BbipaboTKy 1 pacnpegenenune [1—3].
HeobxoammbiM anemMeHTOM B 3TOM paboTe siBnsieTca cucteMa 060CHOBaHHOO HOPMUPOBAHUS U NPO-
rHO3MpPOBaHMA NMOTPebneHns aHepropecypcoB. [N 3NeKTPosHepruM Takas cuctema Ha KombuHaTe
paspaboTaHa 1 akcnnyatmpyetcsa ¢ Hadana 1996 roga [4]. Ha ee ocHoBe co3gaHa matemaTtnyeckas
MoAenb noTpebneHus anekTposHeprum KOMOGUHaATOM B LLESIOM B 3aBMCMMOCTM OT 00bEMOB NPOM3BOA-
CTBa OTAENbHbIX TEXHONOIMYECKUX NoapasgeneHnin. B HacTosilee Bpemsi, B CBSA3N C YXKECTOYEHUEM
OrpaHuYeHnin Ha NOCTaBKY NPUPOOHOro rasa v NepcrnekTUBOW Pe3Koro yBenuyeHusl ero LieHbl, cdop-
MupoBarnacb Heo6XoANUMOCTb B CO3[aHUN MaTeMaTUyYeCcKon Moaenu notpebneHnss NnpupoaHoro rasa.
OpHako, Ha kKoOMBUHaTE UCMNONb3YeTCA HECKOSBKO YXXe NePevnCriEHHbIX Bbille KOHKYPUPYIOLWNX BUAOB
TOMMAMBa B Pa3fMyHbIX KOMOMHAUMAX B pasHbiXx nogpasgeneHusx. Noatomy mogens notpebneHus
NPUPOAHOro rasa AosmkHa opmmupoBaThCs C y4eToM 00beMOB NoTpebneHus Bcex apyrnx BUAOB TOM-
nuea, NPUOPUTETHOCTU N CPpaBHUTESbHON 3hEKTUBHOCTUN UX NCNOMb30BaHMA [5].

MoTpebneHne TonnuBa B KaaoM nogpasgeneHnn kombuHaTa onpegensieTca cBoum Habopom
NPON3BOACTBEHHbIX, TEXHONTOMMYECKNX U OpraHn3aunoHHbIX akTtopoBs. NMpu noarotoBke mMoaenu no-
TpebneHunsa Tonnmea nogpasgeneHnemMm Habop akTopoB MoxeT ObITb BENUK, HO 6e3ycrnoBHO Heobxo-
OnuMO, 4Tobbl MPUHMMAaeEMble K pacCMOTPEHUIO (hakTopbl MOXHO ObINO oNpeaenuTb KONMYECTBEHHO.
Mpn aTOM xenaTesnbHOo, YTobbl KONMYecTBEHHas nHdopMauus no dakropam, BAUSAIOLWMM Ha NOTped-
NeHne TOMnmMBa, NMenachb B NPON3BOACTBEHHOM OT4YeTE Lexa. AdpdekTuBHOE ynpasreHme notpebne-
HUeM 3Hepropecypca BO3MOXHO TOMbKO B TOM Chnyyae, Korga B BuMAEe MaTeMaTU4YecKoro onucaHus
npeAcTaBneHbl OCHOBHbIE 3aKOHOMEPHOCTU, Mpucylime obbekTy, U B ero MaTemMaTU4eckon moaenu
NPUCYTCTBOBAanun OCHOBHblE (haKTOpbl, Oonpefensolme ero rnoBedeHune, a He MNpoCTo BrvsoLue,
B JaHHOM crlydae, Ha noTpebneHve TonnmeBa nogpasgenieHMeM npegnpuatna. Tak e Heobxoammo,
4YTOObI B MOAENDb NOTPEONEeHNs1 ToNNMBa KOMOUHATOM ObINM BKIHOYEHBI CBOMMM 3aBUCMMOCTSMU Hau-
Gonee KpynHble NOTPEOBUTENW, @ Y4TEHBI — BCE.

Ha nepBoHayanbHOM 3Tane B OCHOBE MaTreMaTU4eCcKoro MogenmpoBaHusa npoLueccoB notpebne-
Hua TonnuBa nogpasgeneHnamm OAO «MMK» B 3aBUCMMOCTM OT HECKOSbKUX PakTOPOB MPUHAT Me-
TOA PErpecCUoHHOro aHanusa OLEeHKU napaMeTpoB (MHOXECTBEHHasa nuHenHas perpeccus). Boige-
neHne Ans KOHKPETHOro nogpasgernieHns Hanbonee 3Ha4YMMbIX, onpegensowmx obbem noTpedneHns
TonnmeBa (hakTOpoOB M3 NpeaBapuUTENIbHO COPMMPOBAHHOTO METOAOM 3KCMEPTHbIX OLIEHOK Habopa
NPOVN3BOANTCS C UCMOJSIb30BAaHNEM MEeTOAa MOLLAroBOW perpeccumn.

dopmmnpoBaHMe oONTUManbHOW CTPYKTYpPbl PErpecCUOHHON 3aBUCMMOCTM (PaKTUYEeCKM CBOOMTCH
K MOCTPOEHUIO onpeaeneHHon npouenypbl nogdbopa COBOKYMHOCTU NEPEMEHHbIX AN BKMIOYEHUS UX
B Mogenb. [10aTOMy KOHKpeTHble OCOBEHHOCTU npouecca U pearibHble MPUYUHHBIE CBA3N MEXAY
NepeEMEHHbIMU AOIMKHbI ObITb OnpegensawumMm nNpy Belbope Toro unm nHoro napametpa. MNpu atom
3agava no opMMpPOBaHUIO ONTUMANbHOW CTPYKTYPbl PEFPECCMOHHON 3aBUCMMOCTU YCITOXKHSIETCS eLle
N NMOUCKOM KOMMpPOMUCCA: BBEAEHNE B MOLENb Kak MOXHO Bonbluero ymucna daktopoB ans obecne-
yeHusa TpebyeMon TOYHOCTM NPOrHo3a U YMEHbLUEHMS YMCIa HE3aBUCUMbIX NEPEMEHHBIX BBUAY TPYA-
HOCTM MU HEBO3MOXHOCTW nony4vyeHns 60NbLLIOro KonmyecTsa nHopMaunmn Ha atane NPorHo3npoBa-
Husa (nnaHupoBaHud). B obwem Buaoe mMatemaTnyeckoe onucaHue npouecca B NPUHATOM MoAenu
npegcraensieT cobor COBOKYMHOCTb YPaBHEHUN M OFPaHUYEHUN, KOTOPbIE XapaKTEPU3YT CTaTUCTU-
Yyeckue CBSA3N Mexay napamMmeTpaMmy obbekTa.

CraTuctmyeckoe MatemaTU4ecKkoe OnuncaHue onpenensieT CBA3b MeXay COOTBETCTBYHLMMU
3HAYEHNAMWN MEPEMEHHON ¥ W MEPEMEHHBIX X1, X2, ..., Xp. [IpUHMMAsI NIMHENHYO CBA3b MexXay ne-

peMEeHHbLIMU, CTaTUCTUYECKOE MaTeMaTUYECKOe onmucaHne obbekTa MOXHO NpeacTaBuUTb B BUOE cre-
aywouen mogenu:

y=ag+aixq + ...+ agXg, (1)
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roe ag, a1, ... @x — HEU3BECTHbIe NOCTOSIHHbIE KO3(MMULIMEHTLI PErPECCUOHHOMO YPaBHEHUS; X1, ...,
Xk — 3HaYeHWs NepeMeHHbIX, NapaMeTpbl ypaBHEHUS; ¥ — BbIXOAHAs BENMYMHA.

Ansi cnoXxHoro o6bekTa — Liexa C HECKOMNBbKMMW y4acTkamu, NPOM3BOACTBA, KOMOMHaTa B Le-
nom — B obLLEM BUOE MOAENDb MOXHO NPeaCTaBUTb COBOKYMHOCTbIO ypaBHeHW Buaa (1)

y1 = A(X11, .s X1k),

=l

Yn = fa(Xn1, --oss Xnm),
roe X1, ...., Xnm — NEPEMEHHble, NnapamMeTpbl Moaenen nogpasgeneHnn; i = 1, ..., N — KONN4YeCcTBO
MOZenupyemblx noapasgeneHunn; K, j, m — KOMMYECTBO HE3aBUCUMMbIX NepeMeHHbIX (¢hakTopoB)

B YPaBHEHMSX.
B obwem cnyyae ypaBHeHue (1) MoxeT OblTb Kakoro yrogHo nopsiaka, ogHako, AN NoCTPOEeHUs
MaTemMaTUyeckon mopenu obbekTa 4acTo AOCTAaTOYHO OrpaHUYUTLCA BTOPbIM, TPETbUM MOPSOKOM.
Beibop nopsaka n popmmpoBaHme Buaa ypaBHeHus (1) SBNAOTCH BaXXHbIMW 3Tanamun B 3agaye no-
CTPOEHUNs1 MaTeEMaTUYECKOro onMcaHmsa o6bekTa anga obecneyeHnss 06 bEeKTUBHOCTU (MCKMOYEHUS Crly-
YaMHOCTK) CBSA3EN paccMaTpuMBaeMblX napamMeTpoB ¢ 06bLeMOM noTpebrieHns Tonnmea. Kpome Toro,
npu COCTaBIEHMM MHOroaKTOPHOW PErpeccuoHHon mopenn obbekta Heobxoammo ocBoboxaaTbCs
OT KaXgoro aprymMeHTa, JIMHENHO 3aBUCSLLEro OT OCTallbHbIX apryMeHTOB, MHA4Ye MOAesb OKaXeTcs
HEHaZEeXHON W 3a TOYHOCTb HAMAEHHbIX KOAPULMEHTOB perpeccumn Henb3sa byaeT NopyYnTbCS.
LLnpokoe pacnpocTpaHeHue Npu OLEeHKe CTENeHW B3anMOCBSA3M MEXAYy pas3fvyHbiMU napamert-
pamMu nonyyYunu MeToabl KOPPEnsuMOHHOro aHanu3a, KOTOpble 3aknyatTca B onpeaeneHun
HECKOMbKNX pas3HOBUAOHOCTEN KO3hpmumMeHTa Koppensaumm (napHasi, 4YacTHasd, MHOXECTBEHHas!).
Mo napHoMy KO3 MULMEHTY KOPPENALMN MOXHO OMNpenennTb B KaKon Mepe Mexay HEKOTOpPbIMKU na-
pameTpaMmn X; U Xy, cobrnogaeTca cTporasi NPONOPLMNOHANbHOCTb, TO €CTb 3aBUCUMOCTb MexXay WUc-

crnegyemMbiMn BenndnMHamm npu UCnosib3oBaHUM KOppenAuMOHHOIo aHannaa npeanonaraetca NUHen-
HOW, YTO SABMSIETCS YaCTHbIM cny4vyaeM WU npaktnyeckn BCcTpeyaeTcda AOCTaTO4YHO peakKo.
I'IpM nomMoLiun KOS(*)(*)VIU,VIGHTG Koppendunn Hermnb3Aa onpenennTb, ABNnAeTCA i BerniMinHa xq 3aBu-

CUMOW OT X2, UMK e WX CBSI3b 0ObSICHSeTCS TeM, YTO 06e OHM 3aBUCAT OT psiAa Apyrux akTopos.

OGbIYHO ONA UCKMIOYEHUS BNNAHMA TPETbEeW CryYanHOW BENWYUHBbI Ha ABE Opyrue pacCcyMTbIBalOT
YacTHble KOI(PPULIMEHTHLI KOppenaumMm, HO YacTHbI KO3IMULUMEHT KOppensauun He HeceT HUKakou
MHOPMALMM O CYLLLECTBOBAHUM MPUYMHHBIX OTHOLLEHUIW. HagexXHbIM nokasatenem npu OueHKe BhAus-
HUSA OTAEeNbHbIX (PaKTOPOB Ha MOAENMPYEMbIA MoKa3aTerb CHUTATCA KO PULNEHT AeTepMUHaLum
R2 v ctaHOapTU30BaHHbIA KO3MMULIMEHT perpeccum.

Taknm o6pa3omM, OCHOBHLIMM 3TanamMn NOCTPOEHUA MaTeMaTUyYeckon mogenu notpebneHuns Ton-
nvBa ABnAKTCA:

1. BblaeneHve mMakcumanbHO LUMPOKOro Kpyra XapakTepucTuk uccnegyeMoro obbekra HesaBucK-
MO OT BO3MOXHOCTU UX U3MEPEHUSI.

2. dopMmupoBaHne Maccuea UCXOAHOW MHpopMauuu.

3. YcTaHoBneHMe CTPYKTYpbl HEMOCPEOCTBEHHbIX CBSA3EN aKTopoB, onpegeneHve Habopa
XapaKTepUCTUK npoLecca, HENOCPEACTBEHHO BANSIOLLMX HA yPOBEHb NOTPebneHus.

4. PacyeT napameTpoB MoZenu, onpegeneHne ee onTUManbHON CTPYKTYPbl C TOYKM 3pEHUS MU-
HUManbHOro Habopa NepemMeHHbIX U JONYCTUMOWN NOrPELUHOCTMW.

Mpumep nonydenHon pgns  JIMU-10 3aBucumocTn noTpebneHuss TomnmMBa  LEXOM  OT
NPON3BOACTBEHHbLIX (PAaKTOPOB BbIFMSANUT Crieayrowmnm obpasom:

nr, t.y.t = 303 + 0,5386 x Nponss — 24,98 x donsa + 17,18 + MNpocTton + 11,17 x MNP, (3)

roe MM — notpebneHue npupogHoro rasa, T.y.T; lNpon3s — o6bem npoussoacTsa, T; Jons — gons

ropsivyero nocaga, %; MNpocton — Tekywme npoctom ctaHa, 4; NMNP — nnaHoBble NpocTon cTaHa, u.
MapameTpbl B ypaBHeHUN (3) paccTaBrieHbl MO cTeneHn BnusHUA. Hanbonbllee BnusaHuMe Ha pac-

xo4 npupogHoro rasa B JIMU-10 okasbiBaeT ob6bem npoussedeHHoW npoaykumm (Mpounss), nanee
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Nno CTENeHn BRMSHUA uayT gonsi ropsdero nocaga (Jons), Tekywue npocton ctana ([Mpocton), nna-
HoBble npocTton ctaHa (MIMP). NepBoHayanbHO B aHanua 6bINo BKMOYEHO 13 NepeMeHHbIX, YYUTbl-
BaKOLWMNX MaKCUMarbHO MOSHYIO CTPYKTYpPY (PaKTOPOB, BRMAKOLWMX HA obbeM notpebneHus Tonnuea
nccnegyemoro uexa 3a nepuog ¢ 1998 no 2002 rr. [Janee, ¢ ucnonb3oBaHMeEM MeToAa MOLIAroBOro
pPEerpecCcnMoHHOro aHanmaa Konm4yecTBo NapamMeTpoB, BKAOYAEMbIX B MOAENb, ObISIO COKpalleHO nocne
NPOBEPKM Ha 3HAYMMOCTb Mo F—kpuTeputo. MNPUHATO cuuTaTb, YTO C MCMONb30BaHNEM F—kputepus
LIaroBbI MeToA AaeT Havnyylme pesynbTaTtbl Npy OPMUPOBAHUN CTPYKTYPbl MOAENW.

B npouecce pa3spaboTkun maTemMaTMyYeckon Mmogenu npoaHanuanposaHo 49 uexoB n nogpasgerne-
HUn OAO «MMK», notpebutenen Tonnmea, cOOPMUPOBABLLMX MaTeMaTMUYECKY0 MOAENb noTpebne-
HUS TonnMBa KOMOMHATOM: AOMeHHbI uex, TOU, JIMLU-10, n3aBecTtkoBO—40/IOMUTOBOE MPOM3BOACTBO
(NMODP-1, NOD-2, NOD—4), MapTEHOBCKMI LIEX, TOPHO—OBOraTUTENBLHOE NPOM3BOACTBO (arnodadbpu-
kn NeNe 2, 3 n 4, rapaxu pasmopaxuBaHus, PO®), napocunosoi uex (koTenbHble Ne 4 n 5, kotenb-
Has 3a MapTEHOBCKUM LiexoMm, MuHU—T3L), kncnopogHo—koHBepTepHbId uex, NMNu-5, JINU-3 (tep-
Muyeckoe otaenenue, ArHL, AHO), JIMU-8, XXOT (uex nyTn, rapaxun pasMmopaxmnBaHusi), 00XKNMHbIN
uex, nuctonpokaTHbIn Lex (ctanbl 2350 n 4500), coptoBon uex (ctaHbl 250-1, 250-2, 300-1, 500,
300-3), KXT1 (kokcoBble 6atapen Ne 1, 7, 8, 9 Ha kokcoBOM rase, 6atapen Ne 2, 3, 4, 13, 14 Ha cmecu
KOKCOBOIo 1 goMeHHoro rasos, LIMXM, LY-2) n gpyrne. N3 HMX NO OTHOLLIEHMIO K NSATK nogpasnene-
HUAM ObINIO MPUHATO peLLueHMe 3aBUCMMOCTM He dopmupoBaTb, Hanpumep, ana KKL, roe tonnmeo
B TEXHOSIOMMM HE UCMOMb3YeTCH, a NPUMeHsAeTCa Ans obecneyeHns TEXHONOrMYeCcKoro npouecca.

3aTtem Obina npoBepeHa afekBaTHOCTb MoAEeNn OObEKTY, ANs Yero Ha OCHOBaHUKM pa3paboTaH-
HoW mogenu notpebneHusa Tonnmea Obin NponsseneH pacyeT NoTpebneHns NpupoaHoro rasa no gak-
Tnyeckum obbemam npoussoactea 3a 2002 n 2003 rr. nomeca4vHo. bbinu onpegeneHbl OTKNOHEHNS
akTnyeckmx obbemoB NoTpebneHnss NPUPOAHOro rasa 3a Mecsl OT pacCYMTaHHbIX HA OCHOBaHWUK
MaTemMaTM4ecKon Moaenu.
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Puc. 1. NoTpebneHne npupogHoro rasa
3aknro4yeHue

CpeaHee abcontoTHOE OTKIOHEHME pacyeTHOro noTpebneHns NpMpoaHoro rasza ot akTUYECKOro
3a 2002 rog cocrtasuno 1,06 %, 3a nepsoe nonyrogue 2003 roga — 1,65 %. 310 ykasbiBaeT Ha BbICO-
Kyt YCTOMYMBOCTb MOAENN BO BPEMEHU. XO4YeTCs MNOAYEepPKHYTb, YTO paboTa No MoAenupoBaHMIO
noTpebneHnsa 3HepropecypcoB TOMbKO HauynHaeTcs. Ha Gnuxkanwee Oyayulee ctaBuUTbCs 3apada
pa3paboTkn mogenu noTpebnexHns napa, ganee Kucrnopoga u cxxatoro Bo3ayxa, YTo co3gacT npeano-
CbIfKM ANs onTumMu3aumm aHeprobanaHca kombuHara.
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