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HEMPOCETEBOE TPOI'HO3WPOBAHUE
IHOTPEBJIEHUA ITPUPOJHOTI'O I'A3A

B cratbe pa3paboTaHa MOCTAaHOBKA 3a[a4d NPOTHO3HPOBAHUS MOTPEOJIEHUS MPHPOJHOrO rasa.
IpoBe/ieH aHaM3 COBPEMEHHOIO COCTOSIHHS METOIOB HPOrHO3MPOBaHMs. PaccMOTpeH M peann3oBaH
MOJIXOJI HEMPOCETEBOrO POTHO3UPOBAHUS 0ObeMa TIOTPEOIICH S TPUPOIHOTO ra3a. BEIMONHEeH aHamu3 1
npeaBapuTeNbHas 00pabOTKa BXOIHBIX NaHHBIX. [IPOBEIEHBI JKCIEPUMEHTAIBHBIE HCCIENOBAHHSA C
HCIOJIb30BAHMEM JAHHBIX MOTPEOJIEHHs Tra3a, TMPEeJOCTABIEHHBIMUA XapIlBI3CKUM YIIPABICHUEM T10
ra3ocHa0xeHuo u razudukarmu. WUi.: 1. bubmuorp.: 8 Ha3B.

KiioueBble  ¢a0Ba:  MPOTHO3MPOBAHHE,  METOABI  TPOTHO3BUPOBAHHA,  HEHPOCETEBOE
MIPOTHO3UPOBAHME, MTPEIBAPUTENHHAS 00pa0OTKA BXOJIHBIX JAHHBIX.

IMocTanoBka mnpodjembl. B Hacrosmiee BpeMs B YkpawHe TnpoOiema
ra30CHa0XEeHUsI TOPOJIOB CTOMT JI0CTATOYHO OCTpo. [Iporuo3upoBanue morpedaeHus
MIPUPOJHOTO Ta3a sSIBISIETCS OCHOBOM HE TOJBKO VISl ITAHUPOBAHHS 3aKYIIOK
NIPUPOJHOrO ra3a y Ta3oTpelaepoB, HO W IS pa3padOTKM MEpONpHUSTHH MO
YIIPaBJICHUIO SHEProNnoTpeOIeHNEM B MYHHIMIIAIBHOM XO3SHCTBE, OCOOEHHO B
ororMTeNnbHbIN nepuoa. IlorpebiieHne raza WIeT KPYrioCYTOYHO M MPEACTABIISET
co0ol ciydaliHBI TpoOIECC, WMEIOUIMH ONpe/eNeHHbIE 3aKOHOMEPHOCTH BO
BpeMeHH. VIMeroTcst peasbHbIE AaHHBIE MOTPEOJEHUS] rasa, IpeoCTaBIICHHBIE
Xapupl3cKUM ~ ynpaBI€HHEM [0 Ta30CcHaOKeHWI0 W rasudukauud. [laHHble
TIPE/ICTABISIOT COOOW 3HAYEHUs] €XKEMECSYHOro ITOTPEOJIeHUs] ra3a TOpOOM 3a
mepuon 1998 — 2009 rr. 3amaHbl quCKpeTHbIe OTCUeThl {)(f1), ¥(%), ..., ¥(t.)} B
TIOCIIe/IOBATENIbHBIE MOMEHTBHI BPEMEHH ty, fp, ..., 1,. 3ajada NpPOrHO3MPOBAHMS
3aKIII0YaeTcsl B TNpeAcKa3aHuH 3HAa4eHHUs )(f,+1) B HEKOTOPBIH Oymymuii MOMEHT
BPEMEHH {+1.

Amnajn3 gurepaTypsl. KauecTBo mporao3a BO MHOTOM 3aBHCHT OT BEIOpaHHOU
MaTeMaTH4eCKoi Mojienu. B [1] BEINOMHEH aHAIUTHYECKUH 0030p MoOeneH u
METOJIOB  MpOrHo3WpoBaHus. JloCTaTO4HO dYacto JUisl  peuleHHs  3aJauu
MIPOTHO3UPOBAHUS HUCIOJNB3YIOTCS PErPEeCCHOHHBIE MOAEIH, HO B IIOCIEAHUE
JECATHICTUST OBLUTH TPEIUIOKESHBI MOJICIA HAa OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX
cereit  [2]. IIpeumyliecTBOM  HCMIONb30BaHUSI ~ HEWPOHHOM  ceTH s
MIPOTHO3UPOBaHUs 00BbEMa Ta30MOTPEONICHHsT 3aKI0Yaercsi B TOM, YTO HET
HEOOXOIUMOCTH B MOCTPOCHUH Mojienn 00bekTa. K ToMy jxe HelpoHHas CeTh UMEET
XOpOUIYyI0 paboTOCIIOCOOHOCTh MPH HCITONB30BAHUH MANBIX 00y4aroluX BHIOOPOK,
HEe O00ECIEUMBAIONINX IIOJYyYEHHE CTATUCTUYCCKH JOCTOBEPHBIX PpE3YJIhTaTOB
KJIACCUYECKUMU METOJIaMU.
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Hean cratbu — pa3paboTka HEUPOCETEBOr0 METOAa IMPOTHO3UPOBAHUS
MOTpEeOIeHUsI PUPOTHOrO rasa.

Jlns  pemieHust 3ajadud ¢ TOMOIIBI HCKYCCTBEHHOM HEWPOHHOW CeTH
HEO00XO0IUMO:

—  cdopMupoBaTh OOYUAIOIIYIO BEIOOPKY;

—  BbIOpaTh KOH(DUTYPALIUIO HEHPOHHOM ceTH;

—  00y4YHTh HEHPOHHYIO CETh;

—  [POTECTUPOBATH HEHPOHHYIO CETh.

®opMupoBaHne 00ydamnieil BLIOOPKH. VMeromnyecs TaHHBIC TOTPEOICHUS
ra3a HpeJCTaBIAIOT CO00H YHOPSAOYEHHYIO BO BPEMEHH MOCIIENI0BATEIFHOCTh, TO
ecTh BpeMeHHO#H psi. C IeNbio ONpeNeeHus] 3aBUCHMOCTH MEXKIY HAOIIOICHUIMU
(pa3neneHHBIMH BpPEMEHHBIMHM HMHTEpPBaJaMM B OIUH MECAI), BBIYHCISUICS
KO3(GHUIMEHT aBTOKOPPEISINY, KOTOPBIH OTpaskaeT, B CYIIHOCTH, OOBIYHYIO
KOPPEIISILNIO, BHIYMCISIEMYIO MEXIy 0Opa3yIoIMMU BPEMEHHOH psiji TEKYIUMHU U
3ama3AblBalONIMMKM  3HAYEHMSIMH ~ 3aBUCUMOM  mepemeHHod. C  HOMOIIBIO
KOppEISILIHOHHOTO0 ~ aHajl3a YCTaHOBJIEHO, 4YTO CYIIECTBYET 3aBHCHMOCTh
MIPOTrHO3UPYEMOH BETMYMHBI OT 3HAYECHUS B ITPEABIIYIINH MOMEHT BpeMEHH (MECsII)
W OT Takoro e Mecsla rofoM panee. TakuMm oOpa3oM, BBIOpaHBI CIETYIOIINE
3HA4YEHHs] BPEMEHHOT O psina: (£, 1) u (#,_13) B KaUecTBE BXOAHBIX (DAKTOPOB.

Tak e wuccieqoBaHWs IIOKAa3aJM BIMSHUE YCPEAHEHHOTO 3HAYCHUS
MOTpeOIIeH!s Ta3a 3a IPOrHO3UPYEMBIN MECSIIT ¥ ITPEBLIYIIHHA, 3TO BEIMYMHA TAaKXKe
BKJIIOUEHA BO BXOJIHOH HAOOp TAHHBIX.

HopMupoBka JaHHBIX MO3BOJSIET NPUBECTH PAa3HOPOJHBIE JaHHBIE K
COTNOCTaBUMBIM  JMana3oHaM, a TakXke TMPHOMU3UTh HX paclpeleieHue K
paBHOMEPHOMY, 4YTO IMOBBINIAeT HH(MOPMATUBHOCTH oOOydaromero mnpumepa. M3
BO3MOXXHBIX BapHaHTOB HOPMHPOBKM OBUI BBIOpaH CIENyIOIMIWHA — JIMHEHHas
HOPMHUPOBKA, KOTOpasi MPUBOJIUT BCE 3HAUEHUS K equHOMY nuamnaszony [0,1] [3].

Takum oOpa3om, Bce 3HaUSHUS] BPEMEHHOTO psifia ObUIM HOPMHMPOBAHBI U Ha
BXOJ1 HEHPOHHOM CETH MOAAIOTCS TOJNbKO 3HaUeHus B quanazoune [0,1].

Bb10op apxurtekTypsl HeiiponHo# cetu. CornacHo [4] g pemieHus 3amad
MIPOTHO3UPOBAHUsI OOJBIIE BCETO MOAXOJAT CIEAYyIOIINEe BUIbI HEHPOHHBIX CETEH:
MHorocioiaeii iepcentpon (MLP — cets) n paamanbHo-6a3zuchas cetb (RBF —
CeTh).

Ho B OoipIIMHCTBE Citydae NP pelieHuH OJHOM U TOH ke 3aJauul pa3Mep CeTH
RBF Oyzner npesbimars pasmep MLP. Cers RBF umeer B cBoeM cocraBe ofuH
CKPBITBHI ypOBeHb, a cethb MLP B oOmem ciydyae — Heckonmbko. OjHako B [5]
MOKa3aHo, YTO JIt00ass (YHKIHMS MOXET OBITh anmpoKCHMHUpPOBaHA TPEXCIOHHON
cerbto MLP ¢ omHMM CKpBITBIM CIIOEM C JII00O# cTeneHplo TouyHocTu. [Ipn sTtom
NIpUMEHEeHre OOJIBIIEro KOJMYECTBAa YPOBHEN SIBIISIETCS HEL[EIECO0OPa3HBIM, TaK KaK
IIPU 3TOM BpeMsi O0y4YeHUs! YBEJIMYMBAETCS, a TOYHOCTh NMPOTHO32 YMEHBIIAETCS.
Takum oOpa3oM, 3ajaua BbIOOpa YHCIA CIOEB [UIsi O0OMX THIIOB HeHWpoceTeid He
crout: kak cetb RBF, Tak u cetb MLP nomKHBI UMETh OJJUH CKPBITHIM CIOM.
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Cern RBF mo3BoistoT MCnonp30BaTh JIMIIb IaycCOBY (DYHKIMIO aKTHUBAILWH,
6o ee Mmomudukaimu. B Toxxe Bpems MLP oGmanaer cmocoOHOCTRIO paboTaTh €
pa3nuuHbIMH  (QYHKIMAMH, 4YTO JaeT Oojee IIMPOKHE BO3MOXHOCTH JUIs
9KCTIEPUMEHTHPOBAHHMS B IPOLIECCE TTOCTPOSHHUST HEHPOCETEBOW MOJIEIH.

Kpome toro, cerb RBF He 0051aiaer criocoOHOCTBIO K AKCTPAIIONSLNH JaHHBIX
NPHU YBEJMYCHHUHU IIUPHUHbI JHANA30HA 3HAYCHUI BXOJHBIX JAHHBIX, TAK KAK OTKITUK
ceTd OBICTPO 3aTyxaeT NpU YHIEHHH OT CPOPMHUPOBAaHHBIX Ha oOydJaromiein
BBIOOPKE IIEHTPOB KJIACCOB.

Henmocratkom cetn MLP mo cpaBuenuto ¢ RBF sBnsercs Gomee BbIcOKas
CJIOKHOCTh 00y4eHHsI BBHIY HEOOXOIMMOCTH COBMECTHOTO OOYUYEHHUS! HECKOJIBKHX
CII0€B HEHPOHOB.

Takum oOpazom, B kauecTBe 0a3oBoii cern Obina BeiOpana MLP-cets. B
KayecTBe MHCTPYMEHTAIBHON cpensl Hcroib3oBasicss makeT Mathlab 7.0 (neural
network toolbox). ITpoBemeHBI IKCHEPUMEHTHI, B pE3yJIbTaTe KOTOPHIX BEIOpaHa
apXUTEKTypa HEWpPOHHOW CETH, COCTOfIlas M3 BXOJHOTO CIos, uMmeromero 4
HEeWpOHa, CKPBITOrO CJIOS, COCTOSIIETO0 M3 7 HEHPOHOB M BBIXOAHOI'O CIIOS.
Ucnonw3ytorest  cienyromme (GYHKIMM —aKTUBAMM: Ha CKPBITOM CJoe —
TUIepOOIMYECKU TAHTEHC, Ha BBIXOTHOM — JINHEHHAsI.

OOy4yeHne u TecTHpoBaHUe HelpoHHOU ceTH. CeTh 00yJaeTcst arOpUTMOM
obpatHoro pacnpoctpanenus ommbOku [2]. Cpema Mathlab 7.0 mo3Bonser
WCIONB30BaTh pa3u4yHble ero Momudukammu. K mnpumepy, Takue alropuTMbI
BTOPOTO TOPSJIKA, KaK METOJ CONPSHKCHHBIX TPaJUeHTOB M MeTox JleBeHOepra-
Mapxksapara [6, 7], KOTOPBIHA ABISETCA HAUOOIEE PACIPOCTPAHEHHBIM aJITOPUTMOM
onrtumuzaruu. OH MPEBOCXOMUT IO MPOU3BOAUTEIEHOCTH METOJ] HAMCKOPEHIIIEro
CIyCKa W JIPYTHE METOJBI COIPSHKCHHBIX TPAJMCHTOB, a B HEKOTOPBIX 3ajJadyax
paboTaeT CyIIECTBEHHO OBICTpee, JaKe YeM MPOCTCHINUN TpaJueHTHBIA METOJ.
[TpeBocx0aCTBO JAHHOT'O METO/1A, OBLIO MOATBEPIKIECHO SKCIIEPUMEHTAIBHO.

Hcxonnas oOyuaromasi BEIOOpKa pasjielieHa Ha MOAMHOXKECTBO Ul 00ydeHHs
U TECTOBOE MOIMHOKECTBO, KOTOPOE UCTIONB3YETCsl I MPOBEpKH 3(H(HEKTUBHOCTH
paboter 00yueHHO# cetn. [lpemnocraBineHHas 3a 12 et uHpoOpMAaIHs UCITOIH30BaHA
crenyonmM o0pa3oM: JaHHbIE MNOTpeOneHMs rasa 3a 11 Jier BKIIOYEHB B
oOygaronryro BBIOOPKY, a 3a mociemnuii (12) rog — B mpoBepounyro. Ilocie
o0ydeHHWss HEHPOHHOH CETH BBINONHECHO €€ TECTUPOBAHHUE, PE3yJIBTaThI
MIPEJICTAaBIICHBI Ha PUCYHKE. B JIeBOI 4acTH pUCYHKa MPEICTABIICHBI PE3YJIBTATHI
TECTHPOBaHUs Ha OOydYaromed BBIOOPKE, B TPaBOi —  IMPOBEPOYHOM.
CpenHekBagpaTHyHasl OMMOKa Ha MPOBEPOYHON BBHIOOpKe paBHa 6.1579¢-004.
Cremyer OTMETUTB, YTO TPOTHO3 Ha TEPBBIC TPU MECSIIA BEHIMOIHEH CYIICCTBCHHO
TOYHEE, YeEM Ha TOJI.

BeiBoabl. B crathe peanu3oBaH HEHPOCETEBOM MOAXOA HPOTHO3UPOBAHUS
o0bemMa MOTpedIeHus] NMPUPOJHOro rasza. /[y MOBBIMIEHHS TOYHOCTH MPOTHO3a
BBHINOJIHEHA NpenBapuTenbHas o0paboTka BXOOHBIX JNaHHBIX. IIpoBeneHbI
SKCIIEpUMEHTAJIbHbIE HCCIIEIOBaHUS Ha peaJbHBIX NaHHBIX IIOTpeOJIeHUsl rasa,
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NIPE/IOCTABIICHHBIMI ~ XapIpI3CKUM  YIpaBJI€HHEM II0  Ta30CHA0XKEHUI0 U
razudukarmu. Ha tectupyromeM HaOope ommOKa NPOrHO3MPOBAHUS paBHA
6.1579¢-004, mpuyem ommOKa NPOTrHO3UPOBAHWS Ha Ommkaime TpH Mecsua
cocraBisieT MeHee 1 %.
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50 100 150

Puc. TectupoBanue HeHpOHHON ceTn

Takum o0Opa3om, pelleHa 3ajaya KpaTKOCPOYHOro NporHozupoBaHus [8], B
JalpHEHIIEM  IUTAHUPYETCS  MOCTPOUTb  MOAENb I JOJITOCPOYHOrO
IIPOTHO3UPOBAHUS.
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VY crarTi po3pobiieHa IOCTAaHOBKA 3aJadi NPOTHO3YBAHHS CIOXKHBAaHHS IPHPOJHOIO Trasy.
IlpoBeneHo aHami3 Cy4acHOrO0 CTaHy METOAIB IPOTHO3YBaHHs. PO3rIIHYTO 1 peani3oBaHO MiIXix
HEHpOMepeKEeBOro MPOTHO3YBaHHS 00'€My CIIOXKHMBAHHS IIPUPOJHOrO Tra3dy. BukoHaHo amami3 i
nornepeHss 00poOKka BXiTHHX JaHUX. IIpOBENEHO eKCIepHMEHTAaNIbHI JOCIIKEHHS 3 BHKOPUCTAHHIM
JIAHUX CHOXKHBaHHS Ta3y, HaJaHUMH XaplU3bKUM yHIPaBIHHAM Ta3omocTadaHHs i rasudikarii. Im.: 1.
bibniorp.: 8 Ha3B.
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The task of natural gas forecasting is developed in the article. The analysis of the modern state of
methods of prognostication is conducted. The neural forecasting approach of volume of the natural gas
consumption is considered and realized. An analysis and rough-down of datains is executed.
Experimental researches are conducted with the use of information of gas consumption, given by a
Hartsizsk management of gas-supplying and gasification. Fig.: 8 . Refs.: 8 titles.
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