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NHO®OPMANUOHHBIE TEXHOJIOTMUA CTPYKTYPHOI'O
AHAJIM3A BPEMEHHBIX PA10B B 3AJAYAX MOHUTOPHHTI A
KAYECTBA TEIIJIOCHABXKEHUSA

PosrisiiaeThesl  3ajaua  MOHITOPUHTY SIKOCTI TEIUIONIOCTA4YaHHs JKWTIOBHX MAacHBIB Ha OCHOBI
CHHTYJISIPHO-CIIEKTPAIBHOTO aHalli3y 3BSI3HOTO CIIOKHBAaHHS €HepropecypciB. Y IUIaHi BIOCKOHAJICHHS
BiJJOMHX METO/IiB 3al[POIIOHOBAHA HOBA METO/MKA aHANi3y CTPYKTYPHUX 3MiH 4acoBuX psuiB. [IpuBeneHi
TIPUKJIaH IPAaKTUIHOL peaiamii aHamizy CTpYKTYPHUX 3MiH 10 BUKJIAIeHii METOIHIII.

The monitoring of the quality of heat-providing of dwelling areas based on the Singular Spectrum
Analysis of the linked consumption of power-resources is described. The new method of analysis of
structural changes in time series is offered. The known method is improved. The examples of practical
realisation of analysis based on the expounded method are represented.

IMocranoBka mpodJiembl. Ha ceromHsIHuil Ne€Hb CYIIECTBYET MHOXKECTBO
npoOJeM SHEProcHa0KEHUsT TOPOJOB, CPEIU KOTOPBIX MOXHO BBIZCIUTH TaKue:
JHEProCHA0KEHUE TOPOJOB B YCIOBHIX JCQUIMTA YHEPTOPECYPCOB, ONTUMU3ALIMS
CBSI3HOTO TIOTPEOJICHHS TEIJIOBOM U AJIEKTPUYCCKON SHEPIHU OOJIBIIUMHU KHUIBIMU
MacCHBaMH, IIOBBIIICHHE 3(PGEKTHBHOCTH NEHTPAIN30BAHHOTO TEIDIOCHAOKEHUSI.
Pa3BuTHEe KOMIBIOTEPHBIX WH(POPMAIMOHHBIX CHCTEM MW TEXHOJOTHH, a TaKke
COBEpPLICHCTBOBAHUE  METOJOB  MATEMaTHMYECKOI'O  MOJEJIMPOBAHUSA  JENAIOT
BO3MOXHBIM CO3/IaHUE U YCOBEPILEHCTBOBAHME ABTOMATH3UPOBAHHBIX CHCTEM
yIpaBJIEHUS HSHEProCHa0KEHWEM B MYHHIIMIIAIBHOM XO03sHcTBe. HakoruieHHBIE ¢
MOMOIIIFI0 KOMITBIOTEPHBIX TEXHOJIOTHH OOIIMpPHBIC apXHWBBHI JaHHBIX ITO3BOJISIOT
OCYILIECTBUTh TIOCTPOEHHME M UCCIEJIOBAHUE BPEMEHHBIX psJOB B 3ajJadyax
MOHHUTOPHHTA YHEPTOCHAOKEHUSI.

AHanu3 auTepatypsl. [l pemeHns yka3aHHBIX Ipo0neM aBTopaMu B [1 — 6]
paccMarpuBaroTCs  pasnuuyHble KoHHenumuu. B [1] aBropom mpoBoauTcs

HCCIeZIOBaHNE CE30HHBIX 3aKOHOMEpHOCTEN CBSI3HOTO MOTPEOICHUS
3JIEKTPOIHEPTHUH, Ta3a M TeNja B KOMMYHaJIbHO-OBITOBOM CEKTOpE, (OpMHUpYyETCS
STaJOH  MOTPEONEHWs]  3JEKTPOIHEPTMH,  OTBEHYAIOIIMH  KaueCTBEHHOMY

TeHHOCHa6)I(€HI/I}O, npeajaracTess Cco3aaHue SaMKHyTOﬁ CHUCTCMbI PCTYJINPOBAHUA
OTITYyCKa TEIlJIa, paCCMAaTPpUBACTCAd KOHUCTIIHA aBTOMAaTHU3allun y4€Ta U YIpPaBJICHUA
OBITOBOI'O 3Hepr0n0Tpe6J1eHm1, OIIMCHhIBACTCA HCIIOJIb30BAHUC armnaparHo-
MNporpaMMHOT0 KOMIUIEKCA HJII MOHUTOpPWHIAa KadcCTBa TEIUIOCHAOKEHUS JKHITBIX
MaCCHBOB.

Heanb crarbu — pa3paboTKa METOIUKH OOHApPYXEHUS MOMEHTOB BPEMEHH
CTPYKTYPHBIX W3MEHEHMH BPEMEHHOTO pAIa MAHHBIX JJIEKTPOIOTPEOICHUS IS
OCYIIECTBIICHNS! MOHUTOPHHIA KaueCcTBA TETIIOCHAOKCHNS.
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HccienoBanue CTPYKTYpbl BpeMeHHBIX ps/I0B 3JHepromorpedjenus. Ha
HEepBBII B3MIIsA, HAa YBEJIMYEHHE MOTPEOJICHHs] HAacEeJIeHHEM JHEPropecypcoB W Ha
M3MEHEHHE CTPYKTYPbI JHEPrONOTPEOIeH!s BIHUSIOT TOJIBKO 1Ba (haKTopa: CE30HHOE
CHI)KEHHE Hapy>XHOM TeMIIepaTyphl BO3/1yXa ¥ YMEHBIICHNE JUIMHBI CBETOBOTO JHS.
OnHako, TeKymuii ypOBEHb OTPEOIECHHS IICKTPOIHEPTHH OIIPEAEIIAETCS HE TOIBKO
TakUMU (aKToOpaMH Kak BpeMs Troja (CpeaHecyTodHas TeMIIepaTypa BO3IyXa,
CBsI3aHHAsI C KaJICHAapHOI faToil) n Bpems cyTok. Ha moTpebnenue snekrpudeckon
SHEPTUM >KWIBIMH MaccuBaMy (Kak Ha OCBEILICHHE, OBITOBBIC HYK/IBI, TaK M Ha
JOTONBI,  BCJEJICTBHE  HEYNOBICTBOPEHHOCTH  IIOTpeOHTENell  KauecTBOM
TEIJIOCHA0KEeHNsT) BIMAIOT TakKe (pakTopbl, XapakTepu3yoolue TEKyIIUe TOr0JHbIe
ycioBus (HapyXHas TeMmIepaTrypa Bo31yXa, 00JauyHOCTh, BIAXKHOCTh, HAIlPaBICHNE
BETpa, HAJIMUME OCAJKOB, TyMaHa U mpoduee). CleqyeT Takke YYUTBIBATh MPOTHO3
MOTo/ibl, TaK Kak B CHUCTEME LEHTPAJIM30BAHHOIO TEIUIOCHAOXEHUs W padore
JJIEKTPOHArpeBaTeIbHbIX NPUOOPOB mpUcyTCcTBYeT 3(¢exT 3amazabpiBanus. He
cienyer 3a0bIBaTh M PO (PMHAHCOBYIO CTOPOHY BOIIPOCA, CBSI3aHHYIO C SKOHOMHEH
HaceJICHUEM 3JIEKTPOIHEPTUH NPH MOBBIIICHHH TapH()OB HA €€ OILIATY, MOCKOJIbKY
MOTPEOUTEND JKENAaeT UCTBITHIBATH YyBCTBO KOM(OPTHOCTH MO ABYM MapameTpam:
"rermoBast KoMpOpTHOCTE" 1 "PprHAHCOBas KOM(OPTHOCTH".

B cBA3m c BhIIECKa3aHHBIM BO3HMKACT 3ajada pasfeleHus psina Ha
CTPYKTYPHBIE KOMIIOHEHTHI C IETIbIO UX JAAIBHEHIIEro aHaln3a.

Jnst  pemenust mogoOHOM 3ajaum  mpejiaraeTcsl NpPHMEHEHHWE MeToja
CUHTYJISIpHO-CIICKTpasibHOTo aHanu3a (SSA) [7], OCHOBaHHOIO Ha MPeoOpa3OBaHUU
OTHOMEPHOTO BPEMEHHOTO psaa Fy :{fl,,,,, fN} B TpPaeKTOpHyI MaTpuiy X
(cronbriaMu KOTOpPOH SIBJISIIOTCST ()parMeHThl psija JAIMHOW L — mapamerp '"IuiMHa
oKHa'"), NCCIIEJOBAaHNUH €€ C ITOMOIIBIO aHAIN3a INIABHBIX KOMIOHEHT (CHHTYJISIPHOTO
pasnoxeHus). MeToJl cOCTOMT W3 JBYX 3TalOB: Paslo)KeHHE, BOCCTaHOBICHHE. B
IpoLecce CHHTYJSIPHOTO PaslokeHHs (OopMUpyeTcs HaOOp COOCTBEHHBIX TPOEK:

AUV, tne A; m U; — coOCTBeHHBIE YUcia U COOCTBECHHBIE BEKTOPHI MaTPUIIbI

1
R=XX", V,=——X"U, — dakropusle Bekropsl. Kax/0e COGCTBEHHOE YHCIO A;

1 \/k_l i
XapakTepu3yeT ypOBEHb 3HAUYMMOCTH  CTPYKTYpHOH  KOMITOHEHTHI  psfa,
BOCCTaHOBJICHHOW 10 JaHHOW COOCTBEHHOH Tpoiike. BoccTaHOBIIGHNE BKIIOYACT B
ceOst TPYMITUPOBKY COOCTBEHHBIX TPOEK (pa3/ielicHHEe aITATHBHBIX KOMIIOHEHT Psa)
W JUMaroHalibHOE YycpeaHeHue (popmanbHas —mpoleaypa mpeoOpa3oBaHUs
MOJYYCHHBIX B MPOIIECCE TPYIITHUPOBKU MATPHIl BO BpEMEHHBIC psifibl). Pe3ynbraTom
MPUMEHEHHUS METO/1a SIBJISIETCS Pas3Nio’KEHUE PAJia Ha MPOCTHIE KOMIIOHEHTHI.

[TockonbKy W3MEHEHHE CTPYKTYphI psijia MPUBOAUT K HU3MEHECHHUIO CIICKTpa
MaTpulbl R =XX7, naHHble 06 M3MEHEHHSAX CHUHTYJISPHBIX uucel (KOTOphIE B
JAHHOM Cly4ae sBISIOTCS WH(POPMATUBHBIMU IapamMeTpaMu) Ipeaaractcs
WCTIONB30BaTh I OOHAPYKEHHS MOMEHTOB CTPYKTYPHBIX M3MEHEHHI BPEMEHHOTO
psna.
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Pa3zpaboTka MeTOAMKH OOHApY:KeHHSI MOMEHTOB M3MEHEHHsI CTPYKTYPHI
BpeMeHHOro psiza. OCHOBBIBAasCh Ha BBIIIECKA3aHHOM, IpEJIaracTcsi HOBas
METOJIMKa AMArHOCTHKH CTPYKTYPHBIX U3MEHEHHH BPEMEHHBIX psiioB. BriOupaercs
JMana3oH IPOCMOTPA MCCIEIyeMOro BpeMeHHOro psiza D . Bribop nmamnasona
OCYIIECTBIISIETCS HA OCHOBE IPEIBApUTEIBHOTO aHAIN3a BPEMEHHOTO psifia WU Ha
OCHOBE HCIIOJIb30BAHUS alpHOPHONH MH(OPMAIMU O CTPYKTYPHBIX COCTABIISFOIINX
psma. [lamee ¢ momompio MeToma SSA TIPOBOAWTCS pas3iokeHHe (parMeHTa
BPEMEHHOTO psifia, TOMABIIEr0 BHYTPh JWANa3oHa IMPOCMOTPA, W aHAIM3HPYeTCs
MOyYCHHBIH B Pe3yNbTaTe pas3foXKeHUss Habop coOCTBEHHBIX Tpoek. Ha kaxmom
MOCJIE/TYIOIIEM IIare IPaHullbl Iiana3oHa MpocMOTpa CMENIAlOTCST Ha OJMH 3JIEMEHT
BpeMeHHOro psina. llockonbky Kakiasi COOCTBEHHas TpOWKa OJHO3HAYHO
OIpezieIseT KOMIIOHEHTY pAa3JIoKeHHs, TO aHaJIM3 H3MEHEHHH B CTPYKType
COOCTBEHHBIX TpPOEK CHHIYJSIDHOIO pa3jiokKeHHs (parMeHra psjia BHYTPHU
JMana3oHa MPOCMOTpPa JIaeT BO3MOXKHOCTh BBIIBUTH CTPYKTYpHBIE H3MEHEHHS
BpeMEHHOTO psAna. llosBieHHEe HOBBIX COOCTBEHHBIX TPOEK CBHICTEIBCTBYIOT O
MOSIBIIGHUA B pAAE€ HOBBIX CTPYKTYPHBIX COCTaBJISIOMUX. VIcue3HOBeHHE
COOCTBEHHBIX TPOEK B CHHTYJIIPHO-CIIEKTPAIBHOM Pa3JIOKECHUH CBHIECTEIBCTBYET O
TOM, YTO COOTBETCTBYIOIIHE CTPYKTYPHBIE KOMIIOHEHTHI 00Jiee HE MPUCYTCTBYIOT BO
BPEMEHHOM DSy. YBEINYEHHE WIN yMEHbIICHNE 3HAYEHNH CHHTYISIPHBIX dncel (1
COOTBETCTBYIOIINX MM COOCTBEHHBIX YHCEN) B COOCTBEHHBIX TPOHKax TOBOPHUT 00
M3MEHEHHWH YPOBHS 3HAUMMOCTH COOTBETCTBYIOIIMX UM KOMIIOHEHT Pa3yIOkKEHUs, TO
€CTh 00 yCHJIEHHM WJIM YMEHBIIEHWH BO3AEHCTBUS (pakropa, 00yClaBIMBAIOIIErO
MOSIBJIIEHHE KOMIIOHEHTHI B CTPYKTYpPE BPEMEHHOI'O psijia.

OcraHOBHUMCSI JIeTalibHEE HA BBIOOpE Arana3oHa nmpocmotpa D .

Bei0op AnuHbI AManazoHa npocMorpa. J(nuHa nuanasoHa npocmorpa D
ABJISIETCS OCHOBHBIM IIAPAMETPOM OITMCAHHOW MeTOMUKH. OT NMPaBUIBHOCTH BBIOOPA
JUIMHBl JMAIa3oHa MPOCMOTpPAa 3aBUCHT TOYHOCTh HIACHTHU(HKAIMH CTPYKTYPHBIX
U3MEHEHHH BO BpeMEHHOM psay. [Ipm 3TOoM HE0OXOJMMO y4YHMTHIBATH BCIO
JOTIOTHUTENbHYI0 MHGOPMAIMIO O psAne NaHHBIX. Ecim Ha ¢dopmupoBaHue psana
BIIMSIIOT TepHoJYeckrue (akTOpbl, TO XKEJIaTesbHO, YTOObI JMana3oH IPOCMOTpa
OXBaTHIBAJI MOJIHBIH BPEMEHHON MEpUoJT Takoro Bo3aeicTBus. C 3Toi TOUKH 3peHust
NPEANOYTUTEIBHO YBEJIMYEHUE JUTMHBI Auana3oHa. OJHaKo MpH 3TOM HE00X0IuMO
YUHUTBHIBATh TOT (haKT, YTO HEXKEJATENBHO MONaaHKe B AMAIa30H IPOCMOTpa Ooiee
OJIHOM TOYKM CTPYKTypHOU "pazmanmku" psima. C 3TOH TOUKHM 3pEeHHs JAHANa3OH
MPOCMOTpA KEJIATEIBHO CY3WTh. BaXXHBIM KpHUTEpHEM BBHIOOpA JUIMHBI JAWANa30HA
MPOCMOTpAa SBIAETCS TaK K€ ero COOTHOIIeHue ¢ "mamuHoi okHa" L (mapamerpom
CHHTYJISIDHOTO pasznokeHus1). Mcxoms W3 pexkomMeHAaunuii 1mo BbIOOpY "MIMHBI
okHa" [7], BemuunHa L KeNaTeabHO JIOJDKHA OBITh OJM3KOW K TIOJIOBHHE JJTUHBI
psna (B HamieM cilydae K ITOJIOBHHE IUIMHBI JHara3oHa MPOCMOTPa) M MPH 3TOM
KpaTHOW MepHoay NEPUOIUUECKON KOMIIOHEHTHI, IPUCYTCTBYIOIEHN B psne. Mcxons
U3 3TOTO, XKeJaTeJbHO BHIOPATh AJIMHY JIMana3oHa MPOCMOTpa, KaK MUHHUMYM BJIBOE
NPEBOCXOJIIYI0  HauOONBLIMK  TEpHOJ  IPEAINoiaraeMblX  MEPHOANYECKUX
KOMIIOHEHT psja.
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JIiss TOCTHMXKEHUST HAWIYYIIUX PE3YJIbTATOB B MACHTU(UKAIMH CTPYKTYPHBIX
"paznasok" BPEMEHHBIX PSIOB PEKOMEHIYEeTCS HCIOJb30BaHHE HECKOJIbKHUX
JIMana3oHOB IIPOCMOTpA C Pa3IMYHON JUTHHOM.

Ilpumep npaxkTuyeckoii  peanu3aumu. IlpakTuueckas — peanuzanus
W3J0)KEHHOW METONMKMA  TpEICTaBIeHA Ha pealbHBIX JaHHBIX IOTpeOIeHHUsS
AJIEKTPOIHEPTUN AJIEKCEEBCKUM MHKPOPAOHOM TOpoaa XapbKoBa 3a IEPHOA C
16.04.97 mo 14.10.98 (mambosee xapakTepHbId mepuon 3a mocienuue 10 jer).
JnmnHa BpemeHHOTO psifia cocTaBuia N = 547 (Touka 1oj HoMepoM | oTBedaer jare
16.04.97, a Touka c HoMepoM 547 — mate 14.10.98).

HccnenoBaHus MPOBOIMIINCH TI0 M3JI0KEHHON METOIMKE TIPH [UTHHE THANa30Ha
npocmotpa D =30 ("mmmeHa okHa" L =15) (puc.l) u D =60 ("mmmHa oxHa"
L=30) (puc.2) c momompto mporpamMMmHoro mponykra [8]. Ha puc. 1 u puc. 2
3a()UKCUPOBaHbl M3MEHEHHUS] 3HAUEHWH COOCTBEHHBIX 4YHCEJN, IOJYYEHHBIX IPH
CHHT'YJISIDHBIX PA3JIOKEHHSIX, PU JBMKSHUH JIana3oHa MpocMoTpa.
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Puc.1. Tunamuka co6cTBeHHbIX yncen npu D = 30
a) 1-# coOCTBEHHOHN TPOHKN 0) 2-i1 1 3-i1 COOCTBEHHBIX TPOEK

AHanu3upysi TpEICTaBICHHBIE pPE3YyNbTaThl MOXHO OTMETHTh, YTO TIpH
WCTIONG30BAaHUM JAHMamna3oHa mpocMoTpa mmuHOH D =30, momydaem Ooiee

JNIeTaJIbHBIM aHaJIN3.
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Puc. 2. Jlunamuka cobcTBeHHBIX uncen ipu D = 60
a) 1-if cobcTBEeHHOH TPOHKH 0) 2-i1 1 3-i1 COOCTBEHHBIX TPOECK

BeiBoabl. B pesynprare mnpopenaHHOM paboThl pa3paboTaHa METOAMKA,
YCOBEpIICHCTBYIONAs] aHAJIN3 CTPYKTYPHBIX HW3MEHEHUH BpEMEHHBIX psnoB. llpu
UCIIONIb30BaHUN CUCTEMbl MOHHTOPHHIA CBS3HOTO MOTPEOJIECHUS 3HEPropecypcos,
OCHOBAHHOM HAa PACCMOTPEHHON KOHIIEMIUH, BO3MOJKHO pEIIEHHE CIETYIOUINX
3aJa4: BBUIBJICHWE M W3ydeHHE (PAaKTOPOB, BIHSAIOMIMX Ha OCOOEHHOCTH CBS3HOTO
MOTpeOICHNUS SHEPTOPECYPCOB; OOHApYKEHNE U MPEAOTBpalIeHe cO0eB B CHCTEME
TEIJIOCHA0KEHNS; COBEPIICHCTBOBAHHWE DETyJIHPOBAaHHUA OTITYCKA TEIUIAa JKHIBIM
MacCHBaM; OCYIIIECTBICHUE ONEPATHBHOTO KOHTPOJIA KaueCTBa TEIUIOCHA0KEHMS.
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