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CapatoBckuii rocyaapCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET,
kad. "lMporpammHoe obecneyeHne BbIMMCIINTENBHOW TEXHUKN 1 aBTOMATU3MPOBAHHbLIX CUCTEM

MoeHTudumkaumsa cuctem SBNSeTCs BaXKHOW NpUKNagHon 3agadven unmdpoBont o6paboTkm curHanos.
Ee ycnewHoe pelweHne B 3Ha4YNTENbHOW CTeneHW onpefensetcd  BblIOpaHHbIM - anropuTMOM
npeobpasoBaHMsa UCXOAHOW MHopmaunn. Accrnegyemyro CUCTEMY MOXHO OTHECTU K OAHOMY U3 ABYX
KNaccoB: €CTECTBEHHOro MNPOUCXOXAEHUS UMM K CUCTemMaM, CO3[aHHbIM 4YenoBekoMm. B GonbluvHCTBE
cnyyaeB uvaeHTUMKauua npoBoAMTCS NMOO C Uenbio opraHMsauuu ynpasneHusd, nubo ¢ Lenbto
pacnosHaBaHusi obpasoB. Kak npaBuno, gnsi cuctemM MepBOro Knacca uaeHTudukaunsa npoBoguTcs ¢
Lenbto pacno3HaBaHus 0Opas3oB B 3agavax Krnactepusauum, AMarHoCTUKN, MPOrHO3MPOBaHWSA U T.4.
MocnegHne OOCTWXEHWss B OONAcTM  CUHEPreTUKM MNO3BOMAKT  rMybxXke MOHATb  MEeXaHU3Mmbl
PYHKLMOHNPOBAHUSA CUCTEM €CTECTBEHHOIo MPOUCXOXAEHUS U co3paTb B6onee HageXHble anropuTMbl KX
noeHTndukaumm [1].

NoeHTudmkaums cuctembl B 0oOWEeM criydae COCTOUT M3 MOCNedoBaTeNbHOCTM  OEUCTBUM,
NPOBOOUMbIX C LiENblo ee hopmMann3oBaHHOro npeactaeneHus. B dopmanu3oBaHHOM Buae vccnegyemas
cucTema npeacrasnseTcd B hopMe MatemMaTuyeckor 3aBUCUMOCTU, CBA3bIBaIOLLEN ee BXOAbl U BbIXOAbI.

[o nocnegHero BpeMeHW WHCTPYMEHTbI U MeToAbl UAEHTUUKALUMM KaK CUCTEM WUCKYCCTBEHHbIX,
Tak U CUCTEM eCTECTBEHHOIO NMPOUCXOXAEHUSA CYLLECTBEHHO He OoTnuyanucb Apyr oT Agpyra. Hanpumep, B
oboux cnydasix C ycnexom UCnonb30oBancs crnekTpanbHbld aHanui. BmecTe ¢ Tem wuccnegoBaHus B
0o6nacTM HenuHeWHOW AMHAMUWKW MNOoKasamnu, YTO CMOXHble CUCTEMbI, K KOTOPbIM OTHOCATCS CUCTEMbI
€CTECTBEHHOr0 NPOUCXOXAEHUS, (DYHKLMOHUPYIOT Ha OCHOBE HEKOTOPbIX OBLUMX NPUHLMMOB, Hanpumep,
KOHKypeHUMn. IOTo OBYyCrnoBMMBAET HEKOTOPbIE YHMBEpPCAllbHblE CBOWCTBA MOBEAEHWUSI TaKMX CUCTEM W
napaMeTpoB, OMUCBLIBAKLLNX UX COCTOSIHNE. DTN XapaKTEPUCTUKN MOTYT CIYXUTb UOEHTUUKALMOHHBIMA
npusHakamm B 3agadax pacrnos3HaBaHus obpasoB. Hanpumep, B KayecTBe yHMBEepCarbHOro napameTpa,
ONUCLIBAKOLLETO COCTOSHME OTKPBLITOM CUCTEMBI, MOXET CNY>XUTb CTENEHb XaOTUYHOCTU CUCTEMBI [2].

lMocTpoeHue anropMTMOB MAEHTUUKALMM HA OCHOBE CUHEPreTUYEeCKUX MPUHLIMMOB PacCMOTPUM
Ha npumepe 3agavm OBHapyXeHusi MoXapoB MO TennopaguousnyveHuio. O6bIMHO ucnonb3lyemoe Ans
uernem neneHrauum noxapa WH(pakpacHoe un3rnydeHMe npakTUYeCKu MOSIHOCTBLIO — MornowaeTrcs
oKkpyxawowmmm gepesbaMn. OanH M3 MNOAXOO0B K PELUEHVMIO PACCMOTPEHHOW 3ajayv 3aknoyaeTcsa B
UCNONb30BaHWM  ONA  NIeCONOXapHOro  nerneHratopa He  TPagUUMOHHOrO  MHApakpacHoro, a
paguoyacTtoTHoro AnanasoHa - 1 Mm...0,5 M. icnonb3oBaHue 3TOro guanasoHa TeopeTuyeckn 060CHOBaHO
B [3-4]. OpgHako, npakTudeckas peanusaumsi 3ToM uaen Ha ©0ase TPagULMOHHOIO ChekTpasnbHO -
3HepreTM4ecKoro noaxoda npeactaBnsdAeTcs  BecbMa  3aTpygHuTenbHow.  [puHuMn  gencTsus
NnepcrnekTUBHbLIX CUCTEM OCHOBbLIBAETCHA Ha peructpauumn usnyvyeHus nnasmMbl NraMmeHn B pagnoyvacToTHOM
OvanasoHe W anroputmMax uaeHTudukaumm nnasmbl NIamMeHu, YYUTbIBAOLWUX €€ CUHepreTuyeckme
CBOWCTBA.

OKcnepyMMeHTarnbHO YCTAHOBIIEHO, YTO MPW OMpPEeAEerieHHbIX YCMOBUSX Mila3ma MOXET He TOJbKO
nepexoantb B YMOPSAOYEHHOE COCTOSHME, HO U MUIpMpOBaTb OT OAHOM HEYCTOMYMBOCTU K LPYrow.
MponcxoouT NOCTOSIHHAA KOHKYPEHLUUS MEeXAy XaocoM W nopsigkom. Takum obpasom, nnasma, Kotopas
COMpPOBOXAAET MPOLECC ropeHusi, NpeAcTaBnsieT cobOoN CMOXHYK TEPMOAMHAMUYECKYD HEpPaBHOBECHYHO
CUCTEMY, C SAPKO BbIpaXXEHHBLIMW CUHEPreTUYECKMU CBOMCTBamMu [5].

CnepoBaternbHO, MOXHO caenaTtb BbiBOABI:

1) B nnasme nraMeHn 3apoXOalTCs U CyLWEeCTBYOT XOTS Obl HEMpogoIiKMTENbHOE BpeMs
yNopsifoOYEHHbIE CTPYKTYPbI;

2) obpasoBaHHbIE B Mpouecce caMmoopraHnsaumm ynopsaodeHHble AUHaAMUYeCcKMe MakpoCTPYKTYpbI
NUMEIOT NPUHLUMMMANBHO MHYIO TOMOMOrnio ha3oBOro NPOCTPaHCTBA.

CnenyeT OTMETUTb, YTO NPOLLECCHI CaMOOpraHM3auun n HectabunbHOCTU ONpeaensalT NnapaMeTpb!
paavMounsnyyeHnMst BO BCEM 4YacTOTHOM [uanas3oHe TenropaguounanyyeHus. loatomy ans perucrpaumu
napameTpoB, XapakTEPU3YHLLNX KOHKYPEHLIMIO UM COCYLLIECTBOBaHME Nopsaka U Xaoca B Nriasme, MOXHO
NCnonb30oBaTh MPOCTblIE MO KOHCTPYKLUMM LLUMPOKOMOSIOCHbIE aHTEHHbI. B camom obliem Buge anroputm
pacno3HaBaHusi noXkapa no TEMN0PagMoN3NTy4EHNI0 MOXHO NPEeACTaBUTb CreayoLwmmMm 00pas3om:

1. MNMpyHMMaeMbIN cuUrHam TenopaamonsyyYyeHns UCNoNb3yeTca ANs pelweHust obpaTHOM 3agayu
ONHAMUKM - PEKOHCTPYKLMM MaTeMaTU4eCKON MOLENMN CUCTEMbI MO SKCNEPUMEHTaNbHBIM AaHHbLIM.

2. Bbluucnstotca M aHanuM3MpyloTCs MapamMeTpbl, XapaKTepuaylolimMe OCOOEHHOCTM TOoMomoruu
(ha3oBOro MpPOCTPaHCTBA PEKOHCTPYMPYEMON cucTembl. K yucny Takux napameTpoB MOXHO OTHECTMU
paaMepHoCcTb ha3oBOro NPOCTpPaHCTBa, NnokasaTenu JisnyHoBa v gpyrue. 3T napaMeTpbl CnyXaT OCHOBOK
ONsi NpoBeAeHUs Knaccudmkaumm NpuUHSTOro paanonsnyyeHmst.
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3. lMpoBogutcs knaccudukaums NPUHATOrO PaguonsrydYeHnss u ODOCHOBLIBAETCS BbIBOA4 O €ro
WCTOYHMKE Ha OCHOBE 3TaroOHHON 6a3sbl AaHHbLIX TOMONOIMYECKMX 0COBEHHOCTEN (ha3oBOro NpPoCTpaHCTBa
PEKOHCTPYUPOBAHHOW CUCTEMbI MO CUTHanam TenopagMonsnyyeHms OT NoXapos.

YkaxeMm elle oavH napameTtp knaccudukauuu. WHTerpanbHOW OLEHKOW COCTOSIHUS «XaoC -
ynopsijoveHHasi CTPyKTypa» SBMASETCA CTeneHb YNopsgoYeHHOCTM cuctembl. B Teopum wmHdopmauun
aHanorom 3TOro nokasaTensi ABMSeTCs SHTPONUS - CTENeHb Npeacka3yemMoCcTy CUCTEMBI.

KonnekTnBHble KOrepeHTHble KorebaHusa nnasmbl NnamMeHW HOCAT XOTS W NEPUOAUYECKUNA, HO
BPEMEHHbIN  xapaktep. B cooTBeTCcTBUM C 3TUM MEHSIETCA W CTENEHb  YNOPSA0YEHHOCTU
MakpoAMHaMUYECKON CUCTEMbI, KaKOBOW SABMsieTCA MnasMa. 3HavyeHue U AMHaMUKa W3MEHEHUst 3TOoro
rnokasatens Cco3daeT HenoBTOpMMbIA 00pa3 nnameHu, KOTOpbIM WM crnefyeT pacno3Hatb, WUCMNOMb3ys
KOMNMNYECTBEHHYIO OLEHKY CTeNneHn ynopsago4eHHOCTU CUCTEMBI.

MMpn cTaTMCTMYECKOM OMMCaHUM MPOLLECCOB B MAaKPOCKOMUYECKUX CUCTEMax TOJIbKO 3HTponusa S
obnagaeTr COBOKYMHOCTbH) CBOWCTB, MO3BOMSAKLINX WCMONMb30BaTb €€ B KayecTBe Mepbl CTeneHu
ynopsigoveHHocTn. OgHako 3HTPOMNMS B OOLIYHOM MOHMMaHUM OTHOCWUTCS K CUCTeMaMm, Mpu 3BOMOLUK
KOTOpPbIX CpefHdAst 3Heprusi coxpaHdeTcsd. B [2] npoBegeHo nepeonpedeneHve 3HTpONMU U BBeAEH
KPUTEPUI OTHOCUTENIBHOW CTEMNeHU YMOPSiAOYEHHOCTM COCTOSIHUSI OTKPbITbIX CUCTEM, KOTOPbIN MOMy4un
Ha3BaHWe S-TeopemMa. Ha ocHOBaHWM 3TOW TeopeMbl OTHOCUTENbHAsA CTeNeHb YNopsA04EHHOCTN OTKPbITON
CUCTEMbI ONpeaenseTca Kak pasHOCTb AHTponun AS:
npu ycnosum M(H) = const. 3gecb H - 3HayeHMe MakpOCKOMUYECKOW XapaKTepUCTUKU CTaLUOHAPHOro
COCTOsIHUA cuctemsl, fo 1 f; - PyHKUMKM pacnpeneneHnss ee NIOTHOCTN BEPOSAITHOCTU B ABYX COCTOSAHMAX. B
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kayectBe H moxeT BbicTynaTb yHKUMA [ammnbToHa. [ng npakTMyYecKoro UCnonb3oBaHWUs S-TeopeMsbl
HeobxoouMo 3HaTb (yHKUMIO [amMunbTOHa paccmaTpyBaeMon cuctembl. Ee onpepenenne He
npencrTaBnseT NpUHUMNUanbHbIX TPYOHOCTEN, €Criu u3BecTHa MaTemaTtumdeckas Mogernb cucTembl. XOTs
MoZenu Mna3mbl M3BECTHbI, MPeanoyYTUTENBHO B AaHHOM Cryyae onpefdensTb CTeneHb YNopsiAOYEeHHOCTM
HenocpeacTBEHHO MO AaHHbIM perncrTpauun TennopaguonsnydeHuns. Obwas meToavka onpegerneHus
pasHOCTM SHTPONUIA ANSA OTKPLITLIX CUCTEM AaHa B [2].

CywecTByoLWMIN (HOH MOCTOPOHHMX ANEKTPOMArHUTHBIX U3MYyYEeHUN HEe OKa3biBaeT CyLLEeCTBEHHOro
BMMSHWS Ha OTHOCWUTESNBbHYIO CTEMNeHb YMOPSAOYEHHOCTM Mna3mbl noxapa. [1o3aTomy npeanoXeHHbIN
anroputMm SIBMsieTCA BeCbMa HafeXHbIM U MPOCTbIM B peanu3auun, SBNAeTCS XOPOLUMM AOMOSTHEHUEM K
anropuTmMam cnekTpanbHOro aHanmsa.

Anroput™mbl  naeHTUUKaUMK, YYUTbIBaKOLME CUHEpreTMyeckue CBOWCTBA CUCTEM, BecCbMa
NnepcrnekTUBHbI TaKKe B 3aa4ax MeULMHCKON ANarHOCTUKU.
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ALGORITHM OF IDENTIFICATION OF NATURAL SYSTEMS BASED ON SYNERGETICS
Suyatinov S., Buldakova T.

The identification of systems is the important applied task of digital processing of signals. Its
successful decision is substantially defined by the chosen algorithm of transformation of the initial
information. The researched system can be attributed to one of two classes: a natural origin or systems
created by the man. As a rule, for systems of the first class the identification is carried out with the purpose
of recognition of images in tasks of diagnostics, forecasting etc.

Last achievement in synergetics allow deeper to understand mechanisms of functioning of systems
of a natural origin and to create more reliable algorithms of their identification.

The complex systems, to which the systems of a natural origin concern, function on the basis of
some general principles such, for example as a competition. It causes some universal properties of
behaviour of such systems and parameters describing their condition. These characteristics can serve
identification attributes in tasks of recognition of images. For example, as universal parameter describing a
condition of open system, the relative degree of order can serve.

Construction of algorithms of identification based on synergetic principles we shall consider on an
example of a task of detection of fires on heatradiation.

Experimentally is established, that under certain conditions plasma can not only pass in the
ordered condition, but also move from one instability to another. According to it the relative degree of order
of plazma system varies also. Meaning and dynamics of change of this parameter create a unique image of
a flame, which should be distinguished.

As a measure of a relative degree of order of system we shall use entropy S, which has the
appropriate set of properties. On the basis S - theorem the relative degree of order of open system is
defined as a difference AS:
under condition of M(H) = const. Here H - meaning of the characteristic of a stationary condition of system,
fo and f; - functions of distribution of its density of probability in two condition.

AS=S, -S= Im fu(H %gl( )dH = 0.

The identification algorithms, WhICh are taking into account synergetic properties of systems, are
rather perspective also in tasks of medical diagnostics.




