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Cucrembl M MHTENNeKTyanbHoOe
ynpasneHue

VK 004.822

CEMAHTHUYECKOE PACIIO3HABAHUME
UH®OPMAIIMOHHBIX OFBEKTOB HA OCHOBE
OHTOJIOTUYECKOI'O IMPEJACTABJIEHUS
3HAHUMI O IPEIMETHOM OBJIACTU B
3AJIAYAX HHTEJEKTYAJIBHOI'O YIIPABJIEHUSA

B.!.T'punenxo’, A.SL. Cnanyn', FO.B.Porynmua’

! Mestcoynapoonstii nayuno-yue6nsLii yenmp ungopmMayuonnbIX mexnonozuii u
cucmem HAH Ykpaunvt u MOH Ykpaunot

2
Hucmumym npozpammmuuix cucmem HAH Yxkpaunwt

B pabore nmpoaHanu3upoBaHbl 0OCOOCHHOCTH CEMAaHTHYECKOTO
pacrno3HaBaHusl HH)OPMALMOHHBIX OOBEKTOB B CBEACHUSX, NOCTYIHBIX depe3
Web. B kadecTBe mpuMepoB paccMaTpHBaeTCsi OOHapYKEHHE YCTPOKMCTB B
Internet of Things, o0napyxeHune Web-cepBUCOB U MOAIEpIKKa
WHPOPMALIMOHHOW CITY>KOBI 3KCTPEHHOTO BbI30OBa. sl pemeHuss mpoOiaeMbl
CEMaHTHYECKOr0 pAclo3HaBaHMS B JaHHOIH paboTe MpEeVIOKEeH Iepexo] Ha
HOBBII  KAaueCTBEHHBIH ypOBeHb IMpuU 00paboTke wuHpOpMAIH —
HCIIOJIb30BaHUE 00PaOOTKM Ha CEMAHTHYECKOM yYPOBHE.

Knrwuesvie cnosa: onronorus, wHOOPMALUOHHBIH OOBEKT,
Semantic Web, OWL, pacro3HaBaHie 00beKTOB.

Y pobori mnpoaHami3oBaHO OCOOIUBOCTI CEMAHTHYHOTO
po3mi3zHaBaHHs iHOpPMAIIHHUX 00'€KTIB Y BiJOMOCTSIX, MOCTYIMHHUX yepe3 Web.
V siKocTi NpUKIaIiB pO3rIsIIA€Thesl BUsABICHHS TpucTpoiB B Internet of Things,
BusiBieHHs: Web-cepBiciB Ta miarpuMka iHpOpMamiiHoi CiyO0H EeKCTPEHOro
BUKIUKY. JI7sl BHUpIlICHHsS MNPOOIEMH CEMaHTHYHOrO PO3IMi3HABAHHSA B I
poOOTi 3ampONOHOBAHO IMEpeXiJ Ha HOBHH SKICHUH piBeHb mpu 00poOdILi
iH(opMallii — BUKOPHUCTAHHS 0OPOOKH Ha CEMAHTUYHOMY PiBHi.

Kniouosi cnosa: outonorisi, indopmariiiiauii 06’ ext, Semantic
Web, OWL, po3ni3zHaBaHHs 00’ €KTiB.

BBEJEHUE

Cerogust B obOmactm wHpOpMannoHHBIX TexHomorudd (MT) mpoucxomsaT
ro0anbHBIE W3MECHEHHS B OPraHM3allMd M HCIONB30BaHUHM WH(OPMAIOHHBIX
pecypcoB (MP), HemocpeAcTBEHHO CBS3aHHBIX ¢ HWHTeIUIeKTyanmm3armen UT, u
CO3IAHHBIX HAa WX OCHOBE IPHKIANHBIX WH(POPMAIMOHHBIX CHCTEM, KOTOpBIE
(YHKIIMOHHUPYIOT B OTKPBITOM U TUHAMUYECKOM nH(popManmoHHoi Web-cpere.

B peampHOM MHpe Hac OKpYXarOT pa3HOOOpa3HBIE MaTepUabHBIE OOBEKTHI,
HaJgie HH()OPMAIH O KOTOPBIX 00ECIeYNBaeT BO3MOKHOCTh B3aNMOIEHCTBUS C
HUMH W HUCIIONB30BaHUA U1 CBOMX HYXI. OIHAKO COBOKYITHOCTH CBEACHHHA 00
00bEKTaxX pealbHOro MHpa IOpPOKAAaeT APYrod MHP — BHPTYANbHBIH, T
CYIIECTBYET TOJBKO WHGPOpPMAIW. ITOMY BHPTYyalbHOMY MHpPY MBI JaeM
pa3HooOpa3HbIe Ha3BaHUS, OXHO U3 KOTOPHIX — HH()OPMAIIMOHHOE IIPOCTPAHCTBO.

© B.W.I'punienxko, A.4. I'manyn, F0.B.Porymmna, 2014
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[lo3Hanme peampHOTO MHpa MPOHCXOMUT dYepe3 HTO  HH(OPMAIOHHOE
MPOCTPAHCTBO, KOTOpOE TMPEACTABIAET COOOH HEKOTOPYI WH(POPMAIHOHHYIO
KaptuHy Mupa [1].

Yenosek popmupyeT cCOOCTBEHHOE IPEICTABICHIE O PEATEHOM MHUpE, ITOIydast
W OCMBICTIHBAass HWHPOPMAIMIO O KaKIOM pealbHOM OOBEKTe, IIpoIecce WIIN
siBneHun. [1pr 5TOM y KajKIoro CyImecTByeT cBOsl HH(pOpPMAIMOHHAS KapTHHA MHpa,
KOTOpasl 3aBHCHT OT MHOXKECTBa (PaKTOpOB KaK CyOBEKTHBHOTO, TaK U
00BEKTHBHOTO TIOPSAKA, HA UTO BIUSIET YPOBEHh 00pa30BaHHOCTH UEIIOBEKA.

MopnenupoBanue SBISIETCS OJHUM W3 CIIOCOOOB TTO3HAHUS PEANEHOrO MUpA H,
MmpekIe BCEro, OHO CBSI3aHO C OTOOPOM HEOOXOMMMOH WH(OpPMAINHA U
MOCTpOeHHEM Mozend. MHPopMannoHHOE IPOCTPAHCTBO MPEACTABIAET COOOI
MOJETh pEeaJbHOT0 MHpA, IOCTYIIHYIO CO3HAHUIO denmoBeka. OnmHako Irobast
UHPOpPMAMOHHAS MOJAENb OTPAKACT PEaNbHBIH OOBEKT TOJIBKO B OrPaHHYCHHOM
aCIIeKTe — B COOTBETCTBHH C TIOCTABJICHHON YEIOBEKOM IIEIBIO.

CymiecTByeT HempephIBHAS CBS3b MEXKAY MOJICISIMA H OOBEKTAMH PEaTbHOTrO
mupa. Ecnm uMers Heno TONBKO ¢ MOIETSIMH, TO MCUYE3HET TAaKoe IOHSITHE, Kak
aJICKBaTHOCTh. Y CTpPaHUB OOBEKT, MBI TEM CaMbIM pPa30pBEM BHPTYaIbHYIO CBS3b,
YCTaHABIHMBAIOIIYI0O  OOBEKTHO-MONENbHOE  OTHOIIeHHe. [loaTroMy  Mozmenn
HAXOJATCS B IMHAMHUYECKOM Pa3BHTHH, COBEPIICHCTBOBAHIH Ha OCHOBE PEaNbHBIX
00BEKTOB W TIPEBPAIAIOTCS B HEKOTOPBIA CAMOCTOATENBHBIA OOBEKT, KOTOPBIH
MPEICTaBIsEeT CO00H COBOKYITHOCTh HH(POPMAITUK 00 3TOM 00BEKTE.

s Ttoro utoObl 3ddekTHBHO OOHapyxHuBaTh B Web-pecypcax cBeneHwus,
HEOOXOIMMBIC TIONF30BATEN0 JUISI PEIICHHUS CTOSAIIUX IIepel HUM IpolIieMm,
MIPEACTABIACTCA  LENecOOOpa3HBIM BHAYalle ONPENeNuTh, Kakhue HMEHHO
WHPOPMAIIOHHbIE OOBEKTHI ~HHTEPECYIOT —IIONB30BATENs, T.€. ITOCTPOHTH
(OpMaNbHYI0O MOJEINb, OMHMCHIBAIOIIYI0 CBOWCTBA MHOMKECTBA COOTBETCTBYIOIIHX
HH(POPMAIIOHHBIX 00BEKTOB U MO3BOJIAIONIYI0 OTIMYATH WX OT JPYTHX, a 3aTeM
WCIONIB30BATh 3HAHWS 00 WX CTPYKTYpeE, MPEACTaBICHHBIC B 3TOW MOICIH, UL
TOT'0, YTOOBI PaCIIO3HABATh KOHKPETHBIC 3HAUCHHS MX CBOMCTB.

Heas nmanHOii paboThl 3aKiTIOYacTCs B pa3paboTKe KOHIENTYaJIbHOTO
MOJX0/1a K MOCTPOCHUIO (pOpMaITEHOIM OHTOIOrHYECKOW MOIETH HH(POPMAITHOHHEBIX
00BEKTOB B BHPTyaIbHOM HWH(QOpMAIMOHHOM Web-TIpoCTpaHcTBE W CO3ITAHUS
METOIUKH HWCIIONB30BAHUS OTOH MONENH ISl BOCIPHATHS, PacHO3HABAHHSA,
HHTEpIpeTalnd ¥ O0OpadOTKH 3THX OOBEKTOB B 33Javyax HHTEIUIEKTYaJIbHOTO
VIIPaBICHHUS.

Unpopmayuonnvrii o6vexm (UO) — mnpencraBieHne (Momens) OOBEKTa
npeamerHoir oomacti ([IpO) B uMH(DOPMAIMOHHOM TIPOCTPAHCTBE, KOTOpPOE
orpenensieT CTPYKTYPY, aTpHOYTHl, OTpaHWYEHHS IIEJIOCTHOCTH M, BO3MOXKHO,
MOBEJICHHE ATOr0 00heKTa [2].

TAKCOHOMMUS UH®OPMAIIMOHHBIX OFBEKTOB

MarepuanbHbBIA 00BEKT — JIIEMEHT JeHCTBUTEIHHOCTH, B3ATHIA 0€3 CBS3U CO
BpEMEHEM, KOTOPBI HMMEET XapaKTePUCTUKH, MOXKET BCTYNaThb B OTHOLUEHUS M
SIBJIIETCSI PE3YJIBTATOM BBIIEIICHHUS U3 HEKOTOPOH COBOKYITHOCTH.

OOBexT (C TOYKH 3pEeHHs IPOrPaMMHUPOBAHHS M, B YaCTHOCTH, OOBEKTHO-
OpPHEHTHPOBAHHOTO IIOXO0Ja) TIPEICTaBIAET COOOH HEKOTOPYIO CYIIHOCTh B
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BUPTYaJIbHOM IPOCTPAHCTBE, KOTOpas MMEET ONPEAEIEHHOE COCTOSIHHE U
MOBEZIeHNE, T.C. 3aJaHHbICe 3HAYEHHS CBOHCTB (aTpuOyTOB), W IS KOTOpPOHU
OIpeZieNieHbl Omnepanuu Hal HuUMH (MeToabl). Kak mpaBmito, mpu HCCIEIOBAaHHU
00BEKTOB BBINEISIETCS TO, YTO KAXKABIH OOBEKT MPUHAIICKUT OIHOMY A
HECKOIIBKUM KJIaccaM, KOTOpPBHIE B CBOIO Odepens OOYCIABIMBAIOT IOBEACHHE
00BEKTa, T.€. ABISIOTCS €r0 MOIENBIO.

WudopmannoHHbIi 00BEKT SABISIETCS PacIIMPEHHEM IIPOrPaMMHOT0 00bEeKTa 1
MPEACTaBIseT CO0OH HEKyI0 CYITHOCTh, COACPKAIlyl0 B cebe CBEICHHUS B
HH(POPMAIMOHHON CHCTEME O KaKOM-THOO pealbHOM WM BHPTYadbHOM OOBEKTE
(mpenmere,  cymiecTBe, COOBITHH, TMpomecce W TJ.) —  YHAKAJIBHO
UACHTH(UIIPOBAHHON MaTEepHUATBHON WM HEMATEPUAIBHON CYIIHOCTH PEaIbHOTO
MUpa, KOTopas onuchBaeT cTpykrypy MO, aTpuOyThl, OrpaHHYeHNe HETOCTHOCTH
W, BO3MOXHO, TmoBeaeHWe. Hampumep, 00BEKTOM MOXET OBITh YeIIOBEK,
myOmuKanus, OpraHu3amus, Topol, a WH(OPMAIMOHHEIM OOBEKTOM — UX
OIHCaHUe.

Paznnunbie popmatei:
TEeKCT, ayJ¥o, BHIEO,
TIPOTPaMMHBI KOJ

PazimmuHble THIBI:
OTYETHI, CTAThH, H300pa-
JKEHHS, Ay THOKYPCBI,

BH1€0QHITBMBI
WHOOPMALMOHHbIE
PECYPCbI
Tunsl 000pya0BaHMs:
AKTOPbI, (TEPCOHbI) KOMITBIOTEPBI, CMapT(HOHEL.
OPFAHU3ALUMU U HOYTOYKH, CepBEpHI,
YUYPEMKAEHUSA JIATYNKH, MAKPOKOHTPOJLICPHI
NPOrPAMMbBI N
OBOPYJOBAHUE
Tumnbl nporpamm:
CemaHTHYecKue| Web-cepBuchl,
aHHOTAIHH [POrpaMMHBIC areHTHI,
OHTOJIOTHH, IPHIIOKCHHS
Mpoduin opraﬂﬁsauuﬁ:
Ilepconanbubie mpomm: HUHCTUTYTHI, yHUBEPCUTETHI, AlITEKH,
CTYACHTBI, CIICIINATINCTBI, KJIMHUKH ¥ 0O JIGHUIIBI, KOMIIAHHH,
9KCIEPTHI, MCHEKEPHI, 2CCOIMAIIHH, 32BOJIBL
rOCy/1ap CTBCHHBIE CIIy’Kallng

Puc. 1. CtpykrypHas cxema HH(POPMAIMOHHBIX 00BEKTOB, IPEICTABICHHBIX B
pacnpenenenHoir Web-cpene

B konmemmum Semantic Web u wunHbopMarmmonHoM Web-mipocTpaHcTBe
HH(GOPMAIIMOHHBIMA O0OBEKTAMH SIBIITIOTCA M TaKWe OOBEKTHI HEMATEPUATBHOTO
MHpa, KaK OHTOJIOTHH, MPOrpaMMHBIC areHThl, Web-cepBUCH, HH(GOPMAIIMOHHbIC
pecypchl, MeTaJaHHble, 0a3bl JAHHBIX M T.I. B MH(QOpPMAIMOHHOM MPOCTPAaHCTBE,
Takke KaK M B PEAJTbHOM MHpE, CYIMECTBYET MHOXXECTBO HH(OPMAIMOHHBIX
00BEKTOB, YTO TpeOyeT B CBOIO Odepeib pa3pabOTKH MOJENeH, aarOpuTMOB H
METOJIOB JIJIS pellicHHs 3a]1a4 IMOMCKa (00HApYKEHHs), PACIIO3HABAHM S, BOCIIPHUSTHS,
HHTEPIPETAINH, KOMIIOHOBKH U BeIOOpa 1O.

Ha puc. 1 mpezacraBieHa TakCOHOMHS HH(GOPMAIMOHHBIX OOBEKTOB, TIIE
pealbHBIe  OOBEKTHI MPEJACTABICHBI HMX MOACAIMH B  HH()OpPMAIHOHHOM
npoctpancTBe. OnmHOH M3 HacymHBIX MpobieM wuH(poOpMarmoHHoro Web-
MPOCTPAHCTBA ABJISIETCS MMOMCK HMHGOpPMAlMA W 3HAHWW M paclpelesieHHas
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00paboTKa HHPOPMAITHH.

Hayunslit Tpya, razetHas cTaThbs, npuka3 — npumepsl MO B BHlle TEKCTOBBIX
JIOKYMEHTOB. Pucynku, deprexu, cxemel — 310 MO B BHme rpaduieckux
JOKYMEHTOB. BemoMocTe HaumcleHWs 3apaOOTHOW IUIATHI, TaONWIAa CTOMMOCTH
MIPOM3BEICHHBIX TOKYIIOK B ONTOBOM Mara3wHE, CMETa Ha BEINONHEHHE paldoT U
mpoyre BUABl OKyMEHTOB B TaOnm4yHOW (opMe, TOEe MPOU3BOIATCS
ABTOMATHYECKUE BBIUMCICHUS MO (POpMYJaM, CBSA3BIBAIOIINM STICHKHI TaONUIBI, —
510 mpuMepsl MO B BHIE AIIEKTPOHHBIX Tabmwmil. Pe3ymbrat BHIOOpKH W3 0Oa3bl
JaHHbIX — 3T0 ToXxke M O.

JIOBONIBHO 4acTo MBI UMEEM JEN0 C COCTABHBIMH JTOKYMEHTaMH, B KOTOPBIX
uHpOpMaNUs TpeACTaBIcHAa B pasHBIX (opmax. Takwe TOKYMEHTHI MOTYT
comepKaTb W TEKCT, W PUCYHKH, W TAaONHUIBI, W (QOPMYIB, © MHOTOE JAPYTOE.
Hayunble cTathbu, OTYETHl, KHUTM — 3TO IPUMEPHI COCTABHBIX JIOKYMEHTOB,
seistrouxcst MO cnoxHoi cTpykTypsbl. Jpyrumu npumepamu cinoxsbix MO moryT
CIY)KUTh CO3JJaBaeéMble Ha KOMIIBIOTEpE MPE3CHTAUUM U THIEPTEKCTOBbIE
JOKYMEHTBI.

Ha ocHOBe mpencraBiIeHHOW CTPYKTypHOH CXeMBl HH()OPMAIOHHBIX
00BEKTOB, M WCIONB3YS COOTBETCTBYIOIINE HHCTPYMEHTAIBHBIC CPEACTBA, MBI
paspaboraim  TaxPRO —  TakcoHOoMHIO  HWH(MOPMAIMOHHBIX  OOBEKTOB,
CYIIECTBYIOIIUX B  pacmupenencHHod  Web-cpene Ha — QopManm3oBaHHOM
OHTOJIOTMYECKOM f3bIKE, YTO IMO3BOJISET MPUKIAIHBIM MIPOrpaMMaM HCIONIb30BaTh
STOT OOBEKT IPH BHITIOIIHEHNH CBOUX 3a7a4.

HNHD®OPMAILIMOHHBIE OFBEKTHI B WEB

WudopmanmonHyo Momenb, KOTOpas HE MMEeT HEeIOCPEICTBEHHOW CBS3U C
00BEKTOM W3 MaTEepPHAIBHOTO MHpa, TOKE MOXKHO CUYHTaTh OOBEKTOM, HO HE
MaTepHalbHBIM, a mHpopMaruoHHEIM [3]. Takum ob6pa3om, HHGOPMAIMOHHBIN
00BEKT ToNy4aeTcss u3 WHPOPMAIMOHHOH MOIENH IIYTEM «OTIYKACHUSI
uHpOopManuyu oT o0beKTa-opurnHana. Kak npasmno, 1O BO3HUKAIOT B pe3ynbTaTe
CO3HATENbHOW WJIM HECO3HATENbHOM I1eJICHANIPABIEHHONW JesTEeNbHOCTH JII0AEH, HO
MOTyT TaKXkKe NOpOKIaTbcd KOMIbIOTEpaMH (IporpaMMaMu), HampuMep,
HEIMHEHHO  B3aMMOJCHCTBYIOIIMMH  WH(MOPMAIMOHHBIMH  ITIOTOKAMH B
KOMIIBIOTEPHBIX CETAX U IIP.

CaM 00BEKT mpeaMeTHOH 00IaCTH MOXKET OBITh KaKk MaTepHalbHBIM
(HampuMep, YeNnoBEK, OpraHu3allsi, MECTO), TaK U BUPTyaJIbHbIM, HE HMEIOLINM
KOHKPETHOI'0 MaTepUalibHOIO KBUBAJICHTa (HallpuMep, KHUTa, IporpaMma), XoTs 1
CBSI3aHHOTO C TEM WM WHBIM MaTephallbHBIM HOocuTeleM wuHpopMmarmu. Kpome
Toro, o0wsektT [IpO MoXeT mpencraBisATh COOOH YHCTO abCTPaKTHOE IOHSTHE, B
MPUHIIATIC HE CBS3aHHOE ¢ KOHKPETHBIM HOCHTENIEM HHPOPMALIUH U 0TOOpaKaeMoM
JIMILb B CO3HAHUU YEJIOBEKa (HapUMep, «BPEMS», «MOPAJIb).

Oo6mwext [IpO sBIsSAETCS CHHOHUMOM SK3EMILIApa 00BEKTa — 3TO YHHKAIBHO
UACHTH(QHUITMPOBAaHHASI MaTepUaIbHAS WM HeMaTepHaibHasl CYITHOCTh PEabHOrO
mupa. OOBEKTHI HMEIOT COCTOSHHE W, BO3MOXHO, SBHBIM  00pa3oM
cnenupUIMPOBaHHOE TMoBeneHne. llpuMmepaMu OOBEKTOB MOTYT — CIYXKHTh
JMUYHOCTH, ONpENeNICHHBIE MPeAMETHl WM WX YaCTH, SBICHUS, COOBITHS WIIH
MIPOLIECCHI, KOTOPBIE C HHUMH CBsI3aHBL. B pacmpeneneHHOM HH(OPMAIMOHHOM
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Web-mipocTpancTBe — 93TO O0BEKTHI HEMAaTepHAIBHOIO MHpA: OHTOJOTHUH,
mporpaMMHBIe areHTbl, Web-cepBUCH, MeTaqaHHbIe, HH)OPMAIMOHHBIE PECYPCHI
(1P), xoTopBIe MOTYT OBITH KaK AKTUBHBIMH, TaK U TTACCHBHBIMHU.

ITPOBJIEMA PACIIO3HABAHHUS B CEMAHTHYECKOM CPEJE

Kak u3BecTHO, mpobiema pacro3HaBaHus 00pa3oB (M300pakeHHi) sSBISIETCS
omHoM W3 Hambojee (yHIAMEHTAIBHBIX MpoOjdeM HWH(POPMATHKA K TEOPHH
MHTEIUIEKTYAIbHBIX CHCTEM, KOTOpask UMEET OrPOMHOE MPAKTUYECKOE 3HAUYCHUE.
Pacro3naBanue 00pa3oB — 3TO Hay4yHas OpoOjieMa, LEeTbI0 KOTOPOH SBISETCS
K1accuuKaus 00bEKTOB M0 HECKOJIBKAM KATETOPHSIM HJIM KJIACCaM C ITOMOIIBIO
BBIJICTICHUS CYILIECTBEHHBIX MPU3HAKOB, XapPAKTEPU3YIOIIUX 3TH JaHHbIE, U3 00l
MAacChl HECYIIECTBEHHBIX NaHHBIX [4]. B TpaIuIIMOHHOM pacrno3HaBaHUU OOBEKTHI
Ha3BIBAIOTCS 0Opa3amu. CBSA3aHO ITO € TEM, ITO HH(OPMAIIIS O MHOTUX O0BEKTaX U
SIBJICHUSAX B HACTOAIICE BPEMsS PETUCTPUPYETCS M XPAHHUTCS B BHIEC HU(PPOBBIX
n300pakeHui [5].

ITpobiema pacro3HaBaHusl, KaK OTJENbHAS HAydHAs MpoOieMa U KaK HayqHOE
HAlpaBJIeHHe, BO3HUKIA U Pa3BUBaeTCsA ¢ KoHIA 50-X romoB IMPOILIOr0 BeKa U B
HACTOSIIIIEe BPEMsI MONydaeT Bce OOJBLIYIO 3HAYMMOCTH M BCE OOiiee IIHPOKOE
pacmpoctpaneHune. TpymHO Ha3BaTh Takyl cbepy [IeATeIbHOCTH, TIe He
MCIIONIb3yeTCs 3ajlaua pacno3HaBanus. [IpobieMa pacrio3HaBaHHs B TI00ATBHOM
Mmaciitabe (B MaTepUaIbHOM UM HEMATEPHAIBHOM MHpE) OINpPEAEeNIeTCS Kak
OTHECEHUE MCXOJHBIX JAHHBIX K ONPEICTICHHOMY KIACCYy C MOMOIIBIO BbIJCICHHS
CYILECTBEHHBIX MPHU3HAKOB, XaPAKTEPU3YIOIINX 3TH [aHHbIC, M3 OOIIEH Macchl
HECYIIECTBEHHBIX JIAHHBIX.

B wunbopmatuke pacmo3HaBaHue o0pa3oB — pasnen HHGOPMATHKA U
CMEXHBIX JUCHUIUINH, Pa3BUBAIONIMA OCHOBBI W METOABI KIACCU(PHUKAIMH U
UACHTU(DUKALUK TPEAMETOB, 00BEKTOB, SIBICHHUM, POLIECCOB, CUTHAIIOB, CUTYaIHi
U T. H., KOTOPbIE XapaKTEPH3YIOTCSI KOHEYHBIM HAOOPOM HEKOTOPBHIX CBOWCTB U
[IPU3HAKOB.

Kitaccuueckas mocTaHOBKa 3aj[aud pacrio3HaBaHHs oOpa3oB [6] MokeT ObITh
copMyTHpOBaHA CIIEAYIOIUM 00pa3oM:

. 3a7aH0 KOHEYHOE MHOKECTBO Ki1accoB P, P = {p ;i }, j=1m;

. 3aJlaH0 KOHEYHOE MHOXECTBO 00bekToB O, O={0i}, j=Ln, o
KQKIOM W3 KOTOPBIX HW3BECTHO, YTO OH MOXKET OBITh OJHO3HAYHO OTHECEH K
OIIHOMY M3 KJIacCOB U3 P: Vo, OEij €eP:ojepj;

U Ka)XABI OOBEKT 0; =<al-l,...,al-k>1/13 O obnapaer HaOopoM u3 k
CBOICTB Aq,q =1,k Takux, 4TO a;, € A,

J 3a/1aHO KJIacCU()ULIIPOBAHHOE MOAMHOXKECTBO 00BEKTOB (00yudaromas
BbIOOpKa) Oy < O Takoe, 4To Vo; € Oy H3BECTHO, K KAKOMY HMMEHHO Kiaccy

Pj € P:o; € p; OTHOCHTCS 9TOT OOBEKT.

HCO6XOI[I/IMO OMnpeaCINTDb, K KAKUM KJIaCCaM OTHOCATCS BCC 00BekTEI 13 O.
I[J'Iﬂ 00BLEKTOB PCAJIbHOIr0 MHUpa THUIIOBAs ITOCTAHOBKA 3aJa4un KJ'IaCCI/I(i)I/IKa]_[I/II/I
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MIpeAroaaraeT BeIACICHIE OPEIeTICHHOI0 KOHKPETHOTO 00BEKTa CPEIH MOT00HBIX
eMy (HarpuMep, y3HATh CpeIi MHOKECTBA IIKOIBHUKOB CBOETO peOeHKA).

B nanbonee obmieM cirydae 3amada pacrio3HaBaHIsI MOXKET OBITH pa3elicHa Ha
IIBE TT0/133Ja9H, KOTOPBIE BEITIONHSIOTCS HTEPATHBHO 0 TONYyYCHUS MPUEMIIEMOT O
pe3ynbTarTa:

Hlar 1. [TocTpoeHne TUIOTE3BI O TOM, K KaKAM KJIACCaM MOTYT OTHOCHTBCS
00BEKTHI, M KAK UMEHHO XapaKTepH3YIOTCS 00BEKTHI BHYTPH KIIACCa;

Hlar 2. OTHECEHNE KOHKPETHOTO 00BEKTa K OMHOMY U3 ATHX KIIACCOB.

Ecmm ma 2-M orame pacmo3HaBaHWE OKA3bIBACTCS HEYCHCITHBIM, TO
HEOOXOIMMO BEPHYTHCA K mIary 1 u copMHpOBaTh IPYyroe MHOXKECTBO KIIACCOB
(pacmpuTh HaYaTPHOE MHOYKECTBO WMJIM U3MEHUTH KPUTEPHH MPUHAIEKHOCTH K
Kjaccy). Hampumep, ycnplliaB 3ByK IIaroB B KBapTHPE, YEIOBEK MOXKET
MPEATIONOKNATE, YTO WX H3IACT IPYTOd YeNOBEK — TaK KaK €My H3BECTHO O
HAIMYAA B TOMEIICHWH JApyrux imoned. OIHAKO eCi 3aTeM OH  CIIBIIINT,
HaTpuMep, MAyKaHbe, TO OH MOXKET IIPEeANONIOXKHTh, YTO HCTOYHHKOM 3BYKOB
SIBJIICTCSI TMOO KOIIKa, THOO0 paboTaromuil TeICBU30p.

B ungpopmayuonnom npocmpancmee Web 3amava pacro3HaBaHUsI 0OBHEKTOB
HETOCPENCTBEHHO CBs3aHA C HWH(MOPMAIIMOHHBEIM TIOMCKOM M TOW MLENBI0, UL
KOTOpOH MOTB30BATENh OCYIIECTBISIET ATOT IMOKUCK. B oTiIHYME OT peaJbHOTr0 MUpa
WHHUIHIATOPOM DACIIO3HABAHUS SBIIETCS CaM ITOJIb30BATEINb, TAK KaK OH IONydaeT
CBeNeHHs W3 MH()OPMAIMOHHOTO MPOCTPAHCTBA JIWIIL B OTBET HA KAKHE-TO CBOHM
IEUCTBUA.

3amady pacro3HaBaHWsS B TAaKOM CIy9ae MOXKHO Pa3[elUTh Ha HECKOIBKO
aTamnoB (puc.2):

3amaua
[10JI630BaTEIsL

Oran 1. Onpeznenenue kinacca uckomorolO

1L

Oran 2.dopmuposanue Maccusa UP,
cozeprxammx nHdopmanuo 06 1O

1L

Oran 3. ®opMUpOBaHHUE OTPaHUUYCHUN HA
cBoiicTBa uckomoro MO

1L

Oran 4. Pactio3naBanue B P cBenenmi
0 CBOMCTBax HCKOMBIX no

| [ uo |

Puc. 2. Orans pacno3naBanus 1O B Web

Oran 1. I[IpoaHamu3upoBaB BOZHUKIINYIO I[Epel IIONB30BATENEM IICTb,
HEOOXOIMMO OIpEIENUTh, K KAKOMY KIIACCy OTHOCHUTCS HEOOXOIUMBIH eMy
HH(GOPMAITHOHHBIA 00BEKT.

© B.W.I'punienko, A.4. I'manyn, F0.B.Porymmna, 2014
10 ISSN 0452-9910. KuGepHeTnka u BbIYMC/I. TexHHKa. 2014. Boin. 178



J11s1 5TOrO €CTh HECKOIBKO BO3MOKHBIX ITyTEH:

- BEIOpaTh SABHBIM 00pa3oMm kiacc mckomoro MO m3 Takconomuu MO
(mampumep, «Web-cepBUCY», «COTPYIHUKY, «CTATh», «OPTaHU3ALMDY;

- 3aaTh CBOMCTBAa M OrpaHu4eHus s uckomoro MO ¢ 1enbio
aBTOMAaTHYECKOrO OOHAapyKeHHsI dTOro kiacca B takcoHomuu MO (mampuwmep,
«BO3pacTy», «hammmmssy, «apodeccrs», «URL-agpec», «KOMHIECTBO CTPAHUID —
obHapyxeHHe OyIoer YCIEMIHBIM, €ClIH 3aJaHHbId Habop CBOICTB He
MIPOTUBOPEYMB U MOXKET NpUHaAIexkaTh ognomy NO;

- 3amath  npumepsl MO, oOTHOcsIIMXCS K 3TOMY  KJaccy,
mpuBens  ykasaHus Ha 9x3emisipel MO storo  kjacca  (Hampumep,
«Kemmm Jlama ne Mannmpakay» MO3BONUT HACHTH(HUIMPOBATH Kiacc «cobakay, a
«ISBN 978-3-659-56520-5» — Kiacc «IryOIuKaIus).

Kpome ommcanust Toro kimacca pyo € P, K KOTOPOMY OTHOCHTCS HCKOMBIH

HO, crenyer 3amaTh CBSI3W 3TOTO KIlacca C JIPYTMMH CEMAaHTHYECKH CBSI3aHHBIMU
knaccamu MO:

- HOAKIACCHI Pronxmaces Pronkmace © P:Voe Propxnace = 0 € PUO 5

- HAJIKIACCH Pyangnaces Pragknace € P2 V0 € Ppo = 0 € Pyanxnace s

- KJIaCCHhI, K KOTOPBIM OTHOCATCA CBOICTBa 00LEKTOB

0; = <al-1,...,al-k > n3 O Aq,q =1,k , ecnu 3TH CBOMCTBA TaK)Ke SBJISIOTCS KJIacCaMH
Aq eP.

Oran 2. ChopMmupoBaTh MaccWB WHQPOpPMAIMH, B KOTOPOM HAI0 HAWUTH
cBenenns 0o 1O.

i1 3TOro MOXXHO:

- SIBHO yKa3aTh aJpec XpaHWIHIIA CTPYKTYpUPOBaHHBIX CBEICHUN
BEIOpaHHOTO Kiacca (HampuMep, agpec PEmo3UTOpHs OHToJOormi mium Web-
CEpBUCOB);

- yKa3aTh KpUTepuii Tiomcka B Web  (MOMCKOBBIH  3ampoc,
mepeanpecyeMblil BHEIIHEH HHPOPMAIIMOHHO-TIONCKOBOH CHCTEME);

- 3amaTh nepedyeHb WP, peneBaHTHBIX pemiaeMoil 3amade, B KOTOPBIX
HESBHBIM  00pa3oM  (HECTPYKTYPHpPOBAaHHO)  COAEPXKATCs  CBENCHHA O
pacniozHaBaemom HO.

Oran 3. CdopmupoBars orpanmdeHuss Ha MO BeIOpaHHOrO KiIacca,
YIOBIETBOPSIOIINE ITOTPEOHOCTSM IONIb30BaTeNs. s 9TOro Hajo — SIBHO WK
HESBHO — cCBs3aTh cBoiictBa MO ¢ mpuemieMbIMH WM HENPUEMIIEMBIMU HX
3HavyeHusMH. Yem Ooree TOUHO 3amaH Ha dTamne 1 kimace uckomoro MO, Tem Gomee
JeTaIM3UPOBAHHO MOTYT OBITH 3aJaHBI 3TH ycinoBus. Hampumep, ecnu Ha stane 1
Ob1TO0 ompeneneHo, 9To MO 0oTHOCHTCS K KITacCy «UelIOBEK», TO B YIOBHIX MOXKHO
3amaBaTh ero (ammimio u Bo3pacT, HO ecnmd MO ObUT OTHECEH K KIaccy
«COTPYIHUK, ABIISIOLIEMYCS] TOJKIACCOM KJIacca «4eJIOBEK», TO ISl HEr0 MOXHO
OIPENeTATh 3HAYCHHS TaKUX CBOWCTB, KaK «IpOdeccHs», «MecTo paboTe» U
«CTaX.

Hanpumep, ecnu monp30BaTeNio A KaKUX-TO LeJed HAI0 HaWTH Hay4HBIX
COTPYAHHUKOB, IPOXKUBAIOILMX HA TEPPUTOPHUH YKpauHbl U UMEIOIUX HE MEHEe
100 Hay4HBIX IMyONUKAIIHIA, TO IPU PACIIO3HABAHUY HYXKHO OyJeT pacro3HaBaTh UX
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MeCTO pabOTHI, MECTO YKUTENBCTBA M JOIDKHOCTB, U HE OYIyT YUUTHIBATHCS TAKHE
CBOWCTBA JIFOJICH, KaK BO3PACT WIIM HAJIMIUE JOMAITHAX KHBOTHBIX.

Jtan 4. OcymecTBUTh paciio3HaBaHue cBeneHnii 00 mckoMbix MO, xotopoe
CBOIMTCS K CeMaHTHUYECKOU pa3MeTke Habopa P, chopmupoBanHOro Ha atame 2,
MOHATHSIMHA (CBOWCTBAaMH ), BBIICTICHHBIME Ha dTare 3.

[lpu o>TOM MOTrYyT TpPUMEHSTHCS METOABI JIMHTBHCTUYECKOTO aHajm3a,
pacro3HaBaHU peur M M300pakeHWi (s aHamm3a MyiabTuMenuitHeix UP), a
TaKXKe CpEelCTBa MEHEKMEHTA 3HAHWH, HAlpaBJCHBIC HA aBTOMATH3WPOBAHHOE
WCIOJBb30BAHME 3HAHUH O CTpyKType HucKombix MO, mnpeacraBieHHbIX B
HHTEporepadenbHOH (opMe, TOIMYyCKAIONIINX aBTOMATH3NPOBAHHYIO 00pabOTKYy.

Kpome Toro, mms  wHTepomepaOenbHOrO  NPENCTABICHUS  3HAHUI
coorBercTBytomux  IIpO enecoodpasHo HCIOJIb30BaTh OHTOJIOTHUH,
UCIONIb3yeMBIe B KadecTBe HX (POpMaNbHBIX Mopeneil. [loHsTus oHTONMOrHi
MO3BOJITIOT CEMaHTHYECKM AaHHOTHUPOBAaTH CBOMCTBA KJIACCOB M HMX 3HAYCHIUSL.
Hampumep, mocratouno dacto mpu obHapyxeHun MO, oTHocsAmuxcs K Kiaccy
«Web-cepBuC», MMEHHO OHTOJNOTHYECKHH IIONXOJA TIO3BONSIET CEMaHTHYECKU
AQHHOTHPOBATH WX BXOJBI M BEIXOIEI.

OHTOJIOI'MA KAK HCTOYHHMK CBEJIEHUI O CTPYKTYPE HO

JlocTaTOYHO OUYEBHAHO, YTO 3aJaHWE HEPapXUH KIACCOB TOW WK WHOM
MPEeAMETHOW 00JacTH, a TaKXKe CBOWCTB ITHUX KIIACCOB, SBIICTCS CIIOKHOH M
TPYIOEMKOW 3amadeii, TpeOyromeld Kak SKCIepTHHIX 3HaHui 00 atoit [IpO, Tak u
HABBIKOB, CBs3aHHBIX C MeEHEKMEeHToM 3HaHuWi. [loaTomy menecoobpa3Ho
HCIIONIF30BATh Takue (hopMan30BaHHEIE U HHTepornepadbensabie Mogenu [1pO, kak
OHTOJIOTUH, B KOTOPBIX 3TH 3HAHHS MPEACTABICHEI SBHBIM 00pa3oM M TPUTOTHBI
IUTSL aBTOMATU3UPOBAHHON 0O0pabOTKM pa3IHMYHBIMH IIPOTPAMMHEIMU CPEICTBAMH.
Ha ceromuss oHTOnOrMM (HaKTHUECKH CTaM CTAHAAPTOM IS IIPEICTaBICHUS
3HaHWiA B Web.

[Ipu sToM crremyeT y4WTHIBaTH, UTO ceromHs Web obecreunBaer MOCTYN K
OONBIIOMY KOJIMYECTBY OHTONOTHH KaK BEPXHETO YPOBHS, TaK W Pa3IAIHBIX
nocratouno y3kux IIpO. B wactHOCTH, psiI s3BIKOB, CTaHIAPTOB, METOIOB U
MPOrpaMMHBIX CPEICTB CO3IAHWS W Pa3BUTHS OHTONOTHUH OBUT pa3paboTaH B
paMkax mpoekra Semantic Web, a Ha UX OCHOBE YK€ CO3IaHO JOCTATOYHO MHOTO
TIPUKJIaTHBIX OHTOJIOTHH.

Hayuuts kommnbrotep (mporpammy) pacrno3HaBaTh cMbicit MO (ero ceMaHTUKY),
HHTEPIPETHPOBATh ATH OOBEKTHI M HA JTOH OCHOBE co3maTh Web HOBoro
mokonenns, Semantic Web, — 3to mpobiiema, Ham KOTOpOH aKTHBHO pabOTaroT
MHOTOUHUCIICHHBIC HCCIEeIOBaTed B MHUpe, W dTo HampaBienne B UT sBusercs
CEeTOIHS aKTYyaJbHBIM H TIONydJaeT Bce OoJee MIPOKOe pa3BUTHE.

[Ipoekr Semantic Web HampasiieH Ha TO, YTOOBI AaTh HH(POPMAIMH "dETKOE
3HaYeHHe, IM03BOJLII KOMIOBIOTEpaM H IIOISM padoTaTh B TECHOM M Oolee
3(pPEeKTUBHOM U IDIOAOTBOPHOM corpymamdectBe" [7]. Ilpm sTOM mist permeHus
MIPEACTABICHHOW MTPOOJIEMBI TIpe[UlaraeTcss Iepexol Ha HOBBIA KadeCTBEHHBIN
YpOBEHb TMpH 00paboTKe HH(POPMAMM — KCIOJNb30BaHUE O0OpabOTKH Ha
CEeMaHTHYECKOM YPOBHE.

Hempto mpoekta Semantic Web sBisieTrcs mpeoOpa3oBaHme — Bceit
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COBOKYITHOCTH HH()OPMAaLMOHHBIX pecypcoB Web B emuHyro 0a3y 3HaHUH,
MOJIb30BaTbCcd KOTOPOM MOTyT Kak JIIOAM, Tak W mporpammbl. s artoro
HEOOXOANMO CHAOOUTh KAXKABIA pecypc ONHCAaHHEM ero CEeMaHTHKA U
MPEIOCTaBUTh CPEICTBA IS aBTOMATH3MPOBAHHON 00pabOTKH ITHX OIHMCAaHHUN U
TIpeICTaBIeHNUS 3HaHUN 0 HuX [8].

ABTOpOM 3T0M KOHIenwH siBisieTcs T. bepaepc-JIu, KOTOphIil paHee 3axyMant
u paspabotan Web, a teniepsr Bosriasister Koncopunym W3. Ilensto bepuepca-Jlu
06110 CPOpMHUPOBATH MH(OPMATOHHOE TIPOCTPAHCTBO, K KOTOPOMY KaKIBIH HMEET
HENOCPEACTBEHHbI U MHTYUTHBHBIN JOCTYH, U HE TOJBKO Ui MPOCMOTpa, HO U
s co3gaHus  wH(opMmanmu.  KommbproTepel  CTaHOBSTCS — CIIOCOOHBIMHU
aHaNM3UPOBaTh BCe HaHHBIE B Web — KOHTEHT, CBS3M M TPaH3AKIHMH MEKIY
JMIOABMU WM KOMITBIOTEpaMHd. ODTa KOHIENIUs Oblia TPHHITA W IPOIBUTACTCS
Koncoprmmymom W3 — nuaepoM B pa3BUTHH TexXHONOTHH mist Web (MHOTHE U3
OCHOBOITOJIAaTAlOINMAX TEXHOJOrWid, Takux, kak XML wu RDF [9], Obum
pa3padoransr umenHO W3C).

i e€ BHeqpeHUs NpeAIoaraeTcsi Co3aHnue CeTu JOKYMEHTOB, COJEPKAILUX
MeTaJaHHele O pecypcax Web, Torma kak camu pecypchl IpenHa3HAYeHBI UL
BOCIIPUSTHSI YEJIOBEKOM, METaJaHHbIE HCIONb3YIOTCSd MalIMHAMHU (ITOMCKOBBIMU
pobOTaMu 1 JPYTHMHU HHTEIUIEKTYAIbHBIMH ar€HTaMH).

ITPEACTABJIEHUE NH®OPMALIMOHHBIX OFBEKTOB B SEMANTIC WEB

B Semantic Web mH(bopMamuy mpuIar0T 4YeTKOe 3HAUYEHHE (CMBICIT), YTO
yIy4IIaeT MOCTYH KOMIBIOTEPOB W JIIONeH K MH(popManmnud U oOecredrBaeT uX
COBMECTHYIO pabOTy B TECHOM coTpyaHmdecTBe. s Toro, uro6sr Web mocturia
CBOETO IOTHOTO TOTEHITHANA, OHA JJOIDKHA TpaHchopMHupoBaThes B Semantic Web,
obecrieunBasl YHHBEPCAIBHO JOCTYIHYIO IUIATQOPMY, MO3BOILIIONIYIO MPU ITOM
pacrmpeneneHHbIM TaHHBIM OBITH 00paOOTaHHBIMH KakK IpOrpaMMaMH, TaK H
JIIOIbMH.

CpencrBa momgxoma Semantic Web — 310 Habop METONOB M TEXHOJIOTHH,
MpeAHA3HAYEHHBIX IS TIPENCTAaBICHUS WHPOpPMAIMA B MPUTOTHOM  JIIS
MaIlMHHOW 00paOOTKM BHAE. OTH CPEICTBAa IO3BOJNAIOT  IPEACTABIATH
HHPOPMAIMIO B BHIEC CEMAaHTHYCCKOW CETH, CICHU(QHUINPOBAHHOH C ITOMOIIBIO
oHToNOorui. braronapsa craHgapTU30BaHHOMY IPEJICTABIEHUIO POrpaMMa-KIMeHT
MOXET HEIOCPENCTBEHHO W3BIECKAaTh (akThl W JeNaTh W3 HUX JIOTHYECKUE
3aKiroueHus, ucrnons3ys nporokon HTTP u mnmentudukatopsr pecypcos URI.
UcnonszoBanne cpenctB Semantic Web craHoBuTCS B TOCIENHHE TOIBI
aKTYaJIbHBIM [UTS pa3pa0O0TKH HHTEIUIEKTYaIbHBIX PIIIOKECHUH.

C rtouxu 3peHus pacrnosHaBanus MO Baxuo, uto Semantic Web sBmsercs
HCTOYHHKOM CeMaHTHYecKoi MeTamH(popmamuu o pachpeneneHnsix MO u UP,
AQHHOTHPYSl WX KOHTEHT W oOecreunBas BO3MOXKHOCTH aBTOMATH3HPOBAHHOTO
W3BJICUCHUS U3 HUX CBeleHnH 00 nckoMbix HO.

[pu »TOM 3amauum  TPAAWMIMOHHOTO  pacHoO3HaBaHWS  O0pa3oB |
CEeMaHTHYECKOTO PACIO3HABAHMS CTAHOBSITCS, IO CYTH, OYCHb OMH3KIMH. MOXKHO
CKa3aTh, UTO 3a]a4ua paclio3HaBaHUs 00Pa30B SABILETCS MOJKIACOM Ooliee o0mel u
rI100aBHOM 3a/1aud PacO3HABAHUS MATEPUABHBIX U HEMATepHaIbHBIX OOBEKTOB,
C KOTOPBIMH B3aMMOJICHCTBYET UEJIOBEK B CBOEH AEATENbHOCTH.
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B cemaHTHUYeCKOM paciio3HaBaHHW MPOOJIeMa BOCTIPHATHSA, PACIIO3HABAHUS U
HHTEpIIpeTalun OOBEKTOB — KOMIDIEKCHAs mpoOiieMa, KoTopasi pa30uBaercs Ha
ornenpHBie Ton3amaun  [10]. Hampumep, mnporpamMMHBIE areHTHl JAOJDKHBI
BOCIIPUHUMATh OKPY>KaIOLIYI0 CPely JJIsl YCHEIIHOTO BBIMOJIHEHUS MOCTABIEHHBIX
mepel HHUMH 3aJad, areHTbl MOTYT paclo3HaBaTh JpPYrMX areHToB B
MYJIBTUAT€HTHOW CHUCTEME Ul COBMECTHOTO BBINIOJHEHHUS 3allaud. 3ajaya IoHcKa
uHpOpPMAMK ¥ 3HAHHA — OTO TIOMCK pEJCBaHTHBIX OOBEKTOB LI 3amdad
(YHKIIMOHUPOBAHUS HHTEIUIEKTyaldbHOW wH(popMarmonHod cuctemsl (UUC),
TakkKe Kak W MpoOiieMa COIepKaTelbHOW WHTEPIpPETAMd OOBEKTOB (OHTOIOTHS
JIaeT coAepKaTeNbHOE ONMCAaHNE OOBEKTa).

Hamprumep, monp3oBaTenmto HEOOXOIMMO HAaWTH HAaOOp HCIIONHHTENEH st
BbimonHeHus omnpenenesHod HWP wmm nmpoekra. Onrtonmorus IIpO mnozBonser
y3HATh, YTO HCKOMBIM OOBEKTOM SIBJSIETCS CYHNIHOCTh, OTHOCAIIASCS K KIIAcCy
«JeNoBeK» W oONafarmias TaKUMH [apaMmeTpamu, Kak oOpa3oBaHHE, CTak,
HABBIKW, HAJMYWE MyONMKANWH, YIEHOW CTEleHH, AUIUIOMOB M OIBITa PaOOTHI U
T.0. Ho Tompko HalMuMe  COOTBETCTBYIOLIEH  OHTOJOTMU  IO3BOJSET
CTPYKTYpUPOBaTh CBEICHMs, M3BJeKaeMble U3 WP, ¢ TOuku 3peHHs KOHKPETHOU
mpoOJIeMBI, TaK KaK IpH PelIeHUuH Ipyroi mpobieMbl HHPOpMAIHS, H3BIIEKaeMast
u3 Tex ke MP o Tex e caMbIX JIIOISIX, MOXKET OBITh COBCEM MHOU (HAIpUMep, IpH
o0HapyXeHUH J(PQPEKTUBHBIX CIIOCOOOB JIEUCHHS MAIMEHTOB C ITOXOXHMHU
CHMITTOMAaMH WU TIPH MTOUCKE BIAENBIIEB COOAK OTHOM TOPOIHI).

TpamguuioHHOE — pacmo3HaBaHWE  O0pa30B,  pacllo3HAaBaHHE pedd U
pacro3HaBaHUe TEKCTa SBIISIOTCS JIUIIb YaCTHBIMHU CIydasMU 3HAYUTENBHO Ooree
obmeit mpobnemsl. PacmoznaBanme mpenmonaraer oOHapyXeHHE B KaKOM-JIH0O
uHpopMmarioHHoM pecypce (UP) cBemeHnit o ToM WM MHOM HH(OPMAIIMOHHOM
oovekre (MO), maTepecytomeM monb3oBatens [11]. Hampumep, pacnosnaBanme
U — 9TO oOHapyxeHne B rpaduueckoM VP s1eMeHTOB, XapaKTepHU3YIOLINX
BHeuIHue AanHple MO Trma «4eaoBex».

OcHoBononararomumM moHsATAeM Semantic Web sBisercst onTonorus. OgHuM
U3 ONpeAeNeHUN MOHITUS «OHTOJIOTUSD) SIBIIAETCS IMOHATHE «KOHUENTYyaJIU3alus,
O] KOTOPHIM ITOHHUMAETCS CTPOroe OIMMCAHWE CHCTEMBI IOHSATHH, OOBEKTOB U
JPYyruX CYyIIHOCTEH W OTHOIIEHMH MEXIYy HHUMH. MOXHO CKaszaTb, 4TO
KOHIIENTYaJIA3aIHsi — 3TO a0CTPaKTHOE, YIIPOIIEHHOE BUICHUE MHUPA, KOTOPBIA MBI
CTPEMUMCSI TIPEICTABUTH TS KaKUX-TO eneid. Takum 00pa3oM, KOHIeTITyaIn3alus
pacuiIeHseT KaKyro-1100 001acTh 3HAHHH, KOTOpas CyIIeCTBYET B IIEIOCTHOM BHIE,
BBIIENIIET W3 OTOH 00JacTH OTAENbHBIE OOBEKTH, a MOTOM (QOPMYIHPYET
OTHOIICHUSI, TPUCYIIHE U1 HaHHOH ob6mactn. OCHOBHAs 4YacTb (HopMaibHO
TIPEACTAaBICHHOTO 3HAHUS 0a3npyeTcs Ha KOHIENTYyalIn3alnu; Kaxkaas 0a3a 3HaHUH
WIN CHCTeMa, KOTopas 0a3upyercs Ha 3HAHHAX, SBHBIM O0pa3oM HIIM HESBHO
CBA3BIBAETCS C KAKOH-TO KOHLIETITyaIN3aLUeH.

Co3naHHble Ha OCHOBE CeMaHTHUecKuX TexHonoruit UT ornuuaroTes oT
TPaIUIMOHHBIX TEM, YTO HCIOJB3YIOT SIBHO BBIPaXKEHHBIE (B BHJE OHTOJIOIMH)
3HAHUA O TPEIMETHOH OO0NIACTH, TAEC OHTONIOTHS BBICTYNACT KaK CPEACTBO
¢dopmammzarmu  3HaHWHA. MO WMEIOT 3aM0KEHHOE B HHUX YEJIOBEKOM WIIH
MpPOrpaMMOi TIOBEICHHE W B3aUMOJICHCTBYIOT KaK ¢ WH(POPMAIMOHHBIM, TaK U C
¢u3MYeCKUM  TPOCTPAaHCTBOM. B mociemHeM — ciaydae — B3aHMOICHCTBHE
OCYIIECTBIIIETCS Uepe3 (PU3NIecKux HocuTenel (Joekt).
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OHTONOTHMIO MOXKHO paccMaTpuBaTh KaK OCHOBY JUIS IIPEICTABJICHHS
crpykrypel MO, T.e. Kilacc OHTONIOTHMH, a pasznuuable NP — Kak MCTOYHHK st
CO3/aHUs DK3EMIUIIpOB 3Toro obObekra [13]. Takoii moaxom MO3BONSET
HHTETPHPOBATh HWH(OOPMAIMIO, TMOCTYHNAIONIYI0 W3 PAa3IUYHBIX HCTOYHHKOB, H
chopMupoBaTh HEOOXOIMMBIC TIOJB30BATENIO 3HaHWA. Ilpum d3ToM 3amaua
MoJIpa3IeNsieTess Ha HECKOJIbKO MO/I3a1ay:

. Gopmuposanue (unu nouck) onmonocuu, oTpaxaromen crpykrypy 1O
(WU MHOXeCTBa OOBEKTOB), 3HAHUS O KOTOPBIX HEOOXOIMMBI ITOJIB30BATEIIO IS
peLIeHHS CTOSIIIEH Imepel HUM MPOOIeMB;

. nouck UP, SsBHO WK HESBHO CoAepKamux ceenenus oo atux NO;

. uszenevenue snanuii 06 U0 u3 UP;

. npedcmasienue U38IeHeHHbIX 3HAHUL 6 (opme, NOHAMHOU U YOOOHOU
noab308aMENIO.

Crnemyer OTMETHUTh, YTO BO MHOTHX CIydasx »dTOT IPOLECC SBISAETCA
UTEPaTUBHBIM W TIPH IIOBTOPHOM peIIeHUH MpobieMsl uH(popMmammuioo 06 HO
HeoOXoanMMO OOHOBIIATH, M3BJIEKass HeoOXoauMBbIe cBeqeHnus 3 tex WP, koroprie
JOCTYITHEI TTOB30BATENIO (HarpuMep, yepe3 Web niin KOpIopaTHBHYIO CETh).

PACIIO3HABAHUE WEB-CEPBUCOB

PaccmoTrpuM B kadecTBe mpuMepa pacrio3HaBaHue cBeneHuit o Takom MO, xak
Web-cepeuc. Konnenmms Web-cepBrucoB BozHuKIa B KoHIEe 90-X rT. XX Beka, u
uX apxuTekrypa Oasmpyercs Ha mpotokomax SOAP, UDDI u WSDL. Cranmapr
SOAP (Simple Object Access Protocol) — mpoTOKo IS MOCBUIKA COOOIIECHHH 1O
HTTP; WSDL (Web Services Description Language) — s3BIK A ONHCAHUS
nporpaMMHbBIX uHTep(eiicoB  Web-cepsucoB; UDDI (Universal Description,
Discovery and Integration) — cranaapt naaekcanun Web-cepBucos.

Ucnomezys OWL-S (Web Ontology Language for Services), Web-cepBuc
MOXET c000maTh O CBOMX (YHKIIMOHATBHBIX BO3MOXKHOCTSX ITOTCHIHATHHBIM
nonp3oBaTesiM. Ommcanne OWL-S mi1st cepBrica COCTOUT U3 PO, MOJCTH U
obocHoBaHus ceppuca (puc. 3) [14].

|: Cepsuc
] P

TOUIEPIKHBACTC IIpeJICTaBICH

/ Omnronorusa OWL-S

| Bazsa | | Monens | |[TIpodmm |

Puc. 3. Crpykrypa OWL-S onmcanust Web-cepBrca

UYro6r! ucnonb3oBath Web-cepBuc, HY)KHO HHTEPIIPETHPOBATH KOMITBIOTEpAM
OIMCaHWE CepBHCAa M CPEACTB MOCTyHa K HEMy, T.e. PEIIUTh HpodIeMy
pacro3HaBaHus HYKHOT'O [10JIb30BATEI0 CEPBHCA U3 MHOXKECTBA IPYTUX CEPBHUCOB,
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coIcpKaIIUXCs B peno3uTopuu. HHpopMammio o ToM, Kakne (OYHKIAU
MpeaocTaRisieT JaHHBIA ~ Web-cepruc, maer Ham ero WSDL-onucanue,
a UDDI-peecTpsl HCHONB3YIOTCS UL TOHWCKA CYIIECTBYIOIINX Web-cepBHCOB.
Camoit Oompmioit mpoOiemoil Tpu OOHAPYKEHUH CEPBHUCOB SBIACTCS UX
pacrpeeneHHbli XapakTep.

Ha ocuoBe s3p1ka onTonmormiit OWL pa3pabotan s3b1k s ceppucoB OWL-S.
Hems pazpaborkn OWL-S cocrouT B TOM, 4YTOOBI CHENaTh BO3MOXKHBIM
WCIONIB30BAHNE JIOTHUECKOTO BBIBOAAa ii  Web-CepBHCOB, ILTaHHPOBAHHE
KOMITOHOBKH ~ Web-cepBHCOB,  aBTOMAaTHYECKOE  NPUMEHEHHE  CEpPBHCOB
nporpamMmabiMu  areHTamu. OWL-S obecriedunBaer AekiIapaTUBHBIC OIHCAHUS
cBoiicTB Web-cepBrca W BO3MOXHOCTH, KOTOpPBHIE MOTYT HCIIONB30BATHCS IS
aBTOMAaTHYECKOT0 OOHAPYKCHHS CEpBHCa.

Ha puc. 4 mokazano, kak OWL-S ucmons3yercss mis pacro3HaBanus Web-
CEPBHCOB.

[Tonb3oBatenn
OHromnorus
11O cepsuca
WSDL- I10JIb30BATeIIs /
OIHCaHHE d
AreHt
I10JIb30BaTEN
OHromnorus
/ I1pO
cepBuca

Mopenb
Web-cepBuc

-
(-

[podunn

baza

OmnTomorust
ITposaiinep OWL-S
w
cepBHca

Puc. 4. Ipouecc pacriosnaBanus Web-cepBuca

Hns  onmcanuns (QyHKIMOHANBHBIX BO3MOXKHOCTe Web-cepBuca MOXHO
WCIONIb30BATh CEMAaHTHYECKHE AHHOTAIMM B COOTBETCTBHU CO CIelH(UKaImen
OWL-S. 3anpoc ccbutaercss Ha OHTOJNOTHIO JoMeHa Ha si3pike OWL, koropas
MOXET aHHOTHPOBATH 3aIpOC Ha OCHOBE oOmIell ceMaHTHkd. OHTONOTHYECKAN
WHKAHUPHHT UTPAET BEAYIIYIO PONIb B TOOABICHUN CEMAaHTHKH K omucaHuio Web-
cepBucoB. Onucanne OWL-S conepxut:

- ServiceProfile, Bxmouatomuii B ce0s oOmIyro mHQOpMALHIO, TaKyl0 Kak
UMSI, OTIMCAHUE, BXOMBI U BBIXOIIBL;

- ServiceModel, oniceIBaroNui, Kak aedcTByeT Gynkius Web-cepsuca;

- ServiceGrounding, OKa3bIBAIOIINIA, KaK CBSI3aThCsI ¢ Web-cepBrucom.

Cpemn Tpex BHIOB HWH(OpMAINH, MPEAOCTABIIEMOH B COOTBETCTBHU C
omucanneM OWL-S, nns amHoTHpoBamms Web-cepBruca Hamboinee WHTEPECHBI
noustust popmins OWL-S (Bxomsl u BeIxomsl) U ServiceGrounding. Tlockombky
00a AITH TOHATHS SBIBTIOTCA TIONE3HBIMH IS TOMCKa W KoMmmo3ummu Web-
cepBUCOB, TO ToHATHE ServiceGrounding 6a3upyercs Ha CIEAYIOIINX TPUHIATIAX
cootBercTBuil Mexxny OWL-S 1 WSDL:
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- aTomapublil mporiecc OWL-S coorBercTByeT onepanuu B WSDL;

- BXOJI WJIM BBIXOJI aTOMAapHOTO IpOIEcca COOTBETCTBYIOT COOOIICHUIO B
WSDL;

- TUTOBI COOOIIEHUH aTOMAapHOTO IMPOIecca COOTBETCTBYIOT a0CTPaKTHBIM
tunam B WSDL.

Onmcanme  3ampoca  BBINNILAWT — CIEOYIOIMAM  oOpa3oM.  3ampoc
paccmatpuBaeTcss Kak cepBuc Semantic Web B OWL-S. Jlio6oii 3ampoc,
MPEICTAaBIEHHBIA  KIMEHTOM, aHAIM3UPYIOT  C  TIOMOLIBIO  mapcepa

(CMHTaKCHYECKOr0 aHaM3aTopa), KOTOPHIA W3BIIEKAET TONBKO T€ IapaMeTpHI,
KOTOPBIE HEOOXO MBI JJ1s1 KOMITO3UITMH (BXOJbI M BBIXOIIBI).

IMPAKTUYECKHUE HPUMEPHI UCHIOJIb30OBAHMSI PACIIO3HABAHUS MO

PeanbHpiMH  mpUMepaMH  HMCIIONB30BAHHUA CEMAHTUYECKOrO IOAXoxa K
pacniozHaBanuto MO sABuiicA psii MEXIYHApOIHBIX IPOEKTOB, MOATOTOBJIEHHBIX
HaMH B paMKax €BpOINEHCKOW MpOorpaMMbl Hay4dHBIX HCCIENOBaHUM U
TexHONOrm4aeckoro passutus Horizon—-2020 (2014-2020). OmuH W3 TPOEKTOB
TJIABHOW IENBI0 HMMEN peali3alfio CEMAHTHUECKOW HWHTEporepabelbHOCTH B
rereporeHHol cpene MuaTepuera Bemeit [15]. Kak nzBectro, konnenmus Matepaera
Bemniei (Internet of Things, [0T) mpennonaraer oobenuHeHne Bemel (HU3NIECKUX
00BEKTOB), UCIIONB3Ys IHTEpHET-ITPOTOKOIBI IS peIIeH s 3aJa4 B Pa3HBIX cepax
JeSITENbHOCTH YeNlOBeKa (3KOHOMHUS SHEPrOEMKHX PECYpCOB, OPOICKON U Jpyrue
BHIBI TPaHCIIOPTa, IPOMBIIUICHHOCTh, 0€30MaCHOCTh YEIOBEKA M MHOTHE APYTHUE).
Konnenuus IoT mpenycmaTpuBaeT TEXHOJOTMM B3aUMOAEHCTBHS BelIeH Ipyr c
JpyroM MM C BHELIHEW Cpeloi, YTO MOXKET IEepPEecTPOUTh 3KOHOMUYECKHE U
00IIeCTBEHHBIC IPOIECCH, IPH 3TOM HCKIIOYasl M3 YacTH ACHCTBUIA W orepanuit
HEOOXOIMMOCTD YJacTHs YeloBeKa. 3a/1aua CeMaHTUIECKOH MHTeponepadensHOCTH
MpeAroyaracT OHTOJOTHYECKOe MpPEACTaBICHNE 3HaHWM 00 ycTpoiicTBe —
CEMaHTUYECKUM OIMCaHUEM (OHTOJIOTUSA — MOJIENIb 3HAaHUI), a TakKe HaJeleHue
Ka)KIO0T0 YCTPOUCTBA ONpeeIEHHBIM HHTEJUIEKTOM, KOTOPBIM J0JIKEH IOMOYb EMY
KaK paclio3HaTh KOHTEKCT CBOETO OKPY)KEHHS (MECTOHAXOXIEHHE, COOCTBEHHOE
COCTOSIHHE ¥ TIOJNOXKEHHE OOBEKTa, KOTOPBIA KOHTPOIUPYET 3Ty BEIb), TaK U
HaJaJUTh JUaJor C OKPYXAIOIIMMH BEIIaMU W VYIIPABISIOIIMM YCTPOICTBOM.
TakuM 00pa3oM, WMesl OHTOJOTHYECKOE IIPEACTaBICHHE KaKIOH BemIM B BUIE
BuptyasibHoro MO, monp3oBarens WM IporpaMMa CMOIYT HalTH, paclo3HaTh U
HCIOJIb30BaTh PENIEBAHTHOE YCTPOMCTBO JJIs pelieHus cBoel 3amaun. Kpome Toro,
TeTepOreHHBIE YCTPOWCTBA CMOTYT MpPaBIJIBHO IMOHUMATH JIPYT JIpyra IpH oOMeHe
HH(POPMAIUHN HA OCHOBE OHTOJIOIMYECKOT0 MPEICTABICHNS O HUX 3HAHUM.

Eme omauMm  mpoekToM,  TpPeOYIOIIMM  pEmICHHS  CEMaHTHYECKOTO
pacriozHaBanus MO, sBiseTcs IpoeKT TeONHPOPMAIIMOHHON CHCTEMBI — CHCTEMBI
BBI30Ba OKCTPCHHBIX OMNCPATUBHBIX CIYy:KO mo HOMepy «112» mms oxazaHus
9KCTPEHHOM IIOMOLIM HACEJIEHUIO MPH YIrpo3ax Ijsl JKU3HH U 370POBbS, VIS
YMEHBIIICHHST MaTEepUANFHOTO yIepda TMpH HECUaCTHBIX CIydasX, aBapHsix,
oXKapax, HAPYIICHUSX OOMIECTBEHHOTO MOPSIKA U MPU IPYTUX HMPOUCIIECTBHIAX U
Ype3BbIUYAHHBIX CUTYaLUsX.

OnHoO# W3 TTIABHBIX MPOOJIEM MPOEKTa SIBILIETCS OMEPAaTHBHOE PACIIO3HABAHUE
YeJI0BeKa, OOpaTHBIIETOCs B CIykOy 32 MOMOIIEBIO, B YCIOBHSIX OTpaHHYEHHBIX
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WH(POPMAIMOHHEIX CBEICHUI 0 HEM U PECypCOB 10 BpeMeHH. B manHoM ciywae MO
SIBJSIETCS CaM IIOCTPaJaBUIMN YeTIOBEeK (T.e. HEKOTOpas MOJEJb, OMUCHIBAIOIIA
XaPaKTEPUCTUKK 3TOTO YEIOBEKA: aJIPeC, MOMUKIMHUKA, K KOTOPOil OH IPHUKPEILICH,
HH(pOpMANKs Kak O manueHTe u ap.). CTOuT 3a1a4a pacro3HaTh NOTPEOHOCTH 3TOTO
YeloBeKa M IPENOCTABUTh €My OIPEIEJCHHBIC PECYpChl JUIS JIMKBHIAIHA
nociencTBrid. CeMaHTHYECKAN ITOIXON TIIO3BOJSIET OIPEACIUTh HEIOCTAIOIHE
3HAHWI O UeIOBEKE HAa OCHOBe 0a3bl 3HAHMA (OHTONOrHH), AareHTHO-
OPUEHTHUPOBAHHBIX MPUIOKEHUH, 4YTO obecreynBaeT OBICTPYIO pPEaKIMI0 Ha
aBapuiiHbIil BbI30B. KpoMe TOro, pelaercst Ta e 3ajada MHTEpOrepadenbHOCTH
YCTPOHCTB, C MOMOIIBIO KOTOPBIX OBLT OCYLIECTBJIECH BBI30B: CMapT(OH, [UIAHIIET,
HOYTOYK, TeJie(hOH U TIp.

BBIBOBI

Jns pemeHns mpoOiIeMbl CeMaHTHISCKOTO PAacllO3HABAHMS B TAHHOW paboTe
mpeaaraercss Iepexol Ha HOBBIH KadeCTBCHHBIH YpOBEHb IpU 00paboTKe
uHpOpPMAIIIA — HWCHONB30BaHHE 00pabOTKH Ha ceMaHTHdeckoM yposHe. UT,
CO3JaHHBIE HA OCHOBE CEMAHTHYECKHUX TEXHOJIOTMH, OTJIMYalTCi OT
TPalMLIMOHHBIX TEM, YTO HCIHOJB3YIOT SBHO BbIpakKeHHbIE (B BHJIE€ OHTOJIOTHH)
3HaHUS O TIPEAMETHOW O0ONacTH, T/I€ OHTOJOTHS BBICTYNAET KaK CPEICTBO
(dbopManm3anuy 3HAaHUH.

B wuHTemnekryanbHBIX Web-IPHUIIOKEHHUSX €CTh CBOSA CIEU(HKA — OHHU
(YHKINOHUPYIOT B OTKPHITOM HH(OPMAIMOHHOM MPOCTPAHCTBE, MOITOMY OHH
HYXIAIOTCS B TOCTOSHHOM OOHOBJICHHW 3HAaHWH M WX MOJKAYKe M3 BHEUTHEH
cpenpl. B pacmpenenennoMm  mH(opMmanmonHoM — Web-mpoctpanctee  HO,
OTUY)KICHHBIE OT pPEANbHBIX (QU3MYECKUX OOBEKTOB, OMPENCIBIIOT CTPYKTYPY,
aTpuOyTHl, OrPaHWYCHHS IEMOCTHOCTH M TIOBeNeHHE (H3WIECKOro OOBEeKTa.
OHTronmornyeckoe TMpEACTABICHHE 3HAHMH O pPacCMaTpPUBAaeMBIX OOBEKTaX
MO3BOJISIET YJIYYLIUTh 3aJlauy IMOKMCKa, pacro3HaBaHus U uHTepnperaunu MO (u
COOTBETCTBYIOIIUX UM (DPU3UIECKIX OOBEKTOB) MPU CO3MaHUH MHTEILICKTyaTbHBIX
WHPOPMAIIOHHBIX CHUCTEM W MPWIOKEHHHA B PaCHpeNeIeHHONM W TeTeporeHHON
Web-cpene. B pabore paccMOTpeHBI KOHKPETHBIE TIPHMEPHI MTPOEKTOB, B KOTOPBIX
pelaronieil  cocTaBiSIIOIIEH  sBisleTcss  3ajaya  pacnosHaBanus MO B
WHTEIUICKTYallbHBIX ~ WH()OPMALMOHHBIX ~ CHCTEMaxX  Pa3IHYHOTO  IENIEBOTO
Ha3HAYeHUs.
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SEMANTIC RECOGNITION OF INFORMATION
OBJECT BASED ON ONTOLOGICAL
REPRESENTATION OF DOMAIN KNOWLEDGE IN
PROBLEMS OF INTELLECTUAL MANAGEMENT

Gritsenko V.I.', Gladun A.Ya.!, Rogushina YuV.2

!International Research and Training Center for Information Technologies and
Systems of National Academy of Sciences of Ukraine and Ministry of Education and
Science of Ukraine

’Institute of Software Systems of National Academy of Sciences of Ukraine

Introduction: In this paper analysys of the features of semantic recognition of
information objects from the resources available by the Web is made. To solve the
problem of semantic recognition we propose a transition to a qualitatively new level
of information processing — the use of the processing at the semantic level. As
examples, the detection of devices in the Internet of Things, the discovery of
Web-services and support of emergency information services are consider.

In order to effectively detect information necessary for the user problem
solving from the Webresource it seems appropriate to determine at first which
information objects are interested to users, ie, construct a formal model that
describes the properties of a set of relevant information objects and to distinguish
them from the others, and then use the knowledge about the structure presented in
this model for identification of the specific values of their properties.

The purpose of this work is to develop a conceptual approach to the
construction of formal ontological model of information objects in the virtual
information space of the Web and to create a technique of this model using for
perception, recognition, interpretation and processing of these objects for the tasks
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of intelligent control. Information object is a representation that models an object
from subject domain in the information space, which defines the structure,
attributes, constraints, and perhaps behavior of the object.

Results: To solve the problem of semantic recognition we propose a transition
to a qualitatively new level of information processing — at the semantic level.
Modern IT that are based on semantic technologies, different from the traditional
ones by the explicit (ontology-based) knowledge representation of the subject area,
where the ontology serves as a means of knowledge formalizing .

The specifics of the new intelligent Web-based applications are an operatiin in
an open information space: they need permanent updating of knowledge and its
pumping from the external environment. In the distributed information space of the
Web information objects alienated from the real physical objects define the
structure, attributes, constraints and behavior of these physical objects.

Conclusions: The ontological representation of knowledge about the
considered objects can improve the problem of finding, recognizing and
interpreting the 10s (and corresponding physical objects) for creating intelligent
information systems and applications in a distributed and heterogeneous Web-
based environment.

Keywords: ontology, an information object, Semantic Web, OWL, object
recognition.

1. Gritsenko V.I. Vovk M.L, Kotova A.B. Introduction to the architecture of the information
space. Kiev, Naukova Dumka, 2003, 167 p. (in Russian).

2. Newhagen J. Interactivity, Dynamic Symbol Processing, and the Emergence of Content in
Human Communication. The Information Society (20) (Taylor and Francis Inc, 2004),
395 p. (in Russian).

3. Glossary on Information Society / under total. Ed. Y.E. Khokhlova. Moscow: Institute of the
Information Society, 2009. — 162 p.

4. Tu D., Gonzalez R. Principles of Pattern Recognition. Moscow: 1978. 325 p. (in Russian).

5. Lifshitz Y. Modern problems of theoretical computer science. Lectures on statistical methods
for pattern recognition, face recognition, text classification — http://yury.name/modern./
(in Russian).

6. Zhuravlev Y.I. On the algebraic approach to the solution of problems of recognition and
classification. Problems of Cybernetics. Moskow: Nauka, 1978, vol. 33. P. 5-68
(in Russian).

7. Berners-Lee T., Hendler J., Lassila O. The Semantic Web. Scientific American Magazine.
Retrieved March 26, 2008.

8. W3C Semantic Web Activity. — http://www.w3.0rg/2001/sw/Activity/.

9. Resource Description Framework (RDF) Model and Syntax Specification. W3C Proposed
Recommendation. January 1999. — http://www.w3.org/TR/PR-rdf-syntax.

10. Kirasic D., Basch D. Ontology-Based Design Pattern Recognition Knowledge-Based
Intelligent Information and Engineering Systems. Lecture Notes in Computer Science,
vol. 5177, 2008. P. 384-393.

11. Gladun A., Rogushina J., Andrushevich A. and Kurbatski A. User-oriented recognition of
intelligent information objects in distributed dynamic informational Web-space. Proc. of the
12-th Inter. conf. on Pattern Recognition and Information Processing (PRIP'14), 2014,
Minsk, Belarus, 2014, P.70-75.

12. Gladun A., Rogushina J. Use of Semantic Web Technologies and Multilinguistic Thesauri
for Knowledge-Based Access to Biomedical Resources. International Journal of Intelligent

© B.W.I'punienko, A.4. I'manyn, F0.B.Porymmna, 2014
20 ISSN 0452-9910. KuGepHeTnka u BbIYMC/I. TexHHKa. 2014. Boin. 178



Systems and Applications, 2012, no 1. P.11-20. OWL-S Home Page. -
http://www.daml.org/services/

13. OWL-S Home Page. — http://www.daml.org/services/

14. Rogushina J., Gladun A. Ontological approach to search of Web-services in the distributed
environment of the Internet. Informatics, Minsk, no 4, 2006. P.116-127 (in Russian).

15. Gladun A., Rogushina J., Andrushevich A., Kurbatski A. Use of the Ontological Approach to
Semantic Search in the Environment of the Internet of Things. Proceedings of the 4-th Inter.
conf. Open Semantic Technologies for Intelligent Systems OSTIS-2014, Minsk, Belarus,
2014. P.353-356.

[Honyueno 24.07.2014

© B.W.I'punienxko, A.4. I'manyn, F0.B.Porymmna, 2014
ISSN 0452-9910. KuGepHeTnka u BbIYMcJ/I. TexHHKa. 2014. Boin. 178 21



UDK 519.876

MATHEMATICAL MODELING OF
HYPOMETABOLISM PROCESS TO IDENTIFY
PECULIARITIES OF HUMAN ORGANISM DURING
THE WORK UNDER CONDITION OF HIGHLANDS

I.L. Bobriakova

V.M. Glushkov Institute of Cybernetics of NAS of Ukraine

[Ipennoxena MaTeMaTHIecKast MOZENb JUHAMUKA
HaNpsDKEHUH PECITUPATOPHBIX Ta30B C y4eTOM THIoMeTabonu3ma, KOTOpPBIH
pa3BHBAcTCsI B  OpPraHM3ME  4YEJNOBEKa Ha  BBICOKOTOphE.  AHAIU3
BBIYHUCIIUTENBHBIX 3KCIEPUMEHTOB IO3BOJIMI CHAENATh BBIBOIBI O XapakTepe
W3MEHEHHH pEeXUMOB (DYHKIMOHMPOBAHMS OpPraHU3Ma IIPU IEPEXOTHBIX
mpoleccax M B CTAI[MOHAPHBIX COCTOSHMAX, BIHMSHHM CHCTEM BHEIIHETO
IBIXaHUA M KpOBOOOpaIleHHs Ha (POPMHUPOBAHHE YPOBHEH YIPaBIIOMINX
MapaMeTpoB, a TAKKE O POJIM TUIIOMETA00IM3MA IIPY BO3ICHCTBUU HA OPTraHU3M
BO3MYILEHUI BHYTPEHHEN U BHELIHEH Cpel.

Knioueevie cnoga: mareMaTudecKas MOAENb, CHCTEMBI

JBIXaHUS u KpOBOOOpAIIEeHHS, HanpsDKEHUE rasos, TUIIOKCHSL,
TUIIOMETO00IIN3M, BO30YKAaroIIre BO3JICHCTBHS, BBIUKCIIMTEIIbHBIC
9KCTIEPUMEHTEI.

3anporoHOBaHO MATEMATHYHY MOZENb IUHAMIKH HAIPY)KECHb
pecriparopHuX rasiB 3 ypaxyBaHHSIM TiOMETa0O0Ii3My, SIKHIl PO3BHBAETHCS B
OpraHi3mi JIFOAWHA Ha BHCOKOTipT. AHaii3 OOYHCIIOBAIBHUX CSKCIICPHMEHTIB
MTO3BOJIMB 3POOUTH BUCHOBKH IIO/I0 XapaKTepy 3MiH PEXUMIB ()yHKIIIOHYBaHHS
opra”iamy MpH OEpPeXifHUX Mpolecax i B CTAl[iOHAPHUX CTAHAX, BIUIUBY
CHCTeM 30BHIIIHBOIO JAWXaHHA Ta KPOBOOOIry Ha (OpMyBaHHS pIiBHIB
KepyYuX MapaMerpiB, a TaKoX poii rinomeraboni3My MOpd BIUIMBI Ha
oprasi3m 30ypeHb BHYTPIIIHHOrO 1 30BHIIIHBOTO CEPEAOBHILL.

Knouogi cnosa: mMartemarndHa Mozenb, CHCTeMa IUXAaHHS 1

KpPOBOOOIry, Hampyra rasiB, TiMOKCis, rimomerabomi3m, 30yprorodi BILTHBH,
00YHCITIOBAIbHI eKCIICPUMEHTH.

INTRODUCTION

Hypometabolic and hypoxic states are in the focus of attention of researchers
since organism is often impacted by hypoxic factors, particularly under conditions
of highlands, as well as during significant physical loads or some severe pathologic
process.

Hypoxic or exogenous hypoxia is developed during decreasing of partial
pressure of oxygen in inhaled air. During hypoxic hypoxia the oxygen tension in
arterial blood, the saturation of hemoglobin with oxygen and its total content in the
blood are being decreased. Negative impact can be caused also by hypocapnia,
developed as a result of compensatory hyperventilation of lungs. Extreme
hypocapnia causes worsening of blood supply to brain and heart (vasoconstriction)
and respiratory alkalosis. In this connection, it is interesting to investigate the
energy reserves of organism and the ways of its strengthening under hypoxic
conditions.
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THE RELEVANCE OF THE TOPIC

Investigation of the processes of human organism breathing system self-
regulation represents particular scientific area that is being widely developed last
years as a result of success in mathematical modeling. However the regulation
mechanisms of functional state of human organism under conditions of highland
hypoxia are not sufficiently studied yet. Impossibility of such investigations was
related with the difficulties of experimental determination of the several most
important parameters and with the absence of adequate mathematical models for
dynamics of these processes.

PROBLEM DEFINITION

Mechanisms of formation of hypometabolic state of human being under
conditions of highlands are considered. Mathematical model of functional systems
of breathing and blood circulation has been used to analyze this phenomenon on
system level.

The purpose of this work is development and investigation of mathematical
model of hypometabolism, and development of software for execution of
computing experiments with the model.

RESULTS

1.  Developed complex of mathematical model of the gas mass carry
process in organism and software is applied for assessment of the dynamics of
functional state of human being on conditions of work at highlands.

2. Implemented numerical analysis of the models of respiratory exchange
control enables to:

- follow dynamics of the main physiological parameters of the model during
transient processes and in stationary states;

- forecast and quantitatively assess regulatory reactions of the organism
under given disturbances;

- carry out individualization of model developments on condition of
availability of array of data on anatomic-physiological peculiarities of specific
human being.

Obtained results are well correlated with the physiological experimental data.

Mathematical model of tension dynamics of respiratory gas is developed using
ideas of compartmental modeling [1, 2], i.e. describes the mass carry process of
respiratory gases among functionally connected but relatively autonomous
compartments.

Model represents the system of ordinary nonlinear differential equation whose
number depends on the degree of detailing of structural scheme of the object
(number of tissue regions, portions of blood washing the tissue etc.), describing the
dynamics of oxygen tension p (hereinafter the first index at variable — (1)), carbon
dioxide (2) and nitrogen (3) in structural compartments of the system —
respiratory tract (second index at variable — (rw)), alveolar space (4), blood of
pulmonary capillaries (LC), arterial blood (a), blood of tissue capillaries (ct;), tissue

© LL. Bobriakova, 2014
ISSN 0452-9910. Ku6epHeTuka u BbI4ucI. TexHuka. 2014. Boim. 178 23



reservoirs (¢; ) and mixed venous blood (v).

As distinct from existing models of gas mass transfer in the organism this
model presents dynamics of gas partial pressures in alveolar space during the
breathing cycle including phases of inhalation, exhalation and pause; process of
gas diffusion through air-blood barrier, as well as through capillary-tissue
membranes taking into account their structural and functional peculiarities have
been considered [3]. In addition tissue reservoirs are differentiated and peculiarities
of energy exchange of tissues of brain, heart muscle, liver, kidneys, skeletal
muscles, skin and other organism's tissues have been considered. Presented below
equations of mathematical model of object have been obtained on the basis of
continuity and material balance principles (conservation of mass) using known
empiric physiological dependencies among variables. Model equations are
described as follows.

Let p;, p2, p; — partial pressures of oxygen, carbon dioxide and nitrogen in
inhaled air and p;+ p,+ p;= B, where B — total barometric pressure.

Then dynamics of partial pressures of gases in respiratory tract during
breathing cycle can be presented as follows:

dpy 14
wo_ 5 _ 7 (1)
T [p1—p1,,, )5
dp, %
wo_ B — P (2)
“dt ol [p2-P2,, 1
dps %
wo_ P — P (3)
Tdt ny [p3—ps,, 15
where V,, — volume of respiratory tract (generalized reservoir),
V — ventilation depending of values of respiratory volume and duration of

breathing cycle; n;, n, n; — conversion factors for respiratory gases and nitrogen
respectively, and

lN’jz{pp.j’ (I/>O)’ j=13,
Iy < 0),
4)
P, = {ijw,(z, >0 j=13
Piv <o),

During modeling of partial pressures of gases in alveolar space with volume
V' it is necessary to take into account gas flow through air-blood barrier

Gje =DiSc(pj, = Pj,c)> (6))
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where D; — coefficients characterizing permeability of gases through air-blood
barrier, S;c — area of gas mass transfer surface.

Then

dpy , 1 . av,
= mVp -G, . —n =Ly, 6
&m0, —er)[ Py, =G ~mpL, ] (6)

dp; , 1 . av,
= mVpy, -Gy . —n 2Ly, 7
&m0, —er)[ 2V P2y, = G2 ~MmaPr ] (7

dps , 1 . av,
= mVpy -Gy . —n =1L 8
&m0, —er)[ 3V P3,,, = O3 ~m303, — ] (®)

It is assumed that lung volume during breathing cycle is changed according to

"% 27),atinhale and exhale
te (€]

Vi (tg),at pause

D
Vi(tg)+—(1—cos
v, - 7(t0) 2(

where D — respiratory volume of lungs, 7, — start of breathing cycle, 7. — its
duration.
It is also assumed that

p-d

10
. (10)

(V =0 during pause).

As it can be seen from the equations (1)—(8), gas diffusion from respiratory
tract to alveolar space during pause is not considered.

Equations of blood gas tension dynamics are developed taking into account
biophysical and chemical properties of blood. It is known that oxygen and carbon
dioxide can be transported with blood flow both physically dissolved in blood
plasma, and attached to hemoglobin (and CO, is bound also with buffer bases),
while nitrogen is transported only in dissolved form.

Changes of blood gas tension in pulmonary capillaries can be influenced by

gas flows from alveolar space G;, . (5), from mixed venous blood and gas flow

JLC
passing with circulating blood into arterial channel. In addition model takes into
account presence of pulmonary shunt having volumetric speed of blood flow Q..
Equations of dynamics of blood gas tension in pulmonary capillaries in connection
with above mentioned are as follows:

dp, 1
dﬁC _ o [a;(O -0 )(pl; ~ Pl )+
Vie (o +yHb —EC)

(11)

+Gy, . +YHD(Q - O )y — o)l
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dpy, . 1

[(@=n7)z; =(=nzc)zL0)vHD+

a Vic(ay+ypyBH— 1)
2
LC (12)
+yYpyBH(z, —z1,0))(Q—0s) +
dh
(P2, = P2, )02(Q=05)+ Gy, +YHDY ey,
dps 1
L€ - [a3p3- (@ = 0Q5) + G5, . —a3p3, . (Q—Op)]. (13)
dt 0“3VLC v

For more precise description of gas mass carry process in pulmonary
capillaries in the section «alveoli — pulmonary capillaries blood» the structure of
pulmonary capillaries can be differentiated, considering the elements of pulmonary
artery, capillary network itself and pulmonary vein.

In the equations (11)—~(13) ¥V;c — volume of blood of pulmonary capillaries,
O — volume velocity of system blood flow, oy, o, o3 — coefficients of gas
solubility in blood; 7, ypz — physiological constants, determined in Haldane and
Verigo-Bohr equations; n — hemoglobin saturation rate (its concentration will be
denoted as Hb) with oxygen, determined by empiric dependency

nre =1-175exp(=0,052myc py, . ) +0,75exp(=0,12mc py, ) - (14)

At myc = const dependency of hemoglobin saturation rate Hb with oxygen has
a shape of S-curve, that is approximated by the expression (14). But it is known,
that alteration of pH value in blood causes shifting of the curve of oxyhemoglobin
dissociation (Bohr effect). Carbon dioxide facilitates displacement of oxygen from
oxyhemoglobin, and shape and location of dissociation curve are changed
depending on CO; tension, namely, with its increasing affinity of hemoglobin with
oxygen is decreasing and dissociation curve is shifted to the right, i.e.
oxyhemoglobin dissociation is increased. Following equations serve as
mathematical interpretation of Bohr effect in the model

my.=0,25(pH,.—7,4)+1, (15)

BH

pH;-=61+1g .
02P2,

(16)

Dependency (16) is Henderson-Hasselbach equation that is used for
determination of correlation among blood acidity (pH), tension of CO, in blood
and concentration of hydrocarbonates that are buffer bases (BH). Saturation rate of
buffer bases of blood with carbon dioxide is expressed by the Michaelis-Menten
formula

Zic=—"—7. (17)
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Equations (1)—(17) describe first three links of controlled system — change of
partial pressures of gases in respiratory tract, alveoli and blood of pulmonary
capillaries.

The blood saturated in pulmonary capillaries is flowing in the arterial channel
with volume velocity (O-Q;), and, as a result of pulmonary shunt, — mixed venous
blood is flowing with volume velocity Q;, while the arterial blood is flowing out
with volume velocity Q. Taking into account conditions of continuity and material
balance the following can be written

d
Tl —— 101 (@ - 2y, +
V,(ay +yHb —%)
P1, (18)

+ 01 Qs pi- 0 Opy, +
+yHb (Q - O)nyc + vHDQ ¢ny — yHbO n, ],

d
’;j - ! [(1-n2)Q, 2 +
Va(ay + vy BH 3pzaa
F (=50 Q- 0,)z1c = (1=1g)0, WHb + (20, + (19)

+zZic (Q _Qs)_ ZaQ)YBH BH + aZ(QsPZ; +

d
+(Q=00)p2yc ~ Op2,)+ YHBY ),

d,
Lo e (1-17)Qz7 +
Vy(ay +vpy BH ——*
P2,
+(=mrc NQ-05)zpc —(1=my)Q; )YHb + (2704 +
+Zic (Q_Qs)_ZaQ)YBH BH +("2(Qsp2;+ (20)

d
(0= 0)p2,c ~Opa,) + YHBY =14,

P30 L 00-00ps  +as0ups. —ax0ps ]
dt s, 3 s)P3; 0 3 sp3; 3¢P3, 1.

Let's express changes in organism gas tensions in tissue capillaries blood (ct;)
and tissues (¢,). Tissue reservoirs are considered on the level of organs and tissues,
namely, brain, heart, liver, kidneys, skeletal muscles (sk.m.), skin, adipose and
bone tissues (let m — number of tissue reservoirs).

Krogh model has been chosen as a model of tissue reservoir [4, 5], where
capillary network of tissues or organs is represented with one generalized
cylindrical capillary in the inlet of whose arterial blood is coming. During flowing
of blood along the capillary respiratory exchange between capillary blood and
tissue is occurring through its wall. Then blood is flowing in the vein.

In the same way as other equations of mathematical model, equations of
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dynamics pO,, pCO,, pN, in blood of tissue capillaries and tissue are compiled on
the basis of principles of materiality of balance and flow continuity.

dpy,. 1
4= (p - Gy +YHbO, (M, — M.
T o [0, (P, — 11, ) =G, +YHDO, (g —Mey,)] @
e, (04 +YHbT
lcti
dpzcti _ 1 G
. % (020, (P2, = P2, ) =G, +
Ver, (0 +vpy BH )
apzcti
(22)
+ Qtl BHYBH (Za - ZCti) +
dncti
dps . 1 23
— = [a3p3,90, —03p3,, O — G5, |- 23)
1 1

dv o3V,

Rate of intensity of metabolic process in tissue regions of this model is
characterized by the rate of oxygen consumption a,, and rate of carbon dioxide
evolution P, - It is considered, that dependence of oxygen consumption rate
q,, in tissues of brain, kidneys and heart is determined by equation of Michaelis-

1,

——+—, and in peripheral tissues, including skeletal
R+ plti

0
Menten: a,, (1)= q,
1

muscles, by correlation

2
a, @=a) | 4| 24)
ct;
where qﬁ o consumption rate of O, at given intensity of load under normal
conditions of external environment, R — const, ngti — saturation rate of Hb in
blood with oxygen in these conditions, and Ner, (1) — saturation rate of Hb in

changed conditions of experiment.

In addition, for definiteness it is considered that consumption rate of O, in
heart muscles is linear function of the value of volume velocity of systemic blood
flow

a, , =00+,
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9, =4, (25)

where 71y, — respiratory coefficient.

In this connection dynamics of gas tension in tissue reservoirs in normal
physiological organism may be described by the equations

dpy, 1
= G, —aq,)>
dt OMNp, o T 26
Vi, Vo, M) (26)
Py,

Py 1 (92, +Gy,) 27
de Voo, T 7
dpsti _ 1 . -
dt 0'3t4 Vti 3ti’ ( )

where 1,z =1-exp(-0,12p; ) — saturation rate of myoglobin with oxygen,
1

0<mpp, <1, vam, — coefficient characterizing maximal amount of O, that can

be attached with 1 g of myoglobin (Mb;).

The link of breathing system «blood — tissue reservoirs» can be detailed at
the account of both differentiation of tissue reservoirs and modeling of transport
and exchange functions of blood in arterioles, tissue capillaries and venules.

To conclude the model it is necessary just to present equations representing
the dynamics of gas tension in mixed venous blood:

dp- 1
. - [al(ZQt P, On; )+YHb(ZQt Ner; —ON3)), 29)
Voo sy ) i (
pl;
dp>- 1
drv = = 0tz(ZQz,cht ~Op> )+
V(o +vpy B =l

ul (30)
+YHb(Y,0; (1= Mgy )z, = (1=1;)0z;) +
i=1
m dn—
+vpr BH (X Oy, 201, — Oz;) + YHDV,, d‘r]
i=1
TR 513,04 ~05,0) 31)
e 3V 32,73, 9 —3p3 Q). (
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It is obvious that equations (1)—(31) represent dynamics of gas mass transfer
in organism in simplified form. However the principle of model development
allows the possibility to consider also arteriovenous anastomosis and model gas
tension on the walls of vessels — capillary, change of blood volume in tissue
capillaries, enabling to solve different tasks of theoretical and applied physiology.

The model is developed for average statistical (reference) person and it uses
the known experimental data on diffusion coefficients and gas permeability
through the membranes separating the medium, on other parameters characterizing
gas transport in the organism and metabolic processes taking place in tissues.

It would be important to clarify the role of these parameters in stabilization of
transients occurring during violation of equilibrium state caused by changes of
internal or external conditions. Transients caused by changes of composition of
inhaled air, transition from steady state to load and vice versa, during pressure
difference and process of the control of level of organism's gas homeostasis have
been studies. Data obtained in other studies [6, 7] have been accounted during the
work with the model.

On the model described above the simulation of functional self-organization
of physiological breathing system under conditions of highlands has been carried
out.

It was assumed that before experiments the gas mass transfer system in
organism was in stationary state, breathing gas normoxic (21 % O, and 79 % N>).
Calculations have been executed for normal physiological data of person weighting
75 kg, volume velocity of oxygen consumption under calm conditions g = 4,3
ml/sec, O = 96 ml/sec, Hb=0,14 g/ml, BH=0,479 g/ml, D=550 ml, ¢. = 4 sec. To
determine initial status of the system in simulation of arbitrary extreme situation it
was necessary to simulate first calm conditions under normal external conditions

O, pi, > and P2, since experimental determination of initial values is
1 1

complicated. Therefore starting from certain determined approximated state of the
system (1)—(31) trajectories P, and P, have been put in steady regime for time
1 1

T. Calculations have been executed during time interval 7 = 3000 sec with
simulation time-step At = 0,01.

Air pressure at sea level everywhere on the globe is on average close to one
atmosphere. Going up from the see level air pressure is decreasing; respectively its
density is also decreasing: air becomes more and more rarefied, i.e. amount of
oxygen in inhaled air is decreased. Therefore for simulation of highlands
conditions known data of air pressure and oxygen content at different heights have
been taken [8].

In present work computer analysis of model at different heights has been
carried out: 1 km (Bo = 674 mm Hg), 2 km (Bo = 596 mm Hg), 3 km
(Bo = 526 mm Hg), 4 km (Bo = 462 mm Hg) with oxygen content in air
respectively 18,5 %, 16,2 %, 14,3 %, 12,6 %. At the time zero values of gas
tensions in arterial blood and skeletal muscles were taken at normal state, i.e. in
calm conditions at sea level.

For every height set of experiments have been carried out under following
conditions:
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1. Hypoxia in calm state with compensation — increasing of Q.. in 2 times,
Vinhate in 1,5 times: Vg = 800 ml; tc = 4,0 sec; tipate = texhate = 1,5 sec;
0 = 117,1 mlsec; QOpuin = 14,88, Onear = 6,135; QO sk.m. = 38,45;
Qother sissues = 7,595; q= 4,44 l’nl/SeC qbrain = 0,632; Gheart = 0,4725; qskm. = 1,488;
qgther tissues — 1 ) 849 .

II. Load hypoxia with compensation — increasing of qg.m- and Q. in 2
times, Vippaie in 1,5 times: V. = 800 ml; tc = 4,0 sec; timhae = Lovhatle = 1,5 S€EC;
0 =117,1 ml/sec; Oprain= 14,88; Onearr= 6,135; Os.m. = 38,45; Qother tissues = 57,595:
q = 59292 mifsec; qpain = 0,6321; Grearr = 04725, qoom. = 2,9756;
qgther tissues — 1 849

II1. Load hypoxia with compensation — increasing of {g.,. in 2 times,
Qsim. in 4 times, Viypue up to 1000 ml: Vo = 1000 ml; ¢ = 3,0 sec;
tinhale = texhale = 1:5 S€C, Q = 159’2 ml/sec; Qbmin = 14:887 Qheart = 9:847
Osim. = 76,90; Oother tissues = 57,595, q = 6,2146 ml/sec; qpain = 0,6321;
Gheart = 0 7579 qskem. = 2 9756 other tissues — 1 8490

Results of experiments are presented in the table and on figures 1-4.

On figures 1-4:

row I — Hypoxia in calm state with compensation — increasing of Qg in 2
times, Vippae In 1,5 times:

row 2 — Load hypoxia with compensation — increasing of gg.,,. and Q. in 2
times, Vippae In 1,5 times:

row 3 — Load hypoxia with compensation — increasing of gg.,,. in 2 times, Q.
in 4 times, Viupae up to 1000 ml:

© —a—s—s—s—s— 55—
Q
A G
£
T ~—o—Row1
~—Row2

Row3

O Rk, N W A U O N ®

0 100 200 300 400 500 600 700 800 900

t, sec

Fig. 1. Oxygen consumption at height 1 km
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6
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>'/1 4
E 3
o ~—+—Row1

2 ~—i—Row2
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0

0 100 200 300 400 500 600 700 800 900

t, sec

Fig. 2. Oxygen consumption at height 2 km

Comparative analysis of results demonstrates, that with the same values v
and Q levels of p,0; are below normal, and levels of py.,,. Oz, p.CO;s, ps.m.CO; are
higher, but later on significantly decreasing.
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To approximate gas tension levels to normal values, V and Osim. have to be
significantly higher.

I8}
Q
L 4
£
3
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Fig. 3. Oxygen consumption at height 3 km
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Fig. 4. Oxygen consumption at height 4 km

Table Results of experiments

Vii=800 ml, t.=4 s, V=12 I/min, Q=117 ,1 ml/sec, g=4.44 ml/sec

I H=1 km H=2 km H=3 km H=4 km
By=674 mm Hg B¢=596 mm Hg B¢=526 mm Hg B¢=462 mm Hg
t,c 0 100 | 2800 0 100 | 2800 0 100 | 2800 0 100 2800
q, ml/sec 44414 | 4.6629 [4.6912|4.4414 | 4.2340 [ 4.20524.4414 | 3.7204 |3.5163 [|4.4414 | 3.2325 | 2.8227
P,0,,mm Hg | 92.9 | 70.33 | 73.76 | 92.9 | 46.53 | 45.25 || 92.9 | 34.28 | 30.35 || 92.9 | 26.82 | 21.58
PSk““‘gg mm o671 | 35.95 | 33.46 | 26.71 | 30.81 | 27.71 | 26.71 | 25.86 | 21.41 | 26.71 | 21.92 | 16.33
P,CO,, mm Hg | 26.17 | 34.73 | 18.40 || 26.17 | 34.22 | 16.61 || 26.17 | 33.54 | 13.93 || 26.17 | 32.89 | 11.21
PSk““‘(i_?gz’ Mm 3503 | 47.53 | 22.07 || 32.03 | 47.13 | 19.69 | 32.03 | 46.65 | 16.30 | 32.03 | 46.19 | 12.94
Vii=800 ml, t.=4 s, V=12 I/min, Q=117,1 ml/sec, q=5,93 ml/sec
I H=1 km H=2 km H=3 km H=4 km
B¢=674 mm Hg B¢=596 mm Hg B¢=526 mm Hg By=462 mm Hg
t,c 0 100 | 2800 0 100 | 2800 0 100 | 2800 0 100 2800
q, ml/sec 5.9292 |5.5470 | 5.5540(/5.9292 | 4.8573 | 4.7243 |5.9292 | 4.1594 | 3.8328 |[5.9292 | 3.5410 | 3.0263
P,0,,mm Hg | 92.9 | 58.16 | 60.08 | 92.9 | 39.28 | 37.17 || 92.9 | 29.41 | 25.79 || 92.9 | 23.17 | 18.78
PSk““‘gg mm o671 | 25.66 | 24.08 | 26.71 | 21.96 | 19.61 | 26.71 | 18.68 | 15.48 | 26.71 | 16.03 | 12.13
P,CO,, mm Hg | 26.17 | 36.14 | 21.81 || 26.17 | 35.26 | 18.66 || 26.17 | 34.36 | 15.18 || 26.17 | 33.58 | 12.01
PSk““‘(i_?gz’ Mm 3503 | 48.92 | 27.24 || 32.03 | 48.29 | 22.94 | 32.03 | 47.65 | 18.38 | 32.03 | 47.09 | 14.31
Vii=1000 ml, t.=3 s, vV =20 I/min, Q=159,2 ml/sec, qg=6,21 ml/sec
I H=1 km H=2 km H=3 km H=4 km
B¢=674 mm Hg B¢=596 mm Hg B¢=526 mm Hg By=462 mm Hg
t,c 0 100 | 2800 0 100 | 2800 0 100 | 2800 0 100 2800
q, ml/sec 6.2146 |1 6.7337|6.7791 || 6.2146 | 6.0453 | 6.0920 || 6.2146 | 5.1688 | 5.0975 | 6.2146 | 4.3299 | 4.0948
P,0,,mm Hg | 92.9 | 67.67 | 70.52 | 92.9 | 43.58 | 43.83 || 92.9 | 31.26 | 29.45 | 92.9 | 23.74 | 20.91
PSk““‘gzg’ Mmoo o6.71 | 35.12 | 32.75 | 26.71 | 29.29 | 27.05 | 26.71 | 23.53 | 20.74 | 26.71 | 19.04 | 15.72
P,CO,, mm Hg | 26.17 | 31.00 | 16.01 || 26.17 | 30.43 | 14.50 || 26.17 | 29.70 | 12.20 | 26.17 | 29.00 | 9.94
PSk““‘(i_?gz’ Mm 3503 | 40.79 | 19.13 || 32.03 | 39.98 | 17.09 | 32.03 | 38.98 | 14.13 | 32.03 | 38.03 | 11.20

32
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CONCLUSIONS

Presented results of computer analysis of the model show that
hypometabolism is a necessary condition for stabilization of the status of organism
during highland hypoxia.

Calculations using mathematical model (1)-(33) with hypometabolism
mechanism (24) demonstrates that stabilization of the status of the breathing and
blood circulation system require less metabolic cost of regulatory mechanism
during the work under conditions of highlands.
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UDK 519.876

MATHEMATICAL MODELING OF
HYPOMETABOLISM PROCESS TO IDENTIFY
PECULIARITIES OF HUMAN ORGANISM DURING
THE WORK UNDER CONDITION OF HIGHLANDS

I.L. Bobriakova
V.M. Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine

Introduction: Hypometabolic and hypoxic states are in the focus of attention
of researchers since organism is often impacted by hypoxic factors, particularly
under conditions of highlands, as well as during significant physical loads or some
severe pathologic process.

Hypoxic or exogenous hypoxia is developed during decreasing of partial
pressure of oxygen in inhaled air. During hypoxic hypoxia the arterial oxygen
tension, the saturation of hemoglobin with oxygen and its total content in the blood
are being decreased. Negative impact can be caused also by hypocapnia, developed
as a result of compensatory hyperventilation of lungs. Extreme hypocapnia causes
worsening of blood supply to brain and heart (vasoconstriction) and respiratory
alkalosis. In this connection, it is interesting to investigate the energy reserves of
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organism and the ways of its strengthening under hypoxic conditions.

Problem definition: Investigation of the processes of human organism
breathing system self-regulation represents particular scientific area that is being
widely developed last years as a result of success in mathematical modelling.
However the regulation mechanisms of functional state of human organism under
conditions of highland hypoxia are not sufficiently studied yet. Infeasibility of such
investigations was related with the difficulties of experimental determination of the
several most important parameters and with the absence of adequate mathematical
models for dynamics of these processes.

The main task of this work consists in investigation of the mechanism of
formation of hypometabolic state of human being under conditions of highlands.
Mathematical model of functional systems of breathing and blood circulation has
been used to analyze this phenomenon on system level.

The purpose of this work is to develop and to investigate the mathematical
model of hypometabolism, and to develop the software for execution of computing
experiments with the model.

Results:

1. Developed complex of mathematical model of the gas mass carry process
in organism and software is applied for assessment of the dynamics of functional
state of human being on conditions of work at highlands.

2. Implemented numerical analysis of the models of respiratory exchange
control enables to:

o follow dynamics of the main physiological parameters of the model during
transient processes and in stationary states;

o forecast and quantitatively assess regulatory reactions of the organism
under given disturbances;

e carry out individualization of model developments on condition of
availability of array of data on anatomic-physiological peculiarities of specific
human being.

Obtained results are well correlated with the physiological experimental data.

Conclusions: Presented results of computer analysis of the model demonstrate
that hypometabolism is a pre-requisite for stabilization of organism's state under
highland hypoxia.

Calculations on mathematical model of the process of gas mass transfer with
hypometabolism mechanism demonstrate that stabilization of breathing and blood
circulation system state require less metabolic cost of regulatory mechanisms under
highland conditions.

Keywords: mathematical model, breathing and blood circulation system, gas
tensions, hypoxia, hypometabolism, disturbing impacts, computing experiments.
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VIK 681.518

KOHIENIUS CETEHEHTPHYECKOI'O
YIPABJIEHUS IOCAJIKOHU CAMOJIETOB 11O
CBOBO/IHBIM TPAEKTOPUSIM C
TEXHOJIOIT'MEW PEHIEHUS KOH®JIUKTHbBIX
CUTYALIUM

B.B. I1aBjos, /I.A. Boaomeniok, A.E. BoikoB

MestcOoynapoOoHblii HAYUHO-YHeOHbLI YeHMP UHPOPMAYUOHHBIX MEXHON0ZUT U
cucmem HAH Ykpaunvt u MOH Ykpaunot

PaccMotrpen Bonpoc HEOOXOAUMOCTH CO3AaHUSI KOMILUIEKCHON
CHCTEMBI YNPABICHUS IOCAAKOM CaMOJIETOB IO CBOOOIHBIM TPAEKTOPHSIM,
OCHOBAaHHOM HAa MPHUHIMIIAX JPraTUYHOCTH U  CETEHEHTPUYHOCTH W
YUHUTHIBAIOIIEH BO3MOXKHBIE KOH(IMKTHBIE CHTYallUH CaMOJIETOB B BO3IYyXE C
LEeTpI0 WX MPEAyNpPeKACHHUS HIM pa3pelieHus. 3afaueil CHCTEMBI CTaHET
MOBBIIIEHHE O€30MaCHOCTH ABHAIMOHHBIX IEPEBO30K, pPEIIEHHe YacTH
SKOJIOTHYECKUX W SKOHOMHUYECKHMX  IpoOJIeM, peleHue  MpoOIeMbl
MEePerpy’>KeHHOCTH a3pOINOPTOB IO MPUYMHE BO3PACTAIONMIEH HHTEHCHBHOCTH
BO3/IyIIHOTO JIBHKEHHS.

Knioueevie cnoea: ceTeLEHTpUYECKAass CHUCTEMa, IIOCajKa
CaMoJIeTOB, KOH(IMKTHBIC CHTYalliH, CBOOOIHBIE TPACKTOPUH, IUIAHUPOBAHHE,
PAaCXOXICHHUE CaMOJIETOB, YIP03a CTOIKHOBEHHSI.

Po3risiHyro muTaHHS HEOOXiJHOCTI CTBOPEHHS KOMILIEKCHOI
CHCTEMH KEePYBaHHS [TOCA KOO JIITAKiB 33 BIIbHUMH TPAEKTOPISIMH, 3aCHOBAHOT
Ha MPUHIMOAX EPraTMYHOCTI Ta MEPEKCLECHTPUUHOCTI 3 BpaxyBaHHAM
MOXKJIMBUX KOH(DIIKTHUX CHTYalidl JITaKiB B MOBITPi, 3 METOIO MOMEPEIKEHHS
abo BHUpIlIEHHS [UX CHUTYalidl. 3aBAaHHAM CHUCTEMH CTaHE IIiBHUIIICHHS
Oe3mekd  aBialliiHUX TEpeBe3eHb, BHUPIIICHHS YACTHHMA EKOJOTiYHHX Ta
€KOHOMIYHHX MPOOJIeM, BUPIIICHHS MPOOIEMH TIEPEBAHTAXKEHOCTI aePOIOPTIB 3
MPUYUHH 3POCTAI0YO0] IHTEHCHBHOCTI HOBITPSIHOTO PYyXY.

Knwuosi cnoea: wMepexeueHTpUYHA CHCTEMa, IOCalKa
niTakiB, KOH(MIIKTHI CHTyamii, BUIbHI TpPAa€KTOpil, IUIAaHyBaHHS, PO30IKHICTH
JiTaKiB, 3arpo3a 3iTKHEHHSI.

BBEJEHMUE

Hecmorps Ha cMeHsAOLIMECS TEXHOIOIMYECKHE YKIIaJbl, aBUACTPOCHUE
OCTaeTCsl OIHOM M3 KIIIOYEBBIX OTpaciel MUPOBOM SKOHOMUKHU. Jlaxe B yCIOBHUAX
3aTSHYKHOIO SKOHOMUYECKOI'0 KpU3HCa OTpacilb COXPaHsAET BBICOKHUE TEMIIbI pOCTa.

OO0veM W XapakTep 3a7ad, BBEIBHHYTHIX celyac Kak Iepel TpakKIaHCKOM
aBHaNUed YKpauHbl, TaK U Iepel MUPOBBIMHI KOMITAHUSMHI aBHACTPOCHUS, TPEOYeT
HE YACTUYHBIX YAYYIOICHWH, a 3HAYATEIBHBIX KOMIUIEKCHBIX Mep, KOTOpBIE OBl
OIpENEIUIIN NajJbHEUIINI KaueCTBEHHBIN NPBIKOK B €€ pa3BUTUU.

Ucxona w3 3TOro, M Yy4YuThIBas Pe3KO BO3PACTAIOUIYI0O HMHTEHCHUBHOCTD
BO3AYIIHOTO JBMKEHHA B MHpE, M CTAaHOBUTCS OUEBUIHOM aKmyanbHOCHb
CO3/1aHUS KOMIUIEKCHOM CHCTEMbI, KOTOpas CMOXKET YIpPaBJIATh MOCAIKON
CaMOIIETOB 10 CBOOOTHBIM TPaeKTOPUSAM B YCIOBHSIX BO3MOXHBIX KOH(IMKTHBIX
CUTyalluil, OCHOBBIBasiICb Ha JPraTUYECKUX M CETEUEHTPUUECKUX MPUHLMIIAX
YIpaBJIEHHUSL.

Bricokuif ypoBeHb puCKa aBHAIIMOHHOIO MPOUCIIECTBUS CBSI3aH C TaKUMHU
STallaMH B CUTYaIlHsSIMH TOJeTa, KaK B3JIET U Mocaaka BO3MyIIHEIX kopabner (BK)
B a’pONopTax C BBICOKOW MHTEHCHUBHOCTBIO BO3AYILIHOTO JBMXKEHHS, MOCAJIKa B
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CIIOKHBIX METCOPOJIOTHYSCKUX YCIOBUAX, Yrpo3a KOH(IUKTHBIX CHUTyalud c
IPYTHMH BO3IYIIHBIMA KOpaOISAMH, TEXHUYECKHE HEHCIPaBHOCTH Ha OopTy
camoJjieTa WM B CUCTEMaX CBA3H € 3eMJIEH U JPyTrUMHU.

Cremyer IOMHHTB M O TeX MpoOJIeMaX B aBHALNH, HEOOXOIMMOCTh PEIICHHS
KOTOPBIX 3aKperuieHa JOKTpPUHAMH M PE3OJIIOUMSIMU Pa3IUYHBIX MHPOBBIX
00IIECTBEHHBIX aBHAIIMOHHBIX OpraHu3armi, Takux kak UKAO (MexmxyHaponHas
OpraHu3anys rpaxxnaHckoi aBuanum) [1]. Peus uaer o cnemyrommx mpodieMax:

— DKOJIOTHYECKOW, OCHOBHASI YaCTh KOTOPOH 3aKIIF0YaeTCs B HEOOXOANMOCTH
YMEHBIIICHISI aBUALIMOHHBIX [IIYMOB W BPEAHBIX BEIOPOCOB B aTMOChEPY;

— DKOHOMHYECKOH, KOTOpasi COCTOUT B HEOOXOIUMOCTH SKOHOMHUU CPEICTB
U MaTepHalbHBIX PECYpCOB, OCOOCHHO B MEPHOIBI MHPOBBIX IKOHOMHYECKHX
KpPHU3HUCOB;

— TpaHCIIOPTHOW, CYTh KOTOPOH B HEOOXOIUMOCTH CO3IaHHS HOBBIX H
MOJIEPHU3ALMHU CTAapBIX a’pOMOPTOB, IMEPECaFTOUYHBIX M TEXHUUYECKUX ITyHKTOB,
TPAHCIIOPTHBIX Pa3BA30K U T.1.;

— mpoOiieMe MOBHIMICHH 0€30IacHOCTH ITOJIETOB, KOTOpas SBISACTCS OTHOM
13 OCHOBHBIX.

IlocTanoBKa 3a1a4n

Ucxonda U3 cKka3aHHOrO M YYMTHIBAs COBPEMEHHbIE TEHIACHLMH B Pa3BUTHU
HAyK{, TEXHUKH W HEIOCPEICTBEHHO aBHAIUH, MBI BHIHMM 3aady B TOM, YTOOBI
€O311aTh KOMIUIEKCHYIO CHCTEMY, KoTopas OyaeT:

— o0ecreunBaTh MOCAIKy CaMOJIETOB B adpoIOpPTax MO HOBOH TEXHOJIOTHUH
CBOOOIHBIX TPAGKTOPHI B PEKUME TUIAHNPOBAHSI WIIH MAJIOH TSTH;

— of0ecreunBaTh MPEAYNPEKICHAEC YIPO3bl CTOIKHOBEHUS BO3IYIIHBIX
KopabJelt 1 mpr HeoOXOAUMOCTH PEIIaTh KOH(GIUKTHBIE CHTYaIlH TAKOTO PoJia 1o
BEICIIIFIM COBPEMEHHBIM TPeOOBAaHUSIM aBHAMOHHOM 0€30IMacHOCTH;

— of0ecreunBaTh HAONIOACHHE 3a BCEM IIPOLIECCOM IIOJIETa BO3IYLIHOTO
Kopalist W TepenaBaTh BCe HEOOXOIMMEIC NAHHBIC B IHCIETYCPCKHE HEHTPHI B
peasbHOM MacmTade BPEMEHH;

— paboTarts, OCHOBBIBAsICh Ha MPUHLIMTIAX u TEXHOJIOTUX
WHTEIJIEKTYaJIbHBIX ~ CETELIEHTPUYECKHX CHUCTEM  yHNAJEHHOro  YIpaBliEHUS,
0CTaBasACh MPHU 3TOM IPraTHYECKOH.

COOTBETCTBEHHO, MEJBI0 PA0OTHI SBIACTCS CO3MAHHWE JPraTHIeCKON
CETEIICHTPUIECKON CHCTEMBI YIIPABICHUS IOCAIKOH CaMOJETOB MO CBOOOIHBIM
TPaeKTOPHSM C yIeTOM (HhaKTOPOB KOH(IUKTHBIX CHUTYAITHH.

Unes co3maHua  Takod  CHCTEMBI  3aKJlO4Yaercs B IPUMEHEHHUH
CETELEHTPUYECKUX  TEXHOJIOIMH W CHCTEM  YHAJEHHOrO  yIpaBJieHUS
IMHAMHYECKIMI OOBEKTaMH, a MMEHHO BO3AYIIHBIMH KopaOmsimu. Ilpum sTOoM
HEOOXOIMMO OTMETHTh, YTO TOJ CETEHCHTPUYECKOW CHCTEMOW YHaJIeHHOTOo
ynpasienust BK nmonumaercst Takas CTpyKTypa yJaJleHHOTO YIPaBJIEHUS, KOTOpas
MpeaycMaTpHBaeT B3aMMOCBSI3b OOPTOBBIX cucTeM ympasienus BK ¢ cucremoit
Ha3eMHOr0 VIpaBJIEHHsA, KOTOpass B CBOIO Ouepelb B3aUMOJEHCTBYET C
pacrpeseNeHHOl CeTeLeHTPUYECKOH Cpeqod BblIaYd KOMaHJ YIpaBJIEHUS U
nepegayn AaHHbIX. CeTelleHTpUYecKas cUcTeMa NpeAyCMaTpUBaeT YIpaBICHHE
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BK B peampHOM MacmTabe BpeMEHH C YY€TOM CETEBBIX 3aJepKEeK M TOTeph
MaKeTOB MH(pOPMAIIMOHHBIX JAaHHBIX. Takas cucTeMa oOecreunBaeT CHCTEMHYIO U
(YHKINOHAFHO-BPEMEHHYIO coBMecTHMOCTh BK, kak oObBekTa ympaBieHUs, C
Ha3eMHBIMU HUHTEIJIEKTYaIbHBIMU HH(OPMAIOHHO-YTIPABIIIOIIAMH
KOMILIEKCAaMU JIUCIIETUYEPCKUX LIEHTPOB.

Pe3ynpraToM pabOTHI CTaHET CO3MaHWE B OOJIACTH aBHAIIMOHHOW WHAYCTPUH
CHUCTEMBI, KOTOpast IO3BOJIUT:

— KOJMYECTBEHHO M KayeCTBEHHO IOBBICUTH YPOBEHb AKOJOTMYHOCTH M
SKOHOMHYHOCTH IIOJIETOB B aBHALIMU B LIEJIOM;

— CYIIECTBEHHO IOBBICUTH YPOBEHH O€30IMACHOCTH IOJIETOB;

— pas3rpy3uTh BO3AYIIHYIO 30HY OKHJIAaHUS B pailoHe asponopra;

PEIIHTE MPOOTIEMY MePErpy3Ku adpONOPTOB BO3AYIIHBIM IBHKCHUEM;

MOBBICUTE 3 ()EKTUBHOCTH UCIOIB30BAHNS aBHAIIIOHHON TEXHUKH H T.JI.

BHenpenue ceTreLeHTpUYECKON CHUCTEMbI YIpaBJIEHUs MOCAIKOW CaMOJIETOB
0 CBOOOJHBIM TPACKTOPHSM C TEXHOIOTHECH pelIeHWs] KOH(DIMKTHBIX CHUTyalni
MpUBEAET K NEpexoqy Ha HOBBIH YpOBEHB TEXHOJIIOTHYECKOro oOecIedeHus B
aBUAIIH.

AHaTU3 MOCJeTHUX HCCJIeT0BAHUN U MyOJuKanuii Mo 1aHHOH nmpodiaeme
MOKa3bIBa€eT, YTO B HACTOsIIEEe BPEMS LIMPOKOE PACIPOCTPaHEHHE MOIYUHIIU J1BA
KJIACCHYECKUX TNpUHLMIA yOpaBieHus jBuwxeHueM BK — npuHIuns
(OKECTKHX» U «THOKHUX» TpaeKkTopuii [2].

Hpunyun «xcecmruxy mpaekmoputi pearu3yer NporpaMMHO-II03UIIMOHHYIO
CTpaTerui0 yIpaBiIeHUsS U OTBEYAET M3BECTHOM KOHUENIUU «HEBO3MYLIEHHOIO-
BO3MYIICHHOTO» IBIDKEHUS JlsmyHoBa-JleToBa M 3aKiIodaeTcss B CTAOMITH3AIIII
3apaHee PaCCUYMTAHHOU «KECTKOW» MPOTpaMMHON (HOMHHAITBHOHW, OIOPHOM)
TpacKTOPUH OBHMKEHHS oOBekra x*(f), obecrneunmBaromeil BBHIIONIHEHUE
yOpaBleHUsT NpU HUICAIbHBIX YCJIOBUAX JBMIKEHHUSA. 31€Ch allTOPUTM
yIpaBieHns u(f) COCTOAT U3 MPOTPAMMHOM COCTABISIONIEH 1*(f), peanu3yromei
TpeOyeMoe HEBO3MYIICHHOE NBIDKEHHUE ammapaTta x*(f), u crabuiausupyromieit
cocraBnstomen Au(t):

u(t) = u*(f) + Au(?), (D)

x() = x*(1) + Ax(1), 2

rae Ax(f) — oTkiioHeHHe (HaKTHUECKOTO JIBHXKEHUS Xx(f) oT Tpedyemoro x*(7),
BBI3BAHHOE JICWCTBHEM HEKOHTPOIHPYEMBIX BO3MYIIAIOMNX (PaKTOPOB:

ANTOPHTM TPOTPaMMHOTO YIIPABIECHUS SIBISCTCS pEIICHHEM 3aJadu
yIpaBleHHUsS «B OONBIIOM» Ha OCHOBE MCXOJHOW HENWHEHHOW Monxenn oOBeKTa
(1)—(2). 3necy pemeHue 3ajaydl pacdyeTa NPOTrPaMMHBIX TPACKTOPUHA MOMKET
OCYIIECTBIATHCS alproOpHO (>xecTkOe MPOrpaMMHUPOBAHIE) 170031
HETMOCPEICTBEHHO B MpoOIlecce yIpaBleHus (CBOOOTHOE MPOTpaMMHUPOBAHUE) U
CBS3aHO C  HCIOJIB30BAHMEM  BBIUMCIUTEIBHBIX  METOJOB  PEIICHUS
JIBYXTOUYCUYHBIX KPaeBBIX 3a7ad.

AnTOpUTM CTaOWIHM3aIlMU SBISETCS pEIICHHEM KIACCHYECKOH 3amadu
VIPaBICHAS «B MaJIOM» Ha OCHOBE €T0 JIMHEapu30BaHHON MOJICIH:

Adx/dt = A(f)Ax + B(H)Au, 3)
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Ay = C(f)Ax, (4)

rae (yskuponambhele Martpuusl AT — R™™ B:T — R™, C:T — R™
PacCUMTHIBAOTCS Yepe3 MaTpHUIlbl SIkoOu mpaBbIX yacted ypaBHenuit (1)—(2):

AW =8/ 8 * £t %, 0, B(t) =5/ du* f(t, x, ), C(6) =8/ dx * g (1, ), )

KOTOpBIC BEIYHCIISIOTCS JUISl HEBO3MYIIIEHHOT'0 MBHXKEHU (u* (1), X*(7)).

AHanu3 cTpaTeruii ynpasJieHUsI Ha OCHOBE KOHLENLUU «HEBO3MYILEHHOIO-
BO3MYILIEHHOT0» JBMKEHMSI IMOKa3bIBAET, YTO OHU ONpPaBIaHbI JIULIb MPH MaJIbIX
BO3MYIIECHUSIX HOMHUHAJIbHOW TpaekTopuu JnBuxeHuss BK u craHoBsaTcs
HEpalMOHANBFHBIMA TIPH OONBIINX €€ BO3MYIICHHIX, YTO PacHpOCTPaHEHO B
COBPEMEHHBIX TEXHOJIOTUAX MOCAIKH CAMOJIETOB.

Hpunyun  «eubkux» mpaexmoputi peanu3yeT YUCTO IPOTPAMMHYIO
CTpaTerwio YIPaBICHUSI M 3aKII0YACTCSA B PEANH3alNd «THOKOI, 00HOBIIEMOit
(MHOTOKpaTHO MepecUUTHIBAEMOI) C 3aJaHHON MEePUOIUYHOCTHIO ITPOrPaMMHON
TPaeKTOPHH IBIKEHHUS 00BEKTa, 00CCIIeUNBAIONICH BHIIIOHEHUE YIIPABICHUS B
peanbHBIX YCIOBUSIX IBHMI)KEHHUSA M3 COCTOSHMS, COOTBETCTBYIOIIETO MOMEHTY
BpEMEHH €€ OOHOBIICHUS. 311€Ch PACCUNTHIBAEMBIA W UCIIOTHSIEMBIN Ha KaXKIOM
WHTEpBalle OOHOBIIEHHS aITOPUTM IIPOTPAMMHOTO YIIPABICHUS SBISAETCS
pelieHneM 3aJadd  YIpaBICHUS «B OONBIOIOM» Ha OCHOBAaHUH HCXOJHOU
HenunHenHoi monenu BK.

Cornacuo Ttepmunonmoruun H.H. MowuceeBa, cmoco0 ympaBieHUs IIO
NPUHLUINY «KECTKUX» TPACKTOpPUH HMEHYeTCs KOppeKLHed 1o 3aJaHHOU
mporpaMMme, a crioco0 yIpaBieHHS MO TPUHINITY «THOKUX» TPaeKTOpud —
KOppeKIMel 0 KOHEUHOMY COCTOSIHUIO.

[puHmn «TUOKUX» TPAeKTOPUH 3aKIIOYAETCS B OTKa3e OT IIPHBS3KH
ynpaBisieMoro nBmxeHuss BK k 3apanee 3amnaHupoBaHHON (HOMHHAJIbHOMN)
TpaekTopun u (QopmupoBaHUU (IpU HEOOXOAUMOCTH) OO0Jee BBITOIHBIX
TPACKTOPUHA MBUKCHUS K IICNIEBOMY COCTOSHHIO, HCXONS U3 (PaKTHUCCKHUX
YCIIOBUH IBIKECHUS 00BEeKTa. BO3MOXHEI cienyromue Tpu crnocoba peann3annu
JAHHOTO IIPUHLIMIIA.

1. IIpouecc ympasieHus pa3OHUBaeTCs Ha BpEMEHHBIE IIUKITBI, HAa Ka)XXIIOM W3
KOTOpBIX PACCUMTBHIBAETCS JKEJaeMas TPaeKTOpus JABUKEHHUs, HCXOIi U3
HU3MEpUTENbHOW WHPOpMAIUU O (HaKTHIECKOM COCTOSHUU OOBEKTa BHAUAlE
3TOro I1ukiIa. B TedueHwe wuKiIa pacyeTHas (IJIaHOBas) TPAaeKTOPUS
cTabumu3upyeTcs.

2. Ilepexon Ha HOBYIO IUIAHOBYIO TPAGKTOPHUIO OCYIIECTBIISIETCS INPU
BO3MYIIEHHUAX PACUETHOW TPaeKTOPUH, IPEBBIIAIOLIUX 3aJaHHBIA TOPOT.

3. IlnaHupoBaHuE TPAEKTOPUN OCYILECTBIISIETCSA NI KaXKJOTO COCTOSHUS
obwvekra. [laHHBIH Ccmoco® MOXHO HMHTEPOPETHPOBATH KaK IMPUHIAI
«pa3sMOpaXUBAHUS» HayalbHBIX YCIOBHUHM, CyTh KOTOPOTO COCTOUT B
MOCTPOCHUH alNTOpPUTMa YIpaBiIeHUS Ui (QUKCHPOBAHHBIX HAadalbHOTO
MOMEHTa BPEMEHHU /) 1 HA4aJIbHOT'O COCTOSHUS X(%) = Xo:

u=nh (t | to, X()), (6)
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U Jajiee — B 3aMEHE HAYaJbHBIX YCIOBHH TEKYIIUMHU:
u(®) =h (t] 1, x(1)). (7)

KauecTBeHHOE oOTIMuYME CTpaTeruil yHpaBieHHs HAa OCHOBE KOHLEMIMHU
«HEBO3MYILIEHHOT 0-BO3MYIIICHHOT0» BIKCHUS M MPHHIUIIA THOKUX TPaeKTOPHit
WIUTIOCTpUPYET puc. 1. 31ech MoKa3aHO HOMUHAIBHOE IBUKEHHUE H PACCMOTPEHBI
TPU pazilyHble CTApPTOBbIE CUTYALMU JJIS BO3MYILIEHHOI O ABMKEeHUA. CTpaTerusm
KECTKOM TPaeKTOPUHU OTBEHAIOT MYHKTUPHBIE KpuBble. BuaHo, uTO B cuTyauuu 1
Takas CTpaTerus HepaluOHalbHA, a B CUTyauuu 3 — Hemnpuemiema. s
CpaBHEHMsI TIOKa3aHbl COOTBETCTBYIOLIME JABIKEHHUS, PEaIU3yIOIIUE MPUHLHUII
THOKUX TPAaCKTOPHH.

Ha puc. 2 mmmoctpupyercss BOSMOKHOCTh COYCTAaHUS OOOHMX MPHHIUIIOB B
pEILEeHUH 3a7a4 yIpaBlIeHUs: B OKPECTHOCTH HOMUHAJILHON TPAEKTOPUU BBOJUTCS
KOpPUAOp CTaOWiIM3aldd  JBIDKEHHH, BHYTPH KOTOPOT'O  OCYIIECTBIIIETCS
cTabmIM3anisl HOMUHAIBHONH TpaeKTopuu. BHe maHHOrO KopHuaopa BKITIOYAETCs

MEXaHH3M JICHCTBHUS THOKUX TPACKTOPHIA.
y JIBr>xeHus,
CTaOMIIH3HPYIOMITHE
HOMUHAIIEHYTO
TPaeKTOPHUIO

Homunanpaas
TPaeKTOPHs

T'ubkue
TPaeKTOPUH

0 tr
Puc. 1. CpaBHeHHE NPUHIIMIIA THOKAX TPACKTOPHIA U KOHIICTIIIUU
«HEBO3BYLIEHHOT0-BO3MYIIIEHHOT0%» ABHKEHUS

Homunansuas O0acTb IBUKEHUS 110
TpaeKTOpus THOKHM TPaeKTOPHSIM

OO0macTh JBMKEHUS,
CTaOMIIM3UPOBAHHOTO
HOMHUHAJILHOU
TpaekTopein

0 ty

Puc. 2. Bo3MOXHOCTB coueTaHusi 000UX NPUHIIAIIOB
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HeoOxomumMo  OTMETHTB, YTO  VyIpaBlIeHHE BO3AYIIHBEIM  Kopabiem
pa3nu4aeTcs Mo TUILY MPOrpaMM:

— yIpaBICHHE ¢ BPEMEHHOW MPOrpaMMOM, KOTZla MPOrpaMMHOE 3HAUYCHUE
YIpaBIsIeMON BEIHMYNHBI 3aIa€TCS B BIJIE ONPEACICHHON (DYHKIINHA BPEMEHH,

— yIOpaBlleHHE C MapaMeTPUYEecKOil MporpaMMoi, Korja MporpaMMHOE
3HAUYCHHE VIIPABISIEMOM BEIWYUHBI 33JaeTCs KaK oOmpelelieHHas (YHKIHSI
Ipyroil TepeMeHHOH (HampuMep, 3aJaHue IPOTPAaMMHOTO YIJIa TaHTa)xa Kak
(YHKIIMH BEIUYMHBI KaXKYIIEHCs CKOPOCTH 00BEKTa HITH 3alaHue IMIPOTrPaMMHOI
BEIMYMHBI TEPETPY3KH KaK (YHKIMH BETHIUHBI TPOHICHHOTO 00HEKTOM ITYTH).

Bricokne TpeOoBaHHS K KadeCTBY IPOLIECCOB YIPaBICHHS MPHBOIAT K
HEe0oOXOAMMOCTH HX onTuMu3anuu. Hambomblnee pacrmpoCTpaHEHHE ITONYYHIH
KPUTEPHH ONTHMAIBHOCTH, XapaKTEPHU3YIOUINEe TOYHOCTh YIPABICHUS B MOMEHT
BpeMeHHn (3amawa Maiiepa) W KadecTBO VIIPABJIEHUS HAa BCEM BpPEMEHHOM
uHTepBaiie (3amauya Jlarpanxa). Cieayer OTMETUTh, YTO B HACTOSIIEE BpeMs
IIIPOKOE PaCHpOCTPaHEHNE HMEET TOUKa 3PEHUS, YTO IIPOIECCHI YIIPABICHU B
OOPTOBBIX CHCTEMaxX CYIIECTBEHHO CTOXACTHYHBI» H «HAMOOJIEee MOIXOISIINM,
OpraHUYecKd HEOOXOIMMBIM IpPU MOCTPOCHUU OOPTOBBIX CHUCTEM YIIPABICHUS
SIBIIIETCSI CTOXaCTUUYECKUI CHHTE3 ONITHMAIBHOTO yIIpaBiIeHIs» |3, 4].

OcHOBHasE TPYyOHOCTH pEHICHHWsI 3aJadd YOPaBIEHHUS MO «TUOKUMY
TPaeKTOPHUAM OOYCIOBIEHa MX IBYXTOYEUHBIM KpaeBBIM xapakrtepoM. Becbma
3G (PEKTUBHBIA MOAXOA K €€ IMPEOJOJICHUI0 OCHOBAH HAa HCIIOJNB30BAHUHM TaK
HA3bIBA€MOTO0 MeToJa OOpaTHBIX 3amad JauHamMukd [5].  XapakTepHas
0COOCHHOCTH TIOCIIETHET0 COCTOUT B TOM, YTO CHaydaja 3aJaeTcs IPOTrpaMMHOE
IBUKCHHE OO0BEeKTa (yHOBIETBOPSIONIES 3aJaHHBIM KPaeBBIM YCIOBHSIM), a
3aTeM OIpeAeIseTCsS YIpaBleHHE, pealn3yIollee HSTO ABUKCHHE B CHIY
IUHaMAKHA 00bekTa. OHAKO, JAHHBIA MOIXO0] HEMPHUMEHUM JUIsl OOIIEro Kiacca
HEJIMHEWHBIX W HernaakuX aQUHHBIX (JMHEWHBIX IO YIPaBJICHUIO) 00HEKTOB
YIpaBIICHUS.

[puamun ympasienus BK mo TexHOMOrHN «THOKHAX» TPaeKTOPHH SIBISETCS
OIHUM W3 Hambollee MOMYISPHBIX W pa3BUTHIX. ONHAKO W OH HMEET Psf
HEIOCTAaTKOB, KOTOPHIE HE TMO3BOJISIOT PELINTh MPOOJIEMBI, OMMCAaHHBIC B Hadale
cratbu. W mpexnme Bcero, JaHHAs TEXHOJOTHS TaKk M He OBUIA ITONHOLIEHHO
BHEJIpCHA.

Heo0xoanMo OTMETHTB, YTO OTHOCHTEIBFHO HOBBIX TEXHOJOTHH M CHUCTEM
MOCAJIKA TI0 «THOKMM» I «CBOOOIHBIMY» TPACKTOPHSAM H PA3IUYHBIX CIIOCOOOB
pemeHnss KOH(IMKTHBIX CHTyallliii BO3MYIIHBIX KOpaOlled, OCHOBaHHBIX Ha
Pa3MUYHBIX KOHIENIWIX W IPHHIUIAX YIIPABICHUs, OBLIO OIMYOJIMKOBAHO HEMAIIO
MATCHTOB Ha HM300peTeHHs B pa3HBIX cTpaHax wmupa: Crmocod ompeneneHus
CKOpOCTH 3axola camoj€ra Ha mocaaky o mapamerpam nonéra (mateHt RU
2444706); Crnocod um cucTeMa YIPaBICHHUS CaMOJETOM IpH Oe3ABHTaTeNbHON
mocanke (marent US 23215); Crnocod aBTOMAaTHYIeCKOH TOCaIKH caMmoiera (TaTeHT
RU 2061624); Cmoco0d ympaBieHHsS IeTAaTeIbHBIM aIlllapaToM IpH 3axoie Ha
nocaaky (mateHT RU 2496131); YerpoiicTBO A1 TpeAOTBPALEHHs CTOIKHOBEHUN
nerarenbHOro anmnapara (nareHt RU 2153195).

[omBoxst wTor aHanmmM3y COBPEMEHHBIX CHCTEM M TEXHOJOTHH IIOCAIKH
CaMOJIETOB, CPEACTB H CIIOCOOOB MPENOTBPAIICHUS KOH(DIMKTHBIX CHUTyalni
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BO3IYIIHBIX KopaOieil, MOXHO 6bidenums HepeuieHHvle 60npocbl B ITOU
npobiieme. OMUCaHHBIE BBIIIE CITOCOOBI M YCTPOWCTBA, TaK K€ KaK M OMHCaHHAs
TEXHOJOTHUS YIPABICHUS MO0 «THOKAMY» TPACKTOPUSAM, MMEIN PSJ CYIIECTBEHHBIX
HEIOCTaTKOB M TaK W HE ObUTH BHeIpeHH. He OBDIa pemreHa KOMILICKCHAs
mpobiieMa pa3pabOTKM HOBOH CHCTEMBI IIOCAIKH, KOTOpas IIOBBICHIIA OBl
SKOJIOTMYHOCTE W OKOHOMHYHOCTH  IIOJICTOB, pemmia Osl  mpoOieMy
MepeTPy’KEHHOCTH adpOMOPTOB BO3MYITHEIM JBIKCHUEM, YIUTHIBaNa ObI (PaKTOPEI
KOH(DIUKTHBIX CHUTyalui, ¥ KOoTopas Oblia OBl MOCTPOCHA HAa CETEICHTPUICCKIX
TEXHOJOTUAX YHOAJCHHOIO YIPABICHHs, YTO IO3BOJMIO OBl  ITOBBICHTH
0€3011acHOCTD TIOJIETOB.

MOCAKA CAMOJIETOB II0 CBOBOJIHBIM TPAEKTOPHSIM C TEXHOJIOTHENA
PENIEHUS KOH®JUKTHBIX CUTY ALITANA

Jiig Havanma onMieM M OXapaKTepU3yeM COBPEMEHHBIH IpoLecc MOCalKu
camoJjieTa B a’poIopTy ¢ UHTEHCUBHBIM JABH)KEHHEM BO3AYILHOTO TpaHcopTa [6].

[ocanka sBIsIeTCs 3aBEpIIAIONIMM JTAllOM IONETAa W MPEACTABISAET COOO
3aMeUIEHHOE JBID)KEHHE CaMoJieTa C BBICOTBHI SUIENIOHA JO IOJHOM OCTaHOBKU
mocie mpobera mo 3emie. [locamka camonera, Kak IIpaBHIIO, COCTOHT W3
CIEIYIOLUX 3TAllOB: CHIKEHMS, IJIAHUPOBAHUS, BIPAaBHUBAHUS, BbLACPKUBAHUS,
npu3eMIIeHHs, Tpodera (puc. 3).

ITocagka — CIOXKHBINA U OTBETCTBEHHBII MaHEBP, 3aBEpIIAOIIUN noieT. Emy
MPEIIECTBYIOT ATAIl BBIXOJA K a3pOAPOMY M dTall 3aX0/la Ha MOCATKY.
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Puc. 3. CoBpeMeHHast TEXHOJIOTUS TIOCAJAKH CAMOJIETOB

[Tocagka camosieTa HAauyMHAETCSd CO CHIDKEHHMS caMojieTa. 3aTeM ClleAyeT
MPENocaouHOe IIAHUPOBAHNE, KOTOPOE BBIIOIHIETCS C BBITYLICHHBIMHU ILACCH
U 3aKpBUTKaMU (IMUTKAMH), YTO JIENIAeT adpOANHAMHYECKOE Ka4eCTBO HEOONBIIIIM.
Yron mnuaHUpOBAaHHMA M BEPTUKAIbHAs CKOPOCTh MpPH 3TOM 3HAYUTENBHO
YBEJIIMYUBAIOTCS, YTO  YCIOXKHSAET  BIOCIEACTBUM TEXHUKY  BBIIIOJHEHUS
BbIpaBHUBaHUA. [Ipy HaIMYUK TATH YToJl IUIAaHUPOBAHUS U BEPTUKAJIbHAsI CKOPOCTD
YMEHBIIAIOTCS, TIOATOMY Ha COBPEMEHHBIX CKOPOCTHBIX CaMOJIETaxX IJIaHUPOBAaHUE
OCYIIECTBIIIETCS, KaK IPaBUIIO, C HEKOTOPOU TATOH, TeM OoJiee, UTO B 3TOM CIIydae
o0Jrerdaercst yxo Ha BTOPOM KPYT.
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BripaBHuBaHmE MpencTaBisieT co00i mporece mepexona OT IPIMOIHHEHHOTO
PaBHOMEPHOTO CHUXXEHHSI K TPAeKTOPUU TOPU3OHTAIBHOIO II0jJeTa B KOHIIE
BbIpaBHUBaHUA. llpu mnoaxome K BbICOTE Havajla BbIpaBHUBaHHUS (KOTOpas
ofpenensieTcs BU3yalbHO U cocTaisieT 8—10 M) JEeTYUK yBEIMYMBAET YIoJl aTaku
camoJera, co3ZaBasi TEM CaMbIM JONOJTHUTENbHYIO MOIBEMHYIO cUily AY, KOTOpas
HCKPUBIIET TPACKTOPUIO. YBEIMUEHHUE YIJIa aTaKU COMPOBOXKAAETCS YBEIUYECHHEM
CHIIBI JTOOOBOTO COMNPOTHUBIICHUS, BCJICACTBHE YEro IMPOMCXOIUT YMCHBIICHHE
MOCTYTATENbHON CKOPOCTH.

BrraepxuBanue npou3BOIUTCA ISl YMEHBIIEHHUS CKOPOCTH JI0 MOCAI0YHON U
MPEACTaBIsACT cOOOM TOPMOXKEHHE CaMojieTa B TOpPH3OHTaJdbHOM monere. [Ipu
BBIJIEP)KUBAHUU CaMOJIET JIETUT T'OPU3OHTAIbHO, TAaK Kak IOAbEMHAs Cujla paBHA
BECy, a CKOpPOCTh TIOJIeTa yMEHBIIAeTCs W3-32 TOro, 49TO CHja JOOOBOTO
CONPOTUBJIEHUSI HUYEM HE ypaBHOBEUIEHa W TOPMO3UT JBMKeHue. [ns
MoJIep)KaHus 3aJaHHOM BBICOTHI HaJl IOBEPXHOCTHIO a3poIpoMa 0 Mepe MaJieHus
CKOpPOCTH JIETYUK COPa3MEpPHO YBEIMYHUBAET yroi ataku (T. €. Cy), 4TO MO3BOJISET
COXPaHUTh OABEMHYIO CHILY, a CIIEAOBATENbHO, U MPSIMOJIMHEHHOCTh TPAEKTOPUH.

B MoMmeHT, Koraa yron aTakd OKa)K€TCA PaBHBIM MOCAZOYHOMY (0L = Oloc),
JalbHEHIllee ero  yBeludeHue npekpamaror. CkopocTh  mojiera  Opu
BBIJIEP)KMBAHUM, COOTBETCTBYIOLIAsl ATOMY MOMEHTY, Ha3bIBaeTcs MocaloyHoi. B
mpoliecce BBIAEP)KUBAHUS CAMOJIET CHIDKAETCS 10 BBICOTHI MEHEE OJIHOI'O METpA.
[Tocne sroro HaumHaercs NapalllOTUPOBaHUE, NMPH KOTOpoM Y < G, a CKOpOCTb
MPAKTUYECKH HE YCIEBAeT HM3MEHUTHCS, TaK KaK OHO JJIUTCS Majioe BpeMs U
caMoJIeT IpU3eMJIsieTcsa Ha II0CaI0UHYIO MOJI0CY.

B kon1ie BbLAEp)KMBaHUS Mepe]] MPU3EMIIEHUEM IOAbEMHAs CUjla paBHA BeCy
camorera, T.. Y= G, a yroil aTak paBeH [0caJJOYHOMY, TOIJ1a:

Y: G = Cy 10C *((p*VZHOC)/z)*Sa (8)

rge G — Bec camonera npu nocaike; C, yoc — KOIDPUINEHT MOABEMHON CHIIBI
mpu mocamouHoM yrie artakd; 0,94 — ko3hQUIMEHT, YUUTHIBAIOIIUNA OIH30CTH
3EMITH.
Otkyna

Vioe = (2*GI(Cy noc*p*S)) >’ 9)

[Ipu mpubmrkeHWH K MTOBEPXHOCTH 3EMIIM HAUMHAET CKa3bIBaThCSA d(PQeKT
«BO3AYITHON TOMYIIKM», BCIEACTBHE UYETO MPOMCXOAWT KaK OBl YBEITHMUCHHE
IJIOTHOCTH BO3AYyXa. C y4ETOM 3TOTr0 SBJICHUS MOXKHO 3aIHCaTh:

Vioe = 0,94%(2*G/(C, noc*p*S))™". (10)

[Tocano4uHOM CKOPOCTHIO Ha3bIBA€TCSA CKOPOCTh B MOMEHT Ipu3emieHus. OHa
Yy BCEX CaMOJIETOB MEHBIIE CKOPOCTH OTPBIBA. DJTO OOBSACHACTCS TEM, YTO
MIOCAaJOYHBII BEC caMolieTa MEHbINE Beca B3JIETHOTO, a Cypnoc > Cyorp, MOCKOIBKY
HCIIONIBE3YeTCsI OONBIINI YToN OTKIOHEHHUS 3aKPBUIKOB (IIUTKOB), 2, KPOME TOTrO,
mepen caMbIM IPH3EMIICHHEM HEeT HeOOXOMUMOCTH MMETh 3alac yria aTakd, Kak
ocJjie OTphIBa.

[IpobGer camomera sBIAETCSA 3aKIIOYUTENBHBIM JTamoM mocanku. [locie
KacaHHs 3€MJT CaMOJIET COBEPIIAET MPOOET Ha OCHOBHBIX KOJIecaxX IIacCH, MOCIe
Yero JIETYMK IUIABHO OIYCKaeT HOCOBOE KOJECO W HauMHAeT TOPMOXKEHHE

© B.B. Tasnos, [I.A. Bomomeniok, A.E. Bonxos, 2014
ISSN 0452-9910. KuGepHeTnka u BbIYMc/1. TexHHKa. 2014. Boin. 178 43



OCHOBHBIX KOJIEC. Y €aMOJIETOB C XBOCTOBBIM KOJECOM IOCaJKa COBEpILAETCS Ha
BCE TPU TOUKH M TOPMOXKEHHE OCHOBHBIX KOJIEC IIPOU3BOAUTCS C TAKUM PACUETOM,
9T00BI HE OBLTO KAITOTHPOBAHUS CaMOJIETa.

OnHako HEOOXOAUMO OTMETUTH, UTO WCIIONB3YEMBIA B HaIle BPeMs MPOIIECC
MOCaJKy camolieTa (OMMCaHHBIA BBILIE) HE COOTBETCTBYET MHOTUM COBPEMEHHBIM
TpeOOBaHUSM B OOJIACTH TPAKAAHCKON aBUALIMH M HE pelIacT MHOTHE U3 IpoOJIeM,
03BY4YEHHBIX NepcrekTUBHBIMU JokTpuHamu MKAO. Iloatomy co3nanue HOBOH
CETEIICHTPUIECKON CHCTEMBI YIIPABICHUS IOCAIKOH CaMOJIETOB MO CBOOOIHBIM
TPaeKTOPHUSM C TEXHOJOTHEH pemIeHNnsT KOHMINKTHBIX CUTYallnii MMEET BBEICOKYIO
1 OOBEKTHBHYIO aKTyalIbHOCTb.

PaccMoTprM TIpHHINII W TEXHOJOTHIO PAa0OTHI TaKOW HOBOW CHCTEMBI

(puc. 4).

H=llxm
M‘
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Puc. 4. TexHONOrUs MOCAJKH caMoJIeTa 0 CBOOOIHBIM TPACKTOPHUSIM

B ocHOBY pa3pabaThIBaeMO# CHCTEMBI TIOCAIKH MOJIOKEHA UIesT O0beTUHEHNUS
ATANlOB CHIDKEHUS W IDIAHUPOBAHUS TOINBKO B OTall IUIAHUPOBAHUS C BBICOTHI
SIIIENIOHA JI0 dTara BEIPaBHUBAHWS Iiepen mocankoi (puc. 4). [IpexycMaTtpuBaercs
CYIIECTBEHHOE COKpAIlCHWE [VCTAHIWH W BBICOTHI STAllOB BBIPABHUBAHUS U
BEIICP)KUBAHISL.

[epBBIe MOMyYeHHBIEC PE3yIbTAThHl PACIETOB U MONCIUPOBAHMUS ITOKA3BIBAIOT,
YTO 3TO BO3MOXKHO. C TOMOILBIO 1OCTATOYHOI'O YIPABICHHS a3pOANHAMUYECKHUMU
XapaKTepPUCTHKAMHU CaMOJIeTa IMPOIIEeCC €ro IUTAHUPOBAHUS C DIIESIOHHON BBICOTHI
(Hampumep, 11 kM) mpm pexume pabOThI JBUTATENEHd «Malblii Ta3» WK
«TIOJNIETHBIA MalbIii Ta3y», IO BHICOTHI €r0 OKOHYATENHFHOIO BBHIPABHUBAHHUA U
rocaaku (0koo 8—10 METpOB) MTO3BOIIUT:

— CYIIECTBEHHO TIOBBICUTH YPOBEHb O3KOIOTHYHOCTH TIOJNIETOB 3a CUET
YMEHBIIICHHsI BPEOHBIX BBIOPOCOB B aTMocepy W YMCHBIINTH aBHAI[MOHHBIC
IIyMEI B paiioHE a3pOIOPTOB 3a CUET PaOOTHI JBUTATEICH B PEKIME «MAITBINA Ta3y;

—  YBENIMYUTH SKOHOMHUYHOCTH ITOJIETOB 32 CUET SKOHOMUH TOIUIMBA Ha HTaIle
MTOCa/IKH;

—  pasrpy3uTh BO3AYIIHYIO 30HY OKHIAHHS B paiiOHE a’poIiopTa W PEIIuTh
mpoOiIeMy Ieperpy3KH adpOIOPTOB BO3MYIIHEIM IBIKCHUECM;

U, COOTBETCTBCHHO, MOBBICHTH A(PPEKTUBHOCTE  HCIONB30BAHUS
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aBUAIIMOHHON TEXHUKH.

OcHoBHOI TpoOIeMOi Tpu pa3pabaTEIBAEMON TEXHONOTHMH TOCAIKUA H
TUTAHUPOBAHUS CaMoJleTa SIBIISETCS BOIPOC COXPaHEHHs CTAOWIBHOW IMOIXHEMHON
CHIJIBI W, COOTBETCTBEHHO, OOECIIEYeHUs] MAaKCHMAIFHOTO YPOBHS 0€30IMacHOCTH.
OpmHako pemieHHE OJTOH TPOONEMBI HE BBI3BIBACT CIOXKHOCTEH Onaromapst
COBPEMEHHBIM BO3MOXXHOCTSIM BO3IYIIHOTO KOpalOis, a WMEHHO, OOIBIIOMY
pa3HOOOpa3uIo CHCTEM VIIPABICHHS W KOPPEKTHPOBKH adpPOTMHAMUYIECKIX
XapaKTepUCTHK: pa3inu4yable  (GOpMBI W  IUIOMAAM  Kpblla, HW3MEHsIeMas
KOH(HUTYparus KpbUia, THHAMHYECKOS M3MEHEHHE yIila YCTAHOBKH JIBUTATEINEH,
CHUCTEMBI 3JIEPOHOB, 3aKPbUIOK, IIPEIKPHUIOK, HHTEPLIETITOPOB, TOPMO3HBIX IIUTKOB
u 1.1. Taxke akTyalbHBIM 3/1eCh OyIEeT MCIIONb30BaHUE Criocoba pachpeaeneHHOM
a’pOJMHAMUYECKOH KOMIIEHCAlMM JEWUCTBUS BETPOBBIX BO3MYIUIEHUH Ha
TPAeKTOPUIO TMOJIeTa BO3AYIIHOTO cyaHa [7], KOTOpbI BKJIIOYAET H3MEpPEHUE
BEJIMYMHBI JEHCTBHUS BETPOBOIO BO3MYILEHHS, CO3/IaHHUE CUTHAJa KOMIIEHCALMU
HU3MeHeHHneM TpodwiIs KpblUla W MOoAady €ro K KOHTYpPY VYIIPaBICHUS BBICOTOM
nozera. [lepen momadeii curHana KOMITEHCAITUH ITyTEM H3MEHEHHS POl KPBLIa
K KOHTYpPY YHIpPaBJ€HHs BBICOTOM IOJIeTa CO3AAa0T MPOTUBOIIOIOXKHBIA IO 3HAKY
CUTHAJ  KOMIIEHCAllMM  JEHCTBUSL  BETPOBBIX  BO3MYIUEHUH,  ONpPENeIsitoT
JONOJIHUTEIbHbIE U3MEHEHUS BETUYMH XapaKTEPUCTHK a3pOANHAMUYECKON CXEMBbI
npoduis KpbUTa, BRIOMPAIOT JMYYIINHA BapHaHT paclpereieHus CHI U MOMEHTOB
W3MEHEHUS a’pOJMHAMHYECKOM CXeMBl TpOQIIL KpbUia, MpH  KOTOPOM
JOCTUTaeTCsl MaKCUMaJIbHOE 3HAUEeHUE MOABEMHON cuilbl. Vcnoiabp3oBaHHE TaKOro
crocoba IMO3BOJNIUT OMEPATHBHO M KAYECTBEHHO YIPABIATH MOTBEMHOM CHIIOH
camoJieTa nIpy IUIaHUPOBAHUH.

Ha naHHBIi MOMEHT YK€ YCHEmIHO pa3pabaThIBAIOTCA MPOTPaMMBI 110
MOJICJIMPOBAHUIO  HOBOM  CHCTEMBI  NOCAJKM Ha  pa3lIM4YHBIX  fA3bIKAX
nporpammupoBanus. llimanupyercss co3gaHHMEe YHHBEPCAJIbHOW MPOrpaMMBbl,
KoTopass OyIeT TOYHO MOJEIHPOBATh IOCANKy caMolieTa M0 CBOOOIHBIM
TPaeKTOPHSM, TIPOM3BONS PACUETHl BCEX 0JTAMOB IOCAAKH Ui  JIFOOOTO
KOHKPETHOT'0 CaMoJjIeTa C Y4E€TOM €ro XapaKTepPHCTHK, U OyAeT CTPOUTH MOIEIh
TPAeKTOPUU IIOCaJKM Ha BCEX JTalax: Mepexoi U3 IMojera IO SUIeNIOHY K
IJIAHUPOBAHUIO, TNIAHUPOBAaHNE, BbIpaBHUBAHNE, BbIICPKUBAHUE U IPU3EMIICHHUE C
poOeroM 1o B3JIETHO-1TocaiouHoi nojoce (BIIIT).

Crnenyer OTMETHTb, YTO JJIS CO3JAHUSA TaKOW MPOrpamMMbl MOJEIMPOBAHUS,
KoTopas OyzmeT crmoco0Ha HATISITHO W TOYHO TPOAEMOHCTPHPOBATH IMPOLECC U
MpEeUMYIeCTBA HOBOH pa3pabaThIBaeMOl CHCTEMBI IMOCAJKHA, HEOOXOIIMO
MIOCTPOUTh TOYHYIO MAaTEMaTHYECKYI0 MOJEIb KOHKPETHOIO CaMmoJieTa C Y4eTOM
BCEX €ro (PU3UIECKIX, ad3POANHAMHICCKAX U JAPYTUX XapaKTEPHCTHK. YxKe ceddac
yAaJoch cO34aTh MaTeMaTHYECKyI0 MOJENIb COBpEMEHHOro camoiyiera AH-148 B
cpene MatLab. Bexyrcs paGotel Haj co3ganmeM Mogeneit An-158, An-124, Ty-
154, Boing-737. B xone ucclenoBaHU ynanoch MOIYYUTh a’pOAMHAMHYCCKHE
XapaKTEPUCTUKHN CaMmoJieTa, B TOM YHCIE U MapaMeTpbl MOIbEMHOM CHIIbI, TaKHe
Kak kod(ddurmenta modoBoro conporusieHus (C,) U KodpPHUIrueHTa TOXHEMHON
cuibl (C,), a TakKe UX 3aBUCHMOCTH OT yria aTtakd (a) (puc. 5, 6). Taxke yxe
OBLTH TIONyYEHBI U TEpBBIC TPaQUKU TOCTPOCHUS TPACKTOPUH ITOCAIKH CaMojeTa

(puc. 7).
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Puc. 5. ITonydenHsle 3aBucUMOCTH K03 puIteHTa 1060BOTr0 CONPOTUBIICHHUS
OT yIJia aTaku
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Puc. 6. [Tony4deHHbIe SKCIEPUMEHTAILHO 3aBUCHMOCTH KO3 GHUIMEHTA TOJTbEMHON CHJIBI
OT yIJIa aTaku

[TapamiensHO co3maroTcss W Oojiee HaNIATHBIC MPOrPaMMBl MOJCITUPOBAHUS
(puc. 8), KOTOpBIE OCHOBAHBI HAa TIOTYYCHHOW MaTeMaTHYECKOW MOJENN caMolieTa
[8].

Ilepcnexmusnuvivu Hanpasienusmu B JTAHHOH OOJIACTH WCCICIOBAaHWHA W B
BOIPOCaxX CO3JaHMS HOBBIX CHCTEM YIPABJICHHS BO3MYIIHBIMH KOPAOJISIMH, B TOM
YUACIIE WU CHUCTEM IIOCAIKH, SIBIIETCA MCIIOJIb30BAHUE CETELEHTPUYECKUX U
HEHPOCETEBBIX TEXHOJNOTHHA. DTO IO3BOJUT CUCTEME OBITh Oojiee TOYHOH W
OBICTPOM, YTO CO3JIACT HOBYIO KOHIIEMIHIO yrparieHus BK, koropas mo3Bonut
MOBBICUTh ~ 0E30IAaCHOCTh  TOJETOB.  VICIOJb30BaHHME  CETCICHTPHYCCKUX
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TEXHOJIOTUH JTaCT BO3MOXKHOCTH YJYYIIUTh CHCTEMY TIepelaud H IpHeMa
HH(GOPMAITMOHHBIX JJAHHBIX B Pa3HBIX HANPABJICHUAX (MEXIY CHCTEMaMH Ha OOpTY
camoJjieTa, MeXIy CaMOJIETAMH Ha 3eMJIC M B BO3JIyXE, MEXIY TUCIETYCPCKUMHU U
WHXXCHEPHBIMH IIEHTPaMH Ha 3eMJie, MEXIy caMoJieTaMH W JUCIETYCPCKUMHU
[EHTPaMH | T.II.), CO3JaTh CPEJCTBA 3alIUTHI OT MOCTOPOHHETO BMEIIATEILCTBA U
00eCTIeYnTh HA3eMHBIC CIYKObI BO3MOXXHOCTSIMH KOHTPOJIS, HAOMIOJICHHS |
VIpaBJICHHs CHCTEMaMH CaMoJIeTa.

Puc. 8. Texnonorus perreHns KOHQIUKTHBIX cuTyarwii BK Ha sTane mocagxu

[epcriekTHBHBIM SIBISIETCS W TpoOieMa CO3IaHUs KOMIDIEKCHOH CHCTEMBI
VIIpaBIICHHS MTOCAAKOM, KOTOpast OyIeT ClocOOHa pemaTh KOH(PINKTHEIC CUTYaIlHN
MEXKIy BO3IYIIHBIME KOpaOisiMu. B mporecce perneHust JaHHON MPOOIIEMBI yiKe
MOTYYeHBI CYIIECTBCHHEBIC pe3yibTaThl. Pa3zpabaTeiBaeTcsi TEXHONOTHS PEUICHUS
KOH(DIMKTHBIX CUTYyallWi BO3MYIIHBIX KOpaONed i MpemIoKEHHOH CHCTEMBI
MOCaIKA caMmoleToB. MozenmpoBanue pabOTHl JaHHONH TEXHOJOTWH IOKA3hIBAET
YCIIEIHOE pacxXoXIeHIE BO3AYIIHEIX Kopadlei B paiioHe asporopra (puc. 8).

BBIBO/IbI

CerenieHTprYeCKasi CUCTEMa, OCHOBaHHAsT HAa aBTOMATHYECKOM YIIPABICHUU
IOCaIKOM caMojeTa ¢ MaKCHMaldbHOM TOYHOCTRIO M 0€30IacHOCTBIO,
MOBBINIANOINAS YPOBEHb DKOJOTHYHOCTH 33 CYET CHUKCHHS BPEIHBIX BHIOPOCOB B
atMochepy ¥ CHIDKEHHS IIyMOB, SIBJIICTCS OJHOM M3 NEPBOOYEPEIHBIX 3a/1ad B
YCOBEPIIICHCTBOBAaHWN WCIIOIB30BAHUS ABHAIIMOHHOW TEXHUKH, YTO 3aKPEIUICHO
PE3ONIOIUSAMIA  MHOTHX MEXKIYHAPOAHBIX M TOCYJapCTBEHHBIX aBUAIMOHHBIX
opranu3auuii. Mcrnonp3oBaHME B TaKOM CHUCTEME CETEBBIX TEXHOJNOTHM IS
VIpaBJICHHS B MacIiTabe peaJbHOr0 BPEMEHH JIaeT BO3MOXXHOCTh CHH3UTh
HaIpPsHKEHHOCTh MUJIOTOB HAa OJTHOM W3 CaMBIX TPYAHBIX ATAloB MOJieTa — Ha
mocajke. 3aXo Ha IMOCaJIKy 10 CBOOOIHBIM TPACKTOPHSIM C YI€TOM OCOOCHHOCTEH
KQXKXIO0T0 caMoJieTa ITO3BOJIUT YMEHBIIUTh HArpPy3Ky B a3poropTrax ¢ OOJbIION
WHTEHCHUBHOCTBIO IBUIKCHHS, OCBOOOJIUTH [OIMOJHHUTEIbHBIE DIICIOHBI, CHSATH
po0JIeMy BO3AYIIHBIX OYepesiei B 30HE adpornopTa. BBelneHHe B TaKyl0 CHCTEMY
($yHKIMOHANA pelIeHus] KOH(DIMKTHRIX CATYyaluii BO3MYIITHBIX KOpadiiel Ha JTame
MOCAJIKHA MO3BOJISIET CO3AaTh HOBYIO KOHIIEIIHIO YIIPABICHUS CaMOJIETaMHU.
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Kak utor, HeoOX0IIMO OTMETHTH YTO:

—  pe3yJabTaThbl MaTeMaTHYeCKUX pacueToB u KOMIIBIOTEPHOT'O
MOJICJIMPOBAHUS IOKa3bIBAIOT BO3MOXHOCTH  CO3JJaHUS  CETELEHTPHUECKOU
CHCTEMBI YIIpaBIICHHS MOCAIKOH CaMOJETOB IO CBOOOAHBIM TPACKTOPHSIM C
TEXHOJOTUEH PeleHNsT KOH(PINKTHBIX CHTYAITHIA;

— CcoO37aHHasg MaTeMaThueckas M KommbloTepHas 3D-mozens camonera
MO3BOJISIET MPOBOAUTH TOYHBIE HCCIEAOBAHUS M OKCIEPUMEHTHl C IONyYECHHEM
peanbHBIX a3pPOIMHAMUYECKUX XapaKTEPUCTHK U IOKa3aTelel;

— TOJIy4YeHHBbIE ITyTEM MOJEIMPOBAHUS a3POAUHAMUYECKUE XapaKTEPUCTUKHI
camojera COBMNAJAlOT C JAHHBIMM  TEXHUYECKOW  JIOKYMEHTalMH, 4YTO
MOJATBEPHKAAET UX JTOCTOBEPHOCTE;

— paccuMTaHHas TPAEKTOPHUS 3aX0Jla Ha IMOCAJKy PErMOHAJIbHOrO caMojieTa
0 CBOOOAHBIM TPACKTOPUSAM (B peknMe paboTHl IBHTATENEH «MAlBIii Tazy)
MOKA3bIBaeT MPAKTHUECKYIO IIEIecO00pa3HOCTh JAHHOH TEXHOJOTUH IOCAIKH 32
CYET CHUKEHMsSI pacxollOB TOIUIMBA, a COOTBETCTBEHHO, U YMEHBUIEHUS BPEIHBIX
BEIOPOCOB U IITyMOB B paiiOHE adpoIopTa;

— TpUHIMI CBOOONHBIX TPAaeKTOPHH 3aXola Ha IMOCAIKy B COYETAHHU C
CETELIEHTPUYECKON aBTOMAaTHUECKON CUCTEMOM TakoM NMOCaJAKH MO3BOJISET CHU3HUTD
HAPSDKEHHOCTh  IHJIOTOB W IWCHETYEPOB, YACTHYHO PEIIUTH IMPOOIeMy
HWHTEHCUBHOCTHU BO3IYLIHOI'O ABM)KEHHUS B a3pOIOPTaX;

— pealn30BaHHAs MporpaMMa aHaiM3a pabOTBl CETEBBIX TEXHOIOTHH U
VIIpaBICHUS TUHAMHYIECKIMA O0BEKTaMH JaeT BO3MOKHOCTD OIEHHBATH Ka4eCTBO
pabOTBI CHCTEMBI B ILEIIOM H TIO3BONSET KOHTPOIUPOBATH W YIydIIaTh padoTy
CUCTEM Iepeaiauu JaHHBIX;

— TEeXHONOTHSI TpPEAOTBPAICHHUS KOHQIMKTHBIX CHTYAIlMid BO3IYIIHBIX
Kopabield wW/WiMm WX pa3pelicHUsT Ha JTale IOCAIKH CaMojeTa IT03BOJISET
00ecIieunTh BBICOKYIO 0€30IacHOCTh IOJETOB, OCOOCHHO Ha OIDHOM U3
CIIOKHEHIINX 3TAIOB.

Pa3zpaboTka w BHeApeHWE TAKOW CHCTEMEI, IEepeXo] Ha HOBYIO KOHIICTIIIUIO
VIIpaBIeHUS BO3OYIIHBIMH KOpaOIsIMH — 0OTO IHAr BIEpeld B Ppa3BUTHU
aBUAIIOHHOM MNPOMBIIUIEHHOCTH KaK B YKpaWHe, TaK U B MHUpe, Iepexoj Ha
HOBEIA YPOBEHb 0€30IMaCHOCTH aBHAIMOHHOTO JBIKCHHS.
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THE NETWORKCENTRIC MANAGEMENT
SYSTEM FOR LANDING PLANES BY THE FREE
PATH USING TECHNOLOGY OF CONFLICT
SITUATION RESOLUTION

V.V. Pavlov, A.E. Volkov, D.A. Voloshenyuk

International Research and Training Center for Information Technologies and
Systems of National Acedemy of Sciences of Ukraine and Ministry of Education and
Science of Ukraine

Introduction: Comprehensive implementation of virtual technology
development and support is a prerequisite for performing a variety of important
tasks such as maintenance of complex scientific and engineering calculations,
updating production, reduce risks, improve the reliability of products.

Purpose: The creation of a network-centric control system for planes landing
at free path with regard to the factors of conflict situations.

Results: The development and the use of aircraft are directly related to
modeling in those areas where information systems are complex. In addition, the
simulation is a major step in system analysis. So, of course, there are modern
information technologies that provide automation of this process.

However, it should be noted that the specific main task that stands before us
now is not normal flight simulation aircraft and its flight simulations under difficult
circumstances, conflicts, threats to the collision at take-off and landing phases.
That is, those flight conditions when the danger is at its highest level and taking
into account the human factor may be a threat of disaster.

Conclusion: The question of the need to create a complex control system
planes landing at free paths, which will be based on the principles of network-
centric and ergatic, and will take into account potential conflicts of aircraft in the
air for the purpose of warning or permission. The task of the system will improve
the safety of air transportation, the solution of the environmental and economic
problems, the problem of congestion of airports because of increasing air traffic.

Keywords: network-centric system, landing of aircraft, conflict situations,
free trajectory planning, divergence aircraft, collision threat.
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Uudopmartuka n nHcpopmaumMoHHbIe
TeXHONMOormm

VIK 616.1/.8-07:577.2

Ob OJHOM INIOAXOJAE K HEPCOHUDPUKALINN
JTAATHOCTUYECKHUX PEINIEHWI HA IPUMEPE
OILIEHKHM CEPJIEYHOM JEATEJbHOCTH

JI.C. ®aiin3uanoepr

Mestcoynapoonsiii HayUHO-yUeOHbLI YeHMP UHPOPMAUUOHHBIX MEXHONO2UL U CUCHEeM
HAH Ykpaunst u MOH Ykpaunoi

[Ipemioxern moaxox K NEPCOHU(UIIMPOBAHHOW AWATHOCTHKE,
OCHOBAHHBIM Ha OLEHKE MHAMBHIYalbHOH HOPMBI KOHKPETHOTO IIOJIB30BaTENs
[0 pe3yabTaTaM MHOTOKDATHBIX  HaOmofeHuid. PaccMOTpeHBI — CXeMbI
MEPCOHU(DUIIMPOBAHHBIX PEIICHUH, NPeaycCMaTPUBAIONINE AaHAIN3 B3aHMHOTO
pacmonoxeHuss B TPOCTPAHCTBE IUArHOCTHYECKHX MPHU3HAKOB oOmacreit
WHIAVBUIYAJBbHOM W HONyJsAUMOHHOM  HOpM.  [IpuBeneHsl  mpumepsl
MEPCOHU(DUIMPOBAHHBIX AWArHOCTHYECKUX PEIICHUH AT OLEHKU TEKYIIeTo
COCTOSIHUS CEPJIEUHO-COCYIUCTON CHCTEMBI.

Knioueevie  cnoga:  mepcoHMGUIMPOBAHHAS  MEIUIMHA,
JIMAarHOCTHKA, CEPACUYHO-COCYIUCTas CHCTEMA.

3ampornoHOBaHO MiAXiA A0 MepcoHi(piKOBaHOI AiarHOCTUKH,
3aCHOBaHMH Ha OLIHII 1HIMBiTyaldbHOI HOPMH KOHKPETHOTO KOPHCTyBada 3a
pesynpratamMu  0araropasoBHX  CIOCTEPEXKEHb.  PO3MISHYTO  CXeMH
nepcoHi(ikoBaHUX PillleHb, IO Mepea0adaroTh aHalli3 B3AEMHOTO PO3TAIllyBaHHSI
B MPOCTOpPi AIarHOCTUYHMX O3HAK 00JacTed iHAMBIAyalbHOI Ta MOMYJISILiHHOL
HopM. HaBepmeni mpuwiaan mnepcoHi(piKOBAHHX MIAarHOCTUYHHUX PIllIeHb ISt
OL[HKH MTOTOYHOTrO CTaHy CEPLEBO-CYANHHOI CHCTEMH.

Kniouosi cnosa: nepconipikoBaHa MeAWIMHA, TiarHOCTHKA,
CepLEBO-CyANHHA CHCTeMA.

BBEJIEHUE

B TpagumuoHHOW MeIWIMHE [aBHO YK€ CIOXKWIACH CHTYyalus, KOrna
JIMAaTHOCTHYECKUE PEIICHHS OMHUPAIOTCS HAa MOHATHE METUIIMHCKOH HOPMEI [1].
OnHako KIMHUYECKas MpaKTHKa IOKa3bIBA€T, YTO y MHOIMX JIOAEH MpOTEeKaHHe
3a00JIeBaHIH BBIXOIUT 32 OOUICTIPUHATHIC paMKH. B CBSI3U ¢ 3TUM ydeHBIE aKTUBHO
00CY)KIAaF0T KOHIIETIIHIO TaK Ha3bIBAEMOU nepconupuyuposantoli MeTUIHHEI [2, 3],
CIOCOOHOM MOBBICUTH KAYECTBO TUATHOCTHKH U JICUCHHS.

OCHOBHOW TPUHINT NEPCOHUPUINPOBAHHON MEAUIIMHEI — JICYUTH OOIBHOTO,
a He 0OJIe3Hb, ONMUPASCh HA UHOUBUAYATbHbIe OCOOEHHOCTH opraHu3Ma. /(s sToro
HEOOXOINMBI COBPEMEHHEIE CPE/ICTBA THATHOCTUKHU, KOTOPBIC TO3BOJISIOT BEISIBUTH
PHCK BO3HUKHOBEHHS TOTO WJIM MHOTO 3a00J€BaHUS y KOHKpemHOo2O TALMCHTa Ha
PaHHUX CTAIHSX U BHIOPATH IS HETO ONTHMAIBHYIO BPauYeOHYIO TAKTHKY.

CornacHo pe3ynpTaTaM aHAIUTUYECKUX HCCIe0BaHuM [4], B mocnenHee BpeMs
PBIHOK MEAWIWHCKUX W3IENHHA CyNIECTBEHHO W3MEHWII CBOE HAIpaBJICHHE OT
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CIIOKHBIX CHCTEM KIMHHYECKOTO WCIIONb30BAaHUS, Ha KOTOPOM HAOIII0OJaeTCs
OTHOCHUTENbHAsI CTAarHamus, K IIOPTATUBHBIM IU(PPOBEIM IpHOOpaM, KOTOpPBIE
CAMOCMOsIMenbHO MOTYT HWCIONB30BaTh MANMCHTHI B JOMAIIHUX YCIOBHSIX.
K Takum n3nenusiM OTHOCSTCS. HE TONBKO XOPOIIO H3BECTHBIC OBITOBEIC TOHOMETPEL,
TITIOKOMETPBI, TYJIECOKCHMETPBI, HO X IOPTATHBHEIE AIICKTPOKAPIHOTpadEl.

[pubnimkeHre MEUIIMHCKUX CPEACTB HEMTOCPEICTBEHHO K MAIEHTY HE MOKET
OCYIIECTBIIATHCS JIAIIh HE3HAUNTEIILHBIMH TOPa0OTKAMH B YIPOIIEHUEM TPHOOPOB
KIMHAYECKOr0 HCIONb30BaHus. Haobopor, pa3paboTka TakWx CpencTB Tpedyer
MPUBJICUCHUST HAYKOEMKHX WH(POPMAIIMOHHBIX TEXHOIOTHWH, KOTOpPBIE pPEaU3yIOT
HOBBIE TIOOXOABI K 00paboTke wWHGOPMAUH W  CIEHUPHYECKHE METOIBI
MPEAOCTaBICHUS HArTsAHOW WH()OPMALMK  IIONB30BATENIO, HE HMEIOMIEMY
MEMIIMHCKOro 00pa3oBanus [S].

Bo3amkaer  ecrecTBEHHBIE  BONpPOC:  KAaKyl0  MHQPOPMAIMIO  CIEIyeT
MPEIOCTaBUTh IIONB30BATENIO0 UL CAMOCTOSATENBHOrO IPHHSITHS — PEIICHUH,
COXpaHHB IPU 3TOM OCHOBHOM MPUHITUIT METULIAHEL: «He HA8PeOUunvy.

Heas  cratbm —  [OPeIIOKATH  OOHIYIO ~ CXeMy  ITOCTPOCHHE
nepcoHupuyuposantblX IUATHOCTHUSCKUX PEHICHHH ©  IPOJEMOHCTPUPOBATH
BO3MOXKHOCTh TIPAaKTHUYECKOH pealn3allii TaKOW CXEMBI NPH OICHKE TEKYIIEro
(YHKIMOHAIBHOTO  COCTOSHHSI  CEpICYHO-COCYIMCTOH CHCTEMBI C  Y4ETOM
UHOUBUAYAbHBLIX OCOOSHHOCTEH JIEKTPOKapANOTrPaMMBI KOHKPETHOTO MAIHEHTA.

OBIIAS UIES IMTPEJJIATAEMOI'O METOIA MEPCOHU®UIIAPOBAHHOM TUATHOCTUKHA

B kinmHWYecCKOW TWpakTHKEe MOHATHE MEIUIMHCKOH HOPMBI CBS3BIBAIOT C
peepenmubivu  unmepganamu — JAWANAa30HAMH 3HAYCHWH (DH3HOIOrHYECKUX
MoKa3aTeNe, TONyYeHHBIX Ha  OCHOBE MOMYISIHOHHBIX  OOCIETOBaHMIA
PeIIPe3eHTATHBHEIX TPYIIIT IPAKTHYECKH 3I0POBBIX JIFOJIEH .

OpHako cledyeT 3aMeTUTh, YTO B COOTBETCTBUHM C CYIIECTBYIOIIUMHU
METOIUKaMu [6] Tpu ompeneleHHH peepeHTHRIX HHTEPBAJOB U OOJMBITHHCTBA
(U3HONOTHYECKUX TIOKa3aTeNed HWCIONB3YIOTCS 3HAYCHHS, IONYyYCHHBIC JHIIL Y
95 % oOcmemyeMoll TPYIIIBI 3I0POBBIX IFOAEH. DTO O3HAYaeT, UTO pe3yibTaT
OmOoenbHO20 WCCIENOBAHNS KOHKPETHOTO MAIMEHTa, BOOOIIE TOBOPS, HENb3s
CUMTATh CTATUCTUYECKU 3HAUMMBIM, IIOCKOJIBKY TOKa3aTenan 5 % 3710poBBIX JIOAEH,
T... Kajcooco 06adyamozo, HE «IIOMANAIOT» B YCTAaHOBJICHHBIE pPaMKH
pedepeHTHOr0 3HAYECHUSI.

Kpome TOro, xopomo H3BECTHO, YTO OONBIIMHCTBO (PH3HOIOTHYECKUX
MoKa3aTeneil, KOTOphle OOBIYHO M3MEpSIOT Y KOHKPETHOTO MAIMeHTa ULl
MMOCTAHOBKHM JWAarHo3a (aprepHaibHOe MJaBICHHE, YacToTa IyJdbca W MHOTHE
JpyTHUE), TMOIBEPKEHBI 3HAUNTEIbHBIM CIIOHTAHHBIM KojeOanusMm (true biological
variability) v 310 cunTaercs pU3HOIOrHIecKor HOpMoi [ 7-9]. B mocnennee Bpems,
B OTIMYHME OT paHee CYIIECTBOBABIINX IPEICTABICHUN, MHOTHE HCCICIOBATENN
obpamaroT BHUMaHUE Ha UHMPAUHOUBUOY ATbHbIE HU3MEHEHUS
anekrpokapaunorpammsl (DKI') 310poBoro uenoseka B mokoe [10, 11], koTopsie He
SIBIISICTCS TIPEBECTHIKOM KaKHUX JTHOO MATOIOTHH.

! IMoapa3ymeBaroTcs He aOCOITIOTHO 37I0POBBIEC JIIO/IH, a JIUIA, Y KOTOPBIX OTCYTCTBYET
HccuexyeMoe 3aboeBaHme.
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U3 ckazaHHOro cliefyer, 4TO €CId y 3IO0pPOBOTO YelIOBEKa OZHO H TO K
uccliieioBanue, HanpuMmep, perucrpauuto DKL, nmoBToputs 20 pa3, ToO ¢ BBICOKOU
BEPOSITHOCTRIO OAMH W3 PE3yJIbTATOB ITOTO HCCIEIOBAHHUS MOXKET OKA3aThCA 6HE
npedenos pedepeHTHBHIX NUAaNa30HOB, ykasaHHbIX B [1, c. 62]. Ilostomy s
MOBBIIICHAST JOCTOBEPHOCTH IHATHOCTUKU HEOOXOAUM nepcoHupuyuposaniblil
MOOXOM K TPAaKTOBKE 3HAYCHWH WM3MEPEeHHBIX IIOKa3aTeled (IHarHOCTHYECKHX
MPU3HAKOB) C YYeTOM BO3pacra, IONa MalueHTa, o0pa3a J>KU3HH H JPYTHX
WHANBUIYaIBHBIX OCOOCHHOCTEH.

PaccMorprM  BHawanme OOWIyI0 WIS pealu3allii  TaKOro IOIXOfa.
[IpenmonoxuM, 9TO Ha OCHOBE MOMYIISIIIUOHHBIX 00CIEIOBAHHUI PEIPE3CHTATHBHON
TPYIIBI TPaKTHYECKA 3I0POBEIX JIOJeH B M -MEpHOM IPOCTPaHCTBE IMOKa3aTenei
(IMarHOCTHYECKUX TPH3HAKOB) X,*'*,Xj; BBIACICHA MOMYISAIMOHHAS «HOPMa» B

Buze obnactu ) ¢ HEHTPOM (CpeJHNM 3HaueHHneM) B Touke Cj) .

By,I[CM TaKXKC I10J1aratb, 4YTO0O KMCECTCA BO3MOXHOCTH Ha AOCTATOYHO OobUIOM
OPpOMEXKYTKE BPEMCHHU IIPOBOIUTL MHO2OKpanmHole W3MEPCHUA MoKa3aTeJei

X1, **,Xpy Y KOHKpemHo2o TIAIMEHTa. B pe3ynbTare TakuxX M3MEpPEHHH B 9TOM XKe
MIPOCTPAHCTBE CTPOUTCS «II€PCOHM(UIMPOBAaHHAD) 0bmacte ); ¢ mentpom C;, Ha
KOTOpOH pactipeeNieHbl 3HAUCHHUS TOKa3aTeNeii 3TOro marienTa.

PaccmoTpuM deThIpe BapnaHTa B3aHMHOTO PAcIIoNoXKeHHus obmacted Qg u €Q;
B IPOCTPAHCTBE MPU3HAKOB (pHC. 1):

e O, cQy, T.e. obmacte €; norHocmvio BXOONUT B pe)epeHTHYI0 001acTh
)y MOMYJIAMOHHBIX 00cenoBaHmi (puc. 1, a);

o (;NQY=T, Q/N(Q; Ny =T, C; ey, T.e. obmacte £Q; nuIb
JaCTHYHO BXOIWT B pedpepeHTHyI0 obiacTe () MOMYJAIHMOHHBIX OOCIICIOBAHHH,

MpUYeM [EHTpP O0NacTH TMEepCOHU(HIMPOBAHHON HOPMBI HAXOOUTCS B 00JAacTH
MTOMYJIAIIMOHHON HOpMBI (pHc. 1, 0);

o (;NQY=D, U/(QnNQy) =D, C; ¢y, T.e. obaacty ; TaKKe
BXOOUT B pedepeHTHyI0 obnactb ) MOMYISIHOHHBIX OOCIEIOBAHUH, OIHAKO

HeHTp OOJIACTH TEePCOHH(UIIMPOBAHHON HOPMBI HE HAXOOUTCA B oONacTH
TOMYJSIIMOHHON HOPMEI (pHC. 1, B);

e (Q;NnQy =3, T.e. obmacte £); BBIXOAWT 3a Ipenensl pedepeHTHOH
obnactu Q) MOMyJSANMOHHBIX oOcienoBanuii (puc 1, r).

Cremyst METOMOJIOTHY, IPUHITOH B TEOPUU PACIO3HABaHUS 00pa3oB, OymeM
OLICHHUBATh CTENEHb OTKJIOHEHUS COCTOSHUS [ -T0 MAalMeHTa OT HOPMBI B MOMEHT
BpEMEHH [ IO pacCTOSHUIO 7 MEXKIy 3HAUCHHEM TeKyLIero BeKTopa

M )(t)=(x1(t),---,xM (t)) m3 obmactm €); wm sranonom C;. Torma B mepBoit
curyaunu (puc. 1, a) mammeHTa cliefyeT MpU3HATh 3I0POBBEIM. IIOCKOIBEKY BO
BTOpO# cutyanuu (puc. 1, 6) cpennee 3HaueHne C; TaxKe MPHHALICKUT 00JIACTH
Q) pedepeHTHBIX 3HA4EeHHH, TO B ATOH CHTYyaIlMHd pa3yMHO OTHECTH MMalHeHTa K
YCIIOBHO 3IOPOBBIM, HECMOTPS Ha TO, YTO PE3YyNbTaThl OTAEIBHBIX W3MEPEHUU He

COOTBCTCTBOBAJIN pe(i)epeHTHI)IM BCIIMYHNHAM.
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Puc. 1. Tlonymsiunonnas (Qy u naguBnayansHas (); o6racTu 3HAYCHHIT TOKA3aTENCH C

uentpamu Cy u C; COOTBETCTBEHHO

B Tpetbeii ke cutyanmu (puc. 1, B) 1 0cOOCHHO B 4eTBepToi (puc. 1, T) He
0CTaeTcsl HAYETO WHOTO KaK OTHECTH NalWeHTa K TpyIe OONbHBIX WK TPYIIIe
BBICOKOTO pHCKa 3a00IeBaHNe, TPeOYIOMeH yriryOIeHHOTro J000CIeT0BaHMS.

AHanu3 B3aNMMHOTIO PaCIoOIOXKECHUSA HWHAWBUAYAJIbHBIX obJracrei Qi . Q j
Pa3HbIX MAOUCHTOB 11O OTHOUICHUIO K pe(i)epeHTHOfI obJracTu QO MOIMyJIANHUOHHBIX

oOcnenoBaHuii (prc. 2) MO3BOISET CPABHUBATH CHieneHl BEIPaKEHHOCTH MAaTOJIOT AN

i-TO U j-FO IManueHTa I10 pacCTOAHUAM 1; H }”j MCXKAY COOTBETCTBYIOIIMMHU

uenrpamu C;, C; uoranonom Cy (puc. 2, a).

Puc. 2. Vnes meTrona nMpUHATHS IEPCOHU(PUIIMPOBAHHBIX PEIICHHUI:
a) — JUIs IByX HalleHTOB; 0) — JJIsl OJHOTO MallMeHTa

HOH?ITHO, YTO PE3YIbTAaTbl KaXIOro HOBOI'O HM3MCPCHUS MoKa3aTejie i -ro

MalMeHTa MOTYT ITOCTOSIHHO YTOYHATH €r0 NepCOHM(HIMPOBaHHYIO HOpMY €);, a
PR () 9] (M)
CpaBHEHHE PpACCTOSHMH 7’ W 7/ MeXKIy BEKTOpaMH NpPH3HAKoOB X; '(f]),

xl(M)(tZ) B COCTOSHUSAX Si(l), Si(z) u stanoHoM C( MO3BOIAIOT 3aKIIOYHTh, YTO
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COCTOSIHHE Si(z) JIy4dnie COCTOSHUS Si(l) , €CIIN ri(z) < ri(l) (puc. 2, 6).

W, nakonen, nepconupuyuposannas oodmacts €); MokasaTeleH i -ro mamueHTa

MOXeT OBITh pa3feieHa Ha OTACNbHBIC 30HBI NMEPCOHH(HIMPOBAHHBIX pEIICHAN
(puc. 3), a IMEHHO 30HBI

e | — mepcoHaIbHOU «HOPMBIY;

e [ — yMepeHHBIX OTKIIOHEHHI OT MEPCOHATBHON «HOPMBDY;

e [II — BBIpaXKEHHBIX OTKJIIOHEHUW OT IEPCOHAIBHON «HOPMBD».

I[Ipu »TOM ¢ mNOMOMIBIO pa3gersitomied JMHUM  (TIOBEpXHOCTH) B,
OIlpeJensieMOl ypaBHEHUEM F» =7;, TO€ ¥, — pPaccTosHue Mexny uneHtpom C; u

stanonoM C, 30mbI Il n 11l pasymHO pasnennTh Ha ABE MONO0TACTH: YMEPEHHBIX U
BBIPA)KEHHBIX YXYIIICHUH, KOTAa 7 >7;, 1 YMEPEHHBIX U BBIPAKCHHBIX YIIy4IICHUH,

Korga r<r;.

E
A
Seo -

Puc. 3. 30HbI nepcOHUPUITMPOBAHHBIX PEIICHUIA

TaxoBa oOmiast cxeMa IMOCTPOCHHUS ITepCOHN(UIIMPOBAHHBIX pPelIeHUH. BriomHe
OYECBHIHO, YTO JJIS TIPAKTHUYECKOM peann3aliil TaKOW CXeMBI TpeOyroTcs
MepCOHNU(UINPOBAHHBIE CpeNcTBa NH(POBOH MEIUIMHEI, KOTOPHIMH MAIHEHT
MOXET CaMOCTOATENFHO IMONB30BaThCS B TEUCHHE JOCTATOYHO OOJNBIIOTrO
MIPOMEKYTKA BPEMEHH IJIs1 HAKOTICHHUS TaHHBIX.

[lockonpKy mpuMepbl AOBOJBHO YAcTO Ooiee yOeIWTENbHBI, 4eM oOImue
pacCyXIeHHs, PacCMOTPHM 3alady IIOCTPOCHHUS TAaKAX CPEICTB Ha IIpUMEpe
OTEUECTBEHHOT'0 M3IENHs MU(PPOBOH MEAUIIMHE — MHATHOCTUIECKOTO KOMILIEKCa
OA3ATPAD" [5] Anst orrepaTHBHOM OLIEHKH (DYHKIIMOHAIEHOTO COCTOSIHUS CEepALa.

INEPCOHUPUITUPOBAHHBIE PEHIEHUAS O ®YHKIIMOHAJIBHOM COCTOSSHUM CEPJIIIA

®

Kommiieke ®A3ATPAD™ cocTOoMT U3 MOPTATUBHOIO CEHCOpa C MallbLIEBBIMU
anekrpogamu s perucrpauuu OKI mepBoro craHZapTHOrO OTBEOEHUS U
KOMITEIOTEPHOH MPOrpaMMBI, KOTOpasi pean3yeT OpUTHHAIBHBIN METOI 00padoTKH
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3KT B pa3zoBoM mpocTpancTBe (puc. 4).

\ﬁ*—\ 2 & e T

Puc. 4. JlmarnocTrdeckuii KOMITIEKC DA3ATPAD”

OTnuunTenbHas OCOOCHHOCTh ANTOPUTMOB, PEATM30BAHHBIX B KOMILICKCE
®A3ATPA®® — anamus He TOIBKO TPAJMIUOHHBIX, HO M OONOJHUMELbHBIX
JIMAaTHOCTUYECKUX Tokazareneit [12]. B wacTHOCTH, C MOMOIIBIO 3TOTO YCTpOWCTBA
YIaJoCh C BBICOKOW TOYHOCTBIO KOHTPOJIMPOBATH MTOKa3aTeNb P7 , XapaKTePH3YFOIINH

cumMerprio ¢parmenta penossipmarmu JKIT (7 -3y0ma) Ha (a3oBOi MIIOCKOCTH,
H3MEHEHUsI KOTOPOTrO TIOYTH He3aMeTHBI IpHu oTobOpaxkeHnn DK Bo BpeMeHHOM

obnacta (puc. 5).
> By =06

Y. -

@dparMeHThl penoasipH3anUH
Ha ¢pa3oBoii na1ockocTH

3.0 35 4.0 4.5 5.0 55 6.0 6.5 7.0 75

DKI Bo BpemeHHOIi 06nacTu

Puc. 5. OKI ¢ Hu3KuM (BBEPXY) U BBICOKUM (BHH3Y) 3HAYCHHSMH TTOKazarens 3,

XoTsl muarHocTHdecKas IEHHOCTh aHalli3a CHMMeTpun [ -3y0la IaBHO YyiKe
obcykmaimach B paboTax  KapOuoJOrOB, HaM  Heuzeecmuvl  OPYTHE
3NIEKTPOKapANOrpadpl, KOTOpPHIE MO3BOISUI OBl asmomamuuecku W3MepsITh Pr,

MO-BUAMMOMY, U3-3a CJIOKHOCTEH OIIEHKHM Takoro mokasatens mo peainbHbiM OKI,
HCKa)KEHHBIX TIOMEXaMHU Pa3HOro TUIIA.
Jna  oumeHku pedepeHTHOro [Mama3oHa IOKasaTens [3,  IpoBeneHa

cTatucTHyecKas 00paboTka pe3yabTaToB 00CIenoBaHui 329 3M0POBBIX JIUIl PA3HOTO
moia B Bo3pacte oT 21 mo 54 mer. Ha ocHoBanmm oOpaborku 720 3ammceir DKI

YCTaHOBIICHO, YTO CpeiHee 3HaUeHNe Moka3atens By cocraBiier Py =0,692+0,114,
. 2 . .
a pedepeHTHBI MHANa3oH, B KOTOPBIA momamatoT 95 % 3amuceit DK 3mopoBBIX

IOOPOBOINBIIEB (pHC. 6), OMpEAeIsIeT HEPABEHCTBO

Br<0,87. (1)

* ITo Mepe HAKOILIEHHs JAHHBIX YKa3aHHEIH pehepeHTHBII Hana30H OyIeT yTOUHAThCS
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0,7 0,8

Puc. 6. Pacnipenienenue nokasaresst 3, B rpyIne 30pOBbIX JIULL

Ha6J’IIOI[eHI/I$I IIOKa3aJik, 4TO IMoKa3aTeCjib B r MOXCT IPETCPIICBATh JOCTATOYHO

OonpIIe M3MEHEHMS NakKe y ONHOIO HCIBITYEMOTO Ha TMPOTSKCHUU KOPOMKO20
HHTEepBala BpeMeHH. [lodToMy mOTpeOOBaIOCh MOCTPOUTH OOKA3AMETbHbILL
SKCIIEPHMEHT, KOTOpBIHi OBl TOATBEpPAWI, 4YTO AWHAMHKAa W3MEHEHHWH [,

HAOJIOIaeMbIX Y KOHKPETHOTO ITAlMEHTa, 00YCIOBJICHA noe3Hot nHpopManneit —
KPaTKOBPEMECHHBIMI  (DYHKIIMOHANBHBIMA HM3MEHCHUSMH COCTOSHHUS CEpACYHO-
COCYIHWICTOH CHCTEMBI, a HE CIyJailHBIMH BO3MYIIECHUSMH, COITYTCTBYIOUIIMH
u3mepenuto DKI' B pealibHbIX YCIIOBUSIX.

JJI1 TOCTaHOBKY W BBHIIONHEHUST TAKOTO JKCHEpHMEHTa OblIa HCIONB30BaHA
TeHepaTHBHAS MOJENb mopokaeHus uckycctBeHHOH DKI' peannctuaeckoit Gpopmbl
[13], ynporieHHBII BapuaHT KOTOPOH MOXKHO 3aITUCaTh B BUJIE

(t—p,)°
z, (1) = > Ayexpl————1+h(®), m=1,...M, 2)
ie{POR,S.T} 2b;y,
rie
b; ecmn (=7,
l;l-m = b%l)(1+£(Tlrzl) V t<pup, ecmm i=T, 3)

b%z)(1+g(Tzr3) Vt>up, ecmn i=T,

A, w;, by, i#T — mapamerpsl, ompenenstomue dopmy 3youos P,O,R,S, a
nmapaMmeTpsl Ay, Ur, b%l) , b}z) — ¢dopmy 3yoma T .

CooTHol1eHHEe TapaMeTpoB b}l) u b}z) OIpeIeTIsIeT CTENICHh CHMMETPHH 3y0I1a

T noJie3Hoco cucHanla —  «3TAJIOHHOI'O» OHUKJIA. IlocnemoBaTenbHOCTH
HE3aBHCHUMBIX CJ'Iy‘IafIHLIX BCIMYNH

1 2
e e[-e2,67], e e[-€2,60], m=1,..M, (4)
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KOTOPBIC C HYJICBBIMW MATEMATUYCCKUMU OKUAAaHUAMH PABHOMCEPHO PACIIPEACIICHBI

Ha MHTECpBAJIAX, OrpaHUYCHHbIX YUCIIaMU + 8(])~ , OIIPEACIIAOT YPOBCHb HEe3A6UCUMbBLX

CIlyJalfHBIX HCKaXXEHWH mapamerpa [, Ha TeHEPHPYEMBIX NHKJIAX TECTOBOTO
CHUTHAaIA, a QYHKIH A(f) MOIETUPYET BHEITHHE aIJUTHBHEIC IOMEXH, B YaCTHOCTH,
cereByto momexy 50 I'm.

Ha ocnoBe momenu (2), (3) MOXeT OBbITH HMOPOXKIEHO CKOb Y20OHO MHO20

M (2)
TECTOBBIX CUTHAJIOB, UCKAKEHHBIX BO3MYIUCHUAMHA €5, €5 W A(t) , IS KOTOPBIX,

B orinuume oT peanbHBIX OKI, useecmmbl nCTMHHBIE 3HAYeHMS IMoKazaTens Pr
HeHnabniodaemozo TONE3HOro curHama. Mmes skcmepumeHToB [14] cocrosma B
CpaBHEHHM WCTHHHBIX 3HaueHWH P7 W OIEHOK ﬁT, KOTOpPBIE ABTOMAaTHYECKH
ONPENEISIINCE KOMIUIEKCOM ®A3ATPAD® Ha ocHOBe ycpemHeHuss B (ha3oBOM
MPOCTPAHCTBE MOCIEIOBATENIFHOCTH UCKaKEHHBIX INKJIOB TECTOBOTO CUTHAJA.
OKCTIepMMEHTHI ITOKa3aJi, YTO €CIM WCTHHHBIC 3Ha4eHHWs [ J1exar B

muanaszoHe 0,3-3,0 m cimyualiHbie BO3MYIIEHUS S(TIrL’ S(TQ orpanuyensl 50 %, a

ceTeBass moMexa A(¢t) He mpepbimaer 50 % nuama3oHa HM3MEHEHHUS TECTOBOTO
CUTHaJa, TO MPH YCPEeAHCHWH He MeHee 50 MCKa)KCHHBIX ITUKIOB CTaHJIApTHAs
ommnOKa B OIEHKe Mokasarens P cocraBiser Bcero jumb 0,021, a cpemHsas
OTHOCHTEJIbHASI OIMMOKa He TpeBbimana 2,64 %.

OTOT pe3ynbTaT IMO3BONMI YTBEPXKIAaTh, YTO KPAaTKOBPEMEHHBIE W3MEHEHUS
nokaszarens Pr, HaOmMOgaeMble y KOHKPETHOTO TALMEHTA 8 PeaibHblX CUMYAyUsx,

SIBJIAKOTCA HCCJ'Iy‘-IafIHLIMH, a 3HaydurT, B T MOXCET HCIIOJIB30BaTbCA  KakK

YyBCTBUTEILHBIA OHOMapkep (yHKIIMOHAIBLHOTO COCTOSHHS Cepiia.

[ToHSATHO, YTO TJABHBIA BOMPOC, KOTOPHIM HMHTEpPECyeT IMalMeHTa MpH
CaMOCTOATEIEHOM ~ MCIIONB30BaHMKM  KoMIliekca DOA3ATPAD® JIOMAITHUX
YCIIOBHUSX, — HACKOJBKO meKyujee COCTOSHHE TpeOyeT MOBBINICHHOTO BHUMAaHHUS,
KOPPEKIIMU 00pa3a >KU3HH, JOMOTHHUTEIBHOTO NMPHeMa Ha3HAYCHHBIX JICKAPCTB WIIH
)K€ ypPreHTHOro oOpameHus kK Bpady. OTBEeT Ha 3TOT BONPOC KaK pa3 U Jaer
peanmu3anus  TPEIJIOKEHHOW WICH NepCOHUPUYUPOSAHHbIX — THATHOCTHYCCKUX
pellicHU#, OCHOBAaHHBIX Ha aBTOMATHYECKOM OIPEICICHUN UHOUBUOYATbHBIX
xapakTepuctuk OKI'  KOHKpPETHOro  IONIb30BaTeNsi, KOTOPBIE  ITOCTOSTHHO
YMOUHAIOMCA TI0 X0y HAKOIUIEHHUS TaHHBIX (pHC. 7).

[Ipu KaXX10M ceaHce TECTUPOBAHUH 010K 1 ornpeaenser
nepconuguyuposanuylo HopMy — cpenHee 3Hadenume M (Br) mokazatens Pr

KOHKpenHOo2o MOJIb30BaTCIIA

1 N
M@Pr)=— > -Brln] (5)
n=1
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u nepCOHuqu;upoeaHhtoe CPCAHCKBAAPATHICCKOC OTKIIOHCHHEC

1 N

SBr) =\~ [Brln]—M BT . (6)
n=1

rae N — oOriee 4uciio HaOMIOASHUH, MPOBEACHHBIX TSl JJAHHOTO MTOJIb30BATENs, a

BT[}’Z] — 3HA4YCHHUC I1OKA3aTCisd, BBIYMCICHHOC HA 1 -M Ha6J'IIOI[eHI/II/I.

B pesynbraTte Ha cnexyromem (N +1)-M ceance 070K 2 BHIYHCIACT TEKYIIEe
OTKJIOHEHHE

Ag=PBr —MPr), (7)

a C IIOMOLIBIO Omoka 3 NPUHUMAKOTCs nepCOHquMI/;Mp06(1HHbl€ PCUICHUA Ha

OCHOBaHUHU CpaBHEHUs Ag ¢ BenmunHoll 3(B7) . Tem camblM peanusyercs NpUHIKI

MepCOHN(PUINPOBAHHON JUATHOCTHKH, OCHOBAaHHBIA HAa YUeTe UHOUBUOYATbHBIX
0COOEHHOCTEH KOHKPETHOTO OpraHu3Ma.

MMMMM@MW&WMJ*WM

l

Puc. 7. Cxema GpopMupoBaHus epCOHU(PUIINPOBAHHBIX PEIICHHUI

B cooTBercTBHE C TPEUIOKEHHBIM ITOIXOMOM (CM. pHuC. 3) B 0a3e JaHHBIX
kommekca DASATPAD® ona kascdozo 3apEruCTPUPOBAHHOTO IOJIB30BATENA
aBTOMATHYECKH (OPMHUPYIOTCS TISATh 30H MEPCOHU(PHUINPOBAHHBIX PEIICHAN
(Tabmuma 1), KOTOpBIE MOCTOSHHO YTOYHSIOTCS IO Mepe HAKOTUICHUS PEe3yIIbTaTOB.

Jus ymoOcTBa mepcoHU(pHUIMPOBaHHAS HOpMA I -TO TMAIMEHTa BBIYUCIIETCS C
MTOMOIIBIO PEKYPPEHTHOTO COOTHOIICHUS

MO B =MD B B0 M B) 02 ®)

(1)
;' — 3HauyeHWe mokasarens Pr,

C HaYaJIbHBIM YCIIOBHEM Mi(o)(BT)=0, rae P

MOJIY4Y€HHOC Ha 7 -M IIare TeCTUpOBaHUA i -I'0 IaIMEHTA.
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Tao6amuna 1.

Bapuanm gpopmuposanus 301 nepconupuyuposantvix peueHutl

322;: Venosme HQPCOHI:)?:II::EZBaHHMe ngﬁ:f;:;::;m
+ ‘Aﬁ‘ >1,5 S(B T) Cy1IecTBeHHOE yXy/ILUICHHE BHH];}/;I;?;HH
+ 0,5 8(BT) < ‘Aﬁ‘ <L5 8(BT) VMepEeHHOE YXyALICHHE 12:;40?;:;(;{:

" I:IHH ‘Aﬁ‘ < 0:5 8(BT) IlepconanpHas HOpMa Oro Bama Hopma
- 0,5 8(BT) < ‘Aﬁ‘ <L5 8([3]’) YMepeHHOE yIIydIlIeHue But Ezgg{%ﬂmﬁ
- ‘Aﬁ‘ >1,5 S(BT) Cy1IecTBeHHOE yIIy4IICHHEe Bur Bq)(z)];gl:HOﬁ

AHamormgHeIM  00pa3oM Ha KaKIOM CEaHCe TECTHPOBAHMS YTOUHICTCS
nepcoHupuyuposannoe  CpeoHEKBAIPATHIECKOE  OTKIOHCHHE 5;(B7) c
HCIIONIE30BAHNEM PEKYPPEHTHOW (POPMYIBI A BBEIYUCICHUS MOAUGDHUIMPOBAHHOM
OLICHKH JUCIIEPCHH CIyYaliHON BEIWYIHWHBI IO BEIOOPKE HE3aBUCHMBIX HAOIIOICHUH,
MpeuToKeHHON B pabore [15].

B rtabnume 2 mpeacTaBieH MpHMEp IMEpCOHU(PHIMPOBAHHOIO PEIIAIOIICIO
MpaBWiIa, IOCTPOSHHBIM M TIONB30BATENs, y KOTOPOrO IO pe3ylbTaraM
tectupoBanus (1856 HabGmrozeHWi 3a 8 JeT) ompeaencHbl MEPCOHATBHAS HOpMa

M@PB7)=0,781 n mnepcoHMPUIMPOBAHHOE CPETHEKBAAPATHUECKOE OTKIOHEHHE
3(Br)=0,115. B mpaBoii K0JIOHKE MPHUBEICHA CTATHCTHKA MTEPCOHNPHIIUPOBAHHBIX

PEIICHUH 10 pe3yNbTaTaM dTUX HaOMOICHUH.

Tabuuua 2.
Tlpumep nepcorupuyuposanno2o pewarowezo npasuia
Texyuiee 3HAYEHUS IlepconuduuupoBannbie OueHka pacnpeneneHus
B pereHust nepcoHnPUIMPOBAHHBIX
nokasareasi Pr pemenuii (%)
BT >0,953 Cy1IecTBEHHOE yXy/ILICHHE 6
0,838 <Pz <0,953 VMepeHHOE yXy/IIICHE 17
0,723 < BT < 0,838 IlepconanbpHas HopMa 47
< < MEPEHHOE YJTydIICHHE

0,608 <B4y <0,723 Vmep yay 28
BT < 0,608 CymecTBeHHOE yIydIlIcHHE 2

3amMeTuM, 9TO B JAaHHOM ciiydae nepcoHuduimpoannas Hopma M (Br) =0,781

npuHAIICKAT pedepeHTHOMY nmama3zoHy (1), T.e. WMeeT MeCTO CHTyalus,
MmoKazaHHas Ha puc. 1, 6, a 3HAYMT, TOr0 MAIEHTa MOXXHO MPH3HATH YCIOBHO
3[I0POBEIM.

s HarmsgHOCTM B KOMIUIEKCE OA3ATPAD” epCcOHN(UITMPOBAHHEIE
pemIeHUsT W OLEHKa WX pachpeleleHHil OTOOpakaloTcs B BHIE XapaKTEPHBIX
rpaduueckux o0pazoB (puc. 8) ¥ COMPOBOKIAIOTCS TOIOCOBEIMH COOOIICHHSIMH.
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HOH?ITHO, 4TO MNPEHIOKECHHAsA CXEMa HepCOHI/Iq)I/IL[I/IPOBaHHI)IX peH.IeHI/Iﬁ (6]
Cep,[[e‘iHOfI JACATCIIBHOCTH CCTCCTBCHHBIM O6p8.30M MOJKET OBITh O606H.IEH8. Ha
cnyqaﬁ, Koraa, IIOMHMO IIOKa3aTClIsd BT , B IOWAarHoCTUYCCKOM IIpaBHJIC

UCHoJb3ytoTes U napyrue npusnaku OKI.

. IlepconabHbIi HHIHKATOP cOCTOSIHUST (X Cratucruka x

Beero usmepenic 1856

4% |-

Bam Hal0 OTIOXHYTH

0000

Puc. 8. [lepcoHanbHBIN HHIMKATOP (DYHKIMOHAIEHOTO COCTOSIHUS CepaLa

c3y8t88yBYE

B 3akiroyeHMM = 3aMETHM, ~ YTO  PACCMOTPEHHBIH  MOAXOA K
MePCOHU(UIUPOBAHHON  JMATHOCTUKE,  MPEANONATAIOIINA  MHO2OKPAMHbIE
u3MepeHus pU3MOIOTHYECKUX MMOKA3aTeNneil KOHKPETHOrO YeI0BEKa Ha JOCTATOYHO
00JbIIOM MIPOMEKYTKE BpEMEHU u ABMOMAMUYUECKYIO OLICHKY
NepcoOHUPUYUPOBAHHLIX  HOPM, MOXET CTaTh OCHOBOWM CO3JaHHs  APYTHX
MePCOHU(UIUPOBAHHBIX  CPEICTB  LU(PPOBOM  MEOMIMHBI Uil JOMAIIHETO
MPUMEHEHHSI, B YaCTHOCTH, «HHTEJUICKTYaIbHBIX» TOHOMETPOB, TIIFOKOMETPOB U
JIPYTHUX MPHOOPOB.

BBIBOIbI

[IpemtokeHHbIH MOIXOI K MePCOHU(UITPOBAHHON TUArHOCTHKE, OCHOBAHHBIN
Ha OICHKE NepCcoHUpuyuposanHoli HOPMBI KOHKPETHOTO IOJb30BATENA IyTeM
CaMOCTOSTEILHOTO HAKOIUICHUS JAHHBIX 3a JOCTATOYHO OOJBIION MPOMEKYTOK
BpeMeHH, obecrieynBaeT  Oojiee  MOJHYE® W OOOCHOBAHHYIO  OLIEHKY
(hYHKITMOHAIEHOTO COCTOSIHUS TAIlMEHTa, YeM 3MMU30ANYSCKUI KOHTAKT C BPayoM C
WCIIONI30BAHUEM TPATUIIMOHHBIX KIIMHUYECKUX CPEJICTB.

AHanmvi3 B3aUMHOTO pACHOJOXKEHHUS B TPOCTPAHCTBE JUATHOCTUYECKUX

MPU3HAKOB oOJlacTel MEepCOHMGHUIMPOBAHHON HOPMBI £); W TIOMyJSAIHOHHON
HOpMbI () MO3BONAET CPAaBHUBATH CMEneHlU BBIPAXKEHHOCTU MATOJIOTHH pPa3HBIX

MAIIMEHTOB W OIICHUBATh TEKYIIee COCTOSIHAE KOHKPETHOTO TAIINEHTA He MOIbKO TIO
OTHOIICHUIO K TMOMYJSIMOHHOW HOpME, HO H TI0 OTHOIIEHHWI0 K €ro
MepCOHU(PUINPOBAHHON HOPME.

[pennoxxeHHBI MOIXOH MOXKET OBITH JOCTaTOYHO IPOCTO peajm30BaH Ha
COBPEMEHHBIX CpelncTBaX HHU(PPOBOH MEAWIUHEBI, YTO IPONEMOHCTPHPOBAHO Ha
MIpUMEPE OTEYECTBEHHOT 0 TNarHOCTHYECKOT 0 KOMIUIEKCa OA3ATPAD”.

[epconnduranmss CpencTB MEIUIWHCKOH AWATHOCTHKH IaeT BO3MOXKHOCTH
MOJB30BATENI0  IPOBONUTH  CAMOOLEHKY  ()YHKIHOHAIBHOTO  COCTOSHHSA,
ONTUMH3HUPOBATh CBOM 00pa3 JKW3HU, MpPUEM JIEKAPCTBEHHBIX IIPENapaToB H
Pa3yMHO paclpenersaTh PeXuM Harpy30K U OTIBIXa.

Haxorienne naHHBIX C HWCIONB30BaHHEM IEPCOHU(UIIMPOBAHHBIX CPEACTB
OUppOBOM MEOUIIMHBI COKpallaeT BpeMs oOCIeIOBaHWKH B CTallMOHAPHBIX
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YCIIOBUAX, UYTO YMECHBIIACT SKOHOMHUYCCKUC 3aTPAaThl KaK UIA MAllMCHTA, TaK U JIA
FOcy,I[apCTBCHHOﬁ CHUCTCMBI 3IPaABOOXPaHCHU.
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AN APPROACH TO DIAGNOSTIC
PERSONIFICATION DECISIONS ON THE
EXAMPLE OF EVALUATION OF CARDIAC
ACTIVITY

L.S. Fainzilberg

International Research and Training Center for Information Technologies and Systems
of National Academy of Sciences of Ukraine and Ministry of Education and Science of
Ukraine

Introduction: In traditional medicine diagnostic decisions are based on
reference ranges of physiological indicators built on the basis of population of a
representative group of healthy people. However, clinical experience shows that
many people have of the disease goes beyond the accepted standards. Therefore,
scientists are actively discussing the concept of personalized medicine, able to
improve the quality of treatment. To do this requires special diagnostic tools that can
detect the risk of a disease in an individual patient in the early stages, taking into
account the individual characteristics of his body.

The purpose of the article is to propose a common scheme to build
personalized diagnostic solutions and demonstrate the possibility of the practical
using of this scheme in the evaluation of the current functional state of the
cardiovascular system taking into account the individual characteristics of a
particular patient electrocardiogram.

Methods: To improve the reliability of diagnosis we offer to evaluate
personalized norms of a particular user by self-accumulation of data over a
sufficiently long period of time. Analysis of the mutual position of the personalized
norms areas €; in the space of diagnostic features and population norm €2 allows

us to compare the severity of the pathology of different patients and to assess the
current status of the individual patient not only in relation to the population norm
but in relation to its personalized “norm”.

Results: It is shown that the proposed approach can be simply implemented on
modern means of digital medicine. This is demonstrated using the example of a
diagnostic facility FASEGRAPH®™, which provides automatic calculation of the
original diagnostic feature 3, — the symmetry of the repolarization fragment of the

ECG’s averaged phase trajectory. The device has the scheme of personalized
solutions based on automatic identification of personalized standards and
personalized standard deviation of the feature {3, .

Conclusions: Personification of funds for medical diagnostics allows the user
to carry out self-assessment of functional status, optimize your lifestyle, medication
and reasonably allocate mode loads and rest.

Keywords: personalized medicine, diagnostics, cardiovascular system.
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VAK 519.711.3

KOHIENUMSA UAEHTU®UKALIMHN
KOHTPOJIMPYEMBIX CUTYALIUIA HA OCHOBE
CAMOOPIAHU3ALIUU PAZHOPOHBIX
MPU3HAKOB

A.A. ITucapuyk

Kuromupckuii Boennblii uHcTHTYT MMenu C.I1. Koposesa I'ocynapcTBeHHOT0
YHHBEPCHUTETA TeJIEKOMMYHUKanuii MUHHCTEPCTBA 000POHBI YKPanHbI

B cratbe npemioKeHa  KOHLENUIMS — MACHTH(UKALWH,
Gasupyrolascsi Ha MPUHIMNAX CAMOOPraHU3alMH. B OCHOBY KOHLENIMU
MOJIOKEHA ~ MaTeMaTHyeckas  Monedb  MIeHTH(UKauuu,  objajarolas
CBOWCTBAMH YIIOPSIOYMBAHMS, 00PA30BAHUS U IBOJIOLMU CTPYKTYP: OOBEKTHI
uieHTHUKAIMKE — aloCTepPUOpHBIe MpH3HaKUM. Mogjenb Oasupyercs Ha
B3aMMOCBSI3M PA3HOPOAHBIX MPH3HAKOB ((aKTOB, MaHHBIX W CYXKICHHN)
ATPUOPHBIX M AIOCTEPUOPHBIX JTAHHBIX JUIS KAXKI0r0 00bEKTa UICHTU(HKALIMN.
IpennokeHHas KOHLENIMS O0ECIEYMBACT OINEPATUBHOE pEILEHHE 3a/1aul
ueHTU(GUKALMK B YCIIOBUSX 3HAYMTEIBHOW alpHOPHOI HEONpeIeIeHHOCTH U
OOJIBIION Pa3MEPHOCTH.

Knrouesvie cnosea: wneHtudukanys, caMoOpraHU3aLys,
aTTPAKTOp, HEOIPEIETICHHOCTh, OONbIIast Pa3MEPHOCTb.

VYV crarri 3ampomoHOBaHA KOHIEIINs iAeHTU]IKaIil, sKa
0a3yeTbcsl HAa MPUHIMIIAX CaMOOpraHizamii. B OCHOBY KOHIemMIii MOKIaaeHO
MaTeMaTHYHy MOJEINb ieHTH(IKAIl], sIKa Ma€ BIACTUBOCTI BIIOPSIIKOBYBAHHSI,
YTBOPEHHsI Ta €BONIOLII CTPYKTYp: 00'ektu imeHTmdikamii — amocrepiopHi
o3Haku. OpepkaHa MoJeb 0a3yeTbCsl Ha B3a€MO3B'I3KY PI3HOPIAHHX O3HAK
(paktiB, maHMX i CymKEHb) aNPIOPHHUX 1 AMOCTEPIOPHUX MAAHHX IS KOKHOTO
o0'exty imentu(ikarii. 3ampomoHOBaHAa TEXHOJOTIs 3a0e3nedyye OrepaTuBHE
po3B’si3aHHsT  3amadi  igeHTudikamii B yMOBax 3HA4YHOI  ampiopHOL
HEBH3HAYCHOCTI Ta BEJUKOI PO3MipPHOCTI.

Kniouosi cnosa: inenrudikarisi, caMoopraHisaiisi, aTTpakTop,
HEBH3HAYCHICTh, BEIUKA PO3MIPHICTb.

BBEJIEHUE

PaszBuTHEe Hay4YHO-TEXHHUYECKOTO IIporecca B chepe HHPOPMAIIMOHHBIX
TEXHOJIOTUH  MOCIHEAHUX JIeT TPUBEIO K YCUJIEHHIO POJIM  CIOXKHBIX
ABTOMAaTU3UPOBAHHBIX CHUCTEM YIIPABIIEHUS, MPUMEHSIEMBIX BO MHOIMX OTpPacisax
JEeSTEeNbHOCTH 4YeNlOBeKa: YIpaBlieHHEe TOCyJapCTBOM B LIEIOM; 3KOHOMHKA;
KOCMOHABTHKA; TPAHCIIOPT; BOSHHAS cepa u T.1. B pesympTare mosBuiIach HOBas
cdepa IeaTenpHOCTH — KHOSpHETHUECKOe MPOCTPAHCTBO, O0bEIUHAIONIee B ceOe
COBOKYITHOCTh IOJICHUCTEM YIPaBICHUs PA3IMYHOTO HA3HAYEHUS, COLUAIBHYIO U
TEeXHUYECKYI0 cdeprl. CIENCTBHEM ATOTO SBWIOCH CIHHOE WH(POPMAIMOHHOE
MPOCTPAaHCTBO, HAIONHEHHOE W30BITOYHOW pPa3HOPOAHOW WH(pOpPMAIHEd Co
CBOMMH IIPAaBUJIAMH B3aNMOJCHCTBHSL, TPAHC(HOPMAIUH, PA3BUTHS U IETPaTaIINH.

PaccmaTpuBas ympaBieHHe Kak B3aMMOCBSI3aHHYIO LIETIOUKY IEHCTBUH IO
pacro3HaBaHWIO, TIPEACKA3aHUIO0, HICHTU(PHUKAIINH, TPHHATAIO pPEIICHUS U
HETOCPENCTBEHHO YIpPaBICHUS B YCIOBUSX W30BITOYHOCTH BHYTPEHHEH U
BHemHeld uH(opMamuu [1], MOXKHO BBIIETUTH OCOOCHHOCTH TaKOrO IIpolecca.
VYnpapieHue peanu3yeTcsl B YCIOBUSAX 3HAYUTEIbHON AUHAMHUYHOCTH, allpHOPHON
HEONPEICIICHHOCTH, HECTAHJAPTHOCTH W3MCEHEHUS BHEIIHEH OOCTaHOBKH U
BHYTpEHHHX TIporieccoB. iMeeT MecTo 3HaUnTeNbHASI N30BITOYHOCTD Pa3HOPOTHOM
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(o THIy, BpPEMEHH IIONYYEeHUsS, IOCTOBEPHOCTH H TIONHOTE) HWH()OPMALIUH
(axToB, HAaHHBIX, CYKACHHI). YIpaBIE€HHE OCYIIECTBISIETCS OOBEKTAMH C
KPUTUYECKOH CTPYKTYpOH, YTO YyKeCToyaeT TpeOOBaHUS K IIPHHAMACMBIM
pelIeHUsSM Ha peanu3anuio ynpaieHus. COXpaHSIOTCS BaKHBIMH (DYHKIIHA
orepaTopa CHUCTEMBI VIIPAaBICHUS. YKa3aHHBIE OCOOCHHOCTH Y)KECTOYAIOT
TpeOOBaHHS K  MaTeMAaTHYEeCKOMY M IPOrpaMMHO-aITOPUTMHUYECKOMY
o0ecIIeueHITo COBPEMEHHBIX aBTOMAaTU3UPOBAHHBIX IpraTUYecKux
HH(POPMAITIOHHO-YTIPABIISIONINX CHCTEM.

[TosTOMY akTyanbHOH SBISETCS 3a7ada BBHIPAOOTKA 3(P(PEKTUBHBIX ITOIXOIO0B
K  pa3paboTke  MaTeMaTH4yeckoro  oOeclledeHHs  aBTOMATH3MPOBaHHBIX
SPraTUYeCKuX  HWH(POPMAIMOHHO-YIPABISIOMAX  CHCTEM,  COCTaBJISFOIINX
KHOEpPHETHIECKOE TPOCTPAHCTRBO.

B cratee paccmaTpmBaeTcs pelIeHHE 3aJaYd  WACHTH(QHUKAIUA — TIPH
KJIacCU(UKANNN HEIMTATHBIX (KOH(IMKTHBIX) CHTYallMd B CHCTEMax YIIPaBICHUS
BO3AYIIHBIM JBH)KEHHEM, HABUTAIIMM KOCMUUYECKUX allapaToB, BEIEHUH KOHTPOJIS
PaIHOdTICKTPOHHON OOCTAaHOBKH, UACHTH(GUKAINN KOH(MIMKTHBIX CHTYAIlMHd MpU
(YHKINOHNPOBAHUH CHTYAI[MOHHBIX I[IEHTPOB, BBISIBICHHS KOMIIBIOTEPHBIX
(xnOepHEeTHIECKIX) aTak Ha CHCTEMBI YIIPaBIICHHS, UACHTU(PUKAINN NCTOYHUKOB
paauou3ITydyeHus pa3IuuyHON IPUPOABI U XapaKTepa.

AHAJIN3 CYIIECTBYIOIIAX NOAXOJ0B

TpaguuyioHHO 3amaud  WACHTHOUKAIMH PEIIAlOTCS C  HCIONB30BAHUEM
METOIIOB TEOPUH pacro3HaBaHus oOpa3zoB [2, 3]. M3BecTHO MHOXECTBO 0a30BBIX
MOJXOJIOB TEOPHH pacro3HaBaHus oOpa3oB [2]. Ha mam B3risim, ocHOBHOMH
MPUCYIIUH UM HETOCTATOK 3aKIF0YaeTCs B HEOOXOIMMOCTH HaJMUHsI CTATHICCKOM
CTPYKTYpBI — 00pa3a upeHTHUIIpyemMoro oonrekra [3]. ComocraBieHune odopasza
pacro3HaBaeMoOMy OOBEKTY C OIIEHKOH Mephl COOTBETCTBHS OTpakaeT CyTh
W3BECTHBIX MeTooB uaeHTHuKanuu. CocraBieHne o0pa3a W3 KOCBEHHBIX
MIPU3HAKOB HICHTU(HUKALNK SBISIETCS OTACTHHOW CIOKHOHN 3a1avell alpHOpHOTO
TUTAHUPOBAHUS ¥ BBIBOJHT 3a1ady HWIACHTH(GUKAINH W3 pa3psaa HEKOPPEKTHHIX.
Takoil momxon sBisieTcss HeIP(PEKTUBHHIM B COBPEMEHHBIX YCIOBHSX, TaK Kak
HEeTpHeMIIeM JUTS 3a7a4 HACHTU(PHUKAIUH B YCIOBUAX KOH(IMKTA CO 3HAYNTEINEHON
aTIPHOPHON HEOIPEeNICHHOCThIO, OONBIION pPa3MEPHOCTHI0 M HM30BITOYHOCTHIO
BHYTpPCHHEH U BHEITHEH WH(GOpMAIIHH.

BwMmecre ¢ Tem, mpakTHKa MOKa3bIBAET, YTO HMEHHO B YCIOBHSIX KOH(IUKTA,
aTIPHOPHON HEOIIPEeeIEHHOCTH M OONBIION pa3sMEpHOCTH CYIIECTBYIOT peallbHbIE
¢usmgeckne 00bEKTH MaKpO- H MUKPOMHpA: aTOMBI U IUIaHETapHBIE OTHONICHUS,
B3aNMOJEHCTBHE OMOJOTHIECKUX CTPYKTYP M OPTaHU3MOB, a TAKXKE HPOTCKAHHE
MHOTHX TIPOIECCOB U SIBICHUN HEXUBOU mpupoas! [4, 5].

B nmocnemHee Bpems IIMPOKOE  PAacHpOCTpaHEHHE MOIYYMIU  HJIEH
CHHEPreTUKH M METOJbl CaMOOpraHU3allik, B TOM 4YHCJIE€ NPUMEHHUTENBHO K
3ajayaM yrpaBieHus. TeHJeHIUd pa3BUTHUS U BHEIPEHHE CaMOOPTraHU3YIOILUXCS
MOJIXO0B MO3BOJISAIOT MPEANOIOKUTh BOSMOXKHOCTh UX YCHEIIHOTO MPUMEHEHUS
IUTSL pelIeHAS 337134 UACH TH(OUKAIH.

Heas cratenn — pa3paboTka KOHIENINHA WACHTH(OUKAIMH KOHTPOIUPYEMBIX
CUTyallMil Ha OCHOBE CaMOOPTraHU3alMK Pa3HOPOIHBIX IIPU3HAKOB.
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IIOCTAHOBKA 3AJJAYH UCCJIEJOBAHUIA

[TycTs cylmecTByeT MHOXECTBO 00BeKTOB HueHTH(uKamumu (OU) pasHOro
THTIA R={R1,R2,...,Rl-}, i=1.n. B xauectrBe OW paccmaTpuBaroTCs:

KOH(IUKTHBIE CHTyanuw;, WHQOpPMAMOHHBIE ¥ KHOEPHETHYECKHE AaTaKu;
KOMITBIOTEPHBIC BHPYCHI; PATHMOTEXHUYCCKUE CHCTEMBI (MIOTHpYyEeMBIE U
OCCIHMIIOTHBIE BO3AYIIHBIE, KOCMHUYECKHE ammapaTbl, ITYHKTHl YIOpaBICHUSI
Pa3MUYHOrO Ha3HAYCHHUS C PalUO- U PAaTHOIOKAIIMOHHBIMU CTAHIUSAMH H JPYTHM
000pyIOBaHHEM, HMEIONMM H3ITydeHHE B aKyCTHYECKOM, pPaIHWo-, BHICO- H
WHppaKpacCHOM IHala3oHe BONH) W Ipyrue, MOIISKAIMUe HWACHTA(DUKAINN
CHCTEMEBI, MpPOLECCHl, COOBITHS. ATPHOPHO SBISACTCS HEONPEICICHHBIM THIIT
UICHTHQUITUPYEMBIX OOBEKTOB, UX COCTaB, KOMHYECTBO M JWHAMHUKA ICHCTBHI
(M3MeHeHre COCTOSTHUS).

Kaxmerit OU mMeeT COBOKYITHOCTh pa3HOPOAHBIX NPH3HAKOB, KOTOPEIE
[eNecoo0pa3Ho  pa3geNuTh Ha TpPH KaTETOpHH: (aKThl, IaHHBIC; CYXKICHHUS.
Daxmol, OITHCHIBAaCMBIC nanee MHOKECTBOM
F =\t fizoe fij b A1 foeos foj o il ff s =Ly ey —
MPEACTABIIOT CO00H 00BeKTHBHYIO uHpopMammio mpo OU, oTpaxkaemyro
YHCICHHON BENMYMHON, HAIPHIMEpP KOCMHYECKHHA (MM OT adpOJHHAMHYECKOTO
oobekra) cHumMok OU, ero odepranus, cocTraB, JAWHAMHKA H3MEHCHUS
(bopMBI u T Kareropus MPU3HAKOB OaHnble —
D ={D{d,1,dy2srdy;} Dy {do1sdonsendoy b Ddy Yy, 1=10 L Ly L —
00BEINHSIOT N3MEPUTENBHYIO HHpOopMaIiio npo O, HampuMep ero KOOPIUHATEI,
mapaMeTpbl TPAeKTOPHH IBIDKEHHS (B TOM YHCIE OKCTPAIOIUPOBAHHEBIE),
XapaKTepUCTHKA  W3Iy4aeMbIX  CHTHaloB, d3(dexkTuBHAS  IOBEPXHOCTH
paccemBaHUWs,  PAIMONOKAIMOHHBIK  moptper u  T.4.  Cyocoenus  —

S = {Sl{Sll,Slz,...,Slk}, SZ{SZI’SZZ’“"SZk }""’Si{sik}}’ k= 1...K1,K2,...,Kl-

00BbeMUHAIOT CyObeKTHBHYIO HHpopManuto mpo O, Hampumep ero xapakrep
JCWCTBUM, colepaHhe paguooOMeHa OOpT-3eMisi  BO3AYIIHOTO  KopaOus,
coctossgue O u 1.1.

Konkperneprii OW  Bxiaroyaer B ceOfd  YHUKAIBHYIO  KOMOHWHAIIHMIO

HPHHAUISKAUX My HOAMHOXECTB IIPU3HAKOB: (PakToB — Fi{fij}; IaHHBIX —
Dl-{dl- }; CYXKIEHUH — Sl-{sl-k} u3 mpocrpanctea £, D, S . YrukaneHOocTE OU
OTpa)kaeTcsl KOMOMHAlIMed ¥ YHUCICHHBIMM XapaKTePUCTHKAMK OTHEIbHBIX
IPHU3HAKOB.

Torma, B COOTBEICTBHHM C BBEIECHHbIMH 00o03HaueHusmMu, OM ampuopHo
MOJKHO 0XapaKTepH30BaTh MHOXKECTBOM ( R; ):

R c F; ij}u Didy o Sitsy | = {Fi{fij }, Dy}, Si{sik}}= R;. ()

B mporecce HaOmoneHUS 32 00BEKTAMH C IIEIBI0 MX HICHTH()HKAIMA, IS
KOHKPETHOTO MOMEHTa BPEMEHH B OTPaHUYEHHOM IPOCTPAHCTBEHHOM paiioHe

(bOPMHPYIOTCS  anocmepuopHvie MHOMCECEA NPpUsHaxos: GHaxToB — F; U}’
JaHHBIX — D;dy }; Cy>KIEHUN —Si{sik}, MPUHAUISKALIUNX TOMY IKe
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npoctpaHctsy F, D, S .

{F{fll’flb fl;} {J}zw}zz, fz,} F{f}}
W= D={D 1dya,eesdy } Ly1,dy- d2l} DA{dAil}}:.

S—{S{Sn,slz, S $218215 8225000080 booor St |
= {Fz{fu } Di {dAﬂ} Si {§ik}}

CyTb anocTepruopHbIX MHOXKECTB MIPU3HAKOB — IKCIIEPUMEHTAIILHBIE JJAHHbIE
U CyOBEKTUBHBIC OIICHKH C COOTBETCTBYIOIIMMHU BHIAMHU OIMUOOK. AITOCTEPHOPHO
HEONPEICIICHHON SBISAETCS IPHHAUIC)KHOCTh IONYUCHHBIX (PAKTOB, NaHHBIX WU
cykaeHui konkpetHomy OMN.

3a0aua uoemmugpuxayuu 3axmodaercss B ompenenernn Tima OU myrem
YCTQHOBJIGHUSI COOTBETCTBUS 3HA4YEHWH T[IOKazaTelled U3  anocmepuopHo2o
MHOXMcecmaa npu3Hakos (2) ¢ COAEPKUMBIM anpuopHo20 MHOMCECmea NPU3HAaKoe
(1). Hamee wnabOpManns HACHTH(GUKAMH HCHONB3YyeTCsS I (HOPMHPOBAHUS
oOmeii O00OCTaHOBKM B KOHTPOJNHPYEMOM paiioHe, TMpOTHO3a ITUHAMHKU
nocuenyromux neiicreuit OU u u3MeHeHs CUTYalluH B LEJIOM.

2)

PEINIEHME 3ATAYM UIEHTUO®UKAIIMA KOHTPOJIAPY EMBIX CUTY ALIUI

B kauecTBe orpaHnuMBaroIIel aKCHOMAaTUKH MOXKHO IIPUHATH CIIEAYyIOLIEe.

Axcuoma 1. N3 Bcero monst OW u mpu3HAKOB HAWIETCS] MCUEPITBIBAOIINNA UX
mepedeHb, MpUHAIICKAIMHA KOHKPETHOMY OOBEKTY, KOTOPBI MOXHO OIHCATh
MaTeMaTHYEeCKU B BHJE MHOKECTBA, TPYIIIIEI, (hpaKTalia WiIH KIacTepa.

Axcuoma 2. Kateropmm «OU — mpu3Hak» CBS3aHB  (QYHKIIHOHAIHHO
HEKOTOPbIM 3aKOHOM B3aUMOAEWUCTBUS IO INPUUYMHE E€JUHCTBA IEPBUYHBIX
(U3MYECKUX  SBICHUH, XapakTepHHIX Jiud ¢GyHKuoHupoBanmst OU u
MOPOXKAAIOILUX BTOPUUHBIE SABJICHUSI — MPU3HAKHU.

Axcuoma 3. Pemienne 3amaun MACHTH(GUKAIMN 3aKIIOYACTCS B BBIICICHUHU
MHOKECTBa, Tpymmbl (ppakrana, xracrepa) «OV — mpu3Hakw» Ha OCHOBAHHHU
3aKOHOB X B3aUMOJICHUCTBUSL.

Pemaemas 3amaua maeHTH(UKAIMK OTIMYAaETCS CBOSH (opManmsanmei, a
TaK)K€ YCIOBUAMHU BBICOKOM JMHAMHUYHOCTH M HECTAaHIAPTHOCTH H3MEHEHUs
BHEIIIHEH 00CTaHOBKH, 3HAYUTEIFHON H30BITOYHOCTHIO PA3HOPOAHON MH(OpMAIIAN
s uneHTuuKanuy. Tak A CTaTHYECKOro BapuaHTa TPAAWIIMOHHBIA MPIMON
mepebop BCEX BO3MOXHBIX COYETaHHWU cooTBeTcTBHsI obOpaza 10 OU ¢ k=10
MpU3HaKaMu mno BEIOOpKE u3 n=100 HU3MEpEeHU COCTaBUT
C,]f =n![k!(n—k)!]_1 =17310309-10° ormepanuii, Ha 00pabOTKY KOTOPBIX
morpedyercss OKolo 3 MHHYT pa0OTHl COBPEMEHHOW BBIYHCIUTEIGHONW TEXHHKU.
PeampHple curyarum Oonpmield pasMEpPHOCTH C JHHAMHYHO OOHOBIISIEMOI
BEIOOPKOI M3MEpeHHU PUBEAYT K KaTACTPOPUIECCKOMY YBEITHICHIIO BPEMEHU Ha
uneHTHUKAIWIO. Belxom w3 9TOM cHTyamuum MokeT OBITh HalieH B

HCIOJIb30BAHUN CHHECPICTUYCCKUX MMOAXOJ0B CaMOOpraHru3alu CIO0XXHBIX CUCTEM
[1,6-8].
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CAMOOPI AHUA3AIAS 1151 PELIEHAS 3ATAY UIEHTU®AKAIIANA

OCHOBHBIM  CBOHCTBOM CaMOOPraHu3yromuxcsa CUCTEM  ABJACTCA  HUX

CaMOITPOU3BOJIBHOE YHOPSIIOYMBaHUE, oOpa3oBaHue u IBOJIIOLMS
MPOCTPAHCTBEHHbIX U BPEMEHHBIX CTPYKTyp. CamoopraHu3alus BO3HHUKAaeT B
cUcTeMax W IIpoLeccax, 0o0IafaloNINX  CBOMCTBAMH  OTKPBITOCTH,

HEpaBHOBECHOCTH, BO3HHKHOBCHHS U YCWICHUS (DIIOKTyarmid, HaIA9ds
MOJIOKUTETBHOW OOpaTHOW CBS3M W OONATAarOIIUX JOCTATOYHBIM KOJIHYESCTBOM
B3aUMOJICHCTBYIOIIHNX AJIEeMEHTOB [ 1,6-8].

Jus ananmm3a gopMamn3oBaHHOM 3a1aud MACHTH(QUKANNN Ha HAIMYME B HEH
MPU3HAKOB, XapaKTEPHBIX JJIsI CAaMOOPTraHHW3YIOIIUXCS CHCTEM H IIPOIECCOB,
MpOBEICHAa €€ WHTEPIPETalus C BBIACICHHEM COCTABILIONINX OSJIEMEHTOB,
WHPOPMAIIMOHHBIX TIPOIECCOB WX B3aMMOICHCTBHUS, B3aMMOCBS3M C BHENTHEH
Cpemoii B BUIE CTPYKTYPHOU CXeMEI puc. 1.

A [
t, s
1
,
1
v TekyImee COCTOSIHHE CHCTEMBI H TIpoLecca HACHTH(HHKALIH
t r//

\ / IIpocTpaHCTBO pacpocTpaHeH s (GH3NIECKHX BOJIH \
| S
! BHelHye CHTYaMOHHbIE KOMAH/Ib
: ympasnenust OW, TCH, corniacoBaHHbIe C H3MEHCHHEM °
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Puc. 1. Cucrema 1 nporecchl HAeHTU(PHKAIAN

Onemenmamu  cucmemvl udenmugpuxayuu seusiomes. pasHopomusie OU,
TexHuueckne cpenacrsa uiaMepenns (TCH) mapamerpoB (U3HMUYECKHX BOJH,
U3Iy9aeMBIX 00beKTaMu;, paboTaroIIie Ha HUX OIEepPaTOpbl aBTOMATH3HMPOBAHHEIX
pabounx mect (APM); ampuopHbIe W amoOCTEpHOpPHBIE MHOXKECTBA IPHU3HAKOB.
[IpunsiThie ycnoBHsS BBICOKOM AWHAMHUYHOCTH M HECTAHIAAPTHOCTH H3MEHEHUS
BHEIIHEH OOCTaHOBKH, 3HAYUTENFHONH M30BITOYHOCTH PAa3HOPOTHON HMH(OpMAIN
UL UACHTH(OUKAIMKA TIO3BOJIIIOT  YTBEPXKAATh O COOTBETCTBHH CHCTEMBI
UOCHTH(QUKAIIMA W TPOTEKAIOMHNX B HEHW MPOLECCOB TPEOOBAHUIO HANWYUS
KPUMUYECKO20 KOIUYECmB8a 3auMO0eticmEyrouux 31 MeHmO8.

B cucreme wumeHTHOUWKAIIMH ~ npomexarom — Hpoyeccyl:  BHEIIHETO
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cutyanuonHoro ynpasienuss OU, TCU ¢ u3MeHeHueM LEeNeBbIX 3a7ayu; U3MEHEHUS
MPOCTPAaHCTBEHHOro mnojoxeHuss u coctaBa O, TCU c¢ TeyeHueM BpeMEHH U
BHEIIHEH  OOCTAaHOBKM; HM3Iy4eHHS W  mpueMa  (OU3HYECKHUX  BOJH;
¢yuakaunonnposanus OU, TCH, omepatopoB APM; momydeHHsT aloCTEpHOPHOTO
MHOXeCTBa ()aKTOB, NAHHBIX, CYXICHHH, UX OOHOBJIEHHE C TEYCHHEM BPEMEHHU.
VYKka3zaHHBIE TIPOIECCHI MPOTEKAIOT H  B3aUMOACHCTBYIOT B  (DU3HMUECKOM
KOOpDAMHAaTHO-BPEMEHHOM  IPOCTPaHCTBE, a  TaKkkKe B  BHUPTyaJIbHOM
HHPOPMAIIIOHHOM TIPOCTpPaHCTBE. VI3MEHEHWs B yKa3aHHBIX KaTETOPUSAX O[T
JIeCTBHEM BHEIIHUX (AaKTOPOB NPUBOIIAT K HTEPAOMOHHOMY H3MEHEHHIO
WHPOPMAIIMOHHBIX IIPOIECCOB HICHTU(HUKAINN, YTO COOTBETCTBYET CBOMCTBY
OMKPbLIMbIX CUCTEM (NPOYeccos) ¢ HarudueM NOJONACUMENbHOU 0OPAMHOU CE53U.

DRIOKMYAyuoHHbIMY — Npoyeccamy, TOPOKIAIOLUMMH  CaMOOPraHU3aLHIO
CHCTEMBl HWACHTH(UKAIINKA, MOXHO CYHTAaTh IIONyYCeHHE W OOHOBIICHHE
(YTouHEeHHE) ¢ TeUeHHEM BPEMEHHU allOCTEPHOPHOr0 MHOKECTBA (PAKTOB, JaHHBIX,
CYXICHUU.

CBOICTBO HepasHOGecHOCMU CUCTEMBl HICHTH()UKAIIMKA U TPOLIECCOB, B HEH
MPOTEKAIOIINX, TOATBEP)KIAETCA HAJIMYMEM allpuOpPHOr0 MHOXKECTBA NPHU3HAKOB
—  BBICOKOOPraHM30BaHHOI'O MPOTOTUIIA CHCTEMBI, K KOTOPOMY JOJKHO
CTPEMUTBCSI  TEKYIIEe COCTOSHHUE CHCTEMBl, 3aJlaHHOE alOCTEPUOPHBIM
MHOKECTBOM IIPU3HAKOB.

Takum obpazom, (dbopman3oBaHHAS 3aa4un UIeHTH(PUKAIIH,
MIPEACTaBIICHHAS B BHUJIE CHCTEMBI M IIPOIECCOB MICHTU(UKAIINH, OTBEUAET BCEM
CBOMCTBaM CcaMOOpraHu3allu. Camorpon3BosibHas caMOOpraHu3alus

TEXHUYECKMX CHCTEM BO3MOKHAa HA OCHOBE pa3pabOTaHHBIX IS HUX
MaTeMaTHYeCKUX Mojeieldl caMOOpraHm3anud. Mepol  OpraHH30BaHHOCTH
CHCTEMBI CIY)KHT DJHTpPOIUS, KOTOpas YMEHBIIAeTCS C YBEIUYCHHEM YpPOBHS
opranm3anuu cucteMbl [6—8]. CremoBaTenbHO, HMEEM UCXOOHYIO CUCHEMY
OONBIION Pa3MEPHOCTH C BBICOKHMM YyPOBHEM OJHTPOIHH, XapaKTePH3YEMYIO
aTrlOCTEPUOPHBIM MHO)KECTBOM MIPU3HAKOB. Heobxomnmo co3IaTh
MaTEeMaTHYECKyI0 MOJENb €€ CaMOOPraHW3alliH, MpUOIIKas K MPOTOTHILY C
MEHBIIEH DHTPONHUEH, OIpeneisIeMbIM alpUOPHBIM MHOXKECTBOM IIPH3HAKOB
(koneunas cucmema).

CO3IAHAUE MATEMATHYECKOW MOJEJIN MIEHTU®UKAIIMA HA OCHOBE
CAMOOPI'AHU3ALIUN

Ucxonnoit nHGOpManuel i NACHTU(DHKAINH SBISETCS alpHOpHas BRIOOPKA
npu3HaxoB (1) A7t MOMEHTa BpeMeHH f(y , IpeJicTaBlIeHHas B BUe Taom. 1.

B Heit kareropus «(hakTel» MpeACTaBIeHA B Pa3BEPHYTOM BHIE, aHATIOTHYHO
MOXXHO pacnucaTb MW JIpyrde IOJMHOXECTBa JAaHHBIX M CYXIEHHl.
[Ipenmonaraercs, 9TO0 TeM WM HWHBIM CIOCOOOM (ITyTeM W3MEpPEHHS WIIH
9KCHEPTHOrO OLIEHWBAHHUA) KaXX/IOMYy IPU3HAKy yCTaHOBJIEHA €ro YhcleHHas Mepa.
Tabm. 1 MOXHO MOAM(UIPOBATH, MOAYYUB JUIT KaXKIOro i-TO0 MpU3HAKA
MOHOTOHHBIA YOBIBAIOIIMM WM BoO3pacTalmuid psa. B pesyneraTe uMeeM
mepeMmermuBanue wuHACKcoB OU, mnpm3HakoB (cM. Tabm 2) ¢ KIIOYOM

HepBOHa‘iaJ’[LHOfI X IPUHAMJIC)KHOCTH B BUAC Tabi. 1.
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Ta6auna 1
AnpuopHoe MHOXCECMB0 NPU3HAKOE

Kareropuu O0beKThI HIEHTHPUKAIMHT
NPU3HAKOB R Ry R; R,
M /2 fit Jn1
Ji / | S /,
F Fl 12 F2 22 Fl i2 Fn n2
Nj f2j Jij Juj
flml f2m2 fimi fnmn
D D 1L j Dy 2L, j D; {diLi f D, nL, f
S N {Suq j Sy {SZKZ j S {SiKi f Sh {SnKn f

AHanoruyHOW  omepanuu  NOJABEPraercs  amnocTepUOPHOE  MHOXKECTBO
MpU3HAKOB (2), B pe3ylbTaTe HYero MOIYyYnM MOIU(PHUINPOBAHHYIO TaOJHITy,
HaTpuMep B Buae Tadbm. 3.

Jnst  Tabm. 3 HenwsBecTHBIMM  sBIAIOTCS wmWHmekcsl OW —  x, ¢

MPUHAUIEKHOCThI0 K HUM 3HAY€HUH NPU3HAKOB TpPEX KaTEropui, a TakkKe HX
koMmOmHanms. [pynmupoBanue mpu3nakoB kK OU sBisercss KItO4eBOi 3amadeit
UICHTH()UKAIMH Ha OCHOBE CAMOOPTraHU3aIIHH.

Tabmua 2
Mooughuyuposannoe anpuopHoe MHONCECMEO NPUSHAKOE
Kareropuu O0beKThI HIEHTHPUKAIMHT
NPHU3HAKOB R1 R2 Ri Rn
Il /21 Ji m
- Rl Rl Ji Fl 2 | gl fo
Jij Jnj Nj S
f2m2 flml fnmn fimi
D D 1L j Dy 2L, j D; {diLi f D, nL, f
S N {Suq j Sy {SZKZ j S {SiKi f Sn {SnKn f

MOHOTOHHOCTE MOAM(HIUPOBAHHBEIX PSAIOB ampHOpPHBIX (TalI. 2) u
aTrOCTEpUOPHEBIX (Ta0i. 3) MPH3HAKOB ITO3BOJISET IPOBECTH WX MOIHHOMHAIBHOE
CTIIAKMBAaHUE C WCHONB30BAaHMEM MeTona HamMeHbmmx kBaapatoB (MHK) [9].
Pe3ynpTaToM SBISIOTCS MOTMHOMHUAIBEHBIC MOIETH M3MEHEHHS 3HAYCHUS KaXKIIOr0
KOHKPETHOT'0 [ -T'0 Ipu3HaKka B rpymne ((akTel, JaHHBIC, CY>KACHHS) B IONE i -X
OU Bupa:

JUIS alPUOPHBIX MHOXKECTB NMPU3HAKOB (AIIPUOPHBIE MOJEIIN) —

fi(N)=fo+ N+ foN* +...,d)(N)=dy + dN + dyN* + ..,
‘ 3)

Sk(N)=S0 +S1N+S2N2 +...,

© A.A. Tlucapuyk, 2014
7 ISSN 0452-9910. KuGepneTnka u BbIYHC]I. TeXHHKa. 2014. Bpin. 178



JUI allOCTEPUOPHBIX MHOXKECTB NMPU3HAKOB (aIIOCTEPUOPHBIE MOAEITH) —

Fi(N)=fo+ AN+ faN* 4., dy(N)=do + diN + dyN? +..,

) (4)
§k(N)= §0 +§1N+§2N + ...
Taéanna 3
Mooughuyuposannoe anocmepuopHoe MHONCECMBO NPUSHAKOS
Kareropun O0beKThI HIEHTH(PUKAIMHT
NPU3HAKOB Rxl sz in Rxn
/21 Il Ji S
- £ f 2| p JiiZ £ f 2 | g Jflz
Jnj Jij Sj f2j
f2m2 fnmn flml fimi
D By} | Doldory) | Didu) | Didu,|
N N {Suq } Sy {SZK2 } S {SiKi } Sn {SnKn }
AprymeHToM N SIBISIETCS MPOLIECC, OMUCHIBAEMBIA CETKOW HM3MEpeHUl —
N=1,2,3,... W UHTEPUPETHPYEMBI [0 CBOMM 3HAYECHHSAM IS KaXKIOro

peasbHOTO WHAEKCa uCXoAHbIx MHOXecTB (1), (2). Ha sTame crmaxuBaHus u
TONIy9eHUsI  MONIMHOMUANBHBIX — Moxmenedt  (3), (4) cimemyer  TpoBecTH
CHHXPOHHU3AIIMIO CETOK M3MEPEHHH [UI1 KaXKAOro IPH3HAKa alpHOpPHOTO U
aroCTEPUOPHOIO MHOXECTB. DJTO peau3yercs IO HECKOJIbKUM KOHTPOJbHBIM

TOYKaM HawmOoNbIIed OIM30CTH TEKYIMIMX 3HAYCHUH NPH3HAKOB fimi 1 fim,
(cwm. puc. 2).

Mo cytu, Takas omepanust YK€ YCTaHaBIHBAaeT COOTBETCTBHE 3HAYCHUI
aTlOCTEpPUOPHBIX MPU3HAKOB B KAXKIOH KAaTErOpHH alpHOPHBIX C W3BECTHOM
MIPUHAUIEKHOCTbIO BTOPHIX K KoHKpetHomy OM. Ilpu stom momenu (3) u (4)
JOJDKHBI TTOMTHOCTBIO COBIIANATh, YTO JUIS TPEIJIOKEHHOIO ITOIXONA SIBIISETCS
MPU3HAKOM HICHTH(PHUKAINN 00BEKTOB. ONHAKO 3a/1a4a WACHTH(OUKAIMH eIlIe He
SIBIISIETCSl PEHICHHON, IMOCKOJBKY arlOCTEpUOpHAs KOMOWHAIWSI TPYIIT HMPHU3HAKOB
s kakporo OUl He HaiieHa, a M allOCTEPUOPHAs BHIOOpPKA MPU3HAKOB JOJDKHA
OBITh MMOJIBEPIKEHA OoJiee TIIATEIPHOMY aHAIM3y B 00paboTKe.

CyTh ampHOpHOr0 MHOKECTBA NPH3HAKOB (IAHHBIX TaON.3) 3aKIIFOYaeTcs B
SKCIIEPUMEHTATBHOM HX XapaKTepe — H3MEpPeHHS, MOIydaeMble OOBEKTHBHO C
HCIIONIb30BAHNEM TEXHHYECKUX CPEICTB W3MEPEHHS WM CYOBEKTHBHO B BHJIE
YCpemHEHHBIX CykaeHuid. CremoBaTenbHO, Uil alpUOPHOTO MHOMKECTBA
MPU3HAKOB XapaKTepHO MOsBICHUE: CIydaHbIX omuoOok (CO) m3Mepennii (K HIM
oTHEceM W (IIIOKTyallili HEYeTKUX MHaHHBIX), TPYOBIX OIMHOOK W3MEpeHUi
(aHOMaNBHBIX BBIOPOCOB (M3MEPEHMIT), SIBHBIX MPOMAaXOB B CY)KICHHUSAX, a TaKKe
OLICHOK W W3MepeHnid, mnpuHamiexammx OV, He BXomimemy B IepedcHb
alpHOPHOTO MHOXKECTBA IMPU3HAKOB). YKa3aHHBIC INPHYMHBI TPHBOIAT K
HecoBmaneHuo Moneneit (3) u (4). Toraa, M30aBUBIIKCH OT TPYOBIX M3MEPEHHH
(') n ymenpmmB CO, MOKHO TIONYYUTH AIIOCTEPHOPHYIO BBIOOPKY MO KaXXIOMY
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MpU3HAKy C MpuBs3Koi K KoHkpetHoMy OMW. Ilpm »TomM Oymem HaOmonath
npuOIIKeHe MoenH (4) Kk Monend (3), 9To ABISETCA MPUOIMKSHHEM COCTOSTHHS
CHCTEeMBl HWICHTH(UKAINH, OMUCHIBAEMOE MOAENbI0 (4), TO YpPOBHIO CBOCi
OpraHU3alry K aTTPAKTOPY CUCTEMBI C OoJiee BEICOKHM YPOBHEM OpraHu3aImy [ 8],
KoTopasi ommchkiBaeTcs Mompenbio (3). Ilpu 3ToM SHTpoOmMsS KOHEYHOH CHCTEMBI
UICHTH(OHUKAIMHA YMEHBIAETCS IO OTHOIIECHHUIO K MCXOIHOM.

f;(N) —Texyee cocrosue cucremsl ¢ I'M

fy s

f :( (N) - Tekifmee coc-rd:m-me CHCTd:MbI 6e3 I’ I/li
I 3 o I L o 1___
/ 0671aCTb HECOOTBETCTBHUA an]'mop]—xoﬁ |
“gnoctépuopHoii Noxeneil | I

I
M3MCHEHMS HaIpaBJIGHUE
_________________________ M3MEHERMS

COCTO?IHIPUI
CHCTEMBI
|

AIOCTEPUOPHBIC ITPU3HAKU OTCYTCTBYIOT

O — nU3MepeHHbIe 3HAYEHHS IIPU3HAKOB allOCTEPHOPHOTO MHOXKECTBA CO CITy4aifHBIMU
oInOKamuy; )3( — M3MEPEHHbIE 3HAYCHUS IPU3HAKOB AlIOCTEPUOPHOTO0 MHOXKECTBA C TPYOBIMH
OIIMOKaMH N3MEPEHHH; @ — 3HAUCHUS IPU3HAKOB al[PUOPHOTO MHOXKECTBA.

Puc. 2. Cxema mporiecca CHHXpOHHM3AINH U CAMOOPTaHU3AIUN

Peamn3oBaTe oONMMCAHHBIA MpOLECC IIpeIIaraeTcs CISAYIONIM 00pa3oM.
BriOopka wm3MepeHUil amocTepHOpHOr0 MHOXKECTBA IIPH3HAKOB MOABEPracTcs
TIpeABAPUTENHHON 00paboTKe ¢ MENbI0 BEIBICHUS TPyObIX m3MepeHuid. (s aToro
OymeM WCIONB30BaTh ampOOMPOBAHHEIN PEKYPPEHTHBIA alrOpPUTM BBISIBICHUS
AHOMAJIbHBIX HM3MEPEHHH, OCHOBAHHBIM Ha aHajdM3e JUHAMUKU H3MEHEHUS
anmpokcumupyromeir Mogenu [10]. O6napyxkennsie 'Y ymanstorcst u3 BEIOOPKH
H3MEpPeHHUH aroOCTEPHOPHBIX TPH3HAKOB M HAKAIUTMBAIOTCS B 0a3e JaHHBIX HOBBIX
OU. Tlo cBobomuoit or 'l BEIOOpPKE (HOPMUPYIOTCS MOTMHOMHAILHBIE MOIETH
BHJIA

f}(N)=fd+J}1N+f2'N2 +..,d)(N)=dy +d{N +dbN* + ..., s

SL(N)=8§) + SN +§N* + ...
B npanpHeiinieM HeoOXOAMMO OIEHHTh IOMAPHO OJNIU30CTh MOJEIBHBIX
dysxumit:  f;(N) n J}j(N), Si(N) u J}}(N) Ha OrpaHWYCHHOM HHTEpBaJe

NPU3HAKOB C aHAJIOTUYHBIM ITOBTOPCHUEM IOTUX ITPOLCAYP IJIA KaTCFOpI/Iﬁ JaHHBIX
u CY)I(,HCHHP'I. Peanmu3oBaTh OIjcHUBaHUE MCPBI CXOXKECTH MO,I[CJ'IGfI, OIIMCBIBAOIINX
HU3MCHCHHEC AIIPUOPHBIX W AllOCTCPHOPHBIX MHOXCCTB IMPU3HAKOB, IPCAIAractcs
OyTeéM pacucTa W OLHCHHBAHWA BCIIMYMHBI KBaJpaTa HEBSA3KH IO A IeH (i)I/Il"yp
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(KHII®), orpaHWYeHHBIX KPUBBIMH [ (N, J} (N, J}}(N) (cm. puc. 2) 1o

bopmyie
2 2
Iff N)dN - Iff Ifj N)dN - jfj NG
Ny Ny Ny

[Tapametp (6) BbIOpaH Oyiarogaps y4eTy B HEM MHOXKECTBEHHOTO OTHOIICHHS
AMEIONIUXCS ~ alpUOPHBIX W  TONYYCHHBIX  allOCTEPUOPHBIX  MPHU3HAKOB
HICHTA(UKAIMKA B BUJIEC YUCIIOBOH Mephl pa3HOCTH Iutomanei. Kpampatnynas
(hopMa TTO3BOJIAET YUECTh IMOJIOKUTEIBHBIC U OTPHIATEIbHBIC 3HAKH B PAa3HOCTH
TJIONIAJICH MIIOCKOCTHBIX (PUTYP IO pacCMaTpUBaEMbIMHA KPHBBIMHU.

[Ipu3HaKOM JOCTHXKEHUS HEOOXOMMOI0 YPOBHS OPraHU30BAHHOCTH CHCTEMBI
HICHTA(GUKAIIN MOXKET CIYXKHUTh (DaKT BBITIOJIHEHUST HEPaBCHCTBA

maxd < (8’ <d)<mind . (7)

HepagenctBo (8’ <) XapakTepusyeT 3BOJIOINUI0 CHCTEMBI U BBITONHSIETCS

[IPU MPaBUIIbHOM centekiuu 'Y, T.e. mpUHsTa BepHast TMIOTE3a O MPUHAIEKHOCTH
3HAUEHUH  AlOCTEPHOPHOTO MHOXECTBA  IPH3HAKOB  HICHTHOHUIMPYEMOMY
00beKTy. BrlmmomHeHne HepaBeHCTBa maxd < (...)<mind  XapakTepusyer

JIOCTHKEHUE TPeOYeMOro YpOBHS OPraHM30BAHHOCTH CHCTEMBI HICHTH(HKAIIUN.
3HayeHne maxd OMpeHeNsIeTcs MpU HaJIWYUH B SKCICPUMEHTAIbHOW BBIOOpPKE
CO, a Takxke 50 % wm Oomee I'M. 3HayeHWe mind oOmpeneNseTcs TOJILKO MpH
Hamuuu CO.

[Ipomecc cemekmuu W3MEPEHHBIX MPU3HAKOB C KOHTpoieM ycuoBus (7)
MOPOXKIACT  DBONIOLMUIO  CHCTEMBl  HOCHTU(HUKALNH, BBIPAKAIONMIYIOCS B

MPHOKEHUH (YHKIIMHA TEKYIIEro COCTOSHHS CHCTEMBI J} (N, d (N, S J(N)

4yepe3 TPOMEXYTOUYHBIE COCTOSHUS, OMUCHIBAEMBIE MOIEISIMU J}}(N), c?}(N),
§']~(N), K aTTpakToOpaM B BHJE KOHKPETHBIX Mojeied f (N, d J(N), s;(N)

(cM. puc. 2). DTOT mpouecc MOBTOPSAETCS C H3MEHEHHEM BHELIHMX YCJIOBUN
UOeHTH(QUKAIMA — OOHOBIICHHWS FJIM YTOYHEHUS 3HAYCHWH IIPH3HAKOB
aTllOCTEPUOPHOTO MHOXKECTBA C TEUEHHEM BpPEMEHH, HTOOOYJIEHHUS CHCTEMEI
unaeHTHQUKAIH U T.4. TakuM 00pa3oM, caMOOpPTraHU3aUs CUCTEMBI JOCTHTACTCS
MyTeM TpPUBEACHUS HMCXOMHOTO €€ COCTOSHHUS K YHOPSIIOYCHHOMY C MEHBIIeH
sHTpornrel. CBHUIETENECTBOM  YIOPSIOYCHHOCTH CHUCTEMBl HACHTH()UKAINN
SIBJIAETCSL y3JI0Bas NpUBA3KA IO MapaMmerpy N TPU3HAKOB alloOCTEPUOPHOrO

MHOXXECTBa K KoHKpetHomy OM — R;. ConocraBieHne i-X B X;-X

koo dumuentoB nmpu OU B Tabm. 2,3 1o CyTH JaeT 4acTHOE pEIICHHE 3aIadd
UACHTH(OUKAIMHA OTACIBHO IO KaKIOH KAaTeropuw W TpH3HAKY B Hel. IloaTomy
namee HeoOXomuMmo TIepeiiTm K KomOmHaTtopHOW wuaeHTH(uKammun OW 1o
COBOKYITHOCTH  BCeX  €ro  mpu3HakoB. Jlmd  3TOro  HCHONB3YeTcs
MHOTOKpUTEpUATbHAS MOJICITh MACHTHGUKAmH [13].

OObenuHEeHNEe TPU3HAKOB OCYIIECTBIIETCS IIOCIENOBATEIFHO B IpeneNax
KaTeropuil M 1o KateropusM. [l 3TOro MpUMEHSETCS TEXHOJOTHS BIIOKCHHBIX
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CBEPTOK C HENMMHEIHON cxeMoil komnpomuccos [14]. i qUCKpEeTHOro ONUCAHUS
MPU3HAKOB CBEPTKA UMEET BU/I:

b | .
¥Y(30) = Yo, (1= yo, ! - min, 8)
=

rage f=1..b — KOIMYECTBO BKIIOYCHHBIX B CBCPTKY IPH3HAKOB; Yor —
HOPMHPOBAHHBIH BECOBOH KOXPQUUHIEHT; Yo s — HOPMHPOBAHHBIH IIPU3HAK.

ITo ceeptke (8) popmupyrorcst 0000IMEHHBIE MPU3HAKH U KaXI0ro R; -ro
OM w3 ampuOpHOrO MHOXECTBA IPU3HAKOB FPp; U IpeaBapUTEIbHO

I/I,I[CHTI/I(i)I/I]_II/IpOBaHHI)IX MPU3HAKOB U3 alIOCTCPUOPHOI0 MHOKECTBA Pl

m; L K;
1 1 1
Pgi =227 poyll= foi 17 + 2 Vaoall = doal™ + 2 vsoucll = S0 ]
=1 =1 k=1

)

mi Li Ki
s | R
Pi= 2y o= foi 1 + 2 Vaoall = doul™ + 2 Y0l —Soi]
=1 =1 k=1

HOpMPIpOBKa NPU3HAKOB OCYIICCTBIISACTCA OTHOCHUTCIIBHO CYMMBI 3HAaYEeHUI
I10 BCEM OI/I YucnoBele 3HAYECHUSA MCpPbI COOTBCTCTBHA OI/I ero 0606H.ICHHI)IM
JaHHBIM AllpUOPHOr0  MHOXECTBA IPU3HAKOB PaCCUNTBIBAIOTCA COrjiaCHoO
BbIPAKCHUSAM
— Pl P 2 Pz F, n

Ql = ’QZ =TT ey Q. = geeey Q = . (10)
Py Py " Py " P,

Pemenne mpo umeHTH(UKAIHIO OOBEKTa MPUHUMAETCSA TPH BHIIOTHCHUH
yenousa ); > 0,5 , uro obecrieunBaeT COBMECTHBIN TPYIIIIOBOM y4eT IPH3HAKOB.

B pesynbrare monydaeM YHOPSIOUYEHHOE aloOCTEPUOPHOE MHOXKECTBO
MPU3HAKOB C MPHHAIISKHOCTHIO KaKIOro €ro 3JeMEHTa KOHKPETHOMY OOBEKTY
OU mpu »TOM HBHTpONHS KOHEYHOW CHCTEMBI W IIpoIecca HICHTH(PHKAIUH

YMCHBIIACTCA.
W={[%i{/}zj}vbi{c;il}>§i{§ik}}= R; (11)

OnucanHble EHCTBUSI TOBTOPSIIOTCA C TEYEHHEM BPEMEHH NPU YTOUYHEHUH
i 0OHOBJICHUH allOCTEPHOPHOr0 MHOXeCTBa Ipu3HaKkoB (2). [locnemoBaTensHOE
¢dopmupoBanue ©  Hcmoib3oBaHue Beipakenuit  (3)—(5), (7), (19)~11)
MpEACTaBIsACT CcOOOM  CaMOOPraHU3YIOMIYIOCS ~ MAaTEMAaTHYECKYl0  MOIENb
UAeHTH(QUKAIH, OO0JaNaIoNIyl0 CBOMCTBAMH VIIOPSIOYMBAHHUSA OOpa3oOBaHUS U
SBOJIOIHH CTPYKTYP: OOBEKTHl HICHTUPHKAINN — allOCTEPHOPHBIC TIPA3HAKH.

Taxum 00pa3oM, xouyenyuro udeHMUDUKAYUU HA OCHOBE CAMOOPSAHUZAYUU
MOXXHO TIPEICTaBUTH MOCIIEI0BATEIEHOCTHIO ATAMIOB CTPYKTYPHOH CXEMBI pHC. 3.
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basa qaHHBIX

anpHOpPHOIT MHpOPMALHU ¥
ATTpakTop
CHCTEMbI HIACHTHOUKANK
Moaudukarms = AnpuopHbie
ATIpHOPHOE MHOXECTBO AMpPHOPHOTO ; Z ® @ MOJIeNH ]
npuszHakos OU R, ] MHOXecTBa 10 m g E = i % | npusnakoB OU [ E
o . Vv 12
{F’ {f’/ }’ Diddy ), Sitsu }} =R votoTomHoro 2 S8 g g é 7N (N) 3
PpAna PU3HAKOB 2z 2 EER o (V) o3
58 = 5 Sk 5 &
=« = =28 z g
<) A
E 2 E E Z E ArnocTepHOpHbIe 3 S
Moaudukarms 2 & § E % 2 MOJEIH E E
ATIOCTEPHOPHOE MHOXKECTBO arocTepHOpHOrO | | S % g :c % E 53 N npusHakoB OU 5:1 I
—] = j=n —] A ,\
npusnakoB OU Ha 7, MHOKECTBa J10 z ‘g & E 7,(N).d,(N), = % E
Afalads LA~ MOHOTOHHOTO = 2 = s g
{Ff{fi/}’Df {d,,},S,{s,k}} Psla MPHU3HAKOB o= < S (N) § E
2=
ﬂ Tr ArocTepHOpHbIe £ 5
5]
] Beispnenne I'M B Moﬂejmo §
Ha6monenue 3a OU E © anocTepHOpHOit HpAPlSHaKAOB )48 :> g
Ha MOMEHT BPEMEHH T £ | mer BBIGOPKE F1(N).dj(N), 8
t>t, EES 5 [PU3HAKOB 5.(N)
©
&3]l ¥ '
ili S e s ‘
R = YRR 3
n eﬂrigieul:b;saﬂm /‘Zi Q,>0,5 g E < |F;(k)’D;(k)’S( (k)| |F/(k)’D[(k)’Sk(k)| |F/(k)’D,(k)’SA (k)|
. ]
N T R E | Y Tl T
{E{fi/‘}’Di{dﬁ}’Si{Sik}}:Ri |_ E = ‘; Rz RZ
= iR EE RN
S <
— 1f il

Puc. 3. Dranbl KOHIENIMA WACHTH(OUKAIIMA HA OCHOBE CAMOOPTaHNU3aIUH

Hpouecc I/II[CHTI/I(i)I/IKaI_[I/II/I HA4YUHACTCA C IOJIY4YCHHA Ha MOMCHT BPCMCHU tO

aTrlOCTEpUOPHOTO MHOXecTBa Ipru3HakoB mpo O (momaraercs 3amoiHEHHOH 0a3a
MAHHBIX anpuopHOH uWH(opMamuu mpo Bo3MokHBIe OW M MX TpU3HAKH —
aTTPaKTOpP CHUCTEMBI). ATNPHUOPHBIC W alOCTEPHOPHBIC MPU3HAKH ITOIBEPratOTCsI
MO (UKAIINH JI0 TIOTyIeHNs MOHOTOHHBIX PsIoB (cM. Tabu. 2, 3) ¢ mocneayromeit
CHHXpOHU3aImeld BBIOOPOK (cMm. puc. 1). Jlamee B amocTeprOpHBIX BEIOOpKax
npu3HakoB BeLBILTIOTCS ['U. [lomydeHHBIe CHHXPOHU3HUPOBAHHEBIC H CBOOOIHBIE OT
'l BBIOOPKHM ammpokCUMUPYIOTCs ¢ ucnonb3oBanueM MHK, yem dhopmupyroTcs
mozenu Buaa (3), (4), (5). Iocne pacuera penuuun KHII® §, §' mpoBepsercs
ycamopue (7) W peanusyercs (GOpMHpOBaHHE OOOOIIEHHBIX MPHU3HAKOB IS
npentuduxammn OU mo cootHomenwnto (9). [Ipn Bemonnenun ycnosus €2; > 0,5

Jutst KoHKpeTHOro O 3a7a4da uaeHTU(UKAITUK SBISIETCS PEHICHHOW. B IpoTHBHOM
cllydae TPUHUMAETCsA pelIeHWe O BBISBICHHM HOBOTO OOBEKTa C IepeyHeM

npusHakoB. IIpoBepka ycmoBus Q; >0,5 peanusyercs Ui BCEr0 MHOXECTBA

00BEKTOB, BO3MOXKHBIX JUIA HMICHTH(OUKAMUA W JUI1  KOTOPBIX TIOJYYCHBI

obobmennble npu3Hakn €); . Ha mocnemyrommii MOMEHT BpeMEHH !>, BCe

OTHMCAHHBIE TATIBI TTOBTOPSIFOTCSI.
PacueTHblii mpuMep JUIS TPOBEPKH PabOTOCIOCOOHOCTH H3JI0KEHHOTO
rmoaxoja 3akitovancs B cienyromeM. [lycts mns Hekotoporo OU ¢ u3BeCTHBIM

AIIpUOPHBIM MHOXCCTBOM IIPU3HAKOB B BHJC JaHHBIX Di {dﬂ‘i}[ IIOJIYy4Y€HO

A

aIIoOCTCPUOPHOEC MHOXKECTBO Di {diLi }4, MOI[I/I(i)I/II_II/IpOBaHHOC J10 BO3pacTaromero

psna (tabm. 4).
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Tabauna 4
Mooughuyuposaruvie anpuopHsle u anOCMePUOPHble MHONCECMEA NPUSHAKOSE

O0beKThI HAEHTH(PUKAIMHT

11
P Rxl Rx2 Rx3 Rx4 RXS Rx6 Rx7 RXS Rx9 Rxlo

1 Di{di]*i}[ 1,20 | 2,40 4,50 | 6,00 | 8,00 (10,00 |12,00]|13,60 (17,20 |20,60

2 D"{diLz‘}Sz 135 | 2,65| 414 | 583 | 7,72 |9.80 | 12,08 [14,56 (17,23 |20,10

3 D,-{d,-Li}3 1,20 | 2,40| 4,50 | 6,00 | 9,20 [10,00 | 12,00 (13,60 |17,20 |20,60

A

4 D,-{d,—Li}4 1,61 | 2,72| 486 | 573 | 8,73 [1022 | 11,76 13,85 [16,86 |20,81

A

5 Di{dei}Ss 1,75 | 2,98| 441 | 6,05 | 7,88 (9,92 |12,16|14,60 [17,25 |20,09

6 |Didir. 1,81 | 2,91| 425 | 583 | 7,64 |9,68 |11,96 (14,48 (17,23 |20,21
1 1L 56l

B mpumepe BBIOOpKa amocTEpHOPHBIX IPH3HAKOB COAEPIKUT TONBKO OIHO

rpyboe m3MmepeHue, He mpuHamiexkamee O — mis Rxs' PaccmartpuBaemslit

clydaid ¢ TPHBHAIBHBIM pEIICHHEM II03BOJISET OICHUTH pPabOTOCIOCOOHOCTD
MPEUIOKEHHOr0 TIoX01a K uacHTH(GUKanuu. B Tabm. 3 mpuHATEl 0003HAYCHHS:

D; {diLi }SZ — OLIEHKHM allpUOPHBIX JAHHBIX, MMOJIyYE€HHBIE NPHU HCIIOJIb30BAHUU
aTlpHOPHBIX ~ MOJENeH, TIOCTPOSHHBIX 10 BEIOOpKe D {diLih; CUMTAIOTCA
W3BECTHBIMU HWJcajbHBIe (0€3 CIyJ4alHBIX OIMHOOK HW3MEPEHHH) HIEMEHTHI
anoCTEPUOPHBIX MHOMECTB IPHU3HAKOB 13[ {c?l-Li }3; ﬁi {CiiLi }4 — 3allyMJIEHHbIE

OIITMOKaMH I/ISMepeHI/Iﬁ C HOPMAJIbHBIM 3daKOHOM pacCnpeaciCcHus, HYJICBbIM
CpE€IHUM U C HHCHCpCHCﬁ, paBHOfI 0,2 €., SJIEMCHTBI alIOCTCPUOPHOIO MHOXECTBA

IPU3HAKOB;, Di {dl'Li }SS — OLCHKH JJICMCHTOB aIlOCTCPUOPHOrO MHOXKECTBA

MPU3HAKOB, ITOJYUYCHHBIC ITPU UCITIOJIb30BAHHUH alIOCTEPUOPHBIX Mozenen ¢ IOJTHOM

BBIOOpPKOW M3MepeHuit; Dj {d}Li }S ¢ ~— OLCHKH OJEMCHTOB arloCTEPHOPHOTO

MHOYKECTBA IPU3HAKOB, IIOJYYEHHbIE I[IPH MCIOJIB30BAHMH AaIlOCTEPHOPHBIX
Mozelelt o ceodoaHol ot I'M BeIOOpKE.

ITo BBIGOpPKE D) {diLi}[ ¢ wucrnons3oBanneM MHK momyuensl ampuopHbie

MOJENN BUIA

d(N)=0,2517+1,00039N +0,0981N> . (12)

A

AHanornyHelM 00pa3oM IO IONHOM BbIOOpKE D {diLi }4 HONy4YeHa

aIIoCTCpUOpHaAd MOICIIb

d,(N)=0,7297 +0,9257N +0,1011N? (13)
a 1o BeIOOpKe 6e3 I'M Monens Buaa

d'(N)=09471+0,7512N +0,1176N? . (14)
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Cpasnenue monenu (12) ¢ (13) u (14) nozBoinser oueHuts BenuurnHbl KHITO,
OFpaHMYEHHBIX HWMH: 0=2,0451; 06'=0,0592. IlonydeHHble 3HAYCHHS

CBUJIETENBCTBYIOT O BBIIIOJIHEHUU BHYTpeHHEro HepaBeHcTBa (7). CienoBaTenbHO,
JUId paccMaTpUBaeMOro IpuUMeEpa 3JEMEHTHl aloCTEPUOPHOTO MHOXECTBA

A

D; {diLi MOXHO HPUHATH npuHapiexkamuma OM kpome R, . Takum obpa3zom,

MOXHO YTBEp)KIaTh 00 YMEHBIIEHUH SHTPOIHU HCXOTHOT'O COCTOSHUS CHCTEMBI
(BzaumocBsa3u OM — mpu3HaK), XapakTepu3yeMon arnocTeprOPHBIM MHOXKECTBOM

IIPpU3HAaKOB Di {diLi }4. Pacuer BBIUMCIUTEIBLHOM CIIOKHOCTH IpEIIIOKCHHOT' O

MOJXO0Ja Pea30BaH Il MCXOAHBIX NAHHBIX OLEHWBAHMS CIOKHOCTH METOMIOB
npssMoro mepebopa. Pe3ympTaThl pacyeToB IS CTOKPATHOTO MOBTOPSHHS HTaria
MOJIy9EeHUSI  alpHOpHBIX Moxened coctaBunu 48888400 BBIUMCIUTENHHBIX

orepanuii ¢ oTpabOTKOW UX 3a 10~ ¢. MalIMHHOrO BPEMEHU, YTO 3HAYUTEIILHO
MEHBIIIE B CPaBHEHUH C TPAJAULIMOHHBIM ITOIX0A0M.
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CONCEPTION OF IDENTIFICATION OF THE
CONTROLLED SITUATIONS ON BASIS OF SELF-
ORGANISATION OF HETEROGENEOUS SIGNS

A.A. Pisarchuk

Zhitomir Military Institute n.a. S.P. Korolev of State University of telecommunications
of the Ministry of Defense of Ukraine

Introduction: Considering management as the interdependent closed-loop
chain of actions oriented on recognition, prediction, identification, decision-making
and directly management in conditions of redundancy of internal and external
information, task of making an effective approaches to development of automated
ergatic information-management systems mathematical support on self-
organization principles is actual.

Purpose: Development of conception of identification on basis of self-
organization.

Results: Conception of identification, which is based on principles of self-
organization, is offered in the article. The basis of conception is self-organizing
mathematical model of identification, which is characterized of properties of
arrangement of generating and evolution of structures: the identification objects are
posteriori features. Developed model is based on interdependence of heterogeneous
features (facts, information and judgments) of priori and posteriori information for
each identification object. It provides the operative solution of identification
problem in the conditions of considerable priori uncertainty and high
dimensionality.

Conclusion: Simultaneous application of self-organization principles and
model description of priori and posteriori sets of features allows to avoid the
necessity of traditional combinatoric exhaustion of variants of coincidence of
identification object and pattern and provides the decline of dimension of the
current task. The results of calculations confirm the receipt of positive effect from
suggested approach application.

Keywords: authentication, self-organization, attractor, uncertainty, high
dimensionality.
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C wuCmonb30BaHUEM MOJENH Mpomecca (HOPCUPOBAHHOTO
BbIOXa M mpeoOpasoBanus Dypee ONpeAeNieH YacTOTHBIA CIEKTP €ro
00beMHOH CcKOpocTH Bo3ayxa. [lokazaHO, YTO MOTrPEIIHOCTH H3MEPEHUH
MoKa3aTeneil mporecca CIHPOMETPOM, JUHAMHUYECKUE XapPaKTEPHCTHKU
KOTOpOoro HopmupoBanbl B fuamasone 0-15 I'm, moxer mocturars 7,5%.
Jwnamazon HopMupOBaHHs AOKEH ObITh pacmuper 10 80 I'm. B stom ciydae
MOTPELTHOCTh M3MEPEHHUI OrpaHuIuBaeTcs B mpenenax 2%.

Kniouegvie cnoga: CIIHPOMETD, JTMHAMHUYECKUE
XapaKTepUCTHKH, CKOPOCTh IIOTOKA BO31yXa, MOAEIHMPOBAHHE IIPOLECCa
(hOopCHPOBaHHOTO ABIXAHHSL.

B po6otri 3 BUKOpHUCTaHHSIM MOJEIN mporecy (OpCOBAHOrO
Buauxy i meperBopenns ®Dyp'e BU3HAUCHMI YACTOTHHI CHEKTpP MIBHIKOCTEH
MOBITPsl B MpOLECi. 3 OTPUMAHKUX JaHUX BUILTHBAE, II0 MOXHOKA BHMipIOBaHb
crmipoMerpa 3 aMIUITYAHO-4aCTOTHOI — XapaKTEPUCTHKOK, HOPMOBAHOIO
cTaHzapToM B 4acToTHoMy miamaszoHi 0-15 T'm, moxe csratu 7,5%, mo
HENpUIycTUMO. Jliama3oH 4YacToT, y SKOMY MaroTh OyTH CTaHIapTH30BaHi
MUHAMIYHI XapaKTepUCTUKH cripomerpiB, csrae 80 I'm. YV mpoMmy BHOAIKy
MoX1OKa BHMMIPIOBAHHS  IUBMAKOCTEH TOBITpS  (POPCOBAHOTO  BHAMXY
JMITYeTbCS B Mexkax 2 %.

Kniouosi cnoea: cripoMeTp, MUHAMIYHI XapaKTEPUCTHKH,

HIBUJIKICTH IIOTOKY MOBITPsI, MOZICNIIOBAHHS HIpoLiecy ()OpCOBAHOTO AUXAHHS.

INTRODUCTION

Dynamic response is an important characteristic of spirometers for testing of

lung ventilation function (LVF) by measuring airflow rate during breathing. Since
first standard issued by American Thoracic Society (ATS) in 1979 [1], this
characteristic is standardized in all subsequent standards of ATS, European
Respiratory Society (ERS) and spirometry methodological recommendations of
Russian Federation (RF) [2—7] (Table I).
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Table 1.

Requirements for the frequency response nonlinearity in various standards

ATS [1,2,3] ERS [4,5] RF [6] ATS / ERS [7]
1979 ‘ 1987 ‘ 1994 1983 1993 2001 2005
£10% irf riu:/;e ir-l_'— rzrj/;e ir-l_'— rzrj/;e
inrange 0 — 4 Hz 0-20Hz 0- 20 Hz 0-15Hz

Dynamic response is standardized in terms of the requirements for the
frequency response nonlinearity of the device in predefined frequency range. In
Table I the requirements are summarized, and it can be seen that by now there are
differences in frequency ranges and values of acceptable nonlinearity.

PROBLEM STATEMENT

Since spirometry technique implies the forced expiratory maneuver when
maximal airflow rate is achieved [8], standardization of frequency response
nonlinearity should take into consideration dynamics of forced expiratory
parameters, which is significant for the sake of diagnostics. This requirement is
emphasized in papers [9, 10] when discussing the characteristics of the spirometric
equipment, especially designed for LVF studies in children [11]. The literature
provides information about the frequency spectrum of the forced expiratory airflow
rate, which is considered as an objective criterion of the process dynamics.

In paper [12] it is determined that this frequency spectrum with amplitudes of
harmonics up to 5 % of the maximum were located in range 6,49 + 1,8 Hz. Authors
of [8] have found that the amplitude of harmonics is reduced exponentially with
increasing frequency, and in the range up to 10 Hz the values are 3-5 % of
maximum amplitude. In [13] the bandwidth is defined in range from 0 up to
10.3 Hz. Thus all data about the frequency spectrum are rather contradictory and
must be clarified.

The purpose of this paper is to define by studying the model of forced
expiratory process the frequency range in which frequency response must be
standardized. The airflow process during breathing is simulated using the electrical
circuit analogy, and an explicit mathematical expression of airflow rate spectral
density is obtained. From this expression we define the frequency range in which
the dynamic characteristics of spirometers should be standardized.

THE CIRCUIT MODEL OF FORCED EXPIRATORY PROCESS

The analogy between the electric current flow and airflow can be used in the
respiration process modeling. Table 2 shows the correspondence between
parameters of airflow and electric circuit [14].

The considered model was used in [15, 16] for calculation of the measurement
errors, optimization and control of spirometer’s dynamic characteristics, generation
of test signals and spirometer metrology. It formalizes breathing in terms of electric
current flow, and gives clear analogy of volumetric and velocity parameters of
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forced expiratory, giving the possibility to model various states of LVF by varying
values of R, ,C, L and I.

Table 2.
Correspondence between airflow and electric current flow
Airflow system Electric circuit
R,, —airwaysresistance, Pa-sec/ Liter R — resistance of the resistor, Ohm

C, — lung compliance, Liter/Pa C — capacitance of the capacitor, F

I - intertance, Pa-sec’/ Liter L — inductance of the inductor, H
V — air volume, Liter q — charge of capacitor, C

p —pressure, Pa U - voltage, V

Q — airflow rate, Liter / sec i— current, A

Forced expiratory can be modeled by transition process of aperiodic capacitor
discharge on the serial connection of resistor and inductance [15]. From the circuit

theory considerations, this process can be described using the equation:

d’i R di 1
—+——+——-i=0. 1
a* L dt L-C : (1

The circuit model of forced expiratory process is given in Fig. 1.

— R L

e =~ T NAALS
U & Slm—
I

Fig. 1. Circuit model of respiratory process

Solving (1) for the capacitor charge g and current i, the equations for the
respiration parameters of interest can be obtained:

7 =Vo[l—%j, @
Qt _ VO O(z‘_ﬁ (em _eﬁt)’ (3)

where 7, is forced vital capacity (FVC);

RAW RfiW 1
a,f=- * - . 4
p 21 \j 41> 1-C, @)
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In normal LVF conditions parameters oo and [ take the following values:
R ,,, = 110 —350 Pa-sec/Liter, C;, = 0,0015 — 0,003 Liter/Pa, /=1—-17 Pa-sec’/Liter
[17]. It is shown in [15] that for any possible combination of R, , Cy, / in normal

and pathologic conditions, the values of o and f3 are strictly real and negative since
the following condition always holds true:

1
Ry 22 /C—L. (5)

FREQUENCY CHARACTERISTICS OF AIRFLOW RATE

To study the frequency characteristics of airflow, the Fourier spectrum of
airflow rate should be defined. It is known from [15] that the time when airflow
rate reaches its maximum during forced expiratory process (peak flow rate, PFR)
can be defined by:

(6)

PFR —

|
=R ™=

Fourier transform F(w)= j x(t)e’”'dt can be applied to (3) to obtain spectra of

—0

airflow rate. To facilitate this, rewrite (3) in the form

0, = O (¢ =" ) = Qe =0, (7)

which is the difference of two exponential functions, and denote
x(t)=¢e"" for |a| >0, 120, (8)
yy=e" for |B|>0, t20. 9)

Spectral density can be written as
G,(jo)=G (jo)-G (jo), (10)

where G (jo) and G, (jw) are spectral densities of exponential functions

(8) and (9) respectively. It is known that Fourier transform of function
z(t)=e,¢>0, t>0 givenby G(jo)= je‘”e‘f“”dt equals:
)
c—jo c )

1
G (jiow)= = = —
(@) ctjo A+’ F+o’ P
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Thus making all needed transforms and substitutions using (2) and (5) we

obtain finally the complex Fourier spectrum:

Qmax

a2+w2)(ﬁ2+w2)
§ A

and spectral density:

GQ(jw):(

e O )
( ) (a2+w2)(ﬁ2+w2)

x\/[a(ﬁ2+w2)—ﬁ(a2 +w2)T+w2 (az—ﬁz)z’

where Q. is PFR at a time instant 7 ., .

(11)

(12)

Having the expression of spectral density, it is possible to calculate it explicitly

for any combination of respiration system parameters.

RESULTS

It is proposed to select the spectral range in which dynamic characteristics
should be standardized, for the case when the spectral range of airflow rate is
widest. For this case the range with harmonic components with high magnitudes

should be defined at certain level of magnitudes.

1

0.9\
0.8 \
o
0.6 \
oo
0.3 \

0.2

Q(t)/Qmax

0.1

\H
0 1 2 3 4 5 6 7 8 9 10
Time, sec

0

Fig. 2. Time dependence of airflow rate, normalized

To define the frequency range in which the harmonics with significant
magnitudes are located, the values of o and g should be substituted in (12). To

obtain the widest frequency range of airflow rate, which corresponds to the situation

with minimal 7 ,.,, expression (4) should be considered. It can be seen that

minimal 7., isreached when C, and/are minimal and R, is maximal.
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Fig. 3. Spectral density of airflow rate, normalized

This case corresponds to the condition of severe LVF dysfunction, when:
R, =900 Pa-sec/ Liter,

C, =0,0015 Liter / Pa,

I=1 Pa-sec’/ Liter.
In this case @ =-0,74 sec” and B =-899,26 sec’.

Figure 2 shows time dependence of airflow rate as the result of simulation the
respiration process using the model from Fig. 1 with formula (3) and parameters for
severe LVF dysfunction. In Fig. 3 its spectral density is shown.

Using the graph from Fig. 3 it can be seen that harmonics with magnitudes
larger than 2% of PFR are located in the frequency range from 0 to 70 Hz.

DISCUSSION

The results of defining the spectral range in which harmonics with high
magnitudes are located shows, that this range obtained in our study is significantly
wider than the frequency ranges reported in [8, 12]. Our result is close to the range
of airflow rates frequency spectrum during cough shock (5—70 Hz [18]), which is
similar to the forced expiratory process.

From our data it follows that the spirometer with frequency response
normalized following the standard [7] in the frequency range of 0—15 Hz, in the
considered case can measure the data with an accuracy of less than 7.5 %, which
might be considered as rather high error. We can recommend from our results that if
the error of forced expiratory airflow rates measurement is bounded by = 2 %, the
frequency range for standardization should be extended up to 80 Hz.

CONCLUSIONS

Our findings demand to normalize the dynamic characteristics of spirometers,
adequate to frequency spectrum of forced expiratory airflow rates. Using an explicit
mathematical expression of airflow rate spectral density, the frequency range in
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which the dynamic characteristics of spirometers should be standardized is defined

as 0-80 Hz. A further area of research should be focused on simulation of forced

expiratory process for various combinations of R,,, , C, and / in the normal LVF

state and its possible violations.
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Introduction: The dynamics of airflow rate using the circuit model of
respiration system is considered with respect to standardization of requirements for
the frequency response nonlinearity of spirometers. Dynamic response is an
important characteristic of spirometers for investigation of lung ventilation
function by measuring airflow rate of air during breathing. Since spirometry
technique implies the forced expiratory maneuver when maximal airflow rate is
achieved, standardization of frequency response nonlinearity should take into
consideration dynamics of forced expiratory parameters, which is meaningful for
the sake of diagnostics.

Purpose: To study the dynamic characteristics of spirometers, and
development of method for analysis of airflow rate spectral density.

Methods: The analogy between the electric current flow and airflow is used to
model the respiration process. It formalizes breathing in terms of electric current
flow, and gives clear analogy of volumetric and velocity parameters of forced
expiratory, giving the possibility to model various states of lung ventilation
function. Frequency charanteristics of the volumetric airflow rate are obtained
using Fourier analysis of respiration parameters.

Results: An explicit mathematical expression of airflow rate spectral density
is obtained and studied, and the frequency range in which the dynamic
characteristics of spirometers should be standardized is defined as 0 — 80 Hz.

Conclusions: Our findings demand to normalize the dynamic characteristics
of spirometers, adequate to frequency spectrum of forced expiratory airflow rates.
Using an explicit mathematical expression of airflow rate spectral density, the
frequency range in which the dynamic characteristics of spirometers should be
standardized is defined as 0 — 80 Hz. A further area of research should be focused
on simulation of forced expiratory process for various combinations of respiration
parameters.

Keywords: spirometer; dynamic response; airflow rates; forced expiratory
process modeling.
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MOJEJUPOBAHUE CEPJIEYHON
JEATEJIbHOCTH HA OCHOBE CETEM IETPU

1, B.H. Epemees’, E.A. Tapanenxo™

!Hucmumym npoénem modenuposanus ¢ ynepzemuxe un. I'.E. Ilyxosa
HAH Ykpaunut

‘Mexcoynapoonasn Accouyuanyus Humezpamugnoii meouyunnt
Y000 «Anmumeon

B cratee packpblBaeTCs ONBIT MPAKTUYECKOTO MPUMEHEHUS
cereir [lerpu mns momenupoBanusi pabotel cepaua. llpeacraBnen ananmus u
MOJIEJIMPOBAHUE NapasuIebHBIX MPOLIECCOB B3aUMOJEHCTBUS F€MOIUHAMUKHN U
JNIEKTPUYECKOH AKTUBHOCTH Cepilla HAa OCHOBE KOMOHMHHPOBAHHOH MOAEIH
¢yHKmoHnpoBaHua cepaua. l[IpencraBieHa CTPyKTypa KOMOMHHPOBaHHOW
MOJIEJIH CEP/iLia, OITUCAHBI €€ OCHOBHbBIE AIEMEHTBI.

Knrueswie cnosa: ynpapnsromue cetu [letpu, napaniensHsie
MPOLECCHI, reMOJMHaMUKa, JIIEKTPUYECKAst AKTUBHOCTH cepaua,
KOMOMHHPOBAHHAS! MOZIENb CEpPALIA.

VY craTri pO3KpPHUBAETHCS MPAKTUYHHK JOCBIJ] 3aCTOCYBaHHS
mepexx Ilerpi mnst MomemoBaHHS pobotu cepist. [lpencraBneHuii aHami3
B3a€EMO/il TEMOIMHAMIKM Ta EIeKTPUYHOI AaKTHBHOCTI Ceplsi Ha OCHOBI
KoMOiHOBaHOI Mozeni. 300paxkeHa CTPYKTypa KOMOIHOBaHOI MOJeNi cepist Ta
OIMcaHo il OCHOBHI €JIEMEHTH.

Kniouosi cnoea: ynpasnsitoui mepexi Iletpi, mapanenbHi
MpOLIECH, TeMOAUHAMIKA, eJEKTPUYHA aKTHBHICTh Cepiisi, KOMOiHOBaHa
JUHAMIYHA MOJEIb CEePLIs.

BBEJEHUE

Pemenne mpobiaeMbl CBOEBPEMEHHOTO OIPENEICHIS M KOPPEKIIUH Pa3BUTHUS
MATOJIOTHUECKUX ~ OTKJIOHEHWH B paboTe cepama CBSA3aHO C  IOMCKOM
KOJIMYECTBEHHBIX  3aKOHOMEPHOCTEH  HM3MEHEHHMsI TEeMOJMHAMHYECKHX U
JNEKTPUUYECKUX TMapaMeTpoB. 3HAYUTENBHYIO POJIb B 3TOM HAIpaBICHUU HUIpaeT
MaTeMaTH4YecKoe MOJEIUPOBAHUE C HCIOIb30BAHUEM METOIOB M IOIXOIOB
HMUTAlMOHHOTO MojenupoBaHusa. [lpu 53ToM mapamerpbl Mozenu cepaua
BEIOMPAIOTCS B 3aBHCUMOCTH OT 3a1ad uccienoBaHus. Takoil BEIOOp TakkKe CBs3aH
CO CITOYKHOCTBIO HICCIETYEMOro 00bEeKTa M TPYIOEMKOCTHIO BEIUHACICHUIH [ 1].

[MockonpKy (QpyHKIMOHHpOBaHHE CEpALla MPEACTABIACT COOOH COBOKYITHOCTD
B3aMMOJCHCTBYIOUINX MapajuleNbHbIX ACHHXPOHHBIX YAaCTUYHO 3aBUCHMBIX
MIPOLIECCOB, LIS HUCCIEIOBAHUS HEOOXOMMMO IMPHMEHSITh METOIBI CTATUIECKOTO U
JMHAMHYECKOTO MOJACIHPOBAHMS, K KOTOPBHIM OTHOCATCA Tpad)oBBEIE METOIBI Ha
ocHOoBe cereii [letpm B KOMOWHAmMM ¢ METOJAMH MAaTEMaTHYECKOTO
MOJIEJIMPOBAHUSL. 3to MTO3BOJIUT MIPOBECTH HCCIIEZIOBaHUE
ANEKTPOYU3UONOTHICCKAX W MEXAaHWYECKUX MPOIECCOB CepAla C Y4eTOM HX
B3aNMOICHCTBHSA, a TaKKe OTOOpa3uTh JAWHAMHKY W3MCHEHHS O00BEeKTa
HCCIIEOBaHUSL.

ONPEAEJEHUE OBJIACTH UCCJEJIOBAHUSA

COBpCMCHHLIC MECTOAbI UCCIICIOBAHUA pa6OTI)I cepana u Cep,[[e‘iHOCOCYI[HCTOfI
CHCTCEMbI BKIIHOYAKOT 6I/IOXI/IMI/I‘-ICCKI/IC, 6HO(1)PI31/I‘{CCKI/IC u (i)I/ISI/IOJ'IOFI/I‘-IECKI/Ie
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mnponecchl. [Ipu 3TOM HcclenoBaHHsT OXBaTbIBAIOT YPOBHU KJIETOK, TKaHEH U
OpraHoB. YUHUTHIBas CIOXKHYIO OpPraHU3aIMI0 HCCIEIyeMOro oObeKTa, OBLIO0
MIPEUIOKEHO COYETaTh BHIYUCIUTEIbHYIO YacTh B BUAE MATEMAaTUYECKON MOIENH U
rpadoaHaTMTHIECKYIO, TIPEICTABICHAYIO B BHIC MUCKPETHOW MOIEITH Ha OCHOBE
cereit [lerpu (PN). Takoi#l momxo/1 MO3BONIII CHU3UTH BRIYUCIATEIHHYIO HATPY3KY
3a CYeT MOXYJIBHOTO IMOCTPOCHUS KOMOWHUpOBaHHON Monenu. lMcmomb3oBaHme
JAHHOTO TOJXOJa HANpaBJIEHO HA IOCTPOECHUE IUHAMHUYECKHX MOJENed Jyis
HCCIIEOBaHUSI  TPOIECCOB  (DYHKIMOHWPOBAHHUSA  CEpHAlla, CBS3aHHBIX  C
HapyIICHUSMH TOKAa KPOBH W BIMSHUSMH Ha HETO Pa3iIMYHBIX (akTopoB. Pemenune
STHX 3aJad BKIIOYaeT B cedSd MOJCIMPOBAHHE MEXaHHU3MOB aIanTalid u
PETYIALNN apTepHaTFHOrO JaBJICHUS, 00eCIedeHUsT KPOBOCHA0KEHHS OPraHoOB U
CHCTEM OpraHm3Ma uYelloBeKa, a Takke (opMHpOBaHHE U paclpenelcHHe
moreHnuana  nedctBusA.  OCOOCHHOCTP — MOICTUPOBAHUS  TeMOAWHAMUKHU
CEepIEYHOCOCYAMCTOM CHUCTEMbl 3aKIIOYaeTcss B  y4e€Te MHOIOYMCIEHHBIX
¢u3HoNornUeckux (PaKTOpPOB, BIUAIOMIAX Ha TOK KPOBH, W WX NalbHEUIIeH
UMUTAINH B YJIEMEHTaX KOMOMHUPOBaHHON MOZENH, KOTOpAast TOCTPOEHA C YIETOM
HEpapXU4ecKoll  MOAYJIBHOW  KOHIENLMH  MOJAENHPOBAHMS, a  TakKxke
HMMUTALMOHHOTO MOJICTTMPOBAHUS TUHAMUYECKUX CHCTEM.

B kadecTBe XapaKTEpUCTHK HIEKTPHUECKOW aKTHBHOCTH CepAna OBLIH
BEIOpaHBI TapaMeTpsl BOSHUKHOBEHUS W PAaCIpPOCTPAHEHUS MMOTEHIINANA ACHCTBUS
Ha YpOBHE OpraHa, NpeACTaBIECHHbIE B BHJIE COBOKYIHOCTH JeicTBUi. OHU
0TOOpayKEHBI B MOJIENI MHOXECTBOM BepIIMH mepexona I ={t;}, cpabaTeiBaHMe
KOTOPBIX ONpEACNSCTCS BBHITIONHEHHEM Habopa yCIOBHUi, KOTOPBIE MPEACTABICHEI
HaJIMYMEM COOTBETCTBEHHO METOK BO BXOIHBIX BepmmHax MmecT P ={p.}. [Ipu

5TOM, BEpIIMHA IIEPeXOAa MOXKET HAXOIWTHCS B OJHOM W3 TAKHUX COCTOSHHUH:
OXKUJaHHE, 3aITyCK U cpabaThiBanue (puc. 1).

P3 P3

Oxuganue 3anyck co0bITHS CpabaTbiBaHue nepexoaa

Puc. 1. Ctagnu n3MeHeHNs! COCTOSIHUS BEPIIUHBI IIEPEX0/1a

Cramus 3amycka COOBITHS CBsi3aHAa C MPOBEPKOH yCIoBHs cpaOaThIBaHUSA, a
IIPU €r0 BBIIIOJHEHUH — C U3BJIEYEHHEM METOK M3 BXOIHBIX BEPIIMH MECT U C
3aITyCKOM Ha BBIIOJIHEHUE MePexo/ia, MOJIESIUPYIONIET0 OMpeneIEHHYI0 (HYHKIIUIO
(meiictBue). OO0 OKOHYAHWHM BBIIONHEHHS OIEPAIlM CBUIETEIHCTBYET IIEPEXOX
METKHU B COOTBETCTBYIOLIYIO BBIXOJIHYIO BEPILUHY.

Taxum oOpa3oM, ucronp3oBanue ammapara PN mo3BomsieT 0ToOpa3uTh JOTUKY
(YHKIMOHUPOBAHUS cepana (yclIoBHe — IEWCTBHE — YCIOBHE U T.I.),
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BIIASIONIYIO Ha TPOIECCH T€MOJWHAMHKH, BOSHUKHOBEHHUS M PaCHpOCTPaHEHUS
BO30YKIICHUS Ha y4acTKax cepiana. A MHOXKECTBO JOKAJIBHBIX MaTeMaTHUYCCKUX
MOJIETIC  HampaBleHHl HA ONWUCAaHUS 3aKOHOB HM3MEHEHHUS IapaMeTpoB
HCCIIEAyeMOr0  OOBEKTa,  YYUThIBAS  €ro  MPOCTPAHCTBEHHO-BPEMEHHBIC
XapaKTEPUCTHKH, KOTOPBIE 3aBUCAT OT JCKTPOPHUIUOIOIMUCCKUX M DIIACTHUCCKUX
CBOWCTB CepaLa.

PEAJIN3ALINSI MOJIETTA CEPJIIA

KoMOnHampoBaHHasT MOJENh CepAla MPEACTaBISIET COO0H MHOTOYPOBHEBYIO
CTPYKTYpPY, KOTOpast BKITIOUACT B ce0st MAaTeMaTHYECKUH YPOBEHB, YPOBEHB TaHHBIX
u rpadoaHAMTHYECKUH ypoBeHBb. [Ipm 3TOM MeEXypoBHEBOE B3aWMOICHCTBHE
OCYIIECTBIIETCS C IIOMOIIBIO JIOTHUSCKAX W MH(POPMAIIMOHHBIX CBSI3EH.

Taxast opraHu3anyss MOJCTH ITO3BOJNMIA PACHPEACIUATH BBIUHCIUTEIBHYIO U
(YHKINOHANBHYIO YaCTH MOZENH, YTO O0ECHEUMIO THOKOCTh HCCIIEIOBAHHUS H
YOPOLUEHHE peanu3aluyd. YIpPaBJIeHHE MPOLECCOM BBIYHUCICHHUS OCHOBHBIX
mapaMeTpoB TeMOJMHAMUKH (ZIaBieHHE, 00bEeM, MOTOK KPOBH) OCYIIECTBISIETCS
myTeM pOpPMHUpPOBAaHHE 3aIIPOCOB HA BBHIYMCICHHUS M BO3BPAT 3HAYCHUI 00paTHO Ha
rpadoaHaTUTHICCKI YpoBeHb. [Ipn 3TOM ypOBeHb MaHHBIX CIYKHT Oydepom,
paboTa KOTOpOro HalpaBiieHa Ha MOTyYEHHE U OTIPaBKY HH(POPMAITUH, a TAKKe Ha
MIPOBEPKY MEKYPOBHEBBIX CBSI3EH.

JAns peanmuzaliil MPEACTABICHHON CTPYKTYphl HEOOXOOMMO O0ECICUUTh
TNPUHIMIT MOIYJIBHOCTH, KOTOPBI TO3BONSET KOPPEKTHPOBATH ITapaMeTpHI
MaTeMaTHYeCKOH MOZCTH 10 Mepe IONydYeHWs HOBBIX 3HAHHUHA, a Takke B
3aBHCHUMOCTH OT IIOCTABIICHHBIX 3aJ1ad HCCIICIOBAHWS, HE Hapymas IIpH 3TOM
JOTUKY paboTBl M CTPYKTYPY (HU3HOIOTHYECKOro ypoBHA. Takod moaxon
MO3BONIACT ~ KOMOWHHPOBATH  DJEMEHTHI ~ MAaTeMAaTH4eCKOH  MOJemH ¢
COCPEIOTOUYECHHBIME 1 PACIIpEICTICHHBIMA TTApaMeTPaMHy B 3aBUCHMOCTH OT YPOBHS
JNOMYCTAMBIX 3HAUYEHWH TOYHOCTH TP 3aJaHHBIX OTPAHWYCHUSIX Ha BpeMs
BEIUHCIICHUS. DTOT MOJX0J OCOOCHHO Ba)keH B CHCTEMaX pealbHOro BpemeHu. [is
pemeHuss JaHHOM MmpoOJIeMBl TIpeUiaraeTcs HCIONB30BaTh  KOA((PUIHEHT
MacmTabupoBanus. TakuMm 00pa3oM, IUTENFHOCTh BBITOTHEHHS CEPACYHOTO
OUKIa OyIeT paBHA CyMME JUTUTEIILHOCTEH CHCTONBI M THACTONEI, YMHOXKCHHON Ha
koo dumueHT MacmrabupoBaHus. Takod TOAXON MO3BOISIET YMCHBIIUTH
JUTATETBHOCTh BBHIYHCICHUH W, BMECTE€ C TEM, MOBBICHTh TOYHOCTH ITONYYaeMBIX
PE3YIIBTATOB, UCIONB3YS KOMIIOHEHTHI MOJIEITH C PaCIpeIeIeHHBIMI TapaMeTpaMHu.

[lpu mocTpoeHn:m Momenmu cepama ObUT TPUMEHEH KOMOWHHPOBAHHBII
rpadoaHaTUTHICCKIIA ITOIX0], KOTOPBIHA MO3BOIMI C(OPMHUPOBATH THHAMIUECKYTO
UMUTAIIOHHYI0 ~ MONENb  B3aMMOICHCTBUS  AJNEKTPOPHU3HONOTHYECKOH U
MeXaHW4ecKoi (QYyHKIMU Muokapma. OHa BKIouaeT B cebs paboOTy IATH
MapaJuIeNbHBIX MPOIECCOB, CBSI3aHHBIX ¢ (POPMHUPOBAHHUEM U PaCIpOCTpPaHECHHEM
AIIEKTPUYECKOTO IOTEHIMATa M C OTOOpakeHHMEM MEXaHHYECKHX IPOIECCOB,
MIPEICTaBICHHBIX B BUJIE CEPICUYHOr0 IIMKIIA, a TAKXKE IpoIecca paboThl KIamaHoB.
Ans MomenupoBaHHusS MOAOOHBIX CHCTEM MOXKHO TNPHMEHSTH 0€30macHbBIe CETH
[erpu (SPN) [2] ¢ sneMeHTaMH CTEKOBOW CTPYKTYpBI, YTO OOECIIEUHUT OIHCAHHE
HAKOIUICHUS ¥ TiepeHoca WH(OpManmuu. OTH DIEMEHTHI MOXKHO OTHECTH K
Momupukamuu  uuciaoBbix (EN) wm wmakpoumcnoBeix cereit (MEN). Jlns
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0TOOpaKeHUSI B MOJEIH YIPABILIOIINX BO3ACHCTBUH MPUMEHSETCS MOIU(PIKAIINS
OezomacHeix cereit [letpm —  ympaBmsromas cets  [letpm  (SN)  co
CTOXaCTHYECKUMH BPEMCHHBIMH JJeMeHTaMH. Ha ocHOBe 3THX MoIu(uKanmi
cereit [lerpu OblTa mOCTpoeHa AWHAMIYECKas MOIETh cepana (pyHKIMOHATEHOTO
ypoBHs (puc. 2).

P, AVclosebe
o P Avetoseena 11 o 1 P, AVopenbegin
apaJjuIe/bHBII nponece ' AVopenend
tAVelose Pabora AV ki1anaHoB cepana tavopen

P protodend

tgcjecy. tecjeev. P sejecvend P qvrelax end

Pigv.contend

P y.relaxend

tsvrelax
lisvretax tqv.relax

TapasutenbHblii npouecc 2
ux paboTs cepaua

ye
'
\ Tapasutenbublii npouecc 3

PaGora SL ki1anaHoB cepaua
Psiopebegin tSLopen  DSCopcnind Pstatoscbegn ¢l Psicioscend pAlL

Hapam&

= tend P
tsagen ®opMHpPOBaHHE NOTEHIHAJA JeHCTBHS

A\
O Pacpvend

Pacp.rau2

taeprat P repvend

Paepratea Laep.Latr. Prep arend

qu:.l.mr.z Prcp. atr begin trep, arr
TapaniensHsiii mpouece 5
Pacnipenesienne noTeHnnana aeicTeus

Puc. 2. lunamMuyaeckas MOZIeNb cepAua GyHKIHOHAIBHOTO YPOBHS

B Momenm mpomecc BO30OYKIOSHHS CepAlla HAadMHAET CBOIO padoTy cC
dbopMUpOBaHHS TOTEHIMANa ISHCTBHS B CHHOaTpuainbHOM y3ime (SA) c
MOCIEAYIOINM PACIPOCTPaHEHHEM II0 IIPABOMY H JICBOMY IPEICEPANIO, UYTO
COOTBETCTBYET IEPEXOAy METKH M3 BEpLIMHBI HEPEXOHa Isige, (MapajuienbHbIH
npornecc 4 Ha prc. 2) B BEPIIHHBI MECT Pgep a1 U Paep rar1 (TTAPAIIIENBHBINA TIpOIIECC
5 mHa puc. 2), KOTOpPBIE OTPakalOT YCIOBHE OTCYTCTBHS OJOKHPOBKH
pacmpoctpaHeHus —TpancMemOpanHoro moreHmuana (TMII) mo  Tkamsm
peacepanii.

Brimonaenne mporecca JEMONSpU3alli JEBOTO M TIPABOTO  MPEACEPIHsI
XapaKTepu3yeTcss BpeMeHeM At; OT 3aIlycKa 10 cpaOaTbIBaHUS NEPEXOIOB liey fan U
Ydep.r.ar COOTBETCTBEHHO, M PaBHACTCS JIUTEIBHOCTU BOCXOILIEH M HUCXOAAMIEH
KpuBoH 3yona P (puc. 4).

Pacuer 3HaueHUs Af;, OCYIIECTBISETCSA C IOMOMIBIO OJIOKA BBIYMCIUTEIEHOTO
MOJYJNS, KOTOPBIA MOKHO OIHUCAaTh ceThblo lleTpw, mpercraBieHHON Ha puc. 3.
B kadecTBe BXOIOHBIX TAPAMETPOB BBIYHACIUTENHLHOTO MOMYIS BEBICTYMAIOT
aMIUIUTYOHBIE W BPEMEHHBIC XapaKTCPHCTHKH WHTEPBAaJOB H  3yOLIOB
aNeKTpokapauorpaMmel (puc. 4). Ha BXom ympaBiseMoro mepexoma Ty U3
(YHKINOHAEHON MOJIEITH TIOCTYIIAET 3allpoc B BUIE BXOAHOTO BeKTopa. [Ipu aTom

VIIPaBISIOMNN BEKTOP X OHpeAelsieT (PYHKIHIO pacdeTa JUIUTEIBHOCTH ¢ = {t;} ¢
MOCIIEAYIOIUM (POPMHUPOBAHIEM PE3YIIBTATa B IMEPEXONE f,.;, U €rO BO3BPATOM Ha
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rpadoaHATITHICCKIH YPOBEHb.

Py, t, P>,

Puc. 3. Pacuer BpeMeHH BBITIOIHEHNUS Omepain At

[Tocne BO3OYXIEHHS TPaBOrO M JIEBOTO IPEACEPIUs METKa IMEPEeXOAWT B
BEPWHMHBI Pyepian2 U Paeprana. 1IPU3HAKOM NOTHOM NENMONAPU3ALUM ITPEACEPANI
SIBJIACTCS. Cpa0aThIBAaHHE IEPEeXoa fg,s C TMOCICAYIOIIMM IEePeX0J0M METKH B
BepmrHy Pgj,5, KOTOpas OTBEYAET 3a BBIMOJHEHHE CHHXPOHU3AIHMH IIPOIecca
nenosspusanuu odboux mpeacepauil. CokpaiuieHue npencepauil (Iepexon fu sys)
MIPUBOJUT K YBETUYCHUIO JABIICHUS B MPEACEPANSIX, JKETyT0UKaX, BEHAX, a TAKKE
K HATIOJTHEHUIO KeITyI0YKOB. BIusiHIE COKpaiieHus Mpeacepanii mpru HOpMaaTbHOM
CEepICYHOM pHTME HE3HAYMTEIIBHO W JaeT JIMIIb MaJblii 00beM KpOBH B
xemygoukax. OHAKO ero 3HaYUMMOCTh MOXKET PACTH IMPHU OINPEIEIEeHHBIX Kilaccax
MATOJIOTHIA, HAIPHUMEpP, TPU TaxXUKapIAWH Tpeacepaue OepeT Ha ceOs BeaylIyro
POIIb MO OBICTPOMY HATIOTHEHHIO JKEITyI0YKOB KPOBBIO.

Bo Bpemst cokpamieHus TpencepAdii  MapabieNlbHO — MPOJIOIDKASTCS
pacnpocTpaHEeHHE AIEKTPUIECKOTO MOTEHIHANA [0 ATPHOBEHTPHUKYIIpHOMY (AV)
Y37y, TPU3HAKOM OKOHYAHHUS JTOr0 IMpolecca CIYXKWT TMepesada METKH U3
BEPIIUHBI NEPEXONA L4y condr B BEPIIMHBL MECT Piep v begin B Prep. atrbegin, KOTOPBIE
ABJAIOTCA YCIOBHEM Haudayua JCTOIAPH3aLUH IKEIYyJOYKOB (fgepv), @ TaKKe
penonApu3aliu Mpeacepas (trep.ar.). 110 OKOHYaHWM COKpAaIEHUs Hpencepaui
METKA TEPEXOOUT B BEPIUUHY Pyciosebegine KOTOpAsS SABIAETCS YCIOBHEM IS
3aKpBITUST ATPUOBEHTPUKYISIPHBIX KJIAaHOB (TPEXCTBOPYATOrO M MUTPAIBLHOTO) B
pe3ynbTare JOCTHUXKEHHUS COOTBETCTBYIOIIETO YPOBHS pPAa3HOCTH JAaBJICHUH B
TIPEICEPANSIX U KEIyI09KaxX.

CrhenyromuyM 3TarmoM CEepAeYHOro IUKIa sBisercs (a3a acHHXPOHHOTO
COKpAIIEHHUs, TTPOJIOIDKATEIHFHOCTE KOTOPOU OMPENENsIeTCS BPEMEHEM 3aKPBITHS
AV-KnamaHoB, a TakKe XapaKTepU3yeTcs HavalioM TpoIecca emosprU3aini
HKEIYIOYKOB (4ep.y) U PENOTAPH3ALUN TIpeAcepAnil (cooTBeTcTBYeT ydactky QR
AIEKTPOKAPAUOT PAMMBI).

Havano cokpamieHusi Kelnydo4KoOB Cepaua (fi..conibegin), KOTOPOE €IlE
Ha3bIBaIOT (Da30il M30BOTIOMETPHYCCKOrO0 COKPAIICHHS, COBIAACT C MMKOM 3yOIa
R. Ee nmnuTenbHOCTh OMpenenseTcs BPEMEHEM MEXIy HadaloM COKpaIleHUS
JKEITyIOYKOB U OTKPBITHEM HONYIYHHBIX KIanaHOB (SL) (Psropenend). ITa cTamms
OTMEYAETCSA PE3KUM pPOCTOM JaBJICHUS IIPH IIOCTOSHHOM OObEeMe KpOBH B
KEIyHAO4dKaX. YCIOBHEM CpaOaTBIBAHUS  lisycontbegin  SIBISAETCS  3aKPBITHE
ATPUOBEHTPUKYISPHBIX KJIAMaHOB (HamWuue METKH B  Pyyiioseend), W Hadalo
OTKPBITHS IOIYMECSYHBIX KIAIAHOB (Pszopenbegin)-
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Puc. 4. JInutensHOCTh ¥ B3aUMOJICHCTBHIE CTAAMIA IIWKIIA CEPALIA U DIEKTPHUUECKUAX
mporeccos [4]

Crnenyroieli ctaaueit cepAeyHOro MUKIIA SBISIOTCA (ha3a ObICTPOro U3rHAHUS
(25.¢jec.v.) KPOBH U3 XKEITyITOUKOB, Il KOTOPOH XapaKTEePHO:

1) OBICTpBIA POCT JKEITYAOYKOBOTO M apTEPUANBHOTO JAaBIICHHS, KOTOPBI
3aBEPILAECTCSA I10CIIE JOCTUKEHUSI MAKCUMAJIBHOIO 3HAYEHHU S ITUX [TApaAMETPOB;

2) CTpeMHUTEIbHOE YMEHbBIIIEHHE 00beMa KPOBH JKEITYT0UKOB;

3) GOJIBIION TTOTOK KPOBH B a0pTE;

4) moyHas JENONSIpU3aIis JKEIyJI0uKoB (IMepexoll METKH K BEpIIMHE MecTa
Pdep%end)

Bo Bpems ¢aspl MEOIEHHOTO WU3THAHUA KPOBU (fsejecv) HaOIIOOAaETCS
CHW)KCHHE apTepHAIbHOTO JaBJICHUS, YTO OOYCIIOBJIICHO YBEIMYCHHEM II0TOKA
KpOBH W3 aopThl K mepudepun. OTa (a3a COOTBETCTBYET BOCXOASAIICH KpPHUBOH
3yona P (puc. 4) 1 Hadary peroysspr3aIiiy sKeTyI09KOB.

Bo Bpems cHCTONBI KENyAOYKOB KpPOBb HAIOJHSET NOpeIcepaus W3 BEH,
yYBeIIMYMBasg IMpPU OTOM BHYTpeHHee pgaBieHue. [Ipu3HakoM 3aBepHICHUS
COKpALLECHUS KEINYJOYKOB SIBJISCTCS IOSBICHUE COOTBETCTBYIOLIETO IMPU3HAKA
W3MEHCHHUS KPHBOH apTepHalIbHOIO JaBJICHWsS (HAJIMYHE BBIEMKH), UYTO
COOTBETCTBYET IEPEXOLY METKHU U3 L cjec.v- B Psiopenbegin. ITO H ABIAETCSA yCIOBHEM
3aKpBITUS  IIONYJYHHBIX KJIAllaHOB, YTO CBUAETEIBCTBYET O JOCTHXKECHUU
COOTBETCTBYIOIIETO YPOBHS Pa3HOCTH JIABICHUH B JKEIYIOUKaX U apTePUsX.

Crnenyromeit cramuell cepaeyHOro IMKIA sBisgeTcs mporoauacrona. OHa
COOTBETCTBYET BEINOIHEHUIO MEPEXOAA Lyrotodias, YCAOBHEM 3aIlyCKa KOTOPOIO
ABJIACTCA HPHU3HAK OKOHYAaHUS (ha3bl MEMIEHHOTO H3THAHUA KPOBU (fsejecyv) U
3aKpBITHS ~ AOPTAJBHOTO  KiamaHa  (cpabaThIBaHHE — MEPEXONa  fsiciose)-
[To 3aBepuIcHHH MPOTOIUACTONBI (OPMHPYETCS YCIOBHE JUIS Hadaida OTKPHITHS
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AV-xnanaHoB (HaqM4ue METKH Ha BEPIIMHE MeCTa  Pyyeiosebegin),  UTO
CBHJICTEIIBCTBYET O JIOCTHKCHHWH JIOCTATOYHOM pa3HUIBI JaBICHUH MEXITY
MIPEICEPANSIMH 1 KETYI0UKaMH.

HagamoM pamacTomibl KeayqoYKOB CUYUTaeTcs (a3a H30BOIIOMETPHUCCKOTO
paccnabneHust (Zis.y.reiax) — MEPUOI, KOT/IA TIONYJIYHHBIC KJIATIAHBI YK€ 3aKPBITHI, a
ATPUOBEHTPUKYIISIPHBIE KiIamaHbl (AV) (MeXAy TIpeIcepareM U KellyI04KOM) erie
HE OTKPBUIUCh, M XapaKTEPHU3YyeTCs yYMEHBIICHHEM JaBJICHUS >KEIyJIO04YKoB Oe3
HM3MEHEHHS 00beMa KPOBH.

OrtxpeiTue AV-kianasa (cpadaTbIBaHUE NEPEXOA Lyyopen U IEPEIAUN METKH B
BEPILIMHY MECTa Pyciosebegin) ABISIETCA OIHUM M3 yCIOBUH Hauana (a3sl ObICTPOro
HAnoNHEHUS (fg,relcx) U OTBedaeT 3yOmy U. OHa cBf3aHa C CyIIECTBEHHBIM
YMEHBIIEHUEM Pa3HUIIBI JaBJICHHS MEXITY MPEICEPIUeM H JKEITYI0UYKOM, IIPH STOM
3a CYET HAIOJHECHHS JKEITYI0YKOB KPOBBIO M3 MPEACEPANA IPOUCXOANT CHIKCHHE
JABJICHUS W PE3KHil pocT oObema KpoBU. Bceien 3a Held HacTymaer (asa
MEJICHHOTO HAMONHEHHUS (fsy ,0/0x), BO BPEMS KOTOPOW YBEIHUUBAETCS OOBEM
KPOBH B KeJTyTIOYKax 3a CUET BO3BpaTa KPOBH U3 Nepru(epun CepAeIHOCOCYANCTON
cuctemMbl. COBMECTHO C 3aBEpIICHHEM JUACTOJBI IMPOUCXOMUT  TIOIHAS
penonApuzanya KeIynouKoB (Preyamrend) B TpeAcepIuil (Prep.y.end), TOCIE YETO
(hOpMHUPYIOTCS 3ampoc Ha BBINMOJHEHHE CIEAYIONIEro IHKJIAa paboThl cepana.
B pesymbraTe, mpu cpabaTBIBAHWW IEPEXOAA I,y METKAa TiepemaeTcs B
YIIPABJIAIOIIYIO BEPIIUHY MECTA Pep yirend. Y IPABISIONMI BeKTOD (x1) onpenenser
HaIpaBJicHHE TIepelayl METKH Ha 3aBepIIeHHe pa0oThl, yTo cooTBeTcTBYeT X1(0),
WM Ha (POPMHUPOBAHUE TIOTCHIIMANA JICHCTBUS B CHHOATPHAIEHOM Y3JIE.
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HEART MODELING ON THE BASIS OF PETRI
NETS
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!G.E. Pukhov Institute for Modelling in Energy Engineering of the National
Academy of Sciences of Ukraine
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Introduction: The object of research pattern, biochemical and biophysical
and physiological processes dynamics and their interaction should be considered
while investigating cardiac performance with the functional model.

Problem Statement: Cardiac performance research is conducted with the
combined dynamic model. It includes graph-analytic heart model, serving for
description of asynchronous concurrent processes and pattern of interaction
between them, and also element empirical models. Certain graphic primitives in
combined model are described with local empirical models, which serve for
displaying of investigating object elements parametrization. Spatio-temporal
performances of investigating object are considered while constructing the local
models and depend on electrophysiological and elastic features of heart.

Purpose: To identify the structure and the basic rules of work of combined
functional heart model elements. While investigating to present analysis of
haemodynamics and electrical activity of heart, applying interpretation properties
and modifications of Petri nets.

Results: Application of static and dynamic modeling methods, which include
graphic methods on the basis of Petri nets along with mathematical model
approach allowed to make an analysis of electrophysiological and mechanical
processes of heart, subjected to their interaction, and also to display the time
history of object of research. As the result the model of heart represents the
multilevel structure, which includes mathematical level, data level and graph-
analytic level. Such organization of model allowed to distribute the computing and
functional parts of model, and this provided the possibility of mathematical model
parametrization depending on the research direction, without disrupting the work
logic and physiological level structure.
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Conclusion: Application of combined dynamic model of heart allows to
expand the possibilities of organism functional system research in order to receive
new knowledge and also quality improvement of diagnosis of diseases at early
stage of development.

Keywords: control Petri nets, parallel processes, hemodynamics, the electrical
activity of the heart, combined dynamic heart model.
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