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Ilpeducnosue peoaxmopa

IMPEAUCIIOBUE PEJAKTOPA

VYBakaemble unTarena! JTOT BBIIYCK JKypHaJla U3JaeTcs B peaasepun Tpaauuonnon XXI
baiikansckoii Beepoccuiickoit kondepenun «MHbopMaimoHHbIe 1 MAaTEMAaTUYECKHE TEXHOJOTHH
B Hayke M ympaBieHum». Haumnas c storo roma, Tpynsl KoHpepeHINH, KOTOPBIE MOCIEIHUE
JeCATh JIeT M3AaBaJHCh B 2-3-X TOMax K Hadaly KOH(EPEHINH, U3AI0TCS KaK MEepHOANYECKOe
U3aHue dYeThipe paza B rojd. JKypHany mnpucBoeH MexayHaponHblii uuaekc ISSN, crarbu
unaekcupytoress B PUHII. K nmyOnukanuy nNpuHUMAIOTCS Tak)Ke CTaThU «3a0YHBIX» YYACTHUKOB.
Bamemy BHUMaHHIO NIpeAIaraeTcsi TPETUM BBIILYCK KypHaJIa.

Wudopmanus ans Tex, KTO NPUCOEAMHAETCS K HaM B 3ToM ronay. Hama koHgepeHuus
npoBoautcs ¢ 1993 r., Haunnas ¢ 1998 r. — exerogno, ¢ 2001 r. — npu nogaepxxkke PODU.
Kondepennus HaunHanace kak ceMuHap «MHpopMalnoHHbIe TEXHOJIOTUU B SHEPreTUKe», 0a30Bas
opranuzanus — MHCTHTYT cuctem 3Hepretuku um. JILA. MeneateeBa CO PAH (r. HMpkyrck).
Unensl oOprkomMureTa KOH(GEpEeHIMH padOTalOT TNPEUMYIIECTBEHHO B OSTOM HWHCTUTYTE, B
nabopatopun «MHpOpMaIMOHHBIE TEXHOJIOTHH B SHEPTETUKE», H MBI BCETa OJaroJapHbl HaIEMy
MHCTUTYTY 3a MHOTOJIETHIOIO MOJIEPKKY.

Xapaktep KOHPEpeHIMH — MEXAUCUUIUIMHApHBIA. B  KoH(epeHIHMu TpagulmoHHO
IpUHUMAIOT ydactue 10 200 4enoBeK M3 pa3HbIX TOPOJOB Halllel CTpaHbl, OT BiiaguBocTtoka 1o
Cankr-IlerepOypra, 1 U3 APyrux CTpaH.

UiieHbl IPOrpaMMHOTO0 KOMHUTETAa KOH(PEPEHIUH SBISIOTCSA YWIEHAMU PEAKOJUIETUH HAIIero
W3JIaHHA, €T0 TEMAaTHKA COBIIAJAeT C TEMATHKON KOH(EpEeHIINH.

IIpemyiaraemprii  BamieMy BHUMAHHMIO BBIIYCK JKypHaJa BKJIIOYaeT TpHU pasjena:
MaTEeMaTHYeCKOe MOJCIMPOBAHUE M €ro NPHUMEHEHUE B HAy4YHBIX MCCIEI0BAHUSAX, CUCTEMBbI
MOJIACP>KKH MIPUHATHUS PEIICHUH, THPOPMALMOHHBIE CHCTEMBI M TEXHOJIOTHH.

IlepBbrii pasnen «MaremMaTM4ecKoe MOJEIUMPOBAHME M €ro NPHUMEHEHHE B HAYYHBIX
uccienoBaHusIX» oTKpbiBaeTcs ctatbeil [JuseeBa AWM., Copponosoii E.A., HImansko E.}O. (OUL]
«Uudopmaruka u ynpasnenue» PAH, r. Mocka). ABTOpbI IPOJOJIKAIOT TEMATHKY, HAYaTyI0 UMHU
B IIpEbIAYIIEM BBITYCKE KypHana. B 3Toll cTraThe paccMaTpuBaeTcs 3ajladya CUHTE3a YIpPaBIICHUS
rpynnoii podoroB. Jlyis pemieHus 3aJaddl KCIOJIb3YeTCS 3BOJIOLMOHHBIN YHCIEHHBIM MeETOJ
MHOTOCJIOITHOTO ceTeBoro omepartopa. IlpuBeneH nmpuMep cCUHTE3a YHpaBlIEHUs TPYIION U3 Tpex
MOOUIBHBIX pob0TOB. PaboTta BhimonaHeHa npu nojaepxke rpaHtoB POOU u IIpesunenta PO.

Crnenyromas cratbst noarorosieHa corpyauunein MCOM CO PAH Xan I1.B. coBmecTHO ¢
kouteramu u3 Kopeu: XBaur IIéur, Kum bl Xé, JIu Uxyn My. Crarbs mocpdiieHa BOIpocaM
YHCJIEHHOT0 aHaJIn3a )KECTKOCTHU U 1eMII(PUPOBaHUSI a3pOCTATUUECKUX JTMHEHHBIX HAIIPaBIISIIOIINX C
MOPUCTBIMU OTPAHUYUTENSIMU HAJJyBa M BaKyyMHBIM HarpyxeHuem. lIpuBonsarcs onucaHue
MaTeMaTHYeCKON MOJIEIN TaKUX OIOp U MpUMep pacuéra AJis OMOpbl IPSIMOYTOJILHON (POPMBI.

B craree Jlob6anoBa A.B. (AO "Hayuno-uccnemoBatenbckuii WHCTUTYT "CyOMHUKpOH",
MockBa, 3eneHorpaja) paccMaTpUBAaeTCsl HMCIOJb30BaHHE HEOOXOIMMOr0 MeXaHW3Ma B3aUMHOIO
MH(OPMALIMOHHOTO  COTJIACOBAHUS JJIS OpraHu3allud  OTKAa30yCTOWYMBBIX BBIYUCICHHUH B
MHOTOMAIIIMHHBIX BBIYUCIUTENbHBIX cucTeMaX. CTaThsi MOCBSIIEHA OINPEAETECHUI0 BO3MOXKHBIX
BApUAHTOB CTPYKTYphl 3aJaHHOrO0 cOOe- M OTKa30yCTOMYMBOIO KOMILJIEKCA B IPOU3BOJILHON
rpadoBO CTPYKTYpE UCXOTHON CUCTEMBI.

Cratess Amapunoit M.B. (AO "Hayuno-uccnenoBarenbckuit HHCTHTYT "CyOMUKpOH",
MockBa, 3eneHorpaj) MpoJojkKaeT 3Ty TeMaTuKy. B cTarbe paccMaTpuBaroTCs  MOIXOJIbI K
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Maccenw JI.B.

ONITUMH3AIMY BPEMEHHBIX XapaKTEPUCTHK MPOIecca B3aMMHOTO0 HH(POPMAITMOHHOTO COTIIACOBAHMS
B MHOI'OMAILIIMHHBIX BBIYACIUTEIBHBIX CUCTEMAX.

B crarbe [Ipokunoii H.B. u lllybenuna A.A. (®I'BY «3 LITHUWN» Muno6oponsr Poccun, T.
MockBa) mnpejacTaBieHa METOAMKA MPUMEHEHUS JEKOMIIO3MLMOHHOIO NO0JAX0Ja (IIpUMEHEHHE
METO/la AaBTOHOMHBIX OJIOKOB C BHPTYaJbHbIMH KaHanamMu (DJoke Ha rpaHsix) B MOACITUPOBAHUU
pacrpocTpaHeHHsI BOJH Ha 3€MHON MOBEPXHOCTH NMPH BO3ACUCTBUHM HAa HEE HA3eMHBIX OOBEKTOB.
MeTtoa aBTOHOMHBIX OJOKOB IO3BOJISIET MOJICIMPOBATh BOJIHOBYIO KapTUHY Pa3UYHBIX TPYHTOB U
MECTHOCTEH, OINPEIEIATh MAPAMETPbl CEMCMOAKYCTUYECKUX CHUTHAIOB. [lpennaraemas Meroauka
MOJKET HCIIOJIb30BaThCsl TPU  pa3padOTKe alrOpUTMOB OOHApY)KEHUS W paclo3HaBaHHUS B
CeMCMOAKYCTHUECKUX NH(POPMALIMOHHO-PA3BEIbIBATEILHBIX CUCTEMAX.

Crnenyromass cratesi — bomnomypunoir W.II. u IlappénoBa JI. W. (OpenOyprckuii
roCyJapCTBEHHbIN yHUBepcuTeT, I. OpeHOypr) MocBsileHa BOIIpocaM MOJEIUPOBaHUS 00BEKTOB
BUPTYaJIbHOIO IIeHTpa 0OpaboTkH AaHHBIX. (OOOCHOBBIBAE€TCS HEOOXOIUMOCTb pa3pabdOTKU
MoJieJIell M aIrOPUTMUYECKUX PEIICHUH, CHOCOOHBIX ONTUMHU3UPOBATh Pa3MELICHHE KIIFYEBBIX
peCcypcoB: BUPTYalIbHbIX MAlllWH, JAHHBIX, NPUIOKEHUN B XpaHMJIMILAX OOJAYHBIX CHUCTEM, JUIS
MUHMMM3ALUM BPEMEHU OTKJIMKA cepBUca M oOecneyeHus 3¢(@ekTuBHOro aocryna K OOJBIIMM
MaccuBaM JIaHHBIX. PaboTa BeINOJIHEHA MTpy Toiepkke PODU.

B 3akmoumrtensHON  ctathe 3TOro pasaena SBopckuit  B.B.  (KaparammuHckwuit
rOCyJapCTBEHHbIM MHIyCTpuanbHbli yHuBepcuteT, I. Temupray (Kaszaxcran)) paccmarpuBaer
pobeMy peleHHs 3a1a4M OIpeesieHus] ONTUManbHON uepapxuu. Ilpeanaraercsa cxema merona
pa3dueHust OpUEHTUPOBAHHOTO Irpada 6€3 KOHTYPOB Ha MHOTOCIIOWHYIO HEPApPXUI0. ABTOP CUMTAET,
4TO MpejajgaraeMas cxema perieHus 3ppekTuBHee HEKOTOPBIX U3BECTHBIX IUCKPETHBIX METOJIOB.

Bropont pasznmen «Cuctembpl NONNEPKKH HPHUHATHS PEIIEHUN» OTKPBIBAETCS CTAThEH
kosiekThBa aBTopoB: Illybenun A.A., [Ipokuna H.B. (®I'BY «3 LTHUW» Muno6oponsl Poccun, .
Mocksa), Myxun B.H., IloznuskoB C.IO. (AO «Hay4yHO-pOM3BOJACTBEHHOE NPEANPUSITHE
«Pybun», r. Ilenza). B craree npencrtaBieH 0030p apXUTEKTyp CHUCTEM MOJACPKKH HMPUHATHS
pelleHHi U OnepaTUBHOM aHATUTUYECKOM 00pabOTKHU TaHHBIX Ha OCHOBE X/I (XpaHMIMIL] JaHHBIX).
PaccmoTpens! Hanbosee nonyssipHele Tuibl apxutektyp CIITIP, ux npenmymiecTBa U HeJOCTaTKH,
a TaKk)Ke TeXHOJIOTUU 00pabOTKH TaHHBIX B PealbHOM MacIiTabe BpeMEHHU.

Cratbst PusBanoBa JI.A. (YuUMCKHI TOCYJapCTBEHHbBIM aBHAIIMOHHBIA TEXHUYECKUN
YHUBEpCUTET, T. Yha), mocBaiieHa pa3paboTKe METOJO0JIOIMYECKHX OCHOB MOJJEP’KKU MPUHATHS
peUIeHUN IIpU  YIOPABICHUM pPECypcaMU B CIOXHBIX CHCTEMAaX B YCIOBUAX JIWHAMUYHO
M3MEHSIoIeNcss BHeHeW cpeabl. OTIMYUTEIbHONH OCOOCHHOCTBIO MpeUlaraéMoil MEeTOA0IOTUU
SBJISICTCS. MHTETPalldsl MHOIOAr€HTHBIX TE€XHOJOTHM U OHTOJOTMYECKMX MOJEIEH, 4TO IO3BOJISAET
YUUTBIBaTh c1abo ¢opmanuzyeMmyro HH(popManuio o mpeaMmeTrHoi obmactu. MccnenoBanue
BBIIIOJIHEHO IIpHU noaep:kKke rpanToB PODU.

B cnenytomeit cratbe, PusBanoBa [I.A. u Yepnsimesa E.C. (Ypumckuii rocyaapcTBeHHBIN
aBUALIMOHHBIM TEXHUYECKUH YHUBEPCHUTET, I. Y(]a), MOCBAIMEHHONH YINPaBICHUIO pecypcamMH IpH
IJIAHUPOBAHUM  Pa3BUTUSA  IPOU3BOACTBEHHBIX  MOIIMHOCTEH  NPEANPUATUSA, PACCMOTPEHO
IpPUMEHEHHE TPEeAJIOKEHHOM Meroposnoruu. Jlns oOecrneyeHHs TUIAHOMEPHOTO — Pa3BUTHUS
IIPOU3BOJCTB U CO3JAaHMS HOBBIX IPOM3BOJCTBEHHBIX MOILHOCTEH IPEIIaraeTcsi HCIIOIb30BaTh
OCHOBAaHHOE€ Ha MHOTOAareHTHOM TIOJXO/€ pa3pabaTbiBaeMoe MpOorpaMMHOE oOecreyeHue
MH(POPMAIIMOHHOMN MOICPKKU MPUHATHS PeIIeHUi pu yIpaBJIeHUH pecypcaMu Ha MPOU3BO/ICTBE.
Pe3ynpTaThl TakKe MOJIy4eHbl IPU YaCTHYHOW (PMHAHCOBOM MOIepKKe TpanToB PODU.
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Ilpeducnosue peoaxmopa

B craree 3aropynsko FO.A. u I'.b. (MactutyT cucrem nnpopmaruku um. A.Il. Epmosa CO
PAH, r. HoBocubupck) 060CHOBBIBacTCS HEOOXOUMOCTh OPraHU3AIMH KOMIUICKCHOW TOIICPIKKU
mporecca pa3pabotku wuHTewekTyanbHbix CIIIIP B cnabodopMann3oBaHHBIX IPEAMETHBIX
00JIaCTSIX, OMHUCHIBAIOTCS BO3HHUKAIOIIME IPH 3TOM MPOOJEMBI, MPEUIaraloTcs MOAXOIBI K HX
pemieHnto. PopMylIupylOTCS LEdb W 33Ja4d HWHULUATUBHOIO IPOEKTA, BBIIOJIHAEMOIO IIpU
nonjaepxkke PO®U, HampaBieHHOrO Ha pEUIEHME YKa3aHHOM MpoOJeMbl, ONMCHIBAIOTCS
COBPEMEHHOE COCTOSIHUE MCCIIEJOBAHUH B 3TOW 00JIACTH U MpeJIaraéMble METO/IBI.

3aBepmaer pazaen cratbs Kononenko W.C., CunmopoBoit E.A. (MuctuTyT cCucrem
unpopmarukun uMm. A.Il. EpmoBa CO PAH, r. HoBocubupck) u Bepembsuunoii A.O.
(HoBocubupckuii HaMOHANBHBIN UCCIIE0BATENILCKUN TOCYAaPCTBEHHBI YHUBEPCUTET), B KOTOPOIi
npeUlaraeTcsi MOAXOA K PEUICHHUIO 33/a4d HM3BJICYCHHs HH(OpMAIMM O COOBITHAX B 00JacTH
SHEPIreTUKU M3 TEKCTOB HOBOCTHBIX 3aMeTOK. Vcrmonb3yemasi 6a3a 3HAHMH BKIIIOYAET OHTOJIOTHIO
NPEeIMETHOM 00JacTH W JIMHTBUCTHYECKHE PECYpPChL: CJIOBaph CEMaHTHYECKH pa3MedYeHHOU
MIPEIMETHOM JIGKCUKH, CJIOBAPh MOJIENICH YIpaBICHUS MMPEIUKATHBIX JIEKCEM, MOJIETb (hOpMaIbHON
M OJKAaHPOBOM CErMEHTAllMd TEKCTa, M CXEMBbl H3BJICYCHHS (PAKTOB, KOTOPBIC CBS3BIBAIOT
OOHapy>KCHHbIE B TEKCT€ TEPMHHBI W KOHCTPYKIIMH C OJJIEMEHTaMu OHTonoruu. Pabora
BBIITOJIHAETCS IIPU OAAEpKKe rpanTa POOU.

Tperuit pazpen «HPOpMAIMOHHBIE CHCTEMBI H TEXHOJOTHU» OTKPBIBACTCS CTaTheH
3onoryxuna JI.E. (MaCTHTYT MOpCKO#t reomorun u reopusuku [IBO PAH, r. FOxHo-CaxanuHck).
B cratbe paccmarpuBaeTcs aHOMAJIBHOE MOPCKOE IMOJATOIICHHE OEperoBO MOJIOCHI B CEBEPHOU
yactu Oxorckoro mopsi. Ha ocHoBe aHanu3a JAaHHBIX HAOJMIOJEHUN U PE3yIbTaTOB YHMCIECHHOTO
MOJIETIMPOBAaHUS B3aUMOJIEUCTBUSL aTMOc(epbl U OKeaHa aBTOp MPEANoJaraeT, YTo aHOMalbHOE
MOPCKOE TIOATOIJIEHWE OeperoBod IMojockl B pailoHe mocenka OXOTCK ObBUIO BBI3BAHO
METEOILlyHaMH, MOPOXKIEHHOM BBIXOJIOM TJIyOOKOro IHuKIOHa ¢ Tuxoro okeaHa. Pe3ynbTarhbl
UCCIIEIOBaHUsI TOBOPSAT O TOM, UTO METEOLlyHaMH, BbI3BAHHbBIE JBUKEHHEM LUKIOHOB,
MIPEACTABIISIIOT CEPhE3HYI0 YIpo3y A nmodepexbs Jansuero Boctoka Poccum.

B cnenyromeit cratbe, bioxuna A.A. (Mucturyt cucrem sHepretuku uM. JI.A. MeneHrbeBa
CO PAH, r. UpkyTck), paccMaTpUBalOTCsi BOIPOCH pa3pabOoTKU U MPUMEHEHUS UHTEUIEKTYaIbHON
MH(OPMALIMOHHONW CHCTEMbI JJIi MHTETPaIbHOM OIIEHKM KadyecTBa JKM3HU C YYETOM YpPOBHS
00ecre4eHHOCTH 3HepropecypcaMu. ABTOp IpejiaraeT MCIOJb30BaTh KOTHUTHUBHBIE MOJENN IS
ONMCAaHUs UHJIUKATOPOB KAyecTBa KM3HHU, YTO MO3BOJISIET pa3padaTbiBaTh HOBBIE METOMABI OLICHKU
KauecTBa JKU3HU W/WINM OLIEHUBATh CYIIECTBYIOIIUE, a TAK)K€ HCIOIb30BaTh METOJIbI CLEHAPHOIO
MIPOrpaMMHUPOBAHUSI IPUMEHUTENIBHO K MHIMKATOpaM KayecTBa JKU3HH.

B crarbe Kopurynosa C.A., ITaBnoBa A.U., Hukonaituyk O.A. (MHCTUTYT TMHAMUKU CHUCTEM
u teopun ympasienus CO PAH, r. UpkyTck) paccMaTpuBaroTCs BOMPOCHI peau3aiii 000I0YKH
MPOIYKIIMOHHOM 3KCHEpTHOM cucTeMbl B Buae web-npunoxenus. [Ipeamnonaraercs, 4to AaHHas
000JI0UYKa TMO3BOJIMT CHEHHATUCTy B MPEAMETHOM o00JacTh pemarb HpoOJieMbl, HUCIOJIb3YS
c(OpMUPOBAHHbBIE UM JIOTHUECKHE MpaBUia, OMUCHIBAIOIINE TUHAMHUKY HCCIEAYEMBIX MPOILIECCOB.
Web-moctynm k 000j049Ke 00ECHEYUT BO3MOXKHOCTH €€ KOJUIEKTHBHOTO WCITOJIb30BaHMs, YTO
0COOCHHO Ba)XKHO TNpPHU MEXKIUCHMUIUIMHAPHBIX HCCIEAOBAHMSIX, TPEOYIOUIMX pabOThl KOJIJIEKTHBA
CHEIHNaIMCTOB U3 pa3HbIX obnacTel 3HaHuii. PaboTa BeIonHeHa mpu nojajaepkke rpanta POOU.

Tpu mocneaHMX CTaTbU ATOTO pasjesia MOCBAILIEHBI Bompocam Oe3omacHocTu. B crarbe
Hoceipesix E.B. u JLJI. aHanmu3upyroTCsi CYIIECTBYIOIIME TMOIXOAbI K ONPEAEIICHUIO
6e3onacHoctd. Ha ocHOBe aHanu3a CTPYKTYphl JaHHOTO MOHSATHUS aBTOpaMU IPeIaracTcsl HOBBII
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Maccenw JI.B.

MOJX0/A: 0e30MacHOCTh paccMaTpUBACTCS HE KaK COCTOSHUE WM CBOMCTBO, a KaK OTHOIICHUE
MEXAy JABYMs CHCTEMaMHd, IIpM KOTOPOM OJHAa M3 CHUCTEM HE MOXET HAHECTU Jpyrou
HEIOMYCTUMBIH yiep6. McXos U3 JaHHOTO MOJI0XKEHHUs, ITpeyiaraeTcs: (opMalibHOE ONpEeeTICHIE
0€30MaCHOCTH C MCIIOJIb30BAaHUEM alllapara TEOPUU BEPOSITHOCTEH M MAaTEMaTHUYECKON CTaTUCTUKU.

Komnexktus aBropoB: 3ybapes U.B., Kuakos N.B., Kagymkun U.B. (OI'BY «3 LTHUN»
Muno6oponst Poccumn, r. Mocksa), MegosmukoBa C.A. (AO «Hay4Ho-ipou3BOJACTBEHHOE
npennpusitue «Pyouny, r. [leH3a) B cBoeil cTaTbe paccMaTpUBAIOT KJIACCH(PHUKAIMIO YSI3BUMOCTEH
WHPOPMAIIMOHHBIX ~ CHUCTEM, YYHUTHIBAIOIIYIO  OTAalHOCTh  JKU3HeHHoro 1mkia WC, wu
¢yHnkunonanbHbple KOMIOHEHTH MC, B KOTOpBIX COJEpXkKAaTcs YSA3BHMOCTH, a TaKXe CTPYKTYpPY
ONUCAHMUS YA3BUMOCTH, HCIIOJIb30BaHUE KOTOPOM IO3BOJIUT OOECHEYUTh JIOCTATOYHOCTD
uHpopmanuu a1 uaeHTuukanun ys3sumoctd IC 1 BeimonHeHus paboT Mo UX aHAIU3Y.

B 3axmountensHoi crathe Bbimycka [opObuieBa A.JI. (OOO mo 3amute wHbOpMaIuu
«Cexkper-CepBucy», r. Upkyrck) mpeuiaraetcsi HOBBIM MOJAXOJ K PELIEHUIO 337aud MOCTPOEHUS
CHCTEM 3alIUThl WH(GOpPMAIIMM B YaCTH OPTraHMU3ALMOHHO-PACTIOPSIIUTEIHHON JTOKYMEHTAIMH, a
TaK)K€ MOJJECPKKU CIIEHHUATUCTOB B MPUHATUU KIHOYEBBIX PEIICHUN MO BONPOCAM NOCTPOEHHUS
CHCTEM 3aIIUTHl THPOPMALIMU B KPUTHUECKUX HHPPACTPYKTYpax.

Takum 00pa3oM, OmMyOJIMKOBAHHBIE CTaTbU 3aTPAruBalOT OCHOBHBbIE PYOPHKH TEMaTHUKU
Haleil KoH(epeHIny, 1, HaJeeMcs, OyayT WHTEPECHBI HAIlUM YuTaTesiM. [1oHbIe TeKCThI BCeX
CTaTel, B COOTBETCTBUU C COIIALLIEHUSIMH, MOJIUCAHHBIMU aBTOPAMU IIPU PETUCTPALIMM Ha CanTe
koHpepenmu http://imt.isem.irk.ru , momemiatorcs B E-Library u unnexkcupyrorcs 8 PUHLI.

B 3axiroueHue BhITycKa MPUBEACHBI MPaBUIIa MOJIa4M CTaTel B KypHaI. Byaymux aBTopoB
IpocuM oOpamiaTh BHUMAaHHWE Ha CPOKM TOJAauu CTarell ¥ TpeOoBaHHS K UX O(OPMIICHHUIO
(cMoTpuTe Ha caiiTe KOH(EPEHINH), OTIMYAONIUECcs OT TPeOOBaHWUN K CTaThIM B COOpPHUKAX
MPEIBIIYIINX JIET.

Tperuit BbIyck BBIXOAUT B Havaje jera 2016 r. BcmoMHUM, YTO «IETO — 3TO MaJleHbKas
KHU3HB!» XoueTcs Mo)KeaaTb aBTOpaM M YMTATeNsIM, 4YTOOBI 3Ta KH3Hb OKaszajach Uil HHUX
HACBHIIIEHHOW W IUIOJIOTBOPHOM, OOraroil Ha HMHTEPECHbIE COOBITHS, KOTOPBIC IMMO3BOJIMIM Obl
COBMeIIaTh M paboTy, u oTAbIX. JKemaeMm BceM HaOpaThCsl CHII, HOBBIX MJIeHl M BIEYaTJIEHUH Ha
Haeit XX| Baiikanbckoif konpepeniuu B urose 2016-ro!

JI.B. Macceinnb
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AHHoTanus. PaccMoTpeHa 3aja4ya cMHTe3a yHpaBieHUs Ipymnnoil podoros. B 3anaue
HE00XO/AMMO TepecTpouTh TIpyIny poOOTOB M3 pPa3HbIX HayajdbHBIX YCIOBUI B
TEPMUHAJIBHOE COCTOSIHHE C Yy4eToM (pa30BbIX OrPAHMYEHUN M HUCKIIOUEHHS
CTOJIKHOBEHUH Mexay poboramu. J[jist perieHus 3a1aun UCIOIb3yeTCs 3BOTIOLMOHHBIH
YHMCJIEHHBIM METOJ, MHOTIOCIOMHOIO CETeBOro omeparopa. IlepBoHadanbHO permaeTcs
3ajaya crabunuzanuu podora. Ha 3ToM sTane MeTooM ceTeBoro oneparopa HaxoIuTcs
yIpaBJIeHUE B BHUJE DPETYJATOpa OOpaTHOM CBsI3M, KOTOpoe cTabmim3upyer poOorta
OTHOCHUTEJIBHO 33JaHHON TOUYKH ITPOCTPAHCTBA COCTOSIHUN. Ha BTOpOM 3Tane HaxoasTces
IIPOCTPAHCTBEHHbIE TPAEKTOPUH, IO KOTOPHIM POOOTHI ABHUrarOTCS M3 TEKYIIEro
COCTOSIHMSL B 3a/laHHOE€ TEpMHUHAIbHOE cocrosiHue. Ha Tperpem »sTame meromom
MHOT'OCJIOHOTO  CETEeBOr0 OmepaTopa HaXoAUTCs cucreMa JuddepeHIuanIbHbIX
YPaBHEHHUI, YacTHOE pEIIEHHE KOTOPOM alIpPOKCUMHUPYET IPOCTPAHCTBEHHBIE
TPAeKTOpUU JIBUXKEHUs pOOOTOB, HaliZleHHbIe Ha BTOpoM 3Tare. C Lenblo HCKIIYEHUS
CTOJIKHOBEHHUH BceM poOoTaM B MpoOLECCce YNpaBJIEHUs MPUCBAUBAIOTCS MPUOPUTETHI B
3aBUCUMOCTH OT HX pACIOJOKEHUS OTHOCUTEIBHO TEPMHHAIBHOTO COCTOSHUS.
[IpuBeneH nmpuMep CUHTE3a YIPaBJIEHUS TPYIION U3 TpeX MOOMIBLHBIX POOOTOB.
KiroueBble cj10Ba: CHHTE3 YIpaBlIEHUs, YIOpaBJIeHHE TIPYNIol poOOTOB, METOX
CETEBOI0 OIepaTopa.

BBenenne. CuHTE3 CUCTEMBI YIIPABICHUS TPYNIIONH poOOTOB SBISETCS CETOHS aKTyalbHOM
3agaueil. OCHOBHBIE MpPOOJEMBI, KOTOpbIE BO3HHKAIOT B IIPOIECCE €€ pEIIeHHs, CBs3aHbl C
MOCTPOSHHEM AITOPUTMOB TOMCKA ONTHUMAJIBHOTO YIpaBJIeHHsI, 00€CIEUNBAIOIIET0 MEPECTPOCHUE
rpymnisl poOOTOB U3 OJHOTO CTPOS B IPYTOil, M MCKIIIOYEHUSI CTOJIKHOBEHHUSI POOOTOB MEXAY COO0M
U CO BCTPEUAIOIIMMUCS Ha MyTH NpensTcTBUsAMU. Hanbomnee monmyssipHBIA MyTh pelIeHus 3aadu
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CHHTE32a YIPABJICHUS COCTOUT B CO3JJAHUU CUCTEMbI CTAOMIU3AIMH KXI0T0 POOOTa OTHOCUTEIIBHO
m000# 3a1aHHON TOYKH MPOCTPAHCTBA COCTOSHUM M MOCTPOCHHSI ONTUMAIBHBIX TPACKTOPHHA U3
TOYEK MPOCTPAHCTBA COCTOSHUH, CTAOMIM3aIMs K KOTOPHIM OOECHEUMBACT HYKHOE IBM)KEHUE
KaX/I0T0 po0OTa M3 HAYAIBHOTO COCTOSIHUS WJIM TIOJIOKEHUS B HAYaJIbHOM CTpOE€ B KOHEYHOE
COCTOSIHME WJIH TIOJIOKEHHE B KOHEUYHOM cTpoe. Ilepen mMoMcKoM ONTUMAaIbHOM TPAaeKTOPUH YacTo
pelaoT MPOMEXYTOUHYIO 3a/1a4y HaXO0XICHUS TEPMUHAIBHON TOUKH B KOHEYHOM 3aJIaHHOM CTpPOE
JUTSL KaXKJ0T0 poO0Ta IPYIIIIHI.

Jis pemieHust 3amauu crabwim3anuu ucnonb3ytoT [IW][-perymsropsl, paboTaromiue o
OTKJIOHEHUIO KOMITOHEHT BEKTOpa COCTOSHUH po0OOTa OT KOMIIOHEHT 33JaHHOW TOYKH
CTaOMJIM3alUM MM METOJ MOTEHIHANOB [8], KOTOpBI CHHTE3MpYyeT yHpaBiieHHE KaK (DYHKIIHIO
0o0paTHOW CBSI3U 0 MHUHUMYMY €BKJIMIOBOH HOPMBI DPAa3HOCTH MEXIYy 3HAUCHHEM BEKTOpa
COCTOSIHUM po0oTa W TOUKOM crabwnm3anmu. [Ipy moucke TEPMHHAIBHBIX TOYEK IS KaXKIOTO
poboTa MCHOIB3YIOT AJITOPUTM I pEIIeHHs 3aadyd O Ha3HAUYCHHSX, C MOMOIIBI0 KOTOPOTO
HAXOJAT TaKUe TEPMHUHAIBHBIE TOUKHU ISl KaXKI0TO0 poO0Ta, 4TOOBI CyMMapHBIH IyTh BceX poOOTOB
70 TepMUHAIBHBIX TOYEK OBUI MUHHMAJIBHBIM. 3aJady O Ha3HA4YEHUSX S(PQPEKTHBHO penraet
BeHTepckuit anroputym [9]. Jlns pemnenuns 3amaun n30eranusi CTOIKHOBEHUH MCIIONB3YIOT aJlTOPUTM
OTCTYIAIOIIEr0 FOPU30HTA 5], ¢ TOMOLILI0 KOTOPOTO MPOCYUTHIBAIOT BIEPE]] IBUKEHUS POOOTOB U
OTIPENIeNIAIOT MOMEHT CTOJKHOBEHHUs. Ecim poOOT [OKEH CTONKHYTBCS C HEMOABHKHBIM
MPEMATCTBHEM, TO U3MEHSIOT TPACKTOPHIO JIBMXKEHUS, IIPU STOM 3aHOBO NEPECUUTHIBAIOT 33/a4y O
Ha3HavyeHHsIX. Ecnu poOOT JOMKEH CTOJKHYTHCA C JAPYTUM poOOOTOM, TO poOOTaM Ha3zHAYaIOT
MPUOPUTETHI TIO0 PACCTOSHUIO 10 TEPMHHAIBHOW TOYKH, U POOOT C HAMMEHBIINM MPHOPHTETOM
OCTaHABIIMBACTCS WM COBEPIIACT N30ETAIONINIA CTOIKHOBEHUSI MAHEBD.

B mnHacrosmmeit pabore uis pemieHUs 3aJadd CHHTE3a YIpaBlIEHHs TPYIIoi poOOTOB
UCTIOJNBb3yeM OIMH W3 METOJOB CHMBOJIBHOM PErpecCHH: METOJ] MHOTOCIOWHOTO CETEBOTO
omepatopa [4]. [lepBoHaYaJIbHO ¢ MOMOIIBI0 MeTOAa ceTeBoro omeparopa [1, 2, 6, 7] pemraem
3aady CHHTE3a CHUCTEMBI CTAOMJIHM3AIMHM KaXJI0TO poOOTa OTHOCHUTEIFHO TOYKH TPOCTPAHCTBA
coctossHui. [l pemeHuss 3afaddl  cTaOMIM3allMM  HE 00s3aTelbHO HCIIOJIB30BaTh METO]]
MHOT'OCIIOHOTO ceTeBoro omeparopa. Eciau BEKTOp COCTOSHHST poOOTa HMMEET HEBBICOKYIO
pa3MepHOCTh, TO JIOCTaTOYHO HCIOJB30BATH CETEBOW omepaTop ¢ oxHuM cioeM [3]. TpaexTopun
JBIDKEHUST POOOTOB OMpeseNsieM B BHAE pemIeHHs CUCTeMbl Iu(p(epeHINAIBHBIX ypaBHEHHH,
UMEIOIIEH pa3MEepHOCTh, paBHYIO OOIIEH pa3MepHOCTH 3ajJadyd, KOTOpas paBHA CyMMe
pa3MepHocCTell BEKTOPOB COCTOSIHUI BceX poOoToB. [IpaBbie uactu nudepeHuanbHbIX ypaBHEHNUN
WIIEM C TIOMOIIBI0 METOJIa MHOTOCJIOWHOTO CETEBOro oreparopa. MOMEHTBl CTOJKHOBEHHU
olpeNieNisieM C TOMOMIBIO TIepeceYeHus TaldapuTHBIX oOJacTedl IMONoXKeHusT poOOTOB B
TE€OMETPHYECKOM TMPOCTpaHCTBE. ECIM ompeneneHo CTOIKHOBEHHE MEXIY poOOTaMH, TO OTO
O3HA4aeT, YyTo yros rabapuTHOM oOnacTh OJHOro poOOoTa Momajg BHYTPh TabapuUTHOM o6iacTu
Apyroro po0oTa, Torga K 3HAYCHUsSM (QYHKIMOHAIOB KadecTBa J00aBIsieM BeIWMUYWHY mTpada,
KOTOPBIH pPaBeH HaWMEHBIIEMY PACCTOSHHIO OT HapYIIMBIIETO OTPAaHUYEHUS yIia JI0 TPaHUIIBI
rabapuTHON 00JIaCTH, KOTOPYIO OH HApPYIIMJI. DTO € MPaBUJIO BBHIMOJHSIEM MPH HapyIICHUU
CTaTUYECKHUX OrpaHuveHuil. /[ Bcex poOOTOB ycTaHaBiMBaeM MpHOPUTETHL. [lpu oOHapyxeHUH
CTOJIKHOBEHHS MEXTy pOOOTaMH POOOT C MEHBIIIUM IIPHOPUTETOM OCTAHABIINBAEM.

[IpuMeHeHne METOIa CETEBOTO OIepaTopa sl IOCTPOCHUS TPACKTOPUH JIBIKEHHS POOOTOB
MO3BOJISIET C MOMOIIBIO OHOTO CETEBOTO OIEpaTopa 3a/aTh MHOXKECTBO ONTUMAIIBHBIX TPACKTOPHUI
JBWDKEHUS UIS Pa3lIMYHBIX HaYaJbHBIX TOJOXEHWH poOoToB. B pabore paccmMoTpeH mpumep
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CUHTE3a YIPaBICHUS TPYMIOH U3 TPEeX POOOTOB, KOTOPHIE MOKHBI MEpPEeMENIaThCsl B 3aJaHHOE
TEPMHUHATLHOE COCTOSHUE M3 BOCHBMH PA3JIMYHbBIX HAYATbHBIX YCIOBUA.

1. 3agaua cuHTe3a ynpaBjieHUsI TPyNnoii MOOWJIBLHBIX PO6OTOB. 3anaHa MOJETh
OJIMHAKOBBIX MOOUIILHBIX pOOOTOB

X; =Uy;08(6;), ¥; =Uy;sin(8;), 6, :u%'itg(uz,i)’ i=1...,N, (1)

rae (X;,Y;) - KOOpAMHATHI FEOMETPHYECKOrO IIEHTpa i-ro podora, 0; - yroi Mexay mpoaoiIbHON
OCBIO I-TO PoOOTa M OChIO X HEMOJBIKHOM CHCTEMBI KOOpIWHAT, L - rabapuTHBI mapamerp

poboTa, Uj;, U,; - KOMIIOHEHTBI BEKTOpa yIpasieHus i-ro podora, N - konmdecTBo poOOTOB.
3a,I[aHBI OIrpaHUYCHUA Ha YIIPaBJICHUC!:
- + - +
Uy <Up; <Uf, Uy SUy; SUy. (2)

CxemaTnuHO€ M300pakeHrne MOOMIBHOTO poOOTa MpeACTaBIeHO Ha puc. 1.

Puc. 1. 'abapuTHas 001acTh 1 yrnpaBieHue MOOUIBLHOTO poOoTa

Ha puc. 1 (X,Yy) — KOOpAMHATHI YIIOB rabapuTHON 00JacTH pacmonoxeHus podora, 2W

— mupHHa TabaputHOM oOnactu. [[nst ompeneneHus: CTOJIKHOBEHHS pOOOTOB MEXIy coOOi U ¢
JIPYTUMH TEOMETPUYECKMMHU MPENATCTBUAMU HEOOXOJMMO pacrojiaratb HMHpOpManuen o
KOOpAMHATAX YrIOB pOoOOTOB. Jljisi BEIYKCIICHHSI KOOPMHAT YIJIOB i-T0 poOOTa MOBEPHEM CHUCTEMY

KoopauHaT Ha yron 0;. B moBepHyToil Ha yron 0; cucreme KOOpAMHAT OMPEICTUM KOOPAWHATHI
reOMEeTPHUIECKOro LIeHTpa i-ro podoTta
X; = X; €0s(0;) + y; sin(0;), y; =—X; sin(6;) + y; cos(9;) . 3
KoopauHats! yrios i-ro podorta B MOBEpHYTON Ha yroi 0; cucTeMe KOOPIMHAT BBIYHCIISIEM
W3 COOTHOILIEHUH
Xei= %+ (DML, G =5 - (012w, k=1234 (4)
JInst TIOJTydeHHsT 3HAYE€HHs] KOOPAWHAT YIJIOB po0OTa B HEMOIBHKHON CHCTEME KOODIHHAT
BBITIOJTHUM O0OpaTHOE 10 OTHOIIEHUIO K (2) mpeoOpa3oBaHue
X = Xii €0S(0;) = Vi Sin(0;), Yii = X, SIN(;) + Yy cos(6;) , k=1,2,34. ®)
JInst TpOBEPKHM CTOJKHOBEHHs POOOTOB | W | HEOOXOIMMO OIPENETHTh IIOIaJaHne

KaXI0T0 yriia podoTa | B rabapuTHYyIO 00JacTh poboTa i, M, HA00OPOT, MOMaAaHNue KaXI0To yriia
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poborta i B rabapuTHyr o00sacTh poOota . [l BBINOJHEHHUS MPOBEPKH IEPBOHAYAIBHO
BBIYMCIIIM KOOPAMHATHI YIJIOB pOOOTa | B IMOBEPHYTOM HA Yo 0; cHcTeMe KOOpAMHAT, ITOIydaeM
X, (8;) = X, j €0s(6;) + Y ; SIN(6;), Vi j(6;) ==X ;Sin(B;) + Yy  cos(6;), k=1234. (6)

Mot nonananus yria (X j, Yi,j) B 001actTs poboTa i He0OXOAMMO BBINOIHEHUE YCIOBUH

(Yk,j(ei) <X + L)/\(ik,j(ei) > X; — L)/\(yk,j(ei) <V +W)/\(yk,j 0)=>y, -wW), (7)
rae k =1,2,3,4.

Jliss TIONMHOM TIPOBEPKU CTOJKHOBEHHUS JIBYX POOOTOB eIie HEOOXOIMMO IPOBEPUTH
norajanue yrioB pobota i B rabaputHyro 001acts podoTa | .

K (0 <X; +L)A(X;i 0;) =X —DAYii 07) <Y +W) A (Yii (05) 2 Y W), (8)
k=1234.

Beimontaenne omgHoro u3 ycioBuil (6) unu (7) omnpenenseT momaaaHue yria rabapuTHOM
o0acT 0AHOTO pobOTa B rabapuTHYIO 00J1acTh APYroro podoTa.

Jlist mpoBepKH CTOJNKHOBEHHSI poOoToB B rpynmne u3 N poOOTOB TOCTaTOYHO BCeraa
MIPOBEPATH CTOJKHOBEHHUS TOJIILKO MEXIY IMapamMu poOOTOB, TIOITOMY YUCIIO IPOBEPOK VIS TPYIIIIBI
Oyzaet paBHO yuciy pasmenieHuit u3 N mo 2

AZ =N(N -1).
st rpynnm pO6OTOB 3aJ1aH0 MHOYKECTBO HadaJIbHBIX YCIIOBUN

Xo =L Y00, O YR OR ) (O v ™, 00M), o O™ YR™M 6K )Y (9)

3a1aHO0 TEPMHUHAIBHOE COCTOSTHHE POOOTOB
f f f
| X (t) =% <& vi(te) -y [<e, [0 (t;) -6, [<e, k=1...,N, (10)
rjie t; He 3aJaHHOe OrPaHUYEHHOE CBEPXY BPEMs BBIMOJHEHUS TEPMHUHAIBHBIX yCiioBui, t; <t*,

€ - 3aJaHHas MaJas MOJIOXKHUTENbHAS BEMMUYMHA, ' - 3a/laHHOE TIPENENBHOE BPEMS TOCTHKEHHUS
TEPMUHAIBHBIX YCIOBHH
3aaH KpUTEpHUil KauecTBa yrpaBlIeHUs

M N

kZIf 0 (X (8), Vi (8), 6y (1), ug (1), U ())dt | (11)
i=1\ k=1 o :

rJie HWKHUA WHIEKC | TpH CKoOKe (...); O3HAYaeT, 4TO BHIPaKEHHE B CKOOKaX BBIYHCICHO IPH

nauansaex suaveHmax (x>, y2', 09, (x5, y3',0%'), 1<i<M.

HeoOxoanMo HaiiTH yripaBiieHUE B BUJIE

Uik =i (X3, Y2, 01,0 Xy, YN On) » 1=12, k=1,..,N, (12)

KOTOpoe oOecrieunBaeT cOOJI0ACHNE OTPaHUYCHUI Ha yrpasieHue (2) U A JT00bIX HadalbHbIX
yciosuii M3 (9) 3a orpannueHHoe Bpems t; <t' BbIOJHEHHME TepMUHAIBHBIX yciosui (10) ¢
HaMMEHBIINM 3Ha4eHueM Kputepus kauectsa (11).

N3-3a Oonpiioro xoiauuecTBa aprymeHToB 3N Hcmosnb30BaHlEe METOA CETEBOTrO OIepaTopa
JUI  pEelIeHUs 3aJaydl CUHTe3a BIPSAMYIO 3aTPYAHUTENBHO, TOITOMY HCIOJIb3YeM METOJ

TPEXITAITHOTO CHHTC3a YIPABJICHUA. HepBOHaqaano peuracM 3ana4y CHHTC3a CUCTCMbI
CTa6I/IJ'II/I38.I_II/II/I OTHOCHUTENILHO 3aJaHHON TOYKH MMPpOCTPAHCTBA COCTOSIHUM 11 OJTHOT'O po60Ta.
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* * *
Bamaem st K-ro poGoTa TOYKY MPOCTpaHCTBAa COCTOSHUHM, (X, Yy,0,), BEIUUHHBI

OTKJIOHEHUII KOMIIOHEHT BEKTOpa IPOCTPAHCTBA COCTOsHUH, AX,, Ay,, A0, u omnpenenseMm

yIpaBeHHe
ui,k=gi(X:_Xk'y:_yk’eI_ek)’ =12, (13)
KOTOPOE 00ECIICUNBACT JOCTIKCHIE TePMHUHABHON TOUKH (X, , Yy, 0, ) 13 moGoil TOUKH 06IacTH
Xok ={% £AX,, Yy £AY, 0, £A0,}. (14)
B KauecTBe KpUTEpHs ONTUMU3ALMN BEIOMPAEM BpEMS JOCTHKEHHS LIEJIU YIIPABICHUS
J :i(tl)i — min , (15)
i-1

I7Ie CyMMa BBIYMCIISIETCS )1 HaYalbHBIX yCIIOBUM U3 (14)
< + (=DM Ax e+ (D)D) Ay, 0F + (-2)71A0,),i=1,...8, (16)

t, ecmm t <t™ m max{| x, — () |,| y, — y®)|,|0, —0(t) [} <e

17
t* - wHaue (1n

t1:

[Tocne cuHTE3a cUCTEMBbl CTAaOWMIM3AlMU WM HaXOXIeHus QyHkuuit ynpasieHus (13)
JIBUKEHHE POOOTOB B MPOCTPAHCTBE COCTOSHUM OCYIIECTBIAETCS C IOMOIIBI0 H3MEHEHUS

* * *
HOJIOKEeHUs] TOYKK ctabumusauun (X, Yy, 0, ), mo3TOMYy 1U1sl yripaBieHHs poOOTaMH HEOOXOIUMO

HaWTH ONTUMAaJIbHBIE IPOCTPAHCTBEHHBIE TPACKTOPUH U3 TOUYEK IPOCTPAHCTBA COCTOSHAN

Tk,j = ((X;,j’]_; y:yjllye;’j,l),...,(X:,j'r, y;,j,rj ,e;j’rj )),k :1,, N y J :1,..., M y (18)

rJIe TPACKTOPUHU CTPOSITCS IS KaKAOTO K-ro poboTa W3 Ha4aabHOTO COCTOSHHUS (XS'k , yfj*",eﬁ"‘) B

KOHCYHOC COCTOSAHHC

X;,j,l’j = ka’ y;,j,l’j = ykf ' eE,j,l’j :elz . (19)

[Tpu moucke ONTUMAJIBHBIX TPACKTOPUIN B BHJE HAOOPOB TOYEK MPOCTPAHCTBA COCTOSHUMN

BCEX pOOOTOB MCHOJB3YEM 3aJaHHBINA KpuTepuil kauecTBa (11) 1 yuuTHIBa€M CTOJIKHOBEHUS MEXKAY
poboTamu ¢ momoripio mrpada. Ha prc. 2 mpuseneHo Hapyiienue yriaom K po6ora j raGaputHoit

obmactu pobora i.
Bemnuuny mrpada 3a mHapymenune yriaom K poGorta | rabGaputHo#t obmactu pobora i

OIpeacisicM B Ka)K}II)IfI MOMCHT BPEMCHHU 110 MUHAMAaJIBEHOHM BEITHYHNHE HapyHICHI/Iﬁ

p(, j,t) = min{] 72,i —X; _ik,j || i1,i -X _ik,j | yl,i -Vi— yk,j || yS,i -y - yk,j }. (20)

X247 % T Xk, X~ X — X j
R S
é ! Vi = Vi }/1\]
A
(J‘k_.ij..j) Yii = Vi Vi
v

Puc. 2. lllTpad 3a cronkHOBEHHE POOOTOB
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WuTterpansl OT BeNMWYMHBI MmTpada BBMHUCIASEM Ui Bcex M  HadanbHBIX YCIOBHUH,
cymmupyeMm u nobasiseM K GpyHkiuonany (11). ITouck onTuManbHBIX TPaeKTOPHA B BHIe HAOOPOB
Touek (18) ocymiecTBisieM 1o KpUTEPUI0 MUHUMYMa CyMMapHOTo (DyHKIIHOHAJIA

YN N
+Z [>> e j, t)dt — min. (21)
1=1\ oi=l j=1
[Tocne HaxOX/1€HNS ONTUMAJIBHBIX TPAEKTOPUM B BUJIe MHOXECTB (18) Touek nmpocTpaHCcTBa
COCTOSIHUH BBITIOJIHAEM TPETUH 3Tall CHHTE3a M CTPOUM CHCTEMY UG depeHINaTbHBIX YPaBHEHUH,
YaCTHBIE PEIICHUsI KOTOPOH alMpOKCUMHUPYIOT TOUKH ONTUMAJIbHBIX TPACKTOPUN

X = i (X = X0 XN = XN YD Ve Y YN0 =01, 00 —0y), (22)
Vi = Qo (4 =X XN = XN YE =Y YN~ Y00 07,0y —0y),  (23)
O = Gap (X = X[ 1o XN =X, Y1 =Yoo Y — YN0 —07,, 0y —0y),  (24)

I'/I€ IPaBbIE YACTHU SABJISIOTCS UCKOMBIMU (DYHKIUSMU R >R k=1..,N.

CTpyKTypHasi cxeMa CHUCTEMbl YIpPaBJCHUS MOOWJIBHOrO poOoTa MpHBEICHA Ha pHC. 3.
['eneparop TpaeKTOpHii Ha PHC. 3 pealu3yeT pelIeHUe CUCTeMbI ypaBHeHwui (22) — (24).

Jlnst perieHus 3aa4 MACHTH(GHUKAIMN MOJIEIIN TeHepaTopa TPACKTOPHil HCIIOIb3yeM METO/
MHOT'OCJIOHHOTO CETEBOT0 OIEepaTopa.

(uy sty 1) (X% Ve>Or)

MoOnabHBbli podoT &

A4

Cucrema
CTa0MIM3AIHHA
L o B
(% Vi -0 ) | I'eneparop
TPaeKTOpHi ¥ % 8
(X% V> Or)

Puc. 3. Cucrema ynpasieHuss MOOMIIBHOTO poOoTa

2. MHoOroc/10MHBII ceTeBOii oneparop. Pemienne 3a1aun CHHTE3a OCYLIECTBIISIEM METOAOM
cereBoro omeparopa [1]. Meroa cereBoro omeparopa MO3BOJSET C MOMOIIBIO 3BOJIOIMOHHOTO
aIropuTMa HaXOJUTh CTPYKTYPY U IapaMeTpbl MAaTEMaTUYECKOTO BBIPAXKEHUs, 3aKOJUPOBAHHOTO B
BUJIE OPUEHTUPOBAHHOIO Trpada win HeaoyrcIeHHONH MaTpulbl. [locKobKy BEKTOp MpOCTpaHCTBA
COCTOSIHUM MHOXecTBa poOOTOB HMMEET BBICOKYIO pa3MEpHOCTb, B YAaCTHOCTH, IS
paccMaTpuBaeMoit MojienH (3) MOOMIIBHOTO poOoTa pa3MepHOCTh BEKTOpa cocTosHus paBHa 3N, To
IpPU MCIOJIB30BaHUM OJIHOTO CETEBOr0 OIlepaTropa HEOOXOIMMO 3a/aBaTh MATpHIy CETEBOIO
oreparopa OONBIIOW pa3sMEpHOCTH. 3aMETHM, 4YTO KOJMYECTBO CTPOK B MAaTpHIE JIOJHKHO
IIPEBOCXOUTh BEIMYMHY, PAaBHYIO CyMM€ KOJIMYECTBA apryMEHTOB U KOJIMYECTBA BbIXOJIOB. lIpu
YCJIOBUHU BKJIIOYEHHUS B (DOPMYJIBI HCKOMOT'O BBIPA)KEHHUS B KAUECTBE apI'yMEHTOB ONTUMHU3UPYEMBIX
[1apaMeTpoOB, KOJIMYECTBO KOTOPBIX, IOIMYCTUM, PAaBHO KOJIMYECTBY IIEPEMEHHBIX, TO PA3MEPHOCTD
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MaTpHIIBI OJIHOTO CETEBOTO omeparopa noiikHa npeBbimarh BenmmauHy 9N x9N . [enecoobpasHo
pa3duTh rpad ceTeBoro onepaTopa Ha HECKOJIBKO MOArpadoB U COOTBETCTBEHHO MATPHUILy CETEBOI'O
orepaTopa Ha HECKOJIbKO noamarpull. CeTeBoil orneparop, COCTOAIIUN U3 HECKOJIBKUX CETEBBIX
OIIepaTOPOB, HA3bIBAEM MHOT'OCJIOMHBIM CETEBBIM OIIEPATOPOM.

MHOTOCIONHBIN CeTEeBOW OMepaTop COCTOUT M3 HECKOJIBKUX COEIMHEHHBIX MEXIY COO0i
ceTeBbIX onepaTopoB. CTPYKTypa COEIUHEHHMI CETEBBIX OINEPATOPOB ONMCHIBAETCS B MaTpuULE
CBs3el, KoTopass uMmeeT pasmepHocTb K x 2|, rie K — 4uClIO ceTeBbIX ONEpaTOpPOB WM YHUCIIO
cioeB, | - KOIMYECTBO BXOJOB B OJHOM CJIO€. BBIXOABI MHOIOCIOMHOIO CETEBOrO OlepaTopa
YKa3bIBalOTCA B MAaTpULE BBIXOIOB pa3MepHOCTbI0O M x2, rae M — pa3MepHOCTb BEKTOPHOM
(yHKINHU, ONUCHIBAEMOIl CETEBBIM OIIEPATOPOM.

PaccMoTpuM mpuMep KOIMpOBAaHHS MAaTEMAaTHUYECKOIO BBIPAKEHHUS C  IOMOIIBIO
MHOT'OCJIOIHOTO ceTeBoro oneparopa. Ilycts 3a1aH0 BEKTOpHOE MaTEMAaTUUECKOE BbIPaKEHNE

y; || cos(x, +sin(x, +05))
{yj B [e‘“*qz cos(Xz — Xf)]

[TycThb 3aaHBbl CeIyIOIIEe MHOKECTBA (DYHKIINN

Fo ={fo1=%1: fo 2 =%z, fo3 =0, fou =021},
2 - -
Fo={f1(2) =2, f,(2) = -2, fi3(2) =€", f14(2) = 27, T 5(2) =sin(2), f 4(2) =sin(2)},
F, ={f,1(21.2,) =2, + 2,, ,,(21, 2,) = 2,2, }-
[Toctpoum Tpad ceTeBoro omeparopa coriacHo u3BecTHOM Mmeroamke [1]. IomyueHHBIH
rpad ceTeBoro oneparopa mpeCTaBiICH Ha puc. 4.
Pazobbem cereBoil omeparop Ha Heckosnbko moarpadoB. Kaxaeii moarpad HaspiBaeM

cioeM. [TonydeHHbIe mocie pa30ueHusl TPU CJI0sl CETEBOTO OlepaTopa Mpe/ICTaBICHbI Ha PHC. 5.
[TocTpouM MaTpHIIBI CETEBOTO OIEpaTOpa IS KaXI0ro CIIOs, MOJydaeM

Puc. 4. CereBoii oneparop MaTeMaTHYECKOTO BBIPAKECHHS

000100 000100 000400
000100 000200 000040
y /000010  _|000010f  _|000001
171000150 "27/000110) "37j000120}
000016 000013 000016
000001 000001 000002
Jlns onucaHus yCIOBHI COSMHEHNST MAaTPUI] HCTIOJIB3YEM MATPHUILy CBSI3HOCTH
020401
x=/0103014
010226
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Puc. 5. Ciou cereBoro orneparopa

Nudopmarrys 0 BEIX0aX CETEBOr0O ONepaTopa COAEPXKUTCS B MaTpHIle BoIxomoB Q =[o; j] ,

KOoTopasi uMeeT pazMepHocTs M x 2. Jlns paccMaTpuBaeMoro npumepa mMaTrpuiia BbIXOJOB HMEET

Q:[:l3 g]

I[Hﬂ BBIYUCIICHUSA PE3YIbTUPYIOLICTO MATEMATUUCCKOTO BBIPAKCHUA HCIIOJIB3YCM BCKTOPLI

BU/I

y3n0B z¥, rme k - HOMep cios. KOMIOHEHTHI BEKTOpa Y3JIOB KAXKAOTO CJIOS COOTBETCTBYIOT
KaXJIOMy y3lIy B rpade, WM CTPOKE B MAaTpPHUIIC CETEBOrO ONEpaTopa, M COICPKAT Pe3yabTaThl
IMPOMCIKYTOYHBIX Berunciaennii. CaMu BBIYHCIIEHUS OCYHICCTBIIACM  IJIA Ka)KIIOfI MaTpulbl,
MOCJICIOBATEIbHO TPOCMATPUBas KaXIyK0 CTPOKY M HAxXOJs B HEW HCHYJIEBBIC 3JICMEHTHI, IO
cienyromen hopmyie

0
|25y, s €CIH Oy o g =0
r T4 - uHaue (25)
Ok,2r-1:k,2r
f (z, i, f (z:)), ecm i =0
2w ki Ty ki) Vi,
Z, j «— Wk, j,i J VK., j I i,] ’ (26)
Zy j -uHA4e

rie ¥y =[wy;;l, £=[oxm], M=1...,21, k- nomep crost, k=1,...,K, r — Homep BbIXO1a,
r=1%....,1, i - Homep cTpoku B Marpuiie ceTeBoro omneparopa, 1 =1,...,L -1, j — HOMep cTonbIIa
B Marpuile cereBoro omeparope, j=i+1...,L, f ,(z) — dynxiuus womepom d c omHuM
aprymentom, f,,(2;,2,) — bynkims Homep g ¢ IByMS apryMeHTamy.

BBIXOIBI CETEBOrO OMEpPaTOpbl OMPEACNIseM IO MATPHUIIE BBHIXOJOB B COOTBETCTBHU C
bopmyoi

Yi =Zg 1m0 1=L M. (27)

3. BbIUMCIHTEIbHBIH JKCIHEPUMEHT. PaccMOTpUM TpHMEp pelleHHs 3aJayd CHUHTE3a
ympasierust Tpemst poboramu, N =3. B mpumepe 3agansr Tpu poboTa, MaTeMaTHIECKHE MOJIEIH
KOTOPBIX ONHCHIBAtOTCS ypaBHeHusiMH (3). T'abapuTHbIC pa3Mepbl KaI0ro poOOTa OIMpeIe/ICHBI
penumunHamMu: L =2, W =1. 3agansl BoceMb HAYAIBHBIX 3HAYECHUI:

Xo ={((-10,2,0),(-10,4,0),(-10,6,0)),((210,2,0), (—10,4,0), (-10,6,0)),
((-10,2,0),(20,4,0),(-10,6,0)),((-10,2,0),(-10,4,0), (10,6,0)),
((10,2,0),(20,4,0),(-10,6,0)),((10,2,0),(-10,4,0), (10,6,0)),
((-10,2,0),(20,4,0),(10,6,0)),((10,2,0),(20,4,0), (10,6,0))}.
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3a1aHbl TEPMUHAIBHBIC YCIIOBHSL:
Xi _Xi,f == O, yI - yi,f = 0, el _ei’f =0, i =1,2,3,
rae X ¢ =9, Vit =0,0.1 =0, Xp1 =0, Yo =0,0,¢ =0, %3¢ =5, Y31 =0, 05 =0.
KpI/ITepI/Iﬁ KadeCTBa yHpaBJICHUA OIMPCACIIACTCA MUHUMaJIbHBIM BPEMCHEM YIOBJICTBOPCHU A

TCPMHUHAJIBbHBIX YCJ'IOBI/Iﬁ
J=t; > min,

rae
— t, ecma max{| X () =X ¢ [ [Yi®) = Vi | [6;(t)=0;¢ [, 1=123}<e
"7t - umave '
£=0,01,t" =12.

BamaHbl cTaTHveckue (a3oBble OrpaHMYEHHs B BUJE JABYX MPSIMOYTOJIBHBIX OOIacTeil ¢
KOOpAMHATaMHK YIIIOB: (X4, Y1), (b, yb), (x4, y3), (x5, yh), i=12, rae X =8, y; =1, x3 =-20,
V=1, % =20,y =16 =8, yi =1, X =20, yZ =1, x¢ =8, y3 =1, X} =8, yZ ~ 1,
x5 =20, yi =-1.

Ha nepBom srtane pewmanu 3agady crabuims3aluu ogHoro podota. s pemenus 3agadu
HCII0JIb30BAJIM METO/ CETEBOr0 orneparopa. B pe3ynpraTe noiayuunu cucreMy cTaduin3anuu

ecITn UJ— >ut

j
eciu Uj <uj, j=12,

rie
0, =3A/2, T, =sgn(3D + B)(e*°+® 1),
A=(C+sgn(A,)e )2+ 1-eC)/L+e )+ A3,
B=sgn(A)e A, C=—0,A0A, +GA, +0pA,,
D =Ecos(A,)+sgn(E)Ee® -1)+1/F,
E=F +sgn(F)4| F | +5gn(Ag sgn(A, ))(e%s%0 9@ VIdeaxdl gy

F = 0540 SON(A VI GeAy | +04A, + s, + (AsAg STA VI dsA, ) +5IN(A,) — QA
q, =10.218, g, =0.4478, q, =1.4932, q, = 0.421, q, =14.377, g, =8.48, q, =0.283,
Ay=X =X, A=Y -y, Ag=0"-0.

X
Ha BTOPOM 3Tall€ HAXOAUM TOYKHU MPOCTPAHCTBCHHBIX TpaCKTopI/Iﬁ I KaXKXK10ro po60Ta nu
KaXXJ0ro HadaJdbHOI'O 3HA4YCHHA. HpI/I JABHXXCHHHU po60Ta K TCpMHUHAJIBHBIM COCTOAHHUAM
HCIIOJIb3YCM 110 JABC TMPOMCKYTOUHBIC TOYKHU MPOCTPAHCTBCHHBLIX TpaeKTOpHﬁ. C yY4€TOM
Ha4YaJIbHbIX U TCPMUHAJIBHBIX YCJ]OBI/Iﬁ KaxKJasa TpaCKTOPpHA 6yz[eT COJACPpKATh 1O 4 touku. Tak Kak

Koin4ectBO poboroB N =3, KONMYECTBO Ha4yalbHBIX YCIOBHH | X, |=8, MCKOMBIX TOuek Ha
TPAEKTOPHH 10 2 M KaXKJas TOYKA OMUCHIBACTCS TPEMsi KOOpAMHATaMHU, N =3, TO BCEr0 MCKOMBIX

Touek 3x8x2x3=144. ]Jlna pemieHus 3a7ayd KCIOJb3yeM BapUAMOHHBIA T'€HETUYECKHUIt
anropuTM. B pesynbrare monyumiu ciaeayromye oNTUMalbHBIE TPOCTPAHCTBEHHBIE TPASKTOPUU:
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T, =((-10,20), (-506,07), (-50-0.7), (-500)); T,, =((-10,20), (-5.5,0.6,-0.7),
(-50,-0.7), (-500)); T,3=((-1020), (-55,06,-07), (-50,-0.7), (-500)); T, =((-10,2,0),
(-55,06,-0.71), (-50,-067), (-500); T.s=((1020), (52.10), (0.1,1,0.24), (-50,0));
T.6 =((10,2,0), (5,2.1,0), (0,1,0.24), (-5,0,0)); T,; =((20,2,0), (5,2.1,0), (0.1,1,0.24), (-5,0,0));
Tos =((10,2,0), (5,2.1,0),(0,1,0.24), (-5,0,0)); T,;=((-10,4,0), (-7.4,0), (-24.20), (0,0,0));
T,, =((-10,4,0), (-7,4,0),(-24.20), (000)); T,5 =((104,0), (5.32.4,0.34), (0.7,0.42,0.52),
(0,0,0)); T,, =((10,4,0), (5.2,2.45,0.33), (0.7,0.4,0.5), (0,0,0)); T,5 =((-10,4,0), (-5,4,0), (-0.6,4,-
0.5), (0,0,0)); T, =((-10,4,0), (-54.1,0), (-0.34,-0.5), (0,0,0)); T,,=((10,4,0), (9,3.8,0.27),
(4.32.2,0.34), (0,00)); T,s=((10,4,0), (9,3.8,0.27), (4.3,2.350.34), (0,0,0)); Ts, =((-10,6,0),
(-5,6.1,0), (0,6.2,0), (50,0)); T, =((10,6,0), (5.8,4.1,1), (5.1,0.47,1.4), (5,0,0)); Ts5 =((-10,6,0),
(-5,6.1,0),(06.2,0), (50,0)); T,,=((1060), (7.45.80.62), (53,23.1.46), (500); Ty5=((-
10,6,0), (-5,6.1,0), (-0.9,6.2,0), (5,0,0)); T, =((10,6,0), (6.6,5.1,0.74), (5.3,2.2,1.47), (5,0,0));
T, =((-10,6,0), (-5,6.1,0), (0,6.2,0), (5,0,0)); Ts4 =((10,6,0), (7.35.7,0.66), (7.1,5.5,0.66),

(5,0,0)).
Ha TPETbEM DJTaAllC AIIIPOKCUMHUPYECM MHOTOCJIOWHEBEIM CETEBLIM OnepaTopoM IMOJTYYCHHBIC

ONTUMAJIbHBbIE TpPAaeKTOpUH. [l pemieHus HUCMoyib3yeM MHOIOCIOMHBIM CceTeBOi omepaTop C
YETBIPbMSI CJIOSIMH, C MATPHUIIAMH CETEBOTO OIepaTopa pa3MepHOCcThio 16 x16.

Bxon cereBoro omeparopa HCHOJIB30Ba 9 jKelaeMbIX IEPEMEHHBIX W 9 3HaueHui
[IapaMeTpPOB, ONTUMAJIbHBIE 3HAYEHMSI KOTOPBIX OIPEAEISUINCh B IPOLECCE IOUCKAa CETEBOIO
oneparopa. B pe3ynprare BXOIHON BEKTOP WM HYJIEBOH CIIOM MHOTOCIOMHOIO CETEBOTO OIlepaTopa

HUMEII BU:
Wo=[x VY, 6, X, Y, 0, X3 V3 63 -9252 -91-82 -9073-81-99 -22].
Martpuipl CI0€B MHOT'OCIIOWHOTO CETEBOr0 OMEPaTopa, a TAKKE MATpPHIA CBSI3EH CIOEB M
MaTpuia BbIXOJ0B UMCIIU CJ'IGI[YIOHH/If/'I BU.

0000001000000000 0000001000000000
0000001000000000 000000100001700 00
0000000100500000 0000000100000000
0000000100000000 0000000100000000
0000000010000000 0000000010000000
0000000010000000 0000000010000000
0000002001000000 0000002001000000
y -|0000000100100000|  _{0000000200100000
t1loooo0000020010000"’ "27/000000002001 00180
0000000001001 000 0000000002001000
0000000000100100 00000000001 00100
0000000000010010 000000000001 O0010O0
0000000000001001 0000000O0O0O0O0OO0O0OO01001
0000000000000100 0o0o000O00O0O0OOO0OO0OOC1O0O0
00000000000O000Q0O010 00000000000O0CO0O010O0
000000000C0O00OOOOO01 000000000O0O0O0OO0OO0OO01
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Homepa OMHApHBIX ¥ yHAPHBIX ONEPaIfii B MATPUIIAX COOTBETCTBYET padote [1].
[TomydyeHHble MAaTpUIIBI MHOTOCJIOWHOTO CETEBOr0 Omeparopa NPEICTaBISAIOT CcO0O0M
OIMCaHME TIPaBBIX YacTei auddepeHnnaNIbHbIX ypaBHEHHH, PEIICHHE KOTOPBIX ANPOKCHMUPYET

TOYKM ONTUMAaIbHBIX Tpaekropui T,, — T,,. Havaneueie ycnmoBua mis Bcex 24 TpaeKTOpHi

onpezesieHbl B NEPBBIX TOUYKAX ATUX Tpaekropuil. Camu 3HA4YE€HUs TPACKTOPUN IOAAIOTCS Ha
CHCTEMBl cTabWiaM3almuu poOOTOB W 00ECNEeYMBAIOT JBMKEHHE pOOOTAa MO TPACKTOPHH.
MopenupoBaHue IOKa3aio, 4TO POOOTHI JBUTAIOTCS TOYHO MO 3aJaHHBIM MPOCTPAHCTBEHHBIM
TPAEKTOPUSAM U IOCTUTAIOT TEPMUHAIBHBIX YCIOBUN 0€3 CTOIKHOBEHHS MEXKIY COOO.

3akiarouenue. [IpeacraBieH TpexdTanmHbI METOJI CUHTE3a YNPABICHUS IPyNIod poOOTOB.
MeTtoa cocTOUT U3 3Tarna cTabuiIn3aluy, NOUCcKa ONTUMANIBHBIX TPAaeKTOpUH U annpokcumaruu. Ha
BCEX OTanax MCHOJb3YIOTCS SBOJIOLMOHHBIE alropuT™Mbl. Ha »JTtamax crabunuzauuu U
anmnpoKCUMAallMu JJIsl  CHHTE3a CTPYKTYpbl M TapaMeTpPOB MaTEMaTHYECKOIO BbIPAXKECHUS
MIPEAJIOKEHO MCIIOIB30BATh METOJ MHOTOCIOWHOIO CeTeBOro omneparopa. IlpennoxeHHslii MeTOq
MI03BOJISIET aBTOMAaTU3UPOBATh MPOIIECC CO3AaHMsI CUCTEMBI YIIPABICHUS IPyNIoi poOOTOB.

Pabora BrimosTHEeHA TIpH TIoJIepxkKe TpaHTOB PODU (Ne 16-29-04224, Ne 14-08-00008-a)
[Mpesunenta PO (MK-6277.2015.8).
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EVOLUTIONARY COMPUTATIONAL METHODS TO SOLVE PROBLEMS
OF CONTROL SYSTEM SYNTHESIS FOR GROUPS OF ROBOTS
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Abstract. The problem of control system synthesis for a group of robots is considered.
The goal is to displace the group of robots from different initial conditions to some
terminal position with regard to phase constraints and avoiding to collisions between
robots. We apply the method of multilayer network operator to solve the problem.
Initially, a stabilization problem is considered. By the method of network operator we
construct a feedback control which stabilize robots in a given point of the state space. At
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the second stage we design spacial trajectories of robots’ movement from a current
position to the terminal position. At the third stage by the multilayer network operator
method we build a system of differential equations which partial decision approximates
spatial trajectories of the movement of robots received at the previous stage. In order to
avoid collisions all robots are prioritized during the control process depending on their
location with respect to the terminal state. The approach is illustrated on the example of
control system synthesis for a group of three mobile robots.

Keywords: control synthesis, robotic team control, network operator method.
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AHHOTAUUsA. ADBpPOCTATHYECKUE JIMHEMHBIE HANpPaBISAIOLIIME HAXOAAT IIMPOKOE
IIPUMEHEHUE B NPELMU3HOHHBIX CTAHKAaX U HU3MEPUTENbHBIX YCTPOMCTBAX, MOCKOJIbKY
MO3BOJISIIOT C OOJBIION TOYHOCTHIO BOCIPOM3BOAUTH JBHXKeHHE. Hampamistomue c
MOPUCTBIMH OTPAaHUYUTEISIMH HaJAyBa W BaKyyMHBIM HarpyXeHHeM o001agaroT
MOBBIIIEHHOW JKECTKOCTBIO M BO3MOXXHOCTBIO YCTAaHOBKHM C OJIHOM CTOPOHBI OIOPHOM
MOBEpXHOCTU. BpiOnpas 3HaueHus JaBlIeHUs HaJlyBa U BAKyyMHOTO NMPUXKHUMa, a TaKxKe
TOJILUHY MOPUCTOr0 MaTepuaia, padoduii 3a30p, MIUPUHY a3POCTATUYECKON OMOpPHI U
BAKYYMHOI'O «KapMaHa», MOYKHO TIOJyYHTh OIOPY C 3aJaHHBIMM I10Ka3aTeIsIMU
Hecylel crnocoOHOCTH, KECTKOCTH, U JAEMII(PUPOBAHUS, @ TaK)KE YMEHBIIUTh PacXoJ]
Bo3ayxa. B pabore mpuBOIMTCS OMMCAHWE MATEMaTUYECKOW MOJENN TakKuX Omop, U
MIPUBOJIUTCS MPUMEP pacuéra JIJIsl ONOpPbI MPSIMOYTOJIBbHON (POPMBI.

KuroueBbie ci10Ba: a’poCTaTUYECKUE ONOpPBI, IOPUCTBIE OrPAHUYMTEIN HAJyBa,
METO/]T MAJIbIX BO3MYIIIEHUH, KECTKOCTD, IeMII(pUPOBAHHUE.

BBenenue. A3pocraTudeckue Onopbl 00J1aJal0T NOYTH HYJIEBBIM KO3 (PUIIMEHTOM TPEHUs B
JBUKEHUH U B MOKOE, a TaK)K€ BHICOKON BHOPOYCTONYMBOCTBIO, YTO OOYCIOBIMBACT UX HIMPOKOE
NPUMEHEHHE B TPEIHM3MOHHBIX CTaHKaX ToYeHUs, uumdoBaHus, Qpe3epoBaHHs, HAHECEHUS
TUGPaKIMOHHBIX PEMETOK, U B M3MepuTerabHoW amnmapatype [1-3]. Mcmonws3oBanue Bo3nyxa B
KauecTBE CMa30YHOr0 MaTepuajla 0COOCHHO MPEANOUYTUTENIBHO TaM, TJI€ IPEIbIBISIOTCS BHICOKHE
TpeboBaHusl Kk yucroTe. HangnyB depes mopucThlif MaTepualn MO CPaBHEHHIO C HAJAyBOM 4epe3
OTBepCTHs o0ecreynBaeT 0oJjiee PaBHOMEPHOE paclpeeiieHue AaBICHUS, OOJBINYI0 MOIBEMHYIO
CIIly U KECTKOCTh MpPU TOM K€ pacxoie BO3AyXa, M, MpPU JOCTATOYHOM JIOMYCKE Ha
MPOHUIIAEMOCTb, JICIIEBJIE B W3TOTOBJIEHUHU. JOMOJHUTENBHBIM NPUKUM HEOOXOAUM IS
yYMEHbIIIEHUs paboyero 3a3opa M yBeduyeHHus xEcTkoctu omnopsl [3, 4]. [IpmwxkuM yacTo co3naror
YCTaHOBKOW JBYX M 0ojiee MPOTHBOHANPABIEHHBIX a’pocrarudyeckux omnop. Hemocrartok sToro
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MOJIX0a COCTOMT B HEOOXOJMMOCTH IOJATOTOBKM HECKOJNBKUX pPa0OYMX TOBEPXHOCTEH H B
YBEJIMUEHUH MACChI IBUKYIUXCS YacTel, UTO OTPULIATENBHO CKA3bIBAETCS HA TOYHOCTHU JABM)KECHUS.
BakyyMHBIii prKuM TpeOyeT U3roTOBICHHS OMOpP ¢ KapMaHaMH M KaHaJaMHU Ui BO3AyXa HU3KOTO
JABJICHUs, M IIOCTOSHHOM OTKAuKH BO3]yXa OJHOBPEMEHHO C HAJJyBOM, 3aTO IIO3BOJIET
WCIIONB30BaTh OJMHOYHYIO omnopy [4, 5, 10, 11, 12]. U300peTénnbie emeé B cepeuHe MpOILIOro
BeKa [4] a’pocTaTuyecKue ONoOphbl ¢ BaKyyMHBIM NPHKMMOM JIMIIb B IOCIEAHEE AECCATUIIETHE, C
pa3BUTHEM TEXHOJOIMM IPOM3BOACTBA IOPUCTHIX MOJAIUMIIHUKOB, BBIIUIM B MAacCOBOE
pou3BoACTBO [5, 11, 12]. Onopsl ¢ MArHUTHEIM IPHKHUMOM Hanbo0J1ee IPOCTO YCTPOEHBI, HO MOTYT
HCIOJIB30BATHCS TOJIBKO HA (hepPOMArHUTHBIX pabounx moBepxHOCTAX [3, 5].

UucneHHOe MOJEINPOBAHNE IBUKEHHS BO3yXa B IOPUCTOM MaTepUalle U CJI0€ BO3AYIIHON
CMa3KM I03BOJISIET HAWTH paclpelesieHUEe JaBJIEHUS BO3AyXa Ha OINOPHOM MOBEPXHOCTH IIpU
3aJIaHHBIX T'€OMETPUYECKUX NapaMeTpax U TUIIE OIOpbI, JAaBJICHUM HAJAyBa U BaKyyMa, 3a/JlaHHOM
B3aMMHOM IIOJIO)KEHUH M CKOPOCTH IMOBEpXHOCTEH cMma3ku. Hecymias crocoOHOCTh BBIUMCIISAETCS,
KaK MHTerpai naBieHus. JKECTKOCTh OMOpPHI MOXKET OBITh OLIEHEHA MO W3MEHEHHIO CYyMMAapHOTO
JEHCTBUS /aBJIEHUS HA IOBEPXHOCTU ONOPHI IIPU MAJOM HM3MEHEHMM 3a3opa. Taxxke kECTKOCTh
BMecTe ¢ JemrdupoBaHueM MOTYT ObITh HaiifeHsl n3 Dyphre-aHanu3a TUHAMHYECKOTO OTKIIMKA
CUCTEMBI Ha BO3MYILICHHE, WU ITyTEM HHTETPUPOBAHMS PEAIBHOM MU MHUMOM COCTAaBIIAIOLICH MaJIOn
MONPaBKU JABJICHUS B METOJE MalbiX Bo3MylleHui. [locnennuii meton TpeOyeT Ha MOPSAIOK
MEHbIIIE€ BBIYMCIEHNUHN, TaK KaK I103BOJISET BBIYUCIUTD JUHAMUYECKHE KOA(PPUIIMEHTHI 32 OAUH LIar
pemieHust auHeHOW 3amaum [8, 9, 13, 14]. Jlna HaxoXIeHHUsS] paclpeicsieHUs] JTaBJICHUS
HCIOJIb3YETCS] aHAIMTUYECKUI MOAXO0] /Ul CUMMETPUYHBIX 33a4 [6], METOJl KOHEUHBIX Pa3HOCTEN
[9] m MeTon KOHEUHBIX 3JEMEHTOB. B mocienHem ciydae daie HCIOJIb3YIOTCd KOMMEpPUYECKHE
WH)XEHEPHBIC MaKkeThl nmporpamm, Takue, kak COMSOL [13] u FLUENT [7].

Bompocam MozaenupoBaHHs ONOp C BaKyyMHBIM IPHXKMMOM IOCBSIIEHO OTHOCHUTEIHHO
HeMHoro pa6ot [10]. B nanHoit paboTe cBolicTBa NMPSMOYTOJIBLHOM OMOPHI C BAKYYMHBIM KapMaHOM
MOCepeIMHE HCCIEAYIOTCS C IOMOUIbI0 METOJa KOHEYHBIX pPa3HOCTE W MeToja MallblxX
BO3MYILIEHUH.

1. Hcxoanble ypaBHeHHMsl. YPaBHEHHE HENPEPBIBHOCTH U1 JIB)KEHHMS Tra3a B
HezepopMupyemMoi OpUCTON cpesie MPUMEHUMO /ISl ABMXKEHUS BO3/IyXa B MaTepualie Onopshl.

~ B
V-(pu)+ma—’:=0 (1)
311€ch p — IIIOTHOCTH BO3/yXa, U - CKOPOCTh BO3/1yXa, M — MIOPUCTOCTH MaTEpHAa.

CornacHo 3aKOHY Z[apcn, ABVOKCHUC XUAKOCTH WM Ta3a B IMOPHUCTOM MAaTCpHaJIC II0MJ

HGﬁCTBI/ICM CHJI JaBJICHUSA OITMCHIBACTCS COOTHOIIICHUEM
u=—"Up (2)

3nech k — MpoOHUIIAEMOCTh TTOPUCTON CPENbl, M — AMHAMUYECKAs BSI3KOCTh JKUJIKOCTU WITH
rasa, p — ruApOIMHAMHUYECKOE JIaBJICHHUE.

HOCKOHBKy A3POCTATUYCCKUEC TMOJIINITHUKA o0ecneunBaOT IMOYTH HYJIEBOC TpPCHUC U
TCIJIOBBIACIICHUE B CUCTEMEC HC3HAYMTCIBbHO, TEMIICpATypa CYHUTACTCA HOCTO?IHHOf/i, U IIJIOTHOCTH
BO3/1yXa MPOMOPIHOHAIBEHOHN JTaBICHHIO.

poxp 3)

C yuérom (2) u (3), (1) mpeoOpa3yercs B ypaBHEHME, ONUCHIBAIOIIEE paclpelesieHne

JaBIICHHSI BO3IyXa B IOPHUCTOM MaTepHale.
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d
Ap* —EEZ2 =0 (4)

Pacnpe/:[eﬂeHI/Ie JaBJICHUSA Ha IOBCPXHOCTHU CKOJIBXKCHHUSA IIpU HpCHe6pe)KI/IMO MaJion
CKOPOCTH CKOJIBKCHHUA OIIHMCBIBACTCS YPABHCHUCM P eﬁHonbnca.

h3 d(ph) dp?
12°T K¢ an ®)
3nece h(t) — TonmuHa IUIEHKM CMa304HOro clos. Ap — JamiacMaH B IUIOCKOCTH

IIOBEPXHOCTU CKOJIbKCHHUS.
Ha FEpMETUYHO 3aKPBITBIX IMOBEPXHOCTAX IIOPHUCTOr0 Marc€pHalia BBIIIOIHACTCA YCIOBHUC
HYJICBOI'O IIOTOKA.

op _
=0 (6)

Ha mnoBepxHOCTH moOIa4u BO3JyXa, B BaKyyMHOM KapMaHe M Ha BHEIIHHX pE&Opax
MMOBEPXHOCTH CKOJILKCHHSI JaBJICHUE (PUKCUPOBAHO, COOTBETCTBCHHO, HA YPOBHSAX Ps, P4 H Dy.
[Ipynyém BeIIONIHAETCA YCIOBUE

Ps < Pa <Dy (7

Cuna peakimy a’poCTaTHYECKON OMOPHI BBIYHMCISETCS KaK WHTETpal Pa3HOCTU JABJICHUN
CBEpXYy WM CHU3Y, YUHTHIBas, 4TO BBIIIC KapMaHa IOJa4i HAa BHEIIHIOIO MOBEPXHOCTH JCHCTBYET
aTMoc(hepHOe JaBJICHHUE.

F(t) = [[(p —pa)dS (8)

2. Meron manbix Bo3mymienuii. JKéctkocte W aemndupoBaHHE B JaHHOM paboTe
OTpeAeNsINCh METOJOM MallbIX BO3MylleHuH. PaccmarpuBaeTcss Majgoe TapMOHHYECKOE
BO3MYIIIEHHE TIOJIOKEHUS OTIOPbI

h = ho(1 + esin(wt)) (9)
TJIe € — BEJIMIMHA BO3MYIIEHUS, € K 1, ® — 9acToTa BO3MYIIECHUS, B JaHHOW paboTe MpHHUMAaeMast
3a 1 pan/c. CooTBeTCTBYIOIIEE paclipenelieHue JaBIeHHs TakkKe OyleT coaepKaTh CTaTUYECKYIO U
Maylo JTUHAMHYECKYI0 KOMIIOHEHTHI.
p(#,t) = po(¥) + ep, (7't) (10)
31ech 7 — TeKyIIue KOOPAMHATHIL.

OTknuk Takxke OyaeT TapMOHUYECKMM. BBeaéM HOBBIE TMEPEMEHHBIE C Pa3MEPHOCTHIO
TIaBJICHUS B KBajpaTe:

po(P)? = go(¥) (11)
po(Pp1(Ft) = g1 (#)sin(wt) + g,(F)cos(wt)

[Toncrasmnss paznoxenus (9), (10) u (11) B ypaBHenus (4) u (5), U BBIUCHIBasT OTAEIBHO
cllaraeMble HYJIEBOTO M TMEPBOT0O MOPSAIKAa MAIOCTH, a TaKKe, CPEIH CIaraéMbIX MEePBOTO MOpPsaAKa
MajnocTd, Kod()(PHUIMEHTH TpH CHHYCE W TPU KOCUHYCE, MOIYYHM CJICAYIOIIYI0 CHUCTEMY
muddepeHIMaTbHBIX YpaBHEHUH Ha go, J1 U 2.

A4g, =0 (12)

frgo -k =0 (13)

2kAg, + %gz =0 (14)

" (30go + 24g,) + 112 g, — 2k 291 — ¢ (15)
12 J90 on

2kAg, = 7= g1 =0 (16)
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h3 h ]
12 2492) == (g1 + 90) — 2k 2= 0 (a7

Crartuyeckass TOIBbEMHAs cUja, S>KECTKOCTb U JIeMI(UPOBAHHWE BBIUUCISIIOTCS IO
cleayomuM hopmynam

Fo = ﬂ(Po —pa)dS (18)
K= ;—1 I 2 ds (19)
C= };—: [f %2 as (20)

3. PesyabTatbl u odcy:xnenue. YpaBHenus (12-17) Obutn pelieHbl, Kak JUHEHHBIC, TIPH
IIOMOIIM METOJIa KOHEUYHBIX Pa3sHOCTEH HA PaBHOMEPHOM IIPSAMOYIOJBHOM CETKE C KOJIMYECTBOM
y310B 120x40x16. Monenb, mapameTpsl ¥ IpaHUYHbIE YCIOBHS TOKa3aHbl Ha puc. 1 u B Tadu. 1.

Tab6auna 1. 3nauenus napaMeTpoB MOJIETHU

IMapamerp 3HaveHue
BsizkocTh Bo3ayxa (ITa*c) 1,7e-5
[Topucrocts, m (%) 12
[Tponunaemocts, k (MkM”"2) 0,0048
JlaBnenue nomaun oTHocutenbHOe (KI1a) 500

JlaBneHnue Bakyyma oTHocuTenbHoe (kl1a) -20; -40; -60; -80
TonmuHa nIEHKM cMa3Ky, 3a30p (MKM) 12

Tonmmaa mopucToro cios (Mm) 8

Jlnvna Hanpasastomei, Ly (Mm) 120

upuna Hanpasisomei, Ly (Mm) 40

Iupura mosiocsl mopucToro Matepuana, W (mm) | 5; 7,5; 10; 12,5; 15; 17,5
JlnmrHa BakyyMHOTO KapMaHa Li-2w

uprHa BakyyMHOI'0O KapMaHa Lo-2w

Ha puc. 2 BuaHO, Kak NOJbEMHAs CUJIA YBEJIIMUMBAETCS MPU YBEIMYEHUH IIUPUHBI MOJOCHI
MOPUCTOTO MaTepuana M yMEHbIIAeTCsl MpU YBEIMYEHUU TIyOMHBI Bakyyma. [lpuuém BTOpOit
3¢(}eKT CcXOAUT Ha HET MO Mepe YBEeIWYeHHs W, MOCKOJIbKY pa3Mep BaKyyMHOTO KapMaHa
ymeHnbliaercsi. Ha puc. 3 BUAHO, 4TO KECTKOCTh OMOPHI TAKXKE YBEIMUYHMBACTCS MPHU YBEIMYECHHUU
IIMPUHBI TOJOCHI MMOPUCTOTO MaTepHualia, OJHAKO TMOYTH HE 3aBUCHT OT IIyOMHBI Bakyyma. Kak
MOKa3aHo Ha puc. 4, nemndupoBaHue TakKe PacTET C YBEITWYCHUEM HIUPUHBI MOJIOCH MOPUCTOTO
MaTepuana, u, MoJo0HO MOJHEMHON CHIIE, YMEHbBIIIACTCS MPU MOHUKEHUH JABICHUS B «KapMaHe».
Tonbko »d¢dekT 3TOT He CTONb SIBHBIA W JUHEHHBIA, U UMEET CBOWCTBO YBEIUYHBATHCS C
yBEJIMYEHUEM W, a HE YMEHBIIAThCs, KaK B CIIy4ae C MOJBEMHON CHUJIIOW. DTO MOKHO OOBSCHUTH
TE€M, YTO HEIMOCPEACTBEHHO JaBJIICHUE B IPEJeNIaX BAKyyMHOIO «KapMaHa» IOCTOSHHO, U BHOCHUT
BKJIQJI TOJIBKO B CTaTUYECKYIO COCTABJISIONIYIO CHJIBI, a Ha JAeMI(UPOBAHHWE OHO BJIMSET 3a CUET
nepepacnpeiesieHnsl TOTOKOB U M3MEHEHUS INIOTHOCTH BO3/IyXa MO MOPUCTHIM MAaTEPUAIIOM.
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Puc. 1. Mogaens Hanpasiisitoliei: 1 — noBepXHOCTh, IOKPBITAst BO3TyXOHEPOHHUIIAEMbBIM
MaTepuasoM, 2 — MOPUCTHIN MaTepuall, 3 — BaKyyMHbII KapMaH; ps— JaBJICHHUE HAJ1yBa, Py —
JaBIICHHE BaKyyMa, pa — aTMOC(EpHOE JaBlICHHE.

100

0

z
=]
3 100 W Poeg=—20kPa
Preq=—
200 ¥ Prey=-40KkPa
‘* Pneg:_SOkPa
-300 & P..,=-80kPa

75 10 125 15 175 20
W ()

h

Puc. 2. Cratnueckas mogbeMHasi Crjia a3pOCTaTHUECKOM OMOPbI, KaK (PYHKIUS IIUPUHBI
I10JIOCHI IOPUCTOTO MaTepuasa v JaBJICHHs BaKyyMa.

W P.ey=-20kPa
25| 4 Ppeg=—40kPa
30 | H Preg=—60kPa

& Phey=-80kPa

Stiffness (MN/m)

7.5 10 125 ]
W {(num)

17520

(o []
n

Puc. 3. KeéctkocTh aspocTaTndeckoil onopsl, Kak GyHKIUS MIUPUHBI TOJIOCHI TOPUCTOTO
MaTepHala U JaBJIeHHs BaKyyMa.
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5000

B Pre;=—20kPa
1000 | #  Pneg=—40kPa

=  Pnreg=~60kPa
3000 F A P.g=-80kPa

2000

Damping (Nxs/m)

1000

0

6 8 10 12 14 16 18
W (mm)
Puc. 4. [lemndupoBanune adpocTaTHuecKoi ONOPbI, KaK (PYHKITUS ITUPUHBI TTOJIOCHI
MMOPUCTOTO MaTCpHralia U JAaBJICHUSA BaKyyMa

3akaiouenue. B pabGote paccMaTpuBaeTcs METOJ MalbIX BO3MYIIEHUN [UIS aHalu3a
JMHAMUYECKHUX XapaKTEPUCTUK adPOCTATUYECKON OMOPBI C MOPUCTHIM OrpaHHUYUTENIEM HalayBa U
BaKyyMHBIM HArpy>KCHHUEM W TMPHBOIITCS PE3YJIbTaThl Pacy€ToB Ul NPSIMOYTOJBHON OMOpPBI C
BaKyyMHBIM KapMaHOM TIOCEPEIMHE, OKPYXEHHBIM MOJOCOW MOPUCTOr0 MaTepHalia MOCTOSHHOU
[IHUPUHBI.
[TokazaHo, YTO yBEIMYEHUE MIUPUHBI TOJOCHI MOPUCTOTO MaTepUaia 3a CYET YMEHBIICHUS
pa3MepoB BaKyyMHOT'O KapMaHa OJHOBPEMEHHO YBEJIMYHMBACT MOJBEMHYIO CHIY, KECTKOCTh U
nemidupoBaHue
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NUMERICAL ANALYSIS OF STIFFNESS AND DAMPING OF AEROSTATIC
LINEAR BEARING WITH POROUS RESTRICTOR AND VACUUM PRELOAD
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Abstract. Linear aerostatic guides are widely used in high precision machinery and
measuring devices for its’ high accuracy of motion. Guides with porous air supply
restrictors and vacuum preload have such advantages as high stiffness and installation at
only one side of sliding surface. Adjusting several parameters, such as supply pressure,
vacuum preload pressure, size of the porous pad, vacuum pocket and clearance, one can
design a bearing with desired load carrying capacity, stiffness and damping, and
minimize air consumption. In the present work, the mathematical model for such
bearings is described, and an example of load carrying capacity, stiffness and damping
for the rectangular bearing is given.

Keywords: aerostatic bearing, porous restrictors, perturbation method, stiffness,
damping.
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OINPEJAEJIEHUE BO3MOXHBIX BAPUAHTOB CTPYKTYPbI 3AIAHHOT'O CBOE-
OTKA30YCTOMYMUBOI'O KOMILJIEKCA B ITIPOU3BOJIbHOM I'PA®OBOI
CTPYKTYPE HCXOJHOU CUCTEMBbBI
Jlo6anoB AHaTo/mii BacuibeBuu
J.T.H., C.H.C., yUEHBII CEKpeTapb-HAYATLHUK JTab0opaTopun, AKIIMOHEPHOE OOIIECTBO
"Hayuno-uccnenoBarenbekuii HHCTUTYT "CyoMukpon", 124460, PO, Mocksa, 3eneHorpa,
I'eoprueBckwii mpoes., 1. 5, crpoenue 2, lav@se.zgrad.ru

AnHoTauus. Mcnonb3oBanue HeOOXOJMMOTr0 MEXaHU3Ma B3aMHOTO MH()OPMAIIHOHHOTO
COIJIaCOBaHUs MUl OPraHM3alUU OTKA30yCTOMYMBBIX BBIYHUCICHUNA B MHOIOMAIMHHBIX
BBIUUCIIUTENIBHBIX CUCTEMAaX MOXKET 3HAUUTENIbHO CHIKATh UX MPOITYCKHYIO CIIOCOOHOCTD
M3-32 TMPUCYIIEH €My BpPEeMEHHOM u30bITOUHOCTH. [lodTOMY CHUIXKEHHE Takou
M30BITOYHOCTH B  TPOLIECCE BBUICTICHUS B  HCXOAHOM CHCTEME  3aJlaHHOTO
OTKa30yCTOMYMBOI0 KOMIUIEKCA SIBISAETCS AKTYaJbHOM 3aJadedl M pacCMaTpUBACTCs B
JTaHHOU padore.

KuroueBble cjioBa: MHOTOMalIMHHAs BBIYACIUTEIbHAS CUCTEMA, OTKa30yCTOMYUBOCTD,
peIuTMKanys 3a/a4d, JWHAMHYECKash W30BITOYHOCTh, B3auMHOE HH(pOpMaIMOHHOE
COrJIacOBaHUeE.

BBenenue. HaubOosee  mepcrneKTUBHBIM  crmocoOoMm  obecreuenust  cboe- U
OTKa30yCTOMYMBOTO BBINOJIHEHUS LI€JIEBOM 3a/1a4ll B MHOTOMAILIMHHBIX BBIUMCIUTEIbHBIX CUCTEMAX
n ceTssX HU(POBBIX BbIUMCIAUTENbHBIX MamuH (LIBM) saBnsercda pemnukauus 3ToM 3anadu ¢
HCIOJIb30BaHUEM JTUHAMHUYECKON M30BITOYHOCTH. PeruiMkanusi 3ajadyd COCTOMT B MapHUpOBaHUU
JOMYCTUMBIX HEUCIPABHOCTEW MOCPEICTBOM OJHOBPEMEHHOI'O MapaljIeIbHOTO UCIIOJIHEHUS KON
3aauM Ha Heckosbkux [IBM, cocTaBistomux KoMIieke, ¢ 0OMEHOM pe3yibTaTaMy U BBIOOPOM U3
HUX MPaBUWIBHOTO B MPENOJI0KEHUH, YTO HEUCIPABHBIMU MOKET OBITH TOJBKO Majlasi 4acTh 3TUX
[IBM. lunamuueckas u30bITOYHOCTh 00€CIIEYMBAET CUCTEMHOE CaMOOOHAPYKEHHUE MPOSIBUBIINXCS
HEUCIPABHOCTEH, X CaMOMJIEHTU(UKALIMIO IO MECTY MpOSBICHUS U TUILy (cOOM, mpOorpaMMHBIMI
cOoM, 0TKa3), CaMOBOCCTAaHOBJIEHUE LieneBoi paboTsl B couBmmxcs [IBM, camopekoHn¢uryparuo
CHCTEMBI, COCTOSIIIIYIO B M30JAIMM OTKa3aBmUX [IBM u BKIIOU€HUS BMECTO HMX U BTATMBAHUS B
1IeTIEBYI0 paboTy cucteMbl 3anacHbix [IBM (mpu nx Hanmuuum) 1100 OCYIIECTBICHUS YIIPABISIEMOM
caMOJerpaJallud CHUCTEMBl C TIEPEeX0JIOM K O€30MacHOMY OCTaHOBY IIpU BO3HUKHOBEHUU
HEJOMYCTUMBIX HEUCIPAaBHOCTEH WM HcyeprnaHuu pecypcoB. KilloueBbIM MeXaHM3MOM TaKOH
OpraHW3alWi BBIYHCICHUA SBISETCS B3auMHOe wuHpopManronHoe corjacoBanue (BUC),
obOecrieunBaroiee BO Bcex wHcnpaBHbIX [[BM cucreMbl coriiacoBanwe —pasiudaromnieics
cornacyemoil naopmanuu pas3Hbix [IBM cuctemsr Takum o6pa3om, 94TO B OOIIEH COTIacOBaHHON
nH(popMaluy, OJUHAKOBOW BO Bcex uchpaBHbIX L[BM, coriacoBanHas uHpopManus Kaxaon
ucnpaBHoii [IBM coBnagaer ¢ ee corjacyeMoil uHopMmanueil aaxe NpU BO3HUKHOBEHHUU
BpaxJeOHBIX (BU3aHTUNCKHUX) HeucnpaBHocTedl L[BM pomyctumoit kpatHoctu. B HaywHO#
IuTepaType paccMarpuBaemasi TpoOiieMa IMHPOKO u3BecTHa Kak IIpoOmema Buzantmiickux
I'enepanos [5, 7, 8]. PazButue 310l BecbMa BaKHOW MPOOJIEMBI JJISI HEMTOJHOCBSI3HBIX CHCTEM H
cerelt mpejcrasieHo B [1 -3].
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CornacoBanHass uH(opMmamust Bo Bcex wucnpaBHbIXx L[BM cuctembl cocTaBiseT OCHOBY
COTJIaCOBAHHBIX, CHHXPOHU3UPOBAHHBIX U, BOBMOXHO, Pa3JIMUAIOIINXCS IEUCTBUM BCEX UCIPABHBIX
[IBM cucremsl o obecrnieueHuro ee cboe- u orkazoycronumBoctu. Mexanusm BUC Bximogaer
MHOTOpPAa30BBIil 00OMeH coriacyeMoil mH(opmanuein Mexay Bcemu [[BM cucteMbl, BpeMEHHbBIS
3aTpathl (BpeMeHHas u30bITOYHOCTH anroputMa BUC) Ha KOTOpBIN MOTYT 3HAYUTENBHO CHHXKATh
MPONYCKHYIO CIIOCOOHOCTH CHCTEMBI, M OCOOCHHO HEMOJHOCBSI3HOM CHUCTEMbI, B IIEJIOM
npeacTapisiomeid coboit komrekc. Takas cuctema OKHA UMETh ONPENEICHHBIE CTPYKTYpPHBIE
0c00EHHOCTH, 00€CIIeUnBaIOIINe TOCTATOYHbIE YCIOBUS s ocTpoeHus anroputma BUC B Takom
KOMIUIEKCE. OTH yCIOBUS U MeToAbl mocTpoeHus anroputMoB BUC ang  kommiiekcos
HETIOJTHOCBSI3HBIX CHCTEM MpejicTaBiieHbl B [2, 3]. [loaTroMy cHM>KEHHE BPEMEHHOM H30BITOYHOCTU
anroputMoB BUC 17151 HEMOMHOCBSA3HBIX CUCTEM SIBJISIETCS BEChbMa aKTyaldbHOHM 3amaueir. B [1]
paccMaTpuBaeTcsi METOJ  BBIACIEHUS  KOMIUIEKCa C  33JaHHbIM  YpOBHEM cOoe- H
OTKa30yCTOMYMBOCTH B TpadoBOil CTPYKType HMCXOJHOH MHOTOMAIIMHHOW BBIYMCIUTEIHHON
cuctembl win cetd [IBM u mpejyraraetcst COOTBETCTBYIONIHMN anreOpamdeckuii anmapar. [Ipuuem,
IIPOLIECC BBIIEICHUS 3aKAaHYMBAETCS Cpa3y II0CJI€ HAxXOXKIEHHsI IEpBOrO BapHaHTa HMCKOMOI'O
KOMILIEKCA M HE CTaBHTCS 3ajada OLUEHKH BpeMeHHON m30bITouHocTH anroputMa BUC mis storo
KOMIUIEKCa U, TeM OoJiee, ONpe/esieHUs] BapuaHTa KOMILUIEKCAa ¢ HaWIy4lled OLEHKOH BPEMEHHOMN
n30bITOYHOCTH. B [4] ipeacTaBieH MeTo1 OIleHKH BpeMeHHOW n30bITouHOCTH anroputma BUC mst
3aIaHHOW HEIIOJTHOCBSI3HON CUCTEMBI.

Metoa omnpeneneHusi BO3MOMKHBIX BapHMAaHTOB CTPYKTYPbl 3aJaHHOro cOoe- H
0TKA30yCTOMYHUBOr0 KOMILIEKCA B IPOU3BOJIbHOI rpa)oBoil CTPYKType HCXOAHON CHCTEMBbI U
BbIOOP HAMJIy4lIero BapuaHTa. AnroputM AS, NpPEICTABICHHBIM Ha S3bIKE JIOTUYECKUX CXEM
aNropuTMoB, TnpenokeHHoM A.A. JlanyHOBBIM [6], KOTOpBIN BBIMIOJHSET BBIACICHUE
BCEBO3MOXKHBIX BApUAHTOB HCKOMOIO KOMILIEKCA, OLEHMBAET KaX/blil M3 HHUX MO 3HAYEHHIO
BPEMEHHONW HM30BITOUHOCTH U BBIOMpAaET BapuUaHT C HAUMEHBIIUM TaKUM 3HAY€HUEM, HUMeEeT
CHEAYIOUIUN BU:

P, l19 L T18 ¥, l17 L Tlg P, l14 A lP?lll l16 s T15 Py Ty le Py, T8 l10 Py, Tl T15 ¥,
1% 4% 17 Wis i 1° W7 1% |* Wag OCT |* Wio 1°

3n1ech CUMBOJIMKA M TepMHUHOJorust B3saThl U3 [1]. Tak, Q-ii Ge3ycinoBHBIA omepaTop WIH
COCTaBHOM Oe3ycJ0BHBIN omneparop obosHayaercs 4depe3 Vg, a I-il omeparop ycI0BHOIO Iepexoza
WM COCTaBHOW ONEpaTop yCIOBHOIO MEPEX0/1a, 3aKaHUMBAIOIIUNCS ONIEpaTOPOM THUIIA «ECTH ..., TO

.., mHade ...», — uyepe3 Il;. Ilepexomer B anroput™e oroOpaxkatoTcs crpenkamu. [locie
BBITIOJTHEHUSI OYEPEJHOI0 OINepaTropa M MpH OTCYTCTBUHM IE€PEXO0/a BBIMNOJHAETCS CIEAYHOIIHM
cipaBa omneparop. [lepexon 3amaercst Toukoil BbIxoaa (CTpesika BBEpX) M TOUYKOM BXxoja (CTperka
BHU3). besycnoBHel nepexon ot Wy k r-mMy onepatopy uMeeT 00O3HaueHHE 1", pacronoxeHHOe
HeriocpeactBeHno 3a Vg, u o6oszHauenue |%, pacmonokeHHOE HEMOCPENCTBEHHO MEPEN
obo3HaueHueM I-ro omeparopa. Omeparop Il;, OkaHUMBaroOIMiiCSs ONEPATOPOM YCIOBHOIO
nepexona, Hanpumep, «ecau A, To nepexon k oneparopy ¥y, nnaue nepexon k oneparopy I, B
ciydae, korga omeparopy Ili B 3amucu anroputma npeamiectByer omepatop ¥s, oToOpakaercs
3anucero Il Tt Y, ... ¥ iq I[T;. Oxonuyanue paboThl anroputma otmedaetcsi cokparieHueM OCT,
0003HAYAIOIINM OTIepaTOp OCTAHOBKHU (OKOHYAHMS) IEHCTBUS aJITOPUTMA.

Jlanee B omucaHuM aJropuTMa HCIOJIb3YeTCS TOHATHE BBIOOpAa OYEPEHOTO >3JEMEHTa
(BapuaHTa), CIEIYIOIIEr0 10 TMOPSAKY OTHOCUTENIbHO TEKYIIero »sJeMeHTa (BapuaHTa) B
YIOPSAOYEHHOM IMPOHYMEPOBAHHOM MHOXECTBE TaKUX 3JIEMEHTOB (BapuaHTOB). B pesynbrare
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TaKOro0 BBIOOpA OYEpEIHON SJIEMEHT (BapHaHT) CTAHOBUTCS TEKYLIHUM 3JIEMEHTOM (BapHAHTOM).
[Ipu »TOM mpeamonaraeTcs, 4To B 3TOM YHOPSJOYECHHOM MHOXKECTBE HMMEETCS KaK HadaabHBIN
9JIEMEHT (BapHaHT), KOTOPbIA BHIOMpAETCss Ha MEPBOM IIare B aJrOpUTME BHIOOpa OUYEPETHOTO
3JeMeHTa (BapHaHTa) U3 IaHHOTO MHOKECTBA, TAK U KOHEUHBIN AJIEMEHT (BapUaHT) TaKOM, UTO €CIIH
3TOT JJIEMEHT (BapuaHT) SIBISICTCS TEKYIIMM, TO BBIOOpP OYEPETHOrO SJEMEHTa (BapHaHTa)
3aBepmaercs (OpMUPOBAHUEM TPU3HAKA «TEKYIIUH 3JI€MEHT (BapuaHT) OTCYTCTBYET).

Omnepatop Wi ompenenser Havajao pabOThl AJITOPUTMA, COMPOBOXKIAIOLIEECS 3aTaHUEM
UCXOAHOrO cucteMHoro oprpaga G (mpoHymepoBaHHBIE BepIIMHBI oToOpaxaor LBM ¢
COOTBETCTBYIOIIMMH HOMEpPAaMH, JYyTHd — CHUMIUIGKCHBIE MEXMAIIMHHBIE KaHaja CBS3H),
JOMyCTUMOT'O KOJIMYECTBA £ HeHcTpaBHBIX [[BM B BbIensIeMOM KOMITJIEKCE, HCXOAHOTO 3HAYCHUS
«IyCTO» JJisl BBIXOAHOrO mapamerpa ainroputma «Jlyummii kommiekce» (JIK), 3HaueHus
nepemeHHo# 1:=1. KpoMe Toro, B 3TOM oreparope OnpeaesioTcs BCe BEPIIUHBI B HCXOAHOM rpade
G ¢ monycreneHpl0 Kak BXOJld, TaK M HMCXO0Jla HE MeHee 4eM 34 U CTPOSTCS BCEBO3MOXHbBIC
nogmuoxkecta O, O%,... Takux BEpIINH, C MOIIHOCTBIO KaXJOro W3 HHUX paBHOU 3utl. Dtm
MOJIMHOYKECTBA SBIISIOTCA KaHIWJATaMH B MHOXECTBA OCHOBHBIX BEPIIMH BO3MOXKHBIX BapUaHTOB
HMCKOMOTO KOMILJIEKCA.

Omneparop I1; — BeIOOp OuepenHoro O' 1 aHAIN3 ero HAIYHSL.

Y3 — mocTpoeHHe ISl OYEPETHOTO O' BCEBO3MOIKHBIX oprioarpados GTi’j(Ai’j, Di’j) [1]. T4 —

BBIOOp ouepeaHoro opnoarpada GTi’j(Ai’j, Di’j) Y aHAJIU3 €ro HAJTUYHS.

Ys — 3amanue ypoBHs =1 nys BepiuH, Tpedytomux Y2- u Y3-noctpoek [1].

Y — onpeiesieHre cocTaBa BEpILUH, TPEOYIOIUX TOCTPOEK Ha I'-M YpOBHE.

Y7 — onpenienieHre BCEBO3MOXKHBIX MOCIIE0BATEIHLHOCTEH JOCTPOEK Ha -M YPOBHE.

[1g — BBIOOp OUepenHOIl MOCIeTOBATENFHOCTH JOCTPOEK I-T0 YPOBHS.

Yy — npoBenenune Y2- u Y3-nocTpoek ouepeHOM MOCIe0BaTEIbHOCTH.

[Tjp — aHamu3 YyCIOBUS «IOCTpoeHHEe oprpada OYepeqHOrO0 BapuaHTa KOMILIEKCa

3aBEPIICHO?».

Y11 — oueHka BpeMeHHON u30bITouHOCTH anroputMa BUC nmns moctpoeHHoro oprpada

OUepeIHOTO BapHaHTa MCKOMOTO KOMIUIEKCa METOJOM M3 [6]; cCpaBHEHHE MOIYyYCHHOH

OIIeHKH ¢ oreHkoi oprpada u3 JIK. Ecnu onenka nyumne unu ecnu JIK copepxut 3nHaueHue

«ITyCTO», TO 3aHECEHHE OUEPEHOTO BapUaHTa KOMILIEKca BMecTe ¢ ero oreHkoil B JIK.

V1, — BeIUKCHeHue r:=r+1.

[1;3 — mpoBepka ycioBus «TpedyOTCs JOCTPOUKH I-TO YPOBHS?».

Y14 — mepexon k 6-My onepaTopy.

V15 — BeIUKcienue r:=r-1.

IT16 — mpoBepka ycioBus «r=0?».

Y17 — nepexon k 4-My onepaTopy.

Y¥1g — npunsatue pemnerus «JIK cogep uT KOMILIEKC ¢ Iy4Iei OIeHKON.

Y19 — BEIYMCIIEHHE I =i+1.

3akaouenue. [IpencTaBieHHBI anTOpUTM BBIIETSET B IpadoBOil CTPYKType HCXOTHOU
CHUCTEMBl BCEBO3MOJKHBIE BApHAHTHI CTPYKTYPbl HCKOMOTO KOMILIEKCa, COOTBETCTBYIOLIETO
3aJJaHHOMY YpPOBHIO 4 €ro cOoe- M oTKazoycToiunBocTH. Komruieke obecrieunBaeT BO3MOXKHOCTb
MOCTPOSHHSI AJITOPUTMA B3aUMHOTO HH()OPMAIIMOHHOTO COTIIACOBAHUS B TIPOIIECCE OCYIIECTBICHUS
peIUTUKAIMK 33Ja9d C YKa3aHHBIM YpPOBHEM c0o0e- M OTKa30yCTOWYHMBOCTH W HCIIOJIb30BAaHHEM
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TUHAMHYECKON M30bITOYHOCTH. [ToTHOTAa Takoro BBIIENCHHUS OCHOBaHA Ha IMOJIHOM Mepebope Kak
BCCBO3MOXKHbBIX ITOAMHOXCECTB Oi — KaHAUAAaTOB B MHOKCCTBO OCHOBHBLIX BCPHIMH HCKOMOI'O
KOMILJIEKCA, TaK U MOJHOTO Nepedopa BapuaHTOB CTPYKTYPHI HCKOMOT'O KOMILJIEKCA ISl KaKI0TO U3
BO3MOXHBIX MHOkecTB O'.  OleHka BPEMEHHOW M30BITOYHOCTH  KaXJIOTO  OYEPEeIHOTO
MOCTPOEHHOT'0 BapHaHTa UCKOMOI'0 KOMIUIEKCA U CPAaBHEHHE €€ 3HAUCHUS C OLCHKOI HaWIydIIero
HAWJEHHOr0 paHee BapuaHTa O0ECHEYMBAIOT ONPEJEICHHE HAWIYJIIero BapHaHTa B IpoLEcce
paboThI MPeCTaBICHHOTO allrTOpUTMA.
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IDENTIFICATION OF POSSIBLE OPTIONS FOR THE STRUCTURE OF A GIVEN
FAULT-TOLERANT COMPLEX IN AN ARBITRARY GRAPH STRUCTURE OF
SOURCE SYSTEM
Anatoly V. Lobanov
Dr., Joint-Stock Company "Research Institute "Submicron”,

State 2, Bld. 5, Georgievsky Pas, Zelenograd, Moscow, Russia, 124498

Abstract. Using a required technique of a mutual information coordination for fault-
tolerant computing in multicomplex computer systems can significantly reduce their
throughput due to inherent time redundancy. We consider how to reduce this
redundancy while selecting a specified fault-tolerant complex in the initial system.
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AHHOTanusi. BpeMeHHbIE XapaKTePUCTHKHU MPOIecca B3aMMHOT0 HMH(POPMAIHOHHOTO
corjiaCoBaHusd B MHOI'OMAIIIMHHBIX BBIYWCIUTCIIBHBIX CHCTCMaAX CYH_IGCTBGHHO BIIUAKOT
Ha HpOHyCKHYIO CHOCOGHOCTB TaKuX CHUCTEM, H03TOMy OIITUMH3aII A BpeMeHHBIX
XapaKTepI/ICTI/IK HpI/I OTKaSOYCTOf/'I‘II/IBOM peHIeHI/II/I ICJICBAIX 3a/1a4 B MHOT'OMAIIIMHHBIX
BBIYUCIIUTCIBbHBIX CHUHCTCEMAX ABJISICTCS aKTyaﬂbHOﬁ 321113‘{6171 158 paCCManI/IBaeTCﬂ B
JlaHHOM padoTe.

KiroueBble  cjoBa:  MHOTOMNPOIICCCOPHBIE  CHUCTEMBI,  pEIUTMKANMsS  3ajad,
OTKa30yCTOMYMBOCTh, CHCTEMHOE B3aMMHOE HWH(OPMAIMOHHOE COIJIACOBAHUE,

JUHaMHU4YCCKas U30BITOYHOCTb.

BBenenue. KiroueBoil mpoOiieMol OTKAa30yCTOMYMBOTO BBHITIOJIHEHUS II€JIEBOM 3a/Jauu
(METOIOM perTMKaIlii) B OAHOKOMIUIEKCHOM MHOTOMAIIMHHOW BhryuciutensHol cucreme (MBC)
IpU peanu3alud B CUCTEME JMHAMMYECKON M30bITOYHOCTH [9] sBisieTcss B3auMHOE
nnpopmanuonHoe cormacoanue (BUC), obecneunBaromee COMIACOBAHHOCTh CHCTEMHOM
nHpopManuu BO BceX HU(DPOBBIX BBIYMCIUTENbHBIX MamuHax (LIBM) cucrembl B ycioBHAX
BO3HUKHOBEHHUS JOMYCTHUMBIX HeHucrpaBHOCTEH. [IpennoxkeHsl MoaXoabl K CHUKEHHUIO BPEMEHHBIX
3arpat Ha npouecc BUC B MBC 3ananHo# CTpyKTypbl. DTH BPEMEHHBIE 3aTpaThl MPEICTaBISIOT
co00i1 BpeMeHHYI0 U30bITOYHOCTD ITpUMeHsemoro anroputma BUC.

PaccmarpuBarorcss 3amkHyThie (HeoOcmyxuBaembie) [1] MBC, wumeronue cienyronme
xapakTepHbie ocooeHHoctu [11]: 1) Oonploe YucIO0 aBTOHOMHBIX B3auMoOCBsi3aHHBIX [[BM 06e3
oOuieil maMaTy; 2) BHICOKasi CTETIEHb PaclpeeIEeHHOCTH YIPaBJIEHUS WM (PYHKIMN OnlepaliuOHHON
cucteMbl cpenu [IBM mpu OTCYTCTBUM IHEHTPATM30BAaHHOTO YIPABISIONIETO oOpraHa; 3)
o0ecrniedyeHre JOCTOBEPHOCTH MOJIyY€HHOTO pe3yibTaTa MyTeM PEIIMKAlUN PelaeMon 3a1auH.

HUcnoab3yembie Moaean U Metoabl. ['padoBas moxens ucxomnoir MBC mpencrapiser
coboii opueHTHpoBaHHBIM Tpad (oprpad) CHCTEMBI, OTOOpaXKAIOIMUKA CTPYKTYPY CHUCTEMBI, B
KOTOPOM BEpIIUHBI, MPOHYMEPOBAaHHbBIE B quamnasone 1, 2,..., oToOpaxaroT cooTBeTcTByomue [[BM
cucteMbl. CHMIUIEKCHBIM MEXMAIIMHHBIM KaHal CBsI3W, NpuHauiexamuil [[BM, nepenaroment o
HeMy uWH}OpMaInoo, H300pakaeTcs Iyrod, HCXOMSIMIEd W3 COOTBETCTBYIOIICH BEPIITHHBI.
JIyniekcHBId KaHaJl CBSI3U TPEACTABISETCS Mapoil pa3HOHANPABIEHHBIX ICEBJOCHMITIEKCHBIX
KaHaJIOB M TMapoil pa3HOHANpPAaBIIEHHBIX Ayr B oprpade (KoTopwle IUIsi MPOCTOTHI MOTYT OBITH
0003HaYeHbI JIBYHANPaBICHHOW CTpeiKoi) min pedpoM B cMmemiaHHoM rpade. PaccmarpuBaroTcs
MBC, B KOTOpBIX HET IyOJIMPOBAaHHBIX KaHAJOB CBSI3U, IOATOMY Ooprpadbl TAKUX CHUCTEM HE UMEIOT
napajuieNbHbIX JIYT.
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BocnonszyeMcs 31ech TEpMUHOJIOTMEH W MaTeMaTHYECKUMM ammapatoM u3 [4], rae
MIPUBEJICH METOJI BBIJCIICHHUS B UCXOAHOW CHCTEME KOMILIEKCA COTJIACOBAHMS, YAOBIECTBOPSIOIIETO
3aJJaHHOMY YPOBHIO cOO€- U OTKa30yCTOMYUBOCTH.

[TomabiM oprpadom HazweiBaeTcs oprpad, UMEIONINI Mapy pa3HOHAIIPABJICHHBIX TYT MEXITY
moOpiMu  ABYyMs BepmnHaMu. Oprpadbl SBISIOTCS TOMEOMOP(GHBIMH, €CIIM CYHIECTBYIOT UX
nzoMop(dHbIe moapa3dreHus, 00pa3yronmecs B pe3yinbTrare noapa3oneHus ayr [8].

CymiecTByeT psii METOJOB MO pemieHuto npodieMbl BUC B OTHETBHOM IMOJHOCBS3HOM
KoMIUIeKce cornacoBanws [5, 10, 12, 13], ocHOBaHHBIX HA MHOTOPAYHIHBIX OOMEHAaX COOOIMICHUSIMH
Mexay LIBM koMiuiekca ¢ moCaeAyroIMM BbIYMCICHUEM BEKTOpA COrIaCOBAHHBIX 3HAYEHUN BCEX
IIBM xomiiekca B kaxaoi ero IIBM. OOocHoBaHHbIC MeTOAbl jgocTxkeHus BUC B
HETIOTHOCBSI3HBIX O fHOKOMIUIeKCHBIX MBC npescrasienst B [2].

Bocnonszyemcs wmeromamu  moctpoeHuss anroputmMa BUC s 0JHOKOMIUIEKCHBIX
HenonHocBs3HbIX MBC [2, 3], B KOTOpBIX BCS CHUCTEMa SIBISIETCS KOMILIEKCOM. OJTHU METObI

ocHoBaHBI Ha ToM, uro B cuctemsoM oprpape T =(X UPUQ,B) xommiekca wumeercs
opnoarpad . H = (X UP, D), romeomopdusiii monnomy oprpady, o6o3naunm ero uepes M, ¢

KOJMYECTBOM BepuuH Oonee 3u. Bepmmnesl opmoarpapa - H ., B3auMHO 0aHO3HAYHO

T
COOTBETCTBYIOIIHE BepmuHaM oprpada M, Ha3bIBarOTCS OCHOBHBIMH M COCTaBIISIIOT MHOXKECTBO X.
OcranpHple BepmMHBI oprpada T Ha3bIBAIOTCS HEOCHOBHBIMH M COCTaBISIIOT MHOXECTBO

N =(PUQ). Bepmmusn u3 P HaspBaioTCs Takke pa3leluTeNbHEIME. Hammume Takoro
oprmoarpada  H sBuasercs mepsoii yactbio (0603HaunM ee uepes Ul) HOCTATOUHBIX YCIOBHIL

noctwkennst BUC B oprpade T. Bropol cocTaBHON 4acThiO JOCTATOYHBIX YCJIOBHM JOCTHXKEHUS
BUC B xommiekce siBisercss yacTb U2: ajig KaXKIOW €ro HEOCHOBHOW BEPIIMHBI CYLIECTBYIOT
UCXOJAIINE U3 ATON BEPIIMHBI U Jlajiee HellepeceKarolmecs MyTH K He MeHee 4yeM 2|u+1 KOHEYHbIM
OCHOBHBIM BepiinHaM. [locneqHeit cocTaBHOM 4acThIO TIOCTAaTOYHBIX yCinoBUM nocTkenus BUC B
KOMIUIEKCe sABJsgeTcs yacTh Y3: ais Kax10i ero HEOCHOBHOW BEPIIMHBI CYHIECTBYIOT BXOJSIINE U
paHee He NepeceKarolrecs MyTH He MeHee YyeM OT 24+1 HayalbHBIX OCHOBHBIX BEpIIMH [4].

[lepenaua coobmenust u3z p-it [IBM-nepenatunka B coceanioro (-0 [[BM-npuemnnk
OCYILIECTBIISIETCSI MO CHUMIUIEKCHOMY KaHally CBSI3M M 3aHUMaeT OJWH BPEMEHHOMW KBAaHT —
HEJEIMMBIH Jlariee BpeMEHHOM OTPE30K C CHHXPOHHBIM HAa4aJlOM U PaBHOM JITMTEILHOCTHIO BO BCEX
[IBM cucremsl, B Te4eHHE KOTOPOTO MO KpaliHel Mepe u3 oaHoi [IBM cucrtemsl ocymecTBisercs
nepeaayda cooOmieHus(i) B oaHy (WK HECKOJIBKO) coceanior(nx) [IBM u HeoOxonumast oopaboTka
norydeHHOro(bi1x) coobmienusi(it). Ilocbuika coobmenuss u3 r-ii [IBM-ucrounuka B s-1o [[BM-
IIOJIy4aTeslb 110 HEKOTOPOMY IYTH ITOCBUIKM BBIIIOJHAETCS IOCPEACTBOM IOCIJIEI0BATEIBHOCTH
nepeaad dTOro cooOmieHus Mexay cocennumu [[BM B 3toM mytu [4] u ocymiecTBisieTcsl 3a
HECKOJIbKO KBaHTOB. KakoMy TakoMy BO3MOXHOMY MYTH MOCBUIKM MH(POPMAIMH COOTBETCTBYET
HEKOTOpHI yTh B oprpadge MBC u Hao60poT.

B nanHoili paboTe paccMaTpHUBarOTCSl HEMOJHOCBSI3HBIE CUCTEMBI, JII KOTOPBIX COTJIACHO
[2, 3] crpoutcsa anroputM BUC nmns nemonnocBszHoM cuctemsl (BUCHC), comepxammii Tpu
BHYTPEHHUX 3Tamna: 1) 3Tar MochUIKA KOMUN COTJIacyeMOro 3HaYeHUs Kaxkaoi HeocHoBHOM [[BM B
BBIOpaHHOE [UIs Hee IOJMHOXKECTBO OCHOBHBIX L[BM; 2) stam B3amMoOOMEHa cOTIacyeMbIMU
3HAYEHUSIMU MEXKIY BceMU OCHOBHbIMU [[BM u Berumcienue B kaxaou ocHoBHOM [[BM Bektopa
cornacoBaHHbIX 3HaueHUH Bcex LIBM cucremsl (3tan BUC ocnoBHbIX BepuiuH — BUCOB); 3) stan
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IIOCBUIKM KOIHMM BEKTOPOB COIVIACOBAHHBIX 3HAYCHUM B KaXKAyl0 HEOCHOBHYIO I[[BM wu3
ONPEIEICHHOrO JUIsi Hee IIOJMHOXKECTBA HEOCHOBHbIX L[IBM U BBIYMCIEHHMS B HEM BEKTOpa
COrJIaCOBaHHBIX 3HaYeHUM cucreMbl. Bemonnenne anmroputma BUCHC, Bxirouatroiee
MHOTOKpAaTHBII B3auMOOOMEH cOOOHIeHUsMU Mexay BceMu L[BM cucrtemsl ¢ mpoMexyTOYHBIM
WHIMBUYAIbHBIM IpeoOpa3oBaHMEeM NOJIY4YeHHOW wuH(popmammu B Kaxaoil L[IBM tpebyer
OTIpeICTICHHOW CHHXPOHHOCTU MX JeicTBUi. EcTecTBeHHOI HEoOXoauMocThio anroputMa BUCHC
SIBJIIETCS BBICIIMK YPOBEHb CUHXPOHM3ALMH 110 HAYally ¥ KOHILY €r0 BBIIIOJHEHUS (CUHXPOHU3aLUs
no Hayany u koHny BUCHC). lns nomunocBsasubeix cuctem B [12, 13] u ux anroputmoB BUC
IpeJyIaraeTcsl TaKkKe CHHXPOHHM3alnus Oojiee HU3KOTO YPOBHS 10 HAdaly M KOHIy KaKJIOTo H3
payHs0B B3amMOOOMeHa (MOopayHAHAs CHHXPOHM3ALMUsA), TAEC pPayHI C CHHXPOHHU3UPOBAHHBIM
HavaioM Bo Bcex L[BM cucremsl BkItoyaeT nepeaady chOpMUPOBAHHOTO COOOIICHUS M3 KaXI0U
I[IBM cucremsl Bo Bce octanbHble ee LIBM u mocneayionryto o0pabOTKy MOJYYEHHBIX B 3TOM
payHae cooOmieHuid ¢ (HOpMHpPOBAHHEM COOOINEHHUS HJsl CIEAYIONIEr0 payHJa, €CId TaKOBOU
JIOJKEH OBITb.

IMoaxonsl k cHukeHu1o BpeMeHHoi n30bIiTounoctu BUCHC. B anropurmax BUCHC [3,
6] mia oOecriedeHHUs] CUHXPOHHOCTH WHJMBUIYaJIbHBIX, BO3MOXHO, OTJIMYAIOLIUXCS JEHCTBUI
pazmuuabix [IBM cuctembl moTpeboBanoch BBECTH CHHXPOHHU3AIMIO Ha ypoBHE KBaHTa. Kpome
TOTO, C IEJIbI0 YIpolleHuss MeTrofoB mnoctpoeHus anroputMoB BUCHC, moxer BBOAUTHCS
CUHXpPOHM3AllUsl HAa YpOBHE Hadajla M OKOHYAHHUA €ro BHYTpPEHHUX »3TanoB. KBaHTOBas
CUHXPOHHU3AIUA SBJSIETCS CHHXPOHM3ALMEd CaMOr0 HUIKHErO YpPOBHs, Ha OCHOBE KOTOPOU
CTpOSITCSl CHUHXpOHM3auuu Oosiee BbICOKUX ypoBHeH. [l amroputmoB BHUCHC Bo3MOXHBI
CIIEYIOIE COYETaHUs] YPOBHEW CUHXPOHM3ALMH (IIEPEUUCIICHHBIX OT BBICIIETO K HU3IIEMY):

1) mo nauvany u kouy BUCHC, o stanam ero BBIIOTHEHHUS, 110 payHAaM B3aMMOOOMEHa Ha
BTOpPOM D3Tale, MO KBaHTaM (MpeArojaraercsi, YyTo Mepexo] K CIEIyIoIIeMy payHay (3Tamy)
BO3MOJKEH TOJIBKO IIOCJIE MCTEYEHMS KOJMYECTBA KBAHTOB, IPEIHA3HAYEHHOIO JUISl ITOJHOTO
3aBEepLIEHMsI 3TOT0 payHJia (3Tamna) B cay4yae OTCYTCTBHSI HEUCIIPAaBHOCTEHN B CUCTEME);

2) no Havany u koHIry BUCHC, no sTamnam ero BBINOJTHEHUS, IO KBAHTaM;

3) mo nHauany u koHity BUCHC, o kBanTam.

IIpu 5TOM aropuTMHYECKas CI0KHOCTh METO/Ia TOCTPOEHUS PACIIPEIEICHHOTO aJropuT™Ma
BUC nns paccMaTpuBaeMbIX CHCTEM BO3pAacTaeT OT MEPBOrO K TPEThEMY COYETAHMIO YpOBHEH
CUHXpOHM3alMU. B TepMuHax nepenayun coOpMHUpPOBAHHBIX COOOLIECHHUI 3TH COYETaHUs ypOBHEH
CUHXPOHHM3AIMU MOKHO TPAKTOBATh Tak: c(hOPMHUPOBAHHOE B TEKYILEM payHje (dTare) cooOIeHue,
IpelHa3HauYeHHOEe JJIs MepeAayu B CJeNyIoUleM payHie (3Tarme), Nepeiaercs TOJIbKO B Hadaje
cienyoomero payHaa (drama). Jlias TpeTbero coderaHusi TPAKTOBKAa HMMEET CIEAYIOUUN BU:
cooO1eHue, NMpeAHa3HaueHHOe ISl MOCIeNyIolleld nepefayd W MOJrOTOBJIIEHHOE IOJHOCTHIO B
TEKYIEM KBaHTE, IIEPEaeTCs 110 HA3HAYCHHUIO B CIIEIYIOLIEM KBaHTE.

PaccmoTrpum Beruucinenue BpeMeHnu BoeinoiaHeHnss BUCHC st mpumepa MBC, noka3zanHoi
Ha puc. 1, cuntas p=1. bynem cumtate TepmuHbl BepmnmHa U [IBM cuHonnmamu. OCHOBHBIMH
BepumHaMu B JaHHOH MBC sBnsiorcs BeprimHbl M3 MHOxectBa O; ={l, 2, 3, 4}, ocTanbHble
BEPILHMHBI — HEOCHOBHBIE, Ka)KJI0OM M3 KOTOPBIX HYXHO IEPEAATHh CBOE COINIACYEMOE 3HAUEHUE HE
MeHee 4eM B 2u+] OCHOBHBIX BEpPIIMH Ha IIEPBOM ITalle coIylacoBaHUs. B kauecTBe npumepa
paccMOTpUM Tepeady CorjiacyeMoro 3HaueHust HeocHoBHOM 5-it [IBM B 2u+1 ocHoBHBIX [IBM.
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Puc. 1. [Ipumep oprpadosoii monenn MBC.

JIJ1st 5TOTO CTPOSITCS HEMyCThIE BHIPAKEHUS B IU3BbIOHKTUBHON HOpMaibHOU dopme (JHD)
ucxozsmero mydka [4]: SOP _ DNF(5,0,,B/\0O;)=5-10-1-5-6-7-3-5-4 ...

Tepm 5-10-1-5-6-7-3-5-4 cOOTBETCTBYET MyTsIM HOCBUIKM coobOmeHuss u3 5-it [IBM B
LIBM, cooTBeTCcTBEHHO, 1-, 3-, 4-10.

[Tpouecc BUC nns ocHOBHBIX BepiiuH (BTOopoil 3tam cornacoBanuss — BUCOB)
onpenensercs nocrpoeHneM HenycToix JJH® BXoagmux my4KkoB:

SRP_DNF (O \{},5,\0})=2-1.3.8-1.4.1v2-1-3-8-1-4-5.10-1v ...

3I[eCL Ka)I(,I[Hﬁ TEPM OIPCACIICT IMYYOK nyTeﬁ, CXOdAuXCd B IICPBYHO BEPHINHY, C

Ha4YaJIbHBIMHM BEPIIMHAMH U3 011 \{I}, a Bce TepmbI — BceBO3MOXKHBIE Takue myukH. Tak, HepBbIi
TE€PM COCTOMUT U3 Tpex yacten: 2-1, 3-8:1, 41, kaxkas U3 KOTOPBIX MPEACTABISAET OTAEIbHBIN MyTh
9TOr0 Iy4Ka, COOTBETCTBEHHO, M3 BepmMH 2, 3, 4. AHanoruuHo crtposArcs Hemyctele JJH®
BXOJAIIMX ITyYKOB JJI OCTAJIBHBIX OCHOBHBIX BEPILIUH:

SRP_DNF(O; \{2},FS~1 \0;)=1-2-3-2-4-6-2v1-5-6-2:3-2-4-9-2v...

1.10-2-3-8-2-4-6-2v...

SRP_DNF(Of\{3},§l\Oll) =1.5-6-7-3-2-3-4-3v1.5-6-7-8-3-2-3-4-3v ...

v1.5-6-7-8-3-2-3-4-9-3v...v1.5:6-7-9-3-2-8-3-4-3v...

SRP_DNF (O} \{4},S~1 \0/)=1-4-2-4-3-9-10-11-12-4 v....

W3 5TuxX BBIpA)KEHUH NpPU MOCTPOCHUH Uij [4] oOpasyerca Tepm 2-1-3-8-1-4-1 &
1.2.3.2-4-6-2 & 1-5-6-7-3-2-3-4-3 & 1.4-2-4-3-9-10-11-12-4 (mOmOTHUTEIBHBIC
3HAKM KOHBIOHKIMM & YKa3bIBAIOT TAK)XKE TIPaHMIBI yYaCTKOB TEPMa), KOTOPBIA ITOJHOCTBIO
oIpeJieNIAeT IyTH MOChUTKU coobiiennit B mpouecce BUCOB.

Tperuii sTan corsacoBaHus — MOCBIIKA pPe3ybTaTa COIVIACOBAHUS B KaXKIYIO HEOCHOBHYIO
BEpIIMHY HE MeHee 4YeM M3 2u+] OCHOBHBIX BepIIMH. B KadecTBe IpuMeEpa paccCMOTPUM
HEOCHOBHYIO 7-10 LIBM, 1u1s koTOpOit moctpoum Henyceryro JJH®D Bxoadien CMEeXHOCTH:
SRP_DNF(O!\{7},5,\0})=1.5:6-7-2-8-7-3-9-7v..v1-5:6-7-2-8:7-4:9- T /...
1.10-5-6-7-2-8-7-3-9-7v...
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IlepBbIil 1 BTOPOM TEPM COOTBETCTBYET HAUMEHBIIUM BPEMEHHBIM XapakTepucTukaM. [Ipu
9TOM B COOTBETCTBUU C IIPUBEJCHHBIM BBIILIE ONPEACICHUEM TIOPAYHAHON CUHXPOHU3ALMH (IIEPBBIN
cilyyail) Bpems, HEOOXOAUMOE MJIsi BBIMOJHEHUS BCEX TPEX ATAIllOB COIJIACOBAHMS COCTABIISET
CyMMY MaKCHUMAaJIbHBIX BPEMEH, HEOOXOAMMBIX JJIsl BBINOJHEHUs Kaxjaoro srtama. Jis oprpada,
IIPUBEJIECHHOIO Ha puc. 1, camblil AJIMHHBIA NIyTh HAa NIEPBOM 3Talle — IPU IOCHUIKE COIIACYEMOI0
3HaueHus u3 5-ii [IBM B 3-10 IIBM, uro cocraBiser 3 KBaHTa, HCOOXOJAMMBIC /IS BBIIOJHCHUS
mepBoro dTama, 8 KBaHTOB 1151 BToporo 3tana (BUCOB) u 2 kBaHTa, HEOOXOAUMBIX JJISI TPETHETO
stana. Utoro — Bpems BUCHC cocraBnsier 13 kBaHTOB.

g ompeneneHuss BPEMEHU COIJIaCOBAaHUS IPU IO3TAaHOW CHHXPOHMU3aLUHU (BTOpOMH
CJly4aii) BBIIIOJIHUM CJIEAYIOLINE TEHCTBUS.

HazoBem oprpadom R mocsuiok cormacyemoro 3nauenus 3j unpopmarmu [{BM-ucrounuka
M;, mepenaBaeMoro B CBOEM HadalbHOM KBaHTE W3 I-ii BEpUIMHBI B IPOIECCE BBIMOIHEHUS
HekoToporo anroputma BUC, anmkimyeckuii oprpad, sBISIOMNNACS OPHEHTUPOBAHHBIM JIEPEBOM, B
KoTopoM 1) momycreneHu 3axoaa [5] Bcex BEpIIMH, 32 UCKIOYEHHEM OJHOW — KOPHS, PaBHBI
e/IMHUIIe, a MOJIyCTENeHb 3aX0/1a KOPHS paBHA HYJIIO, M Iyra B 3TOM oprpade oToOpaxkaeT nepenady
KOIIMM 3HaYeHU 3j WM 3HaYCHMsI, CHOPMHUPOBAHHOTO UJIM BBIYHUCIIEHHOTO C y4acTHEM 3HaueHus 3i,
n3 [BM-nepenatuuka k LBM-nmpuemMHHKYy 10 JABYXTOYEUHOMY CHUMIUIEKCHOMY (WU
nceocuMIUIeKCHOMY [13]) kaHamy CBSI3W MEXIYy HUMH, a IyTh OT KOPHS JiepeBa 10 HEKOTOPOIo
€ro JIMCTa OTOOpa)kaeT MpOILEeCcC MOCBUIKM KOMHUU 3HaueHMs 3i WIK 3HaYeHUs, chOPMUPOBAHHOIO
WJIM BBIYMCIIEHHOTO C y4acTHEM 3HadeHus 3i, U3 LIBM-ucToyHMKa 3TOr0 COrsacyeMoro 3HaueHus K
LIBM-nonyuaTento 3Toro 3HaueHus. Heo6xoaumMo 3aMeTUTh, 4TO B TAKOM ITyTH BO3MOXKHO HAJIMUUE
MOBTOPSAIOLIUXCS BEPIIMH, OTOOpa)arolMX MHOI'OKPaTHOCTh B3auMOOOMeHOB Mexay L[BM B
nponecce BUC. O0bennHeHre BceX TakUX JIEPEBbEB MOJIHOCTHIO ompenenser nporecc BUC s
nonHocBsizHO MBC wnmun BUCHC nnst HenmonHocBszHoii MBC. Huke, 6e3 motepu oO1IHOCTH,
OyneM paccmarpuBath Tojibko anroputm BUCHC.

Ecnun mepenaua cooOuieHus, HOCTYNMUBIIETO B TeKylleM KkBaHTe B LIBM-mnpueMHuK,
nepenaercs u3 oron LIBM B ciienyromyro no nytd LIBM-nipueMHUK B ClIeyIOIEM KBAHTE, TO BEC
COOTBETCTBYIOLIEH nyru Oyner paBeH enunuie. Eciau ke HekoTopas LIBM-nepenartuuk B cocraBe
3TOrO MYTH 33Jep>KUBaeT Mepenady Ha t KBaHTOB, TO BEC COOTBETCTBYIOILEH Ayru Oyzer paBeH t+1.
Torna Bec myTu OyneT paBeH JUIMTEIbHOCTH MOCHIIKM B KBAHTAX 110 JAHHOMY ITyTH.

O6weannuM Bece oprpads! nocklIoK B oprpad UR; cienyrommm oOpa3om.

Paccmorpum Hekortopsiii anroputm BUCHC. BBenem oTnenpHyr «HadaabHYO» IS
anroputma BUCHC BepuinHy, 13 KOTOPOM HCXOOUT B3BELICHHAS JyTa B BEPLIMHY KOPHS KaXA0r0
u3 oOwbenuHseMbIx oprpagoB. Ecmum mnepemaua u3z LIBM, otoOpaxkaemoii kopHeM oprpada,
ocyiecTBisercs B nepoM kBaHTe anroputmMa BUCHC, To Bec nyru, BXOJAILIEH B 3Ty BEPIIMHY,
Oyner paBeH Hymo. Eciam ke Takasg mnepenadya ocyuiecTBisercs B t-M KBaHTe, TO Jyre
npumnuceiBaeTcs Bec t-1.

MOKHO ¢ AOCTaTOYHOW OYEBHUIHOCTBIO YTBEPXKAATh, UTO JUIMTENbHOCTH Iporecca BUCHC
npu J0O00M COYETaHUM YPOBHEH CHHXpOHM3alMU OyAeT paBHAa HauOONbIIEMYy BECy U3 BECOB
BCeBO3MOXHBIX mnyTed B UR;. Drtor HamOonpmmii Bec OyaeM Ha3bIBaTh BEJIMYMHOW OLIEHKU
BpEeMEHHO! U30BITOYHOCTH paccMaTpuBaemoro anroputma BUCHC.

Jlns mpumepa oprpada, MpuBeIeHHOT0 Ha pHC. 1, hparMeHT Takoro JepeBa NoKa3aH Ha PUC.
2. DnaurncaMu €O CIUIOUIHBIM KOHTYpPOM OOO3HAau€Hbl BEPIIMHBI JIEpEeBa, COOTBETCTBYIOIINE
BepmmHaM oprpacda. Ilytu ot 5-if BepuIMHBI, SBISIOLICHCS KOpHEM JepeBa, ko 2-, 3- U 4-i
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BEPLIMHAM COOTBETCTBYIOT MOCBHUIKAaM COIJIACYEMOTO 3HaueHHs 35 U3 S5-I BEpUIMHBI B OCHOBHBIC
BepunHsl MBC. Ha pucynke 2 cyddurcom "I" psgom ¢ Homepom LIBM o0603HaueH nepBblii 3Tan
BUCHC, cydduxcom "BUC1" — nepssrii payna nporecca BUCOB, cyddurcom "BUC2" — Bropoii
paynn nporecca BUCOB, cydpduxcom "III" — tperuit stan BUCHC mochuiku coriiacoBaHHOTO
3Ha4YeHHUs1 U3 OCHOBHBIX [|BM B HEOCHOBHBIE 1 BBIYUCIICHHS B HUX COTJIACOBAHHOTO 3HAYCHUSI.
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Puc. 2. [Tpumep hparmeHTa B3BELIEHHOTO JIepeBa NOCHIIOK coobuennii B mpouecce BUCHC
npu MOATAITHOMN CUHXPOHU3AIUH.

Jlanee BepiIMHBI IepeBa, OKpalllEHHbIE B CEPbIN IIBET CO CIUIOIIHBIM CEPhIM KOHTYPOM, (pHC.
2) obo3HauaroT nepenadn coodmenuit mexay [IBM MBC nHa cootBercTByromem 3tane BUCHC.
benplii numc co MTPUXOBBIM KOHTYPOM 0003Ha4yaeT BeC Jyrd, C KOTOPOIl OH CBfA3aH, U paBHBIN
(tmax-ti) kBaHTOB, T/1€ tmax — MAKCHMAIBHOE YMCIIO KBAHTOB Ha JaHHOM 3Tare, tj — HoMep KBaHTa, B
KOTOPOM 3aBepIuiics aanHbiii otan B [IBM i. Jlyru ¢ Heyka3aHHBIM BECOM MMEIOT BEC, PaBHBIH 1.
DnurncaMu ceporo IBeTa ¢ YEpHbIM KOHTYPOM OOO3HAu€Hbl KBAHTHI, B KOTOPBIX 3aBEPILAETCS
nporiecc BUCOB B cootBercTByromux [IBM. [lnst pparmenTa nepeBa, mpeIcTaBICHHOTO Ha pUcC. 2,
nociie 3aBepiieHus npouecca BUCOB, ocHOBHBIE BEPIIMHBI MEPECHIIAIOT KOMUHU COIIaCOBAaHHOTO
3HAYEHUS B HEOCHOBHBIE BEPIIMHBI, KOTOPHIE TAK)KE BBIYMCISIOT COIJIACOBAaHHOE 3HAUYEHHE Ha
OCHOBE TOJIYYEHHBIX JAHHBIX; BBIUYMCIIEHHE MPOMCXOJAUT IOCHE MOJIYYeHHs] BCEX HEOOXOTUMBIX
KOIIH, JJIsl JAHHOTO MpUMepa — BO BTOPOM KBaHTe TpeThero 3tana BUCHC.

Jlns mpuBeAEHHOTO MpUMepa B Ciydyae MOATAHOM CHHXPOHU3ALUU BpeMsi, He0OX0auMoe
JUTSI TIEPBOTO Ml TPETHETO ITAIOB, OCTaeTcs Hen3MeHHbIM, a sTart BUCOB cokpaTtutcst 10 6 KBaHTOB.
Hroro — Bpemss BUCHC cocrainsier 11 kBaHTOB.

Tperbe coyeTaHue ypoBHEH CHHXpOHHM3AIMM  MpENIoJiaraeT, OTCYTCTBHE KBAHTOB
OKUJaHUs MEeXTy nepBbIM U BTopbiM 3TannaMmu BUCHC. AnropuTtm coriiacoBanust pu 3TOM MOXKET
OBITH pa3BEPHYT IO OJTHOMY M3 JBYX ClieHapueB: 1) kaxnas HeocHoBHas [[BM moceimaer B 2u+1
ocHOBHbIX [IBM cBoe cormacyemoe 3HadyeHue, Kaxaas ocHoBHasg [[BM BblUHCIAET BEKTOP
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COTJIaCOBAaHHBIX 3HAYEHUM M 3aT€M pacchbulaeT ero HeocHOBHbIM [IBM; 2) kaxpaas HEOCHOBHas
[IBM noceutaer B 2u+1 ocnoBubix 1IBM cBoe cornacyemoe 3HaueHHe, Kaxaas ocHoBHas [[BM
BBIUUCIISIET corylacoBaHHOe 3HaueHue kaxaoin [IBM MBC, pacceuiaer ux HeocHoBHbIM LIBM, npu
3TOM (OPMHUPOBAHUE BEKTOPA COTJIACOBAHHBIX 3HAYEHUH MPOUCXOAUT HE3aBHCUMO B KXKIOU M3
[IBM 1o mepe MoOJy4eHHs €0 COTJIACOBAHHBIX 3Ha4eHUU (puc. 3). Bolumcienne coriacoBaHHBIX
3HayeHud npoucxoauT B LIBM mocne momyudeHHsl €10 BceX HEOOXOIUMBIX KOMHH, HO TPOILECC

IMMOJIYUCHUSA OTUX KOIIMI MOXET 3aHUMAaTh Pa3HOC YHCJIO KBAHTOB.
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| |
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Puc. 3. IIpumep dpparmenTa nepeBa mocbuUIok coodmienwuii B mporecce BUCHC
IIpYU CHHXpoHMU3auuy 1o Havany u koHiy BUCHC, o kBaHTaMm B COOTBETCTBUU
CO BTOPBIM clieHapueM noctpoenus anropurma BUCHC.

B ciywae nepBoro cueHapus KBaHTHI 0KMIaHUS MEXIy pasinnuHeiMu [IBM npucyrcrByror
TOJILKO Tepel TPETbUM 3TaloM, T.K. B 3TOM ciydae (OpMUpOBaHHE BEKTOPa COTJIACOBAHHBIX
3Hauenuil B npouecce BUCHC npoucxonut B nocnenneM kBante BUCOB. /I Hamero npumepa
(dbopMHpOBaHHE BEKTOpa COIIACOBAHHBIX 3HAYEHUH NPOUCXOAMT B 9 KBAaHTE, OKOHYATEIbHOE
3aBepuieHue npouecca BUCHC B HekoTopsIx HeoCHOBHBIX [[BM 3anumaer 10 kBaHTOB, B ApyTrux —
11 xBaHTOB.

B cnyuae Broporo cuenapus noctpoenus anropurma BUCHC Bpems nmoctpoeHust BekTopa
COIVIACOBAaHHBIX 3HaueHW B Kaxiaoid [[BM He 3aBUCHUT OT BpEMEHHU €ro IOCTPOECHHS B APYTUX
IBM. [ns npusBeaenHoro npumepa Bpemss BUCHC B camoil "MenineHHON" M3 HEOCHOBHBIX 7-H
LIBM cocrasnsier 11 kBaHTOB, B camoii "0bICTpoii" n3 HeocHOBHBIX 10-i [IBM — 8 kBanTOB. BB1O0p
CLEHapHs 3aBUCHUT OT JAJIbHEHIIMX ACUCTBUHN Kaxaou LIBM, npenyCMOTpEHHBIX alrOpUTMOM €€
paboThL.

3akmouenue. B pesynbraTe paboThl mosydeHo cienyrouiee. B ciydyae HEmomMHOCBSI3HBIX
KOMIIJIEKCOB BO3MOXKHO COKpAIlEHHE BPEMEHHON M30BITOYHOCTH IyTEM Iepexoja OT MOpayHIHON
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CUHXpOHHU3AIMK (MepBbIA ciyyail) K molsTanmHou (BTopoil cimydaid). Ilpu mepexome kK Tperbemy

ciyyato (rmo Hadany u koHny BUCHC, mo kBanTam) o6masi BpemeHHas u30biTouHocts BUCHC

HMEET TO K€ 3HAYEHWE, YTO U BO BTOPOM Cilydae, OJHaKo otrxaeiibHbie [IBM Moryt 3aBepmuTh

nporiecc BUCHC cyriecTBeHHO paHbllle OCTaIbHBIX.

10.

11.

12.

13.
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Abstract. The time redundancy of a mutual information coordination in
multicomputer systems affects significantly to the throughput of such systems.
Therefore, the assessment of such redundancy is an important task and is discussed in
this paper.
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AHHOTaHI/Iﬂ. B crarne npeacraBjicHa MCTOAWMKA HNPUMCHCHHA IACKOMIIO3UIIMOHHOI'O
moaxoga (HpI/IMCHCHI/Ie METO4a aBTOHOMHBIX OJIOKOB C BUPTYAJIbHBIMH KaHaJlaMH
@Ji0Ke Ha TpaHAX) B MOJAEIMPOBAHUU PACIPOCTPAHEHUS BOJIH Ha 36MHOM MTOBEPXHOCTHU
pu BO3II€I>'ICTBI/II/I Ha Hee Ha3eMHBIX OOBEKTOB. MGTO[[I/IKa MOXET HPHUMCHATHCA
pa3pabdoTYMKaMy CEHCMOAKYCTUYECKHX HH(OPMAIIOHHO-PAa3BEIbIBATEIILHBIX CHUCTEM,
B YAacTHOCTH B pa3pabOTKe AITOPUTMOB OOHApPYXEHHS M pacro3HaBaHus. MeTox
ABTOHOMHBIX OJIOKOB TIO3BOJIIET MOZEITHPOBATH BOJHOBYIO KapTUHY PAa3JIMYHBIX
IPYHTOB U MECTHOCTEH, ONPENENATh TaKue MapaMeTpbl CEHCMOaKyCTUYECKOT0 CUTHAIA,
Kak (a3oBas M TPYNIOBas CKOPOCTH, 3aTyXaHHE CHTHaja, MJIMHA M YacTOTa €ro
COCTaBJISIOLIMX.

KuroueBble cjioBa: 1€KOMIIO3UIMUS, aBTOHOMHBIE OJIOKH, CEHCMOAKyCTUYECKUE BOJHBI

BBenenue. B nanHol paboTe TpencTaBlieHa METOJUKA MPUMEHEHUSI BBIYMCIUTEIHLHOTO
METOJIa AaBTOHOMHBIX OJIOKOB, MO3BOJISAIONIASl YYECTh CJIOMCTOCTh M HEOJAHOPOIHOCTh TPYHTA, a
TaKXe TpaHC(OPMALIMIO BOJIH Ha TPaHUIIE pa3jiena Cpell «BO3AyX-TpyHT». BriepBrie 3Ta MeToIMKa
npopabateiBasiack B 2013 roay B cocTaBe Hay4YHO-HUCCIEAOBATEIBCKON paOOThI, BBHIMOIHIEMOMN 1O
I'ocobopon3zakaszy B Ilenzenckom rocymapctBeHHOM yHHBepcuteTe [1]. B wactHOCcTH, MeTomuka
ObU1a pa3paboTaHa JUIsi MOJEIUPOBAHUS BOJHOBOM KapTHUHBI IMPOXOXKAECHUS CEHCMOaKyCTHUYECKUX
Koje0aHuil npu pa3paboTKe CEeHCMUYECKUX CUCTEM OOHApYKEHHUS U PacllO3HABaHUS ABMKYIIUXCS
Ha3eMHBIX OOBEKTOB (TEXHHMKA, YEJOBEK, Ipynmna JioAed U T.M.), KOTOpble NPUMEHSIOTCS Kak
CaMOCTOSITENIbHBIE CHUCTEMBI, TaK U B COCTaBE KOMIUIEKCHBIX MH()OPMaIlMOHHO-Pa3BeIbIBATEIbHbIX
CHCTEM.

B ornuume oOT HU3KOYACTOTHBIX (MH(Pa3BYKOBBIX) CEHCMHUYECKMX  IPOIECCOB,
BO3ZHUKAIOIINUX MPH 3€MJIETPSACEHUSX, KOoJIeOaHUs TPYHTA, 00YCIOBIEHHbIE IBUYKEHUEM TPAHCIIOpTa
WIM 4YelloBeKa, cojepkaT Ooyiee BBICOKME YaCTOThl, B TOM YHUCJIE€ U 3BYKOBBIE, MOATOMY HX
Ha3bIBAIOT CEHCMOAaKyCTHUYECKUMHU. Takue KojaeOaHusi MOTYT paclpOCTPaHATHCS KaK B BO3AYIIHOMN
cpene, Tak U MO TPYHTY, M OO0JIaJaloT BO3MOKHOCTBIO TpaHc(opMaluu U3 aKyCTHUYECKHX B
CEHUCMUYECKHE.

B cnydae celicMoakyCTHYECKHUX TIOJIeH BOJIHOBas KapTHHa 0o0Jiee CIOXKHA, YeM JJIsl Ta30B
WK xuakocted. B TBepabIx Tenax nedopMaiiui BHI3BIBAIOT HAMPSIKEHUS HE TOJIBKO CXATHsL, HO U

capura [2]. IToaToMy HampsKEHHOE COCTOSTHUE CPEbl ONMMCHIBAETCS] HE CKAJIPHOW BEIIMYMHOU —
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JaBJICHHEM, a TeH30poM HampspkeHui [3]. Bompocsl, cBs3aHHbIe ¢ MHOTOOOpa3eM yInpyrux BOJIH,
U3JIOKEHBI B psiie MOHOrpaduil Kak Uit cedicMuueckux [4-6], Tak W Ui aKycTH4YecKux [7]
konebanuii. ONHAKO OTKPBITBIM OCTaBAJICS BOMPOC O CEHCMOAKyCTHYECKHX KOJICOAHUsX,
pacipoCTPaHSIOLIMXCS B BEpXHUX CJIOSAX TPYHTA.

1. Meroa aBTOHOMHBIX 0JIOKOB. BriepBble METOJ aBTOHOMHBIX OJIOKOB HCIOJIb30BAJICS
eme B 60-x rogax pycckuM ydeHbiM Hukonbckum B.B. [8]. Pa3sutre 3TOr0 MeTona toraa Haiuio
MPUMEHEHHE IS PEIICHNS 3a/1a4 IPUKJIATHOMN 3JeKTPOIMHAMHUKH. METO 1M03BOJISLT ¢ HauOOoJIbIIeH
TOYHOCTbIO M HAUMEHBIIMMHU 3aTpaTaMU BPEMEHU U PECYPCOB, YUUTBIBAs OUEHb HEBBICOKYIO
IIPOU3BOJIUTENIBHOCTh CYILIECTBOBABLIEH HAa TOT MOMEHT KOMIIBIOTEPHOM TEXHHMKH, IPOBOJIUTH
YHCJIEHHOE MO/IEIUPOBAHUE CIIOKHBIX CUCTEM.

MaremaTuueckue MOJEIU T'€TEPOreHHBIX CTPYKTYpP 3€MHOH IOBEPXHOCTH ONTHMAJIbHO
CTPOUTH C UCIHOJIb30BAHUEM HWMEHHO JICKOMIO3UIMOHHOrO moaxona [9]. B pesynbrare
OOBbEIUHEHUSI  JECKPUIITOPOB  aBTOHOMHBIX  OJIOKOB  TOJy4aeTcss MaTpulla HMMIIEAaHca
(MaTemaTndeckas MOJENIb) TETEPOreHHOM CTPYKTYphl 3€MHOH IOBEPXHOCTH B 0Oa3ucax
BUpTYyaibHbIX KaHasOB [10]. Takoil moaxox MO3BOJISET CTPOUTH LIMPOKUIN KIacC MaTeMaTHUYECKUX
MOJIENIEN TeTEePOTreHHBIX CTPYKTYP C pPa3JINYHBIMU TUIIAMH HEOJHOPOIHOCTEH.

Hcxons u3 pa3BUTOrO paHee METOoJa aBTOHOMHBIX OJIOKOB Ul KYCOUHO-HEOJHOPOIHBIX
YIOPYTUX Cpel B CTaThsIX M METOJMKAX, ONMCAHHBIX B [11-14], Mo3BOISAIOIMMX NMPUMEHATH METOJ
ABTOHOMHBIX OJIOKOB /ISl CO3/IaHUSI MOJIENICH TPYHTA, Jajiee MpeaaraeTcsi MEeTOAUKA ONPeIeTICHHS
I1apaMeTpOB PaCIpPOCTPAHEHHS CEMCMOAKYCTHUECKOU BOJIHBI.

2. IlocTtpoeHue MaTeMaTHM4YeCKHX Mojejieil TIeTepOreHHbIX CTPYKTYpP 3eMHOM
MOBEPXHOCTH HAa OCHOBe [1EKOMIIO3MIHOHHOTO moaxoga. OOmacTe ¢parMeHTa 3eMHOU
noBepxHocTu (puc.l) pa3obbeM YCIOBHBIMHM T'PaHHIIAMHU HA MOA00JACTH B BUJE MPSIMOYTOJIbHBIX
napajuiesIenune10B, KOTOpble paccMaTpUBaeM Kak aBTOHOMHBIE OJIOKH.
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Puc. 1. 'ereporennas CTpykTypa 36MHON TOBEPXHOCTH:
1 — MOBEpXHOCTH TMHAMHYECKOTO HATPYKEHHS (Y€JIOBEK, TPAHCTIOPT U T. 11.);
2 — aBTOHOMHBIE OJIOKH; 3 — CJIOW MOJICITUPYEMON TOBEPXHOCTH

JLeCKpHUIITOPHI (MaTEMaTHYCCKUE ONMCAHMs B BUJAC MAaTPUI] UMIICTaHCA £ WU PACCEIHUSA S)
aBTOHOMHBIX OJIOKOB OIpeNesieM U3 peUleHHs] KpaeBbIX 3a4ay JUGPaKIuu Ui CHCTEMBbI
YPaBHEHH, KOTOPBIM yJIOBJIETBOPSIET CEHICMOaKyCTUYECKOE 10JIe B 00bEME MapalIeenuIeaa:
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divv:_'g‘)p,gradpzlfl,
G P
- 1 - i -
rotE = w'20°v+—2H, rotv = — 2 E ,
CT CT Lo

a Ha TIOBEPXHOCTH TPaHEH — YCIOBUAM HEACUMIITOTHYECKOTO u3aydeHus [12-13].

1)

Pemenune kpaeBoil 3ajaun B 1eJI0OM (IIOCTPOEHME MATEMAaTHMYECKON MOJAENN IeTepOreHHON

CTPYKTYphl ()parMeHTa 3eMHOW TOBEPXHOCTH) HAXOAMM KaK OOBEAMHEHHE JIECKPUIITOPOB

aBTOHOMHBIX OJIOKOB 1O BUPTyaJbHBIM KaHanaMm [15-16]. BupryanpHble KaHanbl aBTOHOMHBIX

0JIOKOB MOTYT HUMCTH PA3JIMYHBIC TPOUCXOXKIACHUA, TIJIABHOC, yTOOBI CHCTEMa COOCTBEHHBIX

GyHKIMA 00Nanaia MOJHOTOM HAa BXOJHBIX CEUEHHSX aBTOHOMHOro Oioka. B craresax [15-16]

UCTIOJB3YIOTCS BHUPTYaJibHbIe KaHaibl (DJIOKe, KOTOpBIE MPEICTABISAIOT COOOW MPSMOYTOJIbHBIC

BOJIHOBOJBI C IICPUOANYCCKUMHU KPACBBIMU YCIIOBUAMU HA CTCHKAX.

3. Meroauka onpeacjacHuss nmapaMeTrpoB pacnpoCcrpaHeHUus ceﬁCMoalcycaneclcoro

CUTHAJIA. AHAJIN3 PACIPOCTPAHEHUSI CEMCMOAKYCTUYECKOW BOJIHBI CBOAUTCA K MOJIEIUPOBAHUIO

0ECKOHEYHOT0 IMOJYIIPOCTPAaHCTBAa. PacCMOTpUM BOJIHOBOE TIOJIE€ B TBEPAOH YHNPYTO#l CIIONIHOM

CIIOUCTON cpefie co cBOOOIHOM rpanuuei. [[ns aTtoro mpeacraBuM IpyHT B BUJAE TPEXMEPHOM

0ECKOHEUHO-TIEPUOTNIECKOM CTPYKTYpHI (pHC. 2).

d
f_H
J Lo | . . ty
Z |7\4__I_/7F_
_714 I__/ — d 6
Lo | AP 6,
L _| _J/L_ |_’l‘_ Z
/// 1—/ _|/I 6X
//, _/I____/I_
L
|_/14__V|/_ I/7‘I( X 0
AT AT
|

- —— +__ U - —_—— —_
giy i sS4
| |/1||||,/'2| I/' —’| ., m |.
771'___-“_}/. __T;1__ ___________ T _/’r_

_71/___71:{____/1,_ __________ i’"/ _¥_/,_

3

Puc. 2. JIeKOMIO3UIIMOHHBIN TOAXO/ B MOJIETTMPOBAHUH
TPEXMEPHOU MEPUOIUYECKON CUCTEMBI

B TpexMepHOW TIEpUOAMYECKOW CTPYKTYpE TMOMJIECKAT HCCICTOBAHUIO

CEMCMOAKYCTHUECKUE  BOJHBI, KOTOPBIE  YJOBJIETBOPSIOT  TEOpEMeE

MIPOCTPAHCTBEHHBIN TIEPUO] CUCTEMBI O, 3amuiiem:

doke.

CcBOOOJTHBIE
Brinenns
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[ p(x+d,,y,2) = p(x,y, 2)exp(-igy):
V(X+dy,y,2) =V(X,y,2)exp(=igy),
p(x,y+d,,z) = p(x,y,2)exp(-ig,); )
< V(x,y+dy,2) =V(X,y,z)exp(-ip,)
p(x,y,z+d;) = p(x,y,z)exp(-ip,);
V(X,y,z2+d,)=V(x,y,z)exp(—ig,).

AHanm3 Oe3rpaHnYHON MEPUOANYECKOH CTPYKTYpPHl CBOAMTCS K OINHCAHUIO OTAEIHHO

B3siToro kaHana ®noke ¢ ycimoBusiMu mnepuoanyHoctu [14]. Paccmorpum pacnpocTpaHeHue
CBOOOJHBIX KOJEOAHUI BHONb OCH Z, MOMEpeyHas CTPYKTypa KOTOPBIX B CHIIy CHUMMETpPUU
noBTopsiercs: yepe3 nepuon dz. Jomyctim, 4To (asbl COCENHUX KOJICOAHUI, OTCTOSAIIUX IPYT OT
Apyra Ha paccrosHue 0z, pasnuyaroTcs Ha ¢z, TOTJa HpPU JalbHEHIIEM CMEUIeHuH Ha Mmdz
JIOTIOJIHUTENbHBIN (DAa30BbIM CIBUT M-OM TapMOHMKHU OYAET COCTABIATH m@z. J{1s KOMIUIEKCHBIX

aMHJII/ITy,I[ BOJIHOBOI'O ITOJIA 6YI[yT CHpaBeI[JII/IBI)I COOTHOIIICHUA:
{p(x, y,z+d;) = p(x,y,z)exp(-ip,);
V(X,y,z+d,)=V(x,y,z)exp(-ip,).

HOCKOHLKy OIIPCACIINTL, II0 KAKOMY 3aKOHY H3MCHICTCA (1)8.38, HCBO3MOXHO, HCKOTOpas

(3)

MOCTOAHHAA PACTIPOCTPAHCHUA, XapAKTCPU3YIOIIasd 6LICTpOTy HU3MCHCHUA (1)33]51 BJOJIb BLI6paHHOFO
OTPE3Ka I[J'IHHHOﬁ dz xanana CDJ'IOKG, OIIPEACIINTCA KaK

r=9%. (4)
d,
Toraa ayis M-0it TapMOHUKH IMOCTOSTHHASL PAaCIPOCTpaHEHUs Oy/IeT:
27m
=T+ —. (5)

z
[Toctpoum 6a3uc, Ha KOTOPOM OyIeT IPOU3BOJUTHCS MPOSKTUPOBAHUE, TAKUM 00pa3oM,

4TOOBI MHOKHUTEND eXp(—i P 7) KOMIIEHCHpOBAJICs. st 5TOro BO3bMEM 3aBUCHMOCTH:
d

z

P(x,Y,2) = p(x,y,2)exp(-ilz); ©)
V(X,y,2) =V (XY, z)exp(-ilz),

KOTOPELIC SABJIIFOTCA IIEPUOINYCCKUMH. HOCKOJ’ILKy mo0ast nepuoandcCcKas (l)yHKI_II/IH MOXET OBITh

pasnoxkena B psin dypwe, wis P(X,Y,2) u V(X,Y,2) umeem:

- © .2
(X, Y.2)= Y P (X y)exp(-i dﬂ 2):
M= Z ™

= 2 = . 2zm
v (X! ya Z) = z Vm (X1 y) eXp(—| — Z)!
m=—o0 z
z+d,
e T = [Ty 2)expi2 M e,
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- 1 2*4; O, +22m
(%)= | Pu(x, y,z)exp<u<%d—z)dz. ®)
VA Z Z

HonyqaeM BBIPAXCHUA IJIA CBO60I[HBIX CeﬁCMoaKYCTquCKHX KoyeOaHHi B HaITpaBJICHUU
oCHU Z.

W(x¥,2)= ¥ 0, Yexp(-i(r +2T)2),
= d, ©)
P, = 3 Pux Yexp(-i(r + 2 M)2),

V(% y,2) = 3, (%, y)exp(i(@t — I',2)),
WUnu m::o (10)
PO Y.2) = 3. Py (%, Y) eXp(-i(at ~ I,2)).

Kaxxnas cocrasistomias BeipaxkxeHuil (10) siBiasieTcst mpocTpaHCTBEHHON rapMOHUKOM. 3/1ech

V., P,, —aMIUIHTy/(bl IPOCTPAHCTBEHHBIX M-ThIX FAPMOHHKK, 0 — KPyroBas 4acToTa, t — Bpems.

Kak yxe ObulO cka3zaHo, 0a3WC BBIOMpaeTCs TakuM OOpa3oM, 4YTOOBI 3aBUCHUMOCTH

exp(—i&z) KOMIIEHCHpOBaiach. [Ipu 3TOM MOBEPXHOCTHBIE HHTErpaibl YHHUTOXKAIOTCA H
dZ
CBOJIATCS K JTMHEHHBIM anreOpandeckum popmam [17].
AHaJIOTMYHO PacCMaTPUBAIOTCSI CBOOOIHBIE KOJIEOaHMs BIOJIb OCEHl X U Y.
[TonydeHHOEe pa3liOKEHUE SABISETCS OJHUM W3 OCHOBHBIX COOTHONICHHH TEOpUH
NepUOANYECKUX HampaBisitomux crpykryp. CormacHo (10), cBOOOAHBIN BOJIHOBOHM Ipolecc B
MEPUOIMIECKON CTPYKType B HANpaBICHHH OCH Z MOXHO pPaccMaTpuBaTh KaK HaJOKEHHE

0ECKOHEYHOH COBOKYIMHOCTH IJIOCKMX HEOJHOPOIHBIX BOJIH C KOMIOHEHTaMH (X, y) v P (X, y)

U TOCTOSSHHBIMU PacIpOCTpPaHEHUS

Tn=T+2™M  m=0+1+2, .. 4o (11)
dZ
[TockonpKy MOCTOSIHHAs PaclpOCTPaHEHMsI ONpeaessieT co0oi ObICTPOTY M3MeHeHus (ha3bl
BOJIHBI BJIOJIb TMPOCTPAHCTBEHHOW KOOPAMHATHI Z, IJIOCKUM HEOJHOpPOAHbIM BoiHaMm (10)
CBOMCTBEHHBI (pa30BbIE CKOPOCTH:

dz
Vim = ¢ (12)
27 2r
YuutsiBasi M3BECTHBIE COOTHOLIEHUS [ = , f=22 wu pasencteo (9), w3 (12)
0]
MOJTYyYUM
dz )
V = — = ﬁ . f =M y (13)
¢@(m) m-m 2

z
rae Ay, f,, — UIMHA BOJHEI M 4acTOTa M — Ol FAPMOHUKM COOTBETCTBEHHO.

['pynmoBasi CKOpOCTh COBIAAAET ¢ (Ha30BOM CKOPOCTHIO JIMIIbL B CIy4ae OJHOMEPHBIX Cpea
6e3 aucnepcu. ['pyHT mnpenctaBiseT cOOOH IUCCUNIATHBHYIO WJIM TOTJIOIIAIONIYIO Cpely C
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nucnepcueit ckopocteil. Onpenenum rpynmnoByr0 CKOPOCTh UM CKOPOCTh MakeTa BOJH. ['pynmnosas
CKOpPOCTh XapaKTEpU3yeTCs CKOPOCTHIO MEPEeMEINEHUs aMIUIMTYAHOTO MaKCHMyMa OTMOaroliei
1yra BOJIH, I03TOMY

z
Vzp = ? (14)
umu ¢ yuetom (14)
v =do (15)
Poodr,
N3 (13) momydyum, 94To
27m
a)m:Vd)(m)' F+d— :Vd;(m)'['m' (16)

[pomuddepenuupyem o 1 (16), momyunm

do, V()
ar, " ar, Tl 4
27 .
[Tockonbky [ = = npoauddepenmpyem o A u Haiigem
2
ar, _ _2_27 m dI°, = __Z dA_ (18)
dﬂ’m ﬂ“m m
[ToacraBum (18) B (17)
dv
— p(m)
v, =1, o +Vm) (19)
~ 7 lda,
jdfT'I
U nonctasnsist (11) B (19)
dv
v, = re ey (20)
d 1
’ —/1—2 dA,,

m
['pynmoBasi CKOpOCTh 1Jisi BCEX TapMOHHUK OJIMHAKOBas, TaK Kak IpeAcTaBisieT coOoi
CKOpPOCThb IIEpEMEIICHUSI BOJIHOBOro nakera. da3oBas M TIPYIIOBas CKOPOCTH XapaKTEPU3YIOT
nepeaady SHEpruu.
B 3aBucuMocT OT cooTHoOmIeHUs (a3oBOMl W TPYIIOBONH CKOPOCTEH pa3auvyaroT
AHOMAJIBHYIO U HOPMAJIBbHYIO Aucnepcuu. s cpe ¢ HOpMaJIbHOW AMCHEPCHEN XAapaKTEPHO, 4YTO
CKOpOCTh OTrHOaroIIel BOJHOBOTO IIAaKeTa paclpoCTpaHseTcsl MeJjeHHee Jo0oi u3  ero

COCTaBJIAOIUX, T.€. Vzp <V B(m)

W wamporus, ecmm V,, >V, ., TO 3T0 Cily4all aHOMAJbHOM
JTUCTIEPCUU.

B 3aBucumoctu ot BenmmuuHbl M B (11) ¢a3oBbie ckopocTH BOJH V, b(m

MIPOCTPAHCTBEHHBIMU FAPMOHUKAMH U UMEIOT pa3Hble 3HaKu. BoIHOBOI mpoliecc B MepUOINYECKOM

) (12), Ha3bIBatOTCS

CTPYKTYpP€ B HAIIPABJIICHUU OCH Z, TAKUM O6p2130M, MpEaACTaBIIAACTCA B BUAC COBOKYITHOCTHU IIPAMBIX
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(Vd’ﬂ > () u 00paTHBIX (M < 0) BouH. [locneaaue 06ana0T TeEM CBOMCTBOM, 4TO (ha3oBasi U
p VL’P

TPYIIOBasi CKOPOCTH MPOTHBOIOJIOKHBI.

dusznyueckoe CoJepKaHWEe IMPOCTPAHCTBEHHBIX TapMOHHMK 3aKJIOYaeTcss B TOM, 4YTO B
00JIaCTH CYIIECTBOBAHUSI BOJHOBOTO ITOJISI MOJKHO PEaTU30BATh B3aMMOJCHCTBHSI OJHON M3 HHX C
KYCOYHO-HEOIHOPOJTHBIMU BKIIFOUCHHSMU. byneM paccMaTpuBaTh B3aMMOJCHCTBHE C OCHOBHBIM
TUTIOM TPOCTPAHCTBEHHOW BOJHBI B IMEPHOAMYECKOW CTPYKTYpE, KOTOpask UMEET IOCTOSHHYIO
pacrpoctpanenwust [o.

Ha pwuc. 2 mpencraBieHO pacnpoCTpaHEHHWE CBOOOJHOTO CEHCMOAKYCTHUECKOTO OIS

—

(p,V) B TpexMepHOH NEPHOAUYECKOH CTPYKTYpe B HAIpPaBICHHH HEKOTOPOro BekTopa K,

KOTOpBIl MOYeT GbiTh TIpesicTaBiicH kak K = (COSf3,,C0S3,,C0Sf3,).

CBOOOIHBIM CEMCMOAKyCTHUECKUN Tipoliecc OyleM paccMaTpuBaTh Kak HAJIOXKEHUE
OCCKOHEUHOU COBOKYITHOCTH TIJIOCKUX HEOHOPOHBIX BOJIH COTJIaCHO 9),
/1€ OJIEXKUT ONPEEIICHUIO 3HAYCHUE BETNYUHBI [ .

CBOOOIHBIN CEHCMOAaKyCTUYECKHI MPOLIECC B TPEXMEPHON MEPUOINYECKON CTPYKTYpeE, KaK
yke ObUIO CKa3aHo, MoaYrHeH TeopeMe Dioke B popme:

[ p(x+d,,y,z) = p(X, Y, z)exp(-ipy,);
V(X+dy,Y,2) =V(X,Y,z)exp(-ipy);
p(X’ y + dyi Z) = p(X7 yi Z) eXp(_i¢y) ; (21)

A

V(x,y+d,,2) =V(X,Y,z)exp(-igy);
p(x,y,z+d,) = p(X,y,z)exp(-ig,);

V(x,y,z+d,) =V(X,y,z)exp(—ig,).
\
rae ¢x :FmaCOSﬂX, (Dy :FmbCOSﬂy, ¢z :Fmd COSIBZ; ﬂx'ﬂ lﬁz — YUJIbl OpHUCHTallnH

HaIpaBJIEHUs PACIIPOCTPAHEHUsI BOJTHOBOI'O IpoIiecca.

TpexmepHas mepuoauveckasi CTPYKTypa ¢ T€OMETPUYECKHUMHU pa3MepaMH MEepUOIUIECKOM
SYeUKM BJIONIb 3aJIaHHBIX ocell koopauHaT OX, dy, dz moka3ana Ha puc. 2. [IpeacraBum sueiKy
MEePUONYECKON CTPYKTYphl aBTOHOMHBIM OJIOKOM C yHpyroi cpenoil 3amonHenus. Torma amns
MaTpUIlbl UMIIEaHCa aBTOHOMHOTO OJioka Z:

b=Z-a, (22)

rae BekTophl @ u D cocraBmensr coorBercTBeHHO M3 KOd(hdUIMEHTOB pAnoB Dyphe, YCIOBUS
Teopembl DJI0Ke MPUHUMAIOT cieayromtuit Bu [12-13]:
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[, =8, eXP(-ig,).,
A5 = Ay EXP(-l, ),
Ay6) = Q) exp(—ig,),
b2y =By EXP(=i9,) (23)
b5 =Bz EXP(=i, ).

\ bk(ﬁ) = bk(3) exp(—ip,), k,n=12,..

[Toacrasnss (23) B (22), moaydaeM cleayrOIee XapaKTepUCTUUECKOE YPaBHEHUE JJIsl OIpeIeNICHUs

IIOCTOSIHHBIX pactpocTpaneHus /| BOJH B TPEXMEPHOI! IIEPUOIUYECKOI CTPYKTYpE:

AT, =|Zp—H"Zg+Z45 - H-H™-Zy, -H|=0, (29
rne A(I",) - onpenemurens Matpuibl; Z,,,Zpn,Zpg1Lgg - KICTKH  MaTPUIBI HMIIEJaHCA

Z Z N
Z=|_™ 7" | (A - coBOKynHOCTb BXOJHBIX Ce€4YeHHI aBTOHOMHOro Omoka S,,S,,S,; B -
ZBA ZBB

h

. 0
0 h,
0 0

COBOKYIHOCTh BXOJHBIX CeueHMi aBTOHOMHOro Omoka S,,S.,S.); H=

0

0 -
h z
AuaroHajlbHasA MaTpula C 3JICMCHTAMM:

hX(I,J) :—lé‘ljrm‘aCOSIBX,
hZ(l,J) :—ié‘urm'd COSﬂZ.
Pemas XaPAKTCPUCTHYCCKOC YPABHCHHC (24), OmnpeacirsicM MOCTOAHHYHO paClIpOCTPAHCHUA

1", 0OCHOBHOTO THITA OJHEI B TPEXMEPHOM [IEPHOJUYECKON CTPYKTYpE.
[ocrosiuHast pacmpoctpanenus /) ceficMOaKyCTHYECKUX BOJH B  3BYKOIOIJIOIIAIONIEM
MaTepuaje SABJIAeTcs KOMIUIEKCHOM BenmmuuHOW: [y =1, —il,. BonHsl B ympyrom marepuane B

HampaBJICHUH PACOPOCTPAHCHUS Z 3aTyXalOT 10 S3KCIIOHCHIIUAILHOMY 3aKOHY exp(—r ;Z) (6).

3akarouyenue. Takum o0pa3oMm, TNpeUIOKEHA METOAUKA ONpENEeIeHUs IapaMeTpoB
pacnpocTpaHEeHHUs] CEMCMOaKyCTUYECKOTro curHaia (¢a3oBas M TpymnmoBas CKOPOCThb, JJIMHHA
BOJIHBI, 3aTyXaHUE aMIUIMTY/bl Pa3JIMYHbIX YacCTOT) HA OCHOBE TeopeMbl DIoKe JUIsl TPEeXMEPHOH
MEePUONYECKON CTPYKTYPhl TPYHTA U UCIOJIH30BaHUS MaTeMaTUYECKUX OMHCAHUNA B BHUJE MATPUI]
UMIIEZ]aHCa, TOJyYEHHBIX B pe3yJabTaTe MOJAEIUPOBAHUSA T€TEPOreHHOM CTPYKTYpbl TpyHTa
METOJIOM aBTOHOMHBIX OJIOKOB C BUPTYyaJbHbIMU KaHasaMu Djoke Ha rpaHsx. Hy)kHO oTMeTUTb,
YTO MaTpUlla UMIIeJaHca (MM paccessHUsI) MOXKET ObITh MOJy4YeHa U JIIOOBIM JIPYTHUM YHCIEHHBIM
MeToA0M. MeTo1 aBTOHOMHBIX OJIOKOB TPEAJIOKEH KaK HanboJiee SKOHOMUYHBIN U JOCTATOYHO
TOYHBIN, T0 MHEHHUIO aBTOpa cTathu [18].
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Abstract. The article presents a methodology for applying the decomposition approach
(the application of the method of Autonomous blocks with virtual Floque channels on
the edges) in the simulation of wave propagation on the earth's surface when exposed to
surface facilities. The technique can be used by developers seismoacoustic information
and reconnaissance systems, in particular in the development of algorithms of detection
and recognition. The method of Autonomous blocks allows to simulate wave picture of
different soils and localities, to determine such parameters of seismic acoustic signals,
phase and group velocities, attenuation, length and frequency of its components.
Keywords: decomposition, autonomous blocks, seismoacoustic waves
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AnHoramusi. [[nsg a¢gdexktuBHOTO A0CcTyna K OojbmuM MaccuBaMm aaHHBIX (BigData)
HEOO0X0MMO 00ECIIeYrBaTh MUHUMAJIbHOE BPeMs OTKJIMKA cepBuca. I JOCTHKEHUS
MOCTABJICHHOW 1eNi TpeOyeTcs pa3padoTka MoJENed W aTOPUTMUYECKUX PEIICHUH,
CIIOCOOHBIX ONTHMHU3UPOBATh PA3MEIICHUE KITFOUEBBIX PECYPCOB: BUPTYaAJIbHBIX MAIIHH,
JAHHBIX, IPHIOKEHHUI B XPAaHUIIUILAX 00JTaYHBIX CHCTEM.

KiroueBble cjioBa: 001auHbIe BEIYUCICHHSI, BUPTYaJIbHBIC IICHTPBI 00pa0OTKU JaHHBIX,
MIPOrPaMMHO-YIIPABIISIEMbIC YCTPOHCTBA XPaHEHHUS

BBenenune. B nHacrosiiee Bpemsi mpobieMbl 3¢ ()EKTUBHOTO HCMOIB30BAHUS UMEIOIINXCS
BBIYHCIIUTENLHBIX PECYPCOB SIBISIOTCS BEChMa aKTyallbHOH 3anaueil. [Ipexe Bcero, 3To ¢BA3aHO ¢
TE€M, YTO B MUPOBBIX KOPIOPATHUBHBIX W YACTHBIX IeHTpax oOpaboTku manubix (LIOJ]) Hakomien
KOJIOCCAbHBIN 00BEM BBIYUCIUTEIBHBIX MOLTHOCTEH. J{J1s1 CHIDKEHUS 3aTpaT Ha COiepKaHUe TaKon
3HauuTeNbHON uHOpacTpykTypsl B [IOJ[ mnpuMeHsSIOT MeTOAbl BUPTyalIHM3allMd pPECYpCcoB U
IIEpEealoT B COBMECTHOE MCIIOJB30BAaHME YaCTh HMMEIOIIMXCS pecypcoB. llpu 3TOM KOHEuHBIE
MOJIb30BAaTEIN TMONYYalOT PACHpPENENICHHYI0 HH(PACTPYKTypy, BKIIOYAIONIYI0 pa3IUYHbIE
reTeporeHHbIe BBIUMCIUTEIbHBIE PECYPCH U CEPBUCHI AT 00pabOTKU «OONBIIMX» JaHHBIX [6] C
UCIIOJIb30BAHUEM CETH Tepeaayun AaHHbiX [1, 16].

CoBpeMeHHbIE O00JIaUHbIE BBIYHUCIUTENBHBIE PECYPChl HMMEIOT BBICOKYIO CTPYKTYpPHYIO
CJIOKHOCTB. J[J1s1 onMcanus opraHu3aluy B3aUMOACHCTBUS MEXKIY MPEAMETHO-OPUEHTUPOBAHHBIMU
MIPOrpaMMHBIMM CEpPBUCAMH W pPAclpeieseHHbIMA HCTOYHMKAMHU JAaHHBIX B paMKaX CepBHC-
OPUEHTHUPOBAHHOW BBIUMCIUTEIBHOW HHPpacTpyKTypbl B paborax A.B. byxanosckoro, C.B.
KoBanbuyka [2, 7] wucmonb3yeTcss TOAXOJ, OCHOBAaHHBIM Ha ONUCAaHUU pPabOYUX TIOTOKOB
(WorkFlow). Ognako Takoi moaxoJ1 He MO3BOJISIET UCIOIb30BATh BOZMOKHOCTH CaMOOPIaHU3aIluH
pecypcoB  MpH  YOpaBIeHUM  UHPPACTPYKTYpoH  mias  oOecriedeHuss  ONTUMabHOU
MPOU3BOJUTENBHOCTH TpUiIoKeHud. Kak mpaBuiio, A ympaBieHHS pecypcaMu HCIHONb3YHOTCA
MpOCTEMIINE  KJIACCUYECKHE  alTOPUTMbl  IUIAHUPOBAHUSI  BBIYUCIMTENBHBIX  3aJaHUM,
MpeACTaBIsIIoNMe co00M coueTanus anroputma obparnoro 3amonHeHus Backfill [5] ¢ meTogamu nx
pactipenenenuss Ha ycrpoiictBa First Fit mnmum Best Fit [2]. CymecTBeHHBIM HEIOCTaTKOM
MIEPEYUCIIEHHBIX aITOPUTMOB SIBIISIETCA HEAOCTATOYHO 3 (PeKTHBHAS 3arpy3Ka pecypcoB CHUCTEMBI.
Cpennsist 3arpy3ka coctaBisger 50-60% OT HOMHUHaJIBHBIX BO3MOXHOCTEH MH(PACTPYKTYpHI, UTO,
OUYEBMJIHO, SBJIIETCS  HEAOCTaTO4YHbIM. CyIECTBYIOIIME  aJTOPUTMBI  IUJIAHUPOBAHUSA U

pacnpeaciicHud peCypCoB HE YYUTHIBAKOT TOIOJOTHIO CHUCTECMbI, KOMMYHHKAIIMOHHLIC CXCEMbI
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Mooenuposanue 06veKmos UPMYAILHO20 YeHMPa 0OpAbOMKU OAHHBIX

B3aMIMOJICHCTBUS 3allyCKaeMbIX NpuioxkeHUi. Kpome 3Toro, B airoputMax HE YUHUTHIBAIOTCS
CTPYKTYypa M MOPSIOK JOCTYTA K TAHHBIM.

B cocraB pecypcoB, mpenocTaBisieMbIX OOJIAYHBIMU ILIATGOPMaMH, BXOJSAT Pa3IHYHBIC
OOBEKTHI JOCTYIIA, IPH ATOM B3aWMOJICHCTBHE MEXIY HHUMH MMEET MPUOPUTETHOE 3HAUYCHUE IS
OIIEPATUBHOTO  Y/IOBJICTBOPEHHUS TOTPEOHOCTEH KOHEYHBIX IoJib3oBaTeneil. TpeOoBaHus K
OpraHu3alK MPEJOCTABICHUS PECYPCOB MEHSIOTCS MOCTOSIHHO B Tpolecce padoThl OOJIAYHBIX
npuinoxennid. [Ilpy  3TOM  BaXHBIM  acleKTOM  SIBJSICTCS  aBTOMATH3allUsl  YIIPaBJICHUS
UHPPACTPYKTYPOH 0OJaYHOW CHCTEMBI: CO3JaHHWE BHPTYAJIbHBIX MAIlWH, PEKOH(QUTYpAIUsI
XPaHWJIHII JAHHBIX U Pa3MeIleHne 00bEKTOB.

OCHOBHBIM HEAOCTAaTKOM CYIIECTBYIOIIUX OOJIAYHBIX TuIaTHOpM sIBiIsieTcs  ciabas
OpraHm3anys AMHAMHYECKOTO YIPABICHUS PeCypcaMH, CBsI3aHHAS C XPAHWIUIIEM JaHHBIX [5]. B
MPOBEJICHHOM HaMH WCCIEAOBAHUM pPa3pabOTaH TMOJAXOJl, OCHOBAaHHBIH HA JUHAMHUYECKOM
yIIPaBJICHUH PECYPCaMU C UCTIOIB30BAHUEM CaMOOPTaHU3YIOIIMXCS METO/IOB.

AHanu3 Hay4HO-MH(GOPMAIMOHHBIX UCTOYHUKOB 10 npobieme uccnenoanus [3, 4, 10, 11,
13-15] noka3zan, 4To Ha JAHHBIH MOMEHT OTCYTCTBYIOT 3((EKTUBHbBIC aNTOPUTMUUYECKUE PEIICHHUS
10 TUIAHUPOBAHUIO PECYPCOB OOIAYHBIX IUIAT(HOPM, BKIIOUYAs BUPTYaJIbHbIC MAIIMHBI, CUCTEMBI
XpaHEHUs JaHHBIX, OOJIAYHBIC CEPBUCHI H MPOOJICMHO-OPUECHTUPOBAHHBIC —IPUIOKCHHS,
MPUMCHSIEMbIE B OOJAYHBIX IIaTPopMax, HE HCIONB3YIOT TPHUHIUIBI CaMOOPTaHU3aIlUU |
HEIOCTaTOYHO A((EKTUBHBI OTHOCHTEIBHO MAcCIITA0MPYEeMOCTH W COAaHCHPOBAHHOCTH. ITO
MOATBEPIKIaCT HOBU3HY PEIICHUN MPOBEACHHOTO MCCIICAOBAHMSI.

2. Teoperuyeckasi 4yactb. /[ Ooiee NETaIbHOTO OMMCAHMS XapPAKTEPUCTUK OCHOBHBIX
00BEKTOB O0JIAYHOM CUCTEMBbI HAMH PEaM30BaHa CTPYKTYpPHAsE MOJICIb, OMUCHIBAIOIIAs OCHOBHBIC
AJNIEMEHTHI BUPTYaAIbHOTO IeHTpa 00paboTku NaHHBIX. OCHOBOM CTPYKTYpHOM MOJENU SIBISETCS
MIPOrPaMMHO-KOH(PUTYPUPYEMBIE CETh, KOTOPAst MOXET OBITh MPEJICTABICHA B BHJIC B3BEIICHHOTO
OpPUEHTUPOBAHHOTO MYJIbTUTpada:

NVDC = (Nodes, Links), 1)

Nodes ={Node; } — MHOXECTBO CETEBBIX YCTPOHCTB (y37OoB / cepBepoB / W T.1.);

Links ={Link;}

i=LN
j-ip — MHOXKECTBO JIYT, MPEICTABIAIONINX co00ii ceTeBOe COeIMHEHUE.

Pebpa mynbrurpada Links, ={(py;, Py;)} 2TO ABYCTOPOHHHE CETEBBIE COETMHEHHS MEIKLY
IIOPTaMU CETEBBIX YCTPONCTB BUpTyasnbHOro LIO/I.

Kaxcz[oe CETCBOC yCTpOﬁCTBO XapaKTCPUIYCTCA CICAYIOIIHUM KOPTCKEM:

Node; = (L;,R,,C;,M;,T;) 2)
L, — MHOXECTBO Ayr, Mcxomsaumx u3 BepmHbl, P :L; —Z% U{0} — dynkums, kotopas
XapakTepu3yeT TEKYIIylo 3alepkky it kaxmod ayrm; C;:L, —Z" U{0} — npomyckuas

crocobrocTh; M, :L; > Z" U{0} — makcumanbHas mpormyckHas ciocobrocTh; T e{host, switch}
— TUI YCTPOMCTBA.
CrpykrypHas mozaens BuptyanbHoro L[O/] MoxkeT ObITh ompejenieHa Kak HampaBlICHHBIN
MyJbTUrpad:
VDC = (Seg, Connect(t)), 3)
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rae BepmmHBEI rpada Seg ={Seg,,Sed,,...,Seg;} — MHOKECTBO PAa3JCICHHBIX CETMEHTOB

(aBTOHOMHBIX CHCTEM), OOpa30BaHHBIX B IIpoIrlecCe padOTHl OOJAYHBIX MPUIOKECHUHA IS

3¢ GEKTUBHON U30JISAIUH MTOTOKOB JAHHBIX M ONTHMAaJIbHOTO UCIIOIb30BaHUS (PU3UYECKHX PECYPCOB
uentpa 00paboTku nannbix; ayru rpada Connect(t) ={(Seg;,Seg )} — nanpasnennas cBs3b MEKILY
CerMEHTaMH Yepe3 MPOrpaMMHO-KOH(DUTYPUPYEMYIO CETh.
Kaxnmpiit  cermeHT — S€J, € S€J  pacmpesiielicHHOW  MpOrpaMMHO-KOHDUTYpUpYeMOit
UH(PACTPYKTYPhl MOKET OBITH ONMKCAH B BUJIE B3BELHICHHOIO HEOPUEHTUPOBAHHOTO MYyJIbTUTpada:
Seg, = (Devices,, LinksV,, Flows, (1)), 4)
rze y3namu rpada sistores yerpoiicrsa Devices, ={Devices, ,,..., Devices, ,}, Bxogsime

B COCTaB BBIOPAaHHOrO cermMeHta S€J, cereBoit Ttomonoruu BupryansHoro I1[O/I;

LinksV, ={LinksV, ,,...,LinksV, ,} - BpeMEHHbIE BUPTyabHBIE CETEBBIE COECAUHEHUS, OOpa3yeMbie

Ha BpeMs B3aMMOJCHCTBHs YCTPOWCTB B mpoliecce BbimosiHeHus 3amauyn; Flows, (t) - noroku
JAHHBIX 00JaYHBIX MPUJIOKEHUH, IepeMeliaeMble B MOMEHT BpeMeHH t B npeaenax o0pa3oBaHHOIO
cermMenTta S€gJ, Mexmy ycrpoiictBamu Buptyansaoro IO/

Boruncnurensubie y3nel Node, € Nodes, B COBPEMEHHOM IOHUMaHHU MOIYT HWMETh

pasznuuHble Ha3zHaueHus B uHPpacTpykrype LIOJ[. OnuimieMm oCHOBHBbIE BHIBI Y3JO0B Kak
00bETMHEHNE MHOXKECTB!

rae VM ={VM;,VM;,...VM,, } — BUPTyallbHbIC MAIIMHBI, IIPEAHA3HAYEHBI IS 3aIlyCKa

MIPUJIOKEHUN U CEPBUCOB;

C.={C..C,...C,} — xourponepsr OpenFlow, MO3BOISIOT  OCYLICCTBISATE

MOHUTOPHUHT ¥ TUHAMUYECKYIO peKoH(pUrypanuto tornosoruu cetu LHO/;

GW, ={GWk1,GWk2,...,GWkWK} — LUTIO3BI, SIBISIOTCA BXOJHOW TOYKOW MEXIY CEerMEHTaMu

CETHU U II100aTbHBIMHU CCTAMMU,

B, ={By1.Bys..... By } — OamaHCHpsI OpenFlow, oTBeuarot 3a pacnpenelieHne Harpy3KH 110
Bce BupTyanbHoi cetu LHO/];

Stgy ={Stgys,Styz,- Sty } — xpanmmmma ganubix (NAS/SAN), npumenstores s

pacIpeielIeHHOr0 XpaHeHHs: 00pa30B BUPTYalIbHBIX MAIIMH U MH()OPMALUK pa3IMYHON CTPYKTYPHI,
He0o0X0IMMOM st pabOThI CEPBUCOB U MPUITIOKEHUH.
Kaxnapiii Beraucnurenbapiii  y3en  Node; € Nodes, wumeer crenyromue napamerpsl u
JUHAMHYCCKUC XapaKTCPUCTHKH:
node
Node,; = (My;, Dy;, Corey, Sy, My (1), dii (1), 8y (1)) (6)

rie M; €N u D,; e N — coorBercTBeHHO pa3mep onepatiBHON namsté (MO) 1 eMKOCTh

mucka (M6); Core; € N — uucio BeMUCIHTENBHBIX Sep; Sy; € RT — NPOM3BOAUTENLHOCTE s/ED;

my; (t) €[0,1] u d,;(t) €[0,1] — Bpems orkmka; S;°® (t) e{"online","offline"} — cocrosnue ysa.
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node node
Ha xaxnom ysme ects ouepens 3amad Qg (1) ={Qgje (1)}. Ona wucmonesyercs s
oOecrieyeHrs KauyecTBa OOCITYXMBaHHS B COOTBETCTBMM C MHHHMMAJIbHOH TapaHTUPOBAHHOMN

MPOMYCKHOM CIOCOOHOCTBHIO M MAKCHMAJIBHOM 3aIePKKOU JJIsl JAaHHOTO CETMEHTA CETH.
node ; node node
Quile () = (MinByge™ (1), MaxDye~ (1)), (7

e MinBie* () eNuU{0} and  MaxDe®(t) e N U{0}  mpencraBmsior  coGoid
COOTBETCTBEHHO MMHHMMAJIbHYIO IPONYCKHYIO CIOCOOHOCTh M MAKCHUMAJIBHYIO 3aJEPKKY JUIs
COOTBETCTBYIOIIEH ouepenu mopra (B Mc), KOTOpbIe OBUIM CO3/IaHbI JIJIsl 00ECIeYeHUsT MEXaHU3Ma
QosS.

IIpeanaraemblii moaxoa. Panee HaMu paccMaTpuBalIMCh pEIICHUS s OOJauHBIX
XpaHWIHIL JTAHHBIX, OOECHEUMBAIOIINX MUTPALUIO JTAHHBIX, a TaKXKE AJITOPUTMBI pa3MEICHUS
JAHHBIX Ha YycTpoiicTBax [7, 8]. YuurbiBas HOBYH NapagurMy MOpoOrpaMMHO-YIPaBIIeMbIX
XpaHWIHIL, TpeJUiaraeMble KOHIIETIUUA TpeOyloT OopabOTKM B 4YacTHU OINpeAeNeHUS TUIIOB
pa3MeniaemMbIX JaHHBIX OTHOCHUTENBHO HMX CTPYKTYphl. B Xoje uccienoBaHus HaMu MPOBEACHA
KJIaccCu(UKalKs JaHHBIX, pa3MellaeMbIX Ha YCTpoilcTBax B ceTeBoil cpene. Ha ocHoBe MaTpuiisl
COOTBETCTBUII HaMH IIOCTPOEH aJITrOPUTM, IIO3BOJISIOIIMN OMNPENENATh CTPYKTYPUPOBAHHOCTh
MOJIy4aeMbIX JaHHBIX JUIS OMpejaeicHUus KOoHeuHoro crmocoba pasmemenus (CXJ/SQL/NOSql),
Buga ¢usmdeckoro ycrpovictBa (HDD wmm SSD), Tak ke HemocpeACTBEHHBIH BBHIOOP CaMoro
ONTUMAJIBHOTO YyCTpoiicTBa. Takum 00pazoMm, pa3mellaeMble B XpaHWIUIIEC JaHHBIE MOXKHO
MIPEJICTaBUTh B BUJE CTPYKTYPBI:

Data = (TypeS, TypeD, RDisk), (8)
rae TypeS - cmoco0 pasmennenus; TypeD - Bujg ¢usuueckoro ycrpoiicrsa; RDIisk —
¢u3nyeckoe ycTpouCTBO XpaHEHHUS.

B xome wuccienoBaHMs yCTAHOBJIEHO, 4YTO pa3MELIEHME JaHHBIX Ha (U3NYECKUX
YCTpOMCTBaX MMEET psii OTpaHUYEHUH, BIMAIOIIMX KaK Ha IMPOU3BOJUTENIBHOCTh ONEPALUU IO
YTEHMIO/3aIIMCHU JAHHBIX, TaK U Ha MPOLIECC ONTUMHU3AIMK PACIIOI0KEHUS JAHHBIX Ha YCTPOMCTBAX.
Jlig HeWTpalu3alluyd YCTaHOBJIEHHOIO OrPaHWYEHHUs Mpesiaraercsd IMPUMEHSTh IPOrpaMMHO-
ylpaBisieMble XpaHWIMINA JaHHBIX. JlaHHBIA BUA XpaHWIHILA MOXHO NPEICTaBUTh B BHJE
CIIEAYIOIIEH CTPYKTYPBI:

SoftStg = (Vm, Lan, Stype, Dtype, RDisk(t), Vdisk), 9)
rae VM — BuUpTyanbHas MallMHA WM CETEBOW KOHTeWHep, Lan — ckopocTh mocryma

ceTteBoro uHTep(eiica, Stype — mommepkuBaeMblii croco0 pa3MmemieHus MaHHbIX; Dtype Bupg
(GU3NIECKOTO YCTPOICTBa, HAa KOTOPBIX OyJeT pa3Memarscs BupTyanbHas mamuHa; RDisk(t)

KOHKPETHOE (DM3HUECKOE YCTPOMCTBO, COJAEpIKAIlee BUPTYAIbHYIO MAIIMHY B JAHHBIA MOMEHT
Bpemenn t; VAisk — o6muit 06beM XpaHUIIHINA JAHHBIX.

[IperMyIIIeCTBOM TaKOTO pa3MEIIeHUs] JAaHHBIX SBJISIETCS BO3MOYKHOCTH MHTPAIIUH
XPaHWIHIIA MEXKIY (DH3UUECCKMMH yCTpOWCTBaMHU. IIpH 3TOM CBSI3M M JOCTYIHOCTH JAHHBIX CO
CTOPOHBI 00JAYHON IIATGOPMBI OCTAIOTCH HEMPEPHIBHBIME, TaK KaK COCAMHEHHE OCYIIECTBIISAETCS
C BUPTYaJIbHBIM XPAaHUIIUIIEM, a HE (PU3HMUECKUM YCTPOHCTBOM.

KoHIenmust mporpaMMHO-YIPABISEMBIX XPAHWIMIL CTPOUTCS TaK JK€ Ha IPHHIUIAX

camoopraHuzanuu Ha Oa3e abOcTpakuuil. B Hacrosiem wHccieoBaHUM MCIONIb30BaHA MOJEIb
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BBIYHUCIUTENLHBIX PECYpCOB OO0NauHOM CHUCTEeMBI, pa3paboTaHHas paHee. B jomonHeHue K
CYIIECTBYIOIUM 00BEKTaM 00JIauHON HHPPACTPYKTYPHI B MOJEIIb BBE/ICHBI MIOHSATHUS arcHTa U y3j1a
yIpaBiIeHUs. ATEHT MPEACTaBISET COOOM BBIYUCIHUTEIBHBIA y3€1 O0JauyHOW CHCTEMBI, KOTOPBIA
MOJKET BBICTYNATh B POJIM BBIYMCIMTEIBHOrO y3ia Snode, cucreMbl XpaHEHHS IaHHBIX SStg,
CETEeBOIr0 XPaHUJIUIN JaHHBIX Snas. [Ipu 3ToMm B 110001 MOMEHT BPEMEHH areHT MOXKET CTaTh y3JI0M
yrpaBieHus. ITO BO3MOXKHO OJ1arofiaps KJacTepu3aliy BHIYUCIUTENbHBIX Y3JI0B.

B ocHOBYy camMoopraHuzany IpOrpaMMHO-YIPaBIsSEMOI0 XPAaHWINILA JAHHBIX MOJOKEHA
aJIalTUBHAs MOJIEb TMHAMUYECKOW PeKOH(Urypaluu aJanTalud K U3MEHEHHSIM pPeCcypcoB. JTO
MIOMOTaeT ONTHMHU3UPOBATh OPraHMU3AIMOHHYIO CTPYKTYypy oOOJadyHOl miaatgopmbl, a HMEHHO
IrOPUTMBbI NTOMCKA ONTUMAJIbHBIX Y3JIOB YIPABICHMS, a TaK XK€ BBIIEICHUE TPYNN YIPaBICHUS.
[IpemyiaraemMass HamMu MOJENb YNPABICHHUS COCTOUT M3 JBYX 4YacTeil: y3l0B U pecypcoB. [lpu
(GbOopMUPOBaHUM  TMPOTPAMMHO-YIPABISIEMbIX  XPaHWIMI]  Ha  KaXJIOM  BUPTYyaJIbHOM
BBIUHMCIUTENLHOM Y3Jie 3allycKaeTcs MporpaMMHOE oOOecledeHue, OTBevarolee 3a oO0MeH
TEXHUYECKUMHU JaHHBIMHU 00 ycTpoiicTBax. OOMEH JaHHBIMU OCYIIECTBIISIETCS B MpeJesiax TPyIIbl
y3JI0B, OCYILECTBISIONIMX OJUH CIOCO0 XpaHeHHs HaHHbIX. [Ipu 3TOM cpeau Tpymnmbl Y37I0B
BBIOMpAETCSI HaMMEHEee 3arpyKEHHBIH y3ell, BBICTYMAIOUMKA B POJU Yy3Ja ymhpaBleHus. Takoi
MOJXOJI MO3BOJISIET CHU3UTHh PUCK JETPajalliil YIPaBISIOUIETO y3i1a BO BpeMs paboThl. TeM He
MEHEEe, €C/IM MPOUCXOJIUT IOTEPs CBSI3U C YIPABIAIOIIMM Y3JOM, y OCTaBIIMXCS B TpPYIIIE
BUPTYaQJIbHBIX MalIUH BCEr/la MPUCYTCTBYIOT JAHHBIE JPYr O JAPYre, YTO IMO3BOJIAET MPOU3BECTH
aBTOMATHUYECKU BBHIOOP HOBOTO y3Ja YIPaBJICHUS U JEIETUPOBATH €My MOJTHOMOYHSA, YTO TaK K
CHIDKAeT PHUCKM OTKa30B CHCTeMbl ymnpaBieHus. [lomumo 3amgaum opranuzanud oOMeHa u
YIPABICHUS XPAaHWIUIIAMHU CBOEU T'PYIIbI, YIPABISIIOUIUMN y3€]l OCYLIECTBISET B3aUMOJIEUCTBHE C
y3JIaMH YIPaBIEHUS APYTUX TPYII IS MOAIEP KaHUS aKTyalbHON WH(GOPMAILIUK O COCTOSIHUH BCEH
CUCTeMbl B I1eJoM. TakuM o00pa3oM, BCS CHCTEMa MPOTPAMMHO-YIPABISEMBIX XPaHUJIHIIL
MIOCTPOEHA M0 UEPAPXUIECKOMY CETEBOMY MPHUHIIUITY, BKIIOYAIOIIEMY TpU 0a30BBIX YPOBHS:

o OIEpaTUBHBIA JOCTYII,
o yIpaBieHUS B TPYIIIE;
o 0oOMeHa JJaHHBIMU BCEHl CHCTEMBI B LIEJIOM.

Ha 6a3e onucaHHON KOHUENIMH MPOrpPaMMHO-YIPABISEMbIX XpPaHWIUI] HAMU pealu30BaH
QJITOPUTM pa3MELIEHUS JaHHBIX B IPOrPaMMHO-YIIPABIIEMbIX XpaHUJIUILAX.

3. Peasm3zaumnonHas yactb. KOHKYpEHTHBIM MPEUMYILECTBOM Pa3pabOTaHHOIO aJlrOpUTMa
YIIPaBJIEHUS MPOrPAMMHO-YIIPABISIEMbIM XPAHWIUIIEM JAHHBIX IO CPAaBHEHHIO C HMMEIOIIUMUCS
aHaJIOTaMH SIBJISIETCS YBPUCTUYECKUI aHAJIM3 HOBBIX TUIIOB JaHHBIX B Ipollecce 3arpy3ku (aiiios B
cucreMy obOnauHoil tatdopmbel. Ilpu osToM, Omarojaps BHUPTyaJM3alMU  XpaHWIHUINA,
OCYILECTBISIETCA TPO3pAavyHOe ISl KIMEHTa 3epKajibHOE IYOJUpOBaHME NAHHBIX HA HECKOJIBKO
YCTPOMCTB XpaHEHHs, YTO O00ECIEeYHBAECT yBEIMYEHHE CKOPOCTHU pa3MELIEHUs Juis oOecreueHus
LEJIOCTHOCTH M pe3epBUpOBaHUS  JaHHBIX. DopMupoBaHHE NPOrPAMMHO-YIIPABISIEMbIX
CaMOOPTaHU3YIOIIMXCA XPAHWIUI] JaHHBIX Ha 0a3e BHUPTYaJbHBIX MAIIMH M KOHTEHHEpPOB
MO3BOJISIET HE TOJBKO CHU3UTh PUCKH, CBSI3aHHBIE C MOTEPEH MM HEIOCTYIHOCTHIO TaHHBIX, HO U
o0ecreyrBaeT HWHTEIUIEKTYaJIbHBIH aHAJIW3 BOCTPEOOBAHHOCTH JIaHHBIX, Ha 0a3e KOTOPOro
(bopMHUpYIOTCS KapThl pa3MelleHHs] BUPTYaJIbHBIX MAlIMH U KOHTEiiHepoB. B ocHOBY anmropurtma
pasMEelIeHMs] JaHHBIX B MPOrPaMMHO-YIPABISEMBIX XpPAaHWIMIIAX IOJIO)KEHA  MOJEJb,

MO3BOJIAI0IIasA ONHUCATh CTPYKTYPY U CBSA3UM BUPTYAJIbHBIX yCTpOI\/'ICTB, MalllrH H KOHTeﬁHepOB C
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JTaHHBIMH. MoJieb OCHOBaHa Ha MYJIBTHAreHTHOM IIOAXOJIC B OPTraHU3allMH YCTPOUCTB XPaHCHUS.
ATEHTBI OCYILECTBJISIFOT COOp MaHHBIX O COCTOSHHHM CHCTeMBl. [loiydeHHas WHQpOpMaIus
MOJIBEPracTcsl aHaIM3y ¢ IPUMEHEHHEM alropuTMoB MammuHHOro oOydenus (Data Mining) [6, 9].
Ha BbIXOzI€ MPOBEACHHOrO aHajaM3a MOIYyYaeTCsi KapTa PaclONIOKECHUS YCTPOMCTB BHYTPH CaMoi
00nayHoi TIaTOpMBl ¢ MPHUBA3KOH K (PU3MUECKUM yCTpOMCTBaM, a Takxke (GopMHpyeTcsl KapTa
BOCTPEOOBAaHHOCTH CaMUX JaHHBIX. [lyrem aHaimM3a JBYX KapT M IBPUCTHYECKOTO alrOPHTMa
HNPOTHO3UPOBAHUS CHCTEMa YIPABICHHsI O0JAKOM IPHHUMAET PEIICHUE O PEKOH(HIYypaluu WK
HEepPEeMELICHUH YCTPOICTB BUPTYaIbHOIO XPAHWIIHIIA, & TaK )K€ O POTALUH U IepepacipeieliCHuH
JaHHBIX MEXIY pa3JIMYHBIMU Yy3JaMHd CHCTeMbl. [IpW 3TOM KapThl pa3MEIICHHS SBISIFOTCS
JMHAMHYECKUMHU OOBEKTaMH, (OPMUPYEMBIMH HE TOJIKO IO MEpE BO3HHUKHOBCHHS COOBITHIA
3arpy3KHM WIH YTCHUS JAHHBIX, HO C 33JlaHHBIM MHTepBaJIoM BpemeHH. O000IIeHHAs OJIOK-cXema

paboThI aNropuT™Ma MpeJCTaBlIeHa HA PUCYHKE 1.

( Havano )
|

AHanus OaHHbIX COCTOAHUA CUCTEMBbI

PacyeT onTMmansHOro pasmeLleHus

\
$opmunpoBaHune kapT
BOCTPebOBaHHOCTY PECYpPCOB M KapThbl
pa3mMelleHna BupTyanbHbIX MalluH “
KOHTEHEepoB

HangeHHoe pelueHne
BbINOSTHUMO?

PekoHurypaums xpaHunuiia

MepemelLeHne aaHHbIX

C (e )

Puc. 1. O60061eHHas 6510K-cXemMa alropuT™Ma pa3MelIeHUs JaHHBIX B IPOTrPaMMHO-

YIIPABIACMbBIX XpaHUJIUIITAX 00JIaYHON CHCTEMBI

3a cuer 3¢ (HEeKTUBHOTO TEpepaclpeesiCHHs] MOTOKOB JaHHBIX MEXAY 3aIyIEHHBIMHU
9K3EMIUIIpAaMH BHUPTYAJbHBIX MAIIMH W KOHTEHHEPOB 00ECIeYnBaeTCsi HE TOJBKO JOJHKHOE
KauyecTBO 00CITYKUBaHHUS, HO U KOMIAKTHOE PACIOI0XKEHHE YCTPOHCTB.

ITpu pabote ¢ cepBucamu, pa3MeIIEHHBIMU B 00JIa4HONM CHCTEME, HE HCKIIIOYEHA CUTYalus,
IpU KOTOPOH s OOCIy>KMBaHHS 3arpoca I0JIb30BaTelii MOTYT OBITh 3aJ€WCTBOBAaHBI Cpasy

HCECKOJIbKO XpaHUJIUII JaHHBIX C PA3JIMYHBIMU XapAKTCPUCTUKAMHU JOCTYyIIA. HpI/I pa60Te C TaKUMH
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JAHHBIMU O0JIAYHOM CHUCTeMe HEOOXOIMMO OCYIIECTBISThH MOATOTOBKY JOCTYIIA JJIsi ONTUMHU3ALNN
BpeMeHH uTeHUs. J[7s 3TOro pa3pabOTaHHBIM aarOpUTM pa3MEIICHHs NaHHBIX B MPOrPaMMHO-
YIPABISEMBbIX XPAHWIUIIAX B XO0JA€ pPabOTBHl CTPOUT Psi BHYTPEHHUX NPABHI, TEM CaMbIM
MOCTpauBasi MoJ MOTOK 3alIPOCOB MOJIb30BATENICH KaXK/bIM SK3eMIUISp XpaHuwiuiia. B pesynbrare,
IIJIaH BBIMTOJTHEHUS 3alPOCOB C OAMHAKOBOW MHTCHCHUBHOCTBIO B pa3HbIE MOMEHTHI BPEMEHU MOKET
OBITH pacrpesiesieH To-pa3HoMy. llepecTpoeHue mpaBWJI MPOUCXOJUT B COOTBETCTBUH C
BOCTPEOOBAHHOCTBIO PECYpPCOB, UYTO I03BOJIsACT 3(PGEKTHBHO YNPABIATh paCHpeeICHUEM H
JTUHAMHAYECKON OaTaHCHPOBKOW Harpy3KH.

4. JkcnepuMeHTadbHAsA 4YacTh. /s oneHKH >PQPEKTUBHOCTH aIrOpUTMa pPa3MEIICHUS
JAHHBIX B MPOrPAMMHO-YNPABIAEMbIX XPaHWIUIIAX, MOCTPOCHHOIO C YYE€TOM IPEACTABICHHOU
MOJIEJIA MPOrPaAMMHO-YIIPABIISIEMOT0 XPAaHWIUIIA JaHHBIX, HAMU MPOBEJIEHO MCCIEeI0BaHNE Pa0OThI
00JIa4uHOM CHCTEeMBI, TOCTpOeHHO Ha 6a3e Openstack [12] ¢ paznuunbiMu napamerpamu. [Ipu 3ToM
B KayeCTBE STAJOHHBIX JAHHBIX JJII CPAaBHEHHUS B DKCIICPUMEHTE HMCIOJb30BAINCH THIIOBBIC
ANTOPHUTMBI, IPUMEHSIEMbIC B 00JIAYHBIX CHCTEMaX, a TaK YK€ TPAIUIIMOHHBIC CUCTEMbI XPaHCHHUS.
JIsl SKCHEpUMEHTAIBHOTO HCCIEAOBAaHUS CO3JaH MPOTOTHUII OOJIAYHBIM Cpebl, BKIIOYAIOIICH B
ceOs OCHOBHBIE Y3JIbI, a TaK € MPOrpaMMHbIE MOIYJIH [isi pa3paboTaHHBIX aJTrOPUTMOB,
Moaudummpyomue 00paboTKy 3apOCOB MOIb30BaTENIel K JaHHBIM B MPOTPAMMHO-YIIPABISIEMOM
XPaHWIHIILIE.

B o6naunoit cucreme OpenStack peanu3oBaH MOIyJb, NPUMEHSIONIMM pa3paOOTaHHBIN
QITOPUTM pa3MENICHUSI JAaHHBIX B MPOrPAaMMHO-YIPABISIEMBIX XPAHWIMILAX JJIS PallMOHAIBHOTO
WCIOJIb30BAaHUS BBIUMCIUTEIBHBIX PECYpCOB 00JIauyHOM cUCTEMBI U d()(PEKTUBHOTO pacripe/iesieHus
BUPTYaJbHBIX MallMH TMO (U3MYECKUM y3JlaM, a TaK >K€ CBSI3aHHbIE C HUMHU JaHHble. B xome
SKCIIEPUMEHTA ISl aHallM3a JIaHHBIX CO3JaH MOTOK 3alpOCOB, aHAIIOTUYHBIA peallbHOMY Tpaduky
o0nayHOi MHPPACTPYKTYpPhl, OCHOBAHHBIM Ha JAHHBIX JIOT-3aMKACEN JIOCTYIa K OIMpEeaeTICHHBIM
BHJIaM PECYpPCOB C KJIacCH(UKAIMEH MO THMaM JaHHBIX W CTPYKType 3ampoca. PerpocrekTuBa
BOCITPOM3BOJIUMBIX 3alPOCOB COCTaBWja 3 Troja, MPU 3TOM JJisi HArpy304HOTO SKCIEPUMEHTA
MIPUMEHSJIMCh YCpeIHEHHbIE NaHHbIe. [lomyueHHbIe JaHHBIE paclpeesieHbl Ha MyJie BUPTYaTbHbBIX
MalIfH MO0 CIAEAYIOUIMM KPUTEPUsSM: THUIl KIIMEHTA, OCYIIECTBUBIIETO oOpalleHrne K JaHHBIM; TUII
cepBHca, BOCTPeOOBAaHHOTO MU MOAKIIOUeHUHU. [Ipr 7TOM KOTUYECTBO OHOBPEMEHHBIX 3alIPOCOB,
MOCTYNMUBIIMX B cucteMy, coctaBuiao 100000, 4To COOTBETCTBYET MaKCHUMaJIbHOMY YHCITY
IMOTCHIMAILHBIX MTOJB30BATEICH CUCTEMBI.

Bce cdopmupoBaHHBIE 3ampochl  BOCHPOM3BOJAMUIIMCH  TOCIENOBATEILHO Ha  Tpex
SKCIEPUMEHTAIbHBIX IO KaX. JlaHHOE€ OrpaHWYeHHE BBEJEHO B CBS3M HEOOXOIUMOCTHIO
COTIOCTaBIICHUSI PE3YyJIbTATOB C (PU3MUECKUMH CHUCTEMaMH XpaHEHUsS ITaHHBIX, HE CIOCOOHBIX K
pekoHurypamui.  OCHOBHBIM  OTJIMYMEM  OKCHEPUMEHTAIBHBIX  TUIOMIAJOK  SIBJISIETCS
WCII0JIb30BaHUE TBEPOTEIbHBIX HAKOITUTENEH.

[Tomumo mmomanok st  aHanmu3a AGGEKTUBHOCTH, CGHOPMHUPOBAHBI 3 TPYIIIBI
SKCIIEPUMEHTOB, HAMpPAaBICHHBIX HA WHTEHCUBHOE BBHINOJHEHHE OINEpaludyd IO YTEHUIO
(oxcriepuMeHT 1), 3anucu (SKCHEpUMEHT 2) U OJHOBPEMEHHBIX OIEpalusX UYTEHUS M 3aMHCH
JaHHBIX (3KcriepuMeHT 3) (puc. 2-4).
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Puc. 4. UYrenue u 3anuch JaHHBIX

Bpemsi skcnepuMmeHTa COCTaBUJIO OJUH Yac, YTO COOTBETCTBYET HAuOOJEe JJIUTEIbHOMY
NEepUoly BPEMEHU IHKOBOW HArpy3Kd CHCTEMBI, 3a(UKCHPOBAaHHOMY B pEAJIbHOM TpaduKe.
IIpoBens aHanM3 JaHHBIX SKCIEPUMEHTAIbHBIX HCCIEIOBAaHMN, aBTOpBI JIOKAa3aJd, 4YTO
IIPOrpaMMHO-YIpaBiIsieMble XpaHWIHIa Oojee >(PQPEeKTUBHBI, HE3aBUCUMO OT THUIA (PU3MUYECKUX
YCTPOMCTB.

[TonydyeHHble AaHHBIE MOATBEPXKIAIOT I€JIECOO0PAa3HOCTh MPUMEHEHHs pPa3pabOTaHHOTO
IrOpUTMa U IPOrPaMMHO-YIPABISAEMbIX XPAaHWINI] JaHHBIX JUIS MIPeAoCcTaBlIeHUs 3PPEKTUBHOTO
K cepBucaMm o0sayHbIx cucteM. [lo pe3ynapTaTaMm MPOBENEHHBIX 3KCIEPUMEHTOB MOXHO CAENIaTh
BBIBOJI O CHMKEeHHH Ha 20-25% KoaudecTBa 0TKa30B B 00CITYKHUBAaHUU MIPU pa3MELIEHUH JaHHBIX B
MIPOrPaMMHO-YIIPABIISIEMbIX XPaHUIHUILAX JaHHBIX.

Kpome Toro, 3a cueT ONTHMAalIbHOIO BBIAEIEHUS PECYpCOB HAa Ka)KIOM BBIYMCIHUTEIBHOM
y3Jie TapaHTUPOBAaHO OOECleYeHHEe COBMECTHOW pabOThl BCEX 3aMYIICHHBIX SK3EMIUISIPOB
NPUIIOKEHUH, YTO YJIOBJIETBOPSET TpPeOOBaHMSIM MOTEHLIMANbHBIX Moyb3oBaTeneil. Ilpu stom
Omarozaps paboTe anropuTMa pa3MelleHUs JaHHBIX B IMPOrpaMMHO-YIPABISEMbIX XpaHWINIIAX
BO3MO>HO BbICBOOOXKIeHHE OT 20 10 30% BBIIEIEHHBIX PECYPCOB BBIYUCIUTEIBHBIX y3JI0B. Takum
o0pa3oM, MPEASIOKEHHBIM aNrOpUTM MOXET HCIOIb30BaThCSl JAJISI MPOU3BOJBHBIX APXUTEKTYP
BBIYHCIUTENbHBIX CHUCTEM, B TOM YHCJE C HEOJHOPOAHON KOH(Urypanueil QpU3ndeckux y3JI0B U
BUPTYaJIbHBIX MaIIHH.

5. 3akawuenme. Takum oO0pa3om, oOleHHMBasg OOWIMI pe3yabTaT pabOThI anropuTMa
pasMelleHus] JaHHBIX B IPOTrPaMMHO-YIPABISAEMbIX XPaHWJIMIIAX, MOXHO IOJIYYUTh MPUPOCT
npou3BoauTenbHOCTH OT 20 10 25% 1O CpaBHEHUIO C (DU3MYECKHMMM CHCTEMaMH XpaHEHHUS U

BUPTYAJIbHBIMHW MalllMHAMH, HUCIOJB3YEMBIMH B KaUC€CTBC CHCTEMbI XPaHCHHA JAaHHBIX, YTO
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ABNSETCS BechbMa A(PQPEKTUBHBIM MpPH OOJBIION HHTEHCHUBHOCTH 3ampocoB. Kpome Toro,
COKpallleHHe 4YHCTa BBIICICHHBIX BHUPTYaJbHBIX PECYpCOB TMO3BOJNSET Oosee APPEeKTUBHO
MacmTabupoBaTh OOJAYHYIO CHCTEMY M OOECIEUYHTH 3arac HaJe)KHOCTU MPU PE3KOM YBEINYCHUHU
WHTEHCUBHOCTH HCIIOJIb30BAHUS BBIJICIICHHBIX MTPHIIOKCHHA.

Pa6oTa BrimonHeHa npu noanaepxke PODU (mayunsie mpoekTsl Ne 16-37-60086 Mo _a ax
u Ne 16-07-01004).
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AHHoTauus. B pabore paccMoTpeHa 3agada paz0MEHHs YaCTHYHO-YIOPSIOYCHHOTO
rpada G (Z, W), KOoTOpbIi, KaKk MMPaBUJIO, HA3BIBAIOT CETEBBIM IpaKOM Ha JIMHEHHO
YIOPAOYCHHYIO COBOKYIHOCTH KjaccoB. lMccremyercs NpOCTPAHCTBO PpEIICHUH
3aa4u, npeaiaraercs 3pheKTUBHAS CXeMa PEIICHHUS.

KiaueBble cioBa: rpad, ceTeBoil rpaduk, cucreMaTu3anus, Hepapxust

Beenenne. PaccmarpuBaeTcs 3aja4a rpyniupoBKY 9aCTHYHO YIIOPSAI0YEHHOIO MHOKECTBA
06bekTOB Z 1 noctpoenns pazouenns R =(Z1,Z5,...,Z| ) bakTuyecku IpeacTaBIsSIONIEro coboi

Kiaccu(uKanuio 00BHEKTOB. XOPOIIO H3BECTHHI 33/1a4H KilacCu(PpUKanuyu 00bEKTOB, B Cllydae, KOraa
3aJlaHa Mepa CBSI3U MEXJy O0ObEKTaMH B BHJIE MaTpullbl [6, 7]. [y pemreHus Takoro poja 3agad
IIUPOKO TMPUMEHSIOTCS  OBPUCTUYECKHE QITOPUTMBI  TOMCKA TJ00aJBHOTO  AKCTpEeMyMa
(GyHKIMOHATA, BRIPAXKAIOIIETO KAaYECTBO KiIacCU(PHUKAUU. B BUAY CIOKHOTO 1eNeBOi (HYHKIIMH U
OIMCaHHUs MPOCTPAHCTBA JOMYCTUMBIX PELICHUN B 00IEM cilydae OOBIYHO HE YJaeTcsl OCTPOUTh
3¢ GEKTUBHBIN TOUHBINH AITOPUTM.

M3BecTeH Takke Kiacc 3ajad, rae OOBEKThl JOMOJHUTEIbHO 00J]aJal0T €CTECTBEHHBIM
CBOMCTBOM ymopsiiodeHHOCTH [2, 8]. YropsmoueHHOCTh 0OBEKTOB B I[ETIOM COKPAIAET MHOXKECTBO

nonycTuMbIX pasouennii R . Ecim 970 cokpallleHHe CyIIECTBEHHO M HPOCTO OMMCBHIBAETCH,
HampuMep, B cllydae JIMHEHHON yHopsSA0YeHHOCTH OOBEKTOB, YAAETCs MOJIYUYUTh PELIeHUE 3a7auu
KJIAaCCU(UKAIMN TOYHBIMU MeTosiaMu [2]. B obmiem cirydae, korja HeoOX0uMO HaliTH pa30ueHHe
JaCTHYHO-yTopsigoueHHoro rpada G (Z, W) Ha JIHHEHHO yMOpsSIOYSHHYI COBOKYITHOCTh KJIacCOB
3aja4a Ha00OPOT yCIOXKHsIEeTCA. 3aMeTuM, uTo pasouenue rpada G (Z, W) KoTopslii, Kak MpaBuiIo,
Ha3bIBAIOT CETEBHIM TPapUKOM, B TOM CMbICIE, 9YTo G SBISIETCS OPUEHTHPOBAHHBIM TpadoMm 0e3
KOHTYPOB, Ha JIMHEHHO YIOPSAJOYEHHYI0 COBOKYIIHOCTh KJIACCOB MOJCIAPYET DIIEMEHTBI
CTpyKTypHOTO yrpasienus [4, 5, 9, 10]. [IpuBenem nBa npumepa.

Hampumep, nycts tpad G(Z, W) 3amaer mpoekT: MmocieoBaTelIbHOCTh BBINOJHEHHS HEKOTOPOTO
KoMIutekca padot. Ilycts xommieke paboT pa3OuT Ha ATambl UX BBIMOTHEHHS. [loapsMunKy mpUCTynaoT K
BBITIOJIHCHHUIO PaboT, MOCIICIOBATEIPHO HAYMHAS ¥ 3aBepIIasl OINpeaeNieHHBIM dTan. I()PEeKTUBHOCTH
NPUBJICUCHHS] HCIIOJHUTENICH Ha BBINIOJIHEHWE padoT 3agaHa. HeoOxommmo omnpenenuts Hambolee
addexTuBHOEC pazdOueHHe pabOT Ha J3Tambl W IOCIEAOBATENILHOCTh IPHBICYECHHUS MOAPSIIYNKOB K
BBITIOJTHEHHIO Pa0oT.

K paccmarpuBaemMoil MOAENTM OTHOCATCS 33Jadd KOMITOHOBKH OOBEKTa (TEXHWYECKOTO W3JIENHA,
NporpaMMbl,  NPUPOTHOM  Cpenbl),  3aJaBaeMOro  4YaCTHYHO  YIOPSAOYCHHBIM  rpadom 10
CTaH/IAPTH3HPOBAHHBIM ~ MOAYJsiM. Hampumep, paccMOTpUM — T€OJIOTHYECKYI0 — 3aJady  OIUCaHHS
MecTopoxzaeHus. I1ycTs 1o pe3ysbTaraM OypeHHs W3BECTHA YIOPAAOUYCHHAS IMOCISI0BATEIbHOCTh KEPHOB,
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KaKk B Ka)XJOH OTIENBHOM CKBa)XKMHE, TAaK W MEXIy CKBRXHHAMH, onpeaeiseMas 1Mo Mopdosormdeckum
npu3HakaMm. Takas ymopsgo4YeHHOCTb MoOXeT 3anmaBatbess rpadom G(Z, W). Kpome 3TOro, 3KCHEpTHI
OOBIYHO 3a7al0T OSCKU3HBIH  BapHaHT OIMCAHUS MECTOPOXKACHUS, TAE BBIACISIIOT CIOU IOJIE3HBIX

HCKOIIaCMBIX: R = (Z]_, ZZ, reey ZL) . CootBercTBUE KaXaoro KEpHa BBIACJICHHBIM CJIOAM 3aJacTCAd

BEJIMYMHAMH CBS3U €0 C TOJC3HBIM HCKOMAeMbIM. JlJIsi TOYHOI'O OMMCAHUS MECTOPOXKICHUSI U CO3JIaHUs
reonH(OPMAITMOHHOW 0a3bl JAHHBIX MECTOPOXKACHWS, HEOOXOIMMO PEeIINTh 3aJady pas3neieHus rpada
G(Z, W) Ha TEONOTHYECKHE CIIOW, MPH 3TOM HEOOXOIUMO MaKCHMH3HPOBATh (PYHKIHIO COOTBETCTBUS
KEPHOB ITOJIC3HBIM HCKOTIAEMbIM.

1. IocTtanoBka 3agauu. [lycth Z — KOHEYHOE MHOXKECTBO YIOPSTOYCHHBIX O0OBEKTOB,

TO ecTh Ha Z 3a/1aHO OTHOICHUC ITOPsAAKa <, YAOBJIIETBOPAIOIICE CICAYIOIINUM YCIIOBUAM:

a) s mboroz € Z 2L

0)eciu 21 <2y, 1p<1z3,tme 11,242,723 € Z, 1o 71 < 13;

B) €CJIM OJTHOBPEMECHHO Z1 <Zou 29 X123(21,2p€Z), T0O 271 = Z5.

Beipaxenue Z1 <ZpOymer o3Havyath, uTo 21 < Zo u 1 # I1o.

Paszouennem R=(Zy,Z5,...,Z,)) ynopsao4eHHOTO MHOKeCTBa Z Ha N KJIACCOB Ha30BEM

JMHEHHO YIOPSAOYEHHYI0 COBOKYMHOCTh moxmHoxkects Zyg €Z,K=1..,n, Takyro, uro

KaXJbI OOBEKT Zy €Z NpPUHAMIEKHUT OJHOMY U TOJBKO OJAHOMY U3 KJIAccoB Zj WU, KpoMe
TOT'0, COXPaHACTCS OTHOIIECHUE MOPSAIKA, TO €CTh U3 TOTO, 4TO Z1 S Zp, Tjie 71 € Zkl uiye Zkz,

crenyert, uto Ky <Ko.

[Tycth Ha MHOXKeCTBe Z 3a/laHa BEIIECCTBEHHAS BEKTOPHAS (YHKIIHS:
r(z) =(r(2), r2(2), ..., 1 (2)), (1)
roe Ik (2) — crenens cooTBeTCTBHS 06BEKTA 2 knaccy Zg, k=1..,n.

i 1"z
MHO)KeCTBO BCEX paB6I/IeHI/II/I MHOXECTBaA Z Ha N KJIaCcCOB 0603Ha‘lI/IM qepe3 ( )

PaCCMOTpI/IM 3a/lavy MaKCUMHU3aAlIU (I)YHKHI/IOHaHa
n
OR)=2 > () )

na muoxectse 1" (Z).

Jliist ipousBonbHOTO pasouenus RY e 1"(Z), rae y - HEKOTOPHIN MHAEKC WK TPoOe, Oyaem

IMOJIB30BATHCH CIICAYIOIIINMHA 0003HAUCHHSIMM:

RY=(z),2],...2});

7V _ Y V.

Zy =Z\Z{\..\Z;

p¥(z) =r;(z),rne i Takoso, uto Z € Z'.

Hcnone3ys mocneaHee U3 STUX 0003HaUCHUH, MOYKHO TPEJCTaBUTh 3HaYeHUE (yHKIIMOHATA
(2) B BHIE

O(RY)= > p'(2). 3)

el
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B cereBoil mocTaHOBKE paccMaTpuBaeMasi 3a/1ada — 3TO 3a7a4a ONpeIeSICHUs] MHOTOCIOMHOMN
vepapxun R =(Z,,Z,,...,Z,)MHOMkeCTBa BEPIIMH YaCTMYHO yropsnaodenHoro rpapa G(Z, W),
P  O3TOM HE HAPYLIAETCA YIOPSAOYEHHOCTh BEPIIMH M MIIETCS MAKCHUMYM CIIEAYIOIIETO

¢dbynkunonana (2).
2. TpaauunoHHBINA MOAX0] K pellleHuIo 3a1auu. Eciii He yIUTHIBaTh CIOKUBIIYIOCS
CTPYKTYpy CBsi3el, 3amaBaemyro rpagom G, TO oOuyeBHAHO, 4yTO MakcumyMm (QyHknuoHama (1)

nocturaercs Ha pasouennn R™ =(Z;,2Z;,..., Z,), KOTopoe ompeeseTcs Ceay OInM 00pasoM:
Z = {z eZ:r(z)= max rk(z)},
Zy,=\2€Z; :R.,(2) = max PO, i k=1,2,..,n—1,

me Z, =Z\Z \..\Z,.
PasOuenne Z Ha MHOTOCIOMHYIO HMEPAPXHMIO, HE HAPYNIAIOIIYI0 OTHOLICHHWE TOPSIKA,
3anaBaemMoe rpadom G, CyIIECTBEHHO YCIIOKHAET PEIIEHUE TOCTABIECHHON 3a/1a4H.
In G o~ )
Iycts |"(G) - muoxecTBo Beex pasGuennii rpada G Ha MHOTOCIIONHYIO HEPAPXHUIO BUIA

R, Torma o0o3HaunM

f,(Z)= max @ (R).

Rel, (G)
HerpynaHo Buzets, uto f (Z) ynoeiaerBopser GyHKIHOHATBHOMY ypaBHEeHHIO bemmana:

f.(Z)=_ max 3> P Q+f,Z\X),

X<Z;0(X)=X | &

rae O(X) s mpOU3BOIBHOTO MOAMHOXKECTBA X < Z €CTh MHOXKECTBO BepiiuH rpada G, ms
KOTOPBIX CYIIECTBYET MyTh U3 X.

[Tpu pemennn peanbHBIX 3a7a4 ONMpEaeIeHUs] CTPYKTYp, pa3MepHOCTh rpada G MoxeT ObITh
Oompmoli. B 3TOM cimywae mpoueaypa pemieHHs  3aJaud  METOJOM  JAMHAMHYECKOTO
MIPOrpaMMHUPOBAHUSI CTAHOBUTCS HE TOJIbKO HEA((EKTUBHON, HO M HEBO3MOXKHOU. Takum 006paszom,
BO3HUKAET HEOOXOAMMOCTD Pa3pabOTKH METOIOB YIOPSI0YEHHOTO Nepedopa BApHaHTOB PELICHHUS,
MO3BOJISIOIIAX COKPATUTH KOJHMYECTBO BBIYMCIUTEIBHBIX ONEPALINi.

3. IIpennaraemasi cxema pemeHusi 3agaum. [Ipemnaraercs ymopsiO4HWTh pEIICHUS

sagaun |1"(Z) u 3aTeM MOJIB30BATHCS ATOM YIOPSAI0YEHHOCTHIO, OPraHU30BaB HEKOTOPHIM 06pa3oM
YIIOpPSAIOYEHHBIH mepedop.

Beenem Bo MuHOkecTBe |"(Z) OTHOIIEHHE mOpsIKa:
R'<R?, me R, R e1"(2),
_ Sl _ 52
ecm g k=12,...,.n-1  Zy eZj.
R! < R? 1 2 1 2
OrtHourenue < , Oyner o3Havath, uTo R <R“ m R #R%, To ectpb x0T OBl It
F2\ 71

omHoro K- Z;\Z, # Q.

Besikoe moamuOxkecTBo pas6uennii | < 1"(Z) uMeer TOUHYIO BEpXHIO U TOUHYIO
HIDKHIOIO TPAaHMIIBI, KOTOpBIe OyaeM 0003HadaTh COOTBETCTBEHHO depe3 [MaX | w min I, To ects

1" (Z) sensieres pewerkoii [1].
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ITycTs R'=minl, R? =maxI| , rorza

Zi=N 2y, Zy=nNZ 4
K= 0 2k k = 0 2k (4)
HerpynHo nokasars, 4To
J— _)\‘ J—
N ZycZpyc U JA=1,2. 5
Rel ="k " Rel k ( )

O4eBHIHO TAKXKE, YTO
min1"(2)=(2,3,...,.9)
maxl"(2)= (2,3, ...,Z)

MHOXeCTBO BCEX ONTUMAIIBHBIX pa30MeHuil, MakKCUMHU3HpYOUHX (2), 0003HaYUM dYepe3

(6)

10(2). Takum oGpazom,
18(2) ={R el™(Z):®(R)= max e(I)(R’)} (7)
R'el (Z)

10(Z) Taxoke  sBmsiercss  pernerkoif. JUIs 9TOrO  JIOCTATOYHO JOKa3aTh CIEAYIOIICe
yrBepkaeHue [11].
Ymeeporcoenue 1. Tlpu mo0bIx RLR? el "(2)
O(RY) + d(R?) = d(min{R, R?}) + d(max{Rt, R?Y). (8)

Bo3bpmeM Teneph npou3BOJIbHBIC R, R% ¢ 10(Z), Tax kak R 1 R? — ontumansasie

pa30ueHwus, TO
d(min{RY, R%Y) < (RY):;
d(max{R?, R’} = d(R?).

OTtkyna Ha ocHOBaHUM (8) MoJiydaeM, 4To

d(min{RY, R?}) = d(max{R}, R?Y) = »(RY) = (R?),

TO €CThb
min{R", R%}e 19(2);
max{R!, R}e 1§ (2).

3 (9) M0 MHAYKIIMU TI0JIYy4acM, YTO TOYHAA HWKXKHAA U TOUHASA BCPXHIAA I'PAaHULBI BCAKOTO

(9)

n n
HermycToro mnoamHoxkecTBa | < I((Z)Takke npunagnexar lg(Z), 1o ects g (Z) apasercs

PELIETKOM.

*
O603HauYNM qepes3 R TOYHYKO HHWXXHIOIO TI'paHHIyY MHOXCCTBa BCEX OITHUMAJIBHBIX
pazOueHwii, TO €CTh

sk .
R* =min 17 (2) (10)
Bbynem uckarh ontumanbHOE pa3oueHne R* mo CIEYIOIIEN CXEME:

0 n
(C1) B kauecTBe Ha4YaIbHOTO NPHUOIMKEHHsI BEIOUpaeM pazOueHne RO ¢ (Z) taxkoe, uro

R* <RO: (11)
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(C2) ompenenuM orepaTop mepexoga A, TpeoOpa3yroniuii BCAKOE pa30oueHue

*
Rel” (Z), ynosnerBopsomee nepasernctey R < R, B pas6uenne A(R) € 1"(Z) rakoe, uro

R™ <AR)<R, (12)
[Tpuuewm, ecnu

R* <R, 10 ARR)<R; (13)
(C3) mpumensisi omepatop A MOCIEAOBATEIBHO K R(O),R(l):A(R(O)),R(Z):A(R(l))...3a

. n
KOHEYHOE YMCIIO0 WTepauuii, Tak kak MHoxkecTBo | (Z) xoneuno u Bemonnsercs ycnosue (7),

Hosy4uM pasouenne R”; IpU 5TOM yCIOBHEM ONTUMAILHOCTU pa30OueHus R sBnsercs paBeHCTBO
AR) =R. (14)
YroObl omucath oreparop A, mpeajaraetcs BBOJUTH MOHATHE «MHHHUMAJIbHAS BapUaIlHsD)
pasouenuss R [11]. Buaudane i mpoOM3BOJILHOIO IMOJAMHOMKECTBA 00beKTOB Q < Z ompeaenum
MHO’KECTBO MPEIIICCTBYIONINX O0BEKTOB

n(Q)={zeZ:(Fz5 Q) z<zp}.

n
Ecin 3agmaHo Hekoropoe pasomenme R' el'(Z), To 6ymeM paccMmaTpHBaTh TamKe

MHOYKECTBA nK Q) :n(Q)leZ ma k=1, 2, ..., n-1.
MOXHO IOKa3aTh, 4TO IMPeoOpa3OBaHKE BUIA
Zi =7y, i=1, .., k1,
Z =2} U} (@),
Zi :ZiY \nl (Q), i=k+1, ..., n. (14)

pasouenns RY =(Z],...,Z]) ue suBomut ero u3 muoxecrsa | "(Z), 10 ects R e 1"(Z). Mpu

3TOM Mepexo OT pa3dueHus R k pa3OueHuto R' BiedeT u3MeHeHHe 3HaueHue (yHkiuoHana O(R)

Ha BCJIMUUHY

M@= She-r"e) (15)
zemi (0)

TO €CTh

D(R")=D(RY)+ A} (O). (16)

3ameTM TakXke, YTO TpH mpeoOpasoBanuu (14) BHOBb MOJyYeHHOE pa3OUCHHUE
YIOBJIETBOPSIET COOTHOLIICHHIO R < RY.

O603Haunm uepes " (Z;Z;) MHOXeCTBO BceX pa3OMeHHi ¢ (DMKCHPOBAHHBIM KIACCOM

n .
Z,. YcoBHO-ONTUMANBHBIM pa3ouenneM HasoseM pazduerne R € 1" (Z; Z,) takoe, uro

d(R)= max DO(R).
R'el"(2) (17)
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MHOKECTBO BCEX YCIOBHO-ONTHMAIBHBIX pa3OMeHUH Tpu (QUKCHMpPOBaHHOM cioe 21

n . o *
0003HaYUM qepes IO (Z ) Z]_) , 4 MUHHUMAaJIBHBIU 3JICMCHT 3TOI'O MHOX>KECTBA — R (Zl)

Hns peanuzauuu npuBeneHHon anropurmudeckoit cxemsl (Cl) — (C3) paccmaTpuBaercs
o o *
METOJI MUHUMAJIbHBIX BapMallMil yCIOBHO-ONTUMAIbHBIX Mepapxuil R (Z1), onrumumsupyromux

dynxumonan (1) npu ¢pukcuposantom cnoe Z1. PaccMOTPHM OCHOBHBIC CBOHCTBA MHOXECTBA
L *
| =(G), ucnonwsyemsie B nanHoM Mertosne. ITokaszano [10], uro ans Toro, uto6sl R~ ocrasamacek
. * *
"He BhIlIE" YCIOBHO-ONTHMAIbHOM nepapxuu: R™ < R"(Z1), Heobxomumo u 10cTaTOUHO, YTOOHI

*
Zl c Z]_ . OTO TO3BOJISIET CTPOUTH BapHvalluU IJIA HapallWuBaHUA CJIO Zl OCTaBasACh «HE BBIIICY

ONTUMAJIBHBIX Hepapxui. [[elCTBUTENBHO, CPEAM MHOMKECTBA V(Zl) JIOIYCTUMBIX BapUaLUU

cnost Z1 mepapxun R*(Z1), To ectb Takux X €V(Z,), uro R* <R*(Z; U X)<R*(Zy), Gymem

BBIOMpaTh Bapuanuo X', 1s KoTopoi pyHkimonan (1) Bo3pacraer:
D(R(Z1 U X")> cD(R* (zl))

!
IpuYeM, HEe Ha OJHOM IIOAMHOKECTBE X' OTO COOTHOIICHHME HE BBIIOJHSAETCA (B 3TOM CMBICIIE
Bapuanus X' Ha3bpIBaeTCd MUHMMaiIbHOI). C y4eToM BBEIEHHBIX MOHITHHA omeparop A MOMKHO

ONIPEENNTH CIIELYIONUM 00pa3oM:
RK , €CITH V(Zi() He coziepxur X'

k
AR™) =1 \ Y
R™(Z; X' tneX"eV(Z)

Crnenyer OTMETHTb, 4TO JUIs MOBBIIIEHUS 3((EKTUBHOCTH aIropuTMa mpu (GpopMHupOBaHUH

X' Heo6x0auMO MCTIONB30BaTh CcHeMUM(HUKY paccMaTpuBaeMoi 3amaun  kiaccudukamun. C
WCIOJIb30BAHUEM JIAaHHOTO aJrOpUTMa OBUIM pEIIeHbl 3a/Jadd IMPOCTPAHCTBEHHOI'O OINHCAHUS
KPYITHBIX MECTOPOXKICHHUI MOJIE3HBIX HCKOTTaeMbIX [3].

3akaroyenue. O4eBHIHO, YTO BBUAY HAINpPABICHHOI'O YIOPSAIOUYEHHOro Iepedopa ToYek
IIPOCTPAHCTBA PELIEHUH 3a7auu, NpeiaraemMas cxema petieHus sapisercs 3p(eKTUBHOM.
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THE PROBLEM OF SOLVING THE TASK
OF DETERMINING THE OPTIMAL HIERARCHY
Vladimir V. Yavorskiy
Dr., professor, head of «Information technologies and
natural-scientific disciplinesy», Karaganda state industrial university,
101400, Republic of Kazakhstan, Temirtau, Republic avenue, 30.
e-mail: yavorskiy-v-v@mail.ru

Abstract. The paper considers the task of "systematizing™ partially-ordered graph G
(Z, W), which, as a rule, called a network schedule. The scheme method of
partitioning a directed graph without circuits on multi-layer hierarchy is offered.
Because of directed orderly enumeration of the points of the space of solutions of the
problem, the proposed scheme is more efficient than the known solutions of the
discrete methods, in particular dynamic programming.

Keywords: graph, network diagram, systematizing, hierarchy
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AnHoTanusi. OCHOBHOM 0OCOOEHHOCTHIO MH(OPMALMOHHON MOIAEPKKU MPUHATHS
pelieHni sBisieTcs KauyeCTBEHHO HOBasi OpraHu3allvs B3aWMOJEWCTBUS YeJIOBEeKa U
KOMITbIOTEpa. BripaboTka permieHus sSBISETCS OCHOBHOM IIEJIbIO ATOM TEXHOJIOTHH.
IIpunsATHEe pelIeHn IPOUCXOAUT B PE3YNbTATE HTEPALUOHHOIO MpOIECCa, B
KOTOPOM YYacTBYIOT cucTema nojiepxku npunsatus pemenuid (CIIIIP) n yenoBek
KaK yIpaBisiollee 3BEHO, 3aJalollee BXOJHbIE JaHHbIE U  OIEHUBAIOLIEE
MOJIy4YeHHBIH pe3ynpTaT. OKOHYaHHE WTEPallMOHHOTO IMpoliecca MPOUCXOAUT IO
Bosie uernoBeka. MHpopmannoHHas TEXHOJIOTHS MOAAEPKKH HPUHSATHSA PELICHUH
MOJKET UCIOJIb30BaThCS Ha JIt0OOM YpOBHE yrpaBiieHus. Perienus, npuHUMaeMble Ha
pPa3IUYHBIX YPOBHSAX YIpPaBIEHUS, KaK MPaBUIIO, JOJKHBI KOOPIAWHUPOBATHCA.
[Tostomy Baxknoit ¢ynkuueit CIIIIP sBnsiercs KoopAWHAIMS JIEHCTBUM JIWII,
NPUHUMAIOIIMX PEIICHHs Ha pa3HbIX YpPOBHAX yIlpaBieHUs. B crarbe BBINOIHEH
0030p apxwurektyp CIIIIP u omeparuBHOW aHAMUTUYECKOW OOpPaOOTKM JaHHBIX.
CopepxaHue CTaThbM IMOCBSIIEHO ONUCAaHWIO HauOojiee TMOMYJISPHBIX THUIIOB
apxutektyp CIIIIP, ux nDpeuMymiecTB W HEIOCTATKOB, a TAaKK€ TEXHOJOTUM
00paboTKH JaHHBIX B pealbHOM MaclITade BpeMEHH.

KiloueBble cjioBa: NpHUHATHE pELIEHUM, XpaHEHHE JaHHBIX, MH(POpPMAIMOHHBIE

TCXHOJIOTHH, aHaJIN3 JaHHBbIX, CHCTEMHBLIN aHAJIN3.

Beenenue. Cuctemsl MOAAECPKKHU NMPUHATHS penieHUN nosBuianck B 1970-1980 rr., yemy
CIOCOOCTBOBAIM LUIMPOKOE PAcpOCTPaHEHHE MEPCOHAIBHBIX KOMIIBIOTEPOB, MMAKETOB MPUKIIATHBIX

nmporpamMmMm, a TaKXE YCIIEXHU B CO3JaHUM CHUCTEM HMCKYCCTBECHHOI'O MHTCIIJICKTA. OcHoBHOI1

80 «Information and mathematical technologies in science and management» 2016 Ne 3




Hupopmayuonnvie mexnonocuu no00epI’CKYU NPUHAMUS PEUUEHUT] HA OCHO8E XPAHUIUWY OAHHBIX

0COOCHHOCTBIO HH(OPMAIIMOHHOMN MOAIEPKKH MPUHATUS PEUICHUH SBISETCS KaueCTBEHHO HOBAs
OpraHM3aIfy B3aUMOJICHUCTBUS YelIOBEKa U KOMITbIoTEepa. BripaboTka pelieHus SBlseTcss OCHOBHOM
Lenblo0 3TOM TexHosoruu. [lpuHATHE peEleHUil MPOUCXOOUT B Pe3yibTaTe HUTEPALMOHHOIO
npoiiecca, B kotopom ydactByroT CIIIIP u dyenoBek kak ympasJisioliee 3BeHO, 3aJat0Iee BXOIHbIC
JaHHBbIE M OLICHMBAIOIIEE IOJIY4YEHHBIH pe3ynbTar. OKOHYAaHME MTEpallMOHHOIO Ipoliecca
IIPOUCXOUT I10 BOJIE YETIOBEKA.

OTIHYUTENNBHBIE XapPAKTEPUCTUKNA HH(POPMAITMOHHBIX TEXHOJIOTUN TOIICPKKUA TPUHSATHUS
PELIECHHUH CIEeAYIOIIUE:

— OpHEHTalLUs Ha pEeUICHHE IIJI0XO0 CTPYKTYPUPOBAHHBIX 3a/1a4;

— COYETaHWE TPATUIMOHHBIX METOAOB JIOCTyNa M 0OpaOOTKM JaHHBIX C BO3MOKHOCTSIMHU
MaTeMaTUYECKUX MOJENIEN U METOJaMU PEIICHUS 3a/aY;

— HaIpaBJICHHOCTh Ha HEMPO(EeCCHOHATLHOTO MOJIb30BATENs KOMIIBIOTEPA;

— BBICOKAs aJalTHUBHOCTh METOJIOB K XapaKTEPUCTUKAM HMEIOIIET0OCs] TEXHUYECKOro U
MIPOrPaMMHOTO OOECTIeUeHUSI.

HudopmaninoHHasi TEXHOJIOTHS TOJEPKKU MPUHATUS PEIICHUNA MOXKET UCIOIb30BaThCS Ha
mo0oM ypoBHE yrpaBieHHUs. PemieHus, mpuHUMaeMble Ha Pa3iMYHbIX YPOBHSIX YIPABICHHUS, KaK
MpaBWIO, JOJDKHBI KoopauHupoBarhes. I[lostomy BaxHoi ¢dynkuueir CIIIP  sBusercs
KOOPAMHALIMS ACHCTBUH JIMILI, IPUHUMAIOIINX PEIICHHS Ha Pa3HbIX YPOBHAX YIPABIICHUS.

1. ApxuteKkTypa cHCTEM MOJ/IeP:KKH HNPUHATUS PpemeHuil. Ha ceroansimHuii eHb
MOXKHO BBIJCNIUTh YeThIpe Tuna Haubosee momynsapHbix apxutekryp CIIIIP, ocHoBaHHBIX Ha
TEXHOJIOTUHU XPAHWINIL JaHHBIX: QYHKIMOHAIbHAS apXUTEKTYypa, HE3aBUCUMBIC BUTPUHBI IAHHBIX,
JIByXYpOBHEBOE XpaHWIHUIIE JaHHBIX, TPEXYpOBHEBOE XpaHuuie gaHHbIxX [5]. Ctpykrypa CIIIIP ¢
(GyHKIMOHATBPHOM apXWTEKTYypOH NpUBEACHAa Ha pHUC. |, OHa sBIsAETCS HamboIee MPOCTOH ¢
aApXUTEKTYpHOU TOYKU 3peHMs. Takue CHUCTEMBbl YacTO BCTPEYAIOTCS HAa NPAKTHKE, OCOOEHHO B
OpraHM3alMsIX C HEBBICOKUM YPOBHEM AaHATUTHYECKONW KYJIbTYpPbl M HEAOCTATOYHO Ppa3BUTON

nH(}OpMaLMOHHON UHPPACTPYKTYPOH.

Komnsiotep Kommneiotep

Hcrounnx
JaHHEIX

Hcrounmk
JaHHEIX

Hctounux
JaHHBIX

Puc. 1. CIIIIP ¢ pyHKIIMOHANBHOM apXUTEKTYpPOit

XapakrtepHoit ueproil CIIIIP ¢ ¢pyHKIMOHATBHON apXUTEKTYpOil SIBIISIETCSI OCYIIECTBICHUE
aHaJM3a C MCIOJIb30BaHUEM JIAaHHBIX M3 OINEPATUBHBIX CHCTEM (MCTOYHUKOB JaHHBIX), KOTOpPbIE
UMEIOT OOLIYIO YepTy: OHM IpeIHAa3HAYEeHbI Ul pealn3allii OTAEIbHbBIX ONepanuil (TpaH3aKiuil).
Jlns o0o3HavyeHus Takux cucreM mcnonbdyercs repmud OLTP (On-Line Transaction Processing -
00paboTKa TpaH3aKLUI B pexKUMe PealbHOro BpeMeHH). TpaH3aKIMOHHbIE CUCTEMBI MTPECTABISAIOT
COOOM HCTOYHMKHM JIaHHBIX, HCIOJb3yeMble JUI TOCIEAYIONIeH aHaIUTHYeCKOH 00paboTKu.
JlaHHBIE U3 TPAH3AKIIMOHHBIX UCTOUYHUKOB TpeOyeTCs coOpaTh, CTPYKTYpPUPOBATh U MPEICTaBUTh B
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BUJIE, YIOOHOM JUIsl 3324 IPHUHSTHS perieHuid. [loaromMy Aiss MHOTHX aHAIMTUYECKUX 3a/1a4 (B TOM
quclie 3a7a4 MPHUHITHS PEIICHUN) PEKOMEHAYETCsl MCIIOb30BaTh CUCTEMBI C dJIEMEHTaMH Ooliee
BBICOKMX YPOBHEHN aHATUTUYECKON TUPAMHU/IBI.

[Tpeumymecrsa CIIIIP ¢ GpyHKIIMOHAIBHOM apXUTEKTYPOA:

— OBICTpOE€ BHEIPCHHE 3a CUET OTCYTCTBHSI OJTama TMEeperpy3Kd  JaHHBIX B
CIIELIMAIM3UPOBAHHYIO CUCTEMY;

— MHHHMAJBHBIC 3aTPaThl 33 CUET UCIIOJIB30BAHUS OJTHOH MIAT(OPMBL.

Henocrarku CIIIP ¢ ¢hbyHKIMOHATBEHON apXUTEKTYPOM:

— EIMHCTBEHHBbI HMCTOYHUK JAHHBIX, MOTCHLHMAIBHO CYKAIOIMIMU Kpyr 3ampocoB, Ha
KOTOPBIE MOXKET OTBETUTh CUCTEMA;

— HH3KO€ KAuyeCTBO [JAHHBIX C TOYKM 3pPEHUS HUX PO B MOMJIEPKKE IMPUHATHUA
CTpaTEernueCcKuX PelIeHHid, YT0 00YCIOBIEHO OTCYTCTBUEM 3Talla OYUCTKU JaHHBIX;

— HEBBICOKOE KauecTBO BhIXOAHBIX HaHHbIX CIIIIP ¢ ¢hyHKIIMOHANBEHOM apXUTEKTYPOil;

— OoubIiasi Harpy3ka Ha OINEPATHUBHBIC CHUCTEMBI, KOTOPask MOXKET MPUBECTH K OCTAHOBKE
pabotsl CIIIIP, yTo BecbMa HEXeNaTeNbHO.

Crpykrypa CIIIIP ¢ He3aBUCMMBIMU BUTPHUHAMH JIaHHBIX TpUBEIeHA HA puc. 2. J[aHHBIE
CIIIIP yacto mosABISIOTCSA B OPraHU3alUUd UCTOPUYECKU U BCTPEUAIOTCS B KPYIHBIX OpraHU3aLMIX
¢ OOJIBIIUM KOJIMYECTBOM HE3aBUCHUMBIX MOJpa3AeNeHHi, 3a4acTyl0 UMEIOIIUX CBOU COOCTBEHHbIE
otnensl uHMopMmanuoHHbIX TexHosnoruid. CIIIIP sroro Tuma B Oousblieil CTENeHH SBISIOTCS
MpeIMETHO-OPUEHTUPOBaHHBIMH. Kak mpaBuiio, BUTPUHA COAEPKHUT MHPOPMAIINIO, OTHOCSIIYIOCS
K Kakomy-1u0o OMNpeleleHHOMY HaIlpaBJICHUIO JIEATENbHOCTH opranuszauuu. [losromy
uH(popMalug B BUTPHUHAX JAHHBIX XPAHUTCSA B CHEIUAIBHOM BHUZE, HauOosee MOAXOMAAIIEM s
pelIeHrs KOHKPETHBIX 33/1a4 00paOOTKH 3alPOCOB M aHATUTUYECKUX 3a/1a4.

| I Kowmhmepi | | I KOMI‘[I:K)'DBpI l | I Komm;m’repl I
A J

Butpuna Butpuna
AaHHBbIX OAHHBIX

HcTouHHK
JIAHHEIX

HcTounuk
JaHHBIX

Hctounuk
JIAHHEBIX

Hctounuk
JaHHEBIX

Puc. 2. CIIIIP ¢ HE3aBUCHMBIMY BUTPUHAMU

Ectp nBa moaxona K MpUMEHEHHWIO BUTPUH JAHHBIX. [lepBBIN MOAX0[ Mpeanosaraer, uyTo
BUTPUHA JaHHBIX MPEACTaBIIET cO00H JIOKaJbHOE XPAHWIMIIE TAHHBIX, ONTUMHU3UPOBAHHOE IS
3alpocOB K JAaHHBIM KOHKPETHOM MpeIMeTHOH o00JacTh Npu pPacCMOTPEHUH MpoOIeMaTUKU
npuHATUs pewmeHuid. [Ipu BropoM moaxojne BUTpuHa paccMarpubaercss kak OLAP-cuctema (On-
Line Analytical Processing), onTUMHM3MpOBaHHas MAJs 3alpPOCOB TOJb30BaTENEed K JIaHHBIM
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KOHKpEeTHOW mnpenMeTHOi oOnactu [1]. BUTpuHBI MaHHBIX MOTYT OBITH PENALMOHHBIMU U
MHOTOMEpHBIMU. B m000M ciiyyae BUTPUHBI JaHHBIX OOJIAZJAI0T TaKUM OOIIMM CBOMCTBOM, Kak
IIpeAMETHAs: OPUEHTUPOBAHHOCTb.

[Tpeumymectsa CIIIIP ¢ BUTpuHaMM 1aHHBIX CIEAYIOIIUE:

— HOBBIE BUTPUHBI JAHHBIX MOKHO BHEAPATH B IPOLECCE IKCIUIyaTallUU CYLIECTBYIOLIUX U
JOCTaTOYHO OBICTPO;

— BUTPUHBI NPOEKTUPYIOTCA MUl pELIeHUs 3a7a4 [PUHATUS pPEUICHUHM B MHTEpecax
OTJIENbHBIX NTOAPA3AECICHUN IPEIPUITHS;

— JlaHHBIE, XPAaHUMBIC B BUTPUHE, ONTUMHU3UPOBAHBI I UCIIOJIB30BAHUS OIPEIEICHHBIMU
rpynmamMy MOJb30BaTeNel, YTO 00Jerdaer Mmpoueaypbl MX HAIMONHEHHS, a TAKXKE CHOCOOCTBYET
ITOBBIIICHUIO ITPOU3BOAUTEIIBHOCTH.

Henocratku CIIIIP ¢ BUTpuHaMH 1aHHBIX:

— JlaHHBIEe TyOIMPYIOTCS, T.€. XPaHATCS MHOTOKPATHO B PAa3IMUHBIX BUTPUHAX JAHHBIX, YTO
IPUBOANUT K YBEIMUYCHHMIO PACXOJIOB HAa XpPaHEHHE U BO3HMKHOBEHUIO MOTEHLHUAIBHBIX MPOOIIEM,
CBSI3aHHBIX C HEOOXOIMMOCTBIO MOAJIEPKaHUS HEMPOTUBOPEUUBOCTH JAHHBIX;

— CIOXXHOCTb IIpoIlecca HAMOJHEHWs BUTPUH JAHHBIX IpU OOJBIIOM KOJINYECTBE
HMCTOYHUKOB JJAHHBIX;

— JJaHHbIE HE KOHCOJMIUPYIOTCS HAa YPOBHE MPEANPHATHSA, TAKUM 00pa3oM, OTCYTCTBYET
€IMHOE Npe/ICTaBIeHNne OU3HEC-TIPOLIECCOB.

Apxurekrypa CIIIP ¢ AByXypOBHEBBIM XpAaHEHHUEM JaHHBIX IIPUBEAECHA Ha puUC. 3.
Crpyxtypa CIIIIP otinyaercss neHtpanusanueil npegoctaBieHuss nHGOpMaLUK B paMKax OJHOM
KoMmaHuu. [l DONEpP)KKM TakoM  apXUTEKTypbl HEOOXoauMma BbIJENCHHAas KOMaHJa
po¢eccCHOHANIOB B OOJIACTH CO3JaHMs U KCIUTyaTauuu XpaHuauil JaHHbeix (X/1). Takum oOpasom,
B OpraHu3aliy JOJDKHBI OBITh COIJIACOBaHBI BCE ONpEAENEHHs M Ipolecchl MpeoOpa3oBaHUs
JAHHBIX.

Komnerotep Kommnriorep Komneiotep

~_ —
EX

PaHHITHINE JaHHBIX

Uctounuk
MAHHBIX

Hcrounuk
JaHHbBIX

HcTouHHK
JTAHHBIX

HcToynuk
IAHHBIX

Puc. 3. CIIIIP ¢ 1ByXypOBHEBBIM XpAaHEHUEM TAHHBIX

XJI ompenensieTcsi Kak COBOKYIHOCTh NPEAMETHO-OPUEHTUPOBAHHBIX, UHTETPUPOBAHHBIX,
CTAaOWJIBHBIX, TOJACPKHUBAIOIINUX XpoHOJOorHi0 HabopoB nanHHbiX. XJ[ B CIIIIP mpussano
BBICTYNATh B POJIM «EIMHOTO M €JUHCTBEHHOT'O MCTOYHWKA JAHHBIX JOCTOBEPHON WMH(OpMaIumy.
[{eHHOCTh XpaHWJIUI NAHHBIX 3aKIIOYaeTCs B TOM, YTO OHHM MPEICTABISIOT COOOW KpYITHBIC
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MCTOYHMKM JAHHBIX Maciutaba mpeanpusTHs (OpraHu3aluu) JUIs JalbHEHIIeH aHaTUTHYECKOU
ob6pabotku. OObuHO XJI 005a7al0T CTPYKTYpOH, YUMTHIBAIOIIEH OTpacieBylo creuupuky
JesITeNbHOCTH opranm3anuu. I[Ipu sToM, Kak mpaBmwio, AocTymHocTh XJ[ s o6paboTku B
peaIbHOM BPEMEHHU OTpaHHYEHa, 0COOCHHO MPH OOJIBITNX 00beMaX XPaHUMBIX JAHHBIX.

[Tpeumymectsa CIIIIP ¢ 1ByXypOBHEBbIM XpaHEHUEM JaHHBIX:

— JIaHHBIE XPaHATCS B €AMHCTBEHHOM 3K3EMILLSIPE;

— MMHHMMAJIbHBIE 3aTpaThl HA XPAHEHUE JAHHBIX;

— OTCYTCTBHUE NMPOOJIEMbl CUHXPOHU3ALMHY HECKOJIbKUX KOIIMH JJAHHBIX;

— JIaHHBbIE KOHCOJIMJUPYIOTCS Ha YPOBHE IPEANPUATHUSA, YTO IO3BOJISIET MUMETh €IUHOE
IIpeJCTaBICHUE OU3HEC-TIPOLIECCOB.

Henocrarku CIIIIP ¢ AByXypOBHEBBIM XpaHEHHUEM JaHHBIX:

— JJaHHBIE HE CTPYKTYPUPYIOTCS Ul NOJAEPKKHU MOTPEOHOCTEHN OT/IeNbHBIX M0JIb30BaTeNei
WJIY TPYIII I0JIb30BaTEIIEH;

— BO3MOXHBI TPOOJIEMBI C TPOU3BOIUTEIBHOCTHIO CUCTEMBI;

— BO3MOXHBI TPYJHOCTU C pa3rpaHUYCHHMEM IIpaB I0JIb30BATEIEH HA IOCTYI K JAaHHBIM
CHUCTEMBI.

Crpykrypa CIIIIP Ha 0OCHOBE TPEXypOBHEBOTO XpaHEHM JaHHBIX IIPUBE/IEHA HA pUC. 4.

KommneloTep KomneroTep | Kommsrorep

OAaHHBIX

Herowmnx HcToaHuK

NAaHHBIX Hcrounuk Hctouynuk IAHHBIX
IIAHHBIX OaHHBIX

Puc. 4. CIIIIP ¢ TpexypOBHEBBIM XpaHEHUEM JIaHHBIX

XpaHUIUIIEe JaHHBIX TMPEACTABISET COO0OM €IWHBIA IIEHTPATM30BAHHBIA HCTOYHHK
KOpIopaTuBHOM WH(OpMaIuu. BUTPUHBI NaHHBIX MPEACTABISIOT TMOAMHOXKECTBA [TaHHBIX W3
XpaHWJIWINA, OPTraHU30BAHHBIE U1 pPELICHHS 3a1ad OTAEJNbHBIX MOJPA3JACIICHUNA KOMIIAHWH.
Koneunsle monb30BaTeNlM MMEKOT BO3MOXHOCTh JIOCTyNa K JETajJbHBIM JIAHHBIM XpAaHWIHUIIA B
cily4ae, €clid JaHHBIX B BUTPHHE HEAOCTATOYHO, a TAKXKE JJIsl TTOJYYCHHS O0Jee MOJTHONW KapTHUHBI
COCTOSIHUS OH3Heca.

[Tpeumymectsa CIIIIP ¢ TpexypoBHEBBIM XpaHEHHEM JaHHBIX:

— CO3/JaHME W HANOJHEHWE BHUTPUH [AHHBIX YNOPOIIEHO, MOCKOJbKY HAlOJIHEHUE
MPOMCXOAUT M3 €IMHOrO0 HAJAEKHOTO HMCTOYHMKA OUYHILECHHBIX HOPMAJIM30BAaHHBIX JAHHBIX
(XpaHunuIa);
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— BUTPUHBl  JAHHBIX CHHXPOHM3MPOBAaHbl U  COBMECTHMMBI C  KOPIIOPAaTUBHBIM
MpEJCTaBICHUEM O OU3HEC-TIPOLIeCcCax;

— MMEEeTCs KOpIOpaTHBHAs MHOIOMEPHAas MOJEIb JaHHbIX, Ha OCHOBE KOTOpOM
CYIIECTBYET BO3MOXKHOCTb PACIIMPEHUS XPAaHWIMIIA JaHHBIX M J00aBJI€HHs HOBBIX BUTPHUH
JAHHBIX IPY MUHUMAJIBHBIX 3aTpaTax;

— TrapaHTHPOBAHHAS IPOU3BOJUTEIILHOCTh CUCTEMBI IIPU IIPUHATUY PELICHHM.

Henocratku CIIIP ¢ TpexypOBHEBBIM XpaHEHUEM JIAHHBIX:

— U30BITOYHOCTH XPAHUMBIX JTAHHBIX, KOTOPasi IPUBOJIUT K POCTY TpeOOBaHUIl Ha XpaHEHUE
JaHHBIX;

— HeoOXOJMMOCTh corjacoBaHusi ¢ mpuHATOM apxurektypoir CIIIIP mHormx oGmacrteit
JESATENbHOCTH C TMOTEHIUMAIBHO pA3MUYHBIMA TpPEOOBAaHHMSIMHU, UYTO YBEJIMYMBACT BpeMs Ha
BHEJIPEHUE MOJECIICH U aJITOPUTMOB IIPUHATHUS PELLICHUMN.

Boimie paccmotpensl ocHoBHble BapuaHThl apxuTekTyp CIIIP. Bpibop KoHKpeTHOro
BapHaHTa 3aBHCUT OT YCJOBHUH, NPU KOTOPHIX IOCTABJIEHA 3ajauya BHEAPEHUs. OTH YCIOBUS
OTIpeNIeNIAI0TCS TPEOOBAaHUAMHU OBICTPOTHI BO3BpATa OT BIIOKEHHBIX MHBECTUIMH, HAaJIE)KHOCTH CO3-
naBaeMoil HHGpacTpyKTypsl u T.A1. Ha Bei0op apxurektypsl CIIIIP 3HaunTEIFHOE BIMSIHHE MOKET
OKa3aThb COCTaB IMPOEKTHOW TIpymmbl, cOCTOALIEH 10O M3 OJHUX MpodeccnoHanoB, JIUOO
MIPEUMYIIECTBEHHO W3 HOBMUYKOB. Kpome Toro, Ha BbiOOp apxutekTypsl CIIIIP moxer oka3aTh
BIIUSIHUE Hanuuue (popMaau30BaHHOM METOJOJIOTHUH, TEXHOJIOIHMH, HMHCTPYMEHTAIbHBIX CPEJICTB U
METOJIOB IIpoeKTHpoBanus [7, 8].

2. OnepaTuBHasi aHaJuTH4YecKasi o0padoTka gaHHbIX. [llupokoe mnpumMeHeHHE
MH(GOPMAIIMOHHBIX TEXHOJOTHIA B PA3IMYHBIX cepax ACATEIbHOCTH PUBEIIO K MOSBICHUIO CUCTEM
OLTP, npenHa3HaueHHBIX AJIs ONEPATUBHON 00paOOTKM TpaH3aKLMK WM BBITOJIHEHUS TPAH3aKIUN
B pexxuMme peanbHoro BpemeHu. Cucrembl OLTP opuentupoBansl Ha ObICTpO€ 0OOCIy)XKHBaHHE,
CBSI3aHHOE CO COOpOM HEOOJBIINX 0O0BEMOB JIAHHBIX, TOCTYNAOIIUX C BICOKON MHTEHCHUBHOCTHIO.
Xapaktep wucnoib3oBaHus cucteM OLTP  onpenenun TpeOoBaHus, MpenbsBIsSeMble K
HCIIOIh3YEMBIM 0a3aM JTaHHBIX:

— BBICOKAs CTETIEHb HOpMaJIN3aluy;

— IpU BO3HUKHOBEHUHU OIIMOKM TPAH3aKLUsS JOJDKHA LEIUKOM «OTKATUTHCS» M BEPHYTh
CUCTEMY K COCTOSTHHIO, KOTOpOE ObUIO /10 Hauaia TpaH3aKILINu;

— obecnieueHre 00pabOTKH JaHHBIX B peaIbHOM BPEMEHH.

Cucrempt OLTP oOnagaroT (yHKIUOHAJIbHBIMH BO3MOXKHOCTSIMH, OTPaHMYEHHOCTH
KOTOPBIX Mpu 00paboTke OonbImx 00beMOB AaHHBIX oco3HaHa B 90-x rr. XX B. Bmecre ¢ Tem
HaKOIUIEHHbIE OOBEMBl JAaHHBIX O pe3yJbTaTaxX JEATEIbHOCTH MPEANPHUSATHI HUMEIT OOJBILIYIO
LIEHHOCTb. Mcronp30BaHWE HMMEBIIMXCS B pacnopsskeHMH kommanui cucteM OLTP B nmemsx
aHaJlM3a JaHHBIX W MPHUHATHS PEUIeHWH HE MPUBEIO K OXKUIAEMbIM pe3yJibTaTaM, IO3TOMY
BO3HHUKJIA HEOOXOJUMOCTh B aHAIMTHUECKUX cuctemax, B ToMm uucie u CIIIIP, omepupyrommx
OonbIIMMH 00bEMaMHU UCTOPHUYECKUX JAaHHBIX. B KaduecTBe pemieHust JaHHOM MpoOiaeMbl BOZHUKIIA
texHonorusi OLAP (On-Line Analytical Processing, omepaTuBHas aHanuTudeckas oOpaboOTKa
JTAHHBIX ).

OcnoBononoxxuukoMm texHonorun OLAP sBnserca 3. Kogn. B 1993 r. on onmyOaukoBan
crarbio noj HazBanueM «OLAP s nosnp3oBareneii-aHaIUTUKOB: KaKOW OH JIOJKEH OBbIThb», B HEH
OH c(hOpPMYIMPOBAT JIBEHAALaTh OCHOBHBIX NPaBUJI, KOTOPHIE JIOJKHBI CIYXHTb OCHOBOW ISt
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BbIOOpa Hambosee moaxonsammx MHCTpymMeHTOB OLAP [6]. BnocnemncTBuu KOIMYECTBO IMPaBUII
BbIpoCyO /10 18, n oHM ObUIM Pa3OUTHI HA YeThIpe Tpynmbl. i TOro, 4To0bl yIPOCTUTH MPOBEPKY
Ha cooTBeTcTBUE HHCTpyMEHTOB OLAP HeoOXoauMbeiM TpeOOBaHHMSM, HAa OCHOBE IPaBUI,
paspabotanabix Kommom, B 1995 rongy Obut paspaboran tect FASMI (Fast Analysis Shared
Multidimensional Information, Beictpsiit Ananmuz Pazpensiemoit MuoromepHnoii Mudopmarum).
[Ipunoxenue MOMKHO HMMETh BO3MOXKHOCTh OOpamaThCcs K Jt000i HYXHOH HH(MOpMAIHH,
HE3aBUCHMO OT ee oObema u Mmecta xpaHeHus. Taiwke OLAP-cucrema noymkHA MOANCPKHUBATH
aHaJIu3, OIpeAeNseMblil OW3HEec-IpolleccaMyd  OpraHM3alMM, M CTAaTUCTUYECKUN  aHaJu3.
OTmeuaercsi, 4TO HEOOXOAWMAa BO3MOXKHOCTH HCIOJIB30BaHUS OCHOBHBIX omepauuii OLAP, x
KOTOPBIM, KaK MPaBHUII0, OTHOCSAT oreparmu cpesa (Slice), Bpamenus (Rotate), koncomumammu (Drill
Up) u perammzanuu (Drill Down). TpeboBanus BKITIOYarOT B ce0s Tak:ke 00eCTieueHUE OJAMHAKOBO
BBICOKOW CKOpPOCTH BBIIIOJIHEHUSI BCEX 3alpOCOB K cHcTeME. PEKOMEHJOBAHHBIM BpPEMEHEM IS
BBITIOJIHEHUS] OOJBIIMHCTBA AHATUTHUYECKUX 3alPOCOB YKa3aHO 5 C., IPU 3TOM JOIYCTUMBIM
BpEMEHEM BBITIOJHEHHUs Il HanOoJee CIOXKHBIX 3ampocoB cuutaercs 20 c¢. B cucreme momkeH
ObITh 00ECrieuYeH MHOTOIIOJIB30BAaTeNbCKUH  OCTYNl K JaHHBIM, IPH 3TOM HEOOXOIMMO
obecrieunBaTh pasrpaHndeHre UHpopmanuu. KioueBsIM TpeOOBaHHEM JAaHHOTO TECTa SIBIISCTCS
MIPEOCTABICHUE IMOJB30BATEISIM BO3MOKHOCTH pabOThl ¢ MHOTOMEpPHOW MOJIENBIO, OTBEYAIOIEeH
MIPE/ICTABICHUSIM IIOJIb30BaTENE O JIeATEIbHOCTH U CTPyKType opranuszauuu. Ilpum sTom
MHOTOMEPHOE KOHLIENTYaJIbHOE IPEJICTaBICHNE JaHHBIX MOXET ObITh oOecriedeHo 0Oe3 op-
raHu3aly MHOTOMEpHOTo xpaHwmmima [ 1, 3].

Astopom kouuenuuu X/ cauraercs bumn Uuamon [9] . X1 o onpenenui Kak «IpeaMeTHO-
OpUEHTUPOBAaHHbIE, UHTETPUPOBAHHbIEC, HEU3MEHUUBbIE, MOJIEP)KUBAIOIINE XPOHOJIOTUI0 HAaOOPbI
JAaHHBIX, OpPraHU30BaHHbIE C IEJIbI0 MOAJEPKKMU yrpaBieHus». BnocnencrBun HMHMOH BHec
00JbIION BKJaA B pa3BUTHE JaHHOW KoHIenuuu. Metoj mnpoekTupoBaHus X/, onuceiBaeMbli
NHMOHOM, MOJy4Yusl Ha3BaHHWE «CBEPXY BHHU3» M YacTO XapaKTepU3YyeTCs Kak KIACCHYECKH.
JlpyruM aBTOpOM, BHECILIUM OOJIBIION BKJIaJ B pa3BUTHE TEXHOJIOIMH XPAHWIMIL JaHHbBIX, SBIISETCS
Paned Kumbann [10]. [logxon, mpemnaraeMblii WM, TOJYyYWT Ha3BaHUE «CHU3Y BBEPX».
JleBsiTuiaroBasi Merojnosiorusi, omnucanHas KumOammom, siBIseTcss OAHUM W3 Haubojiee 4acTo
HCIOJIb3YEMBIX TIOJIX0JI0B K MPOEKTUPOBAHUIO XPAHWINIL IAHHBIX.

ITockoyibKy OTA@4a MHBECTULIMI OT UCIIOJIb30BaHUs X/ OKazanach JOCTATOYHO BBICOKOM, TO
JaHHasi TEXHOJIOTUS TIOJyYHIIa pa3IMuHbIe pean3allu.

[To cocoby peanuzanuu MHOroMepHON mMonaenu AaHHbIX OLAP- cucremsl aenarcs Ha Tpu
IPYTMIIbL:

— MOLAP (Multidimensional OLAP) — wucxonmHble W arperaTtHbie JaHHBIC XPAHATCS B
MHOTOMEpHOH 0a3e JaHHBIX. XpaHEHHE [aHHBIX B MHOTOMEPHBIX CTPYKTYpax II03BOJISIET
MaHHITYJIMPOBATh JJaHHBIMU KaK MHOTOMEpPHBIM MacCHBOM, Ojarojaps 4eMy CKOPOCTb BBIYHCICHHS
arperaTHbIX 3HA4eHWH OJMHAKOBa i JioOoro u3 wu3MepeHuid. OJHAKO B 3TOM clyyae
MHOIOMepHasi 6a3a JaHHBIX OKa3bIBAETCS M30BITOYHOM, TaK KAK MHOTOMEpPHBIE TaHHBIE TOTHOCTHIO
coZiepKaT HMCXOJHBIE pENSALUOHHBIE JaHHble. Takke MHHYCOM SBJISIETCS HEOOXOJIUMOCTh
CMELUAIBbHOTO MHCTPYMEHTa i (OpMHUpPOBaHUS KyOOB M HX Iepecyera B Cilydyae H3MEHEHUS
0a30BBIX 3HAUCHUN [2].

— ROLAP (Relational OLAP) — ucxonHbie TaHHBIC OCTAIOTCS B TOM e PENIAIMOHHON Oa3e
JAHHBIX, TJIe OHU M3HA4YaJIbHO U HaXOAWJIUCh. ATrperaTHble k€ JaHHbIE MMOMENIAIOT B CIEHaIbHO
CO3/IaHHBbIE JUISl MX XpaHEHUs CiIykeOHble TaOnuibl B TOW e 0a3e maHHBIX. TpeboBaHus K pe-
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nsuuonHoit CYBJl, mpenHazHayeHHOW Ui XpaHWIWINA JaHHBIX, Obutn chopmymupoBansl Red
Brick Systems. IlmrocoM maHHOTO TOAXOJa SIBISETCS TO, YTO BCE JAHHBIE XPAHATCS B OJHOM
dopmare BHyTpHu ogHOoM CYBJl. MuHycaMu sIBIISIIOTCS YpEe3MEPHOE YBEIHUEHUE 00BheMa TaOJIUIIBI
JTAHHBIX IS Ky0a M CIIO’KHOCThH TepecdeTa arperupoOBaHHbIX 3HAYCHUN MTPH H3MEHEHUH HAYaIbHBIX
JTaHHBIX [2].

— HOLAP (Hybrid OLAP) — ucxoaHble JaHHBIC OCTAIOTCS B TOW K€ PEISIMOHHOU Oase
JAHHBIX, TJIe OHU M3HA4YaJIbHO HAXOJWJIMCh, 4 arperaTHble JaHHBIC XPAHATCS B MHOTOMEPHOU 0ase
nauubiX. TexHomorus HOLAP mwitaercs coBmectuts npeumyniectea MOLAP u ROLAP, Ho nipu
9TOM HE€ JOCTHUTAIOTCS CKOPOCTh 00paOOTKM AaHHBIX, xapakTepHas mis MOLAP, u nemocTHOCTB
XpaHEHMS JAHHBIX, a TAK)KE BO3PACTAIOT 3aTPaThl HA TOJICPKKY M ONpEIeIeHNEe TUIA XPaHCHUS
JUTs IOJIKYOOB [2].

CylecTByIOT TpU OCHOBHBIX cxeMbl X/I: «3Be3nan, «CHexunka» u «Co3pesnue». Mojenb
JTAHHBIX «3Be3/1a» SIBISETCA HaubOoJee MPOCTOM CTPYKTYpOM MaHHBIX, COCTOSIICH W3 OTHOU
Tabnuibl GakTOB M HECKONbKHUX Tabmul uzMmepeHuit. CTpykTypa Moaein «3Be3a» MpUBEACHA Ha
puc. 5. Mogenb cOAep>KUT LIeCTb W3MEpPEeHHH (CyIIHOCTeH, kiaccoB, Tabmuim): «Kadempay;
«PykoBoautenby; «YueHas creneHby; «HayuHas cnenuanbHOCTB»; «AcnupanT»; «llokazaTenby.
CymHocTh (Tabnuma) «3amuchby» COOTBETCTBYET (DakTaMm, XapakTepU3YIOUIUM JesATEIbHOCTh
acCIHUpaHTOB B olpeneieHHbIN nepuo BpemeHu. CymHocth «Iloka3arens» oTpakaeT CBEIEHUS O
MOKa3aTesIX, 10 KOTOPBIM OLICHUBACTCS JICSITCIIBHOCTD aCIIUPAHTOB.

Kadenpa: k PyxoBogurens. r Cremnens: d CrnenMaisHOCTE: §

AcCIIUpanT: a  §< Bamuce: n,t | Iloxasarens: p

Puc. 5. CrpykTypa Mojenu JaHHbIX «3Be3aa»

Tabnuna (axkToB COAEPKUT CBEACHHUS O MPOMU3OLIEAIINX COOBITHSX B JEATEIbHOCTU
aCIHUPaHTOB, KOTOpPHIE MOTYT OBbITh NIPOAHAIW3UPOBAHBl MPHU MNPUHATHH peuieHuil. Tabmuna
U3MEpPEHUIl COJEP’KUT aTpuOyThl COOBITUH, COXpaHAEMbIX B TaOiuIle (akTOB, MPEACTABISAIONINE
co00i1 TEKCTOBBIE WM UHBbIE onucaHus. [Ipu 3ToM TaOnIHIBI H3MEPEHUIN UMEIOT NEPBUYHBIE KITIOUU
k, r,d,s, a p, Tabauma paktos — N, t [4].

Cxema «CHEXMHKa» TaKXKe COCTOUT U3 TaOIHUIBI (PAaKTOB U HECKOIBKHUX TaOIHIl U3MEPEHUI.
OtnuuueM sBIsSETCS TO, YTO B cxeMe «CHEXHHKa» TaOJIMIbl U3MEPEHUH HOPMAaNU30BaHbl, B TO
BpeMs KakK JUIsI CXeMbl «3Be3/la» XapaKTepHbI IOJHOCTBIO JICHOPMAIN30BAaHHBIE TaOJUIIbI
n3Mepenuit. O6o0meHHass Mojenb JaHHbIX «CHEXHHKa», colepikaiias u3MepeHus M (akTbl,
IpUBEJCHA Ha puC. 6.

Bribop cxembl X]I siBiseTcss akTyanbHOW mpoOneMoii. PemieHne B mosib3y NpUMEHEHUs
cxeMbl «3Be3fay WM e cXxeMbl «CHEeXHMHKa» OOYCIIOBIMBACTCS OTHOCHUTEIBHOH MOIIHOCTBIO
wiargopmel B/l U uHCTpyMeHTapus Ais peanu3anuu 3arnpocoB. Cxema «3Be3ia» MOAXOIUT IS
peai3alMi XpaHWJIUI JAaHHBIX, MCIOJIb30BAaHUE KOTOPBIX MPEANOJIAracT BBINOJIHEHHUE MPOCTHIX
3anpocoB. Cxema «CHeXuHKa» 0oJjiee MOAXOAUT JUIs 0OpabOTKH 3alPOCOB CIOKHOU CTPYKTYPHI.
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Taxxke HE0OX0IMMO MPUHUMATh BO BHUMAHHUE UCIIOJIb3YEMbIH MHCTPYMEHTAPHA, KOTOPBI MOXET

HaKJIaJbIBaTh

OTpaHU4YCHHA TIpU  pCaiu3alru.

IIpu »5TOoM, Kak MNpaBWIO, XpPaHUIULIA,

HCIIOJIB3YIOIIUEC CXEMY <<3B€3,I[a», BBITTOJIHAIOT 3aIIPOCHI 6LICTpee.

Kadenpa: k

V. Creniessn: d

PyxoBogutens: r

H. CnieunaisHOCTh: S

N

/

AcnupaHT: a Iloka3zarens: p

3anuce: n, t

Puc. 6. Ctpykrypa Moaenu gaHHbIX «CHEXMHKAY

Takum oOpazom, otnuumst mexny XJ| u 6a3zamu manHeix OLTP-cucrem ompepenstorcs

obnactsamu ux npuMmeHeHus. Otnuuus Mexnay 6azamu naHHbIX OLTP-cucreM M XpaHWIMIIaMu

JaHHBIX, XapakTepHbIMU 1511 OLAP-cucrem, npuseneHs! B Ta0u. 1.

Tabnuna 1. CpaBuenue ocobennocteit 6a3 nanubix OLTP 1 XpaHuauI qJaHHBIX

ba3a nanneix OLTP

XpaHuwauime JaHHbBIX

ConepKUT TEKYIIHNE TaHHBIC

ConepKUT UCTOPUIECKUEC JaHHBIC

XpaHuT MoapoOHbIE CBEICHHUS

XpaHUT MOAPOOHBIC CBEJICHNUS, & TAKKE YACTUIHO U
[HOJHOCTHIO 0000IIIEHHbBIE JaHHBIE

HaHHBIe SABJIIAIOTCA JTHHAMHWYCCKUMHA

I[aHHBIe B OCHOBHOM SBJIAIOTCS CTaATUYCCKHUMU

[loBTOpstOIHiics criocod 00paboTKu

HepernamMeHTHpOBaHHBII, HECTPYKTYPUPOBAHHBIA 1
PBPUCTUYECKUI CITOCOOBI 00PaOOTKH JaHHBIX

[Ipenckasyemblii CIOCO0 UCTIOIB30BAHUS JAHHBIX

CpenHsis ¥ HU3Kasi MHTCHCUBHOCTH 00paboTKH
TpaH3aKIUi

[Ipennasnavena it 00pabOTKH TpaH3aKLUUH

Henpenckazyembiii cioco0 UCTIONB30BaHUS JAHHBIX

Bricokast HHTEHCUBHOCTh 00paOOTKH TPaH3aKITHA

[IpeqnazHaueHo IS IPOBEACHUS aHAIHM3a

[Ipencka3yemblii Crioco0d MCIOIb30BaHMS JaHHBIX

OpHEeHTHUPOBAHO HA MPEMETHBIE 00IacTH

OpI/ICHTI/IPOBaHa Ha NpUKIAaJHbIC obmactu

Hoa;[epxq(a OPUHATHUA CTPATCTUICCKUX peH_ICHI/Iﬁ

OO0cmyKuBaeT OOIBIIOE KOIUIECTBO PAOOTHUKOB
VCIIOJIHUTEILHOIO 3BEHA

O6CJ’Iy>KI/IBaCT OTHOCHUTCJIbBHO MaJIO€ KOJIUYCCTBO
a0OTHUKOB PYKOBOAAIICTO 3BCHA

HCCMOTpH Ha MOABJICHHUEC HOBBIX pa3pa60T01< B 00JIacTu XpaHWJIMIL NaHHBIX, aKTYaJIbHbIM

ocTaeTcs psJl XapaKTepHbIX MPoodIeM:
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— mpobiieMa KauecTBa JaHHBIX, BBI3BAHHAS OTCYTCTBHEM MJIM HETOYHOCTHIO JaHHBIX,
HEOOXOAMMBIX JUTSI HATIOJHEHUS XPaHWIMIIA JaHHbIX;

— mpobnema BbIOOpPa HCTOYHMKOB JAaHHBIX, OOYCJIOBJEHHAs TE€M, YTO HEOOXOIUMbIE
JTAaHHBIE, KaK IPaBUJIO, XPAHATCS B PA3JIMYHBIX HCTOYHHMKAX, UMEIOIINX OTJIMYAOILYIOCA CTPYKTYPY
u hopMarT JaHHBIX;

— mnpoOjemMa MPOU3BOAUTEIBHOCTH M MAaCIITAOUPYEMOCTH, CBSI3aHHAasE C BBIOOPOM
METOJIMKH ITPOEKTUPOBAHMSI U CPEJICTB PEATU3ALMU XPAHIIINIIA TAHHBIX.

Jns pemieHus mpoOJIeMBbl OYMCTKH «TPSA3HBIX JAHHBIX» M NpeoOpa3oBaHUS JAHHBIX W3
pa3IMYHBIX MCTOYHHMKOB K BHJY, OIpPEAEIIEMOMY CTPYKTYpoM XpaHuiuiia naHHbix, B CIIIIP
peanu3yroT MpOUEcC MOATOTOBKM JaHHBIX, U3BECTHBIA B AHIVIOA3BIYHOW Juteparype kak ETL-
nporecc (Extract, Transform, Load). [Iporiecc moAroToBkM AaHHBIX BKJIIOYACT B ceOsi M3BJICUCHUE
JaHHBIX M3 PAa3HBIX MCTOYHHKOB, OYHCTKY MJAaHHBIX, MpeoOpa3oBaHuE, KOHCOIUIMPOBAHUE U
3arpy3Ky JaHHBIX B XpaHWIMLIE AaHHbIX. KaX/plil U3 Ha3BaHHBIX ATANOB BBIIOJHEHUS Ipolecca
MOATOTOBKM JIAaHHBIX BKJIIOYAaeT B ceOsd psAd  HOJAINPOLECCOB, TPEOYIOUIMX BBINOJIHEHUS
orpenesieHHbIX JieiicTBuid. [Ipo0iemMa mpon3BOIUTENFHOCTH U MacIITAOMPYEMOCTH peIIaeTcsi, Kak
IIpaBWJIO, 32 CYET MOJEPHHU3ALMU IIPOIPaMMHOr0 U ammnapatHoro odecredenus. Hecmotps Ha TO,
YTO BBIOOpP CTPYKTYpbl XpaHWIMIIA JAaHHBIX BO MHOIOM CIOCOO€H MOBIMATH Ha
npou3BoUTENBHOCTh cucTeMbl OLAP, paspabotunk X][ mosaraercss B OCHOBHOM Ha CBOM OIBIT U
PEKOMEHIallK BEOYLIUX CIELUAINCTOB B JTAHHOW 00JIACTH, YTO ONPENEINISIET BBICOKYIO CTEIEHb
3aBHCUMOCTH Mpou3BoanTenbHOCTH cructeMbl OLAP ot kBanudukanum pazpaborunka

3akaovenue. TakuMm 00pa3oM, B CTaTbe PACCMOTPEHBI apPXUTEKTYphl Hamboiiee
nonyisipHbiX TUnoB CIIIIP Ha ocHOBE XpaHMJIUIL JaHHBIX, IPOAHAIU3UPOBAHBI IPEUMYLIECTBA U
HE/IOCTATKH, a TaK)Ke OIMUCAHBI TEXHOJIOTWH 00pa0OTKM JaHHBIX B PEATbHOM MacIiTabe BPEMEHHU.
JlanubIil MmaTepuan OyAeT ToJie3eH He TOJIBKO I Pa3paboTIYMKOB MH(GOPMAIIMOHHBIX CUCTEM U 0a3
JaHHBIX, HO M PYKOBOJWTENEH NPEANpUATHNH U OpraHu3aluid Npu IUIAaHUPOBAHUM DPA3BUTHS
COOCTBEHHBIX MHPOPMAIIMOHHBIX PECYPCOB.
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Abstract. The main feature of informational support of decision-making is a
qualitatively new organization of interaction between man and computer. Developing of
solutions is the main goal of this technology. Decision making occurs as a result of the
iterative process, which involves a system of decision support and management
specifying the input data and evaluates the result. The end of the iterative process
happens by the will of man. Information technology of decision support can be used at
any level of management. Decisions made at various levels of management, as a rule,
should be coordinated. Therefore, an important function of DSS is to coordinate the
decision-makers at different management levels. The article describes the system
architecture of the decision support and online analytical processing data. The content
of the article is devoted to the description of the most popular types of DSS
architectures with advantages and disadvantages, as well as the processing technologies
in real time.
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METOIOJTOTMYECKHUE OCHOBBI NOJJAEPKKHW IIPUHATHUSA PEINEHUA
ITPU YITPABJIEHUU PECYPCAMM B CJIOKHBIX CUCTEMAX
B YCJIOBUAX JUHAMWYHO W3MEHAIOIENACS BHEIITHEN CPEJIbI
PusBanos /Imurpuii AHBapoBn4
K.3.H., 1o1eHT, 1o1eHT Kadeapbl BEHIYUCIUTEIBHON MaTeMAaTHKN 1 KHOCPHETHKH,

OI'bOY BIIO “Ydumckuii rocyjapcTBEHHBIN aBUAITMOHHBIA TEXHUUECKUI YHUBEPCHUTET ,
450008, r. Yoa, yin. K. Mapkca, 1. 12, e-mail: office@ugatu.su

AHHOTAUMsl. YTOpaBJICHHE pPECypcamMH CJIOXKHOH CHCTEMBbl HEOOXOAMMO  JUIS
obecrieyenuss ee 3PGeKTUBHOr0 (YHKIMOHHPOBAHUSA. B  yCIOBHSIX JWHAMHYHO
M3MEHSIOMICNCS  BHEIIHEH  cpenbl  mpemiaraercss — pa3paboTarb  METOOJIOTHIO
WHPOPMAIIMOHHON TOMJIEPKKM MPUHATHS PEHICHUH NpU YIPaBICHUH pPecypcaMu
CIIOKHBIX CHCTEM, 0a3MpYIOLIYIOCS HAa MHOroareHTHom mnoxaxone. Ilpu paspaborke
METOJIOJIOTUH HCIOJIB3YIOTCSI CUCTEMHOE MOJEJIMPOBAHUE M OCHOBHBIE ITPUHIIMIIBI
CUCTEMHOro nojxona. Pazpaboranusle MeTononoruiyeckue ocHoBbl nocrpoenus CIITIP
0a3upyloTCs HAa WCHOJB30BAHWM HAa0Opa MPHHLIMIOB W METOJAOB U TNPUMEHEHUH
UHTEJJIEKTYaJIbHBIX TEXHOJOTuH. OTIMYUTENbHOM OCOOEHHOCTBIO IIpesiaraeMoi
MCTOHOJIOTUHN ABJIACTCA HWHTCIpallsd MHOI'OArCHTHBIX TEXHOJIOTHI M OHTOJIOTHUECKHNX
MOJIEJIeH, YTO TO3BOJSIET YYHMTHIBaTh ciabo ¢Gopmanmzyemyo HHGOPMAIHIO O
MPeAMETHOM 00JIaCTH.

KuroueBble ciioBa: rnojjiep:kka IpUHATHS PELICHUH, YIIPABICHUE PECYpCaMU, CI0XKHAs

cucTema, MHOTI'0ar cHTHBIN IIoaxXon1d.

Beenenue. Jt000i1 KOJIJIEKTUB WM OpraHU3allMsl, pacCMaTpUBAaEMble B Kau€CTBE CIIOXKHOU
COIMAIEHO-9)KOHOMHYECKOW CHCTEMBI, B TIPOIIECCE CBOCH JIEATEIEHOCTH HCIONB3YIOT PECYPCHI ISt
BBITIOJTHEHUSI HEOOXOAUMBIX 3a/1au: ChIphe, HEOOXOAMMOE /I TPOU3BOJICTBA MPOIAYKIIUHU; CTAHKH,
o0opyIoBaHME, HMHCTPYMEHTHI; (DUHAHCOBBIE CpPEACTBA; HABBIKM, YMEHHMS H KOMIICTEHIIUH,
NPUMCHACMBIC TIPU HU3rOTOBJICHHU NPOAYKHHUH M OKa3aHHWU YCIYI;, BpEMs, 3aTpadyuBacMoC B
mporiecce MPOU3BOICTBA MPOAYKIIUN U OKa3aHHS YCIYT.

OTnU4HUTENbHON 0COOEHHOCTHIO TAKOTO TIPOIIECCa SBISIETCS OTPAHUYCHHOCTh MMEIOIIHXCS
pEecypcoB, 4TO, C OJHOW CTOPOHBI, SBISETCS CIACPKUBAIOIUM (AKTOPOM PA3BUTHA, a C APYrou
CTOPOHBI, BEIET K IMOCTOSIHHOMY COBEPIIEHCTBOBAHUIO TEXHOJIOTHH, MCIOJIB3YEMBIX B IpoIecce
KHU3HEEATSIFHOCTH opranu3anuii. OTCYTCTBHE WM HEJIOCTATOK TOTO MJIM WHOTO pecypca JenaeT
HEBO3MO>KHBIM BBITIOJTHEHNE TEX WJIM MHBIX 3a1ad, TPeOyroIMX 3TOro pecypca. Takum obOpazom,
IIpU BBIIIOJJHCHHWM IMMOCTABJICHHBIX 3aJad BaXXHbBIM SABJIACTCA pPalMOHAJIBHO HMCIIOJIB30BAaTh
HMCIOIUECA B HAIMUYUHN OT'PAHUYCHHBIC PECYPCHI.

3amaun ympaBieHHMs pecypcaMH Kak OJHOTO M3 pa3JielioB MCCIEI0BaHUS Olepanui
uccnenoBansl B pabotax P. Axodda [1], P. bennmana [2], JI. bepranandwu [3], k. Hanmura, T.
Kynmanca [14], JI. Kantoposuya [8] u ap.

OcoOblif HTEpEeC MPEACTABIAIOT PaboThl YUEHBIX caMapcKoil MIKoJbl. DyHAaMeHTaIbHbIE
HpO6J’I€MBI IMPUHATHA peHIeHI/Iﬁ B YCJIOBHUAX arc¢HTHOIoO B3aI/IMOI[eI\/’ICTBI/I$[ U pacnpeaciCHus

pecypcoB Ha 0a3e ceTedl MOTPEOHOCTEM W BO3MOXXHOCTEH pacCMOTPEHBI B IMKIE pPadoT,
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BBINOJIHEHHBIX 10/ pykKoBoAcTBOM B.A. Burtuxa [4]. Pa3paboTke HHTEIEKTyalbHbIX CHUCTEM
YIPABJIEHUS pECypcaMH € UCIOJIb30BAHUEM MYJIbTHATEHTHBIX TEXHOJIOIMH U CETELIEHTPUUECKOIO
noaxoja nocsimeHsl padoTsl I1.0. Crobenera [13].

Bonpocel pa3paboTku Mozeneil MHOrOAareHTHOW CaMOOpraHM3ald NpU  YIPaBICHUU
CJIOKHBIMHU CUCTEMaMU uccieayrorces B padorax B.U. 'opoxenkoro [5].

AHaM3 OCHOBHBIX HCCIEIOBAaHUK B 00JACTH YHpPABICHHUS DPACHPEICICHHEM pPECypcoB B
CIIO)KHBIX CHUCTEMax MoOKaszall, YTO OOJBIIMHCTBO pa3pabOTaHHBIX METOAOB pabOTAIOT TOIBKO C
YHCJIOBBIMH JTAHHBIMU M HE YYHMTHIBAIOT ciabo ¢opmanuizyemyro nHpopManuo 00 0coOEHHOCTSIX
MPEeIMETHOM 00JacTH, a TaKkKe MHINBUAYaIbHBIE 0COOCHHOCTH, IPUCYIIHE PecypcaM OJHOTO BHIA.

1. CucreMHBIii NOAX0A W CHCTEMHOe MOJAeJTHPOBAHHE IIpoLecca YNpaBJIeHHSA
pecypcaMu CJIOKHBIX cucTeM. Ui McciaenoBaHusl CUCTEM YIIPABIEHMS CIIOKHBIMH CHUCTEMaMHU
CYIIECTBYIOT Pa3JIMYHbIC IMOJIXOAbI: KUOCPHETUUECKUH, MH(OPMAIIMOHHBIN, CHHEPreTUYEeCKUN |
psaa npyrux. B nanHo#i paboTte mpu pa3paboTKe METOIOJOTHYECKUX OCHOB MOJICPKKH MPUHITHS
pelleHni NpHU YOpPaBIEHUU pPEecypcaMu B CIOXKHBIX CHCTEMax B KaydecTBe 0a30BOTo BbIOpaH
CUCTEMHBIN MOJIXON.

CHCTEeMHBIH TIOJXOJ TO3BOJIICT HCCIICIOBATH JIO0OW OOBEKT KaK CUCTEMY, B KOTOPOM
BBIJICJICHBI DJIEMEHTHI, BHYTPEHHUE M BHEIIHME CBS3U, a LEJIM KaXKIO0TO 3JIEMEHTA OIpEIEIECHbI
HCXOIS U3 IIEIN BCEH CHCTEMEI [7].

[Ipr wCTONB30BaHMM CUCTEMHOTO TOAXOJa B CIOXKHOH CHUCTEMe JII00Or0 Ha3HAYCHHS M
JM000M TMPUPOABI BBIIEISIOTCS OTHCJIbHBIE D3JIEMEHTbl U IOJCUCTEMBI, KOTOPBIE SBJISIOTCS
000C00JICHHBIMH, HO B3aUMOCBSI3aHbI U B3aUMOJICHCTBYIOT.

[Tpu 5TOM, HECMOTPS HA TO, YTO DJIEMEHTHI SBISAIOTCS 000COOICHHBIMU, U3MEHEHHUE OJTHOTO
JJIEMEHTa BEAET K MW3MEHEHMIO B JIpYyrUX OJJleMeHTax M mnoacucreMax. C yderoM 3TOro
(GyHKIIMOHUpOBaHME JII000M cUCTEMBbl HEOOXOAMMO U3ydaTh B JUHAMHUKE. JTO Jae€T BO3MOKHOCTh
0oJiee a/leKBaTHO OMHUCHIBATh U3yYaeMYIO CIOKHYIO CUCTEMY M IIPOLECCHI, IPOUCXO/AIINE B HEH, a
TaK)Ke M03BOJISET IUIAHUPOBATH U POTHO3UPOBATh Pa3BUTUE CAMOM CHCTEMBI.

Cy1iecTBYIOT pa3inuHble (OopMalbHbIE METOJbl CUCTEMHOTO IOJX0/a, UCIIOIb3yeMbIE IS
aHaJIM3a Pa3JInYHBIX ACMEKTOB CIOXKHBIX cHUcTeM. [l pemeHus 3a1ad MOJEIMPOBAHUS CIOKHBIX
CHUCTEM pa3pabdoTaHbl MPOBEPEHHBIE M XOPOLIO 3apeKOMEHJOBaBIIME ce0s METOAOJIOTHH U
crannaptel. K Takum crangapram otHocsTcst meropoiorus monenupoanus IDEF (Integration
Definition Metodology), no3Boisitoiias uccienoBarb CTPYKTYpY, MapaMeTpbl U XapaKTepUCTUKU
IIPOU3BOJICTBEHHO-TEXHUYECKUX U OpPraHU3alMOHHO-2KOHOMUYECKUX CUCTEM [6].

Jlnsg  cucTeMHOro MOJENMPOBAHUS Tpoliecca MOJICPKKU MPHUHITHS pEIIeHuNd Mpu
YIPaBIE€HUHU PECYpCcaMu CIOKHBIX cucTeM BbiOpaHa metonosorus IDEF(, no3Bonstomnias Haubonee
MOJIHO B JIOCTATOYHO YAOOHOM M HarysiiHOM Trpaduyeckoil popme MpeaCcTaBUTh CUCTEMY C TOUKH
3peHusi COBOKYMHOCTH (PYHKIIMOHAIBHBIX OJIOKOB U 3JIEMEHTOB, ONMMCATh BXOJbI M BBIXOJbI 3TOMN
CUCTEMBI, a TaKXKe YIpaBisitomue 3aeMeHTbl. CTpelku Ha 3TOH AuarpaMMe OTOOPa)KaloT CBS3U
00BEKTa MOJICTTMPOBAHUS C OKPYXKaroIIel cpeoil.

PaccmoTpum faniee MOCTaHOBKY 3a/laydl MOAJEPKKH MPUHATHUS PEIIEHUN MpPH YIpaBJIeHUN
pecypcaMH CIIOKHBIX CUCTEM C HUCTOJIb30BaHUEM MeTotonorun IDEFO.

s sToro Ha mepBOM 3Tane (OPMAIbHYIO MOCTAHOBKY 33Jaud IMOAJEPKKH HPUHSTUS
pelIeHni MPH YIPaBICHUH PECYpcaMH B CIOXKHBIX CUCTEMAaX MPEICTaBUM B rpaguuecKkoil HOTaIluu
IDEFO B Buie KOHTEKCTHOM JuarpamMMbl BEPXHETO YPOBHS (PYHKIMOHAIbHOW Mojaenu. Pezynprar
ITOCTPOEHHUS MPEJCTABIIEH Ha pucC. 1.
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B panHOl nuarpamMMme BXOJHBIMH JaHHBIMU SIBISIOTCS WHGOpMAIUs 00 HMEIONIUXCS
pecypcax 1 HHpOpMaLus 0 TOTPEOHOCTIX B pecypcax.

BrIxosHbIe JaHHBIE — ATO IUIAH paclpeAeTICHUs PECYPCOB, OIIEHKA KaYyecTBa pacIpeesieHUs
PECYPCOB U PEKOMEH/IAIIUH 110 COBEPIICHCTBOBAHUIO YIIPABICHHS PECYPCaMH.

VYrpaBisromue BO3JACHCTBHS M OTPAaHUYCHHS TPEJACTABICHBI B BHJIE CEMAHTUYECKHUX
OrpaHUYCHUH MpeMETHON 001acTH, 1eJiei U KpuTepueB (YHKIIMOHMPOBAHUS CII0OKHOM CHCTEMBI U
PEKOMEHIAINH 110 COBEPIICHCTBOBAHUIO YIIPABJICHUS PECYPCaMHU.

MexaHu3MBl U pPECypchl, 0OECHEUMBAIONIMEe OCHOBHOW MPOIECC TMOJJICPKKH TMPHHSATHS
peIIeHH A TP YIPaBICHUH PECypCaMH B CIOXKHBIX CHCTEMax, OTPaXCHbI Ha JUarpamMMe B BUJIC
nuna, npuHuMaromero pemenue (JIINP) u cucrembr nonnepxku npusatus pemenuii (CIIIIP).

CemaHTHYECKHE Lemn n xp urep i
OTp aHUYCHUS ()Y HKIHIOHHD OBaHIST
TIpeIMETHO CJIOYKHOU CUCTEMBI PekoMeH 1aIHH 1o
oOmacti COBEp IICHCTBOBAHHIO
A yIIp aBJICHHSA
WNudopmarmsa 00 I pecy pcamu
HMEFOTITHXCS & . >
pecypcax Tlojuiep kKa I MHSITHS P elieHmid [ IInan
IPY Y IpaBIICHUM pecypcami [ pactp ACICHIs
Nudopmammst o B CJIOKHBIX CHCTEMAX & pecypcos
T0Tp €GHOCTAX B P ecyp cax -
O1eHKa KayecTBa
pachp eneseHus
pecypcos

JIITP CIIIIP

Puc. 1. [ToctaHoBKa 3ajauu MOAAEPKKU NPUHATHS PELICHUN

IIPU YIIPABJIEHUHU PECYPCAMU B CIIOKHBIX CHCTEMAaX

Ha ocHOoBaHuMM HCXOJHBIX JaHHBIX 00 UMEIOUIMXCA pecypcax M HHGOpMaLUUd O
NOTpeOHOCTAX B pecypcax TpeOyeTcs MOMy4nTh IUIaH PaclpeeeHUs PECYPCOB U OLICHKY KauecTBa
Takoro pacnpenenenus. Kpome 3Toro, goimxkHa OBITH HPEIyCMOTPEHA BO3MOXKHOCTH BBIJAUM
PEKOMEHAUNN 110 COBEPIICHCTBOBAHMIO NIPOLIECCA YIIPABICHUS PECYPCAMH B CIOXKHBIX CHCTEMAaX.
Ha nponecc ynpasienus pecypcamu U, B KOHEYHOM UTOre, Ha (GOpMHUPYEMBI TUIaH pacrpeaeacHus
PECYpPCOB OKAa3bIBAIOT BIIMSIHUE TEXHOJOTMYECKHE M CEMAHTHUYECKUE OTPAHWYEHUS IPEIMETHOU
o0nacTd, a TakkKe Ied U KpUTepuu (QYHKIMOHMPOBAHUS CIOXKHOU cucrteMbl. dopmupyembie
PEKOMEHTalluK 110 COBEPIIEHCTBOBAHUIO NPOLIECCA YIIPABIECHUS BHOCAT BECOMBIN BKJIAJ B ITPOLIECC
MOATOTOBKU  YIPAaBJIEHYECKUX pEIIeHWH U JOJKHBI CHOCOOCTBOBAaTh IOJIydeHHIO Ooiee
KaueCTBEHHOTO IJIaHa pacIpele]IeHHs] pEeCypCOB C yUETOM Lielei U KpUTepreB pyHKIIMOHUPOBAHUS
CJIO)KHOM CHCTEMBI, a TAKXKE UMEIOIINXCS OTpaHUYEHHUH MpeIMETHOM 001acTH.

Crnenyroumm 3TanoMm sBIISETCS IEKOMITO3UIMs KOHTEKCTHON JUarpaMMbl BEpXHETO YPOBHS
C LIEIBI0 ONPEACICHUS OCHOBHBIX JTallOB pEUICHMs 3ana4yd. Pe3ynbTar mpeacraBieH B BHIE
JYarpaMMbl J€KOMITO3UIIMY HA PUC. 2.
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Wndpopmarus 06 Cemanmieckue Lemn u kpurep um PexoMeHIAIHH 110
FMCFOLLIXCSI OTp aHHICHIA (ymxuponnp oparms COBEp LIEHCTBOBAHHIO
pecypcax TP €IMETHOM 0071aCTH CJI0KHOM CHCTEMBI T —
— " Amamm obsexta yrOpasieHust |5 pecypcamu
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7 3 pecypcoB
L [Toctp oenue 11aHa o >
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” | pecypcavm
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€ro UCIIOJTHEHHSI >
¥ BBIPabOTKa P EKOMEH [AIHii 3 ¥ Ouenka KauecTBa
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| - > pecypcoB

N

JITIP "CIIIP
Puc. 2. Ctpykrypa pelieHus 3a1a4u NoAACp>KKU MPUHITHS peLICHUN

IIPU YIIPABJICHUU PECYPCAMU B CIIOKHBIX CHCTEMAaX

Ha nepBoM »3Tame mpoucxoauT aHamu3 OOBEKTa YIPABJIEHUS — CIIO)KHOM CHCTEMBI — U
dbopmanuzanus TEXHOJIOTUYECKUX OTPAHWYCHUH M TapaMeTpoB. AHAIN3 MPOBOAMUTCA C yYETOM
CEeMaHTHYECKUX OTpaHMYCHHH TNpeIMeTHOH o001acTH, a Takke CHOPMYIMPOBAHHBIX IEleH U
KpUTepUeB (PYHKIIMOHUPOBAHUS CIIO)KHOM CHCTeMbl. Pe3ynpTaToM Takoro aHaiu3a SBISETCS
(hopMan30BaHHOE ONMKMCAHNE TEXHOJIOTUYECKUX OrPaHUYECHUN TPeIMETHON 00JIacTH.

Hanee na BTOpOM JTame uH(OpMalus 00 HMEIOIIMXCS pecypcax M TMOTPEOHOCTSIX B
pecypcax MCIOJIb3yeTCs HETTOCPEACTBEHHO sl IOCTPOCHMUS TJIaHa pacrpesiesieHus: pecypcoB. [Ipu
9TOM Ha TIPOIEeCC TMOCTPOCHMsI IUIaHA PACTPEIETICHUSI PECYpPCOB OKa3bIBAIOT  BIIMSIHUE
(dbopMann3oBaHHbIE TEXHOJOTMYeckue orpaHudeHus. llocTpoeHHBI TakuM 00pa3oM IIaH
pacnpenenieHnsi PeCypCcoB UCIONIb3YETCS Uil MOAAEPKKA MPUHATHS PEIICHUH W MPUHUMAETCS K
HCTIOJTHCHHUIO.

Ha TPETHEM OTall€ MNPOBOJAUTCA MOHUTOPUHI HMCIIOJIHCHUA OTOr0 IIJIaHA, OLCHKA
Bq)(l)eKTI/IBHOCTI/I Cro HCIIOJIHCHUS, a TaKXKC BBIJAIOTCA PEKOMCHIAALUK I10 COBCPHICHCTBOBAHMHIO
rpoIriecca yrpaBJeHHUsl pECypcaMu CJI0KHON CUCTEMBI. JTH peKOMEHIaIuu, ChOpMYITUPOBAHHBIC Ha
OCHOBC HAKOIIJICHHOI'O OIlbITa U 3HaHI/II\/'I, CBs3aHHBIX C OCO6GHHOCT$IMI/I HUCIIOJTHCHHUSA IINIAaHOB U HE
3AJIOKCHHBIX H3HAYaJIbHO B OrpaHUYCHUA HpG}IMeTHOﬁ O6J'IaCTI/I, B )IﬂJ'IBHCfIHIGM MOTYT
WCIIOIB30BaThCS TPU TMOCTPOCHUHM HOBBIX IUTAHOB pacmpelesieHuss pecypcoB. Takum o0Opazom,
pcain3oBaHHasd O6paTHa$I CBsA3b B BHJIC BbBIIAYU TaAKUX peKOMeH}IaHHﬁ, YUUTBIBAEMBIX IIPpU
MOCTPOCHUM TOCIEAYIOMMX IUIAHOB pacHpelesieHuss pPecypcoB, BEAET K IOCTOSHHOMY
COBEPIIIEHCTBOBAHHUIO TIPOIlECCa PaACIPENCIICHUs] pecypcoB. Pe3ynbTaroM Takoro MOHHUTOPHUHTA
SIBJISIETCS OIICHKA KaueCTBa PacIpe/IelIeHUs peCypcoB.

[Ipennoxennas Gopmanuzamusi 3aa4d MO3BOJISIET OMPEACIUTHCS C BEIOOPOM METOJOB M
MOJIETIEN ISl KaKI0T0 3Tana mpeiaraéMoil MeTO0JIOTUH.
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2. OcHoOBHbIE NPUHUMNBI MOMIEP:KKH NPUHATHSA PelIeHHH TpH yHpPaBJIeHUHU
pecypcaMu B CJI0:KHBIX CHCTeMaXx.

s paccMarpuBaeMoOro Kijacca CHCTEM MOYKHO HCIIONIb30BaTh pa3jMYHbIE MOJIXOIbl K
ynpasieHnuio. Ha ocHOBe MpoBeIEHHOTO aHaJIi3a OCHOBHBIX 0COOEHHOCTEH yIpaBIIeHUs pecypcaMu
B CJIOXHBIX CHCTEMAX MPEAIAraeTcsi UCIO0JIb30BaTh UHTEIUIEKTYaIbHYIO CUCTEMY YIIPABICHUS.

C yuerom chopmynupoBanHbix B [12] TpeOoBaHWiII K cHcTeMe MOMICPKKH TMPUHSITHI
pelleHnii MpU YOpPaBJIEHUU pECypcaMHd B CIOXKHBIX CHUCTEMAaX B YCIOBUSAX JAMHAMHUYHO
M3MEHSIIOIIENCS BHELTHEN Cpeibl IPEAIaraeTcsi UCIO0JIb30BaTh TPETUN YPOBEHb HHTEIIEKTYaIbHOTO
YIPaBJIEHUS — IUIAHOBOE YIIPaBJIEHHUE. DTO MO3BOJIUT MOJEINPOBATh HENPEABUACHHbIE CUTYALUU U
IUIAHUPOBATh PEAKLMI0 HA HUX C LIEJbI0 YCTPAaHEHUs] HETATUBHBIX IOCJIEICTBUM, UTO, B KOHEYHOM
UTOTE, MOBBICUT aJalITUBHOCTb MOJIEIIH.

[Ipennaraemas cxema HMHTEUIEKTYaJIbHOM CHCTEMBI YIPABJIEHUS PECYpPCAMHM B CIIOKHBIX
CUCTEMax IpeJCTaBJIeHa Ha puc. 3.
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Puc. 3. Cxema cucteMbl HHTEUIEKTYaJIbHOTO YIIPABJICHUS PECYpPCaMU B CJIOKHBIX CUCTEMAX

OO0BbeKToM YIpaBJICHUA SABJIACTCA HNPOHCCC PpacCIIpCaACICHUS PECYypPCOB. JIIP oxa3piBaet
YIIpaBJIAOIINC BO3JCHCTBUSA Ha 00BEKT YipaBJICHHUA B COOTBCTCTBHUU YTBCPIKACHHLIM IIJIAHOM
pacnpeaciicHud pecypCos. I/IH(I)OpMaI_II/IOHHa}I MOAACPIKKA TPHUHATHA peH_IeHI/Iﬁ 3aK/II04YacTCsaA B
BBIpa6OTKe AJIBTCPHATUBHBIX BAPHAHTOB YIIPABJIICHYCCKUX pCI_HeHI/Iﬁ U COOTBCTCTBYHOIIHUX HM
IJIaHOB pPaCHpeaACIICHUA PECYPCOB U IMPEAOCTABIICHUHN UX JIMLY, IPUHUMAIOIIEMY PCIHICHU .

BJ'IOK, OTBEYAIOIIUH 3a NMOATOTOBKY aJIbTCPHATHUBHBIX BAPUAHTOB YIIPABJICHUCCKHUX pCIJ_IeHI/Iﬁ
n I1JIaHOB pacnpe,ueneHI/Iﬁ peCypCoB, NPCACTABJICH HA CXEMC B BUAC IMOACUCTEMbBI alallTalluu. Ha
OCHOBC TCXHOJIOTMYCCKHUX IIapaMCTPOB U Ol"paHI/I‘IeHI/Iﬁ HpeHMCTHOﬁ obmmactu B OIIOKe
IUTaHUPOBAHUSA U PACTIPCACIICHUA CTPOATCS IIJIaHBI PACTIPCACIICHUA PECYPCOB. I[anee MMPOU3BOAUTCA
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OLIEHKA ATHX IJIAHOB C Y4eTOM KpuTepHueB 3(h(HeKTUBHOCTH, POpMATH3yeMBIX U XpaHAIIUXCS B Oa3e
3nanuit CIITIP.

B pesymprate dopmupyercs HaA0Op TpPUEMIIEMBIX ~ ANBTEPHATHBHBIX  BAPUAHTOB
YIPABICHUYCCKUX PEIICHUN C y4eTOM MNPABWII MPHHITHS PEHICHUN, XpaHAIUXcs B 0a3e 3HAHMIA,
KOTOPBIN U IPEIOCTABIISACTCA JTUILY, IPUHUMAIOIIEMY PEIICHHUS.

[IpennoxkeHHass cXxeMa CHCTEMBI YIPABJICHHUS CIY)KUT OCHOBOW HWH(DOPMAIIMOHHOU
MOAICPKKH MPUHATUS PEHICHUHN NPU YIIPABICHUHU PECYPCaMU CIIOKHBIX CUCTEM.

3. Pa3paborka MeTOJ0JIOTMYECKHX OCHOB MOJIE€P:KKH TNPUHATHUS PpelleHuil npu
yIPaBJIeHUH PeCyPCAMH CJIOKHBIX CHCTEM B YCJI0BUSX THHAMMYHO U3MEHSIOLIECS BHEIIHeH
cpeabl U CEMAHTHYECKHX OrpaHuM4YeHuii. B Hacrosiee BpeMs HAKOIUIEH JOCTATOYHO OOraThlii
apceHall MoJieJield, METO/I0B U MOAXOA0B ISl PELICHUS 3a/1a4u YIPaBICHUS CJIOKHBIMUA CUCTEMaMH.
B nanHoM wuccnegoBaHuM Uil YOpaBICHUST PECypCcaMU B CIIOKHBIX CHUCTEMax B YCIOBHSIX
JMHAMUYHO W3MEHSIOIICHCS BHEIIHEN CpeIbl M CEMAHTHYECKUX OIPAHUYECHUN NPEAMETHOM
obyacTu mpejyIaracTcs HMCIOIb30BaTh CICAYIOMIMA HAOOp MPUHIUIIOB M METOJIOB, KOTOpBIC B
COBOKYITHOCTH COCTAaBJISIFOT METOJI0JIOTUYECKNE OCHOBBI JAHHOT'O UCCIIEI0OBaHUS.

Metogomnorusi ynpaBi€HUS PECypcaMH CJIOXHBIX CHCTEM B YCIOBHSX JUHAMHUYHO
M3MEHSIONICHCST BHEIIHEH CcpeAbl M CEMAHTUYECKMX OrPAHMYEHUM TMPEJCTaBIseT COOOM
MOCJIEIOBATEILHOCTh BBIMOJHEHUS OMNPENEICHHBIX 3TAaroB, 0a3UPYIOUIMXCS HA HMCIOJIb30BAHUHU
OTpe/IeJICHHBIX MOAX0A0B, METOJOB U MPUHIIUIIOB.

1. Anamu3 oObekra ympasneHus (OY), BBISBICHHE peCypcoB (IIOCTAaBIIMKOB PECYpCOB) U
noTpeduTeneil pecypcos:

* CHCTEMHBIH ITOJIXO]T;

* NPUHUMUI KOHEYHOU LENH;

* TPUHIIUI €TUHCTBA;

* TPUHIIUII CBSI3aHHOCTH.

2. Omnpenenenne (popmanuzanusi) TEXHOJOTUUECKUX OTPAaHUYCHHM MpeAMETHOW o0iactu u
1[eJIel MOCTABIMKOB U OTpeOUTENe pecypcoB:

* CHCTEMHBIH ITOIXOJT;

* TEOpHs UTP;

* TPUHIIUI U3MEPEHHUS;

* TPUHIIUI CBSI3aHHOCTH.

3. PazpaboTka nH(pOpMaIIMOHHOTO 0OecTieueHus (OHTOJIOTHUYECKUE MOJIEITH )

* METO/bl MH)KEHEPUH 3HAHUI;

*  OHTOJOTHYECKHH IOJIXO;

* TPUHIIUI Pa3BUTHS.

4. PazpaboTKa allrOpUTMUUIECKOTO OOCCTICUCHHS:

* MHOTOAreHTHBIN MOIXO/T;

*  CaMOOpPraHU3aLMOHHBIN MOAXO/;

* TPHUHIIUI HEOTPEICIECHHOCTH;

* MpUHIUI (PYHKITMOHATIBHOCTH;

* TPHUHIHUI JEIEHTPATU3AINH;

* TMPHUHIUI MOAYJIHLHOTO MTOCTPOEHUS;

* TPHUHIUI SKBU(UHATEHOCTH;

* IIPUHLHI Pa3BUTHS.
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5. Ilporpammuas peanuzauus nporortuna CIIIIP ans ympaBneHus pecypcaMH B CIOXKHBIX
CUCTEMAX:

* MHOrOAareHTHBINA MOJIXO[;

* AreHTHO-OPUEHTHPOBAHHAs TEXHOJOIHS MPOrPaMMHUPOBAHUS;

* IIPUHLMII Pa3BUTUS;

* IIPUHLIMII MOAYJIBHOTO IIOCTPOEHUS.

6. IlocTpoeHue maHa pacrnpenesieHus peCypCoB:

* MHOrOAareHTHBINA MOJIXO[;

* MeToAsl ImaHupoBanus B MU

* TIPUHIMI YKBU(UHATIBHOCTH;

* IIPUHLHUI KOHEYHOH LICIIH.

7. MOHUTOPUHT UCIOJHEHMS IIJJaHA U BHECEHHE U3MEHEHUI B IUIaH B CIy4yae HENpPEIBUIEHHBIX
0OCTOSITENBCTB:

* MHOTOAareHTHBIA MOJXO/;

* IIPUHLIMII HEONIPEACIEHHOCTH;

* IPUHLMUI Pa3BUTHS.

8. Omenka kayecTBa IutaHa ¥ 3(pPEKTUBHOCTH €ro MCIIOIHEHHS, BEIpAO0TKa PEKOMEHIAHNN 110
COBEpPIIEHCTBOBAHUIO MTPOLIECCA YIIPABIICHHUS

* MHOTOAareHTHBIA MOJXO/;

* IPUHLIMII U3MEPEHMUS;

* IIPUHLHXII KOHEYHOH LIEIIH.

PazpaboTanHble METONOJIOTMYECKHWE OCHOBBI HAIUIM OTPaXCHHWE TMpH  pa3paboTke
npororunoB CIIIIP gnst ynpaBineHHs pecypcaMu CIIOXKHBIX CHUCTEM B Pa3IMYHBIX IPEIMETHBIX
obOnactsx (ympaBieHHE pecypcaMd TMPH OKa3aHWW MEIUIMHCKUX YCIYT, KaJeHIapHOM
TUITAHUPOBAaHHUHU TIPOU3BOJICTBA, B YCJIOBHUSIX YPE3BbIUAMHBIX cuTyarmid) [9-11].

3akarouyenue. Paszpabotana (yHKIMOHANbHAs MOJENb Mpolecca MONAEPK KU MPUHATUS
pelleHnid TpHu YNpPaBIECHUU pecypcaMu B CIOXKHBIX CHUCTEMaX C HCIOJIb30BAaHHUEM H3BECTHOU
Metononiorun cuctemHoro monenuposanust IDEF0. IlpennoxkenHas cxema CUCTEMbI YIpPaBJIE€HUS
pecypcamu B CIOXKHBIX CUCTEMAX CIYKHUT OCHOBOM /15 pa3paboTKu MH(GOPMAIIMOHHON MOAIEPKKU
MPUHSATHS PEIICHUN IPU YIIPABICHUH PECYPCAMH CIIOKHBIX CUCTEM.

[TpoBeneHHBIH aHaMM3 OCOOEHHOCTEH YIpaBIEHHUS pPEeCypcaMu B CIOXKHBIX CHCTEMax
MOCITY’KUJI OCHOBAaHHWEM BBIOOpAa MHTEUIEKTYaJIbHOM CHCTEMBl YIIPaBJICHUSI PECypcaMu TPETHETO
ypoBHsl (IJJaHOBOE YIpaBJIEHWE), MO3BOJIAIOIIEH IUJIAHUPOBAaTh 3apaHee HE OIpeeieHHbIe
CUTYyalluu, UMUTHPOBATh U MOJIEIMPOBATh HEOIPEEIEHHOCTH.

Pa3paborannpie Mertononoruyeckue ocHOBbl moctpoeHuss CIIP g ynpaBnenus
pecypcamMu CIIO)KHBIX CHCTEM B YCJIOBHUAX JUHAMHYHO W3MEHSIONIEHCS BHEIIHEW cpeabl u
CEMaHTUYECKHUX OTPAaHUYEHHI OCHOBaHBI HA CPOPMYIUPOBAHHBIX MPHUHIIUIAX Pa3pabOTKU CUCTEM
MOAJEPKKU MPUHITHUS PELICHUI MPU YIOPaBIEHUU pPEecypcaMu B CJIOXHBIX CHCTEMax C Y4eTOM
TpeOOBaHUN K MaTeMaTUYeCKOMY, aJITOPUTMUYECKOMY, MH(POPMAIMOHHOMY, METOJAUYECKOMY H
MIPOTpaMMHOMY BHaM 00€CIIeUeHHUH.

CymiecTBeHHbIM ~ (DakTOM  SIBJISIETCS  NPUMEHEHHWE MHTEUIEKTYaJbHBIX  TEXHOJIOTUH.
OcHOBHOE OTJIMYME MpeIaraéMoro MOJAX0Ja OT U3BECTHBIX 3aKJIIYaeTcs B HWHTErpaluu
MHOT'0areHTHBIX TEXHOJIOTHI U OHTOJOTHYECKUX MOJENEH, YTO MO3BOIsIeT (OpMyIUPOBATh 3a4a4u

B HOBOWM TIIOCTAaHOBKE, YYHUTHIBaTh cjab0 QopMamuzyeMyro HHPOPMAIHIO, CTPOUTH MOIEIH,
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KOTOPLIC TOUHCC OTPAKAIOT CBOMCTBa PCATbHBIX 06’beKTOB, H MOBBICUTH KAaUCCTBO NPHUHUMACMBIX

pGH_IGHI/Iﬁ Ha OCHOBE HCHOJIb30BaHMS TEXHOJIOT Uit pacnpeaciiCHHOI0O UCKYCCTBCHHOI'O MHTCJIJICKTA.

JlanHOE MCCleOBaHUE YaCTUYHO TojaepxaHo rpaHtamu PODOU 14-07-00811-a, 15-07-

01565-a.
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UNDER A FAST CHANGING ENVIRONMENT
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PhD, Associate Professor, Associate Professor at Dept. of Computational Mathematics and
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Abstract. Resource management of a complex system is necessary to ensure its
effective functioning. In a fast changing environment it is suggested to develop a
methodology for information decision-making support in the management of resources
of complex systems based on multi-agent approach. The system modeling and the basic
principles of the system approach are used in the development of the methodology. The
methodological basis for building decision support system is based on a set of principles
and methods, and the use of intelligent technologies. A distinctive feature of the
proposed methodology is the integration of multi-agent technology and ontological
models that takes into account the weak formalized information about the subject area.
Keywords: decision support, resource management, complex system, multiagent
approach.
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AHHoTauus. [lnanupoBaHue pa3BUTHUS MPOU3BOJICTBEHHBIX MOILHOCTEH HEOOXOIUMO
s obecrieuerns 3¢ GekTuBHOrO QYHKIIMOHMPOBaHUS peanpusTus. s odecieuenus
IUIAHOMEPHOI'O Pa3BUTUS MPOU3BOACTB U CO3JAaHMSI HOBBIX IPOU3BOJCTBEHHBIX
MOIIHOCTEW MpPEeIaraeTcsi MCHOJb30BaTh OCHOBAHHOE HA MHOTOAréHTHOM IOJIXOJe
pa3zpabareiBacMOe TpOrpaMMHOE oOecriedueHue HMHQPOPMAIMOHHON  MMOIICPIKKU
MPUHATHS PEIICHUN NpPU YINPaBICHUH pecypcaMu Ha Npous3BojacTBe. OTINYUTENbHOU
0COOEHHOCTBIO TIPEAJIAraeMoro MPOTrPaMMHOTO OOECHeUeHHsI SBIISICTCS HWHTETPalus
MHOTOAreHTHBIX TEXHOJIOTHI U COOCTBEHHOW 0a3bl 3HAHWM, YTO TO3BOJISIET YYUTHIBATH
HedopMaTbHYI0 HH()OPMAIIHIO O IPEIMETHON 001aCTH.

KiroueBble cioBa: mnojjaepkka MPUHATHS PELICHHWM, YIpaBlIEHUE pecypcami,

IMPONU3BOJACTBCHHBIC MOIIIHOCTH, MHOTOAar¢HTHBIA Ioaxond.

Beenenue. B ycioBusix »KecTKON prIHOYHON KOHKYPEHIIMH JIFOOOMY MPEANPUATUIO CETOIHS
HEOoOXOJIMMO OPHMEHTHUPOBATHCS HA TIPAMOTHOE CTpPATErMyecKoe YIpaBlIeHHWE, WHHOBAIIUH,
3¢ (HEeKTUBHOCTh MPOM3BOJICTBA, OCBOEHUE BBICOKOTEXHOJIOTMYHBIX M3aenui. [loaToMy riaBHBIMU
3a/layaMyd  OTE€YECTBEHHOTO  MAIIMHOCTPOUTEIBHOTO  KOMIUIEKCA  SIBJISIFOTCA:  IOBBIIICHUE
KBIM(UKAIMM COTPYIHUKOB, WHBECTHMLIIMM B HH(POPMAIMOHHBIE TEXHOJOTMH, MOJIEPHHU3AIMS
000pyIOBaHUS U TEXHOJOTHA.

Opnaxo, B YCIIOBHSIX OTPaHUYEHHOCTH (MHAHCOBBIX pecypcos, npu
MOJIEpHU3aLMU/OpraHU3alli TPOU3BOJICTBA I OIpeeIeHHs] HeOOXOIUMBIX MPOU3BOJICTBEHHBIX
MOIIIHOCTEH 4acTO OBIBAET HEJOCTATOYHO MPOCTOIO MPSIMOIO pacueTa KOJIMYECTBa HEOOXOAMMOIO
000pyIOBaHUS TIO TEXHOJIOTHYECKOW TPYAOEMKOCTH W3TOTOBJICHMs w3aenuid. OOBYHO TaKou
pacdeT npeaycMaTpUBaeT UACATBHOE MOJIOKEHUE BEIIEH M HE YUMTHIBAECT TAKUE BAXKHBIE ACIIEKTHI
MIPOM3BOJICTBEHHON JAEATEIbHOCTH, Kak: MpodeccuoHanu3M/KBanuukanrio pabOTHHKA, OTIIyCKa
COTPYIHHUKOB, OTIYJbl, OOJbHUYHBIE JUCTBI, IPOCTOU OOOPYAOBaHUS, CBA3AHHBIE C PEMOHTOM,
TEXHUYECKUM OOCIIy’)KUBaHMEM M Jp., a TaKXKe JAPYrue acleKThl, CBSI3aHHBIE C YEIOBEYECKUM
(hakTopom.

Jns OGonee TOYHOrO pacyera NPOEKTUPYEMBIX/MOAEPHUZUPYEMBIX MPOU3BOJICTBEHHBIX
MOIIIHOCTEH HEO0OXOIUMO MPOBOAUTH MOJETUPOBAHUE BBIOJIHEHUS MPOU3BOJCTBEHHOIO IUIAHA,
MIOCTPOEHHOTO C Y4E€TOM pa3M4yHbIX «HE(POpPMaANbHBIX» AacleKTOB (PYHKIIMOHUPOBAHUS
MIPOM3BOJICTBA M HAKOIUICHHbIMH Oa3amu 3HaHUUA. Takol MOJIXOJ MO3BOJSET BBIIBUTH «Yy3KHE»
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Ynpaesnenue pecypcamu npu nranuposanuu pazeumus npou3Bo0CmMEeHHbIX MOWHOCMel NPeOnpusmus

MeECTa B IUIaHUPYEMOM NPOU3BOACTBE. [[pMeHEHrE MHOTOareHTHOro MOAXO0Aa JUIsl PELICHNS TaKUX
3aJ]a4 MOKa3bIBAET BHICOKYIO A(PPEKTUBHOCTh MeTo1a. Hapsity ¢ BBICOKOI CKOPOCTHIO BBHIIOJIHEHUS,
pacyeThbl MOKa3bIBAIOT CTAOMIIBHOCTh 3HAYEHUH, a TaKKe BBICOKYIO OTKa30yCTOHYMBOCTH PabOTHI
areHTOB.

1. Onmcanme 3aJayM IUIAHUPOBAHUSI NPOU3BOJACTBEHHBIX MOIIHOCTeHl HOBOIO
npousBoacTBa. IlpencraBum cuTyaluoo, B KOTOPOH IUIAHUPYETCS CO3JaHHE MPOU3BOACTBA I10
W3TOTOBJIICHHUIO KaKOK-JIMOO MPOIYKIHH (y3JIOB).

Opranuzanys HOBOTO IPOU3BOJCTBA, KaK IPaBWJIO, COCTOUT W3 HECKOJIBKMX OCHOBHBIX
JTaroB:

e OmnpexneneHue coCcTaBa TEXHOJIOTUIECKOTO 000PYI0BaHHUS;

e  OrmpezeneHue YUCIEHHOTO COCTaBa IEPCOHANA;

e PazpaboTka NPOEKTHO-CMETHOM  JOKyMeHTauuu (IpOEeKTa) Ha  CTPOUTEIBCTBO
(PEKOHCTPYKIIHIO) OOBEKTA;

¢  CrpouTenbCTBO/PEKOHCTPYKIHS 00BEKTA;

e TexHojoruyeckas rnoAroToBKa MpoU3BOCTBA;

e 3akynka o0OpylOBaHUS;

e [Ipuem nepconana;

e Brixox Ha cepuiiHOe IPOU3BOJCTBO.

Kaxxaplii sTanm opraHu3anuy IPOU3BOJCTBA HMMEET CBOM OCOOEHHOCTH, HO B 4YacTu
IJIAaHUPOBAHUS MPOU3BOJICTBA MHTEPEC PEICTABIISIIOT MIOCIEIHUE TPHU ATaa.

Curyauusi CcoO3JaHHsl HOBOro0 MpoM3BOACTBA. [lmaHupyercss co3naHue HOBOIO
MIPOU3BOJICTBA C 3a/JaHHON HOMEHKJIATYpOH M TUIAHOBBIM T'OJIOBBIM 0O0BEMOM mpou3BojacTBa 350
KOMIUIEKTOB/HM3/I€IHIA B TOJI C BBIXOZOM Ha CEpUITHOE IIPOU3BOJICTBO B CIEAYIOMIUX 00beMax:

e 1-if ron: 10 koMIUIeKTOB (yCTaHOBOYHAs MapTHs) — JJs ONpEAENICHUS BO3MOKHOCTEN
IPOM3BOJICTBA — YTO 3alIPOEKTUPOBAHHOTO O0OPYIOBAHUS JTOCTATOYHO JUIS BBIOJHEHUS
BCEH TEXHOJIOTMUYECKOM LIETTOYKH 110 U3TOTOBJIEHUIO BCEHl HOMEHKJIATyphl J€TalIEH;

e 2-iiroxm: 50 KOMILIEKTOB;

e 3-iitoma: 150 KOMITJIEKTOB;

e  4-it u mocnenyromue roja: 350 KOMIJIEKTOB.

Torga umMeHHO MoJ 3Ty Hporpammy (Kak MMHMMYM) HaM HY)KHO K COOTBETCTBYIOIIEMY
BpeMeHH npuolOpectu 000pyAoBaHKe, HAOpaTh HEOOXOAUMBII epcoHal.

2. Pacuer Heo0XoAMMOro 000py10BaHUSI /IS BBINOJHEHUS] 32JaHHONl NPOrpamMMbl
U3roToBJieHUus1 Jerajieid. [lpuBenemM oOOBIUHBIM pacdeT HEOOXOAMMOro OOOPYAOBAaHUS JUIS
BBITIOJTHEHUS 3aJJaHHON MIPOrpaMMBbl U3TOTOBJIEHUS JeTallell. B 11ensx paBHOMEpHOT0 U3rOTOBJICHUS
JCE (neranu u cOOpOYHBIE €IMHHMIIBI), TAPTHS 3amycka npuHaTa mo 10 merameii. B Tabnumax 1 u 2
MIPUBEICHbl PACUETHBIE JaHHBIE 10 MPUMEHSIEMOMY OOOpYIOBaHUIO, a TaKkKe TPYIOEMKOCTH
M3TOTOBJIEHUS 33JaHHON HOMEHKJIATYPBhI.

Hanpumep: mist nzrorosnenus neranu HoMmep 0487 HeobxonuMmel Tpu onepaunu «TokapHas
¢ UIIY». CoracHO TEXHOJIOTMM ISl MEPBBIX JIBYX HYKE€H BBICOKOTOYHBIM TOKAPHBINA CTaHOK C
UIlY wmomenmu TC600 65, dupmer "Spinner", a nmias TpeTbell — BBICOKOTOYHBIM TOKApHBIN
obpabateiBaronuii 1eHTp Mojaenu TC600 65 MC, takxe pupmsl "Spinner” (tabnura 1).
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Taoauna 1. [Ipumensemoe 00opynoBaHue A7 U3TOTOBICHUS HOMEHKIIATYPbI

Ne Neni/m | HawmmenoBanue Tun npumeHsemMoro [IpousBoauTenL, MOAEIH
JCE No on oreparuu 000pyI0BaHUS IPUMEHSEMOT0
- 00opyIoBaHuUs
0487 | 1
0487 | 1.1 Tokapnas ¢ UITY | BeicokoTouHbIH ToKapHbIii ctaHok | "Spinner™ TC600 65
c Iy
0487 | 1.2 Tokapnas ¢ UITY | BeicokoTouHBIH ToKapHbIii ctaHok | "Spinner" TC600 65
c Iy
0487 | 1.3 Tokapnas ¢ UITY | BbICOKOTOYHBIH TOKapHBIN "Spinner” TC600 65MC
00pabaThIBAIOIUN IIEHTP
0114 | 2
9040 | 36
9040 | 36.1 Toxkapnast ¢ UITY | BeicokoTouHbli ToKapHbIi cTanok | “Spinner” TC800 110
c Iy
9040 | 36.2 CepiiniibHas CraHoK panuanbHO-cBepiawibHbIN | SRB 50
9040 | 36.3 Toxapnast ¢ UITY | BeicokoTouHbli ToKapHbIi cTanok | “Spinner” TC800 110
c Iy

TpymoemkocTb BbIONHEHUS 11 onepanuu 1.1 crnenyromast (Tadbauua 2):

e Tmr = 29,2 MUH. — «MAIIMHHOE BPEMs» — 3[I€Chb YUUTHIBAECTCS TOJIBKO MEXAaHHMUYECKOE BpeMsl Ha
00pabOTKy JETaTN — «CHATHE CTPYKKIY;

e Tm3 = 84 MuH. — «BpeMs IpeABapUTEIbHO-3aKIIIOUUTEIBHOE)» - 3TO BpeMs HACTPOUKHU
000py0BaHUs JUIsl U3TOTOBJICHUS TAHHOH J1eTaly;

e Tmk = 37,6 MUH. — «BpeMs IUTYYHO-KAIbKYISLIMOHHOE» 3/1€Ch YUYMTHIBACTCS «MALIMHHOE
BpeMs» Ha KOXKIYIO JeTallb, a TAKXKE «IIpeABapUTEIbHO-3aKIIOUUTEIBHOE BPEMS» pa3elieHHOE
Ha mapTuto 3amycka (npuHsaTyo 10 neraneit).

T.e. Ans U3rOTOBIIEHUS MApTUU OAMHAKOBBIX JeTajell He0OOXOIMMO CHadaja MOATOTOBUTH
00Opy/l0OBaHUE: YCTAaHOBUTb M HACTPOUTH IMPHUCHOCOOJIEHUE, HACTPOUTH PEXKYUIMH HHCTPYMEHT,
MEPUTEIbHBIN U T.J., a TaK)Ke yOpaTh OCHACTKY IOCJIE BBIMOJIHEHUS ONepaliu, Ha 3TO OTBeJAeHO 84
MuHyThl. [locme HacTpoliku oOopynoBaHus H3roTaBiMBaeTcd mnaptus neraned (10 mr.) —
29,2*%10=292 mun. Takum oOpa3om, mns usrotoBinenus 10 pgeraneir Heobxomumo 84+292=376
MuHyT. CrenoBaTenbHO, NMPUBEICHHOE BPEMsl Ha KaxAylo JAeTainb cocraBiseT 37,6 MHUHYT —
«ITYYHO-KAJIbKYJISIITUOHHOE BPEMS».

Jlanee paccuuThIBaeTCs TPYIOEMKOCTh BBIOJIHEHUS KaX10H oneparuu A1 KaKIoW JeTanu
Ha MPOEKTHYIO TOJOBYIO U TOJIOBBIE IPOrpaMMbl BbIXO/JAa HAa MPOEKTHYID MOUIHOCTh — «BPEMS
MITYYHO-KaJTBKYJISIIMOHHOE» YMHOXKAETCs Ha COOTBETCTBYIOIIYIO mporpammy; it 350: 37,60%350
=13 160 muH.

[Tocne pacuera TPYHOEMKOCTH BBINIOJIHEHUS OMNepalud Jid 3aJaHHbIX [POrpaMM,
oObemUHEeHHbIe Ta0MMIbl 1 W 2 TpynmupylT TO MOJETH OOOPYAOBAaHUS H CYMMHDPYIOT
TPYAOEMKOCTB, TosrydaeM Tadmuiry 3.
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Ta6auuna 2. Tpy1oeMKOCTh U3TOTOBJICHUS 33JaHHON HOMEHKIATyphl

No Ne | Hawumeno- TpynoemMkocTb TpynoeMKOCTh Ha TOJOBYIO POrpamMmy,
JACE | o/ BaHHE BBIITOJIHCHUS OIIEPALIUH, (MuH)
Ne | omnepauuun (MuH)
O1l. Tt Tk T3 10 k-B 50 x-B 150 k-8 | 350 k-B

0487 |1
0487 | 1.1 | TokapHas ¢ 29,20 | 37,60 | 84,00 376,00 | 1880,00 | 5640,00| 13160,00

qIry
0487 | 1.2 | TokapHasi ¢ 48,70 | 59,10 | 104,00 591,00 | 2955,00 | 8865,00 | 20685,00

qIry
0487 | 1.3 | TokapHas ¢ 115,70 | 134,30 | 186,00 | 1343,00 | 6 715,00 | 20 145,00 | 47 005,00

qIry
0114 |2
9040 | 36
9040 | 36.1 | TokapHas c 44,50 55,46 | 109,60 554,60 | 2773,00 | 8319,00 | 19411,00

qIry
9040 | 36.2 | Ceepmunbhast | 14,60 | 20,07 | 54,70 200,70 | 100350 | 301050 | 7024,50
9040 | 36.3 | TokapHasi ¢ 104,70 | 119,22 | 145,20 | 1192,20 | 5961,00 | 17 883,00 | 41 727,00

qIry

Tabauua 3. CBogHas Tabnuia 3arpy3ku 000py10BaHUs ISl TOJJOBOM IPOTrpamMMBbl
Ne [TpousBoanTeENH, MOACTH I'omoBast Tpy10€MKOCTh Ha 3aIaHHYIO TTPOTPaMMY,
/T o0opynoBaHus (MuH)
10 k-B 50 x-B 150 x-B 350 x-B

1. | "Hermle" C42U MT 25964,00 | 129 820,00 389 460,00 908 740,00
2. | "Spinner" TC300 42 14 403,40 72 017,00 216 051,00 504 119,00
3. | "Spinner" TC600 65 26 463,70 | 132 318,50 396 955,50 926 229,50
4. | "Spinner" TC600 65 MC 2 742,00 13 710,00 41 130,00 95 970,00
5. | "Spinner" TC600 65 SMCY 13 685,00 68 425,00 205 275,00 478 975,00
6. | "Spinner" TC800 110 22 510,20 | 112 551,00 337 653,00 787 857,00
7. | "Spinner" TC800 110 LMC 600,00 3 000,00 9 000,00 21 000,00
8. | "Spinner" TC800 110MC 9 298,80 46 494,00 139 482,00 325 458,00
9. | "Spinner" TC800 77 15 167,20 75 836,00 227 508,00 530 852,00
10. | "Cacta" CA600 2413,70 12 068,50 36 205,50 84 479,50

4acCTO €CTb BO3BMOXHOCTb 3aMCHUTL OAHO HA APYTocC.

Paznnunoe 060py,HOBaHI/Ie OJHOI'O Ha3HAYCHHUA W THUIIA O6J'I3.,Z[8.€T CXOXHNMHU CBOﬁCTBaMH, )51

Ha ocHOBe TeXHHYECKHX XapaKTCPUCTUK ITPUMCEHACMOTO 06OPYI[OBaHI/I$I ObllIa COCTaBJICHA

cxeMa BO3MOXKHOI 3aMeHBI TOKapHOTO 000pyaoBanust (puc. 1):

e TokapHblii cTaHok "Spinner" TC600 65 myume cranka "Cacra" CA600 Tem, 4TO y HEro ectb

cuctema ympasieHuss UITY u on Gonee TOUHBINA, B TO K€ BpeMs OH MOXXET 3aMEHHTH CTaHOK

"Spinner" TC300 42, T.x. o61anaet GonbImMMHU TabapuTaMu U CIIOCOOEH M3TOTaBINBATH JACTAN

6osb11ero pazmepa (Ho rmpu 3ToM oH jaopoxe TC300 42 u 3nauntensHO qopoxke CA600);

e TtokapHblii ctaHok "Spinner" TC600 65 MC sto "Spinner" TC600 65, HO ¢ BO3MOXHOCTBIO

YCTQHOBKHM TPUBOJHOTO HHCTpyMeHTa (¢ppe3a, cBepno s (pe3epoBKU U CBEPICHHS

PAa3JIMIHBIX 3JIECMCHTOB B I[CTaJ'II/I);

e "Spinner" TC600 65 SMCY »sto "Spinner" TC600 65 MC, HO ¢ HPOTUBOIINMHUHJICIEM H
JIOTIOJTHUTEILHOM OCBIO Y
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e "Spinner" TC800 77 — cranok ¢ OGonpmmmMu pazmepamu, yem "Spinner" TC600 65, HO ¢
TEeMU k€ PYHKIUIMH;

e "Spinner" TC800 110 — cranok ¢ 6onpumM guamerpoM mmnuaaens TC800 77 u Temu xe
GYHKIHSIMU;

e "Spinner" TC800 110MC otauvaercs ot "Spinner" TC800 110 nHamuuueM BO3MOKHOCTH
YCTaHOBKH MPUBOAHOTO WHCTpyMeHTa, a oT "Spinner" TC600 65 MC — rabapuTHbIMU
pa3MepaMu U BO3MOKHOCTBIO 00paboTku JICE Gomnbiiero pamepa;

e "Spinner" TC800 110 LMC otnuuaercst ot "Spinner" TC800 110 Gonbimeit nmuHONU — Asis
00pabOTKH JJIMHHBIX JIeTajeH.

"Cacta" CA600 "Spinner" TC800 77
/’// r
"Spinner" TC300 42 1 "Spinner" TC600 65 MC "Spinner" TC800 110MC
4
"Spinner" TC600 65 SMCY "Spinner" TC800 110 LMC

Puc. 1. Cxema 3aMeHBI TOKAPHOTO 00OPYIOBAHUS

"Spinner" TC600 65 "Spinner" TC800 110

(obopymoBaHue yITydIIaeTCs 10 HAIIPABICHUIO CTPEIIOK)

Janee, He0OOXOAMMO OINPENEIUTh KOJIMYECTBO NMPHOOPETAEMOro 00OPYAOBaHUS, UCXOI U3
€ro 3arpy3KH.

Jlnis pacdera KOJIMYECTBa MOTPEOHOr0 000PYI0BAHUS IPUHUMAEM:

® KOJIMYECTBO pabouuX JIHEH B roxy — 246;
® KOJHMYECTBO pabOYHMX CMEH B CYTKH — 2;

® KOJMYECTBO YacOB B CMEHE — 8;

e koddduiment npenenpHoi 3arpy3ku 0,85.

Hanpumep, ansg "Hermle" C42U MT: cymmapHast TpyoeMKocTh Ha 350 KOMIUIEKTOB JUIs
JIaHHOro obopynoBanus cocraBwia 908 740 MuHyT. /laHHYIO BelIWYMHY NEpPEeBOAMM B Yachl U
paboune cmenbl: 908 740/60/8=1893,21 paGoune CMEHBI JOJKEH OTpabOTaTh OJMH CTAHOK JUIS
uzroroinenuss 350 kommiektoB JICE. Ilpumensem Ko3(QQHUIMEHT TMpenenbHOM 3arpys3Ku:
1893,21*0,85=2227,3 paboune cmeHbl. J[emuM Ha KOTMYECTBO CMEH B CYTKaX W KOJIUYECTBO
pabounx mHEH B rogy: 2227,3/2/246=4,53 cranka HEOOXOIUMO IS U3rOTOBIEHUS 350 KOMIUIIEKTOB
HCE B ron.
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Taoauna 4. Pesynbsrarsl pacuera KOTH4ecTBa 000pyI0BaHUS
JUIsl TOJIOBOM mporpaMmbl 350 KOMITJIEKTOB

No [IpousBoauTens, MOJETH 3arpyska [Ipunsitoe [Tpum.
n/m 00opynoBaHus Pacuernast | C romonHenrem |  KOJ-BO
oT 1p. 06opya-a | 0bopyxa-s

1. "Hermle" C42U MT 4,53 4,53 5
2. "Spinner" TC300 42 2,51 2,00 2 0,51 Bmo3. 3
3. "Spinner" TC600 65 4,61 5,00 5) 0,12 Bm03. 5
4. "Spinner” TC600 65 MC 0,48 0,00 0 0,48 B m03. 5
S. "Spinner" TC600 65 SMCY 2,39 2,99 3
6. "Spinner" TC800 110 3,92 3,92 4
7. "Spinner" TC800 110 LMC 0,10 0,72 1
8. "Spinner” TC800 110MC 1,62 1,00 1 0,62 B mo3. 7
9. "Spinner" TC800 77 2,64 2,76 3
10. "Cacta" CA600 0,42 0,42 1

PaccMmoTpum nopoOHee HEKOTOPBIE IMO3HUITMH Ta0II. 4.
[To3. 2: «cobctBenHas» 3arpy3ka cranka "Spinner" TC300 42 cocraBuna 2,51, 3T0 03Hauaer,
YTO ISl TOTO, YTOOBI BBITIOJIHUTH BCE OTEPAIHH, T/I€ MPEITyCMOTPEH 3TOT CTaHOK, OTPeOyeTCs
2,51 en. craHka, cieaoBareiabHO, HeoOxoaumo mpuobpectu 3 ex. "Spinner" TC300 42 s
BBITTOJIHEHUS TOJI0BOTO Iu1aHa. OJHAKO, MOJIB3YSICh PUCYHKOM 1, MOXHO «IHITHIOI0» HATPY3KY
nepeHecTr Ha Oojiee Jy4ymuii cTaHOK — B JaHHOM ciydae 0,51 mepeHocuTcs Ha
"Spinner" TC600 65 (ctpoka 3, kortopeiii otriauuyaercs ot "Spinner" TC300 42 Toabko
rabapUTHBIMU pa3MepaMu — B OOJIBIIYIO CTOPOHY), Y KOTOPOIO «COOCTBEHHAs» 3arpy3Ka paBHa
4,61 (cnemoBarenbHO, HEOOXOIMMO IPUOOpPECTH 5 ell. 000pYIAOBaHUS), @ U3JIUILIHAS Harpyska
(4,61+0,51=5,12=5+0,12) 0,12 mepenocutcs Ha "Spinner" TC600 65 SMCY (ctpoka 5,
KoTophlii  orim4gaercs ot "Spinner" TC600 65  HamwumeM  NPOTHUBOINNMHICTS U
JOTIOJTHUTEIFHON yIpaBiIsieMO OChI0 Y), Y KOTOPOro «COOCTBEHHas» 3arpy3ka paBHa 2,39
(cmemoBarenbHO, HEOOXOAMMO mpuodpecTd 3 en. oOOpyAOBaHUS) U JIOTNOJIHUTEIHHO
«ITOATpYXKaeTcs» Harpy3ko ¢ mo3. 4 — 0,48 u ¢ mo3. 3 —0,12.
[To3. 4: «cobctBeHHas» 3arpy3ka cranka "Spinner" TC600 65 MC cocraBuna 0,48 u
HeoOxoauMo npuoOpectd 1 el. JaHHOro 00OpYIOBaHUS, HO, MOJbB3YSICh PUCYHKOM 1, MOXHO
BCIO JIaHHYIO Harpy3Ky IMEepeHecTH Ha Jy4yIlIUid CTaHOK ¢ HU3KOM 3arpy3koil. B manHom ciydae
aro mo3. 5 — "Spinner" TC600 65 SMCY c¢ cobctBenHoi#t 3arpyskoit 2,39. Ilocie storo
HE00XO0AMMOCTh B MPUOOPETEHUH BEChbMa JOPOrOro CTaHKa OTHa/laeT.
ITo3. 10 — tokapuslii craHok "Cacra" CA600: HeCMOTps Ha BO3MOXKHOCTb 3aMEHBI, COTJIACHO
pucyHKy 1, ero 3arpy3ka He nepeHocutcs B mo3. 5 — TC600 65 SMCY, 1.k. "Cacra" CA600 sT0
HEJIOPOTOl CHJIOBOM TOKAPHBIH CTaHOK W €ro MpeJIHa3HAYeHUE — BBIMOIHATD «TPYOYIO»
HETOYHYIO O00pabOTKy JeTaneld, OJHAKO Ha pAHHWX OJTamax JaHHBI IEePeHOC MOXKHO
BBITTOJTHUTD.
Hauvanphsiif pacuer (cronben «3arpy3ka pacuerHas») i 10 KOMIJIEKTOB MPOUCXOAUT IyTEM
nepecueta u3 3arpy3ku Ha 350 kommuiekToB (X / 350 * 10). Jlanee B Tex cTpokax cTonOIa
«IIpunsaroe koaruecTBO 000PYIOBaHUM», B KOTOPBIX 11 350 KoMIIeKToB Obl10 puHATO O €.
o0opy/J0BaHus, ycTaHaBIuBaeTcs 3HaueHue 0, a pacdyeTHas 3arpyska nepepacrpeensercs: mo
JPYTUM CTaHKaM B COOTBETCTBUU C puc. 1.
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Taoauna S. Pe3ynbsrarsl pacuera KoTu4ecTBa 000pya0BaHUS

JUTsl TOJTOBOM mporpamMmbl 10 KOMITJIEKTOB

No [IpousBoauTens, MOALIH 3arpyska [Ipunsitoe [Tpum.
n/m 060py10BaHUs Pacuernas | C mononsenuem|  KOJI-BO
oT ip. 06opya-s1| 00Opyxa-s

1.  [|'Hermle" C42U MT 0,13 0,13 1

2. ["Spinner" TC300 42 0,07 0,07 0(1)* B I103. 5
3. ["Spinner" TC600 65 0,13 0,13 0(1) B 1103. 5
4.  ["Spinner" TC600 65 MC 0,01 0,01 0 B 1103. 5
5. ["Spinner" TC600 65 SMCY 0,07 0,31 1

6. "Spinner" TC800 110 0,11 0,11 0(1) B 103. 7
7. ['Spinner” TC800 110 LMC 0,00 0,24 1

8.  ['Spinner” TC800 110MC 0,05 0,05 0 (1) B 1103. /
9. ["Spinner" TC800 77 0,08 0,08 0 (1) B 1103. /
10. ['"Cacra" CA600 0,01 0,01 0 (1) B 103. 5

*Ha nannom stane npuodperaercs 0 en. obopynoBanusi, BMecTo 1 en.

PaccMmoTpuM nosipoGHEE HEKOTOPHIE MO3UIUN TabII. 5:

e [lo3. 2, 3 corylacHO MPOM3BEACHHBIM pacueTaM 3arpy3ka y JaHHbIX cTaHKoB paBHa 0,07 u 0,13
COOTBETCTBEHHO M MOSBIIAETCS HEOOXOIUMOCTh UX NpHOOpeTeHus mo 1 en. y)xe Ha MepBOM
srane. OJHAKO MOXET IOJyYUTbCS TaK, YTO HPUOOpPECTH UX HE YJIAcTcs MO0 KaKUM-JIMOO
OpUYMHAM  (HEJOCTaTOYHOCTh  (PMHAHCUPOBAHMS, BBICOKAas 3arpy3ka IpPOM3BOJIUTENS
000pyZI0BaHUs, HELEIeCO00pa3HOCTh MPHUOOpeTeHus: 00OpYyJOBaHUS NpPU TaKOW 3arpyske U
pouee), M03TOMY UX NpHOOpeTeHue 1esecoodpa3Hee NepeHecTH Ha 0oJiee MO31HUI CPoK, a UX
3arpy3Ky IMepeHecTd Ha Jpyroe 00opymoBaHue, B JaHHOM ciaydae — mo3. 5 ("Spinner” TC600 65
SMCY), y koToporo cymmapHast 3arpy3ka npu U3rotoniieHHH 10 KOMIIJIEKTOB B IO/l CTAHOBUTCS
0,31 u HeoOxoaMMO NprOOpecTH Beero 1 e1. JTaHHOro 000PYAOBaHUS.

e Tlos. 6, 8, 9 — BeICOKOTOUYHOE TOKapHOE 000pyaoBanue ¢ UITY "Spinner" TC800 110, "Spinner"”
TC800 110MC u "Spinner" TC800 77: na mannom srtame ux 3arpyska 0,11, 0,05, u 0,08
MIEPEHOCHUTCS Ha TOKapHbIi oOpadareiBatomuii neHtp "Spinner”" TC800 110 LMC (mos. 7).

e [lo3. 10 — rokapssii cranok "Cacta" CA600: Ha manHOM dTare ero 3arpyska 0,01 nmepeHocuTcs
Ha BBICOKOTOYHBIN TOKAapHBIH 0OpadaTeiBatomuii entp "Spinner" TC600 65 SMCY (mmo3. 5).

AHaJIOTHYHBIM CITIOCOOOM MPOU3BOIATCS pacueTbl 000PYAOBAaHUS /IS BBIITOJHEHHS TOJJOBOM
nporpaMMsl 50, 150 KOMIUIEKTOB.

Kak BupHO u3 tabmun 4 u 5, mpu mepeHoce 3arpy3Kd MeXJy CTaHKaMu Bcerja Oyner
BO3HHUKaTh BOIpoC: «Ha kakom cmamnke ee coenamsv?, T.K., HATPUMED, WIUIIHIOIO» 3arpy3Ky OT
cranka "Spinner" TC300 42 MOXHO BBINOJHUTH Ha HIECTH APYTUX MOJAEISAX O0OOPYIOBaHMS:
"Spinner" TC600 65, "Spinner" TC600 65 SMCY, "Spinner" TC800 110, "Spinner" TC800 110
LMC, "Spinner" TC800 110MC, "Spinner" TC800 77, koTopsix cymmapHo 17 ex.

3. O030p cymiecTBYOIIMX CHCTEeM INIAHMPOBaHMsA. B HacTosiee BpeMsi Ha POCCUIICKOM
pPBIHKE MMEETCs PsAJl CUCTEM ISl KaJeHJApHOro IIeXOBOro IIaHupoBaHus. OnHuUMH U3 Haubosee
U3BECTHBIX SBISIOTCS:
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- MyYJIbTHAareHTHas CHCTEMa BHYTPHUILIEXOBOro IuiaHupoBaHus «Smart Factory» (HIIK
"Pa3ymHBIe pemieHus") — cucrtema JUisl ONEpaTUBHOIO IJIaHUPOBAHUS B PEAJbHOM BPEMEHM
pEeCypcoB 1exa, BKIIo4asi pabounx, CTaHKH, MaTepralibl U T.1. [2];

- MES-cucrema gpns  mammnoctpoenuss PolyPlan  (3arupymnmua  P.P.) — wuHCTpymMeHT
orepaTUBHO-KaJIEHAApHOr0 (LIEXOBOT0) IJIAaHUPOBAHUS, MpeAHa3HaueHa s (GOpMUPOBAHUS
OTNEPATHBHBIX  IIaH-TpahukoB  paboThl  oOopyaoBaHWs  (pacmuWcaHWi) Kak s
ABTOMATHU3UPOBAHHBIX MPOU3BOJCTBEHHBIX CHUCTEM, TaK M JJIs MPOU3BOJICTBEHHBIX CHUCTEM C
HEBBICOKMM ypOBHeM aBToMaTu3armu [1, 11];

- MES-cucrema ®OBOC (MI'TY "Crankun", xadenpa «MHPOpPMAIMOHHBIX TEXHOJOTHH M
BBIUMCIUTENBHBIX CUCTEMY, I.T.H., Ipodeccop Ppornos E.b.) — oneparuBHoe mianupoBaHue u
JUCIIETUYEPCKUI KOHTPOJIb (pacueT ONTUMAJIbHOTO TMPOU3BOACTBEHHOIO pACIHUCAHUS U
MOCHEAYIOIET0 MOHUTOPUHTA €ro BBIIOJIHEHHS, B OCHOBY pacyeTa U yIpaBlICHUS
MPOU3BOJICTBEHHBIM PACIHUCAHUEM IOJIOKEH MaTeMaTUYeCKUN ONTHMHU3ALMOHHBIN amnmapar,
MO3BOJISAIOIINNA MoenupoBath 100 ciieHapueB 1o 3 BRIOpaHHBIM 3HAYCHHUSAM KpUTepueB U3 14
BO3MOXKHBIX) [10, 6];

- cucTeMa aBTOMaTH3UMPOBAHHOTO ympaBieHus mpous3BoacTBOM «I"OJIbOCTPUM» (renepanus
CBOJIHON aHaMUMTU4YeCKOW HWHGOpMAlWU Ui TPHUHATHS YIOPaBIEHUYECKUX pEIIeHUHd Ha
CTpaTEeruueckoM, TaKTUYECKOM (IIEXOBOM) U OIEPATUBHOM (BHYTPHUIIEXOBOM) YPOBHSX
yrpasienus) [5].

VYkazaHHbIE CHUCTEMbl HAIpaBleHbl Ha cOOpP MH(OPMAIMU O BHINOJHEHHUH ILJIaHA, PAOOTHI
o0Opy/noBaHUs, YOpPaBIECHUE 3aKa3aMH, «pPa3y3IMBAHHE» MPOAYKIUH (IOCTpOEHUE JepeBa
W3JIeNusl), 3a/laHue TUIaHa [eXaM, Y4acTKaM, KOHTPOJIb €ro BHITIOJHEHHs, ONIePaTUBHO-KaJIEHAApHOE
IUIAHUPOBaHUE — pachpeaeneHue paboT IO HCIOJHUTENSIM, TOCTPOEHUE CETeBbIX TpaduKoB
nBUKeHHsT fetaneid u T.4. OJHAKO STH CHCTEMBI, KaK OTEUYEeCTBEHHOT0, TaK U 3apyOeKHOTO
MPOU3BOJICTBA, HAPSAAY C SIBHBIMU JOCTOMHCTBAaMU (@JallTUBHOCTh, MHOTOKpPUTEpUATHHOE
COCTaBJICHHE paclucaHus, YIOOHBIM BBOA WH(GOPMAlUM, BBIBOA pE3yIbTaTOB), HMEIOT U
CYLIECTBEHHBIEC HETOCTATKH, TAKHE KaK:

- 00e31MUeHHOCTh MepCcoHaIa U 000pyAoBaHus (Bce paOOTHUKH OJIHOM mpodeccru abCOTIOTHO
OJIMHAKOBHI, B3aUMO3aMEHSIEMbI, UMEIOT PaBHYIO MPOU3BOIUTEIBHOCTh, PABHO KaK OJIMHAKOBO
U 000py/I0BaHKE OJTHOM MOJIENN);

- OTCYTCTBME B MpPEAMETHOH o01acTu mepcoHana (M3rOTOBJICHHE JeTaliell IJIaHUPYeTCs Ha
paboune nentpa — Pl - cTaHku, a KakoW 3a ATUM CTAaHKOM CTOUT pabo4Mii U €CTh U OH
BOOOIIIE — CHCTEMa HE YUUTHIBAET);

- 33/laHHe TIUIaHA YYacTKY/IeXy YKa3aHHeM «CKOJbKO W KOTJa HeoOXoauMo ciaenaThy 0e3
pacmpesieieHusT PecypcoB C yKa3aHHEM, «KTO OyneT JenaTh, HA KakoM OOOPYIOBaHHH U
KOHKPETHO B Kakoe Bpems» (cucteMa «[ ombdeTpumy).

B npenaraemoM moaxojie yYUTHIBAIOTCS IEPCOHANIBHBIE OCOOCHHOCTH, KaK MepCcoHaa, TaKk
u 000pymOBaHUs, TEPCOHAI paccMaTPUBACTCS OTIEIBHO OT OOOpYyIOBaHHS, a HE KaK ero
HeoTheMJIeMas PUHAIJICKHOCTh U, CIEIOBATENIbHO, €CTh BO3MOXKHOCTh «IIEPECTaBUTh» pabovyero
3a Apyroit ctaHok. Takoif moaxo sBiseTcs Oonee THOKUM U OoJiee aJlanTHPOBAHHBIM K peaTbHBIM
YCIIOBUSIM, TMO3BOJISIONINI YUUTHIBaTh HEPOpPMAIIbHBIE aCTIEKTHI IIPOU3BOJICTBA.

4. MonenupoBaHue Ppa3BUTHSI NPOU3BOJACTBEHHBIX MoIHOcTell mnpennpustus. C
MOMOIIBI0  TPEJIaraeMoro TMOJAXO0Ja MOXKHO OCYIIECTBUTh MOJAEITUPOBAHUE BBINOJHEHUS
MIPOU3BOJICTBEHHOTO TUIaHA TPOMEXKYTOYHOM MPOU3BOJACTBEHHONW Mporpammbl. MopaenupoBaHue
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HEOO0XOAUMO BBIIOTHUTH JUISI TOTO, YTOOBI MOXKHO OBUIO TPOM3BECTH OICHKY JOCTaTOYHOCTH

PacyeTHOTO KOJIMYECTBA 00OPYAOBAHMS [Tl BHITIOJTHEHUS TAKOH IPOMEKYTOUHOU mporpamMmsl. s

OCYILIECTBJIEHUS TUIAHUPOBAHUS Pa3BUTHUS IPOU3BOJCTBEHHBIX MOLIHOCTEN IPEAIPUITHS B CUCTEME

pacmpesielieHusT PecypcoB, CO3/aBacMON Ha OCHOBE MHOTOAreHTHBIX TexHonorwit [3, 9], areHT

«pecype» [4] HageneH GyHKUMSAMH, CBS3aHHBIMH C PacyeTOM IPOM3BOJCTBEHHBIX MOIIHOCTEH, a

TAaK)K€ HEKOTOPBIMU JIONOJIHUTEIbHBIMU CBOMCTBaMM, HallpUMEp, TaKUMH, KaK CTOUMOCTb,

HEOOXO/MMOE pacueTHOE KOJIMYECTBO JAaHHOTO OOOpydOBaHHWs, 3HaHUS 00 wHepapxuu

MPOM3BOACTBEHHBIX BO3MOXKHOCTEH 000pyH0BaHMs TAKOTO THMA (puc. 1).

JTanbl NPoBeAeHUs MOACTHPOBAHMNS.

1 B cucremy 3aHocutcs HHGOpMaLUs 00 OCHOBHOM M MPOMEXYTOUYHBIX T'OJIOBBIX IMPOTrpaMMax
Beinycka JICE, maptuu 3amycka ferajneil B IpOU3BOJICTBO, KOJIMYECTBE pabOYMX JHEW B TOy,
KoJIn4ecTBE pabOyMxX CMEH B CYTKaX, JUIMTENBbHOCTH paboueill cMmeHbl, Ko3dduiument
NpelenbHOM 3arpy3ku oOOpymoBaHUs W TMpouas HeoOxomumas WHGOpMAIUs, BKIIOYast
TEXHOJIOTHIO U3TOTOBJICHHUS C YKa3aHHUEM MOJIENIM MUHIUMAaIbHO HEOOXOIMMOTO 000pyI0BaHHS
(T.e. AJ1 BBIIIOJIHEHUS NPOCTOH (hpe3epHOil onepaluy He 3aKiIa/bIBalOT CTAHOK C TOBOPOTHO-
HAKJIOHHBIM CTOJIOM M (DYHKIIMEH TOUEHUs, a 3aKJIaJbIBalOT IPOCTON HEAOPOToil (ppe3epHbIit
craHok — Ta0i. 1 u 2).

2  VHummanusupyroTcs areHTHl «pecype» B «peXHME 3aJaud pacyera 00OpyIOBaHHA», B
KOJIMYECTBE MO | eAuHMLEe A KaxJA0H YKa3aHHOW B TEXHOJIOTHUAX MOJEIU 00OpyI0BaHUS
(st manHOTO MprMepa — 10 AK3eMIUISIPOB areHTOB - Ta0I. 5).

3 Kaxxnpiii areHT IpoOM3BOAUT pacdyeT CYMMApHOM TPYIOEMKOCTH Ui KaXKJOW Ollepauuu
KOKIOW JeTalnu, IJe 3aJ0)KEHa €ro MOJEejb, JUIsl BBIIOJIHEHUS TOJIOBOW IMPOrpaMMbl U C
Y4€TOM NapTHUU 3alycKa — IOJIy4alOT CBOJHBIE 3HAUEHUS TPYIOEMKOCTH pabOT Ha KaXAyIO
MoJiedb  000OpyAOBaHHSA 1S  IMPOU3BOJICTBEHHOM MpOrpaMMbl TMOJHOW  MPOEKTHOU
MOIITHOCTH/TIPOMEXKYTOYHBIX TIporpaMm (Tadi. 3);

4 Kaxxp1il areHT npou3BOJAUT pacdeT 3arpy3Ku Uil MPOW3BOJCTBEHHOW NPOTPaMMBI IOJHOM
MPOEKTHON MOIIHOCTU C y4€TOM KOJMYECTBA CMEH, FOJ0BbIM (JOHAOM pabodero BpeMeHU U
Kod(puimeHToM npeeapHo 3arpy3ku (Tadi. 4, crondern «3arpy3ka pacueTHas»);

5  ATreHThl TMpOBOJAT aHAJIM3 pACUYETHOTO KOJMYECTBA O0OpYyIOBaHUS IO TCpynnam
000py/I0BaHUsl HA OCHOBE MepapXuu (HauMHasi ¢ JOPOroro W (yHKIMOHAIBHOTO B CTOPOHY
0oJiee MPOCTOro U JEIIEBOT0):

5.1 AreHT camoro gopororo craHka («Al») — mocienHero B uMepapXuu AJid JAHHOW TPYIIIBI
CTaHKOB NPUHHUMAET KOJIMYECTBO O0OPYIOBaHHUS = pacueTHOE, OKPYIJIEHHOE J0 LEJIO0ro B
00JBITYI0 CTOPOHY (TIpH 3arpy3ke 4,4 — MPUHUMAETCS 5 eANHUILT).

5.2 [anee areHT «Al» BBIYHCISIET «pe3epB» - pa3HUIA MEXKIY NPUHSATHIM KOJHMYECTBOM H
pac4eTHO! 3arpy3KOu.

5.3 AreHT «Al» mepemaer cieayronieMy areHty (¢ XyAIIeH MO0 000pymoBaHUS) «A2»
nH(}OPMALIHIO O pe3epBe Ha CBOEH MOJIEIH.

5.4 AreHT «A2» U3 cBOEH pacueTHOW 3arpy3Kd BBIUHUTAET «pe3epB» areHTa «Al» u momydaer
«OCTaTOK».

5.5 Ecam «ocratok» MeHsblne, MO0 paBeH HYIIO, TO I MOJAEIN O0OpPYIOBaHMS areHTa «A2»
KOJIM4ecTBO mpuHUMaeTcs 0, a OCTaToOK (C MOJOXKUTEIbHBIM 3HAKOM) B Ka4eCTBE «pe3epBa»
MEPEXOJIUT K CICIYIOMICH MoJenu o00pya0oBaHUs — areHTy «A3» (aHaJoruvHo mary 5.3,
nepexo/] Ha mmiar 5.4, TeKyImuii areHT «A3»).
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5.6 Ecmu «ocratok» O60nblie HYJS, TO JUIS areHT «A2» MPUHUMAET KOJIMYECTBO 000pyI0BaHUS
= «OCTaTOK» MOcIe mara 5.4 oKpyriIseT 10 LeJI0ro B OOJBIIYIO CTOPOHY.

5.7 AreHT «A2» pacCUUTHIBAET «PE3ECPBY.

5.8 Mlarm 5.3 - 5.7 BHIMONHSIOT BCE areHThI, KPOME areHTa, MPEACTABISIONIETO MOCIEIHION —
camylo XYyt MOJENs 000pynoBaHusl. JlaHHBIM areHT mar 5.7 He BBITOIHSET.

6  Ilocne mara 5 ¢popmupyercs COUCOK MOJENEH CTAaHKOB C KOJMYECTBOM, HEOOXOAUMBIM ISt
BBITIOJIHEHUS] MPOU3BOJICTBEHHON MPOrpaMMbl IIOJHOM MPOEKTHOM MoImHocTH (Tabn. 4,
cronoen «I[IpuHsTOE KOJI-BO 000PYI0BAHUSI).

7  Jlna ompeneneHuss KoiIM4YecTBa  HEOOXOAMMOro  OOOpyIOBaHMS JAJsl  BBIOJHEHUS
IPOMEXYTOUHBIX TPOM3BOJCTBEHHBIX MPOTPAMM BBINOJHAIOTCS IIarun 2 - 5 s Kaxaoi
nporpaMmbl  (tabs. 5). Ilpm 3TOM, HpH pacuyere MNPOMEXKYTOUHBIX IPOU3BOACTBEHHBIX
nporpaMM Ha mare 2 K 9K3eMIUIIpaM areHTOB «pecype» Uit rooBoi mporpammsl 350 k-B
CO3JAI0TCS aHAJIOTHYHbIE K3eMIUIAphl areHToB ais 150, 50 u 10 xommiekroB. KonnuectBo
000py/0BaHUsl B pacyeTe MPOMEXYTOUHOM MporpaMMbl HE JOJDKHO MPEBBILIATh KOJIUYECTBO
TOT0 k€ 000pyAOBaHUA JUIsl IPOU3BOACTBEHHON MPOrpaMMbl OJHOM MPOEKTHONW MOIHOCTH U
IPOMEXYTOUYHOW TPOTpaMMbl ¢ OOJNBIIMM OOBEMOM IPOU3BOACTBA (ITYCTh KOJIUYECTBO
obopynoBanus pecypca «Al» mnsa 350 xomrektoB — KA1-350, a nns 10 KOMILIEKTOB —
KA1-10, rorna KA1-350 > KA1-150 > KA1-50 > KA1-10), nyig yero pecypc 3ampaiinbaer
uHpopmanuio y 6osee crapuiero aHajora 1o rogoou nporpamme (Al-150 3ampamuBaer y
A1-350,a A1-10 -y A1-50, A1-150 u A1-350 u T.1.).

8  Jlamee B cmcTeMy pacrpeneneHusi pecypcoB (Co3maBaeMyl0 Ha OCHOBE MHOTOAreHTHBIX
TexHojorui) [3, 9] BHOCATCS TaHHBIE 00 UMEIOMIEMCSI/TUTAHUPYEMOM IIEPCOHAJIE.

9  IIpousBoauTcss MOACTUPOBAHKUE BBITOJHEHHS MPOM3BOJICTBEHHOTO IUIaHA (CHCTEMa CO3/1aeT
HEOOXOJMMOE KOJMYECTBO HSK3EMIUISIPOB arcHTOB «pecype» [4] — s oOopynoBaHus u
pabouux, Ha OCHOBE 33/ITaHHOM HOMEHKJIATYpbl (POPMHUPYETCSI MACCHB areHTOB «AeTajby [4], a
Ha OCHOBE TEXHOJIOTMM H3TOTOBJIEHHS — MacCHB areHTOB «omepauus» [4]. Co3naHHble
areHThl, JEHCTBYS MO 3aJ0KEHHBIM B HHUX alropuTMaMm U IyTeM meperoBopoB [7, 8],
GOopMUPYIOT KaJeHAApHBIA IUIaH HW3TOTOBJICHMS JeTajled C Y4YeTOM 3aJaud YCKOpPEHUs
U3rOTOBJICHHS IPOLyKIUH [4].

10 Bearorcst OTYETH B BHJIE CMEHHO-CYTOYHOTO 3a/IaHus, rpaduKoB 3arpy3ku 000pyI0BaHus,
nepcoHaia u T.1.

11 TIpooautcs aHanu3 pe3yabTaToB. JlemaroTcsi COOTBETCTBYIOIINUE BHIBOIBI.

TakuM 00pa3oM, eciM MPUHATH pacueTHOE KOJIMYECTBO 0oOOpynoBaHus Ha mporpammy 10,

20, 150 u 350 KOMIUIEKTOB KaK UMEIOIIEECs, 3aJI0KUTh HEOOXOAMMOE KOJIMYECTBO MEepCoHaia, TO C

MTOMOUIBI0 CUCTEMBI PACTIPEAETIEHUSI PECYpPCOB MOKHO IMPOU3BECTH pPAcyeT BHIIOJHEHUS IUIaHa

3aJIaHHOM MPOTrpamMMBbl U OIPEIEIUTh BO3MOXKHOCTD €€ BBIIIOJHEHUS B II€JIOM, IIPOCMOTPETDH «y3KHeE

MecTay (T.K. OHM TaK WM MHaye OyIyT BO3HHMKAaTh B CBS3M C MEPEHOCOM 3arpy3Kud C OJHOTO

0o0opy/oBaHUsl Ha JPYyroe, a Takk e B CBSA3M C OJHOBPEMEHHBIM 3aIlyCKOM/TMOJIXOAOM JeTajeill B

00palboTKy Ha Ty WJIK HHYIO orepaluio). [Ipu aToM /i npoBeeHns MOJOOHBIX PACYETOB BPYUHYIO

MOXKET TMOTpebOoBaThCsl A0 HECKOIbKUX JHEW — 3aBUCUT OT KOJIMYeCTBa OOOpYyAOBaHUS H

HOMEHKJIATYpbl, @ MPH NPUMEHEHUU CUCTEMBbl PACHpPENENICHUs PECypcoB, 3aTpaunBaeMoOe BpeMs

OPUEHTHUPOBOYHO COCTABIISIET J0 2 YaCOB.

[Ipy HanmMuuM «y3KUX MECT» IOJIb30BaTeNb MOXET OMNpPENeNNUTh, KaKUM CIHOCOOOM HX

MOKHO «pacHIMTh» JUOO MPH MOMOUIM Moj100pa Oosiee OMBITHOIO MepcoHana (T.e. MpUHUMAaeTcs,
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9TO Ha JaHHOM pabodyeM MecTe MOJKEH ObITh 00Jee OMBITHBIN padounii, BO3MOXKHO, JOCTATOYHO
TOJBKO OpraHuW30BaTh pabOTBI B CBEPXYpOUuHOE Bpems), OO0 TyTeM NPUOOpPETECHHS
JOMOTHUTEIBHOTO 000PY/I0BaHMs, U BHOBb IIEPECUUTATH BO3MOXKXHOCTH BBHITIOJTHEHUS TJIaHA.

3akmouyenue. PaccMoTpeHa 3a/1a4a MiIaHUPOBaHUS POU3BOJICTBEHHBIX MOIIHOCTEH HOBOTO
npou3BojacTBa. [lpuBeneH mnpumep pacueTa TNPOU3BOACTBEHHBIX MOIIHOCTEH [JJIs1 BHOBB
OpraHu3yeMoro mnpousBojacTBa. llpemnoxen cmoco®  pemieHHs  3aJadyd  IOCPEICTBOM
MOJICIIMPOBAHUS yIPABJICHUS! TMPOU3BOJICTBEHHBIMH PECypcaMy C IOMOUIbI0 MHOTOAreHTHOU
CHCTEMBI PaCIpe/IeNICHHsI PECYPCOB.

OcCHOBHOE OTJIMYME NPEATaraéMoro MoAXoAa OT OOIICIPUHATHIX 3aKJII0YaeTcs B
MPUMEHEHUH MHOTOAreHTHBIX TEXHOJOTHH M y4yere HepopMaiabHONH HH(OpMAIuu IMpH pacyere
MIPOU3BO/ICTBEHHBIX MOILITHOCTEH, YTO MO3BOJISIET CTPOUTH IPOM3BOJICTBEHHBIEC KaJCHJapHBIC TUIAHBI,
KOTOPBIE TOYHEE OTPAKAIOT PEaJbHYIO MPOU3BOACTBEHHYIO CHUTYAIMIO, TIOBBICUTh UX KadecTBO, a
TaKXke 0oJee TOYHO IIAHUPOBATH PA3BUTHE MPOU3BOCTBA.

JlanHOE WCCIeoBaHME YacTHYHO mojaepkaHo rpantamMu PODOU Nel4-07-00811-a, Nels-
07-01565-a.
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AHHoTanus. B cratbe 000CHOBBIBAETCS HEOOXOAMMOCTh OPTraHU3alUN KOMIUICKCHOMN
MOJJIEPKKH Ipoliecca pa3pabOTKU MHTEIJIEKTYaJIbHBIX CUCTEM MOAJEPKKH MPUHATHS
pemennit (CIIIIP) B cnabodopMain30BaHHBIX MPEAMETHBIX O0JIACTSX, OMUCHIBAKOTCS
BO3HHUKAIOMIME TIPH 3TOM NPOOJIEMBI, NPEAJIAraloTCs MOAXOABl K HUX PEHICHUIO.
@opMyIUpPYIOTCS LelNb M 33Jauyd WHUIMATUBHOIO IIPOEKTA, HAIPABIEHHOIO Ha
peleHre yKa3aHHOW MPOOJIEMBbI, OIIMCHIBACTCS COBPEMEHHOE COCTOSIHUE MCCIIEOBAaHUI
B ATOI 00JIaCTH U MpeIaraeMble METO/IbI.

KiroueBble ci1oBa: crcreMa MOAEPKKU MPUHATHUS PEeLIeHNH; ciabodopmann3oBanHas
mpenMeTHas 001acTh, KOMIUIGKCHas TOJIepkKa mporecca paspadborku CIIIIP,

OHTOJIOTHUA

Beenenne. OOecneueHWe UHTEIJIEKTYallbHOM TOAJNEPKKU TPUHATUS  pEIIEHUH B
cnabohopMaM30BaHHBIX MPEIMETHBIX 00JIACTSIX ABJISIETCS] BECbMa aKTyallbHOU npobnemoit. J{is ee
pElIeHNs CO3JAI0TCs MHTEIJIEKTyalbHblEe CUCTEMbl MOoJAepkKKU mNpuHsaTus pemenuin (MCIIIIP).
Opnako pa3paOoTKa TaKMX CHCTEM SIBJISIETCSl OY€Hb TPYAHOW 3agadeld, MOCKOJIbKY COBPEMEHHBIE
WHCTpyMEHTaNIbHBIE cpencTBa pazpadotku CIIIIP nubo HenpruMeHnMsbl B ci1abohopMain30BaHHbIX
MpPEeIMETHBIX 001acTAX, TUO0 MAJIOAOCTYITHBI U3-3a BBICOKON CTOMMOCTH.

OnHuM U3 myTed pelieHusl yKa3aHHOM IpoOsieMbl sBIsieTcsl oOecriedyeHre KOMIUIEKCHOU
noanepxkku paspadorunkoB MCCIIP Ha Bcex sTamax co3JaHUsl TaKOro Kjiacca CHCTEM: OT
KOHIENTYaIbHOTO MPOEKTUPOBAHMUS 10 pean3alii.

B crathe paccmarpuBaroTcs mpoOsieMbl, BO3HUKAIOIIME NpPU OpPraHU3allMM KOMIUIEKCHOU
MOJIEPKKHI nporecca pa3paboTKu MHTEJJIEKTyJIbHBIX CIIITP (UCIIIIP) B
c1ab0opMalIi30BAHHBIX TPEAMETHBIX OOJIACTSAX, W OMMCHIBAIOTCSA MOJAXOJbl K HMX PEIICHUIO,
pa3pabaTrbiBaeMble B paMKaxX WHUIIUATUBHOTO MTPOEKTA.

1. Hean u 3aga4yu npoekTa. [ 1aBHOI 11€7bI0 HHUIIMATUBHOTO MPOEKTa, pacCMaTpUBaEMOro
B JIaHHOW CTaTbe, SBJISETCS pa3paboTKa METOJOJOTUU MOCTPOEHUS HHTEJUIEKTYalbHBIX CHCTEM
MOAJEPKKM TNPUHATUA peuleHu g ciaboQopMalii30BaHHBIX — MPEIMETHBIX — 00JacTei,
o0BeUHAIONICH HA0Op METOMOB, CPEACTB M HWH(OPMAIMOHHBIX PECypcoB, OOECIEYHBAIOIINX
KOMIUIEKCHYIO MOJJIEPKKY Ipoliecca pa3paboTKU TaKUX CHCTEM.

Jist nocTrkeHUs e MPOoeKTa HEOOXOAMMO PELIUTh CleYyIOIue 3a1auu:
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1. PazpaboTaTh KOHIEMIMIO KOMIUIEKCHOW MOJAEpKKH mpouecca pa3zpadorku MCIIIP B
ciabodopmMalii30BaHHBIX MTPEIMETHBIX 00IaCTSX.

2. PazpaboraTh KOHIENTyaJbHBIH Oa3uc oOmactu 3HaHuil «llojgmepixkka TPUHATHSL
pELLIEHUI.

3. Cucrematu3upoBaTh 3HaHUS, MH()OPMAIMOHHBIE PECYPChl M METOMABI, HAKOIUICHHBIC B
obmactu 3HaHu# «llogepikka MPUHATHS PEIICHUI».

4. Pazpaborath CHEeLMATIM3UPOBAHHbIN WuTepHer-pecype, obecrieunBarOIuit
COJZIepIKATENBbHBIM JIOCTYI K CHCTEMAaTU3UPOBAHHBIM 3HAHUSAM, WH(POPMALMOHHBIM pecypcaM H
METOAaM, OTHOCAIIMMCS K oOnacty 3HaHui «llogaepikka MpUHATUS peIeHUN.

5. PazpaboraTh [OCTymHYH H3 pa3pabOTaHHOTO HWHTEPHET-pecypca OIKCIEPTHYIO
COBETYIOLIYI0 CHCTEMY, KOTOpas Ha OCHOBE IPEICTAaBICHHON pa3pabOTYMKOM HHPOPMALUHU O
npeamernoit obmactu UCIIIIP u pemaempIx €10 3agadax MpeiokUT eMy HauOosiee MOIXOISIIHe
METO/Ibl MOAJIEPKKH MPUHATHUS PELIEHUN U UX peaIu3alliu.

6. g KOMIIOHEHTHOH nojepxku npouecca coznanus UCIIIP paspaborats 6ubnnoTexy
(peno3uTapuil) METOAOB MOAAEPKKH IPUHSITHS PEIICHNU, peaTu30BaHHbIX B BUJI€ CEPBHUCOB.

7. Ha 6a3e peanu3oBaHHBIX METO/AOB U CPEJICTB MOJAEPKKHU npouecca pazpadorku UCIIIIP
nocTpouTh MeTooioruto pazpadorku UCIIIIP B cnabodopmann3oBaHHBIX MPEIMETHBIX 00IACTSIX.

2. CoBpeMeHHOe COCTOSIHMe MCCJIe0BaHUIl B JaHHOW oOjgactm Hayku. Teopus
MIOAJICPKKH NPUHATHS PELLICHUM SIBJISIETCS XOPOIIO Pa3BUTOM HAYYHOM NUCLUIUIMHOW. Bompocamu
pa3BUTHA ATOM TEOPUU U €€ MPAKTUUYECKUX NMPUIOKEHUH 3aHUMAIOTCS MHOTHE YUEHbIE U HAyYHbIE
koJuiekTuBbl. B padotax A.b Ilerposckoro [17], O.A. Kynaruna [13], A.1. Opnoga [16] natorcs
ONMCAaHUs 3TANOB NPUHATHS PEIICHUN M KiIacCU(pUKaLus 3a4ay NPUHATUS PELICHUH, JeTalbHO
OIMCHIBACTCS PsiJl KJIACCUUYECKUX METOA0B IPUHATHUS peuieHui. Bonpocam nocrpoenus, aHanuza u
WCIOJIb30BAaHUsl HEUETKUX KOTHUTHUBHBIX KapT B NMPHUHATHM peleHuil mocsieHbl padorsr O.I1.
Ky3nenosa [12] u A.A. Kynunuua [14]. Bonpocsl mH(bOpManmoHHONW MNOJAEPKKU HPUHSITUS
pemenuii nogHumatorcs B padorax C.B. CmupHoBa [2]. Bonpocam npruMeHeHus: paccykKJIeHUil Ha
OCHOBe TipereieHToB B uHTeUIekTyanbHbIX CIIITP mocsmenst padotst JI.P. Uepnsixosckoit [20] u
II.P. Bapmasckoro [1]. Bompocbhl co3naHusi KOMIBIOTEPHBIX CHUCTEM MOJJAEPKKU TNPUHATHUS
yIpaBIE€HYECKUX pelleHni obcyxnatorca B pabdorax D.A. Tpaxtenrepua [18]. Mcnonp3oBanuto
UCITIIIP B HEmITaTHBIX CUTYAIMAX MOCBsIIEHBI padoThl B.A. I'enoBanu [3] u JI.B. Maccens [15].

K HacTtosdmemy BpemMeHM pa3paboTaHbl U ONUCAHbl OOJBIIOE KOJUYECTBO METO/IOB
noanepxkku npuHsatus pemenuid (ITIP). OgHako 10 cux mop HE coO3JaHbl HMCUEPNbIBAIOLIEE
OMMCcaHHEe U KiIaccu(UKalMs CYIIECTBYIOIIMX METOJOB MPUHATUS peueHui. OnucaHbl MHOTHE
QITOPUTMBI M METOJIbl, HO HAWTH TOTOBbIE K HCIHOJHEHHIO MOAYJIM WIM HX TOAPOOHbBIE
crenuQpuKanuy BechbmMa TPYyIHO.

Haub6onee nomno metonsl IIIIP omucansl 11 Xopomio (opmaau3oBaHHBIX 00JacTew.
CymectByeT 1ensiii psan ydeonukos [11, 13, 16, 17], B KOTOpPBIX ONMUCAaHBI MHOTHE H3BECTHBIC
meroasl [ITIP. Jns cnmabodopmann3oBaHHBIX 00JacTel TaKUX METOJOB pa3pabOTaHO W OMHUCAHO
ropaszio MeHbIIe.

B mocnemnee Bpemsi B 3apyOeKHBIX MyOIUKamuUsaX OOCYKTArOTCS MPOOJEMBI U OIBIT
UCIoJib30BaHus oHTosioruit npu nocrpoenuu CIIIIP B pa3znnunbix obmnactax [6, 19, 24, 28], B Tom
gucie B crabodopmanmzoBanHbix [23]. OmgHako B ATUX W ONM3KMX K HUM paboTax gake He
CTaBWJICA BONPOC CO3JaHUSI KOMIUIEKCHOM OHTOJOTMH 3a/ad U METOJIOB MOAJAEPKKU NPUHSATHS

penieHui.
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Yro kacaeTcst UHHOPMAIIMOHHBIX peCypcoB, obcmyxuBaronmx padpadorankos CIIIIP, To ux
IIPaKTUYECKU HET. Bce Hu3BecTHhIE HAM CHCTEMBbI B OCHOBHOM oOpueHTHpoBaHbl Ha JIIIP (i,
NPUHUMAIOIINX PELICHWE) WIM CHENHUAINCTOB B KOHKPETHOH MpeaMeTHOH o0nacTtd, a He Ha
paspabotuukoB CIIIIP. Hampumep, B pabore [26] omucaH OHIAH-pecypc, MPEIOCTaBIISIFOIIHIA
JOCTYI CHEIHUATNCTaM K MEIUIUHCKUM 3HAHHMSM M MHTEPHET-pecypcaM sl MPHUHATUS PEIIeHUN
IIpU JICUCHUU pa3NUYHbIX 3a0osieBanuii. B pabore [25] npencraBnena gocrynHas yepe3 Murepuer
CIIIIP st moaaep kKU MPUHSATHUS PEIICHUH MIPU YITPABICHUU BOI03a00POM.

N3 oTeyecTBEHHBIX pa3pabOTOK CTOMUT OTMETUTh CHCTEMY, pa3pabOTaHHYIO TOA
pykoBojactBoM A.FO. ['opHOBa [4], OCYIIECTBISIONIYIO YIAJICHHYI0 KOMIBIOTEPHYIO MOJIECPKKY
pa3pabOTYMKOB, MCHOIB3YIONIMX MaTeMaTHUecKue makeTsl. OIHAKO 3TOT pecypc MOAICPKHBAET
pa3paboTKy MPUIIOKEHUH B (POPMATM30BAHHBIX 00JACTAX (BBIYMCIUTEIbHAS MaTeMaTHKa), a s
cnaboopMaTu30BaHHBIX ~ 00JaCTed  OTCYTCTBYIOT — MH(OpPMAlMOHHBIE  HHTEPHET-PECYPCHI,
npeaHa3sHauYeHHbIE I Pa3paboTINKOB.

Uro Kkacaercsi HWHCTPyMEHTapusi, HEOOXOIUMOTrO Ui CHUCTeMAaTH3alluil  3HAHHI,
MH(POPMAIIMOHHBIX PECYPCOB M METOJOB, OTHOCSINUXCS K MOJEIHPYEMOW OOJIaCTH 3HAHWHA, U
noctpoeHust IHTepHeT-pecypcoB, 00eCeunBaIONINX COACPIKATEIBHBINA JOCTYI K HUM, TO HanboJee
MOAXOSAIINM JIJIsl HAIIETO MPOEKTa MOAXOJO0M SBIIsIeTCA pa3pabarbiBaemas koHcopuuymom W3C
koHmenmus Semantic Web [22], BMmecre ¢ HAO00pPOM TOICPKHUBAIONINX €€ TEXHOJIOTHH
(http://www.w3.0rg/2001/sw/). DTa KOHIIETIIUS MTPEITOJIaracT HAJTMIHE Y JIF000TO pa3MEIeHHOTO B
CeTH JOKYMEHTa CBSI3aHHOI'O C HHUM Habopa MeTaJaHHbIX (CEMaHTHYECKON aHHoTauuu). s
ONMCAaHUs METaJaHHbIX HUcHoJb3ytoTcsl npuHATteie W3C B kauecTBe cTaHaapToB s3blkM RDF
(Resource Definition Framework) [10] u OWL (Web Ontology Language) [10, 21], koTopsie
MIO3BOJISIFOT HE TOJBKO OIMCHIBaTh CTPYKTYPHBIE CBOMCTBA JOKYMEHTOB, HO M IPEICTAaBISITh MX
CMBICI B T€PMHHAaX OHTOJIOTMHM MpenMeTHBIX oOmacted (3amaHHbIX Ha s3pike OWL). Hanmnuume
Takoro poja METaJaHHbIX Yy JOKYMEHTOB oOJjerdaer HX MHTErpaluio, MOJAepKUBAET
COJIEp’KaTEeNIbHBI JTOCTYH K HHMM U JI€JIaéT BO3MOXHBIM HUX HCIOJb30BaHUE PA3INYHBIMU
MIPOrPaMMHBIMH MPUIIOKEHUSIMH U COOOIIECTBAMHU.

3. Ilpensnaraemble MeTOABI M MOAXOAbI K PelIeHHI0 NMPoOJeMbl. ABTOpaMU NPOEKTa
npenjgaraeTcsi MOAXOJ K OpraHu3alid KOMIUIEKCHOM NOJAEpXKKU Ipolecca pa3paboTKu
unTemnektyanbHeix CIINP B cnabodopMann3zoBaHHBIX MPEAMETHBIX 007acTIX, B COOTBETCTBHHU C
KOTOPBIM  Takas TMOJAEpXKKa OCYIIECTBISETCS Ha TPEX YPOBHSX:  KOHYENnMyalbHOM,
uHgopmMayuonHom u KomnoHenmuom. llpu 3TOM KOHIENTYyaJlbHBI YPOBEHb TaKOH MOANEPKKH
MPEACTABISIET cucTeMa OHTojdorui. MHpopMannoHHas moaepkKa 00eCredrnBaeTCsi CPeCTBAMHU
crienuanu3upoBaHHoro MHTepHeT-pecypca, B KOTOPOM, B YAacTHOCTH, CHUCTEMATH3UPYIOTCA U
OTTMCBIBAIOTCSI KOHKPETHBIE METO/IbI TIOAIEPIKKH MTPUHSATHS PEHICHUH M MX JOCTYITHBIE pealn3alnu.
KoMmoHeHTHYI0 MOJAEpKKY MPEIOCTaBISIeT PENO3UTApUil METOJOB MOAJEPKKH MPUHITHS
pelIeHni, pealTu30BaHHbIX B BUJI€ CEPBHCOB.

Ha navansnom stane pazpaborunky UCIIIIP, npexne Bcero, HEOOXOAUM KOHYenmyanbHulil
oazuc. O6nacte 3HaHuM «llonnepikka NpUHATHS pelIeHUI», paBHO Kak U ciaabodopmaan3zoBaHHAsS
npeaMeTHas o0iacTh, s KoTopoi cozmaercst UCIIIIP, cioxxHbl 1 MHOTOTpaHHBL. UTOOBI YETKO
0CO3HaTh, Ha KaKOM Kiacc 3amad Oymer opueHTHpoBaHa co3ngaBaeMas WCIIIIP, u xakue MeToms
HY)XHBI JJI1 UX peLIeHus, pa3paboTuuKy HEOOXOOUMO MPEACTABIATH OOILIYI0 CTPYKTYpPY 3THX
oOnacreil. B kauecTBe KOHIENTyaJlbHOTO Oa3uca, peIIAIONIEro ATy 3ajady, pa3padaTbiBaeTcs

CHCTeMa B3aWMOCBS3aHHBIX OHTOJOTHM, BKJIIOYAIOIMIas B ce0sS OHTOJOTHIO O0O0JIaCTH 3HAHUH

«MHbOpMAIMOHHBIE U MaTEMAaTHYECKHUE TEXHOJIOTUU B HayKe U yrpaBieHum» 2016 Ne 3 117




3azopynvko FO.A., 3azopynvko I'.b.

«[lonnepxka NPUHATHS pELICHUH» W 0a30BbIe OHTOJIOTHH, IMpEIHA3HAYCHHBIC IS OMMCAHUS
npeametrnoit obmactu WCIIIIP. OnTONOrHsS NMOJIEPKKU HPUHATHS PELICHUH, B CBOIO OYepenb,
JOJDKHA COJIep’KaTh B KayeCTBE COCTABHOW 4YAacTH OHTOJIOTMIO 33/ad M METOJIOB MOJACPKKU
IIPUHATUSA PELICHUM.

[Tomumo o0mmx npeacraiaenuid o npeamerHoit odmactu UCIIIIP u noxnepxke mpUHATHS
pemieHuii, o0ecrneuynBacMbIX OHTOJOTMEH, Ha HayaJllbHOM OJTafne pa3paboTuuky HeoOxoauma
ungopmayuonnas noodepixcka. EMy BaXHO HMETh MOJHOE MpEACTaBIeHHE 00 HMMEIOLINXCS
KOHKPETHBIX METO/ax MOAJEPKKU IPUHATHS pEIIeHUH, O Kiaccax pellaeMbIX HMHU 3ajad, O
BO3MOYKHOCTSIX W OTPAaHMYEHHUAX Kakaoro meroga. OH JOMKEH 3HAaTh 00 JTamax MPUHATHA
perieHuid, 00 UCIONb3yeMBIX Ha KaXI0M 3Tarne MeTojax. Pa3paboTymk OKEH MOHUMATh, KaKHe
HMHCTPYMEHTAJIbHBIE CPE/ICTBA PEAIU3YIOT BO3MOXKHOCTH TE€X WM UHBIX METOJ0B. CpeCTBOM TaKOH
MOJIICP>KKH OyZIEeT CO3/IaHHBIA Ha OCHOBE OHTOJIOTMH MH(POPMALMOHHO-aHATUTHYECKUd VHTepHeT-
pecypc, KOTOpBIH CHAa0XXEH pa3BUTBIM II0JH30BATEILCKUM HHTEP(ENcOoM, MPEI0CTABISAIOMINM
COJIEPIKATEIIBHBIN TOCTYII K YKa3aHHOW HH(DOpPMAIIMK U CPEJICTBAM €€ aHATMTHIECKON 00pabOTKH.

Ha »srane peammsamum WCIIIIP Gonbliyio pojib HWIpacT KOMHOHEHMHAS NOO0epIcKd
pa3paboTunKoB. BO3MOXHOCTH BBIOpAaTh TOTOBBIE MPOrPAMMHBIC KOMITOHEHTHI, PEATH3YIOIIHE
HEOOXOAMMBIE METOJbI TOIJMEPKKUA TPHUHITHS PEIICHUH, MOXET CYIIECTBEHHO OOJETYuTh W
yckoputb mpouecc cosnanus WCIIIIP. CpenctBom pemienust 5Tod 3amaunm Oyner OumOimoreka
METOJOB TMPHHATHUS PEUICHUH, CHAOKEHHBIX YHU(MUIUPOBAHHBIMH CIICHU(PHUKAIMIMUA, HA OCHOBE
KOTOPBIX MOKET BBIIOJIHATHCA MHTErpalus MeTonoB. Takas OubiIMoTeka, IOMUMO KOMIIOHEHTHON
MOJAJEPKKH, TPEAOCTAaBUT HEMOCPEACTBEHHBIM JOCTYN K METOAAaM, IO3BOJUT pa3padoTUMKaM
IIPEIBAPUTENIBHO ONPOOOBaTh MX, YTOOBI Jy4llle MOHATh MX BO3MOXHOCTH M BBIOpaTh Haubosee
MOAXOJISALINE JIUIsl TOCTABJICHHBIX 3a/1a4.

PazpaboranHas BO BpeMs BBIMOJHEHUS TpoekTa Meropoinorus cozmanuss WCIIIIP B
c1aboopMalii30BaHHBIX 00MacTAX oOecrneyuT pa3padoTunka HEOOXOJUMBIM KOHIIENTYaJIbHBIM
0a3rcoM, MPEIOCTaBUT eMy TpeOyemyro Ijsi pa3paboTKu MHQPOPMALUI0 BMECTE CO CPEICTBAMHU
COJIEpKaTEeIbHOTO JIOCTyNa K HEH U ee aHalu3a, IPeJoCTaBUT HabOp peain30BaHHBIX METOJIOB, a
TaK)Ke UX crenu@uKalny, MO3BOJISIIONINE BKIIOYATh 3TH MeTo/bl B pa3zpabareiBaemble VCIIIIP u
MHTErPUPOBATH UX MEXKIY COOOH.

Kpome Ttoro, Oyner co3mana moctynHas uepe3 VHTepHeT-pecypc 3KcmepTHas cucTema,
KOTOpasi Ha OCHOBE IpEACTAaBIEHHOW pa3paboTYMKOM HH(OpMalMM O NPEeIMETHOH obsactu
WCTIIIP u1 nocraBiaeHHBIX 3a/adax MPEUIOKHUT eMy Haulolsiee MOIXOISAIINE METOJbl HMOIIEPHKKU
MIPUHATUS PELICHUM.

[Ipy BBINOJHEHUU NPOEKTA MCIOIB3YIOTCS METOAbl OHTOJIOIMUYECKOTO MOJEIUPOBAaHMS,
HCKYCCTBEHHOI'O MHTEJIEKTa, TeXHoJIoruu Semantic Web, cepBUC-OpHEHTUPOBAHHBIN MOIXOM, a
TaKK€ METOJbl U TMOAXOJbl, KOTOpPBIE CO3/aBaINCh M pPa3BUBAJIUCh IPH Y4YaCTHUH  aBTOPOB
npeniaraemoro mpoekra B HMuctutryre cuctem unpopmartuku (MCU) CO PAH u Unctutyre
cuctem sHepretuku (MCOM) CO PAH.

Jnst cozmanms koHIenTyanpHoro 6asuca pazpadbotku MCIIIIP npennaraercs ucnonp3oBaTh
OHTOJIOTUYECKHM TmoaxoA u TexHojoruu Semantic Web. Ontomorum pae-gakto SBISIOTCS B
HACTOAIIEE BpeMsi OCHOBOM 0a3 3HaHMM B CIOXHBIX, CJIa00(OpPMaTU30BaHHBIX O00JACTAX, K
KOTOPBIM MO>XHO OTHECTH HE TOJIbKO 00JIacTH, ik KOTOphIX OynyT paspadateiBathes VCIIIIP, HO
U Takyloo o0JacTh 3HAHWUMU, KaK MOJAEpXKKa MPUHATHS pelleHuid. Bxopsias B cocTaB OHTOJOTUU

MOAACPIKKU ITPUHATHUA peIHeHHﬁ OHTOJIOIus 3a1a4 1 METOI0B ITO3BOJIUT yHI/I(i)I/IHI/IpOBaTI) OIINCaHUuA
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UMEIOIINXCS METOJIOB, ()OPMATOB HCIIOJIB3YEMBIX B HUX JAHHBIX, CIICHU(PHUKAIMHA PEaTH3yIOLINX
9TH METOABI IPOrPAMMHBIX KOMIIOHEHTOB.

4. O:xxuaaemble pe3ybTaTbl. B pamkax mpemiaraeMoro npoekra pa3paboTaHHas paHee B
kosektiuBe MCHU CO PAH onToNOrHs 32124 ¥ METO/I0B MOICP>KKU MIPUHATHS perieHuii [5] Oyaer
nepepaboTaHa ¢ UCIOIb30BAHUEM TeXHOJOrH Semantic Web u pacmmpena onucaHusiMH METO/I0B
NPUHATUS pemieHuil B cnaboopMaan30BaHHBIX TMPEAMETHBIX —obnactsax. Mcnonb3oBaHue
BO3MOXKHOCTeH Semantic Web ympocTuT co3gaHue HENPOTHBOPEYHMBBIX M TOTOBBIX K
MEPEUCIIONb30BAHUIO (PParMEHTOB 3HAHUI MOJEIMPYEMBIX 00JIacTel.

Ha ocHOBe mNOCTpOCHHOW OHTOJOIMM NOMIEPKKUA NPUHATUS PELICHUH co3qaeTcs
MH(POPMAIIMOHHO-aHAIUTHYECKUH HHTEPHET-pecypc, B KOTOpPOM OyayT coOpaHbl ONUCAHUS
KOHKPETHBIX MHTEJJICKTYAJIbHBIX METO/IOB MPUHSATHS PELICHUN, OTOOPaXKEHBI UX CBSI3U C dTallaMu U
3aJjauaMil TPUHATUS peleHuid. 37ech jxe OyaeT mNpeacTaBieHa HHPOPMAIUsS O JOCTYIHBIX
MHCTPYMEHTAPUSX, KOJUIEKTUBAX U UCCIIEIO0BATENAX, 3aHUMAOILMXCS TaHHOU npoOnemaTtukoi. Jlis
pa3paboTKK AAHHOTO pecypca HMCIOJB3YIOTCS TEXHOJOTHUS W METOJMOJIOTHS pa3pabOTKH HAyYHBIX
Wutepuer-pecypcos [8], cozgannsie B UICU CO PAH B pamkax npoekta PODU Ne 13-07-00422a,
KOTOpbIE OyIyT JOMOJHEHH W YCOBEPIICHCTBOBAaHBI B paMKax NpeiaraéMoro mpoekTa. B
YaCTHOCTH, JJISi HAllOJHEHUs KOHTEHTa pecypca MH(OpMaiumei o MeTonax NpUHSATHS pPEUICHUN
OyIyT HCIIOJIb30BaHbl OPUTHHAIBHBIE CPEJICTBA aBTOMATUIECKOTO cOopa Takoro poja uH(popMaum
[7], pa3paborannsie aBTopamu mnpoekta u3 MCU CO PAH u Gasupyromuecss Ha OHTOJIOTHH.
OHTONOTUS 37€Ch UCIONB3YETCSl HE TOJBKO JUId IPEJICTaBICHUS CEMaHTHKU HH()OPMAllMOHHBIX
PECYPCOB, HO U IS MOAJIEPKKHU UX UHTEJUIEKTYaIbHOI'O aHAJIN3A.

B coorBerctBHM ¢ OHTONOTHEH OyneT MOCTpoeHa W OMOIMOTEKAa METOAOB IPHHATHUS
pemenuii. Mcnonb3oBaHue CEpBUC-OPUEHTUPOBAHHOTO TMOAXO0Aa [27] yNpOCTUT BKIIOYCHHE B
OMOIMOTEKY KaK OPUTMHAJIBHBIX aBTOPCKUX, TaK M MMEIOIIUXCS B CBOOOJHOM JOCTYIE€ T'OTOBBIX
peanuzanuii MmetonoB. Cnenudukanys METOAOB B BHUJIE CEPBUCOB MO3BOJIUT CHATH P MPOOIeM,
CBA3aHHBIX C pa3IMuueM IIaTPopM, Ha KOTOPBIX pa3padaThIBAIUCh METOAbl, CTAHJIAPTOB,
¢dbopMaToB  JaHHBIX,  YJAJEHHbIM  pa3MelleHueM  3TuXx  MeTojoB.  lMcmonb3oBanue
CTaH/IapTU3UPOBAHHBIX UHTEp(DElcoB O0ECHEUYUT HUHTETpali0 METOJOB MpU  PELIEHUU
HETpUBHAIBHBIX 3adad. CeTeBble MPOTOKOJIBI, KOTOPbIE MOTYT HCIOJIb30BAaThCA IS
B3aMMOJICHCTBUSL MEXJYy CEpBHCAMM, IO3BOJAT TMOJIYYUTh JOCTYN K HHGpOpMauuu U
(YHKIIMOHAJIBHBIM KOMIIOHEHTaM, pa3MEILLEHHbIM Ha yJAJIEHHBIX CEpBEpax.

Pa3paboTka sKkcriepTHOM COBETYIOIIEH CUCTEMBI OYAET BBIMOIHATHCS C HCTIOIB30BaHUEM KaK
METOJIOB U CpeAcTB, paspadoranHbix B UCU CO PAH [9, 30], Tak u cpencTB TexHOJIOTMU Semantic
Web, B yactHOCTH s13bIKa onucanus mpasuin SWRL [29].

Takum o0pa3oM, pa3zpaboTaHHBIE B XOJ€ BBIINOJHEHHUS IPOEKTa METOAbl M CpPEJCTBa
noctpoenust UCIITIP Bo3MecTAT OTCYTCTBHE TOTOBBIX JOCTYIHBIX HHCTPYMEHTApHEB ¢ TpeOyeMoit
(YHKIIMOHATBHOCTPIO M OKaXyT IOMOIIb B pa3pabotke mupokoro kiacca WCIIIIP B
cmabohopMann30BaHHBIX MMPEAMETHBIX 00JIaCTAX.

3akiioueHue. B cratbe paccMOTpeHBI POOIEMBI OPTaHU3AIMNA KOMIUIEKCHOW TOMIIEPKKH
nmporecca paszpabotrku wuHTeIEKTyanpbHeIX CIIIIP B cmabodgopMann3oBaHHBIX MPEIMETHBIX
o0acTax M OMHMCaHbl MOAXOAb! K MX pemeHuto. KoMiiekcHas nmojaepxka OyleT oCymecTBIsSThCS
Ha TPeX YPOBHAX: KOHIENTYaJIbHOM, HHPOPMAIIMOHHOM U KOMITIOHEHTHOM. KoHuenTyanbHbIi 6a3uc
TaKOW MOJACPKKH OOECIIEYMBACTCS CUCTEMOM OHTOJIOTHH, SIAPO KOTOPOM COCTaBISI€T OHTOJOTHUS
o0nacTh 3HAHUU «[lonnepxxka mnpuHATHS penieHuit». VHPOpMAIMOHHYIO THOIAEPKKY
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OCYILIECTBIIAET NHurepHeT-pecypc, IIPEACTABIISIOIUN COJlepKaATEIIbHBIN JOCTYII K
CTPYKTYPUPOBAaHHBIM M  CHUCTEMAaTU3MPOBAHHBIM HA  OCHOBE OHTOJIOTMH  3HAHHUSAM,
MH(OPMALMOHHBIM pecypcaM U MeTOAaM, OTHOCAIIMMCS K oOnacty 3HaHui «l[lonnepxka npuHITHS
peureHuii». KommnoHeHTHYHO moafepxkky mnpomecca paspadbotrku HCIIIIP  oGecneunBaer
peno3uTapuii METOAOB MOIIEPKKH NPUHATHS PEUIEHUN, TPEAOCTABISAIONIMNA HENOCPEICTBEHHbBIN
JIOCTYN K pealu3alusM 3STHX METOJOB U TO3BOJIIONMI pa3padoTYnKaM MpeaABapUTEIHHO
orpoOoBaTh UX, YTOOKI JIydIlle TIOHATh UX BO3MOXHOCTH ¥ BBIOpaTh U3 HUX HarOoJIee MOAXO/ISIINE
JUISl pEIlIEHUs TOCTABJIEHHBIX 3aau.

Pabora BeimonHsAeTCA MpH YacTUYHON nojaepkke rpanta PODOU Ne 16-07-00569 «Metoast
U CpeICTBa KOMIUIEKCHOM TOAJEPKKU TMporecca pa3paboTku uHTewekryaiabHbix CIIIIP B
crnaboopMan30BaHHBIX MTPEIMETHBIX 00JIaCTAX Ha OCHOBE CEPBUC-OPHEHTUPOBAHHOTO MOJIX0AA U
TexHosoruit Semantic Weby.
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Abstract. Necessity of complex support of process of development of the intelligent
decision support systems in weakly formalized subject domains is justified; the
problems of organization of such support are described and approaches to their decision
are suggested. The purpose and tasks of the initiative project directed to the solution of
the problem specified above are formulated, state of the art in this area and the
suggested methods are described.
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AHHOTALIMA. HpennaraeTCH MoAxXoJ K pCIICHUIO 3aJla4ud HU3BJICHCHUS HH(bOpMaL[I/II/I (6]
COOBITHSX B 00J1aCTH OHCPICTUKH M3 TCKCTa HOBOCTHOM 3aMETKHU. I/ICHOJ'IB3yeMa$I Oaza
3HAHWH BKJIIOYAECT OHTOJIOTHIO HpeﬂMeTHOﬁ 00IacTH U JIMHIBHUCTHUYECKHE PECYpPChI:
CJIOBapb CCMAHTHYCCKH pa3MequH0171 HpeﬂMeTHOﬁ JICKCUKH, CJOBapb MoJiene
YIIpaBJICHUA MPCAUKATHBIX JICKCEM, MOICIIb (I)OpMaHBHOﬁ n H(aHpOBOﬁ CCrMCHTalIM1
TEKCTa, U CXCMBbI HU3BJICUCHUA Q)aKTOB, KOTOPBIC CBA3BIBAIOT O6Hapy)KeHHLI€ B TCKCTC
TEPMHHBI U KOHCTPYKIIUHU C 3JICMCHTAMU OHTOJIOT'UH.

KiaroueBble cjioBa: U3BJICUCHHUE I/IHCI)OpMaI_II/II/I, OHTOJIOIHA SHCPICTUKH, HpC,Z[MeTHLIﬁ
CJIOBAPb, KaHp TCKCTAa, MOJCJIb YIIPABJICHUA, MOACIIb U3BJICUCHUS (l)aKTa.

Beenenne. OtciexuBaHME W aHAJIW3 HOBOCTHOM HHQpOpPMaLUU O COOBITHSAX B cdepe
TOIJIMBO- M 3HEProo0ecreYeHUs] aKTYaJbHO JUIS JKU3HEIEATENIbHOCTH CYyOBEKTOB AKOHOMHKHU H
obmecTBa. CBexxass MHGOpMAIHst 0 COOBITHAX B SHEPTreTHKE MOCTYNAET K YATATEII0 U3 Pa3InYHbIX
HUCTOYHUKOB, B TOM uucie H3 uHTepHET-CMU, B BHAE HECTPYKTYpPUPOBAHHBIX M YacTO
OyOIUPYIOIIKX APYT Ipyra TEKCTOB HOBOCTHBIX cOo0OIIeHnH. C 3TON TOUYKHU 3peHHUs MPEACTaBISIOT
UHTEpEC CUCTEMBI, KOTOPbIE, paboTast C MHOXKECTBOM TEKCTOB, 00ECIIEUMBAIOT a) aBTOMAaTHUECKUI
TeMaTU4YeCcKHil OTOOp, OLEHKY CTENeHH CXOJCTBAa W YCTpaHEHUe IyOJMKaToB M 0) aHaIU3 U
CTPYKTYpUpOBaHUE HOBOCTHOM MH(popMaiuu B Bujae (paktoB. B hoxyce BHUMaHMs JaHHOM pabOTHI
HaxOJUTCs BTOpas 3ajada, KOTOpas IpEeAroJiaracT CTPYKTYPUPOBAHME H3BIIEKAEMOM ILIEJIEBOU
uHbopManuu (CYIIHOCTM M CHUTyalldd) HyTEM paclo3HaBaHUsS B TEKCTaX COOTBETCTBYIOLIMX
SA3BIKOBBIX KOHCTPYKIMH [6, 12, 13].

B OonpmMHCTBE COBPEMEHHBIX CHCTEM U3BJICUEHHs HMHGPOPMALUU HCHOIb3YIOTCS
OIpeJieIeHHbIE OTPAHUYEHUSI OTHOCUTENIBHO THIA ()KaHpa) TEKCTOB (10Che, OOBSBICHUS, OITMCAHUS
MEIULMHCKUX HCCIIE0OBAaHUI, HOBOCTHBIE TEKCTHI) M I1eneBod mHpopmauuu [3, 5, 15]. ITlo tumy
U3BJIEKaeMON MH(pOpPMAIMK CHCTEMa MOXET ObITh HalleJIeHa Ha U3BJeYEHHE TOJIbKO MMEHOBaHHBIX
CyIIHOCTEeH (IIEpCOHBI, OpraHn3aluy, reorpadpuiyeckue 00bEeKTHI, U T.I1.), CUTYallMid ONpeaeIeHHOTO
TUMA, HECKOJbKUX THUIOBBIX CHUTyalluidi B OrpaHUYEHHON mpeaMeTHON obmnactu. M3BecTHbIE
CUCTEMBI PA3JIMYAIOT IIOJIHOTA M POJIb CHHTAKCUYECKOIO aHajau3a B IPOLIECCE HU3BIICUCHUS

! PaGora BImoHsAETCS IpH (pEHAHCOBOI moaIepxkKe PODU (mpoekt Ne 15-07-04144).

126 «Information and mathematical technologies in science and management» 2016 Ne 3



mailto:irina_k@cn.ru
mailto:lsidorova@iis.nsk.su
mailto:elkor_alisa@mail.ru

11o0x00 x uzeneuenuro ungopmayuu 0 coobIMuUsX 8 IHEpeemuKe (Ha Mamepuaie HOBOCHMHBIX COOOUeHUL

dakTuueckoit nHpopmammu U3 TeKcToB. Tak, TEXHONOTH [5] MpearnoiaraeT MOCTPOCHHUE MOJHOTO
CEeMaHTHKO-CUHTAKCUYECKOT0 JIepeBa MPeIIokKeHNs, K KOTOPOMY MPUMEHSIOTCS A0JIOHBI (CBOETO
pona GUIBTPHI), OMMUCHIBAIOIIIE HCKOMBIE (GakThl. B [4] cHHTaKCHYECKUI aHATTU3aTOP MPUMEHSETCS
JIOKaJbHO (TIpH OOHApYXEHWU KIFOYEBBIX €AMHUI] M UX KoHpurypauuii). [Togxoasl K peuieHuio
3a/la4ud Pa3AeIsaIoTCS Ha JBE TPYIIIBI: METOIbI MAIIMHHOTO 00y4YeHus [15], TpeOyromue 601b110T0
KOpIIyca pa3MEUEHHBIX TEKCTOB, U JIMHIBUCTUYECKHE METOJIbl, OCHOBAHHbIE Ha npaBuiax [3]. Kak
oTMevaercs B [14], BTopoil moaxo/ sBisieTcs: 0oJiee MPeAnOYTUTEIHHBIM, KaK M0 MOIIHOCTH, TaK U
C TOYKH 3pEHHS BO3MOXHOCTeH OOBeIMHEHHS C 3JeMeHTamMu TmepBoro. CyliecTBEHHBIM
HEJO0CTaTKOM CHCTEMbI, OCHOBAaHHOW Ha IpaBUjax, SBISAETCS TPYAOEMKOCTb HACTPOMKH Ha
KOHKPETHYIO MTPEIMETHYIO 00JIaCTh U TUIOXAas aJanTHPYyeMOCTh K APyruM odmactsm [1].

OTIUYUTENBHON YepTOH MpengaraeMoro nNoaxoAa K U3BJIeUeHHIO HHPOPMAITUU O COOBITHAX
B 00JIaCTH DHEPreTHMKM U3 HOBOCTHBIX 3aMETOK SBJIIETCS OpPHUEHTALUs HCIOJb3YEMBIX
JUHTBUCTUYECKUX OINMCAaHWA HA CTPYKTYpY KOHKPETHOM OHTOJIOTMH: HH(OpMAIUs CIOBapew,
CEeMaHTHUKO-CHHTAKCHYECKHX MOJIENEH YIPABJICHUS M CXEM HU3BJICUCHHs (PAKTOB CYIIECTBEHHBIM
0o0pa3oM OmupaeTcss Ha CTPYKTYPY OHTOJOTMH dHEpreTHdeckoi orpaciu. [Ipm manHOM moaxoje
MPEUMYIIECTBEHHOE HCIOJIb30BAHNE JIEKCHKO-CEMAaHTHYECKOW WH(OpMAruy HE HCKI0YaeT
IPUMEHEHUsSI YAaCTUYHOI'O CHHTAKCHUYECKOIO AaHajlu3a M CUHTAaKCUYECKUX OrpaHUYEeHMH,
HaKJIabIBAEMBIX Ha CEMaHTHYECKUI KapKac KOHIENTYAIBHBIX CXeM (PaKTOB.

1. Mopenn 3Hanmii. Bce 3HaHus, UCHOJIb3yeMble B NpEAJaraéMoOM IOJXO0Jle, B TOH WU
WHOW Mepe omuparoTcsi Ha mozens mnpeaMeTHoi obmactu (I10), xortopas GuUKCHpyeT MOHATHA U
OTHOIIEHHUS B BHUAE OHTOJOIMH. OHTOJOTUS DSHEPreTUKH BKIIOYAET MEpPapXuu KJIacCcoB
Onepeemuueckux obvekmos u Pecypcos, xnaccupukanuio Opeanuzayuii ¢ XapaKTEPUCTUKAMHU,
OTPAXKAIOIIKUMHU HX JESITEIBHOCTb, KIacchl Jesmenvnocms 1 Cobbimue, KIIACCH, IPEICTABIISIONINE
JIOKaTHBHbIC W BPEMCHHBIC XapaKTEPHCTHKH, a TaKXKe OTHONICHUS Mexnay oObekramu [9].
OnTonorust ompenensier, Kakyld HMMEHHO HH(OpPMalMIO ClelyeT H3BIEKaTh M3 JIOCTYMHBIX
HMCTOYHUKOB JaHHBIX U cocol (opMat) ee mpecTaBICHHUS.

Mogenb 3HaHUN O TOIBA3BIKE MPEIMETHON O00JacTH TMpEeACTaBICHA CEMAHTHYECKUMU
CIIOBapsIMH (CJIOBaph MPEIMETHOW JIEKCHKH, CIOBApH JIEKCMUECKHUX Ia0JIOHOB M CEMaHTUKO-
CUHTAaKCUYECKMX MOJEJeH ynpaBieHus), MOJENIMU (PAKTOB, ONMCHIBAIOLIIUMHU  CIOCOOBI
BbIpaX€HUsI WH(pOpMalluu, NPUHATBIE B paccMaTpuBaeMod oOnactu 3HaHuil [11], a Takxke
3HaHHUAMU 00 OCOOEHHOCTSIX JKaHPa PaCCMAaTPUBAEMBIX TEKCTOBBIX HCTOUHUKOB.

2. TexcroBas koJulekuMs. B nanHoi paboTe MCNONB3YIOTCS TEKCThI HOBOCTHOI'O KaHpa,
B35IThIE C CETEBOIO W3/IaHUS POCCUHCKOrO AareHTCTBAa MEXJIyHapoaHol wuHgopmanuun «PUA
HoBoctn», mocpsiiieHHbIE pazfieny «JHEpreTuka», a TakKe HOBOCTHBIE COOOIIEHUS C CalTOB
KPYNHBIX SHEPreTHUECKUX OpraHuzauuid. TeKCTbl KOJIEKIUH OTHOCATCS K JKaHPY HOBOCTHOM
3aMETKH, KOTOPBIN XapaKTEepU3yeTcs, MPEXKIE BCErO, KPAaTKOCThIO U HOBU3HOM. ITO MaKCUMAJIBHO
KOpPOTKOE u3NoxkeHue (Hadynbl coobIThi (PakTa) ¢ TOYHBIM yKa3aHUEM TOTO, YTO, T/I€, KOT/Ia B TIPH
KakuxX OOCTOSITENbCTBAX Mpou3onuio. M3mojkeHue >KeCTKO BbIACPKUBAET KOMITO3ULMOHHOE
MOCTPOCHHE IO MPHHIIUITY «IIEPEBEPHYTOM MHUpaMUIb» (OT TJIABHOTO K BTOPOCTENEHHOMY) [7].

OcHOBHOE cojiepKaHHE CKOHIIEHTPUPOBAHO B aHOHCe HOBOCTH, BKJIIOYAIOIIEM JIBa
JKAHPOBBIX OJIOKa: Xx2071auH (3arOJOBOK, TIPENCTABIEHHBIH OOBIYHO TPOCTHIM KOPOTKHUM
MpeNIoKEHUEM, H3JaralolmuM  (oKycHyro HHGOpPMalMI0O HOBOCTH) M Jjud (pa3BepHYTHIH
10/13ar0JIOBOK, MPEACTaBIEHHBIA B BUE a03alla, KOTOPBIM JAOMOJHSAET XdAJalH Kak 0ojee MoiIHoe
M3JIOKEHUE CYTH HOBOCTH). AHOHC TIOMEIIAeTCs Ha TJABHOW CTpaHUIE caiTa, 00pa3ys
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MH(POPMAIMOHHYIO JICHTY HOBOCTEH, U3 KOTOPOIl UMTAaTeNIhb MOKET MEPEHTH Ha CTPAHUILY 3aMETKH.
[locne aHoHca B TEKCTE€ 3aMETKU CIEAYIOT 0O9kepayHo (TMOAOIUIEKa, CIpaBOYHas HWHGOpPMAIHS,
KOHTEKCT COOBITHSA M T..), LIUTAThl OT JIUII, CBSI3aHHBIX C HOBOCTBIO, U JPYTUE COJIEpKATEIbHBIE
OJIOKH.

Takum 00pa3oM, XaHPOBYIO MOJENb PAcCMAaTPUBAEMBIX TEKCTOB MOXKHO IIPEACTABUTH
CHEAYIOLIEH YIIPOLLIEHHON CXEMOM.

PageGenre HoBocTHasi 3ameTka
Block genre_segment Arnomnc
Block genre_segment X»anaiin
Block segment MeTa (omniuoHaIbHO)
Block genre_segment JIu
Block segment bakrpayna

Hcxonuelii Koprryc BeO-CTpaHUI] ObLT OYMINEH OT 3JEMEHTOB BeO-(popMaTUpOBaHHS C
COXPaHEHUEM «ITOJIE3HBIX)» AIEMEHTOB Pa3METKH (BBIIECICHUE 3ar0JI0BKOB, THIIEPCCHIIOK U T.I1.) [2]
1 Ha UX OCHOBE IIOCTPOEHA pa3MeTKa )KaHPOBOM CTPYKTYpPhI TEKCTA.

[TpuBeneM mpumMep aHOHCA HOBOCTHOM 3aMETKH C KAHPOBOU Pa3METKOM.

<Xomumaun>""TpaHcHeTs" B0O300HOBHMIIA MPOKaduKy HepTH o HedTenpoBoxy o Camapoit </Xaanain >
<Meta><a>© PUA Hosoctu. Ceriiana MaiiopoBa</a> MOCKBA, 13 utons - PUA HoBoctu. </Meta>
<JIug>"Tpancuedts" ¢ 11 nurons BO300HOBHIIA B MOTHOM 00BEME MPOKAYKy HE()TH MO MaruCTPAITEHOMY
HedTrenpoBoay "AnpMmerbeBck - KyitObmeB 1" B Camapckoil o0macTy, T/ie MPOM30IIen pa3iuB HepTH B
pe3yabpTaTe KpUMHHAIBEHON Bpe3kH, coodmun PUA HoBoctu coBetHuk npesuaeHTa "TpancuedTu" Urops
Hemun.</JIug >

Hcnonp3oBaHWe 3HAHUKW O JKaHpPe TEKCTa IO3BOJSET 3HAUYUTEIBLHO OrPAHUYHUTH
pazHooOpasue crnoco0oB mepenaun WHGOPMALMK, YYUTHIBaEMbIX B Mojaensx ¢akros. Tak,
MOKAa3aTeIsIMU CUTYAIlMi, MPEICTaBISIONINX OCHOBHYIO JIE€ATEIHHOCTh OMEpPaTOPOB JHEPTeTUKH,
SIBIIIFOTCSI JIKCEMBI, OMMCHIBAIOIINE KOHKPETHBIE BUJBI AeaTenbHOCTH. [1o dopme 3TO riaronsl B
Tu4HON (hopme, mpuyYacTus (IEHCTBUTENbHBIE U CTpaJaTelbHbIC), JCCNPUYACTHUS, OTTIAroJbHbIE
cyuiectBuTenbHble. OIHAKO B OJ0KE X301atiH, TPEICTABICHHOM OOBIYHO MPOCTHIM MPEI0KEHUEM,
pazHooOpazue (HopM CBOIUTCS K KOHCTPYKIHUSM C JIMYHBIM TJaroJioM W OTIJIaroibHbIM
CYLIECTBUTEIbHBIM.

3. CaoBapsb. CucreMa CEeMaHTHYECKHUX IPU3HAKOB B CJIOBape€ OCHOBAaHA HA CTPYKTYype
KOHKPETHOW OHTOJIOTHH, OTpa)kas HUEpApXui0 €€ 00BEKTOB U OTHOIIECHHH. OOBEKTHBIE TEPMHUHBI
MPEJICTABICHBl TPEUMYIIECTBEHHO CYIICCTBUTEIBHBIMUA (HAPHUIATEIPHBIMH W COOCTBECHHBIMHU
MMEHaMH), UMEHHBIMU TpYNIAaMH, JIEKCHUYECKUMU KOHCTPYKUUsMHU (abOpeBuatypamu u Oosee
CIIO)KHBIMU OYKBEHHO-CHUMBOJIGHBIMH KOHCTPYKIHSAMH). C ITOMOIIBI0 CEMAaHTHYCCKHX IPH3HAKOB
O00BEKTHBIE TEPMHUHBI PaCIpeIeleHbI 10 OCHOBHBIM KJIaccaM:

— DHEPreTHYECKHe OOBEKTHI “30”: Mecmopoxcoenue, mpyoonposoo, Heghmenposoo, 2a3onposoo,
Ma2ucmpanouslii Heghmenpogoo, waxma, CK8AMCUHA, NXe,

— OpraHu3aluu “opr’: KOMNaHus, 3a600, npeonpusamue, AKYUOHepHAsl KOMRAHUS, 040, Onepamop,
Tpancnegpmo, Yepromopueghmeeas,

— pecypchl “pecypc’: anekmposHepaus, MeniodHep2us, Mmenioeas dHepus, 2as3, Hegh)mov, y2oib,
NpUpoOHslil 2az, 201y60e Monaueo,

— TepcoHbl “‘mepc’: cnukep cocoymwi, Cepeeti Hapvliwuxun, cosemuux npe3udeHma, 2iaGHbll
umdicernep, ouyuanbHelll npeocmasumeny,
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— JIOKaTUBHBIE OOBEKTBl “NIOK”: pecuoH, patioH, 20pood, NOCENOK, KACHNUUCKUL pPeSUuoH, KOoui-
a2aucKuli pation,

— TeMIOopaJibHbIE OOBEKTHI “TEMIT”: UI0/1b, 200.

bonee neranpHas kiaccuukalnus TEPMUHOB B UEpapXuu OOBEKTOB OOYCIOBIEHA TaKUMU
UX OHTOJIOTMYECKUMHU CBOMCTBAMH, KOTOPBIE MIPOSBIISAIOTCA Ha YPOBHE PENPE3CHTALUU B S3bIKOBBIX
KOHCTpYKIMsX. Tak, B Kiacce ‘907, BbIAEISETCS MNOAKIACC ‘90 TpaHCI’, MPEACTaBJISIIOIINMA
MPOTSHKEHHBIE TPAaHCIOPTHBIE OOBEKTHI. DTO TO3BOJSET YYeCTh CHEHU(UKY COYETaeMOCTH
COOTBETCTBYIOIIUX TEPMHHOB C KOHCTPYKLMSIMH HAaUMEHOBaHUU (Heghmenposod "Anbmemvesck -
Kytibvles 1'") n KOTHYECTBEHHBIMUA KOHCTPYKUUAMU (14 kM mpybonpoeooa).

HasBanus pecypcoB  muddepeHmmpyroTcs nOpu3HakamMu — “9p”  (9aekmposnepeus,
menjios3mHepausi, menniosas sHepeus) U “TIp” (eaz, Hedmb, yeonb, NPUPOOHLLL 2a3, 201yboe
MOnaueo).

Bungam u xapaktepucThKam JIesiTeIbHOCTH, CBA3aHHON C pecypcaMu M SHEProoObeKTamMu, B
CJIOBape COOTBETCTBYET KJIacC “AesT”’, MPeICTaBICHHbIN pa3HOOOPA3HBIMH SI3bIKOBBIMU CPEICTBAMU
(mpeumyIiecTBEHHO, rJarojamu, OTIJIarOJIbHBIMH CYIIECTBUTEIbHBIMH). [Tpuznaku
g hepeHIUPYIOT JEKCUKY 0 BUJAM JIeATEIbHOCTH:

— OCHOBHAs JIeSTENILHOCTh ONEPaTOPOB SHEPIEeTUKH MO paboTe ¢ pecypcamu “mear_pec’: dobwiua,
MPAancnopmuposKa, nepepabomra, npouseo0cmeo, 000vl8ams, MPAH3UNM, 8bINYCK, 8bIPAOOMKA,
npoKauka, nepepadbamvléams, npouU3800UmMyb, 8bINYCK, CObIM, NOCMABIAMY;

— JIeATENbHOCTh  OpraHW3allMif, HANpaBlIeHHAas Ha OOBEKTBI OJHEPreTHKH  “‘NesAT 30
Cmpoumenbcmeo, Co30anue, CMpoums, OO0CHMPOUKA, MOOEPHU3AYUs, DEeMOHM, YCMAHOBKA,
PEeKOHCmpYyuposams, OypeHue, UCNbIMAaHUs, NyCKO-HAIA004HAsl paboma, peMOHmHas paboma,
paboma no peKoOHCMpYKyuu, SKCHIyamayus, 60CCMAaHA8IUeam,

— JIeATeIbHOCTh OpTaHM3AIlMi, CBA3aHHAS C aBApUWHBIMH CUTYalUSIMH “AeST aB”: quxeuoayus,
JIUKBUOUPOBAMb, YCMPAHUMb, NPEKPAMUmMb;,

— HECaHKIMOHUPOBAHHAS NIEATETLHOCTh CTOPOHHHUX JHI] “NEAT KPUM : KPUMUHANbHAS 6Pe3Kd,
KPUMUHANbHBIL OMB00, HeCAHKYUOHUPOBAHHAS BPE3KA.

B  oTnmenpHBII  ceMaHTUYECKMII  KJlacC  BBIJEJIEHA  JIEKCHKA, COOTBETCTBYHOLIAsS
HECTaHJapPTHBIM CUTYaIlMsIM Ha YHEProoOBEKTax “aB_CHUT . agapus, un, nNopwle, Npopeamsv, 63pbls,
noaicap, 8032opaunue, pasius <Hepmu>, 6blopoc <eaza>, ymeuka <Heghpmu, eaza>.

Kpowme Toro, BeIJIeIeHbI JIEKCHUECKHUE TPYIIIbI, COOTBETCTBYIOIINE OTHOIICHUSM CPaBHEHUS,
MIPUYMHBI, BKIFOYEHHS U JIp. JOTONHUTENbHBIE CEMAaHTHUYECKHE TPU3HAKU BBIACISIOT 0003HAYCHUS
XapaKTepUCTHK JIeATENbHOCTH, TaKux, Kak “daza”: Hauams, 60300HOSUMb, NPUOCMAHOBKA,
npucmynume.

<, o5 (13 2

Jlexcuueckue mNpu3HaKu ‘Tun’, “3Had”, “‘Ums’, “cBA3”  (QUKCHPYIOT OCOOEHHOCTH
COUETAEMOCTH TEPMHUHOB B SI3bIKOBBIX KOHCTPYKIMAX. Tak, NPU3HAKOM “THUN’  BBIJIEIECHbI
CYIIECTBUTENbHbIC-KIaCCU(PUKATOPHI, HA3bIBAIOLIME OOBEKTHI TOIO MJIM HMHOIO Kjlacca B 00IIeM
BUJIC (KOMNAHUSA, MA2UCPATbHLIU Hehmenpoeod, 20pod). Ilpu3Hak “ums” XapaKTepH3yeT UMEeHa
cOOCTBEHHBIE (TOMOHUMBI, Ha3BaHus opranuzanmii). IlpusHak “cBsA3” rpynnupyer ¢a3zoBble H
CBSI30UHBIE (CEMAHTHUYECKU ITyCThI€) TIJIAroJibl, C IOMOUIbIO KOTOPHIX OCYIIECTBISIETCS CBS3b
OCHOBHBIX KOMIIOHEHTOB OINMCHIBAEMBIX B TEKCTE CUTYyalluil: ocywecmeniams <000bluy=>,
3aHuMamosca  <nepepadomkou>, cayuumoca <obnedeHeHue>, NpPoUcXooumsv <mexHO2eHHAs.

Kamacmpoga=, npogooums <HANAOKY>, HPOU3B0OUMb <MOOEPHUZAYUIO™.
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Jnis u3BieYeHus: 1aT, HAUMEHOBAHHWM OpraHU3allfii, YHEPreTUYeCKUX U Teorpaduueckux
00BEKTOB HCIIONB3YETCs CIOBAPh JEKCHYeCKuX 11abaoHoB. [11abmoHbI MO3BOMSIOT 3a7aTh MOPSIOK
CIICIOBAHMS DJIEMEHTOB KOHCTPYKIIMH, OMHCHIBAIONINX HAWUMEHOBAaHHUS OOBEKTOB, U YUECTh HX
HaIMCaHue ¢ 3arjaBHON OYKBBI, KypCHBOM, JIATUHUIICH, Yyepe3 Aeduc /Tupe Wik B KaBblYKax. Tak,
TUNIUYHAS KOHCTPYKIUS JUISi UMEHH TPAHCIIOPTHOTO DHEPreTHUYECKOTO 00BEKTa — yKa3aHWE MMEH
HayaJlbHOM M KOHEYHOM TOYEK, pasfelieHHbIX JAeducoMm wim THpE: <Heghmenposoo>
Bocmounas Cubupe — Tuxuu okeaH.

4. U3Bneyenue uHdopMamuu. YUuThIBas pazHOOOpa3We CUTYyaIlMil, MPEIACTaBICHHBIX B
KOJUIEKIIMM TEKCTOB, JJIsi MEPBOrO SKCIEPUMEHTAa ObUIO MPUHATO OrPpAaHUYEHHE Ha THIIbI
W3BJIEKAEMBIX CUTYAIIU: 3TO, BO-TIEPBbIX, MH(OPMALIKA 0 X0/1€ pabOT Ha KPYIHBIX SHEPreTUYECKIX
00BeKTaxX (cmpoumenbcmeo cmaHyuu, paspabomka MecmopodicoeHus, 00ovlua Hegpmu), BO-
BTOPBIX, HH(GOPMAIIUS O PA3HOTO POJia aBapUsIX U MPOUCIIECTBUAX (pasiue Heghmu, 8b1X00 U3 CMpost
DNIEKMPOCMAHYULL).

Wzsneuyenne (dakrorpaduueckoil uHPOpManMU OCYIIECTBIsSETCS Ha 0a3e cloBapei,
CHaO)KEHHBIX CHUCTEMOH CEMaHTHYECKHX IMPU3HAKOB, OTPAXKAIOUIMX OHTOJOTUYECKUE CYLTHOCTHU
MpEeIMETHOM 00JIacTH, a TaKXKe Modensix ¢pakmog, MO3BOJSIONINX B TEPMUHAX CEMaHTHYECKHX
MPU3HAKOB M KIACCOB MPEIMETHOW 00JacTH OIMUCHIBaTh CIIOCOOBI BBIPAXKEHUS TpeOyeMoi
OHTOJIOTMYECKON MHPOPMAIIHH.

Kaxxngas monenb ¢akrta OmuchiBaeTcs cxeMmoil (IpaBWJIOM), KOTOpas BKIOYaeT Habop
apryMeHTOB CTPYKTyphl dakrta (argl, arg2, ...), UX ceMaHTHYECKHe/TpaMMaTHUECKUe MPU3HAKHU,
YCIOBUSI Ha CEMaHTHUKO-CHHTAKCHUYECKYI0 COYETaeMOCTh XapaKTePUCTUK apryMeHTOB, U HaOOp
O0BEKTOB, KOTOpBIM (UKCUPYET CTPYKTYpy (HaKTOB B OHTOJOTHYECKOM MPEICTABICHUU.
PaccmoTrpum Habop HEOOXOAMMBIX MOJENeW A W3BJICUEHUS HH(OpPMALUU W3 MPUBEACHHOTO
MpuMepa aHOHCA HOBOCTH.

4.1. Hnuyuanusayua od6vexmos. Kax mokazano Bbimie (M. 3), cuCTeMa CEMaHTHYECKHX
MIPU3HAKOB CJIOBapsi (GopMHUpyeTcss Ha OCHOBE OHTOJIOTHUECKHUX CYIIHOCTEH, YTO TMO3BOJISET
WHUIMANIA3UPOBATh HadalbHOE (OPMUPOBAHHE OOBEKTOB HEMOCPEICTBEHHO HAa OCHOBAaHUU
CIIOBAapHBIX MPU3HAKOB.

O06bekT kimacca 90 MOKET OBITh MIPEJICTABICH B TEKCTE allMO3UTUBHOW MMEHHOM TPYMIION, B
KOTOPO# OMOPHBIM CIIOBOM SIBJISIETCS POJIOBOE CIIOBO HIIM CJIOBOKOMILIEKC (THIT), @ UMSI TPUMBIKAET
K HeMy B nocTtno3uimu. Hampuwmep :

Mazucmpanvhsill Heghmenposod <30_tpaHch, Lex: tumr> "Arvmemvesck - Kyiioviwes 1" <30,
Lex: mmsi> 2

H3BJICKACTCA C TIOMOLIBIO IBYX MOJEJIe UIIN CXEM:

Scheme D0 _tumn : segment Kraysza, genre_segment Anonc (D)
argl: Term::tun&>0()
= Object :: D0O(Class: argl.Sem.20)

B nannoli cxeme TCPMHH HOOJIKCH O6J18.,Z[8.TB Npu3HakaMu mun MU 30 OOAHOBPEMCHHO, C
Y4YCTOM HCpApPXHU HACICAOBAHHA IPHU3HAKOB B CJIOBApPC. Ha ocnoBe TCPMHHA CO31aCTCA 00BEKT —
OK3CMIIIAAP MOHATHA OHTOJIOTHU 90, KJIacC 00BbEKTa MOXKET YTOUHUTBCSA B COOTBCTCTBHUU C
CCMAHTUYCCKHUM IIPU3HAKOM TCPMHUHA.

2
B npumepax B CKOOKax YKa3bIBAOTCA MPU3HAKU TEPMUHOB, 3a/IaHHBIC B CJIOBApe.
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Crenyromas cxema 3anoyisseT arpudyt Haumenosanue y o0bexta kiacca J0.

Scheme D0 _wuwms : segment Kraysa, genre_segment Anonc (2)
argl: 50 (Mwms: Q)
arg2: Term::umsa&»0()
Condition preposition(argl,arg2), Contact(argl,arg2)

= argl: (Haumenosanue: arg2.Name)

AHaJOTMYHBIM 00pa3oM MOTYT HU3BIEKaTbCsd O00BEKThl Opeanuzayuti, €CIU WX Ha3BaHUS
MIPUCYTCTBYIOT B cioBape (Hampumep, Ipancreghms <opr, Lex: ums>). B mpoTuBHOM ciydae, Ha
OCHOBE JIEKCHYECKOro MIabjoHa, BBIACNAIOMIEr0 (parMeHT TEKCTa B KaBblUKaX, (opMUpYETCs
TUIOTE3a, YTO 3TO UMS O0BEKTa, HO YTOUYHEHHE €ro Kjacca BO3MOXHO TOJBKO NpPHU HAIUYUU
TepMHUHa-KJIacCu(UKaTopa, JIMOO MPH MOCIEaYIOIIeH COOPKE CUTYaAIUH.

4.2. H3eneuenue cumyayuii. [Ipu moucke M BBIIBICHUU XapaKTEPUCTHK OOBEKTOB M HX
CBSI3€H, KaK MpaBUIIo, TpeOyeTcs MPOBEPUTH COYETAEMOCTh CEMAHTHUUECKUX /UM TPaMMaTHYECKUX
MPU3HAKOB OOBEKTOB. [l ommcaHus COYETaeMOCTH MpPEIUKATHBIX JiIeKceM Obul pa3paboTaH
CIIOBapb CEMAHTHKO-CHUHTAaKCUYECKUX KOHCTPYKIMI (aHamor Mojemneil ympaBleHHs), KOTOPBII
(buKcUpyeT ceMaHTUYEeCKHE BaJICHTHOCTH MPEIUKATOB, ONMKUCHIBAs UX B TEPMUHAX I'PaMMaTHUYECKUX
U CEMaHTHYECKHX IPU3HAKOB aKTaHTOB. JTO TO3BOJISET MPOBEPATh HAIMYUE YIPaBICHHUS B
aHAIM3UPyeMOM (pparMeHTe TEKCTa, T.e. COTJACOBAHHOCTh CEMAHTHUECKUX U CHHTAKCHUYECKUX
MIPU3HAKOB MPEIUKaTa U aKTAHTOB.

PaccmoTrpum mostamHoe (¢GopMHupoBaHHE C TOMOIIbIO Mozenel (akToB ¢parmeHTa
OHTOJIOTMH, OTHCHIBAIOUIETO JIEATEIHbHOCTh OPraHU3alMH HA DHEPTeTUYECKUX 00bEKTaX.

4.2.1. Co3paHue OTHOILIEHWI B COOTBETCTBUU C MOJIENBIO YIPABJICHHS MOKa3aTes
CUTYallUH.

Scheme Jlesit_Pecypc_1: genre_segment Anonc segment Kraysa 3
argl: Term::tpancn()
arg2: Object::Pec ()
arg3: Object::30_tpancr()
Condition Yup(argl, arg2), Yop(argl, arg3 ), preposition(argl, arg2),
preposition_priority (argl, arg3)
= ob = Object::()
Relation::[lest_Pecypc (first: ob, second: arg2)
Relation::Jlesst_Cpenctso (first: ob, second: arg3)

[Ipenukar npoxauxa MMeeT BAJIEHTHOCTH Ha CYILIECTBUTENIbHbIE KJIACCOB ‘30 TpaHCH U
“pec”. Dta mH(OpManUs TMO3BOJSET OJHOBPEMEHHO CO37aTh OOBEKT Kjacca /lesmenvHocmb WU
CBA3aTh €ro OTHOIICHUAMU C AprymMCcHTamMu, YAOBJICTBOPAKOIINEC CEMAHTUYCCKUM )51
rpaMMaTH4Y€CKUM YCJIOBUAM MOJCIIN YIIPABJICHUS. HaHHaH CXE€Ma IOKPOCT (l)paFMeHTI)I BUIA.
NpOKauKy Hegpmu no Hepmenposody, NPOKAYKA NO MpPYOONPOBOOY ABUAKEPOCUHA, NPOKAYKA

azepbatiodHcanckol Hepmu no mpyoam v T.11.
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4.2.2. V3BneueHue cyObeKTa AATEIbHOCTU

Scheme Cyowext ®aza Jlest: genre_segment Anonc segment Kraysa 4)
argl: Term:: Cas3 ()
arg2: Object:: lesrenbHOCTH()
arg3: Opr()
Condition preposition_priority(argl, arg2), Yup(argl, arg2)
postposition_priority(arg2, arg3), Yup(argl, arg3) ,
Corn(argl, arg3, {pox, uucio})
= arg2: (dasza: argl.Sem.dasza)
Relation::[lest_CyonexT (first: arg2, second: arg3)

Oco0OeHHOCTBIO paccMaTpUBAaeMOro MpumMepa sBiseTcs Haiauuue (a3oBOro riarosa
60300H06UMb B TUYHOU (OpPME, KOTOPBIA peal3yeT CBs3b C CYOBEKTOM JEATEIbHOCTH “‘Opr’.
Cxema (4) mno3BoiseT co3daTb 3Ty CBS3b C OJHOBPEMEHHBIM H3BJeueHUEM  (ha30BoOil
XapaKTEPUCTUKU EATEIbHOCTH.

[TpuBenennblii Habop Mozeneid (hakTOB IMO3BOJSIET HM3BJIEUb OCHOBHYIO HH(pOpMamui o
[EeJIeBOM CUTYyalluM U3 aHOHca TekcTa. JlomonHuTenbHas nHQopMalys As JaHHOW CUTYyallud —aaTa
1 reorpau4eckoe MECTOIMOIOKEHHE — U3BJIEKACTCS U3 JIUJIA C IIOMOIIBI0 COOTBETCTBYIOIINUX CXEM.

5. Pa3pemienue pedepennun o0beKkTOB. BakHOW MpoOieMoil aHanW3a TEKCTa SIBISETCS
yCTaHOBJIEHHE KOPE(PEPEHTHOCTH OOBEKTOB MPH MX MOBTOPHOM YIIOMUHAHUU. B olmiem cimyuae
OHTOJIOTMUECKUN TOJXO MO3BOJISIET PA3peUINTh peEepeHIInio Mocie OCHOBHOIO aHAllM3a TEKCTa B
MpoLIeCCe CPaBHEHUS U UACHTH(PHUKAIIMN 00bEKTOB (OTHOCUTEIBHO OHTOJIOTUH). DKBUBAJICHTHBIMU
C TOYKHU 3PEHHUS OHTOJIOTUU CUMUTAIOTCA OOBEKTHI C HEMPOTHBOPEUYMBBIMU KjaccaMu U Habopamu
atpubyroB [10]. OpgHako nA7s HOBOCTHBIX AHOHCOB MOKHO HCIIONB30BaTh WX IKAHPOBYIO
O0COOCHHOCTh, KOTOpasi 3aKjYaeTcs B TOM, YTO B CErMEHTE J/u0 OIUCHIBAIOTCS TE K€ CaMble
O0BEKTHI, UTO U B X301aiiHe, TOAbKO Oonee moapoOHO. [loaTOMy MOKHO BBECTH YTOUHSIOIINE
CXEMBbI BUJIA:

Scheme Refl genre_segment Anonc (5)
argl: Object::20(), segment Xa>0xaiin
arg2: Object::30(), segment JIuo

= Reference (first: argl, second: arg2)

JlaHHas Mojenb MO3BOJSIET 3apaHee 3a4aTh pedepeHLUaNbHbIE CBS3M, YTO YIPOLIAeT
IpoIelypy NONCKA SKBUBAIEHTHBIX C TOUKH 3pE€HHSI OHTOJIOTUU OOBEKTOB.

3akmoyenue. B crarbe omnmcaH MOAXOX K OpraHu3aluy IIpoLiecca W3BJICUEHUS
uHbOpMalMK TOJ] YIPaBIEHUEM OHTOJIOTHU. PaccMOTpeHBI OTJeNIbHbIE KOMIIOHEHTbI CUCTEMBI U
MPUBEJCH MPHUMEP H3BJICUECHUS KOHKPETHOM CUTYaIlH, ONKCHIBAIOLIEH NesTeIbHOCTh B 00JacTH
SHEPrEeTHKHU.

B nanbHelimmeMm mnpeanonaraeTcst co3laTh TECTOBYIO KOJUIEKIIMIO, B KOTOpOH OyayT
pa3MedyeHbl BCE BXOXJIEHHUS LEJIEBOM CHUTyallMM C HCIOJIb30BAaHUEM CHCTEMBI CEMaHTHYECKON
pasmerku [8]. Cucrema pa3MeTKH TI03BOJIICT BBIIEIUTh M CBS3aTh TEKCTOBbIE (hPArMEHTHI,
MPEJCTABIAIONINE TTOKA3aTeNld CUTYyallMil BBIOPaHHOTO THMAa M ()parMeHThbl, COOTBETCTBYIOIIHE
y4aCTHHKaM CHUTyalluu. Pa3MedeHHas TakuM 0Opa3oM KOJUIEKLMs MO3BOJMT, C OJHOW CTOPOHHI,
IpoBecTH OoJsiee JeTalbHBIA aHaIM3 IMPEJCTABIAIOUIMX 3TH CUTYallUM KOHTEKCTOB, 10paboTaTh
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JTUHTBUCTUYECKYIO 0a3y 3HAaHWU (CIOBapM W MOJENH), a C APYrod CTOPOHBI, — OICHUTH
3¢ (HEeKTHBHOCTh TMPEATIOKEHHOTO MOAXO0/A.
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Abstract. The paper describes an approach to automatic extraction of information about
events in the fuel and energy sector from the web news reports. The knowledge base of
the event extraction system consists of energetics ontology and linguistic resources.
Domain vocabulary includes terms with semantic features that indicate to ontological
concepts. Government patterns represent valences of predicate words and their possible
fillers described in terms of semantic and syntactic features. Segmentation rules
explicate formal and genre structure of the text. The process of analyses is based on
event extraction schemes which relate terms and patterns to ontology elements.
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AnomanvHoe mopcroe noomonaerue 6-7 ¢espans 2014 2o0a 6 patione Oxomcxa: Habar0OeHUs U

YK 551.466.63

AHOMAJIBHOE MOPCKOE MOATOILJIEHUE 6-7 ®PEBPAJIA 2014 TOJA B PAUOHE
OXOTCKA: HABJIIOAEHUA U MOJAEJINPOBAHUE
3osoryxun Amurpuii EBrensesny
K.r.H., Hay4HbIil COTPYIHUK JaOOPATOPUU LIYHAMH,
WNuctutyT Mopckoii reonoruu u reopusuxu J[BO PAH,
693022, r. FOxHo-Caxanunck, yi1. Hayku, a. 1 b, e-mail: DimZol@rambler.ru

AHHOTanusi. B crarbe paccMarpuBaeTrcs aHOMAJIbHOE MOPCKOE MOATOILIEHUE
OeperoBoii moJsockl B ceBepHOil yactu OxoTckoro Mops (mocenok OXOTCK - JIUMaH p.
Wns) 6-7 despans 2014 roma, BEI3BAaHHOE BBIXOJOM TIYOOKOTO MHKJIOHA ¢ Tuxoro
OKeaHa. AHalM3 NpeloCTaBICHHbBIX KOIBIMCKIM yNpaBIeHUEM IO THIPOMETEOPOJIOTUHU
U MOHHUTOPHHTY OKpY)KaloIlIed cpeibl JaHHBIX HAOJIIOJCHHM, a TakkKe BBIMOJIHEHHOE
aBTOPOM YHCIIEHHOE MOJICIMPOBaHNE B3aMMOJICHCTBHUS aTMocdepbl U oOkeaHa 6-7
¢deBpasis 2014 roma mokaszamu, YTO aHOMAJIbHOE MOPCKOE MOATOIICHHE OeperoBoi
moJIochl B pailoHe mocenka OXOTCK ObLJIO BBI3BAHO METEOIYHAMH, IMOPOKIAEHHBIM
BBIXOJIOM TIyOOKOTro IUKJIOHa ¢ Tuxoro okeaHna. Pe3yibTarhl ncciaenoBaHUsl TOBOPST O
TOM, YTO METEOLYHAMH, BbI3BAHHBIE JBUKEHUEM LIUKIIOHOB, ITPEACTABIISIIOT CEPbE3HYIO
yrpo3y mis nodepexbs Jansuero Boctoka Poccuu.

KuroueBbie ciaoBa: MereonyHaMy, LMKJIOH, aHOMAJIbHOE MOPCKOE IOATOILICHHUE,
JaHHbIE HAOIIOACHUN, YUCICHHOE MoieTupoBanue, OXoTckoe Mope, OeperoBasi TUHUS,
nef], IPUJIUB.

Beenenne. Llynamu — 3T0 IJIMHHONIEPHOJHBIE BOJIHBI, BO3HUKAIOIIUE B MOPSAX M OKEAaHaX 110
psany npuuuH [6]. CornacHo ucropuyeckoit 6ase ganubix [13], B Tuxom okeaHe 0CHOBHOM BKJIaj B
o0pa3oBaHue IIyHaMU BHOCAT 3eMiieTpsceHust — 79 %, onon3uu - 6 %, u3BepKeHust BYJIKaHOB - 5 %0,
g 7 Y% WCTOYHHMK HEW3BECTEeH, M JHllb 3 % IlyHaMu O0O0pa30BaJUCh 10 METEOPOJIOIMYECKUM
IpUYrHaM (MeTeollyHamH). MeTeollyHaMu — 3TO BOJIHOBBIE JBHKEHMSI MOpS, MUMEIOIIUE TE Ke
MIEPUO/IbI, YTO U BOJIHBI LIyHAMH CEHCMUYECKOTO MPOUCXO0XKICHUS, U aMILITUTYbl OPSAIKA JECITKOB
CaHTHMETPOB, PEIKO METpoB. B MHUpPOBOIl OKeaHOIIOTMUYECKON MPAaKTUKE W3BECTHO, UYTO CUJIbHBIE
METEOILlyHaMH MOT'YT NMPUHOCHUTH OE/ICTBUS U pa3pylIEHUs B MPUOPEKHBIX TOPOAAX M IOCENIKAX.
OTHU JJIMHHBIE BOJIHBI CIOCOOHBI JIETKO MPOXOAUTH MO/ JIEAOBBIM MOKPOBOM, TPAKTUUYECKH HE TEpsis
coeid suepruu [7, 11, 12]. IlpuunHamMu MeTeollyHaMU MOTYT OBITh CKAaYKW aTMOC(EPHOTO
JaBJIEHUs, Ta(PYyHBI, yparaHsl, ITOPMa, X0JOAHBIE PpOHTHI U T.1. B pabore [5] paccmaTpuBatoTcs
MeTeolnyHamu B OXOTCKOM MOpE€, BbI3BaHHBIE IBUKEHUEM LIUKJIOHOB.

Crarbs MOCBSIIEHAa OMMCAHUIO M MOJEJIIMPOBAHUIO aHOMAJIBHOI'O MOPCKOIO MOJATOMJICHUS
OeperoBoil mosiockl B pailoHe mnocenka OXOTCK, KOTOpo€ ObUIO BBI3BAHO METEOIyHAMH,
MOPOXKJIEHHBIM BBIXOJIOM TTyOOKOT0 IIMKJIOHA ¢ THXOro okeaHa.

1. Onucanue aHoMajabHOro sBJjeHusi. Houwsto 6-7 deBpans 2014 1. mpowmsouwio
aHOMaJIbHOE€ MOPCKOE MOJITOIIIEHHE OeperoBoii mosockl B ceBepHOi yacti OX0oTckoro Mopst (paiion
nocenka Oxotck - mumad p. Uus). [1pu 3ToM nMeno MecTo moATomIeHrne ABOPOBBIX Tepputopuit 15
YaCTHBIX XHWJIBIX JOMOB B mocenke Oxorck. XXutemu 33 1oMoB ObUTM BPEMEHHO OTCEJIEHBI, 0€3
AJIEKTPOIHEPTUH OCTAIUCHh 120 YaCTHBIX JOMOB C MEYHBIM oToruieHueM [2, 4]. B numane p. Uns
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paHHUM yTpoMm 7 (eBpans peiGakamu 3aUKCUpOBAH IIJIABHBIM MMOIBEM YPOBHS MOpS U
MOJTOIUICHHE Oepera, B 3aKpeITOM OyxTe AsH mpousomiena B3IoM mpunas. HeoObraHOCTH
aHoMasibHOTO siBIeHUs 6-7 ¢eBpans 2014 1. 3akmoyaercs B HOJBEME YPOBHS MOpPS BBIIIE
KPUTHUYECKOI'O YPOBHSI BOJIHOBOTO 3aruiecka aisi TyHrycckoi Kocel B pailoHe OXoTcka B 3UMHEE
BpeMsl, KOI'Jla HarOHHasl COCTAaBJISIOLIasl HE MOIJIa BIMSTh HAa M3MEHEHUE YPOBHS H3-3a JIEIOBOTO
MOKpOBa, a BBICOTA HAOIIOJAaeMOro BOJHEHHS (2-2,5 M) Oblla HAMHOTO HW)XKE YCTaHOBIIEHHOTO
KpUTEpHSI ONACHOTO SIBJICHUS (BOJHEHHUE COCTaBIsET Oosee 6 M, ypoBeHb Mops - Oonee 750 cMm Hax
teopernyeckuM HyneM rinyoun (THI')). CkopocTs mopsiBoB BeTpa HOUbIO 6-7 ¢eBpans 2014 r.
nocrurana (cornacHo ormneparuBHoW wuHpopmanuu) 20 m/c. ObOcnemoBaHue paiioHa MOPCKOTO
noaroruieHuss TyHTycCKOM KOChI IOKa3ajo, YTO IPEBBIIIEHHE YPOBHS ONACHOIO SBJIEHUS C
BOJIHOBBIM 3arieckoM coctaBuiio 100-150 cm. Takum o6pa3zom, oOIiiee MOBHIICHHE CYMMapHOTO
YPOBHSI MOPsl M BOJIHOBOT'O 3aIIJIECKA MOTJIO COCTaBUTH 0K0JIO 8,5-9 M Hax THI'. ITo MHeHuMIO K.I.H.
Bpaxkuna A.B. (JIBHUI'MHN), noaroruienue 7 ¢epans 2014 r. He BpI3BaHO 3bI0bI0. B deBpane
2014 rona nenoBblie OIS paCIPOCTPAHWINCH K FOTY 10 55° ¢. 1. Ha paccTosHue okoiio 360-500 km
(200-250 muip) oT Oepera W JODKHBI OBUIM TaCHTh BBICOKOYACTOTHBIC CHEKTPHI IITOPMOBOTO
BOJIHEHUS YK€ BOJIM3M KPOMKH, HCKJIHOYas BO3AECHCTBHE 3HAUUTEIBHOIO HArOHA HAa CEBEPHOE
nobepexxbe Oxorckoro mops [12].

Havanenukom otnena rugpomereoposnoruud mopst Konsimckoro YI'MC B.b. TropHuHBIM
ObUIO BBICKA3aHO TIPEATOJIOKEHHE, YTO NPUYMHOM aHOMAJIBHOTO MOPCKOTO MOJATOIUICHHS
OeperoBoii mosnockl B paiione Oxorcka 6-7 ¢espans 2014 1. OBIO METEOIYHAMH, BBI3BAHHOE
IyOOKHM IUKIIOHOM, mpomeamuM 5-6 ¢espans depe3 Oxorckoe mope [12]. C menpio aHammza
IIPUYMH aHOMAJbHOTO SIBJIEHUS AaBTOPOM OBLIO BBIIOJHEHO YHCIEHHOE MOJEIUPOBAaHUE
B3anMOJIeHCTBHS aTMOoc(epbl 1 okeaHna 6-7 despais 2014 r.

2. [IpumensieMasi yucJeHHast Moielib. [Ipy YylCIeHHOM MOAECTMPOBAaHUU B JJAHHOM padoTe
OBLT UCIOJIB30BaH pa3paboraHHbii B 1997 rony cnenuaibHbIM KOHCTPYKTOPCKUM OIOPO CHUCTEM
aBTomMatuzauuu Mopckux wuccineposanuii /IBO PAH (CKb CAMU JIBO PAH) xommiekc
BBIYHCIIUTENBHBIX IpoLeayp (mporpaMMHbIi kommieke) “ANI” [8, 9, 10].

B nmanHOM mporpaMMHOM KOMIUIEKCE B OCHOBE Ipa)UyecKoil CHCTEMBI U MaTeMaTHKH JIJIs
KapTorpaguueckux MnpeoOpa3oBaHMM 3aj0XKeHa IoJIHAs TEH30pHas CXema IpeoOpazoBaHus
KOOp/IMHAT C COXpaHEHHEM MpsIMOl M 00paTHOM MaTpuilbl TpaHchopmarnmu. J[s MoaeTpoBaHus
KMHEMAaTHKH BOJHOBBIX (DPOHTOB ObUIa pa3paboTaHa CHelHalbHAs YETHIPEXTOUEHHAs pacdyeTHas
cXeMa, B KOTOPOM MCIONb3YyIOTCS MPOU3BOJIHBIE 110 HANpaBleHUI0. B qaHHOM anroputMme pacuera
BOJIHOBBIX (DPOHTOB JTOCTUTHYTa JOCTaTOYHO BBICOKAs IJ1aJIKOCTh JUHUHM (PPOHTA, YTO MO3BOJIUIO
peasin3oBaTh OBICTPBIA pacueT Ko3((UIMEHTOB YCHUJIEHHS BOJIHBI I[yHaMH Ha OCHOBE MOJENU
«CBEpXJMHHBIX» BOJIH (HE 3aBUCALIMX OT IEPHOJA BOJIHBI). 3/1€Ch HCIOIb3YIOTCS YpaBHEHHS
OJIHOMEpPHOT0 HaKaTa C y4eTOM CXOJMMOCTH JY4YeBBIX TPYOOK (C yuyeToM KpUBHU3HBI (ppoHTa). B
Ka4yeCcTBE BBIYHCIMTEIBHON MOJENH AMHAMUKHA OKEAHCKHX BOJIH OBLI BHIOpaH METO] "KOHEYHOTO
o0bema" [1], mo3Bossitonuii ONKUCHIBaTh (PU3UKY SBIECHUS HEMOCPEICTBEHHO B KOMITBIOTEPHON HJTU
BBIYUCIIUTENIFHOW TEPMUHOJIOTHHA. B JaHHOM ciydae 3TO MOJENb JUIMHHBIX BOJH, 3aJaHHAs B
MMOTOKaX W OMNpeJeieHHass Ha cdepuueckorl 3emiie ¢ paBHOMEPHOW CETKOW B MEpPKaTOPCKOU
MpoeKIHMU. BpuncnurenbHass MOAENb MOCTpOEHa TakKUM o0pa3oM, 4TOObI BCE JOIMOJHUTEIbHbBIE
¢bu3nyecKkre XapakTepUCTUKH, TaKKe, Kak cepruuIHOCTb U BpallleHne 3eMJId, TPEHUE O MOPCKOE THO
1 Bo3JeicTBUE aTMOc(epbl, MOTJIH Obl OTAENATHCA WU JA00aBISATHCS K OCHOBHBIM YPaBHEHHSIM B
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mo0oe BpeMsi B MPOIECCE MOAETUPOBaHUs MO KomaHjae uccienoparens [9]. Takue ypaBHEHUS
MO>KHO OTIPENIENIUTh, KaK pa3Jelsionmecs no pu3ndeckuM mporeccam [3].

B neiictByromieii Bepcuu mnporpammbl s MOJECJIMPOBAHMSI METEOLlyHAaMH U BETPOBBIX
HAroHoB ObUIa peann3oBaHa npeaaoxenHas B. H. XpaMymuHbsIM MOAETH «MaJIOTO Kpyray IUKIOHA
[8]. B manHON Mozenu peanu3oBaHO MOJAEIUPOBAHHE BO3JECHCTBUS HA IOBEPXHOCTb MOPS CO
CTOPOHBI aTMOC(EPHOT0 LMKIOHA WM TailpyHa, KOTOPBIA MOXKET JBUTATbCSA MO NPOU3BOIBHOM
KPUBOJIMHEMHOM TPaeKTOpUH, 3alaHHOM CIelMaIbHbIM PAaCIMCAaHUEM JIBUJKEHUS BO BPEMEHH, IJe
BJIOJIb TPAaEKTOPUH IUIABHO HM3MEHSIOTCS pa3Mepbl aTMOC(HEpHOTO BUXPS, BEIMYMHA JABICHUS
BO3JyXa B €ro IIEHTpPE, CKOPOCTh MAaKCHMAaJIbHOTO BeTpa U KOI(D(UIMEHT MOBEPXHOCTHOTO
HaNpsDKCHUs Ha TpaHUIe BOJA-BO3MyX. JlaHHas peanu3anus BBINOJHEHA TaKUM 00pa3oM, 4TOOBI
0e3 crenuasbHOW NEepepadOTKU CTPYKTYPbl TPOTPaMMbl MOXHO OBLIO OBl  THOIKITIOYUTH
OIIEpPaTUBHBIC KAPTHI PEATHHOTO aTMOC(EPHOTO JABJICHUS U PEATBHOTO paclpeeTIeHNUs BEKTOPHBIX
nosieit Berpa [9]. B pabote [5] moka3aHa BO3MOKHOCTh MCIOJIB30BAHUS MPOTPAMMHOIO KOMILIEKCa
“ANI” 1 Mozienu «Manoro Kpyray LUKJIOHA JUIsl OUEHKH BbICOTHI METEOLlYHAMHU.

3. Ilapamerpbl BBIYMCIAUTENBHOr0 3KcnepuMeHTa. [lapameTpsl BBIYUCIUTEIBHOTO
9KCIIEPUMEHTA ObUIM IMOJy4Y€Hbl aBTOPOM HAa OCHOBE JIaHHBIX O T'MJIPOCHHONTUYECKON 00CTaHOBKE,
B3ATBIX W3 THIpojorndecko-cuHontudeckux kapt (I'CK) 3a 5-7 d¢eBpans, mpemocTaBiIeHHBIX
KosbIMckuM yripaBiieHHEM 110 THAPOMETEOPOJIOTMH 1 MOHUTOPUHTY OKpYsKarolen cpeasl (puc. 1).
Ha kaprax xopoio BujeH IIyOOKHMW IMKJIOH, MPOXOJSIINN 4Yepe3 ceBepHyr udacTb OXOTCKOro
Mops. Paauyc «Manoro Kpyra» MOJIEIbHOIO IIUKIOHA ONPEAEISICS B COOTBETCTBUU C pealbHBIMU
pa3MepaMy LUKJIOHA (B JAHHOM CJIy4ae OH COCTaBJsUl 2 peajbHOro pajauyca LUKIOHA). [pyrue
IapaMeTpbl YUCIEHHOTO AKCIIEPUMEHTa (Ha4yajabHble U KOHEUHbIE KOOPAMHATHI LIEHTPA MOJAEILHOTO
[IUKJIOHA, TIeperaj] AaBJIeHHUs B IICHTPE HMKIOHA, MaKCUMallbHasi CKOPOCTh BeTpa Ha 1/3 pammyca
IUKJIOHA) TaKKe ObLIH B3sITHI aBTOpoM u3 ['CK.

MerteollyHaMi B JJaHHOM JKCIEPUMEHTE MOJEIUPOBATIOCH MYyTEM IMPOXOXKICHUS «Majoro
Kpyra» MOJIEJIbHOTO IMKJIOHA MO IJaJKOW TPaeKTOPUHU BJAOJIb MaplIpyTa IBUKEHHUS pPEalbHOTO
uukiona. [lo 3aBeprieHMHM MaplipyTa MOJAEIBHOTO IMKJIOHA IPOUCXOJWIO €ro paspylleHHe,
BBI3bIBAIOIIEE BOJIHBI, CXOJHBIE C BOJHAMHU IyHaMu. lIpuiauBHBIE BOJIHBI U BIUSHUE JIEASHOTO
IIOKPOBAa HE MOJEIMPOBAINUCH. Pe3ylnbTaToM UYHCIEHHOIO MOJEIMPOBAHUS SBISIOTCS MOJEIbHBIC
MOpeorpamMmbl JUlsl OTAENbHBIX TOuYeK KapThl. [‘MapocuHonTHuYeckas o0OCTaHOBKAa JaHa IO
BceMupHoMy BpeMenu (BCB), ornuyaromemMycst oT MecTHOro Ha 12 yacos.

[TapameTpbl YMCIEHHOTO SKCIIEPUMEHTA MPEACTaBICHBI B Tabauue 1.

Tabauua 1. [TapameTpbl UNCIEHHOTO SKCIIEPUMEHTA

N/N t 0 A D P V
1. 6.02.2014,00h | 53° 150° 675 53 22.5
2. 6.02.2014,06h | 55° 147° 585 43 25

t - BpeMms B qHsx U yacax (BCB), Ha koTopble 3a1at0TCsl mapaMeTphl [IUKJIOHA.
@, A — reorpaduueckre KOOpaAuHaThI (IIXPOTa U JI0JIT0TA) [IEHTPa [IUKIIOHA;
D - nuameTp «Masioro Kpyra» MoJIeJIbHOTO UKJIOHA IO BHIPABHUBAHMSI IaBJICHUS, KM;
P - mepemnaj naBneHus B IIEHTpE IIUKIOHA, MO;
V - MmakcuMalibHasi CKOpOCTh BeTpa Ha 1/3 paamyca nHUKIOHA, M/C.
3HaueHue ko3(pPuirieHTa HOBEpXHOCTHOTO HaMpsLKeHUs puHUManoch p=0,002.
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4. PesyabraThl BBIYHCJAMTE]BHOIO JKCcIEepUMeHTa. B pesynbrare 4HCIEHHOTIO
MOJIETUPOBAHUSl aBTOPOM OBUIM IOJIyYE€Hbl MOJEIbHBIE MOPEOTPAMMBI ISl OTAEIBHBIX TOYEK
KapThl: JUIsl KPOMKH Jiba (KOOpAMHATHI MopeorpadHoi Touku 55°34" c. m1., 147°53" B. A.) u ans
6m30eperoBoil Touku B pailone Oxorcka (koopauHaThl MopeorpadHoi Touku 59°18'59" c. m.,
143°11'55" B. n., tmybuna 3 M., paccrosiHue 10 Oepera 3,61 km). beperoBas mMopeorpamma s
O6epera Oxorckoro Mopst B paiioHe OXOTcka @OJyyeHa IyTeM Iepecyera MOPEeorpaMMbl
051n30eperoBoil TOUKM Ha Oeper ¢ HCMONIb30BAaHHUEM BCTPOEHHOTO B IPOTPAMMHBIN KOMILIEKC
“ANI” pacuetHoro monayns [8]. MonensHble MOpeorpamMMbl JUIsi KPOMKH Jibna u Juisi OXOTcka
IIpe/ICTaBJIeHbI Ha puUC. 2.

AHaIM3 MOJIEbHBIX MOPEOTPaMM J1ajl CIEAYIOIIUE Pe3yIbTaThl:

Jns xpoMKH npaa Bpemsl epBOro BeTymuieHus cocrtaswio 1:06, 6.02 BCB; MakcumanbHas
BBICOTA BOJIHBI (OT rpebHs A0 moomBkl) - 0,53 M.

B paitone OxoTcka BpeMs MepBOro BCTyIUIEHMs MereonyHamu - 5:22, 6.02 BCB. Kpowme
TOTO, YHCJICHHOE MOJIEIMPOBAHUE TOKA3aJ0 YBEJIWYEHHE MaKCUMAaJIbHOM aMIUIMTYAbI JJIMHHOU
BOJIHBI B paiioHe OXOoTcKa MOYTH B 3 pa3a M MPOXOXKACHHS BOJHOBOTO maketa. C 6 ¢eBpays 10
nonynHa 7 QeBpans MojaenupoBaHUE BBIIBUIO Ha Oepery OXoTckoro mops B paiioHe OXoTcka
IIECTh BOJTHOBBIX MAaKCUMYMOB (pHC. 2).

Bropas no cuery makcuMmanbHas BOJHa, Aocturmas mnodepexss B 15:52, 6.02 BCB, ¢
pacyeTHOW aMIUIMTYJOM OKoio 1,2 M, XOpOIIO COBNAJa IO BPEMEHU C YTPEHHUM IPUIMBOM 7
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deBpans (monHas Bonxa - 4:24, 7.02 mo mectHoMy win 16:24, 6.02 o BCEMHUPHOMY BPEMEHH)
BbicoTOM 2,9 M Haxg THI', uro mo3BossieT MpeanoaoKuTh BKJIaJ JaHHOTO Ipollecca B YBEIMUEHUE
CYMMapHOI'0 YpOBHS BOJIHOBOTO 3aruiecka. [Ipu sTom mpenronaraeMas BbICOTa IIPUIIMBA COCTABUIIA
2,9 m+1,2 M=4,1 M.

Yrpennun npunus 7.02 (16:24 6,02 BCB) rM6(h=1.76rn)

MalheLsam L1 M3Ihe1.29m)  MAIneL.23m)MS(4 1.40m)

I0xoTcK "UQ%§ EHHE

M1(h=0.53m)

pBoe BcTynAeHue
en |
6.02 6:00 12:00 18:00 7.02 6:00 12:00 18:00 BCB

Puc. 2. Moaenbnbie MopeorpaMMsbl 17151 OXOTCKa U 1711 KPOMKH Jiba. Takke yKa3aHo Bpemsi
TIOJIHOM BOJIBI YTPEHHETo npuinBa 7 deBpas

VIMeHHO B 3TO BpeMs OYEBHJLBI HAOMIOJalM IOCTYIUIEHHE MOPCKHMX BOJ Ha YIHILBI
HACEJICHHOT' 0 MyHKTa. B TaHHOM ciy4yae MOXXHO KOHCTaTUpOBaTh (PaKkT coBNaAEHUs (a3bl MOIHBIX
BOJl C IIPOXOKJIEHUEM BTOPOIO pacuyeTHOI0O MakCMMyMa MeTeollyHamu. BerpoBast cocrasisromas
BOJIHEHMSI 110 JIaHHBIM METEOCTaHIMU Ha yTpo 7 ¢eBpais cocraBuia 2-2,5 M, HO yKe HayaJjcs
OTJIUB, YTO JIOJDKHO OBLJIO CHU3UTH BIUSHUE BOJTHEHHs Ha Oeper [12].

3akioueHue. AHanM3 JaHHBIX HAONIOJIEHUH M MOJENIBHBIX PacyeTOB CBHJIETEIBCTBYET O
TOM, 4TO aHOMaJbHOE MOpcKoe mnojroruieHue 6-7 ¢espans 2014 rona B paifone OxoTcka ObLIO
BBI3BAHO TIIIYOOKMM LHMKJIOHOM, CMECTHBIIMMCS B ceBepHY uacTb Oxorckoro mops ¢ Tuxoro
OKEaHa.

[To 3akoHy oOpaTHOro OapomeTpa B UHUKJIOHE CQOpMHUpOBaiach JUIMHHAs BOJHA
(MeTeolyHaMu) BBICOTOM OKou10 0,5 M, KOTOpast CO CKOPOCTBIO MEPEMEIIECHUs IUKIOHA CMECTHIIACh
K nobGepexbto. Ilpu coBmazeHun MeteonyHamu ¢ (a3oif MOJHOM BOJBI aMIUTUTYAa OCHOBHOI'O
MPUIMBA YBEIUYMIIACH 10 MAaKCUMAaJIbHBIX 3HaU€HHUH (0K0J0 4,1 M.), YTO, B COYETaHUU C BETPOBBIM
BOJIHEHHUEM, TIPUBEJIO K ITOCTYIUIEHUIO MOPCKUX BOJI Ha YJIMIIBI HaceJIeHHOro myHkTa Oxotck [12].

Takum 00pa3oM, BBIIOJHEHHOE aBTOPOM UYHCIEHHOE MOJETUPOBAHHE MOJATBEPIKIACT, UTO
aHOMAJIbHOE MOPCKOE IOJTOIJIeHHE OeperoBoil Mojockl B ceBepHOM dacTh OXOTCKOro Mops B
paifone mocenka Oxorck 6-7 d¢espans 2014 roga OBLIO CHPOBOIMPOBAHO METEOIYHAMH,
MOPOXKAEHHBIM BBIXOJIOM IIyOOKOro HMKIOHA ¢ Tuxoro okeaHa. /laHHOe HMccie0BaHUE, a TaKKe
pabota [3] cBHUIETENHCTBYIOT O TOM, YTO METEOI[yHAMH, BBI3BaHHbIE IBI)KEHHUEM IIUKIOHOB,
MPEJCTABIISIOT CEPhE3HYIO Yrpo3y A modepexbs JlanbHero Bocroka Poccuu.

ABTOp BBIpaXaeT OjaroJapHOCTh HayalbHUKY OTnena TUIPOMETEOPOJIOTHH MOps
Konsimckoro YI'MC b. B. TropHuHY 3a Ipe10OCTaBJIEHHBIE JJaHHBIE.
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ANOMALOUS SEA FLOODING 6-7 FEBRUARY 2014, IN THE OKHOTSK AREA:
OBSERVATIONS AND MODELING
Dmitriy E. Zolotukhin
PhD (Geographic Sciences), Researcher of Laboratory of Tsunami, Institute of Marine Geology and
Geophysics, Far East Branch, Russian Academy of Sciences (IMGG FEB RAS),
1B, Nauka Str., 693022 Yuzhno-Sakhalinsk, Russia, e-mail: DimZol@rambler.ru

Abstract. The paper contains the anomalous sea flooding of coastal strip in the northern
part of the Okhotsk Sea (Okhotsk settlement - estuary of river Yin) February 6-7, 2014,
caused by the release of deep cyclones from the Pacific Ocean. Analysis of observations
data provided by Kolyma Department for Hydrometeorology and Environmental
Monitoring and numerical modeling of the interaction between the atmosphere and
ocean 6-7 February 2014, performed by the author, showed that the anomalous sea
flooding of coastal strip near Okhotsk was caused by meteotsunami, begotten deep
cyclone exit from the Pacific Ocean. This study suggests that meteotsunami caused by
motion of cyclones pose a serious threat to the coast of the Russian Far East.

Keywords: Meteotsunami, cyclone, abnormal sea flooding, observations, numerical
modeling, Sea of Okhotsk, coastline, ice, tide.
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AHHoTanusi. B mnpencraBieHHOM cTaThe ONMCHIBAETCS IMOAXOJ K OpraHU3aluu
MHGOPMAIIMOHHON TOIEPKKA MYJIBTUIICHTPOBBIX HCCIICAOBAHHHA KadyecTBa >KU3HU C
MOMOIIBIO MCIIOJIb30BaHNS MHTEIUICKTYAIbHOM MH(POPMAMOHHOM cucTeMbl. biaaromaps
aBTOMATH3AlMM psiAa dTAloB OPraHU3alMU U MPOBEACHUS UCCIIEI0BAHUS 3HAYUTEIBHO
COKpALIAlOTCsl CPOKU IPOBEAEHUSA TAaKUX HCCIEIOBAaHUM, CHMXKAIOTCS TPYI03aTPaThl
uccienoBaTesieil M IOBBIIIAETCS TOYHOCTh pe3yibTaToB. Kpome TOro, B crarbe
paccMOTpeHa MHTEJUIEKTyalbHasl COCTaBJSAIOLIas TaKOM CUCTEMbl — IOCTPOECHHE
KOTHUTUBHBIX MOJIEN€H MHAMKATOPOB KadyecTBAa JKU3HM, KOTOpPHIE IO3BOJISIIOT
pa3pabarbiBaTh HOBBIE METOJbl OLEHKM KadyecTBa JKU3HM WM  OIICHHWBATh
cymectBytomue. Kpome Toro, Omaromapss KOTHUTHBHBIM MOJEISIM  BO3MOKHO
HCIOJIb30BAaHUE METO/JO0B  CIIEHAPHOTO IPOrpaMMHUpPOBAaHUS MPUMEHUTEIBHO K
MHJMKAaTOpaM KaueCTBA KU3HU.

KuroueBble ciioBa: KauecTBO XHU3HHU, CBA3aHHOE CO 3/I0pPOBbEM, HH(OpPMALMOHHAS
cucTreMa, KOTHUTUBHBIE KapThl, MTH()OpMaIMOHHAas [TOIepKKa

Beenenue. CeromHs BO BCEM MHpPE MPUHITO CUUTATh, YTO UENBID M PE3yIbTaTOM
JeSITEeIbHOCTH, OCYILECTBISIEMON OOIIEeCTBOM, sIBiseTcs NoBbllieHne kKadectBa xku3Hu (KOK),
Omarojaps ’TOMY OHO CTaJl0 MPEIMETOM M3YYECHHS JUISI MHOTUX HAYYHBIX JUCIHUIUIMH (Harpumep,
SKOHOMUKA, MEAUIIMHA, ICUXOJIOTHS, ToJIuTONIorus U T.11.) [1, 3, 8].

Cy1iecTByeT MHOTO Pa3jMYHBIX OMpeAeNeHui KadecTBa JKU3HMU, HO HauOoJee MOJTHO ATO
MOHSATUE PACKPBITO B 3apaBooxpaHeHuu. CorjmacHo mNpuHATOMY BceeMupHON opraHuzamuein
3/1paBOOXPAHEHHUS ONPEAEIICHUI0, KAYECTBO KU3HU— 3TO BOCHPUITHE UHAUBUIAMH UX MOJOKEHHUS B
KU3HH B KOHTEKCTE KYJIBTYPHl U CHUCTEME I[EHHOCTEH, B KOTOPHIX OHHU JKUBYT, B COOTBETCTBHH C
LETsIMU, OXHUJAHUSMU, HOpMaMu Hu 3a0otamu. KadecTBo >ku3HU omnpenensercss (U3NUecKUMHU,
COIMAIBHBIMA M SMOLMOHATBHBIMH (haKTOPaMU KU3HU YEIOBEKA, UMEIOIIMMH JIJII HETO OO0JIbIIoe
3HaveHwue [1].

CtpyKkTypa KauecTBa *XHW3HH HE SIBIsieTCA (DUKCUPOBAHHOW, TIO MEpe HaJO0OHOCTH B HeEe
N00aBISIIOT HEOOXOIUMBbIE HWHAMKATOPHl M KPUTEPUHM OIEHKW. biaromapss 3ToOMy OHO HAaILIoO
IIUPOKOE TPUMEHEHHE BO MHOTHX cdepax HaydyHOW W MPHUKIIATHON IEATEIHHOCTH 4YelioBeKa. B
YaCTHOCTH, Noka3arenb «KXX» ucnonp3yroT Kak TMAarHOCTUYECKNUN U TPOTHOCTUYECKNN KPUTEPUH B
MEIWIIMHE, a TaK »JKe, Kak WHANKATOp dS(PGEeKTUBHOCTH HOBBIX METOJOB TEpanmuu H
MEIUKAMEHTO3HOro JieueHnsa. B sxoHomuke n moymtuke KOK cramo mHamboniee 00OOMIEHHBIM U

YHUBCPCAJIbHBIM ITOKA3aTCJIIEM JId OLCHKU CTCIICHU Pa3BUTHUA PETHOHOB, JUHAMHWKA H3MCHCHUA
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MOKa3aTeNsl «KayeCTBO KH3HM» MOXET OTpaxkaTb 3(PQPEKTHUBHOCTb BEICHHS 3KOHOMHUYECKOH M
COLIMAJIbHOM MOJIMTUKU B PETUOHE U CTpaHe [4].

Ycenex m000ro uccieqoBaHUS JaHHOW 00MacTH B 3HAYUTEIBHOH Mepe 3aBUCHT OT
3G (PEKTUBHOTO HHCTPYMEHTApHUs, KOTOPBIM IO3BOJIUT aJEKBATHO OLEHHUTH CTOJb EMKYIO
KaTeropuio, Kak KadecTBO >KM3HU. OTCYTCTBHE €AMHOM METOAMKH W OOJBIIOE KOJIUYECTBO
MOJIX0/I0B, OOYCIIOBIEHHBIX MACIITAOHOCTHIO M MHOTOACIIEKTHOCTBIO 3TOM KaTETrOPHH, 3aCTaBIIAET
HCCIIeIoBaTeNe caMux pa3padaTbiBaTh CBOM COOCTBEHHBIE, aBTOPCKUE METOIMKU OLIEHKU KaueCTBa
xu3Hu. CeromHsi yKe CyllecTByeT OOJNbIIOe HMX KOJMYECTBO: OT Haubojee OOOOIMEHHBIX,
OXBAaThIBAIOIIMX  CaMbl€  CYLIECTBEHHBbIE CTOPOHBl JKM3HM 4YEJIOBEKa, JO JETaJlbHBIX
MHOTOYPOBHEBBIX CHCTEM C HOJPOOHBIM IEPEYHEM KOMIIOHEHTOB; OT O4YE€Hb IIMPOKUX,
BKJIIOYAIOLMX IIPAKTHUUECKW BCE ACHEKThl >KM3HEHHBIX LEHHOCTEH, O CPAaBHUTENBHO Y3KHX,
0a3upYIOUINXCS UCKIIOYUTEIHHO Ha YPOBHE MAaTEPHAIBLHOTO OJIarOCOCTOSHUSI.

CyObeKTHBHOE M3MEPEHUE I0Ka3aTels «KayeCTBO >KM3HM» OCHOBAaHO Ha pe3yjbTaTax
COLIMOJIOTMYECKUX OIPOCOB, KOTOPbIE B HAaUOOJbIIEH CTENEHU OTPAXKatOT LIEHHOCTHOE OTHOILIEHUE
PECIOHJEHTOB K YCJIOBHUSIM B 00IIecTBE. AHaU3 COLIMOJIOTMYECKON COCTABJISIONIEH IMO3BOJISET
MONYyYUTh TIIyOOKOE TMpeNCcTaBlieHHEe 00 O0OBeKTe WCCIeNOBAaHUA W BBIIBUTH IPOOJIEMBI,
OOHAPYKUTh MPUIUHHO-CIICACTBEHHBIE CBA3H. OOBIYHO, /IJIS1 OLIEHKHA OOBEKTUBHBIX COCTABIISIONINX
KauecTBa JKU3HU MCIOJIb3YIOTCS JaHHbIE TOCYJApCTBEHHBIX CTATUCTUYECKHUX CIIYKO, U CBElIEHUS,
IIPEIOCTABIIIEMbIE PECIIOHAEHTOM, B TO BpeMsl KaK CyOBEKTUBHBIE COCTaBISIOLIME MOXKHO
MOJIYYUTh UCKIIOYUTEIBHO MyTEM ONpOCca PECIIOHICHTOB.

[Tozncuér 3HaueHui nokas3aTenel NPOUCXOAUT MO AIrOPUTMaM METOJUK, B 3aBUCUMOCTH OT
UX CI0KHOCTHU UCTIOJIB3YIOTCS TUOO MPHUKIIAJHBIE TPOTPAaMMBbI, CIIEIUAIBHO pa3paOdOTaHHbIE s
M3MEPEHUs KaueCTBa KU3HU 110 KOHKPETHOM METOHKE, THO00 IEeKTPOHHBIE TaOmuIbl. [t ananmza
HCCIIEIOBATEN! TOJIb3YIOTCS TaKeTaMH CTaTUCTHYECKON U MaTeMaTH4ecKo 00pabOTKU JaHHbIX.

Bb160p METO/I0B OLIEHKH KayecTBa KU3HU OUEHb Ba)KEH, MOCKOJIBKY HANPSAMYIO 3aBUCUT OT
1[eJ1ei, KOTOpBIE CTaBAT Mepes] coO0M UccleoBaTeNy U pa3paboTUNKH METO/IA.

[Tpu pa3paboTke MeTOJa OLEHKM KauyecTBa >KU3HM HCCIEIAOBATENM CIEIYIOT CIEIYIOIIEMY
QITOPUTMY:

1. JlexoMmo3uIys KauecTBa )KM3HU Ha COCTABIISIIOIINE: OT/IE€IbHBIE DIIEMEHTHI, KOTOpPbHIE
MOKHO CYObEKTHUBHO UM OOBEKTUBHO OLICHUTb.

2. Bb100p Ba)KHBIX XapaKTEpUCTUK KayecTBa MKU3HU, KOTOPbIE CIEAYET BBIACIUTH B
MHAUKaTOphl. B 3aBucuMoOcTH OT 1enel ofHa MM HecKoyibko cocTaBismomux KK moryr ObITh
OXapaKkTepu30BaHbl 0oJiee MOJPOOHO.

3. [Tonck cmocoOOB YMCIEHHOW OLIGHKM WHIUKAaTOPOB KadecTBa KU3HU. B
3aBHCHMOCTH OT XapakTepa JaHHBIX HCCIIe0BaTeIN 00padaThiBalOT YK€ YHCIOBbIE, 0ObEKTUBHbBIE
JaHHbIE, TMOO0 MU(PPYIOT U TAIOT B3BEIIEHHYIO OLIEHKY OTBETAM PECIIOH/IEHTOB.

4. Pa3paboTka eaMHOro arperupoBaHHOTO TIOKa3aTeNs, KOTOPbIA BKIIOYAEeT BCE
MMEIOIIUECS UH/IUKATOPbI U, COOCTBEHHO, HAa3bIBAETCS MOKA3aTeNIEM «KaueCTBO JKU3HU.

Jnst pa3paboTku TOMOOHBIX METOJIOB OIICHKM KauyecTBa XW3HHM, a TaKXKe MJisi BbIOOpa
KOHKpPETHOTO0 METOJa Ul MCHOJIb30BaHUS B UCCIEIOBAHUU, UCCIEIOBATENSIM CIIETYEeT HE TOJBKO
MMETh KaK MOXHO 0oJiee TOUHOE MPECTaBIEHNE HE TOJIBKO O IENIAX HCCle0BaHre, HO U TIOHUMATh
COOTBETCTBHE JAHHOT'O METO/1a LEJISIM KOHKPETHOTO UCCIIeI0BaHUSI.

Panee mnpeanpuHUMamMCh TOMNBITKM CTPOrOM MAaTEMaTUYECKOW OLEHKH I0Ka3aTens

«KQUYECTBO XH3HH», OAHAKO, CO BPEMCHCM IIPHUIIIO ITOHHUMAaHHUE, 4YTO H02106HI)II\/II noaxoJ HE
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MIO3BOJISIET IOJIHOLIEHHO OXapaKTepU30BaTh CTOJb IIMPOKOE IOHATHE KaK KayeCTBO MKU3HHU,
MO3TOMY CETOJIHS NPUHATO KOMOMHHPOBATH OOBEKTUBHBIM M CYOBEKTHUBHBIN MOAXOJBI K OLIEHKE
KauecTBa JKU3HHU.

Jlns Gonee MOIHOrO MOHMMAHUS CTPYKTYpPbl KauecTBa JKU3HM B paMKax ONPEIEIEHHOTO
METOJ1a MPEeAJIAraeTcs UCIO0Ib30BaTh KOTHUTUBHOE MOJEIMPOBAHNE UHINKATOPOB KA4e€CTBA )KU3HU
U KOTHUTUBHBIE KapThl, KAK BU3yaJIbHOE NPEACTABIEHUE KOTHUTUBHOW MOAENH [7].

KornutusHoe MoziesinpoBaHue NpH OLeHKe Ka4yecTBa »KU3HU. KOrHUTHBHBIE KapThl Kak
METOJI UCCIICIOBAHUS OBLIM BIEPBBIC MpenoxkeHbl Podeprom Akcenbpogom B 1976 1. [11]. Onu
ObUIM TIpeHA3HAYCHBI JJIS1 MOJCIMPOBAHMS, aHAIN3a CUTYAIlUH U TIPUHSITUS PELICHUS B CUTYalUsIX
C BBICOKOH CTENEeHbIO HeompeieneHHoCTH. JlanpHeiinee pa3BuTHe KOTHUTUBHBIX KapT HAOII01aeTCs
B HANpaBJICHUU COBEPLICHCTBOBAHMSA amlapaTa aHAIM3a U MOJCITUPOBAHMA, HampuMep, B paboTax
D.A. Tpaxtenrepua u JLH. Cromspoa [9, 10]. KorHuTuBHOE MOJEIMPOBAHHE aKTUBHO
UCIIOJIb3YETCSI B MCCIIEIOBAHUSX MTPOOJIEMbI DHEPIreTUIECKO Oe3omacHocTH [5-6].

KoruuTtnBHas kapta — 3TO BHJI MaTeMaTUYECKON MOJIENH, MPEICTaBICHHON B BUae rpada u
MIO3BOJISIIOIIEN ONUCHIBATh BOCIPHUATHE YEJIOBEKOM WJIM TPYIION JOJEH Kakoro-inbo CI0XKHOTOo
00beKTa MM cucteMbl. M3 Teopun rpadoB B KOTHUTHBHBIX KapTaxX HCHOJB3YIOTCS TPH TOHSTHS:
LUUKIbl, MYTM M KOMIIOHEHTbl. B 4YacTHOCTH, 3JIEMEHThl M3y4yaeMOW CHCTEMbI Ha3bIBarOTCS
KOHLIENTaMH, B TIpade OHU MPEJICTaBISIIOTCS BEPIIMHAMHU, MPUUYMHHO-CIEACTBEHHBIE CBS3H —
HarpaBJIeHHbIMU qyramu [10-11].

CymecTtByeT psa pa3iMYHbIX MOJAXOAOB, KOTOPbIE MCIONb3YIOT MPU KOTHUTHUBHOM
MO/IETUPOBAHUU!

1. HccnenoBarenb, OCHOBBIBAsICH HA CBOMX 3HAHMSIX U JAHHBIX, CTPOUT KOTHUTHBHYIO
KapTy. DTOT croco0 MOAXOIUT ISl HEOONBIINX U MPOCTHIX CIIOCOOOB OIEHKH Ka4eCTBa KHU3HH, HO
o0JajaeT HU3KOM TOYHOCTBIO B CHITY CBOE€H CyOBEKTUBHOCTH.

2. IIpn pa3paboTke KOTHUTHBHBIX KapT TPUBJIEKAIOT CBEJIEHUS M JaHHbIE U3
JUTEPaTyphl U UHBIX JTOCTOBEPHBIX JOKYMEHTAIBHBIX UCTOYHHKOB.

3. B ciydyae ocBoeHust HOBoi 00nacTu, MO0 MpU HAJTMYUK HEOJHO3HAUYHBIX MOMEHTOB
UIs  pa3pabOTKH KOTHUTHBHOW KapThl NPUBJIEKAETCS KOJUIEKTHB HCCIEI0BaTeNeld, KOTOpbIE
COBMECTHO NPHHMMAIOT PEHIEHHE O CTPYKTYpE€ M COCTaB€ KOTHMTHBHOM MOJEIM C IOMOIIbIO
9KCIIEPTHOIO MOJIXO0/a.

4. KoMOuHMpoBaHHBIN OIXO/.

Mexny KOHLIEITAaMU KOTHUTHUBHOM KapThl MOTYT CYIIECTBOBATH CJIEAYIOIINE OTHOIIEHUS:
MOJIOXKUTEIIbHOE — U3MEHEHUS B CBA3AHHBIX KOHIIENTAX MMPOUCXOJAT B OJIHOM HarpaBieHuu (0ba B
OTpHULIATEILHOM MM 00a B MOJIOKUTEIBHOM), OTPULIATENHHOE — U3MEHEHUS B 3aBUCHMOM KOHIIETITE
MIPOUCXOJAT B MPOTUBONOJIOXKHOM HaNpaBieHUU (IPpU YBEIMYEHUH TMEPBUYHOTO KOHIIETITa
3aBUCHMBIN OyJIeT yMEHbIIAThCA U HA000pOT), HyJeBOE (B3aUMOCBS3H HET). YUUTHIBAs CIOXKHOCTD
BO3MOXXHBIX 3aBUCHUMOCTEH MEXJy KOHLENTaMHd B cdepe KauecTBa >KHU3HH, MOXHO BBECTH
JIOTIOJTHUTEIBFHBIC BapUaHTHI OTHOIIEHUI: He oTpunatenpbHoe {0,+}, He momoxurensHoe {0,-}, HE
HylneBoe {+,-}, yHuBepcaibHoe {+,-,0}, amOuBanentHoe (a). Kpome TOro, momycTumMo 3ajiaBaTh
3HaYEHUE OTHOUIEHMs (CBSI3U) YHCIEHHO, (YyHKIHMeH mubo anroputMom, Ojaroaaps 3TOMY
KOTHUTHBHAsI MOJieJb 00JafaeT TMOKOCThIO M BJMSHHE KOHIENTOB APYr Ha JApyra JIOCTaTOYHO
BapuabenbHO. B cBeTe ncnoip30BaHns KOTHUTUBHBIX KapT AJIs OIIEHKU Ka4eCTBA KU3HU 3TO UTpaeT
00JIBIIYIO POJIb, 3a4ACTYIO0 OJUH U3 MHIUKATOPOB KAueCTBA KU3HU HE3HAUUTEIHHO U3MEHSETCS 10
TeX IMOp, NOoKa BHEMHUN (akTop Kosuelnercs B JOMYCTUMBIX (JOCTATOYHO HMIMPOKUX) MHTEpBajax,
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OJTHAKO TIPH BBIXOJIE 3a TPAHMIBI «KOM(OPTHOrO» AHMANa30HA 3HAUEHUH WHAMKATOP KadecTBa
KU3HU MEHSETCS 3HAYUTENIbHO. Takke, MCIONb30BAHUE UHMCIEHHBIX BECOB OTHOUICHUN MEXIY
KOHLENTaMH I103BOJMT OXapaKTEepU30BaTh TAaKUE CiIydadl, KOIJla Ha OJUH KOHIIENT OKa3bIBAKOT
pa3IUYHOE 10 CUJjie, TMO0 HAPABICHUIO, BIUSHUE HECKOJIBKO IPYTUX KOHIICTITOB.

[Tocne Toro, kak McciaenoBaTeIN OMPEICIAT BECh HAOOpP KOHLIENTOB M OTHOIICHHHA MEXKIY
HUMH, OyJIeT TOCTPOCHAa KOTHUTHBHAS KapTa, MOXHO OIBITHBIM ITyTE€M MPOBEPUTH €&
JOCTOBEPHOCTh Ha HaOOpe MMEIOUIMXCS [JaHHBIX O T[IOKa3aTensx KadectBa >Ku3Hu. [lpum
CYLIECTBOBAHMM CBEJIEHUI O 3HAYEHMM WHIMKATOPOB KAadeCTBAa YKU3HU HA JIOCTAaTOYHO OOJIBIION
BBEIOOPKE MOXHO MAaT€MaTUYEeCKH IPOBEPUTh HAJTMYHUE CTATUCTUYECCKH 3HAYUMBIX KOPPEISIUit
MEXIYy OTACIbHBIMM HMHAMKATOPAMH, a TaKKE€ MEXIy HHAUKATOPAMH KayecTBa KU3HU W
(dakTopamMu BHELIHEH cpenbl (IKOJIOTUYECKOE COCTOSHUE, CTENEHb 00eCHEeueHHOCTH pPeCcypcami,
Ka4yecTBO YCIYT B cpepe 3apaBooXpaHeHus, u T.11.). Ecinu koppersiimuu OyayT oOHapyKEHBI, MOKHO
OTIPEICNIUTh KOBAapUAIUIO WIH KOI((UIIMEHT KOPPEISLUUU U HAa OCHOBE YHMCJICHHBIX IOKa3aTesel
eme Oonee A(PGEKTUBHO HCHOIB30BATH KOTHUTHUBHYIO KapTy, NPUCBOMB JyraM HE TOJBKO
HaIpaBJICHUE, HO U BECOBBIE 3HAUEHUS, OTPAXKAIOIIME, HACKOJIBKO CUJIBHO WM3MEHEHHE OJIHOTO
II0KAa3aTeJsl BIMAET Ha 3aBUCUMbIE OT HErO KOHLENTHI.

KoruutuBHas kapTra CTaHOBUTCS MHCTPYMEHTOM, CIOCOOHBIM HE TOJBKO OINMCATh
KAueCTBEHHO CTPYKTYpPY MHAMKATOPOB KayecTBa KM3HU, HO U KOJMUYECTBEHHO OXapaKTepU30BaTh
B3aMMO3aBUCUMOCTH MEXJY WHIMKATOpaMU KadyecTBa XU3HU M (akTopaMu BHEIIHEH CpEeIbl.
KonuuecTBeHHas oOlleHKa KOppelsaUMid MeXAy KOHUENTaMM KOTHUTHUBHBIX KapT IO3BOJISET
HCI0JIb30BaTh BO3MOKHOCTH MOJIEIMPOBAHMS M CLIEHAPHOTO MPOrpaMMHUPOBAHUS PUMEHUTEIHHO
K KayecTBY JKM3HH, YTO 3HAUUTEIBHO pAacIIUpsieT BO3MOXHOCTH JaHHOIO METO0/a, €ro
MIPaKTUYECKYIO U HAYYHYIO 3HAUUMOCTb.

B kadectBe BHEmHUX (PAKTOPOB B KOTHUTHBHOM MOJIEIM MOTYT BBICTYNATh pPa3jINvHbIC
MOKa3aTeiad, HMEIOIIME 3HAYUTENIbHOE BIMSHUE Ha KadecTBO JKU3HU, HAIpHUMEp, CTENEHb
00€eCIIeYeHHOCTH SHEPreTUYEeCKUMH pecypcamH, JUIsl OLEHKH KOTOpOM aBTOpPOM MpeIaraeTcs
WCIIOIh30BaTh CIICIMAIIbHBIN OMPOCHUK [2].

OnpocHUK COCTOUT U3 TpeX OJIOKOB:

1. B nepBom 0510ke peCHOHJIEHT JaeT OLIEHKY CBOEH MOTPEOHOCTH B SHEPreTHUECKUX
pecypcax (pailoH NMpPOXXUBaHUS, HAIWYUE I[EHTPAIU30BAHHBIX CHCTEM TEIUIO-3JIEKTPOCHAOKEHMUS,
HaJU4He JIMYHOTO aBTOTPAHCIIOPTA, U JIp.)

2. Bo BTrOpoM 0j0KE ONpOCHMKA PECTIOHACHTY Mpe/laraloT OLEHUTh (PUHAHCOBYIO
COCTaBJISIONIYI0  OOECHEYEeHHOCTH  JHEepreTMYecKuM  pecypcamu  (ypoBeHb  J0X0ja,
NpUOIN3UTENbHAS 10JI I0XOA0B, KOTOpasl 3aTpauuBaeTcs Ha OIUIATy LEHTPaIM30BaHHOIO TEIJIO-
anekTpocHaOxkeHus, mu6o Ha 3akynky KIIT, temnsl pocta Tapudos u np.)

3. B tperbem 60Ke pecrnoHIEHT CyOBEKTHMBHO OIIEHHWBAECT YPOBEHBH OOECIIEUYEHHOCTH
SHEPreTUUYEeCKUMH pEecypcaMu, JaeT OLIEHKY YIOBJIETBOPEHHOCTH KadeCTBOM padOThl TeIIo-
SHEProcOBITOBBIX KOMIAHUH U XapaKTepU3yeT CTENEeHb BIUSHUS SHEPTETUKU Ha Ka4eCTBO JKU3HHU.

C uenpio JEMOHCTpAlMM BO3MOKHOCTEM KOTHUTHUBHOTO MOJEIHMPOBAHMSI HHAWKATOPOB
KauyecTBa >KM3HM aBTOPOM pa3paboTaHa KOIHMTHBHAs MOJI€Jb KauecTBa >KU3HH, CBA3aHHOIO CO
3nopoBeeM (puc. 1), ¢ ydetom BHemHUX (akTopoB, mis xutenet Mpkyrckoit obmactu. Kpome
TOTr0, ObUIa CO3/JaHa KOTHUTUBHAS MOJIENb YK€ CYIIECTBYIOLIEH METOAMKHN OLIEHKH KaueCTBA KU3HU
SF-36 (puc. 2).
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KauectBo
BO3/yLLIHOM Mcmxonornyeckoe CoumanbHan CybbekTnBHan
CPeAb! GyHKUMOHMpPOBaHME cOCTaBAAWAA

O6beKkTMBHaA

KayectBo
JKonornyeckoe
KayecTBo KM13HKU

BOAHOM
COCTOAHME

cpeap!
/ YpoBeHb

KayectBo obecneyeHHOCTH

nouysbl SHepropecypcamu

YpoBeHb obecneyeHHOCTH
nuTaHWem

ObecneyeHHOCTb pecypcamu
3/ paBOOXpaHEHUA

Puc. 1. KorautuHas MOJCJIb Ka4€CTBA ) KU3HH, CBA3aHHOI'O CO 310POBLEM,
C Y4€TOM BHCIIHUX Q)aKTOpOB, BCC AyTH «H»

Puc. 2. KoruutuBHas Mo/ieNib KauecTBa KU3HU 10 MeTouke SF-36, Bce 1yru «+»

PF (Physical Functioning) - ¢usudeckoe GpyHKIIMOHUPOBAHHUE.

RP (Role-Physical Functioning) - poneBoe ¢byHKIIHOHHPOBaHKE, 00YCIOBICHHOE
(U3UYECKUM COCTOSTHUEM.

BP (Bodily pain) — uaTeHCHBHOCTB 0OJTH.

GH (General Health) — o61iee coctosiHue 310pOBbBSI.

VT (Vitality) — »xu3HeHHas! aKTHBHOCTb.

SF (Social Functioning) — corransHoe GyHKIIMOHUPOBAHUE.

RE (Role-Emotional) - posiieBoe ¢pyHKIIMOHUPOBAaHUE, 0O0YCIOBICHHOE SMOIIMOHAIBLHBIM
COCTOSTHHEM.

MH (Mental Health) — ncuxudeckoe 310poBbe.

PHC (Physical health) — o6mmuit kOMIOHEHT GU3NYIECKOTO 3T0POBbSI.

MHC (Mental health) — oOmmii KOMIIOHEHT TICUXUYECKOTO 37I0POBbSL.

QoL (Quality of Life) — naTerpanpHbIil moKa3arellb KauecTBa KU3HH.

COD3p — creneHb 00eCeYeHHOCTH SHEPTETUUECKUMHU PECYPCAMHU.
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Cxema HHGOPMALIMOHHBIX MPOLECCOB NMPH OlleHKe KayecTBa :ku3HU. Ceroans B Poccun
opranuzanysi MH(OOPMAIIMOHHBIX MMOTOKOB B OOJBIIEH YaCTH MYJIbTHIIEHTPOBBIX HCCIIEIOBaHUN
BKJIIOYAET JUIMHHYIO TOCJIEJOBATEIbHOCTh JEHCTBHA. 3alOJIHEHHBIE PECIIOHICHTaAMU OyMa)KHbIE
OIIPOCHUKU BPYUYHYIO 00pabaThIBAIOTCS UCCIIEAOBATEIMU, PE3YIbTaThl 00pabOTKU pa3MEIatoTCs B
AJIEKTPOHHBIX Tabnmumax. [lo okoHuaHWio cOopa NaHHBIX B TOJOBHOM LEHTPE HCCIIEIOBAHHA
OOBETUHAIOT Bce TaOuuiel B ofaHy. llepemaya Tabmuil B TOJNIOBHOM WEHTP OCYIIECTBISETCS
MOCPEJICTBOM DJIEKTPOHHOW mouThl. Takasg cxema opraHu3anuu HH()OPMAIIMOHHBIX ITOTOKOB
obmagaer OOJBIIUM YHCIO HEJOCTAaTKOB. Bo-mepBbIX, BO BpeMms cOopa JaHHBIX PECIIOHACHTHI
MOTYT CIIy4aifHO JT100 HaMEpEHHO MPOIMYCTUTh BOMPOC, AaTh HEMPABWIBHBINA MIIM HETIOIHBIA OTBET.
Takue ommOKM OCTaTOYHO TSKEIIO HCIPABUTh, OOBIYHO MPHOETalOT K MOJCTAHOBKE CPEIHETO
3HAUEHMs II0 II0Ka3aTeNl0 JIMOO HCKIIOYAIOT PECHOHAECHTa U3 BHIOOPKH, 4YTO CYIECTBEHHO
CKa3bIBAaCTCSl HA JOCTOBEPHOCTH pE3yJIbTAaTOB HCCIEAOBaHMA. Bropas mnpoOsiema BO3HUKAeT B
npolecce py4Hoil 0OpabOTKM ONPOCHUKOB M IIEPEHOCA PE3YNbTAaTOB B 3JIEKTPOHHYIO TaOIHIy,
9eoBeYeCKHii (pakTop Wrpaer 3[ech CYINIECTBEHHYIO pOJb. Tak K€ BO3MOXHBI, XOTS U
MaJIOBEPOSITHBI, OIIMOKH TPU NEPEChUIKE JaHHBIX 110 MJIEKTPOHHON MOYTE U Ha ATare 00beTMHEHNUS
TaOJUI] B TOJIOBHOM LIEHTPE UcclienoBaHus. HecMoTpst Ha TO, UTO 1O OTACTBHOCTH 3TH HEJAOCTATKU
HE ONAaCHbI, B COBOKYITHOCTH OHH MOTYT OKa3aTh HETaTHMBHOE BIUSHHE HAa XOJ W PEe3yJbTaThl

HCCIICI0OBAHUA.
Hay4srsie
po0IeMbI
5 CrtaThH, JOKIAIEL,
aTlOIHCHHBIC
OmnpocHuKH OTIPOCHHKH Odpadorka o
3anoanenne .| 3amoJHeHHBIX
ONPOCHHKOB OIPOCHHKOB 0
pecloHIeHTAMH TROITHCITHEIC
1 OITPOCHUKH
UndopmartonHas
PecronaeHTEI top Hccnenosarenn
CHCTEMA
\ A

Puc. 3. Cxema nH(pOpMAIIMOHHBIX IPOIIECCOB MTPH UCIIOIH30BAHUT
aBTOPCKOM MH(OPMAITMOHHON CUCTEMBI

AHanM3 CyHIECTBYIOLIEH CXeMbl OpraHu3aluu  WHGOPMAIMOHHON TMOJJIEPKKH U
BO3MOXXHOCTEl ~ COBpPEMEHHBIX  HH(OPMALMOHHBIX  TEXHOJIOTUHA  TO3BOJMI  MPEAJIOKUTH
CYLIECTBEHHbIE U3MEHEHUS B CXEME OpraHU3alui HHPOPMAIIMOHHOM MoAIepKKH (puc. 3).

HuTeiekTtyasibHass MHGPOPMALMOHHAS CHUCTeMAa /Il OLEHKH KadecTBa KU3HU. B
KauecTBE IIEHTPAJIbHOIO 3BEHA, BBINOJHSIONIETO OCHOBHYIO pa0OTy 10 OpraHu3aluu
MH(OPMALIMOHHBIX TOTOKOB HCCJIEIOBaHUs, ObUIO MpPENIOKEHO pa3padoTaTh U pean30BaTh
CHUCTEMY aBTOMATH3allud cOOpa, TPOBEPKH M OOpabOTKM JAHHBIX, IMOJYyYaeMbIX CHCTEMOU
HEMOCPEACTBEHHO OT PECIOHACHTOB (MHTEUIEKTyallbHyl0 HH(popmanuoHHyo cuctemy — HNHUC
EsQL (Estimation of Quality of Life)). Bergenerst ocHoBHbIE (hyHKITHOHANTBHBIE 00K MC ESQL:
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pensuuroHHas 0a3a JMaHHBIX JUIS XPaHEHWs OTBETOB PECIHOHJICHTOB, PE3YJLTaTOB OOpPaOOTKU H
Apyroil HeoOXoauMoi MH(OpPMALUK, TMOACUCTEMa pacueTa OCHOBHBIX XapaKTEPUCTUK COTIIACHO
METOJIMKAM HCCIICIOBAaHUA M HMHTEepQeic Moab30BaTessl sl BBOJA JAaHHBIX M NPOBEPKU UX Ha
KOPPEKTHOCTH (puc. 4).

\ 4
Ynpasnaawowasn
Web-uHTtepdeiic e
Pd nporpamma . Cucrema
A MMnopTa/aKcnopTa
\ 4 A
Bbnok pacueta
P
v no MeToAnKam
Cuctema nposepKun
BBOAA A 4
Ayaut < CYB/,
1
\ 4
bnok
CTaTUCTUYECKOM <
06paboTku

Puc. 4. Cxema NNC ESQL nis uHTErpaJIbHOM OIEHKH KayeCcTBa )KU3HU

[TpenyioskeHHast cxema MO3BOJSET M30aBUTHCS OT OMIMOOK HENPaBHIIBHOIO 3arlOJHEHUS
OINIPOCHUKOB, OIIMOOK, JOMYCKAEMBIX HCCIENIOBATEIIMH NPU pyuyHOUW 00pabOTKEe ONMPOCHMKOB, a
TaK)X€ CYIIECTBEHHO YCKOPHUTb M YIPOCTUTBH INPOLECC B3aUMOAECUCTBHUSA LEHTPOB HCCIENOBAHUS
Mexay coboil. B pesynbrate ucnonszoBanus MMC ESQL B MynbTUIEHTPOBBIX HCCIIEIOBAHUIX
MOSIBIIICTCST  BO3MOXHOCTh ~ ONEPATHBHO HH(POPMHUPOBATH PECIIOH/AEHTAa O COCTOSHUU €r0
UHAMBUIYAIbHBIX [IOKa3aTeleil KayecTBa JKW3HM, BECTH ayqUT pabOThl KOHKPETHOIO
UCCIIeIoBaTeNs WU IIEHTPA, MOACYUTHIBATh OCHOBHBIE CTATUCTHUECKUE MTapaMeTphl 10 BBIOOPKaM U
JpyTue MPeuMyILEecTBa, peaan3alts KOTOPbIX BO3MOXKHA B paMKax nporpaMMsl. OiHako, mogo0Has
cucreMa 00J1a1aeT TaKkKe U Hel0CTaTKaMU, HallpuMep, NOTpeOytoTCsl JOMOJHUTEIbHbIE BpEMEHHBIE
U (PMHAHCOBBIE 3aTPaThl HA peaM3alMI0 U BBOJ B SKCIUTyaTallMI0 Takoi cucTteMbl. TeM He MeHee,
ecnu cnenath MUC EsQL pacmumpsiemoii, peann3oBaB BO3MOKHOCTh J10pabaThIBaTh €€, BHEAPSSA
HOBBIE METOJMKH U ONTUMHU3UPYS pacuéThl, MHTEIPUPOBATh (PYHKIMOHAIbHBIE BO3MOKHOCTH
IIPOBEJIEHUSI Ha €€ OCHOBE HOBBIX HCCIEJOBAHUM, TO HENOCTAaTKH CUCTEMBI CTAHOBATCS
HECYILIECTBEHHBIMHU.

B cBs13u ¢ TeM, 4TO MOAOOHbBIE MCCIEOBAHUS OXBATHIBAIOT 3HAYUTEIBHYIO TEPPUTOPHUIO U
OOBIYHO BKJIIOYAIOT B ce0si OOJIBbIIOE YUCIIO PA3IMYHBIX METOAMK, a TaKKe MOMUMO €JUHUYHOTO,
KoHKpeTHoro uccinenoanuss B MMC EsQL npenmnonaraercst mpoBOAUTE U APYrHe, ObUIO MPUHATO
peleHre COo37aBaTh pacuIMpsieMoe MPUIOKEHUE ¢ pa3paboTKONW ONTUMAIBHOM MOJAETH JaHHBIX U
apXUTEKTYpBl CUCTEMBI B 11€JI0M. [I0CKONIBKY OTHUM U3 OCHOBHBIX TPeOOBaHUI K CHCTEME SBIISETCS
HAJIMYME BO3MOYKHOCTM aBTOMATH3MPOBAHHOTO cOopa HMHGpOpMalUU B €IUHON 0a3e IaHHBIX,
OYEBHJIHA II€JIECOO0Pa3HOCTh BHIOOpA KIMEHT-CEPBEPHON apXHUTEKTyphl cUCTeMbl. OaHaKo
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nperoaaraeMas pacupseMOCTh CHCTEMbI BHECHA OBl JOMOTHUTEIbHbBIE TPYIHOCTH B OOHOBJICHHE
U COBMECTHMOCTb BEpPCHH KIMEHTCKOW CTOPOHBI HMPUIIOKEHHUS, AONOJHUTEIBHO MPUILIOCH OBl
pa3pabarbiBaTh YHHUBEPCAIBHBIN TPOTOKOI OOMEHa MEXIy KIMEHTCKOW W CEepBEPHOHN dYacTIMU
cuctembl. Pemmth maHHYI0 mMpoOJeMy IO3BOJMII BBIOOp Web-OpUEHTHPOBAHHOW CEpPBEPHOM
CTOPOHBI CUCTEMBI. [[efICTBUTENBHO, B pOJIM KIIMEHTCKOT'O MPUJIOKEHUS B JAHHON CXEME BBICTYIAET
Opaysep, HaJ OOHOBJIIEHHEM U COBMECTHMOCTHIO KOTOPOTO PabOTaIOT CTOPOHHME Pa3pabOTUMKH.
bnarogapsi yHUBEpCaIbHOCTH JAHHOTO IOAXO0/A IMOSBISETCS BO3MOYKHOCTh BHOCUTh M3MEHEHUS U
pacuMpsATh CHUCTEMY YXKe BO Bpems e€ OSKCIUTyaTallud, a Takke He TpeOyeTcs yCTaHOBKa
JOMOJTHUTEIBHOTO TPOTPAMMHOTO 00ecneueHus] Ha KIMEHTCKHE KOMIBIOTEphl M  OTMAaJaeT
HE00XO0IMMOCTh 00YUEHUS UCCIIeIOBATEIECH.

NUC EsQL B cuty TpeboBaHMiA, NpeIbIBIIEMBIX K HEH, peann30BaHa B BUJE BeO-mopTaa.
OTO MO3BOJISIET 3HAYUTENIBHO YCKOPUTH MPOLIECC Pa3BEPTHIBAHUS HOBOI'O HCCIECJOBAHUS U
n30aBISE€T YYaCTHHUKOB HCCIICIOBAaHUS OT HEOOXOIMMOCTH YCTAaHOBKH jomnonHuTenasHoro IIO.
Kpome Toro, Takoil BapuaHT apXHUTEKTYpbl HH(POPMAIIMOHHOW CHCTEMBI TMO3BOJISIET OOHOBISATH U
MOJICPHU3HUPOBATH CUCTEMY 0€3 HE0OX0AUMOCTH OOHOBIISTH KJIMEHTCKUE MIPHIIOKEHUSI.

B cBsi3u ¢ cymectBeHHBIME TpeumymiecTBaMu Uit paspadotku MWC EsSQL Obur BeIOpaH
mabioH npoektupoBanus Moaenb-Kontpomnep-Orobpaxkenne (MCV). B kadectBe ¢peiimBopka
ucnonb3oBaics Django 1.8, s3pik mporpammupoBanusi Python 2.7.10, B kauectBe CVYBJ]
ucnosb3oBaiach PostgreSQL 9, Tem He wMeHee, Onarojaps mpeuMylIecTBaM OOBEKTHO-
pensmmonHoro otoopaxkeHusi (ORM), Bo3MokHO HcTonb30BaTh M00yI0 CYB]], coBMecTumyro ¢
Django. C wnenpl0 MHHMMH3AIUMM (UHAHCOBBIX 3aTpaT aBTOPOM OBUTM  HMCIIOJIb30BaHBI
MIPEUMYIIECTBEHHO CBOOOIHO-PACIIPOCTPAHSAEMBbIE CPEICTBA MPOTPAMMHUPOBAHUS, (pPEHMBOPK U
CYBJl, 4yTOo 3HAYMTEILHO TOBBIIAET JKOHOMHYECKYIO MPUBJICKATEIHLHOCTh MPEIaraéMoro
noaxona u MMC EsQL.

3akimouenue. [lpemmaraemplii  aBTOPOM TMOAXOJ K OIEHKE KadecTBa JKU3HU B
MYJIbTULEHTPOBBIX HCCIIEAOBAHUAX C HCIOJB30BaHUEM pa3paOOTaHHON WM HHTEIJIEKTyaJbHOU
nHpopManMoHHO cucteMbl ESQL mokaszan cBoto 3(QQEeKTHBHOCTh MPU MPOBEICHUH HECKOIBKHX
takux wuccnenoBanuii. bimaromapss MMC ESQL craHOBUTCS BO3MOXKHOH TpaMOTHAs OpraHU3aIHS
OM3HEC-TIPOLIECCOB B XOJI€ MCCIEI0BaHUs, YIPOUIAeTCs KaK MOATOTOBKA K MCCJIEIOBAaHUIO, TaK U
caMm Tmpolecc cOopa JaHHBIX. lcronb3oBaHME KOTHUTHBHBIX KapT IO3BOJISIET MCCIENA0BaTh U
HarjsiTHO NPEJCTaBUTh pE3YNbTaThl, CBUACTEIbCTBYIOIIME O HAJIMYUUM M  HaAIpPaBJIEHUU
3aBUCHMOCTEH MeX1y HMHIUKATOpaMU KadecTBa JKW3HM U BHEIIHUMH (aktopamu. BHeapenue
METOJIMKM KOTHUTHBHOTO MOJEIUPOBAHUSA B MCCIEAOBAaHUSA KadecTBa JKM3HU OTKPBIBAET
MEPCIIEKTUBBI JUIsl CIIEHAPHOTO MPOTPaMMHUPOBAHUS U MOJEIUPOBAHUS, YTO, B CBOIO OYEpElb,
MOXKET PACIIMPUTh TUANa30H 33Jady, KOTOPbIE MOXKHO pellaTh MPH MOMOIIM METOJUK OLEHKHU
MOKa3aTeNs «KayecTBO KUZHNY.
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Abstract. The author considers an approach to assessing the quality of life through
intelligent information system. Proposed automation will simplified or eliminated a
number of routine tasks on the organization of research and data collection process. The
article describes the possibility of cognitive modeling using for studies of quality of life,
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as a way to implement new methodologies to assess and to test existing ones. In
addition, cognitive modeling allows the use of scenario programming.

Keywords: Quality of life related to health, intelligent information system, information
support organization, level of energy supply
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AnHotamusi: B pabGore paccMaTpuBarOTCA BOMPOCHI  peaiu3alidd  00O0JIOYKU
MPOIYKIIMOHHOM IKCHEPTHON cUCTeMbl B Buae web-mpunoxkenus. [lanHas obonouxa
MO3BOJIUT CHENMATUCTY B MPEAMETHON 00IacTH pemars MNpoOJIeMbl, HCIONb3Ys
chOpMUPOBAHHbIE UM JIOTHUECKHUE MPaBHUJIA, OMUCHIBAIOIINE AUHAMUKY HCCIEAYEMBIX
mpoueccoB. Web-moctynm k 000y04Ke 00ECIEYUT BO3MOXKHOCTH KOJIJIEKTUBHOTO
JOCTyMa, 4YTO OCOOGHHO B&XHO IMPH MEXKIUCHUIUIMHAPHBIX  HMCCIEIOBAHUSAX,
TpeOyromux padoThl KOJUIEKTHBA CIIELUAINCTOB M3 pa3HbIX obOnacTeil 3HaHui. bomee
mopoOHO paccMOTpeHa peanu3aius web-cepBuca, KOTOpBI oOecrneynBaeT JOCTYI K
mamuHe BbiBoga JESS wm reHepamuio koma 06asel 3HaHuii B (dopmare JESS wus
00001IIeHHOTO BH/Ia, XPaHSIIIIErocs B 6a3e NaHHBIX.

KuroueBble cioBa: MpOIyKIIMOHHAs JKCIEpTHAas CUCTeMa, 000J04YKa, KaYeCTBEHHbIE
penieHus, 6a3a 3HaHUI, aBTOMATH3AIUs UCCIIEAOBAHUN.

BBenenne. KommbroTepHass moanep)Kka uccienoBaTens B clabodopmann3oBaHHBIX
MPEeIMETHBIX O0JIACTSAX, CBSA3aHHBIX C MPOILIECCAMU, MPEACTABISIONIMMHI OMAcHOCTh ISl YelOBEKa
(Hampumep, MPOU3BOJCTBO MONHUITUIICHA B HeTexumun) [1], sBisieTcs akTyanbHOU mpobiemoii. Ee
aKTyallbHOCTh TJIaBHBIM 00pa3oM o00yciOBIeHa HEOOXOAMMOCTHIO obecredeHus O0e30MmacHOCTH
JIOJIEH ¥ MOBBIIIEHUS HA/IEKHOCTH 000pYI0OBaHUS, 331€ICTBOBAHHOTO B OMACHBIX MPOIleCcCax.

OaHUM U3 COBPEMEHHBIX HAIPaBICHUN pEIIeHUs JaHHOW MPOOJIEeMBbI SBISETCS CO3/IaHue
CHEIHMATM3UPOBAHHOTO MPOTPaMMHOTO 00ecredyeHHsl, OCHOBAaHHOTO Ha 3HAHUAX, B YaCTHOCTH,
IKCHEPTHBIX cucteM [2]. Peanmuzamus crnenuaaiu3upoBaHHONW 00OJOYKH, OOecreunBaromen
BO3MOXXHOCTh Pa3pa0OTKH, TECTUPOBAHUS M MHTETPALMU MPOAYKIIMOHHOW YKCIIEPTHON CHUCTEMBI B
CUCTeMY aBTOMAaTH3allui HcCCleqoBaHuii [6, 7], mo3Bommia OBl CIENUANHCTY B TNPEAMETHON
obnacTu pemath IpoOieMbl HA OCHOBE JIOTUYECKUX TMPABHII, OMHUCHIBAIONIUX AMHAMUKY OMACHBIX
MPOLIECCOB, W TONMy4aTh OOOCHOBaHHWE pEIICHUs, HCIOIB3Ys TOJIBKO MpEeIMETHbIC 3HAHUS.
Peanuzanus Wweb-goctyna k 000ouke JaeT MOJB30BATENSIM  BO3MOXKHOCTH  KOJUIGKTHBHOMU
pa3paboTKu U I0CTyMa K Oa3e 3HaAHUM.

156 «Information and mathematical technologies in science and management» 2016 Ne 3



mailto:nikoly@icc.ru

Web-opuenmuposannas 06on0uka npooyKyuoHHOU SKCREPMHOU CUCTEMbL

Llenp naHHOM CTAaThM — OMHMCAaHUE OOOJOYKH MPOIYKIIMOHHOM IKCIEPTHOM CHCTEMBI Kak
OJIHOTO U3 KOMIIOHEHTOB CHUCTEMBI aBTOMAaTU3allUN UCCIIEJOBAHUNA JUHAMMKYU ONACHBIX MPOLIECCOB
JUTSl CIICIIUAIMCTOB B MPEIMETHOM 00JaCTH (HEPOTPaMMHUPYIOLIUX MOJIB30BaTENEH ).

1. O0mas apxurektypa 00004KH. [Ipu co3gaHuu cucteM aBTOMATU3ALMH HAyYHBIX
HCCIIEIOBAaHUM MMEET MECTO MpoOjemMa 4acTOro M3MEHEHUs IPOrpPaMMHOI0 KOJa KOMIIOHEHTOB,
00YCJIOBJICHHOTO COBEPIICHCTBOBAHUEM MOJEJCH NMpeIMETHOH 00JAaCTH W aJTOPUTMOB PEIICHUS
3amad. Yamie Bcero yYTOYHEHMIO MOJBEPraroTCs MOJENIN TNPEAMETHOW O0O0NacTH, a aJrOpUTMbI
pelieHus 3a/1a4 OCTAIOTCS OTHOCHTEIBHO NOCTOSHHBIMU. Takum 00pa3oM, BO3HHKAeT 3ajada
HajeleHusl pa3padareiBaeMoil 000J0YKK (YHKIMOHAIBHOCTHIO, 00ECHeunBaromell BOCIPHUATHE
M3MEHEHHH B CTPYKType oOpabaTbiBaeMbIX OOBEKTOB 0€3 M3MEHEHHs HCXOJHOro koja. JlaHuas
(YHKIMOHATBHOCTh OOOJIOUKH 00eCHeunBacT TMOKOCTh NMPOrPAaMMHON CHCTEMBI, YTO, C OIHOH
CTOPOHBI, CHHUMAeT YacTh PYTUHHOW pPAaOOTHI C TMPOTPAMMHUCTOB, C JPYrod — TIO3BOJISIET
CTIELUANNCTY B MPEAMETHONW 00JIACTH CaMOCTOATENBHO pa3pabaThiBaTh MPOrpamMMy, B YaCTHOCTH,
SKCIIEPTHYIO CUCTEMY.

Jlis  pemeHuss 3TOM 3amadu mpH  pa3paboTke O0O0JOYKH HEOOXOaUMO 00eCIeUnuTh
pasfesieHne METOJOB CO3JaHMsl U XpaHEHUs HHQOpMallMM O CTPYKTYpE U COJAEpKAHUU
MPEIMETHOW 00JIaCTH OT METO/J0B e¢ 00paborku. CoOitonasi MaHHBINA MPUHIMI, MPEAIaraeTcs
obecrieunTh XpaHeHne 0a3 3HaHWK B 0a3e JaHHBIX, @ METOJBI CO3AaHUs 0a3 3HAHWMU, yIPABICHHUS
0a30# TaHHBIX U METOJI PACCYKACHUS TI0 PAaBUIIaM PEAN30BaTh B BUJE OTAEIBHBIX MOTYJICH.

OnHUM U3 OCHOBHBIX MOAYJEH 000J0YKM IPOAYKIIMOHHOW SKCIIEPTHOM CUCTEMBI ABIISETCS
MPOJAYKIIMOHHAs MAalllMHA BbIBOJA, OCYLIECTBIISIOMIAs IPOLECC PACCYKIEHUS (JIOrMYECKOro
BbIBOJIa) 110 npaBuiaMm. Haubosee painyoHanbHbIM NPECTABIAETCS pealn3alus JaHHON 000104YKu
Ha OCHOBE YX€ CYIIECTBYIOUIEH MalIMHbBl BbIBOJA. B Hacrosimiee Bpemsi CYIIECTBYIOT Kak
KOMMEpUEeCKHe, TaK M CBOOOJHO paclpocTpaHsieMble OOOJOYKH IMPOTYKIMOHHBIX SKCIEPTHBIX
cucrem (JESS [8], CLIPS [9], OPS5 [10], DROOLS [11]), ¢ moMOmpl0 KOTOPHIX MOKHO
peann3oBaTh MEXaHU3M PACCYKJICHHS Ha OCHOBE MpoayKuuil. B manHoi pabore mjis 5ToH 1enu
BbIOpaHa AMHaMUYecKas OHOJIMoTeKa, peanusyrommas cucreMmy JESS (Java Expert System). lannbrii
BBIOOpD OOOCHOBBIBAE€TCSI BO3MOYKHOCTBIO HCIOJIB30BAaHUSI CHUCTEMBl B aKaJeMHYECKHX LEIsIX, a
TaK)K€ peaju3aluedl CUCTeMbl Ha S3bIKe Java, MO3BOJISIIOIIEH JIETKO HMHTETPUpPOBATh MAalIUHY
BbIBOJIa B 000JIOUKY MTPOTYKIIMOHHOM 3KCIEPTHONU CUCTEMBI.

OnumieM apxXuTeKTypy pa3paOoTaHHON mnporpaMMHoOi cucremsl (puc. 1). O6onouka
COJIEP’KUT CJIEYIOIINE KOMIIOHEHTBI: Web-CepBUC; MOAYNb B3aUMOJEHCTBUSA ¢ 0a30il JaHHBIX,
peanu3yronmi TporpaMMHBIN UHTEepdeic nocTyna K 0aze JaHHBIX; MOAYJIb YIpaBlIeHUs OazaMu
3HAHUM, MTpeIHa3HAYEHHBIN sl paboThI C IpaBUJIaMu U (hakTamMu; rpadUuecKuil peaKTop MpaBuil,
ocHoBBIBaromuiics Ha RVML-HOTanmu mnpencraBieHus NTPOIYKIWNA; MOIYJb CBS3U C web-
CEPBUCOM, PEATM3YIOINN TOJIb30BATENbCKUNA HHTEp(dECc aocTynma K web-CepBHCY JKCIEPTHOU
CHCTeMBbI; 0a3a TaHHBIX, Il XpaHeHUs 0a3bl 3HaHHH ((haKTOB, IPaBUII U HAYAJIbHBIX YCIOBH).

PaccMoTpum KOMITOHEHTHI 00JIee TTOAPOOHO.

Mooynb ynpasnenus o6azamu 3nanui. J[aHHBIA MOIYJIb pEANTU3YET MOJIb30BATEIbCKUI
uHTepdeiic moctynma K 0azaM 3HAHMM W TpeAHa3HayeH Juisi paboThl ¢ 1madjJoHamMHu (DAKTOB,
MpaBWJIaMHU U ONMCAaHUEM HaydaJbHBIX YCIOBUU (BBIOJHEHUE ONEpalUii CO3AaHMsI, MOAUDUKAIIIY U
yaaneHus), IpeaCcTaBlIeHHbIMU B 00001eHHoM Buje. [11a6oHb! pakToB U MpaBuiia rpynnupyroTCcs
COINIACHO MX TMpEeAMETHON Kiaccupukanuu, o0pa3ys 0a3bl 3HAHUM, XapaKTEpU3YIOLIUECs

YHHUKaJIbHBIM HUMeHeM U cdepoit npumeHeHus. Kaxnas 0aza 3HaHUH MOXET MMETh HECKOJIbKO
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OINMCaHWN HAYabHBIX YCIIOBHH, KOTOpbIE MOTYT OBITh MCIOJIB30BAHbI MIPH €€ TecTHpoBaHuu. [Ipu
3TOM 3aIyCK MPOILEIypPhl BHIBOAA ISl BEIOPAHHON 0a3bl 3HAHH MOXKET OBITh OCYIIECTBIICH KaK C
MTOMOIIIBIO TI0JIB30BATENBCKOr0 MHTEp(detica 000JI0UKH, Tak U uepe3 uHTepdeiic gocTynma Kk Web-
CEpBHUCY 3KCIEPTHO# cucTteMbl. [lepeueHb pa3paboTaHHBIX 0a3 3HAHWK MOXET ObITh PACCMOTPEH B
KaueCTBC CHHUCKa OOCTYIIHBIX O6OJIO‘-IKC MCTOAOB PpPCHICHUA NPCIMCTHBIX 3aJda4d, I103TOMY
(YHKITMOHATTLHOCTH 000JIOYKH MOXKET OBITh YIUIyOJieHA U pacIidpeHa B mpolecce paboTel. Moaynb
paspaboraH ¢ ucnonb3oBanuem si3pikoB HTML, CSS, JavaScript u PHP.

TTonb3oBaTensckui
unTepdetic (Web-6paysep)

N
I FreeBSD 9
: Apache 2.4 ¥ N :
Monynb Monyns ynipaBnenus 0azaMu 3HaHUH Monyns cBssu | =
: B3aHMOJICHCTBHSI C > N c web- :
. . I'padmuecknii pegakTop mpaBui .
: 0a30i JTaHHBIX CEpBUCOM :

—
< )I/
S 6 S

rd baza JaHHBIX IJId XpaHCHUA

a3bl > Web-service
3HAHUU ¥ Ha4aJIbHBIX yCJIOBI/H?IJI\
\

Puc. 1. ApxuTtektypa 000JI0YKH IKCTIEPTHON CUCTEMBI

Mooynb cesazu ¢ Web-cepsucom — peamusyer wunTepdeiic goctyma K Web-cepBucy
9KcIepTHOM cuctemsbl. [lepenaer mammHe BbIBOjJa HMJeHTU(GUKATOp Oas3bl 3HAHWN, JTUOO CIIHCOK
npaBwi U (akToB B ¢opMaTe MalIMHBI BbIBOJa. Moaynb cBsizu pa3pabortan Ha si3bike HTML c
ucrnons3zoBanuem PHP.

I'pagpuueckuit peoakmop npaeun. I'padpuueckuii peaakTOp MPaBHI OCHOBHIBACTCA Ha
Horarmu RVML (Rule Visual Modeling Language) anst npeactaBinenus npoaykuuii [4]. Pemaktop
MTO3BOJISIET:

® JCIOJB30BaTh OTHAEIbHbIE TIpaduyuecKkue MNPUMHUTHBBI JUIsI OTOOpa)K€HHsI BCeX
DIIEMEHTOB IPABUJI;

® [pUCBaMBaTh OTAEIbHBIM (akTaM CyObEKTUBHBIE BEPOSTHOCTH B  BHJIE
KO3 (UIIMEHTOB YBEPEHHOCTH;

e 0oJee HarJIAIHO OTOOPa)KaTh THUI BBITOJIHAEMBIX JAEHCTBUIA;

e oToOpaxarh Joruyeckue oneparopsl B yciaosusx npasui (MJIN u HE).

PenakTop mo3BosisieT B MPOCTOW M HAIISIIHOM (opMe CIPOEKTUPOBAaTh MPOAYKLHOHHOE
MpaBWwIo, 3ajJaTh YycioBue U jedctBue. OH Takke JaeT BO3MOXKHOCTh YCTaHaBIUBATh
KOd(pPUIMEHTHI yBEPEHHOCTH, HACTpaWBaTh BBIBOJ COOOIIECHUM, M00ABIATh W yAAIATH UX.
I'paduueckuii pegakrop pa3padboran ¢ ucnob3oBanueM s3sikoB HTML, CSS, PHP u JavaScript.

baza oannvix ona xpanenus 6a3zvl 3HAHUI U HAYAIbHBIX Ycaoeull. Monens TaHHBIX (pHC.
2), peamusyeMass B TpejyaraeMoi 0a3bl JaHHBIX, OMHCHIBaeT CTpykTypy Tadmur (CYB]]
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PostgreSQL), xotopsie obecreunBaloT XpaHeHHE cleaylomeld nHpopMaluu: madaoHbl (aKTOB;
MPOAYKIIMOHHBIC TIPAaBUIIA, YIPABISAIONIME TpoiieccoM (GopMupoBaHus (pakToB; 3apaHee 3aJaHHBIN
CIHMCOK BBIYMCIHUTENBHBIX TPOLEAYP, IMO3BOJSIOUIMX IMPEOOpPa30OBBIBATh YHCICHHbIC 3HAYCHUS
MEPEMEHHBIX U ONUCAHNE HAYaIBHBIX ycloBHiA. JIF000i mabinoH gakTta nmeeT Ha3BaHHE U 00JIagaeT
HabopoMm arpuOyTOB, KaXIbIH W3 KOTOPBIX TaK)Ke HMMEET Ha3BaHWE, TUN M 3HAYEHHE 110
yMomuanuo. Kaknoe nmpaBuiio BKIoYaeT B ce0sl ycaoBUE U JEHCTBUE 1OCIe CpabaThIBaHUS 3TOrO
npaBwia. YCJIOBHE SBISIETCS HAOOPOM OrpaHMYEHHM Ha 3HaueHWe aTpulyTra ¢axra, Kaxjgoe U3
KOTOpBIX UMeeT BUA: [aTpuOyT ¢akTa, omeparop CpaBHEHHs, 3HaueHue|. JlefcTBueM SBiseTCS
CO3/JaHUE HOBOT'O (pakTa Ha OCHOBE I11a0JOHOB WJIN IAHHBIX.

Ycaosus Bo3moskHbIe 3HAYEHUST Onucanue Hogble pakTbl Ha 0OCHOBe
NpaBuII aTpudyToB cBOiicTB JAHHBIX
e ID e ID e ID e ID «
e IIpasuio e AtpuOyTt akra e HasBanue e CoznaBaemblii akT
e 3HayeHHe e AtpulyT cozaaBaeMoro ¢axra

y — \4 e 3nauenue atpubyTa
IIpaBuno Ha6op ycJoBuii ATpl/lﬁyTl; (dakra a6a0HbI paKToB
e ID e ID e ID e ID
o basa 3Hanwmii e VYcrioBue nmpaBuia o [[la0soH dakTa |« o Basa 3Hanumit

e Hazpanue e Omeparop e Ormucanne e Haspanmue
00beTUHEHHS CBOWCTB
' v
TeiicTus Hosbie pakTbl Ha OCHOBE
DABI YcaoBus Ha 3HAYECHHUSA MaGI0HOB
P aTpubyToB e ID
e ID e ID
o Tpasuo e [1lab10H HOBOTO (hakTa
* Atpubyr (axra e CoznaBaeMblil akT
e Orneparop cpaBHCHHUS
o 3HaueHHe ;
e Habop ycnoBuii HoBrble pakThl
e ID
L ~
o JleiicTBus
TIPaBUII

Puc. 2. ®parMeHT JI0ru4eckoil MOJEI TaHHBIX

Mooynb é3aumoodeiicmeusn ¢ 6a3oil dannvlx — NPOrpaMMHBIN UHTEepdeiic 1ocTyna k 6ase
naHHbIx PostgreSQL. Peanusyer ¢yHKIMM coeanHeHHs ¢ 0a30M JaHHBIX, OTOOpa)keHHs BceX
TabIUL, JOCTYNA K UX COJACPKUMOMY, a TaKKE€ BBIIOJHEHUS CTaHIAPTHBIX ONEpaluil U 3alpOCOB
(noGaBnenus, MoaudUKaLuy, ylaneHus, norucka). Moayie peanu3oBaH Ha si3bike SQL.

2. Web-cepBuc. [ obecrieueHuss NOCTyma K OSKCIEPTHOH cucTeme ObUT pa3paboraH
CHeLMaNIN3UpPOBaHHBIA  web-cepBruc. B3aumopeiictBue ¢ web-cepBHCOM  MPOU3BOAUTCS €
ucnons3oBanueM XML-coobmenuit mo SOAP-npotokony (Simple Object Access Protocol) [3].
Bce nmeromuecs narepdeiicel onucansl B popmate WSDL (Web Services Description Language)
[12]. Takoe onucanue uHTEpdeiica cepBuca 0dOecreunBaeT aBTOMaTHYECKYIO0 IeHepalnio Koja Ha
KIIMEHTCKOM CTOpOHE, HEOOXOAMMOTO [T CBSA3H C CEPBHCOM.

Onucanne WSDL web-cepBrca MoeT OBITh JOCTYIMHO KIMEHTY C IOMOUIbIO peecTpa
UDDI (Universal Description, Discovery and Integration) [13], B koTtopom web-cepBuc
npeaBapuTeNbHO 3apeructpupoBad. SOAP-coobuieH s, ydacTByIoIe B 0OMEHE MEX/1y KIMEHTOM
u web-cepBHCOM, UMEIOT CTPOrO OMNPEAETICHHYIO CTPYKTYpY Ul MepeJauyd MMEHU BbI3bIBaeMOMN
yJIAJIEHHOW MPOLEyphl U €e MapaMeTpoB, a TaKXkKe pe3ynbTaTa ee Bbi3oBa [5]. CepBUC MOTHOCTHIO
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peaii30BaH Ha S3bIKE Java, ¢ HCTHoib30BaHUEM si3bika SQL, HeoOXOIMMOTO ISl COCTABJICHHS
3armpocoB K 0a3e JaHHBIX.

OcHoBHas 3aa4a Web-cepBuca — OATOTOBUTH HHPOpMAIHIO ((aKkThl U MpaBuia) U3 6as3bl
JaHHBIX JUIS €€ TOcCHeAykoneld oO0pabOTKM MAaIlMHOW BBIBOJAA, T.€. IMpeoOpazoBaTh €€ U3
o6o6menHoro Buna B ¢opmar Jess. Ilomyuennas mHpopmanus OyAeT HCIONb30BaHA MAIIUHON
BBIBOJIa Ul OCYIIECTBIICHHS JIOTHYECKOTO BBIBOJIa Ha OCHOBE mHpaBui u (aktoB. Web-cepBuc
o0J1a1aeT apXUTEKTYPOi, MPEIICTABICHHON Ha puUC. 3.

Web-cepBucs

Unrepdeiic Moyib npeoOpa3oBaHus PaBUI 1 Jess Rule |2
: 0a3bl 2] ¢akroB M3 0606mEHHOrO BHAA B > Engine :
JAHHBIX dopmar Jess
Puc. 3. Apxurekrypa web-ceparca
Janee onuieM Moyiin Web-cepBuca.
Jess Rule Engine — mnpoaykiuoHHas MallMHA BBIBOJA, OCYLIECTBISIONIAs MPOIECC

paccyxaeHust (JOTHYECKOro BbIBOAA) Mo mpaBwiaMm. [lpu peanuzanuu JaHHOTO MOJYJs
UCIIONIb3YeTCs AMHAMHUueckas OuOnnoTeka, peanusyromias mamuHy BbiBoja JESS. B kadectBe
pe3ynbraTta MallMHa BBIBOJAA OTOOpa)kaeT CHUCOK CpadOTaBIIMX MPaBUJ, MPEICTABICHHBIX B
MOHATHOM TOJIb30BATEINIO BUIE, Onarofaps nHhopManuu u3 6a3sl 3SHAHUH.

Humepgpeiic o6a3zel O0annpix — TpOrpaMMHBIA HHTepdelc noctynma K 0a3e JaHHBIX
PostgreSQL. Peanusyer ¢hyHkIuu coenuuenus ¢ 6a3oil JaHHBIX, 0TOOpakeHUs Bcex TabmuI] 6asbl,
JOCTyla K HX COJEPKMMOMY, a TaKKe BBIIOJHEHHS CTaHJApPTHBIX OIEpaluii ¥ 3alpocoB
(mob6aBnenus, MoguduKalny, yaaneHus, Toucka). Moayib peann3oBaH Ha si3bike SQL.

Mooyns npeobpazosanusn npasuin u pakmos u3 0606uenno20 euoa é opmam Jess —
JTaHHBIA MOAYJb B KaueCTBE BXOJHBIX JAHHBIX MoNydaeT Jubo uaeHTuduxkatop 6a3bl 3HaAHMMA, Ha
OCHOBE KOTOPOTO Jajiee MOIydh OepeT CIUCKH MpaBWJI U (PaKTOB M3 COOTBETCTBYIOIIEH Oa3bl
3HaHUU U Tpeodpa3yeT ux u3 000OIIEHHOTO BU/A B ONIEPATOPHI sI3bIKa MaminHbl BeiBoAa JESS, mubo
nepenaeT yxe copMUpoBaHHBINA CIHUCOK MpaBui U (aKTOB MallIMHE BbIBOJA. Peanuzaius JaHHOTO
MOJYJS 3aBUCUT OT CIEUU(UKH HCIONb3yeMOH MAaIlMHBI BHIBOJA U HYXKJAeTCS B M3MEHEHUU B
cllydae ee 3aMeHbl. Moaynb mpeodpa3oBaHus pa3padoTaH Ha s3bIKe Java, C UCTIOIB30BAHUEM SI3bIKA
SQL.

OnumieM Kiacchl, BXOJSIIME B COCTaB MOJIYJs MpeoOpa3oBaHusl MpaBUI U (PAKTOB U3
00001eHHoro Buja B hopmar Jess u peanusyromiie GyHKIMHU JAHHOTO MOJTYJIS.

Knacc TKnowlegeBaseCreator npenocrasiser nHTepdeiic 1ocTymna K 0a3e 3HaHUA, a TaKKe
o0BbeuHsIeT (DaKTHI U PaBUIIa, IPECTABICHHbIE B (JopMaTe MAITMHBI BEIBO/IA JESS.

Knacc TDatabaselnterface ciyxut uist monkirodeHus K 0a3e JaHHBIX.

Knacc TRuleRepresentation ¢opmupyer SQL-3ampoc k 0a3e HTaHHBIX, pPe3yJIbTaTOM
BBITIOTHEHUSI KOTOPOTO SIBIISIETCS CIMCOK BCeX MpaBuil 0a3bl 3HaHMMA. [IpaBuiia mpeacTaBisiFoTCs B
(dbopmare MamuHbI BBIBO/IA U niepenatotcs B kiacc TKnowlegeBaseCreator.

Knacc TFactRepresentation ¢gopmupyer 3anpoc k 6a3e TaHHBIX, pe3yJIbTaTOM BBITOJHEHHUS
KOTOpPOTO SIBISIETCSI CMHCOK BCEX HOBBIX (DakToB 0a3bl 3HaHUWil. [1labmoHBI mpencTaBisIFOTCS B
(dbopmarte MamuHbI BBIBOIA U nepenatotcs B kiace TKnowlegeBaseCreator.
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Knacc TTemplateRepresentation ¢opmupyer 3anpoc k 0a3e JaHHBIX, pPE3yJIbTaTOM
BBITIOTHEHUSI KOTOPOTO  SIBJIIETCS CIHCOK BceX 1mabiaoHoB 0as3pl  3HaHwil. [llaGmoHbI
NPEICTABISIOTCSA B JOpMaTe MallMHBI BBIBOJIA M TiepenatoTes B kiace TKnowlegeBaseCreator.

3akaodenue. OPHEKTHBHOCTh PEIICHHUS WCCIEAOBATENbCKUX 3a7ad TMPU  [TOMOIIU
MOJyJBHOTO TPOTPaMMHOTO  OOECTeYeHHs 3aBUCHUT OT Habopa JOCTYMHBIX METOOB,
pean30BaHHBIX B BUJE OTIEJIbHBIX MOJylel. B nanHoii paboTe mpeacTaBieHa peaar3aiust MOy
— OO0OJIOYKM OKCHEPTHOW CHUCTEMBI, IPHBEIEHO ONHCAaHWE ee (YHKUUH, apXUTEKTyphl U
(GYHKIIMOHATIBLHBIX OJIOKOB.

Pa3zpaborannas mporpamMmHasi 000JI0YKa TO3BOJISET CIEIUAINCTY B MPEAMETHON 00IacTH,
UCHOJB3ysl TOJBKO €ro COOCTBEHHBbIE 3HAHMA, CPOPMUPOBATH MPOAYKIHMOHHYIO 0a3zy 3HAHHUH,
coZiep Kalyto MmabaoHbl, (aKTHl, CO3JaHHBIE HAa OCHOBE MIAOJOHOB, M TPABWIIA, OMHCHIBAIOIINE
JTMHAMUKY HCCIIElyeMbIX MPOLECCOB, a 3aTeM YIPaBIATh CO3/laHHOW Oa3oi 3HaHuil. [lomydyennas
0a3a 3HaHMH COBMECTHO C HWHTETPUPOBAHHOW MAIIMHOW BBIBOJA OOpa3ylOT MNPOTYKIHMOHHYIO
HKCHEPTHYIO CHCTEMY, DPE3YJIbTaTOM pabOThl KOTOPOW SBISIOTCS HOBBIE (DaKThl O peraeMoin
npobneme. OOoOJOYKA MO3BOJSET MPOCMATPHUBATH U COXPAHATH PE3YJIbTAThl BBIBOAA, a TaKKe
OTCJICKHMBATH TOCIEIOBATEIBHOCTh CPadOTABIIMX NpaBui (dJEMEHT oObscHeHus ). [Ipumenenue
000JIOYKM TIPOIYKIMOHHON SKCIEPTHOW CHCTEMBI O0ECIIEYHT BO3MOXXHOCTH HCIOJIB30BAHUS
JIOTHYECKOTO BBIBOJIA B IIPOIIECCE PELICHUS 3a/1a4 IJIAHUPOBAHUS, TMAaTHOCTUKU U IPOSKTHPOBAHUS
MAIllMH U KOHCTPYKIIHMA, 8 TaK)Ke MPHU MHTEIUICKTYAIN3alUHU MTOBEICHUS APYTHX MOIYIJICH CUCTEMBI
WCCIICIOBAHMS.

JlanpHeliee pa3BUTHE MIPOrPAMMHOM CHUCTEMBI BKJIIOUAET B C€Osl pacIIMPEHUE CTPYKTYpPHI
0a3bl TaHHBIX JUIsI 00eCIeUeHHs] HOBBIX THIIOB YCJIIOBHI NMpaBWJI (CpaBHEHHE 3HAUYEHUI aTpuOyTOB
(aKTOB), HOBBIX JIEHCTBHI NIPaBWI (MI3MEHEHUE 3HAYCHHI aTPUOYTOB YK€ CO3JJaHHBIX (PaKTOB).

Pabora BrImoIHEHA TpW YacTHYHON (PMHAHCOBOH mozepkke rpanta PODU Ne 15-07-05641.
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Abstract: The paper discusses problems of expert system's shell implementation in the
form of a web application. This shell will allow the experts to solve the problem by
using the formed logical rules describing the dynamics of the processes studied. Web-
access to the component will enable public access, which is especially important in
interdisciplinary studies requiring the work of a team of specialists from different fields
of knowledge. The implementation of the web-service, which provides opportunity to
generate of code of knowledge base from generalized type, that are stored in the
database, to JESS format, and also to execute this code on Jess reasoning machine, was
discussed in detail.
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AHHOTanus. B crarbe aHAIM3UPYIOTCS CYHMIECTBYIOLIME MOAXOJIbl K OIPEAECICHUIO
O0e3omacHocTrn. Ha oOcHOBe aHanmm3a CTPYKTYphl JaHHOTO TIOHSTHS aBTOPAMHU
MpeJIaraeTcsi HOBbIM MOAXO0M: 0€30MacHOCTh PACCMAaTPUBAETCS HE KAaK COCTOSIHUE WIIU
CBOWCTBO, a KaK OTHOILEHUE MEXKY ABYMs CUCTEMAaMH, IPU KOTOPOM OJIHA U3 CUCTEM
HE MOXET HAHECTH JPYrod HEIOMyCTUMBIA ymiepO. Mcxons u3 JaHHOTO IMOJIOXKCHUS,
npenaraeTcs GopMalibHOE ompesesieHne 0e30MacHOCTH C MCIOJIb30BAaHUEM arlmapaTa
TEOPUH BEPOSITHOCTEN U MATEMATUYECKON CTaTUCTUKH.

KiaroueBble cJjioBa: 0e30MacHOCTh, OTHOIICHHWE Oe3omacHoOCTH, (opMaTu3aIus,

BCpOﬂTHOCTHO-CTaTI/ICTI/I‘IGCKI/Iﬁ IOAXO/I.

BBenenune. B coBpemeHHOM oOmIecTBe 0€30MACHOCTH SBISETCS OJHOW M3 Ba)KHEUIIMX
XapaKTePUCTHUK HOPMAIBHOTO (YHKIIMOHUPOBAHUS PA3NUYHBIX CUCTEM. Teopuu 06e30MacHOCTH
MOCBAIIIEHO MHOXXECTBO HAy4yHBIX TPYAOB, CO3JAIOTCSI HOBBIE METOJ/bI aHAIM3bl O€30IacHOCTH,
COBEpIICHCTBYIOTCS CTapble Moaxojbsl. HecMoTpss Ha TO, uTO 0€30MacHOCThH SIBISETCS OCHOBHOM
XapaKTePUCTUKON >KM3HeoOecleyeHnsl YeloBeKa, Ha JaHHBIH MOMEHT IJid Hee HE CYIIECTBYEeT
€IMHOTO OMpe/ieNieHrs. B pa3HbIX OTpacisax 3HAHUI MOYKHO HAWTH pa3iMyHbIC OMPEIEICHUS 3TOTO
noHsaTus. [loueMy Tak MOMydMIIOCh, YTO O CHUX TMOpP B TEOpPUHM OE30MACHOCTH HE CYIIECTBYET
CTporux (opMalbHBIX OMNpeNeleHu, Kak, HampuMep, B TEOpUU HaaeKHOCTH? YTo Takoe
6e3omacHOCTh? SBisieTcs au 0€30MacHOCTh COCTOSHUEM MIM 3TO CBOWCTBO cucteMbl? byaer mu
pa3nuyaThCs MOHATHE 0E30MaCHOCTU ISl Pa3HBIX CHCTEM, WIJIHM BCE CYIIECTBYIOIUE OMpEAeIeHUs
MOXXHO O00OOIIMTh B €IWHOE TMOHATHE OE€30MacHOCTH, MPUMEHMMOEe [UIs Jr0oro o0BeKTa
HE3aBHCHUMO OT €ro TMPOUCXOXKACHUS W Ha3zHaueHus? B dToil cTaThe BHUMAHMIO YWTATENs
MpearaeTcsi aBTOPCKUN B3TJISA HAa 3TH BOIPOCHL.

1. Ananu3 nousTusi Oe3omacHocTH. B mocienHee Toiasl Ha CTpaHMIAX >KYPHAJOB
pa3BepHyIach AUCKYCCHUS OTHOCUTEILHO TEPMUHOJIOTUU B Teopuu Oe3omacHocTtu [8, 14]. MHorue
ABTOPBI AHATTU3UPYIOT CYIIECTBYIONINE TTOIXO/bI K OTMPEACIICHUIO MOHATHI TEOPHUH, U MOYTH BCE U3
HUX €IWHBl BO MHEHMH O HEOOXOAMMOCTH WX (HOpMaIbHOTO MAaTEeMAaTHMUYECKOTO OomucaHus. B
denepanpbHOoM 3akoHe «O OezomacHocT» OoT 05.03.1992 r. maetcs crenyromiee OmpeesieHue:
«be30macHOCTh — COCTOSTHUE 3AIIMIIEHHOCTH )XKU3HEHHO Ba)XHBIX HHTEPECOB JTMYHOCTH, OOIIECTBa
Y roCcyJapcTBa OT BHYTPEHHHUX U BHEMIHUX yrpo3» [10]. B cratee [12] mpoBoAUTCS cEeMaHTUYECKUA
aHall3 JIaHHOTO OIPEJEJICHHs M TMOKa3bIBACTCS, YTO OHO SIBISETCS HEKOHCTPYKTHBHBIM. ABTOPBI
TaK)Ke MPOBOJSIT CEMAHTUYECKUI aHAlIM3 JIPYTHX ONpEeeIeHu 0€30MacHOCTH, U B UTOTE JENAIOT
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Q)OPMCUZUS’GL[M}I nousimust 6e30nacHocmuu

BBIBOJ] O HEOOXOAMMOCTH (OPMAJIBHOTO, a TOYHEE, MATEeMaTHYEeCKOTO OIMCAaHUS MOHITUS
0€30MacHOCTH U APYTHX TEpMUHOB Teopuu. Kputukyer nanHoe ompenenenue u A.I'. ATamaHOB.
B cBoeii crathe "/lnanektuka Oe3omacHocTH" OH mumieT: "AHamu3 (GUIOCO(OCKHUX KOHLEHIIHNA
0€30MaCHOCTH, CYIIECTBYIOIIMX HAa CETOJHS, BBISBIISCT HECOTJIACOBAHHOCTH 3aJ0KEHHBIX B HHX
uJel, MEXaHU3MOB UX Peaju3allii U, KaK CIEACTBUE, IPAKTUUYECKYIO HenpuroaHocts" [3]. Crout
OTMETHTh, 4YTO B (eaepambHoM 3akoHe «O Oe3omacHocTi» oT 28.12.2010 r. ompenenenue
6e3omacHocTH He aaetrcs. PopmanbHOE orpesesneHnue 0e30MacHOCTH MPUBOIUTCS TOJIBKO B OJHOM
pabote [13]. B aroii cratbe Te ke aBTOpHI, 4TO W B pabote [12], mpennararoT cBOi MOIXOI K
(dbopmManEHOMY ONpEIEICHIIO OCHOBHBIX TePMUHOB. Hike OyneT paccMOTpeHO MpeioKeHHOEe MU
ompenenenue Oe3onmacHoctu. Ilpexne Bcero, Xxorenock Obl 00CYIUTh HEKOTOpBIE CHOPHBIC
MOMEHTHI, KaCaloIHecs JAaHHOTO MOHSTHS.

Yacto 0e30macHOCTh paccMaTpUBAETCS BMECTE C HAAEKHOCTHIO. JleMCTBUTENIbHO, JaHHbBIE
MOHATUSL TECHO CBA3aHBI MEXIY C000#, HO YETKOro MOHMMAaHUS OTHOCHTEIBHO TOTO, B 4YEM
3aKJII0YaeTcsl 9Ta CBs3b, HeT. Hampumep, B [5] roBoputcs o TOM, 4TO 0€30MAaCHOCTH BXOIUT B
MOHSATHE HAJEKHOCTH, a B [13] 3TH MOHATHS TEpeceKaroTCs, HO HU OJIHO U3 HUX HE IMOTJIOMIACTCs
apyrum. B [2] cBsa3p Mexay 0€30macHOCTBI0O W HAJEKHOCTBIO BBIBOIAMTCS 4Yepe3 IOHITHE
3¢ deKTUBHOCTH. B Teopun Hage)KHOCTH yXKE CIOXKHUIACh TEPMHHOJIOTHS, KOTOPas OCHOBBIBACTCS
Ha (HOpMAIBHOM MaTeMaTHYECKOM ONHCAHWU OCHOBHBIX TOHSATHHA C HMCIIOJB30BaHUEM armapara
TEOPUH BEPOATHOCTH M MAaTEMATUYECKOW CTATUCTHKH. I[lOCKOJBKY MOHSATHS HAACKHOCTH H
0e30macHOCTH OJM3KH, OYEBUIHO, OCHOBHBIM MAaTEMAaTHYECKHM IIOJXOJ0M K HCCIIEIOBAHHIO
0€30MaCHOCTH JIOJKEH CTaTh BEPOSATHOCTHO-CTATHCTHUECKUH noaxon. [Ipumenenne ¢opmanbHbIX
METOJIOB K OIMCAaHUI0 OE€30MacCHOCTH TAK)KE IO3BOJIUT OOJIee YETKO OMPEIENIUTh CBSA3b MEXKAY
MOHATUSIMH 0€30MTaCHOCTH U HA/ICKHOCTH.

Oaun u3 Haubosiee CIOPHBIX MOMEHTOB — SIBJSIETCSI OE30MACHOCTh COCTOSIHUEM WM
cBoiicTBOM cuctembl? @DenepanbHblii 3ak0oH «O 0€30MacHOCTH» OIpeaesseT 0e30MacHOCTh Kak
cocrosinue. B cratee [12] npu aHanm3e JaHHOTO OMpPENETECHUs OTMEYAETCs, YTO COCTOSIHUE — ITO
MTHOBEHHOE OTOOpaKeHHE XapaKTePHCTUK OOBEKTa B 33JJaHHBII MOMEHT BpeMeHHU. B peanbsHOCTH
K€ MBI IMEEM JIEJI0 C MPOIIECCOM, TaK KaK COCTOSHHS IMOCTOSITHHO MeHstoTcs. A.I'. ATaMaHOB TaKke
yKa3blBaeT Ha TO, 4YTO O3TO TMpollecc, M JaeT CJeaylollee OmpeaesneHne Oe30MacHOCTH:
"be3onacHOCTh — MpOoIECC, MPH KOTOPOM BEPOSTHOCTH HACTYIUICHUS TUCOYHKIUH U AECTPYKIUH
00BbeKTa B pe3yjbTaTe €ro B3aMMOJICUCTBHUS C BHEIIHEH CpPEIOoN WM AHJIIEMEHTOB, BXOMISIINX B
CTPYKTYpy OOBEKTa, MEXIy CO0OW, HUXKE HEKOTOpol moporoBoil BemuuuHbl" [3]. B [5] mox
0€30MaCHOCTbI0 TOHUMAETCSI HAJEKHOCTh [0 OTHOLIEHUI0 K JKM3HM U 3J0pPOBBIO JIIOJIEH,
COCTOSIHMIO OKpyXatouied cpenpl. Tak Kak HaJeXKHOCTh — 3TO CBOMCTBO CHUCTEMBI, TO U
0€30MacHOCTh TaKXe JOJDKHA SIBIISITHCS CBOMCTBOM, U B Ka)KJJOM KOHKPETHOM COCTOSTHHH CHCTEMa
MOXKET 00J1aaTh MO0 He 00safaTh cBOWCTBOM Oe3omacHOCTH. [loyemy ke cpenu crenuanucToB
Tak M HE CJOXWIOCh €AMHOE MHEHHe Mo 3ToMy Bompocy? Jlanmee mompoOyem pa3zoOpaThCcsi B
MPUYMHAX TaKOH CUTYaIUH.

AHanu3upys OCOOEHHOCTH HCIOJb30BaHUSI ClIOBa «0E€30MaCHOCTh» B PYCCKOM S3BIKE,
MOKHO TMPHUTH K BBIBOJY, YTO OHO WMEET JBOWCTBEHHBIA CMBICI. J[€HCTBUTENBHO, €CIU MBI
TOBOPUM «O€30MacHOCTh 4YeNOBEKa», TO IMOHUMAeM I0J ATHM CIIOBOCOYETaHHUEM OTCYTCTBUE
OMACHOCTH JUIsl yeloBeKa. A eciau TroBOpUM «0e30MacHOCTh aBTOMOOWIIS», TO MOJpa3ymMeBaeM
OTCYTCTBHME JUJIsl YeJOBEKa OMAacHOCTH, HCXoAsmied oT aBToMoOuis. To ecTh cyliecTByeT jaBa
Pa3HbIX MO CMBICITY BapHaHTa YHOTPEOJIEHUS OJHOrO M TOTO K€ CJIOBa — B MEPBOM CIIy4ae MbI
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rOBOpUM 00 OTCYTCTBHHM ONACHOCTH JUIS Kakoro-To OoOBEKTa, a BO BTOPOM — 00 OTCYTCTBHUHU
OIaCHOCTH CO CTOPOHBI 00BEKTA [T KAKOK-TO IPYToil CUCTEMBbI (KaK MPaBHUJIIO, YEIOBEKA).

Yacro, ToBOps O 0€30macHOCTH, MOAPA3yMEBAIOT O€30MacHOCTh 4YeJoBeKa. MHorue
TEXHUYECKNE CUCTEMBl AHAIU3UPYIOTCS UCXOAS UMEHHO W3 3TOM MO3ULMU — HACKOJBKO JaHHAs
cucreMa 6e3onacHa Juis denoBeka. CyTh JaHHOTO CBOMCTBa HEKOTOPOM TEXHUYECKOH CHCTEMBI B
TOM, YTO OHA HE JOJKHA HAHOCUTh HEAOIYCTUMOTO yIliepOa 4eaoBeKy, TO €CTh CUCTEMA B IAHHOM
cllydae SIBJISI€TCSI HICTOYHHUKOM OIIACHOCTH i 4esioBeka. C Ipyroil CTOPOHBI, YEIOBEK CaM MOYKET
SBIISITHCSI HCTOUHUKOM OMacHOCTH. KpoMe TOro, TeXHWYECKHE CUCTEMbI MOT'YT HAaHOCHUTH yIIepO He
TOJIKO YEJIOBEKY, HO U JPYTUM CUCTEMAM.

Jns Toro, 4toObl pazoOparbcs, OTKyAa BO3HUKAIOT A3TH OCOOCHHOCTH, HEOOXOIMMO
paccMOTpeTh B3aUMOCBS3b MOHATHS «O€30MIaCHOCTBY ¢ MOHsATHEM omnacHocTH. Tak, A.I'. AramaHoB
ormeyaer: "C TO3UIMH JUATCKTUKHA TOHATHE «0€30MacHOCTh» HE MOXKET CYIIECTBOBATH 0€3 ee
B3aMMOHUCKJIIOUAIOUIE ¥ OJHOBPEMEHHO  B3aMMOJOIOJIHAIOIIEH  I[POTUBOINOJIOKHOCTH -
«omnacHoctu»" [3]. TloHaTHE OMACHOCTH SBJISIETCSI OCHOBHBIM, NMEpBUYHBIM. Kak mpaBuiio, Takue
MOHATHUSI HE MMEIOT ONpENENICHUNH M MOHUMAIOTCSl MHTYUTHBHO. B pabote [7] anHamusupyercs
CMBICJIOBasI CTPYKTypa MOHATHUS «OMACHOCTb». B 3TOM CTPYKTYype BBIIEISIOTCS TPU COCTABIISAIOLINE
(puc. 1):

— TmpeAcTaBieHUE 00 ucmounuke (HOCUTENE, CYObekme) OMACHOCTU; IO OTHOIICHHUIO K
CyOBEKTY OIacCHOCTh BBICTYINAET KaK €ro CBOICTBO, MPOSIBIISAIOLIEECS B ONpPEEICHHBIX
COCTOSIHUSIX U COCTOSLIEE B CIIOCOOHOCTH HaHECEHUs yIiepOa B 3TUX COCTOSIHUSAX;

— npexacrtaBieHUe 00 o0Ovexkme ONACHOCTH, Ha KOTOPBIA HaIpaBiIeHO BPEIOHOCHOE
BO3/ICHCTBUE CyOBEKTa OMACHOCTU; OOBEKT B PE3yJIbTaTe TAKOTO BO3JACHCTBUS MOXKET
nperepneBaTb  yuiepd, peanu3anus KOTOPOIO 3aBUCHUT OT  HeOJaronpusTHBIX
OOCTOSATENILCTB, YCJIOBUH MM CHTyallud; MO OTHOIIEHHIO K OOBEKTY OMNACHOCTb
BBICTYTIAET KaK yepo3sa (0’KuaaHue, BO3MOKHOCTh, BEPOSITHOCTH) ylepoa;

— TIOHATHE OINACHOCTH BCETJA MCIIOJB3YETCS B TaKOM KOHTEKCTE, M3 KOTOPOTrO MOXHO
BBIJICINTh LEJIOCTHYKO TPYIIY SBJIECHWM, BO3JEHCTBHM, IIPOLECCOB, CUTYyalUH,
OJIaronpUATCTBYIOIUX pEaTU3alliid  O0XHJaeMoro yiepbda oOBEKTy OMAacHOCTH CO
CTOPOHBI CYOBEKTa OMACHOCTH; 3TA TPpyIa GOpMUPYET MPEACTAaBICHUE O B3aUMOCBSA3H,
B3aMMOJIEHCTBUH, 0COOOM OTHOIIEHHUH, B KOTOPOM HAaXOAATCA MEXIY COOOH CyOBEKT U
00BEKT OMACHOCTH; 3TO OTHOLIEHHE YMECTHO Ha3BaTh OMHOULEHUEM ONACHOCIU.

/_ OKPYHAKWEA cpeaa \

OTHOWeEHKE

e
- J

Puc.1. CmbIciiOBas CTPyKTypa MOHATHS «ONACHOCTH)

51
CyfibenT

[MCTOH HMK)
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3
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Ond CHOCTH
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Tak Kak CJIOBO «0E30MACHOCTHY» SIBISETCS IMPOU3BOIHBIM OT CJOBAa «OMACHOCTHY», OHO
€CTECTBEHHBIM O0pa30M HACJIEAYeT CMBICIOBYIO CTPYKTypy 3Toro moustus. Kak ormeuaer A.T.
ATaMaHOB, «HE Ba)XXHO, KaK IIOHUMAETCI «0€30IIaCHOCTELY: KaK «COCTOSIHHEY», «CIIOCOOHOCTE) HIIH
elle Kak-To, — JOJDKHO OBITh yKa3aHuWe Ha OOBEKT, 0 KOTOPOM HIET pedb. «COCTOSIHHE» MOXKET
OBITh TOJIBKO «KOT'O-HHUOYb» HMJIH «4ero-HHOYAb», HO HE «CcOocTosHHE» BooOmie» [3]. Jlanee on
mumiet: «[loHATHe «0e30MacHOCThY MPUOOPETAET CMBICI HE TOJBKO NPH YKAa3aHWH Ha OOBEKT,
KOTOPBI HEOOXOIUMO 3allMTHTh, HO M NPH HAIWYHH «OIMACHOCTH», HCXOMSINEH OT HEKOEero
«acrounuka  yrpo3»» [3]. To ecth 0e30HacHOCTh  MMOJApPa3yMEBacT HAJIWYUE  JABYX
B3aMMOJICHCTBYIOIUX CHCTEM S1 U Sy, MEXKIY KOTOPBIMH CYIIECTBYET OTHOIIECHHE OE30IMacCHOCTH.
ITycth cuctema S; Ge3omacHa Juist cucteMbl Sy, [IprucraBka «0e3» UMEeT B JIAHHOM CIy4ae CMBICI
OTPHIIAHMS, TO €CTh «0€3 OIMACHOCTH» PaBHO «HET ONMAcCHOCTH». [IpoaHamu3upyeM, B KaKOM ciydae
MEXTy IBYMsI CACTEMaMH MOKET BOBHUKHYTh OTHOIIIEHHE 0e30MmacHOCTH (pHc. 2):

— BO-TIEPBBIX, 3TO BO3MOXKHO TOTJa, KOTJa CHUCTeMa S; HE TMPEJACTaBJISICT Yrpo3bl s
CHUCTEMBI Sj, T.e. He 00ja/JaeT CBOMCTBOM, MPOSBISIONIMMCS B CIIOCOOHOCTH HAHECTH
HEJOMYyCTUMBIH yiepO cucreme Sy;

— BO-BTOpPBIX, OTHOIICHHE OE30IIaCHOCTH BO3HUKAET, €CIM CHCTeMa S; SBJISCTCA
HACTOYHUKOM OITACHOCTH IS Sp, HO cHCTEMA S, 00i1a1aeT CIIoCOOHOCTEIO 3aIllUTUTEL CEOS
OT BPEIHOTO BO3JCUCTBUS S; TaKMM 00pa3oM, 4TO ymepOd OT 3TOro BO3ACHCTBHSA
OKa)KETCS HECYIIECTBEHHBIM;

— B TPETBHUX, €CIIM OTHOIICHHE MEXKIY CHCTEMaMH MOXET OBITh MPEOOpa30BaHO TaKHM
o0Opa3om, 4ToObl M30ekKaTh HaHeCeHUs yilepOa, CHCTeMbl Takke OyAyT HaXOAMTHCA B
OTHOIIIEHUN O€30IMacHOCTH.

Bezomacuoe
S A S

L

BO3AeHC TEHE

COmacHOe

EO3AeHC TEHE

[TpeobpasoEaTens

BezomacHo

EO3AeHC TEHE EO3AeHC TEHE

Puc. 2. CI/ITyaI_II/II/I, B KOTOPBIX BO3BHUKACT OTHOLICHUEC 0e30IMacHOCTH MCIKAY CUCTCMaMHU Sl n 82.
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OTcroz1a XOpoIIo BUJHBI BO3MOXKHBIE ITyTH JOCTHKEHHS 0€301acHOCTH:

— M3MCEHEHHUE CBOMCTB MCTOYHHKA OMACHOCTH TaKUM 00pa3oM, 4TOOBI OH HE MOT HAHOCHUTb

ymep0d 00BEKTY OMAaCHOCTH;

— MW3MEHEHHE OOBEKTa OMACHOCTU TAKMM OOpa3oM, YTOOBI OH MOTI' 3alIUTUTH CE0S OT

MCTOYHHKA ONACHOCTH;
— W3MCHEHHUE OTHOLICHUS OMACHOCTH TaKMM 00pa3oM, 4YTOOBI HICTOYHHK OIIACHOCTH HE MOT
HAHECTH 00BEKTY OMACHOCTHU CYIIECTBEHHOTO yIiepoa.

B nanHOM KOHTEKCTE CTAaHOBUTCSI MOHATHBIM, MOYeMy O€30MacHOCTb C OJHOW CTOPOHBI
SBIISICTCS COCTOSIHUEM, a C APYTOil CTOPOHBI — CBOUCTBOM. {71t cucTeMbl S ee 6e30macHOCTh s Sy
SIBISIETCSI CBOMCTBOM, JUIS Sy — COCTOSHHEM 3alUIIEHHOCTH (OT MCTOYHMKA OMAacHOCTU Sp). Takum
o0pa3oM, MNPHUXOJMM K TOMY, YTO HHKAKOrO TPOTHBOPEUMS MEXAY CYLIIECTBYIOUIMMU
OIIPEETICHUSIMH HET — BCE 3aBUCHUT OT TOT'0, OTHOCHTEIBHO KaKOH U3 IBYX CHCTEM, YUYaCTBYIOIIUX B
OTHOIIIEHNH 0€30MaCHOCTH, MBI pacCMaTpHBaeM 3TO MOHATHE. [Ipy orpaHMYeHUH OAHON U3 CTOPOH
Hen30eXHO TepsieTcsl MOMHOTa onucaHus. K coxaleHuio, B JuTepaType BCTPEUAIOTCS IMOIXOJB,
OTPaHMYMBAIOIINECS OIIMCAHUEM TOJIBKO OJTHOHM M3 3THX cTOpoH. Ha Ham B3risin, npaBuibHee ObLIO
Obl paccMaTpuBaTh O€30MaCHOCTH CHCTEMHO, YYUTHIBasg 00€ CTOPOHBI B3amMojeicTBus. Takum
o0pa3oM, MBI IpeajaraeéM paccMaTpuBaTh OE30MaCHOCTh HE KaK CBOWCTBO WJIM COCTOSIHHE, a Kak
OTHOIIIEHHE MEXTy CHCTEMaMH, MpOsIBIsIoNIee ceOsi B BOSHUKHOBEHUU Y CUCTEM OCOOBIX CBOMCTB
i coctostHui. [101BOIsI UTOT, MOXKHO CKa3aTh, YTO OE30MMaCHOCTh — 3TO TAKOE OTHOLICHUE MEXTY
IBYMsI CHCTEMaMH, TPH KOTOPOM OJIHA M3 CHUCTEM HE MOXKET HAHECTH JPYrol HEIOIMYCTUMBIN
yiepo.

HNHorna B KayecTBE MCTOYHMKA OIMACHOCTH MOXKET PAacCMaTPUBATBCS CIOXHAs CHUCTEMa,
cocrosimasi U3 OOBEIUHEHUS APYrMX CHCTEM, HampuMep, OKpyXKaromas cpega. MOKHO Jaxe
paccMaTpuBaTh 0€30MaCHOCTh CUCTEMBbI JuIsd cebs camoil. Hampumep, B [9] mpuBomuTcs Takoe
omnpenenenue: «Ilog 6e30MacHOCTBIO CI0XKHOM CUCTEMBI Oy/IeM MOHUMATh TaKoe €€ COCTOSIHUE, TIPH
KOTOPOM BO3JIeiiCTBHE BHEIIHMX M BHYTPEHHUX (AKTOPOB HE MPUBOAUT K YXYILICHUIO HIU
HEBO3MOXKHOCTH €€ (YHKIMOHUPOBAHMUA W pa3BUTHS». B JaHHOM omnpeneneHHMH B KadyecTBe
MCTOYHHKA OIACHOCTH pacCMaTPUBAETCs 00BEANHEHUE OKPYKAIOLIEH Cpe/ibl U CaMOM CUCTEMBI, T.€.
TOTaJbHAasA OE30MACHOCTh «OT BCETO Ha CBETE.

XoTenoch Obl 3aMETUTh, YTO OTHOILIEHHSI OTTACHOCTH M O€30MaCHOCTH — 3TO COCTABIISIOIINE
apyroro, 6ojee OOLIEro OTHOLIEHHMS MEXAYy CHCTEMaMHM, COCTOSILEro B TOM, YTO OJHA M3 HHUX
MOXET BO3JecTBOBaTh Ha Jpyryto. To ecThb JOObIE JIBE CHUCTEMBbI, HaxOJsIIHecs BO
B3aMMOJICHCTBUH, HAXOJATCA MEXIY COOOH TMOO B OTHOIIEHHM ONACHOCTH, JMOO B OTHOLIEHUU
0€30MacCHOCTH.

2. Maremarnyeckass ¢QopMaauszanus TNOHATHA Oe3omacHoctu. Kak npasuio,
¢dbopmanpHOE OmpeseNieHre MOHATHI JaeTcsl depe3 OnpeseNieHHbIE XapaKTepUCTHKH (TI0Ka3aTeln)
JAHHOTO TIOHATHS. PaccMOTpUM HEKOTOpBIE XapaKTEPUCTHKH OE€30MIaCHOCTH, HauboJee MpUroJHbIe
JUIE  UCIIOJIb30BaHUs B (opMmalbHOM ompeneneHud. Haubonee MIMPOKO  HCMONIB3YyeMOM
KOJINYECTBEHHON XapaKTEepUCTHKON OMacHOCTU (YPOBHS, CTEIIEHU OMAcCHOCTH) siBisieTcst puck. [Tox
PUCKOM  HEXEJATEeNbHBIX  IOCIEACTBUN TMOHMUMAIOT BEPOSATHOCTh HACTYIUICHHsS  3apaHee
OTOBOPEHHBIX HEXENATeNbHBIX MOCIEICTBUNA, HAIPUMEP aBapuHu C YETKO OrOBOPEHHBIM YIIEpOOM
[2]. B obmiem ciydae puck BBIYHCISETCS IO (hopMyIie:

R = P(ywep6 > gonycTuMbIi yuiep6).

168 «Information and mathematical technologies in science and management» 2016 Ne 3




@opManwauuﬂ nousimust 6e30nacHocmuu

Puck siBisiercss BakHEHIIMM MOKa3aTesneM 0e30MacHOCTH, TaK KaK XapaKTepu3yeT OOBEKT C
TOYKH 3PEHHUSI €r0 CIIOCOOHOCTH MPENsTCTBOBATH OOpazoBaHuio ymiepOa [2]. OmHako TaHHBIN
MoKa3aTelb HUKAK HE XapaKTepH3yeT IPYryl CTOPOHY OTHOLICHHS O€30HMacHOCTH — MCTOYHHUK
OIIACHOCTH.

B crarbe [4] roBopuTcsi 0 TOM, YTO NpH pa3pabOTKE CPEACTB 3AIMUTHI OT BO3MOXKHOMN
COBOKYITHOCTH YIpo3 IIeJIeCOO0pa3HO HKCIOJIb30BaTh B KauyecTBE IOKas3areiei 0e30MmacHOCTH
TEXHUYECKOH CHCTEMBI BEPOSTHOCTHBIE XapaKTEPUCTHKH OMACHOTO COOBITHS, HampuMmep,
BEPOSITHOCTH TOTO, YTO B TEYCHHE HEKOTOPOTO BPEeMEHH t TeXHHYecKasi cucTeMa OyIeT HaXOqUThCs
B OesomacHOM cocTossHUH Pg(t), T.e. BEPOSTHOCTh OTCYTCTBHSI OITACHOTO COOBITHs. OTa

BEPOATHOCTD OIIPECACIISACTCA U3 BEIPAXKCHUA
n

o = [(1-(1-P0) Py, ©)

i=1
rae P3i(t) - BEPOSITHOCTD 3aIUTHI OT 1-0if YTpO3bl B TeUEHHE BpeMeHH t (YPOBEHbD 3alIUIEHHOCTH);
Pyi(t) - BEPOSTHOCTb IIOSABJICHUA |-0i1 Yrpo3bl B T€UYEHUE BpeMEHM [; N - KOJIMYECTBO YIrpoO3

0€3011aCHOMY COCTOSHHMIO TEXHUYECKOM CHCTEMBI.
[Ipoananu3upyeM [TaHHBIA TOKa3aTedb. PacCMOTPUM BBIpaKECHHE (1 — P3i(t)) Py (t) —

BEPOSATHOCTh OMACHOTO COOBITHS JJIs 1-0i yrpo3bl, KOTOPOE MPEACTABIIIET CO00i MPOU3BEACHHE
aByx BepositHocTed: (1 — P (t)) — BEpOATHOCTH TOIO, YTO 3allMTa HE CPaboTaeT U cucTeMa
MOJIYYUT HEIOMYCTUMBIN yIiepd U BEpOSTHOCTH IMOSIBICHHUS -0 yrpo3bl B TeueHHE BpeMeHH t
Py (t). Onnako coObITHSA, ISl KOTOPBIX PacCMaTPMBAIOTCS JIAHHBIE BEPOATHOCTH, SABJISAIOTCS
3aBUCHUMbBIMU. OYEBHUIHO, YTO BO3MOXKHOCTh MOJYUYUTh HEAOMYCTUMBIN yiepd cucTeMe 3aBUCHUT OT
TOTO, MOSIBUJIACh WJIM HET I-as yrposa. CieqoBaTeabHO, BEPOSATHOCTh COBMECTHOTO HACTYIUICHHSI
TaKuX COOBITHN HE MOXKET OBbITh HaiileHa Kak Mpou3BeAeHHE WX BeposTHocTed. Kpome Toro,
JaHHBIA TOKa3aTelb HE MOXET OBITh 0OOOIINEH Ha MPOU3BOJBHBIE CHCTEMBI, TaK KaKk HE BCeraa
00BEKT OMACHOCTU UMEET CPEeICTBA 3AIIUTHI OT Yrpo3bl. B obiiem ciaydae 1enecoodpazHo roBOPUTH
HE O 3aIlUTE OT YTPO3bl, a O BO3MOXKHOCTH MOJy4YEHHsI HEAOIYCTUMOTO yIepoa.

dopmanbHOE aHATUTHUYECKOE ONpeseeHne 0e30macHoCTH npeanaraercs B padore [13]. B
Hell paccMaTpuBaeTcs HPUPOAHO-NIPOMBILIUIEHHAsT CUCTeMa Spc, KOTOpas, B 3aBUCUMOCTH OT
YPOBHSI BHYTPEHHUX U BHEIIHUX BO3JEHCTBUH (OMacHOCTEH, Yyrpo3), MOXKET HaXOAUTHCA B TpeX
Pa3IMYHBIX COCTOSIHUSAX: Spc, i, 1 = 1, 2, 3. Kaxkaoe Takoe COCTOSIHUE COOTBETCTBYET OJHOMY M3
TpeX albTEPHATUBHBIX PEKUMOB: 1 — HOPMATbHOTO (PYHKIIMOHUPOBAHUS; 2 — Pa3BUTHUS HEIITATHOM
CUTyallud; 3 — peald3allud aBapuu. Sppc, i OJHO3HAYHO XapaKTEepU3yeTcs KOHEYHOMEPHBIM
BEKTOPOM (ha30BEIX TEPEMEHHBIX X, = (Xi1,Xiz, ..., Xix) ', Tme T — 3HAaK TpaHCHOHHMpOBaHHA. B
KauecTBE X; MCIOIB3YIOTCS TEPEMEHHbIE C HMHTCHCHUBHBIMH CBOWCTBaMU (HE 3aBHUCAIUMHU OT
pa3MepoB CHCTEMbI) — KOHILEHTPAIHH, ABICHHA, SHTambmuu U T.1. CumBomamu xhon g x (OB
0003HAYCHBI KPUTUYCCKU OIACHBIC HYDKHSS W BEPXHSS TPAHUIBI TIEpexojia Sppc W3 HEMTaTHON
CUTYyallUH B aBAPUITHYIO.

B ananmuTHueckoM BuJIe TOHATHE OE30MACHOCTH (POPMATTU3YETCS CISAYIOMNUM 00pa3omM

M =] 2 86 X —x(®)] 2 8,1 =1k,

rae 0; — NPEBCHTUBHBIN 3alac Ha YAAIEHHOCTh X;(t) OT KPHUTHYECKH OMACHBIX HHKHUX X

BEPXHUX leOB 3HaueHWi. HeompeneneHHOCTs B Sy, CBS3aHHas C COCTaBOM W YPOBHEM

KOH

i )51
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JCWCTBYIOIUX OMACHOCTEH, Yrpo3, MO3BOJSET AAaTh M BEPOSTHOCTHYIO MHTEPIIPETAMIO TEPMUHA
«0e301acHOCTh:

Pr{|x;" — M[x;(©)]| = 6;} = 1 — &5 Pr{|x{® = M[x;(D]| =6} =1—-¢,i =1k
rne Pr — cumBon BeposiTHOCTH; §; — 3amac Ha NpeAynpekIeHHe COMMKEHHS MaTeMaTH4ecKOro
OKUJIAHUSI CIIydalHoW peanm3aiuu X;(t) ¢ KPUTHYCCKH OMACHBIMH 3HAYCHUSIMH, & — 3apaHee
3aJJaHHOE JOCTATOYHO MaJIoe MOJI0KUTEIbHOE YHCIIO.

HenocraTkoM [aHHOrO OIpeNeNeHusl SIBISIETCS TO, YTO OHO HE OTPaXKaeT CTPYKTypy
HNOHATUS 0e30MacHOCTh. BpIxoJ (ha30BbIX NEPEMEHHBIX 3a TI'PaHMIl KPUTUYECKH ONACHBIX
3HA4EeHUH 3aBHCUT KaK OT peajli3allii OMAaCHOrO BO3JEHCTBUSA CO CTOPOHBI MCTOUHUKA OMACHOCTH,
TaKk U OT CIIOCOOHOCTH CHUCTEMBI 3aIUTUTh C€0s1 OT ITOro BO3AEHCTBUA. B naHHOM ompeneneHun
3TO HUKAaK HE OTPaKEHO.

Hcxonsd W3 MOJNOXKEHUM, IpeICTaBICHHbIX BbIIIE, HAMM IpeJylaraeTrcs CleIyHoLuil
(dopManbHBIN TOJXO0/ K OIIPEesIEHUI0 0€30I1aCHOCTH.

Paccmotrpum nBe cuctemsl S; u Sp. IlycTh S; — HMCTOYHHMK OMAacHOCTH, Sy — OOBEKT
ornacHocTH. BBenem mnokasatenb U, KOJIMYECTBEHHO XapaKTEPU3YIOLIMI CTENeHb BO3ACHCTBUS
cucTeMbl S; Ha cucreMy Sp. BosneiicTBue Ha30BeM ONAcHbBIM, €CJIM 3Hauy€HHE U IMpeBbILIAET
HEKOTOpPOE€ KPUTHUYECKOEe 3HaueHHe Uy,. CoObITHE, COCTOsSIEE B TOM, YTO IPOU3OILIO ONACHOE
BO3/ICHCTBUE CUCTEMBI S1 Ha CUCTEMY Sy, 0003HauUuM cUMBOJIOM A. I1ycTh V — yiep0, noixydaemslit
CUCTEMOM Sp B pe3ysbTaTe BO3JEHCTBHS CHCTEMBI Si, Vi, — BEIMYMHA JOIYCTUMOIO YIIepoa.
CoOpiTHe B COCTOMT B TOM, 4YTO YyIIepO, MOJYyYEHHBIH CHCTEMOW Sy, MPEBBICHI BEIHYUHY
nomyctumoro ymiep6a. Tak kak BO3MOKHOCTH MOJYYHTh HEJIOMYCTHMBIA yiiepO 3aBUCHT OT TOTO,
MPOM30ILIO WJIM HET ONacHOE BO3JEHCTBUE, COOBITUA A U B ABISIOTCA 3aBUCHMBIMHU.
CrnenoBarenbHO, BEPOSTHOCTh HX COBMECTHOTO HACTYIICHHS paBHA:

P(ANB) =P(A)-P(BIA) =P(u>ugy) P(v>velu > ug),
rne P(A) — BepositHOCcTh cOoObITHS A, P(ANB) — BEepOsSTHOCTh COBMECTHOTO HACTYIUICHHUS
coositnii A u B, P(B|A) — yclnoBHas BEpOATHOCTh COOBITHS B TPH YCIOBHH, YTO TPOH3OIIIO
coObITHE 4.

PazyMHO NpeaAnosoxuTh, YTO I TOTO, YTOOBI CHCTEMBbl HAXOAMJINCh B OTHOIIEHUH
0€30IacHOCTH, 3Ta BEPOSTHOCTh JOJDKHA ObITh JOCTAaTO4YHO Maia. Kpome Toro, pa3yMHbIM ObLIO ObI
OTPaHUYUTh BpeMs HACTYIUIGHHUS COOBITUH HEKOTOPbIM HMHTEpBaJoM I, dYTO TMO3BOJMT
aHAJM3UpPOBaTh OTHOIIEHHE OE30MacHOCTH B pa3HbIX BpPEMEHHBIX HHTepBajlax. byxaem
paccMaTpuBaTh YCJIOBHYIO BEPOATHOCTh COOBITUH TPH YCIOBUH, YTO BpeMs HX HACTYIUICHUS
orpanudeHo uHTepBajoM t. ITycTh € - HEeKOTOpoe Masloe 3HaueHUE BEPOSITHOCTH, KOTOPOE Ha30BEM
KPUTHYECKHM YypOBHEM. TakuM 00pa3oM, MOXHO C(OpPMYJIHUpOBaThH CIeNyollee ONpeaeIeHue
0€30IaCHOCTH: CUCTEMBI Si U Sy HaXOAATCS B OTHOLIEHHMH Oe3omacHOCTH (cuctema S; Oe3omacHa
JUIL CHUCTEMBI Sy), €CIM BEpPOATHOCTH COBMECTHOTO HACTYIUICHHsSI cOObITMH A W B B TeueHHe
BpeMeHU t MeHbIIIe KPUTUYECKOTO YPOBHS &:

P.(ANB) = P.(A) - P,(B|A) = P(u > uyp) * PL(v > vplu > uyp) < e
rae P;(A) — BeposiTHOCTE coOBITHS A B TeueHue Bpemenu t, P(A N B) — BEpOSTHOCTH COBMECTHOTO
HacTyruieHust coOblTuit 4 u B 3a Bpems t, P.(B|A) — ycioBHas BEpOSTHOCTb COOBITHS B mpu
YCJIOBHH, UTO 3a BpeMs { MPOU301IIO COOBITHE A.

3akmoyenue. Tak Kak TOHSATHE OE30MAaCHOCTH TECHO CBSI3aHO C TMOHSATHEM OITACHOCTH,
aBTOPHI TPEUIaraloT TPHU OINPENEICHUU OE30MacCHOCTH HMCXOIUTh M3 CMBICIOBOW CTPYKTYPHI
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NOHATHS "OMAacHOCTB", KOTOpas BKIIIOYAET TPU 3JEMEHTa: MCTOYHHMK OMACHOCTH (cucTeMa Sj),
00BEKT OMACHOCTH (cucTeMa Sy) ¥ OTHOIIECHHE OMACHOCTU MEeXAY Si 1 Sy. [o aHanorum crpykrypa
MOHATHUSI O€30MAaCHOCTH TAaKXKe JOJDKHA BKJIIOYATh B ce0s 3TH TpH 3JeMeHTa. Takum o0paszom,
0€30MaCHOCTh MOKHO paccMaTpUBaTh KaK OTHOIIECHHE MEXIy OBYMS CHCTEMaMH, MPH KOTOPOM
OJlHa M3 HUX HE MOXXET HAHECTH APYrod HeAomycTUMbIH ymepO. Ilpu dopmanbHOM OnMMCaHuU
0€30MacHOCTH B KayeCTBE OCHOBHOI'O PACCMATPUBACTCS BEPOATHOCTHO-CTATUCTHUYECKUN MOAXO.
[IpennoxeHHOE Ha OCHOBE 3TOr0 IIOAXOJAa MAaTEMaTHYECKOe OIpenesieHHe 0e30MacHOCTU
YUUTBIBAET 00€ CTOPOHBI OTHOIIEHHUS OE30MaCHOCTH, TO €CTh BKJIIOYAET BEPOSTHOCTH COOBITHIA,
OTHOCAIINXCS KaK K MCTOYHUKY OMACHOCTH, TaK M K €€ 00bekTy. O4eBHIHO, UYTO TAKOH MOJIXOA
ABIISIETCA 0OJiee MOJHBIM 10 CPAaBHEHHIO C IMOAXO0JAMH, YUUTBHIBAIOUIMMH TOJIBKO OJHY M3 CTOPOH
B3auMoieiicTBus. Kpome TOro, JaHHBIA MOIXOA MOXXET OBITh NMPUMEHEH K JIOOBIM CHCTeMaM

HE3aBUCUMO OT UX IIPUPOABI U CBOMCTB.
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Abstract. This article analyzes the existing approaches to definition of security. We
propose a new approach based on the analysis of the structure of the concept. Security is
defined as the relation between the two systems, in which one of the systems may not
cause unacceptable damage to the other. The formal definition of security based on the
probabilistic approach is concidered.

Keywords: security, security relation, formalization, probabilistic and statistical
approach.
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AHHoTauus. B cratee paccmorpens! ysa3BuMoctu uHpopMamonusix cucrem (UC),
X KilaccuuKaus ¥ IpaBHia OMHCAaHMUS B KOHTEKCTE cTaHaapToB Poccuiickoii
®eneparun ['OCT P 56545-2015 [4], TOCT P 56546-2015 [5] u TOCT PB 51987-
2002 [3]. CopnepxaHue CTaThbM TOCBSIICHO OMHCAHUIO  KJIacCU(PUKAIIUU
ySI3BUMOCTEM,  yUMTHIBAIOIEH  3TamHOCTh  JkM3HeHHoro mukia WMC u
¢yHKIMOHaIbHBIE KOMIIOHEHTHI VIC, B KOTOPBIX COJEpKaTCs ySI3BUMOCTH, a TAKKe
CTPYKTyp€ ONUCAHUS YS3BHUMOCTH, HUCIOJIb30BAHUE KOTOPOM IMO3BOJIUT 00ECHEeUNTh
JIOCTaTOYHOCTh MH(OpManuu s uaeHTuukanuu ys3suMoctd VIC u BbINOIHEHMS
paboT 1o ux aHaIu3zy.

KiroueBble cioBa: mHGOpMalMOHHAS CHCTEMA, YSI3BUMOCTb, >KU3HEHHBIM UK,
yrpo3a 6e30nacHoCTH HHGOPMAIINH, TACTIOPT YSA3BUMOCTH.

BBenenme. Jliobasi coBpemMeHHas cucTeMa MOXET OBbITh HCTOJIKOBaHA KaK YCTpPOMICTBO
nepepaboTku nHPOpManuu ¢ oOpaTHOW CBs3bIO [2], a JOocTUTaeMble 3TON cUCTEMOU 3P deKTh —
JUIIb CJIEACTBHE PAIlMOHAIBHOIO IMParMaTU4ecKoro HCIOJIb30BaHUS KaueCTBEHHOM BBIXOJTHOM
uHpopmanuu. Bo MHOroM »5TO0 (QyHAAMEHTaIbHOE CYXXICHHE MPEeAONpeennyio BBIOOp
MH(OPMALIMOHHBIX CUCTEM KaK HanOojee KPUTHUYHBIX O0BEKTOB KOMITbIOTEPU3UPOBAHHBIX CHUCTEM,
ne-(GakTo CTAaBIIUX MX TIABHBIM KOMIIOHEHTOM [8].

B coBpemennoM mupe unpopmarnmonusie cuctemsl (MC) aBnstores mmb0 caMoCTOATEIbHON
CUCTeMOM, 70O COCTaBHOM YacThbiO JPYTHUX CHUCTEM (HampUMep, CHUCTEM TOCYJapCTBEHHOIO
yOpaBjeHHUs]), UMEHYEMBbIX Jajiee B TEKCTe — cucrteMa. B To ke Bpems pazmuunbie HUC
XapakTepu3yloTcs  o0meld  (YHKUMOHAJIbHOM  LENbI0 WX  CO3/JaHUS U TPUMEHEHUS:
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Yazeumocmu UHd)OpMaI/;I/IOHHblx cucmem

yIIOBJICTBOPEHUEM MOTPEOHOCTEH MOIb30BaTeNeii B 00€CIIeYCHUH HAJCKHOTO W CBOECBPEMEHHOTO
MIPEJICTABJICHHUSI MTOJIHOM, JOCTOBEPHON M KOH(PUACHIIUATHHOW MHPOPMAIIUN B PEATBbHBIX YCIOBUIX
(YHKITMOHUPOBAHUS CUCTEMBI, B TOM YHCIIC TIOTEHIIUATHHO OIMACHBIX.

BbesomacHocth mHQOpMAIMK SIBISIETCS OJHUM W3 HEOOXOJHMMBIX YCIOBUH JOCTHKCHHS
Tpebyemoro kadectBa ¢yHkiuonupoanus MC. OHa ompeaensercss COCTOSHUEM 3alUIEHHOCTH
NC or pasnuyeblXx yrpo3, m B urore —  crnocoOHocThio MC o0ecneunTh KOHKPETHOMY
M0JIB30BATENI0 JIOCTYITHOCTb, IEIOCTHOCTh U KOH(HUACHLUAIBHOCTh Tpedyemoil mHbopManuu B
cucreme [1, 3, 11].

1. Uudpopmaunonnbie cucrembl. Ilog wHMOpPMAIMOHHOW  CHCTEMOMW, COTJIACHO
denepansHOMY 3akoHy Poccuiickoit @enepammu ot 27 utons 2006 r. Ne 149-03 «O6 nndopmanuu,
MH()OPMALIMOHHBIX TEXHOJIOTHSIX M O 3ammure uHpopmamwm» [12], TOHMMAaeTCs COBOKYITHOCTH
colepkamieiics B 0a3ax JaHHBIX uHGOpManuMu U obOecreyuBarOmMX ee  00paboTKy
MH()OPMAMOHHBIX TEXHOJIOTUH M TEXHUYECKHUX CPEJCTB.

Busr m”HGOPMALIMOHHBIX CHCTEM MPHUBEIEHBI Ha pHC. 1.

UHbopmaumoHHble

CUCTEMDbI
FocypapcrBeHHbIe MyHWLMNanbHblE NHble MHGOpMaLMOHHbIE
MHPOPMA LMOHHbIE CUCTEMbI MHPOPMALMOHHbIE CUCTEMbI cucTembl

Puc. 1. Buas! ”HQOPMAIIMOHHBIX CUCTEM

B cooTBeTcTBUM C YyKa3aHHBIM 3aKOHOM oOiajarenb HH(GOPMAIUM W/MIM  OIEepaTop
MHGOPMAIIMOHHON CHUCTeMbl B CilydYasX, YCTAaHOBJIEHHBIX 3aKOHOJATENbCTBOM Poccuiickoit
®enepanun, 00s13aHbI 00€CTIEUNUTD:

1) nmpenoTBpaleHne HeCaHKIIMOHUPOBAHHOTO JI0CTYyTa K MH(pOpMauu 1 (WiIKM) nepeaayu ee
JMIaM, HE UMEIOIIMM TpaBa Ha JA0CTYN K UH(OpMaIuH;

2) cBOeBpeMeHHOe OOHapyKeHHe (PaKTOB HECAHKIIMOHUPOBAHHOI'O J1OCTYyIa K MH(POPMAaLIUY;

3) mpenynpexaeHue BO3MOXHOCTH HEOJaronpUSATHBIX MOCIEACTBUNA HapylIeHHs MOpsIKa
J0CTyMa K UH(popManuy;

4) HenomylleHHWE BO3ACHCTBUS HAa TEXHMYECKHE CpeACTBa 0O0pabOTKM HMH(OpMAalMH, B
pe3ysbTaTe KOTOPOro HapyliaeTcs ux pyHKIMOHUPOBAHUE;

5) BO3MOKHOCTh HE3aMEJIUTEIBHOIO BOCCTAHOBJICHHSI HHPOPMAIMK, MOAU(PUIIMPOBAHHON
WM YHUYTOXKEHHOH BCJIEICTBUE HECAHKIITMOHUPOBAHHOTO JIOCTYIA K HEl;

6) IOCTOSTHHBIN KOHTPOJIb 32 00€CIIeYeHHEM YPOBHS 3alUIIIEHHOCTH HH()OPMALINH.

2. Ya3BUMOCTH HMH(OPMAIMOHHBIX CHCTeM M HX Kiaaccupukanusa. MeToandyeckum
nokymenToM @CTOK Poccun «ba3oBas Mozenb yrpo3 0€30MacHOCTH MEPCOHANBHBIX JaHHBIX MPH
ux 00paboTke B MH(MOPMAITMOHHBIX CHUCTEMax MepCcOHANbHBIX MaHHBIX» [10], a takke 'OCT P
NCO/MBK 27001, TOCT P UICO/MIBK 15408, TOCT P UCO/MBK 17799 ycraHoBi€HO, 4TO
Kakzas yrpo3a OesomacHOCTH WHGOpPMAIMU B OOIIEM BHJIE OMHUCHIBAETCS Yepe3 BO3MOKHOCTH
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HapyLIUTENS, UCIOIb3yEMbIE HAPYLIUTENEM YSI3BHUMOCTH, a TaKXE IMPEAIoaraeMblii pe3yJsbTar
peanu3ali  yrpo3bl, BBIPAKECHHBIH B HApyIIEHUH KOH(QUACHIIUAIBHOCTH, LEIOCTHOCTH WIH
JTOCTYITHOCTH MH(OPMAITHH.

[Ipu sToM yrposa OezomacHOCTH HMH(POPMALUM MPHU3HAETCS AKTYyaJbHOH NPH HATUYHH
BO3MOKHOCTEH y HapYIIUTENS peaii3allii 3TOH yrpo3bl C UCIOJIb30BaHUEM CIA0bIX MECT, TO €CTh
ya3BUMOCTeH, B cucteme 3amuThl uHpopmammu WC. Takue yrpos3sl MmoaiexaT AajdbHEUIIEMY
PacCMOTPEHHIO MPH Pa3pabOTKE CUCTEMBI 3aIUTHI HHPOPMALIUH.

Takum o00pa3oM, KayecTBO M IIOJIHOTA BBIABICHHS Yrpo3 0Oe30omacHOCTH HH(OpPMAaLUU
3aBUCST OT KaueCTBA OLICHKU BO3MO>KHOCTEM HapyIIUTENsl IO peali3aly 3TOM yrpo3bl U IOJHOTHI
OLIEHKHU ¥ aHAJIN3a yA3BUMOCTEN B cucTeme 3amuThl nHpopmaru VC.

OneHka BO3MOYKHOCTEW HapyIIUTENsl OCYIIECTBISETCS B COOTBETCTBUUM C 0a30BBIMU
MozensMu yrpo3 OeszomacHoctu wH(popMarmu, yreepxkiaeHHbiME OCTIOK Poccun. Ipu stom B
yKa3aHHBIX METOJMUYECKUX JJOKYMEHTaX MpHBEJIeHa TOCTaTOYHO MOAPOOHAs XapaKTePUCTUKA THIIOB
BO3MOJKHBIX HAPYIIHUTEIEH U YPOBHEN UX BO3MOKHOCTEM.

B uactu ysa3BuUMOCTEH B METOAMYECKHUX JOKYMEHTAaX [0 HACTOSIIEr0 BpPEMEHU ObUIM
IIPUBE/IEHBI TOJIBKO 00IMe Kiacchl ys3Bumocteil. [lpu atom nonstue yszsumoctu UC, npusHaku
KJIaCCU(UKALUU M XapaKTEPUCTHKU YSA3BUMOCTEH, MOAXOAbl K OLEHKE, aHalu3y U IpaBuUiiaM
ONMCAaHUs YSI3BUMOCTEH, a TakXe BUAbBl U COJEp)KaHUE pabdOT IO BBISIBICHUIO YA3BUMOCTEH
MPUMEHUTEIHHO K CTAAMsAM Cco3JaHus M dkciuryarauuu MC u cpencTB 3amuThl HHPOpPMAIUN He
OBLTH OIIPE/ICIICHEI.

Jlis vcnipaBieHusl CUTyallud W TOBBIIICHUS 3()()eKTHBHOCTH padoT MO CTaHIApTU3AIMH B
obnmactu 3amuthl wHPopMmamuu B 2013-2015 rr. opraHMzanmsMHM, BXOJSIIMMH B COCTaB
TeXHUYeCKoro komurera mno crapgapruzanmuu TK 362 «3amura nHGOpMaIum», B COOTBETCTBHH C
[IporpamMmoii pa3paboTKH HallMOHANBHBIX cTaHnapToB Ha 2013 rox Owlna mpoBeaeHa paboTa 1o
pa3paboTKe HaIlMOHAIbHBIX CTAHAAPTOB «3aluTa UHPOpMAIUK. YS3BUMOCTH MH(POPMAIIMOHHBIX
cucreM. IlpaBunma omnucanus ys3BUMoOcTel» W «3amura HHPOpMALUH.  YSA3BUMOCTH
nHpopmanoHHbIX cucreM. Kinaccudukanus ys3BumMocTeil ”HPOPMAILIMOHHBIX CUCTEM.

B cooTBeTcTBUM C yKa3aHHBIMU CTaHAApTaMU O] VA36UMOCHbIO TTIOHUMAETCS HEJ0CTAaTOK
(cmabocTh) TPOrpaMMHOTO  (MIPOTPaMMHO-TEXHMUYECKOT0) CpEACTBa WIM WHOOPMAIMOHHON
CHUCTEMBbl B LIE€JIOM, KOTOpbIM (KOTOpas) MOXKET ObIThb HCIOJb30BaHa AJIs pealu3allud Yrpo3
0e30MacHOCTH HH(OPMALIUH.

B ocnoBe knaccudukanmmu  ysazBumocteit  MC  ucmonb3yrorcs  clieqyroiue
KJIacCCU(PUKAIIMOHHBIE TTPU3HAKH [S]:

— 0071aCTh MPOUCXOKICHUS YI3BUMOCTH;

— tunsl HegocTaTkoB UC;

— MECTO BO3HUKHOBEHHUs (TiposiBieHus ) ysizsumocTu MC.

Vs3zsumoctu MC no o6sactu mpoUCX0KAeHUs IPUBEACHBI HA puUC. 2.
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Yazeumocmu UHd)OpMaI/;I/IOHHblx cucmem

Yazsumoctu
KOHUrypauum

YA3BUMOCTU KOAa

Yassumocru UC

OpraHu3aunoHHble
YA3BUMOCTH

YA3BumMocTun
APXUTEKTYPbI

MHorodakTopHble

YA3BUMOCTH

Puc. 2. Ysazsumoctu C 1o 06macT mpoUCXOKACHUS

Cpemu yszBumocteit MUC mo tumam HemoctatkoB MC MOXXHO BBIIEIUTH YSI3BUMOCTH,
CBSI3aHHBIE:

— C HeMpaBUJILHOM HacTpolkoi napamerpos [10;

— C HETIOJIHOTOW MPOBEPKH BBOJUMBIX (BXOHBIX) IaHHBIX;

— C BO3MOKHOCTBIO BHEIPEHUSI KOMAH]I OTIEPAIIIOHHBIX CUCTEM;

— C BHEIPEHUEM MPOU3BOJILHOIO KOJ4;

— C mepenoyiHeHueM Oydepa namsaTu 1 ap.

Crnenyer OTMETHTb, YTO OCHOBY Kilaccuukanuu ys3sumocteid C cocTaBisoT ya3BUMOCTH
nporpammHoro ooOecriedenuss MWMC, T.k. B OOJBIIMHCTBE CIy4aeB HKMEHHO MPOrPAMMHOE
o0ecrieueHre UMEET pa3IndHbIe OIIMOKH U JePEKTHI.

Tak, Hampumep, psa TNporpaMMHBIX cpenctB (Hampumep, BIOS) mocraBmsrorcs 6e3
UCXOJHBIX TEKCTOB M COOTBETCTBYIOIIEH TOKYMEHTAllMH, IIO3BOJSIOMIEH TIPOBECTH HX
TTOJTHOLICHHYIO cepTu(HKaInio Mo TpedoBaHusIM Oe30macHOCTH. B cBoro ouepenb, ceprudukanus,
X0Tsi U BbIsBIsieT nedextsl [10, mneHTHdUIUpyeMble Kak KPUTHUYECKHE YS3BUMOCTH, a TaKXkKe
negextsl 0e3onacHoctu [6, 9], HOo He naeT 100%-HOM rapaHTHH OTCYTCTBUS 3aKJIAI0K U BBISIBICHUS
HEeJIEKJIApUPOBAHHBIX BOZMOXHOCTEH (CM. pHC. 3).

Vsa3sumoctu VIC 1o MecTy BO3HUKHOBEHUS (IIPOSBICHUS) TOAPA3ACIAIOTCA HA CIEAYIOIINe
THUTIBL:

— B 0011eM (00IIeCHCTEMHOM) TPOTPAMMHOM 00€CTICUCHUH,

— B IIPUKJIAIHOM IIPOTPaMMHOM 00ecIieueHHH;

— B CIIEMAIIEHOM MTPOTPaMMHOM 00€CTICUeHHH;

— B TEXHUUECKUX CPEJCTBAX;

— B C€TeBOM (KOMMYHHUKAI[HOHHOM, T€JIEKOMMYHUKAIIMOHHOM) 000pY/I0BaHUY;

— B CpCACTBAX 3alIUTHI.
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W AyTeHTUDMKALMOHHbBIE AaHHbIe B Koae nporpammbl (CWE-798)
® Mepenonxenue 6ydepa (CWE-120)
[ e} A ¢ BKOAE, K

npusenemii (CWE-267)
W CKpbITbIi KaHan nepeaauu uHdopmaumm (CWE-489)

 HexoppexTHoe yaanexne ocratouHoi nHdopmauvn (CWE-762)

W MexcaiTosblit ckpunTuHr (CWE-79)

Puc. 3. Cratuctuka no Tunam ysi3BUMOCTEN

[lpunsaras knaccuduKamus HamNpaBlIeHA Ha  COBEPIICHCTBOBAHME  METOIWYECKOTO
o0ecrieyeHrs1 OTpeIeTICHNS U OTIHCAaHMs YIpo3 6e30nacHOCTH HHPOPMALUU TIPU TPOBEACHUHU padboOT
no 3amurte mHpopmanmu B MC m momkHa mpuMeHSTbCs mpu paspaborke 6a3 manbix (BJI)
YSA3BUMOCTEM.

AHaau3 U onucaHue ysi3BUMocTeil. AHanu3 ys3Bumocted MC cBsizaH ¢ MeTogamMHu UX
BbISIBIICHUS. HadanbHBIM STamoM BBISBICHUS YSA3BHUMOCTH M ONHMCAHUS YS3BHUMOCTHU SIBJISETCS
OTIpeNieNIeHue  CTPYKTYpHO-(QYHKIIMOHATIBHBIX ~ XapaKTEPUCTHK HH(OPMAIIMOHHONW  CHCTEMBI,
BKJIIOYAIOIINX CTPYKTYpy M COCTaB HH()OPMAIMOHHOW CHUCTEMBI, (H3UYECKHE, JIOTUYECKHUE,
(GYHKIMOHATIPHBIE W TEXHOJIOTUYECKHE B3aMMOCBSI3M MEXIy CErMEHTaMH WH(POPMAIMOHHON
CHCTEMBI, c WHBIMHU WH(POPMAIIMOHHBIMH cHCTeMaMHU " UH(POPMALIMOHHO-
TEJIEKOMMYHUKAIIMOHHBIMU CETSMH, PEXKHMOB 00pabOTKM WHPOpMAnMU B HWHPOPMAIMOHHOU
CHCTEME U B €€ OTAEJIbHbIX CerMEHTax.

Onwucanne ysa3Bumoctd MC  JODKHO — XapaKTepU30BaTh TPUYMHY U CJIEICTBHE
WCTIOJB30BaHUS YSI3BUMOCTH. Ys3BUMOCTH MC SBISIOTCS CIEACTBUEM HAIWMYMA OMIMOOK B €€
Pa3IMYHBIX KOMIIOHEHTaX (CErMEHTaX) U HEKOPPEKTHBIX HacTpoek komrnoHeHToB VC.

Onucanne ysS3BUMOCTH HEOOXOAWMO BBITIOJHATH B COOTBETCTBHHM C NPAaBHUJIAMU €ro
ONMCaHUS, T.€. COBOKYIHOCTBbIO IOJIOXKEHHUH, PETrJaMEHTHPYIOIIUX CTPYKTYpY U COJIEpKaHUe
ONHUCaHMs YyA3BUMOCTH. [Ipu 3TOM CTpyKTypa ONHUCaHMs IOJIKHA OOECIEeYMBATH JIOCTATOYHOCTD
nHpopManuu st uaeHTugukanuu ysa3BumoctTH MC w  BBIMOMHEHHUS palboT 1O aHAIHU3Y
ysizBumocteit UC [4].

Onucanne ys3Bumoctu C odpopmiisieTcs B BUE TacopTa ysI3BUMOCTH, (opMa KOTOPOTO U
COJIep>KaHUE JIEMEHTOB MIPECTABICHBI B Ta0IuLe 1.

Taoauua 1. ®opma macnopra ysi3BUMOCTH

DJIEMEHT OIMCAHUI Conepxanmne
ySI3BUMOCTH

HanmenoBanwue ys3Bumoctu | TekcroBas wHpOpMAus 00 YA3BHMOCTH, Ha OCHOBE KOTOPOM
BO3MOXHO  yCTAHOBUTh TMNPUYMHY ©  (WIM) TIOCIEACTBUSA
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ySa3BUMOCTH.  HamMeHOBaHWE  yS3BUMOCTH  JIOJDKHO  OBITh
MPEJICTABJICHO Ha PYCCKOM s3bIke (B CKOOKax Ha AaHTJIMICKOM
SI3BIKE — MTPU HEOOXOJIMMOCTH ).

Wnentudukatop ysa3BUMOCTH

AndaBuTHO-IUPPOBOH KO, BKIIOYAIOIIMNA KOA 0a3bl JaHHBIX
ySI3BUMOCTEM, T'OJ] BBISBIEHUS YA3BUMOCTU M IOPSAJIKOBBII HOMEP
ySA3BUMOCTH, BBIABJICHHOM B Tekyuiem roxay. llpu ompenenenun
UACHTU(DUKATOPA YSI3BUMOCTH KO/ 0a3bl TAaHHBIX YSI3BUMOCTEH, o
BBISIBJICHUSI YA3BUMOCTM U IOPSAIKOBBIE HOMEp YSI3BUMOCTH
JIOJDKHBI OBITH OTAENEHBI APYT OT Apyra 3HaKoM "-", Ipu 3TOM 3HaK
po0esa He CTaBUTCSL.

WnentuduxaTopsl Ipyrux
CHCTEM OIMCAHUMN
ySI3BUMOCTEN

NnentudukaTtopsl ysS3BUMOCTH B JPYTHX CHCTEMax OMUCAHHIA.
JIaHHBIIA 3JIEMEHT BKIIIOYACT HACHTH(QHKATOPHI YSI3BUMOCTH U3
OOIIEIOCTYITHBIX ~HMCTOYHUKOB M COJCPKUT, Kak MPaBUJIO,
nudposoit unu andaBuTHO-IUPPOBOH Ko OnHcaHue MOXKET OBITh
BBITIOJTHEHO B BHJIE TUTIEPCCHUIOK B (hopmare aapecoB URL.

Kparkoe onncanue
YSI3BUMOCTH

TexcroBass umHpOpManust 00 YSI3BUMOCTH M BO3MOXKHOCTSIX €€
HCIIOIb30BAHMS.

Knacc ys3Bumoctu

TexcroBast nH(DOpPMAIHSI, KOTOPYIO OMPEICISIOT B COOTBETCTBUHU
¢ TOCT P 56546-2015.

Haumenosanue 10 u ero
BepCHs

TexcroBast undopmarust o HaumenoBanuu [10 u ero Bepcum.

Cnyx0a (moprt), KoTopas
(KOTOPBIIT) UCTIONIB3YETCS AJIst
¢bynkunonuposanus 110

KomOunupoBannas wuHpopMmanmst O Ciayx0e (CHCTeMHOH WIN
CeTEeBOH), O CETEeBOM IIOpPTE, KOTOPBIA HCHONB3YIOT  JUIA
¢ynkunonuposanus 110, 1 0 HAMMEHOBAaHUU CETEBOTO MPOTOKOJA
nepenadyn JaHHBIX. Homep cereBoro mopra M HaWMEHOBAaHUE
CETEeBOT0 MPOTOKOJIA TEpPEeayn JaHHBIX OTIENAIOT APYT OT JApyra
3HAKOM «/.

S13BIK MpOrpaMMHUpPOBaHUS

I10

HanmenoBanue sA3pIka NpOrpaMMHUPOBAHMS, HCIIOIB3YEMOIO IIpU
paspabotke (npeacrasienun) 110, ¢ unpopmaruen o TeXHOIOTHU
(cpezne) mporpaMMHUpPOBAHHSIL.

Tun sHegocTaTka

TexcroBast nHpopMalMs, KOTOPYIO ONPENEISIOT B COOTBETCTBHH
c 'OCT P 56546-2015.

Wnentudukatop tuna
HEJI0CTaTKa

YHUKanbHBIA ~UACHTHQHUKATOP THMA HEJOCTAaTKa  COAEPIKHUT
andaButHO-1IM(ppoBOt  kox. Moker ObITH B3AT (M TIpHU
HE00XOIMMOCTH JIOTIOJIHEH) U3 OOMIETOCTYIMHBIX HCTOYHHUKOB.

MecTo BOZHUKHOBEHHUS
(mepenosHeHus1) ysI3BUMOCTH

TexcroBast unpopmanus o komrnoHenrax MC, kotopsle conepkat
paccMaTpUBAEMYIO YSI3BUMOCTb.

Hanmenosanue
ONEPAMOHHON CHUCTEMBI
THUII anmnapaTHOM miIaTGopmbl

Nudopmanus o0 oneparioHHONW CUCTeME U THIE anmnapaTHON
wtat¢opmel (THIIaMu ammapatHou rardopmer sisitores: 1A-32,
IA-64, X86, ARM, PA-RISC, SPARC, System z u npyrue).

JlaTa BBIIBIICHUS
ySI3BUMOCTH

Nudopmanuss o jgare BBIBICHHS YA3BUMOCTH B (opmare
JJ/MM/TT. B cnydae (¢GakTUYECKOW HEBO3MOXXHOCTH €€
YCTAaHOBJICHUS CUYMTACTCS COBIAJAIONICH C JaTOW pErHCTpariu
coo01IeHust 00 yI3BUMOCTH B 0a3e JaHHBIX YSI3BUMOCTEH.

ABTOp, OMyOJIMKOBABIINI
MH(OPMAIIHIO O BBISIBICHHON
ySI3BUMOCTH

WNndopmanus o6 aBTOope, KOTOpBHIM OOHApYXWUJI W OMyOIMKOBAI
YSI3BUMOCTh

Crnioco0 (mpaBumo)
0OHapyXEHUS ySI3BUMOCTH

dopmMann30BaHHOE TMPABWIO OMNpeneneHus ys3BuMocTu. Crocob
(mpaBui0) OOHApyKEHHUs YSA3BUMOCTH IIO3BOJISIET NpPU TOMOIIU

CHGHH&HLHOﬁ npoucaypnbl MMPpOBECTU IMPOBCPKY HaJIn4us
YSI3BUMOCTH.
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Kputepuun onacaoctu
YA3BUMOCTHU

COBOKYNMHOCTh HMH(pOpPMAIMK O KPUTEPUSIX, HCHOIB3YEMBIX MpHU
OLIEHKE CTENEHH OMACHOCTH YSI3BUMOCTH, U 00 MX 3HAYCHMSX.
Kaxnpiii  kputepuii MoOXXeT MNPUHUMATh 3HAYEHUS, COTJIACHO
cleAyrouell HOMEHKIIAType:

— KPUTEPHUH «THI J0CTYIa» (JIOKAJIbHBINA, YIAJICHHBIA, IPYroi THII
JIOCTYTIA);

— KpPUTEpHUH «yclOBHUS A0CTyna» (yIpaBiIeHHE JOCTYIOM, Apyrue
yCIIOBUS, YIIPABJIEHUE JOCTYIIOM HE IPUMEHSIETCS);

— Kputrepull «TpeboBaHHs ayTeHTH(UKauumW» (OAHOKpAaTHAsS
ayTeHTU(UKaLus,  HMCIOJIb30BaHHE  (MHOTOKpDATHBI  BBOJ)
pa3nu4HOlN ayTeHTU(UKAUUOHHONW MH(OPMALUY, ayTeHTU(UKAIIHS
He TpeOyeTcs);

— KpUTEpUil «BIMSIHHE HAa KOH(PUIEHIIMAIBHOCTHY (HE OKa3bIBaeT
BIIUSTHUS, HAPYIIIEHUE KOH(PHUICHIINATHHOCTH);

— KpUTEepUil «BIUSHUE HA LIETIOCTHOCTH» (HE OKa3bIBACT BIIMSHMUS,
HapyILICHHUE [ETOCTHOCTH);

— KpUTEpUH «BIHSHHE HA JIOCTYIMHOCTHY» (HE OKA3bIBACT BIIMSIHUSA,
HapyIIEHHE JOCTYITHOCTH).

CreneHp OaCHOCTH
YSI3BUMOCTH

TexcToBass wHpOpMAIUA, KOTOpas MOXET NPUHUMATh OJHO U3
YEeThIpeX 3HAYEHUM: KPUTUUYECKUH, BBICOKUM, CPEIHUA U HUZKHUMI
ypoBeHb omnacHocTh. CTeneHb ONacHOCTH OHpelensieTcs B
COOTBETCTBHUH C OT/I€IbHONU METOJIUKOM.

Bo3mosxHbIE MEPBI 11O
YCTPAHEHUIO ySA3BUMOCTH

[IpennoxkeHuss U PEKOMEHJALUU [0 YCTPAHEHUIO BBISIBIECHHBIX
YA3BUMOCTEH WJIM HCKJIIOUYEHUI0 BO3MOYKHOCTH HCIIOJIb30BAHUIO
HapylLIMTEJIEM BBISIBICHHBIX ys3BUMocTei. Ilpeanoxkenus u
PEKOMEHAALUHU JOJKHBI COJepXkKaTh CChUIKM Ha Heobxoxumoe 1O
u (wm) omnucanue koH¢urypamuii 10, mas KOTOPBIX YTrpO3bI
6e30macHOCTH MH(OPMAINH, HUCIIOIb3YIOIUE JAHHYIO YSI3BUMOCTH,
HE SIBJISIIOTCS aKTyaJIbHBIMH.

[Tpouas unpopmanus

TexcroBast MHpOpMaLUs, KOTOpasi MO3BOJSET JOMOJHUTH OOLIYIO
nH(popMaInio 00 ysI3BUMOCTH:

— OIIMCaHME pealu3yeMOoll TEeXHOJIOTMH 00paboTku (Tmepenaun)
uH(pOpMaIHH;

— omnucanue koHpurypamuu [1O, ompenensiemoll mapameTpaMu
YCTQHOBKH;

— onucanue HacTpoek 11O, mpu KOTOPBIX BBISBIEHA YS3BUMOCTB;
— omMcaHue nojHoMouui (mpaB poctymna) k MC, HEoOX0onUMBbIX
HapyIIUTEII0 ISt HKCIUTyaTalH YSA3BUMOCTH;
— OIMCaHUE BO3MOXHBIX Yrpo3 0e30MacHOCTH HH(pOpMAaIH,
peanu3aiysi KOTOPBIX BO3MOKHA IMPH IKCIUTyaTallud YsI3BUMOCTH;
— OIIMCaHME BO3MOXKHBIX TIOCIEACTBUH OT OKCIUTyaTaluu

YSA3BUMOCTH nc;
— HAUMEHOBaHME  OpraHU3alMM, KOTOpas  OIyOJHKOBaja
nHpopmMauio 0 BBISIBJICHHOMN ySI3BUMOCTH;

— JaTa onyOJIMKOBaHUS YBEJOMJIEHUS O BBISIBICHHOW YSI3BUMOCTH,
a TakXke Jara YyCTpaHeHHs YsA3BUMocTU paspaboruukom I10O;

— JIpyrye CBEJCHHUS.

I/IHTCpCCCH TOT (I)aKT, YTO CTCHICHb OMMACHOCTHU YA3BHUMOCTHU ONPCACIIACTCA B COOTBCTCTBUU C

OTJIeIbLHOMN MCTOHHKOﬁ, U B OTOM IIPOLECCE MOKET OBITh MMPpUMCHUM MaTeMaTUYEeCKUU U

MeTonudeckuil anmapar, pekoMmeHayeMbii ['OCT PB 51987-2002. Ilomoxenust crangapra
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MOAJNIKAT TPUMEHCHHIO Tpu  (POpMHUpPOBAHUM TpPEeOOBAHMM TEXHHYECKOTO 3aJaHUs, TpU
CpPaBHHUTEILHOM aHaliu3e, OICHKE W OOOCHOBAaHMHM TEXHUYECKUX PEIICHHM, MPU MPOBEICHUU
UCIBITAHUN (B TOM 4YHCIE CepTU(DHUKAIMOHHBIX) U HACTPOHKE TeXHOJormdeckux napamerpos UC,
Ipy  KOHTpPOJIE  KauecTBa  (YHKIMOHHPOBAHMSI  CO3JaBACMBIX,  MOJICPHU3UPYEMBIX  H
skcrryatupyemMeix MIC, TO eCTh MPakTUYECKH HA BCEX dTamax XKHU3HEHHOTO ITMKJIA COBPEMEHHBIX
CHCTEM.

MaremaTrueckue MOJENH, PEKOMEHIOBAHHBIE CTaHIAPTOM M pPEaTH30BAaHHBIE B PaMKaxX
«MHCTpYMEHTaIBbHO-MOICTHPYIOIIETO0 KOMIUIEKCa JIJIsl OLICHKH KadecTBa (yHKIoHUpoBanus MCy,
MPEIBAPUTENILHO MPOIUTA MHOTOJIETHIOK armpoOaIiiio B IECATKAX OpraHU3aIiil MPOMBIIIJICHHOCTH
Y Hay4YHO-HCCIIEIOBATEIIbCKUX OpraHu3anusx MuHoOOpoHbI Poccny mMpUMEHUTENFHO K CHCTEMaM
CaMoro MIMPOKOTO CHEKTPa MPUIIOKEHHUH, KaK BOSHHBIX, TaK U TPAXKIAHCKUX — OT CHCTEM Pa3BEIKU
W YIOpaBJICHUS OpPYXHEM JIO CHCTEM TOCYIapCTBEHHOTO yIpaBiieHUs. HaKOIJICHHBIH OIBIT
MOKa3bIBACT, YTO pPEAIM30BAaHHBIE B CTaHIAPTE KOHIENTYaJbHBIC MOJOXKCHHS SIBJISIOTCS BIIOJIHE
npuemiieMbiMu Takke s MC HeBOeHHOro Ha3HaueHus. Pacmmpenue o0nacTé TPUIIOKEHUS
MOJIOKCHUH CTaHJapTa Ha KPUTUYHBIC aBTOMATH3UPOBAHHBIC CUCTEMbI (B TEPBYIHO OuYEpelb
TOCYJapCTBEHHOTO W (UHAHCOBOTO YIpaBICHUSA, HepTe- H Ta30J00bIBAIOIICH OTpaciei,
SHEPreTUYECKOM, aTOMHOW NPOMBINLICHHOCTH U Jp.) U MC wuHOro (yHKIMOHAJILHOTO OW3HEC-
MpUMEHEHHS ObLIO ObI BEChbMa €CTECTBEHHBIM JIJISl 3aKa3UYMKOB U Pa3pab0TUMKOB 3TUX CUCTEM [7].

3akiaouenue. [Ipunsarue HanmwoHanbHbIX cranmapToB 'OCT P 56546-2015 u I'OCT P
56545-2015 no3BoseT MOBLICUTH A((PEKTUBHOCTh padOT MO CTaHIAPTU3ALMHM B 00JIACTH 3aIUTHI
nH(popManuu:

Knaccugukaius ys3BuMocTeil OyeT NpuMeHsThCsS npu pazpadotke bJl ysa3BUMOCTel, a ux
UCIIOJIb30BAHUE CPEACTBAMHU aHaKM3a 3allMIICHHOCTH (CPEJCTBAMHM TIOMCKA YSI3BUMOCTEH)
3HAYUTENBHO TMOBBICUT J(PQPEKTUBHOCTh pPAOOTHl CIENHUATUCTOB, 3aHUMAIOMIMXCS ayIAUTOM
MH(POPMALMOHHOM 6€30MMacHOCTH.

Ornucanue BBISBIEHHOW YSI3BUMOCTH B CTPYKTYPHPOBAaHHOM BHJE MpPEJHA3HAYCHO st
WCIOJIb30BaHUs CIICUANTMCTaMU 110 MH(POPMAITMOHHOM 6e30MmacHOCTH MPpU (OPMUPOBAHUH OTUETOB
M0 pe3ynbTaTaM IpoBeAeHus aHanu3a ysa3BuMocteid UC, yTouHeHHs] Mojienu yrpo3 0€30MacHOCTH
nH(pOpMalUY, TIPU CO3JAHUHM M BEACHUM 0a3bl JAaHHBIX YSI3BUMOCTEH WM TNPU MPOEKTUPOBAHUU
CpeICTB aHanu3a (KOHTPOJIS) 3alIUIIeHHOCTH HH(OpMauU (CKaHEPOB OE30MaCHOCTH).
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Abstract. The report considered the vulnerability of IP, their classification and the rules of
the description in the context of standards of the Russian Federation GOST R 56545-2015,
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IMPOI'PAMMHBINA KOMILJIEKC JJISI ABTOMATHU3UPOBAHHOM 'EHEPATINH
OPITAHU3BAIIMOHHO-PACHOPAJAUTEJBHBIX TJOKYMEHTOB 110 3AIIIUTE
NH®OPMAIIMU B KPUTHUYECKUX UHO®PACTPYKTYPAX
I'opoblieB Anexcanap JleonnaoBu4
Benymuii cnenmanuct OOO 1o 3ammure napopmaiuu «Cekper-CepBucy»
664075Upkytck, yi. baiikansckas, 234-s/2, e-mail: gal@irksecret.ru

AHHoTanusi. B craThe mpencTaBieH HOBBIA MOAXOJ K PEIICHUIO 3a/layd MOCTPOCHUS
CUCTeMBbl  3allUThl MHGOpPMAIMM B YaCTH  OpPraHU3alMOHHO-PACIIOPSIUTEIHHON
JOKYMEHTAIH, a TaK)Ke MOJACPKKU CHEIHATUCTOB B MPUHATUHU KJIIOUEBBIX PEIICHUN IO
BOIIPOCAM IOCTPOEHUS] CUCTEMBI 3aIUThl HHPOPMAIIMK B KPUTHUECKUX HH(PPACTPYKTYpax.
KialoueBble cioBa: Kputudeckue UHGPACTPYKTYphl, MPOTPAMMHBIA  KOMILIEKC,
OpraHHU3alIOHHO-PACTIOPSAUTENbHAS JOKYMEHTALIHS.

BBenenne.  Kputuueckoil  mHGPacTpyKTypoW  Ha3bIBAIOT  4YacTh  TPa)KTaHCKOU
UHPACTPYKTYPHI, IPEICTABIIAIONIYI0 CO00M COBOKYIHOCTh (PM3UUECKUX UM BUPTYAIBHBIX CHCTEM
U CPEeZACTB, BAXHBIX JJI TOCYAApCTBA B TAaKOM Mepe, YTO MX BBIXOJ M3 CTPOs MO0 YHUUYTOXKEHUE
MOXET TMPHUBECTH K TyOUTEIbHBIM HOCIEJICTBUSM B 00JaCTM  OOOPOHBI, 3KOHOMMKH,
3/IpaBooxpaHeHus U Ge3onacHocTH Hauuu [1]. Cpenun uccienoBaHuil KpUTHUECKUX UHPPACTPYKTYP
BBIICJIAIOT  3aIUTY HAIMOHAIBHOW KPUTHYECKOW MHQPACTPYKTyphl, OJHOM M3 BaKHBIX
COCTABJIIOLIMX KOTOPOH SBJISIETCS JHEpreTuueckas MHPpacTpykTypa. Tema JaHHOM CTaThbu
aKTyalbHa, OCOOEHHO B CBSI3M C MHTEHCHUBHBIM DPa3BUTHEM HH(POPMALMOHHBIX TEXHOJOTHH, B
YCJIOBHAX MOKa HEe COPMHUPOBABIIEHCS CHCTEMBI 3alUThl HHpopManuu B cepe sHepreTuku [14-
15] u ObicTpoMeHsroIeiics cucTeMbl 3auThl HHGopMaru B Poccun B npunnune. Hanpumep, as
3alIUThl  MEPCOHAIBHBIX JIAHHBIX CHEIMAIMCTBl IO 3aluTe HHGOPMAIMKU  BBIHYXJICHBI
NpUOIM3UTENBHO pa3 B MOJrofa OOHOBIATh KOMIUIEKT — OpPraHM3alMOHHO-PACIIOPSIUTENbHBIX
JOKYMEHTOB, a TaK)K€ BBOJUTH B SKCILIyaTallMIO HOBBIE CPEJICTBA 3alIUThl HHPOPMAIIUH, TAKUE KaK:
aHTHUBUPYCHI, MEXCETEBbIE IKPAHbI, CHCTEMBI OOHAPY)KEHUSI BTOP)KEHUH, IPYrHe CPe/ICTBA 3alUThI
uHpopmanuu (C3U). CpexnctBa 3ammrthl mHGopManuu Ha Teppuropun Poccuiickoil denepanun
MOJIBEP’KEHBl M3MEHEHUSIM B TpeOOBaHUAX K HHUM, Kak cieictBue ceptuduxanuu C3U [2, 3].
[IpaBunbHas pa3pabOTKa TakUX JOKYMEHTOB, KakK akThl KiIacCU(UKAIMH, MOJENU Yyrpo3 U
TEXHUYECKHE 3aJaHMs Ha KOHKPETHbIC 3allluIlacMble MH(QOPMALMOHHBIE CHUCTEMBI, TpeOyeT He
TOJILKO CHEIU(PHUUECKUX 3HAHUHM MO 0e30MmacHOCTH MH(OPMAIMM, HO U 3HAHUH TEPUOTUUECKU
Menstomuxess ['OCToB, @enepanbHbix 3akoHOB, IloctanoBnenuii llpaBurenscrBa, IIpukazos
OCTOK Poccun, Ilpuxazo ®Cb Poccum u npyrux. Pa3zpaboTka JTOKyMEHTOB IO 3allUTe
uHpOpMAIlUM OTHOCUTCS K TEXHHYECKOM 3amuTe HWH(pOpMAIMM, M, KaK CIEJCTBUE, SBIISETCS
JULEH3UPYEMBIM BHJIOM JearenbHocTu [4]. JlanHyro ycnyry okxasbiBaroT jauneHsuarsl @CTOK
Poccun nimm nmunensuarsl @Cb Poccnn, CTOMMOCTD TaHHOM YCIIYTH <TI0 KJIFOW» B 3aBUCUMOCTH OT
peruona Poccuu u mpeanpusiTHs JHIlleH3UaTa Bapbupyercs oT 45 no 150 Teic. pyOneil 3a oaHy
nH(POPMAIMOHHYIO cucTeMy (0e3 yuyeTa CTOMMOCTH Ha MOCTaBKY CPEACTB 3alUTHI MH(YOPMAIIUH).
MeHsTh uTO-1TH00 Yepe3 OTHOCUTEIHHO HEMpPOJOJIKUTENbHBIM MPOMEXYTOK BPEMEHH XOodeT (WIu
MOXKET) He Kaxabli 3aka3zuvk. Curyauus ycyryOnisieTcss TeM, YTO CIEUUaIMCThl 1O 3alluTe
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uHpOpMalNY, KaK IPaBUIIO, HUMEIOTCS B LITAaTE TOJBKO KPYIMHBIX OpraHu3aiuii. B coBokymnHoctu
(bakTOpHl, H3JI0KEHHBIE BBIIIE, IPUBOAAT K TOMY, YTO MH()OPMAIIMOHHBIE CUCTEMBI HE 3aLHIAI0TCS
B TNpUHIMIIE WM 3TO JeNaeTcsi ¢ KPUTUYECKMMU B JaHHOW obmactu ommOkamu. Hike
paccMmaTrpuBaeTcsl MOAXO0JA K pa3pabOoTKe MPOrpaMMHOIO KOMILIEKCA JUlsl aBTOMAaTH3UPOBAaHHOM
TeHEpaLly  OPraHMW3aLUOHHO-PACTIOPAAUTEIBHBIX JOKYMEHTOB IO 3alluTe HWHPOpPMaLuu B
KPUTHYECKHX MHPPACTPYKTYpax.

TpeboBanus k pa3padoTke NPpOrpaMMHOI0 KoMIuiekca. PaccMoTpeB naHHyto nmpobiemy,
MOXXHO TPHUHTH K BBIBOJY, YTO Ui TIOBBIIICHHS KadecTBa pPa3pabOTKM OpraHU3alMOHHO-
pacropsIUTeIbHON JOKYMEHTAIlMK, BHEAPEHHS] M SKCIUIyaTallud CPEICTB 3aIIUTHl WH(GOpMAIHU
(4TO B LENOM YIYYIIMT TOAXOJA K 3alluTe HMHPOPMALUU B KPUTUYECKHX HHEOPACTPYKTypax)
HE00X0IMMO BBIPAOOTATh TAKOHM MOJXOMA, KOTOPBIA OBLI ObI TOCTYIIEH MHOTHM, B YACTHOCTH, TEM,
KOMY OH cei4ac He JOCTYNeH Mo (MHAHCOBBIM 3aTpaTaM, a Takke He TpeOoBan OBl IS ero
peanu3ayy CuelHaIbHbIX M YIIIYOJEHHBIX 3HAaHUH B 3ammre uH(opManuu (Harnpumep, Mor ObITh
peajin30BaH CUCTEMHBIM aJMUHUCTpaTropoM). Ilpemmaraemplii mOIX0J MOXHO pealu3oBaTh Ha
OCHOBE CJIEJYIOIMX MPUHIUIIOB U TEXHOJIOTIHA:

® [IPUHIMI pa3JeleHUs TPYAa;

e apromaTH3aius pabort 3a cuet npumenenus [19BM;

e ycnonb3oBaHue MHTEpHeT.

CuHTe3upys JaHHbIE TEXHOJIOTUU M MPHHLUIBI, MOXXHO C(hOpMyIMpOBaTH HOBBIA MOIXOM K
pEIICHUIO TIOCTAaBJICHHON 3aadydl B KPUTUYECKHX HHQPPACTpyKTypax. YacTHYHO TaKoH MOIXO0.
peayin3oBaH B JpYrux o0JacTsAX, Hanmpumep — B lopucnpyneHuuu (cuctemsl «['apant» [5],
«KoncynpranT [6]), a Takke B 00JaCTH 3alIUTHI HH(YOPMAITUH, a TOYHEE, B 3aIIUTE MEPCOHATBLHBIX
JNaHHbIX [7], HO B MOCJIEJHEM Ciy4yae MpHU peanu3alyy MPOrPaMMHOIO KOMIUIEKCAa OTCYTCTBYET
KJIMEHTCKUN MOJTYJIb.

B HacrosimieM mnpoekte mpemiaraercss paspadborats nporpammubiidi komiuiekc (IIK) s
aBTOMATHU3HPOBAHHOW T'€HEpalMy OPraHU3alMOHHO-PACTIOPSIUTENbHBIX JTOKYMEHTOB IO 3allluTe
nH(popMallMl B KpUTHYECKUX HHPpacTpykTypax. llpemmaraemelii moaxoj OCHOBBIBaeTCS Ha
pa3paboTKe W  HUCHOJB30BAHMM  MPOrPAaMMHOTO  NPOAYKTa, KOTOPBIM  IMOJAEpPKUBAET
TEXHOJIOTHYECKHI MPOLIeCC, MPOUITIOCTPUPOBAHHBIN Ha puc. 1.

PazpabarsiBaemsiii [1K nomken obecnieunBaTh:

e KpoccmiaT(GOpPMEHHOCTb;

e paboTy B ceTu ¢ ucnonb3oBanuem nporokoaaTCP/IP;

e paboTy KaK CEpBEPHOTrO U KIMEHTCKOT0 MOAYJIEH, TaK U HOBBIX MOAKIIOYaEMBIX ;

e paboTy KIMEHTCKOU yacTHB pexkumax «online» u «offlinex;

® TeHepaluio JOKYMEHTOB B 3JIEKTPOHHOM BUJIE;

e yI00HYIO U MPOCTYIO pabOTy MOJH30BATENS B KOHTEKCTE MPUHSITHS PEIICHUHN 110

crnienn(pUIecKUM BOIIPOCaM 3alUuThl HH(pOpMaIumy;

e paboTy ¢ HEOrPaHUUYEHHBIM (IIPOTPAMMHO) KOJIMYECTBOM KIMEHTCKUX MOJYJIEH;

e OOHOBJIEHUS B «PEATLHOM PEKHME BPEMEHM.

Bosee moapoOHO TeXHUUECKOE 3aJJaHHUE Ha CO3/1aHUE TAaKOTO MPOrpaMMHOI0 KOMILIeKca Oyaer
PaccMOTPEHO B NOCIEAYIOIUX CTAaThsIX HA JAHHYIO TEMY.
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Mpynna akcnepToB
no MHOPpMaUuMoHHOK GezonacHocTy

BHOCWUT B WWab/OHbI:
MameHeHnii no OP4,
pekomMmeHaaynii no
BHEAPEeHWID 1 3KCcnayaTtaummn
31

CepBepHas 4acTb NporpaMmmMmHoOro
KOM N eKkca

ABTOMAaTMHYeCKas
CHUMHXPOHKMz2aUunA

KnneHnTckas vacTe NporpamMmmMmHOoro
KomMnnekca

A
reHepupyeT B 2MeKTPOHHOM

Buae OPO
MonbzoBaTenb KoMNaekca

daeTt pekomeHgaunm no
BHeApeHWo 1 akcnnyaraunmn C31

Mo mepe OoGHOBNEHKWA
HOpMartTuBHO-NpasoBoiil Gazbl
oGHOoBN AT WabnoHbl AOKYMEeHToOB —
1 pekoMeHayveT NoNb30Baresio
BBECTI akTya/lbHble AOKYMEHTbI

Puc. 1. Onucanane TeXHOIOTHIECKOTO nponecca, nogACpKuBacMoro nNporpaMMHBIM KOMITIJIEKCOM

TexHoJiorusi NMpUMMeHEHHs1 MPOrPaAMMHOI0 KoMmIuiekca. PaccMoTpum Gonee neTaibHO
nporecc paboThl cHenuaircTa Mo 06e30MacHOCTH MHGOpPMAlUU HpU CO3JaHMM OpraHU3allOHHO-
pacropsIUTeIbHON TOKYMEHTALUH 110 3aluTe HHPOpPMaIlui B KpUTUYECKOH MH(ppacTpyKType 0e3
ucnoinbs3oBanus [1IK. OH BkiIroyaeT ciaenyromue BUIbI 1€TENbHOCTH:

® U3yYUTh HOPMATHBHO-NIPaBOBYIO 0azy (IpUMEpHO 2-3 Helenn);

® [OJTrOTOBUTH MIAOJIOHBI JOKYMEHTOB (1 Hexemns);

e  3anoJHUTH coaepxumoe (1 -2 aus);

e pacneuataTh (1 meHsb);

e BBectu B aeiictBue(l — 10 guei);

® TIPOM3BECTH 3aKYNKY U BBOJI B 3KCILIyaTallUIO CPEJCTB 3alUTH MHYOpMAIHH (10
HECKOJIbKUX MECSALIEB);

® [EePUOJUYECKH OOHOBISATH OPTaHU3ALIMOHHO-PACTIOPSAUTEIBHYIO TOKYMEHTAIUIO
(M3MeHeHre HOPMATUBHO-TIPaBOBOI 0a3bl, U3MEHEHHE ITaTa COTPYIHUKOB, U3MEHEHUE

CPEICTB 3alIUThI) (BECTU MOCTOSTHHBI MOHUTOPUHT U3MEHEHHI).
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Heo6xomumo ydectb, 4TO nAeHCTBHS M. 1-3 HODKEH BBIIOIHATH KBAJTHU(HUIMPOBAHHBIN
CMELUAIUCT 110 3aIUTe UH(OPMAIIHH.

PaccMoTpuM 3TOT mpoliecc B ciaydyae MCHOIb30BaHUS IIPOrPaMMHOI0 Komiuiekca. CHaudana
OpPraHu3yeTcsi TpyIIa SKCIEePTOB MO HH(POpPMAIMOHHONW OE€30MacHOCTH, B KOTOPYIO OJDKHBI
BXOJUTh KBAIU(UIIMPOBAHHBIC CIEIUATUCTHI (IEHCTBYIOMINE CIEIHATUCTBl 0 O€30MacHOCTH
uHpopmanun). Co3aHHas TPpyIIa SKCIEPTOB MO 3aMUTE HHPOPMALMU TPOBOJUT aHAIN3 TEKYIIEH
HOPMAaTHUBHO-TIPABOBOM 0a3bl MO 3amuTe HHYOPMAIMH B KPUTUIECKUX UHPPACTPYKTYpax M aHAIH3
CYIIECTBYIOIIUX TIOJXOMOB K TPOCKTHPOBAHUIO CHUCTEMbI 3alIUThl WHPOpPMALUU C YYETOM
UMEIOIINXCS TEXHUUYECKHX pemeHuid. Jlanee co3marorcss malloHBI MOJA KOHKPETHBIE KIIACChI
cuctemM, 0e3 3amOJTHEHUS TAKUX PEKBU3UTOB JIOKyMeHTa, Kak: MO u JOMHKHOCTH MOJIh30BaTEICH,
ajzipeca, HAMMEHOBAHUS CpeACTB 3amuThl nHpopMmanun, PO 1 1OHKHOCTH JIUL, YTBEPXKIAOIINX
JaHHBIA JTOKYMEHT, a TakXe Jpyras ciayxeOHas WHQOpManus; BHOCATCS PEKOMEHIALUU IO
oAOOPY TEXHUYECKUX PELICHUH.

[Tocne sToro nepexoaum k ucnoib3zoBanuto [IK. Ilabmonsl 3arpyxatorcss B 06a3y JaHHBIX
I[IK u BbIKJIIAABIBAIOTCS [UI JOCTyNa B KIMEHTCKOM 4YacTH. B nepcrekThBe BO3MOKHA
CUHXpOHHM3alMsl cepBepHOro kommnoHeHTta [IK B yacTu co3maHus MoJenM Yrpos3, peaiu3yemMon B
0aHKe JaHHBIX YIpo3 M ys3BUMOCTeld DenepanabHON CIyXKObI 10 TEXHHYECKOMY M IKCIIOPTHOMY
KoHTpoito [8]. KimeHTckas 4acTh aBTOMAaTH4eCKH MH(POPMHPYET IOJIb30BaTeNsi 00 OOHOBJICHUU
mabnoHoB. [lanee monbp3oBaTenb 3aX0IUT B cnenuanbHblil uHTepdeiic 11K, kotopsiii npeanaraer
€My 3allOJHHUTH PEKBU3UTHI. [loib30BaTeNb 3amONHAET MX, MPH HEOOXOJMMOCTH pacliedyaThIBaCT.
Knuentckas yactp [1K cama BcTaBiisieT peKBU3UTHI B HEOOXOAUMBIE MECTA JJOKYMEHTAIMH.

PaccmoTpuM moznpoOHee AoKyMeHTalMio Mo 3amuTte uHpopMmanuu. HesaBucumo or Tuna
3amuniaeMon MHGOpMaNKUK, Kak IMPaBWIO, HEOOXOIMMBINA IepedeHb cocTaBiser oT 16 mo 30
JIOKYMEHTOB [IJIsl OJTHOM 3amuinaeMol WHGOPMAIMOHHON cHCTeMbl. [lo cioxuBiIelcs mpakTHKe,
JUIS  3al(UThl MHQOpMAalMK HEOOXOJUMBl TAaKHE THUIBl OpPraHU3alMOHHO-PACHOPSAAUTENHLHOM
JOKYMEHTAIlMH, KaK: MPHUKa3bl; MHCTPYKIMH; MOJOKEHUS; KOHLENIINU; MOJUTUKH; PErjJaMeHThI;
JKYpHAJIbI; IJIAaHBL;, aKThl; IEPEYHH; MOJIENIN YTPO3; TEXHUUECKUE 3a/IaHuUsl.

V¥ nonb3oBarens npennaraemoro I1K HeT HE0OX0AMMOCTH AyMaTh, KaKHE Y HErO JIOJIKHBI
OBITh OpraHU3alMOHHO-PACIOPSAIUTENbHBIE TOKYMEHTHI KOHKPETHO B €0 Ciy4ae, a TaKkKe CIeIUTh
3a TEKyIIMM II0JIO)KEHHMEM HOPMAaTHMBHO-NPABOBOM 0a3bl, €e aHaJIW30M U IPOEKTUPOBAHHUEM
CHCTEMBI 3aIIUTHI C YYETOM BCEX HOBBIX TPEeOOBAHMM, BKIIIOYasl MOAOOpP CPEICTB 3aIIUTHI, TaK KaK
MIPOrpaMMHBIN KOMITJIEKC Oy/eT AaBaTh PEKOMEHALMU K BBOAY B DKCIUIyaTallMIO TOrO WJIX MHOTO
MPOJIyKTa, OMHUPAsICh Ha KOHKPETHBIE cBeneHus(konmuuectBo APM B mH(poOpmanmoHHON cucteme,
OTEpAIlMOHHbIE CHUCTEMBl, NPHUKIATHOE MPOTrpaMMHOE OOecreueHue, cereBas TOIMOJIOrHs
MH(OPMALIMOHHON CUCTEMBI U JIp.). Takxke MperMyIlecTBOM IpeiaraéMoro noaxo/ja sBisercs To,
YTO COCTaBJIeHHE INA0JIOHOB M pa3MeIlleHHWEe DPEKBU3UTOB B JOKYMEHTaxX IEepeKIIaJblBaeTCs C
nosib3oBarens Ha [IK, uro cBeeT kK MUHUMYMY KOJMYECTBO Ophorpapuueckux U CHHTaKCHUECKUX
omMOOK B COCTaBJIeHHON nokymeHTanuu. Kpome toro, paccmarpuBaemsiii [1IK npennonaraercs
HCIIOJIb30BaTh B KauecTBe HH(GOPMALMOHHOIO pecypca, KOTOPbIi OyJIeT BKIIIOUaTh TaKhe HOBOCTH,
KaK IUTaThl U3 KIIIOUEBBIX pecypcoB 1o 6ezonacHocTH uHpopmanuu — caiitoB ®CTOK Poccun [9],
OCb Poccun[10]u Begymmx mpousBoauTeNeld CpeacTB 3ammThl  HHpopmanuu: “Kona
6e3onacuoct’’[11],“MuadoTerc” [12], “Llentp 6e3onacuoctn naGopmanuu’ [13] u ap. TIK Oyner
MMETh BeCh Ha0Op HEOOXOIUMBIX MIA0JIOHOB, OXBATHIBAIOIINN crienU(PUIecKue 00JIacCTH 3aIUTHI
nH(popMaluu, HapuMep, Takue, Kak Kpuntorpadus.
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C y4eToM BHINIECKa3aHHOTO, MPOIIecC pabOThI CHEIHATKCTA 0 6€30MacHOCTH HH(OpMALIUN
MPU CO3JaHUHM OPTraHU3AIMOHHO-PACIIOPSTUTEIEHON MTOKYMEHTAlMM MO 3amuTe uHpopmamuu ¢
ucnoisib3oBanueM npeiaraemoro 1K Oymer BKIItoUaTh CIEAYIONIUE ITAIIbI:

®  3aOJHUTh MUHMUMAJIBHO HEOOXOIMMYI0 HH(MOpPMAIIHIO B crieiaibHoM uHTepdetice (1

JICHb);

® pacreyaTaTh Cr€HEpUPOBAHHYIO JOKyMeHTaIuo(1 1eHb);
® BBECTH JOKyMeHTaIuto B aeiicteue (ot 1 1o 10 auei);
®  BBINIOJHUTH 3aKYIIKY M BBOJ] B OKCIUTYaTAIHIO CPEACTB 3aIIUThI HHOopMammu (10

HECKOJIbKUX MECSIIEB).

[Ipennonaraerca padory mannoro IIK opranu3oBaTh Ha OCHOBe HOANUCKUA. Bo Bpems
neprojia MOANUCKH TMOJIb30BATENH, IKCIUTYaTUPYIOIIHE KOMIUIEKC, OyIyT UMETh JOCTYI KO BCEM
ero (yHkuuaAM. DTO YHOPOCTUT 3aJady CO3JaHHs, BBOJAA B OKCIUTyaTallMI0O U MOJACPKKUA B
aKTyaJlbHOM COCTOSIHUM JCHCTBYIOIEH CHCTEMbI 3alMThl HMHPOpMAIMM B KPUTHUECKOU
MH(PACTPYKTYpE B UACTU OPTaHU3AIMOHHO-PACTIOPSAUTENbHOM qokyMeHTauu. Kpome Toro, Oyzaer
MOAJEPKUBATHCA ONTHMAIbHOE COOTHOIICHHE MEXAY CYIIECTBYIOIIMMH M PEaTM30BaHHBIMU
METOJIaMU 3alUThl HHPOPMAIIH.

CpaBHeHuE POIIECCOB CO3/IaHUs U MOAJIEPKKH B aKTYaJIbHOM COCTOSTHUM CHUCTEMBbI 3alIUThI
uHpopmanuu B KpuTHueckux uHppactpykTypax 6e3 I[IK wu ¢ ero ucmnonbp3oBaHHEM MO3BOJISET
MPENINONIOKHUTh, YTO BpEMsA, YCWJIMS M 3aTparbl CHEIUAINCTa, OTBETCTBEHHOTO 3a 3allHUTy
nH(pOpMaIIUK, MOTYT COKPAaTUTHCS Ha MOpPsIoK npu ucnonas3oBanuu [1K. brnaronaps npumeHeHuro
MPUHIIMIA pa3fesieHus Tpyda (Haj KIYEeBBIMU BOIpPOCAMHU MO 0€30MacHOCTH HHGpOpManuu B
KpUTHYEeCKOW HH(PpacTpykType paboTaeT TONBKO OJHA TpyIa 3SKCIEepTOB), IMpoliecca
aBTOMAaTH3aluM, ceTH VIHTEpHET B IEJIOM, MOXHO MPEINOJOXKUTh, YTO B CHCTEMax 3allUThI
nHpOpMallUd B KPUTHUYECKUX HMH(PPACTPYKTYypaxX BO3MOXKEH CYIIECTBEHHBIH CIBUT B CTOPOHY
TOBBIIIIEHUST KadecTBa 3amluThl. ECTh OCHOBaHMS mMojaraTh, YTO MpeasiaraeéMblii moaxop Oyner
UMETh DKOHOMHUYECKHH 3((eKT, KOTOphI HocTUTraeTcss 3a cueT YMEHBIICHUS H3JIEPKEeK Ha
CO3/IaHH€ CUCTEMBI 3alIUThl UHPOPMAIIMU B KaxJA0H KpUTHUECKON HHPpacTpykType. OH MOXKET
obITh oreHeHB50-100 Thicsy pyOnel mpu BBOJAE B OIKCILTyaTAllMI0 KaXJIOH CHUCTEMBI 3aIUThHI
uHpopmanuu, a Takxke B10-20 Teicau pyOrneil B ro Ha MOAJAEp)KAaHUE B aKTYaIbHOM COCTOSIHUH
OpraHMU3aIlMOHHO-PACTIOPSAUTEILHON  JOKYMEHTAIlMM  CHCTEMbl  3alIMTHl  HHpOpMAIMH B
KpUTHYECKON UHPPACTPYKTYpE.

3akaoyenue. B cratbe TpemokKeH TMOAXOA K PEUICHHIO 3aJayd  pa3paboTKu
OpPraHMU3aIlOHHO-PACTIOPSAUTEILHON  JOKYMEHTAllUM B CHUCTEMax 3alluThl  WHGOpPMALUU
KPUTHYECKHX HHPPACTPYKTYp, a TakkKe 3aJauyd TMOJJACPKKH TMPUHSATHS KIIOUEBBIX pElIeHUI
CHeIMalucTaM M MO BOIMPOCaM TIOCTPOEHHUS CHUCTEM 3allUThl WH(OpMAIMM B KPUTHUECKUX
uHppacTpykTypax. Peanuszamnus 1aHHOTO MOIX0AA MPEATNONIaraeTcs MyTeM CO3/IaHusl U PUMEHEHUS
CHEIHMAILHOTO MPOTrPAMMHOTO KOMILIEKCA, MPUHIIUIIBI MOCTPOSHHUSI KOTOPOTO OMHCAHBI B JaHHON
CTaThe.

CIIMCOK JIMTEPATYPBI
1. KonnparbeB A. CoBpeMEHHbIE TEHCHIIMU B UCCIEAO0BAaHUM KPUTHUECKOW MH(PACTPYKTYpHI B
3apyOeXHBIX  CTpaHax http://pentagonus.ru/publ/sovremennye_tendencii_v_issledovanii_

«H(pOpMAIMOHHBIC W MaTEMAaTHYECKHE TEXHOJIOTWH B HayKe u ynpasieHum» 2016 Ne 3 189



http://pentagonus.ru/publ/

Topovines A.JI.

kriticheskoj_infrastruktury _v_zarubezhnyh_stranakh_2012/19-1-0-2082  (mara oOpamieHus
7.09.2015)

2. MapxkoB A.C., Payrkun 1HO.B. Ceprudukanms cpeacTs 3amuTbl HHGOpMaUK MO TPeOOBAHUAM
6esonmacuoctn umHpopmarmu. Hosas mapamurma / HMuHbopMaioHHBIE M MaTeMaTHUYCCKHE
TEXHOJIOTHH B Hayke U ynpasienuu. Mpkyrck: UICOM CO PAH, 2016. Nel. C. 94-102.

3. Ilocranosnenue IlpaBurensctBa P® ot 26 urons 1995 r. N 608 "O cepruduxanuu cpeacts
3amuThl HHGOpMaIuu'.

4., ®enepanbublii 3akoH oT 04.05.2011 N 99-®3 “O numeH3UpOBaHUU OTACIBHBIX BHUIOB
neaTeabHocTh"

5. http://www.garant.ru

6. http://www.consultant.ru

7. https://1520nline.ru

8. http://www.bdu.fstec.ru

9. http://www.fstec.ru

10. http://www.fsb.ru

11. http://www.securitycode.ru

12. http://www.infotecs.ru

13. http://www.cbi-info.ru

14. Massel L., Massel A. Cyber security of Russia's energy infrastructure as a component of
national security. / Proceeding of the International Conference on Problems of Critical
Infrastructures, 6th International Conference on Liberalization and Modernization of Power
Systems. Edited by Z.A. Styczynski and N.I. Voropai. 2015. Saint Petersburg. C. 66-72.

15. Massel L.V., Massel A.G. Cyber security of Russia's energy infrastructure, its current state and
proposed activities for situation improving/ Proceeding of the Workshop on Computer Science
and Information Technologies (CSIT’2015), Rome, Italy. Vol. 1, 2015. UFA: USATU. Pp.
99-106.

UDK 006.88 :004.056

SOFTWARE FOR AUTOMATED GENERATION OF ORGANIZATIONAL AND
ADMINISTRATIVE DOCUMENTS TO INFORMATION PROTECTION
IN THE CRITICAL INFRASTRUCTURES
Alexander L.Gorbylev
The leading expert of Ltd Company on information security of "Secret-Service"
664075 Irkutsk, Baykalskaya St. 234-v/2, e-mail: mailto:gal@irksecret.ru

Abstract. In this article new approach to the solution of a problem of creation of system
of information security in critical infrastructures regarding organizational and
administrative documentation, and also support of experts in adoption of key decisions
on creation of system of information security in critical infrastructures is presented.
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Ilpasuna npuema cmameti 8 xHcypHarn

IIpaBuia npuema crareid B :KypHaJ
Haumnas ¢ 2016 1., 1tpynsl koHpepeHuuu «HPOpPMALMOHHBIE M MaTeMaTHYECKUE
TEXHOJIOIMM B HayKe M YIPABJIECHUW» M3AAIOTCS KaK OJHOMMEHHOE IEPUOJAMYECKOE W3JaHUE
(Hay4uHBIH KypHaJI, KOTOPOMY IpHCBOeH MexayHapoaubiii uanexc ISSN), 4 paza B rox (sHBaps,
MapT, HIOJb, OKTSIOpH). OPrkoMUTETOM KOH(EPEHUIUH 3aKJIIOYEH JHMIEH3WOHHBIM JOrOBOp C
E-library. Haunnas ¢ 2016 r., ¢ aBTOpaM# 3aKJII0YalOTCSI aBTOPCKHUE COTJIANICHHUS, TTOJTHBIC TEKCTHI
crateit nomemarotcs B E-library ¢ uanekcanueii B PUHII.
Temartuka xypHaia cOBagaeT ¢ TeMaTUKOW KOH(EPEeHIINH:
1. Teoperuueckne W METOJOJOTUYECKUE ACIEKThl HH(POPMAIMOHHBIX U MaTeMaTHYEeCKHX
TEXHOJIOTHM.
2. MareMaTHUeCKOE€ MOJEIMPOBAHWE B HAYYHBIX HCCIEJOBAHUAX, BBIUMCIUTEIbHASL
MaTeMaTHKa, ONTUMHU3aLH.
3. MeToapl, TEXHOJOTUH U HMHCTPYMEHTAIbHBIC CPEJCTBA CO3JAHUS HHTEIUICKTYaJlIbHBIX
SHEPreTUYECKUX CUCTEM.

&

MeTobl U CUCTEMBI HCKYCCTBCHHOI'O MHTCJIJICKTA, HHTCIVICKTYAJIbHBIC BBIYUCIICHU .

o

CuTyallMOHHOE YNPAaBIEHHE, CHUCTEMbl HMHTEIUIEKTYalbHOMI NOJJEPKKA  IIPUHATHS
pPELIECHUN B YIIPABICHUH, CUTYallUOHHBIE LIEHTPHI.

NudopmaninonHoe 1 CeMaHTHYECKOE MOJICIIMPOBAHNE, CEMAHTUUECKHUE BBIUMCIICHUSI.
KoproparusHbie HHPOPMAIIMOHHEIE, TCONH()OPMAIIMOHHBIC, HHTCIUICKTYAIbHBIC CHCTEMBI.
[TapamiensHbIe, pacpeaeecHHbIC, areHTHBIC U 00TAYHBIC BEIYUCIICHUS.

© o~

Kubepbe3onmacHocTh  (3ammrTa WHGOPMAIMOHHBIX  CHUCTEM  KPUTHYECKH  Ba)KHBIX
HHPPACTPYKTYP).

CraTbu YYacTHUKOB, MPUCIABIIMX CBOM cTaTh K 20 deBpans wu/unu 25 wmapra,
nyOoJIMKYIOTCSl 10 Hauyana KoHgpepeHuuu. CTaTbu y4aCTHUKOB KOH(EpPEHLMH, MpHUCIaHHble K 25
UIOHS (MJM TIpUBE3eHHble ¢ cOo00M Ha KOH(EpeHIHI0), MyOIUKYITCS Mocie KoH(pepeHIuu (B
TekyueM roay). CrtaTeH, npUciIaHHble K 25 ceHTa0ps, nmyonukytoTcs B ciaenyomem (2017) roxay.
[IpenycmaTpuBaroTCsl Kak OYHOE, TaK M 3a0YHOE Y4acTHe B KOH(GEPEHINH (TONBKO MyOIUKAIHs, C
YaCTUYHOW OIUIATOM OPTB3HOCA), HO TMPHU OOJBIIOM KOJIMYECTBE CTAaTel MpeArnoyTeHue Oyaer
OTIAaBaThCS OYHBIM YYAaCTHHKAM (CTaThbM 3a0YHBIX YYAaCTHHKOB MOTYT OBITh II€PEHECEHBI B
CJIETYIOIIUHN BBITTYCK).

Jns myOnuKanuu CcTaTbd HEOOXOJMMO MOANUCATh aBTOPCKOE COIJIAllIEHHEe BO BpeMs
perucTpanuu Ha caidte (MOATBEPAUTH COTJIache Ha MyOJIMKALMIO CTaThbU B XKYypHaJe U pa3MelleHne
HOJIHOTO TeKcTa ctaThu B E-Library). Ctathu 3a04HBIX YY4aCTHHKOB, HE 3aperHCTPUPOBAHHBIX Ha
caiite, MOryT OBbITh HMPUHATH NMPH HAIMYMK aBTOPCKOIO COTNAlIeHMs (TBepnas KOIMUs MM CKaH-
KOTIHS).

C 2016 r. BBO#uTCs Oosiee cTporoe perieHsuposanue crared. [Ipu peneHsupoBanuu crarei
oOparniaercss BHUIMaHHAE Ha COOTBETCTBHE TEMAaTHKE JXypHalla, HAyYHBIH YPOBEHb PabOTHI, CCHUTKA
Ha TpeIIIecTBYIONMEe padoThl (3kemaTenbHO He MeHee 11-15 cchlmok), cooTBETCTBUE TPEOOBAHUIM
K opopmwiieHuto crareil. /lyis OIEHKM Hay4yHOrO YpOBHS pabOThl PEKOMEH]yeTCsl B 3aKIIOYEHUU
CTaThU BBIACNATh HOBU3HY M OPUTHMHAJIBHOCTH METOIOB W/WIM pe3ynbTaToB. Jls acmupaHTOB,
CTY/IEHTOB, MaruCTPaHTOB TpedyeTcs peKOMEHIAIUs (MM COABTOPCTBO) PYKOBOAUTEIIS.

TpeboBanus Kk 0OPMIIEHUIO CTAaTe MO CPABHEHUIO C MPEBIAYIIMMHU T0JlaMU U3MEHEHBI U
MPUBOJATCA B OTHENbHBIX (ailnax (TpeOoBaHMs M I1IAOJOH CTaThu) Ha calWTe KOH(EpEeHUIHU
http://imt.isem.irk.ru. Tlo BO3HUKAONIIMM BOIMPOCaM MOXKHO oOpam@arbcsi B OprkoMHUTET
koHbpepenrmu e-mail: imt@isem.irk.ru

192 «Information and mathematical technologies in science and management» 2016 Ne 2 (28)



http://imt.isem.irk.ru/
mailto:imt@isem.irk.ru

