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BuictpoB B.B., Macno6oes A.B., lMytunoe B.A.

METOAONTMYECKASA BA3A UHOOPMALIMOHHON NOLAAEPXKW YNPABNEHUSA
BE3OMNACHOCTbIO PETMOHATNBHbIX KPUTUYECKUX UHOPACTPYKTYP*
Anatutbl, HCTUTYT MHGOpMaTUKL M MaTeMaTuyeckoro mogenuposanus OULL KHL PAH

CoBpeMeHHBIE TEHACHIMM U BBICOKHE TEMIBl pPa3BUTHS COLHAJIBHO-
SKOHOMHMUYECKUX CHCTEM INPHUBOJAT K BOZHUKHOBEHUIO PsAAa HOBBIX 3ajay, Kak IO
ONEepaTMBHOMY, TaK W MO CTPAaTErMYeCKOMY YIPABJICHHIO O€30HaCHOCTBIO H
KH3HECITOCOOHOCTRIO 3TUX cUCTeM [1]. OCOOCHHO HATJISAHO 3TO MPOSBIIACTCS Ha
PErHOHAIBHOM YPOBHE YIpaBJICHUs. DTH 33/1a4u TPeOYIOT ydeTa BBICOKOH CTEIIeH!
HEONPEIEIICHHOCTH W PUCKOB KakK pe3ylabTaTa MOCTOSHHO MEHSIOMIEHCS
BHYTPEHHEH M BHEIIHEW Cpelbl pEerMoHa, BBICOKOM IMHAMUKHU €r0 PETYJIATOPOB
PBIHKA, OBICTPOTO PACTIPOCTPAHCHMS HOBBIX TEXHOJIOTHH M Pa3BUTHSA IHU(PPOBOI
SKOHOMUKH.

B memsax cosmaHus ycioBHH Uil 00eCHEUeHHS! PHCKOYCTOMYMBOTO Pa3BUTHA
pernoHanbHOU SKOHOMHUKHU pa3paboTraHa METOJI0JI0THYecKas Oaza
nH(pOpPMAMOHHO-aHATUTUYECKONH MOAJIEPKKNA CETELEHTPUUECKOTO YIpPaBICHHS
COIMAILHO-)KOHOMHYECKOW 0Oe30macHoCThI0 peruona [2, 3]. Mertomomnorus
MHTErPUPYET MOJENU M INPOrpaMMHO-aIllapaTHble CPeACTBa, 00eCIeYHBaroIue
MOJIJIEPIKKY BCEX ITAINOB YIPaBICHYECKOH JEITEIILHOCTH B 00J1aCTH ()OPMHUPOBAHHS
pPETHOHANTBHON CONMAIbHO-3KOHOMUYECKOHM MOJIMTHKH C Y4eTOM NMOTpeOHOCTeH U
BO3MOXKHOCTEH BCEX 3aMHTEPECOBAHHBIX JIMI] M YYaCTHHKOB IPOIECCOB
obecrieueHnst perHoHaIbHON Oe3omacHocTH. KoHnenTyanpHas cxema METOJ0IOTHH
TOKa3aHa Ha pHCyHKe. lcronp3oBaHMEe CETEHEHTPUYECKOTO II0AX0Aa B
KOMOMHAIMN ¢ IPYTMMH METOJaMH PAaCHPEIEICHHOTO YIPaBICHNSI 00ecrednBaeT
HETIPEePHIBHBI MOHHTOPHHT, NPOTHO3MPOBAHWE M CIEHApHBIA aHAJIM3 PHCKOB
0€301acCHOCTH  PETHOHANBHBIX  COIMAIILHO-DKOHOMHMYECKHMX  cucteM. Jlms
MIOBBIIIEHUS] KauecTBa YNPABICHYECKUX PEIICHUI NPeasioKEHO paccMaTpHUBaTh
3amaun obecreueHus] 0e30IIaCHOCTH PErrMoHa Ha YpPOBHE YIIPABICHHS PHUCKaMU
HapylieHus] JKU3HECTIOCOOHOCTH KPUTHUYECKUX HWHGPACTPYKTYp COIMAIbHO-
SKOHOMHYECKHX cucteM [4]. Meromonoruss M CpeACTBa €€ pealu3aluu
NpeaHa3HAYEHbL JUIs MH(POPMAIMOHHO -aHATUTUYECKOTO obecrieueHus
PETHOHAIBHBIX CUTYaIMOHHBIX IEHTPOB.

' HccnenoBanue BBIMOIHEHO B paMKax rocyaapcrsenHoro 3aganus VMMM KHIL PAH (rema HUP Ne
0226-2019-0035) 1 wactuano moanepxano PODU (mpoextst 18-29-03022, 19-07-01193).
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Puc. 1. Memooonozuueckas 6a3a uHGOPpMayuoHHOU ROOOEPIHCKU
cemeyeHmpuyeckKo20 ynpasieHusi COYyudIbHO-IKOHOMUYECKOU 6e30NaACHOCbIO
pezuona

Pe3ynbraTel MCClenoBaHMA HAIUIM [PUMEHEHHE TIIpH peIIeHHH 33434
MHQOPMALMOHHOW TOAJEPKKH YIPABICHHUA PErHOHAJIBHONH Oe30MacHOCTHIO
MypMaHckoil 00nacTH, a TakKe HCIOJNb30BaHbl IIPH PEaH3ali OCHOBHBIX
HalpaBJIEHUH Tocy1apcTBeHHON noauTuku Poccun B Apkruke Ha nepuoa 1o 2035
roga B 4YacTH pPa3pabOTKH CHCTEM TMOJJICPXKKH TIPUHATHA pElIeHUi s
PETHOHANBHBIX CUTYaI[IOHHBIX LIEHTPOB.

Jlutepatypa

Macno6oeB A.B. Brictpor B.B. KonrenryanbHas MOAETbh KU3HECTIOCOOHOCTH
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0e30MacHOCTH CIIOKHBIX cucTeM // Dxonomuka. Mudopmaruka. — T. 47, Ne 3.
2020. — C. 555-572.

Bystrov V., Masloboev A., Putilov V. Information support tools for regional
security management in the Arctic // IOP Conference Series: Earth and
Environmental Science — vol. 302. 2019. — P. 012013. doi: 10.1088/1755-
1315/302/1/012013

Macno6oes A.B., [Tyrunos B.A. MHpopManmoHHOe U3MepeHHe pernoHaIbHOM
6e3omacHoctr B Apktuke. — Amatutel: KHI[ PAH, 2016. — 222 c.



4. Masloboev A.V. Towards a theory of regional critical infrastructure security and
resilience // Reliability and Quality of Complex Systems. — No. 4(32). 2020. —
pp. 115-130.

Bovitenko [1.0., Benow B.B.
CUCTEMA KOHTPONA U YNPABINEHWUA OOCTYNOM ONnA NPEONPUATUA
Yucrononb, Ynctononbekuii punuan «Boctoky KHUTNY-KAU

Cuctema KOHTPOJIS M YHPABIICHHS AOCTYIIOM — 3TO KOMIUIEKC aNllapaTHBIX H
MIPOTPaMMHBIX CPEJCTB, LENBI0 KOTOPOTO CIYXKHUT KOHTPOJb IOCTYyIa JIOACH Ha
OXpaHIEMYIO TEPPUTOPHIO.

PaGota cucremsbl nenmuTcss Ha J[Ba HANPaBICHUS: KOHTPOJIb HPETPakIarolIuX
YCTpOMCTB M BelneHHE 0a3bl IOJb30BaTeNed, KOTOPBIE HMEIOT JOCTYH Ha
TEPPUTOPHUIO OXPAHAEMOT0 OOBEKTA.

LleHTpOM cHCTEMBI KOHTPOJIS U YIPABICHUS JOCTYIOM SBISETCS KOHTPOJLIEP,
KOTOPBII MPUHUMAET PELIeHUs 0 paboTe UCIIOTHUTENBHBIX YCTPOUCTB.

CucteMbl KOHTPOJS M YIPABICHUS JOCTYNOM OBIBalOT TPEX BHIOB —
ABTOHOMHBIE, CETEBbIC 1 OECIIPOBOJIHBIE.

AsronomHas CKVY]] — 310 cuctema, IEHTPOM KOTOPOH SBIISAETCA aBTOHOMHBII
KOHTPOJUIEp, HE CBA3aHHBIA C JpyrUMH KOHTposuiepamu. Jlimst  Hero
yCTaHAaBIMBACTCS OTHCNBHBIN 070K OecrepeboifHoro murtanus. OCHOBHAs LiENb
aBroHOMHOU CKVY ]I — cOop m xpaneHue uHpopmarun. Takue cucTteMbl Hanbolee
3¢ (PEKTUBHO yCTaHABINBATh B TOYKAX MPOX0Ja OJHOTO HAIPABICHHUS — BXOJ| MIIN
BBIXOJI, KOTOPBIM He TpeOyeTcst yJalleHHOE YIpaBlICHHE.

CereBas CKVY]Jl 510 cucrema, B KOTOpPOW YHaJIEHHOE YIIpaBJICHHE
KOHTPOJUIEPAMHU OCYIIECTBISIETCS C MTOMOINBIO IIEHTPAJbHOIO KoMIbioTepa. J[ns
TaKUX CHCTEM pa3pabOTaHO CIEeNHMaIbHOE MPOrpaMMHOE OOecredeHne, KOTopoe
CIOCOOHO BBIMOJIHATH TakWe (YHKINH, KaK HAKOIUICHHE M aHAJIHM3 IOJy4YeHHOH
uapopmanuu. Cucrema crocoOHa BecTH yd€T pabodyero BpEeMEHH Ha OCHOBE
MIOJTyYEHHBIX JAHHBIX (BpeMs MPUXOJa M YXOAa COTPYIHHKA), TAaK XKe C TIOMOIIBIO
TaKOW CHCTEMBI KOHTPOJIMPYETCS] MECTOHAXOK/IEHHE COTPYAHUKOB.

becnpoBonnas CKY ]l — 310 cucrema, B KOTOPOH CBA3b MEXIY yCTPOWCTBAMHU
OCYILECTBIJISIETCSI C MOMOIUBIO PAJUOCUTHAJIOB, a AN MUTAHUS TaKOH CHCTEMBI
UCTIONIB3YIOTCSI aBTOHOMHBIE HCTOYHUKH ITUTaHUS — OaTapeu, akKyMYJIsITOPBI | T. 1.

3anada KOHTPOJISI JOCTYIA HA MPEINPUATHE COCTOUT U3 HECKOIBKUX MO3aAay:
KOHTpPOIb AOCTyIa B 3JaHHE, KOHTPOIb AOCTyIa Ha JBOPOBYIO TEPPUTOPHIO,
KOHTPOJIb IOCTYIA B CITy>)KeOHBIE TOMENICHUS U y4eT padodero Bpemenu (Puc. 1).
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JlBepu  OCHalieHbl  MarHUTHBIMM ~ KOHTAKTHBIMH  H3BELIATEISIMH U
9JIEKTPOMAarHUTHBIMH 3aMKaMH.

JlaHHBIE € KOHTPOJUICPOB OTIPABIAIOTCS Ha aBTOMAaTH3MPOBaHHOE pabouece
Mmecto. Kpome Toro, Ha aBTOMaTH3UpOBaHHOE paboyee MeCTO MOCTYAIOT JaHHBIE C
TypHHUKETa U nutarbayma.

Jluteparypa

1. Bopona, B. A. Cucrema koHTpoJIs ¥ yripaBieHus goctynoM / B. A. Bopona, B.
A. TuxoHoB. — M.: ['opsiaas nunust — Tenexom, 2010. — 272c.

2. 3yb6oB .M., Uneun N.U. PazpaboTka pensiiimoHHON 0a3bl TaHHBIX /IS CHCTEMBI
KoHTpons u ynpasieHus goctynoMm (CKVY]) na npeanpusituu. - M.: Beicmas
mkona, 2016 r. — 301 c1p.

3. TMamua O.A., MupcaizsaoBa C.A. ABTOMAaTH3MPOBaHHAs CHCTEMa OICHKH
3HaHHMH Ha ypoKax (U3WKU M XUMHUHU. DIIEKTPOHHBIN HaydHBIH skypHAI. Ne 4-6
(34). Marepuansl MEXIYHApPOJHOW HAYYHO-TIPAKTHUYSCKOW KOH(EpPEeHINH. —
Owmck. — 45 (aBrycrt, 2020).

3yeHko A.A., Oneinuk H0.A., MakegoHoB P.A.

MNAHUPOBAHME NONOXEHUA PABOYErO EOPTA KAPLEPA MO NEPUOOAM
OTPABOTKW B PAMKAX MAPAQUTMbI NPOrPAMMUPOBAHUA B O PAHUYEHKUAX"
AnatuTbl, MHCTUTYT MHCOPMATHKM N MaTemaTuyeckoro moaenuposanmus ®ULL KHL, PAH

Hacrosimass paGora HampaBieHa Ha peNICHHE 33Jaud II0MCKa IT0JIOKEHUH
pabodyero Goprta Kapbepa 1o MeprHoAaM OTPaOOTKH C yYETOM alpHOPHO 3aTaHHON
MIPOM3BOIUTEIBLHOCTH 110 Tosie3HoMY HckomnaeMomy (ITH) n BCkphIIHBIM mOpogaM
(BIT). B xadecTBe MCXOAHBIX NAHHBIX 3aJjadydl BBICTyHaeT OOBEMHAas MOJENb
Te0JIOTHYECKOMN CPeIb, KOTOPas PEICTaBIsIET cO00it paBHOMEPHYO ceTKy (puc. 1),
IIpU4YeM pa3Mepsl stueiiku ceTku (070ka) mpemonpenenceHsl 3apaHee. KoneuHoe n
HavyaibHOe (HA MOMEHT Hauaja IIJIaHUPOBAHUS) IMOJIOKEHHS OopTa Kapbepa
OTPAHWYMBAIOT IPOCTPAHCTBO T'€OJIOTHUECKON CPEIbI.

Tpebyercst omnpenesuTh Takhe IOJIOXKEHUs pabounx OOPTOB IO IEpHojaM
otpaboTkH, 4To0bI 00BeMbl [1W u BII, 3akimoueHHbIe MEX Ty MOCIIEA0BATEILHBIMH
MIOJIO)KEHUSIMH, COOTBETCTBOBAJIM 33JaHHBIM C TOYHOCTBIO JIO JIOIyCTHMOM
MOTPEIIHOCTH, TP 3TOM HTOroBas BbIroja (CymMMa IEHHOCTEH OJIOKOB) OT
pa3paboTKu Kapbepa NOJDKHA OBITh MakCHMalbHOW. Pa3Burue kapbepa — ero
yriiyOlleHue M pacIIMpeHne — IPOMCXOIUT C COOJIIOZEHHEM TEXHUUYECKHX
orpaHndeHuii (mmpuHa padodvel IMIOMAAKH) U TEXHOJOTHUECKHX Ha TO, KaKue

" Pa6oTa BBIMOJIHEHA NIPH YaCTHUHOM nojaepxkke PODU (mpoekt 20-07-00708a).
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O10KH JOJIXKHBI OBITH BBIHYTHBI IIEPE] TEM, KaK 6yueT BBIHYT 3aHaHHLIﬁ. I/ICXO,HHEUI
LOCHHOCTDH KaXX10I0 0J10Ka MEHSETCS B 3aBUCHMOCTH OT roga €ro )IO6I>I‘II/I.

Puc. 1. IIpumep 0b6wemnotl Mooenu 2eonocuueckol cpeovl

ANTOpUTM  TIIAaHHPOBaHWS ~ pazpaboTaH B paMKax  HapaJurMbI
nporpaMmupoBanust B orpanuuenusnx (Constraint Programming) [1] u nepebupaet
BCE BapHAHTHI BHIEMKH OJIOKOB B IOMCKaX ONTUMAIBFHOTO MO0 UTOT'OBOM CTOMMOCTH
paboT penIeHns C YIeTOM TEXHOJIOTHISCKUX OTPaHHICHUH.

Monens TeOJIOTHIECKOM cpezs OITHCHIBACTCS c TTOMOIIIBIO
CHeNHANTH3UPOBaHHON TaOmuIel. Kaxkas cTpoka OMMCHIBaeT OJMH OJIOK Kapbepa U
COJIEPKUT HH(pOPMAIIHIO 0 KoopauHaTtax Oyoka (X, Y, Z), pasmepax 61oka (dX, dY,
dZ), uennoctu 61oka (Value) u nporuentHoM coaepkanuu [11 B 6iioke (B TaHHOM
ciaydae P205). O6wvem 6510Kka BBIYHCISAETCA U3 €r0 pa3MepoB, ITOT 00BEM B CBOIO
ouepenpb pasnensercs Ha 00beM BII u [11 B cOOTBETCTBUY C 3aJaHHBIM sl OJ10Ka
conepxanuem 1.

B mapagurme mporpaMMHUpOBaHHS B OTPaHUYCHUSAX 3a/avya IUIAHUPOBAHUS
OTKPBITBIX TOPHBIX pa0OT CTABHUTCS CIICAYIOMIAM 00pa30M: KaxI0My OJIOKY Kapbepa
COIIOCTABIISIETCS IIETOYHCICHHAs TepeMeHHast Xijk, KOTopas MOXeT MPUHUMATh
3HaueHuss oT 1 go N, rme N — HOMep mociemHero BO3MOXKHOTO Toma pador,
TpeOyeTcsi KOHKPETH3UPOBATh 3HAUEHHE KaXKAOW TaKOW IEpeMEHHOW IpH
BBITIOJIHEHUH psifia OrpaHW4eHuid. [lepBble MOMBITKH HCIIOJIB30BATh MApaJUrMy
POTPAMMHPOBAHMUS B OTPAaHWYCHHWAX JUIA pEHICHHS JaHHON 3amadd  ObUTH
npeanpuHsTH B [2].

Ha tekymmii MOMEHT B 3a/lade YYUTHIBAIOTCS CIEAYIONIME OTPAHHUYEHUS: a)
OTpaHWUEHHUSI Ha TOPSANIOK WM3BJICUCHHUs OJOKOB; 0) OrpaHWYEHUs Ha 3aJaHHYIO
MIPOM3BOUTEIHHOCTD MO TOJE3HOMY MCKOMAeMOMY M BCKPBIIIHBIM MOPOJaM; B)



ONTHMHU3ALMOHHOE OrpaHMYCHHE HA MaKCHMH3ALHWIO BBIFOABI OT Pa3pabdOTKH
kapbepa. OQHako B paMKax MpPEJIOKEHHOTO METO/Aa, HEeT IMPHUHIMITHAIBHBIX
OrpaHMYEHUH Ha TO, YTOOBI 00padaTHIBaTh OrpaHUYCHUS U APYTUX TUIIOB. Pemenue
3a][a4l COCTOUT B TOM, YTOOBI HA3HAYUTH BCEM MEPEMEHHBIM Xijk IIETIOUUCICHHbIC
3HAUeHHWs TakuM o00pa3oM, YTOObI OJHOBPEMEHHO  BBINOJHSUIMCH — BCE
MEepeYUCICHHbIC BBIIIE OrpaHUYeHHs. Pa3zdepeM CEeMaHTHKY HCIIOJIb3yeMbIX
OoTpaHHYeHUi OoJee moapPOoOHO.

PaccMOTpuM KaxIplil THUII OTPaHUYCHUS U3 IPUBEICHHOTO BBIIIIE CIIMCKA OoJiee
MOJPOOHO.

Oepanuuenue  Ha  NOPAOOK — U3GNEUEHUS 6110K086 oOecrieunBaeT
MOCNIEIOBATENIbHYI0  pa3paboTKy  Kapbepa,  HCKIII0Yas  TEXHOJOTMYECKH
HEBO3MOXKHbIE BapHaHTHl BbIeMKH Ojoka. IIpaBuia n3BiedeHus! OJIOKOB 3aJaroT
MIPUHLIMIIBI 3arTyOJICHNs] M pacIIMpeHus paboT B MPOCTPAHCTBE Kapbepa M JOJDKHBI
OINKUCHIBATH TOJHYI0 MHHUMAaJbHYIO KOHQUIYpalUIO H3BJIEKaeMbIX OJIOKOB. B
Ka4yecTBe MpUMepa PacCMOTPUM CIEAYIONIee MPOCTelllee OrpaHuuCHHe: st
pa3paboTKu OAHOTO OJIOKA B TEKYIIUH I'0Jl HEOOXOIUMO YTOOBI OJIOK HaJl HUM U €T0
cocenu ObLTH pa3pabOTaHbI B 3TOT ke To, 11bo panee. Ha puc. 2 otroOpaxeHs! 6
OJI0KOB, MILTIOCTPUPYIOIINE 3TO OrPAHUUYCHHUE.

Puc. 2. Bapuanm cxemul uzeneuenus 610k08

Orpanunyenne GOpMyIUPYETCsl CIEAYIOIUM 00pa3oM: JIJisi BHIEMKH O11oKa Xijk,
rae 1, j, k— xoopauHaThl 0510Ka, HEOOXOMUMO BBIKOMATH OJOKH Xijk+1, Xi-1jk+l,
Xistjk+t,  Xij-ik+1, Xij+ik+1, HAPYTHMH CJIOBaMH, HEOOXOTUMO U3BIEYh IIATh
BBILIEJICKAIIUX OJOKOB MPH MX Hamuduu. JIMOO MOXKHO MPEACTABUTh 5 «Tydei»
Pa3UYHBIX THIIOB, MCXOMAIINX U3 MCXOJHOTO(HMKHEro) Giioka BBepx (puc. 3).
Tunel nydell pa3iuvarOTCs MO0 PA3HOCTH KOOPAMHAT OJIOKOB «Iy4a», T.e. IO
HAMPABJICHUIO €ro0 pacnpocTpaHeHus. J[ist OJIOKOB KaKIOr0 THIIA «JIyda» MOXKHO
3a7aTh rJI00aIbHOC OrPAHMYCHHE SOIt, FTApAaHTHPYIOIIEe, YTO IepeMeHHbIe X OJIOKOB
B «IydYe» PaCIOJI0KEHBI B yOBIBAOIIEM MOPsAKE. IIpH 3TOM KaXKIbli OJI0K MOXKET
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OBITH 3aﬂ€ﬁCTBOBaH TOJIBKO 5 HOZ[O6HI)IX OrpaHNYCHHUAX — IO OAHOMY Ha Ka)K,HLIﬁ
THUIIL «JIy4a».

Puc.3. Anbmepnamusnsiii apuanm cxemul usgieyenus O10K08

Ozpanuuenus na 3a0aHHYI0 NPOUZBOOUMENLHOCTIG NO NONE3HOMY UCKONAEMOMY
U 6CKPHIUHBIM NOPOOAM MOJCIUPYIOTCS JIMHEHHBIMU HepaBeHcTBaMHU. [1ycTh Ojjk —
3TO KOHCTAHTa, MOKAa3bIBAOIIASI COICPIKAHUE PY/IbI B GIIOKE ¢ HHIACKCAMH |, j, K; Wijk
— 3TO KOHCTaHTa, IOKa3bIBAaMOIIas COAEp)KaHWE BCKPBIIIHBIX IOpoJ OloKe ¢
uHaeKcaMmH |, j, K. O6o3naunm O — 3aqaHHast MPOU3BOAUTEIBHOCTD 10 MOJIE3HOMY
uckonaemomy, AQO — gponyctumas morpemHocts O, W — 3ajgaHHas
MPOU3BOIUTENBEHOCT 10 BCKPBIIHBIM ITopoaaM, AW — nomycTumast morpemHocTb
W. Torma orpanmueHus Ha 3aJaHHYIO IPOM3BOJUTEIHFHOCT IO IOJIE3HOMY
HCKOIIAEMOMY ¥ BCKPBIITHBIM IIOPOIaM MOXHO BBIPa3HUTh B BUJIC HEPABCHCTB:

O-AO< ZOijk (Xijk = y) <O + AO pmns kaxzgoro y € [1...N],

i,ik
W—-AW < ZOUk(Xijk =Y) <W+ AW aus kaxmoro Y € [1...N].
i,ik
Orpannyenue z Ojji (Xijk =Y) <O + AO ans kaxoro y € [1...N] o cyTu
i,ik

sBJIsieTCs (POPMYIMPOBKOM 3aiaun yrnakoBku koHteitHepos (bin-packing) mmst N
KoHTeliHepoB BMecTHMOCTEI0O O + AO. [lns pemreHus STOW 3ala4yd CYIIECTBYET
TUTIOBOE TII00aTbHOE orpaHndeHue binpacking. BTopyro yacTs HepaBeHCTBaA TaKKe
MOXHO TMpHBECTH K 3agade bin-packing, crueayromum o6pasom: (-1)*
Z Ojji (Xijk =Y) <(-1)*(O — AO). Takum 06pa3oM, OrpaHHUYEHHE HA 32AHHYIO
i,jk
MPOU3BOUTENHEHOCTD MO TTOJIE3HOMY MCKOIIAaEMOMY M OTpaHMYECHUE Ha 33JaHHYIO
NPOU3BOIUTEIILHOCTD MO BCKPBIIIHBIM TOpOAaM mpeobpasytoTes B 4 3agaun bin-
packing — juist BepXHel M HWKHEM IPaHMIBI JOMYCTHMOIO JHAra30Ha 3HAYEHHH
Ka)XJI0TO U3 OIPaHUYECHUM.
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HakoHen, paccMOTpHM CTpaTerdio IIOMCKa W OCHOBHBIC DBPHCTHKH,
NpUMEHsEMbIC [T HaXOXKACHUs perneHus 3amaun Open Pit Mining kak 3amaun
CSP. B xauecTBe aJiIropUTMa IIOMCKA UCTIOJIB3YETCs TOUCK B IIIyOHHY C BO3BpaTaMHU.
[epen 3amyckoM IpoLexyphl MOUCKa IEPEMEHHBIC YIOPSAIOYUBAIOTCS: B HAdajo
CIIHMCKA TIOMEIIAFOTCS IEPEeMEHHbIE, COOTBETCTBYIOIINE OJIOKaM C PyIOH, a 3aTeM
NepEeMEHHbIe, COOTBETCTBYIOIINE OJIOKaM, COAEPIKAIIMM TOJBKO BCKPBILIHYIO
nopoxy. I[Ipu mpounx paBHBEIX BEIOMPASTCs MEpeMEHHAs ¢ HAUMEHBIINM Pa3MepoM
obmactu ompeneneHuss (C HaWMEHBIIMM JoMeHoOM). [Ipm BbIOOpe 3HAYECHUS
NIepEeMEHHOH PYKOBOACTBYEMCS CJIEYIOIIUM IPaBHIOM: BHIOMpaeM HaUMEHbIEe
3HAYECHHUE B JJOMEHE.

Jlutrepartypa
1. Ruttkay, Zs. Constraint satisfaction a survey // CWI Quarterly. V. 11. 1998. pp.
163-214.
2. Caccetta, L. Application of optimization techniques in open pit mining. In:
Handbook of Operations Research in Natural Resources, Springer Verlag, 2007.
pp. 547-559.

3yeHko A.A., ®puamaH 0.B., 3yenko O.H.

Nnoaxoa K NOUCKY rMOBANBbHOI0 ONTUMYMA B 3AJAYAX CONSTRAINED
CLUSTERING C NPUBNEYEHMUEM OLIEHOK HECKOINbKUX 3KCMEPTOB*
AnatuTbl, MHCTUTYT MHCOPMATHKM N MaTemaTuyeckoro moaenuposanmus ®ULL KHL, PAH

B paMKkax HaCTOSIIMX HCCIIEAOBAHUHI IJIsl CHCTEMATHYECKOTO PELIEHHS 33Ul
Constrained Clustering mpemmoxkeno wucmoabp30Bath mapaaurmy Constraint
Programming. OcCOOEHHOCTBIO MPENIOKEHHOTO  TMOAX0JAA  SBISETCS  €ro
OpHEHTALIMs] HA TPYIIOBOE MPHUHATHE PEIICHUN, TO €CTh XapaKTEPUCTHKU BCEX
KJIaCTEPU3YEMbIX OOBEKTOB OILIEHUBAIOTCSA HECKOJBKMMH dKcrepramMu. OCHOBHOE
BHUMaHHE VJEJICHO BOMPOCY YMEHBILICHUS KOJIMYECTBA U  YIPOIIECHHIO
OTpaHMYCHUIl 3a/laud B mporecce e€ MOCTAaHOBKU. lIpeiuiaraemMpie METOIBI B
COBOKYITHOCTH 00ECIEeYHBAIOT BO3MOXHOCTD IOJNYYESHHUsI TI00AIBHOTO ONTUMYMa
JUTSL 337124 BHICOKOW Pa3MEPHOCTH.

B kauectBe 6a30Boii Mmoienu Juts penienus 3agaun Constrained Clustering 6suia
HCIOJIb30BaHa MOJIEb, onucaHHas B [1].

B ommuune ot uccnenoBaHuii, npeacTaBieHHbX B [1], B Hacrosieidl pabGore
MPEAIOJIaraeTcs, YTo U KJIacTep M KIACTEPU3yEMBI 0OBEKT MPEACTABIISIOTCS KaK
MyJILTUMHOKECTBR, a paccTostaue (d; ) MeX/y HUMH MIIETCS € TIOMOLIBI0 METPHK

" Pa6oTa BBIMOJIHEHA TIPH YaCTHYHOM noaepikke PODU (mpoekt Ne 20-07-00708-a).
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B IPOCTPAHCTBE MYJIbTUMHOKeCTB [leTpoBckoro [2]. DTo mo3BoNseT pacuIupUTh
00J1acTh IPUMEHEHUS] METO/IOB PELICHUs 3a7a4 KJIacTepU3alliy B IMPOCTPAHCTBAX
Gonbmioit pasmepHoctd Ha Gase Constrained Clustering Ha 3amadu rpymmoBOro
NPHUHATHS PELISHUH, U B CITy4ae HEOOXOXUMOCTH, HCII0JIb30BaTh COOTBETCTBYIOLIHE
METOJIbI arperamny JaHHBIX [2]

B 0a3oBoii Momenum cymiecTBEHHas IpoOjeMa COCTOWT B OpTaHH3aIdU
3¢ exTHBHON 00padOTKH HEUNCIIOBBIX OTPaHWYCHHH, (POPMATHU3YIOMINX [UIS I1ap
OOBEKTOB NMPaBHJIa UX OTHECCHUS K OJHOMY WJIM Pa3IMYHBIM KiaccaM. [Ipobiema
3aKJIFOYAETCs B TOM, YTO OOJIBIIIOE YUCIIO MOJOOHBIX OIPaHUYEHHH B COBOKYITHOCTH
He MOTyT ObITh 3(deKTHBHO 00pabOTaHBl C MOMOIIBIO CYIIECTBYIOIIUX CpEX
MPOrPaMMUPOBAHUSI B OTPAHUYEHHSX.

Takum 00pa3oM, aKTyaJbHBIM HalpaBJICHHEM HCCIENOBAaHHUN IPE/CTaBIICTCS
pa3paboTka croco0OB YCKOpEHHS 00paOOTKH HEYMCIIOBBIX OTPAHUYCHHUI (HOBBIX
METOZIOB PaclpOCTPAaHEHUsI HEYMCIIOBBIX OrpaHuueHuil). /laHHoe HampaBieHHE
UCClIeIOBaHUil Hambolsiee MoiHO oTpaxkeHo B [3]. [lpyroe HampaBiieHHEe padoT,
KOTOPOE aKTUBHO Pa3BUBACTCS B HACTOSIINX HCCICIOBAHMAK, CBI3aHO C TEM, YTOOBI
YMEHBIIUTh KOJIMYECTBO OrPAHUYCHUI, HCIONB3YEMBIX IS IPEICTaBICHHS
3a7a4yd, W YIOPOCTHTh HX BHI. B Xone wuccrnenoBaHuii OBUIO NPEIIOKEHO
TeHEPHPOBATh OrPaHMYCHHS HE JUIs BCEX IMap OOBEKTOB, a JIUIIb IS HEKOTOPBIX,
YTO CIOCOOHO CYLIECTBEHHO CHU3HUTh Pa3MEPHOCTh PeIlaeMOil 3a1auH.

[MpounntoctpupyeM NprUMEHEHUE MPeaiaraeMoro MoAXo/1a Ha IpuMepe 3a1a4n
KJIaCcTeprU3aluu ¢ KpUTCPUECM MUHUMU3AIUN JUaAMETPpa pa36I/IeHI/IH.

[Tycth 3amaya COCTOMT B TOM, 4To Tpebyercss pa3buth N oGbekToB Ha K
KJIACTEPOB TaKMM 00pa30M, UTOOBI AUAMETP pa3OueHus ObUT MUHUMAIBHBIM CPEIU
BCEX BO3MOKHBIX pa3bueHuil. [{unameTp pa3dueHns — 3T0 MAKCUMAJIBHBINA AUaMeTp
JUIL BCEX KJacTepoB pazOueHus. JluameTrp kilactepa — 3TO MakKCHMaJbHOE
paccTosHHE MEXAY JIOOBIMH JABYMS TOYKaMH, HPHHA/UISKALIMMH HTaHHOMY
Kiactepy. OmuceiBaeMas MOAENb HO3BOJISIET UCKATh Pa30MeHHe TIPH yCIOBUH, YTO
HE 3aJ]aH0 TOYHOE YKCIIO K HTOTOBBIX KIIACTEPOB, a 3a1aH JuIls nHTepBai K € [Kmin,
kmax]-

B Hacrosieil paboTe NpeanoiaraeTcs, 4To W KIACTep M KJIACTepH3yeMbIil
OOBEKT MPEICTABIIAIOTCS KaK MYJIbTUMHOXECTBA, a paccTosHue Mexay HuMu (dij)
UIIETCS ¢ HOMOIIBI0 METPUK B IPOCTPAaHCTBE MYyIbTUMHOXKecTB [leTpoBckoro [3].
OTO MO3BOJSIET PACIIMPHUTH O0JACTh NPUMEHEHHS METOJOB pEIICHHS 33734
KJTaCTepHU3aI[Mi B MPOCTPAHCTBAX OOIBIIOI pasmepHocTH Ha Gase Constrained
Clustering Ha 3aa4u rpynioBOro NPUHSTHS PEMIEHHUH, U B CITydae HEOOXOUMOCTH,
HCII0JIF30BaTh COOTBETCTBYIOIINE METOIbI arperainy JaHHbIX [3].

Kpatko onumiem npeiaraeMblii HOAXOA:

I wae. OneHUTH OUama30H 3HAYEHUH, B KOTOPHIH JOJDKEH MOMaaTh HCKOMBIH
ONTHUMAIBHBIN anaMeTp pasOuenus. J[ng HaxoXaeHUs IepBOHAYAIBHOTO
pasbuenusi mpejuaraercst wucrnoss3oBath Metoa FPF  (Furthest Point First),
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npeacTaBiacHHbINA B [4]. JlaHHBIH TPUOTMKEHHBINA METOJT MO3BOJISICT HAUTH OIICHKY
JUIL ONTUMaJbHOTO JauMamerpa pasoueHus. Ha oOcHOBE NONyYeHHOW OLEHKH
reHepupyroTes orpannueHust cannot-link mst rex map knmactepoB, 1t KOTOpbIx ij
>d.

2 wae. BeINOMHUTH KOHKPETU3ALUIO BepxHeil rpanuiipl natepsaia D e [d/2, d].
JUis  3TOro ocymecTBiseTcs Mpoleaypa HepapXHUecKoW KiacTepu3aluu
MYyJBTHMHOXECTB, omnmcaHHas B [3]. CymectBeHHas Monudukamus TaHHOH
MPOIETypHl 3aKIF0YAaeTCsl B TOM, YTO B XOJ€ KIIACTEPHU3AlHU aHATU3IUPYIOTCS
orpannuyenuss  cannot-link.  IlpuMeHeHne  OaHHOTO  MeTOAa  TIOBBIIIACT
3¢ (EKTHBHOCTh BBIUYUCIUTENBHBIX MPOIEAYpP W IMO3BOJSIET COKPATUTH Imepedop
BapHaHTOB OOBEIMHEHHUS KIACTePOB. B pe3ynpraTe DaHHOTO MIara MOJXy4aeM
HOBBII HHTEpPBAN IS OLeHKH D.

3 wae. CreHepupoBaTh OTPAHUYEHUS AJIS CUCTEMaTHYECKOT'0 PEeIIeHHs 3a1a4uH
CSP. Ilpenpiaymive ABa 3Tana NO3BOJIIIOT T€HEPUPOBATh OTPAHUUEHHS He IS BCeX
map KiacTepu3yeMbIX OOBEKTOB, Kak ObUIO omucaHo panee. OrpaHuueHHs
MIPEACTABILIFOTCS C TOMOLIBIO TAOJMYHBIX OTPaHMYCHUH, & IMEHHO TPEITI0KEHHBIX
OIHMM M3 aBTOpoB SMart-radmun D-tuna [3]. OOpaboTka NaHHBIX OrpaHHYCHUI
MPOU3BOMUTCA C IOMOINBIO  BBICOKOA((EKTHBHBIX  aBTOPCKHX  METOJOB
Y/IOBIICTBOPECHUS HEUMCIIOBBIX OrpanuyeHuii [3].

4. wae. Pemnth CreHEpUPOBAHHYIO HA MpEABLIyIIeM mare 3amady Constrained
Clustering ¢ moMoII[bIO ONUCAHHBIX Jajee IBPUCTHK IS TIOMCKA MIEPEMEHHOM U e
3HadyeHus. [IpemmaraeMplii METOJ CHCTEMATHYECKOTO IIOWCKAa ONMpacTcs Ha
CIeyIONINe SBPUCTUKHA BHIOOpAa NEPEMEHHOW HA TEKyIOIeM IIare IOWCKa:
BBIOMpaeTCsl MepeMeHHas, JOMEH KOTOPOH COJEepKUT HAaUMEHbIIee KOJINYECTBO
3HaueHuil. [Ipu BbIOOpE 3HAYEHUsI MEPEMEHHON PYKOBOJCTBYEMCS CJIETYIOIIUM
MIPAaBUJIIOM: MOCKOJIbKY MEepeMEeHHas MPEACTAaBISeT OAMH M3 KIACTePU3yEeMBIX
00BEKTOB, a €€ 3HaUeHHe — HOMEp KJlacTepa, TO MPUCBAMBAEM ITEPEMEHHOI HOMEp
TOTO KJIacTepa, KOTOPBIN OJIMkKe K pacCMaTpHUBaeMOMY OOBEKTY (PaCCUUTHIBAIOTCS
PacCTOSIHUSA MEXIY COOTBETCTBYIOIIMMHU MYJIbTUMHOKECTBAMH).

PaccmoTrpuM npumep, Tae B Ka4eCTBE 0OBEKTOB KIIACTEpU3aLUH BRICTYHAN 14
YCIIOBHBIX S9€eK, Ha KOTOpBIE pa30HT OAWH M3 YYAaCTKOB BBICOKOHAINPSKEHHOTO
MaccWBa  TOpHBIX  mopon  KykumcBymuoppckoro — amaTWT-He(eImHOBOTO
MeCTOpoXKIeHHs. Llenp KacTepu3aluil coCTOsUIa B BEISIBICHHH 30H C Pa3IHIHON
CTENIeHbI0 ceHcMuueckod akTHBHOCTH. Kaxkmoe ceificMnueckoe coOBITHE,
OTHECEHHOE K  HEKOTOPOW  IPOCTPAHCTBEHHOM  suelKe,  ONMCHIBAIOCH
OTpeNeIeHHBIM HabopoM (haKTOpPOB, OKA3bIBAIOIINX, MO0 MHEHHIO ASKCIEpPTOB,
BIIMSTHUE HA BOSHUKHOBEHHE CEHCMHUYECKIX COOBITHH.

VcxonHble naHHBIE OBUIM TPEICTABICHBI B BUAE TAOJMHIBI C OMHCAaHUEM
COBOKYITHOCTH BIUSIIONINX (AKTOPOB C YYETOM YHCIA CEHCMOCOOBITHH M C
MIPECTABICHUEM IPYIIT CEHCMOCOOBITHIA B BH/I€ COBOKYITHOCTH MYJIBTHMHOXECTB.
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B kauectBe npu3HakoB ((pakropoB) mcnoss3zoBaiuck: R1 — pasiaom 1; R2 —
paznom 2; OP — rpanuis! ouncTHOrO IpocTpancTBa; OPV — rpaHuIbl 04MCTHOTO
MPOCTPaHCTBa BhIILENexalero ropusonra; W — Beipadotku; RT — pyauoe teno; VP
— BMmemtaromie mopoas; RT/VP — pymHoe Temo/Bmernarone mopomas;; WB —
BUCSUMi OOK pymHOi#l 3anexu; LB — mexaunit 6ok pynmaoi 3amexu, N — gucio
ceicMOCOOBITHI B sTUEHKeE.

B rabnmme 1 mpencraBmeH ¢parmMeHT TAaOMWIBI HCXOOHBIX MAaHHBIX IS
MPOBEICHUS KJIacTepu3auy. B kaxoii sraeiike TaOIMIB! IPUBEICHBI ABA SIIEMEHTA
MYJIBTUMHOXeCTBa. KpaTHOCTH 3lieMeHTa OIpesessieTcss UCXOs M3 KOJINYecTBa
OLICHOK, TOATBEPKJIAIOUINX Hajau4yue (OTCYTCTBHE) Npu3Haka. Hanpumep, s
npusHaka R1 B mepBoii cTpoke 3amuch «2 0» 03Ha4YaeT, YTO 3HAUCHHE KPATHOCTH
OLIEHKH «mpu3HaK oTcyrcTByer» (0) paBHO 2, a 3Hau€HHE KPATHOCTH OLICHKH
«rpusHak npucyrcrByet (1) paBHo 0. Kaxknast ctpoka Tabmumbl 3 npencTaBiseT
co0oit MyiapTUMHOXKecTBO. [lomoOHast Tabiua MoXeT 0ToOpakaTh MHEHHE Kak
OJHOTO OJKCIIEpTa, TaK M MPEACTABIATH COBOKYNHOCTh MHEHHH HECKOJIBKHX
9KCIIEPTOB.

Tabmmma 1. [IpencraBieHne NCXOAHBIX JaHHBIX IS HEPapXUICCKOI

KJIaCTEepU3aLUA
Howmep
sueiiku| R1 | R2 | OP |OPv| RT | VP |RT/VP W |WB|LB| N
1 20(20|20({20(20|02| 20 20(02|20| 2
02(20/20(20(20|02| 20 20(02|20
60/60|/60|{60|/60|/06| 60 60/06(60

CorjacHO ONHMCAaHHBIM BBINIE IIaraM, ObUTH PACCYUTAHBI PACCTOSIHUS MEKIY
HCXOIIHBIMU KJIacTepaMu (OTUH 00BEKT — OJIMH KJIacTep) B cPOopMHUPOBaHA MATPHIIA
paccTosiHUH, HallIeHO TIepBOHAYANIbHOE pa3OHEeHNE C UCTIONb30BaHeM MeToa FPF,
HaliJieHa OIICHKa JUIs ONTHUMAalbHOrO jauamerpa pasduenus (dij > 930). [danee
MPOBOIUTCS KJIACTEpU3aIUsl CEHCMOCOOBITHI COTJIACHO MOAH(DUITMPOBAHHOMY
METOAY HEpPapXHUYCCKON KIaCTepU3alMi C YYETOM IOJIYYCHHBIX C IMOMOIIBIO
merona FPF orpannuenuii (cannot link dij> 930).

YTouHeHa BepXHssA TpaHWIA Kiactepusanuu: merton FPF nmaBan onenky
JuameTpa pasbueHust D e[465, 930], YTOUHEHHBIH HHTEpBan JUI OLEHKH

Imametpa pasbuerus — D e[465, 832].

Takum 06pa3oMm, JUTs 3JIEMEHTOB MAaTPHIIBI PACCTOSHUM, T KOTOphIX ij < 465,
HeT HeoOXOJMMOCTH TeHepUpoBaTh orpanuueHus. s paccMaTpuBaeMoit 3a1a4uu
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Constrained Clustering 6yaeT creHepUpOBaHO BCEro MsITh OTPAHUYCHUHA. 3aMETHM,
4T0 0e3 MOArOTOBHTEIBHBIX ITAMOB, COCTOSIIMX B MPUMEeHeHHH Metona FPF u
HEepapXMYeCKOil  KiacTepu3aldl ¢  y4eTOM  OTPaHHYCHHH, KOJIHYECTBO
reHepUpPYeMbIX OrpaHUYEHUI OLEHUBANOCH Obl BeIMUMHON (14-13)\2=91.
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Unbuu M.J1., Benow B.B.
CUCTEMA BUOAEOHABNIOAEHUA ONA NPEANPUATUA
Yncrononb, Ynctononbcekuii dunman «Boctoky KHUTNY-KAU

Cucrema BUICOHAOMIONEHUS] — 3TO KOMILIEKC YCTPOWCTB, 3alaua KOTOPBIX
3aKJII0YAETCs] B TOM, YTOOBI 00ECTIEYUTh TIOCTOSHHBIN BU3YyalbHBIH BUACOKOHTPOIIb
3a OXpaHAEMOU CUCTEMOU TEPPUTOPHUEH.

B Hacrosimiee Bpems CHCTEMBI BHICOHAOIIOAECHUS MOAPA3JCIAIOTCS Ha
aHaJIOroBbIe, IU(POBBIC U THOPUIHBIE.
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CrpykTypHasi cXeMa aHaJIOTOBOM CHCTEMBI BHIICOHAOIOICHUS TPUBCICHA HA
Puc. 1.

Texnonorun BH,ZICOH&()J’IIO}.ICHH?I

AHanoropad
KaMepa
COHAJ it
Bugeoperucrparop  — TepcoHabHBI
KOMITRIOTEP
AHanoropas
KaMepa

Puc. 1. Cmpyxmypuas cxema ananoeo8oul cucmemsvi 8UOEOHAONIOOeHUs

Amnanorosast cucremMa BUICOHAOIIOICHUS CTpouTCA Ha 6aze
BUJICOPETHCTPATOPa, C TIOMOIIBIO KOTOPOTO BUICON300paskeHNe OI(POBBIBACTCS,
a 3aTeM CXHMaercss /M XpaHeHWs BHUJEO3amKcell Ha JKECTKOM JINCKE
MEPCOHATBHOTO KOMIBIOTEPA.

HudpoBeie cuCTeMBbl BHACOHAOMIOACHUS HMEIOT INHPOKOE NPHUMEHEHHE B
COBPEMEHHBIX cHCTeMax Oe3omacHocTu. Yale Bcero JaHHasi CHCTEMa Peallu3yeTcs
Ha KPYIHBIX OOBEKTax, rae HWHOOPMAIMIO HYXHO IMepelaBaTh Ha OOJbIINE
paccrostHus. Taxue cucTeMbl BUICOHAOIOACHNS YacTO OOBEAUHSAIOTCS C APYTUMHU
cucteMaMH obOecredeHus: 0e30MacHOCTH, HampuMep, C CHCTEMOW KOHTpOJIA HU
YIPaBJIEHUS JOCTYTIOM.
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[Mudposas cucrema BuaeOHAOIIONEHUSI COCTOUT U3 OOBIYHBIX IEPCOHANBHBIX
KOMITBIOTEPOB HWIJIM cepBepa 0OpabOTKM M XpaHEHHs HH(POPMaIUH, CETEBBIX
BU/ICOPETHCTPATOPOB, [P-BHICOKaMep, KOMMYTAaTOPOB, CETEBOI0 00OPYIOBaHHS U
IporpaMMHOTO obecrieueHns sl 00pabOTKK M XpaHeHHs Buaeo3anuceil. JlanHas
cHUCTeMa BHICOHAONIOACHUS MOXET paboTaTh B aBTOMAaTHYECKOM DPEXHME WIIN
YOpaBIATBECA C TIOMOIIBIO oOmepaTopa. Bce BumeonmszoOpakeHHs cpa3y ke
3aIMCHIBAIOTCS HA )KECTKUH TUCK ¢ BEIOOPOM HEOOXOIUMOT0 popmarta 3amucH.

C nomomrpio mu(ppPOBOH CHUCTEMBI BHACOHAONIONCHHUS MOXHO IIONYyYaTh H
MIPOCMaTPHBaTh HY>KHYIO BHACOMH()OpMANUIO B yralleHHOM pexume. Llnppossie
IP-kamepsl ¢ cereBbIM HHTep(eiicoM He TpPeOYIOT MPSIMOro IMOAKIIOYECHUS K
anmapaTHbIM CpeAcTBaM 00paboTkM BuaeocurHana. Kaxnmas kxamepa — 23TO
OTZEJIBHOE CETEBOE YCTPOUCTBO co cBouM [P-anpecom. [oakn0unTh BCe 371€MEHThI
MOJXKHO Kak uepe3 JIoKalbHyr ceTh Fast Ethernet, Tak u HampsiMyro, Hampumep,
yepe3 MojieM Win OecrpoBOAHON ajmanTep CBs3U. Takke Ha CETOAHSIIHUNA JE€Hb
CYIIECTBYeT MHOXKECTBO BHJICOKaMep, KOTOpble paboTtaror uepe3 HHTepHeT
COCIUHEHHE, YTO II03BOJIIET OCYIIECTBUTh BHICOKOHTPOJHh TEX MECT, TIe HET
BO3MO>KHOCTH ITPOBECTH JIOKATBHYIO CETh.

HudpoBsie BHUACOCHTHANBI MOTYT IIEpelaBaTbcsi Ha JIOOBIE PAaCCTOSHUS.
Hudposoii curaan rerde 00padaTeIBaeTCs U aHATU3UPYETCs, UMEET OUYEHb BBICOKOE
paspemieane. Takum 00pa3oM, C TMOMOINBIO BHICOHAOMIOAEHUS MOXHO JIETKO
AHAIM3UPOBATH BIKYIIHECS 00BEKTHI, UL, HU(PBI U MHOTOE JIPYyToe.

B IIepcoHanbHBIIT

IJTCOpPETICTpaTop

IP-kamepa — KOMITBIOTEP
— Cetepoil

IP-kamepa — MapmpyTiartop
— KOMMYTATOP -

K || Viane i
IP-kamepa Y JaJICHHBIH | HHTepHeT
MOTh30BATETh

Puc. 2. CmpykmypHnas cxema yu@posou cucmemvl 8UOCOHAOIIO0CHUsL C
VOLEHHbIM PENCUMOM RPOCMOMPA

PaccmaTpuBaemas B JaHHO# paboTe cucTeMa BHAECOHAOIIONEHHS pa3paboTaHa
JUISL TEJIEKOMMYHHUKAIIMOHHOM KaMITaHUH, KOTOpasi pacroyiaraercs B MHXEHEPHOM
KOpIyce, HMMEETCSl NpWIETAlomas K KOpIycy TEpPpUTOpUs, TIAe HE0O0XOIMMO
OpraHU30BaTh CUCTEMY BHJICOHAOIIOACHHS.
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Kopnyc cocrour wu3 Tpex OSTaxed, B 3JaHHU DPAaCIIOJIOKEHBI KaOMHETHI
COTPYJHHKOB M PYKOBOJHTEINICH, CIIy>)kKeOHble MOMEUIeHUs, CKiaaasl W T.n. Ha
TEPPUTOPUH 3[JaHUS UMEETCS CTOSHKA ISl MAIIMH U BEJIOCHIIE]IOB.

CTpyKTypHas cXxeMa CHCTEMbI BUICOHAOMIOeHHS IpHBeieHa Ha Puc.3.

WNudopmanus, morydeHHas ¢ KaMep BHICOHAONIONCHNMS, mocTymaeT Ha APM
oreparopa, 4To IO3BOJSET MPOCMATPHBAaTh Ha MOHHTOPE BHIEOU300paKeHHS,
HaxoIsIIuecs B JaHHBIH MOMEHT Iepel KaMepol B peKMMe PeabHOro BPEMEHH.
Kpowme Toro, Bcs nosrydeHHast HHPOPMAIHs COXpaHIeTCs B apXUBE C IOCIECAYIOINM
npocMoTpoM. TakuM 00pa3oM, JI0OYI0 HELITATHYI0 CHTYal[MI0 MOXKHO H3Y4YUTb,
OTBICKaTh B apPXUBE HYKHYIO 3aIMCh, HAIIPUMEP, 10 AaTe.

B coBpeMeHHBIX yCIOBHSX JJIsi 00ECIeYeHUs! BBICOKOTO YPOBHS 0€3011acHOCTH
nepcoHaaa HeoOX0AUMO 0c000 BHUMATEIbHO OTCIEAKUBATh COCTOSHUE 3[0POBbS U
TeMIepaTypy Tejla epcoHana.

TemnepaTtypa Tena ompefenseTcs C HOMOIIbIO TEIUIOBU3MOHHON KaMepsl,
uH(pOpManus ¢ KOTOpoii moctynaer Ha APM onepaTopa M CHTHAITU3HPYET, €CIIH OHA
HOBBILICHA.

Buneoperuerparop FTTTTT Tt Bl
| APM :
| |

IP-kamepa | | I
| |
3 | TTepcoHaTBHBII |
| Kowyrarop i KOMIIBIOTEp :
| |
| | |
IP-kamepa : :
b |
Mapmpytisatop
TeImoBI3IOHHAL ‘
KaMepa I
HHreprer
'V naneHHsIil
TOTB30BATENE

Puc. 3. Cmpyxkmypuas cxema cucmembl 6U0e0HAONIOOEHUS.
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Kaprawosa E.B., Benow B.B.

CWUCTEMA 3KCTPEHHOIO OMOBELLEHWUSA HACENEHUSA O YPE3BbIYAWHBIX
CUTYALIUAX

Yncrononb, Ynctononbcekuii unman «Boctoky KHUTNY-KAU

ABTOMAaTH3MPOBaHHAS CHCTEMa OJKCTPEHHOTO OIOBELICHUS HACENCHUS O
YpE3BBIYAHHBIX CHUTYalUsX IPEICTABIAET COOOM YacTh CHCTEMbl MOHHTOPHHIA
BBIOPOCOB BpeIHBIX BemecTs [1].

CucteMa MOHHUTOPHHTA BBIOPOCOB BPETHBIX BEIIECTB COCTOHT U3 CHCTEMBI
cOopa MHPOPMAIMK C PACHPEICIEHHBIX 110 TEPPUTOPUU MPEANPHSITHS JaTUNKOB,
CHCTEMBI iepesiaui HHPOPMAIMK U CUCTEMBI onoBeleHus Hacenenus (Puc. 1).

Cucrema Cucrema Cucrema
cbopa :> Tepeaadn :: > 3KCTPEHHOTO
nH(popmarmmn uH(popMarmu OIIOBEIIEHMS

Puc. 1. Cmpykmypnas cxema cucmemvl MOHUMOPUH2A 8b1OPOCOE 6PEOHBIX
eeujecms

Cuctema cbopa umH(POpPMAIMH C IATYNKOB BPEIHBIX IPEICTAaBISAET COOOM
pacIpeie/ieHHyI0 [0 TEPPUTOPHU TMPEANPHUATHS MHKPOIPOLECCOPHYIO CHCTEMY
(Puc. 2). JlaTanky ycTaHABIMBAIOTCS B HETIOCPEACTBEHHOM OJIM30CTH OT 0OBEKTOB
00pa3oBaHusi BPEIHBIX BBIOPOCOB. MUKPOKOHTPOJJIEPH CHCTEMbI COOHpAIOT
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UH(OPMALIHIO ¢ JATYUKOB U MEPEAAIOT €€ Ha aBTOMATH3UPOBaHHOE pabouee MecTo
ormeparopa.

——

Tazoananu3aTopb MHuKpOKOHTpOJLIEP

IJ:

JlaTunKu u3MepeHus
€HTP MOHMTOPHHIA 1
TeMICpaTypel, —1 MuxpokonTposiep APM eurp D
JIaBIEHHs, CKOPOCTH YyHIpaBiCHUs
HOTOKA

JlaTanku n3MepeHust —] MukpokonTposiep
KOHIEHTPAIUHU TIBLITH

H

Puc. 2. Cmpyxmypnas cxema cucmemul coopa ungopmayuu

CucreMa 3KCTPEHHOTO OTIOBEIICHHUS HACETICHHUS IPEICTABIISICT COO0M KOMITIEKC
amnmapaTHeIX M MPOTPAMMHBIX CPEICTB, 00SCIICUMBAIOIINI TOBEICHHE CUTHAIIOB
OTIOBEIEHUST W 3KCTPCHHOW WH(POPMAIWU [0 OPTraHOB YIPABICHUS €IUHOMN
TOCYAApCTBEHHOM CHUCTEMBl MPEAYNPEXIACHUS M JUKBUIALMHU UYpe3BbIUYalHBIX
CUTyaluH.

Jiss  omepaTHBHOTO OIOBEIICHHS HAcelleHWs OO0 aBapusiX Ha OMAaCHBIX
MPENPHUSATHAX CO3MAIOTCS TaK Ha3bIBA€MBbIE JIOKAJIBHBIE CHCTEMBI OIOBEIICHUS
(Puc. 3). C ux mMoMOIIbI0 MOKHO CBOCBPEMEHHO OIMOBEIIATh HE TOJIBKO PaboUYuX U
CIy)KaIllUX 3THUX OOBEKTOB, HO M PYKOBOAUTENCH NPEANPUATHH, YUPEKICHHUMH,
OpraHu3aIyii, y4eOHBIX 3aBEJCHUM, HaXOAIMXCA BOIM3M HHUX, a TaKXKe BCe
HaceJeHHe, IMOMaJaoliee B 30HBI BO3MOXHOTO 3apaXXeHUs, pPa3pyLICHHUS,
KaTacTpO(QUIECKOTO 3aTOTUICHHUS.

Bce mnpeanpusThs, y4pe:KICHHS W HACEICHHBIC IYHKTHI OOBEIUHSIOTCS B
CaMOCTOSITENIbHYIO CUCTEMY OIOBEIICHHS. BMecTe ¢ TeM J0KallbHbIe CUCTEMBI, XOTS
U CaMOCTOATENbHbI, HO B TO K€ BpeMs SBJSIIOTCS YacTbl0 TEPPUTOPUATBHON
(pecnyONMMKaHCKOW, KpaeBOW, OONACTHOH) CHCTEMBI IIEHTPAIU30BAHHOTO
OIOBEILEHHS.
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ONOMULIAR © NOWIDO <
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> J | o W Q

TENTSOHHME CTPOKA OXCHOM CHPEHA
Oﬂolﬂll"”f Ao CORIN OO (SR ooootummn
M YNPABALHHR
IBAXYAUMER

Puc. 3. Cmpykmyphas cxema cucmemvl onogewenus

I'maBHOE IPEUMYIIECTBO JIOKANBHBIX CHCTEM — UX ONEPaTHBHOCTb, KOTOpas B
YCIOBHSAX aBapuil M KatacTpod) Tak HeoOXomuma. B KpUTHUCCKOW CHTyanuu
JeKYpHBIN JHCIETYep caM NMPUHUMAET PEIIeHHEe W HEMEIUIEHHO MOAaeT CUTHA.
[lepBOHauYaILHO OH BKIIIOYAET CUPEHBI 00BEKTa U OJIM3IIEKAILET0 )KUIIOTO MAaCCHBa,
3BYK KOTOPBIX O3HauaeT curHan «BHumanume BceM!». 3aTeM cieayeT pedeBas
nHopmanus, MOSCHAOMAs NOPANOK AEHCTBUII B cO3JaBHIEHCS OOCTaHOBKE.
JlokanpHast cucTeMa J0JDKHA BKIIIOYATHCS OU€Hb OBICTPO, YTOOBI MH(pOpMALHS 00
yrpo3e 3apaK€HHsl WM 3aTOIUICHUs OOILIa A0 IpaXkJaH paHbLIEe 3apakK€HHOTO
BO3/lyXa WJIN BOJIHBI HPOPHIBA W YTOOBI OCTAIOCH BPEMsI ISl BBIIIOJHEHUS Mep
3aIUTBHI.

Cuctema  omoBemieHHs  o0ecliedMBaeT  TapaHTHPOBAHHOE  JIOBEJEHHE
uHpoOpMalMM ¥ CHIHAJIOB OIOBEIICHHS [0 pPYKOBOAUTENEH W IepcoHaa
MIPENpUATHS, ONEpaTHBHBIX CIyk0 M opranoB mo genam 'O um YC, a Taxxke
HACEJICHUS B 30HE ICUCTBUS DTOU CUCTEMBL.

[TonmHOIIEHHAs [EHCTBYIOIIAs CHCTEMa JOKAJIbHOTO ONOBEIEHHs BKIIOYAET B
ceOst cupeHb! WM UHBIE CPEJICTBA TI01a41 TPEBOXKHBIX CHTI'HAJIOB, MPUCTIOCOOICHHS
JUIL TOJIOCOBOTO U PEYEBOrO ONOBEINEHHs, JIAMIOBBIE WIH CBETOAHOIHBIC
WHJIUKATOPBI, MAsIKK U IT0JJOOHBIE CPEJICTBA BU3YaJIbHOTO COOOIICHNSI.

3ByKOBasi CHCTeMa OIIOBELECHUS, M3/aBasi CHI'HAJbI, MHQOPMHPYET JIOJeH O
IpoM3oIIeIIeii Ype3BhYaiiHOW cHuTyanuun JnOo aBapuu. Ha moTeHImanbsHO
OTIacCHBIX 00BbEKTaX pa3padaTHIBAIOTCS IOJOXKEHHS O MOPS/IKE JICHCTBUH B ciIydae
BO3HUKHOBEHUS aBapWH, JOIMOTHHUTENbHBIE PEKOMEHIAINNA W MHCTPYKIUH MOTYT
€000maThCs 4epe3 rPOMKOTOBOPUTEIH.

22



TonocoBoe  omoBemieHue — siBIseTcs  HawOojee  MHOOPMATHBHBIM U
MPOAYKTHUBHBIM CITOCOOOM OTIOBEIIICHUS.

Kpome TexHHUYECKOW CTOPOHBI Jeia 3eCh €CTh M Jpyras — 4YeJOBCYCCKasl.
OueHb MHOTO€ 3aBHCHUT OT KOMIIETCHTHOCTH U OTBETCTBEHHOCTH JCKYPHOI'O
MepCcoHaja MOTEHIUAIBHO ONACHBIX 00BEKTOB. BBICTPO, MOYTH MTHOBEHHO OIICHUTh
0OCTaHOBKY M HEMEIUICHHO BKIIIOYUTH CHUCTEMY OMNOBEIIEHHS — BOT IJIABHOE
TpebOBaHME K TEM, KTO HECeT [eKYpPCTBO Ha JUCIETYSPCKOM IYHKTE.
OTBETCTBEHHOCTh 33 OPraHM3alMI0 CBS3M K OMOBEIICHHS HECYT HAYalbHHUKU
otaenoB 1o aenam 'O u YC Bcex paHToB, a HEMOCPEACTBEHHOE O00CCIICUCHUE U
MOJIICPKAHUE CBSI3U B MCIPABHOM COCTOSHHH OCYIICCTBIISIFOT HAYAILHUKHU CITYKO
CBSI3U U OTIOBEIICHUS 001acTeil, TOpOJIOB, paifOHOB M 0OBEKTOB 3KOHOMUKH, TO €CTh
HAYaJIbHUKU OOJIACTHBIX, TOPOJCKUAX U PAOHHBIX Y370B CBsi3u. OHHM OTBEYAOT 3a
TCXHUYCCKOC COCTOAHHC annapaTprI CBs3H, KaGeHLHLIX u BOSI[yLHHbIX HHHHﬁ,
OPraHU3yIOT  aBapPHIHO-BOCCTAHOBHUTEJILHBIC W  PEMOHTHBIC PabOThI  Ha
COOpPYXEHHSIX ¥ KOMMYHHKanusx. JIns BBINOJHEHHWS OTUX 334ad B X
PachopsHKEHUH HAXOASATCS CHeNUATH3UPOBAHHBIE (JOPMUPOBAHHUS.
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Anatutbl, IHCTUTYT MHGOpMaTUKK M MaTemaTyeckoro mogenuposanus OUL KHL PAH

BBenenue

[osichmMm, dYTO paccMarpuBaeTcs KakK MapagokCc B HacTosmed paboTe u
chopMyIEpyeM €ro OCHOBHOE OTIHMYHE OT NPOTHBOPEUHS B MaTeMaTHYECKON
moruke. IIpWHATO cyWTaTh, YTO MMApagoOKC — OTO CHTyalus, KOTJa IBa
B3aMMOWCKITIOYAIOIIIX BBICKA3bIBAHMS OKA3bIBAIOTCA NOKazyeMbiMH. Ho ¢ Touku
3peHust (OpPMaNbHON JIOTMKH 3TO HPOTHBOpPEYHE, B TakOM ciiydae (opmyrna, C
MIOMOIIBI0 KOTOPOM HamucaHa MOJENb MapajioKca, OKa3bIBAeTCA TOXKJIECTBEHHO
noxHoW. Hampumep, nmpoTuBopeurBBI J1Ba BbICKasbiBaHMsi «Bcem A mpucye
cBoiictBo B» u «Hekoropsim A He mpucymie cBoiicTBo B». B To ke Bpems, ecnu
BTOpOE BBICKa3bIBaHWE 3aMeHUTh Ha «Bcem A He mpucyme cBoictBo B», TO
MOJyYeHHas! T1apa BhICKa3bIBaHHMI He OyZeT MPOTHBOPEYMBOMW, a JaHHAs CUCTEMa
BBICKa3bIBaHUH JIMIH CBHUACTEIBCTBYET O TOM, YTO OOBEKT A — JIOXKHBIH WiIH
BOOOIIIEe He cymiecTByeT. FIMEHHO K Takod (opme MPUBOIATCS TIPH JIOTHICCKOM
aHaJM3e MHOTHE MapagoKChl TCOPUH MHOXKECTB. B kadecTBe mpumepa paccMOTpUM
mapagokc «Mpdp TOpoma», KOTOPBIM 3aKioyaeTcss B CIEAYIOMIEM: B OIHOMN
MPOBUHIMHU OBLT M3JaH yKa3 O TOM, YTO M3p KaKIOTO Tropoja He HOJDKCH KHUTh B
CBOEM TOpoJie, a ToabKo B ropoae N. CrpamuBaeTcs, Tie TOHKEH JKUTh MAP Topoaa
N? OtBer OueBHIHBIN: OH HE MOXET XUTh HM B ropoge N, Hu BHe ero. Ecmu
3amucaTh JIOTHYECKYI0 (QOpMyJy JTOro Mapajokca, TO OKaKeTCs, YTo
IIPOIO3UIIMOHANBHAS NTepeMeHHast «Map ropoja Ny sBisercs: 6e3ycI0BHO JOXKHOI.

BriosiHe NOHATHO, YTO HECUACTHBIA MAP CTaJ XKEPTBOI IPOTUBOPEUHUBOIO yKas3a.
B 10 xe BpeMs B aHAJIOTHYHBIX ITapaJOKCax TEOPUH MHOXKECTB HEPENIKO BCIO BHUHY
3a IPOTUBOPEYNBBIC CBOWCTBA HEKOTOPBIX MHOXKECTB IIPUITHCHIBAOT CAMOH TEOPUHU
MHOXECTB, HO HE MPOTHBOPEYMSIM B OmpeAelicHHsx. Hampumep, ecnu BOmpeKu
MPUHATOM B JIUTEpAType 110 MATEMAaTUUYECKOM JIOTUKE TpaguLH [ 1] mpennoioxurs,
YTO «3JIEMEHT) 10 OTIPE/ICIICHUIO HE MOXKET OBITh «MHOKECTBOMY, TO O TIAPaIOKCaxX
TEOPUH MHOXKECTB OCTAHYTCS JIUIITH BOCIIOMUHAHHS.

Oxa3bpIBaeTcs, BO MHOTHX CIIy9asx MapaJoKChl MOKHO CBECTH K (hOPMATBHOMY
MIPOTUBOpEUHI0. PaccMOTpuM napadokc noomenst [2], KOTOPBINA 4aCTO BCTpeUaeTCs
B pacCyXJIEHHAX MO aHAJIOTHU U B MOJEJAX paccyXAeHHH 1o mpereaeHty. Ilycts
MMeeTCs HEKOTOPbIit ucxoaHbIN 00beKT O 1 ero aHajor A, mpu ’TOM MHOXKeCTBO Pc
CBOHCTB Y 3THX 00BEKTOB coBmaaaeT. M3BecTHO Takke, uTo 00bekTy O mpucymu
cBoiictBa Po, a oOwekty A — cBoiictBa Pa, mpum 3TOM JaHHBIE CBOWCTBa
HECOBMECTHMBI, YTO MOKHO BBIPa3UTh C MOMOLIbI0 Gopmynbsl Pa D —Po. Torna
JIOTHYECKYIO0 MOJIENb TIOJMEHBI MOKHO IPEACTaBUTH (hOPMYIIOH:

(ADP)A(OP)A(ADPA) A(ODPo) A (PaD—Po) A(AD Q). (D)

B aroii hopmyne nondopmyna A o O BeIpakaeT NpoUeIypy OTOXIECTBICHHS
HUCXOMHOTO O0OBeKTa ¢ aHasoroM. CreacTBueM MaHHOW (OPMYJIBI SBISETCS
KouTi3us mapamokca A O —A u Oe3ycioBHas JoKHOCTH aHajora A. Ecim B
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¢dopmyiy (1) nobaBuTH emie oHy HOCBUIKY A, TO ToJTydeHHast HOpMyIa OKaKeTcs
TOXJIECTBEHHO JIOKHOM, T.€. IPOTHBOpeuneM. MOXHO CKa3aTh, 4YTO MapaJoKC — ITO
paccyXkIeHue, pe3yJlbTaT KOTOPOTO COCTOUT B HECOBMECTHMOCTH HWTOTa
JOTMYECKOTO aHali3a ¢ HeABHO IIPHUHATHIM JONYyLICHHWEM (Hampumep,
npezrmonaraercs, 9To A ucTuHHO). Ecii B 3T0 paccyxneHue 100aBUTh B Ka4eCTBE
HOCBUIKH HESBHO NPHHATOE JOIYIICHUE, TO IIOJIyYUM IPOTHBOPEUHBYIO GopMyiTy.

Buasl napagokcon

Brinu BeIENICHBI CEAYIONUE PAa3HOBUAHOCTH apaOKCOB.

1. Kommusus mnapamokca B E-ctpykrypax [2]. C momomipio E-cTpykTyp
MOJENUPYETCS] BBIBOJA 3aKJIIOUEHWH M aHaju3 KOPPEKTHOCTH COBOKYMHOCTEH
MOCBUIOK B MOJUCHIIJIOTU3MaX. DTa KOJUIM3HUS PACTIO3HAETCS KaK BBIBOJ| CJIEJICTBUS

THITAa A C A.

2. Anomammsa mpotmBopeumsa. [log 3TUM 37ech NOHUMAETCs HE TOJBKO
OTHOWMEHHAsI HEKOPPEKTHOCTH B 0a3ax 3HaHUIA [3], HO 1 opMabHO CX0XkKas ¢ Hel
JloTU4ecKasi MOJIENb MPECYNO3UIun [4].

B 6azax 3nanwmit (b3) nmpaBuiia MOKHO BBIPa3UTh Kak CTPYKTYPHI THIIA

m: BiABoA...ABy— A,

rae 'm — UM npaBuia, a By, Bo, ..., Bn, A — atombI.

Kaxmoe npaBuiio 3a1aHo B ONpe/ieIeHHON cXeMe OTHOULICHHUS, a KaKasi cXema
OTHOIICHHSI XapaKTePH3yeTCsi MHOXXECTBOM HMeH arpuOyToB. Jlns mpaBuna Im
o6o3naunm Ant(rm) cxemy OTHOmIeHHs ero autereneHta, Cons(rm) — cxemy
OTHOIIIEHHs ero KoHcekBeHTa, a Val(Xi, rm) — 3HaueHue arpubyra X B paBuiie M.
Hanpuwmep, atrom Bi, otHOCsmmiics k atpulyTy Xi, BEIpaXkaeTcsl 9acThi0 (ppa3sl

«EecmXi=..uXizamm Xi=buXiuu=...u Xy=..., T0...».

Torma Val(Xi, rm) = {a, b}. Ananorun4no, KOHCEKBEHT KaXKI0TO MPaBHIA MOKHO
0TOOpa3suTh KaK MHOXXECTBO 3HAYCHHUH JJIS ONPEACIICHHOTO aTpuOyTa.

PaccmotpuM, Kak pacrmo3HaeTcsi aHoManus IpoTuBopedrs. [1ycTh mMeroTcs 1Ba
MpaBuya:

m:BiABsA...ABy—> D;

e BiAByA...ABy— F.

IIpn satom D N F = . Torma mpaBwia rp W I'f MHUIUUPYIOT aHOMAIIHIO
TIPOTHBOPCUHSI.

OiuH W3 NPUMEpPOB AHOMAIMU MNPOTUBOPEYHs — CIy4ail B MEIMIUHCKOM
JMUAarHOCTHKE, KOTJa MPUHIMIHAAIGHO pa3Hble 3a00JEBaHUS XapaKTEPH3YIOTCS
OJIMHAKOBBIMHU 3HAYCHUSIMH HEKOTOPBIX CHMIITOMOB U TIPH 9TOM HE 3aJ[aH XOTs Obl
OMH CHMIITOM, 3Ha4€HHsS KOTOPOro CYIIECTBEHHO pa3jM4Hbl [UIi 3THUX
3a00JIeBaHAH.

IToxoskas cuTyanus ObUTa OIpe/eNieHa TaKXKe IPU aHAIKM3E TPECYNo3uuu [4].
IousTre Tpecymnmo3uiuy (aHrIUCKoe Presupposition — mpemnonoxeHue) 4acto
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BCTPEUAETCS] B HAYYHOM JiuTeparype mo jgoruke u punocoduu [5, 6], nuHreuctuxe
[7], B uckyccTBeHHOM MHTENIEKTE [8] U T. 1.

[Ipecynmo3unmss — 3TO YTBEPXKACHHE, KOTOPOE TOJpasymeBacTcs (MU
BOCTIPHHHMAETCS KaK HCTHHHOE) IIPU aKTyaJIn3aIllii OCHOBHOTO YTBEPKIACHUS MITH
BOTIpOCa, TPH 3TOM OTpUIaHWE (TN JIO)KHOCTh) OCHOBHOTO YTBEPXKICHHS HE
HapymaeT UCTUHHOCTH Hpecynno3unni. Eie omHa 0COOCHHOCTE MPECYITO3UIHA
3aKIII0YAETCs B TOM, YTO MPEITIOI0KEHHE O €€ JIOKHOCTH HIIH HeCOCTOSTETEHOCTH
BJICUET IMOTEPIO CMBICTIA OCHOBHOTO YTBEPKICHUSI.

Hanpumep, B mpeyiosxkenun [TaBen omo3man B MHCTUTYT MOAPA3yMEBACTCS, YTO
[laBen HampaBisIcS B HHCTUTYT, — 3TO M ©CTh MNPECYMHMO3UIMs. SICHO, 4TO
OTpUIIAHHUE OCHOBHOTO yTBepxkneHus (accepimu) ([laBen mpuiien B WHCTHUTYT
BOBpEMs1) HE BJIMSCT Ha UCTUHHOCTH MPECYMIO3UIUU. ECIu Mpenmnonokurh, 4To
MPECYMIIO3UIMA  JIOKHA, TO CTAHOBHUTCS SICHBIM, 4TO OIO3JaHUC MU
CBOCBPEMCHHBIH MPUXOJ B JAHHOW CUTyAIlMX HE UMCIOT CMBICTIA.

B muTeparype 1o JIoTHKe W TUHTBUCTHKE JIOTUIECKAsT MOJIENb MPECYIIO3UIINI
B TEpMHUHAX HCYHCICHUS BBICKAa3bIBAaHUN BRIpaXKaeTCs (GOpMyIon

(SoP)A(—SoP), 2

roe S — accepums, a P — mpecynmo3unms. B takom cimydae ¢dopmymna (2)
TOXXKICCTBEHHO paBHa P, a 3To O3Hawaer, 4TO accepuus B 3TOH MOJEIH €CTh
¢ukTHBHAA epeMeHHast. Ecii ke B COOTBETCTBUU C CEMAaHTHKOH MPECYIIO3HIIHN
(o cMBICTY 3TO TPEHAIOCHITKA) 3aJaTh €€ JIOTHYECKYI0 MOAeTb (OopMyIon
(P 2 S) A (P 2 =S), To okaxeTcs, uto P — J0%KHa, T.€. MOIyYUM HapaokKc.

3. IlapamokcanpHBIC 3HAYCHUS aTPHOYTOB B CIEACTBUH. JlaHHBIN mapagokc
pacmosHaercsi cieayrouM oopazom. IlycTh AaHbI MOCBUIKH, MPEICTABICHHBIC
AK-o6bektamu [2] A1, ..., An, ¥ TONYy4eHO MHUHHMAJbHOE CiencTBue [2]

A=A; Ng ... Ng An. IIpeanonaraercs, 4To ONpeaeIeHHbIE 3HAYEHUs] HEKOTOPBIX

aTpuOyTOB 00s3aTEIHHO TOJKHBI IPUCYTCTBOBATH B MUHMUMAJIBHOM CJIEJICTBHH, B
MIPOTHBHOM CJy4ae 3aJjaHHAs MOJENb PACCYXICHHS CUMTACTCd HEKOPPEKTHOM.
Hanpumep, B paccyxaeHnn peds uaer o6 oowvexre A, AT KOTOPOrO OTCYTCTBHE
3HAYCHUH @ WIK D B CIEACTBHM O3HAYAECT HEBO3MOXKHOCTH €r0 CYIICCTBOBAHUS B
JAHHOU CHUCTEME.

MeToab! 3IMMUHAIIMT MAPAJIOKCOB

1. DnaumuHaNMs KOJUIM3KMHK napajiokca B E-ctpykrypax. B [9] 6bu1 npeanoxeH
CIEAYIONMA METOJ DIMMUHALUM: 1) BBIOMpaeTCss COMHHUTENbHAs ITOCHUIKA
(manpumep, D — E). Ecnm o6pamenne stoii nocsutku (E — D) nonmyctumo, To oHa
3aMEHSAET UCXOIHYIO MOCBUIKY. Torzia Kommmsusl mapazokca He mposiBiasiercs. B
Clly4asix, KOra oOpalleHHe MOCBUIKH HEJOMYCTUMO, NMPEJIaracTcsl eyl
BapHaHT KOPPEKTUPOBKH COMHHUTENIbHON MOChUIKU: BMecTo Hee (D — E mmu Bee D
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ectb E) mobasmsercs apyroe yreepxaenue oo — (D, E) (Hekoropeie D ects E).
JlokaszaHo, 4TO Takas 3aMEHa TOXE MPUBOAUT K IJTMMHUHAIIMY TapaIoKca.

2. DIUMHHAIMS aHOMAJIMK TPOTHBOPEYHS 32 CYCT BBOJIa HOBOTO mapamerpa. B
[4] moka3zaHO, 4TO MapagoKC MPECYMIO3UIIMHA MOKHO SITUMUHUPOBATh, CCITH HAWTH
mapameTp, Ha3BaHHBIM TNepeKriIodaTeNieM accepiuu. Hampumep, B ciaydae ¢
OTO3IABIINM B HMHCTHTYT IlaBIOM TakuM mIapamMeTpoM MOXKET CTaTh IpPHYWHA
oro3aHus (WK ee OTCYTCTBHE B CITydae CBOEBPEMEHHOTO MpHxoaa). BBox sToro
mapaMeTrpa B MOJENb B BHJE HOBOM JIOTUYECKOW WIH MPONO3ULHMOHAIBHON
MIEPEMEHHON TPUBOIUT K SIMMHHAIMM TTapagokca. B aHOMamUsIX MPOTHBOPEUUS
0a3 3HAHW{ SIMMHHAIIMIO MOXXHO BBEITIONHHTH ITyTEM IIOWCKA Pa3IHYaroIiero
napamerpa.

3. Jng »MuUMHHAIMM Tapajokca B clydae MapajoKCalIbHBIX 3HA4YEHUI
aTprOyTOB B CIIEIICTBHM IPEAJIaraeTcsi CIeIyIOUINA METO/ pacluIupeHus o0bema
nocsutoK. ITycTs B MUHHMANbHOM crecTBHE A = A1 Mg ... Mg An B aTpubyTe Xk

OTCYTCTBYET 3HAUCHHE D, YTO CBHICTENBCTBYET O MapaJOKCATbHOCTH CHUCTEMBI.
CucrtemMa NOCBUIOK 3agaHa B cxeMe oTHomeHHs [Xi...Xk...Xm]. B 310l cxeme
otHouieHuss chopmupyem C-xoprexx Px = [*...{b}...*] u BbumcIUM ero
00001IeHHOe TIepeceueHne ¢ Kakaoi nocsikor A. [Tomydernoe mHOKecTBO AK-

00wekToB Ti= Pk Mg Aj LienecooOpa3HO MCIOIB30BATh A1 aHANIU3a KOPPEKTHOCTH

MOCBUIOK 1 3JIMMHUHAIMHN TTapajjoKca.

OrtcyrcrBre 3HaYeHus b atpubyTa Xk B MUHIMAJIbHOM CIICACTBHU PABHOCHIIBHO
TOMY, 4TO iepeceueHre Bcex AK-00bekTOB Ti paBHO IycTOMY MHOXKECTBY. UTOOBI
9TOro M30eXkaTh, HEOOXOMUMO MPOAHATHU3MPOBATH HEKOTOPHIC (IOMIArOIIHECS
HU3MEHEHHIO C TOYKU 3PEHUSI CEMaHTHYECKOTO aHaln3a) MOCBUIKK Aj Ha TpeMeT
BO3MOXKHOCTH DAaCIIMpeHHs o0beMa CcOooTBeTCTBYIOmHMX Ti. Takoe pacumpeHue
BBINOJIHUMO 32 CUET pacUIMpeHus 00beMa 3HaueHUH HEKOTOPBIX aTpUOYTOB.
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Neracoea K.K., MupcaiizaHosa C.A.
ONPEOENEHWE NOK NOHOB METANNOB
Yuctononb, Ynctononbekuit punuan «Boctok» KHUTNY-KAU

Menb OTHOCHTCS K YUCITY METAIIOB U3BECTHBIX C TIIyOOKOW JTPEBHOCTU. ITO —
KI3HCHHO BAKHBIM JJIEMEHT, YYaCTBYIOIIMH BO MHOTHX (U3HOJIOTHICCKHIX
mporeccax. BimsHie Menu Ha )KUBBIE OpraHU3MBI HEOJHO3HAYHO, TaK KaK, C OTHON
CTOPOHBI, OHAa BaYKHBII MUKPOAJIEMEHT, YIACTBYIOLIHMA B OOMEHHBIX IPOIECCaX, a C
Opyroii — ee COeNWHEHWS TOKCHYHBI. EcCIiM TOCTyIuleHHe Meau B OpTraHU3M
TIPEBBIMIACT €r0 CYTOYHYIO MIOTPEOHOCTH, TO 3TO MOXET MPUBECTH K OTPABICHHUIO U
paznudHbM cO0siM B opranu3Me. Bo3MOXXHO MOpakeHHE TeueHU U Touek (Tpu
BCAChIBAaHHUM COCJIMHEHUII MEIM B KPOBb), 3a00JICBaHUC «KpacHas BOJYAHKA»
(ynaneHue Menu W3 COEIUHUTENLHOW TKaHW), TOBpPEXKACHHWE MO3ra M TeUeHU
(6one3nr Bunbcona-KonoBasoBa). Takum o0pazom, OueBHIHA aKTyaJbHOCTh
onpeJeNieHrs npeeiabHo fonycTuMbix kKonteHTpauuit (I1IJIK) nonos meam.

Ienbto nanHo# padoThl sBisLIOCH onpeneneHue [1JIK nonos menu (I11) Mmetomom
MIPOpPAIINBAHUSI CEMSH.

B kauecTBe 0OBeKTa HMcclemOBaHWS OBUTH BEIOpaHBI MOHBI MeAH. PacTBOpPEI
roroBuid 1o HaBecke CuSO4.5H20 ¢ ucnonb30BaHUEM AUCTUIUIMPOBAHHON BOIBI
B MepHOIi konoe. HaBecky MeTHOTO Kymopoca Opaiy Ha aHAIUTHYECKUX Becax.

% BCOXeCcTun

25

20 r

C, mrin

0 0,01 0,02 0,03 0,04 0,05
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Puc. 1. Brusinue uonos meou na npopawuearnue CemMAarH nuleHuybl

MeTto npopallBaHus CEMSH 3aKIII0YaeTCs B 3aMauyMBaHUU CEMSIH B pacTBOpax
pa3nuYHO KOHIEHTpamuu. UYepe3 HENENI0 ONPENeNMIN IPOLEHT BCXOXKECTH
ceMsH. Pe3ynbTaThl SKCIIEpUMEHTa IPEICTaBICHBI Ha pHc. 1.

W3 puc. 1 BupHO, uro HaumHas ¢ KoHHeHTpauud 0,023 MI/1 MpOUCXOTUT
YMEHBIIICHHE TIPOIIEHTa BCXOKeCTH ceMstH. [Ipu koHmnenTparun Boime 0,030 mr/m
BCXOXKECTh CEMSH IPAKTHYECKH HE HM3MEHSACTCS W BBIXOJUT HA IIOCTOSHHYIO
BEIMYMHY. OTO COBMagaeT ¢ JuTepaTypHbiMH naHHbiMH, [IJIK woHOB Memu
cocrasiset 0,024 mr/m.
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TEXHONOrMs OBYYEHUS HEMPOCETEBOW MOZENMW ANA NOMOMHEHUA
OHTONnornu

Anatutbl, IHCTUTYT UHbOpMaTUKL M MaTemaTiyeckoro Mmogenuposanus OULL KHL PAH

Ha cerogusmnauii 1eHh IpUMEHEHWE OHTOJIOTHIA B TOW WM WHOU (opme mms
Mpe/ICTABJICHHUS 3HAHUH MPEIMETHOM 00J1aCTH B paMKax HH()OPMAIHOHHBIX CHCTEM
CTaJl0 PaCHpOCTPAaHEHHON MpakTHKOH. OHTONOTHA — 3TO (QopMainbHas, sSBHAs
cnenudukanus odmei koHnentyarmzanud [1,2]. OgHako pa3paboTka OHTOJIOTHH
SIBIISICTCS CIIOYKHOHN MPOOIIeMOH, TpeOyYIoIIel IPUBICYCHUS SKCIIEPTOB MPEAMETHON
00acTH, a TaKkXkKe CIEIMATICTOB 110 OHTOJIOTHYSCKOMY MOAEIHpoBaHuto. 1o 3Toit
MpPUYMHE NPEJIPUHUMAIOTCS TMOMNBITKM aBTOMATH3aLUU €€ Pa3IUYHbIX acClEKTOB
JUTSI CHUDKEHHUS 3aTpaT Tpya U BpEMEHH C MOJIyYeHUEM B pe3yJIbTaTe KayeCTBEHHOU
OHTOJIOTHH, OTPaXKaroIe B HEOOXOJUMON CTETIEHU 3HAHUS MMPEIMETHON 00IacTH.
Pemenne naHHBIX MpoOIEM paccMAaTpUBAETCSl B paMKax 3ajadd  OOydeHUs
oHronormii  (ontology learning), KOTOpPyI0 MOXHO paccMaTpuBaTh Kak

" Pa6ota BeImonHena npu noaaepxkke PODU (rpant Ne 20-07-00754 A).
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PEKOHCTPYMPOBaHHME W3 TEKCTa MOJENM IpPeIMETHOH 001acT, W3HAYaJIbHO
c(hOpMUpPOBAHHOW B CO3HAHWUHU JKCIepTa — aBTopa Tekcrta [3,4]. Kak mpamwuio,
0o0y4eHHe OHTOJIOTHH MPEAIoaraeT aHajlk3 U M3BJICUCHHE U3 TEKCTOB TEPMHUHOB
MIPEAMETHON 00JIaCTH, MX MOCIEAYIOILYIO TPYIIUPOBKY AJIS ONPEAEIICHNUS KJIAaCCOB
OHTOJIOTHM W OTHOIICHWH Mexay HAMH. [logxonsl K OOYyYeHHIO OHTOJOTHH
OTJIIMYAIOTCS TEXHUKaMH, KOTOpBIC NPUMEHSIOTCS Ha pa3HBIX JTamax aHaIu3a
TEKCTOB U (hopMHpoBaHUSA OHTONOTMH. Cpean NaHHBIX TEXHUK MOXKHO BBIACIUTH:
TerupoBaHue 4acrteir peuu (part-of-speech tagging), cunTakcudeckuit paszdop u
JIeMMaTH3alys, U3BJICUCHHE TEPMUHOB C IOMOIIBbI0O (peiiMOB cyOKaTeropusanuu
(subcategorization frames) u “noceBa” cnoB (seed words) [5], cpaBHUTEIBHOTO
aHanuza [6], aHanmm3a CcMeXHOCTH (co-occurrence analysis), JIaTEeHTHO-
cemanTrueckoro ananmsa (LSA) u knacrepuzanuu [7], popMuUpoBaHHE CTPYKTYPHI
OHTOJIOTHH ITyTeM aHanu3a 3aBucumocteil (dependency analysis), kaTeropuzanuu
TepMHUHOB (term subsumption), aHanuza ¢opmanbHbIX noHsTHI (formal concept
analysis, FCA), wuepapxudeckoii Kiactepuzanun (arimomepaTuBHOW [8] u
pasznensromei [9]) u aHaMM3a accONMATHBHBIX MpaBwIi (association rule mining).

[Mpennaraemast B naHHOW pabOTe TEXHOJOTHS OPUEHTHPOBAHA Ha pPEIICHHE
OIHOHN W3 moj3azady OOydeHHs OHTOJOTHH, @ MMEHHO IIOTOJHEHHE OHTOJIOTHH
sK3eMIUIpaMu  kiaccoB (ontology population). IlpuMeHeHHWE TEXHOJIOTHH
MIPEATIoNaraeT HCIOJIb30BAHNE CYIIECTBYIOUIMX B OHTOJIOTHM TIOHATHH I
oOHapyXeHHs B TEKCTax IPEAMETHOW 00JaCTH CEMaHTHYECKH OJIM3KUX K HHUM
HOBBIX MOHSATHH. BIM30CTh B JAaHHOM Cilyuae clielyeT U3 yIOTpeOIeHUs MOHATHIA B
CXOIHBIX KOHTEKCTaX, KOTOpbIC MPEACTABISIOTCS IOXOXKHUMU MO CTPYKType
NPeAIoKEHUSIMH TEKCTA.

U1 BBISABIICHUS TaKUX INPEUIOKECHUH, COACPXKALUX IOHIATHA IPEIMETHOU
o0nacTu, BBINOJHAETCS aHAIM3 TEKCTOB C TIOMOIIBIO SI3BIKOBOW  MOJIEIH,
OCHOBaHHOW Ha HEHPOHHOI CEeTH, M3HAYAIBHO OPHEHTHPOBAHHOM HA pEIICHUH
3aaud pacrio3HaBaHWs MMEHOBaHHBIX cymHocTerd (Named Entity Recognition,
NER). /lannast 3aja4a COCTOUT B BBIACIEHHM M KIacCU(PHUKAIIMM MMEHOBaHHBIX
cymHocTe B TekcTe. B mpeanaraeMolf TEXHOJOTMH pPOJb PacIO3HABAEMOU
CYIIHOCTH WIpaeT TOTEHIMAIBHBIN 3K3eMIUIIp HEKOTOPOro KJlacca OHTOJOTHH.
[ocnennuit, B CBOIO OdYepelb, paccMaTpUBaeTCsi B KauyecTBE Ha3HA4YaeMoil
KaTeropHu.

KiroueBbIM KOMITOHEHTOM TEXHOJOTHMH SIBJISIETCS TIpoleaypa oO0ydeHHs
A3BIKOBOM MOJETH Ha OCHOBE oOydaromed BBIOOPKH, KOTOpas aBTOMAaTHYECKH
dbopMmupyercss myTeM TMOWCKa B Habope TEKCTOB TPEeIMETHOHW o00JiacTh
NpPeAJIOKEHUH, COJIEpXKAIIUX OTHCTbHbIE JIEKCEMbl W HWMEHHbBIE TpYIIIbI,
COOTBETCTBYIOIINE HK3EMIUIsIpaM HMCXOAHOM OHToNoruu. I[Ipemmonaraercsi, 4ro
MHO)KECTBO HaWJICHHBIX TPEUIOKEHNH MPE/ICTABISIET KOHTEKCTHI, KOTOPHIE B MHBIX
TEKCTaX MOTYT COIepKaTh HOBBIE TEPMHHBI, CXOIHBIE T10 CMBICITY C HCXOHBIMHU.
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Janee Ha cdopMupoBaHHOI BBHIOOpKE OOyYaeTcs SA3BIKOBAsT MOZENb M3
pacnpoctpaHeHHoil Python-OuOnmoTekn A aHamu3a eCTECTBEHHO-SI3BIKOBBIX
tekctoB spaCy. Brocnenctsuu ¢ momomipto 00y4eHHOIH MOJIENN aHaIu3UPYIOTCS
TEKCTBl TNPEAMETHOH OONAacCTH C MpPEACTABICHUEM 3KCIEPTY OOHApY)XCHHBIX
NOHATHH, KOTOpBIE BBICTYNAIOT KAaHAWAATAMH Ha BKIIOYEHHE B OHTOJIOTHIO B
KauecTBe OSK3EMIUIIPOB KiaccoB. OOmas cxemMa NPUMEHEHHS TeXHOJIOTHS
npezcTaBicHa Ha puc. 1.

Habop TekcToB

Ha6op TekcToB CHOpMUpOBaHHBIA : :

! npegmetHoit obnactn : obyvarowwii Habop npegMeTHOM 061acTn @ Teeeeenens l -----------
AHanus TEKCTOB K 06y4eHne
. Mownck HoBbIX MononHexue
dopmmrposaHue A3bIKOBOM
TEPMHUHOB OHTOAOMUK
obyqatowero Habopa mogzenm

I A R -

OHTonorma : O6yuenHan : i Owtonorwa :
[, : msuikosan mogent : Y-

Puc. 1. Cxema npumMernerus mexnoiocuu nonojaHeHuss OHmMol0cuU

D¢ GeKTUBHOCTh MPEJIOKEHHOH TEXHOJOTMH OLEHMBATach B paMKax
OKCIIEPUMEHTa 10 OOYYEHMIO S3BIKOBOM MOJENIM U €€ IMOCIEAYIOLIEero
UCITIONIb30BAaHU JAJI TIOTIOJNIHEHHs] OHTOJIOTMM XO3SIHICTBEHHON NEesTeIbHOCTH B
Apxkruke [10]. st o0y4yenus: Mozaenu ObLIO COOPaHO M MPOAHAIN3UPOBAHO OKOJIO
400 TexcTOB apKTHUECKOW TEMAaTHKH, KOTOpPbIE NMOTEHI[MAIBFHO MOIJIM COJEPIKATh
MIOHATHS, TIPE/ICTABICHHBIE B OHTOJIOTHH B BUJE IK3EMIUIIPOB. B pesynbrare OB
chopmupoBaH Habop, coxepxkamuii okoso 360 000 mpumMepos.

IIpoBepka kauecTBa OOYUE€HHOH MOZEIN NMPOU3BOAMIACH HA TECTOBOM Habope
AQHAJIOTUYHOH  CTPYKTYphl C(OPMHpPOBAHHOM BpydHylo. [lns  cpaBHEHHs
OIICHUBAJIACh TAK)Ke M MYJNbTHA3bIYHAs (multi-language) Monens u3 OMOIHOTEKH
spaCy, OpHeHTHMpOBaHHAs Ha W3BJICUCHWE MMEH JIOJCH, Ha3BaHWH JIOKAMH M
OpTaHM3alii 13 HOBOCTHBIX TEKCTOB. BBUTH MOTyYeHbI CIIeAyIOIHE Pe3yabTaThl:

OxcnepumenT 1. O6Hapy)XeHHe MOAEISIMU TOHATHH TECTOBOTO Habopa:

- MyJIbTHsI3BI9HAS MoJiesb spaCy: TounocTs = 0.13, momHoTa = 0.03;

- o0yueHHast MojieNb: TouHOCTh = (.95, moHoTa = 0.35.

OxcrepumenT 2. OOHapyXeHHsI MOJEISIMH IOHATHH TECTOBOro Habopa, He
MIPEJCTAaBICHHBIX B OHTOJIOTHH:

- MyJIbTUsI3bI9HAA MoJenb spaCy: TounocTs = 0.013, monHoTta = 0.012;

- 00y4ueHHast MoJieNb: TOYHOCTh = (.25, momHOTa = 0.006.

PesynbraTel mepBOro JKCIEpHUMEHTa TOBOPAT O HAIMYMM HEKOTOPOIo
MIOJIOKUTEIBHOTO 3¢ dexra 00ydeHus. MoJienb HayqnIach pacro3HaBaTh B TEKCTaX
HEKOTOpPbIE KOHTEKCTBHl YHNOTpPEOJIEeHUs MOHATUH, XapaKTepHBIX A MpPeAMETHOU
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obmactu. OfHAKO 3TOrO HEJOCTAaTOYHO JUIsi OOHApYXXEHUS! HOBBIX NMOHSTHH, 4TO
MOKa3bIBAIOT PE3YIbTAThl BTOPOT0 SKCIEPUMEHTA. DTO TAKXKE MOXKET OBITh BHI3BAHO
TEM, YTO WCXOJHAas T'MIIOTE3a O TOM, YTO HMMEHa HK3EMIUIIPOB OJHOTO Kiacca
OHTOJIOTUHM OYIyT BCTpPEYaThCs B OJMHAKOBBIX KOHTEKCTaX, ITOATBEPIKIACTCS B
OoJpIIel CTereH U KIIacCOB, MOTECHIIMAIEHO UMEIOIINX OOIBIIOe pasHOOOpasue
9K3EMIUIIPOB B aHAM3UPYEMBIX TeKcTax. Hampumep, kimaccsl “OpraHuszanus’ Wi
“IlepcoHa” MOTEHIMAIBFHO MOTYT UMETh OOIBIIOE KOJIMYIECTBO HK3EMIUIIPOB B
HOBOCTHBIX TEKCTaX OOLIel TeMaTHKH. B KOHTeKcTe NaHHOTO HCCIIENOBAHHMS 3TO
03HaYaeT, 4TO HEOOXOJUMO HE TOJILKO YBEINYUTH 00bEM KOPIyca aHaTH3UPYEMBIX
TEKCTOB, HO M 00ecne4uTh MX 0OoJiee TOYHBIA MOWMCK W/WIH JIOTOJHHUTEIbHYIO
(GUIBTPaLMIO N0 MPUHAUIC)KHOCTH K TeMaTHke oHTojorud. C Opyrodl CTOPOHBI,
MIPUYMHOM MallbIX Pe3yJbTaTOB ITOMCKA HOBBIX IMOHSATHH MOXXET OBITH HEOOIIbIIOE
KOJIMYECTBO IK3EMILISIPOB Y KJIACCOB, YTO TAK)KE HE IO3BOJISIET ChOPMHUPOBATH JIJIst
00y4eHUs] MOJIENIM JIOCTATOYHOE pa3sHoOOpashe KOHTEKCTOB Ui OOHapy)KeHHE
HOBBIX MOHATHI. VICXOAs M3 IONyYeHHBIX PE3yIbTAaTOB B paMKax AalbHEHIIEro
HCCIICIOBAHMS CIIEyeT 00eCIeunTh yBeIHYeHHe o0beMa o0ydaromero Habopa u
MOBBICHTH PAa3HOOOpa3ue BXOAAIINX B HET'O IPUMEPOB.

[IpemioxkeHHas TEXHOJOTHS  MOXXET INPUMEHATbCA IPU  HOBTOPHOM
WCIIONB30BAaHMM OHTOJIOTHH [T WX aKTyalu3allid W/WIH TPHBEICHUS UX
COZEpXKaHMs B COOTBETCTBHE C 33JayaMH HCIONB3YIOIUX UX HH(POPMALHOHHBIX
cucteM. Bricokas aBTOMaTU3allu TEXHOJIOTHMU IIO3BOJJIACT IIPpU 3TOM CHHU3HUTH
TPYZIO3aTpaThl IKCIEPTOB IPEIMETHON 00nacTh, 00ecreunBaIONIMX HOANCPKKY
OHTOJIOTMH, W TEM CaMbIM YJCUIEBUTh pa3pabOTKy M  OKCIUIyaTalHio
MH(OPMALMOHHBIX CHCTEM Ha OCHOBE OHTOJIOTHIA.
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Ma3sanos B.B.

YNPABJIEHWUE OIUHAMWUKOW MHEHWUI B COLIMANBHOW CETU C
KOMMYHUKALIMOHHOW CTPYKTYPOW

[MeTpo3aBofcK, MHCTUTYT NpuKnagHbIX MaTeMaTUYECKUX UCCreaoBaHnii, Kapenbckui
HayuHbIn LeHTp PAH

PaccmaTpuBaeTcst TeOpeTUKO-UTPOBasi MOJENb BIMSHUS BHEIIHETO YIPABICHUS
Ha IMHAMHUKY MHEHHU U JOCTUTraeMblii KOHCEHCYC B COLMAJIbHOM CETH, YUaCTHUKHU
KOTOPOH CBsI3aHBI TIPOW3BOJBHBEIM KOMMYHHKAIIHOHHBEIM TpagoM. 3amaua
YOpaBJICHUS] 3aK/IOYaeTcs B MOAJNEPKAHUM MHEHUS BCEX YYacCTHHKOB B
OKPECTHOCTH 3apaHee ONPEAEIECHHOI0 3HaueHusl. ECM UrpoKoB HECKOJIBKO, TO 3TU
T[eNIeBbIe 3HAYCHUS MOTYT OBITH pa3NudHbL. PaccMarpruBaemas TuHaMHYIecKas Urpa
MPUHAUIEKUT KIJIACCY JIMHEWHO-KBAJPAaTUYECKUX HMIP B JUCKPETHOM BPEMEHHU.
OnTumManbHOE YNpPaBlIEHHWE W PABHOBECHE HAXOISATCS C IMOMOIIBIO ypaBHEHUS
bennmana. B cuMMeTpUYHOM cCily4yae pelleHHue JOCTUraeTcs B aHAJIUTUYECKOM
Buzae. Pe3ynbTaThl UHUCIEHHOTO MOJIEIMPOBAHUS WJUIFOCTPUPYIOT — BJIUSHUE
CTPYKTYpbI CBsi3e¥ B COLIMAJIbHOW CETHM Ha AMHAMUKY MHEHUH U JOCTUTraeMbli
KOHCEHCYC.

MupcaiizaHoBa C.A., ManuH O.A., UBaHoB H.M.

U3YYEHUE CKOPOCTU XMMUYECKOW PEAKLIUM MYTEM KOMMBIOTEPHOIO
MOJENNPOBAHUA

UYuctononb, Ynctononbckuin dounman «Boctoky KHUTUY-KAU

ExecekyHIHO BO BceM MHpE NpPOTEKaeT OECUYMCIEHHOE MHOXECTBO
XMUMHUUYECKHX peakiuid. ['opuT KocTep M roput ra3 B KOH(OpPKE ra30BOH IUIUTEHI,
prKaBeeT JKene30, MOJIOKO IPEBpaIlaeTcsi B TBOPOT, Ha (hOTOIUICHKE BO3HUKAIOT
n300pakeHus. 13BecTHO, YTO OJHM XUMUYECKHE PEaKIUHU MPOTEKAIOT 33 MaJble
J0JIM CEKYHBI, IPYTUE KC 34 MUHYTHI, 4aCbl, THU. 3050THIE YKpam€Hus COXpaHAOT
CBOIO KpacoTy M OJieck BeKaMu. A BOT OpOIICHHBIN Ha YJIHIE CTaphlil aBTOMOOMIb
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CIYCTS HECKOJIBKO JET IMpeBpallaeTcs B IpyAy P>KaBOro METaJIoNoMa; I0JbKa
s0JI0Ka y)Ke 4epe3 HECKOJBbKO 4YacoB MOKphIBaeTCs Oypoil IUICHKOI; meTapna,
OpolIeHHas! B KOCTEP, OTJTYIIUTENEHO B3PhIBACTCS.

W3 M3BECTHBIX HA CETOAHSALIHHN NIeHb peakuuii camasi OBICTpasi MPOTEKaeT B
1040 pa3 OwicTpee, WeM camasi MeIUIeHHas. 3ydeHHe CKOpOCTeH XMMHYECKIX
peaknuii MMeeT O4YeHb OOJIBIIOE MPAKTUYECKOE W HAYYHOE 3HAYCHHE, TaK Kak
BOKPYT HAacC MOCTOSIHHO MPOUCXOMAT Pa3HbIe MPOLECCHl U CKOPOCTh UX PA3JINYHA.
Hampumep, B XMMHUUECKON NPOMBILUIEHHOCTH OT CKOPOCTH XMMHUYECKON peakuuu
3aBUCAT pa3Mephl, IPOU3BOANTEIBHOCTD alNllapaToB, KAYECTBO BHIPAOATHIBAEMOTO
NpoJXyKTa M B KOHEYHOM HTOre 3apiuiata pabOTHHKOB M Cce0eCTOMMOCTB
MIPOAYKIUH.

Cornacio CranpapTy oOpa3oBaHMs 10 XMMHHU JAJsl OCHOBHOM ILIKOJIBI TeMa
«CKOpPOCTh XHUMMYECKONH peakIUi» H3y4daeTcs O3HAaKOMHUTEIbHO. B cBA3uM C
COKpali€HnueM 4YacOB Ha H3YUCHHUC XHUMUH JJaHHasA TEMa HE 6yILCT HO[[pO6HO
paccMoTpeHa M B cTaplMX kiaccax. [loaToMy npu HU3y4yeHMH JaHHON TEMBI MBI
PELINIIN UCTIONB30BaTh KOMITBIOTEpHOE MOoAeIpoBanue [1].

ITo MHeHMIO GONBIIMHCTBA BBHIJAIOUIMXCS XHMHKOB, B TOM YHCIIC JaypeaTra
HoOeneBckoi mpemuu I'. Cubopra, TeopeTHIeckOe MOAEIMPOBAHUE SBISCTCA
OCHOBHBIM METOJIOM MO3HAHUA B XUMHUH. CyIHOCTh XUMHYECKHUX SIBIICHUI CKpBITa
OT HEMOCPEACTBEHHOTO HaOIIOJEHUSI UCCIENOBATENs, B CBA3M C 3THUM IIO3HAHUE
OCYILECTBJISAIOT IIyTeM MOCTPOEHHS MOJICIN HEBUIUMOIO 00BEKTa MO KOCBEHHBIM
JAHHBIM.

Hcnonp3oBaHue KOMIBIOTEpPA BO MHOTOM OOJIETYMIIO 337ady XHMHUKaM,
MOJICIMPOBAaHIE MOXKHO IPOBECTH 3a HEOOIBIIOE BpEMs, HCIOIB3YS IPU ITOM
OTPOMHOE KOJIMYECTBO JaHHBIX [2].

Bruta HammcaHa mporpaMMa, KOTopasi MO3BOJISIET 3aIlyCKaTh MOJAETh PEaKIlH
IIPU BBOJIE COOTBETCTBYIOIIMX JTaHHBIX:

YHUCIIO MOJIEKYT A;

YHUCJIO MOJIEKyJ B;

BEPOSATHOCTH 00pa3oBaHus Moyekyl AB mpu cronkHOBeHHH A U B;

CKOpPOCTb JABHXKEHHS MOJEKYIL.

Bapeupys ucxoHsle JaHHBIE MTOJIYYHUIH MOJENb peakiun A + B =AB.

IIpu 3anycke mporpamMmbl MOKHO YBHJIETh XaOTHMYHOE JIBM)KEHHUE MOJIEKYII
(3eeHble MapuKu — MOJIGKYJIBI | BUIA, KpacHbIE — MOJIEKYJIBI 2 BUIA, XKEJThIE —
oOpa3oBaBIIMecss MOJIEKYJB), Ha BEpPXy IOKA3bIBAeTCA BPEeMsI M KOJIHYECTBO
obpa3oBaBIIMXCS MOJIEKyJ. Kpome 3TOro MOXKHO MOTydUTh 3aBUCUMOCTH BPEMEHU
OT pPa3HBIX COCTABISAIOMINX: OT KOJIMYECTBA 00PAa30BABIIMXCS MOJIEKYIN IPH Pa3HBIX
BEPOSITHOCTAX; OT KOJHMYECTBA OOpa30BaBIIMXCS MOJEKYJI TIPH  Pas3HBIX
KOJIMYECTBAX MOJIEKYJ; OT KOJIMYECTBa OOpPA30BaBIIMXCS MOJEKYJ HPH Pa3HBIX
COOTHOUICHHSIX KOJMYECTBA MOJICKYJ; OT KOJIMYECTBa 0OPa30BaBIIMXCS MOJIEKYII
IIPU pa3HbIX 3HAYEHUSAX CKOPOCTEH ABIKEHHs MOJIeKyJl. IlomydyeHHble pe3ynbTaThl
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HE PacXoJATCs C TEOPETUYECKUMU, T.€. JaHHAsS MOJENb MOXET HCIIOJIb30BaThCs Ha
YpPOKax XMMUH U MO3BOJIUT ClIENIaTh UX 00jee MHTEPECHBIMH U «BBIMTH» 33 PAMKH
HIKOJBHOTO Kypca AJIs pacIIUpPeHHs Kpyro3opa yJamuxcs.
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Onennuk AT

OPIAHU3ALMUA XPAHEHUA «OTKPbITbIX» HABOPOB ATPUEYTOB CYLUHOCTEN
B PENIALIMOHHBIX BA3AX OAHHBIX

AnaTutbl, IHCTUTYT MHGOPMaTUKK M MaTemaTdeckoro Mmogenuposanua UL KHL PAH

Ipemnoxennas B 1970-x rogax Kognowm (E. F. Codd) pensunonnas Mmonens 1 B
HacTosIIIee BpeMs JAHHBIX COXPaHSAET CBOIO IOMYJSIPHOCTH M MMEET JOCTATOYHO
Mmupokoe npuMeHeHne. OIHUM 13 OCHOBHBIX JOCTOMHCTB PEIISIIMOHHON MOZAEIH
ABJIsIETCS o0OecTedueHre He3aBUCHMOCTH JTaHHBIX OT MPUKIAJHBIX IIPOrpaMM. OTO
CBOHCTBO 0COOCHHO B)KHO NPH CO3/1aHUN 0a3 JaHHBIX MH(POPMAIIMOHHBIX CHCTEM,
MPEIONaralonMX B MEPCHEKTHBE CYIIECTBEHHOE pPa3BUTHE Kak caMoi 0a3bl
JTaHHBIX 00 00BEKTax yNpaBJIEHHS WM HCCIeI0BaHUA, TaK U GyHKINH 00paboTKN
9THUX JTaHHBIX.

OpfHaKo IPOEKTHPOBAHHE EIMHCTBEHHO MOMYCTHMBIX JIEMEHTOB CTPYKTYPHI
pensaronHoN 6a3el  maHHBIX (BJl) — peNTALMOHHBIX OTHOIICHWH, BHEIIHE
BOCIIPHHAMAaeMbIX KaK JBYMEpHBIE TaONHWIBI, B psA€ CIIy4yaeB BHI3BIBACT
OTIpezieIeHHbIE CIIOKHOCTH. Hanpumep, B cuTyaruu, Kora npeacrasisemsle B bJ]
00BEKTHl MMEIOT YacTHYHO IIepecekarone Habopel aTpuOyToB. PasmerneHue
JaHHBIX O 3HAYEHHWIX aTpUOYTOB TaknX OOBEKTOB B OJHOM OTHOLICHUH
HepalnuoHalIbHO. 3aroJIOBOK OTHOILICHHMS JIOJDKEH OyAeT cojep)kaTh MMEHa BceX
BO3MOJKHBIX aTpHOYTOB IPEJCTaBIIIEMbIX B HEM OOBEKTOB, OTHECEHHBIX K OJHOU
CYIIHOCTH peisiuuoHHOW Mozenu. Ilpm 3TOM Tenmo oTHomeHus OyneT HMeTh
«ITyCTOTBI» B 3aIMCAX, €CIM Y HEKOTOPOro 0oOBeKTa (PK3eMIUISpa CYITHOCTH)
OTCYTCTBYIOT HEKOTOpBIe aTpHOYTHL. B KauecTBe pemieHns yKa3aHHOW MpoOIeMbl
MpeajaraeTcsl pa3IeuTh XpaHeHHe O0muX aTpruOyTOB OOBEKTOB, OTHOCHUMBIX K
OJTHOM CYIIIHOCTH, U «UHAWBHIYAIBHBIX)» aTPHOYTOB OTAEIBHBIX IK3EMIUIIPOB HITN
OHOPOJHBIX TpyHm OOBEKTOB 3TOH cymHOCTH. B ctpykTypy B/l BBOmsATCS
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OTHOIICHUA—CIPABOYHUKH, B KOTOPBIX BHOCSITCS HAWMEHOBAHHS W yHUKAJIbHBIC
uaeHTH(UKATOpHl aTpuOyTOB, a TakKe, NPH HEOOXOAWMOCTH, HEKOTOpbIE
JIOTIOJIHUTENBHBIE X CBOWCTBA (€AMHUILIBI N3MEPEHHUH, OTPaHUYEHUS Ha 3HAYCHUS U
T.IL).

Hcnonp3oBaHWe CHpaBOYHHKA MO3BOJIICT JIETKO IIOIONHSTH MEPEUCHb
aTpuOyTOB, KOTOpPBIE MOTYT MOHAJOOWTBCS B KAadeCTBE XapaKTCPUCTUK
npencraBisieMbix B B/ anemenToB. CpaBOYHHK CBOWCTB MO3BOJISIET OJHOTHITHO
ONHUCHIBATH KaK CBOWCTBA TIpPYyHNH OOBEKTOB, TaK W CBOMCTBA OTACIBHBIX
9K3eMIUIIpoB. Onrcanne o0MMX CBOHCTB 000 TPYIITEI OHOTHUITHBIX YIIEMEHTOB
peanmu3yeTcsi B CIICIMAIbHOM OTHOLIEHHMM HA0OpOM 3ammceil ¢ OAMHAKOBBIM
uaeHtuukaropoM rpynnbsl. KonmdecTBo 3amuceil Aisl TPYHIIBI ONpEAeNseTcs
KOJIMUECTBOM 3aJjaBaeMbIX JJIsl Hee MyTeM BbIOOpa U3 CIpaBOYHKMKA CBOMCTB. [1pu
ONMCAHUM OTHEIBHOTO HK3EMIULIpa Ul HEero ykasblBaeTcsl HJICHTH(UKATOD
IpyMIBl, K KOTOPOH OH OTHOCUTCS M, COOTBETCTBEHHO, UMeeT Habop M 3HAUEHUs
CBOWCTB, NIPUCYIIUX BCEM JIEMEHTaM JaHHOM TPYIIIbI, a TAKXKe UACHTH(OUKATOPHI
WHAWBUIYaJIbHBIX CBOMCTB M UX 3HAYCHHUS.

[IpennoxeHHoe pemieHHe OBUIO TPHMEHEHO NPH pa3paboTKe CTPYKTYPHI
peNsIMOHHOM  0a3bl  JAaHHBIX ~ MOHHUTOPHHIA  TEXHHYECKOTO  COCTOSIHUS
SHEPreTUYECKNX KOTJIOB TEIJIOBBIX  JJICKTPOCTAHIMH ¥ 0a3bl  JaHHBIX
paspabaTbiBaeMolf  MH()OPMALMOHHOM TEXHOJOTWH CTPYKTYPHOTO CHHTE3a
MHOTOCTaIMHHBIX TEXHOJIOTHYECKUX CXEM 00O0TaleHUsI MUHEPAIBHOTO CHIPbSL.

Muneukuit B.M. 2, Buuentun A.B.12

BMU3YANTU3ALUA MPOCTPAHCTBEHHbLIX OAHHbIX, MONYYEHHbIX NPU AHAITU3E
TEKCTOB HA ECTECTBEHHOM A3bIKE

T AnatuTbl, MHCTUTYT MHGDOPMATHKM M MaTemaTtuyeckoro mogenunposanus ®UL KHL PAH
2 AnatuTsl, punuan ®rbOY BO «MypmaHCKuiA apKTUYeCKWid rocy1apCTBEHHbIN
YHUBEPCUTETY

IToHu3uTH CII0’KHOCTD 3a7a4u yIpaBiIeHUS MPOCTPAHCTBEHHO-
pacrpeen€HHbBIMUA  COIIMO-IKOHOMUUYECKUMHU CHCTEMaMH MOXHO MPU TIOMOIIU
CHCTEM TOMAJCPHKKUA MPUHITUS pelieHuit. B mnpomecce paboThl HEOOXOIUMO
YYUTBIBATh TreorpadUuecKue OCOOCHHOCTH, JUIS TOrO 4YTOOBI 3P QHEKTHBHO
IUTAHUPOBATh KCIIOJF30BAHKUE TOCTYIHBIX TEPPHUTOPHUM, KOPPEKTUPOBATH ILIAHEI
CTPOMTENBCTBA B COOTBETCTBUH CO CIICIIM(DUKOI pErHOHa, BRICTPAUBATL TPAMOTHYIO
CTPATeTHI0 10 PAa3BUTHIO HH(PPACTPYKTYPHBIX MPOEKTOB. B cuiay mnpupomHo-
reorpaduueckux ocoOeHHocTel Tepputopun Kpaiinero CeBepa CIOXHOCTh
IUTAaHUPOBAHMS BO3pacTaeT emé cuibHee. [1, 2]

l'eomanHble — 3TO IU(PPOBBIC TAHHBIE O PA3IMYHBIX MPOCTPAHCTBEHHBIX
00BEKTax, B KOTOPBIC BKIIFOYCHBI CBEACHHUS 00 MX MECTOHAXOXKICHUU M CBOMCTBAX,
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MPOCTPAHCTBEHHBIX U HE MPOCTPAHCTBEHHBIX aTpuOyTax. Takue NaHHBIE COCTOST
U3 B3aUMOCBS3aHHBIX  dYacTell:  MO3MIMOHHBIX  JaHHBIX  (OMHCaHue
MPOCTPAHCTBEHHOI'O TMOJIOKEHMs) M HEMO3MLUOHHBIX JaHHBIX (TeMaTH4ecKoe
coJZiep’kaHME JaHHBIX). Takum 00pa3oM, IONHOE ONMMCAHHE MPOCTPAHCTBEHHBIX
JAHHBIX COCTOMT W3 B3aMMOCBA3aHHBIX ONHCAHUHA TOIOJOTHH, TEOMETPHU U
aTpUOYTHKH r€000BEKTOB, TAKHE JTAHHBIE C YIETOM X CEMaHTHUECKOTO OKPY>KEHHS
JexaT B OCHOBe  HMH(OPMAaIMOHHOTO  o0ecredeHHs  reorpapuuecKux
napopmannonusx cucteM (I'MC). KoHmenT npocTpaHCTBEHHBIX JaHHBIX MOXKET
OBITH pacIIMPEH €CJIM IPHHATH BO BHUMaHHE MX U3MEHYHBOCTb.

YuuteiBas TOT (pakT, 4TO B HacCTOsAIIEE BpeMsi OoJiee MOJIOBHHBI BceX LIU(PPOBBIX
JIAaHHBIX MMEIOT POCTPAHCTBEHHYIO IPUBSI3KY [4], HCTIOJIB30BaHUE T€OJaHHBIX IS
MOJJIEP)KKA TPHHATHS PELICHHH NpEeICTaBIsIeTCsl BechbMa INepcrneKTHBHBIM. C
JOpyroil  cropoHbl, Oojplias  4acTb  MH(pOpPMAIMK  TIPEICTaBIEeHa B
HECTPYKTYpHUpPOBaHHOM Buze. Yaie Bcero, 3To TEKCThl Ha €CTECTBEHHOM S3bIKE
(o¢unmanbHbIE JOKYMEHTBI, OTYETHI, NMPOEKTHI, CTAThH, MOCTHI B COIMAJIBHBIX
CeTsX, TBUTHI, U TaK jaanee). B cBI3M ¢ 3THM, aKTyadbHOH 3amaueil sBiseTCA
CO3[JaHME OTAENBHOTO MOJIYJSA BHU3yaJdW3allMM IPOCTPAHCTBEHHBIX JaHHBIX B
pamKax OoJiee KpyImHOW CHCTEMbI OAICPKKH MPUHATHS permeHui [3].

MHorue aBTOpBl OTMEYAIOT BBICOKYIO CTEIICHb Ba)XKHOCTH HCIIOJIB30BAHUS
MPOCTPAaHCTBEHHBIX JAHHBIX JUISl YHpaBlCHHS OOJBIINMHU TEPPHUTOPHIMH.
Hanpumep, B paborax [5, 6] npuBoautcs ananu3 3(Gp(HeKTUBHOCTH UCTIONIb30BAHMS
reonH(pOpMaIMU Kak (GakTopa ynpasieHHs IPOCTPAHCTBEHHOI MH(OpMAaLUH, Tak
ke ommcaHa e€ pojb B CUCTeMaxX MOJANEPKKH MpUHATHS pemeHuil. Ocoboe
BHUMAaHHE YAEJICHO PACCMOTPEHHUIO BOIIPOCA UCTIONB30BAHMS TaKOoH HH(OpMAIUU B
HSKOHOMHKO-CTaTHUECKUX MeETOoAax MopeiaupoBaHus. [lomuMo 3Toro, m3ywaercs
cuHepreTuueckuii 3((dexT HCIoNIb30BaHMS Takoro Tuna uHOOpMalLUu B
YIIPaBICHUHN 9KOHOMHYECKOH NeATeIbHOCTHIO.

[Ipn ympaBneHWM pasNUYHBIMM BHIAMU TPAHCIIOPTa TaKXe MOTYT OBITH
WCIIONBE30BaHbl reofaHable. Hampumep, B craTthsx [7 - 9] OBUIM paccMOTpPEHBI
0COOCHHOCTH TOAXOAOB K YNPABICHHIO ITOTOKAMH TPAHCIIOPTA, IPEJIOKEHBI
HECKOJIBKO ITyTeH pemeHus UIs 3a/1a9i MapUIpyTH3alUH TPAHCIOPTHBIX CPEJICTB.

ITomumo 3TOTO, Te0JTaHHBIE HAXOAAT IIMPOKOE MPUMEHEeHHe B kKagacTpe. Tak, B
psine paboT, TaKO# THI JaHHBIX PacCMAaTPHBAETCS B KaYeCTBE OCHOBHOTO pecypca,
[IPY TIOMOIIH KOTOPOTO CO3AAIOTCS KaJJaCTPOBBIE CUCTEMBI, BENETCS yUET 3eMelb,
pa3pabaTbIBarOTCS METOMBI UX OICHKH, PEeIIaeTcs 3aada CTpaTH(hUKAIINU 3eMeTTb.

Takum 00pa3oM, MOXHO yTBEP)KHAaTh, YTO NMPUMEHEHHE IMPOCTPAHCTBEHHBIX
JTAaHHBIX TI03BOJIIET YCIIEIIHO peIlaTh pa3InIHbIe MPUKIAIHBIE U HAyIHbIC 3a/1a9H,
CBSI3aHHBIC C YNpPABIEHHWEM IPOCTPAHCTBEHHO-PACIIPEACICHHBIX OOBEKTOB H
cucreM. [Ipu 3TOoM, MHOTrHME cOBpeMeHHbIe Treorpaduieckue MH(OOPMALMOHHbIE
cucTeMbl M cucTeMbl mnojyepxku mnpuHstus pemenuit (CIIIIP) ne wnmeror
CTaH/IAPTHBIX CPEJICTB 00pabOTKM TEKCTOB JUISl BBIABJICHUS T€OJAHHBIX B TEKCTaX
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Ha ectecTBeHHOM si3bIke. B IT'YIC u CIIIIP xak npaBuio oTCyTCTBYIOT HHCTPYMEHTBI
ABTOMATHYECKOTO BBISBJICHUS, CTPYKTYPHUPOBAHUS, XpPaHEHHs, M BU3yaln3alld
T'€0JIaHHBIX, TIOJTyYSHHBIX TP aHaJIN3€e TEKCTOB Ha €CTECTBEHHOM s3bIKe. B cBsi3H C
3THM CO3JaHME METOJd, TEXHOJIOTMH M IPOrpaMMHO-aJTOPUTMHUYECKOTO
oOecrieueHns: N3BICUCHUS TEOJAHHBIX U3 TEKCTOB Ha ECTECTBECHHOM SI3BIKE AT HX
MOCJIEAYIOIEN T€OBU3YAIU3aLUN SBJSIETCS AKTYaJbHOW Hay4YHO-IPUKIAJHOU
3a1aueil.

Oco6eHHOCTRIO pa3pabaTEIBaEMBIX aBTOPAMH METOIOB M TEXHOJIOTHIT ABIISETCS
U3BJICYEHUE TE€OJaHHBIX W3 TEKCTOB, MPEICTABJICHHBIX Ha €CTECTBEHHOM SI3BIKE.
Jnst 9THX 1enelt ncrosb3yeTcs CrielHalbHbIN aHaIu3aTop TeKcToB ToMuTa napceep,
BBISBJISIIOLIMI B HCCIIEyEMBIX TEKCTaX reonHpopmManuio. B pesynbrare coznaéres
Ha0Op CIIOB M  CJIOBOCOYETAaHHWH, KOTOPHIM IPOTHBOIIOCTAaBISETCS  HX
reorpaduueckas npuBs3Ka.

B kauectBe MarepuanioB Juis aHajuu3a ObLI HCIOJb30BAaH KOPILYC TEKCTOB IO
apKTHYECKOM TeMaTHhKe. 3HaYMTENbHAs 4acTh TEKCTOB ObUla coOpaHa B paMKax
MIPEABIAYIIEro 3Tana KOMIUIEKca HCCIEeJOBAaTEIbCKUX padOT, HANpaBJICHHBIX Ha
CO3JIaHNE METOJIOB, TEXHOJOTHI U MPOrPaMMHO-AITOPUTMHIECKOTO 00ECTIEICHUS
JUISL BU3YaJIM3allMd TPOCTPAHCTBEHHBIX MAHHBIX, W3BJICUYCHHBIX M3 TEKCTOB Ha
ecTtecTBeHHOM s3bike. [10, 11]

W3Bnekaemble U3 TEKCTOB HAa €CTECTBEHHOM SI3bIKE MPOCTPAHCTBCHHBIC TaHHBIC
MOTYT OBITh UCIIOJIB30BAHBI JJISl BU3YAIN3alMU U MOAJIEPKKH MIPHUHATHS PELICHHUH
[0 YIPAaBJICHUIO TEPPUTOPUAMH. VIcIonp30BaHUE CPEACTB T'€OBU3yaTH3alUU MIPU
PELICHUH YIIPaBICHYECKUX 3a/1a4, MOXKET ObITh 3P (PEKTHBHBIM UHCTPYMEHTOM JIJISI
NPUHSATUSL  pEelIeHHH TpH  peaju3alii  IMPOEKTOB B cepe DHEPreTHKH,
CTPOUTEJBCTBA, OCBOCHHHM MECTOPOXKJCHHUII IOJIE3HBIX HMCKONAEMbIX, U JAPYIUX
3aga4. Takxke NpOCTPaHCTBEHHbBIE JaHHbBIC TO3BOJISIIOT JIy4llle IOHUMATh YPOBEHb
COLMAIBHO-?)KOHOMHYECKOTO PAa3BUTHs PETHOHA, paclpelielIeHHe HACeICHHS H
MIPOMBIIINIEHHOCTH TI0 TEPPUTOPHH.

B pesynmprate paccMOTpeHUs NpOOJEMAaTHKH HW3BICYEHUSX HMEHOBAHHBIX
CYIIHOCTEH N3 TEKCTOB HAa €CTECTBEHHOM S3BbIKE M M3YUCHHSI HHCTPYMEHTAPHS IJIS
HETOCPECTBEHHOTO TOJIYYEHHsT T'€0JJaHHBIX M3 TEKCTOB OblI BbIOpaH Tomwura
napcep, KOTOpbIH JIET B OCHOBY pa3pabaThiBa€MON TEXHOJIOTHH.

Takum 00pa3oM, OCHOBHBIMM pe3yJbTaTaMH TaHHOTO 3Tala HCCIIEJOBaHUH
sBisitoTes cneaytonue. ChopMupoBaHa CTpyKTypa (DaiyioB Ajisi MCTIOIB30BaHUS
Tomwura mapcepa ¢ Helbo U3BJICYESHHUS] IPOCTPAHCTBEHHBIX JaHHBIX M3 TEKCTOB JIJIst
MOJIJIEPKKK TIPUHSATHS PELICHUH 10 yIpaBiIeHUI0 TeppuTopusiMu. [IpemanoxeHHas
CTPYKTYpa MO3BOJISIET IPOBOAUTH aHAIU3 TEKCTOB 110 apKTHYECKOH TeMaTuke. J{is
aHanM3a HeoOXOJAMMO TI0/IaTh Ha BXOJl Mapcepa KOpIyC aHAJIM3HPYEMBIX TEKCTOB,
NpeAHa3HAYeHHbIX Ui aHanu3a. /it moBbleHHs 3(PQEKTUBHOCTH JIEKCHKO-
CHUHTaKCHYECKOTO aHaJIN3a TEKCTOB CO3/IaHbl IPAMMATHKH NPHU ITOMOIIM KOTOPBIX
BBIBISIIOTCSL (DaKThI, @ TAK)KE CIIMCOK THUIIOBBIX CTPYKTYP, KOTOpPBIE MOTYT OBITH
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WCIONB30BaHbl JJII aHalu3a JpYruX TEKCTOB. B pesynbraTe MpoBEeNEHHBIX
UCTIBITAHUI Ha OTPAaHUYCHHBIX HA0OPaxX TEKCTOB OBLIO YCTAHOBJICHO YTO TOYHOCTh
BBISIBIIEHHS T€000BEKTOB HAXOAUTCA B Auamna3one 85-88 %.
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CmupHoB A.B.", Tecns H.H.', Monn E.l.2, Muxainos C.A.! u JleBawosa T.B.!
MHTENNEKTYANbHAA NOOAEPXKA NMPUHATUA COLIMATIBHO-
OPUEHTUPOBAHHbIX ONEPATUBHbIX PELLIEHUA NPU FTOCNUTANU3ALIUU C
YYETOM OrPAHWYEHHBIX PECYPCOB W NOBEJEHUSA NIOJEN*

' Cankr-MNetepbypr, CIb WL PAH, CIIMAPAH

2 Cankr-Metepbypr, ELNMP AHO "LUHMP"MMK"

OnuaeMus KOpoOHaBHpYyca MoKas3ajia, 4To IPHU MOSIBICHHH paHee HEU3BECTHOTO
3a00JIeBaHUs] MMEIOIUXCS CTAHIAPTHBIX PEUICHUH NMPU FOCHHUTAIU3AINN MOXKET
OBITh HEJI0OCTAaTOYHO, M BO MHOTHX CIIy4asix TpeOyercsi ObICTpOoe MPHHATHE HOBBIX
peIleHNH, OCHOBAHHBIX HE TOJIBKO HAa MMEIOIIEMCS OMbITe, HO W Ha aHalu3e
Tekymeil cutyaruu. HecormacoBaHHOCTE B paboTe Pa3IMYHBIX METUIIMHCKUX
CEepPBHUCOB, OPHEHTHPOBAHHBIX HAa  pa3pelleHHe CHUTyallud, a  TaKxke
HeNpeAcKa3yeMoe IOBEAEHHE JIIOJEH MOTYyT MPHUBOAWTH K HEraTUBHBIM
MOCHEACTBUAM. B 4YacTHOCTH, W3NHIIHE arpecCUBHAs ONTHMHU3alUsl CHCTEMBI
3IpaBOOXPAHEHHSI MOXKET B KOHEUHOM HTOT€ MPUBECTU K HEXBATKE KOEK, BPayeH,
000pyIOBaHUS ¥ JIEKapCTB M, KaK CIEICTBHE, K YBEIWYCHHIO CMEPTHOCTH B
KpuTudeckux ycnoBusx [1-3]. Takxke yBeauMuuBaeTCs BPEMs OXKUAAHUS MAIIMHbBI
CKOPOI MOMOIIH, KaK MPH OTIPaBKe MAIIMHBI CKOPOI IMOMOIIH K MAIUEHTy, TaK U
IIPU TPAHCIOPTHUPOBKE MallMEHTa B CTallMOHap. B To >ke Bpems NpH MaHAEMUHU
JOCTYITHBIE PECYPCHI AT JICUSHHSI APYTHX 3a00JeBaHUN YMEHBIIAIOTCS, YTO MOXKET
HETaTHBHO  CKa3aThkCsid Ha  oOmed cMepTHOCTH. BBemeHMe  JKECTKHX
OTPAHUYMUTENIBHBIX MEp IPU OTCYTCTBHHM OOOCHOBAaHHS M HENOBEPUS MOXKET
MIPUBECTH K 3HAYUTEIHPHOMY YBEIMYCHUIO YPOBHS CTpecca M HEJOBOJIBCTBA, YTO B
KOHEYHOM UTOTe MOKET IepepacTu B 0TKa3 OT PEKOMEHIALMUI Bpauell U MPOTECTHI
[4—6]. Bce 310 siBiIsieTCs AOTMOTHUTEILHON MOTHBAIMEN IS pa3pabOTKH CHCTEMBI
IMPHUHATHS PEIIEHUH O TOCIUTANU3AlUH B YCIOBHSX MaHIEMHH, MO3BOJIOIIEH
pacnpenenuTh Harpy3Ky Ha CHCTEMY 31paBOOXPAHEHUS.

" VccnenoBanue BHIMONHEHO NP (GUHAHCOBOM MoAepkke PODU B pamkax HayaHoro npoekra Ne 20-
04-60054 B yacTH MOAAEPKKU NPUHATHS COLMO-OPUECHTHPOBAHHBIX PENICHHUH 1 OI0UKETHOH TeMbl Ne
0073-2019-0005 B wacTu OpraHU3aM{ B3AUMO/ICHCTBHS TOJI30BATENCH C CHCTEMOIA.
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B mporecce npuHATHS pEIICHUS O TOCIHTAIM3AIUN HEOOXOIUMO YYUTHIBATH
COLMANILHBIN (haKTOP, 3aKITIOYAIOIIMICS B HAKOIUIGHUH OOIIEro crpecca B ciaydae
pocTa KOMUuYecTBa rocmutanu3anuid. J[is ydera maHHOTO (akTopa HE0OXOAUMO
OTIPEeNeNUTh BIHSHUEC HEONPENEICHHOCTH Ha TMCHXOJOTHYECKOE COCTOSHHE
YeNoBeKa, IOCKOJIBKY, COTIIACHO WCCIIEIOBAHMAM, B YCIOBUSAX HEOIPEACICHHOCTH
1 TIOCTOSIHHOTO CTPecca MOTYT JOIMYCKaThCS OIIMOKH TPH MPUHSATHH PEIICHHUS O
rocruranm3anud [7]. Spkum mpumepom sBisieTcs Mcmanus, B KOTOpOH Iocie
nmony4eHuss mepBbIXx gaHHBIX 0 COVID-19 maccoBas rocmnuTamu3amust Obuia
MpPENPUHSTA CIe IO POCTa MOATBEPKACHHBIX ciayuaeB [8]. Ha puc. 1 npusenex
rpaduK pa3BUTHS CUTYaIlMHM TO HeessM B VcmaHwu, Iie HArlsIHO BHJCH MUK
rocruTaIu3anuil (Kpyribie MapKepsl), MPEIISCTBYIOUIIA PeabHOMY BBISIBICHUIO
3a0osneBanusl (KBaJPaTHBIC MapKephl) M COOTBETCTBYIOIIUN POCT CMEPTHOCTHU
(pomOoOBHIHBIE Mapkephl). Kak M3BECTHO W3 JaHHBIX, UMCIOIIUXCS B OTKPBITOM
JIOCTYTIE, 3TO MPUBEJIO K CEPhE3HOM Meperpys3ke CUCTEMBI 3/[paBOOXPAHEHUs, POCTY
HEIOBOJBCTBA TPaKJaH W YBEIWYCHUIO OOIIEH CMEPTHOCTH, B TOM YHCIE OT
COVID-19 [1].
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I'paduk Takxke mNOKa3pIBaCT, YTO BO BpEMsi BTOPOH BOJHBI KOJHYECTBO
TOCTIMTAIM3aLUi OBbIJIO 3HAUYNTEIBHO MEHbIle. B To jxe Bpemsi, cpaBHUBast OOLIMiA
CTpecc B IIEPBOi M BTOPOH BOJIHAX, MOXKHO YBHJIETh, YTO IPU PABUILHOM BECHUT
U MIPUHITHY 00OCHOBAHHBIX PEIICHUI O TOCIUTAIN3AIMN 00IIIee ICHXOJIIOTHIECKOE
COCTOSHME KaK Bpadel, Tak M MAIHWCHTOB IIO3BOIIET MM Ooyee aJeKBaTHO
pearupoBaTh Ha pEIICHHE O TOCHHTAIM3AIMH. OTO HATSIIHO JEMOHCTPHPYET
npumep ['epmannu, B KOTOPOii, B oTiimare oT Vicnanuu, ObUT0 MEHBIIIE HEHY KHBIX
TOCTIMTANN3AaIUi W OBUIM TOJYHYEHBI JIy4IIHE PE3yIbTaTbl 10 CMEPTHOCTH OT
COVID-19 (puc. 2) [8].

Jnst MHTEIIeKTyanbHON MOJACPXKKH NPUHATHUS PEIICHHUs O TOCHHUTAIN3AINH B
YCIOBUAX MaHAEMHUM [peJlaraercsl Clefyrollas cXeMa OpraHu3allid 3TOro
mpouecca (puc. 3). B mpoiuecce rocnutanuzaldd  YYacTBYIOT TMSITh THUIIOB
CyOBEKTOB: MaIMEHT, JieYallui Bpad, JUcIeT4ep, Opurajga CKOpPOH MOMOLIM H
OonpHHIA. VX cOBMECTHYIO paboTy MOKHO (pOpMalTM30BaTh B BUAE KOAIUIIMOHHON
UTPBI, SIPO KOTOpOH OydeT OMMCHIBaTh paclpefeieHHEe OOMIEro BBIMIPHIIIA
KOAQJIMIUK TPH TPAHCIOPTHPOBKE MAIMEHTOB IO OonbHHIAM. B TO Bpems Kak
OCHOBHBIC XapaKTCPHCTHKH, CBS3aHHBIE C KOJMYECTBOM CBOOOIHBIX MECT,
paccTosHHEM W  BPEMEHEM TPAHCIIOPTHPOBKH, JOCTYIIHBIMH  3aracaMu
000pyIOBaHUS U MEIUKAaMEHTOB JIETKO ()OPMANIN3YIOTCS JUIS IPOBEICHUS aHAIN3a
B BHJE YMCIIOBBIX ITOKa3zaTesed, (opmanmsamust mokaszaTenel crpecca Tpedyer
6OHLIHOﬁ BAapUATUBHOCTHU C BO3MOXHOCTBIO HCYETKOI'O ONHCAHUA COCTOSIHUH.
Camplif 3((eKTHBHBIH UHCTPYMEHT B 3TOM Ciydae - HEYeTKHe MHOXecTBa. B
paMKax npennaraeMoﬁ CXEMbl HCEYETKUEC MHOKECTBA MOI'YT MCIOJIB30BATHCA
COBMECCTHO C TeOpHefI HEYETKOM JIOTUKH U HEYETKUMHU KOON€paTUBHBIMU UT'PAMU,
KOTOpBbIE 00€CIIeYMBAIOT HE TOJIBKO (HOPMATIHM3AIMIO COCTOSHUS MAlMeHTa U Bpayei,
HO U PacIIUpPSIOT BO3MOKHBIE TUIIBI OTPAaHUYEHUN HA YCIIOBUS PELIacMOU 3a1auu.

Jnst IpOrHO3MPOBAHNUS Pa3BUTHS CUTYAIlMd B PETHOHE B TIpoliecce MPHHATHS
PELICHUs] UCTIONB3YIOTCSI UCTOPHUYECKHE JaHHBIC MO TOCHHUTAIN3AIMAM, KOTOPBIE
BKJIIOYAIOT B ce0sl JAMHAMHUKY KOJIMYECTBA BBISIBICHHBIX CIy4aeB, KOJINYECTBA
TOCTINTAIM3ALUH, IWHAMHUKY JIe4eHHsS OOJBHBIX B 3aBUCHMOCTH OT TSDKECTH
coctosiHus. [lo coOpaHHBIM JaHHBIM JOJDKHA OBITH CO3/1aHa MOJAENb Pa3BUTHUS
CUTyaluu 10 rocnuTajin3anuu, IIO3BOJIAOIIIAs B YIOPOUICHHOM BUIC
CHPOrHO3MPOBaTh HArpy3Ky Ha CHCTEMY 3/paBooxpaHeHHs (0e3 yTOYHEHUs
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Harpyskd Ha OTACJIbHBIC FOCHI/ITaJ'II/I), UCIIOJB3YyEMYIO KaK JONOJIHHUTCIIBHOC
OrpaHNYCHHUC HAa MPUHATUC PCIICHNA O rOCIHUTAINU3alUN.
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Puc. 3. Konyenmyanvuas cxema npoyecca npuHamus peuwieHuil npu
20CRUMANU3AYUY

Hcnonb3oBaHME HEYETKOW JIOTMKM W HEYETKUX KOONEPATUBHBIX WIP JUIA
OIMCaHMs B3aMMOJICUCTBHS yYACTHUKOB KOAIHIMH - OTHOCHTEIHFHO HOBBIN MOIXO/,
KOTOPBI, OMHAKO, TOKa3adl CBOI 3(P(EeKTHBHOCTH, B 3amadax KOHMUTYpaluu
nenoykd moctaBok [9] u dopmupoBanus koammiuu [10]. Ammapar HeueTkoin
JIOTUKM W KOOIEPATHBHBIX UIP TAKKE MOXET OBITh HCIIOJIB30BaH Uil OLICHKU
abdextuBHocTH OonbHMIL [11] NpHM TPHHATHH pEUICHHS O TOCIUTAIU3AINH.
O¢ddexktuBHOCTF OONBHUI B JAHHOM CIlydae OICHUBACTCA 110 OOJBIIOMY
KOJIMYECTBY IIApaMETPOB, BKITIOUAIOIINX B CE0s1 KOJMUECTBO M Ka4EeCTBO NEpCcoHala
(Bpaum, MeIcecTpbl, BCIIOMOTATENILHBIN IIEPCOHAN), AWHAMUKY HAKOIUICHUS
YCTaJIOCTH, KOJIMYECTBO KOEK, KOJMYECTBO MPOBEACHHBIX ONEpalvi, 3aTpaTsl HA
JICYCHHUE U COJIeprKaHKe, COTIIACHO UMEFOLIMMCS ITPOTOKOJIAM JICUCHHUS H T. .

IMopyepxka NPUHATHS PELICHUH TaKk)Ke BKIIIOYAET B ce0sl aHAIN3 PETryJIsTOPOB
MOBE/ICHHs] YeJIOBeKa B KOHTEKCTE SMUJIEMUN M MaHIeMHud it (OpPMUPOBAHUS
COLIMO-OPHEHTUPOBAHHBIX pemeHnid. KoopauHamus pemeHHi cocpepoTodeHa
BOKPYT BJIMSIHUSI PETYJISITOPOB TOBENICHNSI YUACTHHUKOB MPOIIECCa FOCIIUTAIH3ALUH
B YCIOBUSIX TMaHJEMHH, KOTOpbIe BKIIOYAIOT  IOPUAHMYECKHE  (JKECTKO
(uKcupoBaHHBIE, 001IE00sM3aTENbHbIE), OPTaHU3AIOHHBIE U TPO(EeCCHOHANBHBIE
(monmoxeHwsi, TpaBWia, NPHHATHIE B  OINpPEAEICHHOM IPOQEeCcCHOHAIbHOM
coo0IecTBe), OpraHM3alMOHHBIE W KYJbTYypHbIE HOPMBI (IIOAPa3yMeBaIOTCH,
XapaKTEepUCTHKA OTJEIbHBIX OpraHU3aLNi, HalpIMep, OOJIBHUIL ¥ CITykK0), a TaKKe
WHJMBHIYaJIbHBIX HOPM (MOpaJIbHBIX M ICHXOJOTHYecKux). s dopmanuzanuu
MPABOBBIX HOPM HCIIOJIB3YETCSl MaTeMaTHIecKasi MOJIEIIb MPOAYKIIMOHHBIX ITPaBUII
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tuna «kECJIN ... TO ...». AHanu3 OpraHu3aluOHHBIX U IPO(PECCHOHATBHBIX HOPM
TpeOyeT Ooyiee CI0XKHOM (hopManu3aiuu B CHITy OOJbIIcH BapuaTUBHOCTH. Jlis
9TOT0 MOT'YT NPUMEHSTHCS] HEYETKHE MHOXKECTBA MJIH CITIAHOBBIE (DYHKIINH.

VnpuBuayanbHBIE XapaKTEPUCTUKN TAK)KE OKA3BIBAIOT BIMSHUE HA TPUHSATEHIC
peIIeHNs ¥ JOJKHBI OBITh YITEHBI B IIPOIIECCe TTOAICPKKH MIPHHATHS PEIICHAN IS
o0ecrieyeHU COIMOOPHECHTUPOBAHOCTH. [IpHHATHE pEHmICHHH MeAUIUHCKIMA
paboTHHKaMu, YIpaBICHUYSCKAM MEPCOHAIOM, OIEPATUBHBIMH PaOOTHHKAMH
OCyIIECTBIISIETCSI Ha (hOHE IMepeyTOMIICHHS M cTpecca. B 1memoM oTMedaercsi, 9To
CTpecc 13-3a HEONPEACICHHOCTH CTall OJTHUM U3 KITIOUEBBIX ()aKTOPOB BO3AEHCTBHUS
Ha MemuuuHCKHiA tepcoHan COVID-19 [12]. HeompeneiaeHHOCTh AHarHosa u
MIPOTHO3a JICYEHUS CBS3aHa C OTCYTCTBHEM JOCTOBEPHOM U MOJIHOW MH(OPMALIMH O
3aboseBaHMM M (OpMax €ro MpOSIBJICHUS, METOJax JICUCHHUS C Y4ETOM
WHIMBHYaIbHBIX OCOOCHHOCTEH MallMeHTOB.

Ha noBeneHue nanueHToB B MPOLIECCE MPUHSITUS PELICHUH O TOCIUTAIH3ALUH
BIIISIFOT CTPECC, CTpaX, JACMpeccHs, BHI3BAHHBIC caMUM 3a00JIeBaHHEM H €ro
TSOHKECTBIO; W CTPECCOM, CBS3aHHBIM, [0 MHEHHUIO 3apyOeXHBIX YUYCHBIX, C
«KpHU3HCOM 3710poBbsi» [13], KOTOpBII BO MHOTOM CBsI3aH C paclpoOCTPaHEHHUEM
YTpOXarImeH, SMOUMOHANBEHOW, a WHOTAa W M30BITOYHOW WH(POPMALUH O
HEBUIUMOW yTpo3e, KOTOpas B OTHOCIBHOCTH MPUBOTUT K IIOCTOSHHOMY
oOpateHnto IoAeH K ero ICTOYHIKAM, COMHEHHUSIM, 94TO B 3THUX YCIOBHAX MOXHO
paccUMTHIBaTh Ha IMOJHOLIEHHOE M KAaueCTBEHHOE MEAWIIMHCKOE OOCIY)XHBaHHUE.
OTCcyTCTBHE CPEACTB 3aLIUTHI, TPOOJIEMBI C 3/IEKBATHBIM JICUEHHEM, @ TAKXKE YHCTO
YeJoBeueCKHi (hakTop - yCTaJoCTh, HAaNpsDKEHHE, TPEBOTa U MPOo(decCHOHAIbHOE
BBITOPAHHE  MEIMIMHCKOTO  mepconana [6, 14, 15], BeBbBaTE Yy
TOCNUTAJIM3UPOBAHHBIX HETaTUBHBIE OMOLIMOHAJILHBIE COCTOSIHUS, IIOTBITKH
MOBJIMATH Ha PEIICHHs] MEJUIMHCKOTO MePCOHANa, YTO JOJDKHO OBITh YUTECHO MpH
MIPUHATHH PEUICHAS O TOCTIHTAIA3AIINH.

[Ipu opranm3ammu oOMeHa WHPOpPMALUEH B paMKaxX CXEMBI IpeIaraeTcs
HCTOJB30BaTh BO3MOXKHOCTH paclpeAesicHHOro mugpoBoro peectpa (puc. 4).
OO0OCHOBaHHEM TaKOTO PEHICHUS SBISIETCS HEOOXOOUMOCTh IPEIOCTABICHUS
JIOBEPHUTEIBHOTO JOCTYIA Pa3IMYHBIM CEPBHCAM K AJIEKTPOHHBIM METUIIMHCKAM
KapTam Juis yCKopeHHs oOMeHa nHdopmalineii 0 COCTOSIHUY MalMeHTa, COXpaHEHHS
HCTOPHH U3MEHEHU I COCTOSHUS NallMeHTa.
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CMapT-KOHTPAKThl HCIIOJIB3YIOTCSI KaK PacIpesieICHHOE NPHIOKEHHE BCEMH
YYaCTHHKaMHU KOQIUIIMOHHON Mrpbl. KOHTPaKTHl peaM3yloT JIOTHKY BBIYUCICHUS
AApa KOAlMIMU, COJEpKalllero KOMOMHAIMIO Habopa YYacTHHKOB, IAOIIyIO
MaKCHMaJIbHBIA BBIMTPBII, U MPaBUJIa B3aMMOJCHCTBHA YYaCTHHKOB B IIPOIIECCE
MIPUHATHS PEeUIeHuss 0 rocnutanu3anud. OHM NPUHUMAIOT TEKYIEe COCTOSHHE
WTPOKOB B KAdeCTBE BXOJHBIX MAAHHBIX M (OPMHPYIOT pEIIEHHE, KOTOPOE
COXpaHseTCsl B pacrpezreracHHOM peectpe. COriaacHO IMOTYYEHHOMY pEIICHHIO
OCYIIECTBIISICTCS 3alMCh B CTAIIOHAP W TIOCIE COTJIACOBAHUS C AWCIIETIEPOM
3aIyCcKaeTcsl MPOLEcC TPaHCIOPTUPOBKHU MAlUEHTa B OONbHHUILY.

\ LN S S /55ekrponnme MEIHIIHHCKHE KapThl

¥ 9 5 @' 3 CeoGonHbIe KOHKH B G0IBHHIIAX
Mpasuna HeyeTKoM P o e =Wy ; | BomxsrmiHOe 0B0pyaORaHHE,
KOA/IMLMOHHOW Urpbl > S Q81 @ 4 TepcoHal H JeKapcTBa

ROge - o @S

PacnpeneneHHe MalIHH CKOPOH
TIOMOIIH

PacnpegeneHHbiit undposoit
peectp (Hyperledger Fabric)

Puc. 4. Bsaumooeticmaue cep8ucos 6 npoyecce npuHAmMus peuieHull 8 Heyemxoul
KOQIUYUOHHOU Uepe C UCNONb308AHUEM CMAPM-KOHMPAKIMO8

Hcrounuku I/IH(I)OpMaIH/II/I O TEKyHIEM COCTOIHUN CHUCTEMbI NPEACTABJICHBI
cepBucamMu B HH(pOpPMAaIMOHHOM TpocTpaHcTBe. Kaxmas ciayx0a cBsi3aHa ¢
pacrpeielIeHHBIM PEeCTPOM U MOJXKET IepejaBaTh JaHHBIC Yyepe3 OIOKH B peecTpe.
I[Io 3ampocy mammeHTa OUCHETYCPCKUA LEHTP MOXKET OBICTPO MOJIYYHTH
aKTyalbHYI0 HH(GOpPMAIMIO U PEKOMEHIAIMN O TOM, KyJa JIOCTaBHTH IAlUCHTA.
Pexomennarus QopMupyercss IMyTeM BBI30BA CMapT-KOHTPAKTA, COJICPIKAIIECTO
MpaBHUja KOONepaTHBHOW wWrphl. [Ipw pa3melieHHH KOHTPAKTOB B LUGPOBOM
peectpe, BCsS UCTOPUS B3aUMOJICHCTBHUS B INPOLECCEe MPHUHSATHS PCIICHUS MOXKET
OBITh JIOCTYIHA MOCPEJCTBOM BBI30Ba CMAapT-KOHTPAKTA, YTO IMO3BOJISET OBICTPO
MOJIYYUTh TEKYIIee COCTOSIHUE CUCTEMbI U C(HOPMHUPOBATh KOATHIIMOHHBIH COCTaB,
COOTBETCTBYIONIMI MAaKCHMAaJbHOMY OOIeMy BBIUTpHINy (B paccMaTrpuBaeMOM
Clly4yae BBIUTPBILIEM SIBJISIETCS YCIIEIIHOE JieueHHe OOJIbHOTO YeIoBeKa).
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CmupHoBa A.E., ManuH O.A.
ABTOMATU3UPOBAHHbIE CUCTEMbI B MALLMHOCTPOEHUU
YncTonons, Ynctononsckuin unuan «Boctok» KHATUY-KAN

TexHuveckuii mporpecc B pasHbIX chepax NPOMBIIUICHHOCTH XapaKTepH3yeTcs
HE TOJBKO YIyYIICHHEM KOHCTPYKIMH W3[eIud, HO W HENpepbIBHBIM
COBEpLICHCTBOBAHMEM TEXHOJIOTHH HX MPOM3BOACTBA. B HacTosiiee BpeMsi BaKHO
KaueCTBEHHO, NMPU MUHHMAIIBHBIX 3aTpaTrax M B 3a/laHHbIE CPOKH, M3TOTOBUTH
u3jiere, IMPUMEHUB COBPEMEHHOE BBICOKOIIPOM3BOAUTEIBHOE 000pYIOBaHUE,
TEXHOJIOTHYECKYI0 OCHACTKY, CpEACTBa MEXaHM3allMl W  aBTOMATH3ALUH
MPOU3BOJICTBEHHBIX TporieccoB. OT NPUHATONH TEXHOJIOTMH IIPOM3BOJICTBA BO
MHOTOM 3aBHCAT JOITOBEYHOCTh M HAaJEKHOCTH BBIMYCKAEMBIX M3ZEIHH, a TAaKXKe
3aTpaThl PU UX AKCILTyaTaIlH.

Ha coBpemeHHOM 3Tane pa3BUTHS MAIMHOCTPOSHHS PEIIAOIINMHU CPEICTBAMHU
CYIIECTBEHHOTO  MOBBIMIEHUS  S((GEKTHBHOCTH  NPOM3BOJCTBA  SIBISETCS
aBTOMATH3alIUs IPOU3BOJICTBEHHOTO ITPOIIecca, KOTOpasi OCBOOOXKIAET YeIOBeKa OT
psana GyHKOMH yOpaBlieHHs W OJHOBPEMEHHO TIIOBBIIIAET €ro pojib  Kak
OpraHu3aTopa U PyKOBOJIUTEINS POU3BOJICTBA.

ABTOMaTu3anys 03Ha4YaeT MPUMEHEHHE KAaueCTBEHHO HOBBIX CHCTEM MAIlWH,
NPU KOTOPBIX 0€3 CO/AEHCTBUS YeOBEKa, HO MOJ €ro KOHTPOJIEM, BBIIOJIHSIOTCS
¢yHKIME  00pabOTKH, TPAHCIIOPTHPOBAHUS O0pabaTHIBAEMBIX 3arOTOBOK HITH
MHCTPYMEHTOB,  KOHTPOJISI ~ KadecTBa,  pEryJUpOBaHHSA W  YIPaBICHHSA
MPOU3BOJICTBEHHBIM HpolieccoM. HeoOXoauMocTh aBTOMaTn3anuu o0yciIoBiIeHa,
NPEeXe BCEro, y4acTHEM B COBPEMEHHOM IPOM3BOJCTBE OOJBIIOTO KOJIMYECTBA
MEXaHN3MOB, IIPOTEKAaHHEM ITPOU3BOICTBEHHBIX ITPOIIECCOB € OOJBIIONH CKOPOCTHIO
U TPYIHOCTBIO MX pETYJIHpOBaHUS 4YEJIOBEKOM, BBHJIY €ro OrpaHWYEHHBIX
(hu3nonormuecKux Bo3MokHOCTeH. Kpome Toro, sxécTkie TpeOoBaHHUS K KauecTBY
MPOYKLUH 00yCaBiIMBalOT  TOBBILICHHE TOYHOCTHBIX rapameTpoB
TEXHOJIOTHYECKUX  TPOIIECCOB, KOTOPbIE HEBO3MOXHO  oOecreunts  6€3
UCIIOJIb30BaHHUSI CPEJICTB ABTOMATH3ALINH.
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B MamumHOCTpOeHUH aBTOMAaTH3alMs YXKE MHOIO JIET SIBJISETCS PEaTbHOCTBIO
JUll KPYIIHOCEPUMHOTO M MacCOBOI'O IIPOU3BOJCTBA, I'l€ IIMPOKO HCIOJIb3YIOTCS
MI0JTyaBTOMAThI, aBTOMAThI, CIIEI[UAJIbHBIE U arperaTHble CTaHKH, aBTOMaTHUECKUE
U PpOTOpHBIE JIMHUM, a TakXke JApyrue CpeicTBa >KECTKOM aBTOMAaTH3aLUU
MIPOM3BOACTBEHHBIX  mpomeccoB.  OxHAKO,  yBENIWYEHHE  HOMEHKJIATYPHI
BBITYCKAa€MBIX H3J€JINH, CMEHNICHHE NPOM3BOACTBA B CTOPOHY MEIKO- H
CPEIHECEPUMHOIO, YacThle NEPECTPOMKH  JEMCTBYIOLIErO0  IPOM3BOACTBA,
CBSI3aHHBIC C IIEPEXOJOM OT OJHOTO BHJA MPOXYKIUH K IPYroMy, HE MOTYT OBITh
obecrieueHbl TPaAUIHOHHBIMU CPEJICTBAMH aBTOMATH3aIHH.

Pemenne »5T0Ol TpoOMEMBI BO3MOXKHO 4Yepe3 IIMPOKOE BHEIAPEHHE B
NIPOM3BOJICTBO  T'MOKMX  aBTOMAaTU3UPOBAHHBIX  CHUCTEM, IPEICTaBIAIONINX
KAaueCTBEHHO HOBBIM 3Tall B KOMIUIEKCHOM aBTOMAaTH3alud IIPOU3BOICTBECHHOIO
IpoLecca, BCJICICTBAE HX CO3JAHHMA Ha OCHOBE IIMPOKOIO IIPUMEHEHUs
IpOorpaMMHO YIPABISIEMOTO TEXHOJIOTHYECKOTO o0opynoBaHus,
MHUKPOIPOILIECCOPHBIX ~ YCTPOMCTB,  CPEACTB  aBTOMAaTH3allUM  IPOEKTHO-
KOHCTPYKTOPCKHX, TEXHOJIOTHYECKHX W IPOU3BOJICTBEHHBIX pabor. OcHOBY
aBTOMATH3aLMM T'MOKMX aBTOMAaTH3MPOBAHHBIX MPOU3BOJACTBEHHBIX CHCTEM
COCTaBISIFOT IIPOTPAaMMHUPYEMOE TEXHOJIOTHYECKOe 000pyI0BaHHE, YIIPABISIOLIHE
BBIYUCIIUTENIbHBIE KOMIUIEKCHI U METOABI TPYNIIOBON TEXHOIOTUHU, YTO MO3BOJIAET
obecrieunTh Mepexos Ha OE3II0AHYI0 MM MaJIOIIOAHYIO0 TEXHOJIOTHIO B YCIIOBUSX
MHOTOHOMEHKJIATYPHOTI'O IIPOU3BOJICTBA.
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2 AnaTuTbl, IHCTUTYT MHOpMATUKN 1 MaTemaTyeckoro mogenuposaHus UL KHLL PAH
3 CaHkT-etepbypr, MHCTUTYT npobnem mawmHocTpoeHus PAH

BBeaenue

B wuccnenoBaHMM €CTECTBEHHBIX SA3BIKOB MOYKHO BBIICIHTH TPH AaCHEKTa:
KOTHUTHUBHBIN, KOMMYHHKATUBHBIN U TexHOonorudeckui [1]. KoruutuBHbIN acnekt
— 9370 Xapakrepuctuka ES ¢ Touku 3peHns BO3MOXKHOCTEH onucaHus MOAEIH MUpa,
npejcTaBieHus 3HaHUH. KOMMyHHUKAaTUBHBIN acleKT OTpa)aeT MOTEHLHAN sA3bIKa
JUISL KOJJMPOBaHUS, IpHUeMa U Iepesiaun, CEMHOTHYECKON 00padoTKi nHdpopMmanuy,
OpraHM3aliy Auanora. TexXHOJIOTHYECKUH acheKT ompezenser (GOpMalbHBIA U
KOHLENTYyalnbHbIH noTeHnman ES s peanmsanum  cpenactB  3ddexkTuBHOM
00paboTKH, aIeKBaTHOTO OIMMCAHWSA M KOMITAKTHOTO XpaHEHUsS HH(OpMAIMH Ha
JAHHOM SI3bIKE, a TakXe Uil pa3pabOTKH HHTEIUICKTYaJlbHOTO IPOrPaMMHOTO
MHCTPYMEHTAPHs, BKIIOYasi ONEPAUOHHBIE CHCTEMBI.

Ha nam B3rmsizn, COBpeMEHHBIE CPEACTBA HAKOIUICHUS M 00pabOTKM 3HAHMH Ha
€CTECTBEHHOM $I3bIKE Ma03()(DeKTUBHBI M PAKTUIECKH HE CIPABIISIOTCS C TAKUMHU
3aauaMu, KaKk MOUCK U OTOOp MHGOpPMAIMU B PaCHpECTICHHBIX 0a3aX NaHHBIX,
W3BJICUYCHHE 3HAHMH, CEMAaHTUYECKUH aHaJM3 TEKCTOBOH HMH(pOpPManuM, NpPEexXae
BCEro IOTOMY, YTO OHH H3HAYAJIbHO SBJISIIOTCSA HEMHTEIUICKTYaIbHBIMU, CO3/1aHBI Ha
OCHOBE  NPUMHUTUBHBIX  HCKYCCTBEHHBIX  SI3BIKOB  IPOTPaMMHUpPOBAaHHUA,
MPEICTABISIONIMX COOO0 MOJIMHOKECTBO (IIEKTHBHO-aHATUTHYECKUX SI3BIKOB HMJIH
HCKYCCTBEHHBIX KOHCTPYKIMM, CO3JaHHBIX Ha WX OcHoBe. Ele onHa mpHUYHHA
cloxxkHocTell B cucteMax obpabotkm ESl cBs3aHa ¢ opraHm3anmedl mx MOIETCH,
CTPOSIIMXCS HAa OCHOBE (OPMAIBHBIX CHCTEM, B YacCTHOCTH, HMOPOXKAAOIINX
rpamMmatik (Hampumep, [2]), 4TO co3maeT IBe NPHHLMIHMAIBHBIE MPOOIEMBI:
MOHOTOHHOCTb PE3yIbTAaTOB JIOTHYECKOIO BBIBOJA U MACCHUBHOCTH HMHCTPYMEHTOB
JIOTUKO-CEMaHTHYECKOTo aHanu3a nHdopmanuu. Takas opranuzanus mMozaeneit ES
Ha3BaHa B pabote [3] rino0anbHEIM MOIX0I0M K OpraHu3anuu uccienosanuii ES.

Jis  CHW)KEHHS OCTpOTHl yKa3aHHbIX MpoOieM B HacTosmed pabote
mpezuaraeTcst 00paTHBINA MOAXOT K 3a/1a4e MOJCITHPOBAHNS €CTECTBEHHBIX SI3BIKOB!
CTPOWTH MAJS HHUX CHCTEMBI MOJETHPOBaHMA Ha 0a3ze TEXHOJIOTMYECKOTO
HHCTPYMEHTapHs BepOanu3alMd M pPaclo3HABAHMSA CMBICIA, COCTOSIIETO0 M3
CEMUOTHYECKUX MOJEIIEH JIEKCUKO-TpaMMaTudeckux cpencts EST.

JeuentpanusoBanHas moaeian ES

I'.C. Ueiitur B nyOnukaumu [3] OpeqBOCXMTHI TPSAyLIHE TPYIHOCTH
MmojenupoBanusi ESl, cBs3aHHBIE C TpajUIMOHHBIM TJIO0AIBHBIM MOAXOAOM K
MCCIIEJIOBAaHHUIO S3BIKOB, U HA OCHOBE CBOET0O OOJIBIIIOTO OIBITA PabOTHI B JIOTHKE U
TEOpUH MPOrpaMMHPOBAHUS MPEATIOKHI AIBTEPHATUBHYIO HJEI0: pacCMaTpUBATh
S3BIK KaK OOJBIIOE KOJMYECTBO OTJCNIBHBIX ITOJCHCTEM, B3aUMOJCHCTBYONINX
JIPYT C IPYroM, HE BBIAEISS 3apaHee KaKoH-In00 00Imel CUCTEMBI, IO TIHHSIFOIICH
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cebe Bce ocrampHble. OHAKO 3TO HANPABJICHUE, HACKOJIBKO MOXHO CYIHUTBH IO
JOCTYITHOU MH(OPMAITUH, HE TIOTYYHIIO NATBHEHINErO Pa3BUTHS, XOTS OHO BITOJTHE
COTJIACYeTCSl C paclpOCTpaHEHHBIMU B HACTOsIIIEE BpeMsl pacrlpeiesieHHbIMU U
MHOTOAreHTHBIMH CTPYKTypamu [4], a Takxke ¢ IparMaTudecKu-OpUEHTHPOBAHHBIM
MTOJTX0/IOM K ITOCTPOSHHIO JIMHTBUCTUIECKUX MOAETeH [5].

Ha nam B3risiz, neleHTpaan30BaHHOE IOCTPOEHUE cucTeM MojenupoBanust ES
co3maeT OOMmMMpHBIE BO3MOXXKHOCTH NPUMEHEHHS THOKOTO IparMaTHYeCKH-
OpUEHTHPOBAHHOTO MOIX0/1a K MHTEJUIEKTYaIH3aliHN MOT0O0HBIX CHCTEM, 0COOCHHO
MIPH pear3aliy HEKOTOPBIX MPEII0KCHUN, pACCMOTPEHHBIX HIbke. Hampumep, 3a
CYEeT TMOCTPOCHHS M KCIOJNB30BAHUS CJOXKHBIX CEMUOTHYCCKUX MOJCICH,
M3HAYaJIbHO OPUCHTUPOBAHHBIX HA PEIICHAE CEMAHTUYCCKU HETPUBUAIILHBIX 3a/1a4.

CemuoTHYecKHe MO/IeJIN JIEKCHKO-TPaMMaTH4YecKHX cpeacTs ESI

HerienTpannu3oBannas CcTpyktypa [3] opHeHTHpyeTcsi Ha TPaaHUIMOHHYIO
nepapxudeckyro moxenb ES. OOBMHO BBIOCNSAIOT (QOHETHYCCKHHA (CaMBbIid
MTOBEPXHOCTHBIN ), MOP(HOIIOTHUECKUH, CHHTAKCHICCKHIA U CEMaHTHUECKUH (CaMBIi
ryOUHHBIH) ypoBHHU (Hampumep, [6]). Moxenb aHanu3a 3agaeT JIMHIBUCTHYCCKUE
3HAHMS B AJITOPUTMAX aHAJIN3a, KOTOPHIC MTO3BOJIAIOT HEPEUTH OT HEKOTOPOTo Ooree
MIOBEPXHOCTHOTO YPOBHA K Oosiee TiyOmHHOMY. JIMHTBHCTHYECKHE 3HAHUS,
3a7[aBacMble CHHTE3UPYIOIINMH MOJICTISIMHU, HCTIONIB3YIOTCS B aJITOPUTMAX CHHTE3a,
MO3BOJISIOIINX TMEPEHTH OT HEKOTOPOro Oojiee TIyOMHHOrO YPOBHsA K Oolee
noBepxHocTHOMY. [1pu paboTe cuctemsl B II0OOM HANPaBJICHUH BBI3BIBAIOTCS TE U3
HMEIOIIUXCA B HEH JIEKCUKO-TPaMMaTHYECKMX MHCTPYMEHTOB, KOTOpHIE
COOTBETCTBYIOT BHJY M YpOBHIO 0O0pabaTbiBaeMoil uHpoOpManuu, TO €CTh
HWHCTPYMEHTHI BTOPUYHBI 110 OTHOIIEHHIO K HCCIIEyeMbIM JaHHBIM U HE 001aaroT
COOCTBEHHBIM HHTEJIIEKTOM.

B mpeanmaraemom HamMu monaxoje OYAyT HCIIOJIB30BAaThbCS HPOAKTHUBHBIE
MHTEJJIEKTyaIbHbIE CPEJCTBA 00PaOOTKH S3BIKOBON MH(OPMAIMH, OTBEYAIOIINE 32
CEMaHTHYECKH OPHEHTHPOBAHHOE HCCIEJOBAaHWE U IPeoOpa3oBaHHE [aHHBIX.
Takue WHCTPYMEHTHI 10 peIIaeMbIM 33ja4aM aHAJIOTHYHBI areHTaM B
MHOTOAreHTHbIX CHCTEMaxX, HO B OTJIHMYHE OT MOCJIEJAHUX, HE HPOEKTHPYIOTCS
HE3aBUCHUMBIMH JIpyT OT Apyra, a (yHKIMOHHPYIOT COTJIACOBAHHO COTJIACHO
yCIOBUSIM, (OPMUPYEMBIM KOOPAMHHUPYIOIIUMH MOJYJIAMHU. Takue MOIyiH
GbakTHyeckn comepkar cemmotmdeckne Mozenu Ilocmemoa-Ilomsikosa [7],
OTBEYAIOIIME 32 IIEJOCTHOCTh M IOJMHOTY WCIOJB30BAaHUS HMMEIOIICHCS
nHPOPMAIMK Ha KaXXIOM 3Tame paboThl BCEH CHCTEMBI MOAEIMPOBAHUSA. OTO
CBOMCTBO TO3BOJIUT PEATH30BATh B CHCTEME BCE OCHOBHBIC IPUBIIEKATEIEHBIC
XapaKTePUCTUKH CUTYALIOHHOTO Hojaxona [8]: cTporocth JIOrHYecKOro BBIBOA,
MOCKONBKY Ha KaXJOM IlIare MOJEIHPOBAaHUS MCCIEAYeTCsl IMOAMOJENb,
SKBUBAJICHTHAs! HEKOTOPOH (popMaibHOM CHCTEME CO CBOMCTBOM OOIIE3HAYNMOCTH;
BO3MOXKHOCTh OJIHO3HAYHOW Kiaccuukaiuu u 0000menust curyanmii [8, 9];
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KOOPAMHUPYEMOCTh 3a1ad BCEX MOIYJNIeH, y4aCTBYIOLIMX B PELICHHH TEKyLICH
3amaun [10].

IIporpaMmmMHo-anropuTMH4ecKoe HamoJIHeHHe cucTeMbl MojeanpoBanust ES
3meck  pacCcMaTpUBAIOTCSI B OCHOBHOM CPEACTBA  MHTEIIICKTYaIH3aIllH
pa3pabatbiBaeMoii cucteMsl MoenupoBanus ESL.

Kak Bo Bcex cOBpeMeHHBIX cpeicTBax padoTsl ¢ ESl, ocHOBHO# CTpyKTYpoOit
(hopManm3anyy M MpeaCTaBICHAS 3HAHUN OyJeT ciucTeMa OHTOJIOTHH, CcrerudiKa
ee MOCTPOCHHS 3aKII0YaeTCs B MOJICPKKE CHUTyallMOHHOro moaxona [11]. s
JIOTUKO-CEMAaHTHYeCKOH 00pa0OOTKM S3bIKOBOM MH(OpManmy mnpenHa3HaYeHa
anrebpa xoprexeir 1 QC-ctpykrypsl [12]. Umeromuiicss y aBTOpOB 3a/1el MO 3TOH
TeMaTHKe MpencTaBiieH B padoTax [13, 14], Ho, KOHEYHO, OH TpeOyeT HOPabOTKU U
BepudUKaIluK I KXKIOTO TUIA 3a/1ad paccMaTpuBaeMoro mpoekra. Cpencta
KOOPJMHAIIMY B3aUMOJICHCTBUI UHCTPYMEHTOB aHalM3a HH(POPMAaMU U KOHTPOJIS
KOPPEKTHOCTH X0Jla 00pabOTKM AaHHBIX OyAyT CTPOHUTHCA B paMKax KOHIICIIIHH
CHTYalIMOHHOW OCBENOMIICHHOCTH [15], mpu 3TOM Besl cHCTEMa MOJICIUPOBAHUS B
1eJIOM TTO3ULMOHUPYETCs KaK CeTeLeHTpHYecKast CTpykTypa [16].

TectupoBanne u BepH(UKAIHIO CHCTEMBI MOJEIHPOBAHMS MNpEAIoNaraeTcs
OCYLIECTBIISITH C IOMOIIBIO 3JEeKTpOHHOro kopmyca "Tyram ren" [17, 18],
cozeprkamero nopsaka 200 MiH. MOP(HOIOTHIECKH Pa3MEUEHHBIX CIIOBO(GOPM.

O rmoTeHnuaige TIpaMMAaTHKH TaTapcKoro  s3blka JUId  pa3paboTKu
HMHTCJJICKTYaJIbHBIX CUCTEM

Cpeﬂn BaXXHBIX NNPU3HAKOB MHTCJUICKTYAJIbHOCTH CUCTEM IPUHATUA pe[HeHHﬁ,
KaK MpaBUJIO, BBIACIIAIOTCA TaKHC CBOﬁCTBa, KaK aKTHUBHOCTb 3HaHHﬁ, TO €CThb
TMEPBUYHOCTDL aHAJIU3a JJaHHBIX U BTOPUYHOCTDE MPUHATHA PEUHICHUA HA OCHOBE 3TOI'O
aHaliM3a; BO3MOYKHOCTH OIEPHPOBATh HEYETKONH HH(poOpManued, CeMaHTHYECKU
YIpaBIsieMOl KOHTEKCTOM, U HCIIOJIHATh HEYETKNE KOMAH/IbI.

B mnocnennee Bpems, 0COOEHHO B YCJIOBUSIX aKTUBHOTO Pa3BUTHS OJHOTO M3
HaIrpaBJIeHU HMCKYCCTBEHHOTO HMHTEIUICKTa — TEXHOJIOTMH HEHPOHHBIX ceTeil u
MalIMHHOTO  OOydYeHMs, AaKTyaJbHBIMH  CTAHOBSATCS  HCCIEJIOBAaHHSA IO
YIIPaBISIEMOCTH HMCKYCCTBEHHOT'O MHTEIJIEKTA YeJIOBEKOM M 10 cosfanuio WU,
MHTEPIPETHPYEMOr0 ¥ UHTEPIPETUPYIOLIETO CBOM pelleHus. TakuM oOpa3om, Ha
HepBLIﬁ IIaH BBIXOJHUT Hp06neMa «OOBSICHEHUS) HNCKYCCTBCHHBIM HHTCJIJICKTOM
MMPUHUMACMBIX UM pemeHm‘/'I, a TaxKiK€ NOHMMaHHUA M aACKBATHOTO BOCIPUATUA
MalIMHOW 4YeJoBeKa Kak «cTapiiero». IIpakTudyeckn dTa 3ajada MOXKeET
dbopmynmupoBaThCcsl KakK CO3/aHHE «OOIIEro 3ApaBOr0  CMBICHA», «OOIel
MEHTAJIBHOCTHY», «00IIel KapTHHBI MUpay denoBeka u MU.

OnHUM M3 IEPCIIEKTUBHBIX HAIIPABJICHUH B 3TOM IUIAHE SBIISIETCS HCCIICI0BAHUE
€CTECTBEHHBIX S3BIKOB Il (hopmupoBaHus «pasyma» MU, ocHoBaHHOro Ha
nekcuko-rpammatuueckux Mozensx ES. Kak nokazano B [19], oueBugHO#
MEepCIIEKTUBOM Ul HCIIONBb30BaHHMS B KadyecTBe 0a30BOTrO s3blka 00JaNaroT
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AITIIIOTUHATHUBHBIC A3bIKHM, B YaCTHOCTH, TaTapCKI/[ﬁ SA3BIK, KOTOpPOMY TaKXKe
CBOMCTBEHHA peryjisapHas, MNo4YTH aBTOMaTHas MOp(i)OJ'IOFI/IH, 06ecnqu/IBa}omaa
KOAUPOBAHUEC CCMAHTHYCCKHU CIIOKHOM I/IHqupMaHI/II/I.

BbiBOABI U IUIAHBI MIPEJCTOSILIUX MCCIeI0BAHUI

IlepcrieKTHBHBIM TPENCTABIAETCS MCCICIOBAaHUE TEXHOJIOTHYECKOTO acHeKTa
ESl ¢ menpi0o  BBIABIGHHS ~ €CTECTBEHHBIX  JIEKCHKO-TPaMMAaTHUECKHX
(Mopdonornuecknx, CHHTAKCHYECKHX, CEMAHTHYECKHX) KOHCTPYKIMH U
MOCTpOGHHE Ha WX 0a3e  HOBBIX  SI3BIKOB  INPOTPAMMHPOBAHHS  C
Pa3BUTHIMH BO3MOXXHOCTSIMU MHTEJUIEKTYaJIbHOW 00pabOTKM HHPOPMAIHK.

IIpu neueHTpanu30BaHHOM CTPYKTYpe CUCTEMBI MojenupoBanus ES1
HEKOTOPbIE U3 €€ MOJICHCTEM BCJIEJCTBUE IIMPOKOT0 UCIIONIB30BAHMS IPHOOPETAIOT
00I1IesI3bIKOBOE 3HAYCHHUE, M TOTIa MOYKHO, KaK B ClIydyae CUHTAKCHCa, TOBOPHUTH O
CHCTEME, OTHOCSIIIEHCS KO BCEMY SA3bIKY, 3a OT/ICIbHBIMHU HCKITIOUCHUAMH. B cirydae
XK€ CEMAaHTHKH, TI€ yIaeTcs XOpomo (OPMaU30BBIBATH YACTHBIE ITOJICHCTEMBI
(manpuMep, 0003HAUYEHHS OTHOLICHWI POJCTBA MJIM MOMEHTOB BPEMEHH), TaKOH
JOMHMHHUpYIOIIEH B MacuITabe BCEro s3bIka CHCTEMBI HE OOHapyxeHo. Hambomee
pa3BHUTOH 13 (HOPMATM30BAHHBIX CUCTEM AJISI CEMAaHTHKH SIBIISICTCS 3aMMCTBOBAHHAS
13 MaTeMaTHUKH TEOPETHKO-MHOKECTBCHHAs! CEMaHTHKA, MCIIOIB3YIOIIas arnmnapaT
Marematuueckoi Jsorumkd. OTCyTCTBHE B O3TOH CHCTEME OpHEHTAIlMd Ha
KOHKPETHBIH THUII 0OBEKTOB TOPOXKAAET HAJEeKAbl Ha TO, YTO €€ pPa3BUTHUE AACT
BO3MOXHOCTh OTHCaTh CEMAaHTHKYy Bcero si3bika [3]. Takas CTpyKTypa, BUAHUMO,
OCOOCHHO  TepCleKTWBHA  JUIi  armIoTHHaTWBHBIX  ESI;  yuuTeBas
npodeccHoHaNbHbIE MHTEPECHl M MMEIONIMICS y aBTOPOB 3HAUMTEJIBbHBINA 33/
(mampumep, [20-22], ee mpemmonaraeTcsi peaqM30BaTh Ha MPUMEPE TATAPCKOTO
si3pika. C OOMNBIIOI BEpOATHOCTHIO, MPEICTABICHHBIM 37€Ch MOIXOA MOXKET
TIO3BOJIUTH TPOJBUHYTHCS B MOAEIMPOBAHUH S3bIKA JJISI CUCTEM HMCKYCCTBEHHOTO
MHTEJIJIEKTa.

B nanpHeiimeM HaMM  IUIAHUPYETCST  UCCIEJOBAaHME M MOCTPOEHHE
MaTeMaTHYeCKHX MOJEJNCH, OTpaaloMuX JEKCHKO-TPaMMaTHYeCKUH MOTeHIINAI
TaTapcKOTO S3bIKA, KAK OCHOBBI MHTEJIEKTYAIbHBIX TEXHOJIOTHH, BKITIOYAs TaKUe
cBolicTBa  MOpQOJIOTHH, KaKk peKypcHs, MOpP(OIOrHYecKuil  3JUIUIICHUC,
(YHKIMOHAIBHOE MHOT000pa3Ke U CeMaHTH4eCKass MHOTOBAJIIEHTHOCTD a)(hUKCOB
(B ToM uncte, adpHpUKCOB KOANPOBAHIS HEONPEACICHHON HH(OPMAIINK U HEUETKIX
KoMmaHI). BecbMa TepPCHEKTHBHBIM MPEACTABISIETCS TaKKe HCCIEIOBaHHE
CHHTAKCHYECKOH  CTPYKTYpBI, OOECIeUMBAIONIeH  peann3aldio  CBOMCTBa
AKTUBHOCTH 3HAHUH, SBISIOIIETOCS BAXXHBIM ITOKA3aTeNIeM HHTEIUIEKTYaJlbHOCTH
MIPUKIIQHOH CHCTEMBI.
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PA3PABOTKA TPEHAXEPA-CUMYNATOPA AN CUCTEMbI TPEXMEPHOIO
MOLOENUPOBAHUA OTKPbITbIX FOPHbIX PABOT

1 Anatutbl, IHCTUTYT MHGbOpMaTMKM M MaTeMaTuyeckoro mogenuposanns OULL KHL PAH
2 Anatutbl, punuan ®rEOY BO «MypmaHCKuid apKTU4ECKUiA TOCYAaPCTBEHHDIN
YHUBEPCUTETY

CumynsaTop sBIsieTcs TNPHOMIKCHHONM WMHTammei padOTBI HEKOTOPOTO
nporecca WM CHCTEMBL. B Hacrosiee BpeMsl CHMYJSTOPBI HCIOIB3YIOTCS BO
MHOTHX c(epax, TaKuxX Kak oTpaboTKa TeXHHKH O€30IaCHOCTH, TECTHPOBAHHE,
o0y4eHHe, BUACOUTPHI U TaK jJayee. [ OpHbIe CUMYNATOPHI MO3BOJSIOT IPOBOIUTH
CTEIUAIN3NPOBAaHHOE 00ydeHHE B O€30MacHBIX M KOHTPOJIHMPYEMBIX YCIOBHSAX,
n30erast HeONpaBJaHHBIX PHCKOB Ha TOPHOJ00BIBAIOIIEM PEIIPUATHH U COKpaIast
YHCJIO TPOUCHIECTBUH, M TIPH ITOM IIOJArOTaBIMBATh KBAUIM(PHIUPOBAHHBIX H
3 PEeKTUBHBIX MAIIUHUCTOB TEXHUKH [1].

Hacrosimas pabora mocssilieHa peanu3aluyd MaKCUMAaIbHO TPHOJIMKEHHOTO K
peampHOCTH IpoIlecca BBIEMKHM pyasl C TNpHUMEHEHHeM TexHoioruun 3D
MOJICTIMPOBAHUSI U BHPTYaJbHOW peabHOCTH MOCPEACTBOM CO3JaHUS LUPPOBOI
MOJIEI Kapbepa OTKPBITOTO THUHA JUIsI MMUTAlMM M OTPabOOTKH OCHOBHBIX
NPOM3BOJCTBEHHBIX  mpomeccoB.  JIs  MakCHManbHOTO  MPHOJIVDKEHHS
pa3pabaTbIBaeMbIX MOJIETIEH K PEaIbHOCTH M MOBBIIIEHUS 3((EKTUBHOCTH PaOOTHI
C TIOJlydeHHBIMH MOJEISIMH HEOOXOIMMO HCIIONb30BaTh COBPEMEHHBIC METOABI U
MOAXOABI B 00JACTIX KOTHUTHBHON BH3YaJIHM3alUH IPOCTPAHCTBEHHBIX JAAHHBIX 1
pa3paboOTKN YeNOBEKO-MAITMHHBIX HHTep(delicoB [2, 3], a Takke BO3MOXKHOCTH
BU3yaln3allMy Te0JIaHHbIX, NPEJOCTABIIEMbIE COBPEMEHHBIMU TeorpapuyecKuMu
MHQOPMALMOHHBIMU CUCTEMaMH [4].

B pabore paccMaTpuBarOTCs pa3iIMyHbIE MOAXOIbI K CO3JaHHIO TPEHAXKEPOB-
CHUMYJIATOPOB JJIsI TOATOTOBKM IIE€PCOHAJa TOPHBIX TPEANpHUATHII B 007acTH
OTKPBITBIX TOpHBIX paboT. IlpuBomuTcs HX KpaTKas XapaKTepUCTHKA U
OTMCHIBAIOTCS MPEABAPUTEIbHBIE PE3yIbTaThl CO3JaHMUSA TPEHaXXepa-CUMYISATOpa
JUISL OTKPBITBIX TOPHBIX paboT Ha 06a3e TEXHOJIOTHIl TPEXMEPHOTO MOJASIUPOBAHMS
Y BUPTYyalbHON pEaIbHOCTH.

bazoBble (yHKIMOHATIBHBIE BO3MOXKHOCTH pa3pabaThlBaeMOro TpeHakepa
BKJIIOYAIOT B ce0s ciieayroliee: MepeMelieHne Mo Kapbepy 0e3 HCIOIb30BaHMs
TpPaHCIIOpPTa, CECTh B JKCKAaBAaTOp/CaMOCBAN, IIEepeMEIIEHHE M0 Kapbepy C
MCIIOJIb30BaHUEM TPAHCIIOPTA, YIIPaBIeHNE KapbepHOIl TEXHUKOH, B3aMOJIeHCTBHE
C TOPHOH TIOPOOii, BEIXOJ M3 9KCKaBaTOpa/caMocBala.

Ha pmanHBIE MOMEHT CyIIeCTBYET pSI Pa3INYHBIX TNPOTPAMMHBIX U
MPOTPAMMHO-ANIIIAPATHEIX PEHICHWH A OTpaOOTKH HABBIKOB YIPaBICHUS
KapbepHOH TexXHWKOH. IIporpaMMmHO-ammapaTHbIe peImIeHHsT MOTYT OBITh
MIPEJCTAaBICHBl KaK YacThI0 KaphepHON TEXHHUKH IS OTPaOOTKH KOHKPETHOTO
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anropuTMa IeHCTBHUil, TAK U MOIHOLECHHBIM TPEHAXKEPOM AJIs1 OTPAOOTKH LIEIOro
CIIEKTpa HABBIKOB.

OTIMYUTENBHOH OCOOCHHOCTHIO Pa3pabOTKH  SBISETCS MOOHIBHOCTH U
OTCYTCTBHE MPHBSI3KH K KOHKPETHOMY oGopynoBanuio. EcTh TONBKO psig
ammapatHeIX TpeGOBaHHI, KOTOPHIM 00OpYIOBaHHE IODKHO COOTBETCTBOBATS,
9TOOBI TpeHaKep MPaBHIBFHO (QYHKIHMOHUpoBal. Kpome Toro, paspabaTsiBaeMBbIit
TPeHaXXEP OPHEHTHPOBaH, B IIEPBYIO OYepeb, HA OOYUYAIOIIMXCS U HAYHHAIOLINX
CIICLHAIUCTOB, y KOTOPBIX HE OBUIO BO3MOXKHOCTH JHMYHO IPUHATH y4acTHE B
OTKPBITBIX TOPHBIX paboTax.

st pa3paboTku OBLIO HCIONB30BaHO MporpamMmHoe obecreuenue mis 3D-
MOJETIMPOBaHMs, aHUManuu ¥ Busyanmzanuu  Autodesk  3dsMax w
UHTErpupoBaHHas cpena paspaborku Unity 3d, obecrieunBaromiasi BO3MOKHOCT
OOBEMUHUTh BCE MOJCTA B EIHHOM BHPTYaJbHOM TMPOCTPAHCTBE H
3aIpOrpaMMHUPOBATh HX B3aHUMOJICIHCTBHE.

Puc.1. Paspabomannsie mooenu mexHuKku, pasmelujeHHvle 8 BUPMYaIbHOM Kapbepe

B pesynbrare pa3zpaboTku ObLTa MoirydeHa padoTocrocoOHast U(poBast MOJIEIb
Kapbepa OTKpbiToro THna (puc.l). Ha Hem HaxonmsaTcs naBa BHJIA TEXHUKH
OxckaBarop moaenu CAT 6018 u aBrocamocBan benA3 75570.

DKcKaBaTOp OCHAIICH KOBLIOM THIIa OOpaTHas JomnaTa ¥ MMeeT padouuid
JMana3oH KonaHus B riyouny 8.5 M, Beicoty 13.2 M n paanyc xomanus 15.6 M.
BmectumocTtp koBma cocraBiuser 10 kyOumveckmit MerpoB. B TpeHakepe
pearn30BaHO ABIKEHHE CTPETIBI, PYKOSITH M KOBIIIA B paMKax pabodnx IHama3oHOB,
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a TaKXKe CcHcTeMa MOBOPOTa IUIAT(GOPMBL. DKCKAaBATOP OCHAIICH 3BYKOBBIMHU
3¢ dexramu, a TaKKe OCBEIICHUEM sl pabOThI B TEMHOE BPEMsI CYTOK.

B moxmenu benA3a peanu3zoBaHO JABMXKEHHE BIIEpEl, Ha3all, BIEBO U BIPaBO.
Koreca camocBana HMEIOT aHUMAIIHIO TIPH IBIKCHUH, TAKXKE PEaIM30BaH IIOBOPOT
koseca. [Ipm IBIDKEeHWHM Ha3ajJ 3aropaeTcsl JIaMIOYKa 3aJHEer0 XOAa W 3BYYUT
MpeayIpeXAA0IIHN CUTHAI O IBIKCHHUU. B TeMHOE BpeMs CYTOK MOKHO BKIIFOUUTh
cBeTOBBIe IpHOOpPHI. KOBII camocBanga MOKHO ONPOKWHYTH B paMKax pabouero
JMaria3oHa Ui BBICHITIAHHUS TOPHOM MaccCHI.

HccnenoBanus TMOKAa3bIBAKOT, YTO OJjarojaps NPHUMEHCHHIO CHMYJISATOPOB
PEe3yNbTaTUBHOCTh YCBOEHUSI MaTepualla HaXOJIUTCS Ha BBICOKOM YpOBHE, U OHU
MOBCEMECTHO HCIOJB3YIOTCS 3a pyOeskoM B 00yueHuH [5, 6]. [Toatomy pa3paboTka
U BHEApPCHHE TIOJAOOHOTO TpPEHAXEpa TIOMOXET TOBBICHTh T'PaMOTHOCTh
CIIEIUANIUCTOB, a TaK)Ke 3aKPEeNHUTh 3HAHWS MPaBUI JKCIUTyaTallid W TEXHUKU
6e30MacHOCTH IIPU MPOBEICHUH OTKPBITHIX TOPHBIX PaboOT.
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®pugman A4,

MOJENNPOBAHWE CLEEHAPUEB PA3BUTUA NPOMbILUNEHHO-NMPUPOOHBIX
CUCTEM*

Anatutbl, IHCTUTYT MHGOpMaTUKK M MaTemaTyeckoro mogenuposarus OUL KHL PAH

B Hacrosmel myOnuKamuyu CyMMHUPYIOTCSI PE3YNbTaThl U IOABOIATCA HTOTH
Pa3pabOTKN CUTYalMOHHOTO HOAX0Aa K MOJICTTMPOBAHUIO CIIOKHBIX TUHAMHUECKHX
IIPOCTPAaHCTBEHHO-PACTIPEACTICHHBIX KOMIIIEKCOB, BKITFOUAIOIIIX KaK
€CTECTBEHHBIC, TaK W TEXHHYECKHE OOBEKTHI, M IO3TOMY Ha3BaHHBIX aBTOPOM
MPOMBIIUICHHO-TIpUpoAHbIME  KoMiutekcamu  (ITIIK) [1]. Jlns mpeBpaiueHust
HOAOOHBIX KOMIUIEKCOB B CUCTEMY COTTIACHO TPeOOBaHUSAM CHCTEMHOIO IOJXOAA
[2] O6buto  HEOOXOmMMMO — TPEMIOKHTH  CIOCOOBI  YIpaBieHHS WX
(YHKIIMOHUPOBaHUEM. IIpencraBnsercs  €CTECTBEHHBIM  paccMaTpHUBAaTh
npupoansie komnoHeHTHl [IIIK kak HeympapisieMble MOJCHUCTEMBI, IPHUEMIIEMOE
CYyIIECTBOBAaHUE KOTOPHIX (DOPMHUPYET OTrpaHUUYECHUS] HA JOMYCTHMBIC PEKHMBI
ucronbp3oBaHua TexHmdeckux mnoxacucreM MK n ompernensier BO3MOXXHOCTB TeX
WIN WHBIX YHPaBIAIOMNX BO3AEHCTBHI Ha MOCIEAHNUE, UYTO (opMannu3yercs ambo
3aJaHUEM MAaKCHMAaJbHBIX YPOBHEH BXOJHBIX BO3MYIIAIOINX BO3ICHCTBHH,
Hampumep, myteM BBenenus [1JIK (nmpemensHO NONMYCTUMBIX KOHLECHTpPALHU) TeX
WIN WHBIX BEIIECTB, JMOO OIEHKOW CTENEeHW JeTrpajalii KaKuX-JInoo
HWHTETPAIbHBIX BBIXOIHBIX XapaKTEPUCTUK TAKUX OOHEKTOB.

[TockonbKy aHaJIMTHYECKHE METOJBI CHHTE3a YIPAaBJICHUH NPHUTOTHBI TOJIBKO
JUIA TIPOCTBIX CHCTEM, B Ka4eCTBE OCHOBHOTO MHCTpyMeHTa mucciemoBanus ITTTK
paccMaTpuBaIock MMHUTALMOHHOE MozenupoBanue [3]. COOTBETCTBEHHO, MOJEIb
MIIK nomxHa ObITH M30MOp(HA pealbHOMY OOBEKTY HCCIIEAOBAHHUS, a MOJCIH
IIOJICHCTEM MOTYT CTPOMTHCSI Ha CaAMbIX PA3IMYHBIX MPUHIUNAX (aHAJHUTUYIECKUE,
MMHTAIMOHHBIE MOJIENN, Pa3JINYHbIC CETH, HAOOPHI MTPOyKIIMOHHBIX MPABIJI U T.11.)
C €IMHCTBEHHBIM OTPaHMYCHHMEM: IJISI KaXXJOW TaKOW MOJMOJAENH NOJDKHO OBITH
3aJlaH0 TPOCTPAHCTBO COCTOSHUIT [4], B KOTOPOM TIOBEICHHE IOJIMOJCIH
OomnpenenseTcss  HEKOTOPBIM  pPa3HOCTHBIM  ypaBHeHuHeM. B pesynbrare
monenupoBanne [IIIK ocymectBusercs B 00OOIEHHOM KOHIENTYaJbHOM
npocTpaHcTBe [5] cocTosHMI, YTO a0 BO3SMOXHOCTH HCIIOJb30BATH OCHOBHBIC
MPUHIMITE CHTYAI[MOHHOTO YIpaBlIcHUs [6] U KOHKPETH3UPOBATh X JUTS 3a1a4H
yopasienuss IIIIK. C toukm 3peHns obmeit Tteopuum cuctem [1] TIIIK

* Pa6ota yacTHuHO nojiepskana rpantoM POOU Ne 18-29-03022-Mk.

58



paccMarpuBaroTCsi HAMHU KakK HEyNpex/1aeMble IPUUINHHBIE BPEMEHHBIE CHCTEMBI B
JUCKPETHOM BPEMEHH.

BBuay ci0xHOCTH paccMaTpuBaeMbIX OOBEKTOB, YIPABIISIONINE BO3JACHCTBHS
Ha HHUX PAacCMAaTPUBAIOTCA TOJIBKO Ha YPOBHE M3MEHEHHS CTPYKTYPHBIX CBS3EH
MEXIy MOACHCTEMaMH, 3aJadi Oojiee NEeTaJbHOTO IapaMeTPUIECKOTO CHHTE3a
XapaKTepUCTHK MepefaroTcsl pa3padoTInKaM TeXHWYEeCKuX moacucteM. Eme oxna
0COOEHHOCTH pa3BUBaeMoTo rmoaxoxaa k uccuenosanuto 11K cocrout B TOM, 9TO
MOJIENTb OIACHBIX CHUTYaIllMid CTPOUTCS KaK paCIIUpEHHE MOJEIH HOPMAaJIbHOTO
¢ynkronupoBanus [1IIK Ha obxacTu mpocTpaHCTBa COCTOSIHUH, BBIXOJSINUE 32
JIMana3oHbl JOIyCTUMBIX cocTossHUM koMmnoHeHToB IITTK. 3To naet BO3MOXXHOCTh
BBISIBJIATh IPUYUHBI M aHAJIM3UPOBATh MOCIEACTBHS CIOKHBIX (MHOXKECTBEHHBIX,
3aBUCUMBIX) [/] OTKA30B ¥ WHHUIMHUPYIOIINX COOBITH, NPHBOMINIMX K Hanboee
3HAYUTEIBHOMY YIIEepOy.

Ha mepBom stame pazpaborku IIIIK paccmarpuBamuchk kak HepapxuyecKue
CHCTEMBI, HO TIPH YBEJIMICHUH MACIITA00B KOMITJICKCA BEISIBIJIACH HEOOXOIUMOCTh
opraHm3au B3amMojeiicTBus Heckoipkux JIIIP, KoTOpeIM MOABEIOMCTBEHHEI
cocraBHble yactu ogHoro [1I1K, a Takke mepexoaa OT MOJIENN HepapXud K MOIEITH
CeTelleHTpUUecKoi cuctemsl [8].

Jus  mpemmaraeMoro TOAXoJa MPHHIMIIAATGHO BaKHA  BO3MOXKHOCTH
HHTETPUPOBAHUA B CIUHYIO CPEely MOJEICeH KOMIOHEHTOB 00BEKTa, TOCTPOSCHHBIX
pasHBIMHU TpyNIIAMH HcciefoBaTeled He3aBUCUMO JAPYT OT Jpyra M HMEOLINX
pa3nuYHble JUHAMUYECKHE MapaMeTphl (IIar AUCKPETHOCTH, MOPAIOK MOJEIH U
T.J.), @ BO3MOYKHO, ¥ Pa3IMUHble IPUHLIUIIBI BHYTPEHHEH OpraHu3auy (Hanpumep,
YHCTO JIOTHYECKHEe, aBTOMAaTHBIE M aHaJduTH4eckue Monenn). HeobxommmocTs
TAaKOM MHTETpaLny Pa3HBIX (OPM MPEACTaBICHHS 3HAHUN B «cIa00 M3YYEHHBIX)
NPEJMETHBIX 00JaCTsIX OTMEYaeTCs PsJIOM aBTOPOB, Hampumep, B pabore [3]
roBopurcs: «[Ipobiema He B TOM, YTOOBI 3aHOBO CO3lIaBaTh MOJEIH M METOIBI
pelieHns, a B TOM, YTOOBI OOBEHAWHHUTH PA3HOPOIHBIC MO MPHUPOAEC U (popme
HHPOPMALIMK MOJIENIM B EAWHYIO CHCTEMY». B paccMaTpuBaemoil o00iacTu
YKa3aHHBIN MOAX0J] 00ECIeYnBaeT €Ile M BO3MOXKHOCTh PEaH3allid CTPAaTErHd
YCKOPEHHSI BHEIPCHUS IPOTPAMMHBIX MPOAYKTOB ITyTeM pPa3pabOTKH «OBICTPHIX
MPOTOTHIIOBY», CTaBIIeH YyXKe CTaHAAPTHON Ui TNPHUKIAJHBIX  CHCTEM
HCKYCCTBEHHOTO HHTEIJIEKTa, (Hampumep, [9]): mpu OTCYTCTBHM WM HEMOJIHOM
TOTOBHOCTH MOJETH TOTO WM HMHOTO KOMIIOHEHTa OOBEKTa HCCIICAOBAaHHS 3Ta
MO/IENTb MOKET OBITh 3aMEHEHa HAOOPOM SKCIEPTHBIX MPABJI, YTOOBI HE TOPMO3HUTH
COIPOBOK/IEHUE BCEM CHUCTEMBI.

AHann3 TpeaMeTHOH 00JacTH MOJAETMPOBAHUS CIOXKHBIX IPOMBIIUICHHO-
HOPUPOAHBIX KOMIUIEKCOB U CYLIECTBYIOIIUX KOMIIBIOTEPU30BAHHBIX METOJIOB,
NPUTOJHBIX /IS HCIIOJIB30BaHHUS B 3TOHW 00JIaCTH, IMO3BONMI CHOPMYIHPOBATH
OCHOBHYIO mpobiemy uccienoBanusi [II1IK kak 3amauy MHTErpanyu B €IMHYIO
cHCTeMY MojeseH, Pa3IMYHbIX 0 CTPYKTYype U UCIOIb3yEMBIM METOJIOIOTHIM, U
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paspaboraTth cienytoiue 6a30Bble TPeOOBaHUS K MHYOPMALMOHHO-aHAIMTHYECKON
cUCTeMe aHalM3a u nporuosa coctosuus II1K:

MOJIAEPKKA OTKPBITON HepapXUUecKoi MoJiesu IpeIMEeTHOI obacTy;

BCECTOPOHHSAS aBTOMAaTHUYECKask MPOBEPKA JIOTHYECKON KOPPEKTHOCTH MOJAEITH
ITyTeM THUIU3AL1H €€ KOMIOHEHTOB;

BO3MOXKHOCTH PaOOTHI C BpEMEHHBIMH PAAAMH;

HaJIM4He CPEACTB aHAJIN3a MPOCTPAHCTBEHHO-3aBUCUMBIX JAHHBIX;

MOJAEPIKKA HCCIENOBAHMS PA3JIMYHBIX BO3MOJKHBIX CHUTyallMd U CLEHAPUEB
pa3BuUTHs 00BbEKTa, BKIIOYAst ONIACHBIE M KPUTHUECKHE,

aBTOMaTH4ecKkass TeHepalus CTIPYKTyp JaHHbIX JAJs TPOBEACHUA U
IIpeCTaBICHUS PE3YIbTaTOB MOJCIUPOBAHHUS;

ABTOMAaTHYECKUH CHHTE3 NpOLEAYPHBIX Crelu(duKaluii Ha BBINOJIHEHHE
KOHKPETHOT'O BapHaHTa PacyeToB;

aBTOMAaTHYECKHM CHHTE3 UCTIOJHUTENIFHON Cpeaibl MOACTUPOBAHNUS;

aBTOMATH3MPOBAaHHBIA CHHTE3 IPOOIEMHO-OPUEHTUPOBAHHBIX IPHKIATIHBIX
CHCTeM, KOMIIETCHTHBIX Ha HEKOTOPOH TIOAMO/IEIH IPEAMETHON 00IacTH;

obOecricueHre paBHONPAaBHOH 00paboTkm WHPOpPMAIMHM OT PACUCTHBIX
(BBIYMCIIUTENBHBIX) MOAYJICH, 3HAHWH SKCIIEPTOB, TPaUUEcKHX XapaKTCPHUCTHK
snemenTos [1I1K;

pelieHne  3ajad  KOOpAMHALMK  B3auMOJECHCTBUM  Heckonpkux  JIIIP,
yuacTByrommux B pabore omnoro IIIIK, ¢ y4eroM uX CHUTYallHOHHOMN
OCBEJIOMJICHHOCTH;

onepatuBHoe nepeHazHaueHnue JIIIP u ompenenenne ux 30H OTBETCTBEHHOCTH
mpu paccmotpenu [I1K kak ceTerneHTpruuecKoi CHCTEMBI.

Bce nepeunciieHHbIe BO3MOKHOCTH PEaM30BaHBl B pa3pabOTaHHON cHCTeMe
curyannonaoro moxaenuposanus [I1K, npencrasienHoii B paborax [1, 8, 11-14 u

ap.].
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B mocnenume  pmecsATMieTHS — peTMOHANbHAS — MCIIOJHMTENbHAs — BJIAcThb
NIPUICP)KUBACTCS MPUHIMIIOB KIIACTEPU3AllMM PETHMOHANBHON JKOHOMHKH IS
YIPaBICHUS COLMAIBHO-DKOHOMUYECKAM pa3BUTHEM MypmaHckoi obmactu [1].
[Ipou3BoACTBEHHBIE KJIACTEPHl OPHUCHTHUPOBAHBI HA MOJHOILCHHYIO pPEaNn3aIliio
CHIIBHBIX CTOPOH TEPPUTOPHAIBHO-PACIPEACIICHHBIX SKOHOMHYECKIX CHUCTEM, a
TaKk)Ke HAa HUBEIHPOBAHME MX CIAOBIX CTOPOH M HEHTpaM3aINio pa3HOOOpa3HBIX
yTpo3 uxX GyHKIHOHNpOBaHHUIO. OTHUM W3 BaKHBIX ACTICKTOB YCIECITHOTO PAa3BUTH
MIPOU3BOJICTBEHHOTO  KJacTepa  SBIAETCS €ro  KaapoBoe  oOecIeucHHe.
ParponanpHOe HCIOJIB30BAHUE COBPEMEHHBIX HMH()OPMALMOHHBIX TEXHOJIOTHH
MO3BOJISIET  yBENWYNTH J(PPEKTUBHOCTE U OOOCHOBAHHOCTH YIPaBICHYECKUX
peleHuii B cepe KaIpoBOil TOJUTUKN PETMOHABHBIX CYOBEKTOB X035HCTBEHHON
JEATEILHOCTH, B TOM YHCJIE M UX KOAIUIIMOHHBIX ()OPM JIESTEIBHOCTH.

B onoxy akTuBHON uM(poBH3alMKM POCCHHCKON 5SKOHOMHMKH Bce Oolee
BOCTPEOOBAHHBIM TPEHAOM CTAaHOBHTCS CO3/IaHHE MPOOJIIEMHO-OPUEHTHPOBAHHBIX
CHCTEM TONACPKKH TPHHATUS pemieHnd. B pamMkax JaHHOTO HaydHO-
MPAKTUIECKOTO HAMpPAaBIICHWS IpeIiaraercs pa3paboTaTh MHOTOAreHTHYIO
MIPOTPaAMMHYIO cUCTEMy WHPOPMAINOHHO-aHATUTHYECKON TOICPIKKH
YIpaBJICHUS KaIpoBOW 0€301MacHOCTHIO TIPOM3BOJICTBECHHOTO KiIacTepa peruoHa. B
KayecTBE OTIMYUTEIBHOW OCOOCHHOCTH pa3padaTblBaéMON CHCTEMBI MOXKHO
BEIICIUTh OPUCHTAIIMIO Ha TPUMCHEHUH TPHHIUIOB CETEICHTPUICCKOTO
yrpasnenus [2]. OJHAM U3 TEXHUYECKUX BOMPOCOB pealn3aniy mogo0HOro poaa
MPOTrPaMMHBIX CHUCTEM SIBIISIETCS pa3padOTKa MEXaHM3MOB HMX JUHAMHYECKOM
koHpurypanuu [3].

Kondurypamms ceTeneHTpHYECKOH CHCTEMBI MOJACPKKH  yIpaBJICHUS
KaJpOBOH 0E30MaCHOCTHIO MPEACTABIIACT COOOH COBOKYITHOCTh B3aMMOCBSI3aHHBIX
KOH(HUTypaIlMOHHBIX OOBEKTOB, a KMEHHO: KOMIIOHEHTHI MHOTOAreHTHOMN
MPOTPAaMMHOM  Cpeibl, pacHpelelIeHHOSe XPAHWIWIIEe JaHHBIX, SJIEMEHTHI
pacrpeneneHHOd WMUTAIMOHHON cpensl. KoH(urypamus cucTeMbl IOMONHEHA
aTpuOyTHBHOW WHpOpManuel, KOTopas XapakTepU3yeT TEXHHUYECKHE ACTICKTHI
obecrieueHns PabOTOCIIOCOOHOCTH TPOTPAMMHOW CHUCTEMBL. Takum o0Opa3oM,
OCHOBHOE HAa3HAYCHHE TEXHOJOTHHA JHHAMHYECKOTO  KOH(PUTYpUPOBAHUS
CETEeLIEHTPUYECKON CHCTEMBI SBIAETCS perjlaMeHTAalMs IPOIECCOB CO3MaHMS U
HU3MCHCHUS B XO1€ (I)yHKL[I/IOHI/IpOBaHI/IH CHCTEMBI €€ KOH(bHpraHHH B 3aBUCHUMOCTH
OT CTaauH PpCUICHUA HpHKHa}IHOﬁ 3a1a41 U €€ KOHTCKCTA.

TexHONIOTH TUHAMUYECKOTO KOHQUTYPHUPOBAHHS CETEIICHTPHYECKON CHCTEMBI
TIOIIEPKKHU pelieHui KaJpoBOH 0e30MacHOCTH PETHOHAIIBHOTO
IIPOU3BOJICTBEHHOTO KJIacTepa OMMPAETCS HAa HAYYHO-TIPAKTHUYECKHE PE3yNIbTaThI,
MIOJTyYEHHBIE aBTOPCKUM KOJUIEKTHBOM B IPEBLAYIIHE TO/bI, @ IMEHHO: MOJIEIH U
TEXHOJIOTHIO  TIOJIEPKKM  YIPaBICHHS  KaJPOBOW  JIOTUCTHKOH  pErHOHa;
apXUTEKTypy W aJlrOpUTMbl (PYHKIMOHMPOBAHMS CETELEHTPUUECKOH CHCTEMBI
MOJJIEPXKKA  yIIPaBJIECHUS KaJpoBOH  O€30MacHOCThIO  PETHOHAIBHOTO
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NPOM3BOJICTBEHHOTO ~KJIACTEPa; KOHLENTYalbHYIO MOJEIb UM  TEXHOJOTHIO
KOOpPJMHAIIMY areHTOB B CETEIICHTPUUECKOI CUCTEME YIPaBICHHUSI.

Texnomoruyeckoid  mmargopMod Uit TPAaKTUYECKOHW  peam3aliu
HCCIIeIOBATENILCKOTO TIPOTOTHUIA Pa3padaThIBAEMOM CETELEHTPHYECKOH CHCTEMbI
HOJICPXKKH YIpPaBICHUS KaapoBOil Ge30IacHOCTBIO sBIseTcs (QpeiMBOPK Uit
pa3paboTKd MHOTOAreHTHBIX mporpamMmubix cucteM JADE [4]. Hekotopsie
MeXaHU3MBI B3aUMOJIEHCTBUS MHOTOareHTHOH ratdopmsl JADE B3ATHI 32 0cCHOBY
npH pa3paboTKe aNTOPUTMOB KOMMYHHKALUHM M COTJIACOBAHUS ACHCTBHI MEXIy
MPOTPaMMHBIMH areHTaMH pa3padaThiBaeMOil CHCTEMBL.

OCHOBHBIM ~ JTamamMu  IpeAjaraéMod  TEXHOJOTMH  JTMHAMHYECKOTO
KOH(UTYPHPOBAHUS ABISIOTCS (CM. puc. 1):

1. ®opmupoBaHue 5/1pa CETEHEHTPHUUECKOH CHCTEMBI.

[Mox simpoM ceTeleHTPUUECKON CUCTEMBI MOJJIEPKKH YIIPABJICHUS TOHUMAETCS
CeTh CITy)KeOHBIX areHTOB U 00BEKTOB PaCIpeIeSICHHOIO XpaHWInINA HHQOopMaLuH,
o0ecreynBaOIas — peajM3aldil0  BCEX  CEPBUCHBIX  (QYHKIMH  CHCTEMBI:
aIMHHHUCTPUPOBAHHUE COCTABA arcHTOB; KOMMYHHKALMIO areHTOB; IIOUCK arcHTOB,;
YIPaBJICHUE KAaTaJOrOM arcHTOB; OPTaHU3ALHUI0 M NPOBEICHHE PACIPEACICHHBIX
BBIYMCIIMTEIBHBIX ~OKCIEPUMEHTOB Ha OCHOBE HMHTALMOHHBIX MOJEICH;
B3aMMOJCIHCTBHE C XPAHWIHMIIEM JaHHBIX; CEMAHTHYSCKHH M CHHTaKCHYCCKHUIl
aHAJIN3; YIPABICHHE MPOLECCAMU PELICHHs ITOCTABICHHOW 3alayd MpeIMETHOU
obnactu u ap.
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2.  ®opmupoBaHue MPOPecCHOHAIBHOIO COOOIIEeCTBRA.
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IMon mpodeccroHanbHBIM  COOOLIECTBOM — [OHMUMAETCS  TIpyHna  JII,
oOmajaromux BHICOKOW KBanupuKanued u HAO00pPOM IMPOQecCHOHATBHBIX
KOMITCTEHIIMH JUIsl PEIICHHs] CIIOXHBIX NMPUKIAIHBIX 3a]a4, KOTOphle HE TOJIBKO
MPEANaraoT UAEH, HO U MOTYT BOIUIOIIATH X B OOBEKTHBHYIO PEATbHOCTb.

3. Hanonnenne cuctemsl areHTaMHU-IIPEACTABUTEISIMH.

4. Vunnmarnus pemaeMoi IPUKIaTHOH IPOOIEeMBL.

5. ®opMmupoBaHHE KOIUIMK AareHTOB, YYacTBYIOIIMX B  PEIICHUH

WHHAIMHPOBAHHON NTPOOIIEMBI.
6. Ilapamerpuueckoe onucanue chOPMUPOBAHHON KOATUIIMU areHTOB B BUJIC
KOH(UTypannoHHoro daiina.

7. Ilponecc peuieHus 3a1a4u NpeIMETHON 00TACTH.

B coorBerctBUM ¢  O0OOIIEHHBIM  AITOPUTMOM  (YHKIMOHUPOBAHUS
CeTEeLIEHTPHUUECKON CHCTEeMBI MOAJEPKKH YIpaBIECHUS KaJIpoBOH 6€30IacHOCTHIO
[5] Ha kaxmOoM 3Tame MPOUCXOAWT M3MEHEHHWE COCTABa MPOrPAMMHBIX AreHTOB
chopMupoBaHHOl Koanmnuuu. JlaHHBIA Hponecc BiedeT 3a co0Ooi OOHOBIECHHE
COOTBETCTBYIOIIET0 KOHPHUTYpaMOHHOTO (haiiya, acCONMUPOBAHHOTO C PEIIAEMOi
mpobimemoii. B kadecTBe mpuMmepa ICWCTBHUM, NPHUBOAAIINX K OOHOBICHHUIO
KOH(UTYypanui, MOXHO YyKa3aTb CIICAYIOLINE MPOLEIyphl: IOCTPOCHUE JepeBa
Lenei, cuHTe3 AepeBa (QyHKIHUH, TeHeparys [eroYeK MponeccoB, (OpMUPOBAHHUE
CIHCKA MCTIOHUTENEH U IIp.

8.  Pacmmpenue siipa cuctemsl.

9. ®uHanuzanMs pelleHHs NPUKIATHON 3a1a4H.

IMon ¢uuanuzanmeid peuieHus 3aJadyd ITOHMMAETCS IOJyYeHHE LEJIEBBIX
Pe3yNbTaTOB sl TOCTABIEHHOMW MPOOJIEeMBI JIMOO BBIBOJ O TOM, YTO TpodiemMa Ha
JAHHBIH MOMEHT HE MOXET OBITh pelleHa MOJHOCThI0 JHUOO0 dYacTuuHo. Eciun
npobiemMa oOcCTaercsi HepelleHHOW, TO KOH(UIypauumoHHbIH (aitn npobiaeMsl
3aHOCHTCS] B apXHB HepeleHHbIX mpobmem. Ecinu npoGiema pemnieHa, TO AaHHBINA
KOH(UTYypannoHHbIH (ails1 3aHOCHTCS B apXUB PELISHHBIX MPOOIIEM.

[MpennoxxeHHass TEXHOJIOTHSI AMHAMHUYECKOTO KOH(UTYPHUPOBAHMS ITO3BOJISIET
obecrieunTh QYHKIIMOHUPOBAHNE CETEIIEHTPUIECKOH CHCTEMBI IIPH PEIICHNH 33/1a4
MOHHUTOPHHIA U BBISIBJICHUS ITOTCHIIMAIBHO ONACHBIX CUTYalHil U1 yIIPaBIIsieMOTo
00beKTa, MPOTHO3UPOBAHHUS M aHAIM3a BO3MOXKHBIX CLIEHAPHEB KPUTHYECKUX
CUTYyallWid, a TaKk)Ke aBTOMAaTH3MPOBAHHOIO (hOPMHPOBAHMS PEKOMEHIALMUH IS
MPUHATHS OOOCHOBAaHHBIX pemeHnid. (OCOOCHHOCTBIO TEXHOJIOTUH SBISETCA
ajanTanys KOH(GHUTypanuu MPOTpaMMHON CHCTEMBI 3a CUET M3MEHEHHs COCTaBa
areHTOB W TIPEAOCTABISIEMBIX HMH CEPBHCOB IS DEHICHHS KOHKPETHOM
MIPUKJIATHON 3amaun. TeXHOJIOTHsS OpUEHTHpOBaHAa Ha (OPMHUPOBAHUE EIUHOU
ugposoit aTgopmbl CETELEHTPHUECKOTO yIIpaBJIeHUS KaJJpOBOMH
0€3011aCHOCTBI0 PETHOHAIBHOTO IIPON3BOICTBEHHOTO KIIacTepa.
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XycHytauHoB 3.P., Benow B.B.
ABTOMATU3UPOBAHHAA CUCTEMA CBA3N TENEMEAULMHCKOIO KOMMNIEKCA
YncTonons, Ynctononsckuin mnuan «Boctok» KHATUY-KAN

Omrooporpadust TPYAHOW KIETKH SIBISETCS OJHOH M3  00s3aTesIbHBIX
MEIUIUHCKUX METOJ0B OCMOTpa denoBeka. OmHAKo, HE BO BCEX HACEIEHHBIX
MyHKTOB €CTh JOCTaTOYHOE KOJHYECTBO HEOOXOAUMOTo OOOpYIOBaHUS s
npoBeneHuss gaHHoro Meroga. AO PK «Bekrtop» paspaboTano MOOHMIBHBIN
tenemenuiuHckui - kommiekc  (MTK), mnpennasHaueHHBI [UIs  OKa3aHHA
JUCTaHIMOHHBIX MEIUIUHCKHX YCIYr C HCIOJIb30BaHUEM HH(POPMAIMOHHO-
KOMMYHHKAITMOHHBIX TEXHOJIOTHH [2].

MTK MoOXeT HCHOIb30BATHCSA ISl MPOBEACHUS JUCIAHCEPU3ALMM KUTENEH
OTJAJICHHBIX  HACENEHHBIX IIyHKTOB, IJ€ OTCYTCTBYIOT  CTallMOHApPHBIE
MEIUIUHCKUE YUYPEXKIEHHS C BO3MOXKHOCTBIO ONEPAaTHUBHON KOHCYIbTaTHBHOMN
HOJIEPIKKH.

s onepaTHBHOM BS3M C yJAJCHHBIM MEIUIMHCKMM HEHTPOM MOOWIIBHBIH
TeJeMEeAUIUHCKINA KOMILIEKC UMEET JiBa KaHaja CBSA3U: COTOBBII U CITyTHUKOBBIH.

CoTOBBI KaHaNl SBISAETCA JOCTYIHBIM MNPAKTHYECKH BO BCEX KPYIHBIX H
CpenHHMX Topojax crpaHbl. K cokaneHHio, B OTHaJCHHBIX ITOCENTKaX HE BCET/a
MOJKET paboTaTh COTOBAs CBSA3b M TOT/Ia BOSHHWKAET HEOOXOAMMOCTH Iepexoja Ha
CIIyTHUKOBBIH KaHaJl.
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Hcnonp30BaHUE CIyTHUKOBOW CBSI3M IO3BOJISCT IMONYYUTh Tropa3no Oojee
BBICOKYIO CKOPOCTh, MO CPaBHCHHIO CO CTaHAAPTHBIM COTOBBIM COCIMHCHHEM.
Hoctyn B IHTepHET Yepe3 CIyTHUKOBOE 000PYI0BaHHE OKAa3bIBACTCS BO3MOKHBIM
MPaKTHYECKU B TFOOOM HACEICHHOM ITYHKTE.

OpHAaKO METUIIMHCKAN NIEpCOHAN He 00JIaIaeT OnpeaeIeHHON KBaIN(pUKaIeH
JUTS TIEPEKITIOYCHUSI MEXKY KaHAIAMH CBSI3H.

3agauya MOAKIIOYCHHUS sl pabOThl CITyTHUKOBOTO MIIM COTOBOTO KaHAJIA CBSI3U
pelaercs ¢ MOMOIIbI0 aBTOMATU3UPOBAHHOI CUCTEMBI CBS3U TEIEMEIUIINHCKOTO
KOMIIJIEKCA.

CTpyKTypHas cXeMa aBTOMAaTU3UPOBAHHOM CHCTEMEBI CBSI3U MpUBEJICHA Ha Puc.

OnmHOIl M3 caMbIX BaKHBIX 3aJad MaplIpyTH3aTOpOB SIBISIETCS BBIOOP
ONTHMAJIBFHOTO MaplipyTa Nepefayd MaKeTOB MEXAY IMOJIKIIOYCHHBIMH CETSIMHU.
IIpuyem crenaTh 3TO HEOOXOAMMO MAaKCHMANbHO OIEPATHBHO ¢ MMHUMAJIBHON
BpEMEHHOM 3aJIEP>KKOH.

OMHOBPEMEHHO C ATHM OTCIICKHMBACTCS TEKymas OOCTAHOBKA B CETH JUIA
HCKJTFOUEHUSI W3 BO3MOXKHBIX ITyTeH JOCTaBKH IEPETPYKCHHBIC U MOBPEKICHHBIC
YYaCTKH.

Mapmmpytu3aTopa BHIIIONHSAET B [JAaHHOH CHCTEME CICOYIOIIHE OCHOBHEIC
3aauu:

1. TloctpoeHue IoKalbHOU ceTH, 0a30BbIc mapameTpsl (Bbiaada IP, mnuto3a,
makcu, DNS);

2. Pasgenenue cetu mo nepumerpam OesomnacHocTu (otaenbHas cetb WIFI,
OTJIeTIbHAS CeTh sl TeNie)OHHUH, OTACIbHAS CeTh JJIsl I0JIb30BaTeNeH);

3. Mapuipytuzanus makeToB 10 33JaHHBIM MaplIpyTam, pa3jeieHHe
MapUIPYTOB B 3aBUCUMOCTH OT UCTOYHHUKA TpaHKa;

4. BrlaencHue OTACTBHOM 30HBI AJIS TOCTYTA K pecypcaM u3 MHTepHeTa;

5. Tomxnrouenune Uateprer 3G/4G;

6. Bo03MOXXHOCTB pe3epBHPOBAHIS KaHAIA;

7. BO03MOXXHOCTH OpraHU3aIlld CIUHOH CETH C yJAJICHHBIMH pPecypcaMu
(cepBuc-TIpoBaiiepaMu, yIATCHHBIMU (HUIIHAIAMH WA TI0JTH30BaTEIISIMH).
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Touxa becnpoeozHoro
IOCTYTIA

Verpoiicrso ynpasneris

CTyTHHKOBEIH MOTIeM —L

Kommyrarop

Mapmpysatop

APM

4G mozyan

Puc. 1. Cmpykmypuas cxema asmomamusuposanHol cucmemsl Ce:a3u

KoMMmyTaTOp XpaHUT B MaMsATH TabJIUILy, B KOTOPO YKa3bIBAETCS COOTBETCTBUE
MAC-angpeca y3na mopty Kommyratopa. [IpuM BKIIOYEHHMHM KOMMYTAaTopa 3Ta
TabIHIIA yCcTa, ¥ OH paboTaeT B pekuMe 00yIeHUS.

B aTOM pexxuMe mocTynarolue Ha Kakoil-1u0o MOpT JaHHbBIe MepeiaroTcs Ha
BCE OCTaJIbHBIC MMOPTHI KOMMYTaTOpa. [Ipn 3TOM KOMMYTaTOp aHATU3HPYET KaJIpbl
u, onpenenB MAC-agpec XocTa-OTIPaBUTENS, 3aHOCHUT €T0 B TaOJIHITy.

Brociencreum, eciau Ha OJMH W3 IOPTOB KOMMYTAaropa IMOCTYHHUT Kajp,
MpeHa3HaYeHHbIN 11 XocTa, MAC-aapec KOTOPOro yXe ecTh B Ta0JIuIle, TO 3TOT
Kajp OyJeT nepegaH TOIbKO Yepes3 MOPT, YKa3aHHBIN B TaOJIHIIE.

KoMMyTaTopa BBINOJHSET CIEAYIONIEe OCHOBHBIE (DYHKIUH:

1. Arromarmyeckoe omnpeaencaue MDI/MDI-X;
Honnepxxka VLAN (cranmapt IEEE 802.1q);

2.
3. Oo6ecneuenue nmpuoputeToB Tpaduka (ctangapt [EEE 802.1p);
4.  ®opmuposanue Tadmupl MAC-aapecos.
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LecrtakoB A.B., LLemsikun A.C., AkoBnes C.10.

WH®OPMALIMOHHAA TEXHONOIUA AHAIU3A PUCKOB [J151 COCYAOB NnofA
OABNEHUEM

AnatuTbl, MHCTUTYT MHGOPMATHKM M MaTemaTuyeckoro mogenuposanus ®UL KHL PAH

Ha ceropnsiHuii neHb, cepbE3HON NPOOIIeMOil B MUpe sIBIsIeTCsl o0ecriedyeHue
MPOMBILIVIEHHOW M NpHUpOAHOW Oe3zomacHocTH. [TOBBIIIEHHE aKTyalbHOCTH ITOW
npoOJIeMbl BBI3BAHO YBEIMYEHHEM YHCIa IPOU3BOJCTBEHHBIX KOMILIEKCOB. OHM
U3 TJIABHBIX MCTOYHHMKOB OIIACHOCTH, CBA3aHHBIE C IPOMBIIUIEHHOCTBIO — 3TO
COCYJIbI, HAXOZSIITAECS T10]] BRICOKHM JaBJICHHEM.

Jnst aHanm3a ¥ MpeJOTBPAICHNS BOSHUKHOBEHHS ONACHBIX CHTYAIIHH MIMPOKO
UCTIONB3YIOTCS nH(pOpMannoOHHbIE TEXHOJIOTHH. Buzyanmzanus "
BOCITPOM3BEICHNE OOCTAHOBKHM YPE3BBIUYAHHON CHUTyallMM MOMOTAeT aTh OLEHKY
BO3MOXXHBIM TIOCHIE/ICTBHSIM aBapuM M, CIENOBaTeNbHO, JaHHBIE Ui eé
MpeaynpexaeHus. MOIIHBIM HHCTPYMEHTOM Il MOACTHPOBAHUS TAKUX CUTYalui
CITy’KaT reOMH(pOPMAIIMOHHBIE CHCTEMBI.

B Hacrosmuii MomeHT ypoBeHb pa3BuTHs [ TIC-TexHONOTHII TakoB, YTO
peanu30BaTh MO/IeJIb BOSHUKHOBEHHUS U Pa3BUTHS YPE3BBIYANHBIX CUTYallui MOYKHO
CpeACTBaMH eIMHOM reoOnH(POPMAIIMOHHON CHCTEMBI, UMEsI TIPH 3TOM BO3MOKHOCTb
HCTIONB30BaTh MHOXECTBO (DYHKITHIH, 3aJI0’)KEHHBIX B CHUCTEMY, M OOpaIasch K
MIPOCTPAaHCTBEHHBIM NaHHEIM depe3 API-unTepdeiic.

B reonnpopmarnmonnoii cucreme Quantum GIS pacmmpeHusi, BKIFOYAONINE B
ce0s TUIarvHBl ¥ MOZYJIH, SIBISIOT cOOOW MOIIHBIM NMPOTpaMMHBI WHCTPYMEHT,
KOTOpPBIH JTMHAMMYHO pPAa3BMBACTCSl M IIO3BOJSIET TIOJCTPOUTH Cpely I0j
BBINIOJTHEHHE 3aJiad Pa3HOro XapakTepa, CBS3aHHBIX C KapTorpapuyecKuMu
naHHeIMA.  To, uro QGIS orHocHTCS K CBOOOJHBIM KpOCCIIAT(GOPMEHHBIM
reonH(pOPMAITHOHHBIM CHCTEMaM, TaéT BO3MOKHOCT pa3padaThiBaTh U 100aBIATH
IJTATMHBI TIOOOMY TIOJIH30BATEIIO.

Pa3pabaTriBaeMblii MOAYJIb pacIIMPEHUs ISl TeOMH(DOPMAIIMOHHOW CUCTEMBI
Quantum GIS nocTpoeH Ha OCHOBE METOIMKH PYKOBOJICTBA [0 aHAJIU3Y OIIACHOCTH
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aBapUIHBIX B3PbIBOB U OIPEICIICHUIO [IapaMETPOB UX MEXaHU4ecKoro aeucreus Pb
I'-05-039-96.

OyHKIMOHAIBHAS YaCTh MJIarMHA CIIY)KUT JUIS pacuéra M OLEHKH I1apaMeTpoB
B3PBIBHOM YZapHOW BOJIHBI Pa3pyIICHHUs COCYAOB CO CXKATBIMH MM CKMKCHHBIMH
ra3amu, (BO3myX, a30T H T.IL.), HAXOASAIINMHUCS I10J] BBICOKUM JABJICHHEM, a TaKKe
cirydas nedaarpalOHHOTO B3pbIBa ra30- MM TApOBO3AYIIHBIX CMECEH B EMKOCTSIX,
HE PaCCUNTAHHBIX Ha IIOBBIIICHHOE BHYTPEHHEE AaBJICHHUE (HAIIpUMeEp, EMKOCTH JUIs
XpaHeHHs1 OCH3WHA, Ma3yTa W T.I.), a TaKXkKe OTOOpakeHHs 30H MOPaKCHHS
B3PBIBHOW yapHOU BOJIHOM.

PazpaboTka MoyIsl pacIIMpeHus! Beach Ha si3bIKe MporpammupoBanus Python
¢ ucnonb3oBanueM (peiimBopka Qt, a Takke cienyromux miarnHoB QGIS: Plugin
Builder u Plugin Reloader.

B Plugin Builder 3amarcs nauboxnee moaxonsummii paGouuid mabiioH, U3
KOTOPOT'O CTPOUTCS KapKac U3 UCHOIHsAEMbIX (DaliyIoB Ui NabHelInei pa3paboTku
TUTaruHA.

B HéM 3amat0TCsl OCHOBHBIE TIOJIOKEHNUS (Ha3BaHUE TUIaTMHA, HA3BaHUE MOJTYJIS,
UM KJIacca, TUII IUTaruHa | T.J1.) JJIs1 YIPOIISHHS BEJCHUS Mocieaytomeil paboTsl
Hax riarmHoM. Ilocie 3amomuenms manueix, Plugin Builder B aBromarmueckom
pexuMe chopMHPYET HCIIOTHAEMBIE (aiibl 1 cOOEPET NX B OIMH MPOCKT.

Plugin Reloader euié oxun BcrioMoraTeabHbIN MOTYIb, JCTAIOUINN pa3paboTKy
ynobuee. Ero ucnonb3oBaHue MO3BOIISIET M3MEHSThH IPOrPaMMHBIA M 0TOOpaKaTh
ero B QGIS 6e3 nepesarpysku ['IC.

Jns hopmupoBanus rpaduueckoro murepgeiica miaruHa ucronb3oBaics Qt
Designer, mpenHasHadeHHBIA Ui MPOSKTUPOBAHHS W CO3MAaHHS TpapUUIECCKHUX
nonb3oBatenbckux uHTEpGeiricor (GUI) u3 kommonentoB Qt. Ilo3Bomser
MHTETPUPOBATh BUDKETHI U (JOPMBI C YIIPABISIFOLIMM KOJIOM.

Just paboThl ¢ BEKTOPHBIMH CJIOSMH M B3aumojeiictBuem ¢ kaptamu QGIS
ucrions3yercss QgsVectorLayer, ¢ mOMOIIBIO HEro INPOWCXOIUT YIIPaBJICHHE
Ha0OpaMH JaHHBIX Ha OCHOBE BEKTOpoB. MetomoMm getFeature wu3 kiacca
QgsVectorLayer 3ampammBarTcs clIOU, ¢ KOTOPBIMU OyJeT BECTHCH pabOTHI U Ha
KOTOpBIE HAHOCATCS 30HBI opakeHus addFeatures.

Hanee ams paboThl ¢ KOOpAMHATAMH M (OPMHPOBAHUSA 30H IMOPAKEHUS
ucnonb3yrotes kimaccel QgsPoint u QgsPointXY. Tlocime 3TOro ¢ MOMOIIBIO
addMapLayer no6aBJisieM ci0#i ¢ 30HaMHU.

B KkauyectBe OCHOBBI /I pacyéra 30HBI MOPAXKEHHS Uil AMILIHTY/IbI
U30BITOYHOTO MaBieHust Ha pporTe BYB 6buT nicmosnb3oBan rpaduk u3 [3].

IIpu ananmsze rpaduka 3aBHCHMOCTH BelIWYHHA JaBieHUS Ha ¢ponTte BYB,
TeHEpUPOBAHHOI Pa3phIBOM COCyJa C ra30M, HAXOJISIIUMCS I10J JaBJICHUEM, OT
Oe3pasMepHOro  COCTOSIHMS,  ObuM  ToiydeHsl — Qopmynsl  QyHKIUMiA
THIIEpOOIIMYECKUX PErpeccHid IJIsl CUTyaluii B cilydae JaBJICHHS B COCY/E Hepen
B3pBIBOM B 2; 3,5; 4,5; 5; 8; 10; 15 (xrc/cm).
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Pe3ynbraT BBINONHEHHS NPOTPaMMBI OTOOpAXKaeTcsi Ha KapTe B BHUIE 30H
MOPaXeHUsI, COOTBETCTBYIOLINX KiacCH()UKaLUK npuBeaEHHOM B [2], a Takke [3] u
PACCTOSIHUIO 0 HUX OT SIHLEHTpA.

Pa3paboTaHHbIii MOAYIb PACIIMPEHHS, IMO3BOJIIET NPOU3BECTH IEPBHUHYIO
OLIEHKY PHCKOB JJISI COCYIOB IIOJ JAaBJICHHEM B CIIydac aBapHMHHON CHUTyalUH H
OLIEHUTH BO3MOXKHBIE Pa3pyLIAIOINE TOCIEACTBHS.
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ABYXOTAMHAA TEXHONOIUA U3BNEYEHUA 3HAYUMbIX MOHATUN
MPEOMETHOM OBNACTU U3 TEKCTOB HA ECTECTBEHHOM A3bIKE*

AnatuTbl, MHCTUTYT MHGOPMATHKK N MaTemaTuyeckoro mogenuposanus ®WL KHL PAH

Bbienenne  3HaYMMBIX ~ TOHSATHH  (TEPMHHOB)  SIBIISIETCS.  OJHOM W3
MIEPBOOYEPEAHBIX 3a/1a4 CEMAaHTUYECKOTO aHANIM3a TEKCTa, OPHEHTUPOBAHHOTO HA
aBTOMATU3UPOBAHHOE ¢dopmupoBaHue IIPEIMETHBIX (mpoGnemHo-
OpUEHTHPOBAHHBIX) MOJIeNiel 3HaHul (OHTONIOTHIT). 3ajaua aBTOMATH3HPOBAHHOTO
BhIJIEIEHUsT TOHATHI u3 TekcToB (terminology extraction, automatic term
recognition) mccuemyercs JAOBOJIBHO JaBHO, KIIOUEBBIE pabOTHI B 3TOH obiactu
MOSBWJINCH €Ille B KOHIIE TPOIDIOro Beka (cM., Hampumep, [1-2]). Tloaxomsr
pElIeHNI0 3a7aud, B 3aBHCUMOCTH OT XapaKTepa MCIOJIb3yEMbIX INPHU3HAKOB
JICKCUUECKUX KOHCTPYKILUM, TPUHATO pasfeisTb Ha JIMHIBUCTUYECKHE H
CTaTHCTHUYECKUE, HA IPAKTUKE TAKXKE NPUMEHSIOTCS cMellaHHble moaxoasl [3] [4].

* Pabota BeINONHEHA NpH Hojyiepkke Poccuiickoro ¢houaa GpyHAaMEHTaTbHBIX HCCISTOBAHUI — IPOEKT
Ne 20-07-00754 A.
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Jns BBIAETEHUS MOHATHH HCIIONB3YIOT KaK METOJbl MAaIlMHHOIO OOYYeHHs C
YUYHUTENEM, OCHOBAaHHbIE Ha Pa3MEUCHHBIX IAaHHBIX, TaK U 0O0ydeHHe Oe3 ydurens.
Bropsle siBistroTcst 0oJiee NpeArnoYTUTEIBHBIMH, HO B O0ILEM CiTydae YCTYIaroT MO
3(p(eKTUBHOCTH (CKOPOCTH W TOYHOCTH pabOTBI) MeETOAaM, HCIIONIB3YIOIMINM
pa3meueHHble maHHBbIE. CO3MaHHE METONOB W3BJICUCHHS TEPMHHOB C MOMOIIBIO
Mojeneii oOydeHHss Oe3 yYUTeNs OTHOCHUTCS K aKTyaJbHOH COBpPEeMEHHOU
npobGiemaruke. Hampumep, B [5] aBTOpHI mpemiaratoT TEXHOJIOTHIO H3BICUCHUS
TIOHATHI 0€3 YIHUTEIIs, TP 3TOM PacCMaTPHUBAIOT KOHTEKCT yIIOTPEOICHNS MOHATHS
B TepmMuHax POS, 3To naeT BO3MOXXHOCTH clejaTh MOJENb (BBLIBISIONIYIO
MOHSTHUS ), YHUBEPCAIBHYIO JUIS Pa3HBIX NPEAMETHBIX 00nacTeil.

B umenmom, it BbLIeNeHHMsS 3HAYMMBIX TOHATHH HY)XHO OTBETUTh Ha [Ba
KJTFOYEBBIX BoIpoca: 1) Kakas sI3bIKOBasi KOHCTPYKIUS (CJIOBO MJIM CIIOBOCOYETaHHUE)
0003HAa4YaeT IMIOHATHE U 2) OTHOCHUTCA JIM JaHHOC IOHATUC K 3HAYHMMBIM B KOHTCKCTC
paccMaTpuBacMoOil TpeAMETHOW o0nacTu. B pamkax BTOpOW 3amaud TakKKe
MPUXOANTCS pemarh NpoOJeMy pas3IeleHus CcrenupuIHbIX (MPEeIMETHBIX) U
00IIeyTOTPEOUMBIX TTOHSTHH.

Kak mpaBmiio, oTBeT Ha TEpBBHI BONPOC HIIETCSA IYyTEM pEIICHUS 3adadd
BBIJICICHUS] MMCHHBIX Tpymm (noun phrases), B TOM dYmcie — BBIPOXKICHHBIX,
COCTOSAIINX W3 OMHOTO cloBa. J[mg 3TOro wMeeTcs MOCTaTOYHO XOPOIIO
Mpopa0OTaHHBIM  apceHal  METOJOB, OCHOBAHHBIX HAa  JIEKCHYECKOM U
CHHTaKCHYeCKOM aHainu3e Tekcra. OJHMM U3 TOAXOAOB, OCHOBAHHOM Ha
MOCTPOCHUU JIepeBa 3aBUCUMOCTEH, (B TOM 4YHCIIE, UCIOJB30BAaHHOM B JaHHON
paboTe) sIBISETCS UCTIONIb30BaHHE HEHPOCETEBOr0 CHHTAKCHYECKOTO aHaIN3aTopa
SyntaxNet [6].

OnmHa w3 mpolOlieM CYIMECTBYIONIMX MOJXOJOB K BBIJACIEHUIO MOHITHMA
3aKJIIOYaeTC B TOM, YTO B HMTOTOBYIO MOJIENIb IOTEHIUAIBHO IIONANAIOT BCE
TEPMHUHBI, YIIOMHAHAeMbIE B TEKCTe, 0e3 ydera MX 3HAYAMOCTH B KOHTEKCTE
paccMaTpUBaeMON MPEIMETHOW OOJNACTH, YTO NPUBOIUT K «3aMyCOPHBAHHION
[ENIEBOW OHTOJIOTHYECKOW Mojend. [103ToMy CTaHOBHTCS aKTyalbHBIM BTOPOH
YIOMSHYTHIH BBIIIE Boripoc. OTBET Ha HEr0O TOpa3o MeHee OTHO3HAYCH U 3aBUCHT
OT HCIOJIB3yEMOT0 MMOHUMAaHUS 3HAYUMOCTH MOHATHA. [IpH 3TOM, B IPaKTHIECKUX
LeJsIX He00X0IMMO HE TOJIBKO JIOCTATOYHO TOYHOE IMOHUMaHKE, HO M MOAXOAsIIee
JJIA UMCIHOJIb30BAHUA B aBTOMATU3WPOBAHHBIX BBIYUCIMTCIIBHBIX IpOLCAypax -
omepaimonHoe omnpenenenne (operational definition) monsTust «repmun». Equaoro
criocoba ompeAeNneHus, CyAs I0 BCEMY, HE CYIIECTBYET; TaK WIM HHade,
I/IIIGHTI/Iq)I/IKaHI/Iﬂ OCHOBBIBACTCs Ha CTAaTUCTHUYCCKHUX CBOMCTBax CJIOB-
NPETEHIEHTOB, CIOCO0 pacyera KOTOPHIX 3aBHCUT OT 3amaud [2]. Eciu BakHbI
perpe3eHTaTHBHbBIE CBOWCTBAa TEPMHHA (HACKOJIBKO OH 3HAYMM JUI OTPaKeHUS
TEeMbl JOKyMEHTa), TO pacueT Bejxercs Oe3 ydeTa BCTPEYaeMOCTH BO BCEH
KOJUICKIIMH; €CIIH K€ Ba)XKHBI JUCKPHUMHHATHBHBIC CBOWCTBA (HACKOIBKO 3HAYUM
JIAaHHBIN TEPMHH JUIS BBIAEIECHHUSI HEKOTOPOW TPYIIIB JOKYMEHTOB, HallpuMep, 110
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HEKOTOPOW OIHOM MpeAMETHON 001aCTH, CPeIn BCEl KOJUICKIIMHU), TO 3HAYAMOCTh
TEPMHUHA OTPE/CISIETCS COOTHOLUIEHHEM €r0 CTATUCTHUECKUX CBOMCTB BHYTPH U 32
npenenaMu TPyIIs (CM., Harpumep, [7]).

OmHUM W3 [OBOJHHO TIPOCTHIX W OYEBHAHBIX IIOAXOJOB K OIPEACICHUIO
3HAYMMOCTH TOHSTHS SIBIISICTCS WCIIOJB30BAHNWE CTATUCTUYECKHUX TIPH3HAKOB,
XapaKTepU3YIOIINX YaCTOTY UCIIOIb30BaHMS IIOHATHS B HEKOTOPOM Habope TEKCTOB
[8]. HemocraTkom Takoro moaxoja sBISETCS TO, YTO TOYHOCTH (M KOPPEKTHOCTE)
OIIEHKH 3HAYMMOCTH 3aBUCHT OT 00BheMa aHATU3UPYEeMOTO0 TekcTa. [l monydeHus
XOpOIIEro pe3ynbTaTa HEOOXOAUMO paclojlaraTh KaueCTBEHHBIMU (B CMBICIE

MaKCHMaJIbHO BO3MO>KHOI TEeMaTHYECKOM c(hOKyCHPOBaHHOCTH Ha
paccMarpuBaeMoi NpeIMETHOH 00JacTH) INPEeIMETHBIMH TEKCTaMH OOJBLIMX
00BEMOB. Kpome Toro, BosHukaer mpoOiema  auddepeHumnanyun

001IeynoTpeOUMBIX U MPEAMETHBIX (CHEeLUabHBIX) MOHATHH. JlaHHas mpobiema
TaKke HAaxXOJMTCs B (oKyce BHHMAaHUS COBPEMEHHBIX HCCieqoBaTeled |
paspaboTurkoB. Hampumep, B pabote [7] mpemmaraercs TeXHHKa NpelcKa3aHU
ypoBHS TmpenMeTHOCTH (technicality) TepMHHOB, W3BJIEKa€MBIX M3 TEKCTOB,
OCHOBaHHas Ha (OPMHUPOBAHHM K CPAaBHEHWH BEKTOPHBIX MPEICTABICHUH
JIEKCHYECKUX CAWHHI[ B TEMaTH4ecKOM (TIPEIMETHOM) IIPOCTPAaHCTBE M B
IIPOCTPAHCTBE OOIMICYOTPEONMON JIEKCHKH.

B nmanHO# paboTe mpemaraeTcs TEXHOJNOTHSA HICHTU(QHUKAMM B TEKCTE
MOHSTHH, 3HAYMMBIX B KOHTEKCTE HEKOTOPOI MTPEAMETHOH 001aCTH, OCHOBAaHHAS HA
MOJIeNAX MAIIMHHOTO 00yueHHs (KOHKPETHO — Ha HCKYCCTBEHHBIX HEHPOHHBIX
ceTsx). TexHonorus mpeanosaraeT ABYyX3TAlHbBIN MpoliecC BRIACICHHUS 3HAYMMBbIX
MIOHSITHUM, ONIMCAHHBIN B CIEAYIOLLEM pa3zene. Peanusyemslil B paMKax TEXHOJIOTHH
HOAXOJ] K PELICHHIO TIOCTaBICHHON 3aJa4y MO3BOJIAET (POKYCHPOBATHCA TOJIBKO HA
3HAYMMBIX MOHATHUSX IPEIMETHOM 00JIaCTH U HCTIONB30BaTh PU ATOM, B TOM YHCIIE,
KOPOTKHE MPEIMETHBIE TEKCThI TPOU3BOJIBHON TEMATHKH.

72



Habop npeameTHbIX TEKCTOB
(1) Topic modelling

Ly

BazoBble NnoHATMA

~

| (2) AHanM3 KoHTeKcTa

J L

3HauYMMble NOHATHA NpeameTHOl obnacti

—

Mpou3BONbHBI
TEeKCThI

Puc. 1. Obwasn cxema mexnono2uu gvloenenust NOHAMuULL

Ha nepBom stane ocyuiectsisieTcs popmupoBanue 6a30Boro Habopa 3HaYUMBIX
MOHATHI TpeameTHOH ob6mactu. [lpm sToM TiaBHas 3amada - oOecIeYHThH
MaKCHUMalbHO BO3MOXKHYIO TOYHOCTh HACHTH()HKANWK 3HAYAMBIX TIOHSTHIA,
MOJTHOTA W pa3Mep HTOTOBOTO Habopa - BTOPOCTENEHHBI. JJs STHX Ielei
(hopMupyeTcst HabOp TEKCTOB, COOTBETCTBYIOINX TEMAaTHKE IPEAMETHOH 00IacTH,
KOTOPBIA TOABEpracTcs aHAINW3y C IOMOIIBI0 CIICIHATU3UPOBAHHOTO METOoJa
mojenupoBanus Temaruku (Topic modelling), ocHOBaHHOTO Ha KJjlacTepU3aLUHU U
aHaJM3€ CTATHCTHYECKHX CBOWCTB M JUCTPUOYTHBHOW CEMaHTHKH TEKCTa.
PesynbTupyrolee MHOXKECTBO KIIOYEBBIX TEM, IOJy4aeMOe Ha JaHHOM JTalle,
COOTBETCTBYeT 0a30BOMY Ha0Opy TIOHATHH, anpHOpU 3HAYUMBIX B paMKax
paccMmaTpuBaeMoil MpeAMETHOM 00IacTH.

Ha Bropom asrare ocyniecTBIsieTCsl IIOTOJIHEHUE COCTaBa 3HAUMMbIX MOHSITHH C
MOMOIIIBI0 aHANHM3a KOHTEKCTa. VCIomp3yeMblii mpyu 3TOM TOAXOJN OCHOBAaH Ha
MPOCTOM TIPEIIOTIOKECHAH, YTO ECIIM HEKOTOPOE anpHOpH 3HAYHMOE MOHATHE W1
UCTIONB3YeTCSI B HEKOTOPOM KOHTeKCTe ¢(W1) HW uMeercs TOHATHE W2,
UCIIONIE3YEMOE B CXOXEM KOHTEKCTe, T.e. ¢(W2) = c(wl), To moHsATHE W2 TaKxke
3HaYMMO B paMKaX paccMaTpuBaeMOW TpeaMeTHoW obmactu. B kadecte
«CTapTOBBIX» TOHATHH WCIOJB3YIOTCS DJIEMEHTHl MHOXECTBAa KIFOUEBBIX TEM
(topics), BBISIBIIEHHBIC Ha TIEPBOM JTarle.

3a cueT TaKoro MoAX0ja MOTEHIMANIBHO YJIaCTCs PEIINTb PsiJ pooeM:

e u30ekaThb  3aMYCOPHBAHHUS  OHTOJIOTHMHM  MAQJO3HAUYUMbBIMH WA

0011y IOTPEOUMBIMU TIOHSTHSIMY,;

e o0ecneydTh BKIIOYEHHE B TMOHATHIHYI0O 0a3y peIKO-HCIOJIb3yEeMbIX,

CHHOHMMHMYHBIX TEPMUHOB NPOU3BOJbHOM [UIMHBI, B TOM YHCIIE —
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KaproOHU3MOB W CJIOB OOLICYNOTPEOMMON JIEKCHKH, HCIIOJIb3YEMbIX B
KOHTEKCTE HEKOTOPOH MPeMETHOH 00JIacTH KaK MOHSTHE;

e o0ecreyuTh BO3MOXKHOCTH aHalM3a B TOM YHCJIE KOPOTKHUX TEKCTOB
MIPOU3BOJILHOM TEMATUKHU.
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