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CucreMa B3auMOAECTBUA U MONAEPKKH

0a3 TaHHBIX MOJIb30BaTeJIeH
cucrembl ' U1 "Ypan-BHUUKT"

maructpasT J[. A. ManyHoBa, k.u.H. A. B. 3a0poaun
[TeTepOyprckuii rocynapCTBEHHBIH YHUBEPCHUTET IyTel coolmienus Mimmeparopa Anexcangpa |
Canxkrt-IlerepOypr, Poccus
darya.malunova@gmail.com

Annomayua. PaccMaTpuBaeTcs BONPOC aBTOMATH3A-
LMU CHCTEeM IMCHETYEepPCKOro YIpaBJeHHs IepeBO3KaMu
Ha npeanpusatusix OAO «PK/», packpbiBalOTcsl 3Tanbl
npouecca BeJAeHHUs CIHMCKA I0Jb30BaTesIeil CHCTeMbl, OT-
Me4YeHbl I0JIOKMTEJbHbIE COCTABJSIONIME pe3yJbTaTa
BHeJpeHHs] aBTOMAaTHU3ALMU JAHHOI'O NPOU3BOJACTBEHHOI0
npouecca.

OcHOBHOe BHHUMAaHHE AKIEHTUPYETCS HA MOJeJIMpPoBa-
HUU TMPeAMETHOI 00J1aCTH ¢ HUCNOJIL30BAHMEM YHH(UIH-
poBaHHOro0 f3bika MoaeanpoBannss UML u npakTtuyeckoit
peanu3zanuM npoekTa Ha s3bike JavaScript. IlpuBoasites
NpuMepbl MPOrpaMMHON peain3auuu OTAeJbHBIX KOMIIO-
HEHTOB CHCTeMBbI, 0000111aeTCs MPAKTUYECKUI ONBIT BHE/-
peHHus U TeCTUPOBaHMA pa3padoTaHHOi cucrembl B Spo-
CJABCKOM HMH(OPMALMOHHO-BBIYUCINTEIBHOM LEHTpe —
CTPYKTYPHOM noapa3zaejeHuu ['1aBHOr0 BIYMCIUTENbHO-
ro ueurpa — ¢puiauaiaa OAO «PKI» B oraene «ABroma-
TU3HMPOBAHHBIX CHCTEM JMCIETYEPCKOro yNpaBJeHHUs Ie-
peBO3KaMU».

CraThsl MOKET OBITH I0JI€3HA CHENHAJHCTAM B 00.J1a-
CTH pPa3padoTKH aBTOMATH3MPOBAHHBIX CHCTEeM YIpaBJie-
HuUS.

Knroueewie cnosa: aBromaruzanmsi cCucTeM JucCHeTYep-
CKOT0 YNpaBJeHUsl, BeJdeHHE CHUCKA MO0Jb30BaTeei,
AC THUJ, momeaupoBanme ¢ wucnoiab3oBanuem UML,
MS SQL Server, ckpunt cuHxpoHuszamuu, JavaScript,
web-npuiioxkenue.

BBEJIEHME

COBpeMeHHI)Ie I/IH(l)OpMaI_ll/IOHHI)Ie TEXHOJOTUHU IIOMOTI'arOT
HE TOJBKO YCOBEPLICHCTBOBATh TEXHOJOTHH Ha IMPOU3BO-
CTBE, HO M 3HAYUTENBHO HUX O0OJeryuth. s momydeHus
HanboJee BBICOKUX PE3YNbTaTOB CBOCH ACSITENBHOCTH MPEA-
NPUSTHS. TIEPEXONIT Ha ABTOMATU3ALMIO TEXHOJOTMYECKUX
MPOLIECCOB.

ABTOMaTH3alUs — OJHO U3 BKHEHIINX HANpaBJICHUH pas-
BHUTHS 000N oTpaciu. BBermeHne aBTOMaTW3aliy Ha Tpen-
TPUSTHH TO3BOJIIET 3HAYUTEIBHO ITOBBICHTE IIPOM3BOJUTEIb-
HOCTh TPYJAa, 00€CIeUnTh CTAOMIbHOE KAYEeCTBO IPOMU3BOIM-
MBIX IPOAYKTOB U YCIYT, a TAaKXKe HUCKIIOYUTh OIINOKHU, KOTO-
pBIe MOTYT OBITh BBI3BaHBI UEJIOBEYECKUM (DAKTOPOM.

[Ipu 3TOM CyIIECTBYeT AOCTATOYHOE KOJIMYECTBO OpraHu-
3aiuil (IpeanpusAThil), Ha KOTOPHIX B CHIY CYOBEKTHBHBIX

(W 0OBEKTHBHBIX) 00CTOATENBCTB ObLIa MPOBEACHA YaCTHY-
Hasl aBTOMATH3allks, T. €. aBTOMAaTH3allis KaKoro-inbo oT-
JEFHOTO 00OpYMOBaHUS W TPOW3BOJCTBEHHBIX OICPAITHiA,
NpU 3TOM 3HAUUTENbHAsI OJISl Olepaluil cCoOOTHECeHa C pyd-
HBIM TpyaoMm [1].

B kadecTBe SKCIIEpUMEHTAIBHON TUTOIIAAKH BEIOpaH OTIEN
«ABTOMATH3NPOBAHHBIX CHCTEM IUCIIETICPCKOTO YIPABICHHUS
TIePEBO3KAMI» SIpocnaBckoro nH(OPMAITMOHHO-
BBIYMCIIUTENIFHOTO IIEHTPA, B KOTOPOM COTPYOHHKH CTaJKH-
BAIOTCSA C POOIEMOH, 3aKITI0YArONIEiiCS B OTCYTCTBHN €AMHON
ABTOMATH3UPOBAHHOW CUCTEMBI, MO3BOJISIIOMIEH OCYIIECTBUTH
BEJICHHE clucKka mnojap3oBarened cucrembl U/ «VYpan-
BHUWXT» (AC TUL).

Jo HEKOTOpOro BpeMEHH IMPOLIECC aIMUHUCTPUPOBAHMUS, a
MMEHHO BeJleHHEe 0a3bl MOJIb30BATENCH, BEJICS BPYYHYIO C ITO-
Momsio Tabmur B MS Excel. B nHTepecax aqMUHHACTpaTOPOB
motpeboBanach pa3paboTKa YHHBEPCATBHOTO MOJIYJIS, TTO3BO-
JISEOMIETO SKCTEPPUTOPHAIEHO HUMETh JOCTYI K WHPOPMALIUH
0 TIOIKITIOYCHHBIX ITOJIb30BATEISX, OCYIIECTBIATh WX TOUCK
1 OTIEPATUBHO OTCJICKUBATh CPOKU ACUCTBHS 3asBOK HA TOA-
KioueHue [2—4].

DOVYHKIIMOHAJIBHAS CTPYKTYPA CUCTEMBI
Ha ocHoBe mpoBeieHHOTO aHamu3a paboThl COTPYTHUKOB U
CUCTEM TPEINPUSITHS BBISBICHBI TPEOOBAHUS IS CO3JIaBac-
MOTO MOJIYJIsi, IPE/ICTaBICHHbIE B Tabuuile 1.
Tab6muma 1

TpeboBaHms K pa3padaTbIBAEMOH cucTEMe

TpeGoBaHus

T BaHUA K HHBIX .
pedosa base na K web-unrtepdeiicy

Pacnonoxxenne Ha enuHOM HWH- | Bo3aMoxHOCTH 3ammcu uH)OpP-
(dbopmanmoHHOM —pecypce, J0- | Mallid, He WHTCTPUPOBAHHON B
CTYIIHOM BCEM aJIMUHUCTPATO- | aBTOMAaTHYECKOM peXHME U3

pam; JIpPYTHX CHCTEM;

Conepxanue HeoOxoquMolt | Pasrpanmdenue mpaB Joctymna

nHOOPMAIMU O KaXIOM IOJIb-
30BaTelie CUCTEMBI;

B03MOXHOCTh aBTOMAaTHYECKOTO
HANOJIHEHUsI TIPU  BKIIOYEHHU
COTPYIHHKOB B COOTBETCTBYIO-
MIKE TPYIIbI IS TOJKIIOUEHUS
k ACTH/I.

(OOBIYHBIH MOJTL30BATENIb UIMEET
TOJBKO  BO3MOXHOCTH  IIpO-
cMoTpa 0a3bl, a aIMUHHCTPATOD
MOXET HE TOJBKO IMPOCMAaTpU-
BaTh JaHHBIC B 0a3e, HO W pe-
JTAaKTHPOBATH UX).

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4
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MpocmoTp cnucka
nonb3oBartenei

/

Monbzoeatens

Bepexue cnucka
nonb3oBarenei

SEIEGHN Tty

wincludes
.

BHecenme gaHHbix
w3 AC

Baza MHBEHTapU3aLMK

Brirpyzua ecex
AaHHLIX B
efuHYy Bazy

ABTOMATUUECKARA
WHTETPaLMA OaHHBIX
0 NONb30BATENAX

Active Directory

Puc. 1. lnarpamma BaprHaHTOB UCTIOIB30BAHUS MOIYJISL aIMUHICTPHPOBAHUS

Ha pucynke | mpezicraBiieHa auarpaMma BapHaHTOB HC-
NIOJIB30BaHUsl pa3padaThiBAaeMOro MOJYJIS aJMHUHHCTPHPOBA-
HUS B HOTaimu si3bika UML, yuurtbiBaromas (yHKIIMOHAIb-
Hble TPEOOBAHUS CUCTEMBI.

OyHKIUOHANBHAS CTPYKTypa MOAYJA aJAMUHHCTPHUPOBa-
Hus nonsizoBateneil AC ']l npeacrapineHa B BUJe JTuarpam-
MBI KOMIIOHEHTOB Ha PHUCYHKE 2 TakKke B HOTALUU SI3bIKA
UML [5-7].

Web-npmioxxenne ocHoBaHO Ha TexHojoruu ASP c wuc-
MOJIb30BAaHMEM s3bIKa cleHapueB JavaScript u BritodaeT
B ce0s Tpu cocTaBiAONINe: HHTEpdeic A oToOpakeHHs
cimcka moms3oBateneit (gid all.asp), crpanuiy mis otobOpa-
KeHus KypHana msMeHeHuit (gid log all.asp) m daiin, BEI-

TIOJHSIONIMI MHTETPalUio TaHHBIX U3 0a3bl IOJb30BaTeNel
B BeO-popmy (gid_all js.asp) [8].

3a paboTy CO CTOPOHBI cepBepa OTBEYAET CHCTEMa YIPaB-
neHus Oazamu maHHbIX Microsoft SQL Server. basa mons3oBa-
teneir GID 28 cocrouT 13 2 OCHOBHBIX TaOJIHILI, KOTOPBIE YUH-
TBHIBAIOT BBISIBJICHHbIE OCOOCHHOCTH YISl aAMUHUCTPATOpa: OJHA
Tabnuua npeaHa3sHauyeHa JUlsd XpaHEeHHs BCEX JaHHBIX O MOJ-
KJIFOYEHHBIX Toj1b30BaTersix cuctemsl (gid all 28), a npyras —
JUISL XpaHEHMS JAHHBIX O JIIOOBIX HM3MEHECHWSX, CBSI3aHHBIX
¢ nadopmarnmeii o mons3oBarersix (gidlog all 28) [9, 10].

CKpUNT aBTOMATH3HMPYET NPOLECC CHHXPOHW3ALWH JaH-
HBIX w3 0a3pl mHBeHTapu3ammu U Active Directory B 0a3y
mons3oBareneit (gid_all.exe).

Web-unTepdeiic

E gid_all.asp

E gid_log_all.asp

gid_all_js.asp

/=

E gid_all_28

E gidlog_all_28

O

E Basa uHeeHTapUIaumMm

A

gid_all.exe

O

Active Directory

Puc. 2. ®yHKMOHATIBHAS CTPYKTYPa MOIACUCTEMBI 00pab0TKH 3as1BOK Ha moakiatouenue k AC ']

Humennexkmyanvhvle mexuonozuu na mpancnopme. 2019. Ne 4
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[TPOTPAMMHA 51 PEAJTU3ALIVSA

KiroueBsIM 3B€HOM B JaHHOW pa3paboTke SBISETCS
ckpunt cuHxpoHm3anuu gid all.exe, KOTOpHIH HamomHsIET Oa-
3y GID_ 28 un(popmanmeli, morydeHHOH 13 0a3bl HHBEHTapH-
sanuu ([P-agpec, mms 11K, gata mHBeHTapH3amuy, HAUMEHO-
BaHWE OpraHU3alWH, OTIelNa, TOJHKHOCTD, TeNe(OH) M CHCTe-
Mbl Active Directory (®MO monps3oBatens, JOTHH, TepMH-
HaJIbHBIE U CEeTeBble rPyMIibl). JlaHHbIe IEHCTBHIS aBTOMATH3H-
PYIOT HIPOLIECC CHHXPOHU3AIMH JaHHBIX U TO3BOJISIIOT HCKITIO-
YUTH PY4YHOU BBOJ.

B Bomonnennu ckpunra gid all.exe 3amoxeHsl cienyro-
1€ OCHOBHBIE (DYHKIIHH:

e  YTEHHE JaHHBIX U3 0a3bl MHBEHTApH3ALNH;

e  aHanIM3 rpynn noias3oBarened u3 AD;

®  COIOCTaBJICHWE IIOJyYEHHBIX IAaHHBIX W3 ABYX HC-
TOYHHKOB Ha MX COOTBETCTBHE, JOCTOBEPHOCTh M aKTyallb-
HOCTb;

Sub ReadTable()
Console Write{" Reading SQL table_.. ®)

SOLGID . Open()

If SQLGID State = ConnectionState.Open Then

e  ompelelieHWE MPHUHAUIE)KHOCTH 00BeKTa (MONB30Ba-
TeIs) K TPYyIIIE;

e  yJaJICHHWE YYETHBIX 3aIiCel T0Ib30BaTelei U3 0a3sl.

Yrenue AaHHbIX M3 0a3bl UHBeHTapu3auuM. DOYHKIMS
ReadTable() npeanasHadyeHa Uil YTEHHS IAHHBIX W3 Oa3bl
WHBCHTAPH3AMN ¥ 3aKJIIOYAETCS B TMOJACYETE KOJIMYECTBA
MOJIb30BaTeNeil, UMEIOIINXCSl M3HAYAIBHO B Oase.

IIpu ee BBI30BE BBINOIHSIOTCS CAEAYIOLUE NEHCTBUSA:

e  BLHINOJHEHHWE BBHIOOPKM  YMCIA  [IOJIb30BATEIEH,
B YaCTHOCTH MX JIOTMHOB samaccountname, W3 TaOJHIIbI
gid_all ¢ momomsio SQL-3anpoca;

e  cuuThIBaHHE Bcex CTpok Tabmuipl gid all B mMaccus
¢ JaybHeHInel 3anuceio JaHHbIX 00 SID (YHHKaJIbHBIX HEH-
TU(QHUKATOPOB MoJb3oBaTeseld) B cipaBounuk User SID c jo-
TMHAMH Tojib3oBaTesneld M B User account ¢ COOTBETCTBYIO-
MK UM HOMEPaMH CTPOK B UCXOJHOM Tabmwie.

Kon mporpammuoil peanmusanmu (GyHKIHA TPEACTABICH
Ha PUCYHKe 3.

InsetCommandGID CommandText = "SELECT COUNT{samaccountname) FROM gid_all_28"

count = InsertCommandGID. ExecuteScalar
ReDim data_rows{count, 21)

InsertCommandGID. CommandText = "SELECT ... FROM gid_all_23"

SQLReader = InsertCommandGID_ExecuteReader
Dim i As Integer=-1
While SQLReader.Read

i+=1

data_rows(i, 0) = SQLReader(0) ' nvc

data_rows(i, 21) = SQLReader(21) ' dnc

User_SID Add{data_rows(i, 7}, i)

User_account Add(data_rows{i, 1),1)
End While

End Sub

Puc. 3. Kox ¢pyHKIMM uTeHNs JaHABIX U3 0a3bl HHBEHTAPH3AINN

Yrenune nannbix 3 Active Directory. @ynkuus Read-
Groups() CIIy>XKUT IJIs1 YTCHUS M BBIOOPKH TPYTII MOJIB30BaTe-
neit u3 Active Directory. [y moimydeHHBIX JaHHBIX NPOBO-
JUTCS NIPOBEPKA Ha COOTBETCTBUE, JOCTOBEPHOCTb M aKTyallb-
HOCTh C JAaHHBIMHU U3 6831)1 WHBCHTAapu3alun, y4YUTbIBas CJic-
JYIOIINE BO3MOYKHBIE CUTYAIHH:

e o0aBiieHNe HOBOW 3amucH (ecim B 0a3e HET ydeTHOU
3aIlUCH C TAKUM JIOTHHOM M WICHTH(HUKATOPOM);

® I3MEHEeHHEe uAeHTH(UKaTopa (€ciu Yy4YeTHblE 3aIliucu
MMEIOT OJIMHAKOBBIE JIOTHHBI, HO Pa3HbIE HICHTH()UKATOPEI);

e OOHOBIICHNE JAaHHBIX O II0Jb30BaTeNe (IOIb30BaTENb
C JIaHHBIM JIOTUHOM M WIEHTU(HKATOPOM YK€ €CTh B TaOIH-
ue);

e OOHOBJICHHC NAHHBIX O MOJB30BATENC NPU H3MCHCHUH
YIIEHCTBA B TPYIIIAX;

¢ OOHOBJICHHE CTAPHIX JaHHBIX;

e 00HOBJIEHHE JAaHHLIX, eciii ObutH u3MeHeHsl OO n/mim
JIOTHH TI0JIb30BaTelIs;

® OOHOBJICHUE JAHHBIX, €CJIM ObUI M3MEHEH TOJBKO JIOTMH
MOJIB30BATEIIS;

L] O6HOBHCHH€ JaHHBbIX, C€CJIH 6I)IJ'H/I U3MCHCHBI TOJIBKO
®UO noas3oBarers.

Ko nporpamMmMHoi peanu3armu QyHKIIUN TPEACTABICH Ha
pucyHke 4.

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4



Intellectual Technologies on Transport. 2019. No 4

Sub ReadGroups(}
Dim mySearcher As DirectorvSearcher = New DirectorySearchenzntry)
mySearcher Filter = "(&(objectCategary=usen(...)"
Console Write(" Searching in Active Directory... ")
Dim Find_Users As Integer = mySearcher FindAll. Count
Conzole WriteLine(Find_U=sers)

If S0LConn State = ConnectionState. Open Then

If Mot obj.GetDirectoryEntry. Properties( " samaccountname ") . Value Iz Nothing Then
samaccountname = obj GetDirectoryEntry Properies(" samaccountname ") Value:

End If

InsertCommandGID. CommandText = "INSERT INTO gid_all_28(...) VALUES (= _.")"

InsertCommandGID. ExecuteMonQuery()

InsLog{samaccountname, displayname, SID, DateToLong{Mow), "INSERT: (" & objl & "," &obj2 & "," &obj3 & " " & objd & " " & ohjb & "." &

obj6 & " " &objT & ", " &term & "," &dsp & " " &dnc& ")", 1)
Console WriteLine{counter & "/ & Find_Users & " INSERT: )

Els2lf User_account ContainsKey{samaccountname) And Not User_SID ContainsKey(S10) Then
Get_IP_Hostname_RVC{obj, SQLConn, InsertCommandIPDE, samaccountname, ™, " ")
If Typelf obj.GetDirectoryEntry Properties( " Memberlf") Value Is String Then
GetObjectz{obj.GetDirectoryEntry Properties(™MemberDf") Value ToString)

Elzse

For Each group_dn As String In obj. GetDirectoryEntry Properties(" Member0f"). Value

GetObjects(zroup_dn)
Next
End If

IngertCommandGID.CommandText = "UPDATE gid_all_28 SET "_.. " WHERE samaccountname="" & samaccountname & """

InseiCommandGID._ExecuteMonQuery()

InsLog{samaccountname, displayname, SID, DateTanng:an]_. "RECREATED", 5)

Console WriteLine(counter & * /" & Find_Users & " RECREATED: ._)

Elszlf displayname <> data_rows(User_SID_lem(SID), 2] And samaccountname = data_rows{User_SID tem({SID), 1) Then
InsetCommandGID.CommandText = "UPDATE gid_all_28 SET"..." WHERESID="" & SID & """

InsertCommandGID. ExecuteNonQuery()

Inslog{samaccountname, displayname, SID, DateToLong{Mow), "CHAMNGE NAME: " & data_rows(User_SID Hem(SID), 2) & " -= " & displayname,

4

Console WriteLine{counter & "/ & Find_Users & " CHANGE NAME: * & data_mws(User_SID liem(SID), 2) & " ->= " & displayname)

SOLGID.Close()
End If
End If
End If

End Sub

Puc. 4. Kox ¢pynkiuu urenus nannsix u3 Active Directory

Ioayyenne uH(popMaLUU 0 TUIIE JOCTYNA MOJb30BaTe-
as. Oyuaxius GetObject() npeacrasiser co0oii mporece mo-
JIy4eHHs TPUHAIICKHOCTH 00beKTa (II0JIB30BATEs) K TPYIIIIE.

s uneHTH(UKAIUK TI0JIh30BATENICH HUCHONIB3YIOTCS Clie-
JIYFOIIIIE MapKEPHI:

® Ipy HJACHTU(UKAIUN 0 TPUHAJICKHOCTH MOKIFOYC-
HUS UCTIONB3YIOTCS TaKUE 3HAUCHIUS, KaK «1», ecid mois30Ba-
TeNb BKIIOYECH B TPYIIBl TEPMUHAIHHOTO HIIM CETEBOTO JIO-
cTyma, u «0», ecy He BKIIIOYCH B JAHHBIC TPYIIIIHL.

® IpM MICHTH(UKAIMN MOIH30BATENEH O THITY IOJKIIO-
YeHHUs HCHOJB3YIOTCS TaKHe 3HadeHus, kak «W» (3amuch),
€CIIi TOJKITIOUEHHE TEeXHOoJornueckoe, U «R» (ureHue), ecnu
uH(popMannoHHoe.

JlaHHBIE MapKepbl NPOCTABISIIOTCS B COOTBETCTBYIOIINX
ctosbrax Tabmuie! gid all B 3aBUCHMOCTH OT THIIA TOCTYTIA.

Kon mporpammHoO#l peannzanun (QyHKIHH IpeACTaBlICH
HA PUCYHKE 5.

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4 8



Intellectual Technologies on Transport. 2019. No 4

Sub GetObjects(ByVal Value As String)
If InStr(Value, "CN=NRR-GID-DSP-252") = 1 Or InStr(Value, "CGN=NRR-GID-DCUP-282-W") = 1 Or InStr{Value, "CN=NRR-TS-GID-282-W") = 1 Then
objl = "W"
End If
If InStr(Value, "CN=NRR-GID-DCUP-282-R") = 1 Or InStr{Value, "CHN=NRR-TS-GID-252-R") = 1 Then
objl="R"
End If

If InStr(Value, "CN=NRR-TS-GID-282-R") = 1 OrInStrValue, " CN=NRR-TS-GID-282-W"} = 1 Or InStriValue, "CN=NRR-TS-GID-284-R") = 1 Or InStr{Value,
"CN=NRR-TS-GID-284-W") = 1 Or InStr(Value, "CN=NRR-TS-GID-2B5-R"} = 1 Or InStr{Value, "CN=NRR-TS-GID-285-W") = 1 Or InStr(Value, "CN=NRR-TS-
GID-SEV™) = 1 Or InStriValue, "CHN=MNRR-TS-GID-SEV-R") = 1 OrinStr(Value, "CN=NRR-TS-GID-SEV-W™) = 1 Or In5tr{Value, "CH=MNRR-TS-GID-SEV-NOTKS-W™)
=1Then

term = 1

End If

End Sub
Puc. 5. Kog ¢yskmmm noaydenns nHGOpMAIH O TUIIE JOCTYIIA TOJIb30BaTENs]

Sub Checklsers()

Console WriteLine{ " Searching non-existing users._. ")

IngertCommand. CommandTlext = "SELECT ..._ "FROM gid_all_28"
Dim SQLReader As SglDataReader = InsertGCommand.ExecuteReader
Dim FindAll_Count As Integer=20
While SQLReader Read
mySearcher. Filter = " (&(objectCategony=user)(samaccountname=" & SOLReader(0) & ")}"
FindAll_Count = mySearcher FindAll. Count
If FindAll_Count = 0 Then
InsLog{SOLReader(D), SQLReaden(1), SQLReader(2), DateToLong(MNow), "DELETE: = ..}
DeletellserSQLReader(D))
Elz2lf FindAll_Count = 1 Then

If Not obj_GetDirectoryEntry. Properties{ " Member0f") Value Iz Nothing Then
If Typelf obj.GetDirectorvEntry Properties( " MemberDf") Value Is String Then
GetObjects(obj. GetDirectoryEntry_Properties( " MemberQf") Value)
Else
For Each group_dn As String In obj GetDirectoryEntry Properties(" Member0f") Value
GetObjectz(group_dn)
Next
End If
End If
Elself FindAll_Count > 1 Then
Wiite_log("Hamaexo Bosse 0AHOTD COBNAABHHA KMEHK " & samaccountname & "6 AD™)
End If
Ifobjl="" And obj2 = "" And obj3 = "" And obj4 = "" And obj5 = "" And obj& = "" And objT = "" And term = 0 And dsp = 0 And dnc = 0 Then
InsLog(SOLReader(0), SOLReader(1), S0LReader(2), DateToLong{Now), "DELETE: " & )
DeleteUzerSOLReader(0))
Console WriteLine( " DELETE: " & SQLReader(0))
End If

End Sub
Sub Deletel)ser(ByVal samaccounitname As String)

Inseltﬂuﬁ;;nmd.{:mnmand'im = "DELETE FROM gid_all_28 WHERE samaccountname = ** & samaccountname & "'~
End Sub

Puc. 6. KO,H (I)yHKIII/II/I YAaJieHHd JaHHBIX O IMOJb30BaTEIAX
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Ynanenne qaHHBIX 0 moJb3oBateasnx. Oynkmus Check-
Users() ocymecTBiIsI€T BBIOOp YUETHBIX 3aIHCEH MOJIbh30BaTe-
ne s ynaneHus u3 tabmumst gid_all.

[Ipu ee BBI30BE BBIMOIHSAIOTCS CIEIYIOUINE ICHCTBHS:

e cozpaeTcs QUIBTP I MIPOBEPKH JIOTHHOB MOJIB30BATEINS
u cnenmanbHas mnepemeHHas FindAll count mms mopacuera
KOJINYE€CTBA COBIAJICHUI;

® IIpU COIIOCTABJICHHM y4YEeTHBIX 3amucelt u3 6a3el GID 28
U AD MOTYT BOSHHKHYTb CIIEYIOUTNE CUTYaIUU:

a) eClIM COBMAJCHUH He HaiiJleHO, 3HA4YuT, B 0a3e MOJIb30-
BaTeJiell ecTh 3alMcH, OTcyTcTBylomue B AD, u ux HeoOxo-
JIIMO yJIAJTUTh;

b) ecni coBmajieHne OJHO, TO NPOMCXOAWUT CBEpKa JaH-
HBIX;

C) €CII COBIaJICHUI HaiiIeHO OOJbIIIE OJTHOTO, TO JIMIITHSISA
3aIiCh YOASIETCS.

Oynukmus DeleteUser() yxke ynamnser ydYeTHBIE 3alUCH
mons3oBarens n3 Tabmwmbl gid all. Ilpu ee BBI30BE BBITOIHS-

258/2252 IHSERT' PHBlI. 53

'259/2252 INEEHT' PHBU 5,
HOM TpaucnupTE),

2805, 2m19 §:-21:40;
'26E/2252 INSERT = PHBL-5;
upTe),

528 .05. 2019 8:45: = B UHH
22612262 INSERT : PHBIL-5;

262,2262 INSERT: PHBL-G;

;28. 05.2019 9:06: 163:UW55555:0;51;0

bearching non—existing usewrs...

,EuTupuHa CBETnaHa BanEHTuHDBHa,ﬂlI.C ApxaHre
th,H{ene3HunupumHaﬂ ctaHuwa llectuosepckud <U;HayasabHuK MesaesHoOROpoOmMHOH t:Ta.Hu.uu,

,.I].emgpﬂul-‘i no napky craHudd Kowowa-—1;:[AUC Apxanr
EALCHK s HEAESHOONOPOXMHAR CTaHuMsA Konowa I <II wkaasfdexypHw¥ no napky f<Ha WEAESHONOPO

- moEom 1 III

ry¥r L] L]

,ﬂCI'II'I craHuvd MHcaworopka:[lUC Apxanreabck;¥eae
GHONOPOXHAA CTAHUMA Hcauurupua(l Kaa;[lexypHud no napky (Ha HEAEIHONOPOKHOM TPAHC

ss031:0
MACMN crtanumu CoaomeaakasfApxanreavckud [l
sIOC Conomsanxa CIII waaccal;llemypHwd No MEAESHONOPOMHOW CTAHLMH;

;D—DEPEOLOHBHLHH;EB.IEIE.2l1|1’5‘ :@4:@4; W55 5:50:1:0
sACHT cTanuMm Hcanurupna,ﬂesepﬂaﬂ N; ¥enesHopopo
Has CTaHums Hcakoropkaf<l kKaacc?;lesypHed no mene3uunupumuuu CTAHUMM 3X. 0.

eTcst cooTBeTcTByromui SQL 3ampoc Ha ynaneHue ydeTHOH
3aIliCH TI0JIb30BATENS ¢ KOHKPETHHIM JIOTHHOM 13 gid_all.

Kox mporpammHO#l peannzanun (QyHKIUH IIpeACTaBleH
Ha PUCYHKE 6.

[locne ycmemHOro 3aBepIIEHHs BBIMOJHEHUS CKPUIITA,
tabmumer  gid all 28, gidlog all 28 u gident all 28 6a3sr
nmarabIX GID 28 3amoiHATCS COOTBETCTBYIONINMH TaHHBIMH
0 TOAKJTFOYEHHBIX ToJib3oBaTensx [11, 12].

TEXHOJIOI'MS BEJIEHUSI CITMCKA I10JIb30BATEJIEN
[Ipormecc BeACHUS aIMHUHACTPATOPOM CITUCKA MTOJIE30BATE-
JIel MOJKHO yCIIOBHO pa3feiHTh Ha JIBA OCHOBHBIX JTarla.
[TepBbIit 3TAalT — TONMYYECHUE NAHHBIX O TOJIB30BATEIAX CH-
cteMbl. J[i1s 3TOro He0OXOMMO 3aMyCTHTh CKPUIT CHHXPOHH-
3all{H, C MMOMOIIBIO KOTOPOTO MPOMU30MIET HAMOJHEHHE 0a3bl
JaHHBIX WH(pOpMaluel, monyuyeHHOW U3 0a3pl MHBEHTApH3a-
uuu u cucteMsl Active Directory. Xoa BEITOTHEHHS TaHHOTO
mpoiiecca NpeICTaBIeH Ha PUCYHKE 7.

Puc. 7. IIpornece 3amomHeHnst 6a3bl MOJIB30BaTEICH

Bropoii 3Tan — OTKpbITHE Web-TIPUIOKEHUS U peaaK-
THPOBAHHE TOJTYICHHOTO CIFICKA MTOJIB30BATEICH.

s mostyueHusi HEOOX0UMON MH(POPMAIIUK O MOJIB30-
BaTeJsIX CHauvanaa HeoOXOauMO BhIOpaTh KOJHUECTBO OTOO-
pakaeMbIX CTpOK B Tabmuile. C 1ebi0 00eceYeHnsT ObICT-
pOIEHCTBHS BEO-CTPAHMIIBI TIEPBOHAYAIBHO 3arpyKaroTcs
nanHblie U1 50 monb3oBareneil. [locie Toro kak mpousou-
JET BEIOOp KOJHUYECTBA OTOOpakaeMbIX MOJIh30BATENICH,
CTapTOBas CTPaHUIIA aBTOMATUYCCKH OOHOBUTCS, W OyneT
MIpeICTaBlIeHa TaOIHIIa ¢ JAHHBIMH O ITOJIKIFOYCHHBIX TTOJTh-
3oBatemsX. s aIMUHHCTPATOPOB €CTh BO3MOXKHOCTH pe-
JAKTHPOBAaHUS JOOOTO Moy 0azbl MpsSAMO Ha CTpaHHIIE.
Brecennple nim oTpeaKTHPOBAHHBIC JTaHHBIE aBTOMAaTHYe-
CKH OOHOBJISIFOTCS 1 COXPAHSIOTCS B 0a3e TaHHBIX.

Ha pucyske 8 npezcraBieHa cTapToBasi CTpaHHUIA MOITY-
YEHHOTO caiiTa, Ha KOTOPOH OTOOpaXkaeTcsl 3armoTHEHHBIN
CIIMCOK I0JIb30BaTeNEN.

B nomnonHeHue K COMCKY NOJB30BaTEle OpraHn30BaHa
eme Takas cTpaHula, Kak <COKypHan W3MeHEHHiD,
IIPEACTaBJICHHAs HA PUCYHKE 9.

Kypuan otpaxkaer wuHpOpMamuo 00 H3MEHEHHSX,
CBA3aHHBIX C YYETHBIMM 3allUCAMH  ITOAKIIIOYEHHBIX
MOJIb30BaTeIeH CUCTEMBI. 371eCh aBTOMaTHYECKH BBITPY’Ke-
HbI Takue JaHHble, Kak: JoruH, @O, yHUKaNbHBIA HIIEH-
TI/I(I)I/IKaTOp TOJIB30BATEIA U MpOorU3omeaAInue ¢ HUM U3MECHC-
HUsL — COOBITHS W WX jJarta. B 3aBHCHMOCTH OT THHA Ipo-
M30LIEIIEr0 W3MEHEHHs WH(GOpPMAIlMu O IMOJb30BaTese
(ymanenue, u3MeHeHue, J100aBICHAE W T.II.) COOTBETCTBY-
IOIIasl CTPOKa B TAaOJMIIE OKpAIIMBAETCS B PA3IMYHOM I(Be-
TOBOH TamMme. OTO MO3BOJSET BU3yallbHO TPYNIHPOBATH
COOBITHS W YIIy4IIaeT BOCHPUSATHE MH(OPMAIIMH CO CTOPO-
HBI MTOJIb30BATENS.

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4 10



Intellectual Technologies on Transport. 2019. No 4

Pocculickue
WenesHbie gopoau
None3sosatent AL Ypan: 50 =
i ahatie —— HypHAN MIMEHEHWA
MokasaTts 50 CTPOK HA CTpaHULE -
N PHBI DHO noasiopatens AsrooTBeT Howep asexn Aara ACCO3 Ceruaxa Ha 2asexy B ACCO3 Opuvesuanne IP-aap: *
(9 31000 7)64 54473412018 08.05.2020 JDD2F40C-SEBO-4234 ATEQ-7200B3CBRSSC E6520 XOJIMOBA EJIEHA CEP:
pewT —— 5323442018 04.05.2020 ESCFDSTE-2414-4B14-B45A-656B2 1 FAB476 HAPBIIKMHA HPHHA B. =
1 3 mapx JIC Sfpocanns Tramemti. g o) CO30F492-04C3-46DC-§E48-CODOBDBES0A 3AHETHHA BHKTOPHA 1
[ re—— R~ *
658907/2018 10.04.2020 D3B80SOF-DOEG-4660-A373-F333436B08B2
1393367/2018 30.10.2020 SEIECDCS-8808-44D7-8081-4F 1505545020
2 ABaxyaion Anexcasap Banepremit 1Al Al ey
“ m =~ ]
- 7802018 03.01.2020 71E- 2-1 Ticsuo no 1 oTeercTaes
L3 Haramus 4
*
924287/2017 18.09.2019 =77 -
4 Ammecsa FOms Anexcanzpossa e AlmervaT A
D-GAVRIL YURDN (9 30560 1)91 13657372017 119122019 = 2C-
5 4 Aguatamat A
4402372018 11.04.2020 - -4CF3-! -
6 Bormaoea Tamawa Biramena 1 Bl TV
(931340 6)91 11082632018 11.09.2020 = -B575-2 ) (0914-32) 7-39-64
7 Enena Hux 4
8631852017 31.08.2019 $F1381BD-3DSE-4BIF-AS0D-6739522E21E3
8 Bopros Cepreil Anexcessin an BerkeSA
1379615/2017 21.12.2019 B3B3STF1-1558-41 SE-BBEF-042435D3C6AS
1420021/2017 09.01.2020 OCBBOIF]-834]-4708 OF2B AC3I880434580
° Bacwmee Esreml Cepreeai O e S =
] i 1 3
~
Puc. 8. Cniucok nons3osareneii cucremst AC U]
=
Poccuiickue u.
MenesHble gopozu
KypHan naMmeHeHHi
N login ©HO noslomaTens Hara
0 t-Kowmawes AxN Kosapos Aunpedt Huxonacems 27.05.2019 15:1!
1t Pl Magnos Teoprueems 27.05.2019 15:
2 & SardadV Crasiwta Anapeit Bramaoeposird 27.05.2019 15: 1
3 - Dawa Y 3maroycros Anexcasnp Kpsesma 27.05.2019 15:1737
4 & Dogh it JICTI c1 Banmam 25.05.2019 11:2005 @
3 dry Lumwese P Kyamenoea Kcem [asnosna 24.05.2019 11:20:40
6 |4 Muwre0s Mypapsesa Omera Cepreesia 124.05.2019 11:1930
78 O K Masmoam 24 052019 11:1927
8 & Coagurs el C Tarapusesa Epresnu Tennamsesta 24.05.2019 11:18:
9 & boneballh Koxoma Pycaan Asatomsesirs 24.05.2019 11;
10 & PoreslmAS Mopouns Arton Cepreesuy 1 24.05.2019
11 & Loboshalld Koxoma Pycias Amatomsesirs 24.05.2019
12 e mummy Vuebuuili knace Apocnasckore HBI 23.05.2019 15:1924
13 et DtV Kvrosa Bepa Banesmmozsa 23.05.2019 11:1731 CHANGE ] P ) > (1,1,1,1,11,1
14 & Beschaped V' Hnssuxas Tioboss Bramuvupossa 23.05.2019 72217 y 0.1) 1,323 F32303 — -
15 o L it Tlrobasmm Hixonaii Huxomaesns 22.05.2019 15 it 1 0 { ,1,0,0,0.1)
16 v i A1 Ihemmikos Anexceft Heanosuy 22.05.2019 15:
17 oM Myxa Cepreii Bragmmpozirs 22.05.2010 11
13 t-Ramawon AuN  Komapoe Arnpeil Huxonaceiy 22.05.2019 11
19 [t- Vsl ¥V Bacwmses Cepreii Banepsesia 22052019 7:20:
20 | dgen 3 Monaporsais Cepreft Bramoapoe 21.05.2019 15
21 e Vaeald Bacumesa Hprma Cepreesm 21.05.2019 15
22 | & Raplni' Porymis Apren Baamioauposiy 21.05.2019 15:21:39
23 & Onsamior A Ocranxos Anexceil AHaTOIECREY 21.05.2019 15:20:04
24 1 Viesgrate N Bumorpanos Penop Huxonaesiy 21.05.2019 15:19:16
25 vieverA Benges Maxcin Buxroposirs 21.05.2019 15:19:13
26 & Whdvuses AL Ilynamees Anexcanap Anekceesny 21.05.2019 15:17:44
27 v-Cmmlanh Peld Uesp pacumnpposis pabosee wecto 12 21052019 72327
23 & Vasewkd Azem Aprem Amapeseirs 21.05.2019 72320
20.05.2019 7:22:36
20.05.2019 7:22:36
18.05.2019 72301
118.05.2019 72133
18.05.2019 720:01
17.05.2019 15:2225
17.05.2019 152219
17.05.2019 15:21:42
117.05.2010 112217
17.05.2019 11:2137
117.05.2019 112028
116.05.2019 112021
15.05.2019 15:19:12
115.05.2019
15.05.2019 7:1939
115.05.2019 7:1920
[ -

Puc. 9. XXypnan nsmenenuii crimcka monp3oBateneit cucremsl AC T
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3AKJIIOYEHUE

PaccmoTpennas noacuctema 00pabOTKA 3assBOK aBTOMATH-
3WpyeT TpoIecC BelAeHHs chucka monb3oBarened AC T'MJI
1 TIO3BOJISIET B PEXHMME PEATHHOTO BPEMEHH BUAETH MOJKIIIO-
YEHHBIX II0JIb30BaTeNe ¢ Moboro pabodero Mecra ajaMHUHH-
CTPATOPOB CUCTEMBI. DTO AAET CIEAYIONINE IPEUMYIIECTBA:

® BO3MOXKHOCTh KOHTPOJISI OOJIBIINX JaHHBIX (0 Oojee yem
5 000 monp30BaTENAX);

® BO3MOXKHOCTh  AKCTEPPUTOPHAIBLHOTO  UCIIOJIb30BaHMUS
(T. €. BO3MOXXHOCTH COOTBETCTBYIOLIETO JOCTYIIa KO BCEM
noapaszaenenusiM MBI, HaxoasimuMcst He TOJNBKO B Mpezesax
OJTHOY JKEJIe3HOM TIOPOTH);

e yBenmueHne 3(pQEeKTUBHOCTH UCIIONB30BaHMS pabodero
BpeMeHH aJMUHUCTpaTopoB Ha 10 %, 4TO MpHUBEET K MOBHI-
LIEHHUIO IPOU3BOANTEIBHOCTH BCETO OT/IENA.
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Database for GID "Ural-VNIIZhT"
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Abstract. Discusses the current issue of automation of
dispatching control systems at the enterprises of JSC
"Russian Railways", reveals the stages of the process of
maintaining the list of users of the system and notes the
positive components from the result of the implementa-
tion of automation of this production process.

The main focus of the work is on modeling the sub-
ject area using unified UML modeling language and
practical implementation of the project in JavaScript
language. Examples of the program implementation of
individual components of the system are also given,
practical experience of implementation and testing of the
developed system in the Yaroslavl Information and
Computing Center, structural division of the Main
Computing Center - branch of JSC "Russian Railways"
in the department '"Automated systems of dispatching
control of transportation'.

This article will be of interest to specialists in the field
of development of automated control systems.

Keywords: automation of dispatch control systems,
maintaining a list of users, AS GUIDs, modeling using
UML, MS SQL Server, synchronization script, JavaS-
cript, web-application.
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KaTeropmaunﬂ B €CCTECCTBCHHLBIX A3bIKaAX
HJIA 1J1ar0JI10B NMOBBLIILICHHOM APHOCTH

K.T.H., goueHt O. M. ITomsaxoB
CankT-ITerepOyprckuii TOCy 1apCTBEHHBIH YHUBEPCUTET a9POKOCMUYIECKOTO MMPUOOPOCTPOSHUS
Canxr-IlerepOypr, Poccust
Road.Dust.SPb@gmail.com

Annomayus. R-TUHIBHCTHKA — HOBOE aKCHOMATHYeCKoOe
HANpaBJ/ieHHe B KOTHMTHBHBIX HayKaX, KOTOpOe 3aHMMAaeTcsl
H3yYeHHeM MO/JeJUPOBaHUsI MUpPa co3HaHueM. OCHOBY aKcHOMa-
THKHM COCTABJISIIOT aKCHOMbI KaTeropu3auuu. AKCHOMbI KaTero-
pPM3alMM TO3BOJISIIOT MOCTPOUTH CHCTEMbl B3aHMOCBSI3aHHBIX
KaTeropuii, 0OTTAJKHBAsICh OT NMOBeJEeHYECKOr0 aCIeKTa 00beK-
ToB. OHAKO 4YacTo MoBeleHHe O0bLEKTOB OKa3bIBaeTcsi 0oJiee
CJI0KHBIM, YeM OMHApPHOe B3auMo/jeiicTBHe.

e — mMaTremMaTnyecku 000CHOBATH KaTeropu3aluio Ajs
OTHOIICHMIA, apHOCTH 00JIbIIEH JBYX, a Takike 000CHOBATh ApPY-
rHe CJIyYau BbICOKOH apHOCTH IJ1aroJioB B si3bike. Chopmyupo-
BaH MeTOJ NpeAcTaBjeHUsi cooTBercTBUsl ['anya ans apHocrw,
Ooabuieil 1ByXx. /JlokazaHa TeopemMa 0 coxpaHeHuH HHGoOpMaLUU
00 oTHOIIEHHM B 3TOM ciy4ae. [loka3aHo, 4YTO paciiMpeHHe CO-
orBercTBHs I'astya Ha n-apHblii cily4yail KaTeropu3anuMu ¢ TOYHO-
CThIO 10 MYCTOl KAaTeropuM co3AaeT B TOYHOCTH TaKHe Ke KaTe-
ropum, 4YTo U OMHApHLIH cayyaii. OnpenejeHbl MaTeMaTHYeCKHe
YCJI0BHSI BO3SHUKHOBEHHS NMCEBI0BBICOKHX aPHOCTEH IJ1arojios B
si3bikax. [loka3zaHo, YTO OHM CBOJSITCSI K MHOTO3HAYHBIM 3aBHU-
CHMOCTSIM, JIeHCTBYIOIIUM M1y aTPpHOYTOM MOJIeKAIero M
nonoaHeHusivu. B 3akimouenun copmyaupoBaHbl HEKOTOPBIE
c000pakeHUs] OTHOCHTEJIBHO APHOCTEH IJ1arojioB B eCTeCTBeH-
HBIX SI3bIKAX.

Knrwouegvie cnoea: R-J'II/IHFBI(ICTPIKa, MHOIo3Ha4YyHasi 3aBHCH-
MOCTb, KaTeropusauus, rjiaroJibl BbICOKOM APHOCTH, KOCBCHHbIE
JAOIIOJIHCHUS .

BBEJIEHUE

Ilpencka3arenpHblil  XapakTep MAESTENHHOCTH CO3HAHHS
oueBusieH. IIpenckasanne sBISETCS TIIAaBHBIM SBOJIIOIHOHHBIM
MIPEUMYIIECTBOM YEJIOBEKa, ITO3BOJUBIIAM €My 3aHSATh BBIC-
IIyI0 CTYNEHb B MEpapXUU >KUBBIX cyliecTB Ha 3emie. [Ipen-
CKa3aHUEC HEBO3MOXKHO 03 MOJENHU U, CIICAOBATEIBHO, OMpe-
JleJieHHe TPUHIIUIIOB TOCTPOCHHUS TaKOW MOJENu SBISETCS
BaKHEHIIIUM HAMPaBJICHUEM B PaMKaX Pa3BUTHUSI KOTHUTHUBHBIX
U KHOCPHETHYCCKUX HAyK. SI3BIK, KaK CHCTEMa, O0OCTYKHBAO-
masi MBIIIUIEHUE, SBIIACTCS B 3HAYUTEIBHON CTEIICHH TPOM3-
BOJHOW OT IIpoIlecca MOJSIMPOBaHHUA MHpa. R-THHTBHCTHKA
MBITAETCS TIOCTPOUTH MaTeMaTHIeCKH 000CHOBAaHHYIO MOJICNb
JEeSTETBbHOCTH CO3HAaHUS IO CTPYKTYPHUPOBAHWIO 3HAHHWHA O
Mupe. JTO HOBBIH BHI MOJEIH JaHHBIX, 00IagaroImuii cro-
COOHOCTBIO K TIPOTHO3Y. HauanbHast akcHOMaTHKa TOCBAIICHA
KaTreropusaunuu, mMpuiyeM Iji1aBHbIM €€ HAIIPABJICHUCM SABJISACTCS
riaroibHas KaTteropmsanusa. K coxajeHHIO, COOTBETCTBHE
lamya, nexamee B OCHOBAaHMSX TaKOH KaTeropm3alliy, He
pacmpocTpaHsieTcs Ha apHOCTb IJIarojioB BhINIE BTOPOH. DTa
CTaThsl TMpHW3BaHA BOCTIOJHUTH yKa3zaHHBIA mpoben. Kpome
TOTO, 3/IeCh OyJeT MaTeMaTHYeCKH ONHCAH IIMPOKO Mpe-
CTaBIICHHBIN B s3BIKE CIIydail MICEBIOBBICOKHX apHOCTEH Tia-
TOJIOB.

AKCUOMATUKA KATETOPU3ALIUU

B ocHoBe MonenupoBaHus Mupa U GOPMUPOBAHUS €cTe-
CTBEHHBIX S3BIKOB JISKUT Iporiecc GOpMUPOBaHUS KaTETOPHUH.
B [1] onpenenena cnemyromas akcHoMaTHKa (OpMHUPOBAHHS
kareropuii. [Iycte U — yHHBEepcyM 00BeKkTOB u 6 — omepa-
TOp, KOTOpBHIA 1O JI000My MHOXECTBY X OOBEKTOB U3
U (mpumepoB kaTeropuu) (GOpMHUpPYeT KaTerOpHI0 B BHUJE
MHOXXECTBA OOBEKTOB, YAOBJICTBOPSIOIIUX JIBYM aKCHOMaMm
KaTeropu3alyu:

Al X € 8(X) (akcroMa 3KCTEHCHBHOCTH);

A2 ecmn K — xareropust, To u3 X € K cnenyer 6(X) € K(ak-
CHOMa KOPPEKTHOCTH).

AKcHOMa OKCTEHCHBHOCTH O3HA4aeT, 4YTO MHOXXECTBO
MIPUMEPOB, (HOPMUPYIONINX KAaTErOpHIo, BCErJa BXOJHUT B Ka-
TETOPHIO HAa TOM IPOCTOM OCHOBAHWH, YTO 3TO NMPHUMEPHI JaH-
HOW Kateropuu. B wacTHOCTH, B cuiy MakcumanbHOCTH U U
akcrombl Al monyuaem U = O (U) (yHHUBEpCyM sBisETCS
KaTeropueit). AKCHOMa KOPPEKTHOCTH B CBOIO O4epe.b Tpely-
eT, 4T00bl HMKaKO€ MHOXECTBO HMPUMEPOB KaTErOpuH B IPO-
LeCCEe KaTeropusalyy HE MOIVIO BBIUTH 3a IIPElENbl ITOU Ka-
teropuu. Jpyrumu cimoBamu, ecimu K — kareropus «zaepe-
BbSI», TO HUKAaKO€ MHOYKECTBO NPUMEPOB JIEPEBHEB HE MO3BO-
Js1eT COPMHUPOBATH KATETOPUIO «KYCTBD» HIIH «IPEBOKYCTHI,
XOTSI TIPH HEKOTOPOM Habope MpPUMEPOB MOXKET CPOPMHUPO-
BaTbCsl OoJiee y3Kasi KaTeropus, cKaxeM, «(ppyKTOBEIE Jepe-
BBSI.

Kak mokazano B [1], maHHas cucTemMa akCHOM DKBHUBAJICHT-
Ha CHCTEME aKCHOM 3aMBIKaHU:

Al X € 8(X) (akcoMa 3KCTEHCHBHOCTH);
Cl10(X) = 0(6(X)) (akcrnoMa HIEMIIOTEHTHOCTH);
C2u3 X € Ycnenyer 6(X) € 6(Y) (akcmoma MOHOTOHHOCTH).

Kpome Toro, cucrema 3aMKHYTBIX MHOKECTB (KaTeropuii)
OTIpeJIeNIIeT MyPOBCKOe CeMEHCTBO [1, 2] OTHOCHTENBHO OTIe-
pammMy TepecedeHHs 3aMKHYTBIX MHOJXECTB, SBIISIONICECS
MOJTHOM pemeTkoi [3], B KOTOPOU poJib SUp BBHITIOJTHIET TOY-
Hasi HIOKHAS TPaHb.

Pazymeercs;, omepaTop 3aMbIKaHHS MOXKET OBITH 3alaH
paznuuHbIMU criocobamu [1], U3 KOTOPBIX BaXKHEULIUM ISt
JIUHTBUCTHUKH SIBJISIETCS TJIATOJIBHBIA, OCHOBAaHHBIN Ha COOT-
BercTBUU [anya [3, 4], onpeneneHHoM Juisi OMHAPHBIX OTHO-
nieHud (OMHAPHBIX TJIATOJIOB: MOMJICKAINCE — TJIAroin —
IpsIMOe IOTOJHEHUE) WIIN MPEIUKATOB OT JIBYX ITePEMEHHBIX.
B nuHTBUCTHKE TIIaroibHas KaTeropu3allis MPaKTHYECKH BCe-
rZla TPEIIIeCTBYET MPU3HAKOBOH, a MHOTa, KOTAa HEOOXOIH-
MBIC TIPH3HAKH HAUTH HE YAAeTCs, TIaroIbHON KaTeropu3alii-
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ell 3aBeplaeTcs MPOLECC ONMPECNICHUs] KaTeropuu. XopoIIo
uzBecteH npumep JI. Butrenureiina [5] ¢ kareropueil «urpay,
KOTOpast He MOXKeT OBITh BBHIpa)KEHA B MPH3HAKaX. AHAIOTHI-
HO, HampuMep, KaTeropusl «XWIIHUKW» CTOJb pa3HooOpa3Ha,
YTO HE MMeeT OOMINX MPU3HAKOB, XapaKTEPU3YIOIINX ee dJie-
MeHTHI. PocsiHka, J1eB, OKyHb U OOTOMOJT SIBIISTFOTCS] XHIITHIKA-
MU, HO HE UMEIOT OOIINX MPU3HAKOB: X OOBEIWHSACT OIMHA-
KOBO€ ITOBEJICHHUE TI0 TPOPHIECKOMY OTHOIICHHIO.

B [1] cootBetcTBUE ["anmya 3amaeTcs caeayomuM o0pa3oMm.

Iycts S (U, V) — OunapHoe oTHolIeHHe ¢ atpudytamu U
n V (S € Dy x Dy, rne Dy » Dy — nomensr atpubytoB U u V
cooTBeTcTBEeHHO). [IycTh Takke X € Dy. O603Haunm gepes x°
MHO>KECTBO BCEX 3JIEMEHTOB Yy € Dv, /i KOoTOphIX (X, y) € S.
Amnanornyno cumBosioM yV (y € Dy) 0003HaYMM MHOXXECTBO
a1eMeHTOB X € Dy, 11 KOTophIX (X, y) € S. Oneparopst A u V
PacTIpoCTpaHSIOTCS HA MPON3BOJIBHBIC TOAMHOXKECTBA CIIETY-
IOLIMM 00pa3oMm:

Xt = anXxA | (X € Dy); YV = nyeyyv | (Y € Dy).

JUIst Iy cTOTO TIOAMHOKECTBA TIojlaraeM @ = Dy u @V = Dy.

Herpynuo moka3ats [1], ato onepatopst AV u VA gBisroT-
csl orepatopamu 3amblkaHusi Ha Dy u Dy coOoTBETCTBEHHO.
[Ipn sTOM MeXIy MYpPOBCKMMH MHOXECTBAMH, OIpe/eiIeH-
HbIMU TakuM obOpa3om Ha Dy u Dy, oneparopsl A u V 3agarot
IyaJbHBIH n3omMopdm3M. B manpHeleM 1o aHaJIOTHH C Ome-
paTopoM TONOJOTHYECKOTO 3aMBIKaHHA [6] CHCTEMy MypOB-
CKMX MHOXECTB, YAOBJIETBOPSIONIyI0 akcoMaMm Al u A2 Oy-
JIeM Ha3bIBaTh JIMHTBHCTHYECKUM IIPOCTPAHCTBOM (WJIH TIPO-
CTO TIpocTpaHcTBOM). B [1] onpenenena Takxe oneparis cBe-
JICHUS TIPOCTPAHCTB, KOTOpasl COCTOMT B TOM, YTO CBEIAEHHOE
MPOCTPAHCTBO 00pasyeTcsi U3 BCEX KaTerophil MpOCTPaHCTB-
OIIEpaHJIOB, TUIIOC BCE HEAOCTAIOIINE TIEPECeUeHNUs ITUX KaTe-
ropuii. CBenéHHOE TPOCTPAHCTBO SIBISETCS HAUMEHBIIUM
HPOCTPAHCTBOM, COJEPIKAIIUM [TPOCTPAHCTBA-ONEPaH/IBI.

PACILMPEHUE COOTBETCTBUS ['AJTYA HA ITIPOU3BOJIBHYIO
KOHEYHVYIO APHOCTb

B s3bIKe CyHIECTBYIOT HE TOJBKO YHAapHble W OWHApHbIC
rnarojibpl. Kak MUHHUMYM IIUPOKO PacHpOCTPaHEHbl U TEpHap-
HBIE TJIaroJibl, KOTOPBIE TPEIIONATal0T 00s3aTeIbHOE yUacTre
HE TOJIBKO IMOJUICHKAILETO, MPSIMOTO, HO U KOCBEHHOTO JOTIOJI-
HEHUs, HAlpUMEp, TIAroJibl MepeiaBaTh, JAapUTh, MPOCHTH,
OOBHHSTE H T.II.

[Ipumep 1. B Tabnuue 1 npuBeneHO TepHApHOE OTHOIIIE-
HHe «nepenaBaTh» ¢ atpubyramu: KTO (mepemaer) — 1,
KOMY (nepenaet) —2, UTO (nepenaet) — 3.

B kauectBe nomena (yHuUBepCyMa) AJIsl KQXJ0ro aTpulyTa
OTHOIIeHHs1 OyaeM ucroib3oBaTh mpoekuuto S[i] (i=1, 2, 3)
OTHOIIICHHS HAa COOTBETCTBYIOIIMA aTpuOyT (atpubyThl). OT-
HouieHue (Tabn. 1) MOXHO paccMmaTpuBaTh Kak OWHapHOe
MEeXIy JAByMs NpoeKIMsAMH, Hampumep, Ha S[1]x S[2, 3].
[IpocTpaHCTBO M yadbHOE MTPOCTPAHCTBO AJISI 3TOTO OTHOLIE-
HUSI 1300paXeHO Ha pHCyHKE 1, a.

B nyansHoM mpoctpanctBe mist S[2, 3] Kakgoe NOHATUE
TIpeAcTaBIseTcsl OMHApHBIM OTHOIIeHWeM (puc. 1, a, mpaBoe
MIPOCTPAHCTBO), MOITOMY UIS KKIOH TaKOW KaTETOPHH MOX-
HO TaKXX€ MOCTPOUTH MPOCTPAHCTBO M JyaJdbHOE IPOCTPaH-
cTBO. Pe3ynpTar 3TOTO TMEepexona OT OWHAPHBIX OTHOIICHHIA-

KaTeropuit K COOTBETCTBYIOIIMM MPOCTPAHCTBAM
n300pakeH Ha pUcCyHKe 1, 6.
Ta6muma 1
OTHOIIICHHUE JIIS TJ1aroJia «ImepeaaBaThy
Kro (1) Komy (2) Yro (3)
X1 Y1 Z1
X2 Y1 Z1
X1 y2 1
X2 y2 1
X1 yi b2)
X3 yi 7

7]

Puc. 1. JIluarsuctuueckue MMPOCTPAaHCTBA TECPHAPHOI'O OTHOILICHU
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[TomoOHYI0 BIOXKEHHYIO CHCTEMY JIMHTBUCTUYECKUX IIPO-
CTpaHCTB YIOOHO MpPEACTAaBUTh B BUAE AepeBa (puc. 2). 3aech
KOPEHB JIepeBa COOTBETCTBYET MPOCTPAHCTBY 1, MEPBEIi ypo-
BEHb — IPOCTPAHCTBY 2 W KOHEYHBIE BEPIINHBI — IIPOCTPaAH-

Pzz(le. Py l) P’.l P-zz P:_l P23

CTBY 3. BerBu JAC€peBa OJHOI'0 YpOBH#A CJICBa HAIlpaBO COOT-
BETCTBYIOT KaTCropusiM COOTBECTCTBYIOLICTO TMPOCTPAHCTBA,
BI)I6I/IpaeMI>IM CJICBA HAIIpaBO U CBEPXY BHUS.

3

P:2 P P2

P;! (Px4. Py)

Puc. 2. IloustuitHoe HUEPAPXUYCCKOC MPCACTABIICHUC IJ1arojia «repeaaBaTby

Ha pucyHke 2 myru JepeBa OTMEYEHbl UMEHAMH KaTero-
puii COOTBETCTBYIOLIETO IPOCTpaHcTBa. [y npuMepa: caMblil
JIEBBII JIMCT IepeBa KPOME OTMETKH HOMEPA KATETOPHUH UMEET
OTMETKY MyTH OT KOpHS K JucTy. Hampumep, 3ammch
PZ(P¢,Py) o3Hayaer, 4To TEpHAPHBI IIIArOJ COCAMHSACT TPH
kateropun: KTO mepegaer — Pl = {x1, X2, x3}; KOMY mnepe-
maer — P} = {y1, y2}; UTO nepenaer — PZ = 2. HUtax, Kax-
bl MyTh OT KOPHS JIEPEBA K KOHIEBOH BEPIIMHE COINEPIKUT
HEKOTOPYIO BO3MOKHYIO (IIOKa CMBICIIOBYIO, @ HE S3BIKOBYIO)
(pasy u3 KaTeropuii, CBI3aHHBIX TJIATOJIOM «TIEPEIABATHY.

Onpenenenue 2. JlepeBO Ha PUCYHKE 3 HA30BEM MOHSA-
THHHBIM HepapxuyeckuM npeacrasjennem (IIUII) rnaro-
na (oTHOWIEHuS S).

[ToHsATHO, YTO I OTHOLIECHHS JIOOOH apHOCTH MOXKHO
MIOCTPOUTH TaKOe JIePeBO, NMPHYEM apHOCTh ONPENCIUT €ro
BeIcOTY. Kpome Toro, Hajo 3aMeTuTh, 4TO B npuMmepe 1 mep-
BOE MPOCTPAHCTBO HAXOIMIOCH B MPUBMUICTUPOBAHHOM MOJIO-
JKEHHH, 2 IMEHHO: aTpuOyT 1 OBLT BBIOpaH MEPBBIM B N-apHOM
OTHOLICHHH, ¥ eMy OBLIO COMocTaBieHO (n - 1)-apHOe OTHO-
nreHne. Brpodem, B KauecTBe MepBOro aTpuOyTa MOXKHO OBLIO
OBl BEIOpATH JTF000H JPYTOH.

Omnpenenenne 3. IlpocTpancTBo aTpudyTa, BEIOPAaHHOTO B
KauyecTBE IIepBOTO, Ha3hIBAETCsI 0€3yCJOBHBIM HNPOCTPaH-
cTBOM 3Toro atpubyra. COOCTBEHHO, B SI3BIKE €My COOTBET-
CTBYeT mojuiekaniee. Bee ocranbHBIC IPOCTPAHCTBA HA3bIBa-
I0TCSl YCJIOBHBIMH. Y CJIOBHOCTB KQXKIOTO M3 YCJIOBHBIX IPO-
CTPaHCTB oNpeaeisieTcs: Kateropusmu (ycnoBusmu) B ITUII,
JeXKAIMMH Ha IIyTH OT KOPHS JiepeBa JI0 aTpuOyTa YCIOBHOTO
HPOCTPAHCTBA.

Jlemma 4. TTo mo6omy TTUIT MOKHO BOCCTaHOBHTB MCXOJI-
HOE N-apHOE OTHOIICHHE.

Hokazamenvcmeo.

s n =2 mycth (%, y) € S, Torma (X, y) € (x47) x (x*), Tak
yto B [IMII 3TO cOOTBETCTBYET MyTH M3 KOPHS JepeBa Mo ay-
re, OTMEYEHHOH Kateropueil X2, B KOHLEBYIO BEPIIHHY, OT-
MedeHHylo kareropuei x2. O6parHo, ecinu (X,y) BXOIUT B
JIEKapToBO IpousBeneHue P! x P? kateropuii, nexammux Ha
MyTH U3 KOPHS B HEKOTOPBIM JHCT, TO MO noctpoenuto ITUIT
P'4 = P2 u, 3Hauwut, (X, y) € S. [TycTh JleMMa cripaBeIuBa s
n =k u mycTs oTHOIIEHNE S MMeeT apHOCTh k+1. Paccmotprm

Hekotopoe ITHUIT oTHOMmEHHS S, y KOTOPOTO KOpEHb TTOMEUYEH
HoMmepoM i. Kaxnas nouepnsst BepmmHa kopHs [TUIT sisieTcst

kopHeM momaepeBa IIUII k-apHOro OTHOIIEHHS S(Pi]) TS
HEKOTOPOW KaTErOpHH (Pil) mpocTpadcTBa 1. Ilo Harremy

MIPEIOJIOKESHUTO S(Pil) COBMAIAET ¢ 0O0bEIUHEHUEM TIPOU3BE-
JICHUW TIOHSATHH, IMOMCUYAIOIINX BETBU IMOJAJCPEBA OT KOPHS
MOJ/IepeBa JI0 JIMCThEB MOAJepeBa, TOr/A, B COOTBETCTBHH C
OWMHapHBIM CllydyaeM, OOBEIWHEHHE BCEX TPOWU3BEICHHIN

Pij X S(Pij) OyzneTt paBHO S.

3ameuyanue 5. B IIUII orHomenus S Ha Ayrax MOryT
BCTpEYaThCsl IyCThle KaTeropud COOTBETCTBYIOUIMX IPO-
cTpaHcTB. B atom ciyuae ynanenue u3z [IMII nyrel u3 xopHs
B JIMCT, COJICPXKAIINX TaKHE TOHATHS, C yUETOM JI0KA3aTellb-
CTBa JIEMMBI 4 HE BIMSCT Ha BOCCTAHABIMBAOLIYIO CIIOCOO-
HocTh [IUII. B cBsi3m B 3THM OyIeM roBOpUTH, YTO JIBA MPO-
CTPAHCTBA MOYTH PAaBHBI, €CIH OHH OTIMYAIOTCA HE Oosee,
YeM Ha IyCTYI0 KaTeropHio. AHAJIOTHYHO, OJJHO IIPOCTPAHCTBO
TOYTH NMPUHAIJIEKHT JPYrOMY, €CIIM BCE HEITyCThIe KaTero-
PHUH OHOTO MPOCTPAHCTBA BXOAAT B IPyroe NpOCTPaHCTBO.

Omnpenenenrie 6. (1-06pa3ylOIUMH  JTHHTBUCTHYECKOTO
MPOCTPAHCTBA HA3BIBAIOTCS KATErOPUH, KOTOPBIC HEIb3s
MPEJICTABUTh B BUJIC [IEPECEUCHUS IPYTUX KATCTOPHH.

U3 ompenenenust 6 clieqyer, 4YTO BCE KaTETOPUH JIMHIBH-
CTHYECKOT'0 TPOCTPAHCTBA JINOO ABIAIOTCS [1-00pa3yomumu,
I100 MOTYT OBITH IIOJIyYEHBI INIEpECeYeHHEM HEKOTOpHIX [1-
00pa3yrommx.

Ipennoxkenve 7. Eciu Dy # @ (DvY # 9), To ans mo6oi
N-o6pasyrommei HaiigeTcsa dneMenT y (X) Takoi, 9ro yYv (x%)
COBIAIAET ¢ 3TOH obpasyromei. Ecin xe Du® = o (DvV = o),
TO TpenoXEeHHEe CIpaBeIIMBO s BceX [)-00pasyromux,
uckitoyast Dy (Dv).

Hokazamenvcmso.

IMycts X — N-06pasyromas, 1js kotopoit X* =Y # @. To-
raa X = Nyey yY. Eciu B Y HalimyTcs Takpe 3NMEMEHTH Y, 9TO
X c y¥ u ux nepeceuenue pasHo X, To X He sBiusercss M-
obpasyromieii. CrietoBatesibHO, B Y HET TaKUX AJIEMEHTOB M X
COBIIaJIaeT ¢ HeKOoTopoi Kareropuei yYV (y € Y). AHaJIOTH4HO
it N-o0pa3yronmx Ha Dy.
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Teopema 8. Ilycts S — TepHapHOE OTHOLIEHKE. JIJIs KaXK-
JIOTO X INEpBOro aTrpulyTa ONpeAeInM OWHApHOE OTHOILCHHE
S* ¢ S[2] x S[3] cuemyromum ob6pazom: (y, z) € S* torga u
TONIBKO TOTNA, Koraa (X, Yy, z) € S. O6o3naunm yepe3 [] ome-
panmio CBEJCHUS MPOCTPAHCTB, a CAaMH MPOCTPAaHCTBAa 0003Ha-
yuM dYepe3 P C COOTBETCTBYIONIMMH HHJIEKcaMH. Toraa
P3 = [Iyesp1) P35, Tie OoTHOWIEHME = O3HAYAET OTHOILIEHHE
MOYTH paBeHCTBa U3 3ameuanus: 5, a P§ o6o3nauyaer npo-
CTPAHCTBO II0 TPEThEMY aTpHOYTy OTHOMIEHHS S*. AHAIOTHY-
HO 17151 aTpuOyTa 2.

Hokazamenvcmeo.

B cooTBeTcTBHE ¢ TipemioxkeHHEeM 7 BhIOEpEM HEKOTOpHIE
X, y. Torma (%, y)* — Kkareropus 6€3yCIOBHOTO MPOCTPAHCTBA
P5. Ho Torma mus S* umeem y» = (x, y)* u (X, y)* € P%, a 3ma-
YHUT, B COOTBETCTBUHU C OIpPEJEIICHUEM OIEPallH CBEJICHMS,
xy)t e [lxesp1) P3. B cooTBetcTBUHM ¢ TIpeIONKEHHEM 7 TIO-

nydaem Pz € [lyes)P5.  OOpatno, mnycte Z#@ u
Z € llxes;1yP5.  Torma  maiinytes  takme  x; € S[1],
(I=1, ..., k), 9To ms KaXKIOTO i ¥ OTHOIIEHHsS S*' B yCIOBHOM
yiy2 yiyz
Y1 Y1

yiy2

npoctpancte Ha S[2] Halizercs kareropus Y*, koTopoii mo
YCJIOBHOMY IJIarojly COOTBETCTBYET KaTeropus ZX, Takas, 4To
Z=NyxZ% Ho Z¥ = ﬂyEYXiyAXi 10 COOTBETCTBYIOIIEMY
ycnoBHoMy riarony. To ects ZX = Nyeyxi( Xi,y)*, a 3HaunT,
ZE]P3.

Wrak, 11 TepHapHBIX OTHOIICHUH CBEJCHHE YCIOBHBIX
MPOCTPAHCTB C TOYHOCTHIO JI0 ITyCTOM KaTeropuH paBHO 0e3-
YCIIOBHOMY IIpocTpaHCTBY. Hampumep, i1 OTHOIIEHHS B
tabsuie 1 6e3yciI0BHOE MPOCTPAHCTBO ISl BTOPOTrO aTpudyTa
(KOMY) noxkaszano Ha pucyHke 3, a. Ha pucynke 3, 6 u300-
pakeHbI yCJIOBHBIE MPOCTPAHCTBA JUIsl 9TOrO aTpudyTta, a Ha
pucyHke 3, 6 MOKa3aHO CBEIEHHOE MPOCTPAHCTBO AN BCEX
YCIIOBHBIX HPOCTPAHCTB, KOTOPOE C TOYHOCTHIO IO ITyCTOH
KaTErOpUH COBITIA/IaeT ¢ OE3yCIOBHBIM MPOCTPAHCTBOM. 3aMe-
THM, YTO, HalpuMmep, Hociie (PUKCAUHM KaTEeropuil IepBOTrO
aTpuOyTa, YCIOBHBIE MPOCTPAHCTBA BTOPOTO M TPETHETO aT-
puOYTOB HAXOAATCS B PAaBHOM IIOJIOXKCHHUHM HE3aBHCHMO OT
HX TIepeCTaHOBKH (puc. 1, 0).

yiyz yiyz

Y1 @ Y1

@ @
6 B

Puc. 3. YcnoBHbIE TMHTBUCTHYECKUE TPOCTPAHCTBA

Pazymeercs, ecnu B KayecTBe HA4YaJbHOTO B3ATh, JOIY-
CTHUM, TpeTUil aTpuOYT, TO YCIOBHBIE MPOCTPAHCTBA MO BTO-
poMy aTpuOyTy M3MEHATCS, HO UX CBEJICHHE MO-TIPEKHEMY C
TOYHOCTBIO /O IyCTOW KaTeroOpHH IacT Oe3ycJIoBHOE IIpo-
ctpaHcTBO. [louemy 310 Tak BaxkHO? IloToMy 4TO Oe3ycioB-
HOE MPOCTPAaHCTBO aTpuOyTa COOTBETCTBYET CIIydaro, KOTJa
JaHHBI aTpUOYT BBICTYIIAeT B KAadecTBE IOJUICHKAINETO, a
YCIIOBHBIE NPOCTPAHCTBA XAPAKTEPH3YIOT MOHATHS, KOTOpBIE
3aHMUMAIOT MECTO TPSIMBIX M KOCBEHHBIX JomnosnHeHni. [lomy-
YEHHBIH pe3yNbTaT MO3BONSET HaM OBITh YBEPEHHBIMH, UYTO
U3MEHEHHE cTaTyca aTpulOyTa B MPEUIOKEHHH HE MOXET I0-
POANTH HOBBIX KaTeFOpHﬁ B CPaBHCHHUU C MOJIOKCHHUEM 3TOT'O
aTpubyTa B KadecTBe moaiexariero. Cimy4ail apHocTé 60JB-
el Tpex MOJIy4aeTcsl MHAYKLIHEH 110 apHOCTH.

Teopema 9. Jlns mo6oro n-apHoro otHomeHus S (n>2) u
moboro arpuOyta A KaTeTOPHH YCJIOBHBIX IPOCTPAHCTB IO
3TOMy aTpuOyTy C TOYHOCTBIO JIO0 ITyCTOW KAaTeTOpPHH COBIIA-
JAf0T ¢ 6€3yCIOBHBIMH KAaTETOPHIMH.

Hokazamenvcmeo.

Crnygaii n =3 coorBercTByeT Teopeme 8. Ilycts Teopema
BEepHa TNpH JMIO00M M <n W IyCTb S WMeeT apHOCTh n + I.
[Tycrs Taxke anst (n+ 1)-apHOTO OTHOIIEHHS S TOCTPOEHO
[TUII, umeromee n + 1 sipyc. Boibepem B [TUI1 nmpou3BonbHbII
aTpuOyT, pacIojoXeHHbIH Ha i-oM sipyce. Eciu i =1, To dop-
MHUpYEMOe MPOCTPAHCTBO JJIsL ATOTO aTpudyTa Mo oIpexaese-
HUIO siBIsieTcs Oe3ycnoBHBIM. Eciu 1 = 2, TO B KaXXAOM MoJi1e-
peBe, HAUMHAIOIIEMCS CO BTOPOTO YPOBHS, COTJIACHO MHIYK-
LHOHHOMY IIPEATOI0KEHHIO JINHIBUCTHYECKOE MTPOCTPAHCTBO

JUTSL KQXK/I0M BEPIIMHBI BTOPOTO YPOBHS C TOUHOCTHIO IO IMYy-
CTOM KaTeropuu COBMAJAeT CO CBEACHUEM YCIOBHBIX JTUHTBU-
CTUYECKUX IPOCTPAHCTB, HA KakoM OBl YpOBHE OT 3-ro 0
n+1 B apyrom IIMII oHHM HU HAXOAMIUCH. DTO B CBOIO OYe-
penp o3HadaeT, uto, ecnu Obl 3 <i<n+ 1, To, mepecTpouB
Kaxmoe moanepeBo Broporo yposHs [TUII Tak, 9toOsl aTpu-
OyT 1 3aHsJI MECTO B BEpIIMHE MO/ICPEBa BTOPOTO YPOBHS, MBI
B CHIJIy MHIYKIIMOHHOTO MPEIIIOJIOKEHUS HE MOPOIMIN U HE
MOTEPsUTH OBl KaTETOPHH B JTMHTBUCTHYCCKUX MPOCTPAHCTBAX
atoro arpudbyrta. Mrak, 6e3 moTepu OOUIHOCTH JOCTATOYHO
PaccMOTPETh TOJBKO Citydai i = 2.

Kaxxmoit BepuimHe BTOPOTO YpPOBHS COOTBETCTBYET n-

apHOE OTHOIICHHE S(Pll) 6e3 aTpubyTa 1, KOTOpOE TONTyYaeTCs
BBIICJICHHEM W3 OTHOIICHHUS S KOPTEXEH, y KOTOPBIX IEePBBIi

aTpuOyT NMPUHUMAET 3HAYCHUS U3 KaTETOpUHU Pll C TMoCNeayto-
MM TPOEKTHPOBAHHEM 3TOTO OTHOMICHHWS Ha aTpuOyThI
2..n+ 1. JInsd OTHOIIEHUS S(Pll) CTPOUTCS JIMHIBUCTUYECKOE
MIPOCTPAHCTBO NS Ka)KAOH BEPIIMHBI BTOPOTO YPOBHS, IPH-
YeM IIPH 3TOM IOCTPOCHHUH PAaCCMATPUBAETCA COOTBETCTBHE
lNamya Mexny 3HaUCHHMSMH BTOPOTO aTpHOyTa M OCTAIbHBIX
aTpuOyTOB 3...n + 1 Kak eanHOrO arpudyTa, 3HAYEHUSIMH KO-
TOPOTO SIBISIOTCS KOPTEXKU AJIUHBI 1 - 1 CO 3HAYEHUSIMU aTpH-
OyToB 3...n+ 1. JIpyruMu clIOBaMH, MBI MOXEM paccMaTpH-
BaTh OTHOIIEHHE S KaKk TEPHAPHOE OTHOILCHUE Ha aTpulyTax
1,2u (3...n+1). Torma mo Teopeme 8 O0E3yCIIOBHOE JTHHIBU-
CTUYECKOE TPOCTPAHCTBO aTpuOyTa 2 MojydaeTcs CBEJCHUEM
(c TOYHOCTBIO IO MYCTOM KAaTETrOpUH) JMHTBUCTHYECKHUX IIPO-
CTPaHCTB, TONydaeMbIX Mo oTHomeHusM S(Pi)), kotopsie B
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CBOIO OdYepelb IOJy4yaloTCs CBEACHHEM YCJIOBHBIX MpO-
CTPAHCTB, KOTJIa aTpUOYT 2 3aHMMAeT 00Jee HU3KOE IMOJIOMKE-
nue B [IMII. Ho omepanus cBeneHus: SIBISETCS acCOLMATHB-
HOW, 9TO W 3aBEPIIACT J0Ka3aTeILCTBO TEOPEMBI.

TICEBJIOBBICOKME APHOCTH I'JIAI'OJIOB

Wrak, KaTeropuu COXPAHSAIOT CTaOMIBHOCTh HE3aBUCHMO
OT UX MecTa B MIPEUIOKEHIH U apHOCTH riarona. Hamo mmers
B BHJY, YTO JIO CHX ITOpP MBI pAaCCMATPHUBAJIH TIATOIBI (TIPEIH-
KaTbl), apHOCTh KOTOPHIX OMNpeAessieTcss MPUPOAON OTHOIIe-
HUM, COOTBETCTBYIOIIUX 3TUM TIiaroiaM. Ho B s3bIke cruroms
U PSIIOM BCTPEUAIOTCSI BBICOKHE apHOCTH (MHO>KECTBEHHOCTh
KOCBEHHBIX JIOTIOJIHEHMH), KOTOpPHIE, OJHAKO, HE CBSI3aHBI C
NPUPOJOH TJIaroJioB. JTa CUTyalusl 4acTo BBOJAUT B 3a0JIyiK-
JIeHUE JIOTUKOB [7], 3aHUMAIOLIUXCS SI3BIKOM, MOCKOJBKY CO-
3aeTcA BIIEYATIICHHE, YTO B S3BIKE MOXKET IPOU3BOJIBHBIM
00pa3oM MEHATHCS pa3MEPHOCTh MPEAUKATOB. 3/1ECh MBI pac-
CMOTPHUM MEXAHH3M IOSBICHIS TAKAX BEICOKMX apHOCTEH.

MoKkeT 1 apHOCTh OTHOIICHUS BO3pacTaTh 0e3 yBelnde-
HUs apHOCTH Tiarona? IlodeMy rimaronbl OOJbIIeii 4acTbIO
OuHapHble? OTH, Ka3aJoch Obl, pa3HbIE BOMPOCHI UMEIOT B
KayecTBE MCTOYHHMKA OJUH OTBET: MHOTO3HAYHBIC 3aBHCHMO-
ctu naHHBIX [8, 9]. Hamomuum, uro B oTHOomeHnn S(ABC)
BBITIOJTHACTCS MHOTO3Ha4YHas 3aBUcHUMOCcTh (M3) A-»B, eciun
M TOJBKO ecim u3 Toro, uto (A, B, C) €S, (A, B', C") € S cie-
ayet (A, B,C') €S. 3necs A, B u C — HekoTopble HabOpHI
atpulyToB, npuiueM B N C = @. Takoe «KOPTEKHOE» CUMMET-
pUYHOE OIpeaeNicHHe TO3BOIICT CHOPMYITHUPOBATH IPABUIIO
noronHeHus: M3 A-»B B otHOmenun S(ABC) BeImonHseTCS
TOT/Ia ¥ TOJIBKO TOTJA, KOTJIa B 3TOM OTHOIICHUH BBHITIOJIHACT-
ca M3 A-»C. I'naBHoe cBoiicTBO M3 COCTOUT B TOM, YTO OHA
o0ecrieunBaeT JEKOMITO3MIMIO OTHOIIEHUS Ha JIBE 4acTu 0e3
noteps: B otHomieHnn S(ABC) Bemomasercs (M3) A-»B,
€CJIM ¥ TOJIBKO €CJIM U3 MPOoeKIUil 3Toro otHomeHus S[AB] u
S[AC] ¢ nomo1pl0 onepaluruu COeTUHEHHUS] MOYXKHO BOCCTaHO-
BuTh ucxonHoe orHomeHne S(ABC). Ecim C mycro, Kak,
Hanpumep, B S[AB], To no onpenenenuro M3 Bceraa BBIION-
HseTcsl A—»@ M, 3HAUUT, 110 NpaBUIly AomonHeHus B S[AB]
Bceraa BeimonHseTcst M3 A—»B. O0unne B s3bIke OMHAPHBIX
TJIaTOJIOB KaK pa3 M OOBSICHAETCS TEM, YTO OHH BBIWICHEHHI C
noMoinpl0 M3 3 Gosee o0mMX HAOIMIOZAEMBIX B3aMMOIEH-
CTBUH.

Uro Oyzer mpomcxoauTh, eciu K arpubyram A-»B B oT-
HOUIEHUH OyIyT NOOaBISATHCS JONOJHHUTEIbHBIE aTPUOYTHI C
coxpaneaneM M3 A-»B? Drto Oymer o3HadaTh, 4TO HOBOE
OTHOIIIEHHE MOXKET OBITH 06€3 noTepu HH(GOpMaLUK Pa3I0KEHO
Ha /Ba oTHouUIeHUs ¢ arpuOyTamu AB u atpubyramu AC, rue
C — nobGasneHHrble atpuOyThl. MTak, mo otHOmeHUo AB co-
XpaHATCA YK€ CYIIECTBYIOIINE KaTETOPHH C TJIArOJIOM MEXIY
HUMH, a oTHomeHHe AC MOXeT OmpeleNuTh HOBBIE KaTero-
pun Ha A. Ilockonbky B HOBOM 0o0mem otHomeHnn ABC on-
HOBPEMEHHO JACUCTBYIOT cpa3y naBa oTHomeHus S[AB] u
S[AC], to kateropuu Ha B u C OyxnyT ompenensTses, UCXOoas
n3 OWHAPHBIX OTHOIICHWH, a KaTeropuu Ha A (QakTHUIECKH
OyIyT NpencTaBIsATh U3 ceds MepecedeHne KaTeropuil mo oa-
HOMY | JPyTOMY OTHOIICHHIO.

OO0bI9HO TaKoil Cirydail mpeAcTaBIIeTCsS ABYMS MPEIOKe-
HUsSMH ¢ Tiaronamu otHomeHnid AB u AC. B Tex ciydasx,
KOT/1a MOKHO HCIIOJIb30BaTh OJIHO Ha3BaHME IJaroia s 00o-
ux atpudyToB B u C, 00bekThI M0 atpudyty C mpeBpamnarTces
B KOCBEHHBIE JIONOJHEHHs («/IeBOYKa OMia MajbyMKa maj-

Koi»). Tereps Ha/lO BBISICHUTH YCIIOBUSI CTAOMJIBHOCTH MHO-
TO3HAYHbIX SaBHCHMOCTef/lI HpI/I IlO6aBJIeHI/II/I NI U3BATUHU HC-
KOTOPBIX aTpUOYTOB OTHOIEHUs. be3 MOHUMaHUs ITHX YCIO-
BUI FOBOPHUTH O KOCBEHHBIX JOMOJHEHUIX HEBO3MOYKHO.

OOBIYHO 3aBHCHMOCTH [AHHBIX PACCMATPUBAIOTCS JUIS
(DUKCHPOBAHHBIX CXEM OTHOIICHHHN, MO3TOMY HEOOXOIHMO
YTOYHHUTh CHUTYAIMIO, KOTJA CXEMa OTHOIICHUS MEHSEeTCS.
PaccMoTpuM cHavana ciyvail YMEHBIICHHS YUCia aTpuOyTOB
B OTHOIICHUH, KOTOPBIA, pa3yMmeeTcs, He 3arparuBaet M3
A-»B.

Hpennoxenne 10. ITycts B oTHomeHuH S Ha arpudyTax
ABCD sBemonasiercs M3 A-»B. U niycts S' — mpoekrus oT-
vomenus S Ha atpuOyTer ABC. Torma B S' cipaBenmBa M3
A-»B.

Jlokazamenbcmeo.

Urak, mycts (x,y,z)€S' u (x,y,2z)€S', rne x,y,z —
3HaueHus atpudyToB A, B, C coorBercTBeHHO. [Tockonbky S'
— npoekuus otHomeHuss S Ha ABC, HalinyTcs Takue 3Haue-
Hus atpudyta D v u v, 9t0 (X,y,2, V) €S 1 (X, Yy, Z, V') € S.
ockonpky B S BemonaseTcs M3 A-»B, To (x,y,Z,V) €S, a
3HAYWT, (X, y, Z') € S', u B S' Takoke BemonHsAeTcs M3 A-»B.

Wtak, ymeHpIIeHHE 4YuciIa aTpUOYTOB B OTHOLICHWUH HE
OTMEHSICT CIIPAaBEAJIMBOCTh MHOTO3HAYHBIX 3aBHCHUMOCTEHL.
IIpu sToM coxpansieTcs He Toiabko M3 A-»B, HO U 1onoNHU-
tenbHas K Heit M3 A—-»CD. B camoM aene, MOCKOJIBKY B IIPO-
eKLIMK cornacHo npemioxeHuto 10 BemonHseTcss M3 A—»B,
TO 10 IPaBUJTy JOMOJHEHUA BblNoJHsAeTcs 1 M3 A—»C.

PaccmoTrpum Tereph ciydail yBennueHHs 4ducia aTpuoy-
TOB B OTHOIIEHUH. 3/1€Ch BCE HE TAK OYEBHUIHO, MOCKOIBKY
CYIIECTBYIOT BCTPOCHHBIE MHOTO3HAYHBIE 3aBUCHMOCTH, TO
ecTb Takue M3, KOTOpbIE BBIONHAIOTCA B HMPOEKIUH, HO HE
BBINIOJHAIOTCS B CaMOM OTHOIIEHHH. [IpuMep Takoro oTHO-
IIEHWS IPEICTaBIICH B TabmuIe 2.

Tab6muma 2
Berpoennsie M3

A B C DjA|B]|C

a' bv C' dv a' bv Cv

B npaBom orHomennu Ha arpudyrax ABC (mpoexums)
BeIOJIHIETCT M3 A—»B, HO OHA HE BBIIOIHSAETCS B JIEBOM
otHomeHnH Ha aTpudyTax ABCD. Takne M3 kak pa3 u Ha3bI-
BAlOT BCTPOCHHBIMH. MTak, MBI BHAWM, YTO INPOU3BOJIEHOE
TIPUITUCHIBAHUE 3HaUeHUH aTpuOyTa D K KOpTekam OTHOIIe-
HI Ha ABC MOXeT «pa3pymuThy» CyliecTByoonryo M3.

Teopema 11. ITycts B otHOmeHNH S' Ha atpudytax ABC
BeInonHsAeTcss M3 A-»B. U mycth k oTHomeHuto S' no6assi-
etcst aTpuOyT D 1 KOpTe:KU OTHOIICHUS S' JOMOTHSFOTCS 3HA-
yeHusMU atpubyTa D uist monmydueHus otHomeHus S. Eciou 310
J00aBJICHUE OCYIIECTBISICTCS TaK, YTO B S BBIMONHACTCS M3
A-»D, To B S Takke BeInmosHsieTcs 1 M3 A—»B.
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Jloxazamenbcmeo.

Iycts (X,y,2, V) €S u (X,Y', Z, v') € S. Ins Toro, 9T00BI
B S BemonHsnace M3 A-»B  Hamo mokasath, YTO
(x,y,7, V') €S. Ilockoneky (X,y,z) €S, (X,y,z)eS'usS
BeimontHsieTess M3 A-»B, 10 (X,y,Z") €S', a 3Hauwur, cyie-
cTByeT V" Takoe, 4to (X, y, z', v"') € S.

[ockomeky (X,y,2z,Vv") €S, (X,y,2,V)€ES u B S BH-
nonasiercss M3 A-»D, To (X, y, Z', v')€S, a 3HaunT, B S BBHIIOI-
Hsaercs M3 A—»B.

Ecmu C =0, To ycnoBus Teopemsl 11 BRIpOXXKIaroTCS B aK-
CHOMY BEIBOJIA «JIOTIOJTHCHHE).

Teopema 11 roBopUT O TOM, YTO €CIM KOCBEHHBIE JOMOJI-
HEHHA NOOaBISATh aKKypaTHO, TO COXPAaHSETCS HE TOJIHKO OH-
HapHOCTh HAYAIFHOTO TJarojla, HO U T€ MPOCTPAHCTBA, KOTO-
pBIe OH 00pa3yeT, MOCKONbKY coxpaHerne M3 A-»B o3Hauaer
BO3MOXKHOCTb BbIIeIUTh AB 0e3 nmorepu mHpopmanuu B OT-
JIeIbHOE TIepBOHAYAJIbHOE OTHOLIEHHE. DTO B CBOIO Ouepenb
03Ha4acT, YTO HOBBIC JOIIOJHCHHA JOJI?)KHBI OBITh HE3aBUCHUMEI
OT YK€ HaXOOAIMNXCA B OTHOIICHUH.

PaccmoTpuM mpumep ¢ riaroioMm «OUTH» B TPEATIOKCHAN
«JleBOoUYKa OWJIa MaJgbunKay. 37ech «OUTh)» BHICTYIAeT B Kade-
cTBe OmHapHOTO ri1arojia. [IoHATHO, YTO UMeeTCsS B BUAY KOH-
KpeTHas JEeBOYKA M KOHKPETHBIM Manbumk. Kateropwm «ge-
BOYKa» M «MAaJBYUK» B STOM INPEIIOKECHUU (DaKTHUIEeCKH 3a-
JAI0T 00JIacTH OINpeNeNeHUs] NePEeMEHHBIX, KOTOpPhIe MPHUHU-
MAarOT 3HAYCHHUA KOHKPETHBIX YYaCTHUKOB cooOerTua. Ecam
B34ATb OTHOIICHWE MCXKAY JIOJAbMU U OpYyAUAMU H30MEHNS U
JI00aBUTh €T0 K 3TOMY MPEIUIOKESHHIO, TO, HAPUMEp, MOJIY-
YMM:. «JeBOYKa OWiia MajbyuKa Mmajkoi». Ha camom nene,
HOBOE OTHOIIEHHE COOTBETCTBYET CBOEMY IJIaroiy, M Ipa-
BUWIIbHEE ObUTO OBl c(OPMYIIPOBATH NPEUIOKEHUE TaK: «Jie-
BOUKa OMJIa Maib4MKa, UCTIONb3Ys NMayKy». OJHAKO, ITOCKOJIb-
Ky U3 KOHTEKCTa MOHITHO, O KaKOM TJarojie uieT pedb, a ma-
JIeKH KOMIIEHCHPYIOT NPONaXy IJaroia, To ¥ NepBhId BapH-
aHT OKa3bIBAaeTCS BIIOJHE JOMyCTUMBIM. O0NacTh epeMeHHOM
«MaJb4YMKa» M OpyAus M30MEHUs HE W3MEHWINCH B HOBOM
npemioxkeHnd. Ho BOT 00J1acTh TMEepeMEHHOW «IEBOYKA»
Cy3mIach, TOCKOJIBKY JTAIEKO HE BCSKas JEBOYKA HMCIIONB3YeT
B npake manky. [lepemMeHHas opyans n30HMEHNS HE 3aBUCUT OT
IpAMOTO JAONOJHEHUs. B camom pene, Ha Bompoc: «Yem Omia
JIEBOYKa MaNb4YMKa?» BBl CKOpEe BCEro IOKMETe IUICYaMU H
orBetuTe: «Jla yeM yrogHo». OTo Kak pa3 M O3Ha4yaeT Halu-
Yyle MHOTO3HAYHOM 3aBUCHUMOCTH. KOCBEHHBIE JOMOJHEHUS B
CBOEM [leﬁCTBldld Ha MoJJICKalue O4€Hb HAalTIOMUHAIOT ITpuJia-
rateibHbIe, MOCKOJIBKY CYXaroT 001acTh NE€HCTBUS KaTETOPHH.
Bwmecre ¢ TEM, €CTb U PA3JINYUC B ﬂeﬁCTBHH npujiaraTe€JbHOro
U KOCBCHHOI'O JOIIOJIHCHUA, HO €TI0 MOXXHO 06cy)1<,uaT1> JIMIIb
TOCJIEe UCCIICAOBAaHMS IPU3HAKOBBIX MPOCTPAHCTB.

MBI MOXEM NPOJOIDKUTh HapallMBaTh KaXYyILYIOCs ap-
HOCTh TJjaroia «OWUTb», N00aBiss HOBBIE JONOJHEHMS: «HA
yJIMIE JIeBOYKa Onia Malb4MKa Majukoi no rojose». U onsars
JISWCTBYIOIAsl B IPEJIOKEHUH OOIacThb OINpeNeIeHus «Je-
BOUYKa» CY3MJIOCh, IOCKOJIBKY COBCEM HEMHOIO JI€BOYEK CTOJIb
KPOBOXKaIHBI, YTO TOTOBBI JYIIUTHh Ha YJHIE MPHIIOAHO 0e3-
3aIUTHOTO peOeHKa Mmankoi mo royose. [losBieHwe B SA3BIKE
TaKHAX TICEBIOBBICOKMX apHOCTEH IOBOJIFHO YacTOE SBIICHHE
(«s 3ammmian aepeBo BecioM OT 000pa»), W Bcerga B ITHX
ClIydasx 3a MIMPMOM TPSUIyTCS 3aBHCHMOCTH JaHHBIX, a IIep-
BOHaYaJIbHAsl ApHOCTH TJIAaroyia coxpaHsercs. B aTom mpuHIM-
IUaJIbHOC OTIWMYHE TAaKHX KOCBCHHBIX ,Z[OHOJIHCHPIIZ oT

«HACTOSAIINX» KOCBEHHBIX JOMOJHEHUH, TOPOXKIAECHHBIX apHO-
CTBIO T'J1aroJIoB.

OmnucaHHBIE BBIIIE IPUMEPHl U3MEHEHHSI apPHOCTH TJIaroia
HE HaJ0 MyTaTh C OJHUM W3 CEMaHTHYECKHX CIIOCOOOB Ompe-
JeTICHNsT OOBEKTOB C IIOMOINBIO yTOYHEHHsS €ro Mecra B
HepapXxuu, KOTOpasi, KOHEYHO, TAK)KE CBSI3aHA C PA3TIOKEHHUEM,
HO TOJIFKO HE TJIarojoB, a camux oObekroB [10]. Hampumep,
(paza «IeHBIW JIEKAT B cllaJIbHE B MKady HA BTOPOH MOJIKE
CBEpXy IOJ MOJOTEHIIAMH» COBCEM HE XapaKTepU3yeT ap-
HOCTb TJIaroa «JIeXaTb», 8 OTHOCUTCS K Pa3JIOKEHUIO CaMUX
00BEKTOB: KBapTUPHI HA KOMHATHI H T.JI.

3AKJIIOYEHUE

MsI paccMOTpeIH JiBa Cliydasl TJarojioB apHOCTH OOJbIIeH
nByX. ITpu aToM OBLIO ITOKA3aHO, YTO YaCTO BBICOKUE apHOCTH
CBSI3aHBI TIPOCTO C HE3aBUCUMOCTHIO JOMOTHEHHH, TOCKOIBKY
MHOT'O3HAYHbIE 3aBICHMOCTH CKOpEe XapaKTePH3YIOT HE 3aBU-
CUMOCTb IIPAaBOM 4YacTU OT JIEBOM, a HE3aBUCUMOCTH JIEBBIX
gacteit M3 [11], To ects nomonHennii. Beime Opu10 puBeEe-
HO HECKOJIBKO MPUMEPOB «HACTOSIINX)» TEPHAPHBIX TJIATOJIOB.
Boznukaer Bonpoc: «CyIecTBYIOT JIM B A3bIKE TJIarojisl apHoO-
ctu Oosbieit Tpex?» Xots TeopeMa 9 CHUMaeT NPOOJIEMEI B
MaTeMaTHueCKOM CMBICIe, HO BOINPOC OCTAETCS OTKPBITHIM
JJIsL caMOM JIMHI'BUCTHUKHU. O‘{GBI/I[[HO, YTO IIOJIOKCHHE KAaTCro-
puH B KOPTEXE HEKOTOPOrO OTHOIICHUS HMEET NPHUHLHIIHN-
anpHOe 3HaueHue. Hampumep, ckaszarb, 4TO «IlyKa MPOTJIOTH-
JIa Kapacs, WM YTO «Kapach MPOTIOTHII IMIYKY» — BEIIH CY-
IICCTBEHHO pa3iu4Hble. [103TOMY A «HACTOSIINX» N-apHBIX
TJIATOJIOB BaYKHO (PHKCHPOBATH MECTO KaXKIOH KaTeropuu B
KOpTeXe, a 3HaYUT, HeoOXOAWMO KaK-TO OTpakaTh 3Ty WH-
(hopManuio U B MpeIOKEHUH. B pa3nuyHbIX s3bIKax mpolIie-
Ma pemraercs Mo-pa3HoOMY: 3Ty POJb KOO BEITONHSIOT Tpe-
JOTH C MajexaMmu, Ju00 JKecTKas MpUBsI3Ka K MECTy B Ipel-
noxeHun. Hanpumep, B BBIpaKEHHSIX «Iapb HANpaBWII HOCIa
KOPOJIIO» U «LIaphb HAMPABUII KOPOIIIO TIOCIIa» UASHTU(DHUKALIUSL
aTpubyTa B KOPTEKE OINpeaessseTcs ¢ HOMOIIbIo majexa. Ecnu
IpEANOJI0XKNUTh, YTO BBIPA3ZUTCIBHBIC CIIOCOOHOCTH aHTJIMIi-
CKOI'0 A3bIKa B CMBICJIE OTPaXCHUA TJ1aroJioB BBICOKOM apHO-
CTH, HE YCTYNAIOT APYTUM S3bIKaM, CICIYET OKHIATh OTpaHH-
YEeHUsI apHOCTH TIJIarojioB IUdpoil Tpu. DTO yTBEpKICHHE,
pasymeercsl, SIBISIETCSI JIMHIBUCTHUYECKOM TumnoTe3oil. Kpome
TOTO, JAJEKO HE BCE IJAroybl si3blka 00pa3yloT KaTerOpHH.
BONBIIMHCTBO TAarojioB sI3bIKAa HCIOJB3YIOT KAaTETOPHH, CO-
3IaHHBIe IpyTUMU Taarogamu. CymecTBYIOT TN TepHAPHEIE (U
BBIIIIE) TJIArOJbl, 00pa3yromue KaTeropuu? DTHM OTKPBITHIM
BOIIPOCOM K JIMHTBHUCTHKE MBI 3aBEpIINM PACCMOTPEHHE JTaH-
HOH TE€MBI.
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Categorization in Natural Languages for Verbs
of Increased Arity
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Abstract. R-linguistics is a new axiomatic direction in cogni-
tive Sciences, which deals with the study of modeling the world
by consciousness. The basis of axiomatics are the axioms of cate-
gorization. The axioms of categorization allow us to build systems
of interrelated categories, starting from the behavioral aspect of
objects. However, often the behavior of objects is more complex
than binary interaction. To mathematically substantiate catego-
rization for relations, arity greater than two, as well as to sub-
stantiate other cases of high arity of verbs in the language. A
method for representing the Galois correspondence for an arity
greater than two is Formulated. The theorem on the conservation
of information about the relation in this case is proved. It is
shown that the extension of the Galois correspondence to the
n-ary case of categorization up to an empty category creates ex-
actly the same categories as the binary case. The mathematical
conditions for the emergence of pseudo-high arities of verbs in
languages are determined. It is shown that they are reduced to
multivalued dependencies acting between the subject attribute
and additions. In conclusion, some considerations are formulated
regarding the varieties of verbs in natural languages.

Keywords: R-linguistics, multivalued dependence, categoriza-
tion, verbs of high arity, indirect additions
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NHTE/NIEKTYAJBbHBIN AHAJU3 JAHHBIX J1JIM 32124
UICHTU(PUKAIMHU COCTOAHUN 00HEKTOB KOHTPOJIS
B YCJOBHMSAX HEONpeAeJeHHOCTH

A. B. Ilankos, f. B. JlamkeBuu
Boenno-kocmuueckas akagemust itMeHd A. @. Moskaiickoro
Canxkr-IlerepOypr, Poccus
yvdspb55@yandex.ru

Annomayus. PaccMoTpeHa BO3MOKHOCTh peaju3alliM MeTo-
J0B MHTE/LUIEKTYAJIbLHOT0 AHAJIM3Aa JAHHBIX /51 COBEepIIEHCTBO-
BaHUs MHGOPMANMOHHO-AaHATUTHYECKOHl PaldoThl B JesITeJbHO-
CTH OPraHOB IrOCYJapPCTBEHHOr0 M PErHOHAJILHOIO YIPABJICHHS.
OcHoBHas Hjesl MpeNJIaraeMoro MmoaxoJa 3aKJI4aercs B pean-
3alUM HeiipoceTeBbIX MoJeneil o0padoTku uHpopManuu AIs
HACHTH(HUKAIMH KPH3UCHBIX COCTOSIHUN NPH pelleHUH 3a1ad,
CBSI3AHHBIX ¢ o0ecrneyeHHeM O00IIECTBeHHOH 0e30MacHOCTH, B
YCJOBHAX HEMOJTHOTHI M YACTHYHOH HeJ0CTOBEPHOCTH MCXOIHBIX
naHHbIX. IIpeacraBieHHbIi MMUTALMOHHBIN 3KCIEPUMEHT OIHU-
CbIBaeT 0CO0€HHOCTH MOATOTOBKH MCXOIHBIX JAHHBIX JJIs1 00y4e-
HHUS HelipoceTeBOM MO/Je/IH HA OCHOBE YACTHYHOI PaHI0MH3ALUU
JTAJIOHHBIX BEKTOPOB INPH3HAKOB cHTyanui. OGOCHOBAHHOCTH
NPUMEHEeHHs1 HelipoceTeBbIX METOA0B 1/ HIACHTHQUKALUU CO-
CTOSSHHI 00BLEKTOB KOHTPOJIsSI ONpele/iecHa HA OCHOBE CPaBHM-
TeJbHOI0 AHAIN3a Pe3ybTATHBHOCTH UX MPHMEHEHHUsl 10 OTHO-
IIEHUI0 K TPAAULIHOHHO MCNOJIL3yeMbIM MeT0JaM, 0CHOBAHHBIM
HA YCTAHOBJIEHHMHM MeTPHYeCKOro PacCTOSTHHS MeKAY BbIsBJIeH-
HbIM 10 pe3yJbTaTaM ONePATHBHOI0O MOHMTOPHHIA M 3TAJIOH-
HBIM COCTOSIHHEM 00bEKTAa KOHTPOJIS.

Kniouesvie cnoea: HelipoHHass ceTb, PpaclO3HaBaHue
CUTyaluu, 00padoTka HHPOPMALMH, PACCTOAHNA XeMMHHTa, Big
Data, OLAP, ananntuyeckue CTpyKTYpbI BeJOMCTB.

BBEJIEHUE

MHoOro(akTOpHOCTh M BBICOKAas HEONPEACICHHOCTh BO3-
HUKHOBEHHUS yTpo3 O€30ITacCHOCTH OIPENEISIOT CHUTYaIHOH-
HbIE  yclnoBHA  (YHKIMOHHPOBAaHUSI  HWH(OPMAIIMOHHO-
AHATUTHYECKUX CTPYKTYP BEIOMCTB, NEATEIBHOCTh KOTOPBIX
HampaBjCHa Ha NPEIOTBPALICHWE KPHU3UCHBIX CHTYaIHi
(MUC, TUBJ1, opraHbl 31paBOOXpaHEHHS, TTOJIUIHS U T. 1I.).
C0KHONPOTHO3UPYEMbIC CHTYAIlMOHHBIC YCIIOBHS, CBSI3aH-
HBIC C HEMOJHOTON M, BO3MOYKHO, HEIOCTOBEPHOCTHIO MCXOJI-
HBIX JAHHBIX, (OPMUPYIOT IOMOJIHUTEIbHBIC TPEOOBAHUSA K
nporeccaM 00paboTku mHMOpMAIHU, 00ECIeYeHHEe KOTOPBIX
MOJXKET OBITh pEAIU30BAHO HA OCHOBE aKTUBHO Pa3BUBAIOIINX-
cs1 MH(QOPMAIIMOHHBIX TEXHOJIOTHH, PEaTU3YIONUX HOBBIC ME-
TOJIBI MHTEIUICKTYaJIHbHOTO aHAIN3a JaHHBIX.

B cootBercTBuM C peamusyemoi CTpaTerumed pa3BUTHUS
nHpopManmoHHOTO obmiecTBa B Poccuiickoit denepanmu Ha
2017-2030 roxpl, nHPOPMAIMOHHEIE U KOMMYHHKAIIHOHHEIC
TEXHOJIOTHN CTaHOBATCS YaCTBHIO COBPEMEHHBIX YIIpaBIiCHUE-
CKHX CHCTEM BO BCeX cepax rocylapCTBEHHOTO YIIPABIICHHUS,
00OpOHBI CTpaHbl, 6€30IaCHOCTH TOCYapCTBa M 00ECIIeUeHUS
npaBomopsaka [1].

B Hacrositiee BpeMsi B pa3inuHbIX cepax rocynapcTBeH-
HOTO U PETHOHAIILHOTO YIPABJICHUS BCe 00Jiee OCTPO MPOSIB-
JISTFOTCSI TIPOOJIEMBI, CBSI3aHHBIC ¢ HEOOXOIUMOCTHIO TTOCTOSH-

HOTO MOHHMTOPHHTA KJIIOYEBBIX MapaMeTpoB (pyHKINOHUpOBa-
HUSI CIIOKHBIX 00bekToB. Crieruuka penraemMpIx 3a1ad CBs-
3aHa ¢ o0ecrieyeHHeM OOIIECTBEHHONW 0e30MacHOCTH, Omepa-
TUBHBIM BBISIBJICHHEM BO3MOXKHBIX YIPO3 M TNPHHSATHEM 3(]-
(DEKTHBHBIX YNPABICHYECKUX PEIICHUH IO Pa3peIICHHUIO BO3-
HUKOINWX KPHU3HUCHBIX CHTyaHHfI.

Tak, B uHTEepecax obecrneyeHnss KOMIIEKCHOM Ge30macHo-
ctu Cankt-IlerepOypra ¢ 2004 roga (yHKIHOHHPYET rocy-
JIapCTBEHHOE Ka3eHHOe yupexkiaeHue <« opoackod MOHHUTO-
punrossiii nentp» (CKY TI'MLI), nesitrensHOCTH KOTOPOTO
HalpaBjieHa Ha IIOBBIIICHWE YpPOBHs obecnedeHus oore-
cTBeHHOH Oe3omacHocTH. OHUM M3 OCHOBHBIX HAIpaBlICHUI
€ro JESATENbHOCTH SIBISIETCS KPYTJIOCYTOYHBIT MOHHMTOPHHT
SKCTPEHHBIX COOBITHI M HEUITATHBIX CHUTyallMi Ha OOBEKTax
ropoJia ¥ B MecTax IMPOBEAEHHS MacCOBBIX MeponpusTuil. st
pemeHns 3a1a4 MACHTH()UKAIMK COCTOSIHHH OOBEKTOB KOH-
TpoJst Bo Bcex 18 paitionax Cankrt-IleTepOypra ycTaHOBIEHO
6omnee 30 Teicsy Kamep. B mosie 3peHHss KOTOPBIX BKIFOUCHBI
Haubonee CIOXKHBIE MEPEKPECTKH aBTOMOOMIBHBIX JIOPOT H
OKUBJICHHBIC MarucTpain, ropoJACKUE MapKu U ABOPLI CIlajib-
HBIX paifloHOB [2].

AKTHBHOE Pa3BUTHUEC TCXHUUYCCKUX CPEACTB aBTOMATHU3U-
poBaHHOTrO cOopa nHpOpMaKU GOPMHUPYET JONOITHUTEIBHBIC
BO3MOXKHOCTH, CBSI3aHHBIC C HETPEPHIBHOM aKTyanu3amueit
OIIEepaTHUBHOW WH(OpMaNNH, HCHONB3YEeMOHW Uil HPUHSTHS
ynpaBieHdecknx pemreHuil. Yke ceituac CII6 TKY «I'MI»
coBMecTHO ¢ Komurerom mo wuH(pOpMATH3aIUH 3aBEPIIHI
peaH3aIuio MepBOro 3Tarna MpoeKTa « Y MHBII ropoay», B paM-
Kax KOTOPOTO CO3[aHa MHTEIUIEKTyalbHas cHcTeMa 00paboT-
KM JTaHHBIX C TOPOACKUX BHAeokamep [3]. PeammzoBano cme-
IUabHOE MOOWIIBHOE TIPHIIOJKEHHE, 00ecreunBalomiee onepa-
TUBHBII cOOp BUICOMH(DOPMAIMH C MECT TIPOUCIIECTBHMA.

B nacrosmuii MOMEHT Ha yaunax I[lerepOypra ycraHoBiie-
HO Oosee 150 kamep ¢ (YHKIIMOHATIOM HHTEIICKTYaJIbHOM
BUICOAHATUTUKY, PEaM3YIOIIUX HEHPOCETEBbIE TEXHOJIOTHH,
Uil 00pabOTKH BHJEOM300paKEHUIT B pealbHOM BPEMEHHU.
Peanu3oBaHHbIe TpOrpaMMHO-aIlapaTHbIE penieHus: odecrie-
YMBAIOT pelIeHUe 3a7ad WASHTH(UKAINH JIUI, C IPOrpaMMH-
pOBaHMEM HX OMOMETPHUYECKHX MOJeNell, pacrno3HaBaHUs
TOCYAAapCTBCHHBIX HOMEpHBIX 3HAKOB aBTOTpaHCHOpPTa, (HUK-
Calliy OCTABJICHHBIX MPEIMETOB, BBISBICHUS (PAKTOB BO3HHUK-
HOBEHHS Pa3JIMYHBIX UPE3BBIYAHHBIX CHTYaI[MH, B TOM YHCIE
MO’KapoB U JOPOXKHO-TPAHCIIOPTHBIX MPOUCIIECTBHA. B Omu-
XKaWIIell MepCreKTUBE JaHHBIC CUCTEMBl OyIyT CIOCOOHBI
BECTH Y4€T WHTEHCHBHOCTH ABMXEHHS TPAHCIOPTA M TIEIIe-
XO/IOB B HMHTepecax (p(PEeKTUBHOrO U 0E30I1acHOTO yIpaBiie-
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HHS JIOPOXKHBIM JIBUOKEHHEM W OOIIECTBEHHBIM NPaBONOPSI-
KOM.

AHaJOrn4HbIe CIIOCOOBI MHTEIUIEKTYaJIH3ali IPOLECCOB
00paboTku WHpOpPMANUU BOCTPEOOBAHKEI U B chepe 000pOHBI
rocyaapctBa. B mHTepecax KOHHIENIMH pPa3BUTHS CHCTEMBI
ynpasiienus: BoopyxkenneiMu cunamu Poccuiickoit ®enepa-
muu (BC P®) mo 2025 roma, ogHOI U3 TIaBHBIX HETICH peali-
3alMM KOTOPO ABJIAETCSA TApaHTUPOBAHHOE YNPABICHUE BOM-
CKaMH (CWIaMH) M OpYXXHEeM B €OMHOM HH()OPMAIMOHHOM
mpoctpanctee (EUNII), ocymecTBusercs pa3paboTka U MOAep-
HHM3alUsl aBTOMAaTU3UPOBAaHHBIX CHUCTEM BOCHHOTO U CIELH-
anpHoro HazHauenws. Cosznmanme EUIT BC momxHO crioco6-
CTBOBaTh 3(PPEKTUBHOMY HCIIOJIb30BAHHIO UH(GOPMAIIMOHHBIX
pecypcoB rocyapcTBa Juisl pelieHus 3aa4d B cepe BOCHHOTO
CTPOWTENIbCTBA W YIpaBICHUSA Bolckamu (cumiamu). Tak,
c 1 nexabpst 2014 roma Ha OoeBOE NEXKYpPCTBO 3acCTYIHII
HanmonaneHblii 1ieHTp ympasieHust o0opoHO# Poccuiickoit
®enepannn (HIIYO). ChopmupoBanHas CTpyKTypa HpejaHa-
3Ha4YeHa JUI1 0OecredeHHs] NEHTPAIM30BaHHOTO YIPABICHUS
0oeBoii u moBceqHeBHOH nestenbHOCTRI0O BC PO. HI[YO pe-
anm3yeT (pyHKINU ONEPATUBHOM KOOPIMHAIMU IESTEIbHOCTH
MunucrepcrtBa oboporsl PO u 73 ¢enepanpHBIX OpPraHoB
UCIIONIHUTENBHON BIIACTH, OPraHOB BJIACTH BCEX CYOBEKTOB
P®, 1320 rocymapCTBEHHBIX KOpPHOpAaNWiA W TPEIIPUSTHHA
000pOHHO-NIPOMBINIIEHHOTO KoMIuiekca Poccum [4]. DyHk-
MM KOHTPOJIA M YIPaBICHUS OCHOBaHbI Ha CYIIECTBEHHOM
YBEJIMYEHUH OOBEMOB JTAaHHBIX (BKJIIOYAs BUAEOMAaTEpPHAbI),
HCIIOJIb3YEMBIX B XOJI€ B3aUMOJEHCTBHUS yKa3aHHBIX JJIEMEH-
TOB MH(OPMALIMOHHOI CUCTEMBI.

[Tpouecchl, mpoucxoxasmye B chepe BOCHHOTO yIpaBiie-
HUSI, B TIOJIHOH MEpe COOTHOCSTCSI ¢ U3MEHEHUSIMH, TIPOUCXO-
JSIIIIMU ¥ B IPYTUX cdepax HHPOPMATH3AIMH O00IIECTBA, KaK
B Poccum, Tak u 3a pybexom. CraTrcTHKa 00beMa JIaHHBIX,
CO3/1aBAEMbIX Ha IPOTHKCHUH MOCIEAHUX JIET, MOPAXKAET BO-
obpaxkerne. 1o omeHKaM 3amaJHBIX KOMITaHUH, CIICIHAII3H-
pyromuxcst B cepe HHAYCTpUN MH(POPMAMOHHBIX TEXHOJO-
ruii (EMC, Cisco, IBM, Google) B 2012 roxy B Mupe ObLIO
CreHepHupoBaHo 2 3eTabaiiTa (2 THICSYH MUIUIHAPIOB TUrabaii-
ToB) uHpopmanuy, a B 2020 romy 3Ta BETHYHMHA JOCTHTHET
35-40 3erabaiitoB [4]. [Ipu 3TOM OoOJbINAs YACTh JAHHOW WH-
(dbopmaru OyZeT CreHepupoBaHa Pa3IMYHOTO POJia TEXHHUYC-
CKUM YCTPOWMCTBaMHM pETUCTpaliy (BHICOIOTOKH C Kamep
HaOJIO/IeHNs], TaHHBIE OT YCTPOWCTB PaJHOYacTOTHOW WJICH-
TU(QUKAIMNK, CITyTHUKOBBIX CHUCTEM HAaBUTAIlMH, Pa3IMdHOTO
poJia CEHCOPOB M MHOTOE JIPYTOE).

Oo6paboTtars Takme 00BeMBl MHPOpMAIUH 0e3 HCIIONB30-
BaHMs aBTOMAaTH3MPOBAHHBIX CHCTEM CTAaHOBHUTCS IpaKTHYe-
CKH HEBO3MOXHBIM. Pe3koe yBenmmueHue o0peMoB mH(pOpMa-
uH TpebyeT Moncka HOBBIX METOAOB X 00padoTku. OTBeTOM
Ha 3TOT BBI30B CTAIM TEXHOJOTWH, TOJYyYHBIINE B TEXHUYE-
cKoli W WH(OPMALMOHHON cpene O0OOOLICHHOE Ha3BaHUE
«bonbmue nannesie» (Big Data).

Crpateruss pa3BUTUSI OTPaciii UH(OOPMALMOHHBIX TEXHO-
noruii B Poccuiickoit ®eneparuu Ha 20142020 roxasl u Ha
nepcrektiBy 10 2025 roma ompenensieT TEXHOJOTMH o0pa-
6otku Big Data B umciie «IpOpBIBHBIX JUIi MHPOBOW HMHIY-
CTpUH, Ha OCHOBE KOTOpBIX B nepcnekTtuse 10-15 net ¢ Bbico-
KOl BEpOSITHOCTBIO MOXKET OBITH OOecIedeHa Iia00anbHast TeX-
HOJIOTHYecKasi KOHKypeHTocriocoOHocTh Poccuny [5].

O6paboTka OOMBIIMX 00BEMOB TAHHBIX — COBOKYITHOCTB
MIOJIX0JIOB, HHCTPYMEHTOB W METOJIOB aBTOMaTHYECKOH 00Opa-

OOTKH CTPYKTYPHPOBAaHHOW M HECTPYKTYpPHpOBaHHOW MH(OP-
Mallyy, MOCTYHAoNIEeH U3 OOJIBIIOT0 KOJIMYECTBA PA3ITHMYHBIX,
B TOM YHCJI€ Pa3pO3HEHHBIX WM CIA0OCBS3aHHBIX, HICTOYHHU-
KOB HH(pOpManuy, B 00beMax, KOTOpbIe HEBO3MOKHO 00pabo-
TaTh BPYYHYIO 32 pasyMHoOe Bpems [1].

Heo0xoauMocTs OmepaTHBHON aHATUTHIECKOH 00pabOTKH
3HAYUTEIBHOTO 00beMa MH(OPMAINH, XapaKTePH3YIOMIEToCs
CYIIECTBEHHON HEOIPEIEIEHHOCThIO, BEI3BAHHOW HETIOJHOTOMN
1 BO3MOKHOM HEOCTOBCPHOCTHIO UCXOAHBIX JaHHBIX, BCIICI-
CTBUC NPEAHAMCPECHHBIX W HENPCIAHAMEPCHHBIX HCKa)KCHHﬁ,
oIpeziesIsieT MOTPEeOHOCTh B HCIIOJIB30BAHMHM METOIOB MCKYC-
CTBEHHOTO HWHTEIUIEKTa B Ipoleccax OOHapyKeHHs HOBBIX
3HaHUIL.

Ha ¢one akTMBHOTO BHEIpPEHUS MHTEIUIEKTYalbHBIX WH-
(hOPMAITIOHHBIX CHUCTEM, OPHEHTHPOBAHHBIX Ha pacliO3HaBa-
HUE O00pa3oB CHUTyallUi, PETHCTPUPYEMBIX TEXHHYECKHMHU
ycTpoiicTBaMu cOOpa IaHHBIX, WHTEIUIEKTYaIH3alHsl POoIiec-
COB, CBSI3aHHBIX C MOJICPKKOHN MPUHATHS PELICHUH TPH Olie-
HUBAHUM COCTOSIHUM CIOXKHBIX OOBEKTOB KOHTPOJA, CyIe-
CTBEHHO OTCTacT. B KadecTBe MPUYMH JAHHOTO OTCTABAHMS
Yale BCETO BBICTYIAET BBICOKAsl OTBETCTBEHHOCTH 33 IMPHHU-
MaeMble MH(OpMaLMOHHbBIE pelIeHns] U HenocTatoyHas (Gop-
MaJIM30BaHHOCTh MCHONb3yeMbIX Mozened. Hepocrarounas
(hopMann30BaHHOCTh MOZEJIEH NMPHUHATHS PEIIeHUH MPHUBOIUT
K TOMY, YTO 3a4acTylO OTJIEJbHBIE DKCIEPTH II0-Pa3HOMY
OLICHMBAIOT CHUTYalHIO, C(hOPMHUPOBAHHYIO HA OCHOBE OJIMHA-
KOBBIX MCXOJHBIX TaHHBIX. [Ipo0eMbl arperupoBaHust 3HaHUH
13 HECKOJBKHX MCTOYHHKOB Pa3IMYHON THITOJIOTHH (3KCIIep-
TBI, €CTECTBEHHO-S3bIKOBBIE TEKCTHI, 0a3bl TAHHBIX), & TaKKe
BOIIPOCH! CO3AaHus 3()(HEKTUBHBIX TEXHOJOTHI aBTOMATH3H-
POBaHHOTO TPHOOPETEHUS] 3HAHMI HAXOAATCSI B LIEHTPE BHH-
MaHMS Pa3pabOTIYMKOB COBPEMECHHBIX HHTEIUIEKTYaJIbHBIX
cucTem [6].

B cooTBercTBHM C TpaAUIIMOHHO HCHOJIB3YEMbBIM I10JIXO-
JIOM K OpraHu3aIiy HHGOPMAIMOHHO-aHATUTHYECKONU PabOThI
JIIsL I/II[eHTI/I(bI/IKaHI/H/I COCTOSIHUM 06’beKTOB KOHTPOJIA UCIIOJIb-
3YIOTCSl A€TEPMHHUPOBAHHBIE MOJIENM STaJIOHHBIX COCTOSIHUM
00BEKTOB KOHTpOJIS. B 00IemM Buae Mojesb, ONMHCHIBAIOIIAS
BO3MOXKHBIE BapHaHTBl COCTOSIHMM OOBeKTa KOHTpOJS, B
OOJIBIIMHCTBE CITy4aeB ONpPeeNsieTCs] KOHEUHBIM MHO)KECTBOM
COCTOSIHMH W WICHTH()UIMPYIOINX MX MPU3HAKOB, U MOXKET
OBITH TIpEICTaBICHA B BHUAE MATPHUIlbl, OOMMI BHJ KOTOPOH
TIpeAcTaBieH B Tadamue 1.

Tab6muma 1

MOIICJ'[L COCTOSIHUI 00BEKTa KOHTPOJIAA B MATPUIHOM BUAC

[IpuszHaku, onpeneasOIine BO3MOKHOE
cocrosinue (p;)
P1 | vee Di .o Di
Sq by4 b4 biy by,
| S5 by, bz, b3, b,
=
u see
)
E Sr blr bZr blr bIr
@] ves
Sr bir bar bsg b;r

3neck b;,— BecoBoOil KOA(GUIMEHT, ONPEACISIOMIUI 3Ha-
YEeHUE NpU3HaKa JJIsl UACHTU(UKALUHE COCTOSHHUSI.

B xoze perienus 3anay uaeHTH(GUKAMNA COCTOSHUN 00b-
€KTOB KOHTPOJIS 110 pe3ysbTaraM ONepaTUBHOTO MOHUTOPUHTA
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1apaMeTpoB, IPOU3BOJIUTCS COOTHECEHHE 3HAUCHUH BBISB-
JICHHBIX CHCTEMOH cOOpa IMmapaMeTpoB ¢ 3TAJIOHHBIMH 00pasa-
MH BO3MOJKHBIX COCTOSTHUH. CXOJICTBO MEX/Ty BBISIBICHHBIM U
STAJOHHBIM COCTOSIHUEM OOBEKTa KOHTPOJISI yCTaHABINBACTCS
B 3aBUCHMOCTH OT BBIOPAHHOTO METPHYECKOTO PACCTOSHHUS
MeXay HUMH. Eciii BO3MOXKHOE COCTOSIHME 00BEKTa KOHTPOIIS
OIIMCHIBAETCST 7-M YHCIIOM HPHU3HAKOB, TO OH MOXET OBITH
OINMCaH KaK HEKOTOpas Touka B N-MEPHOM IpPOCTPAHCTBE, a
€ro CXOJCTBO C JTAJOHHBIMH COCTOSHMSAMH OyZET ompene-
JATBCSI B COOTBETCTBMHU C WCIIONB3YyeMOW Mepoi OIU30CTH.
Haubosnee w3BecTHBIMM  MepamMu  OJIM30CTH,  00pa3oB
N-MepHBIX BEKTOPOB, SIBISIFOTCS CJEAYIOIIUE PACCTOSHUS:
EBxnunoBo, Xemmuura, MunkoBckoro, Maxasanoouca [7].

BepaxxeHue i pacuera Iokasarelss Onu3ocTu oOpas3os
COCTOSIHMH, C HCIIOJIb30BaHHEM pacCTOsSHUs XeMMHHTa (Citi-
block, nian MaHX3TTEeHCKOE) MOXKET OBITh IPEJICTABICHO Clie-
JYIOIINM BBIPaKCHUEM:

m
dij = lel’r = Xjr|»
r=1

e d; j — PAcCTOAHHE MEXIY i-M H j-M 00pazoM CoCTOsIHU
00BEKTOB;

Xir, Xjr — 3HAYCHHE r-TO IMpPHU3HAKA COOTBETCTBCHHO
y i- ¥ j-T0 00pa3a COCTOSHUIA 00BEKTOB.

OnucaHHBI TOAXOA J0Ar0e BpeMs obecreynBai Tpedye-
MO€ KayeCcTBO peuleHUs HH(OPMALNOHHO-aHATUTHUECKUX
3aga4d. Ho TpamunnoHHas MaTeMaTHdeckas CTaTHCTHKa, Ipe-
TEH/IOBABIIAsl HA POJIb OCHOBHOTO MHCTPYMEHTA aHAIM3a JIaH-
HBIX ¥ CO3/IaBIIAs OCHOBY OINEPAaTHMBHOW aHAIMTHYECKOH 00-
pabotkn nmanebIX (online analytical processing, OLAP), ne
obecrieuynBaeT pemieHne 3a1a4 CBI3aHHBIX C HEOOXOAMMOCTHIO
OTIEPAaTHBHON aJanTalii K M3MEHSIEMBIM YCIOBHSM BEICHUS
MH()OPMAIMOHHO-aHATUTHYECKOW PabOThI, CBSI3aHHBIX CO 3HA-
YUTEJIBHBIM 00BEMOM MOJUIeXKAIIeH 00paboTke MH(OpMAIHU
B YCJIOBHSX €€ BBICOKOI M3MEHYMBOCTH U HEOTIPEEIICHHOCTH.

AHanu3 MoJielNel, UCIOIb3YEMbIX CIIEHHAINCTaMH aHaH-
TUYECKHX OPTaHOB IIPU PELICHUH 3aJ1ad, CBSI3aHHBIX C WJICH-
TUUKAIUEH COCTOSHUH 0OBEKTOB KOHTPOJISI, CBUACTEILCTBY-
€T O TOM, YTO B OOJIBIIMHCTBE CIIy4aeB STaJOHHbIE 00pa3bl
BO3MOXKHBIX COCTOSTHUH HCCIIEAYeMbIX OOBEKTOB OCHOBAHbI Ha
YCPEIHEHHBIX (CPEAHECTAaTHCTHIECKUX) 3HAUCHUAX YyUUTHIBA-
eMbIX ITapaMeTpoB. B cuty dero gopmupyemsie Ha HX OCHOBE
MOJIETTH STAJTOHHBIX COCTOSHHUN CO/EpXaT He (aKTUIECKHe, a
«0000IIeHHBIEY» 00pa3bl PeaTbHBIX MPOIECCOB, OYHIIEHHBIC
oT crenn(yKN peaabHbIX BO3MOXKHBIX CHUTyallMil B MpEIMET-
HOW oOmactu. [laHHBIE «yCpPEIHEHHBIC» 3HAUYEHHS B 3HAYHU-
TEJILHON CTEIEHU OIMUPArOTCA Ha OKCIICPTHBIC 3HAHUA 06 uc-
CJIElyeMBIX TpOIieccax, KOTOpble HEPEIKO SBISIOTCS CyObhek-
TUBHBIMH. Kpome Toro, chopMmupoBaHHBIE 3HAuCHHs 3a4a-
CTYIO HY)KAAIOTCS B CBOEBPEMEHHOI ajanTaniy K U3MEHEHH-
SIM, TIPOMCXOJSIIIMM B HUCCJEAyeMOil INpeaMeTHoil obnacTw,
YTO MPEACTABISIET CEPhE3HYI0 PAKTHIECKYIO IPOOIIeMy.

[Ipeamonaraercst, uTo B OymKkaimemM OymymieM B OCHOBY
COBPEMEHHBIX MOAXOAOB K OpraHU3aluyd M BelIeHHI0 nHpOp-
MAaIMOHHO-aHATUTHIECKOH pabOThl OYAyT ITOJIOKEHBI METOBI
HMHTEIUIEKTyallbHOTO aHanm3a naHHbIX (discovery-driven data
mining, Data Mining), opueHTHpOBaHHBIC HA BBIABICHUE H
OTPAXXCHUEC MHOT'OACIICKTHBIX B3aMMOOTHOIIICHUI B JAaHHBIX.

Oxwunaercs, 9To paboThl B 00JIACTH MCKYCCTBEHHOTO WHTEIN-
JICKTa U MOACIMPOBAHUA KOTHUTHUBHBIX ITPOLECCOB IMPUBEAYT
K CO3JIJaHMI0 NPUHIUIHAIBHO HOBOI'O IOKOJICHUS! HHTEIUIEKTY-
QIBHBIX TEXHOJIOTHH OOHapy)KCHUS HOBBIX (DAKTOB, 3aKOHO-
MepHOCTEH U CBsi3el B JaHHBIX [6].

Jlyist eMOHCTpanuy MOTEHIMAIBHBIX BO3MOXKHOCTEH pea-
JIM3allu UHTCJUICKTYAJIbHBIX METOAOB B MHTEPCCAX IMOBLIIIC-
HUsL ~ KadecTBa  pemleHus  3a7ad  MH(OpMannoHHO-
AQHAJMTUYECKON paboThl, CBA3aHHBIX C JIOCTOBEPHOW WJ/ICHTH-
¢uKanuel cocTosiHnii 00BEKTOB KOHTPOJIS B YCIOBHSAX He-
TIOJTHOTHI ¥ HEOTIPEJEIICHHOCTH MCXOIHBIX JTaHHBIX, TIPOBEICH
MMHTAlMOHHBIN 3KcriepuMmeHT. [Ipn ero peammsanuu ocy-
IIECTBJICHO CPABHEHME PE3yJIbTATHBHOCTH PEUICHUS 3aJadu
pacmo3HaBaHHA 00pa3a COCTOSHUS OOBEKTa KOHTPOIS C HC-
MIOJTb30BaHNEM TPAJAUIMOHHBIX METOJIOB PAcyueTa, OMHMCAHHBIX
BBIIIIE Mep OJIM30CTH M peann3alii HEHPOCETEBBIX METOMIOB
pacro3HaBaHusl.

DOOPMUPOBAHUE UCXOJHBIX JAHHBIX JIJIs1 DKCIIEPUMEHTA

B xoxe skcnepuMeHTa A1 NOATNOTOBICHHONM MOJIEIM 3Ta-
JIOHHBIX COCTOSIHMII OOBEKTOB KOHTPOJIS, NPEICTaBICHHONH B
MaTPUYHOM BHJE (CM. TaONUILy), coleprKameil miTh BO3MOXK-
HBIX OJTaJOHHBIX cocTtossHMH (R =35), mnpencraBieHHBIX
16 npusnakamu (I =16). Kaxaplii npu3Hak AUCKpETeH W Ou-
HapeH. OCHOBBIBasACh Ha IPEANOJOKEHUH O TOM, YTO JOJIA
BO3MOXKHBIX MCK@)KEHHH MCXO/IHBIX JaHHBIX, TOCTYMAIOIUX B
cucreMy 00paboTKH, MOXeT cocTaBiaTh 10 30 % (8 <30) ot
WCTUHHBIX MCXOJHBIX JaHHBIX, ObUIa OCYIIECTBJIICHA IeHepa-

LIMM TECTOBOI BHIOOPKH JTaHHBIX {P(12>,Si}100 C HCIIOJIb30Ba-

HHUEM IreHepaTopa Cily4aliHbIX YUCedl.

CdopmupoBaHHasi BHIOOpKA JAHHBIX MPEICTABISACT COOO0
MOJIEIb «JOMYCTUMBIX MyTaruit» (8 < 30) OTHOCHTENIBHO 3Ta-
JIOHHBIX 3HAa4YeHHH BEKTOpA MPU3HAKOB cocTosHHs S;. OHa
OTpaXkaeT BO3MOXKHBIE 3HAUCHMS BEKTOPOB, OINHMCHIBAIOLIMX
TEKylIMe 3HAa4YeHUs MapaMeTpoB, MOCTYNAIOUIMX B CHCTEMY
obpaboTtkn mHpopmanuu. Ilpenmonoxenne o menee 30 %
JIOJTH BO3MOXKHBIX MCKa)KCHHI HMCXOIHBIX JAHHBIX OCHOBAaHO
Ha UCCIICNIOBAHUN OCOOCHHOCTEH (DYHKIIMOHMPOBAHUS CYILE-
CTBYIOLINX MH(POPMALOHHO-aHATUTHIECKUX CHCTEM.

Cxema (OpMHpPOBAaHUSI TECTOBOH BBIOOPKH TpeOyeMoro
oobeMa N, WUIFOCTPHUPYIOIIAs PeaM3aldio PaHIOMH3ALIH
STAJIOHHBIX 3HAYEHUH IPU3HAKOB, TIPEJCTaBIeHa Ha pUCYHKe 1.

Ha nepBoM 3Tane skcrnepuMeHTa OCYIECTBISIIOCh Paclo-
3HaBaHUE 00Pa30B MOJECIUPYEMBIX CUTyalWil HA OCHOBE Tpa-
JIMIMOHHO peajiM3yeMbIX METOAOB pacno3HaBaHus. Ilocie
Yero Juisl KaXkKIoro u3 cOpPMHUPOBAHHOTO MHOMKECTBA BEKTO-

POB TECTOBOI BBHIOOPKHM JaHHBIX {P<12>}100 MOCPENCTBOM IO-

CJIEJIOBATEILHOTO CPABHEHHSI ¢ KaXIIbIM U3 3TAJIOHHBIX HA0O-
POB BEKTOpPOB {P<12>,Sl~}5 OCYIIECTBJICH pacueT MoKa3aTels
6a130cTH 00pa30B COCTOSIHUIT C HMCIIOJIb30BAaHUEM HOPMHUPO-
BaHHOT'O PACCTOSIHUSI XEMMHHIa, KOTOPOE MOXKET ObITh Hpel-
CTaBJICHO CIIC/IYIOIMM BBIPaKEHHEM:

dij = Z:"n=1|xir - xjrl /m.

B kauecTBe HamOoyiee BEpOSTHOTO BBIBOJA O HaOIOJac-
MOM COCTOSIHHHM (OPMHPYEMOro B pe3ysibTaTe OLCHHBaHUS
3HAUYCHUI MOKa3aTens ONHU30CTH PacCMATPUBANIOCH 3HAYCHHE
S;, COOTBETCTBYIONIEE MAKCMMATBHOMY 3HAYEHHIO TTOKA3aTe-
a5 6muzoctr (max(d;j)).
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[Tocne yero NPoU3BOJUIOCH OLIEHUBAHUE COOTBETCTBUSA
pacmo3HaHHOTO (CIy4aiHOTO) COCTOSHUS S; U 3TAJIOHHOTO
3HA4YEHUS COCTOSHHUSA S;, HCIIOJIB3yEeMOTO IIPU MYTallUU 7-TO

<4® HA:IAJ'IO )

TTosyueHnue 3TajJOHHBIX BEKTOPOB P(:‘; 6)[IPH3HAKOB
cutyaumii S; s i e {1,2,3,4);

3amaHue JOMU O MyTalui;

3amaHne MCXOOHBIX 3HAUCHUI HHIIEKCa
reHepUpPyeMOro BeKTopa JaHHBIX 7 = 0;

3ananne o6GbemMa 00yJaromieii BBIGOPKH V.

PCaJ'H/I'jaHI/IK CYCTYHKA MHACKCOB ICHCPHUPYCMBIX
BEKTOpOB 7 =7 + [

EE D

OcnyuyanBanue BBIGOpa CUTyalMu [IPH FeHEpaun
BEKTOPOB s 00yuarowmeii Bei6opku I = rnd(S,;)

4

Popmuposanue ciydaiinoro Bekropa e = (fy, £, ... T )|
MyTauumii rae £; He3aBHUCHMBIE CiIydaiiHbIe

BEJIMYMHBI, IPUHUMAIOIINE 3Ha4eHue 1 ¢
BEPOSATHOCTBHIO p = 0,3

a 3HageHue O - ¢ BeposiTHOCThIO 1 —p = 0,7

® CyMMUpPOBaHHUE IO MOAYJIO 2 3JIEMEHTOB BEKTOPOB
s D
. Pey; 3 Ti1e)
Piey, = Piey; D Taie)

7 ¢ =
z ®@opmupoBanue napbl  (Pfq, S;), = P<’§6>T,Sl-) ‘ ‘

k2

"

®— ,-n =

I s

{Phey, 50},
—@ v
( KOHEI] )

Puc. 1. Cxema paHIOMH3AIIUH STAIOHHBIX BEKTOPOB
MIPU3HAKOB CUTyanuit 1y popMupoBaHus oOydaromieit
BEIOOpKH TIOTpeOHOTO 0O0BeMa N.

PangoMusupoBaHHBIEC TaHHBIC

BEKTOpPA TECTOBOM BBIOOPKH MAHHBIX 1P 1), S;t . Pe3yipTarel
(16)r i r

peanu3anyuy NpeyIoKEHHOTO METOJa pacro3HaBaHHA oOpasa
COCTOSIHUSI 00BEKTa KOHTPOJISI, TPEICTABICHHOTO OMHCAHHOM
MOJIETIbIO, TIPEJICTABIICHBI HAa PUCYHKE 2.

28%

. - BONA BEPHO MAEHTUD HUMPOBEHHEIX COCTOAHMIA;

. - fona ownBoYHO MAEHTMO MUMPOBEHHEL COCTOA HMI;

- AONA M HTI BUL POBAHHBIX COCTOR HI,
COAEpHALLKE HEOLHOSHEY HOCTE, BRISBaHHYKD PaBHEBIMKA
3HEYEHUAMM NOKasaTena BAM30CTH -

Puc. 2. Pe3ynbraThl peanu3anyy TpaJAULIHOHHBIX METOIOB
pacmo3HaBaHus 00pa3a COCTOSIHHASA 00BEKTa KOHTPOJIS

Ha BTOpOM 3Talle SKCIEPHMEHTA OCYILECTBIIUIOCH PacIo-
3HaBaHUE 0OPA30B MOJIEIMPYEMbIX CHTyalMi Ha OCHOBE pea-
JIM3ALUH HEWPOCETEBBIX TEXHOJIONH 0OPabOTKH JaHHbIX.

HcxoaHble JaHHbIE 11 00yUeHHs HEUpOCeTH ObLIM Npel-
CTaBJIeHbl C(QOPMHUPOBAHHBIM MHOXXECTBOM BEKTOPOB IPH3HA-
KOB Py = (p1, D2, ..., PR ), ONMCBHIBAIONINX BO3MOXHBIE CO-
CTOSIHMS S; WCClienyeMbIX OOBeKTOB. IlpM peanmzaruu

HelpoceTh  (GOpPMUpPYET 3aBUCHMOCTH UISS  OTOOPaXKCHHUS
Pry—S: S=f(Pgydy), tae § — nporuosupyemoe
HEHPOCETBIO COCTOSTHME 00BEKTA, Ay — TapaMeTpbl MOJIEIH
Helpocetn, f (P(R);A<>) — (yHKOUS, CUMBOJIM3UPYIOLIAs

OTOOpaXkeHue apryMenTa P gy IPHU 3aJaHHBIX TapameTpax A,
B 3HaueHume S;. B mpomecce o00ydeHHS HCIIOIB3yEeMBIC

B HEHPOCETH ITOPUTMBI aJanTUPYIOT MapameTphl Ag Juis

CHIDKEHHS CPEIHEKBaIPaTHUECKOTO PACXOXKACHHS MEXIy S;
U S; COCTOSIHUSMH OOBEKTOB.

B cmyuae memocraTouHOro o6beMa oOydaromieil BEIOOPKH
BO3HHUKAET 3a/laya yBeJIH4YeHHs ee oObeMa. Bo3MOKHEIM Me-
TOJIOM YBEIWYEHHs oObeMa oOydarolieil BHIOOPKH SIBIISIETCS
paHIOMHU3aLM 3HAYCHUH BEKTOPOB P<R)], U3 WMEIOIIHUXCS

nap (P<R>j,5ij). CyTh MeTojia 3aKJIOYaeTCsl B MPHCBOSHUU

Clly4aliHbIX 3HAYEHUH 3aIaHHON J10JIU DJIEMEHTOB P gy. Peanu-
3aIusl JAHHOTO IT0/IX0/1a OCHOBaHA Ha y4yeTe BO3MOXKHBIX HC-
KOKEHUH B PETUCTPALMM JaHHBIX 3HAYEHUH CHCTEMOM
HaOIIONEHUS.

[Ipu npoBeneHNn KcepruMeHTa 00beM CPOPMHUPOBAHHON
oOyyaromieii BeiOOpku cocraBua 1 000 BapuantoB. OOyuyeHue
npoBoauinock meronoMm @. Pozenbriara: mpoBoamiace uTepa-
IMOHHAs TOJCTPOWKAa MATPHIBI BECOB IS YMEHBIICHUS
OIHI/I6KI/I BBIXOJHBIX 3HAYECHUM. JIJ'I)I OLICHMBAHHWA KadeCTBa
pacro3HaBaHHs COCTOSHHI OOBEKTOB C UCIOJIb30BAaHHEM 00Y-
YEeHHOH HelpoceTH cOpMUpPOBAaHHAsT BBIOOPKA pasjiefieHa Ha
00yJaroNyr0 M TECTOBYIO BBIOOPKH B cooTHomeHun 80/20.
JlanHast BEIOOpKaA MCHONB30BaNach i oOydeHus 4 Heipoce-
teric 1, 2,3 u 10 cnosimu o 16 HEHPOHOB B KAXIOM.

[Tomy4eHHbIE BEpOSATHOCTH MPABMIBHOTO PACIIO3HABAHUS
CUTyalui S; Ha TECTOBOH BBHIOOpPKE B 3aBHCUMOCTH OT 4YHCIa
9MO0X OOYYeHHS UM HCIOJNB3YeMbIX [apaMeTpPOB MOJEIH
HeHpOCeTH MpeCTaBIeHB! Ha PUCYHKE 3.

P,en. [dona npaBu/ibHO pacno3HaHHbIX COCTOAHUI TECTOBOM Bbl6OPKKN
A
0,8000

. . 1 cnoithas HC
06,7000 2 cnoviHaa HC y

|
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Konuuectso anox obyyeHus HelpoceTn
Puc. 3. I'paduiku BeposTHOCTEH ITPaBUIILHOTO PaCIO3HABAHUS
CUTyauui S; B 3aBUCHMOCTH OT YHMCIIa STI0X 00y4eHHs

[lomydennsle rpaduyeckue 3aBUCHMOCTH  OIPEIEISIOT
MPAaKTHYECKYl0  MPUTOJHOCTh  BBIOPAHHON  CTPYKTYpBI
HEHpOCeTH Ul pELIeHUs] ONMCAaHHOW B HKCIIEPUMEHTE 3a/ladyH.
B cooTBeTCTBHH C TOTyYEHHBIMH PE3YNbTaTaMH, PEaTN30BaH-
HBIE Ha OCHOBE 1-3-ypOBHEBOH CTPYKTYPHI HEHPOCETH MOIEIH
JIEMOHCTPUPYIOT 00Jiee BEICOKYIO CKOPOCTh 00yueHus u Ooee
TOYHOE KayecTBO WACHTU(DHUKALUK COCTOSHHIA OOBEKTOB.
[IpencraBnenHblii Ha Tpaduke, JEMOHCTPUPYIOIIEM BO3MOX-
HOCTh peanu3anuu 10-ypoBHEBON HeWpoceTH, XapaKTepHBIN
crnaj| MokKasaTessi IPaBUIbHOCTH UIECHTU(GHUKALUHN COCTOSIHUH
onpenersiercs ¢ dexToM nepeodydeHus HerpoceTH [8]. Yuer
nmaHHoro sddekra sBIsETCS BaXHBIM (DAKTOPOM, MOAJIEKaA-
IIMM Y4YETy NpH BBIOOpE CTPYKTYpBl HEHPOCETH.

Pe3ynbraThl MMUTAMOHHOTO MOJEIMPOBAHMS JEMOH-
CTPUPYIOT JOCTATOYHO BBICOKMH MPAKTHUYECKHWH IMOTCHIHAI,
CBA3aHHBIA C HCIOJIB30BAHUEM HEUPOCETEBBIX TEXHOJIOTHH

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4 25



Intellectual Technologies on Transport. 2019. No 4

JUISL pelleHHsl 3aiad HMIACHTH(UKAIMU COCTOSIHUM OOBEKTOB
MOHHUTOPHUHTA B YCJIOBUSIX HEIOJHOTHI M YaCTUYHON HENOCTO-
BEPHOCTH MCXOJAHBIX JaHHBIX. llpencraBieHHbIE 3HAYCHUS
(~0,67) BEpOSITHOCTH TPAaBWILHOTO PACIIO3HABAHHS COCTOS-
HUHA O0BEKTa KOHTPOIS, AEMOHCTPHPYIOT NPEHMYIIECTBa UC-
TIOJTE30BaHMs OMMCAHHOTO MOJXO0MAa JJIsl COBEPIICHCTBOBAHHMS
UH()OPMAIIMOHHO-aHATUTUYECKOW PabOTBl B JIEATEIBHOCTH
OPraHOB rOCYAAPCTBEHHOTO U PETHOHAIBLHOTO YIIPABIICHHUSL.

3AKJIIOYEHUE

Pe3ynbTaThl MPOBEIEHHOTO aHaIN3a COBPEMEHHbBIX CHTYa-
UOHHBIX YCJOBHH (YHKIMOHUPOBaHUsI HWH(OPMALMOHHO-
AHAJIUTHYCCKHUX CprKTyp BCIAOMCTB, JCATCIBbHOCTbH KOTOprX
HampaBJicHa Ha TPEJIOTBPAIICHUE KPU3HMCHBIX CUTYaIUH, Je-
MOHCTPHPYIOT MOTPEOHOCTh B (DOPMUPOBAHUU W pPeaTU3AINH
HOBBIX MHTCIUICKTYaIbHBIX METOJIOB 00pabOTKH JaHHBIX, MPH-
3BaHHBIX 00ECICYUTH MOMOIIb CIICIHATUCTaM HH()OPMAIIHOH-
HO-aHAIUTHYECKUX TIOJIPA3JCICHUII OpPraHOB T'OCYAapCTBEH-
HOTO M PErHOHAJIBHOTO YIpaBlieHUus] B 00pabOTKe CyIIeCTBEH-
HO YBEIHYHBIIETOCS OO0beMa HMH(pOpMAIH, XapaKTepU3yIo-
LIETOCs BEICOKOH CTENEHbI0 HEOTPEISICHHOCTH.

Pe3ynbTarhl IPOBEACHHOTO UMHUTAIIMOHHOTO JKCIIEPUMEH-
Ta CBHUJACTCIBCTBYIOT O PEATU3yeMOCTH W IOTCHIIMATBHOM
3G (GEKTUBHOCTH — pealM3alid  MPEIOKEHHOrO  MMOAX0a
K COBEPUICHCTBOBAHUIO  HMH(POPMAIMOHHO-aHATUTHYECKOM
PpaboTHI TOCPEICTBOM MPUMEHEHUS METOJIOB MHTCIUICKTYallb-
HOTO aHajik3a JAHHBIX JUIS PEIICHUS 3a/ad, CBSI3aHHBIX C
uACHTU(UKAIIMEH COCTOSIHUN 00BEKTOB KOHTPOJIS B YCIOBHUSIX
HEOIPEIEIIEHHOCTH MCXOIHBIX NaHHBIX. OOmuii mpupoct pe-
3YJBTATUBHOCTH PEIICHUS PACCMOTPCHHOM 3alla4l COCTaBHII
6oiee 14 %.

JIMTEPATYPA

1. Crparerusi 5KOHOMUYECKOTO M COLMAIBHOTO PAa3BUTHSA
Cankr-IlerepOypra wa mepwox g0 2030 roma. URL:
http://spbstrategy2030.ru (nara obpamenus 15.07.2019).

2. B cucremy Buneonabmronexus IlerepOypra BHeapmim
TEXHOJIOTHIO pacrio3HaBanus mull // Odurmansaseiit caiit CI16
I'KY «I'MII». URL: http://spbl12.ru/news/193/detail/ (marta
obpamenns 15.07.2019).

3. CasempeB A. U. IIpoGiembl mpHMeHEHHS 3aKOHOJA-
TEJIbCTBA O MEPCOHANBHBIX JaHHBIX B 310Xy «bompmmx nas-
HbIX» (Big Data) // IlpaBo. XKypnan Beiciieli mkosbl 3KOHO-
muku. 2015. Ne 1. C. 43-66.

4. O6 ytBepxnaenun CTpaTeruy pa3sBUTHA OTPAciId HH-
(dopmanMoHHBIX TexHONorui B Poccuiickoit ®denepanuu Ha
2014-2020 roas! u Ha nepcnekTuBy A0 2025 rona: pacnops-
xenue IIpaBurensctBa  Poccuiickoit  ®emepauuu o1
01.11.2013 Ne 2036-p. URL: http://government.ru/docs/8024.
(mata obpamenus 15.07.2019).

5. Momnak I'. A. HMHTemnexkryanpHble WHOOPMAIIMOHHEIC
cucteMbl: YueOHOe mocodone. — Yemsasomuack: M3marensckuii
nentp IOYpl'Y, 2011. — 141 c.

6. Huxonenxo C. I'my6oxoe o0ydenue. [lorpyxenue B Mup
Heiiponnsix cererr / C. Hukonenko, A. Kamypun, E. Apxan-
rensckasi — CII6.: TTurep, 2018. — 480 c. — (bubmmoreka
MPOTPaMMUCTA).

7. Google Colaboratory.  URL:  http://colab.re-
search.google.com (mata obpamenus 25.05.2019).

8. Teopust u mMpakTHKa MAaIIMHHOTO OOYy4eHHs: YueOHoe
nocobue / B. B. Boponuna, A. B. Muxees, H. I'. fIpymikuna,
K. B. CearoB. — YaesHoBck: Yal'TY, 2017. — 290 c.

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4 26



Intellectual Technologies on Transport. 2019. No 4

Data Mining for the Tasks of Identifying the States
of Objects Control in Conditions of Uncertainty

A. V. Pankov, J. V. Dashkevich
A. F. Mozhaisky Military Space Academy
Saint Petersburg, Russia
yvdspb55@gmail.ru

Abstract. The article proposes the ways to improve infor-
mation analysis conducted by national and regional government
bodies for public security tasks. The proposed approach is based
on the idea of possible adaptation of artificial neural networks for
identifying critical states of subject areas in conditions of incom-
plete or partially invalid input data. The presented simulation
experiment describes the particular steps for the preparation of
initial data to study a neural network model based on the situa-
tion of partial randomization of reference vectors of signs. The
validity of using neural network methods for identifying the con-
trol objects state is determined by a comparative analysis be-
tween the effectiveness of their use and traditionally used meth-
ods that are based on the establishment of a metric distance be-
tween the results of operational monitoring and the reference
state of the control object.

Keywords: neural network, situation recognition, information
processing, Hamming distances, Big Data, OLAP, analytical
structures of departments.
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MeTtoa pacno3HaBaHus PaJMOCUTHAJIOB HA OCHOBE
Teopuu 00pa3oB

k.T.H. E. I'. Bopo6séB, actiupant JI. A. Omaome
CankT-IletepOyprckuii TOCy 1apCTBEHHBIH deKTpoTeXarndeckui yauBepeuteT (JIDTU) um. B.U. Vibsnosa (Jlenuna)
Cankr-IlerepOypr, Poccus
vrbyug@mail.ru, ola.john34@yahoo.com

Annomayua. PaccMaTpuBaloTcs BONpochl o0ecriedeHHsl 10-
CTYNHOCTH CIIYTHHKOBOI0 HWHTepHeT-cepBHca B pernoHax Pec-
nyoauxu Hurepusi npu MemaromeMm BO3AeiiCTBHHM 3apy0e:KHBIX
PAJHOLEHTPOB Ha OCHOBe (OpMHpPOBAHUSI M PACHO3HABAHHUSA
o0pa3a paJUOCTAHIMM @0 @apaMeTpaM MOJAPH3ALHOHHO-
BpeMeHHOro Koauposanus. Ilokazano, 4yro HanboJiee KOHCTPYK-
THBHBI MeTO/JbI 3aIIUTHLI OT MOMeX, BKJI0Yas MOISPH3AIHOHHO-
BpeMeHHbIe, KOTOpbIe 00/1aAal0T BbICOKOH 3()(peKTHUBHOCTBIO M
CTPYKTYPHOIi yCTOIYHBOCTBIO B YCJIOBHAX 3HAYMTEIbLHBIX H3Me-
HeHHMii mapaMeTpoB curHaios u nomex. Ilpennaraemsblii mogxon
MO3BOJIsIeT FTAPAHTHPOBAHHO CEJIEKTHPOBATh CUTHAJI CIIyTHHKA B
J11000ii TouKke HA0/II0ICHUS U CO31aTh PETPAHCASAUOHHBII LIEHTP
]ISl BHYTPeHHUX paiionoB Hurepumn.

Knroueswie cnosa: noctynHocrb HHGpOpManuu, moJIsipu3anus,
KO/IUPOBaHHe, 00pa3 pagHoCTaAHIUH.

BBEJIEHUE
AKTyanbHOCTb 3a/laud paclO3HABAHUS PAJUOCUTHAJIOB
CIlyTHUKa-peTpaHcisiTopa HMHTEpHET-cepBrca B PecmyOmnke
Hurepust o0ycnoBieHa HalW4MeM MEMIAIOIMX CTAHIMHA Ha
TEPPUTOPUH CONIPEIEIBHBIX TOCYIapCTB B YCIOBHUIX TOPHCTOM
MECTHOCTH M HU3KOH BBICOTHI CITyTHHKA HaJl TOPH30HTOM W3-
32 TPOXOXKICHUSI TPACChl CIIyTHHKA JOCTATOYHO HAJIEKO OT

rocyaapcTBeHHOM rpanuiel Hurepun.

OCHOBHBIE TTOJXO/IbI K PEIIEHUIO 3AIAUN PACTIO3HABAHUSA
OBLEKTOB U SBJIEHUN

[Ipouecc pacnozHaBaHus B 00IIEM ClIydae COCTOUT B TOM,
YTO CHCTEMa pAaCIIO3HABAaHMS HAa OCHOBAHMHU COIOCTABJICHUS
arloCTEpUOPHOH MH(POPMAIK OTHOCUTEIBHO KAXJO0I0 MOCTY-
MHBIIETO HAa BXOJ CHCTEMBI 00BEKTa WJIM SIBJICHUS C arpHop-
HBIM OIHMCaHHWEM KJAcCOB IPHUHHMMAET pElIeHHE O NpUHaj-
JISKHOCTH 3TOTO OOBEKTa (SBJICHUS) K ONHOMY M3 KIIAcCOB.
[IpaBmito, KOTOpPOE KaXKAOMY OOBEKTY CTaBHUT B COOTBETCTBHE
OIIpeZIeTICHHOE HAaNMEHOBAHUE KJIAccCa, HAa3bIBAIOT peulaoujum
npasuiom. B mureparype, MOCBSIIEHHOH paclo3HABAaHHIO
00pa3oB, YTBEpAWIOCH MHEHHE, YTO CyTh IPOOJIEMBI PacIo-
3HABaHMS 3aKIII0YACTCS B ONPENCIICHUH PENIAloNINX IPaBull,
HaxXOXACHUN B MPU3HAKOBOM IMPOCTPAHCTBC TaKHUX TI'PaHUIL]
(pemaronux TIpaHUL), NPHUIEPKUBASICh KOTOPBIX IPU3HAKO-
BbIE TIPOCTPAHCTBA ONTHUMAIILHBIM 00pa3oM, HampuMmep, ¢ TOY-
KU 3pEHUs] MUHUMH3all1 OIIMOOK pacrio3HaBaHus, MOApa3ie-
JSIOTCS Ha 00JacTH, COOTBETCTBYIOIIME KiaccaM. Tak, B [1]
CKa3aHO, YTO B OTBICKAHWM TAKWX PEMIAIOIIMX NpaBHJI HA OC-
HOBaHMM 3aJaHHBIX OINMCAaHWH KJIACCOB M 3aKIIOYAeTCs Mpo-
GneMa pacrio3HaBaHM.

[Ipn onpeneneHny penIalOmuX NpaBHil (PEIIAOIUX TIpa-
HUII B IPU3HAKOBOM IIPOCTPAHCTBE) B 3aBUCHMOCTH OT 00be-
Ma MCXOJHOW ampHOpHOW HWH(OpMaIUK paccMaTpHBAIOTCS
CIIEIyIOIINEe CUTYallu:

1. KommaectBo wCXOmMHOH WMH(OpMAIH JOCTATOYHO IS TOTO,
4TOOBI IyTEM €€ aHAI3a M HeMOCPSCTBEHHON 00paboTKU orpee-
JIMTB PELLIAIOIINE MPaBIIIa (CHCTEMBI pactio3HaBaHus1 O0e3 00ydeHNs).

2. KonuecTBo McxoaHOM MH(pOpMaNK HEOCTATOUHO JUIS
OTIpeJIeICHUs PEIIAOIINX [IPaBHJ Ha OCHOBE €€ Herocpel-
CTBEHHOM 00pabOTKH, B CBI3U C YEM peaM3yeTcs MpoIleaypa
o0y4eHus (oOyJaronuecs: CHCTEMbI pacIio3HABAHUS ).

B cutyanusax 1 u 2 3a1a4a OTBICKAHUS PEIIAIONTNX MPABUIT
Oasupyercs Ha TOM, 9TO an(aBHUT KIACCOB OOBEKTOB U allpH-
OpHBIH CJIOBaph NMPHU3HAKOB, NPEJHA3HAUYEHHBIX VIS MX OIH-
caHuii, n3BeCTHBI. PaccmarpuBaeTcs TakxKe U Takasi CUTYyalus,
KOTJIa CIIOBaph IPU3HAKOB U3BECTEH, HO HEM3BECTEH aJ(aBUT
knaccoB. Ilpu aToM, onHako, ompejaeneH HEKOTOpPHIH Habop
NpaBWI, B COOTBETCTBHM C KOTOPHIMU Ha OCHOBaHMH HpOLie-
Jypbl caMOOOY4eHHs HaXOJUTCSI HCKOMBIH ali(haBUT KIIacCOB.
3areM OIpeNeIIIoTCs pelIaone IpaBmia (caMoo0ydIaronu-
€CsT CUCTEMBI).

HcTopryecku CIOKUIIOCH TaK, YTO TIEPBBIE TEOPETUIECCKUE
HCCIIEIOBAHUS ¥ TIPUKIaJHBIE PaOOTHI B 00JIACTH paclio3HaBa-
HUsl 0a3WpOBANKCH HA TOM, YTO MPU3HAKOBOE MPOCTPAHCTBO
W3BECTHO, M3BECTCH Takke W aidaBuT kiaccoB [1]. B atmx
YCIOBUSIX MpoOiieMa pacro3HaBaHHs JACHCTBUTENBHO MOXKET
TPaKTOBaThCs Kak Mpo0iemMa omnpesieNieHHs B HEKOTOPOM
CMBICIIE HAWIYYIIUX PEHIaoNIMX TpaHul] (peuaronmx mpa-
BWII). B HacTosIee BpeMsi 4acTo MpH MOCTPOSHUH paclio3Ha-
OIIUX yc’I'pOfICTB HUMCCT MECTO CUTYyalus, KOrjga U3BCCTHBLI U
andaBUT KIIACCOB, U CI0Baph npusHakoB [2—4]. OxHako B 00-
mIeM ciTydae MpH MOCTPOCHUHU pEeallbHBIX CUCTEM paclio3HaBa-
HUS, TPEOYIOMHUX Pa3pabOTKH CIEMUANBHBIX U3MEPUTECIBHBIX
CPEICTB U IENBIX M3MEPHUTEIBHBIX KOMILICKCOB, HICXOIUTh U3
TOTO, YTO a()aBUT KJIACCOB H CIOBAph MPH3HAKOB ANPUOPHO
W3BECTHBI, K COXAJCHUIO, HE MPUXOTUTCS, TIOATOMY CHCTEMBI
pacno3HaBaHusd, ABJIAACH YaCTbIO CHUCTEMbI YIPABJICHUA (aB-
TOMAaTHYECKOW TN aBTOMAaTH3UPOBAHHOM), TOJKHBI CTPOUTH-
cs ¢ yueToMm obecriedeHus: Hanbosee 3P (HEeKTUBHOTO HCIIONb-
30BaHMSI BCETO HAOOpa MOMyCTUMBIX peIIeHHil. OTOT (axT
HaKJIa/IbIBAeT Ha MOCTPOCHUE CHCTEM pACIO3HABAHMS CIEIy-
OIIHME OTPAaHNYCHHS.

1. IIpu mpounx paBHBIX YCJIOBHSX IOBBILICHHE d(PPEKTUB-
HOCTH IIPHHUMAEMBIX PEIICHUH CIIeyeT CBA3BIBATH CO CTeIle-
HBIO JIeTaJIM3alH OTIPEAEICHUs WM Ha3HAaYeHHs JTH00 Xapak-
Tepa pacno3HaBaeMoro oobekra wim ssieHus. CteneHs jera-
JM3alUK ONpEeNsIeTCs KOJIMYECTBOM KJIAcCOB, Ha KOTOpBIE
OJJpa3eIeH0 MHOXECTBO 00BEKTOB MK siBiieHNH. Tak, eciu
CUCTeMa YIPaBICHHS PACIIONATaeT /71 Pa3NUIHBIMH PEIIeHUs-
MH, TO B ajipaBUTE KJIACCOB CHCTEMBI PACIIO3HABAHUS, YUUTHI-
Basg CKaszaHHOE, IIeJIeCO00pa3HO IMpexycMOTpeTh m + 1 Kiac-
coB. Torma, eciu pacnio3HaHHBIA 0OBEKT OTHOCUTCS K Ki1accy 2,
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NpUHUMACTCS pereHne [, ecmm K wiaccy €2, — pemenne [,
U T. JI., €CIIH K€ 00BEKT OTHOCHUTCS K Knaccy €, ., pelIcHUE
HE MPUHUMAETCSI.

2. DPPeKTHBHOCTS MPUHUMAEMBIX CHCTEMOW yIpaBICHUS
pELICHUH TIPH NPOYKMX PABHBIX YCIOBHSX (B TOM YHCIIE, eCTe-
CTBEHHO, TIPH 3aJaHHOM aj(aBUTE KIaCCOB) 3aBUCHT OT TOY-
HOCTH OTIpEJIeNICHUs] IPUHAISKHOCTU PACIIO3HABAEMOT0 00b-
€KTa WJIM SIBICHUS K COOTBETCTBYIOIIEMY Kiaccy. TodHOCTB
)K€ OIpEEICHUs WM OIINOKa paclio3HaBaHMs TPH 33TaHHOM
M0 TOYHOCTU alpUOPHOM ONKMCAHHU KJIACCOB OIPEAENISIETCS
pa3MepHOCThI0 M WH(OPMATUBHOCTBIO MPU3HAKOBOTO IIPO-
CTpPaHCTBa, 00BEMOM M KaueCTBOM aroCTePHOPHON MH(OpMa-
UM O 3HAYCHHSX NPU3HAKOB (MApaMeTpoB), KOTOPBIMU Xa-
pakTepu3yeTcs pacno3HaBaeMblii 00bekT. MHaue roBODH,
pacuipeHue andaBuTa KIACCOB, YBEIMYHBAIOIICE CTEMCHD
JIeTAIM3aIMK OTPE/IC/ICHNs] Ha3HAUCHHs IHOO XapakTepa pac-
[M03HABAEMOTO O0BEKTa (SIBJICHUS), IPU HEU3MEHHOM CJIOBape
MPU3HAKOB YBEJINYMBACT OIIMOKY pacro3HaBaHuUSI.

[Iycth 3aganbl TpH Kimacca 4, Q,, u 3 00BEKTOB pacmpe-
nenenusvu fi(x), f(x), f3(x), anpHOPHBIME BEPOATHOCTAMA
TOSIBIICHHUS 00BEKTOB COOTBETCTBYIOIINX KJIacCOB
P(Q,) = P(Q,;) = P(Q3) =P, a  TakKe  MOTEPIMHU
C11 = Cap = €33 = 0, ¢ = €1 = €13 = €31 = Cp3 = €35 = C.

Ha pucynke 1 mperncraBieHBI 3aKOHBI pacIpeleleHHUH.
Cpennwii (6aifeCOBCKHIA) pUCK

Ry =Pc [f fo0)dx + [* fs(o)dx +f fi(0)dx +
+f fs(x)dx +f fl(x)dX+f fz(x)dx] =

= Pc ffz(x)dx+ ff3(x)dx+J-fl(x)dx+ff2(x)dx.

[omoxxum Terneps, YTO OOBEKTHI, OTHOCSIIUECS K KiIaccaM
Qu Q,, pemeHo 00BEIUHUTL B OAMH Kiacc (2,, OmMHMCaHWE
KOTOpOTo

x) A

fi(x)

P(Q)fi(x) + P(Q)f>(x)  fi(x) + folx)
P(Q,) + P(Q,) N 2 ’

P(Q4) = 2P,C43 = C34 = C.

fux) =

CpeL[HI/Iﬁ PUCK B JaHHOM CJIy4dac B MPCANOJIOKCHUN HCU3-
MCHHOCTH I'PpaHUIbL b cocraBut

R,=c [P f_l;f3(x)dx + 2P fbwf4(x)dx] =

= Pc [’ fG0dx + [ G)dx + [ f(x)dx]

W3 cpaBHeHus BenuuuH Ry u R, BUAHO, 4TO Ry > R, Ha
BEJINYNHY

AR =R, — R, = Pc [f_amfz(x)dx + fabfl(x)dx].

Crie1oBaTeNbHO, NpU 3A0AHHOM NPUSHAKOBOM NPOCMPAH-
cmee u NpouUX PAGHLIX YCLOGUAX YMEHbUIeHUEe YUCLA KIACCO8
NPUBOOUM K YMEHbUEHUI) OUUBOK PACNOZHABAHUA, U HA0OO-
pom, npu yeeruueHuu Yucia Kiaccog CUCmemMbvl PACno3HAsa-
HUsL 8 YelsiX NOOOepICaAHUsI HA 3A0AHHOM YPOGHE WU 0dadice
VMEHbUIEHUS CPeOHe20 PUCKA  (8ePOSIMHOCIMU  OWUUDOUHBIX
peuienul) Hado Pacuupsms Clo8apb NPUHAKOS (ecmecmeeH-
HO, NPU NPOHUX PABHBIX YCA08UsAX). B TO e BpeMs pacimupe-
HHE TPU3HAKOBOTO MPOCTPAHCTBA B IENAX YMEHBIICHHUS OIIIH-
GOK pacrio3HaBaHMsI COTPSKCHO C YBEIMYEHUEM YHCIIa TEXHH-
YECKUX M3MEPHUTENBHBIX CPEICTB, KAXKI0E U3 KOTOPBIX 0bec-
NEeYMBACT OIMpE/CICHHE COOTBETCTBYIOIIECTO MNPH3HAKA HITH
rpyMbI MPU3HAKOB. DTO, B CBOIKO OYepe/lb, TPeOyeT yBenuue-
HHE 3aTpaT Ha MOCTPOCHHE CHCTEMBI pacmo3HaBaHus. Ha Be-
JIMYMHY 3aTPaT B PEalbHBIX YCIOBHUSX, KaK MPaBUIIO, HaKIIa-
JIBIBAFOTCS T€ WM APYTUE OTPaHUUYECHUS.

Fa(x)

f3(x)

<]

v

a

b

Puc. 1. 3akoHbr pacnpez[eneHI/H‘/'I MOSIBIICHHS 00BEKTOB COOTBCTCTBYIOIIUX KJIACCOB

Takum o0pa3om, cTpeMileHHE 110 BO3MOXKHOCTH HauboJiee
3 (EeKTUBHO HCIIOIb30BaTh HAOOpP BO3MOXXHBIX PEUICHHH CH-
CTEMBI YIPaBIICHUS TPUBOJIUT K HEOOXOJUMOCTH YBEIUYCHUS
andasuta kIaccoB 10 m + 1. OnHAKO €CTeCTBEHHAs OIpaHH-
YEHHOCTh PECYpPCOB, aCCUTHOBAaHHBIX Ha MIOCTPOCHUH M3MEpH-
TENBHBIX CPEICTB CHCTEMBl pACIIO3HABAHMS WA CHUCTEMBI
pacrio3HaBaHuMs B IIEJIOM, IPUBOIUT K TOMY, YTO TI0 MEpe yBe-
JTU4YeHus aa(aBUTOB KJIACCOB OMIMOKM Paclo3HaBaHUs PacTyT,
a 3T0 yMeHbIIaeT 3((PEKTUBHOCTh HCIIOJIB30BAHUS BO3MOXK-
HBIX pemeHui. ToabKo HEKOTOPBIM KOMIPOMUCC MEXKAY pas-
MepamH angaBuTa KJIacCOB M 00BEeMOM pabodyero cioBaps
MPU3HAKOB CUCTEMBI, 0a3upyIOIIUiics Ha MCXOAHBIX JAHHBIX

OTHOCHUTENIFHO Habopa BO3MOXKHBIX PEIICHHA U BEITHYHUHBI
pecypcoB, OTIYIICHHBIX Ha CO3JAaHHE M3MEPHTEIHHON arma-
paTypsbl, pealu3yIomiel cIoBaph MPU3HAKOB, MMO3BOJISET obec-
MIEYNTH PEUICHHE 3a/1a4¥ ITOCTPOSHHS CHCTEMBI pacro3HaBa-
HUS ONTAMAJIBHBIM 00pa3oM.

Hcxons M3 BBINIEN3IIOKEHHOTO, CyTh IPOOJEMBbI pacHo-
3HABaHUS COCTOWT B Pa3pabOTKe Takux ajdaBuTa KIACCOB W
CJIOBapsi MPU3HAKOB, KOTOPBIE B YCIOBHSAX OrPAHHMYCHHBIX
pecypcoB Ha TIOCTPOSHUE CHCTEMBI PaclO3HaBaHUs 0OecHeyn-
BAlIOT MaKCHUMaJbHYIO 3(Q(EKTUBHOCTh CHCTEMBI yIPaBICHUS,
NPUHAMAIONIEH COOTBETCTBYIOLIEE PEIICHUE B 3aBUCHMOCTH
OT pe3yJbTaTOB PEIICHIs 3a/la4d paclio3HaBaHus. [Ipu 3ToMm,
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0e3yCciIOBHO, BBIOMpas cIOBaph INPH3HAKOB U ONpEAEIsis all-
(aBUT KJaccoB, CieyeT HaXOJWTb HAaWIydlllMe pellarollie
npaBuiia, peliarolie rpaHulbl Mexay kiaccamu. OqHako B
o0rmieM ciiygae He B 3TOM COCTOWT MpoOjeMa pacro3HaBaHUS,
KaK HU Ba)KHA M KaK MOJYac HU CIOXKHA 3aja4da ONpeAeIeHHsI
ONTHMAJILHBIX PEIAIOIINX MPABUII, 00ECIIEYHBAIOIINX B YCIIO-
BUSIX 3aJIaHHBIX aj(aBuUTa KIACCOB M CIOBaps IMPH3HAKOB
HaMOOJIBIIYIO TOYHOCTh pacio3HaBaHus [4].

TTOCTAHOBKA 3AJIAYU PACIIO3HABAHUS CUTHAJIA CITY THU-
KOBOW PAJTUOCTAHIIUU HA OCHOBE MOJISIPUMETPUN

Ilycth 3amaHO MHOXECTBO MPU3HAKOB PaJUOCUTHAIOB
Q ={w,,..., w,}, a TAKKE MHOKECTBO BO3MOXKHBIX PELICHHI
L ={l,,..,1l;}, xoTOpble MOTYT OBITH NPHHATHI CHCTEMOM
yIpaBiACHUSI MO pe3yjibTaTaM pPEeLICHHs 3aJadd pacro3HaBa-
HUs. BBeleM B pacCMOTpEHHE MHOXECTBO BO3MOXKHBIX BapH-
aHTOB pa3buenus oObekTOB Ha Kiaccel A = {4y, ..., A, }. By-
JICM ToJIaraTh, YTO CJIM BBIOpaH BapUaHT pazOueHus A, a =
1,..,7, TO MHOXeCTBO ) mMoOJpa3jessieTcsi Ha MM, KJIAacCOB,
T. €. Aa:ﬂga n Q;“ =pUM 0 =0,q,g=1,..,mg,q #
g-

Ilycth mepBoHavanbHass WHGOPMAIHS MO3BOJISET IMOCTPO-
UTh AaNpHOPHOE TMPHU3HAKOBOEC MPOCTPAHCTBO (COCTABHUTH
AnPUOPHBIN CJIOBaph MPU3HAKOB), OMUCHIBAEMOE MHOTOMEp-
HBIM BEKTOPOM X, = {X1, ..., Xy }. HPOPMAIHS OTHOCHUTENHHO
mHOXecTBa pemennit L = {l;, ..., [} mo3sonser mpoussecTtn
HCXOJHOE pa30MeHHe MHOXKECTBa OOBEKTOB Ha KIACCHI, T. €.
COCTaBHTh AIPUOPHBINA all(haBHUT KJIAcCOB. B mepBoM BapuanTte
nojpasjeneHus o0beKToB Ha Kimacchl (o0 = 1), T.e. xorma
A, = A,, ux umcno paBuo m, =my =k + 1. HcxomHoe
MHOX€ECTBO 00BeKTOB () = {wy, ..., W,} (00yUaronyo BEIOOD-
Ky) T[OIpa3ieiuM  Ha  MOJMHOXECTBA —  KJIACCHI
a0, L., 00

Ecnu oOyugaroriast BBIOOpKa JOCTATOYHO MPEACTABUTENbHA,
TO HEMOCPEICTBEHHOW 00pabOTKON MCXOMHON WH(OpMAIIH
MOYHO OIPEIENIUTh OMHUCAHUs KJIacCOB. [IpH CTaTHCTHYECKOM
MOAX0Je K 3aJa4ye paclo3HABAHUS TAKUMH ONUCAHUSIMU SIB-
JISIFOTCS. alPHOPHBIC BEPOSATHOCTH P(QiAl) MOSIBIICHHUST 00BCK-
TOB COOTBETCTBYIOIIMX KJIACCOB, a TAKXKE YCIOBHBIC IUIOTHO-
CTH paclpe/esicHUs] 3HAYCHHUI MPU3HAKOB 10 KjaccaMm, T. €.

Ay .
dyHKIHH fﬂi (1) ey xy)i=1, ...,
HOW anpuopHOW WH(OPMAIMKM HEJOCTATOUYEH IS HEMoCpes-
CTBEHHOTO OIMHCAHHS KJIACCOB, TO OHH MOTYT OBITh IOJIYYECHBI
C MOMOII[IO MPOLIEAYPHI 00YUEHHS.

Hanuune onucanuii k1accoB nmapaMeTpoB paguOCUTHAIOB
B MPHHIMIIE MO3BOJSIET ONPECIHTh PELIAIoIINe MpaBHiIa
(pemmaromiyie TPaHUIIBI), WCHOJIH30BAHHE KOTOPHIX OOecredn-
BaeT MUHHMH3AIMIO OMIMOOK NPH pacliO3HaBaHUU HEHU3BECT-

m,;. Ecnmn o6bem wmcxon-

HBIX curHajoB. O003HaYNM dYepes Pnp(QiA‘]xa) OIICHKY aIto-
CTCPHOPHOI BEPOSTHOCTH TPABIJIFHOTO pEIICHUS 3aJadd
pacro3HaBaHMs, YCPETHEHHYIO IO BCEM BO3MOXKHBIM 3Haue-
HUSM TMPHU3HAKOB AMPHOPHOTO CJOBAps, OMHCHIBAEMOTO BEK-
TOPOM X,. DTa OIlEHKa MOKET OBbITh TMOJy4YeHa MPOBEIACHUEM
CTaTHUCTUYECKUX HcnbITaHuil (Metoa Mounte—Kapno) matema-
TUYECKOHM MOJICIIN CHCTEMBI PACIIO3HABAHMUSL.

Ecnu Obl He OBUIO OrpaHMYCHHI HA BEIUYHUHY PECYpPCOB,
ACCUTHOBAaHHBIX Ha TOCTPOCHHE H3MEPHUTEIBHBIX yCTPOHCTB,
TpeIHa3HAYSHHBIX [T ONpPeeNICHHS TOIPU3aMOHHbBIX MPH-
3HAKOB X1, X3, ..., TO MOKHO OBLIO OBI MOJIATaTh, YTO OCHOBHBIC

XapaKTECPUCTHKHN CHCTEMBI PAaclio3HABaHUS — aj(aBHUT KIlac-
COB U CJIOBaph MPU3HAKOB — OINPEJICICHBI, © MOXHO MPHCTY-
maTh K MOCTPOCHMIO CHUCTEMBI pacmo3HaBanus [1, 4]. B ycmo-
BHSX OTpaHWYCHHH, KOT/Ia PEaji30BaTh alpHOpPHOE NPH3HA-
KOBO€ TPOCTPAHCTBO X, = {Xq,..,Xy} B TOJIHOM O0BEME HE
MPEICTABISIETCS, BOZMOXKHBIM, TIPUXOJUTCS €T0 COKpamaTh 1o
CPaBHEHHIO C allPHOPHBIM, T. €. MEPEXOIUTh OT alPHOPHOTO
CJIOBaps MPU3HAKOB K pabouemy.

Paccmorpum Bektop A = {A4, ..., Ay}, KOMIOHEHTBI KOTO-
poro A = {% (B 3aBUCHMOCTH OT TOTO, MCIOJB3YETCS JIH JaH-
HBI TPU3HAK allPHOPHOTO CIIOBaps B pabodeM cioBape WiIH
Het). Kpome Toro, BBeieM 0003HadeHUe I pabodero cioBa-
ps
Xp = {xh,...,x]-n}, A€ ji,-,jn €1,..,N, T. €. MHOXECTBO
MPU3HAKOB paboyero ciaoBaps COCTOUT U3 3JIEMEHTOB MHOXE-
CTBa MPHU3HAKOB AalpUOPHOTO clioBaps (paboumii CloBaphb
NpeJICTaBIsIeT CO0O0M MOJAMHOKECTBO MHOXECTBA MPU3HAKOB
AnPUOPHOTO CIIOBAPSI).

OGozna4anm gepe3 C; CTOMMOCTB CO3IaHUS U3MEPHTEILHO-
T0 YCTPOKCTBA, OOECTIEYMBAIOIIETO ONMPENETIEHHE X;-TO TIPH-
3HaKa, j=1, ..., N, a uepe3 C, — OOIIyI0 BEIIMINHY PECYpPCOB,
ACCHTHOBAaHHBIX Ha CO3JaHHe Bcex m3Mmepureneid. Ecmm
Z?’zl C; = Cy, TO B Ka4eCcTBE paboYEro Ca0Bapsi CUCTEMBI pac-
MO3HABAaHUS MOJKET OBITH HCIIOJB30BAH ANPHOPHBIA CIOBAPb.
Opnako B o0meM ciydae, Kak HpaBWIO, CyMMapHas CTOH-
MOCTBH CO3/IaHHsSI KOMIUJIEKCa TEXHHYECKHX CpPEACTB, obecre-
YUBAKONIUX U3MEPCHUE BCEX MPU3HAKOB AlPHOPHOTO CIIOBApS,
IpeBbIaeT Benuuuny C, T. €. 2?1:1 C; > Cy. 3atpaTel Ha cO-
3aHNE KOMITJIEKCA TEXHHYECKUX CPEICTB, 00ECTICUMBAIOIINX
M3MEpPEeHHE TPU3HAKOB pPa0OYero cioBaps, OIPEACISIIOTCS
BemuuHamu C = 27=1 A G = X=1Cig < Co.

0O603HaunM Yepes G(Qfl) BBIUTPBIII, CBA3aHHBIHN C peau-
3aIMel BO3MOXHBIX PEIICHUIA MTPH pacrio3HaBaHUHM 00BEKTA (,
OTHECEHHOTo K Knaccy (i B BapuanTe kiaccupukarmu Aj.
Torma maTeMaTHYeCKO€ OKHAAHUE BBIUTPHIIIA OT BHIOOpA
BapuaHTa A; NPU UCIOJE30BAaHUH AMPHOPHOTO CIOBApPS IMPH-
3HAKOB

R = M[G(QM)] = i Pop (27 %) G (Q4).

Benmunny R ymecTHO paccMaTpuBaTh B Ka4eCTBE KpPUTE-
pust 3GGEKTUBHOCTH CUCTEMBI PACIIO3HABAHUS, W, CIICIOBa-
TEJIBHO, C €T0 MaKCHMU3AIMel HY>KHO CBSI3bIBATh YBEIMUYCHHE
3¢ PeKTUBHOCTH €€ QYHKIIMOHUPOBAHUSL.

B ycnoBusix orpaHUYEHUI, ONPEaeIeMbIX BETHIHHOH C),
BO3HHUKAET ClIe/lyIolast IKCTpeMallbHasi 3a/1a4a: He0OXOIUMO B
npejenax C, HaliTW TakoW BapHaHT pa3dueHus 0OBEKTOB Ha
KJIaCChl M TaKOe IMPOCTPAHCTBO IPU3HAKOB, MPH KOTOPBIX
obecreunBaeTCss MaKCUMAIbHOE 3HAa4YeHHE KpuTepus d¢¢ek-
TUBHOCTH CUCTEMBI R. JIpyrumu cioBamu, HEOOXOIMMO OIpe-
nemuts A, = A° us muoxectBa A = {4%, ..., A,, ..., A,} u Bek-
top A =A%, KOTOpHIE TpH HAWIYYLIEM PELIAIOIIEM IMPABHIIE
JIOCTABIBIIOT DKCTpeMasbHOe (MaKCHMAITbHOE) 3HAUCHHE BEITHIH-
HBI R Tipu cOOIFOIeHNH oTpaHndeHnit Ha BemmauHy C < C, T. €.
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R =R(4% %) = rr}laxmlaxR =

My

= n;nlix m/laxz PHP(Q;‘!“M)G(Q;‘]“),
i=1
¢ yuerom C = Z?’zl A;C; < Co. Tpu sT0oM A° ompenenser an-
¢asuT Knaccos, a A° — onTuMaibHBI pabounii cOBaph TPH-
3HAKOB.

Urak, obwas nocmanoexa npobiemvl pacno3nasaHusl
CHYMHUKOBLIX PAOUOCUSHANIO8 MO UX NOJAPUSAYUOHHBIM Na-
pamempam modicem 6vimb CHOPMYIUPOSAHA CAEOVIOUWUM 00-
Pazom: 8 YCIo8UsX NEPEOHAUATILHOZ0 (ANPUOPHO20) ONUCAHUS
UCXOOHO20 MHOJICECMBA 0OBEKMOE HA SA3bIKE ANPUOPHO20 CJIO-
8apsi NPU3HAKO8 HeoOX00UMO 6 npedenax blOejleHHbIX pecyp-
CO8 HA NOCMPOEHUEe UIMEPUMENbHOU annapamypsl onpeoe-
UMb ONMUMATbHBIL AApaA8UM KIACCO8 U ONMUMAIbHBIN Pa-
6ouUll CN06APHL NPUHAKOS, KOMOPble NPU HAULYYEM peuld-
1owem npasuie obecneyugaiom naubonee 3pgexmueHoe uc-
NOAb308AHUE PeUleHUT], NPUHUMAEMBIX NO Pe3YTbMAmam pac-
NO3HABAHUS HEU3BECMHBIX 0OBEKMOE UNU AGLeHUL CUCTEMOU
VAPABNEeHUs..

METO/I PELIEHUS 3AJIAUM PACTIO3HABAHUS

PaccmoTpenHass mocraHoBKa NpOOJIEeMbl PacIiO3HABAHHSA
MO3BOJISIET OTPENEIUTh MOCIEA0BATENFHOCTD 3a1a4, BO3HHU-
KaloMKX MPH pa3pabOTKe CHCTEMBI PAcIIO3HABAHMS, MPEAJIO-
KHUTh UX (DOPMYNHUPOBKH M BO3MOXHBIE METOJBI PEIICHUS.
Hambomee SKOHOMHBIN MeTO] pemeHus NpoOJIeMbl MoCTpoe-
HUSI CHCTEMBI PAaclO3HaBaHMS — METOJ MaTeMaTHYECKOTO
nm  (U3UKO-MaTeMaTHIeckoro MozenupoBanus. OcHOBHas
uzest paboThl HpearaeMoil Mojiei pa3padaThiBaeMON CH-
CTEMbI pacnio3HaBaHUA — peainu3alusd I/ITepaTMBHOﬁ rnpo1e-
Jypbl, oOecre4rBaroLei myTeM Mocie10BaTeIbHbIX TPUOIIH-
JKEHUH CUHTE3 CUCTeMbl, 3(P(PEKTUBHOCTb PabOTHl KOTOPOMH
JIOCTAaTOYHO ONM3KO MPUOIMKAETCs K MOTEHLHAIBHO JOCTH-
SKUMOM.

Jnst mocTpoeHust Moaean HeoOXOAMMBI:

1. MHOXECTBO BO3MOXHBIX PELICHHUH, KOTOPHIE MOTYT
OBITH MPUHATHI CHCTEMOM YIIPaBIEHHUS Ha OCHOBAHWH PE3yJIb-
TaTOB PAacllO3HABAaHMs HEM3BECTHBIX OOBEKTOB WM SIBICHUH
L={l,.., L}

2. AIpHOpPHBIi CIIOBAPh MPU3HAKOB X, = {X{, ..., Xy}

3. Ucxomnoe MHOKeCTBO 00beKTOB Q) = {wy, ..., W, }.

4. Benmmuuna pecypcoB Cj,, aCCHTHOBaHHBIX Ha TIOCTPOEHHUE
MU3MEPHUTENBHOM anmapaTypbl CHCTEMBI.

5. 3HaueHWe BHIUTPHINEH, MOIYyYaeMBIX CHCTEMOM
yIpaBIeHUs] OT KOHKPETHBIX PpEIICHWH W3 MHOXECTBa
BO3MOKHBIX pemtenuit L = {ly, ..., 1}, npuHEMaembx 1m0
pe3ynbTaTaM peLICHUs 3aJadyl PACHO3HABAHUS, T. €. BEINYHH
G(Qf“),i =1,...m, a=1,r.

[TocenoBaTenbHOCTh OCTPOSHUST M PaOOTHI MOJEIH CO-
CTOMT M3 TaKUX JTAloB.

[lepBeIii oTan npegHa3HaveH ISl IOCTPOSHHUS MOJENHN CH-
CTeMBI paclo3HaBaHus B nepBoM npubmmwkennu (¢ = 1). Au-
TOPUTM PEAN3aIHU 3TOTO 3Tarna CIEeAyOIIHH.

1. Onpenensiercst IepBHI BAPHAHT pa3OMCHUS MHOKECTBA
00BEKTOB Ha KJacchl A;, B COOTBETCTBUHU C KOTOPBIM KOJIMYE-

A

cTBO KIaccoB my = k + 1. IIpu oToM K knaccy () ' OTHOCATCS

00BEKTHI, MPUMEHUTEIBHO K KOTOPBIM CIEAyeT IIPUHUMATh
A

pemenne l;, k knaccy ), — 0OBEKTBI, K KOTOPBIM HAJ0 MPH-

A
HUMATb peIIeHue [y, M T. 1., K K1accy ,' — 0OBEKTHI, K KO-

A
TOPBIM HaJI0 NPUHUMATB pelleHue i, k obbekTam Kiacca Q!
pelIeHUe He IPHHUMACTCS.

2. OnpenensieTcsi HEMOCPEICTBCHHO JINOO MOJAMHOKECTBO
MHOJKECTBA Ka)JIOTO Kiiacca:

A1 _ 1 1 1 A1 _ 1 1
Q —(wh,wyz,...,ww o, 0 = Wy o s Wy, ),

rae {(yl, ...,ylp), e) (y,p, ....,yv)} € 1,...,z, mubo pa3pabarsi-
BaeTCsl HEKOTOPBIM HAO0Op TPaBWJI OTHOCHUTEIHLHO 3HAYCHHH
MPU3HAKOB, COJEPIKALINXCS B alpPHOPHOM CIIOBape, B COOT-
BETCTBHH C KOTOPHIM Ha OCHOBE METOOB CaMOOOYYEHHs IPH
M3BECTHOM YHCJIE KIIACCOB ONPENEIISIOTCS 00BEKTH HCXOIHO-
IO MHOKECTBA, OTHOCSIIIIUXCS K KOKIOMY KJlaccy.

3. IlpomsBomuTcsi omMcaHWe KaXKIOro Kilacca Ha sI3bIKe
NPU3HAKOB alpHOPHOTO CJIOBaps, a 3aTeM HaxOAATCS
HawIydllde penlaloliyue TpaHuIbpl MeXay Kiaccamu. JTa 3a-
Jada MpoOJeMbl paclo3HaBaHUS — TPAIUIIMOHHAS, METOJBI
€€ PelIeHHs TOCTATOYHO MMOJIPOOHO PACCMOTPEHEI, HaIIpUMeD,
B [1, 5-8].

4. IIpoepsiercs, focTaTOYHA JIU BenuuuHa Cy 1711 TOCTPO-
eHHMsI W3MepuTened, 00ecHmeunBalOmNX BCEX IPHU3HAKOB
Xy = {x1, ..., xy} anpuopuoro cnosaps. Eciu €y = Y7, Cj, T0
B paboumii CIIOBaph CHCTEMBI BKJIIOYAIOTCS BCE HPU3HAKU
anpuopHoro cinoBaps. Eciu €y < Z;’lzl Cj, s ompeneneHus
MepBOTO TPHUONIKECHUS ONMUMATBLHO20 pabouezo Clo8aps
cucmemsl (CoBapsi, KOTOPBI TPH 33aJaHHBIX OTPAaHUYCHUIX
Ha BenmunHy C, oOecrieunBaeT, HampuMmep, THO0 MHUHUMYM
BEJIMYMHBI CPEIHETr0 PHCKA, JUOO MaKCHMyM CpeIHEKBajpa-
THUYHOT'O PAcCTOSHMSI MEXIy Kilaccamy, JM0O dKCTpeMallbHOe
3HA4YEHHE KaKOro-HUOYyIb IPYroro KpHUTEpHUsl) MOTYT OBITh
HCIIOJIb30BaHbI IPyTUE METOJIBI.

5. IIpon3BOauTCS ONUCaHKUE KIIACCOB Qfl,i =1,..,m, Ha
A3bIKE Pab0Yero cjaoBaps MPU3HAKOB NEPBOTO NMPHOJIMKEHUS 1
OMPENICNISAIOTCS. HAWIYYIINE PEIIAIOINe TPAHUIBI MEXKIy HU-
MU.

6. OueHnBaeTcsi BEPOSITHOCTh NMPABHILHOTO PEIICHHS 3a-
Jla4y Pacro3HaBanus By, [QL-A1 |%j,, -, X, ]. Jlnst aTOTO CTpOMT-
Csl MaTeMaTH4YecKasi MOAEIh M IPOBOAATCS €€ CTaTUCTUIECKHE
HCTIBITAHHUS.

7. Beraucnsercs nepBoe MPUOIMKCHHE 3HAYEHUS KPUTE-
pust sapdexrusrocTH crucremsr R,

Ha sToMm 3aBepiuaercst epBblil 3Tall OCTPOEHUS! CUCTEMBI
pacrio3HaBanusi. BTopoii n nocnemyronie 3Tansl npejHa3Ha-
YeHBI I YTOYHEHHsI MOJIETM CHCTeMBL. VX mens — omnpene-
JUTH Takoil BapuMaHT pa3bueHus oObekToB Ha Kimacchl A° u
TaKo¥ CII0Baph MPU3HAKOB, MPU KOTOPBIX KpUTEPUH R NOCTH-
raeT HauOOJBIIETO 3HAYEHUS. AJTOPUTM pEANTH3ANNH ITHX
STaIoOB TaKOB.

1. B andaBuTe K1accoB MepBOro MPUOIIKEHHS OMpees-
eTCsI TAaKOM KJ1acc Qﬁ v =1,..,m (b0, UCXOJs U3 MPAKTH-
YecKux cooOpakeHui, 2-3 kiacca), Ui KOTOPOTO BEJIMYHHA
G (Qﬁl) = miin G (th). OTO0 03HayaeT, 4To K Kiaccy (1, oT-

HOCSITCS Takue 0OBEKTHI, paclio3HaBaHUE KOTOPHIX 0Oecredn-
BaeT MO CPaBHEHUIO C PACIO3HABAHUEM OOBEKTOB APYTHX
KJIACCOB HAMMEHBIIUIT BBIUTPBIIII.

2. U3 andauTa KJIACCOB MEPBOTO TPHUOIKEHUS HCKITIO-

A
4acTCsa KJjiaccC .Qvl, a 00BEKTHI ATOTO Kiiacca HaJJIC)KUT OTHC-
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A
CTH K TakoMy Kiaccy Qul,u =1,..,m, a1 KOTOPOTO
A
YMCHBIICHUE BEIMYHHBI G(Qul) [0 CPAaBHEHUIO C yMEHbIIIe-

HHEM BEJIMYMHBI G(Qﬁl), i =1,.., m, MUHUMAIIBHO, T. €.
AG(QyY) = min AG(Q ), pi =1, ., m; p # i
L

Takum 00Opa3oM, ompeaenseTcs BTOPOU BapuaHT pa3due-
HUsI 00BEKTOB Ha Kilacchl A,, NMPUMEHHUTENIBHO K KOTOPOMY
BHOBb NOBTOPSIIOTCS ONEpanuu 1—7, ¥ ompenenseTcs BTopoe
npubnuKeHne 3HayeHUs Kputepus R? sddexTuBHOCTH CH-
cteMbl. [IpakTHYecKH HECKOJNIBKHX UTEPAIllUi JOCTATOYHO IS
OTpe/ICJICHUs] TAKOTO0 BapHAHTa IMOCTPOCHHS CHUCTEMBI, MPH
KOTOpoM KpuTepuii R 3(G(EKTHBHOCTH CUCTEMBI JTOCTHUTACT
HaMOOJIBIIET0 3HAYCHUSI.

B 3akiodeHue Cieayer 3aMeTUTh, YTO TOJIBKO CUCTEMHBbINH
MOIX0A K TIpoOiieMe pacmo3HaBaHUS OOBEKTOB W SIBIICHHHA
MO3BOJISIET B PEANbHBIX YCIOBHSX MPU HAJIUYHH HEU30EHKHBIX
OrpaHHYeHU H00uThCs HamOoubluel 3(PdeKTUBHOCTH KOM-
IUIEKCa «CUCTEMA PACIIO3HABAHMS + CUCTEMA YIIPABJICHUS.

3AKJIIOYEHUE

CurHanabHO-IOMEXOBass CUTyalUs, CKJIaJbIBaoLIasca B
pa3MyYHBIX YCIOBHSX, AOCTATOYHO pa3sHooOpasHa. MoxkHO,
OJTHaKO, yTBEPXK/JaTh, YTO BEPOSTHOCTh O0ECIIEYEHUsI CBS3U C
3aJaHHOM HaJEKHOCTBIO BO3PACTAET C yBEIUYEHHUEM IIOMEXO-
3alIMIIEHHOCTH CPEACTB M cucreM cBsa3u. Hambonee KoH-
CTPYKTHBHBI TIPH 3TOM T€ METOJBI MOMEXO3AIIUTHI, BKIHOYas
MOJSIPU3alMOHHO-BPEMEHHBIE, KOTOpBIE 00NagaroT BBICOKOM
3¢ GEKTUBHOCTBIO U CTPYKTYPHOH YCTOMYMBOCTBIO B YCIIOBH-
SIX 3HAUYUTEJBHBIX U3MEHECHUM napamMeTpoB CUT'HAJIOB U IIOMEX.
BbI0Op CTPYKTYpBI ajIropuTMOB MOJISIPU3AIIMOHHO-BPEMEHHON
00paboTKN C OLEHKOH BEKTOpa BECOBBIX KoddduimeHTOoB,
YAOBJIETBOPAKOT 3TUM Tpe6OBaHI/I$IM, IOCKOJIBKY B JOCTATOYHO
IMIMPOKOM JIMana3oHe W3MEHEHUIH mapaMeTpoB OOBeKTa
YIPABIECHUS U PETYJATOPA COXPAHSAETCS BHYTPEHHSASA yCTOM-
YUBOCTb CUCTEMBI U PETYIHPYEMOCTD €€ BBIXOJHOIO CHTHAJIA.

C He3HAYUTENbHBIMA MOZEPHHU3ALMAMH pa3paboTaHHbIE
ITOPUTMBI OKa3aJIMCh NPUTOJHBI M 3PPEKTUBHBI JUIS CENeK-
IIMM KaK HETPEpHIBHBIX, TAK M AUCKPETHHIX (B TOM YHCIIE UM-
MyJIbCHBIX) MOoMeX. VX MOXXHO HMCIOJIB30BaTh Ja)ke B HEOMpe-
JICNICHHBIX CTAaTHUCTUYECKUX CHUTyallUsIX U HEMOCPEICTBEHHO
peann3oBaTh ¢ MOMOIIBIO 3JIeMeHTOB DBM.

B craTtbe paccMOTpeHbI 0COOEHHOCTH PUMEHEHHUS Pacmo-
3HaBaHWA OOpa30B CHIHAJIOB CIIyTHHKA, O0ECIICYUBAIOIIETO
uHTepHeT-cepBuc. Ha ocHoBanmu 3anmcu nacropra (o0Opasa)
CHTHajJa B KaXJOW TOYKE 30HBI HAOJIOAEHUS CITyTHHKa BO3-
MOJKHa MPOCTPAHCTBEHHAs CEJEKIHs B YCIOBUSIX MacCcOBOU
paboThI MEUIAIOMNX CTAHIHUH.
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Method Radio Signals Detection on the Image
Recognize Theory
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Saint Petersburg, Russia
vrbyug@mail.ru, ola.john34@yahoo.com

Abstract. The issues of ensuring the availability of satel-
lite Internet service in the regions of the Republic of Nige-
ria under the interfering effect of foreign radio centers
based on the formation and recognition of the image of a
radio station by the parameters of polarization-temporal
coding are considered. It is shown that the most construc-
tive methods of protection against interference, including
polarization-temporal, which are highly efficient and
structurally stable under conditions of significant changes
in signal and interference parameters. The proposed ap-
proach makes it possible to reliably select a satellite signal
at any observation point and create a relay center for the
interior of Nigeria.

Keywords: accessibility of information, polarization,
coding, image of a radio station
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XapaKkTepUCTUKH AJITOPUTMA CHKATHUA JTAHHbBIX
0e3 morepb Ha OCHOBE NCEBAOPETYJASIPHBIX YHCEJI

maructp M. A. Mononkus, k.1.H. E. M. lllypsirun
[eTepOyprekuii rocy1apCTBCHHBIN YHUBEPCUTET My Tel coobieHus imnepatopa Anekcanapa |
Cankr-IlerepOypr, Poccus
imolodkin@gmail.com

Annomayus. PaccmaTpuBaeTcsi aJrOpUTM CKATHSL JaHHBIX
HA OCHOBe ICEBJOPeryJsipHbIX 4ucea. B ocHoBe aaropurma 3a-
JI03KeH NMPUHUMI MCHOJIB30BAHUS CHENUATbHBIX KOJI0B, Ha3BaH-
HBIX MCEBJOPETYJSIPHBIMM YHMCJIAMH, 10 AHAJIOTMH C ILIHPOKO
HU3BECTHBIMHU INCEBAOCIYYaHBIMU NOCJaeg0BaTebHOCTAMHA. [TPY
BBICTYNAIOT B KayecTBe «oceil CHMMeTpUM» NPH MaTeMaTH4Ye-
CKOM npeo0pa3oBaHuM ABOMYHOro koxaa. IIpoBoautcsi psix IKc-
NMEPUMEHTOB /ISl €r0 CPaBHEHHSI € KJIACCHYECKHM AJIrOPUTMOM
LZW u anroputmom Xaddmana. Ilpu 3T0M oneHHBAIOTCH Xa-
PAKTEPHCTUKH CTeNeHHU cxaTus U ObicTpoaeiicTBus. Iloka3saHo,
YTO ISl TCEBIOPETYJSIPHBIX 4YKMCes HCMOJb30BaHHe YKAa3aHHOTO
aJiropuT™Ma ofecneynBaeT C:KaTHe LEJOYUCIEHHBIX JaHHBIX 0e3
NOTeph € CYIEeCTBEHHO JYyYIIHMH XapaKTePUCTUKAMH 1O CcTelle-
HH CKATHSA.

Kniouesvie cnosea: cikatme, KOAMPOBaHMeE,
aaroputm LZW, anroputm Xapdmana.

apXuBaToOPbI,

BBEJEHUE

[pouecc nmdppoBHU3anuu, KOTOPBIA MPOUCXOIUT BO BCEX
00J1aCTSIX MUPOBOM JIEATEILHOCTH, MPUBOJHUT K YPE3BBIYAIHO
obicTpoMy pocTy oObema nanHbix. Kommanus IDC B cBOEeM
WCCIIEIOBAaHUN BBIJIBUTAET TMIIOTE3Y O TOM, YTO TJI00aIbHBIN
00BeM JaHHBIX BhIpacTeT ¢ 33 3errabait B 2018 mo 175 3et-
tabaiit k 2025 roxy (puc. 1). U3 Hux 49 % Oyner XpaHUTbCS B
00auHbIX XpaHmumax [1].

Annual Size of the Global Datasphere 17528

Puc. 1. luramuka pocta o6beMa nHQOpMAIH B MUpE

[TpoGnembl xpaneHus ¥ IPQPEKTUBHOTO CHKATUS TAHHBIX
SIBJISIFOTCSL OIHUMHU M3 BRKHEHIIMX B 00JaCTH WHPOPMAIIMOH-
HBIX TexHonoruil [2]. CymiecTByrOmUE aJTOPUTMBI CXKATHA
JAHHBIX 0€3 TOTeph IUIOXO0 00padaThIBAIOT IJIMHHBIC JBOWY-
HBIE KOJIbI, a TAK)KE€ OTPAaHUYEHUS, CBSI3aHHbIE C IPUMEHEHUEM
MOJIETI M30BITOYHOCTH, BBeleHHON B mpakTuky K. Illenno-
HoM B 40-x rogax mpouuioro Bexa [3].

Ha ceromusmamii 1eHp Hamboliee paclpoCTpaHCHHBIMU
METOJIAMH CXKATHS TAHHBIX 03 IMOTeph SBIISTFOTCS CIICTYIOMIHE
aNroput™el [4]:

-LZ77;

-LZ778;

- LZW,

— RLE;

— DEFLATE;

— RAR;

— Asnroput™ Xaddmana.

OTH aJrOPUTMBI, KaK IMPABUIIO, UCIOJIB3YIOT CTATHCTHYC-
CKHE CBOMCTBA OT/ICJILHBIX OUTOB MK OaiiTOB (aiios [3].

B anroputme, onricaHHOM B cTatbe [5], mpejiaraeTcs uc-
MOJIb30BAHME HOBOTO TOAXOJa K CHKATUIO MaHHBIX — Ha
OCHOBE NMPUMCHCHHS TaK HA3bIBAEMBIX ICEBIOPETYIAPHBIX
4ucell (I1PY). Hna IICEBIIOPErYIAPHBIX 4ucell
HCTONB30BaHUE  YKAa3aHHOTO  alropuTMa  O0ecrednBacT
CKaThE MEIOYNCIICHHBIX JaHHBIX 0e3 MOTeph C CYIECTBEHHO
JMYYIIAMH XapaKTEPUCTHKAMHU TI0 CTETICHH CKATHSI.

PaccMoTpuM 3TOT anropuTM MOIpoOHEe W MPOBEIEM €ro
CpaBHEHHUE C KJIACCMYECKUM MeToaoM cxkatusi LZW u anro-
putmoM Xaddmana.

AJNropuT™M LZW

Anroputm LZW (Lempel-Ziv—Welch) 6bu1 omy0nmkoBaH
Benmgem B 1984 romy B KadecTBe YITyUIIEHHOW pean3alluu
anroputma LZ78, co3manHoro Jlemmenem u 3uBoM B 1978
roxy [6].

Kak 6put0 oT™MeueHo panee, LZW sBisieTcs yHUBEpcalb-
HBIM QJITOPUTMOM C)KaTHs 0€3 MOTePh U UCIIOIb3YET TEXHOJIO-
THIO aJalTUBHOro cioBaps. CioBapb co3maeTcs B Ipoliecce
CKaTHs, 4TO MO3BOJIET MPOU3BOJUTH KOJIUPOBAaHKHE HA JIETY.
CTOUT OTMETHTB, YTO CaM CJIOBaphb He nepenaercs u (GopMu-
pyercs IpH JeKOIUpOBaHUU [7].

OCHOBHBIE JIOCTOMHCTBA ITOPUTMAa — OTCYTCTBHE BBI-
YHUCIIEHUS BEPOSITHOCTEW BCTPEUAEMOCTH CHMBOJIOB MJIM KO-
JIOB U, CIIEI0BATEIBHO, BEICOKAsI CKOPOCTH pabOTHI.

OueBUHO, YTO 3TOT AITOPUTM Hanbosee 3 (heKTUBEH I
(aiinoB, comeprkalyx UIMHHBIE TOBTOPSIONINECS MTOCIEN0Ba-
TenpHOCTH [8].

OTOT METOA MO3BOJIAET NOCTHYh OJHOM W3 HAWIydIINX
CTENICHEH CXKaTHUs CPeIH JPYTHX CYLIECTBYIOIIUX METOOB
CXaTHusa JaHHBIX (HpI/I IMMOJTHOM OTCYTCTBUH ITIOTEPH HUJIN HMCKa-
KEHUH B MCXOIHBIX (aiinax). B HacTosee Bpems UCIIOb3Y-
ercsa B Qaiinax ¢opmara TIFF, PDF, GIF, PostScript u apy-
THX, a TaKXe, OTYaCTH, BO MHOTHX TOIYJIIPHBIX MporpamMMax
cxatus paHHbIx (ZIP, ARJ, LHA).

Humennexkmyanshnole mexnonozuu Ha mpancnopme. 2019. No 4 34



Intellectual Technologies on Transport.2019. No 4

AJITOPUTM XADPOMAHA

Eme oauH KilacCMYECKMH alTOPUTM CXKATHS NAHHBIX —
anroput™ Xaddmana, pazpadoranssiii B 1952 rogy acnmpan-
ToM MaccadyceTcKkoro TeXHOJIOTHUECKOTO MHCTHUTyTa [I3BH-
oM Xadpmanom.

Ioctpoenne xoma Xaddmana CBOAUTCA K MOCTPOCHUIO
COOTBETCTBYIOIIETO OMHAPHOrO JiepeBa IO CICAYIOLIEMY al-
TOPUTMY:

1. CumBouBI BXOAHOTO anpaBuUTa 00pa3yrOT CIIHCOK CBO-
6omHBIX y370B. Kakaprii amucT mMeeT Bec, KOTOPHIA MOXKET
OBITh paBeH JUOO BEPOSITHOCTH, JTHOO KOJIMUYESCTBY BXOXKICHUMN
CHMBOJIa B COKUMaeMoe CooOIIeHHe.

2. BeiOuparorcsi 1Ba CBOOOJIHBIX y3/a JepeBa ¢ HAUMEHb-
LIMMH BECaMH.

3. Co3paercs UX pOAUTENb C BECOM, PABHBIM HX CyMMap-
HOMY Becy.

4. Pomurens nobaBisieTcsi B CIUCOK CBOOOJHBIX Y3JIOB, a
JIBa €r0 MOTOMKA YAAJISIOTCS U3 3TOTO CITHCKA.

5. OnHOM nmyre, BRIXOAAIICH W3 POAMTENS, CTABUTCS B CO-
oTBeTcTBHE OWT 1, npyroit — Out 0. buToBbIe 3HAUCHUS BET-
Beif, HCXOIAMINX OT KOPHS, HE 3aBHCST OT BECOB IIOTOMKOB.

6. Illarn, HauMHAsE CO BTOPOTO, HOBTOPSIFOTCS A0 TEX IO,
IIOKa B CIIUCKE CBOOOAHBIX Y3JIOB HE OCTAHETCS TOJBKO OIMH
cBoOoHBIN y3en. OH u OyIeT cunTaTbess KOpHEM JepeBa.

CyTb anropurma 3aKiI04aercst B KOJMPOBAaHUU CUMBOJIOB,
KOTOpPBIC HUMCEIOT HaI/I6OJ'II)H_IyIO BEPOATHOCTL TIOABJICHUA,
Haubosiee KOPOTKUMH Koaamu. HecMOTpst Ha TO, 4TO KOJbBI
HUMEIOT NMEepeMEHHYIO JJIMHY, OHM HUMEIOT YHHKaJbHBIA Ipe-
(UKC, KOTOPBIH MO3BOJIET OJHO3HAYHO UX JEKOAUPOBATH [9].

Henocrarkom 3TOoro anropurMa siBsieTCsl HEOOXOAUMOCTD
JBaXbl IPOU3BOANTH YTCHHUE (haillla — MepBbIA pa3 it co-
CTaBJIEHUsI BEPOSITHOCTHOIM MOJIEJN, BTOPOH pa3 — HeTocpen-
CTBEHHO JIsl KOAMPOBAaHUS. DTO IPHUBOJUT K YBEIHICHHIO
BPEMEHHBIX 3aTpar.

AJITOPUTM HA OCHOBE ITPY

B ocHoBe anroputma 3an0’ke€H MPUHIMIT HCIOIb30BAaHUS
CIEIUANIBHBIX KOJOB, Ha3BaHHBIX aBTOPOM IICEBIOPETYJISp-
HBIMH YHCJIaMU, IO aHAJIOTUU C UIUPOKO U3BECTHBIMU TICEBIO-
ciy4ailHeIMU TocnenoBarenbHocTsAMU. [IPY BeicTymaiorT B
KadeCcTBe «Ocel CHMMETPHI» IPH MaTeMaTHYECKOM Ipeodpa-
30BaHUM JIBOMYHOTO KOa. DTU KOABI JOJDKHBI yIOBICTBOPSTH
CIIEIYIOIINM yCIIOBHSM:

— OBITh BBIYHCIMMBIMU;

— KoJIM4ecTBO onepauuid 1s reHepauuu [1PY, nesaBucu-
MO OT €ro JUIMHBI, HE JOJDKHO MPEBBIIIATh YUCIA OCHOBAHHUS
KoJa.

[pumeps [TPY npuBenens: B Tadbmuie 1.

CyuiecTByeT ISTh TONOTHUTENbHBIX TUMOB [TPY:

— 10-# Tum — 10...01 — 310 10 + ITPY tun 4 (3amnosHen-
HBIN CIIpaBa);

— 11-# Tumr — 110...01 — 310 11 + IIPY Tum 4 (3amon-
HEHHEIH CIIpaBa);

— 12-# Tim — 101111...1 — 370 10 + ITPY Trm1 7 (3amout-
HEHHEIH cIpaBa);

— 13-i Tt — 01000...01 — 310 01 + TTPY Tum 4 (3amo-
HEHHBIH CIIpaBa);

— 14-ti tTum — 111...101 — 1o I1PY trm 7 (3amoTHeHABII
ciea) + 01 (1. e. oroOpakenue Tuma 12);

— 15-# tun - 000...000.

KonupoBaHue TaHHBIX IPOMCXOJUT B HECKOJIBKO ILAroB:
1. Ucxonusrii daiin npeacrasnsiercs: B namstd I9BM B Bu-
Jie IBOUYHOTO YKCJIa JAJHHBI .

Tabmuma 1
[Ipumepsr [TPH
Tun ITIPY Bux _ CrpyxTypa,
i— HOMep Outa
| 10101010 0 mis He'-ICTHbIXII
1 115 YeTHBIX 1
1 115t YEeTHBIX §
2 01010101 0 /11 HEYETHBIX [
3 01111111 lﬂg“’e[.]_’n'l]
IS i=n
4 10000000 0 ams i€l n-1]
1 s i=n
1 msie[l, n/2]
3 00001111 0 mstie [n/2+1, n]
0 msie [1,n/2]
6 11110000 1 s ie[n/2+1, n]
7 11111111 1 s ie[l, n]
1 s =1
8 00000001 0 asie [2, n]
0 s i=1
9 11111110 1 st i [2, 0]
10 00000000 0 mustie[l, n]

2. IlpoBoxutcst MpoBEpKa JBOWYHOTO YUCIIA Ha MCEBIOpE-
TYJISIPHOCTB ITyTEM CBEPKHU C OCHOBHbIMM TUnaMu [TPY miinHel
UCXOJHOro (hailiia n: eciiM «Ja», TO NPOU3BOJIUTCS 3aIUCh B
ciry)keOHBIN (BBIXOAHOW) (aiin TpeOyeMbIX XapaKTepUCTHK.
Ecnu «HET», TO IEpexoanM K CleAyIoleMy iary.

3. [IpousBoanTCS NesieHHE JBOMYHOTO YHCIIA HA BCE THUIIBI
IIPY. B kaxaoM payHAe LMKIA MPOBEPSETCS IETOUUCICH-
HOCTb pe3yNbTara JeJICHHS: €CIH «J1a», TO MPOU3BOAUTCS 3a-
ITUCH B CITy>KEOHBIN (BBIXOIHO) (aiir TpeOyeMbIX XapaKTepH-
cTuk. Ecin «HeT», TO MepexoiT K ClieyonieMy 1ary.

4. Boibupaercsi caMoe MeHbIIIEe 10 KOJIMYECTBY pa3psiioB
YacTHOE M MPOU3BOAUTCS 3aIUCh B CITY>KEOHBIH (BBIXOIHOIN)
(aiin TpeObyeMBIX XapaKTepPUCTHK.

B pesysbrate paboThl aroputMa B CIIy)Ke€OHBIH (aiin mo-
MeraeTcst uHpopMaIus 00 IMEHH U paciiupeHun (aiiia, ero
ncxoaHslii pa3mep, tun [IPY u yactHoe (comuoxurens [TPY).

PaccMoTpuMm mocienoBaTeabHOCTh LIArOB alTOpUTMA Jie-
KOJIMPOBAHUSL:

1. CuuThiBaHHE TAPaMETPOB U3 CIIYKeOHOTO (haiina.

2. I[logroroBka mycroro ¢aiina, pa3mep KOTOPOTO COOT-
BETCTBYET HUCXOJTHOMY (ailiry.

3. 'enepanus [TPY HeoOX0AUMOW AITHHEIL.

4. YMHOXKeHHe noArotoBieHHOro [TPY Ha COMHOXHUTENb.

5. 3anmce pesynbTara B (aiti.

Bbnarogapst Tomy, 4TO (haiin apxuBa COIEPKUT BCETO JIHIIb
napaMeTpbl FeHepaluu UCXOAHOTO (aiina, yaaercst TOCTHYb
BBICOKHX KOA((PHUIIUEHTOB CHKATHSL.

CPABHEHUE AJITOPUTMOB
Jlns mpoBeneHusl cpaBHEHUS! paCCMOTPEHHBIX BBIIIE aNro-
PUTMOB OBUT pa3paboTaH KOMILIEKC POrpaMM JUIsl TeHepanuu
TECTOBBIX (halyIoB, a TaKKe IMPOrpaMM KOJUPOBAHHSA U JIEKO-
nupoBanus Ha ocHoBe [IPY. Jlns xoaupoBaHMs MO alrOpUT-
Mam LZW u XaddhmaHa npuMEHAIOCH TOTOBOE PEIICHHE —
IO ¢ otkperTeiM ucxoxHbM KostoM FileCompressor.
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[Ipy nmomomyM nporpamMMbl TeHEpalMy TECTOBBIX (ailioB
6611 chopmupoBan ¢aiin pasmepom 4 Kb, coxepxkaumii mo-
CJIC/IOBATENILHOCTD HyJICH U equHuIL (pHc. 2).

|| File Creator — 4
[nuxa thaina (balt) |4UQB Tun NPY Bua
1 10101010 [~ |
WMA W pacu upeHne |0ut.txt 2 01010101
3 01111111
C OMHOMHTENE 26 4 10000000
5 00001411
6 11110000
Tun NPY I:E 7 1M1
8 00000001 =
L 9 11111110
CchopmupoBate cny#ebHbIH dhann 10 00000000
11 10000001
12 11000001
Coaname 13 10111111
14 01000001
15 11111101 -

Puc. 2. [Iporpamma rerepanuu paiios

3areM ObLIO TPOM3BE/ICHO KOJIUPOBaHKHE ATOro (aiina pac-
CMaTpPUBAaEMBIMH aJrOPUTMaMU U CPaBHEHHE Pa3MEpOB apXH-
BOB.

Ceoiictea: out.bet.LmZWp X

Ofuwe  BesonacHocts  MogpoBro  MMpeamimywme sepo

\j |0Lrt.txl.LmZ'.".|'|:|

Paiin "LMZWP" (LmZWp)

Twn daiina:

HDMHDXEHHEZ HewseectHoe NEUNoXEHHE HSMEHHTb___

Pacnonoxenwe: C:h\UsershlgorDocuments' Met Beans Projects \Creato

Pasmep: 108 Bai (108 daint)

Puc. 3. CpoiicTa apxuBa no anroputMmy LZW

CeoicTea: out.bet.huffz X

Obwwe EBesonacrocte MompoSHo  Mpemsioyuwe Bepciv

\_.-I out et huffz

Paitn "HUFFZ" (huffz)

Tun waiina;

Mpunokerre: HewssecTHoS NpMNoXeHe NamenuTs. .

Pacnonoxenwe: C:\Users'lgor\Documents' MetBeansProjects'Creato
Pazmep: 536 BaiT (236 Bait)

Puc. 4. CpoiicTBa apxuBa mo anropurmy Xahhmana

| Ceoiictea: Archive =

OBwwe EBesonacrocte TMogpofHo  Mpemsiaylume sepcun

__‘l ‘f-".rchive

Twn aiina: Faiin "VOR" var)

MpunoskeHue: "j BnokHoT Wamerus ...

Pacnonoxenwe: C:\Users\lgorDocuments'NetBeansProjects\Compr

Fasmep: 24 AairT (24 GaiT)

" as

Puc. 5. CoiicTBa apxuBa 1o anroputmy Ha ocHoe [TPY

Kak BumHO W3 OKHa CBOHCTB (puc. 3—5) MOTYYIHBIIUXCS
apXMBOB, pPa3Mep apxuBa, c(HOPMHUPOBAHHOTO MO AITOPUTMY
Bopo6réBa, B 4,5 paza MeHbIe apxuBa 1o anroputmy LZW u
B 22 pasa MeHbpIIIe, YeM apXHB 1o anroputMmy Xaddmana.

[IpoBepum anroputmsl Ha (aitnax Gonbliero pamepa. Pe-
3yJIBTATHI PUBEICHBI B TAOIHIIE 2.

Tab6muma 2
Pesynbratsl cxxatus (haiion
Ha ocnose ITPY Aaroputm LZW Aaroputv Xapg-
O6bem Mara
paiira Pas- Kosgp. Pasz- Kosg. Pasmep, Kosg.
Mmep, Mmep, caca- . caca-
o corcamus fy oaim
oaium oaium mus mus
10 Kb 25 400 165 61 1274 7.9
50 Kb 26 1923 402 124 6274 8
500 Kb 26 19 231 566 883 62 524 8
1 MB 27 37037 3083 324 125 024 8

W3 tabnuusl 2 cienyer, 4TO yBENIUYEHUE pa3Mepa HCXO[-
Horo (aiiyia NPUBOJAMT K HE3HAUYUTEIHHOMY YBEJINYEHHIO pa3-
Mepa apXuBa IpH KOJUPOBAaHHUH ¢ Hctoibp3oBanueM [1PY, B To
BpeMsl Kak Apyrue mcciexyemsle anroputMsl (LZW u anro-
putM Xaddmana) 3aMEeTHO yBEIMUYHMBAIOT Pa3Mep BBIXOIHBIX
¢aiinos.

3AKIIOYEHUE

Pa3paboTka HOBBIX aJITOPUTMOB CXKaTHs IAHHBIX U YCO-
BEpIICHCTBOBAHHME CTAphIX — KpaifHe aKTyanbHas 3ajada Ha
CeroAHAMHNI AeHb. ONTUMH3ALNSA XPaHEHUS JaHHBIX B 3II0-
Xy UU(QpOBU3AIMK TO3BOJIUT COKPATUTh pacxXoabl Ha
IT-ycnyru n yBenmuuuth NpUOBLIIBHOCTH OM3HECA.

ANTOpUTM, OCHOBAaHHBII Ha WCIIOJIb30BAaHHU IICEBIIOPETY-
JISIPHBIX YHCEJl, PACCMOTPEHHBI B CTaThe, HECOMHEHHO, M03-
BOJISIET JOOUTHCSI BHICOKOH cTereHH ckaTus (ailyioB, 0JHAKO
KOHEYHBI Pe3yNbTaT 3aBHCHT OT CTPYKTYPbI CKHMaeMmoro
¢aiina. I[TomuMo 3TOrO, AITOPUTM TPEOYET IOBOJIBHO OOJIb-
IIMX BBIYMCIUTEIBEHBIX PECYPCOB. DTO CBA3aHO C ONEPALMIMHU
HaJl YnciiaMy OOJIBIION pa3psAHOCTH.

Hcxoas u3 BBINIECKA3aHHOTO, HEOOXOIUMBI TalbHEHIIINE HC-
CJIEeIOBaHUs MO pa3BUTHIO anroputma Ha ocHose ITPY, uto
MO3BOJIMT YBEIUYUTh €r0 INPaKTHYECKYl IMPUMEHHMOCTh
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1 3aBOCBATH MOIIYJIAPHOCTh KaK B JOMAIIHUX CUCTEMaX apXu-
Balliu, TaK U B IPOMBIIJICHHBIX.
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Characteristics of a Lossless Data Compression
Algorithm Based on Pseudo-Regular Numbers

M. Sc. I. A. Molodkin, PhD E. M. Shurygin
Emperor Alexander I St. Petersburg State Transport University
St. Petersburg, Russia
imolodkin@gmail.com

Abstract. An algorithm for data compression based on pseu-
do-regular numbers is considered. The algorithm is based on the
principle of using special codes called pseudo-regular numbers,
by analogy with the well-known pseudo-random sequences. HRPs
act as ""axes of symmetry"' in the mathematical transformation of
binary code. A series of experiments are carried out to compare it
with the classical LZW algorithm and the Huffman algorithm. In
this case, the characteristics of the degree of compression and
speed are evaluated. It is shown that for pseudo-regular num-
bers, the use of this algorithm provides lossless compression of
integer data with significantly better compression characteristics.

Keywords: data compression, encoding, archive, LZW
algorithm, Huffman Encoding.
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Jlormyeckasi MHTerpanusi JaHHBIX
HA IpUMepe OPraHu3anuu 3alPoCcoB
K 0a3e JaHHBIX aBHAIIEPEBO30K
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Annomayusa. Ilpouecc WHTErpanMM JaHHBIX MOMKET ObITh
PaccMOTpeH KaK Ha IJ100a1bHOM YPOBHE — HHTETPalusi JAaHHBIX
W3 HECKOJIBKHX HCTOYHHKOB, TAK W HA JOKAJILHOM — HHTerpa-
M JAHHBIX BHYTPHU OIHOM CHCTEMBI /ISl pelieHus NPUKJIAaJHOH
3agaun. B cratbe npeacraBieHbl KPaTKHe TeOpeTHYECKHE OCHO-
Bbl HHTErpalMM NPUJIOKEHUI U MHTerpauum JaHHbIX. OnucaHbl
NPUKJIAJHASA NpeIMeTHAasA 00J1aCTh M «IOJUIOH» /ISl MHTerpa-
nud. O00CHOBAaHA AKTYaJIBHOCTH pelleHHsl 3aa4¥ HHTerpanuu
naHHbIX. [IpuBeeHbl MAPKETHHIOBAsA M TEXHUYECKAS MOCTAHOB-
ku 3a1a4yn. [IpuBeneHa cxeMa MHTErpali JaHHBIX IS IOCTAB-
JIEHHOH 3a/1a4H, BHINIOJIHEHO ee pelleHue.

Knrueevie cnoea: mHTerpanusi JaHHbIX, 0a3a JAaHHBIX, MH-
¢opmanmonHbie cucTembl, 3anpoc, PostgreSQL.

BBEJEHUE

B nacrosmee Bpemst 0opIioe 4ucio WH(GOPMAIIMOHHBIX
HACTOYHHUKOB HYXKIACTCS B ONEPAaTUBHON M KAYECTBECHHOH 00-
paboTke, a TakkKe MOCISAYIONIEM MPEICTABICHUN TaHHBIX W3
STHX HCTOYHHUKOB WM U3 CTPYKTYPHBIX COCTABIISIOLINX HC-
TOYHUKOB B YHH(HUIIMPOBAHHOM BHUIE, JHOO B €IWHOM Mpen-
CTaBJICHUH JJIS1 KOHKPETHOM NOJBH30BATENBCKON CHCTEMBI MIIH
3amauu. CTpeMuTeNbHas CKOPOCTh M YPOBEHb Pa3BUTHSI aBTO-
MaTU3UPOBAHHBIX CHUCTEM B COBPEMEHHOM MHpE 3acCTaBJISIET
3aJlyMbIBaThCsl O HEOOXOJMMOCTH CO3[aHUs €AMHOW YyHH(]U-
LUPOBAHHOIN CHCTEMBI, KOTOpasi OYJCT SBIATHCS XPAHUIHIICM
MHTETPUPOBAHHBIX TAaHHBIX pabouero mpoiecca npearnpusTus.
Hcroynrkn MHQOPMAIUOHHBIX PECYPCOB U JIAHHBIX IO CIIO-
co0y mpeacTaBieHUS HWHPOPMAIMK TIPHUHATO IOIPA3ICIATEH
Ha: 0a3bl MaHHEIX, Web-CTpaHUIbI, (HalIoBBIC CepBEPHI, TEIC-
koHpepenmu [1].

HeomHOpOaHOCTh MHTErPUPYEMBIX NAaHHBIX B Pa3HBIX HC-
TOYHHKAX 3aKII0YaeTcs B:

® [Ipe/ICTaBICHUN JJAHHBIX B pa3HBIX (popmarax;

® CYIIECTBOBAHUU CBOEH MOHSATHHHOW CHCTEMBI (OHTOJO-
THH) TIPEAMETHOH 00JIaCTH UCTOYHUKA;

® PA3JIMYHBIX MOJIEIISIX JaHHBIX;

® PaA3JIMYHBIX CXEMaX JIaHHBIX.

B 3aBucHMOCTH OT MIPUYMH BOZHUKHOBEHHUSI HEOJHOPOHO-
CTH BBIJICJISIOT TP OCHOBHBIC MOJICITH HHTCTPAIMH JaHHBIX:
¢usnveckass WHTETpALUs, JIOTUYECKAsT WHTETPAIls M CeMaH-
THYecKas uHTerpanus [2, 3]. Beioop Mojenu uHTerpaum st
pa3paboTKA apXUTEKTYPhl HHTETPUPYIOMIEH CHCTEMBI 3aBHCUT
OT COBOKYITHOCTH HMHTETPUPYEMBIX NAaHHBIX, YPOBHS JIOCTYIIa
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K JIOKQJIbHBIM CHCTEMaM, TEXHHYECKOTO 3a/aHus ¥ (DyHKIHO-
HaJIbHOCTHU NPUKIIATHBIX Iporpamm [4].

KOHUENTYAJIbHBIE OCOBEHHOCTU BUJOB UHTEIPALIMU

Enterprise Application Integration (EAI) — wunHTerpamus
KOPHOpaTUBHBIX l'[pI/IJ'IO)KeHI/Iﬁ MmoJaApasyMeBacT ABE OCHOBHLIC
KOHIICIIIIUNU HUHTETpAllMU: HUHTErpanusd l'[pI/IJ'IO)KeHI/Iﬁ U HUHTC-
Tpanuys JaHHBIX.

Konuenuus unmezpayuu npunoxicenuii onpesieneHa cie-
JOYIOMIIME (PaKTOPaMH:

1) yBennueHne NPOU3BOIUTENLHOCTH pPa3padaThIBaeMOM
KOMITIEKCHOH MPHKJIIaJHOM MPOrpaMMBI;

2) cieACTBHE HCIOJIB30BAHUS PA3HBIX IIATGOPM M IOJI-
JIEP>)KUBAIOIINX UX MPOTPAMMHBIX CPE/ICTB;

3) HEeTONMHOIICHHBI (YHKIMOHAT OTACIBHBIX IPOTPaMM-
HBIX CPE/ICTB;

4) aBromMaTu3aIys OM3Hec-mpoIecca.

Humezpayus oannpix Hepa3pbIBHO CBsI3aHa C MHTErpallU-
eil nmpunoxenuii. OHa sBIISETCS BEAyIIMM 3BEHOM B obecre-
4YeHHe KOPPEKTHOH W CIaKEeHHOW paboThl mpeanpustus. Mu-
TErpUPOBAHHBIE JIAaHHBIE MOTYT OBITH HCIIOJIB30BAaHBI Kak
CPE/ICTBO JJIsI BHIMIOJHEHUS ONPENEICHHOW 3aJa4yd, a Takxke
JUISL TIPOBENICHUST aHaJlN3a, KOTOPBIH MOXKET OBITh OCYILECTB-
JICH TIOCJI€ BBIMOJTHEHUsI KOHKPETHOH 3a/1auu.

B pamkax JIOrH4ecKoro ypoBHs MHTETPallK JaHHBIE, Xpa-
HSIIMECS B CBOUX CYIIHOCTSX, JOCTYIl K KOTOPBIM OCYIIECTB-
JISIETCSl HA OCHOBE HEKOTOPOH INI0OAIbHOM CXEMBI, B TIpoliecce
OCYIIECTBIICHHSI TOJB30BATENbCKON 3a7aul HYXXAAIOTCA B
00BeTMHEHNH (TaHHBIE W3 Pa3HBIX CYIIHOCTEH) [T aHANN3a U
BBIOOPKH PE3yJIbTaTa, YAOBIECTBOPSIOIIEMY YCIOBHIO 3a/1a49H.

MHurerpanys AaHHBIX B paMKaxX KOHKPETHOH MpPEIMETHOM
00JIaCTH MOKET OBITh TOJIe3Ha ISl BBIMOJIHEHUS aKTyalbHBIX
3aja4 MO YJy4lIeHUI0 paboThl mpednpusatvs. B wactHOCTH,
paccmarpuBasi JajdbHEHIIYI0 MPAKTUYECKYIO 3a/auy, HHTerpa-
LUl JaHHBIX TIOMOKET YIPABIIIOIIEMY COCTaBy IOJYYUTh
HEKOTOPYIO CTaTHCTHKY, MO3BOJIIOIIYI0O CKOPPEKTUPOBATh
paboTy opraHuzanuu Uil IOJJICPXKAaHUs BBICOKOTO YPOBHS
KOMITETCHTHOCTH WJIM ISl YJIy4IICHHS HMPOBOJMUMBIX MEpo-
TIPUSTHH 10 MOBBIIICHUIO YPOBHS KOMIIETEHTHOCTH.

WHTETPUPYEMAS OBJIACTD U «I1OJIMT'OHY JUJIA MUHTETPALIU
[TocTaHoBKa 3aa4u BBINOJIHSIIACH JJIsI J€MOHCTPALIMOH-
HOW 0a3bl nanHbIX moj ynpasiacaueM CYBJI PostgreSQL [5],
MIPEIMETHOM 00JIACTBI0 KOTOPOU SBIISIFOTCS aBUATICPEBO3KH 110
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Poccun. Bpibop sTOi mpenmerHOM ob0macTH JUIS  aHaNM3a
U OCYUIECTBIICHHUS MpPOIEcCa MHTErpalud OOOCHOBAH CIEIy-
FOLIMMH OTIMYUTEIIbHBIMU XapaKTePUCTHKAMU:

® MIPOCTasi IOHATHUIHAS CUCTEMA TIPEMETHON 00IacTH;

® IIUPOKUI CIIEKTP JAHHBIX ISl aHAJIM3a U MHTErpallly;

® MaKCHMAaJIbHOE CXOJICTBO JIAHHBIX C PEaNbHO CYIIECTBY-
FOIIIMMU.

[MocnenHsiss oTIMYMTENbHAS XapaKTEPUCTHUKA 00ecIeYrBa-
eT Clle/Iyrolee:

® BO3MOXKHOCTb ITOCTAHOBKH MaKCHMaJIBbHO PEATMCTUYHON
3aja4m;

® pPa3padOTKy aJITOPUTMOB, IPUMEHUMBIX K 0a3aM JIaHHBIX,
HAITOJIHSIEMBIX B PEAIbHOM MaclITabe BpeMeHH;

® TI0JTyYeHNE MAaKCUMAJIFHO PEaMCTHYHBIX PEe3YJIbTaToOB B
OTBET Ha MMOCTABJICHHYIO 33/1a4y.

«IlomMroHOMY IS IEMOHCTpPAIMK TPOIECcCa WHTETPALUH
seisieTcst CYZIB PostgreSQL. B coBOokynmHOCTH ¢ BBIIIEyKa-
3aHHBIMH TPEUMYLIECTBAMU JIEMOHCTPAI[MOHHOW 0a3bl JaH-
vbIX, CYB]] 0obnamgaer Takke psiioM JOCTOMHCTB, TIPEXKIE BCE-
T'0 IPaKTUYHBIX TS TOJTB30BATENSI CUCTEMBI [6—11]:

® 00BEKTHO-PEISILIMOHHAS CTPYKTYPA;

® BO3MOKHOCTb pabOThI CO CJIOXHBIMU CTPYKTypaMH JIaH-
HBIX;

® BO3MOKHOCTB CO3/1aHHsI COOCTBEHHOTO THIIA JaHHBIX;

® BLICOKHI ypOBEHb COXPAaHEHUsI LEJIOCTHOCTH JIAaHHBIX 32
cyeT cootBeTcTBUA cTaHAapTy ANSI-SQL:2008.

IIOCTAHOBKA 3AJAUM

[Ipouecc MHTErpanny AAHHBIX CONPOBOXKAACTCS MPEXKIE
BCEr0 aHAJIM30M MHTErpHpYyeMbIX AaHHbIX. O00OIIEeHHON Iie-
JIBIO aHaJIN3a SIBJIAETCS B IIEPBYIO O4YEPEb — OLIEHKA TEKYIIEro
COCTOSIHHSI HEKOTOpOW 00JacTH HucclenoBaHus. B cooTBeT-
CTBHM C OTHUM ONpEJEICHHEM IOCTaBIEHHOH 3amade ObUIO
JlaHo JBe (POPMYITMPOBKU: MapKETHHIOBAs U TEXHUYECKas.

Mapkemunzoeas nocmanoska 3adayu. ABHaNEpeBO3KU
Poccum — mpeamMetHast 00macTh, IESATENBHOCTh CTPYKTYPHBIX
(buIHaNoB KOTOPOH MOAJNECPIKUBACT BBICOKUII YPOBEHb KOHKY-
peHimy. [ToMHMO BBIOJIHEHHS! CBOMX OCHOBHBIX OOS3aHHO-

CTel, KOMIIaHUU JIOJDKHBI HE 3a0bIBaTh O MapKETHHIOBOH CO-
CTaBIIsIIOLICH CBOEro OU3Heca.

MapkeTrHToBasi ITOCTAHOBKA IPEJICTABIISCT 3aJady B TOM
BHJIE, B KAKOM ee OBl IIPeTIoTHeC OTAET MAPKETHHTA U TIPOIax
IT-monpasnenenuro npeanpusttus. OnpeneneHne MOCTaBICH-
HOM 3amaun 0e3 ee TEXHHYECKOW aJlalTallii 3BYYUT CIIeIyTO-
oM o0pazoM: « Mol xomum yayuuums OUHeC-3aabl 0HCUOA-
HUll U NObICUMb KoMnemeHnyuu nepconana. Heobxooumo no-
HAMb, 6 KAKUX noopasdeneHusx ciedyem Ha4yamv npoyecc
yayuwenus. Mesxcoy Kaxumu mpems napamu 20pooog cosep-
waemcst bonvule 6ce2o OUZHEC-KOMAHOUPOBOK? ».

Texnuueckaa nocmanoeka 3adayu. llponecc HHTErpa-
LIUH, KaK 1 JII000H aBTOMAaTH3MPOBAHHBIN IPOIECC, HYXK/IaeT-
Csl B TEXHMYECKOM OIMCAaHUH, HEOOXOMMOM JIIsI KOPPEKTHO-
CTH DPa3pabOTKH aJropuTMa €ro peanu3aluu. BeimoaHeHue
TIOCTABJICHHOHM 3aJa4yd IMOJpa3yMeBaeT MPOIECC JIOTMYeCKOH
WHTerpaluy JaHHbX. [IoaToMy niepen ee BBIOJIHEHUEM OIpe-
JieJIeHa CTpOrasi TEXHUYecKasi IOCTAaHOBKa 3amaun: «Ha xaxue
peticbl nokynaemcs 6oavule 8ce2o buremom «myoa u oobpam-
HO» CO CPOKOM «0bpamuoy» He boaee 5 OHelly.

PENIEHUE 3AIAUN

BcnenctBue Toro, 9T0 OCHOBHAS YacTh PaOOTHI IS MOITY-
YCHHS OTBETA HA IOCTABJICHHYIO 33a7ady OyJeT MPOBOIUTHCS
¢ 0a30il maHHBIX aBUANEpPeBO30K Mo Poccuu, TO MOXHO IO-
ATAITHO ONHCATh aJITOPUTM BEHITIOTHCHUS 3a/1a9H:

1. O3HaKOMHUTBCSA C JEMOHCTPAIMOHHOW 0a30i JaHHBIX
(mMoapoOHO M3YYUTH AMArPaMMy CXEMBI JAaHHBIX, CTPYKTYPY
CYITHOCTEW, CIIMCOK OTHOIIEHWH, MPEACTaBIICHUs, (yHKIUN
" T.J.).

2. IIpu orcyrctBum omnbiThl padoTel ¢ CYBJ] PostgreSQL
U3yYUTh OCHOBHBIC MPHUHIIUAIIBI PAOOTHI CHCTEMBI.

3. Pazeepnyth CYB]] PostgreSQL.

4. Pa3BepHYTh JICMOHCTPAIMOHHYIO 0a3y JaHHBIX.

5. Pa3zpabortaTh CTpyKTypy 3ampoca B COOTBETCTBUU C IIO-
CTaBJICHHOM 3aJjaucH.

6. [IpousBecTy ONTHUMHU3AIMIO 3ampoca (0 HEOOXOIUMO-
CTH).

Bookings Airports
BpoHupoBaHuA AzponopTe!
# book_ref # airport_code
* book_date * airport_name
* total_amount * city
* coordinates
* timezone
A
Tickets Ticket_flights Flights Alrcrafts
BuneTsl MepeneTsl Peiicbl CamoneTtsl
# ticket_no # ticket_no " # flight_id # aircraft_code
* book_ref # flight_id * flight_no * model
* passenger_id * fare_conditions * scheduled_departure * range
* passenger_name * amount * scheduled_arrival
¢ contact_data " departure_airport
* arrival_airport
* status
T * aircraft_code
Boarding_Passes ¢ actual_depanure
MNocago4Hble TanoHsl ¢ actual_arrival Seats
# ticket_no =i
#flight_id # aircraft_code
* boarding_no # seat_no
* seat_no * fare_conditions

Puc. 1. Cxema neMOHCTpaIIMOHHO 0a3bl JaHHBIX « ABHAarepeBo3ku mo Poccumy
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[TPAKTUYECKASI PEAJIU3AILMS AJITOPUTMA miecTByomas 0aza JaHHBIX demo OyJeT ynajleHa W cO3laHa
I. luarpaMmma cxeMbl JaHHBIX 3aHOBO. Ecii mMeeTcss He0OXOAMMOCTh Pa3BepHYTh 0a3y AaH-
Kpome cymHocTeid, npecTaBIeHHbIX Ha puc. 1, 6a3a JaH-  HBIX IO MOJeTaM IMOJ APYTMM HUMEHEM, TO 3TO MOXHO cre-
HBIX UMEET YEThIPE MPEICTABICHUSL: JIaTh, OTKPBIB B TEKCTOBOM pefakTope SQL-CKpUnT U moaxop-
— airports (XapakTeprCTHKa a3pOIOPTOB); PEKTHPOBATh CIIEHAPHIA CKPHIITA, KaK MIOKA3aHO Ha PUCYHKE 2,

— flights_v (monmonauTtenbHas nHGOPMAIHS O HOJIETAX); T7ie Ipom3BeieHa 3aMeHa demo Ha AirTransportation.
— routes (CoepKUT MeTagannble Tabmuisl Fights); st pa3BepThIBaHus 6a3bl JAHHBIX HEOOXOAUMO BOCIIOJIb-
— aircrafts (XapaKTEpPHCTHKH CaMOJIETOB). 30BaThCSl TEPMHUHAIBHBIM KIHEeHTOM s PostgreSQL —
I1. PasBepThIBanMe 6a3bl JAHHBIX psql [8]. CranmaptHOoe ucmosb3oBaHHe TpadUuecKoil cpeibl

JleMOHCTpaLMoHHast 6a3a JaHHBIX pacrpoctpansercs B PgAdmin i BeimonHenus SQL-ckpunta Gyzer Gecrones-
BUJIE (l)af/'lna, COJIEPIKAIIIETO SQL-CKpI/IHT, KOTOpBIﬁ CO3/1a€eT HBIM. BTO BBI3BAHO 60J'ILI]_II/IM Ha60p0M XpaHUMBIX JaHHBIX.
0a3y IaHHBIX demo W HAIOJHICT €¢ NAHHBIMH IO IOJICTaM.

CJ'IGZ[yeT O6paTI/ITB BHHMAHHC Ha TO, YTO IPH YCTAHOBKEC CYy-
1lé
17 DROP DATABASE BirTransportatioﬂ;
18 -
19 T—— Name: AirTransportation; Type: DATABASE; Schema: —; Owner: -—
20 -
21
22 CREATE DATABASE AirTransportation;
23
24
25 \connect AirTransportation
26
27 SET statement timeout = 0;
28 SET lock_timeout = 0;

29 SET idle in transaction session timeout = 0;
30 SET client encoding = "UTES';

31 SET standard conforming strings = on;

32 SET check function bodies = false;

33 SET client min messages = warning;

34 SET row_security = off;

35

36 -

37 T—— Name: bookings; Type: SCHEMA; Schema: —-; Owner: —
38

39

40 CREATE SCHEMA bookings;

41

42

43 -
44 T—— Name: SCHEMA bookings; Type: COMMENT; Schema: —; Owner: —
45

46

47 COMMENT ON SCHEMA bookings I8 'Airlines AirTransportation database schema';
2290678 ALTER DATABASE AirTransportation SET search path = bookings, public;
2290679 ALTER DATABASE AirTransportation SET bookings.lang = ru;

Puc. 2. 3amena Ha3BaHus 0a3sl JaHHBIX

[Ipouecc pa3BepThIBaHNS 0a3bl JAHHBIX OCYIIECTBIAETCS B 2. Hacrpoiika napameTpoB psql u 3ammyck mpomecca pas-
HECKOJBKO IEHCTBUM: BEPTHIBaHUA 0a3bl JaHHBIX (puC. 4).
1. 3amyck KOMaHAHOM CTPOKH M MEPEXo/ B MAIKYy, COAEp- 3. [IpocmoTp 6a3bl JaHHBIX depe3 rpaduuecKuii HHTep-
JKAITyI0 HHTePaKTUBHBIN TepMuHal (puc. 3). ¢eiic pgAdmin4 (puc. 5).
El
Microsoft Windows [Version 10.0.14393] -

(c) Kopnopaumsa Maiikpoco@t (Microsoft Corporation), 2016. Bce npaesa 3awMWeHsbl.
C:\Users\Wnua>cd C:\Program Files\PostgreSQL\11\bin

C:\Program Files\PostgreSQL\11\bin>g

Puc. 3. Ilepexon k TepmuHaiy psql
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SET

SET

SET

SET

SET

SET

SET

SET

DROP DATABASE
CREATE DATABASE

Microsoft Windows [Version 10.0.14393]
(c) Kopnopauua MaidkpocodT (Microsoft Corporation), 2016. Bce npaBa 3auMueHbl.

C:\Program Files\PostgreSQL\11\bin»psgl.exe -h 127.8.8.1

C:\Users\Hnua>cd C:\Program Files\PostgreSQL\11\bin

Bol noaknwuyeHsl kK 6a3e gaHHeix "demo" kak nonb3oBaTens “postgres™.

Puc. 4. TIponece pa3BepThIBaHMs 0a3bl JAHHBIX

¥ |5 Materialized Views flight_id
¥ {)Procedures
¥ h3Sequences
v [ Tables (8)
> Faircrafts_data 3

¥ [airports_data 4

1 1185
2 3979
4739
5502
6938
6 7784

¥ [ boarding_passes 5
¥ [Fbookings

¥ [ flights

¥ [seats

> [ticket_flights
¥ [Htickets

7 9478
8 11085
9 11847

flight_no
4 [PK]integer characteri{) timestamp with time zone  timestamp with time zone’

PG0134
PG0052
PGOS61
PG0529
PG0461
PGO667
PG0360
PG0569
PG0498

scheduled_departure

2017-09-10 09:50:00+03
2017-08-25 14:50:00+03
2017-09-0512:30:00+03
2017-09-12 09:50:00+03
2017-09-04 12:25:00+03
2017-09-10 15:00:00+03
2017-08-28 09:00:00+03
2017-08-24 15:05:00+03
20170912 10:15:00+03

.. scheduled_arrival

2017-09-10 14:55:00+03
2017-08-2517:35:00+03
2017-09-05 14:15:00+03
2017-09-1217:20:00+03
2017-09-04 13:20:00+03
2017-09-10 17:30:00+03
2017-08-28 11:35:00+03
2017-08-2416:10:00+03
2017-09-12 14:55:00+03

departure_airport.

character (3)
DME
VKO
VKO
svo
svo
V0
LED
SVX
KZN

Puc. 5. Pa3BepHyTas 6a3a 1aHHBIX

arrival_airport
character (3)

BTK
HMA
AER
UFA
uv
KRO
REN
SCW

¢

-U postgres -f C:\demo-small.sgl

status

character varying (20) s

Scheduled
Scheduled
Scheduled
Scheduled
Scheduled
Scheduled
Scheduled
Scheduled
Scheduled

aircraft_code
character (3)

319
CR2
763
763
SU9
CR2
CR2
733
319

I11. PazpaGoTka aaropurMa BbINOJHEHHUS 321241

1 sman. Onpedenenue 8cnomozamenbhvix OauHwix. s
MOJy4YeHUs pe3yjbTara, YIOBJIETBOPSAIOIIETO 3ampoc, padoTa
OylleT IPOBOAUTHCS CO CIIEAYIOIINMHU JaHHBIMU:

— Asponopr otpasnenus (departure_airport);

— Asponopr npubbiTus (arrival airport);

— AxtyansHoe Bpems oTrpasienus (actual departure);

— YHUKaJIbHBII UICHTU(DHUKATOD rnaccaxxupa
(passenger_id; BbIOpaH uMeHHO wicHTUUKATOp, a HE DUO
Ha TOT CIIy4ai, eciii y maccaxxupon onunakosoe GHO);

— Homep Oponnposanus (book ref).

2 sman. Hnmezpayus OGHHBIX 8 pe3yIbmupyrouyro mao-
auyy. OTBET Ha 3arpoc OyIeT MpeCTaBIeH B JONOIHUTEIEHO
chopmupoBaHHOH Tabmmiel. COOTBETCTBEHHO, Iepexn I00aB-
JICHHEM 3alpOIICHHBIX NaHHBIX HEOOXONUMO YIAIUTh 3Ty
TaOJMIly HAa TOT Cly4ai, eCliM JaHHBIN 3apoc yxe ObL1 pea-
JIM30BaH OTHOCHUTENIbHO KOHKpETHOM 0a3bl maHHbIX. [locne
4ero HeoOXOAUMO OOBSBUTH CO3/aHue 3Toi Tabimibl. Omnpe-
JIeNIeHHas! ISl 3arpoca TadJuIla peIcTaBlIeHa Ha PUCYHKE 6.

Tun moneit Tabnuuel arr_depart w arr_arival onpeneneH
KaK TEKCTOBBI MaccuB. B Kamoil sueiike 3THX moJieit Oyaer
WHTErPUPOBATHCS IO J[Ba 3HAYEHHUsI — adpoIopTa OTIpaBIIe-
HUSI M a9pOIIopTa MpUObITUS cooTBeTcTBeHHO. [lone dat ompe-
JIeNICHO KaK MaccuB jaT. B sueiikax storo monst OyayT wHTe-

IPUPOBAThCS JAATHl OTIIPABJIECHUS U3 JBYX ropojoB. Tum moss
lim orpenenieH Kak 4KMCIOBOW. B sueiikax sToro moist Oyner
PacCUNTHIBATECS Pa3HHUIA MEXTy JaTOM OTIpaBICHUS U3 OA-
HOTO a’poriopTa M JaTol OTIPABIICHUS U3 APYTOro a3poropTa.

out_table

arr_depart text/]

arr_arival text/]

dat date[]

lim integer

Puc. 6. Beixonnas tabnuiia 3ampoca

WHTerpanunst TaHHBIX U3 HECKOJBKHUX TaOJIUI] peann3yercs
10 CXeMe, IPUBEAECHHOI Ha pUCyHKe 7.

PaccmoTpum sBe cuTyanun: OpOHHpOBaHUE OWIICTOB «TY-
Ja-00paTHO» W OpOHMpOBaHHME OWJICTOB 10 ITyHKTa Ha3Hade-
HUSL 9epe3 MepecagodHblil MyHKT.
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Flights

departure airport
arrival _airport
actual departure

Ticket flights
ticket no

Ticket flights
—*| book ref
passenger 1d

Puc. 7. Cxema 00beqUHEHUS JAHHBIX U3 HECKOJIBKUX TaOJIML]

Cutyaums 1.  Ilaccaxupsl, coBepliaromye  OH3HEC-
MMOE3/IKH, OJJHIM Pa3oM OpoHHUpYIOT aBa Omiera. Homep Opo-
HU JUId OMjieTa ¢ MapuIpyToM U3 IMyHKTa A B IyHKT B n Onie-
Ta ¢ MapuIpyToM U3 ITyHKTa B B yHKT A OyIeT OAMHAKOBBHIH.
Pesynbrar BBIOOpKM Oyner rpymmmpoBarsesi (GROUP BY)
OTHOCHTENBHO YHHKAJIBHOTO HMICHTH(HKATOpa Haccakupa c
ycnoBueM (HAVING COUNT), uto B 0OpMIICHHBIX UM OH-
JIeTaX KOJIMYECTBO OJAMHAKOBOTO HOMEpAa OpOHUPOBAHHS PaB-
HO 2. COOTBETCTBEHHO, KQ)KAOMY TaKOMy ITacCaXupy B Oase
JaHHBIX OyOyT NPUCYIIM [iBa a’poIOpTa OTIIPABJICHUS, IBA
aspornopra MpUOBITHSA U IBE AaThl OTHpaBieHus (Tadm. 1).

Tabmuua 1
[IpencraBnenue naHHBIX
ipu OPOHMPOBAHUM OMJIETOB «TYya-00paTHO»

Asponopt Adponopt Hara
OTHpaBJICHUS npuOBITHA | OTHPaBJICHUSA
Jara otnpas-
ITynkr A ITynkr B JIeHUs U3
Taccaxup asporniopta A
[Hata ornpas-
Ilynxr B Ilyskt A JIeHUs U3
asponopra B

Curyanus 2. PaccMOTpuM BTOpYIO CUTyalU0, KOTrja mac-
CaKMp 3a OIUH pa3 OpoHHpYeT IBa Owmiera Ha PEHCH: W3
ImyHKTa A B yHKT B u u3 nyskra B B mynkr C. B Takoi cury-
aluy MyHKT B Oyner sSBIAThCS MEpecajiodyHbIM IYHKTOM IO
mytd B myHKT C. B TakoM ciydae pe3yibTaT BEIOOPKH (B CO-
OTBETCTBHH C TaKHM )K€ aJITOPUTMOM, OTIMCAHHBIM IS TIEPBOH
cUTyauuu) OyZeT MMeTh OOIIWi BHI JAHHBIX, IIPEACTABIICH-
HBIX B Tabmume 2.

Bce nanHble pu IepBOM U BTOPOM CUTYaLMSIX 3aHOCSITCS B
3apaHee OIpe/ieNIeHHbIE MOJI Pe3yNbTHPYIOLIeH TaOIHIbl KaK
3JIEMEHTBI MacCHBA.

Tabnwumna 2
[IpencraBnenune qaHHBIX
pu OPOHHUPOBAHIH TPAH3UTHBIX OMIICTOB

Asponopt Asponopt Jara

OTHpAaBJIeHUs] | NPHOLITHSL | OTHpPABJIEHHUSA
[ara otnpas-
[Tynkt A [Tynkt B JICHUS U3 a3pOo-

[Taccaxup nopTa A
Hata ornpas-
IIynkr B Ilynakr C JIEHUSI U3 adpo-

nopra B

3 aman. Bvibopra mpebyemvix no ycnosuio dannvix. [locme
3aIIOJIHCHHS BBIXOJHOW TaOJUIIBI CTPYIITHPOBAHHBIMUA U OTO-
OpaHHBIMH COTJIACHO YCJIOBHUS JaHHBIMU CTOUT 3ajadya TOJ-
CUHTATh Pa3HUIY MEXIy JaTaMH OTIPABJICHUS U3 IBYX ITyHK-
TOB (TaHHBIC, XpaHSAIIAECS B MacCHBaX MO daf) AN KaKao-
ro maccaxxupa. Jrta pasHHMIa 3aHocutcs B moine /im. Ilocrne
Yero BBIXOJHAS TaONHIla CTAHOBHUTCS IMOJTHOCTHIO 3aIIOHEH-
HOW M COIEpKUT Bce HEOOXOAWMBIE NaHHBIE IS MOTyYSHUS
OTBETA Ha IIOCTABJICHHYIO 334ay.

Tabauiy 3 MOXHO Ha3BaTh (PparMEHTOM HCTHHHOIO pe-
3yJbTaTa, yIOBIETBOPSIOIIETO 3amnpocy. VIMeHHO Takasi COBO-
KYITHOCTh (pparMeHTOB OyNIeT MOABEpraThCs MOJCUCTY C IO-
cleyIoniel COpTUPOBKOW U BBIJCIICHUEM TPOMKHU Map a’po-
mopToB. BeIOOp NaHHOTO (parMeHTa OCHOBBIBACTCS HA TOM,
YTO B COOTBETCTBHH C YKa3aHHBIMH a’pOTIOPTAMH OTIIPABIIC-
HUS, a3POTIOPTHI MPHUOBITUS JTOJDKHBI UMETh OOpaTHBIN HOpsI-
JOK (T. €. cUTyarus 2 He MOAXOIUT) MPH YCIOBHHU PAa3HHUIIBI
MEXIy JaTaMH OTHpaBJICHUS He Ooiee 5 mHEH.

B ckpunTe 3T0 peanu3oBaHO NPOBEPKOM AJIEMEHTOB Mac-
cuBa arr_depart W arr_arival ¥ TIPOBEPKOH MOIYYSHHOTO pe-
3yJibTara B siueiikax mous lim.
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Tabmuma 3

I[aHHBIe, YAOBJIETBOPAKOIINE YCIIOBUIO 3a1a9n

HU4YeHHs BbIBoJa. 1o ycioBHIo 3agadm HEOOXOAMMO Ompesie-
JMTH TPOHKY Iap ropoJIoB.

IIyCKe KOJIa 3arpoca, IpecTaBieHa Ha pUCYHKE 9.

ITocne momydenust pparMeHTOB, TOZOOHBIX MPEACTABICH-
HBIM B Tabmuie 3, HEeoOXOIUMO CrpyNIIUpOBaTh JAaHHEIE,
HalpHUMep, 10 a3pPOMOPTY OTIPABJICHUS U ONPEIEIUTh Orpa-

Paznuna IV. Koa 3anpoca
A3pornopTsl AspornopTsl MEKIY 1aTAMH K o
oTnpaBenus IpHOHITHS y O 3ampoca And PellacMOd 3ajaqM MMEeT BU, Mpel-
OTNPABJICHUS CTaBIICHHBIN Ha pUCYHKE 8.
[Mynxt A, [Ilyrkr B, <=5 IMocnenoBaTenbHOCTh AEHCTBUM, BBIIOMHAEMBIX IIPU 3a-
[Iynkr B] [Iynkr A]

drop table out table
create table out table (
arr depart text[],
arr arrival text[],
dat date[],

lim integsr

)

insert
select
array agg{departure airport) as arr depart,
array aggf{arrival airport) as arr arriwval,
array agg{cast({actual departure as date))
FROM flights -

right join ticket flights on ticket flights.flight id = flights.flight id
right join tickets on tickets.ticket no = ticket flights.ticket no

group by tickets.passenger id having count(tickets.book ref) = 2

order by dat - B

into out table (arr depart, arr arrival, dat)

as dat

update out table

set lim = abs{out table.dat[2] - out table.dat[1l])

select count (out table.arr depart)
from out_table

as num, out table.arr depart

where 1im <= '5' and ({arr_depart[1]=arr_arrival[2] and arr_depart[2}=arr_arrival[1]})
group by out table.arr depart
order by num desc
limit 3
Puc. 8. Kog 3anpoca i1 pemiaemoit 3agaun
O0HOEIEHHE TADIHITE
Harerpamma i IloacweT 9HCIA DOTIETOR
Cosganme pPACCIHTAHHON o
- TAHHELX H3 = . HATVIA-O0PaATHO!
EBEIXOTHOH A PasHHICH MCEETY | TyAa e P - -
ol HECKOIBEEHXE C PasHHIICH HE 00JIES D
TADTIHIIEL JdaTanK OTHPAEIICHHA
TADIHIT
H2 a3polIopTOE

Puc. 9. IlocnenoBarenbHOCTh ACHCTBUM, BBIMOIHIEMBIX IIPH 3aIlyCKE KOJIa 3ampoca
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V. Pe3yJbTaT BBIIOJHEHHS

Topomamu, MeXIy KOTOPBIMH Yallle COBEPINAIOTCS IO-
€3]IKH «TyAa-00paTHO» CO CPOKOM 0OpaTHO He Ooiee 5 cyTok
SIBIISIFOTCSI:

1. Mocksa (kox aspomopta: SVO; aspomopt Lllepeme-
TbeBO) — ExarepunOypr (xox adpomopta: SVX;
aspomopt Komp1ioBo);

2. Mocksa (kon asponopta: SVO; asponopt Lllepeme-
TheBo) — HoBocuOupck (ko aspornopra: OVB; aspo-
nopt TonmaueBo);

3. Hosocubupck (xox aspomopra: OVB, aspomopt
Tonmauero) — Mocksa (kox a3sporopta: DME; aspo-
mopT JJoMomenoBo).

BeixoaHas Tabnuna comepKUT KOABI a’poIopTOB, KOTOPHIE
HYXXHO paciIudpoBaTh M NPENOCTaBUTh HHpoOpManuio He
TOJILKO O HAa3BaHWHU a’poIlopTa, HO U O TOpPOJE, B KOTOPOM
a’ponopt pacmoioxeH. [ 3Toro HeoOX0OUMO ClenaTh 3a-
MPOC K CYITHOCTH airports data, koTopas XpaHHUT TaHHBIE 00
a’pomnoprax M ropojaax mx pacmnosioxkenus. Kox 3anpoca npen-
craBiieH Ha pucyHke 10.

Pe3ynbTaT BHINOTHEHHUS KOJA 3alpoca MOKa3aH Ha PHUCYH-
ke 11, pacmmdpoBka KOJOB a’pOIOPTOB NpHUBEICHA HA PH-
cyHke 12.

Kak Buanm, penieHue MpHBEACHHON 3aJaql MOMOXKET CO-
TPpYAHHKaM aBUaKOMIIaHUUW MPaBUJIBHO PACCTaBUTh IPUOPUTE-
THI MEXIY adpOIOPTaMHU T'OPOIOB, MEXKAY KOTOPHIMU BBINOJ-
HSIIOTCS TIEPEBO3KH.

from airports data

select airports data.city, airports data.airport name, airports data.airport code

where airports data.airport code = 'SVO' or airports data.airport code = 'SVX'
or airports data.airport code = 'OVB'or airports data.airport code = 'DME'

Puc. 10. Kox 3ampoca gaHHbIX 00 aspormnoprax

nUm
4 | bigint
1 298
2 282
3 2N

arr_depart
texd(]

{SV0,5VX}
{SV0,0VB}

{OVB,DME}

Puc. 11. Beixonnas tabdiuma

i.:ity P .ﬂllplilll‘t_l'iﬂl'ne P B:IPDFLCUIjE o
4 jsonb jsonb [PK] character (3)
1  {en’: "Yekaterinburg®, "ru”; "Exatepuxcypr’t  {"en”. "Koltsovo Airport”, "ru”; "Konbuoso™} SVX
2 {en’: "Moscow”, "ru”: "Mocksa"} {"en’; "Sheremetyevo International Airport”, “ru”; "LUepemeToesn’} SV0
3 {en’: "Moscow”, "ru”: "Mocksa"} {"en”; "Domodedovo International Airport”, “ru”; "domogeaoso’} DME
4  {en’: "Movosibirsk”, "ru”; "HosocnGupcK'} "en”. "Tolmachevo Airport”, “ru”; "Tonma4Esn’™} ovB

Puc. 12. PacumdpoBka K0J0B a3pOIIOPTOB

3AKJIIOUEHUE

B crarbe nocraBnena 3amada, KOpPpEeKTHOE PELIEHHE KOTO-
pOHi C HCTIOIB30BAHUEM HHTETPALUH MOKET OBITh IOJIE3HBIM
JUIsl CTPYKTYPHBIX HOApasfelieHud. B uacTHOCTH, pelueHue
KOHKPETHOM NPUKJIAJHOW 3aJaud IIOMOXKET MAapKeTOJoram-
AQHAIUTUKAM aBUAKOMIIAHUM IIPABWIBHO PacCTABUTh IIPUOPU-
TEThl MEXY a3pOIOPTaAMU FOPOJOB, KOTOPHIC B IIEPBYIO OUe-
peab HyXIAIOTCSA B NOLJCPKAHUY WIH IOBBIICHUU BBICOKOTO
YPOBHSI KOMIIETEHTHOCTH opranusauuu. IloaydeHHsli pe3yib-
TaT OTBEYaeT HAa IIOCTABICHHYIO 33Ja4M, JOKa3bIBaeT KOp-
PEKTHOCTb ¥ NPABMIIBHOCTH IMPEJIONKEHHOTO criocoba peaiu-
3aLUHU.
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Abstract. The process of data integration can be considered
both at the global level — data integration from some sources and
at the local level — data integration inside the one system handling
of applied problems. The article presents a brief theoretical sci-
ence for application integration and data integration. The applied
subject area and the "testing ground" for integration are de-
scribed. The relevance of solving the problem of data integration
is justified. The marketing and technical statements of the prob-
lem are given. The scheme of data integration for the problem is
presented, its solution is completed.
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Abstract. The most important aspects of mastering a teacher
by teaching methods using modern technical teaching aids and
based on them new information technologies are considered. In
particular, the application features of computer-aided training
aids are described. The study strategies of the academic discipline
are described, which includes various forms of training and a
reasonable ratio of training with the use of a computer and with-
out it.

Keywords: computer technologies of training, methods of
training, creation and applications of the automated educational
and methodical complex.

The intensification of training in the world practice is con-
sidered as a process of its Informatization and industrialization
on the basis of the introduction of new information technolo-
gies, integrated introduction of computer technology and tele-
communications in educational activities. Therefore, the crea-
tion and introduction of new information technologies in the
educational process of our University is now considered one
of the most important tasks of its development [1, 2].

One of the most important aspects of pedagogical technol-
ogy is the methodological aspect — the teacher's mastery of
teaching methods with the use of modern technical means of
education (TME) and based on them new information technol-
ogies [3, 4].

Teaching methods are chosen by the teacher. The teaching
method is based on figure 1 on the basis of philosophy, spe-
cialty and psychological processes. It depends on age physiol-
ogy, pedagogical psychology, professional training and the use
of technical means of teaching TME.

TME are distinguished by the nature of their direct impact,
by methods of absorption by the organs of vision and hearing,
or both at the same time. To implement the functions of in-
formation presentation, various recording, storage and play-
back devices can be introduced into the TME complex. Simu-
lators, simulators of real objects, laboratory equipment are
used to increase the activity of students in various forms of
training sessions. In addition, to improve the performance of
students in the complex TME may include means of imple-
mentation of functional music, hypnopedia and relaxation.

TME can be used for different purposes — both autono-
mously and in complexes, the composition of which is deter-
mined by specific tasks.

According to one of the most common classifications, all
existing TSO are divided into three categories: information,
training and control. Category educational TME is a compound

of information and regulatory categories of TME [1, 5, 6].

The term «informatization of training» will be understood
as the process of production, distribution and use of infor-
mation and information services in training based on the intro-
duction of computer methods and means of collecting, pro-
cessing, searching, issuing and storing information. material;
sending training materials on computer communications; vid-
eo broadcasts of training programs, etc. [4, 5, 7].

Continuous computerization and application of computer
technology in all areas was initially taken as an axiom. Is this
the case in education? Note the following main features of the
use of computer tools in training.

— Computerization of the educational process covers only
part of the cognitive activity.

— When particular importance is attached to learning
through practice and experience that cannot be expressed in a
formal description, attempts transfer them into the language of
machines is ineffective.

— When teaching practical knowledge, the teacher conveys
the culture of any professional activity, i.e. provides a link
between generations. This is where the superiority of human
knowledge over machine knowledge is manifested.

For such a traditionally basic form of education as a lec-
ture, the computer cannot replace live communication with the
teacher.

In the world practice, modern information technologies
should provide:

— shipping to the trainees of the basic amount of educa-
tional material;

— interactive interaction of students and teachers

— in the learning process;

— providing the trainees opportunities for independent
work;

— democratic assessment of knowledge and skills acquired.

To achieve these goals, the following computer infor-
mation technologies have been used: work in the environment
of automated training systems (ATS); presentation support for
the supply of educational material; work in the environment of
virtual laboratories; testing and automated control of the level
of assimilation of educational. The computer may not be able
to focus on the main idea of the learning process as effectively
as the teacher, timbre coloring and voice modulation will not
be able to make the learner get carried away with the idea as
with live learning.

Original Russian text © A.L. Dergachev, S.A. Dergachev, O.N. Kuranova, A.M. Perepechenov published in Innovative Technologies in Construction and Ge-
oecology. Proceedings of the VI International scientific and practical Internet conference, April 16, 2019, St. Petersburg, Moscow, Sputnik Plus Publishing

House, 2019, Pp. 97-103.
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Fig. 1. Sources of formation of teaching methods

However, as illustrating the control and TSO computer
more effective than slides, charts, etc. static TSO. What is
the secret of this efficiency?

Based on the analysis of the above features of the use of
computer TCO, the strategy of studying the discipline,
which includes various forms of training, should provide a
reasonable ratio of training using a computer and without it
[4, 7]. This gives a clear idea of the true place of computers
in the learning process:

— Computers by their very nature are unable to cancel
any creative pedagogical work, the responsibilities of the
teacher to educate the students.

— Computers do not eliminate the need for persistent
learning and deep understanding of educational material by
students.

— Computer and software and information products act
as a means of improving the efficiency and quality of train-
ing by automating the management of joint activities of the
teacher and trainees [1, 5, 7, 8].

— The inclusion of software and information products
and methods of their application in the standard educational-
methodical complex of the discipline allows us to talk about
the creation of an automated educational-methodical com-
plex (AEMC) of this discipline, the typical composition of
which is shown in figure 2.

The main principle proposed as a basis for the development
and application of AEMC in the educational process: not a
replacement car of the teacher that combines in its activities the
functions of training and education, and a reasonable synthesis
of the possibilities of man and computer in the interests of solv-
ing the problems of education [1].

The teacher acts not only as an expert in the subject area,
but also organizes and mainly monitors and makes decisions
on the implementation of a set of activities to achieve Gen-
eral and private educational and educational goals of the
training session:

— General management of the learner's cognitive activi-
ty;

— presentation of the topic, training questions and litera-
ture used;

— transfer of new knowledge and skills in the subject ar-
ea;

— acquisition of new knowledge about themselves;

— motivation, monitoring and evaluation, gap filling;

— repetition, generalization, consolidation;

— information on the course, conduct and results of the
lesson;

— registration of achievements and development of edu-
cational material.

As can be seen, the ATS, in addition to the transfer of
knowledge, also takes over the performance of part of the
management and technical non-creative functions of the
teacher, which is especially important in the independent
study of educational material.

The use of AUM should provide each trainee with:

— ability to work at your own pace in accordance with
their psychological and physiological characteristics and
knowledge;

— democratic control and the objectivity of the evalua-
tion of his knowledge;

— reduction in wastage of teaching time to support work
to find educational information and getting the references;

— developing a sustainable habit of self-study;

— gaining experience in working with computers and
knowledge of its application in solving practical problems.

The use of AUM in the classroom on the curriculum
should allow the teacher:

— to achieve increase of productivity of the work at the
expense of unloading from some types of technical non-
creative work connected with issue of tasks, check of their
performance, registration of results;
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— receive statistical information on the course of the ed-
ucational process, the work of individual students and train-
ing groups for analysis and informed pedagogical decisions;

— to provide a productive independent work of trainees;

— throughout the allocated teaching time at the expense
of individualization of a dialogue with a computer program;

—to reduce the number of control and inspection of
works carried out not in the specialized audience for the
purpose of obtaining information about the results of the
students work on the training material.

The main components of the automated
educational and methodical complexes

Working curriculum for the discipline (development of the Department)

Methodical recommendations for traditional types

Training materials for traditional occupations

Training materials selected for computer training

Educational materials, recorded on electronic media

L Ty ' ' ' '

Methodological materials developed in relation
to a specific software and information product

R N S S S, S

Fig. 2. The structure of typical automated educational systems

The development of new (high) information technologies
leads to a rapid increase in the amount of knowledge that a
modern specialist must possess in order to carry out active
professional activities.
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Abstract. The global economy development logic dictates ne-
cessity of barriers removal on a way of acceleration and simplifi-
cation of business processes and administrative procedures the
majority from which by tradition of conducting business rela-
tions are documented. Within the limits of the offered approach it
is possible to draw a conclusion on that problem "Global Value
Chains" widely considered now has the decision by its considera-
tion, as the big transboundary information system uniting set of
registration systems (control, business, bank and others) in the
various countries. The report suggests ways of organizing trans-
boundary trust space to implement the international e-
Commerce.

Keywords: transboundary trust space, soft-infrastructure,
e-commerce, INCOTERMS rules, electronic transferable
records, Buy—Ship—Pay, Public Key Infrastructure, Global Value
Chains, EDI-messages, Chock-Point.

INTRODUCTION

The development logic global economy dictates necessity
of barriers removal on a way of acceleration and simplification
of business processes and administrative procedures the ma-
jority from which by tradition of conducting business relations
are documented.

There is no necessity, and possibilities, to list all variety of
documents, which are used at fulfillment of information trans-
actions in spheres of manufacture and sale, such as:

» researches and workings out;

* design of products;

» manufacture;

 marketing;

* sales;

« distribution;

* service.

Besides, documents fix various stages of complex proce-
dures of e-commerce Buy—Ship—Pay to which it is possible to
carry:

« information-marketing services;

* procedures of the contracts conclusion;

* control operations on check points and tracing of cargoes
passage;

* bank and insurance operations, including possibility of
arbitration protection of the rights of counterparts.

So, has developed that documenting of such information
transactions is carried out mainly in the paper form. Such state
of affairs in the conditions of rapid development of infor-
mation technology, and first of all, networks the Internet, is

represented an anachronism. Thus, it is possible to notice that
basic possibility of documenting of the information in the
electronic form is provided for a long time already. In the trad-
ing custom developed by the International chamber of com-
merce and known, as Rule INCOTERMS, in 1990 was follow-
ing position is entered:

«The main reason for successive revisions of Incoterms
has been the need to adapt them to contemporary commercial
practice...

Further, in the 1990 revision of Incoterms, the clauses
dealing with the seller's obligation to provide proof of delivery
permitted a replacement of paper documentation by EDI-
messages provided the parties had agreed to communicate
electronically...».

However, it is possible to ascertain that for expired more
than 20 years which have expired more the given norms have-
n't received wide practical application. Though the problem is
in attention focus, both the international expert community,
and working groups.

There is a question, and whether it is necessary to solve the
given problem if it costs decades on the agenda and does not
find while a practical embodiment? The answer is in our opin-
ion obvious. The logistical costs connected with physical mov-
ing of paper documents, for a measure exponential growth of
transboundary trading operations become too big. Besides, the
negative influence renders also the factor of superfluous time
for documenting of operations in a paper kind. These two
problems become present Chock-Point (barriers) on a way of
development of global world economy.

THE GENERAL APPROACHES TO A SOLUTION OF A PROBLEM

Then it is necessary to answer the following question, and
in what the reasons of such state of affairs?

First, in our opinion problem roots consist in inertness of
thinking. Business in that that information documenting in the
physical world was carried out from time immemorial. It is
known that the first case of a ceremony of real estate transfer
is described in the Old Testament (the Bible. Life. Chapter
23). Prosecuted documenting subjects also in Babylon, the
Sumer Kingdom, Ancient Egypt, Rome and Greece. Various
types of data carriers, such as the papyrus, clay vessels copper
tablets, mortgage stones and others in which number the paper
is certainly presented were thus used.

Unites all it that technologies of use of such carriers con-
cern the world of subjects and consequently the document in a
general view is considered «as a unity, according to the inter-

Original Russian text © V.N. Kustov, T.L. Stankevich published in Proceedings of the XXI International Conference on Soft Computing and Measure-
ment (SCM'2018), May 23-25, 2018, St. Petersburg, Russia, Volume 2, St. Petersburg, Saint Petersburg Electrotechnical University "LETI", 2018, Pp. 259-262.
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national standard ISO 15489). The cyberspace nature essen-
tially another, already other, expanded approaches that, how-
ever, should keep continuity in relation to tradition here again
are required.

Necessity of change of a foreshortening speaks some sim-
ple reasons. In the physical world of operation on substantial
drawing up of the document and documenting (registration) of
a total content are carried out by the same persons or bodies,
for example notaries or customs officers. In a cyberspace there
is a possibility, (and it is necessary to underline especially it -
economically defensible expediency connected with conven-
ience of users) to generate the general infrastructures for doc-
umenting. A vivid example of such infrastructure is the well-
known Public Key Infrastructure (PKI).

However, it conducts to differentiation of legal responsibil-
ity for granting of final service between various operators who
can be under jurisdiction of the different countries. According-
ly, additional audit of activity of all operators is required.
Functioning of such distributed information system should be
carried out based on the unified rules and requirements. All it
concerns a problem of interoperability of information systems
that should be carried out at three levels:

* technological,

* legal,

* organizational.

In Addition to, at personal interaction in the course of an
exchange of documents many questions, for example, a mutual
cognizance (authentication), are carried out by default. Use of
networks of the general access demands working out of new
technologies of the information security which correct applica-
tion in the conditions of mass use involves also new problems.

It conducts all too sharp complication of system, system,
instead of separate documents as it was considered earlier. In
addition, in Russia attempts to describe such model are under-
taken, using some already turned out in UNCITRAL ap-
proaches and terms. Thus, the basic components of such mod-
el can be:

* set of Registry Systems (RS),

» set of managing directors infrastructural a component
such, for example, as Identity Management System (IMS),

* set not so isolated subject («as unit») "documents", but
Electronic Transferable Records (ETR).

Thus, ETR are stored in electronic databases (RS) with use
of services of distribution of access and the powers provided
IMS.

Besides, from the point of view of validity ETR possess
doubtless advantage as they are supported in constantly the
actual status and to them access to mode On-line can be orga-
nized. E-documents can be made based on ETR, be fixed on
separate material carriers and further there is possible their use
already in mode Off-line in cases when there is no access to a
network the Internet. It is clear that in due course necessity for
such e-documents can be reduced to a minimum; they will be
replaced with a personal "electronic" office of the citizen or
the legal person.

It is possible to add that the technology differentiated On-
line access to ETR gives good possibility for reengineering of
separate business processes and administrative procedures. It
is actual, for example, within the limits of «one window»
technology practical realization - the themes which problemat-
ics actively develops CEFACT.

Thus, for a number of information technology such, for ex-
ample, as the e-government, essentially important is system
consideration of a problem where the e-document is only a
part of larger category that can be designated as the Trans-
boundary space of trust formed as an information-security
superstructure in the Internet.

SUGGESTED SOLUTIONS

Within the limits of the offered approach it is possible to
draw a conclusion on that that problem widely considered now
"Global Value Chains" has the decision by its consideration,
as the big transboundary information system uniting set RS
(control, business, bank and others) in the various countries.
These RS should use the general security infrastructure, for
example, with a view of realization of the international e-
commerce.

Practical implementation of such a transboundary system
for Global Value Chains participants can be carried out by a
specific set of access and documenting services.

The documenting services should include:

* signature service, designed to confirm the will of indi-
viduals - participants of information exchange;

« the service of time intended for acknowledgement of time
of fulfillment of electronic transferred record to which it will
be organized differentiated on-line access, or editions on the
basis of this record of the electronic document having the sta-
tus off-line;

« the service of a place intended for assurance of a place of
entering of electronic transferred record (a place of the edition
of the electronic document);

Buy Ship Pay

Preparation Preparation

Transporting

to export to import

Includes:

Procedures of
the contracts

Information-
marketing

Bank and
insurance

Control operations
on check points:

+ Obtaining of the
license for
importiexport

- Granting customs
and cargo
declarations

conclusion :
« Competitions
« Auctions
+ Coordination

procedures:
« Advertizing
« The market analysis
+ Demand formation

operations:

* Granting of a
credit rating

+ Providing of an
insurance policy

* Disbursement of
a credit

- Payment

+ Etc.

and the
conclusion of
contracts = Efc.

Fig. 1. Global Value Chains Procedural steps

* notarial service, is intended for assurance of the data (a
content, the signature, the ciphered content, etc.) for legally
significant application within one jurisdiction;

* apostille service, is intended for assurance of the data (a
content, the signature, the ciphered content, others) for legally
significant application within various jurisdictions;

* service of gathering payment, is intended for realization
of payment of gathering, tariffs, taxes, etc., legally significant
actions connected with fulfillment;

* set of services of monitoring of legal statuses of subjects
of the information interaction intended for registration,
maintenance in an actual condition and cancellation of legal
statuses of subjects of information interaction - legal bodies,
and also competences, powers and the right to sign of physical
persons;
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« service of the entrusted data storage, is intended for reali-
zation original «a bank cell» in which it is possible to store,
for example, in the ciphered kind, including having validity
the information concerning separate physical and legal bodies
(under the contract with them), in a case when expenses for
independent storage of such data are represented for users ex-
cessive or unsafe.

It is possible to carry to access services:

» the base service of authentication intended for check and
acknowledgement of an accessory to the subject of access (the
subject of information interaction) the identifier shown to it;

« the auxiliary services (options) connected with the organ-
ization of remote access; use protected (cryptographically pro-
tected) access; use of those or other accessors and others.

Some elements of such a system are described in
INCOTERMS 2010 [1].

When INCOTERMS 2000 describes trading customs in all
regulations, excluding Regulation EXW (EX Works), it al-
ways refers to Item 8, which defines an order of presentation
proofs of delivery, transport documents or equivalent electron-
ic messages. Unfortunately, INCOTERMS describes this order
for application only within the limits of one-domain EDI.

This point specifically for the seller says, ‘...Where the
seller and the buyer have agreed to communicate electronical-
ly, the document referred to in the preceding paragraphs may
be replaced by an equivalent electronic data interchange (EDI)
message’.

However, in case of the transboundary EDI, for example,
in a two-domain system there arises a problem related to using
different, incompatible cryptography by each party. It be-
comes a next Chock Point in an attempt to ensure legal force
of such electronic documents and makes it necessary to use a
Trusted Third Party (TTP).

In this case, options of TTP construction can be as follows
(Figure 2): TTP A; TTP B; Double TTP; Bridge TTP.

[ Trusted Third Party (TTP) ]

=) ()

Fig 2. TTP Classification

Single TTP Bridge TTP

Let us describe TTP B in more detail (Figure 3) because it
is this construction that can provide a transfer of electronic
documents from the seller to the buyer according to
INCOTERMS rules.

The buyer sends the transport document in electronic form,
signed by a digital signature according to the cryptographic
standard of party A. The electronic document arrives through
transboundary space to the buyer on party B’s side.

The buyer, staying in another jurisdiction and in another
cryptography zone, is unable to confirm a legal force of the
electronic document. He has to use TTP services on his side
for this purpose. TTP functions include a check of the digital
signature validity, issuance of the receipt and its sending to the

buyer. The buyer, having received acknowledgement in the
form of a positive receipt from TTP on digital signature validi-
ty, is obliged to accept the transport document.

Double trusted third party

TTP A TP B

—

@ o

Fig 3. Double TTP

DISCcUSSION

Work in the proposed direction is already underway in a
number of international formats. Thus, within the framework
of the Commonwealth of Independent States, a Model [2] for
the formation and operation of a transboundary trust space of
the CIS member States on the Internet has been developed,
discussed and approved. To date, the methodology of [3]
system description of this Model has been developed.

Similar actions are undertaken in other international
formats, such as the Commission of the Customs Union and
the Shanghai Cooperation Organization. The initiative WEB
3.0 is offered in a format of Dialogue Russia — EU on an
information society, elaboration of specific aspects is carried
out. Offers on the basis of the stated approaches are presented
also in CEFACT within the framework of discussion of a draft
for 37th Recommendation on mutual recognition of digital
signatures.

CONCLUSION

Thus, this paper deals with the problems of creating a
transboundary trust space as an integral part of the soft-
infrastructure of international e-Commerce. Significant prob-
lems of multiple barriers removal on acceleration and simplifi-
cation way of various business processes and administrative
procedures providing cross-border e-Commerce systems are
noted.

Within the framework of the proposed approach, it is con-
cluded that the widely considered problem of "Global Value
Chains" has a solution when it is considered, only as a large
transboundary information system that combines the set of
RS (control, business, banking and others) in different coun-
tries. These RS must use a common soft infrastructure.

Practical implementation of such transboundary system for
Global Value Chains participants can be carried out by a spe-
cific set of access and documentation services. The full list of
these services is given. On the example of the rules of trade
customs described in INCOTERMS 2010, the ways of realiza-
tion of transboundary trust space are given.

It is noted that with transboundary EDI, for example, in a
two-domain system, there is a problem associated with the use
of different cryptography by each party, which is not compati-
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ble with each other, which necessitates the use of TTP. The
classification and options for building a cross-border trust
space based on the use of TTP are given. The procedure of
document exchange between buyer and seller in two-domain
EDI using different cryptographic standards is described.

The results of the work on the creation of a cross-border
trust space in various international formats are presented.

As additional sources of literature on the issue we have ex-
amined, standards [4-5] and articles [6—8] are recommended.
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Annomayusa. Jlornka pa3BUTHS MHPOBOI 9KOHOMMKH AUKTY-
eT Heo0XOAMMOCTh CHATHS 0apbepoB HAa NYTH YCKOpPEHUS U
yHpoieHust OM3Hec-NPoLeccoB U AAIMUHACTPATHBHBIX MpoLeayp,
00JILIIMHCTBO M3 KOTOPBIX IO TPaJAMIMH BelleHUs /IeJ0BbIX OT-
HOLIEHMI JOKYMEHTHPOBaHbl. B paMKax npeajio:keHHOro moaxo-
J1a MOKHO ce/1aTh BBIBOJ 0 TOM, YTO IIHPOKO paccMaTpuBaeMast
B Hacrosimiee Bpems mnpobiema '"'I'mo6anbubix Ilemoyexk Ilocra-
BOK'' HMMeeT pelleHHe HyTeM e¢ pAacCMOTPeHHSl KAaK 00JbIIOWH
TPAHCTPAHUYHON HHGOPMALNUMOHHON cHCTEMbI, 00beIMHAIOLICH
MHO’KeCTBO YYETHBIX cHCTeM (KOHTPOJIBHBIX, 1eJ0BbIX, 0AHKOB-
CKHX M JPYrHX) B pa3jJu4HBbIX cTpaHaXx. B gokiaxe npemiararor-
csl MyTH OPraHU3alHH TPAHCTPAHUYHOIO MPOCTPAHCTBA J0BepHsl
JUIS1 OCYLIEeCTBJIEHHS] MeXKYHAPOAHOM 3JIEKTPOHHOM TOPrOBJIM.

Kniouesvie cnoga: TpaHCTPaHHYHOE MPOCTPAHCTBO N0BepHs,
copT-HHPPACTPYKTYpa, DJJIEKTPOHHAsI KOMMepUHs, TNpaBUjia
HUHKOTEPMC, 3j1ekTpoHHbIe NepeaaBaeMble 3anucu, [lokynka-
Otrpyska-OmiiaTta, HHPPACTPYKTYpPa OTKPBITBHIX KJIIOYeH, IJ0-
fajbHbIE HeNOYKHU NMOCTaBOK, J/10-co0011eHus1, IPensiTCTBUE.
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IHAMATHU KOJUIET'A

JoOpyto mamsiTh 0 cebe B yMax MpemnojaBarencit
U YUCHBIX OCTaBUIJI MPoeccop, JOKTOP TEXHUUECKUX
Hayk, mpodeccop kabeapwl «HMugpopmayuonmvie
U 6blYUCAUMETbHbIE CUCHEMb», TIOYETHBIA IIPO-
deccop IlerepOyprckoro rocyJapCTBEHHOTO YHU-
BEpCUTETa NyTeW CoOoOIIeHUs umneparopa AJek-
caHapa [, MOYETHBIA JKEJIE3HOJOPOKHUK, YJICH-
KOPPECHOHAECHT MeXayHapoJHON akageMuu Hayk
BBICIIEH IIKOJIbI, 3aCTy>KEHHbIN AesTeNnb Hayku Poc-
cutickoit ®enepanuu AKOBJIEB Banentun Bacu-
aweBud (06.01.1939-01.12.2019).

BeImyckHUK DIEKTPOTEXHUYECKOTO (aKyabTeTa
[Ipaxxckoro wuHCTUTYTa TpaHcnopTa. Crenuanuct
B 00J1aCTH CTOXACTHYECKHUX METOJOB U CPEICTB BbI-
YUCJICHUH W MOJEIUPOBAHUS, APXUTEKTYp JIOKaJb-
HBIX BBIYUCIUTENBHBIX ceTeii DBM. IlpopaGoran
B yHHUBEpcUTETE Oojiee NATUIACCATH IIECTH JIET.
[Ipomren myTh OT JIGKIIMOHHOTO aCCUCTEHTA JI0 3aBe-
nytomero kadeapou, npopekropa III'YIIC no wun-
dbopmMaTuzamnum.

OnuH u3 pa3pabOTUYMKOB OTPACIICBOM MPOTPAMMBI
: «MHpopMaTuzanms BBHICHIMX M CPEIHUX CIICIHUAIb-
HbIX y4eOHBIX 3aBeneHnii MIIC P®y», npencenarens HaydyHO-MeToauueckoro cosera «Mupopma-
LIUOHHBIE CHUCTEMBD» Y4E€OHO-METOAMUYECKOTO OOBEIMHEHHS KEIE3HOAOPOKHBIX CIEIHATIBHOCTEH.
[Tpodeccop Sxorner B. B. BHec cyliecTBEHHBIN BKIIaJ B CTaHOBIEHUE U pazButue Kadenps: MBC,
B pa3BuTHE yHUBepcuTera U mHpopmarm3anuu. OCHOBaTenb HAaydyHOU MmKOJIbl «CTOXacTUYECKUE
METO/Ibl U CPEJICTBA BHIYUCICHUINY.

[To nHMIMAaTUBE U TIPU aKTUBHOM yuyacTuu Banentuna BacunseBuya ¢ 1995 o 2009 rr. opranu-
30BBIBAJIACh U MPOBOJMIACH MEKIyHApOAHAsI Hay4yHO-TIpaKkTuyeckas koHdpepenuus «Mudopmaru-
OHHBIE TEXHOJIOTUHU Ha KeNe3HO0poxkHOM TpaHcnopre» — NHOOTPAHC.

SxoBneB B. B. akTHBHO y4acTBOBaJ B NMPOBEACHUH JICKIIMOHHBIX 3aHATUN, PYKOBOAMI PabOTON
CTYJCHTOB OakallaBpHara, MarucTparypbl U acnupanToB. [loaroroBms1 3 JOKTOPOB TEXHUYECKUX
HayK ¥ 12 KaHIUIaTOB TEXHUYECKUX HayK. ABTOp 6oiee 300 Hay4HBIX padoT.

Banentun BacuibeBud SIKOBJIEB MOJIB30BAJICS BBICOKMM M 3aCTy>KCHHBIM aBTOPUTETOM CpEIU
KOJUJIET M CTYACHTOB, peacTaButTenen apyrux BY3o0B u xene3nonopoxHoit orpaciau. Cernas na-
MATH 00 9TOM 3amMeydareIbHOM, MSTKOM, YMHOM, MHTEJUIMTEHTHOM YeJIOBEKE HaBCErja OCTaHeTCs
B HAILIUX CepAlax.
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In Memory of Colleague

Good memories in the minds of teachers and scientists was left by the doctor of technical scienc-
es, professor, professor of department of Information and Computing Systems, Honorary professor
of Emperor Alexander I St. Petersburg State Transport University, Honorary railway worker, corre-
sponding member of the International Academy of Sciences of Higher Education, Honored Scientist
of the Russian Federation Valentin V. YAKOVLEV (01/06/1939—12/01/2019).

Graduate of the Faculty of Electrical Engineering at the Prague Institute of Transport. Specialist
in the field of stochastic methods and means of computing and modeling, architectures of local
computer networks. He worked at the university for more than fifty-six years. He has gone from
a lecture assistant to the head of the department, vice-rector of PSTU for Informatization.

One of the developers of the industry program "Informatization of higher and secondary special
educational institutions of the Ministry of Railways of the Russian Federation", Chairman of the
Scientific and Methodological Council "Information Systems" of the Educational and Methodologi-
cal Association of Railway Specialties.

Professor Yakovlev V. V. made a significant contribution to the formation and development of
the department of temporary detention facilities, to the development of the university and informati-
zation. Founder of the scientific school "Stochastic methods and means of computing".

On the initiative and active participation of Valentin Vasilievich, from 1995 to 2009, an interna-
tional scientific-practical conference Information Technologies in Railway Transport —
"INFOTRANS" was organized and held.

Yakovlev V. V. actively participated in lectures, led the work of undergraduate, graduate and
postgraduate students. He prepared 3 doctors of technical sciences and 12 candidates of technical
sciences. The author of more than 300 scientific papers.

Valentin Vasilievich Yakovlev enjoyed high and well-deserved authority among colleagues and
students, representatives of other universities and the railway industry. The bright memory of this
wonderful, gentle, wise, intelligent person will forever remain in our hearts.
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	However, it conducts to differentiation of legal responsibility for granting of final service between various operators who can be under jurisdiction of the different countries. Accordingly, additional audit of activity of all operators is required. F...
	In Addition to, at personal interaction in the course of an exchange of documents many questions, for example, a mutual cognizance (authentication), are carried out by default. Use of networks of the general access demands working out of new technolog...
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	Thus, ETR are stored in electronic databases (RS) with use of services of distribution of access and the powers provided IMS.
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	Within the limits of the offered approach it is possible to draw a conclusion on that that problem widely considered now "Global Value Chains" has the decision by its consideration, as the big transboundary information system uniting set RS (control, ...
	Practical implementation of such a transboundary system for Global Value Chains participants can be carried out by a specific set of access and documenting services.
	The documenting services should include:
	• signature service, designed to confirm the will of individuals - participants of information exchange;
	Fig. 1. Global Value Chains Procedural steps
	It is possible to carry to access services:
	Some elements of such a system are described in INCOTERMS 2010 [1].
	When INCOTERMS 2000 describes trading customs in all regulations, excluding Regulation EXW (EX Works), it always refers to Item 8, which defines an order of presentation proofs of delivery, transport documents or equivalent electronic messages. Unfort...
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	However, in case of the transboundary EDI, for example, in a two-domain system there arises a problem related to using different, incompatible cryptography by each party. It becomes a next Chock Point in an attempt to ensure legal force of such electr...
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