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MHTETrPALUA UHOOPMALIMOHHbIX CUCTEM
rorOACKHUX 3KCTPEHHbIX CJZ1Y)XXb HA OCHOBE
MHOTOMEPHbIX MOZEJIEX AAHHbIX

O.A. Efremova, S.V. Plekhanov, O.S. Saubanov

INTEGRATION OF THE URBAN EMERGENCY SERVICES INFORMATION
SYSTEMS ON THE BASIS OF MULTIDIMENSIONAL DATA MODELS

M3zyyeHo mpoekTupoBaHue MUHGOPMALIMOHHBIX CUCTEM JUISl MOAAEPKKU MPUHSITUSL PellleHUil Mo op-
raHM3alUKy SKCTPEHHOM IMOMOILLIM HACEJIEHMI0 Ha MYHULMIIAJIbHOM YpOBHe. PaccMOTpeHBI BOIIPOCHI, BO3-
HUKAOILMe MPU WHTEerpaluyu pasHOPOJHBIX MHGOPMALIMOHHBIX CUCTEM C Pa3IMYHON apXUTEKTypOil U
CTPYKTYpOil 6a3 maHHBbIX. [IpenoxeHO MpUMEHEHUE MHOIOMEPHBIX M PaCIIMPEHHBIX MHOIOMEPHBIX WH-
(bopMalIMOHHBIX OOBEKTOB UISI COBMECTHOIO OMMCaHUsI 0a3 JaHHBIX pa3HOM CTPYKTYphl. PaccMoTpeHbI
pa3iMyYHbIE CXeMbl MHTETPallMi BEIOMCTBEHHBIX MH(MOPMALMOHHBIX CUCTEM.

MHOOPMALMOHHAA CUCTEMA; DKCTPEHHBIE CJIYXBbI TOPOIA; ITOAAEPXKA ITPU-
HATUA PELIEHUM; MHOTOMEPHBIE MOAEIU JAHHBIX; MHOTOMEPHBIE UH®OPMAILIU-
OHHBIE OBBEKTHBI; CUCTEMA-112; MHTETPAIUA MHO®OPMAILIMOHHBIX CUCTEM.

The article deals with the integration of information systems for emergency assistance decision support at
the municipal level. There are different emergency services maintaining their own information systems with
incompatible data structures. In many cases, information interchange for a coordinated response from more
than one service is required. The article studies the problems of the integration of heterogeneous information
systems with different architectures and database structures. The use of multidimensional and extended multi-
dimensional objects for combined description of the databases with different structures is considered. Various
integration schemes for different information systems are discussed. An example of the integration of information
systems of emergency services of the city of Ufa is given.

INFORMATION SYSTEM; THE CITY EMERGENCY SERVICES; DECISION MAKING
SUPPORT; MULTIDIMENSIONAL DATA MODEL; MULTIDIMENSIONAL DATA OBJECTS;
THE SYSTEM-112; THE INTEGRATION OF INFORMATION SYSTEMS.

B pasnununbix cyobekTax PO cormacHo Ilo-
cranoBieHuto [1paBurenscTBa PP ot 16 mapra
2013 roma Ne 233 Bemyrcst pabOThI MO cO31a-
HUIO CUCTEMBbI 00eCTieYeHMsT BbI30Ba KCTPEH-
HBIX OIIEPATUBHBIX CIYXO0 10 eIMHOMY HOMEpY
112 (Cuctema-112).

OcHOBHas LieJib CO3JaHUsl JAaHHOW CHUCTe-
Mbl — TIOBBIIIEHHE OE30MaCHOCTH HACEJEHMUS
P® u cHMXeHUE colManbHO-3KOHOMUYECKOTO
yiiepba OT 4Ype3BbIUYAMHBIX CUTYallMid U TPO-

WCIIECTBUU MyTeEM COKpAIllEHUsI BpEMEHU pea-
TMPOBAHMS 3KCTPEHHBIX OIEPaTUBHBIX CIYKO
npu obpallleHMd HaceJeHUs MO0 €IUHOMY HO-
mepy 112.

B pamkax cosmanust «Cuctemsbl-112» npen-
ToJjlaraeTcsl pelnTh CIeIyIolIre 3a1aun:

1) co3maTh TeJIEeKOMMYHUKALIMOHHYIO WH-
(bpacTpyKTypy CHUCTEMEL;

2) co3aaTh MHMOPMALIMOHHO-TEXHUYECKYIO
WH(PPACTPYKTYPY CUCTEMBI;
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3) pas3paboratb Hay4YHO-METOANYECKOE
obecrieyeHre co3gaHus W (HYHKIIMOHUPOBA-
HUSI CUCTEMBI;

4) co3maTh CUCTEMY OOy4YeHMs IepcoHaa.

Ha tepputopun Pecnybnuku baiikopTo-
CTaH HayaThl pabOTHI MO co3AaHnI0 «CHUCTeMBbI-
112» nng ropoga Yol Tak kak Yda gaBasercs
KPYIHBIM METaIloJIMCOM, a TakKXKe LIEHTPOM
HedTeXMMMYECKOI TTPOMBIIIJIEHHOCTU Pecrry-
OJMKU, co3fdaHMe TOAO0OHOTO poja CUCTEMBI
aKTyaJbHO.

B xone pa3paboTKku HAQyYHO-METOINIECKOIO
obecneueHus «Cucrtembl-112» B Ye BO3HUK-
Jia Ipo0JieMa MHTerpaluu yKe CYLIeCTBYIOIINX
U YCIEIIHO (PYHKIIMOHUPYIOIIUX UH(pOpMaLIM-
OHHBIX CHUCTEM Pa3IUYHBIX SKCTPEHHBIX CIIYXKO
ropozaa (01, 02, 03, 04) B enuHOe MH(OpPMaL-
OHHOE IIPOCTPAHCTBO.

AHanu3 ¢GyHKUIMOHUPOBAHUS BKCTPEHHBIX
cIyk0 YdBI mokazan, 4To B KaXKIOW M3 HUX
UMeeTcs COOCTBeHHAsl YHUKaabHas MHMopMa-
LIMOHHAS CUCTeMa, KOTopas pellaeT creupu-
YyecKMe 3aJadyd JTaHHOM cyxXObl. B kauecTBe
0COOeHHOCTell MH(POPMALMOHHBIX CHUCTEM
BKCTPEHHBIX CIYyKO0 Y{dbI MOXHO BBIACIUTH
ciaenymwoliee. Bo-mepBhIX, paccMaTpuBaeMble

uHpopMaumoHHele cuctembl (MC) peanuzo-
BaHBI C MIPUMEHEHUEM DPa3IMYHBIX MH(pOpMa-
LIMOHHBIX TEXHOJIOTUI U MPEICTaBICHbI B BUIE
00JIaYHBIX, KJIUEHT-CEPBEPHBIX WM HACTOJb-
Hbix MIC. Bo-BTOphIX, OJIs1 YIpaBJIeHUs JaH-
HbeIMU B 3TUX M C UCTIONB3YIOTCS pa3Hbie CU-
cTeMbl yrnpaBieHUs1 6azamu gaHHbIX (CYBI),
takue Kak MS SQL Server, SQLLite, MySQL,
Oracle u nap. B-TpeTbux, paccMaTpuBaeMble
MH(GOPMAILIMOHHbIE CHUCTEMbl pPa3BEPHYTHI U
(PYyHKIIMOHUPYIOT Ha Pa3IWYHbBIX IJ1aTGopmax:
Windows, Mac OS, Linux, IOS, Android u
ap. Jdns paboTel ¢ MHPOPMALIMOHHBIMUA CH-
CTeMaMM BKCTPEHHBIC CIYXXObl HCIIOJIb3YIOT
pa3IuyHbIE YCTPOMCTBA U KJIMEHTHI, TAKUE KaK
MOOWJIbHBIE TPUIOXEHUS, TOHKMUI KIMEHT
(Gpay3ep), NOJHOLIEHHOE IIPUJIOXEHUE IS
MEPCOHATBHBIX KOMITBIOTEPOB U Ip.

Tak, nna pelieHMsT 3a1a4, MOCTABICHHBIX
nepen craHusIMu CKOpOM MEAULIMHCKOM I0-
MOILIM HaceJCHMIO, CO3[aHa cucTema, 0a3u-
pymoolascs Ha OO0JIAUHOM TEXHOJOTMM, apXu-
TEeKTypa KOTOpol mpuBeleHa Ha puc. 1. g
perucTpallii M 0OpabOTKM COOOIICHUI O
MPOUCIIECTBUSAX, TOCTYNAIOIINX Ha TesiehoH
nexypHoMy omeparopy 02 m omeparopam 02

APM Gpurash,
Ckopoii moMomy,

APM 6pu ramel

APM oneparopa APM oneparopa

Ckopoii nomontu Cxopoii momomu

Cxkopoii momMomu —
_] s
APM Opurans ) @
Ckopoii nomomu Cepsep ¢
npukaaausivm [10 APM anpmunnctparopa

Puc. 1. Apxutexrypa nHGOPMALIMOHHON CUCTEMbI SKCTPEHHOI CIIyKOBbI «03»
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Puc. 2. Apxutexktypa MHGOPMALIMOHHON CUCTEMBbI SKCTPEHHOU CIIyKObI «02»

TOPOACKUX OTACIOB IMOJULIMUA YdBI, a TaKxKe
JUISL TIOAJEPKKU TIPUHSATHUSL PEIICHUI COTPY/I-
HUKOB OpPraHOB BHYTPEHHUX NI/ M0 pearupo-
BaHMIO Ha IIOCTYIIMBIIME COOOLIEHMSI CO3da-
Ha uHGOPMAIMOHHAsI CUCTEMa BKCTPEHHOMU
ciyk0bl «02» [1, 2], apxuTekTypa KOTOPOM
npuBeAeHa Ha puc. 2. I perucrpaiym co-
OOIIIEHNIT O IoXKapax B 3KCTPEHHOM CIIyxKOe
«01» ycTraHOBJIEHO HACTOJbHOE IMPOTPaMMHOE
obecrieueHmne, peanusyomee (QYHKIIUIO Bee-
HUs XypHaja ydyeTa 3BOHKOB O IToXapax Ha
TEPPUTOPUHU TOpOA.

OpHako, Kak MOKa3blBaeT IIpakTHMKa, B
KPYIIHBIX METAaIlojiIucaX 4YacTo IIPOUCXOIST
MPOUCIIECTBUSA, TpeOyolIe MPUBICYCHUS
HECKOJIBKUX 9KCTPEHHBIX CIYK0 OTHOBPEMEH-
Ho. ISl ocylIeCTBIEHUSI MPaBUIBHON KOOP-
OUHALIMY SKCTPEHHBIX CIYKO MO pearupoBa-
HUIO Ha IPOMCIIECTBME HEOOXOAMMO PEIIUTH
3aJa4y CO3IaHUs ¢IMHOr0 MH(MPOPMAIIMOHHOTO
MpocTpaHCTBa oOMeHa MHpopMaluein Mexmy
SKCTPEHHBIMU CIy:kO0amu ropoga [3, 4].

M3-3a oTauMuMil apXUTEKTYPHBIX pellie-
HUI MHGOPMALMOHHBIX CUCTEM 3KCTPEHHBIX
CIyX0, IJIs opraHu3aly eIMHOro MHpopMa-
LIMOHHOTO IIPOCTPAHCTBA OOMEHa JaHHBIMU
MeXIy HUMU U clyxk00i «112» (puc. 3) Bo3-
HUKAaeT HeOOXOOUMOCTh B pa3pabOTKe TEXHO-
JIOTMY MHTETPALMU JaHHBIX CUCTEM [5, 6].

IHemm n 3amaun uccaenosanms. Llenb ncce-
JIOBaHUs — pa3paboTKa TeXHOJOTMU MHTeTpa-
MY MHQPOPMAIIMOHHBIX CUCTEM SKCTPEHHBIX
CcIyx0 ropojga, B paMKax KOTOPO#l JOJIKHO
OBITH 00eCIIeueHO IMOJHOLIEHHOe (DYHKIIMOHM -
poBaHue «Cucrembl-112», a TakKe B3aMOACH -
CTBHE MH(POPMAIIMOHHBIX CUCTEM DKCTPEHHBIX
CIy0 T10 OKa3aHUIO TTOMOILIM HACEJICHUIO IS
YMEHBIIIEHUSI  COLMATIbHO-3KOHOMUYECKOTO
yiiep0a OT Ype3BbIUYANMHBIX CUTYyallUid U IIPO-
WCIIECCTBUI, MyTEM COKpAIlleHUsSI BPEMEHU pe-
arupoBaHUsI SKCTPEHHBIX CIYXKO0 Ipu obpaiiie-
HUYM HaceJeHUs Mo efuHOMY HoMepy 112.

B pamMxkax ucciaegoBaHUsI HEOOXOIUMO OCY-
LLIECTBUTH:
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Ounepatop aBapuiiHo-
criacaresibHbIX (hopMUpOBaHHii

ACD

[Tonuuus

Oneparop noaUIuH

Omneparop razoBoii
CiyxObI

Onepatop ckopoii
MEJHLIMHCKOI IOMOLIH

Cxopas MeIUIHHCKas
MMOMOIIb

I"azoBas cnyxba

Puc. 3. ®yHKIIMOHANIbHAS MOJIEb B3aUMOJICHCTBUSI 9KCTPEHHBIX CIIyK0 ropona
npu oOpallleHUH 1O eAuHOMY HomMepy 112

1. AHau3 cocTtaBa U CTPYKTYPhl JaHHBIX B
3THX CUCTEMaXx.

2. Pa3paboTKy METOA0B COBMECTHOTO OITU-
CaHMSI JAHHBIX WHQPOPMAIIMOHHBEIX CHCTEM
SKCTPEHHBIX CIYXX0 ropoja.

3. AHanu3 cnoco0OB MHTErpaum MHGOpP-
MAallMOHHBIX CUCTEM 3KCTPEHHBIX CJIYXKO0 ro-
poxna.

AHaJM3 CcOCTaBa M CTPYKTYpPbI JAHHbIX HH-
¢thopMAIIMOHHBIX CHCTEM 3KCTPEHHBIX CJYXKO
ropoaa. JIyis1 ocyliecTBIeHUSI MHTETpalliy WH-
(bopMallMOHHBIX CHCTEM OSKCTPEHHBIX CIIyXKO
ropoja HeoOXOIMMO B IIEPBYIO ouepedb Ipo-
BECTU aHAJIN3 TaHHBIX, C KOTOPBIMUA PabOTaIOT
CYILIECTBYIOIME HMH(POPMALIMOHHBIE CHCTEMBbI
SKCTPEHHBIX CIYyX0 Topoja: cleayeT BBISC-
HUTh, KaKyl0 CTPYKTYpy OHM HMMEIOT, KaKyIo
MH(GOPMALIMIO HYXHO IIOJYYUTH IJISI IIPUHSI-
THS IIPEABAPUTEBLHOTO pellicHsI 00 OKa3aHUU
TIOMOILM TTPYU ITPOMCIIECTBUN.

10

AHanM3 cocTaBa M CTPYKTYPbl JaHHBIX
MH(GOPMAIIMOHHBIX CHCTEM ITOKAa3ajl, YTO BCe
MHGOPMALIMOHHBIE CUCTEMbI OINEPUPYIOT KakK
aTpUOYTUBHOM, TaK W IPOCTPAHCTBEHHOM WH-
dopmanueii. ITpuyeM, ncxons u3 crneluPUKu
(yHKIMOHMpOBaHUS WH(AOPMALIMOHHBIX CH-
CTEM BKCTPEHHBIX CJIYXK0, KaxK1asg U3 HUX OIle-
PUPYET HEKOTOPLIM MHOXECTBOM JaHHbIX U, B
KOTOPOM MOXKHO BBIIEIUTh HEKOTOpPOE 0Ollee
NOJMHOXECTBO JaHHBIX V, oOllee 1jisl Bcex:

U=V, T, (1)

roe i = 1,n — HOMep SKCTPEHHOM CIyXObL.

ITonMHOXeCTBO V' COOEPXUT JaHHBLIE O
MecTe MPOMCIIEeCTBUS (ampec, KOOPAWHATHI) U
JaHHBIE O 3asBuUTeNne ((haMuWIns, UMS, OT4Ye-
CTBO, aJipec, TeJiepoH):

V={A4, F, K}, 2)

rae A — MHOXECTBO JAHHBIX O IIPOUCIIECTBUU,
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F — MHOXeCTBO TaHHBIX O 3asiBUTeNEe; K — KO-
OpIMHATBHI MeCTa IIPOUCILIECTBUS.

Kak BumgHO U3 IpeacTaBieHHOM Ha puc. 4
JIOTM4YeCcKoil nH(pOpMaIIMOHHON MOJEIU B3au-
MOIEUCTBUSI MHMOPMAIIMOHHBIX CUCTEM 3KC-
TPEHHBIX CIY:K0 ropoja, coCTaB U CTPYKTypa
JaHHBIX CUCTEM YaCTUYHO coBIagaeT. OgHako
3TO COBIIaJieHHE He II03BOJISIET C(POpMUPOBATH
CTPYKTYpY HWHTEIPUPOBAHHON 0a3bl AaHHBIX
«CucreMsl-112» Kak IMPOCTYIO CYMMY CTPYKTYP
0a3 JaHHBIX BEIOMCTBEHHBIX MHMOpPMAIIMOH-
HBIX CUCTEM, T. K. 3TO IIPUBEAET KAK MUHUMYM
K AyonupoBaHuo MHGopMmauuu. s uckio-
YeHUS AyOJUpPOBaHUS U 00ecneUeHUs LEI0CT-
HOCTH M HEMPOTUBOPEUMBOCTHU MAaHHBIX B pa3-
pabaTeiBaeMoOii MH(OPMAIIMOHHON CHUCTEME
HEO0O0XOAMMO OITMCAaHMWE BCEX BEAOMCTBEHHBIX
JaHHBIX B paMKax oOmieil MHPOPMALMOHHOM
MOJIEJIH.

Pa3paboTrka MeTOIOB COBMECTHOrO OmNHMCA-
HUSA JAHHBIX HMHGOPMALMOHHBIX CHCTEM JKC-
TPeHHBIX CJIyK0 ropoga. Kak mokaszaHo B psiie
pa6ot [7—10], cylliecTBYIOT pa3jU4HbIE CIIO-
coOBbI TTOCTpOoeHUsT 0a3 JaHHBIX Ha OCHOBE OT-
IEeJbHBIX MacCUBOB pPa3sHOPOIHBIX HaHHBIX,
CTPYKTYpa KOTOPBIX YaCTUYHO CcoBIamaeT. Jjis
MOCTPOEHMUSI MHTETPUPOBAHHOI 0a3bl JaHHBIX
TOPOACKUX 3KCTPEHHBIX CIAYXXO Mpeniaraercs
MCITOJIb30BaTh ONMMCAaHHbBIE B [7, 8] MHOTOMED-
Hble MH(pOopMalMoHHbIe 00bekThl (M O) u ux
MoaMGUKAILIMIO — pacIlIMPeHHbIE MHOTOMEP-
Hbele HH(popManMoHHbIe 00bekTH (PMHMO).
HanHble 00beKkThl cooTBeTcTBYIoT MUO Tol
Ke pazMepHocTH o cxeMe 1 MO MmeHblei
pa3MEpPHOCTH IO WHMOPMAIlMOHHOMY Ha-
MOJIHEHUIO, YTO II03BOJISIET OIMMCHIBATH Oa3bl
JaHHBIX Pa3HOW CTPYKTYphl U OIlepalliy Ham
HYMH B paMKax OZHOI MOIEIN.

B ciiyyae cOBMECTHOrO OIMCaHMSI aTpu-
OYTUBHBIX M IMPOCTPAHCTBEHHBIX JAHHBIX, KUC-
MOJIb30BaHUE YIMOMSHYTBIX BbIIIE OOBEKTOB
MO3BOJISIET IPEICTABIATh OTHOLUCHUSI Oa3bl
nanHbix B Buge PMUO pasmepHoctu 3 — Ta-
Koii xe, kKak 1 MM O, omnuchiBawllie COOTBET-
CTBYIOLIME€ OOBEKTHI B 03¢ MPOCTPAHCTBEHHbIX
JaHHBIX C YYE€TOM pa3JMYHBIX YPOBHEN neTa-
nuzainuu (MacmTaboB). [lpu atom mHpopma-
LIMOHHOE HaIOJIHEHHWE TaKUX OOBEKTOB COOT-
BeTcTBYeT AByMepHbIM MUO, a cornacoBanue
pa3MEpPHOCTE TOCTUTAeTCs 3a CUET BBEACHUS
(pUKTHUBHOI pa3MepPHOCTH, COOTBETCTBYIOIIECH

pa3MepHOCTH CTETICHU IeTaln3alnu (MaciiTa-
6a). IIpoexuusgs PMHMO no a000My 2J1€MEHTY
(pUKTHUBHOM pa3sMEepHOCTH OAaeT IBYMEPHBIN
MMO, cooTBeTCTBYIOLIUN HCXOAHOMY OTHO-
meHuto B 6ase maHHbIX (BI).

O60o3Hauum PMHMO kak

T, 3)

Ime a — KOJIMYECTBO PeajbHBIX pa3MEepHOCTE;
b — Konn4ecTBO (PUKTUBHBIX Pa3MEPHOCTE;
a0 a
T°=T".
Hng nmonyyenuss PMHUO n3 MUO meHb-
1Ieii pa3MepHOCTH BBEAEM OIICPAILIMIO PACILIM-
PEHUSI:

™ = KT", ) ={(T"} * Y, (4)

rIe MHOXECTBO Y ompeaenser 3JeMeHThl (PUK-
TUBHOI pPa3MEPHOCTH M COOTBETCTBYET CXEME
TOil ke pa3mepHocTd B MUMO, ¢ KOTOpbIM
npeamnonaraercsd ooreanHATh PMHUO.

ITocnenoBarenbHOE TPUMEHEHNE HECKOJIb-
KMX OIlepalldii pacLUMpeHUs II03BOJISIET IIO-
nyants PMUO mo60ii pa3MepHOCTH, 0OJIbIIIe
pa3mepHoctu ucxogHoro MHUO, yto Moxer
OBbITh 0003HAYEHO KaK

T =KT". {Y})=T"*{¥}, i=1,m, (5

TJIe MHOXECTBO Y 3amaer nopsnoK BXOXIEHUA
TV BT".
CxeMma Takoro oobekTa 0yaeT UMeTh BU/L;

§"" = S(T"™") =1{S", D, ... D}, (6)

rae S" — peasbHble Pa3MEPHOCTH; D,..,D —
(pUKTUBHBIC pPa3MEpPHOCTH.

Ha puc. 5 a u 6 u3obpaxeHnl rpaduue-
ckue 1peacraBieHus MUO mist onucaHus
KJ1acCOB OOBEKTOB aTpMOYTMBHONW M Teorpa-
¢uyeckoit (BI'Jl) 6a3 maHHBIX MpPU ITOMOLIU
MHOTOMEPHOM U paCIIMPEHHOM MHOIOMEPHOM
moneneit. Kak BUIHO M3 puc. 5 ¢, paciimpeH-
HO€ MHOTOMEPHOE€ MpPEACTaBICHUE MO3BOJSIET
paccMaTpuBaTh aTpUOYTUBHBIE U IIPOCTpaH-
CTBeHHBIC AaHHBIe KaK MO omHOM CTPYKTY-
pbl. Takoe corinacoBaHuE ITO3BOJISIET OOBEIU-
HATH UX IIPpU IIOMOIIY onepaluu (4) B eIUHBII
MHO (6).

HMcnonb3yss BBeAEHHOE ITOHSITUE paCIIU-
PEHHOTO MHOTOMEPHOro WMH(MOPMALIMOHHOTO
00beKTa, MOXHO MpPEeACTaBUTb MHOIOMEP-
HYI0 Mopenb maHHbBIX «CucteMsl-112» B Buae
PMHUO T>' co crenyrouieit cxemoit S

11



HayuyHo-TexHMueckmne sBegomoctu CIe6rny 4'(224) 2015

MHdopmaTtmnka. TenekoMMyHUKaUnK. YnpaBneHue

A

«p(» WaLomnd kunewdoduu seHaULAoHdLY

«g» anwaLond kunewdoduu seHauLAoudLy

erodol OXAID XIIHHAALOME D] BULLOVOTONUEEd dIrOTON BBHHOUITEWdOMHU BeNOJhUIO[[ *{ "OU]

KIrOLUEKEE PJ imorde KIrOLHEKRE P|
0 manordey py b0 minoLdex p @ APl 70 winoxdex p|
BHOJIMION P] | | MMIHIA P] 70 eanoLde)

OTIHIr 20M03LHITUAQ] dIrdLHEKRE — _ C OTIHIr 20M03LUIHA(] dIrdLHEKRE
oo I 9LOOHIIDLHLOR] 4TI £ I == femssoaeseosSeeeeeeeeee T
||||||||||||| .ul | I :

I _ eHo(paraL vdowoy pI BIFOI10 PJ
BIFOI10 PJ _ Moed or
== | miad py eHoned py _ DL eHodaraL dowoy] | | mummrron 1raxri
190¥AID HOHOER 11D
—= g : 0 1, Hiad I9HOHB ] i e ¥
M= = | ; [ enoped pr| | suneds py|i MLOOHNION P]
eHoued pJ eHo(paraL edowop] pJ I _ :
| | T ITHOHE ] QHHREE |1 9LOOHMIO
€
| | [ taoned DL eHopaIrdL doWoy BIROOI08 P] gunere py| | _ —
I ) i minHhogedu
| ] wiHRogediy | | SHE | BHHRI'G I . IrU
| T .
KIrOLUEKRE
_ _ BIRLHEERE P] HOID QEMQHHOQOL—DEWO _ 7 20 —NQOHMQDEO PI 0 mwihordes W“
+0 edoredauQ p| 0 minordex p| i :
l‘ . _ z0 doxedanp OTIUIf QOMOIRUEN D TUILHEKEE
0 doredang OITHIf Q0MIIRHEUD IUILHEKRE gua150mou0di BLOON P I
winordey py|
BUOLUEKRE P] KHHBI'E P| _ W 10 winoxdey| p| KIQLHEKEE P]
€0 manordey] p| €0 manordex pf H [ Wnordey p|
BIDLUEKRE BHHBEHMOAL 01N i 10 exnoidey]
¢0 einordey | | ommir soxoonmrrdQf arramareg | | || —————— pp—————— g onuIr 0%hMIHA( TIrdLHEKRE
——T [, 1 : ! e .
| IS : gumerrg py| | : !
¥unoIaYL0 py || EHO(araL edowoOH p| KrrainaKes suHeankodi BLOSJ PJ _ HLOOHMXIO]] P] 119k youdexor| pr| |
MIHHAIT0Q QHHAIAYL() “ 1.1 eHodaraL dowoy minordey py F ALOOHMIO]] H1oeh dmHdexor] | |
|||||| : HLOOHHIELOLIELO BHOE === L
eHoued p[ | | BMHREE P[ | | HIOOHXIOL P[ —, : eHoped p || suHesE py eHO(araL vdowol pJ
I9HOHE ] QUHREE 9LOOHKIOY minordex py I9HOME] QuHEEE DL eHoarrar dowoy
i enoued py i
miHRogedI) T ininHaRogedin))
EME12MoH0dI 0L i
i KIrOLUEKRE P| i KIOLUEKRE P[
¢0 edoredaiy PI €0 minordex PI HOIMD I9HAIMBHTIIN) 10 edoredan(y py 10 mikordex PI
¢ doredang OTIHIr 90MOIRHEN D TLrLUEKRE gurrewdodu sennoaionedLood] | 10 doredaug OTIHIr 0MISRHEND TUILUEKRE

«zo» 1awaLoud kunewdopuu senaniLiondriy

«[0» awaroud kunewdoduu senaniLiondiy

12



MHMpOopMaLMOHHbIE TEXHONOTNKn

a
any BTl 9 ['sn BI [l
ATpHOYTHI ] ATpHOYTBI ] P ATpulyTh! /@&‘i@/" ATpudyTHI /Q@‘-‘?@f,)
r ] [ \ A I
o z S z N ||z \>
3 | Mot 3| | mmoT 3 ’ PMHO ik [ MWO T
15 o | o T ! o )
o] o) _ ] e
S(T?) = (AtpubyTsl, OGbekTsl) # S(TY) = S(T*"=(ArpubyTe1, O6BeKTsI, Macumaber) =
=(ATtpudyrsi, O0bekThl, Macmitatsr) =S(T* )=(ATpudyts1, O6BeKTH, MaciuTabsr)
8) S
B | AT A
,_’______________..zf.. E I /
z i
gl |
g |
T!,l lg i T4 J
¢ “t-(i@ 5] \Aﬁ T
ATpuGYTHI | N o ATpuOYTHE | N\ f‘/)’:,/

CkpsiTOE U3MEPEHHE — «OOBEKTHI»

T =T* U !

Puc. 5. BappaHTbl MHOTOMEPHOTO TIPEACTABIEHNSI PA3HOPOIHBIX TAHHBIX:
a — MHOTOMEpHOE TpeNCTaBIeHNe aTPUOYTUBHBIX U MPOCTPAHCTBEHHBIX JaHHBIX O KJjlacce 0OBEKTOB;
6 — paclIMpeHHOe MHOTOMEPHOE TPeACTaBIeHNe aTPUOYTUBHBIX U MPOCTPAHCTBEHHBIX TAHHBIX O KJIacce OOBEKTOB;
6 — coznanue MKW O Ha oCHOBE pacIIMPEHHOTO MPEICTaBIeHNS] aTPUOYTUBHBIX JTaHHBIX

S§H={S,, S,, S, D, };

S,={Wnenrtudukaropsl arpudyroB}={ id,
name, owner, ...};

S,={Wnenrtudpukaropsl 00beKTOB}={l, 2,
3,4,5, ..};

S,={Tunel 00bEKTOB}={31aHUsA, YJIMLIbI,
KOMMYHUKALIWH, ...};

D ={YpoBHu peranusaumuu (Maciirabbl)}=
={1:1000, 1:5000, 1:25000, ...}.

Ilpu sTOoM aTpubyTMBHasg 0a3a JaHHBIX
«Cucremni-112» mipeacraBisier co0OOM COBO-
KYITHOCTb OTHENbHBIX 0a3 gaHHbIXx MC 3Kkc-
TPEHHBIX CJIYX0 ropoja:

3,1 _ 3l 3,1 31 _ 3,1
rt =y .Jrt =y vt o
i=1.k

Tak xak cxema PMUO atpubytusHoii BJI
73! ormmyaercst or cxeMbl MMO mpocrpan-
ctBeHHoi B/l 7* nuiub Ha oguH 35eMeHT (S1),
OHU MOTYT OBITh 00beIMHEHBI B enrHbIii MO
T4 -

u

=17 8)
CO CXeMOU S4u
St =1{S,US,, S, S, S,}. 9

[Monyyennetit MUO T¢ (8) comepXut
OIMCAHMSI BCEX HEOOXOAMMBIX aTPUOYTUBHBIX
M IIPOCTPAHCTBEHHBIX TaHHBIX, YTO MO3BOJISIET
WCITOJIB30BaTh JAHHYI0 MHOTOMEPHYIO MHGOP-
MAalMOHHYIO MOJEJb JIJISI COBMECTHOIO OIMCA-
HUS CTPYKTYp 0a3 mJaHHBIX MHAOPMALIMOHHBIX
CUCTEM D3KCTPEHHBIX CIYXX0 M 0a3bl JaHHbIX
«Cucrembi-112», a TakKe aJrOpuTMOB 0Opa-
0OTKM 3TMX OaHHBIX IIpU pa3pabOTKe COOT-
BETCTBYIOIIIETO ITPOrPaMMHOTO O0eCTICUCHUS 1
0a3 JaHHbIX.

AHA/IM3 CIOCO00B MHTErpanuu WH(opMAaIm-
OHHBIX CHCTEM YKCTPEHHBIX CJIyxk0 ropoga. Cy-
LIECTBYIOT HECKOJbKO CHOCOOOB MHTEIrpaluu
MH(GOPMALIMOHHBIX cucteM [11, 12] 3kcTpeH-
HBIX CJIy>kK0 ropoaa u «CucreMbi-112»:

la®
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MHdopmaTtmnka. TenekoMMyHUKaUnun. YnpaBneHue

1. Ha ypoBHe cuctembl. MHpopMaunoH-
Hasl CUCTeMa UCIOJIb3YeT OTIeIbHbIe (PYHKIIUU
Y MOJYJIM CYILLIECTBYIOIIMX MPUIOXKEHUIA, TUOO
MPUSIOKEHUS B 1ieoM (puc. 6).

2. Ha ypoBHe mnpunoxenus. MHbopMma-
LIMOHHAsI CHCTEMa KCIIOJb3yeT HaHHBIE Helo-
CPEACTBEHHO M3 YXE CYIIECTBYIOIIMX MCTOY-
HUKOB, Kak npaBwio, u3 CYB/I. [Ins noctymna
K TaKMM JaHHBIM MCIIOJb3YIOTCS OTIEIbHbIC
uHtepdeiicel, Hanpumep, ODBC coenuHe-
Hus.

3. Ha ypoBHe 0a3nl naHHBIX. baza JaHHBIX
MC BkiIIOYaET CChUIKM Ha CYLIECTBYIOLIME KC-
TOYHUKM HAHHBIX, JMOO KOMUIO JAaHHBIX U3
JIOKJIbHBIX UCTOYHUKOB. C Touku 3peHus MC
TaKhe JaHHBbIE PAacCMATPUBAIOTCS KaK 4YacThb
0a3bl TaHHBIX UHGOPMALIMOHHON CUCTEMBbI.

ITpumep wuHTerpamum WHGOPMATMOHHBIX
CHCTEM IKCTPEHHBIX CJyK0 ropoga Yowi. Mc-
XOIsl M3 aHaju3a apXUTEKTYyphl CYIIECTBYIO-
IKMX MHGOPMALMOHHBIX CUCTEM 3KCTPEHHBIX

a)

HC 02

bl HC

02 o ) Hc 12

HC 01

BIHC
01

HC 02

=l

022 k-

TBIHC 2
HINC |

Cllyk0 ropoga, sl OObeAMHEHUS HUX 0a3
JaHHBIX IIpenjiaraeTcs MCIOJIb30BaTh HHTE-
rpalMio Ha YPOBHE CUCTEMBI. DTO TO3BOJIUT
HCIOJIb30BaTh BeO-UHTEP(hENChl CYIIECTBYIO-
IIMX MHOOPMALIMOHHBIX CUCTEM U paboTaThb
¢ maHHBIMU 4yepe3 XML-3ammpochl BBICOKOIO
YpPOBHsI 0€3 TMpsIMOTO oOpalueHus K 0OazaM
naHHbIX. [lomkiroyeHUe cucTeM, He HMMeEIO-
IIMX BHEIIHUX MHTepeiicoB, OymeT Mmpous-
BOIUTHCS 4Yepe3 CHELMaTIbHO pa3paboTaHHBIE
nporpaMMHbie agantepbl. [Ipu 3ToM TOJHO-
CTBIO COXpPaHUTCS (PYHKIIMOHAIBLHOCTh COO-
CTBEHHBIX pabOYMX MECT BEIOMCTBEHHBIX
MHOOPMALIMOHHBIX CUCTEM M HUX CIYKEeOHBIX
MexaHu3MoB. OmepaTtopsl «CucTeMbi-112»
OyayT paboTaTh C CUCTEMOI ITOCPEICTBOM HC-
MOJIb30BaHUSI TOHKOTO KJIMEHTA, UYTO MCKJIIO-
YaeT HEOOXOAMMOCTb B YCTAHOBKE CIICIIM-
aJIbHBIX TIPUJIOKEHUI Ha X pabouMX MecTax.
Bcst 6u3Hec-y1ornka cucTeMbl OyAeT peaan3o-
BaHa B CEPBEPHOM MPUJIOXEHUU, YTO OOJIEer-

0)

BIHC

112

_View_

ucoz . MC03
[Bruc| X< } : ~=<Z[Ernc|
el =3 He 12 =
HC 01 I HC 04
. 'manc | I -
] 47 | 12

= =" A,
BAHC |
— "1 -

| BIHC
04

Puc. 6. Cxema unrerpanuu MC sKcTpeHHOM C1y>X0bl Topoia u «CucteMbl-112»:
a — Ha ypOBHE CHUCTEMbI; 6 — Ha ypOBHE NPUJIOXKEHUs; 8 — Ha ypoBHe BJI
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YUT agMUHUCTPUPOBAHUE U COIPOBOXICHUE
CHCTEMBL.

OO0OOI1IEHHBIN aArOpPUTM 00pabOTKU 3asi-
BOK B cucTeMe umeeT cienyooiuii Bua. Cooo-
IIEHUST O TPOMCIIECTBUIX, MOCTYIAIOIINE OT
rpaxmaH oIlepaTopaM CUCTEMbI, BBOISTCS Ue-
pe3 Beb-uHTepdeiic 1 oOpabaThIBalOTCS LICH-
TpaJbHBIM CepBepoM cHCTeMbl. LleHTpalbHBII
CepBeEp MPOU3BOIUT ICKOMITO3MIIMIO MOCTYMAa-
IOIIUX JaHHBIX Ha OCHOBE MH(OPMalIMOHHOMN
MOJIEJIM CUCTEMBI M (DOPMHUPYET HA UX OCHOBE
BTOPUYHBIE 3aIIPOCHI K CepBepaM U amarnTepam
BEIOMCTBEHHBIX WHMOPMAIIMOHHBIX CHCTEM.
Kaxnplii Takoil 3alpoc COAEPKUT MOIMHOXKE-
CTBO TOCTYNHUBIIMX AAHHBIX, OTHOCSIIUXCSI K
COOTBETCTBYIOILECHA BEAOMCTBECHHOM CHUCTEME.
CepBepbl BeIOMCTBEHHBIX CHCTEM o00Opaba-
THIBAIOT IIOCTYIIMBILINE BTOPUYHBIC 3aIIPOCHI
B COOTBETCTBMM C MX aJTOPUTMOM pPadOTHI M
(opMUpPYIOT HapsAObl MIs1 OpUran SKCTPEHHBIX
CITy>X0 ¢ 3aHECEHHWEM JaHHBIX B BEIOMCTBEH-
Hyto 0a3y maHHbIX. [Ipm 3TOM moCTymuMBIINE
n3 «Cucrembl-112» 3adBKM CTaHOBITCS I0O-
CTYIHBIMU U JJISI OMNEPaTOPOB BEIOMCTBEH-
HBIX CHUCTEM 4Yepe3 CTaHAApTHBIA MHTepderic

WX aBTOMATU3MPOBAHHBIX PadOYMX MECT, UTO
MO3BOJISIET MCKIIOUUTH IyOJIMpOBaHUE 3asBOK
MpHU TTIOBTOPHOM MOCTYIUICHMX COOOIIEHUI Ha
HOMeEp BEIOMCTBEHHOI'O OIlepaTopa.

Takum obpa3zom, WHTErprupoBaHUe
«Cucremni-112» 1 nHOOPMALIMOHHBIX CUCTEM
SKCTPEHHBIX CIIYKO yiaydlllaeT B3auMOJEH-
CTBHUE Pa3JIMYHBIX CIYX0 M HajaXuBaeT KOH-
CTPYKTUBHBINA OOME€H MH(pOpMAalLMEN C ILEIbIO
OpraHM3allui  MaKCUMaJIbHO 3(POEKTUBHOTO
pearupoBaHusl Ha MPOUCIIECTBUE.

B cTtaTee paccMoTpeHa mpobieMa UHTErpa-
LIMU DKCTPEHHbIX CIYXKO0 ropoja st Moaaepx-
KU TPUHSITUS PELIEHUI 110 OpraHu3alm 9KC-
TPEHHOM TMOMOIIU HacesieHuto. [lpeaioxeHo
MPUMEHEHWE MHOTOMEPHBIX U PacIIUPEHHbIX
MHOTOMEPHBIX MHGMOPMALMOHHBIX OOBEKTOB
JUISI COBMECTHOTO OTNMCaHUs 0a3 MaHHbBIX pa3-
HOI CTPYKTYpbI, MO3BOJISIIOLIEE MOJEINPOBATD
CTPYKTYPY pachpeeseHHON ©0a3bl JaHHbIX
paspabaTbiBaeMoil cuctembl. Ha ocHoBe mo-
JIy4EHHBIX pe3yJbTaTOB pa3zpaboTaH aJropuTM
B3aMMOJICMCTBUS IKCTPEHHBIX CJIYy>K0 ropoja u
«Cucrembli-112».
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