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JAHHBIX TIOIX0JI0B OCHOBBIBAJIOCH HA PELIEHUU 331241
CYTOYHOTO MPOrHO3UPOBAHMUSI BEIMYMHBI 3JEKTpUUE-
CKOI1 Harpy3ku (OTAENbHO It pabOYMX ¥ BHIXOJHBIX
JHeit). B utore BBISIBICHO, YTO METO/, OCHOBAHHKII Ha
HEYETKON HEMPOHHOM CETH, SIBISETCS HAUIYYLIUM C
TOYKM 3pPEHUSI TOYHOCTH IIPOrHO3upoBaHus. CpenHssa
o1I1OKa MPOrHO3MPOBaHUS 3TOT0 METOA ISl pabounx
IHeit coctaBuna 2,5 %, a 171 BRIXOTHBIX gHel — 1,5 %.
HaubGonpmei ommOKoil MPOrHO3UPOBAHUS CpPENH
CpPaBHMBAEMbIX METOJOB 00J1aJaeT PEerpecCUOHHbBIN
aHanmus, — 3,5 % nng pabounx gHeit u 3,0 % nns BbI-
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TMpennoxeHa HoBas MHPOPMALMOHHASA TEXHONMOMMS MHTErpaLmm KOMINOHEHTOB MHOIOYPOBHEBbIX CUCTEM C NaKeTHOV nepeaayen AaH-
HbiX. [pOaHamM31poBaHbl BaXHeNLLINe CBONCTBA ITOW MHTErpaLmm C TOYKM 3peHNS NPakTU4eCKOro UCroslb30BaHUs CUCTEM JOKYMEHTU -
PPOBAaHHOWY CBSA3M, OTOBPAXEH XapakTep MHBOPMALMOHHBIX CBA3EV NPOBIEMHO-0PUEHTPOBAHHBIX NaKeToB COOBLLeHH, 0COBEHHOCTH
TOMOSIOrNM CeTH CBA3M, YHKLIMOHAbHAA OPUEHTALMA annapaTHO-MPOrpPamMMHbIX KOMIIEKCOB, @ C APYrov CTOPOHbI, oKa3aHa B3anmo-
CBAI3b OTAESbHbIX CTPYKTYPHbIX KOMIOHEHTOB MHTEMPUPOBAHHbIX MHHOPMALIMOHHO-TEIEKOMMYHMKALMOHHBIX CUCTEM C NaKeTHON nepe-
ZAaqevi AaHHbIx Mexay cobon. PaspaboTaH v cornacoBaH CTaHaapT MHGOPMALMOHHO-TEXHOMOMMYECKOro COMPXEHS aBTOHOMHbIX 13-
MepUTENbHbIX KOMIIEKCOB C COBPEMEHHbIMU CETAMM cOopa 1 nepeaayu AaHHbIX, MPorpamMmHoe obecrneyeHiie KOMIOHEHT TEXHONOMMM.

1. BeepgeHune

Pa3BuTHE KOMITBIOTEPHBIX TEXHOJOTUI B 00JacTU
1M(GPOBBIX METONIOB TepeNauy JaHHBIX PeIoNpeaem-
JIO BOBMOXHOCTb CO3IaHUs TepPUTOPUATBbHO-pacIpe-
JIeJIEHHBIX arnapaTHO-TIPOTPAaMMHBIX KOMILIEKCOB
(ATIK), obecnieurBaroIIMX JOKYMEHTHPOBAHHYIO IIa-
KETHYIO TTepenavy TaHHbIX TI0 TIPOBOXHBIM JIMHUSIM, pa-
JIMOKaHAITy, CIyTHUKOBOK CBSI3M C IIUPOKUM CIIEKTPOM
3a[JaHHBIX (PYHKLIMOHANIBHBIX BO3MOXHOCTEI [1, 2].

Cpenu mpobnem co3panust AITK Beimensercs akry-
anmbHast TipobjieMa pa3pabOTKU M IIOCTPOSHUS CKBO3-
HOM TEXHOIOTUU — OpraHu3allis aBTOMATU3UPOBaH-
HOro cbopa nHGopMaluu OT 00CTYKMBAEMBIX U aBTO-
Matrdeckux miatdopm coopa aaHHbIx ([TCJ1) Hazem-
HOTO U MOPCKOro 0asvMpoBaHMsI W AOBEICHUS €€ 10
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LEHTPOB €IMHON CHUCTEMbl MCCIEIOBAHUS MUPOBOTO
okeaHa (ECMMO) [3]. TexHosorus ao/kHa obecrie-
YUTH COOp MAHHBIX B PA3TMYHBIX PEXMMAX: IO WHU-
uuatuse [1CII, mo 3ampocy 13 1ieHTpa cOopa JaHHBIX
(ICH), mo 3anpocy u3 nentpa ECUMO. TexHnosnorus
JI0JIXKHA 00€CTIeYnTh BOBMOXHOCTD YIPABIECHUSI PEXKU-
MaMu paboThl ¥ BOBMOXHOCTb YaJeHHOTO TeCTUPOBa-
HUSI OTIENBHBIX Y3JI0B U KOMITOHEHT WH(POPMAIMOH-
HO-U3MEPUTETEHOTO KOMILIeKca. B paMkax cKBO3HOIA
TEXHOJIOTUU JOJDKEH OCYILECTBIIATHCA MHOIOYPOBHE-
BbIii MOHUTOPUHI, 00€CTIeUMBaIOIIMIA TTOJTHOTY U CBOE-
BPEMEHHOCTb COOpa JaHHBIX, YIpaBleHUE CUCTeMOM
CBSI3U C 00OBEKTAMU.

IMoncuctema cbopa M HaKOMJIEHMS MEPBUYHBIX
JganHbix ECUMO nomxHa cTpouThesl Ha 6ase ycoBep-
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IIEHCTBOBAHHOM CUCTEMBI COOpa M PacmpocTpaHEHHs
nHopmauuu Pocruapomera ¢ NpUCOSAMHEHHMEM K
Heli cucteM Apyrux BenoMcTB. Yalle Bcero B COCTaB €O-
BpPEMEHHOI0 aBTOMAaTUYECKOTO WMH(OPMalMOHHO-U3-
MeputesnbHoro KoMiuiekca (MUK), ocymiectisioiiero
M3MepeHNe MapaMeTpoB OKPYXKAIOIIEH Cpeibl, BXOIUT
KOHTpOJLIEP Ha 0a3e MUKpompoleccopa. PazpaboTuu-
Ku uHTemnekTyanbHeix MUK, Kak npaBuiio, oqHOBpe-
MEHHO pelIaloT 3a1a4y rnepefay JaHHBIX MO JUHUSIM
(kaHaymaM) cBSI3M B KOMIIBIOTED, BBIMOIHSIOMINHT (DYHK-
uuu HCI ot Heckonbkux MK, B HekoTophIX cityyasx
obecrieyrBaeTcs JaiabHElIIee aBTOMATHMIECKOE pac-
MPOCTPAHEeHUSI TPUHATOM WHPOPMALIUK 10 CETSIM T0-
TpeduTesieii, B TOM YuCiIe MO CeTH TefecBsi3u Pocru-
apometa. Cymectytomiue LIC/I He B mosiHO# Mepe OT-
BEYAIOT TPeOOBAaHMSIM CUCTeMbl cOOpa M JOBEICHUS
nJaHHbIX 10 neHTpoB ECMMO, Tak Kak He pemraioT
BeCch KOMIUIEKC 3anad. IloaTomy moacucremy coopa u
HAKOTUIEHHUS TIEPBUYHBIX JAHHBIX €MHOIN CUCTEMBI 00-
paboTKu MeTeouH(opMaLIUK 11eeCO00pa3HO CTPOUTh
Ha 0aze ckBo3HOI TexHojoruu [3]. ITo oLeHKaM 3Kc-
neptoB u cnenuanuctoB «BHUMW runpomereoposnoru-
JecKoif MH(OpMAIINK — MAPOBOI LIEHTP TaHHBIX» Poc-
TUIPOMETa — TIOTHBIX aHAJIOTOB TAHHOH MPONYKIIMH B
Poccun u crpanax CHI HerT, a 3apy0e>kHbIe KOMILIEKC-
HbIE PEILeHHs HeTpHeMIeMbl B TaHHOM oTpaciu [4].

Pemenue npobnemsl co3nanust AIK HaunHaeTcs ¢
pa3pabOTKM CTPYKTYPH M OCHOBHBIX KOMITOHEHTOB
AIIK ¥ Bo3HMKaeT 3a1a4a KOMIUIEKCHOM MHTETpalyu
KOMITOHEHTOB MHOTOYPOBHEBBIX CHCTEM C TNaKeTHOI
nepefavyei TaHHbIX.

2. Crpyktypa n mogenb AlNK

OTnnuuTenbHAsl TEXHOJOTMYECKass OCOOEHHOCTb
paccMaTpMBagMOro KOMILIEKCA 3aKJII0YaeTcsl B HC-
MOJIb30BaHUU TSI cOopa, 00paboTKM, Mmepenaun JaH-
HBIX, CMEUWATN3UPOBAHHBIX MHUKPOMPOILIECCOPHBIX
nakeTHbIX KoHTposiepoB BUIT-M [5]. CkBozHas Tex-
HoJIorusl cOopa AaHHBIX MOXET OMUPAThCs Ha Cleayio-
e AITK:

+ IunpoMereocTaHMK, B TOM YMUCJE aBTOMaTUye-
cKue, Ha 0a3e crneluaaIu3MpoOBaHHOTO KOHTPOJLIE-
pa wm T1K.

« HLCIH.
+ LlenTtpa kommyrauuu coobuenuit (LIKC).
+ Hentpa ECUMO.

AMNMapaTHO-TIPOTPaMMHBIN  KOMIIJIEKC LEHTpa
ECHMO (uH(popMallMOHHBIM LIEHTP) B3aUMOJEii-
CTBYET C yAaJeHHBIMU CTALIMOHAPHBIMU y31aMU Yepe3
MUKPOTIPOLIECCOPHBI  MaKEeTHHIM  KOHTPOJLUIED
BUII-M, paborarouuii B pexxume KOHIIEHTpaTopa Ka-
HaJIOB CBSI3H.

Jns TpoBefeHUsI CTPYKTYPHOTO aHaIM3a, OLEHKH
BPEMEHHbBIX XapaKTepUCTUK (YHKIMOHAIBHBIX MPO-
rpaMMHBIX MOJIyJIEll ¥ MPOTOKOJIOB Mepefauu AaHHBIX,
ONTUMM3ALIMU MapUIPYTOB PETPAHCISALMU MO KaHaIaM
cBs13u HyxxHBI Mone ATTK. B paccMarpuBaeMbIX Ipu-
KJIaIHBIX 3aa4aX BO3MOXXHO MCITONIb30BaHME TPadOBBIX
Mogeneit. Harmpumep, B3auMOCBSI3b (DYHKIIMOHATBHBIX

3a1a4, BO3/IaraeMbIX Ha MaKeTHbIE KOHTPOJLIEPHI U BbI-
YUCIIUTEBHBI KOMIUIEKC, 1e7ec000pa3Ho MpeacTa-
BUTbH B BUIe 000011eHHOM rpad-cxeMsl (puc. 1).

e e m——————

H=(ZR) 1 E=(Y,Q)

G=(X,U)

L LT

dyHKUMOHaNbHas : Tononoruyeckas
rpac-cxema

WHdopmaumoHHas
rpad-cxema

rpad-cxema :

Puc. 1. 06061yeHHas rpag-cxema

B cBoro ouepenb, 000011IeHHAs rpad-cxeMa BKITIO-
YaeT: MUH(POPMALIMOHHYI0, (DYHKIIMOHANBHYIO U TOMO-
normaeckyto (MT'C, ®I'C, TIIC) rpad-cxemsl. B co-
OTBETCTBUM C MpeLIOXeHHbIM onucaHueM rpada H
y100HO MNpoBecTH (YHKUMOHAIbHYIO Kiaccubuka-
1110 alMapaTHO-TIPOrPaMMHBIX KOMIUIEKCOB Ha OCHO-
BE CeMelcTBa CrelUaIM3MPOBaHHBIX MUKpPOIMPOLIEC-
COPHBIX TEPMUHAIOB B COCTaBE MHTETPUPOBAHHBIX UH-
(hopMallMOHHO-TeIEKOMMYHUKALIMOHHBIX CUCTEM C
MaKETHOM Tepeaaveii JaHHBIX.

BBenem cienyromiye onpeneneHusl.

Onpenenenne 1. AnmapaTHO-NPOrpaMMHbIE KOM-
IUIEKCHI Y, j=1,m cunTalorcs QYHKUMOHATBHO-3KBHU-
BAJICHTHBIMU, €CJTH KaXIOMY U3 HHX ITOCTABJIEHHI B CO-
OTBETCTBHE BCE THUITHI TTPOOJIEMHO-OPHEHTHPOBAHHBIX
MaKeToB COOOIIEHUl {X,, X,, ..., X,}, (n=>2).

Onpenenenne 2. AnnapaTHO-TIPOrpaMMHBINA KOM-
IJIEKC Y, j/=1,m Ha3bIBAETCA MHOTOQYHKIIMOHATbHBIM,
€CJIM eMy TTOCTaBJIeHBI B COOTBETCTBHE 1B WM Oojiee
THUIIOB MIPO0JIEMHO-OpUEHTUPOBAHHBIX ITAKETOB CO00-
LIEHUI, JOCTYIHBIX TOJIbKO ¢ 3Toro AITK.

Onpenenenne 3. CoBOKYITHOCTb ABYX 1 OoJiee arra-
PaTHO-TTPOTPAMMHBIX KOMIIIEKCOB Ha3bIBAETCSI OIHO-
(hYHKIIMOHAJIBHOM, €CJIM eif TOCTaBJIeH B COOTBETCTBUE
OZIMH THTI TTPOOIEMHO-0PHEHTPOBAHHOTO MAKeTa CO-
o0IIeHuil X, i=1,n, MOCTYNHBIA TOJBKO IS 3TOrO
AIIK.

Onpenenenne 4. AnmnapaTHO-TIPOrpaMMHBINA KOM-
IJIEKC Y, j=1,m Ha3bIBaeTCs DyHKUMOHATLHO-CIIEL1a-
JIM3UPOBAHHBIM, €CJIM €My IIPEICTaBICH B COOTBET-
CTBHE TOJIBKO OIWH TWUII NMPOOJIEMHO-OPUEHTHPOBAH-
HOTO MaKeTa COOOLIECHMIA X;, i=1,n, TOCTYITHBIA TOIBKO
Juis atoro AITK.

159
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Puc. 2. [pach-cxeMbi B3aMMOCBA3M MPOBIEMHO-0PUEHTUPOBAaHHBIX NakeTos cooblyeHmny n ATK

Ha puc. 2 npuBeeHbl TpUMeEpPDI:

a) (DYHKIMOHAIbHO-3KBUBAJIEHTHBIX
MpOrpaMMHBIX KoMIuiekcoB (DDK);

0) MHOTro(YHKIIMOHAJbHBIX amnmapaTHO-Mporpam-
MHBIX KoMITTekcoB (MDK);

B) OIHO(MYHKIMOHAIbHBIX allllapaTHO-TIPOTrPAMMHBIX
KomiuiekcoB (ODK);

) (YHKIMOHATbHO-CIELIMATM3UPOBAHHBIX armapar-
HO-TIporpaMMHBIX KoMIieKcoB (PCK).

Ha mpakTuke 4acTo BCTpedaloTcs ciyyau, KOraa
MpU TPOEKTUPOBAHUM PACIPEACTIEHHON CUCTEMBbI
Heobxoqumo mpeaycMotpeTh Hanumume AIIK cpazy
Heckonbkux tunos: ®OK, MOK, OOK wm OCK.
IIpu 3TOM BCerna MOXHO BHIIEINTh HEKOTOPBIE MOJ-
MHOXeCTBa TakeToB coobmeHuit u AIIK, B3anmo-
CBSI3b KOTOPBIX COOTBETCTBYET KaXKIOMY M3 BBILIETIPU-
BEICHHBIX ONPEAETICHUN.

Ucxons u3 ompeneneHuii 1—4, MOXHO cuenaTh
HECKOJIbKO YTBEPKICHUIA, YCTAaHABIMBAIOIINX 3aBICH -
Moctb Mexay AIIK tuma ®3K, M®K, O®K wmm
®CK. Obosnaunm yepe3 S i=1,n u §, j=1,m crene-
HHU BEPIIMH IOAMHOXECTB X 1 Y, COOTBETCTBEHHO.

Yreepxkaenne 1. CTpykTypa CBsi3eil IBYNOJBHOTO
rpada H=(Z,R) cootBercTBYeT ciydaro ®IK, ecim
BBHITTOJHAECTCS OJHO M3 paBHO3HAYHBIX YCJIOBUIL:
S=8;=S,* =m 6o S=Sy=S,/=n.

CnpaBemiuBocTh YTBepkaeHusi 1 oueBumHa. Pa-
BEHCTBO CTeTleHel BepLIMH MHOXeCTBA X IBYI0IbHOTO
rpadpa H=(Z,R), Z=XUY obecnieunBaeT HEOOXOAUMOE
ycaoBue GyHKIMOHAIbHOM akBuBajieHTHOCTU ATIK, a
PaBEHCTBO CTEMEHU KaxXI0i BepIIMHBI S7, i=1,n ynciy
BEpIIMH MHOXECTBA Y SIBISIETCS JOCTATOUYHBIM YCJIO-
BHEM CYIIECTBOBAHMS CTPYKTYpHI cBsizeit DIK, T. K.
TnpearosaraeT odg3areabHoe Hanudue pedep r;, i=1,n,
Jj=1,m Mexny i-0if BepIIMHON MHOXeCTBa X U KaxXmoi
BepIIMHOI MHOXecTBa X. [I1s1 cTeneHei BepIiH MHO-
KecTBa Y paccyXneHus aHaTOTMYHBI.

Cnencrue 1. s BepimHbI rpad-cxembl OOK
n m
CIpaBeIIMBO BhIpaKEHME: Z S Z S§/=n"*m; npuyem,

anmnapaTtHo-

i=l1 J=1
NPOU3BEICHUE OMpPEaesieT MAKCUMAbHO BO3MOXHOE
qucio pedep.
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Caencreue 2. Ucximouene u3 rpad-cxemsr @K on-
HO MJTM HECKOJIBKUX BEPIIMH M COOTBETCTBYIOLINX UM
pebep (Tak, yToObI MHOXeCTBA X M Y comepxanu He Me-
Hee, YeM 10 JIBe BEePIIMHBI) MPUBOAUT K 00pa30BaHMIO
HOBOI1 rpac-cxeMbl, Takxke npenctapisionieit @K,

JefCTBUTETEHO, NCKITIOYECHIE U3 paCCMOTpeHHST R
BEPIIMH, HAIPUMep, MHOXECTBO Y TIPMBOAUT K yMe-
HBILIEHWIO HA YMCIO /[ CTENeHM KaXOOi W3 BEpIIVH
MHOXeCTBa X, Tpy 3ToM umeeM S'—I[=S—[ =..=
S —I=m—I, 1. e. ycloBUe, cofepXKaIluecs: B onpeaese-
Hun ®OK, cobmopaercs.

Yreepxkaenne 2. [ABymonbHblit rpad H=(Z,R),
Z=XUY, npexacrapisgioniuii coboit MPK, umeer 4u-
CJI0 KOMIIOHEHT CBSI3HOCTUM &=m, a rpad-cxema,
npezcTapisomast coooit OOK, — a=n.

OrmeTuM, uto B rpad-cxeme M®OK mexny Bepinm-
HaMi MHOXeCTB X M Y BBINONHSAETCS COOTHOLIEHME
n>2m, a B rpap-cxeme ODK — n<m/2.

Caencreue 3. JIns Kakmoil KOMITOHEHTHI CBSI3HO-
ctu Tpad-cxeMsl M®K crpaBenmMBo BHIpaxKeHUE
[S¥=1]&[ $=n], i=1,n.

Caencreue 4. JI1s1 Kakmoil KOMIIOHEHTHI CBSI3HO-
ctu rpad-cxembl ODK crnpaBeainBo BbIpaxkeHUE
[S=11&[ S=m], i=1,m.

Vrsepxknenne 3. CTpykTypa CBsizeil ABYIOJBLHOTO
rpada H=(Z,R) cootserctByer cnydato ®CK, ecnm
COBIAJIAET YMCJIO BEPUIMH B MHOXeCTBaX X U Y U BbI-
MOJIHSAETCS OHO M3 PaBHO3HAYHBIX YCIOBMi S'=1,
i=1,n b0 §'=1, j=1,m.

[MpuBeeHHBIE yTBEPXKACHYS U CIICICTBUS SIBIISIOT-
€Sl OCHOBHBIMU (DOPMANTbHBIMU TIPaBUJIAMM, C TIOMO-
I1IbI0 KOTOPBIX MOXHO OyIET OCYLIECTBUTb CTPYKTYp-
HBIl aHAM3 CBS3EW ammapaTHO-IPOrPaMMHBIX KOM-
TUIEKCOB M MPOOJEMHO-OPUEHTUPOBAHHBIX MAKEeTOB
COOOILEHUA.

Kakx ormeuvanocy panee, rpad-cxembpr MIC
G=(X,U) u TTC E=(Y,Q), a Taxxke rpad-cxema ®I'C
H=(Z,R) sBnstorcs noarpadamu rpada obIero Buga
L=(Z,P). Takoe npejacTaBlieHHE TO3BOJISET, C OTHOMI
CTOPOHBI, OTOOPA3WTh XapakTep WH(MOPMAIUOHHBIX
CBs13eil Ipo0IeMHO-OPUEHTUPOBAHHBIX ITAKETOB CO00-
HIEHUI, 0COOEHHOCTH TOIOJIOTUM CETU CBS3M, (DYHK-
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uuoHanbHyto opueHTauuio AIIK, a ¢ apyroit cTopoHsI,
MI0Ka3aTh B3aUMOCBSI3b OTAETbHBIX CTPYKTYPHBIX KOM-
MMOHEHTOB MHTETPUPOBAHHBIX MH(POPMALIMOHHO-TENIE-
KOMMYHMKALIMOHHBIX CUCTEM C MakKeTHOMW Tepenaveit
JaHHBIX MEXTy co0011. 1151 ymoOcTBa MaTeMaTUIECKOM
MTOCTAHOBKM M PEINeHUS ONTUMM3AIMOHHBIX 3amad,
CBSI3aHHBIX C TIOCTPOEHUEM (DYHKIIMOHAIBHOM CTPYK-
TYpPHI CETH Tepeaayr u o0paboTKu MHPOPMALIMHK, 1ie-
Jiecoo0pa3Ho 3alaThb Bce CTPYKTYPHbIE KOMITIOHEHTHI
rpada L=(Z,P) (rpad-cxempl G=(X,U), E=(Y,Q) n
H=(Z,R)) ¢ moMoIIpi0 OJHON MAaTPUIBI CMEXHOCTH
BepuiH. [Ipn 3TOM MpUMeHSIeTCSl CKBO3HAsI HyMepa-
sl BeplIMH MHOXecTB X u Y. PaccMoTprM Ha mpuMe-
pe mporecc HOpMHUPOBAHUS MATPULBI CMEXHOCTH
BepiuuH rpada L=(Z,P). [1ycTb 3TOT rpac uMeeT BUI,
npuBeAeHHbIN Ha puc. 3. TlepeHymepaluio BepiIMH
OynmeM MpOM3BOAUTL TIO CIEAYIOIIEMY MpaBUiy: Bep-
IIMHBI MHOXECTBA X COXpaHSIIOT CBOM HOMepa, a Bep-
HIMHBI MHOXeCTBA Y HoMepytoTcs ¢ (nt+1) mo (n+m).

Puc. 3. [pag cmexHoctn

CocTtaBuM Matpully CMeXHOCTH BepmmH P=[p, ||,
i=1,11, /=1,11 o npauny: p, =1, ecnu i-as u j-as Bep-
LIMHBI COEMHEHBI PEOPOM WM €CIIM IyTa UCXOAUT U3
[-0if BEPIIMHBI ¥ BXOMWT B j-yi0; p; =0, B IPOTMBHOM
ciyyae.

B marpuiie P MOXXHO BbIIETUTH TPU 001ACTH: MEep-
Basl MpeacTaBsieT co0oi KBaapaTHY0 MaTpuily P, 00-
Pa30BaHHYIO SJIEMEHTaMH p,;, i=1,7, j=1,7, n onuceiBa-
10T rpad-cxemy G=(X,U); BTopasd — KBaJpaTHyIO Ma-
tpunty P=lp,|, i=8,11, j/=8,11, onucbiBatomyio rpad-
cxemy E=(Y,Q), n, HakoHell, TPEThbs 00J1aCTh — 3TO JIBE
npsiMoyrosibHble Matpuibl Py =|lpi,j|, =8,11, j=1,7 u
P"=|p.|, i=1,7, /=8,11, 3anatouye GyHKINOHATBHYIO
rpad-cxemy H=(Z,R). AHaornyHeIM 00pa3oM MOXKHO
3a/1aTh BECOBBIE XapaKTepUCTUKHU pedep rpacda L=(Z,P).

1
2 1 1
3 1 1 1
X 4 1 1 1
5 1 1
P= 6 1 1
7 1 1
8 [1]1 1 1] 1
v 9 1)1 1 1

-_o
—_

3. TexHonorus coopa faHHbIX U BBOAA
B cMcTeMy Tenecssisn Pocrupgpometa

CTpyKTypHBIii aHaJIM3, OLIEHKA BPEMEHHBIX Xapak-
TePUCTUK (DYHKIIMOHATBHBIX TPOTPAMMHBIX MOIYJIEH 1
TIPOTOKOJIOB TIepefadr JaHHBIX, ONITHMU3AIINS MapIil-
PYTOB PETPAaHCIAIMU IO KaHaJaM CBS3U IMO3BOJSIIOT
NepeiTi K (HopMyIMPOBAaHMIO TPUHIIMIIOB CKBO3HOM
TEXHOJIOTUH cO0pa AaHHBIX OT OOCTYKMBAEMbIX U aBTO-
MaTM4ecKMX TIatdopM cOopa JaHHBIX HAa3eMHOTO U
MOpPCKOTO 0a3upoBaHUs U JOBENCHUS €€ J0 LIEHTPOB
ECHUMO. B ocHOBe TeXHOJOTUH JICKUT IMPEIIOXEH-
Hasl TEKOMITO3UIIMS CHCTEMBI Ha TEXHOJOTUYECKU He-
3aBMCUMbIE KOMITOHEHTbI, CBSI3b MEXIY KOTOPBIMU
MIPOUCXOAUT TI0 3apaHee YTBePKIECHHBIM MPOTOKOIAM.

CKBO3Has1 TEXHOJOTHS B3aMMOJIEMCTBUS 3BEHBLEB
CUCTEMBI ITPEACTABJICHA HA PUC. 4,

KOMMYHVKaLMOHHOE KOMMYHUKaLIMOHHOE
o6opynoBaHue obopynoBaHue
crneunannaMpoBaHHbIN LLC;E
KOHTponnep N3BM
1 MODBUS 3 TCP/IP (MTS, UniMAS)
LleHtp
NIK ECUMO

Puc. 4. CrpykTypa cuctembl cbopa AaHHbIx

TIpomokoavt nepedauu danHbix

AHan3 TPUHLIMIIOB IOCTPOEHUS pacipeae e HHbIX
MHGOPMALIMOHHO-TEIEKOMMYHUKALIMOHHBIX CUCTEM
[5] mokasbiBaeT, YTO MPOTOKOJIBI OOMEHA JTaHHBIMU C
JII00BIM a00HEHTOM CHCTEMBI cOOpa TUAPOMETEOPOJIO-
T'MYecKoil MH(popMaluu I0KHBI 00ecIeunuBaTh Clie-
Jyromue GyHKIIUK:

* TIPOU3BOAMTH MPOBEPKY Ha TOCTOBEPHOCThH MOJNY-

YEHHBIX JaHHBIX (KOHTPOJIbHASI CYyMMa);

* TapaHTMPOBAaTh AOCTABKY TAHHBIX 10 MeCTa Ha3Ha-
YyeHus (MCTIONb30BaHUE MOATBEPXICHUN pa3iny-
HOTO YPOBHS);

*  WIEHTU(UIMPOBATh TiepelaBacMble JaHHBIE Ha pas-
JIMYHBIX YPOBHSIX (0OLIECHCTEMHBII, Ha YPOBHE OTHOM
CeCCHH Iepeaauk JTaHHbIX), KaK CJIeACTBUE IyHKTa 2;
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* ONWUCHIBaTh MepefaBacMble NaHHBbIE (IIMHA JaH-
HBIX, TUIIbI JAHHBIX U T. I1.);

*  OIpeAeNATh POLeayPhl 00MEeHa JAHHBIMM.

MOXHO BBIIEINTh TPM OCHOBHBIX MPOTOKOJIA IS
B3aMMOJIEUCTBYS amIapaTHO-IIPOrPaMMHBIX KOMIIO-
HEHT CHCTEeMBbI cOOpa AaHHBIX ¢ HAOIIOAAaTeIbHOM Ce-
Tu. IlepBbIii MPOTOKON oOOecrneyrmBaeT B3aMMOACH-
CTBHE CTEeLIMATM3MPOBAHHOTO KOHTPOJIJIepa U aBTOMa-
TUYECKUX HM3MEPUTEIbHBIX KOMIUIEKCOB HAa OCHOBE
MexayHapoxgHoro rnporokoia MODBUS [6]. TTporo-
Ko1 MODBUS pernameHTupyeT NOPSIOK U crieludu-
KallMl0 KOMaHI OOMEHa IO IOC/IeA0BaTeIbHOMY WMH-
Tepdeiicy. KoHTposepbl MOTYT ObITh COEAMHEHBI Ha-
MIPSMYIO WK Yepe3 MOJIEM.

KoHTponiepsl coennHsI0TCs, UCIIO0Nb3YS TEXHOJIO-
TUIO «TJIaBHBIN-IOMYMHEHHBIN», TP KOTOPOM TOJIBKO
OJHO YCTPOMCTBO (IJIaBHBINM) MOXET MHMIIMMPOBATH
nepenady (caenath 3anpoc). Jpyrue ycrpoiictsa (1oj-
YUMHEHHBIE) IepefaloT 3alpalliBacMble TJIaBHBIM
YCTPOICTBOM JaHHBIE WIM IIPOM3BOIAT 3aIpalliBae-
MbI€ JeWCTBUS.

Bropoii nmpoTokos ynpapiseT 0OMEHOM JaHHBIMU
10 KaHaJIaM CBSI3M MEXKIY aBTOMAaTHUECKIMM U3MEPH-
teabHBIMM Komiuiekcamu 1 LIC/I. TIpoBeneHHBIE MC-
CIIeJIOBaHUS Y HAKOTUIEHHBI MPAaKTHIECKUI OTBIT ITe-
pefauy JAHHBIX 10 PA3NTUYHBIM KaHajJaM CBSI3U BbI-
SIBWJIH 11€J1€CO00Pa3HOCTh M yIOOCTBO MCIIONb30BaHUS
B Ka4eCTBE TPAHCIIOPTHOTO MTPOTOKOJIA MepeJauu JaH-
HBIX MEXJAY aBTOMATUYECKUMU M3MEPUTEIbHBIMU
xommiekcamu 1 LICJI — mpotokon I-SNAP.

I ynipaBieHnsI ceccueit mepenavyn JaHHBIX TIpeji-
JlaraeTcsl KaHaJbHBI MPOTOKOJ Tepenayd AaHHBIX,
BKJTIOYAIOIIHI TIPOLIEAYPbl YCTAHOBKY U MOAAEPXAHUS
CBSI3W MEXIy BeAyLIMM M BeIOMBIM YCTPOHCTBAMHU
(KOHTpOJIb COCTOSTHUSI CepBHUCa CeTH, Habop HOMepa,
KOHTPOITb BBI30Ba, KOHTPOJIb COSANHEHUS).

IIpennaraemplii IpOTOKO OOMeHa Oa3upyeTcs Ha
CTaHAapTHOM TakeTHOM npoTtokoJje I-SNAP u moazep-
>KMBaeT HEKOTOPOe MOAMHOXKECTBO 13 BCEX BO3MOXHBIX
BapuaHToOB peanusalyu. CTaHAApTHBIA MPOTOKOJ HE
pETIaMEHTHPYET XEeCTKO HEKOTOpBIe TONMS TMaKeTa W
001a1aeT CBOMCTBOM JOIYCTUMOTO BBEIEHMS «ITOJIb30-
BATEJILCKOT0» OTpeNeeHUsT HEKOTOPBIX MapameTpoB.
OnpeneneHue 3TUX MOJEH OCYHIECTBIECHO B MTPOTOKOJE
0e3 HapylIeHUs] CTPOEeHHsI 6a30BOr0 MPOTOKOIA.

W, HakoHel, TpeTWii IPOTOKOJ ITO3BOJISET OCY-
HIECTBJISITH 00MeH MeTeocoobueHussMu B cetu TCP/IP
¢ ueHtpamu Tenecssizu (MTS, UniMAS). IIpotokon
MpeaHa3HayeH Aj1s oOMeHa MeTeOpOJOrMYECKUMU CO-
OOLIEHUSIMUA B JIOKQJIbHOW M reorpauyeckon ceTu
TCP/IP mexny nBymst cuctemamut MTS, UniMAS, cu-
cremoit MTS n xommiaekcoM JIACCO, a Takke MOXeT
ObITh MCITIOJIb30BaH 1 cBsi3u MTS, UniMAS u npyrux
cHUCcTeM 00pabOTKU METEeOpOJOTMYECKUX AAHHBIX, TIPU
YCJIOBUM HAJUYUSI COOTBETCTBYIOIIETO CUCTEMHOIO U
MPUKJIAIHOTO MporpaMMHoOro obecrnieueHus. IIpoto-
KOJ pa3paboTaH TakkKe I 00eCTIeueHUs] BO3MOXKHO-
CTH TIpHeMa-Tiepenayn OMHApHBIX TaHHBIX, TAKUX KakK
GRIB wiu hakCUMUIbHBIE KapThI.
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4. Ha3Ha4yeHne KOMNOHEHT
CKBO3HOI TeXHoMorum cbopa AaHHbIX

CKBO3HasI TEXHOJIOTMSI OCHOBBIBAETCS Ha MPEATIONI0-
xkeHuu, yto MUK sgBasieTcss UCTOYHMKOM JAHHBIX, a
LIKC — gpngercd KOHEYHBIM IOJTyYaTesIsIM JaHHBIX.
OOMeH JaHHBIMM MOKET ITPOMCXOAWTh B ABYX HaIpa-
BJICHMSIX. B cOOTBETCTBIY C TIPEIIOKEHHO! TEXHOIOT -
€1 MHTerpalyy KOMIOHEHTOB MHOTOYPOBHEBBIX CUCTEM
C TIAKETHOW IMepeaayeri JaHHBIX MOXHO OINpPEae/UThb
CIIeNYIONIYI0 (PYHKIMOHATIBHOCTD JUISI €6 KOMITOHEHT:

*  Tojy4eHHe MH(POpMAIK C JaTYNKOB,

* IepBUYHAs 00pabOTKa M HAKOIUIEHUE NAHHBIX O
COCTOSIHMM OKPYXalOLIEH CPENbI;

« moxgepxka rmporokoja MODBUS nst oOMeHa nH-
(dbopmalueit co crneuuaau3upoBaHHBIM KOHTPOJI-
nepoM (Toibko g obOciayxuBaembix MUK Ha
CTaHLUSX C IIEPCOHAIOM HalIofaTeNeit);

* yOpaBieHHE KaHanoobpasywolledl ammapatypoir u
MOJIIEPXKA KaHAJbHOTO MPOTOKOJIA TAHHBIX (TOJIb-
Ko a5 aBromatuyeckux MUK).

Hpeﬂnar aCTCd BbLIACIUTDL CICAYIOIIME KOMIIOHEH-
Tbl CKBO3HOM TEXHOJIOTUU c60pa JaHHBIX:

A) Oo6cayxuBaembie AIIK ruapomereocTaHImii
(Ha 0Oaze II9BM wmm cnenmanM3upoBaHHOIO KOH-
TpoJuUIepa) ¢ IEPCOHANIOM HabomaTenei.

Oco0eHHOCTbIO aBTOMATU3UPOBAHHBIX THAPOME-
TEOCTaHLMIi SIBISIETCSI TO, YTO B Mpoliecce cOopa MH-
(hopMalM aKTUBHO y4acTBYeT yesoBeK. OObIYHO CO-
TPYAHUKN THAPOMETEOCTAHIIMK YIPABISIOT IPOIIEC-
coM cbopa, 00paboTKM U mepegayr WHGOPMaLUU.
Crpykrypa AIIK npuseneHa Ha puc. 5 u 6.

ATmapaTHO-IIPOrpaMMHBIN KOMILIEKC THUAPOME-
teoctaHimy (Ha 0ase I1K, Ha 0a3e crerman3upoBaH-
HOTO KOHTpOJIJIepa) JOJDKEH TOIIepKUBaTh CleyIO-
ye GyHKIUK:

+ o0meH uHdopmanueit ¢ MUK no nporokony MO-
DBUS;

* TIOJyYeHWE M 00pabOTKa NAHHBIX O COCTOSHUM
okpyxatoiueii cpensl ot MUK

+ otobpaxeHue noydeHHoi ot UMK nHbopmaimn
0 COCTOSTHUY OKPYKAIOIIEi Cpelbl;

* mepengava ynpasisiomeil nHpopmanyu Ha MUK
* TEpBUYHBIA KOHTPOJIb KauecTBa MHGOpMAaLIUY;

* (opMupoBaHUE ONEPATUBHBIX AAHHBIX, IpEIHA3-
HaueHHBIX 11 niepenaun B LICJI B ycraHOBIEHHBIE
CPOKU B YTBEPXKIEHHBIX KOax 1 (popMmarax;

* (hOpMUPOBaHKE IITOPMOBBIX TEJETPAMM;
+ mnepenaya nHGopmauuu Ha [ICJI;
* (opMupoBaHue TaHHHIX B 0TBeT Ha 3ampoc LICI;

* TIOATOTOBKY ¥ KOHTPOITb, peIaKTUPOBAHUE, XpaHe-
HUe, TIpUeM U nepenavy cooOLieHuit B opmarax
BMO, I'MC, LIIBTAO;

* TIpueM/mepenaqy Cy>keOHbIX TeIerpaMM;

* mepenavy, npu HeooxoauMocTh, Ha MUK curnanos
CUHXPOHU3AIMKA TOYHOTO BPEMEHU B CETH, a TAKKE



TexHm4eckune Hayku

Jatunku
|_| -»{ Konrtposiep RS232 | ni Crnennaju3HpoBaHHbIe
|—| > NHK 1 <+—»| 110 AIIK RS232 KOHTPOJLIEPbI Hentp
THIPOMETEOCTAHIMH < P nepenaum JaHHBIX < » cOopa
JaHHBIX
L -» KonTtpomiep
> NUK 2
]
I—I -»{ Kounrtposiep HCH
- WK N
L1
Puc. 5. Crpykrypa AMK rugpomereoctaHumm Ha 6aze MK
JlaTanku
|_| | KouTposiep RS232 Crnennau3upoBaHHbIi
] > UNK 1 <4—»| annapaTHO-NPOrpaMMHBbIii HenTtp
KOMILTEKC < P cOopa
1O AIIK ruapomMeTeocTaHIMH JTaHHBIX
I—I - Kounrpoaiep
] > WK 2 'y
L] -+ Kounrpo.iep Krnasuatypa
MUK N
— Tcna

Puc. 6. Crpyktypa AlK rugpomeTeocTaHumy Ha 6ase CneLmnani3vpoBaHHOro KOHTPoepa

perpancsamuio Ha MUK xomaHn ympaBieHus B
ycTaHOBIEHHOM (opmarte, moctynuBiiux oT LICIT;

* yIpaBieHMe KaHaoo0pa3ylollieii anmaparypoi;
*  TIOIIEPKKY KaHAJbHOTO MPOTOKOJIa TaHHBIX 00Me-
Ha uadopmaiueii ¢ HKC.
b) ABTOHOMHBIE ammapaTHO-IIPOrPAMMHBIE KOM-
TUIEKChI TUIPOMETEOCTAHLIUM.

[Tpu OTCYTCTBUM CETEBOTO 3JEKTPOIUTAHUS U XKe-
CTKUX TpeOOBAaHMAX K TMOTPEONCHUIO SHEPTUU KOH-
tpoiep MUK nomkeH obecrieunBaTh:

* TIpueM U 00pabOTKy AaHHBIX O MapaMeTpax Cpebl
MOJTyYaeMbIX OT IaTYUKOB,;

* (hopMUpOBaHME IAHHBIX, MPeIHA3HAUYCHHBIX IS
nocinenywoieit nepenauu B LICJI, cornacHo yTBep-
XIEHHOTO MPOTOKOoJIa 00 0OMeHe U hopMaTe AaH-
HBIX, MepefaBaeMbIX OT aBTOMAaTUYECKUX U3MEPU-
TeJIbHBIX KOMILIEKCOB;

* ympaBleHMe KaHaloo0pasylolleil anmnaparypoii;

* TomIepXKy mHpoTokoia B3aumopeiictust ¢ LICJ]
(I-SNAP);

* B YCTAHOBJICHHBIE CPOKM CAMOCTOSITEJLHO YCTa-
HOBKY coenuHeHus ¢ LIC/I;

+ mepegayy Ha IICJ] cdopMHUpOBaHHBIX OIEpPaTHB-
HBIX JAHHBIX.

BzaumoneiictBue AIIK ¢ LICII (puc. 7) mo cetu co-
TOBOI cBs3u cTaHmapTa GSM, CIyTHMKOBOH CBSI3U
«[obancrap» Lenecoodpa3Ho odecreynBaTh B LIEISIX
yHU(UKALMU OOMEHA C APYTUMU MCTOYHUKAMU WH-
(dbopMmalMM Ha OCHOBe creluduKauuu MpOTOKOIa
[-SNAP. Onpoc IICJI ieHTpoM cOopa JaHHBIX TPOU3-
BOIUTCS TIO PACTIMCAHUIO WK BPYYHYIO B TIPOM3BOJIb-
HBII MOMEHT BpeMeHH. [lepekoanpoBKa TaHHBIX M UX

npeoOpa3oBaHWe B COOOMICHMSI COOTBETCTBYIONIETO
(opmara m1g mepemauu B CUCTeMy TellecBs3u Pocru-
napomeTa ocymecTtistorcs: Ha LICII.

JlaTauku
Kontpoaep
|_|-> KonTposiaep RS232 nepexayn Lentp
|—|-> MUK <4—P»| naHHbIX |¢—» chopa
JAAHHBIX

Puc. 7. Cipyktypa aBToHoMHoro AlK rvapometeoctaHuymm

B) AnmaparHo-nporpammubiii komruieke LIC/I.

AnmnapaTHo-niporpaMMHbIii KoMiuieke LICI moi-
’KeH 00ecreynBaTh;

* yIpaBJeHHe KaHaIo00pasyrolleii armapaTypoii;

* MOIJepXKa KaHaJbHBIX IIPOTOKOJIOB Iepeaadyu
JTAHHBIX;

* Toazepxka oOMeHa MH(bopMaleid Mo pasTMYHbIM
KaHa/IaM CBSI31, B TOM YMCIIe TeneOHHBIM, Testerpad-
HBIM, paIliOKaHaIaM, COTOBBIM U CITyTHUKOBBIM;

* mnoxaepxka ooMeHa co Bcemu tunamu AITK ruapo-
METEOCTaHLNIA;

* IIpHeM M JOKYMEHTHPOBAaHUSI IPUHSATON MHGOP-
Mallyy;

*  KOHTPOJb MH(OpMaLUHL;

*  TepeKOAMPOBKY JAHHBIX M MX IpeoOpa3oBaHUE B
COOOIIIEHHUST COOTBETCTBYIOIIETO (hopMmara, corac-
Ho Tabmuie ¢popmaroB UUK;

+  paboTy cucTeEMBI cO0Opa IO 3aJI0KEHHOMY PacIuca-
HUIO C MOAIEPXKKON 0OMEHA 110 OCHOBHOMY U pe-
3epBHOMY KaHajlaM CBSI3H;

+ o0meH uHdopmanueii ¢ IIKC.
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5. 3aknioyeHne

B manHoii pabote npemokeHa HOBast CKBO3HAS TeX-
HOJIOTHSI TIOCTPOSHMSI MHOTOYPOBHEBBIX CHCTEM C IIa-
KETHOM Tepefayeil MaHHBIX, OCHOBAaHHBIX HA MMKPO-
npoueccopHoM KoHTposuiepe BUII-M. Ilpoananusu-
POBaHbl BaXXHEHIIME CBOWCTBA IMPEIOKECHHON TEXHO-
JIOTWH, TIPEICTaB/SAIOIINE HANOOJBILUI UHTEPEC C TOY-
KU 3pEHUS €T0 IPAKTUIECKOT0 UCIIOIb30BaHMsI, 0TOOpa-
KEH XapakTep MH(POPMAIMOHHBIX CBA3EH MPOOIEMHO-
OPHMEHTUPOBAHHBIX IIAKETOB COOOLIEHUI, 0COOEHHOCTH
TOIOJIOTUM CETU CBSI3M, (PYHKIIMOHAIbHAS OpUEHTALIUS
AIIK, a ¢ apyroii CTOpoHbI, MoKa3aHa B3aUMOCBSI3b OT-
JEJbHBIX CTPYKTYPHBIX KOMIIOHEHTOB WHTETPUpPOBAH-
HBIX MH(POPMAILMOHHO-TENIEKOMMYHUKAIIMOHHBIX CH-
CTEM C ITAKETHOH Iepefadeii JaHHBIX MEXIY COOOM.

B ocHOBe TeXHONOTMM JIEKUT TIPeIOXKEeHHAST ICKOM-
MO3ULIMS CUCTEMbl Ha TEXHOJOTMYECKM HE3aBUCHMBbIC
KOMIIOHEHTbI, CBSI3b MEXIY KOTOPHIMM MPOMCXOIUT T10
3apaHee YTBEPKIEHHBIM MPOTOKOIaM. MOXHO BbIIEIUTD
TPU OCHOBHBIX IIPOTOKOJIA JJIs1 B3aMOJICHCTBIS arlapaTr-
HO-TIPOrPAMMHBIX KOMIIOHEHT CUCTEMBI CO0pa JAaHHBIX C
Ha0monaTeabHo# cetu. I1epBblil MpoToKo 0beceurBaeT
B3aMMO/ICHCTBUE CIIEMATN3MPOBAHHOTO KOHTPOJLIEpa 1
ABTOMATHYECKMX U3MEPUTETBHBIX KOMILIEKCOB Ha OCHOBE
MexayHapoaHoro rpotokona MODBUS. Bropoii npoto-
KOJI YIPaBisieT 0OMEHOM JAHHBIMM II0 KaHAJaM CBSI3U
MEX]y aBTOMATHIECKMMHU U3MEPUTETEHBIMY KOMILIEKCa-
mu u HC. M, HakoHell, TpeTHii TPOTOKOJ TMO3BOJSIET
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OnvcaH MeToz BOCCTaHOBAEHMSA BUAEOGUILMOB, MOTYHEHHBIX MyTeM OLMBPOBKM MOBPEXAEHHbIX KMHOMMEHOK. [TpeanoxeH anroputm
aBTOMATNHYECKOrO HaxOXAEHWS 1 BOCCTaHOBIIEHMS MOBPEXAEHHbIX 006nactei BHyTpY kaapa. [peanoxeH cnocob naeHtgukaLmm v

BOCCTaHOBJIEHMA [10BPEXAEHHbIX Ka4poB.

Cyl1uecTByeT psii pa3IMyHBIX aIrOPUTMOB, MTO3BO-
JISTIOIIMX CHIZKATh pa3InYHbIE IIyMbI Ha BUIEOM300pa-
KEHMSX, a TaKKe YIaIATh pa3luyHbie apTeakThl U3
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BUAEOM300paxkeHuit [1—5]. DT MeTOIBI MPUMEHSIOT-
csl Uit UIBTPaLUyY LIM(PPOBOTO BUICO W MTO3BOJISIOT
VIyYIIUTh BOCIPUSITHE BUICOM300paXKEHUI, HO HE





