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CTpykTypa KuBYYell ceTH MeTeOKOMILIEKCOB
TPAHCHOPTHO-JOTHUcTHYeCKUX cucTteM «Aunycrpumn 4.0»

B.B. I'pvizynos, A.O. Hecmeposa
Poccutickuii rocynapcTBeHHBIH THAPOMETEOPOIOTHUSCKUN YHUBEPCHUTET, Viv(@a-tree.ru

[pencraBieH BapuaHT PELICHUs 337a4l METEOPOJIOTHYECKOTO COMPOBOXKICHHS TPAHCIOPTHO-JIOTH-
ctudeckux cucteM «Mugyctpun 4.0» 10CTOBEPHBIMH METEOIaHHBIMH 32 CUET CO3AHHS KHUBYUEil CTPYKTY-
pst Cetn MeteokomiutekcoB (CeTn). JlaHO MOHATHE THAPOMETEOPOIOTNISCKON ceTH. [IpuBeIeHbI criocoOb
pelIeHys BOSHUKAIOIIETO IIPOTHBOPEUHST MEX/y TPeOOBaHUSIMY NPEANPUSITHI, OCHOBBIBAIOIIMXCs HA MH-
nyctpun 4.0, 1 Bo3MoxkHOCTAMHU CeTu. [I0BBICHTH BEpPOSATHOCTH BBHINOIHEHUS 3a/1a4, [IOCTABICHHBIX IIepe]
CeTblo, MpezyiaraeTes 3a c4eT BeIOOpa kuBydel cTpykTypsl CeT. BpiOop ocymiecTBiseTcst Ha OCHOBE
KPHUTEPHEB ONTHMAILHOCTH: d-MHBAPUAHTHOCTh U Ka4€CTBO CTPYKTYPHI, KOTOPHIE IIOKA3bIBAIOT, HACKOIIBKO
cOaraHcupoBaHa CTPYKTypa ceTH. [IpoaHann3upoBaHbl TAKHE BAPUAHTHI CTPYKTYPBI CETH METEOKOMILIEK-
COB, KakK IIIMHA, KOJIbLIO, 3BE3/1a, TOJTHOCBI3HAsI, PEIIETKa, TOp, THIePKYO, s4eucTast, IUPKYIISTHTHI.

Kniouesvie crosa: xubepduszndeckas cucrema, Mugycrpus 4.0, ruapoMeTeopoornieckoe odecneye-
HHE, IPOTHO3 MOTObI, IU(PPOBast METEOPOIIOTHS, KUBYIECTh CTPYKTYP.

Survivable structure of network of meteorological complexes
of transport and logistics systems “Industry 4.0”

V.V. Gryzunov, A.O. Nesterova
Russian State Hydrometeorological University, Saint Petersburg, Russia

In industry, more and more money is being invested in transition to new standards - Industry 4.0. The
network of weather stations (Network) required by Industry 4.0 must capture and transmit data exceeding
200 times the amount of current data and have transmission delays not exceeding 30 seconds. The main
requirement of Industry 4.0 for the Network is the high efficiency of delivering reliable data to a consumer.

If a Network element fails, the consumer loses data not only of the failed element, but also of all ele-
ments transmitting their data through it. That is, the consumer does not receive reliable data, the probability
of completing a task by the entire Network becoming less. The Network structure maximizing the probabil-
ity of executing the tasks by the Network has been chosen in the article.

The laws of distribution describing appearance or disappearance of Network elements are unknown
and impossible to be obtained, therefore, the survivability index of the Network should not depend on
the laws of distribution, that is, it should be incredible. It is the d-invariantism, the indicator showing the
uniform distribution of weights (significance) among the structural elements. If the significance of all the
arcs/ nodes is the same, the d-invariance equals 1, that is, the structure does not care which element will
be deleted.

If several structures with the same d-invariantism are possible on the given sets, then, to compare the
structures with each other, we propose to use the indicator of structure quality, revealing the structure with
the least average number of bonds per node. Using the indicators described above, the following structures
have been evaluated: star, fully connected structure, tire, hypercube, lattice, torus, mesh, circulant. Having
analyzed these structures, the following conclusions can be drawn: ring-containing structures are more
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survivable; the most survivable structure in the sense of d-invariantism is the circulant D (16; 1,7). These
indicators allow to obtain the maximum possible probability of executing the tasks by the Network.

Keywords: cyber-physical system, industry 4.0, hydrometeorological support, weather forecast, digital
meteorology, structure survivability.
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BBenenue

B mpombliuieHHOCTH Bce OOJIblie I€HET MHBECTHUPYETCS B IIEPEXO] Ha HOBbIE
crangaptel — «Muayctpust 4.0». B pamkax 3TUX CTaHIapTOB BUPTyaJbHbBIE U (HU3H-
YEeCKHE CUCTEMbI HHTETPUPYIOTCS MEXY COO0H, 00pa3yst KuoeppHu3niecKre CUCTEMBbI
[1]. Tak, nanpumep, k 2020 . TobKO B 0OAHOU [ epMaHuu MIIAHUPYETCSI HHBECTUPOBATh
B nepexoa Ha «Mumyctpuro 4.0» no 140 mipa espo B roxa [2]. B «Muaycrpun 4.0»
[OAPa3yMEBAETCsl aBTOMATU3alMs IOJHOM TEXHOJIOTMYECKOW LEMOYKU: OT OOBIYM
MOJIE3HBIX MCKOMAEMBIX 0 JOCTaBKH 0 MOTpeOuTesst KoneuHoro npoxaykra [3]. Cu-
crembl «MaaycTpun 4.0» MPOEKTHPYIOTCS Kak YHU(HUIIMPOBAHHBIE, paclpe/e/ieHHbIE,
MHOTO(QYHKIIMOHAJIBHBIE € PEKyPCHUBHBIM CaMOBOCIPOU3BOISIIINMCS adallTHBHBIM
3aMKHYTHIM XapaKTepoM KOMMYTAIIMOHHBIX OTHOWIeHHH [2, 4, 5, https://rep.bntu.by/
bitstream/handle/data/50451/INDUSTRIYA 4 0 NOVAYA PROMYSHLENNAYA
POLITIKA GERMANIILpdf].

Yxe cerogHs OT 3anpoca ToBapa ¢ 3a1aHHBIMHU XapaKTePUCTUKAMHU /10 €T0 U3TOTOB-
JICHWSI U IOCTABKU 110 MOTpeOuTess mpoxoaut oT 30 MuHyT (0OBIYHAS MHUIIIA HA JIOM)
JI0 HECKOJIbKUX Hepelb (kpoccoBku Nike uin motoruki Harley Davidson). Kommnanuu
IUTAHUPYIOT TOCTaBIATh TOBAapbl IpoHaMu. JlocTaBka TOBapoB IO MOTpeduTeneil mo
BO3/IyXYy 10 BEPCUH KOMITIaHUH AMmazon — «MaKCUMaJIbHO OBICTPBINA U 3()()EKTHBHBIH
MyTh U3 TOYKU A B TOUKY b». JIpoHBI SBJISIOTCS KpaliHEe YyBCTBUTEIBHBIMU K METEO-
YCIIOBHSIM Ha MapuipyTe AOCTaBKH. B Hacrosiiee BpeMs peub UIET O PacCTOSIHUU 10
10 xM, HO B OmmKaifmeM OyayIeM MOXXHO OKHIATh CYIIECTBCHHOE YBEIIMUEHUE ITO-
ro paccrosiuusi. bonee Toro, «pazHoodpasHoe MPaKTHUECKOE IPUMEHEHUE HEIOPOTHX,
KOMMEpPYECKH JOCTYIHBIX BO3AYIIHBIX U MOABOAHBIX IPOHOB — 3TO BOMPOC HECKOJIb-
Kux e [3].

TakuM 00pazoM, OCTPO BCTAIOT BOMPOCHI METEOPOJIOTHYECKOTO COMPOBOMKICHHS
JPOHOB, OOPA3yHOILMX MOJHOLIEHHYIO TPAaHCIIOPTHO-JOIMCTUYECKYIO CHUCTEMY, UyB-
CTBUTEJBHYIO K METEOPOJIOTHYECKUM JTaHHBIM. MEeTeopOoIoruueckoe CONpOBOXK/ICHUE
TPAHCIIOPTHO-JIOTUCTUYECKUX CHCTEM OOO3HAYeHO KaK MPUOPUTETHOE HAalpaBlICHUE
pa3zButus PO B «CTparerun HayuyHO-TEXHOJIOTHUYECKOrO pa3Butus Poccuiickoit dene-
paruny, yrBepkaeHHoN Ykazom [Ipesumenta PD [http://static.kremlin.ru/media/acts/
files/0001201612010007.pdf]. B P® meTreoyciioBUs KOHTPOJIUPYIOTCS ITOCPEICTBOM
100aIbHOM HAOMIOAATENFHOM ceTH, 0OeceYrBaloLIeld OMyYeHHE XapaKTePUCTHK TH-
JPOMETEOPOSIOTHIECKUX SBICHUH M MIPOIECCOB, TPOUCXOIAIINX B KPYITHOM WM TUTa-
HeTapHOM MaciuTtabax, ans miodanpHbIX norpedHocTel [https:/pdf.standartgost.ru/
catalog/Data2/1/4293848/4293848976.pdf].
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Fig.1. Existing meteorological complexes Russian Federation.

I'uppomeTeopoaoruyeckor CEeThI0 Ha3bIBAlOT COBOKYMHOCTh YUPEKICHUH, BEIY-
IIMX METEOPOJIOTHIECKHE U TUAPOIOoTHIecKre HabmroneHus. B kaxmom cyorekre PO
nmerorcst ynpasnenus dexepanbHoil ciryx0oit Poccun mo ruapoMeTeopoaoru u Mo-
HUTOPHHTY OKpy»Katomiei cpeasl (Pocruapomer), KOTOpbIe PYKOBOAST pabOTON BCex
THIPOMETEOPOIIOTMYECKUX CTaHIUi, 00cepBaTOpuil, MyHKTOB HAONIOACHUN, HAXOJs-
LIMXCsl Ha 00CITy)KUBaeMoi TeppuTopuu. K yrciy y4acTHHKOB IS TETLHOCTH THAPOME-
TEOPOJIOTHYECKON CITY KOBI TTPUHAIIeKAT OpTaHu3anuu HaomonarensHoi cetu (OHC):
B CUCTEMC POCFHI[pOMeTa OHU SABJIAIOTCA OCHOBHBIM OpPraHM3allUOHHBIM 3BCHOM I'OCYy-
JIapCTBEHHOM CeTH.

Wudopmanus ¢ ruIpoMeTeopoIoTHIECKUX MOCTOB TMOCTYNAaeT Ha CTAaHLMHM, TJe
OHAa KOJJUPYETCS U OTKy/a [IepelaeTcs B TEPpUTOpHAIIbHBIE yIIpasieHus: Pocruapomera.
B »THX ynpaBieHHSX COCTABISIOTCS MPOTHO3BI MOTO/IBI, KOTOPHIE TIEPEAaroTCs MOTpe-
OUTEINISIM THAPOMETEOPOIOTHYeCKOl HH(pOpMAannH.

[lepeyenp AeWCTBYIONMX METEOCTAHIINN, MTEPEIAIONINX JaHHBIE B IU(PPOBOM pe-
XKHUMe, IpUBeAeH Ha nopraie «Eannas rocynapcTBeHHas cucteMa uHpopmanun 00 00-
cTaHoBke B MupoBom okeane» (puc. 1).

locynapcTBennas HaOmonarenbHas ceth (ganee CeTh) BKIIFOUALT CIIEAYIOINEe Ha-
omonarensHbie cet [https://pdf.standartgost.ru/catalog/Data2/1/4293848/4293848976.
pdf]:

— THIPOJIOTMYECKast Ha peKax M KaHalax;

— adponornueckas (pagrno30HIAPOBAHNE);

— THPOMETEOPOJIOTHYECKas Ha 03epax U BOAOXPAHMIIUILAX;

— MeTeopororndeckas pagauoiokanuonnas (MPJI);
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— MarHWTHas;

— MEeTeOopOJIOTHYECKas;

— MOpCKas THIPOMETEOPOIIOTUIECKas;

— BOAHOOAIaHCOBAS;

— aBHaMETEOPOJIOTHYECKas;

— aKTUHOMETPHUYECKAs;

— arpoMeTeopoJIoTHYecKas;

— renuoreou3nyuecKas;

— DIALUOIOTUYECKast;

— woHocdepHas;

— TUAPOJIOrHYecKas Ha 0oJoTax;

— 030HOMETpPUYECKas;

— CeJIeCTOKOBas;

— Temro0alaHcoBasi;

— CHEroJIaBUHHAS;

— HalntoaTeIbHbIC CETH:

3a HCTIAPEHNEM C ITOBEPXHOCTH BOABI, TOYBBI, CHETA;

3a aTMOC(EPHBIM AIEKTPUIECTBOM;

3a YPOBHEM 3arpsis3HEHHs aTMOC(EPHOTO BO3/yXa;

32 YPOBHEM 3arpsA3HEHMS] MOPCKHUX BOJ M JJOHHBIX OTJIOKCHHI;

3a YPOBHEM 3arpsi3HEHHsI IOBEPXHOCTHBIX BOAHBIX 0OBEKTOB MO THAPOOHOIIO-
TUYECKHM TTOKa3aTelsiM;

3a yPOBHEM 3arps3HEHHsI TIOBEPXHOCTHBIX BOJ CYIIIH;

3a yPOBHEM 3arps3HEHHUsI TOYBHI;

32 YPOBHEM PaJMOAKTHUBHOTO 3arps3HEHUS IPUPOTHOM CpEIbI;

3a YPOBHEM 3arpsi3HEHHSI CHEIKHOTO [TOKPOBA;

3a ()OHOBBIM COCTOSTHUEM OKPY’KaIOIIeH cpeipl (Ha CeaaTu3npoBaHHBIX (o-
HOBBIX CTaHIUIX) ¥ TPAHCTPAHUYHBIM IIEPEHOCOM 3arpsI3HSIONINX BEIIECTB;
32 XUMHYECKHM COCTaBOM OCaJIKOB.

OxoHeyHbIM 000pyaoBanueM CeTu SBISIOTCS METEOPOIOTHUECKUE U THIPOMETEO0-
POJIOTHYECKHE CTAHIIUH. JTH CTAHIIMH, COTTIACHO JICHCTBYIOIINM Ha CETrO/IHsI HOpMaTH-
BaM, JOJDKHBI OBITH pa3MeIleHbl Ha THITUYHOM ISl OKPYIKAIOMIe MECTHOCTH YJacTKe,
K KOTOpOMY TIpenbsiBsieTcs psig peboBanuii. OOCIyKMBaHUE U PEMOHT METEOCTAHIUH
MoryT 3aHuMaTh 10 30 cyTok [http://docs.cntd.ru/document/1200068361]. MereonaH-
HBIE CHUMAET METEOPOJIOT C IEPHOANYHOCTEIO OT 3 10 7 yacoB. CTOMT 00paTUTh BHU-
MaHHe Ha TO, YTO BPEMsI U TOYHOCTh M3MEPEHUN MOTYT HEMPEICKa3yeMO U3MEHSIThCS
[6, 7].

B ocHOBEe MeTeopONIOrHYecKOro COMPOBOXKACHHS TPaHCIIOPTHO-IOTHCTHYECKUX
cucteM «Muayctpuu 4.0» nexar KOMOBIOTEPHBIE MOJIENU KiIMMaTa U noroasl [8]. dns
COCTaBJICHHSI HA/ICKHBIX TIPOTHO30B HEOOX0OIMMa BBICOKAsl JOCTOBEPHOCTD MPEAOCTaB-
JIIEMBIX METEOAAHHBIX C MEPUOTUIHOCTHIO OT HECKOIBKUX MUHYT 10 HECKOIBKUX Ce-
kyHn [8]. Tak, nanpumep, st Moaenei ¢ ropu3oHTaIbHBIM marom 50—100 kM TpeOy-
eMas IepHOIMYHOCTh COCTABISICT 5—8 MHUHYT, a JUIs MOJIeJIei TOPH30HTAIILHBIM pa3pe-
menneM 15—20 km — He 6onee 1—2 MuHyT [7].
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Becbma BEpOSITHBIM METOIOM OIIPENEICHNsT METEOPOJIOTHYECKUX IapaMeTpOB
B OnmokaiineM OyayIieM CTaHeT UCTIONIb30BaHUE MO/IEIeH YHCICHHOTO aHAIN3a [TOTO/IbI
[6]. DTOT MeTO TpeOyET MPEAOCTABIATH JaHHBIC KUHEMAaTHIECKUX HAOIIOCHUH B e1Ie
OoIee )KEeCTKOM PEeKUME — PEKUME PeaTbHOTO BPEMEHH.

Kak BumHO M3 mpuBeeHHBIX (DaKTOB, CYHIECTBYET MPOTHBOPEUHE MEXIy Tpedo-
BaHMSIMU MOTpeOUTENst B JuLe npeanpustuii popmara «uamycrpust 4.0» K 1ocroBep-
HOCTH M OTIEPATUBHOCTHU MPEJOCTABICHHUSI METEOPOJIOTNISCKUX JAaHHBIX U TEKYIIUMH
Bo3MOkHOCTsIMU CeTu. JlaHHOE MPOTHBOpEUNEe MOXKET OBITh yCTPAHEHO, HAIIPUMED, 32
cuet uHTerpanuu CeTH W 4aCTHBIX MeTeokoMIniekcoB dyepe3 Wnrtepuer Bemeit (IoT),
a Tak)Ke CHeHaIbHBIX TaTYMKOB, COMPOBOXKIAIOIINX EPEBO3UMBIC TPY3bI U TIEpeIato-
IIMX UHPOPMAIIHIO O MOTOIHBIX YCIOBHSIX HA BCEM ITyTH CIIEIOBaHUSI TPY30B C BBICOKOM
TOYHOCTBIO, CO3JJaHHME CETOYHBIX MAaCCHBOB KIMMAaTHYECKHUX JTaHHBIX [9], KOTOpBIE KiTa-
IyTCS B OCHOBY IM(POBOI KapThl 3eMITH, OTOOpaXKaroIIIeH MTOTOY M KITMMAT B MacIITa-
Oe BpeMeHH, OJIM3KOM K peanbHOMY.

MeTeoKOMIUIEKC — YCTPOMCTBO JUIsl TUCTAHIIMOHHOTO M3MEpPEHHs W Tepenadu
MOTPEOUTENIO METEOPOJIOTHUECKUX JMaHHBIX. CTapble METEOKOMIUIEKCHI TOCTABIISIIH
JTAaHHBIE OJIMH pa3 B 3—7 9acoB, B TO BpeMs Kak TpeOOBaHMs K COBPEMEHHBIM — OJINH
pa3 B MunyTy. CrenoBaTenbHO, Aa)Xe MPH COXpPaHEHHH o0beMa M3MEPEHHH M Yuciia
CTaHIMI 00BEM IepeIaBaeMbIX JaHHBIX JIOJDKEH Bo3pacTu Oobiie ueM B 200 pa3. Bhe-
JIPEHKE CETOUYHBIX MACCHBOB JIJIsl CHSITHSI METCOJJAHHBIX CYIIIECTBEHHO YBEJIUYUT U 3Ty
undpy. Jo nossrnerns Uuagyctpun 4.0 Cetb paboTana ¢ HeOOIBIIUM 00HEMOM JaHHBIX
U JIOMyCKana 3aJep KKK B Iepeade JaHHbIX OKOJIO CyTOK M jaofbiue. CeTb, He0OX0omu-
Mas Muayctpun 4.0, 1oKHA CHUMATh | IlepeaaBarh npesbimaronuii B 200 pa3 oobem
JAHHBIX, U 3JICPXKKH [IPH Tiepeiade He TOJDKHBI TpeBbiiaTh 30 CeKyH/I.

I'maBHOe TpeboBanmne Numyctpun 4.0 k CeTn — BBICOKAs ONIEPATHBHOCTH JIOCTaB-
KH JIOCTOBEPHBIX JIaHHBIX 10 morpedurens. OneparnBHOCTh MOJXYYCHHS IaHHBIX CO-
CTOMT M3 YacTOTHI MOJYYCHHUS! AaHHBIX M CKOPOCTH Mepeadd JaHHBIX MOTPEOUTEINI0
yepe3 Cerb. Ecin cHsATBIC TaHHBIE HE JTOCTABIICHBI B CPOK, MX aKTyaJIbHOCTbh yTpaunBa-
eTCs ¥ TaHHBIE MOTYT CUNTAThCS HEAOCTOBEPHBIMHU. by/ieM cuuTarb, 4T0 TOCTOBEPHEIE
JTAaHHBIE — 3TO JAHHBIE, CHATHIC B COOTBETCTBHUH C CYIIECTBYIOIIMMH TPEOOBAHUIMHA U
JOCTaBJICHHBIC B LEHTP 00paOOTKU AaHHBIX WJIM JPYroMy MOTPEOUTENIO B 3aJlaHHbIH
CPOK 0€3 MCKaKCHHIA.

KadecTBo 1 eproOINIHOCTH CheMa TAHHBIX 3aBUCST TOIBKO OT OKOHEYHOTO 000pY-
noBaHust CeTH, a Ha CBOEBPEMEHHYIO JIOCTABKY JaHHBIX 10 MOTPEeOUTeNs, 00paboTKy 1
XpaHEeHUE BIUSIOT Apyrue 31eMeHThl CeTu 1 crocod ux CBsI3M MexXIy co0oi. O4ueBua-
HO, ecyii 311eMeHT CeTH BBIXOAMT U3 CTPOSi, TO OTPEOUTEINb TepsieT JaHHbIE HE TOIBKO
OTKa3aBIIIEr0 dJIEMEHTa, HO W BCEX DJIEMEHTOB, KOTOPHIE TPAHCIUPYIOT CBOW JaHHBIE
yepe3 Hero. Takum 00pa3oM, MOTpeOHUTENh He TTOTyYaeT J0CTOBEPHBIX JaHHBIX, U BEPO-
SITHOCTB BBITIOJIHEHUSI 3a7a41 Bceil CeThl0 CTAaHOBUTCSI MEHbIIIE.

Taxum 06pazom, 1esIb HACTOSIIEro McciaeioBaHus — BbIOpaTh cTpykTypy Cetn,
MaKCUMHU3UPYIONIYI0 BEPOSATHOCTH BBITIOMHEHHUS 3a/ad CeTbio, — SBISETCS aKTyallb-
HoOM. Iyt mocTrkeHnss 0003HAUEHHOM eI UCTIOIB3YIOTCS METOBI TEOPHH BEPOSTHO-
cTell 1 Teopun rpados.
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MeTtoasbl

BBemem BeposSTHOCTH BEITIOTHEHUS 3a/1au, TOCTaBIeHHON iepes; CeThio, Kak 1mo-
KaszaTellb, OLEHUBAIOUN KadyecTBO CeTu. DTOT MOKa3areiab OLEHUBACT MPUTOJHOCTh
CeTtu A1 pelieHus MOCTaBICHHBIX 3a1a4 MO MIPEI0CTABICHUIO TPEOYEeMOTro KOJTUIeCTBA
Y KauecTBa METEOJIaHHBIX B 3aJIAHHBIN CPOK:

Q

% 9

Q

rae P — BeposSTHOCTH BBINIONHEHHS 3a[a4d, noctaBieHHoON nepen CeTbo;  — Ko-
JIMYECTBO TIPEenOCTaBICHHBIX CEeThI0 M3MEPEHHH ¢ TPeOyeMbIM KadeCTBOM (KadeCTBO
3a/1aeTCsI MOTPEOUTETIEM METEOPOJIOTHYESCKUX JIaHHBIX); (0° — TpeOyeMoe KOJIUIECTBO
M3MepeHni TpeOyeMOoro KadecTna.

KauecTBO — CBOWCTBO MM COBOKYITHOCTH CBOWCTB 00BEKTa, 00YCIOBINBAIOIINX
€ro COOTBETCTBHUE HazHaueHwuro [10].

D hEeKTUBHOCTh — 3TO KOMIUICKCHOE OTIEPAIIMOHHOE CBOMCTBO (Ka4eCTBO) IIeiTe-
HalpaBJIeHHOTO Ipolecca (PyHKIMOHUPOBAHUSI CUCTEMbI, XapaKTepU3YIOLIee ero NpH-
CIIOCOOJICHHOCTH K JIOCTIKEHUIO TIeNTH OTIepanii (K BHITTOTHEHHIO 3a/1a4M CHCTEMBI).

U3 npusenieHHOi (popMyIIbI ceayeT, uto P — 1< Q — Q. IMockonbky Q° 3a1a-
eTcs notpedutenem yciayr CeTn u 3aBUCUT OT TpeOyeMoil TOUHOCTH MporHo3a [7], To
CUHTAEM 3Ty BEJIMYMHY KOHCTaHTOH. ClienoBaTesibHO, TOCTHYb TPeOyeMOi BEpPOSITHO-
CTH BBINIOJIHEHUSI 337241 BO3MOYKHO, TOJIbKO YBEJTMUMBAs BEIUUUHY {2, KOTOpas 3aBU-
CHUT OT MHOTUX ()aKTOPOB, B TOM YHCIIE OT padorocrnocodHocT CeTH.

[IprHMMas BO BHUMaHUE MPUBEACHHOE BBILIEC IPOTHBOPEYHE MEXKIY TpeOoBaHuUs-
MU K IPEIOCTaBISEMbIM JJAHHBIM U PEabHOCTBIO, MOYKHO YTBEPIKJIATh, YTO ISl HEKO-
TopbIx cermeHToB Cetn (<< Q" = P — 0. Tlo sroii xe MIPUYMHE JOBOJIBHO CJIOKHO
MOJTYYHTh AaXKe NPUOIN3UTENBHYIO OLICHKY BEPOSTHOCTH BBITIOIHEHHSI 33/1a4H, TIOCTaB-
nexHo# nepen CeTplo.

[ToBBICUTH BEpOSTHOCTH BBIOJIHEHHS 3a1a4H, TO €CTh YBEIUYUTH €2, BOZMOXKHO
myteM BHeceHUsI B CeTh (pyHKIMOHATIBHOM W/UITH CTPYKTYpHOU M30bITOYHOCTH. DYyHK-
LMOHANbHAs HM30BITOYHOCTH IOJIpasyMeBaeT paclIiupeHne (QyHKIHOHajIa MPHUOOPOB,
a 3Ha4YMT, TpeOyeT A0paboTaTh CyIIECTBYIOIINE METEOKOMIUIEKCHI MIIM CO3JaTh HOBBIC.
OTO IIUTENHHBIN U JOPOToi MyTh. BHECeHNEe CTPYKTYpHON N30BITOYHOCTH MTO3BOJISIET
JOCTHYB TpeOyeMol BepOsSTHOCTH (YBEIMUYHTH £2), 00BEIUHAS CYIIECTBYIOLINE TOCY-
JTApCTBEHHBIE U YaCTHbIE MeTeOKoMILIeKChl B CeTh. B HacToseit pabote nccienoBaHbl
IIyTH BHECEHUS CTPYKTYPHON M30BITOYHOCTH.

Kak yacTHbIe, TaK U roCyapCTBEHHBIE METEOKOMILIIEKCHI, 00pa3yIolue CTPYKTypy
CetH 1 SABISIOIIKECS €€ JIEMEHTaMU, MOTYT 100aBisIThesl B CeTh MM HCUe3aTh U3 Hee
CllydyailHBIM 00pa3oM B CHIIY pa3HBIX MPUYHH. UTOOBI COXpaHUTH CIOCOOHOCTH pelaTh
nocraieHHbIe 3a/1a4k, CeTh TOJKHA ObITh KUBYUECH.

JKuyuects aBTOMaTn3upoBanHoi cucteMbl (AC) — cBoiicTBo AC, XapakTepusye-
MO€ CIOCOOHOCTBIO BBITIOJIHATH YCTAHOBIICHHBIH 00beM (DYHKIHIA B yCTIOBUSX BO3/IEH-
CTBHMH BHEIIHEH Cpeibl U OTKA30B KOMIIOHEHTOB CUCTEMBI B 3aJaHHBIX Ipeaenax. AB-
ToMarusupoBanHas cuctema (AC) — cucrema, CocTosIas U3 IepcoHaia 1 KOMIUIEKCa

P:
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CPE/CTB aBTOMAaTH3aLlUH €ro ACATENbHOCTH, pean3yonas HH)OpPManOHHYIO TEXHO-
JIOTHIO BBITIONHEHHS YCTaHOBIEHHBIX QyHKIMiA. [Tockonbky B CeTn mpuCyTCTBYeT 00-
CIIy’KUBAIOLMH NIEPCOHAJ, 3 METCOKOMIIJIEKChI aBTOMATU3UPYIOT AESTENbHOCTD 110 T10-
JTy4EHHUIO METEOPOJIOrMUECKUX JaHHbIX, TO MOKeM cuuTaTh CeTh aBTOMATU3UPOBAaHHON
CHUCTEMOM.

3aKoHBI PACIpPENEIICHUS TOSABICHNS WIM UCUE3HOBEHMs 21eMeHTOB CeTH Heus-
BECTHBI, MOJYYUTh UX HE MPEACTABIAETCS BO3MOXKHBIM, TOATOMY TOKa3aresb KUByYe-
ctu CeTH HE JOJDKEH 3aBHUCETh OT 3aKOHOB PACIPEAEICHUS, TO €CTh HE JIOJDKEH ObITh
BEpOSATHOCTHBIM. Ha MOMEHT HamucaHus CTaTbU U3BECTEH OAMH TaKOM Moka3arenb —
d-nuBapuanTHOCTh. CpaBHEHHE d-MHBApUAHTHOCTHU C IPYTUMH BO3MOXHBIMU ITOKa3a-
TEJSIMU U €€ ITPEeUMyIlecTBa pacCMOTpeHsI B [11].

D-uHBapHaHTHOCTH

Ecnu npuMeHUTh NpeasioKEHHOE BBINIIE ONPENIENIEHUE KUBYUECTH K CTPYKTYpe
CETH METCOKOMIIICKCOB, TO MOXKHO CKa3aTbh, YTO CTPYKTypHasl KUBYUYECTh XapaKTepH-
3yeT COCOOHOCTH CTPYKTYPBI CETH MPOTHBOCTOSTH JECTAOMIN3UPYIOINM (aKTopam.
HecradumusupyomyuMy  (GakTopaMu Asl CETH METEOKOMIUIEKCOB SIBIISIIOTCA: €cTe-
CTBEHHBIH OTKa3, ACWCTBHSI BaHIATIOB HJIH 3JI0yMBILIIICHHUKOB, BBIXOA U3 CTPOSL B CHITY
MIPUPOIHBIX MPHYUH U T. . Ha rpade, MogenupyromeM CTpyKTypy CeTH, 1eCTa0MIN3H-
pytomme GakTopsl 0TOOPAXKAIOTCSI TOCPEICTBOM:

1) u3MeHeHHs CTEeNEeHU BEPIINH — YHCa CBsI3eH, KOTOphIE MOXKET 00pa3oBaTh
BEPIINHA,;

2) ynanenus pebep;

3) yoayeHus BepITuH.

Onpeodenenue d-unsapuanmnocmu
[Tycts G(V,E) — rpad, tae V = {Vi }, i=1, N — MHOXeCTBO BepIIHH 1 N — unc-

no Bepunn, a E={e,}, i=1,L — muoxectBO pebep u L — uncno pebep; W =(w,),

1

w, €[0;1], i=1,N + L — MHOXECTBO BECOB 9/IeMEHTOB Ipada, W, — BEC V -if Bepuin-
HBI, W, — BeC e-To pebpa, w, = max{wv } — MakcHMaJbHbIH BeC BepIIHHBI B rpade,

1<i<N

W, =max {we } — MaKcHUMaJIbHBIN Bec pedpa B rpade. Torna decmadunuunsapuanm-

1<i<L

HOCmblO (L[anee d—I/IHBapI/IaHTHOCTBIO) 10 BCPHIMHAM HA3bIBACTCA BCINYUHA

a d—I/IHBapI/IaHTHOCTL 110 pe6paM PACCUUTHIBACTCS 10 (l)OpMy'J'IG

D11
i=1

w,,
* 9
w

e
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1 D-UHBapHaHTHOCTb CTPYKTYPHI €CTh
D,=D.D,.

3HAYMMOCTh DIIEMEHTA MOJICTH (BEC BEPIIMHBI WK IyTH rpada) MOKET ObITh KaKk
CyOBEKTHUBHOM, TaK W OOBbeKTHBHOW. CyOBEKTHBHBIC BECa HA3HAUAIOTCS DKCIICPTAMU:
HanpuMep, CreluagbHas METEOCTAaHIUS WM METEOCTaHIUI B 0COOOM MecTe Oolee
BaXKHA, 4eM 00bIgHast MeTeocTaHI . OOBEKTUBHBIMU BECAMH MOTYT OBITh, HATIPUMED,
CTETIeHN BEpIIMH, YUCIIO MyTeH, MPOXOASIINX Yepe3 BepIInHy win pedpo. OnuH u3
BO3MOYKHBIX METOJIOB pacyeTa 3HAYUMOCTU KaXKJOTO SJIEMEHTAa CTPYKTYPBI C y4EeTOM
OOJIBIIOTO YHCIIa TTOKa3aTeNIe 3HAYMMOCTH TIpuBeeH B padote [11].

JlocTOMHCTBA d-UHBAPUAHTHOCTH 3AKIFOUAIOTCS B CICYIOIICM:

— OHa IPHUIOJIHA JIJISl CUHTE3a CTPYKTYPHI )KUBYyYEH CETH METCOKOMILIEKCOB, CO-
CTOSIIIIEH U3 PAa3HOPOIHBIX JIEMEHTOB;

— BO3MOJKEH pacueT 0e3 MPOBEICHUS CTATUCTHUCCKUX MCIIBITAHUN;

— MOKET NMPUMEHATHCS TPU CHHTE3€ CTPYKTYPHI JKUBYUYEH CETH METEOKOMILIEK-
COB B pEaJIbHOM MacIliTabe BPEMEHH, HAIPUMEP B MPOIECCe caMOOopraHu3anuu. Tak,
CTPYKTYpa MOXKET «COOMPAThCS» M3 KyCOUKOB, YCTPEMIISISI K €IMHUIIE TaHHBINA MTOKa3a-
TENb KOXKABIN pa3, Kak NOSABISAETCS HOBast HH(QOPMAIUS O JTOCTYITHBIX WU YTPAYSHHBIX
METCOCTAHIIUAX.

K Hemocrarkam d-WHBapuMaHTHOCTH OTHOCHTCS HEOOXOJMMOCTH 3HAYMTEIHHBIX
BBIYHCIIUTEIBHBIX MOIIHOCTEH JUIsl TOYHOTO pacyera d-WHBApPUAHTHOCTH TIpadoB
¢ OOJNBIIIMM YHCIIOM BEPITUH U AYT.

Ceoticmea d-uneapuanmmuocmu

(-MHBapHAaHTHOCTh UMEET CJICIYIOIINE CBOMCTBA:

— TIOKa3bIBAET PABHOMEPHOCTh PACIPE/ICICHUS BECOB (3HAYMMOCTH) 1O DJIEMEH-
TaM CTPYKTYphl. Eciu 3HAYMMOCTh BceX pedep/BEepIliuH OJMHAKOBA, TO d-UHBAPHAHT-
HOCTb paBHA €AMHUIIE, TO €CTh CTPYKTYpe Oe3pa3IniHo, KaKoil SIeMEeHT OyJIeT yaajeH;

— obOmactb 3HadenHwui [0; 1].

CrnieioBarebHO, d-WHBAPUAHTHOCTB [TOKA3bIBACT, HACKOJIBKO CTPYKTYpa cOaaHCH-
poBaHa (CHMMETPUYHA) OTHOCUTEIIFHO BO3IECUCTBHSI JCCTAOMIM3UPYIONTHX (aKTOPOB.

Kauecmeo cmpykmyp

JKuByuecTb cTpyKTyp mpeaiaraetcsi OLeHUBaTh d-UHBapuaHTHOCTHIO. Eciu Ha 3a-
JTAHHBIX MHOKECTBAxX V, £ BO3ZMOXHBI HECKOJIBKO CTPYKTYP C OJMHAKOBOM d-WHBapHaHT-
HOCTBIO, TO JUISl CPAaBHEHUSI CTPYKTYP MEXIy cOOOH MpeyiaraeTcs UCIoIb30BaTh MOKa-
3aresb KaueCTBA CTPYKTYPBI, BBIABISIFOIIMN CTPYKTYPY ¢ HAUMEHBIIUM CPEHUM YUCIIOM
CBsI3el Ha oJHy BepluuHy. [loka3arens kayecTBa pacCUMTBHIBACTCS CIECAYIOIUM 00pa3oM.

IlycTh X, — cTeneHb BEpUIMHBI V,, & X, — CPE/IHAA CTENeHb BEPIIMH:

N
2%
x ==l

cp N
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Torna ka4ecTBO CTPYKTYPBI UIIETCS B BUJE OTHOIICHUS d-MHBAPUAHTHOCTH CTPYK-
TYpbI K CPEJIHEN CTEIIEHU BEPIUUH:

Ecinu rpad) BEIpOKIEH, TO €CTh COCTOUT M3 OJHOM BEPIUMHBI, CYMTAETCS, YTO €€
CTEIEHb U (d-MHBAPHAHTHOCTb PaBHBI SMHHUIIE, & 3HAUMT, X, =1, D,, € [0;1], U, CIeNo-

BarenbHO, J € [0;1].

PesyabTarbl

[ToapoGHO d-MHBapUAHTHOCTH W KadeCTBO HauOoJee paclpoCTPaHEHHBIX CTPYK-
Typ, TAaKUX KaK MOJHOCBA3HAsI CTPYKTYypa, 3Be3/1a, THUIEPKYO, KOJIbLIO, pelIeTKa, INHa,
TOP, @ TAKXKE MEPCHEKTUBHBIC CTPYKTYPbI-LUPKY/ISIHTBI, pacCMOTpeHsI B [11].

Tabnuya 1
TlonHOCBsA3HAs CTPYKTYypa U 3Be3/a
Fully connected structure and star
N 3Besna [TonmHOCBsI3HAs CTPYKTYpa
4 5 6 16 4 5 6 16
D, 0,1250 0,0256 0,0041 0,0000 1,0000 1,0000 1,0000 1,0000
D, 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000 1,0000
D, 0,1250 0,0256 0,0041 0,0000 1,0000 1,0000 1,0000 1,0000
» 1,5000 1,6000 1,6667 1,8750 4,0000 5,0000 6,0000 | 16,0000
J 0,0833 0,0160 0,0025 0,0000 0,2500 0,2000 0,1667 0,0625

Her mpoTuBOpeuns onbpITHBIM TaHHBIM O TOM, YTO camasi )KMBYy4asl CTPYKTypa —
NOJIHOCBsA3HAs. [[0CKONIBKY B JAHHOU CTPYKTYpE BCE AIIEMEHTBI COEJUHEHBI APYT C IPY-
TOM TIOTIapHO, TO BCE BO3MOXKHBIE CBS3H yXKe 00pa30BaHBI, a 3HAYUT, OHA COMACPIKUT
MaKCHMaJIbHO BO3MOXKHOE 4Hucio Koiyell. OTHAKO ¢ yBEIMYEHHEM YMCIIa BEPIIUH BO3-
pacraeT 4MCIO U30BITOUHBIX CBS3EH, MOITOMY YMEHBIIAETCS Ka4eCTBO CTPYKTYPHI.
[IpuBeneHHBIC BBIKIAIKA OTHOCATCS K JIFOOOW CETH, CTPYKTYpa KOTOPOH OMUCHIBACTCS
rpagamu.

W3 Tabn. 1 mOHATHO, YTO B CMBICIE d-WHBApPUAHTHOCTH OOJiee KUBYYH 3BE3JIbI
C MEHBIIIUM YHCIIOM JIy4el. ITO MOATBEPKAAETCS ONBITOM NPAKMUYECKOU IKCHIYama-
YUl KOMITBIOTEPHBIX U TEJIEKOMMYHHUKAITMOHHBIX CETEH.

W3 tabn. 2 BUIHA 3aBUCUMOCTB: 4eM OOJIbIIE SJIEMEHTOB B IIMHE, TEM MEHbIIE
ee KUBYYECTb. DTO COOTBETCTBYET NPAKMUUECKOMY ONbIMY IKCHIYyamayuu ceTeu, mo-
CTpOEHHBIX Ha 0a3ze muHbBI. Vcmonb3ys AaHHBIE 3TOW TAOIWIBI, MOXKHO CKa3aTh, 4TO
CTPYKTYPBI, COJepIKalIHe KOobIa, Ooiee KUBYUH.

W3 manHBIX, MPUBEIECHHBIX B TA0M. 3, ClIeyeT HeOXKUAAaHHBINA BRIBO. Slueiika nMe-
€T BepLIMHBI ¢ HAUOOJBILEH CTENEHbIO, HO 00JaaeT CaMOi MaJCHbKON KHBYUYECTbIO,
TO €CTh KaU€CTBO TAKOW CTPYKTYPbl MUHUMAJIBHO.
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Tabnuya 2
OO6mras muHa (JTMHEWKA) U KOJIbII0
Bus (rule box) and ring
Kosnb1io Hluna
N 4 5 6 16 4 5 6 16
D, 1,0000 1,0000 1,0000 1,0000 0,3600 0,1914 0,1483 0,0007
D, 1,0000 1,0000 1,0000 1,0000 0,5625 0,4444 0,2439 0,0014
D, 1,0000 1,0000 1,0000 1,0000 0,2025 0,0851 0,0362 0,0000
X, 2,0000 2,0000 2,0000 2,0000 1,5000 1,6000 1,6667 1,8750
J 0,5000 0,5000 0,5000 0,5000 0,1350 0,0532 0,0217 0,0000
Tabnuya 3
Pewerka, Top, runepky0 U HUPKYISHT (M. puc. 2 u 3)
Mesh, torus, hypercube and circulant (see fig. 2 and 3)
N=16

N T'unepky6 Pemrerka Top Saeiika

D, 1,0000 0,0667 0,2978 0,0504

D, 1,0000 0,0079 0,1428 0,0000

D, 1,0000 0,0005 0,0425 0,0000

X, 4,0000 3,0000 3,5000 4,1250

J 0,2500 0,0002 0,0122 0,0000

Jlis Bcex UMPKYISHTOB D =
D (16;1,7), B cMBbICHE d-WHBaPHAHTHOCTH.

Heo0xoquMo OTMETHTB, YTO TMOCKOJBbKY d-WHBAPHAHTHOCTH HE SIBIISIETCSI BEPO-
SITHOCTHBIM IIOKa3aTeJieM, TO MEepPEYeHb ONTHMANBHBIX B CMBICIE d-WHBAPUAHTHOCTH
CTPYKTYP HE H3MEHUTCS, €CII U3MEHSITh 3aKOHBI pactpeaesieHus J1eCTa0UITN3UPYFOIIIX
(hakTOpOB, BO3ACHCTBYIOMNX HA CETh METEOCTAHIINH.

s cuHTE3a KOHKPETHON CTPYKTYPBI KUBYYEl CETH METEOCTaHIIMH MOXHO BOC-
MOJIb30BAThCSl METOIOM, TIPEIIOKEHHBIM B [12], 1100 MeTojaMu YIipaBJIeHUS] pOEM.

a)

0)

I, D (16;1,6) sBuserca MeHee KUBy4YECH, deM

6)

2)

>

Puc. 2. TunoBble CTPYKTYpbI HH()OPMAITHOHHO-BBIYHCINTEIBHBIX CUCTEM.

AN\ L
N

N
|
|
.\'_

a — pelieTka, 6 — Top, 6 — siuelika, ¢ — THIepKyO.

Fig.2. Structural models of information computation system.
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Puc. 3. HupkynsHTHL

a — mupkyistHT (165 1, 6), 6 — mupkynsHT (165 1, 7).
Fig. 3. Circulants.
a — circulant (16; 1, 6), 6 — circulant (16; 1, 7).
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