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[IpencraBneHsl pe3ynbTaThl HCCIENOBAHUN B paMKax mpoekta AgronomiX. PaccmaTpuBaercs cTpyKTypa
00auHBIX cpel M NPUMEHEHNE TYMaHHBIX BBIYHCICHUH. VICTIOMB30BaHBI METOIBI aHAIM3a TpaduKa Ha
TPAaHCIIOPTHOM YpOBHE. BBICKa3bIBatOTCS MPEATIOKEHHS 0 HACTPOHKE KOHTPOJUIEPOB OONaYHON TyMaH-
HOCTH.

KaroueBble cioBa: obnadyHasi cereBasl cpena, TyMaHHbIE BBIYMCICHHS, TEICKOMMYHUKAIIMOHHBIC CETH,
nH(pOpPMaLMOHHBIE TEXHOJIOTHH.

Results of researches within the AgronomiX project are presented. The structure of cloud environments
and application of foggy calculations are considered. Methods of the analysis of traffic at the transport
level are used. Suggestions for configuring cloud nebula controllers are expressed.

Keywords: cloud network environment, foggy calculations, telecommunication networks, information
technologies.

Beenenne. [Iporanosupyercs, uto k 2020 r. MaTepHeT coequuut 50 MIWIIMApAOB yCTPOUCTB.
Cpenn 3TuX YCTpOMHCTB OOJjbllas yacTb OyAET OXBaThIBaTh JAaTUYMKU U YCTPOICTBA MEPBUYHOIO
cOopa JaHHBIX, KOTOpble OyIyT T€HEepHUPOBATh MOTOKU MH(OpMAIUK, HEOOXOIUMBIE Ui OLEHKH
COCTOSIHUSI OKpYXKarolle cpeibl Ui 00beKTOB, MH(OPMALIUS O COCTOSIHUM KOTOPBIX MHTEPECYeT
uccnenosareis. [Ipumepom Takux ycTpoicTs sABistoTCS [oT-cucreMsl.

VYpoBeHb aKTHBHOW HAarpy3ku Ha YCTPOMCTBO MEPBUYHOIO cOOpa JAaHHBIX HCKJIIOYAET BO3-
MO>KHOCTh ITpeoOpa3oBaHusl HH(POPMAIIMOHHOTO MTOTOKA B CETEBON TpaduK, OTBEUAIOLINI BCeM yc-
JIOBUSIM MH(POPMAIIMOHHOM 0€3011aCHOCTH.

OnuH 13 NOJX0/10B, MpeAarali BO3MOKHOCTb MCIIONb30BaHus ycTpoiicTB loT u cobito-
NeHusl TpeOoBaHUN K MH(POPMAIIMOHHON O€30IacHOCTH, pealu3yercss B paMKaxX KOHUEHIUH «TY-
MaHHbIX BbluucieHui» (fog computing).

1. CtpykTypa ceTeBoii cpeibl TYMAHHBIX BbluMcIeHHil. TymMaHHbIE BHIYMCIEHUS - 3TA Ce-
TeBas Mozenb loT ompenenser uHPPacTpyKTypy pacrpeeIeHHbIX BBIYUCICHUN, PACIION0KEHHYIO
onmxe Kk nepuMmerpy cetu. OHa MO3BOJISET YCTPOWCTBAM Ha MEPUMETPE JIOKATbHO MPOBOJUTH 3aMe-
PBL, BBIIOJIHATH MPUIOKEHHUS] U IPUHUMATh HEMENJICHHBIE pelleHus. /[aHHble HE HYXHO OTIpaB-
JISTH 10 CETEBBIM COEIMHEHUAM B pexkuMe online. [IpenrycMoTpeHa BO3MOKHOCTD X MPOMEKYTOY-
HOT'O HAaKOIUIEHUs U MepBUUHON 00paboTku. [ToBbIIaeTcsi 0TKa30yCTOMYMBOCTD, MO3BOJISISL YCTPOIi-
ctBaM [oT paborath, KOr/a ceTeBble COCNUHEHHS TepstoTCs. [1oBBIMIaeTcst ypoBeHb 6€30MaCHOCTH
Onarosapst XpaHeHHIO YyBCTBUTEIBHBIX JAHHBIX B MpeesiaX I'PaHHIIbI, I71e OHU HEOOXOAUMBbI (pH-
CyHOK 1).

Jnst obecnieueHust pabOTOCTIOCOOHOCTH CHCTEMbI HEOOXOMMO HUCIOIb30BAHUE KOMIIOHEHTOB
1aTGOpMBbl TOAEPKKU MPHIOKEHUH, KOTOPbIE Pealn3yloT MHPPACTPYKTYpY ISl pa3MelleHus
NPUIIOKEHNUH, OAHKOB MEPBUUHOTO pa3MElIeHHs JaHHBIX U o0ecredeHnss MOOMIBHOCTH TPUIIOXKe-
HUN MEX]ly cpelaMy 00JJaYHbIX U TYMaHHBIX BBIYHUCICHHH.

B kauecTBe TakMX yCTPOHCTB €CTECTBEHHBIM IOCPEIHMKOM SIBIISIOTCS YCTpOMCTBa, obecrie-
YUBAIOIINE MOKII0OUeHNE (KabeapHoe Wi OectipoBoIHOE) K ceTeBoit cpene loT-ycTpoiicTs.
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Pucynok 1 — CereBast Mmozens «TyMaHHBIX Beraucienuin» (Fog Computing)

OmneparoHHas CUCTEMa TaKOTO CETEBOT0 yCTPOMCTBA JOJDKHA 00JaiaTh OOJIBIINM YPOBHEM
YHHUBEPCAJIBHOCTH, IOCKOJBbKY €ro BBIYMCIMTEIbHAs MOIIHOCTh OyaeT obecrneyuBaTh 3aMeHy
¢dbyHKIHMOHANa, BEIHECEHHOTO 3a rpanuity loT-yctpoiicts. Hampumep, Cisco 10X — 310 mporpamm-
Hoe pereHre koMnanuu Cisco Ui CBOMX YCTPOHCTB, KoTopoe coderaeT (yHkiuonan Cisco I0S u
Linux, 9T0 MO3BOJSET MapIIpyTH3aTOpaM pa3MelaTh MPUI0KEHUs BOIHM3H O0BEKTOB, KOTOPHIMU
3TH MPUIIOKEHUS YIIPABIIAIOT U KOTOPbIE HEOOXOAMMO KOHTPOJINPOBATh, aHAIM3UPOBATh U ONTUMH-
3UpOBaTh (PUCYHOK 2).

TpaauUMOHHaA apXUTEKTypa loT
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Pucynok 2 — CereBast Mojienb «TyMaHHbBIX BeraucieHui» (Fog Computing)

2. Iporpammupyemasi cereBasi apXuTeKTypa. [Iporpammupyemas ceTeBas apXUTEKTypa
(TTporpamMmmHoO-KOHGUTYpHpYeMast ceTh, [IporpammHo-ompenensiemas ceth, Software-defined
Networking, SDN) — 310 ceTh nmepenaun JaHHBIX, B KOTOPO#l YPOBEHb YIIPABICHUS CEThIO OTICIEH
OT YCTPOMCTB IMepe/iau JaHHBIX U pealn3yeTcst mporpaMmmuo. GopMaabHO 3TO OJMH U3 CIIOCOOOB
BUPTYaJIH3aI[H BIYUCIUTEIBHBIX PECYPCOB, MO3BOJISIONINI O0JIee THOKO PEelInTh BOMPOC OIPaHH-
YEHHS IOCTYIA K (PU3HUECKO cpelie mepeiadn JaHHbIX.

LlenTpanu30BaHHOE YIpPaBICHHE MHOXECTBOM CETEBBIX YCTPOWCTB CHMIKACT BEPOSTHOCTD
OMMOKK B HA3HAYEHHH JIOCTYIIA U COKpAIIAaeT BpeMsi OOCITYKUBaHHS CETH B CIydac M3MCHEHHS B
HOJIUTHKAX 0€30MaCHOCTH MU MPOTOKOJIAX CBSI3H.

Apxurektypa SDN pasrpaHUYHBAET IeJE€BbIC M YIIPABISIONINE TIOTOKH JAHHBIX, KOTOPHIE BO3-
HHKAIOT Ha YPOBHE MePe/Iavd JaHHBIX, YPOBHE YIIPABJICHUS U YPOBHE MPUIOKEHUH (PUCYHOK 3).



IIporpaMMupyemMoe ynpaBiieHHE JOCTYIIOM K CETH € aAalTUBHOW HACTPOMKOIL. .. 57

06naunas opKkecTpauns
S

MapwpyTtuzaums Perynuposanue Tpathuka
Control plane

SDN-koxTpONNep

«iOmHbien APl-wHTepdercl t

Data p Iane MapwpyTHaaTops M
KOMMYTaTOpB!

nepepayH

AaHHbIX

Pucynok 3 — TpexypoBHeBast Mofesb apXuTeKTypsl SND

Takum 00pa3oM, TOYKa MPUHATHUS PEUICHUN 00 aBTOPU3ALMHU JOCTYyIa OKOHEYHOTO 000py/I0-
BaHUs K (pu3nueckoMy nHTep(deicy U Ha3HAUEHUS XapaKTEPUCTUKU OpPraHU3yeMOro KaHalla CBSI3U
IIEPEHOCUTCS] Ha CTOPOHY CepBepa.

3. YupasieHue cereBbIM HHTepdericoM AJsl A0CTYNA K CeTH. YIIpaBJICHUE JOCTYIIOM K Ce-
TH Ha OCHOBE ITOPTOB HCIOJB3YET XapaKTePUCTUKU (hu3ndeckoro apoctyna Kk uadpacrpykrype IEEE
802 LAN, uToObl 0b6ecneunTh CpeaCcTBa ayTeHTU(UKALIMN U aBTOPU3ALMH YCTPOMCTB, MOJIKIIOUYEH-
HBIX K MOpTy. [IOpT B 3TOM KOHTEKCTE SIBISIETCS €IMHCTBEHHOW TOYKOW MPUBS3KU K MH(PACTPYK-
type JIBC. Ilpumepamu mopToOB, B KOTOPBIX MOXKET OBITh KelaTeIbHO UCIOIb30BaHUE ayTeHTH (-
KalluH, SIBJISIFOTCSI TOPThI KOMMYTaTOpoB U MocToB (kak ykazaHo B IEEE 802.1D), nopTsl, ucnomis-
3yeMble JUIsl IPUCOEANHEHHs] CEPBEPOB MM MapIIpyTH3aTOpoB K uHdpactpykrype JIBC, a Takxke
accoluanuu Mexay crannusmd u toukamu goctyma B IEEE 802.11 Wireless LANs. Cranmapt
IEEE 802.1X onpezensieT 00LIyt0 apXUTEKTYpY, (PYHKIIMOHAIBHBIE 2JIEMEHTHI U IPOTOKOJIBI, KOTO-
phle TOJACPKHUBAIOT B3aUMHYIO ayTEHTH(UKAIMIO MEXAY KIMEHTaMU MOPTOB, MOJKIIOYEHHBIX B
IpaHULIaX OJAHOM JIOKAJIbHOU CETH.

Omnepanmst mporecca ayTeHTH(PHUKAIMA HCHoib3yeT mpoTtokon Extensible Authentication
Protocol (EAP, ykazannsiif B IETF RFC 2284) B kauecTBe cpencTBa nepenadv WHGOpMaIUK JUis
ayTeHTH(PUKAINT MEXIY Y3JIOM U cepBepoM ayTeHTudukamuu. C momorisio EAP MoxeT ObITH 10-
OaBJIeHa MOJ/Iep’KKa HECKOJIBKUX CXEM ayTeHTH(UKalMHU, BKItoYas cMapT-KapThl, Kerberos, mmd-
POBaHUE C OTKPBITHIM KIIFOYOM, OJTHOPA30BBbIE TAPOJIH U IIPOUEE.

Aytentuduxarop PAE (Port Access Entity) oTBeuaer 3a obecrieueHue ayTeHTUDHUKALMU y3-
Ja-KJIMEHTa WIKA JPYroro MpHCOEIUHSIEMOr0 K CeTH YCTPOMCTBA, KOTOPbIE MOJKIFOYAIOTCS K KOH-
TPOJIUPYEMOMY TOPTY U U1 KOHTPOJISI COCTOSIHMSI aBTOPU3ALUMHU YIIPABIISIEMOIO IIOPTa COOTBETCT-
BEHHO (PHUCYHOK 4).
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Pucynoxk 4 — IIpouenypa ayrentuduranun EAP-PEAP 1 o6men coolieHusiMu

Cepsep ayreHTH(UKAINHT JTNOO Pa3MEIICH B TOW )K€ JIOKAIBHOW CETH, YTO ¥ ayTEHTH(PHUKATOP
PAE, m100 OH MOXeT HaXOAUThCS B Apyroi cetu. BaxxHoe TpeboBaHue, 4ToOObI B MOMEHT IIPOBEJIE-
HUS TIPOLIEAYPHI ayTEeHTU(DUKAIINH CepBEp OBLIT TOCTYIICH.

4. Onpenejienne rpaHun AeiicTBusi 001a4HOi cpeabl. Mepapxudeckass apxuTekrypa o00-
CIIy>KMBaHUS TIPUIIO’KEHUH TIO3BOJISIET COYETATh anmapaTHbIe PeleHus, IporpaMMHbIe HHTEp]echl
OOCITy’)KUBaHHs KJIMEHTOB (MIPUIIOKEHHS) M MPOrpaMMHO-peai30BaHHble (BUPTYaIU3UPOBAHHBIC)
CETEBBIE CEPBUCHI JIsl TOBBIMIEHUS YOPEKTUBHOCTHA 0OCITYKUBAHUSI KOHEYHOT'O 000PYTI0BaHUS.

Ha pucynke 5 npezacraBieHa apXUTEKTypa, COCTOSAIIAs U3 KOHTpoJuiepa 00IavyHON TyMaHHO-
ctu (Control Plane, ypoBens 1) u MHOTOYpOBHEBBIX TyMaHHBIX y3510B (Control Plane, ypoBuu 2, 3 u
4), KoTOpble pabOTaIOT COBMECTHO, YTOOBI BKJIFOUUTHh MUTPALIUIO CITYKO ISl pacipeesieH s BUIEO
¢ moxnepxkkoit QoE.
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Pucynok 5 — MuoroypoBHeBasi apxutektypa FOG-Computing

B Takoi apxuTeKkType Mbl pacCMaTpUBAEM MTOJHOCTHIO MOAKIOYEHHBIN U ITOJHOCTBIO TYMaH-
HBIN CLIEHapuH, IIe TYMaHHBbIE y3JIbl HEPAPXUUECKH OpraHU30BaHbl JUIs IPEIOCTABIICHUS BUAEOYC-
JIYT 17151 KOHEUHBIX 0JIb30BaTENEH.

MoryT OBITh UCIOJIB30BaHbl IIMPOKO PACIpOCTPAHEHHbIE JOKAJIbHBIE TYMaHHBIE Y3JIbl, Ha-
npumep, MoounbHble ycrpoiictBa (Control Plane, ypoBenb 4), rae taxoit Tymanusiii yzen (FOG-
y3el1) NepeaeT BUACOKOHTEHT yepe3 OeCIpOBOIHYIO CBsI3b C YCTPOMCTBA Ha YCTPOMCTBO (MeXMa-
IUHHBIA uHTepdeiic, M2M) mist MOOMIIBHBIX YCTPOMCTB € @HAJIOTMUHBIMH TPEOOBAHUSAMHU K Tpa-
¢buKy apyr ¢ Apyrom, 4rodsl co3aats cetb M2M.

Cocennuii Fog-y3en, Hanpumep, 6a3oBas ctanuus (BS) win Touka noctyna (AP) (Control
Plane, ypoBeHb 3), moiep>KUBAET OT HECKOJIBKO JECATKOB /10 HECKOJIBKHMX COTEH JokanbHbIX FOG-
y310B. Han HumMu nomkeH ObITh pervoHanbHbl Fog-y3en, Hampumep, 050K 0a30BOH IMOJOCHI
(BBU) wnu nocrasiuk uatepaer-ycayr (ISP) (Control Plane, ypoBeHs 2), ynpaBisioimnii KOOpIau-
Haiuel no Bcemy ropoay. BepuinHoil Takoit MHOTOYpOBHEBOM apXUTEKTYpHI SIBJISIETCS 00JIaKO MU
cBs13b ¢ HUM (Control Plane, yposens 1).

[Ipou3BeneM OLIEHKY MPOEKTA C YETKO OMpPENIEICHHBIMU I'PAaHUIIAMU, METPUKAMU U BKJIIOYEH-
HBIMU ycTpolicTBamMu. Ha pucynke 6 mpencraBieHa TONMOJOTHS CETH, BKIIOYArOIe B ce0sl Bce He-
00X0/MMBIE YCTPOMCTBA JUIsl aHanM3a pa3paboranHoi fog computing framework, ucnonb3yemoii
JUI IPOBEJIEHUS DKCIIEPUMEHTOB.

Tomosnorust COCTOUT M3 YEThIpEX Pa3IMYHbIX YCTPOMCTB, MPOMEKYTOUHOI'O MPOrPaMMHOTO
obecriedeHus: 06Ja4HOM TYMaHHOCTH, Y3JIOB YIPaBJIECHUS! TyMaHHOCTBIO, SY€€K TYMaHHOCTH M J1aT-
yukoB. Cpennee npomexytodHoe 110 o6magyHOW TyMaHHOCTH CO3/1a€T BEPXHUU YPOBEHB TOTMOJIO-
MU U BbIONHSeTcs Ha Macbook Pro, monkiodeHHOM K obmauHoi cpene OpenStack, u ncnomnb3y-
eTcsl JJIs 3arpy3Ku U penieHus 3afad. OcTaibHble KOMIOHEHTHI, BKJIIOYEHHbIE B HACTPOUKY, pas-
BepHYTHI Ha Potatoes Pis.

Kpome toro, y3en Fog Control Node 1 (FCN 1) Hanpsimyto cBsizaH ¢ 00;1a40ii TYMaHHOCTBIO
(CFM) u ucnonb3yeTcs Kak KOHTPOJUIEP, TO €CTh Y3€l YIpaBJieHUs 00JIaYHONH TYMaHHOCTBIO JUIS
MOJICOEIMHEHHBIX TYMaHHBIX YCTPOMCTB. TyMaHHOCTb, KOHTPOJUpyEMas M OpraHU30BaHHas
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FCN 1, cocrout u3 FCN 2 u FCN 3. O6a, FCN 2 u FCN 3, KOHTpOJHPYIOT MOJIKIIOYEHHbIE TyMaH-
HBIE STYEHKH, KOTOPhIe 00pabaThIBAIOT TaHHBIC C TIOAKIIOYCHHBIX ycTpoicTB loT.

B 3710i1 ycranoBke monkiodeHHbIe ycTpoiictBa [oT mpeactaBnsioT coboil ceHCOpHbIE MOY-
JIM, COCTOSIIIME U3 JaTYMKa TEeMIIepaTyphbl U BIAKHOCTU. DTH CEHCOPHbIE MOJYJIM MOAKIIOUEHBI K
COOTBETCTBYIOIIEMY Y4acCTKy C IIOMOIIbIO CEHCOPHBIX MOJYJIEH.

Tononorust cetw HacTpoeHa Kak ceThb OECIPOBOAHON JIOKAlIbHOM CETH TOYKOH JocTymna
Linksys. Dta Touka qocTymna nojakitoueHa K MIHTepHeTy U paboTaeT Kak MUTI03 MOAKIIOYCHHS KaxX-
noro Potatoes Pi k UaTepHery.

/Cloud N
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Pucynok 6 — Jlorudeckue CBsI3u B TOTIOJIOTHH

B pa3paboTaHHOM HCIIBITATEILHOM MTPOEKTE KaXKIbIii KOMITOHEHT JOJDKEH OBITh TTOJIKITFOYEH K
WHTepHeTy, MOCKOJIbKY TyMaHHBIE CIYXObl TpeOylOT BO3MOXKHOCTH 3arpy3ku JaHHbIX Docker
Image asst co3manust ¥ pa3BePTHIBAHHS TUHAMHYECKHIX CITYKO.

B Tomonoruu cetu A OIEHKH KaKI0€ YCTPOMCTBO B CJI0€ TYMAaHHOCTH COJAEPKUT pa3ivy-
HYI0 HHQOpMAIHIO (CBEpXY BHHU3):

- UMs yCTPOMCTBA;

- IP-anpec u nmopr;

- MECTOIOJIOKEHUE YCTPOMCTBA;

- INana3oH MECTOINOJIOKEHUSI U CIMCOK TUIIOB YCIyT, KOTOphle YCTPOHCTBO MOXKET o0pada-
THIBATb.

[Mocnenusisi cTpoka MH(POPMAIMK YCTPOWCTBA MOXET OTJIMYATHCS B 3aBHCHMOCTH OT THUIA
YCTPOMNCTBA, HANIPUMEP, TOJIBKO Y3Jbl YIPABIECHUS TyYMaHOM MMEIOT JUANa30H MECTOIOJOKCHHUS.
PacrnionoxeHrne ycTpOHCTBa M €ro MECTOINOJIOXEHHE HEOOXOAMMBI JJIsi OLIEHKH OTBETCTBEHHOI'O
«POIMTENS» Ul HOBOTO COEIMHEHMs yCTpOilcTB TymMaHHOCTH. [lapamerp amanazoHa MecCTOIOJIO-
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KEHHS ONpEAeIseT reorpaduueckyro 00JIacTh, 38 KOTOPYIO OTBEUYACT y3€J YIPaBJICHUS TyMaHHO-
cTbio. Cre10BaTeNbHO, KaXK/10€ YCTPONUCTBO, 3alpalliBaloIIee «POIUTENSA» C €T0 COOCTBEHHBIM Me-
CTONOJIOKEHUEM YCTPOWCTBA, MOJYYaeT BO3BPAIIAEMOT0 «POJUTENS», KOTOPBIM MOKpHIBAET 00-
JacTh, B KOTOPOI HAXOIUTCS 3ampalnuBarolee ycTpoiictBo. Ha pucynke 7 mpencrtaBieHa ceTka
pa3MelIeHHs] HACTPOUKH OLICHKHU.
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Yiongitude, *

Pucynok 7 — Pacrionoxenue yCTponcTB

UYroObl OblTa BO3MOXKHOCTH JIaTh OIEHKY, HAJI0 OMPEICITUTh 3apPOChl MPHIIOKEHUS, COCTOS-
mue U3 Habopa 3a7a4y M MPOJOJKUTEIBHOCTU MPUIIOKEHUS, KOTOpble OyIyT 3ampaiinBaThCs MpU
ynpasineHud FCN u pa3BepHyTO B CUCTEME.

BbiOpaHHble NpUIIOKEHUS MpeaHa3HaueHbl JUIsl OTOOPaKEHMs pPealn30BaHHBIX (YHKIHO-
HAJIBHOCTEH W MEXaHU3MOB, a TaK)Ke ISl OIICHKH CHCTEMBI C OTHOIIEHHEM K MeTpukam. [Ipumoxe-
HUE 3alpaliuBaeT OTIPaBIATh B CUCTEMY JIaHHBIE, COOTBETCTBYIOIINE CIECAYIOLIMM YCIOBUSM:

— 3alpOIIEHHBIC THITBI OOCITYKUBAaHUS TYMAaHHOCTH JIOJDKHBI COOTBETCTBOBATh THUIIAM YCIYT
YCTPOHCTB TYMaHHOCTH;

— 3ampaluBaeMble OOJauHble CIIYXObl JTOJDKHBI OBITH TEpEHANpaBlIEHbl B PEMNO3UTOPHIA
Docker Hub ¢ npepukcom «fogframe /» nepen 3anpocowm;

— BCE TOJNS TPHIOKEHUS JIOJKHBI OBITH 3allOJHEHBI B COOTBETCTBUM C IPHUMEPHBIM
CLICHapHEM.

Jlaxxe eciu BBITIOJHEHUE TPHIIOKEHUSI COOTBETCTBYET YKa3aHHBIM YCIIOBHUSIM, MPHIIOKCHHE
MOJKET BBIMTH U3 CTPOS.

Bosmoxnbsle npuunsbl: (1) neperpykena obmnauynas cpena OpenStack, (2) ucuyepnansl mia-
Batoue [P-anpeca, (3) TymanHoCTh meperpyxena. Hucno pa3BepThIBAEMBIX 00JAUHBIX BHPTYallb-
HBIX MAIlllMH TEOPETUYECKH HEOTPaHWUYEHO, OJHAKO Ha MPAKTHKE OH OTPAHWYEH TOCTYIHBIMH 00-
JAYHBIMHU pECypcaMu M OrpaHHMuYeHreM IutaBaronmx [P-agpecos.

KoHKkpeTHBIe TPHUIOKEHHS, KOTOPBIE MOTYT MCIIOJIB30BAaTHCS TIPU ONITUMH3AIMN OI[CHKH, CIIe-
TYIOUIHE:

1. [Tpunoxxenue 11t 0OpabOTKH TAaHHBIX C MOKa3aHUSIMHU TaTIMKOB (applicationl).

3anaum:

— (Service Key: temp-hum, Service Type: t1, Amount: 5);
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— (Service Key: busy-image, Service Type: t2, Amount: 8);

— (Service Key: busy-image, Service Type: t3, Amount: 26).

[IponomKUTENBHOCTE: SMUHYT.

2. [Ipunoxxenne 00paboTku naHHBIX (application2).

3anaum:

— (Service Key: busy-image, Service Type: t3, Amount: 5 to 80).

IIponOmKUTENBHOCTD: 5 MUHYT.

3. Ilpunoxenue mist oopaborku ganueix Cloud-Fog (application3).

3anauu:

— (Service Key: busy-image, Service Type: t3, Amount: 15);

— (Service Key: cloud-service, Service Type: t4, Amount: 15).

[IponoxkuTenbHOCTD: 1 MUHYTA.

4. I3MeHeHHe TaHHBIX, 0OpadaThIBacMbIX MpuiioxkeHneM (application4).

3anauu:

— (Service Key: busy-image, Service Type: t1;

— Amount: according to input function);

— (Service Key: busy-image, Service Type: t3;

— Amount: according to input function).

[IpogomxuTenbHOCTh: MeXAY 1 U 5 MUHYTaMH.

3akuiiouenne. B coBpeMeHHOI ceTeBOM cpesie IMpu pean3alyu MpoLeayp MaciiTabupoBaHuUs
HEOOXOJMMO TPOBOJIUTH OOJIBIIOE YHCIIO OTIEPAIMiA 0 U3MEHEHUIO HACTPOMKH CETEBBIX YCTPOWCTB.
[1nanupoBaHue NaHHBIX ONEpaluil JOHKHO YUYUTHIBATH B3aUMHBIE 3aBUCMOCTU MEXY y3JIaMU CETH,
anmnapaTHbIMU U MPOrpPaMMHBIMU OTPAaHUMYEHUSIMU YCTPOMCTB KOMMYTAIMM U MapLIpyTH3alUU, OCO-
OCHHOCTU BHYTPHCETEBBIX MOIUTHK MHGOPMAIMOHHON Oe3omacHocTH. CTaTudecKkoe pelleHue JaH-
HOM 3aJ]a4Ml CO3/aeT YCIOBUS, KOTJIa CETh MOYKET BBINTU U3 pabOUYero COCTOSHUS WM TIOSIBUTCS ysI3-
BUMOCTb B €€ MH(paCTPyKType NP1 MUHUMAJILHOM M3MEHEHHUHU cocTaBa 000py0BaHMS.

B ycrnoBusix ucnonb3oBanust [oT-ycTpoiicTB B ceTu OyeT MOCTOSHHO MPOUCXOIUTH MOIKITIO-
YEeHHEe HOBBIX YCTPOWCTB U OTKIItOUeHHE cTapblx. O0ecrnieueHne nH(OPMAIIMOHHON O€3011aCHOCTH B
JMHAMHYECKHU U3MEHSEMBIX CETEBBIX CPEJaX MOXET ObITh 00€CHeYeHO C UCIOJIb30BaHUEM TEXHO-
JIOTUM, OMMCAHHBIX B JAHHOM CTaThe.
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