CETEBAJA
— ] UHOPACTPYKTYPA

I[IVTU [IPAKTUYECKOU
PEAJIN3AIINU

ROHIOCIINNHN TYMAHHBIX
BbhIYNCJICHNMN

A.MuHuyk, anpektop OO0 "HTL, MNPOTEN",
H.Cokonos, A.7.H., AnpekTop no Hayke OO0 "TMPOTEN CneuTexHuka",
B.®dpenHKMaH, AMPEKTOP MO MAPKETUHIY U CUCTEMHBLIM UccnefoBaHmsam OO0 "HTL, MPOTEN"

YAK 621.391, DOI: 10.22184/2070-8963.2019.78.1.56.61

Ob6Cy>KAAKTCS BO3MOXHbIE NMYTW NPAKTUYECKOW peann3aumm KOHLENUMM TYMAHHbIX BbIYMCIEHWNI C YHETOM CyLLe-
CTBYHOLLEr0 YPOBHS pa3BUTUS TENEKOMMYHUKALMOHHOW CUCTEMbI CTpaHbl. Mpeanaraetcs paspaboTtatb Maker,
BIUTHOYAOLL MM annapaTHO-MPOrpaMmMHble CPefiCTBa, KOTOPble MO3BOASAT CHOOPMYINPOBATL PSS BAKHbLIX MPUHLA-
NOB MPUMEHEHMS TYMAHHbIX BbIYNCIEHNIN. AKLEHTUPYETCS BHUMAHME Ha BaXKHOCTU MCMO/b30BAHMS OTEYECTBEH-
HbIX pa3paboToK C Lie1bio MUHUMM3ALMM pUCKa, 0BYCI0BEHHOrO Npob6ieMaMm MHGOPMALIMOHHOM 6e30MacHOCTH.

YETbIPE BOMNPOCA, TPU AJITEPHATUBDI

Psin mpobreM, KacaloNIUXCS MPaKTHYeCKOH peasH3a-

LU TYMaHHBIX BBIYHCJIEHHUM, H3JIOKeH B IIpefblay-

KX IYONIUKanusXx (1, 2]. B 3T0M cTaThe, 3aBepIIAOIIEI

LUK/ PaboT 10 TYMAaHHBIM BBIYHC/IEHUSIM, PAaCCMaTpHU-

BAIOTCSI YeThIpe BOITpoca:

* paspaboTka MaKeTa TeJleKOMMYHHUKALIHOHHOI0 060-
PyIOBaHUS, KOTOpoe HeobXOo MO [I/isl IIPOBeIeHU S
BBIYUCJIEHHUH B 'TyMaHe';

* TeCTUPOBAaHHE HOBBIX aIIapPaTHO-TIPOrPAaMMHBIX
CPeACTB, CO3[aBaeMbIX [IJIsl BOIUIOLIEHHU S Hlekl pac-
CMaTpHBaeMOH KOHLEMIINH;

+ obecrieueHue MHPOPMAIIMOHHOK 6e30MaCHOCTH
33 CUeT MCIIO/Nb30BAHUS MIPEeHMYILEeCTBEHHO OTeue-
CTBEHHBIX Pa3paboTok;

* II0CTAHOBKA HOBBIX HAyYHO-TeXHHYeCKHX 3aJja4, Tpe-
OyIOLIMX ITPOBeeHUsI JOIIOTHUTEIbHBIX UCC/IeI0Ba-
HUU.

CiieyeT OAYePKHYTD, YTO IIyTH IPaKTHUECKOH pea-
JMU3aIMU TYMaHHBIX BBIUKC/IEHUH PacCMaTpPHBAIOTCS
C TOYKHM 3peHHs 3aJa4, BO3HHUKAIOUIMX Ilepe] TeJe-
KOMMYHHKAIJMOHHOM CHCTeMOM. IIpH 3TOM pelleHus,
Kacamomuecss WHQOPMALMOHHOU CHUCTEMBI, YYUTHI-
BAIOTCSI TOJIBKO B BHJIe TPeOOBAHUI K IIPOU3BOIUTENB
HOCTH YCTPOMCTB KOMMYTallMK M IPOINYCKHOM
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CII0COGHOCTH TPAHCIIOPTHBIX PECYPCOB. YMECTHO TaKKe

aKLIeHTUPOBAaTh BHUMAaHHe YHTaTeIel Ha ToM dakre,

YTO CJIOBO "BBIYMC/IEHUE" IIPUMEHUTETIBHO K IIpOBefe-

HHUIO COOTBETCTBYIOIIUX OIepallki B "TyMaHe" He 06s-

3aTeJIPHO CBSI3aHO C MaTeMaTHYeCKHMHU ITpeobpasoBa-

HUSMH. B JaHHOM CJIy4ae pa3yMHOM ITpeJICTaBIIsSeTCs

TPAKTOBKA, IIPUHSTAS B TEOPUH HHPOPMALIMH: BBIYKC-

JIeHHe - 3TO IIOJlyYeHHe M3 BXOAHBIX JAHHBIX HOBOTO

3HaHUA [3].

IIyTh peaaH3aluK KOHIEIIUH JIF060ro pofia MOKHO
PaccMaTpHBaTh KaK OIHY K3 TPeX aJIbTePHATHB:

* TpHobpeTeHHe HMIIOPTHOI0 060pyI0BaHMSI, KOTOPOe
nanee 6yfeT HCIIONB30BAThCS B KadeCTBe 'UEPHOIO
SIIKKA" [4] cO BceMU BBITEKAIOIIM MU II0CTIeICTBUSIMH;

* pa3paboTka IOTHOCTHIO OTeYeCTBEHHOr0 KOMILJIEKCA
BCeX aIllapaTHO-TIPOrPaMMHBIX CPeJICTB;

* KOMITPOMHCCHOE pellleHHe, B KOTOPOM MHHHMHU3H-
PYIOTCS PHCKH HMHQPOPMAITMOHHOHM 6e30I1acHOCTH
3a CYeT IIPHMEHEeHHs OTe4eCTBEHHBIX pa3paboTok
B KPUTHYECKH BasKHBIX KOMIIOHEHTAX HUCIIONb3yeMbIX
aImapaTHO-IIPOrPaMMHBIX CPEZCTB.

B3BecuB Bce pro et contra, cjiefyeT BbIOPATh TPETHIO
aJIbTepHATHBY. POCCHUICKHe ITPOM3BOSUTENTH TeJIeKOM-
MYHHKAIFOHHOT0 060pyI0BaHH S IOKa3a/IH CIIOCOOHOCTh
Ka4eCTBEHHO CO3/1aBaTh MHHOBAI[MOHHBIE ITPOAYKTHI
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x\ KoHTposnnep 6C SGW PGW HSS

Tepmunans (1oT)
N

CpepncTtsa ans ~
BbIYNC/IEHWIA \

HSS (Home Subscriber Server) — cepsep a60OHEHTCKMX JaHHbIX.

loT (Internet of Things) — iHTepHeT Bewe, BC — 6a3oBas ctaHuma, MK — nepcoHanbHbIR KOMMbIOTEP,
SGW (Serving Gateway) — o6c/yxxumBatowmii w3, PGW (Packet data network Gateway) — Lit03 419 CETEBOM NaKeTHOW Nnepeaaqn AaHHbIX,

—

Cepsep \

-

—_—

Puc.1. CTpyKTypa npeasaraemMoro Maketa TyMaHHbIX BbIYUCAEHNA

(5, 6]. MIMeHHO TaKOM IyTh Pa3paboTKU MaKeTa Tese-
KOMMYHHUKALIHOHHBIX CPE/ICTB, IIpelHAa3HAYEHHBIX /IS
ITpOBeIeHH s TYMaHHBIX BEIYHC/IEHU, PACCMATPHUBaeTCs
B IaHHOH CTaThe.

PA3PABOTKA MAKETA
TEJNEKOMMYHUKALUMNOHHDbLIX CPEACTB
TYMAHHDbIX BBIYUCIIEHUN

CocTaB TeXHHYECKOro 3agaHus (T3) Ha MaKeT, 03BO-
JISIIOIIME ITPOBEPUTH PsiJ OCHOBHBIX ITpeJlylaraeMbIX pellie-
HUU [J15 peajIM3all M1 KOHLEITMY TYMaHHBIX BEIUHCTIE-
HHHU, OIlpefie/IsIeTCsl BepXHeH YacThio MOJeNH, KOTopast
Obly1a ITpHBe/ieHa B cTaThe [1] Ha puc.3. BaToM dpparmeHTe
MoziesTy ObITH ITpe/ICTaB/IeHbl PYHKIIMOHAIBHbIE MOAYIIH
TYMaHHBIX BBIYHCTIeHHUH, BBIIIOMHSIONIME K/TI0UeBble OIle-
PpaLMu 110 06MeHy JaHHBIMU U X 06paboTke. CTPyKTypa
IpefjiaraeMoro MakeTa TyMaHHBIX BBIUMCIEHHE [TOKa-
3aHa Ha pUC.1 KaK 4acTb paHee paCCMOTPEHHOH MOZEIH.
KnroveBble amapaTHO-IIPOrpaMMHEIe cpenctBa SGW,
PGW u HSS, BBIIIONHSIOIIKE OCHOBHbIE QYHKLMH, BO3JIO-
SKeHHBIe Ha TeJIeKOMMYHMKALIMOHHYIO CUCTeMY, IIpej-
[10JIaraeTCsl peall30BaTh B IIOTHOM obbeMe. CperncTBa
06paboTKu MHGOpPMALIMH, KOTOpbIe B COCTaBe MaKeTa
BBITIOTHSIOT QyHKLIUK TYMaHHBIX BBIYHCIEHH, YMECTHO
OTPaHHYHTH AIBYMS TUIIaMU - IIK 1 cepsep.

OcHOBHEIM pa3ngenoM T3 Ha MaKeT TYMaHHBIX BBIYHC-
JIeHUH CrlefyeT CYUTaTh 'TeXHUYecKHe TpeboBaHHUS',
TaK KaK UMEHHO OHHU OIpefe/saioT GYyHKIHOHAIbHbIe

BO3MOKHOCTH ITpefijlaraeMor pa3paboTku. IIpu 3Tom
TeXHHYeCcKHe TpebOBaHMS Ha Psifi KOMIIOHEHTOB MaKeTa
yke M3BeCTHBI, HO [/ alIllapaTHO-IIPOIPAaMMHBIX
cpencts SGW, PGW u HSS 1x Heobxon Mo pa3paboTarts.

TexHHUUYeCKHe TPeOOBAHHUS K aIlllapaTHO-TIPOrPaMM-
HBIM Cpe/ICTBaM, ITpefHAa3HAUYeHHBIM [JISI CO3JaHHUS
CHCTeMBl TYMaHHBIX BBIYHCJIEHHH, OIpeessioTcs
OCHOBHBIMH (l)yHKL[I/IOHaTILHbIMI/I 3aga4yaMH, KOTO-
PpBle Bo3nararoTcsi Ha 6imoku SCW, PGW u HSS. Kpome
TOTO, IS 3TUX BJIOKOB CJIeflyeT OIpefel:uTh aTPHUOYTEL,
KOTOPBIe 3aBUCST OT BeJIMYHHBI 00CTY>KHMBaeMOro Tpa-
duKa: mpomyckHyo criocobHocTs (throughput), mporsso-
nutenbHOCTH (packet processing u call transaction rates),
TpeboBaHHUS K pecypcaM maMsTH (significant memory
resources), a Tak>Ke psili APYTHX [ToKa3aTeslew.

CJlesyeT OTMETHTb, YTO PaJH0060pyIOBaHHE B COCTABE
MaKeTa MOXKeT ObITb HMIIOPTHBIM, HO TOJIBKO MO IIOSIB-
JIeHUSI TIOJTHOLIEHHBIX POCCUMCKHX aHAJIOroB. JlaHHOe
yTBepXKAeHHEe OTHOCUTCS K TepMHHaaMm IoT. [Tocsie mpo-
BeJIeHHU I UCIIBITAHU M MaKeTa LienecoobpasHo IIpeAIIpy-
HSITb BCe He0OXOIMBble Mepbl, YTOObI KOHIIEIIIIN S TYMaH-
HBIX BBIYHC/IEHUH Ha4ala BOIUIOMIATHCS HA ITPAKTHKE
Ha 6a3e oTe4eCTBeHHOr0 060pyI0BaHUS.

Ba>kHBIMHU 3aZja4yaMH, pellaeMbIMH IIPU ITOMOIIH
MaKkeTa, CefyeT CYHUTATh BbIOOP NMPHUHIIMUIIOB IIPHHS-
THS AJIBTEPHATHUBHBIX pemeHm?I I10 ITpOBeJ€H U IO BBIYHC-
JIeHU! WK B TYMaHe, UIH B 06/1ake; pa3paboTKy airo-
PUTMOB yIIpaBieHH s QyHKLIOHATIBHBIMU 67I0Ka MU ITPH
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CETEBAA NHOPACTPYKETYPA

IeperpysKax TH00 0TKa3ax OTAeIbHBIX AIlIIaPaTHO-TIPO-
IPaMMHBIX CPeJICTB, & TAKKe [IPOBEPKY CHCTeMbI MHPOP-
MaI[HOHHOM 6e30I1acHOCTH. C y4eTOM IlepeUuHC/IeHHbBIX
BBIIIe 0O6CTOSITENBCTB I0CIe GOPMUPOBAHUS TEXHHUYe-
CKHUX TPebOBaHHI K aIllIapaTHO-IIPOrPAMMHBIM Cpe[i-
CTBaM, IpefHAa3HA4YeHHBIM [/ CO3JaHHUSI CHUCTeMBI
TYMaHHBIX BBIYHCIEHHI, JOJISKHBI OBITH pa3paboTaHbl
IIPOrpaMMBbl U METOAYKH [IJISl [IPOBeJIeHUsI COOTBETCT-
BYIOIIHX UCIIBITAHHH.

[Tpu GOpMHUPOBAHUU TeEXHUUECKUX TPeOOBAHUH /IS
60Kx0B SGW, PGW 1 HSS yMeCTHO KCII0/Ib30BaTh METOZ0-
JIOTHUYeCKUH IO XO0T, OCHOBAHHBIM Ha TPeX MOIOKeHU X :
* cocTaBieHHe QYHKIIMOHAIBHBIX TPeOOBAHUH K ITepe-

YHC/IeHHBIM BBIIIe 6JI0KaM C y4eTOM M3BeCTHBIX CTaH-

JapTOB, a TAK)Ke O>KMJAeMBIX H3MeHeHHUI U JOI0N-

HEHUH;
 BbI6Op TpebOBaHUM C yUETOM XapaKTePHUCTHK IIPO-

IIyCKHOH CIIOCOOHOCTH,, ITPOHU3BOLUTENIBHOCTH U PeCcyp-

COB IIAMSITH, KOTOPBI€ ITPeICTaBIISIIOTCS Liesiecoobpas-

HBIMH JIS1 MAKeTa TyMaHHBIX BEIYHC/IEHUH;

* ompeneneHye Habopa MHGOPMAIIMOHHBIX TEXHOIOTUH
(HanpuMep, Big Data, Data Mining 1 uM ofgo6HBIX),
IIpUMeHeHHe KOTOPBIX IT03BOJIUT JOKa3aTh 3ddek-
THBHOCTb TYMaHHBIX BBIYHC/IEHUH C TOYKH 3peHUs
MOTeHLIMA/IBbHBIX [10/Ib30BaTe/IeH.

[IpuMep IMOJOOHOrO MeETOHOJIOTHYeCKOro IIOAXOna
HJUTIOCTPUPYET pUC.2. OH BHIIIOTHEH B BU/ie Kyba, I'paHHU
KOTOPOTO COIepsKaT MHPOPMALHIO I10 KaKAOMY U3 Tpex
chopMyIHMPOBaHHBEIX BhIIle IOJOKeHHH. Haamucu
Ha Tpex IpaHsix Kyba comepkaT KpaTkue (GpopMyiu-
POBKHU TeX I10JI0’KeHHU M, KOTOPble COCTaB/SIOT IIOJTHOLIEH-
Hble TeXHUYeCKHe TpebOBaHMUSI K AllIIAPaTHO-TIPOrpaMM-
HBIM CpeJCTBaM, KOTOpble HeobXomMMo pa3paboTarsb
/1 pealn3allMd TeXHOJIOTHMH TYMaHHBIX BBIYMCIIe-
HuU. COCTaB/IeHHUE [eTATbHBIX TEXHHUYECKUX TpeboBa-
HUU - [IPeAMeET OIIBITHO-KOHCTPYKTOPCKOM PaboTHL.

3A4AYMN TECTUPOBAHUSA AMMAPATHO-
NMPOrPAMMHDIX CPEACTB

C MeTOIOIOrMUYeCKOH TOYKH 3peHHU s 3aa4H TeCTHPOBa-
HU AIIIIapaTHO-IIPOrPAaMMHBIX CPeZICTB, IIpeHA3HAYEeH-
HBIX JI/ISl TYMAaHHBIX BBIUMCJIEHHI, aHAJOTUYHBI IIPO-
6emMaM HCCIeJoBaHU S "depHOro simuKa'" [4]. [Tporieccel
TeCTHPOBAHMSI MHTEPELICOB U ITPOTOKOJIOB Pa3paboTaHbI
JJIs1 AHAJIOTHYHBIX TeXHOJIOTUH U BpsL TN HOTPE6YIOT
CYIIeCTBEHHOI'0 Pa3sBUTHS. ITO YTBepKAeHUe CIIpaBe/-
JIUBO U JIJIS1 TECTUPOBAHUS QYHKIIHMOHAIA, IPUCYILEro
TeXHOJIOTMH TYMaHHBIX BBIYHCIEHUH.

C TOYKHM 3peHUsI TeCTUPOBAHUS Hanbosee Heompesie-
JIeHHBIMH aTPUOYTaMHU TYMaHHBIX BEIUHCTIEHHI CTaHYT,
I10 BCeH BUAMMOCTH, KaueCcTBO 06C/Iy>KUBaHHUSI, HaZlek-
HOCTh U HHGOpPMALMOHHAsI be30mmacHOCTh. [ Kade-
cTBa 06CTy>KMBaHUSI Heollpe/le/IeHHOCTh 3aK/TI04YaeTcs,
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B IIePBYIO OYepe/ib, B IIJIOXOM ITPeCKa3yeMOCTH Koje-
6aHuM TpaduKa. C 3TOHM TOUKH 3PeHHUs II0/e3eH IIOf-
XOJI K TECTUPOBAHMIO, OCHOBAHHBIM Ha MOJeETH ThIOKH-
Xbtobepa [7], KoTOopasi II03BOJISET yuecTh BeCbMa Cylie-
CTBeHHBle H3MeHEeHHs HHTEHCHUBHOCTH TpadHKa
B Te4YeHHe KOPOTKOIO ITPOMEXYTKAa BpeMeHH. Ilpu
TeCTUPOBAaHUH HAaJeSKHOCTH CJIe[lyeT IIPOBECTH M aHa-
JTH3 SKUBY4YeCTH [8] CCTeMBbI TyMaHHBIX BBIYHCIEHUH
3a CYeT MCKYCCTBEHHOIO M3BSITHS M3 COCTaBa MaKeTa
psla y370B TYMaHHBIX BBIYHCIEHUH U BBIYHCIUTENb
HBIX CPe/ICTB, PaCIIONIOKeHHBIX B obinake. Kpome Toro,
>KeJIaTeJIbHO IIPOBEPUTH BIHSIHHE "BPeMEHM >KU3HH"
HCIIONB3yeMBIX aBTOHOMHBIX MCTOUHHKOB 3/IeKTPOIIH-
TaHus (M3) A7 TOMONOTUH C KOHLIEHTPAaTopoM H 6e3
HEro, a TaKk>ke BO3MOXKHOCTb obecriedeHMs HeobXomu-
MOF aBapHIHOM CUTHA/IM3ALIM U TP CHHUKEHUH Y POBHS
3apsga D HUKe KPUTHYECKOI0 B CAMOM YCTPOHCTBe
HTH B KOHIIEHTPATOpe.

AHanu3 obecredeHUs 3aJaHHBIX TpeboBaHUI
110 MHGOPMALIMOHHOM 0e30II1aCHOCTH IIOApa3yMeBaeT
TeCTUPOBaHHe MaKeTa IPH Pa3HBIX MOAENSIX YIpos,
CBOMCTBEHHBIX TYMaHHBIM BBIUHC/IEHUSIM.

Takske IIpefCTaBiseTCs Lieneco0bpasHBIM IIpOBe-
CTH TECTHPOBAHUE BIHSHHUS IIPUIOKEHH, OCYIeCTB-
JISIFOIIMX TYMaHHbIe BEIUHC/IEHH ST, Ha QYHKITHOHHPOBa-
HIe OCHOBHBIX CHCTeM, Ha YbHUX Pecypcax 3TH BBIYHC-
JIeHH S ITPOU3BOASATCS, U pa3paboTaTh peKOMeHIAIIUHI
10 MUHHUMH3AIIUH TaKOr0 POAA BIHSHUMI.

Jl715 IIpOBe e HU I TECTUPOBAHMSI CUCTEMBI TYMaHHBIX
BBIUHC/IEHUH I0/IKHBI O6bITh Pa3paboTaHbI COOTBETCTBYIO-
I[Ke [TPOrPaMMBI I METOIKKH, YUHUTHIBAOIIKE TOT GaKT,
4YTO TpebOBaHUSI K TYMaHHBIM BBIYHCIEHUSIM OymyT
MeHSThCS B BeCbMa MM POKUX ITpefenax. C/ieoBaTeIbHO,
IIPOrpaMMBbl M METOAUKH M3HA4aJIbHO JIOJISKHBI COZIEP-
>KaTh BO3MOKHOCTb MX aJAIITAI[UH K MEHSIIOIIKMCSI BHY-
TPeHHHUM U BHEIIHHUM YCJIOBHUSIM HCIIOJIb30BAHUS TeX-
HOJIOTMH TYMaHHBIX BBIYHC/IEHHE.

ACMEKTDI VIHdJOPMALI,VIOHHOﬁ BE3OMACHOCTU
AKTYyaJIBHBIM 3aJja4uaM obecriedeHH st 6e30I1acHOCTH (Kak
IIPaBHJIO, BHUMaHHe aKLIeHTUPYeTCsI Ha THYOPMALIHOH-
HO¥ 6€30I1aCHOCTH) IIOCBSIIEH OOIIMPHBIH Psif Iy6IH-
KaIlHil B OTeYeCTBEHHBIX U 3apybesKHBIX UCTOYHHKAX.
B 3TOM pasziernie CTaThU IpefJlaraeTcsi MOfieNnb, II03BO-
JISIOIIAS ITPOU/UTIOCTPHUPOBATH TPEUMYILECTBA UCIIONb-
30BaHUSI OTeUeCTBEHHBIX pellleHU M ISl JaIbHeHIIero
Pa3BUTHSI TeIEKOMMYHHKALIIOHHBIX CETeH. DTa MOZIEIIb
IIOKa3aHa Ha puc.3. IIepBbIM Iy Th [I0/Ipa3yMeBaeT MoJiep-
HH3AI[UI0 CETH Ha OCHOBE OTeYeCTBEeHHBIX pa3paboTok,
KOTOPBIe He Cofiep>KaT HeJIOKyMeHTHPOBAHHBIX BO3MOXK-
HocTer (H/IB). IIpuMeHeHUe 3apybeskKHBIX aIlllapaTHO-
IIPOrPaMMHBIX CPeJICTB (XOTs 6bI HaCTHUHO) IOITYCKALTCSI
B CTy4ae BEI6Opa BTOPOro Iy TH.
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[IpeAmonaraeTcs, 4YTO Pa3BUTHE TeTeKOMMYHHKA-
LIOHHOM CeTH ITpeyCMaTPHBAET ee IIePeXo/] U3 HEKOTo
cocTostHUS "A" B cocTosiHUe "B, KOTOpOe XapaKTepHU3yeTcst
GoJiee BBICOKMM yPOBHEM Ka4deCTBa IIPeJOCTaBIISIEMBIX
YCIIYT U paciidpeHHreM QyHKI[MOHAIBHBIX BO3MOXKHO-
CTeHM B YaCTH TeXHUYECKOM 3KCIUTyaTallud. B ciydae
BbI6OpA TIEPBOTO IIyTH OCHOBHBIE IIPO6IeMBI GYHKIIHO-
HUPOBAHH S TeJIEKOMMYHHUKAIIMOHHOH ceTH BymyT oby-
CJIOBJIEHBI HellpeIHAMePeHHBIMH OLIMOKAaMHU B aIIIIapaT-
HBIX U B IIPOTPAMMHBIX CPeJICTBaX. JTH OMIKUOKHU Her3-
6e>KHBI, HO UX KOJTMYECTBO MOKHO MHHUMHU3HUPOBATh
3a CYeT TIIATeTbHOTO AaHAJIK3A IO YIIeHHBIX PaHee IIPo-
CYeTOB, a TAK>Ke B [TPOLIeCcce TECTUPOBAHUSL. [IpH BEIGOpe
BTOPOTO IIYTH K y>Ke YIIOMSIHYThIM BbIIlIe OIIKOKaM CJie-
ILYET /106aBI/ITb KaK MHHHMYM TPpHU BU A yI'pO3, repedyuc-
JIEHHBIX B HUKHEH YaCTH PacCMAaTpPUBAaeMOH MOJETH.

MoMmeHT Ty COOTBETCTBYeT Hadajly OTpe3Ka BpeMeHH,
[0 HACTYIUJIEHUsI KOTOPOro o6HapyskeHa TOMbKO YacCTh
yIpo3, BIMSIOMIMX Ha 6e30MacHOCTh TeJIeKOMMYHUKA-
LIMOHHOM CeTH. B fapHeNIeM MOTI'YT OBITh BBISBIICHBI
JAOIIOJTHHUTEe/IbHbIe yr PO3bI, KOTOPBIE HE 6bIJII/I 06Hapy)KEHbI
K MOMeHTYy T. Clle[yeT IIog4epKHYTh, YTO MOT'YT TaKKe
CYILeCTBOBATh U IIJIOXO [IPOrHO3UPYyeMble yIPo3bl, KOTO-
pble He TOTbKO He 0BHAPYsKeHbI, HO U He IIPe/ICKa3yeMBI.

Ec/1u BEIOMPATh aHAJIOTHIO 1151 CDABHEHU S [IBYX [Ty TEH
Pa3BUTHS TeJIEKOMMYHHKAIIUOHHOM CEeTH, TO BIIOTHE

ITEPBAA MUJIA

Tpe6oBaHMs K Tpadpuky

1. MNponyckHas cnoCO6HOCTb. §

<

2. Mpoun3BOANTENLHOCTD. S

=

3. Pecypcbl N5 XpaHEHWS. B

x> s

& )

1. MoaaepxyBaeMble fb\q I
MHTEPdENChI. > &8 g
2. /icnonb3yemMble MpOTOKObI. @ a
3. BbINoHseMble anropuUTMbI. ’L'O \ga?‘ S
o

4. TlepeyeHb OCHOBHbIX ’\I\Qo 2
peanusyembix GYHKLNNA. \g&é\\, 3

5. MepeyeHb AOMNONHUTENbHbIX % & =

peanunsyembix GYHKLUNA.

. MepcnekTnBHbIe TpeboBaHNS
B 4aCTM GYHKLUMOHANA.

SKOHOMMUYECKMe nokasaTesnn.

(@)

®yHKLMOHaNbHbIe Tpe60BaHUS
N

Puc.2. MeTofonornyecknii noaxoa K paspaboTrke
TpeboBaHMIN K MaKeTy

YMECTHO OIIepHPOBAaTh CLIEHAPHUSIMHU Iepexofa YIHLIbI
C MIHTE€HCHBHBIM aBTOMOOH/IBHBIM ABHKeHHEM. [1epBbIi
CLIeHAapHUI IIOXOK Ha OKHMJAHHe 3e/IeHOTO0 CHIHaja
cBeTodopa. PHCK IONACTh B JOPOKHO-TPAHCIIOPTHOE

1/2019

<
B
P>
>
=2
D>
-
~
&
<
Ay
S
T
=
=
<
o
o
~
=
&



CETEBAA NHOPACTPYKETYPA

MepBbIv NyThb

O
/

HenpeaHamepeH-

HenpeaHamepeHHble

A Hble oWnBKM oLwnbKM S
B annapaTtHbIX B MPOrpamMMHOM
cpencTBax obecneyeHun

/

BTopon nyTb

Yrposbl, Yrposbl, koTopble  1710x0
BbIsiB/IIEMblE HEeBO3MOXHO NporHosunpyembie
K MOMEHTY 06HapyXUTb yrposbl
BpemMeHu T, K MOMEHTY

BpeMeHn T,

Puc.3. [1Ba nyTv pa3BUTUA CUCTEMbI 3/1eKTPOCBS3U
M NHPOpMaLMOHHAA 6e30NacHOCTb

IIPOMCIIECTBHE MUHHMAJIEH, HO BCe 5Ke OH CyIeCTByeT
13-32 BO3MOSKHOI'0 0TKa3a TOPMO30B y aBTOMObOHM 151 (aHa-
JIOT HeIlpefIHAMePEeHHOH OIIMOKY B aIlIIapaTHBIX CPel-
cTBax) unu cbos B pabore cBeTodopa (AHAIOT Hempen-
HaMepeHHO! OIIMOKHU B IIPOrPaMMHOM obecIieueHHH).
BTopo¥i cuieHapui momobeH MepecevdeHHIO YIHIE He3
OKHMJAHMS paspellarollero CUrHana ceerodpopa B pac-
YeTe Ha BO3MOSKHOCTb ITPOCKOYUTH MeX/y BCeMH IBH-
Ky ITUMHUCS TPAHCIIOPTHBIMHU CpeJICTBAMH. Tora K yske
YIOMSIHYTBIM PHCKaM CJIefiyeT J06aBUTh KAK MUHHMYM
IBa IOTIOJTHUTEIBHBIX GaKTOpa. Bo-I1epBhIX, K MOMEHTY
Ty, KOTA HayaT I1epexof, CYIIeCTBYIOT HeobHapysKeH-
HBIe BU3ya/IbHO yI'PO3bl. BO-BTOPEIX, MOSKHO CTONIKHYThCS
C TeMH YIpO3aMHM, KOTOpbIE IIOXO ITPOrHO3HUPYIOTCS
B CHJTYy OOBeKTHUBHBIX U CYObeKTUBHBIX IPUYHH.

HeobXoqyMo YIIOMSIHYTH ellle OOUH acIeKT [IpHMe-
HEeHH s 0TeueCTBEHHOTIO0 U 3apybeskHoro 060pyoBaHHUS,
KOTOPBIF KacaeTcss GyHKLIMOHAIBHBIX BO3MOKHOCTEH
CeTH U TIepPeyHsI IO AeP>KUBAeMBIX YC/TYT. I10 STHM ITOKa-
3aTesIsIM B HEKOTOPBIX CIy4asix UMIIOPTHOe 060pymoBa-
HUe HMeeT Psifi He BCeTIa CYIIeCTBeHHBIX ITPEHMYILeCTB.
TeM He MeHee, HeH36e5KHO BO3HHKAET BOIIPOC: CTOUT
JTH TIO>KepTBOBATh 6€30I1aCHOCTBIO PaiX IIPEUMYIIECTB,
KOTOPBIe MHOTZA IIPeJCTaBISIOTCS 3QPEeKTUBHBIMU, HO
0661YHO Ma103$PeKTHUBHBI! OTBET Ha 3TOT BOITPOC O4e-
BH/JIeH OIIePATOPAM CeTeH 37IeKTPOCBSI3H CIIeLIHaTBHOIO
Ha3Ha4YeHHU s, HO [I0Ka OCTAeTCSI OTKPBITHIM JIJIS IPYTUX
3KCIUIyaTaI[MOHHBIX KOMIIAHHUH.

CoobpaskeHHsI, H3TIOKeHHBIE B 3TOM pasjese, CIIpa-
Be/I/IMBBl He TOIBKO AJISI TYMAaHHBIX BBIYHCIEHHH.
[IpaBma, A8 TYMaHHBIX BBIYHCAEHHH OHH CTaHO-
BAATCSL 6oee aKTyaJbHBIMM, TaK KaK OZHA M3 BaK-
HBIX chep NPUIOKeHUI ~ MHTepHeT Belllel - IPHUBHO-
CHUT JOIOJNIHUTEJbHBIE PUCKU B YaCTH KOMILIEKCHOH

IIEPBAA MINJIA

6e3omacHoctH [9, 10], BKIIOYasi, KOHEUHO, U ee HHOOP-
MAaIIMOHHBIM KOMIIOHEHT.

OBCYXXAEHUE PE3Y/IbTATOB UCCJ/IEQOBAHUSA
HMest TyMaHHBIX BRIUHC/IEHUH OIlpe/iesisieT aKTyalbHOoe
HaIlpaBJjieHHe /11 Pa3BUTHS He TOIbKO MHPOKOMMY-
HHKAIIMOHHOMN CUCTEeMBbI, HO M COBOKYITHOCTH BasKHBIX
cdep 5KOHOMHUUECKOH U COLIMATBPHOM KHU3HH 00IIIeCTBa.
C3TOM TOUKH 3peHHM S U3yuyeHHe TyMaHHBIX BEIUYKC/IeHUH
U oIlpefie/ieHHe ONTHMAJIBHOIO MYTH IIPaKTHUeCKOH
peasnr3allkii COOTBETCTBYIONEH KOHLIEMILIUHY [TPe/ICTaB-
nsieT cobo IIpeiMeT MeXXUCLUILIMHAPHBIX UCC/Ie0Ba-
HUM 1 COBMECTHBIX Pa3paboTOK CH/IaMHU CIIeIIHA/IHCTOB
13 Pa3HbIX oTpacyier. CIpyrok CTOPOHBI, C/leflyeT aKLeH-
THPOBAaTbh BHUMaHUe Ha TOM paKTe, UTO B HaCTosIlee
BpeMsi HeT 4eTKO CHOPMYIHPOBAHHBIX IIOJIOKEHHUH,
OIHO3HAYHO OIIpefie/IS IO UX IPUHIIUIIBL IIOCTPOEHHU S
BCel CHCTeMbl TyMaHHBIX BBIUMCIEHHH (B OTIMYHeE
OT psifia ITpeAiIeCTBYONIHX KOHIIEMIIIHE ~ 06IIeKaHaIb-
HOM CUTHA/IH3aLIM K, UHTe/JIeKTYa/IbHOM CeTH U JIp. 9TO
03HauaeT, YTO HEKOTOPasi HeoIlpele/IeHHOCTb B OTHOILIe-
HMH KOHLENIUU TYMaHHBIX BBIUHC/IEHU I COXPAaHUTCS
1 B 0003pHMO¥ IIepCIIeKTHBe.

JlaHHOe I0/I0KeHHe ~ 0OTYACTH ~ He YHUKAJIBHO U CBSI-
3aHO ¢ IIpob1eMoi CHHTYISpHOCTH [11], BEIpaskaeMok
B TOM 4HCJIe [IOCTOSIHHBIM YCKOPeHHeM ITPOLIeCCOB I10SIB-
JIeHUs HOBBIX HJEH M TeXHOIOoTuH. OAWH H3 MIyTeH
MHHHMM3AIUK BO3HUKAIOUINX PUCKOB 3aK/II0YaeTcs
B HCII0JIb30BAHHHU CLIEHAPHOTI'O IT0JX0/1a, KOTOPBIL yUH-
ThIBaeT BO3MOKHOCTD CYIIeCTBEHHBIX M3MEeHEeHUI Kask-
JOM KOHILIEMIIMH B TedeHHe CPaBHUTEIbHO KOPOTKOIO
IIPOME>XKYTKa BpeMeHH.

TeM He MeHee, KOHLIEIITyaJIbHbIE [TOTIOSKEHU I TYMaH-
HBIX BBIUMC/IEHHUH, U3/IOKeHHBIe B B 3TOH CTaThe U B
IpelIecTBYIOMUX My6MUKanusax [1, 2], M03BONSIOT
IeperTH K PaKTHUYeCKON peasM3alluy 3TON TeXHOJI0-
TUH. [IBUKYILEH CHU/IOM [J1s1 PAaCIIPOCTPaHeHUSs TyMaH-
HBIX BBIYMC/IEHHH MOKHO CYHUTaTh TaHJEM, COCTOS-
IIMH U3 KOHLENUHUK MHTepHeTa Bellled M ceTH 5C.
Jy1ist peanm3anuu obeux KOHIENIUE B Poccuu cyie-
CTBYeT JOCTATOUHBIM Hay4YHO-TeXHUYEeCKUI U ITPOU3-
BOJICTBEHHBII ITOTEHIIHAJI, CIIOCOOHBII CTAaTh IOKOMOTH-
BOM /IJIS BCe HallMOHAIbHOM 5KOHOMMKH, YUUTHIBASI
y>Ke HauaBILIYIOCS YeTBePTYI0 IIPOMBIILIEHHYIO PeBOJTIO-
LIMI0, M3BECTHYIO TAKOKe [0 Ha3BaHUAM "MHAycTpus 4.0"
1 "LndpoBasi 53KOHOMHUKA",

Psp mpobieM, MPpsIMO MM KOCBEHHO CBSI3aHHBIX
C TYMaHHBIMH BBIUHC/IEHUSIMH, TpebyeT ITpoBe/leHH s
JOIOTHUTE/IbHBIX MCCeJOBAHUK. K HUM OTHOCATCS:
OLleHKa HeoOXOA M MBIX BEIYHCTUTE/IBHBIX U TeJIEKOMMY-
HHKALHOHHBIX PeCyPCOB C y4eTOM CIIeLIIGHKH 06BeKTOB
IIpUMeHeHH I K ITPOrHO30B Ha 0003pHMY0 ITePCIIeKTHBY;
HOPMHPOBaHHe II0Ka3aTeslel KauecTBa 006C/Ty>KMBaHH S
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MYJIBTHCEPBUCHOrO TpaduKa (IIpefocTaBleHHs] UHPO- 6.
KOMMYHHKAIMOHHBIX YC/IYI); COCTaB/IeHHe JeTa/bHbIX
TeXHHUYeCKHX TpeOOBaHUH K aIlIIapaTHO-IIPOrPAaMMHBIM
cpencTBaM, IpefHasHayeHHBIM [Jif TYMaHHBIX BBIYMC- 7.
JIeHUH; pa3paboTka pelleHUI IO IOBBIIIEHHUIO YPOBHS
MHPOPMAIIMOHHON 6e30MacHOCTH 1S Pa3/IMYHbIX IIPHU-
NOXeHUH. K 3TUM 3ajadaM cjaenyeT f06aBUTh U paspa- 8.
6OTKy 0TedeCTBeHHOM TEPMUHOIOIUH [13] 7151 TYMaHHBIX
BBIYMC/IEHUI 1 CXOKHUX KOHLIETILIHH.
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