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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

Hucuumnuna «MojenupoBaHue ceTeil nepenaud JaHHBIX» BXOAWT B  IMPOTrpamMmy
OakanaBpuata «@yHmaMeHTanpHas HWHQOpPMAaTHKA ¥ HMH()OPMAIIMOHHBIE TEXHOJOTHH» IO
HarnpasieHuto 02.03.02 «dynnameHnTanbHass HHGOPMATHKA U WHPOPMAITMOHHBIE TEXHOJIOTHN» U
uszydaetrcst B 7 cemectpe 4 kypca. Hucuumuinny peanusyer Kadenpa teopum BeposTHOCTEH U
kubepOe3onacHocTU. JucummimHa cocTOUT U3 2 pa3zfesioB U 8 TeM U HallpaBlieHa HAa U3yYeHUE U
IIPUMEHEHHE ISl UCCIIEAOBAHUN CIIELNAIN3UPOBAHHBIX CPEJICTB MOJIEIMPOBAHUS CETEN Nepeiaun
JTAHHBIX.

[lenpt0 OCBOEHUS AMCHUIUIMHBI SBISIETCS BBEICHHME y4allUXCS B IMPEIMETHYIO 00J1acTh
MOJIETIMPOBaHUs CeTel Mepefaur AaHHBIX. B mporecce mpenofaBaHus TUCHUIUIMHBI PEIIAIOTCS
CIIEYIOIINE 33/1a4: U3YYEHHE U IPUMEHEHHUE Ul UCCIEA0BaHUN ClIEUaIN3UPOBaHHbIX CPE/ICTB
MOJIETIUPOBAHUS CETe Mepeiayn JaHHBIX.

2. TPEBOBAHMA K PE3YJIBbTATAM OCBOEHUMA JUCIHUITJIMHDbI

OcBoenue pucuunanHbel «MozenupoBaHuEe ceTell Ieperadd JaHHBIX» HalpaBlIeHO Ha
(bopmupoBaHre y 00yUarOIUXCS CIEAYIONINX KOMIIETCHIIUN (YaCTH KOMITETCHIINN ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, Gopmupyemvix y 00yuarowuxcs npu 0ce0eHuu
OUCYUNTIUHBL (Pe3VIbMambvl 0C80eHUS OUCYUNTIUHDL)

HNHauKaTopbl 10CTHKEHHS] KOMIIeTeHIMH
Iudp Komnerenuus A pEI A N I
(B paMKax JaHHOMW NHUCUMUIUIMHBI)
I1K-1.1 3HaeT OCHOBBI IPOTPaMMHUPOBAHUS; COBPEMEHHBIE
00BEKTHO-OPUEHTUPOBAHHBIC SI3BIKU IIPOTPAMMUPOBAHHUS;
COBpPEMEHHBIE CTPYKTYPHBIE SI3BIKH MPOTPAMMUPOBAHUS; SA3BIKU
COBPEMEHHBIX OM3HEC-TIPUIIOKEHHUI;
CmocobeH pa3zpabaTeIBaTh U
[K-1 . [IK-1.2 YMmeeT koaupoBaTh Ha sI3pIKax NPOrpaMMUPOBAHUS;
OTJIIAXXHUBATh MPOTPAMMHBIN KO
TECTUPOBATH PE3YNIBTATHl KOJUPOBAHHS;
[1K-1.3 BnanmeeT HaBBIKaMu pa3pabOTKu KoJa HHPOPMAITHOHHON
CHCTEMBI; HaBbIKAMU BepH()UKAIMN KOAa MHYOPMATOHHOM
CHCTEMBI;
[IK-3.1 3HaeT OCHOBBI apXUTEKTYPbl, YCTPOMUCTBA U
(yHKIIMOHMPOBaHUS HH(POPMAIIMOHHO-BBIYUCINTEIBHBIX CUCTEM U
CriocobeH oCyIecTBIATh CEeTEBBIX MOACUCTEM HHPOKOMMYHHUKAIIMOHHOMN CHCTEMBI
aJIMUHUCTPHPOBAHUE OpraHU3aIiK; METOAUKY YCTAHOBKU M aAMUHUCTPUPOBAHUS
MPUKJIAHOTO MPOTPAMMHOTO  [TIPOTPAMMHBIX CHCTEM H CETEBBIX MOJCHCTEM
K-3 o0ecrieyeHus1, CeTeBOH MHPOKOMMYHHUKAIIHOHHON CHCTEMBI OpraHU3alny;
MOJICUCTEMBI U CUCTEM I1K-3.2 Ymeer HacTpanBaTh U aAMUHUCTPUPOBATE IPOTPaMMHBIE
ynpaBJeHus 0a3aMu JaHHBIX  |CHCTEMBI, CETEBBIC MOJICHCTEMBI M 0a3bl JaHHBIX
NH()OKOMMYHHUKAITMOHHOH MH()OKOMMYHHKAITHOHHOW CHCTEMBI OpPTraHN3alNN;

CUCTEMBI OpraHU3aLUH1 [IK-3.3 meeT npakTH4YEeCKUIl OIBIT SKCIUTyaTaluu 1
aJIMUHUCTPHPOBAHMS IIPOIPAMMHBIX CHCTEM, CETEBBIX MOACUCTEM U
0a3 naHHBIX MHPOKOMMYHUKAIIMOHHON CHCTEMBI OpraHH3alnHy;
I1K-4.1 3HaeT OCHOBBI HAYYHO-HCCIE0BATENBCKOM AEATEIbHOCTH
B 00sacTi NHPOPMAIMOHHBIX TEXHOJIOTHH, OCHOBHBIE METObI

SIICHUS MPUKJIAIHBIX 33129, COBPEMEHHBIE METOIBI
Crioco0eH mpoBOANUTE PabOTHI 110 p p A Aad, o P o

MHPOPMALIMOHHBIX TEXHOJIOTHH; TPUHIIUIIBI IIOCTPOCHUS HAyYHOU

00paboTKe ¥ aHATM3y HAYIHO-

IK-4 N paboThI, METOJIBI cOOpa M aHAHM3A MOTYYSHHOTO MaTepurana,
TEXHUYECKOH HH(pOpMAIUH 1
o Croco0BI apryMeHTaIUH;
Pe3yIbTaTOB NCCIICTOBAHHH

[1K-4.2 YMmeeT IpUMEHATH TOTy9YeHHBIE 3HAHUS IS PeIICHHS
CTaHJAPTHHIX 3a7a4d B 00JacTH HHPOPMAIIHOHHBIX TEXHOJIOTHHA U B
COOCTBEeHHON Hay4YHO-HCCIIE/I0BATEIbCKOM AEATEIHHOCTH;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OII BO




JucrumirHa «MopenupoBaHne ceTel mepeadn JaHHBIX» OTHOCHTCS K OJIOKY HO BBIOOpPY
610ka 00pa30BaTENbHON MPOTrPAMMBI BBICILIETO 0Opa30BaHUS.

B pamkax o0pa3zoBaTeNbHON MpPOTpamMMbl BBICIIETO O0Opa30BaHUS OOYYAIOIIMECS TaKXKe
OCBaMBAIOT JApyrue JUCHUIUIMHBI W/WMIUM  TPAKTHKH, CHOCOOCTBYIOUIME  JIOCTHKEHHUIO
3aIlUIAHUPOBAHHBIX PE3YJIbTATOB OCBOCHHUS AUCHUIUIMHBI «MojaenupoBaHue ceTell nepenayu
JTAHHBIX.

Tabnuya 3.1.

Ilepeuenw

xomnonenmos OIl BO,

3ANIAHUPOBARHbLX pe3)1bmamoe OC60€HUA ()ucuunﬂuﬂbl

CnocooCmeyruuUx — 00CMUNCEHUIO

Hndpp

HaumeHnoBanue
KOMIIeTEHIIUH

[pexmecTByommue
JUCHMILTAHBI/MOYJIH,
NMPaKTHKUH*

IMocaenyrommue
JUCHMILTHHBI/ MOYJIH,
NMPaKTHKUH*

IK-1

CmocobeH pa3zpabaThIBaTh U
OTJIaKMBATh IPOTPaMMHBIH
KOJ

TeXHOIOTHU UCKYCCTBCHHOTO
WHTEJIJICKTa,;

Teopus aBTOMaTU3aLUU U
YIpaBJICHUS;
Beenenwne B o0y4eHue ¢
MIOIKPETIICHUEM;
MammHHOe 00y4eHne B
TEIEKOMMYHHKAIIHAX;
MeTo1bl HCKYCCTBEHHOTO
WHTEJIJICKTa,;

OCHOBBI TEOPUH CHCTEM;
Komnviomepnuiii npaxmuxym no
Modenuposanuro **;
Komnviomepnuiii npaxmuxym no
UHPOPMAYUOHHBIM
mexHono2usiIm **;
ApPXUTEKTypa KOMITBIOTEPOB H
OTIePALIMOHHBIC CHCTEMBI;
Hudposas rpaMOTHOCTB, OCHOBBI
MPOTPaMMHUPOBAHHS,
IMudposas rpaMOTHOCTE,
TEXHOJIOTHS IPOrPAMMHUPOBAHUS;
ANTOPUTMBI U aHAJIHU3 CIIOKHOCTH;
PacnioznaBanue o0pa3oB u
00paboTka U300paXKeHuil;
Beenenue B ananms u
BH3YIIN3aIUIO TAaHHBIX;
Practicum in Artificial
Intelligence**;
WuTemnekTyansHble METOIBI
pa3memcHUs CETEBBIX PECYPCOB;

Hayuno-unccnenoBatensckas
paborta;
[MpenumioMHas NPaKkTHKA;

IK-3

Crioco0eH oCylIecTBIsATh
aJIMUHHCTPUPOBAHUE
TIPUKJIATHOTO
MPOrPaMMHOTO
oOecreyeHus, CETEBOM
MOJICUCTEMBI M CHCTEM
yrpaBieHus 6a3aMu TaHHBIX
HH()OKOMMYHHUKAITUOHHOM
CHCTEMBbI OpraHU3aIHH

CeTeBbIe TEXHOJIOTHH;
AMUHUCTPUPOBAHUE CETEBBIX
MTOJICUCTEM;
AMUHUCTPUPOBAHUE JIOKATHHBIX
ceTel;

MammHHOe 00y4eHue B
TEJIEeKOMMYHHUKALIUAX;
OCHOBBI TEOPUH CUCTEM;
ApPXHUTEKTYypa KOMIIBIOTEPOB U
ONepallMOHHBIE CUCTEMBI;
BoluncnuTenbHble CUCTEMBI, CETH U
TEJIEeKOMMYHUKALIUH;
PensuuonHbie 0a3bl TaHHBIX;
OcHOBBI HHPOPMALTMOHHON
0€e30IaCHOCTH;

Hpel[I[I/IHJ'IOMHaH IMpaKTHUKa;




HIngp

HanmeHnoBanue
KOMIIETEHI[HH

IIpenmecTBylommue
JAUCHHILTAHBI/MOYJIH,
NMPaKTHKUH*

Mocnenyrwomue
JUCHMILTHHBI/ MOYJIH,
NMPaKTHKUH*

I1K-4

CrocobeH mpoBOANUTH
paboTsI o 06pabdoTke U
aHAIIU3Y HAY4HO-
TEeXHUYECKOH HHPOpMAaLIH
U pe3yJbTaToB
HCCIIEeI0BaHUI

Teopus aBTOMATH3AIUU U
yIpaBICHUS;
OCHOBBI TEOPUH MacCOBOTO
00CITy)KUBaHHS;
WuTennekTyanbHble METOIBI
pa3memneHns CETEBBIX PECYPCOB;
Metonp! 00y4eHHUs U aanTaluu
OOJIBIINX SI3BIKOBBIX MOJICIICH;
MeTo/1bpI HCKYCCTBEHHOTO
HHTEJICKTA,
OCHOBBI TEOPUH CUCTEM;
Komnviomepnuuii npaxmuxym no
MoOdenuposaruro **;
Komnviomepnuuii npaxmuxym no
UHPOPMAYUOHHBIM
mexHono2usim **;
PacniosnaBanme 00pas3oB u
00paboTka M300pakeHNH;
Computer Skills for Scientific
Writing**;
Hnocmpannulii 5131k 6
npogheccuonanvholl
oeamenvHocmu**;
Pycckuil a3vix (kax unocmpanmuiii)
6 npogheccuonanbHol
oeamenvHocmu **;
HayuHo-uccnenoBarensckas padora
(ToTydeHme epBUYHBIX HABHIKOB
HAYYHO-HCCIIEIOBATENBCKOM
paboTs);

Hayuno-unccnenoBatensckas
paborta;
[MpenumioMHas NPaKkTHKA;

* - 3aMONIHACTCS B COOTBETCTBUH ¢ MaTpuueit komnereniuii u CYII OIl BO

** - 3JIeKTUBHbIC AUCIMIUIMHBI /TIPAKTUKH




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO01mmas TpyA0eMKOCTh TUCHUTUTHHBI «MOIeTUpOBaHUE ceTel Tiepeadn JaHHBIX» COCTABISET «4» 3aueTHBIC €IMHHUIIBI.
Tabauya 4.1. Buowvl yuebHoli pabomvl no nepuooam 0C80eHUs 00pA308aAMENbHOU NPOSPAMMbL BbICULIE20 00PA308AHU Ol OYHOU Dopmbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMec; pCeD)
Konumaxmmnas paboma, ax.u. 54 54
Jlekimu (JIK) 18 18
JlaGopartopusie pabotsl (JIP) 36 36
IMpaktuueckue/cemunapckue 3austust (C3) 0 0
Camocmosmenvras paboma 0by4arowuxcs, ax.u. 63 63
Koumponw (sx3amen/3auem c oyenkou), ax.u. 27 27
Oo0masi Tpy10eMKOCTH T CHUIIHHBI aK.4. 144 144
3ay4.el. 4 4




5. COAEP) KAHUE JUCIUAIIJIMHbI

Tabnuya 5. 1. Coodepoicarue oucyuniunsl (MoOyis) no udam y4eOHou pabomol

Bug
HaunmeHoBaHme TEMBbI Coaep:xkanue TeMbl yueOHOM
padoThI*

Homep HaumenoBanue pasaena
pasjaena JUCHHUTIIIHHBI

MeTop!l cO31aHHS HCKYCCTBEHHOTO CETEBOTO TpaduKa,
MIPUOIMKEHHOTO K pealbHOMY. PaccMaTpuBaroTCs KilacCHIeCcKre
MOJIENI MICTOYHUKOB: MOCTOSTHHBIN OuTpedT (CBR), mepemeHHBIiH
ourpeiit (VBR) u camomnomo0HsIi Tpaduk (Ha OCHOBE
pacmpenenenuii [Tapero mim ApoOHOT0 OGPOYHOBCKOTO ABM)KEHHSA).
OOCyXIar0TCsl CTATUCTUYECKUE XapAKTEPUCTUKK: HHTEPBAJIbI
MEXKIy MaKeTaMHu, pa3Mepbl NaKeTOB, TyaCCOHOBCKUW U B3PHIBHOU
(on/off) pexxumsl. JleMOHCTPUPYIOTCSl YTHIUTBI M (PEHMBOPKH ISt
renepanuu tpaduka (Iperf, D-ITG, TRex), a Tak:ke MeTOIBI
KaJIMOPOBKH [TapaMEeTPOB MO/ peabHble JaHHbIE.

1.1 |Tenepauus Tpaduxa JIK, JIP

BBenenue B MogenupoBanue

Paznen 1 N
ceTCnu Hepeﬂatm JAaHHBIX

[IpUHITUIIBI AMY AU KaK TPOMEKYTOUHOTO 3BEHA MEXKTY
MO/JICIIMPOBAHUEM M HATYPHBIM dKCIiepuMeHTOM. OOBsCHIETCS
OTJINYUE SMYJISUH OT CUMYJISIHU: PEalbHbIA CTEK MPOTOKOJIOB
paboTaer ¢ BUPTyaJIbHBIMU CETEBBIMU HHTEpdelicamMu u
YIPaBISIEMBIMHE 33I€PIKKaMU/TIOTEPSIMU. M3ydaroTcs Moy isipHbIe
1.2 DMy CETEH. smyssoHHEIe cpensl (Mininet, GNS3, NetEm, CORE). JIK, JIP
OO0CyYXIar0TCs1 BO3MOXKHOCTH BHECEHHS UCKAKCHUI:
(bUKCHPOBaHHBIC U BAPHATHUBHBIC 3a/IEPKKH, JUKUTTEP, TIOTEPSI
NaKeToB, TyOJIMpoBaHKe, M3MEHEHUE NOpsaKa. 3aTparuBaroTCcs
BOTMPOCHI MACIITAOUPYEMOCTH U MHTETPALIUN IMYJIITOPOB C
peasbHBIM 000PYAOBaHHUEM.

MeTto1ibl yIpaBI€HUEM TPOIYCKHON CTIOCOOHOCTHIO B CETEBBIX
sKkcniepuMenTax. O0CyKIaroTcsl MPOrpaMMHBIC U anapaTHbIe
orpanmuuTenu ckopocTH: tc (Linux traffic control), meinepst Ha
6aze HTB, TBF, nomneps! Ha ocioBe RED/token bucket.
PaccmarpuBaercst HacTpoiKa MMoJIOCH Ha MapIIpyTU3aTOpax U
21 Hactpolika mporrycKHO# CITOCOOHOCTH CETH. KoMMyTaTopax ¢ ucnonb3oBanuem ACL, QoS knacco, CBWFQ. JIK, JIP
JleMoHCTpHpYeTCsl I3MEpEeHHe peabHOM POITYCKHOM CIIOCOOHOCTH
¢ momonipko iperf u netperf, y4€T MPOTOKOIBLHBIX HAKIIATHBIX
pacxonos (Ethernet, IP, TCP). O6¢cy»xnaercst BiusHue
KOHKYPHUPYIOIINX OTOKOB Ha 3()()eKTUBHYIO MPOITYCKHYIO
CIOCOOHOCTb.

MopenupoBanue
Paznen 2 | npou3BOAUTENBHOCTH CEeTEH
nepenayu JaHHBIX

2.2 Yupasnenune neperpyskoi TCP. AHanu3 MexaHu3MoB ynpasieHus neperpy3koit TCP (congestion JIK, JIP




Homep
pas3nesa

HaumenoBanmue pazaesna
JAUCHHILTAHBI

HaunmeHnoBaHue TeMbI

Copep:xaHue TeMbI

Bun
yueOHoit
padoThr*

control) Kak KJII04eBOif yIeMeHT cTabuiabHOCTH MHTEpHETA.
PaccmarpuBatotcs kinaccudeckue anroputMel: Tahoe (Slow Start,
Congestion Avoidance, Fast Retransmit), Reno (Fast Recovery),
NewReno. U3y4atorcst (as3bl MeUICHHOTO cTapTa U U30eraHus
neperpy3ku, nepemMeHnbsle cwnd (OKHO neperpy3kn) u ssthresh.
Hemonctpupyetcs peakiust TCP Ha noTepro makeToB (TaiiM-ayT,
tpoitHoit ACK). O6cyxnatoTcs coBpeMeHHbIe anroputMbl: Cubic
(o ymomaanmro B Linux), BBR (Mozmens Ha oCHOBE m3MepeHHI
nostocsl 1 RTT).

2.3

3anepxku u pasmep 6ydepa TCP.

Ces3b 3anepxku B cetdl (RTT) u pazmepa Oydepon
MapIIpyTH3aTopoB ¢ npomsBoauTenbHOCTEI0 TCP. O6cyxmaercs
(bopmyna «mpaBuiio nojockl 3agaepxkkn» (bandwidth-delay product,
BDP) nnst onpenenennst HEOOXOJUMOTO pa3Mepa OKHa.
Amnanmsupyercs npodiema Bufferbloat --- upesmepHoe
Oydepuzaryst, npuBosiiee K BbicokuM 3aaepxkam (RTT) mpu
HEBBICOKOH IOTEPE AaKETOB. PaccMaTpuBaroTCs alropUTMBl
aKTMBHOTO yrpaBiieHus ouepenpto (AQM), Takue kak CoDel u PIE,
KOTOpBIE OTPaHUYHMBAIOT 33JICPIKKY. DKCIIEPUMEHTAIBHO
JEMOHCTPHpYETCs BIMSHNE pa3Mepa Oydepa Ha NpOITyCKHYIO
CIIOCOOHOCTb M BPEMsI OTKJIMKA.

JIK, JIP

24

INossrmenue mpomyckHoi cnocodHocTn TCP.

N3zyuarorcst MeTo 16l yBenu4eHust 3P PEeKTUBHOM MPOITyCKHON
ciocobHocTH TCP B BBICOKOCKOPOCTHBIX U JUTMHHOTSIKEIBIX CETSIX
(6omemmioe BDP). PaccmarpuBarotres mogudukanuu: TCP Window
Scaling (ommms MmacmtabupoBaHus OkHa), Selective
Acknowledgment (SACK) st Beioopounoro moarsepxaeHus, TCP
Timestamps (3amura ot 00EPTKH HOMEpa MOCIEA0BATSIABHOCTH).
O6cyxaaroTcst BeIcoKockopocTHble anroputmbl: H-TCP, Scalable
TCP, FAST TCP, a taxxe mpobinema dectHOCTH (fairness) mpu
COBMECTHOI1 paboTe ¢ KJIACCHUECKUMH pPean3alysmMH.
AHanmm3upyeTcs BIMSHUE anmapaTHoro yckopeHus (checksum
offload, TSO, LRO) Ha nponycKHYIO clIOCOOHOCTB.

JIK, JIP

25

Ouepenb B MapIIpyTH3ATOpPE

JucuumummHel 00cyKuBaHus ouepenei (queueing disciplines) B
MapHIpyTH3aTOpax U KOMMyTaTopax. PaccmarpuBarorcst
npocreiimme cxemsl: FIFO (mepBbIM npumién --- nepBeiM
o0ciy»xeH), npuopureTHas ouepeasb (PQ), B3Bemennoe
cnpaseuBoe oociyxkusanue (WFQ). M3ydarorcst MeXxaHn3MBbl

JIK, JIP




Homep
pas3nesa

HaumenoBanmue pazaesna
JAUCHHILTAHBI

HaunmeHnoBaHue TeMbI

Copep:xaHue TeMbI

Bun
yueOHoit
padoThr*

npepoTBpauienus nepenonHenus ouepean: RED (Random Early
Detection) u ero Bapuantsl (WRED, ARED). Ananusupyrorcs
napametpsl RED (min_th, max th, max_p) u BnusiHuE Ha
nmoeeneHue TCP. [lemoHCTpHrpyeTCs HACTpoO¥iKa ouepeneii B Linux
(tc) u Cisco. OOCyxmaeTcs U3MEPEHUE JUTHHBI OYCPEIN U 3aICPIKKU
B peaJbHOM BPEMEHH.

2.6

KonTpons ckopoctu TCP.

MeTozb! BHEIIHETO YIIPaBIeHUs CKOpOCThIo nepenaun TCP-
MIOTOKOB, IOMHMO BCTPOSHHOTO MEXaHU3Ma IEPETPY3KH.
PaccmatpuBatoTcs 1meiinepsl Ha OTIpaBUTeNe (depe3 N3MEHEHHE
cwnd ¢ nomomrsio BPF-iporpamm mwim 6ubnmorteku libtep),
mpokcu-cepsepsl (TCP Splitting), npumenernie AQM ¢ ECN (siBHOE
YBEJOMJICHHE O TIEperpy3Ke) IS IIepeladyr CUTHANIA O CHIDKCHUT
ckopoctu. O6cyxnaercs nporokoa TCP BBR (Bottleneck
Bandwidth and RTT) kak anbTepHaTHBHBIH MOAXO/,
MOJICTMPYIOIHMI ONTHMAIIBHYIO TOUKY pabOThI Ha rpaduke moyoca-
-3aJIepyKKa. 3aTparuBaeTcsi KOHTPOJIb CKOPOCTH Ha CTOPOHE
TPUIIOKEHUS (aAaNTUBHOE BUICO, PACing) U €ro B3auMOICHCTBHUE C
CETEeBBIMH MEXaHU3MaMHU.

JIK, JIP

* - zanonuseTcst Toabko mo OUHOW dopme oOyuenust: JIK — nexyuu, JIP — nabopamopusie pabomul; C3 — npakmuueckue/cCeMunapcKue 3ausamusl.




6. MATEPUAJIbHO-TEXHUYECKOE OBECIIEYEHHUE JUCHUIIJIMHBI

Tabnuya 6.1. MamepuansHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Tun aynuropuu

OcHamenue ayiuropuu

CrnenuajJu3supoBaHHOe
yueOHOe/1abopaTopHOe
odopynoBanmue, [10 u
MaTepHaIbI 1JIs1 0CBOECHHSA
AUCHUTLITUHBI
(mpu HeOOXOAUMOCTH)

Aynutopust 11 POBEICHUS 3aHATHI
JIEKIIMOHHOTO THIIA, OCHAIIICHHAS

Kommbrorep/HOyTOYK C
poctynoM cetu MHTepHeT
U 3JIEKTPOHHO-

JlexuuonHas KOMIUICKTOM CIEIUATM3UPOBAHHON MeOenr; | oOpa3oBaTelIbHON cpefie
JOCKOM (9KpPaHOM) U TEXHUYECKUMU YHusepcurera, Opaysep,
CpPEACTBAMH MYJIbTUMEIHA TPE3CHTALUI. [1O st mpocmoTtpa PDF,
MS Teams nau aHajor.
KommnbrorepHslii knacc 11 IpOBEICHUS . ..
N p A POBEIL OC Linux, Mininet,
3aHSTUN, TPYNIOBBIX U MHAWBUIyalIbHBIX
. Cucrema ympaBiieHus
KOHCYJIbTAIlUM, TEKYIIETO KOHTPOJIS U 3
. . Bepcusimu Git.
KomnpioTepHblil | MPOMEKYTOYHON aTTeCTalllU, OCHAIICHHAS
KJ1acc MEePCOHATBHBIMU KOMIIBIOTEpaMH (B Honomrurersroe 10:
KOﬁI/I‘leCTBC 20 mT.) ,I[OCKOI‘/'II) (?xpaHOM) H oduchnli naxer MS Office
S p wu LibreOffice, OBS
TEXHUYECKHMH CPEJICTBAMHU MYJIbTUMEINA Studio
Mpe3eHTalMi. '
Kommsrotep/HOyTOYK C
noctynoMm cetu MHTepHeT
1 DJIEKTPOHHO-
. o0Opa3oBaTeNnbHO cpefie
Aynuropus JUisi CaMOCTOSITENIbHON pabOThI
YHuBepcurera, 6paysep,
oOydJaronuxcsi (MOXET UCIOJIb30BATHCS IS
Jlia MPOBEJICHUS] CEMHUHAPCKUX 3aHATHI U 11O nna npocmorpa PDF,
CaMOCTOSTENBHON | T . P MS Teams. OC Linux,
KOHCYJIbTAIUI ), OCHAIIIEHHAs KOMILIEKTOM ..
paboThI Mininet, Cucrema

CreLUaIN3UpPOBaHHON Mebenu 1
KoMIbroTepami ¢ goctynom B JUOC.

ynpasiieHust Bepcusimu Git.
Hononautensuoe I10:
oducHsii naker MS Office
i LibreOffice, OBS
Studio

* - ayIUTOPHS JJIsL CAMOCTOSTENbHOM paboThl oOyuaromuxcs ykaspiaercs OBA3ATEJIBHO!

7. YYEBHO-METOIMYECKOE

JUCHHUITVIMHbBI

OcHosHas tumepamypa:

1. Cetu u TeIeKOMMYHHKAIIMH | YI€OHUK U MPAKTUKYM Ui By30B / o pefakuueii K. E.
Camyiinosa, 1. A. lllanumosa, [1. C. Kyns6oBa. — 2-e u3., nepepad. u gon. — Mocksa :
WznatenberBo FOpaiit, 2026. — 464 ¢. — (Bricmiee oopa3zoBanue). — ISBN 978-5-534-17315-
4. — Texkcr : anexTponHslii // O6pazoBarenbHas miatgopma FOpaiir [caiit]. — URL:
https://urait.ru/bcode/583116

2. Onudep, B.I'. Komnprorepusie cetu. [IpuHIMNbI, TeXHOIOTHH, TPOTOKOIBl B.I'.
Omudep, H.A. Omudep. — CII6.: TTutep, 2020. — 1010c.
Jononnumenvhasn numepamypa:

N HNHPOPMAIMOHHOE

OBECIIEYEHHUE




1. Mininet Walkthrough. http://mininet.org/walkthrough/

2. Mininet Python API Reference Manual. http://mininet.org/api/annotated.html

3. Cetu u cucteMsbl niepeaadu HHGOpMaIUH: TEIEKOMMYHUKAIIMOHHBIE CETH : Y4eOHUK U
npaktukyM Juist By30B / K. E. Camyiinos, 1. A. Illanumos, H. H. Bacun, B. B. Bacuibes,
. C. Kynsa6os, A. B. KoponbkoBa. — M.: U3narensctBo FOpaiit, 2016, 2022. — 363 ¢. —
Cepus : bakanasp. Axkagemudeckuii kypc. [ISBN 978-5-9916-7198-9
Pecypcuvl ungpopmayuonno-menekommynuxkayuonrot cemu « Mnmepremy:

1. ObC PYIH u croponnue DbC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT TOCTYII
HAa OCHOBaHMUH 3aKJIIOYEHHBIX JOTOBOPOB

- DnekTponHo-6ubmmoteunas cucrtema PY/IH — ObC PYIH
https://mega.rudn.ru/MegaPro/Web

- OBC «YHuBepcurerckas Oubnuorexa onnan» http://www.biblioclub.ru

- OBC IOpaiit http://www.biblio-online.ru

- OBC «KoncynbranT cryaenra» www.studentlibrary.ru

- OBC «3nannym» https://znanium.ru/

2. ba3bl JaHHBIX U TOMCKOBBIC CHCTEMBI

- Sage https://journals.sagepub.com/

- Springer Nature Link https://link.springer.com/

- Wiley Journal Database https://onlinelibrary.wiley.com/

- Haykometpudeckas 6a3a nanubix Lens.org https://www.lens.org
Yuebno-memoouueckue mamepuanvt 0isi CAMOCMOAMENbHOU pabomuvl 0OYUAOWUXCSL NPU
0CB8OEHUU OUCYUNTUHBL/MOOYIS*:

1. Kypc neknuit no aucuurinie « MoearupoBaHue ceTei nepeaadn JaHHBIX».
2. JJabopaTopHbIi TPAKTUKYM MO JUCIUIUINHE «MoaenupoBaHue ceTei nepeaadn
JAHHBIX).

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00yvaromuxcs
pa3MenarTcs B COOTBETCTBUHM € AEMCTBYIOIIUM HOpsAKOM Ha cTpanule aucuuiuinasl B TYHUC!
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PA3PABOTYUKMU:

[Tpodeccop xadenpsr Teopun

BEPOSITHOCTEU U Kynsa6os Amutpuii
KnOepOe30MmacHOCTH CepreeBuu
Jonoxcnocmo, BYIT Tloonuce Damunus U.O.
JoteHT kadenpsl TeOpHH KoponrkoBa AnHa
BEPOSITHOCTEN U BnanucnaBoBHa
kubepbe3onacHocTu
Honocnocms, BYIT Tloonuce Damunus 1.0
PYKOBOJIUTEJIb BYII:
3aBenyrouuii kadeapoit Teopun
BEPOSITHOCTEU U CamyiinoB Koncrantun
KrOepOe301acHOCTH EBrenbeBuu
Honoscnocmo BYIT ITloonucw @amunus U.0.
PYKOBOJIUTEJIb OII BO:
3aBenytouuii kadeapoit reopun
BEPOSITHOCTEU U Camyinos KoncTanTuH
kubepbe3onacHoCcTH EBrenneBuu
[Hoaxcnocms, BYIT Ioonuce Damunus U.0.
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