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Pa3pa6oTunk (-11) paGoyeil nporpaMMbi: %
JIOLIEHT / H.B. bynbinauna /

'\-rrﬁnucn

JIOLIEHT /(7 i / 1.B. Kycaiikun /

npogeccop 1. IllyBanos /

YTBepkaeHa Ha 3acefaHuH kadeapsl MHOOKOMMYHHKAUMOHHBIX TEXHOJOTMH H MOOHJIBHOM CBS3H
(UTuMC) nportokon ot 28.11.2023 r. Ne 3

3asenyromuii kapenpoit UM THMC ﬁ / H.B. By npinauna /
noanuchb
CoriacoBaHo: %
3aBenyrOLIHiA BTy CKaro1ien kadeapoit / H.B. Byabuiauna /
noanucCh
OrtsercrBenHsii no OINTOI % / H.B. Byapuiauna /
%}IH‘HCB

OcHOBHas ¥ IONOJHUTENbHASA JIMTEPATYPa, YKa3aHHas B 1.6 paboyeil MporpaMMbl, HMECTCA B HATHYHH
B 6nbnuoreke uacturyTa U ObC. _—

3aBenyrouuii 6M6nHoTEKOH 6‘) / C.I'. Topbenko /

IMOAMNHCH




Pazpabotuuk (-u) paboueil mporpaMmsi:

JTOLIEHT / H.B. Byasuiauna /
IIOOIINCH

JTOLIEHT / 1.B. Kycaiikun /
IIOOIINCH

podeccop / B.II. IllyBanos /
IIOOIINCH

YTBepkaeHa Ha 3acenaHud Kadeapbl MHPOKOMMYHHKAIIMOHHBIX TEXHOJIOTUH M MOOWIBHOW CBSI3U
(UTuMC) iporokon ot 28.11.2023 1. Ne 3

3aBenyrommii kapeapoit UTuMC / H.B. Byapuiauna /
MOJNNCH

CormnacoBaHo:

3aBenyrouuii BeITycKaromiei kapeapoit / H.B. Bynpuiauna /
IIOAITNCH

OrtserctBenusblii mo OITOIT / H.B. Bynpuiauna /
IIOAIINCH

OcHoOBHasl U JOTIOJHUTEIbHAS IUTEPATypa, yKazaHHas B 1.6 pabouel mporpaMMbl, UMEETCSl B HATMYUHU
B Oubnmoreke uHctutyTta u ObC.

3aBeyromuit OMOIMOTEKON | C.T'. Topbenko /
IIOAIIUCH




1. MECTO JUCHHUILIMHBI B CTPYKTYPE OBPA3OBATEJIBHOM
ITPOI'PAMMBbI

Hucnununa 2.3.2 «Kanouoamckuil sx3amen no CrneyuanvbHotl OUCYuniuHe» OTHOCUTCS K YaCTH
2.00pa3oBarenbHblIii KOMIIOHEHT, 2.3 [IpomexxyTouHas aTTecTamus Mo JUCHHUIUIMHAM (MOIYIISIM) H
MPaKTHKE.

OIIK-5 — Cnocoben npumensms nepcnekmueHvie Memoobl UCCIe008AHUS U  PeuleHUs.
npogeccuoHanvbHblX 3a0ad HA OCHOBE 3HAHUS MUPOBLIX MEHOeHYUUl pa3eumus cucmem, cemeti u
YCMPOUCME MeleKOMMYHUKAYUL

[IpenwecTByromue 2.1.2.3 Cucremsl, ceTd | YCTPOICTBa T€JIEKOMMYHHUKAIUN
JUCLUIUIMHBI U IPAKTUKU

JIMCUUIIIINHEL U IPAKTUKH, 2.3.5 [IpoMexyTouHas aTTecTalys 110 Hay4HO-
U3y4aeMble OJHOBPEMEHHO C UCCIIEI0BATEIbCKON IPAKTUKE

NAaHHOM JUCLMIIMHOMN

[Tocnenyromue qucummanabl 1 | 2.1.1.2 Hay4Hbie KOMMYHUKAIIH
MIPAKTUKHU 3.1 Ouenka nuccepranuu

JluctymimHa Modicem peaTu30BBIBATHCS C PUMEHEHUEM JTMCTAaHIIMOHHBIX 00Pa30BaTeIbHBIX
TEXHOJIOTUH.

2. TPEBOBAHMA K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHDI

B pe3yiibTaTeC OCBOCHHUA NUCHHUIIINHBI O6yanOIHHﬁCH JOJIKCH ACMOHCTPHUPOBATH PC3YJIbTAThI
O6y‘leHI/I${, KOTOPBIC COOTHCCCHBI C MHAUKATOpaMH JOCTHUIKCHU S KOMHCT@HHHﬁZ

KO}I 1 HAMMCHOBAHUEC MHAMWKATOpa JOCTUIKCHUS

o €3YyJIbTAaThbl 06y‘{€HI/IH IO JUCIUIIIINHE
KOMIICTCHIIMH

OIIK-5 — Cnocoben npumensmo nepcnekmueHble Memoobl UCCIe008AHUSL U PeUleHUs]
npogeccuonanbHblix 3a0ay Ha OCHO8E 3HAHUS MUPOBLIX MEHOEHYUL PA3BUMUS CUCTeM, cemell U
YCMPOUCME MeNeKOMMYHUKAYUTL

OIIK-5 — Cnocoben npumensmo 3naer:

nepcnekmueHvle Memoobl UCCIe008aHUSA U - METOIbl MOJICTTUPOBAHUS CUCTEM Tepeiaun
peutenus npogeccuoHaIbHbIX 3a0ay Ha OCHO8e | NH(OpMaLUU, CETe U yCTPONUCTB

3HAHUSL MUPOBLIX MEHOEHYUL PA38UMUs TEJIEKOMMYHHKAIMH C Y4€TOM HOBEHUIINX
cucmem, cemeu U yCmpoucmes TEXHOJIOTUH;

MeneKOMMYHUKAYULL - IEpE/I0OBbIE OTEUECTBEHHBIE U 3apyOeKHbIE

JOCTHDKEHUS B 00JIaCTH CHUCTEM CBSA3H U
YCTPOMCTB TEIEKOMMYHHKALIN;

- IEPCIIEKTUBHBIE HAIIPABIICHUS PAa3BUTHS OTPACIU
MH(OKOMMYHUKAIIUH.

Ymeer:

- IPOBOJUTH MCCIIEI0BAaHUS B 00JIaCTU CUCTEM,
ceTed U yCTPOMUCTB TEIEKOMMyHUKALIUNA

- TPaMOTHO MHTEPIPETUPOBATH MTOTYYEHHBIE
pe3yJIbTaThl IPOBEIEHHBIX UCCIEA0BAHNN;

- IPUMEHSTH METOJIbl MAaTEMAaTHYECKOTO aHAIN3a U
MOJIETIMPOBAHUSA AJIs PELIEHUS PAKTHUECKUX
3a/1ayg;

-[IPUMEHSATH NEPCIEKTUBHBIE METO/IbI




MCCJIEIOBAHUS U pelIeHus MpodeccunoHaIbHbBIX
3a/1a4 Ha OCHOBE 3HAHUS MUPOBBIX TCHICHIIUI
pPa3BUTHS CUCTEM, CETEN U YCTPOICTB
TEJIEKOMMYHUKAIUI

Baapeer:

HaBBIKAMH NIOCTPOCHUS AaHAUTUTUYECKUX U
MMUTALMOHHBIX MOJIEJEN CUCTEM, CETEH U
YCTPOMCTB TEJIEKOMMYHUKALIHA.

3. OBBbEM JUCIHUATIIAHBI

OO61mas TpyA0eMKOCTh AUCHUILINHBI cocTaBisieT 10 3a4eTHBIX MHHII.
JvcuunimHa nu3ydaercs:

1o OYHOM opme 00yueHus — B 1-4 cemecTpax

dopma IpOMEKyTOUHON aTTECTAIMK O JUCHUIUINHE — YK3aMEH/3aueT

3.1 Ounas ¢popma ooyuenus (O)

Bunst yueOHOI paboThI Bcero yacos Cemectp

6
AynutopHasi paéora (Bcero) 2 2
Jlexuuu (JIK)

Jlaboparopusie paboTs (JIP)

[Ipaktuueckue 3ausatus (I113)

[Tpenpk3amenannonusie KoHCynbTanuu (I1K) 2 2
CamocrosiTesbHas padora (Bcero) 72 72
Pabora Hag KOHCIIEKTAMHU JIEKIIAI 72 72

HO}IFOTOBKa K IIPAKTHUYCCKUM 3aHATHUAM

IToaroroBka K 1abopaTopHbIM paboTam

BeinonHnenne kypcoBoit paboThl

BrInonHenne KkypcoBoro npoekra

Brimonnenue pedepara

Brinmonmuenne PI'P

KonTpous (Bcero) 34 34

IToxroroBka K cjade 3aueTa

Cpraua 3auera

IToaroroBka K cmaue DK3aMeHa 25 25

Cpaua bK3amMeHa 9 9

OO01mast TpyA0eMKOCTh JTUCIIATIITTHBI 108 108




4. TPEBOBAHUS K KAHJIUJIATCKOMY DK3AMEHY. ITPOLIETYPA ITPOBEJEHMS
KAHINJIATCKOTO DK3AMEHA

PaGouass mporpamma ydeOHoU mucruruimHbl «Kanmunarckuii sx3ameH mo CrenuanbHON

JTUCIUILIMHE)» COCTAaBJICHA JUISl MOATOTOBKH CIEIMATUCTOB 1o HamnpasieHuto 2.2.15. «Cucremsl, cetu
U YCTPOHCTBa TeNEKOMMYHHMKanui». Kanaunarckuil sk3aMeH mpejacTaBiseT co0oil popMy OICHKH
CTENEHNW NOJATOTOBJIICHHOCTH AaCHHUpPAHTA K IPOBEACHUIO HAYUYHBIX HCCIEAOBAHUN 10 HAy4yHOH
CIEIMAILHOCTH U OTPACIIM HAYK, 10 KOTOPOH UAET padoTa HaJ JUCCepTaIuei.
Chaya KaHIUIATCKOTO 3K3aMEHa OCYIECTBISIETCS Ha oCcHOBaHUH Kypca «CHCTEMBI, CETH M yCTPOMCTBA
TeJIEKOMMYHUKaUi». KaHaquaaTtckui 35K3aMEeH MMeEET LENIbI0 IIPOBEPKY OCBOCHMS JHCLHILIAHBI
«Cuctembl, C€TU M YCTPOWCTBA TeIEKOMMYHHKaIUi». OCHOBHOI MaTepuai nporpammsl GopMupyet
o0myro Teopermyeckyto 0Oa3y. Ilporpamma opueHTHpOBaHa Ha pas3IHYHbIC HAIPaBICHUS
MOJATOTOBKH JHCCEPTAllMOHHONW palboThl U M3ydaeTcs B 00beMe HEOOXOJUMOM MJis BbIOpaHHOM
Hay4YHO-TEXHUYECKOU 3a7a4H.

[Iponenypy kaHAMAATCKOTO 3K3amMeHa 1o «CrenuanbHON JUCHUILUIMHE » COCTABISIOT OTBETHI
Ha BOITPOCHI IK3aMEHAIIMOHHBIX OMIIETOB. DK3aMEHAIIMOHHBIA OMJIET BKIIFOYAET B CeOS TPU BOMpOCa.
OtBer Ha KaXIblii BOMNPOC OLIEHUBAETCS OTAENBbHO. Pe3ynbrarhl 53K3aMeHa OLEHUBAKOTCSA IO
ATUOAIIBHON CHCTEME.

5. COAEPKAHUE PA3JIEJIOB JUCIIAIIJIMHbI

Pa3zgen 1. MaTtemMaTn4yecKne Mo/IeJIH COOOIIEHNIi, CHTHAJIOB M TIOMeEX

1.1. CooOuieHus, cUTHajbI, MOMEXH, KakK CIy4aiiHble Mpolecchl. MaTemaruueckue MOJENU AJis
HECTAIIMOHAPHBIX CUTHAIIOB. [IpeoOpa3oBaHue ClydyailHBIX BEJIMYUH U CITYJAHBIX ITPOIIECCOB.

1.2. R-¢yskiuu, aromapHble (pyHKINY, BEHBIETH B 3a7a4aXx 00paOOTKU CUTHAJIOB.

1.3. KoppensmuoHHbIE W JSHEPreTUYECKHE XaPaKTEPUCTUKH JICTCPMHHHPOBAHHBIX M CIIyY9alHBIX
nporeccoB. BeiiBrer koppensuus.

1.4. MaremaTtuueckue MOJIeJTU UCTOYHUKOB COOOIIeHH. Moiens peueBoro mpoiecca.

1.5. Orubaromas u ¢asza mporecca, aHATUTUYECKUH (KOMIUJIGKCHBINM) CHTHAJ, KBaJpaTypHBIE
KOMITOHEHTHI. Pactipeienienne orubaromieid 1 a3pl raycCOBCKOTO CIIy4aifHOTO Tporiecca.

1.6. JluneliHble TPOCTpaHCTBA MPEACTABIEHUS CHUTHAIOB, MpocTpaHcTBO EBknuma, I'miapbepra u
XemmuHra. Jluckpernoe npeodpazoBanue XapTiid.

Pa3nen 2 . OcHOBBI T€OpPUH MOAYJIALMU U 1eMOTYJISAIIHH.

2.1 Buasl Mmonynsuuu npu rapMoHndeckoit Hecyuieit: AM, ®M, UM. Cxemsbl hopmupoBaHus
MOJyJIMPOBAHHBIX KojebaHuil. CrieKTpbl MOAYJIMPOBAaHHBIX CUTHANOB. KoppensiunoHHslie n
HHEPreTUUECKUE XapaKTePUCTUKN MOIYIMPOBAHHBIX CUTHAJIOB MIPH CIy4YaliHOM MOAYJIHPYIOIIEM
CUTHajie. AHaJIUTHYECKas 3allMCh CUTHAJIA HAa BBIXOJIE MepeaaTunKa TP U30XPOHHOU Iepeiaye
JTUCKPETHBIX COOOIICHUN TPU JTMHEMHBIX U HEMHEHHBIX BUAAX MOIYJISLIUU.

2.2 lemonynsauus (I€TeKTUPOBAHUE) ITPH MTOMOILM MTApaMETPUUYECKUX U HETMHEHHBIX CXEM.
OTHolIeHHe CUTHAN/IIYM Ha BbIXoj€ "nuHeiHoro" aerekropa AM curnasna, OTHOIIEHHE CUTHAN/IIYM
Ha BBIX0JIe ()a30BOTO (YACTOTHOTO) JETEKTOpa.

2.3 ludposas MOIYIAINS U TEMOTYIISAIINS.

2.4 Buapl MOAyJsIMH, UCIOJb3yEMblE B COBPEMEHHBIX cucTteMax coToBoil cBsizu (GSM, QAM,

OFDM). Cucremsr MIMO.

Pasznea 3. Kanaabl cBs3u



3.1 MaTtemaTuueckue MOJETH KaHAJIOB CBS3U, KIacCU(pUKAIM U 001aCTh TPUMEHEHUSI.
3.2.IIpoxoxieHne 1eTepMHUHUPOBAHHBIX M CIyYalHBIX MPOLIECCOB Yepe3 JIMHEHHbIE CTal[IOHApHBIE
kaHanbl (menu). OCOOCHHOCTh MPOXOKICHHS CHUTHAJIOB dYepe3 Y3KOMOJIOCHBIE KaHAIbl. Metoj
KOMILJIEKCHON oru0aromiei npyu pacyere NpoxXoKACHUS Y3KOIOJOCHBIX BO3IEHCTBUM.

3.3Mozenu KaHAJIOB PaJloCBA3H. XapaKTEPUCTHKH KaHAIOB MOOWJIBHBIX CHCTEM CBs3H. Mozenu
panuokanainoB miis ciueHapueB LOS u NLOS.

3.4.MatemaTuueckue MOJEIH MoMeX B KaHalie cBsa3H. Kiaccudukanus u xapakTepuCTHKH.
3.5.0u3nyeckue mpouecchl, OOYCIOBIMBAIOIIME BO3HUKHOBEHHWE HCKa)KEHUI CHUTHaIa B
panuokasaie. Moiean HelpePhIBHBIX KaHAIOB C YYETOM JOIIIIIEPOBCKOTO CMELLEHUS YaCTOTHI.
3.6.MaTemaTuyeckasi MOJIENIb PaCIPOCTPAHEHUS CBSI3aHHBIX ONTHYECKUX UMIYJIbCOB B HEJIMHEHHOM
cpene. Henuneitnoe ypaBuenue Llpénunrepa. JIuneitnpie u HenuHeHbIe 3 HEKTHI.
3.7.'eomerpuueckas Mozenb kaHana Canexa-BaneHCyaubl ¢ pacceMBarOlIMMU OOBEKTaMM Ha IYTH
pacrnpoCTpaHEHHs CUTHAIA.

3.8.MeTo; mepeMEHHBIX COCTOSHUS JJs ONHCAHUS HCTOYHUKOB COOOIIEHUH, KaHaJlOB CBSI3H
(curnasioB). MapKoBCKHE MOJIEIH.

Pa3nes 4. OcHoBBI Teopuu nepeaayu nHGpopManun

4.1 NndopmanioHHbIE TapaMeTphbl COOOIIEHHH U curHanoB. MHpopManus AUCKPETHOTO HCTOYHHKA.
4.2 Bzaumuas wunbopmarusa. JuddepeHuuanbHas SHTPONUS JUIsl HENPEPHIBHOTO HCTOYHHKA
(curnana).

4.3 Db dexTrBHOE KOAUPOBAHUE TUCKPETHBIX COOOIIICHHIA.

4.4 TlpomyckHasi CIOCOOHOCTh KaHama cBs3u. Henuueitnsrii npenen LllenHoHa.

Pazgean 5. OcHOBBI T€OpPUM KOJAMPOBAHUS.

5.1 Ha3znauenue u kinaccuukaus KOJ0B.

5.2 Ha3naueHnue u kiaccuuKkanus IBOMYHBIX KO0B. V30bITOUHBIE U HEN3O0BITOUHbBIE, PABHOMEPHbIE
Y HEPaBHOMEPHBIE KOJIBI.

5.3 IIpuHIUIBI TOMEXOYCTOMYMBOTO KOJUPOBAHHUS.

5.4 JIu"elHble IBOUYHEIE OJIOUYHEIE KOJIBL.

5.5 HekoTopble pa3HOBUIHOCTH CUCTEMATHYECKUX KOJIOB.

5.60KBUBaNEHTHAs] BEPOSITHOCTh OIIMOKM TPU CPAaBHEHMM pa3IMYHBIX CHCTEM, 3KBUBAJIECHTHOE
OTHOIIIEHUE CUTHAJI/IITYM.

5.7 Koppexkrupytomiue kosl. Kol Puna-Conomona.

5.8 PaznoBuaHocTH cuctematnueckux koaoB. Koa boysza- Hoynxypu-XokBuHrema.

5.9 HepaBHoMepHbIe 3(h(heKTUBHBIE KOJIBI.

Paznen 6. Teopusi npuemMa AMCKPETHBIX COOOIICHUIA.

6.1.Ipuem curHasoB Kak cTaTUCTUYECKas 3aJa4ya pa3IUueHUs TUTIOTES.

6.2.Kputepun kavyecTBa W TpaBWiIa MpHEMa JUCKPETHBIX COOOIIEHWI MHHUMYMa CPEIHETO PHCKa,
MUHHMyMa CpefHel BeposiTHOocTH omuOku, Helimana-Ilupcona. IlpaBuino MakcHManbHOTO
npaBaonoao6wus. [IpaBmiio 0000MEeHHOT0 MaKCUMAILHOTO TTPABIOIIO00US

6.3.0nTUMaIbHBI aNTOPUTM MOJIEMEHTHOIO MpueMa B OIHOIYYEBOM KaHalle C aJJUTHBHBIM
rayCCOBCKUM O€JIbIM IIyMOM (KOTE€PEHTHBIH Mpuem).

6.4.IlpueM NUCKPETHBIX COOOIIEHUI B KaHANaxX C 3aMUPaHUSAMH, pa3HeceHHbIN npueM. [lonstue o6
ONTUMAJILHOM IIPHEME TUCKPETHBIX COOOIIEHHH B MPOCTPAaHCTBEHHO-BPEMEHHBIX KaHajlaxX.
6.5.I1pueM nUCKpeTHBIX COOOIIEHUH B KaHaJIaX CO COCPEAOTOYCHHBIMU U UMITYJIbCHBIMH ITOMEXaMH.



6.6. ANrOpUTM ONITUMAJILHOTO MPHEMa «B IIEJIOM» M TIO3JIEMEHTHOTO IpUeMa B JIeTEPMUHUPOBAHHOM
MHOIOJIy4€BOM KaHajne (KaHajge C NamsiITbhio) M aJJUTUBHBIM TayCCOBCKUM OE€IbIM IIyMOM.
Hcnonp3oBanne oOpaTHOM CBSI3U IO PELICHUIO.

6.7.CyOonTUManbHbIi QIFOPUTM «IIPUEM «B LEJIOM» C IO3JIEMEHTHBIM IMPUHATUEM DPEUICHUS» U
anroputM  Butepbu B MHOrogy4eBOM  JI€TEpMUHHpPOBaHHOM  KaHaie. OneHka  ux
IIOMEXO0YCTOWYMBOCTH IPHU UCIIOJIb30BAaHUM JBOMYHBIX CUTHAJIOB B JETEPMUHUPOBAHHOM KaHaje C
aAIUTHBHBIM OeJIBIM TayCCOBCKHUM LIYMOM.

6.8.AHaJIu3 MOMEXOYCTOHYMBOCTU IpHEMa IUCKPETHbIX cooOuieHuil. PabGouass XxapakTepucruka
oOHapyxuTens. BeposTHOCTh OMMOKH TPU KOTEPEHTHOM M HEKOTE€PEHTHOM Pa3InYCHUH.

Pa3nes 7. llpuem HenpepbIBHBIX COO0IICHM.

7.1. Kputepuil OonTUMaIbHOCTH OILCHMBAHUS OTICIBHBIX HEMPEPHIBHBIX MapaMeTPOB CHTHAJIA U
npueMa HelpepbIBHBIX COOOLICHUI.

7.2. OnTuManbHOE KOTEPEHTHOE W HEKOTEPEHTHOE OICHWBAHUE OT/AEIBbHBIX MapaMeTpOB CUTHAIA.
AHamnu3 KayecTBa OICHOK.

7.3. OnTuManbHas IEMOYJISIUS HEMTPEPBIBHBIX CUTHAJIOB.

7.4. TloMexOyCTOHYMBOCTh CHUCTEM II€peJaddl HENPEPHIBHBIX COOOLICHWH IMpH CIAOBIX ITOMEXax.
[ToporoBerii 3¢ GeKT MpHu CUITBHOM MOMEXe.

7.4. OnTuManbHas TUHEHHAs QUIBTPaLUs HeNpephIBHBIX coobmenuid. Punbtp Kanmana.

Pa3nen 8. Hudponasi 00padoTKka CHrHAJIOB.

8.1 Mopnenu IUCKPETHBIX CUTHAJIOB. MOAYIMPOBAaHHBIE HMITYJIbCHBIE IOCIEI0-BaTE€IbHOCTH, HX
CHEKTpaJibHble IUIOTHOCTU. BoccTaHOBIIEHHME HENPEPHIBHOTO CUTHAJA 110 MOJYJIMPOBAaHHOM
MMITYJIbCHOW IOCIeNoBaTenbHOCTU. OnpeielieHne CIEKTpa aHaJIOrOBOIO CUTHajla 10 COBOKYITHOCTH
OTCYETOB.

8.2 Jluckperusauusi nepuoAuYecKUX cUrHaioB. [Ipsmoe u oOpaTHOe TUCKpETHOE MpeodpazoBaHHE
®ypne. Anroputm 6sicTporo npeodpasosanus Pypre. Lluk-nuyeckas cBeprka.

8.3 Teopus z-npeodpazoBanus. [Ipsimoe u obpatHoe z-nipeodpazoBanue. CBs3b ¢ MpeoOpa3oBaHUEM
Jlannaca u @ypre. CBoiicTBa z-npeoOpa3zoBaHUsl.

8.4 udpossie ¢uibtpel (LIP). KBanroBanue curnana B L{P. Anroput™m nauHeHHONW HUPpOBOI
¢unbTpanun. YacrotHsiit koagduipent nepenaun L{d. Cucremuas pynkuus L.

8.5 Peanuzanus anroputmoB 1udposoit puibtpanuu. Tpancsepcanbublit LID, cu-ctemuas QyHkIus,
UMIyJbCHAsT M 4acTOTHas XapakTepuctuku. PekypcuBHble L[®. Cucremnas ¢yHkus, ee
peanusanys. Y CTONYUBOCTb peKypcuBHbIX LID. IM-niynbcHasa xapakrepucTuka pekypcusHoro LO.
8.6 Cunre3 nuHEHHBIX U(POBBIX GMIBTPOB. MeTo WHBAPUAHTHBIX UMITYJIBCHBIX XapaKTEPUCTHK.
Cunte3 LI® Ha ocHoBe AuckpeTu3anuu auddepeHnanbHOro ypaBHEHHs aHAJIOroBo# nenu. Metoa
MHBAapUAHTHBIX YaCTOTHBIX XapaKTEPUCTHK.

8.7 BnusiHue KBaHTOBaHUS cUTHaa Ha padoty L{D.

Pa3nen 9. PagnorexHuueckne CHCTEMBI.
9.1 PaguoyioKariMOHHBIE CUCTEMBEI.

9.2 PagyoHaBUTaMOHHBIE CHCTEMBI.

9.3 Cuctembl paguoyIpaBlICHUS.

9.4 OnTryeckue paTuoTEXHHYSCKUE CUCTEMBI.

Paznen 10. DiieMeHTHI TEOPHH MACCOBOT0 00CTY:KUBAHUS



10.1.0cHOBHbBIE TOHATHS MAacCOBOTO OOCTY)XKHMBaHHUS, KJIacCH(PUKAIUA CHUCTEM MacCOBOTO
obciyxxuBanus (CMO), TUTIOBBIE paclpeIeICHUs] B TCOPUU MAacCOBOTO OOCITY)KMBaHUs, TTOKa3aTeIIN
s dexkruBaoctu CMO, Teopema Jluttia, obmactu nmpuMeHeHwsI, MeTo bl uccienoBanus CMO.
10.2.Moaenu BXOAHBIX MOTOKOB. CTalMOHapHbIE M HECTAllMOHAPHBIE IOTOKH, ITyaCCOHOBCKHE
MOTOKH, TOTOKU Dpianra, notoku [lagpma, TeopemMa XUHYMHA O CXOAMMOCTH CYMMBI TIOTOKOB.
10.3.MapkoBckue CMO. Meroauka pacuéra rnokaszareneit 3¢ hekTuBHOCTH MapkoBckux CMO.
10.4.TITomymapkoBckHe ciydaiiHble Tmpomecchl, Meroa Kenpamna, aHanu3 BIMSHUS —3aKOHA
pacipeneneHuss BpeMeHn 00CTyKuBaHus Ha cpeanee Bpems oxuaanuss CMO, npuopurernsie CMO,
BUJIBI IPUOPHUTETOB, METOAMKA aHaANIM3a puoputeTHBIX CMO.

10.5.Meroasl uMuTanimoHHOro MozAeupoBanus CMO.

10.6.KauectBo obcmyxuBanus B cetsix IP. Monenu nomaepxku QoS B IP-cersx. Traffic Engineering.
[TnanupoBaHue MPOMYCKHOM CIOCOOHOCTHU CETH.

10.7.0cHoBHBIE MOJENU OLEHKH KaHAJBHOIO pecypca MJIi CEPBHCOB pPEaJbHOIO BPEMEHHU.
Marematuueckoe onucaHiue MOJENU OLIEHKH KaHAJIbHOTO pecypca B MYJIbTHCEPBUCHBIX CETSIX.

Pa3znen 11 . OcHOBBI NOCTPOEHHSA TEJEKOMMYHHKAIMOHHBIX CHCTEM.

11.1 Knaccudukanust cucreM 31eKTpocBsi3u. [lepBuuHble CUTHAJIBI 3JIEKTPOCBS3U U UX (PU3NYECKHe
XapakTepucTHKH. TenedoHHbie (pedeBbie) CUTrHANBL. TeneBU3nOHHBIe CUTHANIBI. CHTHAJBI TIepeaadn
JAaHHBIX.

11.2 Kananel nepenayu, ux Kiaccu(ukanys ¥ OCHOBHBIE XapakTepucTuku. Kanan mepemaun Kak
YETBIPEXIONIOCHUK. THUMOBBIE KaHalbl Iepenadd. [IByCTOpoHHME KaHaJIbl. Y CTOWYMBOCTH
JIBYCTOPOHHUX KaHAIOB. VIcKa)XeHUst 0T 00paTHOU CBSI3U. SIBIEHUE 3IEKTPHUECKOTO HXa.

11.3 ITpuHIMIBI HOCTPOCHUSI MHOTOKAaHAIbHBIX cUcTeM nepeaayn. O000IeHHas CTPYKTypHas cxema
MHOTOKaHaJIbHOM CHUCTEeMBbl nepenaud. MeToabl pa3/ieleHHs] KaHAJIbHBIX CHUTHANOB. B3anMHble
IIOMEXHU MEX]ly KaHAJIaMU.

11.4 OcHOBBI TIOCTPOEHUSI CHUCTEM Tepenayu ¢ 4acTOTHBIM pazaenenuem kanajioB (CII ¢ YPK).
Crpykrypnas cxema CII ¢ UPK. ®opmupoBanue kaHalbHBIX CUTHAJIOB. MeToasl GpopMUpOBaHUS
onHou 6oxoBoit mosock! (OBIT). Uckaxkenus B kananax u tpaktax CII ¢ YPK.

11.5 [IpuHUIMOBI TOCTPOEHUS U OCOOEHHOCTH PabOThI CUCTEM NEpeaaydl ¢ BPEMEHHBIM pa3/iefieHHeM
kaHasos (CII ¢ BPK). Crpykrypnas cxema CII ¢ BPK. ®opmupoBanne kanaiabHbix curaaios B CII ¢
BPK. Ilepexoausie BnusHus Mexay kanatamu CII ¢ BPK. Iloctpoenne nudpoBbIx cucteM nepeaadyu
(LCTD).

11.6 O6ume npunuuns!l popmupoBanus u nepenaun curtanoB B LICII. KBanToBaHnue curHajiaoB no
ypoBHIO. OrileHKa HIyMOB KBaHTOBaHUs. KoaupoBaHue KBaHTOBaHHBIX CHTHalioOB. OO00O0IIeHHAS
crpykrypHas cxema LICII. Buapl cunxponusanuu B L[CII. IlpuHummel pereHepanuu IuQpOBBIX
curHanoB. Jluneitnoe konuposanue B LICII.

11.7 Uepapxus LICII Ha oOCHOBE HMITYJIbCHO-KOAOBOM Moxymauuu. OObeauHEeHUE IHPPOBBIX
MIOTOKOB B IUIE3MOXpOoHHOW mudposoil uepapxum PDH. OObeauHeHne uu@poBbIX MOTOKOB B
CUHXPOHHOM 1MppoBoit nepapxuun SDH.

11.8 OOume nDpUHLKIBI TOCTPOEHUS BOJOKOHHO-ONTHYeckuXx cucrteM nepenaun (BOCII).
O6o6mennas crpykrypras cxema BOCII. Knaccudukamus BOCIL. CnocoObl opranuzanuu
nByctopoHHe# cBsi3u Ha ocHoBe BOCII. CriocoObl yrioT-HEeHHs] ONTHYECKUX KaOeseH.

11.9 OcHOBHBIE y3/IbI ONTHYECKUX CUCTEM Nepenadynd. ONTUYECKUM TUHEWHBINA TpakT. OnTudeckue
nepegaTyuky. TpeOoBaHMS K HMCTOYHMKAM ONTHYECKOrO M3Iy4YeHHs: HMX HapaMeTpbl H
XapakTepucTuku. Onrudeckue NpUeMHUKUA. Moaymnaropsl onTuueckoil Hecymied. OOoOmieHHas
CTPYKTypHasi CXeMa ONTUYECKOTO JINHEHHOT0 TpakTa. ONTHYECKHE YCUITUTEIH.

11.10 OOmme npuHUMIBI U OCOOEHHOCTH IOCTPOEHHUS CUCTeM paauocBs3u. Kiac-cudukarms
JUAna30HOB paJAHovYacToT M paauoBoiH. CTpykTypa panuocucteM me-penadu. OOmiye MpUHIUIBI
opranuzaiuu  paguocBsa3u.  Kmaccudpukanus — paguocucreM — nepenaud.  OcoOeHHOCTH
pacnpocTpaHEHHUs] PaJUOBOJIH METPOBOIO U MUJI-IMMETPOBOTO JAMANa30HOB. AHTEHHO-(QHUAECpPHBIE
YCTPOMCTBA.



11.11 TlocTtpoeHue paguopeNeHbIX U CIYTHUKOBBIX JHMHHUNA nepemaun. Kiaccu-guxarms
paguopeneiiHbIX JUHUK nepenadd. [I[puHOMIBI MHOTOCTBOJIBHOM Tiepenayu. Turmbl MOIYNSUUH,
IIPUMEHSIEMbIE B PaJHOPEJIEHHBIX U CIIlyTHUKOBBIX CUCTEMAaX Iepeayn.

11.12 OcoGeHHOCTH MOCTPOCHHS OOOPYIOBAaHUS PATUOPEICHHBIX U CIIYTHUKOBBIX CHUCTEM CBSI3H.
[TpuHIMIBl TOCTPOEHHUST O0OPYJOBAHUS PAJAUOPENCHHBIX JUHHUNA Tepelayd NpsSMOi BUAUMOCTH.
OcoOenHocTd mOCTpoeHUs: TpornochepHbIX paguopenerHpix JuHui. [lepemaya curhHasios
TEJIEBU3UOHHOIO BEIAHUS 110 paauope-ievHbIM JTUHUAM. CIyTHUKOBBIE CHUCTEMBI IE€peAayy.
[IpyuHIUITBI HOCTPOEHUS CUCTEM CIIyTHHUKOBOT'O TEJICBEILIAHMS.

Paznen 12. CeTu 371eKTPOCBA3H.

12.1 OOmwue mNpUHUMIIBI TOCTPOEHUs ceTell anekTpocBa3u. HasHauenue u coctaB cereit
3JIEKTPOCBSA3U. MeETObl KOMMYTAallMd B CETAX AEKTPOcBsA3U. CTPYyKTypa CETEl 3JIEKTPOCBS3HU.
Oco0eHHOCTH MTOCTPOEHUSI BTOPUUHBIX TEJIEKOMMYHHMKAIIMOHHBIX ceTeil. CocTaB M Ha3HAYEHHE ceTel
TeneOHHOM CBs3M, ceTel Mepenayu AaHHBIX, CETEH TEIeBHU3MOHHOrO BemaHus. MHbopMalmoHHo-
Berauciutensabie cetd. Cetn OBM (nmokanpable LAN, pernonanmeabeie MAN, rmo6ansasie WAN).
TenemaTuueckue CiayKObl.

12.2 IlpuHiuunsl nmocTpoeHusi cereil paanocBsizh. OCHOBBI IOCTPOEHUS CETEH COTOBOW CBSI3M.
OcCHOBBI TIOCTPOEHHUS ceTell OecrnpoBOJHOTO aOOHEHTCKOro paauoAocTyna. OCHOBBI MOCTPOCHUS
CIIyTHUKOBBIX CETEH CBS3H.

12.3 CemuypoBHeBas MojJeib B3aHUMOACHCTBHS OTKpBITHIX cucteM OSI, (yHKIMHM pazTU4HBIX
YPOBHEM.

12.4 Enunas cetb anektpocBsizu PO (ECO P®). Knaccudukanus cereit ECO P®, mpunHummb
[IOCTPOEHHUS, XapaKTEPUCTUKH.

12.5 Certu uxcupoBanHoit Tenedonnoii cBsa3u. Cerb ISDN. UntennexryansHas cetb IN.

12.6 Cetu noasm:xHOM cBsi3u nokonenuii 1G, 2G, 2.5G, 3G.

12.7 Cetu nepenauu gannbix (IP-cetn). Mnrepuer. Bupryanbubie yactHbie cetu VPN.

12.8 Appecarus B IP-cersix. Hcmonb3oBanue cxembl ajapecanuu uepapxuueckoil [P-ceru.
ITporokoner IPv4 u IPv6. Crpykrypa IPv4 n IPv6 angpecoB. Macka noa-cetu. OpHoanpecHas,
MIMPOKOBEIIATeNbHAS 1 MHOTOaapecHas pacceuika IPv4. Tumnbr agpecos IPv4 u IPV6.

12.9 Ilunamuueckast mapmpyrtusanus B [P-ceTsax. Alroputmsl, IpOTOKOJIbL. AB-TOHOMHBIE CUCTEMBI.
Tabmuna Mmapmpyruszauuu. OmnpezeneHue onTHUMalbHOro Mapiipyra. [IpemoTBpaiieHue mnerenb
KOMMYTallHH.

12.10 [IpuHuunsl mocTpoeHus: y310B nakeTHbiX cereil. Kommyrtaropsr Ethernet. MapmmpyTtuzatopsi.
MesxceTeBble dKpaHBl.

12.11 Ocuosl konnenmuu NGN. Apxurektypa. Yciuyru Triple Play. Peanuzanus. [IpoTokosnsl cereit
NGN.

12.12 I'nOkue xommyraTopsl (softswitch) u Mmeauammiossl. Knaccugukanus nuirozos. [lorpannynsie
koHTposuiepsl ceccuit SBC. [Tnardopmer IMS.

12.13 Hossie uHpopmarmonasie TexHonoruu B IP-cersix. IP-trenedonust (VolP). IP-reneBunenue
(IP-TV). Ycnyru OTT.

12.14 TIpoBoaueie u OecmpoBoaubie cetn pocryma (xDSL, FTTx, xPON, xEther-net, WiFi,
WIMAX).

12.15 Corossle cetu cBsizu cranaaptoB 4G (LTE, LTE-A). Konnenius ceteit 5G.

12.16 Meronpl aHanmu3a, CUHTE3a M ONTUMH3AIMU CTPYKTYpPhl MYJIBTHCEPBUCHBIX ceTei Ha Oase
kounenuii NGN/IMS.

12.17 ITpyHIMIBI MYJIBTUIPOTOKOIBHOW KoMMyTanuu no MerkaMm MPLS. Crex metok. IIpuHnmmns:
MapupyTtusanuu B cetu MPLS.

12.18 OcHoBsl UHTepHeTa Bemelt [oT. TexHonornn U nNpoTOKOJIBI MEXMAILIMHHBIX KOMMYHHKAIUH
M2M. CeHcOpHBIE CETH.



12.19 bynymme cetu (Future Networks). KormutuBHble cuctempl u cetu. I[Ipo-rpammuo-
koHpurypupyembie cetu SDN. CereBast Buptyanuzauuss NFV. IIpo-rpaMMHO-ynpaBisieMoe paauo
SDR.
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7 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JUCIUIIJINHbBI U
TPEBYEMOE ITPOI'PAMMHOE OBECIIEYEHUE

HaumenoBanue
ayIUTOPHUI, KAOWHETOB,

Bun 3agartuit

O6opynoBanue,

naboparopuit IporpaMMHoe o0ecreyeHue
VYuebHas ayuTopus Ui JIEKI[MOHHbIE OcHaenue:
IIPOBE/ICHUS 3aHATUH 3aHATUSA 5 5
-Ho adorarome 10 aBJICHUEM
JICKIIMOHHOTO THIIA yroye b » A YIpaB]
ONEpallMOHHOM  cucTeMbl cemelictBa  Microsoft
Windows 7, BKIIOUYEHHBIMH B €AMHYIO JIOKAJIHHYIO
CeTb C BBIXOJIOM B VIHTEpHET;
-Jlocka
-HTepakTuBHAs 10CKA
-IIPOEKTOP
VYueOHble ayauTopuu [uis | npaktudeckue | OcHamieHue:
NPOBE/ICHUS 3aHATHI 3aHATHUS 5
[1IK pabotaromiue moj ynpaBJICHUEM OIEPAMOHHOM
JICKIIMOHHOTO THIIA, . . :
. cucteMbl  cemeiictBa  Microsoft  Windows 7,
3aHATUH CEMUHAPCKOTO
BKIIIOYCHHBIMA B €IWHYIO JIOKaJIbHYIO CETb C
THUIA, TEKYIIEr0 KOHTPOJIS BBIX010M B UHTepHeT
U IIPOMEKYTOUHOU -Jlocka
aTTeCTalHH.
KomnerorepHas “IIPOCKTOP
ayIUTOpPUS
YAHTOP [TporpammMHoe oOecrieueHue:
CIIC Koncynbrantllntoc 110, npenocrtasnsemoe ass
YCTaHOBKH Ha KOMITBIOTEPHI B MTO/IPa3/ICICHHUS,
HETIOCPEICTBEHHO 3aHATHIE B Y4€OHOM TpoIiecce,
1100 GMOIMOTEKH 00pa30BaTENbHBIX YUPEKICHUI
YueOHast aymuTopust [uis | KoHCyabTanuu | OcHarieHue:
NPOBEICHUS TPYMIIOBBIX U
-HoyrOyk  paOortatomye  mox  ympaBiIeHUEM
WH/IUBUIYaIbHBIX . . .
. OTEpaI[MOHHOW  CHUCTeMbl  cemelicTBa  Microsoft
KOHCYJIbTaIlNi .
Windows 7, BKIIOUEHHBIMH B €IMHYIO JOKAJIbHYIO
CeTh C BBIXOJIOM B VMIHTEpHET;
-Jlocka
-IIPOEKTOP
[Tomermienue st CaMOCTOATENbHAS | OcHAlEHHUE:
CaMOCTOSITENILHOM PabOThI pabota

- TepCOHaNbHBIE KOMIBIOTEpHl 19 paboumx wmecra,




paboTaronye TOJ  YIPaBJICHUEM OIEPAIIMOHHOM
cucrteMsl ceMmeiictBa Microsoft Windows 7,
BKIIIOUCHHBIMH B CIHHYIO JIOK&IbHYIO CETh C
BBIXOAOM B HTEpHET;

Tenesusop LED LG 42" 42LE5500 Black (1 wr.)
[IporpammHuoe obecrieueHue:

Kaspersky Endpoint Security 10 mis Windows,
Arent anMuHHCTpHpoBanus Kaspersky Security
Center 10: Kommepueckoe I1O (munensus Kaspersky
Endpoint Security mis 6usHeca - PacimpeHHbI#
Russian Edition 500-999 Node 1 Year Renewal
License oxumaemMas 1aTa OKOHYAHUS !

Adobe acrobat reader. CBo6o1HO pacripocTpansemMoe
porpaMmmMHoOe o0ecredeHue

Google Chrome. CBo6oHO pacmpocTpaHseMoe
porpaMmmMHoOe o0ecredeHue

Gnu Octave. CB0OO0OIHO pacmpocTpaHsieMoe
porpaMMHOe obecrieyeHre

Scilab. CB0oO01HO pacpocTpaHseMoe MPOrpaMMHOe
obecrnieueHue

Smathstudio. CBoGo1HO pacpocTpaHsieMoe
porpaMMHoOe oOecrieueHue

Apache OpenOffice. CBo601HO pacpocTpaHsieMoe
porpaMMHoOe oOecrieueHue

CIIC Koncynbrantllntoc 110, npenocraBnsemoe ans
YCTAHOBKH Ha KOMITBIOTEPHI B MO/Ipa3AeIeHHUs,
HENOCPEICTBEHHO 3aHAThIE B yUeOHOM IIpolecce,
1100 GMOIMOTEKN 00pa30BaTENbHBIX YUPEKICHHH
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