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1. IlepeyeHb KOMIETEHIUH W HHANKATOPOB MX J0CTHKECHUS

[Ipouecc n3ydeHus: AUCUMILIIMHBI HApaBJieH Ha (OpMUpPOBAHUE CACAYIOIIUX KOMIIETEHIN:

[IpenmecrByromue
Kon n HaumeHoBanue peA YIOH
Kon n HaumeHoBaHue JTaIbl
WHIUKATOPa JOCTHUKEHUS Oran
KOMIIETECHIINU KOMITETEHLIHIA (c ykazanuem
JUCITATIITNH/TIPAKTHK )
OIIK-5 - Crnocoben | OIIK-5 — CnocoGeH mnpuUMEHSTH
MIPUMEHATHh [EPCHEKTUBHBIE | IEPCIIEKTUBHbBIE METOBbI
METOAbl HUCCJEJOBAHUS U | UCCIIEIOBAHUS u peueHus 21.2.3 CHCTEMBL CoTH
pelIeHus npoeCCHOHANBHBIX  3a]1a4 ) 1/1. CT olicTRA ’
npodeccuoHabHBIX  3a7a4 | OCHOBE 3HaHUS MHUPOBBIX yerp .
. TEJIEKOMMYHUKAINI
Ha OCHOBE 3HAHUS MHPOBBIX | TEHACHIMNA  PAa3BUTHUS  CHUCTEM,
TEHJCHLIUN pa3BUTHUSA | ceTeH u YCTPOUCTB
CHUCTEM, CETe W YCTPOWCTB | TEJIEKOMMYHHKAIINI
TEJIEKOMMYHHUKAIAN

dopma MPOMEKYTOUHON aTTECTALMHU 10 JUCLHUIUIMHE — 3K3aMEH

2. Iloka3aTe/in, KpUTEPUM U MIKAJIbI OLEHUBAHUS KOMIIeTEHIM A

Nupuxarop
O0CBOEHUSI
KOMIIeTEeHIIUH

IToka3aTeanb oneHUBAHUA

KpuTepuii oueHuBaHus
Kax (c kakum kawecmeom) évinonnsemcs
oeticmeue. Coomeemcmayem oyenxe
«omauuHo» 8 wikane oyernusanus 6 PITJ]

OIIK-5 — Cnocoben
MIPUMEHSATH
MEePCIEKTUBHBIC
METObI
HCCICIOBaHUS 51
pereHus
npodeccrnoHaIbHBIX
3aJad  Ha OCHOBE
3HAHHS MHUPOBBIX
TEHIECHIINN
pa3BUTUSL  CHCTEM,
CeTel W YCTPOWCTB
TEJIEKOMMYHHUKALAN

3Haer:

- MCTOABI MOJACINPOBAHUA CUCTEM IIE€pEaAYN

UH(OPMALINH, CETEeH U YCTPOICTB
TEJIEKOMMYHHUKAIIUKM C Y4€TOM HOBEMIINX
TEXHOJIOTHi;

- IEPCAOBLIC OTCUCCTBCHHBIC U 3apy6e>1<HLIe
JOCTHXXCHUS B 00J1aCTH CHCTEM CBSI3H U
YCTPOMCTB TEIEKOMMYHUKALUI;

- IEPCIIEKTUBHBIE HATIPABJICHUS Pa3BUTHUSA
oTpacii UH(HOKOMMYHHKALIUH.

Ymeer:

- POBOJUTH UCCIIEIOBAHUS B 001aCTH
CHUCTEM, CETEU U YCTPONCTB
TEJICKOMMYHHUKALIUI

- IPaMOTHO MHTEPIPETUPOBATH IIOIyYCHHBIE
pe3yJIbTaThl TPOBEJEHHBIX UCCIEA0BAHUN;

- IPUMEHATHh METO/Ibl MATEMATHYECKOTO
aHaM3a U MOAECITUPOBAHUS I PELICHUS
MPaKTUYECKUX 3a/1a4;

-IIPUMEHSATH MEPCIIEKTUBHBIE METOIbI
UCCIIEA0BaHUS U PELICHUs

npoeccHoHaNbHBIX 3a]]a4 Ha OCHOBE 3HAHUS
MUPOBBIX TEHACHIIUN Pa3BUTHUS CHCTEM, CETEH

Y YCTPOMCTB TEIIEKOMMYHHKALIHI
Baaneer:

HaBbIKaMM TIIOCTPOCHUA AHAIUTHYCCKUX U
HUMHUTAallMOHHBIX MOI[CJ'IGI\/’I CHUCTEM, ceTeil u

YCTPOMCTB TEJICKOMMYHHKALIHI

- (opmynupyeT BBIBOJABI IO
MOJTY4YEHHBIM pPe3ysbTaTam;

- MOKa3bIBACT 3HaHUE
IPOTrPaMMHOTO MaTepuasa Io
JMCLUIUINHE, OCBOMII
OCHOBHYIO PEKOMEH/IOBaHHYIO
JIUTEPATYPY;

- JIEMOHCTPUPYET
CTaOWJIBHBINA XapakTep 3HAHUI
U YMEHHH M CHOCOOEH K HX

CaMOCTOATCIIBHOMY
NPUMEHEHHI0O B TIporiecce
HalmuCaHusg  JuccepTaluu u

OCYIIECTBIICHUS
HUCCIENOBAaHUA IO 3aJaHHOH
npoOeMaTHKe.

IIxajna omeHNBaHNUA.




5-0aJiIbHAA IKAJIA

Kpurepuu ounenkun

OTiaugHO «5»

AcnupaHT JEeMOHCTPUpPYET CHOPMUPOBAHHOCTH AUCHUILIMHAPHBIX
KOMIIETCHIIN, OOHApYXMBAeT BCECTOPOHHEE, CHCTEMAaTUYECKOE U
rIy0OKOe 3HaHME€ TI0 CTENEHH TMOATOTOBJIEHHOCTH aclupaHTa K
IMMPOBCACHUIO HAYYHBIX I/ICCHGI[OBaHI/Iﬁ 110 HaquOﬁ CIICUAJIbHOCTH U
OTpaciiv HayK, IO KOTOPOM uieT paboTa HaJ IUCCepTaIueH.

Ha »k3ameHe acnupaHT CHOCOOCH CHCTEMHO U aHAJIUTHYECKU
IPEACTABUTh OTBETHl HAa OCHOBHOM U JIONOJHWUTENBHBIE BOIPOCHI,
JEMOHCTPHUPYET HaBbIKU

TBOPYECKOT'0, CAMOCTOSATEIBHOIO PELIEHUs MPOOIIEMBI.

Xopoto «4»

AcnupaHT  JI€MOHCTpUPYET  CPOPMHUPOBAHHOCTh  AMCHUIUIMHAPHBIX
KOMIIETEHIIMH Ha CPEJHEM ypOBHE: OCHOBHBIE 3HAHUS, YMEHHUS OCBOEHBI,
HE JIONyCKaeT CYIECTBEHHBIX HETOYHOCTEH B OTBETE HA BONPOCHI.
Acnupant  crocobeH MIPEACTAaBUTh OTBET HA OCHOBHOM BOIIPOC M
JIONIOJIHUTEIIbHBIE BOMPOCHI, UMEsl HE 3HAUUTEIIbHbIE MPOOEIIbl B 3HAHUSIX.

OTBeuaeT Ha BOIPOCH CAaMOCTOATENLHO, HO C 3aMeuaHusIMH. VcbIThIBaeT
3aTpyJHEHUs MIPU NEPEHOCE 3HAHUN U YMEHUN Ha HOBBIC, HECTAH/IAPTHBIC
CUTYaITIH.

Y 10BIETBOPUTEIBHO
«3»

ACIUpaHT UCIIBITHIBAET 3aTPYJHEHMS TIPU OTBETE HA BOIIPOCHI O CYLHOCTH
HayKM KaK COLHMAJbHOIO MHCTUTYTa, €€ CTPYKType U (QyHKIMIX,
[IPUMEHEHUE IEPCHEKTUBHBIX METONOB HCCIEAOBAHUSA M  pEILIEHUs
npoeCCHOHAIBHBIX 3aJad Ha OCHOBE 3HAHMS MHUPOBBIX TEHICHUUN
pasBUTUSA CHUCTEM, ceTed U yCTpoHCTB. IIposBisercs oOTCyTCTBHE
OTIENbHBIX 3HAHWW, YMEHHUH, HABBIKOB [0 HEKOTOPBIM AMCLMILIMHAPHBIM
KOMIIETCHLIMSIM.

AcnupaHT uMeeT 3HaHMA TOJBKO OCHOBHOIO MaTepuaga, JO0MYyCKaeT
HETOYHOCTH B JETANAX, HApPYyIIAET IIOC/IE€I0BATEIbHOCTh H3JI0KCHUH
maTtepuana, Jaer mnpubnusurtenbHele (opmyaupoBku. OTBedyaeT Ha
BOIIPOCHI HEAOCTATOYHO CAMOCTOSTENBHO.

ACHHpaHT HCIBITBIBAET 3HAYMTEIbHbBIE 3aTPyAHEHHs NPU ONEPUPOBAHUU
3HAHMSIMM U YMEHMSIMH IIPU UX MIEPEHOCE HA HOBBIE CUTYaLUH.

HeynosnerBopurens
HO «2»

AcnupaHT  JI€MOHCTpUPYET  CPOPMHUPOBAHHOCTh  AMCLHUILUIMHAPHBIX
KOMIETEHIIMH  HAa  ypOBHE  HIDKE  IIOPOTrOBOrO,  IPOSIBISETCS
HEJOCTaTOYHOCTh  3HAHWW, YMEHHH, HaBBIKOB. JlUcCHUIUIMHApHbIE
KOMIEeTeHIIMU He chopmupoBanbl. [IposBiisercs NoaHOE WK MPAKTUYECKU
IIOJIHOE OTCYTCTBUE 3HAHUI, YMEHUI, HABBIKOB.

AcmupaHT He YCBOWJI 3HAYUTENbHYI0 YacTh MaTepuana U JIOMyCKaeT
CYILIIECTBEHHbIE OLTHOKH.




3. MeTroauveckue MaTepuaJbl, ONpeae/siioliue MpoueIypbl OLeHUBAHUS 10 JUCHUILINHE

3.1. B xoxe peanu3zanuu JMCUMIJIMHBI HCHOJB3YIOTCH cjeaylolue (GpopMbl U MeTOAbI
TeKYLIero KOHTPOJIA

Tema u/unu pazaen ®opMbI/METObI TEKYHIET 0
KOHTPOJISI YCIIEBAEMOCTH
OIIK-5 — CnocobeH TNpUMEHATh MEPCIEeKTUBHBIE METOIbl HCCIENOBAaHUA M PELICHUS

npodeccoHaNbHBIX 3a/lad Ha OCHOBE 3HAHUS MHPOBBIX TEHACHLUUN pa3BUTUSL CHUCTEM, CETeH H
YCTPOMCTB TEJICKOMMYHHKALIMI

Pazgen 1. MaremaTtnyeckue MOJEIH COOOIIECHHUI, CHIHAJIOB H | DK3aMEH
IOMEX.
Paznen 2 . OCHOBBI TEOpUHU MOAYJISAIIMU U JEMOYJISIIUN. . SK3aMeH
Pasgen 3. Kanaine! cBsi3u dK3aMEH
Paznen 4. OcHOBHI TeOpHH Nepenayyl HHPOPMAITHH. 9K3aMeH
Pazgen 5. OCHOBBI TEOpHH KOJTUPOBAHUS. JK3aMEH
Paznen 6. Teopust mpuema TUCKPETHBIX COOOLIICHHIA. 9K3aMeH
Paznen 7. Ilpuem HenpephIBHBIX COOOIIEHUH. AK3aMeH
Paznen 8. [ludposas 06paboTKa CUTHAJIOB. 9K3aMEH
Pa3zzen 9. PaguorexHuyeckue CUCTEMEL. SK3aMeH
Paznen 10. DieMeHThl TEOPUU MAaCCOBOTO OOCITYKUBAHUSI 9K3aMEH
Paznen 11 . OcHOBBI TOCTPOCHUS TEIEKOMMYHHUKAITMOHHBIX 9K3aMeH
CHCTECM.
Pazgen 12. CeTn 35€KTpOCBS3U SK3aMeH

3.2. TumoBble MaTepHaJbl TEKYHIEr0 KOHTPOJISI YCIIEBAEMOCTH 00y4al0IIMXCS
OIIK-5 — CnocobeH TpUMEHSATH TEPCICKTUBHBIE METOJbI HWCCIACAOBAHUS W PEIICHHS
npodecCHOHANBHBIX 3a7ad Ha OCHOBE 3HAHMS MHUPOBBIX TEHACHIUN DPa3BUTHS CHCTEM, CETed U
YCTPOMCTB TEIIEKOMMYHHKALINI

Pa3znen 1. MaTemMaTHUecKHE MO COOOIIEHNI, CHTHAJIOB H MIOMeX

1.1. CooOuieHusi, curHaiabl, MOMEXH, KaK CiydailHble Mpolecchl. MaTreMaTudeckue MOJAENIU IS
HEeCTalMOHAPHbIX cCUrHaNIOB. [IpeoOpa3oBaHue ciryyailHbIX BEIMYHMH U CITy4ailHBIX IPOIIECCOB.

1.2. R-¢yHKumu, aromapHbeie pyHKIIMHN, BEHBIETHI B 33]ja4aX 00pabOTKH CUTHAJIOB.

1.3. KoppensuuoHHbIE M SHEPreTMYECKHE XapaKTepPUCTUKU IETEPMUHUPOBAHHBIX M CIy4YalHBIX
npoueccoB. BelBneT koppensuus.

1.4. MaremaTtudyeckue MOJIeJI HICTOUHUKOB coo0I1eHnil. Mojens peyeBoro npoiecca.

1.5. Orubaromas u ¢a3za npouecca, aHAIUTUYECKUN (KOMIUIEKCHBIM) CHUTHAJN, KBaJpaTypHbIE
KOMIOHEHTHI. Pacnipenenenue orudatromiei u gaspl rayCCOBCKOro CIy4aiHOTro Mmporecca.

1.6. JlunHeilHble mpocTpaHCTBa MpPEACTaBICHHUS CUTHAJIOB, MpocTpaHcTBO EBknmpa, ['mnpbepra u
XemmMmuHra. JluckpetHoe npeoOpa3oBaHue XapTIiu.

Pa3znen 2 . OcHOBBI TEOPHH MOAYJISIIUA U 1eMOTYJISIIIUH.

2.1 Bunel Moxynsiuu rnpu rapmMmonndeckoit Hecyueit: AM, ®M, UM. Cxemsbl popMUpoBaHUs
MOJYJIMPOBaHHbBIX KojeOanui. CrieKTpsl MOy IMPOBaHHBIX CUTHAJIOB. KoppensunoHHble 1
JHEPreTUYECKUE XapaKTEPUCTUKU MOLYJIMPOBAHHBIX CUTHAJIOB IIPH CIIy4YallHOM MOZIYJIUPYIOLIEM
CUTHaje. AHaJUTHYECKas 3alliCh CUTHAJIa Ha BBIXO/IE MepeaTunKa IIpu U30XPOHHOU nepeiaye
JMCKPETHBIX COOOLICHUI TpU JIMHEMHBIX M HEIMHEHHBIX BUIAX MOIYJISILIUU.

2.2 lemonymsiust (I€TEKTUPOBAHUE) MTPU MOMOILY TAPAMETPUUECKUX M HETMHEHHBIX CXEM.
OTHOIIEHUE CUTHAJI/IIYM Ha BbIXOAE "MuHeiHoro" nerekropa AM curHana, OTHOIIEHHE CUTHAJ/IIYM
Ha BeIX0Jie (ha30BOTO (YACTOTHOTO) JETEKTOpA.

2.3 llucdpoas MOIYIALMS U IEMOTYISALHSL.



2.4 Bungel MOAYJSLMM, MCTOJB3yeMbIe B COBPEMEHHBIX cucTeMax coToBoi cBs3u (GSM, QAM,
OFDM). Cuctemsr MIMO.

Pa3gea 3. Kanaasl cBA3H

3.1 MaTtemaTudeckue MOJEIN KaHaJIOB CBA3HU, KIacCU(PUKALHS U 00JIaCTh IPUMEHEHHUS.
3.2.IlpoxoxieHue AETEPMUHUPOBAHHBIX U CIIy4alHBIX MPOILIECCOB Yepe3 JIMHEHHBbIE CTAallMOHAPHBIE
kaHanbl (uenu). OCOOEHHOCTh MPOXOXKJICHHSI CUTHAJIOB dYepe3 Y3KOMOJIOCHbIE KaHalbl. Meron
KOMIUIEKCHOW Orn0aromiei npu pacuere NpoXoxKACHUS y3KOIOJIOCHBIX BO3/IEHCTBUM.

3.3Monenu KaHaJOB PaJAMOCBS3U. XapaKTEPUCTHKH KaHAJIOB MOOWJIBHBIX CHCTEM CBsi3u. Mojenu
pamuoxananoB ais ciienapueB LOS u NLOS.

3.4.MatemaTuueckre MOJEIH MOMeX B KaHaje cBa3H. Kiaccuukanus 1 xapakTepUCTUKH.
3.5.®Dusnueckue nporeccsl, 00yCIOBIMBAIOIINE BOSBHUKHOBEHNE UCKAKEHUHN CUTHAJIa B paJiiOKaHale.
Mognenu HeNpephIBHBIX KAHAJIOB C YYETOM JONIIJIEPOBCKOTO CMEILEHUS YaCTOTHI.

3.6.Maremaruueckasi MOJENIb PACIPOCTPAHEHMsI CBSI3aHHBIX ONTHUYECKUX MMITYJILCOB B HEJIMHEHHOU
cpene. HenuneitHoe ypaBuenue lIpénunrepa. JIuneiinsie u HenuHeHbie 3 (HEKTHI.
3.7.T'eomerpuueckas mojnenb kaHana Canexa-BajeHcyanbl ¢ paccenBarollMMU OOBbEKTaMHM Ha MYyTH
pacnpoCTpaHEHUs CUTHAA.

3.8.Merox MEepEeMEHHBIX COCTOSIHHUS JUIsI OINMUCAHWS WCTOYHHKOB COOOIICHHA, KAaHAJIOB CBS3U
(curnanoB). MapkoBcKHe MOJIETH.

Pa3nes 4. OcHoBbI Teopuu nepegayu HH(popmanuu

4.1 NudopmarnoHHble mapamMeTpsl cCOOOIIeHNH U curHanoB. MHpopMalus JUCKpPETHOIO HICTOUHUKA.
4.2 Bzaumnas wuHpopmanus. JuddepeHnumanbHas SHTPONHUS IS HEMPEPHIBHOTO HCTOYHHKA
(curnana).

4.3 D dexTHBHOE KOTUPOBAHHUE JUCKPETHBIX COOOIICHUH.

4.4 TlponyckHas ciocoOHOCTh KaHana cBsizu. Henunelinsiii npenen [llennona.

Pa3znen 5. OcHOBBI TeopuH KOAMPOBAHMS.

5.1 Ha3nauenue u kiaccuukanus KoJI0B.

5.2 Haznauenue u knaccudukaIis IBOMYHBIX KOJOB. M30bITOUHBIE U HEU3OBITOUHBIE, PABHOMEPHBIC U
HEPaBHOMEPHBIE KOJIbI.

5.3 IIpuHIIMIIBI TOMEX0YCTONYMBOTO KOAUPOBAHMSL.

5.4 JIuHeliHble IBOUYHBIE OJIOYHBIE KOBI.

5.5 HekoTopble pa3HOBUIHOCTH CUCTEMATHUYECKUX KOJIOB.

5.60KBUBAJICHTHAsT BEPOSITHOCTh OIIMOKH TIPH CPAaBHEHUM PA3IMYHBIX CHUCTEM, SKBHUBAJIEHTHOE
OTHOIIICHHE CUTHAJ/IIyM.

5.7 Koppektupyromue kojbl. Konsr Puga-ConomoHna.

5.8 PazHoBunHocTu cucteMarnyeckux koaoB. Koa boysa- Hoyaxypu-XokBuHrema.

5.9 HepaBHomepHBbI€ 3 (HEKTUBHBIE KOABI.

Pa3znen 6. Teopusi npueMa IMCKPETHBIX COOOIIEHMIA.

6.1.IIpuem curHanaoB Kak CTaTUCTUYECKAs 3a7ada pa3InueHUs TUIIOTES.

6.2. Kpurepun kadecTBa W MpaBWIa NpHEMa JUCKPETHBIX COOOIICHMH MHUHMMYMa CPEIHETO PHCKa,
MUHHMYyMa cpelnHeil BeposTHocTH omunOku, Heiimana-Ilupcona. IlpaBuimo MakcUManbHOTO
npaBaononoowus. [IpaBmio 0000IIEHHOT0 MAKCUMAILHOTO TIPABAOIIOA00US

6.3.0nTUManbHBId  AITOPUTM IOBJIEMEHTHOIO IPUEMAa B OJHOJYYEBOM KaHaj€ C aJJUTHBHBIM
rayCCOBCKUM O€JIbIM ITyMOM (KOTE€PEHTHBIN ITPUEM ).

6.4.IlpueM IUCKPETHBIX COOOLICHUI B KaHAlax C 3aMUPAHUSAMH, pa3HeceHHbIH npueM. [lonstue o6
ONTUMAJILHOM MIPHEME TUCKPETHBIX COOOIICHUH B TPOCTPAHCTBEHHO-BPEMEHHBIX KaHaIaX.



6.5.1IpueM AMCKPETHBIX COOOIIEHUH B KaHAIAX CO COCPEAOTOUEHHBIMH U UMITYJIbCHBIMH ITOMEXAMHU.
6.6.ArOpUTM ONTUMAJIBHOTO NMPUEMA «B IIEIOM» M MO3JIEMEHTHOTO MpHEeMa B JETEPMUHUPOBAHHOM
MHOTOJTy4eBOM KaHaie (KaHale C TMaMAThi0) M aJJINTUBHBIM TayCCOBCKAM O€NBIM IIIYMOM.
Hcnonb3oBanue 0OpaTHOM CBS3M MO PELLICHUIO.

6.7.Cy0onTHMaIbHBIN QITOPUTM «IIPUEM «B IEJIOM» C TIORJIEMEHTHBIM TNPUHITHEM DPEIICHHS» U
aJropuT™ ButepOu B MHOT0JIy4eBOM 1€TEPMUHHPOBAHHOM KaHaje. OLeHKa UX OMEX0yCTOHYUBOCTH
MIPU HWCTOJIB30BAHUHU JIBOMYHBIX CHTHAJIOB B JETEPMHUHHPOBAHHOM KaHAJIe C aIJUTHBHBIM O€IbIM
rayCCOBCKHM IIIyMOM.

6.8.AHAIM3 TIOMEXOYCTOWYHMBOCTH TpHUEMa JUCKPETHBIX coolOmennid. Pabodas xapakrepHucThka
oOHapy>xuTens. BeposTHOCTh OIMOKK PU KOT€PEHTHOM M HEKOT€PEHTHOM Pa3IUUYEHUH.

Pa3nen 7. [IpueM HenpepbIBHBIX COOOIIEHUIA.

7.1. Kputepuil ONTHMaIbHOCTH OLICHMBAHMS OTACIBHBIX HENPEPBIBHBIX MapaMETpPOB CHUTHAJA U
IpreMa HEMPEPhIBHBIX COOOLICHUI.

7.2. OnrtuManbHOE KOT€PEHTHOE M HEKOIEPEHTHOE OLICHMBAHME OTHAEIbHBIX IapaMETPOB CHUTHAA.
AHanu3 Ka4ecTBa OLCHOK.

7.3. OnruManbHasi 1eMOIYJISLNS HETPEPBIBHBIX CUTHAJIOB.

7.4. TloMexoyCTOMYMBOCTh CHCTEM II€pPENayd HENPEPHIBHBIX COOOIIEHUH NpU ClIa0bIX HOMEXax.
[Toporossrit 3pexT npu CHUIBbHOI moMexe.

7.4. OnTuManbHas TUHEHHAs GUIBTpanys HempephIBHBIX coodmennid. dunptp Kanmana.

Pa3nen 8. u¢gposasi 00padoTka CUTHAJIOB.

8.1 Mogenu IUCKPETHBIX CHUTHAJIOB. MOAYIMpOBaHHBIE HMITYJIbCHBIE MOCIEA0-BAaTEIbHOCTH, HX
CHEKTPAJbHBIE IUIOTHOCTH. BoOCCTaHOBIEHHME HENPEPBIBHOIO CHUTHala IO MOAYJIMPOBaHHOU
HUMITYJIbCHOM mociieoBareabHoCcTH. OnpesielieHne CIeKTpa aHaJIOrOBOrO CHUrHajla IO COBOKYITHOCTH
OTCYETOB.

8.2 Jluckperusanus TMEPUOJAMYSCKUAX CUTHANOB. [IpsmMoe M oOpaTHOE AMCKpETHOE MpeoOpa3oBaHUe
®ypbe. Anroputm ObicTporo npeodpazoBanust Oypre. L{uk-nndeckas cBepTka.

8.3 Teopus z-ipeoOpazoBanus. [Ipsimoe u oOpaTHoe z-mipeoOpazoBanue. CBsi3b ¢ MpeoOpa3oBaHUEM
Jlannaca u @ypee. CBolicTBa z-nipeoOpa3oBaHusl.

8.4 Iudposeie ¢uapTpsl (LIP). KpantoBanue curHaia B L[D. Anropurm nmHEWHOH UHGPOBOH
¢unbTpanuu. YactorHsiil ko3 dunuent nepegaun L{d. Cucremnuas Gpynkius L.

8.5 Peanmzanus anroputmoB nugposoil punerpannu. TpancBepcanbbiii LD, cu-cremuas GyHKIus,
UMIIyJbCHAsl U YaCTOTHasl XapakTepucTuku. PekypcuBuble LI®. CuctemHas QyHKUus, ee peaar3anus.
YceronunBocTh peKypcuBHbIX LD, IM-niynbcHas xapakrepuctuka pekypcusHoro LO.

8.6 CuHTe3 JMHEHHbIX UQPPOBBIX (GUIABTPOB. MeTO MHBAPUAHTHBIX MMITYJIbCHBIX XapaKTEPUCTHK.
Cunte3 LI® Ha ocHOBe auckpeTm3anuu TudGEpeHINaTbHOr0 YpaBHEHU aHAIOTOBOM 1enu. MeTton
VHBAapUAHTHBIX YaCTOTHBIX XapAKTEPUCTHK.

8.7 BiusHue KBaHTOBaHUs CUTHaja Ha padoty LD.

Pa3zgen 9. PagnorexumuecKkue CUCTEMBI.

9.1 PagnoiokallMOHHBIE CUCTEMBI.

9.2 PanyoHaBuraoHHbIe CUCTEMEL.

9.3 Cuctemsl paguoyIpaBiICHUS.

9.4 OnTuyeckue paAuOTEXHUYECKUE CUCTEMBI.

Pazgea 10. JjeMeHTHI TEOPUHM MAaCCOBOT0 00CIYKMBAHUSA

10.1.0cHOBHBIE ~TIOHSATHSI MAacCOBOTO  OOCHY>KMBaHHs, KiIacCU(UKAUs CHCTEM MacCOBOTO
obcnyxuBanus (CMQO), TUIIOBBIE paclpenesieHuss B TECOPUHM MAcCOBOTO OOCTY>KUBaHHS, IMOKa3aTeIn
spdextuBHOCcTH CMO, Teopema JIuttna, o0mactu npuMeHeHus1, MeTo sl uccaenoBanuss CMO.



10.2.Mopnenu BXOAHBIX MOTOKOB. CTallMOHAPHBIE U HECTAIIMOHAPHBIE TIOTOKH, ITyaCCOHOBCKHE ITOTOKH,
oTOKH Dpanra, notoku [laapma, TeopemMa XMHYMHA O CXOAUMOCTH CYMMBbI IOTOKOB.
10.3.Mapkosckue CMO. Mertomuka pacuéra mokasareneit 3¢ dexrunBrocTn mapkoBckux CMO.
10.4.ITonymapkoBckue ciydaiiHple mpouecchl, MeToJ KeHpamna, aHanu3 BIMAHUS —3aKOHA
pacnpeneneHns BpeMeHu o0ciIyKuBaHUs Ha cpeaHee BpeMs oxunganuss CMO, npuopurernsie CMO,
BUJIbI IPHOPUTETOB, METOIMKA aHaNIM3a puopuTeTHbIx CMO.

10.5.Metonbl uMHUTalIMOHHOTO MojienupoBanust CMO.

10.6.KauectBo 06cmysxuBanus B cetsix IP. Monenu nognepxku QoS B IP-cetsix. Traffic Engineering.
[1nanupoBaHue NPOMYCKHOM CIIOCOOHOCTH CETH.

10.7.0cHOBHBIE MOJENN OLEHKH KaHaJIbHOTO pecypca /jsl CEpBUCOB pEalbHOIO BPEMEHH.
MatemaTHueckoe ONMCaHUue MOJIENIN OLIEHKH KaHAJIIbHOTO pecypca B MyJIbTUCEPBUCHBIX CETAX.

Pa3znen 11 . OcHOBBI NOCTPOCHUS TEJIEKOMMYHHKANMOHHBIX CHCTEM.

11.1 Knaccudukanus cucteM 31eKTpocBsi3u. [lepBuuHbIE CUTHANIBI MEKTPOCBSA3HM U UX (pU3HMUECKUe
xapakTepucTuku. TenedoHHble (pedeBble) curHaibl. TeraeBU3HMOHHBbIE cUrHaibl. CUTHANBI Meperadyn
JTAaHHBIX.

11.2 Kanansl mepenauu, uX KiIacCU(pHKaIMsg U OCHOBHBIE XapakTepucTuku. Kananm mepenmaum kak
YETBIPEXIOMIOCHUK. THIIOBbIE KaHalbl Inepenadd. JIByCTOpOHHME KaHANbl. Y CTOWYMBOCTH
JIBYCTOPOHHUX KaHaJIOB. VIcKkaxeHUs: 0T 0OpaTHOM CBsI3U. SIBJIeHUE 3IEKTPHUUECKOTr0 IXa.

11.3 TIpuHIHUIBI TOCTPOCHUS MHOTOKAHAIBHBIX CUCTeM mepenadn. O000ImeHHass CTPyKTypHas cXxeMa
MHOT'OKaHaJIbHOM CUCTEMBI Ilepeiadyi. MeToabl pa3aeieHusl KaHaJIbHBIX CUTHAJIOB. B3auMHble momexu
MeX1y KaHaJIaMH.

11.4 OcHOBBI NOCTPOEHHUS CHCTEM NepeAayd C 4YacTOTHbIM pasnenenuem kaHanoB (CII ¢ YPK).
CrpykrypHas cxema CII ¢ YPK. ®opmupoBaHue KaHaJIbHBIX CHUTHAJIOB. MeToapl (pOpMHUpOBaHUS
onHoit 6okoBoii monocsk! (OBIT). Uckaxkenus B kananax u tpakrax CII ¢ UPK.

11.5 IMpuHIUIBI TOCTPOCHHUS U 0OCOOEHHOCTH PabOTHI CUCTEM Mepeaayll ¢ BPEMEHHBIM pa3zelieHHEeM
kananoB (CII ¢ BPK). Ctpykrypnas cxema CII ¢ BPK. ®opmupoBanmne kananbHbix cursanoB B CII ¢
BPK. Ilepexonnsie Bnusnus mexay kanaiaamu CII ¢ BPK. Iloctpoenune nugpoBbIix CUCTEM NEpeiadu
(LICID).

11.6 O6mue npuHIUnel hopmupoBanus U nepeaadn curHaioB B [[CII. KBanToBaHue curHaioB 1o
ypoBHI0. OleHKa IIyMOB KBaHTOBaHHUS. KoaupoBaHuMe KBaHTOBaHHBIX CHUTIHajoB. O0o00IeHHAs
ctpykrypHas cxema LICII. Bunbel cunxponuzanuu B L[CII. IlpuHuunel pereHepanuu HUPPOBBIX
cur”anos. JIuneitnoe konuposanue B LICII.

11.7 Uepapxus LICI1 Ha 0cHOBE UMITYJIbCHO-KOI0BOW Moaysiui. O0beTnHeHNE TU(PPOBBIX TTOTOKOB
B IUIE3MOXpOHHOM 1MppoBoii uepapxun PDH. O0beauHenue nudpoBbIX MOTOKOB B CHHXPOHHOMH
uugposoit uepapxuu SDH.

11.8 OOmwue nOpUHIUIBI TOCTPOSHUS BOJIOKOHHO-omTHuYeckux cuctem mnepemaun (BOCII).
O6o6mennass crpykrypaas cxema BOCIL Kiaccupukamus BOCII. CrocoObl  opranuzanuu
nBycropoHHeil cBa3u Ha ocHoBe BOCII. CriocoObl ymiioT-HeHHsl ONITUYECKUX Kalee.

11.9 OcHoOBHBIE y3IIbI ONTHYECKUX cHUCTeM mepenadr. ONnTudeckuil JTUHEHWHBIM TpakT. OnTHYecKue
nepenatyuky. TpeOoBaHMS K HCTOYHMKAM ONTHYECKOTO M3JIy4EHHUS: UX THapamMeTpsl U
XapakTepucTuku. OnTudeckue NpPHUEeMHUKH. MOIyJsITopsl onTudeckoil Hecymed. OO6oOmeHHas
CTPYKTypHasl CXeMa ONTHYECKOT 0 JIMHEUHOTO TpakTa. ONTHYECKNE YCUIIUTEIIN.

11.10 OOmme mnpUHOMOBI U OCOOEHHOCTHM TOCTPOCHHSA CHUCTeM paauocBs3u. Kiac-cuduxanms
JIMaNa3oHOB PaguovacToT M paauoBoiH. CTpykTypa paauocucTeM mne-pefaud. OOIue NPUHLIUIBI
opranuzanuu paauocssazu. Knaccupukanus paguocuctem nepenaun. OcoOEHHOCTH pacpOCTPaHEHUS
pazinoOBOIH METPOBOIO M MIJI-TUMETPOBOrO AUANAa30HOB. AHTEHHO-(HIEPHbIE yCTPONUCTBA.

11.11 TloctpoeHue paguopenciiHBIX U CIYTHUKOBBIX JHHUN mepenaun. Kiaccu-uxanms
paauopeneriHbIX JUHUKA mnepeaadd. [[puHUIMIBI MHOTOCTBOJIBHOM mniepegayu. TUIbI MOIYJISIUU,
IIPUMEHSIEMBIE B PaIUOPEIEHHBIX U CIIyTHUKOBBIX CUCTEMAX NEPEIadH.

11.12 OcobGeHHOCTH TMOCTPOCHHsSI O00OPYIOBAaHUS PATUOPEICHHBIX M CIyTHUKOBBIX CHCTEM CBSI3H.
[Ipunnunsl nocTpoeHus: 00OpYNOBaHMS PAAUOPEICHHBIX JIHHUN MepeJadyd MpsIMONH BHIUMOCTH.
OcobenHoctu  TOCTpoeHUs  TpomocepHbIX  pamguopenciiHbix auHME. [lepemaga  curHamoB



TCICBU3MOHHOI'O BCIIaHUA IIO pazmope-neﬁHmM JINHUAM. CHYTHI/IKOBI)IG CUCTCMbI ICpcaavu.
HpI/IHI_II/IHH NOCTPOCHUS CUCTEM CITYTHHKOBOI'O TCJICBCIIAHU.

Pa3nen 12. CeTH 3J1eKTPOCBSI3H.

12.1 OOuye NpUHLIKIIBI TOCTPOEHUS ceTel 3NeKTpocBs3u. Ha3HaueHune u coctaB ceTel 3IeKTPOCBA3H.
MeToapl KOMMYyTallMd B CETAX OJIEKTpocBsi3u. CTpykTypa ceTeil amekTpocBs3n. OcoOeHHOCTH
MOCTPOEHHsI BTOPUYHBIX TEIEKOMMYHHKAllMOHHbIX ceTeil. CocTaB M Ha3Ha4YeHUE ceTeil TenedoHHON
CBsI3M, CETeH Tmepedadyd JaHHBIX, CETeH TEJNeBU3MOHHOrO BemaHus. MuopmarmoHHo-
BeruncautensHeie cetd. Cetn OBM (nmokanbable LAN, permonansisie MAN, rmobGamsasie WAN).
Tenemaruueckue ciryx0bl.
12.2 ITpunuunsl noctpoeHus ceteil paguocBa3u. OCHOBBI OCTPOEHHsI ceTel COTOBOM CBA3H. OCHOBBI
MOCTPOEHHS CeTel OecTpOBOIHOTO a0OHEHTCKOTO paaroaoctyna. OCHOBBI MOCTPOSHUSI CITy THUKOBBIX
ceTey CBA3U.
12.3 CemuypoBHeBass MoJieldb B3aUMOAECUCTBUA OTKPBITBIX cucteM OSI, QyHKUMM pa3IUdHBIX
YPOBHEH.
12.4 Epunast cerp anekrpocBsizu PO (ECO P®). Knaccuduxamus cereii ECO P®, npunuumnsl
MOCTPOEHMSI, XapaKTEPUCTUKH.
12.5 Cern puxcupoBanHoii Tenedonnoi csizu. Cerb ISDN. MaTemiekryansHast ceth IN.
12.6 Cetn moaBmxHOM cBs3u nokojenuii 1G, 2G, 2.5G, 3G.
12.7 Cetu nepenaun nanusix (IP-cetn). UnTepuer. Bupryanbubie yactHbie cet VPN.
12.8 Anpecanus B [P-ceTsix. Mcnonb3oBanue cxemsl aapecauuu uepapxudeckoit IP-cetu. [IpoTokosbl
IPv4 wu IPv6. Crpykrypa IPv4 wu IPv6 angpecoB. Macka mnoa-cetu. OpnHoanpecHas,
LIMPOKOBENIATENbHAs U MHOTOaipecHas paccolika [Pv4. Tunsl agpecos IPv4 u IPv6.
12.9 Iunamuueckass mapuipytusanus B [P-ceTsx. Anroputmsl, IpOTOKOJbl. AB-TOHOMHBIE CHCTEMBI.
Tabmuua mapmpyTtuzanuu. OnpeneneHue ONTUMaIbHOrO MapupyTa. llpemoTBpalrieHue mneTenb
KOMMYTallUH.
12.10 ITpuHiune! nmocTpoeHus y3i10B makeTHeIX cereil. KommyTaropsl Ethernet. MapiipyTusarops.
MexkceTreBble DKpaHBbl.
12.11 OcnoBsl konueniuu NGN. Apxurtektypa. Ycmyru Triple Play. Peanuzanus. IIporokonsl cereit
NGN.
12.12 T'ubkue kommyTatopsl (softswitch) u menuanutossl. Knaccudukanus nuiro3os. [lorpanuynsie
koHTposuiepsl ceccuit SBC. Ilnardopmsr IMS.
12.13 HoBele nadopmarmonnslie Textonoruu B IP-cetsx. IP-renedonus (VolP). IP-renesunenue (IP-
TV). Yenyru OTT.
12.14 TlpoBonusie u 6ecipoBoaubie cetu noctymna (xDSL, FTTx, xPON, xEther-net, WiFi, WiMAX).
12.15 Cotossle cetu cBa3u crangaptoB 4G (LTE, LTE-A). Konnenius cereit 5G.
12.16 Metonpl aHanu3a, CHMHTE3a W ONTUMH3ALMHM CTPYKTYphl MYJIBTUCEPBUCHBIX ceTeil Ha 0Oa3ze
xounenuiit NGN/IMS.
12.17 IlpuHumnel MyJbTHIPOTOKOJBHOM kKoMmyTauuu no metkaM MPLS. Crex metok. IIpuHiuumns!
MapipyTuzauuu B cetu MPLS.
12.18 OcnoBbl MuTtepHeTa Bewen [0T. TexHomorum v mpoTOKONIBI MEXMAIIMHHBIX KOMMYHUKALAN
M2M. CeHcopHbIe CeTH.
12.19 Bbynymme cetu (Future Networks). KorautuBHble cuctemMbl W ceTH. [Ipo-rpamMmHO-
koHpurypupyemsie cetn SDN. CereBas Buptryanmzanuss NFV. I[Ipo-rpamMmHO-ynpaBisieMoe pajauo
SDR

baHK KOHTpOJIBHBIX BOIPOCOB, 3aJ@aHUM M HMHBIX MAaTEpUAJIOB, MCIOJIb3YyEMBIX B IIPOLECCE
IPOLEelyp TEKYILEro KOHTPOJS U MPOMEXYTOYHOM aTTeCTallud HAXOAMUTCS B y4eOHO-METOAMUYECKOM
KOMIUIEKCE TUCHMIUIMHBI W/WIN TIPEACTaBICH B AJIEKTPOHHONW HH(OPMAIMOHHO-00pa30BaTeIbHON
cpene o URI: http://www.aup.uisi.ru/.

3.3. Mertoauyeckue MaTepHaJbl NPOBEJACHUsS] TEKYLIero KOHTPOJIS U NMPOMEKYTOYHOM
aTrrecTalMy 00y4aromUXCcs

[lepeyeHp MeTOAMYECKMX MATEpUAIOB [UId TOATOTOBKM K TEKyIIEMY KOHTPOJIIO U
IIPOMEKYTOYHOU aTTECTALUN:




1. Meroarueckie yKa3aHUs K BBIMOJHCHHUIO TPAKTHYSCKHX padoT 1O JAUCIMIUIAHE
«Cucrembl, CeTH B yCTPOUCTBa TenekommyHuKaruiny. —URL: http://www.aup.uisi.ru/.




