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1. IlepeyeHb KOMIETEHIIHIT 1 MHAUKATOPOB UX JIOCTUKEHUS

[Tponiecc u3yueHust AMCUUIIMHBI HAIPpaBJieH Ha GOpMHUpPOBAHUE CIEAYIOUIMX KOMITETECHITHI:

[IpenmecrByromue
Kox u Haumenosanue pei yrom
Koxa u HaumeHoBaHMe KOM- STarnbl
WHJMKATOpa IOCTHKEHUS KoMIe- | Jrarl
MIeTCHITNH - (c ykazaHueM JWCIIHII-
TEHIUI
JINH/TIPAKTHK )
OIIK-5 — Cmnocoben mpume- | OIIK-5 — CnocoOeH TpuMEHSTh

HATb IEPCIEKTUBHBIE METO-
Abl HCCICAOBAaHHA U pelIC-
HUS NPO(ecCHOHANbHBIX 3a-
Jla4 Ha OCHOBE 3HAHMS MHPO-
BBIX TEHJEHUUN pa3BUTUSA
CUCTEM, CETEed M YCTPOMCTB
TEJIEKOMMYHUKaUN

MEePCIIEKTUBHBIE METOJIbI HCCIEI0-
BaHUS U pElICHUs MPOo(dheCcCHOHATb-
HBIX 3aJ]a4 Ha OCHOBE 3HAHUS MU- 2
POBBIX TEHJCHIUMN pPa3BUTUSA CHUC-
TE€M, CETEd U YCTPOWCTB TEIECKOM-
MYHHKaIHI

2.1.2.3 CucreMsl, ceTn
Y YCTPOMCTBA Tele-
KOMMYHUKAaIUI

dopma NpOMEKYTOYHON aTTECTALUHU 110 JUCIUILIMHE — DK3aMEH

2. Hoxa?.aTe.Jm, KPUTEPUH U HIKAJBI OICHUBAHUA KOMIIeTeHIIMii

HNuaukartop ocBoe-
HUSI KOMIIeTeHIIMH

IToxa3aTeanb oeHUBAHUA

Kpurepuii oneHuBanmusi
Kaxk (¢ kaxum kauecmeom) 8binoaHs-
emcs Oeticmsue. Coomgemcmesyem

OyeHKe «OMAUYHOY 8 WIKATle OYeHUBA-
nus 6 PITJ]

OIIK-5 — Cnoco-
OeH  TNpPUMEHATH
MEPCTIEKTUBHBIE
METOJIbl  MCCIIENO0-
BaHUSA M pELIEeHUs
npogeccuoHab-
HBIX 3aJa4 Ha oc-
HOBE 3HAHUSA MHU-
POBBIX TEHIEHLHI
pa3BUTHSA CHUCTEM,
CeTeN U yCTPOMCTB
TEJIEKOMMYHHKa-
i

3naer:

- METOJIbl MOJEITUPOBAHMS CUCTEM MEpeIaun
nH(popMalnH, CeTel U YCTPONCTB TEIEKOMMY-
HUKAILMM C yYETOM HOBEMIIUX TEXHOJIOTUH;

- IEPCAOBBIC OTCYCCTBCHHLIC U 3apy6e)KHLIe JOCTH-
JKEHHUS B 00JIaCTH CHCTEM CBSA3U U YCTpOﬁCTB TCIC-
KOMMYHUKAIIUN,

- TIEPCTIEKTUBHBIC HATIPABJICHUS Pa3BUTHUS OT-
paciu nHHOKOMMYHUKAIIHA.

Ywmeer:

- MPOBOJUTH UCCIIEIOBAHUS B 00JaCTU CUCTEM,
CeTel U YCTPOMCTB TEIEKOMMYHHUKALINI

- T'PaMOTHO MHTEPIPETUPOBATH ITOJTYICHHBIC pE-
3YyJIbTAThI IIPOBCACHHBIX HCCHGHOBaHHﬁ;

- IPUMEHATHh METO/Ibl MATEMATHYECKOTO aHAIIN3a
Y MOJAEIIUPOBAHUS JIJISl PEIIEHUS MPAKTHUYECKUX
3ajad;

-IPUMEHSTH MEPCIIEKTUBHBIE METO]IbI UCCIIEI0-
BaHMS M pelieHUs MPOPECCHOHABHBIX 3a71a4 Ha
OCHOBE 3HAHUS MUPOBBIX TEHJAECHIIUN Pa3BUTH
CUCTEM, CETEN M YCTPOUCTB TEJIEKOMMYHHKAIIUI
Baajgeer:

HaBBIKAMH TTOCTPOCHUS AHATUTHUYECKUX U UMH-
TAallMOHHBIX MOJIENIEH CHCTeM, CeTed U YCT-
POMCTB TEJIEKOMMYHHKAIIMN

- (QopMynIupyeT BBIBOABI IO
[IOJIYYEHHBIM pe3yJbTaTaM;

- TIOKa3bIBa€T 3HAHME IIPO-
rPAMMHOIO Marepuana 1o
JUCLUILINHE, OCBOMJI OCHOB-
HYI0 PEKOMEHIOBAHHYIO JIH-

Teparypy;
- JIeMOHCTPHpPYET CTaOMJIIb-
HbIl XapakTep 3HAaHUU W

YMEHHH U CIIOCOOEH K UX ca-
MOCTOATCIIBHOMY  IIPUMCHC-
HUIO B MpoIlecCe HAMUCaHUS
JIFICCEePTAIlMN U OCYIIECTBIIE-
HUS WCCIEAOBAaHUSA IO 3a-
JAHHOM TIpo0IeMaTHKe.




Ikana oneHNBaHUA

100-
0aJllIbHAA
IIKAJIA

5-0a/iIbHAY IIKAJIA

Kpurepum ouenku

91-100

OTIHYHO «5»

ACHHUpaHT JeMOHCTPUPYET CPOPMUPOBAHHOCTH TUCIIMII-
JUHAPHBIX KOMIIETEHIIMH, 0OHApYy>KUBAaET BCECTOPOHHEE, CUCTE-
MaTHUYECKOe U TTTyOOKOE 3HAHUE 0 CTENEHH MOTOTOBICHHOCTH
acrmupaHTa K MPOBEICHUIO0 HAYYHBIX UCCIIEI0OBAaHUMN 10 HAY4YHOMN
CHEIHAIbHOCTH M OTPAcid HayK, 10 KOTOPOH uuet paboTta Hax
JIACCEePTALIUEN.

Ha sk3ameHne acnupaHT CIIOCOOEH CUCTEMHO U aHaJIUTHYECKU
IIPEICTaBUTh OTBETHl HA OCHOBHOW M JIONIOJIHUTENbHbBIE BOIIPO-
Cbl, IEMOHCTPUPYET HaBBIKU

TBOPYECKOT'0, CAMOCTOSITEIHHOIO PELIEHUS POOIIEMBI.

84-90

74-83

Xopotio «4»

AcnupaHT AeMOHCTpUPYET C(HOPMUPOBAHHOCTH IUCHUILUIMHAP-
HBIX KOMIIETEHIIMA Ha CpPEIHEM YPOBHE: OCHOBHBIC 3HAHWS,
YMEHHsSI OCBOCHBI, HE JIONYCKAeT CYIECTBEHHBIX HETOUHOCTEH B
OTBETE Ha BOMPOCHI.

Acnupant  crnocobeH MpEJICTaBUTh OTBET HAa OCHOBHOM
BOIIPOC U JIOTIOJTHUTEIBHBIE BOIMPOCHI, UMESI HE 3HAUYUTEIbHBIC
MPOOEIIbI B 3HAHUSIX.

OrBeuaeT Ha BOIIPOCBI CaMOCTOATCIIBHO, HO C 3aMCYaHHAMMU.
HcneiThiBaeT 3aTPYAHCHUS IIPU IIEPEHOCE 3HAHUHN U YMGHI/Iﬁ Ha
HOBBIC, HCCTAHAAPTHBIC CUTYyalllH.

68-73

61-67

Y 10BIETBOPUTEIBLHO
«3»

ACIHMpaHT UCTIBITHIBACT 3aTPYAHEHUSI IIPU OTBETE HA BOIPOCHI O
CYLIHOCTH HAyKU KaK COLMAJIbHOIO MHCTUTYTA, €€ CTPYKTYpE U
(GyHKIUSAX, IPUMEHEHUE MEepPCHEKTUBHBIX METOJIOB HCCIIE0Ba-
HUS M pelieHust nNpo(ecCHOHAIBHBIX 3a/a4 Ha OCHOBE 3HAHUSA
MUPOBBIX TEHICHIUN pa3BUTUSA CUCTEM, CETEH U YCTPOUCTB.
[IposiBnsieTcss OTCYTCTBHE OTAEIBHBIX 3HAHWM, YMEHNUN, HABBIKOB
110 HEKOTOPBIM AUCHUIUIMHAPHBIM KOMIIETCHLIMSIM.

AcnupaHT UMeEET 3HaHUs TOJIBKO OCHOBHOT'O MaTepuaia, JOIyc-
KaeT HETOYHOCTH B JETaJIAX, HApyIIAaeT IOCIIeI0BaTeIbHOCTh
U3JIOKEHUH MaTepuala, JaeT NMpUOIU3UTEIbHbIE (HOPMYIUPOB-
ku. OTBeUaeT Ha BOIPOCH! HEJOCTATOYHO CAMOCTOSITEIBHO.
AcnupaHT HCIBITHIBAET 3HAYUTENIBHBIE 3aTPYAHEHUs MpPU OIle-
PUPOBAaHUU 3HAHUSIMU M YMEHUSIMH IIPHU UX MEPEHOCE Ha HOBBIE
CUTYalUH.

0-60

Heynosnersopu-
TEJIBHO «2»

AcnupaHT AeMOHCTpUPYET CHOPMUPOBAHHOCTH IUCHUILUIMHAP-
HBIX KOMIIETCHLIMM Ha YPOBHE HMKE IIOPOTrOBOIO, IPOSBIIAECTCS
HEJIOCTATOYHOCTh 3HAaHWW, YMEHUI, HaBBIKOB. J{MCIUIIMHAPHBIE
KOMIIETEHIIMM He cgopmupoBaHbl. [IposBisercsa monHoe WK
MPAKTUYECKH MOJHOE OTCYTCTBUE 3HAHWM, YMEHHI, HABBIKOB.
AcnupaHT He YCBOWJI 3HAUUTENIbHYIO YAaCTh MaTepHasa 1 A0Iyc-
KaeT CYIIECTBEHHBIE OMUOKH.




3. MeToanuyecKue MaTepHuaJbl, ONPEACIAIOIIME NPOUEeAYPbI OHCHUBAHUSA MO JTUCHUIIJINHE

3.1. B xoae peaju3anyu THCHHMIIMHBI MCHOJIB3YIOTCH ciaeayiomue (GopMbl U MeTObI
TEeKYIero KOHTPOoJist

Tema u/uiau paszaen DopMbI/METOAbI TEKYIIET0
KOHTPOJISI YCIIeBAEMOCTH

OIIK-5 — Cnoco0eH NMpUMEHSTh MEPCIEKTUBHBIC METOJbI MCCIICIOBAHUS W PEHICHHUS MPOQeccro-
HaJBHBIX 33]1a4 Ha OCHOBE 3HAHUSI MUPOBBIX TEHJICHLIMM Pa3BUTHUSI CUCTEM, CETE U YCTPOUCTB Teie-
KOMMYHUKaIUN

Paspen 1. Maremarudeckue MOJICNIH COOOIICHUM, CUTHAJIOB M IO- | DK3aMCH
MeX.
Pasnen 2 . OcHOBBI TeOpUU MOYISLUN U IEMOAYJISIHH. . 9K3aMeH
Paznen 3. Kanansbl cBsizu HK3aMEH
Pa3nen 4. OcHOBBI TeOpHHM nepenadyr HHPOPMAIHUH. 9K3aMeH
Pazgen 5. OCHOBBI TeOpUH KOJAUPOBAHUS. SK3aMEH
Pa3nen 6. Teopus npuema TUCKPETHBIX COOOIICHUIA. JK3aMeH
Paznen 7. Ilpuem HenpepbIBHBIX COOOIIEHUH. SK3aMEH
Paznen 8. [ludposas 06paboTKa CUTHAIIOB. JK3aMCH
Pasznen 9. PagnorexHnyeckue CUCTEMBI. JK3aMeH
Paznen 10. DneMeHTBI TEOPHH MAaCCOBOTO OOCITYKUBaHUS 9K3aMeH
Paznen 11 . OcHOBBI HOCTPOEHUS TEIIEKOMMYHHUKAITMOHHBIX CHUC- JK3aMeH
TEM.
Paznen 12. Cetu 2€KTpOCBSI3H JK3aMeH

3.2. Tunosble MaTepuaIbl TEKYLEr0 KOHTPOJIS yCIIeBAeMOCTH 00y4aroLInXCcst
OIIK-5 — CnocobeH npuMeHsTh NEPCIEKTUBHBIE METO/IbI UCCIIEI0OBAHUS U pellieHus mpogdeccuo-
HaJIbHBIX 3a/1a4 HAa OCHOBE 3HAHUS MUPOBBIX TEHICHIIMNA Pa3BUTUS CUCTEM, CETEN U YyCTPOUCTB Tele-
KOMMYHUKaIWN

Paznen 1. MaTemaTuueckue Mo/ieJId COOOIIEHUIA, CHTHAJIOB M ITOMeX

1.1. Coobuienusi, CUTHAJIBI, IOMEXH, KaK CIydalHbIE TpolecCchl. MaTeMaTHYeCKue MOJEH ISt
HEeCTallMOHAPHBIX cUrHayoB. [IpeoOpa3oBanue ciay4yaiiHbIX BEJIMYMH U CIYy4alHBIX MPOLIECCOB.

1.2. R-¢pyHk1um, aromapHble pyHKINN, BEHBJIETHI B 3a7jauaXx 00paOOTKH CUTHAJIOB.

1.3. KoppenaunoHHbIE U DHEPreTUUECKNE XAPAKTEPUCTUKHU JNETEPMUHUPOBAHHBIX U CIIy4alHBIX
npoueccoB. BelBieT koppesuus.

1.4. Marematudeckue MOJIENI UCTOYHUKOB CO00IIeHNI. Moiens pedeBoro mpoiecca.

1.5. Orubaromias u Qasza mporecca, aHaTUTHYECKUN (KOMIUIEKCHBIN) CHUTHAJN, KBaJpaTypHbIE
KOMIIOHEHTHI. Pacipeaenenue orudaromiei u gaspl raycCOBCKOr0 CIIy4aifHOro mpoliecca.

1.6. JIuHeliHbIe MPOCTPAHCTBA MPEICTABICHUS CUTHAJIOB, IpocTpaHcTBO EBknnna, ['unbbepra u
XemmuHra. [luckperHoe npeodpazoBaHue XapTiIH.

Pa3nen 2 . OcHOBBI TeopuM MOAYJISIUMH U 1eMOAYJISIIIHA

2.1 Buasl Monynsiuu npu rapmMoHudeckoil Hecymei: AM, @M, UM. Cxemsl hopMupoBaHUs
MOJYJIMPOBaHHBIX KosieOaHui. CrieKTpbl MOTYJIMPOBAHHBIX CUTHAJOB. KoppensinoHHble U SHEpreTu-
YECKUE XapaKTEPUCTHUKU MOIYJIMPOBAHHBIX CHUTHAJIOB IPU CIy4YalHOM MOJYJIHMPYIOIIEM CHUTHAJIE.
AHanuTHyecKas 3alliCh CUTHAja Ha BBIXOJAC INEepelaTdyMKa IPU U30XPOHHOHM Nepenadye JUCKPETHBIX
COOOIIIEHUH TPY JIMHEWHBIX U HETMHEHHBIX BUIAX MOIYJISIUH.

2.2 Jlemonynsanust (I€TEKTHPOBAHUE) TP TTOMOIIY MapaMETPUUIECKUX U HEIMHEHHBIX cxeM. OT-
HOIIICHHE CUTHAJ/IIYM Ha BBIXOJEe "THHEHHOro" aerekropa AM curxaia, OTHOIIEHHE CUTHAJ/IIYM Ha
BBIXOJ1€ ()a30BOT0 (YACTOTHOTO) JIETEKTOPA.

2.3 ucpoBast MOLYISAIUSA U IEMOTYIISALIHSL.



2.4 Bunapl MOYJSIIIUHU, UCTIOIB3YEMbIE B COBPEMEHHBIX cUcTeMax coToBOM cBsizu (GSM, QAM,
OFDM). Cuctemsr MIMO.

Pazpen 3. KanaJjanl cBsi3u

3.1 MaremaTuueckre MO KaHalIOB CBSA3H, Kiaccuukanus u 00JacTb IPUMEHEHHS.

3.2.1Ipoxox/1eHne JeTEPMUHUPOBAHHBIX U CIIy4alHbIX IPOLECCOB YEPE3 JIMHEHHbIE CTallOHaP-
Hble KaHaubl (uenu). OcoOeHHOCTh MPOXOXKJIEHUS CUTHAJIOB Yepe3 Y3KOIOJIOCHBbIE KaHaabl. MeTon
KOMILIEKCHOW OTrHOaroiei mpy pacyere MpOXOoKACHUS Y3KOMOJIOCHBIX BO3/ICHCTBUH.

3.3Mojenu KaHAJIOB PaJMOCBs3H. XapaKTePUCTUKN KaHaJIOB MOOMIIBHBIX CHCTEM CBsI3u. Moje-
1M paguokaHanoB ais cueHapueB LOS u NLOS.

3.4.MaremaTuueckrie MOJeNu IoMeX B KaHaie cBsa3u. Kitaccuukanuus u XxapakTepuCTHKH.

3.5.®u3nveckre Ipouecchl, 00yCIOBIMBAIOIINE BOSHUKHOBEHHE MCKAXECHUN CHTHANA B PaHo-
KaHasie. Mo/iesii HeNpepbIBHBIX KAHAJIOB C YYETOM JIONIIJIEPOBCKOTO CMENIEHUS YaCTOTHI.

3.6.MaremaTuueckasl MOJI€Nb PAcCHpPOCTPAHEHUS! CBS3aHHBIX ONTHMUYECKHUX HMITYJIbCOB B HEJH-
HelHoii cpene. Henuneiinoe ypaBuenue llpénunrepa. JInneiinsie n HenuHenHbIe () (HEKTHI.

3.7.T'eomerpudeckas mojaenp kanana Canexa-BaneHcysnbl ¢ paccenBarOnUMU OOBEKTaMH Ha
IIyTH paclpOCTPAHEHUs CUTHAJIA.

3.8.Meron nmepeMeHHBIX COCTOSIHUS JUIsl ONMCAHMSI MCTOUYHUKOB COOOIIEHUI, KaHAJIOB CBSI3U
(curnanoB). MapKOBCKHE MOJICIIH.

Paspnen 4. OcHoBBI Teopuu nepegayu HHPOPMALHHU

4.1 NudopmanroHHbIE TapaMeTpbl COOOLIEHUIH U curHaioB. MHpopMaius JUCKpeTHOro CTou-
HUKA.

4.2 Bzaumnas uHpopmanus. luddepeHumanbHas SHTPONUS Uil HEMPEPHIBHOIO HCTOYHHUKA
(curnana).

4.3 D dexTHBHOE KOTUPOBAHNE AUCKPETHBIX COOOIIEHUH.

4.4 TIponyckHasi cmocoOHOCTh KaHasna cBsa3u. Henmuneitnsiii npeaen lllennona.

Pa3nes 5. OcHOBBI TEOPHH KOAUPOBAHUS

5.1 Ha3nauenue u kinaccuukanus KoJoB.

5.2 Ha3nauenue u xiaccuduKkaius JTBOUYHBIX KOAOB. M30bITOUHBIE M HEM3OBITOUHBIC, PABHO-
MEpHBIE U HEPABHOMEPHBIE KOJBbI.

5.3 IIpuHIMIBI TOMEXOYCTOMYUBOTO KOAUPOBAHHUS.

5.4 JlunelHble IBONYHBIE OJIOYHEIE KOJIBL.

5.5 HekoTopble pa3HOBUIHOCTH CUCTEMATHUYECKUX KOJIOB.

5.60KBUBAJICHTHASI BEPOSTHOCTh OIIMOKHM MPH CPABHEHUU PA3TUYHBIX CHUCTEM, DKBHBAJICHTHOE
OTHOIIIEHNE CUTHAJI/IITYM.

5.7 Koppexktupyromue konbl. Koast Puna-Conomona.

5.8 PazHoBuaHOCTH cuctematndyeckux konoB. Kox boysa- Hoyaxypu-XokBuHrema.

5.9 HepaBHomepHbIe 3(h(heKTUBHBIE KOJBI.

Pasnen 6. Teopusi npuemMa IUCKPETHBIX COOOIICHUH

6.1.Ilpuem curHaioB Kak CTaTUCTUYECKAs 3a/1aya Pa3IMYCHUS TUIIOTES.

6.2 . Kpurepuu kadecTBa U MpaBUiIa IpreMa TUCKPETHBIX COOOIIEHUN MHHHUMYMa CPEIHETO PHC-
Ka, MUHUMYMa cpenHeil BepositTHocTu omunoOku, Heitmana-ITupcona. IlpaBuio MakcHManbHOTO MpaB-
nonoo6wus. [IpaBmiio 00001MEHHOT0 MAaKCUMAILHOTO TIPABAOIIOA00HUS

6.3.0nTUMAaNbHBIN AITOPUTM TMOAJIEMEHTHOTO MpHUEMa B OJAHOJIYYEBOM KaHajle C aJJUTHUBHBIM
rayCCOBCKUM OEJIBIM IITyMOM (KOTE€PEHTHBIN MTPUEM ).



6.4.IlpreM TUCKpPETHBIX COOOIIEHUH B KaHATaX C 3aMUPAaHUSMH, pa3HeceHHbIH npueM. [lonsTue
00 ONTUMaJIbLHOM MpPHEME JUCKPETHBIX COOOIICHNUH B TPOCTPAHCTBEHHO-BPEMEHHBIX KaHaax.

6.5.IIpreM IUCKPETHBIX COOOIEHHUH B KaHAJIaX CO COCPEAOTOYCHHBIMA M UMIYJIbCHBIMU TIOMeE-
XaMH.

6.6.AJITOPUTM ONTHUMAJIBHOTO MPHEMA «B LIEJIOM» U IO3JIEMEHTHOIO IpUeMa B JETEPMUHUPO-
BaHHOM MHOT'OJy4eBOM KaHaye (KaHaje C MaMAThI0) U aJJIMTUBHBIM TayCCOBCKUM O€NbIM IIYMOM.
Hcnonp3oBanue 0OpaTHOM CBSA3H MO PEILICHHIO.

6.7.Cy0onTHUMAaNbHBIM AITOPUTM IIPUEM «B LIETIOM» C MO3JIEMEHTHBIM MPUHITHEM PEUICHUS» U
anroput™ ButepOu B MHOTOJIy4€BOM JIETEPMHUHUPOBAHHOM KaHaie. OIeHKa HX TOMEXOYCTOMYMBOCTH
IIPH UCIIOJIb30BAHUH JIBOUYHBIX CUTHAJIOB B JIETEPMUHUPOBAHHOM KaHaJe C aJINTUBHBIM O€JIbIM rayc-
COBCKHUM IIIYMOM.

6.8.AHanu3 MOMEXOYCTOMYMBOCTH IIpHeMa JUCKPETHBIX cooOmeHuid. Pabodas xapakreprucTuka
oOHapyxuTtens. BepoaTHocTs OMMOKK PU KOTEPEHTHOM M HEKOTEPEHTHOM Pa3IMuCHUH.

Pazjnen 7. [IpueM HenpepbIBHBIX COO0IIEHU

7.1. Kputepuii onTUMaILHOCTH OICHUBAHUS OTACIBHBIX HETMPEPHIBHBIX MapaMEeTPOB CUTHAIA U
IpreMa HelpepbIBHBIX COOOIIEHUH.

7.2. OnTUMaNbHOE KOTEPEHTHOE M HEKOTEPEHTHOE OIIEHWBAHHUE OT/EIBHBIX MAapaMEeTPOB CUTHA-
Ja. AHanu3 KayecTBa OLEHOK.

7.3. OnruManbHasi 1eMOAYJIALNS HEIPEPHIBHBIX CUTHAJIOB.

7.4. IloMex0yCTOHYMBOCTb CUCTEM IE€pelaul HEIPEPBIBHBIX COOOIEHHUH Mpu caaldblx momexax.
[ToporoBelii 3¢ ek npu CUIBHOI ToMexe.

7.4. OnTuManbHas TuHeiHas GuibTpanus HenpepblBHbIX cooOuenuil. dunptp Kanmana.

Paspnen 8. lludposasi 06padoTka CHrHAJIOB

8.1 Mogenu qUCKpeTHBIX CUTHAJIOB. MOyIMpOBAaHHbBIE UMIYJIbCHBIE MTOCE10-BaTENbHOCTH, X
CHEKTpaJIbHbIE MJIOTHOCTU. BoccTaHOBIEHNE HENPEPBHIBHOIO CUTHAJA MO MOJYJIMPOBAHHON MMITYJIbC-
HOM nocnenoBarenbHoCTH. ONpeesieHne CIIEKTPa aHAJIOrOBOI0 CUTHAJA 110 COBOKYITHOCTH OTCYETOB.

8.2 Jluckperusanus nepuoanueckux curxaion. [Ipsmoe u oOpaTHOE TUCKpEeTHOE Mpeodpa3oBa-
Hue ®ypbe. Aaroput™ ObIcTporo npeodpazoBanus Oypwe. [{uk-nuyeckas cBepTKa.

8.3 Teopus z-npeobpazoBanus. [Ipsmoe u obpatHoe z-npeodpazoBanue. CBs3b ¢ mpeoOpa3zoBa-
nueM Jlamnaca u @ypre. CBoiicTBa Z-IpeoOpa3oBaHus.

8.4 Ludpossie Guibtpel (LID). KBanToBanue curnana B L{®. AnroputMm nuHerHON 1udpoBoit
¢unbTpanuu. YactorHbii k03 dunment nepenaun L{P. Cucremnas pynxus L.

8.5 Peammzamms anroputmoB mudpoBoi ¢unbTpanuu. TpaHcBepcanbHbii D, cu-cremuas
(GyHKIUS, UMITYJIbCHAs U YacTOTHAsl XxapakTepucTuku. PexypcuBubie L[®. Cuctemnas yHkuus, ee
peanuzanus. Y CTOMYMBOCTh peKypcuBHbIX [[D. M-ynbcHas xapakTepucTuka pekypcuBHoro L{D.

8.6 CuHTe3 NMHEWHBIX MUQPPOBBIX GUIBTPOB. MeTOa MHBAPUAHTHBIX UMITYJIBCHBIX XapaKTepHu-
ctuk. Cunre3 L{® Ha ocHOBe muckperusanuu AU GEpEeHIINATFHOTO YpaBHEHUS aHAJIOTOBOM IIETIH.
Meroa MHBapUaHTHBIX YaCTOTHBIX XapaKTEPUCTHUK.

8.7 BiusiHue KBaHTOBaHUs CUTHaja Ha padoty L{D.

Paznen 9. PagnorexuudyecKkue CUCTEMbI

9.1 PagnosiokallmOHHBIE CUCTEMBI.

9.2 PaguoHaBUraluOHHBIE CUCTEMBI.

9.3 Cucremsl paguoynpaBICHUs.

9.4 OnTuyeckue paguoTEXHUYECKUE CUCTEMBI.



Pa3nea 10. D1eMeHTBI TEOPHH MACCOBOI0 00C/Ty:KMBAHUS

10.1.0cHOBHBIC TIOHATUS MAacCOBOTO OOCIY>KHUBAHHS, KJIACCH(HUKAIMIA CUCTEM MacCOBOTO 00-
cinyxuanus (CMO), TUnoBble pactpeielieHuss B TEOPUH MacCOBOr0 OOCTYyKUBaHUS, IMOKa3aTeau d¢-
¢dextuBHOCTH CMO, Teopema Jluttia, o0macTi npuMeHeH s, MeToab! uccienoanus CMO.

10.2.Mopenu BXOAHBIX MOTOKOB. CTalllOHApHBIE U HECTAIlMOHAPHBIE MMOTOKH, MyaCCOHOBCKHE
IIOTOKH, IOTOKU Dpianra, notoku [laabma, TeopemMa XuHYMHA O CXOMMOCTH CyMMBbI IIOTOKOB.

10.3.MapkoBckue CMO. MeTonuka pacuéra nokasarenen 3pdexruBHocTH MapkoBckux CMO.

10.4.ITlonymapkoBckue ciaydaiiHble npouecchl, Mmetol Kenpamia, aHanu3 BIMSHMS 3aKOHA pac-
MpeAeIICHUs] BpeMEHHM 00CITy)KMBaHUsI Ha cpeanee Bpems oxuganuss CMO, npuopurerneie CMO, BH-
JIbl IPUOPUTETOB, METOAMKA aHanu3a npuopureTHeix CMO.

10.5.Metoap1 umMuTaimoHHoro MmojenupoBanuss CMO.

10.6.KauectBo oOcmyxuBanust B cersax IP. Monmenn mommepxkku QoS B IP-cersix. Traffic
Engineering. [TnanupoBaHue IpomyCcKHON CITIOCOOHOCTH CETH.

10.7.0cHOBHBIE MOJIENN OLIEHKM KAaHAJIbHOTO pecypca AJisi CEpBUCOB PEajJbHOr0 BpeMEHH. Ma-
TEMaTU4eCKOe OMHUCaHNE MOJIEIH OIICHKU KaHAIBHOTO pecypca B MyJIbTUCEPBHUCHBIX CETSX.

Pa3zpnen 11 . OcHOBBI OCTPOEHHS TEJIEKOMMYHMKANMOHHBIX CHCTEM

11.1 Knaccuduxkanuus cuctem 31eKTpocBsa3u. [lepBruuHble CUTHAIBI 3JEKTPOCBSA3H U UX (u3nde-
CKHE XapaKTepUCTHKHU. TenedoHHble (pedeBbie) CUTHANBI. TeeBU3HOHHbIE CUTHANBI. CHrHAIBI Tiepe-
Jlaud JaHHbIX.

11.2 Kananel nepenauu, ux kiaccuukanus 1 OCHOBHbIE XapakTepucTuku. Kanan nepenaum kak
YETBIPEXIOMIOCHUK. THUIIOBBIE KaHalbI epeaadu. /[ByCcTOpoHHUE KaHANIBI. Y CTONYMBOCTD JIBYCTOPOH-
HUX KaHAIOB. VIcKaXeHHs1 OT 00paTHOM CBSI3U. SIBIIEHHE AIEKTPHUECKOTO HXa.

11.3 TIpuHUMITBI TOCTPOECHUS MHOTOKAHAJIbHBIX cHcTeM mepenaud. OO00LEeHHas CTPYKTypHas
CXeMa MHOTOKaHaJIbHOW CHUCTEMBI Nepenadr. Meronabl pa3ieneHus] KaHalbHbIX CUTHAJIOB. B3anMHble
MIOMEXHU MEXy KaHAJIaMHU.

11.4 OcHOBBI IOCTPOCHUS CUCTEM IE€pPEAaYu C YaCTOTHBIM paszzeneHueM kaHanoB (CII ¢ UPK).
Crpyxtypnas cxema CII ¢ UPK. dopmupoBaHe KaHaIbHBIX CUTHAJIOB. MeTo bl (POpMUPOBAHUS OJ1-
Hout 6okoBoii monockl (OBI). Mckaxkenus B kananax u tpakrax CII ¢ YPK.

11.5 TIpyuHUIMITBI TOCTPOEHUSI U OCOOEHHOCTH pabOTHl CUCTEM IEepe/laul C BPEMEHHBIM pasjerie-
nuem kananoB (CII ¢ BPK). Ctpykrypnas cxema CII ¢ BPK. ®opmupoBanue kaHadbHBIX CUTHAJIOB B
CII ¢ BPK. Ilepexonusie BnusiHus Mexy kananamu CII ¢ BPK. Iloctpoenne nudpoBbix cucrem me-
penauu (LICIT).

11.6 OGmue npuHIMIBl popmupoBanus U nepenaun cursanos B LICII. KBanToBaHue curnaiaos
no ypoBHI0. OneHka IyMoB KBaHTOBaHHS. KoaupoBaHue KBaHTOBAHHBIX CUTHajoB. O000IIeHHas
crpykrypHas cxema L[CII. Bunsl cuaxponuzanuu B LICII. IlpuHnunel pereHepanuy HupoBbIX CHUT-
HanoB. JInneiHoe koguposanue B L[CII.

11.7 Hepapxus LICII Ha ocHOBE MMITYyJIbCHO-KOOBOW Monyisaiuu. OO0beauHeHue mudpoBbIx
MIOTOKOB B IUIE3MOXpOHHON LuppoBoit umepapxuu PDH. O0benuHeHne nu@poBbIX MOTOKOB B CHH-
XpOHHOM 1ndposoii nepapxun SDH.

11.8 OOmme NpUHIMNIBI MOCTPOEHHS] BOJIOKOHHO-onTHUeckux cuctem mnepenaun (BOCII).
O6o6mennas crpykrypHas cxema BOCII. Knaccugpukamus BOCIIL. CnocoOsl opranuzanuy AByCTO-
ponHeii cBsa3u Ha ocHoBe BOCII. CriocoObl ymioT-HEHHUs] ONTHYECKUX KaOenen.

11.9 OcHOBHBIE y31IBI ONTUYECKUX CHUCTEM nNepenadynd. ONTUYeCKUil TMHEHHBIM TpakT. OnThde-
CKue nepenaTyuk. TpeOoBaHUS K MCTOYHUKAM ONTHUYECKOTO M3IY4YeHMs: UX MapaMeTpbl U XapakTe-
puctuku. OnTuyeckre NpUeMHUKU. MoaynaTopsl onTudeckoil Hecyieil. O00OIIeHHast CTPYKTypHas
CX€Ma ONTHYECKOTO JINHEHHOTO TpakTa. ONTHYECKUE YCUITUTEIH.

11.10 OGmue npuHIMIBEI U OCOOEHHOCTH TOCTPOCHUSI CUCTeM paauocBszu. Kiac-cuduxarms
JIMaNa3oHOB PaguovacToT U paauoBoiH. CTpykTypa paguocucteM ne-penadyn. OOmmue NpuHLIUIBL Op-
raHu3zauuu paguocsszu. Kiaccudukamus paguocucreM nepenadn. OcoOEHHOCTH pacHpOCTpaHEHUs
PasMoOBOJIIH METPOBOIO M MUJI-TUMETPOBOTO JMANa30HOB. AHTEHHO-(UAEPHbIE YCTPOUCTBA.



11.11 ITocTpoenue paaropeneHbIX U COYTHUKOBBIX JTUHUN nepenauu. Knaccu-ukanus paano-
penenHbIX JTUHUKN niepenadu. [[puHIUIIBI MHOTOCTBOJIBHOM Tiepenayu. TUIbl MOIYJISILUM, TPUMEHS €-
MBIE B paIMOPEIEHHBIX U CIIyTHUKOBBIX CUCTEMAX MepeladH.

11.12 OcobeHHOCTH OCTPOCHUST 000PYAOBAHUS PATHOPETICHHBIX U CITYyTHUKOBBIX CHCTEM CBSI3H.
[TpuHIMIBI TOCTPOEHUS 000PYI0BaHUS PAAUOPENIEHHBIX JIMHUN niepefauu npsimMo sugumoctu. Oco-
OCHHOCTH MOCTPOCHUS Tponoc(epHbIX paaropeneiHbIx TuHuil. [lepenaya curuaaoB TeJIeBU3MOHHOTO
BELIaHUs M0 paguope-JIeHHbIM JUHUSIM. CIyTHUKOBBIE CUCTEMBI Iepenayu. IIpuHuuIBI nocTpoeHus
CUCTEM CIYTHHUKOBOT'O TEJICBEIIAHMS.

Pa3znen 12. CeTH 3/1eKTPOCBSI3H

12.1 O06mume mMpUHIKITBI TOCTPOSHHUS CETEeH IEKTPOCBsA3H. HazHaueHne u cocTaB ceTel AIeKTpo-
CBSI3U. MeToIbI KOMMYTAIIMH B CETAX 31eKTpocBs3u. CTpykTypa cereil amekTpocBsizu. OcoOeHHOCTH
IIOCTPOEHMsI BTOPUUHBIX TEJICKOMMYHHMKALIMOHHBIX ceTeil. CocTaB M HazHaueHue ceTed Tene(oHHOMH
CBSI3M, CE€TeM Iepelayd JaHHbIX, CETed TelneBU3MOHHOro Bewlanus. HWHdopmannoHHO-
BbruncauTensHbie cetu. Cetu OBM (nokanbubie LAN, pernonansasie MAN, rino6ansasie WAN). Te-
JIEMaTUYECKUE CITY>KOBI.

12.2 IlpuHuMnsl DOCTpoeHUsl ceTed paauocBsa3u. OCHOBBI NTOCTPOCHMsSI CETEH COTOBOM CBSI3H.
OCHOBBI TIOCTPOEHHSI CeTe OecrpOBOJHOTO Aa0OHEHTCKOro pamauomocTyna. OCHOBBI MOCTPOSHUS
CIIyTHUKOBBIX CETEU CBSI3U.

12.3 CemuypoBHEBasi MOJIEIb B3aMMOJACHCTBHS OTKPHITHIX cucteM OSI, GyHKIMHM pa3nudHbIX
YPOBHEH.

12.4 Enunas cetb 3nektpocBssu PO (ECO P®). Knaccuduxanus cereit ECO P®, npuHuummnbt
IIOCTPOCHHUSI, XapaKTEPUCTUKH.

12.5 Cetn puxcupoBanHoii Tenedonnoi cszu. Cerb ISDN. UnaTennekryansHas ceThb IN.

12.6 Cetn moasm:kHOM cBsi3u nokonenuit 1G, 2G, 2.5G, 3G.

12.7 Cetu nepenauu nanHbIx (IP-cetu). UaTepuer. Bupryanshbie yactasie cetu VPN.

12.8 Anpecauus B IP-ceTsix. Mcnons3oBanue cxeMbl aapecauuu uepapxuueckon IP-ceru. Ilpo-
tokousibl IPv4 u IPv6. Ctpyktypa IPv4 u IPv6 anpecos. Macka nog-cetu. OnHoaapecHasi, IIMPOKOBe-
njatenapHas ¥ MHoroaapecHas pacceuika [IPv4. Tunst anpecos IPv4 u IPv6.

12.9 lunamuueckas mapupytuzanus B IP-ceTsax. AIroputmel, IpOTOKOJbl. AB-TOHOMHBIE CHC-
Tembl. Tabnauna mapmpyrtuzanuu. OnpeeneHue onTuMalbsHoro MapipyTa. [IpenoTBparienue nerens
KOMMYTallUH.

12.10 IIpuHuMIBl MocTpoeHus y3noB makeTHeIX cerei. Kommyraroper Ethernet. Mapmpyrtuza-
TOpBI. MeXKCeTEBbIE KPAHBI.

12.11 OcHosbl koHuenuuu NGN. Apxurekrypa. Ycayru Triple Play. Peannzanus. IIporokosst
cereir NGN.

12.12 T'ubkue xommytartopsl (softswitch) u meauanutossl. Knaccudukanus nuro3os. [lorpa-
HU4HbIEe KOHTpoIIepsl ceccuit SBC. [Tnatdopmer IMS.

12.13 HoBsle wuHdpopmanuonusie TexHomoruu B [P-cersx. IP-tenedonus (VolIP). IP-
tenesuaenue (IP-TV). Yenyru OTT.

12.14 TlpoBomusie u OecmpoBoanbie cetu noctyna (xDSL, FTTx, xPON, xEther-net, WiFi,
WiMAX).

12.15 CotoBele cetu cBsi3u crannaptoB 4G (LTE, LTE-A). Konnenuus cereit 5G.

12.16 Mertoapl aHanu3a, CHHTE3a M ONTUMHU3AIMN CTPYKTYPhl MYJbTHCEPBUCHBIX ceTel Ha 0aze
koHuenuuiit NGN/IMS.

12.17 TlpuHIMOBI MYJIBTUIIPOTOKOJIbHON KoMMyTauuu no merkam MPLS. Crek merok. [Ipun-
LUIIBl MapiIpyTu3anuu B cetu MPLS.

12.18 OcnoBbl nTepHeTta Bemieit [oT. TexHoiorum u mpoTOKOJIbl MEXMAIIMHHBIX KOMMYHHKa-
uuit M2M. CeHcopHbIE CeTH.

12.19 Bynymme cetu (Future Networks). KorautuBHble cucteMbl W ceTH. lIpo-rpammHO-
koHpurypupyembie cetu SDN. CereBast Bupryanusauusi NFV. [Ipo-rpammHoO-ynpasisiemoe paauo
SDR



BaHK KOHTPOJBHBIX BOMPOCOB, 3a/IaHUH U MHBIX MATEPHANIOB, HCIIOIB3YEMbBIX B MPOIEcce Mpo-
HEAYp TEKYIIEro KOHTPOJIS M POMEKYTOYHOM aTTeCTAIlMH HAXOJUTCSA B yIeOHO-METOINICCKOM KOM-
TUICKCE TUCIUILIMHBI W/WIM TIPEICTABICH B DJICKTPOHHONH HH(OPMAIIMOHHO-00pa30BaTEIbHON Ccpele
rmo URI: http://www.aup.uisi.ru/.

3.3. Meroau4yeckne MaTepuaJibl NMPOBeJIeHUs TEKYLIero KOHTPOJISA M NPOMEeKYTOYHOM aT-
TecTaluH 00y4YalouXCs

IlepeyeHb METOMYECKUX MATEPHAJIOB JUUIsl OJTOTOBKH K TEKYLIEMY KOHTPOJIIO U MPOMEXKYTOY-
HOM aTTEeCTalUu:

1. Meroauueckue ykazaHUsl K BBIIOJHEHMIO MPAKTHYECKUX padoT mo aucuuminHe «Cucre-
MBI, CETH U YCTpoiicTBa TenekommyHukanuii». —URL: http://www.aup.uisi.ru/.
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