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1. IlepeyeHb KOMIIETEHIIUII U MHAMKATOPOB UX JOCTHKECHUS

I[Ipornecc n3yyeHust TUCUMIUIMHBI HAPaBJIeH Ha (OPMUPOBAHUE CIETYIONUX KOMIETECHITHIA:

[IpenmecrByromue
Kon n HanmeHoBanue P 4
Kon n HaumeHoBaHue STaIbl
MHAMKATOpa J1OCTHKEHUS Oran
KOMITETCHIIMH . (c ykazanueM
KOMITETEHIINI
JIMCIUTLITHH/TTPAKTHUK)
OIIK-5 — Cnocoben | OIIK-5 — CnocobeH NpUMEHSTbH
MIPUMEHATh EPCIEKTUBHBIEC | IEPCIIEKTUBHbBIE METO/1bI
METOJIbl  UCCIIEJIOBaHMSI U | UCCIIEIOBAHUS u eIIeHUs
A A A p 2.1.2.3 Cucremsl, ceTn
peueHus npodeccnoHalbHBIX ~ 3a7ad  Ha o
2 U yCTpOHCTBa
npodeCCHOHANBHBIX  3a/1a4 | OCHOBE 3HAHUS MHUPOBBIX .
. TEJIEKOMMYHUKAINI
Ha OCHOBE 3HAHUS MHPOBBIX | TEHACHIUNA  pPAa3BUTHUS  CHUCTEM,
TEHJICHLIUU pa3BUTHSA | CeTEH u YCTPOWCTB
CHUCTEM, CETE€ W YCTPOMCTB | TEJIEKOMMYHHUKAIIHI
TEJICKOMMYHHUKAIIHI

dopma NpOMEKYTOYHON aTTECTALUHU 10 JUCHUILUIMHE — DK3aMEH

2. Hoxa?.aTe.Jm, KPUTEPHUH U HIKAJBI ONCHUBAHUA KOMIIeTeHLIMii

HNuaukarop
O0CBOEHMA
KOMIIeTeHIIM U

IToxa3aTeanb oeHUBAHUA

KpuTepuii ouenuBanus
Kak (¢ kakum kauecmeom) 6binoIHAEmcs,
oeticmeue. Coomeemcmayem oyeHke
«omauuHoy 6 wikane oyerusarnust 6 PITJ]

OIIK-5 — Croocoben

3Haer:

IIPUMEHSTH - METOJIbl MOZCJINPOBAHUS CUCTEM NEpeaadn
[IEPCIIEKTUBHBIC uHpOpPMALINH, CETeH U YCTPOICTB
METO/bI TEJIEKOMMYHUKALUN C Y4ETOM HOBEUILINX
HUCCIICIOBAHUS H | TEXHOJIOTHIA,

peleHu - IEPEIOBBIC OTEYECCTBEHHBIC U 3aPYyOCIKHBIC
npo()eCCUOHAIBHBIX | AOCTHKEHHUS B 00JIaCTH CHUCTEM CBSI3U U
3a71a4 Ha OCHOBE YCTPOUCTB TCIICKOMMYHHUKAIINN;

SHaHWS ~ MHpOBBIX | - NEPCTICKTHBHEIE HATPABIICHHS PA3BUTHS
TeHIeHIHI 0Tpacyii HH(HOKOMMYHUKAIIUH.

passuTHs  chcTem, | Y MeeT:

ceteii m ycrpoiicts | - IPOBOIUTE HCCIIC/I0BAHN B obnactu
TeNeKOMMyHHUKauii | CUCTEM, CETeH 1 yCTPOHCTB

TEJIEKOMMYHUKAIUI

- 'PaMOTHO UHTEPIIPETUPOBATE MTOJTYYCHHBIC
PE3yabTaThl HPOBECACHHBIX UCCIICAOBAHUN,

- IPUMEHATH METO/bl MATEMATHYECKOTO
aHaJIM3a U MOJEIIMPOBAHUS JUIsl PEILICHUS
[IPaKTUYECKUX 3a/1a4;

-IIPUMEHSATH NEPCIEKTUBHBIE METO/IbI
UCCJIEIOBAHNS U PELICHUS
npoeCCHOHATBHBIX 33J]a4 HA OCHOBE 3HAHUSA

MHPOBBIX TEHACHIIUN Pa3BUTHA CUCTEM, ceTel

Y YCTPOMCTB TEIEKOMMYHUKAIIHI
Baaneer:

HAaBbIKAMHM TIOCTPOCHUS AHAIMTHYECKUX H
MMHUTALMOHHBIX MOJEJIEH CHUCTEM, CETEU U
YCTPOMCTB TEIEKOMMYHUKAIIHI

- (QopMmynupyeTr BBIBOABI IO
IIOJIy4YEHHBIM pe3yJbTaTaMm,

- IIOKa3bIBACT 3HaHUE
IIPOrPpaMMHOTO MaTepuaia Io
JUCLUIIINHE, OCBOUII
OCHOBHYIO PEKOMEHIOBAHHYIO
JUTEPATYPY;
- JEMOHCTPUPYET
CTaOWJIbHBIA XapaKTep 3HaHUN
U yMEHUH M CHoco0eH K HX

CaMOCTOSITEIIBHOMY
OPUMEHEHUI0O B IIpolecce
HallMCAaHWS JUCCEPTAllMUd U

OCYILIECTBJIEHHUS
HCCIEIOBAaHUS 10 3aJaHHOU
npoliieMaTukKe.




[IIxana oneHuBaHMS.

5-0anapHaf HIKAJIA

Kpurepun onenkn

O1TiangHo «5»

AcnupaHT JEMOHCTPUPYET CPOPMUPOBAHHOCTH AUCHUUILTHHAPHBIX
KOMIIETEHIINI, OOHapy)XHBaeT BCECTOPOHHEE, CHUCTEMaTHYECKOE H
ry0oOKoe 3HaHME TI0 CTENEHW TMOATOTOBICHHOCTH aclUpaHTa K
IIPOBEJCHUIO HAY4HbIX HCCIEIOBAaHUI 110 HAy4YHOM CIIELMAJIbHOCTU U
OTpacJid HayK, [0 KOTOPOH uAeT paboTa HaJl AUCCEepPTALUEH.

Ha »9Kk3amMeHe acnupaHT CIIOCOOCH CHUCTEMHO W aHAJIUTHYECKU
NpPEJCTaBUTh OTBETHI HA OCHOBHOW W JIOTIOJIHUTEIbHBIC BOIPOCHI,
JEMOHCTPUPYET HaBBIKU

TBOPYECKOTO, CAMOCTOSATEIBHOTO PEIICHHs POOIIEMBI.

Xopomio «4»

AcCHHpaHT  JEMOHCTpUPYET  CPOPMHUPOBAHHOCTH  AMCHUILUIMHAPHBIX
KOMIIETCHLIMM Ha CPEIHEM YPOBHE: OCHOBHBIC 3HAHUs, YMEHHUS OCBOCHBI,
HE JIOITYCKAET CYLIECTBEHHBIX HETOYHOCTENW B OTBETE HA BOIIPOCHI.
AcnupaHT  crnocoOeH IIPEICTaBUTh OTBET HA OCHOBHOM BONPOC U
JIOTIOJTHUTEIIbHBIE BONIPOCHI, UMesl HE 3HAUUTEIbHbIE TPOOEIIbl B 3HAHUSIX.

OtBeuaer Ha BOIIPOCHI CAaMOCTOATENIbHO, HO C 3aMe4aHusiMu. VcneiThiBaeT
3aTPYIHEHUS MPU MEPEHOCE 3HAHUN W YMEHHI Ha HOBbIC, HECTaHIAPTHBIE
CUTYaLlUH.

Y 10BIIETBOPUTEIBLHO
«3»

AcIUpaHT UCIIBITHIBAET 3aTPYAHEHMS TPU OTBETE HA BOIPOCHI O CYLIHOCTU
HayKd KaK COLMAJbHOI'O WHCTHTYTa, €€ CTPYKType U (YHKIMIX,
IIPUMEHEHHUE IIEPCHEKTUBHBIX METOJOB HCCIEAOBAaHUSA U  PELICHUs
npodecCHOHATBHBIX 33Jjad Ha OCHOBE 3HAHHUA MHUPOBBIX TEHACHLUI
pa3BuUTUA CHUCTEM, ceTed M ycTpoucTB. lIposBisiercs oTcyrcTBHE
OTJIE/IbHBIX 3HAHWW, YMEHUH, HABBIKOB 110 HEKOTOPBIM AMCLMILIMHAPHBIM
KOMITETCHIIMSIM.

AcnupaHT UMEEeT 3HaHMsS TOJIBKO OCHOBHOIO MaTepuaia, JONyCKaeT
HETOYHOCTH B JETAJIAX, HApyIIaeT [OCIEI0BaTEIbHOCTh HU3JI0XKEHUN
marepuaia, JaeT npubiusutenbHele (GopmyaupoBku. OTBedaeT Ha
BOIIPOCHI HEZIOCTATOUHO CAMOCTOSITENBHO.

ACHHpaHT HCIBITHIBAET 3HAYUTEIbHBIC 3aTPYIHEHHs MPU ONEPUPOBAHUU
3HAHMUSIMM ¥ YMEHUSMHU [IPU UX EPEHOCE HAa HOBBIE CUTYaIMH.

HeynosnerBopurens
HO «2»

AcmupaHT  JAEMOHCTpUpPYeT  CcOPMHUPOBAHHOCTh  JAMCHUIIIMHAPHBIX
KOMHGTGHHI/Iﬁ Ha YpOBHE HHNXKE IIOpOroBoOTo, IMPOABJIACTCA
HEJIOCTAaTOYHOCTh  3HAHWW, yMEHUH, HaBBIKOB. JIUCHUIIMHAPHbBIE
KOMIICTCHIINU HC C(bOpMI/IpOBaHI)I. HpOfIBJ’IﬂeTCH IMOJIHOC WJIN MPAKTUYCCKH
MOJTHOE OTCYTCTBUE 3HAHUI, YMEHHI, HABBIKOB.

AcmUpaHT HE YCBOWJI 3HAYUTEILHYIO YacTh MaTepualia M JIOIMyCKaeT
CYIIIECTBEHHBIC OINOKHU.




3. MeToanuyecKue MaTepuaJjbl, ONpeaACIdAIOIME MPoueaAyPbl OHCHUBAHUA 10 TUCHUILJIMHE

3.1. B xoxe peaju3anuy TUCHHILIHHBI MCHOJB3YHTCH cieayoiue GopMbl U MeTOIbI
TEKYIero KOHTPOJIst

Tema u/unu pasaen ®opMBI/METOABI TEKYIIET0
KOHTPOJISl YCIIeBAeMOCTH
OIIK-5 — Cnoco0eH NpUMEHATh INEPCIEKTUBHBIE METOJAbl HCCIENOBAaHUS M PELICHUs

npodeccoHaNbHBIX 3a/lad Ha OCHOBE 3HAHUS MUPOBBIX TEHJICHIUN Pa3BUTHS CUCTEM, CeTed U
YCTPOMCTB TEJIEKOMMYHHUKALIMI

Pasmen 1. MaremaTnyeckue MOJENM COOOINEHMI, CHIHAJIOB M | DK3aMEH
MoMex.
Pasnen 2 . OcHOBBI T€OpUN MOYJISILIUN U IEMOAYJISIHH. . 9K3aMeH
Paznen 3. Kanann cBsizu 9K3aMEH
Paznen 4. OcHOBBI Teopuu nepenadr HHGOPMAIIIH. JK3aMEH
Paznen 5. OcHOBBI TeOpUM KOJTUPOBAHUS. 9K3aMEH
Paznen 6. Teopust mprema TUCKPETHBIX COOOIICHHIA. 3K3aMEH
Paznen 7. Ilpuem HenpepbIBHBIX COOOIIECHUH. JK3aMEH
Paznen 8. [ludposas 06paboTka CUTHAIIOB. 9K3aMEH
Pasznen 9. PagnotexHudyeckue CUCTEMBI. 9K3aMeH
Pasnen 10. DneMeHTH TEOPUU MACCOBOTO 0OCITYKUBAHMUSI 9K3aMeH
Pa3znen 11 . OcHOBBI TOCTPOCHHUS TEIEKOMMYHHKAITMOHHBIX JK3aMeH
CHUCTEM.
Paznen 12. Cetu 21eKTpOCBSI3U JK3aMeH

3.2. TumoBble MaTepUAJIbl TEKYIEr0 KOHTPOJISI YCIEBAEMOCTH 00yYAI0IIUXCS
OIIK-5 - CrnocobeH NPUMEHATH TMEPCHEKTUBHBIE METOAbl HCCIENOBAHUS U  PEIICHUS
npodeCCHOHATBHBIX 3a7[ad Ha OCHOBE 3HAHHMS MHUPOBBIX TEHIEHIMH pPAa3BUTHUSI CHUCTEM, CETEH U
YCTPOMCTB TE€JIEKOMM YHUKALIUI

Paszgen 1. MaTemaTnyecKne MoIeJIH COOOIIEHNIi, CHTHAJIOB H IIOMeX

1.1. CooOuieHusi, CUTHaNbI, MOMEXHU, KaK Cly4aiHble mporuecchl. MaTeMaTHUecKue MOJENU JUIs
HEeCTallMOHapHBIX cUrHaNIOB. [IpeoOpa3oBaHue ciayyailHbIX BEJIMYUH U CIyYalHBIX TPOLIECCOB.

1.2. R-¢ysxuum, atomapHsle GyHKINHU, BEUBIETHI B 3a/1auaX 00pabOTKH CUTHAJIOB.

1.3. KoppensunoHHbIE W SHEPreTUYECKHE XapaKTEPUCTHKH JETEPMUHUPOBAHHBIX W CIIyYalHBIX
npoueccoB. BelBieT koppesius.

1.4, MatemaTuueckre MOAEIN UCTOYHUKOB COOOIeHUH. Moienb peueBoro mpoiecca.

1.5. Orubaromas u @Qasza mnpoiecca, aHATUTHYECKUH (KOMIUIEKCHBIH) CHUTHAJ, KBaJpaTypHbIE
KOMIOHEHTHI. Pacnipeaenenue orubaromieil u ¢gaspl raycCOBCKOTO CIIydaifHOro Impoliecca.

1.6. JluneiiHble TPOCTPAHCTBA NPEACTABICHUS CUTHAJIOB, NMpocTpaHcTBO EBkmuma, ['mimsOepra u
XemmuHra. JluckpetHoe npeodpazoBaHue XapTiIH.

Pa3nea 2 . OcHOBBI TeOpHH MOAYJISALMH M 1eMOLY IS MU,

2.1 Bunsl Moy sy pu rapMoHudeckoit Hecymieit: AM, @M, UM. Cxemsl popMHpOBaHUs
MOJYJINPOBAaHHBIX KojiebaHui. CrekTpbsl MOYIMPOBAHHBIX cUTHANOB. KoppensuuoHusie u
JHEPreTUYECKUE XapaKTEPUCTUKU MOIYIUPOBAHHBIX CUTHAJIOB IIPHU CIy4allHOM MOAYJIHMPYIOIIEM
CUTHaje. AHaJIUTHYECKas 3alliCh CUTHAJIA HA BBIXOJE MepeaaTyiKa Ipu H30XPOHHOU Iiepeayde
JTUCKPETHBIX COOOLICHUI MPH JIMHEHHBIX ¥ HEJIMHEHHBIX BUIAX MOIYIISALINU.

2.2 JleMonynsiiust (I€TEKTUPOBAHUE) MIPH MOMOIIM TapaMETPUUECKUX U HEJTMHEHHBIX CXEeM.
OTHOIIEHUE CUTHAJI/IIIYM Ha BbIXO/e "MHMHEeHHOro" nerektopa AM curHasna, OTHOIIEHHE CUTHAJ/IIYM
Ha BbIX0Jie ()a30BOT0 (YaCTOTHOT'0) JETEKTOpA.



2.3 ludpoas MOAYIALUS U JSMOTYIISITHS.
2.4 Buael MOAYJSIMW, WCIOJIB3yEMbIE B COBPEMEHHBIX cHcTemax coTtoBod cBsizum (GSM, QAM,
OFDM). Cucrembr MIMO.

Pa3pea 3. Kanaawsl cBA3U

3.1 MaremaTHuecKkue MOAETH KaHaJIOB CBS3U, KIIACCU(PHUKAIHS U 00JIACTh IPUMEHEHHS.
3.2.Ilpoxox/ieHre OeTePMUHUPOBAHHBIX M CIy4alHBIX MPOLIECCOB Yepe3 JMHEHHbIE CTallMOHAPHbIE
kaHanbl (uenu). OCOOCHHOCTh MPOXOXKICHHUS CUTHAIOB 4Yepe3 Y3KOIOJOCHBIE KaHalbl. MeToj
KOMIUIEKCHOW orudarouiei npy pacyere NpoXoKAECHUS Y3KOIOJIOCHBIX BO31EHCTBUM.

3.3Mojenu KaHAJIOB PaJMOCBS3H. XapaKTEPUCTHKU KAHAJIOB MOOWIBHBIX CHUCTEM CBsI3H. Mopenu
paauokaHaioB s cueHapueB LOS u NLOS.

3.4.MareMaTHuecKue MOJEIH ITOMEX B KaHaje cBs3H. Kiaccupukanus u XxapakKTepuCTUKH.
3.5.®u3nyeckue npouecchl, 00yCI0BIMBAIOLINE BOSHUKHOBEHNE UCKAXKEHUI CUTHAJIA B paJMOKaHalIe.
Mozenu HeTpephIBHBIX KaHAJIOB C YYETOM JIONIIIIEPOBCKOT'O CMELICHHUS YaCTOTHI.

3.6.MaremaTnueckasi MOJEIb PACIpPOCTPAHEHUS CBA3AHHBIX ONTHUYECKUX HMITYJIbCOB B HEJIMHEHHOMN
cpene. Henuneiinoe ypaBuenne Lpénunrepa. JInneinbie 1 HeMmMHEWHBIE Y PEKTHI.
3.7.'eomerpuueckas mojnens kaHana Canexa-BaneHcyanbl ¢ paccerBarOIIUMU OOBEKTaAMU Ha IyTH
pacnpocTpaHEeHHUs CUTHaIa.

3.8.MeTox mepeMeHHBIX COCTOSIHUSA JJIsi OIMCAaHHWS HCTOYHUKOB COOOIIEHUI, KaHaJlOB CBS3U
(curnanoB). MapKOBCKHE MOJCIIH.

Pa3nes 4. OcHoBBI Teopuu nepenayu nHGpopmManumn

4.1 NadopMaIimoHHbIE ITApaMeTPhbl COOOIICHHI U CUTHAIOB. MH(OpMAaIHs TUCKPETHOTO UCTOYHHKA.
4.2 Bzaumuas wuHbopmanusg. JuddepeHunanabHas SHTPONUS i HENPEPHIBHOIO HCTOYHUKA
(curnana).

4.3 D dexTrBHOE KOAUPOBAHUE TUCKPETHBIX COOOLICHHIA.

4.4 TIponyckHasi cmocoOOHOCTh KaHamna cBsa3u. Henmuneitnsiii npeaen [llenHnona.

Pa3nes S. OcHOBBI TEOpPHH KOAUPOBAHUS.

5.1 Ha3znauenue u kinaccudukanus KoJ10B.

5.2 Ha3naueHue u kinaccuuKanus ABOUYHBIX KOJOB. M30bITOUHBIE U HEM30BITOUHBIE, pABHOMEPHBIE U
HEPaBHOMEPHBIE KOJBI.

5.3 IIpuHIUIIBI TOMEX0YCTOMUNBOTO KOJAUPOBAHMS.

5.4 JIluneliHble IBOMYHBIE OJIOYHBIE KOJIBI.

5.5 HekoTopbie pa3sHOBUIHOCTH CUCTEMATHYECKUX KOJIOB.

5.60KBUBaNIEHTHAasE BEPOATHOCTh OIIMOKM TpPH CPAaBHEHUH pA3IUYHBIX CHCTEM, SKBHBAJICHTHOE
OTHOIIIEHNE CUTHAJI/IIIYM.

5.7 Koppextupytromue koasl. Koasl Puna-ConomoHna.

5.8 PaszHoBuaHOCTH cucteMarnueckux kojoB. Kog boysa- Hoynxypu-XokBuHrema.

5.9 HepaBHomepHbie 3(h(heKTUBHBIE KOJBI.

Pa3neu 6. Teopusi npuemMa TMCKPETHBIX COOOIICHMIA.

6.1.IIpuem curHanoB Kak CTaTUCTUYECKas 3a/a4a pa3IndeHHs TUIIOTES.

6.2.Kputepun kayecTBa W IpaBWiia NMpUEMa AMCKPETHBIX COOOIIEHMH MHHHMYyMa CPEIHEro pHCKa,
MUHHMYMa CcpeaHeil BeposTHOCTH omuoOku, Heiimana-Ilupcona. IlpaBuio MakcMMaabHOTO
npaBaomnono6wus. [IpaBmino 0000EeHHOT0 MAaKCHUMATLHOTO TTPaBI0TIO00MS



6.3.0nTUManpHBI  aNrOPUTM IIORJIEMEHTHOIO IpUEMa B OJHOJIYYEBOM KaHajle C aJAUTHBHBIM
rayCCOBCKUM OEJIBIM IITyMOM (KOTE€PEHTHBIN MTPUEM ).

6.4.IlpueM TUCKpETHBIX COOOLICHWH B KaHAJaX C 3aMUpPAHUSMH, pa3HeceHHBIH npueMm. [loHsTue 06
ONTUMAJILHOM IIpUEMe TUCKPETHBIX COOOIEHHUH B IPOCTPAaHCTBEHHO-BPEMEHHBIX KaHaIaXx.

6.5.IIpreM IUCKPETHBIX COOOIIEHUH B KaHAJIaX CO COCPEAOTOYCHHBIMH U UMITYJIbCHBIMHU ITOMEXaMH.
6.6.ArOpUT™M ONTUMAJIBHOTO MPUEMA «B LIEJIOM» M MO3JIEMEHTHOrO IpUEMa B JAETEPMUHUPOBAHHOM
MHOIOJIy4€BOM KaHajle (KaHaje C MaMAThbl0) M aJJUTHUBHBIM TayCCOBCKMM O€JIBbIM IIIYMOM.
Hcnonb3oBanue 0OpaTHOM CBA3M MO PELLICHUIO.

6.7.CyO0onTHMaNbHBII alTOPUTM «IIPHEM «B LEJIOM» C IOXJIEMEHTHBIM TMPHHITHEM DPEUICHUS» H
anroput™ Butep6u B MHOTr0J1yueBOM JI€TEPMUHUPOBAHHOM KaHase. OLeHKa UX IOMEX0yCTOMYMBOCTH
[P MCIIOJIb30BAHUM JIBOMYHBIX CUTHAJIOB B JETEPMUHUPOBAHHOM KaHalle C aJJUTUBHBIM O€JbIM
IayCCOBCKUM ILIyMOM.

6.8.AHAJIN3 TOMEXOYCTOMYMBOCTH TpHEMa TUCKPETHBIX cooOmeHnii. Pabodass xapakTepucTHKa
obHapy»xkutens. BepoaTHocTh OIMOKK IIPU KOTEPEHTHOM M HEKOT€PEHTHOM Pa3IMueHUH.

Pa3znen 7. [llpuem HenpepbIBHBIX COOOLIEHMIA.

7.1. Kputepuil ONTUMalIbHOCTU OLICHUBAHMS OTAEIBHBIX HENPEPBIBHBIX I[1apaMETPOB CUTHANA U
IIpHEMa HENPEPHIBHBIX COOOIICHUM.

7.2. OnTuManbHOE KOTEPEHTHOE M HEKOI'€PEHTHOE OLICHWBAHME OTHEJIBHBIX IapaMeTpOB CUTHAaA.
AHanu3 KayecTBa OLEHOK.

7.3. OnruManbHasi 1eMOAYJIALNS HEIPEPBIBHBIX CUTHAJIOB.

7.4. TloMexOyCTOWYMBOCTh CHUCTEM IIepeAaydl HEMPEPBHIBHBIX COOOIIEHHH MpH CIA0bIX MOMEXax.
IToporoBslii 3¢ et npu cuiIbHOM omexe.

7.4. OntuManbHast TuHeHas QuibTpanus HelpepbIBHbIX coooOuenuil. @unbtp Kanmana.

Paznen 8. ludponasi 06padoTka CHrHAJIOB.

8.1 Mogenu NIUCKpPETHBIX CHUTHAJIOB. MoOAynMpOBaHHBIE HMITYJIbCHBIE IOCIENI0-BaTEIbHOCTH, HX
CIEKTPAJIbHBIE IUIOTHOCTU. BoOcCCTaHOBIEHHWE HENPEPBIBHOIO CHUTHaJIa IO MOAYJIMPOBAaHHOMU
UMITyJIBCHOM TocnefoBareabHocT. OnpesiesieHne CreKTpa aHaJlorOBOr0 CHUTHalla MO COBOKYIHOCTHU
OTCYETOB.

8.2 Jluckperuzamusi MepuoANYEeCKuX CUTHAIOB. [IpsiMmoe m 0OpaTHOE NHUCKPETHOE MpeoOpa3zoBaHue
®ypbe. Anroput™ ObicTporo npeodpazoBanust Pypobe. Lluk-nudeckas cBepTka.

8.3 Teopus z-ipeoOpazoBanus. [Ipsimoe u oGpatHOe z-mipeobpazoBanue. CBsA3b ¢ MpeoOpa3OBaHUEM
Jlanmaca u dypre. CBolicTBa z-mpeoOpa3oBaHusl.

8.4 Iudpossie ¢unpTpsl (LID). KantoBanue curnana B L[D. Anroputm nuHelHOW mHUGPOBOIA
¢unbTpanuu. YactotHeiit k03 dunment nepepaun L{D. Cucremuas gpynxus L.

8.5 Peanuzanus anroputmoB uudposoil punsrpanuu. TpancBepcanbhbiii LD, cu-cremuas ¢yHKuus,
UMIYJIbCHAs U YacTOTHas XapakrtepucTtuku. PekypcuBHble L{®. CuctemHas QyHKIMs, ee peann3anus.
VYceronunBocTs pekypcuBHbIX LID. IM-niynbcHas xapaktepuctuka pekypcuBHoro L{D.

8.6 CuHTe3 JMHEHHBIX IUPPOBBIX (GUIBTPOB. MeToJ MHBAPUAHTHBIX MMITYJIbCHBIX XapaKTEPUCTHK.
Cunre3 L1® Ha ocHOBe AMCKpeTH3anuu AUPPepeHInanbHOr0 YpaBHEHHs aHAIOroBoi nenu. Merton
VMHBAapHAaHTHBIX YaCTOTHBIX XapaKTEPUCTHK.

8.7 BrnusiHue KBaHTOBaHUs CUTHaJa Ha paboty L{D.

Paznen 9. PagnorexuuyecKkue cCMCTEMBbI.

9.1 PagnonokaninOHHBIE CHCTEMEI.

9.2 PagnonaBuraniioHHbIE CUCTEMBI.

9.3 Cuctembl paguoynpaBlIeHUS.

9.4 OnTuyeckue paguoTEXHUYECKUE CUCTEMBI.



Pa3nea 10. J1eMeHTbI TEOPHH MACCOBOI0 00C/Ty:;KMBAHUS

10.1.0cHOBHBIE =~ TIOHATHSI MAacCOBOTO  OOCHY>KMBaHHs, KiIacCU(UKAIUS CHCTEM MacCOBOTO
obciyxuBanus (CMO), TumnoBble pacnpenesncHuss B TEOPUU MAacCOBOTO OOCIYKHMBaHHUA, MOKa3aTeln
sapdexruBaOcTH CMO, Teopema JIuttia, obmacTu nmpuMeHeHus, MeTo bl uccienoBanus CMO.
10.2.Monenu BXOAHBIX MOTOKOB. CTallMOHAPHBIE U HECTAIIMOHAPHBIE TTOTOKH, ITyaCCOHOBCKUE MTOTOKH,
IIOTOKM DpraHra, notoku [lanema, Teopema XuH4YMHA O CXOAUMOCTH CYMMBI IOTOKOB.
10.3.MapkoBckue CMO. Metonuka pacuéra nokasareneit 3¢ dextuBHOCTH MapKoBckux CMO.
10.4.ITomymapkoBckue ciydailHble Tmporecchl, Meroa Kenpanna, aHanu3 BIUSHUS —3aKOHA
pacmpesiesieHdss BpeMeHH o0CIy)KuBaHUsI Ha cpefaHee Bpems oxuaanuss CMO, npuoputetHeie CMO,
BU/IbI IPUOPUTETOB, METOAMKA aHaIn3a npuopureTHeix CMO.

10.5.Metoap1 uMuTaiimoHHOro MojenupoBanuss CMO.

10.6.KauecTBo oOcmyxuBanus B cersix IP. Moxenu noguepxxku QoS B IP-cersix. Traffic Engineering.
[TnanupoBaHue MPOIYCKHOM CIOCOOHOCTHU CETH.

10.7.0cHOBHBIE MOAENN OLEHKM KaHAJIBHOTO pecypca sl CEPBUCOB PpEaIbHOIO BpPEMEHHU.
MatemaTuueckoe onucaHue MOJENH OLIEHKH KaHAJIbHOTO pecypca B MYJIbTHCEPBHUCHBIX CETSX.

Paszpnen 11 . OcHOBBI IOCTPOEHHSA TEJIEKOMMYHHMKAIMOHHBIX CHCTEM.

11.1 Knaccuduxanus cuctem 3eKTpocBsi3u. [lepBUuHbIE CUTHAIBI IEKTPOCBA3U M UX (PU3HUECKUE
XapakTepucTuku. TenedoHHbIe (peueBbie) cUTHANBL. TeneBU3HOHHBIE cUTHANIBL. CHUTHANIBI Mepenadn
JAHHBIX.

11.2 Kananel mepenaun, uX KiIacCU(UKANWS U OCHOBHBIC XapakTepucTuku. KaHam mepemadym Kak
YETBIPEXIIOMIOCHUK. THUIOBBIE KaHanbl 1mepefadd. JIBYCTOpOHHME KaHaibl. Y CTOMYMBOCTH
JIBYCTOPOHHUX KaHaJIoB. VlckaykeHus: oT 0OpaTHOM CBSA3U. SIBJIEHUE 3JIEKTPUUECKOI0 IXa.

11.3 IlpuHIMNIBI TOCTPOEHUSI MHOTOKaHAJIBHBIX cUcTeM mepenadd. OO00IIeHHas CTPYKTypHas cxema
MHOT'OKaHaJIbHOM CUCTEMBI Ilepeiadr. MeToibl pa3ieseHus KaHalbHbIX CUTHAJIOB. B3auMmHble momMexu
MEXy KaHaJIaMHU.

11.4 OcHOBBI TIOCTpOEHHUSI CHUCTEM IepeAadyd C YacTOTHbIM pasneneHueM kaHanoB (CII ¢ YPK).
CrpykrypHas cxema CII ¢ YPK. ®opmupoBaHue KaHaldbHBIX CHTHaJOB. MeToabl (popMupoBaHUsS
onnou 6oxoBoit mosock! (OBIT). Mckaxxenus B kananax u Tpakrax CII ¢ UPK.

11.5 ITpuHIMOBI TOCTPOECHUS U 0OCOOEHHOCTH pabOThI CUCTEM Iepe/lauld ¢ BPEMEHHBIM pa3JieIeHueM
ka"aioB (CII ¢ BPK). Crpykrypnas cxema CII ¢ BPK. ®opmupoBanue kananbHbix curHanoB B CII ¢
BPK. Ilepexonnbie BnusHus mexay kananamu CIT ¢ BPK. [Toctpoenue udpoBsIx cucTeM nepesadu
(LICID).

11.6 OGmue npuHuuIel popmupoBanus U nepenaun curHanoB B LICII. KBanToBaHue curHajios mo
ypoBHIO. OlleHKa IIyMOB KBaHTOBaHUA. KojupoBaHue KBaHTOBaHHBIX CHUTHaNoOB. O000IIeHHas
crpykrypHas cxema LICII. Buapl cunxponuzanuu B L[CII. IlpuHummsl pereHepanuu HuppOBBIX
cur"ayioB. Jluneitnoe konuposanue B LICII.

11.7 Uepapxus LICII Ha ocHOBE UMITYJILCHO-KOIOBOW MOy K. OO0beJUHEHNE [IUPPOBBIX TOTOKOB
B IUIe3noXpoHHOU tudpoBoit mepapxuu PDH. Ob6benunenune mudpoBbBIX MOTOKOB B CHHXPOHHOM
udposoii nepapxuu SDH.

11.8 OOmme nNpUHLUIB TMOCTPOEHUS BOJIOKOHHO-onTHUeckux cuctem mnepeaaun (BOCII).
O6o6mennass crpykrypHas cxema BOCII. Knaccupukamuss BOCII. CnocoOsl  opranuzanuu
nBycropoHHeil cBsi3u Ha ocHoBe BOCII. Crioco6s! ymiioT-HEHHs ONTHYECKUX Kabemnei.

11.9 OcHOBHBIE y37IBI ONTHYECKUX CUCTEM mepenadn. ONTHYECKUM JMHEHHBIH TpakT. OnTthueckue
nepenaTyuky. TpeOoBaHMS K HCTOYHUKAM ONTHYECKOTO U3IYyYEHUS: HMX MapaMeTpbl H
XapakTepucTuku. ONTHYecKue MNPUEMHUKH. Moaynaropsl onThueckoi Hecymiei. OOoOmeHHas
CTPYKTypHasi CXeMa ONTUYECKOT0 JIMHEHHOro TpakTa. ONTHYECKUE YCUITUTEIH.

11.10 OOmue npUHIUNBI U OCOOEHHOCTH TIOCTPOEHHUS CHUCTeM paauocBsa3u. Kiac-cuduxanms
JMarna3oHoB PajanodacToT U paauoBoiiH. CTpyKTypa paauocucteM ne-penadd. OOmme MpUHLHUIBI



opranuzanuu paauocssazu. Knaccudukanus panguocuctem nepenaun. OCOOEHHOCTH paclipOCTPaHEHHS
PaZOBOJIH METPOBOTO M MUJI-IMMETPOBOTO AMANa30HOB. AHTEHHO-(QHAEpHbIE YCTPONUCTBA.

11.11 TIloctpoeHue paguopeNeHbIX ¥ CHOYTHUKOBBIX JMHUH mepenauu. Knaccu-dukanus
paauopeneiHblx JUHUKA nepenadd. [IpuHIUNBI MHOTOCTBOJBHOM mepeaauu. Tumbl MOIYJISIUU,
MIPUMEHSEMbIE B PAJIMOPEICHHBIX U CIYTHUKOBBIX CUCTEMAaX MEpeIayu.

11.12 OcoOeHHOCTH TOCTPOSHUS O0OPYAOBAHUS PATUOPEICHHBIX M CIYTHHKOBBIX CHCTEM CBS3H.
[IpyHUMIBI TTOCTPOEHUST OOOPYAOBAHUSA PATUOPENECHHBIX JMHUM Nepefadyd NpSAMON BHIMMOCTH.
OcoGenHoctu  mocTpoeHus: TpomnochepHbIX paguopeneinbix juHud. [lepemaya  curHanos
TEJIEBU3MOHHOIO BEIIAHUS [0 paauope-ielHbIM JHUHUSIM. CIHyTHHUKOBBIE CHCTEMBI IIE€penayu.
[IpuHUUITBI TOCTPOEHUSI CUCTEM CIIyTHHUKOBOT'O TEJIEBEIIAHMS.

Paznen 12. CeTu 3J1eKTPOCBS3H.

12.1 OGmmue TpUHIMIBI TOCTPOCHUS CETEH AIEKTPOCBA3H. HazHaueHne u cocTaB ceTel 3JIEKTPOCBS3H.
Metoapl KOMMYyTallMM B CeTSX 3JeKTpocBsa3u. CTpykTypa cereil anektpocBsizu. OcoOeHHoCTH
IIOCTPOCHMSI BTOPUUYHBIX TEJICKOMMYHHMKALMOHHBIX ceTeil. CocTaB M HazHaueHue cered TeneoHHON
CBSI3M, CETeM Iepenayd JaHHbIX, CETed TeneBU3MOHHOro Bewlanus. HWHdopmannoHHo-
BbrunciuTensueie cetu. Cetn DBM (nokansable LAN, pernonansasie MAN, rmobansasie WAN).
TenemaTuueckue ciayObl.

12.2 [IpuHUUIIBI TOCTPOEHHUS ceTel paguocBsa3u. OCHOBBI OCTPOEHUsS CeTel cOTOBOU CBsi3U. OCHOBBI
MOCTPOCHHSI CeTel OecIpOBOTHOTO a0OHEHTCKOTO paanonoctyna. OCHOBBI MOCTPOCHHS CITYTHUKOBBIX
CeTeH CBA3MU.

12.3 CemuypoBHEeBasi MOJeNb B3aUMOJCHCTBUS OTKPHITHIX cucteM OSI, ¢GyHKIHH pa3TUIHBIX
YPOBHEHU.

12.4 Epunas cerp anekrpocBsizu PO (ECO P®). Knaccudukanus cereii ECO P®, npunuumnsl
MOCTPOCHMSI, XapaKTEPUCTUKU.

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

12.6 Cetu nmoaBmxHOM cBs3u nokojienuit 1G, 2G, 2.5G, 3G.

12.7 Cetu nepenauu nanusix (IP-cetu). UnTepuer. Bupryanbnbie yactHbie cetn VPN.

12.8 Anpecanus B IP-cersix. Mcnons3oBanue cxeMmsl afpecanuu uepapxudeckoi [P-cetu. ITpoToxoisl
IPvd wu 1Pv6. Crpykrypa IPv4 wu IPv6 agpecoB. Macka mnoxa-cetu. OjnHoaapecHas,
LIMPOKOBEIIATeNbHast U MHOToaapecHast paccolika [IPv4. Tumnel angpecos IPv4 u IPv6.

12.9 Junamuueckast mapuipytusanus B [P-ceTsx. AIropuTmsel, NpOTOKOJIbl. AB-TOHOMHBIE CHCTEMBI.
Tabmuua mapmpyruzanuu. OnpeneneHue ONTHUMAaJIbHOro Mapupyrta. I[IpenorBpaieHue neresb
KOMMYTallUH.

12.10 ITpuHiumsl nmocTpoeHus y3inoB makeTHeIX ceTeil. Kommyrtatopsl Ethernet. Mapmipyrtuzaropsi.
MexceTreBble SKpaHbl.

12.11 OcnoBsl koHuenuuun NGN. Apxurektypa. Ycayru Triple Play. Peanuzanus. Ilpotokonsl cereit
NGN.

12.12 T'nbkue kommyraTopsl (softswitch) n menuanutrossl. Knaccupukanus mumo3os. [Torpannyunsie
koHTposiepsl ceccuit SBC. Ilnardopmsr IMS.

12.13 Hogssle undopmarmonssie Texuosnoruu B IP-cersx. IP-renedonus (VolP). IP-renesunenue (IP-
TV). Yenyru OTT.

12.14 TIpoBonusie u GecnipoBoanbie cet noctymna (xDSL, FTTx, xPON, xEther-net, WiFi, WiMAX).
12.15 Cotoseie cetu cBsa3u ctanaaptoB 4G (LTE, LTE-A). Konnenmus ceteit 5G.

12.16 Meroapl aHanu3a, CHHTE3a W ONTUMHU3AIMHM CTPYKTYpPhl MYJIbTHCEPBHCHBIX ceTeil Ha Oase
xouneniuiit NGN/IMS.

12.17 IlpuHUIMIIBI MYJIBTUIIPOTOKOJIBHOM KommyTanuu no metkam MPLS. Crex metok. ITpuHnumne
MapuipyTtu3anuu B cetu MPLS.

12.18 OcnoBbl WUnHTepHeTa Bemel [oT. TexHOIOrMM M NMPOTOKOJIBI MEKMAIIMHHBIX KOMMYHHUKAIIUN
M2M. CeHcopHBIE CETH.

12.19 bynymwme cetu (Future Networks). KoruutuBHbie cuctemsl u cetud. IIpo-rpamMmmHoO-



koHpurypupyemsie cetu SDN. CereBast Buptyanuzanuss NFV. Ilpo-rpamMmMmHO-ympaBiseMoe paguo
SDR

baHK KOHTpOJIBHBIX BOIIPOCOB, 33JaHUM M WMHBIX MaTEpPHAIOB, HUCIIOIB3YEMBIX B IIpoLEcce
IpOLEelyp TEKYLIEro KOHTPOJS U MPOMEXYTOUHOM aTTeCTalluu HAaXOIMUTCSA B y4eOHO-METOAMUYECKOM
KOMIUIEKCE TUCHMIUIMHBI W/WIM TIPEACTABICH B AJIEKTPOHHONW HH(POPMAIMOHHO-00pa30BaTEIbHON
cpene mo URI: http://www.aup.uisi.ru/.

3.3.  Meroanueckue MaTepuaJbl NPOBeJeHUs] TEeKYIIero KOHTPOJIS U IPOMEKYTOYHOI
arrecTanyy 00y4ammxcs

IlepeueHp METOAMYECKMX MATEPUAIOB I TOATOTOBKM K TEKyIIEMY KOHTPOJIK H
MIPOMEKYTOUYHOM aTTECTALINU:

1. Meronnyeckue yka3aHUs K BBIIOJHEHMIO INPAKTHYECKUX padoT IO JUCLMILIMHE
«CuCTeMbl, CeTH U YCTPOUCTBA TeJaekoMMyHuKanuiiy. —URL: http://www.aup.uisi.ru/.
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