MuHHCTEPCTBO LIU(POBOro pa3BUTHA, CBA3H H MacCOBbIX KOMMYHHUKauui Poccuiickoii Penepaumu
®enepanbHOE rocy1apcTBEHHOE 010KETHOE 00pa30BaTENbHOE YUPEXIEHHE BbICILIErO 006pasoBaHsl
«Cubupckuii rocy 1apCTBEHHbINH YHUBEPCUTET TEIEKOMMYHHUKALMI U HHOOPMATHKI)
(Cubl'YTH)
Ypanbckuii TEXHWYECKHIT HHCTUTYT CBSI3H M MH(popMaTHkH ((uaman) B r. ExarepunOypre
(YpTHUCH Cudl YTH)

YTBEPXIAIO
miperrop YpTHCH Cubl'YTU

= b Z wsr

PABOYASA IIPOI'PAMMA
AUCIUITJI A HbI

2.3.3 Kanauaarckuii 3K3aMeH [0 CNeNHAJbLHOH JHCIHIIIHHE
['pynna Hay4HbIX CHIELUATIbHOCTEH 2.2 — DJIeKTPOHHKA, POTOHHKA, NpHOOpOCTpOeHHE
H CBA3b
Hayuynas cneuuanbHocTh 2.2.15 — CucreMbl, C€TH H YCTPOHCTBA
TEeJIeKOMMYHHKALHH
dopma 00yueHHs: OYHAS

I"'on Habopa: 2026

Exarepun6ypr, 2025



MunucTEpCTBO HUGPPOBOTO PA3BUTHSA, CBSI3U M MACCOBBIX KOMMYyHHKanuii Poccuiickoit deneparyu
denepanbHOE rocy1apcTBEHHOE OI0PKETHOE 00pa30BaTeNbHOE YUPEXKIEHHE BBICILIET0 00pa30BaHus
«Culupckuii ToCyJapCTBEHHBIM YHUBEPCUTET TEJICKOMMYHUKALUN 1 HHPOPMATUKI
(CuoI'YTH)
VYpanbckuii TEXHUYECKUN HHCTUTYT CBSI3H U HHpopmatuku (punuan) B r. ExatepunOypre

(YpTUCH Cu6T'YTH)

VTBEPXJIALIO

mupexktop YpTUCHU Cubl'YTU
Mununa E.A.

« » 2025 T.

PABOYAS MMPOTPAMMA
JUCHUNOJUHBI

2.3.3 KanauaaTcKuu 3K3aMeH MO0 CelMaJdbHOM JUCHUTIIMHE
['pynmna Hay4HBIX CENUATBHOCTEN 2.2 — DJIeKTPOHHUKA, (POTOHNKA, MIPUOOPOCTPOCHHUE
U CBAI3b
Hayunas cnermansHocTh 2.2.15 — CucreMbl, ceTH U YCTPOHCTBA
TeJIeKOMMYHUKAUI

®opma oOydeHUs: OUHAs

I'ox HabGopa: 2026

ExatepunoOypr, 2025



Paszpabotuuk (-u) paboueit nporpamMMal: "///SZZ 73
K.T.H., JOLEHT : / H.B. Byasinausa /

NoANnHCh

/-

VYTBepkaeHa Ha 3acefaHud kadeapsl HHOOKOMMYHHKALMOHHBIX TEXHOJOTHH M MOOHIbHON CBA3H
(UTuMC) npotokosn ot 27.11.2025 r. Ne 3

K.T.H., JOLIEHT / O.B. Kycaitkun /

3aseayroumii kapeapoit UTuMC ( / H.B. Byasinausa /
NOAONMHCE

CoracoBaHo: j

3aBexyroILMi BTy cKarolen kadeapoi : / / H.B. Bynpinauua /

OtercrBenHsli mo OITOIT \/ / H.B. By asuimina /
MNOoAMHChL

OcHOBHas 1 JOTIOJIHUTENBHAS JIMTEPATYPA, yKa3aHHas B 1.6 paboyeli mporpaMmbl, HMEETCS B HATHYUH B
6ubnuorexe uHcturyTa M OBC.

il
3aseayrowmmii 6ubIHOTEKOH /’7} / C.I'. Top6enko /

{
NoAMNHCE




Pazpabotuuk (-u) paboueit mporpaMmsi:

K.T.H., IOLIEHT / H.B. Bynpuinuna /
IIOAIINCH

K.T.H., IOLICHT / 1.B. Kycaiikus /
IIOAITINCH

YTBepxkaeHa Ha 3aceqaHuu Kadeapbl HHPOKOMMYHUKAIIMOHHBIX TEXHOJIOTHI M MOOMJIBHOM CBSI3H
(MTuMC) mportokon ot 27.11.2025 . Ne 3

3asenyrommii kadeapoit UTuMC / H.B. byapuinuna /
IIOAIINCH

CornacoBaHo:

3aBeayromui BeIMycKaromiel kadeapoi / H.B. Bynpuinuna /
MHOIITHCH

OtBercrBennsli mo OIIOIT / H.B. byapuinuna /
IIOAITNCH

OcHOBHasl ¥ TOTIOJTHUTENbHAS IUTEpaTypa, YKa3aHHas B 1.6 pabodeil mporpaMMbl, UMEETCSI B HATUYUHU
B Oubnmoreke nHcTUTyTa U DBC.

3aBenyrouiuii OndINOTeKOM / C.I'. Topbenko /
IIOAIMHUCH




1. MECTO JUCIHHUAILIAHBLI B CTPYKTYPE OBPA3OBATEJBHOM
IMPOI'PAMMBbI

Juctumuna 2.3.2 «Kanouoamckuii sx3amen no Cneyuanbhoul oucyuniuney OTHOCUTCS K YacCTH
2.00pa3oBarenbHblii KOMIIOHEHT, 2.3 IlpomexyTouHas aTTecTrauus MO IUCUUIUIMHAM (MOIYJIAM) U
MIPAKTHKE.

OIIK-5 — Cnocoben npumeHamv nepcnekmueuvle Memoobl UCCIe008aHUsL U — peuleHust
npogeccuoHanbHbiX 3a0a4 HA OCHOBE 3HAHUS MUPOBLIX MEHOeHYUL pa3eumus cucmem, cemetl U
YCmMpoUucme meaeKoOMMYHUKAYUL

IIpenmectByromue 2.1.2.3 Cucremsl, ceTH M yCTPOMCTBA TEIEKOMMYHHUKAIIUH
JUCLMIUIMHBI U IPAKTUKU

JIMCIUIIIIMHEL U IPAKTUKH, 2.3.5 [IpoMexyTouHas aTTecTalys 10 Hay4HO-
U3y4aeMbl€ OJJHOBPEMEHHO C HCCJIEIOBATEIbCKON MPAKTHKE

HNAHHOM TUCLMILIMHOMN

[Tocnenyromue TUCIUIIIIUHBI U 2.1.1.2 Hay4yHble KOMMYHUKAITUU
MIPAKTUKHU 3.1 Onenka nuccepranuu

JucuumninuHa Modicem peann30BBIBATHCS C MPUMEHEHUEM TUCTAaHIIMOHHBIX 00pa30BaTeNbHBIX
TEXHOJIOTUH.

2. TPEBOBAHMUA K PE3YJIbTATAM OCBOEHUA JUCIUIIJIMHbI

B pesynpraTe 0cBOEHUS TUCUUIUIMHBI 00YyYarOIUICS TOJKEH JEMOHCTPUPOBATh PE3YJIbTaTh
00y4eHHUs, KOTOPbIE COOTHECEHBI C MHIUKATOPaMU JOCTHUKEHHUS KOMITETEHIII:

KO)_I 1 HAMUMCHOBAHUC MHANKATOpPA JOCTUKCHUSA

. €3yIbTaThl OOYUICHIS 110 JUCIUTUINHE
KOMIETEHITNH

OIIK-5 — Cnocoben npumensimos nepcnekmuenble Memoobl UCCIe008AHUS U PEUleHUs]
npoGhecCcUuOHANbHBIX 3a0at HA OCHOBE 3HAHUSL MUPOBHIX MEHOCHYULL PA3BUMUsL CUCTIEM, cemell U
yempoucme meneKoMMyHUKayull

OIIK-5 — Cnocoben npumeHnamo 3Haert:

nepcneKmueHvle Memoobl UCCIe008aHUS U - METO/IbI MOJICIIMPOBAHUS CUCTEM TIepeaadn
peueHus npoghecCUOHAIbHLIX 3a0ay HA OCHO8e | MH(POPMAIIUH, CETeH U yCTPONCTB

3HAHUS MUPOBLIX MEHOEHYU Pa38UMUsL TEJICKOMMYHHUKAIUN C Y4ETOM HOBEHUIIINX
cucmem, cemeti U YyCmMpoucmes TEXHOJIOTHIA;

MeneKOMMYHUKAYULL - IepPEIOBbIC OTCUECTBEHHBIC U 3apyOeKHbBIE

JOCTHKEHUS B 00JIaCTU CHCTEM CBS3H U
YCTPOWCTB TEJIEKOMMYHHUKALUI;

- IEPCIIEKTUBHBIE HATIPABJICHUSI Pa3BUTHUS OTPACIN
UH(POKOMMYHUKAIUH.

Ymeer:

- IPOBOJIUTH UCCIIEJIOBAHUS B 0OJIACTH CHCTEM,
CETEU M YCTPONCTB TEIEKOMMYHUKAIUN

- IPaMOTHO UHTEPIPETUPOBATH IOy YCHHBIE
Ppe3yJbTaThl IPOBECHHBIX UCCIEIOBaHUN;

- IPUMEHATH METOJIbI MATEMAaTUYECKOIO aHAIN3a U
MOJEIIMPOBAHUS JUISl PEIIEHUS TPAKTHYECKUX
3a/1ad4;

-IIPUMEHSATH NEPCIEKTUBHBIE METObI
UCCIIEIOBAHMS U PEIIeHUs TPo(ecCHOHATBHBIX
3a/1a4 Ha OCHOBE 3HAHWs MUPOBBIX TEHICHUNN




pPa3BUTHSI CUCTEM, CETEH U YCTPOMCTB
TEJIEKOMMYHHUKALHUI

Baaneer:

HaBbIKAMU NIOCTPOEHUS AHATUTUYECKUX U
AMHTAIMOHHBIX MOJICICH CHUCTEM, CETSH U
YCTPOMCTB TEJIEKOMMYHHKALIUH.

3. OFBEM JIJUCHUTIINHBI

OO61mas TpyJ0eMKOCTh AUCHUIIINHBI cocTaBisieT 10 3a4eTHBIX €MHUIL.
JucuunnuHa u3ydaercs:

o OYHOM opme 0O0yueHus — B 1-4 cemecTpax

dopma IpoMeKyTOYHON aTTECTALMH 110 AUCIUILTMHE — SK3aMeH/3a4eT

3.1 Ounas ¢opma obydenus (O)

Bunsl yueOHoii paboThl Bcero uacos Cemectp

6
AynuTopHas padora (Bcero) 2 2
Jlexmum (JIK)

JlaGopatopusie padotsl (JIP)

[Tpaxktuueckue 3ausrus (I113)

[Tpensk3amenannonsble KoHCyapTauu (I11K) 2 2
CamocrosiTesibHasi padoTa (Bcero) 72 72
Pabora Hajg KOHCIEKTAMH JIEKIIAI 72 72

HOIIFOTOBKa K IIPAKTHUYCCKUM 3aHATUIAM

[ToAroToBKa K JJaOOpaTOPHBIM paboTamM

Brimonaenne KypcoBo paboThl

Brmonnenue KYpCOBOI'O ITPOCKTA

Brimonnenue pedepara

Brinonuenue PI'P

Kountpoas (Bcero) 34 34

IToaroroBska k ciaue 3aueTa

Craua 3auera

IToaroTroBka K clade 3K3aMeHa 25 25
Crmaua sx3aMeHa 9 9
O061as TpyJ0eMKOCTh AUCHIUTIIIMHBI 108 108

4. TPEBOBAHUSA K KAHANJIATCKOMY OK3AMEHY. ITPOLHEAYPA ITPOBEJIEHUA
KAHINJATCKOI'O 9K3AMEHA

Pabouas mporpamma ydeOHoW muctumauHbl «Kanmuaarckuii sk3ameH mno CrenuaabHOR




JTUCLUITIIMHE)» COCTABJICHA JJIsl MOATOTOBKM CTICIIMAIIMCTOB 10 HarpaBieHuto 2.2.15. «Cucrtemsl, cetu
U YCTPOKHCTBa TeIeKOMMYHHUKauui». KaHauaarckuii sK3aMeH mpeacTaBiseT coboii ¢popMy OIEHKHU
CTENEHW TOJATOTOBIICHHOCTH acHUpaHTa K MPOBEICHUIO HAYyYHBIX MCCIECIOBAHUNA IO HAYYHOU
CIEIHMAILHOCTH U OTPACIIU HAYK, 10 KOTOPOH uaeT paboTa HaJ AUcCepTalueH.
Cmaua KaHIMIATCKOTO 9K3aMeHa OCYIIECTBISETCS Ha ocHOBaHWH Kypca «CHCTEMBI, CETH W yCTPONCTBA
TeJIeKOMMYHUKalui». KaHaunaTckuil s5Kk3aMeH HMMeEeT IeNIbI0 MPOBEPKY OCBOCHHS AMCLUILIMHBI
«CucreMsbl, CETH M YCTPOUCTBA TEIEKOMMYHHUKAIM». OCHOBHOM MaTepuai nporpaMmmsl GopMHUpyeT
o0myrw Teopernueckyr ©0Oasy. IlporpamMma oOpHEHTHpOBaHAa Ha pa3JIMYHbIC HaIpaBJICHUS
MOATOTOBKHU JIUCCEPTAIIMOHHONW PabOThl U U3y4yaeTcs B oO0beMe HEOoOXOAMMOM il BBIOpaHHOU
Hay9YHO-TEXHUYECKOU 3aa4H.

[Iponenypy kanaUAATCKOTO K3aMeHa 1Mo «CrienruaabHON AUCIUIUIMHE » COCTaBISIOT OTBETHI
Ha BOIMPOCHI K3aMECHAIIMOHHBIX OMJIIETOB. DK3aMEHAIIMOHHbBIA OWIICT BKIIIOYAeT B ceOs TpU BOIpOCa.
OtBeT Ha KaXIbli BOMPOC OLIEHUBAETCS OTAENbHO. Pe3ynbTarhl 5K3aMeHa OIEHUBAIOTCS 110
MATHOAJIIIBEHOM CHCTEME.

5. COAEPKAHHUE PA3JIEJIOB JUCIUAIIJIMHbI

Paznen 1. MaTemaTHyecKHe MO/IeJIH COOOIEHUIA, CHTHAJIOB H ITOMeX

1.1. CooOmieHusi, CUTHANIbI, TOMEXHU, KaK ClydyailHble MPOLECChl. MaTreMaTudecKue MOAENTH s
HEeCTallMOHApHBIX CUrHaNIOB. [IpeoOpa3oBaHue ciyyaliHbIX BEJIMYUH U CIy4YallHBIX MPOLIECCOB.

1.2. R-dynkumu, atomapabsie GyHKIIUU, BEUBIETHI B 3a/1a4aX 00pabOTKU CUTHATIOB.

1.3. KoppensiuoHHble M 3HEPreTUYECKUE XapaKTEPUCTHKU JAETEPMUHUPOBAHHBIX U CIy4aillHBIX
npoiieccoB. BeiiBneT koppensuus.

1.4. MaremaTudeckue MOJCIIN UCTOYHUKOB COOOIIeHU. MoJiens peueBoro mnpoiecca.

1.5. Orubaromas u ¢aza mporecca, aHATUTHUYECKUN (KOMIUIEKCHBIN) CHUTHANl, KBaJpaTypHbIE
KOMITOHEeHTHI. Pactipeenenne ornbaromnied 1 Gpas3pl TayCCOBCKOTO CIIy4aifHOTO Iporiecca.

1.6. JluneiiHble MpOCTpaHCTBA MPEICTaBICHHS CUTHANIOB, MpocTpaHcTBO EBknmna, ['mnbbepra u
Xemmunra. [luckpernoe npeobdpazoBanue XapTiiH.

Pa3nen 2 . OcHOBBI TeOpUU MOAYJISIIIUM U 1eMOIY AU,

2.1 Buasl Mmonynsuuu npu rapMmonudeckoit Hecyieit: AM, ®M, UM. Cxemsbl popmupoBaHust
MOJIyJIUPOBAHHBIX KoJeOaHui. CreKTpbl MOy IUPOBAHHBIX CUTHANIOB. KoppensiuoHnHslie u
SHEPreTUUECKUE XapaKTEPUCTUKU MOAYJIUPOBAHHBIX CUTHAJIOB IIPU CIyYaliHOM MOAYJIHMPYIOIIEM
CUTHaJe. AHaTUTHUYECKas 3alKiCh CUTHAJIA Ha BBIXOJIE MepeAaTynKa Mpyu U30XPOHHOU nepenade
JUCKPETHBIX COOOIICHUN TPU JTMHEHHBIX U HEJTMHEWHBIX BUJAX MOAYJISILIUHU.

2.2 Jlemoaynsiiust (IETEKTUPOBAHUE) MPHU MOMOIIIM TApaMETPHUUECKUX M HETUHEHHBIX CXEM.
OTHOIIEHNE CUTHAJI/IIIYM Ha BBIXOZE "MuHeHoro" nerekropa AM curHasa, OTHOIIEHUE CUTHAJ/IIyM
Ha BBIX0JIe ()a30BOr0 (YaCTOTHOTO) JETEKTOpA.

2.3 ludpoBas MOYIISIIHAS U JEMOTYJISIIUS.

2.4 Bunapl MOIyJSIMHU, UCIOIb3yEMbIE B COBPEMEHHBIX cucTemax coToBoil cBsizu (GSM, QAM,

OFDM). Cuctemst MIMO.

Pa3pea 3. Kanajansl cB3M

3.1 MaremaTuuecke MO KaHaloB CBA3M, KilaccuuKaus U 00JacTb IPUMEHEHHSL.
3.2.IIpoxoxeHre TeTepMUHUPOBAHHBIX M CIYYalHBIX MPOLECCOB Yepe3 JIMHEHHbIE CTallMOHAPHBIE
kaHabl (1iernn). OCOOEHHOCTh MPOXOXKACHHUS CHUTHAJIOB Yepe3 Y3KOMOJOCHBIE KaHalbl. Meron
KOMILJIEKCHON orufaroiell mpu pacuyere NpoXoxkKAeHUs y3KOMOJIOCHBIX BO3ICHCTBUI.

3.3Mojenu KaHaJIOB PaadOCBA3U. XapaKTEPUCTUKU KaHAJIOB MOOWJIBHBIX CHUCTEM CBs3U. Mojaenu
pannokanainos i cueHapues LOS nu NLOS.



3.4.MaTtemaTuyeckue MOJIEIH MOMeX B KaHaiie cBsi3u. Kiaccudukanust 1 XxapakTepUCTHKH.
3.5.®usnueckue mporecchl, OOYCIOBIMBAIOIINE BO3HMKHOBEHHME HMCKa)KEHWW CHUTHala B
paauokanasue. Mojenu HempephIBHBIX KAHAJIOB C yY€TOM JOMIUIEPOBCKOTO CMEIIEHUS YaCTOTHI.
3.6.MaremaTuueckasi MOJIENIb PACTIPOCTPAHEHHSI CBSI3aHHBIX ONTUYECKUX MMITYJICOB B HEJIMHEHHOM
cpene. Hemuuelinoe ypaBaenue lpénunrepa. JInnelinsie n HelmHEHHBIC () (DEKTHI.
3.7.T'eometpuueckas moneinb kanana Canexa-BaneHcysmbl ¢ paccenBalOmUMU OObEKTaMH Ha MyTH
pacnpoCTpaHEHHUs! CUTHAA.

3.8.Meron mnepeMEeHHBIX COCTOSIHHMSI JJIsi OMHMCAHUS MCTOYHHUKOB COOOIICHMH, KaHAJOB CBS3H
(curnanoB). MapKoBCKHE MOJCIIH.

Paznen 4. OcHoBBI Teopum nepeaayn uHGoOpMaUn

4.1 NudopmarmonHbie mapameTpsl COoOIIeHni 1 curnanoB. MHpopMmamus JUCKpEeTHOrO HCTOUYHHUKA.
4.2 Bszaumnas wundopmarnus. [uddepennmanbuas SHTponus A7 HENPEPHIBHOIO HCTOYHHKA
(curnana).

4.3 DdhekTuBHOE KOAUPOBAHKUE TUCKPETHBIX COOOIICHHA.

4.4 IIponyckHasi criocoOHOCTh KaHala cBsi3u. Henuneltnsiil npenen [llennona.

Pa3nea 5. OcHOBBI TeOpHHU KOAMPOBAHUS.

5.1 HaznaueHnue u Ki1accupuKaims KOJI0B.

5.2 Ha3znayenue u kiaccuuKaus ABOMYHBIX KOI0B. M30bITOUHbIE U HEN30BITOYHBIE, PABHOMEPHBIE
Y HEpaBHOMEPHBIE KOJIbI.

5.3 IIpuHIUIBI TOMEXOYCTOMUNBOTO KOAUPOBAHMSL.

5.4 JIu"elHbple IBONYHBIE OJIOYHBIE KOJIBI.

5.5 HekoTopsle pa3sHOBUIHOCTA CUCTEMAaTHYECKUX KOJIOB.

5.60KBHUBaJICHTHAs! BEPOSITHOCTh OIIMOKKM MPH CPABHEHMM PA3IUYHBIX CHCTEM, SKBHUBAJICHTHOE
OTHOILICHHE CUTHAJ/IITYM.

5.7 Koppektupytomue koasl. Koasl Puga-Conomona.

5.8 PaznoBunHoCTH cuctemaTuueckux konoB. Kox boysza- Hoyaxypu-XokBuHrema.

5.9 HepaBuomepubie 3 (PeKTUBHBIE KOJIBI.

Pa3nea 6. Teopusi npuemMa IMCKPETHBIX COO0IIEHMIA.

6.1.IIpuem curHaigoB Kak CTaTUCTUYECKAs 3a/1a4a pa3IMyeHUs TUIIOTES.

6.2.Kputepun kadectBa U MpaBWiia MpHUEMa JUCKPETHBIX COOOIIEHHI MHHHMYMa CPEIHEro pHUCKa,
MUHUMYMa cpeaHeil BepositHocTH omuOku, Heiimana-Ilupcona. IlpaBuno makcuManbHOTO
npasaononoous. [IpaBuno 006001IEHHOr0 MaKCUMAJILHOTO MPAB/OI0 100U

6.3.00TUMaNbHBIA ANTOPUTM IOAJIEMEHTHOTO IMpHUEMa B OJHOJIYYEBOM KaHaje C aJJIUTUBHBIM
rayCCOBCKUM O€JIbIM IIyMOM (KOTE€PEHTHBIN MPUEM).

6.4.1Ipuem AUCKpPETHBIX COOOIIEHUI B KaHAJIaX C 3aMHpaHUSIMU, pa3HeceHHbIH mpueM. [lonsTre 06
ONTUMAJILHOM IIPHUEME TUCKPETHBIX COOOILEHUH B IPOCTPAaHCTBEHHO-BPEMEHHBIX KaHaax.
6.5.1Ipuem IMCKpPETHBIX COOOIIEHUI B KaHAJIAaX CO COCPEAOTOUYEHHBIMU U UMITYJIbCHBIMU TOMEXaMHU.
6.6.AITOPUTM ONTUMAJIBHOIO NMPUEMA «B LIEJIOM» U IORJIEMEHTHOTO IPUEMa B JETEPMUHUPOBAHHOM
MHOTOJTY4YeBOM KaHajie (KaHaje C MaMsaThi0) M aJJUTUBHBIM TayCCOBCKUM OENBIM IIIyMOM.
Hcnonb3oBaHue 0OpaTHOM CBS3H 1O PEILICHUIO.

6.7.Cy00onTHMaNbHBI ANTOPUTM IPUEM «B IIEJIOM» C IO3JEMEHTHBIM TNPHUHITHEM PEIICHUs» H
anroputM  Butepbu B MHOrojgy4yeBOM  JE€TEPMUHMpPOBAHHOM  KaHaie. OneHka  ux
[IOMEXOYCTOMYMBOCTH IIPU MCIOJb30BAaHUU JIBOMYHBIX CUTHAJIOB B JETEPMUHUPOBAHHOM KaHalle C
aJTUTUBHBIM O€JIbIM I'ayCCOBCKUM ILIyMOM.

6.8.AHaIM3 TOMEXOYCTOHYMBOCTU IpHEMa IUCKPETHBIX cooOmeHuil. Pabouas xapakTepucTuka
oOHapy>xuTeins. BeposTHOCTh OMOKK IPU KOT€PEHTHOM M HEKOT€PEHTHOM Pa3INuyEHUH.



Paznen 7. Ilpuem HenpepbIBHBIX COOOIIEHMIA.

7.1. Kpurepuil onTUMaJbHOCTH OLEHUBAHUS OT/EIbHBIX HENPEPBIBHBIX MapaMETpPOB CHUTHAIA U
MpreMa HeMPEePhIBHBIX COOOIICHUIA.

7.2. OnruManbHOE KOT€pEHTHOE M HEKOT€PEHTHOE OLICHWBAHUE OTJIEIbHBIX IapaMETpOB CUTHAJA.
AHann3 KayecTBa OILEHOK.

7.3. OntumanbHas 1eMOLyJISILMS HEITPEPHIBHBIX CUTHAJIOB.

7.4. TloMexOyCTOWYMBOCTh CHUCTEM Tepeaud HEeMpephIBHBIX COOOIIEHUN NpU ciIabbIX MOMeXax.
[ToporoBsrii 3¢ GeKT Mpu CUITBHOI TOMeXe.

7.4. OnTumanbHas TUHEHas GUIbTpaIUs HEMPEPBIBHBIX cooommennii. ®unptp Kanmana.

Pa3nea 8. [lu¢gpoBasi 06padoTka CUrHAIOB.

8.1 Mojgenu OUCKPETHBIX CUTHAJIOB. MOIYJTUPOBAaHHBIE HMITYJbCHBIE IOCJIEN0-BaTEIbHOCTH, HUX
CHEKTpaJIbHble IUIOTHOCTU. BoccTaHOBIEHHE HENPEPBHIBHOIO CHUTHAJa 110 MOJYJIMPOBAHHOMN
UMIYJBECHOM MocniefoBareabHoCcTU. OnpesieNieHne CeKTpa aHAJIOTOBOTO CUTHAA MO0 COBOKYITHOCTH
OTCUETOB.

8.2 Jluckperusanus nepuoOAMYecKuX curHaioB. [IpsMoe u oOpaTHOe TUCKpPETHOE MpeoOpa3oBaHHE
®ypbe. Anroputm ObicTporo npeodpazoBanus Pypoe. Lluk-nmudeckas cBepTKa.

8.3 Teopus z-npeobpazoBanus. [Ipsmoe n obpatHoe z-nipeoOpazoBanue. CBsA3b ¢ MPeoOpa3OBaHUEM
Jlannaca u @ypee. CBoiicTBa z-peoOpa3oBaHusl.

8.4 Iudporsie Guibtper (I1P). KBanTtoBanue curnama B LP. Anroputm nuHerHON 1udpoBOit
¢mnpTpanuu. YactotHslit kodpdunment nepepaun LD, Cucremuas pynxms L{D.

8.5 Peanuzanums anroputmoB 1udpoBoit punbTpanun. TpancBepcanbHblil [{D, cu-ctemHuas GyHkIus,
UMITyJIbCHAsE M 4YacTOTHas xapakTepucTuku. PexypcuBuble LI®. Cucremnas ¢yHknus, ee
peanuzanus. Y CTOMUMBOCTh peKypcuBHbIX [[D. IM-nybcHas xapakTtepuctuka pekypcuBHoro LD.
8.6 CuHTe3 MMHEHHBIX HU(POBBIX (GUIBTPOB. MeTO WHBAPUAHTHBIX UMITYJIBCHBIX XapaKTEPUCTHUK.
Cunre3 [1® Ha ocHOBe muckperusanuu auddepeHInanp-HOr0 YpaBHeHHUS aHAJIOTOBOM Iienu. MeTon
WHBAPUAHTHBIX YACTOTHBIX XaPAKTEPUCTHUK.

8.7 BausiHue kBaHTOBaHUS CUTHAIA Ha padoty L[D.

Pa3zgen 9. Paanorexumnueckue CHCTEMBI.

9.1 PannoiiokalluOHHEBIE CUCTEMEI.

9.2 PanmnoHaBUTallUOHHBIC CUCTEMBIL.

9.3 Cucremsl paguoynpaBiCHHUS.

9.4 OnTuyeckue paguoTEXHUYECKUE CUCTEMBI.

Paznen 10. djieMmeHTHI TEOPUHM MACCOBOT0 00CIY:KUBAHUSA

10.1.0cHOBHBIE TOHATHS MAacCOBOTO  OOCHTYXHMBAaHHUS, KJIACCU(PHUKAIMSA CUCTEM MacCOBOTO
obcyxuBanus (CMO), TUTIOBBIE paclpeieieHUs] B TEOPUU MacCOBOTO OOCITYKMBaHUS, TTOKa3aTEIIH
spdextuBHOocTH CMO, Teopema Jluttia, obnactu npuMeHeHus, Metoab! uccienoanus CMO.
10.2.Monenn BXOAHBIX NOTOKOB. CTallMlOHApHBIE U HECTAllMOHAPHBIE TOTOKH, ITyaCCOHOBCKHUE
MOTOKHU, TOTOKK Dpianra, notoku [laabma, TeopeMa XuHUYMHA O CXOJUMOCTH CyMMBI TTIOTOKOB.
10.3.Mapxosckre CMO. Metoauka pacuéra nokazateneii a¢dpexruBHocT MapkoBckux CMO.
10.4.ITonymapkoBCKHE CiIy4yailHble Mpoliecchl, Meron Kenpamia, aHanu3 BIMSHUS 3aKOHA
pacnpeziesieHus: BpeMeHu 00cyKuBaHus Ha cpeanee BpeMs oxuaanus CMO, npuopurernsie CMO,
BU/IbI IPUOPUTETOB, METOAMKA aHanu3a nmpruoputreTHeix CMO.

10.5.MeToapl nMuTanmoHHoro moaenuposanust CMO.

10.6.KauecTBo oO0cmyxuBanus B cetsax IP. Monenu noanepxxku QoS B IP-cersax. Traffic Engineering.
[TnanupoBaHue MPOIYCKHOM CIIOCOOHOCTHU CETH.

10.7.0cHOBHBIE MOJENM OLEHKH KaHaJIbHOIO pecypca [Jsi CEepPBUCOB pPEaJbHOTO BpPEMEHHU.
MatemaTnueckoe onucaHiue MOJEIN OLIEHKH KaHAJIbHOTO pecypca B MYJIbTUCEPBUCHBIX CETSIX.



Pasznen 11 . OcHoBBI MOCTPOCHUSA TCJICKOMMYHUKAIUOHHBIX CUCTEM.

11.1 Knaccudukanus cuctem 31eKTpocBsa3H. [lepBUUHbIE CUTHAIBI JIEKTPOCBSI3U U UX (PU3NUECKUE
xapakTepucTuku. Teneponnsie (peueBbie) cUrHaibl. TeneBU3MOHHbIE CUTHANIBI. CHUTHAMBI TIepeaadn
JAHHBIX.

11.2 Kananbel nepenaun, ux Kiaccu(uKanuss ¥ OCHOBHBIC XapakTepucTHkH. Kanam mepemaunm Kak
YEeTBIPEXIOMIOCHUK. THUMOBbIE KaHalbl Mepeaadd. J[ByCTOpoHHHE KaHalbl. Y CTOMYMBOCTH
JIBYCTOPOHHUX KaHAIOB. VIckaxeHHs 0T 00paTHOMU CBSI3U. SIBJIEHUE 2IEKTPUUECKOTO JXa.

11.3 IIpuHIMIBI MOCTPOCHUSI MHOTOKAHATIBHBIX CUCTEM nepeaadn. O0001eHHas CTpyKTypHas cxema
MHOTOKaHaJIbHOM CHUCTEMBbl Mepenadd. MeToasl pas3ieneHus] KaHaJbHBIX CHUTHAlIOB. B3anMHble
MOMEXHU MEX]Ty KaHaJIaMHU.

11.4 OcHOBBI TIOCTPOEHUSI CUCTEM INEepenadd ¢ 4acTOTHbIM pasneneHueM kananoB (CII ¢ YPK).
Crpykrypnas cxema CII ¢ UPK. ®opmupoBaHne KaHaJIbHBIX CHUTHAJIOB. MeToabl (popMupoBaHUS
onHoit 6okoBoii monock! (OBIT). Uckaxkenus B kananax u tpakrax CII ¢ UPK.

11.5 IIpuHOUIIBI TOCTPOCHUS U OCOOCHHOCTH PabOThI CUCTEM IMEpPEeAauu ¢ BPEMEHHBIM pa3ielieHuEM
ka"ayioB (CII ¢ BPK). Ctpykrypnas cxema CII ¢ BPK. ®opmupoBanue kananbnubix curaainos B CII ¢
BPK. Ilepexonnbie Bausaus Mmexay kanainamu CII ¢ BPK. TToctpoenue mmudpoBbIx cucteM nepeaadn
(LICI).

11.6 O6mme npunnmnsl GopmupoBanus u nepeaaun curHajgoB B L[CII. KBanToBaHue curHaioB mo
ypoBHI0. OleHKa IIyMOB KBaHTOBaHMsA. KonupoBaHHE KBaHTOBaHHBIX CHUTHaNOB. OOoOmieHHas
crpykrypHas cxema LICII. Bunbl cunxponuzanuu B LICII. [lpunnumber perenepanuu 1u@poBbIX
curHanoB. Jluneitnoe koauposanue B LICII.

11.7 Hepapxus IICII Ha OCHOBE HWMITYJIbCHO-KOJIOBOK Momyssiiuu. OObenuHeHue IMGPOBBIX
MOTOKOB B IUIE3MOXPOHHOH I1udpoBoii uepapxuu PDH. OObenuHeHune uu(poOBBIX MOTOKOB B
CHHXPOHHOU 1udpoBoit nepapxuu SDH.

11.8 OOmme TPUHIHUIBI TIOCTPOSHHUS BOJOKOHHO-oNTHUeckux cucteM mnepenaun (BOCII).
O6obmennas ctpykrypHas cxema BOCII. Knaccudukanus BOCII. CnocoOwsl  opranuzanuu
nBycropoHHeit cBs3u Ha ocHoBe BOCII. CriocoObl yIioT-HEeHHS ONITUYECKUX Kaleen.

11.9 OcHoBHBIE Y37l ONTUYECKUX CHUCTEM Nepeaadu. ONTUYECKUH JIMHEHHBIN TpakT. ONTHYECKue
nepenaTynky. TpeOoBaHMS K HMCTOYHMKAM ONTHUYECKOTO U3IYUYEHUS: UX TapaMeTpbsl |
xXapakTepucTuku. OnTudyeckue NpHEeMHUKHA. MOIyIsITOphl ONTHYECKOW Hecyrie. O0oOmeHHas
CTPYKTYpHas CXe€Ma ONTHYECKOTO JIMHEHHOro TpakTa. ONTHUYECKUE YCUITUTEH.

11.10 OO6mme NpUHIUIBI U OCOOCHHOCTH TOCTPOCHHS CHCTEM paauocBsazu. Kiac-cubuxarus
JUATIa30HOB PAJANOYacTOT M paauoBoiH. CTpyKkTypa paauocucteM me-penadu. OOIIue MpUHIUIBI
opranuzanuu  paauocBs3u.  Kmaccudukammss — paguocuctem — nepeaadu.  OcoOeHHOCTH
pacipoCTpaHEHHUs] PAaTUOBOJIH METPOBOTO U MUJI-TUMETPOBOTO JAUAINA30HOB. AHTEHHO-(pHIECpPHBIC
YCTpOICTBA.

11.11 TloctpoeHue paguopenciiHbIX ¥ CIYTHUKOBBIX JHHMNA Tnepepaun. Kiaccu-gpuxamnus
paguopeneiHplX JUHUM nepenadd. [IpMHOKIBI MHOTOCTBOJBHOM mepenadd. Tumel MOIYJISLNM,
MIPUMEHSIEMbIE B PAJIMOPEICHHBIX U CIIyTHUKOBBIX CUCTEMAaX NEPeIayu.

11.12 OcobeHHOCTH TOCTPOEHUsI 00OPYJOBAHMS PATUOPEIECHHBIX M CIIyTHUKOBBIX CHCTEM CBSI3H.
[TpuHIMIIBI TOCTPOCHUST OOOPYIOBAaHUS PAAUOPETCHHBIX JUHHUA Tepenaddl MpsMOW BUIUMOCTH.
Oco0OeHHOCTH TIOCTPOEHUsS TPOMOCHEPHBIX paguopeneiHbix JuHuK. [lepemada curHamoB
TEJIEBU3MOHHOTO BEIAHUS 10 paauope-ierHbM JUHUSIM. CIyTHUKOBBIE CHUCTEMBI Iepefayu.
[TpyHLIMIIBI TOCTPOEHUS CUCTEM CITyTHUKOBOI'O TEJIEBEILIAHUS.

Paznea 12. CeTH 2J1eKTPOCBS3H.

12.1 OOmme mnpUHOMNBI TOCTPOCHHUSI CEeTeH JJIeKTpocBs3u. HasHaueHue u cocTaB cereid
ANEKTPOCBS3U. MeToapl KOMMYyTallMM B CETAX 3JEKTpocBsi3u. CTpyKTypa ceTell 3JIEeKTPOCBSI3U.
Oco0eHHOCTH MOCTPOCHUS BTOPUYHBIX TEIEKOMMYHHUKAIIMOHHBIX ceTeil. CocTaB M Ha3HAYEHHE ceTei
TeneOHHOM CBsI3M, CeTell mepeaayu JAaHHBIX, CeTeH TeNeBU3MOHHOTO BemaHus. MHpopmanroHHo-



Berunciutenbubie cetu. Cetu OBM (nokansabie LAN, perunonansusie MAN, rnobansasie WAN).
TenemaTudeckue CIy>kObl.

12.2 TlpuHuunsl MOCTpOEHUsI ceTel paauocBsi3u. OCHOBBI IOCTPOEHHUSI CETEH COTOBOM CBS3H.
OcHOBBI TOCTpOCHHS ceTel OecrmpoBOIHOTO abOHEHTCKOro paauofoctymna. OCHOBBI MOCTPOCHUS
CIyTHUKOBBIX CETEH CBS3U.

12.3 CemuypoBHeBasi MOJENb B3aUMOJCHCTBUS OTKpPBITHIX cucteM OSI, GyHKIMM pa3iIndHBIX
YPOBHEM.

12.4 Enunas cetb smektpocBszu PO (ECD P®). Knaccudukanusa cereit ECO P®, npunmmms
[IOCTPOEHHUS, XapaKTEPUCTUKH.

12.5 Cetu dpuxcupoBanHoii TenedonHoi cBsa3u. Cetb ISDN. MuTemekTyanbHas ceth IN.

12.6 Cetn moaBMKHOM CBsI3U nokoyiennii 1G, 2G, 2.5G, 3G.

12.7 Cetn nepenaun nanueix (IP-cetn). MUnTepHeT. Bupryanbnsie yactabie cetd VPN.

12.8 Appecaius B IP-cersix. Hcmonb3oBanue cxembl ajapecanuu uepapxuudeckor IP-ceru.
[Ipotokonsl IPv4 u IPv6. Crpykrypa IPv4 u IPv6 anmpecoB. Macka noa-cetu. OmgHoaapecHas,
HIMPOKOBEIATENbHAst U MHOTOaApecHas paccolika [IPv4. Tumnsl agpecos IPv4 u IPv6.

12.9 lunamuyeckas mapuipytuzanus B [P-ceTax. AIropuTMbl, IPOTOKOJIbl. AB-TOHOMHBIE CUCTEMBI.
Tabnuna Mapumpytuzauuu. OmnpezeneHue ONTHUMalbHOTO MapuipyTta. l[IpenoTBpallieHue mnerenb
KOMMYTallHH.

12.10 IlpuHIUIBI TOCTPOCHHMSI Y37I0B MakeTHBIX cerell. KommyraToper Ethernet. Mapuipytuszatopst.
MesxceTeBble 3KpaHBbI.

12.11 OcHoBsl konnenmmu NGN. Apxurekrypa. Yceayru Triple Play. Peanuzanus. I[IpoTokosnsr ceteit
NGN.

12.12 I'ubkue xommyTtatopsl (softswitch) u menuanutrossl. Knaccudukanus nuto3os. [Torpanuansie
koHTposepsl ceccuid SBC. ITnatdopmser IMS.

12.13 Hosele unpopmanmonusie TexHoioruu B IP-cersx. IP-tenedponus (VolP). IP-teneBunenue
(IP-TV). Ycayru OTT.

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

12.15 Cotossie cetu cBsa3u cranaaptos 4G (LTE, LTE-A). Konuenuus cereit 5G.

12.16 Meroapl aHanM3a, CHHTE3a M ONTUMHU3AIMU CTPYKTYPHl MYJBTHCEPBHCHBIX CETe Ha Oasze
kouuenuiit NGN/IMS.

12.17 IlpuHIMIIBI MyJBTUNPOTOKOIBHOW KOMMYyTaluu no metkam MPLS. Crek metok. IIpuHIumnb
Mapupyrtusauuu B cetu MPLS.

12.18 OcnoBel UuTepueTa Bemeit [0T. TexHonornu u NpoTOKOIbI MEKMAIIMHHBIX KOMMYHUKAIUH
M2M. CeHcopHbl€ CeTH.

12.19 byaymme ceru (Future Networks). KoruutuBnbie cucrembl u cetd. IIpo-rpammHo-

koHpurypupyembie cetu SDN. CereBas Bupryanuzanus NFV. [Ipo-rpammHo-ynpaBisieMoe paauo
SDR.

6 YHEBHO-METOJAUYECKOE U UTHOOPMALIMOHHOE
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10. PocnsikoB A.B., Bausimua C.B., I'pebemko A.1O., Camcono M.IO. UHTepHeT Bemiel / mox per.
A.B. PocnsikoBa. — Camapa, [II'YTHU, UzpatensctBo «Ac IN'apa», 2014. — 340 c.
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1. Aunpees B.A., IloptaoB D.JI., Bypnun B.A., bypaun A.B., Bopouko A.A. Hanpasnsioniue
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7 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI 1
TPEBYEMOE ITPOI'PAMMHOE OBECIIEYEHUE

HanmenoBanue O6opynoBaHue,
ayUTOPHIl, KAOMHETOB, Bup 3ansTuii
nabopaTopuii IIPOrpaMMHOE 00ecrieueHue
VYyeOHas ayutopus ais JIEKIIMOHHBIE OcHaienue:
IIPOBEJECHUS 3aHATUI 3aHATHSA

-HoytOyx  paboratomue  moa  ympaBieHHEM
OTIEpPAIIMOHHONW  CHUCTEeMBl  ceMelicTBa  Microsoft
Windows 7, BKIIOYEHHBIMH B €IUHYIO JIOKAJIbHYIO
CETh C BBIXOJA0OM B HHTepHeT;

-Jlocka

JICKIIMOHHOI'O THUIIA

-I/IHTepaKTI/IBHaﬂ JOCKa




-IIPOEKTOP

VYyebOnble ayauTopuu a1 | npaktudeckue | OcHaieHue:
MIPOBE/ICHUS 3aHITHI 3aHSATHUS
[1K paboratomue moj ynpaBieHHEM ONEpaluOHHON
JIEKIIMOHHOTO THIIA, 9 : .
. cHCTeMbl  cemelictBa Microsoft Windows 7,
3aHATUNA CEMUHAPCKOTO
BKJIIOYEHHBIMH B €IMHYIO JIOKAJbHYIO CE€Th C
THUIA, TEKYIIET0 KOHTPOJIS BBIX070M B VHTepHeT
U TIPOMEXYTOYHON -Jlocka
aTTeCTaIlHH.
KomnrerorepHast -IIPOCKTOP
ay TUTOPHS
YAUTOP [TporpamMmmMHoOe obecrieueHue:
CIIC Koncynbrantllntoc 110, npenocrasnsemoe ams
YCTaHOBKH Ha KOMIIBIOTEPHI B TIOIpa3esicHus,
HEMOCPEACTBEHHO 3aHAThIE B yueOHOM Ipoliecce,
1100 6MOAMOTEKH 00pa30BATENbHBIX YUPEKICHUH
VYueOHast ayqutopust ansi | KoHcyibTauuu | OcHalleHue:
MPOBE/ICHUS IPYNIIOBBIX U
-HoytOyx  paboratomue  moa  ympaBiICHHEM
WHIMBHIy QJIbHBIX - . .
. OTEepallMOHHON  cucTteMbl  ceMelicTBa  Microsoft
KOHCYJIbTAIHH .
Windows 7, BKJIIOUEHHBIMH B E€AMHYIO JIOKAJIBHYIO
CeTh C BbIXOJI0OM B VIHTEpHET;
-Jlocka
-IIPOEKTOP
[Tomemienue amst camocTosiTenbHas | OcHalieHue:
CaMOCTOSITEJILHOM PabOThI pabota

- TIEpPCOHAJLHBIE KOMITBIOTEPHI 19 paboumx wmecra,
paboTarompe TOJ YNPaBICHHEM OMEPAIMOHHOMN
CHCTEeMBl  cemelictBa Microsoft Windows 7,
BKJIIIOYEHHBIMM B €JIMHYIO JIOKAJIbHYIO CETh C
BBIX0JI0M B IHTEpHET;

Tenesuzop LED LG 42" 42LE5500 Black (1 mT.)

[TporpammHoe oOecrieueHue:

Kaspersky Endpoint Security 10 qims Windows,
Arent anmuHucTpupoBanus Kaspersky Security
Center 10: Kommepueckoe 10 (nmunensus Kaspersky
Endpoint Security mist 6uzneca - PacmupeHHbIi
Russian Edition 500-999 Node 1 Year Renewal
License oxunaemast JaTa OKOHYaHUS:

Adobe acrobat reader. CB0001HO pacripocTpaHsieMoe
porpaMMHOe oOecrieueHHe

Google Chrome. CB060JHO pacnpocTpaHsieMoe




MporpaMMHOC obecneyeHue

Gnu Octave. CB0OOIHO pactipocTpaHsieMoe
porpaMMHOe o0ecriedeHue

Scilab. CBo6o1HO pacpocTpaHsieMoe MPOrpaMMHOE
obecrieueHme

Smathstudio. CBoGo1HO pacmpocTpaHseMoe
IIpOrpaMMHOeE oOecTieyeHue

Apache OpenOffice. CBoO0OHO pacTipocTpaHsieMoe
POrpaMMHOE 0OeCTIeYeHHE

CIIC KoncynbrantlIntoc [10, npenocraBnsemoe st
YCTAaHOBKH Ha KOMIIBIOTEPHI B MOIpa3IeICHUS,
HETIOCPEICTBCHHO 3aHAThIC B y4eOHOM Ipoliecce,
6o 6ubnMoTeKr 00pa30BaTENbHBIX YUPEKICHUI




