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«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))
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PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: Cospemennsle cetn Wi-Fi
10 HANPABJIEHHIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
NpoduJIb MOATOTOBKH: PannorexHuKa 1 KOMIBIOTEPHBIE TEXHOJIOTUU

®usrex-mkoia Pannorexuuku n Kommneiorepasix TexHonoruii
kadeapa nmpodiem nepenadu HHGOPMAIMK U aHATTN3a TaHHBIX

Kypc: 4
KBaJIMpUKALS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusle 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2
[IporpamMmy cocraBunu:

E.M. XopoB, KaHI. TEXH. HAYK
N.A. JleBnuknii

[Iporpamma obcyxneHa Ha 3aceqanuu kKadenpsl npodieM nepeaadn HHPopManuu 1 aHaiu3a ganHeix 20.04.2020



AHHOTANMA

B nmanHOM Kypce paccMarpuBaroTcsl mpoOiembl coBpeMeHHBIX cereld Wi-Fi, oOecneunBaromumx BBICOKYIO
CKOPOCTb, HH3KOE€ JHEPronoTpebiIeHne, MHOTOIIATOBYIO Iepenady HHpOpMalMu, a Takke padoTarolux B
MWJUTUMETPOBOM JIHana3oHe paanoBoiH. Oco0oe BHUMAaHUE YIEJNCHO aKTyaJbHBIM 3a/JadaM pPa3BHTHUS
texHonorun Wi-Fi, Hameammx cBoe oTpakeHHE B MOCIEIHUX JIONOJHEHUSIX K CTAHIapTy, B TOM YHUCIIE TeX,
4TO pa3zpalaThIBaOTCS HA MOMEHT UTeHUs Kypca: 11ax, 11ay, 11ba, 11be u apyrux.

1. leau u 3apauu

Meap AUCUMNIMHBI

OcBoeHHE CTyIEHTaMU OCHOB (DYHKIIHOHHPOBAHHUSI, APXUTEKTYPHl H MPOTOKOJIOB COBPEMEHHBIX CETEH
Wi-Fi, B Tom umcne cereéi Wi-Fi, opueHTHpOBaHHBIX Ha CICIUAIbHBIC CIICHAPWH HWCIIOJIH30BAHMSI
(MHOTOIIArOBBIE ~ OECIIPOBOIHBIC  CETH, IUIOTHBIE OECHPOBOIHBIE CETH, BBICOKOCKOPOCTHAS
OecripoBo/iHAs nepeada OOIbIINX 00BHEMOB JTAHHBIX H JIP.).

3agauu AU CHUIIHHBI

- (opMHUpOBaHHE MPENCTaBICHUS 00 3BONIOLUMOHHOM pPa3BUTHM TexHosuoruun Wi-Fi, MHOrooGpasuu
coBpeMeHHbIX cerell Wi-Fi 1 clieHapusx WX WCIONB30BaHMS, a TaKXKe O HAMpaBIICHUSIX Pa3BUTHUS
texunoyoruu Wi-Fi ceromus;

-  U3y4YeHHE [PUMEHUMOCTH pa3iuyHblx cered Wi-Fi npum  pemeHMm TeX WIM  HHBIX
TEJIEKOMMYHMKALIMOHHBIX 33/1a4;

- U3y4EHHUE OCHOBHBIX MIPOTOKOJIbHBIX 0COOEHHOCTEH pa3IMuHBIX COBPEMEHHBIX ceTeil Wi-Fi;

- OKa3aHWE KOHCYNbTALMH CTyIEHTaM B TMPOBEICHUHM COOCTBEHHBIX TEOPETUYECKUX U
9KCIIEPUMEHTAIILHBIX UCCIICAOBAaHUM COBpeMEHHBIX ceTeit Wi-Fi.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO Ha (bOpMI/IpOBaHI/Ie CIeayronux KOMHeTeHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHI[I/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

VYK-1.1 Ananusupyet 3aaady, BeIIEIASA 3TANbl €€ PEIICHHU,
JIEMCTBUS IO PELIEHUIO 3a1a41

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BbIOUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! IOCTaBICHHON

YK-1 CriocobOeH oCyIecTBISTh ITOUCK, -

KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManny,
MPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS
[IOCTABJICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pas3iIH4YHBIE BapUaHTHl PELICHUS
3a[1auM, OLICHUBAET UX NIPEUMYILECTBA U HEOCTaTKU

YK-1.4 I'pamortHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(dhopmHpyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VK-1.5 OnmnpenensieT ©  OLEHUBACT  NPAKTUYECKHUE
MOCJIECTBUS BOBMOKHBIX BAapUAHTOB PELICHUS 3a1a4H

OIIK-1 CnocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
(dyHIaMEeHTaIbHBIC 3HAHUS, IOTYYCHHBIC B HaMe4JaTh MyTH €€ PeIICHHUs

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U MCIIOJIb30BaTh UX B
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl TPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIBTaTOB

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a MHGOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3aj1a4 MpodeCcCHOHANBHOM e TeIbHOCTH

00pabOTKy HAYYHO-TEXHUIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M TIPUKJIAJHbIX 33/1a4

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEITUYHH, XapaKTEPHBIX

[MK-4 CriocoOeH KpUTHYECKH OIIEHUBATh o o
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

NPUMEHUMOCTh UCIIOJIb3YEMbIX METOJUK U
METOIOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)



B pe3ynbrare ocBOeHUS TUCIUIUTHHBI 00y4YaronInecs JOKHBI

3HaTh:
- OCHOBHBIE TUIIBI COBpeMEHHBIX ceteld Wi-Fi u ciieHapun U3 mpuMeHeHNUs;
- OCHOBHBIC OTJIMYHUTEIbHBIE OCOOCHHOCTHM TeX MWIM HWHBIX cereid Wi-Fi, a Takxe
aJITOPUTMBI/METO/Ibl/MEXaHU3MBI, KOTOPBIE B HUX IPUMEHSIOTCS;
- COBpEMEHHbIE HAIIPABICHHS Pa3BUTHsI TexHomorun Wi-Fi.

YMETh!
- cBOOOJTHO OPUEHTHUPOBATHCS BO BCEM MHOTOO0Opa3uu COBpeMEeHHBIX ceteld W-Fi;
- HCIONIb30BaTh IIOJMyYCHHbIE 3HAHUS O TOW WIM HMHOM TexHojormn Wi-Fi g ananmsa ee
IPUMEHUMOCTH IIpU PELICHUM KOHKPETHONW TEJIEKOMMYHUKAllMOHHOW 3alauu, a Takke i
ONITUMAJIEHOW HACTPOMKH MIPOTOKOIBHBIX IAPAMETPOB;
- TIPUMEHSAThH TOJMyYCHHBIC 3HAHWS NPH HCCIEAOBAHUAX U pa3paboTKe MPOTOKOJIOB U JIEKAIIUX B MX
OCHOBE aJITOPUTMOB JJIsl COBpEMEHHBIX ceTeil Wi-Fi.

BJIaJICTh:

- HaBBIKOM OCBOCHUsI OOJIBIIOTO 00beMa HH(OpMAIIHY;
- HAaBBIKOM CaMOCTOSITEILHOTO M3YYEHHsS HOBBIX CTaHAAPTOB IM(POBOW OSCIIPOBOIHON CBS3H 1O UX
TEXHUYECKUM OIMCAHHSM U CIICIU(PUKALHSM.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB U BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
' pabora
1 MHoromarosle  ceTH  (JIONOJIHEHUE 3 3
IEEEg02.115s)
BrICOKOCKOpOCTHEBIE CeTH Wi-Fi
2 (momomHEHUS IEEE802.11n, 6 6
IEEEg02.11ac)
3 [Inotueie ceru Wi-Fi  (momonHeHue 6 6

IEEE802.11ax)

Cerm Wi-Fi B MWIIMMETpOBOM
4 nmuana3one (momonuenusi IEEE802.11ad, 6 6
IEEES02.11ay)

[lepcriekTuBbl  pa3BUTUS  TEXHOJIOTUMHU

> Wi-Fi 4 4
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 8 (Becennuit)

1. Muoromarossie cetu (nononnenue IEEE802.11s)




Ceru MANET u mesh-cetn. OOnapyxenue cocejeir. Maremarnueckass MoJellb MeEXaHHU3Ma
YIPABICHUS COEOUHEHUSMU B MHOromaroBbix ceTsx ¢ mnporokonamu IEEE 802.11s m NHDP.
[Iporokonsr Mapmpytuzanuu: OLSR, HWMP. PesepBupoBanne xanama. MCCA. Maremaruyeckas
MOJeJIb IIepeAaud MYIBTUMEIUIHHOTO TpaduKa pealbHOTO BPEMEHH METOIOM JAETEPMUHUPOBAHHOTO
JoCTyTIa.

2. BeicokockopocTtabie cetu Wi-Fi (momomuenust IEEE802.11n, IEEE802.11ac)

Apanranusi METOJOB JOCTYyIa K KaHaJly MPH MCIOJIb30BAHUHM TEXHOJOTHH MHOTOAHTEHHBIX Iepenad
MIMO u oObenmWHEHWH 4YacTOTHBIX KaHaioB. ArperupoBanue A-MPDU/A-MSDU. brnouynoe
MOATBEPIKIICHUE JOCTABICHHBIX NAHHBIX. [€XHOJOTHS MHOTOIOIb30BATEIBCKUX MHOTOAHTEHHBIX
nepeaad MU-MIMO B Hucxoasmiem kanane. Metonbl sHeprocOepexenus. [Iporenypa pasaeneHust
TXOP B nononunennu IEEE 802.11ac. IIporokon obparnoii nepemaun naHHbix (Reverse Direction
protocol) B nononuennsx [EEE 802.11n.

3. [Tnorusie cetn Wi-Fi (mononnenue IEEE802.11ax)

[IpoGnembl MIOTHBIX ceTeil. MHoxecTBeHHBIH goctyn OFDMA ¢ opTOroHaibHBIM YacTOTHBIM
paznenenneM. IlnanupoBmmku pecypcoB B ceTssx IEEE 802.11ax. Meton cmydaliHOro JocTymna K
KaHany Ha ocHoBe TexHoiorun OFDMA. TexHomnoruss MHOTOMOIB30BAaTEIbCKUX MHOTOAHTEHHBIX
nepenaa MU-MIMO B BocxonsmieM Kanaiie. MeXaHW3M CIPaBeIJIMBOTO pAaCIIpeNeNeHUsT 00IIero
kaHanpHOTO pecypca B ceTsx IEEE 802.11ax mexny «ycrapeBmmMm» (legacy) cCTaHIUSMH |
cranuusMu 802.11ax. AHanutudeckas mozeib HacTpoiiku napamerpoB EDCA B cersax IEEE
802.11ax. Metonsl cHWXeHUS HWHTepepeHInrd B IUIOTHHIX ceTax Wi-Fi. AnantuBHBIA mopor
RTS/CTS. Mexauusmsl 3ueprocoepesxenus B cetsix IEEE 802.11ax.

4. Cetn Wi-Fi B muumerpoBom auanazone (mononnenusi IEEE802.11ad, IEEE802.11ay)

OcobenHocTH OecrpoBOHOW Tiepenadn aaHHbIX B Auanazone 60 ['T. CreHapuu MCIONB30BaHMS
CBEPXBBICOKOCKOPOCTHBIX ceTeid Wi-Fi. Apxurekrypa cetu. Kiactepuzanus. LlenrpannzoBanHoe u
pacnpenieleHHOe YIIpaBiIeHUe KilacTepoM. BpemeHHas cTpyKTypa cynepkaapa. AHTEHHas pelieTka.
Hanpasnennsie mnepenmaun. Ilpouenypa ¢okycupoBku myda. IIpocTtpaHcTBeHHOE pasieicHHE.
KBasunepuonndyeckoe  pe3epBUpOBaHME  PECypcoB.  AHaJIMTHYECKass  MOIENb  MeEToAa
JeTepPMUHUPOBAHHOTO AocTyna K kaHany B ceTax IEEE 802.11ad. Mertoap! peTpaHciasiuuu 1aHHBIX B
cetrsx IEEE802.11ad/ay: nmepexmntodeHre COeAMHEHUS, COBMECTHASI PETPAHCIISIIIHSA.

5. llepcnexTuBbl pa3Butus TexHonorun Wi-Fi

[MoBwimenne  aHeprodddekruBHocTH  ycTporictB  Wi-Fi ¢ momompio  MCHONb30BaHUS
JOMOJTHUTENIBHOTO paanonnrepdeiica. [lozunmonnposanue ycrporicts Wi-Fi Buytpu 3nanmii. Li-Fi —
neperaya B CIEKTPe BUAMMOro u3nyudeHusa. OOecriedeHue CBEPXHM3KOM 3aJepKKH NPH JOCTaBKe
naHHBIX B ceTssx Wi-Fi. [lomHoxymiekcHas nepemava.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMON AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIIICHHAS! MYJIbTHMEAMHHBIM 000py/IoBaHHEM (MIPOESKTOP WIIK TIa3MEHHasI
TMaHeNb ), JOCKOH.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
®onp nuteparypsl 6a30B0it Kadeapsl (OpraHU3aIm):
1. Matthew Gast, 802.11n: A Survival Guide, 1st Edition, O’Reilly, ISBN-13: 978-1449312046
2. Matthew S. Gast. 802.11ac: A Survival Guide: Wi-Fi at Gigabit and Beyond, O’Reilly
3. E. Khorov, A. Kiryanov, A. Lyakhov, G. Bianchi. A Tutorial on IEEE 802.11ax High Efficiency
WLANS. IEEE Communications Surveys & Tutorials, Vol. 21, Issue 1, Firstquarter 2019



JlononHuTeNbHAS TUTEpATypa
®onp auTeparypsl 6a30B0i kKadeapsl (OpraHU3aLy):
1. E. Perahia, C. Cordeiro, M. Park, and L. L. Yang, “IEEE 802.11ad: Defining the next generation
multi-gbps Wi-Fi,” in Proc. 7th IEEE Consum. Commun. Netw. Conf., Jan. 2010, pp. 1-5.
2. Evgeny Khorov, Artem Krasilov, Alexander Krotov, Andrey Lyakhov. Will MCCA Revive Wireless
Multihop Networks? //Computer Communications. Volume 104, May 2017, Pages 159-174
3. E. Khorov, I. Levitsky, I. F. Akyildiz. Current Status and Directions of IEEE 802.11be, the Future
(Wi-Fi 7). IEEE Access, 2020

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIs)

http://standards.ieee.org/about/get/
http://ieeexplore.ieee.org/xpl/standards.jsp
http://www.rle.mit.edu/rgallager/notes.htm
https://mentor.ieee.org/802.11/documents

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca 1o JMCHUIIMHE (MOIYJII0), BKJIIOYAs NepeyeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpE3EHTALNN.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, M3y4arouyii JAUCHUIUINHY, JOJDKEH, C OXHOH CTOPOHBI, OBJAAEeTh OOLIMMHU TMOHATUHHBIM
armaparoM, a ¢ JPyroil CTOPOHBI, JOJKEH HayYUThCS IPUMEHSATh TECOPETUIECKUE 3HAHUS Ha IIPAKTUKE.

B pesynprare u3yueHMs IUCLUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIC TOHSTHS U yTBEPKACHHS
TEOPHHM MacCOBOTO OOCTY)XHMBaHHS, TCOPUHU CIyYalHBIX IPOLECCOB, COBPEMEHHBIC HaIpaBICHHS
Pa3BUTHUS TEOPHH BEPOSATHOCTEH.

VYenenrHoe 0cBoeHHE Kypca TpeOyeT HalpsKeHHOM caMOCTOSITEIbHOM paboThl cTyeHTa. B mporpamme
Kypca OTBEICHO MHHMMAQJBHO HEOOXOIMMOe BpeMs Juid paboTel CTyleHTa Haj TEeMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ceOs:

- YTEHHE ¥ KOHCIICKTUPOBAHUE PEKOMEHIOBAaHHOM JIUTEPaTyPBI;

- mpopaboTKy ydeOHOro Marepuana (IO KOHCTIEKTaM 3aHSATHH, y4eOHOW W HAay4dyHOW JHTEpaType),
MIOATOTOBKY OTBETOB HAa BOIPOCHI, NMPEIHA3HAYCHHBIC JJISI CAMOCTOSITEIIBHOTO W3Y4YEHUs, PEIICHUE
3ajad;

- IOATOTOBKA K IK3aMEHY.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHJIMBUYaJIbHBIX KOHCYIIBTALIUH.

BaxxHo 1oOuThCA MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPYIHCHUU W3YyYEHHs OTACIBbHBIX TEM, BOIPOCOB CIEAyeT oOpamiartbCs 3a KOHCYJBTAIHAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadenpa nmpobiem repenadn HHGOPMAIIUY U aHAIIN3A JTAHHBIX
Kypc: 4
KBaJupuKaAnus: OaxanaBp

Cemectp, (opMBI IPOMEKYTOUHOH aTrTecTanuu: 8 (BeCEHHUN) - DK3aMeH
PaspaGorunkm:

E.M. XopoB, KaHJ. TEXH. HAYK
N.A. JleBuukuit



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 Criocoben npuMeHSITh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnact (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.3 CnocobeH ompenensTs TpaHUIbBl TPUMEHHUMOCTH
MOJyYEHHBIX PE3yJbTaTOB

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00paboTKy HayYHO-TEXHUYECKOH U (MJIIH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIIK-4.1 Bmageer weromamMu Hay4HOTO IIOWCKa U
WHTEIUIEKTYyallbHOTO aHalin3a WHQOpPMAIUK TPH PEIICHUH
3a/1a4 Mpo(eCCUOHATBHOM JIEATENHHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHI C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MMOTYYCHUS, XPaHCHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOM)
uHpopMaun

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer 4ncieHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[MIK-4.3 CnocobeH o0060cCHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJIeNIei

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus aucuuiuinael «CoBpemMeHnHble cetd Wi-Fiy o0yyaromuiics: 1omKeH:

3HAThb:

- OCHOBHBIE TUIIBI COBpeMEHHBIX cetelt Wi-Fi u cuenapun u3 npuMeHeHus;

- OCHOBHBIC OTIIMYHUTCIILHBIC

0COOEHHOCTH  TexX

win  WHBIX cered  Wi-Fi, a Taxke

QJITOPUTMBI/METO/IbI/ MEXaHU3MBI, KOTOPBIE B HUX TIPUMEHSIOTCS;
- COBpEMEHHbIE HAMIPABICHHS Pa3BUTHsI TexHoMorun Wi-Fi.

yMeThb:

- cBOOOTHO OPUEHTHUPOBATHCA BO BCEM MHOT000pa3uu cOBpeMeHHbIX ceteid W-Fi;
- WCIONIL30BaTh IIONyYCHHBIE 3HAHWS O TOW WM WHOM TexHojormu Wi-Fi ams anammsza ee

NPpUMCHUMOCTH TIpU PCHICHUUN KOHKpGTHOI\/’I TCHGKOMMYHHKHHHOHHOﬁ 3aaa4u,

a TakKXkC OJid

ONTUMAJIbHON HACTPOMKHU ITPOTOKOJIBHBIX [IaPAMETPOB;
- IPUMEHSTHh HOJTY4YECHHBIC 3HAHWS TPU UCCICAOBAHUIX U pa3pabOTKE MPOTOKOJOB M JIEKAIIUX B UX
OCHOBE aJITOPUTMOB JIJIsl COBpEMEHHBIX ceTeld Wi-Fi.

BJA€Th:

- HaBBIKOM OCBOEHHS O0JIbLIOT0 00beMa HH(OpMAaLNK;
- HAaBBIKOM CAMOCTOSITENIbHOTO M3Y4EHHsI HOBBIX CTaHAAPTOB IM(pOBOH OSCIPOBOIHOM CBSI3M MO HX
TEXHUYECKUM OMHUCAHUSAM H CHICHUPUKALHSIM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MIPOIION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.




4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

IlepeueHp KOHTPOIBHBIX BOIIPOCOB K IK3aMEHY:

1. IloHATHE MHOTOIIIATOBOM CETH, OCHOBHBIC OTIH4uMs TexHoaoruii MANET u Wi-Fi mesh.

2. OcHOBHBIC TeIW M 3aJa4d MEXaHW3Ma OOHapykeHHUs coceneil. Kpurepun sddexTuBHOCTH
MexaHu3Ma OOHapykeHus coceneil. Mexanusmbl oOHapyxenus coceneil B nporokonax IEEE 802.11s u
NHDP.

3. Maremarudeckre MOAETH MEXaHHU3MOB OOHapyxeHus coceneid B mporokonax IEEE 802.11s u
NHDP.

4. Tlonstue mapmpyrtusanuu. MeTpuku Mapmpytuzauuu. [IpoakTuBHas, peakTHBHAsS M THOpHUIHAS
MapupyTtuzanus. [Iporokonst mapmpytuzanmu OLSR 1 HWMP.

5. llomsatue o pesepBupoBaHMK KaHana. JlerepMuHUpoBaHHBI poctyn K kaHary MCCA.
MaremaTtudeckass MOAENb IEpefadyd MyJIbTUMEAMHHOrO Tpaduka peanbHOro BpPEMEHH METOAOM
JETEPMUHUPOBAHHOTO JTOCTYIIA.

6. Oco0eHHOCTH METOJOB JOCTyNa K KaHaly NpH OOBEIMHEHUWH YacCTOTHBIX KaHajoB. OCHOBHBIE
MIPUHITUIIBI TEXHOJIOTUH MHOTOaHTeHHBIX nepeaad MIMO, MU-MIMO B HUCXOIAIIEM B BOCXOISAIIEM
KaHajax.

7. ArperupoBanue JaHHbix Tnpu mnepenade. A-MPDU/A-MSDU. bnoynoe monTBepxiaeHne
JOCTaBJICHHBIX TaHHBIX.

8. Ilpouenypa paspenenus TXOP B nmomomnennn [EEE 802.11ac. Ilpotokon oOpaTHOU mepemadu
nansbix (Reverse Direction protocol) B rononuenusix IEEE 802.11n.

9. Ilpobnema uHTepdepeHINN B TUIOTHBIX OecnpoBOAHBIX ceTsax Wi-Fi u moaxodsl K ee pemeHHro:
JUHAMUYECKUI KOHTPOJIb MOIIHOCTU II€pellauy, aJalnTUBHAs HACTpOilka Iopora JETEeKTHMPOBaHUS
3aHATHOCTHU CPEAbl, BDEMEHHOE pa3zeieHne KaHaia, anantuBHbli mopor RTS/CTS.

10. MuoxectBenHsii foctyt OFDMA ¢ opToroHaiabHBIM YaCTOTHBIM paszziesieHueM. [lnanupoBmmku
pecypcoB B cersax IEEE 802.11ax. Meron ciaydallHOro AOCTyna K KaHaly Ha OCHOBE TEXHOJOTHH
OFDMA.

11. MexaHu3M cripaBeIIMBOTO pacmpesaeieHus obmero kanaiabHoro pecypca B cetax IEEE 802.11ax
Mexny «ycrapeBmumm» (legacy) cranmmsmu u cranmusimu 802.11ax. AHanuTHyeckass MOJENb
Hactpoiiku napamerpoB EDCA B cersax IEEE 802.11ax.

12. Mexanm3mbl dHeprocoepeskenus B ceTsix IEEE 802.11ax. Pasnu4Hbie cTeneHn «CHa» yCTpOMCTBA.
Mexannsm TWT, unanuBunyanbaeie W mupokosemarensabie TWT-iepuoasr. OnmopTyHUCTHYECKOE
sHeprocoepekenne. OTKprIThIe Bopockl 3Heprocoepesxenns B cetsix IEEE 802.11ax.

13. OcobenHoctu OecrpoBOJHON Mepenadyrd AaHHBIX B MHJUIMMETPOBOM JHMAaIla3oHE, JOCTOWHCTBA U
Henoctark. CIIeHapu¥M HCIOJIb30BAHUS CBEPXBBICOKOCKOPOCTHBIX cerel Wi-Fi B MummmMeTpoBoM
Jarna3oHe.

14. Apxurextypa OecnpoBognoii cerm IEEE 802.11ad. Knacrepuzaums. LleHtpanu3oBaHHOE U
pacnpenereHHOe yIpaBiIeHue KinactepoM. BpemeHnHas cTpykrypa cynepkazpa.

15. Monsitue HanpapneHHol nepenayn. [lonstue anTeHHou pemetku. [Iponenypa GokycupoBku yda
B 6ecripoBonHoii cetu IEEE 802.11ad. I[IpocTpancTBeHHOE pazeneHue.

16. Ksasumepuopguueckoe  pe3epBUPOBAHHE  pECYypcoB.  AHaJIUTHUYECKas  MOJENb  METOAA
JIeTEpPMUHUPOBAHHOTO JTocTyna K kaHaiy B cetsix IEEE 802.11ad.

17. Meronsl perpaHcimsaiuu naHHbIx B cerax IEEE802.11ad/ay: mnepexmioueHue coeanHEHH,
COBMECTHAsI peTPaHCIIALHS.

18. TloBbimieHre dHEProdpGeKTUBHOCTH  ycTpoiictB  Wi-Fi ¢ THOMONIbIO  MCIOJIB30BAHMUS
JOMOJTHUTENBHOTO panuonntepdeiica. ObecrnedeHne CBEpXHU3KOM 3aJepKKHU MPH JOCTAaBKE JaHHBIX B
cersix Wi-Fi.

19. Ilo3uunonupoBanue ycrpoicTB Wi-Fi BHyTpu 3manuii. OCHOBHBIE NPUHLUHMIIBI U CIEHAPHUU
ucnons3oBanus. IlonHomymiekcHas mepenada: HMpoOJeMbl MCHONB30BaHUS B OECIPOBOIHBIX CETSX.
Li-Fi — mepenaua B criekTpe BUAMMOIO U3JTyUEHHS.

HpI/IMepBI OuIeToB JJI TIPOBCACHHUA 3K3aMCHaA:

bumer 1.
1. IToHATHE MHOTOIIATOBOM CETH, OCHOBHBIC oTanuus TexHoaoruii MANET u Wi-Fi mesh.



2. lloBeimenne  3HEProdPQeKTUBHOCTH  ycTpoitictB  Wi-Fi ¢ 1OMOIIBIO  MCTONB30BaHUS
JIOTIONTHUTEILHOTO panuonHTepderica. ObecrnedeHne CBEpXHU3KOM 3aJIepKKHU MPH JJOCTaBKE JIaHHBIX B
cetsax Wi-Fi.

burer 2.

1. OcHoBHBIE 1IN W 3aJa4d MeXaHu3Ma oOHapyxeHus cocenedd. Kpurepun >ddexkTHBHOCTH
MexaHu3Ma oOHapyKeHus coceneil. Mexanusmbl oOHapyxenus coceneil B nporokonax IEEE 802.11s u
NHDP.

2. llosunuonupoBanue ycrpoicTB Wi-Fi BHyTpu 3pmanHuil. OCHOBHbIE NPHHLHUIBI W CLCHAPUH
ucnons3oBanus. IlonHomymiekcHas mepenada: HMpoOJeMbl MCHONB30BaHUS B OECIPOBOIHBIX CETSX.
Li-Fi — mepenaua B criekTpe BUAMMOIO U3ITy4eHHSI.

Kpurepuu onieHuBanus
Ouenka ommnyHO (10) BeICTaBIsICTCS CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHUE, CUCTEMATH3HPOBAaHHEIC,
nryOokue 3HaHMS y4eOHOM MporpaMMbl JUCHUIUTUHBI, MPOSBISIONIEMY HHTEpEC K IaHHOM MpeaMeTHOH
o0nacT, MpoJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKH MPUMEHSITh UX HA MPAKTHKE TPH
peLIeHNN KOHKPETHBIX 3aja4, CBOOOHOE U IPaBMIbHOE 000CHOBAHNE IPUHATHIX PEIICHHH.
Ouenka oTMaHO (9) BBICTABISICTCS CTYIEHTY, ITOKAa3aBIIEMy BCECTOPOHHHE, CUCTEMAaTH3MPOBAaHHEIC,
n1yOoKHe 3HaHHUS y4eOHOM MPOrpaMMBbl JUCHUILIMHBI M YMEHUE YBEPEHHO MPUMEHATh X HA MPAKTHKE
NIPY pEeIICHUN KOHKPETHBIX 3a]1a4, CBOOOIHOE ¥ MPAaBUIIbEHOE 000CHOBAHHE IPUHATHIX PELICHUI.
Ouenka OTIIMYHO (8) BBICTABISAECTCS CTYACHTY, [IOKa3aBIIEMy CHCTEMaTH3MPOBAaHHbIE, NTyOOKHEe 3HAHUS
y4eOHOW TpOorpaMMbl JAUCIHMIUIMHBL H YMEHHE YBEPEHHO NMPHMEHSTHh MX HA MPAKTHUKE MPU PEUICHUH
KOHKPETHBIX 33714, IPaBUIbHOE 000CHOBAHNE NPUHSTHIX PEIICHNUH, C HEKOTOPBIMU HEZ0UeTaMu.
Ouenka xopomo (7) BBICTABISAETCS CTYICHTY, €CIM OH TBEPAO 3HAET Marepuall, TPaMOTHO H IO
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOCHOBBIBAET MOJYYCHHBIE PE3YIIBTATHI.
Onenka xopomio (6) BBICTABISETCS CTYACHTY, €CIM OH TBEPIO 3HACT Marepual, TPaMOTHO W TI0
CYILECTBY M3JIaraeT €ro, yMeeT NPUMEHSTh NOIyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMYyCKAaeT B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Omenka xopomio (5) BBICTABISETCS CTY/ICHTY, €CIIM OH B OCHOBHOM 3HAeT MarepHuall, FpaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOITy4eHHbIC 3HAHUS Ha MPAKTHKE, HO JIONyCKAaeT B OTBETE
WM B PEIICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEHH.
OmueHka yIOBIETBOPHUTENbHO (4) BBICTABISICTCS CTYICHTY, IOKa3zaBIIieMy (parMeHTapHbIi,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyUICHUS JOTMYEeCKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO Marepuaa, HO TIPU dTOM
OH OCBOWJI OCHOBHBIC Pa3Jieibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOKET MMPUMEHSTH TOJTyYeHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.
OmueHka yIOBIETBOPHUTENbHO (3) BBICTABISICTCS — CTYACHTY, TOKa3zaBIIieMy (parMeHTapHbIi,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIHpoBKax 0a30BBIX MOHATHH,
HapyUICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B H3JIOKEHUHM IPOTPAMMHOTIO Marepuaia, ciado
BJIaJIeET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUIS JaJIbHEHIIero o0ydeHus U
C TPYAOM MIPUMEHSET MMOTYYCHHBIC 3HAHUS JJaKe B CTAHAAPTHOW CHUTYAIIHH.
OreHka HEYJOBJICTBOPHUTENIHHO (2) BBICTABISCTCS CTYICHTY, KOTOPHIH HE 3HAeT OOJbIIeH 4YacTH
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JOMyCKaeT rpyOble OmUOKH B
(OpMyITHPOBKaX OCHOBHBIX IPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIC 3HAHHS TIPH PEIICHUN
THUIIOBBIX 33/a4.
Ouenka HeyaoBIeTBOPUTENBbHO (1) BBICTaBISETCA CTYAEHTY, KOTOPBI HE 3HAaeT OCHOBHOTO
cozep)KaHusi yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiine ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajad.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

DK3aMeH NPOBOIUTCS B YCTHOM (hopme.

[Ipu mpoBeneHun ycTHOTO 3K3aMeHa oOydaromemycs mpeaoctarisercs 30 MUHYT Ha TIOATOTOBKY.
Omnpoc obyuaromierocs o OMJIETy Ha yCTHOM dK3aMeHe He JI0JDKECH NpeBbIuaTh 60 MUH.



Bo Bpems mpoBeneHus 3K3aMeHa 0oOydaroluecs MOTYT IOJIb30BaThCsl MPOrPaMMOM JUCLUIUIMHEL, a
TaKKe CIIPaBOYHON JIUTEpPaTypOi, BEIYUCIUTEILHON TEXHUKON U IPOY.



