HEKOMMEPYECKOE AKIITMOHEPHOE OBHIECTBO

AJIMATUHCKWH YHUBEPCUTET DHEPTETUKH U CBSA3H HMEHHU
I'VMAPBEKA JAYKEEBA

UHCTUTYT TEJEKOMMYHUKAIIMUM 1 KOCMUYECKOH
HHKEHEPHUUA

KA®EJIPA « TEJEKOMMYHHUKALIMOHHASI THXKEHEPUS»

NMNPOTPAMMA BCTYINUTEJIBHOI'O DK3AMEHA
B JOKTOpaHTYpY 10 HarpasieHnio D062 «TenekoMMyHHUKAIIN

OI1 8D06201 — PaguoTexHUKa, 2JICKTPOHUKA U TE€JIEKOMMYHHKAIIUH
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JlaHHas TMporpaMma BCTYIMTEJILHOIO SK3aMeHa B JIOKTOPaHTypy IIO
oOpaszoBatenbHoil mporpamme 8D06201 — «PaguoTexHHMKa, 3JEKTPOHHMKA U
TeleKOMMYHHUKALIMK» COCTAB/ICHA HA OCHOBAHUH THUIIOBBIX, PabO4MX y4eOHBIX
M1aHOB U pabodeil mporpaMMbl JUCHUILIMHEL « HayduHO-TeXHHYEeCKHEe NPOOIEMBI B
PaguoTexHuKe,  3JIEKTPOHHKE H  TEJIEKOMMYHMKALMAX»  MarucTepCKoro
HanpaBJIeHHs TOATOTOBKH.

IMporpaMMa paccMOTpeHa ¥ YTBEpXKIeHa Ha 3acellaHuM  Kadeapbl
TeIeKOMMYHHKALMOHHBIX ceTell 1 cucteM oT «15» mast 2025r. npoTokos Neg.

3aB. kadeapoii TU W ~ Kaip116eKKbI36l .
| v 7

IIporpamma BetynutensHoro sk3amena no OIT 8D06201 — «PaguoTexHuka,
SNEKTPOHMKA W TEJeKOMMYHHKaluu»  ofoOpeHa  y4eOHO-METOIMYECKOH
KOMUCCHEH HHCTHTYTa TeICKOMMYHUKAIMH U KOCMHYEKOH MHIKEHEPUH OT « A7 »
mast 2025 r., mpotokoit Ne _J .

Hupexrop MKKH %/ Owmapb6exoBa A.O.

[Tporpamma BeTymmresnbHoro sxk3amena 1o OIT 8D06201 — «PaxunorexHuka,
DIIEKTPOHHUKA M TEJIeKOMMYHHUKAlLMW» COIJlacoBana C JEmapTaMeHTOM I10 HayKH
AYDC um. 'ymapbeka [laykeesa.

JlupexTop AenapTamMeHTa HayKu ﬁ?f% Kanuesa H.b.

[IpopekTop mo Hayke 4 % Anunbaes K.A.

f

[Mporpamma BeTynuTenbHoro skzamena no OIT 8D06201 — «Paguorexuuka,
SJIEKTPOHMKA W TEJEKOMMYHHMKAallMKW» CorjlacoBaHa ¢ JeMmapTaMeHTOM 110
akageMuyeckuM Borpocom AYDC um. ['ymapOeka Jlaykeesa.

5 ]
JlipekTop AemnapTaMeHTa [10 aKaJeMUIECKHM BOIpocam ﬁg{ BaitzakoBa C.M.
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Iporpamma BCTYIIMTEILHOIO 3K3aMeHa
B JIOKTOPAHTYPY 10 06pa3oBaTe/IbHOM Nporpamme
«8D06201 - PaanoTrexnuka, 3J1eKTPOHHKA H TeJIEKOMMYHHKAIIHH»

Tema 1.CoBpeMenHOe COCTOSIHHE M NEPCIEKTHBLI Pa3BUTHS B 00/1acTH
PAAHOTEXHHKH, WIEKTPOHHKH H TEJIEKOMMYHHKAIHA,

Knaccupukaiys Ha3eMHBIX PaIMOTEXHHYECKMX CHCTEM. TCHICHIMH
pa3sBUTHSl COBPEMEHHBIX HA3EMHBIX PAaAMOTEXHMYECKHX cucTeM. COBpEeMEHHOC
COCTOSIHME CPEJCTB HABUTALMK U CBsA3KM KocMHueckoro Oasuposanus. [Ipobiemsl
pa3sBUTHS CHCTEM IIeJIEHrallMM M HaBuranuMu. IlepcrlieKTHBbl  pasBUTHA
HABUT'ALMOHHBIX CHCTEM HA3¢MHOT'0 U KocMuueckoro 6asuposanus. COBpPEMECHHbBIC
TEHJCHLIMY Pa3BUTHsI CUCTEM IIEPEayuH ay Mo ¥ BUACOMH(POPMALIUH.

Tema 2. CoBpeMeHHOE COCTOSIHHE M TpeHIbl B pPaaHOTEXHUKe,
IIEKTPOHUKE M TEJIEKOMMYHHKALMAX

- Ungycrpus 4.0 n 5G/6G xak npaiiBeps! passuts oTpacau. Mumycrpus 4.0,
KOHIENIMIO  1MbpoBolH  TpaHchoOpMalMH  NPOM3BOACTBEHHBIX  IPOLIECCOB,
Uurtepuere Bemed (IoT)/IIoT — cucrempl, MX apXUTEKTypa M BO3MOKHOCTH,
ooneinue ganHeie (Big Data), MammmHHOE 00y4YeHHE U ABTOMATH3AIU.

- VYcroituuBble  (green)  TEJNEKOMMYHHKAlMu.  ODHEprodpQexTHBHbIC
pajMOCHCTEMBI ¢  aBTOMATHYCCKAM  YIPABICHHEM  DHEProloTpedsieHHEM;
B0300HOBISEMbIE WCTOUHWUKM TIMTAHUS JUIsi 0as30BbIX CTaHLMH (COJHEYHEIE,
serpsinbie); Off-grid u hybrid-grid BTS s otnanénnsix paioHos; Pexyneparus
Temia OT Jara-lEHTPOB M HCIOJb30BAHHE KUIAKOCTHOTO OXJIAKICHHUS; YMHOC
ynpasienune tpapuxom (Al-based traffic steering) nis CHUKEHUS] HATPY3KH Ha CETh;
I'ubpuaHbie W IIpOrpaMMHO-KoH(pUrypupyemsle pagnocuctemsl (SDR), Paszsurune
CIIyTHUKOBBIX M KBasuCIyTHUKOBBIX (HAPS) cucrem cBssu.

Tema 3. Pacnpeaesienuble BbIYMCICHUS H HAHOTEXHOJIOTHH.

[ToHATHE pacnpeneseHHbIX BeIumcieHui. Apxurekrypa cereii GRID. Web
ceppuckl B GRID. Tumnbl 00Ja4HbIX BBIYHCICHHI. APXMTEKTypa 00JIa4HBIX
BbIYHCiIEHUH. [ToHsITHE O HAHOTEXHOJIOTHSX B JIEKTPOHUKE U TCIICKOMMYHHUKAIUAX.
KauecTBEHHOE M3MEHEHHME XapakTepa (YHKUMOHUPOBAHHMA  3JICKTPOHHBIX
KOMIIOHEHTOB IIpH Tepexoae kK HaHoMacmrabaM. OCHOBHbBIE 33/1a4¥ M MPUHLIMIIBI
HAaHOXJICKTPOHUKH. BO3MOKHBIE Iy TH cO3/1aHusi HaHonpoleccopa. Ilepexiouaren
Ha OCHOBE OTJC/IBHBIX MOJIEKYJ. Pa3Butne HaHoIeKTpoHMKH B PK u wmupe.
I1porHo3sI pa3BUTHs SJIEMEHTHON 0a3bl BBIYUCIUTEILHOM TEXHUKH. «3aK0H Mypay.
BHenpeHne COBPEMEHHBIX TUTIOB MUKPOIIPOLIECCOPOB ¥ CHTHAJIBHBIX MTPOLIECCOPOB.
[TepCrIeKTHBBI PA3BUTUSI CUTHAIBHBIX IIPOLIECCOPOB M MHKPOKOHTPOJUICPOB.
[lepceKTUBBI  MCIIOJIB30BAHMS ~ HAHOTEXHOJIOTMH B OoOnactd  3alHuCH M
BOCIIPOM3BEIeHHs MH(popMarnu. [1epCrieKTHBBI HCTI0Ib30BaHUs HAHOTEXHOJIOTHH B
CHUCTEMAaX BOCIIPOU3BE/ICHUS H300paKCHH.



Tema 4. Heliponnsbie ceTu.

HeiipoHHsle ceTH: MOSBICHUE M COBPEMECHHOEC HasHadyeHue. PacriosnaBaHue
00pa3oB HelpOHHBIMU ceTsiMH. DOpMalIbHBII HEHPOH. APXHTEKTYpa HEHPOHHBIX
cereil. Heilponnas cers Xonduiaga. VHTEpHET, KaK aHaJIOr HEHPOHHOW CeTH,
JpYTHe aHAJIOTMH C HEHPOHHBIMHU CETAMH B IIPUPOJIE M OOLIECTBE.

Tema 3. DIeKTPOMATHUTHASA COBMECTHMOCTDb (OMO)
PaAHO3JIEKTPOHHBIX CPEICTB.

[IpaBuia ocyuiectsieHust paauokonTposss B PK. DiekrpomarHuTHas
obcranoBka. Metonsl  ananuza OMC. HcenenoBanue  3J€KTPOMAarHUTHOM
o6cTanoBku. Kimaccupukanus pauorioMex 1o MecTy BOSHUKHOBEHMS U TI0 CIIOCO0y
BO3ICHCTBUS Ha TexXxHHYeckue cpenacrBa. OCHOBHBIE IIYTH  JIOCTHXKEHUS
HOPMaTHBHBIX Tokaszaresied no OMC. Buabl HcnibITaHMH TEXHHYCCKUX CPEJACTB Ha
OMC: 1noMexosMHcCHs; HOMeXoycToWunmBocts. TpeboBanus no OMC
cepTU(GUKALIMOHHBIC UCITBITAHUSL.

Tema 6. MeToabl HCNILITAHUA TEXHHYECKHX CPE/JCTB H PAIHOCHCTEM.

HopMbl, TpeboBaHMEe W METOABI HCHBITAHMH HA HWHAYCTPUAIbHBIC
pajMoONIOMEXH;  TapMOHMYECKME  COCTAaBJIAIOIIME  TOKa,  IHOTPeDdIsIeMoro
TEXHMYECKMMHM CPEACTBAMH M3 CETH 3JICKTPOIUTAHMS; KOJeOaHus HalPKCHUs U
(GuMKep, BBI3BIBAEMBIC TEXHMYECKUMM CPEACTBAMH B CETH 3JICKTPOIUTAHUS.
Knaccupuranust tpebosannii k texnumueckum (TC) wum  pagmocucremam 10
obecrieyeHnio pabOTOCIIOCOOHOCTH B YCJIOBHsAX 3Kciuryatanuu. Kiaccupukanus
OCHOBHOTO 00OpYIOBaHUS JUIsl IIPOBEJACHHUS MCIBITAHMH Ha 3JICKTPOMArHUTHYIO
coBMecTUMOCTh. OcHoBHble TpeOoBanmsi u  meronsl ucnbiTannd TC  Ha
YCTOMYMBOCTh K PasIMUHBIM BHAaM nomex. OCHOBHBIE TpeOOBaHMs M METOIbI
ucreiTanuii  TC 1o yCTOWYMBOCTM K DJIEKTPOCTATHYECKHUM  3apsjlaM  H
PaJMOYaCTOTHOMY 3JICKTPOMarHUTHOMY IoJI0. TpeGoBanus ¥ METOIBI HCTIBITAHUH
Ha CTOMKOCTb K BHEIIIHUM BO3JCHCTBUAM M CTEIIEHHM 3alUTHI KOPIIYCOB (000J10UEK)
pajIMO3JICKTPOHHON amnmnapaTypbl. VIcnbeITanus Ul pasivyHBIX KIMMATHYECKUX
perroHoB. KaTteropuu, ycioBus SKCIUIyaTallid, XpaHCHUS W TPAHCIIOPTHPOBAHUA
PaJIMO3JIEKTPOHHOM armaparypbl B 4aCTH BO3JACHCTBHA KJIMMATHYECKUX (AaKTOpPOB
BHEIIHEN cpejbl. CTErneHu 3aluThl, OOecreunBacMble 000JIOYKAMH (xox IP).
WcneiTanus Ha Bo3jeiicTBue BHOpaiwii. MeToJpl MCIBITAHUH Ha CTOMKOCTH K
MEXaHMYECKMM BHCIIHHM BO3JICHCTBYIOINM (DaKTOpam.

Tema 7. CoBpeMeHHbIC ONTHYECKHE TEJICKOMMYHHKAIMH: TCHICHIHMHA U
NPOPHIBLI

OnTHYEeCKHE TEXHOJOTHM IIPOJIOJIKAIOT OCTaBaThCs OCHOBOM TIIODAIBLHOM
TEJEKOMMYHUKAIIMOHHOW  MH(pacTpyKTyphbl, obecrnednBas — MarucTpajibHylo,
PErMOHANIBHYIO M BHYTPH30HOBYIO IIEpeayuy JaHHbIX CO CBEPXBBICOKOH CKOPOCTBIO
U HAUEKHOCTHIO. B mociemHue Trofsl HAaMETHIMCh HECKOJIBKO  KIIHOYEBBIX
HaIpaBJICHUH pa3BUTHA:

1. Coherent-onTHka HOBOI'O IIOKOJIEHMs. Fcrionp3oBaHHe KOTEPEHTHBIX
npuéMuKoB ¢ QAM-moayssiimeit BIoTs 10 128-QAM 1 CMMBOJIbHBIX CKOPOCTCH



seime 100 I'6oxn. Bueapenne DSP (1udposoii obpaboTku curnana) u AI/ML s
KOMIIEHCAIIM¥ HEJIMHEMHBIX HCKaXCHWM M ajantauuyd K kaHanam. Ilpumenenue
3eneHoi TeXHOJIOTHI [y1st OoJiee 3PEKTHBHOIO UCTIOIL30BaHMS.

2. OnTuyeckwe TPaHCIOHIACPHl Ha 0a3e (POTOHHBIX HMHTErPaIbHBIX CXEM
(PIC). UnTerpanus j1a3epoB, MOJIYJISTOPOB, GOTOAETEKTOPOB U (PUIILTPOB B OJIUH
yun. CHmwkenue dHepronorpebnenuss u rabaputoB ycrpoicTs. Illupokoe
BHEJpEHNE CHIIMKOHOBOM (oToHukH (SiPh) [u1st nata-1eHTpoB U MarucTpasien.

3. CsobGoanoe onrtuyeckoe npocrpancTBo (FSO) u nasepHas CBsA3b.
Pa3paboTka ONITHYECKUX TEPMHUHAJIOB JUlst cyTHUKOB 1 HAPS. BricokockopocTHas
cBa3b (10 10-100 I'out/c) mexay 3nanusmu, BITJIA, criryrHukamu. Y CTOHYHBOCTD
K paado4acTOTHBIM IIOMEXaM M BO3MOKHOCTb HCIIOJb30BaHUS B 3aKPBITHIX
YaCTOTHBIX JUAIa30HaX.

4. Multicore u Few-mode onrtuueckue BosiokHa. [ToBbIIIEHHE NIPOITYCKHON
CIIOCOOHOCTM 32 CuUéT NPOCTPAHCTBEHHOTO MYJbTHUIUIEKcHpoBaHua (SDM).
[IpuMEHEHHE B MEKKOHTHHEHTAIBHBIX MAaruCTpalix M IEHTpax o0paboTku
JTaHHBIX.

5. Paszsutne PON-cereit HoBoro nokosieHus (XGS-PON, NG-PON2)

Pexkomenjayemas Jiareparypa:

OcnoBunas:

1. Cranmaptel MekayHapoaHoit aniektpudeckoil komuccun (MOK) Ha
CTOMKOCTh K BHEIIHUM BO3ACHCTBUAM — cepun MOK 68

2.  Crangaptel  MeXIyHapoOJAHOW  JNEKTPUYECKOM  KOMHCCHH  Ha
3JIEKTPOMArHUTHYIO COBMECTUMOCTH — cepun MOK 61000

3. The 6G Vision — Latva-aho, M. et al. — Wiley, 2021

4. Digital Signal Processing: Principles, Algorithms, and Applications —
Proakis, Manolakis — Pearson, 2022

5. Neural Networks and Deep Learning — Michael Nielsen
(https://neuralnetworksanddeeplearning.com)

6. Video Compression and Communications — Wang, Zhu — Elsevier, 2020

7. Quantum Communication and Quantum Networking — Springer, 2021

8. Fundamentals of Electromagnetic Compatibility — Clayton R. Paul — Wiley,

2018

9. Smart Antennas and Signal Processing in 5G and Beyond — CRC Press,
2023

10. Nanotechnology for Telecommunications — Al-Muhtadi, Alsharif —
Springer, 2020.

11. I'peropu T. M., Tomac JI. K., "ONTOBOJIOKOHHBIE TEIEKOMMYHHKAIHH.
[Ipuniuner u npakrtuka'— M.: Texnocdepa, 2021. = IlonHoe pyKOBOACTBO IO
TEOPHUM M NPAKTHKE ONTHUYECKHUX CHCTEM Iepefaud. * BxiarouaeT COBPEMCHHBIE
MOJXOBI K KOTEPEHTHO# CBA3M, Moy IsuusaM 1 WDM.

12. Kezenp A. "Ontuueckue cetu cpssu"— M.: Pagmo u cBsss, 2020. =
PacKpbIBa€T  CTPYKTYpPYy  BOJOKOHHO-ONTHYECKHMX  JIMHMIA,  00OpynoBaHuME,
rexnojorui DWDM, CWDM, PON. = BkiroueHs! KeMChl ¥ IPUMEPLI U3 MPAKTHKH
11pOBaKIEPOB.



13. Agrawal G.P. “Fiber-Optic Communication Systems”, 5th Edition—
Wiley, 2021. Knaccuka 10 ONTHYECKOH CBSI3M: HEJIHMHEHHBIE 3(QQEKTHI,
KOTEPCHTHBIE NpUEMHMKH, jaucrnepcus. * Oo6nopieno c¢ yuérom PIC, silicon
photonics ¥ IPOCTPAHCTBEHHOTO MYJIbTUILIEKCHPOBAHMS.

14. Sillard P., "Multicore and Few-Mode Fiber Technologies"— Springer,
2019. IMoxpo6HO onMcaHbl BOJIOKHA HOBOro nokosenust aus SDM (space division
multiplexing). * AKTyaJIbHO Ui MAarMCTPaJIbHBIX cUCTEM B 6G-ceTen.

15. Ramaswami R., Sivarajan K. N., Sasaki G. H. "Optical Networks: A
Practical Perspective", 4th ed.— Morgan Kaufmann, 2020. = Ilpaktuka noctpoeHus
cOBpeMeHHbIX onTuyeckux cereit, Bkmouyas SDN, ASON, Flex-Grid. = Pacuer
nmapameTpoB, 3all|Ta, MApUIPYTHU3ALUA U INTAHUPOBAHHE.
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