MuHnCTepCTBO HAayKH U BBICIIETO obOpazoBaHus Poccniickoit ®eneparmn
HAIIMOHAJIbHBIN NCCJIENOBATEJIbCKHN
TOMCKUU I'OCYAAPCTBEHHbBIM YHUBEPCUTET (HU TT'Y)

Panmnodmsndeckuii pakynprer

YTBEPXJIAIO:
Jlexan

A.T. Koporaes

Pabouast mporpaMma quCHUTITAHBI

®opMupoBaHUe CUTHAJIOB B HUCXOAsiIeM KaHase cBsi3u SG NR
10 HAIPaBJICHUIO OJrOTOBKU

03.04.03 Paaunodusuka, 12.04.03 ®doroHuka u onTonHGopMaTHKA

HamnpaBnenHnocTs (mpo¢uiib) NOATOTOBKH !
ugposbie TeXHOJIOTHH (POTOHUKHU U PaTHOPUIUKH

dopma 00ydeHuUsI
Ounas

KBanudukamus
NuskeHep-ucciaenoBaTeib

I'on npuema
2025

COI''TACOBAHO:
PykoBonurens OI1
A.I1. KoxaHeHKO

[Ipenacenarens YMK
A.Il. KoxaneHko

Tomck — 2025



1. leab ¥ nIaHUpYyeMble Pe3yJabTAaThl 0CBOEHUS THCIUILIMHbI

[enbto 0OcBOEHUS AUCHUILINHBI SBIsETCS (POPMUPOBAHUE CIEAYIOIUX KOMITETEHIIUH:

OIIK-3 CnocobeH TpPUMEHATH COBPEMEHHbIE HWH(POPMALMOHHBIE TEXHOJIOTHUH,
UCIIOJIb30BAaTh KOMIIBIOTEPHBIE CETH W MPOrpaMMHBIE MPOJIYKTHl JUIsl pEIIeHUs 3aaady
npodecCHOHATBLHOMN 1eATETFHOCTH.

[IK-1 CnocoGeH mNpou3BOAWTH aHAJIN3 COCTOSHUS HAYyYHO-TEXHUYECKOW MpPOOJIeMBlI,
TEXHUYECKOTO 3aJaHusi, GOPMYIHPOBATH IENIb W 33aJaud HAYYHOTO HCCIEIOBaHHUSA B 00JACTH
npoecCuoHaNBHOM NeSTebHOCTH.

[1K-2 CnocobeH oOCymIecTBISATh MOCTPOSCHHE MAaTeMaTHYeCKHX Mojeei OObEeKTOB
MCCJIEIOBAHMSI U BHIOOP TOTOBOTO WK Pa3pabOTKy HOBOT'O aIrOpUTMa PELIeHHUs 3aauu.

[IK-3 CnocoGeH  WCHONB30BaTh COBPEMEHHOE  OOOpYJIOBaHHME JUIS  PEIICHUS
npoecCHOHANBHBIX 3a/1ay.

Pe3ynbraramMy 0CBOEHUS IMCLUUIUIMHBI SBIISIOTCS CIEIYIOIINE UHAUKATOPBI TOCTHKEHUS
KOMIIETECHIINH:

POOIIK-3.2 IlpennmaraeT HOBbIE HUJE€M ¢ MOAXOABl K PEUICHUIO HAYYHO-
UCCJIEIOBATENILCKUX W MPHUKIAIHBIX 3a/lad C HCIOJb30BaHUEM HH(GOPMALMOHHBIX CHCTEM U
TEXHOJIOTHI

POIIK 1.1 ®opmynupyet npobiieMy U onpeaenseT IpeaMeTHYI0 00JIacTh UCCIEI0BaAHUS;

POIIK 2.1 ®opmynupyeT MOCTaHOBKY 3a/a4H, ONpPEIeNsieT mapaMeTpsl W (yHKIUU
pa3pabaThIBaeMOil CUCTEMBI,

POIIK 2.2 Ompenenser aJirOpuT™M U HAOOp MapaMeTpoB, ¢ YIETOM KOTOPBIX JIOJDKHO
OBITH IPOBEJICHO MOJICTUPOBAHHUE YCTPOICTBA UM CUCTEMBI,;

POIIK-2.3 [IpoBOAUT KOMITBIOTEPHOE MOJIETUPOBAHUE YCTPONCTBA UJIM CUCTEMBI;

POIIK 3.1 [loHuMaeT npUHUMIBI I€UCTBUS YCTPOUCTB U CUCTEM, NPEIHA3ZHAYCHHBIX IS
pemeHus nmpodecCHOHAIBHBIX 3a/1a4.

2. 3aga4uy oCBOCHHS JUCIHHUILINHDI

— OcBouTh (PU3NYECCKUI ypOBEHH 0A30BOM CTAHIIMK CHUCTEMBbI MOOWJIBHON PaJMOCBSI3H
MSATOTO MOKOJICHUS.
— Hayuurtbcst popMupoBaTh CHTHAIBI HUCXOIsMIero kanana cBss3u 5G NR.

3. MecTo AuCHMILINHBI B CTPYKTYpe 00pa30BaTe/ibHOIl POrpaMMbl

Juctunnuaa otHOCUTCA K biioky 1 «/Iucuurinabl (MOTyIIN)».

JlucuuniuHa OTHOCHTCS K 4YacTH O0pa3oBaTelbHOW MpOrpaMMbl, (OpMUPYEMOit
YY4aCTHHUKaMU 00pa30BaTEIbHBIX OTHOIICHUH.

4. Cemectp(bl) ocBOeHHS U (popMa(bl) MPOMEKYTOYHON ATTECTAIUM MO JUCHUILINHE

Tpernii cemecTp, 3a4€T C OLIEHKON

5. Bxoanble TpeOoOBaHMS 1JIs1 OCBOCHUS M CUMIIMHBI

JIJis yCTIenTHOro OCBOCHUS JUCIUILTMHBI TPEOYIOTCS KOMITETEHITUH, c(hOpMHUpPOBaHHBIC B
X0JIe OCBOEHUS 00Pa30BaTEIbHBIX MPOTPaAMM MPEAISCTBYIOIIETO YPOBHS 00pa3oBaHUsI.

6. SI3bIK peaau3anun

Pycckuit

7. O0beM TNCUMILIHHBI

OOw1ast TpyA0EMKOCTh AUCIUILTUHBI COCTaBIseT 4 3.€., 144 yacoB, U3 KOTOPBIX:
-nexun: 32 9.
-nabopatopHbie paboThl: 44 u.



B TOM YHCJIC IPpAKTUYCCKasd MOArOTOBKA: 0u.
O06BemM camMoCTOATETLHON PabOThI CTYACHTA ONPECIICH YICOHBIM TIJIAHOM.

8. Couepmaﬂne AUCHUIIIIUHBI, CTPYKTYPHPOBAHHO€ 110 TEMaM

Tema 1. O01mas cTpyKTypa paamoxkaapa

BWP, pamuokanp, OFDM-mopymnsuus, dYacTOTHO-BpEeMEHHasi CETKa pPECypCoB,
pasHeceHue MOJAHECYIINX, TOJKAIPbI, CIIOThI, MOIYJISLIUOHHBIE CUMBOJIBI.

Tema 2. @opmupoBanue BemaTeabHOro kanajia PBCH

PexxuMm ycTaHOBIEHMs CBSI3M, NEPBUYHBIA W BTOPUYHBIM CUTHAIbl CHUHXPOHM3AlLUU,
ctpykrypa SS BLOCK, MIB, dopmupoBanue nyueit u nepenaga SS BLOCK.

Tema 3. Ilepenaua ynpasisitonneii nHgopmauuu
Bunet u naznauenne CORESET, dopmarer DCI, ynpaBnsrommii kanan PDCCH,
pedepencusbiii curian DMRS nns PDCCH.

Tewma 4. [lepegaya 1aHHBIX
Kanan PDSCH, nomexoycToWYMBOE€ KOAUPOBAHHE, COTJIACOBAHME CKOPOCTEH, BH/IBI
mMoyssiian, pedepencHsiii curnan DMRS st kanama PDSCH, pedepencnsiit curaan PTRS.

Tema 5. OneHka cocTOTHHS HHUCXOAAIIEr0 KaHaJa
Curnan CSI-RS wm ero mapamerpsl. Mcnonb3oBanue CSI-RS nans onenku kadectBa
KaHaJla, COMPOBOXKICHHUS aOOHEHTa, BEIOOpA JTyyYa.

9. Tekymmii KOHTPOJIb MO TUCHUILIUHE

Tekymmii KOHTPOJb MO TUCHHUIUIMHE MPOBOJUTCS IIYTEM KOHTPOJIS MOCEIIaeMOCTH,
NPOBEJCHUS YCTHBIX ONPOCOB, TECTOB IO JICKIIMOHHOMY MaTepually, BBIITOJHEHUS
1abopaTopHBIX padoT U (ukcupyercs B popMe KOHTPOIBHONH TOYKH HE MEHEE OIHOIrO pasza B
cemectp. CamocrosTenbHas paboTa CTYIEHTOB COCTOUT B M3YYEHHUH TEOPETUYECKOIO
MaTepuala, BBIIOJHEHUH TECTOB C BO3MOXKHOCTBIO pabOTHI Hal OIMMOKAMH, MOATOTOBKE K
nabopaTopHbIM paboTaMm, 0(hOpMIIEHUH OTYETOB MO JT1a00PaTOPHBIM paboTaMm.

10. HOpﬂI{OK MPOBCACHUSA U KPUTCPUHU OLICHUBAHUSA l'[pOMC)KyTO‘IHOifI aTTeCTallumn

3aueT B TpPEThEM CEMECTpe MPOBOIUTCS B MUChMEHHOW ¢opme mo Ouneram. bumer
COJICPXKUT JIBa TEOPETUUIECKUX Bompoca. [IponomkurensHoCTh 3aueTa 1,5 gaca.

Bomnpocs! nposepsitor POOIIK 3.2, POIIK 1.1; POIIK 2.1; POIIK 2.2; POIIK 2.3 POIIK
3.1. OTBeTHI Ha BOIIPOCHI JAIOTCS B pa3BepHYTON (hopMme.

[IpuMepHBIii IepeyeHb TEOPETUYECKUX BOIIPOCOB:
YacToTHO-BpEMEHHasl CeTKa PecypcoB.
UYto takoe BWP.
[TepBUYHBII CUTHAI CHHXPOHHU3AINH.
BTopuuHbIii CUTHAJI CHHXPOHHU3ALIUH.
Monynsauus B kanane PDSCH.
OFDM-monynsmus B HucxoasmeM kanaie 5G NR.
CrpykTypa curnaioB kanaia PBCH.
[TomexoycToiurBOe KOIMpOBaHKEe JaHHBIX kKaHama PDSCH.
Curnan CSI-RS u ero napamerpsl.
. [lepenaua ynpasssitoreit nHGOpMAIIMK B HUCXO/ISIIEM KaHAJIE CBSI3H.
. Curaan DMRS mis kanana PDSCH.
. Curnan PTRS s xagana PDSCH.
. Pexxum yctanoBnenus cBsizu. O0Imas ceTka 4acTor.
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14. OFDM-Mmonynsanus v pa3HECEHHE MOHECYIINX.
15. OcHoBHBIC MapamMeTphl curHana kanama PDSCH.
16. OcuoBHbIe mapameTpsl curHana kanana PDCCH.
17. OcHoBHbIE MapaMeTphl curHana kanaina CSI-RS.
18. Bunbt u Haznauenue CORESET.

CrTyneHT, He aTTECTOBAHHBIN B KOHTPOJIBHON TOUKE, HE JIOIYCKAETCS K cAayue 3a4yeTa.
Pesynbrarsl 3ayera OIIpEeACIIAIOTCA OLICHKaMH «OTJIMYHOY, «XOpOIIOY,
«yIOBJIIETBOPUTENBHO», «HE YIOBJIIETBOPUTEIILHOY.



KpuTepun oneHnBanust pe3yabTaToB
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= = 2 He V 10BIETBOPH-

§ = g YAOBJIETBOPUTEIHHO TEJEHO
OIIK-3 POOIIK- He umeer Nwmeer Nwmeer YBepeHHO
Cnocoben 3.2 MPEJICTABICHUS O MPEJICTABICHUS O | MPEICTABICHUS O | OPUCHTHUPYETCS B
npumenats | lperaraer CTPYKTYype CTPYKType CTPYKTYpE CTPYKType
COBPEMCHH | HOBBIC HJCH

HUCXOIAIIETO HUCXOIAIIETO HUCXOIAIIETO HUCXOJISILETO

BIC 1 TIOIXOTBI
undopmamy | K pemenmo | KaHATA CBA3H 5G NR | xanana cBs3u 5G | xananma cBs3u 5G| xanana cBs3u 5G
OHHEIE HAyYHO- NR, HO HE NR, ucronesyet NR, ncnonezyet
TEXHOJIOTHH, | UCCle0BaT MOJKET HAMEIOIIHECs HUMETOIIHECS
WCIIONB30BA | €NBCKHX U HCTIOIb30BaTh 3HAHUS IS 3HAHUS I
Tb TPUKIIaTHBI MMEIOIIHECS pelIeHus 3a1aq pelieHus 3a1ad
KOMIIBIOTEp | X 3a7ad C AHAHS
HBIE CETH W | MCIOIB30Ba
MpOTPaMMH | HUEM
1S undopmanu
MPOAYKTHI OHHBIX
Ui CHUCTEM H
peleHus TEXHOJIOTUH
3a1a4
npodeccuoH
aJTbHOU
JESTeTTHHOCT
u
InK-1 POIIK-1.1 He nmeer Hmeer obiee Hmeet moiHOE HWmeet nonnoe
Cnocoben Dopmyinn- MpeACTaBJICHUS O MpeACTaBJICHUE O | MPEACTaBJICHUE O | MPEACTaBICHUE O
TIpOH3BO- pyer CTPYKTYypE CTPYKTYypE CTPYKTYpE CTPYKTYypE
AT aHATH3 | IPOOTIeMy M HHUCXOIAIIETO HHUCXOIAIIETO HHUCXO/ISIIETO HUCXOJISIIETO
COCTOSIHUSA omnpeenseT
HayHO- mpesMeT- kaHana cBs3u SG NR | kanana cBsi3u 5G| kanana cBsizu 5G| kaHana cBsizu 5G
TeXHUYeCc- HYIO NR, myraeTcs B NR NR
KOM o0JacTe Ha3HAYE€HUH
npoOnemMsl, | mccmemoBa- KaHAJIOB H
TEeXHUYEC- HUS CHTHAJIOB
KOTO
3aIaHus,
thopmymn-
pOBaTh IEh
" 3a/1a4u
HAYYHOTO
HCCIIeIoBa-
HUS B
obiacti
npodeccro-
HaJIbHOU
JIesITeTbHOC-
™
IK-2 POIIK-2.1 He Bnageer YacTU4uHO Bnaneer YBepeHHO BiazneeT
Crocoben ®opmynupy COBpPEMEHHBIMHU BJIAJIEET COBPEMEHHBIMU COBpPEMEHHBIMHU
OCYMIECTBIIA | €T METOJAMH H3y4eHHs, | COBPEMEHHEIMH | METOAAMH METOJaMH
™ TOCTAHOBKY | 5 janusa METOAAMHU H3YYCHUS, W3YUYCHHUSI, aHATTU3a
MOCTPOCHUE | 3a7auu,
MaTemarHue | ompexenser nHpOpMaIU B H3y4YeHUs, aHajau3a nHpOpMaInU B
CKHX napaMeTpsl obiacti aHanmm3a nHPOPMALINH B obmactu




Mozenen u Gysxkuun | paguoduzuky. nHdopmanuu B obyactu panvopU3HKH.
00BEKTOB paspav6aTLIB obmacTu panroU3UKH.
UCCIENOBaH | acMOM paHO(H3HKH.
WS ¥ BEIOOp | CHCTEMBI.
TOTOBOTO
WIN POIIK 2.2 He obmamaer Ooimanmaer Oo6magaer O6namaer
paspaGotky | Ompenensier | GasoBbMu HEKOTOPBIMHU 6a30BBIMHI TTOJTHBIMH
HOBOTO QITOPHTM U | syapygmu, 6a30BBIMU 3HAHUAMH, 3HAHMAMH,
anroputMa | Habop HEOOXOAUMBIMH AJIsl | 3HAHUSMH, HEOOXOANMBIMH HEOOXOIUMBIMHU
peueHus napameTpoB
— , ¢ yuETOM orpe/ieIeHUs HEOOXOJUMBIMH | JUISl OIpeNieNieHHsT | JUIsl OIpeiesICHHs
KOTOPBIX rapamMeTpoB U JUIst rapameTpoB U rapameTpoB U
JTOIDKHO GdyHKIMiA OIpesieNeHus GyHKIMHA byHKIMN
OBITH pa3pabaTbiBaeMoOro mapamMeTpoB U pa3pabateiBaeMor | pa3padaTbIBa€MOTO
HPOBEACHO | ycTpoiicTBa byHKIWHi 0 yCTpO#CTBa ycTpoicTBa
r;:ennposa PaTHO(H3NKHL. pa3pa6anlBaeM0 pamroU3NKH. PaTHO(H3NKHL
. TO ycTpoiicTBa
yCTpOWCTBA
Y pannodu3uKm.
CHCTEMBI
POIIK-2.3 | He umeer Hmeet Nmeet nonHoE Hmeer nonnoe
IIposout Mpe/ICTaBICHUS 00 IIpeACTaBIeHUE MpeACTaBIECHNE NIpEACTaBICHUE
KOMIBIOTEP | ocHoBHBIX 00 OCHOBHBIX 006 OCHOBHBIX OCHOBHBIX
Hoe (hyHKIMAX 1 670Kax | QyHKIHMAX H GbyHKOHAX U GyHKIUAX U
ggﬁeﬂHpOBa MOJICTH 6mokax Mozenn | Gyokax MoZeIH Oyokax Mozenu
yCTpoiicTBa
WIn
CHCTEMBI
K-3 POIIK 3.1 He noxnumaer Hmeet Nmeet nonHoE Hmeer nonnoe
Crocoben Honnmaer MIPUHIINAIIOB HEKOTOPOE MPEACTABICHUE O | MPEICTABICHUAE O
MCTONB30BA | NPUHIMIBL | ) opmupoBanms IpeICTaBIeHHE O | MPUHIUNAX HPUHLUIAX
T JICHCTBIA CHTHAJIOB B MPUHIUIIAX (dbopMupoBaHU (bopMupoBaHUs
COBPEMEHHO | YCTPOMCTB H
e CHOTEM, HHUCXO/AIIEM KaHalle | (OpMUPOBAHUS CHTHAJIOB B CHTHAJIOB B
oGopynosan | mpennasnau | CBA3H 5G NR CHTHAJIOB B HHUCXOAAIIEM HHUCXO/AIIEM
ve Juist EHHBIX JIJIS HHUCXOIAILEM KaHaie cBsa3u 5G KkaHaie cBs3u 5G
penieHus penieHus kaHane cs3u 5SG | NR NR
npodeccuon | npodeccuon NR
AJIBHBIX AJIBHBIX
3aad. 3aja4.




11. YyeOHO-MeTOOAM4YECKOE 00ecmeyeHne

a) OlleHOYHbIE MaTepUasbl TEKYIIEr0 KOHTPOJISI M MPOMEKYTOYHOW aTTECTAlUH 10
JUCLHUTLITNHE.
0) MeToanveckue yKa3aHus 10 OpPraHU3aliid CaMOCTOSATEIbHON PabOThI CTYICHTOB.

12. Ilepeuens yueOHOIi auTEpaTyphl U pecypcoB ceTd UHTEpHeT

a) OCHOBHas JIMTEpaTypa.
— Dahlman E, Parkvall S, Skold J 5G NR: The Next Generation Wireless Access
Technology. — Academic Press, 2018. — 466 p.

0) IOTIOJHUTEIbHAS JTUTEPATYpA:
— 3GPP TS 38.211. “Physical channels and modulation” Ver. 15.0.0, release 15, 2018.
— 3GPP TS 38.213. “Physical layer procedures for control” Ver. 15.0.0, release 15, 2019.

B) pecypchl cet VIHTepHET:

— OTKPBITHIC OHJIAWH-KYPCHI

— Hayunas snexkrponnas 6ubmunoreka eLIBRARY.RU: https://www.elibrary.ru/
— DnektpoHHbIi pecypc American Institute of Physics https://www.scitation.org/
— DnektpouHbIit pecypc American Physical Society https://journals.aps.org/

— DnexkTpoHHBIN pecype ScienceDirect: https://www.sciencedirect.com/

— DnekTpoHHblit pecypc SpringerLink: https://link.springer.com/

— Dnekrponnbiit pecype SPIE Digital Library: https://www.spiedigitallibrary.org/

13. Ilepeyenb HHPOPMALMOHHBIX TEXHOJIOTHA

a) JIMIIEH3UOHHOE U CBOOOJIHO PACTIPOCTPAHSIEMOE MPOrPAMMHOE 00ECTICUCHHE:
— Mathworks MatLab;
— nyOJIMYHO JocTynHble obnaynble TexHonoruu (Google Docs, SInaexc nuck u T.11.).

0) nH(MOPMAIMOHHBIE CIIPABOYHBIC CHUCTEMBI:

— DJNEKTPOHHBIN Karajor Hay4noi 6ubnuorexku Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DneKTpoHHas oubnmoreka (peno3uTopHii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlans — http://e.lanbook.com/
— 9BC Koncynbrant cryaenrta — http://www.studentlibrary.ru/
—3BC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

14. MaTepuaibHO-TeXHHYECKOe odecrevyeHme

AyauTtopun Uil IPOBEICHUS 3aHATUH JIEKIIMOHHOTO THIIA.

AymuTtopun Ui IpOBENEHHs JIabOpaTOpHBIX padoT, MHAWBUIAYAIBHBIX U TPYIIOBBIX
KOHCYJIbTALIMM, TEKYIIEr0 KOHTPOJI M IPOMEKYTOUYHOM  aTTeCTaluH, OCHAIIECHHAs
KOMITBIOTEPHOU TEXHUKOM.

[TomemieHust 1151 caMOCTOSTENbHON pabOThI, OCHAIIIEHHBIE KOMITBIOTEPHOW TEXHUKOH U
JOCTYNOM K ceTu MHTepHeT, B 3JIEKTPOHHYIO HWH(POPMAIMOHHO-00pa30BaTeIbHYIO Cpely U K
MH(OPMaLMOHHBIM CIPAaBOYHBIM CHCTEMaM.

15. Uupopmanust o pazpadoTyukax

[TonomapeB Omner I'eHHagbeBUY, KaHAMAAT (PU3MKO-MAaTeMaTHYECKHX HayK, TOMCKHIA
rOCy/IapCTBEHHBIN YHUBEPCUTET, TOLIEHT
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