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BBepeHue

CEBACTOMOJIbCKUNA
FTOCYOAPCTBEHHbI

YHUBEPCUTET

* GAMMA — 3T0 NporpaMmHbI KOMMNJIEKC
ABTOMATU3UPOBAHHOIO NPOEKTUPOBAHUA U
MOAENUPOBAHUA CNOXKHbIX BbICOKOYACTOTHbIX
PaANOINEKTPOHHDbIX CUCTEM, TAaKUX KaK:

=  AHTeHHO-¢MAepHble YCTPOICTBA, BKAIOYAA
dasmnpoBaHHble aHTEHHbIE peLleTKHU,

=  BY un CBY neyaTtHble nnaThl,

=  JnemeHTbl CBY yeneii: n(nHun nepepay,
aenutenn, UnbTpbl U T.N.,

=  Pe3oHaTopbI.

= GAMMA coueTtaert B cebe ya06HbI
No/ab30BaTe/IbCKUiM UHTepdeinc, MOLWHbINA 3-X
MepHbIA peaaKkTop, Habop pewartenei, ana
MOoAeNMpoBaHUA pa3HO0bpasHbIX Nnpobnem, n
Habop MHCTPYMEHTOB ANM aHA/IN3a Pe3yNbTaToB.

= TOYHOCTb MOAENNPOBAHUA CONOCTaBMMA C
Kommepuyeckumm nporpammamu (ANSYS HFSS,
SPEAG SEMCAD, CST Studio) n xopowo cornacyercs
C AAHHbIMWN U3MEPEHU.

= YcnewHo NpUMeHAETCA ANA Pa3paboTKu pasInyHbIX
KOHCTPYKUMIA aHTeHH: UWB aHTeHHbI, aHTEeHHble
peweTKku MUNZIMMETPOBOrO ANana3oHa, aHTEHHbI
LTE MIMO, 5G ana mobunbHbix TenepoHOB U T. 4.

OCHOBHbIe peXXumbl

3-Xx mepHoe dneKTtpomarHutHoe (9M) MoagenuposaHue
MeToa KOHeYHbIX-31eMeHTOB B YacTOTHOM obnactn (FEM) n
KoHeyHbIx pa3HocTelt Bo BpemeHHoM obnactn (FDTD)
BAnAHKME Ha opraHn3m YenoBeKa 1 aHanus 6esonacHoOCTU
PeXMM aHaNM3a aHTEHHbIX PeLeToK

MoaneprkKka pacyeToB Ha BbICOKONPOU3BOAMUTENbHbIX
cuctemax (HPC) n yckopeHua Ha BuaeokapTtax (GPU)

AHanusartop pagmMo4vacToTHbIX Leneu
AHanus uenemn B 4YaCToTHOM obnactu
ABTOMATMYECKasA ONTUMM3ALMA U HAaCTPOMKa
PaboTa c MMNOPTMPOBAHHBLIMK S-MaTpPULLAMMU

TpaccupoBKa ny4eii
PacnpocTpaHeHue pagMoBOaH Ha 6onbluMe PacCTOAHMA
AHann3 NpPon3BOAUTENbHOCTU YCTAHOB/IEHHbIX aHTEHH

KOMMYHMKaUMOHHbIN aHanu3




CEBACTOMNOJIbCKUIA

lMonb3oBaTenbCcKU NHTEpPPenc A

= CoBpemMeHHbIN uHTepdeinc c Monb3oBaTtenbckuii MUHTEpPGeiic nporpammbl
naHenamu 6bicTporo aocryna .
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PepnakTop cBOMCTB BcnomoraTenbHble OKHa
(coobuweHuns o cobbiTuAx,
CTaTyC MOAENINPOBAHUA U

T.4.)




3-x MepHblii peaaKkTop Q)

* MUmnopT/IKcnopT u3 Bcex ocCHOBHbIX CAMP Mogenb aHTEHHOro MoAyANA, CNPOeKTUpoBaHHOro 8 GAMMA
— 2D/3D ¢dopmartbl: Pro-E / PTC Creo, ACIS SAT, STEP, IGES, (waccun u getanun kopnyca MmnopTMpoBaHbl U3 PTC Creo)
STL. DXF

— WmnopTt ODB++ PCB files

* LLIMpoKuit Habop MHCTPYMEHTOB ANA CO3HaHUA U

peAaKTUpOBaHUA reoMeTpUYECcKUX 06bEKTOB Kopnyc
— 1D/2D/3D npumutmBbl

Nornuyeckune onepauumu

MHCTPYMEHTbI A1 N0KaIbHOTO PeAaKTMPOBaHMA
(cmelLeHMe NOBEPXHOCTU, CKPYIIEHME rpaHen 1 T.4,)
MpeobpasoBaHue 2-x MePHbIX MPUMUTUBOB B 3-X MEPHbIE
NHCTPYMEHTbI A4/1A YNPOLLEHUNA CIOMKHbIX GOpM

Mnatac
aHTEeHHaMu

" UHCTPYMEHTbI ANA U3MepPeHUA: 06bem, naoLwaab,
A/IMHa

* PacwunpeHHbI Habop TOUEK NPUBA3KU: BEPLUUHDI,
pebpa, ueHTp NOBEPXHOCTU, NepeceyeHue pebep,
npoekumMun n 1.4,

* PegaKTupyemas uctopusa onepaumia

* MMopAep)KKa NnepeMeHHbIX U NnapameTpu3aumus
06beKTOoB (AN NnapameTprUUyecKoro aHanusa)

* MTOMOLHUKMK: CO34aHNE MACCUBA AHTEHH, GpaHTOM
ronoBsbl U PYKn, u T.4.



CEBACTOMNOJIbCKUIA

3M MogaenuposaHue: MK e

KoHeuHo-9neMeHTHbIN peluaTtenb: ABTOoMmaTnyeckoe nocrpoeHue K3 ceTku ¢ aganTUBHbIM
— BeKTopHble KoHeYHble anemeHTbl (K3) BbiICOKOro nopsaka B ynydwenunem
4yacToTHOM o0bnactu
— ABTOMaTMYECKoe NOCTpoeHme TeTpasaanbHbix K3 ceToK
— ApganTtusHOe ynyyuweHue K3 ceToK
* MoppepKKa BbicOKonpoussoautenbHbix cuctem (HPC):
— [MapannenbHble pacyétbl HA MPl n SMP cuctemax
— YnaneHHbIn pacyéT (Windows u Linux)
Tunbl aHanusa:
— C nUcTo4HMKOM (S-napameTpbl)
— Cob6CTBEHHbIE YACTOThI

— JNEeKTPOMarHUTHasA COBMECTUMOCTb/UHTepdepeHLmA 3
(3MC/3MM) nOAAep)KMBaeMbIe nopTbl U 3/1IEMEHTbI ueneu

TUnNbl UCTOYHUKOB:

— CocpenoToYEeHHbIN NopPT

— MpAMOYronbHbI BOJIHOBOA W KOAaKCUabHbIA NOPT
— JNEeKTPUUYECKUI U MarHUTHbIN aunonb (IMC/3MMU)
= Martepuanbi:

— JIMHeliHble He AUCNEePCUOHHbIE ANINEKTPUKM

— YacToTHO 3aBUCMMblE TKaHU Ye/I0BEKA

— MeTannbl (y4eT KOHeYHOM NPOBOANMOCTH) MPAMOYTONbHbIA BOHOBOA  KoakcmanbHbiit nopt (TEM)
lPaHKUUYHbIE ycnoBuUA: (TE10)

— JneKTpuyeckaa/MarHUTHas CTeHKa

— KoHeyHadAa npoBoAMMOCTb

— CocpenoTtouyeHHble aniemeHTbl (R/L/C)
— MornowatoLme rpaHUYHbIE YCN0BUA

peNOTOYEHHbIN

nopt
CocpenotoyeHHble

anemeHTbI(R / L/ C)

* MK3 -MeTog KoHeuHbIx dnemeHToB



CEBACTOMNOJIbCKUIA

3M MogaenuposaHue: MKP” e

KOoHeuHOo-pa3HOCTHbIN peliaTenb BO BpemeHHoM obnactu:
— BbICTPbIN LWMPOKOMNONOCHbIM aHANN3

— BbicTpoe 1 yaobHoe NocTpoeHme perynsipHbIX CETOK Ha60op LWMPOKONONOCHBIX aHTEHH, BCTPOEHHbIX
— YckopeHue Ha Bungeokaptax (NVidia GPU c noaaeprkkom B Kpbiwy asTomo6uas (1,5 metpa)
CUDA)

Tunbl aHanusa:
— LUNpOKONOAOCHbIM C UCTOYHUKOM (S-napameTpbl)

CocpefoToUeHHble NoPTbl U INeMeHTbI Lenei

= Marepuanbi:
— JInHeNHble HegMCNePCUOHHbIE ANITEKTPUKN
— WNpeanbHbi meTann

paHWYHbIE ycnoBuUA:
— Nornowatowme (Ha rpaHuLe
pacyeTHoM obnacTtu)

* MKP -MeTopg, KoHeuHbix PasHocTei



CEBACTOMNOJIbCKUIA

9M MopgenupoBaHue: AHanu3 pe3ynbraTos e

CeTteBble NnapameTpbil:
=S, Y, Z matpuubl, KCB * Tpadukn
— Aunarpamma Cmuta )
— Jkcnopt Touchstone SnP Text files

VSWR(1 - Lumped Port1)

[\ A Sl

= bauKHee none: N e
— [loBepXHOCTHbIE TOKMU TR \/ 7‘8\/7‘9 B
— O6bemHoe/noBepxHOCTHOE pacnpeaeneHme e

3N1EKTPUYECKOro U MarHMTHOro NonA o BAWKHee none

VSWR

N W AU e N ® WO S
p
-

mealAin]
i

be3sonacHoCTb:
— Certification SAR
— RF Exposure

MapameTpbl aHTEHH:

— YacToTHble 3aBUCUMOCTHM (rpadrKKn) ycunenma
aHTeHHbl, KM, nonHOM n3ny4yaemom MOWHOCTU U T.A4,

— Envelope Cross-Correlation for MIMO

— [narpamma nsny4yeHmA ¢ KOHTPOEM NOJIOXKEHUA Ny4a * QfanbHee none
B peasibHOM BpeMeHU U MHCTPYMEHTaMM aHanm3a
bopMMpoBaHUA yva ANA AHTEHHbIX PELIEeTOK

Gain (Log Scale)

= 1oNONHUTENbHO:
— AHMMaUMA NONen 1 TOKOB
— lpadumKkn: MapKepbl, HACTPOMKaA WPUPTOB, IMHNIN U T.A.
— 3JKcnopT: CHUMKM 3KpaHa, Mpadurkm B TekcToBble n CSV
dannbl




9M MopgennpoBaHue: AHTEHHbIe peLleTKuU

CEBACTOMOJIbCKUNA
FTOCYOAPCTBEHHbI
YHUBEPCUTET

* NMOMOLWHUK cO34aHNA AHTEHHbIX pelleToK
no3BOJIAET CO3A4aBaTb NPAMOYroJibHble peLlleTKn u3
OAHOro nsny4vyartens

= Bo BpemA aHa/an3a pe3y/bTaToB MOXXHO 334aBaTb
pacnpegeneHue ¢pasbl U amNAUTYAbI ANA
NPAMOYro/ibHbIX aHTEHHbIX pPeLUeToK:
— AHanus nobbix pe3ynbTaTos B 6/1MKHEN U
AanbHen 30He ana ntoboit KombUHALUMKM NOPTOB U
pacnpeaenenua amnautya / das

= YcoBepLIEHCTBOBAHHbIN aHANU3 AUarpammbl

HanpaB/EeHHOCTU ANA NPAMOYIO/IbHbIX aHTEHHbIX

pelueTok:

— YnpaBneHua Ny4om B peasibHOM BPeMEHU NyTem
N3MeHeHUA cmelleHnAa ¢asbl ANA CTPOK U
cTon6buos

— leHepauuna mHorony4eBoro wabaoHa ans
aHa/In3a NOKPbLITUA: reHepaLma ay4yen no
KOZIMYeCTBY YINOB C UCNOb30BAHMEM
reHeTU4YeCcKon onNnTMMM3aLLum

— Cpes gmarpaMmbl HanpaBAeHHOCTHN Noa NtobbIM
yrnom Phi / Theta

— CymmapHas ¢yHKuma pacnpegenexHns (CDF)

— CyMMapHbIh OXBAT A1 HECKONIbKMX aHTEHHbIX
peLeToK

[Ounarpamma HanpaBAEHHOCTU aHTEHHOM pelueTKn 8x8 B
MUAIMMETPOBOM AManasoHe

*  Pexxum ynpaBieHUA Iy4om

.

YnpasneHue B peasibHOM BPEMEHMU
cmelleHrem ¢asbl cTonbua M CTPOKM
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[4] Port1:

* PeyXuMm aHanu3a NoKpbITUA (MHOronyuyesomn)
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CEBACTOMNOJIbCKUIA

AHanunsaTtop paauoYacTOTHbIX Lienei e

* PexXum ana 6bICTPOro co3pgaHuA U aHan3a NacCUBHbIX
uenen:
— Cornacyouwme uenum
— ®unbTpbl
— KOoMBWMHMpPOBaHHbIE XapaKTEPUCTUKM aHTEHHbIX
peLeToK

- T.4.

Monb3oBaTenbckuii uHTepdeinc

= UmnopT/IKcnopt Touchstone SnP ¢dainos:

= KOoMNOHeHTbI ueneu:
- R LC
— [enntenn moLLHOCTH
— JINHUK 3a4€EPHKKN
— Caur ¢a3bl

Mmnopt N-port SnP ¢aitna

= MopenupoBaHue: (u3mepeHue unu mopennposaHme)
— AHann3 1 HaCcTPOMKa B peXMMe peasibHOro BpemMeHu - 1.
— ABTOMaTMyYecKas onTummusaums (feHeTnyecknii ki s 3
anroputm) S e
— Phase= 0 Deg 71174\{ L;_j Phase= 0 Deg [—
"P_1_ 2 H" *"ij Y—i-» | E—
= Pesynbratbl: M e udl e s e
— S-, Y-, Z- matpuua, KCB, Anarpamma Cmuta — R & S PR -
0 1 g F=lat Yt RS 1
"Dipale_X_Array1" id :J ¥ : i "Patch_V_Array1”
zi SD;]h:n“D‘\dH_ al _f Yz Pha’%?g D" zi 50 ohm



TpaccupoBKa nyyen

= KBasuontuyeckoe mogenmpoBaHue A1 YACIEHHOrO

aHa/u3a pacnpocTpaHeHua PY-BosH Ha 6onblumne

paccTosaHuA. :

— basupyeTca Ha meToae Shooting and Bouncing Rays
(reomeTpunyecKkas onTuka)

— MoapeprKKa OTpaXKeHMN, NPOHMKHOBEHME Yepes
NPenATCTBUA (CTEHbI, OKHA, NEepPeropoakm) un
Andpakumm Ha pebpax

* AHa/u3 KOMMYHUKALUN:

— Pacuyet mHoOrony4eBoro pacnpocTpaHeHus
PaAN0oYacTOTHOIO CUrHaNa Mexay nepeaatowen (Tx) n
npuemHoi (Rx) aHTEHHaMM B peanbHbIX YCA0BUSAX
BHYTPU MW BHE NOMELLLEHNA

— AHann3 NONIHOM CUCTEMbI, COCTOALLEN N3 Nepeaatowmx
N NPUEMHbIX aHTEHH, 3aaHHbIX AMarpammamu
HanpaBAEHHOCTU, NN TONbKO OLEHKA MNOKPbITUS ANA
nepenarowein aHTeHHbl (6a3oBol cTaHLUMMN)

— PacyeTHble 3HaYeHMA: NPMHUMAEMANA MOLLHOCTb,
OTHOLLEHME CUTHAN-LIYM M NPONYCKHaA CNOCOBHOCTb
ana becnposoaHbix ceTel (LTE, Wi-Fi, Bluetooth, 5G
NR).

= AHanu3 Anarpammbl HaNPaB/IeHHOCTU:
— OueHKa NnapameTpoB U3/1y4eHMA YCTaHOBAEHHOM
aHTEHHbI

CEBACTOMOJIbCKUN
roCYAAPCTBEHHbIN
YHUBEPCUTET

NMoppep:kmMBaeTtca ABa TMNA aHann3a

* AHanus 6ecnpoBogHbIX ceTei

- AHanu3 To4Ka-TouKa (3a4aHbl AMarpammbl HaNpPaBJIEHHOCTH
Ha U3/ly4aloLlen U NPUHMMAIOLLEN aHTEHHE)

- AHanu3 NoKpbITMA TOYKA-061acTb (3a4aHa AMarpaMmmbl

HanpaB/EHHOCTU M3/1y4atoLLen aHTEeHHbI)

Touka gocTyna
(2.45 GHz, 23 dBm
Conducted Power)

Mpumep TouKa-obnacTb: MowHoOCTb
curHana Wi-Fi BHyTpu 34aHMA

* Pacuyer gnarpamma HanpasBNEeHHOCTU OT KpynHOomacwTabHoro
o6beKTa

M3nyqume dHTEHHbI B
MUNTUMETPOBOM
Anana3oHe BHYTPU 34aHUA

MN3nyyeHne aHTEHHbI MOBUIbHOTO
TenedpoHa pPacrnosioKeHHOro B
aBTomobune

10



BbicokonpounssoguTenbHbie BblYMCAEHUA Q)

* GAMMA nogaep)XuBaeT yaaneHHbIX pacyeT Ha BbICOKONpou3BoauTenbHbix Knacrepax (HPC):
— CBA3b no ceteBomy npoTtokony (TCP), cobcTBeHHaAn peannsauma KAMeHT/cepeep
— 3anycK yaaneHHoro pelaTtens Ha Knactepax nog ynpasneHune OC Microsoft Windows u Linux
— BO3MOXKHOCTb afanTaunm No4 KOHKPETHbIN MeHeaKep 3a4a4 M TN Knactepa (no 3anpocy)

= MeToAabl yCKOpeHuUe pacyeTa:

Tun FEM FDTD Tpaccuposka
nyyei
Het
YpaneHHbin pacyeTt Ha HPC Aa (nnaHMpyeTc;j ® Het
cneaytouen
BEpCUK)
Het
MapannenbHble BbIYUCNEHUS (nnaHupyetca B
Aa o la
(SMP) cneaytouen
BEpCUM)
PacnpepneneHHble BblYMCNEHUSA fla Her Her
(MPI)
BbluncneHms c npumeHeHMem
rpadmyeckoro conpoueccopa Het Da Het
(BuaeoKapThbl)

11



Pe3ynbtaTthl MOAENNPOBaHUA e

YHUBEPCUTET

= CpaBHeHMue pe3ynbTaTtoB MOAENNPOBAHUA aHTEHH MUAAUMETPOBOro ananasoHa: GAMMA mn ANSYS HFSS

Circular Patch Antenna Dielectric Resonator Antenna

Curve Info : ‘
0 — aB(s(, [ | 4 e 0 Curve Info
Setup1 : Sweep FARAE T 7 — dB(S(1,1))
s ( ~ > ] ¥ Setup1 : Sweep
— GAMMA £ o \
-5 Imported LI | \\Q/S} ’ -5 — GAMMA
Imported
3 2
@ -10 g -10 v
E b=
5 -15 5 -15
o o
= =
20 -20
25 -25
20 25 30 35 40 45 50 B 20 25 30 35 40 45 50
| HFSS
Frequency, GHz Frequency, GHz
= GAMMA
Meander Antenna Coupled Patch Antenna
] 0 Curve Info ‘ 0
d . ; 163‘:5&1"}] Curve Info
_ p1: Sweep — dB(S(1,1))
o / —— ' " -10 Setup1: Sweep
‘R_‘ ct_e 10 Importad " E—g — GAMMA
U & Imported
3z -15 3 20
o 20 o
= =
-30
-25
-30 -40
20 25 30 35 40 45 50 25 26 27 28 29 30 31
Frequency, GHz Frequency, GHz

12



Cucrembl cBA3U HOBOro NOKOJIEHUA Q) s

* MNoppepKxnBaeTca NO/IHbIA LUKA NPOEKTUPOBAHUA CUCTEM CBA3U:
— Cucrtembl cBsasn < 6 INMu, (Wi-Fi, Bluetooth, LTE, 5G NR sub-6 GHz)
— Cuctembl CBA3M MUANMMETPOBOrO AnanasoHa (5G mm-Wave, 60GHz Wi-Fi)

* MpoeKTupoBaHMe U MOAENUPOBAHME YCTPOMCTB (MoNb3oBaTeNbCKUE YCTPOMUCTBA, TOUKM AocTyna u 6asoBble

CTaHUuMn)

- Ha6op UHCTPYMEHTOB A/1A SI/IEKTPOMArHUTHOIrO Mo4eNnpPoBaHNA NMNOJHbIX MO,EI,GJ'IEVI CNOXHbIX YCTpOl‘/’ICTB,
BK/TIOYaOWKUX HECKOJ/IbKO d)a3MDOBaHHbIX dHTEHHbIX PEWETOK

* MogaenupoBaHue KpynHOMacLITabHOM MHPPACTPYKTYPbI METOAOM TPACCUPOBKU NIyuen
— MogaenMpoBaHUA pacnpoCcTPaHEeHMA CUTHANA BHYTPU U CHAPYKN MOMELLLEHUA C YY4ETOM BCeX PUINYECKMX

adpdpekToB
— [naHMpoBKa ceTe, oueHKa NOKPbITUA

I. MoaenuposaHue yctpoiicts (FEM/FDTD)

5G Touka gocTtyna
(aHTEHHas peweTka Mm
AuanasoHa)

Il. MogenupoBaHue cucrem cBas3u (TpaccupoBKa ayyeit)

- MmnopT napameTpoB aHTEHH 13 pe3ynbtaTtos DM
MOAENNPOBAHUA AN U3 6asbl (gMnonb 1 T.M.)

- 3arpysKa 3-X MepHbIX KapT ropoacKkoi MHGPaCTPYKTYpPbl
(Shapefiles)

g

UmnopTt n

pesynbTaTtos M ~
MOAENNPOBAHMUA

13



CEBACTOMNOJIbCKUIA

Cuctembl CBA3M HOBOTO NOKONEHUA e

" PEBVHbTaTbI KOMMYHUKaULMNOHHOTIO aHa/1n3a:
— MOLLHOCTb MPUHATOrO NUAOTHOrO curHana (RSRP) Bluetooth nokanbHas ceTb BHYTPM 0PUCHOro NOMeLLeHUn
— MponycKkHaa cnocobHOCTb KaHana nepegayvmn
AaHHbIX (M6uT/ceK) ans cTaHAapTOB:
* Bluetooth 4.0/4.1/4.2/5.0,
e Wi-Fi IEEE 802.11 n/ac/ax,

AHaNU3 TOUKA-TOUKa Touka focTyna

(23 dBm Power)

*  Wi-Max,
* LTE,
* 5GNR.

MoKpbiTHe TOUuKa-obnacTb (pacnpepeneHune RSRP Ha
BbicoTe 1.5 meTpa)

MyTb pacnpocTpaHeHun
CUrHana (nepeoTparkeHus
NPOHUKHOBEHMWE CKBO3b
CTeHbl, U T.4,)

-| Bluetooth HaywWwHKUK

-RSRP: -56 dBm

-MponycKkHas cnocobHOCTb:
1.4 MBps (BT 5.0)

To4yKa gocTtyna
(23 dBm Power)

14



Cuctembl cBA3M HOBOro NOKO/1IEHUA

CEBACTOMNOJIbCKUIA
TOCYAAPCTBEHHbIA
YHUBEPCUTET

= TecTpoBaHUWe NpuBaTHOI ceTn 5G:
— lMpwuBaTHaA ceTb: 4x 5G 6a30BbIX CTAHUMI PACMONOKEHbI HA CTEHaX
— MpomoagennpoBaHo 4 BapMaHTa KOHOUIypauum ceTu: - 50 x20 meTpos
* TonHoe/noNoBMHHOE NOKPbLITUE NOMELLEHUA - Beicora 10 mepos
*  2x MoOWHOCTb N31y4aemoro curHana
— CpasHeHue pacnpegeneHna RSRP Ha BbicoTe 1.5m Hag ypoBHEM
nosa c KOMMepYecKkMmMmm nporpammamm iBwavel) u Ranplan

MnaH nomeweHnn

Wireless?)

* Xopolwee coBnageHne ana Bcex BaApUaHTOB,
* PasHuua B NMKOBbIX 3HaYeHMaX RSRP < 1.5 dBm (2%)

PacnpepgeneHue RSRP

5G 6a3oBble
CTaHUuMu

Ranplan
W >=-70dBm
- lNonosuHa 'ii'ijg“” W’“—«F@
= 30 dBm ‘
nomeLLeHua Peak Peak I >=-100 dBm Peak
RSRP RSRP >=-110 dBm RSRP
(pasaenero 91.6d8m 926dBm W >--120dBm 91.5dBm
neperopoaKoit) ‘
- 2X ypoBeHb
MOLLHOCTH Peak Poak

6a30BbIX CTaHLUMM

-71.6dBm

- [onHoe
nometlleHue

- 2X ypOBeHb
MOLLHOCTH
6a30BbIX CTaHLWN

RSRP

-91.7dBm

-71.7dBm

Peak
RSRP

Peak
RSRP

1) In-building wireless network design & deployment solutions by iBwave https://ibiwave.com

2) In-Building and Outdoor Wireless Network Design | Ranplan Wireless https://www.ranplanwireless.com/gb/

RSRP
-72.6dBm

Peak

0 RSRP
-92.8dBm

Peak

{ rsre
728dBm
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lNpoekTuposaHua moayna 5G mm-Wave

CEBACTOMOJIbCKUN
roCYAAPCTBEHHbIN

YHUBEPCUTET

= llenun
— Paspabotatb mm-Wave aHTeHHYI0 pelleTky ana
paboTbl B ceTAX 5-ro NoKoneHus
— MoAroTtoBKa K NPOTOTUNMPOBAHMUIO N USMEPEHUAM:
crnpoeKkTupoBaTtb PY MHUIO U fennTesib MOLWHOCTH
ONA KaXXA0M NoapeLLeTKN
= Cneuudumkauum:
— MHorocnoiMHas rubkaa neyaTHas nnata
— 1x4 28Ghz/39GHz aByx-AMana3oHHaa ABOMHOM
NoNApPM3aLLMN aHTEHHAA peLleTKa
— KomnaKTHbIl pa3mep

S-napameTpbl NO
BCEM 3/1eMeHTam

JInHns nepeaaym Ha rmMbKow
neyaTHoM nnarte

2. Onmmuaau,un peweToK No Anana3oHam

n S-Matrix(normalized)(1 - Lumped Port12, 3 - Lumped Port13, 4 - Lumped  ~5

In2
Port1d, 5 - Lumped Port1s)

$21 = $31 =541 = 551

Al 68

Frequency, Gz

CornacoBaHue 1 nsonAaumA
LLNPOKONOZIOCHOIo aenntena

3. Aiu3aitH genvutens MoLWHOCTU

. e
I - e
T . .

= meng [
= mow

-1

AHann3 KOMOUHMPOBAHHbIX
S-napameTpos 2-X peLeToK
B aHa/nn3aTope uenem

Amplitude, B

LWnpokaa nonoca, nsonsaumna >20 dB
meXay nonaApMsaLmnamm n gmanasoHamu

1. Am3aiiH n onTumu3sauusa usnyyatenemu

7 ——

Amplitsde, B

4. Utorosbiit an3aiiH
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CEBACTOMNOJIbCKUIA

CynepkomnbloTep e

"Karkabii yzen umeer goctyn K ssd NpocTpaHCTBY ANA NPOBEeAEHUA BbluMcnieHnn o6bemom 133 TB.
O6me XapaKTepucTuKmn

25/50/*/4

Intel Xeon Gold / AMD EPYC

NV TESLA T4 -E3x16 16GB

14,876

400 TB
InfiniBand

NV TESLA T4 -E3x16 16GB

no3xe npuwnT

no3xe nNpuwnT

CentOS

h I
<
w
2
o

2xAMD7702

OTcyTcTBylOT

276

300 r6
2 x Mellanox 100 6ut/c

Intel 1 F6ut/c

19 yanos

2xAMD7452

OTcyTcTylOT

256 r6

300 ré

2 x Mellanox 100 Méut/c

Intel 1 F6ut/c

2xIntel XEON 6248R

NV TESLA T4 -E3x16 16GB

116
300 r6

2 x Mellanox 100 Méut/c

Intel 1 M6ut/c




CrMACUBO
3A BHUMAHMUE!



