MaltAWG30

LLInpokononocHbIn reHepaTop
CUrHasoB NMPou3BOSIbHOU POpPMblI

MaltAWG30 - nepsoe nokosieHne
LLMPOKONMOSOCHLIX FeHepaTopoB CUrHanoB
NpPOn3BOSIbHOM dopMbl B NNHenKe
MaltAWG.

KNHOYEBbLIE XAPAKTEPUCTUKH

e YacToTa guckpeTtusaumm:
30 'ebI6./c (TVN.)

e [lnHamuyeckmn gmanasoH, cBo60aHbIN OT
napasuTHbIX cocTaBnsowmx: -40 abH;

e PaspeleHne no Beptukanu: 8 our;

e MrHoBeHHas pabo4as nonoca 4acToT: 4o
15Twu;

o  JdhekTnBHOE YNCNO 3HAYALLMX
paspsagos (ENOB) Ha nonHown nonoce
4acToT: He MeHee 4.5 6uT;

e Pexumbl paboTbl: O4HOKPATHbLIN,
HernpepbIBHbIA, CUHXPOHHbIN;

e KonunyecTtBo kaHanos: oT 1 o 8.

LLIMpOKONONOCHbIA ~ reHepaTop  CUrHaroB
NPON3BOSIbHOMN dopmbl MaltAWG30
ABNAETCA  nepefoBbiM  OTEYECTBEHHbIM
peweHnem B 06ractM  KOHTPOJSbHO-
N3MepPUTENBHOrO obopynoBaHus ans
reHepaymm NepUOLNYECKNX n

HenepnoauyYeckux CUrHamnoB C YacTOTOM
ANcKpeTusaumm 30 BbIO./C (Tvin.).
MaltAWG30 npeBocxoguT no MrHOBEHHOMY
paboyemy cnexkTpy yacTtoT BCE
OTEYECTBEHHble  reHepaTopbl  CUrHarnos,
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onepexaet 3apy6e>KHb|e peweHna no

AOCTYNMHOCTU  Ha  POCCUIACKOM  PbIHKe,
noaaepKke nonb3oBaTenen, BO3MOXXHOCTSM
nporpaMMUPOBaHNUS U HacTpOMKM  nop,
3aJauv KnueHTa.

MaltAWG30 no3BonsieT reHepupoBaTtb Kak

cTaHOapTHble  nepuvoaMyeckue  curHanbl
(cuHycoungy, MeaHzap, nMNoo6pasHbIi
curHan), Tak U nornb3oBaTenbeckue

nepuognyeckue CurHanbl CroXHON PopMbl.
Kpome TOro, OH MOXeT co3gaBaTb
CBEPXLUMPOKOMOSNOCHbIE  Henepuognyeckme
curHanel, 3apaHee NOLrOTOBMEHHbIE
nonb3oBateneM B Buae BbIOOpPKM unu
CUHTE3MpyeMble Ha neTy B reHepartope no
anroputMmy nonb3oBatend. B nocnegHem
cnyyae ANIUTENbHOCTb HenpepbIBHOIO
Henepuoauyeckoro curHana orpaHuvyeHa
TONbKO Bawewn paHTasmen! Takne CroxHole
Henepuognyeckmne curHanbl 00bI4YHO
NPUMEHSAITCA npu paspaboTke n
TECTMPOBAHNN TENEKOMMYHUKALUNOHHON WU
paanonioKaLMoHHOM TEXHUKN, CBSI3HOM
annapartypbl.

B Tex 3agavax, rge 4actoTbl AUCKpeTM3aumm
30 [I'eBbib./c poctatoyHo, MaltAWG30
cnocobeH MNOMHOCTbD  3aMEeHUTb  Takue
3apybexHble npubopbl, kak AWG70000A
(Tektronix) wun  M8195A  (Keysight).
eHepaTop curHanoB MaltAWG30 craHer
He3aMeHMMbIM OOMOSIHEHNMEM K OCHAaLLEHMIO
dU3nNYecKuXx, NPON3BOACTBEHHbIX,
METPONOrn4yecknx n y4yebHolx nadbopartopun,
CTaHeT OTNUYHbIM  UHCTPYMEHTOM  Ans
HaY4YHO-MPOU3BOACTBEHHbBIX  KOMMNaHUMA U
Hay4YHO-UccrnenoBaTeNlbCkUX MHCTUTYTOB B
Poccun.
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BO3MOXXHOCTU U NPEUMYLLECTBA

lMonHoueHHOE pelleHne Ans reHepauuu
lwmnpokononocHelx PY  curHanoB B
HaCTONTbHOM U CTOEYHOM UCMONHEHUU;

MpsiMas reHepaumsi LUMPOKOMOMOCHbIX
curHanoB ¢ Hecywen go 15 [Ty 6Ges
HeobxoaMmocTn BHELUHEro
npeobpasoBaHns c NoBbILLEHNEM
4acToThbl;

Manein  pxuttep (MeHee 150 doc)
NO3BONSET UCMONb30BaTb reHepaTop Ans
co3aaHus NCKMOYUTENBHO TOYHO
pPacnonoXeHHbIX Ha BPEMEHHOW LuKane
MMNYNbCOB;

Bo3moXxHOCTb moaennpoBaHnA
pearnbHbIX aHanoroBbIX NUCKaXXEHUN U
npenmea)KeHvu?l B BbICOKOCKOPOCTHbIX
nocrneagoBaTeribHbIX LUMHAX;

Bo3MOXHOCTb co3gaHnss MOAYIMPYHOLLNX
CUrHanos ans BbICOKOCKOPOCTHbIX
ONTUYECKUX KaHaroB CBA3WN C OTNUYHbLIM
BepTUKanbHbIM  paspelleHneM,  4To
No3BONsAeT reHepupoBaTb CUrHanbl C
MHOroypOBHEBOMW MOAynsiunen;

Bo3MOXHOCTb co3aaHuss COBCTBEHHbIX
CcLueHapueB NPAMON reHepauum OnnUHHbIX
7 CBEepPXAJIMHHbIX Henepnoanveckmnx
CUrHarnoBs,

O6vem namsatu curHanos 1 Msblb. (C
BO3MOXHOCTbIO paclumpeHuns go 8 'eblb.)
ana  ObICcTpoW  reHepauuun  3apaHee
NOArOTOBSIEHHbIX CUTHAMNOB U3 NaAMATH;

YaoobHoe yganeHHoe ynpaBrneHue Yepes
nto6on BHewwHun MNK;

Mobble cuUrHansil, 3axBayeHHble
ocuunnorpapamMn 1M oundpPoBLLMKaMn
curHanos, Hanpumep Tuna MaltDigi40,
nerko  BOCMPOU3BECTM Ha  [daHHOM
reHepaTope;
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e [lpubop  MOMHOCTLIO  OTKPbIT  Ans
MoandmKaLunn no " NPOLLNBOK
nonb3oBaTenewm;

e Bo3moxXeH  WMMMOpT  curHanos U3
NPOrpamMMHbIX MNPUNOXEHUA CTOPOHHUX
npounsBoauTernemn.

OBJIACTU NMPUMEHEHUA

e CospgaHue wwmpokononocHbix PY/CBY
CUrHanoB pAnsi CUCTEM CBA3N, B TOM
yucne 5G un 6G;

e TecTupoBaHue Ha COOTBETCTBME
CTaHOapTy BbICOKOCKOPOCTHbIX LUMH U
TENEeKOMMYHUKALUMOHHbIX ~ CUCTEM B
cbope;

e TecTupoBaHue Ha COOTBETCTBME
cTaHgapTy nonynpoBOAHUKOBbLIX YMMNOB U
BbICOKOCKOPOCTHbIX NPUEeMHUKOB c
cepunanusaumen (SERDES) B
npedenbHbIX  peXuMMax Ha 3apaHee
NCKaXXeHHbIX TECTOBbIX CUrHanax;

e ViccneposaHue n TecTupoBaHue
YCTPOWUCTB KOrepeHTHOWN OMTUKMY;

e [lepepoBble wuccnegoBaHus B obnactn
paanonokaunu,

e PaspaboTka MHTerpanbHO-POTOHHBIX
BblYUCTIUTENEN U MPUEMO-NepeaaTUnNKoB;

e WccnepoBaHns B obnactm  ou3uku
KOCMUYECKMX YacTuL, U (OU3NKN BbICOKMX
SHeprumn.



KAK PABOTAET TrEHEPATOP
CUIrHANOB MaltAWG30

leHepaTtop  MaltAWG30 oTHocutca K
npubopam € NpsiMbIM LMPPOBLIM CUHTE3OM
curHanos - Direct Digital Synthesizers, DDS.
B Takom ycTpoucTBe reHepauusi CUrHarnoBs
npovcxoguT nytem npsIMOro
npeobpasoBaHnss  UMGPOBLIX  BbIOOPOK,
n3Bnekaemblx U3  ObICTPOAENCTBYIOLLEN
onepaTtMBHOW MaMsATU reHepatopa Wnu
cos3fgaBaeMblX “Ha neTy” BO BCTPOEHHOM
nporpaMmMmmpyeMom reHepatope Ha 6ase
MINC, B aHanoroBbln CUrHam € MOMOLLbHO
BbICOKOCKOPOCTHOIO LIAT Ha
crneunanuanposaHHon  3akazHon CBUC
reHepartopa (ASIC). YHuKanbHas
apxuTekTypa ASIC nossonser
CMHTE3upoBaTb CUrHan ¢ paspeLleHnem o 8
O6uT no BepTukanu B norioce 4yactoT o 15
My,

basoBbin  Habop  BLIOOPOK  cuUrHanoB
pasnuyHbIX POpM 1 CTaHAAPTOB XPaHUTCS B
namsaTM reHepatopa. Ecnn  ummerowmxcs
BbIOOPOK HEOoCTaTOYHO, OHM MOryT ObiTb
co34aHbl ONepaTtopoM, B TOM 4ucre NyTem
nMnopTa MoAenen CUrHanoB U3  TaKuXx
npunoxexHmn kak MATLAB un gp. Obbem
namaTM  ang  xpaHeHust  BblIOOpOK Y
MaltAWG30 pacwwupsiem go 8 [Bbib. ans
ABYyXKaHanbHoOW Bepcuu, Ao 16 Bbib. ans
yeTblpexkaHanbHon Bepcun n 0o 32 BbIb.
AN BOCbMMKaHanNbHON BEpCUM reHepaTopa.

FrEHEPALINA LLUIMPOKONOJIOCHbIX CBY
CUrHANOB

"eHepauuns cBY curHanos ansi
TECTMPOBAHUS COBPEMEHHbIX 3NEKTPOHHbIX
YCTPOMWCTB CTaHoBUTCA Bce Gonee n Gonee
CNoXHoOW 3agayen, paspabotumkam CBY
obopyaoBaHud yxe HeJoCTaToO4YHO
reHepatopoB nepuognyecknx CBY curHanos
cTaHdapTHbIX popm. [ns TecTupoBaHMA Ha
COOTBETCTBME CTaHAapTaMm u onpefeneHus
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obnactn ycronumson paboTbl Heobxoaumo
TOYHOEe (popMUPOBaAHNE MNEPUOONYECKNX W
Henepunoanyecknx HEUCKaXKEHHbIX n
NCKaXXEHHbIX CUrHanos. "eHepaTop
MaltAWG30 moxXeT pewunTb 3TU Npobrnemsbi.
Cospante cBOM curHanm BO  BHELUHEM
npunoxexHun, Hanpumep MATLAB, a 3atem
npocto 3arpysmte ero B MaltAWG30,
ocTanbHOEe caenaeT reHeparop.

FrEHEPAUMNA CUTHANOB ONA
TECTUPOBAHUA KOFEPEHTHbIX
ONTUYECKUX NPUEMO-
NMEPEOATYUKOB

TeHaoeHUun yBeNMYeHus CKOpOCTH
nepegadnm  faHHbIX U MNOBCEMECTHOE
pacnpocTtpaHeHue WHTEPHET-TEXHOMOMNM
CTUMYIUPYIOT passuTtne KOrepeHTHbIX
ONTUYECKUX NUHUA panbHenm wn OnvkHen
cBs3n. Hanbonee BaxHbLIMW NapameTpamMmmu
ONTUYECKNX CUCTEM HABMAOTCA KavecTBO
da3oBon MOAynALMK, CKOPOCTb nepenayn,

YyacToTa anckpeTnsauuu, nonoca
NponycKaHus n paspeLleHne.
Mpepnaraemoe Hamu obopyaoBaHve Bbl
MOXeTe UCnonb3oBaTb AN reHepauuu
CUrHanoB W KanubpoBKM  KOrepeHTHbIX
ONTUYECKUX NINHNIA CBA3W.

YacToTa anckpeTusaumm reHepaTopa
curHasnos NPOM3BOJSIbHON dopMbl

MaltAWG30 pocturaer 30 [BbIO./c Ha
KaXkgoM M3 OOCTYMHbIX KaHanos. lMpu Takux
XapakTepucTukax BO3MOXHa npsimas
reHepaums |Q curHanoB, MCNONb3yeEMbIX B
KOrepeHTHbIX OMTMYECKUX CUCTEMAX CBA3W,
OCHOBaHHbIX Ha KBagpaTypHOM MOAynAumnn
ONTUYECKON Hecyulen u paboTarowmux co
CKOpPOCTAMM nepefdaym [JaHHbix go 200
éur/c.

maltsystem.ru 3



&5 MALT
»,’»’0’0’ w

"00’0" system
CO30AHUE TUNOBbLIX OFDM

CUIrHAIOB

B coBpemeHHOM GecrnpoBogHOM  Mupe
OpTOroHanbHOe 4YacTOTHOe pasfeneHune
CUrHanoB c MYNbTUMNEKCMPOBAHNEM

(OFDM) craHoBUTCA nNpeanoYTUTernbHbIM
METOAOM  MoZynAuuu  ana  nepegayuv
Bonblwmx 06BbEMOB LMUEPPOBLIX OAHHLIX Ha
KOpOTKME n cpegHue pPacCTOSAHUS.
HeobxoanmocTb LLIMPOKOW nonocsl
NPOMyckaHUs N HECKOSMbKMUX  HEeCyLUmnX
Bbl3blBaeT  CepbE3Hble  TPyAHOCTUM Y
WHXXEHEepPOB, KOTOPbIM HYXHO co3gaBaTb
OFDM cwurHanbl gna TectupoBaHna PY
NPUEMHMKOB. 30ecb Bam NnoMoXxeT
reHepartop MaltAWG30, NnpocTo
chopMUpynTE CBOW CUrHanm B UUdPOBOWN
dopme 1 3arpysuTe ero B reHepartop.

FrEHEPALINA BbICOKOCKOPOCTHbDIX
NOCNEANOBATEJIbHbIX CUTHAJIOB

XoTts curHansl BbICOKOCKOPOCTHbIX
nocnegoBaTtenbHbIX WWH U COCTOAT OBbIYHO
N3 eguHUL, U Hynen — ABOUYHBIX OaHHbIX, C
yBernM4YeHneM TaKTOBOW  4acToTbl  9TK
npocTble nocrneaoBaTenbHOCTU eauHUY, U
Hyren CTaHOBATCS BCE Gonblue MOXOXW Ha
aHanoroBble  CWUrHanbl  U3-3a  3NEKTPO-
dusnyecknx ¢akTopoB, BO3AEUCTBYIOLLUX
Ha HWX. HyneBoe BpeMsi HapacTaHusa u
abCconTHO MMOCKME BepLUMHbl «KaK B
yyebHUKe» B peanbHbIX  UMPPOBLIX
curHanax He cyuwecTtByoT. B HacTosawmx
3NEKTPOHHbIX CXeMax MPUCYTCTBYIOT LUYyMbl,

[KNTTEp, NepeKkpECTHble nomexm,
pacnpeaenéHHble peakTMBHble
COMPOTUBNEHUS, KonebaHus HanpskKeHus

WUCTOYHUKOB NUTaHUSA N Apyrve napasmTHble
aBneHns. Bcé aTo okasbiBaeT HeraTUBHOE
BNUSHWE Ha curHan.
PeanbHbin  undposomn
COOTBETCTBYET CBOEMY
3KBUBAseHTy. "eHepaToOp
SABNsieTCA NCTOYHNKOM

«MeaHap»  penko
TeopeTnyeckomy
MaltAWG30

curHana n
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npencraeBnseT cobon OTNUYHOE pelleHue
«BCE B OOHOM», KOTOpoe Mo3BONseT
reHepupoBaTb CUrHas, COOTBETCTBYHOLLMI
HaCTOSALWEMY COCTOSHUIO NIMHUM Mepeayn.
Bbl MoxeTe wuMuUTUpoOBaTb MNPOU3BOSIbHbLIE
aHanoroBble [Je@eKTbl, KOTopble WUMEeIT
MECTO B pearibHbIX YCIOBUSX, reHepaTop ux
Bocco3gacT T.K. B reHepaTtope MaltAWG30
ncrnonb3yetca MeTod MpPsIMOro CUHTes3a,
KoTopbii  obecneunBaet ¢opmMmMpoBaHMe
CUrHanos, MOAENUPYIOLLUX nobble
apekTel, B TOM 4MUCMe NPOXOXAEHune
curHana no nuHuM nepegadn. Bpewms
HapacTaHus, hopMa UMnyrbca, 3agepxka u
NCKaXXeHUs1 — BCE 9TO MOXHO BOCIMPOU3BECTU
¢ nomouubto MaltAWG30.

Bbl MOXeTe BHOCUTbL B UMJpPOBbIE OaHHbIE
pa3HooOpa3Hble aHomanuuM, B TOM 4uUche
DKUTTEP  (CryYyarHbI,  Nepuoguyeckun,
CYHycouaanbHbIn), LyM, NCKaXXeHUs
KoadpuumeHTa 3anonHeHnsa (DCD), npea- u
MOCT- WCKaXXEHUS U UX KOMMEHcaLmLo,
MexcumBonbHble nomexu (ISI), a Takke
OCYLLECTBMATb reHepauuio TaKkTOBOW
4acToTbl C pacnpefdesieHHbIM  CMEeKTPOM
(SSC). [Hdanee npocto 3arpyaute aTu
AaHHble B MaltAWG30 u oHn 6yayt
BOCMNPON3BEOEHDI.

Ons 3agau BbICOKOCKOPOCTHOM
nocnegoBaTenbHOM NepefayM [OaHHbIX C
NPUMEHEHNEM SERDES reHeparop
MaltAWG30 npeanaraet OTNINYHOE
pelweHne npobnembl reHepauuu
ajeKkBaTHbIX  TECTOBbIX  CWUrHanos. B
nocnegHue rogbl ¢ Takumm npobnemamm Bcé
yalle cTankusatoTcs pa3paboTunkm
YCTPOWCTB, Nepeq KOTOpbIMU CTOAT 3agaun
Nno TECTUPOBAHMIO, KOHTPOM U OTnagke
CNOXHbIX LMPPOBLIX CUCTEM.

FEHEPATOP NMOCNEQOBATEJIbHOCTEMN

CDyH KUMS reHepaummn nocriegoBaTenibHOCTEN
CUrHarnos peann3yetcA B reHepartope



MaltAWG30 nocpeacteom 3anueku B MNJINC
reHepaTtopa Mofib30BaTENbCKON MPOLLUNBKN.
OTa  (QyHKUMS  MO3BOMSET  COBMECTHO
nporpammmpoBatb paboTy ABYX KaHanos
npu UCMONMbL30BaHMM €AUHOW  TaKTOBOM
YacTtoTbl. MakcMmanbHOe YNCNO NOBTOPEHUI
- He OrpaHn4YeHo, onpegensieTcs
nonbL30BaTeNbCKON NPOLLMBKOWN.
MakcmnmanbHoe ymncno waroB
nocnenoBaTesibHOCTU — He  OrpaHuUYeHo,
onpegenseTtcs NoJib30BaTENIbCKOWN
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MoanocnepoBaTenbHOCTM  —
MHOrOypOBHEBbIE,  KOJIMYECTBO  YPOBHEW
BJTOYKEHHOCTHU - He orpaHuyeHo,
onpepenseTcs Nnofb30oBaTENbCKON
npowwmsBkon. MakcumanbHas CcymMmmapHas
ONVHa Bcex nocnegoBaTenbHOCTEW U
noanocregoBaTenbHOCTEN orpaHuyeHa
TOMbKO CyMMapHOW NamATblo reHepaTtopa B
8 'BbIO.

NPOLLNBKOMW.
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CEMEWCTBO rEHEPATOPOB CUIrHANOB NMPOU3BOJIbHOU ®OPMblI
MaltAWG30

CemencTBo reHepaTopoB curHanoB npounssosibHon opmbl MaltAWG30 nocTpoeHo Ha
6ase nporpamMMHo-annapaTHOro Moayrns Ans BbICOKOCKOPOCTHOrO LMdpO-aHanoroBoro
N aHanoroBo-ungpoBoro npeobpaszoBaHMs LUIMPOKOMOMOCHbLIX CUTHANoOB B peanbHOM
BpemeHn Alpha.

basoBbIl reHepaTop curHanoB npoudsosribHon dopmbl MaltAWG30-XX-1 — aTo
O[HOKaHarmnbHbIN reHepatop B HACTONIbHOM UMM CTOEYHOM  MUCMOMHEHUN C
AOMOMHUTENbHBIM MapKepHbIM kaHanom n obbemom namatv 1 Msbi6. Ynpasnsiowlee
MO reHepaTopa UCMONHAETCHA Ha BCTPOEHHOM B npunbop x86 MK, KoTopbIn NnogkmntoyveH K
kommyHukauunoHHon MINC A Xilinx Kintex XCKU15P no nHtepdeincy PCle Gen3 x1.
Ynpaenstouwee N0 noctpoeHo Ha 6a3e NpoekTa ¢ OTKPbITbIM UCXOAHLIM Kogom Sigrok,
cogepxut  rpadmdeckun  uHTepdenc  PulseView, nossonsoowmnn  OTKpbIBaTb,
npocmaTpmBaThb U 3arpyaTb B reHepaTop curHanbHble Bbibopku. MO cooepxuT Takke
AOMOMHUTENbHbIE MOZYNW ANsi KanubpoBKW, HACTPOMKM U MOHUTOpMHra paboThbl
reHepaTopa. OCHOBHOM kaHan reHepatopa cHabeH GrIOKOM BHYTPEHHEWN KannbpoBKw,
KOTOpas MnpovM3BOAUTCA MNpU KaKOoM BKoYeHun npubopa. MapkepHbin kaHan B
MaltAWG30-XX-1 npegHasHayeH Ons BbldauM Ha BHeELWHME npubopbl LmMdpoBOro
cuUrHana, CBsi3aHHOro MO BPEMEHU C BbIXOAOM OCHOBHOIMO KaHara, He COAEPXUT CXeM
KannubpoBkn. OBbIYHO NPUMEHSETCH AN CUMHXPOHU3aUUM UMW 3anycka BHELUHUX MO
oTHoweHno kK MaltAWG30 nameputenbHbiX NpubopoB. bnok-cxema Takoro reHeparopa
npuBegeHa HUxe.

4 OCHOBHOW BbIX0A, 2X2.92 MM
PCle
Gen3 x1

v

x86
XocTt

MapkepHbIi1 BbIXod, 2X2.92 MM

v

Bxoa cunxponusaumm 10 My r

»
Bxog Tpurrepa Cuctema aBTOKanMobpoBKM ]17
>
-

Puc. 1. Bnok-cxema MaltAWG30-XX-1

A

leHepaTop MaltAWG30-XX-2 B pgononHeHne Kk Bo3MOXHocTam MaltAWG30-XX-1
COAEPXUT CXEMY KanmbpOBKM BTOPOro KaHana M CXeMy BPEMEHHOW CUHXPOHWU3aLMMK
ABYX KaHanoB C KOMMEHcauuen B3auMMHbIX 3agepxkek. KannbpoBka oboux kaHanos
NPOM3BOOUTCA MNpU KaXaoM BKMoYeHun npubopa. lMMpu HeobxogmmocTn oauvH U3
kaHanoB MaltAWG30-XX-2 MOXeT MCnonb30oBaTbCA Kak MapKepHbln. bBrok-cxema
MaltAWG30-XX-2 npuBeaeHa Huxe.
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Bbixoa 1, 2x2.92 mm

v

PCle
Gen3 x4

x86 nnamc A Bbixoa 2, 2x2.92 mm
XocTt >
___/
A
Bxoa cuHxponusaumm 10 My, - D
”1 Cuctema aBTOKanMbposku n [
Bxop Tpurrepa
> CUHXPOHM3aLunn <
\ 7

Puc. 2. Bnok-cxema MaltAWG30-XX-2

"eHepaTop MaltAWG30-XX-2-HBM B gononHeHne Kk Bo3aMoxHocTam MaltAWG30-XX-2
cogepxut BcTpoeHHyto MJINC B Xilinx Virtex VU37P, obnagatowyto cBepxbbiCTpon
namateto TMna HBM2 obbvemom 8 [BbI6., [oCTynHOM Ana nonb3oBaTend.
KommyHukaumonHas [JIMC B B MaltAWG30-XX-2-HBM no BbICOKOCKOPOCTHOMY
CTPYMUHIOBOMY WHTepdency ¢ nponyckHon cnocobHocTbio 600 M6ut/c nogkntoveHa K
MINC A Xilinx Kintex XCKU15P. TIJIUC B Xilinx Virtex VU37P B cBO o4vepeib Takke
nogkniodeHa k ynpasnstowemy K no nHtepgency PCle Gen3 x4, a takke MNJINC B
Xilinx Virtex VU37P npepoctaBnseT [[OMOMHUTENbHBIA BHELUHUA CTPUMWHIOBbIN
MHTepdenc ¢ nponyckHon cnocobHocTbio 400 M6ut/c Ha 6ase 25G TpaHcMBepoB Ans
NOOKIMIYEHNA K BHELIHMM WCTOYHMKAM AaHHbIX. Takmm obpasoMm TpakT nepegaydn
AaHHbIXx MaltAWG30-XX-2-HBM nosBonsieT nnbo reHepupoBaTb CUrHanbl Ha OCHOBE
OrpoMHbIX HAbOPOB AaHHbIX pa3mepomM Ao 8 Bbi., 3arpy>keHHbIX ¢ X86 xocTa B NaMsaTb
VU37P, nmnbo cosgaBatb Ha VU37P cobcTtBeHHble BbIOOPKM Ha OCHOBE
NnoNb30BaTeNbCKNX MPOLKMBOK, MO0 MNpuHMUMAaTb AdaHHble B pPexXumMe pearibHOro
BPEMEHM Ha OAMH KaHan reHepartopa ¢ BHewwHero 400 6ut/c Ethernet nHtepdenca.

4x100G Ethernet |_|

Bbixoa 1, 2x2.92 mm

v

PCle
Gen3 x4

x86
Xoct

Bbixoa 2, 2x2.92 mm

v

512
Gbit/s

Bxop, cuHxpoHuaauum 10 MMy 7 \
> <
”| Cwuctema aBTokanuéposkm n |

CUHXPOHM3auun
. J

Bxop Tpurrepa

P

Puc. 3. Bnok-cxema MaltAWG30-XX-2-HBM

"eHepaTop MaltAWG30-XX-4 no BO3MOXHOCTAM NOMHOCTbIO nosTopaeT MaltAWG30-
XX-2, ogHako coaepxuT He 2, a 4 He3aBUCUMbIX KaHana. Bce 4 kaHana MaltAWG30-
XX-4 nopknioyeHbl K CXeMe BPEMEHHOM CUHXPOHM3aUMM WU KannbpoBKU KaHasoB.
KanubpoBka kaHanoB npoM3BOAUTCA MpU  KaXaom BKMAYeHun npubopa. [lpu

maltsystem.ru 7



HeobXxoanMMOCTN OauH unu napa m3 kaHanos MaltAWG30-XX-4 MoryT ucnonb3oBaTbCs
Kak MapkepHble. brnok-cxema MaltAWG30-XX-4 npuBeaeHa HUXeE.

Beixog 1, 2x2.92 mm
Bbixog 3, 2x2.92 mm

PCle
Gen3 x1

vy

x86

XocT Bebixog 2, 2x2.92 mm

Bebixog 4, 2x2.92 mm

vy

PCle
Gen3 x1

Bxop cnHxpornsaumm 10 MI'y r ~
”|l Cucrema aBTOKaNUGPOBKY U
CUHXPOHM3aUun

\ J

Bxop Tpurrepa

A 4

AAAA

Puc. 4. Bnok-cxema MaltAWG30-XX-4

"eHepaTop MaltAWG30-XX-4-HBM co4deTaeT B cebe BCe BO3MOXHOCTU reHepaTopoB
MaltAWG30-XX-2-HBM n MaltAWG30-XX-4, cooepXuT 4 He3aBUCUMbIX KaHana, OBe
MNC B Xilinx Virtex VU37P, obnagatouwme cBepxbbicTpon namsaTtbio Tuna HBM2
obbemom 8 [Bblb6. Kaxgas, ABa [AOMOMHUTESbHBbIX BHELWHUX CTPUMUHIOBBLIX
UHTepdenca c nponyckHon cnocobHocTblo no 400 Gut/c kaxgbin Ha Gase 25G
TPaHCUBEPOB AN MNOOKMIOYEHNA K BHELWHUM WCTOMHMKaM [aHHbIX. Bce 4 kaHana
MaltAWG30-XX-4-HBM nogknto4eHbl K CXEeMe BPEMEHHOW CUHXPOHM3aAUUN U
KannubpoBkn kaHanoB. KannbpoBka kaHanoB MPOW3BOAUTCS MNPWU KaxXOOM BKIHOYEHUN
npudopa. bnok-cxema reHepatopa MaltAWG30-XX-4-HBM npuseaeHa Huxe.

Rl H [] 410G Ethernet

Bbixog 1, 2x2.92 mm
Bbixog 3, 2x2.92 mm

PCle
Gen3 x4

x86

Xoct Bbixoa 2, 2x2.92 MM

Bbixoa 4, 2x2.92 mm

vvyVvyy

512
Gbit/s

PCle
Gen3 x4

Bxog cvHxpoHusauum 10 MMy r \
”| Cucrema aBTOKanMGpoBKM 1
> CUHXPOHM3aLun

Bxop Tpurrepa

Puc. 5. CtpyktypHasa cxema MaltAWG30-XX-4-HBM

"eHepaTop MaltAWG30-XX-8 no BO3MOXHOCTAM NonHOCTbio nostopsaeT MaltAWG30-
XX-4, ogHako cogepxuT He 4, a 8 He3aBUCMMbIX kaHanoB. Bce 8 kaHanoB MaltAWG30-
XX-8 noOkmoYeHbl K CXemMe BPEMEHHOW CUHXPOHM3auMm U KannbpoBKW KaHaroB.
KanubpoBka kaHanoB nNpou3BOAUTCS NpU  KaXAoM BKNoveHun npubopa. [Mpu
HeobxoanumMocTn Ao YeTbipex kaHanoB MaltAWG30-XX-8 moryT mcnonb3oBaTbCA Kak
MapkepHble. bnok-cxema MaltAWG30-XX-8 npuBeaeHa Huxe.

8 maltsystem.ru
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PCle -
Gen3 x1 Bbixog 1, 2x2.92 Mm >
PCle ) ™ Bbixog 3, 2x2.92mMm
Gen3 x1 — v
x86 LIAM1 Bbixog 2, 2x2.92 mm
nnnc A >
XocTt LIAM2 Bbixog 4, 2x2.92 MM >
512 Beixog 5, 2x2.92 mm
/ Gbitls >
A Bbixog 7, 2x2.92 MM
>
PCle I Bbixoa 6, 2x2.92mm
Gen3 x1 Bbixoq 8, 2x2.92 mm
PCle | >
Gen3 x1 I
Bxop cuHxpoHnusauum 10 MMy (" )
Cucrema aBTOKanMobpoBKu U
Bxop Tpurrepa CMHXPOHM3aLum

\_

Puc. 6. Bnok-cxema MaltAWG30-XX-8

"eHepaTop MaltAWG30-XX-8-HBM codeTaeT B cebe BCe BO3MOXHOCTU rEeHepaTopoB
MaltAWG30-XX-4-HBM n MaltAWG30-XX-8, cogepXut 8 He3aBUCUMbIX KaHanoB,
yeTblpe MJINC B Xilinx Virtex VU37P, obnagatwouwme cBepxbbICTpOn namaATbio Tuna
HBM2 obbemom 8 [BbI6. kaxaasd, YyeTblpe OOMOMHUTENbHBIX BHELUHUX CTPUMUHIOBbIX
UHTepdenca ¢ nponyckHon cnocobHocTbio no 400 Gut/c kaxgbin Ha Gase 25G
TpaHCUBEPOB AN MOAKMIOYEHUS K BHELWHMM MCTOYHMKaAM [aHHbIX. Bce 8 kaHanos
MaltAWG30-XX-8-HBM nogknto4eHbl K CXEeMe BPEMEHHOW CUHXPOHM3aAUUN U
KannubpoBkn kaHanoB. KannbpoBka kaHanoB NPOW3BOAUTCS NPU KaxXOOM BKIHOYEHUN
npudopa. bnok-cxema reHepatopa MaltAWG30-XX-8-HBM npuseaeHa Huxe.

4x100G Ethernet

4x100G Ethernet
4x100G Ethernet
|-| |-| 4x100G Ethernet

PCle |
Gen3 x4 Bbixoa 1, 2x2.92 Mm >
PCle ™ Bbixod 3, 2x2.92 mm
Gen3 x4 [— >
x86 LAM Bbixoa 2, 2x2.92 Mm
nnuc B nnuc A >
Xoct LAM2 Bbixod 4, 2x2.92 MM
600 512 Bbixoa 5, 2x2.92 Mm
Gbit/s Gbit/s >
A Bbixog 7,2x2.92 Mm
PCle I Bbixoa 6, 2x2.92 Mm >
Gen3 x4 Bbixoa 8, 2x2.92 Mm
PCle | >
Gen3 x4 I
Bxoga cuHxpoHu3auum 10 MINy (
Cucrema aBTokanmbpoBku 1
Bxog, Tpurrepa CUHXpOHU3aLumun
.

Puc. 7. CtpyktypHasa cxema MaltAWG30-XX-8-HBM
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NMPOrPAMMHOE OBECNEYEHUE

[ns ynpaBneHus yHKUMsaMU npubopa npeanaraetcs rpaduyeckuii Nornb3oBaTenbCKuii
nHTepderic. OH No3BonsieT ynpaBnsaTb NapaMeTpaMu CUrHana, a Takke OCYLEeCTBNSATb
KOHTPOIb COCTOSIHMS YCTPOWCTBA M yrNpaBneHne afeMeHTammn reHepaTtopa CMrHasnos.

Fevepatop curHanos GNU Radio v o x

o VICTOUHMK AaHHbIX Tan curnana

Mapamerpei
o reveparop o cmycstyy [ dacrora: 0192308 GHz

o meanapsQR) W acrora (| 192307692
Toeyronswnc TR l oo 100
(HeT Gaiina) Nuna (SAW) Cmeuenve: 127

\ PRES AunnuTyaa wywa 1)

Cratyc: PaGoraer - Cumyc (SIN) @ 0.192 Ty
; CurHan

B @

Avnnutyaa

r T T T T T
\ 0 50 100 150 200 250 ‘
Time (ns)

Puc. 8. OcHoBHoM 3kpaH MO reHepaTopoB curHanoB cepun MaltAWG30

I'IporpaMMHoe obecneyeHne NO3BONSET:

e wumnoptmpoBatb (1) curHanel M3 daunos dopmatos .DAT, .BIN, .CSV wnu
NCNoNb30BaTb BCTPOEHHbIN reHepaTop.

e 3agasaTtb (2) TUN BbIXO4HOrO curHana, ero (3) napameTpbl (aMAAUTyAy, YacToTy,
CMELLEHNE, UCKAXKEHNS U OP.), PEXMM TaKTUPOBaHUS;

e ynpaensTb (4) pexnmom paboTbl 1 0TOBpaxkaTb TEKYLLMIA CTaTyC YCTPOWNCTBA;

e BM3yanusmpoBaTb (5) reHepupyembli CUrHanm;

10 maltsystem.ru
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TEXHUYECKUE XAPAKTEPUCTUKA

[MpuBeaeHHbIe XapakTEPUCTUKM OTHOCATCS KO BCEM MOAESNSAM, ECNN HE YKa3aHO UHoe.

TexHnyeckme xapakTepucTuku MoryT ObITb YTOYHEHbI UMK USMEHEHbLI NMpon3BoanTENIEM

bes3 yBeOOoMITEHNA.

LMDPO-AHAIIOIrOBbIN NPEOBPA3OBATESb

YacTtoTa guckpeTtumsauumm

oT 24 no 32 I'eblb./c

PaspeLueHne no BepTmkanu (HOM.) 8 6ut
YACTOTHbLIE XAPAKTEPUCTUKU
BbixogHas achdekTnBHas yactoTa 12,8 Ty
Fmax onpedensemcs kak « Hacmoma Ouckpemu3sayuu/KoaghgpuyueHm
nepeduckpemusayuuy unu «4acmoma ouckpemusayuu / 2,5»
lMonoca nponyckaHWsi aHanNoroBbIX KaHanoB 17,8y

U3mepsiemcs no MHO204acmomHoMy cuaHasly pasHol amiaumydb! 8 npedesnax
Ouana3oHa. Koppekyus sin(x)/x npumeHssemcs K usmMepeHHoUl xapakmepucmuke 00
MOMeHma, roKa ee HepasHoOMepHOCMb He rpesbicum —3 0b

BPEMEHHbLIE XAPAKTEPUCTUKU

CkopocTb nepegayv (HOM.)

Ckopocmb momoka yugposbix OaHHbIx onpedernisemcs kak «Yacmoma duckpemusayuu
/ (4 moy4ku Ha nepuod)», 4Mo N0380s155€M 2eHepUPo8amsp 1H0bbIE UCKaXeHUS

Bpewms HapacTaHus/cnaga (Tvn.)

Bpems HapacmaHusi/cnada usmepsiemcs o yposHsam 20% u 80% u cocmaensem 0,75
om ompacriego2o cmaHdapma, orpedesisieMozo o yposHsM 10% u 90%

256 out/c Ha
KaHan

<40 nc

AMMIINTYOHbIE XAPAKTEPUCTUKU

YposeHb amrnumydbl uamepsemcs mexoy dughghepeHyuanbHbIMU
XapakTepucTukM amnnuTyabl ebixo0amu (+) u (-). Ana HecumMmempuydHbIX 8b1X0008 YpOBeHb
BbIXOAHOro cUrHana amnnumyobi 6ydem pageH rosio8UHe yKa3aHHO20 YPOBHSI
HarpsKeHus
OnanasoH (Tun.) Ot 14 mBp-p go 0,9 Bp-p
PaspeweHune (Tun.) 3,5mB

maltsystem.ru 11



QPPEKTUBHOE YNCI1O PA3PANOB (ENOB)

OhhekTnBHOE YMCHo
paspsaos (ENOB)

He meHee 4,5 6uT B nonoce nponyckaHus
C YY4ETOM BCEX LLUYMOB U UCKAXXEHUI

CTAHOAPTHbLIE ®OPMbl CUTHAIA

Bba3zoBbIi Habop
¢opm curHana

CUHYC, MeaHAap, UMMYrbC, ABOMHON UMNYNLC, NUNa,
3KCMOHeHUmanbHbIn pocT/cnag,
dyHKUMK sin(x)/x, Maycca, NopeHua, MaBepcuHyc, aaauTUBHBIN LLYM

XAPAKTEPUCTUKU ANMAPATHON YACTU

MaltAWG30-XX-2

MaltAWG30-XX-1 MaltAWG30-XX-2-

MaltAWG30-XX-4
MaltAWG30-XX-4-

MaltAWG30-XX-8
MaltAWG30-XX-8-

HBM HBM HBM
KonnyectBo
aHarnoroBbIX 1 kaHan 2 KaHana 4 kaHana 8 kaHanoB
BbIXOJ0B
1 2 4 8

BbIXOAHOI pasbem i AMdDDEpeH- Andpepen- AubdepeH-

LmanbHbIN LmanbHbIX LManbHbIX LmanbHbIX

2.92mm 2.92mm 2.92mm 2.92mm

MonHoe sbixoaHoe 2x50 Om 2x50 Om 2x50 OMm 2x50 Om
COMpoTUBNEHNE
O6bem namaTu CraHgapTHO: oo 1 MBbi6./kaHan
BbIGOpOK C mapkuposkont HBM: go 8 'Bbi6./kaHan

PEXWMbl PABOTbI

OpHokpaTHbIN

Curnan BOCNpOn3BOOANTCA OAHOKPATHO Npu NOCTynJi1eHN CUrHana 3anycka.

HenpepbiBHbI

CWHXPOHHbIN

CwurHan nocTosiHHO NnoBTOPAETCA.

CurHan BOCNPOU3BOONTCA NpU NOCTyNIIeHNUN CUrHarna 3anycka un satem

MOCTOAHHO NOBTOPAETCA.

XAPAKTEPUCTUKKN BCTPOEHHOIO KOMIMbIOTEPA

OnepaunoHHas cuctema /

nepndgepwus /

nopTbl BBOAA-BbIBOAA

Bo3moxHoCTb umMnopTta danna

curHarnos

- Linux
- onepaTuBHas namsTb 32 6ant
- TBEPAOTENbHBLIN Hakonutens 1 T6ant
- nopt Ethernet RJ-45 ¢ nogaepxkon 10/100/1000BASE-T

MmnopT hannoB curHanoB cnegyowmx dopmaToB:
.DAT, .BIN, .CSV

YnpaeneHue npuGopoM 1 nepegayva AaHHbIX

Ethernet

JvcTaHumnoHHoe ynpaBneHue u nepegaya AaHHbIX
(cooTBeTcTBYET IEEE-Std 802.3)
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AOMNOJIHUTEJIbHbLIE BbIBObl

O::
PECES
,0,0,0

e,
\000

y MALT

system

MaltAWG30-XX-1

MaltAWG30-XX-2

MaltAWG30-XX-2-

MaltAWG30-XX-4

MaltAWG30-XX-4-

MaltAWG30-XX-8
MaltAWG30-XX-8-

HBM HBM HBM
Mapkepbl
KonuyectBo Jo 1 o 1 Jo 2 No 4
1 1 1
(B ogHOKaHanbHOM | (B TpexkaHarbHOM (B cemu-
pexunme) pexume), KaHanbHOM
2 pexunmve),
(B OBYXKaHaNbHOM
pexume), 4
(B yeTbIpex-
KaHarnbHOM
pexume)
Tun Andcbepen- AndpdepeH- Audpdbepen- Andcbepen-
LManbHbIN LUManbHbIN LManbHbIN LManbHbIN
2x2.92mm 2x2.92mm 2x2.92mm 2x2.92mm
Pasbem (Ha nepegHen (Ha nepegHen (Ha nepegHen (Ha nepegHem
naHenw) naHenwu) naHenw) naHenu)
MmneoaHc 2x50 Om 2x50 Om 2x50 Om 2x50 Om
Ot 14 mBp-p po Ot 14 mBp-p po Ot 14 mBp-p go Ot 14 mMBp-p go
AwnnutyAa 0,9 Bp-p 0,9 Bp-p 0,9 Bp-p 0,9 Bp-p
PaspelueHune 3,5 mB 3,5 mB 3,5 mB 3,5 mB
Bpewms
HapacTakus/cnaja <40 nc <40 nc <40 nc <40 nc

(no yposHto 20 - 80
%)

Tpurrepsbl

Konnyectso

Pasbem 2.92mm (Ha nepegHew naHenw)
MmnenaHc 50 Om

Bxop BHewHero nctoyHuka taktupoBaHmsa 10 MMy (a4na CMHXpPOHM3aLMKN U KanMoépoBKu)

Pastem
MmnenaHc
Amnnutyga

YacToTa

SMA (3agHsas naHenb)

50 Om, cBAA3b N0 NEPEMEHHOMY TOKY

Ot +4 no +2 nbm

10 MlNy = (1 ppm + NoTeps kKa4ecTBa OT BPEMEHN)
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FABAPUTbI U BHELLHWUA BUA

KaHan 1 KaHan 2/mapKkepHbli BbIXO[,
(anddepeHunanbHbin 2.92mMm)  (anddepeHUmnanbHblin 2.92Mm)

Bkn/Bbikn UHgukatopbl  USB Bxop Tpurrepa
COCTOAHUA (anddepeHumanbHbIi 2.92Mm)

Puc. 9. NepeaHsasn naHeno MaltAWG30-XX-1 / MaltAWG30-XX-2 / MaltAWG30-XX-2-HBM

Pa3smepbl
BbicoTa 177,8 mm
WnpwuHa 483,7 mm
my6buHa 553,0 Mm

YCITOBUS OKPYXAIOLLEW CPEAbI U BE3ONACHOCTb

Temnepartypa
npu pabote ot +10 po +35 °C
npu XpaHeHun o1 -20 go +60 °C
BnaxHocTb
- 0, )
npu pabote OTHOCUTENbHas BJ'Ia)KHOCT6b oT 5 0o 90 % npu Temnepatype go 30 °C
- 6e3 koHaeHcaumm
- OTHOCUTENbHasH BNaxHoCTb oT 5 Ao 90 % npu Temnepatype go 30 °C
npv XpaHeHun - OTHOCUTENbHAas BNaXHOCTb OT 5 Ao 45 % npu Temnepatype ot 30 go 60 °C
- 6e3 koHaeHcaumm
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MHOOPMALIUA ONA 3AKA3A

Moaenb

OCHOBHbI€ XapaKTePUCTUKU

MaltAWG30-XX-1

MaltAWG30-XX-2

MaltAWG30-XX-2-HBM

MaltAWG30-XX-4

MaltAWG30-XX-4-HBM

MaltAWG30-XX-8

MaltAWG30-XX-8-HBM

OfHoKaHarsbHbI reHepaTop CUrHanoB NpPOM3BOJIbHON (HOPMbI

(30 'ebIb./c, 8 6uT, Nnonoca nponyckaHust XX =8/12/16 Ty, o6bem
namaTtn 1 MBbI6., Makcumym 1 MBbIG./kaHan, 1 OCHOBHOI KanMbpOoBaHHbI
KaHan + 1 mapkepHbI KaHan).

[ByxKaHanbHbIV reHepaTop CUrHanoB NPoOU3BONbHON (PopMbI

(30 I'BbIG./C, 8 6BUT, Nonoca nponyckaHus XX =8/12/ 16 [Ty, o6bem
namat 1 MBbl6., Makcumym 1 MBbi6./kaHan, 2 kanbpoBaHHbLIX kaHana,
OLVH 13 KOTOPbIX MOXET UCMNOSMb30BaTbCS KaK MapKepHbIN kaHan).

[ByxKaHanbHbI reHepaTop CUrHanoB NPOu3BOribHOW OPMbI C
yBENUYEHHbIM 00 BLEMOM NaMSATK

(30 'ebIb./c, 8 6uT, Nnonoca nponyckaHust XX =8/12/16 My, obbem
namatu 8 I'ebI6., Mmakcumym 8 'BbIO./kaHan, 400G Ethernet Bxog ans
CcTpUMuHra (onuymsi), 2 kKanMbpoBaHHbIX kKaHana, OAMH U3 KOTOPbIX MOXET
MCMNOmNb30BaTbCS Kak MapKepPHbIN kKaHan).

YeTblpéxkaHanbHbIN reHepaTop CUrHanoB NPOU3BONbHOW hOPMbI

(30 'ebIG./c, 8 6uT, Nonoca nponyckaHust XX =8/12/16 Ty, o6bem
namaTtu 2 MBbI6., makcumym 1 MBbI6./kaHan, 4 KanMbpoBaHHbIX kKaHana, 2
N3 KOTOPbIX MOTYT UCMONb30BaTbCA Kak MapKepHbIE).

YeTbIpEXKaHanbHbIN reHepaTop CUrHanoB NPOU3BOSIbHOM POPMbI C
yBENNYEHHbIM 06 EMOM NamATK

(30 I'ebIB./c, 8 6uT, Nonoca nponyckaHus XX =8/12 /16 Ty, o6bem
namatn 16 ebI6., makcumym 8 'BbiO./kaHan, 2x400G Ethernet Bxoa ana
cTpumMuHra (onums), 4 kannbpoBaHHbIX KaHana, 2 U3 KOTOpbIX MOryT
MCNOoNb30BaTbLCS Kak MapKepHbIe).

BocbMukaHanbHbIM reHepaTtop CUrHanoB Npoun3BOSibHOM (OOPMbI

(30 'ebIG./c, 8 6uT, Nnonoca nponyckaHuss XX =8/12/16 I'Tu, o6bem
namatn 4 MBbI6., makcumym 1 MBbi6./kaHan, 8 kanMbpoBaHHbIX KaHanos., 4
N3 KOTOPbIX MOTYT UCMONb30BaTbCS Kak MapKePHbIE).

BocbMuKaHanbHbIN reHepaTop CUrHanoB NPon3BoSibHON POPMbI C
yBENMYeHHbIM 06 EMOM NamATK

(30 'ebIb./c, 8 6uT, Nnonoca nponyckaHust XX =8/12/16 Ty, obbem
namatn 32 I'BbI6., Makcumym 8 'Bbib./kaHan, 4x400G Ethernet Bxoa ans
CTpMMMHra (onuus), 8 kKannbpoBaHHbIX KAaHANoOB, 4 N3 KOTOPbIX MOTyT
MCNONb30BaTLCS Kak MapKepHbIE).
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PacwundpoBka MapKNpoBKU:

MaltAWG | I | I | I | HBM I Pa3spsidHocmb 8 6um
Y YBenuueHHblin 06beM namati BeiBopok (1o 8 I'ewib /kaHan) - ecTk / HeT

KonwnyecTtBo kaHanos-1/2/4 /8 wr.

Monoca nponyckanua -8 /12 /16 'y,

\

actota guckpetnsauyum (tun.) - 30

HaiiMeHOBaHe MOAENN

ornuun

Onuuu npubopa

Onuus STREAM

Pexxnm notokoBoro Bxoaa, TOMNbKO ANst MoJernen ¢ MapknupoBKOK
HBM

CepBUCHbIe onuuun

Onuus C3
Onuusa C5
Onuusa CA1

Onuwna G3

Onuusa G5

Ycnyru no kannbposke B TeyeHue 3 nerT.
Yecnyru no kannbposke B Te4eHue 5 ner.
OpHokpaTHas kanMbpoBka Unn yHKUMOHanbHas AuarHocTuka.

MonHoe obecnyxunBaHne B TedeHme 3 neT (BKoYas 3amMmeHy Ha
BPEMSI PEMOHTA, NIIaHOBYH KarnvbpoBKy U MHOFOE ApYyroe).

MonHoe o6cnyxuBaHue B Te4eHUe 5 neT (Bktodas 3ameHy Ha
BpeMsl peMOHTa, NNaHoBYIO KanMbpoBKy U MHOTOe Apyroe).

16 maltsystem.ru
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