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Hcmopusa peseusuii nacmosiuje2o 00Kymenma

Hata PeBu3sus Conep:xkaHue u3MeHeHHsI
JOKYMEHTAa

09.2014 1.0.0 [IpenBapurenbHbIC TaHHBIC

05.2015 1.01 W3menén paboumii Temn. auanaszon (puc. 1-1), nononnena [NaBa 2,
aBa 4. Jlo6asien m. 4.8, [NaBa 7, CKOppEeKTHPOBAHbI TEXHUYECKHE
nannasle — [ 1aBa 5.

05.2016 1.0.2 B . 1.1 no6asien Bapuanrt 3akasza E-502-X-EU-X

10.2016 1.0.3 HUcnpasnensl ommOKy Ha pucyHKax 1.6.3

01.2017 1.04 BHecenbl cBeeHus 00 MHIYCTPUAIEHOM BapUaHTE UCIIOTHEHUSI.
W3menén puc. 1-1.

01.2017 1.05 Hcnpapnena ommoKka 0 HATMYUH PE3UCTOPHBIX MOJTIKEK Ha BXOJ1aX
DI (n. 5.3, 6.3)

01.2017 1.0.6 ITpuBenéH B COOTBETCTBUE PAOOUHIA TEMITEPATYPHBIH JUANA30H B
tabnuue 1. 5.9, nononuen 1. 5.8, romonnens! Tabmune: B . 1.1.1.,
2.1

02.2017 1.0.7 Hoo6asnen 1. 3.3.4.1

06.2017 1.0.8 JloGasnensl nosgcuenys B 11. 2.3.3, noGasnen 1. 2.8

06.2017 1.0.9 JloGasneno npeaynpesxaenue B 1. 3.3.5.2

10.2017 1.1.0 JloGaBiieH WHIYCTPUATBHBII BAPHAHT MCIIOIHCHUSL.
[puBeeHBI B COOTBETCTBHE XapaKTEPUCTUKH IO PE3ylIbTaTaM
NOATOTOBKHU ceMeicTBa [Ipeobpazosameneti HanpsdjiceHus
usmepumenvuoix L-CARD k ceptudukarnmm kak Cpencrsa Uzmepenus.
Homnonuen . 3.3.8. Jo6Gasien 1. 4.7

01.2018 1.1.1 Bcerasien . 7.1, monosHeH 4epTéx B 1. 7.2 pa3sMepami, 3aJar0lIiMH
NPHUBSI3KY Pa3bEMOB, a TAKXKE THIIAMUA KOHCTPYKTUBHBIX 3JIEMCHTOB

02.2018 111 Ha ctp. 5 nononnena nadopmarms o BHecenun B ['ocpeectp CU, 3Hak
COOTBETCTBUSI BHECEH Ha TUTYJIbHYIO cTpaHully. JlobaBieH ab3ail co
cHocko#t Ha ctp. 10

02.2018 112 Orpenakruposad 1. 3.3.8, nononxenst mi. 3.3.9 — 3.3.12.
OrpenaktupoBas 1.5.3.

08.2018 1.1.3 Ha pucynkax B 1. 4.6 orpenaktupoBaHo Ha3BaHue nernu: GND
3ameHeHo Ha AGND. BeraBnena ccbuika Ha MOJIE3HYIO CTaThiO B
n. 4.6

01.2019 114 Ho6asnens! mi. 4.4.3, 4.4.4, 4.4.5. OGpa3oBaH 10/13aroJ0BOK
n.4.4.6

01.2019 1.1.5 JloGasnena ccouika B 1. 6.1.9 Ha HOBYIO cTaThHIO [6]

04.2019 1.1.6 HWcnpasiiensl oneyaTky Ha pucyHkax mm. 6.1.7.2,6.1.8.2,6.1.9

04.2019 1.1.7 HWcnpasiens kommentapuu k . 6.1.1.5, 6.1.1.6

06.2019 1.1.8 B mm. 3.3.1, 3.3.2, 5.5 usMeneHo 3HaYeHUH BHEIIHEH OMOPHOM
9aCTOTHI

06.2021 1.1.9-1.1.10 | Akryanusuposas m. 2.8

08.2022 1.111 [IpoBenena KoppekTypa JOKYMEHTa

09.2023 1.1.12 B mm. 3.4, 3.5 no6asnen Bapuant komruiekranun LPC4357

10.2023 2.0.0 JobaBrnensl ceeneHus o npeodpaszosarersx E-502-P1




4 OO011ee 3HAKOMCTBO.

Ilpu umenuu OaHHO20 OOKYMEHMA 8 EeKMPOHHOM 6ude O/ 00JlecHeHUss HABUeayuu
nOAL3YUMeCh INEKMPOHHBIM 0epesom o2nasienus (nanpumep, npoepammul Acrobat Reader), a
MAKdice 2UNepCCuLIKaAMU 6HYMpU OOKYMeHmd.

B TekcTe pyKOBOACTBA BCTPEUYAIOTCS TMIIEPCCHUIKM Ha MH(OPMAIIMOHHBIC pa3zelibl caiiTa
www.lcard.ru : Tepmunosorus, FAQ.

(O-CARD
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http://www.lcard.ru/lexicon
http://www.lcard.ru/support/faq

[naBa 1. O0Lee 3HaKOMCTBO.

Kommanus OOO “JI Kapa” mnpezncrasisier cucreMy cbopa manHeix E-502 Ha ocHoBe
untepdeiicoB USB u Ethernet. E-502 — sta cuctema coocrBennoii paspadorku OO0 “JI Kapa”, ona
M3rOTOBJIEHA Ha 0a3e BBICOKOTEXHOJIOTMYHOTO TPOM3BOJCTBA KOMIAHHMH, OOECTIEYMBACTCS
COOCTBEHHAs TEXTOJICPIKKA M COTIPOBOXKIICHHE.

E-502 o6namaetr mpeeMCTBEHHOCTBIO apXUTEKTYphI ¢ L-502: mepepaboTke MOABEPTHYT TOJIBKO
untepodeiic ¢ I1K ¢ coxpanenneM uaeHTHYHOTO pyHKIKMOHAa C L-502, 3a uckitoueHrneM HeOOIbIINX
(YHKIIMOHATBHBIX OTJIMYUN, KOTOPbIE OYAYT pacCMOTPEHBI B 3TOM pykoBojctse (1. 3.5, ctp. 37).
[Iporpammuoe obGecneuenue E-502 um L-502 Ttaxxke o0mamaer NpeeMCTBEHHOCTHIO (0OIIHe

oubnuoreynsie (yHKIMM BepxHero mnporpamMHoro ypoBHs IIK, maentuunoe IO na ypoBHe
Blackfin).

IIpeodpazoBarenu E-502-X-U-X, E-502-X-U-X-1, E-502-X-EU-X,
E-502-X-EU-X-I, E-502-X-U-D, E-502-X-U-D-I, E-502-P-EU-D,
E-502-P-EU-D-l, BHeceus! B I'ocynapCTBEHHBIN PEECTP CPEJICTB
H3MEPEHHI B COCTaBe ceMercTBa npeodpazonareneii L.-CARD
U MX BbINYCK HavyaJics B 2018 roay.
Cepuiinoe mpou3BoJICTBO NpeodpaszoBateneit E-502-P1-EU-D2-Al-1 u E-502-P1-EU-X-Al-I
Havyato B 2023 roxy. IIporpammuoe obecneuenue E-502-P1 coBmectumo ¢ E-502 Tompko B 11O
BEPXHETO YPOBHS.

Baxueiimue xapakrepucruku E-502:

e AIIIT: 16 6ur, yactoTa npeodpazoBanus jo 2 MI'11, ¢ kommyTarueid 10 16-Tu muddepeHIaIbHbIX
KaHaJaoB Wik 32-X KaHaioB ¢ oOmei 3emnéil. I[lognuamnaszonsr: =10 B, £5 B, £2 B, £1 B, £0,5 B,
+0,2 B.

e B momudukarmu E-502-...-D (-D2) npucyrctByer uHcTpymMeHTaibHblil [IAIL: 16 6ut, 2 kaHana,
BbIXOA +5 B, aCHMHXPOHHBIA WM CHHXPOHHBIM PEXHUM C YacTOTOM mpeoOpaszoBanus a0 1 MI'1 mo
KaKJIOMY KaHaly.

o [ludporoii BBOA: 10 17-TH IIU(PPOBHIX BXOI0B OOIIET0 HA3HAYECHHSI, ACUHXPOHHBIN UM CUHXPOHHBIH
pexuM cOopa JaHHBIX C YaCTOTOM /10 2 MJIH. CJIOB B CEKYH]LY.

e [{u¢posoii BeiBoA: 10 16-TH 1M(DPOBBIX BHIXOI0B OOIIETO HA3HAYEHUS, C pa3ieIbHbBIM yIIpaBIeHUEM
CUTHAJaMH Pa3pelleHus] BbIXO/a CTAapLIero U Miajmero 0aifta, aCHHXpPOHHBIA WM CHHXPOHHBIN
PEXHM BBIBOJIA IAHHBIX C YACTOTOM A0 1 MITH. CIIOB B CEKYH/TY.

e CurnaibHbIH mporeccop (B moaudukarmu E-502-P — Blackfin ADSP-BF523, SDRAM 32 MB; B
moudukarnmu E-502-P1 — ARM GD32F450, SDRAM 32 MB) no3BosisieT 3a/1eiiCTBOBaTh TOTOBBIE
“npoaBuHyThIE” GYHKIMKU 00pabOTKU CUTHaja M ynpasieHus BHyTpu E-502 mwiu camocrositensHO
3aHATHCS HU3KOYPOBHEBBIM MTPOTPaMMHPOBaHKEM dTUX GyHKIWH, pazbéM JTAG mpucyTcTByeT Ha
TiaTe.

e ['anpBaHMYECKas pa3BiA3Ka o0OecreunBaeT H30JIIHIO I.IPI(I)pOBLIX M aHAJIOT'OBBIX CUTHAJIBHBIX BXOA0B-
BBIXOJIOB OTHOCUTEJIBHO BCEX LIeNeH KOMIIBKOTECPA.

e Cucrema MOXET COCTOSATh U3 OHOTO M Oojee moxayneit E-502, 3acMHXpOHM3UPOBaHHBIX JIPYT OT

Jpyra, OT BHYTPEHHETO WM BHEITHEr0 MCTOYHHUKA CHHXPOHHU3AIMU TPH YacTOTE MpeoOpa3oBaHUs
AUIT g0 1,5 MI'ny (B E-502-P1 — 10 2,0 MTI').

e Bapuant wucnonnenus “I” (E-502-...- 1) umeer MHAyCTpUATBHBIN TeMIIEpaTypHbIA JUANa30H U
TepMETH3ALUIO0 JTAKOM.

Cucrema ob6o3nauenui moyneit E-502, E-502-P1 npusenena na puc. 1-1, puc. 1-2.


http://www.lcard.ru/products/boards/l-502
http://www.lcard.ru/node/1462
http://www.lcard.ru/node/1462
http://www.lcard.ru/lexicon/dac

OO01Iee 3HaKOMCTBO.

lpeobpa3zoBare/in HanpsyKeHns

H3MEPHTEBHBIE O'CARD
E-502- - - -
A A T

Her °
nHgexca +5...455 °C
I -40...4+60 °C

C nakupoBKoW

D LIAM (2 kaHana) Ha ocHoBe AD5542A
npucyTcTByeT

X oy
OTCYTCTBYET

U USB 2.0

E U Ethernet 100 MéuTt/c
USB 2.0

CurHanbHbI npoueccop Blackfin ADSP-BF523,
0O3Y 32 MB v nopT JTAG npuCyTCTBYIOT

OTCYTCTBYET CUrHanbHbI
npoueccop, O3Y u pasbvém JTAG

Puc. 1-1. Cucmema obo3nauenusi mooyneit E-502 (3a ucknouenuem E-502-P1)

lpeobpa3zoBare/in Hanps)KeHns

u3MepHTE/IbHbBIE -CARD

E-502-P1- - - -

A

»
>

T

Her
UHAeKca

+5...+55 °C

I -40...+60 °C
C nakupoBKoii

A 1 Ha ocHose AL AD4001

D 2 Ha ocrose LIAM DAC8550

LIAM
oTcyTCTBYET

U USB 2.0

E U Ethernet 100 MéuTt/c
USB 2.0

- CurHanbHbIi npoueccop ARM

P 1 GD32F450, O3Y 32 MB v nopt JTAG
NPUCYTCTBYIOT

(O-CARD



7 1.1: Mudopmarnus 174 3aKasza

Puc. 1-2. Cucmema obo3nauenuii mooyneu E-502-P1

1.1. Undpopmauma ana 3akasa

JloctymHbIe 115 3aKa3a Moau(UKaUK U BapyuaHThl ucnojiHenus E-502:
E-502-P1-EU-D2-A1-1

E-502-P1-EU-X-Al-I

E-502-P-EU-D-I,

E-502-P-EU-D,

E-502-X-EU-X,

E-502-X-U-D,

E-502-X-U-X.

[Tpu BeI6Ope MoauduKanuu Moayis E-502 mist 3akasa cienyer yuecTs, 4TO MPH 0OpaIlieHuH B
otaen npoaax L-Card panee kynjieHHbIH MoayJib E-502 He MoskeT GbITH I0padOTaH 10 APYroi
MOAU(PUKANNH UJIH BAPHAHTA MCTIOJTHEHUSI.

0] Apyrux MO,I[I/I(bI/IKaI_II/ISIX 1 BapHuaHTaxX UCIIOJHCHUSA, JOCTYIIHBIX HJI 3daKa3d, MOKHO Y3HATH B

oraene npoaax L-Card (sale@Icard.ru).


mailto:sale@lcard.ru

OO011ee 3HAKOMCTBO.

1.1.1. KomMnnekT nocTaBku

KpOMe MOJIYJIA E-SOZ, B KOMIUICKT ITOCTABKU BXOIAT CIACAYIOHIUEC aKCCCCyaphbl B 3aBUCUMOCTHU

OT UCIIOJIHCHUA.

Akceccyap KosaunuyectBo
E-502-P1-EU-D2-A1-1 | E-502-X-U-D Hpumeuanue
E-502-P1-EU-X-A1-1 E-502-X-U-X
E-502-P-EU-D-I,
E-502-P-EU-D,
E-502-X-EU-X
Pazném DB-37F 1 mT. 1 m. KabenbHas po3zeTka
Pazném DB-37M 1 mT. 1 mT. Kabenbnas Bunka
Koxyx DP-37C 2 wr. 2 wr. st pazsémon DB-37
Pazrém DJK-10A nmpsimoii | 1 mir. 1 mrr. JI1s1 IO qKITFOYCHUS
HU3KOBOJBTHOIO
[IUTAaHUS OT HENITATHOTO
MCTOYHHKA [TNTAHUSL.
KabGens Ethernet Pathcord | 1 mrr. -
5e,L=15m
KaGenms USB, Tun A-B, | 1 mrr. 1 mrr.
L=1,8 M
bnok numramms  cereBoi | 1 miT. 1 mrT. JInHeHHbIN
ajanrep ~220V/=12V, TpaHc(pOpMaTOpHbIT
0.5A, 0J10K IMUTaHUI TSt
HECTaOMITN3UPOBAHHBIHN nutanus ot cetu ~220 B,
50T'g
xamiiep 2 miT. 2 mIT. xammnepa
KOH(pUTypanuu
paszpenieHus HudpoBbIX
BBIXO/IOB MIPUIIATAIOTCA.
OcTanbHble Txamiepa
MIPETyCTAHOBJICHBI
BHYTpH KopIryca “Tio
yMoOJ4aHu”, . 2.1,
ctp. 10

(O-CARD




9 1.2: BHenHu# BUI M OCHOBHBIC 3JIEMEHTHI KOHCTPYKIIUU

1.2. BHeWwHU BUA U OCHOBHbIE 3JIEMEHTbI KOHCTPYKUNN

Puc. 1-3. Buo cnepeou (na nepeonioio namnens)

Puc. 1-4. Buo c3aou (na 3a0uioro namneis)
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WNHcTamisiiusa u HacTpoKa.

[ naBa 2.

MHcTannauua n HacTpouka.

2.1. KoHdwmrypaumsa E-502 “no ymonyaHuio”.

E-502 nmocraBnsiercs ¢ npeaycTaHOBKamMHM “TIO YMOJYAaHHIO, COOTBETCTBYIOIIMMM TaOIHIIE

HIDKE.

Kondurypamus E-502-P1-EU-D2 | E-502-P1-EU-X | E-502-P-EU-D E-502-X-U-X
E-502-P-EU-D-1 | E-502-X-EU-X
E-502-X-U-D

Hacrpoiika IIporpammHoe [IporpammHoOe [IporpammHuoe IIporpammHuoe

paspereHus yIpaBJeHue yIpaBJieHUE yIIpaBJeHUE yIpaBJiIeHUE

CTapiIero u (He yCTaHOBJIEHBI (He ycTaHOBJIEHBI | (HE yCTaHOBJEHBI | (HE

mitauero Oaira JDKamIiepa Ha pucC. | JpKamIiepa Ha JpKamIiepa Ha YCTAQHOBJICHBI

11 ppOBBIX 2-2 cneBa) puc. 2-2 ciea) puc. 2-1 ciieBa) JpKaMIiepa Ha

BbIx0z10B DO Ha puc. 2-1 ciieBa)

pasnéme Analog

Hacrpoiika Beixona | DAC1 NC DAC1 NC

DAC1/+15V/

AGND /NC na (Cm. puc. 2-2) (Cm. puc. 2-2) (Cm. puc. 2-1) (Cm. puc. 2-1)

pasnéme Analog

Hacrpoiika Beixoma | DAC2 NC DAC2 NC

DAC2/-15V/ (Cm. puc. 2-2) (Cwm. puc. 2-2) (Cm. puc. 2-1) (Cm. puc. 2-1)

GNDD /NC

Ha pa3béme Analog

Hannyto koHurypanuio “JI Kapn” ycranaBnuBaeT C IOMOLIbIO JPKaMIIEPOB, HAXOIAIINXCS Ha

wiare (puc. 2-1) Buytpu kopryca. O0bsicHeHne KoHGUryparuu cMm. B mir. 2.2.1, 2.2.2.

Ecin Bam HeoOxomuma japyras KoH(Urypamusl DKamiepoB, Bbl MoxeTe ykasaTb 3Ty
KOH(UTypaIHIo IPH 3aKase’.

[Mpumeuanne: Kak nmporpamMmmuo paspemmth uatepderic Ethernet, o0bsicieno B 1m1.2.8.

1 VHaue moxeTt BO3HUKHYTb dpopmaanaﬂ Konnmsuna, cesda3aHHasa C HeO6XO,EI,I/IMOCTbK) BCKPbITUA KOpnyca CepTMd)MLI,I/IpOBaHHOI’O

Cpe[cTBa VamepeHus.

(O-CARD




11 2.2: DeMeHTHl BHYTPEHHEH KOHCTPYKIUK U KOHpurypanus E-502.

2.2. AnemMeHTbl BHYTPEeHHEU KOHCTPYKLUN U
KoHdurypauma E-502.

DIGITAL +8...+30 V
[Tt 1 [T1 |
I
: O
TexHonornyeckun 4 .
e /Q— FanbBaHU4Yecku
/ b6apbep
CPLD [ I A
=
g JTAG
78 Blackfin

JTAG

[

_______ FPGA
Cyclone
USB
= S ]
! _
ANALOG + *
RESET LAN
TexHono-
HacTtpoWka paspeluenus Hactpoiika Bbixoga HacTtpoiika Bbixopa rwaeCI‘(‘MM
uncposbIx Boixoaos DO: | |DACL/+15V/AGND | |DAC2/-15V / GNDD pasLemM
e (@8] || oorasel || e
CM. CM.
(N0 ymonuaHmio) L npumey. [ K npuvew) I ©
DO1...16 L L] L
aKTUBHbI Hl +15vV :Ij -5V ° °
DO9 ?glmsaKTMBHH E acnp| ® S ® acno| ® @
...16 nporpaMmHo
ynpasnsTcs o - d -
DOL1...8 nporpaMmHoO )
ynpasnsioTca NC (ne NC (He oo
DOS9...16 aKTUBHbI noAnio4eH)| @ @ nogniouéH) | ® @

Puc. 2-1. Buympennssa konguzypayus E-502 (3a ucknrouenuem E-502-P1)

[Tpumeuanue k puc. 2-1: B moayisax E-502-X-U-X, E-502-X-EU-X (6e3 LIAIT) cocrosaue DAC1
win DAC2 5KkBUBAJICHTHO HE MOAKIIOYEHHOMY COCTOSIHUIO JIAHHOTO BBIXOJIA.
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WNHcTamisiiusa u HacTpoKa.

DIGITAL

+8...+30 V

=

O
m TexHonoruyeckue
pa3bEmbl [———
CPLD |
UART I
GD32 I

JTAG

@
O
8
o
B
ee

OO
O

UAN

/
/

N

FPGA
Arora

GD32F450

[T
e
|

_|<— FanbBaHU4YecKkun
6apbep

CH32Vv307

USB

| UART
CH32

JTAG
CH32

ANALC

HacTpoiika paspeweHus
umncpoBbIX BbixogoB DO:

MporpammHoe
ynpasnexve
(no ymonuaHuio)

DO1...16
aKTUBHbI

DOL1...8 nporpaMmHoO
ynpasnstoTcs
DO9...16 aKTMBHbI

DO1...8 aKTvBHbI
DO9...16 nporpaMmmHO
ynpaensTcs

i —

HacTpoiika Bbixoaa
DAC1/+15V/ AGND

HacTpoiika Bbixoaa
DAC2/-15V / GNDD

[ ]
DAC1
(cm.

npumeu.)

+15V  AGND NG (e

DAC2
(cm.

noAnoYEH) npumed.)

[Tpumeuanue k puc. 2-2: B moayisx E-502-P1-EU-X (6e3 LIAIT) cocrossane DAC1 wmun DAC2

AGND i (e

NOAJTIO4EH)

Puc. 2-2. Buympennsasn kongpucypayus E-502-P1

OKBUBAJICHTHO HEC MNOJAKIOYCHHOMY COCTOAHUIO JAaHHOI'O BbIXOJA.

Buumanue!
NOOKIFOYEeHUI.

Jis gocTyna K 3JIEMEHTaM BHYTPEHHEM KOHCTPYKIUU CIEAYET CHHU3Y KOPILyCca aKKypaTHO
CHSTh PE3WHOBBIE HOXKH, OTKPYTHUTh 4 camope3a M pa3beIMHUTh KpbIIKH Kopryca. COopka

Texnonozauueckue p(13‘béMbl

IMPOU3BOAUTCA B O6p3.THOI>i MMOCJICA0OBATCIbHOCTH.

(O-CARD

He I’lpeaHCIS’HalleHbl

051 NOAbL306AMENbCKUX



13 2.2: DeMeHThl BHYTPEHHEH KOHCTPYKIMH 1 KoHpuryparus E-502.

2.2.1. KoHdurypaumsa Beixogos LIAI paswéma Analog (DAC1/+15V/AGND/NC
n DAC2/-15V/DGND/NC)

Ecnu Bama momudukanms E-502 conepxut LAIL, To “no ymomuanuto™ BHyTpu E-502 BBIXOI
LIATII nomkeHn ObITh MO/IKIIOUEH K KOoHTakTaM 18,19 pazséma Analog (puc. 4-4, ctp. 41).

[Tpu HEeoOXoauMOCTH BBl MOXETE CaMOCTOSITENILHO U3MEHUTH KOH(DUTYPAIUIO 3TUX BHIXO/IOB
MyTEM MEPECTaHOBKU JHKAMIIEPOB COTJIacHO pUC. 2-1.

Omnwucanue pazbéma Analog npuseneno B m.4.4.1, ctp. 41.

2.2.2. KoHpurypauma paspeLleHna akTMBHOrO COCTOSHUSA LINGPPOBbIX BbIXO40B
DO1...DO16 Ha pa3béme Digital.

“TITo ymomyanuio” akTHBaIUs UPPOBBIX BbIX0JIOB Ha pazwéme Digital (puc. 4-5, crp. 44)
HOPOUCXOAMUT TPOrPAMMHO, MW, Kak IIOKa3aja MpakTHKa, A3TO YCTpauBaeT I0Jb30BaTeNeii B
HO/IaBIISIOIIEM OOJIBITMHCTBE CITy4daeB.

Ho npu Heo6xoauMocTi n(pOBbIE BBIXOABI MOTYT aKTUBUPOBATHCS TIPY BKIIFOYSHUH TATAHUS
(6e3 BO3MOXKHOCTH TMPOrPAMMHOTO TIEPEBOA B mpembve COCMOsHUE) — B 3TOM Cilydae HYKHO
YCTAaHOBUTbH OJMH WJIM JBa JONOJHMUTEIbHBIX JpKaMIlepa coriacHo puc. 2-1. JlanHas HacTpolika
JenaeTcss B TeX CiydasX, KOrJa HaudalbHOE BBICOKOOMHOE COCTOSIHHME LHU(PPOBBIX BBIXOJIOB
HEOIYCTUMO JJISl OJKIII0YaeMON Harpy3KHu.
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2.3. PyHKUUN CBETOANOAO0B COCTOSIHUSI Ha NepeaHen
naHenu.

2.3.1.CeToguon LED1.

B o0bryHOM ciyuae cBeroanon LED1 na mepemnelt manenu MHIAMITUPYET COCTOSHUS cOOpa
JTAHHBIX MOIYJISI:

CocTosinmne Onucanune

ceeroauoaa LED1

E-502 Bkmou€H M HAXOOUTCSA B PEKUME OXKUIAHUS CHHXPOHHOTO
BBOJIa-BBIBOJIA.

Kpacnoe cBeuenne

3e1éHoe cBEUEHUE E-502 naxonutcs B peKMMe CHHXPOHHOT'O BBOJIa-BBIBOJIA.

[TurtaHue BBIKIIOYCHO (WM MPUMEHEHA MporpaMMHas (QYHKIHS
BhIKITFOUeHHs cBeToroaa LEDL).

CBedeHue OTCYTCTBYeT

B cnydae npumenenus 6onee onnoro moayns E-502, mepen monbp3oBaTeneM BCTa€T 3adada
UICHTH(UKAIUS MOIYIISI, C KOTOPBIM B JJAHHBIM MOMEHT paboTtaeT mporpamma. s “BH3yaabHOTO
pelieHus” 3TOM 3a7auu NPeAoCTaBiIsIeTCs MporpaMMHast QYHKIUS yIIPaBICHHs KPaCHBIM CBEYCHHEM
ceeroanona LED1. EcrecTBenHo, 3a1a4y aBTOMaTHUECKOW HACHTU(DUKALIUN MOAYIIST MOXKHO PEIIUTh
MIPOrPaMMHO, YUTAasi MPOTPAMMHO JOCTYIIHBII CEpUNHHBIA HOMEP MOTYJIS.

[Ipumeuanue: noenenne ceroauona LED1 E-502 maeHTHYHO MOBENCHHMIO CBETOAMOAA HA

nanenu L-502.

2.3.2.CBeTogunon LED2.

Ceeronuon LED2 na nepenHeii nanenu HHAMLMPYET cocTosiHUE nHTepdeiica USB

Cocrosinue
ceeroauona LED?2

Onucanue

KpaCHOC CBCYCHHC

[Tocrossnroe  kpacHoe | Ectb coenunenue mo USB Ha ckopoctu Full-Speed (1o 12 MowuT/c)
CBEUCHHE

He nepuoandeckoe | [lepenada nanupix mo USB Ha ckopoctu Full-Speed (10 12 M6wut/c).
KpaTKOBPEMECHHOC (coctosinue orcyrcTByeT B E-502-P1)

IMoctosiaroe  3enénoe | Ecth coenunenue mo USB Ha ckopoctu High-Speed (o 480 M6wuT/C)
CBEUYECHHE
[Tepemennoe  3enénoe | [lepenaya gannbix mo USB nHa ckopoctu High-Speed (10 480 M6wuT/C)
CBEUYCHHUE

(coctosinue orcyrcTByet B E-502-P1)

Kento-opanxeBoe
CBEUEHHE

Her coenunenus mo USB (He monkitoueH kabenb, HE yCTaHOBIICHBI
npaiiBepa niu oneparonnas cucreMa [1K e nanura USB-ycrpolicTBa
E-502)

(O-CARD
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2.3 OyHKIIUY CBETOMOIOB COCTOSIHUS Ha TIEPETHEH MaHEIH.

IIepnonnuHo
MEHSIOIIEeEeCsT  KpacHO-
3eJI€HOE CBEUEeHE

E-502 HaxonmuTcs B CEpPBUCHOM peXHME ‘3arpy3uuka’, TuOo mocine
nosiroro Haxkatus kHonku RESET, nu6o B mpornecce ooHoBieHus 110.

CBeueHue OTCYTCTBYET

[IuTanue BRIKIIIOYEHO

MenneaHoe
MEePUOINYECKOE KPAaCHOE
CBEUCHHE mocie
BKJIIOUCHMS ITUTAHUS

B monyasx E-502 (3a uckiwouennem E-502-P1):
- Ommbka recra SDRAM.

- Ecau B ganHOe cocrosaue E-502 moman nocie BKIIFOYCHUS MUTAHUS,
TO 3TO MOJKET SIBJISIThCS JTMOO0 MpU3HAKOM HeucnpaBHocTu E-502, nubo
NPU3HAKOM TSDKEION BHEIIHEH SJIEKTPOMArHUTHONW OOCTaHOBKH, YTO
npuBesio k cooro. Obparureck B Texmoaaepkky “JI Kapn”, ecniu E-502
IIOMAJIaeT B IaHHOE COCTOSIHUE TI0CTIE BKIFOYEHUS TUTAHUS.

B moaynsax E-502-P1:

- [lepuoanyeckuii xapakrep kpacHoro cBedeHus: "N mepuoandecKux
UMITYJIbCOB — nay3a — N mepuoJuuecKuX UMITyJIbCOB — May3a U T.A.
cBuzierenbeTByeT 00 ommboke E-502-P1 nomep N. Ilpu oOpamenun B
TEXMOAJEPKKY CJelyeT COOOIUTh O BO3HUKHOBEHUH JaHHOM
OIIMOKK: HOMEp OIMOKH M KOT/Ia OHAa BO3HHUKJA (ITOCITIE BKIFOUCHUS
HUTAHUSA WK TOCJIE 3aIycKa cOopa IaHHBIX).

2.3.3.CeeTtoamonbl Link n Activity (Ha pasbéme LAN) B moandpukaumsx
E-502-P-EU, E-502-P1-EU.

COCTOHHHC c¢BeTOoAMOAA
Link

Onucanue

CBeTUTCH KEITHIM

Ectb coenmunenue o Ethernet

He cBeTtntcs

Her coemunenus mo Ethernet

[Tpumedanue: B TEKYIIUX BBITYCKAEMBIX M3JIENUSX BO3MOXKHA TPOTHUBOIIOJNIOXKHAS JIOTHKA
ceeuenus ceeronuona LINK (mannast ocobeHHOCTh He siBisiercst HeucnpaBHocThio E-502). Ho, B
aro0oMm ciyyae, eciau E-502 nmporpammuo ckoHurypupoBas s padotel ¢ USB, ceeromuozsr Link
u Activity cBeTuThes He OYIyT.

Cocrosinue cBeToaMoOaAa
Activity

Onucanue

CBeTUTCA 3€IEHBIM

Ectpb nepenaua nanubeix no Ethernet

He cBetutcs

Het nepenaun nanusix mo Ethernet

Kak nporpammuo paspemnts naTepdeiic Ethernet, oowsicaeno B m.2.8.
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2.4. PyHKUMM KHonKkn RESET.

[ToTaitHas kHOMKa cOpoca CIYXHT Ui cOpoca MHTEPPEHCHOr0O MUKPOKOHTPOJUIEpA, MOCIe
KoToporo E-502 B HOpMabHOM cily4ae mpou3BenET pecTapT MUKPOKOHTpoIuiepa. Jliist HopMabHOTO
pecTapTra KpaTKOBpeMEHHO Ha)xxMHUTe Ha KHONIKY RESET.

Bxon B cepBUCHBIN pekuM “3arpy3dnka’ mpou3ouaeT nocie yaepxkanus kHonku RESET ne
menee 10c. IleppmoguyHo MeHsIONmIEECS KpacHO-3€JI€HOE cBeueHue cBetonuoma LED?2
CBUJETEILCTBYET O HaxoxaeHuu E-502 B pexxume “3arpy3umnka’.

2.5. CepunHbIn HOMep. Homep Bepcumn E-502.
UaeHTudmkauma moayna B MHOromoayJsribHOM
KOHdUrypaumm

YHUKaIbHBI BOCBMU3HAYHBIA CEPUIHBIA HOMEp u3/enus (Ha JTUKETKE CHH3Y KOpITyca)

CIIYXUT ISl WACHTH(PUKAIMU HK3EMIULIpAa MOJYJA HAa MPOTSKEHUU €ro >KU3HEHHOTO IIMKJIA.
Cepuitnbiit Homep E-502 mporpamMmHO AOCTYTIEH.

2.6. Acnonb3oBaHue E-502 B cocTaBe
nonb30BaTeNibCKUX CUCTEM.

00O “JI Kapa” npuBeTCTBYET MHTErPALIMIO CBOMX MOJIYJIEH B [T0JIb30BaTEIbCKHE cUcTEMBI. Ho
npu BKroueHnn E-502 B cocTaB mo0o0i cucTeMbl pa3paboTyuk 00s3aH B JOKYMEHTAI[MU HA CBOIO
CUCTeMY YHNOMSHYTh Moayidb E-502 mnpousoactBa “JI Kapa” kak cOCTaBIAIOIIYIO YacTh
(KOMIUIEKTYIOIIYIO €AMHUILY).

2.7. YcTaHoBka MO

Jlnst ycTaHOBKM HE0OX0MMBIX JpaiiBepoB u 6nbanotek nox OC Windows, HeoOxoaumo
CKavaTh " 3aITyCTUTh YCTaHOBIIHK "L-Card L502/E502 SDK"
http://www.lcard.ru/download/lpcie setup.exe .

Nudopmanuro o6 ycraHoBke npaiiBepa u 6ubnuotek moa OC Linux cMm. B PykoBoncTBe
nporpammucta, http://www.lcard.ru/download/x502api.pdf.

2.8. KoHdmrypauusa nHtepcpenca Ethernet

s pabotsl ¢ moaynem E-502 uepe3 Ethernet TpeOyeTcst BBIIOJHUTE HACTPOIMKY U
pasperenue nanHoro uHrepgeiica B mporpamme "X502Studio”
(https://www.lcard.ru/download/x502studio.zip), moakarouus moayib mo USB. B pykoBojcTBe
nporpammucta https://www.lcard.ru/download/x502api.pdf, n.3.8, umeeTcs onucaHue CeTEBBIX
HACTPOEK.

Ecmu Ethernet uaTepdeiic He paspemen, To Mmoayns E-502 He Oyner pearnpoBarth Ha
noaxmodenus Ethernet kabens (o6a cBeronmona Link u Activity na pazseme LAN Oyayt
MTOTAIIEHBI).

(O-CARD
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[ naBa 3. YCTPOUCTBO 1 MPUHLMMN
paboTbl E-502.

3.1. CornaweHwms

3.1.1. CornatwleHne no Hymepauum

Bo Bcex m3penusx L-Card mymepanus Bcex (u3MUYECKMX OOBEKTOB (HAIpUMEp, HOMEPOB
KaHAJIOB) ITPH OTIMCAHUH MTPHHIIUIIA JEHCTBUS M KOHCTPYKIIMU BCETa MPOU3BOJAUTCS C €AMHUIIBI!

JlaHHOE COTJallleHHMEe COBEPUIEHHO HE CBS3aHO CO CIIOCOOOM KOAMPOBAaHUS IpU
[IPOrpaMMUPOBAHUH, TJI€ HOMEpa 3TUX PU3NYECKUX OOBEKTOB MOT'YT OBITH KOJUPOBAHBI C HYJIS WK
UHBIM CHOCOOOM, B KOHTEKCTE€ COOTBETCTBYIOIIEH OMONMMOTEYHOM (GYHKUMU WM SI3bIKA
IIPOrpaMMHUPOBAHUS.

3.1.2. [lonywieHne no NoHATMO “yactota’

B nokymenrtanmuu Ha E-502 wuacroTa JUCKPETHBIX CHUTHANOB (HampuUMep, CUTHAJIOB
CUHXPOHHU3AIIMN) BBIPAXKACTCS B repiax, a He B IMEpUOAaX B CEKYyHAY, KaK 3TO MPHUHATO B
KJIACCMYE€CKOM OHUMAaHUHU YaCcTOTHI AJI1 HECHHYCOHIaJIbHOTO MpolLiecca.

3.2. BBepgeHue (oOwme ceegeHus).

Bce mommdukanmu E-502 (puc. 1-1, n. 1.1) BbINONHEHBI HAa OCHOBE OJHOM M TOM K€
MHOT'OCJIONMHON TevyaTHOHM miaTtbl. Moaudukanus T0CTUTaeTCsl pa3HbIMM BapHMaHTaMM 3aBOJCKON
coopku. M3menenne mogudukanuii E-502 mocie 3aBoackoit cOOpKH HE MpeycMaTpUBACTCS.

Curnaneueii  nponeccop GD32F450 ¢ SDRAM  mpucyrctByer B MOAM(MKALMAX
E-502-P1-:-:), a curHambHbi mponeccop ADSP-BF523 ¢ SDRAM  mpucyrcrByer B
Mouduranmsax E-502-P-ii-i)

Hanuuue curnanapHOro mpoueccopa BaXKHO JJIs TEX M0JIb30BaTENeH, KOTOPBIE XOTAT MOJYYUTh
MaKCHUMYM IITaTHBIX BO3MOKHOCTEHN 1O CUTHAJIbHON 00paboTke “Ha OOpTy”, a TaKkKe MPOJIBUHYTHIM
M0JIb30BATENISIM, KOTOpBIE XOTSAT HMETh BO3MOXHOCTH COOCTBEHHOTO HH3KOYPOBHEBOI'O
IIPOrpaMMUPOBAHUS MPOLIECCOPA, BO3MOXKHO, ¢ IpuMeHeHneM JTAG-amymnsaTopa.

Bce wmomudukammu E-502 wumeroT ranpBaHOpa3BS3Ky CUTHaNbHBIX Ienedt (B L-502
raJlbBaHOPA3Bs3Ka OIMIUOHAIBHA).

AIIT 16 out ¢ uyactoToit npeobpasoBanust g0 2 MI'm ¢ 16/32-kaHanbHOW KOMMYyTaIMen
kaHayoB (1o 16-nuddepennumanbhpix, 10 32 — ¢ “o0muieit 3emi€it”) ¢ moaIuana3oHaMu HapsHKSHUN
+10 B, £5 B, £2 B, =1 B, 0,5 B, £0,2 B umeet uaentuunbiii ¢ L-502 anamorossnii Tpakt AL ¢
MaKCUMaJIbHOU yacToToi mpeoOpazoBanus AL 2 MI'm.

OOparuTe BHUMaHHE Ha orpaHuycHHs 10 £1 B pabodero nuamasoHa BXOJHOTO CHUTHaIa Ha
Bxoaax Y u GND32 (moapobnoctu cum. B 4.6).

Uncrpymenranpubii  [HAIT 16 6ur 2 kamama +5B (mMomudpmxaumu E-502-
moudukarm E-502-:3-3:-D2) nmaér BO3MOXKHOCTH CHHXPOHHOTO (MOTOKOBOTO 710 1 MI'11 Ha kanan),
ACHHXPOHHOTO pexuMa Ha BeIOpaHHOM KaHayie [IAIl, B ToM uncie, W CMEmaHHOTO CHHXPOHHOTO-
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ACHHXPOHHOTO peXXMMa Ha Pa3HBIX KaHajaX, a TAKKe UKINYSCKUI CHHXPOHHBINM aBTOTEHEPATOP U3
BHyTpeHHero 0ydepa E-502.

Hudposoit BeiBOA, 16 nunuii. Anamornuno L[AIl, BO3MOXXEH Kak CHHXPOHHBIM BBIBOJ 10
1 MI'n, Tak ¥ aCHHXPOHHBIN, a TAK)X€ CHUHXPOHHBIM IUKINYECKUN M3 BHyTpeHHero Oydepa. Ilpu
CUHXPOHHOM BBIBOJIE YaCTOTa coryiacoBaHa ¢ yacToTod BeiBoja LIAIL Beinenennoe aig mmaamero
U cTapuiero OaiiTa pa3pelieHHe BBIXOJA IMOBBHIMAET THOKOCTh MPUMEHEHUS IU(GPOBBIX JHMHHIA,
HampuMep, BO3MOKHA KOHGurypauusa: 8-paspsaHas 2-HalpaBlIeHHas LIMHA JaHHBIX + 10 8 Out
JAHHBIX HA BBOJ + 10 8 OMT JaHHBIX HA BBIBOJI. DTO MO3BOJISET PEATM30BHIBATh ITMHHBIC THATPAMMBI
yIIpaBJIeHUs CIOKHBIMU HH(DPOBBIME yeTpoiicTBamu (11. 4.4.2.2, ctp. 48).

B OJIMHAKOBOM CHHXPOHHOM pEXHME: JIM0O B PEKHME MOTOKOBOTO BBIBOJA, JIMOO
= aBTOreHeparopa u3 BHyTpeHHero Oydepa. Ilpm sTOM ¢ m1I0OBIM KaHAJOM BBIBOJA
BO3MOKHO pab0TaTh aCHHXPOHHO.

I [Tpu cunxponnom BeiBozie Ha LIAII Ha 1M poBoii BBIBOJ MOAIEPKUBACTCS padOTa TOIBKO

06paTI/ITe BHUMAHHC HA OrpaHUYCHUA aCUHXPOHHOI'O BbBIBOAA ITPU BHEIITHEH CUHXPOHU3AIINHN

(1. 3.3.4.1).

Hudposoii BBOA, 10 17 IMHUI, CHHXPOHHBIN pekuM 110 2 MI'1 1100 acMHXpOHHBIN pexkuM. B
CHHXPOHHOM PEXHME MOTOK C MU(POBHIX JTUHHIA SBISETCS CHHXPOHHBIM 110 OTHOIIEHHUIO K MIOTOKY
ALII, HO OTAENBPHBIM W HE3aBUCHUMBIM OT HACTpoeK kaapa cOopa manubix AL (wactota cOopa
TAHHBIX 110 IH(POBBIM JTMHUSIMH 331aETCS OTAEIBHO U OT HacTpoek kaapa ALIII ne 3aBucwur).

Crenyert ydects, uto B E-502 Tpu crapmmx paspsiaa B rpymnime nudpossix Bxoaos (D114, DI15,
DI116) umeroT anbrepHaTHBHBIC QYHKIIMK CHHXpOHHU3aIUK (Tabn. 4-2).

[Toroxu AIIII, LIAII, mudpoBoro BBOJa U BBIBOIA CHHXPOHHU3UPOBAHBI OTHOCUTEIIBHO OJTHOM
Y TOH K€ OTIOPHOM 4acTOTHI Tref, KOTOpast MOKET ObITH Ha3Ha4YCHA porpaMMHO: 1,5 MI'n nim 2 MIn.

Amnmnapatrao B E-502 ¢usndeckas yacrora npeodpazoBanus ALl u cuaxpoHHOTO 1IMBPOBOTO
BBO/JIa Bcera paBHa fref, a pusnyeckas yactora 0OHOBICHHS JaHHBIX B KoM kaHaie L{AIl u Ha
1 poBoM Bbixoje paBHa fref/2. [TomydeHne Bcex IPOOHBIX YacTOT BBOJA JaHHBIX fref/n M IpOOHBIX
vactoT BbiBoza fref/2m (rme M u N — HaTypaibHBIC YHCIA) TPOUCXOAUT HA alapaTHOM YPOBHE
obpabotku nanHbx B FPGA u/mnu B nmponeccope Blackfin.

E-502 umeer MmexaHM3M MEKMOAYIIbHON cMHXpoHU3anuu (1. 3.3.5, cTp. 21) s oOpazoBaHus
€IMHON CUHXPOHHOM CHCTEMBI BBOAA-BBIBOAA.

E-502 umeet 32-OuTHbIN QopmMaT ciaoBa TaHHBIX, B KOTOPOM, KPOME COOCTBEHHO JAaHHBIX Ha
BBOJ] WJIM BBIBOJI, MPUCYTCTBYET TaKke HOMEp (M3MUECKOTo KaHaia. JTa amnmapaTHas MpUBs3Ka
HOMepa (PU3NYECKOro KaHajla rapaHTHPYET OT MeperyThIBaHUs HOMepa KaHaja JJake B ciydae, €Cliu
IporpaMMa BEpPXHEr0 YPOBHS MO KaKUM-TO COOCTBEHHBIM IPHUYMHAM IOTEPSET IMPOU3BOJIBHOE
KOJIMYECTBO JTaHHBIX.

Jns mpoaBUHYTHIX noib3oBareneil E-502-P: pexum HOST DMA noctyna k BHyTpeHHeEH
naMsaTH CUTHaJbHOTO Tporeccopa ADSP-BF523 mo3Bossier mpuUMEHUTh HE3aBUCUMBIA KaHaJ
noctyna k BHyTpeHHedl mamsata Blackfin. Dto cosmaér ymoGctBo — “mpospadHOCTH” mpu
HU3KOYpOBHEBOM TiporpammupoBanuu Blackfin — Bumgets To, uto npoucxoaut a namsitu Blackfin mo
HE3aBUCHMOMY KaHally.

Pexxumbl padotsr € E-502 mo USB wim Ethernet sisisirorcst anbrepHaTuBHBIMU. [ epenaun
o unrepdericam E-502 ucnonp3yer 32-OMTHBIEC CIIOBA TaHHBIX (B KAXJIOM CIIOBE OTCUET JAHHBIX C
WHJIEKCHOW 4acCThiO).

IIpu padore no USB E-502 mmeer orpanuyeHne NponycCKHO COCOOHOCTH HA YPOBHe
5 Morcu./c High-Speed, uro Heo6XxoanMo yunThIBATH IPU NpuMeHenun E-502.

IIpu paGore mo Ethernet E-502 wumeer orpanunyeHue NPOMYCKHOW CIHOCOOHOCTH
2,5 Morcu./C HAa BBOA.

(O-CARD
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Uutepodeiicayro pyukmuo (USB, Ethernet) B E-502-P1 Beimonasier ARM-MUKPOKOHTpOJLIEP
CH32V307, nmerommii Ha tuiate otaenbHbI JTAG-pa3béM U OTIENbHBIA JOMOTHUTEIBHBIN MOPT
UART.

Hutepodeiicuyro pyuxiuio (USB, Ethernet) B E-502-P Beimonaser ARM- MUKPOKOHTpOJLIED
LPC4333/4337/4357, wumeromuii Ha 1uiare otaenbHbii  JTAG-passéM W OTHENbHBIM
nonoaauTenbHBIN mopT UART.

3.3. MpuHUUnN padoTbl

B n. 3.2 6butn B cxatoit opme mznoxkensl obmue cBeaeHus o E-502, B manHOM paszpene
M3JI0)KEHBI JajbHEHIINE ToAPOOHOCTH. J|aHHBIH pa3/ien BO MHOTOM IOBTOPSIET aHAJIOTMYHBIH pa3zent
pykoBozcTBa L-502 n3-3a cX0KecTu 3TUX IPOEKTOB.

3.3.1. OnopHasa yacTtoTa

fref — omopHas yacroTa CHrHajga, OT KOTOPOH MPOMCXOMUT CHHXPOHH3ALHUS MPOIECCOB
npeoOpazoBanus B ALIL, LIAII, nmudposoro BBoga u mudpoBoro BeiBoga. B E-502 ucmonb3yercs
o01iast onopHast yactora, cuaxponusupytomas 3anyck AL IIATIL, uudpoBoro BBoaa u nudpoBoro
BBIBOJIa C TOYHOCTBIO JIO IeJoro Kod(duimenTa aencHus 3Toi yactotel. B E-502 ucrounuk
OIOPHO# YacTOThl MOKET ObITh BHyTpeHHHM (2,0 wiu 1,5 MI') win BHemHuMm (¢ vactoroit 1,5
MTI'11). B vacTHOCTH, MOKET OBITH HCIIOJIb30BaHA OTMIOPHAs 4acTOTa OT coceaHero Moayis E-502 mis
00pa3oBaHMs CHHXPOHHOW MHOTOMOTYJIbHON CHCTEMBI.

3.3.2.Kanan AU

Kanan BBOJa aHaNOroBBIX AAHHBIX — 3TO KaHaJl C JUHAMHYECKOW KOMMyTanuen ao 32-x
BXOJHBIX (PM3MUECKUX aHAJOTOBBIX KaHAIOB MOAyJs E-502 Ha BXOJ €IMHCTBEHHOTO BHYTPEHHETO
ALIl momynsa. Cam mpoliecC KOMMYTallMM KaHAJIOB MPOUCXOJUT amnmapaTHO, COIJIacHO
MpeIBApUTENILHO HACTPOEHHOMW yrpaBistomel Tabiume. CaM mpoiiecc BBOAA YCIOBHO pa3OUT Ha
MEPUOINYECKH depeayrommecss ¢(a3pl Kaapa W MEXKKAJAPOBOM 3alepXH C MPeaBaApUTEIHHO
HACTPOEHHBIMHU JTUTENLHOCTSIMH 3TUX (pa3 (MexKaapoBasi 3a7epiKa, B YaCTHOCTH, MOXKET OBITh
3a/1aHa HyJeBoM). [InuTenbHOCTH Kazipa, MEKKaAPOBOH 3aJ€P>KKH, TIEPUO]T CJICTOBAHUS BBIXOTHBIX
orcuéroB AIIIT — Bce 3TH BpeMeHa MOTYT ObITh HACTPOCHBI, HO OHHU Bceraa KpaTHbI tref =1/ frer —
MEPUOTY OTIOPHOM YaCTOTHI CHHXPOHU3AIUH.

tsw = Nsw / fref — mepuo koMmmyTarmu kananoB AL B mpeaenax kaapa, paBHbIi eproxy coopa
rotoBeiXx oTcuéToB ALIIL, rae Nsw MOKET OBITH 3aJaH LEIbIM ynuciaoM oT 1 g0 2097152.

[IpenBapuTenbHO YCTaHOBJICHHOE KOJMYECTBO OTCUYETOB B Kaape M pa3Mep YIpaBIsIOIIen
TaOMUIBl Nk MOXET OBITh 3amaH oT 1 10 256. B kaxmoil syelike ympaBIsIOMIeld TaOIHIIBI
npomnuckiBaeTcs ¢uzndeckuit Homep kaHana ompoca ALIIl. B mpenenax kagpa ympapisroras
Tabnuia OyAeT cuuTaHa MOJHOCTHIO: OT 1-0#1 10 Nk-0#f SIMEWKU M CUYMTaHHAs MOCIICI0OBATEILHOCTh
(bu3MYeCKUX KaHAJIOB OYyJEeT UCIOIb30BaHa B allapaTHOM MEXaHU3ME YIPaBJICHHUS] KOMMYTaTOpPOM
KaHaJIOB.

Homep sueiiku ympapistoniel TaOnuibl Ha3bIBaeTCs JIOTUYECKUM HOMEpPOM KaHala.
COOTBETCTBEHHO, JIOTUYECKUX KaHAJIOB MOXET ObITh 10 256, a ¢usndyeckux — a0 32. 310 Aaér
BO3MOXXHOCTh, HallpuMep, MOJIY4YUTh Pa3IMuHYI0 YacTOTY OMpoca Pa3HbIX (PU3NYECKHX KaHAJOB B
Ipezenax Kajapa.

Bpemst kampa: tk = N * tsw = Ni™ Nsw / Fref
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[Tpu HEOOXOAUMOCTH MEXAY MEPUOAWYHO CIEAYIOIMIMMHU KaJpaMH MOXKET OBITh BCTaBlICHA
HEHYJIEBask MEXKaIpoBas 3a1epkKKa Id JJIMTEIBHOCTBIO Nd IIEPUOA0B YaCTOThI CHHXPOHU3ALUHU:

td = Nd™ tref = Nd/fref, TIe Nd MOXeT OBITH 3a1aHa HeasIM unciaoMm ot 0 1o 2097151,
[Tepuon cnegoBaHus KaJIpOB paBeH CyMMeE TUTEIHFHOCTH KaJpa U MEXKKaJIPOBOU 3aCPIKKH:
teh = tk+ ta = Nk™ Nsw / fref + Naf fref.

Jpyrumu cioBamMu, MEepUoOJ CIIeIOBaHUs KaJIpoB lch paBeH mepuoay cOopa MaHHBIX OT OJIHOTO
Y TOTO K€ JIOTUYECKOT0 KaHala YIpaBJsSIoLIeH TaOIHIIbL.

Bo Bpemsi MexkagpoBOM 3aJ€p>KKH HE MPOUCXOJUT MPOABUKEHUE BHIOOPKHU YIPABIISIOLUIUX
CJIOB, 1 KOMMYTaTOp aHAJOTOBBIX KaHAJOB BCETJa YCTAaHABIMBACTCS B COOTBETCTBHHM C IIEPBOM
SYCHKON yIpaBIsIoIen TaOIuIIbI.

Yacrora cOopa OT 0OAHOTO JIOTHYECKOTO KaHaja yIpaBJIsIONIeH TaOIuIIbL:

feh = 1/ ten= frer /(Nk™ Nswt Nd),

rae fref Moxer ObITh 2,0 wiu 1,5 MI'n st BHyTpeHHeH cuuxponusanuu wid 1,5 MI' s
BHemHed, Nk= {1,2,...,256}, nsw ={1,2,...,2097152}, na={0,1,...,2097151}.

Brimensnoxxennas kaapoas cTpykrypa naHHbix ALl mokasana na puc. 3-1. 3gech s

npuMepa B3AT 3-X KaHaIbHBIN peskuM padoTsl AL (Nkx = 3) ¢ HeHyIEBOH MEXKKaIPOBOI 331CPIKKOI
ta.

Mexkadpoeasi
Kadp 3adepxka Kadp Mf;’g;apzﬁ("?:aﬂ
t t t
k d k
- 3 > o> > <>
=
Homep
JNIOrNYecKoro ‘ 1 >< 2 >< 3 >< 1 >< 2 >< 3
kaHana AL
t
| SW |

Kanan 1 /T\\/?/\\—/

Kanan 2 /\_//qu/ix\/
//—\
KaHan 3 Fﬁ‘—/l ¢

-4 >

¢ MomeHm camnnuposaHusi omc4yémoa 0aHHbIx AL

Puc. 3-1. Hanwocmpayus kadpoeozo npunyuna nojayuenus oannsix AL
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3.3.3. KaHan yudposoro Beoaa.

CuHXpOHHBINA TU(PPOBOI BBOJ MPOUCXOUT C IEPHOAOM tref * Ndin,

rae Ndin ={1,2,...,2097152} — 53T0 HacTpauBaeMmblii KOIPPUIMEHT ACNEHUS YACTOTHI
CUHXPOHHOTO IIU(PPOBOTO BBOJIA.

3.3.4. KaHnanb! umdgposoro seiBoga u LIATT.

CunxpoHHBIA UGPOBON BBIBOJI, a Takke oOHOBIeHHE oOoux kaHajoB L[AIl mpoucxomur ¢
nepuosiom 2*tref. Eciiu Oydep nanupix Ha BeiBoA U B LIAIT omycTomén, To MpOUCXOANUT yaepKaHue
Ha BBIXO0J1aX MMOCJIETHEr0 3HAYCHHUS.

C nmro6biM kanasioMm LAIT 1 mudpoBoro BEIBOAA MOKHO PabOTaTh ACHHXPOHHO, C OCTAIBHBIMHU
KaHaJlaM¥, Ha3HAYCHHBIMU KaK CHHXPOHHBIC, ITOICPKUBACTCS OJMHAKOBBIN CHHXPOHHBIA PEKUM:
100 OTOKOBBIIA, JTMOO aBTOT€HEpaTOp U3 BHYTpeHHEro Oydepa.

3.3.4.1. OzpaHu4eHuss mekyuwel peasiuzayuu acCUHXPOHHO20 8bI800a Npu eHewHel
CUHXPOHU3ayuu.

AcuHXpOHHBI BbIBOJ Ha IudpoBble JuHuu U Ha LIAIl B pabouem pexume Oyner
paboTocnocoOeH Beeria pu HaCTPOiKe Ha BHYTPEHHIOI CHHXpOoHU3a1Hi0. Ho acMHXpOHHBIH BBIBOJ
Ha rudpossie TuHUKA 1 Ha L[AIl He Oymer (QyHKIMOHHPOBATH B COCTOSIHUM OXKHUJAHWUS BHEUTHEH
CUHXPOHM3allUM CcTapTa cOopa JaHHBIX WM OXHUIaHUS Oojee 1 MKC HMIIyJlbca BHEIIHEH
CUHXpOHHM3aMU npeodpazoanus AL

3.3.5. O6wmin npuHLUMN CMHXpPOHM3aumn B E-502.

Ha puc. 3-2 npuBenena ynpouiéHHas CTpyKTypHasi cXxema, MOsICHAoIIas oo1iee yCTpoucTBO
cucreMbl cuHXpoHM3anuu B E-502. Cucrema cunxponmsanmu E-502 cocront u3 nBYX yacTeit:
NEPBUYHON M BTOPUYHOM CXEMbl CHHXPOHU3AIUH.

3.3.5.1. [lepeu4Hasi CUHXPOHU3auusl.

Cxema nepBuuHOii cunxponn3anuu (|) coracHo HaCTpo#KaM BEIOHPAET COOTBETCTBYIOLIMI
BHEIIHUM WM BHYTPEHHHMI HMCTOYHMK OIIOPHOM 4YacTOThI, a TAaK)K€ BHEIIHWM WJIM BHYTPECHHMI
MCTOYHUK CHUTHajia cTapT. Mcnomnb3ys BeIOpaHHBIE CHUTHANIBI, cxema | BbIpabaThiBaeT BHYTPEHHUN
CHTHAJI OTIOPHOM 4acTOThI fref B BUJIE MOCIIEA0BATEIBHOCTH HMITYJIbCOB CHHXPOHH3AIIUH C IEPUOIOM
tref. IIprueM Ha4asIo 3TOM MOCIEAOBATEILHOCTU CTPOIrO IMPUBA3AHO YTOM CXEMOU K BHEIIHEMY WIIH
BHYTPEHHEMY coObimuio cmapma, W OT 3TOW TOCIEA0BaTEIbHOCTH CHHXPOHU3UPOBaHA (U
OJTHOBPEMEHHO CTapTyeT) BCs amnmaparypa BBojaa-BbiBoja: y3iael AIIIl (Bkirouas JOruky
yopasisitomeid  Tabmunbl), I[MAIl w  mmdpoBoro BBOAa-BBIBOJAA. ITH Y37l  COAEpXKAT
COOTBETCTBYIOIINE JICIUTEIN YaCTOTHl CHHXPOHH3AUH fref.

HCpC‘-II/ICJ'II/IM BCC BO3MOJKHBIC BAPHUAHTHI ITOJIB30BATCIILCKUX HACTPOCK, KACAOIUXCA 6bl60pa
UCMOYHUKOB CUcHAN06 OHOPHOIZ yacmomeal.

e Buyrpennuii reneparop 2,0 /1,5 MI'y narroro moxyis E-502 (Hactpoiika “mmo ymMordanuro”).
¢ OmnopHas yacrora ¢ Bxoaa DI_SYN1 (no ¢ponTy nim mo cnany).
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¢ OmnopHas yacrora ¢ Bxoaa DI_SYN2 (o ¢pponTy nim mo cnany).
e Omnopnas yacrota ¢ Bxoga CONV_IN ot cocennero E-502, BRIIOTHSIONIETO POJIH BEAYILETO.

[lepeuncianM Bce BO3MOXKHBIE BapUAHTHI MOJB30BATEIBCKUX HACTPOCK 66100pa UCHOYHUKOS
cobvimusi cmapma cucmemvl 6800a-6visooa E-502:

e IIporpammusiii crapt ot IIK (HacTpoiika “rmo ymMoa4aHuio”).

e [lo curnany ¢ Bxoma DI_SYNI (o ¢pponTy mim o criamy).

e [lo curnany ¢ Bxoma DI_SYN2 (o ¢pponry mim o criamy).

e [lo curnany ¢ Bxoma START _IN ot cocennero E-502, BBIMONMHSIONIETO POIb BEIYIIETO.

Kaxneiii mMomynp E-502 Bcerma tpancmupyer mocpenctBom BeixogoB CONV_OUT wu
START_OUT, cooTBeTCTBEHHO, CBOM BHYTPEHHHE CUTHAJIBI OIIOPHOM YaCTOTHI U CTapTa ISl OJTHOTO
Benomoro moyis E-502.

Mopayns E-502 MoXeT OJHOBPEMEHHO SBISATHCS BEAYIIUM [UJIi OJHOTO-TPEX PSAOM
PAaCIOJIOKEHHBIX COCEIHUX MOJYJIEH W BEIOMBIM ISl ipyroro cocennero E-502. Takum oOpazom
MOJJICP)KUBACTCS. CUHXPOHM3AIMS HECKONbKHX E-502, coemMHEHHBIX IEMOYKOH, a TaKKe
pa3BeTBIEHUS OT OJHOTO BeAyHIero 10 TPEX BeAOMBIX. Bo03MO)XXHas TOMOJOTUS Ilemei
CUHXPOHHU3AIMH MOIpoOHO paccMoTpeHa B 1. 4.4.2.1, c1p. 47.

CxeMa NepBUYHON CHHXPOHU3ALMH 00€CIICUNBACT CUHXPOHU3AIMIO YaCTOThHI U (pa3bl IIMKIIOB
npeodpazoBanus AL, IAIT u uukiioB cucrems! 1udpoBoro BBoAa u BeiBoAA. [logpasymeBaercs,
YTO B MHOTOMOJIYJIbHOM cucTeMe CHHXpoHu3aimu [losib30BaTenb Oy/1eT OCMBICIICHHO YCTaHABIMBATh
HACTPOMKU YIPABIAIOMIUX TAaOIUIl pa3HBIX MOIYJEH, a Takxke KOI((UIHUEHTHI JeJIeHUs OMOPHOM
9aCcTOTHI )1 TPEOYyEeMBIX MPOIIECCOB BBOJIAa-BHIBOIA.

l O06parute BHUMaHHUe, 4TO i Begomoro E-502 (3a uckmouennem E-502-P1)

= umeetcsi orpanndenre dactorel Ha BXxoge CONV_IN — we Gomee 1,5 MIm.
Takum oOpazoM, 1Ba uiaM Oojee BEAOMBIX MOJYyJ€Hi MOTyT OBbITh
3aCMHXPOHU3HPOBAHbI TOJIBKO MIPU OonopHOU vactore 1,5 MI't Bexymero.

VY monyneit E-502-P1 orpanudenus yactotsl Ha Bxone CONV_IN — ne 6omnee
2,0 MI'n. [Isa wm OGonee Bemombix Mmoxayiei E-502-P1 moryt ObITh
3aCHHXPOHU3HUPOBAHBI B pexume omopHod dactothl 2,0 MI'm mmm 1,5 MTI'n,
YCTaHOBJICHHOM y BEAYILETO.

OcTtaHoBKa HGpBH‘IHOfI CXEMbl CHHXPOHHU3AIMK MPOU3BOAHUTCA TOJBKO IPOIrpaMMHO H
ACUHXPOHHO.

(O-CARD
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Obuwue ycrosusi CUHXPOHU3aUUU 8CeX poyeccos 8800a-8b1800a

8 E-502 (8b160p oropHol Yyacmomsl U ycrioguti cmapma)
"eHepaTop \
I
CONvV_ouT K sedomomy
2.0/1,5Mly E-502
Cxema START_OUT
BHewHss DI_SYN1 nepBuYHON
CUHXPOHU3auusi DI_SYN2 CUHXPOHK- fref
3aumm
CONV_IN Sz J CUHXp. \L CuHxp.
Omeedyweco ————— DI_SYN1
E-502 START_IN 7DI SYNZ DACL
2> L) Y3en | Ve e
DIL..DIL6 | Umdbp. 5 UAMu DAC2
CuHxp, BBOAA -
UMEPOBOTO | po1..Do16
X1..X16 BbiBOga |
Y1..Y16 Kommy- Bxod Yaen Bbixod
GND32 TaTop ALM
Cxema cenekyuu
OaHHbIx ALM 8
frEf Ynpasns 3agucumocmu
Cumnxp. rouas om emopuyrbix \ | ITT
Tabnuua yenosut .
CUHXPOHU3ayuu Cxema BTOPU4YHOU
o | cooemy
DI_SYN2 A
J/ WV
IMomok GaHHbIX “Ha 8800 Momok GaHHbIX “Ha 8b1800”

Puc. 3-2. Cmpykmypa cucmemsl cunxponuzayuu ¢ E-502

3.3.5.2. Bmopu4Hasi CUHXpPOHU3auyusi.

@yHKIIMOHAT BTOPUYHON CHHXPOHM3ALMHU 3aJI05KEH B IIPOEKT, HO B HACTOSIIEE
I BpeMsl He peanu3oBaH. O rOTOBHOCTH JaHHOro (yHKuMOHana Bel Moxere
- y3HaTh B oTzene npojax L-Card.

Bropuunasi cxema cunxponusammu (I1) sBiasercs cxemoit cenekuuu manusix ALl B
3aBHCUMOCTH OT BTOPUYHBIX YCJIOBHM CHMHXPOHM3AllMU, paboTaroIield HCKIIYUTENBHO Ha (oHe
paHee 3amyIIeHHOr0 CHHXPOCUTHAJIA C BBIXOJIAa TEePBUYHOM cxeMbl cuaxponu3anui (1), T.e. Ha GoHe
3amylnIeHHOTo moToka AaHHbIx ALIIIL

[TognepxuBarOTCs CleNyIONIINE PEXXUMbI CHHXPOHHU3AUMU pa3pemieHus nanubix AL
e Her cunxponuzanuu (pexuM Ipo3pavHOCTH).
e CuHXpOHM3AIMA OT AHAJIIOTOBOTO CUTHasa B BeIOpanHoM kananme AIIIL.

e IludpoBas cuHXpoHHM3alMs MO BbIOpaHHOMY curHaiy c BxogoB DI1...DI16, umu
DI_SYNI, nmu DI_SYN2.

HO,Z[IICp)KI/IBaIOTC}I CICAYIOMUC PCXKUMblI UYYBCTBUTCIBHOCTH K IHCpCIlaaM CUTHAJIa
CHUHXPOHU3AIUN:

e Paspemenue nanabix ALl no pponmy (cnady) ananoroBoro wim 1udpPoBOTO CUTHANIA.

e Paspemenue nanueix ALl no yposnio “Bblmie mopora” mnm “Huxe mopora”  (ans
aHAJIOTOBOM CHHXPOHM3ALMK) WIH N0 YpoeHio Joruueckol “1”  (mns umdpoBoif
CHHXPOHM3AIINN).


http://www.lcard.ru/contakt

24 YcerpoiictBo u ipuHIum padoter E-502.

[TonnepxkuBaroTcs ciaenyroume pexxumsl 3anpera qaaasix AL

e [IporpammMHbIi 3ampeT (OCTaHOB) C BO3MOXKHOCTBIO TOBTOPHOIO paspelieHus (Ipu
MOBTOPHOM  BBIIIOJIHEHUM paHEe YCTAHOBIEHHOT'O YCIOBHUS pas3pemieHusi) 6e3
nepe3arycka NepBUYHON CXeMbl CHHXPOHU3ALIUH.

e ABTOMaTHYECKHii 3ampeT (0CTaHOB) MOCJIE BBOJA 3aJaHHOT'O KOJIMYecTBa KaapoB (0T 1
mo 2%-1 xampoB) ¢ BO3MOKXHOCTBIO MOBTOPHOTO pa3pemieHHs (pU TOBTOPHOM
BBIMIOJIHEHUH paHee YCTAHOBJICHHOTO YCJIOBUSI paspelieHus) Oe3 mepesarycka
MEPBUYHOIN CXEMbl CHHXPOHH3AINH.

3.3.6. HacTtporka COOTHOLLEHNA Mexay BpeMEHEM YCTaHOBIEHNA CUrHana u
paspeLueHnemM anga kaxxgoro kaHana ALIT.

Beitie 6pUT M37105K€H TOT MPUHLIKI MOKAAPOBOM opranu3anuu BBojaa nanubix AT, koTopsrit
o1 ipumenéH Bo Bcex ALl L-CARD c BXOAHBIM KOMMYTaTOPOM KaHAJIOB, ¢ TOYHOCTHIO IO
9acTOThl CHHXPOHHU3AIMU, pa3Mepa Kajapa U MexkaapoBoi 3amepxkku. Ho B L-502 u E-502 stor
MIPUHIIMIT Pa3BUT B CTOPOHY JIyUIel aganTaluy K BHIXOAHBIM (PU3MYECKHM CBOMCTBAM MCTOYHUKA
curHana. [lamee o6 3Tom mogpooHee.

Ecnu E-502 ncrnonp3yercss Ha MaKCUMaJIbHO BO3MOKHO 4acTOTE cOOpa JaHHBIX OT KaXJ0To
KaHaja, TOr/1a yCTaHaBJIMBAIOT Nsw= 1, 4TO 03HAYaET, YTO EPUOJL OIIPOCA OJHOTO KaHaIa U3MEPEHHUS
tsw = tref, B TEUCHHE KOTOPOTO OYIET clellaHo MpeoOpa3zoBaHue TOJAbKO oaHoro orcuéra AL
Hanpuwmep, s free =2 MI'm Bpems tsw = tref = 0,5 MKC — 3TO JOCTaTOYHO Maiblii NEPUOX
MEPEKIIOUYEHUsI KOMMYTaTopa KaHajoB, KOTOPbIM HaKJIaJblBA€T OrPAHUYEHUS HA BBIXOJHOU
MMIIe/JaHC UCTOYHHMKA CUTHajIa (¢ yu€TOM IPOBOJOB OT HEr0): UMIEJAHC JOJKEH OBITh 10CTaTOYHO
Man (ae 6onee 50 OM) u HEe UMETh OOJBIIONH PEAKTUBHOW COCTABISIONICH, YTOOBI JUIMTEIHLHOCTh
NEPEXOHOr0 IMpolecca, BbI3BAHHOIO KOMMYyTalMel kaHaioB, He mpesbslmana 0,5 mxc. dpyrumu
CJIOBaMHM, ICTOYHUK CHTHaJIa JOJbKEH ObITh He 0osee 50 OM 1 UMeTh KOPOTKHUH UM COTJIACOBAHHBIN
kabenb. Iy Tex noab3oBarenei, KTo npuMeHst L-783, 3tu TpeGoBaHus U 3TH yCIOBUS IPUMEHEHUS
MIPUMEPHO COOTBETCTBYIOT YCIOBHSM NpuMeHeHus L-783 B MHOrokaHajabHOM pEXHUME IpH
MakcuMalibHOU yactore npeoOpazoBanus AL 3 MI'n, Ho ¢ Tolt pasHuueit, uTo paspsaHocTs AL
E-502 — 16 6wur, a He 12, 1 dnekTpoHHBIH KoMMyTaTop B E-502 3HauntensHO Oonee “Tuxuii” (T.e.
UHXEKTUPYET B CUTHAJIBHYIO LIENIb B MOMEHT KOMMYTAllUM 3HAYUTEJIBHO MEHBIINN Napa3uTHBIN
3apsi, a ClIeJJ0BAaTeIbHO, BBI3bIBAECT 3HAYUTEIILHO MEHbIIEE YAapHOE BO30YXKI€HUE JIJIs1 BO3MOYKHOTO
HEePEXOIHOTO MPOIlecca B CHTHAIBHOI EeTIH).

Ho ecnu Ttpebyercst ucnonb3oBare E-502 Ha yacrore cOopa AaHHBIX MO KXJIOMY KaHATy
MEHbIIIE, YeM MaKCUMalIbHasl, 1 UMEETCS BO3MOXKHOCTh CHU3UThH YacTOTY KOoMMyTanuu, To B E-502
IIPY BHYTPEHHEH CHUHXPOHM3AIMM HE IMPELYCMOTPEHO YMEHbUIEHHE 4acToThl 3amycka ALlll, a
yCTaHaBIMBaeTCsA Nsw> 1, HampUMep, Kak 3TO MOKa3aHO Ha npumepe Ha pucC. 3-1. Ho no cmeiciy
Nsw — 3TO KOJMYECTBO LUKJIOB npeodpazoBanus ALl Ha onun nepuon kommytanuu. B E-502 “mo
YMOJTYAaHUIO MPUHATO, YTO JUIsl Nsw> 1 oTkunpiBatoTcs Bee oTcuéthl AL, kpome nocnennero, 3a
NepUoJT KOMMYTALMU — 3TO CO3/1aET HauboIbllIee BpEMsI YCTaHOBIIEHHS CUTHAJIA OCIe KOMMYTalluu
(3a cuer “xon0cThIX” IUKIIOB npeoOpazoBanust ALII), BciaencTBre 3Toro npeabsBIsSIIOTCST HAUMEHEe
KeCcTKHe TpeOOBaHUS K MMIIEAHCY MCTOYHHMKA curHana. Ha puc. 3-3 npu Nsw=3 UMEHHO Takue
YCJIOBHUS “TIO YMOJTYaHUIO YCTAHOBJICHBI ISl JIOTMYECKOTO KaHaia 1: MepBhIX JBa OTCUETA BCErjaa
0TOpachIBAIOTCS, a TPETUH — Hcmonb3yercs. Ho peanbHble 3a7auil MPUMEHEHNsT MHOTOKaHAIbHBIX
AIII BoBce HE TpeanoaaramT, YTO UMIIEJaHChl HCTOYHUKOB CUTHAJIA OJJMHAKOBBI, U JIsI KAHAJIOB C
MOJIKJIIOYEHHBIMH HU3KOOMHBIMM MCTOYHMKAMM CHTHAJIOB XOpOHIO Obl HE OTOpachiBaTh XOTsS OBl
gactb oTcuéroB AIIIl, a mcnonb30BaTh MX AJI YCPEIHEHHUS IaHHBIX, CIIOCOOCTBYS YBEIWYEHHIO
paspelieHus IPU U3MEPEHUH 110 JaHHOMY KaHainy. Takas BO3MOXHOCTbH Ipenycmorpera B E-502 3a
CYET TOTO, YTO B KKIOHM sUCHKE yIpaBsiomeld Tabauipl, KpoMe HoMmepa (U3UYECKOTO KaHaja,
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HaxXOJUTCs Takke KO3(PPUIMEHT ycpeaHeHHs Nav, MO yMmomuyaHuio, Nav= 1. Koaddumuenrt
ycpenHeHus Nav ={1,2,...,128} o3Haugaet: “ckonbko orcuéToB AIIIl OT KOHIIA KA KOMMYTAIMH
JAHHOTO KaHaja Oy/IeT UCIOIB30BaHo JUIs yepeaHeHus JaHHbIX . COOTBETCTBEHHO, Nsu = Nsw - Nav —
3TO “cronbko orcuéroB ALl OoT Hauana nMKIAa KOMMYTALMU JAaHHOTO KaHaja OyaeT oTOpoIieHo”,
WU “‘CKOJIBKO TTEpUOI0B lref OyI€T MCIIOIB30BAHO ISl yCTaHOBJIEHUs curHaia Ha Bxoae ALl mocne
KOMMYTaluu”.

Hamnpumep, Ha puc. 3-3 1st TOrHYecKoro KaHaia 2 B yrpasJistolel Tabuiie yCTaHOBIECHO Nav
= 2, 4YTO O3HAYaeT, YyTo AJIsl Nsw=3 pe3yJbTaT ABYX MOCIEAHHUX MEPHOO0B MpeoOpa3oBaHus B OJIHOM
¢daze koMMyTauK OyAyT WCIOJB30BaH JUISl YCPEIHEHUS, a OJWH IEPBBIA MEPUOI NOOABUICI K
BPEMEHH yCTAHOBJICHUS CHTHajla Mocjae KoMMyTauuu. [[jis goruueckoro kanana 3 Bce TpU OTCUETa
AIIT ucnonb30BaHbl AJisi YCPEAHEHHS, U TIO3TOMY Ha YCTAHOBJIEHHWE CUTHAja MOCJie KOMMYTallUuU
3/1eCh OTBOJUTCSI MUHUMaJIbHOE BPEMSI.

Mexkadposas
Mexkadpoeasi
Kadp 3adepxka Kadp 3a06pXKKa
t, ty t,
-4 g —p < P
n=3 n }:\2
FIOrMyYeckoro < 1 >< 2 >< 3 >< 1 >< 2 >< 3 >< 1 ‘
kaHana AL
H % tsw
n. =3 : .
sSw navzl
KaHan 1 4 T e e L e
nsu_z /—-“T
n, 2
Kawan2 ~  —— . - 1 | T~
nsu:]' nav=3 [ |
/\//—‘ I B ey I
Kanan 3 _‘:q
tref nsu:0
—> -
-« Lon >

x  Omb6poweHHbIl omc4ém daHHbIx AL

+ MomeHnm camnnuposaHusi 00uHoYHO20 omcyéma daHHbIX ALIM

\—i MomeHmebi camnnuposaHus omcyémos 0aHHbIx AL u ebidada ycpedHeHHO20 omcyéma

Puc. 3-3. Ipunyun nonyuenusn oannvix ALl (0demanvno)

N3  puc. 3-3 Takke claemyeT, YTO YCTAHOBJICHHAs HEHYJIEBas MEXKKaapoBas 3a/lepikKa
(aKkTUYECKH YBEIMYMBACT BPEMs YCTAHOBJIEHHS JJIsi NEPBOrO JOTMYECKOro KaHaja. JTO MOXKHO
MCIOJIb30BaTh, HANPUMEp, ACCOLMUPYS TMEPBBIA JIOTMYECKUN KaHall ¢ (U3NYECKUM KaHaloM, K
KOTOPOMY HOJKIIIOYEH HCTOYHUK CUTHAJIa HAaMOOJBIIUM UMIIEITAHCOM.

MOHO yTBEpKIaTh, U4TO, 3aJaBasi IJIsl KAajKA0r0 KaHAJIa ONTHMAJIbHbIE HACTPOKH Nsu /
Nav, MBI J00MBaeMCHi ONTHUMHM3AUMU COOTHOLUCHUSI 6PEMEHU YCMAHOGNEHUA CUZHANA,
CBSI3AHHOI0 € MEKKAHAJbHBIM MPOX0:KIeHUeM, U pazpeutenuem AI[II.

Baxxno ormetutsb, uto B E-502 onucaHHBIN 3/1eCh MEXaHU3M YCPEIHEHUS OTCUETOB JAaHHBIX
AUIT (o MmeToay mpoCTOro CpeAHEro) paccMaTprBaeTCsl Kak Hepa3pblBHAS 4acTh (MPUAATOK) CaMOT0O
aHaJioro-uu@poBoro mnpeoOpazoBaTelns, XOTA (U3MUECKH TMpoleaypa YCPEAHEHUS TMPOUCXOIUT
cpeactBamu FPGA c ucnonb3oBanuem 24-6UTHON 1IeTOYUCIICHHON apu(METHUKH.
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Ilono0Hast onmepanusi ycpeAHeHHsl yBeJn4uMBaeT peaqbHoe paspemenue AIIIL 3a cuér
MOJAABJIEHUS CJAYYAHHBIX COCTABIAIOIINX CUTHAJA PAa3HON NMPUPOIBI, YIyYIIaeT CHTHAJ/IIYM
3a CYET NMOJaBJIEHUS BHICOKOYACTOTHBIX COCTABJISIOMIMX CIIEKTPa Bbille YacToThl HalikBucTa
0,5*fch mJ1st TaHHOTO (PU3UYECKOT0 KAHAJIA, ACCOLIMUPOBAHHOIO ¢ OJHUM (MU 00JIee) IOTHIECKUM
KaHaJIOM. 3aMeTHM IIOMYTHO, 4TO LudpoBas ¢uibTpanus cpeactBamu npoueccopa Blackfin (wim
IPOTrPaMMHBIMHU CPEACTBAMH BHICOKOTO YPOBHSI) UMEET NPUHIMITHATILHO APYTYIO aKTHBHYIO 00J1aCTh
(buIbTpanuy, MOCKOIBKY HAXOIUTCS HUXKE YacToThl HalikBucTa.

Emgé pa3 noguepkuem, uto “no ymondanuio” B HacTpoiikax E-502 ycranaBnuBaercss Nav=1, u
“II0 yMOJIYaHUIO YCPEHEHUS HE TPOUCXOIUT.

3.3.7. OTHOCUTENBHbIE KOMMYTALMOHHbIE 3a4epPXXKM B kaHanax ALM.

JlanHble cBeAeHUsT OyAyT BaXKHBI TOJIBKO JUI TOTO KJIaCCa MHOTOKaHAJBHBIX 3a1a4 cOopa
JAHHBIX, TJ€ Ba)KHA BEJIMYMHA OTHOCUTEIBHOW 3a/lepKKM curHana mexnay kanamamu ALl s
IIPOBEJICHUS U3MEPEHUS OTHOCUTENBHBIX (ha30BbIX 3ajiepxkeK. [ 3Toro kinacca 3aa4 npuBOJUMbIE
HUKE TEOpETHYECKHE pacyéTHhIE 3HaueHus 3aaepxkek B kaHamax ALIIl yuuteiBaioT B anropurme
BbIPaBHUBAHMUSI 33/1€PKEK, OCHOBAHHOM Ha TOM MJIM MHOM METOJI€ MHTEPIOJISIUN CUTHAJIOB.

Hus pexuma ALl 6e3 ycpemnenus (Nav=1) OTHOCHTEIbHAs KOMMYTAIIMOHHAs 3ajepiKKa
Mexay cocenuumu  kananamu ALl BHyTpu ogHOro kampa (o MOpSAIKY Ompoca YIpaBISIOIIEH
TaOyuIbl) paBHA bsw, 2 MEXKAY MOCICIHUM KAaHAJIOM MPEABIAYIIETO Kaapa W TEPBBIM KaHAJIOM
cnenyromero paBia  tsw+ ta.

Ecnu ucnons3oBaH pesxuM ycpeaHeHus (Nav>1), re Nav BBIOpaHbl paBHBIMU Ul BCEX KaHAIIOB
ALIIL, To abconroTHas 3aAepikKKa MO KAKIOMY KaHAIy YMEHBUIMTCS Ha OJIMHAKOBYIO BEJIMYHMHY
0,5*Nav*tref. CrieioBaTeabHO, OTHOCUTENbHAS 3a/I€P’KKAa OCTaHETCsl paBHOU Tsw MEXIy COCEIHUMHU
KaHaJlaMd OJHOTO KaJapa M paBHOH Usw+ td Mexay OmmkalImMu KaHaJIaMH COCETHHX KaJIpOB,
pa3eNIEHHBIX MEXKaAPOBOU 3aI€P/KKOM.

Ecnu ncnonb3oBan pexxuM ycpeaHenust (Nav>1), e Nay HA3HAYEHBI B YIIPABIISIONICH Tabuie
pasHBIMU JIs 1-0T0 | j-0r0 joruyeckoro kanana ALII, To abcomoTHas 3aepKKa CUTHAJIA 110 1-OMY
KaHaly yMeHbIIUTCs Ha BenuuuHy 0,5%Nav(i)*tref, a OTHOCHTENBHAS 3aepiKKa j-Oro KaHaja 110
OTHOIIEHUIO K MPEIbIAYyIIEMY il-omy (B Tmpemenax OJHOTO Kajapa) CTaHET paBHOM
tsw + 0,5* tref (Nav(i)- Nav(j)) ik ctanet paBHO#H tsw + td + 0,5* tref (Nav(i)- Nav(j)) Mex Iy OmrKad UMK
I-bIM M CJICIYIOIIMM TI0 BPEMCHH J-bIM KaHAJaMH COCEIHUX KaJpOB, Pa3aeiEHHBIX MEKKaIPOBOM
3a7IepKKOi (eciu TOYHee, TO IS MOCIeTHEero KaHasla B Kajape BCeraa i=Nk, a JJist IepBoro — Beera

j=1).

(O-CARD
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3.3.8. OTHOoCcUTEenNbHbIE 3aaepxkn kaHanos AL, LIAI n kaHanoB umdpoBoro
BBOAA-BbIBOAA.

trer

tst_su |tw
CONV_OUT _l —l |_| —l |_|
START_OUT tstn
XY, > > > > >
GND32
t
A—— ADC_SU BHGOPKgl BuiGopka BH60pK§.
NPeo6paso- 1—tr:Dzrcqua AUn ¢ 2-ro otcuéra ALMN ¢ 3-ro otcuérta AUN ¢ ¢
Batenb (ALM)  —>
Bui6opka Bbi6opka BuiGopka
1-ro otcuéTa DI 2-ro otcuéTa DI 3-ro otcuéra DI
toisu | toiH
° O SR (D G D S G SR O §
2*tRer 2*trer
tho
[
DO 1-b11 oTcyéT DO 2-bI oTcyéTr DO X 3-un otcuét DO
tbac
DAC1, . L . . 3-UN OTCuUET
DAC2 1-bI1 oTcuéT DACL, DAC2 2-bin otcuéT DACL, DAC2 DAC1, DAC2

Puc. 3-4. Omnocumenvusie 3adeprycku ¢ xananax AIIl, IJAIl u kananos yughposozo
6600a-6b1600a

B npuBenéHHOl BBIIE CUHXPOHHOM JuarpaMMe€ BBOJA-BbIBOJA BBIXOJHOW CHTHAI
CONV_OUT wucnonb3oBaH Kak OMOPHBIA CHHXPOCUTHAJN, OTHOCUTEIHHO KOTOPOTO OMHUCAHBI BCE
3aJIep>KKH BBOJIa-BbIBOJ1a. BpeMeHHbBIE MapaMeTphl THarpaMMBbl OITUCAHBI B TAOIUIIE HUXKE. 3aePIKKH
B kanane AIIIl mpuBenensl i pexxuma paboThl 0e3 ycpenHEHHUs ITaHHBIX W 0€3 BbLICTICHUS
JOTIOTHATEBHBIX TakTOB ALIIl Ha ycTaHOBICHNE CHTHAIA.

[TpuBoaumeie B Tabnuuax mim. 3.3.8 - 3.3.12 yuciieHHbIe JaHHbIE 33/1€P’KEK MOTYUEHBI
B pe3yJibTaTe MOJEIMPOBAHUS U HOCST CIIPABOYHBIN XapakTep.
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Onucanue O0603Ha- 3HayeHue BpeMeHHn
‘eHHne Munu- | Tunuunoe Makcu-
MaJIbHO€ MaJIbHOE
[Teprox omopHO#t 9aCTOTHI trREF 500 mC (2 MTI'mM)
667 He
(1,5 MI')
JmatenpHocTh uMITynbca curnana CONV_OUT tw 50 HC
Bpems rpynmoBoii 3aiepXKKH aHATIOrOBOTO TpaKTa KaHalna | tApc_su 15-70 ue
AIIIT B E-502
Bpewms 3agepxku ot ppoara CONV_OUT no momeHTa fapc 0 HC
BbIOOpKU MHUKpocxeMbl ALITT
Bpewmst yctanoBnenust cocrosaus “1” Ha tsT_su 45 He
START_OUT nepen dbportom CONV_OUT
(MOMeHT cTapTa cOopa JaHHBIX)
Bpewms ynepxkanus cocrosiaust “1” na START_OUT | tsT_H 150 e
nociie ppoata CONV_OUT
(MOMEHT OKOHYaHMs cOOpa JaHHBIX )
Bpewms ycranoBnenus nqanasix Ha Bxoje DI tpi_su 5Hc
Bpewms ynepkanus mansbeix Ha Bxoje DI toI_H -1 HC
Bpewms 3anepxku DO otHOCHTENBHO PpOHTA tbo 6 HC
CONV_OUT
Bpewms rpynnoBoii 3aiepKKu CUTHAJIa Ha BBIXOE tbac 2 MKcC
LIAIT otHOCcuTensHO pporTa CONV_OUT
(3amepxku mukpocxembl L{AII mmtoc 3aaeprku
aHanoroBoro Oydepa-¢punbtpa Ha Beixoze LIAII)

(O-CARD
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3.3.9. B3agepxKkn curHanoB MeXXMoAybHON CUHXPOHM3aLMN.

3I[€Cb OIMUCBIBAIOTCA 3aACPIKKU CUI'HAJIOB HAa BbIXOJAX MCKMOAYJIBHOTO CHHXPOHHU3AIUH
OTHOCHUTECIIbPHO BXOJ0B MCKMOAYJIIBHOI'O CUHXPOHH3allu OJHOT'O U TOI'O K€ MOIYJIA.

tsT N _su tenv N w
CONV_IN T —I
START_IN | femmn
tenv IN_ouT tyy
CONV_OUT ‘—I
N L
START_OUT
tsT_in_out
Onucanue O06o3Ha- 3HauyeHHe BpeMeHHU
eHue Munu- Tunnynoe | Makcu-
MaJjibHOe MaJjibHOe
Bpewms ycranosnenus START_IN ornocutensno pponTa | tst iN_su 5 HC
CONV_IN
Bpewms ynepxanust START_IN otHOcHTenpHO (poHTA tsT IN_H -3 HC
CONV_IN
Jumnrensrocth umMityabca CONV_IN tenvoIN_w 40 HC
Bpewms 3aaepxku Gponta unu cnaga CONV_OUT tenv IN_ouT 12 HC
OTHOCHTEIILHO COOTBETCTBYIOIET0 (PpOHTA MM Criajia
CONV_IN
Bpewms 3aaepxku Gpponta wnm ciaga START_OUT tsT IN_ouT 12 HC
OTHOCHTEIILHO COOTBETCTBYIOIET0 (PpOHTA MM Criajia
START_IN
JumrenpHOCTh MMITynbca curHana CONV_OUT tw 50 uc

3.3.10.

npeobpasoBaHus ot Bxoaos DI SYN1, DI_SYN2.

3aﬂ,ep)KKI/I CUrHanoB BHELLHEWN CUHXPOHM3aLnn Ctapta 1 4aCtoTbl

[Tpu wucrons3oBanmm BxomoB BHemHed cuHxpoHu3amuu DI_SYN1, DI_SYN2 B kauectBe
udpoBbIXx Bxon0B obOmero HasHaueHus (DI) ux Bxomnble 3amepkku omucanbl B 1. 3.3.8 u
aHAJIOTUYHBI OCTaNbHBIM Bxogam DI. 3xeck paccmaTtpuBaeTcsi ciydyail, KOrja mapa BHEITHUX
curHasioB DI_SYN1, DI_SYN2 ucnonb3yercs kak BHEIIHss CHHXPOHHU3AIM cTapTa cOopa JaHHBIX
M ONOpHOW dYacToThl mpeoOpazoBanms. Kaxapii wmmmynsc Ha Bbixome CONV_OUT Oyzer
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COOTBETCTBOBATh Havaily rnepuoa npeodpasosanus (trer). Ho ecnm mocine npuxoja curHana crapra
cOopa IaHHBIX YacTOTa HPEOOpa3OBaHMs OKaXKETCS BBIKIIOUYCHHOW, TO BBIXOIHBIC HMITYJIbCHI
CONV_OUT 6yayT OTCYTCTBOBaTh, HO JAHHOE COCTOSIHHE BBI30BET MPOTPAMMHYIO OITHOKY.

DI_SYN1 unu DI_SYN2 kak
MCTOYHMK CUrHana crapTa, no

¢poHTy

tsyn_sT out

DI_SYN1 unu DI_SYN2 kak

MCTOYHUK CUrHana ctaprta, no
cnagy

START_OUT

DI_SYN1 unu DI_SYN2 kak
UCTOYHUK 4HaCTOTbI

CUHXPOHU3ALMKU, MO PPOHTY

DI_SYN1 unu DI_SYN2 kak

UCTOYHUK HaCTOTbI
CUHXpOHMU3auuun, no cnapy

CONV_OUT

tsyn_H
)
7
/
/
/
/
I
[
1 tsyn_su
Vgl e tsyn. w
\\
N
4
tw

tsyn_cnv_out

Onucanune

0O003Ha-

3HayeHHne BpeMeHHU

YCeHHE

Munn-
MaJbHOE

Tunnunoe

Makcu-
MaJbLHOE

Bpems pacnipocTpaHeHus CHrHaia ctapta coOopa JaHHBIX
ot Bxoga DI_SYN1 (umu DI_SYN2) no Beixona
START_OUT

tsyn_sT out

14 uc

Bpems yctaHOBiIEeHUS cUrHana crapra coopa JaHHBIX OT
Bxojsia DI_SYN1 (uu DI_SYN2) otHocuTenbHO poHTa
curHana yactotel cuaxponmsanuu DI_SYN2 (umu
DI_SYN1)

tsyn_su

-9 1C

Bpems yneprkaHus curiaia crapta coopa JaHHBIX OT
Bxojqia DI_SYN1 (unu DI_SYN2) otHOCHTENBHO (poHTA
curHazia 4yactotel cuaxponu3anuu DI_SYN2 (um
DI_SYN1)

tsyn_H

11 me

MuHUMaNbHas TUTETBHOCTh UMITYJIbCa Ha BXOJIE
DI_SYNL1 (DI_SYN2) B pexume moja4yu CUrHaia
YaCTOThI CHHXPOHH3AIHH

tsyn. w

40 HC

Bpems 3anepikku akTHBHOTO (DPOHTA WIIK CTIafa CUrHajia
yacToThl cHHXpoHu3anuu ot Bxoga DI_SYNI (um
DI_SYN2) no Beixomga CONV_OUT

tsyn_cNv_ouTt

14 uc

JnrenbHOCTh nMIyJibca curHaia CONV_OUT

tw

50 HC

(O-CARD
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3.3.11. 3anepKkn curHana CMHXpoHM3auun ctapta cbopa gaHHbIX CO
Bxoga DI_SYNL1 (DI_SYN2), korga curHan 4yactoTbl npeobpa3oBaHns He nogaH

Ha Bxod DI_SYN2 (DI_SYNL1).

3OT0 cityuyai, Korja yactoTa nmpeodpa3oBanus MO0 BHYTPEHHSIS, TM00 MPUXOJUT OT BEAYILETO
MOIy/as (TOJBKO BO Bpemst cOopa MaHHBIX “Beayiiero” Momyist). Kakaplii MMITyIbC Ha BBIXOJE
CONV_OUT 0yner cooTBeTcTBOBaTh Hauany mepuonaa mpeobOpasoBanus (trer). Ho ecnmm mocie
MPHUXO0/ia CUTHAJa cTapTa cOopa JNaHHBIX YacTOTa MpPeoOpa3oBaHMs OKAKETCS BBIKIIOYEHHOH, TO

BbixonHbele umnynbebl CONV_OUT Oynyr
IPOTrPaMMHYIO OIIHOKY.

DI_SYN1 nnu DI_SYN2 kak
MCTOYHMK CUTHarna crtapra, no

¢poHTy

tsyn_sT out

I

DI_SYN1 vnu DI_SYN2 kak

MCTOYHUK CUrHana cTaprta, no
cnagy

START_OUT

tsyn_cnv_ouTH

CONV_OUT

\\
‘_l

tsyn_cnv_ouT su
NNV,

tw

i

OTCYTCTBOBATb, HO MJAHHOC COCTOSAHUC BBI3OBCT

Onucanne

0O0603Ha-
yeHme

3HayeHHe BpeMeHH

Munn-
MaJbLHOE

Tunuunoe

Makcu-
MaJbHOE

Bpems pactipocTpaHeHus CUTHAJIA cTapTa coopa
naaHeiXx ot Bxoaa DI_SYNI (mmu DI_SYN2) no
Beixoga START_OUT

tsyn_sT out

14 nc

Bpems ycTtaHoBIeHMS cUTHAJIA cTapTa coopa
nmaaHeiXx ot Bxoaa DI_SYNI (mmu DI_SYN2) no
ACMHXPOHHOTO MOMEHTa BpeMeHHU (hpOHTA Ha
BeIxoge CONV_OUT

tsynN_cNv_ouT su

-3 HC

Bpewms ynep:kanus curaana crapta coopa JaHHBIX
ot Bxoza DI_SYNI1 (umu DI_SYN2) no
ACMHXPOHHOI'O MOMEHTA BPEMEHHU (PpOHTA Ha
Beixoge CONV_OUT

tsYN_cNv_ouT H

5mHc

3.3.12. 3agepxkm curHana CUHXpPoHU3auumn ctapTa cbopa AaHHbIX OT
Beaywiero moaynsa (ot Bxoga START _IN), korga curHan 4actoTbl
npeobpas3oBaHUA He NodaH OT BeayLero Moayns.

OTo ciaydvail, Korga yactora npeoOpa3zoBaHUsl JTUOO BHYTPEHHsS, MO0 MPUXOAUT CO BXOAA
DI_SYNI wmu DI_SYN2. Kaxnapiit umnynsc Ha Bbixoge CONV_OUT Oyner cooTBETCTBOBATh
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Hayvairy nepuoaa npeodpasosanus (trer). Ho, ecnu mocne npuxonaa curxana crapra coopa JaHHbBIX
(mo ¢pouty START_IN) uactora mnpeoOpa3oBaHHsS OKAKETCS BBIKIFOUCHHOH, TO BBIXO/HBIE
umnynbcbl CONV_OUT Oynyr OTCyTCTBOBaTh, HO JAHHOE COCTOSIHHE BBI30BET MPOTPAMMHYIO

OIHOKY.
tsT IN_ouT ]T

START_IN KaKk UCTOYHUK
curHana crapra,

no opoHTy h

tsT IN_CcNV_OUT H

START_OUT /

! tsT IN_cNv_ouT su
e —

\ tw

AN
CONV_OUT ‘—|

1

Onucanue 0O6o03Ha- 3HayeHue BpeMeHu

YyeHue Munu- Tunnunoe | Makcu-
MaJIbHOE MaJILHOE

Bpewms pactipocTpaneHus curHana crapra coopa tsYN_ST ouT 14 He
nmanubix oT Bxomga START _IN mo BeIxona
START_OUT

Bpems ycTaHOBIICHMS CHTHANIA cTapTa c6opa JaHHbIX | IST_IN_CNV_OUT_Su -2 He
ot Bxoga START_IN 10 acHHXpOHHOTO MOMEHTa
Bpemenn (pponta Ha Berxoge CONV_OUT

Bpewms ynepxanust curaana crapra coopa JaHHBIX tsT_IN_CNV_OUT_H 4 ue
ot Bxoga START_IN 10 acCHHXpOHHOTO MOMEHTa
Bpemenu (pponta Ha Beixoge CONV_OUT

Bpewms 3anepxku gponta mmu cnaga START_OUT | tst N out 12 HC
OTHOCHTEIFHO COOTBETCTBYIONIET0 (PPOHTA HITH
cnaga START_IN

(O-CARD



33 3.4: Tlpunimn paboThl ¥ PYHKIHMOHAIBHAS CXEMa

3.4. MpuHUMN paboTbl N PyHKLUMOHarNIbHaA cxema

3.4.1.Mogynu E-502-P1

i

Cxema

NepBUYHON | b=

CMHXPOHU3aLMU
E-502

CONV_IN, START_IN

Modcucmema

eeo0a-ebieoda
CONV_OUT, START_OUT

DI_SYN1, DI_SYN2

DO1..DO16

DI1...DI16

Lindposon
Aun B/B

Kommy-

[ X1..X16,Y1..Y16, GND32
TaTop

AGND, DGND

!

? Llenn Tr

ranbBaHoOpasBA3ka Bcerga

Y3en ranbBaHo-

npucytcteyet B E-502

I
I
I
I
I
I
| + 130MMpPOBaHbI
I
I
|
I
I

paseasku
GND
- . JILV SDRAM
FPGA | 32 Mb
Arora | AN
QyYHKYUOHasIbHO \ 4 AN jt
6nu3skasi k L-502 Cxema A JTAG
yacme BTOPUYHOW ]
CUHXpOHU3aumm [ MopTbl :>
cbopalebioaqu AaHHbix AL »—— ge | GD32F405
OaHHbIX U -
- UART
obpabomku. - - ()
[____\______j - - - - - - - T 7777
USB r—e—————_—_—_—_—_—_—_——_——— — - J |
I < > I Tonbko B Moandukaumm ¢ Ethernet I
| | |
! LED2 ((— : [
- |
| CH32Vv307 RMII Ethernet I'a;';s;a;((a) Ethernet | |
T pay [P — |
Ethernet '
| Flash-namsate [ |
| 4MB I | |
S
| | |

|
: Link
| Activity
|

®dynkiuonansHas cxema E-502-P1 ycinoBHo pa3bura Ha JBe yacTu:

1. Yacrb, otHocamasici kK cOopy/Bbinaun gannsix ALII/IAII — uudposoit
BBOJI/BBIBOJI. JTa 4acTh MoBTOpsAeT apxutektypy L-502. Hamuume LJAII 3aBucut ot
momudukammu E-502-P1. B FPGA cocpenorodeHa Joruka yropaBlIeHUsS COOpOM
JAHHBIX, Joruka KanuOpoBku naHHbIX ALl noruka emopuunoii cumnxpounuzayuu
(3.3.5), a Taxke unTepdeiic ¢ uHTepeiicHpIM MEKpokoHTposuiepoM CH32V307 u ¢
cUrHaJIbHBIM Tiporieccopom GD32F450.

2. Uutepdeiicnas yacte E-502-P1 nHa ocHoBe mukpoxonTposiepa CH32V307,
noaaep:xxuBawmas USB u Ethernet. Hamuune Ethernet 3aBucut ot mMomudukarmm
E-502-P1.

Curnanssbiii  mpoueccop GD32F450, wuntepdeiicubiii  muxpoxontpowiep CH32V307,
rajJbBaHMYECKas pa3Bs3Ka MPUCYTCTBYIOT BO Bcex Moaudukammsax E-502-P1.
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Flash-namsate o0bémMom 4 MBb mnpennasHaueHa Juisi  xpaHeHus: mnpoinuBkd  FPGA,
KaIHOPOBOUYHBIX KOA((HUIIMEHTOB, 3aBOJCKOT0 cepuiiHOro Homepa, obmact 1 MB Flash-nmamsitu
MIPEOCTABIISACTCS I MOJIB30BATEIbCKUX 3a1a4.

[Toxcucrema BBOga-BeiBoga E-502-P1 (B wactu 1.) comepkuT y37bI KOMMYTaTOpa KaHAJIOB,
ALTI, LIATI, mudpoBoro BBoaa-BeIBOIA, a TAKKE CXEMY nepsuunoll cunxporusayuu (3.3.5).

V3en TaJIbBAHOPA3BA3KHW H30JIUPYET BCE LCIHM IIOACHUCTEMBI BBOAA-BbIBOAA OT ueneﬁ,
QJICKTPHUYCCKHU CBA3AHHBIX C KaKHMM-JTH00 OCTaIbHBIMU OCIIsAMUA.

Curnansablii nporieccop GD32F450 ¢ SDRAM 32 MB, uepe3 KOTOpbIii Beeria MpoOXOoAuT BeCh
TpapuK IaHHBIX BBOJA-BBIBOJA, MOXXET OBITh HCIOJb30BaH JJIsi JOMOJHUTEIBHON 00paboTKH
JAHHBIX U YIIPAaBICHHS B paMKaXx IOJIb30BaTENIbCKUX 3a/1a4. Hanmprumep, BO3MOXKHO CO31aHNE KOHTYpa
yIpaBlIeHUS Yepe3 CUTHAIbHBIN MPOLIECCOp C UCIOIb30BAaHUEM BCEX BO3MOXKHOCTEH cOOpa-BhlIauu
nanabix E-502-P1. CpenctBamm curnambHoro mporeccopa GD32F450 peamnsoBan pexum
UKJIMYECKOro aBToreHeparopa Ha BeiBOJ B LIAII u Ha mudpoBoii Beixoa. CHUrHaIBHBIN TTPOIIECCOP
umeet JTAG pa3ném u pazsém UART Ha mare.

Muxkpoxkontpoiuiep CH32V307 umeer noraiinyro KHONKY ReSet, BEIBEICHHYIO Ha IEPEIHIO0
nanenb E-502-P1. KopoTkoe Hakatne Ha kHONKY Reset mpousBoauT oObruHbIE cOpoc ARM-
MHUKpOKOHTpoJsuiepa. Jlonroe Haxatue (6osee 10 ¢) kuonku RESET (n. 2.4, ctp. 16) nepeBonut E-
502-P1 B cneuuanpHblii “peskuM 3arpy3uuka’ uepe3 USB. CrneuuanbHbli peXUM HYXKEH IS
BO3MOXKHOCTH 00HOBJIeHUS npoinBok E-502-P1 u cmens! IP-agpeca Ethernet.

[Tocne momaum Hanpspkenust nutanus Ha E-502-P1 mpousoiinér 3arpyska npomusku B FPGA
u3 Flash-namsitu (puc. 3-5), a Takxke npon30MIET MOTHOE BKIFOUCHUE CUCTEMBI TUTAHHSI BHYTPSHHHX
y3i0B E-502-P1, moce yero E-502-P1 6yaer rotos k mratHoi padore.

E-502-P1 mnepexmouaercss Ha padory ¢ USB wnm Ethernet mocie BritoueHwsl mUTaHUS
ABTOMATHYECKH — Ha TOT HMHTEpdeiic, ¢ KOTOpOro Mpou3ouAET mnepBoe oOpameHue kK E-502.
[TapannensHas pabora ¢ 060ux HHTEP(PEICOB HE MOIACPKUBACTCS.

(O-CARD
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3.4: [Tpunnumn paboThl 1 PyHKITMOHAIBHAS CXeMa

3.4.2. Moaynu E-502-P, E-502-X

LED1 |
Tonbko ans E-502{]{ |-D |
I CONY N, START I |
CONV_IN, START_IN nogcucmeMaa Cxema i_ _L }\\ |
eeooa-ebieooa nepBUYHOW [ e S
{7@ CHXPOHM3aLIN | AN L”"PAF}"[}AQ |
u E-502 LSS v |
DI_SYN1, DI_SYN2 |
DO1..DO16
Kommy- Lincpposoit I
[ XL.X16, Y1..Y16, GND32 ratop — AUn a/B |
AGND, DGND DI1...DI16 |
0 T |
| Uenm ranbBaHopasBs3ka Bcerga I
+ N30MMpPOBaHbI Y3en ranbBaHo- npucyTcTeyeT B E-502
passdskn (- _ |
_GND g : Tonbko anst E-502-P-[1[] |l
|
|
Cxema MopTbl I
) BTOPUYHON — T e G I
YHKUUOHalbHO CMHXPOHM3ALIN | ADSP- | JTA I |
6nuskas k L-502 AaHHbIX ALIM HosT | BF523 V:RV :
yacmsb Fron T 7 DMA |I
|
cbopalebidayu Cyclone IV | SDRAM [
0aHHbIX U | 32 MB :I
06pa6omKu k ______________ |
USB R e

|
|
A |

[

|

|

ARM RMII FaneBaHo- | Ethernet !

SORAM L\ Lpcassy (==} FLOUC (=) passasa (=) !
32MB [N V| 43374357 | Ethernet |

: Link |

Flash-namaTte |4 \ —l
2 MB [E— : Activity |
____________________ |

Puc. 3-5. @ynkuyuonanvnasn cxema

®dynkiuoHanbHas cxema E-502 ycinoBHO pa3duTa Ha JBe YacTu:

3. Yactp, oTHOcsmasica K cOopy/Bbimaun gannbix AIII/IAII — uudposoit

BBOJI/BBIBO/JI. DTa 4acTh MOBTOpsAET apxUTekTypy L-502. Hanuuue L{AII u curnansHoro
nporeccopa ADSP-BF523 3aBucut ot moaudukanuu E-502. B FPGA cocpenoroueHa
JIOTUKA YIpaBlieHUs cOOpOM JaHHBIX, JOruka KanuOpoBku maHHbiX Allll, noruka
emopuunoul cunxporusayuu (3.3.5), a Taxke uarepdeiic ¢ ARM-MHKpOKOHTpOIIIEPOM
LPC4333 (LPC4337, LPC4357) u ¢ curnansHbIM miporieccopom ADSP-BF523.

HNurtepdeiichan yacte E-502 na ocHoBe ARM-MuKpPOKOHTpOJLIEpA,
nomiep:xkuBawmas USB u Ethernet. Hanmuune Ethernet 3aBucut ot mMonudukaium
E-502.

ARM-mukpokonTpoiep LPC4333 (LPC4337, LPC4357) wu ranbpBaHW4YecKas pa3Bsi3Ka
MIPUCYTCTBYET BO Bcex Mojupukanusax E-502.
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Flash-mnamsate o0vémMom 2 MBb mpennasHaueHa it xpaHeHust npomuBku FPGA,
KaaIMOpPOBOUHBIX KO3()(PHIIMEHTOB, 3aBOACKOr0 cepuiinoro Homepa. O6macts 1 Mb Flash-namsitu
MIPEOCTABIISCTCS I MOJB30BaTEIbCKUX 3a1a4.

[Toncucrema BBoga-BeiBoga E-502 (B uactu 1.) comepkut y3isl kommyTaropa kaHanos, ALIIL,
LTATI, iiudpoBoro BBOAa-BBIBO/IA, a TAKKE CXeMY nepsuurou cunxponuzayuu (3.3.5).

V3en TaJIbBAHOPA3BA3KHM H30JIUPYET BCE LCIHM IIOACHUCTEMBI BBOAAa-BbIBOAA OT ueneﬁ,
CBA3AaHHLIX JJICKTPHUYCCKU C KaKMMHU-TH00 OCTaIbHBIMHU OCIIAMUA.

Curnansablii mpoueccop ADSP-BF523 ¢ SDRAM 32 MB npeana3HayeH JUist 1OTIOJTHUATEIbHON
00pabOTKM JaHHBIX M YIpaBJICHUS B paMKax IOJb30BATEIbCKUX 3a1ady. Eciau mporeccop
3aJeiCTBOBaH, TO MepeAada BCEro MOTOKAa JaHHBIX M YIPABJICHUS MOACHUCTEMBI BBOJA-BBIBOJA
MPOUCXOIUT Yepe3 MOPThl BBOJA-BBIBO/A Tpoiieccopa. Hampumep, BOZMOKHO CO3/IaHME KOHTYpa
YIIpaBJICHUS Yepe3 CUTHAIBHBIN MPOLECCOp C MCIIOJIb30BAaHUEM BCEX BO3MOXKHOCTEW cOOpa-BbIIayH
nauHbIx E-502. HezaBucumsiii HTEpdeiic mporieccopa u nepeaava TaHHBIX OCYIIECTBISIETCS Yepe3
nopt HOST DMA nporeccopa k ARM-mukpokontposiepy. [Ipoueccop nmeer JTAG pa3wsém Ha
iare.

ARM-mukpokontposuiep LPC4333 (LPC4337, LPC4357) umeer cBoto HezaBucumyto SDRAM
32 Mb u noraiinyio kHonKy Reset, BrIBeneHHy0 Ha mepeanroro naHens E-502. Tect manHOTO

SDRAM Bcerna npoucxoAuT MOCTE BKIIOYEHHUS MUTaHUS (OIMOKA WHIUIMPYETCS CBETOIUOJIOM
LED2, n. 2.3.2, ctp. 14).

ARM-mukpokontpomiepsl LPC4333, LPC4337, LPC4357 uaeHTHYHBI, C TOYKH 3PEHUST UX
3aJIeHCTBOBAaHHBIX PECYpPCOB, U BapHAHT KOMIUIEKTAIIMH HE BJIMSIET HA MOTPEOUTENbCKUE CBOKCTBA
uzgenus’. [IpennpusTre-u3roToBUTENb OCTABISCT 32 COOOH MpPaBO MPOU3BOJILHO KOMILICKTOBAThH
moaynb E-502 stumu ARM-mukpokoHTposiepamu 6e3 Kakon-1u00 OTIMYUTENBHON MapKHUPOBKH
u3zenuii 1 6e3 COOTBETCTBYIOMIMX OTJIMYMIA B TTACTIOPTAX M3ICIIHI.

Kopotkoe Haxkatue Ha kHONIKY Reset mpousBoaut 00braHbI cOpoc ARM-MHEKpOKOHTpOILIEpA.

Jonroe Haxatue (6osee 10 c¢) knomku RESET (n. 2.4, ctp. 16) mepeBoaut E-502 B
CHeLMaNbHBIA “pexxuM 3arpy3unka’ uepe3 USB. CnenuanbHblil pexkuM HyXKeH Uil BO3MOXKHOCTHU
obHoBIeHus pomuBoK E-502 u cmens IP-anpeca Ethernet.

[Tocne nogaun Hanpspkerus nmutaHus Ha E-502 npousoiinér 3arpyska npommsku B FPGA u3
Flash-mamsitu (puc. 3-5), a Tarxke MpoU30HAET MOTHOE BKIFOYCHUE CUCTEMbI MUTAHHUS BHYTPEHHUX
y3n0B E-502, nocne vero E-502 6yner roToB k mtaTHO#M padoTe.

E-502 mnepexmrouaercss Ha pabory ¢ USB wumm Ethernet mocne BkimoYeHHs mTUTaHUS
aBTOMaTMYeCKHM Ha TOT HHTepdelc, ¢ KOoToporo mnpousoinér mepoe oOpamenue k E-502.
[TapannensHas pabora ¢ 060ux HHTEP(PECOB HE MOIICPKUBACTCS.

2 « -
J1 Kapg® octaensiet 3a cobon npaBo Npon3BOribHO KOMMEKToBaTb Moayrnb E-502 atumMm ARM-MuKpokoHTponnepamu 6e3
KaKkon-nmbo OTNNYUTENBHON MapKMPOBKM U3Aenuii n 6e3 COOTBETCTBYIOLLMX OTNINYNUIA B MACNOPTaxX Ha U3genuvs

(O-CARD



37

3.5: OcHoBHbIe GyHKIMOHATBHBIE oTiHunst E-502 ot L-502.

3.5. OcHOBHbIe (pyHKLMOHaNbHbIe oTnnuua E-502 ot

L-502.

DYHKIHOHAJIbHOE L-502 E-502
oTJIHYHe
Koncrpyxknus PCI Express Kapra | BHemHuii MOAysb 110 OTHOLICHUIO K
(ycranaBmuBaetrcsi  BHYTpb | [IK.
[1K)
Wnrepdeiic ¢ [1IK PCI Express 1.0 USB 2.0
Ethernet (L00BASE-TX)
WuTtepoeiic Hcnonb3yer otaenbHbl | MMeet oOmmii pazsém Digital BMmecte
MEXMOTyTBHOM pa3bém. C cur"Hagamu 1udpoBOro BBOJA-
CUHXPOHU3AINU Bxob! CONV_IN, | BeIBOZA.
START_IN umerotr | dynkums  BxomoB  DI15,  DI16
MOCTOSIHHBIE ~ PE3UCTOPHBIC | COBMeEIIeHa ¢ (yHKUIMEH BXOJI0B
MOATSIKKU K “HYIIO”. MEKMO1YIbHOM CHHXPOHU3ALNU
CONV_IN, START_IN,
COOTBETCTBEHHO.
Bxonsl DI15/CONV _IN,
DI16/START _IN umeroT oTaenbHbIE
IIPOrPaMMHO BKJIIOUAEMbIe

PE3UCTOPHBIE TOATKKU K “HYIIO”
(m. 4.4.2, ctp. 44).

Bropoit® Bxox BHemHen

[IpucyrcTByeTr OTAEnbHO Ha
BHyTpeHHEM pa3zbéme L-502.

Coswmernén ¢ sxonom DI14.

aBTOT€HEpPATOpPa Ha BBIBOJ
B IIAIl u na umdpoBoi
BBIXO/I.

CHHXPOHH3AINN [TporpammHuO BKJTIFOUaeMast
DI_SYN2 [MporpamMmmHO  BKITIOYaeMasl | pe3MCTOpHAas MoATsDKKa Bxona D114/
pe3ucTopHas nonrsikka | DI_SYN2

Bxoma DI_SYN2
[IporpammHO [IpucyrctByer  (otnenbHO | OTCyTCTBYET
BKJIIOYaeMast JUI CTapIIero M MJIaJLIEero
pe3ucTopHas  MOATSKKa | Oaifra)
1udpoBbix Bxo0B DI
l"anpBanMYeCKas [IpucyrctByer He BO Bcex | IIpucyrcrByer BO BCEX
W30S Moudukausax E-502 Moudukausax E-502
Pexum nuksmaeckoro | [MomnepskuBaercs B E-502-P, E-502-X

CpelcTBaMH MPOTPaMMHOI0
nparisepa B [1K.

HOJIEP>KUBACTCS CPECTBAMU
untepdeiicnoro ARM-
MuKpokoHTposuiepa LPC4333
(LPC4337, LPC4357)

B E-502-P1 mognepxuBaercs

CpeICTBaMU CUTHAJILHOTO
nporeccopa GD32F450.

ITo cpaBrenwuro ¢ L-502, B E-502 ymyumiens! MeTponorudeckue xapakrepuctuku LIAIT (1. 5.2)
TIPH BOCTIPOW3BEICHUH HAMPSHKEHUS TIOCTOSTHHOTO TOKA.

3 MepBbIi BXxOA BHELLHeW cMHXpoHu3aumm DI_SYN1 nmeetcs Ha BHelwHeM pa3béme B L-502 n Ha pasbéme Analog B E-502)
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[ naBa 4. [loakrodeHmne CUrHanos.

B Hacrosmelt riiaBe mpuBOIATCS CBeICHHS O pazbémax E-502, Ha3HaueHUH WX KOHTAKTOB U
OCHOBHBIX XapaKTEpPUCTHKAaX BXOJOB U BbIXoA0B E-502, uMmeromMx OTHOIIEHHWE K BONPOCY
KOPPEKTHOTO MOAKIIOUYCHUSI.

4.1.

4.2.

Llenu DGND, AGND

AGND - 370 yens 06wWeco nposoda U30IUPOBAHHBIX AHAJIOTOBBIX Iiernel: BxomoB ALIIT
u BeixonoB 1AL

DGND - nens 06weco nposoda n301MpOBaHHBIX ITU(GPOBBIX IeNei: IU(POBBIX BXOIOB U
BBIXOJIOB.

Buyrpu E-502 memu AGND u DGND wumeror o001Iyl0 TOYKY COeIMHEHHS
(ycmoBno: G1), Ho 3TH nenu uzonupoBansl o1 GND, USB, Ethernet u Bxoma nurtanus E-502
(puc. 4-1)

Llenu GND, 0V, GND_USB, CHASSIS

GND — yenwv obwezo nposooa uudppoBbix y310B Moayns E-502 B HenzomupoBaHHOI
YaCTH.

0V — yenwv nynesoeo nomenyuana Hu3Ko801LmMHO20 6xo0a numarnus E-502.
GND_USB — yenw o6wezo nposooa unmepgetica USB.

CHASSIS — yenv 05 nooxnouenus waccu (moavko 011 cayyas ucnonvzosanue E-502 be3
KOpnyca — Oisl 6CMPAauaemMblX NPULONCEHUIL) U IKPAHA CUSHATIbHBIX Kabeell

Buyrpu E-502 menu GND, 0V, GND_USB, CHASSIS umeoT o00u1y10 TO4YKYy
coeqnHenusn (ycmoBHo: G2). DT 1enu cBsi3aHbl ¢ 001mM mpoBogoM ARM MUKpPOKOHTpoJLIepa
¥ HeH30JIMpOBaHHBIM uHTepdeiicom USB (puc. 4-1).

ManbBaHU4YeCKUn
6apbep

I

DGND | GND ov
I
| / PunbTp

PGL | G2

I

AGND : GND_USB CHASSIS
]

Puc. 4-1: Buympennee coeounenue ueneii “oouux npo6ooos” ¢ E-502.

(O-CARD
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4.3: Pacnonoxenue neneidt DGND, AGND, GND, 0 V, GND USB, CHASSIS na

jiaTe
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4.3. PacnonoxeHue uenen DGND, AGND, GND, 0V,
GND_USB, CHASSIS Ha nnaTe

B . 4.1 1 4.2 00bsicHEHO Ha3HAYCHHE ITUX IIETeH, a Ha PUCYHKE HIKE CXeMaTUYHO IMOKa3aHa
UX MPUHAIIISKHOCTD Pa3HbIM (DyHKIIMOHAIBHBIM YacTsM E-502.

Kopnyc

LundpoBbie pasbéma

curHanbl (CHASSIS) ov

(DGND)

DIGITAL
]
I OTe. ¥ 3,05 Mm
:_ W o

Texuonomqecme |

| FanbLBaHWYeCKuUi

pasbémsl e e Gapbep
CPLD
GND

e

I
TYN;
I |
______ 4

0K
o0

[5]

9

o

=

o

I

E

o

=

|
)

v UsB
GD32F450 Sl (GND_USB)

OtB. @ 3,05 Mm

O<«—1— (cHAsSIS)

L | &
I8 R

—r

T ANATLOG T T

AHanoroBble Kopnyc N3onupoBaHHble
curHanbl DI SYN1 pasbéma nuHum Ethernet
(AGND) (D_GND) (CHASSIS)

Puc. 4-2: Pacnonoscenue yeneii “oouux npo6ooos” na nname E-502-P1
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Undpossie Kopnyc
CHrHANE] pastéma
{DGN D) (CH ASSIS]
DIGITAL i

1
O7E. 7 3,05 MM

I
|
|
)
d-— MansEaHMH4ECKHA

T T { Eaphap

ADSP-

JTAG Blackfin
{GND)

JTAG ARM
:GN D)
AR use
LPC433T (GND_USE)

[=
|

SDORAM

BF523

T ETET
il--!

| UAR

e | Ome.@3,05 MM

O GHASSIS
‘\ =
T gy =~
ANALOG ¢
f | GHASSIS
AHANOIOBLIE DI_SYN1 Kopnyc HaonupoBaHHLIE
CHrHAMNLI {DGND) parLéMa BxoakLl Ethermet
(AGND) {CHASSIS)

Puc. 4-3: Pacnonoxcenue yeneii “oouyux npoeooos” na nname E-502 (3a ucxknouenuem
E-502-P1)

B wactHOCTH, ¢ e GND sBnsieTcst 00mum mpoBotoM 1i1si BHyTpeHHUX nHTepdeiico UART,
JTAG Blackfin, JTAG ARM.

ITpu ucnonb30BaHUU OTAENBHO TWIaThl E-502 Ge3 koprmyca® BO BCTpanBaeMbIX MPHIOKECHUIX
ten maccu (CHASSIS) pekomeHayeTcst COeIMHUTD CO CIUTOIIHONW METAUTMYECKON MTOBEPXHOCTHIO
maccu (Koprmyca KOHCTPYKIHH). J[Ba TIpaBBIX OTBEPCTHS 3,05 mmM Ha puc. 4-3 wumeror
MeTayu3anuo, coequHéHHyro ¢ 1menbio CHASSIS, a nBa JeBBIX OTBepCTHS D305 mm
M30JIMPOBAHBI OT OCTAIBHBIX Iereid. T 4 KPen&KHBIX OTBEPCTHUS HCIOJB3YIOT IS KPETUICHHS

mwiatel E-502.

4.4. OnncaHue pasbemoB E-502.

4 30ecb He paccMaTpuBaeTCs BONPOC KOPPEKTHOCTU UCMOSb30BaHUA cepTuduumposaHHoro Cpegcrea Nameperuns 6e3
LUTaTHOrO Kopryca.

(O-CARD
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4.4: Onucanue pa3pémon E-502.

4.4.1. Pa3bém Analog.

Paswém Analog — 310 37-koHTaKkTHas 2-X psaHas Buika tuna DRB-37M na nepeaneii nanesu
E-502. IIpoBonsmias KOHTaKkTHas JAeTanb pa3béMa (9KpaH) SJICKTPUYECKH CBS3aHA C IICTIBIO

CHUI'HAJIBHOI'O

3a3C€MJICHUA

GND.

Ha »okpan kabGenbHOM

4acTu pa3zbEMa

JO0ITYCKAaCTCA

HEMOCPE/ICTBEHHAs 3amaiika JKpaHa CHTHaJbHOro Kabeis. DkpaH pazbéma Analog He umeer

konTakTa ¢ nensmMa AGND, DGND wu ocraipHbIME HEmsaMHu pazbéma Analog.

4‘7 — GND
D X16
Y16 10
Y15 2 0«
»o 21
3 o< X14
Y14 R <
»o 22 4 o< X13
Y13 »0 23 B X12
Y12 _ 5> o<
»0 24 X11
Y11 6 0«
»0 25
> . X10
Y10 - 7 o<
»0 26 8 0< X9
LE »0 27 X8
Y8 9 o«
»0 28 X7
Y7 10 o«
11 e«
Y6 R <
»0 30 X5
Y5 12 o«
»0 31 X4
Y4 13 o«
»0 32 X3
Y3 14 o«
Y2 15 o«
»0 34 X1
Y1 16 o«
>0 35 AGND
GND32 17 o<
»o 36 || DAC1/+15V/ AGND / NC
DL SYNL || o o 189
»o 19 o<l _PAC2/-15V / DGND /NC
Puc. 4-4: Pazvém Analog
Tab6un. 4-1: Pazsém Analog
HNms curnaga | Oomas | Hanpas- Onucanmne
Touka® JICHHe
X<lI...16> AGND | Bxox e He wuHBepTHpyIOmMiI BXOJ HanpskKeHHMs KaHanoB 1...16 s

TP PepeHIINATEHOTO U PeXIMa U peskuMa “c o0reit 3eminéin’”:

5 Llenb obuiero npoBoaa Ans ykasaHHOro CUrHanbHOro BXoda WUnu Bbixoda
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IMoaxaroyeHUe CUTHAJIOB.

HNMsa curnaja

Oomras
Touka®

Hanpas-
JIeHHe

Onucanue

e Pabounii auamnason Hampsokenus: +10 B (mogpobroctu cm. 1. 4.6
crp. 54).

e Heucnons3yemslie Bxoasl X<1...16> pekoMeHayeTCs MOAKIIOYATH K
AGND wunu cooTBeTCTBYIOIINH (PU3NUECKU KaHAN HE ONpalIiBaTh
IIPOrpPaMMHO.

Y<1...16>

AGND

Bxon

e UuBeprupyrommii BXox HampsokeHUs KanamoB  1...16  mas

nrdhepeHIHaTBEHOTO peKIMA.

e Bxon xananos 17...32 misa pexxuma “c o0mIen 3eMiréin”.

e PaGounii nuamnazon Hanpsokenus: =10 B (mogpoGuoctr cm. 1. 4.6
ctp. 54).

e Heucnons3yemsie Bxoapl Y<I...16> pekoMeHayeTCS MOAKIIOYATh K

AGND wunm cooTBETCTBYIONNH (PM3WUECKUI KaHAT He ONpallnBaTh
MIPOTPaMMHO.

DAC1
[+15V
/ AGND
/ NC

(cm. n.2.2.1)

AGND

Brixon

Jlnst moudmkammii E-502-5--D Moxet 6bITh CKOHMHTYPHPOBAH
JoKaMIiepoM Kak Beixo 1-ro kanana ITATT (BbIX0/ HAPSDKCHUS B
Jquarnasone -5...+5 B).

Just mo6six Mogudukanuii E-502 MoxeT ObITH CKOHPUTYpHUPOBaH
JOKAMIIEPOM KakK BBIXOJ +15V muTanusi BHEIIHETO YCTPOHCTBA, WIH
Kak gonoaHuTeabHbIi KOHTaKT AGND, mim kak HENOAKIFOYEHHBIN
koHTakKT pazbéma (NC).

(cm. n.2.2.1)

DAC2
/-15V
/ DGND
/' NC

(cm. n.2.2.1)

AGND

Brixon

Jns mogudukanuit E-502 -D MoxeT ObITh CKOHUTYpHPOBaH
JOKaMIIepoM Kak Bbixon 2-ro kaHama [{AII (Berxox HanpspKeHMS B
nuamnasoHe -5...+5 B).

Jnst mo6s1x Momudukanuii E-502 MoxeT ObITh CKOH(MDUTYPHPOBAH
JOKAMIIEPOM KakK BBIXOJ -15V NMuTaHus BHEITHETO yCTPOMCTBA HIIA KaK
nonojHuTenbHbIM KOHTaKT DGND, nian Kak HenmoaKIr0UeHHbIN
KoHTaKT pazbéma (NC)

(em. n.2.2.1)

AGND

Amnajoronas 3emJs

GND32

AGND

Bxon

e B pexume ¢ obwetl 3emaé: 00IMNT MTHBEPTUPYIOIINIA BXO]] KAHAIOB
1...32.

o Jlns BceX pEXKUMOB JODKEeH ObiTh moaxmioueH k AGND (B
TG hepeHIIMATEHOM PeXXIMe — JUIS YBEIHUSHHS TOMEXO03alHIIeH-
HOocTH). B pexume ¢ obwei semnéi mnomximrouenne kK AGND
PEKOMEHIyeTCs JiejlaTh Ha CTOPOHE UCTOYHUKOB CUTHAJIOB.

e PaGounii nuanason Hanpsbkenus +1 B (moapoOHOCTH cM. 1. 4.6
ctp. 54) .

DI_SYN1

DGND

Bxon

Bxon cuaxpoHuzanuu 1, KOTOPBI MOXKET TaK)Ke BBITIOIHSTH POJIb
JIOTIOJTHUTEIBHOTO BX0/1a IIU(POBOTO BBOJIA.

COBMECTHM C BBIXOJIHBIM JIOTHUECKUM YPOBHEM
TTL/CMOS-351eMeHTOB ¢ HanpspKeHneM muTanus ot +2,5 B no +5 B.
Bxon umeer pacumpeHHbIN AUANa30H MPEAETbHO JOMYCTUMBIX
Hanpspkenuii (£10 B orHocutensao GND).

CrienpanibHO HE OrOBapHUBaETCsl MUHUMAJIbHAst CKOPOCTh HapacTaHUs
nepenana curaana Ha Bxozae DI_SYNI1, nockonbKy npUcyTCTByeT
tpurrep llImuTTa Ha 3TOM BXOIE.

(O-CARD
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4.4: Onucanue pa3pémon E-502.

HNmMsa curnajia

Oo1man
TouKa’®

Hanpas-
JIeHue

Onucanue

Hmeetcst mporpaMMHasi BOSMOKHOCTD BKITIOUEHUSI PE3UCTOPHOM
noATsDKKA 1 KOM K BBICOKOMY JIOTHYECKOMY YPOBHIO Ha 3TOM BXOJIE.
Bxoa DI_SYNI1 ne myntupyer BHemHuid T T L-UCTOYHUK cUTHaa
Jla’ke TP BBIKITIOYEHHOM ITHTaHUH.

IIpumeuanus k Tabn. 4-1:

e [lIpemenbHO AOMYCTUMbIC HANPSDKEHHUSI M TOKH Ha KOHTaKTax pa3bEMOB yKasaHbl B 1. 4.5, Ha cTp. 52.
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4.4.2. Pasbém Digital.

Paswém Digital — ato 37-konTakTHast 2-X psiaHas pozerka Tuna DRB-37F Ha nepeaneii manenu
E-502. IlpoBoxsmias KOHTaKTHas JAeTalb pa3zbéMa (dKpaH) 3JIEKTPUYECKH CBA3aHA C LEIbIO
curHasibHoro 3azemuieHuss GND. Ha okpan kaOenpbHOM dYacTu pa3béMa  JIOIyCKaeTcs
HETOCPeICTBeHHAs 3amaiika 3KpaHa CUTHAJILHOTO Kabers. DkpaH pazbéma Digital He umeer konTakTa
¢ nermsima DGND u ocranpHbIME HEnsiME pa3béma Digital.

DI1 f’\
»0 1
DI2 ) 20 o DO];
»O
DI3 210 DO?;
»0 3 DO3
Dl4 4 22 O 1 4
»O
DI5 230 DOA&
»0 5 plo):}
DI6 6 24 o 1 4
»O
DI7 250 DO%
»o 7 DO7
DI8 8 26 o »
»O
DI9 27 o DOSP
»0 9 DO
DI10 28 o »
»0 10 DO1Q
DI11 29 o >
»0 11 DO11
DI12 300 »
»o 12 DO12
DI13 3lo >
»0O 13 DO13
DI14 / DI_SYN2 320 >
»0 14 DO14
DI15/ CONV_IN 330 >
»0 15 DO15
DI16 / START IN 340 >
»0 16 DO16
DGND 350 >
°17 Il DGND
:CONV_OUT 018 e 4338
START ouT \y >

Puc. 4-5: Paszvém Digital

(O-CARD
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4.4: Onucanue pa3pémon E-502.

Taéon. 4-2:

Paszwvem Digital

Nma
CHTHAJIA

Oomas
TOYKA

Hanpas
JIeHue

Cocrossnue
nocJjie
BRKJIKYCHUA

Onucanmne

DI<13...1>

DGND

Bxon

Bxon

16-6utHbIH IMPOBOI BXOJ, TIC

DI1 —mmammii 6ut, DI16 — crapiiuit 6ut 16-0uTHOrO
cnoBa. Bxoger D114, DI15, DI16 onucans! HyKe, OHU
HMMEIOT aJIbTEPHATUBHBIC TPOrPAMMHO HACTPAUBACMbIC
(hyaKIHE BX010B cuHXpoHm3anmu. Bxoa DI ve
LIYHTUPYIOT BHEIHUH T T L-MCTOYHKK CUTHANA Aaxe
MpH BBIKIIOYeHHOM nuTanuu E-502.

DI14 /
DI_SYN2

DGND

Bxon

Bxon

Hudposoit Bxox DI14 wmn BXo1x CHHXpOHU3AINH
DI_SYN?2 (mporpammsslii BeIOOp). Bxon coBmecTum ¢
BBIXOTHBIM JIOTHYECKHM YPOBHEM
TTL/CMOS-311eMeHTOB ¢ HampsHKeHHEM MTUTAHUS OT
+2,5 B no +5 B. [IpucyrctByet Tpurrep LlImMurTa Ha
3TOM BXoJe. Mmeercs mporpaMMHasi BO3MOXKHOCTb
BKJIFOUEHUS PE3UCTOPHOU MOATSHKKU 1 KOM K BEICOKOMY
JIOTHYECKOMY YPOBHIO Ha 3TOM Bxoje. Bxox DI/
DI_SYN2 ne myntupyer BHemHuit T T L-uctounnk
CUTHaJa Jake TIPH BRIKIIIOUYeHHOM TuTaHnu E-502.

DI15 /
CONV_IN

DGND

Bxon

Bxon

Hudporoii Bxox DI15 unum BXox CHHXpOHU3AIINT
CONV_IN (mporpammaslii BeIOOp). Bxon ummynsca
cunxpoHu3aiuu npeodpaszobanus AIIT-ITAIT (ot
cocenrero momayis E-502). Mmeercst mporpaMMHast
BO3MOKHOCTb BKJTFOUEHHS PE3UCTOPHOMN MOATSIKKH
360 OM Kk HU3KOMY JIOTHYECKOMY YPOBHIO Ha 3TOM
Bxoge. Bxox DI15 / CONV_IN He mryHTHpYeT BHEIIHUN
TTL-UCTOYHMK CUTHAJIA aXKe IPU BBIKIIOYEHHOM
nutannu E-502. Bxoa coBMECTHM C BBIXOIHBIM
norudeckuM ypoBHeM TTL/CMOS-anemeHToB ¢
HampspKEHUEM uTadus ot +2,5 B mo +5 B.
IIpucyrcrByer Tpurrep IlImurra Ha 3TOM BXOAE.

DI16 /
START_IN

DGND

Bxon

Bxon

Hudporoii Bxox DI16 unum Bxox CHHXpOHU3AIIUN
START_IN (mporpaMMHbIii BHIOOD).

Bxon curnana crapra AIIII-ITATI u BBoma-BeIBOIA (OT
cocennero Monyisi E-502). AKTHBHBIN JTOTHYeCKUH
YpOBEHb CHTHaJIa — BEICOKHH. MIMeeTcst mporpaMMHas
BO3MOKHOCTbH BKJTFOUCHUSI PE3UCTOPHOMN MOATSIKKH
360 OM K HU3KOMY JIOTHYECKOMY YPOBHIO Ha 3TOM
Bxoje. Bxox DI16 / START_IN He myHTHpYeET
BHenIHHH T T L-UCTOYHHK cUTHAJIA Taxe MPU
BBIKJIFOUeHHOM ITannu E-502. Bxox coBmecTnM ¢
BBIXO/IHBIM JIOTHYECKHM YPOBHEM
TTL/CMOS-31eMEHTOB C HAPSHKEHUEM MTUTAHUS OT
+2,5 B no +5 B. [IpucyrctByet Tpurrep LlImMurTa Ha
DTOM BXOJIE.
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IMoaxaroyeHUe CUTHAJIOB.

HNma Oomas | Hanpas St
CHTHAJIa TOYKA JieHHne focae Onucane
BKJIIOYEHHS

DO<16...1> | DGND | Beixox | Z-cocrostnue | 16-OuTHBIM Lu(POBOM BBIXO, TIE
DO16 — crapmmii out, DO1 — mnaammii OuT
16-6utHoro cnoBa. Jluauu DO1...DO8 oTHOCATCS K
Miagmemy 6aity, a tuanu DO9...DO16 — x
crapuemy. [IporpamMmHoe ynpaBieHue Z-COCTOSTHUEM —
HE3aBUCHMOE JIJIsl CTapIIero U MiIaJiero oaira.
NmeeTtcst BO3MOKHOCTh IPUHYIUTEIBHON YCTAHOBKH
AKTHBHOTO COCTOSIHUS BBIXOJIOB KaXKA0TO Oaita mpu
BKITIOUCHUH ITUTAHUS yTEM YCTAHOBKH J[KAMIICPOB,
m 2.2.2.

CONV DGND | Beixoxg | Beixon Brixox ummysbsca npeobpasosanust ALITT-IIAIT u BBoma-

_OouT BbIBOIA (K coceanemy mMoaysto E-502)

START DGND | Beixong | Bexon Beixon curnana crapra AIIT-ITAIT u BBoaa-BeiBoja (K

_ouT coceqHeMy Moyt E-502).
AKTHBHBIH TOTHYECKUI YPOBEHb CUTHAJIA — BBICOKHUH.

DGND — — — Hens 06wezo nposoda miis iudpoBbIX BXOIOB U
BBIXOJIOB

+3.3V DGND Brixon Brixon Brixon +3,3 B nmuTanus BHEITHHUX IU(PPOBBIX Y3JI0B.

+33B Koportkoe 3ampikanne nenn +3.3 V HexenaTelnbHO, HO

A0IIyCTUMO (BI)I3I)IBaCT TCIUIO3AIIUTY BHYTPECHHETO
cTabuu3aTopa)

IIpedenvro Ooonycmumbvie HaAnpsAd’CeHUs U MOKU HA KOHMAKMAX pa3zvémos cm. 6 n.4.5 mua

cmp. 52.

(O-CARD




a7 4.4: Onucanue pazbémon E-502.

4.4.2.1. CoeduHeHuUsI npu MexmMo0yJIbHOU CUHXPOHU3ayuu.

[Ipumepsl coeqMHEHMH IPY MEKMO1YJIbHON CUHXPOHU3AL[MH [T0OKa3aHbl Ha PUC. 4-6 — puc. 4-8.
CoenuHeHuss JOJDKHBI OBITh  BBINOJIHEHBl KpaT4allIMMHM BUTBIMM IapamMH Uil pAIOM
pacroiokeHHbIX Moyeit E-502.

[IporpammHoOe obecriedeHre TaKOW CHCTEMBI JOJDKHO OOecredMBaTh cTapT cOopa JaHHBIX
BE/IYLIETO MOAYJIS TOCIE CTapTa BEIOMBIX W NPEIBAPUTEIbHYIO MPOTPAMMHYIO HAaCTPOHKY ITHX
MOJTyJIei Ha COOTBETCTBYIOIIME PEKUMBI CHHXPOHH3AIINH.

VY mocneHero BeJOMOTO MOAYJSI B LIEMIM HEOOXOIMMO MPOrPaMMHO BKIIOYUTH PE3UCTOPHI-
noatspkky Ha Bxonax START_IN u CONV_IN k HM3KOMY JIOTHYECKOMY YpOBHIO. B onHYy 11ems ¢
BEIyIIUM PEKOMEHIYETCsl BKIIOUaTh He Ooyiee 2-X PSJIOM PACIIONONKCHHBIX BEIOMBIX. KakIbrii
BEJIOMBIA B Iienu, HampuMmep, E-502 #2, kak mokazaHo Ha puC. 4-8, pu HEOOXOIUMOCTH MOXKET
CTaTh BEIYIIUM /ISl APYTOH e CHHXPOHM3AITIH.

5 5 z - 5 5 ~ o
SR EI AN EE olald|elT|alZ]e
S1EI181218(2]3 Jlzle1zlglz) 2]z
HAEHEHEEE AHHEUEEEE
o I v © S 5 i o
£s02 42 L) S
(sedombiii) (sedywyuii)
Puc. 4-6: Cxema cunxponuzauyuu e0yujuil-6e00Mulil
Jlr
.
= = = — —
AR EAEE JEEEHEEEE JEHEEEEEE
>'%§|5§5§5 58'&8&‘8%8 58"‘_‘858%8
SITIE[C|5]°18]° INEHEENE AREEBHEE
E-502 #3 [— E-502 #2 (sedombili) E-502 #1 (sedywull)

(eedomsili)

Puc. 4-7: Cxema cunxponusayuu “gedymuii — 06a 6e00muix”
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E-502 #4
(sedombili)

i
0

= =
) 2 = =z
NENMENEINE
SlolElolzlolz|o
zla|Z|e|Z)e)ole
o iy »n o
o %)
] Leno 2 Leno 1
r T
= a
= =
=} = z 4 = = = =
MEINEIREINE 8680Z|OZ|D 808oz|ozlo
> = = = izl alzlelz] S5 =2 1zl lz|ez2]5'] =2
AHEHHH s AR e e EEHEEHE =
S| (& |°]| |[° SN NN EEE
E-502 #3 (sedombili) E-502 #2 [‘:;][‘:;] E-502 #1
(8edombiii Ona #1, (sedywjudi)
sedywuli 0ns #3, #4 )

Puc. 4-8: IIpumep cxemvl CUHXPOHUZAUUU OBYMA UECHAMU

4.4.2.2. Ymo 0aém He3asucumoe pa3speuweHue ebixo008 cmapuwez20 u mnadue2o
6aitma?

OI[I/IH N3 BAXHBIX ITPAKTHUYCCKHUX ITPUMEPOB — 3TO CUCTEMA 3-X muH H.IPIpPIHOﬁ 8 out Kaxxaas,

KaK IIOKa3aHO Ha pI/ICYHKe HUXC. HepBaﬂ nImHa BXOJHasd, BTOpafI — BBbIXOJHa#d, TpeTI)SI —
ABYHAIIPpABJICHHAS.
8 our
E-502 115 Dit6 26{
DI1...DI8
DO1...D08 >

8 6ur

D09...D016 \/

Puc. 4-9: Ilpumep 2pynnupoeantnozo coeounenus yupoewvix JUHUIL: MPU WUHBL RO
8 oum.

[Ipumep noka3pIBaeT MPaKTUUECKH BayKHBIN Ci1ydail peanu3zanuy HHTEPPENCcoB ¢ pa3InyHbIMU
yCTpONCTBAMHU, UMEIOIIUMHU §-OUTHYIO JBYHAIIPABICHHYIO LIMHY JAHHBIX, BXOJHBIC U BBIXOJHBIC

(O-CARD
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nuHun ynpasieHus. Crmemyer ydecth, 4to BXoasl DI14, DI15, DI16 umeror ambTepHaTHBHBIC
byHKIMKM cHHXpoHU3almu (Tabn. 4-2).

4.4.3. Pazbeém nuTaHums.

/ +8...+30V

==8-30 V
6 W
o—E—®

\

ov

Puc. 4-10: Pazvém numanusn: mapkuposeka (cneea), Ha3HavyeHue KOHMAKMoe (cnpaesa)

Tun 6;mouno# acTu pazpéma mutanus — DIK-02A, tun xabensHO# yactn — DIK-10A.

B o6braHOM citydae muist iutanus E-502 ucmonb3yere MTaTHBIN CETEBOW aianTep, BXOMSIINAN
B KOMILIEKT mocTaBku (1. 1.1.1).

B cneunansHOoM ciywae nansi nutaHus E-502 ucnonbplyere BHEIIHUNA HWCTOYHUK TMUTAHUS
(Hampumep, o CTaHIAAPTHHIM 3HAYEHWEM HOMMHAJIBHOTO HampshKeHus u3 paga +9, +12, +15, +18
wi +24 B u MourHocThio Gojiee 6 BT), KOTOpBIH clieayeT MOAKIIOUNTh Yepe3 KaOelbHyI0 4acThb
pasbéma (DJK-10A), Tarxke BXOIAIIYI0O B KOMIUIEKT IIOCTaBKM. B cXeme MOIAKITIOUCHHS
00Opy/IOBaHUSl YUWTHIBACTE TalbBaHMUECKYIO CBsI3b lieneil BHyTpu E-502 (m. 4.2) u mpenenbHO
JIOIYCTUMBIE CKBO3HBIC TOKH (Tabn. 4-4).

4.4.4. Pasbeém USB.

bnouynas uacte pazpém USB 2.0 tunm “B”, Bpe3zaHHas B OOKOBYIO CTEHKY KOpIIyca,
MPUCYTCTBYEeT BO Bcex Moaupukanmsx E-502. Pexomenmyercst mcmonb3oBath kabemb USB,
BXOJISIIMHI B KOMIUIEKT OCTaBKH, A nojkiaoueHus K [1K. B cxeme nonkitouenus o0opynoBanus
YUUTHIBAETEe TalIbBAHUYECKYIO CBsi3b 1ernedl BHyTpu E-502 (m. 4.2) m mpenenbHO OIMyCTUMBIC
CKBO3HBIE TOKH (Tabn. 4-4).

4.4.5.Pa3bém LAN (Ethernet).

Pa3ném Ethernet mpucyrctByer Tonbko B Mmogaudukanusx E-502-...-EU (puc. 1-1). Onucanue
WH/IMKALMU Ha pa3béMe npuBeneHo B (1. 2.3.3).

Pa3ném LAN oGecnieunBaet ctangaptaoe noakiarouenne Ethernet 100BASE-T X co ckopocThio
100 MGurt/c.
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I Pexum 10 Mout/c Ethernet ve moaaepsxuBaetcst
u

Ethernet wunrepdeiic E-502 nomnepxkuBaer Ttexnomoruro Auto-MDIX (Bo3mMoxHO Kak
MOJIKJTFOUCHUE KKPOCCOBEPY», TaK U KIIPSIMBIM» Kabeyiem).

Jns xopotkux mnonkiaroueHuii Ethernet Bl Mokere wucmosib30BaTh KaOesb, BXOIAIIMN B
KOMILIEKT mocTaBku (1. 1.1.1).

4.4.6. BHyTpeHHne pasbembl E-502.

4.4.6.1. Pa3bém JTAG npouyeccopa GD32F450 (E-502-P1).
Hna otnaaku  cobctBenHoro I[10 GD32F450 cnemyer wucmonb3oBaTh OJIWH U3

JTAG-smyastopoB ainsi  ARM-miporieccopoB  ¢o  cTaHmapTHBIM HOAKIIOUeHHeM (puc. 4-11).
Pacnonoxenne Ha miate cM. "JTAG GD32" na puc. 2-2

I Omnepanuio npucoenuHeHusi-orcoenunenus pazbéma JTAG-smynsaTopa ciemyet
nenaTh B 00€CTOYEHHOM COCTOSIHUM 000MX YCTPOUCTB.

TCK/ T™S/

RESET TD RTCK SWDCLK SWDIO TRST 3.3V
s @ ©®© 00 @ ONE
JTAG ARM
(12) ONONO
ND GND GND GND GND ND GND 3.3V

Puc. 4-11. /lemanuzauun cucnanos na pazvéme JTAG npoueccopa GD32F450
4.4.6.2. Pa3bém UART npouyeccopa GD32F450 (E-502-P1).

Hnst otmanku cobctBeHHoro [10 GD32F450 BosmoxkHo wucmonb3oBath mnopt UARTIL
mporieccopa, BeIBECHHBIN Ha pa3béM (puc. 4-12). Pacnonoxenue Ha tiate cMm. "UART GD32" na
puc. 2-2

NC

ololE
ofofo

3.3V

Puc. 4-12. /lemanuzauun cucnanos na pazvéme UART npoueccopa GD32F450

(O-CARD
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4.4.6.3. Pa3bém JTAG mukpokoHmpousnepa CH32V307 (E-502-P1).

(s)0 (e )] ¢
0 00

3.3V SWIO SWCLK

Puc. 4-13. /lemanuzauusn cucnanos na pazvéme JTAG muxkpoxonmponnepa CH32V307

Pacnonoxenne Ha miate cm. "JTAG CH32" na puc. 2-2.

4.4.6.4. Pa3bém UART mukpokoHmposnnepa CH32V307 (E-502-P1).

ONORE
o) (0 ()

3.3V RX BOOTO

Puc. 4-14. Jlemanuzayusa cucnanos na pazsvéme UART muxpoxonmponnepa CH32V307

Pacnonoxxenne Ha miate cm. "UART CH32" na puc. 2-2.

4.4.6.5. Pa3bémbl JTAG npoyeccopa Blackfin.

Jlnst otnanku cooctBenHoro 10 Blackfin va mutate E-502 cnemyeT ucnonb30BaTh OJMH U3
JTAG-smynstopos ot Analog Devices: ADZS-USB-ICE, ADZS-HPUSB-ICE wunu
ADZS-ICE-100B c unrtepdeticom USB. OHr CHIIBHO OTIMYAIOTCS CKOPOCTHIO nepenaun o USB u
reHoi. 00 3tux uzzaenusx Bol MoxkeTe mony4duTh HHPOpPMALIHIO Ha CaliTe MPOU3BOAUTENS
www.analog.com .

Ha mmare umeercs pazsém JTAG, puc. 4-15, COBMECTHMBI C BbIIICYKa3aHHBIMU
JTAG-s3mynsTopamu.

Omnepanuioo npucoeauHeHUs-oTrcoenuHenus pazbéMa JTAG-smynsaropa crnemyer
JienaTh B 00€CTOYEHHOM COCTOSTHUM 000MX YCTPOUCTB.
I He nmomyckaercs moakmoueHne pasbéma JTAG K HWHBIM yCTpOHCTBaM, He
®  OroBOPEHHBIM B HACTOSIIEH TJIaBE.


http://www.analog.com/
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900000 O
() (2

VDDIO

GND TXD RESET  TDO RTCK  TCK TMS DI TRST 3.3V
(s) |1 () (1) (1) (o) (7)) (5) (o) |2
UARTO ARM JTAG ARM

(4) (2) (12) @ (4) (&)
33V RXD GND GND  GND GND ND GND 3.3V

Puc. 4-15. /lemanuzauyus cucnanos na pazvémax JTAG Blackfin JTAG ARM u UARTO ¢
LPC43x

4.4.6.6. Pa3bémbl JTAG u UARTO ARM-mukpokoHmpousnnepa LPC-4333 (LPC-4337).

JHus otnanku cobdctBennoro 110 Blackfin ma muate, ckopee Bcero, Bam e monamoOuTCs
MoaudummpoBats [10 ARM-MukpokoHTpoIiepa, BhIIOIHSIONEr0 uHTepdeiicuyro pynkuuo E-
502. OpHako, Uisi TPOABUHYTHIX IOJIb30BaTeNed Takas Moau(uKaluus BO3MOXKHA, HapUMeEp, C
uenbto 3aaeiictBoBanus nopra UARTO ARM s kakux-nmu6o uaTepdericHbIX HyHKIUI.

Ha puc. 4-15 raxke nmoka3ana ucrnonb3dyeMas cTannapTtHas nokonéska JTAG ans ARM, a
takke 1okonéBka s uHTepdeiica UARTO ARM (pacmonoxenue pa3péMoB Ha  puc. 4-15
COOTBETCTBYET UX PEaTbHOMY OTHOCHTEIbHOMY MoJoXkeHuio B E-502).

Curnansl TXD u RXD wunrepdeiica UARTO umeroT BHYTpeHHIOIO MOATSXKY K 3.3V
pesuctopamu 10 kOwm.

Omnepanmro mpucoequHEeHUs-oTcoequaenust pazpéma JTAG-amymsaropa 1 UARTO cremyer
7enaTh B 00€CTOYEHHOM COCTOSIHUM COEIMHSAEMBIX YCTPOMCTB.

4.5. NMpeAaenbHO AoONyCTUMbIE YCITOBUA Ha BXopax-
BbIXO4aX CUrHaNbHbIX JIMHUMN.
HOI[ npeaACIbHO AOIMMYCTUMBIMU YCJIIOBUSMU IMOAPA3YMCBAIOTCA TAKHEC TOKH W HANPAKCHUA,

KOTOpPBIE HE MPUBOJAT K BBIXOLY M3 CTPOS WM K HEOOPAaTUMOH JieTpajauy XxapakTepucTik E-502.

B 1o ke BpeMs MPCACIIbHO JOITYCTUMBIC YCIIOBUS MOT'YT HE obecneynBaTh pa6oq1/1e XapPaKTCPUCTUKHU
n3aciuns.

I I[OJIFOBpCMCHHEl}I OKCILTyaTanusd O60py,Z[OBaHI/I$I Ha MOpCACIbHO OOIYCTUMBIX
PEXKUMax HE NOIMYCKACTCA

(O-CARD
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Taon. 4-3 IlIpedenvro oonycmumple yciaosusn 6x0006-6b1x0006 E-502

Hens / Curnan

Onucanue npeaejbHO J0MYyCTUMBIX PEKUMOB

Bxonp X1+X16, Y1+-Y16, GND32

+15 B otHocutensHo nenu AGND

Brixoasr DAC1, DAC2

+20 MA TpH HENpeBbIILIEHUH CyMMapHOW MOIIIHOCTH
3arpyskd, cm. 1. 4.8

Bexoner +15 B, -15 B

He Gonee 30 MA B 1emsix Harpy3ky Ipy HENPEBILICHUT
CYMMapHO# MOIIHOCTH 3arpy3Kku, cM. . 4.8.

K3 ue gomyctumo.

Bxoner DI_SYN1

+10 B otHOocuTensHO enu DGND npu BHyTpeHHEM
COTIPOTHUBIICHHUE BX0OJI0B HE MeHee 1 kKOM.

Hudpossie Bxonsl DI1+ DI13, DI_SYN2

Ot 0,4 10 +6,5 B orHocutensHo nenu DGND

undpoBbie BXOMBI TBOHHOTO Ha3HAUCHUS
DI14/DI_SYN2, DI15/CONV_IN, DI16
/ START_IN

Ot 0,4 mo +3,6 B orrocurensro nenu DGND

Hudpossie Berxoast DO

Ot 0,4 10 +3,6 B oraocutensuo nenu DGND, Tok He
6omee 20 MA. [Ipu BKIFOUEHHOM MTUTAHUN CyMMapHast
MOILHOCTb 3arpy3KHu HE JOJKHA MPEBBIIATH PACUETHYIO
BEJIMYHHY, COTJIACHO 11. 4.8.

Curnaner TX, RX Ha BHyTpeHHEM
pazséme UARTO

Ot -0,2 mo +(Vce+0,2) B ornocutensHo menu GND, roe
Vcc— aTo BHyTpeHHE Hanpsbkenue 3.3V E-502.

Tok Harpy3ku He Oonee +8 MA.

Taéa. 4-4 IIpedensvno donycmumble CK803HbIE MOKU RO UENAM 0OUUX NPOBOOOE:

oxHoro moxayist E-502:
AGND-DGND®

[IpenenpHO TOMYCTUMBIE CKBO3HBIE TOKH TI0 IIETISIM

100 MA

GND, 0V, GND_USB, CHASSIS

TICTTH )

Hpe[[eJ'IBHO JA0IIYCTUMBIC CKBO3HBIC TOKHU I10 LCIIAM

(o mro0oMy KOHTYPY, B KOTOPBIA BXOZST 3TH

100 MA

HaTPSHKSHUS] MKy TaJIbBAHUUCCKU
M30JIMPOBaHHBIMH 1ierisiMu B E-502

MakcuMalIbHO aonyctumMas CKOPOCTH HapaCTaHUA

10 kB/mkc

[IpenenpHO AOMyCTHMEBIE peXUMBI Tienieid pazbémMoB JTAG He paccMaTpUBAIOTCS, TOCKOIBKY
obnacts npumeHenuss JTAG orpanndena crangaptHeiMu tunamu JTAG-3MynssTOpOB M 3a1aHHON

MPOIIeAYPOr WX TOICOeANHEH S, coracHo 1. 4.4.6.5, cTp. 51.

6 MoHsTne uenen GND, AGND, DGND BBeaeHo B 1. 4.1
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IMoaxaroyeHUe CUTHAJIOB.

4.6. Pabounn anana3oH HanpshkeHun Bxoga ALI

OOparute BHUMaHHe, 4TO B AuddepeHnnanbHOM pexume Ha mnojaauanazoHax +10, £5 B
E-502 umeeT HECHMMETPUYHBIC JMAITa30HBI BXOJHOTO CUTHAJIA BXOJ0B X 1 Y T10 OTHOIIICHHIO K I[N
ananoroBoii 3emum AGND, a B pexxume “c obmielt 3emnéi” E-502 Ha Tex ke moaauana3oHax UMeeT
HECHUMMETPUYHBIC IHUaa30oHbl BXoaHOoro curHaia BxooB X(Y) u GND32 mo oTHOUmIEHHIO K 1enH

AGND.

PexnM “c o0meii 3emMaéin”

HN3mepsiemoe HanIpsizKeHUE

ot £0,2 B 10 +10 B B 3aBUCUMOCTH OT Xi(Yi) E-502
YCTaHOBJICHHOTO MO/ THAIa30HA T~ i Uxicyi) - Uonpa2
GND32
ITocrostaHOE 13810 MepEeMEHHOE U
Hanpsokenue  cMemenus GND32 B — GNDE2
nranasone =1 B. AGND
Pexnm “muddepennmnanpupiii” £10 B nam +5 B
N3mepsiemoe nanpsikenue £10 B mwmm  +£5 B
B 3aBUCUMOCTH oT YCTaHOBJIEHHOI'O X E-502
nmoaaudamnasoHa \
Yi

[TocTosiHHOE WM TIEpEeMEHHOE HAIpPsDKEHUE -

CMEILEHUs Uyi B mmamazone +1 B AGND

otHocurensHo AGND.

Pexnm “anddepennuanpupiii” +2, +1, +0.5 nan +0.2 B

HNzmepsiemoe HanpsikeHue 2, +1

+0,5 wim +£0,2 B B 3aBUCHMOCTH OT X E-502

YCTaHOBJICHHOTO ITOAIAATIA30HA K Uxi-U YiT
IocrostHHOE 130 %1 HEPEeMEHHOC : Y.
cundasnoe Hanpsxenue (Uxi +Uyi )2 — i Uvi | Uxi !
B guamazoHe =1 B orHOCHTENBHO V Yi
AGND. AGND

Ha pucyHke HMXe TMOKa3aHbl MpPUMEpHl MOJAKIOYEHHUS UCTOYHHMKOB HampspkeHus (MH) ko

Bxojam AIIIL.

Z, 71, Z2 — Tax 0003Ha4eHBI COOCTBEHHBIE CONMMPOTUBIICHUS MTPOBOIOB (Uepe3 KOTOPBIE MOTYT
IIPOTEKAaTh CKBO3HBIE TOKH MPU COETUHEHUH PA3HBIX YCTPOMCTB) MIIM MHbIE BHELTHHE SJICKTPUYECKHE
IIPUYMHBI, BbI3bIBatolIye napasuTHele HanpspkeHus cmeimieHus Uyi, Uyj.Uenp. B mepBbix aByx
cxemax Uil oOecriedeHusi pabouero pexkuma HanpsokeHus Uyi, Uyj He TOKHBI BBIXOIUTH 32
npenensl + 1 B, a B mocnenneit cxeme cundaznoe HanpsokeHue (Uxi +Uyi)/2 TOMKHO yIOXKHUTHCS B

nuanasoH = 1 B.

(O-CARD
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4.6: Pabouwnit quama3on HanpspokeHuit Bxoga AL

Organénrsie ogHogpasHbie MH n angbgh. pexxnm L-502

OrganérnHas rpynna ogHogasHbix MH

M pexxnm c "obLyeri 3emnéii” L-502

é i  E-502 X(v)

y J )(I (Yi) E-502
i

Q) f Y. * GND32
I GND1 7
Z2 Z1 {1 AGND
GND1 GND2 L]
S e[ 1— AGND
0 A Ui A
Yi
U Yj

AnddepeHumnanbhbii UH
n andpgpeperHynanpHbii. pexxmum L-502

Uxi
I E-502
Uy;j v,
z
g B AGND

Auepep. MH

[Tpumepsr noakmrouenus Bxoga ALl coOpansl B 1. 6.1 Ha cTp. 69.

Yuraiite Takxke Ha caiite L-Card o6iryto crareio Bxox "16 nmuddepenimaibHbix kaHaaoB, 32
— ¢ o6ueH 3emn€il" 1 noHuManus ycrpoiictsa Bxoaa ALII ¢ BXogHBIM KOMMYTaTOPOM KaHaJIOB.
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4.7. HeobxoanMbie yCrIOBUA KOPPEKTHOIO
NOAKNHYEeHNUSA N KOPPEKTHbIX HacTpoek Bxona ALl
E-502.

Ynpouiénnsie npuMmepsl noakiaodeHus sxoaa AL npusenens B 1. 6.1, ogHako,

...ecnmn npu nogkmoyeHusx ALII E-502 Bpl He yuuThIBaeTe 3JI€KTPUYECKHX CBOMCTB

HMCTOYHUKOB CUTHAJIOB, IPOBOIOB (Kabenel ), UCIoIb3yeTe MporpaMMHbIe HacTporiku E-502
I “110 yMoJIlYaHHI0”’, TO, CKOpee Bcero, Bel nomyuuTte mioxoi pesynsrar. [louemy? Uto HyXHO

yuutbiBaTh? — [Ipu OTBeTe HUXKE Ha 3TH BOIPOCHl OYAYT HCIOJIb30BAaHBl CCBUIKM Ha
WurtepHeT-pecypcsl caiita www.lcard.ru.

4.7.1. dnsnyeckme NpuUYMHbI BO3MOXHbIX Npobriem

®uznveckas npuunHa 1. lllupoxkas noaoca yacror nponyckanus AL B E-502 (mopsiaka
10 MI'u) MOKeT SIBUThCS HE TOJbKO O0mbiuM npeumyinectsoM AL E-502 (B cocobnoctu ALIIT
KAueCTBEHHO OLU(POBaTh CKOPOCTHBIE AMHAMHUYECKUE IPOIIECCHI), HO MOXET CTaThb OOJBLION
po0IeMoit, eciu:

® UCTOYHMK CHUTHAJAa HMMEET HEOrPaHMYCHHO IIMPOKYIO MOJIOCY YacTOT (3HAYUTEIbHO
HIMpE, YEM IIUPUHA YACTOT I0JIE3HOI'O CUTHAJA);

® [IPUMEHSTCS HEOKPAHMPOBAHHOE TMOAKIIOUEHHE (MJIM CaM MCTOYHHK CHUTHAIa MMEET
3HAYUTEIbHYIO IUIONIAJb HEIKPAHWPOBAHHOW MOBEPXHOCTH), B CUTYaIlMH, KOTJa
AJIEKTPOMArHuTHbBIE MoJig B mosnoce dactoT g0 10 MI'm Bcerma mpuCYTCTBYIOT B
peambHON 0OOCTAaHOBKE, a TaKXKe B CHTyallUd OTKa3a IMOJb30BATEIsl MPUMEHHTH
mubdepeHIranpHoe TOAKII0YeHHE (M HACTPOUKY Ha AudQepeHnanbHbIi peKuM), a
3HAUUT, ¥ NPUMEHUTh LIEHHOE CBOMCTBO AU(GdEHIManbHOro BXxoaa — 3((EKTUBHO
HOJABJIATh CHH(A3HYIO TIOMEXY.

dusnyeckas npuyuHa 2. Beicokas yacrora komMMmyTaropa kaHaioB 2 MI'n (mpu HacTpoiike
Ha MHOTOKAHAJIbHBIA pexHuM) IpH HacTpoiikax E-502 “mo ymMoa4aHuio” MOXKET SIBUTHCSI HE TOJIBKO
6onpmuM npeumymiectsom AIIIl E-502 (B ckopoctHOM ompoce BxomoB ALIIl), Ho u craTh
po0sieMol, MOCKOJbKY OT HM3MEPHUTEIbHOM Ilenu TpeOdyeTcss KOPOTKOE BPEMsI yCTaHOBIJICHUS
curHasa (menee 500 HC mocie BOpbICKa COOCTBEHHOTO 3apsja KOMMYTaTopa B LENb U3MEPEHHs).
Hannas npuunHa — pyHaamenTanbHa A Bcex ALl ¢ BXOIHBIM KOMMYTaTOPOM, MPOSIBISIETCS KaK
KOMMYyTallMOHHAs IOMeXa.

4.7.2.YCNoBns KOPPEKTHOro NOAKMYEHNA N HacTpoek E-502.

1. Ilpu Heob6xoauMocTH ucronb3oBaHus He 6osee 16-tu kananoB ALII Bcerna BeiOupaiite
TuddepeHIMaIbHbII peKUM MOAKIIOUEHHs U HacTpoiiku E-502.

2. Tlpu muddepeHnnanbHOM MOAKIOYEHNH e X U Y KaXJ0ro KaHasla BCera BeuTe
napHo (BUTOM Mapoil, SKpaHUPOBAHHOM Mapoit).

(O-CARD
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4.7: HeobxoauMble YCIOBHUSI KOPPEKTHOTO TIOAKITIOYCHHS M KOPPEKTHBIX HACTPOEK
Bxoga ALIIT E-502.

10.

11.

12.

13.

CurnanbeHas uenb E-502 gomxna 06Tk S5kpanupoBaHa. O MOJKIIOUEHUH SKPaHa CM.
n. 4.4.1.

[Tpu nuddepennunanbHOM MOAKIIOYEHNH IPH UCHIOJIB30BAHUU MTAPHOTO KaOesst is
o0ecrieyeHnss MaKCUMaJIbHOTO TIoJjaByieHus cuH(aszHoro curnana E-502 cnenyer
CUMMETPHUPOBATH BBIXOHBIE CONPOTUBIIEHUS CO CTOPOHBI YAAIEHHOIO UCTOUYHHUKA 110
nersim X u Y (mpumep nojakiodeHus — 11.6.1.9).

Ierrb AGND E-502 noimkHa ObITH MOJIKIIIOUEHA K LIEIH OOIIEro IPOBO/Ia HCTOYHHKA
CUrHaja (€CJIM HCTOYHHUKOB CUTHAJIOB HECKOJIBKO — K OOIIEH TOYKE COSTUHCHHS OOIINX
MPOBOJIOB HCTOYHUKOB CUTHAJIOB).

[Tpu HEeoOxomumocTH HacTpoiik E-502 Ha MHOTOKaHAIBHBIN peXUM paboThI CHavasa
cileflyeT ONTUMU3UPOBATh COOTHOMIEHHE curHai-mym AL B oqHOKaHAJIBHOM peKUMe
paboThl IPU MaKCUMaJIbHOM yacToTe cOopa qaHHbIX 2 MI'Ll, mpu KOTOPOH B CLIEKTpPE
curHazia Bel yBuuTe Bce 4aCTOThI BIMSIOIMX TOMEX (BO3MOXKHO C “3€pKaJIbHBIX
yacToT”’, ecau nomexu Boiie 1 MI'n), a 3nauur, y Bac B pykax — MHCTpyMEHT AJist
MOMCKA UCTOYHUKOB M IPUYMH ITUX MOMEX (Iepe]] TeM, KaK MepexouTh K
MHOTOKaHAIBHOMY PEXHUMY U PEXKHUMY YCPEIHEHUs, IIPH KOTOPOM Pa3o0paThCs ¢
UCTOYHUKAMU TOMEX Oy/IeT 3HAUUTEIIBHO CI0KHEE).

IIpu ncnosib3oBanum (“mo yMOJI4YaHHIO) B MHOTOKAHAJIBLHOM peskuMe padoThl
MaKCHMAJIbLHOI 4acTOThl KoMMyTauuu (2 MI'n) BbIX0/1HOE CONPOTHBJIEHUE
cuznanvhoit yenu E-502 nomxuo o661Th 0T 0 10 50 OM (B mostoce yactot a0 10 MI'n),
U 3TOT HCTOYHHUK HATIPSIKEHHS T0JI:KeH ObITh MOACOeTMHEH K pa3bémy E-502
NMPOBOIAMHM HYJI€BOM JJIMHBbI. DTO JOCTUTaeTCs MO0 HEMOCPEACTBEHHBIM
MOAKIIOYEHUEM BBIX0/Ia CAMOT0 UCTOYHKKA curHaia (50 OM) win MOaKIF0UeHHEM €T0
Harpy3ouHoro pesucropa (10 50 Om) HenmocpeICTBEHHO Ha KaOeIbHYIO YacTh
curHasibHOTO pazbéma E-502 (cimyyam nonkimrodyenus corinacoBanHou quaun 50 Om unu
TOKOBOTO 1IyHTa 10 50 OM BHEIIHEH 1Ny U3MEPEHUs TOKA).

IIpu ucnoIb30BaHUU B MHOTOKAHAJIBHOM pesKHUMe HeHYJIeBOi AJUHbI IPOBOIOB /10
UCMOYHUKA HARPAMCEHUA U (UTIHL) NPU 6LIXOOHOM CONPOMUBICHUN CUZHATILHOU Uenu
001ee 50 Om 0onscna 6vimob NPpUMEHEHA NPOZPAMMHAA HACMPOIKA 8PeMeHU
ycmanosnenusn cuenana Nsu > 1 (m.3.3.6).

B MHOroKaHaJIbHOM pe:KHMe ONTHMAJIbHOE BpeMsl YCTaHOBJIeHHs nsu (1. 3.3.6)
J0JIZKHO ObITH BHIOPAHO B 3aBHCUMOCTH OT BBIXO/IHOT'O CONIPOTUBJICHHUS HCTOYHHMKA
CHUTHAJIA, JIVIMHBI H COTJIACOBAHHOCTH Kabes. [Ipennaraercs BEIOUpATh ONTHMATIBHOE
Nsu 1711 TaHHOTO KaHaJla 0 KPUTEPHIO MOTYYSHHs] MaJIOr0 MEXKaHaIbHOTO
IPOXOXKJICHHS CUTHAJIA OT MPEJBLIYIETr0 KaHajaa ompoca.

J1s yJyqieHusi COOTHOLIEHUSI CUTHAJ-IIIYM M NMOBbILIEHUS pa3pellleHusi B TPaKTe
U3MepeHHUs] peKOMEHAYeTCsl HCI0/Ib30BaTh MAKCMMAJIbHO BO3MOKHBII

k03¢ puuueHT ycpeanenusi na> 1 (m. 3.3.6) 11 HE0OXOAUMO YaCTOTHI OITPOCa
KaHaJIOB U HEOOXOAUMOTO 8peMeHU YCMAaHo8eHus cueHana Nsu.

He nomyckaiite npeBsiiieHust pabounx Iuana3oHOB HAMpsDKeHUH Ha Bxoaax X, Y,
GND32 (1. 4.6)

Hcnone3yiiTe pexum padoTsl E-502 “c o0rieit 3emnéil” ToIbKO B ciiydae OJIU3KO
PAacIoNIOKEHHBIX HU3KOOMHBIX HCTOYHMKOB CUTHaNA. ONITUMU3aIUs HACTPOEK Nsu M Nav
JUIs pexumMa “c oomieit 3emnéit” ods3arenbHa. He ocymiecTBisiiTe MoIKIIOUEHUS “‘C
oOmieit 3emséil” uepe3 kabenb, ecinu Ha cTopoHe E-502 oTCyTCTBYIOT HU3KOOMHBIE

Harpy304Hble PE3UCTOPBHI.
[Tpu noaxmrouenun E-502 “c obmieit 3emnéit” nens GND32 nomkHa HaXOAUTHCS B TOM
JKe TpyIe MpoBOI0B Kabelns (B Y4aCTHOCTH, BHYTPU OJTHOTO U TOTO K€ IKpaHa), UTo U
npyrue nenu X u 'Y, paboTaromiye no cxeme ¢ “o0rei 3emiéin”.
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14. Tlpu ucnionb3oBanuu ot 16-T1 10 31 KaHaIOB 1EIECO00pPa3HO KOMOMHHPOBATH
NMOAKIIOYeHUs 1 HacTporku E-502 “muddepennmanbroe” u “c o0mieit 3eMnén” aiis
MOJTy4eHUs OOJBINEr0 KOTHYECTBA KaHAIOB, padoTapmux B 1uddepeHmatsHOM
pexxume. [Ipu aTom ipoBosia X u Y (muddepenmanbHoi cxembl) u nmpoBoaa X,Y,
GND32 (cxemsl “c 00mieit 3emi€ii”) T0MKHBI 00pa30BBIBATh pa3HbIe TPYIIIBI B KaOele B
cutyanuu odmieit nenu AGND ist aTux rpynm.

15. He nomyckaiiTe CkBO3HBIX TOKOB 0 SKpaHaMm M OOLIMM IPOBOJIaM aHAJIOTOBBIX U
1IM(POBBIX CUTHANIBHBIX IIeNe. YYHUTHIBAHTE BHYTPCHHIOI CXEMY COSTMHEHUS 00X
IPOBOJIOB CUTHANBHEIX Hiereii B E-502 (1. 4.1, . 4.2).

4.8. PacyéT obLwwen MOLHOCTU Harpy3kKn BbIXOAHbIX
uenen E-502

Ecau Bl mpeanonaraeTe ucnoyib30BaTh BRIXOAHBIE e E-502 1151 mogkiIroueHns KaKux-Iu00
BHEITHUX HArpy30K, TO O0IIasi MONTHOCTh HATPY30K HE JOJDKHA MPEBHIIIATh MOIIHOCTH, YKa3aHHOM
B crenudukamuu (n. 5.7 Ha crp. 67). OLEHKY MOIIHOCTH HArpy3kdu CJeAyeT MPOHU3BECTH IO
OIIMCAaHHOM Jajiee METOIUKE.

Obwas mownocms Hazpysku P, eézamas om cucmemor numanus E-502, pasna:

P = ZPDO +ZPDAC +P,5+P_15+P33

20e Ppy — cymmapnas mownocms Hazpy3Ku, cHAmas ¢ yugposwix evixooos DO,
Haxoosawuxcs ¢ cocmosinuu 1”7 (moavko 015 Hazpy30K, NOOKIIOUEHHbIX OMHOCUMENbHO Yenu
GND);

Ppac — MmowHocmo nacpysku, cuamas ¢ 8bixo0008 L[AIl;
P, 15 — mowmocms Haepy3ku, cuamas ¢ evixooa +15 B;
P_i5 — mownocme Haepy3ku, cuamas ¢ 6vixooa —15 B;

P33 — mownocmo nazpysku, cuamas ¢ evixooa +3,3 B;

B ceo10 ouepedb, clazaemvle MowHocmu PDO coomeemcmeyroumux I-moix 661X0006 HYJHCHO

paccuumams b0 wepes uzsecmunvlil mox nazpysku I, no gpopmyne Pp, = 3,3 * I}, mubo uepes
10,9

uzeecmuoe conpomuenenue Hazpy3ku Ry, na i-mom gvixode Pp, = P
DO
Cnaeaemvie mowHocmu Pppc coomeemcmeayowux j-moix b1X0008 HYHCHO paccuumams aubo

uepes u3seCmHulli MoK Hazpy3ku | L]) ac 1o opmyne PL{O =50x1 LJ, ac» OO uepes uzeecmuoe

conpomuenenue nazpysku R), , . na j-mom eévixooe PZ,. = 25
D % DAC J DAC — i -
DO

Mownocmu Pyq5 u P_i5 HyscHo paccuumamo 1ubo uepes useecmmuvle moKu Ha2py3Ku

I 15 + [_45 no popmynam Pyq5 = 5,0 1,45, P_15 =15,0*[_45 mubo uepes uzsecmnoe
25 25

R_is5

conpomugnenue Hacpy3ku R 15 , R_15 no ¢popmynam Py .5 = L P_is =

(O-CARD
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Bce crazaemvie 6 popmynax mowpocmu noioicumenvhsl, pasmMmepHOCmb: MOWHOCHb —
Bamm, mok — Amnep, conpomusnenue — Om.
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Cneundpukaunm.

B npuBoanMBIX HIDKE criennBUKAIUAX YKa3aHbl OCHOBHbIC TapameTpsl E-502 o HazHaueHUIO
Uit pabodero pexxuMa padoThlI.

Ilpeoenvro donycmumvie HanpsadCeHuss U MOKU HA KOHMAKMAX PaA3beéMO8 CM. 8
l n.4.5 na cmp. 52

5.1. AUN

IMapamerp 3HayeHue
KonnuecTBo xaHanos 16 muddhepeHnnanbHBIX WK
32 ¢ o6uieii 3emiiéi (0qHO(A3HBIX)
Jlnana3zoH u3MepeHus HaIPsKEHMsI IIOCTOSTHHOTO TOKa +10B
[Toanrana3zoHsl U3MEPEHUS HAITPSDKCHUS +10B,+5 B, +2 B, +1 B, +0,5 B,
(BxomHOM curHain npuiokeH Mexay Xi u Yi— s +0,2 B nipu cobnrodenuu pabouux
16-kananpHoro pexuma, Mmexay Xi (Yi) u GND32 — s yenosuil usmepenus (Cm. Hugice)

32-KaHaJIBHOTO PEIKUMA)

Pabouue ycnosus usmepenus ua sxogax AL (1. 4.6, ctp. 54):

- Hanpsoxenus wa Bxoge Yi orHocutensHo AGND st |Uy|< £1 B

Qg depeHInaATEHOTO PEKUMa U3MEPEHHSI Ha TTOAHaa30HaxX

‘G:tlo B”’ (13 :l:S B”.

- Cpennee 3HaueHHE HaNpsDKeHMsI HAa BXogax X u Y s | (Ux + Uy)2 |[<+1 B

nrddepeHIHATEHOTO PEKUMa Ha MO IINANIA30HAX U3MEPEHHS
“:l:2 B”,” :l:l B”’ (13 :|:0’5 B”, “:I:O’z B”.
- Hampsoxenus Ha Bxojne GND32 otrHocutensno AGND st

« g ares |Usnps2| < £1 B
pexuMa “c obei 3eMIE” U BCeX MOANUANA30HOB U3MEPEHHS

PaspsiqHoCTh aHamoro-1udpoBoro npeodpa3oBaTes 16 Out

Paspsnnocts nannabix AL mocne apudmernueckoit oopadbotkn | 24 6ut
(KOppeKILUsl JaHHBIX, YCPEAHCHHUE TAaHHBIX)

[Ipenensl nomyckaeMon NMPUBEAEHHON OCHOBHOM
MOrPEIIHOCTH U3MEPEHUIN HANPSIHKEHUS MIOCTOSTHHOTO TOKA,
%, B IIOIIAAIa30HaX:

— 10;5u2B +0,05
- 1B +0,07
- 05B +0,1
- 0,2B +0,2
CoOcTBennsbIit BxoaHOU TOK (10 ersiM X, Y wiu GND32) B 0,4 MxA

OJHOKaHaJIbHOM PEXUME, HE OoJee

Nuxexus 3apsna Bo Bxoanyto nenb AL (X, Y v GND32) B | 2 nKn
TEUYEHHUE OJIHOU KOMMYTAaIlun

B03MOXHOCTD KOPPEKUXH JaHHBIX (HCIIOJIB30BaHUE Ectp
KaJTOPOBOYHBIX KO3 (HUIIMEHTOB)

(O-CARD
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Koaddument nomasienus cuddasnoro curaaia 50 I'n ¢

ammutynoi 1 B B nuddepeHunansHoM pexumMe Ha

Mo AMana3oHe:

+10 B 77 nb

+5B 83 nb

+2 B 90 nb

+1 B 92 nb

+0,5B 92 nb

+0,2 B 92 nb

Y CcTOWYHBOCTH K MEeperpy3kaM BXOHBIM U3MEPUTEIbHBIM +15B

CUTHAJIOM HaIpsDKEHHS TIOCTOSTHHOTO TOKa

[Ipenensbr momyckaeMoi OTHOCHTENBEHOM ocHOBHO# morpemrHoctr | £0,005 %
4yacToThl peoOpazoanmii ALIIT

JuanazoH u3MepeHuil Hanps>KEHUs IEPEMEHHOTO TOKA Or0,2MB 1o 7B
I[Ipenenbl gomycKaeMoil OTHOCUTENIBHOM OCHOBHO# norpemHocTd | CormacHo m. 5.1.1
W3MEpPEHUH HANPsHKEHUSI IEPEMEHHOTO TOKa

5.1.1.Tlpenenbl gonyckaemon OTHOCUTESTbHOM OCHOBHOW MOrPEeLLHOCTH

M3MepeHV|l7| HarpaxeHna nepemMeHHOro Toka

Jnana3oH yactot I N N N
BXOJTHOTO CHIHAIA pefenbl J01TyCKaeMOii OTHOCHTENBHOH OCHOBHOI
it ’ MOTPENIHOCTH M3MEPEHUI HAMPSIKEHHS IEPEMEHHOTO TOKa, %o
ot 0,01 10 50 BKIHOY. +[0,15+ 0,02 x ( X)éc -1)]
¢B. 50 10 100 BKJIHOY. +[0,3+0,02 x (XQC -1)]
cB. 100 1o 300 BKITIOY. +[1+ 0,0?>><(X>?C -1)]
cB. 300 10 999 1L[5+0,05><(X>?c -1)]

[Ipumeuanus

1 [TorpemHOCTh U3MEPEHU HAMPSHKEHUS TIEPEMEHHOTO TOKa HOpMUpYyeTcs B TuddepeHnanbHoi
cxeme noakiroueHust E-502 npu gacrote npeodpazoanmii AT 2000 kI'1, 11 CHTHAIOB, TUKOBBIC
3HAYEHUS] KOTOPBIX HE MPEBBIIIAIOT 3HAYEHNUE YCTAHOBICHHOIO MOJ/INana3oHa U3MEPEHUN.

X
o K
2 Xac — Mpeacii USMCPCHUU HAIIPAKCHUA IICPEMCHHOTO TOKaA, X AC T , TIC Xk — 3HaUeHHUE

A2
YCTaHOBJIEHHOI'O MOIMana3oHa N3MEpEeHUIN HaNPSKEHHUS.
3 Xk — KOHEYHOE 3HaYeHHE YCTAaHOBJICHHOTO MOIMANa30Ha N3MEPEHNI HaPSKEHUSL.
4 X — 3HaueHue U3MEPSIeMOr0 HaPSKEHUS.
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5.1.2. CobcTBEHHbIN BXoaHOW wym ALLMM.

Cxkopoctb BBoAa | Koappuumnent MMopaunanazon AIIL, B

AAHHBIX, ycpeaHeHust £10 | +5 ‘ 49 | +1 | +0.5 | +0,2
KCJIOB/C

C 0JIHOTO Tunu4yHoe 3HAYEHHE YPOBHS LIyMa,
kanaga AIII npuseaénnoro ko sxoay AL, mxB
2000 420 175 | 87 40 26 23
400 185 78 40 18 12 11
50 20 93 38 20 10 6

10 128 40 25 12 7

5.1.3. MexkaHanbHoe npoxoxaeHue ALLMM.

COHpOTl/IB.HeHl/Ie HCTOYHHUKA CUTHAJIa

(B TOM KaHasie, B KOTOPOM H3MEPSIETCS
MeXKaHAITBHOE MTPOX0XKICHHUE)

Bpems onpoca kanajia, Mkc (ipu ko3ddurmente
yCpeHEeH s, paBHOM 1) HJIM BpeMsl yCTAHOBJIEHHS] KaHAJIA,

MKC

05 |10 |20 |40 |80

| 16,0

MexkkaHaJibHOE POX0KAeHue, 1b

(curHazna ot mpeAbIIYyLIero KaHasa 10 MOPSAKY OIpoca)

0-50 Om -65 -78 -82 -82 -82 -82
1 kOm -35 -63 (3 -82 -82 -82
10 xOMm -5 -11 -22 -43 -74 -82

(O-CARD
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5.2. UAI.

ITapametp

3Hauyenune

KonnuectBo kxanaioB

2

YacToTa BBIBOJIa B CHHXPOHHOM PEXHME

1 McoMInr/C Ha KayKAbIH KaHal

Yacrora BbIBOJAd B ACHHXPOHHOM PCIKUME

®dakTudeckas CKOPOCTh 3aBHCHT OT
MHOTUX (DaKTOPOB POTPaAaMMHOI U
arnmapaTHou cpejibl

Paspsinnocts LIATL Out

16

Pesxumebl BeIBOIA

ACWHXPOHHBIH.

CUHXpOHHBIN TTOTOKOBBIN, CHHXPOHHBIN
aBTOTEHEepaTop

Jlmama3oH BEIXOAHOI'O CUTHAJIa +5B
PaGounii [1rana3oH BEIXOAHBIX TOKOB +10 MA
[Ipenensl nonyckaeMoil MPUBEIEHHOW OCHOBHOM MOTPEIIHOCTH +0,1 %
BOCTPOM3BEACHUN HATIPSHKEHUS TTOCTOSTHHOTO TOKa

+20 MA

IIpeneabHo IOy CTUMBIN BBIXOJHOM TOK

Jnamna3oH BocTIpoU3BeIEHUI HaMPSKEHUS TIEPEMEHHOT0 TOKa

Or1MB no3,5B

HOFpeIHHOCTB BOCHIPOU3BEACHUA HAIIPSHIKEHUS IEPEMEHHOTI'O TOKA

Cornacuo 1. 5.2.1

5.2.1.TlorpellHoCTb BOCMPOMN3BEAEHUS HAMNPSKEHNSI MEPEMEHHOTO TOKa

YacToTa BHIXOHOIO
HanpsixeHus, kKI'g

IIpenesan! nomyckaeMoil OTHOCUTEJIbHOH OCHOBHOM
NMOTPENIHOCTH BOCIPOU3BeIeHUI HATIPSKEHU A
nepeMeHHOro Toka, %o

Ot 0,01 1o 5 BxITIOU.

+[0,15+ 0,02 (

Xnc _
U

CB. 5 1o 15 Bxirou.

1[0,5+0,05% (A _1)]

X

CsB. 15 no 50 BxirOU.

+[3,0+01x (XXAC—l)]

CB. 50 mo 100 BxIIOU.

1 [15,0+03x (e _1)]

X

I[Ipumeuanus

nepeMeHHoro Toka, X4c= 3,5 B.

1 X4c — KOHEeYHOE 3HaYeHHe quana3oHa BOCIPOU3BEICHUN HANIPSKEHUS

2 X — 3Ha4YeHUE BOCIIPOU3BOJAUMOI'O HAIIPSKCHUS.

1 Mpwv HenpeBbILLEHU CYMMaPHON MOLLHOCTU 3arpy3ku, cMm. M. 4.8
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5.3. UncdpoBblie Bxoabl.

I[MapameTp, XapaKkTepUCTHKA

3HauyeHune, oNUcaHUeE

O6mee komuuectBo 1K poBbix BxogoB (DI11-DI16, DI_SYN1, DI_SYNZ2) 18

W3 HuX KonM4ecTBO HU(POBBIX BXOIOB C (QYHKIMEH CHHXPOHU3ALUH

(DI_SYN1, DI_SYN2) 2

Pesxumbl BBOZIa TaHHBIX ACWHXPOHHBIH

CHHXpOHHBIN TOTOKOBBIH,
CUHXpOHHBIN aBTOTECHEpa-
TOp

[IporpaMMHoOe yrpaBieHHEe BKIIOYCHHEM PE3UCTOPHBIX MOATSIKEK:

- s Bxoxos DI1-DI16

- s BxomoB DI_SYN1, DI_SYN2

Pe3ncropHbie noaTsKKH
OTCYTCTBYIOT (B OTJIMUHE OT
L-502)

HezaBucuMo a1 Kaxxa0ro
BXOJ1a

MakcuManbHas CKOpPOCTb B CHHXPOHHOM PEKUME

2 Mcios/C

MakcuMainbHas CKOpPOCTb B aCHUHXPOHHOM PEKUME

®DakTHYeCKasi CKOPOCTh
3aBHUCHUT OT MHOTHX
(haKTOpPOB MPOrPaMMHOM U
arnmnapaTHOU cpenbl

Pabouwnit muana3oH HaNPSKCHMIA:

- Liudpossie Bxoawl aBoitHoro HazHayenust (D114 / DI_SYN2, DI15/
CONV_IN, DI16 / START_IN)

- OcranbHble TU(POBBIE BXOIBI

-0,2...+0,6 B («wrornueckwuit
HOJIBY);

+2,4...+3,6 B («wiornueckas
CIIUHUIIAY).

-0,2...+0,6 B («wrorundeckuit
HOJIBY);

+2,4...+5,0 B («wiornueckas
CIIMHUIIA)

BricokonMIieaHCHOE COCTOSIHUE TTPU BBIKITFOUEHHOM MMUTaHUU [MpucyrcrByer
MakcuMalIbHBIN BXOJIHOM TOK IIPY BBIKIFOYEHHOM ITUTaHUU 10 MxA
CobcTBeHHBIN BXOJHOW TOK B pabodeM pexume MpH MporpaMMHO 10 MxA
BBIKJIFOYCHHBIX PE3UCTOPHBIX MOATIKKAX

MuHuMalbHas IIUTEILHOCTh uMITyJibca Ha Bxojae DI_SYNI1 wiu DI_SYN2 | 40 HC

B peXHMMe TI0/Ia4H BHEITHEH 4acTOThI ipeodpazoBanust AL

PexomeHnayemas AUTEIBHOCT (DPOHTA!

- ga Bxoze DI1-DI16 0...50 1C

- DI_SYN1, DI_SYN2 He orpannuuBaetcs
Hanpsokenue rucrepesuca BxozoB DI_SYN1, DI_SYN2, tunnanoe 400 mB

3HA4YCHHUC

(O-CARD
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5.4. UncgpoBble BbIXoabl.

IMapameTp 3HaveHue
KonuuecTBO 1TU(pOBBIX BBIXO/IOB OOIIETO HA3HAUCHUS 16
VYrpaieHue TPEThbUM COCTOSTHUEM BBIXOJIOB [ToGaitToBOC
PexxumMbl BBIBOIa JaHHBIX CUHXPOHHBIN, aCHHXPOHHBIN
MaxkcumanibHasi CKOPOCTb B CHHXPOHHOM PEXUME 1 Mcros/c
MakcumainbHasi CKOPOCTh B ACHHXPOHHOM PEKUME (hakTHIEeCKast CKOPOCTh 3aBUCHT OT

MHOTUX (DAaKTOPOB IPOTPAMMHOI U
arnmapaTHou cpejibl

IIpeneabHOo IOy CTUMBIN TOK? B IEMH HATPY3KH 20 MA
PexoMeHIyeMblii TOK B LIS HATPY3KU He Gonee 8 MA
JluanazoH HaNpsKeHUi Ha U(POBBIX BBIXOAAX 0..+0,4 B (wiorn4eckuit HOIbY)

He menee 2,4 B («mornyeckast
SIINHUIIA)

BbIXogHBIC TOTHYECKHE 3JIEMEHTHI C
HamnpspkeHueM nutanus 3,3 B

BrIXo1HOE CONIPOTHUBIICHHE, TUIIMYHOE 3HAYEHUE 110 Om

MaxkcuManbHBIA TOK YTEUKH B paboueM pexuMe B +1 MKA
BBICOKOUMIIEIAHCHOM COCTOSTHUH

BricokouMIie TaHCHOE COCTOSIHHE IIPpX BBIKJIFOYCHHOM NUTaHUN OTCYTCTByeT

5.5. CuHxpoHusauusa B E-502.

ITapametp 3HayeHHe

OnopHast 4acTOTa MPOIIecca CHHXPOHU3AINH cOOpa-BbIIaul
nanueix AL, TTATIL, mudpororo BBoAa U BhIBOA:

e BuyTpeHHss 1,5/2,0 MI'u

e Buemmss 1,5/2 MTI't; (E-502-P1)
1,5 MI' (E-502-P, E-502-X)

[Ipenenpr nomyckaeMoit OTHOCUTENBHOW 0OCHOBHOU TorpentHocTr | +0,005
OTIOPHOM YaCTOTHI

2 [Mpu HEMPEBBILLEHNY CYMMapHON MOLLHOCTY 3arpyaki, cM. M. 4.8 Pacy€r obuien MOWHOCTM HArpy3ki BbIXOAHbIX Leneid E-502
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5.6. XapakTepuCTUKU CTaHAapPTHbIX UHTepdencos.

5.6.1. HTepdencel c K

IMapameTp, xapakTepucTUKa

3HaueHne, ONMUCAHHE

e 110 Ethernet va BeiBOI

CranaapTsl HHTEP(HEHCOB ¢ KOMIIBIOTEPOM USB 2.0
100BASE-TX
Pa3psgHOCT IPOrpaMMHOTO CJI0Ba JaHHBIX 32 our
CKOpOCTb TIepeayn JaHHbIX
e 110 USB Ha BBOJ 1 BBIBOJ 5 Mcnos/c
e 10 Ethernet ua BBox 2,5 Mcros/c
YT1ounsercs

5.6.2. IHTepdencobl curHanbHOro npoweccopa

5.6.2.1. MHmMepdghelicbl cuzHanbHO20 npoyeccopa GD32F450

I[MapameTp, XapakTepucTHKA

Onucanue

HnTepdeiic nepenaun nannsix B [1IK

SDIO 8 6ur

OcnoBHoi1 naTepdeiic BBoma-BeiBoga ALIL LIAIL mudpoBoro B/B

DCI 8 6ut (AT, rudp. BBOMI)

SPI1, SPI3, SP14 (LIATI, uudp.
BBIBOJT)

OcHOBHO HHTEpdeEiic yrpaBiIeHUs

USARTS5

Wntepdeiic SDRAM

32 MB; 16 6uT; 100 MI'g

OtnanouHslit uHTEpQEiic

JTAG, SWD

Cosmectumocts C JTAG

JTAG-smymstops! st ARM

5.6.2.2. MHmepdghelicbl cueHanbHO20 npoyeccopa ADSP-BF523 (E-502-P)

IMapameTp, XapakTepuCTHKA

Onucanue

WnTtepdeiic ¢ koMnpoTepoM

HOST DMA 16 our

OcHoBHoi#1 naTepdeiic BBoga-Beioga AIIIL, IIAIL, nmudposoro B/B

SPORTO0, >120 M6wut/c, ayriekc

OcHoBHOI1 HHTEpdeEiic yrpaBIeHus

SPI

Nnrepdeiic SDRAM

32 MBb; 16 ourt; 132,5 MI'n

Otnagounslii MHTEpdEIic

JTAG

Cosmectumoctb € JTAG-smymnstopamu Analog Devices

ADZS-ICE-100B,
ADZS-USB-ICE,
ADZS-HPUSB-ICE

(O-CARD
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5.7. Cuctema nMTaHUA U ranbBaHU4YeCKON pa3BA3KM.

ITapamerp, XapaKTepUCTUKA

3HayeHHe, O CAHHE

Pabouwnit muana3oH HaNpsHKEHUIA BX0J1a +8...+30 B
HH3KOBOJIETHOIO muTauus E-502
MoIiHOCTh TOTPEeOICHHUS
e Ot BHemHero ucrounuka nuragus | o 6 Br
E-502
e OrBxoma USB He 6omee 0,025 Bt

HcneiTaTenbHOE HaIpsOKCHUC
rajJbBaHHICCKOMN Pa3BA3KH.

o  Mexnay nensimu AGND, DGND,
coennHéHHbIMU BMecTe, 1 GND

o  Mexnay nenssmu GND u nmuHusiMu
Ethernet, coenuuénnsiMu BMecTe

400 B 50 I'u B Teyenue 1 MuH.

1500 B 50 I'y B Teuenue 1 MuH.

MaxkcuManbHO TOMyCTHUMast CKOPOCTh
HapacTaHUs HAIIPSHKCHUS MEXKILY
rajJbBaHUYECKU U30JIMPOBAHHBIMH LETISIMU

10 kB/Mxc

CymmapHas MOUTHOCTh Harpy3KH,
CHHMaeMas co Bcex BeIxonoB E-502
(cormacuo mertojuke, 1. 4.8 Ha ctp. 58)
st E-502-P, E-502-P1

st E-502-X-U-D

st E-502-X-U-X

MeTo/1MKa OI[EHKH MOILIHOCTH 3arpy3KH MpuBejieHa B 11. 4.8
Ha cTp. 58

0,4 Br
0,4 Bt

0,8 Bt

BrIXoabl NUTAaHUS BHENTHHUX aHAJIOIOBBIX
nemneun

+15V, -15V. MakcumanbHbIi TOK Harpy3ku 1o 30 MA, npu
YCIIOBHUM HEIPEBBILICHUS CYMMapHOH MOIIHOCTH Harpy3KH.
K3 nenonyctrmo. BeIXo bl BKIIIOYAIOTCS JKamIiepam, (CM.
n. 2.2.1), 3Ta BO3MOXKHOCTh 3aBUCHMa OT TOT0, OyIyT JIH
HCIOJIb30BaHbl COOTBETCTBYIOIINE BEIXO bl [IATT

Brixoj nmuTaHus BHEIITHUX ITU(PPOBIX
nemneun

+3,3 V. Pabouwnii Tok Harpy3ku 70 50 MA MOCTOSHHO, JI0
100 MA KpaTKOBPEMEHHO
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5.8. KOHCTPYKTUBHbIE XapaKTePUCTUKM.

IMapametp 3HaueHue
laGaput 140 x 112 x 39 MM (Oe3 kabenpHBIX YacTel pa3bEMOB)
Macca, He 6onee 350 r (B kopiyce, 6e3 KabembHBIX YacTel Pa3bEMOB)

5.9. YcnoBus oKpyxarlieun cpegbl.

5.9.1. HopmarbHble ycnoBus

IMapametp 3HauyeHue
HopmaiibHble yCi10BHSI U3MEPEHUN:
— TeMIiepaTypa okpyxatoiei cpeasi, °C 2045
— OTHOCHUTEJIbHAS BIAXKHOCTB, %0 ot 30 110 80
— arMoc(epHoe aasienue, klla ot 84 10 106
5.9.2. Pabouue ycrnosusa npumMeHeHus
ITapamerp 3HaveHue
[To ycToiuMBOCTH NMPH KJIMMaTHYECKUX BO3JIEHCTBHUIX IpeoOpa3oBarteri,
KpOMe HCIIOJHEeHUH ¢ OykBeHHBIM uHIeKcoM I, coorBeTcTByroT 'OCT
22261, rpynmna 3 ¢ paclIMpeHHBIM AHANa30HOM PabovnX TEMIIEepaTyp:
— TeMIepaTypa oKpy:xatouieit cpensl, °C oT +5 go +55

— OTHOCHTENbHAS BIAXKHOCTh IIPU TEMIIEpaType OKpy Karolein cpeps 25
°C, %
b

— armoc¢epHoe aasienue, klla

110 90

ot 70 mo 106,7

Ilo ycToitunBOCTH NPH KIIMMAaTUYECKUX BO3ACHCTBUAX IPpeoOpa3oBaTeIn
WCTIOJIHEHUH ¢ OyKBeHHBIM HHAEKCOM | cooTBeTcTBytoT 'OCT 22261,
rpymmna 4 ¢ pacuIMpeHHbIM TUana3oHoM pabouux TeMIeparyp:

— TeMIIepaTypa oKpykarorieu cpeasl, °C
— OTHOCUTENbHAS BIAXKHOCTH IIPU TEMIIEPATYPE OKPYKAKOIIEH cpelibl
30 °C, %

— armoc¢epHoe aasieHue, klla

ot -40 mo +60
110 90

ot 60 o 106,7

(O-CARD
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[ naBa 6.

[Tprmepbl NOOKNOYEHUS.

[aHHble npuMepbl MOAK/IOYEHNS CnefyeT paccMaTpuBaTb HEPaspbiBHO C pPeKOMeHAauusaMu Mo

MOAK/IOYEHNIO M HacTpolkam E-502 (n. 4.7).

[IpuHATasA B HAcTOALEN 171aBE KPaTKas (opMa MpeAcTaB/ieHUs MHGOPMAaLMn HE OXBATbIBAET BCEX
OCOBEHHOCTEN MOAKTIOYERNS /1 Ballero KOHKpeTHoro ciy4as. [lpyu HeobXoamMocTu 3a fOMO/IHUTEIbHOU
UH@GOPMaLMeEN obpalyantecs o agpecy: support@lcard.ru um B KOHGEPEHLMIO Ha canTe www.lcard.ru

6.1. MopkntoyeHue BxopgosB ALII.

6.1.1. NogkntoyeHune k Bxogy AL ogHoasHOro NCToYHMKa HanpsXKeHns

6.1.1.1. [o 32-x kaHanoe. Pexxum “c
obwel 3emMnéu”

6.1.1.2. Mo 16-mu kaHanos. Pexum
“OughgpepeHyuanbHbIt”

X1 (X2-X16, Y1-Y16)

UBx
E-502
GND32

AGND

X1 (X2 -X16)

UBx

E-502
Y1 (Y2 -Y16)



mailto:support@lcard.ru
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Tak moakJa04YaThL HeJIL3M!:

X1 (x2 . Y1-Y16)

E-502
AG ND

E-502
E-502

X1 (xz 6) Y1 (Y2 #16)
\ 7/

0 & E-502 a ! E-502

3 3
6.1.1.3. [enumenb HanpspKeHUsl. 6.1.1.4. [Jenumenb HanpsH>KeHUsl.
Pexxum “c obwel 3emnéi’” Pexxum “OuchgpepeHyuanbHbIl”

Rl x1 (x2-x16, Y1-Y16) R1 X1 (X2 -X16)
E-502 E-502
R2 GND32 R2 v1 (Y2-Y16)
AGND AGND |

Koadhdunment nepenaun Hanpsokenus pasen R2/(R1+R2).
Heo6xoaumo, uro6sr R1 mim R2 6s11 He Oonee 50 Om, ecn 4yacToTa KOMMYTAllMH MaKCHMaJlbHA.
R2 momxen ObITh pacnosnioxkeH 01u3ko oT Bxona E-502.

6.1.1.5. MHmeepupyrowas uyeneo. 6.1.1.6. MHmMmeepupyrowas yenso.
Pexxum “c obwel 3eMnéu” Pexxum “OuchpeperHyuanbHbil”
R1 X1 (X2-X16, Y1-Y16) R1 R X1 (X2 -X16)
AL
|R2 E-502 | IRz _LS E-502
L‘_I == Y1 (Y2 -Y16)
o

L‘_I GND32 |
AGND
Koahdunment nepenadn HanpsHKEHUS B 9aCTOTHO#M mosioce mpomyckanus pased R2/(R1+R2).

Ec/Ti MHOTOKAHANBHEIH PEXXUM, TO HeoO0XoauMo 4To0sl 1/Fsw >> R1*R2*(C+1071%)/(R1+R2),
wm, ecii R2 otcyreryer, To 1/Fsw >> R1*(C+1071°), rne Fsw - gacTota kommyTammn AL

Heo6xoaumo, uro0sr R2 6611 He 60s1ee 50 OM, eciiu yacToTa KOMMYTAIlMM MaKCUMaJIbHa.
R2, C momxHBI OBITH PACIIOIOKEHBI OJU3K0 0T Bxona E-502.

AGND

(O-CARD
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6.1.1.7. 3akpbimbili 8x00. Pexxum “c obwel

3emnéu”

6.1.1.8. 3akpbimbil 6x00. Pexxum
“OudhgpepeHyuanbHbIl”

C | X1 (X2-X16, Y1-Y16)
|

R2 L-502

GND32

AGND

X1 (X2 -X16)

°
1

R2
Y1 (Y2-Y16)

AGND

L-502

IMoak/Ir0ueHne peKOMEHI0BAHO JJIsl OJHOKAHAJIBHOI0 pesKuMa.

R nomxen ObITh pacmoioskeH 01u3K0 oT BXxoja E-502.

6.1.1.9. 3akpbimbili 8x00 ¢ denrumernem.

Pexum “c obwel 3emnéu’”

6.1.1.10. 3akpbimbIl 8x00 ¢ deslumersiem.

Pexxum “OughgpepeHyuanbHbIl”

X1 (X2-X16, Y1-Y16)

GND32

5@

E-502

AGND
A 4

X1 (X2-X16, Y1-Y16)
Y1 (Y2 -Y16)
AGND

E-502

B MHOrokaHaJIbHOM peKHMMe NMOJK/II0YeHHe KOPPEeKTHO Toabko npu R2<<R1 u R2 <50 Om.
R2 nomken ObITh pacmosiokeH 01u3ko oT Bxoja E-502.
KoaddunmeHt nepenaun HanpspKeHUs B mojioce nponyckanust paseH R2/(R1+R2).

E-502 E-502
Tak mMoaAKJIIOYATHL HeJIb3s!
6.1.1.11. MUHOyKmMueHbIl Oam4uK. 6.1.1.12. UHOyKmMueHbIl Oam4uK.
Pexxum “c obwel 3emnéd” Pexxum “OughgpepeHyuanbHbIl”
) X1 (X2-X16, Y1-Y16) X1 (X2 -X16)
L
R E-502 E-502
GND32 Y1 (Y2 -Y16)
AGND AGND |

Pesuctop R BeImonHSET QyHKIINIO AeMidepa s MoAaBIeHus KonebareapHoro npomecca B L-C-
KOHTYpe, rae C — 5KkBUBaJIeHTHAsi CyMMapHasi EMKOCTb, IpUJIOkKeHHas napayuienabHo L. CobcTBeHHYIO
émkocth Bxoaa AL onenouno mpuHUMaroT 3a 25 nd. Pe3uctop R moimkeH ObITh pacnofioskeH OJU3KO
ot Bxona E-502.
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6.1.2.MogkntoyeHune k Bxogy AL go 16-tn andppepeHumanbHbiX MCTOYHUKOB

HarnpAaxeHus

6.1.2.1. O6wul cny4at

Y1 (Y2 -Y16)

X1 (X2-X16)

E-502

Tonvko 0n nooduanasonoe nanpsscenuit E-502: +2 B, + 1B, +£0,5 B, + 0,2 B.

6.1.2.2. [ucpepeHyuanbHoe
Mook/Iro4YeHuUe U30/1UPO8aHHO20
UCMOYHUKa HarnpsiXxeHusi

6.1.2.3. JugpgpepeHyuansbHoe
MOOKJ/II0YEeHUEe U30/1UPOBAHHO20
UCMOYHUKa Hanpsi>XeHus ¢ desiumersnieMm

X1 (X2 -X16)

<T> @ E-502

R2

I Yi(r2-v16)

Heob6xoaumMo coOtoieHne ycuoBus:

(R1 =R2) <50 Om, eciu yacToTa
KOMMYTAI[MA MaKCHMaJIbHa.

R1, R2 pacnonarats OJ1M3K0 OT BXoJ1a
E-502.

Tonvko 01151 NOOOUANA30HO8 HANPANCEHULL:
+2B,+1B,+0,5B,+0,2B.

X1 (X2 -X16)

E-502

Y1 (Y2 -Y16)

Heo0xoaumo: R1 <50 Owm, eciin yactora
KOMMYyTalluu MakcuManbHa, R1 = R2, R3=R4.

R1, R2 pacnonarats 01M3K0 OT BXoJa
E-502.

Koadduiment nepegauu no HanpsoKEHUIO
pasen (R1+R2)/(R1+R2+R3+R4).
Tonvko 0151 NOOOUANA30HO8 HANPANCEHULL:
+2B,£+1B,+0,5B,+0,2B

Yacmuuolil cayuaii: oughghepenyuanvroe nookarouenue UHOYKMuBH020 OamuyuKa:

(O-CARD
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X1 (X2 -X16)

L R1

E AGND_|

R2
Y1 (Y2 -Y16)

E-502

&

Tonbko 0151 NOOOUANA30HO8 HANPANCEHULL:
+2B,+1B,+0,5B,+0,2B

R3
— X1 (X2 -X16)
LI
{ E-502
R2
R4
— Y1 (Y2-Y16)
LI

Tonvko 015 nOOOUANA30HO8 HANPANCEHULL:
+2B,+1B,+0,5B,+0,2B

6.1.2.4. [JugghepeHyuanbHoe
nookKIro4YeHue o6Momeku co cpedHel
mo4kou

6.1.2.5. fJugpepeHyuanbHoe
nookro4YeHue ob6Momeku co cpedHel
modykol yepe3 denumersb

X1 (X2 -X16)
L R1
E_ AGND — E-502
Y1 (Y2 -Y16)

R1 pacnonarats 6:m3ko ot Bxoaa E-502.

Tonvko Onss nooouanazonoe Hanpsixcenuil E-
502: +2B,+1B,+0,5B,+02B

R2
X1 (X2 -X16)

R1

AGND E-502

Y1 (Y2 -Y16)

R1 pacnonarats 6:1m3ko ot Bxoga E-502.

Tonvko 0151 NOOOUANA30HO8 HANPAHCEHULL
E-502: £2B,+1B,+0,5B,+0,2B

6.1.3. MNogkntoyeHne k Bxogy AU ana cnyyas, korga obwmini NnpoBo UCTOYHUKOB
cuyrHana nMmeet noteHuman cmeweHna Ucm He 6onee = 1 B oTHOCUTENBHO Lienu

AGND.

6.1.3.1. [ModknroyeHue 0o 32-x KaHasl08.
Pexxum “c obwel 3eMnéu”

6.1.3.2. [lModknroyeHue 0o 16-mu
kaHanoe. Pexxum “OugpghepeHyuanbHbIU”

X2 (X3-X16, Y1-Y16)

E-502

X2 (X3 -X16)

E-502
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Orpannyenus cM. 1.4.6, ctp.54!

‘ Orpaunuenus cm. 11.4.6, ctp.54!

6.1.4. NamepeHuve nageHnsa HanpshkKeHnsa Ha yyacTke Leny B andpdepeHumansHoMm
pexume (4o 16-Tn kaHanoB)

R1

X1 (X2 -X16)

R2
Y1 (Y2 -Y16)

R3
AGND

E-502

Jlannoe nooknlouenue no3zeonAem  UIMeEpUmMb
nadenue Hanpscenus Ha  pesucmope R2.  Jas
oaqHOKaHaJbHOTO pexkuma R1, R2, R3 moryr sBiaTbcs
TakKe M HWMIIEJaHCAMH EMKOCTHOTO WM WHIYKTHBHOTO
XapakTepa, HO C TeM YCJIOBHUEM, YTOOBI MO MOCTOSITHHOMY
TOKY IIeTTH UCTIOJIb3yeMble Ienu X u Y He ObUIH pa3opBaHbl.
B MHOroKkaHaJIbHOM pesKHMe SKBUBAJICHTHBIN UMIIEJaHC,
oTHec€HHBIM K Bxoxy AIII, nomkeH OBITH aKTHBHBIM.
Heo6xomaumo, urob6el R2 Obu1 He Oomnee 50 Owm, ecnm
4acToTa KOMMYTAallM¥ MaKCUManbHA. OrpannyeHus cm. 1.4.6,
c1p.54!

6.1.5. AnddepeHumansHoe nogkrtoyeHme obMoTKN TpaHcopmaTopa (gpoccens)
CO cpeaHen TOYKOMN N CMELLIEHHBIM NoTeHumanom otHocutenbsHo AGND

X1 (X2 -X16)

R1
Y1 (Y2 -Y16)

Ucm

AGND

E-502

Orpanunyenus:

|Ucm|<1B

Tonvko 015 nooouanazonos nanpsidicenuti E-502:
+2B,+1B,+0,5B,£0,2B

6.1.6.Mpnmep cMeLlaHHOro NOAKMYEHNA NCTOYHUKOB HaNpshkKeHns “c obLyen
3eMnén’ n guddepeHumnanbHbIX.

X,  E-502

Xk
Y
XJ-(YJ')
X (Y3)

GND32

GND1

GND

(O-CARD
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6.1.7.lNogkntoyeHne NCToYHMKa ToKa Ko Bxoay AL

6.1.7.1. Pexum “c obwel 3emMnéu” 6.1.7.2. [ucppepeHuyuanbHbIl pexxum
X1 (X2-X16, Y1-Y16) X1 (X2 -X16)
[ R E-502 | R E-502
GND32 | Y1 (Y2-Y16) |
AGND AGND

VYcranosnennsiii nogauanason AL +U nomxken coorBerctBoBath U=IMax™R, npu aTom nctounuk
TOKa JI0JKEH MMETh 3a1ac 110 HalpspKeHUIo He MeHee, ueM U. Peauctop R Bcerna HeoOxoaumo pacronarath

omusko ot Bxoxa ALl B mroGom cirydae, pesuctop R momxken Obith MeHee 50 OM B MHOTOKaHAJIBHOM
PEKUME Ha MAKCUMaJIbHON YaCTOTE KOMMYTAIIHH.

6.1.7.3. JughepeHyuanbHbIl pexum, 6.1.7.4. [JucppepeHuyuanbHbIl pexum,
CMeWEHHbIU NomeHyuasa ucCmoYyHuKka moka u30Js1upo8aHHbIU UCMOYHUK MOKa
omHocumesnsbHo AGND

X1 (X2 -X16)
X1 (X2 -X16) ‘
R1
[ R
' AGND E£-502
E-502 |
Y1 (Y2-Y16)
R2
Ucm m AGND 7 Yi(r2-v1e)
\/ R=R1+R2

Tonvko 01 nooouanazonos nanpsixcenuti E-502:
+2B,+1B,+0,5B,+0,2B

VY cranosnenHsli noaauana3zoH uamMepenus ALIT +U nomxken coorBerctBoBaTh U=IMAX™R, 11pH 3 TOM
HMCTOYHHK TOKa JIOJDKEH UMETh 3ariac 1o HarnpspKkeHuto He MeHee, ueM U. Pesuctop R Bcerma HeoOxonumo

pacrnionarats 6sn3ko ot Bxoaa ALIL. Pezuctopsl R, R1, R2 nomxub! 661Th MeHee 50 OM B MHOTOKaHaIbHOM
peXKMMe Ha MaKCUMaIIbHOH yacTtote kommytaiun. [lUem| <1 B
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6.1.8. CornacoBaHHOe MNOAKMYEHWE YAANEHHBIX UICTOYHMKOB TOKa UIM HanpshXeHns
Yyepes ONNHHYIO NIMHUIO C BOSTHOBLIM COMPOTUBIEHNEM ZB

(ECHH HCTOYHHUK CUTHAJIa UMCCT BBIXOAHOC COIIPOTUBJIICHHUC, HCPABHOC ZB,TO JaHHBIC ClIydaun
COOTBETCTBYIOT OAHOCTOPOHHEMY COI'NTIACOBAHUIO I[J'IPIHHOﬁ JIMHHUHW Ha CTOPOHC HpI/IéMHI/IKa CI/IFHaHa)

6.1.8.1. Pexum “c obwel 3emnéu” 6.1.8.2. fugpgpepeHuuanbHbIl pexxum

X1 (X2-X16, Y1-Y16) X1 (X2 -X16)

7B /B
_ E-502
R=Z8 nD32

R=Zs E-502
Y1 (Y2-Y16) |

AGND

6.1.8.3. [JugpghepeHyuanbHoe NoOKIOYEHUE U30JIUPOBAHHO20 UCMOYHUKa MOKa usu
HanpspKkeHusi

X1 (X2 -X16)

R1=R2
z | LT R1+R2 = Zs
I AR S Cxema KOppeKTHa TONBKO JUIS CIEAYIOLIUX
i R2 YCTaHOBJICHHBIX IO/IMANa30HOB Hanpsbkennid E-502:
L ey £2B,+1B,£05B,+028B

(O-CARD
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6.1.9. CornacoBaHHOE MOAKNYeHnNe yﬂ,aﬂéHHOI'O MCTOYHUKa HaripaxXeHnaqa 4epes
NapHywO AJIMHHYIO JIMHUNIO C BOJTHOBbLIM COMNPOTUBIIEHNEM ZB C corfiacoBaHueM Ha
CTOPOHE NCTOYHUKA CUrHana

NemoyHuk
HarpspkeHust

£\ X1(X2-X16)

o T
REZB || vi(v2-v16)
I

l
1
Lo AGND

E-502

Rpu — BHYTPCHHCC (BBIXO,Z[HOC) COIIPOTUBJICHHUC NCTOYHHKA CUI'HAJIA.
R - CI/IMMeTpI/IpyIOH_[I/Iﬁ PE3UCTOP HAa CTOPOHEC UCTOYHUKA CUT'HAJIA.

Kabenp nomkeH ObIThb HapHBIM (SKPaHUPOBAHHBIE BUTHIE Iapbl) C BOJHOBBIM COIPOTHBIIEHUEM
IIPOBOAHBIX Map ZB.

Huxe nokasaH NpakTHYECKMH CiIydald, KOTJa B KadeCTBE YNAJEHHOIO MCTOYHUKA HANpsIKEHUS
BBICTYNAET IIHMPOKOIOJIOCHBIN OINEPALMOHHBIA YCUIUTENh (00ECTeUnBAIOIINKA HU3KOOMHBIA BBIXOJ
HanpspKeHus B nosoce yactot g0 10 MI'n).

UcmouHuk
Harips>XeHus
N\ r\ XL(X2-X16)
\ Reze |
| I v1(v2-v16)
— — E-502
\ \
AGND
o — — — —\¢
Jlns ceruanucToB, 3HAKOMBIX ¢ aHAJIOTOBOM CXEMOTEXHUKOM:
I Bosee neranbHO 0 MOAOOHBIX CIOCOOaX MOAKIIOUCHUS OOBSICHEHO B cTaThe [6] Ha caiiTe

= L-Card.




6.2. NMogknro4vyeHue BbixoaosB LIAII.

st peammmsanuu ynkiuu LAIT B E-502-§§

D, E-502- -D2 seixonsr DAC1 u DAC?2

JOJDKHBI OBITH TPEIBAPUTEIBHO CKOH(PUTYPUPOBAHBI JpKamMIiepamu, cM. 1. 2.2.1 Ha ctp. 13

5B

6.2.1. Pexum “c obLien
3eMnén” 2-x kKaHarnbHbIN BbIXOA

6.2.2. OgHoKaHanbHbIN
anddepeHumansHbin Beixod £10 B

DAC1

DAC1

Huddepenunansusiii Beixon =10 B peanuzyercs
KaK pa3HOCTHOE HampspKeHue Mex 1y Beixonamu DACL

u DAC2

(O-CARD
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6.3. Nogkno4yeHue LMPPOBLIX BXOAOB U BbIXOAOB.

6.3.1. MNoaknodyeHne ceeToamoaa Unm Bxoaa onTpoHa. BapuaHT 1

CBeTOIMO CBETHUTCS MPH “TIOTMUECKON eAUHUIIE” Ha
Beixozne DO.

E-502

6.3.2. [NogkntoyeHne ceeToanoaa unm Bxoga ontpoHa. BapunaHT 2

CBeTOMOA CBETUTCS MPH “TIOTMYECKOM HyJIe” Ha
BeIxonie DO

E-502

DO (1-16)

6.3.3. [NogknioyeHre KoHTakTa K uudpoBOMY BXo4Y

Bapuanr 1 Bapuanr 2
+3.3V Pa3oMKHYTOMY KOHTaKTy PazomkHyTOMY
+3.3V
"1 COOTBETCTBYET — KOHTAaKTY
DI (1-16) JoTuYecKas eIUHHUIIA. COOTBETCTBYET
DI_SYNL2 | o) PexoMeH1yemblii DID' s(\lf_r\}f)z JIOTUYECKHUI HOIIb.
HOMUHaN pe3uctopa R1 ———| E-502 Pexomennyemplit
K1
ot 3 10 5 kOm. HOoMHHaJ pesucTtopa R1
DOND ot 3 10 5 kOm.
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6.3.4. NoaknoyeHne BbIXxoda ONTPOHAa K BXO4Y CUMHXPOHM3aLMK

DI_SYN1
DI_SYN2

E-502

Hudpossie Bxonst DI SYN1,2, koTopbie MOTYyT
OBITh UCIIOJIb30BaHbI KAK BXOJIbI
CUHXPOHHU3AIINH, aJalITHPOBAHBI JISI IIPSIMOTO
MTOIKITIOYEHHSI BRIXOZ[a ONTPOHA. BHYTpeHHSS
pe3uctopHas nonatsbkka Bxona DI SYN1,2
JOJDKHA OBITH IPOTPAMMHO BKJTFOUEHA.

(O-CARD
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[naBa 7. KOHCTPYKTUBHbIE AaHHbIE

[IpuBoIMMbIE KOHCTPYKTUBHBIC TaHHbIE MOTYT ObITh HEOOXOUMBI 1Js mpuMeHenust E-502 B
KaueCTBE BCTPAUBAEMOTO MOJYJISl B IPUOOPE WIIH CUCTEME.

7.1. YepTex Kopnyca

! V‘a"g
¢ % | % 4
ol T | . (.
‘# i

110
101.5
85
|
M
|
|
|
T
|
|
|
©-
60

27.5 27.5
110
135
140
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7.2. YepTéX nevyaTHOM nnaTbl C NPUBA3KaAMMN Pa3bEMOB.

1308
somb 237
975
90 9 X7 xl4 P*—50;V I
8 9 ; ‘-/f' &) ~ 16 000000000000000000000000000000000000 ~ g _ £
1
54
[
46 =
33,5 |
16,4 o X9
10 4 e
91 |
75 HL1 SB1 cooo HL2
52 = I‘OOOOOOOOOOOOOOOOOO ~ 11 P r,-\
’ N 0000000000000 00O0O0O0 o 1 L
0 X1 T
o | N |~ N o~ | oy O o | oy|wn
o ) m\ QQ\ ‘(\\‘I\ Q\\ QD\ m\ \‘_f:
= SNSRI N RN
Ipumeyanus:
1. Ha 4gepTexe nmpuBsI3Ka MOJIOKEHUH BCEX KOHCTPYKTHBHBIX 3JIEMEHTOB MPHUBOJUTCS OTHOCUTEIHHO
MOJIOKEHUS 1-TO BBIBOJIA dJIeMEHTA Ha TuiaTe. [{jist BRIYMCIeHUS OCTANBHBIX Pa3MEPOB UCTIONB3YITE
yepTexu (WM MOJENTH) Ha COOTBETCTBYIOIIME DJIEMEHTHI, YKa3aHHbIE HUXKE, OT MX KOMIIaHWH-
IIPOU3BOJUTENEN.
2. HL1,HL2 - LHG3392 (Ligitek).
3. X1-DRB-37M (Connfly).
4. X7 - DRB-37F (Connfly).
5. T1-74990112116A (Wurth).
6. X9 - DUSB-BRA42-T11 (Connfly).
7. SB1-PTS645VH58 (ITT Industries).
8. X14 - DJK-02A (DCI).
9. Tomuuua wiatel 1,6 MM.

10. Ilpumeuanue: nuameTp 4-X OTBEPCTHIl ¢ YIETOM MeTaIM3aluK He MeHee 3,05 MM.

(O-CARD
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7.3. HYepTéx nepeaHen naHenu.
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7.4. YepTex 3agHen naHenw.
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