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omnanna Future Technology Devices

International (FTDI) [1] Brmyckaer mm-

OKHIT CIIEKTP ANMAPaTHEIX Mpeobpazosa-

Tenelt uaTepdeticos (USB-MocTEL). TH yCTpo#-

CTBA Mo3eonAlT coenuHArs USE Host ¢ yorpoii-
CTBOM, He nmerotnym USB-unrepdetica.

OnHOKaHaIbHEIE HJIH MHOTOKaHAJIbHEIE
yHUBEpCANEHEIE USB-MOCTE HMEROT O/THH, /IBEA
HIIH 9€TRIPE MOAbL30BATENLCKHX IIOPTA, a HX
VHHBEPCATLHOCTE JOCTHTAETCA 32 CUET PekKH-
ma MPSSE (Multi-Protocol Synchronous Serial
Engine). B pesxnnye MPSSE 2TH MOCTRI MOTYT
SMYIHPOBATE PAbOTY PAa3IMYHEIX TOCIEN0BA-
TENBHEIX NpoTokosoB [2]. Cepua cocTont M2 Ta-
kux Mmukpocxem: FT2232D, FT2232C, FT232H,
FT2232H u FT4232H.

OHH HMEKT BOIMOKHOCTE HACTPOHKH
VID/PID-ycTpoficTea, pesnMa HCNOMb30BaHHA
nopta, 00IaCcTH NAHHEIX NPOH3BOIHTENA, NOTh-
30BATENECKON 00IACTH AHHEIX, KOTOPEIE COXPa-
HAIOTCA B 3HEproHezapncimMol namarn EEPROM.
3TH MHKPOCXEMEI MOTYT pafoTaTk ¢ BHEIIHEl
namateio AT93c46/56/66 dupmer Atmel mmn co-
BMECTHMBIMH C HEH BHIAMH [IAMATH.

USB-mocrel kommanuu FIDI ogens gacro
HCHOML3YIOT B KA4eCTRE YHHBEPCANBHOTO Cpef-
CTEA JUIA MPOTpaMMHPOBAHHA H OTJIajKH pa3s-
THYHOTO BHIA MEHEpORKOHTporuiepos H [UTHC.

Jlns Toro 4TOGR paszofpaThed B COAEPAKHMOM
NaMATH, BO3BMEM JUIA IpHMEpa YCTPOMCTRO,
KoTOopoe npeanaraet komnanua Digilent [3]
Ha Oaze Mmukpocxemsul FTDIL BT1o ycrpoiicTeo
npeCTaRIAeT CoOO0I NMPOrpaMMATOP-OTIATIHE
mna mukpocxem [VIHC dupmen Xilinx.

XoTenock ORI TAKKE OTMETHTE, 4TO KOMIIA-
HuaA Digilent nozaboTunace 0 noaHoOH coBMe-
CTHMOCTH cBoero ycrpoiictea JTAG-HS2 co Bee-
MH OTIaI0YHBIMH CPEACTBAMH, KOTOPEIE ITpef-
naraet Xilinx (EDK, ChipScope, Impact).

Pazpaborumkn ycrposicrea JTAG-HS2 nocrpo-
Hin ero Ha MukpocxeMe FT232H. Yrobm pazo-
OpaTkca, YTO K MEMY, PACCMOTPHM IaMATE, CIH-
TAHHYIO ¢ ycrpoiictea J[TAG-HS2. Brraurars naH-
HBIE MOZKHO IPH noMoln nporpamMmer FT_Prog
[4], npenocrarnsaemoit komnanueit FTDI. Ina
yA0OCTEA BCe TAHHEBIE OBLUTH CBEMIEHEL B TAOMIHITY,
pazH4HEIE 00IACTH OTMEMEHE] PAZHEIM IIBETOM:

NaMATE

CermeHTayua EEPROM-namartu

mukpocxem FTDI

Ha npumepe FT232H

B ctatbe paccmarpuBaeTca HasHa4eHHe NONEH 3HeProHe3aBUCHMOMH NaMATH
EEPROM, npumeHaembix gna koHgpurypaunuu mukpocxem coupmbi FTDI, a tarke
COBMECTUMOCTb KOH(HIypaLHH MHKPOCXeM BHYTPH CEPHM.

® KpacHEIH — 0OACTE KOHQHTYPALIHH;

® 3eIeHEIH — 06/1ACTE MOMB20BATENRCKHX JaH-
HEIX;

® CHHHH — 0OIaCTE OTMETKH O NIPOH3BOANTENE;

® SKENTEHI — 00JIACTE OTMETEH O IPOIVKTE;

® OpaHKeBHIH — 00IaCTE CEpHITHOTO HOMepa
YCTPOHCTBA;

* hHoNeTOREIT

ROHTPOJIBHAA CYMMa.

Tabnuua. Copepmmmos namatd EEPROM

DariHbie

Appec

onté: | 3200 | oooo [ oooo | oooo | 0000 | o044 | 6967 | A9EC
0020: | 656E | 7420 | 4A54 | 4147 | 2p46 | 5332 | oooo | oooo
oza: | 0000 | o000 | 0000 | 060 | 1100 | o000 | 0000 | 0000
0030: | 0000 | 000D | 00O | 0000 | 0000 | GODO | 000G | G000
i8: | 0000 | 0000 | 0000 | 0000 | [ 0000 | 0000

6900

5500

6300

PaccMoTpHM, Kakad HH(GOPMAIIHA 3aIHCaHa

B KaKI0H 12 obnacTell IAMATH ¢ YKa3aHHEM

CMeNIeHHA B HaliTax OTHOCHTENLHO Hadaa:

e (x00; 0x01 — Hacrpoiikn nopra(-or) ycrpoii-
CTEA (/114 Kask[I0T0 YCTpOoHcTEa HHAHBHIYATE-
HEIE].

e (x02; 0x03 — Vendor 1D (0x0403),

o x04; 0%05 — Product ID (0x6014),

® (0x06; 0x07 — THN HCHIONB3YEMON MHKPO-
cxemel USB-mocTa:

0x0009 — FT232H;

0x0008 — FT4232H;

0x0007 — FT2232H;

0x0006 — TYPE_R;

0x0005 — FT2232C;

0x0004 — TYPE_AM;

0x0002 — TYPE_BM.

¢ (0x08 — xKondQurypalHOHHEIEC OUTEL:

— 6uT 7: BCcerpa 1;
— 6uT 6: 1/0 — ycTpoficTBO HMeeT/He HMeET
COOCTREHHEIN HCTOYHHUEK ITHTAHHIA;

— 6uT 5: 1/0 — ycTpoHCTEO HCHOAL3YET/
HE HCHOME3VET PEXKUM THCTAHIIHOHHOTO
NMpo6YHKIeHHA;

— Gurel 4-0: Bcerma 0.

0x09 — makcHMankHOE NMOTpebileHHE TOKA

ymHoEeHHOE Ha 2 MA (OxFA — 500 mA ).

0x0A — HacTPOIKH MHKPOCKEMEI:

— GHTEI 7-5: Beerma 0;

— 6ur 4: 1/0 — Bepcua USB 2.0/1.1;

— Bur 3: 1/0 — HCnolL20BaTeE/He HCIOIL30-
BaTh CTPOKY CEPHITHOrO HOMEPA;

— 6ur 2: 1/0) — BEAKYHTE/ BRI EIOYHTE TOJI-
THKEH K 0 B peKiMe OCTAHOBKH [/ Gonee
HH2KOTO MoTpelIeHHH;

— 6mt 1: 1/0 — H20XpOHHEIN/CTAHIAPTHEIN
PEKHM 00pallIeHHA K BHXOTHOH KOHeTHOM
TOYEKE;

— 6nt (2 1/0 — H20XpOHHEIN/CTAHIAPTHEIN
PEEHM 0OpaleHnA K BXONHOH KOHETHOH
TOYEE.

0xB; 0xC; 0xD) — macTpoiikn nopra(-os)

VCTPOICTEA (/171 KaXI0TO YCTPOHCTEA HHIH-

BHIyaILHEIE).

0xE — cMernenne B 6afiTax, o KOTOPOMY Ha-

XOIHTCH 06IACTE OTMETKH O NPOH2BOIHTENE

(cumEnit).

0xF — nomna 6/10Ka 06/1aCTH OTMETKH O TIPO-

HIBOIMUTENE (CHHHIT).

0x10 — cMmemenne B 6aiiTax, N0 KOTOPOMY

HAXOAHTCA 00/IaCTE OTMETKH O IPOJYKTE

(enThIi).

0x1] — nnuua Groka oOJACTH OTMETKEH

O NPOIYETE (HeNTHI).

0x12 — cMmemenne B OafiTax, MO KOTOpPO-

MY HaXoAuTca o0/1acTh CEPHITHOTO HOMEpa

YCTPOHCTEA (OpaHAeBkII).

0x13 — pnuna 6s0ka obnacTH cepHitHOrO

HOMEpa YCTPOICTEa (opaHKeBRlil).

0x1E — Tun muxpocxemn EEPROM

(46/56/66) (118 KaXI0TO THIIA MEHKPOCXeM

CMENIEHHE 3TOTO ITOJIA Pa3IHIHOE ).

(0x20-0x9F) + (0xF6—0xFD) — obnacre

NONL30BATENECKHX JIAHHEIX (IepBaf 4acTh

Bcerna zaHiMaeT (EEPROM_ Size) 128 6aiit)

(zenenniit) [4].

(0xA0-0xBl) — ob1acTE OTMETEH © IPOHIEO-

auTeNe (zanuceIBaeTCA B hopMare unicode).
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* (0xB2-0xD9) — o6nacTk OTMETKH O IIPOIYK-
Te (3anmuceIBaeTcA B popMare unicode).

¢ (0xDA—0xF3) — o6nacTs cepuitHOTO HOMEpa
yCTpoiicTea (2amickiBaeTca B cpopaare unicode).

* (xF4; 0xF> — noue, yxasuiparolee Ha HOMep
nopra H pexum PnP (ecnn Takas macTpoiixa
MOCTYIMHA 18 JAHHOH MHKPOCXEMEL, B ITPO-
THBHOM CITytae I1071e COICPAMT HYIH),

¢ 0xFE; 0xFF — xoHTpOnbHaA cymMMa, BRIYHC-
JAEMadA 110 AITOPUTMY:

checksum = OxAAAA;
for{i=0;i < eeprom_size-1; i++)
|
checksum = value|i]Achecksum;
checksum = (ichecksum << 1) | {checksum >> 15);
|

relurn User_ared_size;

B crapurem GaliTe MEPBOTO CIOBA KaKaol
uz of/acTell OTMETKH O IIPOH2BOHTENE, IPO-
AYKETe H CEPHHHOM HOMEpE 3alicaHa JJIHHA
aToi ofmacty B Oaiftax. B smnagmem datite aTo-
IO C/I0BA 3AMHCAH NPH2HAK HATHYHA JAHHEIX
0x03. Bonee nonpobHYI HHPOPMALIHIO O Ha-
CTpOIiKe 1opral-oB) YCTPOHCTEA HIH pa3Meltie-
HHH nojA THIa MEEpocxemil EEPROM moxno
HANTH B HCXOMHHEAX OuOmuoTern [5].

Jlnsa Toro 4ToOH y6eAUTRCA B TIOITHON CO-
eMecTHMOCTH USB-MOCTOB BHYTPH cepHH,
2AMHIIEM TY e HHQOPMaIHIO B IBYXIIOPTO-
By FT2232H. [lna aToro BoseMeM MOIYIb
FT2232HQ Mini Module [6], nogkamogmum ero
K KOMIOEIOTEPY H OTKPOEM MPH NOMOIIH IPOo-
rpamsel FT_Prog.

Bo Brnagke USB_Cunﬁg_Descriptiﬂn E I0JIE
Max Bus Power caenyer nocraenTh 3Ha4eHHE
500. Bo exnanke USB_String Description
HeoOXOIMMO 3aTIHCATE B TIOJIAX:

» Manufacturer — Digilent;
 Product Description — Digilent USB Device;
* Serial Number — 210249854606.

Bo exnaake Hardware_Specific — Port_A —
Hardware nyxno ycraHoBHTE OTMeTKY Ha-
nporus 245 FIFO, a 8 Hardware_Specific —
Port_A — Driver — nanpotus D2XX. Bce i
MelCTBHA NOKa3aHel Ha pHc. 1.
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Puc. 1. HacTpoika mukpocxemsl 2 nporpamme FT_Prog

INocie HACTPOMKH HY/KHO 3aIIHCATE 3TH JaH-
Heie B naMATe EEPROM (puc. 2).

s 3anicH NoAb30BATENBCKON 06MaACTH
EEPROM nHeoOX0oIHMO BOCIIONE20BATECA (DY HE-
nueit FT_EE UAWrite uz 6ubtanorexn D2XX

API (mpuMep MCIIONB30BAHHA 3TOH (DYHKITHK
npueeeH B [5]) mubo nporpammoit astopa’ [6],
KOTOPaA 3AITHIIET BCe HeOOXOMMMELE TaHHBIE
ABRTOMATHYECKH (pHC. 3).

1 [Mporpassa apTapa IPeiAaraeTcl bes TexnoepEkn.

T .ol e R — T
=] }Illl-l-|| .,.....-,.|
I = fees AR
J e &4 -
— -l
Twwo ; P F'fll
E i SrEE IR ST ow! e
- -« [ -
m o ey Eoall —— e
B -0 00 e s :
& =8 L2 Corw Dwnrmiy —— Ll
L R e, [T ) )
B =i T R
R w i
i
Fopmy
NI
! '.r:lml s W e LT o Te (T
o= e
A PR
-:":..u__u_t-u, &
[t e misi pn PR BEE Wi B R
Slambe wrwh mans sy momh B aah st il
[ SO N B EVE] R e
| T
I:If\.-l A e R SR e e e
([EEN. BRE Bihd ENIR R B K M
| [ - R e S S e
;ﬂ.l.l- R RS R3S B BN RBOH BN R
imal- A W I O BEH W P R
[EEAE' NI S R N R LT MR EEe
| B Er S e e e
Ui RS0 O W M R B R D
:wll EESD ERSD A)CHE SR S RIS MM ED
A VR EES LISE UM DLW N e

=i

Puc. 2. 3anuck namats EEPROM

Puc. 3. 3andce nonb3oeatensckod obnactd EEPROM
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Puc. 4. Cnwcok yorpoicte USB

anee HeoOXOIHMO OTCOEIUHHATE Kabens UUSE
H 3aTeM BHOBEL NOJIKIIYHTE €70 K KOMIIBIOTEPY.
ITocne 4ero Ao/KHA HAYAThCA ABTOMATHYECKAA
HACTPOHEA IpaHEepOoB YCTPOHCTEA, [0 OKOHYA-
HHH KOTOPOII B CITHCKE YCTPOCTE Y Bac AO/LKHO
NOABHTECA TPH YCTPOIICTEA (puc. 4):
e USB Serial Converter A;
e USB Serial Converter B;
* cocrasHoe USB-ycrpodicTro.

Bon e Ve Cpeesbeey g iy —

NaMATE

[Tpn mogknwvyenun gce USB-ycrpoiicTea
noMEHE Nepenaasate B USE Host crou ne-
CEPHIITOPEL B OTBET Ha COElHANBHEIN 3anpoc.
Cranmapr USB onpenenser cnenuaisHyw
TPYIOY AeCKPHOTOPOR, KOTOpadA JO/LEHA BhIIa-
BaTkECH YCTPOHCTEOM B OTBET Ha CTAaHIAPTHRIN
zanpoc [9]. brarogapa HCNOAR30BAHHIO MAMS-
T EEPROM mnonkzoBaTells MOMKET HACTPOHTE
HEKOTOPBIE IECKPHIITOPEI 10 CBOEMY YCMOTpe-
HHIO. HacTe H3 HHX NepefaeTcd MHKPOCXeMOH
FTDI & USB Host B HeH3MeHHOM BHIIE | HAIIPH-
mep, Vendor 1D, Product 1D, obnacts cepuitHo-
ro HoMepa ycTpolicTEa (pHc. 4)), a Apyrag 4acTs
KonHpyerca (Hanpumep, eepcus USB 2.0/1.1
& EEPROM yxazrigaerca ogaum 6uton, a & USB
Host nepenaerca 0x0200/0x0110). Bonee pe-
TAILHO O JeCKPHNTOpax H B3aHMOAEHCTBHH
¢ USB-ycTpoiicTBaMH MOMKHO IIPOYHTATE B [9].

I[Tockoneky 3a oOpazen OLUT B2AT MPOTrpaMMa-
top-oTaagauk IJITHC Xilinx, To ana npoeeprn
KOPPEKTHOCTH IPOAENAaHHBIX ONePalHIl HYKHO
MOOKMIOYHTE BRIBO/IEI MUEpocxeMBl USB-mocTa
k BaBogam [T C crenyiomum obpazom:

o ADBUSD — TCK;
» ADBUS] —TDIL

s ADBUS2 — TDO;
s ADBUS3 — TMS.

B npunosxennn impact, nocrapaaeMoM
e Web Edition epcun 10 Xilinx, npopepaem
paboTy ycTpolCTEa, NpelBAPHTENLHO YCTAHO-
BHE npaiigeprl oT Digilent, koTopele HaxonaT-
ca B nanke \...\Xilinx\14.1\ISE_DS\common\
bin\nté64\digilent\install_digilent.exe.
YcTpolCcTRO TOMKHO ONpeleTHTEC KaK OPH-
ruHankHoe JTAG-HS2 npu Brbope MeHIO
Output — Cable Auto Connect. Tanee creny-
€T nNpockaHuporark JTAG-1uenouxky, BRIGpaE

File — Initialize Jtag Chain, n nocae atoro
MOXKHO IPOrpaMMHPOBATE YCTPOHCTEA (pHC. 5).

Takum obpazom, pazpaborunru JTAG-
HS2 ana H,EIEHTH{I)HKEIH,HH CBOETO YCTPOMCTEA
HCIOIB3YIOT HE TOJIBKO 0OMACTH CTAHAAPTHOTO
AeCKpHOTOpPa (OTMETEA O MPOHIBOIHTENE, OT-
METEA O MPOAYETE, CEPHITHEIN HOMEp), HO H 10~
MOJIHUTENEHY0 00/IaCTh NOIL30BATENBCKHX
MAaHHEIX, KOTOpasA He BXOAHT HH B OJJHH H3 Jle-
ckpunropos. [Tocle npoBepKH Boex aTHX 00-
nacTell IporpaMMa, KoTopad B3aHMOIeHCTEY -
€T ¢ 3THM MPOrpaMMaTOPOM-OTIALIHKOM,
OHO3HATHO MOMKET HICHTH(HIHPOBATE €TI0
Ha muHe USB.

B zaBepmieHne OTMETHM, ITO Pe3yAbTATHI,
NPHBEJCHHEIE B 3TOH CTAaThe, OTPaKaloT AHIIE
MeToIR Hccnenoranna. Bea nndopmanua s
HHX ORIa coOpaHa H3 obMIENOCTYIIHEIX Ty -
OMYHEIX HHTEPHET-PECYPCOR H NPe/IHAZHAYEHA
HCKIIOMHTENBHO JIIA 03HAKOMHTEIBHBIX HENel,
HznoxeHHBIE CBEIEHHA MOTYT HECKOIBKO OT-
JTHYaTLCA B 3ABHCHMOCTH OT CEPHH, THIIA H pe-
BH3HH MHEpocXeM. Takae mpenynpemaaem
YHTATENEH, 9T0, KakK H BCE YCTPOICTEA, TOJKII0-
gaemMble K opty JTAG, npeanaraemMoe agTopom
YCTPONCTEO TPeOYET THIATENLHOH NPOBEPKH.
[ToaToMy CHavana NpOBEpPhTE OCIMILIOTPA-
drom curnanm Ha JTAG Gez NX NogKIIOYEHHA
K ITJTMC u TONBEED 3aTeM TTOIEIIOYANTE YCTpOii-
creo k IIJIMC,

Boiogbi

FTDI npennaraer npakTH4YeCKH YHHBEPCAIL-
HEIE, THOKHE B HACTPOIIKE, HPOCTRIE B HCIOMb-
30BAHHH AMNAPATHEIE CPEACTRA JUIA CO3[JAHHA
USB-coBMecTHMEIX YCTPOHCTE.
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Pewnama

Hcnonsays 1omoIHHTE/IBHEIE PECyPChl BHEIN-
Heil mamaTn EEPROM, nogknmwygaeMol K MH-
kpocxemam ot FTDI, none3oeatens nomy+daer
BOZMOAHOCTE PACHIHPHTE Cepy NpHMEHEHHH
NPOAYKITHH 3TOH KOMIIAHHH. PazpaboTanKy npe-
MOCTARIAETCA BOIMOKHOCTE H3MEHATE HE TO/ILKO
CTAHAPTHBIE IECKPHIITOPEI YCTPOHCTEA, HO H J10-
MOJIHHTENEHY0 00ACTE NOTL30BATENIBCKHX JIaH-
HEIX, YITO [IO2B0JIAET OTHOZHAYHO HIeHTHHITHPO-
BaTE NOEII0MaeMoe 000PYI0BAHHE IPOTPaMMOi,
KOTOpasd BEITOMHAETCA co cTopoHEl USB Host.

NamMATE

Nurepatypa

1. www.ftdichip.com

2. Hoarymun C. Annaparaete USB-moctw FTDI J/
KomnonrenTr! H Texromorny. 2010, Ne 4,

3. http://www.digilentinc.com/Products/Detail.
cfm?Prod=]TAG-H52

4, http://www.ftdichip.com/Support/Utilities/FT_
Prog_v2.8.2.0.zip

3. Accessing The EEPROM User Area Of FTDI
Devices — http://www.ftdichip.com/Support/
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Documents/AppNotes/AN_121_FTDI_Device_
EEPROM_User_Area_Usage.pdf

6. https://github.com/ADA0O7/FTDI_User_Area_

Writer.git

7. http://www.intraZnet.com/en/developer/libftdi/
8. http://www ftdichip.com/Support/Documents/

DataSheets/Modules/DS_FT2232H_Mini_Module.
pdf

9. Arypoe IL. B. Hurepdeitcar USB. IlpaxTura

HCIONB30BAHHA H NporpaMMuposanna. CII6:
BXB-Ilerepbypr, 2004.

HOBOCTH CTaHOzapT YacTOThl

OCHOBHBIE XAPaKTEPHCTHKM:
s BeixogHan vactora: 5, 10, 20 Mlw,

» nepsbin rog: < 5x10-"" /rop;
s nochenyiolde rogsi: < 3x 107" /rop.

B accopTuMenTe npubopoe SpectraTime noAsuncA pybUaMesbiid cTaHAapT =
yacToTsl cepi RMO, 31oT npubop npegHasHayeH ANA HCNONb30BaHHA B KayecTee
MCTOYHHKA BbICOKOCTaDHABHOrO CHrHana c yacTotoi 5, 10, 20 MMy (s 3aBMcHMocTH =
OT ONUMA) B CHCTEMAX HABHIALWW, CRAIM, TRNEMETPHM, TAKTOBOH CETEBOH CHHXpO-  »
HM3aLuK YacToTbl. [pBop BEINOAHEH HA OCHOBE TEXHONOMHK NOBEPXHOCTHOID
MouTaKa. OH OT/MUZETCA BbICOKMM YPOBHEM METDONOMMUSCKHX XADAKTEPHCTHR =
M YCTOHYHMBOCTBIO K BHELUHHM fecTabunHanpylowmm haktopam. B komnnextaumio
RMO Takme EXOQMT CHHTE3ATOP ANA NPOBEPKH BbIXOAHOW YACTOThI. .

. TEHFIE;)&TH‘F'H-EIH ETEEPIHI}HDCTIJ YaCcTOTh B AHMana30oHe,

Macca: 290 .

Py6ugueBbii cTaHgapTt 4acTtoTbl KoMnaHuu SpectraTime RMO

MuHHMansHbIF ypoBeHb dhazosoro Wyma, ABH /T, npu oTcTpoike (F) ot yacToTsl
10 MMy —70 (1 Tw),—80 (10 M), — 115 (100 My),—135 (1 klw), —140 (10 xly).
Undpposas nogcTpoitka yactots: £20%.

Boixon vz cnawero pexuma npu t = 25 °C: 5x10-'"1 /B.

CpelHAA MOLHOCTL NPH BbIXOAE W3 pexuma cHa: 35 Br.

FapmonukK /cybrapmormm: < —25 /< —60 gbn.

[NapazHTHble CNEKTRaNbHbIE COCTAENAKME B Axana3oHe f; 2100 Iy < —80 pbs.
Hanpsxerue nutanus: 15 B.

MakcumanbHble NyNbCaUMK HANPAMEHUA NuTanua: 11,2—16 MB.
YyBCTEMTENBHOCT K H3MEHEHHMAM HaNPRKEHHA NuTanua: < 2:107""1 /B.
Pazmepbl:7 477 <40 pm,

WWW.avrex.ru
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