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PXI Express: 3ameHa urpoka
unuv nononHeHue B komaHge PXI?

Cranpaprt PXI, 3asoeBas B nocnegHue roapl rABEHCTBYIOLLEE NOMOXEHME HA PbIHKE BUPTYQSbHbIX
NPUOOPHBIX PELLIEHWUM, HE OCTAHOBMIICS HO MECTE, M HOBbIE TEXHONOrMYECKME TEHREHLMU
sonnotunmceb yxe B PXI Express. Yro Takoe PXI Express — npeeMHuk, gononHstowmi
CYLLECTBYIOWME PELUEHMS, UM KBAPSY», NPULUEALMIA HO CMEHY U MOSHOCTBIO 3OMEHSIIOLMMA
1x2 ABTOpP CTATbU NOCTAPAETCS OTBETUTb HA 3TOT BOMPOC, A TAKXE MO3HAKOMMT C HOBbIMU
cepuiiHbiMM paspabotkamm komnanum ADLINK.

BBEAEHME

B mocnenHee Bpemst mprMepHO KaxKable
MSTh JIeT B KOMITBIOTEPHOUW WHIYCTPUU
MPOVICXOANT 3HAYUTENbHBIN TEXHOJIOTHU-
YeCKWil CKAavyOK, CJIEACTBUEM KOTOPOTO,
Kak TIPaBUJIO, SIBISIETCSI OOHOBJIEHUE
CYIIECTBYIOIIUX CTAaHIAPTOB BCTpauBae-
MBIX cucTeM. Pesymbratom omHOTO U3
TaKMX CKaYKOB, 03HAMEHOBAaHHOTO Tepe-
HOCOM TEXHOJIOTUM TIOCJIeI0BATEIbHOMN
nepenaun gaHHbIX PCI Express B PXI,
sBUIIOCH nosiBiieHue B 2005 romy cTaHmap-
ta PXI Express. B cietmmdukanusix PXI-5
(PXI Express Hardware Specification) n
PXI-6 (PXI Express Software Specifi-
cation) M3JIOXEHBI €r0 OCHOBHBIE arlla-
paTHbIE ¥ MPOTPAMMHBIE XapaKTePUCTH-

k. CrenuduKamuy TOCTPOCHBI TI0
MPUHIUITY OT OOIIIErO K YACTHOMY: Hauu-
HAITCSI OHM C OO30PHBIX OIMUCAHUIA,
KOTOpBIE IETAIBHO Pa3BUBAIOTCSI B TIOCIIE-
IyIIIMX riaBax. Takol momxon ymoOeH
VTSI CTICIIMATUCTOB Pa3HbIX YPOBHEH MO/~
TOTOBKM U TO3BOJISIET MPU HEOOXOIMMO-
CTH OBICTPO OCBOUTH CTAHAAPT KaK IPO-
CTOMY TIOJIb30BAaTENI0, TaK U OINBITHOMY
paspabotuuky. [TozHakoMuUMCs ¢ 3TUM
CTaHAapTOM MoJpoOHee.

3HAKOMCTBO CO CTAHAAPTOM
PXI1 ExXPRESS

IlepBoe, ¢ yero HayHEM, — BTO OTMe-
TUM HECOMHEeHHble mnpeumylectBa PXI
Express o cpaBHeHuio ¢ PXI.

PXI Express (PCI Express eXtensions for Instrumentation)

1. Bonee BBICOKMIT YpOBEHb MMPON3BOAU-
TEJIBHOCTH 3a CYET TOTO, YTO Tepenaya
NAaHHBIX, CUTHAJIOB 3aITycKa U TaKTUPO-
BaHUS TPOMCXOAUT T0 muddepeHIr-
aJTbHBIM 1IETSIM, TIOCTPOCHHBIM TIO
MPUHLINITY <«TOYyKa—To4uKa». CraHmapT
PXI Express omnpenesieT MpoIycKHYIO
CITIOCOOHOCTb OOBbEANHUTENBHON MaHe-
nu 1o 6 I'6aifT/c 1 OOMHOYHOIO CJIOTa
1o 2 I'6aiit/c.

2. bonee BbICOKasi TOYHOCTb M YCTOWYU-
BOCTb K TTOMeéXaM OJ1arofapsi Tomy, 4To B
KauecTBE OCHOBHOTO CHHXPOHM3UPYIO-
IIIETO CUTHAJIA MCITONIb3yeTcs muddepeH-
LMaNbHBIN curHai ¢ yactoroii 100 MIir.

3. PXI Express ocHoBaH Ha CompactPCI
Express u PXI, u B HEM coXpaHWIUCH

Cneuunthukauma annapaTtHol YacTu

MexaHu4eckas apxuTekTypa

AneKTpUYecKan apxuTeKTypa

PXI Express

CUHXPOHU3aLun

| | Mogynb cuctemHoi

Knumatnyeckue
UCNbITaHNS

PXI Express

OnchchepeHumnanbHblid cUrHan
TakToBOM 4actoTbl 100 MI'y

|| AinchdhepeHLmanbHble CUrHanbl 3anycka
C COBANHEHMEM «TOYKa-TOYKa»

OndhdpepeHumnanbHblii curHan

C U3MEHsIeMOli 4acTOoTOM

CUHXPOHM3aLnn

OnHOMONAPHbIA CUrHaN TaKTOBO
4acToTbl. Tpurrepsl

Puc. 1. MexaHnyeckasa u anexkTpuyeckas apxutekrypa PXI Express
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BCE OCHOBHBIE TPUCYIITUE UM XapaKTe-
PUCTUKM.

4. CymiecTByeT BO3MOXKHOCTb OTHOBpE-
MEHHOTO UCTIONb30BaHMSI B CUCTEME KaK
MO[IyJIel, COOTBETCTBYIOIINX CTAHIAPTY
PXI Express, Tak 1 TpaauuroHHbIx PXI-
Momyseil. DTO KII0YeBOe IMpenuMyIe-
CTBO 3HAYUTENbHO SKOHOMMUT CPEACTBa
U JefaeT BO3MOXHBIM MCIOJIb30BaHUE
paHee MpUOOPETEHHOTO 0OOPYIOBAHNSI.

5. [MonHast mporpaMMHasi COBMECTUMOCTh
cranaaptoB PXI Express u PXI nosso-
JISIeT MCTOJIb30BaTh M3BECTHOE paspa-
0OTYMKY W TIPUMEHSIEMOE UM paHee
nporpaMMHoe odecrieueHue.
O6patumcst K puc. 1 ¥ paccMOTpUM

anmapatHyto apxutektypy PXI Express.

Kak crnemnyer M3 maHHOro pucyHka, B €€

OCHOBY 3ajioxkeHbl uHTepdeiic PCI

Express 1 xopoio 3apeKomMeHIoBaBIlIast

cebss EBpomexanuka (IEC 60297, IEEE

1101.1, IEEE 1101.10, IEEE 1101.11),

MOJY/IbHbIE TPOMBIIUIEHHbIE IIACCH,

TUIaThl C MIPOYHOI METa/UIMYECKOM repe-

HEell TaHeNblo, HaAEXHbIE MPOMBILLUIECH-

HbIE pa3bEMBI.

Pacuiupenusi, kacaiouuecsi MHCTPY-
MEHTaJIbHBIX PUMEHEHU, U COXpaHEH-
Hble B MOJHOM 00bEéMe (pyHKIuu PXI
JOTIOJTHEHBI CIIeAYIOLIUM:

1) iuddepeHIMaTbHBIMUA CUTHAJIAMY TaK-
TOBO# yacTothl 100 MIii;

2) cUrHaJIaMM CUHXPOHU3ALIMU C U3MEHsIe-
MOIi YaCTOTOIA;

3)nuddepeHIMaTBHBIMU
3arycka, OpraHU30BaHHBIMU IO MPUH-

LMY «TOYKa—TOUKa».

JIOCTOMHCTBOM CTaHAapTa TakXKe sIBJIsI-
€TCsl COXpaHEeHHWe anmapaTHOW W Mpo-

JIMHUAMUA

[nchepeHumanbHblin
TaKTOBbIV CUrHan

PXI

LnHa

PXI Express Star Trigger

100 Mry (PXle_CLK100)

IudbdepeHunanbHbli
CUTHaN CUHXPOHM3aLNK
(PXIe_SYNC100)

| 4

Cnot
KOHTponnepa
BPEMEHHOM

CUHXPOHM3aLNN
| PXle

Cnot
CMCTEMHOTO

KOHTpOnnepa
PXle

Ynpasnenue
CUHXPOHN3aumen

TMepudpepuitnbiii

TaKTOBbIN CUrHaN
10 My (PXI_CLK10)

TM6puAHbIA
nepudepuiiHbIi
cnot

cnot PXle

Mepudbepnitibiin
cnot PXI

OudpdepeHumnansHslie
NuHun Star Trigger

(Differential Star Trigger)

R A

PXI-wuHa 3anycka Trigger Bus (8 TTL-Tpurrepos)

Puc. 2. WnHbl cuHxpoHu3aumu n 3anycka B PXI Express

rpaMMHoil coBMectuMoct PXI-1 wn

CompactPCI, To ecTb BOBMOKXHOCTH MPU-

MEHEHMSI B OTHOI CUCTEME KOMITOHEHTOB

000X CTaHapTOB.

Ha puc. 2 ynpolii€HHO rmoka3aHbl OCHOB-
HbIE IIMHBI/CUTHAIBl CUHXPOHU3ALMU U
3amycka, ucrnosibdyeMbie B PXI Express.
Mbl BUAMM, YTO 37€Chb COXPaHEHbI BCE
UHCTpyMeHTasIbHble PXI-curHaibl:

@ OIOPHBIA TAKTOBBIA CUTHAJI YaCTOTOW
10 MIix (PXI_CLK10), momaBaeMblii Ha
BCE MOJIYJIH;

@ mmHa 3anycka Trigger Bus, ynpasisio-

mast mepenadeil CUTHAJIOB TaKTUPOBA-

HUST M CHHXPOHU3AIIUN;

muHa Star Trigger, peanusyromias moa-

KJTIOUeHUEe MOJIYJIeH C NCTIONb30BaHUEM

TOTIOJIOTUM 3Be3[a W YYUTHIBAIOIIAS

JUTMHY TTyTA CUTHAJIOB;

@ nokanbHag mmHa (Local Bus), cioyxka-
mas ajasl Tepeaadyy BhICOKOYACTOTHBIX
U(POBBIX M AHAIOTOBBIX CUTHATOB
MeXKIy COCETHUMU MOMIYJISIMU.

N nomumo Hux nobGaBieHbl HOBBbIE

IIWHBI/CUTHAJIBI:

©® BBICOKOUYACTOTHBIN CHUCTEMHBI TaKTO-
Boiii curHan (PXle CLK100) — mud-
(bepeHIMaTbHBIIT HU3KOBOJIBTHBIN CHUT-
Han vyactoroir 100 MIi1, momaBaeMbIit
KO BCEM CJIOTaM;

@ curHan cuaxpoHusanuu (PXle SYNC-
100) — muddepeHIMaNbHBII CUTHAT,
HATpaBJIeHHBI OT OO0beNMHUTETHHON
TMaHenu K KaXIOMy MOIYJIO0, CUHXPO-
HusupoBaH ¢ PXle CLKI100 u uepe3
Kaxnaple 10 TaKTOB MHAMLUPYET (ha30-
BbI€ COOTHOIIIEHUST MEXKIy OCHOBHBIMU
TakTOBbIMU yacToTamu 10 u 100 MIir;

PXI_CLK10 PXI_TRIG [0:7]
PXI_STAR
A
PXI_CLK10_IN =
[
W
Local
Lenwn g BLA"S gsl
PXle_CLK100, = _
PXle_SYNK100, & N
PXle_SYNK_CTRL, E 3 &
PXI_CLK10 =‘E g
od S
=3 = = 2
1 %) 17} o
a a b
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o o %
=
PXle_SYNK100—> PXle_CLK100 ;I:
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PXle_SYNK_CTRL
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Puc. 3. Mpumep peanusauum MHCTpyMeHTanbHbix curHanos PXI Express
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Mepudpepunitheiit cnot PXle

Moaynb m

Cnot cucTemMHoro

KOHTpOnnepa PXIe\

CnoT KoHTponnepa
BPEMEHHOW CUHXpOHN3auun PXle

TM6puAHBIA NnepucthepnittbIi

[ cnot PXle

NHTepdbeiicHble

pasbembl
06beANHUTENBHO
naxenu

Cnot PXI-1

06beanHuTENbHAS

/ naHenb

/ LLlaccu

® |@ |@
e le | B ®L ™

A OO O 00
R —~ —y N S

CnoTbI pacluMpeHys CUCTEMHOTO KOHTpONNepa

Puc. 4. Mpumep Tunosoin cuctemnol PXI Express

® Tpu napsl TMpGepeHIMATBHBIX TUHUI

samycka (Differential Star Trigger) c

TOIIOJIOTHEN 3Be3[1a, BBIMOJHSIIONINE

¢GyHKIIMK, aHaJIOTUYHBIE ImMHe PXI

Star Trigger.

Bbraronaps ncronb3oBanuio auepeH-
LIMAJIbHBIX CUHXpOCUTHAJIOB cucteMa PXI
Express 1mo3BoJisieT nepenaBaTth JaHHbBIC Ha
0oJiee BBICOKMX TaKTOBBIX YacTOTaX, YTO
nenaer e€ bosee moMexosamuinéHHon. Ha
puc. 3 moKa3aHo pacrpeaesieHe CUTHAIOB
CUHXPOHU3AIMHU B pa3béMaxX CUCTEMHBIX U
nepudepuiitHbIX CIIOTOB.

LUACCU U OBBLEAMHUTENIBHAS
nAHENbL PXI EXPRESS

Kak u PXI-1 PXI Hardware Specification
Rev. 2.2, cranmapt PXI Express orpenenser
OCHOBHBIE pa3Mepbl, B TOM YKCIIE BBICOTY

Mepuchepuithble cNOTbI

cinoroB — 3U u 6U, a TakKe MX MaKCH-
MaJIbHOE KOJIMYECTBO B OTHOM IIaCCH — He
6osee 31. Bee ClOTBI UMEIOT COOCTBEHHYIO
CHUMBOJTbHYI0O MapKUPOBKY M CBOE MECTO B
COOTBETCTBUH C UCIIONIb3YeMOl 00beINHU-
TeJIbHOM TIaHeNblo (puc. 4).

Campblii JIeBbIil CIIOT HOCUT Ha3BaHUE
cucremHoro (PXI Express System Slot) u
MpeaHa3HauYeH TOJbKO MJI YCTAHOBKU
MOIYJII CHCTeMHOro KoHTpoJuiepa (PXI
Express System Module). Bcé cBoGomHoe
MECTO JieBeée HErO pe3epBUpPYeTCS s
MPUMEHEHUS] MOJTYJIell CUCTEMHBIX KOHT-
pOJIIEPOB yBEJTMUEHHOI UpPUHEL. B cio-
Tax CIpaBa OT CUCTEMHOIO KOHTpOJiepa
pacnionaraercsi PXI Express System Ti-
ming Slot. OH npenHa3HaueH TSI ycTa-
HOBKM TaK Ha3bIBA€MOTO CHCTEMHOTO
Moy BpeMeHHOi cuaxpoHu3amuu (PXI

Tabauya 1

CosmecTumocTb komnoHeHToB PXI, PXI Express u CompactPCI Express

KomnoneHnTbl CompactPCI Express

) g = = S 5 S

5 = 2 £ 5 |25 |2

e = = S oy = § o= g

KomnouenTbl PXI Express 3 = S~ | 5S¢ 3 Sz |3 =

= = o E o S = =% (|0

= = S 8- = ITc S _©

(7] @ = = © = Sao s®a

= =3 = = a =d =

g g 82 82 ¢ g5 8BE2§

S S =S | =c = 2SS =28
Cucremubiit cnot PXI Express - Ja - - - - -
CuctemHbin mopynb PXI Express [a - - - - -
Nepudepuitnbiit cnot PXI Express - - - Na - - -
Nepudepuinbiit mopynb PXI Express - - JIE! - Ja = =
Mmépupnbin cnot PXI Express - - - Ja - - Ja’
TM6pMAHBIA CNOT, COBMECTUMBIN C MOAYNEM | — - - - JIE] [a -
CMCTEMHBII CNOT BPEMEHHON CUHXPOHMU3a- - - - Na - - -
CMCTEeMHBI MOAYNb BPEMEHHOW CUHXPOHU- | — - JIE! - - - -
Cnort PXI-1 - - - - - - Jla
Mogynb PXI-1 - - - - - Ja -

'Mepudepuiinas nnata CompactPCI 6yaeT pa6oTaTh, €CM OHa UMeeT TONLKO pasbém J1

Express System Timing Module) 1 BbImoN-
HSIeT BaXKHble (PYHKIUU CUHXPOHU3ALNU
paboThI BCexX MOJYJIEl B COCTaBe CUCTEMBbI

PXI Express. 3a nepudepuiiHbIMIA MOAIY-

JISIMU 3aKPEeTUIEHbI OCTaTbHBIE CIIOThI, KO-

TOpbIE, B CBOIO OY€PEb, MOTYT OBITh Clie-

OYIOLIMMMU:

o nepudepniinbiii cior PXI (PXI Peri-
pheral Slot), cooTBercTByIOIIMII CTaH-
napty PXI-1;

©® nepudepuiinbiii cioT PXI Express (PXI
Express Peripheral Modules), monmep-
XKuBawmui  Toibko wmoayau  PXI
Express;

o rudpunsiii cior PXI Express (PXI Ex-
press Hybrid Slot), monaep:kuBarommii
MOy 000MX CTAHIAPTOB.

Baxnoe 3aMevyanue: CHCTEMHBIIl U TepH-
(bepuiinbie ca0THI HE COBMECTHMBI APYT C
JPYTOM, B HIX MOKHO YCTAHABJIMBATD TOJIb-
KO MpeJHA3HAYEHHbIE JIs1 9TOr0 MOIYJIH.

[1s1 omcka COOTBETCTBUSI CIOTOB U
MOyl pa3TUIHbIX CTAHAAPTOB, UCTIONb-
3yeMbIX B cuctemax PXI Express, ynooHo
PYKOBOACTBOBAThCS TabJI. 1.

B crannmapre PXI Express npemycmoT-
peHa BO3MOXHOCTb UCTIOTHEHUSI 1IIACCH C
WHTETPUPOBAHHBIM CUCTEMHBIM KOHT-
posepom. JlJist aTOTO Cityyasi MUHUMAJTb-
Hast KoHburypanus cucteMbl PXI Express
JOJKHA COJepXaThb CaMO IIAacCH CO
BCTPOEHHBIM CHUCTEMHBIM KOHTPOJLIE-
pOM, OOBETUHUTENBHYIO MTAaHEb, CUCTEM-
HBI MOYJIb BDEMEHHOMW CUHXPOHU3ALIUU
M XOT$1 ObI OOUH TepuepuinHbIA CIO0T.

Moaynu, nCnonb3YEMBIE
B PXI EXPRESS

Kak yxe ormeuanoch, crietmgukanus
PXI-5 onHOBpeMeHHO TOAlepXKUBAET
moaynu/cinorel  Beicotoir 3U um 6U.
Opnako st npumeHenuii PXI Express B
Ka4ecTBe KOHTPOIbHO-U3MEPUTETbHBIX
cUCTeM HaumOOJIbIliee pPacIpOoCTpaHEeHUE
TOTyYmIn Mofaysu Beicotolt 3U, a kpome
9TOTO, OHU 3HAUYUTEIBHO IIUPE MPEACTaB-
JneHbl Ha peiHKe. [loaTomy manee Oymem
paccMaTpuBaTh UMEHHO UX.

PaznuyHble TpUHIMIIBI TTepegadn 1aH-
HBIX, ucnojbdyembie B PXI Express (1mmHa
U IBYXIIOJISIpHAS JIMHUST), OOYCIOBWIN U
MPUMEHEHNE Pa3HBIX MO KOHCTPYKIIMU
pa3bEMOB, KOTOpbIE, B CBOIO OYepelb,
TIOBJTUSITM HA BHEITHUE OTJIMYUSI MOAYJIei
U COOTBETCTBYIOIIMX UM CcJI0TOB. Jlis
JIETAIbHOTO PACCMOTPEHUSI BOCMOJbB3Y-
eMmcsl Tabj. 2, B KOTOPO# TOKa3aHbl BCE
HCTIOJIb3yeMbIe pa3bEMBI.

[Mockonbky 06a3zoit PXI Express cran
CompactPCI Express, To 3T0 1 onpeaeim-
JIO IPUMEHEHUE HapsILy ¢ TPAAULIMOHHbI-
mu 1EC-pa3bémamu crielimanibHbIX Iug-
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(bepeHITMATBEHBIX Pa3bEMOB, AHATTOTUIHBIX
TeM, 4To ucronb3yiorcs B CompactPCI
Express. Ha pucynkax B Ta61. 2 TIpeacTaB-
JneHsl  nudodepeHnanbHbIe  Pa3bEMBI
ADF-F-3-10-2-F-25 u eHM-F2, ycra-
HaBJIMBaeMbIe Ha MOMIYJISIX, a TAKXKe pazb-
émbt ADF-M-3-10-2-B-25 (ADF-M-3-
10-2-S-25-0100) u eHM-M2-HP (eHM-
M2), ycraHaBnmBaeMble Ha OOBCAMHU-
TeJNbHOU maHenn. B kauecTBe paznéMoB
MUTaHUS  CUCTEMHOTO  KOHTpoJuiepa
HCTIONB3YIOTCSl YHUBEPCATbHBIE Pa3bEMbI
UPM-M-7 (UPM-M-7-HP) Ha monyne u
UPM-F-7 Ha 00beAMHUTENIBHON MTAHEU.

Pemaromum cioBom B monbdy PXI
Express MoxeT ctarb Hanmuyue rUOpUI-
HbIX c10TOB. OHUM TOBBILIAIOT YHUBEP-
CaJbHOCTb MCIIOJIb30BaHMS IlIacCH, a
TaKXXe JealoT BO3MOXHBIM MPUMEHEHNe
paHee TIPUOOPETEHHBIX U UMEIOLIMXCS B
HaJIMYUU Y TOJIb30BATENsI MOMYJIel cTaH-
naproB CompactPCI u PXI. Ha puc. 5
MOKa3aHo, KaK OJWH U TOT € T’MOPUIHbIN
CJIOT CIIOCOOEH MPUHSTHL NepudepuiiHbie
MOJYJIU TPEX Pa3IUYHbIX TUIIOB.

NMPOrPAMMHOE OBECNEYEHME

Ve ObITO CKa3aHO, YTO MPOTPaMMHAsT
yactb PXI Express onrcana coGcTBeHHOM
cneuudukanuein PXI-6 (PXI Express
Software Specification). DTa cneundnka-
1vst ObLTa co3aaHa JIjist 00eceueHusI po-
TPaMMHOU TIOJIEP>KKU HOBBIX CBOMCTB U
XapaKTepUCTUK, TIpeacTaBieHHbIX B PXI
Express Hardware Specification. B PXI-6
MOAPOOHO M3JTOXKEHBl OCHOBHBIE TEPMU-
HBI, a TaKKe TpeOOBaHUS s pa3paboT-
YUKOB TMPOTPAMMHOTO obecTreueHust
(ITO), xak obs3aTeNbHBIC, TAK M PEKO-
MEHJOBaHHbIE K BBITOJIHEHUIO U TI03BO-
JIIOIINE JAOCTUYD TOJIHONH COBMECTUMO-
CTU YCTPOWCTB, MPOU3BOAUMBIX pa3Ivy-
HBIMUA KOMITAHUSIMU.

Ha puc. 6 mokaszaHa mnporpammHasi
apxutektypa crannapta PXI Express. Ona
JEPKUTCS Ha TPEX KUTAX: CUCTEMe yIpaB-
JIEHUSI pecypcaMu, ONiepalliOHHON CUCTe-
M€ U TIPOrpaMMHBIX ApaiiBepax.

[IporpammHuble gpaiiBepbl MPU3BaHbI
peliath TP OCHOBHbIE 3a1aUM:
1)onpeneneHre Habopa IPOrpaMMHBIX

uHTephENHCcoB ST OMUCAHUSI KOMIIO-

HeHToB PXI Express u ux mapameTpos,

¢opmaToB (hailjioB, MEXaHU3MOB pe-

TMCTPAallMM KOMIIOHEHTOB U OWHApPHBIX

CBSI3EW I KX B3aUMOIEUCTBUS

(B PXI Express aTa 3anaya CTOUT 3HAUYM-

TeJbHO mupe, ueM B PXI, Tak kak TpeOy-

eT TMOJIEPKKM HOBBIX BO3MOXHOCTE,

HasBaHue
Mopyna
n cnota

CuctemMHbIN
PXI Express

Mpumensembie B PXI Express 3U moaynu u cnotbl

Moaynb

1 ero CMMBOJIbHOe 0603HaYeHune

T

=3l

XJ3

XJ2

XP1

I -

CuCTeMHbIVi MOAYNb
PXI Express

Cnot
M ero CMMBOJIbHOE
o0603HaueHune

~0

CUCTEMHBIN CroT
PXI Express

Tabauya 2

Ha3HauyeHue
pa3bémoB
cnotoB/mMopynein

XP4/X34 -
PXI-curHansl
TaKTUPOBAHUSA

1 CUHXPOHU3ALUY,
nuTaHue 5 B

XP3/XJ3 -

x8 PCI Express,
curHansl
yrnpaBneHus

XP2/XJ2 -
x16 PCI Express

XJ1/XP1 -
nuTaHue 3,3;
51128

NepudepuitHbin
PXI Express

XJd

XJ3 H7

MepucbepuitHbIn MOaYNb
PXI Express

~8

MepudbepuitHblin
cnot PXI Express

o

XP4/X34 -
PXI-curHansl
TaKTUPOBAHUSA

1 CUHXPOHU3ALMY,
nutaHue 5 B

XP3/X33 -

x8 PCI Express,
cUrHansl
ynpaBneHus

CucremHbIi,
BpeMeHHOW
CUHXPOHM3aUUM
PXI Express

XJ4

XJ3

TJ2

[

Cu1CTEMHbIN MOaynb
BPEMEHHOW CUHXPOHU3ALMK
PXI Express

E
i

Onua - TP1 |

CUCTEMHBIN CroT
rgas BPEeMeHHOn
(5P cvHxpoHu3aLmm
[ ¥ PXI Express

XP4/X34 -
PXI-curHansl
TaKTUPOBAHUA

1 CUHXPOHU3ALMY,
nuTaHue 5 B

XP3/XJ3 -

x8 PCI Express,
cuUrHansl
ynpasneHus

TP2/TJ2 -
PXIe-curHansi
CUHXPOHM3aLMM

TP1/TJ1 -
PXIe-curvansl
CUHXPOHM3aLMK

NepudepuitHbiit
moaynb PXI-1
M rUGPUAHBII

cnot

XJ4

O

MepudbepnitHbln MOaYNb
PXI-1, coBmecTUMBbIii
C rMépuaHbLIM CNOTOM

e

M6puaHbIN cnoT
PXI Express

QH

XP4 /X34 -
PXI-curHans
TaKTUpOBaHMA

U CMHXPOHM3aLMY,
nutaHve 5B

P1/31 -
32-paspapHas
wuHa PCI,
nutaxue 3,3;
5n12B

PXI

3U PXI

P1/31 -
32-paspagHas
wwuHa PCI,
nutaHue 3,3;
51n12B

P2/32 -
64-pa3psagHas
wwuHa PCI,
PXI-curHansl
TaKTUPOBAHMA 1

cszaHHbIX ¢ PCI Express, Takux Kak CMHXPOHM3aLMK
camMouaeHTU(UKALIMST 1IAaCCU, reorpa- MepudcbepuitHeii MepudbepuitHbIi
moayne PXI cnot PXI
duyeckas anpecaiusi, SMBus u T.11.);
CTA 1/2013 www.cta.ru
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Mogynb Tn 2 CompactPCl Express, PXI Express

32-paspagHbii mogynb CompactPCl

Puc. 5. YctaHoBKa nepucepuitHbix MOAYen pasanyHbIX TMNOB B ruGpuaHbix cnotax PXI Express

2)obecrieueHre COBMECTUMOCTU C TIpe-
neirymmmu Bepcusayu [0 u cienmudu-
kaumein PXI;

3)ompeneneHue CTPYKTYPbI CTaHIAPTHOM
OTIepaIlMOHHON CUCTEMBI U BKITIOUEHUE
B He€ CylIlecTByIOIIMX craHaapToB [10
JUTST U3MEPUTENIBHBIX TIPUOOPOB (TOTION-
HUTebHBIC TpeboBaHus K [10 BKIIOYa-
10T TIOAAEPXKKY CTAaHIAPTHBIX OTIepar-
OHHBIX CHCTEM, TakuxXx Kak Windows,
Linux, a Takxxe nmoauepxKy UHCTpYMEH-
tanpHoro I10, paspaboranHoro VXI-
plug&play Systems Alliance — VISA).

NMPUMEPLI YCTPOMUCTB
PXI ExPRESS

IToka emé Mnpou3BOAUTEIIMU TIPO-
MBIIUIEHHOW KOMITBIOTEPHON TEeXHUKU
BBIMYILIEHO HE TaK MHOTo yctpoiictB PXI
Express, omHako BUIHA BITOJIHE OTIpele-
JIEHHASI TEHIEHIINSI POCTa MX KOJIMIEeCTBa
1 91CJia KOMITAHWH, HAYaBIINX TIPOU3BO-
nuth KomroHeHTbl PXI Express. B ux
yucine n komnauus ADLINK, apisio-
Iasicsl OMHUM W3 OCHOBHBIX CITOHCOPOB
anbsgHca PXI. B kauecTBe mpumepoB pac-
CMOTPUM HECKOJbKO HOBEHIIMX e€ yCT-
poiictB PXI Express.

PCI Express (PCI Express eXtensions
for Instrumentation)
[TporpammHas cneuncukaums

lporpammHas

apxuTekTypa
YnpasneHue | | OnepaunoHHas | | MporpammHble
pecypcamu cuctema JpaiBepbl

Puc. 6. lMporpammuas apxutektypa PXI Express

CucrtemMHbIl KOHTpONNep
PXle-3975

Monynbs mocTpoeH Ha 6a3e Tporeccopa
Intel® Core™ i5-520E 2.4 T'Tix u npeaHa-
3Ha4eH 151 paboThl B Kauectse LITTY B co-
craBe rubpunHbix cucrem PXI Express
(puc. 7). PXle-3975 mommepxkuBaeT mpo-
rpeccuBHble TexHosnoruu Intel Hyper-
Threading u Turbo Boost, mo3Bosstrorye
TIOCTUYb MaKCUMAJTbHOM 2Heproa(hekTrB-
HOCTH Y BBICOKOU TIPOU3BOAUTETHHOCTH.

J171s1 yBEpeHHOTO BBITIOTHEHUSI MHOTO3a-
TAYHBIX TPWIOXKEHUI KOHTPOJIEp OCHA-
wéH namaTeio DDR3/1066 MI'tt 06béMoM
no 8 I'daiit m x€ctkuMm auckoM SATA
160 I'caitir. PXlIe-3975 mnopaepxuBaeT
4 muaum PCI Express x4 win aBe JTMHUU
PCI Express x8 ¢ MaKCMMaJIbHOI CUCTEM-
HOM MPOMYCKHOW CIOCOOHOCTBIO 10
2 I'Gaiir/c. Paciimputb yHKIIMM CUCTEMBI
MOXHO rocpeacTBoM ciiota ExpressCard/34,
YCTAHOBJIEHHOTO Ha TepeaHell MaHeu.
Kpome atoro, Momyinb UMeeT 1Ba TUrabuT-
Heix Ethernet-mopra, yetbipe USB 2.0,
pa3zsém DVI-1 u passém Micro-D GPIB
IUTS TIOAKJTIOYEHHUsI BHEIHUX MPUOOPOB C
uHteppeiicom GPIB. OcHoBHbIMU cer-
MEHTaMM TIPUMEHEHUI KOHTpoJuiepa

e‘iﬁ sl

Puc. 7. Koutponnep PXIe-3975

Mogynb PXI-1

SIBJIAIOTCSI  CUCTEMBI TECTUPOBAHMUSI U
HCTBITAHUI B 000POHE, B BHICOKOTEXHOJIO-
TUYHBIX OTPACsIX MPOM3BOACTBA, a TaKXKe

HaY4YHbIC UCCIICIOBAHUSI.

Waccu PXES -2590

Oxumaemoir HoBuHKOI 2012 roma or
ADLINK crano PXlIe-mraccu PXES-2590,
BBITIOJTHEHHOE B cooTBeTcTBUU ¢ PXI-5
PXI Express Hardware Specifications
Rev. 1.0. Dro mepBoe TMOPMIHOE IIACCH,
KOTOpoe OTKpbiBaeT JuHelky PXle-kop-
mycoB kommanuu. PXES-2590 wumeer
NEeBATH CJIOTOB, TpPeJHA3HAYEHHBIX IS
pa3MelleHnst OMHOTO CUCTEMHOTO MOJTYJIS,
OITHOTO MOJYJISI BpeMEHHOM CUHXPOHM3A-
LMY ¥ 10 CeMU TlepudepuitHbIX MOMYJIei B
TUOPUAHBIX CIOTaxX (puc. 8 a).

Hlaccu obGecrieuuBaeT MNPOIMYCKHYIO
crocobHocTh a0 8 I'Gaiit/c. B kauectBe
CHCTEMHOTO KOHTpOJIJIepa PEeKOMEHIYy-
ercs npumeHeHue PXle-3975. [Tockonbky
Bce TmepudepuiiHble CIOTHI SIBISIOTCS
TMOPUIHBIMU, TO OHM TO3BOJISIIOT yCTa-
HaBJIMBaTh JIIOObIC TIepUhEepUITHbIC MOIY-
mm cranaaproB cPCle, cPCI, PXle, PXI
(puc. 8 0). MMlHHOBaLMOHHasA cucTeMa
OXJIAXICHUST C Pa3IeieHUeM BO3IYIIHBIX
TOTOKOB MOJYJiell U UCTOUHUKA TTUTAHUS
obecrieunBaeT 3(PHEeKTUBHBIIN OTBOJ, TEIl-
Jla B IMana3oHe padbouux temneparyp ot 0
no +55°C M HU3KMII YpOBEHb IlIyMma.
ABTOMaTHYecKasi CUCTeMa KOHTPOJISI CO-
CTOSIHUUM 111acCM W YMPaBICHUS] KOMIIO-
HEHTaMU BKJIIOYAeT B ce0s KOHTPOJb
PEXMMOB PabOThI BEHTUJISITOPOB U UCTOY-
Huka nuTaHus ATX 400 Br.

JI/1s1 KOMITaKTHBIX MPUJIOXKEHU, coue-
TaIOIIMX B CBOMX TPEOOBAHMSIX K MCIIONb-
3yeMOil ammapatrype YHUBEPCAIbHOCTb U
BBICOKYIO MOOMJIbHOCTb, MpeIHA3HAYEHO
HCTIOJIHEHUE, OCHAllaeMOe KOMIUIEKTOM
PMK-1524 ¢ ceHcopubiM 15" LCD-Mo-

www.cta.ru
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Puc. 8. Waccu PXES-2590 6e3 ycTaHoBNEeHHbIX Moayneit (a), cuctema PXI Ha 6ase waccu PXES-2590 (6) u BapuaHT PXES-2590, ocHaléHHbIN

MOHMTOPOM W KnaBuarypoit (8)

HUTOPOM ¢ paspemrenrem 1024x768 u
OTCTETMBAIOIIEHCS KITaBUaTypoii (puc. 8§ 8).
LTaccu PXES-2590 usroraBnuBaercs u3
JIETKOTO QJIIOMUHUEBOTO CIUIaBa, BECUT
9 KT, “MeeT BBICOKYIO HaJIE3KHOCTh, TTO3BO-
JITIONIYI0 WCTIONb30BaTh CUCTEMY, TIO-
CTPOEHHYIO Ha ero 0ase, B HeOJarorpu-
SITHBIX TIPOMBILUIEHHBIX YCIOBUSIX TpU
TOBBIILIEHHOU BUOpalny, a Takxke B Kaue-
CTBE OCHOBHOTO 3JIEMEHTa MOOWIbHON
KOHTPOJIbHO-U3MEPUTETbHON CTAaHIIUU.

PXle-9842 —
cneuuanmsmMpoBaHbIN
BbICOKOCKOPOCTHOW MOAYb
c60pa AGHHBbIX

Hosblit onHokaHanbHbI PXIe-momynb
ALIT, BEIMOTHEHHBIN Ha 0a3e OMHOMMEH-
Hoit PCle-mmmater PCle-9842, wumeer

yactoTy auckperusauuu mo 200 MI'o u
paspeirenue 14 6ut (puc. 9).
AHAJIOTOBBII BXOJ C MOJIOCOW MpoOTyc-
kanus g0 100 MI'm u conmpoTHUBIeHUEM
50 OM onTUMHU3UpPOBAH ST TMpUEMaA
curHaiioB amrumtyaoil £1 B. Bobicokue
MMHAMWYECKNE XapaKTepUCTUKN: 3 dek-
TUBHOE uuncio paspssnoB ENOB = 11,3 u
oTHomeHue curHai/mym SNR =70 1b —
BBIIEJISIIOT €T0 CPeau JAPYTUX yCTPOUCTB
aroro knacca. llluna PCI Express x4
obecreuynBaeT HEOOXOOUMYIO TPOIYCK-
HYIO CIIOCOOHOCTb TIPU HEMPEpbIBHOM
nepenade HUQPPOBBIX TAHHBIX HEMOCPE/-
CTBEHHO B MaMsTh B pexume DMA co
ckopocThlo Tiepenaun no 400 Moaiit/c.
[lnata cnernmanbHO paspaboTaHa st
MPUTIOXKEHU, TPeOYIOLIUX BBICOKOTOU-
HOTO 3axBaTa aHAJIOTOBBIX NAHHBIX, UX

CKOPOCTHOTO TIpeoOpa3oBaHusi U ToCe-
nywolieil 00padoTku 1udpoBoii MHMOpP-
MalMUd B PEXHUME DPEaTbHOrO BpPEeMEHU
(JlazepHble JaTbHOMEPBI, OMTOBOJOKOH-
HbIE TECTOBbBIE CUCTEMBbI, PAIapbl, Pa3auy-
HbI€ CUCTEMbl 00PAOOTKU CUTHAJIOB).

PXle-9848 —
BbicOKOockopocTtHomn ALLIN
ANSY MHOTFOKAHASIbHbIX
U3MepeHun

Mopynb 1o3BOJsIET 00pabaThiBaTh
BXOJIHbIE aHAJIOTOBBIE NaHHBLIE OTHOBpE-
MEHHO 10 § He3aBUCHMMBIM KaHajlaM C
yactotoii ompoca mo 100 MI't u paspe-
meHneM 14 6ut, obecrieunBast MpU 3TOM
BBICOKYIO TOYHOCTH Pe3yJbTaTOB U TPO-
U3BOOUTENHbHOCTD. Ha miate yctanoBneHa
OydepHast mamsaTb 00bEMOM 512 MoOaiT,

¢

SPECTRUM

SYSTEMENTWICKLUNG MICROELECTRONIC GMBH

BbICOKOCKOPOCTHbIE MHCTPYMEHTaNbHbIe Nnatbl Spectrum

< Mnarto! PCI/PCI-X u PCI Express MporpammHoe o6ecneyexue,
: CUCTEMBI CO0Pa JaHHbIX

e Okono 200 mogenen

® [10 16 CUHXPOHHbIX KaHanos

® PaspelueHne ot 8 go 16 6ut

e YactoTa onpoca o 1Ty

® BcTpoeHHas namsTb o 4 F6ant

© TaKTUPOBaHNE 1 MHOTOMOAY/bHAs
CUHXPOHN3aLust

e 79 mojaenen

e [1o 16 KaHanoB

e PagpeweHune [o 16 6ut

e YacroTa onpoca fo 500 Mry

e 43 mogenn

e GooTBeTcTBME CTaHAapTy PXI

o MeXXMomynbHas CUHXPOHM3aLKs
o TaktupoBaHue 10 My

o [lamatb [0 512 M6aint

7 0OULMANbHLIA AUCTPUBLIOTOP NMPOAYKLMN SPECTRUM

Mnatbl 6U CompactPCl

Mnatb1 3U PXI

e Co6ereeHHoe M0 SBench 6
e [oppepxka OC Windows, Linux

e Paspa6oTka cuctem céopa v 3anucu
JlaHHbIX N0 T3 3aKa3ynka

e VlHanBuayansHoe KOHCYNLTUPOBaHMe
1o BbI6OpY 060pyA0BaHNA
AN KOHKPETHbIX MPUMEHEHMi
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Puc. 9. BbICOKOCKOPOCTHOW MOAYNb
PXIe-9842

MPU3BaHHAsI TIOAJEPXKATh HETPEPHIBHBIN
3axBaT JaHHBIX 110 BceM KaHajaM (puc. 10).

Moaynb umeeT THOKYIO HACTPONKY
BXOJIHBIX auamna3oHoB oT +0,2 no =2 B,
MMPOTPAMMHO-YCTAaHABIIMBAEMOE BXOIHOE
comnporusieHue (50 Om mam 1 MOwm), a
TaKXXe MMPOKKME BOZMOXHOCTH TI0 3aIyc-
KY ¥ CHHXPOHU3AIINH.

IMocraBnsiemoe [1O mpenmocraBiseT
pacIIMPEeHHYI0 TOAAEPXKKY DPA3TUIHBIX
MPUWIOXKEHUH U BKITIOYAeT B CBO COCTaB
CIelraIbHO pa3paboTaHHbIE KOMITAHUEH
ADLINK npaiiBepst WD-DASK nnsa
Windows co BceM HEOOXOIUMBIM ISt
pazpaboTku API-mpuioxeHunii U maker
DAQPilot SDK (Software Development
Kit), B KOTOpbIli BXOAST OUOIMOTEKH
Express VI u Polymorphic VI mis Lab-
VIEW.

Mopyns PXle-9848 npumensiercs B
cuctemax cbopa MaHHBIX, OCHOBHBIMU
OCOOEHHOCTSIMU ~ KOTOPBIX  SIBISIIOTCS
KOMITAKTHOCTh UM HaJuuue OO0JbIIOTO
KOJIMYeCTBAa KaHaJOB, PEaTN30BaHHBIX B
onHoM yctpoiictBe. K TakuMm cucremam
OTHOCSITCSI Pafapbl, CTEHIbl U YCTAHOBKU
Hepa3pyllaoLero KOHTPOJsl, pa3inyHble
ABTOMAaTU3UPOBAHHbBIE CUCTEMBbI UCIIbITA-
HUI Ha TpaHCcTopTe (B OCHOBHOM B aBUa-
LK), B IPOMBILIEHHOCTH U HayKe.

PXle-HDV62A —
mMmopaynb BUAEOo3axsara
BbICOKOrO paspeLueHus

Monyns PXle-HDV62A (puc. 11)
MpeaHa3HaueH TSl peaTn3auny GyHKIINT
3axBara aHaJoroBOro,/IMGPOBOTO BUIEO-
curHasa. OH WMeeT WHTErPUPOBAHHBIN
dpoBO ayaMOBXO/, UYTO MAET Cephes-
Hble TIPEVMYIIECTBA U CHIKAeT OOIIyIO
CTOMMOCTb pPEIIeHUs C MPUMEHEHUEeM
JAHHOTO YCTPOIICTBA.

B Monyne ects BcTpoeHHBIN 10-0MTO-
BoIii ALLIT ¢ monnepxkoit HDCP (High-
Bandwidth Digital Content Protection).
OH o06amaeT BO3MOXHOCTSIMU 00paboT-

Puc. 10. BbICOKOCKOPOCTHOW MHOFOKaHaNbHbI
ALN PXIe-9848

KM HECXaToro BUIEOIIOTOKA B (popmare
Full HD c¢ paspemenunem 1920x1080
MMUKCEJI0B M 4YacTtoroir 60 KaapoB B
CEKYHIY.

YcTpolicTBO ¢cmocoOHO 00pabaThiBaTh
He TOJIbKO HECKATOE BUIEO BBICOKOIO pa3-
peuienust ot DVI unu HDMI, Ho u nox-
NIEPKUBaATh IEKOAMPOBAHUE AHAJIOIOBOIO
Buaeo or RGB, NTSC/PAL, S-Video u
YPbPr co 3sykom (HDMI, S/PDIF-
ayJauOBXOI).

B KOMILIEKT IMOCTaBKY BKJIIOUEHBI YTH-
autbl  ViewCreator Pro koMmmaHum
ADLINK, mnos3Boasioniye MTpOBOIUTh
CHCTEMHOE TeCTUpPOBaHUE U OTIIAAKY 0e3
MPOrpaMMMPOBAHUsI, a TAKXKe KOMILIEKT
cpeactB paspabotku (SDK) HDV62A,
coBMecTUMBIN ¢ Microsoft DirectShow u
3HAYMUTEJIbHO YMEHbIIAIOINA BpeMs
BBIBOJA T'OTOBOM CHUCTEMbI Ha PBHIHOK.
Monynb Takxke IMOAAepKUBACT WHCTPY-
MeHTaJIbHbIN makeT LabVIEW.

Bnaromapst cBoMM XapakTepHUCTHKaM
monynb PXIe-HDV62A BocTpeGoBaH st
MPUMEHEHMU, TpeOyIolMX BbICOKOKaye-
CTBEHHOI'O BUIIEOM300pakeHUsI U 3ByKa,
HampyvMep B ammapaType TeCTUPOBaHMS
MYJbTUMEIUIAHBIX YCTPOMCTB, B MEIU-
LIMHCKOM O0OPYIOBaHUM U JIP.

BMECTO 3AKJIIOYEHUSA

Xotb crangapt PXI Express u nosiBuJi-
¢t B 2005 romy, 4TO 1O KOMITBIOTEPHBIM
MepKaM YXe MOCTaTOYHO JaBHO, BCE XKe
OH TIOKa He TIOJYYUJI IIUPOKOTO PacIpo-
ctpaHeHus. OCHOBHBIMU TMPUYMHAMU
3TOTO0 MOTYT OBITb M OTHOCUTEIHHO
HeboJibllioe 1o cpaBHeHUI0 ¢ PXI konu-
YECTBO JIOCTYITHBIX YCTPOUCTB, M KOHCEP-
BaTU3M DPa3pabOTUYMKOB, OPUEHTUPYIO-
LIUXCST HA TPAAULIMOHHbBIE, IPOBEPEHHbBIE
pelieHusi, 1 3KOHOMUuYeckne ¢akTophl,
BBI3BAHHBIE KPU3UCHBIMU SIBICHUSIMU
nocaenHux JeT. OmHaKo BKCMepThl
pbIHKA TPEeNCKa3bIBalOT, YTO B OMMXKaii-
meM Oymymiem PXI Express Oymer akTuB-

(ol

... |

N

A Aniink

TEcoLoar b

FulHD Video & Audio Cagh

Puc. 11. Moaynb Bupeosaxsata
PXIe-HDV62A

HO BHEIPSITHCSI B HOBBIE pa3pabOTKH, Tpe-
OymoolIde OT U3MEPUTEIbHBIX CHUCTEM
OouibiIero 00bEMa 00padaThIBaEMbIX TaH-
HBIX, TOBBIIICHHON MPOM3BOIUTEIbHO-
CTU M TOYHOCTU. WM ceromHs yxe cBbIllIe
MOJYCOTHM KOMITAaHUM-YJICHOB ajibsHca
PXI npousBogsar 6ojee 1500 pasamyHbIX
PXI-monyneit.

[ToaTBepkaeHUEM
MPOTHO30B OTHOCUTEJIBbHO IEepPCIEeKTUB
PXI Takxe cayXuT aHaiau3, cIeJaHHbIN
M3BECTHBIM aHAJIUTUYECKUM areHTCTBOM
Frost & Sullivan nnsa xypHana Test &
Measurement World, coriacHo KoTopoMy
B TeueHMEe OIMKAMIIMX 6 JIeT OKumaeTcst
cpenHeronoBoii poct peiHka PXI Ha 18%,
a B 2017 romy npeacka3biBaeTCsl MPEBbI-
IIeHWEe YPOBHSI CYMMAapHbBIX [T0OXOI0B
$1 mapn. HanbHeifmee passutue PXI
Hanpsmylo cBsizaHo ¢ PXI Express, u
O0YCJIOBJIEHO 3TO TEM, YTO IO yMmoJya-
Huto PCI Express noaaep:xxuBaercsi BCeMU
CYILECTBYIOIIMMHU YUIICETAMU COBPEMEH-
HBIX MPOLECCOPOB U B HAJIMYUU €CTh
MOIIIHasl MporpamMMHasi dKocucTtema ¢
LIUPOKON MOmaepKKOi nepudepuitHbIX
uHtepdeiicoB. Kpome sToro, mpoiecc
MOJCTErMBaETCS] HOBBIMU BO3MOXHOCTSI-
MM TI0 KOHBEPreHUMU MeXIy IiaaTdop-
mamu VXI, PXIe n AXIe ¢ mnoMo1ipo Tex-
HOJIOTMI TIOC/IeoBaTeIbHOrO OOMeHa,
npemiaraembix LXI, HO 3TO yXe Tema st
OT/IEJIBHOTO pa3roBopa.

ITogBoms UTOr, MOXHO CKa3aTh, 4TO,
KOHeuHo, ceromHs u cpady PXI Express
noJiIHOCThIO He 3amMeHUT PXI u He oTnpa-
BUT €r0 Ha «CKaMeWKy YAal€HHBIX», a
cKopee BCero, JIMIIb PaclIMpUT BBIOOp U
BO3MOXHOCTH  pa3pabOTYMKOB  TIpU
IOVCKE COBPEMEHHOTO M ONTUMAJIBHOTO
peueHus. @

TTOJIOZKUTECJIbHBIX

ABTOp — cOTPYAHUK PUpPMbBI
MPOCODT

TenedoH: (495) 234-0636
E-mail: info@prosoft.ru
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