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CHCTEMHAS HHTETPALHA
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OnbIT 3KCNayarauum
MHPOPMALIMOHHO-

M3MepUTEeSIbHOU CUCTEMbI
peakTopHou yctaHoBku BK-50

Anekcangp Tokapes, Bnagummp [Nomuaaqmn, MNasen CropoxeHko

B cratbe npueopsTcs ceepeHns o paspaboTke MHPOPMALMOHHO-U3MEPHUTENLHOM CUCTEMBI
peaktopHoi ycraHosku BK-50. Onucanbl ocobeHHOCTM BHeapeHUs cucTeMbl HO obbekTe
M NPOAHANM3MPOBAHBI OCHOBHbIE PE3YNbTATbI SKCANYATALMMU ANMAPATHO-NPOrPAMMHBIX
CPeacTs, BXOASLWMX B €€ COCTAB.

OCOBEHHOCTU OBBLEKTA
U TPEBOBAHMUSA
K AH®OPMALIMOHHO-
U3MEPMUTEJIbHON CUCTEME

B rocymapcTBeHHOM HaydyHOM LIEHTpe
HWUWM atomubix peaktopoB (I'HILL
HUMUAP) peirarorcst pasinyHbie HaydHO-
TeXHUYeCKHe IpobiieMbl U3 006JacTu
SIIEPHOI DHEPreTUKU, PEeaKTOPHOIO Ma-
TepuajoBedeHUsI, GU3MKUM W XUMHUU
TPaHCYPAaHOBBIX 3JIEMEHTOB U ap. MHCTH-
TYT KMeeT MOIIHYIO 3KCIIEPUMEHTAIbHYIO
0a3y, BKJIIOYAIOIIYIO MCCIEI0BAaTEIbCKUE
peakTOpHbIE YCTAHOBKH, FOPSIYKME KaMePhl
IUIST TIPOBEIEHUSI MaTepUATOBEIISCKUX
HCCIeNOBaHUN U panuoxumuu (puc. 1).
I'HIIL HUHUAP cBouM ocHOBaHUEM 00sI-
3aH M.B. KypuaToBy, 110 4beif MHULIMATH-
Be 1 ObLI co3maH B 1956 .

OnbITHas SHEepreTUyeckasl ycTaHOBKa C
KOPITYCHBIM KUMSIIUM peakTopoMm BK-50
Obl1a co3faHa IJisl U3yYeHHUs dKCIulyaTa-
LIMOHHBIX XapaKTepPUCTUK U pabOTOCMO-
COOHOCTH OJHOKOHTYpHBIX ADC ¢ Herno-
CpE/ICTBEHHOII Bblgaueil mapa U3 peakTo-
pa Ha TypOuHy. PeakTopHasi yctaHOBKa
(PY) BK-50 ucrnonb3yercs aas nposeje-
HUSI MCCIAEA0BATEIbCKUX PA0OT, TaKUX
KakK U3y4yeHue HeUTPOHHO-(U3NYECKUX U
TEeTJIOTUIPABIMYECKUX XapaKTEPUCTUK
peakTopa, BOMpPOCOB pabOTOCIOCOOHOC-
™ TBC (tennoBbiaensitonias coopka,
BKJItOUaloIlasi onpeneaéHHoe KOIMYecT-
BO TEIUIOBBIAESIONIMX BJEMEHTOB —
TB3JIOB) U OCHOBHOTO 000pYI0BaHMSI, pa-
NUALMOHHON M TEXHOJOTMYeckoi 0e30-
MacHOCTU, KOPPO3UOHHOW CTOUKOCTU
Pa3IMYHBIX KOHCTPYKIIMOHHBIX MaTepua-

Puc. 1. focypapcTBeHHbli HayyHbli eHTp HUU aToMHbIX peakTopoB

JIOB, ONTHMMM3allMM BOJHOIO peXuma U
Ip., a TaKKe JJIs1 BBIPAOOTKM 3JIEKTpUYE-
CKOW SHEprumu.

AKTHBHAasl 30Ha peakTopa JIMamMeTpOM
1,8 M 1 BbICOTOI 2 M pa3MellieHa B CTajlb-
HOM Kopnyce (BHYTPEHHHUI auaMerp
3,5Mm, BbicoTa 11 M, TOJNIIMHA CTEHKU
125 MM) 1 cOCTOUT U3 88 1IeCTUTPAaHHBIX
TBC. Kaxnas TBC comepxut 162 crepx-
HeBbIX TBAJA (qAuaMeTp 9,1 MM, ToJIIMHA
o6osouku 0,65 MM). B kauecTBe TorImBa
HCIOJIb3YeTCsT TMOKCHI ypaHa ¢ oboraiie-
HueM 2-3% 1o ypaHy-235. 3aMenIuTe b,
OH K€ TeIJIOHOCUTEb — BOJA M MapoBO-
NsiHast cMech. TeMrmepaTypa B peakTope —
280°C, maBnenue — 7 MIla, pacxon temn-
JIOHOCHTEJISI Yepe3 aKTUBHYIO 30HY —
4000 wm3/4. TeruioBast MOIIHOCTH PV
BK-50 — 250 MBT, saekTpuyeckas —
65 MBT. Ha puc. 2 nsobpaxeHa BepxHss
yacth peaktopa BK-50 co cHsaThIM 3a-
IIUTHBIM KOJIITAKOM.

YcranoBka BK-50, nHaxopsasicsi B
aKcIutyaTauuu ¢ 1965 1., mpereprena
CPaBHUTEJIBHO MaJIo ITOIBITOK e€ aBToMa-
Tu3auuu (puc. 3). OagHAKO MOMEHT TaKu
HacTaj, 4yeMy B HeMaJloii CTeleHHU CII0-
CcOOCTBOBAJI IJIaH MEPOIPUSITUIA 1O pea-
JIM3alMU YCIOBUIA AEUCTBUSI BDEMEHHOTO
paspellleHs] Ha 9KCIUTyaTalluio YCTaHOB-
ku BK-50, Beimannbiii TocAtomHan3zo-
pom Poccuu B 1996 romy. [laHHBIM Iuia-
HOM Hapsiiy ¢ APYTMMU MEPOIPUSTUSIMU
MPeIyCMaTPUBAIOCh TakKe BBIMOJTHEHUE
paboT 1o obecreyeHuIo CpeacTBaMU UH-
dopMallOHHOI TMOAAEPXKKU TMepcoHaia
peakTopHOI ycTaHOBKU. Takum 00pa3omM,
yke B KOHIIe nekabpst 1996 . KoJuteKTu-
BoMm crienmanucroB no ACY TII THIL
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Puc. 2. BepxHas yacTtb peaktopa BK-50

CO CHATbHIM 3aUTHbLIM KOJINAKOM

HUWUUMAP 6bita nonyyeHa nepBasi pegak-

1M1 TEXHMYECKOT'O 3alaHKsI Ha pa3paboT-

Ky UHGOPMaIMOHHO-U3MEePUTEIbHOMI

cuctembl (MC) PY BK-50. OcHoBHOe

HazHaueHue MU C 3akimouanoch B peruc-

Tpaluu, OTOOpPakeHUU U XpaHEHUM MH-

dopManu, HeOOXOAUMON JIJisI yCTaHOB-

JIEHUsI UCXOTHBIX COOBITHII BO3ZHUKHOBE-

HUSI HapyLIEHUII HOPMaJIbHOM 3KCILTya-

TalWU U aBapuil, aHaIM3a UX pa3BUTHS, a

TaKKe 111 MHGOPMALIMOHHOW MOAIePXK-

KU oIepaTropa B LeJisIX MOBBILIEHUsT (-

(EeKTUBHOCTH YIPABICHUST YCTAHOBKOIA.
[IpuBeném ocHOBHBIE TPeOOBAHUS, U3-

JIOXXEHHbIE B TEXHUYECKOM 3adaHuM Ha

MHNC PY BK-50.

Koauuecmeo usmepumenvhoix Kananog (c

VHEmom pe3epea):

©® KaHaJIOB IIpeoOpa3oBaHMs aHAJIOTOBBIX
curHaaoB — 160;

® CHUTHAJOB C JAaTYMKOB THUIIA «CYXOi»
KOHTakT — 192;

@® YACTOTHBIX CUTHAJIOB — 16;

@ CUTHAJIOB C TepMoIpeobOpa3oBareseit
CONMpPOTUBJIEHUST — 24.

Tpebosanus Kk yacmomHomy OUANA30Hy U3-

MepUmMenbHbIX KAHAN08:
ISl CUTHAJIOB C TaTYMKOB TEMIIEPaTyPhbI
IoJioca IPOIyCKaHUsI HOPMHUPYIOIINX
npeoGpa3oBartesieil JOJKHA COCTABIISATh
0-3 Tix, oJas ocTalbHBIX JAaTYUMKOB,
BKJIIOYAsl KaHaJbl KOHTPOJISI HEUTPOH-
HOIO IIOTOKa M IepMOAa HapacTaHMs
MOII[HOCTH, yCTaHABJIMBAeTCs auara-
30H 0-5 IiI.

Tpebosanus k nepuody onpoca cueHano8:
BO BCeX pexkuMax paboThl peaKTOPHOI
YCTAHOBKM IEPHMOJ OMNpOCa CHUTHAIOB

MO0 BCEM M3MEPUTEIbHBIM KaHajiam
coctapisieT 0,5 ¢; UCKIIOYEHUEM SIB-
JISIIOTCSL KaHaJlbl KOHTPOJISI HEHUTPOH-
HOTO TOTOKa W Tepuojia HapacTaHUs
MOUIHOCTH, TMEPHUOJ UX OIpoca Co-
craBiasger 0,1 c¢; mMakcumaibHas 3a-
JepKKa PerucTpalu U3MEHEHUsl CO-
CTOSIHUSI TaTYMKa TUIA «CyXOi» KOH-
TakT — 0,5 c.

Tpebosanus no docmyny Kk mexHosoeu4ec-

Koll uHghopmayuu:

JOJKEH ObITh MCKIIIOYEH HECAHKIIMO-
HMPOBAHHBII JOCTYIT KO BCEM TaHHbBIM,
HakaruimBaemMbiM B MUC; K naHHBIM,
MPEJCTaBISIOIUM MHTEPEC Ul Hayd-
HbIX TOJpPA3[eJeHU, TOCTYyIl MOXET
OCYUIECTBJIAATbCSI Yepe3 MMEIONLYIOCs
JIOKAJIbHYIO CETb.

Tpebosanus Kk apxusupo8aHur0 OaGHHHIX:
BCE 3HAUEHUSI U3MEPSIEMBIX M pacyeT-
HBIX [TapaMETPOB, HAKOIJICHHbBIE 3a BCE
BpeMst pyHkiuoHupoBanuss MUUC, B
TOM YKCJIe B aBAPUUHBIX PEeXMMax pa-
GOTBI peakTopa, XpaHsITCs B AMSITH, Ha
JKECTKMX M/WJIM CMEHHbBIX MarHUTHBIX
JUCKAaX M [OCTYIHBI IOJIb30BATEISIM
MHGOPMALIUU CUCTEMBI.

Tpebosanus k HadexucHocmu:

JIOJKHBI ObITh UCKITIOUEHBI CUTYALIUU C
OJTHOBPEMEHHbBIM I'PYIIIOBBIM BbIXOAOM
U3 CTPOsI arnmaparypbl (hOpMUPOBAHUS
CUTHAJIOB.

NMPOEKTUPOBAHME CUCTEMBbI

Wcxonst u3 mepevyuciaeHHbIX TpeboBa-
HUIi, ObLT pa3paboTaH CKU3HBIN MPOEKT.
HMUC PY BK-50 coznaBanach Kak cucTe-
Ma HOPMaJIbHOM 3KCIUTyaTallid U CTPOU-
Jlachb O HMepapXuyeckKoMy MPUHIIUITY C
nyoaupoBaHUMEM cepBepa  (OCHOBHas
CTaHILIMS U pe3epBHAsl, HAXOSILASICS B CO-
CTOSIHUU <«TOPSYEro» peseppa), JOKalb-
HOl CEeTU BEPXHEro YPOBHS CHUCTEMBbI
(Arcnet u Ethernet) u moncucTeM HMXKHE-
ro yposHs (ITHY). B kauectBe onepanu-
OHHO¥ cucTeMbl OblIa npemaoxeHa QNX
4.2X (QSSL), uHcT-
PYMEHTAJIbHOTO Ta-
KeTa ¥ Cpeibl BBIMOJI-
HeHuss — RealFlex 4
(BJ Software). nas
OCYILIECTBJAEHUST J10-
CTyIa K HakariuBae-
MbIM apXUBHBIM JaH-
HbIM ¢ APM, pabora-
JOIIMX TIOJ yrpaBJie-
HUEeM Windows,
npeajgarajoch  Uc-
MOJIb30BaTh Crelura-
JIM3UPOBAHHBIN TIPO-
nykt ConNecTFlex
(BJ Software).

AnnaparHas 4acTb

Oco60e BHMMaHUE ObLIO YIEJICHO BbI-
0Opy WHAMBUAYAJIbHBIX HOPMUPYIOIIUX
npeobpaszoBaresieil IIsl BXOAHBIX aHaJI0-
TOBBIX Hopmanuzatopsl
JTOJDKHBI UMETh HeOOXOMMMbIE IJIsi KOp-

CUTHAJIOB.

PEKTHOTO BBOJIa CUTHAJIOB BXOJIHOM JAMa-
Ma30H U I10JI0CY MPOIYCKaHUsI, COIIaco-
BaHHbIC IS TOcjenylolleii o0padboTKu
BBIXOJHbBIE IMAIa30HbI, 00ecleYnBaTh
MoAaBJIeHUe MPOMBIIIICHHONW YaCTOThHI 1
rajlbBaHMYECKOe paslaejeHue BXOI-
HBIX/BBIXOJHBIX LIETIEii, TOMycKaTh ya100-
HOe KpeIlleHre M IOAKJIIoYeHue, obia-
naTth npuemsemoit ueHoi. Crienuduka
chepbl MpUMEHEHUs AMKTOBajda TakxKe
HE0OXOMMMOCTh IPOBEACHMSI aHaIu3a
MHIMBUAYAIbHBIX HOPMUPYIOLIUX Ipe-
oOpazoBartelsieii Ha IpeaMeT OKa3aHHus
MMH BIMSIHUSI Ha UCTOYHMKU CHTHAJIOB
KakK IIpy HOpMaJIbHOM paboTe, Tak U IIpu
BO3MOXHBIX MX BbIXOIAx U3 cTposi. U3
MMEBIIIMXCS Y HaC MpeobpasoBaresieii ce-
puit 5B (Analog Devices) 73G (Grayhill)
u ADAM-3000 (Advantech) Haubomee
MOJTHO OTBEYaJIX OTMEYEHHBIM KPUTEPH-
SIM TIOCJIETHHUE.

ITo npoekty kaxpas [THY, nmomumo
MHIVBUIYAJIbHBIX HOPMUPYIOIIKX ITPEe06-
pasoBateneir  (cepuss  ADAM-3000:
ADAM-3012, ADAM-3011 u ADAM-
3013, cepus 5B: 5B45), conepxana B cBO-
€M COCTaBe MOHTaxHbIe 11aTel MPB-24 ¢
ycTaHoOBJIIeHHbIMU Moayisimu  Grayhill
70G-IDC u xommyrtatopsi MUX-16
¢dupmbl Octagon Systems, a TAaKKe UCTOY-
HUKU TIUTaHUsI U KOHTpoJuiep (puc. 4).
KonTposnep mnpeacrapiasgeT coOoil Ipo-
MBILIJICHHBI KOMITbIOTED Ha OCHOBE
npoieccopHoii maathl S025A 1 coaepXUT
oaHy mary 5710 aHanoro-uudpoBoro
npeob6paszoBatenss (ALIT) u nBe mnaaTsl
5600 DUMCKpEeTHOro BBOJA-BHIBOIA, YCTa-
HOBJICHHBIE B 6-CJIOTOBBII KapKac ¢ HC-
TOYHMKOM NMUTaHMs. Bee mepeyuncieHHbIe
YCTPOICTBA TaKKe SIBJISIIOTCS U3ICIUSIMU

Puc. 3. Ycnosua Tpyaa onepatopos BK-50 octaBanncb npakTuuecku

HeusmeHHbIMU € 1965 ropa Ao KoHua 90-x ropos
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Puc. 4. q)yHKLl,MOHaIIbHaﬂ cxema noAacCUcCTeMbl HU

¢upmbl Octagon Systems. CBs3b ¢ cepBe-
paMu OCYLIECTBSIETCSl MO IocjenoBa-
TeJbHOMY HHTep(eiicy RS-232C, npu-
yeM KaXIblii KOHTpOJUIEp MO MEepPBOMY
nocaenosateabHoMy KaHainy (COM1) co-
€IMHEH C OCHOBHOW CTaHIIMEH, a Mo BTO-
pomy (COM?2) — c pe3epBHOI CTaHIIMEN.
[TporpamMmmHoOe obecrnieueHre KOHTPOJLIE-
POB TMOACUCTEM HMXXHETO YPOBHSI paspa-
00TaHO TakKMM O0pPa3oM, UYTO HAKOILIEH-
Hast 1 00paboTaHHass UH(OpPMaLs Tepe-
JaeTcsl MO TOMY TOCJeA0oBaTeIbHOMY Ka-
HaJly, ¢ KOTOPOTO MIPUXOIUT 3aIlpoc Ha ee
nepenavyy. 1o Mo3BoJisieT 0e3 JOIMOJHU-
TEJbHOTO 00OpYAOBaHUS TMOAACPKUBATH
PEXUM «IOPSTYEro» Pe3epBUPOBAHUST CEP-
BEpPOB, TO €CThb IepeHanpaBIsaTh UHGHOP-
MallMIO CepBepy, HaXOSAIIEMYCS B «ITOpsI-
yeM» pe3epBe, MPU BbIXOJE M3 CTPOSI OC-
HOBHO# CTaHIIMM U HA00OPOT.

B ITHY Obl1a mpenycMOTpeHa BHYTpeH-
HSISI TMArHOCTUKA COCTOSIHUS TpaKTa Mpo-
XOXIIEHHUs aHAJIOTOBBIX CUTHaJIOB. Pa3me-
1meHHble Ha kapte 5710 uudpo-aHamoro-
Bble MpeoOpa3oBaTen UCOIb3YIOTCS IS
¢dopmupoBanus  auddepeHLnaIbHOro
CHUTHaJla, KOTOPbIii repenaérces Ha 15-¢ ka-
Hasibl KomMMyTatopoB MUX-16, BbITOI-

xHero ypoBHaA (MHY)

HsolMe (yHKIMM TecToBbIX. Ha Bepx-
HEM YPOBHE CHCTeMbl HEMPEPBIBHO IPO-
M3BOJIMTCSI aHAJIU3 COCTOSIHUSI TECTOBBIX
CHUTHAJIOB, M B CJIyyae MX BbIXOJIA 3a yCcTa-
HOBJICHHBIE TIpelesibl MHULIMUPYETCS
TPEBOXHOE COOOIIEHNE ¢ 3aHECEHHEM B
JKypHaJl COOBITHIA.

MporpammHas yactb

AJNropUTM paboOThl MOJACUCTEM 3aKIIO-
YaeTcsl B HEMPEPbIBHOM LIMKIMYECKOM
OITPOCE BCEX BBIXOAHBIX CUTHAIOB JaTUYM-
KOB 1 HaKOIUIEHUU JaHHbBIX B MPOrpaMM-
HbBIX perucTpax-akkymyJsstopax. [1pu mo-
CTYILJIEHUU T10 JIIOOOMY M3 ABYX MOCJIEI0-
BaTeJbHbIX KaHAJIOB KOMaH/Ibl OT cepBepa
Ha Tepenavyy JaHHbIX MPOUMCXOAUT oOpa-
0oTKa JaHHBIX, (POPMUPOBAHUE Tepeaa-
BaeMoOro makera U COOCTBEHHO Mepeaaya
nakeTa B aKTUMBHBIN IMOCAEA0BATEIbHbBIN
KaHaJl (CKOpPOCTb Mepenauyu AaHHbIX —
38400 601). 3aTeM pErMCTpPbI-aKKyMYyJIsi-
TOPbI COPACKIBAIOTCS, M LIMKJI OITpoca Ha-
yyHaeTcsl 3aHOBO. 11 MpeaoTBpalleHust
3alMKJIMBaHUs MPOrpaMMbl BO BpeMsI OIl-
poca aKTUBUPYETCSI CTOPOXKEBOM Tarimep.

CTpyKTypa nporpaMMHOro ooecreue-
Hust (ITO) moacUcTeMbl HUXHETO YPOB-

HsI CTPOMJIACH, UCXO/s U3 TPeOOBaHUMI K
rmepuojaM OMpoca M THUIlA OIpalirBae-
MbIX CHTHAJIOB. DKCIEPUMEHTBI C HC-
MOJb30BaHUEM CEepBUCAa MeX3adauHOro
obmeHa coobuieHusimu (IPC) noxasza-
JIA, YTO B3aMMOJEHCTBUE MEXIY 3a1ava-
MU 1IeJIecOO00pa3HO OPraHM30BHIBATH C
KMCIIOJIb30BaHWEM TPUHIIMIIA
eHT/cepBep» Ha OCHOBE MPSIMOIro ooMe-
Ha coobuieHusiMu. Takoii criocod oome-

«KJIN-

Ha u FIFO-meTon niaaHupoBaHus 1M03-
BOJISIIOT HE TOJIbKO OOMEHUBAThCSI CO00-
IEHUSIMU U JaHHBIMM MEXIy 3ajada-
MU-KJIMEHTAMU U 3ajadyeii-cepBepoM,
HO M aKTUBM3MPOBAaThb B HYXHBIA MO-
MEHT BpeMeHUu TpeOyemylo 3amauy. Bce
3aJauy Pealn3yloT ONMpeaeeHHBIN Ha-
0op (YHKILMIA: 3aa4n-KJIUEHTHI 1O 3a-
MpoCy 3ala4r-cepBepa BHIIOJIHSIOT OIl-
pPOC BBEPEHHBIX UM CUTHAJIOB (aHAJIOro-
BBIX M ITUCKPETHBIX) M TePeIaroT MoJy-
YeHHbIe JaHHbIe 3a7ade-cepBepy; 3aaa-
Jya-cepBep CIASIMT 3a TeM, YTOObI BCe 3a-
MPOCHI BBITOJHSUIMCh 1O OTBEACHHOMY
UM JIUMUTY BpEMEHU, YIIpaBJIsieT CTOPO-
JKE€BBIM TaliMepOM, FOTOBUT MaKeT JaH-
HBIX JUIS1 TIepeaavyu Ha BEPXHUI yPOBEHb
CHCTEMBbI U OTBEYAET B LIEJIOM 3a CEPBUC
CBSI3U C KOMIIBIOTEPOM BEPXHEIr0 ypOB-
Ha MUC.
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HeobGxonumas mist peanusaiuu (pyHK-
LU TTOACUCTEMbl HUXKHETO YPOBHSI MPO-
rpaMMHasi cpefia COACPKUT:

- SJpO OIepallMOHHON CUCTEMBI;
- CUCTEMHYIO OUOJIMOTEKY;
- 3a/lauyy-KJIMEHT OMpoca aHaJOTOBBIX

CHUTHAJIOB;

- 3alauy-KJIMEHT OIpoca AMCKPETHBIX

CHUTHAJIOB;

- 3agavy-cepBep.

3agayy ObLIM pa3paboTaHbl U OTJIaXKe-
Hbl B MHCTpyMeHTalbHOU cpene WAT-
COM C. C nomolibio nakera Juisl BCTpa-
uBaHus npuiaoxenuii Embedded Kit
(QSSL) Bce KOMMOHEHTHI MPOrpaMMHOI
cpenbl ObLIM MOPTUPOBAaHBI BO BHYTPEH-
HIOIO (BJIBII-TTaMSITh TTPOLIECCOPHOM Kap-
TbI S025A.

MO3TANHASA PEAJIUZALIMA
[IpennoxeHHas B 3CKM3HOM MPOEKTE U
yacTUYHO peanuzoBanHas MUC PY
BK-50 nmosHoCThIO OTBeYaeT TpedOBaHU -
SIM, U3JIOXKEHHBIM B TEXHUUYECKOM 3aja-
Huu. OgHAKO TaK YX CJIOXUIUCH 00CTOSI-
TeJbCTBA, YTO BBMUAY HEBO3MOXHOCTHU
(bvHaHCHpOBaHUS CO3AaHMS TTOJTHOMAC-
mrabHol cucteMbl (~178 Thicsay mosna-
poB CIIIA) u B cuiy HEOOXOAMMOCTHU UH-
(opmMallMOHHOI TOAAEPXKKU TepcoHaa
PV B uensix nosbllieHus ee 6e30macHoOC-
TH OBLIO MPEJIOKEHO MO3TANHOE Co3Aa-
Hue MUC. B cocraB 1-i1 ouepenu cucre-
MbI BOIIUIM KaHaJIbl KOHTPOJISI U U3MeEpe-
HUs 39 aHaNIoOroBbIX (JaBleHUE, Mepena
JaBJIeHUsI, YPOBEHb, PAcXol, TeMIlepaTy-
pa TEIUIOHOCUTEJsl, HEUTPOHHAST MOIII-
HOCTb, TEPUOA HapacTaHUsI MOIIHOCTH)
1 24 TUCKPETHBIX MapaMeTpoB (BKIOUE-
HUEe/OTKIIOUEHUEe OcC-
HOBHOTO 00OpyaoBa-
Hus, MPOXOXKAeHUE
CUTHaJIOB cpabaTbiBa-
HUSI aBapuHON 3allu-
Thl U JAp.), Haubojee
MOJIHO XapaKTepusylo-
IIAX COCTOSIHME OCHOB-
Horo obopynoBaHusi PY
BK-50. Takoit BoO MHO-

Pa6o4ee mecto
NOAAEPXKKN
apxuea

MocnepoBatenbHble
KOMMyHuKauun RS-232

B onucaHHOM cocTaBe cuctema Oblia
CMOHTHMPOBaHa Ha CIelUalbHO CO3IaH-
HOM ITOJIUTOHE, TJI€ MPOoIILIa OTJIAIKY, TeC-
TUPOBAHUE U METPOJIOTMUECKHME UCCTIEe0-
BaHMUsI.

B deBpane 1999 roga Obut BbITOJIHEH
MoHTax 1-it ouepenu MU C Ha mioimanake
PY BK-50, mpoBeneHbl IycKOHaaam104-
Hble pabOThl U KOMIUIEKCHOE ONpoOoBa-
HUE CUCTEMBI B LieJIoM. B aBrycte Toro xe
rojia oHa Oblja BbIBEIEHA Ha BTaIl OIbIT-
HOI 9KCIUTyaTaluu.

HuxHuit ypoBeHb CUCTEMbI B KOH(U-
rypaiuu rnpoekrta 1-ii oyepeau (puc. 5)
ObLT CO3/laH B IOJHOM COOTBETCTBUU C
U3JI0OXKEHHBIMUA TIPUHLMIIAMU MOCTPOE-
HUSI MpPOrpaMMHOM M amnmapaTHOW co-
crapisitoiux MMUC, 3a uckiouyeHueM To-
r0O, YTO MPUIILJIOCH MOXEPTBOBATh AYOJIH-
poBaHueM. BepxHuUii ypoBeHb CHCTEMbI
TakKe MpeTepries;] U3MEHEHMs, MpUYeM
ropazno OoJiee cyuiectBeHHble. [lpexne
BCEro COKPaTUJIOCh KOJMYECTBO pabovYuX
MECT: OCTaJIUCh OJMH (TO €CTb 0e3 «ropsi-
Yyero» pe3epBpa) cepBep, OHO pabouee Me-
cro orieparopa PY u pabouee mecto mjis
MOJIEPXKKUA apXuBa, COEAMHEHHbIE MEX-
1y coboit jokanibHo# ceThio Ethernet (Bu-
Tast rmapa) ¢ NetBIOS B kauecTBe ceTeBoit
0azoBoli cucteMbl. [IpuMeHeHre UHCTPY-
MeHTajJbHOro mnakera TraceMode 4.2X
MO3BOJIMJIO CO3MaTh Ha cepBepe U pabo-
yeM MecTe oreparopa «MOHUTOPBI pe-
aJlbHOTO BpEMEHM», a Ha paboyeM MecTe
MOAJEPXKKNA apXxuBa — «MOHUTOP apxu-
Ba», 3amyckaeMble B DOS-ceccun Win-
dows 95/98. T1epron coxpaHeHUsI JaHHbBIX
B OMEPaTMBHOM apXuMBe — OJIHA CEKYHA;
[JyOMHa apXuBa: OMNEepaTUBHOIO — Tpoe

AKTUBHbBI pPa3BETBUTENb
cety Ethernet

Pa6o4ee mecTo
oneparopa

peakTopHoi
YCTaHOBKM

OcHoBHas
CTaHLMA

MpunTep

rom BBIHYK/IEHHBI i1
MOIXOJ TMO3BOJMJ Ha-
psily C peuieHHeM Mo-
CTaBJIEHHOW 3a/1a4M 10~

Mopcucrema
HXHero ypoBHs (MHY)

com1

<>

JIYYUTHb OIBIT 3KCILIya-
TallMM OCHOBHBIX TEX- ‘

/IHaMBMaYyanbHbIe HOpMUpYIoLLMe Npeo6pasosaTeni

W WCTOYHUKW NUTAHNA ‘

HUYECKUX CPENCTB CHU-
CTeMbl B  peaJbHbBIX
MPOMBILIJIEHHBIX YCJI0-
BUSIX U TIPOBEPUTH UX
HaleXHOCTHbIE U MET-
poJioruyeckue Xapak-
TEPUCTUKM.

‘ KnemmHbie tikadbl 425kal n 425kall ‘

treg .. 11414

AHanoroBble N JUCKPETHbIE CUrHANbI

KaHasioB KOHTPOJIA 1 U3MepeHNs

Puc. 5. CTpykTypa MH(OPMALUOHHO-N3MEPUTENBHOI CUCTEMBI
peakTopHoii yctaHoBKU BK-50 B KoHdmrypauum npoekra 1-it ouepeau
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CHUCTEMHAA4 MHTH?AHMH/ATOMHAH SHEPTETUKA

CyTOK, IOJITOBPEMEHHOTO (Ie-
puon apxuBupoBaHus — 10 Mu-

[eer] & =]

DE:05 ’=;|. T

[1en/1
ws 3]

|u.-fLJ|nn..-'=
un o fllua 8

HyT) — 160 cyTOK. HHC ravie LLE
PY BK-50 e e |
Ha puc. 6 npuBeneHa OCHOB- ey = ———
Hast MmHemocxeMa MU C, Ha ko- oY) e e i
TOPYIO BBIBOAATCS Takue mapa- | ‘1F TI
METpbI, KaK JaBJIeHHE, YPOBEHb : e
U TeMmIiepaTypa TeIIOHOCHUTEs : : e
B peakTope, Tepuon Hapacta- |, Ml , —
’ 3 ; )
HUA ¥ HEATPOHHAs MOLIHOCTD, i)
TenjaoBasg MOLIHOCTh U Heba- RO ey LT

JaHc pacxonoB. [na ymobcrsa |
BOCIIPUATUSI MHGOPMALUKM HC-
MOJIB3YIOTCSI CIICAYIOIIME CpeJi-
CTBa OTOOpaXXeHUsI IIapaMeTPOB:
CTOJIOLIOBBIE TUCTOTPAMMBI,
OJMKOBBIE METKHU, Trpaduku,
MHOTOLIBETHbIE MHIMKATOPHI M
T.A. YIpaBjieHUe BLIOOPOM HY>XKHBIX MHE-
MOCXeM, OTOOpakeHHeM MapaMeTPOB, Ie-
YaThlo GJIAHKOB 1 OTYETOB OCYIIIECTBIISICT-
Csl C TIOMOIIIbIO KJIABUATYPbl MU MBIIIH.
BHemHuii Buag  OCHOBHOro 0o0OOpyaOBa-
Hust MMC PY BK-50 npuBeneH Ha puc. 7.

B nexa6pe 2000 roga ObUT OCYILECTBAEH
BBOJI B IPOMBIILIEHHYIO 3KCILTyaTallKIO
1-it ouepenu MUC PY BK-50. 3a npen-
mectBytoiee aroMmy Bpemsi MM C nponuia
BCE HEOOXOMMMBbIE 3TAllbl: MOATOTOBKY U
comtacoBaHue ¢ opranamu TocAromHan-
30pa PD paGouero mpoekrta, MOHTaX, Ha-

= F HllaTar T i
3 _".' B -fiP - '.'.'u-i

Puc. 6. OcHoBHas mHemocxema UUC

JIaJKy, KOMIUIEKCHOE OIpoOoBaHMEe Ha
paboTOCIOCOOHOCTh KaK  OTIEJbHBIX
KOMIIOHEHTOB M (QYHKIMHA, Tak WU
CHCTEMBI B 1I€JIOM, METPOJIOTUYECKYIO aT-
TeCTaluIo, 00yYeHUEe PEMOHTHOTO U 9KC-
iyatupyloiiero nepcoHaia PY, noaro-
TOBKY K BBOJY B OIBITHYIO, a 3aTeM U B
MPOMBIIIUIEHHYIO 3KcIUTyaTanuio. K mo-
MEHTY MOATOTOBKM CTaTbU CUCTEMa HaXo-
JIAJIach B IIPOMBIIIUIEHHOM 3KCIUTyaTalluy
yKe 0oJjiee rojua, 4To JaéT HaM IpaBo I0-
JIEJIUTHCST HAKOTLJICHHBIM OITBITOM U TIOJTY-
YEHHBIMM OILIEHKaMU pabOTOCIIOCOOHOC-

TU TIPUMEHsSIEMOro o0opyaoBa-
HUS U IPOrpaMMHOro obecreye-
Husl.

Cneungpuka
9HEProreHepupylolero oobeK-
Ta, HECOMHEHHO, BHecJa CBOM
BKJaz B mpouecc BBoga MU C PY
BK-50 B skcrmayatanuio. Tak,
v BBHUIIy TOT'O YTO YPOBEHBb IOMEX
Ha 00beKTe aBTOMATU3allMU CY-
1IECTBEHHO TpEeBbIIIAT UX YpO-
BEHb Ha MOJIMTOHE (ITOMeIleHuE,
rae pacnonaraercst MUC, Haxo-
IUTCS MEXAY BJIeKTpUYECKOi
MOJCTaHIIMEN U TypOOTeHepaTo-
pPOM peaKTOPHOM YCTaHOBKH, HE
TOBOPSI YK€ O HAJTMYMU Pa3HOOOPA3HBIX 1
pa3HON MOIIHOCTU LUPKYISIMOHHBIX
HAcCOCOB M TPOYEr0 MOIIHOTO TEXHOJIO-
TUYECKOro o0OpynOBaHuUsI), MPU MEPBOM
K€ BKJIIOUEHUM CHUCTEMbl Ha TUIOLIAIKE
PY BK-50 BbISIBUIIOCH MHOXECTBO OTKa-
30B, CBSI3AHHBIX B OCHOBHOM C MPOXOX-
JNIEHUEM TTOMEX IO LeTsIM MUTaHUsI KOM-
MBIOTEPOB M C HEYCTOWYMBOI pPadOTOi
O3V cepBepa u ceTeBbIX KapT. JloBoaka
CUCTeMbl Ha OOBEKTE, TaKUM 00pasoMm,
BBLIMJIACH B 3aMEHY BbISIBJICHHBIX CIa0bIX
MECT: UCTOYHMKOB MUTaHUs KOMIIbIOTE-
POB (3aMEHEHBI ¢ O(PUCHBIX HA TPOMBIIII-
JICHHBIE), CETEBbIX KapT U XKECTKOTO JMC-
Kka cepBepa. K coxaneHuto, B TeueHue
JIOJITOTO BPEMEHM HE yIaBajoCh JUKBU-
JIMPOBaTh COOM Ha MPUEMHOM KOHIIE B Ka-
Hajie mocienoBaTenbHol cBsi3u (RS-232)
MEXIY MOJCUCTEMO HUXKHEro YPOBHS 1
cepepoM. [linmHa Kabeysi cocTaBujia
0KO0J10 4,5 M, U YKOPOTUTH €ro He Tpef-
CTaBJISITIOCh BO3MOXHBIM M3-3a CYIIECT-
BYIOLLIE KOMITOHOBKM OOOpYIOBaHUS B
MOMEIIEHNU, a CKOPOCTh Ilepeaayu
38400 004 yMEHBILIUTH OBIIO TaKXKe He-
BO3MOXHO. [ToaTomy ObUIM McTpoOOBa-
Hbl BCE MBICJIMMbIE BApUAHTbl KOHCTPYK-
LIMM caMoTo KabeJsisi, a TakKe pa3iiuyHbIe
CMOCOObI U MeCTa 3a3eMJIEHUST €ro 3Kpa-
Ha. Bce okazajnoch HampacHo, U 10 He-
JIABHETO BPEMEHU TaKue COOM yCTpaHs-
JIUCh MPOTPaMMHBIM ITyTeM. [TpobaemMbl ¢
anmnapaTHbIMU COOSIMU TPEKPATUIMCH C
3aMeHoi B 1999 roay oUCHBIX KOMITbIO-
TepoB Ha IpoMbllieHHbIe (1accu [PC-
6806, mpoueccopHas kapta PCA-6168E
¢upmbl Advantech).

Oco00 CTOUT OTMETUTD, UTO 32 BECh Ie-
puon akcrryatauuu MM C He npou3solio
HU OIHOTO OTKa3a MOJACUCTEMbl HUKHETO
YPOBHSI, TOCTPOEHHOTO Ha OCHOBE aHaJI0-
TOBBIX MyJbTUITIIEKCOpoB MUX-16, Kapt
5600-48, 5710 m mpoliecCOpHOM ILIaThi
5025A, pabotatouieil Moja ynpapjieHUEM
OC QNX 4.2X.

KOMITaKTHOI'O

www.cta.ru
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WHnuBuayaibHble  MOAYIH
HOpMaJIM3aluu CUTHAaJIOB
ADAM-3011, ADAM-3012,

ADAM-3013 3apekoMeHI0BaIu
cebs1 KaK BeCbMa HaJeXKHbIe YCT-
poiicTBa, MPEBOCXOAHO MOAABIISI-
[OIIME TOMEeXY IPOMBIIIJIEHHOMK
YacTOTbl M COXpaHSIOLIKME TpHU
3TOM CBOM METPOJIOTMYECKUE Xa-
pakTepucTUKU. K MX 10CTOMHCT-
BaM CJIeyeT TaKKe OTHECTH CI10-
co0 kperieHus Ha DIN-penbc u
JIETKOCTh TEePeKOHOUIypupoBa-
HUSI, YTO OCOOEHHO MPUTOAU-
JIOCh MPHU TIEPEXOJie ¢ TEPMOTIpe-
oOpaszoBartesieii CONMPOTUBIICHUS
rpaayupoBku 21 Ha TepMonpeoOpa3oBa-
teau 10011 u mpu 3aMeHe TepMORJIEKTPH -
yeckux mnpeodpaszosaresneil Tuna XK Ha
aHaJIOTMYHbIe u3aeaus Tuna XA. OTu Me-
pONpUsATHS ObUIM MTPOBENEHBI B Mpoliecce
9KCIUTyaTallMi CUCTEMbI: BCE MAHWIMYJIsI-
LIMU CBEJIUCH JIMIIb K MepeyCTaHOBKE MU~
Kpornepekitouareseil B MOAYJIIX U 3aMeHe
MpOLEAYPbl TPAHCISILIMU Ha BEpXHEM
ypoBHe cucteMbl. Eciii ObI cuctema Oblia
MOCTPOEHa, HAIpUMED, Ha MOIYJISIX HOP-
Manusauuu tuna 5B, To morpeboBagoch
Obl MX 3aMEHSITh KaXIbIi pa3 Mpu Mepexo-
Jle Ha HOBBII MCTOYHUK curHaja. HeoO-
XOAUMO J100aBUTh, 4TO0 Moayiu ADAM-
3011 u ADAM-3013 B oriuuue ot 5B
MOHO CUMTATh XOTb U HE MTOJIHOCTHIO, HO
BOCCTaHaBJIMBaeMbIMU. Tak, «yCUJIUSIMU»
ciyx0ob1 akcrutyatauuu MUAC Bo Bpemst
MJIAaHOBO-TIPENYNPEAUTEIbHBIX PAabOT Ha
PEaKTOPHOI YCTaHOBKE MyTEM KOPOTKOTO
3aMbIKaHUS BBIXOIHbBIX 1IeTeli ObUT BbIBE-
JIeH U3 CTpost oauH u3 moayJieir ADAM-
3013. Kak okazanochk, Ioctpaaai BbIXO/ -
Hoit LIAIT Hopmaiu3aTtopa, BBITIOJHEH-
HbIii Ha MUKpocxeMe AD7243AN ¢upmbl
Analog Devices. JIOCTYITHOCTb 3TOI MUK-
pocxembl, e€ ucroaHeHue B DIP-kopmyce
M YCTAaHOBKA Ha MaHeJbKe MO3BOJIWIM My-
TEM HECJIOXKHBIX MAaHUITYJISILIMI TTPOM3BE-
ctu 3ameHy LIAIT M BoccTaHOBUTHL MO-
IyJIb.

Heckosbko cjioB HEOOXOIUMO cKa3aTh
0 KAaCKaJHOM TIOJIKIIOUEHUU MYJbTH-
mrekcopoB MUX-16. Ene Ha srtame ot-
JIAJKU MOJACUCTEMbI HUXKHETO YPOBHSI Obl-
JIO 3aMEYEHO, YTO Ha BbIXOIAX MYJBTHU-
TUIEKCOPOB BO3HUKAET HEKOTOPBI OTpU-
LHaTeJbHbI MOTEHLIMAJ CMEIIEHUS], TeM
OOJIbLINIA, YEM JaJiblile MO LIeMOoYKe HaXo-
JIATCSI TaHHBI MYJBTUILIEKCOP OT «BEIy-
1LIEro», TO €CTh OT TOr0, KOTOPbI HEMo-
CPEJCTBEHHO TMOJKJIIOUEH MeidomM K
iate 5710. MepaMu OOpLOBI ¢ OTUM SIB-
JICHUEM MOTYT ObITh, BO-TIEPBBIX, UCIOJIb-
30BaHMe OuddepeHIIMaTbHbIX BXOIOB B

kapte 5710 v, BO-BTOpBIX, TIPUMEHEHUE
NBOMHBIX T-00pa3HbIX (PUIBTPOB HA BbI-
XO/IaX «BEIOMBIX» MYJIBTUIUIEKCOPOB MPU
UX TTOAKJIIOYEHUU K KOJIOAKE HEMYJIBTU-
TJIEKCUPYEMbBIX BXOJIOB «BEIYIIETO».

Arnmaparsble cpenctBa MUC, orBercT-
BEHHbIC 32 BBOI JAMCKPETHBIX CUTHAJIOB OT
JIATYNKOB THIIA «CYXOi» KOHTAKT, CTPOMI-
JIMCh Ha ocHoBe momyJeir BBoga Grayhill
70G-IDC, ycTaHOBIECHHBIX B MOHTAXXHYIO
Konoaky MPB-24 M moOIKIIOYEHHBIX K
TJIaTe TUCKPETHOrO BBOIA-BhIBoAa 5600-48.
HomuHan HanpsikeHus, 3aUThIBAIOIIETO
«CyXue» KOHTaKThl, cocTasisii 15 B. Bcé
9T0 00€CTeUmSIO XOPOILIYI0 MTOMEX03alln-
LIEHHOCTb JaXe MPU UIMHE CUTHAJbHbIX
JIMHUI OKOJIO TOJIyKWJIoMeTpa. 3a Bce
BpeMs aKkcrutyatauu MMC PY BK-50 He
ObUTO 3a(PMKCUPOBAHO HU OAHOIO cpaba-
ThIBAaHUS IO JIOKHOMY CUTHally, Kak,
BIpOYEM, HE ObLIO U MPOMYLIEHO HU O~
HOTO UCTUHHOTO.

ITpumenennusie B UMC PY BK-50 uc-
touHuku tuTanust 5101 (Octagon Sys-
tems), PM393 (Artesyn Technologies) u
PWR-243 (Advantech) TakxXe 3apeko-
MEHIIOBaJIU ce0sl UCKITIOYUTEBHO C XOPO-
1Ieif CTOPOHBI.

TerioBo#t pexkuM MOACUCTEMbI HUXKHE-
ro ypoBHsd MU C, pazmernieHHOIT B repme-
TU3UPOBAHHOM HaBECHOM IKady cepuu
CONCEPTLINE ¢upmbl Schroff (pa3zme-
pbl 800x800x220 MM, cTemneHb 3allWThl
IP66), oTiyaeTcst cTabUIBLHOCTBIO, @ TEM-
rnepatypa BHYTpU Likada, U3MepeHHas B
pa3HBIX €ro Toukax, He npebimana 33°C,
TO €CTh HaxonuJach B Mpeesiax J0MmyCTH-
MOTro TeMIlepaTypHOro auamnazoHa ist
Bcex kommnoHeHToB [THY. DT0 no3sosuio
OTKAa3aTbCsl HE TOJbKO OT IMPUHYIUTEIb-
HOI{, HO ¥ OT NMACCUBHOI BEHTUJISILIUU.

Bech LMK pa3pabOTKU CETEBOTO KOM-
TJieKca, BKJIoYas ApaiiBep BBOJA-BbIBO-
J1a, MOJYJIb pacyeTa Tera0BO MOIIIHOCTH
(IJ1s1 anmapaToB C KUITSILIMM MO JaBjie-
HUEM TEIJIOHOCUTEJIEM aJITOPUTM JaTeKO

Puc. 7. BHewHui Bug ocHoBHoro o6opynosanus MUC PY BK-50

HE TPUBMAJbHbIN), ¢ OTIAAKOMN
3aHs He OoJiee IBYX MECSILIEB C
MOMEHTa MPUOOPETEHUS CPeIbl
pa3paboTtku. Co3gaHHBINA oOIle-
paropckuit unteppeiic MMUC n
CpencTBa HaBUTallMU B HEM OKa-
3aJIMCh BecbMa YIOOHBIMU U 32
BeChb MepUOJ IKCIUIyaTalluu He
npeTeprnesy HUKaAKUX HM3MEeHe-
Huii. [ToHumas, 4to Bce pabOThI
¢ naketrom Trace Mode 4.2X
¢upMoii-pa3pabOTYINKOM 3a-
BEpIIEHBI, BCE K& OTMETUM €ro
CYIIECTBEHHBI  HEIOCTATOK:
BCTPOEHHBII CMOCOO J0CTYIAa K
HaKaruIMiBaeMbIM B apXWBe JTaH-
HBIM 4Yepe3 TeHepaTop OTYETOB BechMa
TPYAOEMOK U TTOPOIA MPUBOINI K TeYasib-
HBIM Ka3sycaM, Hampumep, Mpy MpoBese-
HUU TEPBBIX METPOJOTUYECKUX KATHOPO-
BOK. JTa mpobsiema Obljla CHATA TOJBKO
IOCJIe JIOTIOJIHUTEIbHOTO MPUOOPETEHMS
Habopa YTWINT TOCTyIa K apXUBY U XKyp-
Hauty coobIThii st Windows.

3AKJIIOMEHMUE

3a Bech Mepuoa IKCIUTyaTallMu Mepco-
HaJl, OTBeYalolLlIMii 3a moaaepkaHue pabo-
TocnocooHoctu MUC, 3aHumMalcs B oc-
HOBHOM IIOATOTOBKOI OTYETOB IO MHTE-
pecyloluM pyKoBoacTBo PY usmepu-
TEJbHbIM TO3ULUSIM B CIydasiX BO3HUK-
HOBEHUsI HELITaTHOI pabOThl 000pYyAOBa-
HUS C LIeJIbIO BBISIBICHUST TOPOAMBIINX UX
MPUYMH.

B xommeTeHLMIO COMPOBOXIAIOIIETO
HUUNC nepcoHana Takxke BXOIUT ITOATO-
TOBKA MCXOAHBIX JAHHBIX IS BHECEHUS
M3MEHEHUI B CUCTeMY; OObIYHO 3TU U3-
MEHEHHUSI CBS3aHbl C TAKUMU COOBITUSIMU,
KaK CMeHa THUIa JaTYMKOB, 3aMEHa BTO-
PUYHBIX MPUOOPOB MM AOTOJIHEHUE (U3-
MEHEHHUE) perjamMeHTa paboThl peakTop-
HOM YCTAaHOBKM.

TTocTpoeHHas1 Ha yKa3aHHBIX afrmnaparT-
HO-TIPOTPAaMMHBIX CpeICTBax MHGOpMa-
LIMOHHO-U3MEPUTEIbHASI CUCTeMa SIBJIsI-
€TCsl IITaTHOW CUCTEeMOI peaKTOPHOM yC-
TaHoBKM BK-50 u ycnemHo pemiaet mno-
CcTaBJieHHbIe Tepen Heil 3amauu. OIbIT,
MOJYYeHHBII B XO/€ dKCIUTyaTalluu JaH-
HOI cUCTeMbl, TPUMEHSIETCSI MPU pa3pa-
0OTKE U peain3alliy MPOEKTOB MOA00HBIX
cucteM st peaktopoB CM-3 u MUP-M1
I'HIl P® HUMAP, a Takke npu IMOATO-
TOBKE MPOEKTA CIEeAYIOLIEH OUepean Onmu-
CaHHOH crucTeMbl. @

ABTOpPbI — COTPYAHUKM
rHLU P® HUMAP
Tenedon: (84235) 32-324
Dakc: (84235) 64-183
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