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P Ga3BUTUE MMUKPO3JIEKTPOHUKM, papmaLeBTMYECKON U MUKPO6Mono-
rMYeCcKOM NPOMBILLISIEHHOCTU, MUMKPOMEXCUHUKMU U ONTUKMU, O CETOAHS
M HOHOMHAYCTPUM, HEBO3MO)KHO 6€3 YMCTbIX NOMELLEHUN U LUMPOKOro
cnekTpa obopyaoBanusa ans Hux. B cratbe paccmoTtpeHbl Tpe6oBaHMS,
OnMUcaHbI 3apybexxHoe 060pyAOBAHME U TEXHUYECKUE PeLleHus, npea-
naraembie HIMO “UrHxxeHepbl 3neKTPOCBI3u” Ans NPOM3BOACTBA KOHKY=-
PEHTOCNOCOOHBIX YCTPOWCTB CBA3U M INEKTPOYCTAHOBOYHBIX M3AEnui

ANS YUCTbIX MOMELLEHUMN.

TPEGOBAHUS K YCTPOMCTBAM CBSA3U

U ANIEKTPOYCTAHOBO4YHbIM USOETUAM

IS YUCTbIX NOMELLEHWIA

CornacHo cTaHaapty [1] umcToe nometleHmne (cleanroom) — 310
«[omelLieHne, B KOTOPOM KOHTPONUPYETCH CHETHAS KOHLIEHTPa-
LS a3pP030JIbHBIX YacTuLL U KOTOPOE MOCTPOEHO M UCTIONb3YeT-
Csl TaK, 4T0Obl CBECTM K MMHUMYMY NOCTYMNIEHWE, rEHepaUmio U
HaKOMnJjIeHne 4acTuL, BHYTPU NoMeLeHnsa, nu B KOTOpoM, npu He-
00X0mMMOCTH, KOHTPONMPYIOTCS ApYrve napameTpbl, Hanpumep,
TEeMneparypa, BIaxHOCTb 1 AaBNeHUN».

[ns 310r0 NomeLLeHne A0NXHO ObITb MOCTPOEHO M3 MaTepu-
anoB, He reHepupYIOLLMX TBEPAbIE YaCTHLbl U a9P030MK U Cro-
COOHbIX NIETKO O4MILIATLCS. Te Xe TpeboBaHMs NPembsBSIOTCS U
K NpUMeHsieMoMy 060pya0BaHMIO.

Mpy MCNONb30BaAHUM YNCTBIX MOMELLIEHWIA, NpeX[e BCEro, He-
00X0IMMO CBECTU K MUHUMYMY Ha/lime B BO3MIyXE M Ha pasnny-
HblX MOBEPXHOCTSX YaCTHL, KOTOPbIE MOrYT MPUBECTM K Opaky
UM YXYOLLEHWIO napameTpoB npoaykumu. Kpome Toro, B 6u1o-
TEXHONOTWKM, NPOW3BOACTBE IEKAPCTB U MEAULIMHCKWX CPEACTB,
MeaununHe, nNuLLEesoM NPomn3BoacTee HEJOMYCTUMO NPUCYTCTBUE
B YMCTbIX MOMELLEHUSX MUKPOOPraHN3MOB.

Cpeqcrea CBsI3W M ANEKTPOYCTAHOBOYHBIE M3AENUS ANS YKC-
ThIX MOMELLEHWIA CYLLIECTBEHHO YrPOLLAIOT paboTy B HUX, O[HAKO
MOrYT CO3/1aBaTh HOBbIE UCTOYHMKU 3arpsi3HeHuiA. TpeboBaHmMs K
Takomy 060pyA0BaHNI0 MOXHO YCNIOBHO pasbuTb Ha 1B rpynmbl;

CxemoTexHuka, MHTepdeircbl, cnocobbl NOAKIIOYEHUS,
HaAEeXHOCTb U3aenuii. B npuHLMne, B yCTPOIACTBAX AN1S YUCTBIX
MOMELLIEHUA UCNONB3YIOTC CTaHOAPTHbIE PELLEHMS], HO C MOBbI-

* Hayano. OkoHuanme «HaHouHpycTpusi», 1/2010.
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LLIEHHOW HAJIEXHOCTBIO MO CPABHEHMIO C 0ObINHBIMM NPUMEHEHUS-
MM, YTO CBSI3aHO C TPYAOEMKOCTbIO X AEMOHTAXA 1 MOHTaXa Mpu
pemoHTe unu 3aMeHe. CyLLEeCTBYIOT W APYrHe HIOHCHI, HanpUMED,
aKyCcTU4ecKue, A CUCTEM FPOMKOTOBOPSILLIEN CBA3M.

TenedoH, ycTaHaBNMBAEMBIA B YACTBLIX MOMELLEHMSAX, KaK Npa-
BMO, MMEET CTaHAAPTHbIA MHTEpdeiic noakmoueHns K ATC u
CXEMy rPOMKOrOBOPSILLIEN AYMNEKCHON CBSA3M, Peann30BaHHON BO
MHOTMX 00bI4HbIX TenedoHax. B ero cxemy 3apaHee 3aknajplBa-
€TCS M30bITOYHAS HAJEXHOCTb, @ TakXe YYUTLIBAIOTCS OCOOEH-
HOCTW aKyCTWKM, 3aBMCSILLME OT KOHCTPYKLWMW NaHENM, Ha KoTo-
pOii HAXoAsATCS TacTaTypa v AUCIIEN M C KOTOPOiA CBSA3aHbI MUK-
podpoH 1 anddy30p rPOMKOroBOPUTENS.

OueHb BaxHa He TOMbKO HajexHas paboTa YCTPOICTB Mmpw
yacToit yoopke paboumx NOBEPXHOCTEN, HO M 3alLMTa BbINOJHSIO-
Lero ybopky nepcoHana oT 3NeKTPUYECKOrO TOKA.

Cneuuduka 4MCTbiX NOMELLEeHUIA. [pOeKTMPOBaHME, CTPOM-
TENbCTBO, IKCMNYyaTaums YACTbIX MOMELLEHUIA PEraMeHTUPYIOTCS
craHaaptamu [2] u [3]. [urnenmyeckme TpeboBaHMs K MEAULIMHC-
KUM yYpexaeHnsM NpuBeaeHs! B [4].

MoxHo chopmynupoBartb 0600LLEHHbIE TpebOBaHMS K 060pyIo-
BaHMIO C Y4ETOM TOrO, YTO OfMH 1 TOT XE TWN YCTPOCTBA [OMXEH
MPUMEHSITLCS B YUCTBIX MOMELLEHUSIX PA3/IMYHOMO HA3HaYeHs [5].

Martepuanbl BHELHUX NOBEPXHOCTEN:
® B X0fe 3Kcnyataumm He JOMXHbI NOBPEXAATbCS WM Bbiae-

NATb 3arpA3HAOLLME YaCTULLbI;
® [0NyCKaloT YacTyo U 3DPEKTUBHYIO OYUCTKY 1 AEUHPEKLMIO,

He UMEIOT LIePOXOBATOCTEN W NMOPUCTOCTH, e MOXET Npouc-

XOMUTb YAEPXaHWe YacTWL, U XMMUYECKUX 3arpA3HEHWA Unn

pa3BuUTME MUKPODOMONOMMYECKMX 3arPSI3HEHNIA;
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® He TEeHepUpYIoT M He YOepXuBAlOT CYLIECTBEHHLIA 3NEKT-
POCTaTMYECKUA 33psif, MPUYEM B HEKOTOPbLIX Chyyasx Ans
YMEHbLUEHMS HABEAEHHOTO 3apsga MOryT noTpeboBarbes
3/IEKTPONPOBOASLLME WIN QHTUCTATUYECKME MaTEpUabl.
0Cc00EHHOCTH KOHCTPYKLMN U MOHTaXa:

® YUCIO CTYNEHEK, BLICTYMOB, YI/IOB (OCOOEHHO BHYTPEHHMX)
W Opyrvx nopoOHbIX 3NEMEHTOB, A€ MOryT CKanauBaTbCs
3arps3HEHus,, LOMKHO ObITb MUHUMANBHO;

® OLEHKA COEAVHEHMS N NEPeceyeHns aeTanein u UCKIoyeHne
MECT, I1e MOXET CKaninBartbCs BNara;

® MOHTax 060pya0BaHNS NPOBOANTCS TaK, YTOObI MUHUMM3MPO-
BaTb €ro B/IUSHWE Ha YUCTOTY MOMELLEHMS;

® XMMMYECKa COBMECTUMOCTb WCMOJb3YyeMbIX MAaTepuasnos C
3KCMyaTaLyOHHLIMM TPEOOBAHMSIMM YUCTBIX MOMELLIEHMIA;

e obecreyeHne YaoBNETBOPUTENBHON OYMCTKM W OrpaHuyeHue
YOEPXaHus 3arpAsHeHnid (HaknagHbIe nonochl Uin repmMeTuki
MEXJy NaHensiM1 AOMKHbI ObiTb rMaaKUMK C 3aKpyrieHHbIMU
kKpasimu; 0COOEHHO BaXHbl MMAAKOCTb LWBOB U 3PdEKTUBHAS
repMeTn3aums KOMMyHasIbHbIX YCTPOMCTB);

® HapyXHas 1 BHYTPEHHsIS NOBEPXHOCTM MEAMLIMHCKOI Mebenn
DOMKHbI ObITb FMAAKAMM W BbIMOHEHBI M3 MAaTEPUANOB, YCTOR-
YMBBIX K MOIOLLMM, JE3MHOULMPYIOLIMM U MELMKAMEHTO3HBIM
CpencTsaM.

KoHcrpykums tenedpona BT 20-323: 1 — 3awmrHas 3syko-
HEMPOHULAEMAs NAEHKA, 2 — TACTaTypd, 3 — KHOMKA NPsIMO-
ro BbI30Ba, 4 — rpomMkorosoputens, 5 — nuuesas navens, 6
— MOHTOXHAs PaMKa, 7 — 6ok 3neKTpoHUKM, 8 — MUKpodOH

K0p06K0 CKpbITOro Kopnyca ansa Hapy>HoOro MOHTaxa
tenedpoHa BT 20-323
TexHuuyeckoe oGcnyxusaHue:

e 00CnyxuBaHue, PemMOHT U kannbpoeky 0OOpynOBaHMS Cne-
OYET BbINONHATL TaK, YTOObl HE AONYCTUTb 3arpsi3HEHMs
MOMELLEHNS;

® M1aHoBOE 00CNyXmBaHWe 060PyLOBaHMS AOMKHO NPOBOAMTD-
CH C MEPUOLMYHOCTLIO, NMPW KOTOPOW PEMOHT UNM 3aMeHa
Y3/10B BBIMONHSIOTCS A0 TOrO, Kak OHU CTAHYT MCTOYHMKaMM
3arpsasHeHus.

Y6opka:

® 3arpsi3HEHMs CMbIBAIOTCS C MOBEPXHOCTM PACTBOPOM WM
yoansoTcs candeTkom;

® CNOMb3yemble PacTBOPbI: AUCTUNMPOBAHHAS WM LEUOHM-
30BaHHas Bopa; [AB (NOBEPXHOCTHO-aKTUBHLIE BELLECTBA)
1 IETEPreHTbl (COEAMHEHMS C BbICOKOI NOBEPXHOCTHOM aKTUB-
HOCTbIO, MOIOLLMM (4acTO Ae3nHOULMPYIOLLMM) U PACTBOPSIO-
MM AeiACTBUEM); OpraHUyeckue pacTBOPUTENM; Ae3uHOULM-
pyioLLe CpeacTsa.

OBOPYJOBAHUE U TEXHWYECKUE PELLEHUA
HEKOTOPbIX MPOU3BOAUTENEN CEBEPHOM
AMEPUKU U EC

CyLuecTByeT KOppensums Mexjy pasBUTUEM OTPac/M MPOMBbILL-
NEHHOCTW 1 MPOW3BOACTBOM 00OPYOOBaHWA AN Hee, NO3TOMY
OTCYTCTBME B CTaThe ANOHMM 0OBSCHAETCS NULLb OrpaHN4EHHOC-
Thto 0bnacTu nowucka.

Tenedonbl

CleanPhone 295. Mpoussogutens — Gai-Tronics KomnaHwm
HUBBEL (CLLA) [6]. TenedoH MOHTUpYeTCS Ha cTeHy (Moaenb W)
UK 3aN0AMLO C NOBEPXHOCTBIO (Mogdenb F). BeinonHeH u3 He-
pXxasetolLein cranu. Jinuesas naHesnb ¢ NoAMMEPHON TacTaTypon
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Tenedpon EE442 pns umctbix nomerueHni
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MoHTAX yCTpOMCTBA FPOMKOrOBOpSLLEN CBS3U DUPMbI

HALCO
(puc.1) BLICOKOCTOIKA K XMMMYECKUM BELLECTBAM W pacTBOpuUTe-
nam. inanasoH pabounx Temneparyp — -20°C+60°C.

OyeHb MOXOX HA HEero Mo KOHCTPYKLMM M Crocoby YCTaHOBKM
TenedoH TLS 250, npoussoautenb — Infocom Systems [7] kom-
naHum Network Strategies Ltd. (Benmkobputarus).

Reinraum-Telephon Modell BT 20-323. MNpounsgoauTens — Telecom
Behnke GmbH [8] (fepmahms). KoHCTpykums (puc.2) otnuHa ot
OMMCaHHON Bbile MofeM. JINLeBas naHesb U3 aoMUHUS COLEp-
XUT TacTaTypy, K Heii xe Kpenarcst MUKPOdOH 1 TenedoH.

[ns 3awmThl OT 3arpsi3HEHMIA CBEPXY NPUKNEVBAETCS 3BYKO-
NPOHMLIaeMas nneHka. VIMeloTcs oTaeNbHbIA 610K 3N1EKTPOHMKM
1 MOHTaXHas pama. [is CKpbITOr0 MOHTaxa MPUMEHSIETCS MOK-
pbiTast LUHKOM MOHTaXHast KOPOOKa M3 CTaNbHOrO IMCTA, A9 Ha-
PYXHOr0 — KOPNyC M3 HepXasetoLLei cTamm (puc.3).

TenedoH EE442 ans uncToix nometermii (Clean room intercom
EE442). Npounssogutens — PRONOR N.V. [9] (benbrus). TenedoH
BbIMOJHEH B BUAE MOHOGMI0KA C NaHeNbto 1 KOPOOKOIA Ang ero yc-
TaHoBKM (puc.4). CteneHb 3awmtbl uagenms — IP54, noatomy B
MeCTax YCTaHOBKM AvHaMMka U MUKPOQOHA B MaHenu UMETCs
OTBEPCTUS NSl NPOXOX/EHWS 3BYKOBOIA BONHbI. Paboyas Temne-
patypa — -40—90° npu BnaxHoctu 1o 95%.

YcTpoicTBa rpOMKOroBOpsLLEil CBA3K
YerpoiicTBo rpomkoroeopsitueii cesaan (Clean Room Communicator)

¢uvpmbl HALCO Products Co. (CLLIA) [10] oyeHb HanomuHaeT ne-
PeroBopHble YCTPOICTBA ANS KAcC BOK3anoB unu 6aHkos. Monb-
30BaHME 3TWUM YCTPOWCTBOM MpEAMonaraet, yto obLaiowmecs
BUOAT APYr Apyra Yepes OKOLLKO (pUc.d).

YcTpoiicTBO npencTaBnsieT coboii NaHenb U3 HepXaBeloLLeii
CTa/lu, Ha KOTOPYIO BbiBEAEHbI MUKPOOH, rPOMKOrOBOPUTEND,
CBETOAMON, BbIKNIOYATENb, KHOMKA BbI30BA (PUC.6). MOHTax Bbl-

BHewwHuM BUA yCTPOMCTBO rpOMKOroBOpSILLEH CBA3U DHUPMBI
HALCO
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(WA Crnocob yCcTaHOBKM yCTPOMCTBA FPOMKOrOBOPSILLEM CBSI3M

NONHSIETCS B CTAHAAPTHbIE ANEKTPOTEXHUYECKME KOPODKW BHYT-
PEHHEN W HAPYXHO YCTaHOBKU (PUC.7).

Ha noBepxHOCTM NINLIEBOIA NAHENN HAXOAATCS PasfnyHbIE ane-
MEHTbI, @ TaKXe rOfI0BKM KPEMEXHbIX BUHTOB, YTO 3aTPYAHSIET ee
06paboTKy. [POMKOrOBOPUTENb 3aKPLIT CETKOIA, NONOCTb Nof, KO-
TOPOiA HEHOCTYNHA Ans 06paboTkM — TaM MOrYT CKarMBaThCs
3arpsasHeHust. Knacc 3awwmtbl — He Bbitue IP 43.

I'pomkorosopurenu
pomkorosoputens (Clean Room Speaker) 13360/13361 (puc.8)

— ewe oavH npopykT Gai-Tronics ¢dupmel HUBBEL (CLLIA) [6].
MNpenHasHayeH A CKPLITOr0 MOHTaxa. B HeM ygauHo coueta-
I0TCS! NOMHAs M30NSALMS BHYTPEHHEro ob6bema 1 NpUAnyHas amn-
NUTYAHO-4ACTOTHAs XapaKTePUCTMKA.

ARNSCOTT Electronics Inc. (KaHapa) [11], npeanaraeT 06biy-
Hble KOMMEPYECKMEe FPOMKOrOBOPUTENH, YCTAHAB/MBAEMBIE B KO-
pobku Ang CKpPbITOro MoHTaxa. CBEpXy MOHTUPYETCS KpbilLka
(pnc.9) u3 pamku (HepxaBeloLlas CTanb) U aKyCTUHECKON auma-
¢dparmbl M3 Maitnapa — nonMaUPHON NEHKU NPOM3BOLCTBA
DuPont [12], umetoLLeit LuMpoyaiiLmin cnekTp npuMeHeHus. Kpo-
Me BbICOKOM CTOWKOCTY K BHELLIHAM BO3AEHCTBUSM MaTepuan 00-
Nafaet OTANYHBIMU aKYCTUHECKUMU CBOICTBAMM.

®upma DOSADONTS (Mranmus) [13] BbinyckaeT nuHeiiky ne-
peroBopHbIX M TenedoHHbIX ycTpoiicTB Clean-Vox 3. Ux ucnon-
HEHWe, B MPUMHLMME, aHANOTMYHO OMWUCaHHLIM Boile. [penyc-
MOTpEeHa yao6Has MHTEerpauysi B MaHenm yCTPOMCTB CBSA3N U [i0-
MOTHMTENBHOrO 0B0PYROBaHNS (Tamnbl, CeMaopbl peXMMa age-

m lpomkoroeopurens 13360/13361



MPOMBIWWJTEHHBIE HAHOTEXHOJNTOTIMH

m AK)’CTH"IeCKCIﬂ KpPbILWKA Ang rooMKorosopurens

pei KpacHbIii/3eneHbli, PO3eTKM), NEPeropomkn, ABEPU U UHblE
KOHCTpyKuuu. [MocTtaBumk obopymoBaHua — ¢upma PADANA
CLEANROOM (Uranus) [14].

ANeKTPOyCTaHOBOYHbIE U3aenus
13-3a KkpaiiHe orpaHnyeHHoro obbema uHdopmaummn fenarb og-

HO3HAYHbIE BLIBOfbI O TAKOM 0DOPYI0BAHUM AOCTATOYHO CIOXHO,
O[IHAaKO HEKOTOPbIE MOMENN CBETUNLHUKOB W UH(OPMALIMOHHBIX
Tabno LIMPOKOro NPUMEHEHMS BMOMHE YIOBNETBOPSIOT TpeboBa-
HWAM J19 YUCTBIX TIOMELLIEHWIA.

Po3eTku, kak NpaBuio, MPUMEHSIOTCS 00bIYHbIE, 0DOPYI0BaH-
Hble B HEKOTOPbIX Cy4asix Kpbllkamy. MoHTaX M nopkoueHme
000pYI0BaHWS K CETH MOXHO OCYLLIECTBUTbL Takum 06pa3om, 4To-
Obl 060iTMCb COBCEM BE3 PO3ETOK.

Boikniouatenu. OOblyHbIi MEXaHMYECKWIA BbIKIIIOYaTeNb C Bbl-
COKMM KnaccoM IP MOXHO W3roTOBWTb, 3aKPbIB KNABULLY Wi
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KHOMKY Pe3uHOBOI MeMOpaHoiA. CyLLECTBYIOWME KOHCTPYKLIAM
npeaHasHayeHbl s NPUMEHEHWIA B YCNOBUAX BbICOKON BIaX-
HOCTH, XMMUYECKMN arpeCcCUBHBIX CPE/aX, B3PbIBOOMACHbIX 30HAX.
Monb30BaTbC UMK HE OYeHb YA06HO, A W MO AN3aiiHy OHU He
BMUCLIBAIOTCS B BbICOKOTEXHOMOMMYHBIE YMCTHIE NOMELLIEHUS.
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