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Kputu4ecku BaxHble npoLeccbl: c06CTBEHHbIE NPOU3BOACTBEHHbIE MOLWHOCTH JOJIOMAHT
1 Koonepauus

PbIHOK

HoBocTy poccUirCKOro pbiHka

COBPEMEHHbBIE TEXHOJIOrMM

KpemHueBas 1 apceHup-rannuii-antoMmHueBas TexHonorus: 6asosbiit pag 30 M 3® CbUC
VCSEL u chynkumoHanbhbix 3D M @3 CBUC pna 3D M ®3d M. Yactb 4

Banepuii Cese-LLisey, Bnagucnas Csege-LliBey, Makcum 3uHoBbeB

PaguonokaynoHHbie l]ﬁHapV)KMTEJ'IM ABNXYLLKUXCA Lieneii HOBOro NOKONIEHUA

Bnagumunp bapteHes

TennooTBofbl Ha OCHOBE HATPUAA aNOMUHUA C aNIMA3HbIM NOKPLITUEM

tOpwii Heno4aros, Amutpuii lopogewkuit, ApTém AbpaamsaH, Unbs CamycoB, Anexcarap OkoTpy6
0630p 1 oTpacnesbie npo6nembl 6ecnposogHoro NHTepHeTa BeLyen

Kavinaw HapasiHaH

MHCTPYMEHTbBI U OGOPYOOBAHME

TeHAEHUNN pa3BUTUSA PbIHKA aAAUTMBHBIX TEXHONOrMA B POCCHU: HAacTONbHbIE 3D-NpUHTEPbI
Wpnra Apanosa, lMonuHa Kyyeposa

'MMHOPTDSAMEI.I.IEHME

HoBoe nokoneHune poccUnCKUX CUCTEM ANA TECTUPOBAHMUA
A3POKOCMHUYECKON TEXHUKM
Cepreii 3anvyeHko

0 npuHuMnax Bbi6opa WMTOBOro KNMMaTUYeckoro o6opyaoBanus
KoHcTaHTuH TpyTKO

SJIEMEHTbI U KOMIMOHEHTbI

CospemeHHble UC Texas Instruments fns KOcMUYECKUX NPUNOXKEHUA
fOpwii [leTponaBnoBckuii

Jueprove3asucumasn namatb nvSRAM ot komnaHum Cypress
Anekcangp Ty308

'MMIIUPTMAMEII.IEHME

CoeanHMTENM C NPOBONOYHLIMKU KOHTAKTAMK: ONTUManbHOE peLleHne
3ajavu MUHUATIOpU3aLuu
EBrenuin [lyrnH

MHMEHEPHbBIE PELLIEHMA

"pMMEHEHMB WHCTPYMEHTANbHOIo yCMnuTena anga MoCToBoro BKNH04YeHua ABYX MOLLHbIX oy
Yactb 3
Anekceii Ky3bMnHoB

YnbTpa3BykoBoi fanbHomep-curianusarop Ha MJIAC
lMaBen PegbknH

NMPOEKTUPOBAHVE U MOOEJIMPOBAHVIE

‘MMHOPTDI}AMEIIIEHME

Pepaktop RightPCB - coBpeMeHHbIi MHCTPYMEHT 3(pheKTUBHOIO
npoektuposanus MM
Cepreii lonos

3KcnepumeHTaanne uccnepoBaHne pa3Ba3ku MeXAy MUKpoOnonockamu
Muxann BacuH, [lennc Mapyiyenko, Cepreii LLlemuyp

CAIP AWR: cpaBHeHue pe3ynbTaToB MOAENUPOBAHUA C IKCNEPUMEHTOM.
Anroputmbl 06paboTKN JaHHbIX
Cepreii HukynuH, Anekceli ToproBaHoB

CTPAHMLbI MCTOPUM

«0nacHoCTb» CUNOBOI 3NIEKTPOHUKK
[1éTp HoBbiLl

COBbITUA

B Mockse npowén exerofHblii hopym Altium «HHOBaLMKM B NPOEKTUPOBAHUM
JNEKTPOHUKKN»

JInekTpoHuka ans TpaHcnopta B COKONbHUKAX
KOMMETEHTHOE MIHEHME

AKTyanbHble BONPOChI aTTECTALMKU UCNbITaTENLHOr0 060pyA0BaHUA

SA\EKTPOHUKA

noanMCKA

KoHuenuus pacipocTpaHeHUs
JKypHasa — 6ecruiaTHas
HOJAIHNCKA IS CIIEIUATHUCTOB.

IIpegycmMoTpeHa moanmucKa Ha
TIEYATHYIO BEPCHIO JKypHa/Ia
HUIH €T0 7IEKTPOHHBIN BADHUAHT.

VcioBue cCOXpaHeHUs TAKOH IMTOJIHUCKH —
CBOEBPEMEHHOE €€ IIPOJJIEHHE HA KAXKIBIF
TIOCJIETYIOIHH IO/,

Peakiiysi HATIOMUHAET O HEOOXOUMOCTH
TIPOJIEHUS TOAIIMCKA Ha 2017 rog.

JNeKTPOHHAA Bepcus
AN MOOUNbHbBIX YCTPOIHCTB

CKaYnBayTE OECIUIATHOC NMPHIOKEHHE
«CoBpeMeHHas1 3JIEKTPOHUKA>

B Google Play /1151 10/Ib30BaTENCH
ycTporicTs Ha 11aTgopme Android

(B pasgeie dIpunoxenus/busHec»)

u App Store 151 nonb3oBaTenen i0OS

(B pasgeine <busnec»).

C IIOMOIIIBIO 3TOT'O IPUJIOKEHHS MOKHO
6EeCIUIATHO YUTATD C SKPAaHA HOMEPA HAITHUX
JKYpPHAJI0B. K HOBBIM HOMEPAM JKypHAIa
JIOCTYTI B IPHUJIOKEHUHU IUTATHBIH.

IIpenmymecrsa:

* JKypHaJI Oy/IeT F'AapaHTUPOBAHHO
JIOCTABJIEH, TOI/IA KAK MPH GECIUIATHOM
IOAIIMCKE PEJAKIMSA IaPAHTHPYET TOJIbKO
OTIIPABKY, HO HE JJOCTABKY JKypHaJIa;

¢ ITO/IITUCATHCS MOJKET JTFOO0F SKETATOITHI;

* 3Ty HOAIHCKY MOT'YT O(DOPMHTH
HHOCTPAHHBIE I'DAKIAHE.

«Pocnevarn»

OdopMuUTh IVIATHYIO MOJIMHCKY MOXKHO
B IIOYTOBOM OTHEJICHHHU Y€PE3 ATEHTCTBO
«Pocriegatp». Ter: (495) 921-2550.

daxkc: (495) 785-1470

TToaImMCaThCS MOXKHO KaK Ha 6 MECAIEB, TAK
H HaA ToJ. HO,Z[HI/ICHBIC HHJEKCBHI ITO KaTaJ'IOI'y
areHTcrBa «Pocriedars»:

Ha nosyroaue — 46459, Harog — 36280.

Kpome Toro, MOKHO O(POPMHUTD IJIATHYIO
IOJIIHCKY Yepe3 AIbTEPHATUBHBIC
TIOJIIMCHBIE aT€HTCTBA.

«Ypan-Mpecc»
Tenr.: (495) 961-2362
http://www.ural-press.ru

YuTaTEeIH U3 TATBHETO 3aPyOeKbs
MOTYT O(DOPMHUTD ITOAIIUCKY YEPE3
aAreHTCTBO

«MK-Nepuoaunka»
Ten.:+7 (495) 672-7012
Daxc: +7 (495) 306-3757
info@periodicals.ru
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Kputnyecku BaXxHbie npouecchbl:
Cc006CTBEHHbIE NPOU3BOACTBEHHbIE
mowHocTn [JOJIOMAHT u Koonepauus

BekTop pa3sutusa nponssoacteeHHoro npeanpusatua JOJIOMAHT
M3Hay4alibHO O6YCNOBJIEH TPE6OBaHUAMU U YHUKANIbHOW CUTyauuen

Ha POCCUACKOM PbIHKE 3JIEKTPOHUKMA OTBETCTBEHHOIO NMPUMEHEHUS,
KoTopasi chopmupoBanacb nop Bo3feicTBUEM NMOJIHOW CMEHbI B CTpaHe
3KOHOMUYECKON MOfenu, HeNnpepbIBHOW PeHOBaLMKN TEXHOJIOTUM,
MaTepuanoB, 060pyAOBaHUS, KOMIMIEKTYIOLLMX U OTKPbITOW KOHKYpPEHLUN
Ha pbIHKEe C Ny4YWMMU 06pa3LiaMn MUHOCTPAHHOWN 3NIEKTPOHUKMU Ans

OTBEeTCTBEHHbIX anMEHeHMﬁ.

HayaB B KOHIIE ITPONUIOTO BE€KA CBOM
IIyTh B KAYECTBE Pa3pabOTUYNKA PEIIEHUN
JUIS1 CTOPOHHUX IIPOU3BO/ICTBEHHBIX MOIII-
HocTtel, B 2002 rogy kommnanus JOJIO-
MAHT 6bL1a BBIHYK/I€HA CO3[aTh COOCTBEH-
HYIO IIPOU3BOJICTBEHHYIO 623y, CTABIIYIO
IIEPETOBON C BBOJA €€ B OKCIUTyaTAIUIO.
biarogapss HEIPEPBIBHOMY IIPOLIECCY
MOJEPHU3ALHH, OHA OCTAETCA HA CErof-
HAIIHUAM J€Hb OJHOM U3 JTyYIIUX B CTPAHE.

C 2002 roga Kpyr KpUTHY€E€CKH BAKHBIX
IIPOU3BO/ICTBEHHBIX IIPOLIECCOB, OCYILECT-
BJISIEMBIX HA COOCTBEHHBIX MOIITHOCTSIX
JOJIOMAHT, nOCTOSIHHO PaCHIHPSIICA.
HxX ocBoeHHE ObLIO HENPOCThIM. Kark-
JIBII 3TAII COIIPOBOXKIAJICSA BBI3OBOM CYIIIE-
CTBYIOILIIEMY YPOBHIO TEXHOJIOTUH U Tpe-
60Ba/1 6ECKOMIIPOMUCCHOI'O PEHICHUS:
OBITb MAKCHUMAaJIbHO 3(P(EKTUBHBIMHU B
ob6ecIieueHny MOTPEOGHOCTEN Pa3padboT-
YHUKOB COBPEMEHHOM 3JIEKTPOHHOM TEX-
HUKH, COOTBETCTBOBATH *KECTKUM TpeE-
OOBAaHUAM 33aKA3YHUKOB K IKCILUTyaTaIlU-
OHHBIM X4PAKTEPHUCTUKAM IIPOIYKIIUH.
KoMitanus 6bLIa U IO CEH ICHbD SIBJISIETCSI

BEAYIIHUM OT€YCCTBCHHBIM CIICITUATTICTOM
MHPOBOI'O YPOBHSA ITO MOHTAXKY IIPAKTH-
YECKHU BCEX THUIIOB KOPITYCOB KOMIIOHCH-
TOB, BK/IIOYas KOMIIOHCHTBI CO CKPBITBIMH
BBIBOJAMH, H 11O HOBEUIIUM IIPUHIUIIAM
KOHTAKTHOI'O KOHCTPYKTHBA. Takoe 1nmo3u-
ITHUOHHUPOBAHUEC IIPUBEJIO K TOMY, YTO HA
MPEAIPUATHH €KETOJHO OTPAOATBIBAIOT-
cs1 coTHH OKP TEXHOJIOrHY€eCKOI'o COJep-
JKaHUA OT JECATKOB KPYITHBIX 3dKA349YUKOB
U3 BCEX OTPACIEH JIEKTPOHUKHU. CTaB-
IIHUE YCIICITHBIMHU IIPOCKTHBI IIEPEBOAATCA
Ha CeprIHOC H3IrOTOBJJICHHE IITATHBIM K
MaKCUMaJIBHO 0€3060/IE3HEHHBIM ITyTEM.

CucreMa KOHTPOJISL Ka4eCTBa IIPOLEC-
COB U1 BBIITYCKA€MBbIX I/IBHCJII/IfI IIOJIHOCTBIO
COOTBETCTBYET BBICOYANILIEMY YPOBHIO
OCHAIIEHHOCTH IIPOM3BOACTBA. Hepaspy-
I_[IaIOIIII/II71 KOHTPOJIb IPOBOAUTCA HA OCHOB-
HBIX 3TaIllaX IMPOU3BOACTBA C IIOMOIIBIO
CaMBIX II€EPETOBBIX TEXHOJIOTUH: MHOI'O-
CTYIIEHYATOI'O PEHTTEH-KOHTPOJISI MOHTAXK-
HBIX 1 COOPOYHBIX PA0OT, ABTOMaTU3UPO-
BAHHOM OIITHYECKOM UHCIIEKIIUH, OT/IE/1A
TEXHUYECKOI'O KOHTPOJIAA, OCHAIIEHHOIO

80-KpaTHBIMH OIITUYECKUMU IIPUOOPAMU.
T'OIHOCTD TOTOBBIX U3/IC/INH HHCIIEKTUPY-
ercs B oraene (PyHKIHMOHAIBHOIO TECTH-
POBaHUA IOC/IE KIMMATUYECKUX U MEXa-
HHUYECKUX BO3AECHUCTBUII B COOTBETCTBUH
C TEXHUYECKHUMH YCIIOBHAMU.

Kaxxaplil pa3 OCBOEHHE HOBOI'O BbICO-
KOTEXHOJIOTHYECKOT'O IIPOLIECCA HA IIPO-
usBojgcrse JOJIOMAHT 661 OTBETOM HA
HACYIIHYIO IIOTPEOHOCTD — O6ECIIeYeHUe
KOHTPOJIA U YIIPABAAEMOCTH KIIOYEBBIX
3BEHBEB B IICIIOYKE CO3JaHUS CIOXKHOK
JIEKTPOHHOM alIIaPaTypPhI.

Oco6bI€ U OYEHD XKECTKUE TPEOOBAHUA
K HaJEXHOCTH BBIITYCKA€MBIX M3/IEIUN
NIPEAbABUIM TAKHE K€ TPEOOBAHUA K COO-
CTBEHHOMY KaHaJIy 3aKyIIOK KOMILIEKTYIO-
IIMX, MATEPUAJIOB, IIEYaTHBIX IL1aT. [Tpu-
00OpETAIOTCS TOJIBKO OPUTHHAJIBHBIE KOM-
IIOHEHTBI C IIPOCJIEKUBAEMOM JIOTUCTUKOM
OT O(PULIUAIBHOI'O IIPOU3BOAUTELA UePE3
O(PUILIUAIBHBIX IUCTPUOBIOTOPOB JIO LIEXA.
IIpeanoyreHUE OTHAETCA TOJBKO TINA-
TEJIBHO OTOOPAHHBIM CPEIU COTEH JIPY-
T'HUX IPOU3BOAUTEIAM, KOTOPBIE (DaKTHYe-
CKHU 2TTECTOBAHBI HA IIPABO IIOCTABOK /I
komritanuu JJOJIOMAHT u e€ KJIMEeHTOB.

C TOY JK€ CAMOM 1IEJIbIO — JOCTHKEHU S
TApPAaHTUPYEMBIX KA4€CTBA U HAAEKHO-
CTH — OBUIM CO3JaHBbI I1eXa KaOeJIbHOI'O
IIPOU3BOJCTBA U MEXAHHUYECKOHU 00pa-
OOTKHU JieTaIeH U3 LIBETHBIX METAJLIOB.

CKAXM MHE, KTO TBOW APYr...
Cerogus komnanus JOJIOMAHT pas-
BUBAET KOOIIEPATUBHBIE CBSI3U U OTKPBI-
Ta I COTPYJHUYECTBA IPAKTUYECKHU 10
BCEM HAIIPABJIECHUSM JESITEIbHOCTH, CBSI-
3aHHOII C CO3JJAHUEM CJIOKHBIX JJIEKTPOH-
HBIX KOMIUIEKCOB OTBETCTBEHHOI'O IIPU-
meHeHus. [TIOTOK uier, OOMEH OIIBITOM,
KOOIIEPATHUBHBIE  IIPOU3BOJCTBEHHBIE
ENOYKU ITOJYUHAIOTCS TJIABHBIM KpPH-
TEPHUSIM U IIPABUIAM:
® cTpareruy mapTHEPOB, OOO0I0IHAS OT-
BETCTBEHHOCTD 32 KOHEUHBII PE3YJILTAT,
JIOJITOCPOYHOCTD IJITAHOB Pa3BUTHS, BBI-
COKast KBATH(DUKALIYS IEPCOHAIA U TEX-
HOJIOTHYECKASI OCHAIEHHOCTD JIOJIKHBI
OBITh CXO/THBIMH;
® CTOPOHBI UCHIOJB3YIOT CBOU KJIIOYEBBIE
KOMIIETEHITUY, 1aBasi IPYT JAPYyry BO3-
MOXKHOCTb IIPOSIBUTH CE0A C JIydlIeid
CTOPOHBI;
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® IIPOIIyCKHAsl CIIOCOOHOCTb U IUIAHBI

Pa3BUTHS HA IIPOU3BO/ICTBAX MAPTHE-

POB CHHXPOHU3UPOBAHBI.

HauboJiee akTyaIbHBIMU HAIIPABJICHU-
SIMM COTPYZHHYECTBA Ha YPOBHE KOOIIE-
pauuu komnanusa JOJIOMAHT cuuraer
CErOJHs;:
© HM3TrOTOBJIEHHE HECTAHAAPTHBIX MEXa-

HHUYECKUX KOPITYCHBIX M3/IE€/IUH U3 Pa3-

JIMYHBIX MATECPHUATIOB U PA3ZHBIMH METO-

OaMH, BKJIIOYAs METU3bI B HEOOBITYHOM

dakrType, U3rOTOBJICHHBIEC U3 HECTAH-

JTAPTHBIX MATEPUAIOB;
® OCYIIECTBICHUE KAYECTBEHHBIX XUMH-

YECKUX, DJIEKTPOXUMHYECCKUX MOKPBI-

THH KOPITYCHBIX JIE€TAJIEH;
® CIIenHaJIbHas q)OpMOBKa KOMIIOHEHTOB,

B TOM YHCJIE OTEUYECTBEHHOI'O IIPOU3-

BOJZICTBQ;
® IIMPOKHUI CIEKTP UCIIBITATEIbHBIX T€-

CTOB, BKJIIOUAsl MEXAHUYECKUE, JICK-

TPUYECKUE, JIEKTPOCTATUIECKUE BO3-

JECTBUA.

B nnepeunciieHHbIX chepax ueT MoCTo-
STHHBIN ITOUCK OTBETCTBEHHBIX U 3aUHTE-
PECOBAHHBIX B KOOIIEPALIUH IIPEIITPHUATHI.
Ectp Hagexna, yro JOJIOMAHT He npuaér-
Cs1 pa3BUBATh COOCTBEHHOE IIPOU3BOICTBO
BO BCEX HA3BAHHBIX HAIIPABJICHUAX. ITo
OCBOCHHIO HA/IEKHON KOONEPAITMOHHOMN
MOJIEJIM B3aUMO/ICHICTBUA, 4aCTh OIEpa-
LM WJIN LeJIbIE IIPOLIECCHI AEIETHPYIOTCS
BBIOPAHHBIM ITAPTHEPAM 110 IIPOU3BO/ICTBY.

3a 15 sieT paGoThI (B 3TOM roJly KOMIIa-
HHSI OTMEYaeT I00WIEH) yJaI0Ch IIPaK-
THYECKU IIOJTHOCTBIO PEAIU30BATD CTPA-
TEruIO0 TOTAJIBHOTO KOHTPOJIS 32 KPUTH-
YECKHUMH IIPOLECCAMU: CAMOCTOSTEIBHO
OCBOEHO NOpAAKa 9/10 OCHOBHBIX O1Iepa-
I ¥ OTHOBPEMEHHO YCTAHOBJIEHBI JIOJI-
TOCPOYHBIE OTHOIICHUS C MapTHEPAMU
110 KOOIIEpaIluU. TO BOBCE HE TOBOPHUT
O 3aBEPHIEHHOCTH IIPOLIECCA: OCTAIOTCA
IIPOGJIEMHBIE CTOPOHBL, CKa3bIBACTCS BIIU-
SIHUE OO'BEKTUBHON HECTAOUIBHOCTH 110
OTAC/JIbHBIM HAIIPABJICHUAM, U3MCHAIOTCA
TpCGOBaHI/I}I U 33712494, PABHO KAK U TCX-
HOJIOTHH. Pa3zBuTHEe COOGCTBEHHOTO IPE/I-

NPUATUA U CUCTEMBI KOOIICPAITHUHU BO MHO-
Ir'OM IIPOUCXOAUT IAPAJUIETBHO U HEIIpe-
PBIBHO, 3aMENIasd U JOIIOJIHSA APYT IPYTa.
B kauecrBe npuMepa pemeHus, BOILIO-
THBIIET'O B Ce6€ KAK COOCTBEHHBIE JIOCTIDKE-
Hust JOJIOMAHT, Tak ¥ pe3y/bTaThl COTPY/-
HMYECTBA C IAPTHEPAMHU, CJIEAYET IIPUBECTU
HOBBI IPOAYKT — 11aHimeT OHMKCOS, pas-
PpabOTaHHBIH JJI1 KOMOMHUPOBAHHOTO OOp-
TOBOI'O/HOCHMOI'O IIPUMEHEHMUS B KECTKUX
YCJIOBHSAX IKCIUTYaTalluU U PEKOMEH/IOBAH-
HOT'O /IS UCTIOIb30BAHMUSA B KAYECTBE MapIII-
PYTHOI'O KOMIIBIOTEPA MAIIHMHUCTA JIOKO-
MOTHUBA, IAHEU OIIEPATOPA MOOHUIBHOT'O
nedexrockona, THMOPMAITHOHHOI'O TEP-
MUHA/IA COTPYAHHUKA IIOTUIUU U T.JT.

OHMUKCO8: oTrceEknm BCE
NULWIHEE... U OBABUNU BCE
HEOBXOAUMOE

W3 CymecTBYIOIWEro psafga yHU(DUIU-
POBAaHHBIX M CHELHMAJIBHBIX YCTPOUCTB,
M3BECTHBIX HA PBIHKE, ObLIA OIPE/IEIEHA
U BBIOpAaHA HAUOOJIEE MOAXO/IAIIAS JIJIS
OTEUYECTBEHHBIX HOTpEOGUTENIEN 06a30-
Bast MOJIeJIb. E€ TOTIOTHIIIN, pACIIUPUIN
(YHKIIMOHAJI U, TAKUM 0OpPa30M, CO3/1a-
JIM HOBOE YCTPOMCTBO. I caMoe I71aBHOE —
crenyanuctel JOJIOMAHT orniepaTuBHO
MAaKETUPOBAJIM HOBUHKY, IIAPAJLIEIBHO
OTpabaTHIBASI TEXHOJIOTUH IPOU3BO/CTBA,
TECTUPOBAHMS U UCIIBITAHUI.

B ntore OHMKCO8 ycrienmrHo npomén
IIpI/IéMO‘{HbIC HCIIBITAHHSA B COOTBETCTBHU U
¢ TV, noaTBepKJaroume ero 6€30TKa3HyIo
pa6orty npu remrieparypax or —30°C, yaa-
pax 10 100g 1 yCTOMYHUBOCTD K IIbUIA U
BJIATE — TO, YTO U TPEOOBATIOCH 110 TEXHU-
YECKOMY 32JJaHUIO K IIPOEKTY HA «CTAPTE».

Ocob6as 3acayra JOJIOMAHT — nana-
JKEHHAsI CHCTEMA IIOCTABOK KOMILIEKTY-
IOIIUX JIUISI IIPOU3BO/ICTBA IUIAHIIETHBIX
komnbloTepoB  OHHMKCO8. ITOCKOIBKY
IPEIIIONIOKEHUE O BOCTPEOOBAHHOCTH
YCTPOHCTBA HA PBIHKE ITOSIBWIOCH YK€ HA
«cTapre» pa3padoTKH, ObLIA IIOCTABJIEHA
327ja4a O IIPUMEHEHUU CEPUITHBIX TEX-
HOJIOTUH IIPOU3BOACTBA. B wacTHOCTH,

B KOHCTpYyKunu OHHKCO8 ncnosb3yer-
Cs1JIUTOM KOPITYyC U3 MAaIrHUEBOI'O CILIABA,
YTO ITO3BOJIJIO JOCTUYb CTOMMOCTH U3J€-
JIMSI HA YPOBHE 3aPYOEKHBIX aHAJIOI'OB IIPU
HECOIIOCTABUMO OO/IbIIIEM OOBbEME BBIITY-
CKa. DTOT (PYHKIITMOHAJI — IOCTABKU KOPITYy-
ca — GbUIM IIEPEIaHbI HOBOMY IIAPTHEPY, C
KOTOPBIM KOMITAHUS INITAHUPYET HATAAUTD
JIOJITOE U YCIIEITHOE COTPYAHUYECTBO.

Emé oOaHOM OCOOEHHOCTBIO IIPOU3-
BO/ICTBA IUIAHIIIETA CTA/IAa IOTPEOHOCTD B
CBEPXYHCTOM ITOMEICHUH /I U3T'OTOBJIC-
HUS HECTAHAAPTHOI'O 9KpaHa. Panee Takue
IIPOU3BO/ICTBEHHBIE 371EMEHTHI B JIOJIO-
MAHT BOCTpe6OBaHbI HE ObLIN. DTy OIle-
PAaLUIO HE YIAJIOCh BBIICIUTD U3 OOIIETO
IIPOLeCCa, IePESATh IAPTHEPAM, IIOITOMY
Ha IIPOU3BOJCTBE OB CO3/IaH COOCTBEH-
HBIH CIIELUATU3UPOBAHHDIN YU4ACTOK.

B 4€M OCHOBHOE IIPEUMYILIECTBO ITOHU
pa3paborku? Peyb HAET O YACTHOM CIIy-
4yae B psAly MHOT'HX: CO3/JaHUH OJHOI'O U3
3JIEMEHTOB OTE€YECTBEHHOU JJOBEPUTEIb-
HOI 371eKTPOHUKH. TeXHUYeCKoe 3a1aHuE,
Pa3paboTKa, MAKETUPOBAHUE, UCIIBITAHUS,
IIOCTAHOBKA HA CEPUIHOE IIPOU3BOICTBO
OTEYECTBEHHON KOMIIAHUH C Y4aCTUEM
POCCHICKHX K€ ITAPTHEPOB.

OHHKCOS8, OT CXEMOTEXHUKU U UCXO/T-
HBIX KOJIOB CHUCTEMHOT'O IIPOTPAMMHO-
ro ob6ecrieueHus, pa3padboTaH pOCCHUI-
CKHMH HHXXEHEPAMH, UTO FaPAHTHPYET
OTCYTCTBHE ANNAPATHBIX U IIPOIPAMM-
HBIX 32KJI2JJ0K U HEZJOKYMEHTHPOBAHHBIX
dyHkiuit IToagepxka pOCCUHCKUX OIle-
panuoHHBIX cucTteM AstraLinux u KITJA
IIO3BOJIAIET Pa3pabOTUHKAM IIPOrPAMM-
HOTr'O 00€ecredYeHus1 ObBICTPO IEPEHECTH
CYLIECTBYIONIYE IIPOTrPAMMBI HA IVTAHIIET
U IIPUMEHUTD U3NC/THUEC HA IPAKTUKE. Poc-
CHICKO€E IIPOUCXOKIEHHUE U IIPOU3BO/I-
CTBO TAKXKE I'AaPAaHTUPYIOT CPOK JOCTYII-
HOCTU uzjenus He meHee 10 Jjer, 9yTo
OYE€HDb BAXKHO )11 OTBETCTBEHHBIX K1 MAC-
IITA0HBIX IIPOEKTOB C JUINTEIbHBIM IIEPU-
OJIOM 3KCIUTYyaTallM1 OOOPYAOBAHUS.

Ceroansa OHHMKCOS8 BBIITyCKA€TCA yiKe
Teicstyamu. s kommmanuu JJOJIOMAHT
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3TO YCHEUIHBINH, HO HE YHUKAJIbHBIN IIPO-
exT. CBOMMHU CUJIAMHU U B ITAPTHEPCTBE CO
CTPATErnYECKUMHU 3aKA34YUKAMH KOMIIA-
HUA CO3JAET JOBEPUTEILHYIO 3JIEKTPOHU-
Ky 1o coo6crBeHHbIM OKP U 1o TexHuye-
CKHM 33JJaHUAM 3aKa3YHKOB.

FAPMOHMSA C YHETOM PUCKOB

BanaHc Mexay HapamBaHUEM COO-
CTBEHHBIX KOMIIETEHIIUI U BCTPANUBAHU-
€M B H4JIEKHYIO KOOIIEPATHUBHYIO IIEIIOY-
Ky gocruraercs kommnanuert JOJTIOMAHT
OyTéM OIIEHKH PHCKOB: TEXHOJIOTHYE-
CKHMX, OPIaHHU3AIIMOHHBIX U (PHHAHCO-
BbIX. [TOCTAaHOBKA I10J] TOTAJIBHBIF KOH-
TPOJIb HOBBIX IIPOU3BO/ICTBEHHBIX Ollepa-
ITUH TPeOyeT 3HAYUTEIBHBIX (DUHAHCOBBIX,
BPEMEHHBIX M KaJ[POBBIX PECYPCOB, HO
324aCTYIO 3TO SIBJSIETCS €JUHCTBEHHO BO3-
MOXHBIM penieHueM. [Ipa 3ToM IIOHCK
HAJEKHBIX TAPTHEPOB U OTPAOOTKA B3a-
HUMOJEHICTBUA C HUMH BCEIA aAKTyaslb-
HBI — 3TO OTBETCTBEHHOE U PECYPCOEMKOE
HAIIPABJIEHHUE IESITEIBHOCTH IIPEATIPUSTHSL.

Koonepanys MOKET pa3BUBATHCS IIPO-
€KTHO U (DyHKIITUOHAIBHO.

K nepBomMy THIIy OTHOCHTCSI I'PAMOT-
HBIE B3AUMOOTHOIIEHUSI C KOHKPETHBIM
324KA3YHKOM, HMEIOIIHM COOCTBEHHBIC

CHJIbHBIE YYACTKH IIPOU3BOACTBA. B aTOM
clly4yae IIPOMCXOAUT pasfesIeHue Tpynaa
U OTBETCTBEHHOCTH, IIPU KOTOPOM KaXK-
Jas CTOPOHA 33J€HCTBYET CBOM JIy4IlHE
KOMIIETEHIIUU. B X0O1¢ COBMECTHBIX paboT
CO MHOI'MMH 3aKa3YHUKAMH CJIOKHIHCD
CHCTEMHBIE KOOIIEPATHUBHBIE CBA3H, PA3-
PBIBATh KOTOPBIE HEBBII'OJHO HU OJHOU
U3 CTOPOH. BepTHUKaIb TAKUX CBA3EU B
JKU3HEHHOM IIUKJIE TOTOBOI'O MU3J€/IHs B
OTJEJIbHBIX IIPOEKTAX PACTET C KAXKIBIM
PEaIN30BaAHHBIM IIPOEKTOM, 4 B YaCTHBIX
3aKa3aX JOCTUT'A€T MAKCUMYMa: OT Pa3pa-
GOTOK uepe3 U3rOTOBJICHUE O CEPBUCHON
IIOJJEPKKH B IIPOLIECCE IKCILTyaATALIUH.

Ho nopo6HOEe B3aUMOAECHUCTBUE BO3-
MOJKHO JIMIIb OT IIPOEKTA K IIPOEKTY, C
KOHKPETHBIMU 3aKa34yuKaMu. Ero HeBO3-
MO>KHO 9KCTPAIIOJIUPOBATH HA IIPOU3BOJ-
CTBEHHDIE IIPOLECCHI B LIEJIOM.

Bropor BapuaHT — pa3BUTHE IAPTHEDP-
CTBA HA YPOBHE IIPUBJICYEHUS TEXHOIIO-
TUif, BHE KOHKPETHBIX IIPOEKTOB. DTO
O4YE€Hb CJIOKHBIH IIPOLECC, TPEOYIONNH
HE TOJIBKO HAJINYMA TAKUX TEXHOJIOTUH
y apTHEPA, HO U OOIIUX CTPATETUI, IO/I-
XOZOB K YIIPABJIEHUIO IIPOU3BOACTBOM 1
KAa4€CTBOM, COBIIA/ICHUSA IPUHIIUIIOB B3a-
umMoAercTBUA. ONBIT COTPYAHUYECTBA 32

15 et HaKoIIeH OYeHb 60IbIION. CiTy4a-
JINCh U PeJKHEe HEeYJa4u B KOOIIEPALIUH,
KOTOPBIE€ OBUIH CBOEBPEMEHHO OTJIAXKE-
HBI, YTOOBI 32TE€EM CTATb JOJTOCPOYHBI-
MU yJaYHBIMU IIAPTHEPCTBAMU.

B crpykrype mnpoussoicrsa JOJIO-
MAHT uM€IOT MECTO U TOT, U IPYTOU ITyTh
nocrpoeHus 3pPEKTUBHON KOOIEPALUH.

HenpepoIBHBIM ITIOMCK KOMIIPOMHUC-
ca, 6aJIaHCa MEX/TY COOCTBEHHBIM KOH-
TPOJIEM HAJl KPUTUYECKUMHU OIl€pALIU-
MH U KOOII€CPATHUBHBIM B3aI/IMO,HCﬁCTBI/I-
€M — 3TO HE IIPOCTO PEAKLIUA KOMIIAHUH
Ha IIOCTYIIAIONHME BbI3OBBL. CUJIBHOM CTO-
POHOM HIpeanpusaTus yxke 15 jieT sBisi-
€TCsA BUBMOHEPCKUH B3IJIAL B Oyayliee,
IPEABU/ICHUE ITOSIBIISIIONIUXCS ITOTPEOD-
HOCTEH MU TEXHOJIOTHH, aHAJIU3 PbIHKA
BEJYyIIMX MHUPOBBIX IIPOU3BOJUTENECH U
IIPEBEHTUBHBIE PEIICHUSA, 0OECIIEYUBAIO-
IIM€ CAMBIE BBICOKHE CTAHAAPTHI IIPOU3-
BOJICTBA. B UTOTE B KAXKABINT BPDEMEHHOU
cpes cBoeit ucropun JOJIOMAHT pac-
nonaraer 3(pP@EKTUBHBIM HHCTPYMEH-
TOM IIPOU3BOACTBA JJIEKTPOHUKH BBIC-
eI KATETOPUU HAJLEKHOCTH JJIs1 OTBET-
CTBEHHBIX IIpUMeHeHUH. MIMEHHO Tak
CO3Ja€TCsI OTEYECTBEHHAS JIOBEPUTEIIb-
Hasl 3JIEKTPOHUKA. @

TDK-Lambda

PROSOFT®

O®ULIMAbHbBIA AUCTPUBLIOTOP
C 2002 rOfA

(495) 234-0636
INFO@PROSOFT.RU
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HoBoc™

Poccuriickas CAIMNP cmeHuna
amMepuKaHCKYIo Ha NpeanpuaTum
no Npon3eBoAcTBy NoABOAHOIO
opyXxusa

KoHuepH «Mopckoe nogsogHoe opyxue —
'maponpun6op» BHEAPSET B MPON3BOACTBO OTe-
YeCTBEHHYIO CUCTeMY aBTOMaTU3UPOBAHHOMO
npoekTnpoBaHusa nevatHolx nnat Delta Design,
CMEHMBLLIYIO amepuKaHcKyto cuctemy Mentor
Graphics.

) DeltaDesign

«OceHbto 2016 roga 6b110 NPUHATO peLLe-
HVe, 4TO Mbl 6yAeM BHeApsiTb 3TOT MPOJYKT
Ha Hawewm npeanpuatTun. B koHue 2016 roga
6b111 3aKNo4éH gorosop. MNpoekT eLwé He 3a-
BEPLUEH, OH HaXxoaMTCA B akTVMBHOW CTaguu,
HO ceinyac y>xe MOXHO MOoABecTU npeasapu-
TenbHble UTOMN — PYHKLMOHANbHBLIX BO3MOX-
HOCTEN CUCTEMbI OCTATOYHO [J1 PELLEeHUs Ha-
LUMX 3aja4 ¢ y4ETOM TOro, YTO Y HAC CIIOXHbIE
nagenus», — coobwmn Omutpun KacumaHos
Ha dopyme «benble Houn CAIP» B CaHKT-
MeTepbypre.

«Mbl pafibl TOMY, YTO Takoe aBTOPUTETHOE
npepnpuatne kak AO «KoHuepH «MIMO — M-
Aponpuéop» caenasno BbI6Op B NOMb3y HaLlen
cucTeMbl. TOT NpMMeEp NTIOMaeT YCTOSBLUMIACA
cTepeoTun, 4to paspabotka CAIP anekTpo-
HUKM — 3TO NpeporaTnea MHOCTPaHHbIX KOMMNa-
HWI», — no6asun EsreHnii KopHunbes, 3amau-
peKTopa Mo pasBUTUIO KOMMaHUN «OPEMEKC».

KoHuepH «Mopckoe nogsofHoe opyxue —
'vpponpu6op» (BXOAUT B kopriopaumio «Tak-
TUYECKOE PaKeTHOE OpyXue») — NPON3BOAN-
Tenb TOPNeAHOro, MMHHOTO, NMPOTUBOMMHHOIO

OpY>XWus, a TaKxXe CpeAcTB rmapoakyCTUHecKo-
ro NPOTUBOLENCTBUS.

Delta Design — oTe4ecTBeHHas cucrema asTo-
MaTV3MPOBAHHOIO NPOEKTUPOBAHMNSA 3NIEKTPOHM-
KW, KOTOpasi NO3BONSET 06ECMNEeYNTb CKBO3HOM

JTAG Technologies
npepcraBnsieT BAGEOOTHET
no pabote ¢ MMKpPOC60OpKOM
«OcBeOMNEHHOCTb»

CneumanvcTtbl POCCUNCKOro NpPefcTaBuTeb-
ctBa JTAG Technologies npoeenu Bepudka-
Lm0 paboTbl TEXHOSIOMMM NepuUepuinHoro cka-
HMpoBaHus, a Takxe naketa JTAG ProVision
Ha 0TNafo4HoM nnaTe ¢ MMKpocHopkow «Oc-
BEAOMJIEHHOCTb» OT KOMMNaHun «Mwunangp».
370 0Ka3anocb BO3MOXHbIM 6narogaps Tomy,
YTO cuUrHasbHbIV npoueccop 1967BL3, Bxoas-
LM B COCTAB MMKPOCOOPKM, NOAAepXuBaeT
ctaHgapt IEEE 1149.1

50OCCMMCKOro

LMKN NnpoekTupoBaHusa POY Ha 6a3e nevatHbIx
nnat. B coctas cuctembl BXOOAT CrneaytoLmne
MOZyNn: MeHeaxXep 6MOMOTeK U pepakTop
KOMIMOHEHTOB, CXEMOTEXHUHYECKNIA pepaKTop,
NnakeT CXeMOTEXHUYECKOro MoAenMpoBaHus,
pefakTop npasui NpoekTa, pefakTop neyar-
HbIX MnaT, TONOMIOrMHYECKNI TPACCUMPOBLLIMK Me-
YaTHbIX MNaT ¢ PyHKUMEN aBTOTPACCUPOBKM.
www.eremex.ru

KomMnnekcHble nocTaBku
JAJIEKTPOHHbIX KOMIMOHEHTOB

Komnanusa AO «HUL| «MIHTENSJTIEKTPOH»
N3HayanbHO HayvMHana CBOK AEATEeNbHOCTb
KaK BTOPOWM MOCTaBLLMK 3IEKTPOHHOW KOM-
noHeHTHOM 6a3bl (OKB) npevmyLLiecTBEHHO
WHOCTPaHHOro MPOU3BOACTBA ANA NPUMEHe-
HUS B BOOPY>KEHWM, BOEHHOW U creuuanbHon
TexHnke. O6beANHNB MHOTONIETHWI OMbIT pa-
60Thbl BEQYLUMX CreunanvicTos B 06nactv no-
CTaBOK 3/1EKTPOHHbIX KOMMOHEHTOB, KOMMNaHWs
cTpemuTenbHO Habvpana o6opoTsl, Npeana-
ras npeanpuaTUAM-NoTpebuTeNnsm nepepoBble
BbICOKOKQ4€CTBEHHbIE N3OeNNs Ny4LINX UHO-
CTPaHHbIX NPON3BOANTENEN.

Mo mepe yBenuyeHusi notpebuTenen, a BMe-
CTe C TeM U pacLUMpeHnss HOMEHKNAaTypbl No-
CTaBNSEMON NPOAYKLUMM, KOMNAHUA NOCTENEeH-
HO Havana 3akn4aTb NapTHEPCKMeE cornatle-
HMA ¢ poccuiickumm npoussoautensammn KB,
npegnaras nepcnekT1BHbIe anbTepHaTUBHbIE
POCCUNCKME NEKTPOHHbIE KOMMOHEHTbI.

B HacToawmin momeHT AO «HNLL «MHTES-
OJIEKTPOH» — KBanuduvuMpOBaHHbIA Mo-
cTaBWmK OKB 0TeYeCTBEHHOro 1 MHOCTPaH-
HOro NPOW3BOACTBA C LUMPOYanLLMM accop-
TumeHTOM OKB.

OcHoBHble npeunmyLLiecTBa pa6oTsl ¢ HALL
«NHTENINEKTPOH»:

Bbinn cospgaHbl 1 ycrnewHo 3anyLeHbl Te-
cTbl JTAG-MHbpacTPyKTypbl, MEXCOEANHe-

Ha npasax peknambi

DbIHK

@ B KBa/MMUKALMOHHOM NepeyvHe KoMnaHum

29 rpynn npogykumm 21-ro knacca EKIIC;
® VHXEHepHO-TexHM4Yeckas nopaepxka pas-

pa6oTunkoB POA oT nnaHmpoBaHusa o ce-

pWIMHOrO NPON3BOACTBA;
® 100% BXOOHOM KOHTPOSb MOCTaBfSEMbIX
n3genuii, nposefeHne cepTUuKaLmoH-

HbIX UCMbITAHWIA;
® rnocTtaeka Mo rocob6opoHsakaszam 275-O3

C BO3MOXHOCTbIO 6€CNPOLIEHTHOrO Kpeaun-

TOBaHWS;
® rnocrtaeka He0o6XoAMMOro KosimyecTsa npo-

OYKUUW B YCTAHOBIEHHbBIA CPOK C HAaUMEHb-

LUMMK 3aTpaTamu;
® BbIMNOSIHEHME rapaHTUMHbIX 06A3aTeNbCTB.

KomnaHus noctaesnset KB gns Takmx KoH-
uepHoB, kak AO «KoHuepH «Co3se3gue», AO
«KP3T», AO «KoHuepH BKO «Anmas-AHTen»,
KOHUepH «PTW», KoHuepH «MopuHdopmeu-
ctema-Arar» 1 MHOrue ap.

Ewé ogHo HanpaBneHue pa6oTsl AO «HULL
«MIHTEJTOJIEKTPOH» cBsidaHo C BNOXeHWeM
COB6CTBEHHbIX CPEACTB B pa3paboTKy 1 Npous-
BOACTBO MMMOPTO3aMELLAIOLLNX NIEKTPOHHbIX
KOMMOHEHTOB. B HacTosLLee Bpems NpucTynu-
1 K peanusauumy nporpammsbl o nponsson-
CTBY NePCNeKTUBHbIX KOaKCHasbHbIX LUMPOKO-
nonocHeIx nepekntoyatenen CBY-curHanos
ons npumeHenus B CBY-annaparype, pagvo-
JIOKaLMOHHbIX 6a30BbIX CTaHUMAX, U3Mepu-
TenlbHOM 060pyAOBaHNN, aBTOMATU3NPOBAH-
HbIX M3MEPUTESBbHbIX KOMMNIEKcax.

DeatenbHoctb AO «HUL «MHTEN3JIEK-
TPOH» HanpaBneHa Ha HenpepbiBHOE 06-
HOBJIEHME 1 pacLUMpeHne HOMEHKNAaTypb! Mo-
cTasfiseMou NPoAyKLMN 1 MOCTOSIHHOE COoBep-
LLIEHCTBOBAHWE Ka4eCcTBa OKasblBaeMbIX YCIyr.
[NpodheccnoHanbHbIM NOAX0A K Aefny BMecTe
C BbICOKMM YPOBHEM OTBETCTBEHHOCTM NO3BO-
NAT NofyyaTb CTabunbHbIN pesynbTar B pe-
LeHnM NobbIX 3adau.

www.intelelectron.ru
Ten.: (495) 545-4256

HWI, hNaLW-NamMsAT, CBETOAMOA0B N KHOMOK.
Takxe npoBepeHa 3anvcb 1 BepudmrKaums
naHHbIx B EEPROM. MNprmMeyaTtenbHo To, 4TO
TECTUPYIOTCS He TONbKO CBA3W Ha OTNagoY-
HOW nnarte, HO 1 BHYTPU CaMON MUKPOCHOPKHU.

Mo pesynbTatam paboTbl cAenaH BblBOf O
TOM, 4YTO YCTPOMCTBA, pa3paboTaHHbIe U CO-
6paHHble C UCNOSIb30BaHMEM MUKPOCOOPKM
«OCBegOMNEHHOCTb», MOTYT TECTUPOBATLCS
C NOMOLLIbIO CUCTEM NEPUPEPUAHOro CKaHK-
poBaHusi Ha 6a3e JTAG ProVision.

Buneo MoxHO rocMoTpeTb Ha caute
www.jtagtechnologies.ru B pasaene «O Hac/
Bupeo».
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BEAYLLMIA UHTETPATOP
KOHTPOJIbHO-U3MEPUTE/IbHOTO OBOPYOBAHSA
W TECTOBBIX CUCTEM

AHTEHHbIE NSMEPEHUA N UCIMNBbITAHUA
HA S/IEKTPOMATHATHYHO COBMECTUMOCTD

AHTOMC — peannsaumsa KOMMNIEKCHbIX peweHnn B obnactu:

e /I3mMepeHunii napamMeTpoB aHTEHH
e WcnbITaHW Ha 31eKTPOMarHUTHY0 COBMECTUMOCTb

° Pa3pa60TKa M NocCTaBKa 6633XOBbIX, 3KPaHMPOBaAHHbIX KaMep
N TeCTOBbIX KOMIMJIEKCOB

 T[locTaBka akyCTMyeckux kKamep 1 obopysoBaHMs
A5 UICMbITaHWIA Ha 3BYKOBOE BO3Z4eNCTBUe

« Co3gaHune akycTnyeckmx 6e33xoBbix Kamep «TULLNHbI»

° COI'IpOBO)K,D,EHIAe NPOeKTOB OT pa3pa60TK|/| TEeXHNYECKOro 3a-
AaHna A0 BBOJa B 3KCnyaTauunko 1 aTTectalunm

Peknama

OO0 «AHTOMC TPYMM» /  WWW.ANTEMCRU /  (495) 763-9004

ATECT

lMocTaska paanonorioLatoLLmnx MocTaBka KOHTPOSBbHO- Be3axoBble Kamepbl 1 CUCTEMbI MwupoBoil nnaep B NPOU3BOACTBE
MaTepuanos 1 NOKPbITUIA MCMbITATENLHOrO 060PYA0- ANS UCMbITAHWIA Haﬁ/CTOVIHIABOCTb aKyCTUYECKIX Kamep 1 KOMNIEKCOB
0Te4YeCTBEHHOr0 NPOU3BOACTBA BaHMs CUCTEMbI UCMbITAHWIA K n3nyyaembiv M A7 3BYKOBbIX UCMbITAHWA 060N

Ha AMC CNOXHOCTU
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HoBOCTM POCCMMCKOIrO pbiHKa

Cynepkomnbiotep C535 chopmata
VPX 3U Ha 6a3e GPGPU NVIDIA
Jetson TX1 System-on-Module
"pachuyeckume npoueccopbl GPU (Graphics
Processing Unit), copepxalyne coTHU Luei-
OepHbIX MPOLLECCOPOB C MiaBaroLLen TOHKON,
C YCNEXOM MCMONb3YHTCA ANs napasnesibHbIX
BbIYMCIIEHUIA Herpadmnyeckoro xapakTtepa (GP,
General Purpose), 1 B 60pTOBbIX BbICOKOMPO-
N3BOAUTESIbHBIX BbIYUCIUTENAX ABNSIOTCS allb-
TepHaTMBOWN 06paboTke AaHHbIX Ha FPGA.

Mopynb C535 cmpmsl Aitech (MU3paunnb) Bbl-
nosHex B popmate VPX 3U 1 nmeet nponsso-
OUTENbHOCTL 6onee ofHOro Tepadnonc npu
noTpe6a9eMoin MOLHOCTN Makcumym 17 BT
(60 rurachnonc Ha 1 BT).

Cynepkomnbtotep C535 nocTtpoeH Ha 6a3e
cuctembl-Ha-mogyne NVIDIA Jetson TX1, Ha
nnare Kotopow Haxoamtca GPGPU apxuTek-
Typbl NVIDIA Maxwell ¢ 256-agpamn CUDA
(Compute Unified Device Architecture) n ye-
ThIpEXbAAEpHbI 64-pa3psaHbii npoLeccop
ARM Cortex A57. Takum o6pasom, C535 3a-
MeHsieT coboin aBa MoAayns — LeHTpasbHbIN
npoLieccop 1 conpoLiecop A napanmesbHbiX
BbI4YMCNEHWNIA.

Mogynb C535 BbinyckaeTcs B BapuaHTax ¢
BO3AYLLHbIM U KOHOYKTVBHbBIM OXNaXXAEHNEM.
Inana3oH pa6oymx Temnepartyp —40...+85°C.

Ha 6a3e C535 BbinyckaeTca 60pToBas cu-
ctema Ha natb cnotoe VPX 3U, a Ha 6ase
cuctembl-Ha-mogyne NVIDIA Jetson TX1 —
mMasnorabapuTHbIN 60PTOBOV CynepKOMMbIOTEP
A176 Cyclone anst aBTOHOMHbIX 6ECMUMOTHBIX

annapatoB. [abapuTHble pa3mepbl KOMMbLO-
Tepa A176 coctasnsaoT 10 x 10 x 3 cm, Bec
MeHee 1 kr. [lnana3oH pabo4ymx Temneparyp
A176 ot —40 po +70°C, oxnaxpneHve Kopry-
ca 6e3BEHTUSIATOPHOE.

MporpammHoe o6ecneyeHne C535 n A176:
onepauuoHHas cuctema Linux for Tegra (L4T)
n 6nénmotekm CUDA, OpenGL n OpenGL ES.

www.avdsys.ru/rugged

MopaynbHbIN reHepaTop Ans
MCNbITAaHUA Ha KOHBYKTUBHYIO
YCTOWYUBOCTb

Komnanusi «/AHTOMC pynn» npepcraens-
et reHepaTop IMU3000 — 6 kB HUIM (HaHoCe-
KyHOHbIE MMMNYbCHbIE Momexn) 1 8 kB MUTT/
K3IM (MMKpocekyHAHbIE MMMNYNbCHbIE MOMe-
XW/OQMHOYHbIE KOonebaTenbHble 3aTyxatoLme
romexw).

["eHepaTop MOXeT UCNONb30BaTLCA ANs UC-
nbITaHU 060PYAOBaHNA Ha crefyloLme Bu-
[bl MOMEeX: YCTOM4YMBOCTb K 3neKTpocTaTu-
YecKnM paspsigaM, UMMyNbCHbIM Momexam,
nposanam/npepbIBaHNAM HanpsXXeHus nepe-
MEHHOI0 U MOCTOSIHHOIO TOKA, MarHUTHbLIM MOo-
NSIM NPOMBILUMEHHOM YacTOTbl M UMMYJIbCHbIM
MarHWTHbIM NOMAM, OAMHOYHLIM KonebaTernb-
HbIM 3aTyxatoLLMM nomexam, a Takxe nome-
xam yactoTomn 0...150 kI'y.

["enepatop IMU3000 cooTBeTCTBYET TpeboBa-
HWAM K UCnblTaTensHOMy 060pyA0BaHNIO Cre-
aytomx ctaHgaptos: MOK 61000-4-2 (16 kB),
MOK 61000-4-4 peg. 3 (6,1 kB), MOK 61000-4-5
pen. 3 gna 1/50 mkc 1 10/700 mkc (8,1 kB);
M3K 61000-4-12 (8,1 kB); MOK 61000-4-16,
61000-4-11 (-34), M3K 61000-4-8, MOK
61000-4-9, MOK 61000-4-19.

«Ceppuem» reHepatopa IMU3000 sensetcs
onepauuoHHas cuctema EMC PARTNER (EPOS).

B KayecTBe Monb30BaTENbCKOrO MHTEP-
derica UCnonb3yeTcs COBPEMEHHbIN 7-A10N-
MOBbIN LIBETHON OUCMEN C CEHCOPHOW naHe-
NblO, KOTOpPbI ob6ecneyrBaeT BBOA napame-
TPOB M MPOrpaMMUpPOBaHNEe WCMbITaTeNbHON
cuctemsl. MNpu 3TOM Ha NpMo6peTeHne HaBbl-
KOB paboTbl C reHepaTopoM TpebyeTcs MUHK-
ManbHoe BpeMmsi.

MHorogyHKLMOHaNnbLHoe YyCTPONCTBO CBA3W/
pa3Bs3ku (CDN) o6ecneymBaeTt nogady nomex
B JIMHWUU 3NIEKTPONUTAHNSA UCTIbITYEMbIX TEXHU-
YeCKuX CpefcTB, 4YTO UCKIIIOYaEeT NoTepu Bpe-
MEHW Ha NepeKIioHYeHnsa 1 3aTpaTbl Ha AoNos-
HUTENbHbIE BHelHne CDN.

BrewwHne CDN gnsa TpéxdasHbIX CUCTEM U
JIVHUI nepefaYun OaHHbIX ynpaBnsioTcs v-
60 BpY4HYI0, MO0 aBTOMATUYECKN Yepes MH-
Tepcdeinic RS-485, B 3aBUCUMOCTM OT MOAU-
dmkaumm yctponcTaa. Npv NogKntoyeHnn aB-
TomaTtnyeckoro CD, OH NOABNSETCA B MEHIO
IMU3000.

[na auctaHumoHHoro ynpasnexus ¢ MNK He-
06X0AnMO ycTaHoBuTb nporpammy TEMA3000.

TEMA3000 — coBpemeHHoe 10O, paboTa-
foLLiee nopf ynpasreHneM ornepaLyoHHON cu-
ctembl Windows. TEMA3000 o6ecne4nsaet:
e ynpasneHue reHepatopom c lMK;
® obbefMHEeHNe WCMbITaHUMA B Mnocnefosa-

TeNbHOCTY;
® 6VBNNOTEKY NpeayCcTaHOBIEHHbIX UCTbITa-

HWI NO cTaHgapTaMm;
® CBA3b C ocuunnorpagamu;
® MPOTOKONMPOBaHKNE Pe3ysbTaTOB UCTIbITAHU.

Mpu nogkniodeHun ¢ nomolbto Ethernet
nporpamma TEMA3000 B TOYHOCTM MOBTO-
psetr EPOS B IMU3000. Bce napametpsbl
BBOAATCS TOYHO TakK Xe, Kak U Ha naHenu
IMU3000. Jlto6on reHepaTop, Mogko4ae-
MbIt K TEMA3000, 0fHOBpEeMEeHHO nporpam-
mupyeTtcs no Ethernet. I Hao6opoT, napame-
Tpbl, BBOAUMbIE Ha IMU3000, o6HoBRAIOTCA
B TEMAS3000.

www.antemc.ru
Ten.: (495) 233-1250

HoBas nuHeiika CBY-ycunutenen
AO «MUKpPOBOJIHOBbIE CUCTEMbI»
Mpeanpusatnem AO «MWKPOBONHOBbLIE CU-
cTembl» (MockBa) paspaboTaHa, BHeApeHa B
npoun3BoACcTBO U, Ha4nHasa ¢ 2016 roga, no-

HaumeHoBanue AF, Ty K, ab
YM15056 8-18 42
YM15206 4-12 50
YM15356 2-4 55

CTaBfsieTcsl HoBas NIMHEKa MOLLHbIX TBEPAO-
TenbHbIX LWKpokononocHsix CBY-ycunutenen
06LLENPOMbILLIEHHOrO HA3HAYEHUS YaCTOTHO-
ro guanasoHa 2—18 I'u.

[MapameTpbl ycunutenen npuesegeHsl B Tab-
nue.

Py BT t°C KCBH,, 5, Knp, %

5-6 —40...475 20/25 13-18
15-20 —40...475 20/25 20-32
30-40 —40...475 2,0/2,0 30-40

MakeTbl ycunutenein 6yaoyT OEMOHCTpU-
poBaTbca ¢ 18 no 23 wmonA Ha BbICTaBKe
«MAKC-2017» (XKykoBckuiA, naBusiboH D9,
cteHp Ne 24).

www.mwsystems.ru
Ten.: (495) 917-2103
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HoBoc™

HoBuHkn ot HARTING
Ha HANNOVER MESSE 2017

B koHue anpensi B MaHHOBepe (Fepmanus)
npoLuna ofHa M3 camblX W3BECTHbIX MeX-
[YHapOAHbIX MPOMbILUMEHHbIX BbICTABOK —
HANNOVER MESSE 2017. B atom rogy sip-
MapkKe ucrnosiHunock posHo 70 net. Bcé ato
Bpemsi komnaHus HARTING Technology Group
y4yacTBoBasa BO BCEX BbICTABOYHbIX MEpPONpu-
ATWSX, TEM CambIM 3aKpPENMB 3a CO60M UMUIX
camoro HagéxHoro napTHépa.

Ha npoTsxeHun BcCero 3TOro BpeMeHU
HANNOVER MESSE 6b110 cambiM BaXHbIM
TOproebIM cobbiThem B kaneHpaape HARTING.
B atom rogy cmpma npegcrasuna OCHOBHOM
CTeHA, 3aH1MatoLLMil 0koslo 1500 M2, 1 BbICTy-
nuna B Ka4eCcTBe COy4aCTHMKA Ha HECKOJIbKMX
COBMECTHbIX CTeHpax.

«Ona HARTING npucytctBne Ha HAN-
NOVER MESSE sBnsieTca ofHMM 13 cambixX
BaXKHbIX MaPKETUHIOBbIX MHCTPYMEHTOB, NMO3-
TOMY Mbl HE HAleeMCA Ha Cryyal U nnaHvpyem
y4yacTve 0o Menbyarumx getanen. Mol ncnosb-
3yeM 3Ty BO3MOXHOCTb, YTOObI AEMOHCTPUPO-
BaTb HalUWM NocnegHe TEXHWYecKue paspa-
6OTKM M BOOXHOBMATb HALUMX NapTHEPOB MO
6U13Hecy», — FOBOPUT reHepasibHbIN AUPEKTOP
HARTING Technology Group ®ununn XapTuHr.

®upma HARTING no Tpaguumm npepcrasu-
na B FaHHOBEPE MHOXECTBO HOBbIX MPOAYKTOB.
Cpeom Hux — Han® Pneumatic Module Metal —
HOBbIV METaNNIMYECKUA MHEBMATUHECKUIN MO-
Aynb Ans nepefaqn cxartoro Bo3fyxa, oteeva-
IOLLMIA NOBbILLEHHbIM TPE60BaHNAM MPU NOCTPO-
€HUW TMOKMX NPOM3BOACTBEHHbBIX MPOLIECCOB.
B coeguHuTene npumMeHsOTCA NpoYHbIe Aon-
roBeYHble KOHTaKTbl, N3rOTOBMIEHHbIE U3 Me-
Tanna n paccyutaHHble Ha 60sbLLOe Konn4e-
CTBO LMKIOB nogkstodeHns — o 10 000 pas.

HoBbIi coegunHuTenb Mo3BONSET pabo-
TaTb C BbICOKMM MOCTOSHHbLIM AABNEHNEM [0
10 6ap (BMeCTO NpexHero BEPXHero npefena B
8 6ap — anis Han® Pneumatic mogyns ¢ nnacr-
MacCcoBbIMV KOHTakTamu). [nsa MuHuMmn3aumm
noTepu AaBneHns B MHEBMATUHECKNX KOHTaK-
Tax komnaHuss HARTING ucnonb3oBana mo-
JenvpoBaHue NoToka Bo3ayxa.

[na HOBbIX FHE3[0BbLIX KOHTAKTOB C BHY-
TPEHHUMW KnanaHamu noTeps AaBfneHns BABOE
MeHbLLIE, YEM Y NNACTUKOBBIX MHEBMATUHECKUX
MHTepdercoB. I1a paspaboTka OTKPbIBAET HO-
Bbl€ BO3MOXHOCTU KOMOVMHUPOBAaHUSA NS NHEB-
MaTUKM B MOAYJbHbIX pasbémMax C BbICOKUM
yucnom counerHerun (HMC). OnekTpudeckue
KOHTaKTbl AN nepefayy curHana u MoLLHOCTH
Tenepb MOXHO KOMOUHUPOBATbL C ONTUYHECKU-
MU 1 MHEBMATUYECKUMM KOHTAKTaMmn B pasb-
émax HMC, adphpeKTBHO NCMOMb3ys MOHTaX-
HO€e MPOCTPAHCTBO.

50OCCMMCKOro

Cpeawv npefcTaBneHHbIX HOBUHOK XO4eTCs
oTMeTuTb pasbémbl cepumn DIN 41612 3Q/3R.
KoMnakTHbIN HOBbIN KOPyC COCTaBAAET NULLIb
TpeTb OT pa3Mepa cTaHgapTHoro pasbéma DIN,
4YTO NO3BONIAET UCMOSIb30BaTL €ro B HE6Osb-
LLIMX YCTPOMCTBAX M SKOHOMUTb NPOCTPAHCTBO
npu yctaHoke. Pazbémbl 3Q/3R cneumansHo
paspaboTaHbl AN COeAnHEHNs ABYX NevaTHbIX
nnaTt, pacrnofioXeHHbIX NepneHAnKYNSpHO 1nn
napansiesisHo, ¥ NOCTaBMSAOTCS C KPENEXHbIM
3aXUMOM mnu 6e3 Hero. Pasbémbl nopkntoya-
t0TCA K Mnate npy NOMOLLY TEXHOMOrMN «Nan-
ka B oTBepcTusa» (THR). Yucno KoHTakToB B
pasbéme coctasnseT 20 unmn 30 LWTYK C Lwa-
rom pacnofioxeHus 2,54 mm. 310 HoBOE pe-
LLIEHMe ABNAETCH He TONbKO MUHWATIOPHbLIM, HO
1 JOCTATO4HO MOLLHBIM, T.K. MO3BOSAET NPO-
nyckaTb TOK 80 2 A Ha KOHTaKT.

Pa3bémbl 3Q/3R BbINOMHEHbI U3 BbICOKO-
TemrnepaTypHOro naacTuka u oTAMYHO Noaxo-
OST ANA MOHTaXa MeTofoM Nawku onnasneHu-
em. Cepum DIN 41612 3Q/3R Takue xe npou-
Hble U HafiéXHble, KaK 1 UX NosiHoraéapuTHble
«NpeALecTBEHHNKM», U 3TO OCO6EHHO BaXHO
AN MHOMMX 3aKa34uKoB, UCMOSb3YIOLLNX Ce-
pwio DIN 41612.

Han-Modular® Docking Frame Metal — aTo
HOBOE HafAéXHoe peLleHne Ans MoakoYe-
HUSA CUCTEM, KOTOpble A0MKHbI ObITb conps-
XEeHbl «BCNemny» UM coeanHeHbl aBToMa-
TUYECKW, Hanpumep, B BbIABVKHbIX ALLMKAX
pacnpepenuTenbHbiX LIKadoB. CTbIKOBOY-
Has pama paboTaeT 6e3 Kakux-nM6o Aonos-
HUTENbHBIX LUAPHUPHBIX 3IEMEHTOB, a Coe-
OVHUTENbHble Mogynu Han-Modular® moryT
6bITb YCTaHOBMEHbI HEMOCPEACTBEHHO Ha HEEé,
4YTO 3KOHOMUT BpPEeMsi MOHTaxa U cokpatla-
eT matepuarnbHble 3aTpaTbl. B accopTnmen-
Te moaynbHbix pasbémoB HARTING 6onee
100 pas3nuyHbIX TUMOB, YTO NPeaoCcTaBnseT
npakTU4eckn 6€CKOHEYHYIO TMOKOCTb U KOM-
6UHATOPHOCTb MOAKMIOYEHUN.

Ha npasax peknambi

DbIHK

OpHa “3 pam nMeeT ABa ANMHHbIX Beay-
LLMX HanpasnaoLwmx WtugTa, 6narogaps ve-
My NMPOUCXOAUT MiaBHas U TOYHAsA COCTbIKOBKa
B Nasbl paMbl OTBETHOrO padbéma. [1ockonbKy
NS 3a3eMJIeHUs HacTo UCMONb3yeTcs OTAeSb-
HbI MOAYS1b, CTLIKOBOYHbIV Kapkac He uMeeT
yCTaHOBMEHHOro Ha HéM PE-koHTakTa, a 3a-
3eMIIeHne MOXeT 6bITb 06ABNEHO B Criy4ae
HEO6X0AUMOCTH YCTaHOBKOM Mogysst Han®PE.

Han-Modular® Docking Frame Metal MoxHO
NOAKIIo4aTb BPYYHYIO WM aBTOMAaTU4ECKW.
[MpoyHas n ctabunbHas K MexaHU4eCcK1um BO3-
[e’CTBUSIM KOHCTPYKLMS 06ecnevnsaeT gocra-
TOYHYI0 6€30MacHOCTb NS MIOObIX MPUMEHEHNI.

He mMeHee BaxHOe [OCTMXEHWE, KOTOpoe
6bIN0 MPefcTaBfieHO Ha BbICTABKE U CTOUT
OTMETUTb, — NMPOMBILLIEHHbIA MUKPOKOMIbIO-
Tep MICA, nobegutens koHkypca HERMES
AWARD B 2016 rogy.

B naHHbIi MomeHT HARTING peanusyer ye-
Tbipe 6M3HeC-MOfenu:

1. BHyTpeHHsAsa pa3paboTka (co3haHne HoBbIX
dbyHKLMIA, OCBanBaHmne HOBbIX 3aad);

2. CoTpyAHNYeCTBO C NapTHEPaMu Nno pasBu-
TUIO U BHEAPEHUIO NPOAYKTA, Hanpuvep, ¢
Digital Technology Poland (DTP);

3. CoTpyaHNYeCcTBO C NapTHEpamu B 06nacTtu
06paboTkM 06M1a4HbIX AaHHbIX, HanpUMep,
c IBM Watson;

4. Co3paHvie nokanbHOW CeTW, B KOTOPOW
napTHEPbI MOryT OO6MEHMBaTLCA MHEHUs-
MU O CBOMUX MPUNOXEHUAX U OnbITe pabo-
Tbl ¢ MICA.

Kak rosoput ®ununn XapTuHr: «[ocTosHHO
HaxoauTbCS B KOHTAKTE — TaKxe Halla 6usHec-
Mogesb», MO3TOMY 3a NoApPO6HOM MHopMa-
Lmen 0 NPpoAyKLUMN HEMELIKOro NPpoV3BOANTENS
obpatanTecs K cneyuannctam ouymansHo-
ro guctpuébstotopa HARTING B Poccum — kom-
nanuo MPOYUI.

www.prochip.ru
Ten.: (495) 232-2522
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HoBOCTM POCCMMCKOIrO pbiHKa

Auncnnen 3 ATI

and aBualuoHHOro
PaAno3IEKTPOHHOIo
ob6opynoBaHus

Oucnnen cepun 3 ATI, npegnaraembie
komMmnaHuen Industrial Electronic Engineers,
Inc. (IEE), c kBappaTHbIM 3KpaHOM (COOTHO-
LeHne pas3mepoB akpaHa 2,41" x 2,41") Ha
OCHOBE CBETOAMOLHOWN MOACBETKU SABNSAIOT-
¢ npeanbHOM 3aMeHOW TpaaMLMOHHBIM AWC-
nnesM Ha 3NeKTPOHHO-Ny4YeBbIX Tpyokax. OHu
No3BONAT CMArYMTb NPOLIECC yCTapeBaHus
3TUX OMCMNEEB U BKIOYUTb HOBbIE TEXHOIO-
T B aBMaLMOHHble NnaTtdopMbl, o6ecneym-
Basi MHOXECTBO YNyHLLEHWU B TEHYEHNE XUN3-
HEHHOro LumMKna.

OTNNUYUTENBHON OCOBEHHOCTLIO AMCNeeB
ABNSETCA NPUMEHEHNE TEXHONOMUN «cucTemMa-
Ha-mopyne» (System on Module) ¢ mukponpo-
LieccopoM, Lo poBbIM CUrHaNbHbIM MPOLIECCO-
pPOM U rpadimHecKnM yckoputenem, Kotopble
COBMECTHO NpeasnaratoT BbICOKUIA YPOBEHb Bbl-
YUCNMTENBHOW NPON3BOANTENBHOCTY 1 YCOBEP-
LLIEHCTBOBaHHbIE napameTpbl 06paboTkn Bu-

0e0on306paxKeHuns.
[ocTyneH o6LWMVPHbIN  Habop obopy-
0OBaHWs  ynpaBfieHWs BBOAOM/BbIBOLOM,

Bkntovass Ethernet, S-Bupgeo, RS-232/422,
MIL-STD-1553, ARINC429 n ARINC818.
flpkocTb gucnnes ynpaBnsieTcs noBOpPOT-
HbIM LLUNPPATOPOM, PACMOSIOXKEHHBIM Ha ne-
pepHer naHenu, nNof KOHTPOIEM BCTPOEHHO-
ro NPOrpamMMmHOro o6ecneveHus.
OCHOBHble XapaKTepuUCTUKU Aucnnees
3 ATI:
® aKTMBHas nnowagb sKkpaHa: 2,41" x 2,41",
pasmep guaroHanu 3,4";
® 24-paspsifiHoe NpeacTaBneHne UBeTa;
e paspeLueHne 300 x 300 nukcenewn, BepTu-
KanbHasi komnoHoeka RGB;
@ cuctemMa NoacBeTKN Ha CBETOAMOQHOM Ma-
Tpuyue;
® perynupyemasi ApkoCTb CBEHEHWSA dKpaHa,
PeXuM padoTbl «AeHb/HOYb»;
® yron o63opa n3obpaxeHus: +65 no ropu-
3oHTanu; —10/30 no BepTuKanu;
® npoueccop: cuctema Ha mopyne DM370,
BK/tOHatoLLas:
- ARM Cortex®-A8, uactota 800 Mru,
256/512 nnn 512/512 M6aint DRAM/Flash;
- anpo DSP TMS320C64x™ yacToTa Lun-
Hbl 800 MI'L;
— rpadudeckui
SGX™.
3anpoeKkTnupoBaHa yNpoYHEHHAsA KOHCTPYK-
s Anst NpUMeHeHNs B 06UTaeMbIX OTCeKax
BOEHHbIX nctpebutenen. Cootsetctaume NVIS:
Type | n Type Il, Class B 04ku HOHYHOrO BUW-
nenusa (NVG, Night Vision Goggles) cornacHo
MIL-STD-3009 fnst MHOMOLIBETHOIO AMCHNEs.

yckoputens POWER

Mo oTaenbHOMY 3aKady MocTaBnsalTCA BUOEO-

WHTEpPdEencbl 1 MHTEerpupoBaHHble anbLu-
naHenu ¢ nepeksoyaTensmu.

www.prosoft.ru

Ten.: (495) 234-0636

Cambii 605bLLIOW B MUpE
NoJyIoCKOBbIN aucnnen Spanpixel
5745-1 ot Litemax

Komnanus Litemax (TaviBaHb), NnoHep Ha
PbIHKE MOMIOCKOBbLIX AMCMMEEB, BbIMycTMNA
HOBbIN gucnnen ¢ guaroHansto 57,4” (cop-
mart 16:3.4) — camblIii 60SbLLON B MMPE MOSI0-
CKOBbIN aucnnen Spanpixel 5745-1. Bnaropa-
ps 3TOM paspaboTke komnaHus Litemax crta-
na eLué cunbHee Ha pbiHKe MHPOPMAaLIMOHHbIX
aucnnees.

[ucnnen npegHasHa4veH ansa paéoTbl B UH-
dhopMaLMOoHHbIX Tabno, peknamHbIX BUTPMHAX
1 Ana oTobpaxeHns pacnmcaHns o6LLEecTBEeH-
HOro TpaHcnopTa.

BaxkHas ocobeHHOCTb BCex aucrnees Lite-
max, u 5745-1 He cTan UCKNOYEHNeM, — Bbl-
cokas fipKoCTb, 6narofapsi KOTOpou KapTuH-
Ka Ha gucnnesx 4vTaeTcs Aaxe npu Apkom
cBeTe (APKO OCBELLEHHbIE TEPMUHANbI, Liexa,
MaraavHbl, APKWI CONHEYHbIV CBET Ha ynuLe).

MonockoBbIi XKK-gucnnen (Takxe «Lmnpo-
KothopMaTHbIV gucnnen», «bar-type naHens»,
«pe3aHHbI aUCnaen» n gaxe «y3kKnWi MOHU-
TOp») — 3TO AUCMIEN Ha XMAKMX KpucTannax,
Yy KOTOPOro C NMOMOLLIbIO BbICOKOTOYHOMO 060-
pynoBaHua oTpesanu 4acTb akTUBHOW obna-
CTW, YTOObI MOSYHUTL CBEPX LLUMPOKYIO pabo-
Yyt obrnacTtb. Y Litemax cepus NonockoBbIX
MOHWTOPOB Ha3biBaeTca Spanpixel.

KpaTkune xapaktepucTuku gucnnesn 5745-1:
® paamep no guaroHanun 57,4";

@ paspeLueHue 3840 x 807;

® ApkocTb 1000 Ka/M%;
e dopmar 16:3,4;
e nofceeTka aucnnes LED.
www.prochip.ru
Ten.: (495) 232-2522

HoBbii LED-gpatisep Ha 6a3e
MPM610 ¢ nHTerpmpoBaHHOM
WHAYKTUBHOCTbLIO

Komnanus Monolithic Power Systems (MPS)
npegcTasuia HOBbI CBETOQNOAHLIN ApanBep
Ha 6a3e uHTerpasnbHom Mmkpocxemsl MPM610
C MHTErpMpoBaHHON UHAYKTUBHOCTbLIO.

MPM®610 npegctaBnsieT co60i MOy b CUH-
XPOHHOIO, MOHMXAaloLLEero npeobpasosarens
CO BCTPOEHHbIM cuoBbiM MOT-Kno4oMm, UH-
OYKTUBHOCTBIO M IBYMSI KOHAEHcaTtopamu.
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Takum o6pazom, MPM3630 aBnaeTcsa KoM-
NakTHbIM PELLEHVEM L1 MUTAHUS MOLLHbIX
CBETOAVOMO0B C BXOAHbIM HanpshkeHuem ot 4
00 36 B 1 MakcrMManbHbIM TOKOM B Lienn cBe-
Toanopos fo 1,5 A.

[pansep noanepxvsaeT perynnmpoBKy sp-
KocTM cBeTognopos nocpeactsom  LLUVM-
OMMMUpoBaHus.  OTNNYUTENBHOW OCOGEH-
HOCTbIO MUKPOCXEMbl SIBNSIETCS HEOOMbLLOE
KONMMYECTBO BHELLIHNX KOMMOHEHTOB: iBa KOH-
[eHcaTtopa no nNMTaHuIo 1 ABa pe3unctopa ans
3aaHunsi HY>XHOrO BbIXOAHOMO TOKa.

MwuKpocxema UMeeT 3aLUmTy OT KOPOTKOro
3aMblkaHus, neperpesa v 06pbiBa B Lienu cee-
Toauonos. VIC ceptucmumpoBaHa no craHaap-
Ty AEC-Q100 v npegHasHa4eHa ons nutaHus
MOLLIHbIX CBETOAMOAO0B B aBTOMOGMIIe.

www.prochip.ru
Ten.: (495) 232-2522

PapgvaumoHHo-ycTOM4YMBbIE
3-KaHanbHble
DC/DC-npeo6pa3oBaTtenu
ONS HU3KoopouTanbHbix KA

MonpasneneHne komnanwuu Infineon Tech-
nologies AG — International Rectifier HiRel
Products — npencrasnset 40-saTTHble pagua-
LIMOHHO-YCTON4MBbIE TpéxKaHanbHble DC/DC-
npeobpasosatenu cepun M3H, npegHasHaveH-
Hble AN NPUMEHEHNS B YCIIOBUAX YMEPEHHbIX
BO3AENCTBUIN NONEN NOHN3UPYIOLLMX N3NyYe-
HWI KOCMMYECKOro NPOCTPaHCTBA, C KOTOPbI-
MW CTankuMBaloTCs HU3KOOpOUTasbHbIE CMyT-
HVKW 1 KOCMUYECKMe Kopabnu.

[na npyMeHeHun B ycnosusax 6osee XEcT-
KX BO3AENCTBUIN MOSEN MOHUIUPYIOLLIMX N3-
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Ny4EeHUA KOCMMYECKOro MPOCTPaHCTBa PeKo-
MEHyeTCH NPUMEHATb PaanaLMOHHO-CTONKME
DC/DC-npeo6pasosatenu cepum M3N. [NoBbI-
LLeHWe paamaLMoHHOM CTOMKOCTH CUCTEMbI IO
60nee BbICOKVX NokasaTesier MOXeT 6bITb Npo-
CTO 06ecrneyeHo NpuMeHeHneM npeobpasosa-
Tenen cepun M3N, Tak Kak OHVM UMEIOT Takmne
Xe rabapuTHble pa3amepbl Koprnyca 1 CoBme-
CTUMbI MO PACMONOXEHWIO BbIBOAOB C MOAY-
namu cepumn M3H.

[Ina cucTem ¢ MeHbLUMMU rabapuTHbIMK pas-
MepamMu 1 NoTpebnsiemMor MOLLIHOCTLIO PEKo-
MeHAyeTCs MPUMEHSTL paanaLMOHHO-CTOVKME
DC/DC-npeo6pasoBaTenu cepum LA.

OCHOBHbIMU CBOMCTBaMKM NpeobpasoBare-
new cepum M3H sBnsoTCa: BbIXOAHAA MOLL-
HocTb Ao 40 BT, He6onbLume rabapuTHble pas-
Mepbl N BEC, BbICOKAsA CTOMKOCTb K [JO30BbIM
adhdhekTam 1 OAUHOYHBIM COOLITUAM paguaLm-
OHHbIX 3(OHEKTOB, @ TaKXe TaKUM BO3ENCTBY-
IOLLIMM (hakTopam BHELLHEN cpefpl, Kak npe-
JesibHble TeMnepaTtypbl, MeEXaHu4eckue yaa-
pbl 1 BUGpaumm.

[MpeobpaszoBatenun cepumn M3H paspabo-
TaHbl C UCMOMNb30BAHMEM MPOBEPEHHOWN Me-
TOAVKM MPOEKTUPOBaHNS, OCHOBaHHOM Ha 60-
raToMm OrbITe MPOEKTUPOBaHNA 060PYAOBaHUSA
[NS KOCMUYECKMX MpUMeEHeHW. MpoekTnpo-
BaHuWe npegycMaTpuBaeT BbI6OP KOMMOHEHTOB
C NOATBEPXAEHHOM HAAEXHOCTLIO U U3BECT-
HbIMW NapameTpamun pagnaLnmoHHON CTOMKO-
CTU, a Takxe TpeboBaHUAMWN K OTKITOHEHWIO
OT HOMUHanNbHbIX NapameTpos MIL-STD-975 u
MIL-STD-1547. O6ecne4eHne 3Ha4nMTeNbHOro
3anaca no JonycTMMoMy HanpsXeHuto 3aTBo-
pa u cTtoka cunoBoro TpaHauctopa MOSFET
MUHUMU3NPYET BO3HUKHOBEHME 3h(HEKTOB
SEGR v SEB npu Bo3gencteum TaxeEnbIx 3a-
PSXKEHHbIX 4acTULL.

[MpeobpaszoBatenu BbINOMHEHbI HA OCHOBE
NpsIMOXOA0BOM TOMOMOrMN € (PUKCUPOBAH-
HOW 4acTOTON NepPeKsIo4EeHNs CUI0BOTO KITto-
Ya (450...500 kI'y) 1 TpaHchopMaTopHON pas-
BAIBKOM B KOHTYpe 06paTHOMN CBA3K C BHYTPEH-
HVYMW MOMEeXonoAaBnALLMMK UNbTPaMK Ha
BXofe u Bbixofe. Hactota npeobpasoBaHns
MOXET KOHTPONMpoBaTbCs Yepes crneumasb-
HbI BbIBOA,. DTV NpeobpasoBarenn CooTBET-
CTBYIOT TPe6OBaHUAM K reHepupyeMbIM KOH-
LOYKTVMBHbBIM MOMeXaM 1 CTOMKOCTU K BO3aeW-

cTBuio nomex ctaHgapta MIL-STD-461C 6e3
Heo6Xx0AMMOCTU NPUMEHEHNS KaKnX-nnbo Jo-
MOJSTHUTENbHbLIX KOMMOHEHTOB.

Bce Mopenu ocHalleHbl BXOJOM AUCTaHLM-
OHHOrO BKJIOYEHUSA/BbIKNIOHEHUS (6110KMPOB-
Ku). FepMeTuyHbIN CTanbHOW Kopryc umeeT
pa3mepbl 76,2 x 63,5 x 11,3 Mm (C y4éTom
MOHTaXHbIX MPOYLUWH) U BeC MeHee 125T.
Kpbillka npvBapeHa C NPUMEHEHWEM LLOB-
HO-POSIMKOBOW TEXHOMOIMK, @ B MeIHbIX Bbl-
BOJAX UCMOSb3YHOTCH MNPOYHbIE CKBO3HbIE Ke-
pammnyeckune cepaeyHuKu.

Mogynun npeobpasoBaTenen HanpsXKeHus
cepun M3H o6ecne4ymsatoT BbIXOAHbIE HAMPs-
XeHus +5/+12 n +5/+15 B. Mpepnaratotcs mo-
[env ans paboTbl B CUCTEMAX 3MEKTPONUTaHUA
C Hanps>keHnsamu WnHbl 28, 50, 70 n 120 B.

OcHOBHble MapamMeTpbl TPEXKaHambHbIX MO-
nynewv cepmumn M3H:
® cymMMapHasi HakonsieHHas posa 6ornee

25 kpap (Si);
® rapaHTMpyeTCcs OTCYTCTBME OAMHOYHbIX -

(heKTOB MpV BO3AENCTBUM NPOTOHOB U TS-

XKENbIX 3aPSHKEHHBIX YaCTWL, C NOPOroBbl-

MU NIMHENHBbIMK noTepsMu aHeprumn (J1M3)

10 37 MaB-cv?/mr;
® OCHOBHOW BbIXOQHOM KaHasn 3onnpoBaH oT

DOMOSTHUTENbHbBIX BbIXOAHbIX KaHanoB Ha-

NPsHKEHUS;

® amanasoH BXO[HOTO Hanps>KeHUs:
18-50 B (ans mopenen M3H280512T un
M3H280515T);

® HecTabuIbHOCTb MO HANPSXXEHNIO OCHOBHO-
ro KaHana He 6onee 1%; HeCTabULHOCTb
DOMNOSHUTENBbHBLIX KaHanoB He 6onee 5%;

o tunoeon KIMNM go 79%;

® AnanasoH pabo4yux Temnepartyp ot —55 go
+125°C;

® 3M1eKTpMYecKoe CONpOoTUBEHNE N30NALUn
100 MOw;

® aneKTpuyeckas NnpoYHoCTb nsonsaumm 500 B
NMOCTOSIHHOr O TOKa;

® EMKOCTHas Harpyska no OCHOBHOMY KaHa-
ny 1000 mMk®; ona JONONHUTESbHBIX KaHa-
nos 200 MKD;

® CepBUCHbIE DYHKLMK: 3aLLmMTa OT MOHMXKEH-
HOrO BXOAHOrO Hanps»KeHus, KOPOTKOro 3a-
MbIKaHVSi 1 Neperpysku no Toky, Bxof 6110-
KMNPOBKMU;

® cpefHee Bpemsi Mexay oTkadamu (MTBF),
paccuutanHoe no MIL-HDBK-217F2 gns yc-
JI0BUI OPOUTANIbHOMO MONETa Npu Temnepary-
pe kopnyca +35°C, coctanseTt 1,5 x 106 yac.
[MocTaBka BCcex ykasaHHbIX cepuii npeobpa-

3oBaTenen HanpsxeHns B Poccuio ocyLLecTens-

eTcsi 6e3 0POPMIIEHNS SKCNOPTHON NMLEH3UN

B rocyfapcteeHHbix Begomcteax CLLUA, oteeT-

CTBEHHbIX 3a PerynMpoBaHve 3KcrnopTa TeXHO-

NOrM 1 NPOAYKLIMM BOEHHOrO Ha3Ha4eHuS.

www.irf.com/hirel

PapuaumoHHo-cTonkue 15-BT
DC/DC-npeo6pa3oBaTtenu
onsa wvH 42 n 50 B

Komnanus Crane Aerospace & Electronics,
13BeCTHbI Npoussoautens DC/DC-npeobpa-
30BaTenen 1 NOMexonoaaBnAoLLMX (UNLTPOB
NS NPUMEHEHWIN B annaparype pakeTHO-KOC-
MWYECKOWN TEXHVKW (MOCTaBASIOTCA MOL TOp-
rosovi Mapkow Interpoint®), o6bsBrna o Hava-
e Npou3BOACTBA HOBOW Cepuv papgmaumoH-
HO-CTOMKUX NpeobpasoBaTenent Hanps>KeHust.

HoBas cepuss SMHF42 cneunanbsHo paspa-
60TaHa AN paboTbl B AMEKTPOHHbBIX KOMIMIIEK-
cax ¢ LWmHamMm anektponutandus 42 n 50 B.

Cepusa SMHF42 Bkntoyaet 15-BT ogHo- u
[BYXKaHasbHble MOAYNM C ranbBaHW4eCcKon
pa3BsA3Kon Ana paboTbl B Avana3oHe BXOA-
HOro HanpsikeHus ot 35 go 55 B, cnocobHble
BblePXX1BaTb UMMNYSbCHbIE HanpsxeHus 80 B
ONnTENbHOCTLIO 50 MC.

Mpepnaratotcs mMogenu B WCMOMHEHUAX
Class H u Class K cornacHo MIL-PRF-38534
C YPOBHAMM pafiMaLMOHHON CTOMKoCTK L (cym-
MapHas HakonneHHas po3sa 50 kpag) u R (cym-
MapHasi HakonneHHas gosa 100 kpapg). la-
paHTUpyeTCs CTOMKOCTb K BO3AENCTBUIO OAU-
HOYHbIX 3aPSKEHHbIX YacTuL, C JIMHENHbIMU
notepsimm aHeprum (JIM3) oo 86 MaB-cm?/mr.
Mopynu cnoco6Hbl paboTaThb B YCII0BUSAX BO3-
[efiCTBUN (haKTOpOB BHELLHEN cpefbl B Anana-
30He Temnepatyp oT =55 go +125°C.

OpHokaHarnbHble Mogenu hopmmpyoT NATb
BbIXOAHbIX Hanpsxkenun 3,3; 5; 5,2; 121 15 B, a
YyeTblpe ABYXKaHaNbHbIX Mofeny obecne4nsa-
I0T BbIXOOHblE HaNpshxeHusa 5, +7, +12 n +15 B.

OO6LUMPHBIA HABoP CEePBUCHBIX (OYHKLINIA:
[MCTaHLUMOHHas 6110KMPOBKa, CUHXPOHU3aLma
npeo6pasoBaHns BHELLHMM CUrHANOM, 3aLLu-
Ta OT KOPOTKOrO 3aMblKaHUSi U MOHUXKEHHO-
ro BXOAHOr0 HanpsXeHns obecrne4vmnsaroT Ha-
OEXHY0 paboTy.

Mogynu BbINONHEHbI B repMETUYHbIX KOp-
nycax ¢ rabaputHeiMu pasmepamu 37,08 x
% 28,70 x 8,38 MMm.

PagunauunoHHo-cTokne npeobpasosatenu
HanpspkeHns komnaHum Crane Aerospace &
Electronics LWMPOKO MCMonb3yoTCs BO MHO-
rMX KOCMUYECKMX NporpammMax, Bkntovas Mars
Rover, Cygnus, Aquarius, Dawn, NMTOHACC,
MKC v mHorue gpyruve.
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[MocTaBKa mMofenen co CTOMKOCTbIO B 06-
nactu 0o3oBbix adpdekToB 50 kpapn (Si) ocy-
LLlecTBNAETCA Ha 0CHOBaHWM MpaBwn aKcnopT-
Horo perynupoBaHusa (Export Administration
Regulations, EAR) EAR99 6e3 odopmneHus
JIMLEH3MN Ha SKCMOPT B rOCYAAPCTBEHHbIX BE-
nomcTeax CLUA, oTBEeTCTBEHHbIX 3a perynmpo-
BaHWe 3KCnopTa TEXHONOMIA U NPOAYKLMM BO-
€HHOro Has3Ha4eHus.

www.prosoft.ru
Ten.: (495) 234-0636

MVIHVIaTIOprIe coeguHuTenu gns
XECTKUX YCIOBUIA IKCrUTyaTauum

AO «KapayeBckuit 3aBof «3InekTpoaeTanb»
NPUCTYNWI K OCBOEHUIO MUHUATIOPHbIX BbICO-
KOHagéxHbIx coegmHuTenen CHIM401 B pam-
kax OKP «[etanb-N1462». B koHue 2017 r.
nepsble OMbITHblE 06pa3Lbl 6yayT Hanpasne-
Hbl KNIMEHTaM.

CoeguHuTenn ABNAIOTCA aHanoramn Um-
NnopTHLIX coeanHuTenen Harwin cepun Data-
mate L-Tek n J-Tek n NICOMATIC cepum 200
n 220.

CoepnHuTENN NpegHa3Ha4veHbl Ans paboTsbl
B XXECTKMX YCMOBUAX SKCMyaTaumm, yCTon4u-
Bbl K BO3ENCTBUIO BLICOKUX TEMMNepaTyp, BU-
6paumnsamM 1 yaapHbIM Harpyskam.

[BYXpsiiHble COeAMHUTENN C LuaroM KOH-
TakTOB 2 MM, OTBETHbIE YacTu COeauHUTENen
OUKCUPYIOTCA C MOMOLLbIO 3aLLENOK U BUH-
TOB, NMpefAHa3HaveHbl ANs NOAKMIOYEeHNs Tuna
nnata-kaéernb.

www.elektrodetal.com
Ten.: (48335) 2-00-01

HoBble KOHTaKTOpbI,
cepTucpmumnpoBaHHble
UL/IEC pnsa pa6oTbl npu 1500 B
MOCTOAHHOIO TOKa

Komnanust GIGAVAC aHoHcupyeT JonosHe-
HUS1 K CBOEA NNHEeliKe 3anaTeHTOBaHHbIX KOH-
TakTopoB HX241 n HXNC241.

OTN HOBblE rEPMETUHHO-3aKPbITbIE BbICO-
KOBOJIbTHbIE KOHTaKTOPbl MOCTOSAHHOIO TOKa
npepnaralnTca Kak B HOPManbHO-OTKPbITON
(HX241), Tak 1 HopmanbHO-3aKpbITOW BEPCU-
ax (HXNC241).

O6e mopenu nvetoT ogobpeHne UL (kom-
naHusa nNo cTarfapTM3aumm n cepTudmkaumm B
o06nacTu TexHuku 6esonacHoctu) u IEC (mex-
LyHaponHas aNeKTPoTEXHNYECKasa KOMUCCHS)
Ans aKenayaTtauum npu Hanpskedun 1500 B
MOCTOSIHHOIO TOKa.

Nmesa koMmnakTHbIn pasmep (77 X 77 Mm),
obe BepcuM YAOBNETBOPAOT TpPeboBaHUAM:
UL1604 gna knacca | u Il, Div. 2 n knacca llI
[NS MCMNOMb30BaHWS BO B3PbIBOOMACHbIX 30-
Hax; IP67 ona BpeMEHHOro norpy>eHus B BO-
ay B TedeHune 30 muH; SAE J1171 — gna 3awm-
Tbl OT BHELLHEro BocnnameHeHus n 1ISO8846
NS 3ayThl OT BOCMNIAMEHEHNS B cpefe ro-
pOYMX ras3os.

[ononHuTenbHble BCromoratesnbHble KOH-
TaKTbl JOCTYMHbl Kak B HOpPMarnbHO-pa3oM-
KHYTOM, Tak ¥ B HOpMasnbHO-3aMKHYTOM M1C-
NONTHEHUSAX.

Cnoco6Hble NponycKaThk HeMpepbIBHbIN TOK
10 400 A, 3t koHTakTopbl GIGAVAC aBnstoTcs
naeanbHbIM BbIGOPOM A pa3HO06pa3HOro uc-
nosib30BaHus, HanpMmep, B MHBEPTOPHbIX CK1-
cTemax Um B pasnmyHbIX CUcTemax NpoMbiLLI-
NEHHbIX NPUBOAOB, BKMIOYAsA PENbCOBbIE U TH-
roBbl€ CUCTEMBI.

MpoussoaunTenb 3asBASET, HTO 3TN KOHTAKTO-
pbl SBASKOTCA NPEKPaCHbLIM AOMOMHEHNEM K ApY-
MM repMETUYHLIM KOMMYTaLMOHHBIM YCTPOR-
ctBam GIGAVAC, 1 aét KnmeHTam HagexHyto
anbTepHaTMBY 0ObI4YHLIM OTKPbITHIM U 3aKpbl-
TbIM (HE FEPMETUYHBIM KOHTaKTOpam).

www.gigavac-rus.com
Ten.: (495) 925-5015
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Hosble cepun
YUMN-uHaykTMBHOCTEN TDK

Komnanus «lnataH» pacwumvpuna cknag-
ckow accopTumeHT YNIM-nHayKT1BHOCTEN NpO-
n3sogctea TDK-Epcos.

OKpaHMpoBaHHble MoTaHble VLS-MHaYKTMB-
HOCTV NpegHasHa4eHbl Afs NpUMEHeHUs B C1-
nosbIX Lensax. HuakonpodunbHble kopnyca
3TOW cepun He npesbiwatoT 4,5 mMm (ot 0,8 go
4,5 MM), UMEIOT HaAEXHBIA MarHUTHbINA 3KpaH
1 MOTYT UCMOJIb30BaTLCA AN BbICOKOMIOTHO-
ro MOHTaXxa Ha ne4artHbIx nnarax. HomvHanb-
HbIA TOK MHOYKTUBHOCTEN 3TOW CepUmn HaXoamT-
cs B ananasoHe ot 0,33 go 13,5 A.

SPM npoBOnoOYHblE 3KPAHMPOBAHHbIE WH-
OYKTMBHOCTY NSl CUMOBbIX Lienev UMetoT Mak-
crMarnbHyto BbICOTy Koprnyca 1,2; 1,5; 2 1 3 Mm.
B oTnnumne ot dheppuToBbIX MPOBOSIOYHBIX UH-
OykTuBHocTen SPM-cepusi umeeT 6onee Bbl-
COKUIN pabo4unin TOK, HU3KOE COMNpOTUBIEHME

Designer X PRO — nepBbii
3D-npuHTEp U3 0O6HOBNEHHOMN
nuHeniku PICASO 3D

PICASO 3D — nepBbiIi 1 BegyLnii poc-
cunckun nponasogutens 3D-npuHTepoB. Jle-
ToM 2017 roga Ha PbIHOK BbIXOAUT MepBbin
3D-npuHTEP U3 OBHOBNEHHOW NMHENKN — De-
signer X PRO.

3TO NpUHTEP C OOHOBNEHHBIM S4POM, C HO-
BOV Maeei 1 MHOXECTBOM NepenoBbIX peLLe-
HUIA, co3aaHHbIX nHxeHepamm PICASO 3D gns
BbINOJSTHEHWS CIOXHbIX 3a4a4. bonbLue He HyX-
HO BbIGUPaTh MeX[y CKOPOCTbIO N KaYECTBOM.
Designer X PRO o6ecnie4nBaeT camyto 6bICTpyto
AByXmMaTepuasnbHyo/AByXUBETHYIO NeyaTh cpe-
[V HacTonbHbIX 3D-NpMHTEPOB: A0 5 € B 4MCTO-
BOM pexvime 1 fo 250 MC B YEPHOBOM pexume.

Bnaropaps HOBOW cucTEME HarpasieHHOW
nofga4v nnactuka B nevararoLlen rofioBke u
60s1bLLIOMY AManas3oHy paboymx Temneparyp
mMexaHu4eckux yanos, Designer X PRO no3seo-
NSeT UCNoNb30BaThb LLUMPOKUIA CMEKTP MaTepu-
anos, TakKMM 06pas3om:
® MakcumMarnbHas Temneparypa aKcTpyaepa

+380°C;
® MakcumarnbHas Temneparypa paboyen nnar-

chopmbl +140°C.

NMOCTOSIHHOMY TOKY M KOMMaKTHble rabapuTbl.
Takxe, 3T MHOYKTUBHOCTU 6oree TepMocTa-
6UNbHbI U HE NOABEPXKEHbI OTKIOHEHUAM HOMU-
HasbHOW MHOYKTUBHOCTM MPY TeMnepaTypHbIX
caurax. B KOHCTPyKLMKW MCMOMb30BaH MeTar-
JIMYECKNIA MarHUTHbIN 9KpaH W LITamnoBaHHas
KaTyLLKa, YTO CHUXAET LUyMbl (MO CPaBHEHUIO
C KIIeeBOI KaTyLUKOWN).

YU sKpaHMpoBaHHbIE MHOTOCIIOMHbIE UH-
OYKTUBHOCTU cepun MLZ npegHa3Ha4eHbl gns
Lienew pa3Baskuy, TpedyLLUMX OTNM4HbIX DC-
napameTpoB. NHaykTuBHocTM MLZ-H umetot

BcTpoeHHble ceTeBble OyHKLMM NMO3BONAT
o6beauHAaTb 3D-npuHTepbl Designer X PRO
B edVHOM uHTepdence OBHOBNEHHOIO
POLYGON X u ¢ nérkocTbio ynpaensTtb pa-
60TON KaXXOOro U3 HUX.

Ha gaHHbIn momeHT 3D-npuHTep Designer X
PRO rotoBuTCS K CEpUiHOMY 3anycKy B po3-
HUYHYIO NpoJdaxy, cenyac Xe oH AOCTYMNeH no
npensakasy no CHMXEHHOW LieHe.

lMpryMeHeHne apanNTUBHBLIX TEXHONMOTUIA AB-
NAETCH KOHKYPEHTHbLIM NPENMYLLECTBOM KOM-
naHui camblX Pas3nnMyHbIX OTPacnen: NHXeHe-
puvsi, apxXUTeKTypa, MeguumHa, NPOu3BOACTBO,
obpasoBaHve, pob0TOTEXHMKA, aBUACTPOEHNME.
HabupaeT o6opoTbl 06y4eHne 3D-nevatn co
CpefHe LLKOJIbHOW CTYNeHW, roToBA nioLuag-
Ky nog peanuaauuio HaunoHansHon TexHoso-
rndeckon VMinmumatumesl 2035 roga.

o Bornipocam TecToBoV ne4atu u coTpys-
Hu4ecTBa: marketing @ picaso-3d.ru.

picaso-3d.com

N3meHeHne psaaa KOMNOHEHTOB
B namuHatax cepum TMM®

C 1 mas 2017 roga komnaHusi Rogers 3a-
MeHuna aBa KOMMOHEHTa, NCMONb3yeMbIX Mpu
npoussoacTee namuHaros ceput TMM®. K Hum
OTHOCHATCA anekTpoocaxaeHHas (ED) mepp n
O[VH 13 KNeeBbIX KOMMNO3UTOB.

[aHHasn 3amMeHa ABNAETCS NNaHOBOW 1 CBA3a-
Ha C NpeKpaLLieHMeM NoCTaBOK CbIPbs, UCTOMb-
3yemoro A Npon3BoACcTBa AaHHbIX KOMMOHEH-

HOMWHanbHbIA TOK, COMOCTaBUMbIA C TOKOM
NPOBOJIOYHbIX MHAYKTUBHOCTEN. MLZ-W oT-
JIMHAIOTCH NOBbILLEHHBIM PA604MM TOKOM Npu
HVM3KOM COMPOTMBNEHNN MOCTOSHHOMY TOKY.
MHorocnoiiHsle MHQ YAM-uHaykTmBHOCTM
nmeloT BblcOkUA  Q-thbakTop AO6POTHOCTM
N npefHa3HaveHbl NS BbICOKOHACTOTHbIX
NpUMeHeHun. KOMMOHEHTbI  BbINyCKaloTCs
B AByx Tunokopnycax: MHQ1005P (0402) n
MHQO603P (0201). Bnarogapsi BbICOKOMY
hakTopy HOBPOTHOCTM OHM AaloT 60fee HU3-
Koe ocnabneHve curHana. [JJo6poTHOCTb [o-
CTUraeTcs 3a CHET UCMONb30BaHUSA BHYTPEHHE-
ro 3NEeKTPOAaA, KOTOPbIV CHVXAeT napasuTHble
BMUSIHWA U MOBbILLAET COOCTBEHHYIO 4acToTy
kone6aHuin. Xapaktepuctukm MHQ cepum co-
nocTaBuMbl C MPOBOMOYHbLIMM MOTaHbIMK HITM-
WNHOYKTUBHOCTAMM.
info@platan.ru
Ten.: (495) 97-000-99

TOB. DneKTpoocaxaéHHas Mefib, BbibpaHHas s
3ameHbl, uMeeT ToT Xe knacc IPC (IPC-4562,
knacc 3. HTE-tvn E) n noctaensercs npexHumM
noctasLUmkom. OHa n3roToBneHa ¢ obecneye-
HVEM TaKOW Xe LLIEpOXOBaTOCTH, YTO 1y MEW,
MCronb3yeMon B HACTOsILLIEE BPEMS, MO3TOMY Y
Heé CoXpaHsoTCA Te Xe camble MexaHn4eckue
1 PagmoHacTOTHbIE XapaKTEPUCTUKN.

KneeBow KOMMO3UT, BbIGPaHHbLIN 415 3ame-
Hbl, TAKXe NOCTynaeT OT MPEXHEro NocTaBLLm-
Ka 1 MOSIHOCTbIO COOTBETCTBYET BCEM BaXKHbIM
XapakTepucTMkam KOMNo3uTa, Mcrnonb3yemoro
[0 HacCTosLLIero BpeMeHu, BKITH04atoLwmnm Mo-
TNEKYNSAPHYIO Maccy, MOMEKYIISIPHYIO CTPYKTY-
py, @ Takxe CrnocobHOCTb BCTynaTb B peak-
LMo ¢ ApyruMu nonmMmepamu.

B Tabnuue npefcrasneHbl KpaTkne ceefe-
HWA O MaTepuanax, noAsBepraroLnxcs 3TUM
OBYM U3MEHEHUAM.

[na Bcex mogndukaummn matepuanos TMM
6yayT BBeAeHbl HOBble 0603HavYeHusi. B Ho-
BbIX YCIIOBHbIX 0603Ha4YeHUAX C Lienblo obe-
crieveHuns Nérkon naeHTudmKaumm éyaer mc-
nons3oBaHa cneuundukaumns IPC ons megHo-
ro NOKpbITUS.

www.eltm.ru
Ten.: (499) 218-2360

HaumenoBatue W3meHenune

N3mensemble KoHthurypauum

3ameHa mean
JlamnHartbl cepun TMM

Becb namunar cepun TMM, noctasnsemblil ¢
anekTpoocaxaéHHon (ED) meaHoit chonbroi

3ameHa Kneesoro komnosura

Becb namunat cepun TMM, noctasnsemblii C NOKPbITUEM

WWW.SOEL.RU

COBPEMEHHAA SJMTEKTPOHVKA ¢ Ne 6 2017


http://www.soel.ru/
mailto:info@platan.ru
mailto:marketing@picaso-3d.ru
http://picaso-3d.com/
http://www.eltm.ru/

Ha npasax peknam!

Cuctema HACK HoBOro nokoneHus

XonauHr «MHopmMTecT» 3aHMmaeTcs pas-
paboTKON, N3roTOBIEHWEM U MOCTaBKON Crie-
LManmMampoBaHHbIX CUCTEM KOHTPONSA U Au-
arHOCTWKWM Ha3eMHOW 3NIEeKTPOHHON annapa-
TYpbl U YCTPONUCTB KOHTPOMS KOCMUYECKUX
annapaTos, CUCTEM Mepefaydn AaHHbIX U KOoC-
Muyeckom cesa3un. Konnektme cneunanmcTos
CchopMmMpOBarcs U3 N3BECTHbIX 3eneHorpag-
CKMX pa3paboT4MKOB 60PTOBOM M HA3EMHOWN
annapartypbl KOCMUHYECKOrO Ha3Ha4YeHus.

MHoroneTtHuin onbIT XonguHra «MHdopm-
TecT» B 061acTn pa3paboTKM KOHTPOSIbHO-
nposepo4Hor annapatypbl (KMA) gna ort-
BETCTBEHHbIX OOBLEKTOB KOHTPOSIA, a Takxe
VWHHOBALMOHHbIE pPa3paboTKn MoAySbHOro
obopypoBaHus B ctaHgapte AXle nossons-
10T peanu3oBaTb HasemHyto aBToMaTU3nNpo-
BaHHyto cuctemy KoHtponsi (HACK) HoBoro
NMOKOMEeHus.

HeobxoamMMo OTAENbHO OTMETUTb MPWH-
LunmanbHO HOBblEe TEXHUYECKME N TEXHOMO-
rMyeckne noaxodbl K NOCTPOEHUIO CUCTEMbI
HACK, nossonstoLime B HECKOSIbKO pa3 Co-
KpaTuTb mMaccorabapuTHble XapakTepucTu-
KM CUCTEMbl U KOMMMeKTa ajantepos nof-
KITIOYEHUs, COKpPaTUTb BPeMs TECTUPOBaHUS
06beKkToB KOHTpona Ao 10 pas (oTHocUTENb-
Ho cuctem HACK npepblayLuero noKoneHus),
a Takxe JO6UTLCS MOSIHOCTLIO aBTOMAaTU3N-
pOBaHHbIX NPOBEPOK OOBLEKTOB KOHTPONS,
He TpebyloLUMx BMeLLATeNbCTBa oneparopa
B MPOLIECC MPOBEPOK.

CraHpapT AXle, 3anoXeHHbIi B OCHOBY
HACK HoBOro nokonehusi, SBnseTca Hau-
6051ee HOBbIM M MePCneKTUBHLIM OTKPbITLIM
MeXAyHapoAHbIM CTaHAAPTOM, BO6paBLUVM B
ceb6s1 06LLMe NPUHLMIILI MOAYIIbHOrO MOCTPO-
€HVA aBTOMAaTU3MPOBaHHbIX CUCTEM, a TakxXe
psa HeocrnopuMbix npeumyLecTs. CpaBHe-
Hus co ctaHgaptamu VXI n PXI MoxHO Han-
TW Ha canTe KoHcopuuyMa ctaHpgaprta AXle.

OfHUM 13 BaXXHEMLIUX MNpevMyLLecTs
HACK HoBOro nokonexus aBnseTca yHuuum-
poBaHHas kommyTaumoHHas cuctema (YKC),
paspaboTaHHas, Kak 1 OCHOBHas annaparHas
YacTb Komnekca, B ctangapte AXle. imeHHo
3T0 AaéT BO3MOXHOCTb pa3MeCTUTb OCHOBHYHO
annapatHyto 4actb u YKC B ogHOM KpeuTe.
[aHHbI nogxon No3BoASET COKPATUTL BECO-
Bble Xxapaktepuctuku cuctemol HACK mMuHm-
MyM B 4 pasa n B 2 pa3a yMeHbLUUTb 3Hep-
ronotpebneHve (OTHOCUTENBHO CUCTEMbI
HACK, NoCcTpoeHHO Ha cTaH#apTHbIX Nabo-
paTopHbIX Npuéopax). Cneunannctbl XONauH-
ra MoryT noAroToBUTb MPOEKT 3aMeHbl CTa-
poro nokonexnus HACK, nocTpoeHHon Ha nm-

NopTHbIX NabopaTopHbIx npuéopax Keysight

(CLUA) 1 MNOpTHBIX MOAYbHbIX Npuéopax B

ctaHpapte PXI ot National Instruments (CLLA)

unu Marvin Geotest (CLLA), Ha HOBYtO cucTe-

My Ha POCCUMCKNX MOAYMbHbIX Mpubopax cob-

CTBEHHOro Npou3sofcTea B cTaHaapTe AXle.
[MpuBeném nuLLb HEKOTOpblE MpenmyLLe-

ctBa HACK B ctaHpapte AXle:

e VYrpasneHve BceMu annapaTHbiMU cpef-
ctBamu, Bkntoyast YKC HACK HoBoro noko-
JIeHNs1, OCYLLIECTBNSAETCA Yepes nHTepdenc
LXI (makcumanbHas ckopocTtb 1 [6u1T/c), 4to
No3BONIAET COKPaTUTL Bpemsi NpoBedeHus
NPOBEPOK 06BLEKTOB KOHTPONA Ao 4—8 pas.

e VYKC B ctaHpapte AXle copepXuT Tpu Bu-
[a KOMMYTaTopoB: (PyHKLMOHAbHbIE, CU-
nosble 1 CBY. MonHbIi Ha6op Moy NbHbIX
KOMMYTaTOpOB MO3BOMAET peanu3oBaTb
MOSTHOCTBLIO aBTOMAaTU3MPOBAHHbIE asro-
PUTMbI MPOBEPKN O6BLEKTOB KOHTPONS, UC-
Knto4as BAMSHUE YerioBe4eckoro dpakropa
1 OJHOBPEMEHHO CcoKpallas obLiee BpemMs
NPOBEPOK, T.K. HE TpebyeTcss NepekoMMy-
Tauma n3meputesbHbIX JIMHUA B npouecce
npoBefeHns NPOBEPOK 06BbEKTa KOHTPOSS.
OTOenbHOro NpeacTaBneHns 3acnyxuea-

eT TEXHONOrnsa NOAKIIYEHNS OObEKTOB KOH-

Tpons kK cucteme HACK HOBOro noKoneHus.
B cBfA31 € TEXHONOrMYECKMM pa3BUTUEM MO-

[ynbHOro o6opyaoBaHmna nogasnstoLlee 60sb-

LLIMHCTBO NIOrM4ecKnx yHKUUIM, HEOOX0QUMbIX

[N TECTUPOBaHNA 06LEKTOB KOHTPONS, yaa-

N0Cb pa3MecTUTb HENOCPEACTBEHHO B 6a30-

BOM Komnnekce cuctembl HACK HoBoro no-

KoneHusi. Tem caMbIM yaanoch n36asuTbCs OT

rPOMO3JKUX MeTanIM4ecKnx Kopobos Ha agar-

Tepax NoAKMo4YeHnss U COKpaTUTb cebecTou-

MOCTb KaXX[,oro afgantepa B HECKOMbKO pas.
Ha6opHbI MaTPUYHBIN PbIYaXHBIN COEANHN-

Tesb YAANoChb 3aMEHUTb Ha KOMIMIEKT Habop-

HbIX pa3béMOB. B cTaHaapTHOM KommnekTauum

HACK HOBOro nokoneHus Ucrnosb3yeTcs Tpu

HabopHbIX pazbéma ¢ pasnnyHbIMU COeanHN-

TenbHbIMW BCTaBKaMu. OTUM peLLeHnem yaa-

nock NpespaTUTbL afanTepbl NOAKIOHEHNS B

00bl4HbIe KabesbHble COOPKN, MOBLICUB OOLLIMIA

YPOBEHb TEXHONMOrMYHOCTU U HaaéxHocTn. Ho

Heob6xoAnMO OTMETUTL — MOA06HOE peLleHne

NMPUMEHUMO MPU OTHOCUTENBHO HEBOSbLLIOM

KoMyecTBe 0O6BLEKTOB KOHTPOSS — He 6onee

40 WTYyK HOMeHKNaTypHoro psga. Mpu 6onb-

LLIeM KOnNn4yecTse 06bEKTOB KOHTPOSIS paLimo-

HaslbHee 1Cnosb30BaTh HAGOPHbIV MaTPUYHbIV

pbl4aXXHbIN COeaNHUTENb.

HACK HOBOro nokKoneHust MoXeT UCMoSb-
30BaTbCsl KaK roToBbIN KOMMSIEKC Af1s Npo-

CTU POCCMMNCKOIO pbliHKa

Be[leHVs aBTOMaTU3NPOBaHHbIX TECTOB, Tak
N Habop aBTOHOMHbIX MOAY bHbIX NPUGOPOB
ONs NpoBeAeHNst Py4HbIX NMPOBEPOK U pery-
NIMPOBOYHbIX paboT (B TOM Yucne B 3aBOA-
CKMX YCINOBUSAX).

KomnnekT nporpaMMHOro o6ecne4veHus
(MO) HACK HoBoro nokoneHust paboTaeT nog
yrnpasreHnemM COBpeMEHHbIX BEPCUN ornepa-
LMOHHbIX cuctem: Windows 7, Windows 10.
CneumanbHbI KOMNIEKT NPOrpaMMHOro o6e-
cneyeHus (CMO) cospaH XonguHrom «UH-
opMTeCT» creumanbHo Ans BO3MOXHOCTU
HanuncaHusa LMKIorpaMmm npoBepKu 06bEKTOB
KOHTPOS1A COBCTBEHHbIMY CUMaMm 3aKas4mka.
CINO HACK HOBOro nokoneHusi He TpebyeTt
yrny6néHHbIX 3HaHU B 0611aCTW Nporpammu-
poBaHusi U NpeacTaBAseT Co60M UHTYUTUBHO
NMOHATHbLIN MNOSIb30BATENbCKUIN UHTEPENC, KO-
TOPbIN MO3BOMSET co3Aasatb U peaakTupo-
BaTb TECTOBbIE NOCNEA0BaTESIbHOCTH creuna-
JINCTaMU MHXEHEPHbIX crneunanbHocTen n3
Lwtata 3akas4ymka. [laHHble paboTbl He Tpe-
6yI0T BMeLLaTeNbcTBa CO CTOPOHbLI U3roTO-
BUTENSA, TEM CaMbIM U36aBNsAA 3akas34ymKa oT
CYLLECTBEHHbIX 3KOHOMUYECKUX U3[EPXEeK Ha
MoAepHU3aLmio GU6IMOTEKM TECTOBbIX MPO-
rpaMm A5 U3MeHsIoLLENCH HOMEHKNaTYpHOM
6a3bl 06LEKTOB KOHTPOSS.

www.informtest.ru
Ten.: (495) 983-1073
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HoBOCTM POCCMMCKOINO pbiHKa

MawumHa rubku n pesku
NONyXXECTKOro KoakcuasnbHOro
ka6ens ot OO0 «IMnaHap»

00O «[Mnanap» npeacTaBnsieT HOBUHKY
COOGCTBEHHON pa3paboTKu — MaLUUHYy rné-
KM M pe3ku MNOJY>XECTKOro KoakcuanbHO-
ro ka6ens.

MaluvHa npegHasHaveHa ans rmbku n pes-
KM MOMYyXECTKMX Kabenen ¢ 060M04KoN 13
MEeOHON W antoMUHUEBON LENbHOTAHYTOM
Tpy6ku. Mo3BonseT no 3agaHHoW nporpam-
Me Mpon3BecTn rmbky kabens B TPEX Mio-
CKOCTSIX.

Ob6ecneynBaeT coxpaHeHne Kpyrnon hopmbl
0605104KM Kabens B MecTe rmbéa, YTo B CBOIO
oyepefb MO3BONSAET [OCTUrHYTb MpefesbHO
BO3MOXHbIX MapameTpoB KabenbHon coop-
KW, Hanpumep, Nofly41Tb 3Ha4YeHne Koaddu-
umeHTa oTpaxeHus He xyxe —30 gb Ha 4a-
ctote 20 Tw.

OC06EHHOCTN MaLLUHbI:

e 4 anektpuyeckue ocu, YlY, knasmatypa
ONS yNpaBneHns MalUWHOW B peasisHoM
BPEMEHU;

® ¥cnonb3oBaHWe OBYX PagmycoB rMOKW Ha
O[HOW 3aroTOBKe;

® KOoMMeHcauus ynpyron pedopmaumn Ka-
6ens;

® HeorpaHu4eHHas anuHa kabens;

® oTpe3Ka cthopMOBaHHON 3aroTOBKW;

e koHBepTep [JS-carinos.

B 6a3oBon KomnnekTaumm MalumHa obpa-
6artbiBaeT crnefyowmne kabenu:
® MOoNYXECTKNE Kabenu ¢ 3KpaHOM 13 MeHOW

1 anioMmHueBon Tpybku (EZ 86, EZ 141 n

nofo6HbIe);

e kabenun ¢ nponasHHOW OMNETKOM
(SUCOFORM_86, SUCOFORM_141 1 no-
DOOHbIE).

Mo cornacoBaHuio ¢ 3aka34MkoM BO3MOXHO
N3roToBMEeHNEe CMEHHbIX MHCTPYMEHTOB A5 06-
paboTKn Kabenen apyrux aMameTpos.

XapaKTepucTukn MalluvHbl:
® anameTp obpabaTtbiBaemblx kabenen ot 1

00 7 MM;

® BO3MOXHbIe paguycbl rméku ot 5 go 30 Mm;

® XOf rMbo4HON CUCTEMBI PONnKoB — 210°%;

® MOrpeLLHOCTb NO3ULMOHUPOBAHUA kabens
+0,15 mm;

® MOrpeLLlHOCTb NO3ULMOHUPOBAHUS TMOO4HO-

ro poiyara +0,15°;

norpeLLHoCcTb noBopoTa kabens +0,10°;

pa3mepsi (O x LU x B) — 800 x 380 x 380 Mwm;

macca 46 Kr;

TpeboBaHUA MO MOAKYEHUD: OOHO-

paszHas ceTb 220 B; cxaTtbln BO3gyX

0,7 Ma.

www.planarchel.ru
Ten.: (351) 729-9777
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UHavBupyanbHoe peLueHue —
KaXxgomy npou3BofCTBY

C Havana 2017 r. cneunanuctamun 3AO «Jla-
MWHapHbIE CUCTEMbI» CAAHO B dKCMyaTaumo
15 YNCTbIX 30H, N3rOTOBMIEHHbIX MO VHOVBU-
LyanbHOMY TEXHUHECKOMY 3a[aHNI0 BeyLLNX
NPOMBILLIEHHbIX NPEANPUATUIA CTPpaHbl. Kax-
[as 30Ha YHMKasbHa, NOCKOJIbKY CPOEeKTUPO-
BaHa C y4ETOM OCOBGEHHOCTEN TEXHOMorm4ye-
CKOro npouecca, OCyLLEeCTBMNSEMOro Ha Kax-
[IOM KOHKPETHOM MPeAnpuATAn. 30HbI UMEoT
pasnuyHble rabaputbl, OTINHAIOTCH MaTepu-
anom orpaxgaroLumx KOHCTPYKUuA (MeTann,
ctekno unv namenu NBX) 1 knaccom 4yncTo-
Tbl o FOCT NCO 14644-1-2002.

Paamep cambiX MUHMATIOPHBIX YNCTbIX 30H
[Ns YCTaHOBKW HEMOCPEACTBEHHO Haf, pa6o-
YYMU MecTamu (MOHTaXHbIE CTOSIbl, 060pya0-
BaHue) coctasnset 1200 x 600 mm (LU x I).
Camble KpynHble, MO3BONSAIOLLME B KOMMNIEKCE
€o3aaTh Lienble y4acTKM 1 Liexa onpeaenéHHo-
ro Kracca 41cToTbl, UMetoT pasmepbl 7200 x
% 3000 mm (LU x T).

B oTnnumne oT YNCTbIX MOMELLIEHUIA YUCTbIe
30HbI ABAIOTCA HAMHOrO 60Mee 3KOHOMUYHbBIM
BapnaHTOM 06€eCneyeHns YACTOTbI BO3AYLLHOW
cpefibl B paboyeii 30He, MOCKONbKY He TpebyoT
€O3[aHuns Lienoro KoMneKca, BKnoyatoLero

MPUTOYHO-BbITSKHYIO BEHTUNALWMIO C MOACUCTE-
MaMu KOHAMLMOHUPOBAHMNSA N O4UCTKM BO3AY-
Xa, Bo3gyxopacrnpefenurernbHble yCTPONCTBa,
3MEKTPUYECKNE U ra30Bble CETU N CITOXHEN-
LLYIO CUCTEMY YNpaBfeHns BCEM KOMMIIEKCOM
YUCTOrO MOMELLIEHUS.

B cBoto 04epefp, YUCTbIE 30HbI, ABAACH U3-
OenveM MHAMBUAYanbHOro NPoeKTMPoBaHUS,
MOryT peLuaTtb camble pa3HoobpasHble 3afa-
4yn. [ina Hanbonee OTBETCTBEHHbIX Onepauni
B YMCTbI€ 30HbI MHTErpUPYIOTCA NaMUHapHbIe
YKPbITUA (6OKCbI), NIOKanbHO obecneymsaioLLme

6onee BbICOKUI KNacc YncToTbl. VI Ha060poT,
30Hbl MOTYT UMeTb Tambyp 60onee HU3KOro
Knacca Y1CcToTbl, NpefHasHa4YeHHbIA ans ne-
peofeBaHus nepcoHana. OceeLleHve BHyTpU
YMCTOMN 30HbI MOXET 6bITb HEAKTUHNYHbLIM, CBE-
ToAMoAHbIM 1 Ap. OrpaxpatoLime KOHCTPYK-
Ln MOTyT 6bITb CBETOMOrMOLLAIOLLMMN NN
MMETb LIBETHYIO TOHMPOBKY, a rnmékue MBX-
flaMenu No3BONAOT UHTErpUPOBaTL B YACTYIO
30HY t060€e TEXHONOrMYecKoe 060pyfoBaHmeE.
www.lamsys.ru

Ten.: (3513) 255-255
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http://www.rohde-schwarz.ru/products/test_and_measurement/signal_generation/SMA100B/
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https://is.gd/1ff2pc

COBPEMEHHbIE TEXHOJIOrM

KpemHueBas v apcenna-rannuii-anioMmHneBas
TexHonorus: 6asosbiit paa 3D M 3® CbUC VCSEL
U thynkumonanobhbix 3D M @3 CbUC ana 3D M ®3ID M

YacTtb 4

Banepuii Ceepe-LliBey, Bnagucnae Ceepne-Llisen,

Makcum 3unosbeB (Mocksa)

B yeTBEpTOM YacTU cTaTbu paccMmaTpuBaeTcsl 6a30BbIA PSf ONTO3JNIEKTPOHHbIX
3J/IEMEHTOB C MaTPU4HOM opraHu3aumen (pyHKLMOHANbHbIX NMUKCenen

Ha OCHOBEe KpeMHMEeBO-(pOTOHHOWM U apceHuA-rannuin-antoMMHUEBON
TexHonorun. NMpepcraBneHo KpaTkoe onnucaHne TeXHONMOrM4eCKMX NpoLLeccoB
M3roTOBJIEHUS MaTPUL, Jla3epPOB BEPTUKaNbHOIO U3NTy4EeHUs U MaTpuL,
ALT/UAM — aMmnanTyAHO-MOAYNMPOBaHHbIX (hOTOHHBIX CUFHANOB ANs
co3faHus yaanéHHoW CBA3U N0 MHOroKaHasnbHbIM ONTUYECKUM U JIOKaJbHbIM
3NIEKTPUYECKUM KaHanam cBsi3u. YKa3aHbl TEXHUYECKUE XapaKTePUCTUKMN
OMTO3JIEKTPOHHbIX 3/IEMEHTOB C MaTPM4YHOW OpraHu3aumen.

BA30BbIN PAR
Ba30BbII PsiJ] ONITOIIEKTPOHHBIX dJIe-

MEHTOB C MAaTPUYHOM OpPraHU3aueHn

(PYHKIIMOHAJIBHBIX IIMKCEJIEH, paspa-

6orannbii npeanpusTueM OO0 «O3C»

COCTOUT U3 LIECTH OCHOBHBIX 3D M

CBUC, rge 3D M ®D (ODP) — Tpé€xmep-

HBIA MOJYJ/Ib IIPEOOpPa30BaHUA (POTOH-

HBIX CUTHAJIOB B 3JIEKTPOHHBIE U HAO-

60poT:

e 3D M OD® CBMC VCSEL — maTpu1ia 1a3e-
POB BEPTUKAJILHOT'O U3/IY4YEHUST;

e 3D M ®3 CBHUCII® — maTpuLia mpouec-
COPOB C IIOTOKOBOH 06PAa00TKOM (DYHK-
MU PACHIEIVIEHHOTO aJropurma bITd;

e 3D M ®5 CBUC IIIT — maTrpuLia MUK-
CEJIBHOH IaMATH C (PyHKUMEN Iepe-
CTAHOBKUY;

e 3D M ®D CBUC A/11 — matpuiia ALITT/
LIAIT aMIUTHTYJHO-MOJYJIHPOBAHHBIX
(POTOHHBIX CUTHAJIOB IS YIATEHHON
CBSI3U IO MHOT'OKAHAaJIbHBIM OIITHYE-
CKHUM H JIOKJIBHBIM 3JE€KTPUUYECKUM
KaHaJ1aM CBSI3H;

e 3D M @D CBMC HII — MmaTpuI1ia HEHPO-
IIPOLIECCOPOB C KOMMYyTAIIUEN KaHa-
JIOB JIJIsI BBIIIOJTHEHUSA OCHOBHOM HEH-
poonepanuu — yMHOXKEHHE C AKKyMY-
JIUPOBAHUEM;

e 3D M ®5 CBHUC SW — MaTpHLja KOMMY-
TALMH KAHAJIOB 1A yAAJE€EHHOM CBA3H
IO MHOT'OKAHAJIBHBIM OIITUYECKUM U
JIOKQJIbHBIM 3JIEKTPUYECKHUM KaHaJIaM
CBA3U A3POKOCMHUYECKOIO CTAaHAAPTA
SPACE WIRE.
3D M D® CBUC 6230BOT0 psiJia SIBJISIOTCS

OIIEPAITMOHHBIMHU YCTPOUCTBAMU C MATPHU-

1eH (PyHKIITMOHATBHBIX ITHKCEIEH U KOH-

TPOJUIEPOM yIIPpaBIE€HUsA ¢ ITUHOU EMIFA.

MATPULIbI NA3EPOB
BEPTUKAJIbHOIO U3NYYEHUA —
3D M 3% CBMC VCSEL

B npeapinymeit cratbe (cm. Ne5, 2017)
GBLIO IIPE/ICTABICHO OIMMCAHUE TEXHOIO-
UM IIOJIYYEHUS CTPYKTYP BEPTUKAIbHO-
M3/Ty49aIOINX JIa3€PHBIX JUO0B — VCSEL
(Vertical-Cavity Surface-Emitting Laser)

Puc. 20. ®otorpadmm kpucranna marpuubl VGSEL: a — BHewwHuit Bua kpuctanna matpuubl VCSEL;
6 — (pparMeHT KpUcTania co CTOPOHbI KOHTAKTHbIX Mi0LLA0K

C INUAITIA30HOM JIJIUH BOJIH 850 11 980 HM.
ﬂaHHbIC AHUOAbI ABJIAIOTCA JIEMEHTAMH
I CO3JaHUA MATPHIL JIAa3€POB BEPTU-
KaJIbHOTO u3aydyeHus — 3D M 5@ CBHC
VCSEL.

TEXHONOrMYECKUIA NMPOLECC
U3roToBJIEHUA MATPU4HbIX
U3NYYATENEN

TexXHOJIOTHYECKUH IIPOLIECC U3TOTOB-
JIEHHSI MATPUYHBIX H3/TydaTelIed OCHO-
BaH HA IIPOILIECCAX CYXOI'O TPABICHUSA
IY4YKOM Ar 110J1 MaCKO (poTOpE3UCTa U
CEJIEKTUBHOT'O OKHUCJICHUS AIIEPTYPHBIX
cJI0€B AlGaAs.

H3rorosjieHue KpUCTA/UIA HAYHHA-
ercsa ¢ (POPMUPOBAHUS METAIM3ALUU
P-KOHTAKTOB. IlOoCae TpaBieHUs Me30-
CTPYKTYPBI IO aKTUBHOH O0JIACTU U CEJIEK-
THBHOI'O OKHCJICHHUS all€PTYPHBIX CJIO-
€B IIPOM3BOJMUTCA BTOPOE CYXO€ TPaB-
JIEHHUE JJIS1 BCKPBITH KOHTAKTHOTIO CJIOS
n-GaAs 1 (POPMUPOBAHUS METAJUIUZALIUH
N-KOHTAKTOB. ITociie 3TOro ocyiecTsisi-
€TCs1 TACCUBALIUA IIPUOOPHOM CTPYKTYPBI
cnoem SiO,, BCKPhITHE KOHTAKTHBIX OKOH,
(hOPMUPOBAHUE META/UTU3AIUU KOHTAKT-
HBIX IUIONIAJOK, 3aIIUTAa IIOBEPXHOCTU
CTPYKTYPBI IOJIMHUMHUIOM U (POPMHUPO-
BaHHUE KOHTAKTHBIX CTOJIGUKOB.

IIpu co3xaHUN MATPUYHBIX U3/TydaTe-
JIeH TOIIOJIHUTEIbHO IIPUXOANTCSA IIPUHHU-
MaTbh BO BHUMaHHE BO3MOXKHOCTb 06ecIie-
4EHUA I'PYIIIOBOIO MOHTAKA UHIUBUY-
QJIbHO U3JIy4aIoluX 371eMeHTOB. Kpome
TOTI'0, MACCUB JIA3€PHBIX U3TydaTeIeH Tpe-
OyeT CIIeIIUaIbHBIX YCIOBUI IO PEIIEHUIO
IpoO6JIEMBI TEILIOBBIICICHUS IIPU PA60-
T€ GOJIBIIOrO KOJUYECTBA U3IydaTeIeH.
Tak MaccuB U3 64 GHICTPOEHCTBYIONIUX
JIAa3€pOB BEPTHKAJIBHOIO H3JIYYE€HUS C
JUAMETPOM TOKOBOH aneprypbl 18 MKM
ob6ecreunBaeT CyMMApHYIO BBIXOJHYIO
MOUIIHOCTB 275 MBT Ipu 4acTOTE TOKO-
BOM moaynauuu 7,5 I'Ttr.

Ha pucynke 20a nipeacrasiaeHa (poTo-
rpadus kpucrauia Mmarpunsl VCSEL, a Ha
pucynke 206 1mokaszaH (pparmMeHT Kpu-
CTa//Ia CO CTOPOHBI KOHTAKTHBIX IUIO-
IIAJOK.
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Ha pucynke 21 nnpezacrasiena ¢pororpa-
(U MOHTAKHOMU IUIATHI I YCTAHOBKU
3D M 5® CBHUC VCSEL.

TEXHUHYECKME XAPAKTEPUCTUKMU
3D M 3% CBUC VCSEL
TexHUYECKUE XapaKTepUCTUKU 3D M
D@ CBUC VCSEL COOTBETCTBYIOT Iapa-
METPaM BEPTUKAIbHO U3Ty4AIONIUX THO-
JIOB, KOTOpBIE ObLIYU OIHMCAHBI B 4aCTH 3
(cm. Ne5,2017). Ha pucyHke 22 ipuBee-
HBI PE3YJIbTATBI U3MEPEHU pacIIpesiese-
HUS IOPOT'OBOI'O TOKA U MAaKCUMAJIbBHOH
B])IXOHHOIZ MOINHOCTH UHJAUBHUYATBbHDBIX
BWJI 1o mromaay OgHOIO U3 U3IOTOBJIEH-
HBIX MATPHUYHDBIX U3/IydaTesiei (B HEIpe-
PBIBHOM PEKMME IIPHU KOMHATHOH TEMIIE-

parype).

Takum o6paszom, M 9P CBHMC VCSEL
peanusdyer mepenady  JUCKPETHBIX
OMHAPHBIX WIH MHOI'OYPOBHEBBIX

AMIUIUTYJHO-MOAYJIUPOBAHHBIX HH(OP-
MAaIMUOHHBIX CUTHAJIOB U IIP€/ITHA3HAYC-
Ha JUISI CKOPOCTHOI'0 06MeHa nHgopma-
I_[I/ICI7I II0 MHOTOKaHa/IbHBIM OIITHYECKHM
JIMHHUAM CBA3H.

MaTpuua ALIN/UARN
AMNONIUTYAHO-MOAYJIUPOBAHHbIX
®OTOHHbIX curHanos — 3D M
DI CBUC A/}

Martpuna AIIT/ITAIT — aMIUIMTYZHO-
MOJY/JIHPOBAHHBIX (DOTOHHBIX CHIHA-
J0B, 3D M ®5 CBUC A/11, — npegHa3Ha-
4eHa IS BBIIOJHEHUA (PyHKLUI aHa-
JIOTO-ITU(POBOIT M IU(PPOAHAIOTOBOH
06pabOTKHU BXOAHOH HH(pOpMALIUN U
JUIST PEUTHU3AIUN UMITYJIbCHOT'O aHAJIO-
ro-uudpoBoro u (Win) HudpPoaHaIoro-
BOTr'0 UHTEP(dErica MapaLIeIbHOIO IIPe0d-
pa3oBaHusA BXOJHOHU HH(pOpMaLIuy, Iepe-
JABAE€MOJ1 110 64 ONITUYECKUM KAHAIAM B
IEKTPUYECKUU IN(PPOBOU KO/, A TAKKE
06PATHOTO IPEOOPAZOBAHUS JIEKTPUUE-
CKOTO ITM(PPOBOTO KO/IA B TOKOBBII CHT-
HaJI I T€HEePALIUH JIA3€PHBIMU JUOJAMU
ITU(HPOBOTrO HIIM AaHATIOI'OBOI'O CUTHAJIOB
110 64 OIITHYECKUM KaHATAM.

B cOOTBETCTBUH C KOHLENIIIUEN KPEM-
HHEBO-(POTOHHOH TEXHOJIOI'UH B MATPH-
1€ AHAJIOTO-IIU(PPOBBIX /IIU(PPOAHAIOTO-
BBIX IIpeo6pazosBarTeneil CGOpMUPOBAH
JBYMEPHBIN MaCCUB (2D) KpeMHHEBBIX
($poToanos0B 110 MEMOPAHHOM TEXHO-
JIOTMH U COBMEIEH ¢ (pOoTOyCHIMTEIA-
MU U AHAJIOrO-HU(MPOBBIMHU (DYHKIIUO-
HAJIbHBIMU YCTPOUCTBAMHU B €JUHOM
06bEME HHTErPATBHOI'O KPEMHHEBOTO
KPUCTAJLIA.

Cam kpucraw 3D M @D CBUC A/I]
IIPEICTABIISIET COGOI MATPHILY OIITOIJIEK-
TPOHHBIX IIPEOOPA30OBATENECH PA3MEPOM

8 x 8 muKcesneH ¢ marom 1 MM, (pyHKIIHO-
HaJIbHAA CX€Ma KOTOPOI'oO ObLIa IIPUBEE-
HA B Y2K€ YIIOMAHYTOH 3-H1 94aCTH.
Kaxxawiit nukcens 3D M @D CBUC A/1]
BKJIIOYAET B CeOs: NIPUEMHBIN (POTOIU-
0/, IPE0OPA30BATEIb TOK-HAIIPSLKEHHE,
8-paspagnbiii 1ATI, 8-paspagnabiii AL
IUIOIIA/IKY JI/I1 MOHTAKA aHO/A BHEITHETO
VCSEL, perucTpsl U JIOTHUKY YIIPABJIECHUA.

@DyHkuum kpuctanna 3D M
D3 CBUC A/

Marpunia  ALII/ITAIT  aMIUIMTYZHO-
MOIOYIUPOBAHHBIX UMITYJIbCHBIX (I)OTOH—
HBIX CHUTI'HAJIOB BBIIIOJHACT CICAYIONIHEC
(PyHKIUU:
® MpuéM ONTUYECKON HH(MOPMAIIUU B

U(PPOBOM WIN AHAJIOI'OBOM PEKH-

Max U Ipeodpa3oBaHUE €€ B TOKOBBIN

CHUTHAJ,
® Ipeo6GpPa30BaHUE TOKOBOTI'O CUTHAIA B

HAIIPSOKECHUE U €TI0 UHUBUNYA/IbHAA

KaTHOPOBKA JIIS1 yCTPAHEHUS OITHOOK,

CBSI3aHHBIX C Pa36POCOM ONITHYECKUX U

JIEKTPUYECKUX XAPAKTEPUCTHUK U3ITY-

yaTenew;
® aHWIOrO-IU(pPOBbIEC IPEOOPAZOBAHUA

Ka/IMOPOBAHHOI'O HAIIPSIKECHUS;

e (hopMHUpOBAHHE

TOKA JIA3€PHOI'0 JUOJA JJIA IIepeladu

OII'TUYECKOI MH(pOpMaAUU B U(PppO-

HOPMHPOBAHHOT'O

BOM WJIM AaHAJIOT'OBOM PEXHUMAX;
® YTCHHE/3AIHNCh JAHHBIX C/HA BHYTPEH-

HIOIO IIIHHY;

e yrpasjeHue pexxumamu HAIT u ALIIT —

AHAJIOI'OBBIH/IIN(PPOBOL;
® C/IBUT I IIPEOOPA30BAHUS I1apasl-

JIEJIBHOTO KOZAA B IOC/IEAOBATE/IbHBIN

1 OO6pPATHO.

Bce 311 PyHKIMY TO3BOIAIOT KPUCTA-
a1y 3D M @5 CBMC A/1] BeCTH TapasuIeib-
HYIO OOpPa0OTKY U IEPEAATY CUT'HAIOB IIO
MHOT'OKAHAJIBHBIM OIITHYE€CKHM H JIOKAJIb-
HBIM 3JICKTPHUYECKUM KAaHAJIAM CBA3HU.

OCOBEHHOCTU AHAJIOrOBbIX
cXEM KPuctanna 3D M @9
CBMC A/l}

u@dpoaHaloroseli mnpeodpazosBa-
Tenb (LIAIT) 3D M @O CBUC A/1] aBis-
eTcs 8-pa3pAAHBIM C TOKOBBIM BBIXO-
JOM U IIpeJHa3Ha4deH Ay (popMupO-
BaHU TOKA JIA3€PHOTO AuoAa. TOKOBOH
Harpy3koi LIAIIl aBisgeTcs J1a3epHBIN
auox (JII) ¢ TOKOM Havaja JTUHEHHON
30HBI uU3nydyeHusa 1,7 MA. IIpuHuMasn
3TOT TOK 34 TOK cMeleHusa HyJsa ITAIT
(TOK IIpH HYJIEBOM BXOJHOM Koze 1IAIT)
U 332/1aBas TUIIOBOU TOK €IMHUIIBI MJIA]-
mero pazpaga 10 MKA, mosy4aem THUIIO-
BOM TOK IMOJTHOM mKaabl [IAIT 1,7 MA +
255 x 10 MKA = 4,25 MA. Ha pucyHke 23

COBPEMEHHbIE TEXHOJTOrMM

Puc. 21. MoHTa)XHas nnata Ans yCTaHOBKM
M 3® CBUC VCSEL

BbixoaHast MOLIHOCTb, MBT

Moporosbii ToK, MA

Puc. 22. Mukpo3oHa0Bbie U3MEPEHUs
HenocpeACTBEHHO HA MAaTPUYHOM KpucTanne

B HENPepbIBHOM PeXume: a — pacrnpeenexue
MaKCUManbHOI BbIXOLHOW MOLLHOCTY
VHAMBNLYANbHBIX Na3ePHbIX U3nyyatenei no
nnowiagn matpuupl; 6 — pacnpeeneHue noporosoro
TOKa VHAMBUAYAmNbHbIX Na3epHbIX U3ny4arenen no
nnoLwagn marpuupl

IIPE/ICTABICHA IEKTPUYECKAS CXeMa
mojaenu VCSEL.

C yuéroM TpeOOBAHUN, IIPE/IABIISIEMBIX
K poToguoaaM, pa3zpaboTaHa cxema in_
scale mpeoGpa3oBaressi Toka poToarnoaa
B Ju(pepeHIaIbHOE BBIXOJHOE HAIIPSI-
JKEHUE, IPEACTABJIECHHASI HA PUCYHKE 24.
CxeMma nnpeob6pasonaresist Toka poroanoaa
B Ju(epeHIInaTbHOE HAIIPSDKEHUE UMe-
€T Ba 8-pa3psaaHbIX TOKOBBIX LIAIT s
MOACTPOMKHU (KATHUOPOBKI) HYJIA U I1OJ-
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Puc. 23. Inektpuyeckas cxema mopenu VGSEL

HOI HIKaJIbI JU(PHEPEHITUATBHOTO HAIIPS -
JKeHusa V

(outp-outn)

Ha BBIXO/|aX IIPEOO6PA30-
BaTes. IATI KaIMOPOBKHU BBIIIOJTHEHBI HA
n-MOII TOKOBBIX 3epKaiax. C y4€TOM HEO-
npeAeIEHHON BEJIUMYUHBI TOKA CMEIEHUA
HYJIA JIA3E€PHOTO AUO/A, KAXKABIN ITNKCEIb
HMeET TOKOBBIE BBIBOABI I (cxema
pixeDul_.

TOK, 32/JaBAE€MBIH Yepe3 BHIBO/IBI Ip B

h_exc

ph_exc

KQKJIBI TUKCEb, OJTUHAKOBBIN U JOJLKEH
OTBOAUTH C BBIXO/A (POTOANONA U3JIHIII-
HHI TOK, 00€CIIeYHBAS OIITHMAIbHBIM I
npeo6pazosaresst TOK Hys 20...40 MKA,
PaBHBIH Pa3HOCTH TOKA (hOTOAHOIA IPU
npuéme HyseBoro curiana (I, ) u Toka
BBIBO/IA Iph}xc.

ITogcTporiKka BBIXOZHOTO HAIIPSKEHUA
TIOJTHOY HIKAJIBI IIPEOOPA30BATEIS], PABHO-
T'O ITOJIOKUTEIBHOMN PAa3HOCTHU OIIOPHBIX
HanpspkeHuid ALITITV
€TCA UHAUBUIYAJIbHO JJI KAXKIOT'O ITHK-

(refp-refny OOCCTICUHBA-
cess 3alaHHEM KaJIMOPOBOYHOIO KOJA
calfs<7:0>.

BxogHOM KackajJ ImpeoopasoBaTess
HUTAETCA OT HUCTOYHHUKA IIOBBIIIEHHO-
ro Hanpspkenus V= 3,3 B ana obecrie-
4yeHUus1 Ha (HOTOJHO/IE HANPSDKEHUS HE
MeHee 2 B. BeIXO/HOM Kacka/i mpeodpa-
3oBaresst 1 HAIT KaTMOPOBKU NUTAIOTCS
OT MCTOYHUKA HanpspkeHus V,, = 1,8 B
JJIA YMEHBIICHUA IUIOIIAAU KPUCTAJUIA
U IOTPEOGIAEMOI MOIHOCTH.

TaxuM 06pa3oM, KAXKABIH ITHKCEIb B
cocraBe TUMC ocymecrsisier 10 160 miH
A/I0- wiun 1 /A-ipeo6pa3oBaHUN B CEKYH-
ay. O61as IpoOu3BOIUTENLHOCTE 3D M
®H CBUC A/I] cocrassieT 60ee 20 Map[
A/I0- wiun 1 /A-ipeo6pa30BaHUN B CEKYH-
Iy OPpHA TAKTOBOM dYacrore 160 MIi.
Kpucram 3D M @5 CBUC A/I1 pa6o-
TAET 0]} YIPABJIEHUEM MHUKPOIIPOILIEC-
copa TMS320C6455 no mmuue EMIFA
C MAaKCHMaJIBHOHM TaKTOBOH 4YaCTOTOU
110 166 MI'11.

YCTpOMICTBO YIIPABJIECHHUS OPTaHU3YET
padoTty MaTpuLbl TUKCEIEH. IS 3TOro
(popmupyercss HAa6Op yIPABJISIIONUX CUT-
HAJIOB. YaCTh U3 HUX SBJITIOTCS OOIIUMH
LTSI BCEX ITUKCEJICH, IPYTasi YACTh CIIYKUT
JUIs1 BBIOOpA TUKCcener. OCOOEHHOCTSIMU
YIIPABJICHUS SIBJIAIOTCS:

@ BBIIIOJIHEHUE ITOTOKA KOMAH/I, IOCTYIIa-

IONIUX C BHEITHEY NIUHBI JJAHHBIX;
® MEXAHU3M OTJIOKEHHON KOMAaH/bI,

NO3BOJSIIONIUN  CHHXPOHHU3UPOBATH

,I[CﬁCTBPI}I HECKOJIBKHX OIITHYECKH CBs-

3aHHBIX KPHUCTAJUIOB;
© MUKPOIIPOTrPAMMHPOBAHUE KOMAH]I

3arpy>KaeMbIM MHKPOKO/IOM;
® O0Ias HIMHA JAHHBIX U1 3arPy3KHU

MHKPOKO/IA, IIOTOKA KOMaHJI, 3arpys3-

KU U BBITPY3KU MH(OPMALIMOHHBIX U

KAaTUOPOBOYHBIX PETHCTPOB ITUKCEJICIT;
® BBIOOP ITMKCEJICIH, y9aCTBYIOIIHX B OII€e-

panyAx: OTAEIbHBIN ITUKCEIb — CTPO-

Ka — CTOJIOEI] — BCSI MATPHIIA;
® BHCIIHAA INHHA JAHHBIX COBMECTHMA

¢ TMS320.

TEXHONOrnMa U3roToBJIEHMA
KPUCTAJUJIA U SJIEMEHTHOM BA3bl
Kak yxe roBopuiocs, kKpucrtaw 3D M
O CBUC A/1] U3roTaBIUBAETCS IO TEX-
Hostoruu 180 M KMOII SOI ¢pupmsr XFAB
C TeXHOJOTn4eCKuMHu HopMamu XT018.
BbIOOp 3TOH TEXHOJOTUU OOYCIOBJIECH
BBEJCHHUEM B JJAHHBIN TEXHOJTOTHYECKUN
IIPOLIECC ONIIMHU (POTOJUO/IOB, TO ECTh OHA
HMEET HEOOXOJUMbIE OCOOEHHOCTH HU3T'0-
TOBJIEHUST:
® 6a30BBIN TEXHOJOTHUYECKUHN MOJYJIb:
craggapTHeii 1,8 B KMOII ¢ 3,3 B iepu-
depueit (MOS3ST);
® HAJIMYHUE B pa3padbaThIBAEMOM KPHUCTAJI-
JIe OBICTPOAEHCTBYIOINX AHAJIOT'OBBIX
cxem ANII, ITAIT u nnpeo6pa3oBaress
TOKA B HAIIPSLKEHUE TPEOYET HCIIOIb30-
BaHMA TEXHOJIOTUYECKUX MOJYJIEN U30-
JIUPOBAHHLIX TPaH3UCTOPOB (ISOMOS)
JUISL U3OJISIITUU AHAJIOTOBBIX CXEM OT
(P POBBIX IIYMOB JIOTUYECKOH YaACTHU
KPHCTAJUIA, BBICOKOOMHBIX IIOJTUKPEM-
HUeBbIX pe3ucTopos (HRPOLY), merta-
JIMYECKUX KOHAEHCATOPOB (MIM);

COBPEMEHHbBIE TEXHOJIOrMM

® CJIOKHOCTD PA3BOJKH 6OJIBIIOIO KOJIH-
YeCTBA AHAJIOTOBBIX CXEM C Pa3/ie/lb-
HBIM IIMTAHHUEM U OOJIBIION TOK IOTpE-
6/1eHuA 0OYCIOBUII BBLIOOD MOJYJIA pa3-
BOJKH C IIATHIO METAVIAMH M IIE€CTHhIM
TOJICTBIM MeTa/1IoM (5M + THKMET).

CTPYKTYPA NOrMYECKOW YACTHU
KPUCTAJJIA

B CTPYKTYpY JIOTHYECKOI YaCTH KPHU-
craia 3D M @9 CBUC A/11 BXoaAT (PyHK-
IIMOHAJIbHbIC 6JIOKI/I, IPEACTABICHHBIC HA
PHCYHKe 25.

OCHOBHBIE (DYHKIHMOHAJIbHBIE OJIO-
K{ JIOTHYECKOHM YaCTH, IPUCYTCTBYIO-
e B KPHUCTA/UIE: YCTPOMCTBO YIIPAB-
JeHusa - «Control», perucrp KOMaH-
abl — «CmdReg», perucTp OTI0KEHHOU
koMmanael — «CmdRegHold», perucrpo-
BBIN (parin MuUkpokoga — «MicroCode»,
cuéryuk agpeca — «AddrCounter», gerud-
patop crpok — «RowDS», gemudparop
CTOIOIOB — «COlDS», TOrUKa NUKCEICH —
«PixelLog».

BsaumMozeiictBue (DYyHKIIMOHAIbHBIX
GJIOKOB M300PAKEHO HA PUCYHKE 20.

Tononorus KPUCTANNA
A/L] n B3AMMOQENCTBUE
DYHKLIMOHAJIbHbIX BJIOKOB

Tononorus KpUCTaaia IpeACTaBisaeT
COOO¥ MATPUILY ITUKCEIEN 8 X 8 U KOTBITO
nepu@epUitHbIX T9eeK (CM. puc. 27). Mex-
Iy PSAAaMH ITHKCEIEH HAXOJATCS T'OPH-
3OHTAJIbHBIC WU BEPTUKAJIbHBIC KAHAJIBI,
HCIIOIb3yEMBIE 11 TPACCUPOBKU U Pa3-
MEIEHUs BEHTWIEH BEPXHEI'O YPOBHIL.
B xaHay1axX TAKKE PA3MEIAIOTCS JIEMEH-
TBI CTPYKTYPBI TAKTUPOBAHUA U 6y ephl
OIITUMHU3ALIUH BPEMEHHbIX IIAPAMETPOB.
BepxHui ropu30HTAIbHBIA KAaHAJI COHEP-
SKHT JIOTHYECKHE IEMEHTBI YCTPOMCTBA
ypasieHus Control.

Kakaplil ITHKCEIb COJOEPKUT OJ0K
JIOTUKHU (CE€BEPO-3aNaJHBIN yroy), BCE
CXEMBbI aHAJIOTOBOM YaCTHU ITHUKCEISI U
momaaxky noakaodenus VCSEL. ITuk-
CeJIb IPEJCTABIAET COO0U KBaJpaT pas-
mepom 750 x 750 MKM. BHyTpHu nUKCe-
JISL PACIIOJIOXKEHA 30HA IS IOTHYECKUX
3JIEMEHTOB yIIpaBJICHUA TUKceIeM. Pa3-
Mep OTBeAE€HHOM 061acTi 306 X 87 MKM.
Bcs ocranbHadg mwIomanb IpeaHa3Ha-
4eHa UI AaHAJIOTOBBIX CXEM IIHKCE-
Jis1. OGIMIT BU/I TUKCEISI IPUBEIEH HA
pucyHke 28.

PacrionoxxeHue MOpPTOB IHKCENISA IIO
CTOPOHAM:
® CBEPXY U CIIPaBa — CUT'HAJIBI U3/B aHA-

JIOTOBBIA MHUD;
® CJIEBA — CUTHAJIBL, TPACCHPYEMEIE B BEP-

THKAJIBHOM KaHAJIE, — 9TO OOIIUE CUT'HA-
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BbixopHoM ToK hoToAMoAa Ha Bxoae B AnddhepeHumanbHblii AL BXoAHOTO Hanpsxxexus
Tok Ha Bxofe B AndhdhepeHLmanbHblil npeobpasoBatesib BbIXOAHOMO HAMPSXKEHNS:
Voutp-Voutn = 5000 x (lin x (128/Ncalfs)-Ical0 x (128/Ncalz)) = + 256 mB (typ)
Ical0 = (Infs+lin0)/2;
Ical0 = 70,95 mkA B lin0 = 20 MKA. linfs = 122,4 MKA (typ)
_______________ TOKOBO KA e
i natby3 in off3 natby3 favdd_in Tok LIAM ans kanubpoBKu Hyns - 15 i—natb . i
favee in[+ = /avee_in * Dcncalz<7:0> [AnanasoH kanuoposku Icall ... 256 x Ical0! ! j /avdd_in * i
| h% I I g0 Tk |
i b |l i
| By b f b I noffs L | et = ;
i G :1 =T, [: : L L it g !
i L J J L J i s - i s L s L LI L s i i b=t E i
: I |- —r | : ﬁl ﬁl : : r | :
: L g : 1 | | L ‘ |
| 5 ; et | g | B| B| B EnlL e o
L= i TIEL (]! |
/avdd_in * lin | stby ; i e i
_in *_ ! : . . . . . Y g ey ||| ;
BxopaHoii Tok dhoToamoaa: H Vo |
in off 4 FBlint =124 mkA ; - ' BRITTL |
= Zero In0 = 20 mkA g . b0 — — 1
Javss_in * i ncalz<7:0> b S[] :
/avss_in * £L 4 inatb s i
in_off [lopgaya curHana X - 3 | Javdd in * Cmo:
OGHymNeHe BXOAHOO HaMpsKeHust i Tox LIAT anst nonHoid kanmposku AL -1 4 S re,
MloGTIe M3MEHEHNS BLIXOAHbIX g i ncalz<7:0> [manasoH kannoposku 2 X lin ... 512 x lin i i L § i
xapakTepuctik LIAM Ha 0,5 na L gt o 0
(HEMb3A UCMONb30BATb ECAINA = Eol | ey I
Fs <1000 Msps) L L g 3 :
[l > Anoff, Lin_off g ] A H L L L. . L. 1T t
1 [ [ 1 1 p—— ]
il . = £ £ h|Lt :
y J l I I | \
. = Ol | o il 2 {: ﬁ 15 f
/avss_in ! el 34 2 = 1 | | Vo - |
i ' b J. outn }
stbL (Cxema C/BMra ypoBHs! i I = & R = b & i
nstby3 : i i r i L L r i : : s | !
| i 1 l/avss_in|* :
D natby : ' ' ' ' ' Pl Brewnmi |
i ncalz<7:0> i HewHwi Vemo-vrefp
/avss_in ] P (ans ALM) ;
Puc. 24. Cxema npeo6pa3oBarens Toka totoguoaa B auththepeHunanbHoe HanpsXKeHue
JIBI IIMKCEJIEH, BBIOOP CTOIOA, COPOC, TAK-
64 cBETOANOAHbIX
THPOBAHUE, A TAKKE «3EM/I> U INTAHUE; 64 chotoanopa ; VoS | Normea | | AT | | D ‘
® CHH3y — CHUI'HQJIBI, TPACCHpPyEMBIE B =
IOPUBOHTAIIBHOM KaHAJIE, — 9TO HIMHA Vipasnesne 818 | ¥
™ nhkceney " ®otopmo,
JTAHHBIX M BLIGOP CTPOKH. er o ALl [ESoRpasoRon | Ao ‘
KobI10 TiepuepuitHbIX T9eeK Cofiep- Sﬁ[[;jg} - 1
JKUT STYEHKU BBO/IA/BBIBO/IA BCEX CHUTHA- HBE : ::I ColDS = Puc. 26. B3aumopeiicTeue hyHKUMOHANbHbIX 6110KOB
= 1]
JIOB M1 SYEHKH JIJISI IIOJAYH «3€MJIH»>, [INTA- nWE MicroCode =
HUA U ONIOPBL. B rOpU30HTAIBHBIX CETMEH- TaKToBbllg| | MaBHbii
TAaX KOJIbIIA TYEUKU PACIOJIOKEHBI B OJJTUH Falied KOHB
1 p 7L Crapr e | asTomar
P, B BEPTUKAJIbHBIX — B IBa psaga. PyHK- Hold
ITMOHAJIbHAS CXEMA BKJIIOUEHHUSI KPUCTATT- ® & &
nReset Calibr CalibrZ
aa 3D M ®5 CBUC A/I] mpeacrasieHa HA

pucyHke 29.

C 11€/1bI0 YMEHBIICHUA BIUAHUA HU(DPO-
BBIX IIOMEX HA pabOTy AaHAJIOTOBBIX CXEM
KpHUCTA/UIA HEOOXOAUMO OO€ECIEYUTD
nuranue anaaorosoro (3,3 u 1,8 B) u nud-
posoro (3,3 u 1,8 B) 10MEHOB OT OTAE/Ib-
HBIX BTOPHUYHBIX HCTOYHHUKOB U BBECTHU
JUIA KAXKIOI'0 JOMEHA C KAXKIOM CTOPOHBI
KpHUCTA/L1A (PHWIBTPYIOIINE KOHIEHCATOPDI
10 MKD + 100 H® (KEpaMHUYECKUI C MAJIBIM
ESR) MakCUMaJIBHO OJIMIKE K MECTAM IO/~
KJIIOYEHUS BBIBOJIOB.

TEXHUYECKUE XAPAKTEPUCTUKU
3D M &3 CbMC A/}

Kax u MaTpuIa usiaydareier, KpucTaul
3D M ®5 CBHMC A/1] COpEPKUT MATPUILTY

Puc. 25. dyHKUMOHANbHAA cXeMa Kpucranna
3D M @3 CBUC A/}

u3 64 (8 x 8) UHTEUIEKTYaIbHbBIX [THK-

ceJie:

e (popmar maTpulsl — 8 X 8;

© KOJIUYECTBO OIITUYECKUX KAHAJIOB BBO-
nma/BeIBOAA 64/64;

® DIIEKTPUYECKUIT uHTEpdeEiic — 64 our;

® CKOPOCTb 3JIEKTPHUYECKOTO BBOJA/
BBIBOJA — 10 166 MI11;

® CKOPOCTb OIITHYECKOI'O MHOTOKAHAJIb-
HOI'O BBOJA/BbIBOJA — 10 166 MTI'L;

® BH/] MHOTOKAHAJIBHBIX CBsI3eH — (POTOH-
(OTOHHBIN (TPAaH3UT), (POTOH-IIEK-
TPOHHBIH, JIEKTPOHHO-(OTOHHBI;

© MOJY/ISAIUS — HUMITYJIbCHO-KO/IOBAsI C

S
3
: a
ncE &3 [ ierocode J+—
nOE @~
nWE @={Ynpasnexune
TaKToBbIN,
curtan ] —
mdReg
L —

nReset Calibr CalibrZ

Puc. 27. 06wmii nnan kpuctana 30 M @3 CBUC A/l
HEMOCPEACTBEHHON  JIEMOIY/IALNEN
MOIITHOCTH OI'THYECKOTO U3Ty4EHHUSI;

® yIIpaBJIEHHE — CJIAHCOBOE, C IOC/IENO-
BATEJIbHOM BBIOOPKOM ITU(PPOBBIX JAH-
HBIX MATPUIIBL
KaxapIiit UHTEJUIEKTYa/IbHBII ITUKCEIb

Bmouaer: npuémusiii UK-gporonuon,
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3anpeLyéHHas 30Ha

Tloruka nukcens

Puc. 28. 06wuii Bua nukcensa kpuctanna 30 M
®3 CBUC A/}

YCWINTENb-IIPeOOpa30BaTeNb (DOTOTOKA B
HanpsbKeHue, 8-pa3paanbiii AT BbIXO-
HOT'O HAIIPSDKEHUS yCHINTEIIS-IIpeodpa-
30Baresid, 8-pas3pagHbiii IHAIT ¢ TOKOBBIM
BBIXO/IOM HA U3/Ty4aIOIIe Ja3€ephl, 8-pas-
PAOHBIA PETUCTP AAHHBIX C UHTEP(EH-

COM BBO/Ia/BBIBO/4, KOHTAKTHBIE IUIONA/]I-
KH TOKOBOT'O BBIXO/Id H OOIIEro KaToaa
JIISI MOHTAKA JIA3EPHOTO U3Ty4aTeIsI.
DneKkTpudecKuii uHTepdEeric 06ecredn-
BaeT OOMEH LIM(PPOBLIMU JAHHBIMU C YIIPAB-
JsomuM - tiporieccopom  TMS320C6455
dupmsbl Texas Instruments 1o uHTEPQEH-
cy External Memory Interface (EMIFA).
HJanHas koHUrypamnus ooecrieyuBaer
MapaIJIeTbHBIN OOMEH CUTHAIAMH MEXTY
6a30BpIMHU MOAYyIAMU 3D M ®D® CBHC.

OcoBEHHOCTH
®YHKLMOHAJbHbIX NMUKCEJEN
3D M ®3 CBMC A/L}

Kaxxapiii nukcenp kpucramwia 3D M
®D CBUC A/I] BKIIOYAET B c€6s1 IPUEM-
HBIA (poTOIMO, IPEOOPA3OBATEND TOK—
HaIIPsOKEHHUE, (DYHKIITMOHAIBHYIO CXEMY,
IUIOIIAJKY JJ/I1 MOHTAKa AaHO/1A BHEIIIHE-
ro Jja3epa BEPTUKAJIBHOIO U3JIy4CHUH,
OCHOBHBIE (DYHKIIUH ITUKCEJIEH, IIPUEM
OIITUYECKOI HMH(poOpManuu B 1HUdpoO-
BOM WJIN aHAJIOTOBOM PEKHUMAX U IIPEO6-
pa3oBaHue €€ B TOKOBBIH CUTHAJTI, (DYHK-
LIMOHAIBHYIO OOpabOTKY, (POPMUPOBAHUE
HOPMHPOBAHHOT'O TOKA JIa3epa I Iiepe-

19y OTHYECKOM MH(OPMAIUH B (-
POBOM HJIM AaHAJIOTOBOM PEKUMAX.

Ha pucynke 30 nnpezacrasieHa (pororpa-
dus kpeMHuEBOro kpucrawia 3D M ©D
CBUC A/11, BBINIOJTHEHHOT'O IO KPEMHUE-
BOI1 KMOII-TEXHOJIOTUH.

PeEXuMmbl akcnnyAaTaumm 3D M
DI CBUC A/}

PexuMBI KCILTYyaTaluu (TOK IoTpebie-
HHUS M MOLIHOCTB) BCET'O KpUcTa/uia 3D M
®H CBUC A/II nipeACcTaBIEHbI IPU HOP-
MaabHbIX yenouax (T=+40°C,V_=3,3 B,
V,.=18B):
® TOK  IIOTPEOJCHUsA  AHAJIOT'OBBIM:

I, =04x4MA=250MA (THIIHIHOE);
® TOK  IIOTPEOJCHUsA  AHAJIOT'OBBIM:

I, =04x8MA=512MA (THIIHYHOE);
® TOK IIOTPEOJICHU 110 OIIOPHBIM HCTOY-

Hukam: I =064 x0,5 MA =32 MA (THIIHY-

HOE);
® TOK norpebnenusa jaoruku (npu F =

=166 MI'm): I, =064 x 2 MA = 128 MA

(TUIIMYHOE);
® TOK HOTpPebIeHus BRIXOnoB (ipu F =

=166 MI'): I, =64 x 2 MA = 128 MA

(TUIIMYHOE).

Puc. 29. ®yHkunuoHanbHas cxema BknYeHus kpucranna 30 M @3 CBUC A/l
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CyMMapHasi MOLIHOCTb IIOTpebIe-
HHUSI OT BCEX HUCTOYHUKOB COCTABIISIET
P=33x(256+128)+1,8 x(512+128)
+0,256x32=1267 + 1152 + 8 = 2430 mBr.

IIporuo3upyemasi MaKCUMaIbHAsI MOIII-
HOCTh HOTPEOJIEHUsT BCETO KPHUCTAUIA
WP-mopenu (T =+85°C,V =348,V =
=1,9 B) moxer gocturats 3,5 BT, uTO Oorpa-
HUYUBAET MAKCUMAJIBHYIO PA60OYYIO TEM-
neparypy cpeanl Ha yposHe +85°C u Tpe-
OyeT CIeITUaIbHbBIX MEP /IS OXJIAK/ICHHUS
KPHUCTAJUIA, YTOOBI MAKCUMAJIbHASI TEMIIE-
partypa IIOBEPXHOCTU KPUCTAILIA COCTAB-
Jisi1a He 6oiiee +125°C.

CucTEMHBIN noaxon
nPUMEHEHUA 3D M @9
CBM1C A/}

711 OLIEHKHU BO3MOXKHOCTEH MEKKPH-
CTA/UTMYECKOTr0 OOMeHa HH(MOpMAUU
kpucrtawios 3D M ®9 CBUC A/I] pac-
cyuTaeM HH(POPMAITUOHHBIHN IOTOK IIPU
HCIIOJIb30BAHUH aHAJIOI'OBBIX U ITUPPO-
BBIX UHTEP(EHCOB.

IIpry HMCOOJB30BAHUU  DJIEKTpHUYE-
cko¥ muHbl EMIFA 1 npuéma, oopa-
6OTKH U niepegavau 64-pas3psagHbIX GUTO-
BBIX CJIOB 110 G4-pa3psiygHort urnHe EMIFA
kpucramia 3D M ©9 CBUC A/I] ¢ TakTO-

BOU yacToTo! 150 MI'1 Hory9Yum OO1mui
notok uHdopmaruu 150 Ml x 64 6ur =
=~ 9,6 I'6ur/c. [Ipu 3TOM /IS CBSI3H C IPY-
rumMu 3D M CBHC uCnonb3yeTcs /1€EK-
TPHUYECKUH MHOIOKAHAJIbHBIM HHTEP-
(deric EMIFA.

IIpu UCIOAB30BaHUU 64-KaHALHOTO
ONITUYECKOro 1H(PPOBOro HHTEPQEH-
ca C HOOUTOBBIM BBIBOJOM HH(pOpMa-
nuu ¢ 64 IIMKCcesIe ¢ TAKTOBOM 4aCcTo-
TOH 150 MI'm uMeeM HH(POPMAITMOHHBIH
IIOTOK Ha Kpucraswie 3D M @D CBUCA/1],
pasubt 150 MI'1 x 64 6uT = 9,6 ['6uT/C.

IIpu UCOAB30BaHUU 64-KaHATBLHOTO
OIITUYECKOT'O aHAJIOTOBOIrO HHTEpdEH-
ca uMeeM Ha KaxoM nukcese 8(16)-pas-
pagabii ALTI/ITAIT ¢ TaKTOBOM 4acCTO-
TOH 150 MI'ly UH(OPMALIMOHHBIH IIOTOK
150 MI'y x 8 = 1,2 IT'6ur/c. [Ipu 0JHOMO-
MEHTHOM lepeiaye MacCuBa us 64 muk-
ceseil uMeeM OOmUN HHMOPMAIIUOH-
HBIM HOTOK 1,2 I'6ur/c X 64 KaHama =
= 76,8 Tour/c. [Ipu 16-paspsgaom AL/
ITAIT Ha KaXKJIOM ITMKCEIe UH(pOpMaIu-
OHHBII IOTOK OyzeT paseH 2,4 I'our/c, a
o61mmit — 153,6 T'éur/c.

Takum 06pa3oM, IpuMeHeHue (hoToH-
HBIX HHTEP(EHCOB ¢ aHATIOrO-uu(MPOBOH
U 1HU(PPOAHATIOTOBOH UMITYIbCHO-KOHO-

Puc. 30. dotorpachus KpemHUeBoro
KMOM-kpuctanna 30 M ®3 CBUC A/l

BOU MOZY/IALIUEN UMEET IIEPCIIEKTUBHOE
pasBUTHE [ MEKKPHUCTAUIMYECKOI'O
OOMEHA ITAHHBIMU.

B ciepyromert cratbe OyA€eT IpeCcTaB-
JIEHO TEXHHYECKOE OIIMCAHUE C KOH-
CTPYKTHUBHBIMHU PEHICHUSAMU U dJIEKTPHU-
YECKHMH XAPAKTEPUCTUKAMHU OCTaJIb-
HbIX 3D M CBUC 6a30BOr0 psijia, TAKUX
KaK: MaTpulla IIPOLECCOPOB C IIOTO-
KOBOHM OOpabGOTKOM (DYHKIIUU paclie-
IJIEHHOTO ajnropurMa BII® (3D M ®D
CBUC I1®), maTpuILla ITUKCEIEH IMaMs-
TH ¢ (PyHKIHEH nepecTaHoBku (3D M
®Y CBUC IIIT), KpUCTAII KOMMYTAlluHA
KaHanoB (3D M ®5 CBHC KK) u kpu-
crau1 Mapuipyrusaropa SPACE WIRE
(3D M ®5 CBUC SW). @

COBPEMEHHbIE TEXHOJTOrMM

poweneo sy PROSOFT

PROCHIP OOULUNANbHBIA ANCTPUBBIOTOP

AKTUBHbI KOMMOHEHT BALUErO BU3HECA
(495) 232-2522 = INFO@PROCHIPRU = WWW.PROCHIPRU
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PaavonokaunoHHibie 06HapyXutenu
ABUXYLWMXCA Lenen HOBOro NOKoneHus

Bnapumup baprtenes (Mocksa)

B ctaTbe npeAcTaBneHbl HOBble CNOCO6bI KOrepeHTHOM 06paboTKMn
curHanoB B paguonokauuu. OCHOBHOe BHMMaHMue yaeneHo KOMMIIEKCHOMY
nopxopy K NoCTPOEHU0 afanTUBHOIO 0GHapPYXUTENs ABUXKYLLMXCA Lienen
Ha poHe pa3NnM4HOro TUrna NacCcUBHbIX NMOMEX, BKIOYaloLero B cebs
umcppoByto 06paboTKy B yCTPOMCTBAX MHOrOKaHaibHOW [OMNJIepPOBCKOM
counbTpaymm, cTabunu3aumm NI0XKHbIX TPEBOT, afanTUBHOIO 06HapyXeHuUs
1 Knaccudukauum NpUHUMaeMbiX CUrHanoB, NPEeBbICUBLUMX NOpPOr

Oo6Hapy>XeHus.

BBEREHUE

Hcropus 60pbOBbI € MACCUBHBIMU IIOME-
XaMU B PAJUOTOKANU HACYUTDBIBACT YK€
6osee 70 et [1]. OfHAKO JO HACTOSIIET'O
BPEMECHU MHOTHEC HpO6JICMbI, CBA3aHHBIC
C 3TOM 3a7ja4€l, HE TOJIbKO HE PEILIECHBI,
HO U ené 6osee ycyryounuce. TexHoso-
THH CO3JAaHUA U IIOCTAHOBKH ITACCUBHBIX
IIOMEX HEIIPEPBIBHO COBCPUICHCTBYIOTCA.
Kpome Toro, 1ogB1€Hue MaJIOPA3MEPHBIX
OCCIMIOTHBIX JIETATE/IBHBIX AIlIIAPATOB,
a4 TAKKe HCIOJb30BAHUE TEXHOJOTHU
Cresnc (Stealth) mpu co3maHuu caMoié-
TOB U KPBUIATBIX PAKET, UMCIONIHUX MATYIO
3P (PEKTUBHYIO IUIOIIAAb PACCEUBAHUS
(BIIP), couzmepumyio ¢ DIIP 06'bEKTOB,
MU3BECTHBIX KAK <«aHI'EJIbl», CO3AIOIINX
MENIAIONTHE OTPASKEHUS OT «ICHOI'O HEOA»,
HPUBOJUT K CHIDKEHUIO 3((PEKTUBHO-
CTH TPAJAUITUOHHBIX (DIJIBTPOBBIX a/all-
TUBHBIX CHUCTEM CCJICKIIUH ABIKYNINX-
ca uenen (CAL). Bc€ aTo akryanmsupyer
HCCIIEIOBAHUA 110 pa3paborke addek-
TUBHBIX METOJOB U AJITOPUTMOB 0oOHa-
pyxeHus 1eet ¢ MmaabiMu OIIP Ha poHe
11€JI0¥1 COBOKYITHOCTA MHOTOKOMITIOHEHT-
HBIX, B TOM YUCJIC U JUCKPETHBIX ITACCHUB-
HBIX, ITIOMeX [2]. PAKTUYECKH, B JAHHOMN
OTPAaC/IM CTOUT BOIIPOC OO UCIOIb30BA-
HUH OOHAPYKUTEIEH IBIKYIUXCA LeJIeH
(OIL), IpeaCTaBISTIONIUX COOOM 1EIBIH
KOMIUIEKC YCTPOUCTB (pHIbTPpALIUM, CTa-
OWIN3AIINH JIOJKHBIX TPEBOT, aJaIITHB-
HOT'O OOHAPYKEHHUS M KIACCH(pPUKAIINH
IIPUHUMACMBIX CUT'HA/IOB, IPEBBICUBIINX
nopor obHapyxeHus. [TogseHue CoBep-
IIEHHOM 3JIEMEHTHOM 0a3bI B BUIE€ MHOT'O-
Pa3psaaHbIX ObICTpOAeHCTBYIOMMX AT,
BBICOKOIIPOU3BOIUTEC/IbHBIX MHOT'OAAEP-
HBIX CUI'HAJbHBIX IIpoueccopos (DSP),
cucrem Ha Kpucrauie (SOC) n nporpam-
MHPYEMBIX JIOTUYCCKUX HHTEIPAJIbHBIX
MHKPOCXEM C YUCIIOM BEHTWICH CBBIIIC
HECKOJIbKMX MHJJIMOHOB (FPGA) OTKpPBI-

BA€T HOBBIE BO3MOXKHOCTH JIJIsI pEAIN3a-
1y 607ee 3PPEKTUBHBIX CUCTEM CEJIEK-
MU ABIDKYIIUXCA 1ened. O IByX TaKUX
BBICOKO3(D(DEKTUBHBIX YCTPOUCTBAX, BXO-
JSIIIAX B OOHAPYKHUTENb JBILKYIIHXCS
1es1eM, ¥ MONJET PEYb B JAHHOU CTATBE.

OBHAPY)XEHUE CUIHAJIOB
ABUXYLIUXCHA MOMEX

HA ®OHE MHOFrOKOMMOHEHTHbIX
MPOTAXXKEHHbIX MACCUBHbIX
NMOMEX

B nnpakruke 3amurel PJIC oT curnanos
MHOT'OKOMIIOHEHTHBIX ITACCUBHBIX IIOMEX,
BBI3BAHHBIX COBOKYIITHOCTBIO OTPA>KECHUIT
OT MECTHBIX IIPEJMETOB, OOJIAKOB, TU/IPO-
METEOPOB, AUIOJIbHBIX IIOMEX, IPUMEHS-
IOT PA3JIMYHBbIE CIIOCOOBI OOHAPYKEHUS
IIOJIEZHBIX LIEJIEH.

OJuH U3 CI0COO0B OOHAPYKEHHUS CUT-
HAJIOB HA (pOHE MACCUBHBIX IIOMEX OCHO-
BaH HA IIPEJABAPUTEIbHON aJalITUBHOU
(GUIBTPALIMU [TACCUBHOH IIOMEXH IIPHU
IIOMOII COOTBETCTBYIONIEIO BbIOOpA
BECOBBIX KO3(punueHTos pribrpa [3] ¢
MOC/IEAYIOIUM CPABHEHUEM OTUOAIOMIEH
BBIXOZHOI'O CUTHA/IA C TOPOroM. OCHOB-
HBIM HEJOCTATKOM 3TOI'O CIIOCO0A SBJIA-
ercst ero Hu3kas 3pPPEeKTUBHOCTD, 00Y-
CJIOBJIEHHAs1 HCIIOJIb30BAHHUEM (PUKCHU-
POBaHHBIX BECOBBIX KOA(P(PUITUEHTOB I
(prIbTPALIY CUTHAIOB, UMEIOMIUX JTOILIE-
POBCKOE cMenieHue criekrpa. Kpome roro,
OTCYTCTBUE HOPMUPOBAHUSA CUTHAJIA 1O
CPaBHEHMUS C IOPOI'OM IIPUBOAUT K OTCYT-
CTBUIO CTAOMIN3AIIH JIOXKHBIX TPEBOT.

H3BeCTEH CIIOCOO6 OOHAPYKEHUS CHUT-
HAJIOB Ha (pOHE ITACCUBHBIX IOMeEX [4],
KOTOPBI BKJIIOYAET B C€O6s: MHOI'OKA-
HaJIbHOE BECOBOE KOI'€PEHTHOE HAKO-
IUIEHHUE, IIOCTIEAYIOUIEE BbIIEICHUE OT'U-
6aIOIUX, AJAIITHBHYIO HODMHPOBKY OTU-
GAIOIIMX CUTHAJIOB B KAXK/IOM U3 KAHAJIOB
U ux oobeguHeHue. Tem cambeIM (popmu-

PYeTcs BBIXOJHOW CHUTHAJI, CDABHHBAE-
MBI C HOpOroM o6HapyxeHus. Hegocrar-
KOM JIAHHOT'O CITOCO6a SIBJISIETCSI HU3Kast
3(PEeKTUBHOCTh 3AIUTHl OT ITACCUB-
HBIX [IOMEX 32 CYET TOTO, UTO (POPMHUPO-
BAHUC BHU/1A YACTOTHBIX XAPAKTCPUCTUK
IIPU BECOBOM KOI'€PECHTHOM HAKOIUICHUHN
OCYIIECTBIISIETC 0€3 yuéTa TaKuX Iapa-
METPOB, KaK HIMPHUHA CHEKTPa (PayKTya-
MU IACCUBHOI ITOMEXH U IOIUIEPOBCKOE
CMeleHHe €€ 4acTOThI. MICIIOIb30BaHHE
BO BCEX KAaHAJIAX OJUHAKOBOI BECO-
BOU (DYHKIMHU JIUII YMEHBIICHUS YPOBHSA
OOKOBBIX JIETIECTKOB YACTOTHBIX Xapakre-
PHCTHK KaHAJIOB OOECIIEYNBAET CHMMeE-
TPUYHOE M PABHOMEPHOE II0/IaBJICHHE
BCEX GOKOBBIX JIETIECTKOB (DUIIBTPOB, TOT-
J1a KaK IIPYU OIITUMAIBHOI 06PabOTKE OCY-
IECTB/IACTCA MAKCUMU3A A OTHOIICHMA
CHUT'HAJI/TIOMEXA 32 CYET PA3HOM KOPPEK-
IIUM YACTOTHBIX XaPAKTEPUCTUK (PUIIb-
TPOB B 30HE CHEKTPA (PIYKTyalluu CHUT-
HAJIOB ITACCUBHOM ITOMEXM.

Haubosnee OJM3KUM TEXHHYECKH K
PaccMaTPUBAEMOMY CIIOCOOY SIBIISIETCS
nateHt CIIA [5], B KOTOPOM 0OpaboOTKa
CcTpouTCs CIeayomum o6pasom. Ha Bxozne
OTpa)KéHHI)IC CHUT'HAJIBL, IPECACTABJICHHBIC
CBOUMH IIU(PPOBBIMU KBALPATYPHBIMU
COCTAaBJIIONUMU, IIO/IBEPTAIOTCS MHOT'O-
KaHAJIBHOH JIOIZIEPOBCKON (DUIbTPALIU U
MHOT'OKAaHA/IbHOMY KOT€PEHTHOMY HAKO-
IIJIEHHIO B IIPOLIECCOPE AUCKPETHOTO IIpe-
o6pazosanusa Pypre (AI1P). Ha BoIxXOIE
IIPOIIECCOPA BBIYUC/ISIIOTCS OTUOAIOITHE,
KOTOPBIE HOPMHUPYIOTCS, OO bEUHSIOTCS U
IIO/IAIOTCS HA IIOPOT OOHAPYKEHUS, IIPU-
4€M BBIYHCJIEHUE BECOBBIX KOA(pPHUITUEH-
TOB JIJISI MHOTOKAHAJIbHOM JOIIJIEPOBCKOM
(UIBTPAIMN OCYIIECTBISIETCS TIPEABa-
PUTEIBHO IO NPUOIKEHHOM (popmysie
JJI1 BBIOpAHHOI 3apaHee (DOPMBI CIICK-
Tpa (PIAYKTYallMH ITACCUBHOHM ITOMEXH.
B 1aHHOM Crioco6e KOPPEKIIHs 4aCTOT-
HBIX XaPAKTEPUCTUK IIPU MHOTOKAHAJIb-
HOM JJOIUIEPOBCKOM (PHIBTPALIUH IIPOU3-
BoUTCS 60s€ee 3PPEKTUBHO, C YyI€TOM
GIM3KO¥ K PEATBHOCTH IIACCUBHOI ITOMe-
XH, UMEIOIIEH, HAIIPUMED, IayCCOBCKUIT
crexTp. Jj11 3TOro BeCcoBble KO3 duu-
€HTBI, 00€CIICYHBAIOIIHE OIITHUMHU3AIIIIO
YACTOTHBIX XAPAKTEPUCTUK, IIPEABAPU-
TEJIBHO PACCYUTHIBAIOTCS 11O (hopMyIe [5]:

W=R"xS, (@)
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rne R’ — o6paTHas KOppessIuOHHAs
MaTpuna Uil IPEABAPUTENBHO 3aJaH-
HOM MOJIEJIN MMACCUBHOM IOMEXH, Xpa-
HSIIASACS B IIOCTOSHHOM 3aIIOMHUHAIOIIEM
YCTPOMCTBE, S — BEKTOP MOJIE3HOT'O CUT-
HaJja, KOTOPBIH JUIA 11EJIU C HEM3BECTHOU
CKOPOCTBIO (popMUpYyETCA B BUIE KO-
(punuenToB Pypne:

jX2mxn Jx4mxn <2m(N-1)
— N N N
S=|1le ,e yeenr © S

Ie N — HOMEpP JOIUIEPOBCKOIO KaHasa,
a N — YHMC/I0 UMITYJICOB B IIAYKeE.

B 7aHHOM CIIOCOO€ BBIYMCICHUE BECO-
BBIX KO3((PULIMEHTOB, B CLUIy HEBO3MOXK-
HOCTH B PE€AJIBHOM BPEMECHHU OIICHUTDH
MHOI'OMEPHYIO KOMILIEKCHYIO KOppPeJIsi-
LIMOHHYIO MaTPUILYy U CZIeJIaTh €€ obpalie-
HHE, UCIIOIb30BAaH YIIPOIEHHDIN ITIOAXO],.
CyTb 3TOr0 NOAXO0/A 3aK/II0YAETCS B pac-
CMOTPEHUU MOJCTN ITACCUBHOM IIOMEXH,
HAIIPHUMED, C rayCCOBOH (pOPMOI1 cIIEKTpa
U pacyére BECOBBIX KOA(P(PUITUEHTOB 6€3
OLIEHKH U OOPAIEHUS BCEH KOPPESIIU-
OHHOH MAaTPHIIbI B PEAJIbHOM BPEMEHU.
BMecTO 3TOrOo HIPOU3BOAUTCHA TOJBKO
OILIEHKA MOJYJ/ISI MEKIIEPHUOJHOI'O KO-
(HUIIMEHTA KOPPEJIALUN U €r0 apIyMEH-
T4 — MEXKIIEPHOJHOIO JOIUIEPOBCKOIO
Habera (pa3pl HOMEXHU. 3aT€M Ha UX OCHO-
BE U3 3aIIOMUHAIONIIETO YCTPOHCTBA BEIOH-
PpaIoTCs 3apaHee PACCIUTAHHBIC BECOBBIE
KO3((pULIMEHTHI 11 HENIOABILKHOM I1ac-
CHUBHOH IIOMEXH, KOTOPBIE KOPPEKTUPY-
IOTCSL C y4ETOM OLIEHKH MEXIIEPHUOTHOIO
JIOILUIEPOBCKOTIO Habera (passl K coxane-
HHUIO, 3apaHee BCE€ MHOrooopasue popm
CIIEKTpA IPEAYCMOTPETh HEBO3MOKHO,
OCOOEHHO €C/IU ITACCUBHAs IIOMEXa MHO-
TOKOMIIOHEHTHAs1, TO €CTh UMEET MHOI'O-
MOJIOBBII CIIEKTP OJHOBPEMEHHO OTpa-
JKEHHBIX CUTHAJIOB OT MECTHBIX upen-
METOB, T'MJIPOMETCOPOB MU JUIIOJIBHBIX
orpaxkaresnen. OTcrona u Hu3Kag apdex-
THBHOCTb JIJAHHOT'O CIIOCO04a.

st Toro 9ro6sl HNOBBICUTH 3P pek-
TUBHOCTB 3a1uThl PJIC OT IMaCCUBHBIX
IIOMEX C MHOI'OMOJOBBIMHU CIICKTPAMH,
MIPEIIATa€TCsl PACCYUTBIBATE BECOBBIE
KO3(pPHUITHUEHTHI JOIIEPOBCKOTO (PUIIb-
TPa IO OTPAKEHHBIM CUTHAJIAM OT MHO-
TOKOMIOOHEHTHOU ITACCUBHOM IIOMEXH,
HUCIOJb3Yys AIIIPOKCUMALIUIO PEAJIbBHON
IIOMEXH IIPOIIECCOM aBToperpeccut [6, 7].
DTO NO3BOJIUT HE IIPOU3BOJUTHh OLICHKY
KOPPEALIMOHHON MaTPHUIIBI U €€ 00pa-
LICHHUE, 4 B PEAJIbHOM MACIITa6€e BpeMe-
HHU OLICHUBATDb KOA(D(PHUIINEHTHI aBTOPE-
rpeccuu. Bocrionb3yeMcs B HallleM ciry4dae
UHBIM IpejicTaBieHueM popmyisl (1), He
nmpuGeras K OLl€HUBAaHUIO U OOPALICHUIO
KOMIUIEKCHOM KOPPEJIALIMOHHON MaTPH-

1161. OOPATHYIO KOPPEJSILIUOHHYIO MATPHU-
Ly JyIs1 IIPOLIECCA AaBTOPETPECCUU MOXK-
HO IIPEACTABUTH B BUJEC PAIJIOXKCHUA HA
JUATOHAJIBHYIO D, BEpXHIOIO Y HIDKHIOIO
TPEYroJIbHbIE MATPHUIIBI KOI(P(PUIINEHTOB
ABTOPETrPECCHUH A:

R™'=ADA". @)
B coorBercrBu ¢ (2) OMy4nM:
3

Zyx = (ZBXA)*D(AS) >

rne Z., Z,
IIPEACTABISIEMbIE CBOMMHU KBA/IPATYPHBI-

— KOMIUIEKCHBIC CHI'HAJIbI,

BX’ X

MH COCTAB/IAIOINHMMH HA BXOJ€ U BBIXO/IE
JIOILUIEPOBCKOTO (PUIBTPA, A — KOMIUIEKC-
HBI BEKTOP KO3((PUIIUEHTOB aBTOpE-
rpeccun. JleByro yacrp (popmynsl (3) B
TEPMHUHAX MATEHTA METO/IA-IIPOTOTHIIA
MOKHO PACCMATPUBATh KAK MHOTOKAHAIb-
HYIO JOIUIEPOBCKYIO (DUIBTPAITUIO, A IIPA-
BYIO — KAK KOT€PEHTHOE MHOT'OKAHAJTbHOE
HaKoIUIeHue B rnpoueccope AI1d. Tnaro-
HaJIBHBIE WIEHBI D — 3TO pe3yipTaT HOP-
MHPOBAHUA CUT'HAJIOB B KA’KJOM KaHAJIE
(pripTpa.

IIpeoOpasyem (3) Tak, 4YTOObI COBME-
CTUTH [IOILUIEPOBCKYIO (PWIBTPALIHIO C
KOT€PEHTHBIM HAKOIUIEHHEM CHUTHAJIOB
LIEJIU C HEU3BECTHOU CKOPOCTBIO:

Zyx(n) = Z:ax (ADA*S) = Z;xw(n) N C))

I7€e N — HOMEP JOIVIEPOBCKOI'O KaHasa,
N — 4HCJIO UMITYJIBCOB B Ia4Ke, a W(n) —
BEKTOP BECOBBIX KO3(M(MUIHUEHTOB /I
MHOTOKaHAJIBHOH JIOIVIEPOBCKOH (pHUIb-
TPALUH, BKJIIOYAIONUH B ce6st Koahdu-
IIUEHTBI ABTOPETPECCUH U KOI(PDULIECH-
TbI Dypbe.

B npemiaraemom criocode mpu HEeUs-
BECTHOH CKOPOCTH €U aJallTUBHASA
06paboTKa peInu3yercs C IIOMOIIBIO
MHOTOKaHAJIBHOH JIOIVIEPOBCKOH (pUIb-
TpanuU I KAKAOI0 KaHaia. s Kax-
JIOTO KaHAJIA UCHOJIb3YIOTCSI CBOH BECO-
BbI€ KO3(p(HUIIMEHTDI, YYUTHIBAIOIINE
KaK OLICHKH KO3((PUIIUEHTOB aBTOpE-
Irpeccuy, Tak U Koa(ppUIeHTs! pasio-
JKeHMA 110 Pyphbe, YTO IO3BOJIAET B OTIHU-
4me OT METOJa-IIPOTOTHIIA (PUIBTPOBATD
CHUT'HAJIbI IACCUBHOU IIOMEXH C MHOI'OMO-
JIOBBIMH CIIEKTPAMHU.

Takum 006pa3oM, B METOJ-IIPOTOTHIL
QIAIITUBHOIO OOHAPYKEHHUS IeJIE Ha
(OoHE MHOTOKOMIIOHEHTHBIX IIACCHUB-
HBIX IOMEX, BKIIOYAIOMUH B ce6s1 MHO-
TOKAaHAJIBHYIO JIOILIEPOBCKYIO (pribTpa-
LIUIO, C MHOT'OKAHAJIbHBIM KOT€PEHTHBIM
HAKOIUIEHHEM B BU/IE JUCKPETHOI'O IIpe-
o6pasoBanus Pypbe, pe3ynbTaT KOTOPOro

COBPEMEHHbIE TEXHOJTOrMM

IIOABEPIaeTCs BBIYUCIEHHUIO OTHOAIOIINX,
KOTOPBIE HOPMHUPYIOTCS 1 OO'bEAMHSIIOTCS
C BbIJC/ICHHUEM MAKCHUMA/JIbHOTI'O 3HAYCHH A,
BBC/JICHBI CYIIECCTBCHHBIC U3MCHCHUA. HJIH
onepanuy MHOT'OKAHAJIbHOM JOILIEPOB-
CKOH (DUIBTPAIIUH BECOBbIE KO3 duUIu-
€HTBI TENEPh BEIYUC/IIOTCA B PEATTBHOM
BPEMEHU ITIOCPEICTBOM BEKTOPHOI'O IIEpe-
MHOXKEHUS OLIeHEHHBIX KO3 (UITUEHTOB
ABTOPErPECCUU U KOIP(PUITUEHTOB IIpe-
o6pazoBanus Pypse.

Taxko¥ moaxon 00agaeT BasKHEHIITIM
IIPEUMYILIECTBOM, IIOCKOJIbKY 6€3 IIpe-
BAPUTEJIbHOIO OLIEHHUBAHUA KOpPpeEJ-
IIMOHHOM MAaTPHUIIbI IIOMEXHU U €€ 06pa-
LIECHUA, MCIOJIb3ys HEINOCPEACTBEHHO
BBIOOPKY HAOIIONEHUH, YAAETCS I10JTy-
4aTbh B p€AJIbHOM BPEMEHH OLICHKH KO3 (-
(UITUEHTOB aBTOPETIPECCUH C IIOMOIIBIO
3((PEeKTUBHOTO B BBIYUCITUTEIBHOM OTHO-
HIEHUH AITOpUTMA. [IPH 3TOM C IOMOIIBIO
OTPaHUYECHHOTO YUC/Ia KO3 (PUIIEHTOB
ABTOPErPECCUU MOXKHO OOECIIEYHBATH
a(pdekTuBHOE OOHAPYKEHUE LIETIEH I
IIHPOKOT'O KJIACCA MHOTOKOMIIOHEHTHBIX
IIACCHUBHBIX IIOMEX, UMECIOIIHUX MHOTOMO-
JIOBbIE CIIEKTPBL. Hanbosnee npeanoyuru-
TCJIbHBIM U3 AJITOPUTMOB OIICHHUBAHUA
KO3(h(PULIMEHTOB aBTOPETPECCUHU C TOUKU
3peHus 3PHEKTUBHOCTU ABJISACTCS AJITO-
purM bepra [8, 9]. Emé€ ogHa OT/IM4YUTEIb-
Hasi 0OCOOEHHOCTD IIPEJIOKEHHOIO CIIO-
co0a COCTOUT B OOPAOOTKE HECKOIBKUX
IIAYE€K UMITY/IbCOB HA PA3HBIX YACTOTAX
IIOBTOPCHUA WIHW HA PAZHBIX HECYHIHUX
YaCTOTAX, YTO IO3BOJIIET B LIEJIOM YIy4-
IIUTH CKOPOCTHYIO XaPAKTEPUCTUKY PabO-
Tbl OOHAPYKUTEJSA CUTHAJIOB IO LIEJIH.
IIj1s1 3TOTO U 0OPAOOTKE KAXKIOM May-
KU U3 M cursas, 1nocjie oroéopa mno Mak-
CUMYMYy KaXXAOU OOpaOOTAaHHOH ITaYKU
UMITYJIbCOB, 3aAIIOMHUHAECTCA U II0O OKOH-
YaHUM [OCJIEAHEN OOpPabOTAaHHOM May-
KU OTOHPAETCS MAKCHUMYM OT BCEX ITOJIY-
YCHHBIX MAKCHUMYMOB. OHu CpaBHHUBACT-
Cs1 C IIOPOrOM OOHAPYKEHUS:

MAX{MAX, | Z 5 W, [ MAX,|
| Z2BXW2(n) |""’MAXM ‘ ZMBXWM(n) |} 2 Unop .

C 1eapl0 HCKIIOYEHUS I10/JABJICHUS
IIOJIE3HOI'O CUTHAIa IPH (PUIbTPALIUU
IIPEIAraeTCsa YCPEIHATb OLEHKU KO3(d-
(DUIIUEHTOB aBTOPETPECCUH 10 HECKOJIb-
KHUM JIEMEHTAM JaJIbHOCTH.

Bpiurpaini B 3(h(PEeKTUBHOCTH IIPEIJIO-
2KEHHOT'O CIIOCO0a 110 CPABHEHMUIO C IIPO-
TOTUIIOM OLICHUBAICS B IOPOT'OBOM CHI-
HAJIE VI BEPOSITHOCTH IIPABHJIBHOI'O
obnapysxeHus 0,5 U BEpOSITHOCTH JIOXKHOH
rpesoru 10™'—107. Pac4éT mpOM3BOJII-
€ METOIOM CTATUCTHUYECKOI'O MOJEIUPO-
BaHusA B riporpamme MATLAB. ITaccuBHas
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JincTyrnur 1
aal = arburg(SF11,N-1);
mopAnKa IEepBOM IadYKu
arburg (SF22,N-1) ;
IIOpPSOKa BTOPON IIadYKMU
saal=saal+aal;

aa2 =

8 mIeMeHTaM HANBHOCTU IIEPBO Na4YRU
%YCpenHeHe OLEeHOK KOXPPUIMEHTOB aBTOPErpecCUM IO
8 ®rneMeHTaM HalbHOCTU BTOPO IaYKM

saa2=saa2+aa2;

% aal BexTOp KO3dduUIMEeHTOB aBTOperpeccum N-1

% aa2 BeKTOp KondduumeHTOB aBTOperpeccum N-1

%YCpenHeHne OIEHOK KORPIUIMEHTOB aBTOPErpeccum IO

e(i,j)=exp(-2*pi* (i-1)*(j-1)*sqrt(-1)/N) ; %CUHYC-KOCUHYCHIE KO3dbduim-

eHTH ®ypbe

JincTuvHr 2

wl(i,j)=(saal(i).’*e(i,j)); %BecoBre KOB®POUIMEHTH OJIA IEPBON IAaAYKU

w2 (i,j)=(saa2(i)."*e(i,j)); %BecoBme KO>IIUIMEHTH OIA

BTOPOM IaYKU

Amnautyaa, ab

0.4 0,6 0,8

Puc. 1. AMNANTYAHO-4aCTOTHAS XapaKTEPUCTUKA OQHOr0 U3 AONNEPOBCKNUX KAHANOB NPEANOXKEHHOro
cnoco6a ¢ BecoBbIMM KO3(h(hULUEHTAMU HA OCHOBE OLEHOK KO3(hthNLUEHTOB aBTOPErpeccum

II0M€Xa 32/1aBaIACh KAK IBYyXKOMIIOHECHT-
Has IoMexa (C ABYyXMOJOBBIM CIIEKTPOM),
IPOTsLKEHHAA 110 AaabHOCTU. IlepBas
MOJA HMeJIAa OTHOCHTEIBHYIO HIMPUHY
criexrpa (IIyKTyarui no yposHio —20 1b
AF, /F,=0,15,Bropas moga AF, /F =0,25.
Kaknass Mmoja nMesia IIpPEBBIIICHUE HAJ,
urymoM 20 B ¢ OTHOCHUTEIBHBIM JOILIE-
posckum cmemenuem AF, / F, =035 u
AFle / F,=0,5. 3agaHHasa CKOPOCTH LE/TA
cocrasrsuia 500 m/c. Yucao ob6padarbl-
BA€MBIX UMITY/IbCOB — 12 (AB€ IMAYKH 110
6 UMIIY/ILCOB HA [IBYX YACTOTAX IIOBTOPE-
Hus 400 1 440 I'n,.) ITopsAgok aBTOperpec-
cuu — 5. OneHka K03(pPUIMEHTOB aBTO-
perpeccuu npousBoawiack B MATLAB
i nepsort SF11 u Broport SF22 mavek
(cm. auCTHHT 1).

POpMUPOBAHUE BECOBBIX KO3 huIu-
€HTOB IIPOU3BOJUIOCH BEKTOPHBIM YMHO-
JKEHHUEM OLIEHOK KO3(P(PHUIITMEHTOB ABTO-
perpeccuu Ha Ko3(@dunueHTsl Pypbe
(CM. JIUCTHHT 2).

Ha pucynke 1 mnokasaHa 4aCTOTHAasi
XAPAKTEPUCTHUKA OJHOIO M3 KaHaJIOB
JIOIIEPOBCKOTO (PHIIBTPA, HCIIOJIb3YIO-

LIETO OLIEHKU KO3(PD(PUIIMEHTOB aBTOPE-
rpeccu. XOpouIo IpoCMaTPUBAIOTCS JBA
IVTyOOKUX IIPOBAJIA /I IBYX KOMIIOHEHT
IIACCUBHOM ITOMEXH. 11 IIPOTOTHIIHO-
ro Crroco6a OIEHKAa MOJY/SI MEXKIIEPH-
OJHOro KO3(h(PUIIMEHTA KOPPE/LALUU U
MEXKIIEPHOJHOIO JOIUIEPOBCKOTO Habera
(asspl Taxcke npousBoawIach B MATLAB
(CM. JIMCTHHT 3).

JaHHbIE OLIEHKU, B IPEAIIOJIOXKEHUU
O rayccoBOii (popMe CIIEKTpa IIOMEXH,
UCITIOJIb30BAHBI /1A BOCIPOU3BECACHUA
KOPPEAIUOHHBIX MAaTPHI] IoMeXu 6e3
JOIIEPOBCKOI'O CMEILEHMS IS [IEPBOM U
BTOPOM ITA4€K, KOTOPBIE 3aTE€M OOPAIIAIOT-
Cs1 C IOMOIIBIO IIporpaMmsel inv MATLAB.

ITociie OBOPOTA BEKTOPA BXOJHOH
BBIOOPKH HAOJIIOJEHUH HA yTOJI, COOTBET-
CTBYIOIIMH IIOJTYy4EHHOM OLIEHKE aAPI'yMEH-
Ta MEXKIIEPUOJHOIO KO3 (PHULIUEHTA KOP-
pemrAanun, IPOU3BOJUTCA MHOTOKAHAJIb-
HAas JOIVIEPOBCKAsI (PUIIBTPALIYS C BECAMH,
B KOTOPOH HCIIOJIb3YIOTCS BOCIIPOU3BE-
nénaele oopatHelie Matpuubl RE1 s
nepBor nayku ¥ RE2 — 1 Bropoi nay-
KU (CM. IMCTHUHTI 4).

ITOCKOIbKY B OIIMCAHUU METOAA-IIPO-
TOTHUIIA PACCMATPUBAETCSI 0OOPAOOTKA
TOJIBKO OJHOY IIa4YKH, CDABHEHHUE IIPE/I-
JIOKEHHOI'O CIIOCO6a C IPOTOTUIIOM CHA-
4ajga MPOU3BOJWIOCH IIPH OOPAOOTKE
OJJHOU ITa4YKH, TO €CTh KOI/IA BbIICICHHBIC
orudamume Ha BBIXO/E JOIUVIEPOBCKUX
KAaHAJIOB IIOCJIE YCPETHEHUS OO'bETHS-
JINCBh C OTOOPOM MAKCUMAJIbHOTO 3HAYe-
HHS € IOMOLIBIO (PYHKIIUU max MATLAB,
KOTOPOE IOJAaBAJIOCHh HA IIOPOT O6HAPY-
JKEHUSL. 3ATEM TAKOE K€ CPAaBHEHUE OBUIO
C/IENTAHO IIPU OOPAOOTKE /IBYX HAYEK C
Pa3HBIMU JBYMA YaCTOTAMH ITIOBTOPEC-
HU, C OTOOPOM B COOTBETCTBHH C (pOp-
MYJI0O¥ MaKCUMyMa IIPU OOPa0OTKE KaXK-
JIOH ITIAYKH.

Pacu€rpl MOKA3a/1M, YTO BBIMIPHIII B
IIOPOTrOBOM CHUTI'HAJIE€ IPEIIOXKEHHOIO
CI10c06a, 110 CPABHEHHUIO CO CIIOCOOOM,
B3SITBIM B KAY€CTBE IIPOTOTHUIIA, KAK IIPHU
06pabOTKE OTHOM ITAYKH, TAK U JIJISI IBYX
naygek, cocranisier 5—10 1b. O6bSICHUTD
IIOJIy4EHHYIO pa3HULy B 3(P(PEKTUBHO-
CTH OOHAPYXKEHHUS JOCTATOYHO IIPO-
CTO, €CJIM CPABHUTb KOPPEJILIUOHHBIE
(PYHKIUH KKJIOU U3 JBYX KOMIIOHEHT
IIACCUBHOHM IIOMEXH C KOPPEIALHOH-
HOI (DYHKILIHUEH, IOJIy4EHHOM 110 OLIE€H-
K€ PE3yJIbTHUPYIOLIETO MOAY/A MEXKIIEe-
PUOIHOTO KO3 PULIMEHTA KOPPETILIUN
JBYXKOMIIOHEHTHOM ITACCUBHOH IIOME-
xu (CcM. puc. 2). Kpome TOro, B HCXoz-
HOM METOJI€ OHIMOOYHO (POPMUPYETCA
OILIEHKA MEXXIIEPHUOJHOT'O JOITIEPOBCKO-
ro Ha6era (passl (apryMeHTa MEXKIIEPHUO[-
HOTO KO3((pUIINEHTA KOPPEALNU) 110
JIBYM JIOIIJIEPOBCKH CMEMIEHHBIM KOMIIO-
HEHTaM IIOMEXH. HOSTOMY OIITUMAJIBHBIC
BECOBBIE KO3((PUIIUEHTHI B IPOTOTUIIE
HE COOTBETCTBYIOT PE€AJIbHOU IMOMEXO-
BOH OOCTAaHOBKE, KOTOPYIO 3apaHee He
YOA€TCsA IIPENyCMOTPETD, JaXKE COXpa-
HHUB B 3alIOMHUHAIOUIEM YCTPOMCTBE
OTPOMHO€ MHOXKECTBO I'OTOBBIX BECO-
BBIX KO3 (puneHToB. BC€ 3T0 MIpUBOIUT
K CHIDKEHHIO Y IpOTOTUNIA 3(PPEKTUB-
HOCTH OOHAPYKEHHUS IIOJIE€3HBIX LeJIeH
Ha Q)OHC MHOTI'OKOMIIOHE€HTHBIX ITACCHUB-
HBIX IIOMEX.

OBHAPY>XEHUE CUIrHANOB
ABUMXXYLIUXCA LIENIEM HA ®OHE
AUCKPETHbIX NMACCUBHbIX MOMEX
B nipakruke paboTsl PAAUOIOKAIIUOH-
HBIX CUCTEM CAHTUMETPOBOTO U JIEITHIME-
TPOBOT'O JUAIIA30HOB BOJIH OTPAKEHUS
OT «<SICHOT'O HE6A» WJIH, KAK UX HA3bIBAIOT
Ha 3anaje, «aHrejbl» U3BECTHBI JOCTa-
TOYHO JABHO. DTU MEHIAIOUIUE PATUO-
JIOKAITMOHHBIE OTPAKEHUSI UMEIOT Pa3-
JIMIHOC IPOUCXOXKACHUEC, 1 UX IIPUPOIA
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enié He JOCTATOYHO u3ydeHa. THOoCTpaH-
HbI€ YY€HBIEC CBA3BIBAIOT 3TO SIBJICHUE C
3XO-CUTHAJIAMHU OT IITHUL, (B OCOOEHHO-
CTH OT CTa¥ NEPENETHBIX IITUITL), CKOILIE-
HHI HACEKOMBIX (TAaKUX KaK, HaIIpHUMeED,
capaHya), IEPEMENIAIOIHNXCI CO CKOPO-
c1b10 BeTpa [10]. B oredyecTBeHHOM tUTEPa-
Type [11] IPOUCXOXKIAEHHUE 3XO-CUTHAJIOB
OT «<ICHOTO HE6A>» OOBACHACTCA IIOSBICHU-
€M 30H 4aHOMAJIBHOI'O PACIPOCTPAHEHUA
3JIEKTPOMATrHUTHBIX KOJI€OAHUI, B KOTO-
PBIX HAOIIONAETCS UHTCHCUBHBIE OTPa-
JKE€HUA HA I'PAHULIC CPEN C PAZTNYHBIMU
IIOKA3aTEJIIMU IIPEJIOMJIEHHS, B TOM YHC-
JI€ BBI3BAHHBIX TyPOYJIEHTHOCTAMHU aTMOC-
deppl — «repMHUKaMu». Ilepenérsl MTHLL
IIPOUCXOJAT B OJJHO U TO JKE BPEM CYTOK
(yrpoOM M BEYEPOM) U B ONIPEAEIEHHDIE
BpeMeHa roga. COOTBETCTBYIOIIUE PATUO-
JIOKaLIMOHHBIE CUTHAJIBI UMEIOT XapaKTe-
PHCTHUKH, HAIIOMUHAIONIUE 3XO-CUTHAJIbI
OT CaMOJIETA, IIOCKOJIBKY BBICOTA ITOJIETA
IITULL MOKET COCTABJIATh 2 KM, CKOPOCTD
ot 20 1o 150 km/4, a SIIP n'Tu1; B npee-
JIaX UMITyJIbCHOTO 00béMa PJIC nepenér-
HBIX IITULL cocTasisier ot 0,001 1o 0,1 M2,
a B HEKOTOPBIX CIydasx gocruraer 1 m>.
30HBI AaHOMAJIBHOI'O PACHPOCTPAHECHUA
PaZIUOBOJIH IIEPEMELIAIOTCS CO CKOPOCTBIO
BETPA M UMEIOT BBICOTY 2 KM. DIIP 31HUX 30H
06BIYHO MeHbIIe 1 M. 30HBI 06PA30BAHHUA
3XO0-CUTHAJIOB UMEIOT MAJIOE BPEMS XKU3-
HU U UX II0JIOKEHUE MOKET CYIIECTBEHHO
MEHSTHCS OT 0630pa Kk 0630py PJIC. Pazme-
PBI 3THUX 30H MOT'YT IIPEBBIIIATH UMITY/IbC-
HbII 00bEM PJIC 1 11pH YBEJIMYEHUH BBICO-
ThI UX UHTEHCUBHOCTD CHIDKaeTcs. Cye-
CTBOBAHHUE «aHT'€JIOB» B TE€YEHUE OOJIBIIICI
4acTU roza (C anpesid 10 CEHTAOPD), B TOM
4uCIe B IIEPUOJ, OTCYTCTBHA MaCCOBOTO
nepenéra IITUl, IO3BOJIIET CYUTATD, YTO
OCHOBHBIMH HCTOYHHKAMH 3THUX MECIIAIO-
11185D.€ OTpa)KCHI/Iﬁ ABIAIOTCSA HE CTAX IITHIL]
WIN PO HACCKOMBIX.

JIJ1s1 TIOBBIIIEHUS IIOMEXOYCTOMYHUBOCTH
PJIC K BO3AEHCTBHIO OTPAKEHUI OT «aHI'e-
JIOB» B HACTOSIIIIEE BPEMS UCIIOJIb3YIOTCA
CJIEYIONIIHUE METOBL.

e Meroppl, 6Gazupyromuecs Ha (HOpMHU-
POBaHHHM CIEIHATBbHON JHATPAMMBbI
HAIIPABJI€HHOCTH, IIPUIIOAHATON HaJ
3€MHOI IOBEPXHOCTDIO. JJaHHBIE METO-
JIbI MOTYT IPUBOJUTD K IIOTEPAM OOHA-
PYXEHHSI HU3KOJETAIIUX LieJer U HE
PpEMIaoT IPOGIEMBI 3AIMUTEI OT «AHI'€JI>-
3XO0 HA OOJIBIIHX BBICOTAX, UTO JAEIACT
HUX Ma03(PHEKTUBHBIMH.

MeToAapl, OCHOBAHHBIC HA PETYJIHPOB-
K€ yCHJIEHHA NIPUEMHOrO Tpakra PJIC
110 CHEIIUATBHOMY 3aKOHY WJIHN JOOaB-
JIEHUM IIyMa B TPAaKT OOPabOTKU WIN
PEryJIupoOBKE IIOPOra OOHAPYXKECHUA

JincTuur 3
c_wwl,lags] =
[c_ww2,lags] =

xcorr (SF11,6,'coeff’) ;%pacueT mo mepBOil madke
xcorr (SF22,6,'coeff’) ;%pacueT mo BTOPOI Iauke

RAl=abs (c_wwl) ; %BEOeNIeHEe OLIEHKM MOLYJIS MEXIEePMOOHOI'O KoxdduumeHTa

KOPPEensauuy IepBO Iadku

RA2=abs (c_ww2) ;% BHIOEJIEHUE OLIEHKM MOLYJISI MEXIEPMOOHOI'O KoX3dduimeHTa

KOPPENAU/ BTOPON IaduKuU
FAl =
dunmeHTa KOppensanum NepBOl IadKu
FA2 =
dunMeHTa KOppEensanuyu BTOPOIL

- i =
angle (c_wwl) ;% BHAOeNIeHME OIEHKM apr'yMeHTa MEeXIEePMOOHOI'O KO3

angle (c_ww2) ;% BHOENEHUE OLIEHKM aApr'yMEeHTa MEXIEPUOOHOI'O KOBd-

%YCpenHeHNe OLEHOK MOAYISA U apryMeHTa MEeXIEePMOOHOIr'O KoxddunmenTa

KOPpEensaluuy IepBOi UM BTOPOM IAYKM IIO
sfal=sfal+FAl;
sfa2=sfa2+FA2;
sral=sral+RAl;
sra2=sra2+RA2;

JincTmur 4

8 BIIeMeHTaM [albHOCTU

wWE1(i,j)=(RE1(i,j)."*e(i,j)); %BecoBse KODDPUIMEHTH NPOTOTUIA LIS

IIePBOI IIAa4YKU
wE2(i,j)=(RE2(i,3)."*e(i,]));
BTOPOII HIadKmu

%BECOBHE KOBOOUIMEHTH IPOTOTHUIIA MOJIs

OHHas PYHKLMA

Koppensuw

0,9
0,8
0,7

0,6
0,5
04
03

KoadhcpuumeHT Koppensumu

0,2
0,1

Hom

ep nepuoaa

Puc. 2. Koppensuvonnblie hyHKUMN ABYX KOMNOHEHT NAaCCUBHOI NOMeXy (ABe BEpXHUE KpuBbIe)
1 BOCCTaHOBNEHHAsA KOPPensAUMOHHas (hYHKUMS (HIDKHAA KPUBas) NO pe3ynbraram OLEHKW METOAOM-NPOTOTMIOM
MOAyNsA MeXnepuoaHoro KoadihuumeHTa Koppensayyun, COOTBETCTBYIOLLIEro BTOPOMY HOMepy nepuoaa

(APY, BAPY, IIIBAPY). /laHHBIE METO-
JbI IIPEATIOIATAIOT CHHUKCHUEC YYyBCTBU-
TEJIBHOCTH HPUEMHOIO TPAKTA, YTO
NPUBOJUT K YXYAIIEHUIO XapaAKTEPU-
CTHUK OGHAPYKEHHUS MaJIOPA3ZMEPHBIX
1eJ1er, 0CO6GEHHO ¢ Mo DIIP.
Meroapl  MEKOO30pHOH  00paboT-
KU, KOTOPBIE€ HE ITOJIHOCTBIO PEIIAIOT
npo6iaemy 3amurel PJIC oT BO3jeii-
CTBUSI «aHI'€J[»-3X0 B CHJIY TOTO, UTO
HMEIOT OrPaHHUYEHHBIE BO3MOKHO-
CTH 110 IIPOU3BOIUTEILHOCTH. Kpome
TOT'0, GOIBIIOE KOJIMYECTBO «AHI'CJIOB>
HMEIOT MaJIO€ BPEMSI JKU3HH, 11O CPAB-
HEHHIO CO BPEMEHEM OJIHOT'O 0630pa
PJIC, 1 He IOAABJISTIOTCS ITOJOOHBIMH
CHCTE€MaMU.

® MeTo/bl Ha OCHOBE CEJIEKIIHH JIBHIKY-
IIUXCA 1IEJIEH SABISIOTCA B HACTOSIIEE
BpeMs1I HAauOoje€ IEPCIEKTUBHBIMU,
TAK KAK PEATU3YIOTCS B PEAIBHOM MAC-
mrabe BpeEMEHH, «Ha IPOXo/ie». OHAKO
JIUCKPETHBIH 1ENIETIO0OOHBIN XapaKTeP
«QHI'€JIOB» U MEJJIEHHOE X IIEPEMEIIIe-
HHE TPEOYIOT HOMCKA HOBBIX AJITOPUT-
MOB CEJIEKIITMHM [JBIDKYIIHUXCS IIEJICH.
Bopb6a ¢ JUCKPETHBIMHU JIBHKYIIIIMH-
CsI KOPPEIUPOBAHHBIMU ITOMEXAMHU
MOJKET PACCMATPUBATHCSA KaK OOHAPY-
JKEHUE NOJIE3HBIX CUTHAJIOB HA (poHE
MEIAIOIINX OTPAKEHUH C UCIIOIB30BA-
HHUEM HEKIACCU(PUITUPOBAHHBIX BBIOO-
POK HAGIIOIEHUI, YTO SIBJISIETCSI OJJHOM
U3 CJIOXKHEUIINX 33744, PEIIA€MBIX B
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coBpeMeHHbBIX cucremax CALI. Tpagu-
1moHHbIe cucremsbl C/I1I B BUjiE agar-
THUBHBIX JOIVIEPOBCKUX WIH PEKEKTOP-
HBIX (PWIBTPOB, KOTOPBIE AJAIITUBHO
MOACTPAUBAIOTCA K KOPPEIAIIUOH-
HBIM CBOMCTBaM BXOJHOH KIaccH(pU-
IIUPOBAHHON BBIOOPKU HAOJIIOIEHUI,
HCIIOJIb3Ys YCPEJHEHHE 110 JAIbHOCTH,
HE MOI'YT IPUMECHATHCA VLA IIOJAB/ICHUA
JUCKPETHBIX JIBIKYIIUXCSA KOPPETUPO-
BAaHHBIX IIOMEX, KAK YK€ ObUIO ITOKA3a-
HO B IIPEJBIAYIIEM pa3zerie.
® MeToabl KIaCCU(pPUKALINU JUCKPETHBIX
MEHIAIOIMNX OTPAXKEHUI, OCHOBAHHBIC
Ha UCIIOJIb30BAHHUH CUTHAJIBHBIX METO-
JIOB U UX OJIAHKHUPOBAHUU.
PaccMOTpUM METOABI KIACCU(PUKAITTH
U OJIAaHKUPOBAHUSA MEIIAIONIUX OTPAXKE-
HUH 6071€e ToIPOOHO. I3BECTEH CIIOCOO
KIaCcCU(PUKATUH U OJTAHKUPOBAHUS CUT'-
HAJIOB IUCKPETHBIX MEIIAIOIINX OTPAXKE-
HUI, OCHOBAHHBIN HA (POPMUPOBAHUHU TAK
HAa3bIBAEMOI'0 CKOPOCTHOI'O IIOPOra, HE
IIPEBBIIIEHUE KOTOPOT'O KIACCU(DULIUPY-
€TCs KaK IIPU3HAK CUTHA/IA OTPAKEHHO-
I'0 OT MEUIAIOIIETO TOYEYHOI'O OO'BEKTA C
MaJIOH PAUATIBHOM CKOPOCTBIO B JAHHOM
3jIeEMEHTE AanbHOCTU [12]. Takoi curHan
OJIAHKUPYETCS, CHIDKASI TTOTOK JIOKHBIX
OTMETOK Ha BBIXOZE MIPUEMHOTIO TPAKTA
PJIC. OCHOBHBIM HEJOCTATKOM JAaHHOT'O
CII0CO6A ABJIAETCS €ro HU3Kas 3(h(PEKTUB-
HOCTB, OOYCJIOBJIEHHASI HEOOXOTUMOCTBIO
HCIIOIB30BAHUSA BOOYJIUPOBAHHOM I1a4-
KU C OIPAaHUYCHHBIM YHCJIOM UMITYJIbCOB
JUIS1 OFHO3HAYHOI'O U3MEPEHHUS CKOPOCTH.
Kpome TOro, HOnbITKA BEICTABICHUSA MAK-
CHMaJIbHO BBICOKOI'O CKOPOCTHOT'O IIOPO-
ra /151 HOBBIIIEHUS 3(P(PEKTUBHOCTH JIAH-
HOT'O CIIOCO6A IPUBOAUT K POCTY BEPOST-
HOCTHY GJIAHKUPOBAHUS ITOJIE3HBIX 11EIEH
C MaJIOM paguaJIbHOM CKOPOCTBIO. C TeX-
HHUYECKOH CTOPOHBI Hau6o1ee GIM3KUM
K 3aB/IIEMOMY CIIOCOOY ABJIACTCS JABYX-
YACTOTHBIM CHOCOO KIACCU(PUKALIMU U
GJIAaHKMPOBAHMA IUCKPETHBIX KOPPEIUPO-
BaHHBIX IOMEX. JITaHHBIH CIIOCO6 CTPOUT-
Cs1 Ha 0OpabOTKE OTPAKEHHBIX CUTHAIOB
Ha KXo Hecytern yacrore PJIC B Buie
JIByX BBIOOPOK HAOJIIOJEHHS B KAXKIAOM
3JIEMEHTE JATbHOCTH U BKJIIOYAET B ceOs
(HOPMHUPOBAHHE OLIEHOK MEKIIEPUOTHON
JOIIEPOBCKOU Pa3HOCTH (Pa3 C MOCIENYIO-
MM MX BBIYUTAHHEM /I OJHO3HAYHOI'O
HU3MEPEHUA CKOPOCTH OOHAPYKMBAEMOI'O
JUCKPETHOTO 00'beKTa [13]. [ToryyeHHas
TAKHUM OOPA30M OIIEHKA MEKYACTOTHOH
MEXIIEPHUOIHOI Pa3HOCTU (Ppa3bl CPABHU-
BaeTcs € (pa3oBbIM IOPOToM ((DaKTUYECKU
CO CKOPOCTHBIM IIOPOI'OM), Ha OCHOBAHUU
4ero IPUHUMAETCA PELUICHUE O OIAaHKU-
POBaHUHU OTPAXKEHHBIX CUTHAJIOB OT ME/I-

JICHHO JABHUKYIIUXCA MEUIAIOINUX TOYCY-
HBIX OO'BEKTOB, €CJIU 3TOT IIOPOT OKA3aJI-
Cs1 HE IIpeBbIIeH. XOTA JaHHBIA CI0CO0
MO3BOJIIET OCYLIECTBIATD 60s1ee apPek-
THUBHYIO KI1aCCU(DUKALINIO CUTHAIOB, O/1a-
rogapsi 60J1ee€ BBICOKOX TOUHOCTH OLIEHKU
MEXIIEPHOJHON PAa3HOCTH (Pa3bl HA KAXK-
aomn Hecymer yacrore PJIC, u3-3a oTcyT-
CTBUA BOOYJIILIMM IIEPHUOJOB IIOBTOpPE-
HUS C UCIIOJIb30BAaHHUEM OOJBIIETO YHUC-
JIa UMITYJIbCOB, OH HEJOCTATOYHO XOPOIII
JUIg GIAHKHUPOBAHMUA IIOJIE3HBIX LIEIEH C
MaJIBIMU PATUAIBHBIMH CKOPOCTAMMU.
L1 IpegoTBpalleHUA OJTaHKUPOBAHUA
MOJIE3HBIX CUTHAJIOB OT LEJIeH C MaJIbl-
MU PA/IAATIBHBIMHA CKOPOCTSIMH ITPE/IA-
raercs metoy [14]. DToT meToz mpeaIona-
raer, Kak ¥ METO/I-IPOTOTUII, HA OCHOBE
JIBYX BBIOOPOK HAO/IIOJCHUH, IPUHATBIX
Ha JIBYX HECYIIUX YACTOTAX, (POPMHUPOBA-
HUE OII€HOK MEKYACTOTHOU MEXKIIEPHO/I-
HOM JIOIUVIEPOBCKOH Pa3HOCTH (hpa3bl LI
OJHO3HAYHOI'O M3MEPEHHUA CKOPOCTH
OOBEKTOB B KAXKJOM 3JIE€MEHTE JAJIBHO-
CTH U CPABHEHHUE ITOU OLIEHKHU C IIOPO-
roM. ITpu HeIpeBBIIEHUH ITIOPOra OOHa-
PYKEHHBIH CUTHAI KJIACCU(PUITHPYETCS
110 CKOPOCTHOMY IIPU3HAKY KaK MEIIAIO-
iy, 11 MEMaomero CUraanaa JonoJj-
HUTEIBHO (POPMUPYETCS MOJAY/Ib MEX-
YaCTOTHOI'O KO3(M(PUIIUEHTA KOppEIs-
MU, KOTOPBIY UCIIOJIb3YETCA I OLICHKH
IIPOJOJIBHOI'O pa3Mepa KIacCu(UIUPY-
€MBIX OO'bEKTOB. IIp1 3TOM CKOPOCTHO-
MY U KOPPEIAIMOHHOMY IIPU3HAKY [JIsL
MENIAIONIUX OTPAKEHUN CTABAT B COOT-
BETCTBUE JIOTUYECKUE €IUHUIIBI, COBIIA/IE-
HUE KOTOPBIX (DUKCHPYIOT B KAXKIOM dJ1€-
MEHTE JAJbHOCTU C IIOMOIIBIO JIOTHYE-
CKOM (PYHKIIMHU «H», HA OCHOBAHUH YET'O
U IIPUHUMAETCS pENIeHHE O OJIAHKUPOBA-
HHUHU OTPAKEHHOTO curHaia. [Ipu Bpi60o-
pe pa3HOCa HECYHIUX YACTOT B HECKOJIBKO
IPOLEHTOB OT YACTOTHI HECYIIUX PYKO-
BOJCTBYIOTCS CJIEAYIOIIHM:
® /UIsI OJHO3HAYHOIO (POPMHPOBAHUS
CKOPOCTHOI'O IIPHU3HAKA PAa3HOCTD,
COOTBETCTBYIOIIAsl PA3HOCY JOILIE-
POBCKUX CMENIEHUI YaCTOTBI, JOJDKHA
OBITh MEHBIIIE JIOIUVIEPOBCKUX CMEIIE-
HHI KOKJOM U3 HECYIIUX YACTOT;
® 1A YMCHBINCHUA OIIHOO0K pasnnye-
HUS MJIOPA3MEPHBIX U OOJIbIIEPA3-
MEPHBIX OO'BEKTOB, K KOTOPBIM OTHO-
CSITCSL MEMIAIOIIHE OTPAXKEHUsI, HEOO-
XOJUMO 3(PPEKTUBHO C(POPMHUPOBATH
KOPPEALMOHHBINA IIPU3HAK.
IIpegnaraeMelii CIIOCOO PACKPBIBACT
HOBBIE€ (PYHKIIMOHAJIbHBIE BO3MOXKHO-
CTH KJIACCH(pPUKAITUN U OIAHKHUPOBAHUS
JIUCKPETHBIX IIOMEX U ITO3BOJISIET UCKIIIO-
4YUTh OJIAHKUPOBAHUE MAJIOPA3MEPHBIX

MOJE3HBIX IIEJICH, UMEIONINX HU3KHE
paguanbHbIe CKOPOCTH. JIeCTBUTEIb-
HO, B CIIOCOGE, B3ITOM B KAYECTBE IIPO-
TOTHIIA, I OJHO3HAYHOI'O U3MEPECHUS
CKOPOCTH OOHAPYKEHHOI'0 OO'bEKTA HA
KaKAOH Hecyler yacTore (POPMUPYETCI
OLIEHKA MEXIIEPHUOJHOH JOIUIEPOBCKOM
paszHocTH (a3 ¢ nocaeayomum popmu-
POBaHHUEM MEXKYACTOTHOM MEKIIEPHOI-
HOM pa3Hoctu (a3. s xiaccupuka-
ITUU OO'BEKTOB IO CKOPOCTHOMY IPHU3HA-
Ky MO’KHO BOCIIOJIb30BATHCS U3BECTHOM
OIICHKOI apPryMEHTa MEKIECPHOTHOTO
K03 (pULHEeHTa KOPPEIALNU. AJITOPUTM
3TOMU OILIEHKH, IIOJTy4a€MOM 110 ITAYKE U3
N-HMIIYJIbCOB, MOKET OBbITh BBIPAXKEH B
CJIEYIONIEM BH/JIE:

¥ =arctg(§/1),
rae

N-1
i=Y Re(ZZ,),

z

§=2.Im(ZZ,,),

Z, — KOMILIEKCHBIE BBIOOPKU HAG/IIOAEHUL
Ha OJHOM HECYIIEU 4YaCTOTE.
Kiraccudukanusa 06beKTOB I10 CKOPOCT-
HOMY IIPU3HAKY MOXKET ObITh PEATU30BaHA
CIIOPOTOM Y 1op, COOTBETCTBYIOIIHM MAKCH-
MaJbHOM CKOPOCTH ABYKECHHA MENIAIOIIC-
ro 06’beKTa. ICII0/Ib30BaHUE TAKOI'O OHO-
YaCTOTHOI'O VITOPUTMA KIACCU(PUKAITNN
COIIPSIZKEHO C CYIIECTBEHHBIM HEAOCTAT-
KOM — HAaJIMYHEM HEOIJHO3HAYHOCTH
OLICHKH JOIUIEPOBCKOH (pa3bl. I3BECTHO,
YTO OLIEHKA Y CBSI3aHA C JJIMHOM BOJIHBI A
usiaydenus PJIC, 4acTroTOM IOBTOPEHUA
HMMITYJIbCOB F 1 pagraibHOM COCTABIIAIO-
1IN CKOPOCTH TONAETA 0OBEKTA V COOTHO-

XTX
”7\/. IIpu oTHOCHUTENBHO

NI€EHUEM Y=
MQJIbIX 3HAYCHUAX YACTOT IIOBTOPCHUA
(F =300-1000 I'tr), KOTOpBIE UCIOJIB3Y-
IOTCA B OOJIBIIMHCTBE COBpEMEHHBIX PJIC
OOHAPYKEHUA, Y B HECKOJIBKO Pa3 MOXKET
IIPEBBIIATD 3HAYCHUE 27 JAXKE B CJIydae
30HupoBaHusA PJIC MeIJIEHHO ABHXKYIIC-
rocst OObEKTA, B TO BpeMs KaK (DYHKIIMA
APKTAHI'€HCA OJHO3HAYHO OIIPE/IEICHA B
UHTEpBaJIe u3MeHeHus dasel oT 0 10 21
(MM OT —1 7O +7). DTO MOXKET IIPUBECTH
K YBEJIMYEHUIO BEPOSTHOCTH OINUOOYHON
KIACCU(PUKALUU CKOPOCTHBIX U MEJIJICH-
HO JIBIDKYIIUXCSI OOBEKTOB. [1j1s1 ycTpaHe-
HUS YKa3aHHOI'O HEJOCTATKA B IPOTOTU-
I1€ UCIIO/Ib3YIOTCSA IBE€ HECYIINX YaCTOTBI
PJIC. JotuiepOBCKUI HaOer (Da3bl HA KaXK-
JIOH U3 HECYIIIUX YaCTOT MOKHO IIPEICTa-
BUTb B BU/JIE:
Y, =Y, + 27k,
Y1 =Y + 21k,
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TIE Y, Yy — 3HAYEHHA (PA3BI B OOIACTH
onpenenenus (—n,+n),ak,n=0,1,2,..., .

Onpesenum MeK4aCTOTHYIO PA3HOCTD
(asbr:

AY =7, =Y, =Y~ Yy + 21k - 27n.

11 HEGOJIBIIOTO PAa3HOCA HECYIIUX
4aCTOT (HECKOJILKO IIPOLEHTOB OT HECY-
mer) k=nnosnygaem Ay =y, —v,. PazHOCTD
Ay OJHO3HAYHO OIIPEJE/IEHA B IIPEJEIaX

(—m, +n). Takum 06pa3oM, AITOPUTM OJTHO-
3HAYHOTI'O U3MEPEHUA Pa3HOCTU a3 |y |

A?: "?10 _'?zo ‘ SYnop’
rme

¥, = arctg(s, /1),

N-1
S1 Z Im(ZLZhH) ’
i1
N-1 .
S = ZIm(Z“Z“H) P
i1

¥,, = arctg(s, /1,),

NI
S, = ZIm(Z;‘ZZM) ’
=)

N-1
L 2 Re(z;zzm) .
il

H3MepeHHas MEK4aCTOTHASL PA3HOCTb
MEXIIEPUOJHOU pa3HOCTU (pa3 CPABHU-
BA€TCA C IIOPOI'OM H, IIPU HEIIPEBBIIIE-
HUU II0POT'a, JEIAETCS BBIBOJ, O TOM, YTO
OTPAKEHHBIN CUTHAJT MPOUCXOAUT OT
TOYEYHBIX MEIIAIOIMNX OTPAKECHUI U €T0
HEOOXOIUMO O6JIAHKUPOBATh. TaK B METO-
Ji€e, B3ATOM B KadecTBe Ipororuna [13],
HCIIO/IB30BAIACH OLIEHKA MEXKYACTOTHOH
MEXIIEPUOJHOU pasHocTH (pas. B ipen-
JIATAEMOM JKE€ CIIOCOOE OIIEHKA MeXK4da-
CTOTHOU MEXIIEPHUOJIHON Pa3HOCTH (Pa3
IyTéM CPaBHEHU: C IOPOroM (hOpMHUPY-
€T JIMIIb IIEPBBIM CKOPOCTHOM IIPU3HAK,
HaIIpUMep, B BUJE JIOI'HYECKON €JUHUILIBI,
€CJIH IIOPOT HE IIPEBBIIIECH.

Hcnonb3oBanue JByX HECYIIUX YaCTOT
JUIS1 OMHO3HAYHOI'O U3MEPEHUA CKOPOCTH
Ja€T BO3MOXKHOCTb C(DOPMHUPOBATD €1IE
OJMH IIPU3HAK KIACCU(PUIHUPYEMOTO
OOBEKTA — MEKYACTOTHBIN KO3 puIu-
€eHT Koppeanuu. Kak nokazaHo B pabore
[15], pns wiaccupUuKaAIUYU OTPAKEHHBIX
CHUI'HAJIOB OT OOBEKTOB I10 UX IIPOJOJIbHO-
My pa3Mepy MOXKHO HUCIIOIb30BATh XaPaK-
Tep QIYKTyauud OTPAKEHHBIX CUTHAJIOB
Ha Pa3HBIX HECYIIUX YaCTOTaX. B yacTHO-
CTH, B OCHOBE BTOPOTO IIPU3HAKA KJIAC-
cU(UKAUU B IIPEIIaraeMOM CIIOCO0e
JICKUT B3AUMOCBA3b 3HAYCHUA HOPMHU-
POBAaHHOI'O MEXYaCTOTHOI'O KO3 (du-
LMEHTA KOPPEIALUHU C IMHEMHBIMU Pa3-

MepaMu o0bekTa. YeM OosbIIe pa3zmep
00OBEKTA, TEM MEHBIIEC MEKJIACTOTHBII
koa(dpunuenT koppersnuu. Eciau pas-
HOC HECYIIUX 9aCTOT BBIOPATH U3 YCJIO-
BH:

[
4L

AF <

)
MAX

rzae L, — MAaKCUMaJIbHBIN PA3HOC y4aCT-
KOB JIOKAJIbHOT'O OTPA’KEHHU BIOJIb TUHUH
Bu3upoBaHus PJIC Ha OO'BEKT IIPU pa3-
HBIX HECYIIUX YACTOTAX 30HIUPYIOIIEIO
CUTHAJ14, TO BEJIMYMHA MEKXYACTOTHOTO
ko3 dunmnenTa koppeuaiuu R(AF) 6yner
CBsI3aHA C pa3MepPoOM OObeKTa L BeIpake-
HHUEM:

R(AF)ZCOS(MTXAFXL)
C

Kak cieayer u3 3T1od (pOPMYJIBL, I
TOT'O YTOOBI OTJIUYUTD JIETATE/IbHBIC AIIIIa-
paTel C MAJIBIM IIPOJOIBHBIM PA3MEPOM
OT MEJIEHHO INEPEMENIAIOMINXCS JIUC-
KPETHBIX MEHIAIOIMINUX OOBbEKTOB, UMEIO-
IIHMX 3HAYUTEIbHO OOJIbIINE PA3MeEpPHI L,
JOCTATOYHO BBIOPATHh PA3HOC HECYHIUX
gactoT AF nopsaaka 10 MI'n [15]. Cospe-
MCHHDBIC JICTATCJIbHBIC AIIIIAPATbI UUMEC-
IOT MAKCUMAJIBHBIA pasMep MeHee 75 M,
4YTO 3HAYUTEJIBHO MEHBIIE Pa3peliaro-
mei cnocooHoctu PJIC o6HapyKeHus,
cocrastiomeint 150-300 M, TO eCTh COU3-
MEPUMOH C pa3MepaMHU JUCKPETHBIX 11AC-
CHUBHDBbIX IIOMEX.

B 3TOM CiTy4yae st caMoro GOJbIIOrO
camonéra, Hanpumep, Airbus A380, pas-
MEPOM 72 M, MEKYACTOTHBIHN KO3 puLim-
€HT KOPPEJIALIUN PABEH:

4 x107 x 72

R(10 MI'ip) =
(10 MI'n) = cos =2

=0,86.
JJ1s1 MEHBIIETO pa3Mepa OTE€YECTBEH-
HOTO J1atiHepa NJT-96-300 1IuHOM B 55 M:

4nx10” x55

R(10 M) = =0,92.
(O MP = cos = 10

B 1O Bpemsa kak mia 200-meTpoOBOIO
MENIAIOIIEro OO'bEKTA:

R(10 MI'm) = cosw7>;200 =0,1.
3x10

Takum 06pa3oM, IPHU BEIOOPE pa3HOCa
Hecymux He 6osiee 10 MI'T HocpeacTBOM
CpaBHEHUS KOPPEJALIMOHHOI'O IIPU3HAKA
C IIOPOTI'OBBIM 3Ha4Y€HHEM (DOPMHUPYETCSA
BTOPOI JIOTUYECKHUI IIPU3HAK.

IIpu HaMU4YUU IBYX JTOTUYECKHUX €11~
Hu1 (onepanus «M») MpUHUMAETCS pele-
HHE O OJTAaHKUPOBAHUHU CUTHAIA OTPAXKEH-
HOI'O MEIIAIONIHM OOBEKTOM B JAHHOM
3JIEMEHTE JAIbHOCTU. ClIelyeT OTMETUTD,
4TO pa3HOC Hecymux B 10 MI'n xopomo

COBPEMEHHbIE TEXHOJTOrMM

COIIACYETCS C TPEOOBAHHUEM OJHO3HAY-
HOH OLICHKHU M CKOPOCTHOI'O IIPU3HAKA,
TO €CTh COCTAB/IAET HECKOJIBKO IIPOLICH-
TOB OT Y4CTOTBI HECYIIIUX COBPEMEHHBIX
PJIC o630pa.

OcTraércs UMb PEeNIuThb, Kak (POPMHU-
pOBaTb MEXYACTOTHBIH KO3(MdUIIHEHT
KOPPESIIINH, BBIOPAB JIJISI TOIO HAUOO-
nee 3(P@PEeKTUBHBIA ANTOPUTM OILEHKH.
Kak u 11 1epBOro CKOPOCTHOIO IIPHU-
3HAKA, 111 (POPMHUPOBAHUA MEKIACTOT-
HOT'0 KO3(pULIEeHTAa KOPPEALNHU IIPU-
MEHHM HAKOIUVICHHME OLICHKH II0 ITA4YKE U3
N-UMITyIbCOB:

N-1

r= Z Re(Z;)Re(Z,) +1Im(Z,)Im(Z,))

i=1

s= E Re(Z,)Im(Z,;) +Im(Z, ) Re(Z,,) ,

i=1

2= (Re(Z,)) +((Z,)),

N-1
2 2
Z,= 3 (Re(Z,))’ +(Im(Z,))",
i=1
rjae z,, U Z, — KOMIUIEKCHBIE BBLIOOPKH
HAOIIOEHUH HA IIEPBOM U BTOPOH HECY-
mer yvacrore. Torma MeK4aCTOTHBIH
KO03(D(PHUITUEHT KOPPEIALIUN MOKET OBITh
BBIUHMCJIEH 11O CIeayIonen hopmyJie:
2 2
NI +s
7\/— <R,,-
Z, X7,
IIpowumocTpupyeM paboTy Ipemia-
raeMoro crioco6a Ha KOHKPETHOM IIPHU-

R(AF) =

Mepe, IPUOETHYB K MOJEIUPOBAHUIO C
nomompio cucrembl MATLAB. Ocyme-
CTBUM KI1ACCU(DUKALINIO OOBEKTA, JBIKY-
IIETOCs CO CKOPOCTBIO OT 10 10 180 M/,
HCIIOJIB3YSl JIBE BBIOOPKU HAGIIONEHUH
B BUJIE JBYX IIaU€K HUMIIYJIbCOB C IIOCTO-
STHHBIM 1lepruojoM nosropenusa 0,001 ¢,
OTPaKEHHBIX OT 0OBEKTA HA PA3HBIX HECY-
mux yacrorax: 500 u 510 MI't. O0beKT
MOKET UMETh HTUPUHY CIEKTPA (PIIYKTya-
LIUIT OT HECKOJIBKUX I'€PII O HECKOJIBKUX
JIECATKOB I'epIl U JBA PA3HBIX IIPOJOJIbHBIX
pa3Mepa, XapaKTePU3yEMBbIX JBYMs MEXK-
4aCTOTHBIMHU KO3(PUITHEHTAMU KOppe-
aaauu 0,1 (memaromuit o6bexr) u 0,9
(1101€3HbBII 06bEKT). CKOPOCTHOM IOPOT
ycraHosjieH B 100 M/c, 2 KOppeALHOH-
HbII opor — 0,5. O6padaTeIBAEMOE YHC-
JIO UMITYJIBCOB B ITAUKE Ha KAXKIO0I HeCy-
el paBHO 8.

Pe3yabTaTsl MOJEIHNPOBAHUS BEPOST-
HOCTEH GJIAHKMPOBAHUSA JAHHBIX OOBEK-
TOB B MATLAB C HCITIO/Ib30BAHHUEM ITPE/I-
JIOKEHHOT'O crnocob6a (OTMEYEHBI Tpe-
YIrOJIbHUKAMH) H CIIOCO0a, B3ATOIO B
Ka4eCTBE IPOTOTUIIA (OTMEYEHBI KPYXK-
KaMM), IIPEJCTABIEHDbI HA PUCYHKAX 3 U
4. Ha pucyHKe 3 IpUBEIEHA BEPOATHOCTD
OJIAHKHUPOBAHUSA OOBEKTOB C Y3KUM CIICK-
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BeposTHOCTb 6n1aHKMpoBaHus

0 20

40 60 80

CKopoCTb, M/C

100 120 140 160 180 200

Puc. 3. BepositHocTb GnaHKupoBaHus Y3KONONOCHOro 06beKTa Ans cKopocTHoro nopora 100 m/c
1 KoppensunoxHoro nopora 0,5 B 3aBUCMMOCTH OT CKOPOCTH 06BEKTA 1 OT €ro NPOAONbLHOr0 pa3mepa

8501200 m

Mpumeyaxne: O- MeTOoA-npoToTUN, A (06beKT 200 M) 1 o (06bekT 50 M) — NPea0oXKEHHbI METOL,

oooooooooeoO

BeposTHOCTb ﬁnaHKMDOBaHMﬂ

N

100 1 20
CKopocTb, M/C

140 160 180 200

Puc. 4. BepoATHOCTb G1aHKMPOBaHUSA LWIMPOKONONIOCHOr0 06bEKTa ANs cKopocTHoro nopora 100 m/c
1 KoppensuuoxHoro nopora 0,5 B 3aBUCUMOCTYM OT CKOPOCTH 06BEKTA 1 OT €ro NPOA0NBLHOI0 pa3mepa

B 50 1 200 m

Mpumeyarue: O- MeTOoA-npoToTUN, A (06bEKT 200 M) 1 o (06beKT 50 M) — NPeaoXKEHHbIN METOL,

TpoM (Qaykryauui. a1 MEHIarouiero
00'bEKTA C OONBIIUM IPOAOJBHBIM Pa3-
MepoM (OLIEHKA MEXYACTOTHOI'O KO-
(puLreHTa KOPPEIAIUU HE IPEBBICHIIA
nopor 0,5) BEpOATHOCTH OIAHKUPOBAHUS
0060HUX CITOCOOOB COBOAAAIOT. /ISt MaIO-
Pa3MEpHBIX LeJE€H Y METONA-IIPOTOTH-
112 GJIAHKUPOBAHHE UMEET MECTO OBITbD,
JaXKEe €CIU CKOPOCTb OOBEKTA 3AMETHO
npesbimaer nopor 100 m/c. ¥V npeno-
JKEHHOTI'O CIIOCO6a MaJIOPa3MEPHBIE LIEIN
He 61aHKupyloTCsa. Ha pucyHke 4 11oka-
3aHBI PE3Y/IbTATHI IJIs1 OObEKTA C 6ojee
IHPOKUM CIIEKTPOM (PiIyKTyaruid. Mox-
HO OTMETUTB INIABHOE OTJIUYHE OT IIPEJIbI-
JYIIUX PE3YJIbTATOB (CM. PUC. 3) — pa3MBbI-
TOCTb BEPOATHOCTH OJIAHKMPOBAHUS HA
I'paHUIE CKOPOCTHOIO nnopora B 100 m/c
U CHIDKEHUE BEPOSITHOCTU OJIAHKHUPOBA-
HUS B 00JIACTH MAJIBIX CKOPOCTEH MEIa-
IOIUX OOBEKTOB. B 11€710M Ke, 1 B 3TOM

ciIydae, IPEIJIOKEHHBIH CIIOCOO HUMe-
€T SIBHBIE IIPEUMYIIECTBA IIEPE U3BECT-
HBIM paHee.

TakyuM 06pa30oM, IIPOBEJEHHOE MOJIEIN-
posaHue B cucreMe MATLAB 11OJIHOCTBIO
HOATBEPIKIAET IOJOKUTEIBHBIN 3(hPeKT
OT IPUMEHEHUSA IIPEII0KEHHOI'O CIIOCO6a
KIACCU(DUKALIUN U GIIAHKUPOBAHUSA JJUC-
KPETHBIX ITACCUBHBIX IIOMEX.

SAKNIOYEHUE

IIpencrasieHHbIE IBA HOBBIX CIIOCO-
6a OGHApPYXEHHUS U KIACCU(PUKALUU
IACCUBHBIX IIOMEX PAa3HOI'O THUIIA HE
HUCYEPIBIBAIOT BCEX BO3MOXKHBIX CIIO-
CO60B MNOBBIMIEHUA 33(PPEKTUBHOCTH
KOT'€PEHTHOHM OOpabOTKH CHUI'HAJIOB B
coBpemeHHBbIX PJIC. TeM HE MEHEE, OHU
OTPAXKAIOT HOBYIO CTYIIEHb B PA3BUTUU
cpeactB 3amuTbl PJIC OT macCHUBHBIX
IIOMEX B HOBBIX 0OJI€E€ CIOKHBIX YCJIO-

BUAX AIIPUOPHOM IIOMEXOBOM HeEOoIIpe-
nen1EHHOCTU.
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TennooTBoAbl HA OCHOBE HUTPUAA
aIlOMUHUA C aIMA3HbIM NOKPbITUEM

HOpnii Henouatos, [imutpuit Fopopeukuin, Aptém AbpaamsH,
Unbs Camycos, Anekcangp Oxotpy6 (r. HoBocnbupck)

MoBbIlWEHMEe CTeNeHN NHTErpauumn N3genun paguo3NieKTPOHUKN NPUBOAUT K
NOBbLILUEHUIO JIOKANbHbIX UIN pacnpenenéHHbIX Mo BCEeW NioLaam TenaoBbIX
Harpy3ok, obycnasnmBaeT 060CTpeHME NPo6ieMbl NEPErpeBoB, Afis peLueHus
KoTopou TpebyeTtcs co3paHue 3chphpeKTUBHbIX TENNooTBoAoB. B paboTe
onucblBaeTCs KOHCTPYKLUA U TEXHOJIOMUSA U3roTOBJIEHUA TENI0OTBOAO0B C
MCnosib30BaHMEM KepaMUKU U3 HUTpUAA ajtoMUHUSA C afiMa3HbIM MOKPbITUEM,
noJsiy4eHHbIM NYTEM OCa)KAEHUS NONUKPUCTANNIUYECKUX NNEHOK U3 ra3oBoOM
cpa3bl. NMoka3aHa Lenecoo6pa3HOCTb MPUMEHEHUs AaHHOW TeXHONOruM AN
M3roTOBJIEHUS TEMJIOOTBOAOB HA OCHOBE HUTPUAA allOMUHUSA C NOBbILLEHHOW

TenJsionpoBogHOCTbIO.
BBEOEHME
COBpEMEHHBIE  PAJAUOITIEKTPOHHBIC

ycrporictBa (PY) BcE Gosiee HACBIIAIOT-
CAA MOUIHBIMH AKTHBHBIMH 3JIEMECHTAMHA
PA3TUYIHOT'O HASHAYCHU . G4\ NPUBOJUT K
YCJIOKHEHUIO PY, yBeIM4eHUIO YU C/Ia BXO-
JANUX B HUX 9JIEMCHTOB IIPU IIOCTOAH-
HOM CTPEMJICHUU MAKCHUMAJIBHO YBC/IH-
YHUTHb MOIDHOCTh M CHH3UTH I‘a6apI/ITI)I.
Oueprerndyeckuii KIT/] aKTHUBHBIX 3JIEMEH-
TOB, KaK IIPABUJIO, HCBCJIUK, 1 3BHAYUTEC/Ib-
HaA JOJIA QHEPI'UU MU TAHUA IPEBPANTACT-
Cs1 B TEIUIOBYIO SHEPI'HIO C COOTBETCTBYIO-
UM IIEPETPEBOM AKTHBHBIX 9JICMCHTOB
u PY. YenoBusa skcrryaranuu PY moryr
MECHATHCA B HNIMPOKUX IIPEACIAX, B TOM
YHCJIE U TEMIIEPATYPA OKPYKAIOLIEH Cpe-
Jib1. MOIITHBIE ITOTYTIPOBOJHHUKOBBIE IIPH-
OOpBI, UMEIONIHE MAJIbIE PA3MEPDL, IIPU
YBCIIMYCHUHU YICTIbHBIX MOHIHOCTCﬁ pac-
CE€HUBAHMU B 3TUX YCIOBUAX SKCILUTYATAITUHA
IIEPETrPEBAIOTCH, UTO IIPUBOJIUT K CHIIKE-
HUIO UX HAJAEKHOCTH U HAJIEKHOCTU PY
B 1IeJIOM. [IJIs1 HCKJIIOYEHHUS IIEPETrPEBOB
HEOOXOAUMO O0ECIEYUTh HOPMAJIbHbIE
TCIUIOBBIC PEKHUMbI pa6OTI)I AKTHBHBIX
3JIEMEHTOB, KOTOPBIE OIIPEAEIAIOTCA, IIpe-
2KJI€ BCET'O, TEIUIOBBIMHU XAPAKTEPUCTHKA -
MU JIEMCHTOB, KOHCTPYKTHBHBIM BBIIIOJI-
HEHHUEM KOPITyCa ¥ CUCTEMOM OTBO/IA TEII-
J1a. BaKHENIIIUM 3/IEMEHTOM IIPAKTHYECKHA
JIIOO0OT'O MOILIHOI'O IIPUOOPA ABJIAETCS €TI0
KopIryC. OH JOJDKEH YIOBJIETBOPATD TPE-
OOBaHUAM, IPEIbABIAECMBIM K KOHCTPYK-
MU IIPUOOPA, EI'O HA3HAYEHHUIO, CTOHMKO-
CTH K BO3/IEHICTBUIO BHEITHUX (DAKTOPOB,
B TOM YUCJIE U CIICTUA/IBHBIX, 1 UHBIM TPEC-
0oBaHuAM HaIEKHOCTU. KpoMme Toro, Kop-
ITYC IO/DKEH OBITh YCTOUYHUB K TEXHOJIOI'H-
YECKHUM PEKHUMaM COOPKH TPAH3UCTOPA.
KauecTBO KOHCTPYKIIMH KOPITyCa AKTHB-

HOT'O 9JIEMEHTA OIIPEJE/IACTCS €r0 TEPMHU-
YECKHUM COIIPOTUBJICHUEM: YEM OHO MCHb-
11I€, TEM JIy4Illle KOHCTPYKUHA. OJHUM U3
OCHOBHBIX 3JIEMCHTOB KOHCTPYKIIUU
KOPITYCOB MOUIHBIX CHJIOBBIX HpI/I60pOB
ABJIACTCA KCpaMI/I‘{CCKI/Iﬁ TEIIOOTBOM, HA
KOTOPOM PAaCIIOJIOKEHBI CUIOBBIE IIOJIY-
IIPOBOJJHUKOBBIC KPDHUCTAJLIBL. KepaMI/I‘{C-
CKHI TEIUIOOTBO/ BBIITOJIHACT IBE OCHOB-
Hbl€ (DYHKIINH:

® OCYHIECTBJ/IIET 3JIEKTPUYECKYIO H30JIA-

IO TOKOBEAYIIUX ITWUH TOIIOJIOT'UYEC-

CKOI'O PUCYHKQ, PACHOJIOKEHHBIX HA O~

HOH CTOPOHE, IPYT OT JPYTa, 4 TAKKE OT

TOKOBEIYIIUX IINH Ha JPYT'OU CTOPOHE;
e 1epefaér TEIIo, BBIEIAEMOE AKTUBHBI-

MH CHJIOBBIMH ITOTYIIDOBOJHHUKOBBIMU

KPHUCTAJUIAMH (JUOJAMH, TPAH3UCTOPA-

MU U THPUCTOPAMH), HA TEIVIOOTBO/IbL

U PAAUATOPBL.

,HOCTI/ILII) MHHHUMAJIBHOI'O TEPMUYC-
CKOI'O COIIPOTHUBJICHUS MOXKHO 324 CY€T
HUCIOJIB30BAHUSA B KA4ECTBE TEIUIOOTBO-
JIOB MAaTE€PHAJIOB C BBICOKOH TEIUIOIIPOBO-
OHOCTBIO, MUHUMAJIbHOU TOJIIIUHOM U C
HAaHECEHHBIM HA €ro IOBEPXHOCTH CJIO-
€M METAJUIN3ALUH.

TpaZuUIIUOHHBIN MaTEPUAT TEIUIO-
OTBOJA — KEpaMHKa U3 OKcuaa 6epui-
ausa  (BeO), xapakrepusyeMass MaJbl-
MU [JUINICKTPUYCCKUMU ITOTEPAMU B
CBY-guana3oHe 4acToT ¥ BBICOKOX TEIUIO-
IIPOBOJHOCTBIO. EIMHCTBEHHBIN IIPOHU3BO-
JATENb U3JIEIUA 13 OEPUJLUINEBON KEpa-
MHUKH HAa IIOCTCOBETCKOM IIPOCTPAH-
crBe — 310 TOO «KazMerusIllpom», KOTO-
PBIF HAXOJMTCA B I'. YCTb-KaMeHOoropcke
(Pecrty6nmuka Kaszaxcran). ITpousson-
crBeHHble MomHOCcTH TOO «KazMeTus-
IIpoM» HEe B COCTOAHMH yAOBIECTBOPUTH
CIIPOC U O0ECIIEYUTDb TPEOYEMBII YPOBEHD

KAa4eCTBa IIPOAYKIIUU, K TOMY K€ IICHBI
Ha uzaeaus u3s BeO JOCTATOYHO BBICO-
Kd. B Poccun OTCYTCTBYIOT IIPEAIIPHS-
THSA, CIIOCOOHBIE BBIITYCKATb U3C/TUA U3
OepwINEBON KEpAaMHUKH. BBOJ B Jeli-
CTBHEC HOBBIX ITPOU3BOJCTBCHHBIX MOIII-
HOCTEHN B POCCHH, OPUEHTUPOBAHHBIX HA
BBIITyCK O€pUJUITHEBOH KEPAMUKU U J€Ta-
JIeH U3 He€, He INIAHUPYETCA.

Kpome TOro, npou3BOACTBO KE€PaMU-
KH 13 BeO upe3BbIYaliHO TOKCUYHO, YTO
BBI3BIBAET HEOOXO/IUMOCTh Pa3pabOTKHU
OCOOBIX M€P IO 00ECIIEYEHHUIO Oe3011ac-
HBIX YCJIOBUIT paGOTHI IepcoHana. Cyie-
CTBEHHBIM HEJOCTATKOM OKCHJIA 6€pUII-
JINS ABIACTCA 3HAYHUTECIbHOEC CHM)KCHHE
BC/IMYUHBI TCIUIOIIPOBOJHOCTHU C POCTOM
TeMmIieparypol. IloaTromMy s permeHust
BOIIPOCOB IIOBBIMIEHUA 3(PHEKTUBHO-
CTH OTBOJ A TE€IIA OT MOIIHBIX CHJIOBbIX
IOJIyIIPOBOAHUKOBBIX IIPHOOPOB, 4 TAKKE
HMIIOPTO3AMEIIECHUsA, AKTyaJIbHOH 3a/1a-
4eH CTAHOBUTCA Pa3Pa6OTKA HOBBIX BBICO-
KOTEIUIOIPOBOAIINX MATEPUATIOB U KOP-
ITyCOB U3 HUX.

Pa3zpaboTYUKU U IPEAIIPUATUA-U3TO-
TOBHUTECJIN MOIOHBIX CH/IOBBIX l'IpI/I60-
POB BEAYT IIOUCK SKOJOTUYECKH YUCTBIX
MaTepHaoB C TPEOYEMBIMH JUIIEKTPHU-
YEeCKUMHU CBOMCTBAMU U TEIUIOIIPOBOJHO-
CTBIO, AIPTEPHATUBHBIX KepaMuUKe U3 BeO.
C3TOH LENBIO IIPOBOAATCA PAabOTHI IO
IIOJIYYE€HHIO AJIMA3HOU KEPAMUKU, UCCIIEe-
JIYIOTCA BO3MOXKHOCTH IIPUMEHEHU C(ha-
JIEPUTOIIOJOOHOI'O HUTPU/IA 60pa, Kapou-
J1a KpDEMHU, KPUCTA/UIMYECKOIO Kapouzaa
60pa, a TAKKEe KOMIIO3UTHBIX MATEPHUAIOB
C BBICOKOH TEIUIOIIPOBOJHOCTBIO.

OJHUM H3 IIEPCIEKTUBHBLIX MATEPH-
QJIOB C BBICOKOH TEILIOIIPOBOJHOCTBIO
JJI1 UCIIOJIB3OBAHHSA B HM3OC/IHAX JICK-
TPOHHOU TEXHUKU /I OTBOJA TEIUIA OT
HArpe€Bamomuxca 3JIEMCEHTOB ABIACTCA
aJIMa3-KapOUIHBIH KOMIIO3UT <«CKeJle-
TOH»>. KOMIIO3UT a/IMa3-KapOu KpeMHUS —
HOBBIH THUII KOMITOSUIIMOHHBIX MATCpUA-
JIOB C YHUKAJIbHBIM KOMIUIECKCOM CBOI7ICTB,
IIOJIy4EHHBIH ITyTEM XUMHYECKHUX PEAK-
nui [1]. Bxomnosutaom matepuaie (KM)
IMa3-Kapou KPEMHUS B 3aBUCHMOCTH
OT KOHLICHTPALIUM aJIMa33a U Kapoujaa
KPEMHUSA ITOTYYCHHDBIC 3HAYCHUA TCILIO-
npoBogHocTu gocruraior 600 Br/meK,
4TO IIPEBBINIACT TEILUIOIPOBOJHOCTb
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menu (380-420 Br/m+K). M3roroBineHue
anMas3HbIX KM BKIIOYaET ps/Jt ITOCIEI0Ba-
TEJIbHBIX OIEPALNI: X0JI0AHOE (POPMO-
BaHUE 3aTOTOBOK M3 JIMA3HBIX ITIOPOMI-
KOB, TEPMOOOPAOOTKY 3arOTOBKH U IIPO-
IATKY JKMIKAM KpeMHueM. PopMoBaHHue
OCYLIECTB/IAIOT C JOOABJICHUEM BPEMEH-
HOro cBaA3yroulero (10 mac. 25-nponeHT-
HOT'O CHUPTOBOI'O pacTBopa (peHoadop-
MaJIBAETUAHON CMOJIBI) IIPU JABJIE€HUH
200 MIIa. TepMmoO6pabOTKY U IIPOIIUTKY
JKUJIKUM KPEMHHUEM IIPOU3BOJAT B BAKY-
ymuou neun npu P=10Iau T = 1550°C.

Certuac HauboOJI€€ NEPCIEKTUBHBI-
MU IIPEACTABIAIOTCA BBICOKOTEIUIONIPO-
BOJHBIC TTOJTHUKPUCTAUIMYECKUN a1IMa3
(monuanMa3) U KEepaMHKa Ha OCHOBE
HuTpuga amoMunus (AIN). Oupeznenén-
HBI€ YCIIEXH 10 UCIIOJIb30BAHUIO TEIUIO-
OTBOJOB Ha OCHOBE 3THUX MaTE€PUAJIOB B
kopnycax CBY-TpaH3UCTOPOB JOCTHUI-
HyTbl B AO «HIIIT «Ilynbcap», rae nmpose-
JIEH KOMIUIEKC PabOT 10 UCCIIETOBAHUIO
BO3MOKHOCTH HCIIOJIb30BAHUS KEPAMUKU
Ha OCHOBE HUTpHJA aaoMuHus (AIN) u
IOJINAJIMA3a B KOPITYCaX IOTYIIPOBOAHU-
KOBBIX IIpuU60pOB. ITo koadduumeHTty
TEIJIOBOT'O pacmupeHus marepuan AIN
XOPOLIO COITIACYETCS C KPEMHHEM, YTO
0COOEHHO BAYKHO /151 IPUOOPOB, BBIIIOJI-
HEHHBIX Ha KPUCTA/UIaX OOJIBIINX pa3Me-
pos. K'Tomy xe, B o1stmyue ot BeO-kepa-
MUKH, TEIUVIOIIPOBOJHOCTD AIN-KepaMUKU
HE YMEHBIIACTCA IIPU HATPEBE TPAH3U-
cropa. Pe3ynbraTsl HCCIEJOBAHUM I10/-
TBEPAWIN BO3MOKHOCTb MCIIOJIb30Ba-
HuUs AIN-KepaMHKH B KOPITYCaX MOUTHBIX
npu6opos. Taxxke B AO «HIIIT «ITyabcap»
B XOJi¢ paboT I10 BBIIIOJTHEHHUIO TEILIOOT-
BoJa MOITHBIX CBY-IpUOGOPOB HA OCHOBE
I0IAAIMAa3a Pa3padboTaH KOPITyC JIAaBUH-
HO-IIpon€THOrO auoaa (JII1I) Mmuwuinme-
TPOBOI'O JUAITA30HA. MOIITHOCTD, FTeHEPH-
pyemas Mme3a-CTPYKTYpOM 1U0/a, CMOHTH-
POBAHHOII HA aJIMa3HOM TEILIOOTBOJE,
B 4YeTbIpE Pa3a IIPEBBIIIAIA MOUIHOCTb
IOAOOHOM Me3a-CTPYKTYPBhlL HA MEIHOM
TEIUI00TBOE. Pa3paboTaH U KOPITyC MOIII-
HOI'O TPAH3UCTOPA S-ANAIIa30HA C TEIUIO-
OTBOJIOM M3 I10JINA/IMa3a [2].

B mocnennee BpemMs BHUMAHHE Pa3-
paboTYUKOB BCE OOJBILIE IIPUBICKAIOT
TPAaH3UCTOPBI HA OCHOBE HUTPHUA FAJLINA
(GaN), crtoco6HbI€ pabOTATh IPHU BBICO-
KUX TEMIIEPATYypPaX U HA 60JIe€ BBICOKUX
4aCcTOTaX, 4YEM KPEMHHUEBBIEC MPUOOPHL
Taxk, MOIIHOCTB GaN-TPaH3UCTOPOB KOM-
nanuu Nitronex (CIIA) gocruraer 50 Bt
Ha yacrore 2,5 I'Tw, TpaH3ucTOpOB (PUp-
mbI Eudina (AAnonus) — 180 Bt Ha wacro-
Tax 2,11-2,17 I'T11. ITossBIINCH COOOIIIE-
HuUs 0 popMupoBaHuU GaN-CTPYKTyp HA

TOHKHUX MOJIOKKAX W3 IoJruaamasa [3].
Peanuzanus yHUKAJIbHBIX CBOMCTB TAKUX
CTPYKTYp (60bIINE YPOBHHU MOITHOCTH,
CIIOCOGHOCTD PA6OTATD IIPU BBICOKUX TEM-
neparypax U Ha CBEPXBBICOKHX 4aCTO-
TaX), BEPOATHEE BCET'O, BO3MOXKHA TOJIBKO
B KOPIIYCE C TEIUIOOTBOIOM U3 IIOJIHA/IMA-
3a. [IOMHMMO BBICOKOH TBEPJOCTHU U H3HO-
COCTOHMKOCTH, a7IMa3 00/1a1a€T YHUKAJIb-
HOI BBICOYANIIEH TEIVIONIPOBOJHOCTBIO,
KOTOpas IO3BOJIIET PACHIUPATD IIPUMeE-
HEHHE 3TOT'0 MaTepUasa I PaHOIEK-
TPOHUKH.

B mHacrosmee BpeMsa OCBOEHA TEXHU-
Ka BBIPANUBAHUA AJIMA3HBIX IUIACTUH
B IUIA3MOXHMMHUYECKOM PEAKTOpPE Ha
ocHoBe CBY-paspsga (Chemical Vapor
Deposition, CVD). BaxxHedmumu Ipe-
umylecrsaMmu CVD-anMasa ABIAIOTCH:
OOJIbIIINE PA3MEDPBHI, BBICOKAs TEILIOIPO-
BOJHOCTB U BOCIIPOU3BOJUMOCTD (pU3H-
YECKUX [1aPaAMETPOB BCIEICTBUE TIIATEb-
HOI'O KOHTPOJIS YCJIOBUH POCTA U UUCTO-
ThI UCITIOJIb3YE€MBbIX I'a30B.

B AO BHHUHAJIMA3» paspabora-
Ha I'PyINa TEXHOJOIHH HU3TOTOBJICHUS
BBICOKOHAIIOJIHEHHOTO MaTepuaia 6e3
HCIIOJIb30BAHUSI BBICOKHX [IABJICHUM,
OCHOBAaHHAA HA IPDUMEHCHHNU MEJIKOIH -
CIIEPCHBIX 1 HAHOIIOPOIIKOB YIIPOYHSIO-
e (paspl U CBA3KU (3ALUIICHBI [IATEH-
Tamu P®). Anajioramu 3TUX MaTEPUAIOB
SABJISAIOTCA KOMIIO3UTBI HAa META/UIOKE-
PaMHYECKON U METAJUIMYECKOM CBA3-
K€, HAIIOJIHCHHBIC MECIKO3CPHUCTBIMU
IIOPOLIKAMHU JIMA30B HU/HJIN KyOuue-
CKOrO HUTpHJA 60pa, 4 TAKKE CIIEYEH-
HBIC IMOTUKPHUCTA/UVINYCCKHUEC MATCpHA-
bl [4]. Pacimimpenyne NIpuMEHEHU B TOM
HAIIPABJICHHUHU BBICOKOTCIIOIIPOBOIHBIX
QJIMA30B CTAJI0 BO3MOKHBIM 32 CYET UX
IIOJIYICHHSA 110 TEXHOJJIOTUAM TEPMOXH-
MHYECKOTro ocaxzaeHus (CVD-anMassl).
Meton CVD — oHa 13 HOBBIX TEXHOJIO-
THUI IIOJYYE€HUs AJIMA3HBIX IPOJYKTOB
IyTéM TEPMOXHUMUYECKOI'O OCAKACHUA
U3 1mapoBou (asel. Cpega u3 Bogopoia
U MeTaHa (C U30BITKOM BOJOPOJA) IIPU
TEPMHYECKOM BO3JECHCTBUU MUKPOBOJI-
HOBOM IUIa3MBI, TJICIOIIETO Pa3psa WA
HAarpeBa IPOBOJIOKOM Pa3/IaraeTcs, u aTo-
MBI YIVIEPOJA OCAXKIAIOTCSA HA CIIELIUAb-
HO IIOJTI'OTOBJICHHOI IMOJJIOXKKE € (hOpMU-
POBaHHEM AIMA3HOH CTPYKTYpPHL. Pa3Bu-
THE TeXHOMOoTuu CVD B 1IOC/I€JHUE I'OJIbI
TI03BOJIMJIO BBIPAIIUBATD AJIMA3HBIC IIA-
cTuHbI JuaMmeTpom 300 MM U TOJIIUHOM
B HECKOJIBKO MUUIMMETPOB. YCIIEITHOE
ocaxkgeHue CVD-ajMa3HBIX IVIEHOK HA
HOJJIOXKKAX U3 KepaMudeckoro AIN 6s110
POAEMOHCTPUPOBAHO B padore [5], a
HU3rOTOBJICHUE KEPAMUYECKOI'O MATEPHU-
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aJIa U3 CMECH IOPOIIKOB HUTPHUA AJIIO-

MHUHUS ¥ 2IMa3a — B narexre [0].

J1s moJIydeHus KPYIHBIX IOJUKPH-
CTA/UIMYECKUX AJIMa3HBIX IIPOAYKTOB
HOBOI'O IIOKOJICHU JJIs1 LIEJICH JIEKTPO-
HHUKH HEOOXOJUMO HAHOCUTD HA A7IMA3bI
META/UIN3ALMOHHBIE IIOKPBITHS, 11€JIECO-
OOpPa3HOCTb KOTOPBIX JTOKAa3aHa OTede-
CTBEHHOHU U 3apYyOCKHOU IIPAKTHUKOIL.
3axIouas aJiMa3Hble 3€PHA B METAJUIM-
YECKYI0 OO0JIOUKY, TEM CAMBIM 3AIIOJIHSIS
MHKPOTPEIHUHEL, IOKPBITUSA YBE/IMIHNBA-
IOT UX IIPOYHOCTD U JAIOT BO3MOXXHOCTb
CIIEKATh UX C APYTUMH MaTE€pUATAMMU.
Hanpumep, IPOYHOCTD A/IMA3HBIX 3€PEH,
IIOKPBITBIX HUKEJIEM, BbIpACTAET HA 22%.
CreneHb METAUIM3AIUU 3€PEH BapbU-
pyercsa ot 40 no 100%, B 3aBUCUMOCTH
OT yCI0BUH paboThl. CTENIEHb METAJLIN-
3auuu 100% COOTBETCTBYET TOMY, YTO
Macca IIOKPBITHS U3 HHUKEA, HAHECEH-
HOI'O Ha €JUHHUYHOE 3€PHO AJIMa3a WIHA
KHB (ky614ecKoro HuTpujaa 60pa), pas-
Ha MAaCCe 3TOro 3epHa. JIOIOJIHUTEIBHO
MOKPBITHS 3AIMUINAIOT AJIMA3HYIO (Da3y OT
OKHCJICHHUA IIPU CIICKAHUU B MECTAJUINYC-
CKHUX U KEPAMHUYECKUX CBA3KAX, CO3JaI0T
PAa3BUTYIO IIOBEPXHOCTD ITOBBIIAIONIYIO
CLICIUICHUE C MATPUYHBIM MATEPHAIOM,
4YTO aKTUBHO UCIIOIb3YETCA IIPU U3TOTOB-
JICHUU ITOJINKPUCTA/UIMICCKUX 1 KOMIIO-
SUIIMOHHBIX MATCPUATIOB. ,HJI}I METAIH-
341U A/IMa30B IIPUMEHAIOT BAKyYMHOE
OCAXKAEHHUE, TEPMOXUMUYECKUE U I'dIb-
BAHHUYECKHE METO/IBI [4].

Takum 06pPa30M, HCXO/ISI U3 U3JIOKEH-
HOT'0, CO3/IaHIE KEPAMHYECKOI'O MATEPHU-
aJ1a C HOBBIIIEHHOM TEIUIOIIPOBOJHOCTBIO
BO3MOKHO 324 CUET:

1. BBegeHuA B NCXOHBIN TOPOIIOK HU-
TPUJA AIIOMHUHUS MATEPHUAIOB C BBICO-
KHUM 3HA4E€HHUEM TEIUIOIIPOBOJHOCTH.

2. Hanecenus Ha IIOBEPXHOCTb HUTPH-
Ja AJIIOMHHMS IOKPBITUHI U3 MATEPU-
AJI0B € BBICOKMM 3Ha4Y€HHEM TEIUIOIPO-
BOJHOCTH.

IlepBbIil IyTh CBA3aH CO CJIOKHOCTA-
MH BSQI/IMO,I[CI;ICTBI/ISI IIOPOIIKOB BBICOKO-
TEIUIOIIPOBOJHOI'O 4JIMa3a C IIOPOIIKOM
HUTPUJIA AJTIOMUHUA U IIPEBPAINCHUA €TO
B rpahuT, a TAKKE B3AaUMOJCHCTBUE C IPY-
T'MMH BEIIECTBAMU C OOPA30BAHHEM Kap-
6I/I,I[OB WIN UX CTOPAHUEM IIPU HATUYUU B
I1€9U OCTATOYHOIO Kucaopoza. [foaromy,
Ha B3IJIAJ, aBTOPOB, 60JIe€ BOCIIPOU3BO-
OUMOHU TEXHOJIOTHUEH SIBJISICTCSI TEXHOJIO-
T'Hs META/UTU3A1IMU KEPAMUKU U3 HUTPU-
/12 AJIIOMUHUSA 32 CYET OCAKACHUSA A7IMA3-
HBIX IIOKPBITHI.

Ilenpio paboThI ABIAETCA IOTYYECHHE
KOHCTPYKIIMH TEIUIOOTBO/A /I IIOJIYIIPO-
BOJHHKOB C OOJIBIITIM YPOBHEM MOIITHO-
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10 Mkm

a

10 MKm

6

Puc. 1. OnTuyeckue MukpodoTorpachun pocToBoii NOBEPXHOCTH AUCKA U3 HUTPUAA aNHOMUHUA:

a — LWNNOBAHHOIO ANCKA; 6 — NONNPOBAHHOIO ANCKA

CTH, CIIOCOOHBIX pa00TaTh IIPU BBICOKUX
TEMIIEPATypaX.

OBbLEKTBI UCCNEONOBAHMA

[l oBaHHBIE U IIOJIMPOBAHHBIE AJTIO-
MOHUTPHUIHBIE JTUCKH P17 X 2 MM C IJIOT-
HOCTBIO 3,31 T/CM’ U TEIUIOIPOBOAHO-
crpio 160 Br/MeK ¢ aa1Ma3oM, OCaKaEH-
HbIM MeTOIoM CVD.

OKCMNEPUMEHTANBbHASA YACTb

B pa6oTe npoBOJUINCH UCCIEJOBAHUS
BO3MOHOCTH BbIPANIUBAHUSA AJIMA3HBIX
IUIEHOK HAa IOBEPXHOCTH NUTH(POBAHHBIX
U1 IIOJINMPOBAHHBIX NTUCKOB W3 HUTPHUOA
ATIOMUHUSL [IJIs1 TOTO HA IIEPBOM JTAIIE
ObL1a IPOBE/IEHA OIIEHKA pebeda pocTo-
BOM IIOBEPXHOCTH JUCKOB (CM. pUcC. 1) ¢
HOMOMIBIO OIITHYECKOI'O MHKPOCKOIIA
OLIMPUS.

Crpykrypa nuiigpOBaAHHBIX IHCKOB
IIPEICTABISAECT COOOH 3EPHUCTYIO CTPYK-
TYpy CO CPEAHUM Pa3MEPOM 3€PHA OKOJIO
200 aM. [ToTMPOBAHHBIN OOpPa3€EL UMEET
60J1€€ OMHOPOAHYIO IIOBEPXHOCTD C PAAOM
PAa3IMYHBIX KaBE€PH, C(OOPMHUPOBAHHBIX
IIpU IIPOBEJCHUU IIOJUPOBKU. Penrbed
POCTOBOI IOBEPXHOCTHU U KAYECTBO ITO/I-
TOTOBKHU ITOBEPXHOCTH JIUCKA OKA3bIBA-
€T 3HAYUTEIbHOE BIMSIHUE HA CTPYKTY-
Py CHHTE3HUpPYEMOH aJIMAa3HOU IUIEHKU.
IToaToMYy, IIEpe] IPOBEICHUEM CUHTE3A,
JIUCKH IPOXO/IM/IH OYHUCTKY B AI[ETOHE U
H30IIPOIIIOBOM CIIUPTE.

OcaxxgeHue aJIMa3HOU IVIEHKH IIPO-
BOJUJIOCh METOAOM IUIA3MEHHO-CTH-
MYJHPOBAHHOTO OCAXAECHUA U3 I'a30-
BoH (pasel (Plasma-Enhanced Chemical
Vapor Deposition, PECVD) B MUKPOBOJI-
HOBOM IUIA3MEHHOM PEAKTOpEe IMOHHU-
JKEHHOT'O JaBJIE€HUsI 6€3 aBTOHOMHOTI'O
HOJIOTPEBA ITO/VIOKKU, IPU I'€HEPAITUU
IIa3Mbl MUKPOBOJ/JITHOBBIM HU3JIYYCHUEM
gacToTou 2,45 I'Ty MOIITHOCTBIO 10 5 KBT
(ycranoska Seki Technotron AX5250M,
SArnonus ). OCHOBHBIM IIJIA3MO0OOPA3YIO-
LIMM I'a30M CIYKIJI BOAOPOJ, IOCTYIAI0-

I U3 3JIEKTPOXUMHUYECKOT'O BOJJOPO/I-
HOTO rereparopa «Crekrp-60» ¢ 06bEM-
HOM CKOpOCThIO 500 MJ1/MHUH. B KauecTBe
HCTOYHHKA YIJIEPOJAa MCIIOJb30BAJICA
IIEHTAH.

ITIOCKONIBKY H3-32 OOJIBIIOIO PAa3JIU-
YUl IOBEPXHOCTHBIX S9HEPTUI AJIMa3a U
HUTPUAA ATIOMHUHUA IDIOTHOCTH HEHTPOB
3apOABIIICOOPA30BAHUA AJIMA3a MaIa, TO
JUISL POCTA CIUIOIIHOM IUIEHKH MCIIOJIb-
30BaJIM IIPUHYIUTEIbHYIO HYKICALUIO.
Hawryqmye pe3yabTaTbl ObLIU JOCTUI-
HYTBI /I HYKJI€AIMOHHBIX CMECEH Ha
OCHOBE BOJHOI'O PACTBOPA CaXapO3bI U
JE€TOHAIIMOHHBIX HAHOAIMa30B Y/IA-D9
(cpeaHuii pa3Mep KOHIVTIOMEPATOB OKOJIO
20 HM), HAHOCUMBIX METOJOM BbICYIIIMBA-
HMA MEHHCKA. SKCHCpI/IMCHTbI IIPOBOOU-
JINCH IIPH IABJIEHUHU B Kamepe 120 moap.
MomHocTts CBUY-reHeparopa cocrasiisiia
2000 Br. BapbupOBaIuCh KOHLEHTPALIMSA
YIJIEBOJOPOAA U BpeMs cuHTe3a. ITocie
IIPOBEIECHUS CHHTE3a OOpa3lbl ObUIH
XapaKTEPU30BAHBI METOJAMH OIITHYE-
CKOH MHMKPOCKOIIUU U CIEKTPOCKOIINH
KOMOHWHAIIMOHHOI'O PACCESTHUS CBETA.

IIo onrudyeckuM MHUKpodoTorpadu-
SIM BHJHO, YTO OOpa3npl I1IOCJIE IIPOBE-
JIEHUsI CUHTE3a IpHUoOpenu dosee T€M-
HBIF OKpAC. AAre3us aJMa3HOM IUVIEHKH
K IIOBEPXHOCTHU NUIN(POBAHHBIX 00pa3-
LIOB ObLIA 3HAYUTE/IBHO BBIIIE 10 CPAB-
HEHUIO C IIOJIMPOBAHHBIMHU OOpa3LiaMM.
IToaTomy 1A JaIbHEHUIIINX UCCIIEOBAHUH
ObLIN BBIOPAHBI NUIM(DOBAHHBIE JUCKH.

O6pasupl Ne1, Ne2 1 Ne3 6pL1H IOy dE-
HBbI HA II_UII/ICI)OBQ.HHI)IX JUCKAX U3 HUTPHUJIA
IIOMHUHUA (CM. pUC. 2). ATMa3Has IVIEHKA
Ha o6pa3sue Nel 6p11a TOydeHA IIPU IPO-
BEJICHUM CHUHTE3a B TedeHue 4,5 94 1 1Ipu
oja4ye HCTOYHHUKA yIyIepoa (II€HTaH) C
06'bEMHOIT cKOpOCTBIO 10 Mi1/MuH. [Tpu
IIPOBEACHUN B3BCINUBAHUA IO U ITIOCIEC
CHHTE32 ObLIO YCTAHOBJICHO, YTO TOJIIIH-
Ha 2JIMAa3HOH IVIEHKH COCTaBuIa 50 MKM
(ckopoctb pocta 11 Mxkm/4). CTpyKTypa
IIOBEPXHOCTU COCTOUT U3 MEJIKHX KPHU-

CTA/UIUTOB U HAHOAIMA3HOU (pa3el (UTO
XOPOIIO HOATBEPKIACTCS U3 OIITUYECKUX
MUKpOdoTOrpaduii U CIEKTPOCKOIINU
KOMOHMHAIIMOHHOTO paccessHust). Crek-
TPOCKOIIUSA KOMOHMHAITMOHHOI'O paccesi-
Hus csera (KPC) peMOHCTpUpPYET XapakK-
TEPHBIH /I AIMAa3HON (Da3bl OTKIHK HA
1330 o6paTHBIX caHTUMeETpax. 4YacTb
QJIMA3HOM IUVIEHKHM OTCIOWIACH OT IIOJ-
JIOJKKH. DTO CBA3aHO C OBICTPBIM OXJIAXK-
JeHueM o6pasia Iocjie CHHTE3a.

C 11€JIBIO ITOBBINIEHHUS KA4€CTBA AJIMA3-
HOM IUVIEHKHU (YMEHbIIEHUS HAHOAJIMA3-
HOI (Pa3bl U YBEJIMYEHUS JOJIU AIMa3-
HBIX KPHUCTAJUIMTOB) ObLIA YMEHBIICHA
CKOPOCTD POCTA IUIEHKHU 34 CYET YMEHB-
IIEHUS ITOTOKA MEeHTaHa 70 5 mii/4. Tak-
2Ke€ OBUIO COKPAILlEHO BPEMS CUHTE3a JJO
3 u. B pesynpTrarte, TOJIMNUHA AJIMAa3HOI
nEHKH 06pa3na Ne2 coCTaBIsIeET OKOJIO
27 MKM (CO CpeJJHEH CKOPOCTBIO POCTA
9 MKkM/4). B pe3ysprare, 00pasers JIEMOH-
CTPUPYET JIYUYIIYIO aAT€3UI0 AJIMA3HON
IUIEHKH (110 CPAaBHEHUIO € 06pa3iioM Nel)
K IIOBEPXHOCTH IOJJIOKKH U3 HUTPUJA
amoMuHusA. CTPYKTypa CXO0Xa ¢ 06pas-
oM Nel, 4TO, CKOpee BCETO, CBA3aHO C
IOHMJKEHHOMU KOHLEHTPALHUENH HCTOY-
HHKa yIjIepoja HaJ oO6pa3loM BO Bpe-
Ms CUHTE34.

IIpu cuHTe3e 0Opa3na Ne3 ObLIa ycra-
HOBJIEHA CKOPOCTBb IIOJaYUd UCTOYHHKA
yIJIEpOJA HA YPOBHE 7 MJI/MHUH U BpeMs
CHHTE3a COCTABWIO 3 4. CKOPOCTB pOCTA
QJIMAa3HOM IUVIEHKHM cocTaBmia 10 MKM/4
(o6bmas TonmuHa WiEHKU 30 MxMm). Ha
obpasiie Ne3 IpUCyTCTBYET XOPOILIO KPU-
CT/UIM30BAHHAs ajIMa3Had IUIEHKA CO
CPEIHUM Pa3MEPOM KPHUCTAJLIOB OKOJIO
500 am. Ciekrpockonusa KPC nogrsepix-
Ja€eT BBICOKOE Ka4€CTBO a/IMA3HOU IVIEHKHA
B JAHHOH 061acTH. TakuM 06pa3om, ist
JIAHHBIX [1APAMETPOB CUHTE3a OIITUMAJIb-
Has1 CKOPOCTb pOCTa cocTasmia 10 MKkm /4
IIPH I10/IAYE€ UCTOYHHKA YITIEPOJA C OOb-
EMHOI CKOPOCTBIO 7 MJI/4.

Ha o6pa3nax Nel, 2 u 3 ¢ aJiMa3HbI-
MH HIIéHKaMI/I, IIOTYY4€HHBIMHA HA NUIH-
CI)OBaHHI)IX JHUCKAX U3 HUTPUIA AJIFOMH-
HUSL, ObUIH IPOBEIEHBI U3MEPEHUS KO-
duIeHTa TEIVIONPOBOIHOCTH METOJOM
JIA3€PHOMU BCIIBIIIKU C UCIIOJIb30BAHUEM
ycraHoBku LFA 427 (NETZSCH, I'epma-
HuA). U3MepeHns IOKA3a/IH, YTO TEILIO-
IIPOBOJHOCTD JUCKOB U3 HUTPU/A AJIIOMH-
HHA C AJIMA3HBIMU CJIOSAMH, OCa)K,I[éHHbIMI/I
meronom CVD, Bo3pociu co 160 Br/m-K
o 200-220 Br/m-K.

BbiBoabl
OHpCﬂC}ICHI)I OIITUMAJIbHBIC YCJIO-

BUA (pOPMUPOBAHUSA AJIMA3HON IIEHKUA
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METOAOM IuT1agMeHHOro CVD ¢ MHUKpo-
BOJIHOBBIM BO30YXIEHHEM Ha IIOBEPX-
HOCTH KEPAMHUYECKOH IIACTUHKY U3 AIN.
ToHKuUe€ aIMa3HBIE CJIOU, HAHECEHHBIC HA
HUTPU] ATFOMUHUA, IIO3BOJIAIOT IIOBBICUTH
TEILIOIPOBOJHOCTD JUCKOB Ha 20—-40%. 13
IIOJTy4EHHBIX PE3YIbTATOB CAEAYET, YTO
IS JJOCTIDKEHMS OGONBIINX 3HAYCHHIA
KO3(pdHUIIMEHTA TEIUIOIPOBOJHOCTH 32
CYET HAHECEHHUS TOHKUX 2JIMA3HBIX CJIO-
€ meTo0M CVD TpebyIoTcs TalbHENIIHE
HCCIECAOBAHHUA BIHUAHUWA TOJJIOHUHBI CJI0-
€B, (hopMUPYIOIIUX PATUAIBHBIE TEILIO-
BbIC IIOTOKH, HAIIPABJICHHBIC OT LICHTPA
06pas1a K ero kpasm. IlepcrekTusa co3-
gaHust 3(P@EKTUBHBIX TEIIONPOBO/ISI-
X l'IOKpI)ITI/Ifl OCHOBAaHA HA YBEJIUYCHU N
aAre3uy AJIMa3HOT'O CJIOS K HOIJIOXKKE U3
HUTPUA AJTIOMUHUS, A TAKKE HA IPUMeE-
HCHHUU VIA HAHCCCHUA A/IMA3HOI'O ITIOKPDI-
THSI TTIO/JIOKEK CJIOKHOT'O TPOGUIISL.

JIUTEPATYPA

1. Cuoopose B.A., Kamaes C.B. KOHCTPYKLIH-
OHHBIE MATEPHUAJIbI C BBICOKOM TEILIOPO-
BO/IHOCTBIO JIUISI TEIUIOOTBOZOB B U3/IC/IHSX
JIEKTPOHHOM TEXHUKH. DJICKTPOHHAS TEX-
Huka. Cepusi 2. [T0IyIPOBOJJHUKOBBIE IIPHU-
60psb1. 201 1. Bpi. 2.

3. Cuoopoe B. Kopryca CBU-TpaH3UCTOPOB HA
OCHOBE ITOJINA/IMA3a U ATIOMOHHUTPU/THOI
KEPaMUKHU. DJIEKTPOHHUKA: HAyKa, TEXHOJIO-
rus, 6usHec. 2007. Ne4.,

4. Bacunves A., Janunun B., 2Kykoea T. HoBoe
HOKOJICHHE IIOJYIIPOBOAHUKOBBIX MaTe-

puanos u npu6opos. Yepesd GaN Kk aimasy.
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0630p 1 oTpacnesbie npo6nembl 6ecnpoBoAHOIO
UHTepHeTa BeLlei

Kaiinaw Hapasunan, Keysight Technology

B cTaTbe paccka3biBaeTCsl O HOBbIX BO3MOXXHOCTSIX A1 MHOTUX UTPOKOB pbIHKA
3NEKTPOHMKMN U NPOrpaMMHOro o6ecrne4yeHnsl, KOTopbie OTKPbIBalOT CBA3aHHbIE
AaTu4MKu, NOCTaBNSAIOLLME KITOYEBbIE aHHbIe, a TaKXe O AalibHeNLLen
06paboTKe 3TUX AAaHHbIX B 06naKke A OLeHKU NMPOUCXOAsLLEro.

Hurepner Bemeti (I0T) cBA3aH HE CTOJIb-
KO C 6CCHpOBOﬂHI)IMI/I TEXHOJ/IOTHUAMMU,
CKOJIBKO C KOMOHMHAITUEH KIIOUEBbIX JaH-
HbBIX, IEPEIABACMBIX TATYUKAMU, C MAIITHNH-
HbIM O6y‘ICHI/ICM U UCKYCCTBCHHBIM UHTECJI-
sexroM (M), 06pabaThIBAIONIUM 3TH JTaH-
HblE€ I IIOHUMAHUSA IIPOUCXOIAIIETO,
NOBbIIIEHUA d(P@EKTUBHOCTH U 3KOHO-
MM CpeAcTB. Ceryac KPOXOTHBIM IIPOLIEC-
cop ARM o6s1aaeT 601bIIEH IPOU3BOAM-
TEIBHOCTBIO, YeM HacTONbHbIE [TK Hauama
1990-X IT., OCOGEHHO C Y4ETOM IPAKTHYE-
CKH HECOI'PAHHUYCHHBIX BBIYHCIUTCIbHBIX
pecypcoB 061aKa. DTO ABJIEHUE U YCIEXU
B pazpadorke 1O 1Mo3BOJIHIHN JOOUTHCI
PEBOIOIIMOHHBIX JIOCTHKEHUN B 0OJa-
CTHU MAIIMHHOTO O0y4eHus, a Takke 1.
MamunHoe o6yueHue u MM jiexkaT B OCHO-
BE IPAKTUYECKU JIIOOOT'O BBITOJHOTO IIPEJI-
sgoxenust B oonacru IoT. st npousera-
omer orpaciu IoT Hanbosiee BaXKHYIO
POAb UrPaIOT CJIEAYIOIIHE YEThIpE (hak-
TOPA: JKU3HECIIOCOOHASI MOJE/Ib BEJCHUSA
OGH3HECA, HaJEKHAA TOIIOIOT U IIOJKIIOYe-
HUS, HAJIEKHBIE JATYHKH, 4 TAKKE METO/IbI
HU3BJICYEHUSI U OOPAOOTKU HH(MPOPMAIIUH.

nMHAMVIKA BU3HECA B OBJIACTMU
BECINMPOBOAHOW NEPEAAYU
AAHHbIX

C TOYKHU 3pEHU OIIEPATOPA, ITYTh IIEpe-
XOJa OT CIY>KO0 repefayu JaHHbIX 3G k4G

u 3aTeM K 5G BeIET K CJIUSIHHUIO U 00€3-
JIUYUBaHUIO. CPpETHUN JOXO/[ Ha OJHO-
ro aboHeHra (ARPU) IpUMEHHUTEIBHO K
YCJIyTaM COTOBOM CBSI3U U3 I'O/1a B TOJI, CHU-
skaercsa. O6bEM MOTPEGIAEMBIX JAHHBIX
PacTéT BreoMeTprUUYECKOH IIPOIPECCUH, A
IIPUOBUIb HA META0ANT B T€OMETPHUYECKON
nporpeccuu nagaer. OnepaTopbl BBIHYXK-
JIEHBI BK/IAJbIBATh OTPOMHBIE CPEJICTBA B
UHOMPACTPYKTYPY /11 HOAINEPAKKHI CHIDKA-
IOIIErocs II0TOKA NpUokLIU. ITpoBarie-
pol Bugeoycayr yepe3 Murepuer (OTT),
MOTPEGHOCTHU KPYITHBIX KOMIIAHUI U JIesI-
TEJIbHOCTD, HAIIPABJICHHA HA CJIMSIHUE U
NpuoOpeTeHue, OyAyT CO34aBaTh /1A OIle-
PaTOPOB HOBBIE IIPOGJIEMBI, BBIHYKI A5 IX
IIpeIaraTb yCJIyr'H, OOECIIEYHBAIOIIIE
MHUHHUMAJIBHYIO CTOUMOCTDb COETUHECHUS
IIPH IIOMHUHYTHOH OIUIATE.

Bcé€ 31O BBI3BIBAET HOTPEOHOCTH B MAJIO-
MOIIHBIX IVIOOIBHBIX ceTsix LPWA. Cyie-
CTBYIOT COTHHM IIPWJIOKECHHH, 32 KOTO-
pbl€ olepaTopbl MOTI'YT B3UMATh ILIATY
OT HECKOJIBKHX KOII€EK IO HECKOJIbKHUX
coTeH pyoO:aer B MecsIl. OObEMBI IAHHBIX,
ACCOLIUHUPYEMBIE C STUMU IIPHIOKECHUA-
MH, OYEHDb MaJIBL, [IO3TOMY HArpy3kKa Ha
CYLIECTBYIOIIYIO CTPYKTYPY HEBEJIMKA.
MOKHO OXKHU/IATh, 4YTO B OY/IYIIIEM OIlepa-
TOPBI CMOTYT HOIYYATDh GOJIBIIYIO YACTD
MPUOBUIH OT 3TUX HOBBIX YCJIYT, OCHOBAH-
HBIX Ha TEXHOJIOTUAX LPWA.

BbICOKast NNIOTHOCTb
TOKpbITHS

« [lecsTkn Thics
YCTPOICTB Ha OfHY
coty

« CkopoCTb nepepayin
necsiTku Kout/c

Manas uexa

« LieHa mogyns
MeHbLue 300 py6rei
« basosble (hyHKLN

« HapéxHocTb,
CTabU/IbHOCTL
« Hugkas vactota

COeAVHEHWiA

MpopomxutenbHas
pabora ot 6arapen

« 10 10 neT n 6onee
« YyuLLUeHHble
CTIAILLYE PEXVMbI

TMporpammuoe
o6HoBnexne

« [inst umeroLieiics
VMHEPACTPYKTYPbI CETH
pazmozocTyna

« [1061bHb I
TEXHOMOTM4ECKNIA
cTaHgapt (3GPP)

LLiupokoe nokpbITHe

«+20 b No cpaBHeHNIo
¢ GPRS
« YanéxHble o6nactin

Puc. 1. TexHonorus NB-loT

TexHonoruu v nPunoXenus loT

Cern LPWA 1n1peiHa3Ha4YEeHbl )1 IO/ -
JEPKKU IIPUIOXKEHUH MEKMAIINHHBIX
KOMMYHHMKauun (M2M) ¢ MajJIbIMH CKO-
POCTAMH IIepefadu U C TEPMHHAIbHBI-
MH YCTPOHUCTBAMH, CIIOCOOHBIMH JIOJITOE
BpeMs paboTaThb OT 6GaTapeu U HE TPEeOO-
BaTb OOC/IY:KMBaHUA. CyIIECTBYEeT MHOXKE-
crBO TexHooruii LPWA, Brttouas NB-10T,
LoRa u SIGFOX. Texnosoruss NB-IoT,
KOHTPOJIMpYEMas I'PYIIOH CTaHJAPTU-
3anuu 3GPP, mupoko nojuep:KuBaceT-
Csl oIlepaTopaMu U HH(PPACTPYKTYPOH
(cm. puc. 1). NB-IoT nipepiaraer ajabrep-
HATHUBHYIO TEXHOJIOTHIO IS CYETYHUKOB
BOJABI U Ia3a, IAPKOBOYHBIX JATYHUKOB,
HOKAPHBIX HU3BEUIATEIEH, CUCTEM 6€30-
IIACHOCTH U T.IL. BO BCeX 3TUX 006/1aCTAX
cefyac y»Ke HCIIOJIb3YIOTCA CBOU TEXHO-
jioruy, 11oaromy NB-IoT Ux He CTOIBKO
IIPeo6pPa3UT, CKOJIBKO OTKPOET HOBBIC
BO3MOKHOCTH, KOTOPBIE pacmIUpAT ce-
PY UX IIPUMEHEHUSL.

Texuonoruun LPWA MEHSIOT MOZIEIb
BeJICHUs1 OM3HeCAa y KOMIIAHUH, KOTOPbIE
XOTST COXPAaHUTD OAKIIOYECHHE K CBOUM
IIPOAYKTAM B II0OJIEBBIX yCIOBHAX. COBpe-
MEHHOE KPYIIHOE CTALJHOHAPHOE 000pYy-
JOBAaHHUE COJEPKUT COTOBBIE MOJEMBI,
KOTOPBIE MO3BOJIAIOT OTCIECKUBATb €IO
COCTOSHME U IPOTHO3UPOBATh TEXHUYE-
ckoe ob6cayxkusanue. [Toaygars nuHPOP-
MAalMIO OT HEJOPOTI'UX IIPOAYKTOB 34 IIpe-
JleJIaMU IIOMEIEHUSA YK€ HE TaK IIPOCTO.
Texnonorust NB-IoT 1aér BO3MOKHOCTh
060pPYAOBATH BCE BBIITYCKAEMBIE ITPO/IYK-
Tbl BCTPOCHHBIMH METKAMHU, KOTOPBIE
IO3BOJIAT IIPOU3BOJUTEIISIM OTCIEKU-
BaTb UX COCTOSIHUE, IIOy4dasl CBEICHUA
YIy4dIIEHUsI IIPO-
JIyKTa U MapKeTuHra. Texaonoruu LPWA,

JJI1 HEIIPEPBIBHOT'O

BKIIOYAs NB-I0T, MO3BOJISIIOT KOMIAHH-
SIM IIOJTy4aTh HH(POPMAIIHUIO O CIIOCOOAX
IIPUMEHCHUA U COCTOAHUU BBIITYCKACMbIX
IIPOAYKTOB, HE 3aKII04as JOTOBOP O IO/~
KIIOYEHUH K CETH C UX IOJIb30BATEIEM.
Ceryac HEBO3MOKHO HANTHU U OTCJIEUTh
HEIOIKIIOYEHHBIE IIPOIYKTHI 6€3 B3aUMO-
JEICTBUA C II0JIb30BAaTEIEM WIN 6€3 pas-
BEPTBIBAHUS OE€CIIPOBOAHOU CETU IIOCTAB-
IIUKA Ha TEPPUTOPHUHU 3aKA3UHKA — METKU
NB-IoT 1103BOJISIT PEMIUTD ATY IIPOOIEMY.

UM C10 NPHIOKEHUI 9TOU TEXHOJIOTUH
IIOUCTUHE 6e3rpaHudHo. Hanpumep, mpo-
U3BOJUTECIU IIPOMBINUICHHBIX AKKYMYJISA-
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TOPOB MOI'YT OTCJICKUBATH PA6OTY CBOUX
6aTapeii, He 3aKII09ast JOrOBOPa C IIPOU3-
BOJIU'TE/IEM aBTOMOGHIIECH WJIX KOHEUHBIM
I10JI30BATEIIEM.

BnusaHue 10T HA BEPTUKAJIbHBIE
OTPACIM

HuTepecHO ObUIO OBl B3IVIIHYTH Ha
sineHue 10T ¢ HECKOJIBKUX TOYEK 3PEHHUSI.

C TOYKH 3pEHUsI KadecTBa Ku3Hu [0T
CYJIUT CYIIECTBEHHOE ITOBBIIIEHHE KOM-
dopra u 3PHEKTUBHOCTH, A1 YETO B
IPOIUIOM TPEOOBAINUCH OOJIBIIUE TPY-
no3arparel. 3Hass O morpeouresne emé
6OoJbIIe, KOMIIAHHHN CMOTIYT OKPYXKUTB

YCIAYyraMHy, YIPaBJsis
MEJIbYANIIIHUMH JICTA/SIMH 5KU3HU — GAH-

€ro II0JIE3HBIMH

KOBCKHUMH OIIEPAlUAMM, PA3BICYCHUAMM,
NEPECABYKCHUAMMU, IIOKYIIKAMH, JICYCHU -
€M, IYTEIECTBUAMHU U YXOJOM 32 TICTbMU.
IToTpebuTeIb, BEPOSTHO, OYAET IIOIYIaATh
MEHBIIIE PEKIAMBI TEX BEIIEH, KOTOPbIE
€My He HY)KHBIL, 1 He OyZIE€T TPATUTDb BpeE-
MsI Ha IIOUCK BeIlleH, KOTOPBIE €r0 HHTE-
PECYIOT.

C KOMMep4YecKor TOYKU 3peHust IoT
IO3BOJISIET IOBBICUTDH 3(PHEKTUBHOCTD
pacrpese/eHUuss dHEPTUU U PECYPCOB.
HIMEIoTCsT COTHU BBIT'OJHBIX IIpeaiIo-
JKEHUH I MHOXKECTBA BEPTUKAJIbBHBIX
oTpacieu (CM. puc. 2):
® uH(OpMaLY 111 BOAUTEICH IPY30BU-

KOB, IIOMOTI'aIolas 3KOHOMUTD TOIUIUBO;
® IIOMCK CBO60,Z[HI)IX IIAPKOBOYHBIX MECT;
® JUArHOCTHYECKOE OOCIYy>KMBAHHUE BME-

CTO ILIAHOBOT'O;
® CaMOOOYYaIoNIHECs IIPOU3BOJCTBEH-

HbI€ JIMHUHU, OIITUMU3HPYIOIIHE PACXO/[,

3HEPruM, MHUHUMHU3UPYIOINE OOBbEM

OTXO/A0B U ITOBBINIAIOIIME BBIXO/ I'O-

HOM IIPOJYKIIMH;
® OIITHUMU3ALIHS SHEPIOCETEMH C BETPOBbI-

MM TYPOUHAMHU U JPYIUMHU SHEPIreTUYE-

CKHMU YCTAHOBKAMU;
® yIIpaBJICHHE JIOTUCTUKOU — nH(pOpMaA-

IIHS O TOM, I'JI€ B TAHHBIA MOMEHT HAXO-

JUTCS KKIas1 €IUHULIA TOBAPA.

MHOru€e IEPEYHCICHHBIE IIPEIJIO-
JKE€HUA MOTYT IIPEAOCTABIATHCA B BUIC
YCIYT, OTKPbIBAsA Ilepel]; KOMIAHHUAMU
IIUPOKUH BBIOOP HOBBIX BO3MOXKHO-
creit. 10T no3BosAeT nepenuTu OT Kalu-
TAJIBHBIX 32TPAT K 9KCIUTyaTALIUOHHBIM
pacxogam: <MHe He HYKEH MY3BbIKaJIb-
HBII IIIEEP, A IIPOCTO XO4Uy NOCAYIATh
My3bIKy>. IIO Mmepe TOro, Kak MUp BCE
OoJIbLlIE OPUEHTHUPYETCA Ha PE3Yib-
TAT, BEPTUKAJIBbHBIM OTPACIAM HPUIET-
Cs1 IIEPECMOTPETh CBOU OU3HEC-MOJE/IH.
IIpaKTUYECKH BCE IIOCTABIIUKH TOBA-
POB TPAaHC(HOPMUPYIOTCA B IOCTABIIU-
KOB YCJIYI' — HalIpUMep, aBTOMOOUIU C
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Hocumble yeTpoiicTea YMHbIit AOM

* YMHbIe Yacbl
« 04Kkm
« YMHbIe GpacneTb

« ANEKTPOHHbI
TEKCTWb

« CnyxoBble annaparbl

« [lat4mku KOHTpons
COCTOSIHVIS! 31,0POBbS

« KoHtponnep
« bbITOBbIE NPUGOPBI

« [laT4nKm 1 OXpaHHas
CUrHanM3aums

« Ynpasnenve
Knumatom

« OcsetLieHe

« OTonneHve,
BEHTUNALMA U
KOHANLIMOHUPOBaHIe
BO3MyXa

- eCall

cucrema

cucrema

« Ayavo/sizieo

TMopKntoYEHHbIA
aBTOMOGMNL

« V2VN2XNV2

« VHchopmamoHHo-
pa3BrieKaresbHas

« HaBuraunoHHas

« ATonunot

ym"b':"mﬂr,mm YMHbIV ropop,
3HeprocoepexeHns aBToMaTH3auus
* YMHbIA CHETIMK « CeTb AaT4NKoB
* YMHbIe AOMaLLIHV1e * YMHbIE MaLLUHbI
npiGopLi « Kamepb! HabmiofeHus
}(?KBET BILTEEEN « QTCnexuBanme
0060pyA0BaHMA
« Wi-Fi

« TpaHcnopTHas
KOMMYHUKALWOHHAS
ceTb

Puc. 2. Untepner Beweii u poinok M2M

aBTOIIWJIOTOM, APEH/A CJIOXKHOTO 060-
PYAOBAHUSA U T.II.

DKOHOMUA 32 CYET OPHUEHTALUM HA
pEe3yabTaT OTKPBIBAET TPETBIO CTATBIO
OIOKETAa — HE KAIIUTAIbHBIC 3aTPAThl U
HE 3KCIUTyaTaIlHOHHBIE PACXO/BbL, 4 KO-
nHomus. Hanpumep, komnanuu IoT, opu-
€HTHPOBAHHBIE HA TOPHOAOOBIBAIOILYIO
IIPOMBIIUIEHHOCTD, CMOI'YT CHU3UTD PaC-
XOJIbI HA TOIUTUBO, COKPATUTD YU CJIO aBa-
PpHI1, CBA3aHHBIX C OIIMOKAMU OIIEPATO-
POB, U T.II., 2 GU3HEC-MOJIE/Ib KOMIIAHUH
MOXKET OIHMPATHCSA HA APEHHYIO ILIATY
32 IIPaBO Pa3pabOTKH HEAP, UCUUCIIAE-
MYIO KaK IIPOLICHT OT 9KOHOMUHU Ha I'OP-
HBIX PabOTax. DTO OECIPOUIPBLIIIHBIN
BApHAHT.

Ceityac 4aCTo BEAYTCS CIIOPHI O TOM, BCE
JIM OTPAC/IU IIPOMBIILIEHHOCTH IIEPEHIYT
Ha 1€ TE/IbHOCTb, ODUEHTUPOBAHHYIO HA
pesynbrat. HU O1H 3aKa34UK HE XO4eT U
HE JJOJDKECH PUCKOBATDb TEM, YTO IIPOIYKT
He 00€CIIECYUT 3a5IBJICHHYIO OKYIIA€MOCTb.
B Oyaymem 3aka3duk OyleT IOKYIaTb
HMEHHO PEe3Y/IbTAaT, 4 HIOCTABIIUKU OyAyT
OpaTb PUCK OGECIICYEHHU PEZY/IbTATA HA
ce651. ITO OTKPOET HOBBIH TUII (DUHAHCO-
BOI'O PBIHKA, HA KOTOPOM IOCTABIIUKU
OyIyT CTPAXOBAThb BAC OT PUCKA HEIIOJIY-
4yeHUs1 OOEIAHHOT'O PE3y/IbTaTA.

OcHoBHOM cmbIcT 10T 3akmouaerca B
TOM, YTOOBI UCKJIIOUUTD JIIOJICH U3 TEXHO-
JIOTHYECKUX ITUKIOB. KimtoueBpIM (pakTo-
POM SIBJIAETCA BHEIPEHUE CKBO3HBIX IIPO-
11€CCOB, B KOTOPBIX HE YYaCTBYIOT JIIOAU, U
YCTAaHOBKA GECIIPOBOAHBIX JATYUKOB. DTO
CTaHEeT BO3MOXKHBIM 6J1arofiapsa ToMy, 4TO
BBIIIOJIHEHHUE BCEX 32/1a4 BO3bMYT Ha CEOST
IIPOrpaMMbl AHAIU3A JAHHBIX 1 MAIITHUH-
HOE OOyJeHue.

OTPACNEBBIE NMPOEJIEMbI
Orpaciesble IIPOGIEMBI CBA3aHBI, B

OCHOBHOM, C HEOOXOJJUMOCTBIO CO3/IaHUS

JKU3HECITOCOOHO MOJIETN BE/ICHUS OU3-

HeCa, COKPAIleHUEM BPEMEHU IIPO/IBIIKE-
HUSI IIPOJYKTOB HA PBIHOK, YCKOPEHHUEM
OKYIIA€MOCTH U CO3JJAHHUEM CETEH HAIEXK-
HBIX IATYUKOB. [IPO6IEMBI IPOEKTUPOBA-
HUS JATYUKOB BIJIIOYAIOT OTCIICIKUBAHHE
Pa3BUBAIOIIUXCS CTAHAAPTOB, MUHHUATIO-
PH3AIIHIO YCTPOHCTB U CBSI3AHHBIE C 3TUM
IPOOIEMBI LIEJIOCTHOCTH CUTHAIA, TPEOO-
BaHUA K CPOKY CIIyKOBI 6atapeti (7-10 1er
6€3 3aMEHBI) U CEPTU(DUKALTUIO.

C TEXHMYECKOU TOYKH 3PEHUS, IIPOJIIE-
HUE CPOKA CTY>KOBI 6aTaperi 10 HECKOJIBKUX
JIET ABJIAETCS OHOM U3 LIEJICH IIPOEKTHUPO-
BaHMsA BceX ycTPOHCTB [I0T. Pazpaborynkam
HYKHO U3MEPATDh BpeMsl paGOThI 6aTapen
U IIOTPEOGIIAEMBIN TOK B PEAIbHBIX YCJIOBU-
X AKCIUTyaTanuu. Pa3paboTduky JaTdu-
KOB CTAJIKMBAIOTCSI C TAKUMU IIPOGIEMA-
MM LIEJIOCTHOCTH CUTI'HAJIA, KAK IIEPEKPECT-
HBIE IIOMEXH U T.IL., AKTYAIBHOCTb KOTOPBIX
PacTér C pOCTOM MUHUATIOPU3ALIUN U ILIOT-
HOCTH CO€L[I/IHCHI/II7I MCXKITY KOMITOHCHTAMMU.

C KOMMEPYECKOI TOYKH 3PEHMUS IIPO-
671€MBI MOT'YT 3aBUCETb OT KOHKPETHOT'O
npunoxenus [oT. U xors 1y1s1 noTpedu-
TEJIBCKUX NPUIOKEHUH [0T, TAKNX Kak
HOCHUMBIE YCTPOMCTBA U GBITOBAsI ABTO-
MaTHU3AIUs, IJIABHBIM (DAKTOPOM SIBJISI-
€eTCs LIeHa, HOAKIIOUYEHHBIE ABTOMOOMIN
U TPAHCHOPT TPEOGYIOT CTOIPOLEHTHOM
3aIu-
IEHHOCTHU U BO3MOYKHOCTH YIIPABJICHUS

HAAEKHOCTH,  JOJTOBEYHOCTH,

YCTPOMCTBAMU IPH MUHHUMAJIbHOM y4a-
CTHUH YEJI0BEKA WIU BOOOIIE O€3 HErO.
CerogHsi CymecTByeT 60JIBIIIOE PA3HO-
ob6pasue (popmMaToB CBA3U. [JOBOJBHO
4acTO HAOIIOAIOTCS OBICTPBIE HHHOBA-
MU B KAKOM-TO HOBOM 006/1aCTU. B T20/IH-
1€ IIPUBEJCHBI HEKOTOPBIC MAPAMETPHI,
KOTOPBIMH HYKHO PYKOBOJICTBOBATbH-
Csl IPHU BBIOGOPE CTAHIAPTA PATHUOCBS3H.
Brpouem, npuBeIEHHBINA CIIUCOK PAJHO-
¢popmaros IoT 1aseko He IOJIOH.
Ckopee Bcero, IoT mO3BOJIMT pPeaTn30-
BaTh MHOT'HI€ PEBOJIIOIIMOHHBIE MOJIETN
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MponyckHas cnoco6HocTb TexHonorus NpumeHenne
Wi-Fi BonbLuve ckopocTu nepepayu,
OrpaH1yYeHHOE NOKPbITUE
LTE BonbLune ckopocTu nepeaayu,

NOKPbITUE B MacLLTabax CTPaHbl

Xopowas

Bluetooth v BT ¢ manbim sHepronotpe6nexnem

Manble CKOpoCTM nepeaadn, Manas
MOLLHOCTb, Manoe NoKpbITHe

NB-IoT nnu Cat M, LPWA

Marnble ckopocTy nepegaun,
CBepxmasiasg MOLLHOCTb 1 NMOKPbITUE B
mactutabax cTpaHbl

Zigbee, Thread

OrpaHuyeHHOe NOKPbITUE, OMALLHAS
aBTOMaTM3aLNs

Huakas
WiSUN

Marble ckopocTi nepefayu, LWMPOKoe
NOKPbITUE, CYUTbIBAHNE NOKA3aHWI
CYETYNKOB

BeJEeHUA OM3HECA U CIIOCOOBI MOBBIIIE-
HUA PBIHOYHOU 3(P(HEKTUBHOCTH.

M XOTs TIOKA HE HAGIIO/IAETCA CEPbE3HO-
TO OOCYXK/JIEHUA CEPBUC-MO/IETIEH OIIEPATO-

pamu, BEpOSITHO, B OyIyIIIEM, 3a JIOTIOJTHU-
TEJIBHYIO COTHIO WU IIAPy COTEH PyOJIeit
MECSTYHOM AO0OHEHTCKOM IUIATHI (4TO COOT-
BeTCTByeT NOBbIMeHNIO ARPU nnpruMepHO

COBPEMEHHbIE TEXHOJIOrM

Ha 25%), OIIEPATOPBI CMOT'YT IIPEJIOXKUTD
KOPOOKY METOK, KOTOPBIE MOXKHO Oyzer
YCTAHAB/IUBATH HA BCJIOCHUIICABI, MANIH-
HBI, JIOMAIIHUX >KUBOTHBIX, JE€TEU, ra30-
HOKOCHJIKH, HA K/JIIOYH OT MAIIIMHBbI U T.II.,
U KOTOpBIE OyAyT padboTaTh C IIPUIOXKE-
HUeM Tuna «Haigu MoM...». BO3MOXKHO,
B OyZyllIeM UMEHHO 3TOT CEI'MEHT PbIH-
Ka ycrporicts I0T okaxkeTcst caMmbIM O0'b-
€émHbBIM. ITO Mepe TOro Kak MUp BCE 6OIb-
1IIE OPUEHTHUPYETCS Ha pe3ynbTaT, [oT Ha
OCHOBE MAIIMHHOT'O OOY4EHUs U UCKYC-
CTBEHHOTI'O MHTEJUICKTA HEU30EXKHO CTa-
HET KJII0YEBOH TEXHOJIOTHEMN, ITO3BOJISIO-
IIEH B PEAIbHOM BPEMEHHU 3a/ICHICTBOBATD
MHO’KECTBO BEPTUKAIBHBIX OTPACIIEH, 00e-
criegnBast 3(hpPEeKTUBHOCTb, SKOHOMHUIO U
TUOKOCTBD KaK JIJISI TIOCTABIIUKOB, TAK U JIJIST

©)

norpeoéuTesen.

Hosoct™m mmpa News of the World HosBocTn Mmmpa

MexxpyHapopaHbin hopym
«MukpoaneKkTpoHuka-2017»

Co 2 no 7 okTa6psa 2017 ropa B Anywite
(Pecnybnuka Kpbim) npog€T Tpetnin Mexay-
HapoaHbIn hopyM «MuKpo3aneKTpoHnka-2017».

®dopym opraHu3oBaH BedyLUMMU WHCTU-
TyTamy W Au3anH-ueHTpamu ctpadbl: AO
«HUNMA «[Mporpecc», AO HUNMS, HNY
MW3T, a Takxe npu nogaepxke AP3M MuHu-
CTepcTBa NPOMbILLIEHHOCTM 1 Toprosnun PO,
rockopnopauuu «Poctex», AO «PocanekTpo-
HWKa», NHHOBALMOHHOrO LieHTpa «CKomKo-
Bo», Cot3a mMalwumHocTpouTenen Poccun n
hepepansHor nporpammsl «Pa6oTai B Poc-
cunl».

MexpyHapoaHbIn hopym «MUKpO3nekTpo-
HUKa-2017» ABMAETCA BbICOKOUHTENNEKTY-
anbHon nnowagkon Nel B Poccun, kotopas
06BbEANHAET U MACTUTBIX YHEHBIX C MUPOBBIM
VMEHEM, 1 MOMOfbIX MHXEHEPOB, U pa3paboT-
Y/KOB, a TaKXe OTE4ECTBEHHbIX U 3apy6ex-
HbIX NpeacTaBuTenen busHeca.

OcHoBHas Lienb NpoBeaeHus opyma: Kom-
NIEKCHO PacCMOTPETL akTyasibHble BONPOCHI
pa3paboTkn, Npou3BOACTBa W MPUMEHEHUs
OTeYeCTBEHHOW 3NIEKTPOHHON KOMMOHEHTHOW
6a3bl U BbICOKOMHTErPUPOBAHHbIX 3/TEKTPOH-
HbIX MOZyen.

B nepvop ocTpor MMNopTo3aBMCUMOCTH
Poccumn B MMKPO3NEKTPOHMKE, BbICTPOM CMe-
Hbl 1 NOSIBMIEHNSA HA MUPOBbIX PbIHKAX HOBbIX
COBPEMEHHbBIX TEXHOJIOTMI, POCCUNCKME yHacT-
HUKN MUKPOSJIEKTPOHHOrO Knactepa Hyxpga-
10TC BO BCECTOPOHHEN W CBOEBPEMEHHOM
MHOPMaLMM O COBPEMEHHbIX TpeHpgax pas-
BUTWSA UHAYCTPMK. B cBETE cnoxuBeLUencs Ha
CerofHsALLHMN AeHb 3KOHOMUYECKON U BHELLI-

HenonuTnyeckon cutyauum dopym «Mukpo-
3MeKTpoHnKa-2017» npepocTasnseTr BO3-
MOXHOCTb KPYMHbIM OTpacrieBblM Urpokam
HanaguTb HOBble B3aMMOBbLIFOAHbIE KaHaslbl
Koornepaumu, a Ansi MonoAbIX pa3BUBatOLLNX-
€Sl KOMMNaHWii — 3asBUTb O cebe cpeau creyma-
JINCTOB MMPOBOIO YPOBHSI.

DopyM [AEMOHCTPUPYET 6GU3HEC-COoObLLe-
CTBY W Hay4YHOW cpefe BO3MOXHOCTUN UCMOSb-
30BaH1sA COBPEMEHHbIX MUPOBbIX TEXHONIOMMIA
(nonb3oBaTenbCKMX, KOMMEPYECKMX U cneuuna-
NM3NPOBAaHHbIX), CTUMYNVPYIOLLUMX AanbHewn-
Lee pasBuTue oTpacsu.

Llenesas ayautopusi hopyma — 3T0 3Kcrep-
Tbl C MMPOBbLIM MEHEM, MOJIoAblE UHXEHEepbI
1 paspabotuunkm, notpebutenn KB, nHterpa-
TOPbl M MOCTaBLUMKN pELLEHnI, npeacTasu-
Tenu degepanbHbIX U perMoHasbHbIX opra-
HOB rocyaapcTBeHHoW Bnactu P®, a takxe
Hay4HbIX 1 06pa3oBaTesbHbIX YHPEXOAEHUN,
CreumanucTbl CMEXHbIX HanpasfeHuin Hay-
K1 1 6usHeca.

B pamkax thectvnBans MHHOBaUMM Ha 06CYX-
[eHvie 6yayT npeacTasneHbl COOCTBEHHbIE pas-
paboTKu, NOeu 1 NpPoeKTbl, KOTopble nosy4ar

OLIEHKW 3KCNEPTHOro CoBETA O NepcrnekTnsBax
1 BO3MOXHOCTAX UX MPUMEHEHUS.

B pamkax genoBou nporpamMmsbl naaHupy-
0TCS KOMMEpPYeCcKMe JoKnaabl v Kpyriible CTo-
Jibl N0 pa3paboTKe 1 NPUHATUIO PeLLeHNn ANs
pasBuUTUS OTPaCNN B YCITOBUSIX COBPEMEHHOM
3KOHOMMUYECKOWN CUTyaLnn.

DyHpameHTarnbHbIM MepornpusTiem copyma
cTaHeT 3-9 MexayHapogHas Hay4Hast KOHhepeH-
uma «MukpoanekTpoHuka — KB 1 anekTpoHHble
MOZyNn», B paMKax KOTOpow Oy ayT MpefcTaBieHbl:
® HasurauuoHHo-ceasHble CBUC n mogynu;
©® BbICOKOMPOU3BOAUTESNbHbIE BbIHUCIIUTENb-

Hbl€ CUCTEMbI;
©® VHMOPMALIMOHHO-YNPaBsoLLNE CUCTEMDI;
©® TEXHONOrNN N KOMMOHEHTbI MUKPO- U HAHO-

ANEKTPOHUKN;
© U3[Eenns MUKPOSNEKTPOHMKM OBLLIErO 1 cre-

LMann3npoBaHHOro HasHa4eHus;

e meTtogbl 1 anroputMel CAMNP CBUC;
o CBY nHTerparsbHble CXeMbl U MOZYN;
® MUKPOCUCTEMBI.

lNogpobHas nHopmauyus U peructpaymsi
Y4aCTHUKOB [OCTYIHbI Ha 0ghULMaTIbHOM cau-
Te ghopyma — microelectronica.pro.
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MeXxpayHapoaHbIi BOEHHO-
TexXHU4eckumn chopym
«APMUA-2017»

B cooTtBeTCTBUM C pacnopsxeHvem Mpasu-
TenbctBa Poccurckon ®epepaumm ot 14 geka-
6ps1 2016 r. Ne2668-p, B nepvof ¢ 22 no 27 asry-
cta 2017 ropga nporpét MexayHapoaHbIi BOEH-
HO-TexHU4eckun chopym «APMNA-2017».

OpraHuzatopom copyma BbicTynaet MuHu-
CTepCcTBO 060poHbLI Poccuiickon depepaumu.

B aTom macLuTabHOM MeponpuUsTUN MPUMYT
y4acTue KpynHble OTeHeCTBEHHbIE 1 3apy6ex-
Hble NPeAnpUATUS 060POHHO-NPOMBILLIEHHOMO
KOMIeKca, BefyLLme KOHCTPYKTOPCKME 610po
N Hay4HO-uCCrefoBaTenbCkue WHCTUTYThI.
B npotunom rogy Ha nonsx hopyma paéoranu
npegctasutenu 6onee 80 cTpaH mupa, 35 13
KOTOPbIX NPEACTaBNANM ohmLmanbHbie gene-
raumn. O6LLee KONM4eCcTBO rocTel B COCTaBe
BOEHHbIX Aienerauui npesbicunno 260 YesoBekK.

Briepsble B pamkax popyma MuHuctepctso
060poHbI Poccun B a6COSIOTHO HOBOM ¢hopma-
Te NPOBENO LiepeMOHMIO nognucanmns 17 rocy-
[apCTBEHHbIX KOHTPAKTOB Ha OOLLYyIO CyMMY
cebiwe 130 mnpg py6nen.

OcHoBHblE MeponpuATHS hopyma nNpoigyT B
KoHrpeccHo-BbICTaBO4HOM LieHTpe «[laTproT»
(MockoBckas 06nacTb) U NpeacTaBaT co6om
YHVKanbHbIV hopmart, COBMELLAoLLNIA cTaTn4e-
CKUIA NoKaa cneuTexHnkun B «latpunot Skcno»,
OVHaMU4eCKUn NoKas3 BO3MOXHOCTEN BOEH-
HOWN TEXHWKW Ha 3eMe 1 B BOAE Ha NOnuro-
He «AnabuHo», a Takxxe OEMOHCTpaLuio aBna-
LIMOHHOW TEXHUKM Ha aspogpome «KyouHka».

O6Lwan nnowanb 3KCno3vummn B NaBusbo-
Hax M Ha OTKPbITbIX NOLafKax MpPeBbICUT
200 000 M°. Ha ®opyme GyfeT nokas xofo-
BbIX BO3MOXHOCTeN 6onee 200 06pasuoB BO-
OPY>XEHUS1 N BOEHHOW TEXHWKW, NpeacTaBIe-
Ho 6051ee 1000 POCCUNCKUX U MHOCTPaHHbIX
NpeanpuUsaTAN 1 opraHn3aLunii.

Hay4Ho-pgenosas nporpamma nponpéTr B
hopmaTe nneHapHbIX 3acefaHnii, KoHpepeH-
LI, KPYriibIX CTOSI0B U 6PUCMHIOB, HTO NO3BO-

JIMT 06CYANTL aKTyasibHble BONPOChI 060POHbI
1 6e30MacHOCTH, AanbHenLIe HanpasneHuns
COBEPLLEHCTBOBAHMSA CMNOCOO0B NPOM3BOACTBA
NpoAyKLMM BOEHHOIO Ha3HavYeHus.

MoceTutenun hopyma cMoryT 03HaKOMUTb-
€Sl C MocnefHUMN JOCTMKEHUAMU B 0651acTu
BbICOKWX TEXHOJOrMIN 1 NepCneKTUBHbIMU pas-
paboTkamu, KOTOpbIE peanuaytoTcst B BOEHHOM
chepe, a Takxe ¢ o6pasLaMm BOEHHOW TEXHU-
K1 13 Hann4ms MuHo6opoHbl Poccun.

B pamkax opyma «APMUA 2017» ¢ uenbto
peanusaumv rocyfapcTBeHHbIX 3aga4 Mo
avsepcuunkaumm o60pOHHbLIX NPOU3BOACTB,
KOTOpbIE HanpaB/eHbl Ha OPraHn3aumio Bbiny-
CKa COBPEMEHHOW BbICOKOTEXHOSIOMMYHOM
rpaxaaHCKon Npoaykumm, ¢ 22 no 27 aerycra
2017 ropa npongét MexayHapoaHas BbiCTaB-
Ka BbICOKOMPOU3BOAUTENBHOrO 060pyA0BaHUS
1 TEXHOSIOMUI [J151 NePeBOOPYXeHUs npeanpu-
At OlK «IntellTechExpo: UHTennektyanb-
Hble NPOMbILLSIEHHbIE TexHoormm 2017».

3Kecno3numm hopyma pa3mMecTaTcs B 3anax
1 Ha OTKPbITLIX NAOLLAAKaX KOHrPEeCCHO-BbICTa-
BOYHOIO LieHTpa «[laTpuoT».

http://www.rusarmyexpo.ru

HANDYSCOPE HS6 DIFF

e paspewenue 12, 14, 16 6ut
e MamaTb 64 Mcamnn

4-kaHanbHbli USB-ocuunnorpad ¢ gudpchepeHuuanbHbIMU
BXOAAMU, BbICOKUM paspelleHMeM U HacToTol onpoca:

« [10710Ca HaCTOT BXOAQHOro curdana 250 Mlru
« 4acTOTA AUCKPeTU3auum oo 500 My

« BCTPOEHHbI reHepatop 30 MIu, paspewenue 14 6ut

HANDYPROBE HP3

Mpocheccuonanbhbiin USB-npubop ¢ dyyHKUMAMU
MyNbTUMeTpa, ocyunnorpada, cnekTpoaHanusaropa,
Nnoru4eckoro aHanMaaropa:

* IWana3oH BxoJHoro curHana 0,2-800 B
» paspeweHue 10 6ut
» MaKCUManbHasg 4acToTa auckpetusauum 100 My

PROSOFT®

O®ULIMATBHBIA ANCTPUBbIOTOP

(495) 234-0636

INFO@PROSOFT.RU HE T

WWW.PROSOFT.RU
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HoBble nctodHnku nutanma AC/DC

=g

KoMnakTHbIe HCTOYHUKN MTUTAHUSA C OTBOJIOM
Tenna Yepe3 OCHOBAHWE Kopnyca

» BbixogHas mowHocTb 400 1 600 BT

BbixogHoe Hanpsbkexue 12, 24, 28 n 48 B
KNA oo 90%

CurHanuaaums o neperpese, 0 NafieHNit BXOAHOTO HanpshKeHus
[nanasoH pa6o4ux Temneparyp ot —40 o0 +70°C

CTOWKOCTb K BO3AEICTBUIO YAAPOB 1 BUGpaLuii

(ctaHgapt MIL-STD-810F)

« [nanasoH BxoaHoro HanpsbkeHus 90-264 B (yactota 47-400 ')

» YCTON4MBOCTb K BO3AENCTBUIO KOHAYKTUBHbIX MOMEX (CTaHL4apT

MIL-STD461 CS114)

« [abaputHble pa3mepbl (LUXBXT): 102x43%x214 mm

YHuBepcanbHble KOMNAKTHbIE UCTOYHUKN NUTAHNA

BbIxofgHas mouHocTb 40 BT
BbIxogHoe HanpsxxeHue 12, 15, 18, 24, 36 1 43 B
Kng o 93%

Hu3kuit npodpuns 28 MM
3awynta oT nopaxeHUs anekTpuieckum Tokom knacc | n Il
CooTBetcTBue Tpe6oBaHNsM K 6630MaCHOCTI CTaHAAPTOB
UL/EN60950-1 1 3-it pegakuui cTaHaapToB 6e30MacHOCTM
NS MeauunHckoro o6opyaosaHns EN60601-1, ES60601-1
1 CSA22.22 No. 60601-1

« [lnanasoH pa6o4ux Temneparyp ot —40 a0 +70°C

« [lnanasoH BXOAHOTO HanpsxeHusa 85-264 B (yactota 47-63 ')

lepmeTU3NPOBAHHbIE UCTOYHUKN NUTAHUA

» BbixogHas mowHocTtb 80 BT

 YNbTPakoMNaKTHbIN repMeTuyHbIN Kopnyc (OxLLIxB):
91,4x45,72x28 mm

* lcnonHeHus ang MoHTaxa Ha waccu u DIN-peliky

+ [nanasoH pabo4ux Temneparyp ot —40 go +70°C

« [loTpebnsemas MOLHOCTb B PEXMUME X0N0CTOr0 X04a
<0,3Bt

[Ans NPOMbILLAEHHOr0 U MEANULIUHCKOro
npuMeHeHuns

 BbixoaHas mouHocTb 250 BT npu KOHBEKLMOHHOM
OXNaXAeHNN

» (TaHpapTHas nnowjaab 0CHOBaHMs 3"x5"

 [lnanas3oH BxofHOro Hanpsxexus ot 85 go 300 B
nepemMeHHOro Toka

« [otpe6nsiemMas MOLLHOCTb B PeXIMe X0n0CToro xoaa < 0,5 BT

» CepTucbnumpoBaHbl AN NPOMbILLEHHOTO U MEAULIMHCKOrO
060pyaoBaHus

» CurHanbl cTatyca v ynpasneHus

PRrOSOFT®

WWW.PROSOFT.RU

ODULMANBHBINA AUCTPUBLIOTOP

MOCKBA CAHKT-METEPBYPI EKATEPUHBYPI
(495) 234-0636 (812) 448-0444 (343) 376-2820
info@prosoft.ru info@spb.prosoft.ru info@prosoftsystems.ru
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TenpeHUUM pa3BUTUA PbIHKA AaAAUTUBHbBIX
TexHonoruii B Poccun: HacTonbHbie 3D-npunTepbl

Wpuna Apanosa, NMonuna Kyyeposa (r. 3eneHorpap)

B nocnepgHue rogbl HabnopgaeTca 3Ha4YUTENIbHOE YBEIMYEHNE KONIMYECTBa
POCCUICKMX KOMMaHUA U opraHu3auuii B pasfinyHbIX oTpacnaX, BHe4PpUBLLUNX
apAUTUBHbIE TEXHONIOTUU B CBOW NPOU3BOACTBEHHbIN LMKN. BonbLioe
pas3BuTHE NONy4YUNU NepcoHanbHble 3D-NpuHTEpbI BBUAY COOTHOLLUEHUS
AOCTYIMHOW LiEHbI U BbljaBaeMoro Ka4yecTsa npoToTunoBs. B HacTosiLee
Bpems 3D-npuHTEepbl MPUMEHSIIOTCS B Pa3fIM4HbIX 0611acTAX — OT MeAULIUHbI
[0 ob6pa3oBaHUAA. ATO MOTyT 6bITb KaK MaKeTbl U MPOTOTUNbI, TaK U FTOTOBbIE

n3genus.

AJ.'IJ.'IVITVIBHI:IE TEXHOJIOrMU
B Poccun — ECTb!

B nociiegHue rognpl HAOJII0JA€TCS 3HA-
YUTEJbHOE YBEJIUYECHHUE KOJHYECTBA
KOMIIAHMI W OPIraHU3ALUHU B Pa3/Iny-
HbBIX OTPAC/IAX, BHEAPUBIIUX AJJUTHB-
HBbIE€ TEXHOJIOTUH B CBOH IIPOU3BOJACTBCH-
HBIN UKL W €C/In HECKOJIBKO JIET HA3a/T,
3TO GBLIO IIPUMEHHNMO JINIIb K CTPAHAM
EBpOIIBI 1 AMEPHUKH, TO CEMYAC 3TO MOXK-
HO CKa3aTb U O POCCUHCKUX KOMIIAHUAX.

IIpouHble NO3ULIMU JIUAEPA Cpegu
KIIOYEBBIX HI'PDOKOB PBIHKA aAaIHUTUB-
HBIX TEXHOJIOTHI 3aBOEBaJIa POCCHUI-
ckas kommanus PICASO 3D. Pazpa6orka u
IIPOU3BOJCTBO YCTPOHCTB KOMIIAHUH OCY-
mecTBiaAeTca B 3esieHorpazae (Cm. puc. 1).

TexHOIOrnU aAAUTHBHOIO IIPOU3BOJI-
CTBA — 3TO OBICTPOE IPOTOTHUIIHPOBA-
HHE WIN TEXHOJIOrHUA TpEXMepHOI (3D)
nevyaty. IIpuMeHeHHe 3THUX TEXHOJO-
Ui MO3BOJIAET II0Jy4aTh I'OTOBBIE OOb-
eKTbI U3 HudpPoBoU 3D-MoaeIu nocpes-
CTBOM IOCJIOMHOIO HAHECEHUs MaTe-
puana. Co3gaHue IHUEMPOBOH MOJEIN
SIBJISICTCSL IIEPBBIM IIAIOM B IIpOIecce

aIJUTUBHOIO IPOou3BoACTBA. Hanbonee
PacIpoCTpaHEHHBIM METOJOM CO3IaHHUS
3D-MO1e/IU ABISIETCA ABTOMATU3UPOBAH-
Hoe npoexruposanue (CAD). CymecTBy-
€T OOJIBIIOE KOJIMYECTBO OECILIATHBIX U
CAD-1porpamm,
COBMECTHUMBIX C IOCJIETYIONTUM OBICTPBIM

PO eCCHOHAIBHBIX

MIPOTOTUIIMPOBAaHUEM. Tarxke MOXKHO
HMCIIOJIb30BATh PEBEPC-UHKUHHUPHUHI —
cosfgaHue MUMPOBOI MOJEIU C IIOMO-
b0 3D-CKaHUPOBAHMSL.

nPEVIMYI.I.IECTBA NMPUMEHEHMA
AAAVUTUBHbIX TEXHOJNOMMHA

K IIPOU3BOJICTBY
OTKPBIBAIOT PAaHEE HEIOCTYIIHBIE BO3-

Hosble nDoOaxoant

MO>KHOCTH. PaHplIe OT IEPBOHAYAIIBHO-
ro CAD-11poekTa 10 €ro (pu3udecKor pea-
JIA3AIUU TIPOXOAWIO TOCTATOYHO MHO-
I'O BPEMEHMU: JJIs1 U3TOTOBJICHUSA JIIOO0TO
TECTOBOT'O IPOTOTHUIIA TPEOOBAJICS 3AITYCK
ITUKJIA IIPOU3BO/ICTBA JJIUTEIBHOCTBIO OT
OJHOT'O 10 HECKOJIBKUX Mecs1eB. Ceryac
HA 3TO YXO/JHUT OT HECKOJIBKHUX YACOB /IO
OJHOTO-/IBYX JHEH — U IPOTOTHII yXKe
MO>KHO OTIIPABJISITh HA TECTBI.

Puc. 1. Coopka npuntepoB komnanuu PICASO 3D Ha 3aBope «AJIT Mactep» B 3eneHorpape

ITpu 5TOM HEOO6XOIUMO IIOHUMATD, YTO
TPEXMEPHAs IEYATD BPsJL JIU 3AMEHUT BCE
TPaJULIMOHHbBIC METOABI IIPOU3BOACTBA,
HO IIPU 'PAMOTHOM HCIIOJIb30BAHUHU JACT
BO3MOKHOCTH OIITUMAJIBHOI'O COOTHOLIE-
HUS PECYPCHBIX 3aTPAT.

CBOI1O MOIIYIAPHOCTD AU TUBHBIC TCX-
HOJIOTUH TIOJIy9HJIM 32 CUYET psAja IIpeu-
MYIIECTB:
® COKpAIlIeHUsI CPOKOB U CTOUMOCTH IIPO-

HU3BOJACTBA (DYHKIITMOHAIBHOTI'O IIPOTO-

THUIIQA;
® CIIOCOOHOCTH OJHOTrO 3D-npuHTEpa

CO3/1aBaTh Pa3/JIWYHbIC U3Jeaua (Kak

110 (popMe, TAK U 10 HA3HAYEHHIO);
® CHIDKECHUS PACXOJOB HA MAaTEPHAIBI

(B OT/IMYHE OT IITAMIIOBKH HJ/IH JINTbA

3D-IIpUHTEP UCHOIb3YET JIMIIb HEOO-

XOJMMO€E KOJIHYECTBO II€YATHOI'O Ma-

TEpHUAIA);

e criocooHocTu 3D-nmpuHTEpa ObEcHe-
YHUTb CO3[JAHUE CTPYKTYPBI BHYTPH U3-
JIEJINA, A4 TAKXKE MOJBIX AeTalen (B OT-
JIA4ye OT (ppe3epoBaHUs).

HactonbHbi 3D-NPUHTEP —
UrPYWKA UWIN UHCTPYMEHT
NMPO®ECCUOHANOB?

Hapsay ¢ 601bIIMMHU IPOMBIIIEHHBI -
MU TMI'AaHTAMH OTPACIU B Poccuu aKTHUB-
HO HA0UPAIOT IOIY/IPHOCTD TAK HA3bI-
Ba€Mbl€ IIEPCOHAJIbHbBIE (HACTOJIbHBIE)
3D-1IpUHTEPHI, PA6OTAIOIIHE 110 TEXHO-
JIOTHH IIOCJIOMHOT'O HAIUIABJIEHH MaTe-
puaina, repmoruiacruka (FFF/FDM). Ilpu
CpaBHCHHUHU C IPOMBINUICHHBIMYU MAaNIH-
HaMH, OCHOBAHHBIMH Ha TE€XHOJIOI'MAX
JIA3EPHOI'O CIIEKAHUA NOPOMKOB (SLS),
crepeosurorpaduun (SLA) nepcoHalb-
Hble FDM-1IpUHTEPBI UMEIOT IIPEUMYLIE-
CTBO — CPAaBHUTEJIBHO BBICOKOE KA4ECTBO
T'OTOBBIX U3/EJIUI IIPU HU3KOM CTOMMO-

Puc. 2. 3D-mopenp motoynkna BMW S1000RR,
oTnevaranHas Ha npuntepe Designer PRO 250
¢ ucnonb3oBaHuem TexHonorum JetSwitch
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CTH KaK CaMOTO YCTPOHCTBA, TAK U pac-
XOOHBIX MATE€PUATIOB U BO3MOXKHOCTb
IIe4aTu KaK IIPOTOTHUIIOB, TAK U H3JE-
JIUH, TOTOBBIX JIJII KOHEYHOT'O HUCIIOIb-
30BaHUS.

B3pbIBHOM pOCT IIPENIOKEHHS HaA
pBIHKE 3D-IIPUHTEPOB IIPUBEI K CyIIe-
CTBEHHOMY CHIDKEHUIO CTOMMOCTHU: OT
cpeanerd croumoctu $50 000 mepco-
HaJIBHOTO 3D-mmpuHTEpa B CEpEIUHE
1990-x rr. 10 $2500-3000 B 2016 1. Bes-
YCJIOBHO, CTOMMOCTD IIPUHTEPOB BAPbU-
pyercs B 3aBUCHUMOCTH OT KOHCTPYKIIUH,
IIPOU3BOAUTEA, (PYHKIIMOHAIBHBIX BO3-
MOKHOCTEH.

Kak ussecTtHO, A1 nnocrpoeHuss 90%
IIPOTOTUIIOB  PA3JIMYHOHU  CJIOKHOCTH
TPEOYETCSI HCIIOIBb30BAHUE IOIAEPKU-
CTPYKTYp. Hcrionb3oBaHue
OJTHOI'O MaTepHaIa v Il U3JC/IU, U JJIA

BAIOIIIIX

IIOANCPKKHU BbBI3BIBACT OHpeﬂeJIéHHI)IC
CJIOKHOCTH B IIPOLIECCE OYMCTKH JeTa-
s IToaaep:KuBarOIue CTPYKTYPbI CHJIb-
HO CIIAUBAXOTCA C OCHOBHBIM U3JECIHUEM, A
caMa CTPYKTypa MOAJEPIKKH JOCTATOYHO
IIPOYHAs U ISl €€ OUUCTKU HEOOXOIUMO
HCIOJIb30BATh JIUO0 HOX, TNOO KYCAUKH.
KoHeuHasa 4uCcTOTa IIOBEPXHOCTH, KOTO-
pas 1exasna Ha MOAePKUBAIOIIEH CTPYK-
Type OCTAETCA IUIOXOI'O KavecTBa, U €€
reoOMeTpHUs TEPAETCAL.

PemeHne JaHHBIX NPOOIEM — ITO
HMCIIOIb30BAHUE JOIIOTHUTEIBHOIO COII-
JIa — B ICPCOHAJIbHBIX MAIIINHAX B 00JIb-
IIMHCTBE CIY4a€B Ha KCTPyJEpP IIoMe-
CTWJIN BTOPOH MOTOP U BTOPOE COII-
JI0. TaHHOE pPEIICHHE YBEJIHYUIO BEC
II€YATAIOLIEH I'OJIOBKU U CYIIECTBEHHO
YMEHBIIIIO 001acTh neyaTu. Emé ogua
npo6jeMa CBA3aHa C TEM, UTO U3 HEAK-
TUBHOI'O COIUIA IIOCTOAHHO IIOATEKAET
IUIACTUK, HUTH KOTOPOI'O JIOXKATCA HA
JE€TAIb U MOPTAT €€ BHEIIHUU BUJ,. [
peleHus JaHHOU IPOOJIEMBbI OOBIYHO
HCIIO/Ib3YETCS METOJI, OXJIAXKAECHUA COILIA
M OYHCTKHU €r0 IPU IOMOIIU BEICTPANBA-
HUS PAJOM C JETANBIO CTOI0A MaTEPHA-
J1a. B pe3yabrare Ha OXJIAXKIEHHUE COILIA
32TPAaYMBAETCA MHOI'O BpeMEHHU — OT 10
10 20 ¢ Ha CJION.

AJJIUTUBHBIE TEXHOJOTUU HE CTO-
AT HA MecTe, U B 2015 roy poccurickue
HHXKEHEPHI U3 3eJIEHOIPaJa COBEPIIUIN
TEXHOJIOTUYECKUH IIPOPBIB, KOTOPLIH
IO3BOJIJI HCIIOJb30BATh IIEPCOHAIb-
Hole FFF/FDM-1pyuHTEPSHI 111 CO3JaHUA
MO/IEJIEH CJIOKHOM I€OMETPHUIECKOH (hop-
MBI JIaHHAS TEXHOJIOTUS ObLIA 3AITATEH-
TOBAaHAa U IIOJIy4WIa Ha3dBaHue JetSwitch.
OHa 1oApasyMeBaeT CUCTEMY OBICTPOI
CMEHBI PA6GOYHX COIIEJ C IIOJTHBIM 3aITH-
paHMeM HEAKTHBHOI'O comuia. biaroaa-

Ppsl JaHHOH CHUCTEME HEAKTHUBHOE COIUIO
YOUPAETCs BBIIIE OTHOCUTEIBHO AKTHUB-
HOT'O M IOJTHOCTBIO 3aKPBIBACTCS CIICII -
QIBHBIM K1an1aHOM. TakuM 06pa3oMm, HET
HEOOXOAMMOCTH TPATUTDb BPEMs HA OCTbI-
BaHME BTOPOI'O COIUIA M ITIOCTPOEHHUE Oarll-
HU /I JAJIbHEUIIEH €ro OYuCTKu. CKO-
POCTb IEPEKIIOYEHHU MEXKIY COILIAMU
cocrasisieT Bcero 250 mc. B pesynbrare
IIOJTy4aeTCsl JByXMaTepUAIbHAA I11€9aTh
C Ka4E€CTBOM U CKOPOCTBIO OJJHOCOIIE/Ib-
HOT'O IIPUHTEPA.

JaHHass TeXHOJOrusl ObUIA BHEJPEHA
Ha 3D-npunTepe Designer PRO 250. 9To
ObUI IIEPBBIN HIAT HA ITYTH K UHYCTPUAIH-
3a1TUH IICPCOHAIBHBIX MAIIWH U CHATHIO
OrpaHM4YeHUH 110 neyatu. Ha pucynke 2
1mokasaHa 3D-mojenp MmoTolukiaa BMW
S1000RR, orneyaraHHas HA IPHUHTEPE
Designer PRO 250.

OTPACNIM NPUMEHEHMS

PasBuTHE IEPCOHAIBHBIX YCTPOUCTB IS
3D-neyaTv OTKPBUIO EPCIIEKTHBHBIE BO3-
MOSKHOCTH JJIS1 PA3BUTUSI HOBBIX IIPOEK-
TOB, IPOU3BOACTBA U pa3padoTok. Ceros-
HA 3D-pUHTEPHI BCE 60/1€€ BOCTPEOOBA-
HBI B PA3/THYHBIX C(Pepax IPUMEHECHHUA.

IIo pganueiM Wohlers ASSOCIATES,
33,8% KOMIIAHUI MCIOIL3YIOT 3D-11e9atn
JUIA U3TOTOBJIEHHUA (PYHKIIMOHAIBHBIX
nerasert; 16% nenaior JeTaiu s [ocie-
nayronier coopky; 10,7% IIPUMEHSIOT TEX-
HOJIOTHIO B HCCJIEJOBAHUAX U 0OOpa30Ba-
TEJIBHOM IIPOIECCE; 8,3% N3roTaBIUBAIOT
MOJIEJIU JJISL INThSI METAJLIOB; 7,4% co3aa-
0T MOJIEJIU JIJIS1 JIUThSI TEXHOJIOTUYECKOM
OCHACTKU M CaMy OCHACTKYy; 7,3% H3ro-
TABJIUBAIOT HAIJISJTHBIE TTOCOOMsT; 7,1% —
MO/EJIH JJIs1 IIPE3EHTALNM; 2% — MOJEIN
JUIAL IPYTUX LeJIEN.

B mHameld crpaHe OGOJBIIMHCTBO
HACTOJBHBIX 3D-IIPUHTEPOB HCIIOIb3Y-
€Tcsl YISl IIPOTOTUIIUPOBAHUS U H3IO-
TOBJICHUSI MEJIKOCEPHUITHBIX JE€TANICH B
IPpUOOPOCTPOCHUHN (PA3JIUYHBIE 3aBO-
JIbI 1 KOHCTPYKTOPCKHE OIOPO), POOOTO-
TEXHUKE, OOOPOHHOI IIPOMBIILICHHOCTH.
Taxoke OHU IIPUMEHSIOTCS IIPU pa3padboT-
K€ IM3aMHAa IIPOMBIIIJIEHHBIX YCTPOMCTB,
JUUIS1 MAKETUPOBAHUS, IIPEAOIIEPAITUOHHO-
TO INTAHUPOBAHUA U [1P.

OCHOBHBIE OTpac/JM IIPUMEHEHUSA
HACTONBHBIX 3D-nnpuHTEPOB B POoccun:
ABUACTPOCHUE;

APXUTEKTYPA;

MAaIIMHOCTPOCHHUE;

METUIIUHA;
OGOPOHHO-IIPOMBIILICHHBIN KOMIUIEKC;
06pPa30BAHUE;

IIPUGOPOCTPOECHUE;

IIPOMBINJICHHBIN JU3AMH;

MHCTPYMEHTbI M OGOPYNOBAHME

® POOOTOTEXHUKA;
® TOBapbl HAPOJHOI'O IOTPEOICHU, XOOOHU.

KTO0 Y)XE UCNONb3YET
3D-neE4YATL?

AO «HOBOCHOUPCKUIT MEXAHUYECKUHI
3aBoJ «McKkpa» — KpymHernee B Poccun
MIPEANPUATHUE, 3AHUMAIOIIECECS IIPOU3BOJ-
CTBOM IIPOMBINVICHHBIX CPEACTB B3PbIBA-
HMUA /11 TOPHOPYAHOM U YI'OJILHOM IIPO-
MBIIIJIEHHOCTH. CHIEIIUAJINUCTBI ITOAPA3-
geneHus <«[pynma  TEXHOJIOIHYECKOH
OCHACTKH» HCIIO/Jb3YIOT POCCHUHCKHH
3D-npuHTEpP, HAIIPUMED, IIPU Pa3pabOTKE
COEJMHUTENIEH BO B3pbIBHOM 1enu. [Tomy-
YUTHb IIPOTOTHUIT U3ACTIUA JJIA IIPOBEPKN
COOHUPAEMOCTH MOXKHO 332 HECKOJBKO
4aCoB (IIPH KIACCUYECKOM CIIOCOOE IIPO-
HU3BOJCTBA B KOMIIAHUHU 3TOT K€ IIPOLIECC
3aHHMAET HECKOJIBKO HEJEIb).

IIpOTOTUIIMPOBAHUEM KOPITYCOB JJICK-
TPOHHBIX U3/JI€/IUH C IOMOLIBIO 3D-11eyaTu
3aHuMaeTcsa Komnanus «JIEJJ MUKpOCeH-
cop HT» u3 Cankr-Ilerep6ypra. Kak roso-
PAT CICUATTUCTBI KOMIIAHUH, OOJIBIIIH-
CTBO KOPITYCOB MOXKET OBITh U3TOTOBJIEHO
U C IIOMOIIBIO TOKAPHBIX U (DPE3EPHBIX
pPaboTt, HO CTOMMOCTBH TAKHUX PabOT IO
CPaBHEHUIO C 3D-11€4aThIO CYyIECTBEHHO
BbIIe (0T 10 7o 100 pa3s), a CPOKU U3ro-
TOBJICHUS JOXOIAT JO HECKOJIBKUX MECS-
LIEB, YTO YACTO HeIlpueMaeMo. Mcronb3o-
BAHHUE HACTOJILHOI'O 3D-IIPUHTEPA B KOM-
IIAHUHU IIO3BOJIIET OTHOCUTEIBHO OBICTPO
U HEJIOPOT'O U3TOTABINBATH IIPOTOTUIIBI
KOPITyCOB HM3JE/JIHUHI MIPAMO Ha padodyeM
MeCTe HHXKEeHepa (CM. puC. 3).

Haxogur npuMenenue FDM-TexHonorus
U IIPU U3TrOTOBJIEHUH POOOTOB. B yue6HO-
HAy4YHOM MOJIOIEKHOM 1IeHTpe «['napo-
HaBTUKa» IIpu MI'TY um. H.D. Baymana
3D-neyaTs UCIIONb3YETCA JISI U3IOTOB-
JICHUA IIPOTOTUIIOB I‘pC6H])IX BHHTOB H
IIPOIYJIbCUBHBIX KOPIIYCOB, CO3IAHUA
MACTEP-MOJEJIEN IIPOYHBIX KOPIIYCOB,
C/1a00HATPYKEHHBIX MEXAHUYECKUX
nepeaad. B KOHCTpyKIUU po6oTa HpHU-
MeHeHbI Rim-driven aBrokuren. OQHAKO
IIPUMEHEHHUE TAKOI'O ABKUATEIS COIIPA-
JKEHO C MACCOH TPYAHOCTEM, ITTABHOM U3
KOTOPBIX ABJISICTCS CJIOKHOCTD U3TOTOB-
JeHus BUHTA. HanmpuMep, BUHT MOKHO
HU3rOTOBUTH C IIOMOIIBIO (DPE3EPOBAHUA
HJIHU JIUThA, HO 3TO TEXHUYECKH CJIOXKHO
U 3aHUMaeT OKoio 10 mue. Taxke st
3TOr'0 HEOOXOAUMO U3TOTOBUTD MACTEP-
MOZENb, 4 OOIIasg CTOMMOCTDb AETAIH
cocraBuT okos10 30 000 pyoueit. CryaeH-
TBI LIEHTPA CIIPOEKTUPOBAIN 3D-Mozenn
BUHTA U HaIledaTaau e€ Ha 3D-nipunTEepe
(cMm. puc. 4). Mogensb 6b11a IPOTECTUPOBA-
Ha HA YCTAHOBKE B TOT K€ JICHb, CE6ECTO-
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Puc. 3. Menkocepuiinoe N3roToBneHue fgeranei cnoXxHon thopmoi
komnauueii «JIE[] Mukpocencop HT» Ha npuntepe Designer PRO 250

3D-npunTepe

Puc. 4. CnpoekTupoBaHHbie MOAeNy rpe6HOro BUHTa, HaneyaTraHHbIe Ha

Puc. 5. Maker BIJIA

HMOCTb OTHOT'O BUHTA ITOJIYYWIACH IIPU-
onmsurenbHo 500 pyosier.

B aBManmMOHHOI NPOMBINIJIEHHOCTH
BO3MOXKHO HCIIOJIb30BaHHE 3D-nneuatn
JUISL IIPOEKTUPOBAHUS U CO3/IAaHUS OECIIN-
JIOTHBIX JIETATEIbHBIX annaparos (BILIA)
(cm. puc. 5). TexHUYECKUN OTUPEKTOP
KOMIIAHUHU <«A3po6» Caujy Hacpynaes
pacckaspiBaer, 4yro 3D-npuHTED IIPpHU
npoekTuposanuu BIUIA wucronab3yer-
CcsL I IIeYaTH J1eMOOoOpa3loB U pas-
JINYHBIX IPOTOTHIIOB JETaJIEH, Y3JIOB U
arperaTos, I KOTOPBIX IPOYHOCTHBIE
U IPYTUe XapaKTePUCTUKU HCIIOIb3ye-
MBIX IUVIACTHKOB SABJJIAIOTCA YAOBJIETBO-
puTenbHBIMU. I IPOTOTUIIMPOBAHUSA
ObUT BBIOpAaH 3D-NIpUHTEP, IOCKOJIBKY OH
I103BOJIIET OBICTPO U JENMIEBO BOILIOTUTD
B JKU3HB JIIOObI€ KOHCTPYKTOPCKUE U/ICH.
AJII)TCpHaTI/IBHI)IC TEXHOJIOTUH, HAIIPU-
Mep 3D-(ppe3epoBKa U JTUTHE /I BBIIIIE-
YKa3aHHBIX 3aJad4, 0oJjiee JOPOrocro-
SIIUE, 4 U3TOTABJIUBAEMBIC JETAIN IIO
CPaBHEHHUIO C 3D-11€9aThIoO UMEIOT CyIIIe-
CTBEHHBIE I'€OMETPUYECKHE OTPAHUYE-
Hus. IIpy HMCIIOJIB30BAHUM PACTBOPU-
MBIX MATE€PHUAJIOB HOAJEPKKH, MOJE/Ib

Puc. 6. TecroBas mofenb pykn ansa po6ora komnanum «Helipo6oTukc»,
Hane4araHHas Ha npuntepe PICASO 3D Designer

OIpaHUYEHA TOJBKO (paHTA3UEHN KOH-
CTPYKTOpA.

CHUCOK IOJJOOHBIX IPOEKTOB MOKHO
HPO/OJKATh IPAKTUYECKH OECKOHEY-
HO. 3D-11e9aTh 3HAYUTEIbHO COKPAIAET
BPEMEHHBIE U (PHHAHCOBBIC 3aTPATHI HA
IIPOTOTUIIUPOBAHUE U3, TAET BO3-
MO’KHOCTb CO3JJAHHS MAJIBIX ITAPTUI U3/le-
JINU U IITYYHBIX 9K3EMIULIPOB, TO3BOJIA-
€T MOJIYYUTDb (PU3UYECKOE BOIUIOLICHUE
IOJIETY KOHCTPYKTOPCKOM MBICJIH.

3D-0EPA30OBAHME —
V)XXE PEAJIbHOCTb

OcCHOBHAsA LEeJb IIPUMEHEHHUSA TEX-
HOJIOrHU 3D-1mmedatu B 0Opa3oBaTe/b-
HOM IIPOIIECCE — CO3JJAHUE HOBBIX BO3-
MO>KHOCTEH B JIOCTHKEHUHU PE3YJIBTATOB
06pa30BaHUS HA HOBOM TEXHOJIOTUYE-
CKOM YpOBHE. B HIKOJIBI MAaCCOBO NPHU-
XOJAT COBPEMCHHBIC TEXHOJIOTHUHU — 110
PYKOBOACTBOM TA/TAHTJIHUBBIX II€QAro-
roB peodsATa 3HAKOMSTCS C IEPCHEKTUB-
HBIMH PO ECCUIMU OYIYIIETO, TIOCTH-
rarmoT a3sl 3D-MoAeIUPOBAHUA U AIU-
THBHBIX TEXHOJIOTUH, Y4ATCA YIIPABIATD
crankaMu ¢ YI1V, co3garoT U mporpam-

MHUPYIOT po60TOB. Ha prcyHke 6 moxa-
3aHa TECTOBAsA MOJEIb PYKU 11 po60Ta
KoMnaHuu «<HepoO6OTHKC», HAlIeYaTaH-
Hag Ha npuHTepe PICASO 3D Designer.

Yacro mnocae yriayoJaE€HHOrO H3yde-
HUSI KAKOI'O-TO HAIIPABJIECHUA, LIKOJIb-
HUKH BMECTE C [1€ArOIOM-HACTaBHUKOM
y4acTByIOT B JuniorSkills 1o psiay xkom-
MEeTEHUINIT: MEXATPOHMUKA, HHKEHEPHAs
rpacduka, IPOTOTUIIHPOBAHUE, TOKAP-
HbI€ U (Ppe3epHbIE PaOOTHI HA CTAHKAX
¢ YITV uau 3JIeKTPOHHUKA U MOOU/IbHASA
po6OoTOTEXHUKA.

3D-o6pa3oBaHue B Poccuu Habupaer
060pOTHI, HHKEHEP 3D-11e4aT B CKOPOM
BPEMCHU CTAHCT OJHUM U3 CAMBIX BOC-
TPEOOBAHHBIX CIIELIUATUCTOB Ha PBIHKE
Tpyaa. [IpoeKkTHasA AeATEIbHOCTh HAUU-
HA4€TCs CO MIKOJbHOM CKAMbH, OTKPBIBA-
IOTCSI U Pa3BUBAIOTCS PA3JIMYHBIE OOPaA-
30BATEC/IbHBIC HEHTPHI, ICTHUEC IIKOJIbI 1
TEXHUYECKUE JIareps, IPOI'PAMMBI IOIIOJI-
HUTEJIBHOI'O U HEIIPEPBIBHOI'O 0OPA30-
BaHUsA. BCE€ 3TO MO3BOSIET MOJATOTO-
BUTD IIOYBY JJIS1 YCIIENTHOI'O CJICJOBAHUSA
HammonaibHOM TeXHOI0rn4ecKom MHU-
muatuse 2035. @
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XLI h Cepus csetoauoaHbix knactepoB XLD-LINE
g c nuTaHmem 12 nnn 24 B

CeetonuoaHble knactepsl cepun XLD-Line 12/24V npefHa3Ha4eHb! A1 NOACBETKN BUTPUH, KApHU3OB,
[IEKOPATVBHOIO 1 AN3aiiHEPCKOr0 OCBELLIEHMS.

LLIMpOKMi aCCOPTUMEHT, BO3MOXHOCTb [IeNIeHNs, NPOCTOTa HapaLMBaHUs U NOAKNIOYEHUS AenatoT
KnacTepbl yA0GHbIMM [N1s peanuaaLn NpoeKToB Nt060ro YPOBHS CIIOXHOCTH.

[lpenmyLLiecTBa

— [nTaHue oT UCTOYHMKA NOCTOAHHOIO HanpsXXeHus 12 unn 24 B
— [pocToTa nofkntoYeHus 6narofaps creumanbHbiM pa3bemam
— [leneHne Ha 0Tpe3ku

— KommyTaums KnactepoB B IMHWIO NPOW3BOSILHON ANNHBI

— BbiCOKuiA CBETOBOI MOTOK

— LUupoknit guana3oH paéoynx temnepatyp —40...+70°C

— besonacHoe HM3KOBOMBTHOE 060PYA0BAHNE

— Cpok cnyx6bl He MeHee 50 000 4acoB /
I
(495) 232-1652  /  info@xlightru  /  www.xlight.ru }‘ggﬁ
1

/ Peknama
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| UMNOPTO3AMELLEHUE

HoBoe nokonenne poccuiicCKnMX cucTem
ANA TECTUPOBAHNA a3POKOCMUYECKOU TeXHUKM

Cepreit 3aituenko (Mocksa)

B 2016 ropay pa3paboTyMKku asTomaTuampoBaHHoro komnnekca TECT-9110
oTMmeyvanu ero 10-neTHui to6unen. 3a 3To Bpems 6b11 NPONAEH OrPOMHbIN
nyTb MO MOAEPHU3aLUN U COBEPLUEHCTBOBAHMIO TECTOBOrO KOMIJIEKCa.
[daHHas cTaTbs NOCBSLEHa HOBOMY NMOKOJIEHMIO CUCTEM AJI TECTUPOBaHUSA

A3pPOKOCMMNYECKON TEXHUKMW.

TECTEP MPOBOAHOI0O MOHTAXA
TECT-9110

B 2006 rojy crieraaaucTaMu XOJIMHTA
Hudopmrect 6bU1 pa3pabOTaH IEPBBIH
ABTOMATU3UPOBAHHBIN KOMIUIEKC [JISI
TEeCTUPOBaHUA KIyTOB cepun TECT-9110
JTonér».

Cerogns «I1onéT» CEpUIUHO U3TOTABIN-
Baetcs KoMiranuer OO0 «VXI-CucreMsl».
B npomuiom ropy ormeuanu 10-ier-
Hu ro6wiern komruiekca TECT-9110.
Ha cerogHAmIHUI JE€Hb B 3KCILIyaTa-
LIMH HAXOIUTCs 60oJiee 230 KOMIUIEKTOB
cucrem cepun TECT-9110 pazjimyHbIX
MOJU(PUKAIUI OT HEGOIBIIUX IIEPEHOC-
HbIX HA 100—200 KaHAJIOB, MOOHJIBHBIX
M CTALMOHAPHBIX cucTeM OT 1000 KaHa-
JIOB IO KOMIUIEKCOB Ha 23 000 KaHaJIOB.

Cucrema TECT-9110 npuMeHsSETCs Kak
Ha 3TAle KOHTPOJISI KAYECTBA B LIEXAX
IO IIPOU3BO/ICTBY KI'YTOB, TAK U B II€XaX
OKOHYATENIbHOU COOPKU CIOKHBIX HU3/I€E-
aui, rae npu nomomu «Ilonxéra» aBTo-
MATHU3HUPOBAHHYIO IPOBEPKY HPOXOIUT

BCs1 60pTOBAs KabenbHas ceTb. OJHUM
13 HauboJjee APKUX IPUMEPOB yCIIEII-
HOH 3KCIUIYaTAallud CUCTEMBI AJIs IIPO-
BEPKU BCEH OOPTOBOI KaOEJIbHOM
CeTH OOBEKTA ABIACTCSI YHHUKAJIbHBIN
onbIT BHegpeHus cucreMmsl TECT-9110
B IIPOLIECC H3TOTOBJEHUA CAMOJIETA
SS§J-100 B r. KOMCOMOJIBCK-Ha-AMype
(cm. puc. 1 m 2).

CucremMa KOHTPOJIA 3JIEKTPOMOHTAXKA
TECT-9110 siBnsieTcs IpUMEPOM yCIIeII-
HOM POCCHHICKOI Pa3pabOTKHU CIOKHOH
3JIEKTPOHHOH TEXHUKH, YCIIENTHO KOHKY-
pUpYIOLIEN C 3aI1aJJHBIMH AHAJIOTAMH 1
3aMEHAIOLIEH X II0 BCEM MIapaMeTPaM.
IIpumeuareneH 10T paxr, uro TECT-9110
SABJISIETCA €JUHCTBEHHBIM B PD TecTtepom
IIPOBOJIHOT'O MOHTAXX4, HA KOTOPBIX IIpe-
pocrasigercsa 10-1eTHee rapaHTUMHOE
O6CIIyKUBaHHE.

CoCTAB CUCTEMBI
OCHOBHBIMH KOMIIOHEHTAMH CHCTE-
MBI KOHTPOJISI 3JIEKTPOMOHTAXKA CEPUU

TECT-9110 sBISIOTCA PA3/TUYHBIE MOJTY-
Ju (CM. pUC. 3), COGpaHHBIE U OOBEIU-
HEHHDBIE B OJHY cucreMy. 1o cyru, apxu-
TEKTypa OCTPOECHHUS OOJIBIINX CHCTEM
HUYEM HE OTIUYAETCS OT HOPTATHUB-
HBIX, 324 HCKJIIOYEHUEM THUIIOB KPEUTOB
U KOJIHYECTBA KOMMYyTaTOpOB. IIpome
roBops, B cocTas ycTaHOBKU TECT-9110
Ha 200 KaHAJIOB BXOJAT BCE T€ K€ MOAYIIH,
uTo U B cocTaB TECT-9110 Ha 2000 xana-
JIOB, PA3HUTCS JIUITb YHUCJIO KOMMYTATO-
POB. B TO k€ BpeMsi MHOTHE UHOCTPAH-
HbI€ MOOWJIbHBIE 1 CTAITUOHAPHBIC TECTEC-
PBI IPECTABIAIOT COOOH IPOCTO PA3HBIE
cucreMbl, HanpuMmep, Horizon HV unm
MPT ot Cable Test.

daxrruecku komiuteke cepuu TECT-9110
IIPEACTABIAET COOOH 3EKTPOHHBIH «KOH-
CTPYKTOP», BCE KOMIIOHEHTBI KOTOPOI'O
Pa3paboTaHbI U IIPOU3BOJISITCS B OTKPBI-
TBIX MEXAYHAPOIAHBIX cTaHgaprax VXI,
LXI u AXle. IToTpeburento Tpedyercs
JINIIb COOUPATH HYKHYIO EMY CUCTEMY C
HCO6XOAI/IMI)IM KOJIMYECTBOM KaHAJJIOB.

B Ta6niie npecTaBiIeH alapaTHbIN
COCTaB AaBTOMATU3UPOBAHHOM U3MEPU-
TeabHOM cucteMpl cepun TECT-9110.

H3mepurenbHble MOAYJIN I PACIIN-
peHuA (QYHKIIMOHAIBHBIX BO3MOXKHOCTEH
CHCTEMBI MOI'YT JOOABJIATHCSA IO XKeJa-
HHIO 3aKa349MKa. B HACTOAIINI MOMEHT
npezayaraercsa 6osuee 140 TUIIOB MO/TY/Tb-

Puc. 1. Komnnekc TECT-9110 B npouecce TeCTMPOBaHMsA CUCTEM CaMONETa

§5J-100 B r. Komcomonbck-Ha-Amype

Puc. 2. Bapuaut pacnpegenénnoii cuctembl TEGT-9110 ans npoBepku

camonéTa B Lexe OKOH4YaTenbHON coopku
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Puc. 3. VXI-monynu u3 cocrasa TECT-9110-VXI

HBIX U3MEPUTEIBHBIX IPHOOPOB, BKIIIO-
yas 6onee 60 B ME3OHHHHOM HCIIOTHE-
HHH, KOTOPBIE MOT'YT OBITh BKJIIOYEHBI B
COCTaB CUCTEMBI, UCXO/IsI U3 TPEOGOBAHUIT
M 33724 [0 TeCTUPOBaHUIO. [Ipu HEO6-
XOJMMOCTH COIYTCTBYIOIIYE ITOKYII-
HBIE YCTPOVICTBA, HAIIpUMEP, IIPOOOII-
HbIE€ YyCTAaHOBKHU niau LCR-usmepureny,
nogxmoyaioTcs K TECT-9110 uepes 610k
IIv-HcC.

TakuM 06pa3oM, KOMOUHUPYS HYKHBIE
KOMIIOHEHTBI, IOTPEeOUTEIb CaM COOHPaA-
€T HY)KHYIO U3MEPHUTEIBHYIO CHCTEMY.

AnnapatHblii cOCTaB aBTOMaTU3NPOBAHHOI U3MepuTeNnbHOi cuctembl cepun TECT-9110

Hasnauenne mopyns/ Peanwaaua B VXI

Peanu3auus B LXI Peanusauus B AXle

cTaHAapT
1
WamepuTens- MCA4-M (1050 VDG /750 VAG, | o0 (1000 VDC 3000 VAC,

, 6,5 3HakoB). MynbTumeTp, 1
thopmupoBsartenb 2A, 65 SH?KOB) MeroMMETD, poGoiiHas YNam
BbICOKOr0 HanpseHus ynam JCTaH0BKa 1 LCR-MeTp

BBK-AXle (300 kananos,
BBKS (200 kananos, 2120 VDG / 1500 VAG).
1050 VDC / 750 VAC). PK36 (36 kananos, BBK-AXle ssnsercs
BbICOKOBONbTHbI BBK6 (100 kaHanos, 3500 VDC /2500 VAC, 1 A). eKODIICMEHOM Mo
peneiiHblii KOMMYTaTop 2120 VDG / 1500 VAG). PK27 (27 Kaanos, nnofHOCTpv‘ﬂKaHamB o
BBK7 (200 KaHanos, 2500 VDG /1500 VAC, 10 A) | 0t e i C"KO‘;‘A
2120 VDC / 1500 VAC) pHHpK .
KpeiTbl 3,4, 6,13 cnotos BPK-308° 4,6,9, 14 cnotos
1T6ut LAN,
100 M6uT LAN («low
cost» Bepcus Ans
VXI-VXB o o
’ BcrpoeH B Kpeut NPUNOXeHnn, He
KonTponnep LA“S;%OZ/.?(‘JOO 100 M6ut LAN NpeabABNAOLLMX
BbICOKMNE TpeﬁOBaHMﬂ
K CUHXpOHU3aumnn
NPOBOAMMBIX M3MEPEHMUiA)
Mpumeyanns:

'VIAM ABAAETCH YHUKANbHBIM YCTPOMCTBOM, He UMEIOLLMM aHaNOroB Ha POCCUIACKOM PbIHKE, OHOBPEMEHHO
peLLas 3afa4n MynbTUMETPa, MEroMMeTpa, Npo6oiiHoil ycTaHoBkM 1 LCR-meTpa.

’5PK-308 y>xe conepXuT B ce6e NpoLecCopHbIi MOAY/b YNpaBneHs COGCTBEHHO pa3paGoTKu XONANHIa
«/HchopmTecT» 1 cTaHaapTHbI Ethernet-uHtepdeiic fns CBA3YU C KOMMbIOTEPOM.

CrouT 0cO60 OTMETUTH, YTO OJHOBpE-
MEHHO C MOJIEPHHU3AIINEH U PA3BUTHEM
cucrem cepuu TECT-9110, pa3BUBAINCH
U TIOABJIAJINCh HOBBIC BAPHUAHTBI KOM-

MYTAallMOHHBIX IIAHEJIEH, POJIb KOTOPBIX
IIPU UHTEHCUBHOM KCIUTYaTALIUH CUCTE-
MBI HEBO3MOKHO II€peoneHUTh. Cerop-
HSI JIOCTYIIHBI KaK CTAH/IAPTHBIE KOMMY-

Peknama

MHCTPYMEHTbI M OGOPYNOBAHME
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bPK-308 ynam —
N
YMIM
Kpent___
AXle
naM——

Kpeiit

— W

T—nN3BM

Puc. 4. Mpumep cucrembl TECT-9110-LXI na
144 xanana 3500 DC / 2500 AC

TALIMOHHBIE IAHEIH JJIS1 OBICTPOCHEMHO-

'O IIO/IXJIIOYEHUS IEPEXOJHBIX Ka0eIeH,

TAaK ¥ HOBBIE PENIEHHUs Ha 6a3€e Iepexo-

HBIX 2/IAIITEPOB WIH CIIEITUATU3UPOBAH-

HBIX PaOOYUX MECT C MHTE€PAKTHBHOM

(¢yMHOI1») OCHACTKOH. OCOGOH NOYJIAP-

HOCTBIO ITOJIb3YIOTCS PEMIEHHUS JJISI ABTO-

MAaTH3ALUU TECTUPOBAHUSA <«I1OJ, KIIIOU».
Hanuuue y XONAUHIa COOCTBEHHOT'O

MOHTAKHOT'O YYACTKA U OTPAOOTAHHOM

TEXHOJIOTUH IIPOEKTUPOBAHUS U U3TO-

TOBJICHHUS IIEPEXOTHOM OCHACTKHU I103BO-

JISIET BBIJIEP>KHUBATD JKECTKYIO KOHKYPEH-

ITUIO U IIPE/JIATATh 3aKOHUYEHHOE pelle-

HHE.

OueBUIHO, YTO OTKPBITBIE MEXKAYyHA-
POJHEBIE CTAHAAPTHIL, HA 6a3€ KOTOPHBIX U
pa3paboTaHbI BCE MOJYAbHbIE KOMIIOHEH-
ThI, BXOsue B TECT-9110 «ITonért», npe-
JIOCTABJISIIOT OTPOMHBIE BO3MOKHOCTH IO
IOA00PY OIITUMAJIbHOM KOH(UTYPALITUU
CHCTEMBI, IIOJIXOSIIEH IO/T TI0OBIE IETH
U 337a4U. Bce coCTaB/AIONINE JIETKO KOM-
IUIEKCUPYIOTCS MEXAY COOOM B PaMKax
cOOHUPAEMOI CUCTEMBIL.

Jlanee IpUBOJSATCS IIPUMEPHI ITIOCTPO-
€HHSI aBTOMAaTU3UPOBAHHBIX PA6OYHX
mect cepuu TECT-9110 B UCHOJTHEHUSIX
LXI, AXIe u VXI:

e ITIpumep cucremol TECT-9110-LXI
Ha 144 kanama 3500 DC / 2500 AC
(cm. puc. 4). B cocras pabouero me-
cra BxoaAT 6soku YIIOM u BPK-308.
Bce 6JI0KH COEIUHSAIOTCA MEXKIY CO-
00H 1 HOYTOYKOM C YCTAHOBJIEHHBIM
ITO A®K-9110 cranpaprasiM Ethernet-
KabeneMm.

e ITpumep cucremsl TECT-9110-AXIe
Ha 3900 xaHanoB 2120 DC / 1500 AC
(cMm. puc. 5). Mo6unpHOE pabouee me-
cTO 0OBbeauHsAeT 610K YIIDM u 14-Mmo-

Puc. 5. Mpumep cucrembl TEGT-9110-AXle
Ha 3900 kaxanos 2120 DG / 1500 AC

JynbHBIA AXIe-KpenT. YIIpaBJIeHHe Je-
pe3 KoHCOoJIb U [ITDBM ¢ yCcraHOB/IEH-
HbIM ITO ADK-9110.

e ITpumep nByx cucreM TECT-9110-VXI
Ha 4400 xananos 1050 DC / 750 AC
(cm. puc. 6). MoGrIbHBIE paGOYHe Me-
CcTa MOTYT (DYHKIITUOHHPOBATD KAK aB-
TOHOMHBIE CUCTEMBI IO 2200 KaHAJIOB
Ka’KJI0€ I KaK OJHa cucTteMa Ha 4400
KaHaJ10B. O6beJUHEHUE CUCTEM IIPO-
HCXOJUT IIO CTAHJAPTHOMY UHTEpdE-
cy Ethernet. YnpaBneHue yepe3 KOH-
coib U [IDBM ¢ ycraHnosineHHBIM 1O
A®PK-9110.

Bce atH pemeHus paboTAIOT MOZ,
yupasiaeHueMm eguHoro I10 AOK-9110.

JBONIOLUSA TECTEPA
NMPOBOAHOI0 MOHTAXA
TECT-9110

1 31eKTpOHHOM Ipoaykuu 10 et
BBIITYCKA — 3TO JJINTEJIbHBIH CPOK U 6€3
MOJEPHU3ALNHU JJICKTPOHUKA HE MOXKET
COOTBETCTBOBATh TPEOOBAHUAM COBpE-
MEHHOTI'O PBIHKA. 32 3TO BpeMs anmapa-
Typa TECT-9110 u ITO Bepcuu VXI usme-
HUJIUCH IIOJIHOCTBIO, TOABUINCh BADUAH-
TBI UCIIOJIHEHUS B cTaHgapTax LXI, AXIe
U CMEUIaHHBbIE BApPUAHTEL. PaccmoTpum
OCHOBHBIE€ aIIIAPATHBIE U IIPOrPAMM-
HbI€ U3MEHEHUS, KOTOPbIE€ IPOU3OLLIN
¢ TECT-9110.

N3mepurenu

H3smepurenu 31eKTPUIECKOIO CONpPO-
THUBJIEHUSI U (DOPMUPOBATEIN BBICOKO-
IO HANPsKEHUS SABIAIOTCS OCHOBHBIM
3JIEMEHTOM JIIOOOH CUCTEMBI KOHTPOJIS
3JIEKTPOMOHTAKAa. OHU ITO3BOJIAIOT U3MeE-
PATH CONIPOTUBICHUE KAXKIOI'O IIPOBO-
14, CONIPOTHUBJIECHUE U3OALUH, IIPOBE-

Puc. 6. Mpumep aByx cucrem TEGT-9110-VXI Ha 4400 kaHanos
1050 DG / 750 AC

PATH IPOYHOCTD U30JIAIINU, BBITIOJIHATD
JIOIIOJIHUTE/IbHbBIE U3MEPEHUS (EMKOCTbD,
HHIYKTUBHOCTD, HAIIPSDKEHHE).

B cambix nepsbix Moze/six TECT-9110-VXI
(2006-2007 rT. BBIIIYCKA) UCIIOIb30BAI-
Cs1 U3MEPUTEIb-METOMMETP-(hOpMUpPO-
Batesnb MC2-VXI. Ero OCHOBHBIMU (DYyHK-
LUAMU OBLIO: U3MEPEHHUE COIPOTUB-
JICHUS, CONPOTUBJICHUA HU3OJTAIIUN N
(GOPMUPOBAHHE HAIPSKEHUSA ITOCTO-
STHHOT'O TOKa 0 625 B. I71aBHBIM HENO-
CTATKOM OBblJIa HEBO3MOKHOCTb Pabo-
ThI C HAIIPAKECHUEM IEPEMECHHOT'O TOKA,
KOTOPOE BECbMa BOCTPEOOBAHO HA PBIH-
K€, U HEBO3MOKHOCTb (DOPMUPOBAHUSA
60IBIIOTO TOKA.

CrnenryromuyM, ucnosnnszyembiM B TECT-9110
MOJyJIEM, CTAJI U3MEPUTENb-(POPMUPOBA-
Tesib MC3-VXI, KOTOPBIA BBIITYCKAJICSA C
2007 o 2011 roa. Ilpu6op UC3 11o3Bo-
JIsL1 (POPMHUPOBATH HAIIPSKEHUE IIOCTO-
AHHOTO TOKa 10 1000 B 1 HanpsoxkeHue
IepeMEeHHOrO TOKa /10 650 B. OqHaxo, 1o
ananoruu ¢ UC2, UC3 Takke HE MOT 06e-
CIIEYHBATH OOJIBIIOHN TOK.

B 2011 r. UC3 6bL1 11IEPpEPAOOTAH, U
BbIIyIIeHA Mojenb NC4, koTropast o6ia-
J1aj1a BCeEMU JocTouHCTBaMu MC3, a Takke
YK€ IIO3BOJISJIA TEHEPUPOBATL TOK B 1 A.

B 2015 rony 66114 IPOBEAEHA IIOCIIE]-
HS HA CETOAHANIHUN I€Hb MOJICPHU3a-
ST MOAYJISI U3MEPUTENb-(POPMUPOBA-
Teab 10 UC4-M. 1C4-M, KpoMe ITOJTHOT'O
KOMIUIEKCA U3MEPEHUH, MOKET (DOPMHU-
POBaTb HAIIPAXKEHUE IIOCTOSIHHOT'O TOKA
10 1050 B, HanpsKEeHUE TTIEPEMEHHOTO
TOKA 10 750 B 1 TOK 10 2 A.

DTa MOAEPHU3ALUA Clle/Iala IIapaMe-
Tpbl UC4-M 11OJIHOCTBIO HAEHTUYHBIMHA
apaMeTpaM u3MepUuTeIe UMIIOPTHBIX
TecrepoB cepud SYNOR 5000 (u3roro-
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Puc. 7. LXI namepurens-topmuposarens YIIIM

Puc. 8. KommyraTop BBK-AXle-0 na 300 kananos

Butenb Sefelec, ®pannus), Weetech
W434 u W454 (usrorosurenb Weetech,
Tepmanus), MK-Test (m3rorosurenb MK
Test, Aurnus), MPT-1500 (U3roTOBUTEND
CableTect, Kanaga).

JIOIIOJTHUTEIIBHO K CIIEKTPY CBOUX BO3-
MozxHOCTeN MC4-M 1103BOJISIET U3MEPSATD
IIOCTOSTHHOE M ITIEPEMEHHOE HAIIPSDKEHUE,
YEro HE IeIAI0T UMIIOPTHBIE TECTEPHI.

B ToM ciyuae, ecam Ay U3MEPEHUA
CONIIPOTHUBJIEHUS TPEOYETCS OOJIEE BBICO-
Koe HanpspkeHue (7o 4000 B), nmpeaiara-
€TCsI BOCIOJIb30BATbCA CIIELIUATU3UPO-
BAaHHOI NIPOOOMHON YCTAHOBKOH THIIA
GPT-9703, koTOpast arapaTHO UHTEIPU-
pyerca B TECT-9110 gyepe3s 610k ITY-HC.

B 2016 rojiy KOJUIEKTUBOM pa3paboT-
YUKOB XOyAuHra «MudopmTecT» OBLIO
BHEJPEHO HOBOE peLIeHHE B 00JACTH
TECTUPOBAHUS IIPOBOJHOI'O MOHTAXKA —
VIIDM
(cm. puc. 7). VIIOM He yCTaHABINBAECTCA

U3MepUTEIb-(POPMUPOBATEIIDL

B KPEUT U BBIIIOJIHEH B BHJIE OT/EIbHO-
ro npubopa B cranaapre LXI, 94To yBeIu-
YHBAET KOJIHUYECTBO CBOOOJHBIX CIIOTOB
B KPENITE, Je/IA€T CUCTEMY KOMIIAKTHEE.

VIIDM BBIIOJHAET IPELU3MOHHBIE
usMmepenusa conporusiaeHusa (0,001 Om
C IIOrPEMIHOCTBIO 1%), HaIpPsKEHUs
HA YPOBHE MYJbTHUMETPA TOYHOCTBIO
6,5 3HAKOB, EMKOCTH, UHIAYKTUBHOCTHU
(dbynknua LCR-usmepuress) u popmu-
pyer BbicOKHE Hanpskenusa (4000 VDC /
3000 VAC). ®akruuecku YIIODM oObe-
JUHSIET B ce0e (PpYHKIIUH: MYJIBTUMETPA,
MEromMMeTpa, IPOOGOMHON YCTAHOBKU U
LCR-meTpa.

H3mepurens YIIOM HHTErPUPYETCS BO
Bce Bepcuu TECT-9110 — B VXI-Bepcuu
BMmecTo MC4-M, B LXI u AXIe-Bepcusx B
Ka4eCTBe OCHOBHOI'O u3mepuressa. OpHa-
KO B T€X MCIIOJIHEHHUAX, I'I€ JOCTATOYHO
(popmupoBanus Hanpskenus 70 1050 B

Puc. 9. 3BonI04Ma KOMMYTATOPOB B CTaHAApTe
VXI gna TECT-9110-VXI

Puc. 10. LXI-6nok peneitibix kommytatopo BPK-308 (a) n ynusepcanbHblii npoLeccopHblii MOAYIb

VIIM STM32F429 (6)

U HE TPEOYIOTCS U3MEPEHUS UHTYKTHUB-
HOCTH, MPAKTUYHEE U DKOHOMHYHEE
HCITI0Jb30BaTh NC4-M.

KommyTaTopbi
Crnenyromnen
4aCThIO TECTEPA IPOBOJHOI'O MOHTAXKA
TECT-9110 saBASIOTCA BBICOKOBOJIBT-
HbIE KOMMYTATOPBI, KOTOPbIE BO MHO-

BA)XHOM  COCTABHOM

T'OM OIIPEIE/AIOT IOTPEOUTENIbCKUE
CBOMCTBA U LIEHY CUCTEMBL.

I'71aBHBIMH 3JIEMEHTAMHA KOMMYTA-
TOpAa SABIAIOTCS HUCIIOJb3YEMBIE pEJIE.
IToTpeOUTENIO BAXKHO IIOHUMATD, OCHO-
BOI KOMMYTATOPA BBICOKOTO YPOBHS U
HaJEKHOCTH ABJIAIOTCS TAKHME KOMMYTa-
IIMOHHBIE 3JIEMEHTBI, KOTOPHIE II03BO-
JIAKOT BBIACPKUBATH MAKCUMAJIBHOC
KOJIMYECTBO NEPEKIIOYEHHU — oT 100
MUJJIMOHOB U BBIIIE. DTO OCOOGEHHO
BA)KHO IIPU IIPUMEHECHHUHU TeCTepa IIPO-
BOJAHOI'O MOHTAXAa B YCJIOBUAX HEIIPEC-
PBIBHOTO 3aBOJICKOTO IIPOU3BOJACTBA
Kabeei.

B xommiexkce TECT-9110 ucnosnay-
101cs peie gByx (pupm: MEDER (T'epma-
Hu) 1 KOTO (Snonus, CIIA). Konuye-
CTBO I'APAaHTUPOBAHHBIX CPA6ATHIBAHUI
oT 500 MJIH.

3a JecATb JIET BBIIYCKAa CHCTEMBI
TECT-9110 B UCHOIB3yEMBIX KOMMYTa-
TOpaxX YCOBEPLIECHCTBOBAHO BCE: perle,
Pa3bEMBI, KOJIHUYECTBO KAHAJIOB, IIPO-
OOIHOE HAIIPSKEHUE MEXKAY KaHAIAMU
KOMMYTAaTOPOB.

IIepBBIM KOMMYTATOPOM MJIs1 BEp-
cun  TECT-9110-VXI 61 BBK2
(2006-2007 rr. — 96 KaHanoB). Hauu-
Hasg ¢ 2007 ropga craj IpOAABaATHCA
BBK3 (2007-2009 rr. — 154 kanana),
norom BBK4 (2009-2011 rr. — 200 xaHa-
J10B), fanee BBK5 (2011 r. — mo HacTosA-
mee Bpemsa — 200 kananos 1050 VDC /
750 VAC). B 2015 roay nosisuincst BBK6
(100 xananos, 2120 VDC / 1500 VAC).
B 2016 roay 6but Benymes BBK7 (200
KaHaI0B, 2120 VDC / 1500 VAC).

Inst cucremel TECT-91 10 npomreanyit
2016 1oz CTaJI HOUCTUHE PEBOIOIUOH-
HBIM — ObLIM Pa3pabOTaHbI U BBIILIA HA
pBIHOK aBe HOBBIEe Bepcuu TECT-9110 B
crangaprax AXle-0 u LXI.

B cranpgapre AXle-O ObUI BBIIYIIEH
xkommyTaTrop BBK-AXIe (300 xaHa1OB,
2120 VDC / 1500 VAC). Moayiab BBK-
AXle (cM. puc. 8) ABIAETCA NEPBBIM B
JIMHEKE KOMMYTATOPOB B CTaHAApTe
AXlIe-0. ITpubop HUMEET CIEHUATbHBIN
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Puc. 11. bnok BPK-308 (a) ¢ ycranosnennbimn kommytaropamu PK-36

n kommytaropbl PK-27 (6) n PK-36 (B)

IIPOLIECCOP /I YIIPABJIEHUSA U BCTPO-
eHHblii nopt Ethernet. ITo cBoum napa-
METPaM OH COOTBETCTBYET KOMMYTATO-
py BBK7, KOTODPBII ABIA€TCA HOBEHIIIUM
ana mnHerku VXI. IIpu mpoeKTupoBa-
HHH KOMMYTaTOpOB BBK-AXIe-0 1 BBK7
ObLIA IIPUMEHCHA CIICUAJIbHAA TEXHO-
JIOTHSA PA3BOAKH I€YATHOH ILJIATHI, KOTO-
pasi HO3BOJIWIA IIPU BBICOKOH INIOTHOCTH
KaHa10B Ha MoayJb (300 a1a BBK-AXIe-0
u 200 gyt BBK7) o6ecnieuurs 6ecrpere-
JIEHTHBIC IIAPpaMETPbI HAIIPSKEHUSA, KOTO-
pBI€ BBIIEPKUBAIOT KAHAJIBI KOMMYTATO-
pa— 2120 B nocrossHHOIO TOKa M1 1500 B
IIEPEMEHHOTO TOKA. brpkanmue aHano-
ru ot Sefelec u MK-Test o6ecrieduBaioT
TONBKO 64 KaHAJIA HA MOJYJIb CO CXOKH-
MU ITIapaMEeTPaMHU IIPHU IIPUMEPHO TAKUX
JKe€ pa3dMepax MOJYJIA.

Ha pucynke 9 nipeacTaBi€Hbl KOMMY-
TaTopsl B crangapre VXI s TECT-9110-
VXI.

B sauBape 2017 ropa 3anymieH B IIPOU3-
BO/JICTBO HOBBIN KOMMYTATOP B CTAaHJApPTE
AXIe-0 PK-100x4-AXIe-0. OH paccuuTaH
Ha IMHPOKOE IPUMEHEHHUE HE TOJIBKO /LIS
TECTEPOB IIPOBOJHOI'O MOHTAXKA, HO U JIIA
(DYHKIITMOHAJIBHOT'O KOHTPOJIA. Ero ocHOB-
Has (PYHKUMA — BblJa4ya KOMaHJ, YIIPaB-
JeHHs: U paboTa B Ka4eCTBE H3MEpH-
TEJIbHOTO KoMMyTaTopa. [Ipubdop nmeer
KoHpurypauuio 100x4, B HEM UCIIOIb3Y-

TECT-9110

IOTCA CIIEUAIM3UPOBAHHBIE PeJie, KOTO-
PbI€ BBIAEPKUBAIOT TOK O 5 A HA KaHAJL
KOoMMYyTaTOpP IIOJTHOCTBIO COBMECTUM CO
CTAaH/AAPTHOU IIPOTPAMMHOM OO0JIOYKOH
ADPKI110.

B cranpapre LXI mosaBHUIOCH ceMeE-
CIBO KOMMYTAaTOPOB Ha OCHOBe LXI-
kperta — BPK-308. OcHOBHasA 11e/1b UX
CO3[JaHUA — PACIIMPEHNE CIIEKTPA pella-
€MBIX 33724 (DYHKIJHOHATIBbHOI'O KOHTPO-
JIsl, CBA3aHHBIX C YIIPABJICHHEM TOKOBBIMU
KOMaHJaMH. DTO IPOBEPKA BCEBO3MOXK-
HBIX PEJIEHHBIX OJIOKOB U PACIIPE/IETH-
TEJIbHBIX YCTPONCTB. KOMMYyTATOPBI 1151
UX KOHTPOJIA JOJDKHBI IIEPEKII0YATbCS
I10JT BBICOKUMH HAIIPSDKEHUSMU U KOM-
MYTHPOBATb 60ab1IHE (10 10 A 1 BbIIIE)
TOKHU. PazpaboTaHHbIEC paHee MOAY/IU HE
IO3BOJIS/IU PELIUTD 3TY 337a4y B IIOJIHOM
obbéMme.

HHOrga, 0OCOGEHHO IS JKEIE€3HOI0-
POKHBIX U CyJOCTPOUTEIBHBIX OTPACICH,
TpEOyeTCss U3MEPEHUE COIIPOTUBIECHUS
HU30JIA1IUI HA CYIIEPBBICOKUX HaIIpsDKe-
HUAX (10 4000 B u Bbiie). Takux KaHa-
JIOB U3MEPEHUS, KaK IIPABUJIO, HEMHOI'O,
U 4allle BCEro IPUMEHSAIOMASACI CUCTEMA
KOHTPOJISI UMEET TOJIBKO TAKHUE KaHAJIbL
Eciu pa3pabarblBaTb KOMMYTATOPBI HA
3500 VDC / 3000 VAC B cranmapre VXI
unu AXle-0, TOo, IpU YCIOBUHU COOJIIO/E-
HUA CTAHJAPTA, KAHAJIOB HA MOJYJIE OyAeT

Puc. 12. MepeHocHoOli BapuaHT pacnpeaenéHHOoin MO6UNbHOI CUCTEMDI

Maj0, MOJAY/Ib CTAHET JBOMHOU IIMPHU-
HBI, 4 YIIPaBJICHUE MOZY/JIEM HaJI0 KaK-
TO OTJEJIATH OT BBICOKOBOJIBTHOM YaCTHU.

3apy6exnbie npoussogurenu — MK-Test,
Sefelec u Weetech — y:xe ©UMeIOT crierua-
JIN3UPOBAHHBIE BEPCUHU KOMMYTATOPOB,
paboTaronye Ha TaKUX HAIPSIKEHUAX,
HO B TAKHUX MOJIY/ISIX BCEro 1o 8—16 KaHa-
JIOB.

POCCHUIICKUMH CHEUATUCTAMHU ObLI
Pa3paboTaH CHeNUATU3UPOBAHHBIN HHTE-
JIEKTyaIbHbIN KperT BPK-308, KoTOopbIit
HMEET B CBOEM COCTABE IIPOLECCOPHBIH
MOJYJIb YIPAaBJACHUA WU CTAHJAPTHBIN
Ethernet-unTep@eiic sk CBA3U C KOM-
nproTepom. B BPK-308 (cm. puc. 10) Ha
PEJIEHHBIX IUIATAX PA3MEIIAIOTCS TOIb-
KO peJe, 6€3 ynpasieHus. Pe3yabratom
TAKOT'O PEHICHUA CTAJIO IOJy4E€HHE 0
36 KaHAJIOB HAa MOAYAb (KOMMYTATOD
PK-36) ¥ BO3MOXKHOCTb HCIIOJIb30Ba-
HUSA PEJICHHBIX IUIAT, KOMMYTHPYIOIUX
TOKHU 70 10 A. UMEHHO TAKOM IMOJAXOJT K
IIOCTPOEHUIO ITO3BOJIWI OTAEIUTD CYIIEP-
BBICOKOBOJIbTHYIO 4acTh (Bbile 3000 B) B
OTJE/IbHBIN KPEUT, 4 CTAHAAPTHHIEC KaHA-
a6l (7o 2500 VDC/ 1700 VAC) ocTaBuTb
B VXI miu AXlIe-0 kperire. [Tomexosamnu-
IEHHOCTD TAKOM aPXUTEKTYPbI U3/1€/IH
CTaJ1a HA IIOPSIOK BBIIIE, YEM HCIIOIb30-
BAaHHOE PaHEE Pa3MEIICHUE BCEX KaHA-
JIOB B OJHOM CTaHIAPTHOM KpeUTe.

WWW.SOEL.RU

COBPEMEHHAA SJMTEKTPOHVKA ¢ Ne 6 2017


http://www.soel.ru/

Ha pucynke 11 npezncrabieHbl 6JI0K
BPK-308 ¢ yCTaHOBJI€HHBIMHA KOMMYTa-
Topamu PK-36 1 kommyratopsl PK-27 u
PK-30.

Eciu B cucreMe IPHUCYTCTBYIOT HE
TOJABKO KOMMYTATOPBI, HO U MOJYJb-
HBI€ U3MEPUTEIbHBIC IIPUOOPHI, BBICO-
KOBOJIbTHAs YACTb IIPU TAKOM apXUTEK-
Type Ha HUX HE BJIUACT.

B 2016 roay moTpeGUTeNaN 3aKa3aau
yke 6osee 15 xperiroB BPK-308 ¢ pa3s-
JIMYHBIMH KOMMYTATOPAaMH, KOTOPBIE B
HEKOTOPBIX CUCTEMAX BBIIIOJIHAIOT (DYHK-
MM OCHOBHOI'O KOMMYTAaTOpa, B JAPY-
I'UX — JOHOJIHAIOT KOMMYTAaTOPBI B VXI
u AXIe-0 Bepcusx.

Apxutektyra TECT-9110
U CUCTEMHASA YACTb

BBICOKOBOJIBTHBIN TECTEP MPOBOJHO-
ro moHTtaxa cepuu TECT-9110 Bo Bcex
CBOUX HUCIIOJIHEHHUAX IIOCTPOEH HA OCHO-
B€ MO/IYJ/IE€H, BBIIIOJTHEHHBIX B OTKPBITBIX
MEXAYHAPOAHBIX craHaaprax VXI, LXI,
AXle-0.

OCHOBHOE IPEUMYIIECTBO OTKPBITBIX
CTAHJAPTOB B TOM, UTO BCE MOJY/IbHBIC
koMmnioHeHTH! TECT-9110 (u3mepureny,
KOMMYTATOPBIL, KOHTPOJIIEPHL, (PYHKIIHO-
HaJIbHBIE MOZY/IN) UMEIOT COOCTBEHHBIE
JpalBephl, pa3pabOTaHHBIE IO TEXHOJIO-
ruu Plug&Play ¢ OTKPBITBIM HCXOJHBIM
TeKCTOM. IIpeyCMOTPEH IOIHBII HA60D
JOKYMEHTALIMU: PYKOBOJCTBO I10 9KCILTY-
aTanuy, TEXHUYECKUE YCIOBUSA U JP.

Bce moayim MOXHO IIPHOOPETATH
otaenabHo oTr TECT-9110, 3aKa34HK MOKET
CaMOCTOSITEIBHO COOPATHh CBOM KA0OEIb-
HBIH TECTEP.

CrpykrypHas cxema TECT-9110 nnoka-
3aHa B TA0JIUIIE.

TECT-9110 MOKeT KaK COCTaBHAsI YaCTh
J06ABJIATHCA B CJIOJKHBIE CUCTEMBI (DYHK-
IIUOHAJIBHOT'O KOHTPOJIS 3JIEKTPOHHOK
anmaparypsl. Taxxke B coctaB TECT-9110
MOTYT JOOABIATHCS IIPU HEOOXOIUMOCTHU
JIIOOBIE MO/LY/IBHBIE IIPUOOPHL, JOCTYIITHBIE
B JJAHHOM CTaHJapTe.

W3 TaGauLbl BUJHO, YTO B 3aBUCHUMO-
cTH OT cTangapra B Bepcusax TECT-9110
MEHsETCA OOLIECUCTEMHAA YaCTh (KpeH-
ThbI), HHOI' A u3Mepurenu. Ecim moayinb
M C4-M pocrynieH TonbKO B VXI-Bepcuu,
TO YIIOM f0CTYyIIEH BO BCEX TPEX CTAH-
Japrax. X o6befUHAET €JUHOE IIPO-
rpamMmHoe oobecneueHnue APK 9110.
IIpu HEOGXOIUMOCTHU MOKHO COCTABUTD
COBMEIIEHHBIE BEPCUU U3 KOMMYTAaTOPOB
B Pa3/IMYHBIX CTAHJAPTAX.

Ha pucynke 12 110Ka3aH IEPEHOCHOH
BAPUAHT PACIPENEIEHHON MOOUIBHOM
cucrembl TECT-9110. Dta cucrema npu-

MEHSAETCS IS IPOBEPKU OOPTOBBIX XKI'y-
TOB Ha IIPOTSDKEHHBIX OOBEKTAX.

MPOrPAMMHOE OBECMNEYEHMUE
ADPK-9110

Pa3paboTUYNKU U IPOIPAMMHUCTBI XOJI-
«HHpopMTecT>
U HaJ MOJEPHH3ALMEH IPOrpaMMHO-

JUHTA IIOTPYAHINCH
ro obecnedyenus. M3HavanbHo, B 2006
rogy TECT-9110 nocrasisincs ¢ ITO AKM,
IIOTOM OHO OBLIO nIepepaboTano B ADK-
9110.

OTINYUTEIBHOU OCOO6E€HHOCTBIO 1O
oT UHdOpMTECT ABISAETCA TO, YTO Pa3-
HBIE IIOJIb30BATEIbCKUE IIPOIPAMMEBI,
HAITUCAHHBIEC 11 a0COJIIOTHO JIIOOO0M
Bepcuu 1O TECT-9110-VXI, paboTaior
Ha 60J1ee HOBBIX Bepcuax. bosee Toro,
NOTPEOUTENAM, YK€ KYIIHBIINUM CHCTE-
My, HA PETYJIAPHOHU OCHOBE IIpejjIara-
erca OecruiaTHoe o6HoBieHHEe IIO 10
caMBbIX HOBBIX Bepcuil. UuTepderic I1O
A®DK-9110 nOCTOAIHHO COBEPIIECHCTBYET-
Cs, OMHAKO HE IIPETEPIIEBACT KAPJUHAIb-
HBIX U3MEHEHHIL. DTO IIO3BOJIAET IOTPE-
ouressiM, paHee 3HaKOMbIM ¢ [TO AKM u
ADK-9110, cpasy ke Ha4aThb pabOTAThb C
HOBBIMH BEPCUAMU.

ADK-9110 aBasgerca CaMOM BaKHOU
YaCTBIO CEMEHCTBA KaOEJIbHBIX TECTe-
pos cepun TECT-9110 emé u noromy,
YTO ABJJIACTCA €JUHBIM JISI BCEX Bepcmﬁ
CHCTEMBI.

1O A®K-9110 pa3pabaTbIBaJIOCh s
HCITIOJIb30OBAHMA TEXHOJJIOI'aMH U HCIIBI-
TaTC/IsIMU, 1 HE TpC6Y€T CIIEIIMAJIbHBIX
HABBIKOB IIPOI'PAMMUCTA JJId HAITUCAHUA
I10JIb30BATE/IbCKUX IIPOTrPAMM KOHTPO-
JIsL COOTBETCTBYIOIIUX OOBEKTOB (Kabe-
JIH, pesietiHble 6JIOKHU, MKadbl, pacipe-
JEeIUTEIbHBIE YCTPOMCTBA).

ADK-9110 nmeeT (PyHKIIMIO AKTHB-
HOTO IIYyIa, CIEIHAJIbHBIN PEXKHUM KOH-
TPOJIA KabesleHd o BUOpaLUueH, PEsKUM
ABTOOIIPEEICHUA CIIUCKA COCTUHEHUI
110 3TAJIOHHOMY Ka0€eJII0 1 MHOI'O€ JpYy-
roe.

BakHO, 4TO IPU IPOXOKIEHUU CEPTHU-
buKan My HAa TUII CPEJICTBA U3MEPEHUS B
A®DK-9110 6bU12a BBIIEICHA METPOJIOTH-
4YeCKU 3HaYuMas 94acThb [10. D10 neHHoe
Ka4€CTBO IIO3BOJISIET CIIOKOHHO MOJEP-
HU3UPOBATDb U pa3BuBaTh I10, HE IPOXO-
JIs1 HOBYIO CEPTU(DUKAIUIO IIOCJIE KAXKIO-
IO OOGHOBJICHUS.

CEPTU®UKALMUA HA TUN
CPEAACTBA U3MEPEHUM

CucremMa KOHTPOJIA 3JIEKTPOMOHTA-
2Ka JO/DKHA OBITh CPEACTBOM U3MEPEHUS
(CH), 1OTOMY 4TO B HTOI'OBOM IIPOTOKO-
Jie OHA BbIJAET 3HAYEHHUA COIIPOTHUBIIE-

MHCTPYMEHTbI M OGOPYNOBAHME

HHMH IIPOBOJOB, YCTAHABJIUBAET HCIIbI-
TaT€JIbHOE HAIPKEHUE U HU3IMEpPSET
COIIPOTHUBJICHUE H3O0JALIUU, U3MeEpseT
€MKOCTb U MHIYKTHBHOCTDb. DTH METPO-
JIOTUYECKUE IAPAMETPBI HAZ0 U3MEPATD
JIETUTHMHO.

ITo 3ak0oHYy 00 06€CIIEYEHNH €JUHCTBA
cpencTs usmepeHui sce CH, npumMmeHsie-
MBI€ JIJIA TOCYAAPCTBECHHBIX HYXK/, TOJIXK-
HBI OBITh YTBEPKIEHHOTO TUIIA U 065132-
HbI IPOXOJUTH IIPOLEAYPY HNOBEPKU B
COOTBETCTBHUU C IIOBEPOYHBIM UHTECPBA-
J0M. BCceBO3MOKHBIE YJIOBKH Y ITIOIIBIT-
KU IIPEICTABUTb OOBIYHBIE TECTEPBI
KaK MCIBITATEIBHOE OOOPYJOBAaHUE HE
BBIICPKUBAIOT KPUTHUKH, U (DYHKIIMOHU-
PYIOT O IEPBOU CEPBEZHON IPOBEPKHU.
OueBH/THO, YTO ITO TPEOOBAHUE HEBO3-
MOKHO BBIIIOJIHUTDH VI TAKHUX CTAPBIX
TecTepos, Kak JIMAHA-P100E, TEMII u
HK-PKY, 10TOMY 4TO OHH HE IIPOXOAHIN
IIPOLIEAYPY YIBEPKICHUS TUIIA CPEICTB
U3MepPEHUN. ETMHCTBEHHBIM IPABOMOY-
HBbIM JJOKYMCHTOM VI JAHHBIX CUCTEM
SABJSAETCS BHYTPEHHSS HUHCTPYKUHSA H
arrecranus. JIIoOble CCBUIKH Ha COOBI-
THA JECATHUICTHEH NaBHOCTH CETOMHS
HECOCTOATECIBbHBI U ITOTHOCTBIO IIPOTH-
BOpEYaT ACHCTBYIONIEMY 3aKOHOAATE/Ib-
CTBY B O0/IACTU U3MEPEHUN. YUUTBIBAS
CEPBE3HOE OTHOIIECHUE K KAYECTBY CETOJI-
H$1, OCOOCHHO IIPHU BBIIIOJIHEHUH I'OCO60-
POH3aKa3a, MOXKHO C YBEPEHHOCTBIO CKa-
3aTh, YTO IIPU CEPbE3ZHON IIPOBEPKE BCE
3TH BOIIPOCHI OYAYT KECTKO IIOCTABIECHBI
nepes pyKOBOJAUTENAMU HPEAIIPHUATHI U
IJIABHBIMH METPOJIOI'AMU.

BO/IBIIMHCTBO TECTEPOB, IPE/ICTAB/ICH-
HBIX Ha POCCUICKOM PBIHKE, YK€ IIPOII-
JIM IPOLIEAYPY NOJy4YE€HUS CBU/ICTEIbCTBA
06 yrBepxxaeHus tuma CH.

Cucremnl cepuu TECT-9110 mpoxo-
munu e€ Tpu pasa. B 2010 rogy TECT-
9110-VXI nponiéi nepByro cepruduka-
IIHIO Ha yTBepxkaeHue tumna CH B kaue-
CTBE CepUIHOro usgenusa. B 2015 ropy
CBUIETEIBCTBO ObLIO IPOJIEHO €1E HA
5 netr go 2020 r. (CBUIETEIBCTBO pET.
Ne 45982-10). B 2016 roay rmociie BIXoza
TECT-9110 B Bepcuu AXIe-0 u LXI 6610
IIPUHATO PELIEHUE IIPOUTH HOBYIO IIPO-
nenypy ceprudukanuu. Hosoe cuje-
TEJIbCTBO YTBEPXKACHUSA THIIA CPEACTB
usmepeHuit Ne 64868-16 pemcrByer c
01.09.2016 roga. /1o 2010 roga KasKabIit
u3 Tecrepos TECT-9110-VXI npoxoaui
€IMHUYHYIO cepTUdukanuio Ha Tun C1U
(110 TPEOOBAHUIO 3AKA3YHKA).

Tecrep TECT-9110-VXI 3aHeCéH B clie-
UAJIbHBIA pasgen I'ocpeecrpa cpencrs
M3MEPEHUI /IS UCTIOIb30BaHuA B MO PO

M JPYIUX CHIOBBIX CTPYKTYpax P®. @
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0 npuHuunax Bbi6Opa WMTOBOIO
KNUMaTu4eckoro oéopynosanus

Koncrantun Tpytko (Mocksa)

MoapepxaHue onTMManbHOW TeMMepaTypbl B ANIEKTPUYECKUX LKadax
sIBNsieTCsl Of4HON U3 OCHOB o6ecneYyeHus 6e3aBapuiHON paboTbl BCEro
3NEeKTPOXO3fNCTBA NpeAnpuaTUs. B ctatbe NpUBOAUTCA 0630p TEXHUHECKUX
cpencTs Aans nogaepXxaHusa MUKpPOKIIMMaTa B 3JIEKTPUYEeCKUX wutax
(TepMocCTaTOB, BEHTUNATOPOB C (PUILTPOM, 3NIEKTPOHarpeBaTenen,
rMrpocTaToB) U NPUHLMMbI pacyéTa napameTpoB KNMMaTU4ecKoro

o6opynoBaHuA.

Heco6moaenue HAIEKAIIEro TeM-
MEPATyPHOIO PEXHMa B 3JIEKTPUUE-
CKHMX IIKa(daxX IPUBOAUT K HEIATUBHBIM
MOCIEACTBUAM ISl HIUTOBOT'O 060PYAO-
BAHHUS: COKPAIIEHUIO CPOKA CITY’KOBI JIEK-
TPOHHBIX KOMIIOHEHTOB, JIETPaJalliu
XapPaKTEPUCTHUK IIPUOOPOB, YACTHIM IIPO-
CTOSIM OOOPYAOBAHUS, BIUIOTB 10 IIOJTHOM
OCTAHOBKH IIPOU3BOACTBA. HpI/I HaJIU4YUHU
B JIEKTPHUYECKOM IIKA(DY dIEKTPOHHBIX
KOMIIOHEHTOB 1 OOOPYOBAHUS, BBI/ICIIA-
IOIIHUX GOJIBIIOE KOJTMYECTBO TEIUIA, TOBbI-
IIEHUE TEMIIEPATYPBI MOJKET BBI3BATH
IEPErpeB U BBIXO]] U3 CTPOS JIEMEHTOB
JIEKTPUYECKON CXeMbl mKagda, He pac-
CUHTAHHBIX HA PA0OTY B TAKUX YCIOBUAX.

11 yBeJIMYEHUA CPOKa CIY:KObl U
Ha/IEKHOHU PAGOTBI OOOPYAOBAHUS BHYTPU
mKa@OB YIIPaABIEHUS HEOOXOAUMO KOH-
TPOJTHPOBATH U PETYIMPOBATH TEMIIEPATY-
PY ¥ OTHOCHUTEJIBHYIO BJIA’KHOCTD BO3/TyXa.

u.II/ITOBbIE BEHTUNATOPbLI

CaMbIM IIPOCTBIM CLIOCOOOM IIPEAOTBPA-
IEHS ITEPErPEBA JIEKTPHYECKOro mKaga
SIBJISIETCSI OPTAHU3AIUS [IPUHYJUTETbHOM
LIUPKYJLILIUY BO3/IyXa BO BHYTPEHHEM O0'b-

dunbTp
Ha BbITSKKE

BeHtunaTop
¢ hunbTpom

Puc. 1. Opranu3auus oxnaxpenus wkaca
€ NPUMEHeHNneM BEHTUNATOPOB

€me mKa@a mpyu IOMOITH AJIEKTPUIECKUX
BEHTH/IATOPOB. BEHTWIATOP, BCTPOEHHbIH
B HIDKHIOIO YaCTh IBEPLIbI JIU B OOKOBYIO
CTEHKY JIEKTPUYECKOTO mKada, HarHera-
er 60j1ee XOJIOJHBIN 3a00PTHBIH BO3IyX
BHYTPb IIKa(a, a TOPSAIUI BO3AyX BBIBO-
JINTCSL Y€pPe3 BBITSLKHYIO PEMIETKY B BEPX-
Her yacty mkada (cM. puc. 1). IIpu Harue-
TaHUU 3200PTHOTI'O BO3/IyXa BEJINKA BEPO-
SITHOCTD IIONAJIAaHUS B IIKA(d OOJIBIIOrO
KOJIMYECTBA ITBUIN. /171 IIpeIOTBpAI e HUA
3acopeHust MKa(pOB UCIOIB3YIOTCS BEH-
THWIATOPBI U BBITSDKHBIEC PELIETKH, 000PY-
JIOBaHHBIE BBICOKOA(D(DEKTUBHBIMU (DHIb-
TPYIOIIUMH 3IEMEHTAMH, CIIOCOOHBIMU
3aJE€PKUBATH HA CBOCH IIOBEPXHOCTU KaK
KPYIIHBIE, TAK U MEJIKUE YACTULIBI MyCOPA,
LIEMEHTHYIO IIbUIb, ITyX U CIIOPBI PACTECHUIL.

IIpu BBIOOPE CXEMBI OXJIAKACHUA DJICK-
TPUYECKOIo MIKa(pa 1 TUIIOPa3Mepa BEH-
TUWIATOPA C (PUIBTPOM HEOOXOIUMO IIPHU-
HATb BO BHUMaHUE LEJIbIH psjl (PAKTOPOB.
OTHPaBHOM TOYKOM I PaCy€Ta THIIO-
pa3Mepa BEHTWIATOPA C (PUIBTPOM ABJISA-
ercst TH(popMaIus O TEIIOBOM SHEPIUH,
paccenBaeMON yCTAHOBJICHHBIMHU B IIIKA-
dy npubopaMu U KOMIIOHEHTAMH. DTa
UHMOPMALINA JOCTYIITHA B CIIPABOYHUKAX
U KaTAJI0T'aX BCEX IIPOU3BOJUTEIICI 060-
PYAOBaHUsA, U 33/1a4a NHXKECHEPA-TIPOECK-
THPOBIINKA CBOJUTCS K CYMMHPOBAHUIO
PAaCYETHBIX BEJIMYUH PACCEMBAEMON BHY-
TPH 3JEKTPOIIUTA TEIUIOBOM SHEPIHH.
Tarke HEOOXOAUMO YYECTb IIOIIPABKY
Ha HAarpeB JIEKTPUYECKUX IIPOBOJHU-
KOB BHYTPH MIKa(a IPU MAKCUMAJIBHOM
pacyéTHOM pexxuMe paboThl 00OPYIOBa-
HUL. 32TE€M BBIYUC/ISACTCSA MAKCUMA/IbHAS
Pa3HMIA MEXK/Iy BHYTPEHHEN U BHEIIHEI
TeMnepaTypoi. IIpu 3TOM yYHUTBIBAETCS
MaKCHUMJIBHO JOITyCTHMAasl TEMIIEPaTy-
pa BHYTPU 3JIEKTPUUYECKOIO IIKada, B
COOTBETCTBHUU C YCJIOBUAMH JKCILIyaTa-
LIUH YCTPOHICTB U AJIEKTPUUECKUX KOMIIO-
HEHT, yCTAHOBJICHHBIX B 3JICKTPOIIUTE, U

MHCTPYMEHTbI U OBOPYOOBAHME

MaKCHMAaJIbHOI BO3MOKHOH TEMIIEPATY-
PO¥ BHE JIEKTPOILIUTA.

IIpu IpoBEJEHNUH TEIIOBBIX PACYETOB
VIOOHO IT0Jb30BATHCSA TOTOBBIMU JIHA-
rpaMMaMH, KOTOPbIE€ IPUBOJSITCS B KaTa-
JIOraX MPOU3BOAUTEIEN U TOBOI'O KIU-
MaTHYECKOT'O 000PYAOBAHUS (CM. PHUC. 2).

IIpoexkiysa Ha och X TOYKU IIepeceve-
HMs JIMHUU TEIUIOBOM MOIIHOCTH (BT) 1
COOTBETCTBYIOIIEH 3€JIEHON JIMHUU COOT-
BETCTBYET PACYETHOMY 3HAUEHHIO PACXO-
12 BO3/Tyxa (M’ /4), KOTOPBIH HEOGXOAUMO
00eCcIeYn TS /IS ITOYIEHHST HEOOXOUMOL
TEMIIEPATYPbI BHYTPH 3JIeKTpoiuTa. IIpo-
JUIUB 3TY JIMHUIO BEPTUKAJIBHO JIO IIEpece-
YEeHUs C CHHEH TOPU3OHTAIBHOM ITOJIOCOH,
IOJIyYHM OIITUMAJIbHBIM TUIIOPA3MEDP BEH-
TIWISITOPA, HEOOXOUMBIH JJIsI 0Oecrede-
HUW OTBOJA TEILIA B pvaéTme YCIOBUAX.

B xauecrBe mnpumepa pPacCMOTPUM
BBIOOp BEHTWISTOPA [UIS JIEKTPOIIH-
Ta4 C BBLICSIEMON TEIUIOBOM MOIIHO-
crpio 500 Br. IIpu 31OM 11€penaj TeMiie-
paTyp MEXXAy BHYTPEHHHUM M HAPYKHBIM
IIPOCTPAHCTBAMU YIEKTPOLINUTA COCTABIIA-
er 20K. TpeOyembIil pacxoj; BO3/IY-
Xa cocTapyeT okojIo 80 M°/u. C yaéTom
3arpsisHeHNs (QUIBTPA UMEET CMBICT 00e-
crieqyuTs 3arac 10%. Takum o6pasom, it
obecrieueHU HAUIEKAIIETO OTBOJA TEIl-
JIa U3 BHYTPEHHET'O IIPOCTPAHCTBA JJIEK-
TPOIIUTA B JJAHHBIX YCJIOBUAX IIOAXOAUT
IIIUTOBOH BEHTWISITOP C (PHIBTPOM C pac-
X071oM Bo3ayxa 100 m°/u.

J1s1 JUINTEIbHON G€30TKA3HOH pado-
Thl HUMEET CMBbICJI B])I6I/IpaTb BEHTUWIATOP
C IIAPUKOMOJIMIHUITHUKOM, A TIOMUHUECBBIM
KOPITYCOM U POTOPOM, U3TOTOBIEHHBIM
M3 IUIACTUKA WIN META/Ia (B 3aBUCHUMO-
CTH OT MOAU(PUKALINN).

PunbTPbI

CornacHo DIN 24185 ¢punbTpsl KIac-
cudunupylorcsa no 9 xiaccam: 4 Kiac-
ca (puabTpOB IpyobO OYHUCTKU IIBUIM U
5 KJIaCCOB Ca’KEBBIX (PUIBTPOB TOHKOH
OYHUCTKU. DPuabTpsl IpPyoboH OYHCTKUA
(EU1-EU4) HEnnpOHULIAE€MBI )11 YACTHL],
pasmepom 601ee 10 mxm. CakeBble (PHIb-
Tppl (EU5-EU9) npumMeHsioTcs s (puiib-
TPpAalMH 4acTul, pa3dmepamu 1-10 MKm.

KagecTBO (pUIBTPYIONIUX 3JIEMEHTOB
OoIpeAeasaeTca B COOTBeTcTBHU C DIN
24185 B HE3aBUCHMOH JIA0OPATOPHU.
MapKHUpOBKAa C HAMMEHOBAHUEM TUIIA U
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K1acca (pruabTpa HAHOCUTCA HA U3Je/IHE
BMECTE C TOPI'OBBIM 3HAKOM II0CJIE IIPOBE-
JIeHUs TA00PATOPHBIX UCIBITAHUI. JI7Is
(GuIbTPYIOIMUX 371€MEHTOB Kiacca EU3
cpeaHee 3HaYeHUE 3(PHEKTUBHOCTU BO3-
JIYIIHOTO (puabTpa cocrasisieT 80-90%.
OUILTPYIOIMHA MaTEPHUAII IIPEICTABIIAET
CO60I1 ITTACTUKOBOE BOJIOKHO C IIPOrpec-
CHBHOH CTPYKTYPOH, UMEIOLIEE BJIaIrOCTOM-
KOCTB 10 100% OTHOCHUTEILHON BIAKHO-
CTH U TEPMOCTOMKOCTH 710 +100°C. Imamerp
BOJIOKOH (DHUJIBTPA U PACCTOAHHUE MEXKAY
BOJIOKHAMH C YHCTOH HABETPEHHOH CTOPO-
HbI MEHBIIIE, YEM C IIOABETPEHHOM. Been-
CTBHE TOT'0 HA (DIIBTPE OCEJAIOT CHAYA/Ia
KPYITHBIC YAaCTUILIBI ITbUIH, 4 3ATEM MCJIKHC.
TaxkuM 06pa3oM, PAITUOHATIBHO UCTIOIb3Y-
€TCs1 BECh OOBEM (PHUIIBTPYIONIETO AJIEMEH-
Ta. COIVIACHO TPEOOBAHUAM IIOXKAPHOM 6€3-
OHACHOCTH, B COOTBETCTBUU C DIN 53438,
Marepua (PUIbTPYIOIUX SJIEMEHTOB J0JI-
JKEH OBITh CAMO3ATYyXaIOIIHM.
KOHCTPYKIIHHU
IUTACTMACCHI COOTBETCTBYIOT KJ1ACCY BOC-

Hcnonp3oBaHHbIE B

IJIAMEHAEMOCTH CcOoT/IacHO UL94.

B craHgapTHOI KOMIUIEKTAIIUHA BEHTH-
JIATOP € (PHIBTPOM IIOCTABJIICTCSA B IIOJIO-
JKEHHUH IIPUTOK B IIUT>, TO €CTh XOJIOHBIN
BO3yX (DUIBTPYETCS U BTSTUBAETCS B KOP-
IIyC JIEKTPOIINTA. B HEKOTOPBIX CIy4dasx
OBIBAET HEOOXOIMMO, YTOOBI TETLIBII BO3-
IYX BBITATHBAJICS U3 DJIEKTPHYECKOT'O IIIKA-
¢da. HampaspjieHHE BO3IYIIHOIO IIOTOKA
MO’KHO U3MEHUTH C IIPUTOKA B AJIEKTPOUTUT
Ha BBITSDKKY ITyTEM M3MEHEHUS II0JIOKEHHSA
JABUT'ATEC/II BEHTUWIATOPA, 00 IIPUMCHUB
CHELMAIBHYIO BEPCHIO BEHTWIATOPA C
OOpPaTHBIM HAIIPABJICHUEM ITIOTOKA BO3IyXa.

B IUIOTHO 3aKPBITHIX JIEKTPUIECKUX
IIUTAX BCJIEJICTBHE HAIPEBAHUS B IIPO-
11ecce padboThI OTJEIbHBIX IIPUOOPOB IIPO-
HCXO/IUT YBEJTUYEHHUE JABICHUS BO3yXa.
Knaman BbIPDABHUBAHUWA JABJICHUA II03BO-
JIAET IOAJEPKUBATD HEOOXOJUMOE J1aBJIe-
HUE, [IPU 3TOM COXPAHS BBICOKYIO CTe-
IICHDb 3AIMUTHI JICKTPOIIUTA OT IIbUIN U
Biaru. Knmanan BBIDABHHUBAHUWA JABJICHUA
coortBercTByeT HopMam DIN EN 62208 st
HCIIOJIb30BAHUS B 9JIEKTPUYECKUX ITUTAX.

u.IVITOBbIE QNEKTPOHAIPEBATEJIN
Jpyrum (pakropoMm, BAUAIOIMNM Ha 6ec-
nepeborHyI0 paboTy OOOPYJOBAHHUS B
IEKTPUYECKUX MKA(DAX, ABIAECTCI HU3-
Kasl TEMIIEPATYPa U, KaK CJIEJICTBUE, BO3-
MOXKHOCTb OOPa30BaHUSA BOJSIHOI'O KOH-
JIEHCATAa HAa IOBEPXHOCTH U BHYTPH JICK-
TPHUYECKUX KOMIIOHEHTOB H 3JIEKTPOHHBIX
IIPUOOPOB, YCTAHOBJICHHBIX B IKA(Yy.
BO/IBIIMHCTBO IPUOOPOB HE PACCUUTA-
HO Ha pa0boTy IIPU HU3KUX TEMIIEPATYPAX.
)11 MOHTaKa OG0PYAOBAHMSA B HEOTAIUIU-

MHCTPYMEHTbI M OGOPYNOBAHME
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11 HaPYXXHbIM NPOCTPAHCTBAMY 3N1EKTPOLLNTA PP (’J\)‘\ NJ
3000
2000
o

5 1000
< 800
2 600
£ 500
g 400
3
g 300
o

200

100

3 4 5678 10 20 30 405060 80 100 200 300 400500 600 800
Pacxog Bo3gyxa, M4

24

55
=
= 100
Z,
& 230
&
S 370
3
& 500

630

Puc. 2. luarpaMmma Bbi60pa BEHTUNATOPOB

BA€MBIX [IOMEIIEHUAX U HA Y/IUIE HEOOXO-
JUMO UCIIO/IB30BATh TEPMOCTAT LA YIIPAB-
JIEHUSI HATPEBATE/ISIMH, YCTAHOBJICHHBIMH B
1mKaax ypasaeHUs. DTO IO3BOJIUT COXPa-
HUTB JOITYCTUMYIO JJI1 OO0PYJOBAHUS TEM-
1epaTypy SKCIUIyaTAlU BHYTPH mKada.
BC,H,'YIIII/IC KOMIIAHHUHU-TIPOU3BOJUTECTA
IIATOBOI'O KJIMMATHYECKOT'O O00PYIOBa-
HMSA BBIITYCKAIOT TMHENKY 3JIEKTPOHAIpe-
BaTeJIeH CJIEYIOIUX MOIHOCTE: 25, 50,
100, 150, 250 1 400 Brt. DsiekTpOoHarpesa-
TeJIN HEGOIbIIOH MOIIHOCTH (1o 150 BT),
KaK IIPABUJIO, UMEIOT IIOJIYIIPOBOJHHUKO-
BBIM HATPEBATEIbHBIN 2JIEMEHT U PaJU-
4TOp U3 AJIIOMHUHHUEBOIO CIviaBa. OHHU
YCTaHABJIMBAIOTCS B HIDKHEH 4acTU 000-
IrpeBaeMoro mkagda, Ha HEKOTOPOM pac-
CTOSTHHUH OT BHYTPEHHHUX JIEKTPHUIECKUX
KOMIIOHEHTOB. TeI1u1o pacupocTpaHsaercs
BHYTPH 00bEMa mKada 32 CUET KOHBEK-
nuuy. [Ipu BBIOGOPE 7IEKTPOHATrPEBATEIA
cJIelyeT OTAaBaTh IPEANIOYTEHHUE MOJIE-
JISIM, OCHAIIEHHBIM 3aIUTHBIM KOXKYXOM
U3 KAPOCTOMKOTO IUIACTHKA, KOTOPBIA
3aIIUTUT PYKU JIEKTPUKA OT OXKOI'OB U
IIPEJOTBPATUT OIVIABJICHUEC U30IAITUN U
HHCTPYMEHTOB IIPH CJIYIAHHOM KaCaHUH.
D dexTuBHBIN TEIVIOChEM C pajaua-
TOPOB NEKTPOHATPEBATENEH GOJIBIION
MOIIHOCTH (0T 250 BT) HEBO3MOKEH 6€3
IPUHYAUTEIbHON UPKYJIALMHA BO3YIII-

HBIX IIOTOKOB BOJIM3U HAI'PEBATETHLHOTO
aseMeHTa. 10 3TO¥ IPUYHHE JJIEKTPO-
HAI'PEBATENH C TEIUIOBOH MOIIHOCTBIO
or 250 Br 0CHAamamTCA BCTPOEHHBIMHA
BEHTHJIATOPAMH. BEHTWIATOD NIpecTas-
JIsIeT COO0U OCEBOU BEHTU/IATOP C IIAPHU-
KOIIOJIIUITHUKOM, C IEPEMEHHOU CKOPO-
CTBIO BO3/IYIITHOTO IIOTOKA 13,8—45 M’ /4, B
32BHCHMOCTH OT BAPUAHTA UCIIOTHEHMSI.
Il o6ecrieuyeHus 6€30I1aCHOCTH U Hau-
JIy4IIed IIPOU3BOAUTEILHOCTH 3JIEKTPO-
HArpeBaTeJIN HEOOXOAMMO MOHTHPOBATh
B JIEKTPUYECKOM LKAy C COOMIOICHU-
€M CJIEYIONINX IIPABHIT:
® MHHHUMAJIBHOE PACCTOSHHE MEXAY
IEKTPUYECKUMU IIPUOOPAMU B IIKA-
Gy U JIEKTPOHArPEBATENIEM JIOJDKHO
COCTAB/ATH 60 MM;
® IIOJIOJKEHUE IIPH MOHTAXKE 3JIEKTPO-
HAI'peBaTeIsl — BEPTUKAIBHO (KaGemn
0] 060T'PEBATENIEM), B HHDKHEH YaCTH
mKada;
® 3aIpPeniaeTcst yCTaHABINUBATh O60rpe-
BATEJIH HA/JT JIETKO BOCILUIAMEHSIEMBIMU
MaTepHAIAMU;
® 3aIIpemaeTCs SKCIUTyaTHPOBATh Harpe-
BATEJIbHBIN 3JIEMEHT B KOPPO3UOHHOM
OKpYKAIoeH cpeze.
HarpeBaTeanmM DJIEMEHTOM SBJISICT-
cs1 PTC-pesucrop. B ocHOBE paboThI TEP-
MOPE3UCTOPOB HCIOIB3YETCSI CBOMCTBO
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Puc. 3. 3aBMCMMOCTb 3NEKTPUYECKOr0 CONPOTUBNEHUA TEPMOpE3NcTopa

PTC ot Temneparypbl

IIOJIYIIPOBOJHHUKOBBIX HOJIMKPUCTAIHYIC-
CKHX KEPAMHUYECKUX MATEPUAIOB (HAIIPHU-
Mep, TuraHar 6apus BaTiO,) usmensars
COIIPOTUBJICHUE B 3aBUCUMOCTH OT TEMIIE-
parypsl B repmopesucropax PTC (¢ nono-
SKUTE/IbHBIM TEMIIEPATYPHBIM KO3 pUIIH-
€HTOM) HCIIOJIb3Y€ETCS CBOHCTBO AJIEKTPO-
IIPOBOJAINIUX MATCPUATIOB INPHU HU3KUX
TEMIIEpATypax IPOBOAUTH TOK JIydlll€,
4eM IIPU BBICOKUX TEMIIEPATypax. DJIeK-
TPUYECKOE COIIPOTUBJIEHUE YBEIUYHUBA-
€TCS C POCTOM TEMIIEPATYPHI (CM. PHC. 3).
s pacuéra HEOOXOUMOI MOITHOCTH
0060rpeBa 31EKTPOIIUTA HEOOXOANMA CIIe-
ayomas THQOpMALIH:
® pasMepbl KOPITyCa JIEKTPOIUTa (BbI-
COTa, HIIUPUHA U INTYOUHA B MM);
® TUII MOHTAaXKa (HAIIpUMEP, CBOOOJHO
CTOSIIIUE, HACTEHHBIE U T.J1.);
® MECTO YCTAaHOBKHU (HAIIpUMEP, B IIOMe-
IEHUH WJIN HA OTKPBITOM BO3/IyX€);
©® HCIIOJIb3yEMBIN MaTepHal KOpIIyCca
JIEKTPOIIUTA (HAIIPUMED, CTAJIb);
e mepenaj reMmieparypsl B rpagycax (K);
® pacceuBaemasi MOIIHOCTD (BT).
PacuyéT MOIHOCTH IIUTOBBIX JJIEKTPO-
HarpesaTeIed IPOU3BOJUTCA C yIETOM
IPUBEAEHHBIX IAPAMETPOB I10 (hopMyIIE:

P=TxkxS-P,

rae P — pacyérHast MOIIIHOCTB OO0rpe-
Bartes (Br), T — aGcomoTHAsA CyMMa TEM-
nepaTyp CHapyxu U BHyTpH mkagpa (°C),
k — xK03(PULIUEHT TEIIONIPOBOAHOCTU
marepuana (Ui CTany 5,5), S — noaHas
wionaaes kopmyca (M%), P, — Terurosas
MOIITHOCTB, KOTOPAs BBIJEIISIETCS YCTPOU-
cTBaMy BHYTpH mkada (Br).

6 — BeHTUNATOpPA

BricTpee u yno6Hee IPOU3BECTH PACUET
MOUIIHOCTH IIUTOBBIX AJIEKTPOHATIPEBATE-
JIed MOKHO, BOCIIOIb30BABUINCH CIIEITUATIb-
HBIMU TAOGJIULIAMHU U IIPOI'PAMMAMHU PACUE-
Ta, KOTOPBIE IPEJOCTAB/LIIOT HA CBOUX BEO-
CafTax IIPOU3BOAUTEIN OOOPYJOBAHUAL.

u.IVITOBbIE PErYJIATOPDbI
TEMMNEPATYPbI
s peryimpoBaHus TEMIIEPATYPHI BHY-

TPU IEKTPUYECKOIO MKA(a IPUMEHIOT-

Cs1 CJIEYIONINE TEXHUYECKUE PEIICHUS.

1. BBICOKOTOYHBIE TEMIIEPATYPHBIC KOH-
TPOJUIEPBI C PE3UCTUBHBIM JaTYUKOM
TEMIIEPATYPbl BHYTPH 3JIEKTPUYECKO-
ro mkaga, c IpONOPLUOHAIBHO-UHTE-
I'PAJIBHBIM PETY/IITOPOM H BBIXOJIAMU
Ha UCIIOJIHUTEIbHBIE MEXAHU3MBI (000-
rpeBaTe/d U BEHTUIATOPHI). Takoi Ba-
PHUAHT MOXKHO PEKOMEHOBATD INOO B
clIyqae, Korjga B mkady y»e yCTaHOB-
JIEH KOHTPOJLIEP, Y KOTOPOI'O UMEIOTCS
HC33,HCIZCTBOB2HHI)IC BXO/JbI, BBIXOJbI 1
BbIYHCJIMTE/IbHBIC MOIIHOCTH, 60 ec-
JIU TPEOYETCAI OYEHb TOUHOE PETYIUPO-
BaHME TEMIIEPATYPBL. B OCTA/IBHBIX CITy-
4asiX UCIOJIb30BAHUE TEMIIEPATYPHBIX
KOHTPOJUIEPOB SBJISICTCS HEOIIPABJAH-
HO JOPOT'HM.

2. DNEeKTPOOOOrpeEBATENN CO BCTPOEH-
HBIMH PETrY/ITOPAMU TEMIIEPATYPDL
KpUTHYECKUM HEAOCTATKOM JAHHOI'O
CII0CO0A ABJIAETCA TO, YTO U3MEPUTEIb-
HBIN TEPOMOJATYUK PACIIOIATACTCS HE-
IIOCPEACTBEHHO B KOPIIyCE JIEKTPO-
060IrpeBATEIS, UTO IPUBOJUT K OUEHD
GOJIBIION IIOI'PEITHOCTH B U3MEPEHUSAX.

3. BbIHOCHBIE JIEKTPOHHBIE U JIEKTPOME-
XaHUYECKUE PETY/IATOPDI TEMIIEPATYPDI

Puc. 4. PerynupoBanue Temnepatypbl ¢ NOMOLbIO: 2 — 3/IEKTPOHArpeBarens;

(TEpMOCTATBL) — HAUOOJIEE PACIIPOCTPA-
HEHHDBIN BAPUAHT /IS PETYIUPOBAHUA
TEMIIEPATYPBI BHYTPU IEKTPUIECKOTO
mkada. DIEKTPOHHBIE PErY/IATOPHI TEM-
IEPATYPBI CTOST JOPOXKE U IIPUMEHSAIOT-
CS1 TOJIBKO B OCOOBIX CJIyYasiX.

Yaie BCEro i pPeryIupoBaAHUs TEM-
IEPATypbl IIPUMEHAIOTCA JJIEKIPOMEXa-
HHUYECKHE TEPMOCTATBI CO BCTPOECHHOM
OUMETA/UIMYECKOH IUTACTUHOM — 3JIEMEH-
TOM, O0/1aJAIOIINM CBOUCTBOM J1e(hOPMHU-
POBaTbCA (M3ruOATHC) B OTHOM HAIIPaBJIe-
HUH I10/] BO3JEHUCTBUEM ITIOBBIIICHHOU TEM-
nepartypsl. B cocrase I1aCTUHBI UMEIOTCS
JIBa METAJUIA C PAa3HBIMU KO3 (PUIIHEHTAMHI
TEMIIEPATYPHOI'o pacmupenys. [Ipu Harpe-
BE€ TAKOH IUTACTUHBI €€ KOMIIOHEHTBI pac-
LIUPAIOTCA IO-PA3HOMY, UTO IIPUBOAUT K
u3rudy, popma KOTOPOro 3aBUCUT OT Pa3-
HOCTH TEMIIEPATYPHBIX KO3(P(PUIITMEHTOB.
CKOpPOCTB iehOpMALIIH IIPSIMO IIPOIIOPIIU-
OHAJIbHA U3MEHECHUIO TeMIIEPaTyphl. ITpu
OXJILKJIEHUH IUIACTUHBI OHA IPUOOpeTa-
€T UICXOJHOE NoJIoXKeHue. IltacTiuHa sBIs-
€TCsI MOHOJINTHBIM COCJUHEHUEM U MOXKET
PadoTaTh CKOJIb YIOAHO JOITO. DJIIEKTPOMeE-
XAHUYECKHE TEPMOCTATHI C OMMETA/UIHYC-
CKOH IUTACTUHOM He TPEOYIOT TOIIOIHUTEIIb-
HOT'O JIEKTPONMUTAHUS, IIPOCTHI U HAJEXK-
HBI B padore.

IMIupoKoe PacCHPOCTPAHCHUE TAKKE
MOJIYYIWIA 3IEKTPOMEXAHUYECKUE TEP-
MOCTATBIL JJIs1 Pa3JeIbHOIO PEryJInpoBa-
HUS TEMIIEPATYPHI B IIUTE JTUOO IIPU IIOMO-
1Y 3JIEKTPOHArpeBaTesId, MO0 IPH IIOMO-
I BEHTWIATOPA (CM. pUcC. 4). B ntepsom
CJTy4Jae IPU CHIDKEHHUH TEMIIEPATYPbI BHY-
TPH JIEKTPOILIUTA HIDKE 33JaHHOH yCTaB-
KU YIPAB/IAIOIMNN KOHTAKT 3dMbIKAETCA.

54

WWW.SOEL.RU

COBPEMEHHAA SJMTEKTPOHVKA ¢ Ne 6 2017


http://www.soel.ru/

110...230 B (AC)

110...230 B (DC)

Puc. 5. Cxema ¢ npAMbIM BKNIOYEHUEM
o6orpesarens 4epe3 KOHTaKTbl TEpMOCTaTa

IIpu JOCTHKEHUH 33 aHHOM TEMIIEPaTy-
PBI YIIPAB/IAIONIUI KOHTAKT PA3MBIKACTCL.
Bo BTOpOM Ci1yuae yIpas/IsAOm Ui KOHTAKT
3aMBIKACTCS IIPU IIPEBBILICHUH TEMIIEPATY-
PBI BHYTPH JIEKTPOIIUTA 3aJAHHOM yCTAB-
KU U Pa3MBIKAETCS IIPU JOCTHKEHUU TEM-
EPATYPOU 3HAYEHMS HIDKE YCTABKH.

B kaudecTBe NIPHUMEPOB IOAKIIOYCHHUS
3JIEKTPOHAIPEBATE/IEI HA PUCYHKAX 5 U 6
TIOKA3aHbI CXEMa IIPAMOI'O BKIIOYEHHUS 000-
rpesaresl 4Yepe3 KOHTAKIbI TEPMOCTATA U
CxXeMa BRIIOYEHUA 000IPEBATEIL 4Yepes3 Ipo-
MEKYTOYHBI KOHTAKTOP COOTBETCTBEHHO.

u.IVITOBbIE FMrPOCTATbI

IIpu nepenagax TEMIIEPATYP BHYTPU
mkaga o6pasyercs KOHAECHCAT, YTO MOKET
CTATh IPUYUHON KOPOTKOT'O 3AMBIKAHHUS
U HOBPEXKICHUA OO0PYIOBaAHMA. BaxkHbBII
IIapaMeTp B 3TOM SIBJICHHUHU — TAK Ha3bIBae-
Mas TOYKa POCHI — TEMIIEPATYPA OXJIAXK/IE-
HHS OKPY’KAIOIIEro BO3AyXa, IPH KOTOPOH

HoBoCcTn Mmumpa

Fno6anbHbIf PbIHOK
nosynposoaHUKoB B 2016 roay
CornacHo huHanbHbIM AaHHbIM KOMMaHUu
Gartner rno6asbHbIi PbIHOK MOMYNPOBOAHNKOB
B 2016 r. coctaBun $343,5 mnpg, 4To Ha 2,6%
6ornbLue, Yem 6bino B 2015 r. ($334,9 mnpa).
CymMMmapHasi BbIpyyKa Ton-25 nosynpoBOAHN-
KOBbIX BEHAOPOB Nokasana poct Ha 10,5%. E&
nons coctaBuna yxe 74,9%, CyLLeCTBEHHO npe-
B30MAS ANHAMUKY pblHKa B LIeNoM (ocTasibHow
PbIHOK MoKasan cHuxeHve Ha 15,6%). OpHa-

Puc. 6. Cxema BKno4eHus o6orpesatens 4epe3 NPOMEXXYTO4HbIA KOHTAKTOP

BOJSAHOM 11AP, KOTOPBIA B HEM COAEPKUT-
Cs1, HAUMHAEeT KOH/IEHCUPOBATBCS, 0Opa-
30BbIBAsA POCY. DTO TEMIIEPATYPA BbIIIA-
JEeHUSI KOH/IeHCATA. [JaHHbII ITIOKA3aTEb
3aBUCUT OT ABYX (PaKTOPOB: TEMIIEPATY-
PBI BO3/1yXa U €O OTHOCUTEIbHOM BJIAXK-
HOCTH. TOYKa POCHI Ia32 TEM BBIIIIE, YEM
BBIIIIE €T'O OTHOCHUTEJIBHASI BIAKHOCTD.
To ecTb OHA IPUOIIDKAETCA K (pakTHyE-
CKOI1 TEMIIEPATYPE OKPYKAIOLIETO BO3-
nyxa. 1 HA060pOT, YEM HIKE BIIA’KHOCTD,
TEM HIDKE TOYKA POCHIL.

3HAYeHUs TOYKU POCHI B Ipajgycax
Llenbcust opepensioT Aud0 110 Tabau-
11€, 11060 110 (popmye:

_ bxy(T,RH)
P~ a—y(T,RH)
rae a=17,27; b =237,7°C; y(T,RH) = a x
xT /(b+T)+InRH; T — Temuneparypa B
rpaaycax leascusa, RH — orHOCHTEIbHAA
BJIAJKHOCTD B OObEMHBIX JIOJISIX.

News of the Worid H

KO, KaK OTMeYaloT aHannTUKK, OCHOBa 3TO-
ro pocra 6bina obecrneyeHa MOBbLILLEHHON
AKTVMBHOCTbIO KOMMNaHWM B 0611acCTy CAUSIHUIA
1 nornowennii (M&A).

B Gartner oTmMeyatoT, 4TO POCT pblHKa B
OEHEeXHOM BblpaXXeHn 6bi1 NogaepXxaH yse-
NM4EHNEM NMPOU3BOACTBA BO MHOMMX CErMeH-
Tax 3/1eKTPOHHOro 060pyA0BaHUs, NOBbILLEe-
HueM ueH Ha dnaw-namate NAND u oTHO-
CUTENbHO 61aronpuUsATHLIM MOJIOXEHMEM Ha
pbIHKax BasnoT.

1 noanepkaHusa OQUHAKOBOI'O YPOB-
HS BJIQKHOCTH BHYTPHU JIEKTPUYECKOIO
mkada UCHOJIb3YIOT HIUTOBBIE TUTPOCTA-
TBbL OTU IPUOOPBI UMEIOT BCTPOEHHBIN JaT-
YUK, IIKATy C PEryIMPYyEeMbIMU yCTABKAMU
BJIAKHOCTH U KJIEMMBI JIS1 TOAKIIOYEHMUS.

IIpyu HaJIaJKe HIUTOBBIX T'HI'POCTATOB
CJIEAYET UMETDb B BUAY, YTO IIPEJCTABJICH-
HBIE HA PbIHKE OOPA31IbI — 3TO, KAK IIPABU-
J10, OIOKETHBIE IEKTPOMEXAHUYECKHE
NIPUOOPBI, UMEIONIHUE JOCTATOYHO OOJIb-
IO pa3dbpoc mapamerpos. Ilepen BBO-
JIOM B 9KCIUTyaTALIIO0 HEOOXOAMMO IIPOBE-
CTHU HECKOJIBKO TECTOB, OIIPEJIEIUTD TEKY-
1IIe€ 3HAYCHHE TEMIIEPATYPBI TOYKH POCBI
C IIOMOIIIBIO JIAG0PATOPHOTO TEPMOMETPA,
IIPAIIEBOIO IICUXPOMETPA U CIIELIUATbHBIX
Ta6/INL] WK IPUBEAEHHBIX (POpMyI1. TOIIb-
KO YOEUBIIHCH, UTO TUI'POCTAT CPAGATHI-
BAET B HY?KHOM JUAIIA30HE, MOXKHO IIOIIH-
CBIBATD AKT CHAYH SJIEKTPUYECKOIO ITUTA B

AKCIUTYATAIHIO. @

oCTM MMpa

HanomHuM, 4TO 3TO yBenM4YeHne LeH Kak
hakTop pocTa pblHKa HeJaBHO oTMevana u
uccnepgosartesnbckas komnadus IC Insights.

CornacHo Gartner, komnanus Intel B 2016 r.
coxpaHuna noaunumto Ne 1 Ha pbiHKe nonynpo-
BOAHWKOBbIX YCTPOWCTB B [AeHbrax v paxe
yBenuyuna [oso pbiHka 3a rog Ha 4,6%.
Samsung Electronics no-npexxemy Ne 2 Ha
pbIHKE, XOTSl KOpencKas KoMnaHus nokasana
GOMbLLMIA pocT.

Gartner (mavi 2017 r.)
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Hosoct™m vimpa News of the World HoBocT™v mupa

LleHTp HaHO3NEKTPOHUKHU
B 3eneHorpage pa3susaet
28-HM npoekT

22 mas Ha nnowaake Oco60oi sKoHoOMMYe-
cKkom 30Hbl M/ST npoLuno coeLlaHue ¢ npeg-
ctasutenamu IMEC (Benbrus) no peanvsaumu
npoekTa co3aaHusi MUHU-hayHapY Ans npo-
TotunuposaHusa CBUC n CHK ¢ npoekTHbIM1
HopMamu [0 28 HM.

Bo BcTpeye oT pocCUNCKOM CTOPOHbI MpU-
HAanu y4actune pektop HAY MAST B.A. bec-
nanoB, reHepasnbHbii gupektop AO 3HTL]

A.A. KoBanés, reHepanbHbii aupekTtop Kl
KP3 B.B. 3aiueB, a Takxe npeacraBuTe-
M MwuHnpomTtopra P®, TBY «AreHTCcTBO
MHHOBaLMn MoCKBbI», pyKoBoAuTENu paga
MOCKOBCKMX ¥ 3eneHorpaackmx npounbHbIX
npeanpuaTin (ansamnH-ueHTpos). Co cTopo-
Hbl €BPOMENCKUX TEXHONMOrM4ecKnx napT-
HEPOB 6bINN BULE-NPE3VNAEHT NO Pa3BUTUIO
6usHeca IMEC Jlog Jloyapc (Lode Lawers),
OVPEKTOP MO pa3BUTUIO HanpaBieHus Lmd-
poBbix MukpocxeM IMEC AaH Mokyta (Dan
Mocuta), npeactasutenn Kember Associates
Ltd (BenukobputaHums).

Ha meponpusitTum 6611 NpeacTasfieH HOBbI
npoekt «LleHTp [NonynposogHukoson HaHo-
anekTpoHuku» (LINH) B S3eneHorpage Ha 6a3e
AO «3HTL» n HAY MNST. OuckyTrpoBanucb
BOMPOCHI YAOBIETBOPEHNS NMOTPEOHOCTEN POC-
CUMCKMX NPeanpUsaTUA-pa3padoTHMKOB B MPOTO-
TUNMPOBAHUM U MENKOCEPUIAHOM U3rOTOBNEHNN
CBUC n CHK. MNpeacTaBnsnmcb Takxe Kito4e-
Bble TEXHOMOrMW 1 oMLK, NIaHNpyeMble K nepe-
nade B LIMH, a Takxe o6cyxganacb COBMECTU-
MOCTb 3TWX TEXHOSMOIUIA C TEXHOMOMMSIMU Bey-
LLMX 3apy6exHbIX dhayHapy ans obecrnedeHns

BO3MOXHOCTM Mepeaaqm Ha HUX POCCUNCKUX pas-
paboToK AJ15 CEPUMHOrO BbiMycKa NPOAYKLMM.

B BbICTYynNeHusix npegcraButenen gu3amH-
LIEHTPOB MPO3BYy4asnv BOMPOChI, KacaroLumecs
MVHUManNbHO HEO6XOANMbIX MAOLLAAEN YNCTbIX
KOMHaT, CPOKOB TpaHcdepa TEXHONMornm ot
IMEC, nocTtaBoK cpefcTB MpPOeKTUPOBaHUS,
CPOKOB, 06LEMOB 1 chep NPUMEHEHUS BbIry-
cKaemoW npogykumn (Hanpumep, loT, Teneme-
OVUVMHA, SHepreTvka u T.4.).

Mo pesynbTaTam coBeLlaHus bl NPUHAT
psA peLleHnit: Tak, B CBSA3U C MNOATBEPXAEH-
HOW aKTyasibHOCTbIO CO3[aHus NoLLaaKu Npo-
TOTUMUPOBAHUSA C MPOEKTHLIMWM HOpMaMu OO
28 HM MpeanoXeHo co3aatb padboyyto MexBe-
OOMCTBEHHYI0 pabo4yto rpynmny ans obecneve-
HWA B3aMMOJENCTBUA Ha aTane opraHMsaumm
1 KoopavHaumu gestensHocty LIMH.

OTMeYeHa roTOBHOCTb TEXHOMOMMHECKOro nap-
THEépa IMEC ocyLLecTBUTbL TpaHcthep TEXHONOrIM
B COOTBETCTBUM C MOAMMCaHHbIM paHee Cornatte-
HMEM 0 COTpyAHMYecTBe. Takxe LienecoobpasHbiM
6b1510 MPU3HAHO, 4YTO KOOPAMHALMIO B3aVMOLJE-
cteus ¢ IMEC 6ygert ocywiectensaTs HAY MAST.

zntc.ru

powenen sy PROSOFT
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SJNIEMEHTbI U KOMIMOHEHTbI

CoepemenHbie UG Texas Instruments
ANA KOCMUYECKUX NPpUNoXeHun

HOpwii Metponasnosckuii (r. Taranpor)

B ctaTbe KOPOTKO paccmMoTpeHa UCTOPUSi CO3[aHUSA NONYNPOBOAHNKOBbIX
npubopos komnaHum Texas Instruments. NpuseaeHa HomeHKnaTypa
NPOAYKTOB BbICOKON HafléXKHOCTU M PacCMOTPEHbI 0COGEHHOCTH
COBpPEMEHHbIX MMKPOCXEM KOCMUYECKOro Ha3Ha4eHus.

Kommnanwus Texas Instruments (JJannac,
CIIA) aBisi€eTCSA OJHUM U3 KPYITHEHIITUX
MHPOBBIX Pa3pabOTYUKOB U IIPOU3BOIH-
TeIeH aHAJIOTOBBIX U HU(PPOBBIX MUKPO-
cxem. KoMnanusa noaaep:KkuBaeT pycCcKo-
SI3BIYHBIN IIOPTAI U PACIIONATAET IIUPO-
KO CETBIO IUCTPUOBIOTOPOB CBOEH IIPO-
ayknuu B Pocenn [1].

CBOIO HMCTOPHIO KOMIIAHHUA BEIET
¢ 1930 r., Korza rpyumna HHXKEHEPOB
(YOmxun Maxk/lepmont, Cecun I'pun,
JxoH [I>xoHccoH, 'enpu [TMKOK) 13 KOM-
nanuu Geophysical Service (GSI) 3ans-
JIaCh HUCCIAEJOBAHUSAMHU METOJLOB OOpa-
OOTKH OTPAKEHHBIX CECMUYECKUX BOJIH
U1 OOHAPYKEHUSA HEMPTAHBIX ILUIACTOB
(81941 r. ocHoBaTenu BRIKynuiau GSI 3a
$275 TBIC.).

Pug. 1. Cepuiinblii repmaHueBblii Tpanauctop Type 102

ITociie Hayana Bropot MUPOBOIT BOYI-
HBI KOMITAHUA IIOJTYyYH/Ia KOHTPAKT HA Pa3-
PabOTKy annapatypsl JJIsi OOHAPYKEHUSL
HOIBOJHBIX JIOJIOK. B 1945 r. B KOMIAHUIO
ObL1 IpUHAT ITaTpuk XarrepTu U3 610po
3aKyIIOK BOEHHO-MOPCKMX cua1 CHIA,
IIOCJI€ Y€TO MPOU3BOJACTBO PAAUOIIECK-
TPOHHOM anuapartypsl (PDA) 1 BoeH-
HBIX IIE€JIEH CTAJIO OJHUM U3 OCHOBHBIX
BH/JIOB JIESTEIBHOCTH KOMITAHUHU (000pOT
GSI B 1950 1. cocraBuia $7,6 MIH, 4 YUCIO
COTPYAHUKOB JOCTUIJIO 1128).

B 1951 r. KOMIIaHKA CMEHW/IA HA3BAHUE
Ha Texas Instruments (TT), a B mae 1952 T.
CTa/1a OAHHUM M3 IIOKyIIaTe/I€H IMIEH3UH
HA IIPOU3BOACTBO I'€PMAHUECBBIX TPAH3U-
cropoBy ¢pupmel Western Electric.

3Ha4YHTEIbHBIX YCIIEXOB B IIPOU3BOACTBC
TPaH3UCTOPOB KOMIIAHUA TOOWIACH ITOCTIE
npussATyasa B 1952 r. Ha padory I'opoHa
Twna (Gordon Kidd Teal, 1907-2003 rr.) u3
xomitanuu Bell Laboratories. Topgon Tun
HU3BECTECH CO3/IAHUEM TEXHOJIOTUH BbIPA-
IMUBAHUSA KPUCTA/UIOB I'€PMAHUA )1 U3I'O-
TOBJICHUS TPAH3HUCTOPOB, BIIEPBBIC B MUPE
CO3JaHHBIX I'PYIIION Yiibsama lloxim u3
Bell Laboratories.

IlepBhle 3K3EeMIUIAPDI TOYCYHBIX TPAH-
sucropos (Type 100, Type 101) TI nipo-
JEMOHCTPHUPOBAJIA yKE B aBrycre 1952 .,
OJJHAKO B MACCOBO€ IIPOU3BOJCTBO OHU
"He nonwviu. Tpausucropsr Type 102
(cm. puc. 1) u Type 103 ¢ yydimieHHbIMU
napaMeTrpaMu B IepMETHYHBIX KOPITyCax
OBLIIU IIPEJICTABJICHBI B CEHTAOpE 1953 1.
B 1954 r. B TaKuX K€ KOPIIyCaxX OBbLIU
BBIITYIICHBI U II€PBBIC INTOCKOCTHBIC N-P-
n-Tpansucropsl Type200, Type201, o61a-

JIa1olIKe BBICOKOH HaIEKHOCTBIO U OOJIb-
IIIOH MOITHOCTBIO paccenBanHus. OTHUMU
U3 IIEPBBIX IIPUOOPOB, B KOTOPBIX ObLIU
Tpansucropsl TI, 6puIn
Sonotone 1111
(cM. puc. 2), 111 MPOU3BOICTBA KOTOPBIX
dupma Sonotone caesana 3aka3 Ha 7500
Tpansucropos TI (Type 204, Type 205).
IlepBble r€pMAaHUEBBIE TPAH3UCTOPHI

IIPUMECHCHBI
CIIYXOBBIC aAIIIapaThbl

KOMITAHUH ObLIM MAJIOMOIIHBIMU U HU3-
KOYaCTOTHBIMH, YTO CYHIECTBEHHO Orpa-
HUYUBAJIO UX IIPUMEHEHUE, OCOOEHHO B
TAKOH IIEPCIIEKTUBHOM c(Pepe, Kak nopra-
THBHbIE PAJUONPUEMHUKHA. OJHAKO YK€ B
1954 r. B KOMIIaHUH OBLUIU CO3[JaHBI BBICO-
KOYaCTOTHBIE TpaH3UCTOpbl Type 222
(YITY) u Type 223 (rerepOofuH), HallIe/I-
1Ie IPUMEHEHHUE B IIPOTOTUIIE PATUO-
npuémHuka Regency TR-1.

Mougnsie (12 Br) cruiaBHbIE repMaHHE-
BbIe TpaH3uCTOPHI Type 356 (2N250) Type
356A (2N251) 6bUTH 3aIYIICHBI B IPOU3-
BOJCTBO B 1956 r. [IprGOPHI HANIUTH IIPU-
MEHEHHUE B aBTOMOOWIBHBIX PAaJUOIIPU-
EMHUKAX.

J11s1 pa3pabGOTKU KPEMHUEBBIX TPAH3HU-
CTOPOB B KOMIIAHUH ObLIA CO3[1aHA CIIe-
nuanbpHaa rpynmna (Silicon Transistor
Team). ITepBble KOMMEPUYECKUE KPDEMHUE-
BbI€ TPAH3UCTOPHBI cepuu 900 ObLIU BBIITY-
meHbl B 1956 1. Tor/a »xe GbUTH BBITyIIe-
Hbl U BEPCHUH TPAH3UCTOPOB i BM®
CIIOA — USN 2N117 (Type 903) u USN
2N118 (Type 904), npegHa3HAYCHHBIC
I KECTKMX YCIOBMHM 3KCIUIYyaTALH
(cMm. puc. 3) [2].

B cenTsab6pe 1958 r. corpyauuk TI xek
Kuwi6u (Jack St. Clair Kilby, 1923-2005 rT.)
IIPOAEMOHCTPUPOBAJI IEPBYIO JEUCTBYIO-
IyI0O MHUKpOcxeMmy. IlociaencrBust 3Toro
COOBITUSL OKA3aJIUCh CTOJIb 3HAYUTEIb-
HBIMHY, 4TO 4yepe3 42 roga Kunbu nomny-
41 HO6€e1eBCKyIO IPEMUIO.

ITepBasg Mmukpocxema Kuinou npeacras-
JIs1a COGOH ITOJIOCKY I'€pMaHUsA pa3Mepa-

Puc. 2. CnyxoBoii annapar Sonotone 1111

Puc. 3. MepBble KPeMHUEBbIE TPAH3UCTOPDI

Puc. 4. Mukpocxema Bbicokoii Hagéxnoctu SN515A
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mu 10 x 1,6 MM, HA KOTOPOIT CPOPMHUPO-
BAHBI 3JIEMEHTBI ABTOI'€HEPATOPA KOJIe-
GaHUI — Me3a-TPAH3UCTOP, KOHAECHCATOP
Ha p-n-Iiepexoje 1 OObEMHBIA PE3UCTOP
(4aCTh TEPMAHHUEBOX IUIACTUHBIL).

Ve B 1960 1. KOMIAHUS BBIIYCTHIA
pAL JIOTHYECKUX MUKPOCXEM B KEPAMU-
YECKHUX II030JI0YEHHDBIX KOPITyCaX, IIPEJI-
HA3HAYEHHBIX JIJIs 2KECTKUX YCIIOBUH DKC-
wiyatauuu — SN511A (tpurrep), SN515A
(cxema WIH, cm. puc. 4), SN393A, SN394A,
SN395A, SN366A u apyrue. MUKpocxe-
MBI BBICOKOM HAaJEXHOCTH C yCIHEXOM
IPUMEHAIMCDh B allIapaType KOCMUYeE-
CKUX aIIIapaToB AIIOJIJIOH JTYyHHOH IIPO-
rpammbl HACA. HatippuMep, MUKpOCXeMa
SN7401 (ananor 133JIA8) 1967 r. BbIILy-
CKa IPeHA3HAYEHA /IJISI BOEHHDBIX U KOC-
MU4ecKux npuwioxkenuii (SN 7401 Gold

IC Space Race Stuff).
B karanore xommnanuu 2017 r. nipea-
CTaBJ€HA IIUPOKAsT HOMEHKIATYpa

MHKPOCXEM BBICOKOM HAAEKHOCTH B
TPEX KATETOPUAX IIPOAYKTOB: KOCMH-
4eCKOro HazHadeHusa (Space), ycosep-
LHIEHCTBOBaHHBbIe NPoAyKThl (Enhanced
Products), mponykrsl xiacca QML Class
Q (BoenHsit crangapt MIL-PRF-38535)
U BpICOKOTEeMIeparypHble (QML & High
Temperature) [3].

Kaxk 11paBmi10, MUKPOCXEMBI BBICOKOH
HaJEKHOCTH SBJISIIOTCS aHAJIOTAMHU COOT-
BETCTBYIOIIUX MUKPOCXEM IIPOMBIIIICH-
HOT'O HA3HAYEHUA U OTIIMYAIOTCS TOJIb-
KO 3KCIUTyaTallUOHHBIMU IAPAMETPAMU,
TAKHMMU KaK JUANA30H pabOYUX TEMIIE-
patyp, BUOPOCTOHMKOCTD, yAapOIIPOY-
HOCTb, PaIMAIIHOHHAsI CTOMKOCTb U CPOK
CITY>KOBI.

MuUKPOCXEMbl KOCMUYECKOIO
HA3HAYEHMA

OCHOBHBIM OTJIUYHUTEIbHBIM IIpU3HA-
KOM IIPUOOPOB JAHHOU KATETOPUH SABJIS-
€TCs BBICOKAA PAJUAITMOHHAS CTOUKOCTD
(Radiation Tolerance), noarBepKaaeMas
COOTBETCTBYIOIIMMHU HCHBITAHUAMU. OCO-
GEHHOCTU PAOOTHI HOTYIIPOBOJHHUKOBBIX
IpUOGOPOB HA GOJBIIOH BBICOTE U B KOC-
MOCE IIPUBEJEHBI B [4].

MukpocxemMbl KOCMHYECKOI'O Ha3HA-
YCHHUA BBIITYCKAIOTCA B KE€PAMHYCCKUX
II030JI0YEHHBIX KOPITyCaX, O6ecreunBa-
IOIIMX 3aLIUTy OT JIEKTPOMATHUTHBIX
I10JIEM U BHEITHUX BO3JE€HMCTBUI HA KPHU-
CTa/UL. B 1aHHYIO KATETOPUIO IIPOAYKTOB
BXO/JAT CJIEAYIONIHE IPYIIITHEI MUKPOCXEM:
e npeobpaszosares  AaHHbIX  (Data

Converters) ¢ paJHalMOHHON CTOH-
(mo3zamu OOIy4eHHUs)
50-300 Kpas — B I'PYIIITY BXO/AT, BOCHOB-
HoM, ALII (6osee 10 TUIIOB MUKPOCXEM),

KOCTBIO

Mpeo6pa3oBaTenn AaHHbIX KOCMUYECKOr0 Ha3HAYeHUs

PapuauuonHas
Tun MUKpPOCXEMbI CTOKOCTH, Kpa Hasua4enue, napameTpbl

ALM Bbicokoro paspetuerus (31 6uT),
ADS1282-SP 50 npon3eoanTenbHOCTb 0,25—4 KnnoBbI6OpPOK/C

CnBoeHHbIA 8-paspaaHblit ALM ¢ ManbiM aHepronoTpe6neHnem,
ADGOBD15200ML-5P 300 NpoON3BOANTENLHOCTL 3—5 MBbIGOPOK/C

CaBoeHHblit 10-pa3psagHbiii ALM ¢ Manbim aHepronoTpe6neHnem,
ARG = e NPOU3BOANTENLHOCTb 1-2 [BBIGOPOK/C

OAMHAPHbIA UK caBOeHHbIN 12-pa3paaHbiit AL,
ADC12D1600QML-SP 300 MPOU3B0ANTENbHOCTS 3200/1600/800 MebIGopoK/c
ADC128S102QML-SP 100 BocbmukaHanbHbii 12-pa3pagHbiit ALIM, 50-1000 kunoBbi60pok/c
ADC14155QML-SP 100 14-pa3psgHbiin ALM, 155 MBbi6opok/c, nonoca nponyckanus 1,1 Ty
ADS5400-SP 50 12-pa3psgHbiin AL ¢ BXOAHbIM aHanorosbim 6ycepom, 1 FBbI6OPOK/C
ADS5424-SP 150 14-paspspHbiii ALM, 105 MsbiGopok/c
ADS5444-SP 150 13-pa3psgHbiit ALM, 250 MBbI60pok/c
ADS5463-SP 100 12-pa3psagHbiit ALM, 500 Mebi6opok/c
ADS5474-SP 100 14-paspspHbii AL, 400 MBbiGopok/c
DAC121S101QML-SP 100 12-pa3pspHblii manonotpeonstowmii LIAT ¢ Bbixogom Rail-to-Rail
DAC5670-SP 100 14-paspspHbii LIAM, 2,4 TBbI60pOK/C
DAC5675-SP 150 14-pa3psagHbiit LIAM, 400 MBbi6opok/c

[IByxKkaHanbHbI1 14-paspsaHbiii aHanorosblin 6510k Front End ¢ uxtepdeiicom
LM98640QML-SP 100 LVDS, 40 Mabi60poK/c

IJAIT (3 Tuma) u (ppOHTATBHBIN IPeoGpa-
3oBarens (Front End) LM98640QML-SP;

® MHKPOCXEMBbI HHTEP(EHCOB U CHHXPO-
Huzauuu (Interface & Timing) ¢ pagu-
AIIMOHHOM CTOMKOCTBIO 25—-300 Kpajt —
B I'PYIIITY BXOJAT MUKPOCXEMbI HHTEP-
(eitcos RS-422, EIA-485, EIA-422, LVDS,
TAKTOBBIX CUHXPOHHU3ATOPOB, JIMHEH-
HBIX HIIHHHbIX ,Hp;lI:IBCpOB, IITHHHBIX
NPUEMHHKOB U HEKOTOPDIE IPYIUE;

® yCWINTEIU U KoMIapaTopsl (Amplifiers/
Comparators) ¢ paguaiOHHON CTOM-
KOCTBIO 50—300 Kkpay (60s1€€e IBYX JeCsT-
KOB THIIOB MUKPOCXEM);

® 11U(pPOBBIE CUTHAIBHBIE IIPOLIECCOPBI
(DSP) SMJ320C6701-SP B pa3jIM4HbIX
HCIIOJTHEHUAX C PAJUAITOHHON CTOM-
KOCThIO 100 Kpag;

® JIoTH4YeCKue MUKpocxeMbl (Advanced
Logic) SN51AC...-SP ¢ paguanimuOHHOM
CTOHKOCTBIO 50 KpaJt;

® MHKPOCXEMBbI YIIPABJICHUSA MIHTAHU-
em (Power Management) ¢ paguanu-
OHHOM CTOMKOCTBIO 30—150 Kpag — B
JIAHHYIO IPYIITYy BXOJAT 60JIee 25 TUIIOB
mukpocxem DC/DC-npeobpasoBaresneH,
JIMHEHHBIX CTAOHIN3ATOPOB HAIIPSIKE-
HHSI, HICTOYHUKOB 06Pa31]0BOT'O HAIIPSI-
sxkenus, HIMM-KOHTPOJIEPOB U ApariBe-
POB ABUT'ATEJICH.

Y COBEPLUEHCTBOBAHHbBIE
nMPOAYKTbI
MUKpPOCXEMBI JaHHOM KaTeropuu
coJepKar B HA3BAHUU OKOHYaHUEe EP
(Enhanced Products), IB/ISIIOTCS aHAI0Tra-
MH MUKPOCXEM HPOMBIIIEHHOI'O Ha3HA-

YCHUS U BBIIYCKAXOTCA B INTACTUKOBBIX

KoprrycaX. HOMeHKIaTypa MHKPOCXEM
3TOHN KATETOPUHU B KATAIOre KOMIIAHUU
2017 r. HACYUTBIBAET COTHU THIIOB CAMO-
'O Pa3IMYHOIO HA3HAYEHUS U PA3/INYa-
FOIIUXCS JUATIA30HAMU PabOUHX TeMIIEe-
paryp (or =55...0°C 5o +70...+125°C) [5].

MPoaYKTbI KNACCA
QML Cuass Q
U BbICOKOTEMIMEPATYPHbLIE

B aHHYIO KATErOpUIO BKJIIOYEHBI
MHKPOCXEMBI C MAKCUMAJIBHOH paboyeit
Temuneparypor 7o 210°C, ¢ JyinTeaIbHbIM
CPOKOM CJTYKOBI M BBICOKOH HA/IEMKHOCTBIO,
OIIpeIE/IIEMON BOCHHBIMU CTAHJAPTAMHU.
MUKPOCXEMBI TOH KATETOPHUH IIPE/ICTAB-
JIEHBI IIPAKTUYECKH BO BCEX BU/IAX IIPOAYK-
TOB TL JIIs1 KX IOMCKA HA CATE KOMITAHIU
HMEETCSI PYKOBOJCTBO IIPOIECCOM BBIOO-
Pa BBICOKOHA/IEKHBIX ITPOAYKTOB Texas
Instruments Military and HiRel Products,
Nomenclature and Process Flow [6].

NMPEOEPA3OBATENU AAHHbIX
KOCMMUYECKOIro HASHAYEHMUA

KiaccuuKanuoHHpIE  IaPaAMETPBI
MHKPOCXEM IIPEOOPA30BATENECH TAHHBIX
KOCMHUYECKOT'O HA3HAYEHUSI C BBICOKOI
PaAuaOHHON CTOUKOCTBIO U3 KaTaJI0Ta
TI 2017 r. npuBeaeHsl B Tabauile. Paccmo-
TPUM HEKOTOPBIE COBPEMEHHBIE MUKPO-
CXEMBI 3TOH IPYyHIIBI 60siee NOAPOOHO
(B CKOOKax IIPUBEICHBI JAThl BBIITyCKA
HOCJIEAHUX PEJAKIINI ClIeITU(PUKAITUI).

ADC10D1000QML-SP (1cKka6pb 20161.) —
OHO U3 IOCJIEAHUX JOCTHZKEHUE KOMIIA-
HUHU B O0JIACTH CBEPXOBICTPOIEHCTBYIONTIX
ALITT. MUKpOCXeMa BBIIIOJIHEHA B KEPAMHU-
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Puc. 5. ®parment rabapurHoro yeprexa mukpocxembi ADG10D1000QML-SP
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Puc. 6. Ctpyktypa mukpocxembl ADG10D1000QML-SP

YECKOM KOPITYCE C MATPUIIEH CTOTIOMKOBBIX
BpIBOJOB — CCGA (Ceramic Column Grid
Array). @yHKUIMOHAIBHBIN aHAJIOI' B IIPO-
MBIIIIEHHOM HcnionHeHnu —ADC10D 1000 B
Kopiyce BGA. ®parMeHT raGapuTHOIO Yep-
TesKka MUKpocxeMbl ADC10D1000MQL-SP B
kopiryce CCGA-376 npuBe/IEH Ha PUCYHKE 5,
a CTpyKTypa npubopa — Ha pucyHke 6 (py-
roe HazBaHue kopiyca — CPGA, Ceramic Pin
Grid Array). OCHOBHBIE O0JIACTU IIPHMEHE-
HUSA MUKPOCXCMBbIL:
® IIIHMPOKOIOJIOCHBIE TEJIEKOMMYHHUKAITHOH-
Hble cucteMbl (Wideband Communications);
e npsmoe BU-noHmxkamomee npeodopaso-
BaHue (Direct RF Down Conversion);
e acrpoHasuranus: (Star Tracker).

IIpy OTHOCHTENBHO MAJIOM 3HEPIOIIO-
TpebieHuu (2,9 Br) Mukpocxema obecie-
YHUBAET BbICOKUE JITMHAMHUYECKUI JTrana-
30H C 6bICTpOIercTBUEM 1 I'BBIOOPOK/C B
JIBYXKaHAJIbHOM peXuMe U 2 I'BBIGOPOK/C
B OJHOKAHAJIbHOM PEXHUME. OCHOBHBIE
mapamMeTprl U XapaKTEPUCTUKU MUKPO-
CXEMBI:
® paJUAllMOHHAsl CTOHKOCTb IIO HAKO-

nneHHo nose (Total Ionizing Dose)

710 100 kpag (Si);
® CTOMKOCTb K €JUHHYHBIM 3a1ETKH-

BanusAM (Single-Event Latch-Up) nmo

120 MaB-cm’/mr;
® CTOMKOCTh K €QUHHYHBIM (DYHKIIU-

OHAJIbHBIM IIpepbiBaHUAM  (Single-

Event Functional-Interrupt Immune)
70 120 MaB-cM®/Mmr;

® uHTEPQEHC 17151 BHELTHETO YIIPABACHUA
R/W SPI, BeixoaHoI nunTepderic LVDS;

® JUANA30H pa00YHUX TEMIIEPATYP OKPY-
JKAIoUIEH cpeanl —55...+125°C;

® Hanpspkenue nuranudg 1,8..2 B (Homu-
HajnbHOE 1,9 B);

® JTUHAMHYECKHH JUAIIa30H, CBOOOTHBIN
ot uckaxxeuuit (SFDR), — 63 1B, 3aBu-
CHUMOCTb JUHAMHYECKOI'O JUAIIA30HA
AIIIT OT 4aCTOTBI BBIDOPOK IIPUBEIEHA
HA PUCYHKE 7;

@ OTHOIIEHUE CUrHa/mym — 56,8 1b (Ha
gacrore 248 MI'n).
ADC128S102QML-SP (asrycr 2016r) —

8-Bx0g0BbIN 12-paspsagubizi ALIIL Ha

PHCYHKE 8 IPUBEJEHA CTPYKTYPa MUKPO-

cxeMbl IIpu6op BBIIIOJIHEH B KEpaMH4de-

ckoM kopiryce SOIC-16 u o6ecnieunBaer

TAKHE 7K€ XaPAKTEPUCTUKU PAAUALINOH-

HOM CTOMKOCTH, YTO U YK€ OIIMCAHHAs

MHKpPOCXeMa ADC10D1000QML-SP.

Mukpocxema ADC1285102QML-SP oriu-

4aeTcs MaJoOH MOTPEOIAEMON MOIIHO-

crpio — 2,3 MBrupu U =3 Bwu 10,7 MBr
npu U_ =5 B, CKOPOCTh peo6pas3oBa-

Hus 50—1000 KHWIOBBIOGOPOK/C. YIIpaBie-

HHE MUKPOCXEMOM OCYILIECTB/IACTCS Yepe3

unrep@ericet SPI, QSPI, MICRWIRE, o6e-

CIIEYUBAETCSA COBMECTHUMOCTD C OOJIBIIUH-

CTBOM LIU(PPOBBIX CUTHATIbHBIX IIPOLIECCO-

poB. O6/1aCTU IPUMEHEHUS MUKPOCXEMBI:

® KocMmuueckue amraparsl (Satellites);

® BBICOKOTEMIIEPATYPHBIE IIPUIOKECHUSA
(=55...+125°C);

® MEJULIMHCKHUE CUCTEMBI;

e akcesnepatopsl (Accelerators).
ADS1282-SP (jicka6pb 20161.) — pajgua-

IIUOHHO-CTOUKUN curma-aenpra AlLITl

BBICOKOI'O pa3penieHus ¢ Apyms audge-

PEHLIIMAIBHBIMU BXO/1aM, BBIIIOJTHEHHBIH

B Kepamudeckom kopmyce CFP-29.
OcHOBHBIE O0JIACTU  IIPUMEHEHUS

MUKPOCXEMBI:

® CUCTEMBI MO3UIIMOHUPOBAHUSA CIIyT-
HUKOB U CJIECKEHHA 32 TEMIIEpaTypa-
mu (Space Satellite Temperature and
Position Sensing);

® CITyTHHUKOBBIC IIPHUOOPHI I IIPELIU3U-
OHHBIX U3MEPEHUI U HAYYHBIX IIPUJIO-
skeHHI (Space Satellite Precision and
Scientific Applications);

e BbICOKOTOUHBIE u3Mepenuss (High-
Accuracy Instrumentation).
MukpocxeMa OTJIMYAETCSI BBICOKOH

4yBCTBUTEIBHOCTBIO 34 CUET IIPUMEHE-

HUSI MaJIOLIYyMSIIEr0 BXOJHOI'O yCHJIH-

TesA ¢ IPOrPAMMUPYEMBIM YCHJICHHUEM

(PGA). CrpyKkrypa MUKPOCXEMBI IIPUBEZE-

Ha Ha pUCyHKe 9. IIpu6op kBampuupo-

BaH I10 BOEHHOMY CTaHZapTy QMLV (QML
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Puc. 7. 3aBucumocTb AMHAMU4ECKOr0 AUana3oHa
ALN ADG10D1000 ot ckopocTy Nnpeo6pa3oBanus

Class V) MIL-PRF38535 B yacTu paguanu-
OHHOM CTOHMKOCTHU U JUAIIA30HA PA00UUX
Temueparyp (=55...+125°C).

OCHOBHBIE ITAPAMETPHL U XAPAKTEPHU-
CTHKHU IIPUOOpa:
® paJUallMOHHAsA CTOHMKOCTb IIO HAaKO-

IUIEHHOM 103€ 50 kpay (Si);
® CTOHMKOCTb K €IHHHYHBIM 3aIETKHNBA-

HUAM 10 40 MaBecm® /Mr;
® OTHOIIEHHE CUrHAI/IyM — 124 nb, 06-

murt kKoadduuent rapmonuk (THD) —

102 gb (11pu yacrore 1000 BBIGOPOK/C);
e 11oTpedisieMas MOIHOCTh — 25 MBT,

HAIIPsDKEHHUE NUTAaHuA — 5 Bumm £2,5 B

(a"anoroBRIE Y3IIb1), 1,75-3,3 B (111dp-

POBBIE Y3JIbI).

DAC121S101QML-SP (viorms 2016 1) —
12-paspaanpiii MUKpomowHbid HAIT ¢
BbIXO/IOM Rail-to-Rail, BBIITOJTHEHHBIH
B KepaMu4yeckoM kKopmyce SOIC-10.
CTpyKTypa MHKPOCXEMBI IIPUBEICHA HA
pucynke 10.

O6s1acTH IPUMEHEHUSI MUKPOCXEMBIL:
® CIIYTHHUKOBBI€ CHUCTEMBI OIIPEACICHUA

xoopauHar (Satellite Altitude and Orbit

Control);
® INPCINU3UOHHBIC CITYTHUKOBBIC JATYU-

ku (Satellite Precision Sensors);

® YCTPOUCTBA YIIPABICHHUS ABUTATE/IMU
(Satellite Motor Control);

® BBICOKOTEMIIEPATYPHBIE ITPUJIOXKE-
HHAA.

ITpu6op 06eCIIEUnBAET TAKUE JKE 1Apa-
METPBI PAJUAIIMOHHOM CTOMKOCTH U 11 a-
II1a30H PaGOYHX TEMIIEPATYP, KaK U pac-
cmorpenHbIi AIITT ADC10D100QML-SP.
OCHOBHBIE OCOOEHHOCTU U MIAPAMETPHI
MHMKPOCXEMBI:

e 1oTpedssiemasi MOIHOCTh — 0,52 MBT
(upu U,
Mme), 0,014 MKBT B 3KOHOMUYHOM PEXU-
me (Power-Down Mode);

= 3,6 B B HOPMAJIBHOM PEKH-

nuT
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Puc. 8. Ctpykrypa mukpocxembl ADG1285102QML-SP
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Puc. 9. Ctpykrypa mukpocxembl ADS1282-SP
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Puc. 10. Ctpyktypa mukpocxembl DAG121S101QML-SP

® HanpspKeHUe nuTaHud 2,7...5,5 B;

® BbIXOAHOE HanpspkeHue — 0. U, 110JI-

HBIN PpasMax BIXOJHOI'O HAIIPAKCHUA

(Full-Scale Output) — 2,997/4,992 B

(mpuU_ _ =3/5B).

DAC5675A-SP (asrycr 2016r.) — 14-pas-
PAOHBIN pagualOHHO-CTOMKUE HAIT ¢
IIPOU3BOAUTENBHOCTBIO 400 M BBIGOPOK/C

(Update Rate), BBIIIOJIHEHHBIH B KEPAMHU-
yeckoM kopiyce CQFP-52 (Ceramic Quad
Flat Package, npyroe Ha3Banue — HFG-52).
IIpubop KBAIM(PUIMPOBAH IIO TEM K€
cragapram, uto 1 DAC121S101QML-SP.
MHKpOCXeMa OTIUYAETCA MaJIOH II0Tpe-
6/s1eMOI MOIHOCTBIO — 660 MBT mpu
U_.. = 3,3 B 1 yacrore BLIXOJHOIO CUTHA-
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Puc. 11. Crpyktypa mukpocxembl DAG5675A-SP
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Puc. 12. Crpyktypa mukpocxembl ADS5463-SP
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Puc. 13. Crpyktypa mukpocxembl LM98640QML-SP

SJIEMEHTbI M KOMIMOHEHTbI

s1a 70 MI't, ITppMeHEHHBIA B MUKPOCXEME

HHU3KOBOJIBTHBIU HHTEpdetic LVDS ornmy-

HO NOAXOUT st cornacoBanus ¢ KMOIT-

MHKPOCXE€MAaMH CIIELIUAIbBHOTO Ha3HAYe-

Hus (ASIC) u IUINC.

OcHOBHBIE 0O0JIACTU  IIPUMEHEHUA

MHUKPOCXEMBI:

® CIIyTHHUKOBBIE CHCTEMBI BBICOKOCKO-
pOCTHOM mnepegayu JaHHbIX (Space
Satellite RF Data Transmission);

© TPaHCUBEPDI COTOBBIX 0230BBIX CTAHITUI C
moaysanueri CDMA, WCDMA, CDMA2000,
TDMA, GSM, 1S-136, EDGE/GPRS;

e BY-cucrembl 1npsamMoro  mu@poso-
ro cuHresa yactoT (RF Direct Digital
Synthesis);

® CITyTHUKOBBIE U3MEPUTEIbHBIC IIPUOOPBL
HuddepeHnuanbHble TAKTOBBIE BXO[

U BBIXOJ, MUKPOCXEMBI CIIELIUATIBHO Pa3-

PaboTaHbI /11 COITIACOBAHUSA C U30JIUPY-

IOIIMMH TpaHC(hOpMATOPAMU IS IIOJ-

KIIOYEHUS JIMHUM C BOJTHOBBIM COIIPO-

TuBneHuem 50 Om. Ha pucynke 11

IIOK433aHO TUIIOBOE BKJIIOYEHHE MUKPO-

cxeMbl. OCHOBHBIE OCOOCHHOCTHU U I1apa-

meTpsl LAIT:

® IUHAMHYECKHM [JHAIIA30H, CBOOOI-

HBIN OT UcKaskeHuti SFDR — 69 nb npu

fBpIx = 70 MI'l] 1 yacTOTE OOHOBIEHUS

400 MBBIOOPOK/C;

KO3(pUITNEHT MOIIHOCTH B COCEH-

HeM kaHase (ACPR, Adjacent Channel

Power Ratio) miss W-CDMA — 73 nbu

(fBpix = 30,7 MTrIu, fo6HOBIEHUS

=122,88 MBBIOOPOK/C);

MacimrabupyeMsiil guddepeHnnann-

HBIH BBIXO/THOM TOK — 2...20 MA;

BCTPOEHHBIM HCTOYHUK OOPA3I0BOI'O

Hanpspkenusd 1,2 B.

ADS5463-SP (2015 r.) — paguanu-

OHHO-CTOMKHI 12-paspsaanbiit AT ¢

osicTpopericrBueM 500 MBBIOGOPOK/C,

BBIIIOJIHEHHBINM B KEPAMHYECKOM KOPITy-

ce CFP-84. CrpyKrypa MUKPOCXEMBI IIPH-

BEJICHA HA PUCYHKe 12.
OcHOBHBIE O0JIACTU  IIPUMEHEHUS

MHMKPOCXEMBI:

@ HCHBITATEIBHOE U U3BMEPUTEIBHOE 000-
PYAOBaHUE;

® IPOrpPpaMMHO-KOH(UTIYpUPYEMBIE
PaHOCUCTEMBI (Software-Defined
Radio);

® IIpeo6pPa30BATEH JAHHBIX;

® TCIICKOMMYHHKAITMOHHBIC U3MCPCHUS.
AIII copepxkut LVDS-coBMECTUMBIH

U@dPOBOH BBIXOJ (IIPHU HANPSKECHUU

nutanus 5 B uiam 3,3 B). OcCHOBHBIE OCO-

OEHHOCTH U IIAPAMETPBI MUKPOCXEMBI:

® Pa/IMAIMOHHASI CTOMKOCTh II0 HAKO-
1wieHHOM no3e 100 kpaz (Si);

® OTHOIIECHHE CI/II‘HaJI/II_IyM U JUHAMH-

yeckuit guana3oH SFDR — 64,5 1B Ha
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gacrore 450 MI' 1 CKOPOCTH IIPE0O-

pasoBanus 500 MBBIGOPOK/C;

o LVDS-coBMecTUMBIN BbIXOJ, Aud@e-
PEHIUAIBHOEC BXOJHOC HAIIPAKCHHC
o 2,2 B;

® UHTEIrpHUPOBAHHBIE BXOJAHOH Oydep,
HCTOYHHUK OOPa3L0BOIO HAIIPSIKCHUA
U yCTPOUCTBO BEIOOPKH XPAHECHUS;

@ TMAna30H Pab0YUX TEMIIEPATYP —55...
+125°C.

LM98640QML-SP (2015 r.) — caBO-
€HHBbIA 14-pa3psAgHblil PagUaAMOHHO-
CTOHUKUI AHAJIOTOBBIM BXOJHOM OJIOK
Front End ¢ LVDS-BBIXO40M, BBIIIOJTHEH-
HBII B KepaMu4ecKoM Kopiryce CQFP-64.
CTpPyKTypa MHKPOCXEMBI IIPUBEICHA HA
pucyHke 13. IIpu6éop ¢ IpOU3BOAUTEND-
HOCTBIO 5—40 MBBIGOPOK,/C OPUEHTUPO-
BaH Ha IPWIOXKEHUS, CBA3aHHBIE C 00pa-
GOTKOI U300PAKEHUI IIPU KOCMHYECKOM
CbEMKE.

OcHOBHBIE O0JIACTU  IIPUMEHEHUA
MHMKPOCXEMBI:
® JJICKTPOHHBIC CXEMBI YIIPABJICHHA

dorokamep (Focal Plan Electronics);
® CHCTEMBI BU3YaJIbHON OPHUEHTALIUH

U YIPaBJIEHUA ITOJOKEHHEM CITyT-

HukoB (Imaging Attitude Control

Systems);

® ABTOMATU3VWPOBAHHBIC CUCTEMbI MAIIIH-
Horo 3penus (Factory Automation
Vision Systems);

® BBICOKOCKOPOCTHBIE CKAHEPBI JOKYMEH-
ToB (High-Speed Document Scanners);

nepude-

puiinble ycrporcrsa (Multi-Function

Peripherals).

MuKpocxeMa pacCydTaHa Ha padoTy

® MHOT'O()YHKIIMOHA/JIbHBIE

¢ pargyuxkamu uzoodopaxkenus I13C u CIS
(Contact Imaging Sensor), 1y1s1 9ero copep-
JKHT CXEMBI BBIOOpKU-XpaHeHus (YBX) u
JBOUHOI KOPPEIUPOBAHHOMH BBIOOPKHU
(OIKB/CDS, Correlated Double Sampling).
O6€ cXeMBI COAEPKAT YCHINTEIH C IIPO-
IPAMMHPYEMBIM YCHJICHHEM H YyCTPOUCTBA
Koppekuuu cmenieHusa 1AIL. OcHOBHBIE
OCOOEHHOCTH U IAPAMETPbI MUKPOCXEMBIL:
® I1apaMeTphbl PAJUAIMOHHOM CTOMKO-
CTH WU JUANIA30H pabO4HX TeMIIepa-
Typ T€ K€, 4YTO U Yy OnrucaHHOro AIIIl
ADC10D1000QML-SP;
® MOIIHOCTb IIOTPEOJIEHUS COCTABIIACT
125 MBT Ha KaHa/I IPU HAIIPSKEHUH
nuranus 3,3 B u ckopocTu npeob6pa-
30BaHUsA 15 MBBIOOPOK/C;
e cxemnol KB u YBX maa II3C- u CIS-
JATYUKOB HM300PAKEHHUS C IPOrpam-
MupyemsiM ycrrenueM 0 u 6 1b;

® IIPOrpaMMHPYEMOE YCHUJIEHHUE B KaXK-
JIOM KaHaJIe — 256 IIaros B UAIIa30HE
—3..+18 nb;
e yposeHb mymoB (Noise Floor) 79 gb.
B 3aki04eHueE CIeyeT OTMETHUTD, YTO
MHUKPOCXEMBI KOCMUYECKOI'O Ha3HA4ye-
HUS C YCIIEXOM MOTIYT OBITH UCHOJIb30-
BaHBI JUIA BCEX IIPHWIOKEHUU C KECTKU-
MH U 0COO0 KECTKUMU YCIIOBUSIMH JKC-
IUTyaTAIUH.
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SJNIEMEHTbI U KOMIMOHEHTbI

JHeproHe3asucumas namatb nvSRAM
oT KomnaHuuu Gypress

Anexcanpp Ty3os (Mockga)

B ctatbe, nocBALWEHHON 3HEeproHe3aBucumon namsatm nvSRAM komnaHuu
Cypress, paccka3biBaetcs 06 apxutektype nvSRAM, xapaktepucTtukax
M 0COGEHHOCTSIX NPUMEHEeHUs [aHHOM NaMsATU Ha NpUMepe NOCTPOEHUs

KOHKPETHbIX YCTPOWUCTB.

BBEREHUE
ITosrynpOoBOAHUKOBAA
naMATh KIACCU(PUIIIPYETCS IO €€ CIo-
COOHOCTH COXPAHATD JAHHBIE IIPU OTCYT-
CTBUH HAIIPAKCHUA ITUTAHUA. Craruue-
CKasd aMATb C IIPOU3BOJJIBHBIM JOCTY-
oM (SRAM) Tepsier cojep:Kamuecs B
HEN JAHHBIC IIPU BBIKJIFOYCHUHN HAIIPA-

onepaTuBHAs

JKEHMUS IUTAHU U SABJISICTCS DHEPTrO3aBH-
CHMOI IAMATBIO. JpyTUM THUIIOM 3HEPIo-
3aBUCHUMOM AMSATHU SABJIACTCA JUHAMUYE-
CKasi aMATb C IPOU3BOJIBHON BBIGOPKOU
(DRAM),
HACTOJIBHBIX KOMIIBIOTEPAX U HOYTOYKaX.

ITaMATb, COXpAHAIOLAsl JAaHHBIE IIPU
OTCYTCTBUU HAIIPSDKEHUSA TUTAHUS, HA3blI-
BA€TCA dHEProHe3aBucuMon. K Takomy
TUITy NAMATH OTHOCSTCS: HEPrOHe3a-
Bucumass SRAM (nvSRAM), ¢peppoaek-
Tpudeckas RAM (F-RAM), anekrpuue-
CKH CTHUpaeMas IIepENpOorpaMMupyemas
ROM (EEPROM), (by13111-11aMATh, MATHUTO-
pesuctusHag (MRAM) u gpyrue. OTH BU/IbL
HaMITH IPUMEHSIOTCS TaM, TJI€ HEOOXO-

IIPUMCHAIOIIASACA BO BCEX

JUMO COXPAHATb BA’KHBIC JAHHBIC IIPU
OTKJIIOUEHHOM IIUTAHUHU WIH IIPH IIEPU-
OJUYECKUX IIPEPBIBAHUAX IIOJA4H HAIIPSI-
JKEHHs IUTAHUA BO BpeMs padoTslL I[1pu-

MEPOM IPEPBIBAHUA IMOJAYN ITUTAHHS
MOKET CJIY’KUTD «ropsidee» MOJKII0UEHHE
Y OTKJIIOYEHHE KaPT IIAaMATH K CEpBEPaM,
IIPOMBIIIVIECHHBIM KOMIIBIOTEPAM, MC/IH-
LIUHCKOMY 000pyA0BaHUIO. [Ipu 3TOM HE
IIPOUCXOAUT IMOTECPU BAKHBIX JJAHHBIX B
aMATH YCTPOMCTB.

ITamaTe NnvSRAM OTHOCHTCA K KJIACCY
3HEPrOHE3ABUCHUMOH IIAMSATH U IIPU 3TOM
COXpaHsET BCE JOCTOMHCTBA SRAM-TIaMATH.
B omune oT Jpyrux TeXHOJIOTHI JHEPIO-
HE3aBUCUMOCTb NVSRAM-ttamsatu Cypress
o6ecrneynBaeTcs 6€3 UCII0Ab30BaHUA OaTa-
per, CyIIEPKOHJEHCATOPOB WJIN WHBIX
HUCTOYHHUKOB ITUTAHUA I COXPAHCHHA
JaHHBIX. [TaMaTe NnvSRAM umeer psj npe-
HUMYILECTB B TEX NPUIOXKEHUAX, I1I€ Tpe-
OYIOTCS1 OTHOBPEMEHHO BBICOKOE OBICTPO-
ACfICTBI/IC U QHEPIOHE3ABUCUMOCTD B HE/TO-
porom wucnojgHeHuu. Takue pemeHus
BOCTpC6OB3HI)I B MHTC/UICKTYA/IbHBIX U3MEC-
PUTEIBHBIX IPUOOPAX, cepBepax, VTN Cax,
UI'POBBIX IIPUCTABKAX, MHOTI'O(YHKIIHO-
HAIbHBIX IPUHTEPAX U MACCHUBAX ITAMATH.

Kommanusa Cypress mpejijiaraeT HeCKOJIb-
KO CEMENCTB BLICOKOCKOPOCTHBIX NVSRAM-
IIPOAYKTOB, OOECIIEYUBAIOMUX Oosee 20
JIeT XpaHEHU JAHHBIX. [T TeIbHOE Xpa-

HEHHE JAHHBIX IIPOUCXOAUT B SHEPTOHE-
33aBHCHMBIX JIEMEHTAX, HUHTEIPUPOBAH-
HBIX C A9erKaMu SRAM-ntaMATH.

Bo BpeMs1 pabOTHI B pesKUME OBICTPOI
SRAM-namATH (BpEMsS AOCTYIIA MEHEE
20 BC) maMATb NVSRAM MOKET COXpa-
uATb (STORE) wiau cunrteiBath (RECALL)
JaHHBIC U3 SHEPIOHE3aBUCHUMBIX STUCEK.
Onepanuu STORE u RECALL Moryr
BBIIIOJIHATBCA KaK II0 KOMaHJE U3 IIPO-
IrpaMMBbI IIOJIb30BATE/IA, TAK U aBTOMa-
THYECKHU (pexum AutoStore). B pexxume
AutoStore ycTporicTBo nvSRAM aBproMaTh-
YECKU IIEPENHUCHIBAECT COACPIKUMOE sTICH-
KU mamATH SRAM B IYEHNKY 9HEPIOHE3A-
BHCHUMOH IIAMATH B MOMEHT BBIK/IIOUEHUSA
IIUTAHHUA 32 CYET 3aIIACEHHONM 9HEPIUH BO
BHEIIHEM KOHJEHCATOpe. 3aTeM, I10CIe
04U HAIIPSUKECHUS IIMTAHUSA HA YCTPOH-
CTBO IaHHBIE aBTOMATHYE€CKU BOCCTAHAB-
JIMBAIOTCSA U3 9HEPIOHE3aBUCUMOU 4EN-
KU XpaHeHus B SRAM-s49eKy naMaTu 6€3
Y4aCTUSA IPOIPAMMBI IIOJIb30BATEIIA.

DHEPrOHE3aBUCHUMBIE JIEMEHTBI TAMATH,
TAKKE Ha3bIBaeMble «TeHeBOM» EEPROM,
TApaHTUPYIOT COXPAHHOCTb JAHHBIX B
TeyeHue He MeHee 20 JIeT IIPYU MaKCUMaJlb-
HOMH pado4eii TeMIieparype.

Bit line Tri-Gate Tri-Gate

Power
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Program/
Erase
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Word line
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GND

flyeiika
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Bit line
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— S x
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APXUTEKTYPA SIMEMKMU
NvSRAM

ITamate nvSRAM kommnanumu Cypress
obbeguHseT B cebe cragaapTaeie KMOII-
siuerika SRAM u stueriku EEPROM, BbIIION-
HEHHBbIE 110 TeXHOI0ruu SONOS 111 o6e-
CIIEYEHUS OBICTPOH PabOTBI B PEXKUME
YTCHUA-3AIMNCU U COXPAHHOCTU JAHHBIX
Ha IPOTsDKEeHUHU He MeHee 20 net. Kaxgas
s4deiika SRAM paboTaeT B 1ape cO CBOeH
syerKor EEPROM. ApXyuTeKTypa s4EeUKHU
nvSRAM naMsATH IOKa3aHA HA pPUCYHKe 1.

Jo Tex mop, nNoka Ha Npudop noja-
€TCsl HAIIPSIPKEHUE IUTAHUSA, OH pabo-
TA€T TOYHO TaK K€, KaK U OOBIYHAS
SRAM-nnamaTe. Korga nuranue Impo-
alaeT, COACPKUMOE KAKIOU AYCHKHU
SRAM MOXKET aBTOMAaTHYECKH COXpa-
HATHCS B IPUCOECTUHEHHON K HEM A4EH-
K€ 9HEPIrOHE3aBUCUMOMN IIAMATH. DHEP-
TOHE3ABHCUMbIE SYECHKH HUCIIONIB3Y-
10T cTaHAapTHYI0O KMOII-TeXHO/I0THIO,
006€CIEeYHUBAIOILYIO BBICOKYIO IIPOU3BO-
JUTEJIBbHOCTD VI COBMECTHOM PaGOThI
co SRAM-namarTeio. Kpome TOro, rexno-
sorusa SONOS o6ecreuuBaeT BBICOKYIO
YCTOUYHUBOCTb U CIIOCOOHOCTD BBIIEP-
JKAaTh JO 1 MuIOHA IIMKJ/IOB BBIIIOJITHE-
Husg onepanuu STORE.

MUHTEP®ENC

Hnrtepdeiic cea3u 11 nvSRAM pea-
JIN3yeTCs NMOJOOHO HHTEPGENCY CBA3U
C OOBIYHOM BBICOKOCKOPOCTHOH SRAM-
IaMATBIO, HO UMEET HECKOJIBKO XapPaK-
TEPHBIX BBIBOJOB.

Ha pucyHke 2 moxkasaHa JIOrH4ecKas
cxeMa IMapajulebHOro HuHTepderca
nvSRAM. IIInHbI aJpeca, JAHHBIX U YIIPAB-
JIEHUS aHAJIOTUYHBI UHTEP(EHCY OBICTPO-
nericrByiomert SRAM. [I71s1 OGBIUHBIX OITe-
pauui YTeHus-3aIucy, obpalmeHue K
IIaMATHU IPOUCXOIUT TAK JK€, KaK K SRAM.
ITocnepoBarenbHbie NVSRAM 1 aCMHXPOH-
Hblli NAND unrepderic nvSRAM umeror
Te K€ JIOTUYECKUE OJIOKH, UTO U Y SRAM.

bJIoK ympaBiieHus NUTAaHHUEM OTCJIe-
JKHBA€T U3MEHEHHU IINTAIOMIETO HAIIPS-
KeHust (V) 1 BKIIOYEHMS PEKUMA
aBTOCOXpaHEHUs. BIOK IpOrpaMmMHOrO
OOHAPYKEHUS OTCICKUBACT IIOC/IENOBA-
TEJIbHOCTH YTEHUS aJpeCa IIPU 3aIIUCU U
BOCCTAaHOBJICHUU JJAHHBIX BO BCEX PEIKU-
MaX, U yIIPAaBJIAET BIIOYEHHUEM /BBIK/IIO-
4YEHHEM PEXHUMA ABTOCOXPaHEeHU. BiIok
YIIPABJIEHUA COXPAHEHHUEM /BOCCTAHOBIIE-
HUEM YIIPABJIAET BKIIOYEHHUEM Ollepaluil
COXPAaHECHUSA WIN CYUTBIBAHUA JAHHBIX,
C BO3MOKHOCTBIO AIIIAPATHOI'O BKJIIOYE-

HUA ONI€PALNU COXPAHCHHUA YE€PE3 BHIBO/]
HSB. IIporpaMMHO oniepainys aBrocoxpa-
HEHU OCYIIECTBIIACTCS Yepe3 CTaHJaAPT-
HbIA uHTEpderic SRAM.

Taxum 006pa3oM, /UIsI IPUMEHEHUS
namAaTu nvSRAM BMmecTto SRAM mnortpe-
6y}OTC}I JIUIIb HE3HAYHTEJIbHbIC aIllla-
parHbBIC H3MCHCHUA. E,Z[I/IHCTBQHH])IM
AJOITOJTHUTE/IbHBIM KOMIIOHEHTOM, HEO0O-
XOOUMBIM [UIA PCATU3ATUN OIIC€PAITUN
ABTOCOXPAHEHUS ABJ/IIETC KOHJEHCATOD,

HOJKIIOYEHHBIH K BBIBOAY V., ., KOTOPBIH

CAP?
IIPU BKIIOYECHUH 3APKACTCA JO HAIIPA-
JKeHUs nuTaHusa. HakoruieHHas HEPIruAa
3apsJa 3TOro KOHJEHCATOPA UCIIOIb3YyeT-
Cs1 IIPU IIEPEHOCE COAEPIKUMOI0 SHEPIO-
3aBHCHMOM CTATUYECKOU MAMATH B SHEP-
TOHE3aBUCUMYIO OOJIACTh IIPH BBIKIIO-
4yeHUH nuranud. TpebGyemas €MKOCTb
KOH/ICHCATOPA YKA3bIBAECTCS B CIIPABOY-
HOM JIUCTKE JUIA KaXKJION KOHKPETHOU
MHKPOCXEMBI U OOBIYHO COCTABJIAET OKO-
710 60—100 MKD.

Ha pucyHke 3 NOKa3aHO NOAKIIOYEHHE
HAKOIIUTEIbHOTI'O KOHIeHcaTopa (V) 1
CMEIIAIONIETO pe3ucTopa K BeiBoay WE.
CMeneHnue HeOOXOIUMO I IPEAOTBPA-
IIEHUA CIy9arHOMN 3aIIMCH KOHTPOJLIE-
POM YTEHHUA-3AINCH, IOCKOJIbKY IIPH BOC-
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Puc. 3. Cxema peanusauum pexuma
aBTOCOXPaHEHUs

CTAHOBJIEHHUH IIUTAHUS OH T'OTOB K pa0o-
Te 103Ke, ueM nvSRAM.

MPouUECC 9HEPFOHE3ABUCUMOIO
XPAHEHUSA

B niporrecce aHeprone3aBuCUMOro Co-
XPaHEHUs JAHHbIE NIEPENAIOTC IaPaJI-
J1e1bHO U3 SRAM B 3HEPIOHE3ABUCHUMbIE
ssgeriku SONOS. IMapasnienbHas 3alIUCh
IIO3BOJIAET OCYIIECTB/IATD 3Ty OIIEPALIMIO
MEHee 4eM 3a 8 MC.

Pexxum nvSRAM STORE moxeT ObITh
OCYIIECTBJIEH TPEMS CIIOCOOAMH:

1. ABTOMaTHYECKU — HAYUHAETCA IIPU OT-

KIIOYEHUH TUTAHUA YCTPOHCTBA.

2. IIporpaMMHO — U3 UCIIOJIHAEMOM IIPO-

I'PaMMBI;

3. AnmapaTHO — UCIOIb3yeTCs BbIBOJ HSB.

Bo Bpemsa mepeMelieHUs JAHHBIX B
3HEProOHE3aBUCUMBIE 3JIEMEHTBI, IIPEJbI-
aymas HH(OPMAaUsA B HUX CTUPAETCA U
3aMeHseTcsa HOBOM. ITocie HavaIa IHK-
JIa COXPAaHEHUs BCE OIEPAIUU YTCHHUSA-
3aIIUCH IIPEKPAIAIOTCA IO €r0 3aBeEp-
IICHUAL.

Curnain Ha BIBOZIe HSB no3Bosisier cucre-
M€ OIIPEJEIIATh CTATYC PEXKUMA COXPAHE-
Huy. [Ipy HU3KOM YPOBHE HA HEM ITAMATD
nvSRAM Oyzer HeroCcTyHA. [IJ1s1 yMEHbIIIE-
HUS YHCJIA HEHYKHBIX COXPAaHEHHUH alIlla-
PaTHOE W/IK aBTOMATHYECKOE COXPAHEHHE
HE BBIIIOJIHAETCS, €CJIM ITI0CJIE IIPEAbIAYIIE-
I'O LIMK/IA COXPAHEHHA WM BOCCTAHOBJIE-
HUS HE OBUIO XOTSI ObI OJHOM 3aIIMCH B
namMATb. OJHAKO IIPU IIPOrPAMMHOM 3aITy-
CKE€ COXPAHEHHE BBIIIOIHAECTCSA B JIIOOOM

ciyyae.

ABTOCOXPAHEHUE

B pexume aBTOCOXpaHEHUA JaAH-
HBIE ABTOMATUYECKU COXPAHAIOTCI B
EEPROM npu CHMKEHHH HAIIPKEHU
NHUTAHUA HUKE ONIPEEIEHHOTO YPOBHH.
JIo Tex Nnop, NOKAa MUTAHHUE IIOCTYIIAET,
KOH/ICHCATOD, NOJKIIOYEHHBIH K BBIBO-
ny Vi,p 3apsokaercs. [Ipu 1oCTKeHuu
HANPSKEHUEM ITHUTAHUA KPUTUYCCKO-
IO YPOBHA HAYMHAETCA IIPOLECC ABTO-

COXpPAaHEHM. DHEPIUH, HAKOIUIEHHOH B
KOHJEHCATOPE, XBATAET HA OJUH LUK
COXPAHEHUSI.

AnNnNAPATHBIA 3ANYCK
COXPAHEHMA

JIJ1s1 anImapaTHOro 3a1yCKa COXPAHEHUST
ucnoJsb3yerca BeiBojg HSB. Korpa Baen-
HHUH KOHTPOJUIEP IOJAET HA 3TOT BBIBO/L,
HHU3KHIH JIOTUYECKUHI YPOBEHb, IIOCJIE
HEKOTOPOMH 33ICPKKU HAYUHAECTCS LUK
coxpaHenus. [Ipy 3TOM COXpaHEHHUE HAY-
HETCSA TOJBKO B CJIy4ae, €CJIN IOCIIE IIpe-
JBUIYIIErO IUK/IA COXPAHEHUS WIH BOC-
CTAHOBJIEHU ObLIA OCYIECTBIECHA 3aIIUCh
B SRAM. 3aieprKkKa IO3BOAET 3aKOHYUTD
BCE TEKYIIHE 3AIIHUCH B IIAMSITD.

BeiBos HSB siB/1si€TCAA BBIXOAOM C OTKPBI-
TBIM CTOKOM (4Y€pe3 BHYTPEHHHUH PE3U-
crop 100 KOM NOJKIIOYEH K IIHMHE ITUTA-
HUA) U IIPU IPOUCXOAAILEM AIIIIAPATHOM
WIN IPOIrPaMMHOM COXPAHCHHUU CUT'HA-
JIM3UPYET O CTATYCE «3AHAT> HUZKUM JIOI'H-
YECKUM ypOBHEM. HU3KUIT JTIOTHYECKUIT
YPOBE€HDb HA 3TOM BBIBOJC IMOAJACPKHUBA-
ercsi nVSRAM B T€U€HUE JTIOOBIX COXPaHe-
HUH HE3ABUCHUMO OT TOI'0O, KAK OHU UHH-
IUUPOBAHBL, IO OKOHYAHUS OIIEPAIUU.
nvSRAM ocTa€rcs HEAOCTYIIHOM JO TEX
IOP, IT0KA HA 3TOM BBIBO/IE HE ITOSIBUTCS
BBICOKHI JIOTUYECKHUI YPOBEHb.

Ecin ;aHHBIN BBIBOJ, HE HCIIOIb3YETCH,
€0 MOYKHO OCTaBUTh HE ITOAKIIOYEHHBIM.

MNMPOrPAMMHBIN 3AMYCK
COXPAHEHMUA

HJannble n3 SRAM nepeMemarTcsa B
YHEPIrOHE3ABUCHUMYIO NAMSITh IOCIENO-
BATEJIbHO a/Ipec 32 agpecoM. [IporpamMmm-
Hblll K1 STORE MHUIMAIU3HUPYETCS
OyTEM 3aIlyCKa KOHTPOJHPYEMBIX BXO-
gamu CE win OE nmociegoBaTenbHOCTU
ITUKJIOB YTEHUS U3 IIECTU OCOOBIX aJipe-
COB B TOYHO 33/ITAaHHOM IOpsijiKe. B ripo-
IIECCE COXPAHEHUSI B dHEPTrOHE3ABUCH-
MOH AMSITHU CTHPAIOTCS JJAHHBIE, COXPa-
HEHHBIE B MPEKHEM ITUKIIC, 1 3AMCHAKOTCA
HOBBIMU. YTE€HUE U 32T Ch HEBO3MOKHBI
J10 OKOHYAHUS IIPOIECCA COXPAHEHUS.

BOCCTAHOBNEHMUE OAHHbIX
BoccranosiieHne JAaHHBIX IIPOHMCXO-
JUT IIyT€M UX nepememienus u3 EEPROM
B SRAM 110 apauleIbHOH IIMHE MEHEE
geM 32 30 mc. IIporecc BOCCTAHOBIECHHUA
MOKET OBITh HAYaT IIPU BKJIIOYCHUU ITUTA-
HHA UWIX U3 IIPOTrPAMMBI IIOJIb30BATEIIA.
HpI/I BK/IIOUYEHHUHU ITUTAHUA UIH BbIXO-
JIe U3 COCTOSIHUS C HU3KUM JHEPIOIIO-
TpebIeHuEM, KOIla HAIIPSDKEHUE ITHTA-
HU IIPEBBICUT YPOBEHbD IIEPEKIIOYCHUS,
HAQYHETCA IIPOLIECC BOCCTAHOBJICHUS,

SJIEMEHTbI M KOMIMOHEHTbI

KOTOPBIA IPOJJIUTCS HEKOTOPOE BPEMHI.
B redyenue 3T10ro BpemeHu Ha Bbisoje HSB
Oy/eT YCTAaHOBJIEH HU3KUH JIOTUYECKUH
YPOBEHB, YTO CJIEIAET HEBO3MOKHBIM OCY-
IIECTBJICHUE OIIE€PAUN YTECHUA-3AITHCH
nvSRAM.

IIporpaMMHO€E BOCCTAHOBIEHHE UHU-
IUUPYETCS TAKHUM JKE CIIOCOOOM, KaK U
IIPOTPAMMHOE COXPAHEHHE, U OCYIIECT-
BJIICTCSA ITYTEM CUUTBIBAHUA CIICIIMAIbHON
TIOCIEJOBATEIBHOCTH U3 IECTH a/IPECHBIX
siyeek 6€3 J0CTyIIa K aJpecaM g4eeK, HaXo-
JISIIIAMCST MEXK/TY HUMU.

NvSRAM Bo BPEMSI ONEPALIUMA
B OQHEPFrOHE3ABUCUMOM PEXUME

Bo Bpemsa HCIOJHEHHA OllEpALUH
COXPAaHEHHUA U BOCCTAHOBJICHUA JAHHBIX
naMATb NVSRAM HeZOCTYITHA JIJIS1 BHEII-
HHUX YCTPOMCTB.

Ha BxoaX UTHOPUPYIOTCA BCE JIOTUYE-
CKHE YPOBHH U UX U3MEHEHHUS, 4 BBIXO-
JIbl, 32 UCKJIFDYEHHEM BbIBOJA HSB, Haxo-
JSTCA B TPETHEM JIOTHYECKOM COCTOSI-
HHUU. YT€HHE U 3aIIUCh JAHHBIX MOXXHO
HA4YUHATh TOJIBKO IIOCJIE€ 3aBEPIICHUA
Oonepanyuu COXPaHEHUs/BOCCTAHOBIIE-
HHUA. HU3KHUN JIOTUYECKUH YPOBEHDb HA
BbIBOZIc HSB yCcTaHaB/IMBaEeTCA BHYTPEH-
HEM CXEMON U CUTHAJIM3UPYET O 3aHATO-
cTu NnvSRAM.

Ecin BBIBOJ, NMOAKIIOYEH K BHEIIHHUM
3JIEMEHTAM, TO HEOOXOIHM BHEIIHHI
PE3UCTOP MEK/Y HUM U IIIMHOU ITUTAHUA.
OOGBIYHO JOCTATOYHO PE3UCTOPA HOMHU-
HaJI0M OKOJI0 10 KOM.

3AWMTA
OT HENPEAHAMEPEHHOIO
COXPAHEHMA

ITamsare Cypress nvSRAMS uMeeT BCTPO-
€HHBIE CPEJICTBA IS IIPEJIOTBPALCHUSA
HENIPEJIHAMEPEHHOIO 3aIlyCKa oIepa-
IIUY COXPAHEHUS.

Korga HanpspoKeHHE ITUTAHUSA CHIDKA-
€TCs1 HIDKE YPOBHSA IEPEKIIOYCHUSA, Y
nvSRAM CTaHOBATCA HEZOCTYIIHBI OIle-
panuu BBOJAA-BBIBOAA U OTMEHSAIOTCS
3aIlyLICHHBIC II0JIb30BATEIEM OIIEPAITUU
COXPaHEHUSA. DTO rAaPAHTUPYET, YTO OIle-
panuu COXpaHEHUs, THUITUHUPOBAHHbBIE
IIPOIPAMMHO HJIH AIlIIAPATHO, HE HAYHYT-
Cs1, IOCKOJIbKY JIJIS1 UX BBIIIOJIHEHUS HEJO-
CcTaTOYHO nurtanus. Kpome Toro, ajs one-
panuil COXpaHEHHUs1, THUIITMUPOBAHHBIX
AINapaTHO WIH aBTOMATHYECKHU, TPEOy-
€TCs1, YTOOBI IOC/IE IIOCJIEIHEIO CoXpa-
HEHUS ObUIA IPOU3BE/IEHA XOTSI ObI O/THA
3a1Mch B SRAM.

OnuUCaHHBbIE CPEICTBA I'APAHTHUPYIOT,
YTO HECTAOMIBHOCTD IIUTAIOLIETO HAIIPSI-
JKEHHSI WIH IIOMEXHU Ha JIMHUU BBIBOZAA
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Puc. 4. Apxutektypa RAID-xpanunuwa

HSB ne npuBeayT K HEHYKHBIM 3aIIyCKaAM
OIIepALUU COXPAHEHHUS.

OBnacTb NPUMEHEHUSA CYPRESS
NvSRAM

Cypress nvSRAM XOpOMIO NOAXOAUT /LIS
IPUMEHEHUS TAM, I'7I€ TPEOYIOTCS BBICO-
Kasi CKOPOCTb JIOCTYIIA U JIOJITOBPEMEHHAS
HaEXKHOCTD. Cpely TAKUX IPUIOKECHUN
MOKHO OTMETUTD CUCTEMBI XPAHCHUA JAH-
HbIX B RAID-apxuBax (cM. puc. 4), cucre-
MBI «yMHBIX» C4ETYUKOB JIEKTPOIHEPTUU
(cM. pUC. 5), IPOrPAMMHUPYEMBIE JIOTHYE-
CKHE KOHTPOJLIEPBI, MHOIO(DYHKIIMOHAIb-
HBbIC IPUHTCPHBIL.

3AKIIO4YEHUE
I[Tamare nvSRAM ¢ mnapaiebHbIM
JOCTYIIOM COYEeTaeT B cebe BCce JOCTO-

Puc. 5. CTPYKTypHas cxema «yMHOro>» CHETYMKA INEKTPOIHEprumn

HUHCTBAa ObICTpOH mamaATu SRAMs c
OPUTHHAJIBHOU TEXHOJIOTUEN SHEPro-
HE3aBUCUMOCTH, KOTOPAsd PeaJIHU3yeT-
Cs1 IIOCPEACTBOM BCTPOEHHOM (piram-
IIAMATHA U HEOGOJIBIIOI'O BHEITHET'O KOH-
AeHcaropa. Hapsaay ¢ nmpocroTron u
JOCTYIIHOCTBIO JJAHHOE pelIeHue o6e-
CII€YUBACT BBICOKYIO Haﬂé)KHOCT]) Xpa-
HEHUA JAaHHbIX.

B apxurexrype nvSRAM HCIIO/Ib3YIOT-
CA TAKHEC K€ INIMHBI JAHHBIX, apeca U
VIIPABJIEHHUS, YTO U B ACHHXPOHHBIX SRAM.
bnaromaps 3romMy IIpUMEHEHHE ITAMs-
T NVSRAM CyIIECTBEHHO YIIPOIIAETCA.
J1a ymponmeHuss NOCTPOEHMs CJIOKHBIX
CHUCTEM HEKOTOPBIC MHUKPOCXEMbI OCHA-
IICHBI JOIIO/THUTC/IbHBIMH BCTPOCHHBIMH
(YHKUIMAMU, HAIIPUMED, YACAMHU PEAIBHO-
'O BDEMCHHU.

ITamare Cypress nvSRAMs ¢ nocieno-
BATE/JIbHBIM JIOCTYIIOM UMEET CTAHIaApPT-
uple I°C u SPI-uHTEpdEHCH, YTO TTO3B0-
JIACT IPUMEHATD eéB BBICOKOCKOPOCTHBIX
IIPWIOKCHUAX C MAJIBIM YU CJIOM KOHTAK-
TOB.

Cypress Taxke IpeiaracT aCHHXPOH-
Hbilt uHTepderic NAND nvSRAM, coor-
BercrByromuil cunenuguranuu ONFI
1.0, CO CKOPOCTBIO AOCTYIIA K JAHHBIM
710 33 MI'mL.

0030p 10020MOBNeH NO MAMePUANAM
cmamou Pasu IIpaxaw (Ravi Prakash),
uHICeHePa NO NPUMEHEeHUIO KOMNAHUU
Cypress Semiconductor Corp.

JINTEPATYPA
1. Nonvolatile SRAM (nvSRAM) Basics.
www.cypress.com/file/46216/download @

HosocT™m mvpa News of the World

«Fo3Hak» Ha4an BbINyCK
ANEeKTPOHHbIX nonucos OMC
¢ ymnom «MukpoHa»

1 masa @IV «Fo3Hak» NpUCTYNUO K BbiMy-
CKY 9MNEKTPOHHBIX MOMMCOB 0653aTeslbHOro
MeguumHckoro ctpaxosaHus (OMC) ¢ Mukpo-
cxemovi nponasogacTea MAO «MukpoH» (Bxogut
B oTpacnesow xonauHr OAO «PTW») n poccuin-
CKMM MPOrpamMmHbIM 06ecneyeHnem.

Vcnonb3yembiii Npy U3roTOBMNEHNN 3NEKTPOH-
HbIX NOIMCOB MUKPOUMN «MukpoHa» B Havane
roga npoLUén HEOOXOANMYIO CepTUUKALINIO U
TECTOBble WCMbITaHus, a B anpene MuHucTep-
CTBO NPOMBILLINEHHOCTY 1 Toproenn PO nogreep-
[MINO COOTBETCTBME MUKPOCXEMbI TPEGOBAHUSM,
npegbaBIsemMbIM K UHTErpanbHbIM CXeMaMm poc-
CUIACKOro MPOM3BOACTBA NEPBOro YPOBHSI.

Mwukpounnbl nponssoacTea «MukpoHa» nos-
HocTbto paspaboTaHbl B AO «HUNMS», cootBeT-
CTBYIOT BCEM POCCUCKVMM U MEXAyHapOaHbIM
Tpe6oBaHUAM K 3aLumTe MHhopmauwmu: annapar-

Hble ¥ MPOrpamMMHbIE COCTaBNSAIOLLME UHTErpaslb-
HbIX MMKPOCXEM NpeayCcMaTpUBaloOT NOAAEPX-
Ky MHOrO4MCNEHHbIX CTaHAAPTOB LLUMPOBAHMS,
MMEIOT MHOrOYPOBHEBYIO CUCTEMY MACCUMBHOW U
aKTVIBHOW 3aLLMTbl OT HECaHKLMOHNPOBAHHOMO
YTeHUs U MogudmKaLmm MHopMaLmm, 30HAW-
POBaHWs BHYTPEHHUX KOMIMOHEHTOB 1 CUrHasb-
HbIX IMHWNA. VX ©Cnosib30BaHWe B rocydapCTBEH-
HbIX 3MIEKTPOHHbIX JOKYMeHTax obecrne4vsaert
HaféXHoe XpaHeHWe MepcoHaslbHbIX AaHHbIX
1 MHOPMaLIMOHHYIO 6€30MacHOCTb rpaXaaH.
Kak otmeTtvna reHepanbHbivi gypektop MNAO
«MwukpoH» ynbHapa XacbsiHoBa: «9 mas npe-
3UAEHT MoAnucan ykas o cTparterum pasButus
MHpopMaLmoHHoro obluectsa B Poccunckon
®depepaumm, roe VMNOpPTO3ameELLIeHWO U Mpo-
rpaMMHOMY o6ecrie4eHunto, 1 060pyAoBaHNIo, B
TOM HMCrie 3NIEMEHTHOW 6a3e, yaensercs 605bLLIoe
BHUMaHWe. MHe KaXeTcs, YT peanmaaums 3Toro
npoeKTa — nepBeast NIacTo4Ka B peanvaauym Takom
cTparermy LmdpoBOro passuTus obLLECTBA>.

Braropaps NpyMeHeHo 3NEKTPOHHBIX MOMMCOB
OMC ¢ unnamm «MuKpoHa» ysy4LLIaeTCs NpoLece
NAEeHTUhUKaLMN NALMEHTOB, CyLLIECTBEHHO YMpo-
Lu@eTcs npoLieaypa CMeHbl CTPAX0BOM KOMMaHUK,
a TaKkKe obecrievrBaeTcs Coop CTaTUCTUHECKUX
[aHHbIX, HEOOXOAVIMbIX N1 OMTUMM3aLIMN paboTbl
MEOVLIMHCKMX yHpexxaeHui. Bcé aTto cnocobeTsy-
eT obLLeMy yny4LLeHMo kadecTsa paboTbl poc-
CUINCKOW CUCTEMbI MEAMLIMHCKOrO CTPaxoBaHUS.

Bblgaya anektpoHHoro nonvnca OMC Hacene-
HMo Havanack 1 aerycra 2015 roga B Mockse
1 psige Apyrux permoHoB. Ha Mukpoumn anek-
TPOHHOrO Monnca 3aHeceHa WHopmMauys,
nomoraroLas MaeHTMMUMpPoBaTb NauveHTa:
hoTorpacmsi, NaCcropTHbIE AaHHbIE, ANEKTPOH-
Has NoAmnncb, Ha3BaHWe CTPaxoBOM KOMMNaHWN.
Vcnonb3oBaHne MYKPOYMMOB MPU3BaHO 3aLLy-
TUTb MOMUCHI OT UCMOSMb30BAHUA MOCTOPOHHU-
MW MLAMW 1 0BNErvnTs MEQULIMHCKUM opra-
HM3aumMaM JOCTyn K MHhopMaLmm o naumeHTe.

www.mikron.ru
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CoeaunuTenu ¢ NpoBosIOYHLIMU KOHTAKTaAMM:
onTuMmasibHoe peleHdue 3afaim MUHMaTiopu3aunun

Esrenuii flyrun (r. Kapa4es, bpanckasa o6nactb)

B cTaTbe onucaHbl COeAUHUTENIN POCCUINCKOro NPON3BOACTBA, ABNSOLMECS
OpPUrMHasnbHbIM pPeLLEeHNEM NPO6IEMbl COEAUHEHUIN B COBPEMEHHbIX
Masnora6apuTHbix usgenusax CBY-mMukpoanekTPOHUKM C NIOTHOW

KOMMOHOBKOM.

BBEREHUE

MUHHATIOPU3AIUSA COBPEMEHHBIX JJICK-
TPOHHBIX YCTPOMCTB, PACHIMPEHHE HX
(DYHKITHOHAJIbHBIX BO3MOXKHOCTEH, IIOBbI-
LIEHHE IVIOTHOCTU MOHTAKA IIOTPEOOBaA-
JIM 3HAYUTEJIBHOT'O YBEJIMYCHUS KOJIMYe-
CTBa BBIBOJIOB U COKPAILCHUSA I11ATa MEKIY
HUMMU. ITpH 3TOM K HaAEKHOCTU KOHTAK-
TOB MPENbAB/AIOTCA OYEHb BBICOKUE
TpeOGOBAaHUs, TAK KAK HAPYLUICHUE XOTS
OBl OIHOT'O U3 HUX IIPUBOJAUT K BBIXOIY
U3 CTPOSI BCErO yCTPOHCTBA. OCHOBHBIE
TPeOOBAHUSA K TAKUM KOHTAKTAM — MUHH-
MaJIbHO BO3MOXKHBIE YCHIHA KOHTAKTHPO-
BaHU, BBICOKAsI IPOBOJUMOCTD, HU3KOE
KOHTAaKTHOE CONPOTUBJICHUE, MUHUMAJIb-
HBIH IIAI' KOHTAKTOB, IIPOIIYCKAHUE O€3
uckaxxkeHus BU- u CBU-curuaaos, BbICO-
Kas HaZEKHOCTD, YCTOMYHUBOCTD K BHEIII-
HUM BO3EHUCTBYIOIUM (pakTopam (BBD)
M IIPUEMJIEMASI CTOUMOCTD. CTOJIb CEPBE3-
HbI€ TPEOOBAHUS IIPUBEIN K HEOOXOIH-
MOCTH IIPHUMEHEHHS HOBBIX TEXHOJO-
Ui U3TOTOBJICHUS JNEKTPUIECCKUX KOH-
TAKTOB.

B Hacrosee BpeMs U3BECTHBI HECKOJIb-
KO THIIOB MHHHUATIOPHBIX KOHTAKTOB,
YCTAaHABJIMBAEMBIX B II€YATHBIC ILIATHI
06€3 IpUMEHEHU Atk [1]:
© II0JIMMEPHBIE KOHTAKTBIL, HAIIOJTHECHHbBIC

META/UIMYECKUMU YaCTUIIAMH HIU ME-

TAUIMYECKUMHU IIPOBOJIOYKAMH U 00€-

CIIEYUBAIONINE YIEKTPUUIECKYIO IIPOBO-

JMMOCTD 33 CYET KOHTAKTUPYIOUTUX MEXK-

Ty COOOI YaCTHL] METAJLIA B IIOJTMMEPHOI

MaTpuile (KOHLIEHTPAIHA YACTHLI B I1O-

JIMMEPE JOJDKHA COCTABIATL 80-90%);

® IITAMIOBAHHBIE METAJUIMUYECKUE TIPY-
JKUHKU;

® KHOIIOYHBIE KOHTAKTBI U3 BUTOM IIPO-
BOJIOKH.

MPOBONOYHBIE KOHTAKTbI

KapaugeBckuii 3aB0oJ, «DJIEKTPOJETAID> B
pamkax OKP «Jleranb-44> OCBOMJI TEXHO-
JIOTHUIO U3TOTOBJIEHUS KOMIIPECCUOHHBIX
IIPOBOJIOYHBIX KOHTAKTOB (CM. puc. 1).
MUHHATIOPHBIA IPOBOJIOYHBIN KOHTAKT
HU3TOTOBJIEH U3 IIPOU3BOJILHO CKPY4Y€H-
HBIX TOHKHX, IIOKPBITBIX 30JI0TOM IIPO-
BOJIOUEK guamerpom 50 mMxm. KoHTak-
TBI MOI'YT UMETb Auamerp or 0,5 MM U
auHy oT 1,4 Mm. JJaHHAs TEXHOJIOTUA
MOJKET IPUMEHATHCS B KOHTAKTHPYIOIUX
YCTPOHUCTBAX KOMIIPECCUOHHOI'O THIIA, B
KOTOPBIX HE TPEOYeTCs MatKa COeJUHE-
HHUU, a KOHTAKTUPOBAHUE 3JIEMEHTOB IIPO-
HMCXOJUT 32 CYET IIPYKUHAIINUX CBOUCTB
KOHTAKTOB.

B kagecrBe marepuasa IPOBOJIOYEK
HCIIOJIB3YETCS OEPHUINEBASI OPOH3A, TAK
KaK OHA4 00/1aJa€T HANTy4IINMU IIPYKHU-
HAIIMMU CBOMCTBAMH IIPU BBICOKUX TE€M-
neparypax.

Bo Bpemsa nprxkaTusa TAKUX KOHTAK-
TOB JPYT K IPYyry B 00JIACTH KOHTAKTH-
POBaHUA BO3HUKAECT MHOMKECTBO TOYEK
COIIPUKOCHOBEHUS, YTO OOECIeYnBa-
€T HEOOXOJUMBIE YCIOBU I IIepea-
YU 3JIEKTPUYECKOTO curHana. Konrakr-
HOE COIIPOTHUBJICHUE 3aBUCHUT OT YCUJIUSA
MIPHKATHS IBYX KOHTAaKTOB. COIIPOTUB-
nenue MmeHee 70 MOM JOCTUTAETCA yKE
Ipu yCUIuU MeHee 14,5 r Ha OJJMH KOH-

Puc. 1. KomnpeccuoHHbIi NPOBONOYHbIA KOHTAKT: 2 — Ha nnarte; 6 — B COEANHUTENSAX

TaKT. OJHAKO 11 OOEeCIIeYeHUs HAIEXK-
HOCTH KOHTAKTOB PEKOMEH/TYETCS BEJIU-
4HHA YCUIUA 57 T.

JJOCTyIIHBl YeThIpe KOH(PUTYpALIUU
MUHUATIOPHBIX IPOBOJIOYHBIX KOHTAK-
TOB.

1. IIpocmoti konwmaxm (CM. pHC. 2a)
00€CIIeYUBAET CONPUKOCHOBEHHUE BO
MHOTI'MX TOYKaxX. OH XOpOUIO MOJXO0-
JUT U1 IIPUMEHEHUU, rae Tpebyer-
Cs1 BBICOKAsI CKOPOCTh COE€IMHEHUS U
BBICOKASI IUVIOTHOCTDH PACIIOIOKEHUS
KOHTAKTOB (MaJIbIy HIAI MEXIY KOH-
TaKTaMH). KOHTAKTBI BBIITYCKAIOTCA C
guamerpoM 0,5 u 1 mm. IlepBbie MOKHO
pacrosaraTe Ha njaTe ¢ marom 1 mm,
BTOpbIE — ¢ marom 1,78 MM. Ycunue
CKATUS IIPU COETUHEHUU KOHTAKTOB
3aBHCHUT OT UX KOJTUYECTBA HA IJIATE U
e€ reoMeTpuu. [IJI1 KOHTAKTOB HaMe-
TpoM 0,5 1 1 MM THUIIMYHBIE BEJTUYHUHDBI
YCHJIHS CKATUSI COCTABJIISIIOT COOTBET-
CTBEHHO 711 113 1.

Puc. 2. Konthurypauuu npoBono4HbIX KOHTaKTOB
2 — NPOCTOI KOHTAKT; 6 — KOHTAKT C OHUM
MNYHXEPOM; B — KOHTaKT C BYMS NyHXepami;

I — [1Ba KOHTAKTa CO CMeiicepoM MexXay HUMu
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Puc. 3. MHoroBbIBOAHbIE NAATbl U KOHTAKTUPYIOLWME YCTPONCTBA C NPOBOMIOYHLIMU KOHTAKTaMU

2. Couemanue KOHMAKmMa ¢ NyHIcepom
(CM. pUC. 26) IOBBIIAET U3HOCOCTOM-
KOCTb KOHTAKTOB U IIO3BOJIIET YBEJIHU-
YUTb PACCTOSTHUE MEXKIY COCTUHAECMbI-
MM Iiatamu. IDIyrHKep U3roraBavBa-
€TCs U3 JIATYHU WIN MEJHOIO CIUIaBa
U HOKPBIT 30/I0TOM. KOHTAKTBI C IUTyH-
JKEPOM MOT'YT PACIIOIATraThCs HA IUIATE C
mrarom 1,27 Mmm. Ycwine CKaTusi COCTaB-
gser71r.

3. Couemanue KOHMAKmMa ¢ O8YMA NLYH-
acepamu (CM. puc. 2B). BBegenue BTo-
POro IUTYHXKepPa ITO3BOJISAET YBEJIMYUTD
pacCTOAHHE MEXKIy IapajlIe/IbHbI-
MU IUIaTaMHu (IO 25,4 MM) U MaKCH-
MaJIbHO HOBBICUTbh U3HOCOCTOMKOCTD
KOHTAKTOB. KOHTAKTBI C IByMA ILUTyH-
JKEpAMM  PACIIOIAralOT Ha IUIATE C
marom 1,27 mm. YCUInE CKATUS COCTAB-
gsser 71T,

4. Couemanue 08YxX KOHMAKNMOB CO Cheti-
cepom (CM. PHUC. 2T') UMEET BCE IIPEUMY-
IIECTBA OJUHOYHOI'O KOHTAKTA U IIO-
3BOJIAET YBEJIMYUTD PACCTOSIHUE MEXKIY
COEIMHAEMBIMU IUIATAMU 10 25,4 MM,
obecrieynBast Py 3TOM HA/IEXKHOE coe-
JUHCHUEC IIPpU BI/I6p2LlI/IOHHI)IX uynap-
HBIX Harpy3kax. Criercep u3rorasainBa-
€TCs U3 JIATYHH WIH MEJHOTO CIUIaBa U
IIOKPBIT 30JI0TOM.

ITpuMeHeHNE KOHTAKTOB, ILTYHXKEPOB U
CIIEHICEPOB PA3HBIX PA3MEPOB IO3BOJIIET
CO3aBaTh Pa3HOOOPAa3HbIE KOH(pUTrypa-
1[UH COeJUHEHUH IUIAT B 3ABUCUMOCTU OT
TPeOOBAHUI K HUM U OT OCEBOT'O PACCTO-
STHUS MEKTy KOHTAKTaMH [2].

OCHOBHBIE NMPEUMMYLLECTBA
U CPEPbI NPUMEHEHUSA
NMPOBOJIOYHbIX KOHTAKTOB

HpOBOJIO‘{H])IC KOHTAKTBbI IIPUMCHA-
IOT JJISI COEIMHEHHSI MEXKIY COOOM IUI1aT U
JUISI YCTAHOBKM KOMIIOHEHTOB Ha ILIATHI,
THOBEPXHOCTb KOTOPBIX IIOKPHITA 30JI0TOM
O IOACIOI0 HUKe/. KOommyecrBo KOH-
TAKTOB HA Iu1aTe MOXKeT gocturatsb 7000.
CTraHJapTHBIN IIAr MEXKAY KOHTAKTAMH —
He MeHee 1 Mm. PazpaGoTaHbl MHOI'OBBI-
BOJ/IHBIE IUIATHI C HIAIOM KOHTAKTOB 0,8 MM.
DTO NO3BOIWIO CYLIECTBEHHO YMEHBIIUTD
pa3MepBnl I1aT.

5
4

Puc. 4. Ynpowénnas KoHeTpyxuus A®AP

BpICOKass CKOPOCTb IE€peJadyu CUIHa-
JIOB, KOMIIAKTHOCTD ILIAT, yJOOCTBO MOH-
Taka 6€3 IPUMEHEHUA IIPOLeCCa TAUKU 1
HaJEKHOCTD IIO3BOJIM/INA IIPUMEHSATD ILIA-
Tbl LGA 11 Ipyryi€ MHOI'OBBIBOJHBIE ILJIATHI
B KOMIIBIOTEPAX, TEJICKOMMYHHUKAIIMOH-
HBIX YCTPOHCTBAX U CUCTEMAX BOEHHOT'O
1 2a3POKOCMUYECKOro Ha3HaveHus. [Ipu
3TOM OTCYTCTBYIOT TPYJHOCTH, OOYCJIOB-
JIEHHBIE HEOOXOANMOCTBIO HU3KOTEMIIE-
PaTypHOI TAMKU, U 3HAYUTEIbHO YMEHb-
IIA€TCS CTOUMOCTD IUIAT M UX MOHTAXA B
YCTPOHCTBAX (CM. pUC. 3).

K OCHOBHBIM IIPEUMYILECTBAM HUCIOJIb-
30BaHUA KOHTAKTUPYIOIIUX YCTPOMCTB
C IIPOBOJIOYHBIMU KOHTAKTAMH MO>KHO
OTHECTH:
® BBICOKOHAJEKHOE COEJMHEHUE 3a CUET

MHOI'OTOYEYHOH CXEMBI KOHTAKTHPOBA-

HUsA 6€3 IPUMEHEHUS TAHKU;
® MaJible raGapUThI KAK KOHTAKTOB, TAK 1

CaMOI'0 KOHTAKTUPYIOLIETO YCTPOMCTBA;
® MAaITa30H paboyux 4acror 10 12 I'Ty;
® MaJIO€ KOHTAKTHOE COIIPOTUBJIEHUE U

BBICOKAsI IPOBOAHUMOCTE;
® paGoOTOCHOCOOHOCTD B XKECTKUX yCJIO-

BHAX 9KCIUTyaTalluu (BBICOKHE BUODa-

LIUH, YAAPHBIE BO3JENCTBUA, PE3KHE I1€-

penaanl TEMIIEPATYD);
® BBICOKUE JKCIUTYaTAalHUOHHBIE XapaK-

TEPUCTUKU U U3HOCOCTOHMKOCTb KOH-

TAKTOB.

MUHHUATIOPHBIE IIPOBOJIOYHBIE KOHTAK-
TBbI HAXO/JAT CBOE IPUMEHEHHUE B CITyTHH-
KOBBIX aHT€HHAX, cpeacTtBax IIBO u POb

pasnuuHoro 6azuposanust, AP u ADAP,
B CUCTEMAX YIPABICHUA CAMOJETOB U
BEPTOIETOB, B HABUT'ALIMOHHBIX CHUCTE-
MaX, GOPTOBBIX KOMIIBIOTEPAX, THPO-
CKOIIAX, B YIIPAB/IEMBIX PAKeTaX U CHA-
pAsax manoro guamerpa. Kpome rtoro,
HX UCIIOJIb3YIOT JJIs1 COCIUHEHUS MEXKIY
COO0M TMOKMX U CTAHJAPTHBIX II€YaT-
HBIX IUIAT [3].

KapaueBckuii 3aBoji «DIEKTPOAETAID>
B pamkax OKP «/leranb-44» pazpabdoran
BA THUIIA COCAUHUTEIECH I/ IPUMEHE-
HHUA B APAP. OCHOBHBIMU HAIIPABJICHU-
AMHA IPU TOCTPpOeHUU ADAP ABIAIOTCA
YBEJIMYEHUE KOJIUYECTBA IpuéMoIiepe-
JATYUKOB, INIOTHOCTU UX KOMIIOHOBKH
U CHIDKEHHE CTOMMOCTHU H3JEIuS 34
CY€T BBICOKOM MHTErPALIUH IPHUEMOIIE-
pelaTYUuKOB B €IUHOM MogyJe. B cBs-
3M C 3TUM HauOOJIe€e CIOKHOHU 3a7adeit
pU KOHCTPYyHUpOBaHUH ADAP aBjA-
€TCsl pelIeHuE IIPOOIEMBI TEILJIOOTBO-
a oT npuéMonepesaTIuKoB U BBIOOD
BBICOKOYACTOTHBIX COCAUHUTENCH A1
MOJKIIOYECHUS NPUEMOIIEPEAATUYUKOB K
AHTEHHBIM 2JIEMEHTAM U CUCTEME YIIPaB-
JI€HU.

VopoménHasg KOHCTpyKuus A®AP
IPEACTABJIEHA HA PUCYHKE 4, 1€ PUK-
CHPOBAHHOE KOJIMYECTBO AHTCHHBIX JJI€-
MeHTOB (1) MBAUBUIYAIbHO ITOJK/II0Ya-
€TCsI K COOTBETCTBYIOIIEMY KOJIMUYECTBY
NPUEMOIIEPENATUYUKOB (2) — 110 OFHOMY
NPUEMOIIEPESATYNKY HA KAJK/IbIN AHTEH-
HBIN 371€EMEHT. 151 OTBO/IA TEILIA UCITOIb-
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Kontakt &1,4 mm

Mnyrxep &1,3 mm

KoHTakt @0,5 Mm Mnyrxep £0,43 Mmm YnnoTHUTENbHAsA M3onstop
pesnHKa
Puc. 5. KoHcTpykums coeguuuteneii Tuna CKN399
KoHTakTt 0,5 Mm N3onstop YnnotHuTensHas
pesunHKa

Puc. 6. KoHcTpykuus coepunuteneit Tuna GB402

Ta6nuua 1. TexHnyeckue xapakrepucTuku P4 Kom6uHupoBaHHOrO

coeaunutens CKM399

Ta6nuya 2. Texunueckue xapaxrepuctuku GBY-coegunutens CB402

MpefAenbHas MMNyNbCHAA MOLLHOCTb 20 BT
Pab0o4mii TOK CUrHaNbHbIX KOHTAKTOB (0,5 MM) 05A
. CpeaHas MOLIHOCTb 587
Pa604uit TOK CUII0BbIX KOHTAKTOB (1,4 MM) 55A pea =
’ [lnanason pa6ounx 4actot 8-12TTy
MakcumanbHoe 3Ha4eHne HanpsKeHns 20 B 8 015 15
HOCWMbIE MOTepu 154
MakcumanbHas Jactora
B KOMMATIbHAA H4CTOT 120 My ConpoTUBNEHNE KOHTAKTOB 2 mOm
ONPOTUBNEHNE KOHTAKTOB
G P 6 mOMm ConpoTuenexne U3onaumm 1000 MOm
0NPOTUBNEHNE U3OAALMM
K p u y 1000 MOw Konn4ecTBo LMKNOB CTbIKOB/PACCTbIKOBKM 500
ONIN4ECTBO LIMKMOB CTbIKOB/PACCTbIKOBKM
g . 500 CuHycomnpanbHas Bubpauns 1-2000 l'u, amnnuTyaa yckopenuns 200g
CuHyconaanbHas Buopaums 1-2000 l'u, amnauTygaa yckoperus 200g

MexaHu4eckuit yaap MHOrOKpaTHoOro AeicTams

15009 B Te4eHMe 5 MC

[encTema

MexaHU4ecKni yap MHOrOKpaTHoro

15009 B Te4eHue 5 Mc

TemnepatypHblii AnanasoH

-60...+105°C

TemnepaTypHbIi nana3oH

-60...+105°C

OTHOCUTENbHAA BNAXHOCTD

95% npu +35°C

ConsHon TymaH

CornacHo FOCT PB 20.57.416-98

OTHOCUTENbHAS BNAXHOCTH

95% npu +35°C

ConsiHoil TymaH

Marepuan KOHTaKToB

lposonoka bPB2 (20,05 Mm),
NOKPbITUE — 30710TO (TONLMHA 1 MKM).
Cneiicep — BPB2, nokpbiTne — 301070

CornacHo MOCT PB 20.57.416-98

Matepuan KoHTakToB

IMposonoka bPb2 (0,05 Mm), noKpbITHE —
3001070 (TOALLMHA 1 MKM)

Marepuan uzonstopa

Monukap6oHar MK-J1-CB30

Marepuan usonstopa

®Toponnact 4Mb

Puc. 7. Coeguuutenp Tuna CKM399 B coctase nsgenus

3yercsa cucreMa oxyaxaenus (3). Cucre-
Ma yhpasiaeHUA (4) IOAKIIOYAETCSI K
TBUIBHOU 4YaCTU NPHUEMOIIEPEIAIONINX
MOJYJIEH, C HEH TAKXKE CBA3aHA U CUCTE-
Ma OXJIAKIEHUA. 34 CUCTEMOU yIIpaBiIe-
HUS PACIIOIOKEHA CUCTEMA ATAITTUBHOM
06paboTKH U (GOPMUPOBAHUS MOHOUM-
IIyJIbCHOTO curHazna (5). Kommyranusa
BBICOKOYAaCTOTHOI'O Tpakra ADAP ocy-
IIECTBJISIETCS TOCPEACTBOM MHHUATIOP-
HBIX BBICOKOYACTOTHBIX COEJJUHUTEIECH.
K COCIUHUTECIAM, IPUMCHACMBIM B KOH-

crpyKunu AQAP, IpeAbABIAIOTCA CIENY-

oye TpeboBanus [4]:

e pa6ouas yacrora g0 40 I'Ty;

® Masible rabapUTHBIE PA3MEPbI, BO3MOXK-
HOCTBD NOAKIIOUECHUH IIPU MEKOCEBOM
PaCcCTOSIHUU MEXKIYy COCIUHUTEISIMU
meHee 4,8 MM,

® IIPOYHAsI KOHCTPYKLMS, OO€CIIEYUBAIO-
11asi BUOPALIMOHHBIE HATPY3KH HE MEHEE
10g 1 yrapHble Harpy3ku He meHee 100g;

® BO3MOKHOCTb IIOBEPXHOCTHOI'O MOH-
TaXka Ha IIEYATHYIO IUIATY;

® HAIMYHE 30I0TOT'O ITOKPBITHS 1T 06e-

CIIEYEHHUSA BBICOKHX 3KPAaHHUPYIOIIHX

CBOMCTB.

B Han6oIbIIEH CTEIIEHU ITEPEYUCICHHBIM
TPeOOBAHUAM YAOBICTBOPAIOT COCAMHUTEIN
CKIT399 (cm. puc. 5) u CB402 (cm. puc. 6) ¢
HCIIO/Ib30BAHUEM IPOBOJIOYHBIX KOHTAKTOB.

JIQHHI)IC KOMIIPECCHOHHBIC COCTUHHN-
TEJIN II03BOJIIIOT OOECIIEYUTh UCKIIIOYU-
TEJIBHYIO MEXAHHUYECKYIO YCTOMIUBOCTD
U CTAOUIBbHBIE JIEKTPUUECKUE ITapaMe-
TPBI IIPU ITOBBINICHHBIX BUOPAIIMOHHBIX

WWW.SOEL.RU

COBPEMEHHAA SIMEKTPOHKA ¢ Ne 6 2017



http://www.soel.ru/

U YJapHBIX HArpy3Kax. Paino4acToTHBIN
coegquauTtenp CKII399 umeer nuamerp
KoHTakTa 0,5 u 1,4 mm. Pazpém B cocTrase
H3/Ie/IUA II0KA3aH HA PUCYHKE 7.

Komnpeccuonnsnii CBY-coeguHUTEND
CB402 ¢ 9 koHTakTramu guamerpom 0,5 MM
006ECIIEYNBAET CTAOUJIBHBIE XAPAKTEPH-
CTUKU B JHaANa30HE 4vacror 8—12 ITm.
B cBOEM cocraBe pa3zbéM UMeeT OCOOBIN
BHTOM KOHTAKT, 00€CIEYNBAIONIHI KOH-
TAKTUPOBAHNE HE MEHEE YEM B IIIECTU TOY-
Kax.

TexXHUYECKHE XaPAKTEPUCTUKU COEU-
nuresen CKI1399 u CB402 npeacrasieHbl
B Ta0auNax 1 ¥ 2 COOTBETCTBEHHO.

3AKJIO4YEHUE

Bonpocsl HaAEXKXHOCTH 3JIEKTpUYE-
CKUX COEJUHEHHUI HMEIOT BaKHEUIIee
3HAYEHHE IIPH CO3JAHHUH CUCTEM BOEH-
HOTO U I'PAXKJAHCKOI'O Ha3HadYeHus. Pac-
CMOTPEHHBIE B JAHHOM CTAThE COEJUHU-
TEJIU MOTYT HAUTU IIPUMEHEHHE B OTEYe-
CTBEHHBIX pa3paboTkax APAP, pagapos,
YIIPABJISAEMBIX CHAPSAJOB U PAKET, CUCTEM
TEJIEKOMMYHHUKALIUHU.

Poccurickuin npoussogurens — AO
«KapadeBCKuI 3aBOJ, «DJIEKTPOJETAIIL>
H3TOTABJIUBAET COEJUHUTENN U JPY-
I'Me€ KOHTAKTHPYIOIIHE YCTPOMCTBA C
HCIIOJIb30BAHUEM IIPOBOJIOYHBIX KOH-

SJIEMEHTbI U KOMIMOHEHTbI

TAKTOB, B TOM YHCJIC ¥ 11O HHIUBHUYaJIb-
HBbIM TEXHHUYCCKHUM 3aJJAHUAM 3aKA34YH-
KOB.
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3acepnaHue DKcnepTHOro coBeTa
Nno Pa3BUTUIO NIEKTPOHHOM

M pPagvo3NeKTPOHHOM
npombilsieHHocTu B Focayme

YneHbl OkcnepTHOro coeeta npu Komuterte
[ocoymbl MO 9KOHOMMWYECKOW MONUTUKE, NPO-
MBbILLISIEHHOCTYN, NHHOBALWMOHHOMY Pa3BUTUIO U
npeanpuHMMaTensCTBY O6CYANNM U3MEHEHUS
B rocydapCTBeHHyto nporpammy PO «Passutne
3MEKTPOHHON ¥ PAAVNOANEKTPOHHOM MPOMBILLINIEH-
HocTu Ha 2013-2025 rogpl».

OTKpbIBas 3acefaHve, rnasa OKCNepTHOro
coBerTa, nepBbIi 3aMnpes Komurerta no 9KoHo-
MWYECKOW MONUTUKE, MPOMbILLNEHHOCTU, UHHO-
BaLMOHHOMY PasBUTUIO U MPeanpUHUMaTeb-
ctBy Bnagumup 'yTeHeB HanomMHun, YTo Npeau-
AeHt Poccun Bnagumup lMyTuH HegasHo NpoBén
Cepuio «0B0POHHbIX» COBELLI@HNI, B XOAE KOTO-
pbIX 06CYXAancs NpoeKT FocnporpaMmel BOOPY-
>XeHun Ha 2018-2025 rogpl. «B ToM uncne, pac-
cMmaTpuBanach 0fHa U3 HalLMX OTPacneBbiX TEM:
3TO Mpobriema pa3BUTUSA TaKoW BbICOKOTEXHO-
NOrMYHOM chepsbl, Kak MUKPOSNIEKTPOHHAsS Npo-
MBbILLNIEHHOCTb. 3HaYeHne e€ Ans 9KOHOMUKM,
ans obecrieyeHnss 060pOHOCMOCOOHOCTU CTpa-
Hbl OFPOMHO», — OTMeTUN B. N'yTeHeB.

MapnameHTtapuii nog4epkHys, 4to ¢ 2013 roga
JeuncteyeT [ocyaapcTBeHHas nporpamMma rno pas-
BUTUIO ANEKTPOHHOM 1 PaANO3NEKTPOHHON Mpo-
MbiLLneHHocTh. OHa paccunTaHa go 2025 ropa:
«Bbnaropapsa eé peanusaumu, B 9TON OTpacnu
[OENCTBUTENbHO HaMEeTUINCL  OnpeaenéHHble
noautueHble casurn. C 2009 roga oTeHecTBeH-
HbI PbIHOK MUKPO3MEKTPOHMKM BbIPOC MOYTU B
Tpu pasa — go 150 mnpa pybnen, a 06bEM 3KC-
riopTa rpaxaaHCKON NPOAYKLMN YBEINYMNCS Npu-
MepHO B ABa pasa. BmecTe ¢ Tem Ha coseLLaHnm
Mpe3npeHT oTMEeTWN, YTO B rpaXKaaHCKoM cer-
MEHTE MUKPOJMEKTPOHNKN OTEHECTBEHHbIE MPO-
V3BOOUTENN 3aHMMAIOT MOKa TONbKO 16% pbIH-
Ka. 9T0, KOHEYHO, Maso. JOMUHUPYIOT, K CoXa-
neHnto, 3apy6exHble nponasoautenu. V1 B aTom

€CTb 04eBUIHblE pUCKW. Tak, onpenenéHHble
LIary HEKOTOPbIX HALLUMX MHOCTPaHHbLIX MapT-
HEPOB B MOCMEAHEE BPEMS CTaBAT Mo Yrpo3y
HaEXHOCTb MOCTABOK KOMMJIEKTYIOLLIMX U3e-
1M 1 06opyaoBaHUsA n3-3a pybexa. NMoatomy
3afa4a yCueHus No3vLMIA OTEHECTBEHHBIX MPO-
13BOAUTENEN HA OTEYECTBEHHOM PbIHKE, YKpEe-
NSEHNS HAYYHO-NMPOM3BOACTBEHHOMO MNOTEHLW-
ana MUKPO3EKTPOHHOM NMPOMBILLIEHHOCTU HE
TepsieT CBOEW BbICOKOWN aKTyasIlbHOCTU».
«[pe3naeHT cTpaHbl NOAYEPKHYJ1, H4TO yCu-
nusi rocypapcTtea M 6u3Heca OOMKHbI ObiTh
HanpasJieHbl
TPOHUKM Kak CaMOCTOSITENbHOIO, CamMoJ0CTa-
TOYHOr0 KOMMEPHECKOr0 Y MPUBIIEKATENIbHOrO
ONsl UHBECTULIMIN CEKTOpa POCCUMCKON IKOHO-
MUKW. Ons 3TOro, Npexpe Bcero, Heobxoau-
MO rapaHT1poBaTh CMPOC CO CTOPOHbI rocyAap-

Ha CTaHOBJieHe MUWKPO3JieK-

CTBa Ha NOCTaBKM NPOAYKLUMMN MUKPOISEKTPOH-
HOWM NPOMBILLISIEHHOCTU B 6AHKOBCKUI CEKTOP,
3[paBoOXpaHeHne, TPaHCMOpPT, CBA3b, a TaKXe
Ansi 06opoTa PerncTpaLMoHHbIX JOKYMEHTOB.
To ecTb, MO TEM HaMNpasIeHNsM, FAe rocopraHb!
BbICTYNalOT PEryNIATOPOM U CMIOCO6HbI NPeabs-
BWTb BbICOKWI CrPOC. KoopayHaums 3Toro mMac-
LUTabHOro 3aKasa [oSKHa OCYLLECTBAATLCA HA
yposHe [MpaBuTenscTBa, B NpodunbHon Kommce-
C1V MO UCTIONb30BaHNIO NHAPOPMALIMOHHBIX TEX-
Honorui. MNpn 3TOM rocyAapCTBEHHbIV 3akas
[OJKEH OPUEHTUPOBATLCA MMEHHO Ha OTeYe-
CTBEHHOrO MPOU3BOANUTENS, OT KOTOPOrO OXU-
JaeTcs TOSbKO camas nydLuas npoayKums».
[Mo cnosam penyTata, Al peLleHns 3Ton
3aja4v, B MepBylo oyepedb, TpebyeTcs Co3-
JaTb roc3akas Ha COBpPeMeHHOe Mpou3BoA-
CTBO MUKPO4MIMOB 1 MUKPO3NEKTPOHMKN OTEYe-
CTBEHHbIMM KOMNaHusmy. Cymma rocaakasa k
2022 rogy coctasut nopsgka 105 mnpa pyone.
B yactHoCTW, 3aKka3 b6yfeT KacatbCcs CO3haHns
NnaTéxHon cuctembl «Mup», roe 6yayT UCMonb-
30BaTbCA YWMbl POCCUMCKOrO MPOM3BOACTBA
KOMMaHWM «MUKPOH» 1 «AHFCTPEM», SIIEKTPOH-

HbIX YAOCTOBEPEHUIN JINHHOCTU, XXETOHOB BOEH-
HOCNy>aLLyWX U METOK Ha BCe NekapcTaa.
«CoBpemMeHHas Poccysi jenaet cTaBky VMeH-
HO Ha rPakKAaHCKY0 MUKPO3MEKTPOHVIKY, rae
BaXXHO M36aBUTLCS OT 3anagHoON 3aBUCUMO-
ctu. [Npn 3TOM €€ pas3BUTHE CMOCOBHO «BbITH-
HyTb>» W BOEHHYIO cocTaBsnstoLLyto. OgHa Tonb-
KO «060POHKa» He CrOCOOHA «MOAHSATL Ha CBOUX
nneyax» TaKyto 3aTpaTHyto OTpacsb, Kak MUKPO-
anekTpoHuka. OHa He o6ecneynBaeT MacCcoBbI
BbINYCK, 3aTpayMBas CPeAcTBa Ha HOBbIE TEX-
Honoruu. B Tex xe CLUA «060poHKa» B MUKPO-
3MEKTPOHMKE 3aHNMaeT ToNbKo 10%, a rpaxaaH-
ckas npogykums — 90%. Noatomy ctaBka Poc-
CUVM Ha rpaXXAaHCKYH MUKPOINEKTPOHNKY 6oree
YeMm onpasaaHHa. [Npu 605bLLIOM 06bEME rpaxK-
[AaHCKOro 3aka3a 0TeHeCTBEHHbIM MPeanpUAT-
SIM 6yAET BbIrOAHO BbIMONHATL M 605ee CNoXHbIe
BOEHHble 3aKasbl, — cunTaet B. l'yTeHeB. — Cne-
LmanucTbl MOHUMALOT, YTO CTaBUTL 3aady nos-
HOrO UMMOPTO3aMELLIEHNS B ANEKTPOHHOM NPOo-
MBILLITEHHOCTW, B 4aCTHOCTU MVUKPO3JIEKTPOHVIKE,
6eCcrnonesHo, NOCKOsIbKY NMPOCTO HEBO3MOXHO.
PeanbHel BbIAeNUTb HaNpaBneHWst pa3BuTUs U
3MeMEeHTHYI0 6a3y, MPOV3BOACTBO KOTOPOW HEOH-
XOAMMO AJ1 rocyAapcTaa, Npexpie BCero, B Kpu-
TUYECKU BaXHbIX oTpacnsix, n Ty [OKB], kotopyto
MOXHO 3aKyrnaTb 3a py6exxom».
[MapnameHTapuii NPOMHMOPMMPOBAIT y4aCTHN-
KOB OKCMEPTHOro CoBeTa O TOM, HYTO MO UTOram
paboTbl NpeabiayLLero 3acefaHns 6b1o Noaro-
TOBJIEHO 1 HampaseHo B MUHNpoMTopr obpalLie-
H1e, B KOTOPOM MOAHMMASICS BOMPOC O pa3paboT-
Ke MepornpusiTUi No cybCcnanpoBaHUIO PacXonoB
Ha UCTbITaHWE 3JIEKTPOHHOW KOMMOHEHTOM 6a3bl.
B nony4eHHOM oTBETE pasbACHAETCS, YTO B pam-
Kax CyLLIeCTBYIOLLIEN HOPMaTUBHOW 6a3bl U3 hefe-
pasnbHOro 61oMKeTa NpedycMoTpeHo NpefocTas-
NeHne cyberanm pOCCUACKUM OpraHM3aumsamM Ha
BO3MELLIEHVE YacTu 3aTpar, B TOM HYUCIIE Pacxo-
[I0B Ha VCrbITaHWe pa3pabdarbiBaemov MPOAYKLMN.
locynapcrBeHHas gyma
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SJIEMEHTbI M KOMIMOHEHTbI

Hosoct™m vimpa News of the World HoBocT™v mupa

lMepBble KOMMNbIOTEPbI
Ha 6a3e MuKponpoLleccopa
«dnbbpyc-8C»

O6beAVHEHHBIM  xonauHr  «PocanekTpo-
Huka» (BxoguT B [ockopnopaumio Poctex)
npepcrasun Ha koHdepeHumn «LINMP 2017»
B /IHHOMonmce nepsble 06pasLibl nepcoHasb-
HbIX KOMMbIOTEPOB 1 CEPBEPOB Ha 6a3e MUKPO-
npoueccopoB «Anbbpyc-8C». HoBas TexHWKa
VMEET MOBbILLEHHYO NPOV3BOANTENBHOCTb U
rapaHTvpyeT Mosnb30BaTensm BbICOKUIA Ypo-
BeHb 3aLLMTbl MHhopMaLmK.

BocbMusfepHbIv Y NponM3BOAMTCS MO TeX-
Homoruu 28 HM. o cpaBHeHMIO ¢ «Dnb6pyCc-
4C», nukoBasi NPOV3BOAUTENIBHOCTb HOBOMO
npoueccopa Bblille B 3-5 pas, NponyckHas cno-
COBHOCTb KaHasioB BBOAA-BbIBOAA — B 8 pas.

«OTO HOBOE MOKOJIEHNE OTEeYeCTBEHHOW
BbI4NCIUTENBHON TEXHUKW. Bee aTanbl coopkum
OCYLLIECTBIAOTCA HA HALLIMX MPOU3BOACTBEHHbBIX
nnoLlagKax v Ha NpeanpusTUsAX OTEHECTBEHHbIX
napTHEPOB. BCE aT0 rapaHTMpyeT BbICOKWIA Ypo-
BeHb MHHOPMaLMOHHOW 6e30MacHOCTN 060pPY-
[OBaHWs, — KOMMEHTUPYET 3aMeCTUTENb reHe-
pansHoro aupektopa AO «PocanekTpoHuka»

ApceHuii BpbIkuH. — Mbl oXxngaem, 4To nepeas
OrbITHas NapTUsA NEPCOHASTBbHBIX KOMMLIOTEPOB
Ha OCHOBE HOBOrO rnpoLeccopa 6yAeT rotosa
yXe K KOHLy 2-ro ksapTana 2017 roga».

YcTraHoBo4YHas naptusa 2- 1 4-npoueccop-
HbIX CEPBEPOB Ha OCHOBE «3Anbopyc-8C» Bynert
BbinyLeHa K KoHuy 2017 roga. Hosble cepse-
pbl MpegHasHaYeHb! Ans 06paboTky 60MbLIMX
06bEMOB MHChOPMALIMK, B TOM YUCHE B PEXU-
Me peasnibHOro BpeMeHMU.

BasoBon onepaunMoHHOM CUCTEMOW Ans
«3nbbpyc 801-PC» n cepeepos fensietca OC
«9nbbpyc». OHa NOCTpoeHa Ha OCHOBE siApa
Linux 1 nopaep>XxmBaeT MHOXECTBO MPUIOXe-
HUI C OTKPbITbIM MCXOAHBIM KogoM. [Ans nnar-
dhopmbl Onbbpyc-8C npegycmoTpeHa cuctema
[BOMYHOW COBMECTMMOCTM C GMHAPHBIMU KOfa-
MU x86/x86-64. Takxe obecneyeHa BO3MOX-

HOCTb paspaboTku npuknagHoro MO, TecTbl
NS CaMOAMarHoCTVKW annapaTypel.

B coctaBe 06beOMHEHHON «PoCanekTpo-
HVKW» padpaboTky M BHeOpPEeHWe nporpamm-
Ho-annaparHbIx NnaTthopM «3Anb6pyc» BeOET
WHCTUTYT 3NeKTPOHHbBIX YNPaBAsoLLMX MaLLUH
(MH3YM) um. U.C. Bpyka.

lpecc-cnyx6a POCTEX

SIM Technology Group Ltd He
6yayT npoaomkaTb npogaxy
SIMCom

PykoBogctBo SIMCom Wireless Solutions
coobLaet o Tom, 4to komnaHusa SIM Techno-
logy Group u u-blox BbIXOAAT U3 CAENKM MO
npuobpeteHuto SIMCom Wireles Solutions 1
nepefaYe TEXHONOMNNA.

SIMCom Wireless Solutions npopgomxa-
eT paboTy B 06bl4HOM pexume. Onepatus-
Hasi 0eATeNbHOCTb KOMMaHWUM, BbIMyCK HOBbIX
MOfyNen 1 LieHOoBas MOUTUKA COXPAHATCA U
6ynyT OTpaXaTb MUCCUIO KOMMNaHUN Ha PbIHKE.

C oguuymarnbHbIM 3asiBIeHNEM KOMMaHu1
SIM Technology MOXHO O3HaKOMUTLCA Ha
cavite MT-Cuctemc.

Peknama
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MHMEHEPHbBIE PELLEHMA

lIpumeHeHne MHCTPYMEHTANbHOr0 yecunuTens
ANg MOCTOBOro BK/IOYeHUs ABYX MoLWHbIX OV

Yactb 3

Anekceit KyabmuHos (Mockga)

B Tpetbei 4acTu cTaTby NpuBeaeHbl uamepeHHble A4X naccusHoro
TOHKOMMNEHCUPOBaHHOIO perynsaTopa rpomkocTy ¢ H4-koppekumen,
ucnosb3oBaHHoro B ycunutene. Moapo6Ho paccka3aHO 06 UCTOYHUKE
NUTaHUsA YCUNUTENS, B KOTOPOM NPUMEHEHbI CTabUIN3aTopbl HaNPsHXKEHUN,
OCHOBaHHble Ha MOLLHbIX NONEBbIX TpaH3ucTopax u OY, o6opyaoBaHHble
3N1eKTPOHHbIM (PUNbTPOM U CYLLECTBEHHO NnoAasnsoLme nynbcauum

BbINPSAMJIEHHOIro Hanpsi>xeHus.

IIpouenypa HAMOTKH 6OIBIIOTO KOJIU-
4eCcTBA BUTKOB Ha HY-KaTymku MHIYK-
YIIPOLIAET-
Cs, €CJIM BMECTO KOJIEL] HUCIIOIb30BATh

THUBHOCTH  3HAYUTEIBHO
III-o6pa3Hbie (PEPPUTOBBIE CEPAECUYHU-
KU. B 3TOM cIydyae HAMOTKa OCYIIECT-
BJISIETCSI HA KAPKAC, U 3aTEM C IBYX CTO-
POH YCTaHABIUBAIOTCA ABa III-06pa3HbIX
cepAeYHUKA. /I 3TUX 1LIeJIEH TTOAXOAT
III-o6pa3uslie cepaeunuku Epcos E13/7 /4
(cpazmepamu 13 x 7 x4 mm) u3 peppuro-
Boro marepuaia T46 ¢ MarHUTHOM IIPO-
HUIAeMOCTBIO 1 = 15000, AL = 3,6 Mk'H/
But” (B66305F0000X146) M COOTBETCTBY-
o1t kapkac EF-12.6. UHAyKTHBHOCTD
1000 BUTKOB Ha 3TOM CEPJIEYHUKE COCTAB-
nster L = 3,6 [MKTH/BUT’] X 1000° [BUT] =
=3,6 I'n. Ha xapkace 65110 HaMoTaHO 1050
BUTKOB ITposoza [19J1-0,1. [Tocsie HaMOTKH
U yCTAHOBKH JBYX III-0O0pa3HBIX cepAeyd-
HHKOB, CTSIHYTBIX MEXKJY COOOM U30JIEH-
TOH, n3MepeHHass RLC-MeTpoM HHIYKTHUB-
HOCTBb cocTaBuiaa 3,05-3,1 I'u (meHbI1ICE
OJTy4Hr-
JIOCh HU3-3a HEPABHOMEPHOCTU HAMOT-

3HAYCHHE UHAYKTUBHOCTH

KM B HECKOJIBKO CJIOEB). COIIPOTUBICHUE
OOMOTKHU COCTaBUJIO OKOJIO 50 OM. Ecitn
M3MEPEHHAA HHAYKTUBHOCTD HE COOTBET-
CTBYET PACYETHON BeIn4duHe 3 I'H, Heo6-
XOZUMO HEMHOTIO «IIOJBUI'ATb> YK€ CTs-
HYTBIE JIEHTON CEPAEYHHUKU JPYI OTHO-
CHUTEJILHO JPYyTa ISl UCKIIOYEHHA 3a30Pa
Mexay HuMmu. Ilpumenenue II-06pa3HbIX
CEPAEYHHUKOB II03BOJIMIO HA OAHOM IIA-
T€ PA3MECTUTD PETYIATOP I'POMKOCTH 1
HY-xoppexrop (cm. puc. 11).

COBOEHHBIN IIEPEMEHHBIN PE3HUCTOP
perynupoBku rpoMkocTu RgA—-RgB kabe-
geM coeauHsAeTcs ¢ pazbéMom XRgO,
MIPEACTAB/IAIONIUM COOOH JBYXPSAIHbBIC
YeTBIPEXKOHTAKTHDBIE LIJAHT'OBBIE THE3/IA C
marom 2,54 mm (PBDM2°4). CABOEHHBIH
nepeMeHHbIl pesucrop HY-koppekuuu
RcA-RcB (¢ I0OIOIHUTENIBLHBIMUA PE3H-
cropamu Rc1A u Rc1B) nByms kabensiMu
COEMHAETCA C TPEXKOHTAKTHBIMU LIAHIO-
BbIMHU pazb€MaMu XRcOA u XRcOB Tuma
SIP-3.

B xauecTBE BXOAHOIO Ka6€JIs UCIIOJIb-
30BaH 3KPAHHUPOBAHHBIN Ka6€lIb C JBY-

8,2MH C3B7,5H

L1A C3A7,5H BxopHoli kabenb
~y || T S R
g2mru Ml | 1 « ?](Klan
R1A R2A 5 T : |
SOK L 39K con Lo e B 3[g| |
C1A I_NY\_4 |
—| » 1,0 T CTepeo mxek 3|
InA 22 P 22,0 ST ' S,g/?: KOHT SIP 3|
XinR Molsr ... | XuR 00 ST T T T T~
1]_8l7lels ? Wit
I R X X W PSLM-3
31<| meo oo |B
T2[3]4 > XRcIB
InB f PSLM-3 PSLV-3
PSLM-3 1B CcB XRCcOA XRcOB
—I P C2B LcB 1
2.2 |—_‘_1’0 O ke
R1B Rop 220 3,0Tw 10K
39K 3,9K RciA
S| o

Puc. 11. Mpuuumnnanbhas cxema asyxkananoHoro TKPT ¢ HY-karywkamu Ha LL-06pa3nbix thepputoBbIX
cepaeynukax E13/7/4 146 v konbuax TX16/9.6/6.3-3E6

MA TPEXKOHTAKTHBIMU Pa3bEMaAMHM Ha
€ro KOHLAX: Xin (CTepeo «pKeK» 3,5 MM)
u XKinR (SIP-3). PazbpéMm XKinR kabesns
MOAKIIOYAETCA K BXOJHOMY pa3dbeéMy XinR
r1atel TKPT. CaM Kabesb POoNyIIEeH Yyepes
PE3UHOBYIO BTYJIKY, YCTAHOBJICHHYIO Ha
KOPITyCE yCHUINTEIA.

JIBa BBIXO/IHBIX 9KPAHUPOBAHHBIX Ka6e-
JI TIOAKIIOYAIOTCA K pa3dbéMy XoutR ¢
IIOMOUIIBIO TPEXKOHTAKTHOI'O IIAHT'OBO-
ro pazpéma XKoutR Tuna SIP-3. Ha gpy-
I'UX KOHIAX KaKIOTI'0 KabeJIs yCTaHaBIU-
BAIOTCSA JBYXKOHTAKTHBIE Pa3bEéMbl XKprA
u XKprB tumna SIP-2, KoTOpbI€ ITOAKIIO-
4aI0TCS K BXOJHBIM pa3zbEMaM IpeIBapH-
TeabHOrOo ycrmutenrs X2 u X5 (cM. puc. 5
B [1]). Takue ke ABa Ka6esd (BXOAHOU U
BBIXO/THOMN ) UCIIOIb3YIOTCS JIJIS ITO/IKIIO-
gyenuss TKPT 1mo cxeme, ITOKa3aHHOM Ha
pucynke 10 [2].

OcranbHble KOMIIOHEHTHI CXEMBIL, B CBSI-
3M C €€ IPOCTOTOM, B KOMMEHTAPUAX HE
HYKIAIOTCAL.

ITpu Bcex gocronHcTBax [-06pa3HbIx
(peppUTOBBIX CEPIEYHUKOB HEOOXOUMO
OTMETUTH UX MAJIOIOCTYITHOCTH U BBICO-
Ky10 Heny. Kpome Toro, mjis HUx norpe-
OyeTcst UBTOTOBJIEHUE COOTBETCTBYIOMIEH
OCHACTKH JUII HAMOTKHU. B TO ke Bpems:a
CYLIECTBYIOT MaJIOTA0apPUTHBIE KOJIBLIA
pasmepom 16 x 9,6 x 6,3 MM U3 MaTepua-
7108 3E6 (TX16/9.6/6.3-3EG6, 1= 10000, AL =
=6,43 Mmxl'u/But’) 1 3E12 (TX16/9.6/6.3-
3E12, u= 12000, AL= 7,73 MK['H/BUT") IIPO-
u3BoJCTBa KoMnianuu Ferroxcube, a Tak-
ke Kosb1ia Epcos T38 (B64290L0045X038,
u= 10000, AL = 6,43 MK['H/BUT").

IIpn HamoTKe 700 BUTKOB Ha KOJIb-
ne TX16/9.6/6.3-3E12 MOXHO TIOJY-
YUTh PACYETHOE 3HAYEHUE HHJIYKTHUB-
noctu L=7,73 [Mk['H/But’] x 700° [BUT |=
=3,77 T'H C 3asABJIE€HHON IPOU3BOJUTE-
JIEM ITOrpentHOCThIO 30%. Ha TaKOM KOJIb-
11€ 6BLI0 HAMOTAHO 7 10 BUTKOB IPOBO/IA
I19J1-0,15. I3MepeHHast UHIYKTUBHOCTD
COCTaBMJIA OKOJIO 3—3,1 I'H, connpoTusie-
HHE OOMOTKH OKa3aJIOCh PaBHBIM 14 OMm.
Cxema TKPT Ha mOIOOHBIX KOJIBI[AX HE
OT/INYAETCA OT CXEMBI, IPUBEIEHHON HA
pucyHke 11.

IIpu ucnosnbzosanuu TKPI' ¢ koab1a-
Mu TX16/9.6/6.3-3E12 Masioe COnpoTUB-
seHue R o6MoTku konbla (14 Om) npu-
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Puc. 12. U3mepennbie AYX TKPI: a — Genblii (HeNpo3payHblil) 1 PO30BbIA (MPO3PAYHBIiT) LLyMbl MPU MAKCUMabHOM MOOXKEHUN PErynsTopa rpoMKOCTH U I060M
nonoxexuu perynatopa H4-koppekuuu; 6 — 5/6 Makcumyma nonoXxeHust perynsatopa rpoMKoCT Npu MUHUMANIbHOM (HENPO3payHbIi) U MakCUManbHOM (MPO3PaYHbIi)
noNoXeHusx perynatopa H4-koppekuuu (po3oBblii Wym); B — 1/2 Makcumyma nonoxXeHns perynatopa rpoOMKOCTU Npu MUHUMATbHOM (Henpo3payHbli) u 3/4
Makcumyma (Npo3payHbIi) NonoXxeHusax perynatopa H4-koppekuuy (po3oBblii Wym); r — 1/6 Makcumyma nonoxeHns perynsropa rpoMKOCTH Npyu MUHUMabHOM
(Henpo3payHbI) 1 3/4 Mmakcumyma (Mpo3payHblil) NonoxXeHusx perynsropa HY Koppekumu (pO30BbIA LLYM)

BOJHUT K TOMY, YTO €CJIN IIPU BKIIIOYCHU U
ycunurensa pesucrop HY-koppekinmm
(RcA-RcB, cm. puc. 11) 6bL1 YCTaHOBJICH
HAa MaKCHUMYyM, TO YPOBEHb HU3KHUX YaCTOT
OyIeT CYLIECTBEHHO IIOHIDKEH (TO €CThb
HY-koppekius padboTaTs HE OyAeT). DTOT
(aKT MOXKHO OOBACHUTD OTHOCUTEIBHO
BBICOKOH JOOPOTHOCTBIO Q PE30HAHCHO-
IO KOHTYpPa C 3TUM KOJIBLIOM:

s cpaBHeHUs, COIIPOTHUBJIEHUE
o6MmoTKH Ha KoubLie T2010CF199 cocra-
BWIO 44 OM, 2 COIPOTUBJIEHUE OOMOTKH
Ha [II-o6pasnom cepaeunuke E13/7/4 —
50 OM. ITpu TaKUX BBICOKHX COIIPOTHB-
JIEHUSIX OOMOTKH NOJOOHBIA 3(ddeKT
HEe BO3HHUKaI. [l penmeHus OnHcaH-
HOI IIPOOGJIEMBI IIPU HCHOJIb30BAHUU
TKPI ¢ xonsuom TX16/9.6/6.3-3E12

MOZKHO JINOO IEPEJ BKIIOUEHUEM YCH-
auress pesucrop H4-koppekuuu ycra-
HAaBJIHUBATb B CPETHEE II0JIOKEHHUE, THNOO0
IIOCJIEJOBATEIBHO C OOMOTKOH yCTAHO-
BHUTH PE3UCTOP C HOMUHAIOM 50-60 OM.
JaHHBINT PE3UCTOP MOXKHO PaCIIOJIO-
JKUTDb MEXKY BBIBO/JOM ITOJI3YHKA X1 KOH-
TaKTOM 2 pa3dbémMoB XRCcOA u XRcOB
(cm. puc. 11).

HaMOTOYHBIX paboT i1 IOoJay4de-
HUA OOJBIIMX HHIYKTUBHOCTEH MOX-
HO M BOBCE HU30€XKATh, €CJIH HCIOJIb30-
BaTb IIEPBHUYHYI0O OOMOTKY Majoraba-
putHbIX TpaHchopmatopoB TOT-XX
pasmepom 15 x 14 x 15 mm i TM5-XX
(16 x17 x 22 mm). Hatipumep, HHIYKTHB-
HOCTb IEPBUYHOU OOMOTKHU TPaHCHOP-
maropoB TOT-18 cocrasisier 2 I'n, oMu-
yeckoe conporusienue — 624 Om, TOT-27
(3,8TH, 880 Om), TM5-38 (3,6 T, 560 Om),
TM5-40 (5,1 ', 680 Om).

Bce Tpu BapuanTta ucnonnenust TKPT
IIOKA3aJIM OTJIMYHBIE PE3YAbTATHI PA6O-
TBI, O 4€M CBHJETEIBCTBYIOT U3MEPEH-
Hble AUX, IpuBeIEHHBIC JaJIee.

in nosnydeHuss AYX  KaKOro-nmu6o
YCTPOUCTBA 4Yallle BCETO IIPUMEHSICTCS
OJIMH U3 TPEX CIIOCOOOB.

ITepBblit, JOCTATOYHO TOYHBIM, OIIepa-
THUBHBIN 1 HANOOJIEE 3ATPATHBIH CIIOCO0, —
HCIIOJIBb30BAHUE CIIEHUAIM3UPOBAHHOIO
pudopa, KOTOPLI cHUMaeT AYX U BBIBO-
JUT PE3y/IbTAT HA DKPAH.

Bropoii, MeHee TOYHBINI MU MEHEE
3aTPaTHBIHN, OJHAKO TPEOYIOIUI JOCTA-
TOYHO GOJIBIIOTO KOJIUYECTBA BPEMEHU
CIIOCO0, — MCIIOJIb30BAHUE I'€HEPATOPA U
ocumwwuiorpada. Ha renepatope BbICTaB-
JIIIOT HEOOXOAUMYIO YaCTOTY U aMIUIH-
TyAy CUTIHaJIA, IOAABAEMOIO Ha BXOJ,
YCTPOUCTBA, 4 OCUMLIOrpadom usmepsi-
0T AMIUTHUTYY BBIXOJHOI'O CUI'HAJIA.
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Tperui, HAaMMEHEE TOYHBIH, 3aTO HAU-
60J1€e€e ONEePATUBHBIN U IPAKTHYECKU O6€C-
IUTATHBIH CIIOCOO, — UCIIO/Ib30BAHUE 3BY-
KOBOH KapTbI KOMIIBIOTEPA U IIPOTPAMMBI
AHAJIN33aTOPA CIEKTPA B PEAIBHOM BpeE-
menu (Real Time Analyser, RTA). Bmecto
T€HEPATOPA B 3TOM CJIy4a€ UCIIOIb3YETCS
CHEIUAIbHBIN 3BYKOBOM (pariy ¢ 3a11MCcaH-
HBIM TE€CTOBBIM CUT'HAJIOM. [TaHHBIH CITIO-
CO0, BBUJY €TI0 IIPOCTOTBI U JOCTYIIHO-
CTH, IPEACTABIISIET OOJMBIION ITPAKTUYE-
CKHUU HHTEPEC.

B kauecTBE TECTOBOI'O CHUTHAJIA 4Yalle
BCEro UCIOIb3YyeTCA INOO CBUII-CUTHAJT —
CHHYCOH/JIAa IIOCTOSIHHOM aMIUIMTYIbI C
4aCTOTOU, U3MEHAIOMIEHCSA 10 ONIPEIEIEH-
HOMY 33aKOHY, B 3aBUCUMOCTH OT 4aCTO-
THI (B OCHOBHOM JINOO JINHEHHOMY, THOO
JIOTapu(pPMUYECKOMY), INOO PA3TUYHBIE
IIyMbl. B mocieguem cirydae 310 MOXKET
OBITh JTNOO IICEBAOOEIBIH IIYyM, B KOTO-
POM aMIUIUTYbl PABHOMEPHO pacIIpese-
JIEHBI 110 BCEMY YaCTOTHOMY JIHAIIA30HY,
JINGO PO3OBBIH IIIyM, B KOTOPOM aMILIUTY-
JIbI pacIpeiesIEHbl OOPATHO IIPOIIOPLIH-
OHaJIBHO yacrore. Takoe pacnpeneneHue
AMIUIUTY]], PO30BOI'0 IIIyMa COOTBETCTBYET
PaBHOMEPHOMY PACIIPEIETIEHUIO MOIITHO-
CTH I10 BCEM YaCTOTAM, 4 IIOCKOJIbKY aHa-
JIN3ATOP CIIEKTPA IIOKA3BIBAECT MOUTHOCTD
CUTHAJIA HA OIIPEAEJIEHHON 4acToTe, TO
PO3OBBIN IIYM Ha aHAJIU3ATOPE IIPEJ]-
CTaBJIsIET COOOY rOPU3OHTAIBHYIO IIPSI-
MYIO JIMHUIO. BeJIbIil ITyM Ha aHAIU3aTOpe
BBIIVIAUT KAK HAKJIOHHAA IIPAMAA JIUHUA,
TO €CTb C YBEJIMYEHUEM YACTOTHI AMILIUTY-
JIbI GEJIOTO UTyMa BO3PACTAIOT IIPAMO IIPO-
IOPLIMOHAIBHO 4acToTe (CM. puC. 122).
Ecnu ucnionsayercs 1/96—1/24 okraBHast
IIKAJIA IO YaCTOTE, TO TAKOM HAKIOH (M1
KPYTU3HA IOLBEMA) IIPAMOM 6€I0T0 IIyma
COOTBETCTBYET 3 n1b/OKTaBa. bonee noj-
POOGHO O TECTOBBIX CUT'HAJIAX U PA3IMYHO-
'O poJia IIyMaxX PacCKa3aHo B [3].

B xadecTBE aHAIU3aTOPA CIIEKTPA ABTO-
POM HCIIO/Ib30BAIACh OECILUIATHO PACIIPO-
crpansieMas nporpamma TrueRTA u Tecro-
BBI€ 3BYKOBBIE (DAI/IbI 6€7I0I0 U PO30BO-
T'0 1IyMa, IPEABAPUTEIbHO 3aIIMCAHHbIC
Ha TeneOoH.

CuUrHaJI C BBIXOJHOTO pazbéMa Teje-
(doHa I HAYIIHUKOB IIOAABAICA HaA
BXOJ], PET'YJIITOPA TPOMKOCTH, 4 CUTHAJI C
€ro BBIXOJ]a — Ha pa3béM MUKPO(OHHO-
I'0 BXO/1a 3ByKOBOH KapThl KOMIIBIOTEPA.
Ha pucynke 12 npuBegeHbl H3MEPEHHDIE
rpauKU CIIEKTPOB.

I'pacduk Ha pucyHKe 12a IIOKa3bIBAET,
4TO OEJIBIM IIYyM HEIIPUTOJAEH I IOIY-
yeHust AYX 110JOOHBIX YCTPOHCTB, TaK
KaK €ro CIEKTP PaBHOMEPHO BO3pPaCTa-
€T C YBEJIMUEHUEM YaCTOTBL DTOT JKE I'pa-

(UK JEMOHCTPUPYET, YTO PO3OBBIIT IITYM
BIIOJIHE MOAXOJMT 1A nojydeHusa AYX
peryisiropa I'pOMKOCTH, TaK KaK UMEET
PABHOMEPHDIH CIIEKTP (IIOYTH T'OPHU3OH-
TaJbHAaA IIPpsAMAas HA YPOBHE IIPUOINU3U-
TeJbHO —30 1b).

I'paduxu Ha pUCyHKax 126, 128 u 12r
HAIVIATHO JOKA3BIBAIOT, YTO C IIOMOIIBIO
HY-koppeKnyu MOKHO CYIIECTBEHHO
IOBBICUTDb YPOBEHb COCTAB/IIOIIUX CIICK-
Tpa B o6sactu HY 1, Takum o6pa3om, CHATh
HEJOCTATOK PEry/IATOPa I'POMKOCTH [4],
CBSI3AHHDIN C HECOOTBETCTBHEM €10 AYX
JIMHUAM PABHOM I'DOMKOCTH (CM. pHC. 8
B [2]) B 061aCTH CAMBIX HU3KUX 4aCTOT.
Kpome Toro, u3 3Tux rpauKoB MOXKHO
CIeIaTh IBA BASKHBIX BBIBOJA. BO-IIEPBBLIX,
npu HY-KOppeKIMHM MHHHMMYM KPHBOM
AYX npuxoaurcsa Ha 1,5 kI (TO ecTb OH
CMeEUIEH BIIPABO), YTO CYLIECTBEHHO OJIIDKE
K KPUBBIM PaBHOH I'DOMKOCTH, TOI1a KaK
06e3 HU-KOppEKLIMU 3TOT MUHUMYM COCTAB-
asger Ookoao 1 Kl Bo-BTOPBIX, MOXKHO
3aMETUTh, 4TO HY-KOppeKuusa aGCoIoT-
HO HE BJIMSET Ha YPOBHU COCTABJIIONIAX
crekrpa B obmactu CH u BU.

IIpumenenue B nogooHom TKPT
HY-koppeKiuu B 00JIaCTH CaMBbIX HU3-
KHUX 9aCTOT II03BOJISIET HECKOJIBKO I1O/I-
HATb AUX AC, y KOTOPBIX B 3TOM JHUAIId-
30HE€ HAOIIOAETCS CYII€CTBEHHBIH CIIa,
1 TAKHUM OOPa30M IIOBBICUTb KOM(OPT-
HO€ BOCHPHUATHE 3BYYAHUSA YCUIHTELS
u AC.

MuTAHKE YCUNUTENS

s NUTaHUA — YCWIATENA MOKHO
HUCIIOIb30BATh CTAOWIN3UPOBAHHBIN
ucroyHuk nuranus (UI1) [5]+20 B ¢ mak-
CUMAJIBHBIM TOKOM 10 A, OCHAMEHHBIN
IEKTPOHHBIM (DWIBTPOM U 3AIIUTOH OT
IIPEBBIIICHUS TOKA4, CIIOCOOHBIN OTHa-
BaTh MOLTHOCTS /10 400 Br [6]. Takoit UTT
OBbLII MCIIOJIb30BAH [/ IUTAHUS MOCTO-
BOrO ycwauTesnst Ha 6aze LM3886 (cm.
puc. 6 8[2)).

OJHAKO IPUMEHEHHUE CTOJIb MOIIHOT'O
HII i1 maTaHua MOCTOBOI'O YCHIIUTE-
JI51, BO-IIEPBBIX, SIBSIETCSI U30BITOYHBIM,
IIOCKOJIbKY MAaKCHUMQJIbHAas aMIUIUTYJa
BBIXO/IHOI'O CUTHAJIA KAXKJOTO U3 YEThI-
péx momubIx OV He npesbiaer 8 B, u,
BO-BTOPBIX, IIPH TUTAHUU MOCTOBOI'O YCH-
Jaress HanpspkenueM =20 B cymecrsen-
HO YBEJTUYHUBAECTCA HATPEB BCEI'O YCUJIU-
TeJIS IO CPABHEHUIO C HAIPEBOM yCHIIM-
Test Ha 6a3e LM4780, BKITIOYEHHOTO MO
CTAHJAPTHON (HE MOCTOBOI) cxeMe [5].
B cBsI3U € 9TUM JUUISI TUTAHUS MOCTOBOI'O
YCHUJINTE/IS ObLI UCIIO/IB30BAH MEHEE MOII-
HBIH CTA0WIN3UPOBAHHBIN UIT € BBIXO/I-
HBIMHU HAIIPSDKEHUAMH £12,5 B.

B HII npumeHEH MeHEE MOIIHBIN
(250 Br) 1 MeHee raGapUTHBINA TOPOU-
JIAIbHBIN TPaHCHOPMATOP C ABYMS BTO-
PHUYHBIMU IOTYOOMOTKAMU C JEHCTBYIO-
UM 3HAYEHHEM HAIIPSDKEHUS XOJI0CTO-
ro xo4a 1o 12 B u BBIBOJIOM OT CpeIHEN
TOYKHU. B KauecTBe BBIIPSIMUTEIBHBIX INO-
JIOB OBLIM HCIIOJIb30BAHBI JuOAbI TOT-
TKH IXIS DSA301100PA ¢ MAKCUMAJIbHBIM
o6paTHbIM HanpspkenueM 100 B 1 mak-
CUMAJIBHBIM TOKOM 30 A. MOXXHO TaKKe
HCIIO/IB30BATh Hepoporue auoasl Ior-
TKH MBR25100 ¢ MAaKCUMAJIbHBIM TOKOM
25 A 1 MaKCUMaJIbHBIM OOPATHBIM HAIIPS-
skeHueM 100 B. B oriimgune oT ABYXBBIBOJI -
Horo guoza DSA301100PA MBR25100
HPEACTABIISIET COOOM JIBA TNO/1A C COE/IU-
HEHHBIMU KATO/IAMU U UMEET TPU BBIBOAA:
JIBA AaHO/IA U OO'beTUHEHHDIN KaTo I, [1ame-
HUE HAIIPSDKEHUS HA KAKJIOM JTHO/IE TP
TOKE 5 A (WIN Ha IBYX NAPAJUIETIBHO BKJIIO-
4E€HHBIX IIpU TOKE 10 A) cocrasier 0,5 B.
YyTh MEHBIIEE [TA/ICHUE HATIPSLKEHUS IIPU
TOoKe 10 A nmeror quoast DSA301100PA.
B kavecrtBe craaxkusaromero (puiprpa
IO KAK/IOMY U3 BBIIPSMJIEHHBIX HAIIPSI-
JKEHHUI ObUIHU YCTAHOBJICHBI JIEKTPOJIH-
TUYECKHUE KOHJEHCATOPHBI O01IEeN EMKO-
crhio 32 000 Mx® (10 000 Mx® /50 B +
+22 000 Mmx® /50 B).

ITpu cTaHIapPTHOM KOHCTPYKITUHU TPAHC-
(popmaTopa pa3zHULIA MEXK/TY HATIPSKEHU-
€M XOJIOCTOTO X072 (12 B) u Hanpsoke-
HHUEM IIPU MAKCUMAJIbHOM TOKE HATI'PY3-
ku B 10 A cocrasisieT He 6osee 10%, To
ectb 1,2 B. Ipyrumu cJI0BaMH, JE€HUCTBYIO-
111€€ 3HAYEHUE BBIXOJHOI'O HAIIPSKEH U
KK/T0H U3 ITOJIYOOMOTOK MaKCUMAJIBHO
HATIPYKEHHOI'O TpaHC(popMaTOpa COCTA-
BuT 12 - 1,2 = 10,8 B, 2 ammuturygHoe —
B /2 pa3 6oJiblle, TO €CTh OKOJIO 15,3 B.
IIpu BBIIPSIMJIIEHUH 3TOI'O HAIIPSKEHUS,
YUUTBIBAS 1AJJ€HUE HAIIPSDKEHUS HA TUO-
nax B 0,5 B, MAaKCHUMaJIbHOE MTHOBEHHOE
BBIXO/IHOE HAIIPSDKEHHE OYAEeT COCTaB-
aare 15,3 — 0,5 = 14,8 B. Makcumaib-
HBIH Pa3Max Iy/JIbCALMHI IIPH YKA3aHHOM
EMKOCTH CIVIAJKUBAIOIIUX KOHJAEHCATO-
POB cocTrasisAeT OKoJo 1,25 B, moatomy
MHUHHUMAJIbHOE MI'HOBEHHOE 3HAa4YE€HUE
BBIXO/IHOI'O HAIIPSDKEHHUSI HE OITyCTUTCS
Hwke 14,8 — 1,25 = 13,55 B. 310 3Haye-
HUE Oy/IET UCITOJIB30BAHO B TAJIbHEHIIIEM.

JU1s1 OTBOJA TEIUIAa OT BBIIIPSIMUTEIID-
HBIX JITHOIOB KAXK/JBIN U3 HUX OBLI YKpe-
IJIEH HA HEGOJIBIIIOM PAIUATOPE, PACIO-
JIOKEHHOM B Kopiryce HII, a i orBoga
TEIIa OT CTAOMIN3ATOPOB HUCIIOIB30BAH
PpasuaTop ¢ JOCTATOYHO OGOJBIIOHN ILIO-
IIAIbI0 IIOBEPXHOCTH, HA KOTOPOM OBLIHN
VKPEIUIEHBI CTAOWIN3ATOPBI C U30JHUPY-
IOIUMH KEPAMHUYECKUMHU ITPOKIATKAMH C
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HCIIOJIb3OBAHHEM TCHJIOIIpOBO,HHOfI 11aCThbIL

KIIT-8. Rpi Rp2 2200/35(L Imp)
B KayecTBe CTAGUINU3ATOPOB IO KAXK-

IOMY U3 HAIpspkeHun (+125u -125 B VD1 - PESD12VL1BA
61)1111 I/ICHOJILI:;OBQHI)I (IJI(/I]II)T I)I—CT216I/IJII/I)— 10,0/ SI IO 0/ 50 I IO'O/%O IM/SO
P ™ STP80PF55(IRF4905 T2 STP80PF55(IRF4905)

32TOPBI, CXEMBI KOTOPBIX IIPUBEICHBI HA +(15-25) = > +125
C4
pucyHke 13. DTH (PUIBTPBI-CTAGHIH3ATO- 180,0/35 == c7
PBI OCHAIEHBI 3IEKTPOHHBIMU (PUIBTPA- 10050 T cesyy T T C6T Trsoosss
180,0/35(L ESR) R6 10,0/50 10,050 (L ESR)
MU, IOAABJIAIONIUMH ITyJIbCAITUU BBIIIPAM- 71
R1 1] 2/3|7 200 4 RS
JIEHHOT'O HATIPSKEHHA, Pa3MaX KOTOPBIX o0 S0 o,
cocTrasisier okouio 1,25 B, npu6n3uTesnsb- Y+ A\V-[DAT S . R9
HO B 25 pa3 (10 0,05 B), 1 COGCTBEHHO CTa- | 8]7]6]5] 2.5 750

GMIM3ATOPAMH C BBIXOJHBIMH HAIIPsKE- I g?so G9 TCA0372DP1 BZX585C2V7

HUAMHU £12.5 B, UMEIONUMH MAKCUMAJIb- 4 2220
HBI pa3Max My/JIbcaluui He 6onee 1 MB
npu ToKe 9 A. JIJIs1 YIPOIIEHUS U CHIDKE- $ |2—|—1| R5+R6=1,9K =>I3=10 A
HUsI CTOUMOCTU U3 CXEMbI ObLI UCKIIIO- 5§ |DA2 LED1
. MO0C3023 T T Rled T2
Y&H y3eJI 3A1IUTHI OT IPEBbINICHUA TOKA, —H—
4TO IIO3BOJIMJIO CIKOHOMHUTL OJHH OV. 4 5|.6 " /TQ\ c cH R7
DTOT y3€e TPeOYETC st TONBKO IIPU OTIA]I- WH 51 0, 005 5512
K€ yCUJIUTEJIA, 4 IIPH €T'0 IITATHOM padoTe 3 AT o
HE SIB/SIETCSI HEOOXO0AUMbIM. KpoMme Toro, 3T1 R1l, 1] V+[5
BMECTO UCTOYHHUKA OIIOPHOI'O HAIIPsIKE- GND 100F] I—g% 4 0,1/50
uust (MOH) Ha 6a3e crabuwinrpoHa u OY X s OPﬁDBV
[5, 6] npumenén MOH Ha 6a3e crabuiu- 10K
TpoHa (VD2) M 1101€BOro TpaH3uCTOPA 6
¢ p—n-nepexogom (T3). CrabmIbHOCTD
Takoro MOH (xoadduipeHT cradbuiu- Rpi 220,0/35(L Imp)
3anyu 6osee 10 000) He XyKe, YeM y Iep- Cpd Cp5 VD1 - PESD12VL1BA
BOTO [7]. DTO IO3BOIUIIO U36ABUTHCS ETIE I)_o/so IM /50
ot ogHoro OY. B peagynbrare, B pripTpax- .
CTAGUIM32TOPAX IPUMEHEHBI JIOCTATOYHO oH UT2 U2 IR 25
pacrpocrpaHéHHbIE U HIHPOKOJOCTYIIHBIE - 5
AByxKaHanrbHbIe OY TCA0372 1 MC33072 180035 | NN Iso 0/35
B Kopiryce DIP8, cTOMMOCTb KOTOPBIX HA (LESR) 45,0750 10,0/50 (LESR)
MOPAAOK MEHBIIE, YEM YETBIPEXKAHAIBHO- DAY ¢ 2630
ro OY ADA4096-4, ucrons3yemoro B [6]. 1 v, _I 200 A o
OV UTAaIOTCS BBIXOAHBIM HAIIPSLKEHU - g >J| 95 750
eM emgé ogHoro RC-(puabrpa, BXOA KOTO- | 4] ’_ %5—:—«
POro MOAKIIOYEH K BXOJJHOMY HAIIPSDKE- : MC33072  BZX585-G2V7
Huto. Takoe nuranue OV uMeeT psiji pe-
HMYIIECTB IO CPABHEHUIO C BAPUAHTOM, 3| o7 R5+R6=1,9K => 13=10 A
KOTJIa TUTAHHE GEPETCS C BBIXO/A JJIEK- -HJ A2 LEDT
TPOHHOTO (PUIBTPA. BO-11€PBbIX, OTIAIAET S uti [t Rled nT2
HEOGXOAUMOCTD B YCTAHOBKE HAIPY30YHO- —H_ (kp) N "¢
ro pe3ucropa (0koso 330 OM), orpeens- 4[5]6 W ;Tﬁr\d CT1 R7 w2 T2 c,
JOIIETO HAYAIBHBII TOK CTabHIM3aTOpA [0], il T (RL) — 0.005.2512 [ [
TO €CTh CTA0M/IU3ATOPBI MOTYT paboTaTh IL3 Z _: B DAY 1%20 H?g 'L3 Z _:
[IPU HYJIEBOM TOKE HAIPY3KHU. BO-BTOPBIX, an R1 1 vils
TAKOE IUTAHHE IIOTHOCTBIO HCKIIOULIIO _ 100 Hi g v, ’ e
CKJIOHHOCTD (PUIBTPOB-CTAOMIN3ATOPOB ha 0.1/50 R4 2K
K CAMOBO30YXKIEHUIO. M B-TPETbUX, IPU 1%3K OPA170DBV 1_%';
BK/IIOYCHUU IIUTAHUSA 3AITYCK CTA0MIN3a- T o
TOPOB YCTOMYMB, TO €CTb OHU HAJEXKHO XP LED. (3en.)
U IUIABHO IIE€PEXO/ISIT B IITATHBIN PEXKUM I TIl IIIRIed_ 125
PaGoTHL >+12,5 15K
JIpyroe OTIMYME HOBBIX CTAGHIH3ATO- >-125 LED+ b
POB 3aAK/IIOYAETCSI B IPUMEHEHUH TPAH3H- A XS20JK-4P(M) I_F‘_%'_DH 2

CTOPOB C 601€€ OIU3KUMHU TAPAMETPAMMU:
BMecTo IRF4905 ucnonsayercst STPSOPF55 Puc. 13. MpuHuMnuanbHble cXembl cTabunuaaropos: a — ctabunusatop +12,5 B; 6 — cxema 3awwutbl
(xpyrusHa S = 32 A/B, conporusienue  crabunusaropa +12,5 B; B — crabunusatop —12,5 B; r — cxema 3awutel crabunusaropa -12,5 B;
CTOK—HMCTOK B OTKDPBITOM COCTOSHMHM [ — BbIXO[HO pasbém U ¢ MHAMKaTOpHbIMI CBETOANOAAMM
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Rison = 16 MOM), a BMecro IRF1405 -
IRFB4710 (S =35 A/B, R, = 14 MOm).
DTO CyHIECTBEHHO IOBBICWIO HUICHTHUY-
HOCTb CBOMCTB (DHJIBTPOB-CTAOHIN3A-
TOPOB MOJOXKUATEIBHOI'O U OTPHULIATE/Ib-
HOI'O HaIIPsOKEHUM. BMecTo napsl TpaH-
s3uctopos STPSOPF55/IRFB4710 MOXHO
TAKKE KCIIOAb30BaTh napy SUP9OP0OG/
STP120NF10 ¢ 6os1e€ uem ABYKPATHO yBE-
JIMYEHHOU KPYTU3HOU S ¥ CO CHDKEHHBIM
B /IBa pa3a CONIPOTHUBIECHUEM CTOK—HCTOK
B OTKPBITOM COCTOAHUH (R =10 MOM).
DTa napa 1oKa3ajaa TaKOH K€ Pe3ynbTaT
paboThl, 32 UCKIIOYEHHEM MUHUMAJb-
HOTI'O HAJICHUS HAIIPSDKEHUS COOCTBEH-
HO CTa0MIU3ATOPOB, KOTOPOE IIPU TOKE
10 A cocrasuiio 0,1 B, To ecTp B iBa pa3a
Hreke, ueM STPSOPF55 /IRFB4710. Kpome
TOI'0, MAKCUMAJIbHOE HAIIPSKEHHE CTOK—
uctox y SUP9OPO6 cocrassier 60 B (tipo-
TUB 55 B y STPS8OPF55).

Paccmorpum cxemy (pUIBTPaA-CTAOU-
JIN3aTOPA IIOJIOKUTEIBHOIO HAaIIPsSIKE-
HusA +12,5 B (em. puc. 13a). DneKTpOHHbIN
(HIBTP NOCTPOEH HA MOLTHOM IIOJIEBOM
Tpanzucrope STPSOPF55 (T1) u nepsom
OV DA1 (neBb1it Ha cxeme). RC-duibTp
U3 IBYX IIOC/IE€JOBATEIBHO BKIIOYEHHBIX
RC-tenouyex R1C8 u R2C9, coefuHEHHBIX
C MHBEPTHUPYIOIIUM BXOJ0M I1€pBOro Oy
(8 Bo1BOA, DA1), mogaBigeT IyJIbCaliuyd
BBIIPSMJICHHOI'O HAIIPSDKEHUA IIPUOIIHN-
3utenbHo B 60 pas (36 aB). IllocrosHHas
COCTAB/LAIONIAsA  BBIXOJHOI'O HaIIpsLKe-
HU 3TOTO (PWIBTPA CHUXKEHA IPUOIU3H-
TenbHO Ha 0,6 B (110 CpaBHEHUIO CO Cpejl-
HHUM BXO/IHBIM HAaIIPSDKEHUEM) 61aroja-
ps pe3ucTopy R3*, KOTOPbII COBMECTHO C
R1 obpasyer JenuTeb HAIPsoKEHUs. DTa
IIOCTOSIHHASI COCTABJIAIONIAS PABHA CPEJ-
HEMY BXOJHOMY HAIIPSLKEHUIO 34 BbIYE-
TOM MaKCUMaJIbHOU aMIUIUTYZbI ITy/IbCA-
uui. K HemHseprupymoomemy sxoay OV
NOJKJIIOYEHO BBIXOJHOE HAIIPKEHHE
duibrpa (crok T1). Pesucrop R5 ciayxur
JUIS1 COXPAHEHHUS OAIAHCA TOKOB JIBYX BXO-
10B OV, 4TO CyIIECTBEHHO CHIDKAET €ro
HaIIpsDKEHHE cABUra. 10T OY CpaBHUBA-
€T BBIXO/IHOE HaIIPsDKEHHE (pUIbTpa (CTOK
T1) ¢ BBIXOAHBIM HAIIPSDKEHUEM (DUJIb-
Tpa u3 AByX RC-11€eII0U€K U CBOUM BBIXO/I-
HBIM HaIIPsUKEHHEM (II€PBBIN BBIBOJ) BO3-
nercreyeT Ha 3aTBOp T'1 Takum 06pasom,
4TOOBI BBIXOHOE HAIIPSDKEHUE (PHIbTPA
(cTok T1) paBHIOCH BBIXOJHOMY HAIIPsI-
JKEHHUIO (puiabTpa u3 AByX RC-1ieroyex.
Pesucrop R4 ciryxuT JIs1 OrpaHUYE€HUS
ToKa OV. CradbmwiuTpoH VD1 cyxuT it
3amuThl 3aTBOpa T1 OT IEpeHaNPSKEHUS
B MOMEHT BKJIIOUCHUS.

DA1 nuraercs BBIXOJHBIM HaIIPsLKe-
HHUEM BTOporo RC-punbTpa, COCTaBIeH-

Horo u3 aByx RC-uenouexk: Rp1Cp1Cp2 u
Rp2Cp3Cp4Cp5. DTOT (PUIBTP OAABIISIET
ITY/IbCALIMU BXOJHOI'O HAIIPSDKEHUS IIPU-
6mu3uTenbHO B 10 pas. biiarogaps Tako-
My PELICHUIO HAIIPSDKEHUE ITUTAHUA
DA1 mOBBIIIIEHO, YTO MO3BOJISIET C OOJIb-
e HaJEXKHOCTBIO YIIPABIIATD 3aTBOPA-
My T1 1 T2, 0COGEHHO IIPU MAJIBIX TOKAX
HArpy3KHU.

TpaH3uCTOPHL B (pHIBTPAX-CTAOMIH-
3aTOpPaxX BKIIOYEHBI HECTAHJAPTHBIM
06pa30M: UCTOK IIOJIKIIOYEH K BXOJHO-
My HAIIPsKEHHUIO, 4 CO CTOKA CHHUMAET-
Cs1 BBIXOJHOE HalpspkeHue. Kpome Toro,
Tpansucropel T1 u T2 (STPS8OPF55) —
p-KaHaIbHBIE. 111 BKIIOYEHUS TPAH3U-
CTOPOB IO CXEME, ITIOKA3aHHOI Ha PUCYH-
ke 13a, Ha UX 3aTBOp TPeOyeTcs NOAaTh
HAIIPSOKEHHUE HUDKE BXOJHOTI'O HAIIPsDKe-
HHA HA 3—5 B, € 4eM JIErKO CIIPaBIAETCs
mo60i OY. TakuM 06pa3oM, IIPOOIEM C
BKJIIOUCHUEM TPAH3HUCTOPOB B JAaHHOM
cxeMe He BO3HHUKAeT. OHU BO3HHKAIOT
IIPU BBIKIIOYECHUH TPAH3UCTOPOB, I
4ero Ha HUX 3aTBOpP Tpedyercs IoJaThb
HAIIPSDKEHUE, OIU3KOE K HAIIPAIKEHUIO
nutanusa OV. Kak U3Be€CTHO, B CTAaHIAPT-
HOM (He Rail-Out) OV BBIXOHOE HANIPSI-
JKEHHE HIDKE HAIIPSDKCHUA IIUTAHUA, KAK
MHUHHMYM, Ha 0,5-1,5 B B 3aBUCHUMOCTH
OT TOKA Harpy3ku. [ToaroMy, eciiy, HalIpu-
Mep, nuTatb OV OT BBIXOJHOI'O HaIps-
skeHus (pmwiprpa (TO ecTb OT cToKa T1),
KOTOPOE€ HIIKE BXOJHOIO (TO €CTh UCTO-
K4), KaK MUHUMYM, Ha 1 B, TO npu oTcyT-
CTBUH HArpPy3KU /IS 3aKPBITUA TPAH3U-
cTopa (MM €ro IPHUKPBITUA) BBIXOJHO-
ro HanpspkeHus OV MOXKET He XBATUTD,
B PE3yJbTATE YErO BO3HHUKAET I'€HEpa-
LIS 9aCTOTOM 0Ko1o 300-500 I'y, u36a-
BHUTBCSA OT KOTOPOM HEBO3MOXKHO. Ecim
MOAKIIOUUTD K BBIXOAY (DUIBTPA-CTAOU-
ausaropa Harpysky 200-300 Om, npu
KOTOPOU TPAH3UCTOP HYKHO HEMHOI'O
IIPUOTKPBITH, TO €CTh IOJATh HA 3ATBOP
HAIIPSDKEHHUE HIDKE €TI0 3HAYEHHUS IIPU
OTCYTCTBUH HAIPY3KHU, TO OV yXxKe CII0CO-
O€H BBLIATH 3TO HanpspkeHue. OJHAKO,
nockonbKy OV u Tpansucrop T1 oxa3bl-
BAaIOTCS BIJIIOYEHHBIMHU B OJIUH U TOT K€
KOHTYP IOJIOKHUTEIBHOU OOPATHOM CBA-
3H, TAKOE BKIIOYCHHE IPUBOAUT K BO3HUK-
HOBEHHIO €€ OJJTHOU ITAaPa3UTHOM I'eHe-
panuMu 4aCcTOTOU HECKOABKO KI'm. isa
MOAABJIICHUs JTOIN I'€HEPAalUu K BBIXO-
Iy TPAH3UCTOPA (HEBAXKHO, JJISI Y4€TO OH
MIpeJHa3Ha4YeH — I (PUIbTPA WK CTa-
OmIn3aTopa) HEOOXOJHUMO  IOJKIIIO-
YUTb KOHJEHCATOP AOCTATOYHO OOJIBIION
émkocTH, HoMuHaIoM 1500-2000 MKD.

IIpu nuranuu OV HENOCPEACTBEHHO OT
BXOJHOT'O HAIIPSXKEHUS, KOTOPOE BBIIIE

BbIXO/HOIO (cToK T1) Ha 1-1,5 B, 06a
OIIUCAHHBIX 3(P(PEeKTa UCUE3AI0T, TO ECTh
HU HATIPY304HBIH PE3UCTOP, HU KOHJEH-
caTop GOIBIION EMKOCTH HE TPEOYETCH.
OIHAKO B 3TOM CJIy4ae MOKET BO3HUKHYTb
napajgoKcaibHasg curyanus. [Ipu Bioge-
HUU IUTAHUA, U3-32 TOT'O, YTO KOHJECH-
catop C3, HEOOXOJUMBIH JIJIsI IO ABJIE-
HU IAPA3UTHBIX T€HEPALIUH, PA3PSLKEH,
HA4YaJIbHOE HAIIPSLKEHUE MEKY 3ATBOPOM
1 UCTOKOM T'1 OTCYTCTBYET, B pE3yJIbTATE
4Eero TPAH3UCTOP OKA3BIBACTCS 3AKPBITBIM.
ITOCKOJIBKY IIPH BKJIIOYEHUH YCTPOHCTBA
nutranyue Ha OV IOCTyIaeT ¢ €ro BXoaa
(ucrok T1), OV cpagzy :ke Ha4uHaAET pabdo-
TaTh U CPABHUBAET BBIXOHOE HAIIPSIKE-
HUE (PUIbTPA C BBIXOJAHBIM HAIIPSKCHU-
em ¢punbTpa u3 AByx RC-enouexk R1C8—
R2C9. ITOCKOJIBKY 00a 3TU HAIPSKEHUSA
HyJaeBble, OV CTPEMUTCS COXPAHUTD 3TO
COCTOsIHHE, ToAaBasg Ha T1 COOTBETCTBY-
IOIMI BBICOKUU IIOTEHIIAAJ, B PE3Y/IbTATE
YEro TPAH3UCTOP TAK U OCTAETCS 3aKPhI-
TBIM, TO €CTb (PHIbTP-CTAOWIN3ATOP HE
samyckaercs. Eciau sxe nuranue OV 6epér-
¢ ¢ BbIxoz1a (puwibTpa u3 AByX RC-11emouex
Rp1Cp1Cp2 u Rp2Cp3Cp4Cp5, numeronie-
I'0 MOCTOSTHHYIO BpeMeHH T okouio 0,01 ¢,
TO OV 110Iy49aeT NOJTHOLIEHHOE ITUTAHUE
TOJIBKO CIIyCTS 3TO Bpems. Iloka mura-
Hue Ha OY OTCYTCTBYET, €r0 BBIXOJHOE
HAIIPsDKEHUE, II0JaBA€MOE€ Ha 3aTBOP
T1, — HyJI€eBOE, B PE3Y/IbTATE YETO TPAH-
3UCTOP OTKpbIBaeTcs. Crycrs Bpemsa 1 OY
YKe paboTa€eT B IITATHOM PEKUME U, CPAB-
HUBAsI HanpspKkeHue croka T1 ¢ BeIXOJI-
HBIM HanpspkeHueMm ¢uibrpa R1C8-
R2C9, BpIJAET HEOOXOIUMOE HAIIPSIKE-
Hue Ha 3a1BOp T1. Takum 0Opa3oM, Kak
IIPU OTCYTCTBUHU HATPY3KH, TAK U IIPH €€
HAJIUYHHU, BBIXOJHOEC HAIIPAKCHUC (pPIIIb-
TPpAa-CTAOUIN3ATOPA IIPHU BKIIOYEHUHU U
34T€M B IITATHOM PEXHUME COOTBETCTBY-
eT HopMe. [IpyrumMu Ca0BaMu, (PUIbTP-
CTAa6WIN3aTOP HAAEKHO, YCTOMYUBO U,
IVIABHOE, JOCTATOYHO IIABHO 3aITyCKA€T-
cs1. Kpome Toro, npu pa6oTe B IITaTHOM
pexume B puiIbTpe-CTabHIN3aToOPE MOJI-
HOCTBIO OTCYTCTBYIOT KaKHe-11u00 mapa-
3UTHBIE TEHEPAIIUH, YTO IIO3BOJIICT U30€e-
2KaTb IIPUMEHEHUA KOHJJCHCATOPOB BBICO-
KOM EMKOCTHU Ha BBIXO/JAX.

Bropoit OV (11paBblii HA CX€M€ Ha
pucyHke 13a) CpPaBHHMBAET BBIXOJZHOE
HAIIPsDKEHUE cTadunusaropa Ha T2, B3s-
TOrO C JBIDKKA pe3ucropa R8, sxonamie-
10 B cocTaB aenuressi R7, R8, R9, ¢ BBIXO/1-
HbIM HanpsbkeHueMm MOH, cocrosmero us
T3 1 VD2, 1 OKa3bIBA€T CBOUM BBIXOJHBIM
HAIIPsLKEHUEM (4ETBEPTHIN BbIBOJ DAT)
HEOOXO0/IMMOE BO3/ieicTBUE HA 3aTBOP T2.
Konpgencaropsl C1-C7 u C10 gonoanu-
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TEJIbHO CHMXKAIOT YPOBEHDb ITyJIbCALIUI
BBIXOJJHOI'O HAIIPsDKEHUA (DUIBTPA-CTA-
ounusaropa.

Ha cxeme IOKa3aHa TEXHOJIOTUYeCKas
nepemsruka I11, coenunsomas crok T1
(rouka CT1) c ucroxkom T2 (UT2). Ora
IepEMBIYKA IIPEIACTAB/IAET COOOH Mel-
HBIU JIYKEHBIN OJHOXKWIBHBIN ITPOBOJL
nuamerpom 0,8-0,9 MM BO (pTOpOILIACTO-
BOU TPYOKE U IIPUIIAUBACTCA HEIIOCPE-
CTBEHHO K COOTBETCTBYIOIIUM BBIBOAAM
TPAaH3UCTOPOB.

IIpu n3aMmeHeHuu Toka ot 0 (OTCyTCTBHE
HArpy3KH) A0 9 A BBIXOJHOE HaIIPsKe-
HUE (PUWIBTPOB-CTAOWIN3ATOPOB H3ME-
Haerca menee 4yem Ha 0,01 B. Conporus-
JIEHHE OTKPBITOI'O KaHAJIA TPAH3UCTOPOB
T1 u T2 cocrasiser He 60ee 20 MOM, 9YTO
npu Toke 10 A co3gaér najgeHue Hanpsi-
skenuna 0,2 B. Kpome TOro, nmpu Makcu-
MaJIbHOM TOKE€ aMIUIMTYJAA ITyJIbCAITUH
Ha BXOoJ€ (PUIbBTPA COCTABIISIET OKOJIO
0,6 B, 1109TOMY €r'0 BBIXOJJHOE HAIIPSIKE-
HUe CHIKeHO Ha 0,6 B 10 cpaBHEHHIO CO
CPEIHUM BXOJHBIM HAIIPSDKECHUEM. YUU-
TBIBAs OOLIYIO CyMMY IAJ€HUH HAIIPsSKE-
HUs Ha IByX TpaH3ucTopax (0,4 B) u cHu-
skeHue HanpspkeHust Ha 0,6 B Ha gwibrpe,
COCTABJIAIONTYIO OKOJIO 1 B, 11pH BBIXOJ-
HOM HaIIPSDKEHUU (PUIbTPA-CTa0WIN3ATO-
pa 12,5 B, BXOJHOE HAIIPSKEHUE HE JTOJIK-
HO OIyCKaTbCcA HIKe 12,5 + 1 =13,5 B.
Heo6X0A1MO TAKXKE YIUTHIBATD IAJJCHHUE
HAaIIPSDKEHUA U OT TEMIIEPATYPBI, KOTO-
poe cocrasisier okosno 0,1 B ripu usme-
HEHHUH TEMIIEPATYPLI OT +25 o +50°C
11pH TOKe 9 A. [1I03TOMY BBIXOJHOE HAIIPSI-
JKeHUE crabwin3aropa Ha T2 jxenareib-
HO BBICTaBUTb HA ypOBHE +12,6 B. Takum
06pa3oMm, 11 HaIEKHOM padoThl (PUIIb-
TPOB-CTA0MIN3ATOPOB BXOJHOE HAIIPSLKE-
HHE HE JO/DKHO OITyCKAaThCs HIKe 13,5 B.
PeanbHble U3MEPEHUSA NOATBEPIUIH,
4TO YCTPOMCTBO YCTOMYHMBO U HAJEXKHO
padoTraeTr Ipu MUHUMAIbHOM 3HAYCHUU
BXO/IHOTO HanpspKeHu: B 13,5 B mpu Toke
Harpysku 9 A. 11 OXJ1aKA€HUA TPAH3HU-
CTOPOB KEIATEIBHO UCIIOIb30BATh PAIH-
aTop, IO IIOBEPXHOCTH KOTOPOTO
cocrasnsier He MeHee 400 MM,

XOT, KaK Y2KE OTMEYAJIOCh, Y3€JI 3a1H-
TBI CTA0WIN3ATOPOB OT IIPEBLIIICHUA TOKA
(B TOM YHCJIE U OT TOKA KOPOTKOI'O 3AMBbI-
KAaHMUS) MOXKHO CYHUTATb H30BITOYHBIM.
B HEKOTOPBIX CUTYALIUAX HATUYUE TAKOTO
y3J1a MOKET OBITb IIPOAUKTOBAHO PA3/IHY-
HBIMH yCIOBUAMU. B 3TOM Citydae MOXKeT
OBITh UCIIOJIb30BAHA JOCTATOYHO IIPOCTAs
cxema 3amuTel (cMm. puc. 136). B cxeme
IIPUMEHEH HEJOPOT'OM OJHOKAHAIbHBIH
Rail-to-Rail OY OPA170 (DA1l) B MUHU-
aTropHOM Kopiryce SOT23-5. B kagecTBe

U3MEPUTEI TOKA HUCIOIb3YETCs ILIYHT,
IPEACTABIIIONINI cO6011 SMD-pe3ucrop
R7 pasmepom 2512 HOMUHAJIOM 5 MOM
M MOIIHOCTBIO 2 BT. OIITPOHHBIN CUMH-
crop MOC3023 (DA2) ¢ MAKCUMaJIbHBIM
TOKOM CPaGaThIBAHUA 5 MA HCIIOIb3YET-
Csl B KQUECTBE IIOPOTIOBOI'O YCTPOUCTBA.
IMoso6HAas cXemMa UCIIOAb30BAIACh B [0]
¢ gpyruMm tunom OV U IoKasajia Xopo-
IIHH Pe3y/IbTaT, IOTOMY U IIPUMEHEHA
B HACTOAILIEM YCTPOMCTBE.

Cxema paboTaeTr CIeaylomuM o6pa-
30M. JuddepeHnnanbHbId yCUINTEID
Ha DAl ¢ k03(PUIIMEHTOM yCUIECHUA
100 (oTHOWmEHUE pe3ucTopos R4/R2 =
=R3/R1) u3Mmepser najeHue HalpsoKe-
HUS HAa BBIBOJAX IIYHTA, KOTOPOE IIPU
ToKe 10 A cocrasisier 50 MB. Bpixos-
Hoe HampspkeHnue OY, TakuM 0o6pa3omM,
cocrasisier 50 MB x 100 =5 B. D10 Hanps-
JKeHHEe yepe3 pe3uctopsl R5 u R6 nmomna-
JaeT Ha aHOJ, cBeToanoaa DA2, KOTOpbIi
32;KUT'A€TCS IIPU TOKE CBETOJUO/IA OKOJIO
5 MA U1 BKJIIOYA€T OIITPOHHBIN CUMHUCTOD,
3aMBIKAIOMUL 3aTBOP T1 € €ro HCTOKOM.
Tpansucrop T1 3anmupaercs, BBIXOAHOE
HAIIpspDKEHue crabwindaropa +125B
aJaeT IIOYTH JO HYyJIA (HECKOIBKO MB),
U TOK HAaIPY3KH CTAHOBUTCA IIOYTH HYJIE-
BbIM. OJTHOBPEMEHHO 32KUT'A€TCA CBETO-
nuop LED1 kpacHoro ceeuenus (Rled —
€I'0 TOKOOTPAaHUYUTEIBHBIN PE3UCTOP),
a CBETOAHOJ, KEJITOIO CBEYECHMs, CUI-
HAIU3UPYIOIIUA O HAJIWYUHU BBIXO/-
HOTO Hanpspkenus +12,5 B (LED+ Ha
pucyHnke 131), racuer. IIOCKOJIbKY CUMH-
CTOP HIPEACTABIAET COOOH TPUITEPHOE
YCTPOUCTBO, TO IIPH IIPOIAJAHUU TOKA
HArpy3Ku CUMHCTOP OCTAETCS BKIIOUEH-
HBIM, U €IJUHCTBEHHBIM CIIOCOOOM 3aITy-
CKa CTA0WIN3ATOPA SIBJISIETCS BBIKIIOYE-
Hue HII 1 ero noOBTOPHOE BKIIOYEHUE.
IIpy NOBTOPHOM BKJIIOYEHHH (110 UCTE-
4YEHUHU BPEMEHHU Pa3psaa IEKTPOIUTH-
YEeCKUX KOH/ICHCATOPOB BBIIIPSMUTEIIA)
HII 6ygeTr BHOBb paboTocnoco6eH. Bpe-
Ms pa3psga KOHAEHCATOPOB COCTABIIAET
HECKOJIbKO MHHYT, HO3TOMY JJISl IIPUHY-
JUTEIBHOI'O YCKOPEHHOI'O UX pa3psaja JO
HECKOJIBKUX CEKYH], MOKHO IIPEJyCMO-
TPETh JB€ KHOIIKH C IOCJIEI0BATEIBHO
BKJIIOYEHHBIMHU pe3ucropamu 40-50 Om,
4epes3 KOTOPBIE OyJeT IPOUCXOAUTD Pa3-
pAA. OTH KHOIIKU MOKHO YCTAHOBUTD HA
3aJHEI CTEHKE KOPITyCa.

Ha cxemax, npuBeJEHHBIX HA PUCYHKAX
136 u 13r, Tpansucropel T1 u T2 noka-
3aHbI YCJIOBHO B IIYHKTHPHBIX HPSAMO-
yrospHUKax. Ha caMoMm jejie ux TaM HeT,
4 B CX€ME€ TOYKAMH YKA3dAHBbI JIMIIb HUX
BBIBO/IbI, KOTOPBIE COEIUHAIOTCS IIPOBO-
JIaMH CO CTAOUIN3ATOPOM (CM. pHuC. 132).

MHMEHEPHbDBIE PELLEHMA

Jr10 3aTBOP, cTOK U Uctok T1 (3T1, CT1
u UT1) u ucrok T2 (UT2). Kpome ToOro,
«3eMJIsI> TAKoKe OepETCs CO CTAbMIN3aTOpa.
Tpu curnana CT1, UT1 u UT2 asiaiorcs
CHJIOBBIMH U COCIHUHAIOTCS C IUIATOM CTa-
6I/UII/1321TOpa OJHOXHWJIbHBIMH MEAHBIMH
nposojgaMu gjuamerpom 0,8-0,9 mm. «3em-
JIs» COEMUHACTCA OHOKHUIBHBIM ITPOBO-
oM guamerpoM 0,5 MM, a 3aTBOP — IIPOBO-
10oM MI'T®-0,1. B 3TOM CIydae IepeMbIY-
Ka I11 caumaercs. [IepeMeHHBIN PE3UCTOP
R5 npegHazHavyeH 11 HACTPOUKH Tpe-
OyeMOro 3HAa4Y€HHA IOPOTIOBOIO TOKA.
IIpx cymme CONPOTHUBJIEHHUIH PE3HUCTO-
poB R5 +R6 = 1,9 kOM moporosoe 3Have-
HHE TOKA CPA0ATBIBAHUSA 3AIIUTHI COCTAB-
aser 10 A, ITpugém, npu ToKe 9 A 3ammra
HA/IEKHO HE CPA0ATHIBAET.

CiiegyeTr OTMETUTD, 9TO B cxeme YM34
Ha 6ase yerThipéx LM3886 (cm. puc. 6 B
[2]) kK nuTaHUIO KAXKA0I0 U3 HUX (110J10-
JKUTEJILHOMY U OTPHMIATEIbHOMY) IIOJ-
KJIIOUEHBI KOH/IEHCATOPHI OOIIE EMKO-
cThI0 720 MK®. KpoMme TOro, B CXeMe CTa-
owmmsaropa (CM. pyuc. 13a) Taxske UMeeTcst
ABa KoHgeHcaTopa 11o 180 Mxd (C4 u C7)
061Ien EMKOCTBIO 360 MK®. Takum 06pa-
30M, CyMMapHas EMKOCTb KOH/ICHCATOPOB,
KOTOpBIE OYAyT IIPHU BKJIIOYEHUU 3aAPs-
JKATBbCSA OT CTA0WIN3ATOPA, COCTABILA-
eT 0k0J10 1000 MK®D. Takass EMKOCTb IIPHU
3apsje NOTPeO/AET 3HAUUTE/IbHBIN TOK,
YTO MOXKET IIPUBECTH K JIO(KHOMY Cpaba-
TBIBAHUIO 3AITUTEL. DTO 3aBUCUT OT MOII-
HOCTH TpaHC(opmaTopa, EMKOCTH CIJIa-
JKHBAIOIINX KOHAEHCATOPOB U JPYIUX
HEIIPEJICKAa3yeMbIX (pakropoB. B 3TOM
cirygae, peryaupys pe3ucrop R5 (cm. puc.
136), MOKHO HEMHOT'O IIOBBICUTD IIOPOT'
CpaGaThIBAHUS 3AITUTHL

IIpoBepka pabOTBl CXEMBI IOKa3aaa
XOPOIIYIO IOBTOPSIEMOCTh BKJIIOYECHUS
3AIUTBI IIPU MAKCHMA/IBHOM IIOPOIo-
BOM TOKE.

CxeMa (puibTpa-CTabmaIn3aTopa OTpHU-
11aTEJIbHOI'O HAIIPSKEHUA (CM. puC. 13B)
OT/IMYAETCA OT CXE€MBI (DUIBTPA-CTAOUIN-
3aTOpa MOJOXKUTEIBHOI'O HAIPSIKEHUSA
JPYTHUM THUIIOM IIPOBOJMMOCTH (1) MOIII-
HBIX TpaHn3ucTopos T1 u T2 (IRFB4710),
IIPOTHUBOIIOIOKHOM IOJAPHOCTBIO BKIIIO-
yenus T3, VD2 u 31€KTPOIUTHIYECKUX
KOHJ/IEHCATOPOB, 4 TAKXKE IPYIUM THIIOM
OY DA1 (MC33072). CxeMma 3aIuThl OT
IIPEBBIIICHU TOKA I CTA0MIM3ATOPA
OTPHULIATEIBHON IIOJISIPHOCTH (CM. PUC.
13r) orIn4yaeTcsa OT CXEMBbI, IIPUBEIEH-
HOH Ha PUCYHKE 1306 IPOTHUBOIOIOXK-
HOH IIOJIIPHOCTBIO BKJIIOUEHUS CBETO-
JMOJa OITPOHA U CUTHAJIBHOIO JUOAA
LED1, a TaK:Ke UHBIM CITOCOOOM BKJIIOYE-
HuA nuTanug OY (IIATBIN BEIBOA V+ 3a3€M-
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JIEH, 2 OTPULIATEIbHOE HANIPSDKEHUE ITUTA-
HHA IIOJAETCS HA BTOPOM BBIBOJ V-).

Xord (UIBTP-CTAOMIN3ATOP OTPU-
LaTEJIbHOI'O HAIIPSLKEHHUS YCTOMYUBO U
HaIEKHO 3aITYCKAETCA IIPU nUuTaHnuu OY
OT BXOJHOI'O HAIIPSDKECHUA, IPUMEHEHHE
bwibrpa u3 aByx RC-1ieniouexk Rp1Cp1Cp2
u Rp2Cp3Cp4Cp5 mrsa nuranusa OV 110J1-
HOCTBIO YCTPAHAET CKJIOHHOCTD YCTPOX-
CTBA K CAMOBO30YKJEHUIO U OOECIICYH-
BAET €r0 IUIABHBIIN 3aITyCK.

IIpu TOKE HArpy3Ku 9 A pa3max 1yJibCa-
U BBIXOJHOTI'O HAIIPSPKEHHUS COCTABIISA-
et MmeHee 1 MB (ipotus 1 MBy (prnbsrpa-
CTaOMIN3aTOPA IIOJIOKUTEIBHOI'O HAIIPSI-
JKeHus). U3MepeHue pa3Maxa my/IbCalui
IIPOBOAMIOCH C IOMOUIBIO OCILIOrpada
HENIOCPEACTBEHHO Ha CTOKE T2,

11 MHIUKALMY HAIMYUS HAIPSDKEHUH
+12,5 1 —12,5 B BUCIIOIB3YIOTCA CBETOAHO-
b, COOTBETCTBEHHO, KEJITOTO U 3€JIEHOI'O
cseyenys (LED+u LED—) cO CBOMMH TOKO-
OIPaHUYUTEIBHBIMU pe3ucTopamu (Rled+u
Rled-), a camu HanpspreHUst (QUWIBTPOB-CTA-

UckyccTBeHHbIN pa3ym
NPUGN3AT K peasibHOCTU

B MayHTuH-Bbto (CLUA, wrat KanndopHus)
npoLuna exeropHas KoHMepeHUms ansa paspa-
60T14mKoB Google /O 2017. MaBHbIMK Tema-
MW CTanu BUpTyasnbHas peanbHOCTb U UCKYC-
CTBEHHbIA UHTENNEKT.

KomnaHnwus ycoBepLUeHCcTBOBasIa FOI0COBOr0
nomoluHmka Google Assistant, koTopbI 6bin
npeacTasneH rof Hasag. Tenepb «accUCTeH-
Ta» cHabawnu Hosom yHKLMen Lens, no3so-
NAIOLLEN C MOMOLLbIO TEXHONO M CKYCCTBEH-
HOr0 WHTENNeKTa pacno3HaBaTb OOBLEKTbI U
JaBatb MOACKasku no HUM. Hanpumep, npu
HaBefeHun TenedoHa Ha pecTopaH rosocoBow
MOMOLLIHWK COOGLLIMT O ero peTuHre, OT3blBax
N OpYyrvux XxapakTepucTukax, npy HaBeaeHuu

oCTM MMpa

Ha TEKCT Ha HE3HaKOMOM fi3blKe — OCYLLIECT-
BNISETCS NEPEBOA, a NPU HaBefeHUN Ha adu-
Ly KOHLiepTa — BbIBOAUTCA MHGOpMaLms 06
VCTONHUTENE U CTUNE MY3bIKWU.

Google Assistant 6ygeTt JOCTYNeH He Tonb-
Ko Ha Android, Ho 1 gns iPhone u iPad. Tam
royIoCOBOM MOMOLUHMK 6yAeT crneunanbHbIM
MPUNOXEHNEM.

HoBble chyHKLMM, OCHOBaHHbIE Ha NPUMEHE-
HUW UCKYCCTBEHHOIO MHTENNEKTA, MOSIBUMMCH U B
cepauce Google Photo. Tenepb oH MOXeT onpe-
OenuTb Nogen Ha chotorpadmm, a Takxke oTMe-
TUTb UHCOOPMALMIIO O BPEMEHU 1 MECTE CHLEMKMW.

YCcoBEPLLEHCTBOBAHWSA KOCHYIMCb U APYroro
npegcTasneHHoro B 2016 rogy npogykra — cucrte-

GIIN3ATOPOB ITOJIAIOTCS Ha BBIXOJHOH pa3b-
€m XP tuma XS20JK-4P(M) ¢ MAKCMMaJIbHBIM
TOKOM 25 A Ha KOHTAKT (CM. puc. 1311).

B 4yeTBEPTOI, 3aKIIOUHUTEIBHON YaCTHU
CTaThU OYAYyT IPUBE/IEHBI PUCYHKH Pa3-
BOJIKH ILIAT JIJISI BCEX YCTPOHCTB, UCIIOb-
30BAHHBIX B YCHWJIMTEJIE, U PACCKA3AHO
O IpoLEeAype HACTPOUKH YCWIUTEIA U
PE3YJIBTATAX €TO UCIIBITAHUI.
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Mbl Ana ymHoro goma Google Home. OgHa n3
HOBbIX (PYHKLMI — BO3MOXHOCTb COBEepLUaTh
3BOHKM C MOMOLLIbIO KOMOHKM Google Home.
Kpome Toro, cuctema CMOXET Mo rosiocam pac-
no3HaeaTb pasHbIx nonb3osaresnen. Ewwé ogHa
HOBasi BO3MOXHOCTb — Tak Ha3blBaemasi yrpex-
JatoLas nomolws. Tenepb Google Home cmoxeT
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PbIHOK ronocoBbIX MOMOLLHWUKOB JOCTUIHET
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Ha 3TOM pbIHKe aBnaTca Amazon, Google
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JIOrMI, B 06LLIEN CIIOXHOCTUN 37 % OMPOLLEHHbIX
NoJIb3YOTCS FONOCOBLIMU MOMOLLIHUKaMU XOTS
6bl pa3 B Mecs. 1o gaHHbIM aBTOPOB MUccre-
noBaHus, 20% Bcex 3anpocoB Ha Android B
CLLA 6b111 ronocosbIMU.

Ha koHdepeHummn 6b110 06bABIEHO O TOM,
410 HTC 1 Lenovo B 6nuxariuee Bpems Bbiny-
CTAT rapHUTYpy BMPTYyasnibHOM peanbHOCTU Ha
ocHoBe TexHonorui Google. Ana ncnonb3o-
BaHWs FapHUTYPbI HE HY>KEH ByAeT CMapTgOH,
OHa CTaHeT MOJSIHOCTbIO aBTOHOMHbIM YCTPOK-
CTBOM. OTM pa3paboTku BedyTCs HA OCHOBE
npeacTasieHHOM eLlé B MPOLLSIOM rogy nnat-
hopmbl BUPTYyasbHoW peanbHocTy Daydream.
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3MPOBAHHBIM BbIXOIOM M HU3KHM YPOBHEM

nyabcauuii. Yacts 3. CoBpeMeHHas 3/1€K-
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TpoHHUKA. 2015. N5,

News of the World HoBocTn Mmmpa

Google Takxe odmumansHo npeacTasmna
Hoyto Bepcuto OC Android — Android O (310
paboyee Ha3BaHWe). Pa3paboTumku yTBEepX-
[atoT, 4TO HanborblLee BHUMaHWe B 3TOT pa3
OHW yOENUN «XKU3HEHHO BaXKHbIM>» (DYHKLM-
AM — OJIMTENIbHOCTU PaboTbl akKymynsTopa v
6e30nacHOCTM YCTPONCTBA.

B Android O npepycMOTpeHbI, HanpUMep, HEKO-
TOPbIE OrpaHNH4eHUs Ais NPUNOXEHWI B GhOHO-
BOM pexwme. 3a ycoBepLUEHCTBOBaHWE He3onac-
HOCTW OTBEYaeT cuctema 3awmtel Google Play
Protect, ckaHupytoLLias yCTporcTBO s 06Hapy-
XKEHVA YA3BMMOCTEN M HeGE30MacHbIX MPUIoXe-
HUIA 1 MPY HEOHXOANMOCTU BIIOKMPYIOLLIAS UX.

Kpowme Toro, Google yny4Lumn n MHorosagas-
HOCTb YCTPOWCTBA, NPeACTaBUB (DYHKLMIO «Kap-
TUHKa B KapTUHKE» (BO3MOXHOCTb OTKPbIBATH
HECKOJIbKO OKOH OJHOBPEMEHHO BMEPBbIE 6bina
npefcTasneHa B npowsion sepcun Android
Nougat), a Takxe BKIH0UMN PyHKLMIO aBTO3a-
nonHeHus. Takxe 6b1510 06bABMEHO, YTO YMC-
110 ycTporcTs Ha Android, UCMOSb3yeMbIX exe-
MECSI4HO, MPEBBLICUIIO OTMETKY B 2 MIPS LUTYK.

B HoBoW Bepcumn o6b14HOrO0 Android 6bina
npefcraeneHa ob6ner4éHHas Bepcus OC —
Android Go. OHa npepgHa3HadveHa gna 6oa-
XETHbIX CMapToHOB ¢ MeHee Yem 512 Mb
onepaTuBHOM NamATN 1 NOAXOAUT AN paboTbl
npu MeaneHHoM ViHtepHerte. MepBble cmapT-
choHb!l Ha 6a3e Android Go JOSKHbI MOCTYNUTb
B npopaxy B 2018 ropy.

@Astera co ccbinikoyi Ha KommepcaHTb
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YnbTpa3BYyKoBOil AanbHOMEp-cUrHanusarop

Ha MJIUGC

Maeen PeabKuH (r. YnbaHOBCK)

Mpepnaraemas cTaTbsi COQEPXUT ONUCaHUE NOPTAaTUBHOIO 3NIEKTPOHHOroO
YyCTPOWCTBA — fafibHOMepa, BbINOJIHEHHOrO Ha 6a3e cneunanu3mpoBaHHOro
MPOMBbILLJIEHHOrO Y/IbTPa3BYKOBOro faT4yMkKa paccTosHus (CoHapa).

B ka4yecTBe annapaTHoM NnaTgopmbl AJi 06PabOTKN CUrHANOB C AaTyuKa

B ycTpouicTBe ucnonb3yetcs MJINC.

JanpHOMEDP, O KOTOPOM MOUAET PEUb,
TIOMUMO (DYHKITUHU U3MEPEHUS PACCTOSHUS
10 YA aIEHHBIX OOBbEKTOB, CHA0KEH (DyHK-
1IUEN CUTHAIU3AIIUU — U3BEIIECHUS 1OJIb-
30BATEJIA O TOM, YTO PACCTOSHHUE 10 OOBEK-
Ta MEHBIIE 33JAHHOTO 3Ha4YeHus. [Toaromy
IIpaBWIbHEE OyZIeT Ha3BaTh €0 JAIbHOME-
POM-CUTrHAIN3aTOPOM. OH MOKET HAUTH
IIPUMEHEHHE HA IIPOU3BO/ICTBE U B OBITY
IIPX BOSHUKHOBCHUU HCO6XOL[I/IMOCTI/I TOY-
HOI'O U3MEPEHUS PACCTOSIHUI HA OTKPBI-
TOM IIPOCTPAHCTBE, HAIIPUMED, /IS BBIYHC-

JICHHS IVIOIIAAEH K OObEMOB IIOMEIICHUI,
IIPU KOHCTPYUPOBAHUU POOGOTOB HUIH JIJISI
CUTHAJIU3AIMU O HEAOIYCTUMOM IIPH-
OIYDKEHUH, HAIIPUMED, B KAYECTBE ABTO-
MOOWIBHOTI'O ITAPKTPOHHUKA.

MpPyHUMN AENCTBUSA
U OCHOBHbBIE XAPAKTEPUCTUKMU

B kadecrBe IEPBHUYHOIO JIATUYMKA PAC-
B YCTPOMCTBE HCIIOJIb3YeET-
Cs1 YIBTPAa3BYKOBOM COHAp M3 CEMEKCTBA
HRLV-MaxSonar-EZ tunia MB1043 npous-

CTOSTHUA

Puc. 1. BHewHwii BUAA MaKeTa AanbHOMepa-curHanusaropa

CoHap
MB1043

MpnémMHMK
ART

MpebpasoBatent
13 [IBONYHO-
JTIECATUYHOrO

B [ABOMYHbIA BUA,

V3en cpasHeHns
€ Moporom
CUrHanuaauun

Yaen
ynpasnexus
KK

lMpe6pasosatens
13 [iBONYHOIO
B IBON4HO-
[AECATUYHbINA BUA

«C6poc»

Yaen safaHus
nopora
CuUrHanusauun

Vaen
ynpasnexus
3BYKOM

Bbixog
curHanusauum

Puc. 2. CTpykTypHas cxema fanbHoOMepa-CUrHanu3aropa

BOACTBA MaxBotix [1]. IIpuHLMII JEUCTBUA

coHapos cemericrBa HRLV-MaxSonar-EZ

OCHOBAH Ha U3Ty4EHUU B IIPOCTPAHCTBO U

OOpPaTHOM IIPUEME YIBTPA3BYKOBBIX KOJIE-

6aHUM, OTPAKEHHBIX OT IIPOCTPAHCTBEH-

HBIX OObEKTOB. BCTpOEHHAas1 B COHAp CUCTE-

Ma 06pabOTKH Ha OCHOBE aHAJIN3a U3/Ty4dae-

MOT'0O U OTPAKEHHOI'O CUTHAJIOB IIPOU3BOJUT

BBIYHC/IEHHE U BbI/Ia4y BO BHEIIIHUE YCTPOU-

CTBA JAHHBIX O PACCTOSHUH JI0 OOBbEKTA, OT

KOTOPOT'O OTPAa3WINCh KosneOGaHus. JIaH-

HBIEC U3 COHAPA BBIJAIOTCS OHHOBPEMEHHO

110 TPEM PA3IMYHBbIM KaHA/IAM:

® aHAJOrOBOMY — B BHUJIE€ IIOCTOSIHHOI'O
HAIIPSDKCHUS, IMPONOPIIMOHAIBHOI'O
PAaCCTOSTHUIO JO OOBEKT4;

o IIIMM - B BHJIE€ UMITYJIbCOB CO CKBAXK-
HOCTBIO, IPOIIOPLIMOHAIBHOM PACCTO-
SIHUIO 10 OO'BEKTA;

e nugposomy (unrepgeric UART) — B
BU/ie OGANTOBBIX IIOCBUIOK, IIEpEABAE-
MBIX CO CKOPOCTBIO 9600 6uT/C 1 coaep-
JKAIIUX 3HAYEHUE PACCTOSHUS 10 O0b-
€KT4a B IBOUYHO-JECATUIHOM (popmarte
B ASCII-Koze.

B npeanaraeMoMm ajlbHOMEpPE-CUTHAIN-
3aTOpE JAaHHBIE OT COHAPa IIPUHUMAIOT-
cs1 Tos1bKO uepe3 UART. IIepuoguIHOCTb
OOHOBJICHHUS JAHHBIX cocTaBysieT 100 Mc.

JJanbHOMEP-CUTHAIU3ATOP UMEET CJIe-
JIYIOIIE OCHOBHBIE XaPAKTEPUCTUKHU:
® JUAIIA30H U3MEPAEMBIX PACCTOSIHUH —

0,3..5 m;
® paspemamuas ClIoCOGHOCTb U3Mepe-

HH PACCTOSAHMA — 1 MM;
® KOJIMYECTBO 33/1aBA€MBIX IIOPOT'OB CUT-

HaIu3anuu — 1;
® THUII CUTHAIU3ALIUN — I'€HepaLys 3By-

KOBOI'O CUTHAJIa U IIepexo HudpoBo-

T'O BBIXO/]a B HU3KMI JIOTUYECKUH YPO-

BCHB IIPU TCKYIIEM 3HAYCHUU U3MEPA-

€MOI'0 PACCTOSIHUS MEHBIIIE 33JTaHHOI'O

IOPOra CUTHAIU3A1I1H;
® THUII JUCIUIES — CHUMBOJIbHBIN ABYX-

crpounbIr JKKH, COBMECTUMBIN C KOH-

Tposutepom HD44780;

e (popmaT OTOOPAKEHUA U3MEPEHHOIO
paccrosHua — «R=XXXX», rge XXXX —
3HAYEHHUE PACCTOSHUSA B MM;

e bopMaT OTOOPAKEHHUS 3aJAHHOIO
nopora curHanudanuu — «L=YYYY», rae
YYYY — 3HaueHHE 33JaHHOT'O IIOPOTa
CHUTHAJIU3AIIUHU B MM;

® 3BYKOBOH H3/Iy4aTelb — 3JIEKTPOMAr-
HUTHBIN;
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Puc. 3. MpuHumnuanbHaa cxema ganbHoMepa-curHanu3aropa

® I10JIb30BATEIBLCKUI HHTEPdEC U3 TPEX
KHOMOK: «COPOC», «<YBETUYEHHE TTIOPO-
ra CUTHaIU3AUN» («+»), «YMEHbIIEHHUE
IOPOTr'a CUTHAJIM3ALUN> («—>);

® HANPsDKEHHE MCTOYHUKA IHUTAHUA
+4,5...6 B;

® NOTPEOAEMBI TOK OT HCTOYHHKA
nuTaHug 1py +4,5 B — 70 MA.

ANNAPATHAS NNIAT®OPMA

1 anmapaTHOM pean3aliii yCTPOI-
crBa npumeneHna IUINC ¢upmbr Altera
cemericrea Cyclone-II EP2C5T144C8 B
cocTase OTIagovHoU 11aTel OpenEP2C5-C
npoussocTsa pupmsl Waveshare [2]. [Ipu
OT/IAJIKE MAKETA JATbHOMEPA-CUTHAIN3A-
Topa 1warta OpenEP2C5-C ycraHOB/I€HA
B OTIa0uHYyI0 1iaty DVK601 [3] Toro ke
npoussoauTesist. K wiare DVK60 1 noaxio-
4aeTCsl CUMBOJIbHBIN IBYXCTPOYHbIH Y KKH
Trna 1602ZFA, Merouii TpEXBOIBTOBOE
MUTAHUE U BCTPOCHHYIO IOJICBETKY JIHIC-
1U1es. BHenTHMI B/ MaKeTa JaIbHOMEPa-

CHUTHAJIM3ATOPA IIOKA3aH HA PUCYHKE 1, a
€I'0 CTPYKTYpPHAsI CXeMa IIPEJCTABICHA Ha
PHUCYHKe 2. 9Ta CX€Ma B OCHOBHOM IIOBTOPSI-
et 610K-cxemy rpoekra ITTUC ycrporcTsa.

IIpyHOUNIMaAbHAA CXEMA JAJIBHOMEPA-
CUTI'HAJIM3ATOPA IIPUBEIEHA HA PUCYHKE 3.
DTa cxXeMa MOKET OBIThb HCIIOJb30BAHA
JUIL U3TOTOBJIEHUS YCTPOKMCTBA 6€3 IUIaT
OpenEP2C5-C u DVK601.

B kauecrtBe KHOMOK SB1, SB2 B make-
T€ MCIIOJBL3YIOTCA IIO3ULMH <«BBEPX> U
«BHU3» IMATUIIOSUIIUOHHOI'O MAHUWITYJIA-
TOPa JIPKOHMCTUK» TU1aThl DVKG601.

Muxkpocxema IUVIMC DD1 nuraerca ot
JBYX HCTOYHHUKOB HAIIpsDKeHU:A +3,3 B u
+1,2 B, hOpMUPYEMBIX IIOCIEJOBATEILHO
BKJIIOYEHHBIMU CTa0rn3aTopamu DA2 u
DA3, coorBercTBEeHHO. [IUTaHUE CTA0WIU-
3aTopa DA2 OCymiecTB/IsIeTCsI BHEITHUM
HanpscKeHueM +4,5...6 B.

3arpyska koHdurypauyu B [INITMC DD1
IIPU KAKIOM BKIIOUYEHHUHU IMTUTAHUSA OCY-
IIECTB/IACTCSI U3 MHKPOCXEMBI HEPIO-

He3aBUCUMOM naMaTu DD3. HavanbHas
3anuch KoHpuUurypanuu 8 DD3 npousso-
aurtcs yepes pas3bém X4 «JTAG» ¢ momo-
1bIO Kabesi-nporpammaropa USB Blaster.

BrenrHuH 171106a1bHbIN CHHXPOCUTHA
st INIUC ¢ yacrorou 50 MI'L Beipaba-
THIBAE€TCSI UHTETPAJIBHBIM T'€HEPATOPOM
DD2 co BcrpoeHHBIM KBapueMm. KoH-
KPETHBII TUII 3TOT'O F€HEPATOpA HA CXE-
me 1w1aTel OpenEP2C5-C aBTOpY HJIEHTH-
(puIpoBaTh HE y1AI0Ch. B kauecTse DD2
HOAOUAET IIOO0M KBAPIEBBIHM I'€HEPATOP
cyacToToy 50 MI'lT ¥ MUTAIOIINUM HAIIPS-
JKeHuem +3,3 B.

3BYKOBOM U3y4arTesb BF1 — majiomon-
HBIH «CITMKEP» 3JIEKTPOMATrHUTHOT'O THUIIA.
Taxke BO3MOKHO IIPUMEHEHHUE IIbE30U3-
JIy4daTesist IIOOOTo THUIIA.

Bce mnepeunciieHHBbIE CXEMHBIE KOM-
IIOHEHTBl  COIEPXKATCA HA  IUIATaX
OpenEP2C5-C u DVK601. Bce BBIBOIBI
TTJINC, a TakKe JIMHUU NuTaHuA +3,3 B u
obero nposozga Ha 1are OpenEP2C5-C
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Puc. 4. KontaktHbie nnowapnku TTL Jumper
Ha nnare coHapa

BBIB€/ICHBI HA /IBA MHOI'OIOTBIPBKOBBIX
pazbéma 151 06€eCIIeYeHUSI BO3MOKHOCTH
CTBIKOBKHM C BHEHNIHHUMHM YCTPOHCTBAMH,
Hanpumep, ¢ wiaroit DVK601. Ha uiate
DVKG601 CUIHA/IBI C OTBETHBIX YACTEHN ITUX
Pa3bEMOB, B CBOIO OY€EPE/b, PA3BEICHBI HA
Pa3bEMBI, pa3MEIIEHHBIE TI0 IIEPUMETPY
IUIATHI U UCITIOJIb3YEMBIC JIJIA ITOAKITIOUYCHUA
Pa3IMYHBIX BHEIHUX YCTPOKCTB, HAIIPHU-
Mep, coHapa. O603HAYECHUA U HyMEPALH
3JIEMEHTOB HA CXEMeE (CM. PHC. 3) HE COOT-
BETCTBYIOT cxeMaM Iuiar OpenEP2C5-C
1 DVKG601. CoeMHUTENbHbIE PAZBEMBI
3TUX IUIAT HA CXEME YCJIOBHO HE IIOKA3aHBL

Ornamounas rwrara DVK601 B xoze
OT/IAJKU MAKETA JATbHOMEPA-CUTHAIN3A-
TOpa 6BUIA HEMHOTO JIopadoTraHa. Jlopa-
06OTKA 3aK/II0YAJIACh B YCTAHOBKE PE3UCTO-
paR7 (cM. puc. 3), KOTOPBIH Ha IPUHITUTIN-
AJILHOM cxeMe I1aThl umescs (Buzzer.R1
=500 OM), HO HA CAMO¥ IUIATE OBLI 3aMe-
HEH IIPOU3BOUTEIEM KOPOTKO3AMKHYTOI
IIEPEMBIYKOH, a4 TAKKE B yCTAHOBKE PE3U-
cropa R8 conporusienuemM 1 kOM B3aMeH
pesucropa Buzzer.R2 =500 Om. [Io mpose-
JIEHUS YKa3aHHOU I0Pa6OTKH y3€J1 3BYKO-
BOro usiy4daressi BF1 1erko camoBo30y»xk-
JIAJICS OT HABOJOK IPYI'MIX CUTHAJIOB IUIATHL.

Hanaaxa yCcTporCTBa CBOJUTCA K YCTa-
HOBKE TPEOYEeMOU I'POMKOCTH 3BYKa CUT-
HAJIM3AIUU IIyTEM IIOJ0Opa PE3UCTO-
paR7, a TakKe K YyCTAaHOBKE TpeOyeMOoU
KoHTpacTHOCTH KKHW HG1 1myrém noga-
CTPO¥KH pe3ucropa RO.

Ilepen IOJKIIOYEHHEM K YCTPOMCIBY
coHapa MB1043 nHeo6XoauMO Ha €ro
IEYATHOH IUIATE 3AMKHYTb MEXKIY COOOI
IEPEMBIYKON W3 IPHUIOS KOHTAKTHEIE
mwomaaxu TTL Jumper, TOKa3aHHbIE HA
pHUCYHKe 4. VKa3aHHBIM CIIOCOOOM OCY-
LIECTB/CTCS 3aJaHUE TPEOYEMBIX YPOB-
HEH BBIXOAHOI'O CHUTHaia uHTepderica
UART conapa. IIpu 3Ha4UTEIbHOM yAa-
JeHuH coHapa ot IUVIMC coequHAIOmui
HMX CUTHAJIbHBIH IIPOBOJ, CJIEAYET SKPAHU-
pOBaTh.

Mpoext MJIUC
IIpoexrt IVIMC yCcTpoiicTBa HAIIMCAH HA

anropuTmMudeckoM asbike Verilog HDL. On

COCTOUT U3 CJIEAYIOIINX MOJYJICH:

® MOJyJIb BEpXHETro ypoBH: ((part MAX
SONAR.vV);

® MOJYJ/Ib IIOJABJICHUSA «JpeOe3ra» KHOIIOK
(damn noise_filter_butt.v);

e Moaynb (POPMHUPOBAHUA CHUTHAIOB
«O3BYYHBAHU» KHOIIOK ((hbaiii buzzer
butt.v);

e Mopynb mpuéma Oaiita yepe3 UART
(damn UART byte rx.v).

Moay/b BEPXHEIO YPOBHS COIOEPIKUT

HECKOJIBKO OGJIOKOB:

® 6JIOK (pOpMHUPOBAHUS 3BYKOBBIX YACTOT;

e OJIOK 3aJaHUs 3HAYCHUS IIOPOTr'a CHUT-
HAJIM3ALUH;

e 610K npuémMa 6aANTOBON ITOCBUIKH OT

COHApPa;

610K OOPabOTKH MIPUHATHIX OT COHA-

pa JaHHBIX;
e OJIOK HAaYAJIbHOH HHUIMAIN3ALNU U

LIUKJINYECKOI'O BBIBOJA HMH(MOPMALIUH

Ha KKU;
® OJIOK yIIPaBJICHUA 3BYKOBBIM CUT'HAJIOM.

Bce nepeunciaennble 6J10KH, KPOME 6J10-
Ka 00pabGOTKU IPUHATBHIX OT COHAPA JaH-
HBIX, SIBJISIIOTCSI CHHXPOHHBIMH, TO €CTh
B UX CIIMCKAaX YYBCTBUTEJIBHOCTU COJEP-
JKHUTCS TOJIBKO BHYTPEHHUH ITI00A/IbHBIN
CHUHXPOCHUT'HAJL BJIOK 06pabOTKHU IPUHS-
TBIX JAHHBIX CHHXPOHHU3UPYETCs (PPOH-
TOM CUTHA/Ia FOTOBHOCTH IIPUHATOM Oari-
TOBOY IOCBUIKH OT COHApa Sonar_data_
ready.

B kauecTBE BHYTPEHHETO ITIOOAIBLHO-
IO CMHXPOCHUI'HAJIA HCIIO/Ib3YETCS CHUH-
XpOCUrHaja clk_pll yacrorou 10 MI1g
C BBIXOJ]a BCTPOEHHOU cucrembl OAITY
(PLL) IUTHC.

JIMHUN BXO/JOB KHOIIOK <«IIOJTSIHY-
TBI> BHYTpHU IUIMC 4epe3 BCTpOEHHBIE
PE3UCTOPHI K IUIIOCY UCTOYHUKA +3,3 B.
Ha oxny n3 nuaunn noacserku KKU u3
IVIMC nogaércs HaAIPsOKEHUE HU3KOTO
JIOTUYECKOT'O YPOBHS, HA IPYI'YIO — BBICO-
KOTro. TOKOOIpaHUYUTENIbHBIE PE3UCTOPBI
CBETOJHUOJOB IIOJCBETKU B CXEME OTCYT-
CTBYIOT, IIOCKOJIBKY OHU BCTPO€HBI B JKKI.

B (partmax ucxogHOro Kojga MoayJsiei
npoekra ITVIMC nMmeeTcss HECKOIbKO KOH-
CTAHTHBIX 3HAYCHU parameter, MOIU(DU-
LUPYys KOTOPBIE, IOJIb30BATEIb MOXKET
MOACTPAUBATH KOH(DUTYPALTUIO IIPOEKTA
IIVIMC o, CBOU HYK/IBI.

KoHcranTa parameter POROG_IMP =
500_000 3212€T KOJIHMYECTBO MMITYJIbCOB
VIOOAIBHOI'O CHUHXPOCHUTHAIA, OIIpEze-
JIAIONIEE JJIMTEIbHOCTb UMITY/IbCA O3BYy4H-
BaHMA HAKATUA HA KHOIIKY. [Tpy HazkaTUM
Ha KHOIIKY 3TOT UMIITYJIbC IIPOITyCKAET Ha

BBIXOJ] 3BYKa IIAYKy COOTBETCTBYIOIIEH 1IN~
TEJIbHOCTH HMITY/IbCOB 3BYKOBOM 4aCTO-
TBL ITOA60POM 3TOrO Hmapamerpa MOKHO
337aBaTh JINTEIbHOCTD IIAY€K O3By4HBa-
HUSI HAKATUH (110 ymodaHuio — 0,05 ©).

KoHcTaHTa parameter POROG = 600_000
3a1a€T MOpPOTI NOJABJICHUA Apebde3ra —
KOJIMYECTBO HMIIY/IBCOB ITI0OAJILBHOI'O
CHUHXPOCUTHAJIA, IIOCJIE OACYETA KOTO-
POro IPUHUMAETCS PELICHUE O IIPOITYCKE
BXOJHOI'O CUT'HAJIA OT KHOIIKH HA YIIPaB-
JIsIEMBIH €10 6s10K. [Tog60opoM 3TOrO 1apa-
METPa MOXKHO JJOOUTBCS HAJEKHOTO I10/1a-
BJICHUS Ape6e3ra OT KHOIIOK PA3THYHBIX
THUIIOB U PA3MEPOB.

IIpu peanuzanuu uHTEPPeErica oocIy-
JKHBAHUA KHOIIOK IIOMHMO Y3714 I10Ja-
BieHus apebesra B IUVIMC cuHTE3UPO-
BaH y3eJ1 (DOPMUPOBAHUA UMITYJIbCA OT
KHOIIKH, JUIMTEJIbHOCTb KOTOPOI'O PaBHA
CTPOrO OJHOMY IEPHOJAY ITIOOAIBHOIO
CHUHXPOCUTHAJIA. DTO CAEJIAHO JJIS TOTO,
4TOOBI, BHE 3aBHUCHMOCTH OT BPEMEHU
YAEPpKaHUS HAXKATOM KHOIIKH, PEAKITUA
YCTPOUCTBA HA €€ HAXKATHE IIPOUCXOANIA
OJHOKPATHO. BXOAHOI CUTHAJI OT KHOII-
KU key_in (AKTHBHBIM YPOBEHDb — HHU3-
KUIT), COJIEPKAIINH Ipedesr, HOABEPraeT-
ca uudposoit punsrpanuu. ITo nepegne-
My criasly OT(pHIBTPOBAHHOIO OT Apedesra
CUTHA/Ia noise_key_out (AKTUBHBIN ypO-
BEHb — HU3KHUI) (hOPMUPYETCI KOPOTKUH
OTPHULIATEILHBIN UMITYJILC edge_noise_
key_out JINTEIBHOCTBIO POBHO B OJUH
epuo], I7100AJIbBHOIO CHHXPOCHUTHAIA
clk_pll, MpUYEM €TI0 CepeiMHA COBIIA/IA-
€T C IIOJIO’KUTEIBHBIM (AKTUBHBIM ) IIEpe-
nagom clk_pll. B crincke 4yBCTBHTEIb-
HOCTHU OJIOKA, PEAIM3YIOLIETO PEAKIIUIO
YCTPOYICTBA HA HAXKATHE JAHHOIM KHOII-
KU, COJEPKUTCS TOJIBKO IEPEIHUN (PPOHT
CHHXPOCUTHAJIA clk_pll.

KoHcTranTaparameter UART _RATE = 9600
3212€T CTAHJAPTHYIO CKOPOCTb IIPH-
€éma pganHpix yepe3 UART or conapa
(9600 6uT/C).
UART X€CTKO 3aJaHbl B KOH(UTYpaIuu

OcCrajibHblE  HACTPOMKH

IUIVC 11 He MOTYT ObITb MOAU(DULIIPOBAHBI
II0JIb30BATEJIEM «Ha JIETY>: 8 OUT B 6aiire, 1
CTOIIOBBIA OUT U OTCYTCTBHE KOHTPOJIA YET-
HOCTH (8—N-1). Hajimune aHHbIX, IIOCTY-
naronmux ¢ Bpixoga UART coHapa, uHau-
IUPYETCA B YCTPOICTBE cBeTOogroaoM HL2.

ITopor curHaIu3anmy yCTpoOrCTBa 3aa-
€TCs1 C IOMOUIBIO KHOIIOK SB1 «+> 1 SB2 «—».
IIpyn HAXKATHAX HA KHOIIKY «b> TEKYIIee 3HA-
YEeHHE ITIOPOT'a YBETMUUBAETCA 110 KOJIbILY C
marom 10 MM OT MUHMMaIbHOTO (300 MM)
10 MAKCUMAJIBHOTO (5000 MM) 3HAYEHUA.
IIpyn Ha)KATHUAX HA KHOIIKY «—> — YMEHbIIIA-~
€TCA 110 KOJIBILY C TAKHM K€ IIIarOM OT MaK-
CUMJIBHOTO IO MUHUMAJIBHOI'O 3HAYCHUSA.
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Texkymiee 3Ha4€HUE IOPOTa CUTHAIU3ALUN
orobpaxkaerca Ha KK cripasa OT 3Ha4e-
HUS PE3Y/IbTATa U3MEPEHUA.

IIpy yMeHbIIEHHU Pe3yJbTaTa HU3Me-
PEHHI HIDKE 3HAUYECHHUA IIOPOra pas3gact-
Cs1 IPEPBIBUCTBIA 3ByKOBOM CUI'HAJI BBICO-
KOI'o TOHA. O,I[HOBpCMCHHO BBIXO/J CUT'HA-
ymsanuu IVTMC X3 niepexoguT B HU3KUH
JIOTMYECKUH ypOBEHbD. [Ipn nnpeBblIeHUH
PpE3yabTaTa U3BMEPEHUH HAJl IIOPOI'OM 3BY-
KOBOH CUTHAJI IIPEKPALIAETCS, a4 BBIXOJ, CUT-
Ham3anyuu IVIMC BO3BPAIaeTcs B BbICO-
KU1 JIOTHYECKUH ypOBEHb. Tekylee cocTos-
HHE BbIXO/Id CUTHAIN3ALMH HHIULUPYETCA
cBeTonoaoM HL3 «BbIXo/T CUTHATU3AIUH».

IIpoexr IVIUC ycrporicTa pa3paboTan
B cpege Quartus II Bepcuun 13.0. OH focTy-
II€H I CKAYUBAHUS HA CAUTE XKypHaJIa
(CM. IOIIOJIHUTE/IbHBIE MATEPHUAJIBI K CTA-
ThE HAa WWW.Ssoel.ru). Kondurypanus npo-
€KTa 3aHUMAET OKOJIO 30% émkoctu IUTUC
EP2C5T144CS8.

HeCKOMBKO CJI0OB 00 3KCIUIyaTalluu
ycrporictsa. Ilocie BKIIOYEHHS ITHTA-
HHA H€O6XOHI/IMO HAXXATb HA KHOIIKY
SB3 «Copoc», 4TOOBl MHUIUAIHIHUPO-
BaTb JKKU. IIpu aTrom Ha JKKH KpaTKOBpeE-
MEHHO OTOOPA3UTCS HAYAJIbHASA 3ACTAB-
Ka SONAR VX.X, IOCJIE YETO YCTPOHCTBO
neperér K NITaTHOM padoTe ¢ HEelpe-
pBIBHBIM OTOOpakeHueM Ha JKKU 3Ha-
YEHUII H3MEPEHHOIO pPACCTOSHUA U
nopora curHaguzanuu. IlocaegHun
o yMosdaHuio paBeH 500 MM. OOGHOB-
aenue nokazaHuu JKKUW npoussBogut-
ca 4depe3d Kaxable 100 MC CMHXPOHHO
C IOCTYIUICHHMEM JAaHHBIX H3 COHapa.
IIpu U3MEPEHUU PACCTOSHUA AO OOB-
€KTa, MEHBIIIE OIMDKHEH I'PAHUIIBI JOITY-

MHMEHEPHbDBIE PELLEHMA

a 6

Puc. 5. inarpammbl HanpaBneHHOCTH coHapos: a — VIB1043; 6 - MB1003

crumoro auamnaszoHa (0,3 M), JaJdbHO-
MEP-CUTHAIU3ATOP BBIJAET PE3yabTaT
300 mm. IIpy U3MEPEHHUH PACCTOSHUA,
OOJIBIIIE JATBHEN I'PAHUIIBI JJOITYCTUMO-
ro guamnasoHa (5 M), JaJIbHOMEP-CHUT-
HAJIU3aTOP BBIAET pe3yapTaT 5000 MM.

3AKJIIOHEHUE
JanbHOMEP-CUTHAIM3ATOP 6€e30IIH-
OOYHO U CTAOMJIBHO U3MEPSET PACCTOA-
HUSL 10 OO'BEKTOB C YETKUMU I'PAHUIIAMU
(CTeHBI, NEPEKPLITUSA, IIPOMBILIJIEHHbIE
YCTAaHOBKH, IIPEIMETHI MeOE/IH U T.IL).
IIpyu U3MEPEHUAX PACCTOSHUH IO 00b-
€KTOB C HEYETKMMU I'PAHUIIAMHU (BKMBOT-
HBIE C I'YyCTOM MIEPCTHIO, TIOJU B MEXOBOI
OJleXK/I€ U T.IL.) B PE3y/IbTaTAX U3MEPEHUIT
BO3MOKHbI HECTOYHOCTH.
IIpyMeHEHHBINA B YCTPOMCTBE COHAp
MB1043 umeer CamMyiOo y3KyIO B CBOEM
CEMENCTBE JUATrPAMMY HAIIPABJIE€HHO-
CTH, II03TOMY, IIPYU HAJTMYHH JTIAKE HEOOIIb-
IIMX IPEIITCTBUI HA IMHUHM U3MEPEHMS,
B €T'0 BBIXO/JTHBIX JAHHBIX BO3MOKHBI CYIIIC-
CTBEHHBIC OIMUOKU. /I CHIDKEHUSA JyB-
CTBUTEJIBHOCTH YCTPOUCTBA K HATMYHUIO
MEJIKHUX HpCH}ITCTBI/Iﬁ Ha JIMHHUH H3ME-

PEeHHSA BO3MOXKHO HNPHUMCHECHHUEC APYIHUX
THIIOB COHApoOB H3 cemericrea HRLV-
MaxSonar-EZ, umeomux 0oJiee IIIpo-
Kue, yeM 'y MB1043, nuarpamMMbl HalIpas-
JIEHHOCTH. [IJIs1 CpaBHEHUS, HA PUCYHKE 5
IIPUBCACHBI JUATI'PDAMMBI HAIIPABJICHHO-
cti coHapoB MB1043 nu MB1003, mpeno-
cTaBJIeHHbIE TpousBoauTeseM [4]. Kaxapiit
PHCYHOK IIPEJCTABIIAET COOOM IIPOCTPAH-
CTBEHHBIE KOHTYPBI JUATIPAMMBI B OJJHOM
IUIOCKOCTHU Ha (POHE CETKU C Pa3MEPAMU
kBagpara 30 x 30 cm. IIpu aTrOM OOHAPY-
JKHBA€MBIH COHAPOM KOHTPOJIbHBIHN O0'b-
€KT IIPEICTAB/IAET COOOH JUCK IUAMETPOM
3,5 mrorima.

JINTEPATYPA

1. MB1043HRLV-MaxSonar-EZ4 High Performance
Ultrasonic Rangefinder. www.maxbotix.com/
Ultrasonic_Sensors/MB1043.htm.

2. OpenEP2C5-C. www.waveshare.com/wiki/
OpenEP2C5-C.

3. FPGA CPLD mother board. www.waveshare.
com/dvk601.htm.

4. HRLV-MaxSonar-EZ Series. www.maxbotix.

com/documents/HRLV-MaxSonar-EZ_
Datasheet.pdf. @
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Samsung MoXeT 0601TH
Intel no nponssoacTBy
nosynpoBogHUKOB

CornacHo [JaHHbIM MCCnefoBaTenbCkom
komnaHum IC Insights, Ha rno6anbHOM pbiHKe
NonynpoBOAHMKOBbLIX YCTPOMCTB BO 2-M KBap-
Tane 2017 r. Bnepsble 3a NOYTU YETBEPTb BEKA
MOXEeT CMeHUTLCA Nuaep. Ecnu LeHbl Ha Yunbl
namsTV B 3TOM KBapTase COXPaHAaTCs Ha Teky-
LLieM YPOBHE Win faxke NogHUMYTCS, KoMmna-
HMA Samsung MOXeT CMEeCTUTb C NbepecTa-
na Intel, kotopas 3aHumana nosuumio No. 1,
Ha4uHasa ¢ 1993 r.

C y4éToM cpefHnx 06bEMOB Npofax, 060-
3Ha4eHHbIX Intel Ha 2-11 kBapTan 2017 r., a Tak-
>Ke TUMMYHOro Ans Samsung pocTa Npoaax B
3TOT Nepuof Ha 7,5%, I0XXKHOKOpercKkasa KoM-
naHusa BrnosiHe MoXeT 06ouTu Intel n 3aHATL

MEeCTO nnpaepa Ha MUPOBOM PbIHKE MOSynpo-
BOAHMKOBbLIX Npubopos B 2017. N ecnu Takoe
npon3onaéT, 310 6yAeT 3HaKOBbIM [OCTU-
XEHVEM He TonbKo Ans Samsung, HO U Ans
BCEX APYrMX KOHKYPUPYIOLLIMX MPOU3BOAUTE-
nen, KoTopble rogaMu CTPEMUIIUCL CMECTUTb
Intel ¢ nepBoro mecta Ha pblHKE, OTMEYaeT
IC Insights.

B nepsom kBapTase 2016 r. 06bEMbI Mpodax
Intel Ha 40% npeBbILanu Npogaxu Samsung,
HO B Te4eHMe O[IHOro rofa ¢ HeGOosbLUVM MONo-
XKEHWe CUIIbHO N3MEHUITOCh.

3Ha4nTenbHOMY pocTy npodax Samsung
Cnoco6CcTBOBano HeBEeposiTHOE yBesn4e-
Hue cpepHux LeH Ha DRAM- n NAND-chnaLu
namatb. Komnanus IC Insights oxupaet, 4to
peskoe nosbiweHve LeH Ha DRAM- n NAND-
donaLl, KOTOpoe 0TMEeHanoch B Te4eHne Bce-

ro 2016 r. n 1-ro keaptana 2017 r., Bo BTO-
poM nonyroguv novpéTt Ha cnapg. OpHako
Ha TeKyL|MN rof OCTaéTcsl CyLeCTBEHHbIN
noteHuman pocta, u IC Insights nporHosupy-
eT, 4To B 2017 r. Nnpogaxu Ha rno6asbHOM
pbiHke DRAM yBenuyatcs Ha 39%, a Ha pbIH-
ke NAND-dnsw — Ha 25%.

B TeyeHuve npowepwmnx 24 net HEKOTo-
pbIM UrPOKaM pbiHKa yaaBanocb COKpaTUTb
paspbiB c Intel, HO o6o1TK eé He nony4a-
nock HMkorpga. Ml ecnv Bo BTOPOM KBapTa-
e UeHbl Ha P3L-NnamMaTb He NOVMAYT BHUS,
BMOSIHE BO3MOXHO, YTO Samsung 3akMéeT
mecTo Intel n no utoram Bcero 2017 r. Moka
npofaxu obenx KomnaHui no ntoram roga
npeanosioXUTENIbHO COCTaBAT nopsaaka
$60 mnpa.
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MHMEHEPHbBIE PELLEHMA

Hosoct™m vimpa News of the World HoBocT™v mupa

B Tr'Y cospatot
nonynposoaHUKU B 5 000 pa3
TOHbLLE YeJyioBe4eCKOoro BoJsjioca
Y4éHble TI'Y nepsbiMu B Poccun Havanu
BblpalLyBaTb MOSYNPOBOAHUKM W3 OpraHu-
YecKux MOreKysn B ra3oBon ¢pase. [ns aToro
nccnepoBartenv UCMosb3yHT YCTaHOBKY, MO3BO-
NISIOLLLYI0 CO3aBaTh CynepTOHKME NNEHKM, TON-
LLIMHA KOTOPbIX B 5 ThICAY pa3 MEeHbLLIE Yeso-
BEYeCcKoro sonoca. B pesynbtate camoc60op-
KW MOJEKY NOJTy4aoTCA NOMyNPOBOAHNKOBbIE
CTPYKTYpbl, 06ecrneyvBatoLLme NOBbILLEHHOE
6bICTPOAENCTBME YCTPONCTB NPU MUHUMASb-
HbIX 3aTpaTax aHepruu. Ha nx ocHoBe MOX-
HO paspabarbiBatb NPUG0PLI MOSIEKYISIPHOM
HaHO3MEKTPOHUKM, KOTOPbIE BbIBEAYT YeNoBe-
4eCTBO Ha HOBbI TEXHONOMMHYECKUIA YPOBEHb.
[maBHas TexHWyeckas npobnemMa npous-
BOJCTBA YCTPOWCTB Ha OCHOBE OPraHU4ecKux
MOJyMPOBOAHUKOB, CO3OAHHbIX TPaAWLIMOH-
HbIMX METOAAMW HamMbINEHWS, 3aKo4aeTcs B
TOM, YTO OHM O6NafaloT HU3KOW MPOBOAUMO-
CTblO, MOCKOJbKY OTAENbHbIE MOMEKYbI MIOXO
B3aVIMOLENCTBYIOT Mexay cobon. [Mpeoponets
3TOT 6apbep MOXHO MpY MOMOLLM MOJIEKYISP-

Honeywell

&TDK

SICK

N A
VISHAY

Bonsmmempoi AC/DC

Panasonic

HOW 3nUTaKcum — MeTofa NOCIIOMHOrO HaHece-
HWS, KOTOPbIV 06ecnevmBaeT XMMUYeCKoe CBS-
3bIBaHVE MOJIEKYST U TEM CaMbIM YBEIMHMBAET
TpaHCMopT 3apsaoB.

PaHee cpenatb 9TO 6bINI0 HEBO3MOXHO
13-3a OTCYTCTBUS ObopydoBaHus. B aTom
rogy B COTU TI'Y nosiBunack nepeas B Poc-
CWW NPOMBILLIIEHHAsA YCTAHOBKA A1 BblpaLLy-
BaHWS NOJYNPOBOAHUKOB U3 MOJSIEKY OpraHu-
YEeCKMX COeNHEHWN.

Peakuusa camoc6opky Monekyn npoBoamTCs
B ra3oBov hase. 310 CyLLEeCTBEHHO pacLumpsieT
BbI6OP MaTep1anos s MPOU3BOACTBA NONYMNpO-
BOJHWKOB, BEAlb MCMapUTb MOXHO NOYTM Jlto60e
HM3KOMONEKYNAPHOE BeLLecTBO. Ha Bbipaluy-
BaHWe OfHOro MoOHoOCsos yxoauT 15—-30 MUHYT.
M3 HMX, KaK U3 KUPMMYMKOB, MOXHO KOHCTPY-
MpoBathk MOsynpPOBOJHVKM NGO CIIOXHOCTU.
[Ins cpaBHEHWSA: B KNACCUHECKNX TEXHOMOTUSIX,
rAe HaHeceHne MONeKyn MPoM3BOAUTCS Yepes
pacTBopeHue BeLLecTBa, (DOPMMPOBAHME OfHO-
ro crosi Ha HocuTerne 3aHMmaet 3 OHS.

YcTponcTBa Ha MonynpoBOAHMKAX, CO3-
JaHHbIX METOAO0M MOJIEKYNISAPHOW 3anuTaKkcum,
6yoyT NPUHLMNMANbHO OTNMYaTbCA OT TOro,

Amnepmempol AC/DC

Jamicon’

MASTECH
®

MITSUBISHI
ELECTRIC

Usmepumenu mowHocmu
u mokoeoli nemnu (4-20 mA)

YTO CAENnaHo 06bI4HbIM CMOCOOOM, — 3HAYM-
TENbHO CHU3WUTCS UX 3HepronoTpebneHve, B
pasbl yBENUYNTCS ObICTPOOENCTBME.

TexHonorna BblpalmBaHnsa OpraHNYecKmnx
nonynpoBOAHUKOB, co3aaHHas B TI'Y, no3so-
T YCTPaHUTb OAHY W3 rNaBHbIX Mpob6riem
MOJEKYNAPHON 3NEKTPOHUKM N HaHOJJEeK-
TpoHWKKU. OHa 3aknioyaeTcsi B TOM, 4TO BCe
YCTPONCTBA, CAenaHHble Ha OCHOBE OpraHu-
YeCcKUX NPOBOASALLMX MaTepvanos, pasnara-
I0TCS MO BO3AEVCTBMEM BPEMEHM, Harpy3okK
1 TemnepaTypbl. HoBasi TexHonorns Nno3sons-
eT (hbopMUPOBaTb O4EHb NPOYHbIE CBA3U MEX-
Oy MONeKynamu, 4To 3Ha4YUTENbHO NMPOANUT
XKWM3Hb TEXHUYECKON annaparypbl.

OHa 6ygeT obnapatb ropasfo 60nbLLUNMK
hYHKLMOHANBbHBIMM BO3MOXHOCTAMM, HO CTO-
UTb NPU 3TOM HaMHOro fAeluesne. Onsa npo-
N3BOACTBA OPraHN4ecKMX nonynpoBOSHNKOB
He Hy>XXHbl CNIULLKOM BbICOKME Temneparypbl,
poctartoyHo 300-400°C, 4TO, Kak MUHUMYM,
B [Ba pasa Huxe, 4em npu padote ¢ Heopra-
HMYECKVMMW NONYNPOBOAHUKAMM.

Tomckui rocyRapcTBeHHbIN
yHuBepcutet

IBCTPAMBAEMbIE NPUBOPbI |

w3 Aucnneii 3% u 4 % paspaaa LED uam KK

9 BcTpoeHHble GYHKUMU 3aLmUTbI

Yacmomomepeoi

9 MaHenbHbIA MY NEYATHDbIW MOHTaX

www.platan.ru Oducb 8 Mockse: M. MonogesxHas, yn. Misana ®OpaHko, 40, cTp. 2, (495) 97 000 99, info@platan.ru;
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NMPOEKTUPOBAHME U MOOEJNIMPOBAHME

CTtaTbsl NPOAOIXAET LMK, NOCBALLEHHDbIN NepBon oTevyecTtBeHHon CATP
anekTpoHuku Delta Design. B ctatbe Ha NPOCTbIX NpMMepax NPoOeKTUpoBaHUs
KOHCTpyKuumu nevaTtHow nnatbl (M) nokasaHa pa6oTta pepaktopa MM Delta
Design RightPCB. B ctaTbe onucaH ¢hyHKUMOHan, AOCTYMNHbIA B BepCcumn

Delta Design 2.1.

Pepaxrop RightPCB — 110/1HOIIEHHBIH
PeaaKTOp, NIPEAOCTABIAIONNI KOHCTPYK-
TOPY BECh HEOOXOAUMBIN MHCTPYMEH-
TAPUI IS IPOEKTUPOBAHUA U IIPOU3-
BO/ICTBA II€YATHBIX IIAT. BO3MOXKHOCTH
RightPCB cTaBsT €ro B O/IUH Psifi C XOPO-
110 U3BECTHBIMU ITPOAYKTAMH HA PBIH-
ke CAIIP IIIT, koTOpbI€E IPEAIaraloT pas-
pa60Tqm<aM BO3MOXHOCTD IIPOKIATKHA
IIEYATHBIX IIPOBOJHUKOB (TPEKOB) Ha
IUIATE B IOJIyaBTOMATHYECKOM PEXKUME
C OMHOBPEMEHHBIM KOHTPOJIEM H ITOJI-
HBIM COOJIIOJJEHUEM IPOEKTHBIX HOPM.
IIpxy 3TOM MONAB30OBATENb MOKET CaM
BBIOPATh IIPEAIIOYTUTEIBHBIN PEXKUM
(popmupoBaHUs yIJIOB TPEKOB (KpaT-
HBIH 45° nin 90°).

Hanuuune JOIIO/THUTEIbHBIX ITOJIE3HBIX
BO3MOKHOCTEH, COKPAIAIOIHX BpEMS
npoexkruposanus [111, BeiIeIA€T JaHHBIN
penaxkrop cpenu apyrux CAITP.

IIpoexkrupoBanue KOHCTPYKuuu IIIT
CJIEAYET 324 TAKHUMH BAX)KHBIMHU dTANIAMUA
Pa3paboTKu OyAyIIETrO yCTPOHUCTBA, KAK
co3gaHue 6a3bl OMOIHOTEYHBIX JIEMEH-
TOB U IPOEKTUPOBAHUE CXEMBI YCTPO-
CcTBa. JTan KOHCTpyuposanus IIII, B
CBOIO OY€pelb, MOXKET OBITH IIPEJCTAB-
JIEH KaK IIOCJIEJOBATEIbHOCTD CJIEAYIO-
1IUX I1ArOB:

® cospanue KoHrypa IIIT;

® co3aaHue creka coés II1;

® pa3MeIleHUE IOCATOYHBIX MECT PAAHO-
3JIEKTPOHHBIX KOMIIOHEHTOB Ha I1IT;

® TPACCHPOBKA TPEKOB;

® IIPOBEPKA HA COOTBETCTBUE IIPOU3BOJI-

CTBCHHBIM HOpPpMaM;
® IIOTOTOBKA (paMyIOB IS IIEPEAAYN HA

IIPOU3BO/ICTBO.

O61ee BpeMst pa3zpaboTKU BCEH KOH-
CTPYKLIIMM IUIATBI CKJIAJBbIBAETCS U3
TOTO, CKOJIBKO BPEMEHHU KOHCTPYKTOP
3aTPATUT HA KAKABINA 1Al IO OTHEIb-
HOCTHU. IIOATOMY 3KOHOMHUS BpeEMeE-
HH, 32TPAYEHHOIO Ha KAXK/IOM IIare —
3a/1a4a, KOTOPas PEIIAETCA B PEIAKTO-
pe RightPCB.

Co3pnaHue koHtyra N
Coszpganue kKoHTypa IIIT BO3MOXHO
OJJHUM U3 [JIByX CIIOCOOOB. IlepBbIF —
MMIIOPT U3 MAIIUHOCTPpOUTENLHOM CAITP
(manpumep, CAITP Komiac), BTOpoHd —
CO3[JaHHE KOHTYpa CPEICTBAMHU CaAMO-
ro RightPCB. Bbi6op crioco6a 3aBHCHT
OT CJIOKHOCTU KOHTYPAa U OT TEXHOJO-
THYECKOT'O IIPOLIECCA, CYLIECTBYIOIIEIO
Ha Ka)K/IOM KOHKPETHOM IIPEIITPHUATHH.
Janee 6yayT IIPeICTABIEHBI BO3MOKHO-
CTH, KOTOPBIE CYLIIECTBYIOT B PELAKTOPE

Puc. 1. 3apanne pasmepoB NpAMOYronbHUKa B NaHenu «CBoiicTBa»

| UMNOPTO3AMELLEHUE

Pepakrtop RightPCB — coBpeMeHHblii NUHCTPYMEHT
atpchekTusHoro npoexkruposanus M

TIIT 1t ympoleHUs Ipo1ecca CO3/JaHus
KOHTYpa.

B cucreme cymecrsyer ciiori BOARD
OUTLINE. BbI6Op 3TOro CjI0sI aBTOMa-
THUYECKU OTPAHHUYUBAECT HA60P UHCTPY-
MEHTOB, JOCTYIIHBIX I HCIOJIb30Ba-
HUS, HAIIPUMED, CO3JaHHUE OKPYKHOCTEH,
MHOTI'OYT'OJIBHUKOB, U OyJeT 3a0JI0KHU-
poBaHa (PYHKIHMS pPa3MENEHUS II0JIU-
JHUn. JI1o6as co3ganHas B cioe BOARD
OUTLINE durypa
KOHTPOJINPYETCS HA IIPABUIBHOCTD (3aM-

T€OMETPHUYICCKAA

KHYTOCTb U caMoliepecedenue). Cucrema
BBIJIACT COOOIIEHNE 00 OITHOKE, €CJIH CO3-
JaHHBIA KOHTYP, I10 KAKMM-TO IPUYUHAM,
OKAKETCSI HEKOPPEKTEH.

Ec/iu 110J1b30BATENI0 HEOOXOIUMO CO3-
IATh IPOCTYIO IIPSIMOYI'OJIBHYIO WJIH KPYT-
JIVIO ILJIaTy, TO IIPOIIE BCEro 3TO OyleT
c/IenaTp IPpU HOMOIIHM HHCTPYMEHTA
pasMelmeHyusa IPAMOYIOJbHUKA (MJIH
OKPY’KHOCTH) IIPOU3BOJIbHBIX PA3MEPOB.
ITocjie 3TOr0 pasmepsl (BbICOTA U IIUPU-
Ha IS IIPSAMOYI'OJIbHUKA WIHU PASUYC IS
OKPYKHOCTH) MOKHO CKOPPEKTHUPOBATH
B OKHE «CBOHCTBa» (CM. puc. 1). 3axiio-
YUTEJbHBIN IIAar — YKa3aHWE Hadaja
KOOPpAHUHAT CUCTEMBI B OTHOM U3 YyIJIOB
IIPSAMOYI'OJIbHHUKA HIH B LICHTPE OKPYK-
HOCTH.

IIpy1 HEOOXOIMMOCTH CO3JAHUS CIIOXK-
HOI'O KOHTYPA U ITPU HAJITMYHUU BBIPDE3OB B
HEM KOHCTPYKTOP MOKET BOCIIOIb30BATHCS
TAKHMH JOIIO/THUTE/IbHBIMH BO3MOKHOCTS-
mu RightPCB, kak HaIIpaBJISIIONIYE IMHUH,
OO'BEKTHASI IPUBSA3KA, OOBEKTHOE OTCIIEIKU-
BaHUE, (DyHKIIHA BBIDABHUBAHUSA BBIOPAH-
HBIX OOBEKTOB, OOBEITHHEHHUE OOBEKTOB
JUIS HOJTydeHMs (PUTYP CJIOKHOM (POPMBL

HCr1o1p30BaHUE ONMCAHHOTO (PYHK-
IJMOHAJIa IO3BOJIUT CO3JaTh KOHTYD ILIA-
TBI (popM-pakTopa moaysss DIM Bcero 3a
HECKOJIBKO MUHYT.

PA3MELEHME HA MMHUMAJNIBHOM
PACCTOSIHUU

B cucreme 3HaueHHE JOITYCTUMBIX 3230-
POB MEXIY KOMIIOHEHTAMHU PACCYUTBIBA-
€TCs1 HAa OCHOBE JBYX IIapameTpos. Ilep-
BbIiT — 310 KOHTYp PLACEMENT_OUTLINE.
Bropoi nmapaMerp — 3T0 MHHHMAJILHO
JOITyCTHMBIH 3230D MEXIYy KOHTAKTHBI-
MU IUIOLIAJKAMH.

PLACEMENT OUTLINE dopmupyercs
B MOMEHT CO3JaHH IOCAZO0YHOI'O MECTA
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Puc. 2. YcTaHOBKA ABYX KOMNOHEHTOB HA MUHUMANIbHOM PacCTOAHUN

OyIylIEro KOMIIOHEHTA U, 110 CYTH, SIBJISI-
€TCs IIPOEKLMEN KOPITyCa KOMIIOHEHTA HA
1ary. 3a30p MEXIy KOHTAKTHBIMH ILIO-
IaAKaMHU 33JaETCA B PEAAKTOPE IIPABUIL
Onpenenus 3THU ABa MapaMeTpa B CUCTE-
Me, KOHCTPYKTOP MOXKET Ha4aThb pa3Me-
1aTh KOMIIOHEHTBI Ha Iu1aTe. [Ipu aToM
Delta Design 6yaeT KOHTPOJIHMPOBATD ITOT
IIPOLECC B IIOJTyaBTOMATHYECKOM PEKUME.

Ha pucyHke 2 IIOKa3aHO IIEpEMEIICHUE
KOMIIOHEHTA DA1 110 OTHOIIEHUIO K KOM-
noHeHTy DA2. B MOMEHT 3aXBaTa M HAYa-
JIa IEPETACKUBAHUA KOMIIOHEHTA DA1 Ha

IUIATE BOKPYT KOMIIOHEHTA DA2 noasis-
€eTCcsA 30H4, B KOTOPOI pasMmenieHue DA1
HEBO3MOXKHO.

Ha pucynke 3 OKa3aH BaApHUAHT Pa3-
MEUIEHUsI Pa3zbEMOB, KOTOpPbIE TpPEOy-
IOT YCTAaHOBKHM BIUIOTHYIO. YCTaHOBKa
Ppa3bEMOB HAa MHUHHMAJIBHOM PaCCTOSI-
HHH MOXKET OBITh C/Ie/IaHa 32 TPH Iuara.
IITar 1 — yCTaHOBKA IEPBOI'O KOMIIOHEH-
Ta B yTOJI IUIATBL, AT 2 — YCTAHOBKA BTO-
POro KOMIIOHEHTA BIUIOTHYIO C IICPBBIM,
mar 3 — BBIPDABHHUBAHUE KOMIIOHEHTOB I1O
HIDKHEMY KPalo.

ITo/ryaBTOMaTHYECKHI PEKUM I103BO-
JISIeT KOHCTPYKTOPY Pa3MEIaTh pa3bEMBbl
B HY’KHOM MECTE U C HY’KHBIM LIIaroM, 06e-
CIIEYUBAsA IPU 3TOM COOIIOACHUE BCEX
HEOOXOIUMBIX 3230pOB. TOYHOTO MO3U-
IJUOHUPOBAHHUA B yIOJI IUIATHL TpeOyeT
TOJIbKO IIEPBBIA pazbéM. Pazmemenue
U BBIPABHUBAHHEC BCEX MOCICAYIOUIHUX
Pa3bEMOB IIPOUCXOIUT 10, KOHTPOIEM
cucreMmbl. Tako¥ mabJOH pa3MeneHus
MOXKET IIPUMECHATHCA IJIA BCEX KOMIIO-
HEHTOB C OJJUHAKOBBIMH ITIOCAJOYHbBIMH
MeCTaMU.

PROSOFT®

ODULMANBHBINA JUCTPUBLIOTOP

(495) 234-0636

INFO@PROSOFT.RU
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| UMNOPTO3AMELLEHUE

TPACCUPOBKA TPEKOB

OgHUM U3 HAUOOJIEE INTEIbHBIX H
OJTHOBPEMEHHO OTBETCTBEHHBIX 3Ta-
IIOB NPOCKTHUPOBAHUA ILUIATHI ABIACTCA
MIPOBEJCHUE TPEKOB. M3-32 CIIOXKHOCTU
U HEOOJIPIIUX PA3MEPOB KOPIIyCa IIPO-
EKTHPYEMOTI'O YCTPOUCTBA PAa3MEIICHUE
KOMITOHEHTOB U UX TPACCUPOBKY IIPH-
XOJITUTCSI OCYIIECTBIISITH B OTPAHHYEHHOM
MIPOCTPAHCTBE IUIATHL Y yeM GIIHPKE KOH-
CTPYKTOP K 3aBEPIICHUIO TPACCUPOBKH,
TE€M MEHBIIIE OCTAETCS CBOOOTHBIX MECT
JUISI TPOK/IA/IKA HOBBIX TPEKOB U TEM GOJIb-
IIe BPEMEHHBIX 32TPAT MOTPEGYeTcs Ha
q IIOBTOPHYIO TPACCHPOBKY YK€ IIPOIOKEH-
HBIX TPEKOB.

BO3MOKHOCTh HCIIOJIb30BAHUS Ipo-
CTPAHCTBA OKOJIO KOHTAKTHOM IJIONIA/-
KM B MOMEHT Hadayia IPOKIAJTKH Tpe-
K4 WIH €T0 3aBEPIICHUS — TA IMOJe3HAas
dynknus Delta Design, KoTopas 103BO-
JISIET COKPATHUTH BPEMsI KOHCTPYHPOBA-
Hus. CyIecTByeT Ba Cl1oCco06a IOJKIIO-
YEHUSI TPEKA K KOHTAKTHOM IUIOIIAM-
Ke: pexXuM nopriarodeHus «Ilo ocsam» u
6 g pexum JIrob6oe».

KonnuecTBo NOAKIIOYEHHH B PEXKUME
Puc. 3. Pasmewenne pasbémos BNNOTHYH: a — war 1; 6 — war 2; B — war 3 «JIxo60e» onpenenaeTcs MUPUHOM TPpeKa U
PpasMepaMu KOHTAKTHOM ILIOIIAAKH KOM-

noHeHTa. Ha pucyHke 4 nmokazaHbl 3Ta-
bl IIOUCKA BO3MO>KHOT'O ITyTH IIPOKJIA/I-
KM TpeKa. BO3MOXXHOCTD NOJKIIOYEHUS
TPEKA IO BCEMY IEPUMETPY KOHTAKTHOM
IUIOMIAJIKH, B KOHEYHOM CYETE, IIO3BOJISI-
€T HANTH IIyTh IS TPACCUPOBKHU U IIPO-
JIOZKHTB TPEK C COOTIOEHUEM HOPM IIPO-
E€KTUPOBAHUS.

MNMPOBEPKA HA COOTBETCTBMUE
nPOU3BOACTBEHHbIM HOPMAM

IIpowIagKke TPEKOB HA IUIATE IIPE]-
LIECTBYET ITAIl 3aJaHUA KOHCTPYKTHB-
HO-TEXHOJIOTHYECKUX OTPAHUYECHUH, a
OTIIPABKE JAaHHBIX HAa IIPOU3BOJCTBO —
IIPOBEpPKa pPa3pabOTAHHOH IUIATBI HA
COOTBETCTBHE 3THM OIPAHUYCHUAM.
B cucreme Delta Design nipaBuia Ipoek-
Ta 3a4aI0TCA B IBYX PEAAKTOPAX: B CXEMO-
TEXHUYECKOM PEJAKTOPE OIPEAEIIAETCS
uepapxus (KIacChl) LEINEH, 4 B pEJAKTO-
pe IpaBUWI 331aI0TCSI KOHKPETHBIC 3HA-
4eHUsA IapamMeTpos [1].

B penakrope RightPCB ocymiecTsiiser-
cs 3arryck Design Rule Checking (DRC) —
IIPOBEPKU CIIPOECKTUPOBAHHOMN ILIATBI HA
IIpeJIMeT COOTBETCTBUA 33JaHHBIM KOH-
CTPYKTUBHO-TEXHOJIOTUYECKHUM  Orpa-
HHUYECHUSIM. MUHHMAJIbHOE KOJIHUYECTBO
HAPYIIEHHH WIH UX II0JTHOE OTCYTCTBHUE

TOBOPHUT O TOM, 4YTO IUIATY MOXKHO II€pEC-
Puc. 4. Mouck nyT1 npoKnaaku Tpeka Ha nnare AaBaThb HA IIPOU3BOACTBO.
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Puc. 5. Matpuua «llpumenumocTb npaBun»

Marpuna «JIpUMEHHMOCTDb IIPABHI>
penakropa IpaBwI HO3BOJIIET OTKIIOYATh
U BKJIIOYATDb IIPOBEPKY IPABUII, 4 TAKKE
BBIOUPATDH PEXKUM, B KOTOPOM OHA OyIeT
OCYIIECTBJISITBCS (CM. PUC. 5).

s aHanus3a HapPyHMIEHUH yA0OHO
HCIIOIb30BATh KOMOWUHAIIUIO U3 TPEX
OKOH: pabouee OKHO IIPOEKTa, OKHO
«CIIUCOK OHIMOOK» U OKHO <«IIpaBmia»
(cm. puc. 6).

B okne «CIIMCOK OITUOOK» IIPEJICTABIIE-
HBI BCE HAMJJ€HHbIE HAPYIIEHU U UX KPAT-
KHE OITUCAHUA.

JBOMHON KJIMK HA CTPOKE IIPUOIU3UT
06J1aCTh, B KOTOPOI O6BLIO 3a(DUKCUPOBA-
HO HapymeHue. Ilpu 3T1om B okHe «IIpa-
BUJIA» MOSIBUTCS MOAPOOHAsT HHOPOP-
Manusas O KOHMIUKTYIONIMX OOBEKTaX
(cm. puc. 7).

Pexxum ¢ TpemMsa OTHOBPEMEHHO OTKPBHI- Puc. 6. OgHoBpemeHHoe oTo6paxeHue Tpéx okoH npu DRC-npoBepke
TBIMU OKHAMH I103BOJIAET pa3padboTyu-

Ky OBICTPO IEPEXOAUTD OT HAPYIIEHU K
HAPYUIEHUIO U I10JIy4aTh HEOOXOIUMYIO
UHGOPMALHUIO O KOH(MIUKTYIOIIUX O0'b-
€KTaX. AHAIU3UPYS HNPEACTABICHHYIO
UHEMOPMALIHIO, KOHCTPYKTOP MOJKET
U3MEHHUTb PACIIOJIOXKEHUE KOH(DIIHK-
TYIOIIUX TPEKOB B pabo4yeM OKHE HJIH
nepenTy U3 oxkHa «JIpasuia» B pegak-
TOP IPaBUJI [2] 1 U3MEHUTDL 3HAYEHHE
MHUHHUMaJIBHO JOITYCTHUMOTI'O 3230Pa MEX-
Iy TPEKAMMU.

3AKJIO4YEHUE

Kaxk u Bo Bceit cucreme Delta Design, B
penaxrope RightPCB peasn3oBaHbl IPUH-
ITUIIBI YI06CTBA IIPU paboTe U MUHUMU3A-
LIUU TPYAO3aTPAT IIPU IPOEKTUPOBAHUH.
ITonHbIE HA60p (PYHKUMH U PAJ JOIIOTHU-
TEJIbHBIX BO3MOKHOCTEH, OGIEr4arommux
IIPOLECC MPOEKTUPOBAHUA, JAIOT pa3pa-
6014uKy IIIT COBpEMEHHBINH U yJOOHBIH
UHCTPYMEHT, IIO3BOJIAIOMMNH 3 (eKTUB-
HO pelIaTh 3aJa4H KOHCTPYUPOBAHUA U
npoussozacTsa II1.

JIMTEPATYPA

1. Hlamanos I. Cucrema ylpasJIeHUs IIPABHU-
samu B CAITP Delta Design. HYacts 1. CoBpe-
MEHHAs 3JIEKTPOHMKA. 2017. Ne4.

2. Hlamanos I'. Cucrema ynpap/JIeHUs IIPABU-

samu B CAITP Delta Design. Yactb 2. CoBpe-
MEHHAsI AIEKTPOHUKA. 2017. No5. @ Puc. 7. Waru oto6paxcenns Hapywenuit (1-4) n HaBurauum no HUM
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JKcnepMMeHTanbHoe uccnepoBaHne
Pa3BA3KN MEeXAY MUKpPONONocCKamu

Muxaun Bacun, [lennc Mapyuienko,

Cepreii liemwyp (r. ®pasuno, Mock. o6n.)

B cTaTbe npepcTaBneHbl 3KCNepMMeHTalibHble pe3ysibTaTbl U3MepeHuUs
YPOBHS pa3BA3KU MeXAY MUKPOMNOJSIOCKOBLIMU JIMHUSIMUA B 3aBUCUMOCTH
OT NPUMEHsieMO KOH(pUrypaumum 3a3eMnsioLmnx oTBEPCTUin

B pa3fenuTesibHON 3eMJISTHON JOPOXKe.

BBEQEHUE

IIpu npoexkrupoBanuu CBY-1uiar Bak-
HBIM IIAPAMETPOM SBJIICTCS PA3BA3KA MEKIY
PAMTNIHBIMHA MUKPOITOIOCKOBBIMHU JIMHU-
SAMH, HEJOCTATOYHASA BE/IMYHHA K0T0p0151
MOZKET IIOJTHOCTBIO PA3PYIIUTD IIAPAMETPBI
IIPOEKTUPYEMOM CXeMBL. ECii CBepXy Iu1aThl
MOJKHO IIOCTABUTb COOTBETCTBYIOLIHE SKPa-
HbI B BU/IC META/UTTYCCKUX OKOH, 3AKPBITHIX
CBEPXY KPBIIIKAMH, TO CBA3b 110 TOJIILE AH-
3JIEKTPUKA HEIOCTYIIHA BHEIITHEMY BO3/JEH-
CTBHIO IIOCJIE€ U3TOTOBJICHUS ILIATHL I103-
TOMY IIPOTHO3UPOBAHUE PA3BA3KU B TAKHX
CJIy4asix KparHe HeOOXOJUMO.

[ aHamm3a B3aWMMHOTI'O BJIMAHUA HaA
CBY 0O6GBIYHO HCIIOJIB3YIOT JIEKTPOMAr-
HUTHBIE CUMYJIATOPBL. MHCTPYMEHT 3TOT
JOCTATOYHO 3(P(PEKTUBHBII, HO PECYPCO-
€MKUI KK I10 BDEMEHH, TAK U HCIIOJIb3ye-
MOMY BBIYHCIUTEIBHOMY OOOPYAOBAHUIO.
ITocsie 31EeKTPOMArHUTHOI'O MOJEIHPO-
BaHHA HCO6XO,I[I/IM2[ AKCIICPUMECHTAJIb-
Has IPOBEPKA IIOJTYYEHHOI'O PE3y/IbTaTa.

CTOUT OTMETUTD, HEPEJIKU CITy4aH, KOIZa
paznuynbie EM-CUMY/ISTOPBI JAI0T PA3HbIN
PAaCYETHBIN PE3YIbTAT. AEKBATHOCTD PAC-

4éTa OUPEAESICTCS TOTBKO U3MEPEHUEM
CIIPOEKTHPOBAHHOI'O YCTPOIICTBA. [T0aTO-
My JaHHAas SKCIIEPUMEHTAIbHAsg pab0Ta HE
TOJIBKO JJAET IIPE/ICTABIIEHHE PA3PAGOTIH-
KY O TOM, KAKUE€ MOKHO ITIOJTyYUTDb PA3BASKU
B TEX WIX UHDBIX CJIy4asaX, HO U ITIO3BOJIACT
OLI€CHUTDb TOYHOCTb pa60Tm TE€X NI UHbIX
CUMYJIITOPOB, OCOOEHHO B CUTYAIINH JITHA-
MUYECKOI'O uarna3oHa nopaaka 100 gb.

OnNNCAHUE 3KCMEPUMEHTA

J1s1 9KCIepUMEHTa ObLIM CIIPOEKTHU-
POBAHBI 1 U3I'OTOBJICHBI Ha60pr IIaT 1
IIPOBE/IEHO U3MEPEHHUE UX ITAPAMETPOB.

ITOCKOJIBKY B ITAaHHOH paboTe TpebOoBa-
HUA K MUHUMHU3ATUU ITIOTEPb B MUKPOIIO-
JOCKOBOM iuHUU (MILT) HE IpexbaBIIa-
JIACH, JUIS1 YACUIEBIECHUSI SKCIIEPUMEHTA
HUCIIOJIb30BAJICSI OOBIYHBIM CTEKJIOTEK-
cronut mapku FR4.

J1s1 dKCIepUMEHTA OBLIU U3I'OTOBJIE-
HBI 3 HA0Opa TECTOBBIX IUIAT: IEPBLIA U
BTOPOHM — Ha JBYXCJIOHHOM CTE€KJIOTEK-
CTOJINTE TOMIUHOM 0,5 MM, TPETHI — HA
4-CIIOMHOM CTEKJIOTEKCTOIUTE C TOJIIIU-
HaMu guanekrpuka 0,25 /0,12 /0,25 MmMm.

B rperpem cirygae MIJI pacriosnaraizach Ha
IIEPBOM CJIO€, 4 3¢M/ITHOH 9KPaH HA BTO-
poMm, TpeTbeM U 4-M 104X, Bee ciou 6bu1n
IIPOIHUTBI CKBOSHBIMU OTBECPCTUAMMH.

Tonosyorys 1T NPEACTABIISLIA COOOH
JIB€ MUKPOIIOJIOCKOBBIE INHUH, Pa3HECEH-
HBIX HA PACCTOSIHUE 2,5 MM U UMEIOIIUX
MEIKAY COOOH pa3eInTEIbHYIO 3EMILTHYIO
JOPOXKKY IIMPHHOM 1,5 mM. MITJI 3akaH-
YHUBAINCH 50-OMHBIM PE3UCTOPOM THIIO-
pasmepa 0402. DpdexTuBHAS CBI3b MEXK-
1y MILI ocymiecTBisaach Ha JjiMHe 50 MM.

dororpaduu TpEX HAGOPOB TECTOBBIX
IUIAT IIPE/ICTABJIEHBI HA pUCYHKe 1 (a, 0, B).

I1aTel MOCAEAOBATEIBHO MOHTHPO-
BaJIUCb B M3MEPUTEIBHYIO OCHACTKY
(cM. puc. 2).

H3Mmepenus IIpOBOJUINCH HA BEKTOP-
HOM aHaJIu3aTope uenen ZVA B puamna-
30HE 4acToT OT 10 MI'ry o 20 I'T1r. Kanu-
o6poBka TOSM OCYIIECTBISIACH B KOAK-
CHAJIBHOM TPAaKE€ B COOTBETCTBUHU C [1].
Juarna3oH OrpaHUYUBAJICA HapaMeTpa-
MU IPUMEHAEMBIX SMA-Pa3bEMOB.

B Tabnuiel cBeleHbl OCHOBHBIE ITApa-
MeTPBI TPEX TECTOBBIX IUIAT, Y4ACTBYIO-
IHUX B 9KCIICPUMCHTE.

IIpu UCTIOIB30BAHUHU 2-X PAZIOB OTBEP-
CTHH, PAJBI CABUHYTBI OTHOCUTEILHO JAPYT
Jpyra Ha IIOJIara.

JJ1s cCpaBHEHMS U3MEPEHUS IIPOBEJIE-
HBI B OCHACTKE 6€3 KPBIIIKU U C KPBIIIKOI,
06eCcreuYnBalonIeH IOJIHYIO S9KPAHUPOB-

a 6

B

Puc. 1. ®otorpathuu Tpéx Habopos TecToBbIX NNAT: a — 1-ii Habop, 6 — 2-i Habop, B — 3-i Ha6op

Puc. 2. U3meputenbHas 0CHAaCTKa
ANA TeCTOBbIX nnar
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Ta6nuua 1. OcHOBHbIE NapaMeTpbl TECTOBbIX NAAT

NMPOEKTUPOBAHVE U MOOEJIMPOBAHME

1-9 nnara B pasfenutensHoit JOPOXKKE HET 3a3eMNAOLLMX 0TBEPCTUR 1 0,3 0,3 B paspenutensHoil LOPOXKKE HET 3a3eMNAOLLMX 0TBEPCTUA
2-1 nnara 1 0,5 0,5 1 0,3 0,6 1 0,2 0,2
3-1 nnara 1 0,5 1,0 1 0,3 1,2 1 0,2 0,4
4-9 nnara 1 0,5 2,0 2 0,3 0,3 1 0,2 0,8
5-1 nnara 2 0,5 1,0 2 0,3 0,6 2 0,2 0,2
6-5 nnara 2 0,5 2,0 2 0,3 1,2 2 0,2 0,4
7-7 nnata - - - - - - 2 0,2 0,8
Mpumeyanns: & — AuameTp 0TBEPCTUIA B pasfenuTeNibHOM JOPOXKe, L — paccTosiHue MeXay Kpasmu OTBEPCTUN.
”05 Tpacca S21 1-ro Habopa (6e3 KpbILIKK) ROE Tpacca S11 1-ro Ha6opa
-10 -10
20 -20
-30 -30
-40 -40
—50 -50
a -60 a -60
0,01 2 4 6 8 10 12 14 16 001 2 4 6 8 10 12 14 16 18 20
5 Yacrora, Ty 5 Yacrora, Ty
_1”0 Tpacca S21 2-ro Ha6opa (6e3 KpbILIKK) ‘10 Tpacca S11 2-ro Habopa
0 -10
-20
-30
-30
-40
-40
50 -50
6 —60 6 —60
001 2 4 6 8 10 12 14 16 18 20 0,01 2 4 6 8 10 12 14 16 18 20
Yacrora, [Ty Yacrora, Ty
B 1”05 Tpacca S21 3-ro Ha6opa (6e3 KpbILKH) ”05 Tpacca S11 3-ro Habopa
20 -10
-20
-30
-30
-40
-40
-50 _50
g B0 g —60
0,01 2 4 6 8 10 12 14 16 18 20 0,01 2 4 6 8 10 12 14 16 18 20
YacrorTa, Ty Yacrora, Ty

Puc. 3. I'pathuku pa3easkun 1-ro (a), 2-ro (6) u 3-ro (B) HabopoB TeCTOBbIX

nnar 6e3 Kpblwku (pa3saska 22-24 nb)

Ky MUKPOIIOJIOCKOBBIX JIMHUH, ITPU KOTO-
PO¥ CBSI3b MEKY MUKPOIIOJIOCKAMH MOT'-
JIa OCYIIECTBIISITHCS TOJIBKO I10 TOJIIIE TU-
3JIEKTPUKA.

Ha pucyHke 3a npeAcTasiIeHbl IpaduKu
pa3Bsa3ku 1-ro HAOOpa AT 6€3 KPHIIIKHU.

CuHsAA KpuBasg — passaska MILI nep-
BOH IUIATBI, HE HMEIONIECH 3a3€MJISIO-
IUX OTBEPCTUH. BCce OoCTanbHBIE TPAK-

TECTOBbIX nnar

TUYECKH CJIWINCH B OHY JIMHUIO. Takum
006pa3oM, IIPU OTCYTCTBHUH KPBIIIKHU Pa3-
BsI3KAa HEYYBCTBUTEJIbHA K IapaMeTpam
323€MJIAIOINX OTBEPCTHUI U COCTABIISACT
22-24 nb B tuamnazone g0 20 I'T.

AHAJIOrUYHAs1 KAPTUHA HAOIIOAAETCA HA
pucyHke 36, rjie IpeCcTaBIeHbl I'PpadUuKu
Pa3BsA3KHU 2-TO HAOOPA IIAT 6€3 KPBIIIKH
(pasBaAska 22-24 nb).

Puc. 4. M'pachukn o6pathbix notepb 1-ro (a), 2-ro (6) u 3-ro (B) Ha6opos

IToxoxass cuTyauus U C 3-M Habo-
poM maar (CM. puUcC. 3B), II€ CUHAA KPHU-
Bas — pa3Bsaszka MILJI nepBO¥ I1aThI, HE
MMEIOIEH 323 MJIAIOIINUX OTBEPCTHUIH, 4
OCTAJIbHBIE CJIMBAIOTCA B OAHY KPUBYIO,
C TOH JIMIIb PA3HULIEN, YTO XaPAKTEPHAs
PAa3BA3Ka JIy4Ille U COCTABJIAET OPAIKA
32 1B (3TO OOBACHAETCSA MEHBIIEH TOJI-
IIUHOM BEPXHET'O CJI0S JUIJIEKTPHUKA U
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COOTBETCTBEHHO MEHDBIIEN IIUPUHOM
MILT).

Ha cepuu rpadukos (cm. puc. 4a,46 u
4B) IPEACTABIEHDI IAPAMETPBI OTPAIKE-
Hus MITI Tpéx HA60POB AT (COOTBET-

MOKHO CY/IUTB O TOM, YTO Pa3BsI3Ka O0y-
CJIOBJIEHA HE BBICOKUM KO3((pULIEHTOM
OTPaKEHUA, A CBA3BIO Mexay MILL.
HakoHell, caMOe UHTEPECHOE — U3Me-
peHMsI HA6OPOB IIAT C IKPAHUPYIOLIEH

I'pacpuku Ha pucyHkax 5 (a, 6, B) —
Pe3y/IbTaThl UIBMEPEHUI 1-T0, 2-TO U 3-TO
Ha60POB TECTOBBIX ILIAT TPACcChl S21 (110
MepE€ YBEJIUYEHHUA PA3BA3KN).

B Tabauie 2 cBe/IeHbI PE3yabTAThI U3Me-

CTBEHHO 1-T10, 2-1O ¥ 3-T0), 110 KOTOPBIM  BEPXHEH KPBIIIKOM. PEHUI TPEX TECTOBBIX HAOOPOB B COOTBET-
CTBUH C PUCYHKAaMHU 5 (4, 6, B).

Heo6X0uMO OTMETUTD, YTO 3 IIOCIE] -

HUX I'paPUKa HA PUCYHKE 5B IIPAKTHYE-

0 Tpacca S$21 1-ro Habopa

CKH UJ€HTUYHBI, UX PA3HUIA HAXOJUTCS
B IIpE/IENax OIMINMOKU U3MEPEHUSI.

BbiBoAabl

JIOCTaTOYHO AETAIBHOE OIIUCAHHUE IKC-
IIEPUMEHTA IIO3BOJISIET IIPOBECTH AIEKTPO-
JHUHAMHUYECKOE MOJEIMPOBAHME I1apaMe-
TPOB pa3Ba3ku MILJI ¢ 11e/1bio Bepuduka-
LIUH PaGOTHI UCIIO/IB3yEMOTI'O CUMYJIATOPA.

IIpoBeIEHHBI 3KCHEPUMEHT H IIO-

01 2 4 6 8 10 12 14 16 18 20

JIy4EHHbIE PE3Y/IbTATHI U3BMEPEHHUH II03BO-
Hacrora, My pesy p

,qOB Tpacca S21 2-ro Ha6opa JISAIOT CAE/IATH CACAYIOIHE 3aKII0YCHMS:
1. Xopouras pa3Bsa3Ka BO3MOXKHA TOJIbKO
-20 IIPH YCIOBHUHU DKPAHUPOBAHUS MUKPO-

TIOJIOCKOBBIX JIMHUH, HCKIIOYAIOIIETO
CBSI3b I10 BO3/YXY.

2. Bo3aMOxHA peanusanus pa3BA3KUA [0
100 ab Ha givHe cBsA3u 50 MM.

3. CymeCTBEHHOE YBEJINYECHUE PA3BA3KU

It JIOCTHUT'AETCSI YMEHBIIEHHUEM PACCTOS-

_120 HUSI MEK/TY KPASIMH 3a3€ MJISIIOIINX OT-

BepcTui. Passasky B 100 1b MOXKHO J10-

6 A R S VNV L H?L? CTUYb TIPH IUAMETPE OTBEPCTHI 0,2 MM
,qOB Tpacca $21 3-ro Ha6opa ’ U PACCTOSAHHUEM MEXKIY KPpassMH OTBEP-
cruii 0,2 MM.
-20 4. O11eHKY Pa3BA3KHU MOKHO BIIOJIHE OIIpE-
0 JIEIEHHO IIPOBECTH, OCHOBBIBASICH HA
IIPEICTABICHHBIX I'paukax 6e3 mpo-
60 BEJEHMs IOTIOTHUTENbHBIX 3JIEKTPOIHU-
80 HAMHYECKHUX PACYETOB.
S8 JINTEPATYPA:
-120 1. <«AHaIM3aTOPBl 3INEKTPUUYECKUX ILener
140 BeKTOpHBIE R&S ZVAS8 / R&S ZVA24 / R&S
B 001 2 4 6 8 10 12 14 16 18 20 ZVA40 / R&S ZVA50 / R&S ZVAG7. Pyko-

YacroTa, Ty

BOJCTBO IO 3KCIUlyaTanuun». ROHDE &
SCHWARZ GmbH & Co. KG. Miihldorfstr.
15,D-81671 Miinchen. @

Puc. 5. Mpathukn pa3saskn 1-ro (a), 2-ro (6) u 3-ro (B) Habopos TecToBbIX NnatT

Ta6nuua 2. Pe3ynbtatbl U3MepeHuii TPEX TECTOBbIX HAGOPOB B COOTBETCTBUM C pUCYHKamu 5 (a, 6, B)

B paspenutenbHON JOPOXKE HET B paspenutenbHON JOPOXKE HET

CASE yEEE ) LA 3a3eMNISIOLLNX OTBEPCTHUI &l L U b i 323eMINISIOLLNX OTBEPCTHUI <
KpacHas Tpacca / 4-s nnata 1 0,5 2,0 28 2 0,3 0,3 92 1 0,2 0,8 50
KopuyHeBas Tpacca /

Vb 1 0,5 1,0 44 1 0,3 1,2 20 1 0,2 04 67
YépHas Tpacca / 6-s nnata 2 0,5 2,0 52 2 0,3 1.2 58,8 2 0,2 04 101
ManuHosas Tpacca /

D ap— 1 0,5 0,5 69 1 03 0,6 54 1 0,2 0,2 97
3enéuas Tpacca / 5-9 nnata 2 0,5 1,0 88 2 0,3 0,6 76 -

3enéHas Tpacca / 7- nnata - 2 0,2 0,8 74
Oparxesas Tpacca /

5-5 nnara - 2 02 02 9%
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NMPOEKTUPOBAHME U MOOEJNIMPOBAHME

CAINP AWR: cpaBHeHue pe3ynbTaTos
MOAENMPOBAHNA C IKCNEPUMEHTOM.
Anroputm 06paboTKu AaHHbBIX

Cepreit Hukynuu, Anexcei Toprosanos (r. Hmxuuit Hosropop)

Llenbio paHHOW cTaTby ABNSIETCA O3HAKOMJIEHUe ¢ ocHoBamu uHterpauum NI
AWR Design Environment ¢ uameputensHoi annapatypou Rohde&Schwarz n
HanucaHue co6CTBEHHbIX anropuTMoB 06paboTku aaHHbIX. NpeacTaBneHHbIe
anropuTMbl NO3BOJIAIOT PacLLUMPUTb U 6€3 TOro 6oraTbie BO3SMOXHOCTHN
nporpaMmmMmHoro o6ecne4eHusi, TeMm camblM afanTUpys ero kK cneuncunyeckum
3apa4vam. B urore nony4aercs cyLecTBEHHO COKPaTUTb U3AEPXKKMU Ha LKA
pa3paboTKn U yCKOPUTb BbINyCK FOTOBOW NPOAYKLUN.

BBEAEHUE

B coBpeMeHHOM MHpe pa3padboTKa
EKTPOHUKHU 6€3 ucrob3oBanus CAITP
CTAHOBUTCS MPAKTUYECKU HEBO3MOXKHOT.
NIAWR Design Environment 3aCJIy’>KEHHO
CTaJI OTHUM U3 HAauOOoJIee BOCTPEOOBAH-

HBIX U nomyapHeIx CAIIP 11 paspador-
k1 CBY-anekrpoHuku B Poccun.

Co BTOpPO¥ mOnoBUHBI 1980-X IT., C
IOABJIEHHUEM KOMIIAKTHBIX IIEPCOHAIb-
HBIX KOMIIBIOTEPOB, HAYAJIaCh 3I0Xa
AKTUBHOTO HCHOJAb30BaHUA CAIIP gyt

- GPIB
- LAN
- RS-232
-UsB

HTepdericbl ynpaBneHns:

Puc. 1. Mpumep yaanéunoro ynpasnennsa npuéopamn R&S us CAMP AWR

Puc. 2. 3anyck mopyns iFilter n cpaBHenue Tononoruii Ayx peanusauuii ®HY

Pa3paboOTKU 3JIEKTPOHHBIX YCTPOHCTB.
IIpuMeHEeHHE IPOrPaMMHOIO odecieye-
HUS U30aBUWIO HHXKEHEPOB OT PYTUHHOT'O
PYYHOIO pacyéra CXeMm, IIOBBICHJIO TOY-
HOCTb PACYETOB U 3HAYUTEIBHO COKpaA-
THJIO BpEMs pa3pabOTKU: €C/IM B Hada-
ae 1990-x IT. IPpOEKTUPOBAHUE OJHO-
IO YCTPOUCTBA MOIJIO 3aHUMATh OT 3 10
5 J1eT, TO B HACTOALIEE BpeMs pPeub UAET
JIMIIb O HECKOJIBKHUX MECAaX.

CAITP AWR 103BOJISIET MOJETUPOBATH
CBY-cxeMBbl € JOCTATOYHO BBICOKOU TOY-
HOCTBIO. TeM He MCHEEC, JOCTUTHYTDH TAKHUX
PE3yJIbTATOB HEBO3MOKHO 6€3 IIOATOTO-
BUTEJBHOI'O 3TAIA, 3AK/II0OYAIONIETOCI B
CO3JaHUH OHOJIMOTEK MOJIE/IEH HCIIOIb-
3yeMBbIX KOMIIOHEHTOB U Ha60pa IIPOEKT-
HBIX HOPM, 4TO B 3apYOEKHOM JUTEPA-
Type IPUHATO Ha3bIBATh Process Design
Kit (PDK). IIpu pa6ore B AWR MOXXHO
HCIIOIb30BATh MoAeau u3 PDK B kaue-
CTBE€ UCXOJHBIX JAHHBIX /UL PACYETOB,
IIPHU 3TOM YEM TOUHEE OYAYT MOJE/IU JIe-
MEHTOB, TEM OOJIbIIIE PE3YIbTATBI CUMY-
JIAUY OyAyT COBIIAAATD C SKCIIEPUMEH-
TOM. JIJ11 CO3JaHNUA TAKUX MOJIEIEH Tpe-
OYIOTCSl XapaKTEPUCTUKHU, IIOJIydCHHBIC
IIPU U3MEPEHUU PEAJIBHBIX OOBEKTOB.
1 peaym3anyy JaHHOTO 3TAlla aBTO-
pPBl IIpEIaraloT HCIOJb30BATb H3MeE-
pureibHOE OOOPYIOBAHHUE KOMIIAHUU
Rohde&Schwarz (R&S), IIOCKOJIBKY OHO
Jierko uHrerpupyercs ¢ CAITP AWR, nepe-
KpbIBACT OONBIIUHCTBO U3MEPUTECIIb-
HBIX 33Ja4 32 CYET IIHUPOKOM HIPOAYK-
TOBOM JIMHEWUKH, A4 TAK)KE UMEET OIITH-
MaJIbHOE COOTHOIIECHHUE 11€HA /Ka4€CTBO.
Kpome TOro, Ipou3BOACTBO YaCTH IIPO-
JYKTOBOH IMHENKH AHAJIU3ATOPOB CIIEK-
Tpa 1 CBY-reHepaTopoOB JOKAJIU30BaA-
HO B Hrxnem HoBropoze Ha 1iomajake
«HITO um. ®PpyH3€» — BEAYILIETO POCCUI-
CKOT'O MPOHU3BOJUTENS PAAUOU3MEPHU-
TEJIBHOI'O OO0OPYIOBAHUSL.

JaHHyro
HO pa3JeJUTh HA JBE YaCTH: B IIEPBOH

CTATbIO MOXHO  YCJIOB-

4yacTh OyAeT PacCMOTPEHA HHTErpa-
IUsI U3MEPHUTEIBHOIO OOGOPYJOBAHHUS
Rohde&Schwarz ¢ CAITP AWR, BO BTO-
PO¥i — 10OGaBIEHHUE ITOJIb30BATENBCKUX
(YHKIMH 1 AJITOPUTMOB OOPAOOTKHU JaH-
HBIX HA IPUMEPE UCIIOIb30BAHUA CKPUII-
Ta Visual Basic.
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Puc. 3. MeHI0 HacTpoiikn yRanéHHoro ynpaBneHns M3mepuTenbHbIM 060pyaoBaHnem U c6opa faHHbIX

PABO4EE MECTO
C UHTEFrPUPOBAHHbIM
U3MEPUTEJIbHbIM OGOPYAOBAHUEM
Bnarogapss COBMECTHOMY HCIIOJIb30-
BaHuio CAITP AWR ¢ n3MepuTeIbHbIMH
npubdopamu R&S MHXKEHEP MOXKET CO3-
JaBaTh U HPOBEPATH HOBBLIC PEIICHUS
Ha BCEX YPOBHAX: OT €AUHUYHBIX KOM-
IIOHEHTOB CXEMbI 1O aHAJIHN3a CJIOXKHBIX
cucreM [1, 2]. Takass CBsA3Ka IIO3BOJISIET
Pa3pabOTYHKYy B pAMKaX OJJHOT'O IIPOEKTA
«Ha JIETy» OObEJUHATD PE3Y/IbTATHI CUMY-
JIALIAY 1 U3MEPEHUH, OBICTPO IIPOBEPSIs,

TEM CAMBIM, IIPABUJIBHOCTDH CBOCH UJICH.

B ciryyae pacxoXaeHHUI MOXKHO HaNTH
HECOOTBETCTBHUS MOJIE/IH C IIPOTOTUIIOM
HAa PAHHUX CTAAUAX pa3padoTku. OnTu-
MHU3aLMA CHCTEMHOI aPXUTEKTYPHI IIPO-
€KTa U YMEHBIICHHUE BPEMEHH IO Ha4aj1a
BBIITyCKA CEPUITHOM IIPOAYKIIUHU JOCTUT'A-
€TCA 32 CYET 1IaPaAUIEIbHON HACTPONKH
MOJIEIH U IIPOTOTHUIIA.

Hcnonb3oBaHue KoMnoHenTa TestWave
IIO3BOJIAAET MOAKIIOYATh K AWR BeKkTOp-
HBIE T€HEPATOPBHL, AHAIU3ATOPBI CIIEKTPA,
BEKTOPHBIC AHATTU3ATOPHI LIEIIEH U OCIIUI-
snorpadsl. Komnonent TestWave 1103B0-
JISIET HE TOJIBKO OBICTPO U JIETKO IIOJIy4aTh
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NMPOEKTUPOBAHVE U MIOOAEJIIMPOBAHME

Habopsl napamerpos CBY-uenen (Hampu-
Mep, B BUJIE S-IIAPAMETPOB WU CIIEKTPA
CHUI'H4JIa), HO U [IOChLIATh CHHTE3UPOBAH-
HBIN B cpene AWR CUrHal B peajibHbIE
CBY-TpaKTbl, UCIOIb3Ys CBA3KY «BEKTOP-
HBIU TEHEPATOP — AHAIU3ATOP CIIEKTPA».
To eCTb OCYIIECTB/IATD AlIIAPATHO-IIPO-
IPaMMHO€E MOJICIMPOBAHHUE.

TestWave MOXKET YJAJIEHHO YIIPaB-
J1Th Ipuoopamu R&S, ncnosnb3ys 60/1b-
IIHNHCTBO CTAHAAPTHBIX UHTEP(PEHCOB,
U OOBEAUHATH IIPUOOPBI B CIOKHBIC
U3MEPUTEIbHBIE CUCTEMBI (CM. pHUC. 1).
Ha pucyHKe IpeICTaBJIEHBL: BEKTOP-
HBII aHaIM3aTOop Hened ZNB ¢ matpu-
el kommyTanuu ZN-Z8X, BEKTOPHBIH
IreHepaTop CUrHaja0B SMW, aHaIu3aTop
criekrpa FSW.

Mpumep 1. Paspa6oTrka n
onTuMmusaums cunnTpa

He cekper, 4yro OoOgpIIMHCTBO BY-
GuiIbTPOB (UAbTPHI YeObIEBA, (PUIb-
Tpel bBeccemns, ¢puipTpel Barrepsopra,
JUIMNTUYECKUE (PUIBTPBL U T.J.) IIPU
Pa3paboOTKe MOT'YT OBITh OITUCAHBI KOHEY-
HBIM HA00POM NI€PEIATOYHBIX (DYHKITUI.
ITOMHUMO 3TOrO, CYyLIECTBYIOT PA3/TUYHbIC
peanu3anuu 3TUX (PUIBTPOB: HA COCpe-
JOTOYEHHBIX 3JIEMEHTAX, IIOJIOCKOBBIX
JIMHUAX, OOBEMHBIX CTPYKTYpax U T.J.
HecMoTps HA TO, YTO KOJIMYECTBO AIIIPOK-
CUMaUMIH U BO3MOKHBIX (DU3UUECKHUX pea-
JIN3AUH AB/IAETCA KOHEYHBIM U XOPOIIO
HM3Y4E€HHBIM, IIOUCK ITOAXOIAIIETO pelie-
HUS MOXKET 3aHATD JJINTEIBHOE BPEMS B
CBSI3U C HEOOXOJUMOCTBIO aHA/IN3A TEX-
HHUYECKOM JINTEPATYPDI.

Mogays iFilter u3 nakera CBY-nipoek-
TUPOBaHUA AWR BKIIOYAa€T B ceOs1 BCE
OCHOBHBI€ AIIIIPOKCUMALIUHN U (pusmye-
CKHE PeTU3aluu (PUIbTPOB. DTO IIO3BO-
JIsIeT pa3paboOTYHKY, HE TPATS BPEMEHU HA
M3Yy4YEHHE HIOAHCOB IIPOECKTUPOBAHUA
TOT'O WIW UHOTO BUA (PUIBTPOB, OBICTPO

2 DB(S(2.1))

DES(1.1D
1870

--DB(S(2.))
R_S_IVB_LPF1870

(
8.
-# DB(S(1. Dl
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| |
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IIOJIYYUTH HECKOJIBKO HHTCPECYIONIUX €TI0

peanuzanuii. Ormerum, urto iFilter moxker
CPaBHUBATD PEAIN3ALNU (DUIBTPOB MEXK-
Iy co00¥1 (CM. puc. 2).

Kak Tonpko ¢ momMompio cpeabl AWR
OyleT IMOJy4eH IIPOTOTHUIL, B PaMKaX
€IMHOI'O IIPOEKTA MOKET OBITh IIPOBE/IE-
HO CPaBHEHUE PE3YJIbTATOB CUMYJISAIIUN
¢ usMepeHueM. bonee nogpo6HO 1po-
11€CC COBMECTHOT'O UCIIOAb30BAHUS BEK-
TOPHBIX aHAIU3ATOPOB R&S ¢ CAIIP AWR
OIIMCAH B [2]. MEHIO NOAK/IIOYEHHS aHA-
JIN3ATOPA LENEeH U cOopa JAaHHBIX ITOKA-
3aHbI HA PUCYHKE 3.

ITocie cpaBHEHUA PE3YJIbTATOB MOJIE-
JAPOBAHUA M HU3MEPEHHUIH MOMKHO C
IIOMONIIBI0 HMHCTPYMEHTOB OIITHMH34-
MUY U IIOJICTPOHMKHU I1OA0OpaTh 3HAYE-
HUS JIEMEHTOB, IIPU KOTOPBIX IIPOTO-
THUII OyJIE€T YAOBJIETBOPATD TPEOOBAHUAM
T3 (cm. puc. 4).

Puc. 5. Mpumep paspa6orku PJIC B moayne Visual System Simulator (VSS)
Mpumep 2. MMHMMUM3aUUNA

uckaxeHnum B CBY-TpakTte
ID-ToSigGen TP ID-FromVSA PaANOTEeXHUYECKUX CUCTEM C
CuHXpoHU3auus uucbpoBon mogynaumen
BekTopHbIit T — AHanusatop Pa3paboTKa PaJUOJIOKAIUOHHBIX U
renepatop SMW .| DUT ) cnektpa FSW CBA3HBIX CHCTEM HAYMHAETCH HA CUCTEM-
HOM YpPOBHE. B 3TOT MOMEHT OIIpeIeIs-
€TCs1, KAKUMH JOJDKHBI OBbITh IIAPAMETPBI
€€ COCTABHBIX IJIEMEHTOB, YTOOBI COOT-
BETCTBOBATh TpeboBaHusaM T3. B cpene
AWR cucTeMHOE MOJIEIMPOBAHUE IIPOBO-
N\ | narcs B moayJie Visual System Simulator
(cMm. puc. 5).
Pazymeercs, XapaKTEPUCTUKH PEAIb-
HBIX MOAYJIECH OyyT OTJIMYATBCS OT UJie-
Puc. 6. CBa3ka u3 BektopHoro reieparopa SMW u ananusartopa cnekrpa FSW ans peanusauun AIU3UPOBAHHBIX OIIMCAHUI, HCIIOJIb-
nporpammHo-annapartHoii cumynsauun CBY-tpakra B cpege AWR 3yeMBIX B MOJe/IX. s mogoopa KOM-
-20
2
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1
-60
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-100 -1
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Puc. 7. Bnusinve ycunurens MOLWHOCTM Ha MOAYNALUID QPSK: a - CrMEeKTPbI CUTHANOB; 6 — CO3BE3ANE; B — M1a3K0BaA AnarpamMma; r — PyHKLUA pacnpeseneHus MOLLHOCTY
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IIOHEHTOB CHCTEMBI, €& TECTUPOBAHUA

U OIITUMHU3ANUHN C YK€ CO3JAHHBIMU
MOIY/JIAMHA IIOJIb30BATE/Ib MOXKET IIPO-
BECTH AMIIaPATHO-IPOTPAMMHYIO CUMY-
jsuio. B atom ciygae a1060¥ U3 Moay-
JIEII CUCTEMBI 3AMEHACTCS HA CBA3KY BEK-
TOPHOI'O I'€HEPATOpPa C AHAIHU3ATOPOM
CIIEKTpA CO BKJIIOYEHHBIM MEXy HUMU
HMCIBITYEMBIM yCTPOMCTBOM (V). IIoTOK
I1Q-gannbix (popmupyercs B CAIIP AWR,
nepegaércs 1o uHrepdency yqaaéHHo-
I'0 YIIPABJIECHUSA B BEKTOPHBIH I'€HEPATOP,
CUTHAJI C BBIXO/Ia F€eHepaTopa IOCTyIa-

er Ha 1V, ¢ BoIxOoma Y — Ha aHA/IM3aTOD
Puc. 8. MpumeneHne AMHAMUYECKOro OKHA B anropuTMe CKONb3ALLEro CPeAHero CIIEKTPA, IOCJIE YETO ITOTOK IQ-TaHHBIX C
aHa/JIM3aTopa nocrymnaer ooparHo B CAITP
JUISL JaTbHEN et 06paboTKu (CM. puc. 6).

Bosiee nogpo6HO 06 3TOM MOXKHO IIPO-
4quaTaTh B [1].

TakuM 06pa30M MOKHO OLI€HUTD UCKa-
JKE€HHEC MOJOY/IMPOBAHHOI'O CUT'HAJIA IIPU
npoxoxaeHuu BUY-Tpakra. OCHOBHBIMH
IIOKA3aTE/IIMHU KA4€CTBA CUT'HAIA C U(-
POBOM MOAY/IALIMEH IIPU TOM ABJIAIOTCS:
YPOBEHDb BHCITOJIOCHBIX I/ISJIY‘{CHI/Ifl, BJIN-
SIHUE HA CO3BE3/I1eE, [NIA3KOBAs JUaTrPaM-
Ma, K03 PpurueHT 6UTOBBIX OMMOOK BER,
OILICHKA ITHUK-(pAKTOPa IO (PyHKIIUU pac-
npeaenenusa momuHoctu CCDF.

Bnausitaue YCHWINTEIA MOIIHOCTH HA
Ka4eCTBO curHana ¢ QPSK-mopyssanuen
IIPEACTABIEHO HA PUCYHKE 7.

Monb30BATENbCKASl OBPAEOTKA
AAHHBbIX

CAITP AWR wumeer 6O0JBIION HAOG0P
BCTPOEHHBIX (DYHKIIUI, KOTOPBIH 1epe-

KPBIBA€T OOJIBIIMHCTBO CTAHAAPTHBIX
Puc. 9. Peaynbtat npuMeHeHns CrnaXxuBarowWero anroputMa K u3mepenHomy Koathdmumuenty orpaxenns  3agad. TeMm He MeHee, CJIyd9aeTcs TaK, 4YTO
Kabens ZV-Z193 Pa3paboTUYUKy TPEOYIOTCA YHHUKAIbHBIE
IrOPUTMBI OOPAO6OTKH JaHHBIX. OTHUM

U3 CaMBIX OBICTPBIX CIIOCOOOB C/IEIATH
3TO — JO0ABUTb COOCTBEHHYIO (PyHK-
ITHIO, KOTOPYIO MOKHO BBI3BIBATH C IIOMO-
IIBI0 BCTPOEHHOTO pemakropa (hopmyn
Equations. DTO IIO3BOJIUT OBICTPO CO3-
J1aTh UTEPALIUOHHBIE JITOPUTMEI C YCIIO-
BUSIMH, YTO B OOBIYHOM perakrope hop-
MYyJI HEBO3MOZKHO. [IpH 3TOM BBI TOJTy4a-
€Te UHCTPYMEHT, BCTPOCHHBIN B CpeIy
AWR, TO €CTh OTIIaIaeT HEOOXOAHUMOCTD
B UCIIOJIb30BaHUM BHemHero 10 u pema-
€TCsI MPOoGIeMa UMITOPTA U KCIIOPTA JAH-
HbIX.

PaccMOTpHM, KaK 3TO JEIA€TCs Ha
IIpUMEPE ANTOPUTMA  CKOJB3SIIETO
CPEJTHETO BO BCTPOEHHOM PEJAKTOpE
ckpuirros Visual Basic. Be160p nHCTpY-
MEHTOB peaJn3alUuu CAEJIaH U3 CO00-
pakeHUH HaraggqHocTu. IIpu Heo6xO0-

OHUMOCTH 9TO MOKHO cJies1aTh HA C++ U
Puc. 10. OkHO pegakTopa CKpunToB C#[3, 4].
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AJITOPATM CKOJIB3AIIETO CPEHETO [5, 6]
IIMPOKO MCIOAb3YETCA B TEXHUKE. Ero

MOXXKHO IIPUMEHUTb I (DUABTPALIUU
IIPOCTPAHCTBEHHBIX I'APMOHHK, BBI3BAH-
HBIX PACCOIVIACOBAHHUEM B KOAKCHAIBHOM
JIMHHUH.

B kayecTBe UCXOHBIX JIAHHBIX ObUT B3ST
pe3ynbpTaT u3MepeHus kaoens ZV-2193 na
a"anuszarope ueneri Rohde&Schwarz ZVA.
JIaHHBIE UMIIOPTHPOBAIUCH C IIOMOIIBIO
nporpaMmHoro unrepderica TestWave.
B ripoekTe GbuIa HCIOJIB30BAHA PA3HO-
BUIHOCTb QJITOPUTMA, HAa3bIBAIOIIAS-
CsI <IIPOCTOE CKOJIB3AIIEE CPETHEE» TN
«apU(PMETHIECKOE CKOB3SIIEE CPETHEE>
(Simple Moving Average, SMA), KOTOpO€e
YHCJIEHHO PABHO CPETHEMY apU(PMETH-
4ECKOMY 3HAYE€HUI HCXOAHON (DYHKIIUU
3a yCTaHOBJICHHI)IfI IIEPUOJ U BbIYUC/IA-
ercs 1o (popmyJie:

n-1
SMA, = lZpFi _PtPt - F P tPiwia T Pin  Pue. 11. UMnopt rotoBoro thaiina Equations.bas
n< n

e SMA, — 3Ha4YE€HHE MMPOCTOIO CKOJIb3s-

IEr'O CPETHETO B TOYKE t, N — KOJIMYECTBO TNucTunr
'ANITOPUTM BHUYMUCIISIET NIPOCTOE CKONb3fAllee CpefHee OT KOMIIJIIEKCHOTI'O
3HAYEHUH UCXOJAHOM (DyHKIINU /I pac- 'MaccmBa maHHHEX (aHrn. simple moving average, amrm. SMA).
.. 'SMA BHYMCIIAETCS OTHENBHO Oys Re m Im wacTeii.
4€TA CKOJIB3SIIETO CPETHETO (CIIAKUBA- 'Taw = MACCHUEB CHDEIX HaHHEIX

'w = pasMep OKHa

IOIUIA UHTEPBAN), IPU 3TOM YEM HIMPE Function mov_avgS(raw() As Complex, w As Integer) As Complex()

CITIQKUBAIONINKI HMHTEPBAI, TEM OGosee Dim nw() As Complex ' CrIaXeHHBI MacCuB
wiapn monysactes rpadw gymk DSBS AS Complex momemyrowssz cywxa o
uuu, p, | — 3Ha‘.{eHI/IC HCXOJIHOM (PyHK- Bim ; 2: igtzgzi ' CHeTHNRY
IIUH B TOYKE t — 1. Dim cnt As Integer
OCOBEHHOCTH AITOPUTMA 3AKII0UACT- num = UBound (raw)

If (num - 2 * w) < 1 Then

CA B TOM, YTO HA PACCTOAHHUU INIUPUHBI 'TIpOBEpKa Da3MEDHOCTM MACCUBA

OKHA OT HA4a/Ja ¥ KOHIA MACCHBA JaH- MsgBox “IpDOBEpETE TDAHMIE MacCmeal*
Exit Function
HBIX HEBO3MOXKHO HCIIO/JIb30BATh OKHO End If
TOW 7K€ NIUPUHBL, YTO U B CEPEAUHE MAC- ReDim nw(num) ' IMHaAMUYEeCKOe BHIEJIEHNE NaMATU MacCCUBY

'IIUMKJI HadYalo MacCuBa 6e3 IONHOI'O OKHAa
cusa. Ij1s1 KOMIIEHCAy 3Toro aggexra For i = 0 To w

HCIIONIb3YETCA JUHAMUYECKH U3MEHAIO- sm.Real = 0
sm.Imaginary = 0

as1CA MIMPHUHA OKHA (CM. pUC. 8). For j = 0 To i + w

Janee noKakeM pe3yabTaT IPUMEHe- sm.Real = sm.Real + raw(j).Real . .
sm.Imaginary = sm.Imaginary + raw(j).Imaginary
HUA AATOPUTMA K (PMIBTPALUU OCLIUI- Next j

nw(i).Real = sm.Real / (3j)

JISIITUHA, BO3HUKIIUX B PE3YJIbTATE HEU/IE- nw(i).Imaginary = sm.Imaginary / (3)

AJIBHOT'O COTJIACOBaHUS Kabenss. OObeK- Next i
TOM HUCCJIEJOBAHUS OB Kabenb ZV-72193 'IMKNI C TIONHEM OKHOM

. For i =w + 1 To num - w - 1
C COEIUHHUTENBbHBIM pazbémom PC3.5 sm.Real = 0

AauHOM 910 mM. Kak BUJTHO U3 PUCYH- sm.Imaginary = 0

For j =1 - wTo i +w
Ka 9, Ha YBEJIMUEHHOM (PparMeHTe ypo- sm.Real = sm.Real + raw(j).Real
. sm.Imaginary = sm.Imaginary + raw(j) .Imaginar
BEHb Pa36poca 3HAYEHMIT BEIIECTBEH- Next § o ornary ginary (i
HOHM 4YaCTH K HITUEHT TDAKE- nw(i).Real = sm.Real / (2 * w + 1)
o ac 09(PuIMEHT OTpAKE nw(i).Imaginary = sm.Imaginary / (2 * w + 1)
Husg usmenuics ¢ 0,03 go 0,005, To ecTpb Next i
B 6 pas. U3 cpeiHeii JIUHUHU MOXKET ObITh ‘Imkn xomen 6es momHOTO OKHa
paccYyMTaH UCTUHHBIN OIIOPHBIN UMIIE- For i = num - w To num
sm.Real = 0
JIAHC JIUHHUU. sm.Imaginary = 0
. cnt = 0
11 KOPPEKTHOH PabOThl aJIrOpHUTMA For j = i - w To num ]
HEOGXOTUMO BHIGPATH ONITHMATBHBII PA3- sm.Real = sm.Real + raw(j).Real .
sm.Imaginary = sm.Imaginary + raw(j).Imaginary
Mep OKHA, TAK KaK IIPH Y3KOM OKHE He 0be- cnt = cnt + 1
Next jJ
crieduBaeTcs (QUIbTPALIHS TAHHBIX, 4 IIPU nw(i).Real = sm.Real / cnt

nw(i).Imaginary = sm.Imaginary / cnt

M POKOM IMPOUCXOJUT UCKAKEHUE TPEHA.
Next i
HUA TAKOI'O CKPHUIITA H -
st co3pa AKOI'O CKpHUIITAa HEOO mov_avgS = nw
XOJIMIMO BBITIOJTHUTD CJIETYIONIHE IIPOLIE- End Function

JIypBI:
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® OTKPBITh PEJAKTOP CKPHUIITOB (CM. puc. 10);

® CO3JaTh B PEJAKTOPE CKPUIITOB MO-
ayab ¢ HazBaHueM Equations miu um-
IOPTHUPOBATH 33 TPHU HIAra roTOBBIN
¢darn Equations.bas, Kak 3TO IIOKa-
3aHO HA pUCyHKe 11 (IporpaMMHbINA
KOJ (PYHKIIUU CKOJIB3SIIETO CpEj-
HeTro 1A nmpoekra AWR npusenéH B
JIMCTHUHIE);

e 106aBuTh (pyHKUMHU B 1oae Equations
(TIocsIe CO3JaHMs CKPUIITA B JOKyMEH-
Te Equations HEOOXO/IMO BBECTHU UMSI
dyHKIUHM (MOV_avgs), KaK 3TO I10Ka3a-
HO 3/1€Ch:

mes = SteplOMMz:S(1,1)
wr=7

mrMwoFilt=mov_avgs (mes, wr)

® JUUISI OTOOPAKEHUS PE3Y/IbTATA HA HO-
BOM rpacpuke Bpioparb Add Measure-
ments — Document Name — Equation
Name u (popMaT OTOOPAKEHUSA, IOCIE
gero HaxaTb OK (cm. puc. 12).

BbiBoab!

CAITP AWR 1nipesocCTaBsieT IPOCTOM
U yAOOHBINI UHTEP(EHC 1 MONKIIO-
4YeHUs1 H3MEPUTEIBHOTO 0O0OpyIOBa-
Hus Rohde&Schwarz, a Takke MOIIHbIE
MHCTPYMEHTBHI U1 Pa3pa0OTKU U FeHepa-
1y mozeneu anemeHToB u PDK. Bcé aTto
IO3BOJIAET 3HAYUTEIBHO COKPATUTD Bpe-
M pa3pabOTKU U ONITUMU3AIUH YCTPOU-
crBa. Tounocts cumynsauuu B CAIIP 3aBu-
CHUT OT Ka4eCTBAa MOJEJIEH HCIIONb3ye-
MBIX 3JIEMEHTOB, KOTOPOE IIOPOM OBIBAET
HEJOCTATOYHBIM JIIs1 PAOOTHI.

Puc. 12. Oto6paxenue pesynbrata Ha HOBOM rpaciuke

K coxkaneHuro, poCcCUIICKHE IIPOU3BO-
JIUTEIN KOMIIOHEHTOB HE MPEIOCTABILIIOT
MO/IEJIM Ha CBOM U3/IC/IHS, TIO3TOMY IIPOLIECC
HX CO3/IaHUA IIEPEKIAIbIBACTCS HA IUVICYH
Pa3padoTUYrKa 1 HEBO3MOKEH O€3 HCIIOIb-
30BaHI U3MEPUTEIBHOI'O OOOPYJOBAHIL
CBsI3Ka IPOrpaMMHOIo otecrieyeHust NI
AWR Design Environment 1 ©3MepHUTEIb-
HOTO 060pynoBanusa Rohde&Schwartz 3Ha-
YUTEIBHO YIIPOIIAET ITY 33J1a4y.

JINTEPATYPA
1. Rabim Fiyyaz Bin, Minibold Roland.

Connectivity of R&S Test Solutions with AWR

Visual System Simulator (VSS). Application
Note 1MA174_1e. Rohde&Schwarz. 2010.

2. Beer M., Bin-Rabim F., Seyboth D. Filter
Design and Optimization Using the R&S
ZVA/ZVB/ZVT Integrated with AWR EDA
Software. Application Note 1MA163 3e.
Rohde&Schwarz.

3. https://awrcorp.com/download/faq/english/
docs/ApiReference/awr_scripting_guide htm.

4. www.kb.awr.com/display/SCRIPTS/_
API+Coding+FAQ#gsc.tab=0.

5. https://habrahabr.ru/post/134375/.
https://ru.wikipedia.org/wiki/CkoJb3si-

G

IAsT_CPEIHSIA.

HosoctT™m mmpa News of the Worild HosBocTn Mmmpa

102

Co3paH eguHbIA yHUBEpPCcalbHbIA
CeHCop Anga «yMHOro» gpoma
YCTporcTBO pa3aMepoM C Kpekep, pa3pabo-
TaHHOE BbINyCKHUKOM YHuBepcuTeTa KapHeru-
MensnoH, 06beguHaeT BCce HEOOXOANMbIE OaTym-
KW 1 yCTPOWCTBA AN CO3AaHNSA «yMHOro» foMa.
XXupap Jlany cosgan cBow ragxet B pam-
Kax y4ebHOro nMpoekTa, KOTOpbIN OH Ha3Ban
Synthetic Sensors. OH MOXeT onpegenuTb,
CKOJIbKO OyMaXXHbIX MONOTEHeL, eLé B 3ana-
Ce, CKOJIbKO YesI0BEK BOLLINIO MW BbILLIO U3
NMOMELLIEHNSA, MpUCMaTpMBaTh 3a MOXWUIbIMU
YneHaMun ceMbM, CNeas 3a MX nepemeLLeHu-
amu. Jlany npogemoHcTpypoBan paboTy npo-
TOTVNA Ha KOH(EPEHLMMN MO B3aUMOAENCTBUIO
nogev n komnbtotepos CHI B leHBepe.
TONYKOM K CO3[AHWUI0 YHUBEPCANbHOMO
YCTPOMCTBA NOCIYXXWIO0 XenaHne NoHsTb, BO3-
MOXHO N cO3[aTb KOMNaKTHYO 1 3PheKTMB-

HYIO0 afibTEPHATUBY CYLLECTBYIOLUMM YMHbIM
ragxetam, KOTopble He BCErfa XopoLLo coye-
TaloTCs ApYr C ApYroM, 1 6eCnpoBOAHbIM CHET-
YuKaMm, KOTOpble HY>KHO pasmMeLLaThb Nno BCEMY
nomy. [1nsi 3TOro Ha ofHOW nnate COeAUHUIUCH
JaTYUKN OBVKEHUS, 3BYKA, AABMNEHWS, BNIaXKHO-
CTW, TEMMEPATYpPbI, UHTEHCUBHOCTY OCBELLIEHUS,
3/1EKTPOMArHUTHbBIX MOMEX Y MHOIO€E ApYyroe.
3artem usobpertarenb pa3MecTun NaTb Takmx
CEHCOPOB B 30aHWN — Ha KyxHe, ABYX KabuHe-
Tax, rOCTMHOWN U Kracce, U ocTaBun paboTaTb
Ha 2 Hegenu. Ha KyxHe ceHCop MOXET 3aMeTUTb
TEKYLLMIA KpaH U 3aKaH4yMBatoLLMECs Mosio-
TEHUQ; B KabMHETe — YCMbILUWT, KaK CTy4aT B
[Bepb; B FOCTUHOWN CEHCOp OrMoBeLLaeT, Korga
cBapwIcs Koghe M OTKpbinach BXogHas ABEpb.
TOYHOCTb [ATYMKOB OKalarnach Ha BbICOTE:
Yepes Hepento 0by4eHus 1 TecToB 38 CEeHCOo-
poB paboTanu, B cpegHeM, ¢ 96% HaaéXHo-

cTbto. OfHaKo Jaxke Takon nokasarenb MOXeT
0KasaTbCs NOXHOMOMNOXMUTESNbHbIM, U nepen
3anycKoM NMpou3BOACTBA €ro crepyet ynyd-
wmnthb, nuwet MIT Technology Review.

Moka 37O YCTPOWCTBO HeNb3s KynuTb, Nep-
Bas onbiTHaa naptua B 100 WTYK 6bina oTrne-
yaTaHa HeflaBHO ¥ NPOXOAUT ucnbiTaHus. CTo-
MMOCTb MPOM3BOACTBA Cenyac CcocTaBnseT
npumepHo $100, HO B cny4ae MaccoBoro npo-
N3BOACTBA OHA J0JKHa cokpaTutbes fo $30.

WHaye peluaeT npo6iemMy MHOFOYMCIEH-
HbIX CEHCOpPOB B YMHOM [OME KOMMaHus
Sevenhugs, paspa6oTaBluas yHuBepcasb-
HbIAi MynbT OMUCTAHUMOHHOIO YynpaBeHus
Smart Remote, koTopbI nogaepxvBaeT 6onee
25 TbICY YMHbIX YCTPONCTB. ECnn HaBecTn ero
Ha OKHO, OH MOKaXeT MPOrHo3 Norofpl, a ecnu
Ha [Bepb — TO BbI3OBET TaKCW.

XAUTEK
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B Poccuu cospaHa
Accouuaums pa3paboTHUKOB U
npou3soguTesnen 3NeKTPOHUKN
13 nioHa 2017 roga B TACC o Havane cBoew
paboTbl 06bsBMNa Accoumaums pa3padoT4u-
KOB 1 Mpon3BoauTenen anekTpoHukn (API3).
B Meponpusitun NpuHANn y4actue: UCrosHu-
TenbHbIM anpekTop APTIO VBaH [MokpoBcKuii;
pykoBoguTesb Hanpasnenus «MapkeTuHr» AO
«CBsI3b MHXXMHUPUHI» Anekcei Mopo3oB; pyko-
BOAWTENb KOMWUTETA MO PErynMpPOBaHMIO BHY-
TpeHHero pbiHka APT13, anpekTop no crpareru-
YeckoMy MapkeTuHry GS Group AHgpei Beapy-
KOB; PYKOBOAUTESb KOMUTETA MO KOHTPaKTHOMY
npouaeoacTey API19, pykoBoauTesb Hanpasne-
HUs pagdpabdoTku v nponaeoacTea OO0 «3OsoTop»
Ceprei 30puvH; pyKoBOOUTENb MEXAYHAapPOOHO-
ro komuteTa APITO AHTOH THOpUH; pyKoBOAUTENb
kappoBoro komuteTa APIMS TaTbsiHa CtenaHoBa.
O6bearHeHne yHpeXaeHo KpynHEeRLLIMMI HacT-
HbIMW UrPOKaMU 3MIEKTPOHHON OTPACIIN: XOMNAWH-
rom GS Group, koMnaHusaMu «3enakc», «ATOJ»,
«3aBop “OtanoH™» n «CBA3b WMHXUHUPUHI.
Bonee 30 npepnpuatun yxxe 3assuim o rotos-
HOCTW NpycoeanHuTLCS K pabote APTQ. MNnanw-

CBEPXTOHKWE NCTOYHUKWN NMUTAHUA

HA DIN-PEUKY

pyeTcs, 4To B Hepanéxkom byayLem Accoumaums
06beanHUT cabite 100 KoMnaHui. VicnonHuTenb-
HbIM AupekTopoM APTM3 HadHaueH VBaH Mokpos-
CKU, 3aH/MAOLLMIA JOIMKHOCTL reHepasibHOro
avpexTopa «/IHthopMaLMOHHO-aHaIMTUYECKOTO
LieHTpa COBPEMEHHOM SIEKTPOHUKM».

APT19 HaueneHa Ha pa3BUTUE POCCUINCKOM
3IEKTPOHHOW MPOMBILLIIEHHOCTM NOCPEACTBOM
KoopAvHauun AesTenbHOCTU HYaCTHbIX KOMMa-
HUA 1 rocyaapcTsa, YCUeHus oTpacrnesoun
Koonepauun, peannsauumn npoopueHTaLm-
OHHbIX MEeponpuUATUA cpean MONodbIX cre-
LManncTos, AanbHeunLero yBenn4eHns 3Kc-

MOPTHOro NoTeHumana v Bbixoda Ha rinobarsb-
HbIA PbIHOK.

Accoumaums CTaHeT rnasHbIM UHEOPMAaLIMOH-
HbIM LIEHTPOM OTpacsu, NpefcTaBuTesieM oTpac-
JIEBbIX MHTEPECOB B OpraHax rocyAapCTBeHHON
BacTu, UHALMATOPOM 1 KOOPAMHATOPOM Kpyn-
HEMLLINX MHBECTULIMOHHBIX NpoekToB. APTS npe-
[OCTaBUT CBOMM Y4acTHMKaM 3MEKTUBHYIO
nrowanKy Ana obCyXAeHUs 3aKOHOTBOpYe-
CKUX HMLMATUB, ed1HbIX CTaHAapToB, Nocnes-
HMX OTEHECTBEHHbIX Pa3paboTOK 1 NMPOAYKTOB.

Llenb cospanusi APTO — koHconuanposaTtb
ycunusi 6M3Hec-coobLLEeCTBa 1A peanmsaumn

* BbixoaHble mowwHocty 30, 50 1 70 Bt

 Pa3mep nepezHein naHenn Ha 44% MeHblLLe,
yeMm y aHasoroB

* BbIxoaHble HanpsxkeHns ot 5 1o 48 B
« KMA no 89% (ans cepum DPC70)

D (. d XP Power

* [NonHas BbIxOgHast MOLLHOCTb 0becrneurBaeTcs
B AVana3soHe BXOAHOro HanpskeHusa 100-264 B

* [NoTpebnsemas MOLLHOCTb B peXKMMe XON0CTOro
xoza < 0,3 Bt (cepun DPC30 1 DPC50)

° CBETOAMOAHbIVI MHAWKATOP BKAKOYEHUA
BbIXOAHOIO Hanpsa>xeHua

 TMo/HbIA KOMMAEKT 3aWuT

* LLnpokunii AnanasoH peryampoBKm
BbIXOAHOMO Hamps>KeHWs

+ [lnana3oH pabouwnx Temnepatyp
or-25 10 +70°C

MOCKBA CAHKT-NMETEPBYPI EKATEPUHBYPI gﬁt@ _
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OTpacneBov cTpareriy, HanpasieHHON Ha pas-
BUTUE POCCUMCKOW 3NEKTPOHHOM NMPOMBILLIIEHHO-
CTW, CTAHOB/EHME HALMOHAIbHbIX TEXHOJIOrn4e-
CKUX YEMMOHOB 1 YKPErieHne Ux nosnumn Ha
BHYTPEHHEM PbIHKE, AalbHENLLINIA POCT 3KCTOPT-
HOrO MoTeHUMana 0Te4eCTBEHHOW 3NIEKTPOHUKM
1 BbIXOA HA MMPOBOM ypoBeHb. Cpeaun nepso-
o4epeHbIX 3afad, CTOALLMX nepef y4acTHUKa-
MK Accoupaumn, — NpoBefeHne KOMMIIEKCHOro
aHanmMsa oTpacsu, paspaboTka cTparerum eé pas-
BUTUSA, OLIEHKa peasibHbIX BO3MOXHOCTEN OTeqe-
CTBEHHbIX NPEANPUATUNA, NPOABWKEHNE COOCTBEH-
HbIX MPEASIOXKEHNI MO PeryniMpoBaHno oTpaciv
B opraHax rocyfapCTBeHHOM BacTu, NPOTUBO-
[eliCTBME HE3AKOHHOW AEATENbHOCTM Ha PbIHKE.
Yuactue B pa6ote AP noMoxeT komnaHmsm
BbICTpamBaTb NapTHEPCKNE OTHOLLIEHUS 1 OObe-
OVHATLCS B 3O(EKTUBHO padoTaroLLme LIenoYku,
YTO MO3BOSIUT MO3TANHO BOCCTaHAB/NBATb U pas-
BvBaTh B Poccun paspaboTky 1 Npon3BoACcTBO
060pyAoBaHKs, KOMMOHEHTOB U MaTepuasios.
BaxxHenLumm HanpasneHnem paboTbl Accouma-
LMW CTAHET COAENCTBUE MHTErpaLyn POCCUNCKUX
npouasoauTenen B NPOeKTbl MO 06ecrnevHeHunto
YCKOPEHHOr O LId)POBOrO PasBUTUS POCCUACKON
3KOHOMUKM, B TOM 4ucIie B nporpammy Haumo-
HaJ1bHOWM TEXHOSTOMMHECKOW MHULIMATUBDI.
B HacTosiLee Bpems B coctaBe Accouma-
Lunn ochopmMuncst psif KOMUTETOB:
©® KOMWUTET MO PerynmpoBaHuio BHYTPEHHEMO
pbIHKa, HaLleIeHHbIA Ha 3Ha4YUTESIbHOE YBe-
JIM4eHne oM OTeHECTBEHHbIX NMPON3BOAN-
Tefie Ha POCCUNCKOM PbIHKE;
© MeXAyHapoOHbIN KOMUTET, COOENCTBYIOLLMN
BbIXOZY POCCUMCKUX KOMMaHU Ha 3apy6ex-
Hble PbIHKY;
©® KOMWUTET MO KOHTPaKTHOMY NMPOn3BOACTBY,
OPVEHTUPOBAaHHbIM Ha MONyaapu3aumio v
BHepEeHWe Ha npeanpuaTuax addeKkTnBs-
HbIX MOAEeNeN KOHTPaKTHOro NPOU3BOACTBA;
® KafpoBbli KOMMUTET, OCYLLECTBASIOLLNIA
NPOPOPUEHTALIMOHHYIO [OEATENIbHOCTL B
LUKONMBbHOM W YHWBEPCUTETCKOM cpepax
1 OTBeYaloLunii 3a pasBUTUE KaapoBOro
noTeHumana komnaHun-y4actHnkos APIM3.
Accoumnauus HaueneHa Ha pacluvMpeHue
KONIM4YecTBa KOMUTETOB, HarnpabBfieHHbIX Ha
peLleHve akTyasnbHbIX 415 OTpacin Npobnem.
«CeropHs 04eBMAEH CYLLECTBEHHbIN TEXHOIIO-
rmyeckuii paspbis mexay Poccueii n 3anagom.
Ham Heo6xoaumbl AeCTBEHHbIE MepbI MO BOC-
CTaHOBMNEHMIO U YKPEMNEHUIO AIEKTPOHNKM KakK
AparBepa MHHOBaLIOHHOMO, S3KOHOMUYECKOr O,
coumanbHOro passUTUS U OCHOBbLI TEXHOMOI -
4YECKOWN He3aBMCMMOCTH rocyfapcTea. Accouma-
LSl cHMTaET rnobasibHbIv PbIHOK MaBHbIM OpU-
E€HTUPOM [J0JSITOCPO4HbBIX NSTAHOB Pa3BUTUSA, HO
715 BbIXOJA HA HEro BaXkHO BOCCTAHOBUTL OTe-
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YECTBEHHYO AJIEKTPOHHYIO MPOMBILLNIEHHOCTb:
KOHCONMMAMPOBATb YCUMIS HaCTHLIX KOMMaHWIA
W PEerynsaTopoB AMs peannsauumn oTpacneBon
cTpaTteruu, Co3aaBaTb CO6CTBEHHbIX TEXHOSIO-
rMYECKUX YEMIMMOHOB Y HapalLLMBaThb 3KCropT-
HbIl1 NoTeHumMan. Mbl yBepeHbl B TOM, 4TO pea-
nn3aums amMOMLMO3HON CTpaTerMy pasBUTUS
OTPAC/IN 3MEKTPOHUKIN BHECET BECOMbIN BKIIag

B MOBbILLEHNE TEMMOB 9KOHOMUYECKOrO pocTa
1 BbIBEAEHUS POCCUCKON 9KOHOMUKM U3 CTar-
Hauum», — MPOKOMMEHTUPOBAI PyKOBOAWTENb
KOMUTETA MO PEryNMPOBAHNIO BHYTPEHHENO PbiH-
ka API3, anpekTop no ctparern4eckomy mMap-
keTuHry GS Group AHgpei Bespykos.
UNHgpopmaynoHHO-aHanuTu4eckum
LleHTp CoBpeMeHHOU JNeKTPOHUKU

¢ CHWXXEHUE CTOMMOCTU NHOYKTUBHbIX
KOMMOHEHTOB

* cHxeHne notepb Ha 30...50% no
CpaBHeEHWIO ¢ dheppuTamm
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| MICROMETALS

S // IRON POWDER CORES

Maruutoaunanekrtpukn MICROMETALS

MpumeHeHue cepaevHmnkoB Micrometals rapaHTupyer:

* MOBbILLEHNE HAAEXKHOCTU annapartypbl

* ONTUMM3ALUNIO KOHCTPYKLUU U
YMeHbLLEeHne Fa6apVITOB NHOYKTUBHbBIX
KOMMOHEHTOB
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«0nacHoCTb> CUJIOBOW INIEKTPOHUKM

Mérp Hosbiw (Cankt-Metepbypr)

BocnomuHaHus nHXxeHepa o pa6ote ¢ Bukropom Bacunbesuvem
EknmoBbIM 1 06 ONacHOCTAX, KOTOpble Heca yCUnmusLLasics posib NapTumn

B KOMMYHUCTU4YECKOM CTpouUTesibCTBe.

Bo BHUHMMP (MOIIHOTO pasgHuoCTpOE-
HHA), Ky/J1a 4 ObUI paclpeeIEH B IECThE-
CSIT IISITOM I'O/Ty IIOCJIE OKOHYAHUS PaJTH-
oTexHu4yeckoro (¢akynprera JIeHUH-
I'PaJCKOTO HMHCTHUTYTA ABHAIIMOHHOI'O
IPpUOOPOCTPOEHUS, I'PYyHIIOH (haHATHU-
KOB-TPYJOT'OJIMKOB CO3H/IAIACh TBOpYE-
CKast WIWUIHSL.

X ynoopcrBO, CaMOIIOKEPTBOBAHHE
U aMOuIuu ObUIM YHCTBI U IIPUTATA-
TEJIbHB: OHU CO3JaBAJIM CaMyIO IIEpe-
JIOBYIO YMOIIOMPAYHUTEIBHO H3OIIPEH-
HYIO U JOPOTYIO CHJIOBYIO JJIEKTPOHUKY
TOTO BPEMEHU — CEP/ILIEBUHY YCKOPUTE-
JIEH 3APSDKEHHBIX YACTUIL M JIOKAITMOHHBIX
CTAHIIUH, BKIIOYAsI YHUKAJIIBHBIE — KPYII-
HEHIIINEe B MUpE.

DTO OBUIO BECbMA HHTEPECHO — HACTO-
AIIAs MY’KCKAs UI'Pa C IIOJHOM CAMOOT-
Jadei. bororsopuMbele MHOU BEAyIIUE
Pa3paboOTYNKU OBUIH YAUBUTEIBHO CAMO-
JIOCTATOYHBI U MATEPHUATIBHO OECKOPBICT-
HBI, O/IETHI O€/THO, YACTO HEPSILINBO, HO
OBITOBASI HUIIETA UX KAK-TO COBEPIIECH-
HO HE TATOTUIA.

Moemy 060ka€MOMY HACTABHUKY BUK-
TOpY BacuinbeBnuyy EKHMMOBY Ka3aJlocCh
CMEUIHBIM, YTO KPOME PabOThl MOKHO
HMETH B J)KHU3HH €€ U KAKOe-TO XOO0H.

OH U OKa3aJICI MOMM HACTABHHUKOM
HHKEHEPHOI'O JIej1a, YYWI BUIETh IPU-
OPUTETHI B MHOI'O(DAKTOPHBIX TEXHUYE-
CKHX 3a271a9aX. OCO6GEHHO MHE MMIIOHH-
POBaJIN €10 IPAKTUYECKUE METO/bI IIPHU-
OJINDKEHHOI'O aHAIU3a JIEKTPUYECKUX
LIeNe U yAUBUTEIbHBIN TAJIAHT OTBICKA-
HUSI B MHOTOMEPHBIX 32/1a4aX OIITUMAJIb-
HOI'O O/ITHOMEPHOTO penteHust. CTpagan o
TOJIBKO OT HEJJOCTATKA paboYyero BpemMe-
HH, XOTSI HOPMA €ro TPyZAa ObLIa YACOB 110
4YeThIPHA/IIATH B J€eHb. 1 3TO €Ke/THEB-
HO, BKIIOUYas cyo660Ty. «Kak HU cTapai-
Cs1, 2 6OJIBIIIE IBYX JIUCTOB B JIEHb OPUT'H-
HAJIBHOI'O TEKCTA HE HAIIUIIENIb!» — TOCKO-
BaJI OH.

Buxkrop BacunbeBHY OYEHBb JIIOOWII,
KOI'/Ia MOJYUHEHHBIN K KOHITYy HAMEYECH-
HOT'O CPOKA pabOTHI ITOAXOJWI K HEMY U,
OITYCTHB 71232, TOBOPWI, YTO UTO-TO HE
nosrydaercs. Ero oTBer 6bUI CTAHJAPTHBIM:
«Huuero, He OECIIOKOHUTECH, 5I CAEIAIO!».

U penan-raku. Par Ui mapa3uTos, KOTO-
PpBbl€ YaCTEHBKO HE ObIBAIU GJIATrOJAPHBI-
MM: KOI'/Ia OH, 3aKPYTHUBIIHCEH C UX XK€ 3a7a-
YaMH, HCYAAHHO CAJWICA MUMO CTYJId, UX
MI'HOBEHHOH peaKIuei ObLI TOJIBKO CMe-
moK. «<EKMMOB BCE fie1aeT 3a Bcex!» — 3To
OBUIO HOPMOH.

Ero ornuyana yguBUTE/IbHAS OBITOBAS
CKPOMHOCTbD. BHemHe HUYEro Hadalib-
CTBEHHOI'O B HEM HE IIPOCMATPHUBATIOChH.
B KOMaHIMPOBKAX, OBIBAJIO, €70, HAUAJIb-
HHKA, B HCpBI:IIjl JE€Hb IPDUHUMAJIA 34 IO -
COOHHMKA U IIPOCWIH HECTU Ipy3. U oH
HEC, a2 MOAYUHEHHBIE YACTO HE CIENIH-
JIKL IIOMOYb. HO,I[ CTAaTh €0 CKPOMHOCTH
OBLIa U €70 IOJITHCH — HEOOIBIIASI OKPYT-
J1ag nponucHas «E» ¢ enjé MmenpIen 3aKo-
PIOYKOM HA CAMOM KPA€IIKe JIUCTA.

Ho BcsA 3Ta CKPOMHOCTD CYILIECTBOBA/IA
J10 TE€X 1TOP, IMMOKA HE IIOJHUMAIUCH BOIIPO-
ChbI TEXHUYECKOM HUICOJIOTHH. U BOT TyT
YK OH CTAHOBHJICA THPAHOM — JKECTOKHUM,
HEIIPEKJIOHHBIM U YIPAMBIM. OCO6EHHO
JI0CTAaBaJIOCh MHE.

Bor Ham TUIIUYHBIA AUATIOT TOCIE
MO€M HMHOTOPOJHEN KOMAHIUPOBKH:

— Hy xr0o Bam paspemmn yopaTh TpaHC-
dbopmaTop U3 Lenu OTKIIOYECHUA TUPA-
TpOHa?

— Ho Beb KOHIEHCATOPHOE OTKII0YE-
HUE IIPOIIE, MEHBIIE IOTEPDH, OCBOOOK-
A€TCsL MECTO JJISL JPYTUX JEJL...

— Kak Xxopomo 1 MAIKO paHblll€ BBIKIIO-
YaJIC THUPATPOH, 4 TENEPh.. YPOIACTBO
Kakoe-TO. Yto BeI ce6e nospossiere?

— Hy u 4ro, 3aro...

Tak 3710 MBI PyrajuCcb C HUM II0Y-
TU TOCJE€ KAXKIOM MOEU HHOTI'OPOJHEN
KOMaHJIUPOBKU.

Ha TexHapeil, nogo6Hbix Exumo-
BY, 51 CMOTpPEJI C 3aBHCTBIO U BOCTOP-
rom. I mHe, MOJIOJOMY CHELHATUCTY,
O4YE€Hb XOTEJIOCh HAUTU CpE€au HUX CBO-
ero HayuHoro meda. Ho cyap6a pacrio-
pAAIACh HHAYCE. S Tak 1 HE CMOT npu-
CTPOUTBCA K YbEH-HUOYAb TOJKOBOM
HAy4YHOM LIKOJIE. MOXKET HEMAJIYIO POJIb
B 3TOM CBII'PaJIa MOSI €PIINCTOCTD, HEO-
O0OCHOBAHHO 60JIBIIOE CBOOOAOIIOOHE,
/13 ¥ I'PELIHOE HEXKETAaHUE 3aHUMATbhCS
PYTHHHBIM TPYIOM.

IIoaTOMY, HABEPHO, PEIIUB, YTO MEHS
BC€ PABHO HE UCIIPABUILb, BMECTO «II€EPE-
BBIIIOJIHEHHA IUVIAHA» HAYAJIbCTBO CTAJIO
MHE [aBaTb HEOOJBIINE CAMOCTOATEIb-
HBIE HCCJIEA0BATEIBCKUE PA6OTHI [1]. Pa3-
yMmeeTcs, BE 1 UX HE OJJUH, HO BCEI7a ITOIy-
YaJIOCh, YTO, BHE 3ABUCUMOCTH OT A JMU-
HUCTPATUBHOU CTPYKTYPBI, B HUX 5, TaK
WIH MHAY€, OKA3bIBAICA HE(DOPMAIbHBIM
JIUJEPOM. DTO TPEOGOBAIO IMOCTOSHHOT'O
HanpspKeHus. LebIMu JHAMUA 5 IPeobl-
BAJI IIOTPY>KECHHBIM B TCXHUYCCKUE UICH,
OO0 BKYC HAyYHBIX UCC/IEIOBAHUII,
HCEIIPEPBIBHBIM IIOTOKOM CTAJI ITUCATH TEX-
HUYECKHE CTATbU U 3a51BKU HA IIPEJIIONA-
raeMble M300peTeHUs: 61aro BCE OBUIO
HOBDbIM.

Korga s 3aBepmiaj OIMCaHHUE OTYETA
110 HAYYHO-UCCJIEIOBATEIbCKON padore
(a 310 06B1YHO 100-200 cTpaHHUI] OpU-
THHAJIBHOI'O TEKCTA), Y HAC C BUkTropom
BacuwibeBuyem nuia MHOI'OJHEBHAA ouT-
Ba. KOHEYHO, TT0JIOBUHA 3aMEYAHUI ObLIA,
6€3yCJIOBHO, CHIPABEUIMBOU M IIOJIE3-
HOM, 32 4TO s JEMOHCTPATHUBHO U JIAXKe
na(OCHO HE CKPBIBAJI CBOEU Oaarojaap-
Hoctu ExumoBy. Emé TpuaaTe IpoieH-
TOB 3AaME€YAHUU g IIPUHUMAJL, HE CHUTAA UX
CIIpaBeyIMBbIMU, HO 32 JBALIATh IIPOLCH-
TOB PA3HOIVIACUH CTOSUI HACMEPTD. Boxke,
KaK HAM CAMHMM M OKPYKECHHUIO HAI0€eAa-
J1a pyraab! COTPyTHUKHU B 3TO BPEMS MEHS
HCHABHU/IC/IN W B OTKPBITYIO BbIPDAKAIIA
CBOIO HEIIPUA3HD. KOMHpOMI/ICC])I HaxXo-
JWINCh KparHe 60JIE3HEHHO. B OCHOB-
HOM, KOHEYHO, MOOEXKIAJ HAYaJIbHUK,
HO K €I'0 YECTHU BCE, JAXKE MEJIKUE PA3HO-
IJIACHs, Pa3PELIAINCh TOJIBKO KOHCEHCY-
com. [Ipy 3TOM yIMBUTEILHO TO, YTO IOCTIE
OKOHYAHHSI CIIOPOB 3712 APYT HA APYyI'a MbI
HE JEePrKaIn.

OH ObLI /11 MEHSA U STUYECKUM aBTOPHU-
TETOM, IIOYTH 60)KCCTBOM, XOTs1, HACKOJIb-
KO A TIOHUMAJI, ITIOJTHOCTBIO IIOAZICPIKUBAJT
CYIIECTBYIOIIUN ITOJTUTUYECKHUI PEXKUM
BIUIOTH O TOT'O, YTO OIIPABABIBAJI CTAJTUH-
ckue pernpeccuu (beroMmopkaHai v T.1L).
IIpaBaa, pa30TKPOBEHHUYABIINCH OJJHAK-
JIbI, OH BIIOJIHE OIIPEJECIEHHO BBICKA3aJI-
Cs1, YTO HE JOITYCKAECT BO3MOKHOCTH JIJIsI
ce6s1 BCTYIIUTD B IIP aBALIYIO IOJIUTHYE-
CKYIO IIapPTHUIO. [IJI1 TOrO BPEMEHU TAKOE
3agBJICHHE ObUIO HEOOBIYANTHO CMEJIBIM
U J AK€ ICP3KUM.

C COUCIIOJIHUTESIMH y MEHS BCErIa
ObLIN XOPOIIUE JAPYKECKHE OTHOIICHUS.
OCOGEHHO CO CTapUIMMH IIO BO3PACTy
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UHXKCHEPAMU-TIPAKTUKAMY, HE3a0BCH-
HBIMHM MOHMH TOBAPHUIIAMHU, KPUCTAIb-
HO JOOPOXKEIATEJIbHBIMU HICATTHACTA-
mu — Tamapoi bopucosHoi ITaBi1oBOU 1
Jleonngom AuToHOBHYeM KannHom. Pyko-
BOJCTBY CTAPAJICS, HACKOJIBKO XBATAJIO yMa,
0COOGEHHO He niepeunTsb. HaBepHO, B MOer
SKM3HHU 3TO BpEeMs ObUIO HE CAMBIM IIPOU3-
BOJUTEJIBHBIM, HO 32TO CAMBIM IIpEKPAC-
HBIM: MOJIOJOCTD IUTIOC, KAK TOBOPAT B TE€X-
HHKE, pab0Ta HA COIVIACOBAHHYIO HATPY3KY.

XOTs1, €CJIN OBITh IIPEIEIBHO OTKPOBEH-
HBIM, /IO MEHSI HHOTJ|A CO CTOPOHBI I0X0-
JUWIH «CEHTEHIIMU» BPOJE «BOT MBI pabo-
TaeM, He IOKIaAas PYK, IE€PEBBIIIOIHAECM
IUIaH, <KPOBBIO XapPKA€M», 4 3TOT I'aJi U30-
OpETATEIBCTBOM 3aHUMAETCS>.

Jlet uepes AecATh, KOIrjla He TOJIbKO U3
Ta3€eT CTAJIO ACHO, YTO POJIb IAPTUH B KOM-
MYHHUCTUYECKOM CTPOUTEIBCTBE YCUIHU-
JIaCh, Y MEHS HE OOOIUIOCH 6€3 «OXKOTOB>.

Hanpumep, opunaabHOE JIMLO B JOJ-
roi 6ecelle yKa3ajo MHE, 4TO 51 HEBEP-
HO IIOHHMAaI0 POJIb OTIEJIbHBIX CbhE3-
noB ITaptuu. To 0OCTOATENBCTBO, YTO
51 HE COOUPAIOCh BCTYIATDh B 3TH <«IJIY-
XHe€ COorIacHbIe», TO ecTh KIICC, HE nuMe-
JIO CYLIECTBEHHOI'O 3HAYEHU . YKa3aHO
MHE OBLIO JaKe, HAIIPUMED, U Ha TO, YTO
s YHOTPEOIIAIO IOJIUTUYECKU HETATHUB-
HOE€ CJIOBO «KOHBEPIE€HIUsA», HE IIOHU-
Masi €ero 3Ha4eHHUs.

HaxkoHel, Aej10 AOHUIO JO TOTO, YTO
B MO€H aTTECTALIMOHHOU XapaKTE€PUCTHU-
K€, IIOJITHCAHHOM CyAbOOHOCHBIM «TPEY-
T'OJIBHUKOM», KPOM€ YHU(PUIITMPOBAHHON
4acTHu B OAWH JIUCT, KOTOPas IS BCEX
IIHCAJIACh YyThb JIU HE IOA TpadaperT, 1osi-
BIWJIACh HECTAH/AAPTHAS 3AIIUCH, I7I€ YKa-
3BIBAJIOCH, YTO 51 «<HEAOCTATOYHO AKTHBEH
B IIPO(PCOIO3HOH I€ATEIBHOCTH>. B BOIb-
HOM IIEPEBOJIE ITO O3HAYAIIO, YTO €CJIU A

U JajIblie OyJy TaKOH K€ CTEPBELl, TO Ha
MOCIAEAYIOWEH aTTECTAIUU MHE <BJIE-
IIIT HETaTUB» 060Jie€ BBICOKOT'O YPOBHIL.
Hanpumep, 4r0 « IMYHOE CTABUT BBILIE
o01ecTBEHHOr0». TO €CTh IoTy4dy OTpH-
LATEJIbHYIO XapaKTE€PUCTHUKY, IIPU KOTO-
PO OKaKETCsI COMHHUTE/IbHOH CaMa BO3-
MOXKHOCTB IIPO(PeCCUOHATIBHOH JIeSTEIb-
HOCTH. HOHO6HI)I€ peueacHTbl C MOUMH
KOJUIET'aMH YK€ CIy9aIHUCh.

J10 BOFIHBI B IOZJOOGHOM CUTYAIIUH JIIOAN
HCYE3IH HA HECKOJIBKO JIeT: U3 JIeHUH-
Ipaja ye3KaJu B MNPOBHHIUIO H TaM
«OTCHKUBAIUCH>.

I'1€6 CTAlIKOB B IOITY/IIPHOM HCTOPH-
YECKOM JKypHaJI€ [2] OOBACHSET 3TO Olle-
pauueii HKB/I «beiBiine 1oau»: «B T€4e-
HHE MecAaLa u3 JIeHUHrpajga B MecTa He
CTOJIb OTaIEHHBIE Bhiexanu 11072 yeno-
BeKa, 4592 — 1J1aBbI CEMEHCTB, 4393 U3 HUX
paccrpenannl B 1937-1938 rr..

T'oBOpAT, 4TO IIOCAEIHUH ITAKET MAC-
COBBIX PEINPECCUH ObUI B TPUALATD CEb-
MOM. A BOT MOETO pOAHOro orua, I'eop-
rust Hukonaesuua Tpounkoro, 3a6panu
B 1941 r., korma emy 66U10 26 JIeT, a MHE
— OJUH roA. MOXHO IIOHATH IIPEKPAC-
HO€ KJIACCOBOE YyTbE: HY HE MOI' OBITh
«HAIIKUM» Y€JIOBEK, BJIQACBHII/II;I YCTBIPb-
MA CBpOHCﬁCKPIMPI A3BIKAMH, KAHIHUIAT
TEXHUYCCKHUX HAYK, dBTOP TOJIBKO 4YTO
BI)IH_IC,Z[IJ_IQIZ OOJIBIITM TUPAXKOM KHUI'U
B 300 cTpaHull C IOAO3PUTENLHBIM HA3Ba-
HueM «CBOMCTBA 4yryHa». Kpome Toro, y
HEro ObLI <«ITYHKTHUK»: HC UM€s HA TO HUKA-
KHUX OCOOBIX Pa3pemIeHUi, HOCWICA CO
CBOUM HU300pPETEHUEM HOBOI'O HOTHOT'O
nucbma. ¥ BC€ 3TO IpU TOM, UTO B POJ-
HE €TI0 He 6bLUIO HUKOTI'O C IPOJIETAPCKUM
IIPOUCXOXKIACHHUEM: BCE€ MYKYUHBI IIOI'O-
JIOBHO OBLIU BEIYIIMMH HHXECHEPAMU-
CTPpOUTEIIAMU, HpI/I‘{éM IIOC/ICAHUX H3

CTPAHMLIbI MCTOPUM

HUX 320paJId B MECTA HE CTOJIb OT/IANEH-
Hble B 1937 1.

TONBKO MHE, CJIY4AHHO €JUHCTBEHHO
HEJOOUTOMY IOCIEABINTY 3TOH CEMBHU,
1osesno. A ocrancs. JJaxe BBIPOC U BbI-
Y4HJICA HA UH>KeHepa. W cerogHs corna-
CEH C MYZPELOM U II03TOM JIECOHHIOM
®uiraroBpiM: «He MOry mnoxsacrarThb-
CsdA, YTO MHE€ 4YTO-TO 3aIPETHIN WIHN B
YEM-TO MEHS YIHI€MUIU OObIIIEBUKH.
I[ToToM yke... ObUIH KaKHue-TO 0Koru. Ho
3TO epyH/ia... He Bce Be/lb IITHIKU ObLIIN
B JINLO... BbUIa BCE K€ HeKas WIWIus
I10-COBETCKH...».

«Hamum» Torja yxe Ka3aJioChb HeIIPUINY-
HBIM 6€3 pa300pa He TOJIBKO YHUYTOXKATD,
HO JIaK€ U, CMEIITHO CKA3aTh, CAKATb JIIOJCH.
ITo3TOMY MHE, BO U30E€KAHUE BCEX I'PALY-
IIMX HEIPUATHOCTEMH, BIIOJTHE JOCTATOYHO
OBUIO IIPOCTO CMEHUTD MECTO PabOThL UTO 51
OBICTPEHBKO U C/IEIAJT: IIPOIOJLKILI IA/IbIIIE
3aHUMATbC [3] CBOECH IIOOUMOM peKyIepa-
LIM€H SHEPTUH B MHIYKTUBHBIX HATPY3KAX U
(pOpMHUPOBAHHEM MOIIIHBIX UMITY/IbCOB, HO
YK€ B IPYroH, 601€€ BOEHU3UPOBAHHOM (2
IIOTOMY C MCHBIINMU CbI/IHaHCOBI)IMI/I po-
6/1eMaMH1) KOHTOPE.
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«PocanekTpoHnka» 06beauHUT
TbICAYUN BbIYUCITIUTEJIbHbIX
MaLluH B CynepKomMnboTepHblie
ceTun

O6BbEeaMHEHHBI  XONANHT  «PocanekTpo-
HVKa» (BXOOMUT B rockopropaumio «Poctex»)
Hayan nocTaBKW Ha rPaXAaHCKNA PbIHOK KOM-
MYHWKaLMOHHbIX afanTepoB, CNOCO6HbIX 06b-
eOVHATb ThICAYN KOMMbIOTEPOB B BbICOKO-
CKOPOCTHble CeTU Al PEeLUeHns CyrnepKoMm-
NbIOTEPHbIX 3ada4 B 06/1acTU aHaNUTUKW,
NPOrHO3VMPOBaHWS 1 NMPOEKTMPOBAaHUS.

KoMMyHVKaLmMoHHas ceTb C KOAOBbLIM Ha3Ba-
HMem «AHrapa» Mo3BOfSET B3aMMOOENCTBO-
BaTb BbIYMCIUTESNbHBIM MalluvHaM, HaxXOAs-

LMMCA KaK B OOHOM 3[aHuu, Tak U Ha pac-
CTOSIHUM B HECKOJBKO ThICSY KUTOMETPOB ApYr
ot gpyra. Mpy 3TOM BO3MOXHOCTU «AHrapbl»
npakTU4eckun 6e3rpaHnyHbl — agantepbl No3Bo-
NAT KOHLUEHTpUpOBaTb B €AVUHON CETU MOLL-
HOCTU A0 32 ThiCAY KOMMbIOTEPOB (Y3110B), B
TOM 4KCre pasHbIX NPON3BOAMTENEN U C pas-
HOW apXUTEKTYpPOW LIEHTPasnbHbIX NMPOLLECCOPOB.

OfHUM 13 MepBbIX FPaxHAHCKUX 3aKas-
4YMKOB HOBOW pa3paboTku ctan O6beanHEH-
HbI MHCTUTYT BbICOKMX Temnepatyp (OVIBT)
PAH — Begywuin Hay4Hbin LeHTp Poccun B
0651aCT COBPEMEHHOWN SHEPreTUKU U TEMso-
dhmavkun. CospaHHbIv Ans MHCTUTyTa 32-y30-
BOW BbI4YUCIIUTESIbHBIN KNACTep C CEThbo «AHra-

pa» HanpaefeH Ha peLleHne 3agay B 06nactm
MOMEKYNSAPHON ANHAMUKMN.

OcHoBOW CeTu ABNSETCS CeTEBOM agantep
(nnata) Ha 6a3e CBEPXOOMbLUOW UHTErpasb-
Hon cxembl (CBUC) EC8430. Mo dyHKumo-
HaNbHOCTW, NPOV3BOANTENILHOCTU U HAEXHO-
CTV «AHrapa» conoctaBMma C COBPEMEHHbI-
MW paspaboTKaMn MUPOBbLIX NIMAEPOB B 3TOMN
obnactu — Cray, IBM, Mellanox.

B cocTtaBe «PocaneKkTpoHuku» pa3apaboTKy
1 NMPOU3BOACTBO «AHrapbl» BeAET MOCKOBCKUI
«Hay4Ho-vccneoBaTeNbCKUN LIEHTP SNEKTPOH-
HOW BbIYMCNUTENIbHON TeXHWKW» (HULISBT).

lpecc-cny»x6a O6beaNHEHHON
PocaneKkTpoHuku
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B MockBe npowén exerognblii hopym Altium
«lHHOBaLUM B NPOEKTUPOBAHUU INEKTPOHUKMK>

23 mas 2017 ropa B MockBe B CokonbHuKax kKomnaHus Altium Limited,
BeAyLLMA MMPOBOM pa3paboTyuK B o61acTM aBToMmaTu3aLm NpoeKTUPOBaHUS
3NEeKTPOHHbIX YCTPOMCTB, NpoBea exxeroaHbii coopym «MIHHOBauum B

NMPOEKTUPOBAHUUN IJIEKTPOHUKU».

Ha ogHoI1 IIoiaake 1t OOMeHa OIIbI-
TOM, OOCYXAECHHS PEUICHUH U >KHBO-
o OOLIEHUSI COOPAINCh PAa3pabOTYUKU,
HHKEHEPHI U IIOJIb30BATE/IN IIPOAYKTOB /I
IIPOEKTUPOBAHUA IEKTPOHHBIX YCTPOICTB
(CAITP) 13 BeAyIUX POCCUUCKHX U 3aPy-
6eKHBIX KoMITaHu. bosiee 400 crieruaim-
CTOB IIOCETH/IU 3TO MEPOIIPHUATHE.

YuacTHUKH (hOpyMa IIEPBBIMHU Y3HAIN
O HOBBIX BO3MOYKHOCTSIX OOHOBJIEHHBIX
IPOAYKTOB KOMHAaHUU — Altium Desig-
ner 17.1 1 Altium Vault 3.0.

Oco60€ BHUMaHHE ObUIO Y/IEJIEHO CTPa-
TErU4ECKOMY BEKTOPY Pa3BUTHS IIPOTPAMM-
HBIX pQIIIeHI/Iﬁ KOMIIAaHHH, B YaCTHOCTH,
OBUIO CAEIAHO 3a51BJIEHUE O IIPEJCTOAIEM
penuze Altium Designer 18, 3ariaHupOBaH-
HOM Ha OCEHb HACTOSAILETO I'OJA.

IToo6GMmATBCA € OAB30BATE/ISIMU IIPO-
I'PaMMHBIX IIPOAYKTOB Altium npuexanu
PYKOBOAUTEIN POCCHIICKOI'O IIPEACTABU-
TEJIbCTBA — CTAaHUCIAB [IbAKOHOB, JUPEK-
TOp 10 pazsuThio Altium B Poccuu u CHI,
Bauyecnas KOCTHHCKHI, I'€HEPAJIbHBIN
JUPEKTOP 110 PA3BUBAIOIIHUMCS PBIHKAM,
Ceprert KOCTUHCKUI, BULIE-IIPE3UIEHT
110 pa3paborke Altium, u Asiekceid Caby-
HUH, IPOJYKT-MEHeKeP. B cBA3U cueM y
Y4aCTHUKOB (DOpyMa IOABU/IACH YHUKAIb-

Hasl BO3MOKHOCTD 32/1aTh HHTEPECYIONIHE
BOIIPOCHI HEIIOCPEICTBEHHO CO3JATE/ISAM
U IPOAYKT-MeHeKepam Altium.

B pamkax ¢opyma, cTaBLIEro yxke Tpa-
JULIIOHHBIM, (DYHKIIMOHUPOBAJIA HUHTEP-
AKTUBHAA IUI01a1Ka «User-zone», I03BO-
JIMBIIAS TIOOOMY >KEIAIOUIEMY OLIEHUTD BCE
(PYHKIIMOHAJIbHBIE BO3MOKHOCTHU Altium
Designer 17.1, a Taxkke IOJIy4YUTb HHIUBH-
JyaJbHYIO KOHCYJIBTALMIO OT TEXHUYECKUX
3KCIEPTOB KOMITAHUH. JKeIaromux OKa3a-
JIOCh TOPA3J10 GOJIbIIIE, YEM OTBEAEHHOTO
HAa 3TO MEPOIIPHUATHE BPEMEHU. AyIUTO-
PpHs 3aChIIIAIa BRICTYIIAIOMUX BOIIPOCAMU,
CHeHAIUCTBI Altium 321 ChIBAIH ITOXKE-
JIAHUSA POCCUHCKUX Pa3PabOTYHUKOB.

«POCCHUIICKHMIT PBIHOK — OJJUH U3 KJIIO-
YyeBBIX U1 Altium, Begb HAIMUMH KJIMECH-
TAMH YK€ CErogHsA ABIAIOTCA ITOPAIKA
2000 pa3aUYHBIX KPYIHBIX U CPESHUX
npeanpuaTui. I1oaTomy He yIUuBUTED-
HO, YTO KAXKABII I'OJl HHTEPEC CO CTOPO-
Hbl NPEACTABUTEICH PaJUOIIECKTPOH-
HoM orpaciu Poccuu k Hamemy (popymy
TOJIBKO PACTET: B IIPOIUILIN PA3 y4aCTHU-
KaMH CTaJIA OKOJI0 300 cCnenuaincros, B
3TOM IOJly UX KOJIUYECTBO IIE€PEBATHIO
3a 400. ®opymMm Altium — 3T0 Meponpus-
THE, B PAMKAaX KOTOPOT'O MBI, IIPEXK/E BCE-

I'0, CTPEMUMCS IIOCTPOUTD JKUBOU THUAIOT

C CYHIECTBYIOIIMMU U IOTECHIIUAIbHBIMU

I0/Ib30BATE/IAMU, IIOJIy9YUTDb OT HUX KOM-

MEHTAPHUU U MNPEJIOKECHUA 110 y/IydIlle-

HUIO HAIIMX IIPOAYKTOB, 4 TAKXKE IIOMOYb

NOBBICUTb 3(P(PEKTUBHOCTD IIPOILIECCA

IIPOEKTUPOBAHUS», — OTMETWI CTaHHUC-

JIaB JIbAKOHOB, JUPEKTOP 110 PA3BUTUIO

Altium B Poccuu u CHI.

«B OOHOBIEHHHOH Bepcuu Altium
Designer 17.1 ObUIM pELIEHBI MHOI'HIE
BOIIPOCHI, IIOAHATBIC KIMEHTAMH 4e€pe3
cucreMy BugCrunch B AltiumlLive,
yrounser Erop YupHKOB, TEXHUUECKUH
skcnepT HIII «PogHuK>», OpULIHAIBHO-
ro peceiepa komnanuu Altium Ltd. -
Hosble (DyHKIIUU IPU3BAHBI OIITUMHU3U-
POBaTh IIPOLIECC CO3JAHHA IIPOEKTHOH
JOKYMEHTAIIUHU U B I1€JIOM YCKOPUTD IIPO-
1ecc pazpaborTku B Altium Designer».

K Hanbojee HHTEPECHBIM U OOCYKIae-
MBIM I10JIb30BATE/IMH HOBBIM BO3MOXKHO-
crsaM Bepcu Altium Designer 17.1, 110 MHe-
HuIo Eropa YupuKoBa, MOKHO OTHECTH:
e Draftsman pacmmpu BO3MOXHOCTH 110

ogopmiaenuio yeprexxein. OGHOBIECHUS

BK/IIOYAIOT, HAPS/y C OCHOBHBIMU BUJIA-

MU, BO3MOXKHOCTb Pa3MEIICHUSA U30ME-

TPUYECKOI'O BU/IA IUIATHI U PA3/EJICHU

126Ukl BOM Ha HECKOJIBKO YaCTEH,

BO3MOXKHOCTb YKa3bIBATb OOO3Ha4e-

HUE JOITyCKOB C T'MOKHMMH HAaCTPOU-

Kamu B coorBercTBuu ¢ T'OCT u pab6o-

TaThb C MHOI'OBAPUAHTHBIMH IIPOEKTA-

MU, MOXKHO YKa3bIBATb IIEPOXOBATOCTD

Ha yepTexe B coorBeTcTBUU ¢ TOCT 1

BPYYHYIO PAaCIIOJaraTb OOO3HAYCHUSA

Designator.

o Ormena nHapymenu npasui DRC. Ha-
pYLIEHUSA MOTYT OBITb OTMEHEHBI U3
nanesn PCB Rules And Violations u
Messages. IIpu OTKa3e OT HaAPYIIEHUS,
MO’KHO 32(DUKCUPOBATb HH(MOPMAIIUIO
O TOM, KTO U IIOYEMY OTKA3JICA OT Ha-
PYLIECHU, 4 TAKKE BpeMs, KOI1a Hapy-
LIEHHE OBLIIO OTMEHEHO.

e IIpoBepka IIOIUMIOHOB NPU 3AITyCKE
Design Rule Check (DRC). IIpu 3arrycke
DRC, maxxke npu OTKJIIOYECHUHU ITPABUIIA,
IIE€PBBIMU IIPOBEPAIOTCS OJIUTOHBL Ec-
JIM KOHCTPYKILIUS COAEPKUT HE IIepe3a-
JIATBIN IIOJIMI'OH U HAPYILIEHUs HAK/e-
HBL, BBIBOJUTCA IIPEAYIIPEKICHUE O TOM,
410 DRC MOKET OBITh HEIIPABWIBHBIM.
B xoz€ nnpe3eHTanui 6bUIM OTMEYEHBI

OT/ICJIbHBIC YIYYIIEHUSA II0JIb30BATEIbCKO-
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ro uHTep@erica u o6uIee MOBBIIIEHUE CTA-
OWIBHOCTH IUIAT(POPMBIL.

B paMkax ¢popyma GbUIO OPTaHU3OBAHO
HECKOJIBKO CIIELIUATU3UPOBAHHBIX CEK-
U, CIIUKEPAMU KOTOPBIX CTAJIN BEAY-
Iye IMPEACTABUTEIN PaJHOIIEKTPOH-
HOM OTPACJIH.

B yacTHOCTH, COTPYIHUKHU JINU3AH-1ICH-
Tpa SKat-pro MOCBATUIN CBOE BBICTYILIC-
HHUE OCOOCHHOCTSM nepexozaa Ha Altium
Designer co croponnux CAIIP. Mmxe-
HEP-KOHCTPYKTOp Bsauecnas Kyxapyk
IIPOJEMOHCTPHUPOBAT 3TO HA IIpUMEpE
Expedition.

IIpesenTanyss  IPOAYKT-MEHEIKEPA
Altium Bukropa YxuHa ObL1a IIOCBAIIE-
Ha pa3pabOTKe KOHCTPYKTOPCKOH JOKY-
MeHTanuuu B cootrBercTBuu ¢ ECKI B
Draftsman.

Ha cexnuu «Multiboard» mnpomykr-
MeHempkepsl Altium pacckaszanu 06 UHHO-
BAaIIMOHHOM TexHoJioruu «Multiboard
Design», O3BOJSIONIEI BECTU PA3pabOT-
Ky YCTPOUCTB, COCTOAIINX U3 HECKOJIBKUX
II€YaTHbIX ILJIAT.

B pamkax cexknun <«OpraHusanys
HH(OPMAITMOHHOIO IPOCTPAHCTBA HA 6a3e
Altium Vault> ayquTOpHUH GbUI IIPEACTAB-
JIEH 00630 HOBBIX BO3MOKHOCTEH Altium

COBbITUA

Vault 3.0 — cucrempl OpraHu3anuu UHQop-
MAaIMOHHOTI'O IIPOCTPAHCTBA JyIs YIIPaBJIE-
HHA WTHXKCHCPHBIMH TAHHBIMU U3/1C/IHSA.

B pa6ore popyma NPUHAIU ydacTHE
npejcrasuTen HOBropo/ickoro rocyap-
CTBEHHOI'O YHHUBEPCHUTETA C JOKIA/JIOM O
(OPMUPOBAHUH TEKCTOBOI KOHCTPYKTOP-
CKOM JOKYMEHTAIIUU JUIS JIEKTPOHHBIX
moaysien B coorsercrsuu ¢ ECK/I B cpe-
ze Altium Designer.

brnaropaps noknaay Ceprest CeMEHOBA,
TeXHU4eCKOro crenuanncra 3A0 «Capos-
ckue JIabopaTopun», y4aCTHUKU (popyma

CMOIVIM Y3HATh O TEXHOJIOI'MH JBYCTOPOH-
HEro 06MeHa JAHHBIMU MEXAY IIPOSYKTa-
MUy Altium 1 pereHusIMH /11 KOHCTPYK-
TOPCKOTo npoekTuposanud (MCAD) poc-
CHUIICKUX pa3pabOTYUKOB, B YaCTHOCTHU 0O
unrerpauuu ¢ PDM/CAD Komiac 3D.
DopyM 3aBEPILINII CBOIO PA6OTY: JOKIIA-
JIbI IPOYUTAHBI, CEKIIUU 3aKPBITHI, 4 JKeJIa-
IOIIYE IT006IMATHCS C Ppa3pabOTIYNKAMHU
OJHOI'0 M3 CaMbIX nonyasapHbix CAITP-
HHCTPYMEHTOB U IIPOTECTUPOBATH HOBBIE
BO3MOKHOCTH HE XOTE/IN ITIOKUAATD 3aJL

J10 BCTpeuu B CJIEAYIOIIEM TOAY. @

Peknama
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JNEeKTPOHUKA Ang TpaHcnopta B CoKonbHMKaXxX

B pamkax BbicTaBku «QneKTpoHuKa-TpaHcnopT 2017» 5 anpens 2017 roaa
npoiuna exerogHas KoHpepeHLus, opraHM3oBaHHas XXypHanom
«CoBpeMeHHas 3/IeKTPOHMNKa» U NOCBALEHHAA MPUMEHEHUIO 3NIEKTPOHUKN
Ha TpaHcnopTe — «QNeKTPOHHbIE MOAYIN U KOMMOHEHTbI A1 TPAHCMOPTHOro
NpM6oOpPOCTPOEHUSA U TPAHCNOPTHBLIX CUCTEM>.

OCHOBHOH 3ajadeil KOH(pEPEHIIUN
SIBJISIETCAA COZACHICTBHUE BBIITYCKY HaAEX-
HOM PaUO3IEKTPOHHOH AIIIAPATYPHI LIS
TPAHCIIOPTHOI'O KOMIUIEKCA, B CBSI3H C YEM
HAa KOH(EPEHIUIO ObUIU ITPUIJIANIEHBI
BEAYIIUE KOHCTPYKTOPHI U PA3PA0OTUNKN
ooiee 130 npeanpusTUA, BBITYCKAIOITUX
CHCTEMBI JKEJIE3HO/IOPOKHOM AaBTOMATH-
KU, TeJIEMEXAHUKH, YIIPABJICHMS, JUATHO-
CTHUKH, CBA3HU U HABUT'AIIWHU, OILIATHBI IIPO-
e3/1a, ”TH(OPMAIIMOHHBIE CUCTEMBI.

TemaTU4eCKUI IUIaH KOH(pepeHIuy, 10
TPAAULINH, OTIUYAICA PA3HOOOPA3ZUEM
OCBENIAEMBIX B/IOKJIA/IAX BOIIPOCOB, IPO-
0JIEMATHK, TEH/ICHITUI U HOBBIX PENIEHUH:
@ OIBIT Pa3pabOTKH COBPEMEHHBIX CH-

CTEM 7KEJIEZHO/IOPOKHOM aBTOMATHUKU,

TPAHCIIOPTHOH 3JIEKTPOHUKH, KOMIIO-

HEHTOB aBTOMOOU/IBHOH JIEKTPOHUKY;
® CHJIOBAsI 9JIEKTPOHUKA;
® 60PTOBBIE KOMITBIOTEPHL CPEICTBAOTOO-

paxkeHusa HHHOPMALUL;
® TCJICKOMMYHHUKAITUOHHBIC MOYJ/IH;
©® KOMIUIEKTAIMS U IPOU3BO/ICTBO TPAHC-

IIOPTHOM 3/JIEKTPOHMKH;
® BJIEKTPOTEXHUKA U UHCTPYMEHT;

o I1O g5 BCTpanBaA€MBbIX BBIYHCJIMTE I b-

HBIX KOMIIJZIEKCOB.

C goxIalaMy BBICTYIIMJIN IIPEICTABU-
TEJM TAKUMX KPYIIHBIX KOMIIAHHUH, KaK
HII® JIurone», [IPOCODT, Prochip u
Advantech.

IIepBBIM C JOKIAIOM, HNOCBAIMIEHHBIM
HOPMATHBHOM PEIVIAMEHTAUU  JJIEK-

TPOMATHUTHOH COBMECTHUMOCTH TPAHC-
IIOPTHBIX CPEJCTB B paMKax TaMOKEHHOTO
COI103a U UCIIBITATEIBHO-U3MEPUTETLHBIM
KOMIUIEKCaM JIJIs1 €€ TECTUPOBAHUA HA 6a3e
nnponykroB KomaHnuu TESEQ, BBICTYIIIII
pykoBoguTENDL HANIpasieHusa DMC KOM-
nanuu HIT® JIunoaws> Auapeit CMUPHOB.

IIpencraBurens komnanuu [IPOCODT
Ajtexcen ITATHUIKHX PACCKA3aJI O TPAHC-
opTe OyIyIIETo C TOYKH 3PEHUSI HOBBIX
PEMIEHU BO BCTPAUBAEMBIX CHCTEMAX.
B cBOEM JOKIA/1€ OH OOO3HAYMII BEPOSIT-
HBbIC HAIIPABJICHUA ,HaJII)HefIIJ_ICI‘O pa3su-
THS y4€Ta IACCAKUPOIIOTOKA U CHCTEM
MAPKOBKH YACTHOI'O ABTOTPAHCIIOPTA.

C moxinagoM 0 HOBUHKaX iBASE «Dko-
HOMMYHBIE PELMIEHUS 11 MH(OPMAII-
OHHBIX YC/IYT' HA ITIACCAXKUPCKOM TPAHC-
nopre» BeicTymIa JIro60Bp babymkuHa.

Tperusi JOKIAAYUK OT KoMmaunuu ITPO-
COODT - Ceprert Bopo6séB pacckasas o
HOBOM IIPOMBINIUVICHHOM KOMMYHHUKAIIH-
OHHOM OOOPYAOBAHUH /IS HPUMEHEHHUS
HA IOABIDKHOM COCTABE.

Ot xomitanuu Prochip Ha xoHdepen-
UHU KypHaia «COBPEMEHHAs 3JEKTPO-
HHUK2» BBICTYIHIA OJibra POMaHOBCKas
u Urops Marenies. [Joknazg Onberu Poma-
HOBCKOH ObUI IIOCBAIEH HOBBIM Pa3bé-
mam Harting 1 »K/0-IIpMMEHEHH, I1e
KO BCEM JIEMEHTAM IIPHUMEHAIOTCS OCO-
oble Tpeb6oBaHuA. UITOpb MaTelIeB B CBO-
€M JIOK/IA/IE PACCKA3271 00 OCOOBIX IUCILIE-
sax Spanpixel, KOTOpbIE OTIIMYAET HECTAH-

JapTHBIA (pOpMAT, OTKPBIBAIOIIHUI HOBBLIE
TOPHU30HTHI HPUMEHCHHU.

3aKkpbIBaJI KOH(PEPEHIUIO «DJIEKTPOH-
HBIC MOJAY/JIU 1 KOMIIOHCHTBI VI TPAHC-
IIOPTHOT'O IPUOOPOCTPOCHUA U TPAHC-
IIOPTHBIX CUCTEM» JOKJIAJ MEHE/KEPA 11O
pabore ¢ KWII0YEBBIMU KJIUEHTAMU JIMU-
Tpyusa XBHCTA «JIpOXYKIMA KOMITAHHUN
Advantech mia tpancriopra. Co3gaHue
€IMHOM TPAHCIIOPTHOH CETH>.

INocernrenu KOH(PEPEHUUHN TPUHIN
AKTHUBHOE Y4aCTHE B OOCYKIEHUU JOK/IA-
JIOB, KOTOPOE IIPOIOLKIIOCH IIOCJIE MEPO-
IIPUATHSA, B 30HAX OTABIXA U HA CTEHJAX
3KCIIOHEHTOB BBICTABKU «DJIEKTPOHUKA-
Tpauncnopr 2017>.

11-a1 MEeXIyHApOJHAs BBICTaBKa HH(OP-
MAaITMOHHBIX TEXHOJIOTHI U IEKTPOHUKHA
JUIA TPAHCIIOPTA «DJIEKTPOHMKA-TpaHcIIopT
2017»>, npowenmas 5—7 anpeysa B Mockse
B KBII «COKOIBHUKW», OPTAaHU3YETCA I
IIPOU3BOJIUTEIIEH IIPHOOPOB U OOOPYIOBA-
HUSA VI TPAHCIIOPTHOH OTPAC/IH, 4 TAKKE
JUIS1 CIIEITUATACTOB IIPEAIIPUATHI aBTOMO-
OLILHOT'O, TOPOACKOT 0, 3KEJIE3HOTOPOKHO-
IO TPAHCIIOPTA U METPOIIOIMTEHOB. Tema-
THKA SKCIIO3UIIUH BKIIOYAET CUCTEMBI JIIC-
IIETYCPUIALIH U YIIPABICHUA JIBHOKCHUEM,
UH(MOPMAITUOHHBIE CUCTEMBI, KOMIUIEKCBI
HABUT'AlLIMH, CBA3H, AaBTOMATHKY U TeIeMe-
XAHUKY, CUCTEMBI O€30IIaCHOCTH U BHJIE-
OHAOJIIOICHS, THATHOCTHYECKHUE U U3Me-
PHUTEIbHBIE IIPUOOPBI, JIEKTPOHHBIE KOM-
IIOHEHTBI ¥ MOJY/IH I TPAHCIIOPTHOI'O
IPUOGOPOCTPOEHUSL. B 3TOM rofty BEICTaBOY-
HYIO 3KCIIO3UIHUIO IOCETHIN OKOI0 2000
crienuanucToB u3 800 Ipe A pUATHIL @

®ororpau C BBICTABKH «DJIEKTPOHHKA-
Tpancnopr 2017»> cmorpuTe Ha camnre
www.soel.ru B pazaene POTOOTUETHL
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UCNbITaTeNbHOro o6opynoBanus

MpaKTuyeckn KaXxabii pyKoBoguTenb nabopaTtopuu ctankmsaeTcs
C He06X0AMMOCTbIO aTTeCcTaLUmn UCTbITaTeIbHOrO 060PYA0BaHUS.
Mpn 3TOM BO3HMKaEeT MHOXXECTBO BOMNPOCOB, MO CyTH CBOAALLMXCS
K 3JIeMEHTapHOM 3KOHOMUU MaTepuarnbHbIX U3gepxek. Ha cambie
YacTo BCTpevarLMecs BOMpochbl OTBEYaeT rfaBHbIN MeTpoJior

AO «TECTNPUBOP» — Xanup JapsuHosu4 Kavaes.

ATTecTanys UCIBITATETBHOTO O00PYIO-
BaHUS SIBJSIETCS O0A3ATEILHOM IIPOIIE/TY-
POH IIpU BBIIIOJIHEHUU PAOOT B HHTEPE-
cax O60POHBI U 6€30IIACHOCTH CTPAHBL

AO «TECTIIPUBOP> B umnciie nepBbIX
B YCTAaHOBJICHHOM 33aKOHOJATEIbCTBOM
Poccuu mopsiike IIOJIy4HIO IIPaBO Ha
IIPOBCOCHUEC HepBI/I‘IHOﬁ, nepuogunyec-
CKOM M IIOBTOPHOU ATTECTALIU UCIIBITA-
TeabHOro obopynosanus (MO).

1Mo MONCHO OMHECNU K UCHBUMAMEe/lb-
HOMY 000PYOOBAHUIO U MOV WU UCTLL-
mameJjlbHble YeHmMpPsl NPOeKMupPosans
€20 CaMOCmOoAmeIbHO?

B coOTBETCTBUH C IPUHATONH TEPMU-
HOJIOTUEH, HCHBITATEIBHBIM OO0OPY/IO0-
BAHUEM HA3BIBACTCA CPEACTBO HCIIbITA-
HUH, IPEAHAZHAYCHHOE /1 BOCIIPOU3-
BEJICHUA YCJIOBUI UCIIBITAHUM. 329aCTYIO
K HaM O0PaIaroTcs IPEACTaBUTEIN Opra-
HU3ALUH C IPOCHOOH ATTECTOBATH OOOPY-
JIOBaHHUE, KOTOPOE Y4ACTBYET B IIPOLIeSype
I/ICHbITaHI/Iﬁ, HO TAKOBBIM HE ABJ/ISIECTCA, TAK
KaK CaAMOCTOATEIbHO BOCIPOU3BOAUTH
YCIIOBUA HCIIBITAHHUSA HE MOXKET. Om—xa—
KO TPEOOBAHUS IIPEACTABUTEICH 3aKa3-
yuka (Hanpumep, BIT MO P®) npaso-
MEPHBI, TAK KaK TEXHUYECKHE CPEICTBA,
HCIIO/IB3YEMBIC IIPU IIPOBECACHUHN HUCIIbI-
TAaHUI B UHTEPECAX OOOPOHBI 1 6e3011aC-
HOCTH, JOJDKHBI IIPOXOJUTH JTUOO IIPO-
Leypy HOBEPKU KAK CPEICTBO U3MEPEHUS
YTBEPKIEHHOI'O THIIA, TUOO IPOLEAYPY
aTTeCTaluu KaK UCIBITATEIbHOE OO0PY-
JOBaHHE. BBI/IAY TOI'O 4TO JAHHOE TEX-
HHUYECKOE CPEICTBO MOKET OBITh HE BHE-
céHHBIM B I'ocpeecTp CpeacTs usmepe-
Huii (CH), Mbl IpeyIaraéM OpraHu3oBaThb
Ha ero 6a3€ UCIIBITATEIbHBIN KOMIUICKC,
BKJIIOUMB B COCTAB BCE€ UCITIO/Ib3YEMBIC TP
HCIIBITAHUAX CPECTBA USMECPCHUA I/I/I/IJII/I
BCIIOMOTraTeabHbIE cpecTsa. Takum o6pa-
30M, Mbl (DYHKIMOHAJIBHO HArpy:Kaem
KOMILIEKC BO3MOKHOCTBIO BOCIIPOHU3BO-
JUTb YCJIOBHA UCHIBITAHUSA C OIIPEIEIEH-
HBIMH METPOJOTHYECCKUMU XAPAKTECPH-
cTuKaMu. Ha KOMILUIEKCBI HEOOXOIHUMO

Pa3paboTaTh KOMIUIEKT HOPMATHBHOM
JOKYMEHTALIUH.

IIpu npoBeEHNH Ja/IbHENIIEH ATTEeCTa-
MM KOMIUIEKCA METPOJTOTHYECKON IKC-
IIEPTU3E IIOJBEPIalOTCs KAK Pa3pabOTaH-
HBIC SKCIUTYATATUOHHBIC IOKYMEHTBI, TAK
U IPOrpaMma, U METOAUKA ATTECTALIUM.
Bxogsamue B COCTaB KOMIUIEKCA Cpel-
CTBA U3MEPCHHA HA MOMCHT IIPOBCACHUA
ATTECTALMH JOJLKHBI IPOUTH IIPOLEAYPY
IIOBEPKU B YCTAHOBJICHHOM ITOPAIKE.
B ciaydyae HEOOXOIMMOCTH METPOJIOTHU-
yeckas cayx6a AO «TECTTIPUBOP» ripe-
JOCTAB/AECT KBATU(DUITUPOBAHHYIO 1O/~
JIEPKKY B BOIIPOCE Pa3pabOTKU JOKYMEH-
TAL[UU.

Bo3moaucHo 2iu UCnONb306aHUe CPEOCmE
UMepPeHUs ymeepucoéHH020 mund 6 Kaue-
cmee UCnvLmamensbHo2o0 000Pyo008anua?

B ciryuae, eciim JaHHOE CPENCTBO U3Me-
peHus 06ecIeYnBaeT BOCIIPOU3BEICHUE
YCJIOBUH UCIIBITAHUII B TPEOYEMOM 1M a-
IIA30HE U C HEOOXOJUMOI TOYHOCTBIO, €0
MCIIO/JIb30BAHHUE B KAYECTBE UCIIbITATEIb-
HOT'0 OO0PYAOBAHUA JOITYCKAeTCA. OIHAKO
NpoLEAypPa ATTECTALIUH JAHHOI'O CPEACTBA
U3MEPEHHUSI HE YIIPA3AHACT OO0sA3aTEINIb-
HYIO IpoLeaypy oBepku. Pazpabdarriba-
€MBbl€ IIPOrPaMMa U METOIUKA ATTECTALINN
MOT'YT OCHOBBIBATbCSl HA METOJIUKE IIPOBE-
JIEHUS IIOBEPKH C UCIIOJIb30BAHUEM yKa-
3aHHBIX B HEHX 3TAJIOHHBIX CH.

MOKHCHO N1 COKOHOMUMb HA Amimec-
mavuu?

Bompoc 5KOHOMHHU CPEJCTB B IIOCTIE]-
HUE I'OJbl BCTAJT OCOOEHHO OCTpO. Kak
U JTI000M JIPYro¥ IPOLECC, IIPOLEaypa
ATTECTAIIUN MOXKET GBITh OIITHMH3HUPO-
BaHA C IEJIBIO YMEHBIIEHUS 32TPAT KAK
(PHMHAHCOBBIX, TAK U BpeMeHHL'IX. Hamu
MIPEIATAIOTCS TPU CIIOCO6A TAKOH OIITH-
MU3ALUH:
® IIPUBJICYCHUEC COOCTBEHHBIX crienya -

CTOB K pa3pabOoTKe IPOIPAMMBI U METO-

IUKH aTrecranuu. Ilocmenyiomas ux

KCIEPTHU3A JOJDKHA IIPOBOJUTHCS

OpPraHM3alHEH, HUMEIOMICH ITOJIOXKU-
TEJIbHOE dKCIIEPTHOE 3AKII0OYECHUE HA
IIPAaBO IIPOBEJECHUS IIEPBUYHOU aTTE-
CTALIUH UCIBITATEIBHOIO 000PYyAOBa-
HUL, UCIIOJIB3yEMOI'O B HHTEPECAX 060-
POHBI 1 6E30MTACHOCTH;

® HCKJIIOYCHHE HEBOCTPEOOBAHHBIX JUA-
IIA30HOB BOCIIPOU3BOJUMBIX ITapaMe-
TPOB U CHIDKCHHE TPEOOBAHUI K HUX
TOYHOCTH, €CJIH IIO3BOJIAET IIPOrpam-
Ma MCIIBITAHUH. DTO IIO3BOJIMT YMEHD-
IIHTb TPYAOEMKOCTD IPOLELYPHI U TPeE-
OOBAaHHUSA K ISTAJTOHHBIM Cpeacream
H3MEPEHUS;

® IIPOBEACHUC HCpI/IO,I[I/I‘{CCKOﬁ U IIOBTOP-
HOM ATTECTATUU CWIAMHA U CPEACTBAMU
OPraHU3aIMU — COOCTBEHHUKA O00PY-
JOBAHMUA.

Ha umo #eodxooumo oopamumo
SHUMAHUE NPU NPOEedeHUU nepuUoouHe-
CKOUL U NOBMOPHOU Ammecmavul CeouU-
MU CUNAMU?

Ileprogydeckass U IOBTOPHAsl aTTe-
CTauysl IHIPOBOAUTCA IO pPa3paboTaH-
HBbIM, COIVIACOBAHHBIM U YI‘BCp)K,HéHHI)IM
IIPH BBIIIOJIHEHUH IIEPBUYHOH ATTECTA-
IIUM IIPOTPAMMaM U METOAHNKaM. JlocTa-
TOYHBIMH YCJIOBUAMMU JJIA BBIIIOJTHCHUSA
PadoT ABISAIOTCS:
® Ha/IT4YHe KBa,TII/ICbI/IL[I/IpOBQ.HHI)IX CIIe-

ITHATHICTOB;
® OCHAIMEHHOCTD ATAJIOHAMH, CPEICTBA-

MU U3MEPEHUSA U JPYTUMHU TEXHUYIECKH-

MU CPEZCTB ISl ATTECTAIHH.

Cmoum Ju npoeooums nePeurHyo
ammecmayuio UCNLIMamensHo20 000-
pyoosanusa, panee ammecmoBarHHO20
noI'OCT 8.568?

B ciaygae, ewmm mnepBa4YHas aTTe-
crauus MO 6buia IpoBEieHA B HOJ-
HOM COOTBETCTBHH C TPEOOBAHUSIMU
TOCT P 8.568 10 AaTHI BBEAECHUA B J€H-
creue T'OCT PB 0008-002, a nepuoau-
YecKasi IPOBOAWIACH B YCTAHOBJICHHBIC
HUHTECPBAJIBL, TO IPOBOJUTH IIOBTOPHO II€P-
BUYHYIO ATTECTALUIO HE TPEOYETCS. @
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