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Ha npasax peknambl

lipon3BOACTBO NeYaTHbIX NNAT: B )OKyCe — Ka4ecTBo

Komnanus 000 «3neklpaiim» n3BeCTHa HaLLIMM YMTaTENAM KakK HafEéXHbIN
napTHEP Ha pbIHKe Pafuo3NEeKTPOHHbIX KOMMOHEHTOB. B CBA3M € OTKpbITUEM
HOBOrO HanpasfeHUsi B KOMNaHuM Mbl 6eceflyem ¢ AUPEKTOPOM MO Pa3BUTUIO

CopuHoi MNpuropbeBHom KaneBow.

B 2010 roay Ha pOCCUMCKOM pbIHKE
nosiBUNacb KkKomnaHua «dneklMpam».
Y10 NnpuMeyaTeNnLHOro NPOU3oLNIO0
3a aTu roabl?

3aHHUMASICh KOMIUIEKCHBIMH ITOCTABKAMHU
B POCCHIO paiio3/IEKTPOHHBIX KOMIIOHEH-
TOB (POK) Kak U1 IPeANPUATHI JJIEKTPOH-
HOH IIPOMBIIIEHHOCTH, TAK U JJII HAYYHO-
MPOU3BOJICTBEHHBIX, HAYYHO-UCCIEIOBA-
TEIbCKUX NIPEIIIPUATHIH, Ta60paTOPUIL U
OOBEIMHEHUI, KOMITAHUSI IPUOOPEIa MHO-
I'0 JIOSUTBHBIX 3aKa34YMKOB. M 1€J10 HE TOJIb-
KO B TOM, YTO Y KOMITAHHUH €CTh BCE HEOOXO-
JIuMble cepTrdUKaThL. Hamm cruenuaamucTb
PaGoTaIOT 110 BHYTPEHHUM PEITIAMCHTAM,
COGIIONATH KOTOPBIE — /1710 YecTH. Koek-
THB YK€ (JIOKIWICS U PabOTAET CIVIOYEH-
HOM KOMaH/IOH J10/ro€e BpeMs. EC/iu B Cl10K-
HOM 9KOHOMHWYECKOH CUTYAITUH IIEPCOHAT
B KOHKYPHUPYIOIINX KOMITAHUSIX OOBIYHO
JIETKO YBOJIBHACTCS U IIEPEXOANT Ha Oosee
«X7IeGHBIC» MECTA, TO B HAIICH KOMITAHUN
BCE€ CIELIMAIMCTBI B KPU3UCHBIN IIEPHO]
paboTaloT 60/Ie€ OTBETCTBEHHO.

Kommanusa  «OneklIpaiiv»  11oCTaBisier
3JIEKTPOHHBIE KOMIUIEKTYIOLIUE IS TIPO-
MBIIUIEHHBIX IPEAIPUATHIT POoccun BceMup-
HO U3BECTHBIX IIPOU3BOIUTEICH ATIEKTPOH-
HBIX KOMIIOHEHTOB — JIUJIEPOB JIEKTPOH-
HOH HMHJYCTPHH, TaKUX Kak: Xilinx, Texas
Instruments, Altera, Atmel, Bourns, Traco
Power, Inflneon, Samsung r Panasonic. Mer
AKTHUBHO PaGOTA€M C MHUPOBBIMU JUCTPU-

ObIOTOpaMU U cKIaaMu: Arrow Electronics,

Avnet, Future Electronics, Digi-Key, Allied
Electronics, Farnell, TTT u Mouser Electronics.

Mouyemy Bbi pewumnu oTKpbITb HOBOE
HanpaBneHue - npous3soacTeo MM?

Henp3s «ronTaThCsi HA MECTE», 3aKOHBI
PBIHKA TPEOYIOT HOCTOSTHHOT'O JIBHIKEHHUST
U pa3BuTus. HanpasieHue pa3BuTys MO -
CKA3aJIM HAIIIYU ITOCTOSHHBIC 3aKA3YHKU.
OOmAsICh C KIMEHTAMH, Mbl BBISICHIIU:
CETOJHS HAa PBIHKE BOCTPEOOBAHBI II€YaT-
HBI€ IUIATBIL, IPUYEM CIIPOC HA II€YATHBIE
IUIATBI IOCTOSHHO PACTET, a IpOobIeM He
CTAaHOBUTCS MEHBIIIE — 3TO U CPOKHU ITOCTA-
BOK, Y KA4ECTBO, U I1€HA, U Je(PUIIUTHbIC
marepuasnbl. be3yc/l0BHO, B IEHTPE BHU-
MaHUS JIOTUCTUYECKUE HIOAHCHI.

BHUMATEIBbHO IIPOAHATIM3UPOBAB TEKY-
€€ COCTOSTHUE PBIHKA [IE€YATHBIX IUIAT B
Poccun, Mbl N3y4JId BHYTPEHHUE pe3ep-
BbI KOMIIAHUH, COCTABH/IN OU3HEC-TIAaH
Pa3BUTHS HAIIPABICHUSA U 3AITYCTHUIU €T0
B pa60Ty. CeroiHs y>Ke COBEpPUICHHO SICHO,
YTO MBI HA IPABWIBHOM ITyTH.

IToceTuTenyn HAIMX CTEHJOB Ha POC-
CHUICKHUX M €BPOIEHCKUX BBICTABKAX, 4
TAKKE IIOCTOSIHHBIE 3AKA3YHUKH IO TBEP-
JIWIN IPABIWIBHOCTD BBIOPAHHOT'O HAMU
HOBOI'O HAIIPABJICHUS PAOOTHL.

Paboras ¢ KIMEHTAMU, MBI JIeJIa€M BCE
BO3MO’KHOE, 4TOOBI HAIlIE NAPTHEPCTBO
NPUHOCHIO IIPHUOBUIb KIUCHTY H KO-
HOMMWIO €ro BpeM:. COIIaCUTECH, BCET1a
YIOOHO 3aKa3aTh M IIOJYYUTb B OJHOM
MECTE U pAJUOIEKTPOHHBIE KOMIIOHEH-
TBI, U II€YaTHBIE IIATHL [IpsaMoe CHIKe-
HHUE 32TPAT BUJHO JA’KE HEIKOHOMUCTY.
Ja 1 crienquaanucTam KOMIAHUHU «DJIEK-
IIpaiiM» HEOOXOAMMO HOBOE HAIIpaBJIe-
HHUE JUIS1 TBOPYECKUX IIOUCKOB.

Hame npoun3soacTBO HaXOAUTCA B EBpO-
1€ ¥ A3UH. MBI HE SIBJISIEMCSI BAAIC/TbIIAMHA
MIPEAIIPUATHI, HO CyMEIH BBICTPOUTD JIPY-
JKECKHE U JIOBEPUTEIBbHBIE B3AUMOOTHO-
IIEHUA C 3aBOIaMU, KOTOPBIE 3aPEKOMEH-
JIOBAJIU C€0A HA MEKAYHAPOJHOM PBIHKE.

3aHumaeTechb nu Bbi

npoekTuposaHuem MM?
IIpOEKTUPOBAHUE IICYATHBIX IUIAT B

HalIey KOMIAHHUU OOECIICYHBAECT COO-

(j (elecprime)

NOCTaBKa Paano03/1eKTPOHHbIX KOMMNOHEHTOB
NOCTaBKa nNeYyaTHbIX naaTt

CTBEHHBIH MITAT BBICOKOKBATH(PUIIMPO-
BAHHBIX CIIELIUAIMCTOB, KOTOPBIE UCIIO/Ib-
3YIOT B CBOEH Pa6OTE MPOrPaMMHBIE ITPO-
aykTel Altium Designer, P-Cad, Sprint
Layout. Kypupyer HanpasjeHHE IIPOEK-
Taposanu I1I1 pykosoaurens oraesna IIT
Exarepuna Baueciasosna ®ponosa.

Ec/in Bam HY;KHO CJIOKHOE U3JIeIne C
HECTAH/IAPTHBIMU TEXHUYECKUMH I1apa-
METPaMH JTUO0 C UCTIOTb30BAHUEM PEJI-
KUX, Je(pUIUTHBIX MATEPUAJIOB, HE3AME/T -
JIMTEJIbHO OTIIPABJIAKNTE 3aIIPOC JTUYHO
Ha no4yTty Exarepunnl BayeciaBoOBHBI —
frolova@elecprime.ru. C BAMU CBSDKYTCSA
B camMoe O/rpKaliiiee Bpems, Mbl IIEHUM
BpeMsI HAIIUX MAPTHEPOB.

Kakum o6pa3om Bbi pewsaeTte
npo6nemy kavectsa MMN?

O061IasCh € TapTHEPAMU, MBI Y3HAIM, YTO
OHH CTAJIKMBAIOTCA C IPOOIEMOI KA4eCTBA
TIEYATHBIX IUIAT, HAIIPHUMED: CKOJIbI, CKPbIThIEC
JedeKTeI, MPOKOJIBI, IAPAITHNHBI, ITOOUTBIC
YIVIBI IIPU TPAHCIOPTHPOBKE rpy3a. IIpo-
671eMa Ka4yeCTBa €CTh Ha PBIHKE, 3HAsI O HEH
MBI TIEPECTPOMIN GU3HEC-MOJIETIb KOMIIA-
HUU TAKUM OOPA30M, YTOOBI JO MUHUIMYMA
CHHU3UTH IIPOIICHT HCKAYCCTBCHHBIX 11€YaT-
HBIX IUTaT. MOTY C TOPAOCTBIO CKA3aTh, YTO
3a 2016 roj poreHT GpaKa COCTaBIII BCE-
10 0,5% — /U151 HAIIEero GU3HECa ATO PEKOP/IL.

Hamra ocHOBHas 33/1a4a CJIE/IATD TAK, YTO-
Obl KIMEHT 3apa0aThIBaJl BMECTE C HAMH U
3KOHOMMIJI CBOE Bpems. IIpobdaeMaTukoi
KAa4eCTBA M JPYTMMH BOIIPOCAMH 3aHUMAIOT-
€51 CIENMAIACTBI KOMITAHUU «DJ1eKl Iparm».

ITepep TeM Kak Ie4aTHas IJ1aTa IIepeia-
€TCs 3aKA3YHMKY, OHA IIPOXOJAMUT KAK JJICK-
TPUYECKUE, TAK U HETEKTPUIECKHUE ITA-
IIbI KOHTPOJIA, TECTUPOBAHMA HA JedeK-
TbI U HEUCIIPABHOCTH.

DJIEKTPOTECTUPOBAHHE IIOMOI'A€T OIIpe-
JEIATh CKPBITbIE Je(EKThI, TAKHUE KaK
OOPBIB META/UTU3AIUH B O0IACTH BHEIIHEH
KOHTAKTHOM IUIOIIAIKH, KOIJJA SJIEKTpHJe-
CKHH KOHTAKT 00pa3yeTcs 3a CYET (pUHUIII-
HOT'O IIOKPBITHSL. MBI HCIIOJIB3YEM B paboTE
3NIEKTPUYECKUE METOBI WU AHAIU3ATOPBI
J1e(EKTOB, KOTOPBIMU IIPOBEPAETCS LIEIOCT-
HOCTB IIPOBOJTHUKOB, HAITNYHNE KOPOTKOT'O
3aMBIKAHHUSA, KAYECTBO U30JIAIHH.
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Ha npasax peknamb!

BasxHBIMH B CICTEME KOHTPOJISI KA9€CTBA
CUYHUTAEM U HEVTEKTPUIECKHE METO/IBL. DTO
BU3YaJIbHAsI IPOBEPKA. HealeKTprIecKuMu
METO/JaMH OGHAPYKUBAEM ITPOKOJIBI U I1apa-
TIUHBI HA IPOBOTHUKAX, HETOYHOCTH Pa3Me-
I[EHYSI KOHTAKTHBIX IUIONIA/TOK, U3MEHEHHUE
HIMPHUHBI IIPOBO/IHUKOB, IIOTPABINBAHHE
WIN HABUCAHUE HPOBOJIHUKOB, Ne(EKTHI
METALTA3AIHUU IEPEXOTHBIX OTBEPCTHUIL.

Kak ocywjecTBnsieTcs KOHTPOsNb Ha

cTaauu npou3ssopacTea MNM?
KayecTBO roTOBOM II€YATHOM ILIA-

Tl O0ECNEYUBAECTCS IPHUMEHAECMBIMU

JUIsL €€ U3TOTOBJICHMSI MaTepuaIaMy. Mbl

HCIIONb3yeM BBICOKOKAYECTBEHHBIC MaTe-

pHaIBI — HAYUHAA OT TUIOBBIX FR-4 (huipm-

npousBoauresier Kingboard, ILM, Sheng Yi

u nomuumuaa DuPont Pyralux, 3akanynBas

BBICOKOYACTOTHBIMH MaTepHaaaMu Rogers,

Arlon u Isola. Enié Ha BXOZHOM KOHTPOJIE

OTOPAKOBBIBAIOTCS BCE MATEPUATIBL, HE COOT-

BETCTBYIOIIME CTAHJAPTAM M TEXHUYECKUM

TpebGOBaHMAM. Jajiee Ha KK/IOM 13 TAIIOB

IIPOU3BOJCTBA KOHTPOIUPYIOTCS BCE 3HAUU-

MBI€E IIAPAMETPBI II€YATHOM IIATHL.
Ha30By TOJIbKO OCHOBHBIE:

® TECT KPOHIIUPKYJIA U1 IPOBEPKU COOT-
BETCTBUS PA3MEPOB, MACKH, IIIEJIKOTPA-
(puu TEXHUYECKOMY 32JJAHHUIO;

@ TECT HA BBUIBJIEHHE KOPOTKOTO 3AMBbI-
KaHUSA METO/IOM «IETAIOLIETO IIyIIa»;

® TECT Ha BBIABJICHUE OOPBIBA ICIIH;

@ TECT HA IIOJTHOE COIIPOTUBICHUE 1ICIIH;

® TECT Ha COOTBETCTBHE JUAMETPOB OT-
BEPCTHH JIOITyCKaM;

@ TecT ¢ 10-KpaTHBIM TOKOBBIM 3€PKAJIOM
JUIS TIPOBEPKU COOTBETCTBUS ILIATHI 11€-
JIEBOMY Ha3HAYCHUIO;

® MHUKPOTOKOBOE TECTUPOBAHUE JIJISI IIPO-
BEPKU TOJIIUHBI METHOTO ITOKPBITHSI;

@ T1ecT o 100-KpaTHBIM TOKOBBIM 3€PKAJIOM
JUISI IPOBEPKHU CEUCHUSI IIPOBOTHUKOB.
Kak BunTe, MbI CEpBE3HO MOAXOAHUM K

Ka4€CTBY U3I'OTABJINBAEMBIX ILIAT.
Bosiee TOro, nmpu BO3HUKHOBEHUU

pexiaManuri B redeHue 10-20 pabouux

JIHEHU 2a6COTIOTHO OECIIATHO OCYIECTBIIS-

€TCsI 3aMeHA OPAKOBAHHBIX ILIAT WJIM BO3-

BPaIalOTCA BHECEHHBIE JIEHBI'M B IOJTHOM

00béme. Takast cxema IO3BOJISIET 3aKa34H-

KaM OBITh YBEPEHHBIMH B HAC KAK B IIPO-

HM3BOJUTENE, A COTPYJHUKAM KOMIIAHUH

«OnexlIpaiM» OTHOCHUTBCA K JIIOOOMY

3aKa3y CO BCEH OTBETCTBEHHOCTBIO.

YTouyHMuTe, NoXKanymcra, kakue MM
npousBoaUT KomnaHuusa «dneklMpanm»?
braromapsa Tomy, 4TO €CThb HAIEKHBIC
NapTHEPCKUE CBA3U C IPOU3BOJUTEISIMY,
MBI pab0TaeM C TI0OBIM 3aKA30M U 06ecTIe-
YUBAEM U3T'OTOBJICHUE IEUYATHBIX IUIAT B

OHA HOMEPA

Kaneea Copuna I'puropbeBHa

COOTBETCTBHH CO cTaHgapramu IPC-2221
Class 2 u IPC Class 3.

MbI TOTOBBI BBIIIOJIHUTD 3aKa3 HA CJIe-
JIYIOIIVIE BU/IBI IVIAT: O/THOC/IOHHBIE, IBYX-
CJIOMHBIE, MHOTOCTIOMHBIE (/10 40 C/I0€EB),
rubKue, JKECTKO-TUOKHE, ATFOMUHUEBbBIE
u CBY-1u1aTh!.

ITo Hamei CTaTUCTUKE, PEAIIPUATUS
3JIEKTPOHHOM IIPOMBIIUIEHHOCTH, HAy4-
HO-IIPOU3BO/ICTBEHHBIC U HAYYHO-UCCIIE-
JIOBATENBbCKUE KOMITAHUH, JTA00pPaATOPUU
Y1 OO'bE/TMHEHHSI OYE€HD YACTO PA3ZMEIIAIOT
3aKa3bl HA MHOT'OCJIOMHBIE [I€YATHBIE IUIA-
Tbl. KCTaTH, HEMHOTHE KOMITAaHUU B POC-
CHM MOT'YT O0€CIIEYUTh IPOU3BO/ICTBO U
MOCTABKY KAYE€CTBCHHBIX I1€YATHBIX IUIAT
B 40 c10€B.

MbI paboTaeM C pa3TMYHBIMU OTPACIIS-
MU — 3TO AaBTOMOOMJIbHAS 3JIEKTPOHUKA,
IOTPEOUTENBCKHUE TOBAPBI, METUITHTHCKAS
anmnaparypa, TeJIEKOMMYHUKAIIUH, KOM-
NBIOTEPHI M BHENTHUE YCTPOMCTBA, KOH-
TPOJIIEPHI ¥ IPUOOPHI. OTpacieii npume-
HEHUSI OYECHb MHOTO, B JAJIbHEHIIIEM OHU
OyIyT TOJBKO YBEIMUYUBATHCSL.

KaxkoBbl nnaHbl pa3sBUTUA KOMNaHUM
Ha 6nuXxanwee Bpems?

Mgl c(poKycupoBaTHCS
Ha PACHIMPEHUM KJIMEHTCKOH 0a3bl 10

IUIAHUPYEM

HAIPABICHHUIO IIEYATHBIX IUIAT, YIYIIINATD
JIOTUCTUYECKYIO COCTABIIIIOILYIO HAIIETO
cepBuCa, YTOOBI YJOBIETBOPITH 3AIPO-
ChI HAIIIMX 3AKa3YHUKOB Ha CBEPXCPOYHBIE
ITOCTaBKH.

B ruranax Taxoke CO3JjaHueE CIIEIMAIbHO-
I'O MHKEHEPHOTI'O OT/Ie/Ia B HAIIIEH KOMIIa-
HUU, KOTOPBIH OYAET OCYIIECTBIATD I1OJI-
HOIIEHHYIO TEXHUYECKYIO ITOIIEPIKKY KaK
110 K€ CYIIE€CTBYIOLIMM, TAK U I10 IIOTE€H-
IIMAJTbHBIM 32Ka3aM.

B menoM, y HAC MHOIO HMHTEPECHBIX
HJIEH, [TTABHOE — HAUTU BPEMSI U BEPHbBIE
CIIOCOOBI UX PEATTU3AIUH.

MnaHupyeTe nu BbIATU HaA
MeXAYHaAPOAHbIA PbIHOK?

Jymalo, IIOKa paHO 06 3TOM T'OBOPUTb.
Hama KoMIiaHusi OCTATOYHO MOJIOAAs,
M, HECMOTPSI Ha XOPOIIHE TEMIIBI POCTA,
MBI XOTHUM, IIPEKIE BCErO, JOCTUYb MAK-
CHMaJIbHOTO YPOBHS CEPBHUCA HA POCCUH-
CKOM pbIHKe. He HCK/II04€eHO, UTO B O/IU-
JKaymeM GyIyIieM MbI HE TOIbKO OyaeM
IOCEWATh 3aPYOCKHbIC IPO(MUIbHBIC
BBICTABKH, HO U y4YACTBOBATDb B HUX.

MpI BCer/1a pajibl BUAETD IIOCETUTENECH
Ha HAIIMX CT€HJaX B paMkKax Bcepoc-
CUMCKHX €KETOJHBIX BBICTABOK «DKCIIO-
DnexrpoHuka» 1 «ChipEXPO», rae ¢ ygo-
BOJIBCTBHEM ITOO6ITAEMCA KAK C HAITUMHA
IIOCTOSHHBIMU KJIMEHTAMM, TAK U C IIOTEH-
LIUAJIbHBIMHU IAPTHEPAMH.

Cneyuanucmos.,  KOMRAHUU — «DJIeK-
IIpaiim» 6cezoa Ha C6A3U U 201MOBbL NPe-
00CmMasums 6Co HeOOXOOUMYIO UHPOPMA-
UUIO NO NEUAIMHBIM NAANAM 1O MeNePOHY
8 (495) 646-7048 u anexkmporHoti noume
info@elecprime.ru. @
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MEYATHAS NAATA
B COPOK CJIOEB

KomnaHwusa 3neklparim B 2017 rogy oTKpbI-
na HOBOe HanpaBfieHue — NPOU3BOACTBO ne-
YaTHbIX NAaT PasnUyHOWM CMIOXHOCTUN: OfHO-
CMOViHbIE, [BYXCNOWHbIE, MHOrOCNOMHbIE (A0
40 cnoéB), rnbkue, XEcTKo-rmbkme, antomu-
HueBble U CBY-nnatbl.

TexHu4eckyto MopAepXKy obecnevmaroT
BbICOKOKIIACCHbIE CMEeLManmcTbl, KOTopble 3a-
HMMaIOTCA MPOEKTUPOBAHMEM NeYaTHbIX Nnat,
COCTaBfIeHVEeM U 06pabOoTKON KOHCTPYKTOP-
CKOWVi JOKYMEHTaLuK.

Bnarogaps coTpyaHUYECTBY C MUPOBBLIMM
NPOU3BOAMTENSAMW MeYvaTHbIX Mnart, Komna-

HMSA fobunacb BbICOKOro KayecTsa U3rotas-

IMBaEMON NpoayKLUUK.
KnueHTam npegocTtaBnsioTcs cnepytoLime

BO3MOXHOCTU:

e 6ecnnatHas noAroToeka repbep-channos
noA aBTOMaTU3VMPOBaHHbIN MOHTaX;

® 06paboTKa 3asaBKM B TeHeHUe 24 4acos;

® N3roTOBJIEHNE TECTOBLIX M OMbITHLIX 06pa3-
uoB oT 1 nnatbl;

® CpOYHOE NPOU3BOACTBO OT 3-X OHEWN;

® KayecTBO MCMOJSIHEHWNA B COOTBETCTBUM CO
ctaHgaptamu IPC-2221, Class 2 1 3;

® JocraBka Kypbepom rno Mockse.
KayecTBO M3roTaBiMBaeMbiX MNevaTHbIX

nnat ob6ecneymBaeTcs 3a CYET 9 3Tanos

(’ @léopri’me)

noCTaBKa Paauo3/1eKTPOHHbIX KOMMOHEHTOB
NOoCTaBKa neYyaTHbIX naat

NPOMEXYTOYHOro KOHTPONA U 3aBepLuaeT-
cs 4 cTyneH4yaTton uHasnbHOM NpoBEpKOW
KayecTBa.

http://elecprime.ru
Ten.: (495) 646-7048

COBPEMEHHBbIE TEXHOJIOrMm

McnbITAHUA «CBEYHbIX»
NnPOBOAOB AJiI1 OTBETCTBEHHbIX
NPUMEHEHUN
WcnbitatensHbivi ueHTp AO «Tectnpubop»»
Havyan npoBoguTb ucnbitanus no FOCT P
53826-2010 BbICOKOBOSIbTHbIX NPOBOLOB ap-
MUPOBaHHbIX («CBEYHBIX») U XIYTOB BbICOKO-
BOJIbTHbIX MPOBOAOB, NPeAHa3HaYeHHbIX Ans
NPUGOPOB CUCTEM 3aXKMIraHWs, UCMONb3YeMbIX
B aBTOMOOWIbHbIX TPAHCMOPTHbIX CPeACTBax,
B TOM 4ucne, ANns CreUTeXHUKN.
[Mporpamma mcnbiTaHui BKAKOYaEeT:
® KOHTPOJIb BHELLHEro BMAA;
@ KOHTPOJIb Nepefayy MMynbCoB BbICOKOrO
HanpsKeHNs;
® KOHTPONb 3MEKTPUHECKOro COMpoTuBIe-
HUS;

Komnanusa «PTCodT» 1 MexpyHapoaHbIii
xonguHr Kontron AG 06baBRSIOT O BbiNycke
BblcokonpoussoauTensHon mMogenn COMe-
bBD7 B NpoAyKTOBOW NNHENKE «KOMMbIOTEPOB-
Ha-mopyne» COM Express.

Mogyns COMe-bBD7 o6ecneuyvBaeT Benu-
KONEMHY0 NPON3BOANTENBHOCTL CEPBEPHOMO
YypOBHA 6narogaps 16-agepHomy npoLeccopy
Xeon cepuyn D-1500 1 nHtepdpericam 10 Féut
Ethernet n PCI Express Gen.3. Tenepb oTe-
YecTBeHHble paspaboTynku n OEM-nponsso-

® KOHTPOJIb 3aLLMTbl OT MPOHUKHOBEHWS BO-
Obl B MECTax coeguHeHUst Nposoja ¢ uUc-
TOYHUKOM BbICOKOIO HarnpshXeHus U cee-
yonm;

® KOHTPOJIb YCUNUS OTPbIBA HAKOHEYHUKA OT
npoBoAa;

® KOHTPOJb YCUNUS padbeAnHEHNs HAaKOHEeY-
HUKOB C UCTOYHMKOM BbICOKOrO Hamnpsxe-
HWUS1 N CBEYOW;

® KOHTPOJIb YCTOMYMBOCTU K BO3AEVCTBUIO NO-
HWXEHHOr0 aTMOCKEPHOro AaBneHus:;

® KOHTPOJIb YCTONHMBOCTUN K BO3OENCTBUIO U3-
MeHeHUs TeMnepaTypbl OKPY>KatoLLiei Cpeabl;

® KOHTPOJSIb YCTOMYMBOCTU K BO3OEUCTBUIO
CONSIHOTO TyMaHa;

® KOHTPOJSIb YCTOMYMBOCTU K BO3OENCTBUIO
030H3;

auTenn Moryt B KOPOTKMe CPOKKU co3aaBaTb
nepcrneKTUBHbIe NAaTopMbl C OUTESIbHBIM

® KOHTPONb YCTOMYMBOCTU K BO3OENCTBUIO

MOIOLLMX CPEACTB;
©® KOHTPONb YCTOMYMBOCTU K BO3[ENCTBUIO

nsiecHeBbIX rPUGOB.

Pa6oTbl npoBogsTcs nog koHTponem BN MO
P®. Mo pesynbTatam ucnbITaHUn odopms-
eTCs MPOTOKOJ.

www.test-expert.ru
Ten.: (495) 657-8737

XXWU3HEHHbIM LIMKNOM Afsi 06paboTku Maccu-
BOB [JaHHbIX C UCMOMb30BAHMEM NMPEUMYLLIECTB
TEXHOSOr Wi BUpTYanusauum.

Mopynb paspabotaH B dopmate COM
Express basic (125 95 mm) B cooTBeTCTBUM
C 06HOBNEHHON pefakumen MexayHapoaHOro
ctangapta COM Express (PICMG COM.0, Rev.
3.0), B KOTOPOM yTBEPXAEHa HoBasi creuu-
dmkaums Type 7.

PacnuHoBka curHanos ans COM-mogaynei
Type 7 yTBepXAeHa B cneumudukaLmm Mex-
nyHapopHoro ctanHgapta COM Express Ha-
psgy C cywecTByoLwen cneumdukaumen
Type 6. B 10 Bpemsa kak COM-mopynu Type 6
npepHasHayeHbl Ans rpaduyeckmx npuno-
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XEHWU, noaaepXuBaoLwmnx ayamo- u Buge-
ouHTepdericbl, Type 7 paspaboTaHbl Ans
BbICOKOMPOW3BOAUTENbHbIX BbIYUCIIUTESb-
HbIX NNatopm, He TpebyLmnx noaaepx-
KV rpadounkim.

Moppepxka 4 BbICOKOCKOPOCTHBIX UHTEP-
therico 10 '6uT Ethernet, nHtepcerica NC-
Sl n 32 nuHuin PCIl Express B cneuundumka-
uum Type 7 npepocTaBnseT pa3paboTynkam
6oratbii BbIGOp AN CO3[aHMs nnatgopm
CEPBEPHOro YpOBHSA, TPEOYIOLLMX BbICOKOW
CKOPOCTW Mepefaqv AaHHbIX U NPOMyCKHOW
CMOCOBHOCTU CETH.

COMe-bBD7 ocHalLéH LeHTpanbHbIM Mpo-
ueccopomM ypoBHsi LIO[] ¢ npon3BoguTesnb-
HoCTbiO OT 4 o 16 apep Intel Xeon ¢ mak-
cumanbHbIM Tennonaketom (TDP) ot 25 go
45 BT cOOTBETCTBEHHO. HagéxHocTb pabo-
Tbl 3TOr0 MOAYSIA B COYETaHUM C NOAAEPXK-
ko 2 noptoB 10 6MT Ethernet nossonser
MCMONb30BaTh €ro B NPUNOXEHUAX, rAe Bbl-
CoKasi NPOV3BOAMUTENILHOCTb 1 CBEPXKOMMAKT-
Hble pa3Mepbl CUCTEMbI SBMAOTCSH NPUOPU-
TETHbIMMU.

COMe-bBD7 o6ecneymBaeT BOIMOXHOCTb
KOHUrypuposaHus nuHuii PCl Express Gen.3
BnnoTb Ao kaHana PCle x24 ans BbICOKO-
CKOPOCTHbIX MOAKIIOYEHUI YCTPOMCTB BBO-
ha-BbiBofa. Mopgynb OTnM4HO cbanaHcupo-
BaH C TOYKM 3peHus npoLieccopa 1 namatn
nopgaepxmeaetr go 32 6ant O3Y DDR4
SODIMM c dyHkumen ECC n 6e3 ECC.

Kontron COMe-bBD7 pocTyneH Takxe B
NPOMbILLIIEHHOM WUCMONHEHUM ANa pabdoThbl
B AnanasoHe oT —40 po +80°C, 4to pena-
€T ero NPeBOCXOAHbIM peLleHneM ans npu-
NOXEHUN, paboTamLmx B XECTKUX YCro-
BUAX 3Kcnnyatauuu. Apxutektypa Mogyns
rapaHTupyeT ero CoBMeCTUMOCTb C CaMbl-
MU pasfnuyHbIMW OMNepaurMoHHbIMK CUCTe-
Mamu knacca Linux, Windows Server 2008
R2 SP1/2012/2012 R2, Windows 7, 8.1, 10,
a Takxe VxWorks n QNX.

HononHutensHyto nHgopmauymo o COMe-
bBD7 MmoxHO nony4ntb Ha cavite: http//
www.rtsoft.ru, a Takxe B oghucax KomnaHum
«PTCogT», cTpaternyeckoro napTHépa xois-
[AuvHra Kontron B Poccun n ctpaHax CHI.

Poccuiickas komnanus HIMM CTP aHoHcu-
poBana HoBbIVi CMHTe3aTop YacToT FS6400-H.

CuHTEe3aTop 4acToT npeacTaBnseT cobou
repMeTUYHbIN  MOAyMb, NpeAHa3Ha4YeHHbIV
NS MOHTaxa Ha nevartHyto nnaty. OH Bbinon-
HeH B Kopnyce 1210.29 nponssofcTea 3aBo-
na «Mapc».

OCHOBHblE XapakTepuUCTMKN CUHTe3aTopa:
@ agnanasoH Yactot 0,025...6,3 'u;

e Lwar cetku 4actoT 1 INy;
® ypoBeHb (ha3oBbix Wymos —116 ob/My @

10 kly (1 Mw);
® Bpems nepecTponkn <150 MKc.

HW3KniA ha30BbIN LLYM 1 YPOBEHL MOBOYHbIX
CneKTpasibHbIX COCTaBMAOLLMX AenatoT ero on-
TUMasIbHbIM peLLeHnem Ana CBA3HbIX U paamno-
NOKaLMOHHbIX MPUMEHEHWIA B LUIMPOKOM CreK-
Tpe yCroBWiA IKCNyaTauuu.

Bornee rnoppobHas nHgpopmauymsi 0 npoayK-
ymm HIM CTP: www.nppstr.ru.

Litemax nepsow pa3paboTtana nosiockoBbI
avcnnen ¢ gnaroHansto 51 grorim 1 paspelLue-
Huem 3840 x 1077 — Spanpixel SSD5197-I.

Komnanus Litemax (TarBaHb), Npo4HO 3a-
HMMatoLLas No3uLMmn NMaepa B NPOM3BOACTBE
nonockoBbix YKK-aucnnees, BbinyckaeT Ha pbl-
HOK 0YepefiHyt0 HOBUHKY — AUCNIel ¢ amaro-
Hanbto 51,9 grovima (dopmar 16:4,4).

Monockobin XKK-guecnnewn (Takxe «Lmpo-
KochopmaTHbIV gucnnen», «bar-type naHenb»,
«pe3aHblil aucrner» n faxe «y3KUn MOHU-
TOp») 3TO AUCMNEN Ha XWUOKUX KpucTannax,
Yy KOTOPOrO C NOMOLLbIO BbICOKOTOHHOrO 060-
py£oBaHUa oTpe3anu 4acTb akTUBHOWM obna-
CTW, YTOObI MONYYUTb CBEPXLUMPOKYD pabo-
4yto obnacTtb. Y Litemax cepus NonockoBsbIxX
MOHUTOPOB HasbiBaeTcs Spanpixel.

Oucnnen Spanpixel SSD5197-1 npepgHa-
3HavyeH Ans padoTbl B MHMOPMALMOHHBIX
Tabno, peknamHbIX BUTpUHAX U Ans otobpa-

XKEHUsI pacnucaHms 06LLEeCTBEHHOrO TpaHC-
nopra.

WHbopmaums Ha aucnnee SSD5197-1, kak un
Ha Bcex aucnnesix Litemax, npekpacHo cuutbl-
BaeTCs Ha CoJHLe 6arofapsi BbICOKOW APKO-
ctu. CeeTogmoHas NoaceeTka, kotopas obe-
CMeymBaeT CTOSb BbICOKME MoKasaTenu, xapak-
TepusyeTcs cpefHUM BpeMeHeM HapaboTKu Ha
oTkas B 100 000 4acos.

KpaTtkue xapaktepuctvku gucrines SSD5197-I:
® pasmep no guaroHanu 51,9%;
® paboyas obnactb 1270 x 359,7 mwm, (I" x B);
@ paspeLueHue 3840 x 1077;

ApKocTb 1400 Ka/m?;
topmar 16:4,4;
nopceeTka gucnnes LED;
cpegHuin cpok cnyx6bl nogceetkr 100 000 .
www.prochip.ru
Ten.: (495) 232-2522

KomnaHua Rohde&Schwarz npegcraens-
eT camyilo MNagLlyo Mofenb NIMHEeNKN Ha-
CTOJIbHbIX BEKTOPHbIX aHanuM3aTopoB Le-
nen — ZNLE.
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AHanmsartop opveHTUpPOBaH Ha 3ada4qu, He
TpebytoLLme CrOXHbIX U3MEPEHUA N KOHDU-
rypauvn, ansa peLueHns KOTopbIx JOCTaTO4HO
TONMbKO S-napameTpoB.

Bnarogapsi atomy aHanusatopbl Ao 3
1 6 'y aBnstoTCA cambiMm BIOIKETHBIMU pe-
LLIEHUAMW B NIHENKeE.

OCHOBHble 0CO6EHHOCTU Mpubopa:
® 10" MyNbTUCEHCOPHbIN 3KPaH;
® Bec 6 Kr;

e rabapuTtHble pa3mepbl 408 186 x 235 Mm;
® avanasoH vactot oT 1 My go 3/6 IMuy;

® OnHamunydeckur guanadoH 110 gb;

® BbIXOAHas MoLlHocTb 0 obm.

Manbi Bec, KOMNaKTHbIN pasmep n 607b-
Lo akpaH genatot ZNLE xopoLumm BbI6opom
Ons HeTpeboBaTerbHbIX 3aJaq.

www.rohde-schwarz.ru
Ten.: (495) 981-3561
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MHCTPYMEHTbI M OGOPYOQOBAHME

CEPUMHOE PACLUUPEHMUE
MOAEJNIbHOIro PAfJA CUCTEM
CYXOro xPAHEHMA

Poccuiickas komnanma OOO «CosTtecTt
ATE» 3aHumaeT nuavpyoLime nosuuumn rno
nocTaBke Ka4eCTBEHHbIX CUCTEM CyXOro xpa-
HeHus co6CTBEHHOro npoussofcTea. MNocTas-
neHHoe obopynoBaHue pabotaet 6e3 Hapeka-
HUI Ha NPOM3BOACTBEHHbIX MloLlafkax pa-
OVO3NEKTPOHHOW NpOMbILLIeHHOCTU Poccun
n Benopyccun.

B HacTosiLlee Bpemsi komnaHus «CosTecTt
ATE» nepeLuna Ha CepWIHbIA BbIMYCK LUKa-
o. cyxoro xpaHerus (LLUICX) mopenen SDB
306 1 SDB 1560.

LLICX cepun Sovtest Dry Box (SDB) o6e-
creynBatoT Bce HeobxoanMble TpeboBaHUS Mo
XPaHeHUIo 3NEKTPOHHbIX KOMMOHEHTOB cornac-
HO Tpe6oBaHUAM MEeXAYHAPOOHbIX N POCCUIA-
CKMX CTaHAAPTOB. OTU LUKadbl UMEIOT repme-

SJNIEMEHTbI U KOMIMNOHEHTbI

TUYHYIO CBAPHYIO KOHCTPYKLMIO U aHTUCTaTu-
4YecKoe VCMOJHEHNE.

BblcokoathheKTUBHbIV OCYLLUUTENb, COBPaH-
HbI N3 MeTanNIMYecknx getanemn, obecneyu-
BaeT LMKI OCYLLEHUs C MaKCUMarnbHOW CKO-
POCTbIO BNaronorioLeHus.

Cucrema ynpasneHns BNaXHOCTbIO B Cpe-
[e WwKada peannsoBaHa ¢ UCMOSIb30BaHEM
NPeLM3NOHHOr0 faTymKa BNaXHOCTW U Temne-
paTypbl, TEKYLLME 3HAYEHNA KOTOPbIX B PEXU-
Me CEepBMCHOW MHhopmaLmm oTobpaxaroTcs
Ha 9KpaHe NaHenu ynpaeneHns v UHAMKaumn.

OnuroHanbHO BO3MOXHO OCHALLEHUe Cu-
CTeM cyxoro xpaHeHus cepuun SDB apgante-
pamv ana noaknYeHnsa K NoKanbHOW CeTu.

LLikadobl 06beAUHAIOTCA B CETb NO TEXHO-
norun Ethernet nocpeactBom KOMMyTUpY-
towero cetesoro o6opynosanus. MO pa6o-
TaeT ¢ KoHTponnepamu LLICX no npotokony
TCP/IP. Takum o6pa3om, onepaTop MOXeT
yAanéHHo NpoBOANUTL U3MEPEHNE 3afaHHbIX
napameTpoB, YnpasfiATb U BHOCUTb KOp-
PEKTUPOBKY B peXuMbl paboTbl LKadOoB.
B cnyyae nsameHeHus agpecaumvt KIMEHT-
CKOW CeTU MMeeTCcs BO3MOXHOCTb yaanéH-
HOW KOHGUrypaumm ceTeBblX nNapameTpoB
koHTponnepos LLICX.

Likacdobl nponssopcTBa «CosTecTt ATE»
MOJSTHOCTbIO OTBEYAKT BCEM HOPMaM 3KOJ10-
rMYHOCTU, 6€30MaCHOCTU, 3HepProaPdeKTuB-
HOCTW, @ TaKXe OTIN4al0TCH BbICOKON KOHKY-
PEHTOCMOCOBGHOCTLIO HA POCCUINCKOM PbIHKE.
06 9TOM CBUOETENbCTBYET BbICOKUIA CMPOC
Ha 3Ty pa3paboTKy CO CTOPOHbI 3aKa34MKoB
KOMMaHuu.

www.sovtest-ate.com
Ten.: 8 (800) 200-54-17

TEnnonrPoBOASALYASA JIEHTA AnNS
CBETOAMOOHbIX CBETUJIbHUKOB
Komnaxua 3M BbinyckaeT TeNonpoBoAHbIe
neHTbl 8940, KOTOpbIE CNOCOOHLI 3aMEHNUTDL pa-
OnaTop B CBETOOANOAHbBIX CBETUMbHUKAX.

—

J1eHTbl UMeIOT [BYCTOPOHHUIA KNENKWI CIIOWN,
YTO 3HAYNUTENBHO YNPOLLAET MX MOHTaX. Momu-
MO TEenIonpoBOAHON PYHKLMM NEHTa peLuaeT
N 3MEKTPOU30NALMOHHbBIE 3afaqu.

JleHTa 8940 He roptoy4as 1 COOTBETCTBYET
ctanpapty UL 94 V-0, noatomy MOXeT uc-
noJsib30BaThbCs Kak B aBTO3NIEKTPOHUKE, Tak U
B YCTPOWCTBAX C BbICOKOW MSIOTHOCTHIO MOH-
Taxa. OHa BblepXxuBaeT Harpes fo +225°C.

B neHtax 8940 ncnonb3oBaH akpuioBbI ag-
resvis, KOTOpbIi 0651afaaeT NPeBOCXOAHbIMM Na-
pameTpammn KIermKoCcTU U HaOEXHO yaepXuBa-
€T NIEHTY NPaKTU4ECKN Ha NGO MOBEPXHOCTU.
[Ins LuepoxoBaTbIx NOBEPXHOCTEN pEKOMeHLyeT-
€51 MCrnonb30BaTh 6onee MArkue NoAIoKKN cepum
8810, obnafgatoLLme nyyLle CMadmBaeMoCTbHO.

OCHOBHbIEe XapakTepucTuku neHTbl 8940:
e TennonposoaHocTb 0,9 BT/MK;

@ HanpshbkeHue npobos 9,5 kB;
® JuanekTpuyeckas npo4vHocTb 52,8 kB/mwm;
e TepMovMneaaHc 5,1°Cecm?/BT.
info@platan.ru
Ten.: (495) 97-000-99

MPOLECCOPHbBIN MOAYIIb
CanoT-3J124NMM1 HA BASE
POCCUMCKOM «CUCTEMbI HA
KPUCTANNE»

AO HIMNU «3JIBUC» Hayan nocTtaBku 06-
pasLoB MpOLECcCOpHOro mogmyns Ha 6a-
3e COOGCTBEHHOW «CUCTEMbI Ha KpucTanne»
1892BM 144, aBnstoLlencs OTe4YeCTBEHHOM
MUKPOCXEMOW 2-r0 YPOBHS MO Knaccudukaumm
MwuHWcTEpCTBa MPOMBILLIIEHHOCTU U TOPTrOBIIU.

Mogynb Canto1-3J124M1 nos3sonseT cy-
LLIeCTBEHHO YNpPOCTUTL pa3paboTKy YyCTPONCTB
Ha 6a3e npoueccopa 1892BM144, npepocrtas-
NAA roToBoOe annapaTHoe peLueHve C LUMpo-
KUMWU  (PYHKLIMOHANBbHBIMM  BO3MOXHOCTAMM
1 605bLUMM HabopOM UHTEPEENCOB BBOAA-
BbIBOAA.

KpaTtkue TexHnyeckune xapakTepucTuku:

e npoteccop 1892BM144:

— CPU 2xARM Cortex-A9, no 816 MI'y;
— DSP 2xELcore-30M, go 672 MI'y;
— Kogek H.264;
— GPU Mali-300;
e O3Y DDRS3, 32 6ut, 2 I'E;
e NAND 1TB;
e eMMC 32 TE;

e USB 2.0;
e Ethernet 10/100/1000;
® SpaceWire (2 nopra);
e Bugeoxodpl: TTL 12 6ut, MIPI CSI2 4 lanes
(2 nopra);
e BuaeoBbixoabl: TTL RGB 24 6uTt, MIPI DSI
4 lanes;
® ayavoBXxofbl: AN MUKPOOHa, NIMHENHBIN;
® ayaVOBbIXOAbl: ANst HAYLLHUKOB, JIMHEVHDIN;
e npouve uHTepdoericbl: SDMMC, I2S, IPC
(3 nopta), UART (4 nopta), SPI (2 nopta),
PWM (4 kaHana), MFBSP (LPORT, SPI, IS,
GPIO), GPIO (go 116 noptos);
@ nutaHue +3,3 B;
® notpebnsemMasi MOLHOCTb — He 6onee 5 BT
(yTo4uHsieTcs);
@ paamepsbl 60 x 60 x 5,5 MM.
www.multicore.ru
Tesn.: (499) 995-0052
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HoBUHKM OT KOMMAHUM
MonoLiTHIC POWER SYSTEMS
PacwumpeHue nuHeriku DC/DC-
npeo6pa3oBartenen — MP3429 n MP3431

KomnaHusi Monolithic Power Systems
(MPS) po6asuna B cBoto nuHenky DC/DC-
npeobpasosaTenent ABe HOBble MUKPOCXe-
Mbl — MP3429 1 MP3431.

2882 cs5
e o

Vin 27v-8.4¢

Vour 9vi35A
. o

MuKpocxeMbl SIBASIIOTCA MOBbILLAIOLLUMMN
npeobpasosaTtensiMm ¢ 3M(PEKTUBHOCTbIO
npeobpasoBanHus Ao 95%. OHW npefHa3Ha-
YeHbl Ans paboTbl OT BXOQHOIO Hanps>KeHns
2,7...13 B, npu 9TOM BbIXOQHOE HanpshXeHue
MOXeT gocTuratb 16 B.

Ha KpucTtann MMKpocxeMbl MHTErpUPOBaHbI
[Ba CUJIOBbIX KIoYa C MakCUMaribHbIM TOKOM
0o 21,5 A. lNukosas BbIXogHas MOLLHOCTb MO-
xeT gocturatb 40 BT ana mukpocxemsl MP3429
1 60 Bt gna MP3431. YacTtoTta npeobpasosa-
HUA dmkeuposaHHas n coctasnseT 600 KL,

OTNNUUTENBHON OCOBEHHOCTBIO ABNAETCH
BbICOKas 3(PheKTUBHOCTb NpeobpasoBaHuUs
ONA ManoMOLLHbIX HAarpy30K C TOKOM MoTpe-
6neHus meHee 10 MA.

AHOHCMpYeMble MUKPOCXEMbI XapakTepuay-
toTca ManorabaputHbiM koprycom QFN-13 ¢
pasmepamu 3 X 4 MM, 4TO NO3BOSISAET UCMOSb-
30BaTh WX B NMEPEHOCHbIX YCTPOWCTBAX C Nu-
TaHWeMm OT oJHOro Li-ion anemeHTa nuTaHus.

[MpencrasneHHble MUKPOCXEMbI UMEIOT 3a-
LLWTY OT «3aLUENKMBaHMs» Npu HA3KUX Hanps-
XEHUSIX MUTaHWUSA, KOPOTKOrO 3aMblKaHUs 1 ne-
perpysKku no TOKy.

HoBbIii NUHeNHbIN cTabunusarop
MPQ2013A ¢ ynbTpaHM3KUM CO6CTBEH-
HbIM TOKOM NoTpe6neHns

Komnanusa Monolithic Power Systems (MPS)
npencTaBnsaeT HOBbIV JIMHEWHbIN cCTabunmaa-
Top MPQ2013A ¢ ynbTpaHU3KUM COBCTBEH-
HbIM TOKOM MOTPe6eHUs.

Mukpocxema MPQ2013A npepHasHaqeHa
na paboTbl C BXOAHBIM HANPsHXKEHWEM B Ana-

Vin out
1% IN out

MPQ2013A| |
Q2013 162 LRy
22nF2 1.72MQ

EN gnp FBE+—s |c3
4.7uF
2 <R2
c1 s
[ e 7 1Mo

nasoHe o1 2,5 0o 40 B. BbixogHoe Hanpsie-
HWE MOXET ObITb BbIGPAHO C MOMOLLIbIO BHELLI-
Hero genutens B avanasoHe ot 1,215 go 15 B.
AHOHCUpYyeMasi MMKpoCcXxema Takxe UMeeT Bep-
CUN C OMKCUPOBAHHbBIM BbIXOAHBIM Hanpsixe-
Huem 1,8; 1,9; 2,3; 2,5; 3,0; 3,3; 3,451 5,0 B.

CT1abunbHOCTb BbIXOAHOMO HaNPSKEHNs CO-
cTaBnseT +2% B AnanasoHe pabo4nx Temre-
patyp ot —40 go +150°C (ans Bepcumn B KOp-
nyce QFN-8).

MakcumanbHbIi TOK Harpy3ku MOXeT fo-
cturatb 150 MA.

OTANYUTENBHON OCOGEHHOCTLIO  SBMSET-
CSl HU3KWI COOBCTBEHHBIN TOK NOTpe6neHns —
3,2 MKA, KOTOpbIV MO3BOMSET UCMONb30BATh
TIMHENHbBIV CTabnnM3aTop B MOBGUSIbHLIX 1 aB-
TOHOMHbIX YCTPONCTBAX, paboTatoLLmnX OT ase-
MEHTOB NUTaHWA (6aTapeek 1 akkymynsTopoB).

CrabunbHas paboTa JIMHENHOro cTabunmaa-
TOpa MOXET 6bITb 06ecneyeHa nNpu NCnonb30-
BaHWUW EMKOCTU B Lienun Harpy3ku ot 0,47 MKD.

Mvkpocxema nmeeT 3aluTy oT KOPOTKOro
3amblkaHus u neperpesa. MPQ2013A cepTu-
dhurumposara no ctaHgapty AEC-Q100.

CpnBoeHHbIN noHuxatowmn DC/DC-
npeo6pa3zosarenb MPQ2166

Komnanus Monolithic Power Systems (MPS)
npencTaBseT CABOEHHbIN NoHwxatoLwmin DC/
DC-npeo6pasosatens MPQ2166.
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Muvkpocxema npegHasHaveHa ans pabotbl
B Ovana3oHe BXOOHbIX HanpshkeHun ot 2,7
no 6 B. B HOBOM MUKpocxeme B Kopnyce
QFN-18 ¢ paamepamu 2 x 3 MM BCTPOEHbI ABa
HEe3aBUCUMBbIX MOLLIHbIX MOHMKAKOLLMX NPeo6-
pasosarens.

MakcumanbHbI BbIXOAHOW TOK Kaaoro Ka-
Hana MoxeT gocturate 3 A, npy 3TOM CyMm-
MapHbI TOK OBYX KaHanoB He OOJKEeH npe-
BbilwaTh 4 A. Hactota npeo6pasoBaHusi Nnpo-
rpammupyetcs 8o 3 MI'y BHeLLHeN Lenbto, HO
MOXET BbITb CMHXPOHU3MPOBaHa C BHELLHUM
VNCTOYHUKOM.

Mpeobpaszoatens MPQ2166 oTtnmyaetcs
Bbicokum Kl — 6onee 90%, ManeHbkum TO-
KOM Nnokosi — 60 MKA 1 Hanvinem AByx BbIBO-
noB «Power Good», CUrHaNIM3upyOLLMX O TOM,
YTO BbIXO[HOE 3HAaYeHNe HaxoaMTCs B 3aAaH-
HOM [manasoHe.

Mukpocxema cepTudmumpoBaHa no cTaH-
fapty AEC-Q100 1 nmeet 3awmTy ot nepe-

rpesa, KOPOTKOrO 3aMblKaHUA U neperpysku
Mo TOKY B KaX/AOM LiMKIe npeobpas3oBaHus.

www.prochip.ru

Ten.: (495) 232-2522

HMO «3PKOH> pACWUIMPSET
HOMEHKIJIATYPY BbIMYCKAEMbIX
SMD-PE3UCTOPOB

B pesynbTare BbinonHeHus OKP «YHudu-
Kaumsa» Ha ocHoBe 6a30Bbix n3genuii P1-8 n
P1-8MIN OAO «HIMO «3PKOH» paspaboTa-
Hbl KOHCTPYKTUBHO-YHUPULIMPOBaHHbIE Psfbl
YUN-PEe3nCTOPOB, NPeAHa3HaYeHHbIX AN pa-
60Tbl B 3NEKTPUHECKUX LIENSIX MOCTOAHHOIO,
nepeMeHHOro 1 MMNysbCHOro TOKOB annapa-
Typbl Bcex rpynn ucnonHexnuns no FOCT PB
20.39.304, B TOM yucre:

/

® paspaboTaHbl pesuctopbl P1-8B (B ToM
yucne C «HyneBbIM» COMPOTUBIIEHUEM —
nepembIvkK), ABNAIOLLMECA KOHCTPYKTUB-
HO-TEXHOMOrMYECKMMUN aHanoramm cepui-
HO-BbINyckaeMbIx peauctopos P1-12 ¢ ynyy-
LLIEHHbIMW XapaKTepucTukamu;

® paspaboTaHbl peanctopbl P1-8M n P1-8I1,
ABNSAIOLLMECH KOHCTPYKTUBHO-TEXHONOMNYe-
CKVMMW aHanoraMum CepuinHo-BbInyckaemMbix
pesuctopos P1-16 n P1-16[1 ¢ pacLumpeHnu-
eM psiga TMNopa3mMepoB — OCBOEHbI HOBblE
Tunopaamepsbl 0603 (0,032 BT);

® paclmpeH psp TUNopa3mepoB pesncTo-
poB P1-8 — ocBoeHbl Tunopasmepbl 0603
(0,063 BT) 1 2010 (0,5 BT);

® pacluMpeHbl [Auanas3oHbl 3HAYeHUN Ho-
MWHasbHbIX  COMPOTUBIIEHUA  PE3UCTO-
pos P1-8-0,125 (go 511 kOm) n P1-8-0,25
(o 1 MOwm);

® YXeCTo4eHbl AoMycKa Ha rabapuTHble v Npu-
COefMHUTENbHbIE pasMepbl Pe3ncTopoB
P1-8, P1-8MI ¢ Lenbto NoBbILLEHUS HAgEX-
HOCTM aBTOMAaTU3NPOBAHHOrO MOHTaxXa,;

® paspaboTaHbl Pe3nCTOPbl BCEX TUMOB, MpU-
BeéHHbIX B TY, conpoTtueneHnem 50 Om
C HOPMMPOBAHHBLIMW YaCTOTHbIMM Xapak-
Tepuctukamn ana npumeHenus B CBY-
annapatype;

® ynyylleHbl nokasaTenu HagéXHocTu pas-
paboTaHHbIX 1 CEPUNHO-BbINYCKaeMbIX pe-
31CTOPOB:
— yBenuYeHa ramMma-rnpoueHTHas Ha-
pa6oTka Ao oTkaza T, pesucTOpoB Mpu
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v=97,5%: (Npegens-
HO-ﬂOI‘IyCTMMOM) pexunme aKkcnnyartaumm

B HOMWHaNbHOM

00 50 000 4, B 0611E€r4EHHBIX pexmMmMax aKe-
nnyataumm go 240 000 y;

— yBeNMYeH ramma-npoLEeHTHbIN CPOK CO-
XpaHsiemocTu T, pe3ncTopos npu y=97,5%
o 30 ner;

® onpefenéH 1 pekoOMeH[oBaH TemnepaTyp-
HbI NpoduNb Nanku Ans aBToOMaTU3npo-
BaHHOI0 MOHTaXa Yun-pe3ncTopoB.
TexHuyeckue ycnosus 0XK0.467.164 TY Ha

peavictopbl P1-8 n P1-8MI1 pepakummn 1986 r.

N3M. «27» 3aMeHeHbl Ha HOBYIO pefakLmio 2017 .

U3M. «28», pacrpoCTPaHAIOLLYHOCS Ha PE3UCTOpbI:

o P1-8 — 06LLero npuMeHeHns He3alLMLLEHHbIE;

e P1-8M — npeumn3noHHble He3alLMLLEHHbIE;

e P1-8l, P1-8MI1 — npeunsanoHHble 3aLu-
LLEHHbIE;

o P1-8B — obLuero npumMeHeHns 3alumLléH-
Hble (B TOM YUCTE C «HYNEBbLIM» COMPOTUB-
JNIeHVEM — NepeMbIYKN).

www.erkon-nn.ru
Ten.: (831) 202-2553

OnNTUYECKUE PA3BEMBDI
HARTING pans 3KCTPEMANbHO
CYPOBbIX YCJIOBUH

LindpoBble TEXHONOrMM MOCTENEHHO HAXO-
OAT BCE 60JbLUEe MPUMEHEHUI B TAKUX CIOX-
HbIX YCIOBUAX 3KCMNyaTaLym, Kak ropHoA00bI-
BaroLLlas oTpacsb. YunTbiBas XECTKME YCIOBUSA
3KCMnyaraumm B 3TUX cpeaax, NpeabaBnsaoT-
€Sl O4EeHb BbICOKME TPe6OBaHUS K KOMMOHEH-
TaM U cuctemam.

[Mepepaya gaHHbIX Ha GOMbLUNE PacCTOsi-
HUS 1 BbICOKasi MPOMyCKHasi CNOCOGHOCTL Je-

nawT NPUMEHeHNEe BOJIOKOHHO-OMTU4ECKOro
kabens (FOC) He3amMeHMMbIM Ansi NoCTpoe-
HUSA BbICOKOCKOPOCTHbIX CETeN NMPOMbILLMEH-
Horo Ethernet. B akcTpemarbHbIX yCrnoBusix pe-
LLUEHNE JOIMKHO ObITb 3aLULLEHHBIM U MaKCU-
MasnbHO HaAEXHbIM.

Komnanums HARTING paspa6oTana naeans-
HOe peLleHne Ana 9TUX CAOXHbIX 3afad.

Kak wn3BecTHO, onTuyeckue uHTepdench!
O4eHb YyBCTBUTETbHbI K 3arpsi3HEHUIO, HTO SiB-
NAETCs KMoYeBbIM (PaKTOpPOM, MPensTCTBYHO-
LLIMM MPUMEHEHMIO OMTUKW B LLIAXTaX U TYHHENSX.

Komnanus HARTING paspa6otana peLueHve
Ha 6a3e 6ECKOHTaKTHON TEXHOSMOrMU CoeanHe-
HUWSI ONTUYECKUX BOSTOKOH, MOy4MBLLEE Ha3Ba-
Hve Expanded Beam («pacLumpeHHbI My4oK»),

B KOTOPOM OMTOBOJSIOKHO HafEéXHO 3aliuiie-
HO OT BO3LEWCTBMSA MbINW, BNarn n 3arpssHe-
HUI. Takon pasbém mpaeanbHO NOAXOAUT ANs
NMPYMEHEHWNS B CYPOBBIX YCMOBUSIX SKCMyaTa-
LK1, HanpyMMep, B rOpHOA06bIBAKOLLEN OTPACIIN.

Bnaropaps paspaboTke komnanun HARTING,
perynsipHoe NoAKoHeHNe 1 OTKITKHEHVE ONTH-
YecKumx kabernei B 3TUX cpefax CTaHoBUTCS 60-
nee NpoCTbIM MO CPABHEHWIO CO CTaHAAPTHLIMU
ONTUHECKUMU Kabenamu. YHUBepcabHbIn ABY-
HanpasfeHHbIN HTepdEenc COeanHUTENS Mo-
3BONIAET n3bexarb MPUMEHEHUs OOMONHUTEb-
HOro apganTepa [ COCTbIKOBKM.

[aHHOe peLleHre MOXHO MCMoJfb30BaTh
Jaxe B Ka4ecTBe NpOCTOro yanuHuTens, no-
CKOJIbKY HE HY>XHO 6eCroKouTCsi 0 Hanpasse-
HUM YKNaaKu — BUNKa 1 po3eTka MMetoT ofuHa-
KOBblE conpsiraemMble NOBEpXHOCTU. B pesynb-
TaTte 3aKka3quMK 3KOHOMUT Bpems 1 3aTparthbl,
eMy He HYXHO 6ecrnokouTcs 06 UHTepdence
OTBETHOW 4acTu.

Takum o6pasom, pewenne HARTING npume-
HMMO B 0651aCTAX C 9KCTpemMasibHbIMU Hebna-
rONPUATHBIMW YCMOBUSMW JKCrilyatauum, B KO-
TOPbIX CTAHAAPTHbIE ONTUHECKNE COEQUHUTENN
nokasasu CBOK HEHaAEXHOCTb Y MPUMEHEHNE
OMTOBOOKOHHBIX CUCTEM ObISIO MPOCTO HEBO3-
MOXHbIM. TOPHOMPOXOAYECKOEe U TYHHENbHOE
o6opynoBaHve — BCEro NuiLLb Ba npumepa us
MHOMMX BO3MOXHbIX NpUMeHeHuin. KabenbHble
c60opku ¢ TexHonornen Expanded Beam moryT
TakXXe MCronb30BaTbCa Ans 6bICTPOro CETEBOro
NOAKIHOHEHNS KOHLIEPTHOrO 060pYA0BaHUsA, Ha
CTPOWKE N B KOHTENHEPHBIX NopTax.

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

PAAMAHMOHHO-CTOVIKME
DC/DC-nPEOEPA3OBATENN
And KOCMU4YECKUX ANMMAPATOB C
70-BONbTOBOW CUIIOBOW CETbIO
MoppaspeneHne komnaHum Infineon Tech-
nology Company — International Rectifier HiRel
Products, paspabatbiBatoLLiee 1 Npon3Boas-
LLiee KOMMOHEHTbI ANs aBUaLMOHHO-KOCMUYe-
CKMX 1 060POHHBIX NPUMEHEHWUI, 06BbABKNA O
Hayane NocTaBoK paguaumMoHHo-cTonkmnx DC/
DC-npeo6pagosarenewn cepun GHP70, npen-
HasHa4YeHHbIX ANa paboTbl B cMCTEMAaX dN1eK-
TponuTaHus kocmuyeckux annapartos (KA) co
CTabUNN3NPOBAHHBLIM MPOMEXYTOYHBLIM Harps-
XeHreM nocTosiHHoro Toka 70 B.
[oBbILLEHWE hYHKLMOHANBHOCTN 6OPTOBOM
annapaTypbl COBPEMEHHbIX KOCMUYECKUX ar-
napartoB BefET K MOBbILLEHWIO 3N1IEKTPONoTpe-
6neHuns. YMeHbLLeHne yaesnibHON mMaccbl cu-
CTeM 23neKkTpocHabxeHusi obecrnevmsaeTcs
NPUMEHEHNEM CUCTEM INEKTPOMNUTaHUS C NO-
CTOSIHHBIM MOBbILLEHHLIM HanNpsXeHveM. B 3a-
PY6EXHbIX KOCMUYECKNX annapaTtax U KoCMu-

Ha npasax peknambi

YeCKMX CTaHUMSX MOCTOSHHOE MOBbILLEHHOE
HanpsKeHne LUMPOKO MPUMEHSAETCA B CUIO-
BOW ceTu. Hanpumep, B KOCMUYECKMUX anmna-
paTax HaBUraLMOHHOM CNYTHUKOBOW CUCTEMBI
GPS |l npumeHsieTcs ceTb NOCTOSIHHOTO Ha-
npsbkenns 70 B. CnytHukm GPS I, cosgaHHble
komnaHuel Lockheed Martin Space Systems,
06€eCneymBatoT NOBbILLEHHYH TOYHOCTb U B BO-
CeMb pa3 MoBbILLEHHYIO 3aLUMTy OT Nomex 3a
CHéT MOLLHOCTU curHana.

Mpeo6pasosatenu cepun GHP70 BbInoNHe-
Hbl MO OQHOTaAKTHOW MPSIMOXOLOBOW CTPYKTY-
pe ¢ hMKCUPOBAHHOWM YaCTOTOW nepekoYe-
Hus (450...550 kI'L) cunoBoro TpaHaucTopa
N TpaHchopMaTOpHON Pa3BA3KON B KOHType
obpaTHOM cBA3W. Ha BXxofde yCTaHOBMEH Mo-
MeXonofaBnsAoLLMA PUnbLTP, B KOTOPOM Npu-
MEHSIHOTCA MHOIOCIIOWHbIE KepaMUYecKue KOH-
OeHcaTopbl, npoLuealmne XECTKUA BXOOHOM
KOHTPOSb AN 06ecrneyeHns onTManbHON Ha-
OéxHocTw. MNMpumeHeHne AByX3BEHHON OUITb-
Tpauumn obecneymBaeT CHUXKEHNE YPOBHS NO-
MeX BO BXOAHbIX U BbIXOAHbIX LLUMHAX, reHepu-
pyeMbIx npeobpasoBarenem.

DYHKUMS ANCTAHLMOHHOMO BKITOYEHUA-OT-
KIOYEHUS 1 BXOL/BbIXOA, CUrHana CUHXPOHU-
3aumMm NO3BONAIOT NErko 06beANHATL 3TN MO-
Oynu B 6onee MOLLHbIE 9HepreTu4eckne cu-
ctembl. OcHOBaHWe Kopnyca BbIMOMIHEHO U3
cnnasa AlSiC (antoMuHWiA ¢ Kapbraom Kpem-
HYSA), @ KONMbLEBOW LUNAHIOYT — U3 XeNe3Ho-
Hykenesoro cnpasa (Alloy 48) ons MuHUMK3a-
Ln Maccbl M 06ecrneyeHns MoBbILLEHHON XECT-
KOCTW KOHCTPYKUMW. KpbiLLKa BbINOMHEeHa 13
kob6anbT-HMKENeBoro cnnaea (kosap). Macca
kopnyca npeobpasosatens meree 110 r. Na-
6apuTHble pa3mepbl koprnyca mogyns GHP70
(LW x T xB): 76,2 x 50,8 x 12,07 mm.

OCHOBHbIE TEXHUYECKMNE XapaKTEPUCTUKK
cepum GHP70:
® [avanasoH BXOAHOro HanpsixeHus 60...100 B;
@ rnpefenbHas HakornneHHasa aosa > 100 kpag

(B KpemHun);
® rapaHTVpyeTcs OTCYTCTBME OAMHOYHbIX 3¢-

(heKTOB Mp¥ MOPOroBbIX IMHEVHBIX MOTEPSX

aHeprum (/M) noHa go 82 MaBecm?/mr;

@ BbIXofHas MoLHocTb 1o 120 BT;
® OfiHO- N ABYXKaHalbHble MOAENV C BbIXOf-

HbIMW HanpsbxeHuamu 3,3; 5; 6; 12; 15; £5;

+12n +15B;

@ Bbicokuin KM — oo 86%;
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® OnanasoH pabo4yux Temnepatyp -55...
+125°C (pekoMmeHOyemas TemnepaTypa
kopnyca);

® Jvana3oH TemnepaTtyp XpaHeHusi —55...
+125°C;

@ ranbBaHUYeckas pa3Bsidka Mexay nepeuy-
HOW 1 BTOPUYHOW Lienbio 200 B (MOCTOSHHBIN
TOK), conpoTuenenne nzonsaumum 100 MOm.

® CepBYCHbIE PYHKLWN: 6TOKMPOBKA MPU MOHM-
XKEHHOM BXOOHOM HanpsiXeHWU, 3aLLmTa oT KO-
POTKOrO 3aMblKaH1sA 1 Neperpyskun, AUCTaHum-
OHHOE BKJTOHYEHWE/BbIKITIO4EHNE, BXOAbI s
curHana CUHXpOoHM3auum YacToTbl Npeobpa-
30BaHUs, BbIXO[, CUrHaNa CUHXPOHMU3aLmK, pe-
ryMPOBKa BbIXOAHOIO HAMPSHXXEHWs (A5 of-
HOKaHaJlbHbIX MOieNnen), BO3SMOXHOCTb MoA-
KITO4EHNSA BHELLIHE 06paTHOM CBA3N.

www.irf.com/hirel

MPOCTBLIE U YNIPABNASEMBIE
HAMPS)KEHUEM KBAPLIEBbIE
reHepATOPbl B SMD-koPnycax

AO «MOPWOH», Benyllee npeanpustue
Poccun 1 ofH 13 MUPOBBIX NMAEPOB B 06-
nactu pa3paboTku 1 CEepUNHOro Mpon3BoacTBa
NPEeLM3NOHHBIX MbE303NEKTPOHHLIX NPUGOPOB
cTabunmaaumm 1 cenekLmmn 4acToTbl, 3anycka-
eT HoBOe 71 cebsi HanpaBeHne — CepUHbIn

HI\HH\_H\\\HH\\\\
200 210

BbINyCK MPOCTbIX W YNpaBnseMbIX Hanpsike-
HMEeM KBapLeBbIX reHepaTopoB B Koprycax
AN MOBEPXHOCTHOro MoHTaxa: MK355- wn
K356-YH.

["eHepaTopbl 6bINM OCBOEHBLI B NMPOU3BOA-
CTBe B CBA3U C BO3POCLUMMM 3 MOCIIE[HUN rof,
3anpocamMu Ha 3amMmeHy NMoA06HbIX UMMOPTHBIX
reHepaTopoB Ha OTEHECTBEHHbIE.

0Oco060 He06XOAMMO OTMETUTb PaCLLUMPEH-
HbI Arana3oH pabo4nx Temnepartyp reHeparo-
pa NK355-1 B nHtepsane -55...+125°C. Cywm-
MapHasi HeCTabMNbHOCTbL HYacTOThl (TOYHOCTb
HaCTpOVKK, TeMnepaTtypHas HecTabunbHOCTb
B UHTepBare paboymx Temneparyp, JONroBpe-
MeHHas HecTabunbHOCTb YacToThl 3a 10 neT,
HEeCcTabunbHOCTb YaCTOTbl OT UBMEHEHUS Ha-
NPSHKEHNs MUTaHUA W Harpy3ku) coctaenset
MeHee +50 x107°.

OcHoBHble napameTpbl FK355-M1:
® amanasoH yactot oT 1,4 go 400 MI'u;

e obLasn HeCTabunbHOCTb
0o +20 x107°

® OMana3oH pabo4ymx TemnepaTtyp -55...

+125°C;

HanpsbkeHue nutanus: 2,5; 3,3 n 5,0 B;

@ BbIxogHoi curHan: KMOI, LVPECL, LVDS;

e paamepbl SMD-kopnyca: 5 x 3,2 x 1,4 n
7 x5x1,8 Mmm;

® BbICOKME HaIEXXHOCTHbIE XapaKTEPUCTUKN.
OcHoBHble napameTpbl [K356-YH:

® OmanasoH YacToT oT 8 fo 74 MI'y;

HacToThl

e obuwas HECTabUNbHOCTb 4acToTbl
0o +20 x10°5;

® npepgenbl nepecTporiku 4acToThbl
0o +100 x107°%;

® [uanasoH pabo4unx Temnepatyp —40...+85°C;

@ HanpsbkeHue nutaHusa 3,3 B;

® BbIXxofHou curHan: KMOIT;

® pasmepbl SMD-kopnyca: 5 x 3,2 x 1,4 n

7 x5x1,8 Mm;
® HU3KMI ypOBEHb (Da30BbIX LLYMOB.
OCHOBHble 0611aCTV MPUMEHEHUS: KOMMY-
HUKaLMOHHOE U MeJMLMHCKOe 060pyaoBaHue,
6ecnpoBofHble ceTn, SONET-, SDH-, Ethernet-
060pyfoBaHve, MPOMbILLMIEHHbIE KOHTPOe-
pbl 1 T.4.
http://www.morion.com.ru/rus/
Ten.: (812) 350-7572, (812) 350-9243
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PbIHOK MUKPO3NIEKTPOHUKM: «TOUYKU POCTA» €CTb
OJHaKOo 3HAYMTENIbHOr0 CABKUra B Pa3BUTUN TEXHONOTWIA
0TE4YeCTBEHHOWN ANEKTPOHUKKN XOaTb He CTOUT

B npepbiaywme aBa roga Ha MUPOBOM PbIHKE 3NIEKTPOHUKUN Habnoganach
ctarHauus. Ha 2017-1 nporHo3 6osiee ONTUMUCTUYHbIN: aHANIUTUKKN
OXUAAKT POCT Ha YpoBHE 6,5%. YunTbiBas TEKyLLy CUTyaLUIo B psjae
KJ1H04YEBbIX CEKTOPOB — NMOTPE6UTENIbCKOW, MPOMbILLIIEHHOW 3/1IEKTPOHUKE,
aBTOMaTU3aLUK, NOJIOXKUTENbHAsA AMHaAMUKa AENCTBUTENIbHO HE UCKITIOYeHa.
Mexpgy Tem B oTHoWweHun Poccum BCE He CTONb OQHO3HA4YHO: Auc6anaHcbl
B HaLMOHaNbHOW 9KOHOMMUKE npeponpeaesieHbl OTCYyTCTBMEM APalBEpPOB
pocTta. B 2015 roay pocCUINCKUIA PbIHOK MUKPO3NIEKTPOHHbIX KOMIMOHEHTOB
ynan Ha 14,3%, a B 2016-m — ewwé Ha 3,3%. BeposTHO, Aeno B Tom, 4TO

Hall pbIHOK pa3BUBaeTCsl B HECKOJIbKO Apyrov napagurme. FOTOB N OH K
TpaHCNSALMM MUPOBbIX TeHAEHUMI? OTBET Ha 3TOT BONPOC UCKANN YHaCTHUKN
KOHcpepeHuun, npowleaLler B pamkax BbictaBku SEMIEXPO Russia.

TPEHObI U APAWBEPDI

CuTyanus Ha MUPOBBIX PBIHKAX CKJIA-
JBIBAETCA MHTEPECHASA: B TO BPpEMS KaK
CIOA u crpanbl A3HaTCKO-TUXOOKeaH-
CKOT'O PETMOHA YKPEIUIAIOT O3UIIUN Ha
PBIHKE 3JIEKTPOHUKH, SAnToHuA 1 EBporia
CBOIO JO/IIO ToTepAnu. Tak, 3a mocaegHue
10 eT eBpONENCKUI U AITOHCKUIM PbIH-
KU COKPATWINCh Ha 18% 1 30%, a amepu-
KaHCKHI U peIHOK ATP BeIpoCu Ha 46%
u 79%, COOTBETCTBEHHO. B pesynbra-
T€, XOTsI AMEPUKAHCKHUE U €BPOIIECHCKUE
KOMIIAHHUH CEMYAC ABJIAIOTCA BJI/I€/IbIIA-
MU U pa3pabOTIYNKAMU KIIOYEBBIX TEXHO-
JIOTHH B JAHHOM cepe, C TOYKU 3PECHHUS
IIPOU3BO/ICTBA PBIHOK C/IBUTACTCS B CTO-
poHny Asuun. Ha 3TOM acnexkre aKIeHTHU-
pOBaJI BHUMAaHHUE JUPEKTOP IIO pa3BU-
THIO 6u3Heca B Poccuu Frost & Sullivan

3

BonocrtHoB Anekceii

Anekcern BOIOCTHOB, NPEJCTAaBUBIIMI
MOAPOOHBIN 0030p OCHOBHBIX TPEHIOB
I7I06QJIBHOTO PHIHKA MUKPO3IEKTPOHUKH.

ITo ero MHEHHIO, KIIOUYEBOHU TEH/ICH-
LIUEH CTAHEeT IIePexXo/l K MUHUATIOPU3a-
LIUH, YTO OYAET CIIOCOOCTBOBATD HE TOJIb-
KO Pa3BUTHIO 6ECIIPOBOAHBIX TEXHOIOT U
CBA3H, HO U YAOPOKAaHUIO KOMIIOHEHTHON
6a3p1. KpoMe TOr0, B MUpE aKTUBHO Pa3BU-
BAIOTCA ¥ BHEIPSAIOTCA «3€JIEHDBIE» TEXHO-
JIOTHH: 9KOJIOTHYECKH 6€30ITaCHBIE pelne-
HHUs HAGUPAIOT BCE GOMBIIYIO MOITYIsAP-
HOCTB CPEJI 3aMHTEPECOBAHHBIX CTOPOH.
OHUM U3 IVIABHBIX /IPAMBEPOB PA3BU-
THUSI PBIHKA IIOTYIIPOBOAHUKOB X MUKPO-
3JIEKTPOHHOH IPOMBIIUIEHHOCTH, BEPO-
SITHO, CTAHET TPEH/I, CBA3aHHBIN C IIOSB-
JIEHHEM HOBBIX TPEOOBAHUMH K CPEJCTBAM
XpaHEeHU:A, 00PAO6OTKH, HHTEPIIPETAIINU
M aHaIu3a UHOPMAITUU. DTO OOYCIOB-
JIEHO TEM, YTO KOJIHMYECTBO €KETHEBHO
OTPEOISIEMOM, TEHEPUPYEMOH U TIepe-
paGaTpiBacMO¥ HMHMOPMALHU CTPEMHU-
TEJIbHO PACTET: 32 MIOCACAHUE TPU-YETBIPE
rojia B MUpPe CO3/IaHO U IIepepaboTaHO B
Ppas3e1 6osblIe HUH(OPMAIIHH, YEM 32 BCIO
MPEABbIAYIYIO, U3BECTHYIO HAM, HCTOPHIO
4eJI0BEYECTBA.

3aMETHO YBEJIUYUIICSA UHTEPEC MHPO-
BOI'O COOOIIECTBA K BHEAPEHUIO TEXHOJIO-
I'dH UHyCTPUAAbHOTO MHTEpHETA Benei
M AaBTOMATU3ALUH IPOU3BOACTBA. Taxke
3KCIIEPT II0JIATAET, YTO HA PBIHKE JJIEK-
TPOHUKHU OyIyT JOMHHHPOBATb «HOCH-
MbIC» yCTpoOMcTBa (Wearables) — 3Ta
MHHOBALIMOHHAsI TEXHOJIOTHs, II03BO-
JIAIOIAs], B TOM YHCJI€, COBEPUICHCTBO-
BaTb CUCTEMBI CBSI3U, CEI'OHS JOBOJIBHO
YCIICIIHA Ha PBIHKE.

I[Ioka MUp CTPEMUTENBHO IEPEXOIUT
Ha YMHBIE TEXHOJIOTUH, POCCUIICKHE KOM-
IIAHHUH OCTOPOKHHUYAIOT U HE CTPEMSITCS
BKJIQ/IBIBATD CPEZACTBA B IIOIOOHBIEC TEXHO-
JIOTHH, IIOCKOJIbKY HE BUJIAIT B 9TOM CMBIC-
JIa ¥ HE TIOHUMAIOT, KAKHE KOHKYPEHTHbBIE
IIPEUMYIIECTBA U 9KOHOMHYECKYIO OT/A-
4y OHHU IIOJTy4at B uTore. COOTBETCTBEHHO,
B HAIlIEH CTPAHE BJIOKEHUA B TOT K€ IIPO-
MBIIIJIEHHBIN NHTEPHET BEm el OTHOCH-
TEJIbHO HEBEJIUKU, XOTS CIIPABE/VINBOCTH
Pasy CTOUT OTMETHUTD, YTO B ITOC/ICTHHUE
HECKOJIBKO JIET O HEOOXOIMMOCTH €TI0 BHE-
JPEHMS TOBOPST HA MHOTUX MEPOIIPUATH-
SIX, OSABJISIFOTCS 3AMHTEPECOBAHHBIE KOM-
maHuM. BipoueM, 110 O11eHKaM 3KCIIepPTOB,
CTaHKHM Y HAC II0KA TOKE HE CAMBIE YMHBIE,
Jla ¥ IIPOMBIIUICHHBIE POOOTHI UCIIOb-
3YIOTCsI, CKOpee, TOUEYHO U 6€3 0cO60T0
IHTY3HA3MA.

Em€ oH aKTyabHBIN TPEH/] KACAET-
Cs1 Pa3BUTUSI ABTOMOOHUIBHOM IIPOMBIIII-
JIEHHOCTU: TIOABJISIIOTCS YMHBIE AaBTOMO-
OW/IH, KOTOPBIE CTAHOBATCS HOCUTEIIMA
BCE OOJIBIIETO YUC/IA B3AUMO/IEHCTBYIO-
IIMX IPYT C JPYT'OM KOMIIOHEHTOB. Bckope
ABTOMOOWIb BIIOJTHE MOYKET CTATh HEKOM
1aTopmoit, Ha 6a3e KOTOPOH IIPOU3-
BOJIUTEIN OYIyT YCTAHABINBATD PA3IHY-
HbI€ TEXHOJIOI'UH, YTO OTKPOET HOBBIE BO3-
MO>KHOCTH HE TOJIBKO JIJIs1 BOJJUTEJICH, HO
U 71 IPOU3BOTUTEIE MUKPOTIECKTPOH-
HBIX YCTPOHUCTB, U UMIIOPTEPOB.

Byzer nmu 3TOT TPEeH], BOCTPeOOBaH B
Poccun? Cripoc Ha TEXHOJIOTHU TAKOTO
poZia CO CTOPOHBI KPYIIHBIX IIPOU3BO/IH-
TEJIEH €CTh: OHU UIILYT TEXHOJIOTHYECKUX
NapTHEPOB, IIBITAIOTCSA CAMH Pa3padbaThI-
BaTb KAKHE-TO HOY-Xay, HO CTEIICHb JIOKA-
Jau3anyuu B Poccuu KOMITAaHUH — IIPOU3-
BO/IUTEJICH JIETKOBBIX U TAK HA3bIBACMBIX
KOMMEPUYECKHUX aBTOMOOWIEH OTHOCH-
TEJIBHO HEBBICOKASI, KOMIIOHEHTHAs 6a3a
JUUISI HUX 3aBO3UTCSA B BHU/JIE MOJIyJIEH U3-32
rpaHuIbL. BmecTe ¢ TeM y ITO/1aB/IAIONIEro
GOJBUINHCTBA AaBTOIIPOU3BOJUTENICH €CTh
onpeenéHHbIE KOBEHAHTBI — 00513aTENb-
CTBA 11O JAJTBbHEHIIECH JOKATU3AIUN TEX
WIN UHBIX Y3JIOB aBTOMOOMJIA: HE TOJIb-
KO JBUT'ATEJIsA, IACCH, HO U 3JEKTPOH-
HOU HA4YMHKUA. COOTBETCTBEHHO, PAaHO
WJIH IO3/THO BCTAHET BOIIPOC O TOM, UTO-
OBl 4aCTh 3TUX KOMIIOHEHTOB pa3paba-
TBIBATh, IPOU3BOAUTL B Poccuu ¢ yuétom
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TPEOOBAHUI HANIETO PBIHKA, HO IIOUAYT
JIM IPOM3BOJUTEIN HA JAJIbHEHIIYIO JIOKA-
JIM3AIUIO C CEPbE3HBIMU OObEMAMU, 3aABU-
CHT OT TOT'O, KaK O6y/IeT ce6s1 BECTH POCCHI-
CKHUH PBIHOK. K TOMY k€ IPOU3BOIUTEIN
3aHMHTEPECOBAHBI PA6OTATD HE TOJIBKO HA
BHYTPEHHEM PBIHKE, OHU XOTAT dKCIIOP-
TUPOBATh B cTpanbl CHI, Asun, biinkae-
10 BocToka, JIaTUHCKOM AMEPUKH.

DKCIEPTHI YBEPEHBI: MUPOBOI PBIHOK
MMKPO3JIEKTPOHUKH BEPHETCS K 3/I0POBO-
MYy POCTY B OIMKaHIINE NATh JIeT. [Ipaii-
BEPOM, 110 BCEHM BUJUMOCTH, BBICTYIIUT
A3naTCKO-THXOOKEaHCKUH PETUOH, BElb
601ee 60% OT 06LIEH TOIU PHIHKA MUKPO-
JIEKTPOHHBIX KOMIIOHEHTOB B HACTO-
SAIIAA MOMEHT IPHHAIEKUT HMEHHO
crpanam ATP. Tocygapcrsa CeBepHON U
IOxHO¥ AMEPUKM 3AaMETHO OTCTAIOT, UX
JI0JIs1 COCTABIISIET OKOJIO 19%, a Ha EBpo-
1y ¥ SINOHMIO IPUXOJUTCS BCETO 110 10%

«B mepuoj 2010-2016 rosoB TEMIIbI
POCTa MUPOBOI'O PBIHKA MUKPO3JIEKTPO-
HUKH COCTABJISIN B CPEeTHEM 2,2% B TO/,
IIpu 3TOoM 32 OOGO3HAYEHHBIH IEPHO/L
06BEM pBIHKA YBEIHMYWICA Ha $41 viipp,
u B 2016 roxy pocrur $339 mipj. Kera-
TH, B 2010-M 3TOT K€ TOKA3aTEe/Ib ObUI
paBeH $298 MipJ, — KOMMEHTHPYET
Anexcert BonoctHos. — B 2017 roay, no
IPOrHO3aM, OObEM PBIHKA YBEJTUYUTCS
710 $361 MJIpA, a YKE B CIIEIYIOIIEM — JIO
$369 mMuap/1. B 9TOI CBA3H OXKHU/TAEMBIC TEM-
el pocra 6,5% u 2,3%, COOTBETCTBEHHO.
B ropnsoHTe GJIMEKANIINX IIATH JIET ITO3U-
LIUH JTU/IEPOB COXPAHAT 32 CO60H Kurari,
Manarisus, TariBanb, CuHranyp, KOxxnas
Kopesa u CIIA. C TOYKH 3pE€HUsT CTUMY-
JIMPOBAHMS CIIPOCA HA IIPOAYKIIHIO IIPO-
U3BOJICTBEHHBIX IIPEJIPUSITHI, OCHOB-
HBIMH JIPANBEPAMH PA3BUTHA MHPOBOM
MHUKPOIEKTPOHHOH IPOMBIIIIEHHOCTHA
CTaHYT: aBTOMOOWIBHAS U TEJIEKOMMYHH-
KAIIMOHHAsI IPOMBIILIEHHOCTD, POOOTO-
TEXHHUKA, UHAYCTPHS 37IPABOOXPAHEHUS,
IOTPEOUTENBCKAS ANEKTPOHUKA 1 UHTEP-
HET BEIIECH.

NABHbIN 3AKA3YUK —
rocyaAPCTBO

Bo3Bpamasce K CUTyalldu Ha OTeue-
CTBEHHOM pPBIHKE, AJleKcer BOJIOCTHOB
OTMETHJI: YYUTHIBAS TEH/ICHITUIO IIOCTIC -
HUX JBYX JIET IIO0 COKPAIICHUIO OOBE-
Ma pbIHKA (110 cpaBHeHUIO ¢ 2014-M B
2015-m oH ymeHbIIICsa Ha 14,3% — ¢ $2,8
710 2,4 MUIPJ, 4 IO U'TOTaM IIPOILIOTO roja
CHIJKEHME COCTAaBUJIIO 3,3%, pPpIHOK COKpPa-
THIICA C $2,4 10 2,3 MIPA), IPOUCXOIUBIIIE-
ro Ha (pOHE OOIIETO CIIaJa B SKOHOMHUKE
crpanbl, B 2017 rogy Bpsj, id CTOUT pac-
CYHTBHIBATH HA ITOJIOKUTEIBHYIO ITMHAMU-

KY, CKOpee, HY’KHO OBITh TOTOBBIMH K CTAT-
Hauuu. Keraty, 1oas Poccuu B CTpyKType
MHPOBOI'O PBIHKA ITO-IIPEKHEMY OCTAETCS
HE3HAYHTEIbHOM — Bcero 0,7%.

CpaBHEHHUE IBYX PBIHKOB — ITIOGAIBHO-
T'O ¥ POCCUHCKOI'O — TAKKE OOXOIUTCS 6€e3
HEOKU/IAHHOCTEH: HA MUPOBOM — BEZY-
M€ TO3UIINU Y CETMEHTOB IIPOMBIIIICH-
HOH JIEKTPOHHUKHU U NMOTPEOUTETHCKUX
TOBAPOB, HA HAIIIEM K€ 3HAYMUTEIbHYIO
9acTh 3aHuMaeT cexrop OIIK. [JercTBu-
TEJIBHO, 3aBHCUMOCTH OTEYECTBEHHOM
MHKPO3JIEKTPOHHOM IIPOMBIIITIEHHOCTH
OT pETHU3AIUU I'OCYJaPCTBEHHBIX IIPO-
rpaMM, B IIEPBYIO OY€PEAb B AAPOKOCMHU-
YECKOH U OG0OPOHHOI OTPACIIAX, HU JIs
KOTO He ABJIICTCA ceKpeToM. TakuMm obpa-
30M, 45% BCEX MIPOU3BOJUMBIX CCTOHS B
CTPaHe MUKPO3JIEKTPOHHBIX KOMIIOHEH-
TOB — IIOJTYIIPOBOJJHUKOBBIX COCTABJISIO-
IIMX, MUKPOCXEM U YHMIIOB, IOTPEOIIACT-
CS IPEJIIPUATHAMYI AaBUALIMOHHOM U 000-
POHHOM IIPOMBINUIEHHOCTH. K CJIOBY, Ha
KOMIIaHHH, paboTaromue B chepe sHep-
T'€THKH, ME/TUITUHBI U IPUOOPOCTPOEHUH,
CYMMAapHO IPUXOJUTCA 32%; A HA MaJIbIe
U CPEHUE IPEIPUATHA, CIIENUATTU3UPY-
IOIIHECS] HA IIPOU3BO/ICTBE NOTPEOUTEIb-
CKOM 3JIEKTPOHHUKH — TOJIBKO 11%.

COXpPaHSIOMASICS TEHICHITUS HA JIOMH-
HUPOBAHUE B JIAHHOM CEKTOPE B Kaye-
CTBE 3aKa34yHhKa IOCyJapCTBa HABOJMUT
Ha MBICJIb, YTO OHO CTPEMUTCS KOHCOJIM-
JHUPOBATHh UMEIONINECS AKTUBBI B CEKTO-
pP€ MHUKPOJIEKTPOHUKHU B Poccuu, XOTs
B GOJBIIMHCTBE Pa3BUTHIX CTPAH CIIPOC
Ha IIPOJYKITUIO 3aBOAOB (pOPMUPYETCS B
YaCTHOM CEKTOpE.

«J17151 CpaBHEHUsA, HA CETMEHT TEJICKOM-
MYHUKAIIUH TAM IIPUXO/UTCS B CPEHEM
31,5% Bcex 3aKa3oB, HA cepy IIPOU3-
BO/ICTBA IEPCOHATBHBIX KOMIIBIOTEPOB —
29,5%, Ha aBroMobmiecTrpoenue — 11,6%.
B cTpyKType NOTPEGIECHUS MUKPOIIECK-
TPOHHUKHU B MUPE I'OCYJJAPCTBEHHBIEC 3aKa-
3bI COCTABIAIOT OKOJIO 13,9%», — yTOUHHII
Anexcer BonocTHOB.

ITo ero ci1oBam, KAKOTO-TO 3HAYUTEb-
HOTO C/IBUI'A B Pa3BUTHH TEXHOJOTUH U
H3MEHEHHUS CTPYKTYpPBI CIIPpOCAa Ha POC-
CHMICKOM DPBIHKE 3JE€KTPOHHKH B OJIH-
JKayeM OyAyIeM JK1aTh He cToUuT. Tem
HE MeHee, BOOOPOHHOH U a9POKOCMHUYe-
CKOH OTpaC/ISIX pOCT cipoca 6yzaer obe-
CIIEYUBATHCH 32 CYET PA3PAOOTKU HOBBIX
BUJIOB BOOPYKEHHUA U B LIEJIOM YBETIHYE-
HUSI BOEHHBIX PACXO/JOB, CTPOUTEIHCTBA
ABUATIAHHEPOB U KOCMHUYECKHUX JIETATE/b-
HBIX allIIapaTOB. B aBTOMOOWIBHOU IIPO-
MBIIJIEHHOCTH — 34 CYET peannu3arnuu
IIPOrpaMM IO JIOKIHU3ALUHU IIPOU3BO/I-
CTBA COCTAB/ISIIONIUX M 3aIT49aCTEH, pas-

®panuy3osa Bukropus

BUTHSA U BHEAPEHUS CUCTEMBI «DPA-TJIO-
HACC». TaxKke MOKHO OKU/1ATh yBeIU4e-
HUSA CIIPOCA B CETMEHTE I'OCY/IapCTBEHHBIX
YCIYT, HAIIpUMMED, Ha YUIIbI JJIs IJIACTH-
KOBBIX KapT IVIATEXKHOM CUCTEMBI «Mup»
M 3JIEKTPOHHBIX IIOJIMCOB MEIUIIMHCKO-
ro CrpaxoBaHusA. B mepcriekruse ore-
YECTBEHHBIE JIEKTPOHHBIC KOMIIOHEH-
TBI MOTYT OBITh BOCTPEOOBAHBI B 37IPABO-
OXPaHEHHUH, A UMEHHO B METUIIMHCKUX
IPpUOOPAX, A TAKKE B PAJE JPYTUX OTPAC-
JIEH, BKJIIOYAs TEJICKOMMYHHUKAIIUU U HYX-
JIaIOLIYIOCS B MOJCPHU3ALIMU S9HEPTECTUKY.

HA rpaHu nrPoPbIBA?

O TeKylmHMX Mepax IroCyAapCTBEHHOMN
NOJJEPIKKH, IIpeJIaraeMblx MuHucTep-
CTBOM IIPOMBIIIJIEHHOCTH U TOPTOBJIH
P® B yacTu pasBuTHsA PAJIMOIEKTPOHHU-
KH, PACCKa3aia PyKOBOJAUTEID JeTapTa-
MEHTA 9KOHOMMYECKOTO pa3sutusa POII
AO JIHHM «DaeKTpOHHKA> BuUKTOpHA
DpaHIy30Ba.

Ona HanomHwia, 4yro IlpesugeHTom
Poccun niocrasiiena 3ajada nepej upe/-
MPUATHAMH OOGOPOHHO-IIPOMBIIUICHHO-
I'O KOMILIEKCA 110 IIEPEXOY HA TPAKIAH-
CKH€ PBIHKU M CO3/JAaHUIO BBICOKOTEX-
HOJIOTUYHOM NPOAYKLIUU. B 3TOM CBA3MN
npeanpusaTusam OIIK Heo6Xo1uMo, B nep-
BYIO O4€PE/lb, MTHTETPUPOBATHCA B MUPO-
BbI€ TPEH/IbI, CYIIECTBYIOIHUE HA ITI00AIb-
HOM PBIHKE; BO-BTOPBIX, HAy4UTHCS IIPH-
BJIEKATb YMHbIE€ MHBECTUIIMH, A B-TPETbUX,
YAEIUTD JIO/DKHOE BHUMAHHUE KaJJPpOBOM
NOJUTHKE — HA IpeanpuaTuax OIIK, cun-
TAET JOKJIATUUK, CEPbE3HBIE IPOOIEMBI B
JIAaHHOM O6/IaCTH.

Beixoaur, ceryac camoe BpeMs BOC-
I10JIb30BATHCSA UMEIOIMMHMCA MEXAHU3Ma-
MU IOCyJJapCTBEHHOMH MO EPKKU, 60Iee
TOro — rocnozxa dpanHiry3osa IpU3BaIa
YYaCTHHUKOB PBIHKA HE OCTABATHCS B CTO-
POHE, BBIXO/IUTh C HHULIMATHBOU OTHOCH-
TEJIbHO UX YCOBEPIIEHCTBOBAHUSL.
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«ITO UMEIOHUMCS OLICHKAM, HAa KOHEI]
2016 ro/1a 06'bEM MUPOBOTO PHIHKA PA/IHO-
TIEKTPOHUKH COCTABHJI OKOJIO $2,8 TpJIH.
ITpu 3TOM HAUOOJBIIAS JOMS, TOPAIKA
$2 TpaH, NPUXOANTCA HAa KOHEYHBIE U3/1e-
JIHs1, — TIOACHSIET TOKIAAIUK. — Booo6iie,
Ha MHPOBOM PBIHKE PA/IMO3JIEKTPOHHOM
MPOAYKIIUU OTMEYAETCS TEHACHIIMA CyLIe-
CTBEHHOI'O POCTA CErMEHTA I'PAXKIAHCKOM
3JIEKTPOHHUKH, 4 UMEHHO — KOMILIECKTY-
IOIIHUX U KOHEYHOH PAJIUO3IEKTPOHHON
MPOJYKIIUH ITPO(DECCHOHATBHOI'O IIPUMeE-
HeHus. KeraTy, ppIHOK BOGHHOM IIPOJYK-
LIUH, UMEIO B BUY CIIEIIUAIBbHYIO aIllla-
paTypy, HE IPEACTABIACTCA KJIIOUYEBBIM
JIpaliBEPOM POCTA OTPACIH B CBA3H C €I'0
OTHOCHUTEIbHO MAJION €MKOCTbBIO M OI'pa-
HUYEHHBIMU TEMIIAMHU POCTA».

Bukropus OTMETHIA: IPU Pa3paboTKe
TrOCYAApPCTBEHHON IIpOrpaMmsl Poccuri-
cxkon denepanyu «Pa3zBuTHE 31EKTPOH-
HOH U paINO3JIEKTPOHHOH IIPOMBIIIICH-
HOCTH HA 2013-2025 roas» NIpOBOTWICA
AHAJIU3 PBIHKA PAJUOJICKTPOHUKY B Pa3-
HBIX CTPAaHAX MUPA, B PE3Yy/IbTATE BBIJC-
JIEHBI TPU KJIIOUEBbIE MOJE/IN PA3BUTHA
PaguO3IEKTPOHHBIX IIPOU3BOICTB: COO-
pOYHOE IIPOU3BOJCTBO; Pa3padoTKa U
IIPOEKTUPOBAHME; IIOJHBIA LMK CO3-
ganua npoaykuuu (IDM). Mexay Tem,
MO/JIEJIb PAa3BUTUA POCCHUICKOM pPaHo-
3JIEKTPOHHOM IIPOMBIIIJIEHHOCTH HA JIaH-
HBII MOMEHT OKOHYATEIbHO HE OlIpeere-
HA, OHAKO IIE€PCIIEKTUBHBIMU CUUTAIOTCS
JIBA ITyTH PA3BUTHSA: B CBA3H C TEM, YTO MbI
0061a1a€M JOCTATOYHO BBICOKMM HAy4YHO-
TEXHOJOI'NYECKUM IIOTEHIIMAIOM, MOXK-
HO 00paTUTh BHUMAaHHE HA MOJE/b pa3-
PaGOTKHU U IPOEKTUPOBAHUA IIPOJYKIINH,
4 TAKKE HA MOJIEJIb IIOJTHOT'O ITUKJIA.

JJOKIa/TYUK YOEK/IEH: B KAYECTBE JIBU-
ratesis Iporpecca OJMKauImx AeCaTH-
JIETUH CTOUT PACCMATPUBATL <«UHEPOP-
CTPEMHUTEIBHO paCTyIIHe
MH(OPMAITMOHHBIEC TOTOKU MOOYKIAIOT

MaIUIO» —

K BHEJIPEHUIO ONEPEKAIONIUX TEXHOJIO-
ruit. Takue TpeHAbl, Kak 3(hHEeKTUBHOE
yIpaBjaeHUE UHHOPMALTUOHHBIMU I10TO-
KaMU; IOSIBJIEHUE TEXHOIOTUH Pa3padoT-
KU U IIPOU3BOJCTBA BHICOKOIIPOU3BO/HU-
TEJIbHBIX CHUCTEM; ABTOMATHU3AlMsA IIPO-
MBINUIEHHOCTH H JKM3HeOOeCIedyeHus
U COOTBETCTBYIOIIHE MM TEXHOJOTUU
(HaAIpuMep, ceTu NoKoaeHus 5G, BigData,
COLMAJIbHAS U IIPOMBIIIUIEHHASI POOOTO-
TEXHUKA, <yMHBIH I'OPOJ») CIIOCOOCTBY-
IOT IIOSIBJICHUIO HOBBIX HHUII U BO3MOXK-
HOCTEH I PAa3BUTHS OTPACIHN B LIEJIOM
U OTJEJIbHBIX MHHOBAIIUOHHBIX IIPOEK-
TOB B YaCTHOCTH.

Buxkropusa @paniy30Ba yroOYHWIA: IPU
AHAJIN3€ PBIHKA BBIICJICHO YEThIPE KIIIO-
4YeBBIX HAIIPABJICHUs, KOTOPBIEC HA TEKY-
U MOMEHT CYHUTAIOTCS IEPCIEKTHUB-
HBIMH BO BCEM MHpe, BKIouyasa Poccuro.
B xauecTBE IPUOPUTETHBIX «TOYEK POCTA»
JIIA TOCYIapCTBEHHOM (POKYCHPOBAaHHOM
MOAJIEPKKU PA3BUTHSA PAJUOIICKTPOHU-
KU OIIPEJIE/IEHBI CETMEHTBI, 00JIaaI0IIIE
MaKCUMaJIBHBIM PBIHOYHBIM IIOTECHIIHA-
JIOM M HAYyYHO-TEXHHYCCKHM 337 €C/IOM.

Peub naéT 0 cCUCTEMAX MHTE/IJIEKTYAJIbHO-
I'O YIIPAaBJIE€HHA U POOOTOTEXHUKE, TEJle-
KOMMYHHUKAIIUAX, BBIYUCTUTEIBHOM TEX-
HUKE, CIECIUAIBHOM TEXHOJIOIHYECKOM
O6OPYIOBAHUU 1T MHKPOJIEKTPOHU-
KU, B TOM 4YHCJIE CUCTEMAX UHTEJUIEKTY-
AJILHOTI'O YIIPABJIEHUS, H HEITIOCPEACTBEH-
HO CaMOH MHUKPO3JIEKTPOHHKE.

«B paMKax HOBOM IOCYJapCTBEHHOI
NPOIPAMMBI IIPEAYCMATPUBAETCA TPHU
KJIIOYEBBIX HAIIPaBIeHUA (PMHAHCOBOM
NOJAEPKKH. B OCHOBY IOCIIpOrpaMMbI
JIETJIA PE3YAbTATHI PAGOTEI IPEANIPUATHI
B paMKax (peepasbHOH IE€JIE€BOM IIPO-
rpaMMbl «Pa3zBuTHE 3JIEKTPOHHOM KOMIIO-
HEHTHOM 0a3bl U PAJUOJIEKTPOHUKHU HA
2008-2015 rogpl», — KOMMEHTHPYET CIIH-
Kep. — [Ipu aToM 061Ut 06'bEM (hUHAH-
CHPOBAHHs HOBOU IIPOrpamMmsl 10 2025
roja cocrasur 267,1 muapy py6Jieit, 1oso-
BHHA — IOCYJapPCTBEHHbIEC HHBECTULIVH.
Ha HUOKP 6yayT HanpaBjI€Hbl CYOCUAUHN
B pazmepe 96,4 mips py6Iaeit, Ha co3/ia-
HHE IIPOU3BOJICTBCHHOM 6436l — 4,2 MIPJ,
pyo7eii, Ha MPOU3BOJCTBO MUKPOIJIEK-
TPOHHOM IIPOAYKIMHU — 2,1 MiIpA pyGIei.

IIpu peanuszanuu pegepagrbHON 11e1e-
BOH IIPOI'PAMMBI AKLICHT JIEJIAJICA HA CO3-
JlaHUE TEXHOJIOTIHUH 3JIEKTPOHHO-KOMIIO-
HEHTHOM 6a3bl, (GPHHAHCUPOBAHUE pa3-
pabdoTOK OBUIO IPAMOE — rOCyAapCTBO
BBICTYIIAJI0 HEIIOCPE/JCTBEHHBIM 3aKa34H-
KOM IIPOEKTOB M BIIOCJIEICTBUH UMEHHO
€My IIPUHAJIEKAIH IIPaBa Ha pa3pabdoT-
ku. Ceryac NPUOPUTETOM I'OCYJAPCTBEH-
HOM INIPOrpaMMbl SABIAETCA CO3JaHUE
rOTOBOM KOHEYHOM IPOAYKIIUH, (pHAH-
CHPOBAaHHUE OCYILIECTB/IIETCA B (hpopMaTe
CyOCHUANPOBAHUSA, U BCSI COOCTBEHHOCTD
Ha PEe3yAbTAThl HHTE/IJICKTYaIbHOM Jies-
TEJIbHOCTHU NIPUHAJICKUT IPEAIPUATUAM.

YTO6H! IIPOKOHTPOIUPOBATE dPPEK-
THUBHOCTD PECAIN3ALIUH OTAECIbHBIX IIPO-
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€KTOB M I'OCIIPOrpaMMbl B LieJIOM, MUH-
IIPOMTOPT OIIPEIEINII LieIe€BbIe ITI0KA3a-
TEeU U UHAUKATOPBL Tak, k 2025 rogy
BBIPYYKA B CETMEHTE JJOKHA COCTABUTH
304,4 mupp pyoaei nporus 27,1 mupp,
py6neit B 2016-M; JOJISI OTEYECTBEHHO-
ro 0O60pYy/IOBAHHUS HA BHYTPECHHEM PBIH-
K€ JIOJDKHA BBIPACTH C 5,5 110 30%; 06'bEM
3KCIIOPTA OTEYECTBEHHOI'O O60PYAOBAHUA
IUIAHUPYIOT yBEINYUTh 60s1ee yeM B 10 (1)
pa3 10 $56,6 miH — B 2016-M 3TOT MOKa3a-
TeJb COCTABISLI $5,6 MITH.

«B rocrporpamMmy 3aJI0K€H IPOEKTHBIN
TNOAXOJ, 4 3TO 3HAYUT, YTO IIPEATIPUATHA
MOTYT BBIXOJUTb Ha COOTBETCTBYIOIIUI
KOHKYPC C IIPOEKTOM, HAXOAIIUMCS Ha
JI060M 3Tare peanusanuu. IIpu 3ToM
IIPUBETCTBYETCS IIUPOKA KOOIEpAIIs,
IIOCKOJIBKY HE€ BCE€ NPENPUATHS MOTIYT
MOXBACTATHCS IIOJHBIM ITUKJIOM CO37a-
HHUA IIPOJYKTA — OT Pa3pabOTKH O MPO-
HU3BOJCTBA. OJIOBHO MCIIOTHUTEIb IIPO-
€KTa BIIPABE IIPUBJIEYD JPYIHe IIPEAIIPH-
ATUSA /15 BBIIIOJIHEHUSA B PAMKAX IIPOEKTA
onpenesi€HHbIX QyHKIu. B 2016 roxy jyist
y4acTuss B IIpOrpamMme IocTymmwio 102
[IPOEKTA OT 56 OPraHU3AIUI, OHHU CEii-
yac peanusyrorcs. 1o Hamum Habmoe-
HUAM, YACTHBIC OPTaHU3AIIUU IIPOSIBIIA-
IOT GOJIBIIYIO AKTHBHOCTD, HEXKE/IH TOCY-
JapCTBEHHBIE: OT HUX NOCTYIIHJIO CBBIIIE
80% 1mpoeKTOB», — coobIIMIa BUKTOpHA
®paHIy30Ba.

Ona Taxke 06paTwiIa BHUMaHHUE KOJI-
JIET HA TO, YTO B OTPAC/IH (PyHKIIMOHUPY-
€T ¥ pa3pabaTeIBACTCs MUPOKHUI CIIEKTP
UHCTPYMEHTOB TOJICPIKKH, KOTOPBIMH
IPEJIPUATHS MOT'YT IIOJIb30BATBCA YXKE
CETOJH — BCE OHU PA6OTAIONTHE, NX MOXK-
HO HCIIOJIb30BATh I PEATU3AIIUH IIPOEK-
TOB M BBIBO/IA IIPOJYKIIMHU HA POCCUMCKHH
MU MEXKITYHAPOJHBIA PHIHKU. [I€HCTBUTEIb-
HO, TOMUMO (DHHAHCOBBIX U PETYIATOPHBIX
Mep IPABUTEIbCTBO IIBITAETCSA PEIIUTH
3a/1a4y NPOABIDKEHUS OTEYECTBEHHOH IIPO-
JYKLIUH, B PAMKaX KOTOPOH Peanu3yercs
OTPACIEBOU IVIAH UMIIOPTO3AMEIEHUA.

JIOKJIaIYHUK CUUTAET, YTO B HACTOAIIEE
BpeMsA PATMOIEKTPOHHAA IIPOMBIIUIEH-
HOCTb POccuu He IPOCTO BHIILIA HA Kade-
CTBEHHO HOBBIH YPOBEHb PA3BUTHSA, OHA
HAXOJHMTCA HA I'DAHHU CTPATErHYECKOIro
IPOPHIBA.

«3a rogpl peajr3aluu I'OCHPOrpamMMm
cpopMupOBaH CepbE3HBIN 3a/1€1 B 061a-
CTH HAaYKU U TEXHOJIOTHH, U C TOYKHU 3pe-
HUS IIPOU3BOACTBEHHBIX MOIIHOCTEH.
TeM He MEHEE, POCCUHCKUN PBIHOK BECh-
Ma OIPAaHHMYEH B Pa3BUTHU I'PAKIAH-
CKHX CErMEHTOB. CerogHs OTE€YECTBEH-
Hasl IPOJYKIMA HEKOHKYPEHTOCIIOCOO-
Ha Ha OTKPBITOM PBIHKE, IIPEXK/IE BCETO,

IO IIEHOBBIM XapaKTEPUCTHKAM H3-32
OTCYTCTBHUSI MACHITAGHPYEMOI'O CIIPO-
ca. B TakuxX yCIOBHAX yCIIEXa MOKHO
JOCTUYb JTUO6O0 B Y3KOCIECIIHATU3HPO-
BAaHHBIX HUIIAX, JTUO6O0 UCIIOIB3Ys I'OCy-
JIApCTBEHHBIEC HHCTPYMEHTBHI ITOJ/ICPIKKH.
B HACTOANINUIT MOMEHT I'OCYAAPCTBEHHBIE
HHCTPYMEHTBI pa0OTAIOT HA Pa3BUTHE
TEX CEIrMEHTOB, BIOXKECHUA B KOTOPBIC
1ayT MAKCUMAJIbHBI 9KOHOMHNYECKUH
3¢ deKT, 1 pa3zBUTHE KOTOPBIX 6Y/IET CIIO-
CO6CTBOBATH OOECIIEYEHUIO CTPATErHYC-
CKOM 6€30I1aCHOCTH CTPAHBI», — 3ASIBIJIA
rocrozka PpaHIry30Ba.

IIpOruo3 pasBuTHUs POCCUUCKOIO PhIH-
Ka PAIMOIICKTPOHUKH B 11€JIOM IOBOJIBHO
TIO3UTHUBHBIN: AHAIMTHKHU 110J1aTa0T, YTO
K 2030 rogy BeIpydka coctaBuT 4020 Mapg,
py6:eit (B 2016-M 3TOT TOKA3ATEb €/[BA
npeBpiclI 1 MiIpa pyobiieit); 3KCIopT
BpIpacTeT 70 oTMeTKH $10 200 MiH (IO
uroram 2016-ro nupsl CKpOMHee — BCe-
ro $3 475 MJIH); CTENIEHb H3HOCA 060PY/IO-
BaHUA CHU3UTCA 10 34,3% (cerogHs oHa
cocraBiseT 45,3%), a CpeHss 3arpy3kKa
TIIPOM3BOACTBA YBEIMYMUTCA 0 77,1% 11po-
THUB HbIHEIHUX 54,3%.

BormtoTuTcs 11 3alyMaHHOE B PEAIb-
HOCTb — IIOKQXXET BpEMs, HO HEKOTOPbIE
NPEJCTABUTEIN OTPACIH HACTPOCHBI
BE€CbMa OINTHUMHCTUYHO — KaK, HAIIpHU-
Mep, IPEACTABUTEIb MHBECTHIIMOHHO-
ro JIemapTaMeHTa areHTCTBa JaJIbHero
BocToKa 110 IPUBIEYEHUIO HHBECTULIUH
U nojzepsKke akcropra 'eopruit ®orun,
YIIOMSAHYBIIMH B CBOEM BBICTYIICHHH O
BO3MOJKHOCTAX Pa3BUTHUS MHUKPOIJICK-
TPOHHO! IIPOMBIIIJICHHOCTH [laIbHETO
Bocroxka.

ITo MHEHHIO CITHKEPA, IPEJIIOCBUIOK
JUIA PAa3BUTUA MUKPO3JIEKTPOHHOHU IIPO-
MBIIUIEHHOCTH B POCCHUH BIIOJTHE 10CTA-
TOYHO: 3TO ¥ IPUKa3 MUHIIPOMTOPIa 11O
HMIIOPTO3AMEIIEHUIO B PAIUO3IEKTPOH-
HO¥M IIPOMBIILIEHHOCTH, SABJIAIONMHICS
4aCThIO IPOrPAMMBI UMIIOPTO3aMeEIIE-
HUsA, peanusdyeMoi IIpasurenbcTBoM PD;
U POCT CIIPOCA HA MPOAYKIIMIO MHUKPO-
3JIEKTPOHUKH; U CYIIECTBEHHOE y/I0PO-
JKaHUE NPOAYKUHMH MHKDPO3JIEKTPOH-
HOU IIPOMBIIVIEHHOCTH, K Y€MY IIPHUBEIA
JeBarpBanys pyosas B 2014-2015 rogax.

«Y JanpHero BocTOKa CymiecTByioT
JIOIIOJTHUTE/IbHBIE IIPUUHHBI CTATh BEY-
UM LEHTPOM MHUKPOIJIEKTPOHHOU IIPO-
MBIIUIEHHOCTH, IIOCKOJIBKY 371E€Ch PEAIH-
3yIOTCSI 3HAYHMBIE IIPOEKTHI (pesrepab-
HOI'O YPOBH:I, KOTOPBIE, Mbl YOEK/ICHBDI,
OKaXXYT MYJIbTHIUIMKATHUBHBIN 3 deKT
Ha Pa3JIMYHbIE OTPACTHA POCCHUIICKOM KO-
HOMUKH, B TOM YU CJIE, MUKPOJICKTPOHU-
KY, — TOBOPUT IOKIAAYHUK. — Hampumep, B

®otun Meopruii

Komcomoibcke-Ha-AMype, ABJIAIONEMCH
BEAYIIMM IIEHTPOM MAITHHOCTPOEHHS HA
JanpHem BocToke, B TOM 4nCiIe, aBUaIU-
OHHOM IIPOMBIIUIEHHOCTH, Ha 6a3€ cyle-
CTBYIOIIMX IPEJNPHUATHI ITIAHUPYETCS
CO3/JaHHE MHAYCTPHUAJIBHOTO KJIACTEpPA.
Pa3BUBAIOTCA U OTAEIbHBIE BBICOKOTEX-
HOJIOI'MYHBIE METraIIPOEKTHI, K KOTOPBIM
MOKHO OTHECTH CO3/JaHHE KOCMOAPOMA
«BOCTOYHBIN» U CTPOUTENBLCTBO CYIOBEP-
¢du «3Be3a» — MOSABICHHE aBUAKOCMU-
YEeCKOr'o KIacrepa Ha 6a3e KocMoJIpoMa
OTKPOET HOBbIE BO3MOKHOCTH I IIPO-
U3BOJUTEJIEN MUKPOJIEKTPOHUKI.

TocygapcTBeHHAs TOJ/IEPKKA HHBECTO-
poB Ha JlansHeM BocToke pa3zHOOGpa3Ha:
3aMHTEPECOBAHHBIM CTOPOHAM TIOTO-
BBl IIPE/IJIOKUTDH JIBI'OTHBIN HAJIOTOBBIN
PEXHUM, YIIPOIIEHHOE PETYIUPOBAHUE U
IIPOLIEAYPDI, HU3KYIO CTOMMOCTD U BBICO-
KyIO JJOXOJHOCTb MHBECTHUIIHI, A TAKKE
IPEIOCTABUTh UHAPPACTPYKTYPY, pabo-
4y10 CwIy ¥ (puHaHCHUpoBaHue. OCHOBHOM
JK€ MEXAHM3M IOJJIEPKKU HHBECTOPA —
CO3/IaHUE TAK HA3bIBAEMBIX TEPPUTOPUH
OIIEPEKAIONIETO PA3BUTHA — HA JlaTbHEM
Bocroke yxe 17 Takux 30H. Bei3biBaer
HHTEpPEC U MeXaHN3M «CBOGOIHBII IOPT
BnasgnBoCTOKAa» — UMEIOTCA B BUy OOpa-
30BAaHUS B IIPUOPEKHOM 30HE C YIIPOIIEH-
HOM CUCTEMOM PETYIUPOBAHUA.

«Bo MHOTOM OJ1arofiapss MEXaHU3MaM
TOCYyAapCTBEHHOM NOAJEPKKH, Ha JJain-
HeM BocToke co3maHbl 61aronpUsaTHBIC
YCJIOBHA /I OCYIIECTBIEHHUS MHBECTHU-
MM, B TOM 4YHCJI€ B OTPACAHM MHKPO-
3JIEKTPOHUKHU. MBI CDABHUJIU HAJIOT'OBBIE,
AIMUHHUCTPATUBHBIE YCIOBUS, CTOUMOCTD
KOMMYHAQJIbHBIX YCJIYI' C KPYITHEUIINMH
CTpaHaMHu A3HaTCKO-TUXOOKEaHCKOTO
perrvoHa u CIIA ¥ IPUNUIM K BBIBOAY,
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4TO B POoccuu CkaipIBaroTcss KoMpopT-
HBIC YCJIIOBUSA I BEACHUS OU3HeEca, —
rosoput 'eoprunt ®oruH. — Pagymeercs,
HaM IIPEICTOUT CephbE3HAs paboTa, BEb
K 2020 rogy 10151 UMIIOPTA KOMILIEKTY-
IOIUX B TAKUX OTPACIAX, Kak IT, aBua-
CTPOCHUE U KOPAGIECTPOCHUE JO/LKHA
CHHU3UTBHCA B 1,5-2 pasa, a 3TO 3HAYMT,
HEOOXOAUMO YK€ CEHYac BOCHOJb30-
BATbCSI BO3MOXKHOCTAMH, IIPE/IATA€MbI-
MU I'OCYJapCTBOM>.

KWBEPrPAMOTHOCTDb
HA HYJIEBOM YPOBHE

B BEKk CTPEMHUTEIBHOIO Pa3BUTHSA
MH(POPMALTMOHHBIX TEXHOJIOTHH O0JIb-
1I0€ BHUMaHUE YEISAETCs TaKOH cde-
pe, Kak Kubéep6e301macHOCTh. ITo ctoBam
JUPEKTOPA IO PA3BUTHIO HAIIPABICHHUSA
0€30IIACHOCTH KPUTHYECKOH HHPpa-
CTPYKTYypHI «JIabopaTtopuu Kacriepckoro»
Anzpes CyBOpoBa, ceroita B cpepe nmpo-
MBIIUIEHHON KMOEPOE30IIaCHOCTH AKTY-
AJIbHBI TPU TPEHA: YIACTUBUIUECS CIIY-
9au BBIMOT'ATEIBCTBA, KOMIIPOMETAIIH
LIETIOYKH IIOCTABOK, YTO MOXKET IIPUBE-
CTHU K YXO/1Y KJIFOUECBBIX KIMCHTOB, U I1OJTY-
YEHHME 3I0YMBIIUICHHUKAMH YAAJIEHHOTO
JOCTYyIIA K cUcTeMaM. [11d rpeacraBuTe-
JIEHE MHUKPO3JIEKTPOHUKH, YBEPEH CIIH-
Kep, TPETHUH ACIIEKT HanboJiee BAJKEH — B
pe3yapTaTe MOAOOHOTO HHIHIEHTA XaKe-
PBI MOT'YT IOXUTHUTH HHTE/UIEKTYJIbHYIO
COOGCTBEHHOCTD U BMEIIATHCS B TEXHHUYE-
CKHH IIPOIIECC.

Kcraru, emgé uyersipe rojga Hasaj, IO
pe3ynpTaTaM OIIpoca PYKOBOJAMTEJICH
KOMITAHMIH, IIPOBEAEHHOTO CTPAXOBBIM
TUT'AaHTOM B O0JIACTH PUCKOB — KOMIIAHU-
ert Allianz Global Corporate & Specialty
(AGCS), xub6epyrpo3sl 3aHUMAIU JTHUIIb
13-e MeCcTO — O4EBUIHO, ITY YIrpoO3y HE
paccmaTpUBaIM BCEPbEI. OHAKO I10 UTO-
raM CaMOT'O CBEXKEI'o OIpoca, KHOEPUH-

LIUJEHTHI 3aHUTH 3-€ MECTO CPEIN yTPO3
JUIs1 GU3HECA II0 BCEMY MUDY.

«BeCcHOH MHpOIUIOro roja COBMECT-
HO c KommnaHuer B2B International
MBI OIPOCHJIM 60Jsie€ YETBIPEX TBICAY
IT-cnenuanyucToB U3 25 CTPaH MHPA,
BKIIOYass Poccuio, W BBIACHUIH, YTO
CpeHUH yiep6 NpeAnpUusaTHI MaJIOro U
CpeIHEro OM3HECA OT KMOEPATAK COCTA-
Bu1 $86 000, /1s1 KPYITHBIX KOPIIOPATHH
3TOT MOKA34Te/Ib B JECATh PA3 BbIIIE, —
3as8BUJI IIpeACTaBUTENDb «JlaGopaTopuu
Kacnepckoro». — Ilo HammM OILIEHKAM,
caMoe OOJIBIIOE 3710 B OOJIACTH KHOEp-
HaNaJeHUU — IeJIEBbIC aTAKH, 3TO KOI-
/12 3JI0YMBIIUIEHHUKHU ITOC/IEI0OBATEIBHO
U, YTO HEMAJIOBAXKHO, 326/1aTOBPEMEHHO
COOUPAIOT UH(POPMALUIO O TEXHOJIOTHYE-
CKOM IIPOLIECCE KOHKPETHOM KOMITAHUH,
a3aTEM OCYLIECTBIIAIOT aTaKy. [Ipo6iema
B TOM, YTO TaKasl aATAKa MOKET OCTABATbCS
HEBUIMMOM JIJIs1 Y4aCTHUKOB IIPOU3BO/I-
CTBEHHOTO Iporecca. Hanmpumep, B 2010
ro/ly IPOU30IIUIO BUPTYaIbHOE HaIa/le-
HUE Ha IPEAIPUATHE 10 OOOTaIIEHUIO
ypana B Hpane. Cayyusiieecs o6HapYy-
JKHJIM JAJIEKO HE CPa3y: HEKOTOPOE Bpe-
Ms COTPYAHUKHU pabOTaIU C IOJMEHEH-
HOM MH(MOpMaAIIHEH, BU/IS HA dKPaHAX
SCADA, 94TO TEXHOJOTHYECKHUE ITPOIEC-
CbI MJYT IIPABUWIBHO. B peasibHOCTH Ke ¢
Masi 110 HOSAOPD 3/I0YMBIIIJICHHUKHU BbIBE-
1 u3 crpos 20% neHTpudyr. Beispisact
OMACEHHUE TO, YTO KOJUIEKIIUA KHOEPHH-
LIU/ICHTOB IIOMIOJHSAETCS €XKEIHEBHO, U
KOMIIAHUH IOJDKHBI OBITh K HUM I'OTOBBI>.

CHHuKep MOCETOBAT HA TO, YTO XOTA
Ha POCCHHCKUX IIPOMBINUIEHHBIX IIPE/-
NPUATHAX 3aHATH KBATU(PUIIUPOBAH-
HBIE€ TH)XKEHEPHBIE KAJ[PbI, 3a9aCTYIO OHHU
HE O3HAKOMJICHBI JAXKE C IIPOCTEHIINMU
CLIEHAPUAMU KHOEPATAK Ha TAKOI'O POJa
OOBEKTBHL, CJIOBOM, KHOEPIPAMOTHOCTD HA
HYJIEBOM YPOBHE.

«CIOXKWIOCh MHEHUE, YTO aBTOMATH-
3UPOBAHHAA CHUCTEMA YIIPABJICHUA TEX-
HOJIOTUYECKUM IIPOLIECCOM PabOTAET B
3aMKHYTOM KOHTYPE, M BCE, UTO TaM IIPO-
HUCXOJIUT, — CYI'y0O BHYTPEHHSS HCTOPHSL.
KpomMme Toro, MHOTHE, OKa3bIBAETCH, yBEPE-
HBI, YTO CHCTEMBI IIPOMBIIIIJIEHHOH aBTO-
MAaTH3AIIUH U BCE, UTO CBA3aHO C IIPOU3-
BOZICTBEHHBIMU ITPOIIECCAMU, OTITHIAETCS
06pa3noBoi 6e3ormacHocTeIo. Ha fere sxxe
CUTyaLYs IPOTHUBOIIONOKHAA, — KOMMEH-
THPYET 3KCIEPT. — B HacTosmee BpemMs
obecrneyeHre NpOMBIIIUIEHHOH O6e3011ac-
HOCTH — O/IHA U3 IPUOPUTETHBIX I1eJIei
KaKJIOM KOMIIAHUH, HO 3TO HE O3HAYa-
€T, 4TO 32 3TOT ACIEKT JO/DKEH OTBEYATh
Tonbpko IT-pupexrop. B jannom ciyuae
pedb UAET O HOBOM THIIE OU3HEC-PUCKOB

H, COOTBETCTBEHHO, GU3HEC-YCTOMYHBO-
cru komnanuw. C asrycra 2016 roga Hamu
WIEHTUHUITUPOBAHO 60s1ee 80 yA3BUMO-
CTEH «HyJIEBOTO JIHS» — pAaHEE HEU3BECT-
HBIX VA3BHMOCTEH, 3SKCILUIyaTHPYEMBIX
KHUOEPIPECTYIIHUKAMU B CETEBBIX ATAKAX.
Jlaske OfiHa YSI3BUMOCTH «HYJIEBOT'O JTHST»
JUI1 KOHTPOJUIEpA MOXKET CTATh (paTasb-
HOM JI/IS1 IPOMBILIIEHHON KOMITAHHU .

JIOKJIQYUK MIPEJIOKIWI YeThIpe IIyTH
penmeHusa IPOOIEMBI KHOEpaTaK: HX
MOXKHO H30€XKaTh, IIPUHATD, IEPEAATh
WIA CHU3UTB. YUUTHIBAS, YTO JJaHAIADT
YIPO3 MEHSETCS OBICTPO, U30EKATh UX
MOTYT €IUHHULBL I10J MPUHATHEM PUCKA
HMEETCSI B BU/y TOTOBHOCTD 3aIUIATUTH
3a ero peanusaumio — Agape CyBopoB
IIOCOBETOBAI PYKOBOAUTESIM KOMITAHUI
paccYuTaTh CTOUMOCTB OHOTO 4aCa IIPo-
CTOSI IPOU3BO/ICTBA 1 BEPOATHOCTD BO3-
HUKHOBCHUA KUOepUHIUAEHTA. C TeM,
YTOOBI (IIEPEJATh», CHTYAIUs], IPU3HAJI OH,
HE COBCEM O/THO3HAYHA, IOCKOJIBKY CTPa-
XOBOMH PBIHOK HE TOTOB ITOKPBIBATB PACXO-
JIbI, CBI3AHHBIE C IIOTEPEH UMYIIECTBA WIN
C IIPOCTOSIMH, BBI3BAHHBIMU KHOEPATAKOM.
B TakoM cirydyae He 6y/eT IMIIHUM 3apa-
HEE IMPOBEPUTH CTPAXOBOE ITOKPBITHE.
CHU3UTD K€ PUCK IIPOIIE, UEM KAKETCS:
3TOMY OYAET CIIOCOOCTBOBATh OOYyUYEHUE
NEePCOHANA U OOIIMI AaHATU3 3AIUIIEH-
HOCTH KOMIIAHHUH, KOTOPBIH IIO3BOJIHT
OIIpeIe/INTD, HA KAKOH (ha3e ¢ TOUKHU 3pe-
HHUS IPOMBIIIIEHHOM KH6ep6e3011aCHO-
CTH OHA HAXOJUTCS, Y IOHSITH — CTOUT JIU
KPHYATh «<KapayJ1» WK CAMOE BpeM IIpe/I-
IPUHATH 3AIUTHHIC MEPBI.

SAUHTEPECOBAHBDI
B COTPYAHUYECTBE
MeXIyHapOJHBIM OIIBITOM B MHUKPO-
JIEKTPOHHKE IIOJIETHIICS I71aBA TOPTIOBO-
3KOHOMHYECKOTI'O IPEACTABUTEILCTBA B
nocosbcTBe I'ocynapcrsa 3pawis B Poc-
curickon ®eneparuu Mapk Kanep.
CrmKep BbIIETIII YE€ThIPE OCHOBHBIX CET-
MEHTA U3PAWIbCKON MHIYCTPHUH MHKPO-
3JIEKTPOHUKH: 3TO MEK/TyHAPOHBIE KOM-
IMaHUH, paboTAIONIHE B IAHHOMH cdepe u
3aHHMAIOIIHNECS, B TOM 9HCIE, pa3paboT-
KOM 4YUIIOB Ha Teppuropuu Mspaws;
U3PANIbCKHE KOMIIAHHH-Pa3PA6OTIH-
K{; KOMIIAHUM-TIPOM3BOJUTEIN U U3Pa-
WIbCKHE CTAPTAIbL. JJOKIAZYHK IOAPOO-
HO IPEACTABWI KAXKAYIO M3 3THUX KaTe-
ropuii. Oco60oe BHUMaHHUE, 6€3YCIOBHO,
COOCTBEHHBIM U3PAWIbBCKUM CTApTAaIIaM,
BBI3BABIIMM UHTEPEC MHPOBOI'O COOOIIIE-
CTBA M KPYITHEHIINX KOMITAHUM — U3BECT-
HBIX UTPOKOB PbIHKA. Hampumep, Komma-
HUIO Altair — pa3paboT4yrKa BBICOKOIIPO-
U3BOJUTEIBHBIX OJTHOMO/JIOBBIX HA60POB
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mukpocxeM 4G LTE Chipsets B gauBape
2016 roga 3a $212 MJIH KyImuia KOMIA-
HUA Sony, a KoMITaHUIO Mobileye — paspa-
6GOTYHKA CPEJICTB KOMIIBIOTEPHOTO BHU/IE-
HUSA JIJIS1 CAMOYTIPAB/IAEMBIX aBTOMOOHIIEH
(4MIIOB I aBTONIMIIOTA) B MapTe 2017-ro
3a $15,3 viIpa Kynuiaa MeEKIyHapOIHAsS
koprioparus Intel.

YTO IPHUMEYATENBHO, JaHHbIE IPUMEPEI
He €JMHUYHBI, UHTEPEC K UHHOBAIUAM B
c(pepe MUKPOITIEKTPOHUKH HA TEPPUTO-
puu M3paunjis BBICOKUM, HEKOTOPbIE KOM-
IAHUU C MUPOBBIM UMEHEM, KaK, HAlIpU-
Mep, Apple, coO3/1a10T 31€Ch COOCTBEHHBIE
IIEHTPBI PA3BUTHSL.

ITo cnosam rocnioguHa Kanepa, uzpa-
WIbCKAs CTOPOHA OYE€Hb 3aMHTEPECOBAHA
B COTpyAHHYECTBE ¢ Poccueit — He mome-
manao 6bl OO6CYIUTh BO3MOXKHBIE TOUKU
COIPUKOCHOBEHMUS: «MBI YBEPEHBI, YTO
TF'ocymapcTBo M3panib MOKET BBICTYIIMTh
HCTOYHHUKOM BO3MOKHOCTEH JIJIs JJIEK-
TPOHHOM NPOMBINIUIEHHOCTU Poccum».

IIpu3Bax K COTPYAHUYECTBY U PYKO-
BOJMTENL TIpynnbl B HccaemoBaTelb-
CKOM MHCTHUTYTE HAHOJIEKTPOHUKM IIPU
HarnoHaJIbHOM MHCTUTYTE HAyK H TEXHO-
soruii (AIST) gokxrop Iupo Xapa, KOTo-
PpBIit paccKka3aa POCCUHCKMM KOJIJIeraM 06

UHHOBAIITMOHHOM TEXHOJOIuHu Minimal
Fab, npeanonaraomeil UCIOJAb30BAHUE
MOJIyIIOMMOBBIX IOJJIOXKEK [IJIsI YMEHD-
IIEHWUSI MHBECTHUIIUI B ITOJYIIPOBOIHU-
KOBOE IIPOU3BO/ICTBO B TBICAYY Pa3.

«DTO PEBOMIOLIMOHHAS Pa3paboTKa B
006J12CTH IPOU3BO/ICTBA MUKPOVIEKTPOH-
HBIX YCTPOTICTB, TO3BOJIAIONIAS OPTAHU30-
BBIBATb MEJIKUE U CPEJHECEPUITHBIE ITOJTY-
IIPOBO/IHUKOBBIC IIPOU3BO/ICTBA (PaKTHYE-
CKH C HYJIS, OCYIIECTBIIATh Pa3padbOTKy 1
IIPOTOTUIIMPOBAHME U3/E/TUH IS TPA/IHU-
LIMOHHBIX ITOJIYIIPOBOJHUKOBBIX (DAGPUK,
CYIIECTBEHHO YMEHBIIAsl CTOUMOCTh H
JUINTEIbHOCTD 3THX Ipoieccos. Ha Mo
B3I, IPUIIUIO OAXO/IAILEE BPEMS JIUIS
BHEIPCHHUS TAKOH HOBAIIMU — HAGIIO1A-
€eTCsl TPEHJ, IMOSBICHUS HEOOIBIINX, HO
JOCTATOYHO YMHBIX, KJIHEHTOOPHUEHTU-
POBAHHBIX IIPEJIPHUATHI, B TOM YHCIIE,
(dabpuk. A yBepeH: 32 HUMH — Oyyuiee», —
ckaszas rocriogus Hlupo Xapa.

B xoje KOH(pEepeHIIMU I'OBOPWIH HE
TOJIBKO O 3HAYMMOCTHU MEXKIYHAPOJTHO-
I'O COTPYJAHHYECTBA, HEOJHOKPATHO 3BY-
4ajia MBICJIb O TOM, YTO I'OCYAaPCTBY U OU3-
HECYy CTOMJIO ObI OObETMHUTD YCHIIHSA JIIA
Pa3BUTHS MUKPOAIEKTPOHUKHU: TOJIBKO
IIPOJYKTUBHASI COBMECTHAS Pab0Ta ACT

Llinpo Xapa

B(iC()BdIJ(f[)CB)LHI{FQTTJ H IIOMOXKET JOCTHUTI'-
HYTh O603HA4YEHHBIX — BECbMa AMOHITU-
O3HBIX IIEJICH. @

Mamepuan noozomoeuna Enena BoCKaHAMN.

®dororpacpun ¢ KOHpEPEHIIUU
u BpicTaBKU SEMIEXPO Russia 2017
CMOTpUTE Ha calTe www.soel.ru B
pasaee «POTOOTUYETDI>.

Honeywell

&TDK

SICK

TeI'IJ'IOI'IpOBO,EI,H bl€ MaTepualibl

8810 - nBycTopoHHAA KneeBas NOANOXKKa

VISHAY

Panasonic

Jamicon

MASTECH
®

¢ miTsuBISHI
&% ELECTRIC

UNIT

Peknama

- TennonpoBogHocTb: 0,6 BT/m-K
« [InanekTpnyeckas NPOYHOCTb 26 KB/Mm

- MaTepunan: BCNeHEHHbI aKpUTOBbIN
nonumep ToNLWNHOM 250 MKM

« OTAnYHanA cMayMBaemoCTb NMOBEPXHOCTN
AKPWJTOBbIM KNeem

. @

www.platan.ru

marete () UTATAH

« MAarkum matepuan, oTANYHOE 3anonHeHne
HepoBHOCTel penbeda

« He BbiCbIXaeT 1 He TepsieT CBOWCTB Nocse
nukosoro Harpesa (go 150°C)

- He Tpe6yeT Kpenexa 1 He UMeeT UMKia
OTBEPXKEHUA

Oducel B Mockse: M. MonopaexHas, yn. MsaHa ®parko, 40, cTp. 2, (495) 97 000 99, info@platan.ru;
M. dnekTpo3aBojckas, yn. b. CemeHoBckasn , 40, cTp. 26, bL| AraT, (495) 744 70 70, platan@platan.ru
O¢uic B CaHkT-MeTepbypre: yn. 3BepunHckas, 44, (812) 232 88 36, baltika@platan.spb.ru

Pasmepbi:
100x125

100x180
200x125
200x180
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COBPEMEHHbIE TEXHOJIOrMM
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Kak ouudposatb Nnpon3BOACTBO:
cpaBHenue MK, Raspberry Pi u MICA

Mepeson: Buktop 3yes

CoBpemMeHHast peasnibHOCTb NpeabsBIsaeT 0cobble TPe6oBaHUA K CO3[aHUI0
LMdpPOBOro NPOU3BOACTBA HA MPOMbILLJIEHHbIX NPeAnpuaTUaX. BaxHocTb
nNpuo6GpeTaloT Takue HanpasBfieHUsl, Kak U3MepeHue 1 y4eT noTpebneHus
pecypcoB ¢ uenbio onTuMu3auum, c60p U aHanu3 gaHHbIX 0 paboTe
NPOMbILLIIEHHOrO 060pyA0BaHUS, YYET ABUXKEHUSA PECYPCOB BHYTPU
npeanpusTus. Ans peanusauuu faHHbIX 3afa4y NpMMeHsieTcs crneuunanbHoe

ob6opyaoBaHue.

B cTaTtbe packpbiBaloTCsi 0OCO6EHHOCTU Pa3fIMYHbIX YCTPOMCTB, KOTOpble
ABNSAIOTCA YacTbio NPOU3BOACTBEHHOrO npouecca, Aaérca oTeeT
06 onNnTUManbHOM MCMOJIb30BaHUN KOMMOHEHTOB ANS pelueHus 3aaay

uuchpoBoOro NPomM3BoACTBA.

HmxeHeprl B cpepe aBTOMATH3ALUHI
3HAKOMBI C IPOI'PAMMHPYEMBIMH JIOIHYe-
ckumMu KoHTposuiepamu (ITVIK), koropsie
OOGBIYHO ITOCTABJIAIOTCS WIH yCTAHABINBA-
FOTCSI IPOM3BOAUTE/IIMU OO0PYJOBAHHSL.
V3Kke MHOTO JIET 3TU NPUOOPHI ABIAIOTCS
MPU3HAHHBIMU UHCTPYMEHTAMM JIJIS PEry-
JINPOBAHUSA U KOHTPOJISA 32 060PYAOBAHHU-
€M M 3aBOJIaMH, HO JJOCTATOYHO JIU XOPO-
1110 OHU ITOAXO/SIT LIS CO3/IaHUs U PO-
BOI'O IIPOU3BOJICTBA?

Pa3paboTymku BCE yanie MpernoynTa-
IOT pabOTaTh C OAHOIJIATHBIM KOMIIBIOTE-
pomM Raspberry PI 17151 3a11ycKa IIPUIIOXKE-
HHIT B TECTOBOM PEKHME — YTOOBI OBICTPO
OIpoOOBATh U/IEH JJIs1 HOBBIX IIPOU3BO/-
CTBEHHBIX IIPOLIECCOB WIH C LIEIbIO aHA-
sm3a faHHbIX. Ho Hackobko Raspberry PI
MOAXOAUT JIs1 IPOMBIIUIEHHOT'O IIPUMe-
HeHusA? OTKPBITas KOMIIBIOTEPHASA CUCTE-
ma HARTING MICA cYyuTaeTCsi TPETBUM
BAPHUAHTOM, IO3BOJIAIOIIUM COBMECTUTD
cepst IT 1 aBTOMAaTH3AIU .

Bce HazBaHHbIE KOMIIOHEHTbI 3aHUMA-
IOT CBOIO HUIITY M UMEIOT CBOU IIPEUMY-
LIECTBA VI PA3IUYHBIX IIPUMEHEHUIL.
B Tabu1ie MOXHO YBU/IETh CUIbHBIE CTO-
POHBI TE€X WJIM NUHBIX KOMIIOHEHTOB U TEX-
HOJIOI'MIH 1 BO3MOKHOCTb MX IIPUMEHCHUA
B IIPOMBIIIEHHOCTH.

ITonnpo6yeM pa3o6paThCs B KIIFOYEBBIX
OCOOGEHHOCTAX U OTIMYMAX PA3TUIHBIX
YCTPOMCTB, IPUMEHAEMBIX B c(pepe aBTO-
MaTU3AIUH IIPOU3BOJCTBEHHBIX IIPOLIEC-
COB Ha IPOMBINUIEHHBIX IIPEATIPUATHAX.

MNMJIK B PEXXUME PEAJILHOIO
BPEMEHMU

IUIK 607€ee 40 €T UCIOIb3YIOTCA B IIPO-
MBINUIEHHOCTH. OHM 3aMEHMWJIN peJIek-
HOC YIIPpAaBJICHHUC 32 CUET JOJTOBECYHO-

CTH U HAJEKHOCTH, ABJIAIOMMMUCS BAXK-
HBIMH (DAKTOPAMH B IIPOMBIILJIEHHOCTH.
IUIK cTasii MCIIOJIb30BATHCA JUIsI OOpa-
60TKU ITU(PPOBBIX U AHATIOTOBBIX CUT'HA-
JIOB M MOT'YT OBITh YCTAHOBJIEHBI B IKadax
YIIPaBJICHUS, CAKOHOMHUB IIPU 3TOM MECTO.

OcHoBHas 3agava IUVIK — peryimpos-
Ka paboTbl 1 KOHTPOJIb IIPOU3BOJCTBEH-
HOro ob6opyaosaHusd. Hanpumep, ITVIK
MOXKET OTBEYATh 32 YIIPABJICHUE IBUTA-
TEJIEM HWJIH €I'0 dKCTPEHHYIO OCTAHOBKY.
s atot nenu IVIK pa6oTaeT COBMECTHO
C AaKTyaTOPAaMHM, KOTOPbIE UCIIOJIb3YIOTCS
JUI YIIPABJICHUS BBIXO/IAMH HA HATPY3KY.
AKTyaTOpPBI BKJIIOUAIOT B €01 KOHTAKTBI
JUISL BJIFOYCHHUSA DJIEKTPUYECKUX MOTOPOB,
KJIAIIAHOB /I TUAPABINKU WIH CKATOTO
BO3/lyXa, WJIM MOJyJIEH, OTBEUYAIOIINX 34
nepemenienue. [1JIK MokeT GbITh CBSI3aH C
JaTYUKAMH WIH AKTyaTOPaMU uyepes IoJIe-
BBIC IIMHBI.

IVIK Taxke MOXKET OTHPABIATDH JaH-
HBbI€ HAa BBIMIECTOAIINH YPOBEHDb CHCTE-
MBI, HO €ro HPOIrPaMMHUPOBAHUE HE
MOXKET OBITH BBIIIOJIHEHO dYepe3 Web-
OPHEHTHPOBAHHBIC A3BIKH IIPOTPAMMHU-
POBaHMA WIN IIPUIOKEHUA C OTKPBITHIM
HMCXO/JHBIM KOJIOM. ®YHKIIMOHHUPOBAHHE
IJIK 6a3upyercst Ha craggapre EN 61131,
KOTOPBIH 4aCcTO HENOHATEH 1 IT-Cmyxo0,
U IIPEXKAE BCET'O OCTAETCS CHEPOT KOMIIE-
TEHIMHU UIDKEHEPA-TEXHOJIora. B oTmmyune
ot Raspberry PI u MICA, IIIK pa6oTraer ¢
JIAaHHBIMH B PEKHUME PEATbHOT'O BPEMEHH
U IIOCTOSTHHO B3aUMO/IEHCTBYET C 0O0OPY-
JIOBAHHUEM.

HemocTaToK, C KOTOPBIM CTAIKUBAETCS
OOJIBIIMHCTBO IIOJIb30BATEICH BO BpEM
€KEeIHEBHOH paboThl, — Iporpamma IUIK
CO3IAETCA 1A OJJHOT'O KOHTPOJIIEPA U HE
MOXKET OBITh MCIIOJIb30BaHA HA JIPYIHUX

KOHTpoJuIepax 6e3 mogudukauu. JIpy-

'O HEJOCTATOK — PA3HbBIE CXEMBI aJIpECa-

IIUY IIPU COBMECTHOH paboTe KOHTPOII-

JIEPOB U€pPE3 MOJIEBYIO MIUHY. B oTimnune

ot Raspberry PI, ITVIK moaXoAUT VI IIPO-

MBIIIVIEHHOT'O IIPUMEHEHUS U JE€HCTBU-

TEJIbHO ABJISICTCA KIIOYEBBIM 2JIEMEHTOM

IIPOMBIIIJIEHHOH aBTOMATHU3AL[UH.
Heo6xo1umo oTMeTuTh, uTo IIK cye-

CTBEHHO OT/IMYAETCS OT TAK HA3bIBAEMBIX

CHCTEM YIIPABJIEHUSA HA OCHOBE IIEPCO-

HaabHOrO KomibioTepa (I1IK): cucremsl Ha

ocHoBe ITK MMEeIoT MPaKTHYECKH HEOr'Pa-

HHUYEHHBIH OOBEM IAMATHU 111 XPAHEHUA

JaHHBIX U paboTaroT 6bicTpee. OgHAKO

cucrembl Ha OcHOBe I1K nmeroT orpanu-

YEHHBIE BO3MOKHOCTH 110 pab0TE B PEXKU-

M€ peaIbHOI'O BPEMEHHU, U UX KOMIIOHEH-

TBI UMCIOT 60JIe€ HU3KYIO HA/IEKHOCTb.
CunpbHpIMU cTOpOoHamu TUIK aBisgioTcs:

® IIPOYHOCTD U 3AIHUIIEHHOCTD, IIOAXO-
JISIT 11 IPOMBIIIZIEHHOT'O IIPUMEHEHUS,
paGoTaIOT B PEIKUME PEATBHOT'O BpeEME-
HHU (HO BCE 3TO OTPAXKAETCA HA LICHE);

® JIO/IIUM KU3HEHHBIN LMK/ M JJOCTYII-
HOCTb KOMIIOHEHTOB;

o IIVIK moOeT mnepenaBaTb JaHHbIE Ha
BBIIIECTOSIIUN YPOBEHD CUCTEMBI, HO
TpeOyeT 3HAaHUH CIIEINAIbHBIX A3BIKOB
IIPOTPAMMHUPOBAHUSA, HE3HAKOMBIX [T-
cry>k6aMm;

o IUIK mozkeT 06pabaTeiBaTh UG POBBIE
M AaHAJIOTOBBIE€ CUT'HAJIBIL.

RaspPBERRY PI -
OAHOMJIATHbIA KOMMbIOTEP

Raspberry PI 6bL1 ClIEIUAIBHO CO3JaH
B Ka4yeCTBE OOYYaIOIIEro HMHCTPYMEH-
TA A4 CTyAEeHTOB. IO CyTH 3TO HOBBII
KJIACC YCTPOUCTB — AECMIEBBIE OJHOILIAT-
HBI€ KOMIIBIOTEPBI, KOTOPBIE IIPEO-
CTaBJISIIOT JIOCTATOYHBIE BO3MOXXHOCTH
JUIST CIENU(PUYECKUX KOMIBIOTEPHBIX
3a/1a4 B KOMIIAKTHOM pasmepe. JIpyrue
HU3BECTHBIE KOMITAKTHBIE KOMIIBIOTEPHI:
Arduino, Banana PI u BeagleBone. Onu
CO3/1aHBI JJI1 SKCIIEPUMEHTOB U GBICTPBIX
BHEJPECHUMI.

CymectByer 60see 20 OnepariioOHHbIX
cucreM yr Raspberry PI, ogHako Linux sBis-
€TCs1 OCHOBOH JI/Is1 GOJIBIIIHCTBA IIPHJIOKE-
HU. Microsoft Taxoke rpossuraer csou OCu
ITO s Raspberry. CylecTBYyeT MHOMKECTBO
OeCIUIaTHBIX IPHWIOKEHUH It Raspberry B
HHurepHere. Raspberry Tarke HOAIECPsKUBa-
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CpaBHuTeNnbHasA Tabnuua KOMNOHEHTOB aBTOMATM3aLun

COBPENMEHHbIE TEXHOJIOrMM

Mpumenenve

Raspberry Pi

MICA

nnK

MogenupoBaHue npoLeccoB ans
NpoeKToB B c(pepe VIHTepHeTa
BeLLer 663 BO3MOXHOCTYU paboThbl B
peXume peanbHOro BpeMeHn

Xopowo*, NocKonbKy:

* HeGOMbLUNE UHBECTULNN
* OTKpbITas cuctema

« ObICTPOE 06Y4eHNe

« Nérkas agantauus

Xopowwuo, NocKOsbKY:
* OTKpbITas cuctema
« ObICTPOE 06y4eHne
« nérkas apantauus

He NofXoAuT, NOCKOMbKY:
* 04€Hb [10POr0E 1 HEernoKoe pelLeHme

C6op 1 BM3yanusauus
CreunanbHbIX JaHHbIX, OMOBELLEHNE
0roBOpKamu:

1Ccnonb3oBaHna

BsanmopeicTsue ¢ cuctemoit
NAaHNPOBaHNS PECYPCOB
npeanpuaTus (ERP) n 06na4qHbiMm
cepsucamu

AaHHbIMU

becnpoBofHoe B3aumofencTeue, UCTIONB30BAHNA

B TOM 4MCNE C NPUMEHEHNEM
TexHonoruu RFID

OaHHbIMU

¢ HE NOAXOANT AN NPOMbILLIEHHOI0

* OTCYTCTBME BO3MOXHOCTN 3aMeHbl
3anacHbIxX YacTen

* HEBO3MOXXHOCTb MCMOMb30BAHNSA
NPOMBILLSIEHHON CeTW Ans obmMeHa

He nogxoauT, NOCKONbKY:
* He MoAxoanT Ang NPOMbILNEHHOTO

[IpUMEHUMO, HO TOJTbKO C HEKOTOPbIMU

04eHb XOPOLLO, NOCKOSbKY:

| OTKpbITasi CUCTEMA MOXET GbITh
NpUMEHeHa B MOAYTbHOM KOHLENLum
« LUNPOKMIl CNIEKTP NPOTPamMMHOro

o6ecneyeHns
 CTeneHb 3awuTsl IP

¢ Bbl4MCNNTENbHAA MOLHOCTb
* y[06CTBO MCMOMb30BAHMUA U

3aLLNLIEHHOE UCTIONHEHE
* X/4 cepTudmkaums

| * BO3MOXHOCTb 3aMeHbl 3anacHbIX

yacrtei

¢ ynpasnsemble UHBECTULAN

* OTCYTCTBME BO3MOXHOCTY 3aMeHbl
3anacHbIx YacTeit

* HEeBO3MOXHOCTb MCMOSb30BAHNS
NPOMBbILLNEHHON CETU st 06MEHa

« BbICOKWUIN CTaHapT 3aLLnTbl
« MPOMBILLIEHHAS CETh Pa3PaBOTYNKOB

X0powwo, Ho 6CTb OrpaHUyeHIs:

« 3aKpbITas cucTemMa

« NporpamMmupoBatxue 6osee COXHoE
« MOAXOAMT [t MPOMbILLIIEHHOTO
MNCMONb30BaHUS

« CTOMMOCTb YCTaHOBKMA

* BbICOKME MHBECTULIAM

TPUMEHUMO, HO TOMLKO C HEKOTOPLIMM
0roBOPKaMU:

« 3aKpbiTas cUCTEMa

« MPOrpaMMUPOBaHMe 6011ee CNIOXKHOE
* MOAXOAUT NSl NPOMBbILLIEHHOMO
CMONb30BaHMS

* CTOAMOCTb YCTAHOBKIA

* BbICOKME UHBECTULIN

MpuMEHNMO, HO TOMLKO C HEKOTOPbIMN
OroBOpKamu:

* 3aKpbiTas cuctema

« HexBaTka 060py0BaHus

« NporpamMmMuUpoBaHme 6osee CoXHOe
TpebyeT 60/bLUe BPEMEHN

« CTOMMOCTb YCTAHOBKM

« BbICOKME UHBECTULUN

* CNOXHast KOMOUHALMS HECKONbKMX
3/1EMEHTOB YNpaBeHuns

Ynpasneuue Asuratensmu B

Pexume peanbHOro BpeMeHn He noaxoput

Mpunoxexns ans /1K 6e3
BO3MOXHOCTY PaboTbl B peXxume
peanbHoro BpeMeHn

MopaxoauT, NOCKONbKY:

« Raspberry MoXeT BOCNPON3BOAUTD
nporpammbi /1K ¢ Logi.CAD3

* HeOOMbLUNE UHBECTULINN

He NofXoAuT, NOCKOSLKY BO3MOXHOCTH
B PEXUME PeanbHOro BpeMeHu

OTCYTCTBYHOT

Ype3BbI4aiHO NOAXOAUT, MOCKOMbKY:
» MICA moXeT 6bITb NCMONb30BAH C

Logi.CAD3
« HebonbLUNE NHBECTULNN

1CNonb30BaHUA

| * MHOXECTBO BO3MOXHbIX NPUMEHEHU

¢ NOAXOANUT ANiA MPOMbILLINIEHHOr0

0yeHb XOPOLLO, NOCKOJbKY:

* CUCTEMA C BbICOKOW
NPOU3BOANTENBHOCTbIO

* Pa3BUTME HA MPOTSHKEHUN MHOTUX NET
« BO3MOXHOCTb PaboTbl B peXKume
peanbHOro BPeMeHu

» 00paboTKa aHanoroBbIxX 1 LG POBbIX
CUTHanos

TPUMEHMMO, HO TONBKO C HEKOTOPbLIMM
0roBOpPKamu:

* BbICOKME UHBECTULINM

« BMELUATENbCTBO B CTPYKTYPY
nporpaMMupoBaHus

*NpefCTaBeHa oLeHKa — HACKOMIbKO jaHHas TEXHOMOTWA MOAXOAMUT AN1S YKa3aHHOro NPUMEHEHUA: NOAX0ANUT, XOPOLLO NOAXOANUT, 04EHb XOPOLLIO MOAXOAMT,

NPUMEHUMO, HE NOAXOANT

€T MHO>KECTBO SI3BIKOB IIPOIPAMMHPOBAHUS
(Python, Java, C, C++ u gpyrue).
OrpoMHBIH HEAOCTATOK Raspberry — 310
€ro KOHCTPYKTHB, KOTOPBI HE COOTBETCTBY-
€T IMMPOMBIIIICHHBIM CTaHAapTam. [lepsbie
BEPCHHU BBIIUIN HA PHIHOK B HUBKOOIO/KET-
HOM HUCIIOTHEHUH. HOBBIE BEPCHUH BBITIOJI-
HEHBI JIy41IIe, HO Ppa3bEMBbI, KOPIIYC, TETUIO-
H30JUA MOHTA’)KHOM IUIATHI, 4 TAKKE CTa-
OWJIBHOCTb MOCTABOK U HAJAEKHOCTD JIJIST
TIPOMBIIUIEHHOT'O IPUMEHEHHS BOCHOBHOM
HE COOTBETCTBYIOT IIPOMBIIIUIEHHBIM CTaH-
nmapram. Tem He meHee Raspberry PI mosker
TIOCTYKHTb JUIs1 CO3/IAaHUS IIPOTOTUIIOB.
CunbHbIE CTOPOHBI Raspberry PI:
® OYEHB ICIIEBOE PELIEHUE /IS BXO/IA B MUD
IIPOTPAMMUPOBAHMS, MOKET IIPUMEHSTh-
Cs1 B KAYECTBE ILTAT(POPMBI JIs1 TECTHPO-
BaHUS IIPOMBIIUIEHHBIX ITPWIOXKEHUL;
@ OTKpbITasg cucrema Linux, a Taxke 11o/i-
nepxka rexnonornu OPC UA, nc1ionn3o-
BaHue Web-TexHosoruii wiu si3bika C++;
® IIHMPOKOE COOOIIECTBO, BO3HUKIIEE B
HHTEpHETE B IOCIEAHUE TOJbI, IIpe-

JIOCTaBJIAIONIEE 6ECIUIATHBIC COBETHI U
noagepKky. Raspberry PI xoponio us-
BECTEH BO BCEM MHUDE;

e Raspberry Pl nopgep:xusaer Windows
u yxe umeer uHrepdercer Bluetooth
u Wi-Fi.

MICA - COOTBETCTBME
NMPOMBILWJIEHHBIM CTAHOAAPTAM

MICA 6a3upyercs Ha MOy IbHOM IIPO-
MBIIIJIEHHOHU KOMITBIOTEPHOM 11aThOp-
Me, ¥ Pa3pabOTIHNKH CO3HATEIbHO 3aHIH
HUIITY MEXTY HU3KOOIO/PKETHBIM JIIO0U-
TenbckuM Raspberry PI i ITVIK npoMsbI-
JIEHHOTO CTAHJAPTA.

MasieHbKast YEPHAA «<KOPOOOUKA» MOKET
IIOKA3aThCs HENPUIVIAJHOM, HO MICA
HM3TOTOBJIEH COIIACHO CTaHaapram IPG7
u EN50155, noaromy 3aluIEH OT IIPO-
HUKHOBCHUS BOJABI U IIBLIU IIPU BBIIIOJI-
HEHUH BAKHCHIINX IIPOMBIILICHHBIX
3a1a4: TpaHcsuuy IT-koMaHa B MalIuH-
HBbIE€ KOMaH/Ibl, COOpE U aHAJIN3€ UH( OP-
MaIlliy, OOMEHE JAaHHBIMH C BEPXHUM

YPOBHEM IIPOTPAMMHOIO OOECIICYCHHU
HA OPEAIIPUATUN (HATIPUMED, TPAHCII-
U U3 CUCTEMBI SAP IIPSAIMO K CTAaHKY).

MopaynabHas cTpykrypa MICA kacaercs
U ANIIapaTHOTO, U MPOTrPAMMHOIO 0b6e-
crieyeHusA. [1oIb30BaTENIb MOXKET 3aKa-
3atp MICA ¢ mnarout RFID, ¢ moayssa-
mu EtherCat, PROFINET, EtherNet IP, ¢
unTepderncHon matou USB — Bce Bepcuu
COOTBETCTBYIOT IPOMBIIIJIEHHBIM CTaH-
Aapram 3amurbl. MICA BIIOTHE MOXKET
HMCIIO/IBb30BAThCS, HAIIpUMeEp, /I HOJ-
COEIMHEHYSI CUCTEMBI TATYNKOB U CO0pa
JIAHHBIX HA IIPOMBIIUIEHHOH IUIOIIAJKE.

JlaHHBIE MOTYT 6BITh 0OGPAGOTAHBI HETIO-
cpeacTBeHHO Ha MICA, 1711 3TOr'0O JOCTYII-
HBI HECKOJIBKO O€CIUIATHBIX UHCTPYMEH-
TOB € 6a3aMu TaHHBIX. [1o/1/1IEp;)KUBAETCS
BO3MOXKHOCTB pab0ThI ¢ Microsoft Azure,
IBM, SAP Hana u Dimension Data s
O6JIAYHBIX BBIYHCICHUH.

Paspaborunku MICA Taxke BBIOpa-
JIM OTKPBITYIO cHcTeMy Linux, Kak Ha
Raspberry PI. DTO IpeOCTaBIAET M1OJIb-
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lpegsaputensHoe
TECTUPOBaHIE NPOEKTOB

AHanu3 JaHHbIX C AaTYNKOB

KoMMyHUMKaLusa MaLLUHHbIX
NHTEPENCOB C UCMONb30BAHUEM
pasnnyHbIX NPOTOKOOB

KoHTponb 32 6e30MacHOCTbI0

s I—
. |
0
**° HHCem
"
BES MICA
PLC

P OpHonnarHble KOMMbIOTEPI,
Takue Kak Raspberry Pi

OcyLecTBneHre KOMMYHUKaLWit
(8 TOM 4ncne npu nomoLuy RFID)

Ynpasneuue
nuratensimu

Buayanusaums aaHHbIx
11 OMOBELLEHME

MecTo pa3nuyHbIX KOMNOHEHTOB ABTOMAaTH3aLUN B NPOM3BOACTBEHHOM Npouecce

30BaTE/ISIM BO3MOKHOCTD UCIIOIB30BATh
Web-TeXHOJIOTHHY, SA3BIKH IIPOrpaMMH-
poBaHUs, TaKue Kak «R», 6a3bI TaHHBIX,
Takue Kak Hadoop, mupoKo U3BECTHHIE
B Mupe IT coBMeCTHO, HallpuMep, C 060py-
JIOBAaHHEM CTAHKA /LIS INThA IJIACTMACChI
1071 JTABJIEHUEM, HE UCIIBITHIBASI HUKAKUX
CJI0KHOCTEN. ElIE OAHO IIPEUMyYIECTBO:
Linux yIIpomnjaeT CeTEBYI0 HACTPOUKY U
pacnpenenenue IP-agpecos.

ECTb 11 KO€-4TO OCOOEHHOE: HA YCTPOI-
crBe HARTING MICA uCIIO/Ib3yIOTCS IIPO-
IpaMMHBIE ITAKEThl (MaJ€HBbKHE BHUP-
TyaJIbHBIE MAIlIUHBI), KOTOPBIE MOTYT
YIIPABJISATBCS HE3ABHCHUMO JIPYT OT JpPY-
ra. B ocHOBe JIEKUT cHUCTEMA YIIpaBJIe-
HUS IPOT'PAMMHBIMH ITAKETAMH, KOHTPO-
JIEM JOCTYIIA, yCTAHOBKOM 1 OOHOBJICHH-
€M IPHIOKEHHUI.

Jnsa MICA AOCTYIIHBI MHOTHE SI3BIKH
IIPOrpaMMHPOBAHUA, TAKUE Kak Python
wiu C++, HO 601e€ BAXKHO TO, YTO CHCTE-
Ma TOJJEPKUBAECT CTAHJAPTHBINA IIPO-
Tokon Industry 4.0 — OPC UA. D10 Bax-
HbIF KOMIIOHEHT [I/IsI KOMMYHHKAIIUH B
xoHuenuuu Industry 4.0. B 1o ke Bpe-
MSI IIUPOKUH CHEKTP SI3BIKOB IIPOTPaAM-
MHPOBAHHUS CIIOCOOCTBYET MAaKCHMaJIb-
HO OBICTPOMY BBOJIy B paboTy 1utatdgop-

Mbl MICA IT-cOTpyAHHUKAMH M PAa3BUTHUIO
HOBBIX OHU3HEC-MO/IeIeH HA IPEATIPUATHH.

Ho HacTosIee mpenumMyIecTBo CUCTe-
MBI IIPOTrPAMMHBIX IIAKETOB B TOM, YTO
€CTb BO3MOXKHOCTbB CO3/1aBATh CBOH CO0-
CTBEHHBIC ITAKETHI IIPUIOKCHUH U 3aITy-
CKAaTh HMX OJHOBPEMEHHO HAa OJHOM
YCTPOFMCTBE.

JIONIOTHUTEIBbHBIM ILTIOCOM SIBJIACTCS U
TO, YTO CHCTEMBI IIPOTrPAMMHBIX TAKETOB
MOBBIIIAIOT HAAEKHOCTD CUCTEMBL Kimoue-
BBIM 2JIEMEHTOM B OO€CIICYEHHH 6€3011aC-
HOCTH SIBJISICTCS UCTIONb30BaHue TPM-unma,
SSL u VPN. Brarogapst MICA IT-ciry:x62 B3a-
HMMOJICHCTBYET CO CTAHKAMH HATIPSIMYIO, HO
6€3 BMEIIATEIBCTBA B YIIPABICHUE HMH,
KoTopoe Bbimonnsgercsa ITJIK. 1o no3so-
JIAET OrPaIuTh IIPOU3BO/ICTBO OT IIOTEPH
JIAaHHBIX, 33/ICP>KEK 1 c60€EB B pabore.

MICA mozxeT Takke paborars B offline-
pesxkume 6e3 BMEIIATeIbCTBA B IIPOU3BOJI-
CTBEHHYIO CETb, IIPU 3TOM IIPOI'PAMMHOE
006€eCIIeYeHHE HE 3aTPATUBAET IPOLIECChI
mpousBoAcTBa. Kpome TOro, mporpamm-
HBI UHTEP@EIC IIAT(HOPMBI ABIACTCA
O4YE€Hb IIPOCTBIM M HAIIOMHHAET UHTEP-
¢eric cmaprdoHa, 061eryast Ero UCIoIb-
30BaHHE COTPYJHHUKaMU. PesyabraToMm
SIBJIIETCSI XOPOIIlee BU3YaIbHOE BOCIIPUS-

B3aumopericteue
060pynoBaHUs C cMCTEMON
NNaHNPOBaHNS PecypcoB
npeanpustus (ERP)

Ynpasnexue
NPOMBILLNEHHBIMN

po6oTamn

THE Y IOHUMaHHE. XOYEeTCA OTMETUTD, YTO

JPYKEITI0OHOCTb UHTEpdErca — 3TO KpaK-

HE BAKHBIN (DAKTOP /IS IPUMEHEHUS TOH

WIN HHOU CHCTEMBI B OYIYIIMX IIPOEKTAX.
CunbHblie crTopoHbl MICA:

@ OBICTPO YCTAaHABIMUBAETCA U IEMOHTH-
PpYyeTcs, 4TO MO3BOJISIET IPUMEHATD €€
JUI1 MHOT'HIX 32/1a4 B IIPOU3BOJCTBE (UC-
I10JIb30BAHUE KOHCTPYKTHUBOB JIJIA yCTa-
HOBKM HE SIBJIICTCS OOSA3ATEIbHBIM);

e MICA cozmaHa Jj1s1 UCIIOJIb30BAHUS B
pexume 24/7, 910, B YaCTHOCTH, BAXK-
HO JUIA paGOTBI HA JKEJIE3HOM OpOTre.
He memaer yrpas/iomemMy IepcoHaty,
IIOCKOJIBKY HE BMEIIUBAETCS B CJIOKHB-
I ECA IPOU3BO/ICTBEHHbIE CTPYKTYPBDI,
HO MOJKET OCYIIECTBJIATh B3aUMOJECH-
CTBHE CHCTEM Harlonobue SAP ¢ npo-
HU3BOJCTBEHHBIM OOOPY/IOBAHHEM, €C-
JIU 3TO HEOOXOAUMO;

e onbIT HARTING B cpepe IpOMBIIUICH-
HBIX Pa3bEMOB U1 IPOMBIILICHHOCTH
M JKEJIE3HOAOPOKHOTO TPAHCIIOPTA IO~
3BOJISIET MIPEJCTABUTD BAPUAHT 3alIU-
IEHHOTO KOMIIBIOTEPA C COOMIOACHU-
em craHgapros IP67, EN50155, EMC,
COOTBETCTBYIOIIUX TPEOOBAHUAM [IJISA
JKeJIe3HBIX Jopor. IIITekepsl U pa3be-
mbl 0T HARTING, oTBe€Yaronue I1mpo-
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MBIIIJIEHHBIM CTAHAAPTaM, IIPU3HAHBI
BO BCEM MHPE€;

o onblT HARTING B o6:1actu RFID Takke
Hamén npuMeHenue B MICA;

e MICA 6asupyercsi Ha cucreme Linux.
Pa3paboTKa NPUIOKEHUH aHAJIOTUYHA
paspaboTtke i Raspberry PI v o cumam
JUISL GOJIBITMHCTBA IT-CriennaanucTos;

@ paspaboryuk MICA 0CO3HAET BA)KHOCTD
CO3/IaHHs CETEBOTO COOOINECTBA BOKPYT
iaTgopmel. Bckope rociie mpe3eHTa-
IIUYU KOMIIAHHUS CO3/1a/Ia COOCTBEHHOE
CeTeBOE COOOIIECTBO I Pa3paboT-
YHKOB C LIEJIBIO OOYIEHUS U PA3BUTHS
HOBBIX OU3HEC-MOJE/IEH B COTPYAHU-
4ecTBe C MapTHEpPAMU — Www.mica.
network.

Ha pucyHKe JaHO HAIIIJHOE IIPEICTAB-
JIeHHE 00 ONTUMAJIBHOM IIPUMEHEHUU
PaCCMOTPEHHBIX YCTPOUCTB B IPOU3BO/I-
CTBEHHOM IIPOIIECCE.

Oum@poBbIBaHUE IPOU3BOJCTBA TECHO
CBA3aHO C pa3BUTHEM KOHIenuu Industry
4.0. B iepBbI€ HECKOIBKO JIET JUCKYCCHS,
B 4aCTHOCTHU B 'epMaHuH, GbLIIa B OCHOB-
HOM COCPEIOTOYEHA BOKPYT CETEH, 00b-
€IMHAIOIINX IIPOU3BOJICTBEHHOE 000-
PYAOBAaHUE, YTO KOHKPETHO MOKET OBITh
peanuszoBaHo ¢ nomonisio IVIK. Ho orud-

HANMLOAE

PA3bEM HAR-SPEED M12 B SLIM-KOPIYCE

POBBIBAHHUE IPOU3BOACTBEHHOTO IIPO-
11€CCA TAKKE O3HAYAET MOSBICHUE HOBBIX
3HAHMI JUII IEpCOHAIA, HCIIO/Ib30BAHUE
U TECTUPOBAHHE HOBBIX TEXHOJIOTHI, U,
KaK CJIEJICTBHE, PA3BUTHE HOBBIX OO/Ia-
CTeH B OGU3HECE, HOBBIX ITyTEH IOIyde-
HHUS IPUOBLIN — U BCE B ITPeJIeIax yCTO-
SIBIIUXCS IIPOU3BOACTBEHHBIX CTPYKTYP
U C HEOOIBIINMU 3aTPATAMU.

OueHb MHOTO€ IIPOMBIIIJIEHHOCTD
MOKET ITOYePIHYTh y B2C-KOMITaHM 13
CIIA, KOTOpBIE YAEIAIOT OOJIBIIIOE BHUMA-
HHE aHAMU3Yy JaHHbIX. He Bce ux BHeEApe-
HHUS OKa3anuch 3 @HEKTUBHBIMHY, OHA-
KO TE€XHOJIOTUH, IpuMeHsaemble Google
U APYTUMH KOMIIAHUSIMHU, MOTYT OBITH
TOJIE3HBI ISl TIPOU3BO/ICTBA M AaBTOMa-
THU3ALIUH.

ITosiBIEHUE COTPYAHUKOB C HOBBIM
006pa30oM MBINUIEHHUA TPEOYET UCIOIb-
30BAHUE OTKPBITBIX CUCTEM, TAKHX KaK
Raspberry u MICA. ITpu aToMm Raspberry
OCTa€TCsI HA CTOJE€ HWAU HA HCIBITA-
TETBHOM CTEH/IE B KA4eCTBE <IIPOOHOTO
mapa», a MICA MOKET CIIYKUTh GOJIbIIIE
YeEM TECTOBBIM OOOPYAOBAHHMEM, OHA
MOJKET YJ4ACTBOBATH B J)KHBOM IIPOMBIII-
JIEHHOM IIpo1iecce. JJanHad raTgopma
6oJ1€ee 3anuIeHa U ITOAXO0UT /IS IIPO-

.

ANA NEPEJAYH JAHHBIX

KOMIAKTHbIH KOPITY
AHWAMETP KABENA 4,

X-KO”MPGBKA B COOTBETCTBHH G IEG 61076-2-109
...CKOPOCTb NMEPELAYIH A0 10 TBUT/C

PROCHIP

poween sy PROSOFT

O®ULIUANbHBIA ANCTPUBLIOTOP

(495) 232-2522 =

AKTUBHbI KOMMNOHEHT BALLEFO BU3HECA
INFO@PROCHIPRU

MBIIIUIEHHOT'O IpUMeHeHUs1. OHa He IIPo-
CTO OCYILECTB/ISIET OBICTPYIO KOMMYHH-
KaIlHIO, 4 TAKKE BBIIOJHACT (DYHKIIUIO
aHaaM3a JaHHBbIX. IIpy 3TOM HE HYX-
HO MOJEPHU3UPOBATH NPOU3BOJCTBECH-
HO€E 060PY/IOBAaHUE I YCTAHABIUBATD
HOBBIC 2JIEMEHTHI YIIPABJICHHUS B IIHUTBI
aBTOMaTHKH. [IlepenporpaMMUpPOBAHUS
ITJIK Taxcke He Tpebyerca. MICA moxeT
1A TUPOBATHCA 11071 (PYHKIIMU IIPOU3-
BOACTBEHHOT'O OOOPYJOBAHUS C IIOMO-
IO MOJY/IBHOM CTPYKTYPHI IIPOIPAMM-
HOTO ObecreyeHus. BpI6OP TeX WIN HHBIX
IIPOrPaMM OCHOBBIBAETCS HA WHIUBU/TY-
AJIBHOM 3a/1a4e.

ITonbzosarenu MICA He IUIAHUPYIOT
HCIIOJAb30BaTh €¢ B KayecTBe ITJIK s
yIpaBIeHUsI 0O0PYLOBAHHUEM U KOHTPO-
JIS1 IPOU3BO/JCTBEHHBIX IIPOLIECCOB, OHU
XOTST 3HATH TOJIBKO O COCTOSTHUH 0060-
pyZoBaHUsA, COOUPATh, 3aIIMCHIBATh U
IEPEeChUIATh JaHHBIE, KOTOPBIE SABSIOT-
CsA OCHOBOM /I IPUHATHUSA PENIEHUN B
IIPOIIECCe OIEHKHU CTOUMOCTH IPOIYK-
IIUU. DTO TO, UYTO SBJISIETCA OCHOBOM
koHuenuuu Industry 4.0 — o6beguHe-
Hue mupa IT ¢ IpOMBIIIEHHOM aBTO-
MATHU3A1IUE€N U Pa3BUTHE HOBBIX OU3-

G

HEC-MOJIEJICH.

Pushing Performance

10JIHOE 3KPAHHPOBARME,
3ALHTA OT BHBPAUMWA, MbITH H BIIATH

= WWW.PROCHIPRU
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HOBOCTU MUPA

SystemVue 2017 cokpatuna
CTOMMOCTb U NOTPEe6NsiemMytro
MoLUHOoCTb TpaHcueepoB NB-loT
umHctutyta ASTRI

Mnatdopma SystemVue 2017 npefgocrasuna
cneumanuctam ASTRI pesynbTaThl aHanu3a, Ha
OCHOBaHMWN KOTOPbIX OHU CMOTA hopMasbHO
3aTpeboBaTb nepecmoTpa craHgapta NB-loT
[nsi He[oOPOrNX/ManoMOLLHbIX TPAHCUBEPOB.

KomnaHusa Keysight Technologies, Inc. 06b-
ABUMa 0 TOM, YTO e€ nepegoBas nnardopma
NS NPOEKTUPOBAHNSA, MOLENMPOBAHUSA U NPO-
Bepku cuctem SystemVue 2017 BHecna Beco-
MbI BKNag B yny4LleHue ctaHgapTa y3Korno-
nocHoro VHtepHeTa Bewert (NB-10T).

CAlP SystemVue no3Bonser 06beauHATH
metoLmecs mogenu HY-, BY-TpakToB 1 kaHa-
OB A5 OLIEHKM CUCTEMbI B LIENOM. YIyHLLEHWe,
peanuaoBaHHoe ¢ nomoLLbto CAINP SystemVue,
MO3BOSINIIO OMTYMM3NPOBATL CTaHAAPT aBGOHEHT-
ckoro o6opynosaHusi (AO) NB-loT, obneryms pea-
N3auMI0 ManoMOLLIHbIX TepMuHanbHbIX VIC, 4to
6yeT 3aKperieHo B Bbinyckax 13-ro (ucripasnex-
Has Bepcusi) u 14-ro ctaHpaprta 3GPP.

NB-loT npepcrasnser cob60i HOBbIN CTaH-
JapT Y3KOMONIOCHON 6eCcnpoBOAHON CBA3MN,
paspaboTaHHbIN ANa NOAAEPXKM LUMPOKOro
[manasoHa HoBbIX YCTPOUCTB 1 ycnyr loT. 3ToT

SHARP

Pa3peLenue
fipkocTb, KA/M?

KonTpacTHocTb : 1
BxopaHoi Buaeocurian
3agHas nogceeTka

MpepenbHasn paboyas
Temneparypa, °C
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cTaHpapT onpefenseT Hedoporyw v mMarno-
MOLLIHYIO annapaTtHyl peanu3aumio, OpueH-
TUPOBAHHYIO HA MaccoBOe NMPUMEeHeHne 1 obe-
criedeHve 605bLLIOrO CpoKa ClyXobl 6aTapent.

MpoekTpys TepMuHanbHbIA TpaHcUBEpP
NB-IoT, cneunanuctbl TOHKOHICKOro nccne-
[0BaTeNbCKOro MHCTUTYTA NPUKNaAHbIX HayK
n TexHonorun (ASTRI) o6Hapyxunu Hesep-
HOe onpefefieHne OfHOro M3 TpeboBaHWUi
K  LUMPOKOMOMIOCHBIM  MHTEPMOAYNALMOH-
HbIM UCKaXeHUsIM B NMPUEMHUKE cTaHdapTta
NB-loT. 310 TpeboBaHue 6110 60nee XECT-
KUM, YeMm B cTaHgapTe LTE, 4to 3atpygHsano

co3fjaHne Hefoporvx/ManoMoOLLHbIX TePMU-
Hanos NB-loT.

[Mnatdopma MoOenMpoBaHMs CUCTEMHOIO
ypoBHsi Ha 6a3e CAlNP SystemVue u 6uénmnote-
kv NB-loT (pa3paboTtarHoii coBmecTHO ¢ ASTRI)
nogpasgenenus EEsof komnaHum Keysight
Mo3BOMMsa NOSTy4UTb HEOMPOBEPXKMUMbIE AOKA-
3aTefbCTBa, He0HX0AMMbIE A1 OTNPaBKN 0n-
LmanbHOro 3anpoca Ha M3MeHeHve cTaHgapTa K
82-11 heBpanbckoii ceccum rpynnsl SGPP RAN4
B AdmHax (peums). iameHeHne 6b1n0 NosHo-
CTbiO MPUHSTO Aerneratamm MHOMMX KOMMaHWIA.

www.keysight.com/go/news

LCD-NAHENK SHARP /11 NPOMBILLNEHHBIX MPUMEHEHUIA

VGA, SVGA SVGA, WXGA XGA, SXGA, USGA Q-VGA, SVGA, WVGA
420...450 400...1200 350...1000 280...500

600...800 800...1000 600...1000 300...800

Digital RGB, LVDS Digital RGB, LVDS LVDS Digital RGB, LVDS
LED LED LED LED

-30 -15 -20 -30

+80 +75 +70 +70

PrROCHIP

powereo sy PROSOFT

ODULMAbHLIV AUCTPUBLIOTOP

(495) 232-2522 =

AKTUBHbI KOMIMOHEHT BALUEFO BU3HECA =&
INFO@PROCHIPRU

« WWW.PROCHIPRU If'ﬁﬂ
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COBPENMEHHbIE TEXHOJIOrMM

HOBOCTU MMPA

Altium Limited nogaep>xana
Xl MexxpyHapoaHyo JIETHIO
KOCMUYECKYIO UKoy

«OT Muccun o NpoekTta
HaHOCNYyTHUKa»

JleTHas wkona B 9TOM rofgy 6bina noces-
LieHa 60-neTuio 3anycka nepBoro crnyTHUKa
«CnyTHUK-1» 1 75-neTuto Camapckoro yHu-
Bepcurtera.

Komnanusa Altium Limited BeicTynuna ¢ nog-
nepxkon Xl MexpgyHapoaHon neTHel KocMu-
Yeckom LWKonbl «OT MMCCUM [0 MPOeKTa HaHo-
CnyTHWKa», oOpraHnsoBaHHo CamapCckum
HauMOoHanbHbIM UCCNeoBaTENbCKUM YHUBEP-
cuteToM umeHun akagemuka C.IM. Koponésa,
pakeTHO-KOCMUYECKMM LieHTpoM «[porpecc»,
a TaKxe [MoBOMKCKMM pervoHasbHbIM oTaene-
Huem Poccuickon akagemMmm KOCMOHaBTUKU
mm. K.9. Linonkosckoro. B pamkax noanepxku
Altium o6ecne4vmna y4acTHUKOB LLIKOSIbl HE06-
XOAUMbIM KONMYECTBOM IMLIEH3UI Ha CBOE cre-
LManu3npoBaHHOE peLLeHne Ans npoekTMpoBa-
HWA 3NEeKTPOHHbIX ycTponcTs Altium Designer.

JleTHaAsA Wwkona npoxogwna B Aga atana. Ha
NEepBOM CTYAEHTbI Y MOJIOAbIE MHXEHEPbI U3Y-
Hanun TeopeTnyeckme OCHOBbl KOCMUYECKUX TEX-
HOJOrW AN CO30aHNsA HAHOCMYTHUKOB, @ Tak-
Xe 3aHMManucb HeMoCPEACTBEHHO UX KOHCTPY-

XapakTepucTukm

» fpkocTb 3kpaHa ao 150 ka/m? 06ecneynBaeT cHUTbIBAHUE
1300pAXKEHNA NPU APKOM COSTHEYHOM CBETE .

» Bbicokas koHTpacTHOCTL 2000:1
« LWupokun yron o63opa fo +175°

« LIBeT cBEYEHNS: XKENTbIN, 3eNEHbINA, KPACHbIA, OSbIA, CUHNIA .

« Dopmart 1306paxKeHNs:

122x32, 128x64, 240x64, 256x64 1 96x64 T04KN

PROSOFT®

ODULUANBHBIA ANCTPUBBIOTOP

MpOBaHNEM M pa3paboTKon obecneymnBatoLLmnx
3MEKTPOHHbIX MOACUCTEM Ha 6a3e cneumanbHbIX
nporpamm, B yactHoctu, Altium Designer. Ha
BTOPOM 3Tare y4acTHUKM pa3bunmcb Ha KOMaH-
[bl, KaXaas U3 KoTopbIx NpopabdaTbiBana onpe-
OENEHHY0 MUCCUIO HaHOCMYTHMKA.

«C KaxpgblM rofoM pacTéT nomnynspHOCTb
KOCMMWYECKOW LLIKOSIbI, pacLumpseTcs reorpa-
¢hus e€ y4acTHVKOB, U Mbl BUAVM CBOIO 3aady
B TOM, 4TO6bI MOMOraTh NoAAepXuBaTh NHTE-
pec cpeiu MOnoAbIX MHXEHepoB K coBpe-
MEHHbIM TEXHOSIOTUSIM 1 OCBOEHMIO KOCMOCa
B Lenom, — otmeTtun Oner VntokuH, ctapLumii
TeppuTopuanbHein MeHeaxep Altium B Poccumn
1 CHI. — MNo3aTomy Mbl ¢ paoCcTbio NpeaocTa-
BUNN y4aCTHUKaM LUKOJMbl Halle pelleHune —
Altium Designer, 4T06bl Y HUX 6blna BO3MOX-
HOCTb MPOSIBUTL Ce6A WM MOMy4UTb HEobXo-

OUMble HaBblKM B MPOEKTUPOBAHUMN TaKUX
CNOXHbIX YCTPOWUCTB».

B 2017 rogy onsa y4acTtvsa B Lukone 6bi10
nofaHo pPeKkopAHOe KONMMYecTBO 3asBOK —
6onee 170, a oKoHYaTenbHas rpynna y4acT-
HUKOB cchopMMpoBanach Nocne NPOXoXAeHUs
OUCTaHUMOHHOIO TPEHWUHra U BbIMOMHEHUS
TecToBbIX 3aAaHui. B aTom rogy ctypeHTa-
MW KOCMOLLIKOSbI cTanu 40 CTyAeHTOB U MOJIO-
IbIX MHXeHepos 13 Utanuu, ®paHuun, Ucna-
Hun, CnoseHun, Bpasunnun, Mekcukun, Bonu-
BUK, AzepbangxaHa, AnonHun, LLpu-NaHku,
Mupgun, Kocta-Puku. LLkona Ha 6a3e Camap-
CKOro HaLMOHasbHOro nccnefoBaTenbckoro
yHuBepcuTeTa nmenn akagemuka C.I1. Kopo-
néma npoxoauna B KOHUEe WUIOHA — Ha4ane
nonsi.

lMpecc-penus Altium

Jlyywasn 3amena XK-nanenam

OLED-gucnnen Raystar

Hand tools
& metal hardware

-

+ Hwuskaa notpebnaemas mowHocts 10 MA

(CxeMbl ynpasneHns — TOKOBbIE)
CBETO3MUCCUOHHAA CXema: He TpebyeTes CuUcTemMa NoLCBETKM

» Koportkoe Bpems otknuka: 10 mkc npu Temneparype +25°C
 upokuni auana3oH paboyux Temnepatyp ot —40 go +80°C

Manas TonwmHa Moayns aucnses, HebosbLLION BeC

« Cpok cnyxo6bl: 50 000 4 ans 6€10ro 1 CUHEro LBeTa;

(495) 234-0636
INFO@PROSOFT.RU

100 000 4 ans »EnToro, 3e/1IEHOro, KPacHOro LBETOB

WWW.PROSOFT.RU
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SJNIEMEHTbI U KOMIMNOHEHTbI

Cospemennbie 32-pa3paaHbie ARM cepun STM32:
noakntoueHne LCD-aucnnes WH1602

Oner Banbna (sandh@narod.ru)

B ctatbe npueegéH npumep nogkntoveHus LCD-gucnnes WH1602 compmbli
Winstar kK MukpokoHTponnepy cepun STM32 komnaHum STMicroelectronics

C UeJibio NpPpakTn4ieCcKoro ocCBoeHus.

BBEOEHME

IIpu pa3pabOTKE MHKPOIPOLECCOP-
HBIX YCTPOMCTB JJOBOJIBHO 4YaCTO BO3HU-
KAa€T HEOOXOAHUMOCTb B OPraHU3ALUH
YEIOBEKO-MAIIHHHOTO unrepgerica.
K pemnieHuIo JaHHOTO BOIIPOCA CIEAYET
OTHOCHUTBCA THIATEIBHO, IIOCKOJIBKY OT
3TOI'O 3aBHCHUT YAOOCTBO dKCIUTyaTALIUN
YCTPOMCTBA, €r0 BHEIIHUI BUJ, HHPOP-
MAaTHBHOCTb U B I1€JIOM 9PTOHOMHKA.

K 4enoBeKo-MalImHHOMY HHTepder-
Cy IPENBABIACTCA JBa OCHOBHBIX Tpe-
OOBaHUA: OTOOpaKECHHE HH(MOPMALIUHU
1 06ecrnedyeHue BO3MOKHOCTH YIIPaB-
JIITB YCTPOUCTBOM. B Hacrosee Bpemsa
CyLIECTBYET MHOKECTBO BAPHUAHTOB pelie-
HM 9TOM 33/1a49U. B KayecTBe 37IEMEHTOB
YIIPABJIEHUSI MOT'YT BBICTYIIATh KHOITKH,
MaHUITY/ISITOPBI, CCHCOPHBIE IIAHEIH U T.I1.
ITpub6opamu i1 OTOOpAKEHN HH(POpMa-
LI MOTYT BBICTYIIATh TOYCYHBIC U CEMU-

U1 STM32F100RBT6B

CEIrMEHTHBIC MHIUKATOPBI, MOHOXPOMHBIC
U IIBETHBIE I'PahUIECKUE UCIUIEH, MOHHU-
TOPBI U T.JI.

Haun6osee nonyJIsspHBIMH IIPpUOGOpa-
MU JUISI OTOOpa)keHUs HH(pOpMAIUU
SIBJISTIOTCSI CAMBOJIBHBIE MOHOXPOMHBIE
LCD-puciien Ha 6a3e KOHTpOJIEpa
HD44780. 111 mpoBeieHUA SKCIIEPHUMEH-
Ta BOCIIOJIB3YEMCSI OJTHUM U3 TAKUX IIPU-
60poB — auciuieem WH1602 (iBe CTPOKH
110 16 cuMBOJIOB) OT KOMITaHuu Winstar.
OH HOJIyYHJI HIUPOKOE PACIPOCTPAHE-
HHUE G1arofaps: HU3KOH 1ieHe, YHU(pUKa-
IIUH ¥ IPOCTOTE HHTEP(derica, BO3MOXK-
HOCTH OTOOPAKEHUS HECKOJIBKUX CTPOK,
COJIePrKAIIUX JIECSTKU CHUMBOJIOB, XOPO-
e APKOCTU U YUTAEMOCTH HHPOpMA-
nuu. ClieyeT OTMETUTD, YTO CYIIECTBY-
€T MHOTO aHAJIOI'OB JITAHHOT'O JUCILIES,
COBMECTHUMBIX 10 HHTEePdEHUCYy U CUCTE-
M€ KOMaH/I.

|

T

L

.
1
Iy
1
'

nonKnIO"IEHVIE AUCNIEA

PaccMOTpUM TIPUMEP TOJAKTIOYCHHUS
puciviess WH1602 K MUKPOKOHTPOJLIEPY
cepuu STM32 [1]. [IpuBegéM IporpamMmmy
JUUISL €I'0O UCITOJIb30OBAHMSL.

JUCIUIEH MOKHO TIOJAKIIOYUTL K
MHUKPOKOHTPOJIJIEPY IO YETBIPEX- HIN
BOCBMUOUTHO¥M IIMHE JAHHBIX. C IIEJIbIO
COKPAIIEHHS KOJUYECTBA CBI3EH OCTa-
HOBHMCSI Ha II€PBOM BapHAHTE IIOJI-
KIoveHus. CxeMa MOJKIIOYEHHUs TUC-
IUIess K MUKPOKOHTPOJUIEPY ITOKa3aHa
HAa PUCYHKE.

IIpu NOAKIIOYEHUH AUCILIES. HEOOXO-
JMMO O6PATUTh BHUMAaHHE HA PACITMHO-
BKY BBIBOJIOB JIYICILIICS], KOTOPBIE UMECIOT
cJIeIyIoNIee Ha3HAYCHUC:

" “ 5B LCD1  WH1602
14 PAOWKUP/USRT2_CTS/ADC1_INO/TIM2_CH1_ETR ADGT_IN10/PCO |-8— A
—12- PA1/USAART2_RTS/ADC1_INT/TIM2_CH2 ADCI_IN1O/PC 13— ; Vss
18| PA2/USART2_TX/ADC1_IN2/TIM2_ CHS/TIM15._CH ADGI_IN10/PC2 O 2 vad
7] pA3/USART2_RX/ADCT/IN_3/TIMZ_CH4/TIM15_CH2 ADC1_IN10/PC3 |11 CONTR
20 | pa4/SPI1_NSS/ADC1_IN4/USARTZ_CK/DAG1_OUT ADC1_IN10/PC4 |24 4 rs
21 1 pA5/SPI1_SCK/ADC1_IN5/DAG2_OUT ADG1_IN10/PC5 |25 Sl R/W
—22_1 ppg/SPI1_MISO/ADCT_ING/TIM3_CH1 pC6 |37 61 E
23 | pA7/SPI1_MOSI/ADC1_IN7/TIM3_CH2 pC7 38 o
411 PAB/USART1_CK/MCO/TIM1_CHT PC8 32— S S 1Y
42 | pag/USARTI_TX/TIMA_CH2/TIM15_BKIN pCo |40 =5 9 po
43 | pA10/USARTT_RX/TIMT_CH3/TIM17_BKIN PC10 21— T0K 101 p3
724— PA11/USART1_CTS/TIM1_CH4 PC11 22— 11 pg
421 PA12/USARTI_RTS/TIM1_ETR pci2 |33 121 p5
—4o{ PATS/JTIS-SWDIO TAMPER-RTG/PC13 |-£— 3 D6
49 1 pp14/JTCK/SWOLK 0SC32_IN/PC14 32— D7
a1 50 { pat5/0TDI 0SC32_0UT/PC15 [4— L} o
€120 6
8 My . R1 K
——"—_,_— PDO/OSC_IN 330
=
6
—|—————{Pporosc_our ADC1_INB/TIM3_CH3/PBO |28
—— i ADC1_IN8/TIM3_CH3/PB1 -5
€220 —5 NRST BOOT1/PB2 [<2—
01 B00TO JTDO/PB [-22
— vBAT NJTRST/PB4 |28
5B 3 Avee 12C1_SMBA/TIM16_BKIN/PB5
75 vee 1 12C1_SCL/TIM4_CH1/TIM16_CH1N/PB6 gg
aa{vec2 12C1_SCL/TIM17_CH1/TIN4_CH2/PB7
VCC_3 TIM4_CH3/TIM16_CH1/CEC/PBS —g;—
VCC_4 TIM4_CH4/TiM17_CH1/PBY |82~
0 1262_SCL/USART3_TX/PB10 %g—
37 AGND 1262_SDA/USART3 _RX/PB11 |30
77 GND_1 SPI2_NSS/1262_SMBA/TIM1_BKIN/USART3_CK/PB12 (33—
+ GND_2 SPI2_SCK/TIM1_CH1N/USART3_CTS/P13 52—
8 ] SPI2_MISO/TIM1_CH2N/USART3_RTS/P14 |2~
GND_4 SPIZ_MISO/TIM_CH3N/TIM15_CH1N/P15 |36

Cxema noAKno4eHus aucnnes K MUKpOKOHTponnepy
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JIucTUHr 1 -V — obmuii BBIBOJ;

include "stm32f4xx.h" 2 =V, — BBIBO/I HANIPSDKCHUS IIUTAHUST,
include "stm32fdxx gpio.h" 3 —V_ — BBIBO/], YHpaBJAC€HUSA KOHTPACT-
include "stm32f4xx rcc.h" o

/ MaxpoompeLnereHus HOCTBIO TUCILICS;

define LCD_OUT GPIOB->ODR

define LCD_PIN RS GPIO_Pin 0 // PBO 4 — RS — curHaj Ha3HavYeHUs JaHHbBIX
define LCD_PIN_EN GPIO_Pin_1 // PB1

3e§i“e LCD_pIN_Dg GpIo_Pln_g H pBg B Ka4eCTBE HH(OpMALIUU /11 OTOOpa-

efine LCD_PIN D5 GPIO_Pin_ PB

gegine LCD_PIN_D6 GPIO_Pin_6 % PB6 JKCHUS TN KOMAH/BI, HAIIPUMED, UL

efine LCD_PIN D7 GPIO_Pin 7 PB7 _
define LCD_PIN MASK ((LCD_PIN RS | LCD_PIN_EN | LCD_PIN D7 | LCD_ 3aIaHUA TIO3UITHU OTOOPAKEHHUS CHM
PIN_ D6 | LCD_PIN D5 | LCD_PIN D4)) BOJIOB:

bl

// VHuUnuanusanus IOPTOB MUKPOKOHTPOIIIEpa 5-RﬂW“—CHFHaHynpaBHCHHHqTCHH-

GPIO_InitTypeDef GPIO_InitStructure;
€M U 3AIIUCHIO JAHHBIX JIUCIIIES;
// ®yHRIUA 3amepXKU

x{r01d delay(int a) 6 — E — curHaz crpo6upOBaHIUs JAHHBIX;
int i= f= 7...14 —= DBO0..DB7 — miuHa JaHHBIX U151
whlle(f < a) {wh11e(1<60) {i++;} £++;) .
} ob6MeHa HH(POpMaITHCH;
// ®YHRIUSA CTPO6GUMPOBAHUA OUCHIES 15 — A — aHOJ, CBETO/IMOTHOM OJICBETKH;

‘(’°1d StrobLCD() 16 — K — KaTO/{ CBETO{HO/HOI ITOICBETKH.
LCD_OUT &= ~LCD_PIN_EN;

delay(230);

LCD_OUT |= LCD_PIN EN; MPUMEP NPOrPAMMBI

delay (230);

LCD_OUT &= (~LCD_PIN_EN) ; B xauecTBe mIpuMepa IPEACTABIAEM
delay(230);

} MIPOTrPaMMy, OTOOPAKAIONIYIO HA IUCILICE
// ®yHRuuA sanmucu 6aiTa B OUCIIE JIBE CTPOKH TEKCTA. B IncTUHIE IpUBEAEH

x{r01d SendByte (char ByteToSend, 1nt IsData)
LCD_OUT &= (~LCD_PIN_ MASK) ;

KO/ TAKOU IPOTrpaMMBbI C ITOACHUTEC/IbHBI-

LCD_OUT |= (ByteToSend & 0xXFO); MH RKOMMEHTapHAMH.

;{é:sgg}ioﬁi‘ 2 %ggngggnlﬁs?CD PIN_RS; PacCMOTPHM HAa3HAYEHUE TPUMEHEH-
féﬁfgﬁ?él;( LCD_PIN MASK) ; by L
ey e DY WA TS
else LCD_OUT &= ~LCD_PIN_RS; InitializeLCD() [JOJDKHA BBIIOTHATHCS

StrobLCD() ;
} IIPU CTAPTE IIPOrPAMMBIL.

// ®YHRUMA YCTaHOBKM NO3NMIMM Kypcopa Cnomompio ¢pyHkiuu ClearLCDScreen()

void Cursor(char Row, char Col)
{ IIPOU3BOJUTCA OYUCTKA HAMATH JHUCILICSA
char address;

i{ (Rogd== 0) agdigss = 0; OT IPEABIIYIINX 3AITHCEH.

else a ress = 7

address |= Col; * Oynkuua Cursor(y,X) CIYKAT IS yCTa-
?endByte tox8o | address, 0): HOBKH MO3UITHH Kypcopa. OTCYET HAYH-

// BYHEOUS OUMCTRY RMCTIIES HACTCA C HYHCBOﬁ CTPOKH H HYJIEBOT'O

\(roid ClearLCDScreen () CTOJIONIA.

SendByte (0x01, 0); DyHKIMA BbIBOJA GaTa B JUCIUICH
SendByte (0x02, 0);

} SendByte(byte, mode) no3possier 1160
// PYHRUMS MHULMANU3aUWM OUCHIEs OTOOGPA3UTb CUMBO/I HA JUCILIEE C IIapa-
x(r01d InitializeLCD(void) MeTpoM pexxuma mode=1, 1160 yrpas-
int i; 4
RCC_AHB1PeriphClockCmd (RCC_AHBlPeriph gp:ltoa ENABLE)l / o /DITS AUCIVIECEM B DEKHME HACTDOUKH
GPIO_InitStructure.GPIO_Pin =GPIO_Pin GPIO_Pin GPIO_Pin - A
GPIO_Pin_5| GPIO_Pin_6| GPIO_Pin_7; npu mode=0. 9ra PpyHKIMA IPUMEHIET
GPIO_InitStructure.GPIO_Mode = GPIO_Mode_OU'I‘; CS1 UIS1 OYUCTKU IUCIUIES, yCTAHOBKU KyP-

GPIO_InitStructure.GPIO_OType GPIO_OType_ PP;

GPIO_InitStructure.GPIO_Speed GPIO_Speed 50MHz; COpa, BRIOOPA THIA Kypcopa u T.IL. Hanpu-

GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;

GPIO_Init (GPIOB, &GPIO_InitStructure); mep, komanaa SendByte(0x0C, 0) oTkio-

LCD_OUT &= ~(LCD PIN_MASK) ;

for(i=0;i<3;i++) delay(32000), YHUT KypCcop.

LCD_OUT &= ~LCD_PIN_RS; N

LCD_OUT &= ~LCD_PIN EN; Juciuiern  Mmo3BOJISAET OTOOPAXKATh

TS‘EEgSHEJ)?"”; Kypcop B OJHOM U3 TPEX PEKHMOB:

SendByte (0x28, 0); ”

SendB;l;teEOxOE, Og; MHUTAIOIMIUA  KypCOp, KypCOp B BHUJE
0);

?endByte(0x06, HWJKHEI'O INOJYEPKUBAHUA U CKPBI-

TBI KYypCODP. €JIaTh COp MuUra-
//  ®yHEUMS OTO6pDaReHNs CTPOKM ypcop. Cx Kypcop

\{rmd PrintStr(char *Text) IOINIUM MOZKHO C IIOMOIIBIO KOMAaH/IbI
charT*c, SendByte(0xO0F, 0). Kypcop B BU/I€ HHXK-
CcC = a5

\;lhlle ((c 1= 0) && (*c != 0)) {SendByte(*c, 1); c++;} HEro IMOAYCPKUBAHUA AKTHBHUPYETCA

kKoMaHJou SendByte(0xO0E, 0).
{;/u; Pﬁi‘i’%o‘i’g’fm HRESEaRS IMosryuuts 60s1€€ OAPOOHYIO HH(pOpPMa-

{

élilitia(]:.igeLCD ( )( S / ; /Mgmunannsaunz aucInes 1uIo o guciuiee WH1602 1 TO3HAKOMUTh-
earLCDScreen() ; YMCTKa OUCHIEes OT CUMBOJIOB .

Cursor(0,2); // VCTaHOBUTE KypCOp Ha CTpoky 0, B cTonber 2 CA.C/IPYTHME, MO/ICIIME JEACIUICCE MOZK

PrintStr( “Hello world!"); // BeBOA TeKCTa HO Ha CayTe IIpousBoauTess [2].

Cursor(1,4); // YCTaHOBUTB KypPCOp Ha CTPOKY 1, B cronbern 4

Pr1ntStr(“0123456789") ;

while (1)

JIUTEPATYPA

// MecTo ANS IMKINYECKOI'O KOAa NIPOI'DaMMEI
} 1. www.st.com

}

2. www.winstar.com.tw/ru/products @

COBPEMEHHAA SINEKTPOHUKA ¢ Ne 7 2017 WWW.SOEL.RU 25



SJNIEMEHTbI U KOMIMNOHEHTbI

26

Hoebie MAMC-akcenepomertpbl Safran Colibrys

Ang reou3nyeckoro obopynosanus

Anekcanpap bekma4es (bae@favorit-ec.ru)

B ctatbe onucaHbl 0CO6€HHOCTU KOHCTPYKLUMU, NPpenMyLLecTBa U cnocoobbl
uHTerpauum akcenepometpos Safran Colibrys HoBbix cepuii B o60pyaoBaHue
Ans HecpTerazopobbium, KapoTtaxka U reonoropassegku — MWD/LWD

CoOBpEMEHHOE TI'€0JI0TOPaA3BEJOIHOE
U TEXHOJIOTUYECKOE OOOPYJOBAHUE IS
HedTErasofo0edM YK€ INPAKTHYECKH
HEBO3MOKHO IIPEACTABUTDh 0€3 TEXHU-
YECKHUX CPE/ICTB ONPE/IETICHUA IIPOCTPAH-
CTBEHHOI'O TIOJOKEHMS CKBAKMHHOTO
MHCTPyMeHTA. B 0611ieM cirydae, HaBura-
LIMOHHBIN MOJY/Ib COAEPKUT OIOK aKce-
JIEpPOMETPOB, THPOCKOIIOB 1/UJIX MAaTHU-
TOMETPOB CO CXEMOH HOPMHMPOBAHUA U
IpeoOPA30BAHUS CUTHAJIOB IS JaJIbHE -
eH nepeaydu 1o KaHaJIaM TeJIEMETPHH.
Knacrep U3 akcenepoMeTpoB — IaTYHUKOB
JIMHEHHOT'O IEPEMEIIEHHS C TPEMS B3aNM-
HO OPTOTOHAJIbHBIMH OCAIMH YyBCTBHUTEIb-
HOCTH BBIIAET IEPBUYHYIO HH(OPMAITUIO
O IIOJIOKEHMH, HAIIPABJIEHUH U CKOPOCTH,
KOTOPas JOMOHAETCA M KOPPEKTHPYET-
Cs Ha OCHOBE JIAHHBIX /IATYUKOB YIJIOBO-
'O IIOJIO’KEHMUS, NEKTPOHHBIX KOMIIACOB
(cm. puc. 1).

OfHUM U3 3aMETHBIX MHUPOBBIX IIPO-
HU3BO/IUTE/ICH MUKPO3JIEKTPOMEXaHHYE-
ckux cucrem (MOMC) akcerepomMeTpoB
JIISL TSDKENBIX YCIOBMH SKCILTyaTalluu B
HIHPOKOM /IMANa30He pabounX TeMIepa-
TYP ABIAETCA HAYYHO-TIPOU3BO/ICTBEHHAS
xommanusA Safran Colibrys, 4bsa mpogyk-
LU YK€ IIPOJOJLKMTEIBHOE BpeMs IPHU-
MEHSAETCSA B HABUTAIIHOHHOM, TEXHOJIOTH-
YECKOM, Fe0(PpU3NIECKOM O60PYTOBAHUH
HE TOJIBKO 32 py6eskom, HO U B Poccum.

Puc. 1. Knaccuyeckass KOMNOHOBKA HaBUraMOHHOr0 MORYNA CKBAXMUHHOI0
o6opynoBanus: 1 — akcenepomeTpbl, 2 — TMPOCKOMbI/MarHUTOMETPbI, 3 — 610K

9NIEKTPOHUKN

Safran Colibrys — mepegoBoe uccieno-
BATEJIbCKOE M TEXHOJOTHYECKOE IIpes-
npusarie. OTnoykosasmaaca B 2001 roay
oT IIIBEHIaPCKOTO MHCTUTYTA 3IEKTPO-
HUKH U MUKPO3JEKTPOHUKH KaK IIPO-
HU3BOJICTBEHHOE IIPEIPUATHE IIOTHO-
ro uukia, Colibrys SA cocpegorouniach
Ha IPUKIAJHBIX UCCIETOBAHUAX, pa3pa-
GOTKE U IPOU3BOJCTBE MUKPOMEXAHUYE-
CKHMX aKCEJIEPOMETPOB EMKOCTHOI'O TUIIA
110 COGCTBEHHOM OObEMHON TEXHOIOTHUH
3D MEMS. DTO IIO3BOJHJIO KOMIIAHHUU B
KOPOTKHE CPOKH CTaTh KBATH(PUIIHPO-
BAaHHBIM ITOCTaBIIUKOM KOMIIOHEHTOB
JUIsI IPUMEHEHUS B aBHAILMOHHO-KOC-
MHUY€ECKOH, BOCHHOI, KEJIE3HO/IOPOKHOM,
OypOBOI ¥ TOPHOIIPOXOJYECKOM TEXHU-
K€, B CECMOJIOTUYECKUX, TEXHOJIOIHUYE-
CKUX, OXPAHHBIX CHCTEMAX U B CUCTEMAX
IIPOMBIIIUICHHO 6€3011aCHOCTH.

BaXHBIM 3TalIOM B UCTOPUH (PUPMBI CTA-
JIO CTPOUTEIBCTBO U 3AITYCK B 9KCIUTyaTa-
nuio B 2014 rogy COGCTBEHHOT'O IIPOU3-
BO/ICTBEHHOT'O KOMIUIEKCA B I. IBep/IOH-
ne-ben (IIBeiiapusa), 4TO ITO3BOJIHIO
OGBEAUHUTD IIPOU3BOJICTBO YYBCTBUTEIb-
HBIX 3JIEMEHTOB U CIIEIMATU3UPOBAHHBIX
VIIPABJIAIOIMX MUKPOCXeM 1 HUX (ASIC)
U IIEPEUTHU, B UTOTE, K IIPOU3BOJCTBY JaT-
YHUKOB KOHCTPYKIIUH «CHUCTEMA B KOPITY-
ce». [Tociie BXOXKIEHUSA B COCTAB BBICOKO-
TEXHOJOIMYHOU Irpymiibl Safran B pesyib-

TaTe IOKYIKH Ipeanpuaruem Safran
Electronics & Defense (HOBoe Ha3BaHUE
npeanpustys Sagem ¢ 2016 1.), KOMITAHUS
6b11a nepenMenoBana B Safran Colibrys SA.

OTeuecTBEHHBIM IOTPEOUTEISIM XOPO-
IO 3HAKOMBI aKCEJIEPOMETPHI CEPUIL
MS9000 u VS9000, npuuém Iepsble U3
HUX, C IMAIIA30HOM U3MEPEHUM +1g 1 +2g,
AKTMBHO IIPMMEHAIOTCA B COCTABE CKBA-
SKMHHBIX THKIMHOMETPOB.

Ha ocHOBe aHa/IM32 OTKJIMKOB pa3pa-
OOTYHUKOB U ONBITA KCIUTyaTAI[UH aKCe-
JIEPOMETPOB B COCTABE OOOPYJOBAHMSA
IIPOU3BOAMTED YCOBEPIIEHCTBOBA KOH-
CTPYKIMIO U TEXHOJIOTHIO IIPOU3BO/ICTBA
JATYUKOB, B PE3Y/IBTATE YETO PIHKY OBLIH
IIPEIIOKEHBI HOBBIE MOJIE/IU: BBICOKOTOY-
HBIN BUOpOakcesepomerp cepun VS1000
C JUATIA30HOM U3MepeHui +2g...£200g u
BBICOKOTOYHBIIN BBICOKOTEMIICPATYPHBIN
uHInHomeTp TS1000T ¢ puamazoHoOM
uzMepeHun +2g..+10g 1 BepXHUM IIpe-
Jesom padode remneparypel +175 C.

He 6yaeM OoCTaHaB/IMBATbCA HA OCHOB-
HBIX 3KCIUTYaTAlJMOHHBIX XapaKTepH-
CTHKAX AKCEJIEPOMETPOB IPEIbIAYIIETO
U HOBOTO IIOKOJIEHUH, ITOCKOJIBKY OHH
JIOCTATOYHO IIOJJPOGHO H3JIOKEHBI B
nyoaukauusax (1, 2] u B kpatkux TY nipo-
uzpoauress [3]. IlogpobHee pacCMOTpUM
KOHCTPYKIIMIO U PEATBHO JJOCTHIXKUMBIC
IIOKAa3aTE/IM HA [IPUMEPE CONTIOCTABUMBIX
110 JUAIIa30Hy U3MEPEHUN U HA3HAYCHUIO
akcesnepomerpa MS9002 1 MHKIMHOMETPA
TS1002T py1st fuana3oHa YCKOPEHUH £2g.

KoHCTpyKI1A UyBCTBUTEIBHOI'O 7IEMEHTA
HE IIpeTepIie/ia U3BMEHEHUM (CM. pHC. 2).

£
E e i 7—01
= Bl
1 2 3

Puc. 2. KOHCTPYKUMA YYBCTBUTENbLHOIO 3NIEMEHTA, BbINONIHEHHOr 0 N0
06bémHoii TexHonorum Golibrys 3D MEMS: 1 — noBuXHbIN 3NEMEHT C OAHON

CTeNeHblo CB060AbI, 2 — YNpyriii Noaeec, 3 — 3KBUBANIEHTHAs CXeMa
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Puc. 3. Apxutektypa aat4ymkoB: a) MS9000, 6) TS1000T

DTO TPEXCIOMHASL KPEMHHUEBASI COOPKA,
B CPEIHEM CJIOE€ KOTOPOH C(OOPMHUPOBAH
TIO/IBMDKHBIN 3JIEMEHT Ha YIIPYI'OM IIOABECE
C OJTHOH CTEIIeHbIO CBOOO/IBL Ero nepeme-
IIEHUE MIPU IIPUIOKEHHUH BHEIITHUX BO3-
JIEHCTBUI K KOPITYCY JATYUKA BBI3BIBACT
IPONOPLIHMOHAIBHOE U3MEHEHUE EMKO-
CTHU B JIBYX IlI€YaX INPUEMHHKA CHUTHA-
JIa, KOTOpOE 3aTeM TPAHC(HOPMHUPYETCA B
COOTBETCTBYIOIIMI YPOBEHD HATIPSKEHUA
Ha BBIXO/I€. BBIXOHOI CUTHAJI — PATHO-
METPHUYECKHUH, T.€. Er0 aMILIUTY/1a 3aBH-
CHUT OT YPOBHS HAIIPSDKEHUS ITUTAHUA. DTY

cnenuUKy HeOOXOAUMO YYUTBIBATD IIPU
IIOCTPOEHUU UCTOYHUKA ITUTAHUSA U Pa3- Puc. 4. KoHcTpykums parumka (Kpbilwka Kkopnyca yaanena): a) MS9000, 6) TS1000T
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Yacrota cpesa
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Puc. 5. CpaBHeHne 4acToTHbIX Xapakrepuctuk MS9000 u TS1000T: a) nonoca nponyckanus, 6) pacnpeaesieHne 4acToT cpesa no BbIGOpke

LLlymoBbIE XapaKTEPUCTUKM JaTYUKOB

10° .
CO6CTBEHHBIN LWyM
100
9 mTS1002T = MS9002.D
o 80
B g
= g 60
s ' S 50
= MS9002.D S 40
z £ 30
o < 20
8 10 i -
g b | ;
5 6 78910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
10 d T51002TA 3HayeHue Lwyma, MKg/\/ru
5 10 15 20 25
a Yacrora, Iy 6

Puc. 6. CpaBnexne ypoBHs co6cTBeHHbIX wymoB MS9000 n TS1000T: a) rpacpuyeckoe NpeLcTaBneHne pesynbTaTos U3MepeHui, 6) pacnpeaeneHue 3HaqeHni
YPOBHS LLUyMa N0 BbIGOPKE

XapaKTepucTuKa HesIMHeHOCTH

HenuHeiHocTb curhana
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Puc. 7. CpaBHeHue HeNUHEWHOCTH CUrHanNa AaTynKa Ha pa6oyem Auana3oHe Npu BO3AEACTBUN BUOPALMK: ) rpadd Ky XapaKTePUCTUK HEIMHERHOCTH,
6) pacnpefeneHue 3Ha4eHNi HENMHENHOCTY N0 BbIGOPKE

CmeLLieHune Hyns

MacwTabHbli KoadhuumeHT
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Puc. 8. CpaBHenue TemnepatypHbix 3asucumocteit MS9000 u TS1000T: a) cmeLeHie Hyns, 6) MacLUTabHbIA KOIPHULMEHT
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®yHKyMoHaNbHOE Ha3HaveHue BbiBofoB TS1000T, VS1000

SJIEMEHTbI U KOMMNOHEHTbI
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18,19, 20 | Puc. 9. Tunosas cxema Bknro4exus TS1000T, VS1000

PaboOTKe KOHCTPYKIIMU U3MEPUTEIHHOTO
yCTpoHcTBa. BerxogHo kackaa TS1002T
OTJIMYAETCS OT BbIxoaa MS9002 TeM, 4yTO
BBITIOJIHEH 10 TN pepeHIINATBHON cCXeMe
(cm. puC. 3), 9TO IOJTOKUTEITBHO TTOBJIUSA-
JIO HAa IOMEXO03aUTUIIEHHOCTb.

CynieCcTBEHHO U3MEHMIACH U KOHCTPYK-
YA JATYMKA (CM. pUC. 4). YAAT0Ch HCKITIO-
YUTb JOIIOJHUTEIBHBIE MUKPOKOHTPOJI-
JIep, AUCKPETHBIM JaT4YHUK TEeMIIEpaTy-
PBI, HATPY304YHBIN pe3ucTop. Beck aToT
(PYHKIMOHAJ MEPEHECEH B CIELUATIU-
3UPOBAHHYIO MHUKpocxemy. Hecmorps
Ha TO, YTO YyBCTBUTEIbHBIN 3JIEMEHT U
KEPAMMYECKUI KOPIYC JATYHMKA OCTa-
JINCh IPEKHUMH, CYIIECTBEHHO U3MEHU-
JIACh TEXHOJIOTHS KPETIJIEHN KOMIIOHEH-
TOB K OCHOBAHMIO KOPITyCa, IPUMEHEHBI
HOBBIC MaTE€PHUAJIBL. B pesybrare yiy4iie-
HO COIVIACOBAHHUE TEMIIEPATYPHBIX KO-
(PUIIMEHTOB PACUIUPEHUA KOPITYCa U KOM-
IIOHEHTOB, AeMII(PUPOBAHUE YIAPHBIX U
BHOPAIIMOHHBIX HAIPY30K, UTO HE3AME/I-
JINTEJIBHO MOJIOKUTETBHO OTPA3UIOCHh HA
JIMHEHHOCTU U3MEHEHHUA SKCIUTYyaTAIl[UOH-
HBIX X4aPaKTEPUCTUK B paboyeM TeMIle-
PaTypHOM AMAIIA30HE U IIO3BOIUIIO MO/ -
HATb BEPXHUU TEMIIEPATYPHBIN IIpeaen
6€3 IOTEPU TOYHOCTU U CTAOMIBHOCTH.

J19 OLEHKH JOCTUTHYTBIX YJIY4IIeHUN
NIPOAHAIM3UPYEM PE3YIbTATHI HAPALIEC/Ib-
HBIX U3MEPEHUM XapAKTEPUCTHK, IIPOBE-
JIEHHBIX B JIAOOPATOPHBIX yCJIOBHAX HaA
o6pasiax MS9002 u TS1002T.

ITonoca nponryckanus garauka TS1002T
yBeJIM4YeHa 60j1ee 4eM Ha 25% 110 CpaBHEe-
HHUIO ¢ MS9002 (cm. puc. 5). Ilpu 3rom
HEOOXOAUMO OTMETUTD «KOHCEPBATU3M»
MPOU3BOAUTEIS: B TY 3asB/IsACTCSA BEPXHAS
T'PAHHUIIA IIOJIOCH IIPOITYyCKAHUA HA YPOBHE
ue menee 100 I'y (-3 gb), Torpa kak ax-
THYECKU JOCTIZKUMOE 3HAYEHHE COCTAB-
aset He meHee 400 I'ty (-3 1b).

VpoBEeHBb COOCTBEHHBIX IITYMOB JATYH-
Ka TS1002T cocrasnser 7 Mkg/\NI1x (CK3),
4TO IIOYTH B 2,5 pa3a HUXKE, YEM y JaTUHKA
npeapiaynero nokoaenus MS9002, koro-
PBII B AHAJIOTUYHBIX YCIOBUAX MOKET
IIPOAEMOHCTPUPOBATH 3HAYECHUE HE JIy4-
me, uem 18 mxg/NT'11 (CK3) (cm. puc. 6).

PaiuKaJbHO Y/IY4IIEHBI IIOKa3aTe-
JIM HEJIUHEHHOCTHU CHUTHAIA JATYUKOB
HOBOTO IIOKOJICHHSA B JUAIIa30HE U3ME-
PAEMBIX YCKOPEHUH IIPU BO3JCHCTBHUH
BUOpanuu (CM. puc. 7). IIpu 3TOM Tak-
JK€ YMEHBIIMJICA pa3OpocC IoKa3aTeiei
OT/ICIBHBIX OOPa3110B B BBIOOPKE.

IToxasaTenu TeMnepaTypHON 3aBUCH-
MOCTH CMEIICHUS HY/IS U YyBCTBUTEIb-
HOCTH (MacHITabHOTO KO3 PUIueHTa)
B JATYMKAX HOBBIX CEPHUH CTAJIU IIPAKTH-
YEeCKU IMHEHHBIMHY, C MAJIBIM HAKJIOHOM
OTHOCHUTEIBHO TOPU3OHTAIBHOM OCHU U
COXPAHAIOT CBOIO IMHEHHOCTD BIUIOTH /10
BEpXHEro pabouero npeaena B +175°C,
TOIJA KaK Y JATYHUKOB IIPEIBIAYIIETO
TIOKOJICHUS ANIIPOKCUMHUPYIONAs KPUBAs
JEMOHCTPHUPYET PE3KUI CIIaJ, IIPU IIPU-
O/IMKEHUH K BEPXHEH IPaHUIle pa60unx
TeMIieparyp (Cm. puc. 8).

bnaromaps npuMeHeHHIO HOBOH CIIe-
UAIM3UPOBAHHOM YIIPABJIAIONIEH
MHKPOCXEMBI B COCTABE IATYNKOB HOBBIX
CepHIi, peaTn30BaHa BO3MOKHOCTb OOMe-
Ha YIIPABJISIIOIMMU U JTUATHOCTUYECKHU-
MH CUTHQJIAMHU B BU/I€ IOTHYECKUX YPOB-
HEHU MEXKAy BHEIIHUM KOHTPOJUIEPOM U
JATYHUKOM, 4 CaM JaTYHK IIOJTYy4HJI pac-
IMUPEHHBIA (PyHKIMOHAN. B yacTtHO-
CTH, IIOSIBUJIACH (DYHKIHA BCTPOEHHOT'O
CaMOTECTUPOBAHUA C BBIIAYEH PE3y/ib-
TaTA JUATHOCTHUKU B BUJIE JIOIHYECKOT'O
YPOBHA. DTa (PyHKIUA AKTUBUPYETCS KaK
IIPU IITATHOM BKJIIOYEHUM — IIPU IIOAAYe
IMUTAIONICTO HAIIPSKEHMS, TAK U IIPUHY-
JUTEIBHO — 110 CUTHATY copoca. O BeIXOsie

IUTAIONIEIO HANIPSKEHUS 32 IOITYCTHMbBIE
IIPEJEIIbL U O IIEPETPYIKE YYBCTBUTEIHHO-
IO 3JIEMEHTA CUTHAJIM3HUPYET BBICOKHH
JIOTMYECKUH ypoBeHb Ha BeiBOJIe ERR. IIpn
IIPUIOKEHUH K JATIYUKY YCKOPEHUS, ITpe-
BBIIIAIONIET'O €I'0 HOMUHAJI, BCTPOCHHAsA
ASIC TaxKe IPOU3BOAUT LUKINYECKUU
cOpOC CXEMBI YIIPABACHUA /10 TEX IOpP,
II0KA YyBCTBUTEJIBHBIIN 3JIEMEHT CUTHAIU-
3UpYET O neperpyske. PyHKIIMOHATBHOE
Ha3HAYEHUE BBIBOJOB AATYHUKOB TS1000T,
VS1000 nnpuBeAEHO B TAGIULIE.

CxeMa BKIIOYCHUSA aKCEIEPOMETPOB
HOBOTI'O IIOKOJIEHUS JOCTATOYHO IIPOCTA
U TpebGyeT MUHHMAJIBHOI'O KOJIHYECTBA
BHEIIHUX KOMIIOHEHTOB (CM. puC. 9).
C y4€TOM PaTHOMETPUUYECKOIO BBIXO/I-
HOI'O CUTHAJIa OCOGEHHO BAXKHO obecIie-
YUTH CTAOUIBHOCTb HCTOYHMKA MU TAIOLIE-
IO HANIPSDKEHUS U (PHIBTPAITHIO IIOMEX 110
HersaM nuTanus. Cama 1iaTa ¢ JaTYMKOM
C IIOMOIIBIO HUIEH (DA, IIPU YCIOBUU 0O€-
CIICYEHUSI 3AIUTHI OT IEKTPOMATHUTHBIX
IIOMEX, MOXKET OBITh (PU3HUIECKH 0O60CO-
06/1€eHA OT CXEMBI OOPAOOTKH 1 BBIHECEHA
B TOUYKY M3MepeHus. Baok-cxema uHre-
rpanyy axkceaepoMeTpa B U3MEPUTENb-
HYIO CHCTEMY IIPUBEICHA HA pPUCYHKe 10.

raGapuThl JATYHUKOB IO3BOJIIIOT CO3-
J1aTh 3-0CEBOM GJIOK U3MEPEHUS YCKOpe-
HUH JUIA Pa3MEIIEHUS B IIJIMHIPUYECKOM
OTCEKE C BHYTPEHHUM JUAMETPOM ~28 MM.
DCKH3 TAKOTO TEXHHUYECKOI'O PENIECHUS
NPUBEAEH HA pUCYHKe 11.

OnBIT IIPUMEHEHHS HHEPIHAIBHBIX
MOMC-IATYHMKOB  IIOKa3bIBAECT  BaAXK-
HOCTb QJITOPUTMHYECKOH KOMIICHCA-
IIUH «CBIPBIX» PE3YJIbTATOB U3MEPEHUIL.
Bbprync/MTEIbHBIE MOIHOCTU COBPEMEH-
HBIX MUKPOKOHTPOJIJIEPOB IIO3BOJISAIOT
MIPOU3BOJUTD T OIlEPALIUHU «HA OOPTY» —
B 6/10K€ 06PabOTKH IIEPBUYHON UH(pOP-
MAaIuy U I1epeJaBaTh 10 TeJIEMETPUYECKO-
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NcTo4HMK nuTaHns Mnata gar4nka ®opmuposartenb
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Puc. 10. bnok-cxema unrerpauuu akcenepomerpos TS1000T, VS1000 B uameputenbHyt0 cucTemy

Puc. 11. IcKn3 KOHCTPYKUMM 3-0cEBOro 610Ka M3MepeHns YCKOpeHuii
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Puc. 12. bnok-cxema uxterpauuu akcenepomerpos TS1000T, VS1000 B uameputrenbHyr cucremy
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Puc. 13. Pe3ynbrar nporpammHoil 06paboTKu IKCNEepUMEHTaNbHbIX AAHHbIX

My KaHaJIy YK€ IIOJrOTOBJIE€HHbIE, CKOM-
IIEHCUPOBAHHBIE JTAHHBIE.
ITpousBoauTensb B KpaTkux TY Ha akce-
saepomerp TS1000T [3] mpuBOAUT IIPH-
Mep TAKOM IIPOrpaMMHOM KOMIIEHCA-
ITUH JIJISA 2-OCEBOH CUCTEMBI IIOIMHOMOM

3-10 OPsAAKA C UCIIOJIB30BAHUEM JAHHBIX
BCTPOCHHOTI'O JATYUKA TCMHCpaTYpr. HpO-
eypa o6paboTKHU BKIIOYAET BA JTATIA:
KOMIIECHCAIIHUIO HENACA/TPHOCTH JATYHUKA
C y4€TOM TEMIIEPATYPDI U Y/IA/IEHUE OLIH-
60K 1 (POPMHPOBAHHE YITIOBOI'O BEKTOPA

(cMm. puc. 12). ITokazaHO, YTO PE3YIbTATOM
IPEOOPA3OBAHUI ABSIETCS MIPAKTHYECKU
JOCTIDKUMAs TOYHOCTD OIIPE/ICICHUS YITIa
HAKJIOHA He Xyxe, yeM £0,05° B rapaHTu-
POBaHHOM JUAIIa30HE PAOOUYUX TEMIIEPA-
Typ —40...#150°C (cM. puc. 13). 9ta npo-
1e/Typa IO3BOJIAET ABTOMATUYECKU YIECTh
U3MEHEHU B IIPOLIecce PabOThI yCTPOH-
CTBA TAKHUX 3KCIUIYyaTAllMOHHBIX XapPaK-
TEPUCTUK JATUYHNKA, KAK Iperid Hy/IeBOrO
CHUTHAJIA, TEMIEPATYPHAsA 3aBUCHUMOCTb
MacCHITaGHOro KO3 puiipeHTa, HeJIMHEeH-
HOCTb IIOKA3aHUH YyBCTBUTEIBHOTO dJI€-
MEHTA, a4 TAKKE BIAUIHHE IIEPEKPECTHBIX
IIOMEX B MHOTOOCHBIX CUCTEMAX.

Pa3zpaboTuyuKu reo(pu3n4eCcKux u3Me-
PHUTEIBHBIX CUCTEM CMOTYT HAUTU IIPHU-
BJICKATEIbHBIMH JIJIsI IPUMEHEHUS B CBO-
HUX HOBBIX pa3paboTKaX BUOPOAKCEIEPO-
merpbl cepur VS1000, BBITTIOJTHEHHBIE HA
ogHOTUIIHOM € TS1000T 4yBCTBUTEIBHOM
3JIEMEHTE U UMEIOIINE AHAIOTUYHBIE CX€-
MY YIIPABJIEHHS U KOHCTPYKIIHIO.

OCOGEHHOCTBIO EMKOCTHBIX MOMC-
AKCEJIEPOMETPOB SIBJISIETCS BO3MOXKHOCTD
HM3MEPEHUs CIIEKTPA PETHCTPHUPYEMOIO
CHUT'HAJIA HAYHUHAS C IIOCTOSTHHOM COCTAB-
asome, T.e. or 0 I', 4To B OT/IE€IbHBIX
IIPUMEHEHUAX MOXKET OBITh CYIIECTBEHHO
JUISI TOYHOM JUATHOCTUKU. BepxHsasa rpa-
HUIIA ITOJIOCHI IPOITYCKAHUS AKCEIepOMe-
TpOoB cepun VS1000 cocrasiser oT 1150
710 7000 I'ry (-3 ab) [u1s1 pa3HBIX MOJIETIEH,
4TO COOTBETCTBYET K1accy C ¢ AuHaMuue-
ckuM guana3onom 90 ab [4].

Kommnanus Safran Colibrys SA 3asaBis-
€T O CBOEM HAMEPEHHH B OJIFKAVIIEM
OyyleM BEPHYTHCA HAa PBIHOK KOMMeEpP-
YECKUX CEMICMUYECKUX AKCEJIEPOMETPOB
C HOBBIM MDMC-1aT91KOM Kiacca B, ume-
IONUM TUHAMUWYECKU quana3on 110 gb.
ODTU JATYUKHU JO/LKHBI IPUHUTH HA CMEHY
BOCTPEOOBAHHOM B HPONLJIOM JIHMHEH-
ke Si-Flex SF1600, SF2006 1 3-0ceBbIM
COOpKaM B yapOIIPOYHOM KOpITyCce Ha
HX OCHOBE.

JIMTEPATYPA
banwman 1T, FO. MOBMC-
axcesiepoMeTprl Komranuu Colibrys — mpopeis

Tonomapés

B 00JIACTD BBICOKHMX TEMITEPATYP. DJICKTPOHHKA:
Hayxka Texuosmormst busnec. 2016. Ne3.
bexmaues A. Unepumanbabie MOMC-1aT4uKu
M MOJIy/IM €BPONECHCKUX ITPOU3BOAUTEICH.
OG630p HOBHHOK. DieKkTpoHuKa: Hayka Tex-
Honorua busnec. 2014, Ne2.
30S.TS1000TA.C.10.16. TS1000T — Preliminary
datasheet. Single axis analog accelerometer.
Safran Colibrys SA. www.safran-colibrys.com.
30S.V$§1000.D.08.16. VS1000 — Preliminary
datasheet. Single axis analog accelerometer.
Safran Colibrys SA. www.safran-colibrys.com. @
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NPOWU3BOACTBO INIEKTPOHNKU OTBETCTBEHHOIO MPUMEHEHUSA
JANS CNOXHbIX YCNOBUI IKCNNYATALMUM

CTAHOAPTAM
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9 KCHEPUMEHITUPYS. C HOBBIAL, ML COXPAHICH Ay 1ILee,
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SJNIEMEHTbI U KOMIMNOHEHTbI

HOBOCTM MPA

Anekcen AKyHUH:
«He comHeBaTbCH,
a pencTtBoBaThb!»

O pa6oTe cekuum «/IHhopmaLMOHHO-yNpaBs-
NSAOLLME CUCTEMBI», KOTopas OyaeT yxe Tpe-
TUI rof B paMKax MexayHapoaHoW Hay4HOn
KoHepeHumn «MukpoanekTpoHuka — SKB n
3NEeKTPOHHbIE Moaynu» Ha lll MexayHapogHoM
dopyme «MukpoanekTpoHuka 2017» paccka-
3an fekaH hakynbteta MYKponpruoopoB 1 TeX-
Huyeckou knbepHetuku HAY MUST, npodchec-
cop, A.T.H. Anekcen Hukonaesmy SAKyHUH.

LN

B cekummn «/HdopmaLmoHHo-ynpasnsoLLme
CUCTEMBI» 0BCY>KOAITCA NPOBeMbl MPOEKTU-
POBaHVIS U AKCTIEPUMEHTANTBHOrO UCCTefoBaHUS
VHCOPMALIMOHHO-YNPaBNSOLLIX CUCTEM C LIENbIo
YIYHLLEHWS MX TEXHUHECKUX XapaKTEPUCTUK. AHa-
NN3VPYHOTCS COBPEMEHHBIE CTPYKTYPHbIE 1 apXu-
TEKTYPHblEe PeLLeHns, BKIToYas UccrnefoBaHue n
pa3paboTky MaTeMaTnHeckux MOLEsnen, CroXHO-
(hyHKLMOHaITbHbBIX 65T0KOB, MOAYIIEN, anrOpUTMOB
1 CMOCOBOB WX TEXHUHECKOW peanmaaumn. OTaens-
HOe BHUMaH1e yaenseTcsa 0CO6eHHOCTAM npumMe-
HEHWs1 OTEHECTBEHHOM KOMMOHEHTHOM 6a3bl.

B paHHOM ceKuum paccmaTpuBatoTcs He
CTOJSIbKO TEXHOMOTUW U3rOTOBMEHNS, CKOJbKO
€Oo3[aHve NPUHLMNNANBLHO HOBbLIX CTPYKTYPHbIX
M apXUTEKTYPHbIX PeLUEeHUA, HOBbIX METOLOB
aHanusa u CuMHTe3a 3NeEMEHTOB MHopmaLm-
OHHO-YMPaBNISOLLMX YCTPONCTB, OPUrMHASTbHBIX
anroputMoB 1 3 EKTUBHbBIX NPOrpaMm, KOTo-

APBENOC

HAYHHO-NPOWU3BOACTBEHHOE NPEANPUATUE

— Pa3pabortka 3aka3HbIx cunoBbix 1 BY/CBY-moaynen

pble MMetoT 60SIbLLIOE 3HAYEHVe ANt Hay4HO-
TEXHWYECKOro pocTa MUKPO3MEKTPOHHOW OTpac-
M. 3TO OCOBEHHO aKTyasnbHO MpU YCIIOBUK
MCMOSIb30BaHMS OTEHECTBEHHBIX KOMIMOHEHTOB.

Mogepatop cekumn «MHOpMaLMOHHO-
ynpasnstoLLme CUCTEMbI», Mpodheccop, A.T.H.
Anekcen SKyHuH yTBepxpaeT: «Bce pokna-
[bl NO-CBOEMY MHTepecHbI. B npoLunble rogel
3arparvBanmuchb BOMPOChl KaK TEOPETUHECKOrO
XapakTtepa, Tak N KOHKPETHOro NpakTu4ecko-
ro nnaHa. BopToBble BbIYMCUTESNbHbIE MaLLK-
Hbl, PaAnO3NEKTPOHHbIE MOAYNN, TENEMeTpU-
YecKne CUCTEMbI, MPOEKTUPOBaHWE C UCTMOTb-
3oBaHveM MJINC — BOT HENOJHLIN NepeyeHb
paccmaTpuBaeMblX HanpasneHuin. Ha gokna-
Jax 03By4MBanmCh annaparHble peLLeHns npu
NOCTPOEHUM Pa3HO06Pa3HbIX (DYHKLMOHATbHBIX
610KOB, MHTEPECHbIE anropUTMUYECKME Haxom-
KW, KOHLIENTyaslbHble CUCTEMHbIE MHHOBALN».

CranpgaptHo B cekumnm Ne 3 «/HdbopmaumoH-
HO-yNpaBAAoLLME CUCTEMbI» 3aHATLI BCE OHU
paboTbl KOHbepPeHLUMK. Y>Ke Npyucnany 3asBkun
HaumnoHanbHbIn yHuBepcuteT «MUST», Depe-
panbHoe rocyaapcTBeHHoe yupexaeHve «defe-
panbHbI Hay4HbIV LeHTp «Hay4Ho-ncenenosa-
TENbCKUIA MHCTUTYT CUCTEMHBIX UCCIE[0BaHMI
PAH>», AO «KoHcTpykTOpCcKoe 6topo npuéopo-
cTpoeHus um. Akagemuka A.I". LLvnyHosa», AO
«HUW Mukponpubopos um. .. l'ycekosa», AO
«HUW «Cy6MUKPOH» 1 MHOTME apyrue.

B cnyyae npeBbILLEHNA MakCcMasibHO BO3MOX-
HOro Konm4ecTBa AOKITaa4mnKoB B CEKLIMAX Mpeay-
CMOTPEHbI 3a04Hble 1 CTEHAOBbIE AOKNaabl. Kax-
[as paboTa (M 04Hasi, v 3ao4Hast) GyaeT ony6rmKo-
BaHa OpraHv3aTopamm B 371EKTPOHHOM 1 ByMakHOM
COOPHVIKE MO UTOrY paboTbl KOH(EPEHLIN.

«[1poeKTMpoBaHNe COBPEMEHHBIX MHAOP-
MaLMOHHO-yNPaBnsoLLMX CUCTEM — UHTEepec-
HbIVi IHTENNEKTYyasnbHbIV MPOLecc, B KOTOPOM
OLLMOKUN HeM36eXHbl. [NaBHOe — 3TO NPUHATL
N Hay4UTbCs K 3TOMY OTHOCUTLCSA MpaBuIlb-
HO. He olumnb6aeTcs TONbKO TOT, KTO HAYEro He

co3naéT. PacckasbiBaTb 06 oLIMOKax — yaen
CUnbHbIX. M1 3TO COBCEM He BbIrNSAAUT CTbid-
Ho. Hao60poT, Konneryu XopoLuo BAuTbIBAOT
NOYYUTENbHBIN OMbIT CBOMX NAPTHEPOB, KOTO-
pble yXXe NPOLLINY CNOXHbIA TBOPYECKUI NYTb
pa3paboTkn, — KOMMeHTUpYeT A. AKYHWUH. —
[encTBUTENBHO, BHEOPEHME HOBbLIX TEXMPO-
LilecCoB 3amepnifAeTca npu npubnmxeHUn K
TEXHONOrMYeckoMy npegeny, K KOTOpomy
NOAXOAUT MPOMBILLIEHHOCTb. YMEHbLUEHNE
pa3mMepoB KOMMOHEHTOB HE MOXET MpOAoI-
XaTtbCcs 6eCKOHEYHO. YXXe cenyac B HUX Tor-
LMHa Crosi AMOKCMAA KPEMHUsI COoCTaBnseT
HECKONbKO aToMapHbIX cnoés. Moatomy BCE
60/bLUNIA MHTEPEC BbI3bIBAKOT APYrie cnocobbl
COBEPLLEHCTBOBAHMSA 3NTEKTPOHHBIX CUCTEM —
pa3paboTka HOBbIX apPXUTEKTYP, MPUHLMMK-
aslbHO HOBbIX METO[OB CUHTE3a 3MTIEMEHTOB U
YCTPOWCTB BbIYUCIUTENIbHBIX CUCTEM, OPUTU-
HarbHbIX anropuTMOB 06PabOoTKN AaHHbIX».
«Oba3aTenbHON  COCTaBMsAOLEN 6o
Hay4HOW [eATenbHOCTY ABNSeTCs 06MEeH Onbl-
TOM, KOTOPbIV 06513aTeSIbHO MPOUCXOQUT B pam-
Kax paboTbl KOHGepeHUnn. Ecnn Bam ecTb 4To
pacckasaTb v nokasatb, ecnv TemaTvka Bawe-
ro UccriefoBaHns COOTBETCTBYET HanpaBeHo
O[HOW 13 CEKLMI — A COBETYIO HE COMHEBaTb-
¢, a peicteoBatb!» — noabIToXmN A. AKYHUH —
Kaxpas koHhbepeHLma NpUHOCKT Nomb3y cpa-
3y B HECKOJIbKUX HarnpaBeHusx. To NpsiMom
ananor ¢ 06MEHOM OMbITOM MeXAy YHEHbIMU,
paspaboTymkamu 1 MosIobIMU crieymanmcTa-
MW, KOTOPbIE HE3ABUCUMO NPOBOAAT Hay4Hble
ncenefoBaHns B MUKPOSNIEKTPOHHOM OTpacsu.
MosiBNsOTCS HOBbIE AENOBbIE CBA3M, MMEtoLLE
NepcneKTVBbI Ha [ONTOCPOYHbIE B3aVMOBbIrOf -
Hble OTHOLLEHUS. Pa3BuTre nnyHbIX npodhec-
CUOHanbHbIX KayectB. Hy u, KOHe4Ho, Benu-
KONEenHbIA KPpbIMCKUIA KNMaT, AatoLmii 3apag
60[pOCTN Ha ANUTENbHOE Bpems!».
Mpecc-cnyx6a ®opyma
«MuUKpPOINEeKTPOHNKa»

POCCUMNCKUI PA3PABEOTYMK N MPOU3BOANTE/b

Paspabotka repmetnuHbix DC/DC-npeobpasoBateneli Ans OTBETCTBEHHbIX MPUMEHEHWI
Pa3pabotka 1 NPOV3BOACTBO MOLLHbIX UICTOYHVKOB MUTaHUA A/ aBUALMOHHOW annaparypbl

= I'Ipomaso,a,cmo ANCKPETHbIX CUNOBbIX KOMMOHEHTOB B KepaMmn4yeCcknx Kkopnycax
= Pa3pa60TKa v npoeegeHue VCMbITaHWM M3A€JWHZ 1 KOMMOHEHTOB CUNOBOW S/IEKTPOHUKN

ProCHIP

powenen sy PROSOFT

OOULLMANbHBIA ANNEP

AKTUBHbIA KOMIMOHEHT BALUErO BU3HECA

(495) 232-2522 = INFO@PROCHIP.RU = WWW.PROCHIP.RU

32

WWW.SOEL.RU

COBPEMEHHAA SIEKTPOHUKA ¢ Ne 7 2017




SJIEMEHTbI U KOMMNOHEHTbI

HOBOCTU MMPA

ADGEX co3pgaéTt HoBYtO
c¢hopmauLuo MHTENNEKTYyaNbHON
3N1eKTPOHHOWN nabopatopum

Komnanusa ADGEX coo6Luaer, 4to 1 aBrycTta
2017 ropa 6b1n1 nofnMcaH TPEXCTOPOHHUIA KOH-
TpakT ¢ komnaHusamu TOKNO BOEKU n IOKO-
"TABA Ha nocTaBsky nepBov NapT1n YHUKaSIbHOro
MVKPO3MEKTPOHHOIO 060pyaosaHna minimalFAB.

Takum o6pa3om ADGEX odmupmansHo ctan
nepBovi B MVMpe KOMMaHWewn, Kotopasi nony4uTt
napTuio ybTPACOBPEMEHHbBIX AMOHCKUX KOM-
nnekcos minimalFAB, KoTopble yXe B cnepy-
OLLEeM rogy MO3BOSIAT KOMMaHWM 3anyctutb
nepenoBoOV LEHTP YHUKamNbHbIX TEXHOMOTUIA,
rae nof OfHOWM Kpblilwer 6yayT cobpaHbl BCe
KOMMEeTEeHLUMN CO3aaHNsi COBPEMEHHON 3J1ek-
TPOHMKN HOBOIO MOKOJIEHUS.

Takow LeHTp NpefcTaBnseT cobom KOMMNaKT-
HYIO MPOW3BOACTBEHHYIO nadopaTopuio, Ha
6a3e KOTOpon MOXHO By[eT BbirycKaTb roTo-
Bble MUKPO3MIEKTPOHHbIE U3AENUA, Ha4YMHas
OT MPOEKTUPOBAHWA N U3rOTOBJIEHUS HYMMNOB
060V CMOXHOCTU M KOHUrypauum fo npomns-
BOJCTBA FOTOBbIX KOHEYHbIX YCTPONCTB.

Mogynu minimalFAB saBnsioTca Knoye-
BbIM 3BEHOM B 3TO MOAENM, COrNacHo KOTo-
PO KOMMaHUA CMOXET NMPOU3BOAUTL Nto6oe
Heob6X0AMMOe KONMYECTBO MUKPOUUMOB — OT
€AVHWYHBIX CIOXHbIX CMeLnanna3vpoBaHHbIX
nagenuin ao 40 TbiCAY TUNOBLIX YXMOB B MECSILL.

PoBHO 4epes 7 mecsueB nepsas napTus
mofynen minimalFAB 6yaeT noctaeneHa B
na6opatopuio ADGEX B r. CaHkT-lNeTepbypr,
rae yxe ¢ mapta 2018 roga Ha4HETCA BbIMYCK
nepBbIX ANIEKTPOHHBIX YCTPONCTB MO TEXHOSO-
rum KMOIM, MOMC n HBMC.

Ynpaensowmin aupektop ADGEX Buktop
V3noB otmeTun: «CerogHsLWHNA eHb cTan
MO-HaCTOSALLEMY UCTOPUHECKMM He TONBbKO ANs
komnaHuii ADGEX n TOKNO BOEKW, Ho u ans
BCEN MUPOBOWN 3N1EKTPOHHOW NMPOMBILLIIIEHHO-
ctu! Mopgnucas KOHTPaKT Ha NOCTaBKy MoAynei
minimalFAB, Mbl OTKPbINIK OKHO B COBEpPLLEH-
HO HOBYIO 3py Pa3BUTUSA 3NEKTPOHUKN. OTHbIHE
Mbl CMOCOGHbBI CO3[aBaTh COBPEMEHHbBIE NPOU3-
BOACTBA-NabopaTopmn, MPON3BOANTENbHOCTb
KOTOPbIX MOXHO perynupoeaTb KOJIMHECTBOM
LumcpoBbix 6mokoB minimalFAB».

OcHalas na6oparopuio Moy namm
minimalFAB, ADGEX oTkpbIBaeT HOBYIO CTpa-
HYLY B UCTOPUN MUKPOINEKTPOHMKK, TPaHC-
hopmupys  cyuiecTByloLlyto Mogens IDM
(Integrated Device Manufacturer — MponsBo-
auTtens VIHTerpypoBaHHbIX YCTPOMCTB) B HOBbIN
co6cTBeHHbI hopmart AIDL (Agile Integrated
Device Laboratory — IHTennektyansHas na6o-
paTopusi KOMMNIEKCHOrO NPOM3BOACTBA). [aH-
HbI hopmaT No3BONAET PasbuTb BCIO NPOU3-
BOJCTBEHHYIO LIENOYKY CO3AaHUs MUKPO3MeK-
TPOHHOrO 3NEeMeHTa Ha OTAeSbHbIE MPOLIECChI,

peLLeHne KOTopbIx 6yAeT OCYLLECTBNATLCA Ha
6a3e MHAMBUOYaNIbHOrO MOAYbLHOrO NMOAXO-
[a, 4TO 3HAYUTENbHO YNPOLLAET, yCKopseT 1
yAeLueBnseT co3gaHue noboro aaxe camoro
CNOXXHOr0 MMKPO3JIEKTPOHHOMO YCTPOMCTBA.

B HacTosiee BpemMs B MUpe Crnoxunach
cuTyauus, korga Ans nepefoBbiX MUKPO-
3NEKTPOHHbIX YCTPOWCTB U NpUOOPOB, BbiMy-
CKaeMbIX He6ONbLUMMKU TUpaXamu, NpocTo
HET COBPEMEHHON 3MEKTPOHHOW HaYUHKU.
A NOTpebHOCTU 3TOro CekTopa ANEKTPOHUKMN
B Halle Bpems yxe npesbiwaoT 50% Bcero
MWPOBOrO PbIHKA 3NEKTPOHUKMN. IMeHHO noa-

TOMY KOMMaKTHbIE MPOU3BOACTBEHHbIE NNHUK
minimalFAB opueHTMpoBaHbI Ha BbiNycK pas-
JIMYHBIX BUOB 4MMOB MasibiMi NapTusamm. 310
PEBOMIOLIMOHHOE TEXHOIOTMHECKOe peLLeHe,
KOTOpOE COAEPXUT B cebe camble nyHLune Tex-
HoMorum 1 pa3paboTkun BCen NepefoBow Npo-
MbliLieHHocTU AnoHun. MinimalFAB nosso-
T yOOBMNETBOPUTL CNPOC Ha HebombLUNE U
cpefHve napTum MUKPOYMMOB AJIA nepcrnek-
TUBHBIX 1 MHHOBALMOHHbBIX U3LENVIA, KOTOpbIe,
KaK U3BECTHO, CO3AAKTCSH HEGOMBLLUMMU UHHO-
BaLMOHHBLIMU KOMMaHUSMMN.

adgex.ru

Marnuntognanekrtpukn MICROMETALS

MpumeHeHune cepaeyvHukoB Micrometals rapaHTupyeT:

* CHXeHMe CTOMMOCTUN UHOYKTUBHbBIX
KOMMOHEHTOB

* CHwKeHue notepb Ha 30...50%
o CpaBHEHMIO € cheppuTamu
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OOULUAJbHBIA AUCTPUBLIOTOP

AKTUBHbIA KOMMOHEHT BALUErO BU3HECA E_;.r
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* NOBbILLEHNE HAAEXHOCTU annaparypbl

* ONTUMU3ALNIO KOHCTPYKLUMA

N yMeHblLUeHne ra6apv|TOB WHOYKTUBHbIX
KOMMOHEHTOB
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MunuaTtiopHbie HU3KO4YaCTOTHbIE
KBapuesbie (hunbTpbl

Aunppeii ixoenes (1149@oniip.ru)

B cTaTbe paccMOTpeHbl BOMPOChI MOCTPOEHUS MUHUATIOPHBIX
HU3KOYaCTOTHbIX KBapLeBbIX (huNIbTPOB, BbINOJIHEHHbIX HA OCHOBE aKTUBHbIX
CXeM 1 Nbe30pe30HaTOPOB KAMEPTOHHOrO TUna.

HecMoTps HA yCIIexXH, JOCTUTHYTBIE B
o6sacty nU@dpPOBON OO6PAGOTKHU CUT'HA-
JIOB, aHAJIOI'OBBIE YCTPOKCTBA YaCTOTHOM
CEJIEKIIMM CUTHAJIOB JJO CUX ITIOP OCTAOTCS
BOCTPEOOBAHHBIMU, U B OOO3PUMOM Oyay-
IIEM CUTyallMs HE U3MEHUTCA. B coBpe-
MEHHOH aIlapaType CBA31 IHPOKO IIPH-
MEHSAIOTCS KBapleBble (puIbTphl, 00J1a-
Jaronie BBICOKOM CEJIEKTUBHOCTBIO M
CTA0WIBHOCTBIO, YTO B pPAJE CIy4aeB
MO3BOJIAET OOECHEYNTD JydIINe Xapak-
TEPUCTHUKU 10 CPABHEHUIO C JAPYTUMHU
THUIIAMH AaHAJIOTOBBIX YCTPOMCTB YaCTOT-
HOM CEJIEKIIUH.

OHaKO raGapuUTHBIE PA3MEPbI TAKUX
(MIBTPOB 329aCTYIO HE OTBEYAIOT TpeE-
OOBaHHUAM, KOTODBIE IIPEIBABIAIOT-
Cs1 K COBPEMEHHBIM PaJHOINEKTPOH-
HBIM yCcTpo¥cTBaM. M eciid B 1uanaso-
HE 4aCTOT CBBINIE HECKOJbKUX MI'11 T2
Mpo6aEMa MOKET ObITh PENIeHA 34 CUET
HMCIIOJIb30BAHUSA MOHOJIMTHBIX KBaplie-
BBIX (DHJIBTPOB, XaPaKTE€PHU3YIOIHXCHA
BBICOKHMMH JIEKTPUYECKUMH M MACCOTra-
GapUTHBIMU I10KA3aTEAMHU, TO /1 60J1e€
HU3KHX Y4aCTOT 3TA IPOGIEMA OCTAETCA
AKTyaJIbHOM.

OAHUM U3 IIyTE€H MHUHHATIOPU3ALIUH
KBApLEBBIX (PUIBTPOB HH3KOYACTOT-
HOT'O JHUAra30Ha (JJO HECKOJbKUX MI'1I)
SIBIAETCSL HCIOJIb30BAHHUE AKTHUBHBIX
CX€M, YTO Ja€T BO3MOXKHOCTH HMCKIIIO-
YUTb HAMOTOYHBIC U3/IE/IUA U TEM CAMBIM
CYIIECTBEHHO YJIy4YIIUTh MACCOTa0apHUT-
Hbl€ NOKazaTenu puabTpos [1]. Kpome
TOT'O, IPUMEHEHHE AKTUBHBIX CXEM KBap-
LEBBIX (DHUIBTPOB IIO3BOJISAET HE TOIBKO
COBMELATD (PYHKIMH CEJIEKIIUU U yCHUIIE-

Puc. 1. YacToTHo-u36upaTenbHblii
YeTbIPEXNONHCHUK

HHS, HO B 60J1€€ IIPOCTO PENIATh BOIIPO-
CBI X COIJIACOBAHUS, 4 B PsiJie CIy4aeB
obecriedyuTh U 60JIe€ BBICOKYIO JTUHEK-
HOCTb.

JanpHeHmas MUHUATIOPU3 AL HU3-
KOYAaCTOTHBIX KBaplEBBIX (PUIBTPOB
OTpaHHUYCHA PA3MEPAMU CAMHX IIbE30-
3JIEMEHTOB. MUHHATIOPHbIE PE30OHATO-
PBl KAMEPTOHHOI'O THUIIA IIPEJCTAB/IA-
IOT COGOII IBY3yOYIO BUJIKY C (PUKCHUPO-
BAHHOMU JJIMHOM, IIUPHUHOM, TOJTIIUHON
3yOLIOB U PACCTOSIHUEM MEXKIYy HUMH,
OIIPEJEIAIONUMHA UX YACTOTY, U MOI'YT
OBITH BBIIIOJIHEHBI B KOPIyCaxX AUaMe-
TpoM 1,5 MM U AIHUHOM 5 MM [2]. OgHa-
KO MaJjiasi BeJIMYMHA CTATUYECKOH EMKO-
ctu (meHee 1 nd), 60apIION EMKOCTHBIN
KO3((PUIIMEHT U BBICOKASI JUHAMUYE-
CKasgd MHAYKTUBHOCTb CHJIBHO 3aTpPY/-
HAIOT IPUMEHEHHE 3TUX PE3OHATOPOB
B GOJIBIIMHCTBE CXEM aKTHBHBIX KBaplie-
BBIX (PpUIBTPOB. HIpke paccMaTpUBaIoOT-
Cs1 BOIIPOCHI MUHHUATIOPU3AIUU HU3KO-
YACTOTHBIX AKTUBHBIX KBAPIEBBIX (DHIIb-
TPOB IIPU UCII0JIb30BAHUU PE3OHATOPOB
KaMEPTOHHOTO THIA.

IIpu OCTPOEHUU AKTHUBHBIX KBap-
LEeBBIX (PMJIBTPOB IPUMEHSIETCA Pa3-
noxeHue I'aycca nepegaTouHor PyHK-
U1 CUMMETPUYHOU MOCTOBOH 11€ITU HA
Pa3HOCTb IBYX I€PEJATOYHBIX (PYHK-
nuu [3]:

He (Yl(_im) - Y7(j(u))
T(jo)= e = » (1)
O—9— Cexums 1
Bblyntarens |—( )
Cekuns 2

Puc. 2. Anrebpanyeckuii BblYMTaTeNb

SJNIEMEHTbI U KOMIMNOHEHTbI

e Y (jw), Y,(jo) — peakKTUBHBIE IIPOBO-
JUMOCTH IUIEY MOCTA, g — IPOBOJAUMOCTD
Harpys3ku GuibTpa, H — MacmraGHbIN
KO3 (pUIIHEHT.

ITepenaroyHas (PyHKIIHSA MOCTOBOH
LICITH MOJKET OBITh IIOTYyIEHA BBIYUTAHHU-
€M IEePEeAATOYHBIX (DYHKIIUH JBYX CEK-
uui 1 u 2:

H xYI(j(o)
T(w)=""—"—,
L= Y (jo)+g
s H
H><Y7(jm)
T, (jw)=g—t—— @)
- Yz(-'“))+g11

CeKIys, peaqusyonias nepegaTouHbie
dysxmm T (o) 1 (T,(jo)), npencras-
JISIeT COOOM 4YaCTOTHO-U30UPATEIbHBIN
4eTBIPEXIIOMIOCHUK (CM. pucC. 1). Takum
006pa30M, aKTUBHBIE KBAPLIEBBIE (DUIBTPHL,
3KBHUBAJICHTHBIE MOCTOBBIM, MOT'YT OBITh
BBIIIOJIHEHBI U3 CEKILIUH, BXOJbI KOTOPBIX
BK/IIOYEHBI TAPAJIIEIBHO, 4 BBIXOABI IO -
KJIIOYEHBI K AJIT€0panyeCKOMY BbIYUTATE-
110 (CM. pHC. 2).

B cBOIO Ouepe/lb BHIYUTATEIb MOXKET
OBITb PEATU30BAH C IIOMOIIBIO OIlepa-
IIUOHHOTO YCWIHTEIA, BKIIOYEHHOTO
no guddepeHnuaIpbHON cxeme. Cxema
AKTHUBHOT'O KBaPIEBOT'O (PIIBTPA, BBIIIOJ-
HEHHOI'O ITOJJOOHBIM 0OPa30M, IIPUBE/IE-
HA HA PUCYHKE 3.

IIpy MCIONB3OBAHUH PE30OHATOPOB
KaMEPTOHHOI'O THIIA B TAKOU cXeMe (PUIb-
TPpa BECbMA CJIOKHO IMOJIYIUTH KOd(hPu-
IIUEHT ycuieHus: 6onee 6 B, T.K. 3TO
noTpeOyeT NMPUMEHEHHUA OYE€Hb BBICO-
KHX 3HAYEHUI COIIPOTUBJICHUI. [leficTBU-
TEJIbHO, COIIPOTUBJICHUE HATPY3KU MOCTO-
BOTO (PHJIBTPA OPHEHTHPOBOYHO MOXKET
OBITh BBIYUCJIEHO ITPH ITIOMOIIIH COOTHO-
meHus (3)

R, :anALq, 3

Ie A — IMPHUHA IIOJIOCHI IPOITYCKAHUA
(uprpa, L — SKBUBAICHTHAS MH/IYKTHB-
HOCTb KBAPIIEBOI'O PE30HATOPA.
BesmmunHa AUHAMHYECKON MHIYK-
TUBHOCTHU PE30HATOPOB KAMEPTOHHO-
ro THIIA B 3aBUCHUMOCTH OT YaCTOTBI
MOJKET JOCTUTATh HECKOJIbKUX JIECAT-
KOB M cOoTeH KI'H [2]. [ToaTOMYy, KaK cJie-
JIyeT U3 BbIpAXKeHUA (3), COIPOTUBIIE-
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Puc. 3. Cxema aKkTuBHOro KBapuesoro unbrpa,
NOAKNIOYEHHOTO K BbIYMTATENIO, PEanu30BaHHOro
C NOMOLLbI) ONEPALMOHHOr0 YCHIUTENS,
BKJIIOYEHHOr0 no AudhthepeHymanbHoi cxeme

HHE HATPY3KH Ja)Ke I Y3KOIIOJIOC-
HBIX AKTHUBHBIX KBapPIIEBBIX (PUIBTPOB
MOJXKET COCTABJIATH COTHH U THICTIH KOM.
B cBOIO ouepenp B padore [1] oTMeya-
JIOCh, YTO CX€Ma, INPUBEAEHHAS Ha
pHCYHKe 3, OyJeT 9KBUBAJE€HTHA MOCTO-
BOH IIPH YCJIIOBHH, YTO COMPOTHUBIECHHUS
Jud@epeHIUaTbHOTIO YCUIUTEIL OYAYT
CYHIECTBEHHO GOJIbIIIE CONIPOTHUBICHHUS
HATPY3KH.

Kpome TOro, kak O6bUIO IOKAa3aHO B
pa6ore [4], HanpsizKeHHue COOCTBEHHBIX
HIYMOB, IIPUBEJIEHHBIX KO BXOAY (hHIb-
Tpa, OIpeenaeMoe BeIpaxkeHueM (4),
PacTéT IPU YBEJIMYECHUU COIIPOTHUBIIE-
HHH CXeMbl (DUIbTPA 32 CYET TEIJIOBBIX
HITyMOB PE3UCTOPOB H TOKOBOH COCTaB-
Jsromer myma OY.

SJIEMEHTbI U KOMMNOHEHTbI

Cekuns 1

ByepHbIn Kackag

Bblyutatens +—O

Cekupsa 2

ByepHbIn Kackag

Puc. 4. Cxema 6y¢epublx KacKajioB, BbINONHEHHbIX HA OCHOBE HEUHBEPTUPYIOLUUX yeunuTenen

Cekuys 1

VHBEpTUPYIOLLNIA KacKag,

Bblyutatens  —QO

Cekuus 2

\HBepTUpYtOLLNIA KacKaz

Puc. 5. Cxema WHBEPTUPYHOLLUX KacKafos

IIpu HCIIOJAB30BAHUH PE3OHATOPOB
0012TAT0ITUX
BBICOKOM JHUHAMHYECKON WHIYKTHB-
HOCTBIO, JaHHas cxeMa oyaeT 061aJaTh
BBICOKHM YPOBHEM COOCTBEHHBIX IIIYMOB.
YCTpaHUTD 3TH HETOCTATKH IIO3BOJISIET

KAMEPTOHHOIO THIIA,

BBEJICHHE B CXeMY Oy(DEPHBIX KACKa/IOB,
BBIIIOJIHEHHBIX HA OCHOBE HEMHBEPTHU-
PYIOIUX YCUIUTENEH, KAK 3TO II0Ka3a-
HO Ha PUCYHKe 4. JTaHHasA cXeMa II03BO-
JIs1eT 06€eCIIeYUTb BBICOKUH KO3 huIm-
eHT ycunenus (csopime 20-30 ab) npu
MEHBIIEM YPOBHE COOCTBEHHBIX IIIYMOB
IO CPABHEHUIO C (PUJIBTPOM HA OJHOM
ycunurene. OJHAKO B CBA3H C TEM, YTO
B TAKOH CX€Me PE30HATOPDI IIOAK/II0YA-
IOTCSA HEIIOCPEACTBEHHO K BXOJaM OlIle-
PALlMOHHBIX YCUIUTEICH, BIUSHUC UX

1 f_z m
I X

mex K|y !
=1
\tlJ

2
(}Ci(l‘)‘\/j(t‘) +(yii(l )‘Wj(l )

’ fz n

al‘+\j4k,TJ' s
15 -

tll:l

2
R, [F.(D) of @

)

e G, (), G;(f) — crexrpanbHbIe INIOTHOCTH i-rO MCTOYHHUKA IIYMOBOT'O HATIPSI-

JKEHHS U j-TO HCTOYHUKA ITyMOBOTIO TOKa, V (f), W (f) — nepegarounbie (PyHKIHHU

OT i-rO UCTOYHHKA IIIYMOBOTI'O HAIIPSKEHHUSA U j-I'O UCTOYHHUKA IIIYMOBOI'O TOKA,
cooTBeTCTBEHHO, F (f) — nepegarounas (pyHKIMA OT i-ro pe3ucTOpa 1O BBIXOJA

duiabTpa, K — koaddunuenT ycuaeHus Guiabrpa.

BXOAHON €MKOCTH IIPHUBOJUT K CYyIIe-
CTBEHHOMY YMEHBIICHUIO MaKCUMaJlb-
HO P€aJIM3yeMOH MU PHUHBI IT0JIOCHI IIPO-
nyckaHusA. OCOGEHHO OCTPO 3TO MIPOSB-
JISIETCS IIPU UCIIOJIb30BAHUH KBAPILIEBBIX
pE30HATOPOB KAMEPTOHHOTO THIIA,
00JIATAONUX MaJIOM BEIUYHHOM CTA-
THUYECKON EMKOCTH.

MUHHUMH3UPOBATh BIHAHHE BXO/[-
HBIX €EMKOCTEN YCHUJIMTEIEH HA PE30Ha-
TOPBL U TEM CAMBIM YBEJIUYUTb MAKCH-
MaJIbHO PE€AM3YyEMYIO OTHOCHTEIbHYIO
HIMPUHY IIOJOCHI IPOITYCKAHUS ITO3BO-
JISIET UCHIOJIb30BAHUE MHBEPTUPYIOIINX
KaCKaioB (CM. pUC. 5).

IIpoBenéHHBIE PACYETHI U IKCIIEPU-
MEHTAJIbHASI IIPOBEPKA IOKA3AJIH, UTO
IIPUMEHEHHE PE30HATOPOB KaMep-
TOHHOTI'O THIIA B AKTUBHOM KBapIIEBOM
(dunpTpe, BHINOJIHEHHOM C HCIOJIb30-
BaHHEM UHBEPTUPYIOMIUX KaCKaJOB,
TIO3BOJISIET PEATTU30BATh MUHUATIOPHBIC
YCTPOMCTBA YACTOTHOM CEJICKIIUU CHUT-
HaJIOB B CTAHJAPTHBIX METAITOCTEKJISAH-
HBIX KOpPITycax padmepaMu 20x12x5 MM,
o61a1aI0IHMeE CAETYIONUMHU XaPAKTEPHU-
CTUKAMMU:
® juarra3oH vyactot 20...270 kI

—H

OMCKNN HAYYHO-MCCAEAOBATEALCKNN MHCTHTYT NPMGOPOCTPOEHNS

A“ «“H“““» OCBOWI BbIMYCK MUHUATIOPHBIX TEPMOKOMMEHCUPOBAHHBIX KBapLEBbIX
reHepaTtopoB Ha YacToTbl oT 2,5 o 100 MI'y B SMD-ucnonHenum (9,3x7,3x2 Mm)
n B kopnyce DIP-14 gnsa annapaTypbl COBPEMEHHbLIX KOMMNIIEKCOB CBA3MN,

paguonokauum n Hasurauun.

Lo

— DcHOBHbI® TENHHYECKME KApAKTEQHCTHKN TEHEPATOPDS:

* AinanasoH HoMMHarnbHbIX YacTtoT 2,5...60 MI'y;
* HanpskeHue nutaHus ot 2,75 o 5,5 B;
* notpebnsemeiii Tok 2,5 MA (20 MI'y), 10 MA (60 MI'w);
* TeMnepaTypHasi cTabunbHoCcTb B UHTepBarne ot 0 go +50 °C +1-107;
* TemnepaTypHasi cTabunbHocTb B UHTepBane ot -60 go +85 °C +1-10°F;
* fonroBpeMeHHast ctabunbHocTb 4o +5-107 3a rog;
* UI3MEHEeHWe YacToTbl MPY yNpaBneHUn BHELLHUM HanpsixeHueM 5-10°C.

| ') Poccus, Omck, 644009, MacneHHukoBa 231, Ten. (3812) 514900,
~ dhakc. (3812) 536673, e-mail: info@oniip.ru, http://www.oniip.ru
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Puc. 6. Ikcnepumentanbhas AYX akTMBHOro KBapuesoro thunbTpa Ha yactoty 128 kl'y ¢ nonocoi

nponyckanua 30 Ny

® IIHPHUHA OTHOCUTEIBHOMU IIOJIOCHI IIPO-
nyckanusa 0,01...0,1%;

o xoa(pdunuent ycunenus 0...30 1b;

® 3aTyXaHHE B IIOJIOCE 3aJCPKUBAHUA
20...40 nb.
Ha pucyHke 6 B Ka4eCTBe IpuMepa rnpe/-

CTaBJICHA SKCIIEPUMEHTAIbHAS aMILTATY/I-

HO-YACTOTHAsI XAPAKTEPHUCTUKA BBIIIOJ-
HEHHOT'O ITOJIOOHBIM OOPA30M AKTUBHOT'O
KBap11eBOro (hwibTpa Ha 4acTory 128 KI'1y
c nosiocou nporryckanus 30 I'o. [l ysenu-
YEHUS YPOBHA 3aTyXaHHUA B IIOJIOCE 33/1€p-
JKHBAHUS BO3MOXKHO KaCKaIHOE BKJIIOYC-
HHE HEOOXOAUMOTIO YHCJIA (PHIBTPOB.

LUMINE@

-

Taxkum 06pa3oM, MOKHO 3aKJIIOUYHUTh,
YTO HCIIOIb30BAHUE MHUHHUATIOPHBIX
PE30HATOPOB KaMEPTOHHOI'O THIIA B
AKTHUBHBIX CXEMaX IO3BOJISIET OOecIie-
YUTh BBICOKOU30UPATETbHBIE AKTUBHBIC
KBapleBble (DUIBTPHI C IapAMETPAMU, HE
YCTYIMAIOIIUMH CBOUM IIACCUBHBIM aHa-
JIOTaM M CYIIECTBEHHO IMPEBOCXOSIIIH-
MH UX 10 MACCOTA0APUTHBIM IIOKA3aTe-
JISIM.
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HOBOCTU MMPA

SBJIEMEHTbI U KOMMNOHEHTbI

B NC npowmbiwwneHHoCcTN 6yayT
ncnosib3oBatbCsd MEeTOAUKU
KOOpnI/IHaLWIOHHOFO coBeTa
Coto3malu Poccum

KoopAanHaLMOHHBIN COBET pa3paboTyMKoB
1 NPOV3BOAUTENEN PaanO3NEKTPOHHON anna-
patypbl (POA), aNeKTPOHHOW KOMMOHEHTHOM
6a3bl (AKB) 1 NpoayKuMn MaLLUMHOCTPOEHUS
Coto3a malumHoctpoutenen Poccum n «donp
pasBuTUS NpombiLLneHHocTn» (MPI1) goroso-
punuck o npumeHeHun onbita CoBeTa Npu pas-
paboTke METOAMK N MHCTPYMEHTOB rocynap-
CTBEHHOW MH(opMaumoHHou cuctemsl (MC)
npoMmbILLIEHHOCTU. B xofe 3acepanns Koopau-
HaUMOHHOro coBeTa, COCTosABLLUErocs 23 aBry-
cTa Ha nonax dgopyma «Apmua-2017», 6bin
Hamey4eH nnaH fanbHenLLero B3avmonencTens
[OBYyX opraHv3aumi.

KoopAMHaUMOHHbIN  COBET  pa3paboTyu-
koB 1 nponssoautenent POA, SKB v npoayk-
L1 MaLLMHOCTPOEHMS 6biN CO3haH B cepeu-
He 2014 roga no pelueHunto bropo npaenexHus
Coto3malu nop npepacepatensctsom Cepresi
Yemeszoa. OPI1 3anHTEpecoBanca onbITOM,
HapaboTaHHbIMM KOOpANHALMOHHBIM COBETOM
3a TP roAa ero cyLecTsoBaHus. B yactHocTw,
CoseT BblpaboTan METOANKM YperynmpoBaHus

XECTKUX YCJI0BUIA

Right

Balance

Pitch

MOCKBA
(495) 234-0636
info@prosoft.ru

CAHKT-NETEPBYPT
(812) 448-0444
info@spb.prosoft.ru

KOH(PNIMKTOB B cthepe KoonepaLmoHHOro B3au-
MOAENCTBYS, peLleHns 3aday B 06n1acTu kade-
cTBau HaJJ,é)KHOCTVI, nnaHnMpoBaHUA Pa3BUTUSA
COBMECTHO C NpMOOPOCTPOUTENAMU U chrHANM-
cTamu, KoopanHauum OesaTenibHOCTU y4acTHU-

KOB pasnn4HbIX cermeHToB pbiHKa hi-tech (3KB,
BblYMCIIUTENIbHAS TEXHUKA, TeflekoM 1 ap.) B
BOMPOCax TEXHUYECKOro M HOPMaTUBHO-Mpa-
BOBOIO PErynmMpoBaHunsi OTpacmu.

«[Mpouecc umdposmsauunm metogmk Koopam-
HaLMOHHOrO coBeTa U Ux uHTerpauus B M’MCI
COBMECTHO ¢ DOHAOM pas3BUTUS MPOMbILLIIEH-
HOCTU KoppenupyeTt ¢ Mingyctpuei 4.0 v BbIBO-
OVUT CUCTEeMbl MNaHNPOBaHMA 1 Koonepauum
Ha ypoBeHb ncnonb3osaHus Big Data n gpy-
rMX NEPCNEKTUBHBLIX UHCTPYMEHTOB Pa3BUTUS

oTpacnen NPOMbILLIEHHOCTU. ITO 0COOEHHO
BaXXHO 711 KOHKYPEHTOCNOCOBHOCTU Lienoyek
NMOCTaBOK HaLUMX NPeanpuaTUin Ha rpaxmaaH-
CKMX pblHKax», — pacckasan npegceparenb
CoBeTa, 3aMeCcTuTeNb reHepanbHOro Avpek-
Topa — cTaTc-cekpeTapb XonauHra «Pocanek-
TPOHUKa» ApceHuin BpbIKUH.

WHctpymenTapuin TUCM 6bin npencTas-
JIeH B paMKax [oknaga 3amMectuTens gupeK-
Topa ®PI1 Bnagumupa Pacnonosa «CepBuchl
rocyapCTBEHHON MHOPMALMOHHON CUCTEMBI
npombiwneHHocTn. UBER ans npombilinex-
HOCTU». Takxe NpefacTaBUTENM KOMMAHWUMN
«[anakTvka» npeseHToBann yxe paspabo-
TaHHble IT-MHCTPYMEHTbI ynpasnieHus Koone-
PaunOHHbLIM NMPOMN3BOACTBOM.

KoopavHaLMOHHbIV coBET pa3paboTyMKoB
n npoussogutenenn POA, Kb n npoaykuum
MaluMHOCTpoeHus, aencteyetT npu Cotoze
maLumHocTpouTenen Poccun. B Coset BxogaTt
npeacTaBUTENN BCEX OCHOBHbIX NpeanpuUsaTUi
pagmoanekTpoHukm (6onee 850). B 3acepgaHu-
ax CoBeTa Takxe NpuHUMaKoT y4yactue npen-
CTaBUTENN KPYNHENLLNX POCCUNCKUX BAHKOB,
a Takxke MuHo6opoHbl, MuHnpomTopra n ®AC
Poccuu.

lpecc-cnyx6a N'ockopnopaunn PocTex

OcHOBHble CBOCTBA
JNIEKTPOJIOMUHECLIEHTHBIX AUCNJIEEB

+ KpuctanbHas 4éTKoCcTb M306paxeHus. OTcyTcTBYET
Pa3MbITOCTb N306paXeHUS ABIXYLLErocs 06bekTa
npu Temneparype —60°C

LLInpokuit yron 0630pa — CBbILLE

0°

Bpems oTknuka meHee 1 Mc

CpegH

1 cpoK 6e30TKa3HOIt paboTbl 6onee

116 000 yacos

Cpok akcnayatauun He meHee 11 net npu n
apkocTn 25-30%

YCTOMYMBOCTb K YAAPHBIM U BUGPALMOHHBIM

BO3/e
Huzkn

NCTBUAM
1 YPOBEHb 3MIEKTPOMArHUTHOrO M3/y4eHns

KomnakTHbIit kopnyc 1 o6pamneHne

06nacTu npUMeHeHus

Cneum

aJlbHafA TeXHUKa

TpaHcnopTHble CpeAcTBa
[TpombllwneHHoe 060pyaoBaHNe
MegauuuHckue npuéopsl
AnnapaTypa MOPCKO TEXHUKN

EKATEPUHBYPI
(343) 376-2820
info@prosoftsystems.ru

LUMINE@
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CHuXeHue CTOMMOCTU U pa3MepoB U3MEpPUTENbHbBIX
cuctem 3a c4ét npubopos B hopmarax PXI u AXle

Hpren Wiremmnep, Keysight Technologies

COBpeMeHHbIe U3mMepuTtesibHblie CUCTEeMbI nepexoadaT Ha MOAYJIbHOCTb.
B cTaTtbe patoTcsa coBeTbl NO UCMOJIb30OBaHUIO KOHTPOJIbHO-U3MepPUTEJIbHbIX

pewenun B chopmate PXI n AXle.

CerogHa BO MHOTUX OTPAC/IAX IIPOMBIII-
JIEHHOCTH MIPOU3BOTUTEIH MIEPEXOJAT OT
ABTOHOMHBIX HACTOJIBHBIX H3MEPHUTE/Ib-
HBIX IUIAT(OPM K MOAY/IbHBIM. PeneHue
O mepexoie K MOJIYJIBHBIM IUIaT(hopMam
OY€Hb BAKHO, IIOCKOJIbKY IIOMOI'A€T PEUINTD
IIPOGIEMbI MHOT'OKAHAJIBHOT'O TECTHPOBA-
HUSA, COKPATUTD 3ATPATHI U YCKOPUTD IIPO-
JBIDKEHME HA PHIHOK HOBBIX IIPOJYKTOB.

B 1aHHOM cTaThe peub MOUAET O IIpe-
MMYIIECTBAX MOJYJAbHBIX KOHTPOJIbHO-
U3MEPUTEIBHBIX CHCTEM, OYAyT [JaHbI
KPaTKUE PEKOMEHAAIINU U COBETHI IIO
YCIIENTHOM UX PEATTU3AIIUH.

Ilepexona K MOAYIbHOM KOHCTPYKLIUH
CYJIUT MACCYy IIPEUMYIIECTB.

Bo-miepBBIX, MOJY/IbHBIE IIPHUOGOPHI
3aHMMAIOT MEHbIIE MecTa. HeCKOIbKO
KAaHAJIOB YMEUIAIOTCS B HEOOIBIIOM IIPO-
CTpaHCTBE 6€3 I'POMO3/JIKUX JUCILIEEB U
MepeHUX ITaHeIeH.

BO-BTOPBIX, OTKPBITAsA CUCTEMA IIO3BO-
JISIET MHXKEHEPAM T'MOKO KOH(PUTYPHPO-
BaTh MO/IY/IM Pa3HBIX IIPOU3BOJUTENCH 1
OOBEIUHATD B CUCTEMY PAa3HOOOpAa3HbIE
U3MEpPHUTEIbHBIE IIPUOOPHI. MaciuTadupy-
€MOCTb MO/IYJIBHBIX CUCTEM OYECHB YA00-
Ha JUIA MHOTOKAHAJIBHBIX IPHJIOXKECHHUI],
IOCKOJIbKY IIO3BOJISICT BBIITOTHATD CHHXPO-
HU3HPOBAHHBIE KOI'€PEHTHbBIEC H3MEPECHUSL.

KpomMme Toro, oOnTUMU3UPOBAHHBIE IPAN-
BEPBI 00€CIIEUYNBAIOT BBICOKYIO IIPOU3BO-
JIMTEIbHOCTD, IIO3BOJIAA B IIOJIHOM Mepe
HCIIONIb30BATh CKOPOCTh OOBEAUHUTEIb-
HO¥ IJIAThI. BCE 3TO nIpejoCTaBIsAEeT BO3-

KEYSIGHT

Puc. 1. Waccu PXI ¢ 5, 10 u 18 cnotamm

MOKHOCTD CYIIECTBEHHO COKPATHUTD IKC-
IUTYaTAIITHOHHBIC PACXO/bI.

Ilepexon OT HACTOJAbHBIX KOHTPOJIBbHO-
H3MEPUTEIBHBIX CUCTEM K MOJY/JIbHBIM
SIBJIIETCS OOIBUINM HIArOM, U BBIOOD IIpa-
BWIBHOM CTPATETHUH, IO EPKUBAIOIIEH
HBIHEIIHUE U OYAyIIHE U3MEPUTEIbHBIC
MOTPEOGHOCTH, MOKET CAOKOHOMUTD U Bpe-
M3, ¥ IeHbI'H. Y€TKOE IOHUMAaHUE HMEIO-
IMUXCA BAPUAHTOB C UX JOCTOMHCTBAMH U
HEOCTATKAMH IIOMOJKET B YCIIENTHOM pa3-
PabOTKE HOBBIX MOJY/IbHBIX KOHTPOJIBHO-
U3MEPUTEIbHBIX CUCTEM MU B OOHOBJIE-
HHUU UMEIOIIETOCcsa 000pyJOBAHUA C IIOMO-
b0 IPUOOPOB cTangapTa PXI unu AXlIe.

B paMkax 310ro marepuaza pacCMarTpH-
BaIOTCS IIPEUMYIIIECTBEHHO CUCTEMBI (DOp-
mara PXI, OJHAKO 4YacCTb HIPHUBEIEHHOMN
nH(OPMALI OTHOCUTCS U K CUCTEMAM B
dopmare AXle. B cymnoctH, AXle sBisIeT-
CS «CTAPIIMM BBICOKOIIPOU3BO/IUTE/IBHBIM
o6parom» PXI. Jy1st CICTEMHOTI'O KOHTPOJUIE-
pa moayau cranaapra AXIe BBIVIIAT TOY-
HO TAaK K€, KaK U PXI — OHHM UCIIO/IB3YyeT TOT
K€ CTaHIapTHBIN MHTEP(EHC BBOAA-BBIBO-
na PCle. OCHOBHOE OT/IMYUE 3AKTIOYACTCS
B TOM, uTO nHTepderic AXIe onTHMHU3UPO-
BaH U1 PECYPCOEMKHX IIPHUIIOKEHMI, TAKIX
KaK (pM3HKA BBICOKHX SHEPIUH I MHOTOKA-
HaJIbHBIE AaHTEHHBI, ITPE/Iarasi 00JIbIIIe MECTA
IS IUTAT | OOJTBIIIE MOIITHOCTH HA OJIFH CJIOT.

Pa3paboTKa KOHTPOJIbHO-U3MEPUTED-
HOM cucteMsl B (popmare PXI HaunHaeT-

Cs1 ¢ MTH(PACTPYKTYPHI — C BBIOOPA IIaC-

CH, KOHTpOJUIEpAa U UHTep(erca.
[Iaccu pacnoaaraeT OJHUM HCTOYHHU-

KOM IIMTAHUA U CHCTEMOM OXJIAKICHUA

U1 BCEX H3MEPUTEIBHBIX IIPHUOOPOB,

KOMMYTATOPOB M MOJyJIEH yIIPABICHUS

PXI. ITOCKOJIbKY IIACCH ¥ KOHTPOJLIEPHI

PXI BBIIyCKAIOTCSI HECKOJIBKMMU ITPOU3-

BOJUTEIAMM, A IIPOU3BOAUTENEH MOAYIEN

PXI emé 60b11e, BA’)KHO, YTOOBI pa3pa-

OOTYHKHU KOHTPOJIbHO-U3MEPUTEIBHBIX

CHCTEM II03200THIUCh O COBMECTHUMO-

cru ycrpoucts PXI [1].

CoBeTsl:

1. CyuéroMm OyayIuX NOTPEOGHOCTEH BbI-
OGupaiiTe NIACCH C OOTBIINUM YHUC/IOM I'H-
OPHUAHBIX CIOTOB (CM. pUC. 1 u 2), KO-
TOPBIE IIO3BOJISIIOT YCTAHABIUBATD I'U-
6pugusie Moayau PXI-1 u moaynu PXIe.

2. Ecim MCriosib3yeTcsi BHENIHME KOH-
TpoJuiep (CM. puc. 3):

e BpIOUparTe Kapry ajganrepa PCle,
ONTUMHM3UPOBAHHYIO 11 PabOTHI
Ha ;ymmHHbIe TuHuU PCle u o6ecrie-
YHBAIOUYIO Pa3BA3KY TAKTOBOM 4a-
CTOTBI C MAJIBIM JEKUTTEPOM JJAHHBIX/
TAKTOBOM 4aCTOTBI;

® BBIOHpANTE KOHTPOJUIEP, KOTOPBIH
OBLI IIPEIBAPUTEIBHO IIPOTECTUPO-
BaH U IIOKA3aJ71 COBMECTUMOCTD CUCTe-
MbI BIOS 1 mapaMeTpOB CUTHAIOB CO
BCEMH TpebGOBaHMAMU 11accu PXle.

3. Ecim ucnionedyercs maccu PXle co
BCTPOEHHBIM  KOHTPOJUIEPOM,  BbI-
OupaiiTe COOTBETCTBYIOIIMHI (POpM-
daxrop:

e maccu PXIe TpebyeT yCTaHOBKU KOH-
Tposuiepos PXIe;

e maccu PXI-1 TpebyeTr yCTaHOBKH
KOHTpOJUIEPOB PXI-1.

4. Beioupanrte monynu PXI, coBmecTu-
MBbI€ C THOPH/IHBIMU ci1oTaMu PXI, 11o-
CKOJIbKY cTapble moaynu PXI-1 moryr
OKa3aThC HECOBMECTHMBIMH.

= HHNEEEEEEEENEEEREE
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Puc. 2. 2- n 5-cnotosoe waccu AXle (a) ¢ mogynem
ESM (6)

5. 1711 MAaKCUMaJIbHOT'O COKPAIIEHUSA TIPO-
CTOEB BBIOUPANTE KOHTPOJIBHO-U3MEPH-
TEJIbHYIO I1AT(OPMY € 6OIBIIUM CPO-
KOM CJTY?KOBI, O0JIBIIICH TAPAHTHECH U JTy4-
IINMU IJIAHAMH KUTHOPOBKHU, C MAJIBIM
ITOKA32TEIEM HHTEHCUBHOCTH OTKA30B U
THOKUMH BAPHUAHTAMHU ITOCTABKH.

6. Bo usbexxkanue J0KHON OTOPAKOBKHU
M3/I€TUH BBIOUPAKITE KOHTPOJIBHO-U3-
MEPUTEIbHOE O0OPYAOBAHUE, II03BO-
JISIFONIEE BBIITOIHATD IIEPUOJUYCCKYIO
KaTUOPOBKY, B XOJI¢ KOTOPOH IIOI'PEII-
HOCTH U3MEPEHHUS BO3BPAIIAIOTCS K I'a-
PaHTHPOBAHHBIM 3HAYECHHUAM.

7. 0nsa  obOecIiedeHUusT COBMECTHUMOCTU
C OyoymuMMH{ 3aJa4aM{d BBIOHUpAITE
mwiaropmy PXI mnm AXle, pa3puba-
IOIIYIOCSI C POCTOM KOHTPOJIBHO-H3-
MEPUTEIbHBIX TPEOOBAHUI, OTAABAA
IIPEAIIOYTEHHUE TAKOH, KOTOPAs II03BO-
JIsIeT JOOABIATD ONIIUU ITyTEM OGHOB-
JIEHHSI TULIEH3UOHHBIX KIIOYEH.

B 6onpmuX KOHTPOJIBHO-U3MEPU-
TEJIbHBIX CUCTEMAX MOKHO OOBEIUHATH
HECKOJIBKO IIACCH B PA3JIUYHBIX KOH-
durypaumax. HeCKOIbKO MacCH MOKHO
noAKIoYnTs K [1K 110 cxeme «3Be31a» Win
OC/IEI0BATENIBHO. HEKOTOpBIE IPUMEPHI
COEIMHEHUS IPUBE/IEHBI HA PUCYHKE 4.

B 1106011 aBTOMAaTU3UPOBAHHOM KOH-
TPOJIbHO-U3MEPUTETBHOM CHCTEME BAXK-
HYIO POJIb UTPAET POrPAMMHOE O6ecIe-
yenue (I10). 11 Kaxgoro MOayJIs UMe-
€TCs HECKOJAbKO BapuanTos I10. ITocne
BBIOOpPA MOJY/IBHBIX NPUOOPOB BAXKHO,
4TOOBI Pa3pabOTYHUKU CUCTEMBI IIPABU/Ib-
HO OPTaHM30BAIU KAaHAJIBI CBSI3U C MOJLY-
aaMH (yrpasiaeHue MmoaynaMu u3 I10) u
YYUTBIBAIN KOMIIPOMHUCCHI MEX/Y BpeMe-
HEM IIPOrPaMMHUPOBAHU U IIPOU3BOHU-
TEIbHOCTBIO U3MEPEHUI.

Puc. 3. Koutponnep PXI n unrepdpeiicubie KapTbl

CoeauHeHue no cxeme «3se3fa»

LLlacen PXle 1

LLlacen PXle 2

lMocnenosarenbHoe coeanHeHne

LLlacen PXle 1 LWaccu PXle 2

KoHurypaums 13 HeCKOMbKMX LWACCK C BCTPOEHHBIM KOHTPONEPOM

LWacem PXle 1 Llaccm PXle 2

Lacen PXle 3

Lllaccm PXle 4

Puc. 4. Coepunenne waccu PXI no cxeme «3Be3fa» 1 nocnefoBarTenbHoO

OCHOBHBIM KaHAJIOM CBSI3H JI7ISI TIPUGO-
pos PXI ssngercsa unrepderic PCL Tak sxxe
KaK a7ekTpudeckue crenudukanuu PCI
CO3/1aI0T OCHOBY JIJISI JIEKTPHUYECKHUX I1O/I-
KII0OYEeHUH, aparisep ycrporicrsa PCI cos-
JA€T OCHOBY IS IPOrPAMMHOTIO JOCTYIIA.
JI1s1 obecnieyeHus MaCIITa6UPyEeMOCTH U
MO EPKKH MHOKECTBA PA3IMYHBIX IIPU-
OOPOB CTEK JpariBepa pa3oUBaETCs OObIY-
HO Ha HECKOJIBKO ypOBHeH. Ha pucyHke 5
IIOKA3aHO, KaK CTEKH /IPANBEPOB A71pa, VISA
u IVI, B3aMOJEHCTBYIOT MEXAY COOOM U
00pa3yIOT TECHO CBA3AHHYIO I'PYIIITY, OO€-
CIIEYHUBAIOIIYIO COCYIIECTBOBAHUE CTEKOB
aparisepos PCI pa3HbIX IPOU3BOAUTEIICH.

IIpesocTaBasieMbIF MOyJIEM IPUO6OPA
JpariBep A/1pa UCIIOIb3YeTCA U ITOJKIIIO-
yeHwus npuodopa k mune PCle u s B3a-
UMOJIEHCTBUA C IPOIPAMMHOM APXUTEK-
TypOH BUPTyaIbHOTrO npudopa (VISA) Ha
YPOBHE BBOJ1a/BBIBOJIA. [I/1s1 06€ecTieueHus
uHTep@erica nporpaMmmuposaHus ¢ I10
KOHTPOJIBHO-U3MEPUTENBHON CUCTEMBI
npoussoauTenu moaynen PXI min AXle
NOAJAEPKUBAIOT OOBIMHO B3aUMO3aMEHSI-
€Mbl€ JparBePhl BUPTYAIbHBIX IIPUOOPOB
VD), 1.e. gpanseps! IVI-C, -COM u -NET.

B KOMIUIEKT NOCTAaBKU NIPUOGOPOB PXI
BXOJIUT IpariBEP POI'PAMMHOM IIE€peHEH
MaHEIN — I'paUYECKUil HHTEPQEC 1O0b-

30BaTEJIsA, ITO3BOJIIONTHH JIETKO OTC/ICKH-
BaTh B3auMmozercreue mexay [IK n pu-
60pOM, CO3/1aBaTh U HUCIOJHATh KOMaH-
JIbI 1 OTOOPAKATH PE3YNbTaThl. OCOOEHHO
TI0JI€3HBI IIPOTrPAMMHBIE IIEPE/THUE ITAHE-
JIM Ha 3TAIIE IIEPBOTO 3aITyCKa U B IIPOLIEC-
Cé JIMArHOCTHUKH WU CO3/[JAHHSI HOBBIX
IPOTPAMM YIPABJIECHUS IPHOOPAMHU.

KOHTPOJIBHO-U3MEPUTEIBHBIE  CUCTE-
MBI, PACCYHUTAHHBIE HA BBICOKYIO CKOPOCTD
U3MEPEHUS, HCIIONB3YIOT IIPOrPAMMBI,
HAIHMCAHHBIE B TAKUX CPEJAX IPOrPAMMU-
poBanus, Kak C, C++, C# 1 HETIOCPEACTBEH-
HbI€ KOMaH/Ibl BBO/IA-BBIBO/IA /I/ISI OIITHMU-
3a1I1MH IPOU3BOAUTETHBHOCTH U3MEPEHHUH.
151 TOCTHZKEHHST MAKCHUMAJIBHBIX CKOPO-
cTeit paboThI 3TH U APYTUE CPEBI IIPOTPAM-
MHUPOBAHUA UCIIOIB3YIOT KOMaHabl SCPIL.
KpomMme TOro, BBICOKasi CKOPOCTb JOCTHUT'A-
€TCs1 IPU UCIIOJIb30BAHHUM COBPEMEHHBIX
JIPAaFiBEPOB IPHOOPOB B TAKUX CPEJAX IIPO-
rpaMMHpOBaHus, Kak LabVIEW, Microsoft
Visual Studio, VEE 1 MATLAB.

N xoT4 fpaiiBepbl IPUOOPOB MpEIa-
raloT rHOKHUE CIIOCOOBI HOBBIIIEHUS CKO-
pPOCTH, OHHU TPEOYIOT OOJIBIIETO BpeMe-
HH Ha Pa3paboOTKy, a TOYHOCTD U3MEpe-
HHS 3ABHCUT OT INPOTPAMMHOTIO KO/,
HAIIMCAHHOI'O HHXXeHepoM. C Ipyron
CTOPOHBI, /I JOCTHKEHUSA IPOCTOTHI
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CocyuiectBoBaHue cTekos aparsepos PCl

. Koutponnep
[paiisepbl npuéopos PXI
YCTaHOBMEHbI COBMECTHO
C AipaiiBepamu 0CTaNbHbIX ﬂpMK[{I‘I(a)AHOG

PCl ycTpoiicTs

B3aUMOJENCTBYIOT MEXAY
€060 1 06pa3yHoT TECHO
CBA3AHHYIO rpynny

Buénunoteka
VISA

[paiiepsi VI, VISA n ﬂ,upa<

N

|
Y

Moaynb
YcraHoBka gpaisepa VISA PCl

TMpumep. YcTaHOBKa B OAHY CUCTEMY KOMMYTAaTOPOB
PXI komnanuit Keysight u NI

Puc. 5. B3aumopeiicTeue CTEKOB AApaiiBepoB pa3HbIX Npou3BoauTenei

B OOpAaNICHUH, YCKOPEHUS Pa3paboTKU
U ITOBBIINEHUS JTOCTOBEPHOCTH H3MEpPe-
HUH MIPEJIaraeTcs: CieruaabHoe IpH-
KJIaJHOE MPOTrpaMMHOE Ob6ecleueHue,
Takoe Kak 89600 VSA, Signal Studio u
SystemVue. K Tomy ke B 3TOM I1O nme-
IOTCSI CIIEIMAIbHBIEC BO3MOXKHOCTH U3Me-
pEHUS 1 AaHAJIN3A.

lMpuknaaHoe
no
\ v
KeysightVISA

| |

Y 2
Mogynb Moaynb

KOMMyTaTopa KOMMyTaTopa
Keysight NI
CoBeTnl:
1. Mcrionb3yiiTe Windows Device

Manager, YTOOBI ONIPEJETUTD, TPUCYT-
CTBYIOT 11 Moaynu PXI na muue PCI u
CBSI3aH JIM JpariBEP C IPUOOPOM.

2. Ecin BBI HCIIOJIB3YETEC IICEBJOHHUMBI

VISA 11 1eCKPpHUIITOPBI PECYPCOB, HC-
IIOJIb3YHUTE I HACTPOMKH COOTBET-

CTBYIOIIIE€ MHCTPYMEHTBI ITOCTABIIH-
ka. Hanmpumep, Keysight Connection
Expert juisg mopynert Keysight u National
Instruments MAX ju1s mojysieit NI

. JIj1s1 oGecrieueHus IOCTOBEPHOI'O CPABHE-

HUS PE3Y/IHTATOB TECTHPOBAHIS HA BCEX
3TAINAX — OT Pa3pabOTKH JI0 IIPOU3BO/ICTBA
— UCTIIOJIBb3YIITE Ob1Iee nmpukiaanoe I1O.

. JIIst o6ecrieYeHuss MAKCUMAIbHOM IT'H0-

KOCTH B IIpOIIecce pa3pabOTKU CHCTe-
MBI HUIITUTE IIPOU3BOIUTEICH MO/TY/Ib-
HBIX IIPUOOPOB, KOTOPBIE IIPEIATAI0T
IIPOIPaMMHBIE HHCTPYMEHTBI U IIPHJIO-
SKEHUS, TO/IICP>KUBAIONTHE BCE OCHOB-
HBIE CPEBI Pa3PAGOTKH TECTOB, BKIIIO-
gasg National Instruments LabVIEW,
LabWindows, Microsoft Visual Studio,
Keysight VEE u MathWorks MATLAB.

PXI Interoperability - How to Achieve Multi-
Vendor Interoperability in PXI Systems.
Application Note. Keysight Technologies.
http://literature.cdn.keysight.com/litweb/
pdf/5991-0384EN.pdf

Transitioning to a PXI Test System.
Application Note. Keysight Technologies.
http://literature.cdn keysight.com/litweb/
pdf/5992-1652EN.pdf?id=2782042 @

CootBetcteue JEDEC
TemnepaTypHbI AaTumK
Koppekums owmbok

KoHpopmHOe nokpbiTne

MOAYNW 03Y DDR4  _
ANA XKECTKMX YCNIOBUIA SKCNIYATALIMM

BbicokonpounssoguTeNbHble KOMMOHEHTbI MPOMbILLIEHHOTO YPOBHSA
[Awnana3soH pabounx Temnepatyp —40...+85°C

MoKpbITUE KOHTAKTOB TOALMHONM 30 MKM

MAMATb BAC HE NMOABEAET!

16G8 DORA 2400 SO-DIMM
0008

MASX-AGIX
e

MCA11507270020005%8

PROSOFT’
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MHMEHEPHbBIE PELLEHMA

lMpuMeHeHne MHCTPYMEHTaNnbHOro ycunuTens
JNIS MOCTOBOIO0 BK/HOYEHUS ABYX MOLUHbIX OV

Yactb 4

Anekceii KyabmunoB (compmicrosys@mail.ru)

YeTBépTas 3aKNOUMTENIbHAsS YacTb CTaTbU MOCBSILLEHA CXEMEe MHAKaLUU
M pa3BojKe nevaTHbIX NnaT BCeX YCTPOWCTB, UCMOJIb30BaHHbIX B yCunurtene.
Moppo6Ho onucbiBaloTCs NpoLieAypa HaCTPOWKU YCUNUTESNSI U pe3yNbTaThbl

€ro UcnbITaHUN.

B cxemax 3amurThl OT IIPEBBINICHMS
TOKA (CM. puc. 136,r) [1] ucnoas3yroTcs
JIBa CBETOJUOAA KPACHOI'O CBEYECHUS —
LED1 B KaXXI0H, A /151 UHAUKAITUN HATHU-
YU HANIPsOKEHUH IUTaHuA +12,5 B npu-
MEHEHO JIBa cBeToauoAa: 3enénoro (LED-)
n kénroro (LED+) nisera (cm. puc. 13x) [1].
B HEKOTOPBIX CTydasax, KOI/ia, HAIIpUMep,
Ha KOPITyCE UMEETCS TOJIBKO JIBa IITAT-
HBIX MECTA JI/I1 UHINUKATOPHBIX CBETOIM-
O/10B, IPUMEHEHUE YETHIPEX CBETOTMO/IOB
MOZKET OBITD 3aTPYJHEHO. B TAaKUX CiTydasax
MOJKET OBITh UCIIOJIb30BAHA IIPOCTENIIAS
CXeMa MHIUKAITUH HA IBYX JIBYXI[BETHBIX
cBeToauoaax (CM. puc. 14).

JJ1s MHAUKALMU HaNIPsDKeHUA +12,5 Bu
IEPErPY3KHU UCITOIb3YETCA IBYXIIBETHBIH
ceeroguon L-119SRSGWT (LED3,4), koTo-
PBII IIPEACTAaBIsAET COO0U JBa CBETOIH-
0Jla B OJTHOM KOpITyCe: OJUH — CBEPX'b-
SIPKUU KPACHBIM, 2 BTOPOH — OOBIYHBIH
3enéupii. [Ipu pabore crabwiudatropa
B IITATHOM PEKHME IPHUCYTCTBYIOT 062
HanpspkeHus (+18 B u +12,5 B), noarto-
My ropAT 06a cBeroauoa. OGIUHI IBET
cseyeHusa LED3,4 B 3TOM cily4dae — CBETIO-
opankeBbIH. [Ipu nneperpyske HanpsoKe-
HuUe +12,5 B iponagaer, u 3eJIEHBINA CBETO-
JIUO/I TACHET, OOIIIUH IIBET CBEYCHMUS CTa-

12,5
Elc
o408 [z | R2[ |+18 4125
2 K2 k] A A
= % 75
R3LI |y
3,3K 10K ] 2K

Vi

=
Kp. P
\V/ ==
LED1-4 - L-119SRSGWT-CC
VD1 - BZX55C7V5

LED1,2 ©
?

=

glhyf 1

LED3,4

% oo

gLy

Puc. 14. MpuHyunuanbHas cxema UHAUKaLUN
Hanu4us HanpsxeHnin nutanua =12,5 B
1 neperpy3Ku Ha 0CHOBE JABYXLBETHbIX CBETOAVUO/0B

HOBHTCS KpacHbIM. HOMMHAI pe3ucTOpoB
R3 1 R4 nopo6paH TaKUM 06Pa30M, YUTOOBI
SIPKOCTB 3€JIEHOT'O U KPACHOT'O CBETOAHO-
JI0B ObLIa TPUOIU3UTETBHO OJTUHAKOBO.

[ MHAUMKAUY Hanpspkenua —12,5 B
M IIEPETPY3KH HCIIOIb3YETCSI TAKOH JKe
JIBYX1IBETHBIH cBeTOoauoA LED 1,2 u 1Byx-
TpaH3ucTopHas c6opka UMDON (T1,T2).
IIpu pa6ore crabwiuzaropa —125 B
(cm. puc. 13B) [1] B IITATHOM pEXUME
TAKKE MPUCYTCTBYIOT 062 HANPSDKEHHUS
(=18 Bu —12,5 B), B CBA3U C YE€M TPAH3U-
crop T2 orkpsIT, a T1 3aKpBHIT, T.K. HA €T0
6a3e HyJIE€BOM (M Ja)K€ HEMHOI'O OTPH-
IATEJIbHBIN) MOTEHIIMAJI OTHOCHUTEIbHO
amurrepa. B aTtom cirygae 3en€HbIN CBe-
TOJIMIOZ], TOPUT, 2 KPACHBII — HET, OOIIHIT
IIBET CBEYCHMUS JABYXLIBETHOIO CBETO/M-
oja — 3es€nbIi. I1pu rieperpyske Hamps-
skeHue —12,5 B nponajaer, rpanzucrop T2
3aKPBIBAETCS, OTKPbIBas TpaHnsucrop T1.
B CBsA3U C 3TUM 3€1EHBIN CBETOINO/, I'aC-
HET, 4 KPACHBIM 3arOPaeTCsl, OO [IBET
CBEUYEHMUS CTAHOBUTCS KPpAaCHBIM. Hanpsoke-
HUe crabwintpona VD1 (7,5 B) u Homu-
HaIbl pe3uctopoB R1 u R2 nogob6panHbl
TAKHUM 06pPa30M, YTOOBI IPU U3MCHCHHUH
BXOJHOI'O HanpspKeHwus or —14 no -20 B
KaK B IITATHOM PEXUME, TAK U B PEKUME
IIEPErpy3KH, TOPE TOJIBKO OJJUH U3 CBE-
TOAUOAO0B (MIH 3€JEHDBIN, HJIM KDACHBIN).
Ecii HE yCTaHABIUBATh CTAOMIUTPOH, TO
TpaH3ucrop T1 c6opku OyJeT 3a1IUpPaTh-
Cs1 HE /10 KOHIIA, YTO NPUBEIET K IOsABIIEC-
HUIO CJIAOGOT'O CBEYEHUSI KPACHOT'O CBETO-
JIN0/12, UICKAKEHUIO YU CTO 3€JIEHOTO 11BE-
TAa Y C/IEJTAET €TI0 IIOYTH HEOTIMYMMBIM OT
cBeueHus ceeroauoaa LED3 4. YeranoBka
CTAOMJINTPOHA ITIOJAHUMAET HAIIPSLKEHHE
amurrepa Tl c6opku Ha 7,5 B, 4TO mpUBO-
JUT K HAAEKHOMY 3aIIMPAHUIO TPAH3HCTO-
pa T1 n1pu 11060M BXOZHOM HAIIPXKEHUH
U YHCTOMY 3€IEHOMY CBEYCHHIO CBETOINO-
na LED1,2 B IITATHOM peXUMe pabOThI CTa-
owizaropa. TakuM 06pa3omM, mpu padore
00GOHX CTAOWIN3ATOPOB B IITATHOM PEXKHU-

ME€ IIBET CBEYEHMUSI CBETOJUO/1A, UHUITHIPY-
IOIIEro HanpspKeHue —12,5 B — 3e/1€nbiit, a
LIBET CBEYECHUS CBETOIMO/1A, UHIULIUPYIO-
1Iero Hanpspkenue +12.5 B, — ceersio-opas-
JKeBbIN. IIpH BOSHUKHOBEHUH IIEPETPY3IKU
110 KAKOMY-TTHO0 HAIIPSDKEHUIO IIBET CBE-
YEHUS COOTBETCTBYIOIIETO IBYXIIBETHOI'O
CBETOAHO/IA CTAHOBUTCA KPACHBIM.
Cxema C TPaH3UCTOPHOI COOPKOI pa3-
BE/ICHA Ha IUIaTe, KOTOPAasi UMEET pa3zmep
Bcero 8 x 8 mm. Pesucropsr R1, R2 u cra-
OounuTpoH VD1 yCTaHOBIEHBI HA ILIA-
T€ HABECHBIM MOHTAXXOM BE€PTHKAJIBHO.
Pesucropel R3 u R4 npunasgHel HENo-
CPEICTBEHHO K JIOCTATOYHO KECTKUM M
I POYHBIM BBIBOJAM cBeToguoaa LED3 4.
Bo usbexxaHue CIydaHOTO 3aMBIKAHUA
Ha IIEHTPAJIBHBIN BBIBOJ, HA PE3UCTOPBI
HaJleTa u3oaupyomas Tpyoka us IIBX.
BBIXOJHOE HAIPSDKEHHE CTa0MIN3a-
TOPOB MOKHO JIETKO IIOBBICUTb, HAIIPH-
Mep, B ABa pa3a — g0 25 B. [y aToro Tpe-
OyeTCs TN U3MEHUTh HOMHHAJI OTHOT'O
pesucropa R7 (cm. puc. 132a,8) [1], pyko-
BOJICTBYSICH CJIEIYIOLIUMHU COOOPAKEHU-
MU. Bo-11epBbIX, HEOOXOJUMO COXPAHUTH
TOK 4yepe3s genurtesnb R7, R8 u R9 61u3kum
K 2,5 MA. BO-BTOPBIX, HEOOXO/JUMO COXPa-
HUTD HAIIPSDKEHUE, CHUMAEMOE C JIBIDKKA
pe3ucTopa R8 B €ro cpeHEM MOI0KEHUH,
O6M3KUM K 2,5 B. Paznenus 25 B Ha 2,5 MA,
noxydum 10 kOM, a Be1uTa U3 10 KOM cym-
My R8 (500 Om) u R9 (750 Om), Hoaydum
8,75 KOM. brkalimmui HOMUHAI K TOMY
3HaveHuIo u3 paga E24 (5%) — 9,1 kOMm, u3
psina E96 (1%) — 8,66 kOm. Eciiu, Harpu-
mep, R8 = 9,1 kOM, TO HAIPSKEHUE HA
IBIOKKE R8 B ero cpeiHeM IIOI0KEHUN
COCTaBUT 2,42 B, 4TO BIIOJIHE JOIIyCTHMO.
BbIXOIHOE HAIPSIKEHUE MOKHO CJie-
JIaTh U e1I€ BBIIIE, OJHAKO CJIEAYET yIECTh,
4TO MAKCHUMAIBHOE HAIIPSDKEHUE ITUTA-
Hust OY TCAO0372 cocrasmsier 40 B, a
MC33072 — 44 B. Ecii ¥ 3TOTO HaIIpsDKe-
HUS HEJOCTATOYHO, TO MOKHO MCIIOJIb30-
BaTh JByXKaHAIbHBIH OY ADA4522-2 (rail-
to-rail output) ¢ 601€€ BBICOKUM HaIIPsDKe-
HUEM IUTaHuA (10 55 B). 17151 TOro 4TOOBI
HeE IIEPEPA3BOAUTD IUIATHI CTAOMIN3ATO-
POB JOCTATOYHO CAEIATh IUTATBI-IIEPEX O/~
HUKU ADA4522-2ARMZ/TCA0372DP1 u
ADA4522-2ARMZ/MC33072 (ux pa3Bojika
npuBejieHa ganee). OFHaKO IIPU ITUTAHUHN
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+12,5 BADA4522-2 1penMyInecTs nepes,
TCA0372DP1 nu MC33072 He umeer.

ITo rabapuram BMECTE C pauaTOpPOM
(235 x 110 x 70 mm) UII, mpruMeHEHHBIN
B JaHHOM YCUJIATEJIE, 3HAYUTEIbHO MEHb-
11I€ OIIMCAHHOTO B [2] (255 % 220 x 85 MM).
Kpome TOro, OH CyIIECTBEHHO JI€rde,
Jemiessie U tamie. s cpapHeHus (poTo-
rpacguu oboux U1 noka3aHbl HA PUCYH-
ke 15. IIOCKOJIbKY B MOCTOBOM BKJIIOYE-
HUU OY OTCYTCTBYET CHUIOBAS «3€MJISI», TO
JUIA IIMTAHUA YCUIMTE/ISL BMECTO JIBYIIO-
gsspHoro UII ¢ mHanpspkeHusmu 125 B
BIIOJIHE MO’KHO HCIIO/Ib30BATh OJHOIIO-
aapubid UIT, HanmpuMep, ¢ HANIPSDKEHH-
em +25 B (w1m, 9TO JIydlle, C HalIpsKe-
HHEM —25 B), a CpeIHIOIO TOYKY CO37aTh
HCKYCCTBEHHO C IIOMONIBIO MAJIOMOIIHO-
T'O TPAH3UCTOPA (KAK IIOKA3aHO HA PUCYH-
Ke 4 cripaBO4YHOrO jiucTka OV LM4780).
B atoM ciyuae koHcTpyknua MIT cyue-
CTBEHHO YIIPOIIAETCH, T.K. TPEOYETCsI BCe-
I'0 OJIUH CTA6WIN3aTOp 25 B.

PA3BOAKA NMEYATHbIX MJAT
U ®OTOrPA®UM YCTPOUCTB

PaszBojka
YCTPOVICTB BBIIIOJIHEHA B IIPOrpaMme

IEYATHBIX IUIAT  BCEX
Sprint Layout 6.0, 2 ©U3rOTOBJICHHUE I1IAT U
ux (POTOMIAGIOHOB KPATKO OIIMCAHO B [3].

Pa3Bojgka IIaTel HNPEABAPUTEIBHOTO
YCHUINTEJIS IPUBEJEHA Ha PUCYHKe 1062,
e€ pa3Mep COCTaBHJI BCETO 25 x 30 MM.
doTorpadus IaTel, CIEJAHHASA CO CTO-
POHBI IPOBOIHUKOB, TIOKA3aHA HA PUCYH-
Ke 166. [l1aTa KpenuTcs TpemMst BAHTAMH
M2 K JHUILY KOPITyCa.

IT1aTa OJHOIO KaHAJIA YCWINTE/I MO -
HOCTU Ha 6a3e LM3886 numeer pasmepbl
20 x 30 MM M ITOKa3aHa HA PUCYHKE 17.
InaTa He UMeEET KPENEXKHDBIX OTBEPCTUH,
IIOCKOJIbKY OH4 JJEPKUTCS KaK KOHCOJIb Ha
Bcex 11 BhIBOIAX MHUKPOCXeMbl LM3886.
Cama mukpocxema LM3886 kpemnurcs
BUHTOM M3 K pajiaTopy 4yepes TEIIONpo-
BOJAIILYIO KEPAMHYECKYIO U30THPYIOLTYIO
IIPOKIAJIKY C HCIIOJIb30BAHUEM TEIUIOIIPO-
BOAHOI n1acThl (Harpumep, KIIT-8).

B ¢BA3U € TE€M, YTO B MOCTOBOM BKJIIO-
YEHHH OTCYTCTBYET CHJIOBAS «3€MJIS>, T.K.
HAIpy3Ka HOJKIIOYEHA UCKIIOUHTEIbHO
K BbIXO/1aM 060X OV, KOHTYpHBIE TOKH
110 «3€MJIe> CHJIBHO CHMKEHBI. K «3emie»
TIOJKIIOYEHBI TOJBKO KOHJEHCATOPBI U
RC-11enoyky, TOKM B KOTOPBIX HA OJUH-
JIBa IIOPSAJIKA MEHBIIIE TOKOB B 3¢ MJLTHOM
KOHTYpE IIPU CTAHJAPTHOM BKIIOYECHUH.
B pesyabTaTe pa3audHble HABOJKH CyIlle-
CTBEHHO YMCHBIIICHBI.

Pa3BojKa IIaThl MUK-JETEKTOPA IIPU-
Be€/JlcHA HA pyUCyHKe 18. [TnaTa uMeer pas-
Mep 30 26 mm. Kak HU CTPaHHO, IpHUMe-

MHMEHEPHbBIE PELLEHMSA

a

Puc. 15. ®otorpadimm UCTOYHNKOB NUTaHUA (BUA CO CTOPOHbI 3afHel cTeHku): a) +20 B, 6) +12,5B

MNT-2
1.2 oM

Puc. 17. Mevatnas nnata ogHoro kaHana YM34 na 0Y LM3886

nenue OY TLO52 B xopiryce DIPS cyme-
CTBEHHO 3KOHOMHT MECTO, IOCKOJIbKY
CaMH 3TH MHKPOCXEMBI PACIIOIOKEHBI
Ha CTOPOHE, IPOTHUBOIIOJIOKHOM PACIIO-
JIOKEHHIO JIOPOKEK. B CBA3M € THM HA
CTOPOHE IIPOBOAHUKOB OCTAETCA IOCTA-

TOYHO MECTA JUIsi PACIIOJIOXKCHHS KOM-
[IOHEHTOB IIOBEPXHOCTHOI'O MOHTA-
JKa. B JaHHOM yCTPOMCTBE IIPUMEHECHBI
Tpurrepsl IlImurra 74LVC2G14GW B
CBEPXMHUHHUATIOPHOM Kopiryce SOT363

(2,5 2,5 mm). OgHAKO 1U1aTA pas3Bejie-
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Puc. 18. MeyatHas nnarta nuK-geTekropa

Ha TAKUM OO6Pa30M, YTOOBI B HEH MOKHO
OBLIO MCIIOIb30BATh MUKPOCXEMY TPUT-
repa llImurra B Kopryce SOT23-6 (3,5 x
x 3,5 MM, 74LVC2G14GV).

Pazmepsl 1IaThl  CTAOHIHM3ATOPOB
+125B u —-12,5 B cocraBuIm BCETO
11,5% 32,5 MM (cM. puc. 19a,6) 61arona-
P MCTIO/IB30BAHMIO JIByXKaHAJIbHBIX OY B
kopiryce DIP8 u MIOH Ha CTa6MIUTPOHE U
I10JIEBOM TPAH3UCTOPE C P-N-TIEPEXO/IOM B
xopmyce TO-92. ITnaThl 3aLUTHI OT IIPEBbI-
IIEHUS TOKA JIJIS CTA0WIN3ATOPOB I10JI0-
JKATEJIbHOM U OTPHULIATEIbHOM IIOJIAP-
HOCTH (CM. prC. 202,6) UMEIOT Pa3MepPbI
11 x 16 MM, 2 TIaTAa UHAUKALAN [TATA-
HuA —12,5 B Ha IBYXIIBETHOM CBETO/IM-
oje (cm. puc. 21) — 8 x 8 mm. PazBosika
IJIAT-IEPEXOAHUKOB 11 OV ADA4522-2
O4YeHb IIPOCTA U IIOKAa3aHAa Ha PUCYH-
Ke 22. O BHEIIHEM BH/IE€ YCTPOHCTB MOXK-
HO CYy/IUTb II0 PUCYHKaM 23-25.

Pa3BojKa IUIATBl PETYIATOPA I'POMKO-
CTH pa3MepoM 22 x 25 MM IIPUBEIEHA HA
pucyHke 26a. KOMIIOHEHTBHI I IIOBEPX-
HOCTHOTO MOHTZK4a PACIOJIOXKEHBI Ha
CTOPOHE IIPOBOJHUKOB (CM. puC. 2606),
a4 pa3pEMbl M KATYIIKM HHIYKTHBHOCTH
3,2 'H — Ha IPOTHUBONOJIOKHOM CTOPOHE.
OTH KATYHIKH KPEIATCA K HeOOJbIINM
MaKETHBIM IJIATaM BUHTAMH M2 ¢ 1o1u-
3TWICHOBBIMHU Iaki6aMu. CaMU MaKETHBIE
1u1aTel npunasHel K 1ware TKPT ¢ momo-
LI OTPEZKOB MEJHOTO IIPOBO/IA JUAME-
TpoMm 0,8 MM. IT1aTa KpEnUTCsA K KOPITyCy
JIByMA IVIACTMACCOBBIMU CTOMKAMM U BUH-
TaMu M2 yepe3 KpenéxHble OTBEPCTUA,
PacmoyIOKEHHbIE 10 JuaroHaau. Ilon-
KIIOYEHHE IIEPEMEHHBIX PE3UCTOPOB U
curHaabHBIX Ka6esner k TKPT mokazaHo Ha
puCyYHKe 27 [3]. DKpaHHPOBaHHBIE Kabey,
COEIMHAIONINE IIEPEMEHHBIE PE3UCTOPBI
¢ TKPT, 06€pHYTBI HECKOJIBKUMU CJIOSIMU
(yM-JIEHTBL.
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Puc. 20. MevarHbie nnatbl 3awuTsbl: a) +12,5B; 6) -12,5B

Pa3BojKa ILIATBl PETyIATOpPa I'POM-
koctu Ha I-06pa3HBIX (DEPPUTOBBIX
CEpAEYHUKAX IIPUBEJCHA Ha PHCYH-
ke 28. [mata umeer pasmep 20 x 36 Mm
(cm. puc. 29). Paspoaxka miatel TKI'P Ha
KOJbIAX R16 x 9,6 X 6,3-3E12 u ero ¢oro-
rpadus noxkasanel Ha pucyHkax 30 u 31
COOTBETCTBEHHO. KaTymky HHIyKTHB-
HOCTH 3 I'H yKpeIIeHbl BEPTUKAJILHO HA
JIBYX MAaKETHBIX IIJIaTaxX. /I TOrO YTOOBI
HE MOBPEJUTh OOMOTKH, IIPU 3aKpeIuIe-
HUH KOJIEI] UCIIOJIb30BAHBI PE3UHOBbBIC
MPOKIAJKA U ITOJIHUITHICHOBbIE IAHObL.

KOHCTPYKI.IMSI YCUJNIUTENSA
Ycunurenb pasMeléd B KOpIyce pas-
mepoM 180 x 110 x 70 MM, COCTOAIIAM U3
CKPEIUVIEHHBIX IIOJIOBUHOK (CM. pHC. 32).
Ha 3aHelt CTeHKE OTHOH ITOJIOBUHBI KOP-

IyCa pa3MeLIEHbI [IBA PAJAUATOPA, HA KAXK-
JIOM U3 KOTOPBIX 3aAKPEIUVIEHBI 110 2 IJIAThI
(cm. puc. 17) ¢ OY LM3886 my1st KaHAIOB A
u B. C 11€71610 YMEHBIIEHUA HATPEBA KOP-
ITyCa OT PaIUATOPOB HA KPENEKHBIE BUH-
TBI YCTAHOBJICHBI NIAMOBI, BBIPE3aHHBIC
u3 (PTOPOIIACTOBOM JIEHTHI TOIIIMHOM
0,5 mm. InaTel IpEABAPUTENBHOIO YCH-
murenst (CM. puc. 166) U MUK-IeTeKTopa
(cm. puc. 18) 3akpemuieHbl B HIDKHEN
YaCTH ITOM Ke IIOJIOBUHBI Kopiryca. [Tna-
Ta PEryJsATOpa rPOMKOCTH (CM. pucC. 31)
YCTAaHOBJIEHA B HMJKHEH 4YaCTH BTOPOM
IIOJIOBUHBI KOPITyCa, 00a IIEPEMEHHBIX
pesucropa (peryaaropa I'POMKOCTH H
peryrsaropa HY-kKoppekuuu) — B cepe-
JHHE TOH K€ ITOJIOBUHBI KOPITYCa, PYyYKH
PEryJIMpOBKH BbIBEJEHBI HA €10 JIMLEBYIO
NOBEPXHOCTD. Kabemu nmuTaHus u BXOJ-
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Puc. 21. MeyatHas nnarta MHAMKaLUN Ha
ABYXLUBETHOM CBETOAMOAE

MHMEHEPHbBIE PELLEHMSA

Puc. 23. ®otorpadma crabunusaropa +12,5 B
6e3 nnatbl 3aWuTbI

HBIX CUTHAJIOB IIPOIYLIEHBI YEPE3 PE3U-
HOBBIE BTYJIKH, YCTAHOBJICHHBIE HA GOKO-
BBIX CTOPOHAX KOPIIyCa, U IPUIIATHBI K
KJIEMMHHKAM, OT KOTOPBIX OTXO/ST Kabe-
JIM IATAHUS HA TJ1AThI MOIIHBIX OV, 11a-
ThI IIPEJBAPUTETBHOIO YCUIMTEIIS U T1/1a-
ThI ITUK-JICTEKTOPA, A TAKKE CUTHAIbHBIH
KabeJIb OT IUIATBI PETYJIMPOBKH I'POMKO-
CTH. [IBA BBIXO/HBIX Pa3bEMa 7151 HOAKIIIO-
yeHus kadener AC pacroynoKeHbl Ha 60KO-
BOI IMIOBEPXHOCTH KOpITyca. CWIOBBIE Kabe-
JIU TUTAHUS Y BBIXO/THBIX CUTHAJIOB /111 AC
MPEICTABIAIOT COO0M KOAKCHAIBHBIE Ka6e-
JIH, 9KPaH KOTOPBIX 323€MJIEH, a IIPOBO/A
HMEIOT ceueHue He MmeHee 1 MM, DTu Kabe-
JIM TOITOJTHUTEIBHO OOEPHYTHI IBYMS CIOST-
MM JIEHTBI 13 TOHKOT'O (proporuacra (pym-
J1IeHThI). C1a6OTOYHBIE CUI'HAIbHBIE KAOETH
M Ka6eJTH TUTAHUSA TAKKE SKPAHUPOBAHBI,
a CeYEeHHUs IIPOBO/IOB MOT'YT OBITh YMEHBIIIE-
Hb1 710 0,1...0,2 MM°. K HIDKHEI yacTu KOpITy-
Ca JIMIIKOY JIByCTOPOHHEN IIOPHUCTO JICH-
TOU IPUKJIEEHBI PE3UHOBBIE HOXKKH.
CO6paHHBINI B KOpIyCE YCHUIHUTEND
IIOKa3aH Ha pUCYHKe 33. [IBa KaGess OT
AC TIOAKIIOYAIOTCA K BBIXOHBIM Pa3bE-
MaM. BXOAHOI Kab€e/Ib OT UCTOYHHKA 3BY-
Ka IIPOIIYIIEH YE€PE3 PEZUHOBYIO BTYJIKY.
Ha in1ieBoi IOBEPXHOCTH KOPITyCa CIIpa-

Puc. 24. ®otorpadims crabunusaropa -12,5 B
C NNAaToN 3aWuThbl

B4 BBEPXY MOXKHO 3aMETHUTD JIBA OKHA C
IIPO3PAaYHBIMU BCTABKAMU U3 OPI'CTEKIIA,
4epes KOTOPbIE IIPOXOJUT CBET OT CBETO-
JTUOJIOB, MHUITUPYIONINX HATHYHE ITUTA-
HUA (3enE€HBI U1 — 12,5 B 1 KENTHIN 1714
+12,5 B). Hrzke pacrioyiosKeHbl [1Ba CBETO-
JINO/1A KPACHOI'O CBEYEHUSI, 3AKPEIUIEH-
HbI€ Ha KOPITyCE B CIIEIIUAJIBHBIX OIIPAB-
KaX ¥ CUTHAIU3UPYIOLIHE O IIPEBBIICHUN
BBIXO/IHBIX CUT'HAJIOB 33/IAHHOTO IOPO-
Tra COOTBETCTBEHHO JIJIsI KAHAIOB A 1 B.

HAcTPOMKA YCUNUTENS

JI)1g HaCTPOUKH YCHIINTE/IA HEOOXOIH-
MO YCTAHOBUTD «HYJIH» Y IBYX BBIXO/IHBIX
CHUT'HAJIOB.

ITpoueaypa 314 O4EHDb IPOCTA M CBOJUT-
¢ K c1eyrommemMy. Bo-niepBaIX, HEO6XO0IU-
MO 3a3€MJIUTh 062 BXO/IHBIX CUTHAIA. JIIst
3TOTO Ha [IBA IByXKOHTAKTHBIX IIAHTOBBIX
IITBIPEBBIX PA3BEMA, PACIIOIOKEHHBIX Ha
IUIaTE NPEABAPUTETIBHOIO yCHUAUTENA (X2
u X5 Ha puUc. 5) [4], HaJeTh JBE JBYXKOH-
TAKTHBIEC IIEPEMBIYKH U3 [IBYX JBYXKOH-
TAKTHBIX IJAHTOBBIX I'HE3. Jlaiee K BBIXO/-
HBIM pa3zbEMaM, IIPETHA3HAYCHHBIM /LI
noaxmodeHusa K AC (XoutA u XoutB Ha
puc. 6) [5], HOAKIIOYUTH ABA PE3UCTOPA
HOMUHAJIOM 3,9 OM MoOIIHOCTBHIO 50 BT.

Puc. 25. 06wuii BUA NNat 3awuThbl CO CTOPOHbI
ONTpoHa

K oanoMy u3 pe3ucTopoB (Halpumep, 11t
KaHaIa A) TOJKIIOYUTD ITU(MPOBOH BOJIBT-
MmeTp. ITocse 3Toro HeO6XOTUMO BKIIOUUTD
IIUTAHUE U MOACTPOEYHBIM PE3UCTOPOM
st KaHata A (RA2, cm. puc. 5) [4] Ha ia-
TE IIPEJBAPUTENHHOTO YCUIIHTE/ISA, BBICTA-
BUTB HAIIPSDKEHHE OKOIO 1 MB.

TTOHBIN «HOJIB> BBICTAB/IATD HE PEKO-
MEH/IYETCSl BO U30EKAHUE IIEPEKPBITUA
MIPSAMOr'O U HHBEPCHOI'O CUTHAJIOB.

AHQJIOTHYHO BBICTABJISIETCA HAIIPSKE-
HHeE U1 KaHana B. HomuHaisl noacTpo-
€YHBIX MHOTOOOOPOTHBIX PE3UCTOPOB RA2
1 RB2 (100 OM) 11O3BOJIAIOT BBICTABUTD
HEOOXOAMMOE HAIIPSZKEHHUE C TOYHOCTBIO
710 0,1 MB. Ha 3TOM HaCTpO¥KA 3aKaHYNBA-
€TCs, TUTAHUE BBIKIIOYAETCA, IEPEMBbIYKHA
CHHMAIOTCS, PEIYJIATOP 'POMKOCTH COE/IM-
HAETCA C IPEJBAPUTEIBHBIM YCUIHTEIEM.

UcnbITAHUE YCUNUTENS
HcripITanye yCUINTENST IIPOBOIMIOCH
aBTOPOM «Ha CIyX» Ha JIByX AC: 15AC-
220 ¢ HOMUHAJIIBHOM MOITHOCTBIO 15 BTt
U 3JIEKTPUYECKUM COIPOTUBIEHUEM 4 OM,
B KOTOPOM ObUI YCTAHOBJICH COBPEMEH-
b1 BY-TBUTTED, ¥ HA 35AC-016 «Op6U-
Ta» C HOMUHAJIbHON MONTHOCTBIO 35 BT 1
JIEKTPUYECKUM COIIPOTHUBICHUEM 4 OM.
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Puc. 28. MevatHas nnata perynaropa rpomMkocTu Ha LLi-06pa3ubix

cepaeynukax E 13/7/4

ceppeyunmnkax E 13/7/4

Puc. 30. levatHas nnara perynaropa rpomMKocTH Ha Konbuax TX16/9,6/6,3-3E12

3By4aHHE CPABHUBAJIOCH CO 3By9aHHEM
yeuurens Ha OY LM4780 [3], B KoTopoM
062 MoIHBIX OV BKIFOYEHBI 110 OOBIYHOM
HHBEPTHUPYIOUIECH CXEME.

HcnplTaHue IIOKA3aJI0 UIEHTUYHOCTD
3By4aHHA MOCTOBOIO ycuiauTesns Ha OY
LM3886 u 3ByuaHus ycuuresst Ha LM4780
[3] mpu HanpspreHuax nuranus +20 B. [pu
TAKOM IIMTAHUH HA MAKCUMAJIbHOM I'POM-
KOCTH HATI'PEB MOCTOBOT'O YCWIMTEJIA HA
LM38806 GbLI BBIIIE, YEM HATPEB YCHIIUTE-
1 Ha LM4780. IIpy MATAaHUK HaIIPsDKe-
HHUAMU £12,5 B MOCTOBO¥ YCHJINTEIb HA
LM3886 nmokasaJi mpeBOCXO/IHbIE PE3YIIb-
TAThI 1a2K€ HAa MAKCUMAJIbHOH I'POMKOCTH,
4 €ero Harpes ObUI CYIIECTBEHHO MEHBIIIE,

Puc. 27. NMoaknioyenne nepeMeHHbIX pe3ncTopoB
u curHanbHbix kabenei k TKPT [4]

Puc. 29. ®ororpathus nnatbl perynaropa rpomkocTy Ha Lll-o6pa3Hbix

Puc. 31. ®otorpadima nnatbl perynsaropa rpoOMKOCTH Ha KONbLaX

TX16/9,6/6,3-3E12

4eM Harpes ycuiurtensa Ha LM4780 npu
NUATAHUM €I'0 HAIIPsDKeHUsAMu 20 B.

B o6oux caygasx yXyJIUIeHUs 3ByJaHUS
MOCTOBOTO YCHJTMTE/ISI 3aMEYEHO He ObLIO.

Kpome TOro, nNpuMeHEHUE CTAOHIU-
TpoHa VD1 (cM. puc. 5) [4] COBMECTHO C
nosropuresnemM Ha OY B3aMeH CIIeIHa/IH-
3UpOoBaHHOM MUKpocxembl MOH ADR291
B KAY€CTBE HCTOYHHKA OIIOPHOT'O HAIIPS-
KeHusa V
«HyJIEH» YCUIHUTE IIPUBEIO K Cylle-
CTBEHHOMY CHIDKEHMIO myma B AC 1ipu

JJIA YCTAHOBKHU BBIXO/THBIX

OTCYTCTBUM CUTHa1A. Eciiu B ycunuresne
Ha LM4780 [3] 11ip1 OTCYTCTBUM CUTHAJIA
U MAaKCUMaJIBHOM I'POMKOCTH IITYM MOKHO
OBUIO YCIBIIIATH HA PACCTOSHUH 20-25 cM

ot AC, TO B HACTOAIEM YCHINTEJIE IIyM
OBUT C/IBIIIIEH TOJIBKO B HEMIOCPE/ICTBEH-
HOM OJIM30CTH OT AruHaMuKa AC.

ITpu HCHIBITAHUAX YCHIMTE/ISA HA COBPeE-
MEHHBIX 60JIe€ MOUTHBIX M KAUE€CTBEHHBIX
AC 6BUIO OTMEYEHO OYEHb YHUCTOE 3By4a-
HUE C OTIMYHOM /ICTATN3AITUECI.

SAKNIOYEHUE
IIpumenenue Y AD8295 nipu KOHCTPyH-
POBAaHHH MOCTOBOI'O YCHIHTEIIA IIO3BOJIIET:
® BK/IIOYATHh 062 MOUTHBIX OV, paboTaronmumx
B MOCTOBOM PEKHUME, KAK /IBA A0COTIOTHO
W/ICHTUYHBIX KIACCHYECKHUX HTHBEPTOPA C
OJIHUM U TeM 3Ke KO3(P(PHUITHEHTOM yCHIe-
HUS, 9YTO KapUHAIBHO cHIKaeT KHUHIT;
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MHMEHEPHbDbIE PELLEHMSA

® CHU3UTH KoaddurmeHT nepegaun YM349
JIO MUHHUMA/IbHOT'O 3HAYEHMS, T.€. PEAJIH-
30BaTh MAaKCUMAIbHYIO I'TyorHy OOC;

® MCIIOJIb30BATh HU3KOE HAIIPSUKEHUE ITH-
TaHug (70 £12,5 B), 9TO Ja€T BO3MOXK-
HOCTb IPUMEHUTH HCTOYHUK MTUTAHUS
C CYIIECTBEHHO MEHBIIEH MOIIHOCTDIO,
yasouTsb ero KII/I, yMEHbIIUTD HATPEB
BII 1 camoro ycuiurels, ero Maccora-
GapHUTHBIC TAPAMETPHI U 1IEHY;

® IOJKIIOYATH K YCHIUTEIO PETYIATOD
I'POMKOCTH C BBICOKMM BBIXO/IHBIM CO-
IIPOTUBJIEHUEM;

® IMOJIHOCTBIO M30ABUTHCS OT Pa3/eiu-
TEJIbHBIX KOHAEHCATOPOB, KOTOPHIE JI0-
0aBJIAIOT COOCTBEHHBIN IITYM Ha CPEJi-
HHUX U, 0COOEHHO, Ha BBICOKHX 4aCTO-
TaX M «3aBAJIMBAIOT> AYX HAa HU3KHX.

JINTEPATYPA

1. Kysemumnos A. IIpuMeHeHUE UHCTPYMEH-
TAJIBLHOI'O YCHJIMTENS IS MOCTOBOI'O
BKJTIOUEHHS ABYX MOHIHBIX OV. YacTp 3.
CoBpeMeHHast AIEKTPOHUKA. 2017. Ne 6.
C.77.

2. Ky3amuro6A. AKTUBHBIN (DWIBTP HA MOIIL-
HOM IIOJIEBOM TpaH3ucTope u OV ¢ 3ammu-
TOM OT IIPEBBIICHUA TOKA. COBpeMeHHas

7eKTPOHMKA. 2016. Ne3.

. AR

Puc. 32. Kopnyc ycunurens na 0V LM3886

Kysomunos A. IIppuMeHeHne NHCTPYMEHTA/Ib-
HOT'O YCHJIUTE/ISI B YCUTUTEIC HU3KOH Y4aCTo-
TbL. COBpEMEHHAs JEKTPOHHUKA. 2016. Ne 6.
Kysomunoe A. IlppuMmeHeHHe HUHCTPYMEH-
TAJIBHOT'O YCHJIMTEIS /I MOCTOBOT'O BKJIIO-
gyeHus JIByX MomHbIx OV. Yacts 1. CoBpe-
MEHHad 31eKTPOoHUKa. 2017. Ne 4. C. 79.

Kysomunoe A. IIpuyMEHEHHUE UHCTPYMEH-
TAJILHOTO YCHJIUTEJIA 1711 MOCTOBOTO BKJTIO-
4yeHus JIBYX MomHbIX OV. YacTts 2. CoBpe-
MEHHas 3JIEKTPOoHHKa. 2017.Ne 5. C. 50.

Kysemuro6A. ICTIONMb30BAHHE MOIIIHBIX I10J1E-
BBIX TPAH3UCTOPOB U OTIEPAITMOHHBIX YCH/THTE-
JIEH B PETY/IATOPAX U CTAOW/IN3ATOPAX HAIIPS-
skeHust. COBpEeMEHHAs1 3IEKTPOHUKA. 2012, Ne 7.

Puc. 33. Yeunutenn Ha 0Y LM3886 B c6ope

7. Kysomunog A. CBEpXMHUHHATIOPHBIE H30-
smpoBaHHbIe DC/DC-11peo6pa3oBaTeIn co
CTAGMIM3UPOBAHHBIM BBIXO/IOM U yIbTPA-
HU3KHUM YPOBHEM ITyJ1bcanuii. COBpeMeH-
Hasl JIEKTPOHHUKA. 2012, Ne 8.

8. KyswmunoeA. UmnynbcHbii UIT co crabmin-
3MPOBAHHBIM BBIXOZIOM ¥ HU3KUM YPOBHEM
nyabcauui. Yacte 3. COBpeMEHHas 3/1€K-
TpOHHKA. 2015. Ne 5.

9. Ilaxomose A. TOHKOMIIECHCHPOBAHHBIH
PETYIATOP TPOMKOCTU C AKTHBHOH Gac-
Koppexuueit. Paguo. 2003. Ne6.

10. Jemuenxo b. TOHKOMIEHCUPOBAHHBIH Pery-
JIATOP TPOMKOCTH C IIEPEMEHHBIM PE3UCTO-
pom 6e3 oTBOsIOB. Pajino. 2015. Ne 12. @
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HOBOCTM MPA

PwC: tengeHuuun UB Ha 2017 rop,

Komnanusi PwC npepcraBuna pesynbta-
Tbl rN06aNbHOr0 UCCNeQoBaHUA TEeHAEHUMI
MHhopMaLmOHHoOM 6e3onacHocTu (MB) Ha 2017
rofl, NOCBALLEHHbIE MPYMEHEHMIO TEXHONOTUN
MHTepHeTa BeLLen.

B pamkax gaHHoro onpoca npuénmavTensHo
YETBEPTb BCEX OMPOLLEHHbIX NMOATBEPANIN B3/IOM
KOMMOHEHTOB [0T, ncnosnb3yembix npy asToma-
TM3aumm TexHomormyeckmx npoteccos (TI1), B
VHTErPaLMOHHbIX CUCTEMAX, a TakXKe B MOJb30-
BaTeNbCKVX, B TOM YUCHe ObITOBbIX YCTPOMCTBAX
(B TOBapax nHoVBUAOYyaibHOro NOTPe6IeHns).

Mo mepe TOro kak loT npoHuKaeT Bcé 6nnxe
K sApYy UumdpoBoro 6m3Heca, MHTerpaums otpac-
nen 6esonacHoctu — IT, Tl 1 nonb3osaresb-
CKMX TEXHOJOMMIN — CKOpee BCEro CrpoBoLMpY-
€T BO3HWUKHOBEHVE NMPUHLMNNANbHO HOBbIX (hak-
TOPOB pucka. K aTvm noTeHumanbHbIM pyuckam
OTHOCATCSA: HapyLUEHWUsA B MH(OPMaLMOHHOM
NoTOKe MeXAy NOAKITOYEHHBIMU YCTPONCTBA-
MU, M3N4ECKOEe BMELLATENLCTBO B 060pya0-
BaHuWe, BNMSHWE Ha [ief1oBble onepaumm, Kpaxa
KOHb1aeHLmManbHoM nHopmMaLmm, KoMnpome-
Taumua nepcoHasbHbIX AaHHbIX, NOBPeEXAeHne
0C060 BaXHbIX 06LEKTOB UHPPACTPYKTYpPbI U
[axe noTepst HeNOBEHECKNX XXU3HEN.

OcHoBHble pe3ynbTaTtbl onpoca ceBuaeTesb-
CTBYIOT O TOM, 4TO: 25% OnpoLUeHHbIX B Poc-
cun U 46% PpecroHOeHTOB B MUpe MaHupy-
10T MHBECTMPOBATb B MHPOPMALIMOHHYO 6€3-
onacHocTb MIHTepHeTa BeLler B 3TOM rogy;
23% pOCCUNCKUX PeCMOHAEHTOB 1 35% onpo-
LLIEHHbIX BO BCEM MUpPE UMEIOT peann3oBaH-
Hyto cTpaTeruto 6e3onacHocTv ans ViHTepHe-
Ta BeLLewt; 39% onpoLueHHbIX B Poccun n 46%
B MUPE MNaHnpyrT UHBECTMPOBATL B HOBbIE
acnekTbl 6e30MacHOCTY, CBA3aHHbIE C pa3ByBa-
rowmMncs usHec-mofenamm; 34% poCCUMCKUX
pecrnoHAeHToB U 35% OMpPOLLEHHbIX Ha ro-
6anbHOM YPOBHE NNaHNPYIOT NMPOBECTM OLIEH-
Ky MeXCeTeBOro B3aumoencTBus 1 BbisiBe-
HVe YA3BMMOCTM CUCTEM U YCTPONCTB MO BCEMN
opraHusaumnoHHon akocucteme; 39% cooreye-
CTBEHHUKOB U 43% BCEX PECNOHOEHTOB UCChe-
[OBaHUs NNaHUpyT MHBECTUPOBATbL B 61OMe-
TPUHECKYIO 1 YCUINEHHYIO ayTEHTUMKALMIO B
cnegytoLlem rogy; 42% onpoLueHHblx B Poc-
cum 1 35% y4acTHUKOB onpoca BO BCEM Mype
NNaHVpyIoT BKIaabiBaTb B NPOECCUOHANbHYO
noAaroToBky no loT B 6nvxaniumne 12 mecsues.

Mo HekoTopbIM AaHHbIM, B 2015 rogy B Poc-
CcuM HacuuTbiBanoch 15,5 MSIH NOOKOHEHHBIX
yCTpOWCTB; K 2018 rogy, cornacHo nNporHo3am,

X KONM4ecTBo yasouTcs. B cpegHecpo4Hon
Xe nepcnekTuee oxmpgaetcs poct 4o 400 MiH
Takux yCTPOWCTB. VIHbIMU crioBaMu, UMEHHO
400 MIH UMEpOBbLIX YCTPOMUCTB MOryT CTaTb
MULLIEHBIO NS KNGEPNPECTYMHUKOB, Xenato-
LMX NOJTy4UTb O0CTYN K XU3HEHHO BaXXHbIM
cucTteMaM U (UNn) nepcoHasibHbIM AaHHbIM,
60 MOTyT CTaTb MHCTPYMEHTOM Ans NpoBe-
neHus DDoS-arak. MoaTomy, No Mepe Toro Kak
poccuinckue KOMnaHum nNiaHupyoT NpUMeHe-
Hue loT-TEXHONOrnn, OHN AOMXKHbI 3abnaro-
BPEMEHHO MpoaymaTtb cTparernto obecneve-
HWUA 6€30MacHOCTU U 3aLUMTbI AaHHbIX, a TaK-
Xe npefycMOTpeTb CO3AaHve Hagnexalliewn
WHPaCTPYyKTYypbl. Hanuuve komnnekcHoro
nogxona K obecneyeHnto Knéepb6e3onacHoOCT
1 3aLMTbl AaHHbIX ABMSETCA 3a510roM yCreLw-
HOro NPUMEHEHWsI CTPEMUTENBHO pa3BuBato-
Lmxcs TexHonorui HtepHeta Bellen. Komna-
HUK, KoTopble B6yayT pa3suearth loT-cuctemsl
NPOAYKTbI B COOTBETCTBUM C HOBbIMU CTaHAap-
Tamu Knéep6e3onacHoCT 1 3aLLnTbl AaHHbIX,
CMOryT MMHUMU3NPOBATbL PUCKU, 3apYUUTBLCA
[OBepveM 3avHTEepecoBaHHbIX CTOPOH U B
KOHEYHOM CYETe 3aHATb NMMAMPYOLLME NO3n-
L1 B 0612CTU NPUMEHEHUS TexHonorum loT.

lpecc-penn3 PwC
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)
» ICONICS
=

64-6utosas SCADA-cucrema
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YcTpoicTBO CBETOBbIX 3(NheKTOB C ynpaBneHuem
CKOPOCTbI0 NepeKno4YeHus U APKOCTbI0 CBeYeHUsN

Cepreii Wnwkun (svshi1969@mail.ru)

B cTaTbe npepcTaBiieH BapuMaHT YCTPOMCTBA CBETOBbIX 3P(PEeKTOB Ha 6a3e
MukpokoHTposinepoB AVR. B cocTtaB ycTpoicTBa BXOAUT NATb KOHTPOJIEPOB
cBeToBOro achchekra, NO3BONAOLLMX BbINONHUTL 16 pa3nNyHbIX CBETOBbIX
apheKTOB, U KOHTPOJINEP yNpaBNeHUs SPKOCTbIO MUHAMKATOPOB.

CaeToBbIe 9(D(MEKTHI U CBETOBAS HILTIO-
MUHAIUA: 6€3 HUX YKe He 0O0XOIUTCH,
NPAKTAYECKH, HU OJMH IIPa3aHUK. I103-
TOMYy B IHTEpHETE, B IEPUOJUYCCKOU
ME€YaTH MOABJSAIOTCS OIUCAHUS HOBBIX
KOHCTPYKIIMH C HOBBIMU CIICHAPUAMH
CBETOBOU WTIOMHUHALIAH, C PA3HOU CXe-
MOTEXHHUKOM Ha PA3HOU IJIEMEHTHOH
6a3e. [To1o6HbIE YCTPOHCTBA OCOGEHHO
BOCTPEOGOBAHBI B HOBOT'OTHHE TPA3/HHU-
ku. ITpuMeHeHue 8-pa3pAagHbIX MUKPO-
KOHTPOJIJIEPOB B HUX BIIOJTHE O60OCHO-
BAHO M ONpaBJaHoO. CTPYKTypHas CXeMa
YCTPOMCTBA CBETOBBIX 3(P(PEKTOB IIpe]I-
CTaBJICHA HA PUCYHKeE 1.

VCTPOUCTBO COCTOUT U3 CeMU (DYHK-
IIMOHAJIBbHBIX Y3JI0B: IVIATHI KJIABUATYPBHI,
IIATH KOHTPOJIEPOB CBETOBBIX 3(P(HEKTOB
(manee KOHTposepsl Nel...Ne5) u KOH-
TPOJIIEPA YIIPABAEHUSA APKOCTDIO. [IpuH-
IIUITHAJIbHAA CXEMA OJIHOTO KOHTPOJIIE-
pa (xkouTpOIEpa Nel) npeacrasieHa Ha
PUCYHKeE 2.

V¥V konTposuiepoB Nel..Ne5 ogHMHAKO-
BasA IPUHIIAIIMAIbHAA CXE€MA, OHH H/IE€H-
THYHBI 110 KOHCTPYKIIMH U AJITOPUTMY
pa6oTsl. [IpUHIIUIINATBHAS CX€Ma KOH-
TpOJUIEPA YIIPABIEHUS APKOCTBIO (Jaiee
KOHTPOJUIEP APKOCTH) IPEACTABIEHA HA
PHUCYHKE 3. A HAa pPUCYHKE 4 IIp€e/ICTaBIIe-

lMuTatowlee
HanpskeHue

KoHTponnep cBeToBbIX
achekTos Nei

e

Impnanaa Net...No8
HL1

KoHTponnep cBeToBbIX
achekTos Ne2

=

Tvpnaxpa Net...No8
HL1

e o 0
EE
=
(=p]
|~

Mnara Knasuarypbl

KoHTponnep cBeTOBbIX
adphekTos Ned

T

Impnsnaa Net...No8
HL1

e o 0
=
=
(=2
|~

, I_l KoHTponnep nsmexexus
l I / APKOCTU UHAVKATOPOB

Puc. 1. CTpyKTypHas cxema ycTpoiicTBa CBETOBbIX 3ththeKToB

Ha IPUHIMIINAIbHAA CXEMA IUIATHI KJIa-
BUATYPBL

CoepuHurenu X2...X6 11aTel KI1aBHATY-
PBI MOAKIIOYAIOTCA K COEAUHHUTEIAM X 1
KOHTpOJUIEPOB Nel..Ne5 COOTBETCTBEH-
HO. CoeguHuTenp X7 IUIATHI KIaBHATY-
PBI MOAKIIOYAETCA K COeAUHUTENIO X1
KOHTpOJUIEpA APKOCTU. Llenu coegunu-
Tems X2 KOHTPOJIIepa APKOCTH IOAKIIIO-
YarOTCA YePE3 COOTBETCTBYIOIIMM KI'YT K
LEISIM COeUHUTENCH X2 KOHTPOJUICPOB
Nel...Ne5.

IIpUBOAUTD KOHCTPYKIIUIO (PYHKIIHO-
HaJIbHBIX Y3JIOB yCTPOMCTBA 3/1€Ch HE UME-
€T CMBIC/IA.

esnecoo6pa3Ho, YTOOBI KOHCTPYKTHUB-
HO KOHTpoJuiep Nel CcOCTOsAI U3 TIATHI
KOHTPOJUIEPA U BOCBMU T'UpJsiH. UHTED-
deric yeTporcTBa BKIIOYAET B CE0A Cle-
JIYIOIIHE 3JIEMEHTHI YIIPABJICHUS ILIATHI
KIABUATYPBL:
® TaJICTHBIN NIEPEKIIoYaTenb SA1;

e xiaBuartypa (KHOIKH S1...S5);
® 3JIEMEHTHI yIIPABICHU KOHTPOJUIEPOB

Nel...Ne5 (mugukaropel HG1, HG2);
® 3JIEMEHTBI YIIPABIEHUSA KOHTPOJUIEPA

spkocty (mHaukatopsel HG1, HG2, HL1).

T'ayneTHbIN nepexIodaTeab SAl miaTel
KiaBuaTypsl Tumna I1I'2-12-6118H umeer
mecTb nojaoxeHui. Ecim SA1 ycranos-
JIEH B TMOJIOKEHHE «1», TO KIaBHATypa
(xHOmKH S1...S5) NMOAKIIOYEHBI K KOH-
Tpoepy Nel. B aToM ciiydyae MOXKHO
33/1aTh IIapaMETPBI CBETOBOroO 3 dek-
Ta 47151 KOHTposutepa Nel. Eciu ke SA1
YCTAHOBJICH B IIOJIOZKEHHE «2», TO MOXKHO
3aJaTh IIAPAMETPHI JIs1 KOHTposuiepa Ne2
u 1.4. Ecin SA1 yCcTaHOBIIEH B IIOJIOKEHUE
«6», TO MOKHO 32/1aTh IIAPAMETPHI KOH-
TpoJUIEPA APKOCTH. PAKTHYECKHU, TAJIET-
HBIM IIepeKaoJarenemM SA2, KIaBUATY-
pa MOAKIIOYAETCA K OAHOMY U3 IIECTH
YCTPOMCTB.

ITycTs rajieTHBIN IEepEKIIodaTenb SA1
IUIATBI KJIABUATYPBI YCTAHOBJIEH B I10JIO-
sKeHue «1». Knonku S1...S5 mogKII09€eHbI
K KOHTpoJuiepy Nel. B jaHHOM ciy4dae
MOJKHO 33/1aBaTh JUISI HET'O I1apaMeTPhI
CBETOBOTO 3(Ppekra. PaccMoTpuM 11oj-
poobHO ero pa6ory. Yucio, UHAULUPY-
eMoe Ha uHauKarope HG1, onipenenser
HOMEP CBETOBOTO 3(P(PEKTA, UCIIOTHSIC-
MOTO B yCTPOHCTBE. YNCI0, UHAULIUPY-
eMoe Ha uHauKarope HG2, onpeaesnsaer
OTHOCHTEJIbHYIO CKOPOCTb II€EPEKITI0OYE-
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e S2 (V) — 1eKpeMEeHT YMCIa, UH/TAIU- PK100KA- DD1 Yy VT3
pyemoro na usaukarope HG1 (Bei6op g; lggglm( s ATTINY2313-PU FLET A
1|
HOMepAa BBITOIHAEMOTo cBetosoro ap- 11l == §12 CPUl 50 % ; = A - A
N\
(bexra), IeKpeMEnT Y CIa, HHUITHIPY- =l |PE) I i~ ¢ - ¢
N\
eMoro Ha unaukarope HG2 (ymensIie- I'TNXT% EE‘S‘ 6 5 ? 7 g ‘2‘ E g E
7T (]
HHUE CKOPOCTH); INTH PB6 Fe— 3G 3
. T0 PB7 9§ 7] H H
e 53 (C) — crapr/croil (110¢J1€ HAXKATHUA HA PTD16 : =
JIAHHYIO KHOIIKY YCTPOMCTBO PEaTU3yeT RST 10k
" - +5B HG1, HG2
CBCTOBOM 3(D(PEKT, THAULIUPYCMBIIT HA o HDSP-F501
= 15 MK
unukarope HG1, co CKopocTsio repe- 1
KJIIOYEHUs, MHUITUPYEMON HA UH/IU-
KaTtope HG2); Puc. 3. MpuHunnnanbHas cxema KOHTponnepa ynpasneHus APKoCTb0
e 54 (B) — BKIIOYHUTDL/BBIKIIOYHTDL HH-
nukaropsr HL1..HL64 (mocie Haka- Ta y nHjuKaropa HG2 Touka h BRIKIIO-  CTPYKTHBHO MHUKATOPBI Nel...Ne8 o6pa-
THA HAa JAHHYIO KHOIIKY BIJIIOYAIOTCS/ 4JeHa, IIPH BBIOOPE PEKUMA 33/JAHUA CKO-  3yIOT COO0OM TUPIAHAY (Aajaee — THPSH-
BBIK/IIOYAIOTCA BCE MHANUKATOPDI, 110]- pocruynngukaropa HG2 rouka hsmno-  ga Nel), COOTBETCTBEHHO HHIUKATOPbL
KJIIOYEHHDBIEC K KOHTPOJUIECPY — JIAaHHASA 4eHa). Ne9...Ne16 06pasyroT r'upstay Ne2 v 1.1,
onuyA HEOOXOAUMA /I IPOBEPKU Pa- CBeroBbIe 3 PEKTHI, peanTudyemMbie KOH-  MHIUKATOPbI Ne58..NeG4 — rupsistHa
60TOCIIOCOOHOCTH BCEX HHIUKATOPOB  TpoJuiepom Nel, nipejacrasiensl B Tabuu-  Ne8. Cumraem, 4TO KOHCTPYKTHUBHO BCE
B YCTPOMCTBE); 1e. /i OnMcanms CBETOBBIX 3(P(PEKTOB  MHJMKATOPDLI B TUPJISAH/IE PACIIOTIOKEHDI
® S5 (P) — KHOIIKA BBIOOPA PEKMMA pado-  BBEAEM CJIEAYIONIUE YCIOBHBIC OOO3HA- B OJMH psal. [IpUMEHUTENBHO K EIKE: Ha

Tbl KHOIOK S1 1 S2, 3a1ate HoMepa CBe-
TOBOI'O 3(p(PeKra 1iIn 3a/1aHue CKOPOCTU
(11pu BEIGOPE HOMEPA CBETOBOTO 3(P(pek-

gyenusa: unaukarop HL1 — unaukartop
Nel, nnytukarop HL2 — unjmukarop Ne2,

unuKaTop HL64 — nnjmukaTop Ne64. KoH-

JIEBOI CTOPOHE LETECO0OPA3HO PasMe-
CTUTD TUPJISIH/IbI C HEYETHBIMU HOMEPA-
MU, HA IIPABOM — C YETHBIMM.
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Puc. 4. MpuHuunnanbHaa cxema nnatbl KNasuatypbl

Puc. 5. Untepdpeiic ynpaBnenus KoHTponnepa ApKocTy

AnropuTM paboThl KOHTposuiepa Nel
ciaeayomui. Cpasdy 110CI€e IOAAYH ITUTA-
HUS yCTPOYICTBO TOTOBO K paboTe. Homep
HCITIOJTHSIEMOTI'O CBETOBOTO a(ppeKTa 3a/a-
érca knonkamu S1, S2 (rouka h y unauka-
Topa HG2 BBIKIIOYEHA). [ajiee HeO6XO-
JHUMO HAXKATbh KHOIIKY S4 (B), nmpu atom
BKJIIOYUTCS TOYKA h B nnukarope HG2
auciuies. Knonkamu S1, S2 Hy»KHO 32/14Th
CKOPOCTD IEPEKTIOUYEHUS UH/IUKATOPOB B

BBIOPAHHOM CBETOBOM a3 exre. Ucro-
HeHue 3(pPeKTa HAYMHAETCA II0CTIe HaXKa-
TUsA KHONKU S3 (C). /1A MCIIOJTHEHU
JIPYroro CBeToBOro addexra (Wwin st
U3MEHEHUA CKOPOCTH IIEPEKIIOYCHUA
UH/IUKATOPOB B MCIIOJHSEMOM) HEOO6-
XOJMMO HaKaTh KHONIKY S3 (C) (ocTano-
BUTDb UCIIOJIHIEMBIIN CBETOBOM 3(P(PEKT).
ITanee HeOOXO MO BBIIIOJHUTD OITHCAH-
HBIE PAHEE ONIEPALNHU IO YCTAHOBKE HOME-

pa cBeToBOTO 3(P(PeKTa U 3aJAHUIO CKOPO-
CTH IIEPEKTIOYEHUA HHIUKATOPOB.

Ha cemucermenTnom unjgukarope HG1
6ykBa B u mudpa 8, a Taxke 6yksa D u
nudpa 0, UHAUIUPYIOTCA OJHMHAKOBO.
IToaTOMY IPHU UHAUIIMPOBAHUHU OYKB B 1
D na cemucermeHTHOM MHAUKaTope HG1
BKJIIOUAETCS TOYKA h.

PaccMOTpUM OCHOBHBIEC, (DYHKIIHO-
HaJIbHBIE y3/Ibl IPUHIMITHAIbHOM CXE€MBI
ycrporicTBa. Pa6ouyas 4acToTa MUKPOKOH-
Tposnepa DD2 3a1aércsa reHepaTopom ¢
BHEIIHUM pe30oHaTOpoM ZQ1 Ha 10 MI'L.
Cnopra PB mukpokoHTposuiep DD2
YIIPABJIAET MHIUKATOPAMM rUpasanayg Nel...
Ne8. COOTBETCTBEHHO, TUPJISIH/BI YIIPAB-
JIAIOTCA KJIKOYAMM, BBIIIOJTHEHHBIMHA Ha
Tpansucropax VI3...VT10. JaHHbIEC KIIO-
YU YIIPABJIAIOTCA C BBIBOJJOB CHHXPOHHOT'O
perucrpa DD1u Be1BOAOB 9 1 11 MUKpPO-
xouTposiepa DD2. Pesucropsl R3...R10 -
TOKOOTPAHUYUTEIbHBIE I MHIUKATOPOB
HL1.. HL64. Bce HHAMKATOPHI B KOHTPOJI-
sgepe Nel paboTaloT B pesKUMeE TMHAMHYE-
CKOU MHAUKAIUU. KOJIbI /111 BKIIIOYEHUST
MHIUKATOPOB IIPH (PYHKIITMOHUPOBAHUH
JUHAMHAYECKOHN MHUKAIIUH ITOCTYIIAIOT
Ha BXOJ nopra PB MUKpOKOHTpOIEpA
DD2. Peructp DD1 ynipasisgeTr KI04aMHu
VT1..VT8. I GyHKIHMOHUPOBAHUSA K-
BHUATYPDI 33IEMCTBOBAH BBIBOJ, 8 MUKPO-
KoHTposiepa DD2. ITuraroniee HalpsKe-
HHE ITOCTYIIAET HAa KOHTPOJUIEP C COeU-
Hutensa X1. Kougencarop C5 ¢punbrpyer
yJIbCAlIUH B 1lenu nuTaHus +5 B. Cpa-
3y IIOCJIE TI0/IAYX IIMTAHMs Ha BBIBOJE 1
MHUKpOKOHTposuiepa DD2 yepe3 RC-1ienb
(pesucrop R2, konzpencarop C3) popmu-
PYETCS CUTHAI CHCTEMHOT'O allllapaTHOTO
cO6poca MUKpOKOHTpoJIepa. [Ipu nHuIu-
AJTU3ALMH BO BCE PA3PAABI IOPTOB MUKPO-
KOHTpoJ1epa DD 1 3an1uCchIBalOTCA JIOTH-
yeckue 1. Kimoun Ha Tpansucropax VI3...
VT10 3akpsIThl, nHAUKATOPEI HL1... HLO64
BBIKJIFOYEHBL.

IIporpaMMHOE OOG€ECIIEYEHHUE MHKPO-
KOHTpoJuiepa DD2 peanusyeT airopuTm
paboThI 33/1aBAEMBIX CBETOBBIX 3 Pek-
TOB B PEXHUME JUHAMHYECKOM MH/IM-
Kanuy. 3ajgada 1o  (POPMHUPOBAHUIO
BPEMEHHOTO MHTEPBANIA IS BIIOUCHUS
HH/JUKATOPOB KAXKJIOU TUPIAHABL (WU
HMHTEPBAJI NEPEKIIOYEHNA HHIUKATOPOB
M I'UPJIAHJL) PEelIeHa C IOMOUIbIO IIPEPHI-
BaHui ot Tarimepa T/C1 1 C4ETUNKOB HA
perucrpax r8 (sekl) u r13 (minl). Tai-
mep T/C1 popMupyerT 3a11poC Ha IIPEPHI-
BaHHe. CYETYNKU HA perucrpax r8url3
IOACYUTBIBAIOT KOJTUYECTBO, yCTAHABJIU-
BAETCSI HEOOXOAUMBIH (p1ar (HyJI€BOM pas-
psn perucrpa r19 (flo)). CkopocTs nepe-
KIIOYECHUS UHIUKATOPOB PErYIUPYETCA
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nyTéM M3MEHEHHUA 4Yucaa speed, 3arpy-
JKaeMoro B peructp r13 (minl).
IIporpamMMa COCTOUT M3 TPEX OCHOB-
HBbIX YaCTEeI: MPOoLEeAypPbl MHUIIHATN3A-
LIUM, OCHOBHOH IIPOrPaMMBbl, paboTaro-
e B 3aMKHYTOM IIUKJIE, U IIOIIPOTIPAM-
MBI OGPAOOTKH IIPEPBIBAHUS OT TAIMEPa
T/C1. B noamporpamMmme 06paboTKH mpe-
PBIBAHHS OCYHIECTBIIIETCA (POPMHUPOBA-
HHE BPEMCHHOIO MHTEPBATIA I BKITIO-
YEHHUSI MHAUKATOPOB, OIIPOC KIABHUATY-
PBL, paboTa JUHAMHYECKON UHIUKAIIUH,
a TaKKe IIPOUCXOJUT BBIIIOJTHEHHE BCEX
CBETOBBIX 3(D(PEKTOB, PECATU30BAHHBIX B
YCTPOMCTBE. B IaMATH JaHHBIX MUKPOKOH-
Tposutepa DD1 ¢ aapeca 60H o 69H opra-
HU30BaH Oydep OTOOPAZKEHUS IS JUHA-
MHUYECKON uHAuKanuu. I1o aapecy 60H
pa3meniéH 6aiuT HOMEPA OTOOPAKAEMO-
ro cseToBoro addexra. ITo agpecy 61H
Pa3MEIIEHO YHCIIO, 33/1aI01[ee CKOPOCTh
HepeKIodYeHus. JJaHHble 6aiThl IOCIe

Homep Yucno (cumson)
ko Ha3sBanue cseToBoro
CBETOBOr0  WHAMLMPYEMbIN HA L i en;u Onucanue cseToBoro adipexta
adipexta unpukatope HG1
CHavyana BKNIYaKTCA YETHbIE HOMEPA UHANKATOPOB (HEYETHBIE BbIKIOYEHbI), MOTOM HEYETHbIE HoMepa (Y8THbIe
1 0 Mepuarowias énka BbIKN04€eHbl). ECN MHANKATOPbI pacnoNoXuTb B BIAAE MACCUBA (MU MATPULbI) TaK Xe, Kak Ha NPUHLMNNANBHON CXeme (CM.
puc. 1), To nony4aetca umMutaumsa (3 eKkT) mepuaHns 3BE3fHOro Heba
2 1 lMepeknioyaemas énka | Moo4epéaHoe BKI0HEHNE U BbIKNIOYEHNE BCEX UHAMKATOPOB B rupnaHae
B kaXpoii rupnsiHae OANH BKIOYEHHBIA MHAMKATOP «Npo6eraeT» No BCel rMpNsHAe B 0AHOM Hanpasnexuu. Hanpumep, B
3 2 Berywmit oronék Nel rupnauge Nol — ot unaukatopa Nel k uuaukatopy Ne8, B umkne. CHayana sknioyaercs usgukarop Nei, notom Ne2 (Ne1 npu
3TOM BbIKMtoYaeTcs) 1 T.4. B rupnaHge No2 — ot mHankatopa Ne9 k unamkatopy Nel7 u 1.4.
B kaxnaoit rupnsiHpe ABa BKKOYEHHBIX MHANKATOPA «Npo6eranT» No BCeil rMpnsHae B 04HOM HanpasneHuu. Hanpumep, B
4 3 Berywuit oroHék Ne2 rupnange Nel — ot nnankatopa Nel k nnaukatopy Ne8, B8 umkne. CHavana skntoyaetcs uHamkatop Nel, notom Ne2, 3atem
uHankarop Nel Bbikntoyaercs, a uHankarop Ne3 Bkntovaercs u T.4.
B kaxpoit rupnsiHze Tpu BKIOYEHHBIX MHAMKATOpPA «MPOGeraioT» no BCeil rupnsHae B 04HOM HanpasneHuu. Hanpumep, B
0| 4 Berywiuit oroHék Ne3 rupnsanae Nel — ot nHankaropa Ne1 k nHamnkatopy Ne8, B unkne. CHavyana Bkntoyarotcs uHankatop Nel, notom uHankartop
No2, 3atem nHamkatop Ne3. inankatop Nel Bbikntoyaetcs, a nHaukatop Ned BKnOYaeTes U T.4.
6 5 Mepeknioyaemble lMoo4epéaHoe BKNIOYEHNE CHaYana BCex rMpnsiHg ¢ YETHbIMIU HOMEPaMK, @ 3aTeM — C He4ETHbIMM (YETHbIE NPK 3TOM
rupnsHapl Nel BbIK/TH040TCA) 1 HA06OPOT
TI8peKnI0dEHMS rpynkI Moo4epéaHoe BKNIOYEHNE rpyNn MHAMKATOPOB B KaXA0W rMpnsHAe (B rpynne no YeTbipe MHAMKATOpa). Hanpumep, Ans
7 6 P e P rupnsuapl Nel cHavyana BkntovaroTes uHAnkatopsl Nel...Ned, noTom BkntoyatoTes MHAMKATOpbl Ne5...Ne8, nHAMKaTOPbI
B KQXJ0M rUpnsiHge
Net...Ne4 npu 3TOM BbIKNHOHAKOTCS W T.4.
CHavana B rupnsxae Ne 1 Bknioyaetcs uHankartop Nel, 3atem Ne2, notom Ne3 1 Tak ao Ne8. MoToM TO Xe camoe NPoNCXOANUT
8 7 BV figia B rupnsange Ne2 (cHavana skntovaerca nHaukarop Ne9, sarem Ne10, notom Ne11 n tak go Ne16). Monyyaetca nmutayns
yu 6GeryLuer neHTbl. Mocne TOro Kak NeHTa «npononsaer» no BCeM rUpAaHAam (nocne BKoYeHns uHankatopa Ne64 B rupnsuae
No8) Bce rupnaHAabl racHyT. [lanee uukn nostopsaeTcs onatb: B rupnsHae Nel Bkntoyaetca usgnkarop Net, satem No2 u 1.4,
B kaxaoit rupnsiHae OANH BbIKMIOYEHHbIA MHAMKATOP «Npo6eraeT» No BCeil rMpNsHAe B 0AHOM HanpaseHuM, a 3aTeM — B
o6patHom (pesepc). Hanpumep, B rupnsange Nel ot unamnkaropa Nel K nnaukatopy Ne8, B Lmkne, a notom ot nHankatopa Ned
9 8 Berywuit oroHék Ned K nHankatopy Nel. CHavana BbikntoyaeTcs nHankatop Nel (Bce 0CTanbHbIe MHANKATOPbI B AAHHOW TUPASHAE BKIIOYEHbI),
notom Ne2 (Ne1 npu aTOM BKNtO4aeTcs) v Tak Ao MHAnkatopa Ne8. 3atem uHankatop Ne8 BKN04aeTCA 1 CHOBA BbIK/O4AETCA
| Nel n7.p.
10 9 GV FHBAAHEE BkntouéHHas rupnsnaa «npoberaeT» no Bcei énke B 0HOM HanpaBneHun, oT rupnsHabl Nel k rupnsnae Nei3, B umkne.
yuk PRAHA CHavana skntoyaetcs rupnsnaa Nel, notom skntoyaetcs rupnanga Ne2, a rupnanga Nel npu T0M BbIKNKOYAETCS U T.4.
11 A Mepeknioyaemble MooyepéaHoe BKNtoYeHMe rupnsiHg. 3atem o6LLee BbikntoyeHue. CHavyana Bkntovaercs rupnsaHaa Net, satem Ne2, notom Ne3
rnpnanasl Ne2 1 1aK go Ne13. [ToToM BCE rMPASHALI BbIKNOYAIOTCS U T.4.
12 B [Mepeknto4aemble [MooyepéaHoe BKNto4eHWe rupnsiHA. 3aTem obLuee BbikntoyeHue. CHavyana Bkntovaetcs rupnaHaa Net, satem N2, notom Ne3
rupnsuabl Ne3 1 1aK 4o Ne8. Motom rupnsHaa Ne8 Bbikntoyatotces, 3atem N7 1 Tak 4o Nel. 3atem BCE NOBTOPAETCA B LNKNe
TaneRnoaaee CHayana BKIH04at0TCA TMpNSH/bI, PACMONOXEHHbIE Ha NeBOV CTOPOHe Enkin. 310 rpnsHAbl Nel...Ned. TupnsHabl Ha npasoit
13 C o pﬂﬂH,U,bl Nod ctopoHe énku (Ne5...Ne18) BbikntoueHbl. 1 Ha060pOT: rPAAHALI Ha N1eBOI CTOPOHE ENKM BbIK/IO4AIOTCS, @ HA NPaBOil
2 B BKJIK04AIOTCA
14 D MNepexnioyaemble CHayana BKH04atoTCA BCE MMpNAHAbI, 3aTeM UAET Noo4epéaHoe BbiktoyeHne: rnpaaHaa Nel, 3atem No2, notom Ne3 u Tak o
rnpnsanabl Neb Ne8. MoToM BCe rMpnsHAbI CHOBA BKMHOHAKOTCS W T.4.
15 E BeryLwii oroHsK Ned OZMHOYHBIV «OrOHb» (OAWH BKNIOYEHHBIA MHANKATOP) «Npo6eraeT» no BCeM rmpasHAaM B OAHOM HanpasneHun ot
v - nuankatopa Nel rupnsugpl Nel go niamnkatopa Ne64 rupnsugpl Ne8. 3atem Lukn noBTopseTcs
OAMHOYHBIN «OrOHb» (OAWH BKNIOYEHHBIA MHANKATOP) «Npo6eraeT» No BCeM rupasHAaM B OAHOM HanpasneHun ot
16 F Berywuit oroHék Nes nHankatopa Nel rupnsugsl Nel go niamukatopa Ne64 rupnsHgpl Ne8. MoTom B 06paTHOM HanpaneHnn ot uHankatopa Ne64
rupnanabl Ne fo uuankaropa Nel rupnsugpl Nel. 3atem yukn nosropsetcs

IIEPEKOIUPOBKHY, B PEKUME JUHAMUYC-
CKO¥ MHAMKAIIUH, BBIBOJATCS HA IUCIUVIEH
ycrporcrsa. 62H...69H — aapeca, rae xpa-
HUTCS TEKyIIee 3HAYCHUE I MHINKA-
Topos HL1.. HL64 (rupsstag Nel..Ne8).
JIOCTYII K JAHHBIM B aIPECHOM IIPOCTPAH-
CTBE C IOMOUIBIO APECHBIX yKa3aTeIeH
caenyromun. Agpeca rupsstag Nel...Ne8
M GAMTHI HOMEPOB CBETOBOTO 3 pexra u
CKOPOCTH 3arPyKaroTcs B Y-PETrUCTp BO
(dparmeHTax IPOrpaMmbl, IJe IIPOUC-
XOJUT BBIIIOJIHEHHE CBETOBOTO (P dek-
Ta. Z-PETUCTpP 3aJ€HCTBOBAH TOJBKO B
(dparmMeHTe AMHAMUYECKOH HHIUKALIUH.
PazpaboTanHas nporpamMmma Ha accemose-
pe 3aHuMaeT NMOPSI/IKA 2 KUIOOANUT ITaMsi-
TH r1porpamm (flash-nmamaTs nporpamm)
MHUKPOKOHTPOJIZIEPA, TO €CTh IIaMAThb
3aI10JIHEHA IIOJIHOCTBIO.

B konTposepax Nel...Ne5 UCIIOIb30Ba-
HbI pe3ucTopsl C2-33H-0.125, HO moA0M-
JIyT JIIOOBIE APYTHUE C TAKOH K€ MOITHO-

CTBIO PACCEMBAHMA U IOTPEITHOCTHIO 5%.
Kongencaropst C1...C3, C5 u C6 — Tuma
K10-17a, C4 — tumma K50-35. KongeHca-
TOPBI C5 YCTAHABIUBAIOTCA MEXKAY LIETIbIO
+5 B 1 001IIM IIPOBOJHUKOM MUKPOKOH-
Tposuiepa DD2. Kongencaropst C6 ycra-
HaB/IMBAIOTCSA MEKAY IIENBIO +5 B 11 061mum
NpoOBOJAHUMKOM perucrpa DD1. Cemucer-
MeHTHbIe UHAUKaTOpbl HG1 n HG2 — THna
HDSP-F501. Unaukaroper HL1... HL64 —
Trna KUIIJI40C20-J14-1I17. 11 TUPJISIHT,
MOXKHO ITOJJOOpaTh aOCOIOTHO JIFOOBIE
WH/IVUKATOPBHI, HO JKEJIATEIBHO C Irlp =10 MA.
PaccmoTpuM paboTy KOHTPOILIEPA IPKO-
cty (eM. puc. 3). OH npegHa3HaveH I
TO/IAYH ITUTAIOMIETO HATIPSUKEHUSA U YIIPAB-
JICHUS UM Ha TUPJIIH/IBI KOHTPOJLJIEPOB CBE-
TOBBIX 3(ppekToB. KOHTpOJUIEP HUMEET CIle-
JAYIONIUE TEXHUYECKUE XAPAKTCPUCTUKH:
® 99 m1aroB PETYIUPOBAHUS;
® /IMaIla30H PEryJIMPOBAHNS YPOBHS CHUT-
Hasna 25 gb;
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® HaIpPsPKEHUE NUTaHuA 5 B;

® IepeMeHHas COCTABJIAIONIAA BBIXOJHO-
Io HanpsKeHus (Iyabcanus) ~50 mB.
Kak yxe ormeuanoch, Iad 3a/a-

HUS ITApaAMETPOB B HEM HEOOXOJUMO

raJIETHBIN NE€PEKIIoYaTeNb SA1 IIaThl

KJIaBUATYPhl YCTAHOBHUTBL B IIOJIOXKE-

Hue «6». B KOHTpOJIIEpE APKOCTH €CTh

TPU OCHOBHBIX (DYHKIIMOHAIbHBIX y3/14.

310 reneparop HIMM-curxaaua, BbIIOJ-

HEHHBIH Ha 6a3¢ MHKPOKOHTPOJLIE-

pa DDI1, crnaxusaromuid LC-puapTp

U YCUJIMTENbHBIN KACKAJ, BBIIIOJIHEH-

HBIA HA TpaH3uctrope VI'1. Uugukatop

HL1 ynpasasercs ¢ BbiBOAA 11 MUKPO-

koHTpoJsiaepa DD1. C nopra B Mmukpo-

KOHTpoJsiep DD1 ynpasisger kaaBua-

Typo¥ (KHOIKHU S1...S3 maaTel KI1aBHua-

Typbl) U JUHAMUYECKON UHUKALIUE.

JuHaMHU4YecKas HHAUKAIHUSA CcOOpaHa

Ha TpaH3ucropax VT1, VI2 u uudpo-

BpIX HHAUKaTOpax HG1 u HG2. Pe3ucro-

pbl R4..R11 — TOKOOrpaHUYUTEIbHbIEC

JUISL CETMEHTOB YKA3aHHBIX MH/IUKATO-

poB. KOJbI IS BKIIOYECHUS UHIUKATO-

poOB, IpU (PYHKIIMOHHUPOBAHUU JUHA-

MHUYECKOH WHAUKAIIUH, TOCTyHaloT

Ha nopr B mukpokonrtposuiepa DD1.

IOna (PyHKIIMOHHUPOBAHUS KIaBUATY-

PBI 32J€MICTBOBAH BBIBOJL 6 MUKPOKOH-

Tposuiepa DD1. HIMM-curHas ¢ BbIBO-

Aa 15 mukpokoHrposuiepa DD1 uepes

pesucrop R12 nocrynaer Ha LC-punptp

(L1, C5) u ganee HA 623y DMUTTEPHOI'O

nopropuTens (Tpansucrop VI1).

B unTEpdeEric ynmpasieHus KOHTPOJUIE-
Pa APKOCTU BXOJAT KIaBUATypa (KHOIIKHU
S$1...S3 11aTel KJIAaBUATYPbI), HHAUKATOD
HL1 u uapukatopet HG1 u HG2. Ha uniu-
katopax HG1 n HG2 unaunupyercs OTHO-
CUTEIBHOE 3HAUYECHUE BBIXOJHOI'O HAIIPS-
skeHust (9uc1o ot 0 10 99).

KHOIIKM KJ1aBHATYPBI UMEIOT CIICAYIO-
1ee Ha3HAYEeHHE:
® S1 (A) — yBeIM4YEHHUE HA €JUHUITY OTHO-

CHUTEJIbHOI'O 3HA4EHUS BBIXOAHOTIO Ha-

NpsoKEHU (B %) (IIPH yAEPKAHUH JaH-

HOM KHOIIKH B HA’KATOM COCTOSIHHUU 60-

JIee IBYX CEKyH]] 3HAYE€HHE BBIXOJHOI'O

HAIIPsOKEHUS, MHIULAPYEMOE Ha IUC-

1iee, yBEJIUYUBAETCSA HA IIATh €IMHULL

32 O/IHY CEKYH/LY;

e S2 (V) — ymeHbllIEHHE HA €JUHUILY OT-
HOCHUTEJILHOI'O 3HAYEHMS BBIXOJHOI'O
HalpspKeHud (B %) (IIpU yaep:KaHUU
JAHHOM KHOIIKM B HA’KaTOM COCTOS-
HUM 60JjI€€ IBYX CEKYH/I 3HAYEHHE BbI-
XO/IHOT'O HAIIPSDKEHUS, UHIUITUPYEMOE
Ha AUCIUIEE, YMEHBIIACTCS HA IIAATh €IU-
HHIIL 32 OJHY CEKYH/]IY;

e S3 (C) — BBIKJIIOYEHHE KOHTPOJUIEPA
SIPKOCTH (IIPU TOM BBIKJIIOYACTCS UH-

aukatop HL1, a BBIXOOHOM CHUIHAJ

KOHTPOJIIEPA SAPKOCTU (KOHTAKT 1,

coeuHuTeNb X2) IPUHUMAET 3HA-

YEeHME HANIPAKEHUs, PABHOE HYJIIO).

Cpasy 1ocsie noJayy NUTaHUsA MHUALH-
AJIU3UPYIOTCS PETUCTPBI, CYETUYUKH, CTEK,
Tarimepsl T/CO 1 T/C1, cTOpOKEBOM TaM-
Mep, IOPTHI BBOJA/BBIBOA. IIpy MHUITU-
anusanuu UHAUKATOp HL1 OTKIIOUEH.
Ha nuapukaropax HG1 u HG2 nHaunu-
pyroTcs Hynu. [l mepexoia B pabounil
PEXUM HEOOXOUMO KHOIIKamMu S1 (A) u
S$2 (V) ycTaHOBUTB HEOOXOIUMOEC 3HaYe-
HHE BBIXO/IHOTO HanpspKeHus. [Ipu 3nayve-
HUM BBIXOTHOT'O HAIIPSKEHUS, OTTMYHOM
OT HyJIA, 6yJeT BKIIOYEH nHAauKaTop HL1.
JI71 BBIKJIFOUEHUSI HEOOXOUMO HAXKATh
Ha KHOIIKY S3 (C). IIpu 3TOM Ha BBIXO/E
YCTAaHOBUTCA HYJIEBOE 3HAYEHUE BBIXO/I-
HOT'O HAIIPSIKCHUS.

IIporpamMmma COCTOMUT U3 TPEX OCHOB-
HBIX Y4aCTEH: HHULHUAIU3ALUHA, OCHOB-
HOH IIPOTPAMMBI, pa6OTAIOMIEH B 3aM-
KHYTOM IIMKJI€, U IIOAIIPOrPAMMBbI O6pa-
0O0TKU IpepbIiBaHud OT Tarmepa T/CO
(coorBercTBeHHO, MeTku INIT, SE1,
S0). B ocHOBHOI IpOrpamMmme NpoOUCX0-
JUT UHKPEMEHT U ICKPEMEHT 33JaHHO-
ro 3HayeHus IIMM (3a7aHHOTO 3Have-
HHS BBIXOJHOTO HANpsKeHusd). B mox-
mporpaMmme 00pabOTKH IPEPBIBAHUS OT
Tarimepa T/CO IpOUCXOJUT OIIPOC KIa-
BHATYPBI U IEPEKOJUPOBKA JIBOUYHOTO
4MC/IAa 3HAYEHUI BPEMEHH B KO/ /I OTO-
OpakeHua UHEPOPMAIIUU HA CEMHUCET-
MEHTHBIX HH/IUKATOPAX U OTOOPAsKEHUS
Pa3psaA0B B JUHAMHUYECKON MHIUKAITUH.
B maMsaTH JaHHBIX MUKPOKOHTPOJLIIEPA C
ajgpeca $60 o $61 opranuzosaH 6ydep
OTOOPAKEHUS IS AUHAMUYECKON UH/IU-
kanuu. Kaxxapiit 6aiT u3 (OyHKIIMOHAJIb-
HOI I'PYIIIBI B IUKJIE, B IOAIIPOIPaMME
06paboTKH npepsiBaHusA Tarimepa T/
CO (meTka S0O), 1mocie nepeKoJUPOBKHU
BBIBOJUTCSI B IOPT B MHUKPOKOHTPOJI-
jepa.

IIpu Ha*KaTUKU HA KHOIIKY S1 OTHOCH-
TEJIbHOE 3HAYEHHE BBIXOJHOIO HAIIPS-
JKEHMsA Ha JUCIUIEE YBEJIMYMBACTCA HA
eguHULy. OJHOBPEMEHHO 3aITyCKAE€TCA
CYETYHK, OPIaHU30BAHHBIN HA R2, pop-
MHUPYIOIIMH HHTEPBAT B JIBE€ CEKYH/IBIL.
Ecy KHOTIKA y/IEPsKHBAETCS Gosee IByX
CEKyH/I, 3Ha4e€HHUE, UHIULHPYyEeMOe Ha
JHCILIEE, YBETUYUBACTCSA HA IIATh CUHUILL
3a OJHYy ceKkyHAy. MHTepBas1 BpeMeHU, B
TEYEHUSI KOTOPOI'O IIPOUCXOAUT YBEJIH-
4YeHHE BPEMEHU, Oprann3osaH B R1. IIpu
OTIIYCKAHHUH KHOIIKU S1 BCE yKa3aHHbBIE
CUETYHKH OOHYJISIOTCA.

COBEpHIEHHO aHAJOTHYHBIM OOpa-
30M OPraHM30BaHA PabOTa KHOIKHU S2,

MHMEHEPHbIE PELLEHMA

HYKHOM JIJI1 yMEHBIIEHHUSI OTHOCHUTEb-
HOI'O 3HAYE€HUS BBIXOJHOTI'O HaAIIPsIKe-
HUS, UHIUIIUPYEMOro Ha quciuiee. [Ipu
HAKATHUHM Ha KHONIKY S2 TeKyIee 3Ha4ye-
HHUE, UHIULIUPYEMOE Ha JUCILIee, yMEHb-
maercs Ha equHuny. Eciiu KHoIKa yjaep-
JKHBaeTcs 60Jiee IByX CEKyH/I, 3Ha4CHHE,
UHIUIIPYEMOE HA JUCIUICE, YMEHbIIA-
€TCs HA AT €AUHUILL 32 OJHY CEKYHJY.
CY€TYHUKU NPHUBEJEHHOIO AJTOPUTMA
JUISL KHOTIKM S2 OpraHHU30BaHbBI, COOTBET-
CTBEHHO, B perucrpax R3 u R4. B peru-
crpe R22 ocymecTBaseTcs BBIOOP pa3ps-
JIOB B AMHAMUYECKON MHAUKANUHU. [Ipu
UHUIUATU3AI U B R22 3aHOCUTCS YUC-
710 0b00000001. ITpu KaxKIOM O6pale-
HHHU K IOAIIPOrpaMMe O6paboTKH IIpe-
PBIBAHUS €ITUHUILA CABUIAETCS BJIEBO,
MOJATOTABJINUBAA BKIIOUYEHHUE CIIENYIO-
1ero paspsja. B nmogmporpamme Takxke
OCYILLECTBJISIETC IIPOBEPKA: HE BBINLIA
JIM €IUHUIA 32 IIPEJEJIBl PA3PASHOM CET-
KU, TO eCTh nmocjie gyucaa 0b00000100 B
R22 3arpyxaerca cHoBa 0b00000001.
Bce uiaru, KOTOpBIE HCHOJIB3YIOTCH
Ipu paboTe NPOrpPaMMBbl, BBIIIOJTHEHBI
Ha perucrtpax R24 n R25. Haznauenue
KQXJI0Oro (pyrara nmpuUBEJIEHO B TEKCTE
nporpaMmMsl. UHTEp(eEiic ynpasaeHUs
KOHTPOJJIEPA IPKOCTH, BBIITOJITHECHHBIH
HAQ MaKE€THOW IUIATE, NPEJACTABJIEH HaA
PHCYHKeE 5.

Konrpomnep ApKOCTH (PAKTHYECKU
COOpaH U3 TEX K€ JIEMEHTOB, YTO U
KoHTpoJuiepbl Nel..Ne5. IIpumeHeHbBI
konyieHcatopsr C1...C3, C6 tuma K10-
17a. Kongencarop C4 — tuna K50-35,
KoHzeHcaTop C5 — tuna K50-24. Kon-
aeHcatop C6 yCTAHABIMBAIOTCS MEXK-
Iy 1enpio +5 B 1 o6mumM IIpoOBOAHU-
KOM MHUKpOKOHTposiepa DD1. B cxe-
MaxX IHPUMEHEHBbl PE3UCTOPBI THIIA
C2-33H-0.125. Opoccens L1 BwIIION-
HEH Ha MAarHUTOINpOoBOJe Tuna MI1140.
Tunopasmep MarHuTONpoBoa — K28x
x16x9. O6GMOTKA JPOCCENS CONCPKUT
150 BuTkOB nposoja IIOTB-2 0,28.
CeMucermeHTHble HHAUKATOPBI HG1
n HG2 — tuna HDSP-F501. UHauKkaTop
HL1 - tnma 3J1341K KpacHOroO LjBeTa,
MOJKHO IIOA06paTh A6COTIOTHO OG0
cl,,=10MA.
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NMPOEKTUPOBAHVE U MOOEJIMPOBAHME

NpoeKTUpOBaHNe MaNOWYMSALLEro yCUNUTENs

Ha 10Ty

Buncent Ipupxue, Legrand France

Mpu pa3paboTke ManoLWyMsLLMX BbICOKOYACTOTHbIX ycuUnurenei
Heo6X0AMMO NPABUJIBLHO YYUTbIBATb Pa3nnyHble haKTopbl, BAUSIOLLME

Ha pa6oTy ycTpolicTBa. B cTaTbe onucbiBaeTCsl KOMMEKCHbIW NMOAXOA K
npoueccy pa3paboTKu 1 MOAENUPOBAHUSI ManoLLYMSILLEro YCUMTens npu
NMOMOLLU COBPEMEHHBIX NPOrpaMMHbIX CPeACTB.

Majiomymsmue  ycuwiurean  (MIIDY)
UTPAIOT KIIOYEBYIO POJIb B paboTe IpHU-
€MHOTI'O TPAKTA PAJUOYCTPOKCTB U HEOO-
XOJUMBI JI/Is1 YCWICHUS CIA0bIX CUTHAJIOB,
YPOBEHb MOITHOCTH KOTOPBIX 32a4aACTYIO
€/1Ba IIPEBBIIIAET (POHOBBII YPOBEHD IIyMa.
IIpu 3TOM Ba*KHO COXPAHUTH COOTHOIIIE-
HHE CUTHAJI/IITyM HA IIPUEMIEMOM YPOBHE.
B 60osbmIMHCTBE TPUEMHHUKOB HAUOOJIb-
LIHH BKIAJ, B 001U KO3 (DUIIMEHT Iryma
BHOCHTCS BXOJIHBIMU 3JIEMEHTAMM IIPUEM-
HOTO TPAKTA, OITUCAHHBIMH B YPABHEHHAX
dpuuca, opeaeIonux KoahpduueHT
IIIyMa B MHOT'OKACKa/THOHU CHUCTEME.

I'maBHasa 3ajaya, CTOAIAs IIEPE] pas-
pa6orunkamu MIIY, - MUHUMU3UPOBATD
BHOCHMBIH yCHIMTEIEM IIYM ITyTEM y4€Ta
TaKuX (PAKTOPOB, KAK COITIACOBAHUE UMIIE-
JIaHCa, BBIOOP KOMIIOHEHTOB YCHIHUTE/IS
(B YaCTHOCTH, MAJIOITYMSAIIUX TPAH3UCTO-
POB) B MOO0P MAPaMETPOB CMEIIICHHUS.
V IOCTYIIHBIX HA PBIHKE MAJTOUTYyMAIINX
IOJIEBBIX TPAH3UCTOPOB 3TOI'O AHAIIA30-
Ha, IIPYU YCJIOBUH ONITUMAJIBHBIX I1apaMe-
TPOB CMEIIEHHA U COIJIACOBAHMSA HUMIIE-
JaHCOB MCTOYHHMKA M HArpysku, Koad-
(punmeHT nryma mozxer gocrurats 0,3 1b.
MIIIY, ucnoynbp3yemMbl€ B JIIOOUTEIBCKOH
PaaHO3IEKTPOHHUKE, 06Ia1aI0T KO3 hu-
I[UEHTOM Iryma ropsjka 0,7 ab. Paznuiia

e Bg B

B 0,4 1b BO3HUKAET HU3-32 BHOCUMBIX Ha
Y4YaCTKe MeXay aHTeHHON u MIITY moreps,
BO MHOT'OM CBSI3aHHBIX C HEU/JI€AIbHOCTBIO
BXO/IHBIX COIVIACYIOIIUX LIETIEH 1 OCOOEH-
HOCTAMM BOJTHOBOJJHOT'O IIEPEXO/1A.
CoBepUIEHCTBOBAHME IIPOLeCcca IIPO-
E€KTHPOBAHMS KAXK/TOT'O U3 GIIOKOB MOXKET
006eCeunTh 3HAYUTEIBHOE ITOBBIIIE-
HHE OOIIUX XAPAKTEPUCTUK PAJTHUOIIEK-
TPOHHOI'O YCTPOMCTBA. B JaHHOU Cra-
The OyZIET PACCMOTPEHO IpuMeHeHue NI
AWR Design Environment 1, B 4aCTHO-
cru, moay/a Microwave Office, mpu ripo-
€KTHUPOBAHUHU MAIOLIYMAIIETO yCUIUTE-
gt Ha 10 ITg (em. puc. 1) ¢ yaydIeHHbI-
MU XaPAKTEPUCTUKAMU B X-IUAIIA30HE.
ITogpOOHO OCTAHOBUMCH Ha CJIEAYIO-
IIMX 3TANAX IIPOEKTUPOBAHMA:
® BBIOOD TPAH3UCTOPA;
@ BBIOOP IOJIJIOKKU U ITOKPBITHS;
® BBIOOp reOMETPHUH BOJTHOBOJHOTO IIe-
pexona;
® CO3JaHHE II0JIOCOBOI'O (DUJIBTPA U BBI-
XOJIHOT'O KACKA/a;
® IIPOEKTUPOBAHHE KOPITyCa I I10/A-
BJICHUS IAPA3UTHBIX SIBJICHUI.

BbiEOP TPAH3UCTOPA
B jmanHOM 1mpoekre ObUl  BBIOpaH

TpaHzucrop ¢upmbel Renesas Mozenm

SR e

9z

X BAND - LOW NOISE AMPLIFIER

10.2---10.5 GHz

F10PA Design

PN : WGLNA10G

g = ©

©

Puc. 1. MLUY na 10 My, cnpoexktuposanHbiii npu nomowy NI AWR Design Environment

NE3515S02 [1]. OH AOCTYIICH Ha PBIHKE, 4
€0 XapaKTEPUCTUKH BIIOJTHE COOTBETCTBY-
IOT TIOCTABJICHHBIM TPEOOBAHMAM: MUHHU-
MaJIbHBIA KOA()(PHUITHUEHT IITyMa HA YACTOTE
10,4 I'Ty 6;mu3kuti k 0,3 1B, koaddurpeHT
ycwieHus 12 1b. TpaH3uCTOp 06eceynBa-
€T XOPOUIHH YPOBEHD IIOTEPDH HA OTPAXKe-
HUE IIPYU COITIACOBAHUY HA MUHUMYM KO3(h-
dunuenrta myma (Gopt). S-mapaMerpnl
TPaH3UCTOPA M JAHHBIE 00 YPOBHE IITyMOB,
NOJIy4ECHHBIE HAa OCHOBE H3MEPEHUI,
JIOCTYIIHBI JyIS1 3aTPY3KH HA CalTe paspa-
6oT1unKa B BUjIe (paryioB (popmara s2p [2].

Ha ocHOBeE 3TUX JaHHBIX B Microwave
Office 6N PACCYNUTAHBI U TTIOCTPOEHBI
Ha guarpamMe CMHTAa KOHTYPBI KO3(]-
¢punmenTa mryma (NF) u moreps Ha oTpa-
s)xenue (RL) i TpaH3ucropa, pabo-
TAIOMIETO NpHU cMmemenuu V= 2 B u
I, = 10 MA (cm. puc. 2). Kak BUAHO U3
PHUCYHKA 2, BXOJHOH UMIIEJAHC TPAH3HU-
cropa NE3515S02 paccuudTaH Ha €ro Ipu-
meHeHue B MIIIY X-auamazona. O61acTb
nepecedyeHuss KOHTypoB RL (CUHAA TUHHA)
u NF (kpacHas JHMHHA) COOTBETCTBYET
OXHIaeMoMy ypoBHIO myma ~04 n1b u
noTepaMm Ha oTpakeHue B ~10 ab. [Tomu-
MO pa3pabOTKU COIVIACYIONIEH IICIH,
IPeo6GPa3yIOMIEH XapaKTEePUCTHIECKUH
HMMIIeTaHC cucTeMBbl 50 OM B TpeGyeMbIH
UMIICJAHC UCTOYHUKA, JO/DKHBI YIUTBI-
BaTbCS U UHBIE (DAKTOPHI JUIs1 MUHUMU3A-
IIMM BHOCHMBIX BXO/THOW COIJIACYIOIIECH
LIENIBIO IIOTEPb.

M CTOYHMKAMU II0TEPD B IIEYATHBIX IUIA-
TaX MOTYT OBITb PA3JTUYHBIC €€ JJIEMEH-
ThI, BKJIIOYAsl JUICKTPUYECKUE U ME[-
Hble NIpoBOJAIME IoU. IIpu BeIOOpE
MaTEPUAIOB IIATHI KIIOYEBBIMH IIapa-
METpaMH, OIPEIC/IAIONUMH XapaKTe-
PHUCTHUKH YCTPOHCTBA HA BBICOKMX 4aCTO-
TaX, ABJIAIOTCA JUIIEKTPUYIECKAsA IIOCTO-
SIHHAsA, TAHT'€HC yIJIa IIOTE€Pb M TOIIIIHA
JHUJIEKTPUKA. [IM3/IEKTPUYECKast II0OCTO-
SHHAs MOYKET MEHATBHCSA B 3aBUCMMOCTH
OT YaCTOTBI, TEMIIEPATYPhl WM HHBIX
(aAKTOPOB, YTO OKA3BIBAET HEIATUBHOE
BJIMSIHHE HA XaPAKTEPUCTHUKU IIHPOKO-
TIOJIOCHBIX BBICOKOYACTOTHBIX aHAJIOIO-
BBIX CXeM. [lucriepcus JU3IEKTPUIECKOH
IIOCTOSTHHOM (TO €CTb 3aBUCMMOCTD €€ OT
YaCTOTBI) MOXKET OBITH BBI3BAHA OCOOCH-
HOCTSIMH MaTE€PUAJIOB I€YATHOH IUIATHI,
TAaKHMH KaK: IIOJIIPU3ALIUA JUITICKTPUKA,
BHYTPEHHUE ITIOTEPHU WU JTAKE HEOHO-
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POJHOCTb HOBEPXHOCTH METHOIO IIPOBO-
JAIETO CJIOA.

Mesxy NOTepsAMHU B IM3ICKTPUKE, ITOTE-
PAMH B IIPOBOIHMKE U IIOTEPAMM HA U3JTyde-
HUE €CTh ONPEEIEHHAA B3aMMOCBA3D. [Tpyu
O/IMHAKOBOM TOJIIIMHE U3/IEKTPUKA 601ee
IIHUPOKHE TMHUH IIEPEIaYr 00/1/1at0T MEHb-
IIUM XaPaKTEPUCTHYCCKUM HMIICIAHCOM
U, KaK IIPABIWIO, JUNICKTPHUUIECKHUE I10TE-
PH B HUX BbIIIE, YEM B JIMHUAX MEHbIIEH
mMpUHLL HanpoTus, B MOCIIEIHUX XapaK-
TEPUCTUYECKUI NMITE/IAHC BBIIIE, [IO3TOMY
B HUX IPE06Iaar0T IOTEPHU B IIPOBOJHUKE.
IToTepu HA U3TyIEHHE 3aBUCAT OT KOH(PU-
TypaLMU CXEMBbI, KOHCTPYKIIUH, TOJIITUHBI
MaTePHAIA, JUITEKTPUIECKOH IIOCTOSIHHOM
M 9aCTOThL. PaccoryacoBanye UMIIEJaHCa,
BBI3BAHHOE U3MEHCHUEM TN PUHBI TUHUH
nepefady, TAKKe ABIICTCA 3HAYHUMbBIM
HUCTOYHHKOM IIOTEPb HA U3JTyYCHHE.

C y4yérom MH(pOpMaALMY, JOCTYITHOM
B crienu@UKAIMAX TPAH3UCTOPA, U TaH-
HBIX 00 UMIIE/IAHCAX PA3TUYHBIX JUHUHI
nepeayvM, MCIOAb3yEMbIX B IE€YaTHOM
11ate, 6bUI BBIOPAH MaTepUal C MEJ-
HBIM NOKpbITHEM RO4003C KOMIIaHUH
Rogers Corporation TommuHOHU 305 MKM.
DTOT KEpaMHUUYECKUH MaTepuas obiaaa-
€T MJIBIMU IIOTEPAMH, ABJIACTCI SKOHO-
MHUYHBIM, PEKOMEH/IOBAH K UCIIOIb30Ba-
HUIO IIUPOKUM PAJTOM IPOU3BOAUTENIEH
MEYATHBIX IVIAT U yJOBIETBOPAET TPe6O-
BAHUAM, IIPEIbABIACMBIM K IIDOEKTHUPYE-
MOMY YCTPOUCTBY.

LLinPOKONONOCHBbIN
BOJIHOBOAHbIA NMEPEXON
C MAJIbIMUA NOTEPAMMU

Bxoanon kackaja MIIY urpaer Baxk-
HEHUIIYIO POJIb B OOECIICUEHUH IIPEO6-
Pa30BaHUsA BXOAHOI'O UMIIEIAHCA CUCTE-
MBI (0OBbIYHO 50 OM) K ONTHMAJIBHO-
My HMIICJIAHCY TpaH3UucTopa Gopt, npu
3TOM HEOOXOJUMO YAEJIUTb BHUMAaHHE
MHMHHMM3AIMHI BHOCUMBIX IIOTEPD. B 1an-
HOM IIPOEKTE Il YMEHBIICHHU IIOTEPh
1 (pU3UYECKUX PA3MEPOB OBUIO PEIICHO
HUCIIO/Ib30BATh MEPEXOAHUK BOJHOBOJ-
MHUKPOIIOJIOCKOBAS JIMHUS.

OO61EeNPUHATON MPAKTUKOH IIPU Pa3-
pa6orke MIIIY (DB6ONT [3], HBO9BBD [4])
SABJIAETCA IIPOEKTUPOBAHUE YCUINTEA U
TIEPEXOJHUKA 10 OTAEJIbHOCTH C COIJIA-
COBAHHMEM KaXKJIOI'O Ha CTAHJAPTHBIN
XAPAKTEPUCTUYECKUI umIteaHc 50 Om.
TeMm HE MEHeEeE, Y TAKOIO IIOAXOJa €CTb
P HEIOCTATKOB, BKIIOYAsl Y3KOIIOIOC-
HbI€ 3(P(PEKTBI COITTACOBAHUS, YyBCTBU-
TEIBHOCTD K IIPOHU3BOACTBEHHBIM JOIIY-
CKaM U NOTEPU B COIVIACYIOIIUX ILIETIAX.
ANIBTEPHATHUBHBIM PEIICHUEM SIBJIACTCS
IPOEKTHPOBAHHUE BOJTHOBOJHOIO IIepe-

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

= ] Swp Max
NFmi 12Ty
10,37 My
r 27,0396 Om
x 30,6193 Om
s: NF +0,§5.06
10,37 My,
r22,7789 Om
X 7,3654 Om
b4
Ci =1 3
=== S511_Conj
e NF Gopt
——  RL Input Circle 3
= NFCircle y : Swp Min
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Puc. 2. Pe3ynbTatbl pacyéra Koaththuumnenta wyma (KpacHbie IMHUK) 1 NOTEPDb HA OTPaXKEHUE (CUHME NIUHUK)

Puc. 3. OnTUMN3NpOBaHHAasA reoMeTpUs BOHOBOAHOrO Nepexoaa

XO0/Ia TAKUM 0OPA30M, YTOOBI €I'0 BBIXO/I-
HOU UMIIEAHC ObLI PABEH OITUMAJIbHO-
MY UMIIE€JJAHCY TPAH3MCTOPA HA OIIOPHOM
TUIOCKOCTH MUKPOIIOJIOCKOBOM JTMHUH IS
HAHMMEHBIIETO KO3 (UIMEHTA NIyMa.
ITOCKOJIbKY 3HAY€HHE ITOTO HMIIE/IaH-
Cca KOMILUIEKCHOE, IIPH MOJE/JTUPOBAHUU
COIVIACOBAHUA HEOOXOIUMO YAECIUTDH OCO-
60€ BHUMaHUE BO3MOKHOMY BPAIIEHHIO
ONIOPHOM IVIOCKOCTH, YTO MOKET IIPUBE-
CTH K HEOIITUMAJIBHOMY ITOJI00PY UMITe-
JIAaHCAa MICTOYHHKA U, KaK CJIE/ICTBUE, 6ostee
BBICOKOMY KO3(P(PULIUEHTY LIyMa.

Ha pucynke 3 npecrabiaeHa OITUMHA-
3UPOBAHHAS I'€OMETPUS NEPEXOAHHUKA.
HICII0/Ib30BAHUE CTYIIEHYATOM CTPYKTY-
PBI IIO3BOJIWIO YMEHBIIUTH HMIIETAHC
BOJIHOBO/]A CO CTOPOHBI MHKPOIIOTIOCKO-
BOM IMHUU. ICIIOJIb30BAHUE HECKOJIBKUX
CTYIIEHEH, 4 TAKKE OIITUMAJIbHOU reome-

TPUHU 30H/JA U PACIIOIOKEHUA KOPOTKO-
3aMKHYTOH 3aJHEN CTEHKH BOJHOBO/A,
IIO3BOJIMJIO NOJYYUTHh 60JI€€ HIUPOKYIO
pab0ovyIO MOIOCY YCUIUTE.
MogenupoBaHue MIPOBOJWIOCH IIPU
nomoiu Analyst™ — TpEXMEPHOTO CUMY-
JIITOPA HA OCHOBE METO/IA KOHEYHBIX dJIe-
MeHTOB. OJJMH IIOPT OBLI pa3MeIEH Ha
BXO/I€ BOJIHOBO/IA, IPYI'OH — HAa OIIOPHOH
IUIOCKOCTH yCTpoHcTBa. Ilocae HeEKOTO-
PBIX KOPPEKTHPOBOK UMIIEAHCA IIPEOO-
pasoBareis, FeOMETPUU 30HA U IOJIO-
JKEHUS 33JJHEH CTEHKH BOJHOBO/A ObLI
MOMY4YEH PE3YyAbTAT, IOKA3aHHBIN Ha
pucyHke 4. MogenupOoBaHHE IOATBEPAU-
JIO JOCTHZKHMOCTD BBICOKHX TPEOYEMBIX
IIapaMEeTPOB U BO3MOKHOCTD MCIIOJIb30-
BaHUS TAKOT'O THUIIA KOHCTPYKLIUHU IIPU
cormacoBanuu  Gopt TpaH3UCTOpa B
mmosioce or 9 1o 12 I'Ti ¢ OTKIOHEHUEM
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NMPOEKTUPOBAHVE U MOOEJFIMPOBAHME

Swp Max
1,2e + 010

10,35y
r 31,9323 Om
X 28,0488 Om

\

MOHEHMPOBAHME MAAHAPHOM
CTPYKTYPbI

ITocse co3paHus BXOJHOTIO IIpeo6pa-
30BaTe/Isl HEOOXOAUMO IPOBECTH IIPO-
€KTUPOBAHHE IUIAHAPHBIX CTPYKTYp
(cm. puc. 6). B ranaom npoekre MIITY
HUCIONIB3YEeTCA KOHCTPYKIUA C JABYMS
KacKaJiaMH ycuieHus (061uit koadhu-
LIUEHT ycuieHus 6osiee 20 1B) 1 11osoco-
BBIM (DHUJIBTPOM HA BBIXO/I€ JI/IsI IO ABJIE-
HUS BHEIIOJIOCHOTO YCHJICHHS.

MopeaupoBaHUE U OIITUMU3ALIYS IIPO-
BOAWIHCH B Microwave Office, cHagana —
H2a OCHOBE aHATUTHYECKUX MOJIE/ICH pac-
pefen€HHbIX IMHUU IIEPENAYH, 3ATEM —
IIPU IIOMOUITU TPEXMEPHOI'O INIAHAPHOI'O
IEKTPOMATHUTHOTO (OM) CHMYIATO-
pa AXIEM 111 Bepudukanuu u (PUHIb-

58

— WG_Microstrilp IMPEDANCE ;
HOH oA CTpOoriKU. Mcriosbzosanue AXIEM
i oot IO3BOJIMJIO ITOJTYYHUTh 3HAYUTEIBHO 60iee
e NE3515502_NFmin +0,1 @ 10,35 [Ty TOYHBIE PE3YAbTATHI U YYECTb B3AUMOJEN-
lES51302 hFein H0jt XAy CTBHSI MEXJYy I1€4aTHBIMH U MEXaHHUYe-
= NE3515502_NFmin +0,1 @ 12Ty Swp Min CKUMH 37I€EMEHTAMU CXEMBI.
9 +009 IIpoekTupoBaHUE MOIOCOBOTO (DHUIIb-
Tpa (CM. pHUC. 7) B OCHOBHOM OIIp€EJEs-
Puc. 4. Pe3ynbTartbl MOAENIMPOBAHKUS BONTHOBOAHOIO nepexoaa npu nomowu Analyst™ JIOCh OGIIUMHU TPEOOBAHUAMU K paboUeH
nonoce MIIY, BIogas y4€T COBMECTHOM
padoThl JBYXKACKAJHOI'O YCWIHTEII U
Ve u2 Veey Ve, (PMIbTPA, OTKIUK KOTOPOI'O 3aBUCUT OT
i . VDS2 VST Voo |_§ TAKUX IIAPAMETPOB, KAK BBIOPAHHAS I'€O-
= GND T VGS2 e———vast GND _ﬁ 023 METpPUs, MATEPHUAT U BO3MOKHBIE TEXHO-
C13 7,L C12 VDS1 e———{\DS2 JIOTUYECKHE OTKIOHEHMUS.
;l,: ,; ,J,; J,; vGst e————Jvas2  RCALT :%:E
—{VDs3  RCAL2 BbixoqHOM NEPEXOA
C14 v C11: TaHTanoBbIA WM Kepamueckuii X7R KoHgeHcatop : z[G):i o —_l_ 5 Hocneanuit  STan  MPOEKTUPOBAHMS
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Puc. 5. Kontponnep cmeLwienus TpaH3uCTOpa € SIMHEAHbIM PEryNATOPOM HaNPsHKEHUA ANA NOBbIWEHNS

Anana3oHa BXOAHOro Hanps)XXeHnsa

OT MHHHMAJIbHOT'O KO3((pUxeHTa nmyma
Bcero B 0,1 gb.

PagpabareBaembrit  MIIY  sBisgercs
JIBYXKACKaJHBIM. [TapaMeTpsl CMEIeHUs
TPAH3UCTOPA 10 IOCTOSIHHOMY TOKY TaK-
JK€ 3HAYUTEIBHO BIUAIOT HAa KO3 duu-
eHT myma. OCHOBHBIMU TPEOOBAHUSIMHU
K IIENM CMENIEHMS ABJIIOTCA Obecriede-
HHE HAIIPSDKEHUA ITUTAHUS B JUAIIA30HE
o1 8 10 14 B 1 BO3MOYKHOCTb IIOJICTPOYI-
KU TOKA KKJOTro TpaH3ucropa. Ilomumo
3TOTO, 1IeNIb CMEIICHHUS HE JIOJLKHA ObITh
MPUYUHON HECTAOMJIBHOIO IIOBEICHUSA

YCTPOKICTBA HA BBICOKHX YaCTOTAX, 4 TAK-
JK€ 3aHHUMATh CJIMIIKOM MHOI'O MECTAa Ha
IeYaTHOH I1aTe. B JaHHOM citydae 66110
NPHUHATO PENIEHHE UCIT0/Ib30BATD CIIEIH-
AJIbHBIA KOHTPOJUIEP CMENIEHUA TPAH3U-
cropa ZNBG4000 ¢ ITMHEHHBIM PEryJIATO-
POM HANIPSDKEHUA /IS YBEJTMUEHUA JUaTIla-
30Ha BXO/THOI'O HAIIPSDKEHUS (CM. PHC. 5).
IToaCcTpOMKOI HOMUHAJIOB PE3UCTOPOB R1
1 R2 MOXHO KOHTPOIUPOBATh 3HAYCHUE
TOK4, IPOTEKAIOIIETO B KAXKAOM U3 KACKa-
JIOB, X JOGUTBCS OIITUMAJIBHOI'O KO3 (u-
IIHEHTA ITyMa.

BBICOKOYACTOTHBIX 371€eMeHTOB MIIY —
CO3/JaHHE BBIXOAHOIO IEpexXopa, KOTO-
PBII B JAHHOM CJIy4a€ SIBJISIETCS BBIXOJ-
HBIM KOAKCHAJIbHBIM Pa3bEMOM, PACIIOJIO-
JKEHHBIM I1€PIEHIUKY/IAPHO INIOCKOCTHU
e4yaTHOH IuIaThl. Takasd KOHCTPYKLMA
COZIEPKUT Pa3pblB B JIMHUH IIE€peJadu
MEXKAY BBIXOJIOM IMOJIOCOBOro (hHMIbTPA
H pa3bEMOM. be3 cormacyroomen nemnu
pe3yabTaTel OM MOJAEIHNPOBAHUSA ITOKA-
32JIM HEYJOBJIECTBOPUTEIbHBIN YPOBEHb
[OTEPH HA OTPAKEHUE — IMopsiaAKa —6 ab.
Hcnonb30BaHUE IPOCTOT'O CTYIIEHYATOI'O
npeo6pazosaTesis (CM. pyUC. 8), ONTUMHU3H-
POBaHHOIO IIPH NOMOoIIH Analyst, o6ecne-
Y10 60JIeE€ IPHUEMIIEMOE 3HAYEHHE BO3-
BpaTHBIX NOTEPh MeHee —20 1b.

MPOEKTUPOBAHUE KOPMYCA

ITpu pabore B X-1HaIa30HE BAXKHO IIOM-
HHUTH O BIUAHHUU KOHCTPYKITUH KOPITyCa
HAa XapaKTEPUCTUKH YCTPOMCTBA BBUIY
HCIIPECABHU/ICHHBIX BBaHMOﬂCﬁCTBHﬁ MEXK-
Iy SJIEMEHTAMH, A TAKKE PE3OHAHCHBIMH
a¢pdexramu. PE30HAHCHOM YACTOTE B IaH-
HOM CJIy4a€ COOTBETCTBYET YACTOTA, IPU
KOTOPO¥ I1€JI0€ YK CJIO TTOTYBOJIH YKJIA/IbI-

WWW.SOEL.RU
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BACTCS B JIMHCITHBIC PA3MEPBI 9KPAHUPY-
IOILET'O KOPITyca. BHYTpH KOPITyCca MOXKET ]
BO3HHUKHYTb BOJIHA, €C/IU €€ y3JIbl (TOUKHU C

HYJICBOHN AMIUTHTY/I0M) COBITA/IAIOT C ITOIO- I?l

JKCHHUCM IIPOBOJAIIHUX CTCHOK KOPITyCa, TO

€CTb CTPYKTYPA IIPEJICTABISIET COOOI PE30-

HATOP. HQ,I'IpI/IMCp, B MCTAJUTHYCCKOM KOP- g‘

myce 2 x 0,5 qrofiMa BO3HUKACT PE30HAHC =g
B

Ha yacrore okoJo 12 I'Ti [5].
DKpaHUpOBaHHC Haubosnee 3Pdek- O

THUBHO, KOT/1A4 UCTIOJIB3YETCS COBMECTHO C

JPYIUMH CIIOCOOAMU 11OaBaenus mapa-  Puc. 6. llpoektuposanne nnanapHoil CTPYKTypbl

3UTHBIX 3P deKToB: 3a3emneHue, Puiib-

TpaIysa, KOHCTPYKTUBHBIC PEHNICHUS JIJIS

neyaTHo! I1aThl. K cozkanenuio, 3a4actyio

Pa3pabOTYHKU OCTABJISIIOT SKPAHUPOBA- -5 —DB(|S(1.1)]

—~DB(|S(2,1)])

HHC «Ha IIOTOM> ¥ PACCMATPHUBAIOT €TI0 B -10
Ka4EeCTBE MOCICAHETO CPEICTBA, TOCKOIb- _15
Ky 9KpPaHbI MOT'YT YCTAHABINBATHCS TOJIBKO
110 3ABCPHICHHUHU IIPOCKTUPOBAHUA CAMO-
I'o ycTporicTna. Tem He MeHee, eCiu 3a10-

JKUTD IIPEAIIO/IAIAEMbIE IIAPAMETPBI dKPa- 9 95 10 10,5 11 11,5
Yacrora, Ty

HUPOBAHUSI HA HAYAJIbHOM 3TaII€ IIPOEK-
TUPOBAHUA, MOKHO TTOJIYYUTH TOPA3I0 Puc. 7. MonocoBoi thunbTp ¢ pa6oueii nonocoii, onpeaensemMoii pa3nn4HbIMU NapamMeTpamMn marepuana
6oJiee a(P(PEeKTUBHOE U BBII'OJHOE peuie- W Texnpoyecca
HHC 3TOH IIPOOICMBIL.

3a4acTyIo B KOPITyC TOMENAETCs IOIJIO-

MIAIOMIMIT PAJMOBOJIHBI MATEPUAT IS 0

I10/IABJICHUSI AJIEKTPOMATHUTHBIX I10JICH, 5

BBI3BIBAIOIINX ITAPA3UTHBIC BO3OYIK/ICHHSI.

Tem ne menee, Takue (PaKkTOpPbl, KAK TEM- =

IIEpaTypa v BJIAKHOCTD, C TEYEHHEM BpE- _15

MCHH 3HAYHUTCILHO CHUIKAIOT HA/IEKHOCTD

IOIVIOTUTEICH MIpHU padoTe B HEOIAro- gl

HPHSATHBIX YCIOBUAX. B TaHHOM IIpoek- -25 —DB(S(2.1)))
Te /IS TIOTABICHUS HEKETATEIBHBIX BO3- 5 —DB(S. 1))
OYKJICHUIN OBIJIO PEHICHO HCIOIb30BATH 9 925 95 975 10 10,2510,510,75 11 11,25

CIEIUATIBHOE ITOKPBITUE KIIOUEBBIX 31~ L

MeHTOB MIITY, 4TOGBI IPEIOTBPATUTH BO3- Puc. 8. BbixoaHoii npeo6pasosarenn, ONTUMU3MPOBAHHBIA ¢ nomowbio Analyst™
MO’KHOC BOBHUKHOBCHHE HATIPABICHHBIX
MO/, OIIPEJIEJIIEMBIX '€OMETPUEN KOPITYCa.
Ha pucynke 9 noJipoOHO 110Ka3aHbI /IeTa-
JIA KOPITyCa.

Bxopnoi NEePEXOIHUK-TIPEOOPA3O-
BATE/Ib UMIICJAHCA BXO/JIHOI'O KaCKaja
MIIIY 1 BBIXOJHON KOAKCUATBHBIN Pa3b-
€M OBUIH Pa3MEIICHbI Ha TPAHH, IPOTH-
BOIIOJIO’KHOH KPBIIIIKE KOPIIyCa, KOHTAK-
TUPYIONIECH C 3a3€MIISIONIEH IJIOCKOCTBIO
MeYaTHOM IyIaTel. CaMa IuiaTa pasmenia-
€TCsI MEXKAY ABYMsI YaCTSIMH METa/UInde-
CKOI'O KOPITYyCa M KPEITUTCH IIPH ITOMOITA
601TOB. JI)IsT 0OecrTeYeHU MEXaHUYICCKOM

TOYHOCTH M XOPOIIEH BOCIIPOU3BOJUMO-
CTH 3JIEMEHTOB IIPOU3BOJICTBO COCTABHBIX
JacTeH KOPITyCca BBITOIHAIOCH HA CTAHKE
C YHCJIOBBIM IIPOIPAMMHBIM YIIPABIEHH-
eM (YIIVY).

ITocne M3yYeHHST PA3TUYHBIX BUJIOB

TOKPBITUS, PA3PA0OTUYNKAMU ObUI BbIOpaH
SURTEC 650. Jannoe nokpsrrue ceprudu-
ITUPOBAHO U COOTBETCTBYET TPEOOBAHU- Puc. 9. YacTu Kopnyca, cnpoeKTMPOBAHHOr0 ANA NOAABNEHUSA NAPA3UTHBIX BO36YXAEHWI
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NMPOEKTUPOBAHME U MOOEJNIMPOBAHME

10,37 Iy
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Puc. 10. UtoroBbie peaynbTatbl Moaenuposanus B Microwave Office: a) monenuposanme ycunenus; 6) Mogenuposatne KoadthuumeHTa Wwyma u cTabubHoOCTH
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B Yacrorta, Ty
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Puc. 11. CpasHeHue pe3ynbTaToB MOAENMPOBAHUSA U U3MEPEHWNI: ) ycunexne NpoTOTMNA; 6) YCUIEHUE NPOTOTUNA B LUMPOKOM ANanasoHe; B) CTAGUILHOCTL NPOTOTUNA;

r) KO3t PULMEHT LLymMa NpoToTIUNA

Xapakrepuctukn MLLY

am Espornerickoro Coiosa 1o obdecrieue-
HHIO 6€30I1ACHOCTH 3/10POBbSI H OKPYKAIO-
€M CPEJIDL, A €I'0 BIMSAHUE HA ITAPAMETPHI
YCTPOMCTBA IPECHEOPEKUMO MAJIO M HE
NoAAAETCs n3Mepennio. OCHOBHBIM IIpe-
MMYIIECTBOM SB/ISIETCS 3AIIUTA OT OKUC-
JIEHUs, O0€CIICYHUBAIONAs CTAOWIBHYIO

PaGoTy yCTPOIICTBA HA MPOTSKCHUHU JTH-
TEJILHOI'O IIEPHO/IA BPEMEHH.

PE3YNbTATbI MOAEJIMPOBAHUSA
151 MOJETUPOBAHMA ITOTHOTO OTKIN-

KA YCWIMTEJS JJAHHbIC KAK/I0I'0 U3 6J10-

KOB, ITOJTy4CeHHbBIC ITpH rToMoiu AXIEM n

Analyst™, 6pUTH UIMIIOPTUPOBAHBL B BUJIE
S-nmapamerpos B Microwave Office. Takas
METO/IUKA ITO3BOJIACT OUCHD OBICTPO M JIET-
KO OIITUMU3UPOBATH KAUKIYIO U3 TOJCXECM

Hacrora, My 10 10,35 10,7 HE3aBHCUMO JPYT OT APYTA.

Pa6o4as nonoca, My 2 700 e BO3MOKEH U IPYro HoXo/1, IIPU KOTO-
KoachcpuumeHT yeunenus, ab 20 - - POM BCE€ KOMITOHEHTBI MOTJIU ObI MO/ICTH-
Motepu Ha oTpaxeHue Ha Yactote 10,35 My, ab 10 15 - POBATHCSI U OINTHUMH3HUPOBATBHCA OJHO-
Koadpchuument wyma, b - 0,6 = BPEMEHHO 110 BCE€H KOHCTpyKImu MIIY
Hanpsxenue nutanys, B 7 = 14 B BH/C HCPAPXUUYCCKH OPTaHHU30BAH-
Tok nuTatus, MA - 35 - HBIX OM-CTPYKTYD, HOAJEPKUBAEMbIX B

NI AWR Design Environment.

HTOrOBBINT PE3yNbTAT MOACTUPOBAHUA
(eM. puc. 10) ntoyqwics 60J1ee 4em yIoB-
JICTBOPUTEJIBHBIM U XOPOIIO COOTBETCTBY-
IOIIMM CHEIM(PUKAIIMHA BO BCEH padoucH
nosioce. CTOUT OTMETUTD, YTO IIOTEPHU BO
BXO/IHOM BOJIHOBO/IE M 3(PPEKIbl HEO/I-
HOPO/IHOCTH TIOBEPXHOCTU POBO/IAIIIX

WWW.SOEL.RU
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JIMHUI ITOJIATATTUCh IPEHEGPE;KIMO MAJTbI-
MH U IIPY MO/IETUPOBAHUH HE YUHUTHIBATHC.

PE3YNbTATbI UBMEPEHUM

Ha OCHOBE CO31aHHOH KOHCTPYKIIUH
ObUIH COOpaHBI U U3MepeHbl 10 IpoTo-
THIIOB YCTPOMCTBA /I aHAJIN3a Pa3opo-
ca pe3yabTaToB. [Ipn 3TOM HU 1A 11I€YaT-
HOM IUIATBI, HU I JETAJE€N KOPIIyca
HUKAaKH{E ITapaMeTpsl 601ee He MOJCTpa-
HBAJINCH. [JAaHHBIC THIIOBOTO U3MEPEHHSA
(cm. puc. 11) npogeMOHCTPUPOBAIH, UTO
PE3YIbTATEI MOJICTTUPOBAHI M U3MEPECHUIM
o4deHb 6u3ku. KoaddumyenT nryma npe-
BbICWI Okuiaemblit Ha 0,1...0,15 ab, oqHaKO
NO-IIPEKHEMY HAXOJWICA B 33/IaHHBIX IIpe-
nemax (mensbiie 0,6 1B) B moiaoce 700 MI'1r.
Kak 11 6bU10 IPEACKA3aHO IIPU MOJETUPO-
BaHUM, 3HAYECHHUE IIOTEPh HA OTPAKECHUE

TOATBEPAWIO IIPUMEHHUMOCTD COIVIACO-
BAaHHOI'O IIPOEKTHPOBAHUS BOJHOBOJ-
HOT'O IIEPEX0/1a, 4 CTAOWIBHOCTD PAOOTHI
YCTPOMCTBA OGECIIEUNBACTCSA UCIIOIB30BA-
HHEM Ka4ECTBCHHO CIIPOCKTHPOBAHHOIO
KOPITyCa, IPEAOTBPAIAIONIEIO BO3HUKHO-
BEHHE MAPA3UTHBIX BO3OYKICHUI.
pa3paboraHHOrO
MIITY npeicTaB/IEHBI B TAOIULIE.

XapaKTepuCTUKHA

SAKNIOYEHUE

i1 IOJIydeHUs1 TPeOYyEMBIX XapaKre-
pucrux MIIY 11pu pa3zpaboTKe OKa3a7I0Ch
JIOCTATOYHO BCETO OJHOM UTEPALMH IIPO-
E€KTUPOBAHUA. BO3MOXKHOCTD ITOTy4YE€HUS
XOPOLIETO PE3YJIbTaTa C IEPBOM IIOIBIT-
KH JIEMOHCTPUPYET CIOCOOGHOCTh NI AWR
Design Environment MOAEIHpPOBATh CJIOXK-
HBIE BBICOKOYACTOTHBIE CTPYKTYPBI, UCIIO/Ib-

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

3ys1 HOAXO/ISAIINN IS KASKIOM KOHKPETHOH
322491 HHCTPYMEHT, OY/Ib TO CXEMOTEXHHU-
YECKOE, ITTAHAPHOE WIH TPEXMEPHOE dTIEK-
TPOMAarHUTHOE MOZieIMpoBanue. KimouoM k
yCIIEXy ABJIAETCS IOHUMAHUE ClIeT(PUKI
IIOCTABJIEHHOH 33JJa4H U BEIOOD NPaBUIb-
HOI'O MHCTPYMEHTA I €€ pEelIeHMs.

JIUTEPATYPA
1. http://www.cel.com/pdf/datasheets/
ne3515S02.pdf

2. http://www.cel.com:8080 /parts.do?comm
and=load&idRootPart=2036#

3. The Challenge of LNAs for 10 GHz: D. Fassler,
HB9BBD - DUBUS 2015
MKU LNA 102 S EME: kuhne-electronic

5. http://www.digikey.com/en/articles/
techzone/2013 /jan/rf-shielding-the-art-and-
science-of-eliminating-interference @

HOBOCTM MPA

MpepnoyteHus P® B nocTaBLyMKax
OKB gna «Coto3a-5» nameHuUTcA
He B MoJib3y aMepuKaHLIeB
MpepgnoyTteHns P® B nocrasLymKax anek-
TPOHHO-KOMMOHEHTHOW 6a3bl A1 HOBOW POC-
CUcKoi pakeTbl-HocuTensi «Coto3-5» name-
HUTCS HE B MOMb3Yy aMepuKaHLUeB. VIHocTpaH-
Hyt0 MOMOLLb MNIaHWPYeTCS Mosy4aTh, B NEPBYIO

oyepedb, oT ®paHumn. O6 3TOM Coo6LLMN B
VHTEPBbIO paavocTaHLmm «39xo MockBbI» odu-
LumanbHbIn npegctaButesis Pockocmoca Uropb
BypeHkos.

OH nosichun, 4to y Poccum ecTb onpefenéH-
Hble CIIOXXHOCTU B pa3paboTKe 3J1eKTPOHHO-
KOMMOHEHTHOW 6a3bl ANs pakeTbl, NOCKOJbKY
Ha TeppUTOpUM CTpaHbl HEO6XO0AUMbIEe OTpac-

www.jtagtechnologies.ru
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E-mail: info@ostec-group.ru

COBPEMEHHAA SINEKTPOHUKA ¢ Ne 7 2017 WWW.SOEL.RU 61



NMPOEKTUPOBAHVE U MOOEJFIMPOBAHME

MopaenuposaHue Tennoobmena
B MUKPO3IEKTPOHHOM YyCTPOMCTBE

TatbaAna MapkoBa (markova@flowvision.ru),

Auton Mnakcun (plaksin@eremex.ru)

MNpoBepeHue TennoBbIX Pac4YETOB ABNSETCSA BaXXHOW M HEOTbeMIIeMOoM
YyacTbio NpoLecca pa3paboTku U KOHCTPYMPOBaHUSA HafEXHOW annapaTypbl.
B ctaTbe npeacTasneHo onncaHue METOAUKU MOAENMPOBaHUA U aHanusa
TEMNJIOBbIX PEXXUMOB 3JIEKTPOHHbIX YCTPOMCTB C MOMOLLbIO OTE€YECTBEHHbIX
nporpamMmmMHbix npoaykToB Delta Design, KOMIMAC-3D u FlowVision.

IIpu pa3paboTKe paguO3IEKTPOHHBIX
YCTPOHCTB BCE GOJIbIIEE PACIIPOCTPAHE-
HHUE MTOTY4aI0T HH(POPMAITMOHHBIC TECX-
HOJIOTMH aBTOMATU3HUPOBAHHOI'O IIPOEK-
THUPOBAHMA, KOTOPBIE ITO3BOJIAIOT PEIIATH
IIAPOKUH CIIEKTP 3324, TAKUX KAK: ABTO-
MAaTHY€ECKAs TPACCUPOBKA IUIATHI, HCCIIE-
JIOBAHMSA TEMIIEPATYPHO-BIAKHOCTHBIX
PEXMMOB, PH KOTOPBIX paboTaeT anma-
partypa, MOJEJIHMPOBAHHE BHOPOIIPOY-
HOCTHBIX XaPAKTE€PUCTHK, XaAPaKTepH-
CTHK HaJEKHOCTHU U T.J.

COBpEMEHHBIEC IIPOTPAMMHBIE  KOM-
1iekchl (ITK) BBIYUCIUTENBHON THAPO- U
ra30MHAMHUKH ITIO3BOJIAIOT MOJICTTUPOBATD
TPEXMEPHBII HATPEB JIEMEHTOB ILUIATHI U
OTBO/] TE€IUIA B OKPYKAIOILYIO Cpe/ty C ydé-
TOM IIACCUBHOI'O WIH IIPUHYAUTEIBHOI'O
oxnaxaenus. TpéxmepHoe pacupepene-
HHE TEMIIEPATYPHI IIO3BOJIIET IOIyYUTh
MOIPOGHYIO MH(OPMAITUIO O TEIIOBBIX
CBOYCTBAX IUIATBI, CPABHUTH 3HAYCHMUA
TEMIIEPATYyp B PAa3JIUYHBIX BapHaHTAX
HCITOJIHEHHSI MOJIC/IUPYEMBIX YCTPOHCTB.
PacuéTrHble 3HAYEHUS TEMIIEPATYP CPaB-
HUBAIOTCA C TPeOyEMBIMH BEJIMYHHAMU,
4TO INO3BOJAECT OLEHUTH PabOTy BCEro
PaAHOIEKTPOHHOIO YCTPOUCTBA U IIPU
HEOOXOANMOCTH BHECTH KOPPEKTUPOBKU
B €r0 KOHCTPYKITUIO, TEM CAMBIM YMEHbIIIAS
PHCKU OTKAa3a B PE3y/bTaTe IIeperpesa.

MUHTErPALUMA NPOAYKTOB
DeLTA DEesicn, KOMIMAC-3D
n FLowVision
Delta
€T CXEMOTCXHHUKAM U l'IpOCKTI/IpOBIIJ,I/I-
KaM PemnIaTh EeIbIN KOMIUIEKC 3324 11O
CO3JAHUIO IIPOEKTA IICYATHOM ILIATHI
(cm. puc. 1):
® CO3/IaHHC U BEJICHHE 6a3bI JAHHBIX pa-
JIUOBJIEKTPOHHBIX HU3/C/THIT;
® CO3gaHucC SHCKTpH‘{CCKOﬁ NPUHIAITHA-
AJIBHOU CXEMBI;

Cucrema Design  mo3sBosis-

® IIPOBEJEHHE AHAJIOIOBOrO U HUdpPO-

BOI'O MOJICJIMPOBAHUSA 3JICKTPUUECKOM

CXEMBI;
® pa3pabOTKa KOHCTPYKIUM MEYATHOH

TUIATBI;
® PAaCCTaHOBKA KOMIIOHEHTOB U TPACCH-

POBKa IPOBOJHUKOB II€YATHOM ILIATHI;
@ BBIITYCK KOMIUIEKTA KOHCTPYKTOPCKOM

JIOKYMEHTAIIUH;
® IIOATrOTOBKA KOMIUICKTA (haiyIoB s

IPOU3BOJACTBA IIE€YATHON IIATHI (HA-

npuMep, KOMIIEKT ¢aiios Gerber u

Drill).

151 BHEIPEHUSI B aBTOMATU3UPOBAH-
HBIH IIPOIIECC TPOEKTUPOBAHUS TEILIOBBIX
Pacy€TOB OBLT BBIOPAH OTEYECTBEHHBII
IPOTPAMMHBIN KOMIUIEKC BBIYHC/IUTEb-
HOHM rujporaszoguHaMuku FlowVision,
KOTOPBIH NIO3BOJISIET IPOU3BOAUTD PaC-

OnuvcaHve KOMNOHeHTOB

MeHeasxep 6ubnnoTek

) uBerty

BegeHue 6a3bi
PaAv031eKTPOHHbIX KOMMOHEHTOB

]

Uudposoe mogenvposaHve

?,‘ Simtera

PepakTop cxem

Q FlexyS

PepakTop nnar

!

AHanorosoe mogenupoBaHue

@ SimOne

PepakTop npasun

<) DRM

WHTepakTvBHaA  ABTOMaTtuyeckas
TpaccuposKa TpaccupoBka
5 RightPCB S) TopoR

@ KomnnekT goKymeHTauum Ha yCTPoMCTBO

Puc. 1. Ljukn npoeKTUpoOBaHNs NevaTHoi nnatbi

| UMNOPTO3AMELLEHUE

4ETBI TEMIIEPATYP TEMEHTOB KOHCTPYK-
IIUY IJIATBI ¥ KOPITyCa U MOJAETUPOBATH
LUPKY/SAIUIO BO3AYIIHBIX IIOTOKOB BHY-
TPH yCTPOUCTBA.

O6masgs  cxema  B3aUMOJCHCTBUA
KOMIIAC-3D, Delta Design u FlowVision
IpeICTaB/IeHa HA PUCYHKE 2.

Pazpa6orannyio B cucreme Delta
Design miaTy MOKHO KOHBEPTHUPOBATD B
IreOMETPUUECKYIO 3D-MO/1e/1b C TOMOLIBIO
BCTpoeHHOoro B KOMITAC-3D koHBepTe-
pa ECAD-KOMIIAC (B ¢paiin Tuna «idf>).
Eciu mipu 3TOM 6U6INOTEKU KOMITOHEH-
TOB ObLIM CHUHXPOHHU3UPOBAHBI, TO KOM-
IIOHEHTbI ABTOMATHYECKU PA3ZMECTATCSA
Ha iate B 3D-¢dopmarte. U3 KOMITAC-
3D BCE KOMIIOHEHTBI YCTPOHCTBA IKCIIOP-
THUPYIOTCS B OUH U3 (hOPMATOB IIOBEPX-
HOCTHOI'O IIPEJCTABJICHUA I'€OMETPHUM,
noaaep;xkuBaemMbix FlowVision, Hanpu-
mep B ¢dopmar «stl>. Ha ocHose ari-
JIOB «stl> (opmMupyercsa reomerpuye-
ckas mogens npoekra FlowVision. Kpome
TOro, B FlowVision u3 otuéra Delta Design
B Tab/ImuHOM (popmate Excel nepegaior-
Cs1 JTaHHBIE 00 2JIEMEHTAX IUIATHL: MATEPH-
aJIbl KOMIIOHEHTOB ¥ OCHOBHBIE HCTOY-
HUKHU TEIUIA CO 3HAYEHUSIMHU paccenuBae-
MO¥ MOIITHOCTH.

ITo OJTy4EHHBIM PE3Y/IbTATAM TEILIO-
BOI'O MOJE/JIHUPOBAHUS UHXKEHEDP MOXKET
NPUHATH PEHICHHE O HEOOXOIUMOCTH
MOAU(PHUKALINU YCTPOUCTBA (M3MEHEHHE
PaCcCTaHOBKH JIEMEHTOB, KOHCTPYKIIUU
Kopiyca u T.4.). ITociie BHECEHUS TOIIO-
JIOTUYECKUX HU3MCHCHUIH U YTOYHEHHS
nH(pOPMALINH O CBOUCTBAX MAaTEPHUATIOB
M MOIIHOCTSIX OCHOBHBIX MCTOYHHKOB
TEIUIA BBIIIOJHAETCA IIOBTOPHOE MOJe-
JIMPOBAHHE.

esbio u pesyapraToM uHTerpanuu [K
FlowVision B cucremy Delta Design siBiis-
€TCA AaBTOMATHU3ALMSA IPOLIECCA CO3TAHUA
Ie4yaTHOM IUIaThl U POA ¢ mposegenueM
TEIJIOBBIX PACYETOB U HEOOXOJMMBIX
JOpabOTOK, MPEAOTBPAIIAIONINX HU30bI-
TOYHBIH IEPErpeB U 0O6ECIEYNBAIONINX
BBICOKYIO HA/IEKHOCTh (PYHKIIMOHHPO-
BaHMA yCTPOHCTBA.

Bo3amoxHoctu FLowVision
IIporpaMMHBIN KOMIIUIEKC BBIYHCIH-
TeabHOU ruapoauHamuku FlowVision
IO3BOJISIET MOJECIUPOBATD  ITUPKYJISA-
IIMIO BO3JyXa C Y4ETOM JIYYHCTOI'O M
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Puc. 2. Cxema unterpaumu FlowVision B npouecc
pa3spa6orku PIA B cucteme Delta Design
1 KOMNAC-3D

KOHBEKTHBHOT'O TEILUIOOOMEHA, 06ecIie-
4HBas 33JJaHUC CBOKCTB MaTEPHUAIOB,
MONIIHOCTEH TEIUIOBBIJICJICHUS HCTOY-
HHKOB TEILIA B 33/IaYaX BHEITHETO 00Te-
KaHUA JIEMEHTOB KOHCTPYKIIMH, A TaK-
JK€ MOJIEJTUPOBATD COIPSKEHHDBIN TEIUIO-
OOMEH MEXKAY 37IEMEHTAMU YCTPOUCTBA U
OKPYKAIOIIEH CPeo¥ B CTAIIMOHAPHOM
U JUHAMHOYECKOM IIPOIECCax pabGOThI
YCTPOYICTBA.

FlowVision IO3BOJISIET UMIIOPTHUPO-
BAThb 3JIEMEHTBI KOHCTPYKLIUH YCTPOX-
crBa B popmartax «wrh, «stl», «mesh»
u ap. IIpoekr FlowVision cozgaércs 1u60o
Ha 6a3e OJHOTO (hpaiiyia reOMETPUUECKOM
Mojeny, 1160 Ha 6a3e CIHcKa (Paiios
C IOMOUIBIO MMAKETHOI'O UMNIOpPTa (hari-
JIOB, YTO IIO3BOJISIET aBTOMATHU3HUPOBATD
TIPOIIECC BCTABKH M CO3JaHUS PACUET-
HOM reoMeTpuYecKon mozgenu. I'eome-
Tpus 3JIeMeHTOB B cucreme KOMIIAC-
3D HpeaCTaBasACT COOOM TBEPAOTEIb-
HBIFM 3JIEMEHT, TOor/a Kak B FlowVision
3TO YK€ 3aMKHYTasl CETOYHAas IIOBEPX-
HOCTbB (CM. puc. 3).

IIpu CO37aHUU TEOMETPHUIECKOM COOP-
ku B FlowVision BO3MOXHO HCIIO/IIB30-
BaHUE KAK HETIOCPEJICTBEHHOT'O KOHTAK-
T4 MEXJY ACTANAMH, TAK U TAKTUPOBA-
HHE KOMIIOHEHTOB 4Y€pe3 3a30p, WIH Ke
MCIIOIb30BAHUE IIEPEKPBITHS MEXK/Ty KOM-
TOHCHTAMH.

Cnoco6 pa3MemeHusi KOMIIOHEH-
TOB KOHCTpyKIuu B FlowVision BbIGU-
paerca B COOTBETCTBUH C TOCTAHOBKOM
3a/1aYH: BBIIIOJTHEHUE PACYETOB BHYTPU
YU CHAPYKU 3JIE€MEHTOB (COIPSDKEHHBIN
TEIUIOOOMEH) WU PACYETOB BHEUIHETO
OOTEKAHHUS.

B ciyyae HCIONIB30BAaHUA 3230POB
Mexay anemenTamu B FlowVision cymie-
CTBYET CIIenuaabHasa «Mojenpb 3a30pa»,
KOTOpPAs IIO3BOJISIET PACCYUTATH HEIO-
CPEACTBEHHYIO IIepeiady TEIIa MEXKIY
3230P006PA3YIONUMH IIOBEPXHOCTSIMH
WIH K€ IPOMOJIEIUPOBATh HEOOXOIHU-
MYIO IIPOCJIONKY MEKAY HUMH, TUIIA T€P-
METHKA UJIH KJIed, 32/1aBasg COOTBETCTBY-

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

a 6 | B

Puc. 3. l'eomeTpuyeckas mofaenb Ha NpUMepe KaTyWKK: a — TBEPAOTeSbHas ; 6 — MOBEPXHOCTHaH,

B — CeTO4Hasn

1o1ye KO3(M@UIIMEHTHI TEIIOIPOBOJHO-
CTH B 3230p€ C y4ETOM BBICOTHI CJIOSI.
3aMeHa T€OMETPHYECKOIO 3IEMEHTA
HEIOCPEICTBEHHO B IIPOIecce pacué-
Ta CYHIECTBEHHO COKpAIaeT BpeMs Ha
MO/IC/IMPOBAHUE U KOPPEKTUPOBKY TEKY-
e BEpCUU KOHCTPYKUMU. Tak, Hanpu-
mep, B FlowVision MOXHO pemaTs 3a/1a-
YH ONTHUMH3AITMOHHOT'O MO/IETUPOBAHUS
MOJIOKEHHUS TEX WIM HMHBIX JIEMEHTOB
KOHCTPYKIIMH B 33/IaHHBIX IIpeenax. Ha
pHuCYHKe 4 IIOKA3aHO BO3MOKHOE IIepeme-
IIEHUE KATYIIKHU B IIPOIIECCE MOJIETHPO-
BaHU, PE3YIBTATOM KOTOPOI'O ABJISAETCS
HaXOK/JEHUE €€ ONITUMAIBHOIO I10JIOXKE-
HHA 110 OTHOILIECHHIO K APYIUM dJIEMCHTAM
YCTPOUCTBA, yIOBIECTBOPSIONIETO TPEOO-
BaHMAM KOMIIOHOBKU U TEIUIOBBIM XapPaK-
TEPUCTUKAM KOHCTPYKITHH.

IIpu pemeHuy 3aJa91 ONITHMU3 AN
B FlowVision 3aMeHy reoMmeTpu4ecKkux
3JIEMEHTOB U OOpPabOTKY pPE3yIbTATOB
MOXKHO IPOU3BOJUTH JHOO BPYYHYIO,
KK BIH pa3 CO3/1aBasi pa3JIMYHbIEC BAPU-
AHTBI U 3aITyCKasl MOJETUPOBAHUE, THOO
MOCPEJCTBOM HMHTEIPALIUN CO CIIEILIU-
anpHbIMU 1K, e 3aganue napaMeTpos
OINTHUMHU3AIUU U 00PaGOTKA PE3YIbTa-
TOB OYyAYT NPOXOAUTh ABTOMATHYECKHU
B IIAKETHOM pexxuMe (Hanpumep, IIK
HOCO u gp.).

CsoricTBa BenlecTs B FlowVision MOKHO
331aBATb BPYYHYIO /I Ka2KIOT'O BAPHAH-
Ta pac4y€Ta U UCIIOIb30BaTh 6a3y JaH-
HbIx Benects (bB) FlowVision, HantoHss
€€, Ipu HEOOXOTMMOCTH, HOBBIMH BEIIle-
CTBAMH C COOTBETCTBYIOLIMMH TEIIO(HU-
3UYECKHMMHU CBOMICTBAMHU.

TermoBeinenieHue B FlowVision 3ama-
€TCSI MCTOYHHUKAMH C COOTBETCTBYIO-
mer o6béMHoMH (BT/M”) M MOBEPXHOCT-
noit (Br/m”>) mommuocTsio. Komudecrso
HCTOYHHUKOB OIIPEAEIACTCA IOCTAHOB-
KOH 33JJa4d U MOJKET MEHSATBCA B IIPO-
necce pacyéra. 1 peneHus HeCTauo-
HAPHBIX 33/1a4 TEIIOBBIIECICHUE MOXKHO
3a/1aBaTh KaK (DYHKIIMEH OT BPEMEHU UIU
OT yCJIOBUIT paGOTHI yCTPOMCTBA (HAIIPHU-

Puc. 4. Mpumep pewennsa 3apaum onTUMnU3aunn
pacnonoXeHnss KOMNOHEHTOB NNATbI:

1 - nepemeLaemble 06bEKTbI; 2 — fONycTUMas
06nacTb nepemeLLeHuns; 3 — BO3MOXHbIE BapUaHTbI
pacnonoxeHus 06LEKTOB

Mep, IPU OTKII0YCHUH HCTOYHHUKOB IIPH
JIOCTHDKEHUH KPUTHYCCKOH TEMIIEPATYPHI
Ha IJIaTe).

TENNOBOW PACYET B
FLowVision

Ha pucyHke 5 CXeMaTU4YHO ITOKa3a-
HBI 3TAIlbl CO3/JaHHS I'€OMETPHUUECKON
MO/JIEJI OT Pa3BOAKU IIaTel POY, cripo-
E€KTUPOBAHHOM B cucteme Delta Design,
10 UIMIIOPTA 3JIEMEHTOB KOHCTPYKIIUH
ycrporictea u3 KOMITAC B Buie ceTo4-
HBIX HoBepxHOCTEH B FlowVision.

Crout orMeTuTh, yTO N3 KOMIIACa,
NPAKTUYECKU HANPIMYIO, 0€3 KaKHX-
JIMOO ynpouieHu, (paiibl reomeTpude-
CKOH mojenu B popmare «stl> uMIiop-
THUpYIOTCA B FlowVision, 4ro 1ossosser
PpaboTaTh KaK C yIPOIIEHHBIMHU IT€OMETPH-
YEeCKHMH MOJIEJISIMH 3JIEMEHTOB IT€YATHOM
IIJIATHI, TAK U C PEATTBHBIMU, C y9ETOM BCEX
Ir€OMETPHUYECKUX OCOOEHHOCTEH DJIEMEH-
TOB YyCTPOMCTBA.

Ha pucyHke 6 ITOKa3aHa 11aTa ¢ Bblje-
JIEHHBIMU Ha HEH TEIUIOBBIIC/IAIONUMU
KOMIIOHEHTAMMU: PE3UCTOP, peJie, KOH/ICH-
CaTOPBI U OJIOK ITUTAHUSL.

Cama 11aTa pacIioaaraeTcs B Kopmy-
ce (CM. pucC. 7), BHyTDEHHsAA IIOBEPX-
HOCTb KOTOPOTO (DOPMHUPYET 3AMKHYTYIO
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Puc. 5. 3ranbi cozpanus reomerpuyeckoin mopenu: 1 — Delta Design, pazBoaka 1 pa3meleHne anemeHToB Ha nnate; 2 — KOMIMAC, 3D-mogens ¢ ncnonb3oBaHnem
616noTeK KOMMOHEHTOB; 3 — FlowVision, noBepXHOCTHAA reoMeTpuyeckas Mojesb

Pene
1,5x2Br

Posetka

Pesnctop
1Bt

KoHgeHcatop

TpaHcchopmatop

MaHenb

KoHgeHcatopb!
1x 8Bt

Puc. 6. l'eometpuyeckan mogennb nnarbl B FlowVision

BO3JYIIHYIO PACYETHYIO IIOT0GIACTD.
Termsio06MEH Ha CTEHKaX KopIyca ¢
OKPYKAIOWIEH CPEefoOH OIpPENEIsIeTC s
TEMIIEPATyPOH 3TOH cpeabl U Koadhu-
IIUEHTOM TEIUIOOTAAYH MEXAY KOpPIIy-
COM U CPEJIOM.

B moaennpyeMon BO3AYIIHOH Cpe-
Jle PEHIAIOTCA TPEXMEPHBIE YPABHEHUA
Hasbe-CroKCca € y4€TOM I'PAaBUTALIMOHHOM
CHJIBI M YPAaBHEHHE SHEPTUH. MoaeIpo-
BAHHE YYUTBIBACT CONPSKEHHBIN TEILIO-
OOMEH MEKAY OJIOKOM IMUTAHUS, PE3UCTO-
POM U peJie ¢ OKPYKAIOIIHUM BO3TYXOM C
COOTBETCTBYIOIIUM 32/JAaHUEM OObEMHBIX
HCTOYHHKOB TEIUIOBBIIC/ICHUA BHYTPH
KK OT'0 JIEMEHTA, JUIs1 KOTOPBIX OIIpe-
JICJICHBI COOTBETCTBYIONIIHE CBOMCTBA
MaTepuanos. TemioBblge/IcHUE HA KOH-
JIEHCATOPAX IIOJIATAETCS PABHOMEPHBIM
10 IOBEPXHOCTU. Bce oCTaIbHBIE CTEH-
KM — aI1a0aTHIECKHE.

B FlowVision HCHIOJIB3yeTCs IPSIMO-
YrOIbHAA, JUHAMHYCECKH afalITHPyeMas
pacuérnas ceTka. [JocTpoeHne CETKU Ipo-
HCXOAUT aBTOMATUYECKU 110 32JaBA€MOM
I10JIb30BATEIEM (DYHKITUM pa3Mepa ssdei-
KH. 17151 6071€€ TIATENBHOI'O PA3PEMICHUA
Te4eHUs BOJIU3U CTEHOK, BOKPYT BCEX JJIe-
MEHTOB ILIATBI CTPOUTCS 60J1ee ITOgPO6-
Hasl CETKA C IOMOIIBIO HHCTPYMEHTA a/1a1l-

< o

3axum

[poccenb

Bnok nutanus
Bt

Puc. 7. Kopnyc ¢ pacnono)XeHHoi BHYTpu nnatomn

TAIIAU — JIOKAJIbHOI'O YMEHbIIEHUS Pa3-
Mepa CeTKH (CM. pHC. 8).

IlepBpie pe3yabTaThl pacy€Ta IIOKa3a-
JIM TUIOXYIO IUPKY/ISAIMIO BO3/yXa BHY-
TPH KOPITYyCa U MEXKAY dJIEMEHTAMH ILIA-
TBI IIPHU HOPMAJIbHBIX 3HAYCHUAX TEMIIC-
paTyp KOMIIOHEHTOB ILIATBI M BO3/yXa,
4TO CBU/IETEJIBCTBYET O HEOCTATOUYHOM
OXJIAXK/IEHUH 1 HEIPUTOTHOCTH JAHHOU
KOHCTPYKIIUH yCTpo¥icTBa. Ha pucyHkax
9 u 10 nipeacTaBaeHbI TPEXMEPHBIE PAC-
NpeAeIeH s TUHUI TOKA BO3/TyXa U TEM-
rneparTypa 3JIEMEHTOB IIJIAThL

AHAIU3 PE3yIbTATOB I10KA3aJ1, YTO IIPU
pacuyérax He ObUI yYTEH JTyIHUCTBIH TEILIO-
OOMEH OT HArpeBAEMBbIX ITOBEPXHOCTEH,
BEJIMYMHA KOTOPOTO B IIOJJOOHBIX 33/1a4aX
BECbMA CYIIECTBCHHA.

Jis yaydiieHus HUPKYIAIAN BO3/y-
Xa GBUIO IPHHATO PENIEHHE BKIIOYHUTD B
KOHCTPYKIIUIO KOPITyCa yCTPOKCTBA BEH-
THISAIIHOHHBIE OTBEPCTUA. DTO OBUIO pea-
m30BaHO B 11poekTe FlowVision mocpen-
CTBOM 3a/1aHUsA NPOMUJIA 1eed Ha O0KO-
BBIX ITOBEPXHOCTAX KOPITyCa € TOMOIIBIO
MOJHU(PHUKATOPOB F€OMETPHI, UTO IIO3BO-
JIAIO TIPOAOJIKUTD NPEABIAYIINI pac-
4€T. [eomeTpus menen ¥ UX KOMIIOHOB-
Ka Ha KOPIIyCe ITIOKa3aHbl HA pUCYHKe 11.
ITpodnb mean Ha GOKOBOH IMTOBEPXHO-

CTH KOPITyCa IIPEJCTABIACT COO0M TPEX-
MEPHBIN T€OMETPUYECKUI OOBEKT, CO3-
JaHHbl B KOMITACe 1 HNMIIOPTHPYEMBIH
B FlowVision. MacCHB 111€/IEBBIX 3JIEMEH-
TOB CO3JA€TCA KAK O/JHOM COOPOYHOM
3D-moaenpio B KOMITACe, Tak 1 UMIIOP-
THPOBAHUEM OJJHOT'O TUIIOBOTO 3JIEMEH-
Ta C IOCJIEAYIOIIUM €TI0 «Pa3MHOKEHUEM>
HenocpeacTseHHO B FlowVision.

Pe3ynbpTaThl MOJEIMPOBAHHUS TCIUIOBO-
IO pacyéra ¢ y9€TOM JIyYHUCTOT'O TEIUIO-
06MEHA 1 HOBOT'O KOPITyCa ¢ BEHTH/IALIU-
OHHBIMH OTBEPCTUAMHU IIPEACTABICHBI HA
pucyHkax 12 m 13.

ITonydeHHble pPE3yAbTATHI  IIOKA3a-
JIM, 4TO JOOaBJIE€HHE B KOHCTPYKIIHMIO
KopIryCa
CTHUH YIy4YIIWIO LUPKY/ALHMIO BO3AY-
X4, YTO B COBOKYITHOCTU C Y4€TOM IIPO-

BCHTHU/IAITUOHHBIX OTBEP-

1I€CCOB JIYYHCTOT'O TEIVIOOOMEHA IIO3BO-
JIUI0 emé Ha CTAJUU MOJCTHPOBAHU
CHU3UTD TEMIIEPATYPY BCEX KOMIIOHEH-
TOB IUIATBI JO IPHUEMJIEMOIO YPOBHS.

3AKINIOYEHUE

Ha npuBeiéHHOM IIpUMEpPE MOJEC/IH-
POBaHUS HATPEBA OKPYKAIONIEH CPEIbI U
3JIEMEHTOB JIEKTPUYIECKOM IIATHI UCTOY-
HHUKaMH TEIUIOBBLIEICHUS YAAIOCh IIPOUII-
JIIOCTPHUPOBATH BO3MOKHOCTH UCITOJIb30-
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Puc. 8. PacuérHasa cetka FlowVision B HECKONIbKMX CEYEHUsAX

7.5

715

Puc. 10. Temnepatypa noBepXHOCTH KOMNOHEHTOB nnatbl, C

Puc. 12. Jlunun ToKa BO3AYXa M MX TEMNepaTypa B Kopnyce

C BEHTUNALNOHHLIMU OTBEPCTUAMU

BaHwus [1K BBIUMCINMTENIBHON I'HIPOJUHA-
mukH FlowVision B mporiecce paspa6oTku
PaaHO3IEKTPOHHBIX YCTPOHCTB. [Ipume-
HeHue JanHoro IIK 11o3sosser yaydmuTb
TEIUIOBBIE IOKA3aTEJIU MOJEIUPYEMOTIO
YCTPOMCTBA, IIOBBICUTD €I'0 HAJEXKHOCTD U
ABTOMATU3HUPOBATH BECh KOMIUIEKC padoT
IO IPOEKTUPOBAHUIO IIEYATHBIX I71AT POA.

Boamoxxkaoctu FlowVision 11o3BosioT
HE TOJIBKO PENIATD 33/1a4H 110 MOJE/IMPO-
BaHUIO TEIVIOOOMEHA MEXK/Ty KOMIIOHEH-

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

Puc. 9. Jlunuu Toka Bo3ayxa u ux Temneparypa, °C

Puc. 11. U3meHeHHe KOHCTPYKLUUM KOPNYCA C Y4ETOM BEHTUNALMOHHDBIX
OTBEPCTHIA: a — reOMeTpUYeckas MofeNb 0TBEPCTUA; 6 — Maccus

PRRTLN TS g

reOMETPUYECKMX MOJIENeil OTBEPCTUN; B — KOPNYC C OTBEPCTUSMM B CO0pe

TAMU ILJIATHI, HO ¥ IPOBOJUTH OIITHMU-
3AIMIO IS yIy4II€HHA TEIUIOBBIX ITOKA-
3aTeIeH YCTPOMCTBA 32 CYET GBICTPOIO
HM3MEHEHHS I'€OMETPUYIECKOH KOMIIOHOB-
KU, CBOVICTB BEIIIECTB U 3HAYEHUH MOIII-
HOCTEH TEIJIOBBIJEIAIONMNX 3JIEMEHTOB.

COBMECTHOE HCHOJb30BAHHE TPEX
OTEYECTBCHHBIX IIPOTPAMMHBIX IIPO-
AyKToB (IIK BBIYMCIMTENBHOM THAPOIH-
HaMmuku FlowVision, CAIIP 3JeKTpOH-
HBIX ycTpoHcTB Delta Design 1 cucTemMbl

Puc. 13. Temneparypa NoBepXHOCTH KOMNOHEHTOB NNaThl B Kopnyce
C BEHTUNSALUMOHHBIMM OTBEPCTUAMM

Tpé€XMepHOro mozaenuposanust KOMITIAC-
3D) 1aéT BO3MOKHOCTb HHKEHEPAM, OCO-
OEHHO B OTBETCTBEHHBIX OOJIACTAX IIPU-
MEHEHHs, PELIATh IIOCTABACHHBIC 3a/a-
4u 6€3 IPUBJIECYECHUS HHOCTPAaHHOTO I10.

JINTEPATYPA

1. FlowVision — pyKOBOJCTBO IIOJIb30BATE-
1. Pexxum pocryma: https://flowvision.
ru/webhelp/fvru_30905/ (TIpoBEPEHO

19.05.2017). G
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NMPOEKTUPOBAHMVE U MOOEJIMPOBAHME

| UMNOPTO3AMELLEHUE

0 npaBunax NpoexTUpoBaHUsA ANs PErmoHoB

nevyaTtHou nnartbl

Cepreit Copokun (sergey@prosoft.ru),
Oner CoicoeB (ol.sysoeff@gmail.com)

B cTaTbe paccMaTpuBalOTCS BO3MOXHbIE NPO6JieMbl, CBS3aHHble C 3afaHueM
¢hopMbI peruoHa v npasus, AENCTBYIOLUUX BHYTPU 3TOrO PermoHa.

IIpx NIPOEKTUPOBAHMU TOIOJOIUH
IE€YaTHOI'O MOHTAKA HA OT/JE/IbHBIX CJIO-
SIX WIN Y94CTKAX IUIATBI MOTYT 32/1aBAThCS
CIIeIMaIbHbIE MHOTOYTOJIbHbIE OOIACTH:
® 06/1aCTU METAJTTU3AIINH;
® 06JIACTU C PA3JIUYHBIM CTEKOM CJIOEB

(THOKO-KECTKHE HJIM KEpaAaMHYECKHE

ILIATBHI);
® 0061aCTH, T7IE 3aIPEIIEHO Pa3MEICHUE

KOMIIOHEHTOB WIH TPACCUPOBKA COE/IH-

HEHU;
® 006JIACTH C OTPAHUYEHHEM BBICOTHI Pa3-

MEIIAEMBIX KOMIIOHEHTOB;
® 06/1aCTH, B KOTOPBIX pa3penieHo pas-

MEIIEHHE TOJIBKO OIPEAETEHHBIX KOM-

IIOHEHTOB HWJIM TPACCUPOBKA TOJIBKO

OIIpeIEIEHHBIX LIeNeH (Hallpumep, I

pasaeneHus aHAJIOTOBOU U IM(PPOBOI

4aCTEN CXEMBI).

BO/bIIAs 4aCTh IIEPEYHCIEHHOTIO CBS-
32HA C OCOOGEHHOCTAMH KOHCTPYKTHBHO-
TEXHOJIOIMYECKOI'O UCIIOJTHEHUA U3/IC/IHA.
DTOT CIIMCOK MOKHO IIPOJOJKUTh: OTPa-
HHUYEHHS 110 TEIJIOBOMY PEXHUMY, TPe6O-
BAHHUAM IIPOYHOCTH U T.JI.

O06s13aTE/IBHBINA 3TAIl IPOECKTUPOBAHUS
I€YaTHOM IUIATHI — 33/IJaHUE KOHCTPYKTHB-
HO-TEXHOJIOI'MYECKHUX OIPAHUYEHHH, TO
€CTb IIPABWI, KOTOPbIE JOJLKHBI CTPO-
ro COOIIOATBCA IIPU IIPOEKTUPOBAHUM.
OTHU IPpaBUIA MOTYT OBITh PA3JIMYHBIMU
HE TOJIBKO JIJI1 PA3/IMYHBIX I'PYIII OObEK-
TOB (KOMIIOHEHTOB, IIE€TIE€H, MEKCITONHBIX
IIEPEXO0B), HO U VI PA3JIMYHBIX Y4aCT-
KOB IZIATBI — PETMOHOB.

CobmoieHHe MIPaBU IPOEKTUPOBA-
HHA B K2XK0OM KOHKPETHOM MECTE MOKET
MMETb C TOYKH 3PEHHA KOHCTPYKTOPA
Pa3IMYHyIO BAXKHOCTD. Tak, Hanpumep,
IIMPHUHA IPOBOJHUKA MOKET OBITH YCTa-
HOBJIEHA UCXO/IA M3 IVIOTHOCTH TOKA, 4
MOKET OBITh IPOJUKTOBAHA COOOpaKe-
HUAMH OIITUMH3AUU CTOUMOCTH U3I'0-
TOBJIEHUA. COOTBETCTBEHHO, CYyKEHHE
IPOBOJHHMKA B IIEPBOM CJIy4a€ MOXKET
IIPUBECTH K BBIT'OPAHUIO 3Ay’KEHHOI'O
Y4aCTKA IIPH IKCILIYATAIUU YCTPOMCTBA,
a2 BO BTOPOM — K HEKOTOPOMY YAOPOKaA-
HUIO CE0ECTOMMOCTH U3Je/NIUs. YMEHb-
IIEHUE BEJIUYHHBI 3230POB MEXAY IIPO-

BOJHHMKAMH BEJET K YBEJIUUYEHUIO YPOB-
HA JIEKTPOMATHUTHBIX NEPEKPECTHBIX
IIOMEX, O/THAKO HE JUISI BCEX 1IETIEH 3TOT
ImapaMeTp ABIAETCA OAUHAKOBO KPUTHY-
HBIM.

IIoaTOMY IIPU PYYHOM HPOEKTHPO-
BaHUHU COOJIIOJeHUE (WIH HAPYIICHUE)
33JJaHHBIX IIPABWI 3a4aCTYIO SBJISCT-
Cs1 CO3HATEIbHBIM BBIOOPOM KOHCTPYK-
TOpa. PyKOBOJCTBYSCH COOGCTBEHHBIMU
MIPEAIIOYTEHHUSIMHU, OH MOXKET B KAKHUX-TO
MECTaX 3ay3UThb IIPOBOJHUK WJIH YMEHD-
IINUTH 3230D, IIPOUTHOPHUPOBAB COOOIIE-
HHE IPOTIPAMMBI O HAPYIIEHUH.

B oTimume OT 4e0BeKa, aBTOMaTHYE-
CKHE IIPOLEYPHI CTPOT'O BBIIIOIHAIOT BCE
3aJJaHHble orpaHuyecHud. Eciu, Hanpu-
Mep, IPABUIA HE PA3PEIIAIOT CYXKATh IIPO-
BO/THHK ITPHU ITO/IXO/IE€ K KOHTAKTHOM ILJIO-
aJKe, HIIPHUHA KOTOPOI MEHbIIIE IIHPU-
HBbl MPOBOJHHKA, TO aBTOMATHYECKHH
TPACCUPOBUIUK JIUOO0 MOABEAET TPACCY K
KOHTAKTHOMH IUVIOIIA/IKE C HAPYIIEHUSAMH,
160 HE TOABEAET BOBCE (BAPUAHT IIOBE-
JIEHUSI 3ABUCHUT OT TPACCUPOBIIHUKA).

Takass HErHOKOCTh ABTOMATHYECKHUX
TPACCUPOBIIUKOB, O6€3yCJIOBHO, OTpa-
JKA€TCA HAa KOHEYHOM PEe3y/IbTaTe, YTO
SAIBJSAETCS OJHOU U3 IIPUYUH MAJIOYBa-
JKUTEJIBHOI'O OTHOIIEHUS K HUM HEKO-
TOPBIX KOHCTPYKTOPOB. «<ABTOMATY> JIJISL
MOJIY4EHUSI MPUINYHBIX PENIEHUH Clle-
JIYET /1aBATh KaK MOKHO 60JIbIIIE CBOOO-
J1BI, 33/1aBasi OTPAHUYEHMS HA I'PAHU BO3-
MOJKHOCTEH IIPOU3BOACTBA. [Ipn pydHon
TPACCUPOBKE OIMOKHA U HEKOPPEKTHO-
CTU B 32JJTaHUU OTPAHUYEHUN KOMIICH-
CHPYIOTCSI HEOOS3ATEIbHOCTBIO HX CTPO-
I'Or'o BBIIIOJIHEHUS, BEb KOPPEKTUPOBKA
IIPaBUJI, €CJIM 3TO HEOOXOJMMO, OCYIIECT-
BJISIETCS «I1I0 MECTY» — IIPAMO B IIPOIIECCE
TPaCCUPOBKH.

Kax npaBusio, HEO6XOAUMOCTbD B 3274~
HUU JIONIOJTHUTENbHBIX (MEHEE )KECTKUX )
IPAaBWI JUUISI PETHOHOB CBsI3aHA C HEBO3-
MO>KHOCTBIO BBIIIOJTHEHHUS TPACCUPOBKU
06€3 HapyLUIEHU Ha KAKOM-JTU0O y4acT-
K€ IIAThI B COOTBETCTBUHU C TEMU ITPABU-
JIaMH, KOTOPBIE 33/IaHbI JUII OCTAJIbHOU
wiatel. IIpU CO3aHUM JTOTIOJHUTE/Ib-

HBIX IIPABWI B PETHOHAX CJIEAYET IIOM-
HUTD, YTO PE3KOE U3MEHEHUE IIHMPHUHBI
IIPOBOJHMKA IIPUBOJUT K PE3KOMY U3ME-
HEHHIO BOJTHOBOI'O COIIPOTUBJIEHUS, UYTO
HEXEJIATENbHO IS BBICOKOYACTOTHBIX
CUTHAJIOB. TaKkKe HEeXKeJIaTe/JIbHO Cylle-
CTBEHHO YMEHBIIATH HIUPUHY IIPOBOJHU-
KOB U IUAMETP MEXKCIOMHBIX IIEPEXO/IOB
CHJIOBBIX II€TICH Ha yJaCTKaX, OIU3KHX K
KOPHIO JIepeBa LIenH (IMPHUHA IIPOBOJHH-
Ka MOXKET 3aBHCETD OT €I'0 PACIIOIOXKEHUA
B JIEPEBE 1IEIIN).

CMBIC/I BBEJECHHs JTOIIOJHUTEIbHbBIX
NIPaBWI COCTOUT HE B 3alpeTe IIPOBO-
JUTH HIUPOKHE IMMPOBOJHUKH C OOJBIIN-
MH 3230PaMHU MEKJYy HUMH M UCII0/Ib30-
BaTb OOJIBIIINE IICPEXOHBIE OTBEPCTHS, A
B TOM, YTOOBI Y3aKOHUTH BHYTPH PETHOHA
TaKHUE HAPYIICHUS, KAK HEKOTOPOE YMEHb-
IIEHUE NIUPUHBI IIPOBOJHUKOB, 3330POB U
JHaMETpPa IIEPEXOJO0B. DTO O3HAYAET, YTO
IIPaBUJIA, 3aJJAHHBIE 11 PETUOHOB, CJIETy-
€T TPAKTOBATb HE KAK O053aTEIbHOE TPE-
OOBaHME YMEHBIICHUS IIIMPHHBI IIPOBO-
JHUKOB U 3a30POB, 4 KaK paspenieHue
NOCIA6IeHUsT OTPAHUYECHUH. DTUM pa3-
peleHuemM IporpaMma JOJLKHA IOJIb30-
BaTHCS JIMIIb B CTydae HEOOXOTUMOCTH,
U B IAHHOM PETrHOHE 3TO HE OyJeT CUU-
TATHCS ONIUOKOI.

B CAIIP TopoR €CTh INOHATUE MHHHU-
MQJIbHOM M HOMHWHAJIBHOU IIHPHHBI
IIPOBOJHUKA, 4 TAKXKE MUHUMAJIBHOI'O U
HOMMHAJIBHOT'O 3230POB. 330Dl MEXIY
NPOBOAHUKAMU IIPU HATUYHUH CBOOOM-
HOTI'O IIPOCTPAHCTBA ABTOMATHYECKH yBE-
JIMYMBAIOTCS BIUIOTD IO HOMHUHAJIbHBIX.
OTKJIOHEHHE HHUPUHBI IPOBOJHHUKA OT
HOMMHQJIBHOMH JAOITyCKAETCs, HO ITpady-
ercs. [IoMOOGHBIN MEXAHU3M ITPE/ICTABIIS-
ercst 60s1ee THOKUM, YEM BBEJICHHE PETHO-
HATBHBIX ITOCcIa61eHui1. Kpome Toro, ero
IIpUMEHEHHE HE TPeOyeT BBIYMCIECHUI
TPaHUI] PETHOHA, 000CHOBAHHOE HAXOXK-
JIeHHE KOTOPBIX SABJIAETCA BECbMa HETPH-
BUAJIBHOM 32Ja4Y€H.

CIIOKHOCTD 3TOM 33/1a4d — HHU B 33/1a-
HUU IIPABWI B PETHOHAX U IIPOBEPKE UX
BBIIIOJIHEHMS, 4 B BO3MOKHBIX IIPOOIEMax
B OO€ECIICYEHUH BBIIIOJIHCHUS 3THUX IIpa-
BWI IIPU IPOEKTUPOBaHUU. Hanipumep, He
BCEr/1a MOXKHO, ACCOLIUUPYS PETUOH U3Me-
HEHUS IIPABWI C KAKUM-THO0 KOMIIOHEH-
TOM, 33/1aTh B KA4€CTBE PETMOHA MUHU-
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MaJIbHBIA IPAMOYI'OJIbHUK, OXBATHIBAIO-
IIUHA 3TOT KOMIIOHEHT.

st 1iepexo/ia K TpaCCUPOBKE C PyIru-
MU IIPpABHIAMHU HCOﬁXOJII/IMO Ha/JITU4YHEC
Oy(epHOI 30HBI, MUHHUMAJIbHBIEC pa3Me-
PBI KOTOPOM 3aBHUCAT OT COOTHOUIEHUH
NPaBWI U BU/IA TPACCUPOBKHU (OPTOro-
Ha/JIbHAA, IO 45° WIN 1O/ IIPOU3BOJIb-
HBIM yI7I0M) [1]. B 3TOM 6YyhepHOH 30HE
HEKE/IATEIbHO IIPUCYTCTBHE KOHTAKTOB
JPYIruX KOMIIOHEHTOB M MEKCIOHHBIX
IEPEXO/OB.

Mpumepr

JI1s1 T1aThI 3a4aHBI IPABUJIA: NIUPUHA
IIPOBOAHUKOB — 0,4 MM, 3230PbI MEXKIYy
HUMU — 0,4 MM, IPH 3TOM UMEETCA KOM-
IIOHEHT C YETBIPEXCTOPOHHUM pPaACIO-
JIO)KEHHEM KOHTAKTOB, IPUYEM IIHPHU-
Ha KOHTAKTOB — 0,2 MM H 3230pPbI MEXKTY
HUMH Takke 0,2 MM. /11 TOro 9TOOBI HE
(UKCHPOBAIUCH HAPYIIECHUS IIPU ITIOJXO0-
Jl€ K TAKOMY KOMIIOHEHTY, HY?KHO 33/JaThb
HEKOTOPBIN PETUOH, BKIIOYATOMWH JaH-
HBIH KOMIIOHEHT, IJI¢ pa3pEUICHBI IIPABU-
na 0,2/0,2 Mmm.

YeTrplpe psAla KOHTAKTOB IIO KpasiM
(dparmeHTa — UIMHTALYS IEPEXO0/1A K IIPa-
Bwiam 0,4 /0,4 mm. C 3a/1a4eii TpPaCCUPOBKHU

DeltaDesign

Puc. 1. Any-angle TpaccupoBKka 6ythepHoi 30HbI

Oy(epHOIT 30HBI JIETKO CIIPABJIACTCS TPAC-
CHPOBIIMK any angle (cm. puc. 1), mouru
crpasiieTcs (4 MEXKCIONHBIX IIEPEXO/1A)
TPACCUPOBIIHK, JOITYCKAIONUHA TPACCHI
11oj 45° (CM. pUc. 2) (KeIaTeabHO HEKO-
TOPOE YBETMYEHHE 30HBI /I TAPAHTHUPO-
BAaHHOM PAa3BO/IKHU TPACC HA OJTHOM CJIOE),
U HE CIIPABJISIETCS OPTOTOHAJIBHBIN TpaC-
CHUPOBIIHK (80 MEXKCIOMHBIX IIEPEXOJOB)
(cMm. puc. 3). I11 BOBMOKHOCTH OPTOTO-
HAJIBHOM OJHOCIOMHOM Pa3BOJKU TAKO-
ro (pparmenTa Tpedyercsa ropaso 60JIb-
111€ CBOOOHOT'O IPOCTPAHCTBA (B JAHHOM

lNpe3eHTaumAa HOBOM BepcuUu

27 ceHTabpsa, popym «PazsUTue»

Mockea / www.plmrussia.ru

‘ 3 Menegsxep 6ubnvotekx LIBerty

‘ [® Oxemorextmueckoe mogenmposatie SimOne
|

@ Pegaktop neyatHbix nnat RightPCB

9 Pegaktop npasna DRM

enevex

ID CxemoTexHuyeckuin pegaktop FlexyS

=

@ KonnektueHas paboTta ana npeanpuaTtui Enterprise Server

w CaenaHo B Poccum

&,' HDL-cumynaTop Simtera

3 AsTomaTuueckui Tpaccuposnk TopoR

NMPOEKTUPOBAHME U MOOEJNIMPOBAHVE

Puc. 2. Tpaccupoka 6ycepHoii 30HbI nop yrnom 45°

cJIydae B JIBa pa3a OoJIblIE — CM. PUC. 4),
HHA4e IPH OPTOTOHAJIBHOH PAa3BOJKE B
YIJTIOBBIX 00/1ACTAX (DparMeHTa KOH(DIUK-
TYIOT BEPTUKAJIbHbIE U TOPU3OHTAIbHbIC
OTPE3KU TPACC.

Bosiee IUIOTHYIO TONIOJOTHIO MOKHO
IOJIy9HTh, €CJIU PETHOH C/I€/IATH PAMO-
YI'OJIbHBIM (CM. PHUC. 5), OJTHAKO JIJISA TOTO
OIIATB-TAKU TPEOYETCA PACYET.

Ha pucynke 6 moxkasaH ¢parmeHr
TONOJIOTHH, ToydeHHOH B CAITP Allegro
17.2. KpacHble CTPEJIKM YKAa3bIBAIOT HA
Cy’KEHHMsI TIPOBOJHHUKOB Ha T'pPaHMIIE

CucTtema aBTOMATU3INPOBAHHOMO
NPOEKTUPOBAHUA 3NEKTPOHHbIX YCTPOUCTB

www.eremex.ru
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NMPOEKTUPOBAHME MU MIOOAEJNIMPOBAHME

‘ e
e hf
Thrilki Hil

Puc. 3. OproroHanbHaa TpaccupoBka GydepHoi

| UMNOPTO3AMELLEHUE

il

MIES=T

Puc. 4. OpToroHanbHas 0fHOCNOHAsA

30HbI TpaccMpoBKa KBagpaTHoii 6ydiepHoii 30HbI Puc. 5. OproroHanbHas ogHOCNOHAs
TpaccMpoBKa NPAMOYronbHoii 6ydiepHoi 30HbI

T s Has TPACCUPOBKA 6€3 HApYIIEHU He-
. i BO3MOJKHA.
Dsn -] Viper_22
PCS | | © BGAP 2. 3aaHye rpaHMl] PETMOHA JIJIA U3MEHEe-
' o c HUS IIPABHIJI IIPOEKTUPOBAHUS JJOJIK-
Lyr 3 SIG HO 6a3UPOBATHCS HA PACUETE, YIUTHI-
Lyr 4 SIG
Lyr 3 SIG BAIOIIEM COOTHOIICHUA IIPABUJI BHY-
t:; 172 2:2 TPH ¥ CHAPYKH PETHOHA, 2 TAKXKE BU/
Lyr 13 SIG TPACCUPOBKU (OPTOTOHAIBHAS, IO,
Lyr 15 SIG .
Lyr || 16] SIG 45° 1JIA 1O, MTPOU3BOJIBHBIM YIJIOM).
Lye 18 BOl 3 EciM pernoHsl — 3TO 06JIACTH C 6oJee

IUIOTHBIM PACIIOJIOKEHUEM JIEMEHTOB
Puc. 6. Pernon B CAMNP Allegro 17.2. TOIIOJIOTUU (KOHTAKTOB), TO TAKHE 00-

JIACTH JIY4II€ HE 33/1aBATh BPYYHYVIO, 4
BuiBoabl

1. [Iepumerp pervoHa Ha HEKOTOPOM

peruona. Ecmm 6ydepHyio 30HY 4yTh
YBEJIMYHUTD (PACIIUPUTD I'PDAHULILI DETU-

BBIYUC/IATD ABTOMATHYCCKH.

OHA), TO MEJIKUX U3JIOMOB IIPOBOJHUKOB CJI0€ HE JOKEH OBbITh MEHBIIIEC CYMMBbI JIUTEPATYPA

B HEITIOCPE/ICTBEHHOM GJIM30CTH OT I'pa-
HUIIBI PETHOHA OBIJIO GBI CYIIECTBEHHO
MeHble. EC/I peruoH 4yTh yMEHBIIIUTD,
OydepHas 30Ha OyIET CTUIIKOM MaJIa JJIs
TPACCUPOBKH.

Peknama

IIUPHUHBI ¥ 3230POB BXOJSIIHUX B pe-
T'HOH IPOBOAHUKOB. COOTBETCTBEHHO,
€CJIM PETHOH, B KOTOPOM JIOITYCKAETCS
YMEHBIIEHHE IPOEKTHBIX HOPM, UMe-
€T MEHBIIUE Pa3MeEPDI, TO OJHOCIOM-

BecconosA.B. Knon KA., Iauex FO.T., ITonos
FO.H. Onipeaenenrne MUHUMAILHOM IIUPU-
HBI KAHAJIA MEXK/Y AP0 KOMIIOHEHTOB IIPH
TOIIOJIOTMYECKOM TPACCUPOBKeE. // U3BecTus
CIIGIDTY JIDTH». 2013. Ne 10. C.31-34.
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NMPOEKTUPOBAHVE U MOOEJIMPOBAHME

HOBOCTM MPA

Bcepoccumnckum KOHKypc

«Jlyywimne pa3paboTkm MOnoAabIX
uccnepoBaresie U UHXXEHEPOB B
o651acTU CUIOBOW INIEKTPOHUKM»

B pamkax BbicTaBku «CunoBasi 3nekTpo-
HUKa» B TpeTun pas3 nponaét Bcepoccuin-
CKUI KOHKYpC «Jlyylune paspaboTKu MOSIo-
[bIX UCCnepoBaTeniel n HXeHepoB B obna-
CTV CUITOBOW 3N1IEKTPOHUKM».

OpraHusaTtopbl KOHKypca: [henapTameHT
PagmoaNeKTPOHHOM NPOMbILLNIEHHOCTU MUHM-
CTepcTBa NPOMbILLNEHHOCTY 1 TOproenun Poc-
cunckon ®epepaumm; komnanmsa «MPUMIK-
CMO» / ITE CaHkr-MeTepbypr; HAY «M3WN»,
Accoumaums «9neKTponuTaHmne».

KOoHKypC SiBNAETCA OTKPbITbIM U 6eCnnaTHbIM.

Llenb KoHKypca — CTUMynMpoBaTh TBOpYe-
CKYI0 IeATENbHOCTb MOJIOAbIX UCCNefoBaTenei
N UHXEHEPOB B Pa3BUTUN CUCTEM U YCTPOUCTB
CUJI0BOW 3NEKTPOHUKM.

Ha koHKypc npefcrasnstoTcs paboThbl, MMe-
IOLLIME MPaKTUHECKYIO peanusaumio.

MHdhopmMaLMoHHbI NapTHEP KOHKypca — Hayu-
HO-TEXHUHECKUIA XXypHan «OneKTponuTaHmne».

HomuHaumm koHKypca:

o OpHO- 1 TpéxdhasHble MHBEPTOPSLI, paboTa-
fOLLME C CeTbHo.

e OneKTponpvBof, aNeKTpudeckne MallumHbl,
TpaHcdopmaTopsbl.

e Cuctembl ynpaBneHus npeobpasoBaTens-
MW 3MEKTPOIHEPTUN.

® VICTOYHMKM 1 nNpeobpasoBaTenn dMeKTpo-
3HEpruv Ans aBTOHOMHbIX O6BEKTOB.

o CuCTeMbI 3NEKTPONUTAHUS HA OCHOBE BO3-
06HOBISIEMbIX UCTOYHUKOB 3HEPI UK.

o BeckoHTakTHble 3apsifiHble YCTpoMCTBa U

CUCTEMBI.

e CunoBasi aNMeKTpPoOHUKa AJ19 CUCTEM OCBe-

LLIeHWS.

Couckartensamu Harpap KOHKypca siBNstoT-
CA Monofble uccnenoBaTeny U WHXEHepbl,
BKJItO4AA Hay4yHOro pykoBoauTens, paborato-
LLYe B LUTATe YHUBEPCUTETA, FOCYAapCTBEHHO-
ro NMPOMBILLIIIEHHOT O NPeAnPUSATUS, 3aKPbITOro

WM OTKPBITOTO NPOMbILLNIEHHOMO aKLIMOHEPHOTO
06LLeCTBa, KOTOPLIM B rof MPOBeAEHUs1 KOHKYP-
ca ncnonHunock He 6onee 35 net. Konnektus,
BblABUraeMblii Ha CoMcKaHue Harpag KoHkypca,
MOXET COCTOATL He 6ornee Yem U3 5 YenoBek.

3asBKM Ha y4acTve ¢ [OoKNaaoM npuHnuMa-
totca fo 10 okTs6psa 2017 r. no 3NeKTPOHHOM
noyte ponamareva@list.ru.

[MogpobHee 0 KOHKYpCe — Ha canTe BbICTaB-
Ku powerelectronics.ru.

14-3 MexayHapofHas BbicTaBka «Cunosas
OneKTpoHWKa» NPOVAET € 24 no 26 okTAbps B
Mockee B MBL| «Kpokyc Skcno».

Ans 6ecnnarHoro nocewjeHus
BbICTaBKN HEO6X0AMMO MPONTH
perucTpauuio Ha canTe U pacrie4ararb
UMEHHOW 6eX.

BcTpauBaembie pewexHus MEN

3aumuiéHHble KOMNbHOTEPHbIE NNATbI U CUCTEMBI ANA paﬁDTbl
B XECTKMX YCIOBUAX IKCNJIyaTauum U ANA OTBETCTBEHHbIX NPUMEHEHUH

man

Always reliable. Always ahead.

* KomnbtoTepHble moaynu Rugged COM Express® (VITA 59) u ESMexpress®
® [natbl B hopmatax CompactPCI®/PluslO/Serial u VME

® Me3oHuHHbIe mogynu PMC, XMC, M-Module™ 1/0

® 3awmiéHHble KommyTatopsbl Ethernet v

® BcTpanBaemble U NaHesbHbIe KOMNLIOTEPb ,,-/,//}"
=

|
pr
[ / v ll

 Bbicokas HapéxHocTb B cooTeTcTBuM ¢ EN 50155, DO-254, E1
» 0Gecneyexue ypoHei 6eaonacHocTy 4o SIL 4, DAL-A
» Boicokoe ka4ecTBO npopykuuu B cooteetcTuu ¢ ISO 9001/1400, AN/AS 9100, IRIS

(495) 234-0636

INFO@PROSOFTRU WWW.PROSOFT.RU

OOULIMANbHbIA AUCTPUBLIOTOP

PROSOFT®
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NMPOEKTUPOBAHVE U MOOEJFIMPOBAHME

HoBbie Bo3moxHocTu B Altium Designer 17.1

Erop Yupukos (chirikov@rodnik.ru)

Hapsigpy ¢ nosiBneHuem psifa HOBbIX M UHTEPECHbIX (PYHKLIMOHANbHbIX
BO3MOXXHOCTEWN, KOTOpble pa3BMBalOT CYLLECTBYHOLLME TEXHONOIUU, B HOBOM
Bepcum Altium Designer cogepxutcs 605bLIOe KOJIMYECTBO UCMPaBIEHUN U
yny4LeHui cuctemMbl B LienioM. B paHHol cTaTbe NOWAET peyb 0 Haubornee
3Ha4YUMbIX U3MEHEHUSX, MPU3BaHHbIX NOBbICUTL 3¢hheKTUBHOCTL PaboThl NO

MPOEKTUPOBaHNIO NeYaTHbIX nnaT.

MU3meHeHusa B AcTivEROUTE
n GLossING

IosBuBmMFCsA B 17-1 Bepcun Altium
Designer nncrpymeHT ActiveRoute mnpen-
JIaraeT HOBYIO TEXHOJIOTUIO aBTOMATU3H-
POBAaHHOM HHTEPAKTUBHOM TPACCUPOBKH,
peanusyonyio 3Q(EKTUBHBIA aITOPUTM
MIPOKJIAIKU IOPOXKEK. JIOCTATOYHO BBIOPATH
IpylIy COeAUHEHMH, U ActiveRoute co3-
JIACT BBICOKOKAYECTBEHHYIO TPACCHPOBKY
BBIOPAHHBIX ILIEIICH, COKOHOMHUB MHOI'O
BPEMEHH 110 CPABHEHHIO C PyJYHOH MapIII-

pyrusanuei. ActiveRoute nopepkusaer
BCE COBPEMEHHBIE METO/IbI IPOEKTUPO-
BAaHH IIEYATHBIX IUIAT, BKIIOYAs TPACCH-
POBKy auddepEeHIINATBHBIX ITap U IIPABU-
J1a pa3BO/JIKM B IIPE/IEIaX «<KOMHAT>.

B nnocnegneM o6HOBIEHHH ActiveRoute
TIOJTYYHJI P IEHHBIX YYYIIEHUH, BKIIIO-
yast:
® JIOTIOJTHUTEIbHBIE BO3MOKHOCTH BBIOO-

pa co31aBaeMOro MapHIpyTa;
® ycoBepIeHCTBOBaHUE (DyHKIIUM Route

Guide, KOTOpast IO3BOJIIET Pa3paboT-

Messages

v

| Message

Time | Date N

| Cilrasisr | Dotumel{t | Source.
| {Acti DiffPairTest.PcbDoc Acti

Time : 00:04 2:34:34 PM  23-Mar-17 1

[Detais

‘ ActiveRoute total time

Initial setup : 00:00
ActiveRoute : 00:02
Net analyzer : 00:01
ActiveRoute session log :
Pre-processing time: 0.219 s
PASS 1 started
Completion rate: 63.6% - Conflicts 8 - PASS 2 started
Completion rate: 90.9% - Conflicts 2 - PASS 3 started
Completion rate: 100.0% - Conflicts 0
100.0% - Post-processing Step 1 layer ToplLayer ......
100.0% - Post-processing Step 1 layer MidLayer2 ......
100.0% - Post-processing Step 1 layer BottomlLayer ......
} 100.0% - Post-processing Step 1 layer Toplayer ......
100.0% - Post-processing Step 2 layer Toplayer ......
100.0% - Post-processing Step 1 layer Toplayer ......
‘ Routing Finished
| Completion 100.0% / Selected 23 / Routed 23 / Failed 0

Puc. 1. Manenb coobwennii «<Messages»

Puc. 2. 3omeTpuyeckuii BUA nevaTHoil nnarbl

Properties T
Board Isometric View
Scale 2
Scale B2 V]
[ use Custom Scale  [1 — =
Title 2
[ show Titte
Title [View from =Viewside side (Scale =Viewscale) |
Location  [Left-Above ]
¥ Use Document Font
Font RIS » e =] |
Text Color | NENI0,0,0 5 e e
View P
Face side [Top v
Variants i[‘,"", variants] 7}_}
Styles P
Line Style | (Soid. Normai) -]

YUKy YKa3aTh IIPEJIIOYTUTEIBbHBIN ITyTh
TPACCUPOBKHU JIJIs1 BBIOPAHHOTO HA60-
pa coequnenuit (reriepnr Route Guide
JIOITyCKA€eT UCIIOIb30BAHUE JOPOXKEK C
MaKCHUMAJIBHOM HIMPHUHOM, IIATUKPAT-
HO IIPEBBINIAIONICH 3HAYEHHE ITO YMOJI-
YaHHIO);

® HOBYIO IIaHEJIb COOOIICHUI «Messages»
(cm. puc. 1). MadopManus, oToopaxa-
eMast Ha ITaHEeJIH, CTajIa 60s1ee Nogpo6-
HOM U IIOHATHOM.
Cy1iecTBEHHbIE U3BMEHEHMS KOCHYIHCh

u uHcrpymenTa Glossing. B HOBOI1 Bep-

CHH IIPOTPAMMBL JTOPOKKH, CO3/JaHHbIC

C IOMOMNIBIO MHCTPYMEHTA ActiveRoute,

ABTOMATUYECKH CTIAKUBAIOTCA. Glossing

TINATEIBHO AHAJU3UPYET BBIOPAHHBIC

MapuIPyTHI, BBIDABHUBAET M COKpAIia-

er ux. [ToMumMoO 3TOro, B TEXHOJOTUH

Glossing:

® pacIHpPEHBI BO3MOXKHOCTH BBIOOPA Ua-
CTH JOPOXKKU. Teneps 11 0003HAYCHUSA
KOHILIA HY’KHOH YaCTH JJOPOXKKH MOXKHO
BBIOPATH KOHTAKTHYIO ILIOIIA/IKY HWIN
IIPOXOJJHOE OTBEPCTHE;

® Y4UTBIBAETCSA TPACCUPOBKA, 33JAHHAS B
Route Guide, 1 10 BO3MOKHOCTH CIJIa-
SKMBAIOTCS JOPOKKHU B TIPEJIE/IaX yKa-
3aHHOM 00JIACTH;

® MOJCPHU3HUPOBAH AJITOPUTM CIVIAKU-
BaHMsA C Y4ETOM NPABHUJ IOJKIIOUE-
HHUS K KOHTAKTHBIM 1utomaakam SMD-
3JIEMEHTOB;

® IIpU CriaaKuBaHUU Jud@epeHInaIb-
HBIX IIap OyJeT CO3/1aBaThCsl IIPEAIIO-
YTUTEJIBHBIN 3230p B MECTAX, I7IE€ TO
JIOITyCTHMO;

® IOJICPKUBAIOTCS IEPEMBIUKU;

@ JIOpOKKH Subnet Jumper o6pabdaTbIiBa-
IOTCS KaK (DUKCUPOBAHHBIC;

® BIIpeeIax «<KOMHAT» TEIEPhb COOIIONA-
IOTCS IIPABIJIA MAPUIPYTHU3ALMH 3230~
poB u 1uddepeHnaTbHbIX Iap.

HoBAs oyHkuusa RETRACE

B HoBO¥ Bepcuu Altium Designer 1o6as-
ngeHa KoMmaHga — Retrace Selected. B To
BpeMA Kak Glossing nbITaercs COKpaTUTh
OOUIYIO JUIMHY MapHIPyTa M YMEHBIIUTD
KOJIMYECTBO YIVIOB, Retrace IOBTOPHO
MIPUMEHAET MPEAIIOYTUTEIbHBIE TPE6O-
BaHUA K HIMPUHE U 33a30paM UL Cylie-
CTByIOIIEro Mapuipyra. Tenepb MOXHO
JIETKO YMCHBIIIUTD WJIH YBEJIMYIHUTD ITHPH-
HY IPOBEAEHHBIX JIOPOXKEK I IIHPH-
HY U 3230p MeXAy JuddepeHInaibHbI-
MM ITAPaMHU B BLIOPAHHOM Ha60pe I1eTeH.
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Retrace aHAIM3UPYET BEIOPAHHBIE MAPIII-

PYTbI M1 OGHOBJIAET UX COIVIACHO 33/IaHHBIM

crienuduxanusam. ITOCKOIbKY 3Ta oriepa-

ITUS BBITIOTTHAETCA HA OT/JEJIBHOM yJacT-

Ke [enu wik JuddepeHInaabHOM Napel,

Retrace 6yzieT NBITATHCA CO3JaTh TPEOye-

MBI€ 3230PBI, HO HE CMOMKET Pa3[BUTATh

OKPYKaIoIHe OOBEKTHL TaknuM 06pas3om,

OOHOBJIEHHE TPACCUPOBKH BBIIIOIHAETCS

TOJIBKO HAa TEX YYACTKAX, I7I€ HE BO3ZHHKA-

€T IIPOTUBOPEYHH.

B nesiom, onepanuu Retrace u Glossing
OYEHb TOXOXKH, TAK KaK 002 HHCTPYMEH-
Ta MCTIOIB3YIOT OJHO H TO JKE IIPOTrPAMM-
HOE A/1PO, HO:
® Glossing coxpaHsieT HIIUPHUHY JOPOKEK,

a Retrace usmeHseT e€ Ha IIPEINOYTH-

TEJIbHYIO;

e Glossing MaKCHUMaJIbHO BO3MOKHO CO-
KpalaeT JJIMHY JOPOKEK U KOIMYECTBO
YITIOB, 2 Retrace cOXpaHsaeT Hanpasjie-
HHE JOPOXKKH, U3MEHSAS TOJIBKO €€ I1a-
paMeTpsL
Ecmu i1 cO3iaHMs MapIIpyTa C 3a7aH-

HBIMHM IIapaMeTpPaMH HEJOCTATOYHO

MecTa, Retrace co3acT MapmpyT C MaK-

CUMaTbHO OJIMU3KUMH TIapaMETPAMH,

HMCIIONB3YysA BCE CBOOOJHOE INPOCTPAH-

CTBO.

. Altwum

:

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

S R
b 21 [r2Rrupar2l 1R | 4}

Properties )
Bill Of Materials
Title &

Show Title

Title Bl Of Materials

loation [ietabove V]
Use Document Font
Text Color | N 0,0,0 v
Styles

Columns
Data Filtering

=
=0
. Pages
BOM table ID.

[ Limit Page Height
Uphoehdgtmm [0 ]

Page

»lw « «

2 Show Empty Lines
Not Al Pages were Placed

Configurations 2
BOM nfo...

Puc. 3. Pa3penenue tabnuuybl BOM

Ynyqwenua B DRAFTSMAN

B Bepcum Altium Designer 17.1 npes-
CTaBJIEH P/l HOBBIX (DYHKITUIT 1 yCOBEP-
IIEHCTBOBAHUMU B PEAKTOPE YePpTEXKEH
Draftsman. HoBmecTBa BKJIIOYAIOT B
ce651 BO3MOKHOCTb 0603HAYEHHUS IIEPO-
XOBATOCTH M JJOTYCKOB B COOTBETCTBUU
¢ I'OCT, u3oMeTpUYECKUH BUJL IUIATHI,
BO3MOXKHOCTD Pa3JeaTh ClleliuduKa-

IO HAa HECKOJIbKO TAOJIHIl 1 MHOTO€E
apyroe.

Hapsiay ¢ ApyruMy BUIaMH YE€PTEKEH,
KOTOPBIE MOTYT OBITh ABTOMATHYECKH
nocrpoennsl B Draftsman, moib3osate-
JISIM TEIIEPD TOCTYIIEH N30METPHIECKHI
BUJI (CM. puc. 2). M3omeTpudeckas 1po-
EKIIUS IIEYATHO! IUIATHI ITIOMEIAETCS Ha
JepTexe C IOMOIIbI0 KoMaH bl «Place —

Bueppenune CAIIP - Aeao HempocToe.

XoTuTe KynuTh He MPOCTO AUCK, @ Cpa3y IMOAYYUTH CHCTEMY,
roToBYyIO K 3((peKTUBHOMY HMCIIOAB30BaHMUIO?

Alllum

Peknama

Alllum

Designer

oT HIMM «PoaHuK»:

BCe BK/NIIOYEeHO!

Ten.: +7 (499) 613-7001, www.rodnik.ru
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Properties v x

Surface Finish

View A
Symbol 1,31 nufacturing Process ittec _\d
Symbol Line Style B (Solid. Normai) =]
Extension Line Style f- —  (Solid, Nom\—n)j
Extension Lines Gap  |0.5292mm ]
Extension Lines Offset !0.529me ‘
Arrow Style 1 i 3

With leader

Value A
First Requirement :]
Second Requirement \b—]
Manufacturing Method Le—l
Machining Allowance :
Surface Lay And Orientation @

Allow Different Requirements

Font ]

Use Document Font
TextFont |Arial, 12pt ‘
Text Color {!o 0,0 v ‘

Puc. 4. 0603Ha4eHue LWEpOXoBaTOCTH

O | 20,2

O | RO,1 ={7T0,2 =

20000

0,1 0,1/100

7 | 0,1/200x100

Puc. 6. 0603Ha4enns nonycka B Feature Control Frames

Board Isometric View». [TapameTpsI pas-
MEIEHHOI'O U30METPUYECKOTO BU/IA MOXK-
HO OTPEIAKTHPOBATH HA ITAHEJIN CBOHCTB
yepreka Properties. B packprisaroieM-
¢ MeHIo «View — Face Side» umeercs BO3-
MOKHOCTB BBIOOPA CTOPOHBI, OTHOCHUTEIb-
HO KOTOPOH OYAET OTOOPAKATHCS IIPOEK-
LTS,

ITepeuens Bill of Materials (BOM) s
CJIOJKHBIX IIPOCKTOB II€YATHBIX ILIAT
OOBIYHO HMeET OOJBIIOE KOIUYECTBO
MO3UIIMH, KOTOPBIE HE BCETJa BO3MOXK-
HO CIPYHIIMPOBATH B TAOJMILYy, yMEIIa-
IOLIYIOCSI HA OAHOM JIMCTE. BMecTo TOTO,
4TOOBl IIpUOEraTh K MacCHITa0HpOBa-
HUIO HIPUQTOB U TAGIUL] WIH CO3/TAHUIO
HECKOJIBKHX I10/Ib30BATEIbCKUX TA0IHLI,
B ITaHeIu Properties mosaBuaach QyHKIUA
«Split BOM» KOTOpas IO3BOJAECT pa3ou-
BaTh Ta6aniy BOM Ha HECKOJIBKO CTpa-
HUL (CM. pHUC. 3).

Pegakrop yepresKern Tenephb I03BOJLIET
pasMeInarh rpapuuecKre CHMBOJIBI IIEPO-
XOBATOCTH U CBA3aHHBIE C HUMHU ITAPAMETPBI
B COOTBETCTBUM C MEK/TYHAPOIHBIM CTaH-
naprom ISO 1302: 2002 (cm. puc. 4). I'padpu-
YECKHUE CUMBOJIBI COITPOBOXKAAIOTCS CIIEIH-
ATTbHBIMU TEKCTOBBIMU KOJIAMU, OIIPEICIEH-
HBIMHU CTaHJapTOM ISO, KOTOPBIE BBOJATCA

Ha IIaHEI CBOMICTB uepTesxa Properties npu

nob6asnennu oobekra Surface Finish.

B HOBOIT Bepcun Draftsman mpeno-
CTaBJIICTCSI BO3MOKHOCTb Pa3MEIICHUSA
Y1 HACTPOHUKU CHUMBOJIOB JIOIIyCKOB IIPO-
MBIIIJIECHHOTO CTAHAAPTA, KOTOPHIE OIIpe-
JIENAIOT  TEXHOJIOTUYECKHE CBOMCTBA
HAXO/SIIIUXCS HA YEPTEKE OOBEKTOB. DJie-
MEHTBI O003HAYECHUSI IOITYCKOB, KOTOPbIE
MOTYT OBITh TOOABJICHBI K JIOKYMEHTAM
Draftsman COOTBETCTBYIOT CTAHIAPTAM,
pa3paboTaHHBIM AMEPUKAHCKHUM OOlIIe-
CTBOM MHJKEHEPOB-MeXaHUKOB (ASME), B
YaCTHOCTH, cTaHgapTy ASME Y14.5-2009.

O603HaYeHHE JOIyCKOB B Draftsman
PEaJIN30BaHO ABYMS HOBBIMH HHCTPY-
MEHTAMU:

1. Datum Feature — uaeHTU(MPUKAITUOH-
HBIE€ OOBEKTHI B cCOOTBeTCTBUH € TOCT
2.308 (cM. pHC. 5), KOTOPBIE MOTYT OBIThH
IIPUKPEIVICHBI HA YEPTEKE K JIMHUU,
TOYKE WJIH OCH, KDOMKE ILIATBI, KOM-
TMIOHEHTA WIH OTBEPCTHUS.

2. Feature Control Frames — ungopma-
ITMOHHBIE OO'BEKTHI JJIsI 0O03HAYCHUS
JIAHHBIX O JIOITYCKaX (pOPMBI U paCIIO-
JIOKEHUs IOBEPXHOCTHU. Takoe 0603Ha-
YEHHE MOXKET COCTOATh U3 /IBYX U 60-
Jree yacren (cM. puc. 6):

NMPOEKTUPOBAHVE U MOOEJFIMPOBAHME

| ]

A

Puc. 5. bykBeHHoe 0603HaYeHUe NOBEPXHOCTH,
¢ KOTOpOii CBAI3aH AONYCK

® B IIEPBOI YACTH — 3HAK JOITyCKa 110 Ta-
omuiie B coorBetrcTBuu ¢ TOCT;

@ BO BTOPO¥ — YUCIIOBOE 3HAYEHHUE JIOITY-
CKa B MIJUITMMETPAX;

® BTPETbEH U MOCTEAYIOMMX — GYKBEHHOE
o603HaYeHUE 6a3bI (6a3) WIN OYKBCH-
HOE€ 0603HAYEHHE ITOBEPXHOCTH, C KO-
TOPOM CBA3aH JIOITYCK PACIIOIOKEHHS.

MNMPO4YME U3MEHEHMUA

B Bepcun 17.1 no6aBieHa BO3MOXK-
HOCTb  BBIOOPOYHOI'O  HUI'HOPHUPOBA-
HUA HapylmeHu# npaswil Design Rule
Check (DRC) u3 nauenu «PCB Rules And
Violations u Messages». [Ipy HTHOPUPOBA-
HUU HAPYIIEHU MOXKHO BBECTH UHH(pOP-
MAaIUIO O TOM, KTO, KOIJIa U IIOYEMY TO
caenarn.

YcoBepueHCTBOBaHA IIPOBEPKA ITOJIH-
ronos 1pu 3amycke DRC. Tenepsp gaxke
NP OTKIIOYEHHU IIPABUIIA, TEPBBIMHU
MPOBEPSIOTCSA NOMUTOHBL. ECin B KOH-
CTPYKLIUM, COJEp:KAIIeH OTIOKEHHbBIE
WM U3MEHEHHBIE (HO HE IIEPE3ITUTHIE)
IIOJTUT'OHBI, OOHAPYKEHBI HAPYIICHUS, TO
BBIBOJUTCS IIPEYIIPEKICHUE O TOM, UTO
DRC MOXeT 6BITh HEKOPPEKTHBIM.

B 1anHOM OOGHOBICHUH IIPOU3BE/ICHBI
U IPYT'HE€ YCOBEPIIEHCTBOBAHUS, KOCHYB-
LIMECS YIYYIICHUA II0JIb30BATEIbCKOIO
uHTEP@Erica ¥ MOBBIMICHUS CTAOWIBHO-
CTH pabOTBI IPOTPAMMBL.

3AKIIOYEHUE

B Bepcum Altium Designer 17.1 6pun
pElIeHbl MHOTHE BOIIPOCHI, ITOJHSTHIE
IOJIB30BATE/SIMU B CHCTEME OOpPATHOM
cBa3u BugCrunch coobmecrsa AltiumLive.
HoBsble (PyHKIIUH ITO3BOJIAIOT ONITHMHU3H-
pOBaTh MPOIIECC CO3/JAHHSA MPOEKTHOH
JOKYMEHTAIIUH U B IIEJIOM YCKOPHUTB IIPO-
1ecc pa3zpaboTku B Altium Designer.

JIMTEPATYPA

1. Ileuarssle wiatel: CripaBoYyHUK. ITox pen.
K.®. Kym63a. Texnocdepa. 2011.

2. CabynunA.E. Altium Designer. HoBpie pere-
HUS B IPOCKTHPOBAHUHU JICKTPOHUKH.

3. https://vk.com/altium_ru
https://www.altium.com
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NMPOEKTUPOBAHMVE U MOOEJIMPOBAHME

PaboTa ¢ KOHTYPOM neYaTHOi nnarbl

Anekceii flky6enko (support@idstrade.com)

®dopmMupoBaHUe KOHTYpa nevyaTHON nNnaTbl iBAsieTcs 6a3ucom, 6e3 3HaHus
KOTOpPOro TPYAHO NpeAcTaBUTb ce6e pa3paboTKy 3IEKTPOHHOro yCTPOMCTBa.
C passutuem cpepbl Altium Designer nosiBNAIOTCA HOBble BO3MOXHOCTH,
MHdOpMaLUsi 0 KOTOPbIX He cpa3y CTAHOBUTCS AOCTYMHOW pa3paboTynkam.
JaHHas cTaTbsi NPOAEMOHCTPUPYET KOHCTPYKTOPam BCE€ BO3MOXHbIe
BapuaHTbl POPMUPOBAHUSA U PefaKTUPOBaHUS KOHTYPOB NeYaTHbIX nnar.

D OPMUPOBAHUE KOHTYPA
MNATbI
Ina (popMupOBaHUA KOHTYpaA IedaT-
HOM matel (manee — III1 wiau 1iata) B
cpene Altium Designer nmpeaycMOTPEHbI
TPH Cr10co6a:
1. PyuHOI1 c11OCO0 (IIPUMEHSETCS B JBYX-
MEPHOM PEKUME IVTAHUPOBAHUSA IJIATHI);
2. C IOMOIIBIO I'PAHULIBI (ITPUMEHAETCA
B JIByXMEPHOM PEKHUME TPACCUPOBKH);
3. Ha ocHOBe 3D-Mmoaenu (IpUMEHAeTCA
B TPEXMEPHOM PEXKHME).
PaccMOTpHM BCe TPH CITOCOOA.

PyuyHou cnoco6 chopmupoBaHus
KoHTypa Mn

Y1066l CHOPMUPOBATH KOHTYP ILIA-
TBl Py4HBIM CIIOCOOOM, B IIEPBYIO OYe-
peab HEO6XOIUMO IIEPEUTH B IByXMEP-

HBIH PEKUM IUIAHUPOBAHUSI, BHIIIOJTHUB
xomaHpay View —> Board Planning Mode
HUJIM HAKAB TOPAYYIO KiIaBumny «1». TTocie
3TOr0 HEOOXOIMMO BBIIIOTHUTL KOMaH-
ny Design —> Redefine Board Shape, B
pesyJbTaTe 4ero peJakTop IiaT nepe-
JET B peXUM (POPMUPOBAHUSA KOHTY-
pa. ITo cyTy, 1/1aTa ABIAETCA TAKUM JKe
IIOJIMTOHOM, KaK 1 BCE OCTA/IbHBIE I1OJIH-
roHaJibHbIE 371eMeHTHI Altium Designer.
IToaTOoMy (POPMHUPOBAHHE KOHTYpPA I1JIa-
Tbl HUYEM HE OTAUYAETCA OT (POPMHU-
pOBaHUA KOHTYpa IoJUroHa. Ilepsoin
IIEJTYOK JIEBOH KJIABUIIM MBIIIH 32Ja€T
HAYJIbHYIO TOYKY. KaX/Ib1i ITOCIe1y1o-
IHUH ETIOK, B 3aBUCUMOCTH OT PEXKH-
Mma (popMHpPOBAHUE yIIa, (POPMUPYET
OJIMH OTPE3O0K, /IBA OTPE3KA I10J] YIJTIOM
WJIH IBA OTPE3KA C JyTI'OM CONPSKEHUS.

[¥] Hide and disable DRC checking for the model part

Modify model height:
@ To align face with top PCB board surfa¢
To align face with bottom PCB board surface

Do not modify model position

Puc. 1. ®opmupoBanue Koutypa MM Ha ocHoBe 3D-mopenu

YTOOBI 3aKOHYUTH (POPMHUPOBAHHE KOH-
Typa IJIaThl, HEOGXOUMO HAXKATh MPa-
BYIO KJIaBUIIly MBIITU. B pe3ynpTaTe KOH-
Typ IL1aTHI OyeT c(DOPMUPOBAH, a Altium
Designer BBIHECT U3 pesKHUMa (POPMUPO-
BaHUS KOHTYpA.

dopmupoBaHue KoHTypa Mn
C NMOMOLYbIO FPaHULLbI

DOpMUPOBAHUE KOHTYypa IUIATBL C
IIOMOIIBIO TI'PAHHUIIBI IIPOU3BOAUTCSA B
JBYXMEPHOM PEXKHMME TPACCUPOBKH,
KOTOPBIN BKJIIOYAETCA KOMaHaou View
—> 2D Layout Mode unu ropsiyei Kia-
BUIICH «2». ['paHuLa IIaTel (popMUpy-
€TCsA B OJHOM M3 MEXAHUYECKHUX CIOEB C
IIOMOIIBIO OTPE3KOB UJIH JIYT, JOCTYIIHBIX
B M€HIO Place. I'panuna miaTel JOJKHA
TIPEJCTABIATD COOOH 3aMKHYTBIN KOHTYP.
ITocsie TOro Kak rpaHuia cpopMupoBaHa,
HEOOXOUMO BBIOPATH BCE €€ TIEMEHTHI
M BBIIIOJIHUTBb KOMaHAy Design —> Board
Shape —> Define from selected objects, aTo
IIPUBEJET K CO3JAHUIO KOHTYPA II€YaTHOM
TUTATBL.

OueHb 4acTO IUIATHI Pa3pabaThIBAIOT-
Cs1 110/, ONIPEEIEHHBIN KOPITyC. B Taknux
crydasax (popMa ILIAThI OIIPEIE/IsAeTC
KOHCTPYKTOPAMM MEXAHUYECKOM YACTH.
OnucaHHBIH €coco6 (HOPMHUPOBAHUA
KOHTYPAa IJIAThl OCOOEHHO y/I06€H B TEX
CIIy4asx, KOIjla IpaHuIla IUIaThI IIepe/ia-
€1Cs pa3pabOTYUKY IEKTPOHHOU YaCTH B
Bu/jie (parinos B popmarte DXF i DWG.
JanHble U3 3TUX (POPMATOB UMIIOPTH-
PYIOTCSI B OIUH U3 MEXAHUYECKUX CJIO-
€B. ITocsie 3TOro NOaydYeHHAsA I'PAHUIA C
TMOMOIIBIO OIIMCAHHOM BBIIIEC KOMAH/IbI
Design —> Board Shape —> Define from
selected objects c T1ErKOCTbIO IIPEOOPa3y-
€TCA B KOHTYD IIAThL

dopmupoBaHue koHtypa Mn
Ha ocHose 3D-mopnenu

DopMa IUTATHI MOJKET IIEPESABATHCS PA3-
PaGOTUUKY SJIEKTPOHHOM YaCTH HE TOJIBKO
B BH/Ie (popmarta DXF i DWG, HO 1 B BUjiE
3D-mopenu B popmate STEP. B Takom ciry-
4yae 0COOGEHHO yI06€H crioco6 (hopMUupo-
BaHuA KoHTypa [T Ha ocHOBE 3D-MOozEN.

IIpu 3TOM CIOCO6E BCE NEHUCTBUSA IIPO-
U3BOJATCA B TPEXMEPHOM PEKUME, KOTO-
PBII BKJIFOYAETCS C IOMOIIBIO KOMAaH/IbI
View —> 3D Layout Mode nnu «ropsraei»
KJIABHIIIEH «3»,

910681 chopMHupOBATH KOHTYp IIII, B
IIEPBYIO OYEPETb HCOOXOAUMO BCTABUTh
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HoBbln nHTepdenc

MopoynbHoe KOHCTpyMpoBaHue

Bbicokoe beicTpopencTBune

ALTIUM DESIGNER 18

NEPEXOAWM HA HOBbIV YPOBEHb MPOEKTMPOBAHMA YXXE CEVYAC

ii 'S 000 “AMAMNIC” aBTOPM30BaHHbLI NapTHEP KOMMaHMWW

implemetation & development

S e Altium Limited Ha Tepputopumn PO.

[MonyuynTb NnogpobHyto nHGOpMaL MO Bbl MOXeTe:

Ha canTe: 3anpoc no agpecy: Mo TenedoHy:
® www.idstrade.com X info@idstrade.com N +7 /495/ 665-20-69

Peknama

CpOK ,u,eﬁcmvm cneuunasnbHOro npefnoXXeHnd orpaHnyeH.

[lpennoxeHne fencTBUTENbHO Ha NpuobpeTeHne HOBbIX Alt
NONHOQYHKUMOHaNbHbIX pabodynx mect Altium Designer. 'um®



M PACIIOJIOXKUTH 3D-Mozens B pabouyeM

T10JI€ PEJJAKTOPA MEYATHBIX IUIAT C IIOMO-

b0 KoMaHel Place —> 3D Body. ITocne

3TOTO HEOOXOUMO BBIIIOTHUTH KOMaH-
ny Design —> Board Shape —> Define from
3D bodly, B pe3ynbTaTte yero cpejaa Altium

Designer niepeiiiéT B peskuM (popMHupO-

BaHUS KOHTYpaA IUIATHI, 2 KypCcop U3Me-

HUT CBOU BU/I.

B aTOoM pexume (CMm. puc. 1) nepBbIM
IIETIKOM JIEBOH KJIABUIIIECIH MBI HEOO-
XOJUMO BBIOPATH BCTABJIEHHYIO MOJIEIb.
ITocne 3TOro IMpU HABEAECHUH Kypcopa
Ha OIHY U3 €€ IUIOCKOCTEH, BBIOpaHHAA
IUIOCKOCTB OyJeT OJCBEeYUBaThCs. Onpe-
JIETUBIINCDH C TUIOCKOCTBIO, HEOOXO/IU-
MO COBEPUIMTH HA HEH BTOPOM MIETYOK
JIEBOM KIaBuuIed Mplmu. ITocae aToro
OTKpoOeTcsl OKHO Board Outline Creation
Successful, koropoe HHHOPMUPYET O TOM,
4TO NOCTPOEHUE KOHTYpa IUIATHI IIPO-
IIUTO YCHEUIHO, U MPEJIaTaeT Ha BBIOOP
OIIITHH, CBA3aHHBIE C JATbHEHIITNMU JeH-
cTBUAMU C 3D-Mopenwio. «I'anouka» Hide
and disable DRC checking for the model
part IO3BOJISIET BKIIOYATb MU OTKIIO-
4aTh BUJTMMOCTD MOJIEJIN U €€ MTPOBEPKY
Ha npasuiaa. Menro Modify model beight
IIO3BOJIAACT OIIPEAEINUTD, KaK IIO3ULIUOHU-
poBate 3D-MmO€eb:

e To align face with top PCB board
surface — BBIDOBHATDH IJIOCKOCTD I1O-
CTPOEHHS IO BEPXHEH CTOPOHE TIJIATHI;

e To align face with bottom PCB board
surface — BBIPOBHATH IIJIOCKOCTD IIO-
CTPOEHMS 110 HIPKHEH CTOPOHE IIJIATHI;

e Do not modify model position — ne me-
HATD [IO3ULIUIO MOJIEIH.

ITocne HaxkaTus B OKHe Board Outline
Creation Successful kaonku Close IoCTpo-
eHue KoHTypa III1 6yaeT 3aBepuIeHo.

PEAAKTUPOBAHUE KOHTYPA
MJATbI
s pepakrupoBanusa kKonrypa IIT rak-
JK€ CYIIECTBYET HECKOIBKO CIIOCOOOB:
® yIIPaBJIE€HHE CETMEHTAMH U BEPIINHAMY;
® HEIOCPEJCTBEHHOE M3MEHEHHE KOH-
Typa ILIATh;
® M3MEHEHHE I'PAHMIIBI IIATHL.

YnpaBneHue cermeHTamm
WU BepliMHaMu
JaHHBINA C1TOCOO JOCTYIIEH B IByXMEP-
HOM PCKUMC IVIAHUPOBAHUA IIATHIL.
It TOTO 4TOOBI OTPEAAKTHPOBATH
KOHTYD ILIAThl, MAHUIYJIHPYS CEr-
MCHTAMH U BCPIUINHAMH, HCO6XO/II/IMO
BBIIIOJIHUTB KOMaHAy Design —> Edit
Board Shape. Pegaxkrop IUIAT IEpEU-
JET B PEXKUM PEJAKTUPOBAHUA KOHTY-
Ppa, 1O IEPUMETPY IUIATHI IIOABATCA Map-

NMPOEKTUPOBAHVE U MOOEJFIMPOBAHME

Puc. 2. HenocpepcreeHHoe U3MEHEHUE KOHTYpa nnarbl

Kepol. Bee janpnenmume AeicTByus moJ-
HOCTBIO AHAJOTUYHBI AECHUCTBUAM IIO
PEIAKTHUPOBAHUIO KOHTYypa IIOJIHIO-
Ha. Ectu Tpebyerca nepeaBuHyThb Cer-
MEHT (OTPE3OK WIMU AYIy), TO HYXHO
HaBECTHU HA HEro Kypcop. BeiGpaHHbIi
CEIMEHT IOJICBETUTCS, 4 KypCOp IPHU-
MeT (GOopMy ABYHAIIPABJICHHON CTpPEII-
KuU. ITocie 3TOro Hy>KHO 32KaTh JIEBYIO
KJIABUIILY MBIIIH U IIEPETAHYTh CETMEHT
Ha HOBYIO IO3UIMI0. EC/i HY>KHO oTpe-
JAKTUPOBATH CETMEHT, TO HEOOXOJUMO
HaBECTH KYyPCOP HA LIEHTPAJIbHBIN Map-
KEP M IIOCJIE TOT'0, KAK KYpCOp U3MEHUT
CBOM BU/I, 323KATh JICBYIO KJIABUIILY MBIIITH
U IIEPETAHYTh MAPKEP HAa HOBYIO IIO3H-
uio. [Ipu 3TOM, B 3aBUCUMOCTH OT TEKY-
LIEr0 PEXUMa PEJAKTUPOBAHUA CEI-
MEHTOB, OH JINOO IEPEMECTUTCS, TUOO
nmpeo6pasyercs B Iyry, 1160 npeodpa-
3yeTcsA B IBE IIPSIMBIE, PACIIONIOKECHHBIC
noJ onpeaeaéHHpIiM yriaoM. Ilepexitio-
YEHHE MEXK/TY PEKUMAMU IIPOU3BO/IUT-
CSl HUKJIMYHO HA’KATHUEM COYETAHMS KIa-
Bl «Shift» + JIpoben».

TakKHUM K€ 06pa30M MOKHO OTPEJAK-
THPOBATh BEPIIMHY — HABECTH KypCOp
Ha MapKep BEPUIMHBI U IIOCJIE TOI'O KaAK
KypCOpP U3MEHUT CBOM BHU/I, 325KATh JIEBYIO
KJIABUIIIY MBIIIN U IIEPETAHYTb MapKep HA
HOBYIO ITO3ULIMIO. [TpU 3TOM, B 3aBUCUMO-
CTH OT PEKUMA PEJAKTUPOBAHUSA CEIMEH-
TOB, BEPIINHA JIUOO0 OYJET IIepeMEIecHa
Ha HOBYIO ITIO3UIIUIO, TUO0 OyAeT IPeoo-
pa3oBaHa B (acKy, 1160 OyeT Ipeodpa-
30BaHa B IyTy conpspkeHus. [lepextoye-

HHE MEXKY PEKHMMAMHU TAKKE IIPOU3BO-
JUTCA TUKIAYHO HAKATHEM COYETAHMS
KIaBuI «Shift» + IIpoben».

Y1O6Bl 3aKOHYUTH PEJAKTHPOBAHHUE
KOHTYPa, HEOOXOAUMO WIENIKHYTh JIEBOM
KJIABUIIEH MBIIIM B JIIOOOM MECTE OKHA
pefaKTOpa IIAT, KPOME KOHTYPA TUIATHL

HenocpeacTBeHHOE U3MEHEHUE
KOHTypa nnartbl

JIaHHBIH CITIOCOO PEJAKTUPOBAHUSA KOHTY-
Pa IUIATBI TAKKE TOCTYIICH B PEXKUME IUTAHU-
poBanus IIaThl. OH IIOJTHOCTBIO AHAJIOTH-
YEH PEJAKTUPOBAHUIO KOHTYPA IOJIMTOHA.

YTOOBI IPUCTYIUTb K PEAAKTHPOBA-
HUIO, HEOOXOJUMO BBIIIOJTHUTb KOMaH-
ny Design —> Modify Board Shape. Peak-
TOP IUIAT EPEUAET B PEKUM PETAKTUPO-
BaHMA KOHTYPA, A 110 IEPUMETPY IUIATBI
CHOBA NOABATCA MapKepbl. OJHAKO B J1aH-
HOM CJIy4a€ MaHUITYIUPOBATb MapKe-
pPaMH MM CETMEHTAMM HE HYKHO. Bme-
CTO 3TOI'0 HEOOXO/TUMO «II€PEPUCOBATH>
9aCcTh KOHTYpA IUIATBL. YTOOBI HAYATHh
(popMHUPOBATE HOBYIO 4YaCTh KOHTYPA,
HEOOXOIUMO IIEIKHYTh JIEBOM KIABH-
M€K MBIIIX 110 KOHTYPY (CM. pHC. 2). Kax-
JBIH IOCJIEAYIOIIHI IIETYOK (TaK JKe, KaK
U 1pyu (POPMUPOBAHUN KOHTYpPA IIOJIH-
TOHA), B 3aBUCUMOCTH OT pekuma (op-
MHPOBAHMUA YIJIA, CO3AAET OUH OTPE3OK,
JIBa OTPE3Ka I10]] YIJIOM WJIH /IBA OTPE3KA
C IyI'O¥ CONPSBKEHUSI. YTOOBI 3aBEPIUIUTD
(GOopMUPOBAHUE U3MEHAEMOU 4YaCTH,
HEOOXOJMMO CHOBa HIEJIKHYTb JIEBOH
KJIABUIIECH MBI HAa KOHTYpE ILIATHL
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Design | Tools Route Reports Window Help

Update Schematic ‘

? Altium Standard 2D~

NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

PCB1.PcbDoc?ViewName=PCBEd

4
I Import Changes
! Rules...

| Rule Wizard...

| Board shape ’

Define from selected objects

Netlist »
xSignals »

Layer Stack Manager... &

Board Layers & Colors... L
Manage Layer Sets »

Rooms »

Puc. 3. U3menenne Koutypa MM yepe3 uameHeHue rpaHnLbl

PeakTOp IUIAT AaBTOMATHYECKH BBIFET
M3 PEKMMA PEJJAKTHUPOBAHUS KOHTYPA, 4
KOHTYP IIJIATHl U3MEHHUTCSL.

WU3meHeHMe rpaHMubl NnaThbl

ITOCKOMBKY I'PAHHUIIA IUTATHI PACIIOIATa-
€TCs, KaK IIPaBHJIO, B OJJHOM M3 MEXAHH-
YECKHX CJIOEB, TO JAHHBIN CITIOCO0 peiak-
THUPOBAHHUA KOHTYpPA IUIATHI JOCTYIIEH B
JBYXMEPHOM PEKHME TPACCUPOBKU. CyTh
3AKTIOYAETCS B TOM, YTO HYXKHO CHAa4asaa
HU3MEHUTD TPEOYEMBIM O6PA30M I'PAHUILY
IUIATBI, IOTOM — BBIOPATH BCE 3JIEMEHTHI
IPaHHUIBI U BRIIOTHUTB KOMaHy Design
—> Board Shape —> Define from selected
objects (cMm. puc. 3). IIpu 3TOM HEOOXOAU-
MO IIOMHHTbD, YTO I'DAHHUIIA TIJIATHI JJOJDK-
Ha OBITh 3AMKHYTA.

MEPEMELLYEHUE

KoHTyp miaTbl MOXKHO IIEPEHECTH.
JJI 3TOro HY»KHO IIEPENTU B ABYXMEP-
HBII PEXUM IUIAHUPOBAHUSA IUIATBI U
3aIyCTUTh KOMaHay Design —> Move
Board Shape. B pe3ynprare Kypcop U3Me-
HUT CBOY BHUJ, 4 KOHTYp II€YaTHOH ILIa-
TBI OYACT «IIPUBS3aH» K Kypcopy. OcTa-
€rca MU MEIKHYTh JIEBOM KIaBHUIIEH
MBI Ha HOBOM IIO3ULIMH, ¥ KOHTYP ILIa-
TBI IEPEMECTHUTCS (CM. pHUC. 4).

Komanpa Design —> Move Board pa6ora-
€T AaHAJIOTHYHBIM O0PA30M, C TOH JIUIIb Pa3-
HUIIEH, YTO IIPHU €€ UCIIOIb30BAHUH IIEepe-
MEIIAETCS HE TOJIBKO KOHTYP ILIATBL, HO U
BCE €€ COAEPIKUMOE, BK/IIOYast TOITOJIOTHIO
U MOJIETH JIEKTPOHHBIX KOMIIOHEHTOB.

BbIPE3bI B NNATE

BprCB B IIATEC ABJISICTCA I1IOJIUIO-
HaJIbHbIM O6’bCKTOM, IIO3TOMY JJIA HET'O
JIOCTYITHBI BCE COOTBETCTBYIOIIHE [ICH-
CcTBUA 11O (POPMHUPOBAHHUIO U PEIAKTHU-
POBAHHIO ITOJTUT'OHOB.

dopmupoBaHue Bbipe3os MMM
DopMUPOBAHUE BBIPE3OB B ILJIATE ITPO-
HU3BOJIMTCA B IBYXMEPHOM PEKHUME TPaC-
CHUPOBKHM IUIAThL. YTOOBI MPUCTYIIUTH K
(OPMHUPOBAHUIO BBIPE3a, HEOOXOJUMO
BBIIIOJIHUTDh KOMaHAy Design —> Board

Define from 3D body (Requires 3D mode)

Create Primitives From Board Shape
Define Board Cutout

Auto-Position Sheet

Puc. 5. Pegaktuposanue Bbipe3a 4yepes MaHUNynAUUM BEPIINHAMM U CErMeHTamMu

Shape —> Define Board Cutout. PeiaxTop
nevaTHLIX I1aT Altium Designer nieper-
JIET B peskuM (pOpMHPOBAHUSA BbIPE3A, A
KypCOp U3MEHUT CBOM BU/I. JlabHEN e
JEHCTBUA CTAHIAPTHBI /I IIOJIMT'OHAJIb-
HBIX OO'BEKTOB. I1epBBIN IIETYOK JIEBOH
KJIQBUIIM MBIIIH 32Ja€T HAYA/IbHYIO TOY-
Ky. Kaxk/ipIit moceryrommi memrdox pop-
MHPYeET OJJMH OTPE3O0K, JIBa OTPE3KaA 10/
YIJIOM WU [IBA OTPE3KA C JyT'OM CONIPsKE-
HUA. YTOOBI 3aKOHYUTD (POPMUPOBAHUSA
BBIPE3a, HECOOXOANMO IIEIKHYTD IIPABOU
KJIABUIIIEN MBIIIH.

PenaxkTupoBaHue BbIpe30B B nnare
Pe1lakTUpOBaHUE KOHTYPA BBIPE3A IIPO-
U3BOJUTCA TAKKE B JIBYXMECPHOM PEXKHU-

M€ TPACCUPOBKMU. [I/151 3TOTO CylmecTByeTr
TPHU CI1I0CO6a:
© MaHHUITYJTUPOBAHHE BEPIIMHAMMU U CET-
MEHTAM;
® HENOCPEACTBEHHOE U3MEHEHHE IIEPU-
MeTpa;
® py4YHO€ U3MEHEHHE KOOPJUHAT.
YTOOBI OTPETAKTUPOBATE BEIPE3 Uepe3
MAaHUITY/IAIMUA BEPIIMHAMU WIH CEI'MEH-
TAMU, JOCTATOYHO IIPOCTO BBIJEIHUTD €EI'O
JIEBBIM ILIEJTYKOM MBIIIH. BpIpe3 nmojcse-
THTC, 4 IO €r0 IIEPUMETPY MOABATCSA
Mapkepsl. JJajipHenme JerUcTBUsA 110JI-
HOCTBIO AaHAJIOTUYHBI paboTe C IOJUTO-
HAMHM — IIepeMeIast CETMEHTBI MU Map-
KEPBI, MBI IIOJTYYUM HOBYIO (h)OpPMY BbIpE-
32 (CM. pHC. 5).

COBPEMEHHAA SINEKTPOHUKA ¢ Ne 7 2017

WWW.SOEL.RU

79



NMPOEKTUPOBAHMVE U MOOEJIMPOBAHME

Puc. 6. PepaktupoBanue Bbipe3a 4epes HenocpeCTBEHHOE N3MEHEHNe KOHTYpa

4 Board Options [mm) : e TrY -2 ot
Measurement Unit Sheet Position
uot  [hetric -
Designator Display
(ouplay rysica Designators ]
Boute Tool Path
Display Sheet
Loyer Do not use = V| Auto-size to nked layer
Uniqueld Polygon Auto Naming Template
NISVFDMW Reset INET NAME_LXX_PIOOX -
Snap Options
¥) Snap To Grids ¥/ Snap To Object Hotspots
$nap To Linear Guides Range 0.203mm v
Snap To Point Guides Snap On All Layers
Snap To Object Axis ¥)5nap To Board Outl
Snap To Arc Centers
Advanced »>
Gads.. | [ Guides... [Cox ][ conce

Puc. 8. BKniouenue npuBA3KM Kypcopa K KOHTypy
nnatbl

YT06BI HETOCPEACTBECHHO OTPEIAKTH-
pOBaTh IEPUMETP BBIPE32, HEOOXOAUMO
BBIJICJIUTD €0 IETYKOM JIEBOH KJIABUIIH
MBIIIH, IOTOM 10 HEMY K€ IMIETKHYTD IIpa-
BOM KJIABUIIEH MBIIIN, U B OTKPBIBIIEM-
Cs1 MEHIO BBIOPATD U 3aIIyCTUTh KOMaHAY
Polygon Actions —> Modify Polygon Border.
ITocie 3TOro nepBbIi METIOK JIEBOX KIa-
BHUIIEH MBIIIH HEOOXOJHUMO COBEPIINUTD
Ha IIEPUMETPE BbIPE32a, 3a5aB TEM CAMBIM
HAYJIBHYIO TOYKY H3MEHSIEMOH YaCTH
nepumerpa. Jlanee cepuei meadkoB JIEBOKU
KJIABUIIEH MBIIIHA HY>KHO C(hOPMUPOBATH
HOBBIN nepumerp. ITocaegHun meI49oK
HEOOXOAUMO COBEPUIUTD HA IEPUMETPE
BBIP€3a B KOHEYHOM TOYKE U3MEHAECMOMN
YaCTH, YTO NPUBEJET K MMOABIEHUIO HOBOU
¢ opmsbl BeIpesa (M. puc. 6).

s pydHOIrO M3MEHEHUS KOOPIH-
HAT BBIpE3a HEOOXOAMMO OTKPBITh OKHO
€ro CBOMCTB — Region, 3aTeM INepPEerTH
Ha BKIAAKy Outline Vertices (CM. puc. 7).
3/1ech BCE CTAaHAAPTHO JUIA IIOJTUTOHAb-
HBIX OOBEKTOB. Ha BKIaJKe IpUBEJCHA
Ta0/JIMIA KOOPAWHAT BEPIIUH BBIPE3A.
B cronb6ue Index oToOpakaroTcs MOCe-
JloBaTeIbHBIE HOMEPA BEPIIUH. B cTON6-

Arc Angle (Neg = CW)

-9.54 -90.000

-7

7 -90.000

9.54

-21

-21

0 90.000

14 90.000
[ &) Menu] I Add... ] [ Remove,.. }

Puc. 7. Tabnuua KoopanHaT BEpLIMH Bbipe3a

Width 0.1mm

 Include Cutouts

[Tlinclude layer stack regions

[ Route Tool Outiine

|| Delete Existing Non-Net Lines/Arcs On Layer

=)

Puc. 9. ®opmuposanue rpanuubi NI aBToMaTHyecKuM cnoco6om 1 0KHO HaCTpOeK

nax X 1Y — KOOpAHUHATHI IO OCAIM X 1 Y,
COOTBETCTBEHHO. EC/TU CETMEHT SBJISIET-
Cs IyT'OH, TO B cTONIO11€ Arc Angle oro6pa-
JKA€TCS €T0 YIOJL 3/1ECh MOKHO U3MEHATD
KOOPAUHATHI BEPIIUH, YIJIbI JYTOBBIX CET-
MEHTOB, IO0ABJIATh HOBBIE BEPUIUHBI WU
YAIATH CYIIECTBYIONIHE.

PepakTupoBaHue CBOMCTB Bbipe3a

IToMUMO KOOPAMHAT BEPIIMH Cylle-
cTByeT enié psAj  CBOMCTB BBIPE3a,
JOCTYIHBIX J/1d U3MeHeHud. X MOX-
HO HANTHU B OKHE Region HA BKIAJKE
Graphical.

C IOMOIIBIO «TAJIOUYKHU» Locked MOKHO
BKJIIOUUTD WIH BBIKIIOUUTH OJIOKHPOB-
Ky BbIpe3a 11aThl. C IOMOIIBIO BBIIIA/LA-
IOIEero MeHIO Kind BbIPE3 IIAThL MOXK-
HO IIPeOOpPa30BaTh B BbIPE3 IIOJIUIO-
Ha (Polygon Cutout) win B IIOJUTIOH
3auBKHU (Copper). C TOMOIIBIO MEHIO
Solder Mask Expansion MOXHO BKJIIO-
4YUTb BCKPBITHE B CJIo€ MacKU. C momMo-
IIbIO MEHIO Past Mask Expansion MOX-
HO BKJIIOYHMTH (POPMHUPOBAHHE OKHA B
TpadapeTe NassIbHOH NACTBI, XOTS JJIA
BBIPE32 IUIATHI 3TO U HE ABJISIETCS AKTY-
AJIBHBIM.

D oPMUPOBAHME rPAHULLbI
MJATbI

Il pa6oTsl Hajy Tontoaorueit II Brios-
HE JIOCTATOYHO €€ KOHTYpPa U CBSI3aH-

HBIX ¢ HUM IpaBwl. OJHAKO IIPHU IIepe-
Jlaye JaHHBIX HA IPOU3BOJCTBO, 324aCTYIO
HEOOXOAHMO TAKKE IIEPEAABATh JaHHbIC
O rpaHHUIe KOHTYPA, HAIIPHUMED, B OJHOM
u3 gerber-dannos. M ecau 3Ta rpaHyLia
OTCYTCTBYET, TO €€ HY)KHO KaKHM-JIHOO0
06pa3oM chopMHPOBATE. DTO MOKHO CJIe-
JIATh IBYMsI CIIOCO6AMH — BPYYHYIO WU
ABTOMATHYECKHU.

PygHO! cioco6 (hpOopMUPOBAHUSA I'Da-
HMIIbI y’K€ OIIMCAH PAHEE B ITAHHOM CTa-
The. Pa3HHUIA JIUIIb B TOM, YTO TEIEPb
HYKHO C(POPMUPOBATH HE KOHTYp ILIa-
TBI HA OCHOBE €€ I'PAHUIIBI, 4 TPAHUILY —
Ha OCHOBE KOHTYypa. B ocTaabHOM BCE TO
JKE CAMO€ — HY>KHO OOPHUCOBATb KOHTYP C
IIOMOIIBIO THHEHHBIX UIH JYTOBBIX IIPH-
MHUTHUBOB. ITOAPOOGHO OCTAHABIMBATBCA
He O6ygem. JJo6aBUM JIUIb, YTO OYJET HE
JIMITHUM BKJIIOYHUTB IIPUBA3KY Kypcopa
K KOHTYPY II€9aTHOH IIJIATHI, YTO JOCTH-
raeTcs BKIIOYEHUEM «TaTOUKKu» Snap To
Board Outline B o6nactu Snap Options
OKHA CBOYCTB IJIaThl Board Options (CM.
puc. 8).

PyuHOM c11OCO6 (POPMUPOBAHMA I'PAHU-
1IbI IUIATBI B MEXAHUYECKOM CJI0€ yI0OEH
B CJIydasx npocrenmux ¢popm. C pa3Bu-
THEM U MUKPOMUHHATIOPU3ALINEH COBpe-
MEHHOM 3JIEKTPOHUKH BCE OOJIbIIE IITIAT
HMEIOT CJIOKHBIE (POPMBL B Takux ciryda-
SIX Ha IIOMOIIb IIPUXOAUT BO3MOKHOCTD

ABTOMATH3UPOBAHHOIO  (hOpPMHUPOBA-
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NMPOEKTUPOBAHME M MOOEJIMPOBAHVE

HUA KOHTYPA IIATHL 11 3TOro npeaHa-
3HadeHa Komanja Design —> Board Shape
—> Create Primitives From Board Shape.
ITocsie €€ BBIITOJIHEHUS OTKPOETCA OKHO
HACTpOEK Line/Arc Primitives From Board
Shape (cMm. puc. 9).

B s1€BO¥ 4aCTH JAAHHOIO OKHA IIPU-
BEICHO CXEMATHYCCKOE H300paKeHHE
IIPUMEHAEMBIX HACTPOEK, B IIPABOH —
HACTPOUKU. B okHe BBO1a Width 3a1a€T-
CA IIUPHUHA IIPUMUTUBOB, U3 KOTOPBIX
oyzaer c(popMHpPOBAHA I'PAHUIA IUIATHL
Huke HaXOOWUTCs BBIITAAAIOIIAN CITU-
COK Layer, B KOTOPOM BBIOHPAETCA CJIOH
Puc. 10. ®opmupoBanue rpannibl N0 nepUMETpy Bbipesa U PACIONIOXKEHUS TpaHULBL. I'paHu-

1y TU1aThI KpaﬁHC JKEJIATEJIbHO pacIioaa-
raTh B OTAC/IBHOM, BBIJICICHHOM VI 9TO-

Width  03mm Width  0.3mm

(PR P rem— g ———— ro, cioe. Kak mpaBuito, 3TO OJJUH U3 MeXa-

7incivde Cutouts it o HHYECKUX CI0€B. [Tocie HaKaTHs KHOIIKH

OK 3TO OKHO 3aKPO€TCs, 4 B BHIOPAHHOM

Detet /Arcs On Layer Dele es/arcs On Layer cnoe 6yneT chOpMHUPOBAHA TPAHULIA TUIA-
TBI U3 IPUMHUTHUBOB 33/JTaHHOM TOJIIHHBI
(cm. puc. 9 — mpaBasi 4acTh).

Ecnu Ha 1uraTe NPUCYTCTBYIOT BBIpeE-
3bl, TO BKJIIOUEHHE «TANOUYKU» Include
Cutouts no3BossieT GOPMHUPOBATH I'pa-
HHUILy HE TOJIBLKO IIO BHENIHEMY KOHTY-

Py IJIATBI, HO M IO IIEPUMETPY BbIpE3a
Puc. 11. dopMuposanne rpannlbl N0 NMHUAM Pa3feneHus PernoHoB (cm. puc. 10).

Ecnu mmata comepskuT Ba U Oonee
PEruoHa C Pa3TUYHBIMHA HAG0PAMH CJIO-
Width 2 €B (HanpuMep, ruOKO-KECTKAA ILIATa),
TO «ranoyuka» Include layer stack regions
Layer |Mechanical 5 MO3BOJISIET BKIIOUHTH (DOPMUPOBAHUE

TPpaHUIbI B TOM YHUCJIE U 110 IMHUAMU PA3-

indude Cutouts JIEJIEHUS PETUOHOB (CM. puc. 11).

| Include layer stack regions Ecm  HeoO6xomuMo  chopMHUPOBATH

HC KOHTYP II/IATHI, A IIyTh, IIO KOTOPOMY

JIOJDKHA IIPOUTH (ppe3a, YTOOBI ITOTYIUTh
33JJaHHBIF KOHTYD, TO HY’KHO BKJIIOYUTH
«ranouky» Route Tool Outline (cMm. puc. 12).

Ec/in Ha 1u1aTe B TOM CJI0O€, II€ HYKHO
c(OPMHUPOBATH TPAHMILY, ITPUCYTCTBY-
IOT JIMIIHHE IIPUMHMTHUBBI, TO, BMECTO
TOTO YTOOBI YAAIATh UX BPYYHYIO, MOXK-
HO BKJIIOYMTD <«I'aJIOUKy» Delete Existing
Non-Net Lines/Arcs On Layer. DTO 11I03BO-
JIUT AaBTOMATHYECKHU Y/IA/IMTh HEHYKHbIE
3JIEMEHTHI Nepes, POPMHUPOBAHUEM I'PaA-
HUIIbI TUIATHL

SAKNIOYEHUE

DIEKTPOHHAA IPOMBIIUIEHHOCTD U TEX-
HoJIOruu npoexkruposanus IIT (CAITP)
CTPEMUTENBHO pasBuBaloTca. Ilopon
pa3paboOTUYHK HE YCIEBAET Pa300PaThCs
BO BCEX HOBOBBEJCHUAX, KOTOPBIE IIPE]-
Jlaraer €My pa3paboTUYUMK HHCTPYMEH-
TOB IIPOEKTUPOBAHUA. B TaHHOM cTaThe
OBLIN KPATKO IIPEACTABIEHBI BCE OCHOB-

HbIE HHCTPYMEHTBHI 110 pab0oTe C KOHTYPOM
Puc. 12. ®opmupoBanue nytu tpeseposku TMIEYATHOMH IVIATHL. @
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NMPOEKTUPOBAHVE U MOOEJIMPOBAHME
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OCHOBHbIE XapaKTePUCTHKM

» [lnanasoH pabo4ux Temneparyp
-55...+125°C

KMNO 8o 92% c noHwxeHnem
npu 30% Harpyske

' [nanasoH BXOAHbIX HANPsHKEHWIA
0oT30068

MsTb BbIBOAOB C NPeAYCTaHOBMEH-
HbIMK HanpshxeHuamu 0,64; 0,8;
1,6;2,513,3B

Perynuposka BbIXOAHOrO
HanpsbkeHus o1 0,8 1o 3,5 B

Tok Harpy3ku go 7 A

CTOMKOCTb K BO3AEWCTBIIO
OZMHO4HbIX 3APAKEHHbIX HaCTHL
¢ JIN3 85 MaB-cm” /mr

vaBHM AO3OBOVI CTONKOCTH
30, 50 1 100 kpaz (Si)

 CRANE |

AEROSPACE &
( ELECTRONICS

Interpoint™ Products

PROSOFT®

O®ULMANBHbLIN ANCTPUBLIOTOP

(495) 234-0636 * INFO@PROSOFT.RU * WWW.PROSOFT.RU

HOBOCTM MIMPA

LUudposas TpaHcchopmauus
NMPOMbILWWIIEHHOCTU: B NOUCKaX
cTpaTteruum

MpencraButenu poccuinckoro noppaspe-
nexus komnaHum PTC, B pamkax MexpgyHa-
POAHONM MPOMBILLNIEHHON BbicTaBku «MHHO-
MPOM-2017» BnepBble B Poccun npe3eHTo-
Banu pesynbTatbl uccrnepoBaHus «Hpekc
3penoctu ana Ungyctpum 4.0» (Industrie 4.0
Maturity Index), npoBegEHHOrO COBMECTHO C
Akapemuen Hayk MepmaHumn Acatech.

MpeseHTaumsa Industrie 4.0 Maturity Index
cocrosanack B pamkax 3acefanuna Ctpaternye-
CKOro CoBeTa Nno MHBECTULMAM B HOBbIE UHAY-
CTpun, NpoLLEeLLIero Nof npeaceaarensCTBoM
MUHUCTPa NPOMBILLAEHHOCTM 1 Toproenn P®
Henunca MaHTtypoBa.

PaapaboTkon nHaeKca pykoBOAUI MPOEKT-
HbIi LeHTp Industrie 4.0 Maturity Center, co3s-
JaHHbIM Ha 6a3e Akagemun Hayk 'epmaHum
Acatech, koTopas aBnseTcs Konbi6enbto Hay-
ctpun 4.0. IMeHHO 3geck paspabaTbiBaeTcs
[OpOXHas KapTa B 0651acTv TeXHOMOr i npo-
MbILeHHOro ViHTepHeTa Belen. Akagemus
OKasblBaeT NomoLLb defepansHOMy npasu-
TenbcTBy 'epmaHun B hopMupoBaHumn cTpa-
TErvn TEXHONOrM4ECKOro PasBUTUS CTPaHbI.

NHpekc 6b11 co3naH B pamMmkax MexamcLm-
NMHAPHOrO KOHCOPLMYMA, B KOTOPbIA BOLL-
1 Takune napTHEpPbI, kak VHCTUTYT ynpasne-
HWsi B NpomblLLneHHocTun (FIR e. V. at RWTH
Aachen), PTC Inc., Infosys n TUV SUD. MHo-
roNeTHWUI NpaKTUYecknii onbIT nossonun PTC
NpeaoCTaBUTL PENIEBAHTHYIO SKCNepTU3y Ans
nccneposaHuin Acatech. O6nactb yHUKasnbHom
akcneptusbl PTC — ynpaenexue undgposmaauy-
eVl nponssoacTea 1 asTomaTuaaumein HOKP.

OcHOBHasi Uenb MOArOTOBKM MHOeKca —
MOMOYb NPeAnpUATASM ONPERENUTb, Ha Kakomn
CTagun pasBuUTUA LMGPOBMU3ALMM OHO HaxXo-
OMTCA B JAHHbIA MOMEHT U Kak MpaBWibHO
BbICTPOUTb JOPOXHYIO KapTy LndpoBM3aumm
n cTparteruio nepexofa k Muayctpum 4.0.

VIHpoeKkc no3BonsieT NpoOBECTU aHaM3 TEXHO-
JIOMMYECKOr0 YPOBHS Pa3BUTVIS MPEQNPUSATUS, €ro
OpraH13aLYOHHON CTPYKTYpPbI M NEPCMEKTUB C TOY-
KW 3pEHVsi BHYTPEHHEN KOPMOPaTUBHOW KymbTy-
pbl. LLlecTb cTapguin pa3suTys NMokasbIBatoT, Kak
B [J@HHOW KOMMaHWUy1 MOryT cobupaTbes, aHanm-
3MpoBaTLCA U UCTIONb30BaTLCA AaHHbIE. Takow
MOAXOA MO3BOJSAET YHUTLIBATL MEXANCLIMNIIMHAP-
HOCTb MPOMBILLINIEHHOrO VIHTEpHETa BeLLen, a Tak-
e cBa3b ¢ T-cuctemamm, pecypcamu, GusHec-
opraH13aumsaMmn 1 KOpriopaTUBHON KyTbTYPOIA.

«Kak 6bl Mbl H/ Ha3blBaIM 3TOT MPOLIECC —
MHpycTpus 4.0, VIHTEPHET BELLIEN UIK Kak-TO UHa-
4e — BaXKHO MOMHWTb, 4YTO TEXHONOTWM CYLLIECTBY-
IOT HE pafu TEXHOSIOMMIA: OHW HYXKHbI, YTOObI 613~
Hec pasBuBasica 1 3apabaTbiBasl, — OObACHAET
KpucTtran XokeH, reHepasibHbIvi AUPEKTop Mpo-

eKTHoro LeHTpa Industrie 4.0 Maturity Centre. —
TexHOMorvM Ha pbiHKe YXKe eCTb, HO He MeHee
Ba>KHO MOHMMATb, Kak NepecTpouTb opraHuaa-
LIMKO, UBMEHUTb KYJbTYypPY, NOBbICUTb NOTEHLMAST
COTPYAHWKOB. U TOT, KTO NepBbIM BOMAET B 3Ty
cdhepy, KTO yxe Hadan Ucnosb3osaTh Ldposble
BO3MOXHOCTY U peLLIeHUs, CBA3aHHbIE C 60rb-
LLIMMW JaHHBIMK, OKaXXeTCs Brnepeaun. Hpekc
3penocTy MOMOraeT OrnpefenuTb, Kakow MnyTb
umdppoBusaummn 6ydeT Hambornee nepcnekTu-
BeH AJ151 OTAENbHOro NpeanpusaTus».

Wupekc sapenoctun UHaycTpun 4.0

Qualcomm Bbi6pana Keysight
Technologies pnsa peanusauum
KOHTPOJIbHO-U3MepPUTeJibHbIX
peweHun 5G

Komnanus Keysight Technologies, Inc. 06b-
ABUNIA O HaYase COBMECTHbIX paboT ¢ KoMMa-
Huen Qualcomm Technologies, Inc., fo4epHUM
npegnpuatuem Qualcomm Incorporated, no pea-
nmzaumn TexHonoru 5G. Komnaxusa Keysight
obnafaeT 06LLUMPHbLIM aCCOPTUMEHTOM CPEACTB
NPOEKTUPOBAHWS 1 TECTUPOBAHUS, CMOCOGHbLIM
obecneynTb pa3padboTky MUKPOCXEM Afisi COTO-
BbIX YCTPOWCTB CIEAYHOLLEro NOKONEHMS.

HoBas nnHelnka peLueHunii komnaxum Keysight
ana amynaumm cetein 5G, nopaepxusaemas
HoBow nnatdopmort Keysight ans Tectuposa-
Hus 6ecnpoBofHOro o6opynoaHus UXM 5G,
nossonseT komnaHum Qualcomm Technologies
NPOBEPSATb TEXHOMOMMMN U3rOTOBNEHUS MUKPO-
CXEM W MPOTOKOSIbl BEPXHErO YPOBHS, HEOOXO-
Oumble ans o6opynosaHus 5G. Maclutabupye-
Mble peLleHus komnaHum Keysight nogaepxm-
BatoT ¢cy6-6 'L 1 MUNIMMETPOBbLIN AManasoHsbl,
YTO NPefoCTaBnAeT BO3MOXHOCTL Qualcomm
Technologies aHanM3npoBaTh XapakTepUCTUKM
cBovx VIC v peLuatb noTeHumarnbHble npobe-
Mbl, KOTOPbIE MOTYT BO3HMKaTb B XOAE UCTbI-
TaHui o6opynosaHus 5G.

«[lo mepe TOro, Kak KoHcopuuym 3GPP
ycKopsieT paboTy Hag —cneumdmkaumamm
HeaBTOHOMHOW apxutekTypbl 5G NR, komna-
Hus Keysight Ha4MHaeT CoBMECTHy0 paboTy ¢
Qualcomm Technologies n nomoraer e B ocy-
LLIeCTBNEHWM NPOrpamMbl pa3paboTKn NPOTOKO-
JI0B 1 paaMo4acTOTHbIX TPakToB 5G, — ckazan
Camuw [IxaHacekapaH (Satish Dhanasekaran),
BULIe-NPE3NAEHT N reHepasibHbIn MeHemkKep
oTAena TecTMpoBaHWsa 6ecnpoBOAHOr0 060-
pynosaHus komnaHum Keysight Technologies.
— Hawm nporpammHbie v annaparHble nnat-
hopMbI 06ecrneHmnBaloT MacLLTabupyemMocTb
1 OYHKLIMOHAITbHBIE BO3MOXHOCTU, HE06X0AM-
Mble /15 MOAAEPXKKY NPOEKTUPOBaHWS 1 TECTU-
poBaHusi 060pyfoBaHua 5G, HaumMHas oT atana
MOArOTOBKM TEXHUYECKMX Tpe6GoBaHUi 0 Mpo-
paboTKM OKOHYaTENbHbIX CTAHOAPTOB.

www.dipaul.ru
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CTPAHMLbI MCTOPUM

3navyenue 1937 roga B 0Te4ECTBEHHOM

paauonoKauum

Bnagumup baptenes (bartvg@rambler.ru)

80 net Ha3ap 6b10 ycneLwHo npoBegeHo nepsoe B CCCP o6HapyxeHue
camMonéTta C MOMOLLbIO 3NIEKTPOMarHMTHbIX BOJIH UMMYJIbCHbIM
paauonokatopoM. B cTtaTbe paccmaTpuBaeTcsi UCTOPUS 3apPOXKAEHUS
OoTe4yeCcTBEHHOW paguosioKauumn U HeOCNOPUMbINA BKNag TalaHTAUBbIX
COBETCKUX YYEHbIX B pa3paboTKy U NpUMEHEHUE PagUOTEXHUKU ANSl CPEACTB
BO3AYLLUHOW pa3BeAKN BOWCK NPOTUBOBO3AYLUHON 060poHbI (MBO).

BBEOEHME

Ecu cripocuTh HalIero COBpEMEHHUKA,
YTO €My U3BECTHO O COOBITHAX 80-/IeTHE
JIABHOCTU B HAIIIEH CTPAHE, OH IIPEXKIC
BCEIr'o OTBETUT, 4TO 1937 roxa 6bUI rogoM
JKECTOKHMX PENIPECCUH CTATTUHCKOI'O PEXKH-
ma. M 6yzer no-ceoeMy npas. Jla, iMEHHO
Tak 1 66UT10. HO 3TO TOIBKO OIHA CTOPO-
HA HAIlIeH HCTOPUH.

A Besip 6B Y APYTAst UCTOPUS, IIOUCTH-
HE repondeCcKasi, KOTOpasi BOIILIA B UCTO-
PHYECKYIO JIETOIIUCHh BAKHEHIIIUX MUPO-
BBIX COOBITHH. [ToueMy ke 06 3TOH CTO-
POHE HaIICH UCTOPUH MBI 3aMaTYNBACM
U 3a0b1BaeM. Bo3bMEM XOTs1 OBI TOT K€
1937 roja. 80 sier HaA3a/] JIE€TOM HA CaMO-
nére AHT-25 3KHIIAXK ITOJI KOMaHIOBA-
HueM B.IL YkasoBa coBepumi 6ecroca-
JouHbli nepenér Mocksa — CIIOA mpo-
TSLKEHHOCTBIO 60s1ee 9000 KM. DTO OBLT
PEKOPAHBIN NEPENET, KOTOPBIM IIPUHEC
MHPOBYIO CJIaBy COBETCKOMY CaMOJETO-
cTpoeHuto. Miu emé npumep, Tenepb yske
U3 UCTOPUH OCBOECHUA APKTHUKH. ECTb B
HEI 0Cco0ast I71aBa, ¢ KOTOPOH HAYAIACH
repouyeckas noJisapHasa anomnes. 80 Jer
Ha3az, 21 mag 1937 roga noysspHast BO3-
aymHasa skcnegunua AH CCCP pocturia
CeBEpPHOTO IIOJIIOCA U BBICA/IWIIA HA JIPE-
dyromui 1€ IEPBYIO B MUPE HAYYHYIO
CTAaHIMIO «CEBEPHBINA ITOJIOC-1».

JIJ1 cTaThbi 06 MICTOPUHU PATMOIOKAITAN
BaKEH cJeayromun npumep 80-meTrHen
JaBHOCTH. B CBOMX BOCIIOMHHAHHAX aKa-
nemuk AH CCCP IOpuii Bopucosuy Ko6-
3apes nucamt: «17 anpens 1937 roga 660t
BIIEPBbIC IIPOBE/ICHBI YCIIENTHbIC UCIIbITA-
HHUs HUMITYJIbCHOI'O PaJHOJIOKATOPA. DTO
ObUI ICHDb POXKICHUA UMITYILCHOM PaIuo-
JoKauuu» [1]. D10 OYeHb BaKHAA HUCTO-
pHYeCcKas 1aTa U OTPOMHOE JOCTIDKCHHE
COBETCKON HayKku. HO MHE OIIATbh MOT'YT BO3-
PAa3UTh, YTO OJMH U3 ITMOHEPOB PATUOIOKA-
LIUM UMEHHO B 1937 rofy 6bU1 apeCTOBAH.
HenpocTo OTBETUTH Ha IAHHOE BO3PaKe-
Hue. Tem He MeHee, 51 TOCTAPAIOCh B CBO-

€1 CTaThe OOBEKTUBHO PACCMOTPETD HCTO-
PHIO 3APOKIEHUS OTEUECTBEHHOM PA/IHO-
JIOKAIIUH B T€ IPO3HBIE IPEIBOCHHBIE T'O/IBL

MEPBBLIE 9KCNEPUMEHTbI
no PAOUOJIOKALIUM

CUMTAETCs, YTO IIEPBBIMH PA/IMOIOKA-
TOPAMHM KaKy HAC B CTPAHE, TAK U 32 pyde-
2KOM OBUIN PAJHUOJIOKAIIMOHHBIC CTAHITUH
(PJIC) HenpepbIBHOTO u3nydeHus. MHu-
ITHATOPOM IIOCTAHOBKH IIE€PBBIX pPaboT
ObU10 IVIaBHOE apTWLIEPUICKOE YIIPaB-
nenue (FAY) HKO CCCP, xkotopoe nep-
BBIM IIOCTABMWJIO 32129y CO3[JaHUA CPEJICTB
PazuoOOOHAPYKEHUS CAMOIETOB U HaBEIe-
HHA 3€HUTHBIX Opyaui. B Jlenunrpase, B
LenTpanpHOH paauonaéoparopuu (LIPJI)
B OKTsI0pe 1933 1. 6pU1a HAaYaTa paboTa B
3TOM HaIIPABJICHUH I'PYNIIOH Pa3padoTYH-
KOB BO m1aBe ¢ FO.K. KopoBUHBIM, B KOTO-
pyto Bxoawnu: BA. Tponmsuio, C.H. CaBuH,
B.B. Exm3aposa u A. TpeymHOB [2]. B akcrie-
PHMEHTAX UCIIOIb30BATHCE: IIEPEAATINK
C HENIPEPBIBHBIM U3JIy4YEHUEM B IMANIA30-
He 50..60 cm momHOCTHIO 0,2 BT, cCBEepXpe-
T€HEPATHUBHBIHN IPUEMHHK C BBIXOJOM HA
TOJIOBHBIE TeIe(OHBI U TAPAOOTUIECKHE
3€PKAJIbHbIE AHTEHHBI AUAMETPOM 2 M.
IIepBbI€ OIBITHI OBUIM IIPOBE/ICHBI 3 SIHBA-
pa 1934 roga. CaMmon€ET 06HAPYKMBAJICSA HA
paccrosanuu 10 700 M. DTO 6BUIO IEPBOE B
CTpaHe yCIIENTHOE IIPUMEHEHHE TIEKTPO-
MarHATHBIX BOJIH /IS OOHAPYKEHHUS CAMO-
ETOB HAa OCHOBE 3 Pexra [Joriepa.

B ncropuu pa3BUTHA OTEYECTBEHHOM
pagruonoKanuu nepsoin oneIT LIPJI aBiisa-
€TCS 3HAMEHATEIbHBIM COOBITHEM, BAXK-
HOCTB €I'0 OIPOMHA. DTOT OIIBIT IIOATBEP-
JIMJI, 9TO 3JIEKTPOMATHUTHBIC BOJIHBI HE
TOJIBKO OTPAXKAIOTCA OT CaMOJIETA, HO U
MOL'YT OBITb IIPUHATHI PAAUOIPHUEMHBIM
YCTPOXCTBOM HA 3EMJIE.

BTOpPBIM 3aKa3UYUKOM I10 PAAMOTOKAIH-
OHHBIM cucTeMaMm 1ocie I'AY HKO CCCP
ObUIO  VIIpaBJIEHUE IIPOTUBOBO3IYII-
HOH o6oponbl KpacHoit Apmun (YIIBO

PKKA). ITo ero ununuaruse B JIeHHH-
IpajickoM (PU3UKO-TEXHUYECKOM UHCTUTY-
Te, TUPEKTOPOM KOTOPOTO OBLI AKaIEMUK
A.®.Nodde, 6pu1a CO3/1aHA CHECITUATBHAS
JIAG0PATOPHSA IS IIPOBEICHUS HCCIIEIOBA-
HHH 110 PaJHOOGHAPYKEHUIO CAMOTIETOB.
PykoBojuTeneM 1a60paTOpun 6bUI IIPU-
IVTAIIEH BBIJAIONIUICSA PYCCKUI PaHO-
dusukK, yaeH-koppecnonaenT AH CCCP,
npodeccop I.A. Porxxanckuii. B 1a6oparo-
pHH, B COOTBETCTBUH C JOTOBOPOM, IIOATIN-
ca"HbIM 19 Mapra 1935 1. ¢ YIIBO PKKA,
OBLIN HAYATBI UCCJICIOBAHMA, 3A/I0’KUBIIHIE
HAy4YHBIC OCHOBBI METOJJOB OOHAPYKECHUA
CaMOJIETOB C MCIIOIb30BAHUEM UMITY/IbCHO-
ro usnyuyenus. [locime cmepru J1.A. Poxxan-
CKOTro B 1936 1. pyKOBOAUTEIEM JTAGOPATO-
puu cranosurcs FO.B. Ko63apes [3].

O HAYYHbIX HAMPABJIEHUAX
B PAguonokauum nocne 1937 r.

VcrenHple 1epBble ONbITH B 00IaCTH
pagunonokamuu B LIPJI B 1934 roay Ha
OCHOBE HEIIPEPBIBHOT'O U3TYYEHHUSI ITOJTY-
YMIU HPOJO/DKEHHUE CPa3y B HECKOJIb-
kux HHUU. 10.K. KoposunsiM B 1IBHPJI
co3paérca ycranoska «EHot». ITo goro-
Bopy I'AY ¢ JID®OU (pykoBopuTeab A.A.
YepHpios) B 1aboparopun B.K. Illem-
Oesrst ObUIA CO3/TAaHA M UCTIBITAHA PA/THO-
JIOKALITUOHHAs YCTAaHOBKA «Bypsi». 3aTem
JID®U, npeobpazosBanubiii B HUU-9, BO
rinase ¢ M.B. bonu-bpyesuueM 110 g0ro-
BOpY ¢ Yipasinenuem I[IBO paspabaTsiBa-
€T YyCTAaHOBKU «Parmpy, «JIyHa», «<Mumacr,
«B2», «B3», «CTpenery. [lanee K 3TUM padbo-
TaM NOJKIIOYAIOT YKPAUHCKUH (PU3HKO-
TeXHU4YeCKU HHCTUTYT (YDTH) B Xaps-
KOBe, rae Yupasaenue IIBO 3axmoudaer
JIOTOBOP C J1a60OPATOPUECH TEKTPOMAr-
HUTHBIX Kosiebanuui YOTU Bo rimase ¢
AA. CnyuxkusbsIM. Tam pa3padaTbIBaIOTCA
yCTaHOBKU «PyouH» 1 «3eHuT». HeCKOb-
KO 3aKa30B «Bera», <Konyc» u «Mojesnb» B
pamkax npoekra LK. Onienkosa «Jiek-
TpoBHU30p» OT YIIBO ObUIM HANIPAMYIO
HaIIpaBJIEHbl Ha 3aBOJ UM. KomunTep-
Ha. OJJHAKO TAKOE OOUINE 3aKA30B 32 JIBA
roja, ¢ 1934 o 1936 roipl, HE IPUHOCUT
OIIlYTUMBIX PE3Y/IbTATOB.

IToaToMy B 1936 roAy OIBITHBII CEK-
TOp (pykoBoguTens ILK. Omenkos, ABIsaB-
IIHFCS KypaTOPOM BCEH 3TOM I'PAHJIHO3-
HOM PaJMOJIOKAIIMOHHOM IIPOI'PAMMBI),
Kak 6232 pa3BUTHSA CPEJICTB PATMOOOHA-
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pyxeHusa B cucreMe Yupasiaenus I1BO,
ObLI mepefaH B NnoadynHenue HaydHo-
HCIBITATEIBHOMY TEXHUYECKOMY UHCTH-
Tyry (HUTH) PKKA. C 31010 BpeMeHH
I1LK. O1IenKOB OTXOJUT OT Y4aCTHA B Pa3-
BUTHH PAJITUOJIOKAIIMH.

ITo pupekTuBe I'eHepasbHOrO MTada
or 31 nexa6ps 1936 roga v pemeHuIo
Hapxoma o6oponsl K.E. Bopomuiosa
OPraHU3AIMOHHO ObUT PEMIEH BOIPOC
JaJIbHEUIIEro pasBUTHA CPEACTB PATHO-
JIOKAIITUOHHOI'O OOHAPYKEHUS CaMo-
aéroB mas cayxk6sr IIBO. Beur mepe-
CMOTpEH TeMaTudeckuu niaan HUMUCT
PKKA Ha 1937 u mocneayoume rogsl, B
KOTOPOM YETKO OBLIN BBIJCICHBI TOJIb-
KO TPM HAIIPABJIEHU: IIEPBOE — 3aBEP-
meHue pa3padborku PJIC HenpepbIBHO-
ro usjaydyenus (Tema «PeBeHb»), BTOpoe —
IIPOBEJICHUE UCTIBITAHUN MakeTa JIOTU
umIiyabcHou PJIC janbHEro o6Hapyske-
Hus (TeMa «Pexyr») U TpeTbe — paspa-
60TKa PJIC 17151 36 HUTHOH apTH/LIEPUH
(Trema «3A»). BHUHCT PKKA 6511 Opra-
HHU30BaH 6-11 OT/1e71 BO r/1ase ¢ M.U. Kynu-
KOBBIM, KOTOPBI¥ CyMeJI 3aBEPIIUTD CO3-
ganue PJIC HENPEPBIBHOIO U3IydeHHUA
«PeBenp». IlepBaa naprus u3 45 3TUX
PJIC nox mugpom PYC-1 6b11a BBIITY-
1eHa Ha 3aBoje uM. Komunrepna, npu-
HATA HA BOOpyXeHue B 1939 rogy u Bo
BpeMs BOMHBI C 0eT0(DUHHAMH IPOILIA
OOEBYIO IIPOBEPKY.

IIo BTOpOMY HAIIPABJIECHUIO NEPBHIIA
JEUCTBYIONIUHI MaKeT UMITyJIbCHOM PJIC
METPOBOI'O JHana3oHa «Peayr», co3maH-
Hellt B JIOTHU, OB YCIIENTHO HUCIBITAH
HAa IIOJAMOCKOBHOM IIOJIUTI'OHE «[JOHUHO»
HUNCT PKKA B mapre—mae 1937 rosa
IpU  AKTUBHOM  yYaCTHHM  BOCHHO-
ro umwxkeHepa A.U. IllecrakoBa u3 6-1o
ornena HUUCT PKKA. B ucCoeITaTeab-
HOH YCTAaHOBKE OBUIO IIPUMEHEHO IIPHU-
€MHOE YCTPOMCTBO C JBOMHBIM IIPEO6-
pPa3oBaHHUEM 4YaCTOTHI (BTOPOM IeTEpO-
JUH HMMEJ KBAPLEBYIO CTA0MIM3ALHIO
4aCTOTHI). B niepegaTynke MCIoanL30Ba-
JIMChb MONIHBIE CEPUHHBIE OTE€YECTBEH-
HbIE pasioamibl [-165, o6ecrieauBaro-
1Y€ UMITYJIbCHYIO MOITHOCTH 1 KBT. Ha
NpUEM U NIepeavdy UCIIOJIb30BAIMCDH JBE
AHTEHHBI THUIIA «BOJTHOBOX KaHAJI» (CUCTe-
Ma Ypo-fArn). [1aBHbBIN pE3yabTaT UCIIbITA-
HHH — BO3MOXHOCTb HAOIIOJEHUS OTPa-
JKEHHBIX CUTHAJIOB OT CamMoJ/1€Ta THna P-5
10 paccToaHui 15...17 Km.

Tperbe Hampasnenue a1 3A ObUIO
peanu3oBaHo aulllb B 1942 roay B BUzE
OIBITHOM CTAHLIUM OPYAUMHOIM HABO/I-
ku COH-20T Ha BHOBb CO3/ITaHHOM 3aBO-
ne Ne465 (aqupexrop A.A. dopurrep, r1as-
HBIN nHKeHep MUJL Cmrocoepr).

B pa3BuTny OTE€YECTBEHHOU PAHUOJIO-
KAIJMOHHOM TEXHUKU UMITYJIbCHAs yCTa-
HOBKa «PeyT», CO31aHHAs B 1a60paToO-
puu I0.B. Ko63apeBa 110 CpaBHEHHUIO CO
CTAaHLUEN HENPEPBIBHOIO M3Iy4E€HUS
«PeBeHb» ObUIA 3HAYUTEJIBHBIM IIATOM
BIIEPE/], TAK KAK IIO3BOJISJIA HE TOJIBKO
OOGHAPYKUBATh CAMOJIETBI IPOTUBHUKA
Ha GOJIBIINX PACCTOSIHUAX, HO U HEIIpe-
PBIBHO OIIPEJEIATh UX JAIbHOCTD, A3U-
MYT U CKOPOCTb 1To1€ra. Kpome Toro, npu
KPYyrOBOM CUHXPOHHOM BpallleHUH 0be-
UX AaHTEHH CcTaHIUA «PeayT> 06HApPYKHU-
BaJIa TPYIIIbI U OAUHOYHBIE CAMOJIETHI,
HAXO/JHUBIIHECSA B BO3JyX€ HA Pa3HBIX
a3UMyTaxX U JAIbHOCTAX, B IIpEAenax
CBOE¥ 30HBI JEHCTBUA. B CBA3M ¢ HU3KOH
a(pdexruBHOCTBIO PJIC HENIPEPBIBHOTO
usnydenus: PYC-1 («PeBeHb) UX BBIIIYCK
Ha 3aBojic UM. KoMuHTEpHA OB IPpEKpa-
méH. F0.B. Ko63apesy, ILA. IToropenko u
H.J. YepHenoBy B 1941 roay 6pu1a Ipu-
cyxaeHa CTaJMHCKasA IIPEMHUS 32 BKIAJ,
B Pa3BUTHE OTE€YECTBEHHOM Pa/IMOJIOKA-
UHU. YIKE I103KE B CBOUX MEMYyapax aKa-
nemuk AH CCCP 0.b. Ko63apes nucant:
«Ecmi OBl HE HaIlla CAMOOTBEP;KEHHAS
pa6oTa B TpUALIATHIE I'OJBI B JIAGOPATO-
pun JIOTHU 1 HE MOE PYKOBOJIIEE yda-
CTHE BIIOCJIECTBHUH, Mbl HE IMEJIN ObI B
apMHH K Hadaly Beimkon OTedyecTBeH-
HOM BOHMHBI PAa/IMOJOKAIIMOHHBIX CTAH-
nuit PYC-2 («Pemyr»)» [3].

MPOMBIWNEHHOE BHEAPEHUE
PNC «PEHVT» e HUN-20
ITocne yCrnemHbpIX HUCIBITAHUNH Make-
Ta PJIC JI®THU Ha3pena HEOOXOTUMOCTh
B IIPUBJICYCHUH K Pa3pa6OTKE U U3TOTOB-
JIeHUI0 uMITyJIbCHBIX PJIC Thma «Pexyr»
HAy4YHO-HUCCIEJOBATENBCKON  OpPraHM-
3a1IMH, MMEIOIICH OIBIT paboThl B CO3-
JaHUU CJIOKHBIX PAJUOTEXHHUYCCKUX
cuCTeM. B KauecTBe TaKOH OpraHu3auu
IIpaBuTEabCTBOM ObUI BbIOpaH HHUH-20
(6piBIIEE OCTEXxO0pO, HBIHE BHUHPT).
Komurer O60pons! npu CHK CCCP BKIIO-
4y B 1wiaH HUHM-20 BeIIOJIHEHHE CPOY-
HOTO 33/IaHUS 10 Pa3pabOTKe ABYX O6pa3-
1108 PJIC «PenyT», KOTOpBIE JO/KHBI OBITH
M3TOTOBJIEHBI U IIPOMTH I'OCYAAPCTBEH-
HbI€ MCIBITAHUA B sAHBape 1940 ropaa.
Pa3paboTKa, peryJImpoBKa M YCIEIIHO
IPOBEJIEHHDIE UCIIBITAHUA IIEPBBIX JBYX
o6pasuos PJIC «Peayr> B HUM-20 6butn
BBIIIOJTHEHBI IO/l PYKOBOJACTBOM M IIPU
HEIOCPEACTBEHHOM ydyacTuu A.B. Cirenryni-
kuHa. 26 urost 1940 roja noz mmdpom
PYC-2 atu PJIC GbUIH IIPUHATHI HA BOO-
pyxenue BOUCK ITBO. DTO 6pLIH ABYXaH-
TeHHble PJIC ¢ 1ByMsa CHHXPOHHO Bpama-
IONUMUCA KabuHaMu. ITo CpaBHEHHIO C

MaKeTOM PaJUOJIOKAIIMOHHOH YCTAHOBKH
JIOTHU ontbrTHBIE 06pa3sl HUM-20 6putH
CYILIECTBEHHO YCOBEPIIEHCTBOBAHBL. B 1x
COCTaB ObUI BBE/IEH HOBBII MOIIHBIM IIEpe-
JATYuK Ha jJamnax HUI-8 ¢ uMIy1ibCHOMU

MOIIHOCTBIO 40...50 kBT. bosibiias 3aciy-
ra B CO3/IaHUU THUX MOIIIHBIX JIAMII IIPU-
Ha1eKUT B.B. TMMOaIMHy U3 BAKYyMHOM
nma6oparopuu HUHMCT PKKA.

B cooTBETCTBUU C IIOCTAHOBJICHH-
em Komurera O60pons! mpu CHK CCCP
HHM-20 661710 IOPYUYEHO U3TOTOBUTH U
cpate HapkomaTty O60poHs! emé 10 kom-
wiekToB PJIC PYC-2. K 10 uroHs 1941 roga
BCE JICCATh KOMIIJIEKTOB 3aKA3YHUKY ObUTH
cpansbl. O1u PJIC Bonutu B coctas ITIBO Ha
OJCTyNnax K MOCKBe.

Mudp «Peayr> BepBbIE MOSBIACTCS
B HAa3BAHHHM MaKeTa UMITyJIbCHOI PJIC,
cozganHoro B JIOTH B nabopaTropuu
I.A. POXaHCKOTO, KOTOPOT'O 34TEM CMeE-
Hua F0.B. Ko63apes 1 npogorKuiI pado-
TBI, YCIICIITHO UX 3aBEPIIUB HCIIBITAHH-
eM MakeTa «Pegyr». 3aTe€M IO TAKUM Ke
mU@POM GbUI Pa3pabOTAH TEXHHUICCKUH
npoexkt B HUM-20 Ha ycTaHOBKy «PexyT>
(Ty1aBHBIM KOHCTPYKTOpP A.B. Ciemnymi-
KHMH), KOTOPBIH 3aBEPIIMJICA CO3JAHUEM
JIByX OIIBITHBIX OOPA3110B M IPUHATHEM
Ha BOOPY’KE€HHE JIBYyXaHTEHHOT'O BApUAH-
Ta «Penyr-40»> mog mudpom PYC-2. 3arem
OBbLT TEXHUYECKHH IIPOEKT YCOBEPIIEH-
CTBOBAHHOI'O OJJHOAHTEHHOI'O BapHaH-
Ta «Penyr-41>, KOTOPBIA ObUI PEATU30BAH
M IIPUHAT Ha BOOpPYKeHHe Kak PYC-2C B
JABYX MOAM(DHUKAIIMAX: MOOMIbHAS OJTHO-
anTeHHasa PJIC u cranpmoHapHas OJHOAH-
TE€HHasl GJIOYHO-MOJYJIbHAs Pa300pPHO-
c6opHas PJIC, usBecrHas B UCTOpUUE-
CKOM uTeparype emeé u Kak «Ilermatur».
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CTPAHMLbI MCTOPUM

Koposux Hpuii Konctantunosuy (1907-1988)

OHa nuMesna yJIy4qlIeHHbIE XapaKTEPUCTH-
KU U OblIa CaMOI MAaCCOBOU B Bestnkoit
OTeuecTBEHHOH BOMHE. B wacTtHOCTH, B
HEH 6bUT 6071€€ MOLIHBIN IIEpeJaTINK Ha
paauonammnax UJI-2 (reneparop) 100 kBr,
u ase I-3000 (mopyssaTOp). 3a ycexu
HNU-20 B paspaborke PJIC panbHEro
o6napyxeHus PYC-2C rpy1ie ero uHxe-
HEpOB B 1943 roay ObLIa MPUCYXKAECHA
CranuHcKasa npemust: A.b. Cnenymkuny
(pyxoBopsue pa6oTel), U.1. BoapMmany,
N.T. 3y6xoBy, JI.B. JIecoHOBY, 1I.C. Muxaii-
nesuuy, M.C. Pazanckomy, B.B. Tuxomu-

posy [4].

TPArM4ECKASA CYAbBA
N.K. OwEeEnNKoBA, MMOHEPA
OTEYECTBEHHOW PAQUOJIOKALIUMN
Henbp3ss HE OTMETUTH CPEJU IIHMOHE-
POB OTEYECTBEHHOM PaJAMOJOKALUN U
ITerpa KongpateeBnua Omenkosa. B cra-
Tbe «COBPEMEHHBIE IIPOOIEMBI PA3BUTHS
TEXHHUKH IIPOTUBOBO3/IYIIHOI OOOPOHBI»,
ONyOJIMKOBAHHOM B Ne2 sxypHana «IIpo-
THUBOBO3AYIIHAS O60POHA» 32 1934 rox,
ILK. OmenkoBeIM OBLIN C(POPMYIHPO-
BaHbl OCHOBHBIE ITPHUHIIMIBI PaIHOIO-
Kaluy. DTO ObUIA IIepBast IIyOJIUKALIMS
B CCCP mo paguoOJIOKALIMOHHOHN TeMa-
TrKe. CBOCH NyOJIHKAIINEH OH OOpaTHI
Ha ce6s1 BHUMAaHHE 3aM. HApPKOMa 060po-
HbI M.H. TyXa4€BCKOTIO U 110 €I0 IPHUKA3Y
BO3IJIABHJI CIIELIUAIBHOE KOHCTPYKTOP-
ckoe 610po (KB YIIBO PKKA). Ha Kb 6putn
BO3JIOXKEHBI 33/Ia4H 110 CO3[JaHUIO IIPEJI-
noxkeHHON ILK. OmenkoBbIM CUCTEMBI
PaIHOOOHAPYKEHUS CAMOIETOB «DJIEK-
TPOBU30P». OAHAKO JAHHBIN IIPOEKT HE
ObL1 peanusoBaH. Cyas6a ILK. Omenko-
Ba CJIOJKUJIACh BECbMa IIe4aIbHO. B cepe-

muHe 1937 roma OH GBI OTCTPAHEH OT
JO/DKHOCTH. O MOTHBAX TAKOTO IIOBOPO-
Ta CyJbOBI JO CUX IIOP HUYETO HE U3BECT-
HO. Jaxxe B Memyapax ILK. Omenkosa,
BBILIEAIUX B KOHIE 1960-X rojoB MO
Ha3BaHueM «<KusHp U mMedTa» 06 3TOM
HHUYETo He TOBOPUTCA. 11 06O'bEKTUBHOI
orneHku Bkaaia I1.K. OnienkoBa B co3/a-
Hue paguonokauuu B CCCP g pa3bicKan
B MuHucrepcrse o60poHsl PD c6op-
HUK 1934 roga co craTbeéil «CoBpeMeH-
HbI€ IPOGJIEMBI PA3BUTHS TEXHUKHU IIPO-
THBOBO3/IYIIIHOIM O6G0POHBI». U3 16 cTpa-
HUIL CTATBU TOJIBKO HECKOJIBKO COZEPKAT
ugero LK. OmenkoBa 0 BO3MOXKHOCTH
HICITOJIb30BAHUS
BOJIH JIJIs1 OOHAPYKEHHUS CaMOJIETOB. BoT
KaK OH (hOPMYIUPYET ATY BAXKHYIO 33/1a-
4y [5]: «<I3 TEXHUYECKUX BOIIPOCOB, OCY-

JICKTPOMATHUTHBIX

IECTBJICHHUE KOTOPBIX MOKET ITIOJTHOCTBIO
pa3penuTh HHTEPECYIOULYIO HAC IIPOoIIe-
MY, SIBJISIFOTCSI:

1. Coopy:keHHE MOITHOTI'O HCTOYHHUKA 10
0,5..1,0 kBT J€eIMMETPOBBIX U CAHTH-
METPOBBIX BOJIH;

2. ITonyyeHue XOpOUETO AEHCTBHUA Ha-
IIPaBJIECHHOCTH PacnpoCTpaHEHHUs
3THUX BOJIH;

3. UzyueHue 3heKTa OTPAKEHUA I10J06-
HBIX HWIH JPYI'UX 3JCKTPOMATHUTHBIX
BOJIH OT IIPEIMETOB PAa3/IMYHBIX (pOpM
U pa3TUYHBIX MATEPHUAIOB;

4. CoopyskeHHEe NMPUEMHBIX YCTPOUCTB C
YCTOMYUBBIM IPUEMOM U YCTPOHCTBOM
TIEJICHT AU .

IlepedyncIeHHbIE TEXHUYECKHE 33/1a-
YM B 3TOM HAIIPaBJICHUH HYKHO cefyac
CYUTATh HE TOJABKO PAa3PEHIEHHBIMU, HO
M O/ITBEPKAEHHBIMHU PSIJTIOM ITOOGOYHBIX
B TOM HAIIPABJICHUH OITBITOB>.

3aBepuIaromue CTPOKU IUTUPYEMOTO

(dparMeHTa CTaThbH CBUCTEILCTBYIOT OO

ONTUMU3ME, C KOTOPBIM aBTOP OTHOCHJI-

Cs1 K PELICHUIO IPOGIEM PAJUOTOKALIUH.

Xo4y 3aMEeTHUTh, YTO TOT ONTHUMU3M HE

OOOCHOBBIBAETCS B CTATHE HUKAKHMH Pac-

9€TaMH WUJIH OILICHKAMH.

ITonpITKa YyOEAUTh UNTATENS CTATHU B
IIpaBOTE aBTOPA Nopaxaert: «[IpurogHu-
Masl 3aBECY HaJl 3TUM BOIIPOCOM, MOKHO
C YBEPEHHOCTBIO CKa3aTh, YTO IPOOGIIE-
Ma OOHAPYKEHHUS CaAMOJIETOB Ha 6OJIb-
IIIAX BBICOTAX (10 10 KM 1 BBIIIIE) HA 3HA-
YUTENBHBIX JUCTAHIHUAX (TIOpAaKa 50 km
u 6osee), B yUIOBHSIX, HE 3aBUCSIINX OT
aTMOC(EPHOI'0 COCTOSIHUSI U BPEMEHU
CyTOK, HA OCHOBE HCIIOJIb30BAHUSA JJICK-
TPOMAarHUTHBIX BOJIH (YIBTPAKOPOTKUX
U ICMMETPOBBIX), OyJIET pEUICHA, U 3TO
SIBUTCSL OJTHUM M3 3aMEYaTEIbHEHMIITNX
BK/IAJIOB B HAYKy U TEXHUKY. DTO IBUTCA
JI0KA3aTE/IbCTBOM TOTO, YTO HE IIPOMJIET

M HECKOJIBKHUX JIET, KAK PA3HULIA MEXKITY
OIITHKOM U JIEKTPOMArHETU3MOM OKOH-
YaTEIbHO HCYE3HET U IIOSIBUTCS HOBOE
CPEACTBO — 3AJIEKTPOONTHKA. IIpobiema
pas3peuieHus BUACHUS HOYbIO U B TyMa-
HE OYEHBb OJTU3Ka».

ITocie BBIXOJA U3 II€YATH MEMYapOB
ILK. OnienkoBa CTaio U3BECTHO, YTO OH
OBUT PETPECCUPOBAH ABAXK/IBL C 1937 110
1939 u ¢ 1941 1o 1947 roasl. Peabunu-
TUPOBAH BOEHHOM IIPOKYPATYPO JIUIIb
nociie pazsaia CCCP B 1992 rogy. Paguo-
JIOKALIMEN OH 3AHUMAJICS TOJBbKO ¢ 1934
10 1937 rr., 0 4€M OH CaM ITHUIIET B MEMY-
apax Ha cTp. 88: «C aBrycra 1937 rozga a
OTOMLIEN OT PAIMOIOKAIIMOHHBIX Pa60T, U
JAJIbHENITYIO €€ UCTOPUIO HE MHE ITUCATh>
[7]. XoTsa ¢ 1939 o 1941 roasl OH BO3-
O6HOBMJI pab0Ty B HayuyHO-HCIIBITATE T b-
HOM HHCTHUTYTE CBA3HU U OCOOOH TEXHU-
xku (HUHCT PKKA), HO B 3TO BpeMs OH
3aHHUMAJICS HE PAUOTOKALIMOHHOM TeX-
HUKOI, 4 IPUOOPAMU HOYHOTO BU/ICHUSL.
B apxuse BHUMPT yganoce oreickaTs T3
Ha PJIC PYC-2c¢ («ITermatut»). OHO 6BLIO
IIOJIIMCAHO KaK Pa3 B IIPOMEXYTOK MEK-
ay aByms penpeccusamu ILK. Omenkosa
HE3a/10JIT'0 /10 BOMHBI. B HEM 32/1aBA/IUCH
TEXHUYECKHE TPeOOBAHHUS Ha IIEPBYIO
oaHOoaHTeHHYIO PJIC (caMylo MaCcCOBYIO
PJIC B Betnkon OTe4eCTBEHHOU BOMHE).
310 T3 CO CTOPOHBI 3aKA3YHKA IIOAIINCA-
s HavanbHUuK HUMCT PKKA 6puragHbiin
KOMHUCCAP MypaBb€EB, ITTABHBIM HHIKE-
nep HUUCT PKKA BOEHHBIN HHXKEHED
1-ro panra Bepemarus, HAYQIbHUK 6-TO
otnena HUUCT PKKA 6pura/IHbIN HHKE-
Hep KyIuKoB, Ha9aabHHUK 4-H 1a6opaTo-
puH 6-TO OT/1e/1a BOCHHBII MHIKEHED 3-TO
panra IlecrakoB. CO CTOPOHBI K€ pa3pa-
60T1unkoB PJIC B HUU-20 CTOAT MOAIH-
CH ITITABHOI'O HHXKEHEpPa A36€1s, Haua/Ib-
HHKA TEXHUYECKOTo oTzena KpaBueHko,
HavaJIbHHUKA 1abopaTopuu 18 Crenymku-
Ha M BEJYIIETO HHXKEHEPA 1a60paTOPUU
18 Muxamnesuua. [Tognucu IT.K. Omien-
KOBA HET KAK CO CTOPOHBI 3AKA34YHKa, TAK
M CO CTOPOHBI pa3zpaboTuyukos PYC-2c.

IToyemy s1 OCTAHOBWJICS CTOJIb IIOJIPOO-
HO Ha BKIaze ILK. Omenkosa B pa3BUTHE
OTEYECTBEHHOM paJuonoKkanuu. /eno B
TOM, 9TO B IOCJIEHEE BpeMs HAOIIOa-
€TCsA SIBHOE MCKAKEHHE HCTOPHUYECKUX
(PaKTOB KAK B JKypHAJIBHBIX ITyOIUKAIIU-
AX, TAK U B UHTEpHeTe. B s)xypHane «Becr-
HukK Konnepaa I1BO «Anma3-AnTern» (Kyp-
Hanm Ne2, 2015 r., crp. 90) TaK M HAITHMCAHO,
nUTHPYIO: «B 1938 1. criermanucramu 6-ro
otaena M.M. KynukosbsiM, A.M. lllecTako-
BbIM, /I.C. CTOrOBBIM 11O/l PYKOBOJCTBOM
ILK. O1enkosa B COTPYJHUYECTBE C AKa-
neMuxoM A.@. Moppe (JIOTH) 6b11u cie-
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JIAaHBI IIEPBBIE PAJHOIOKATOPHI («PagTuO-
YIABIABATEIN CaMOJIETOB») <«PeBeHb> U
«PestyT», B KOTOPBIX BIIEPBBIC B MUPE ObLI
peanu3oBaH H300PCETEHHBIN HHXKCHE-
poMm ILK. OmenkoBbIM METOJ, OOHApYKe-
HUS CAMOJIETOB C IOMOIIBIO OTPAKEHHBIX
3JIEKTPOMATrHUTHBIX BOJIH [8, 9]. [Tocse npo-
XOKJIEHUSA BOMCKOBBIX UCHBITAHUIN OHU
ObUTH IIPUHATHL Ha BOoOpyxeHue Kpac-
HOU Apmuu: «PeBeHb> — B 1939 rogy kak
«PYC-1», Penyr> — B 1940 roay kak «PYC-
2». Hu cnosa o FO.K. Koposune, A.A. Yep-
ueiése, B.K. Illem6ene, bonu-bpyesuue,
II.A. PoxxanckoM, FO.B Ko63apese, A.b. Cre-
nymkune, B.B. Tuxomupose u Jp., KOTO-
pBI€ U OBUTH CO3/IaTE/IIMU IICPBBIX OTEYE-
crBeHHBIX PJIC Kak HENPEpPBIBHOIO, TaK
M UMITYJIbCHOTO u3aydenus. B 1938 roxy
TLK. O11enKoB HUKAK HE MOI' DyKOBOJMTb
pa3paborkoit PYC-2, Tak Kak 6bUT perpec-
cupOBaH B 1937 rogy. Kax pe3ynbTar TaKux
IyOIMKAIIUH BO MHOKECTBE IICEBIOMCTO-
PHYECKHX KHHUT' M CAUTAX MHTEPHETA I1OSAB-
jsotTcst marepuansl o ILK. Omienkose,
KOTOPOTI'O TaM Ha3bIBAIOT OTLIOM PYCCKOM
PaAMOIOKAIIUH.

B Hos16pe 1936 roma ILK. Omienkos,
IPEIUyBCTBYSl CIYHIAIOIIUECS HaJ HUM
Ty4qH, o6paniaercs ¢ nucbmoM K M.B. Cra-
suHy. B apxuse BHUHPT umeercst KOst
3TOro NUcbMa. HaunmHaeTcss MucbMo C KpU-
TUKU IL.K. O1ienkoBbIM 3(p(HEKTUBHOCTH
umeromuxca cpeacts IIBO, ncnosnbayro-
IIUX YCTAHOBKU «IIpOK3BYK», a 3aTEM: «MBbI,
pa6oTHukH YipasneHus IIpOTHBOBO3IYIII-
HOM O60poHBI PKKA, 3Ty 32/1a49y IIOCTABU-
JIM IPUHIMITHAIBHO MHaYe. Kak BUHO U3
IIPOBEAEHHBIX 10 33JaHUIO YIIPABICHUA
IIBO PKKA ONBITOB, B YCIOBUSAX ITOTYKY-
CTApPIIMHBI HAMH CO3/JaHbI AIIIIAPATBI, 1A10-
IIHE YK€ CEHYaC COBEPUICHHO HAEKHBIC
OOHAPYKEHUA CaMOJIETOB B paslyce IO
20 KM HA JTIOOOH BBICOTE, B IIOOBIX METECO-
POJIOTHYECKHUX YCIOBUAX U B II060€ Bpe-
M CyTOK. OIMH 13 06Pa310B, TAK HA3bIBA-
eMas «CTaHIMA>, JAET BCE IIEPEYUCTICHHOE
M OPUEHTHPOBAHHOE OIIPEAECICHUE KypCa.
Jpyroii o6pasen; «<Mojenb» Jaér, Kpome
3TOTI'0, COBEPIIEHHO TOYHOE OIIPE/EICHUE
PacCTOAHUA 1O CAMOJIETA U HAIIPAB/ICHUA
JIO Hero. Anmaparsl Tuna «Mojenb> uMme-
10T pasuyc AerucTsusd 10 100 KM U TaKUM
ob6pa3zoM B 30HEe MpoTsskeHneM 200 KM
BO3JYIUTHOE HAGIIOAEHUE MOXKET BECTHCh
BCET'O JIMIIB TOIBKO OJJHUM TAKHUM allapa-
TOM C YUCJIOM OOCTY’KMBAIOIIETO IIEPCOHA-
JIa JBA-TPH YesIoBeKa. OJHAKO TOT aIlla-
paT IpeAHa3HA4YAeTC s HE TOJIBKO KaK CPe/-
CTBO OOHAPYKEHUSA, HO OH MOJKET TAKKE
00eCIIeYnTh YIIPABICHUE HCTPEOUTETBHOM
ABHAIINU 110 HABEJICHUIO HA IPOTUBHUKA, 4
TAKKE CTPEIbOY 3EHUTHOU apTHUJUIEPUHU IO

HEBUJIUMOI LI 1 MHOTOE JPYTOE, KaK
TO: CJIETAsI IOCAJKA CAMOJIETOB, OIIpe/ieie-
HHE ITOJIETOB B CUI'HAJIbHBIX 30HAX U T.IL
Taxum 06pa3oM, IpodremMa OOHAPYKEHUSI
CaMOJIETOB HA CKOJIBKO YTOAHO GOJIBIINX
BBICOTAX U B JII000€ BPEMS CYTOK H JIIOOBIX
aTMOC(EPHBIX YCJIOBHAX HAMH pa3pelie-
Ha. Tenepsb 312 MPOGIEMA YIKE HE TIPEIMET
HAay4YHO-HCCAEJ0BATEIbCKUX HCKAHUH, 2
TIPEIMET 32BOJICKOTO O(POPMIECHHUS U CKO-
permero IMpUMEHEHUsI Ha IIPAKTHKE».
Jlanee OoH OGBUHAET HAa4YajabHUKA I1aB-
3crpoMa JIF0TOBA B 33/ICPKKE BBIITOIHE-
HUSA €T0 3aKAa30B 10 TEME «DJIECKTPOBHU-
30p» Ha 3aBOojJi¢ UM. KOMHHTEpHA, KBAIH-
(bULIHPYS 3TO KaK IIPECTYIVICHUE, U J1ajiee
Hu31araeT peKOMEHIAIUH IO MEPOIIPU-
THSAM, KOTOPBIE HEOOXOAHUMO IIPOBECTH.
B 0JHOM U3 JIEBATH IYHKTOB PEKOMEH/IA-
IIMH OH IIPE/UIAraeT Ha KPHIIIE CTPOSIIIE-
rocs Jsopua Cbe3/10B YCTAHOBUTD «Bpa-
IAIOIIMIICS AJIEKTPOMATHUTHBIH IIPOKEK-
TOP TEJIEBU3NMOHHOT'O THIIA» C PA/TYCOM
nericreus 200...300 kM.

He mory He IpUBECTU 3AKTIOYUTEIBHYIO
(dpasy nucema CTauHy, KOTOPasi CoJep-
JKUT HU Ha 4€M He OOOCHOBAHHOE YTBEPK-
JICHHUE, 4YTO «IIpOGJIEMa OOHAPYKEHUS
Terepsb paspelrcHa». HarmoMHIo, 9To nep-
BbI€ UCIbITaHUA MakeTa PJIC «PemyT> emié
He 6bUIH ITPOBe/IeHbI B 1936 ropy. Be€ ato
xapakrepusyeT ILK. Onjenkosa Kak (paH-
Ta3¢éPa, JKEIAIOMIETO BBIJATD JKETAEMOE 32
EUCTBUTEIBHOEC.

SAKNIOYEHUE

1937 rop nOpHUHEC OTEYECTBEHHOI
PAIHOIIOKALIMH KOJIOCCAIBHBII yenex [6].
HmnynscHadg anmaparypa JIOTH nokasa-
JIa CBOIO OCHOBOIIOJIATAIOILYIO POJIb B pa3-
BUTHU HOBOU TEXHUKHU JIJI1 BCEX ACIIEKTOB
€€ BOEHHOI'O U HAPOJHOXO3NUCTBEHHO-
TO IPUMEHEHHUS HAa MHOTHE T'OJbl BIlE-
pén. Moxenanue ILK. OmenkosBa ObUI0
UcnosHeHO. BriBiiee Ocrex610po, TOU-
Hee MOCKOBCKHH (prutnan Ocrexynpas-
JIEHHUS, B CeHTAOpE 1937 rozga 6uL10 1epe-
uMeHoBaHO B HUM-20 1 BOOCIEICTBUU
crano Beecorosnbeim HUM paiioTEXHUKH,
a reniepb Becepoccurickum HUM paguo-
TeXHUKH. IMEHHO 3/1€Ch Pa/IMOIOKAI M
u3 meuTsl [1L.K. Onjenkosa npespaTwiach
B PEAJIbHOCTD BILIOTD JJO HAIIMX JIHEH.

C IyGOKUM YBAKEHHUEM s BCIIOMHHAIO
YYEHBIX U THXKEHEPOB, KOTOPBIE HE JJOXKH-
JIW JTO HAIIIKX THEH, HO OCTABHJIU 3AMETHBIN
CJIe]l B OTEYECTBEHHOM PAIMOIOKALIH.

MBICJIEHHO BO3BpalllasiCh K HCTO-
3APOXKACHHUA  PAJHUOJOKAILINH,
HEBOJIBHO XOYETCS OOpaTUTBCA K eé

pun

IIMOHEpPaM, cosjarensaM mnepsbix PJIC
[10]: FO.K. Koposuny, B.K. Illem6erro,

ncTorPmm

Poxanckuii [imutpuii Anonnunapuesny (1882-1936)

10.B. Ko63apesy, A.B. CIenymKuHy 4 Ipy-
T'UM YIE€HBIM, HH)KCHEPAM, TEXHUKAM 1
pa60o4yuM U, KOHEUYHO K€, K pYKOBOJUTE-
JISIM OPraHU3AIMH K 9TOMY IIPUYACTHBIX:
PJI - O.H. Pymsanues; TOOH — A.A. Yep-
npiues; HUM-9 — M.A. bonu-bpyesuuy;
JIOTU - A®. Uodde; HUU-20 -
B.®. 3axapos; TAY HKO — H./I. IKOBEB;
3aBoz Ne 465 — A.A. ®opurrep; HUUCT
PKKA - K.X. MypaBb€B.
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TDK-Lambda

= [Mopoxoabl K NOCTPOEHUIO
AC/DC-cuctemMbl NUTaHUSA
MOryT ObITb Pa3HbIE...

an

MpocTble

CnoxHble

WNHorpa abeypaHsbie...

Ho ontumanbHoe peLieHue

yXe ecTb: N

Cepusa PFE moaynbHbIX
AC/DC-npeo6pasoBaTeneu:

« [lnanasoH BXOAHbIX HANPSKEHWIA: ~ 85-265 B
 KoatpcpuumeHt mowyHoctu: 0,95

P BbIXOAHbIX HaNpshKeHWA: 12, 28, 48 B
 BbixogHas mowyHocTh: 300-1000 Bt

« KMNA: no 90%

 HanpsxeHne npo6os (Bxom-sbixoa): 3000 B (DC)

« Tun kopnyca: BRICK ¢ meTannn4eckum 0CHOBaHUEM
« [lnanasoH pa6o4ux temnepatyp: —40...+100 °C

ABTOPV130BAHHb I CEPBIICHBII LEEHTP « MPOPABOTKA TEXHUYECKIX PELLEHII « OBPA3LIbI AN TECTVIPOBAHIAS « CKNAL
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Peknama

PCWER X
ELECTRONICS
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€353(BUC

AO HMNU «2ABUCH

AKUMOHEepHoe 06LLecTBO HAyYHO-MPOMU3BOACTBEHHbIM LLEHTP
«DAEKTPOHHbIE BbIMUCAMTEABHO-MHADOPMALIMOHHBIE CUCTEMbIN

CAJTIOT-9124MNM1

NPOLECCOPHbLIM MOAYAb

HA BA3E POCCHMNCKOM
CUCTEMbI HA KPUCTAAAE

Mpoueccop 1892BM144: )
CPU 2xCorfex-A9 816 MILL ST LT L
DSP 2xELcore-30M 672 ML T A WD,
GPU Mali-300 iy B
Koaek H.264, JPEG Lﬂi’

DDR3 2 b, NAND 1 I'b, eMMC 32 I'b . A

MopTbl BBOAG/BbIBOAG 2 4 a FL

Muraxue: +3,3 B ey K. 7)

Pasmepbl: 60x60x5,5 mm Q@ .- &Y

NoTpe6AeHue: A0 5 BT R
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www.multicore.ru
market@elvees.com
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