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OteyecTBeHHble pa3paboTku ans
aBTOMaTM3aL MM NOBEPOYHbIX
N U3MEPUTENbHbIX NPOoLeayp

MoppobHee

B ropoge W3Hbux3Hb (KHP) Ha 6a3e Kutarickoro nHctm-
TyTa CcTaHAapTm3auum B anekTpoHuke (CESI) coctosnock
exerogHoe 3acegaHue TexHmnueckoro komuteta MK TC
101 Electrostatics.

B MeponpuAaTUn B Ka4eCTBe MEXAYHaPO4HbIX 3KCNEPTOB

no CtaHAapTU3aLnmn B obnactm NIEKTPOCTATUKN MPUHANN

ydacTtmne npeacrtaBuTeIn rpynnbl KOMMaHuMn <<,£|,I/II'IOJ'II:>>>.
MoapobHee

AEPXXATb
v PYKY
HA NY/NbCE

B Poccuiickon ®egepaunn BrepBble BBEAEHbI

TpeboBaHWsA NO aHTUCTAaTUYECKON 3aLyuTe

B MEANLMHCKNX YUPEXAEHUSAX.

C 1 okTA6ps BCTynaeT B AeNCTBME HOBbIA MEXrocy-

fapctBeHHbl ctaHaapt — FOCT 61340-6-1-2024

«INekTpocTaTnka. AHTUCTaTUYECKUA KOHTPOb

B MeANLMHCKNX yupexaeHusax. Obmne TpeboBaHns».
MoppobHee

AKTYAJZIBHAA
BCTREHA

B ntoHe B napk-otene «CBexuii BeTep» B MOCKOBCKOW
obnactn coctosnack Xl Bcepoccuiickas Hay4yHo-
TexHn4yeckas KOHbepeHUNa «INeKTpOMarH1THas
coBMeCTUMOCTb-2024». KntoueBon Temoi
npolweaLler Bctpeum ctano «ObecneveHre SMC Ha
COBPEMEHHOM 3Tare U 3awuta PIA oT Bo3gencTems
MOLLIHbIX S1E€KTPOMAarHUTHbIX MMMYAbCOB».

MoppobHee

B koHLe noHA B MockBe npoxoawnsia BbiCTaBka
«InekTpoHukKa-TpaHcnopT-2024».
B pamkax MeponpuaTus rpynna KoMnaHun «Aunnonb»
npoBena KpYrabiii CTOJ, NOCBSALLEHHbI BOMpPOCaM
obecneyeHus 31eKTPOMarHUTHOM COBMECTUMOCTM
(3MC) B 06/1aCTM NPOMBbILLNEHHOCTH, HaYKN U
TEXHOJIOTUWN NMPUMEHEHMA 31eKTPOTPaHCMNopTa.
MoapobHee

BbicTpble TeMMbl pOCTa 31€KTPOHHOM
MPOMBILLIEHHOCTM BO BCEM MUPE NPUBOAAT

K aKTUBHOW LndpoBM3aLmm

M ONTMMM3aL MM BO BCEX 0ONACTAX AeATENbHOCTY.
Ho no3utnBHbIe M3MEHeHWA CONPOBOXAAKOT

N HEratBHbIE NPOLLECChI. MoapobHee



Welcome to

B ExkatepuHbypre Ha naowaake «EkatepnHbypr-
OKCMO» npowna 14-a mexayHapoAHas
NPOMbILLNEHHas BbicTaBka «/IHHOMpom».

lpynna komnaHui «Annonb» NpuHaaa yyactme
B 3TOM MacLUTabHOM cobbITUM B 061aCTH

NMPOMBbILLNEHHOCTA N TEXHONOTNIA.
MoapobHee

nPULIEA®-

" HATEXHOJIQLUW

C 12 no 14 aBrycra Ha TeppUTOPUAX KOHIPECCHO-
BbICTaBOYHOrO LieHTpa «[laTpnoT» 1 aspogpoma «KybuHka»
npoLuna BbicTaBka 060POHHO-MPOMBILLIEHHOTO KOMMeKca
«Apmuna-2024». Cpean y4acTHMKOB popyma — KOMMaHWA
«/nnonb», ofnH U3 BeAyLMX pa3paboTUnKOB peLleHunin
[N BbICOKOTEXHONOMMYHbIX MPOEKTOB N TEXHONOTNYECKUI
napTHep NpeAnpUATAI POCCUIACKOM NMPOMBbILLNEHHOCTM.
MoapobHee

A,[]“D,I/ITI/IBHbIe TEXHOJI0TNIN B
NHCTPYMEHTa/IbHOM NMPOnN3BOACTBE

MoapobHee

B Poccum pa3paboTaH 1 BBeAEH B A€NCTBME HOBbIV Me-
KrOCy,apCTBEHHbIN CTaHAAPT, PErYANPYHOLLMIA UCMbITa-
HUS OfeX /bl Ha COOTBETCTBUE TPEOOBAHMAM MO aHTU-
ctatnyeckon 3awwmte, — FOCT IEC TS 61340-4-2-2024
«InekTpocTatika. MeTozbl UCMbITAHUA AN NPUKNAA-
HbIX 3aau. DNeKTPOCTaTMUECKNE CBONCTBA OAEXKAbI».

MoapobHee

C 23 no 28 ceHTa6ps B Napke HaykM 1N UCKyCCTBa
«Cnpunyc» coctosnca Poccnincknin popym
«MuKpO3anekTpoHmKa-2024».

MoapobHee

* [EeNVNKOHHBbIV NAa3MeHHbIN PaKETHbIN
ABuratenb. PaspaboTtaHo B Poccunm

* YauBUTENbHbIV MeTOZ Npeobpa3oBaHus CBeTa
B 3/IEKTPUYECTBO

* [lpuspak nmeet maccy Moapo6Hee
KopnopaTtneHoe nHpopmauoHHoe n3gaHme KoMnaHmm «Aunonb».
3apeructpupoBaH PegepanbHoli cayx6oi Moanwvcka n obpatyeHns PesakUMOHHbBIV coBeT: [naBHbIN pegakTop:
no HaA30py B chepe CBA3MN U MaCCOBbIX OCYyLeCTBAAIOTCA 3aNPOCOM  [lapbs XVHAELKASA Anekcen CMbILUIAEB
KOMMYHMKaLuii. CBUAETENbCTBO O perncrpaLum B NPOU3BO/IbHON popme Anekceii CMbILLJISEB ApT-gupeKTop:
M Ne ®C 77 — 58957 ot 05 aBrycta 2014 roga. Ha 3N1eKTPOHHbIV agpec: Hukonai EPEMKUH Hukonaii EPEMKUH
Yupeauntenb 3A0 «Aunonb TexHONOrMN». expert@dipaul.ru ViBaH BOPOBJIEB Avzain: "

Hukonait EPEMKUH LI AUNoJib



ABTOMaTI/IBaLJ,I/IFI METPOJIOrMYECKMX NPOoLLECCOB

OTteuecTBeHHble pa3paboTt
ANA aBTOMATU3aLMU
NOBEPOUHbIX U N3MepUTe.

npoueayp



TexHONOrMM

AnekcaHgp KoHgpaTtbes,
PYKOBOAUTENb NMPOEKTOB
© KondratevAS@pg-spb.ru

— BAlUM

3aABKaMW

KU CTpemMuTeNIbHOE pa3BUTUE TEXHOIOTUI
NpeAbABASET METPOAOTNYECKMM
naboparopusam Bce Honee xectkme
TpeboBaHWA. TOYHOCTb N HafEXXHOCTb
pe3ynbTaToB NOBEPKYW, 0HA3aTeNbHOE
BeAeHVe ObLNPHOM AOKYMEHTaL MK
TpebyHoT KONIOCCaNbHbIX TPyAO3aTpart.
B 3TMx ycnoBuax aBTomatmsaums
MOBEPOYHbIX MPOLLECCOB NprnobpeTaer
KNHOYEBOE 3HaYeHMe AN METPOOrMYECKUX
nabopatopuin.

MTbHbIX
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ABTOMaTI/I3aLJ|I/Iﬂ MEeTPOJIOrM4YeCcKmnx nNpoLeccon

He cakeHbo egnHon

PebeHok, eABa MOABMBLUMNCA Ha CBET, 4acTo
ele He UMeEeT VIMEHW, HO yXKe MoJlydaeT CBOW nep-
Bble U3MepPEeHUs: BeC, POCT, TeMnepaTtypa. Tak, camu
TOrO He MNoA03PeBas, C NEPBbIX AHEW XXM3HN Mbl UMe-
eM Zen0 C MeTposiormen. ViamepeHus conpoBoxza-
FOT HacC MpaKTU4ecky BO Bcex chepax >M3HU — OT
NCCNeLOBaHNA COCTOAHMA 340POBbA A0 MPOBEPKM
KayecTBa MPOAYKTOB U OKPY>KatoLLLen cpesbl.

BaxxHOCTb  cucTemaTvaumm  M3MepUTeNbHbIX
NPOLLeCCOB MPOCNEXMBAETCA OT CTapOAaBHUX Bpe-
MEH [0 TEXHONOTNYECKUX MPOLLECCOB HalUMX AHEW.
B cTapuHy pacxoxzeHusa B TpaKTOBKax AJIMHbI Ca-
XEHU WAW NSAW Nerko CTaHOBMAWCH MOBOAOM ANS
pasHornacui Ha apmapkax. B coBpemeHHbIx peanu-
AX €CTb N KOHKPEeTHble MpuMepbl KaTacTPOdUUHbIX
NoCcNesACTBUI OT OWMOOUHbIX pacyeToB. B cooTBeT-
CTBUW C HUMW KOCMUYecknin Mogynb NASA aosxeH
6bl1 NponeTeTb Haj NOBEPXHOCTbIO Mapca Ha BblCO-
Te 140 KM, 0OfHaKO OH BTOprca B atMocdhepy naaHeTsl
Ha 57 kM un cropen. PaccnesoBaHue nokasano, yto
npv NOAroToBKe 3arycka ABe rpynnbl CleLmnanmcTos
NONb30BaANCh Pa3HbIMU eAVHULAMN U3MEPEHUA —
6pUTAHCKUMU (MMNEPCKMMN) 1 METPUUECKMMMU.

SkcnoHamel Memposioeuyecko2o My3es npu
WHcmumyme memposozuu um. [. Y. MeHOeneesa

PeweHunto 3asay no obecneyeHUto eanHCTBA
N3MepeHNN NOCBATUAN CBOKO AeATENbHOCTb MHOrMe
rocysapcreseHHbole gestenn. B CaHkr-letepbypre,
B CTapenLleM Hay4yHOM yupexzeHun Poccun — WH-
ctutyte meTtposorum mm. . V. MeHgeneesa — Ha-
XOANTCSH €4MHCTBEHHBIN B CTpaHe MeTposiornyeckmnii
My3eW. 3aecb cobpaHbl YHWKaNbHble CTapUHHblE 06-
pa3uoBble Mepbl, BECbl U ApYyrve U3MepuTeNbHble
npuobopbl, pacckasbiBatolime 06 ucTopUn Kn3Me-
peHnin B Poccum mn apyrux ctpaHax. 3HauuTenbHas
YacTb 3KCMOHATOB My3es CBfi3aHa C MeTpo/orunye-
CKOW AeATeNbHOCTbIO BCEMUMPHO WM3BECTHOrO yue-
Horo Amutpus Mengeneesa, kotopbid ¢ 1892 roga
M JO KOHLIa CBOEW XW3HW BO3rNaBAs/i MepBoOe Ha-
y4yHOoe MeTpoJsiormyeckoe yupexgeHve Poccum
— [naBHyto nanaty mMep u Becos. Co3faHHas uMm
cucTemMa 3aHsina OZHO M3 nepBbiX MecT B EBpone.
B Hactosiwee Bpems Poccusi obnagaet BbICOKUM
YPOBHEM METPOJIOrMYEeCcKON CUCTEMbI: €e 3TasIoH-
Has 6a3a cogepxuT 114 rocysapcTBEHHbIX 3TaJIOHOB
n 6onee 70 yCTaHOBOK BbICOKOW TOYHOCTM.



3ayeT — aBTOMaTOM

MeTposorns He3pvMo, HO BECOMO BrJIeTEHA
B MPOLECC MPOU3BOACTBA BbICOKOTEXHONOTNYHbIX
n3genvin — OT MPOeKTUPOBaHUA A0 MocTaBku. [o-
CTOBEPHOE TMOATBEPXKAEHME MapamMeTpoB MpPOAyK-
LMW HaxoAMTCA B MPAMON 3aBUCMMOCTY OT KayecTBa
NPOBOANMBIX U3MEPEHNA.

Mpy 3TOM B COBPEMEHHbIX YCIOBUAX U CTPeM-
NeHNn K TeXHONOTMYeCcKOW He3aBUCMMOCTU B pas-
JMYHBIX OTpacaax MNPOMbIWNEHHOCTM BCe bosee
BO3pacTaeT 3HayeHne aBToMaTusaummn brsHec-npo-
ueccoB. OcobeHHO 3TO 3aMeTHO B MPOWU3BOACTBE
HayKOeMKOV MpOAyKUUW: MPOrpamMMHble peLleHuns
OMNpesenatoT HOBble MOAXOAbl B TEXHONOrMYECKMX
npoueccax, 3HauyuTe/NbHO MOBbIWaa WX 3PpPekTns-
HOCTb.

MpogomxntensHoe BpemMa AngepomMm B chepe
METPOJIOTMYEeCKOro MporpamMmmMHoro obecnevyeHus
(MO) 6bn NpoaykT MetCal ot komnanum Fluke. Jpy-
rme paspaboTky, YaCTMUYHO NOBTOPABLUME OTAENbHbIE
dyHkunn MetCal, 66111 NpenMyLLECTBEHHO CBA3aHbI
C BefleHVeM 3EKTPOHHbBIX XXYPHaN0B 1 NOCAe yxoAa
Fluke c poccuiickoro pbiHka He CMOT/IM CTaTb aNbTep-
HaTMBOW B YaCTX aBTOMaTM3aL MU NOBEPKMN U CUCTe-

MaTu3aLMmn ee pe3y/bTaToB.

aunonk
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~

nunoﬂh

TexHoNOrMM

OpueHTMPYSACb Ha BO3HMKLLME 3anpoChl U OMNu-
pasicb Ha HO/bLION OMbIT BHEAPEHWS aBTOMaTU3U-
POBaHHbIX MOBEPOYHbIX CTeHAOB Ha ba3e MetCal,
KoMnaHua «[unonb» paspaboTana nporpammHoe
obecneyeHne METLAB, nonHocTblO ajanTUpoBaH-
HOe K pPOCCUICKUM yCnoBuMAM, obnagatoLiee LMPO-
KM OYHKLMOHaNOM 1 6ecnepebonHON TEXHNUECKOW
noaaep>XKon ana 3bPeKTUBHOM JeATENbHOCTA METPO-
NOTMYeCcKOm CyxoHbl.

[JanHoe MO MoxeT 6bITb MPUMEHEHO B ABYX OC-
HOBHbIX dopmarTax:

1. Mocne npoxoxXxaeHus yrnybaeHHOro obyueHus
y pa3paboTumka KJMEHT CaMOCTOSTE/NIbHO CO-
3/iaeT npoueaypbl NOBEPKMU.

2. KomaHpa pa3spabotumka roToBUT Heobxo-
AUMble rMoBepoYHble Mpoueaypbl C yyeToMm
3TalOHHOTO Mapka 3aka3uumka MU obyuvaeT co-
TPYAHWKOB 3aKa3umMKa TO/IbKO Ha YPOBHe Mo/1b-
3oBarenei.

B 2022 roay komnaHwuen «Junonb» 66110 Npes-
ctaBneHo MO METLAB ¢ BO3MOXHOCTbHO CO3AaHUsA
aBTOMaTM3MPOBaAHHbIX MpoLesyp W3MepeHui, Be-
AEHUS ydyeTa CPeACcTB M3MEPEHWI, 3TaJioHOB, WH-
dbopmMaumm O 3aKasumkax, aBTOMaTU3UPOBAHHOIO
bopMMpPOBaHNA MPOTOKOOB, aKTOB U T. A.
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ABTOMaTI/I3aLI|I/Iﬂ MEeTPOJIOrM4YeCKmMX NpoL.eccon

K uuncny npevMyLiecTe 3TOV OTEYECTBEHHOMN
pa3paboTkM MOXKHO OTHECTM:

~ CoBMeCTMMOCTb C OMepaLMOHHbIMU CUCTEMaMK ~ [lporpamma METLAB noggep>xunsaet ceteBoe

Windows u Linux. 3To ycnoBue aBaseTca NPuH-
LUMnManbHbIM ANS MHOTMX KOMMaHWA, 0CO6eHHO
ANA NPeANpPUATUIA C NOBbILLEHHbIMK TpeboBa-
HUAMYK 6e3onacHoOCTK.

Hannune ceptndukaumm cooTBeTcTBms, cornac-
Ho koTopoi METLAB otBeyaeT TpeboBaHMAM
HOPMAaTMBHOW AOKYMEHTaLMW Ha NPOrpaMMHoe
obecneyeHwne.

B METLAB nHTerpnpoBaHbl BCe TUMbl CPeACTB
n3mMepeHuin FocysapCTBEHHOMO peecTpa, YTo
ynpoLlaeT BeeHne He0bX0ANMOM JOKYMEHTa-
L.

Bo3moXKHOCTb paboThbl He TONbKO C JOPOro-
CTOALUMMW OPUTVMHANABbHBIMUN KOHTPOAEpaMM,
HO 1 C 6bosiee AOCTYNHbIMWU aHanoraMu, Yto
CyLLLeCTBEHHO CHMXXAaEeT 3aTpaThbl Ha OCHaLle-
HVe NOBepPOYHbIX 1abopaTopuin. KoHTpoanepsl
MO3BOJIAILOT YCTaHaB/MBaTb COEANHEHNA MeXay
npvbopammn 1 KOMMbIOTEPOM U OCYLLECTBAATH
ynpasaeHvie npubopaMm ¢ NOMOLLbH KOMMbHO-
Tepa. Hanpumep, cambiM yA06HBIM 1 Nonyasp-
HbIM MHTepdelicom asnseTca GPIB, npoobpas
METLAB — NO METCAL — coBMeCT/M TONbKO
C OpurMHaNbHbIMU KOHTpoaepamu GPIB

(c npumepHoW ctonmocTbro oT 100 ThiC. py6b.).
PaspaboTtka METLAB MoxeT GyHKLMOHNPOBaTb
€ KOoHTposiepamu dpupmbl Keysight nam ¢ kutaii-
cknumm aHanoramu (ot 30 Thic. pyob.).

MOAKIHOYEHNE M COBMECTUMA C MOAY/IEM Ma-
LUMHHOTO 3peHus 418 aBTOMATUYECKOrO CUNTbI-
BaHWs NoKasaHW C LMPPOBbIX MyIbTUMETPOB.
Bce 310 No3BOASET MaKCKMabHO aBTOMaTW3M-
poBaTb NMPOLECC NOBEPKM, UCKTHOUNTL Yeno-
BeUeckune OLWnHBKM 1 NOBLICUTb JOCTOBEPHOCTb
pe3ynbTaToB.

ABNAACh 3PPEKTUBHBIM aHaNIOrOM 3apyHedxkHbIX
pewwenwuis, MO METLAB obecneumnBaet Takme
npenMyLLLeCcTBa, Kak CoOKpaLleHne BpemMeHu

Ha MoBepKY, yrpoLLeHne LJOKYMeHTO060poTa,
MOBbILLIEHWE NPOU3BOANTENBHOCTU U KayecTBa
paboThbl.

METLAB ropa3sgo 6onblue aganTMpoBaH K poc-
CUNCKOMY PbIHKY B OT/IMUME OT 3apybexkHbIX
aHanoros.

Mpumepel 20mogeix cmeHO08



[loBepka NpakTnKou

B 2021 rogy KpyrnHOMy OTe4eCTBEHHOMY Hayu-
HO-MPOU3BOACTBEHHOMY npeanpuatuio (HMMM) no-
TpeboBaNoCb OCHACTUTb METPOJOrMYECKYD CNy>KOy
KOMMJEeKCOM aBTOMAaTU3MPOBaHHbIX MOBEPOYHbIX
CTeHA0B. [lnA BbIMOAHEHWSA 3TON 3ajayn KOMMaHWS
«flnnonb» NocTaBMaa 3TalOHHOE METPONOrnyeckoe
obopyzoBaHue npoussoauteneit Keysight n Fluke.

Mocne yxosa 3anagHbix pa3paboTuMKOB aB-
ToMatn3aumsa Ha 6ase MO Metcal gna poccmiickmx
nosb3oBaTesiel Hbbina cepbe3Ho 3aTpyaHeHa. Ha ToT
MOMeHT pa3pabotka METLAB elue He npoluna nos-
HOLLEHHOTO TeCTUPOBAaHWUA, HO yXe Morna npume-
HATbCA ANA ONpeseseHHOro cnekTpa 3azay.

Takum obpasomM, paboTa MeTPOSOrMUYecKon
CNy>K6bl 3aKa3umka NPoOAOAXKMAACk, a MPOrpaMMHOe
obecneveHve «[lMnonb» yCnewHo MpoLWao «mnpo-
BepKky 6oem».

s .|

e

TexHoNOrMM

Ha gaHHbIA MOMeHT Ha TeppuTopun HMM dyHk-
LMOHMPYIOT fecATb CTEeHAO0B, LeCTb W3 KOTOPbIX
co3faHbl Ha 6a3e METLAB: NCTOUHMKM NUTaHUSA, re-
HepaTopbl U aHaM3aTopPbl UMMYJ/IbCa, HaCTOTOMEPHI,
aHa/sM3aTopbl CNeKTPa, BEKTOPHbIE aHaAn3aTopbl Le-
nen, aHann3aTopbl Ga3oBbIX UMMYIbCOB.

Mpy 06CYXAEHMN OCHALLEHWS MeTposornye-
CKOW CNy>K6bl AaHHOTO MpPeAnpuATUS cnesyeT OT-
JAeNbHO YNOMSAHYTb CTeHJ MOBEPKM M3MepuTenei
MOLLHOCTU. [leno B TOM, YTO B BO/ILLUMHCTBE MeETO-
AWK MOBEPKWU M3MepuTenelrt MOLLHOCTUM UCMOb3y-
tOTCA: reHepaTop, AeNNTeNb MOLLHOCTU U 3TalOHHbIN
npeobpasoBatesnb (MeToh cavyeHus). PaspabotaH-
HbIA «[MNoNb» METOZ MOBEPKM 3aKNtoUaeTcs B Npu-
MEHEHUWN BEKTOPHOro aHanmsatopa uenein (BALL)
B KayecTBe 3TaJloHa MOLLHOCTM (BMeCTO BCEero nepe-
UNCNIEHHOTO).

[Je-bakTo NoBepoOUHbIV CTEHZ Ha OCHOBE 3TOro
MeTOoZa Y>XXe peaqn3oBaH M ycnewHo GyHKLMOHMPY-
eT. Octanocb atrectoBatb BAL, N5245B B kauectBe
3TasoHa, 4TOObl pe3ynbTaTbl MOBEPKM Ha CTeHAe
6blIM NpU3HaHbI topuamndecku. [ns ycnewHowm atre-
CTaumm CcTeHaa HeobXxoaMMO AoKa3aTb, YTO MorpeLu-
HocTb BALL He BbIXOAUT 3a npefenbl, yKa3aHHble
B MOBEPOYHON Cxeme 3TaNoHOB. [l pelueHus 3Toi
3aZiaym cosjaHa crneunanbHasa nporpaMmmMa nposege-
HWS1 MHOTOKPATHbIX M3MEPEHWI, KOTOpas No3BoAsET
nosyyatb 60/blNe BbIOOPKM pe3y/sbTaToB U3Mepe-
HWI B AlecATKM pa3 bbicTpee, Yem Npu paboTe B pyu-
HOM pexwnme.

Y 3TOro mMeTofa MOBEPKW UMEETCA 3HaUUTeb-
Hbl NOTEHLMAN ANA NPUBJAEUYEHNSA K COTPYAHNYECTBY
MHOTUX APYrMX METPONOrnYecknx snabopatopuil.
He3saBncrMo oT BbIbpaHHOrO MeToZa NOBEepKN BeK-
TOPHbIA aHanM3aTop Lienen B Nt060M ciyyae Tpeby-
etca ana namepenuns KCBH (koadduumeHT cTosuen
BOJIHbI MO HanNpPAXeHWto), HO Mcnosib3oBaHne BALL
B KayecTBe Kanmbpatopa MOLLHOCTM OCBObOXAaeT
OT HeobxoAMMOCTU paclMpsaTb Napk obopysoBa-
HUA (reHepaTop, AenuTeslb MOLLHOCTM, 3TalOHHbI
npeobpasosatens). Kpome TOro, onbIT KomMnaHuu
«Annonb» no atrectaumnm BALL n pazpabotaHHoe MO
NO3BOJIALOT MPOBOAUTL O6BbEMHbIE U3MEPEeHUs AnA
onpeaeneHna norpewHoctn BALL B kopoTkune cpoku.
A 3TO elle 0AHO 3HaUUTENbHOE npemmyu.n,ecmo.:
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Me>xayHapogHasa cTaHAapTM3aLms

B ropoge LWsHbux3aHb (KHP) Ha 6a3e
KuTtanckoro nHctntyTa cTaHaapTusauum
B anekTpoHuke (CESI) coctoanock exerogHoe
3acepgaHune TexHnueckoro komuteta MIK TC
101 Electrostatics.

B MepOonpuAaTUnN B KadecTtBe MeXXAyHapoaHbIX
3KCnepToB No CtTaHAapTU3aunun B obnactu
SNIEKTPOCTATUKHN MPUHANN yHacCTUe
npeacraBUTENU rpynnbl KOMMNaHUN «ﬂ,l/ll'lOﬂb».



HoBOCTb

B nepBbIi AeHb NNeHapHOro 3acesaHns, NMPOXOAMBLLENO

€ 24 no 28 ntoHsa, B MexayHapoaHOW KOHdepeHLUn No
3/1eKTPOCTaTUYECKUM TEXHOIOTUAM NMPUHANA y4acTne
Aeneraums ns Poccun, B COCTaB KOTOPOM BOLLIM 3KCNEPTbI
M3K — npeacespatens HaLuMOHaNbHOroO TeXHNYecKoro
KomuTeTa no ctaHgaptulaummn TK 072 «InekTpocTtaTnka»
Anatonunin Kpuneos (AO «HM® «lunonb») n reHepanbHbIn
anpektop OO0 «EC/A-3kcnepT» Amutpun Tpery6os.

Ke
bl X
EMBERiCIz

B; EIEC{TClOlIﬂEiﬂﬁﬂﬁin
TOMAL CONF ERENCE ON ELECTROSTANCS

0GY
FMHEEm M MEEREm ||:£rrc m PLENARY AND WORKING 6 ROUF MEETINGS

© sherzhen China | (iR
©June24-28, 2024 | ND4EEAMB-188

MpepctaButenn MK «unonb» Takxke CTanu yyacTHUKamMM 06Cyx-
AeHuli B pabouunx rpynnax, rae Obin pacCMOTPEeHbl MPOEKTbl MOAro-
TOBJIEHHbIX CTaHAAPTOB, OOCYXZAEHbl MNPEAJSIOXKEHNS MO BHECEHWUIO
M3MEHEHWNIN B HECKOIbKO AEMCTBYIOLMX CTaHAAPTOB, MPea oXKeHbI NMyTK
pa3BUTUS MEXAYHaPOAHOW CTaHAapTU3auumn B 061acTV 3alMTbl d/1eK-
TPOHWKM OT 3/1IeKTPOCTaTUUECKNX pa3pasoB. bosblwoe BHYMaHMe 6b110
yaeneHo HoBoMy cTaHzaapTty IEC 61340-5-6 «3nekTpocTtatmka. Yactb
5-6. 3aLmTa 31eKTPOHHbIX YCTPOWCTB OT 3/IEKTPOCTAaTUUECKNX ABJEHWUN.
MeTogabl oueHkn npouecca» («Electrostatics — Part 5-6: Protection of
electronic devices from electrostatic phenomena — Process assessment
techniques»), peanusytoLLemMy NPOLLECCHbIA MOAXOS K OpraHn3aLmm aH-
TUCTaTUYECKOW 3aLUMTbl Ha OCHOBE aHa/v3a U ynpaB/ieHNs pUckaMu.
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MexayHapogaHas cTaHAapTU3aums

Ewe oaHMM pe3synbTaTomM CTano MpUHATME
pelleHns o Hadyane paboTbl MO MepPecMoTpy OA-
HOro 13 6a30BbIX CTaHAAPTOB MO 3aLUUTe SNEKTPOH-
HbIX YCTPOMCTB OT 3/1eKTPOCTAaTUYECKMX SIBAEHUN
IEC 61340-5-2 «3nektpoctatnka. Yactb 5-2. 3a-
WMTa INEKTPOHHBIX YCTPOWCTB OT 3/eKTPOCTaTh-

OTaenbHO NPOXOAWO 3acesiaHne pabouen rpyn-
nbl No pa3pabotke craHgapta EC TR 61340-1-1 ED1
— «32nekTpocTatika. Yactb 1-1. dnektpoctatmnue-
ckne saBneHus. OwnBKM U3MEpPeHUi, Heonpese-
JIEHHOCTb U BblpaXkeHWe Pe3ynbTaToB M3MepPeHU»
(«Electrostatics — Part 1-1: Electrostatic phenomena

yeckmx sBJEeHWN. PYyKOBOACTBO MO MPUMEHEHUHO»
(Electrostatics — Part 5-2: Protection of electronic
devices from electrostatic phenomena — User guide)
C BbIXOZOM MepBOW pejakuum JOKyMeHTa B deBpane
2025 roaa.

— Measurement errors, uncertainties and expression
of results»). MNepBas npeacTaBieHHas BepcUs CTaH-
AapTa cobpana MHOXeCTBO peAakKLMOHHbIX Y TEXHW-
YecKMXx OT3bIBOB M MPESJ/IOXKEHUN, 1 3TO 0bCyKaeHNe
NPWBAEKIO 3HAaUNTENIbHOE KOJNNYECTBO 3aMHTEPeCco-
BaHHbIX IKCMEPTOB M TEXHNYECKMUX CNeLMaancToB.



®oTo npeaocTaBaeHO opraHM3aTopamMm

BaxkHbIM HOBOBBeZieHVEeM B paboTe TeXHUYECKOro
komuTeTa TC 101 Electrostatics ABmnoch pelieHmne o
CO3/laH1WN eAVHOW 6a3bl TEPMUHOB W ONpeseneHui,
KoTopble ByAyT NCNOAb30BaTLCSA B HOBbIX
cTaHgapTax M3K no aHTUCTaTUUeCKOW 3aluuTe.

HoBOCTb

EavHble TepMUHBI U onpeaeneHus 6yayT BHe-
CeHbl B cuctemy dnektponeamn MIK (http://www.
electropedia.org/) 1 cTaHyT AOCTYNHbI A8 BCEX pas3-
pPaboTUMKOB M MoJsIb30OBaTENeN CTaHAaPTOB.

=4 2y o=
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Cnpaska:

Pa3paboTkon MeXAyHapOAHbIX CTaHAApTOB
B 06/1aCTV 31€KTPOCTaTUKM 3aHUMAETCS TEXHNUYECKMIA
komuteT M3K 101 Electrostatics. B aton aedtensHo-
ctn Poccuio npeactaBastoT 3KCNePTbl HaLMOHasb-
HOTrO TEXHMUYECKOrOo KOMWUTETa MO CTaHZapTu3aLmu
TK 072 «2nektpoctatnka», GyHKLUMOHUPYHOLWErO Ha
6a3e npeanpuaTni, Bxoaawmx B MK «Aunonb».

KomuteT saBnsietcs GopmMoli coTpyaHMYECTBa 3a-
MHTEpPeCOoBaHHbIX OpraHuM3aLnin 1 OpraHoB BAACTU
npv NpoBefeHNN paboT Mo HaLMOHaAbHOM, MeXTro-
CYAAPCTBEHHON N MEXAYHapPOAHOW CTaHAapTM3aLmnm
B cdhepe 31eKTpoCTaTuKM.

il

'ﬁ @ ﬂmnu\ﬁ‘:%

B HacToswee BpeMsa ocHoBHas Lenb paboTbl TK
072 B Poccnn — pasBuTme N BHeApPeHWEe COBPEMEH-
HbIX TPEOOBaHUA MO aHTUCTAaTUUECKOWN 3alumTe A5
noAdep>KaHus Ha BbICOKOM YPOBHE KauecTBa BblrycKa-
eMon 1 npogasaemoi npogykumm IKb.

O3HaKOMUTLCA C AeATeSIbHOCTbHO TEXHMUYECKOro

KOMWTeTa U NnepeyHemM CTaHZAPTOB MOXHO Ha caiiTe
antistatika.ru. r
T
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CraHaapTv3aums aHTUCTaTUYECKOW 3aLUThl

B Poccuiickon ®epepaumm FOCT 61340-6-1-2024

BMepBble BBeAeHbl TpeboBaHMA «IneKTpocTaTnka.

MO aHTUCTAaTUYEeCKOW 3aLymTe AHTUCTaTUYECKNI KOHTPO/Ib

B MEAMVLIMHCKMX YUYpeXAEHWNSX. B MEAVLIMHCKUX YUpeXaeHUAX.
C 1 okTabpsa BCTynaeT B Aencreume O6wue TpeboBaHnA».

HOBbIV MEXrocCyapCTBEHHbIV
cTaHAapT —



ﬂ'OKyMEHT HanpasBieH Ha npejoTBpalieHne
Yrpos, CBA3aHHbIX C BO3AeI‘/IICTBI/IEM SNeKTpocTaTnyec-
KMX ABAeHUN. K HUM OTHOCATCS:

~ cboli B paboTe nan noBpexaeHne MeanLmH-
CKOro 060pYA0BaHUSA U CPEACTB perncTpaLmm
JaHHBIX, NpoucxoasLLe BCIEACTBUE 3/1EKTPO-
MarHUTHOTO BO3MYLLEHUS UJIN 3IEKTPOCTaTMYeCKO-
ro paspsga (3CP);

~ noBpexaeHue 4yBcTBUTeNbHbIX K DCP anek-
TPOHHBIX KOMMOHEHTOB MW YCTPOWCTB

B MpoLecce X peMOHTa 1 TEXHNYECKOoro 06-

CNY>XVMBaHWS;

AT
s

> 3/1eKTpocTaTtnyeckoe nputaxxeHne 1 CKonaeHna
YacTuny rpasm m nNbiav 1 nocneayroulee 3arpas-
HeHne FIOMeLLI,eHI/II7I;

~ BOCM/JaMeHEHNEe roproYMX ra3oB, XXUAKOCTER
Y APYTVX MaTepvasos;

~ LWOKMpYHOLWMe ANs NauneHToB Bo3aerctems JCP.

CBOEBpPEMEHHbIV N HaMpaB/IeHHbIA aHTUCTATU-
YeCkui KOHTPOJb CNOCOBEH CHU3WUTb MepeynceH-
Hble PUCKN 40O AOMYCTUMbIX 3HAUEHMA.

TpeboBaHuWsa cTaHAapTa Y4YMTbIBatOT OMacHOCTb
Bo3zencTBus DCP ans pasanuyHbIX BUAOB Momelle-
HUA B MEAMULIMHCKOM YUpPEeXAEeHUW, NUCMOJIb3yeMOro
B HUX 060PYAOBaHNSA 1 NMPOBOAUMBIX MEANLIMHCKNX
MaHunynaumii. B TOCTe npuBeseHbl peKkOMeHAaLnm
MO aHTUCTAaTUUYECKOMY OCHALLLEHUIO ANA CHUXKEeHWUA
BEPOATHOCTN OMacHbIX 371eKTPOCTaTUYeCckux fABae-
HUA 1 MUHUMMW3auuK yuepba.

HoBOCTb

Cnpaska:

Pa3BuThe cTaHAapTM3aLmMM B 06aacTu aHTUCTa-
TMyeckoW 3awmTbl B PO nopyueHo TexHuuyeckomy
komuteTy 072 «3nekTpocTatnka», QYHKLMOHNPYHO-
wero Ha 6a3ze NpeanpuATUA, BXOAALLUMX B Tpymnny
KOMMaHUA «unonb».

KomuteT siBNsieTc popMOW COTpyaHNYECTBa 3a-
MHTEPECOBaHHbIX OpraHv3auWin 1 OpraHoB BAACTM
npu NpoBeaeHnn paboT MO HaLMOHaNbHOW, MEXTO-
CYAapPCTBEHHOM N MEXAYHapPOAHOW CTaHAapTV3aLm
B chepe 31eKTpOCTaTUKM.

B HacTosiiiee Bpems OCHOBHas Lenb paboTbi TK
072 B Poccnn — pasBuTME N BHEAPEHNE COBPEMEH-
HblX TPebOBaHMI MO aHTUCTAaTUUYECKOW 3aluuTe ANs
noAAep>KaHna Ha BbICOKOM YPOBHE KayecTBa BbIMyC-
KaeMoW 1 npogasaemoi npoaykummn IKb.

O3HAKOMUTBLCA C AeATeIbHOCTbHO TEXHUYECKOro
KOMUTETA N NMEpPeYHEM CTaHAAPTOB MOXHO Ha canTe
antistatika.ru.

T
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B nioHe B napk-otene «Ceexxnn Betep» B MockoBCkon
Xl Bcepoccmﬁcxaﬂ HayuHO-TexH14ecKas KOHcl)epe

ot MOLLHbIX 3/1IEKTPOMarHUTHbIX UMMYJ/IbCOB».




MeponpuaTtre, opraHn3oBaHHOe

AO «TECTIPVBOP» coBmecTHO ¢

rpynnov KomnaHum «unonb» n npu
yyactum O HIMNU, HAH benapycun no
MaTepuanoBeseHNO, YHUKAJIbHO TEM, YTO
3TO €4NHCTBEHHbIN HaLMOHaNbHbIA GOpyM,
MOCBALLEHHbIV NCKIHUNTENBHO BOMPOCaMm
3/1eKTPOMarHnTHOM comectumoctu (IMC).

Le—
L AUNOJb
I
]

X1l Bcepoccuickas
HayuHo-TexHuu4eckasn
KoHdepeHyus

CobbiTne

KoHdepeHuna cobpana cebiwe 70 BegyLimx
CneynanncToB B 061acT UCMbITaHUIA N obecneveHns
3MC un3 6onee 30 opraHuzaumii — npeacTaBuUTENeN
«Pockocmoca», «Pocatoma», komnaHwWii-pa3paboT-
UMKoB PDA, aBMALMOHHbBIX MPeAnpuATUA, WCMbiTa-
Te/IbHbIX LLEHTPOB, N3roTOBMTENEN U Pa3paboTunkos
NCMbITaTeNBLHOTO 1 N3MEePUTENbHOro 060opyA0BaHMA.

07

2024

«JIEKTPOMATHUTHAA
COBMECTUMOCTbD - 2024»

B 3tom rogy Ha Mmeponpuatum obcyxaanvcb
OCHOBbI Teopumn obecneyeHns IMC, BONpPOChl 3/1ek-
TPOANHAMNYECKOTO MOZENNPOBaHNSA, NPOBeAeHNA
ncnbitanuii SMC 1 nx MeTposornyeckoro obecneve-
Hus. Cpean 17 goknasoB 6bian NpeAcTaBAeHbl B TOM
uncne Takme Tembl: «OcobeHHOCTU npobrem DIMC
N NpUMepbl ee NPOosBAEHNA Ha COBPEMEHHOM 3Ta-
ne», «<HopmaTBHO-NpaBoBas 6a3a ucnbitaHuii TC Ha
OMC», «TpeboBaHus no IMC ans U3gennin Kommep-
YeCcKoro HaszHayeHua», «/IcnbiTaHna Paano31eKTPOH-
Horo obopysgoBaHusa Ha IMC», «MeTposormyeckoe
obecreyeHne ncnbiTaHWin B 061actn SMCo.
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KoHdpepeHumsa «3MC-2024»

OT1 AO «HM® «Annonb» C fokNajzaMu BbICTYMNN-
v pykoBoauTenb HanpasaeHns SMC n pagnous-
MepeHWUw, 4. T. H. AHgpeli CMUPHOB U TEXHUYECKMNI
cneumanunct HanpaeaeHns SMC 1 pagnonsmepeHnii
duamnn Kongawos.

BeictynneHune Angpea CMupHOBa Ha Temy «Pea-
nnzaumna mexnabopatopHbix camyeHun (MC) pe-
3yNbTaTOB  M3MEPEHUA  BHOCUMbIX  UCKaXXeHWi
B CeTn nuTaHMs C MOMOLLBIO MPOrpamMMmpyeMbIx
MCTOYHMKOB MUTaHMA» BbINO MOCBALLEHO Ba>XHOMY
TpeboBaHumto no ISO 17025 k ncnbitaTenbHbIM Nabo-
paTopuAM O MPOBEAEHUN MeX1abopaTOPHbIX CAU-
YeHu. OH yaennn BHVMMaHWe MeXnabopaTopHbIM
CMYeHnsM B 06aacT M3MepeHnin BHOCUMBIX 1CKa-
XEHUIA B NIMHUN MUTaHUA, NPOBOAALLNXCA COTNACHO
FOCT IEC 61000-3-2-2017, TOCT IEC 61000-3-3-2015.

Jloknazuvk npessioxun reHepupoBaTh C MOMOLLLbHO
MpPOrpamMMUPyeMOoro WCTOYHMKA MWUTaHUsS HeKUi 3Ta-
JIOHHBIV NPOGWUIb HANPSXKEHUs MUTAHUS C U3BECTHBIMU
YPOBHSAMY UCKaXKeHWI. [poBOAUMbIe 3aTEM U3MepeHUst
YKa3aHHbIX NCKaXeHUI CIMYaeMbIMU WCTIbITaTeNbHbIMM
NabopatopusMm 1 NocaeayroLLas cTaTucTnyeckas obpa-
60TKa peasnzytoT METOAWKY C/IMUUTENBHBIX UCTIbITaHWUIA,
MO3BOJIAFOLLYHO OLIEHWTb MOBTOPSEMOCTb U BOCMPOM3-
BOAVMOCTb M3MEPEHWI, a TalkoKe BbISBUTb MPOBAEMHYHO
nabopatoputo. B xoze NpoBepKu NAEN NCKaXKEHWS UMU-
TMPOBAJUCL C MOMOLLBK MPOrPaMMMPYEMOrO MUCTOYU-
HMKa nuTaHua. MexuiabopaTopHble CIMYeHUs Bblan
BbIMOJIHEHbI Kak B 4aCTV M3MePEHWA TapMOHVK MUTaHW,
MOSIBNAFOLLMXCA M3-3a HEMHENHOCTV BXOAHOTO MMMe-
[aHCa TEXHWUECKUX CPEACTB, Tak U B YacTV M3MepeHWiA
HeCTabUNbLHOCTU HanpPsKeHUs 1 GINKKep-LIyMa.

B moknaze ®uamnna Kongawosa «OcobeHHoO-
CcTn knaccvdukaumm 1 Bbibopa Npouesyp OLEHKM
XapaKTePUCTUK OTAENbHbIX IEMEHTOB UCMbITaTe b-
HbIX CUCTEM TECTUPOBAHWUS MOMEXOYCTONYMBOCTU»
6b1n1 NpoBeseH aHanu3 ucnbitatenbHblx cuctem (M1C)
TECTUPOBAHWSA YCTOMUMBOCTU C TOUKM 3PEHUS Kac-
cndukaumm otaenbHbix Moayne NC v npaBuabHO-
CTU OTHecCeHWs ux K cpeactBam mamepenunin (CA),
ncnoiTatensHomy obopygosaHuto (MO) uan Beno-
MOraTeslbHbIM MPUHAAJEXHOCTAM. BaXHOCTb TeMbl
obycnoBneHa TeM, 4To B coctaBe NC TecTMpoBaHus
yCTOMUMBOCTK, 0cobeHHO UIC TecTpoBaHUs yCTon-
UMBOCTM K W3y4YaeMOMY PajMovYacTOTHOMY 3/1eK-
TPOMarHMTHOMY MO, MOryT mcnonb3osaTtbcs CH




VAN WX aHanory, KoTopble Npu 3TOM QYHKUUIO K3-
MEPEHUIM He BbIMOJIHAKT, HO SABASKOTCA BaXHbIMU
AN OCHOBHOTO GYHKLMOHaAbHOro HasHauveHusa NC.
N Haobopor, B coctaBe IC moryT npumeHatbca CA,
UbW METPOJIOrMYECKME XapaKTePUCTUKN MOTYT ObITb
oueHeHbl B xoge atrectauum VC kak MO, koHuen-
Tya/ibHO pacCMaTpMBaeMOEe KaK «YEPHbIA ALLNK»,
6e3 BblgeneHma otaenscHbix CUY n3 Bcen VIC ana mnx
MeTponornyeckoro obecrnevenus. OCHOBHOM BbIBOZ
AOKala — BaXXHOCTb KOPPEKTHOW MAEHTUOUKALMM
anemeHToB NC OMC, noseonstowen nsbexarb M3-
NNLWHUX 1 cnabo 0BOCHOBAHHbIX MPOLLeAYP OLEHKM
MX COOTBETCTBMS KaK CaMOCTOSATE/IbHbIX YCTPOMCTB,
HanpuMep, yepes 1Ux NoBepky, 06bIYHO HaBA3blBae-
My CO CTOPOHbI MpeAcTaBUTENel MeTposiornye-
CKNX Cyx6.

CobbiTue

Mpeacrasutenn MK «nnosb» TaKxe NPUHAK
yyacTe B AEeMOHCTPaLMOHHONM BbiCTaBke 060OpYy-
[OBaHNA, MCNOAb3yeMoro npwu ucnbitaHnax IMC.
B uyacTHOCTW, TexHWYeckulii crneumanuct Hanpas-
NeHnsa nameputenbHoro obopysgosaHna AO «HMO
«Annonb» Anekcen LWocTtak npeactaBun paboty
NPOrpaMmMmpyembiX UCTOYHUKOB MUTaHWA MPOAYK-
umm ITECH, no3ssosArowmMx MPOBOAUTL MCMbITaHWA
YCTOMYMBOCTN TEXHUUYECKUX CPEACTB K UCKaXKeHUAM
CeTn NUTaHWA MO Pa3NNYHBbIM aBUaLMOHHbBIM U 060-
POHHbIM CTaHgapTam, B 4actHoctu RTCA DO-160.
Takke oH pacckasan o paboTe nporpamMmHoro obec-
nevernns IMUKA (paspabotka «Junonb»), npume-
HAEMOro ANs UCMbITaHW Ha DMC.
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KoHdpepeHumsa «3MC-2024»

HauanbHWK oTAena pasnMo31eKTPOHHOW 3allu-
Tbl, 3aMETHOCTN N CTOMKOCTU aBUALMOHHOMN TEXHWUKM
AO «KpoHwTaat» Cepreii JltoTaeB B CBOeM fAoknage
pacckasan O CNOXHOCTAX, C KOTOPbIMU CTa/IKMBAKOT-
ca npoussogutenn BIJ1A npu ncnbitaHnax Ha IMC
B YC/NIOBMAX MOJUIOHOB. PaamouactoTHas obcTa-
HOBKa Ha Takux NMONUroHax bbiBaeT OYeHb CNOXKHOWN
M3-33 HaCbILEHHOCTN W3JyYaloWwumMm  pajmnosnex-
TPOHHbIMU cpeacTBamu (PIC) 1 MOXKET BbICTPO Me-
HATbCA C TeYeHneM BpemeHu. [1pn 3ToOM KOHTPOJIb
Hag paboToi MHOrUxX NpuMeHsaemMbix POC, Hanpumep

CPeACTB PafVOo3NeKTPOHHON B0pbbbI, MPUKPbIBaLO-
LLMX YacTHble 0OBEKTbl, HeAOCTaTOUYEH, YTO YCIOXK-
HAeT Kak ncnbitaHna bIrJ1A, Tak n nx npuMmeHeHwne.

Takxe B goknage 6blnia noguyepkHyTa Heobxo-
AMMOCTb MOBbILEHUS NMoMexoycTonumBocT BIJIA.
YCKOpPEHHbI Mepexos K UCMbITaHUAM U UCMOb30Ba-
HUIO U34ENNIN He LOIKEH NPUBOANTL K UCKNHOUEHUIO
yuyeTa TpeboBaHWUI PaaMO3NeKTPOHHONM 3aluUThbl Ha
PaHHWUX CTaaunax paspaboTku.

[Joknag wvHxeHepa-koHcTpykTopa AO «KpoH-
wraat> EneHbl KopeHbkoBOW 6bl MOCBSALLEH CK-
cTeMaM aHaim3a 371eKTPOMarHUTHoOM ob6CcTaHOBKM
(3MO) ¢ wncnonb3oBaHWEM MPUEMHbIX YCTPOMNCTB
netatenbHoro annapata (J1A). beino otmMeueHo, uto
6opToBble NpuemMHble PIC 1 1x aHTeHHO-QUAepHbIe
YCTPOWCTBa, KOTOPble MOrYT ObITb WCMOAb30BaHbI
ana aHanmza DMO, Kak NpaBWaO, UMERT LUMPOKUIA
AMana3soH npuvema, 3a CYeT Yero MOXEeT CHMXaTbCH
WX 4YyBCTBUTENbHOCTb. [Jloknaguuua npegaoxuia
cnocob ontummusauum paboTbl cucteM aHanmsa MO
3a cuyer gobasneHus 610ka 0bpabOTKM CUrHaOB
M UCMONb30BaHUA CUCTEMbI KOFHUTMBHOTO pPaamo.
Cpean npevMyLLecTB MpPeACTaBAEHHOro MNoAxoAa
6bIAM OTMEeYeHbl BblCOKasA YyBCTBUTENbHOCTb MpU-
€MHbIX YCTPOMCTB, BO3MOXHOCTb CaMOCTOSATENIbHOTO
NPVHATUA pPeLLIeHNA CMCTEeMO O BbIbOpe onThManb-
HbIX NapameTpoB paboTbl Kommnaekca 6GopTOBOro
obopyzosaHus (KBO) B 3aBucnmoctv ot IMO, a Tak-
Xe camocTtosTesnbHon agantaumm KBO K cnosHoM
NMOMexoBOl 06CTaHOBKe, YTO MOBbILLAET ero ahdek-
TUBHOCTb 1 MPOU3BOANTENBHOCTb.

lnaeHbI cneunannct FTHL PO Oryrn «HAMW»
Amutpuin boraueHkoB npeactaBua AoKnaz O Mpo-
BEAEHUWN UCMbITaHWi no napametpam 3MC aBTo-
MOGWAER C HU3KUM YINEePOAHBIM CNefOM, TakuX Kak
rmbpuaHble aBTOMOBUAN, dneKTpoMobUAN U aBTo-
MOOMAWM Ha BOAOPOAHBIX TOMAMBHbLIX 3lEMeHTaX.
Joknagunk npvieen noapobHoe onucaHve MeToA0B
McnbiTaHW TpaHcnopTHbIX cpeact (TC) Ha ycTon-
UMBOCTb K 3/IEKTPOMArHUTHbIM Nomexam B COOTBET-
CTBMM C MEXAYHapOAHbIMW CTaHAapTamu, a Takxe
pacckasan 0 HOBOM KOMMaeKce AN UCMbITaHWI Ha
3MC TC kateropuii M 1 N, paboTatoLumx Ha anbTep-
HaTUBHBIX MCTOYHMKAX SHEPrUK, KOTOPbIN CTPOUTCA
Ha 6a3e wucnbiTatenbHoro ueHtpa HAMW. bazosoi
ncnbiTaTeNbHOW MJIOLAAKON KOMMeKca ABAAeTCA
nosybes3sxoBas 3KpaHMpOBaHHaA kamepa, obecne-
yMBarOLWAA MPOBEAEHNEe WCMbITaHUIA  Pa3NNYHbBIX
KomnoHeHTOB 1 TMnos TC, BNAOTb A0 KpynHoraba-
PUTHBIX.



Bonpocbl uncneHHoro mogennposanuns SMC pa-
AMNO3NEKTPOHHOM annapaTypbl 6blY PaCCMOTPEHbI B
JAoknage rnasHoro cneymanncta ryr «PoOAL-BHN-
N3®» AnekcaHapa letmaHua. OH pacckasan O HOBbIX
BO3MOXXHOCTAX N0 MogennposaHunto SMC B pamkax
cnctembl «JIOTOC», cTaBlwKMX pe3ynbTatoMm pabot
No MMMOPTO3aMeLLEHNIO paHee MNPUMEHABLIErocs
poccuiickummn paspaboTtumkamm 3apybexHoro 0.
BbblAan NpuBeseHbl MaTemMaTMyeckne MOZAenu, npu-
MeHfieMble A8 YMCNeHHOro MmogennposaHua SMC,
1 0OO3HaUeHbl UX AOCTOMHCTBA M HEAOCTATKN B NpW-
JNIOXEHWW K PeLLUEeHNIO pa3nyHbIX 3aau.

OTAenbHO AOKNAAUMK YKa3aa Ha To, UTO CoBpe-
MEHHble MaTemMaTMUecknin annapaT v NporpamMMHble
CpeAcTBa MO3BOASOT MOJy4YaTb AOCTaTOYHO Kaue-
CTBEHHble pe3yabTaTbhl MOAENNPOBAHWS, U Mpu3Ban
yaensaTb 6o/bllee BHUMaHWE JaHHOMY NoAxoay, No-
CKOJIbKY, MO €ro C/I0BaMm, B HacTosLLee BPeMs CTaBka
JenaeTcs B OCHOBHOM Ha HaTypHble UCMbITaHWs.

CobbiTne

FnaBHbIN HayuHbIn coTpyaHuk O «HIML, HAH
Benapycn no matepuanosegeHuto» Cepreii [pab-
UMKOB O3HAaKOMW/ ayAUTOPUIO C TPEMSA TUMaMu Mo-
TNOTUTENEN 3NeKTPOMarHUTHOro m3nydyexHus (SMU)
CBY-ananasoHa Ha OCHOBE a/JItOMUHUIACOAEPIKALLMX
bOoNbrMpoBaHHbIX MaTepUanoB, KOTopble OblAW pas-
paboTaHbl 1 U3roToBJIEHbI B pamMkax COBMECTHOrO
npoekta ¢ benopyccknm rocygapcTseHHbIM YHUBEP-
CMTETOM MHPOPMATUKN U PasMo3neKTPOHUKM 1 AO
«TECTTIPNBOP». MNornotntenn nepeoro Tmna coaep-
>KaT HeynopsaoYeHHO pacnpegeneHHble ¢pparmMeHTbl
$ONbrMpoBaHHbIX MaTepurasoB M PeKOMeHAYHTCA

K MPUMEHEHMIO MPWU CO3ZaHWUM 3SKPAHMPOBAHHbIX
NoMeLLLeHNI, a TakxKe 31eMeHToB ogexabl. Morio-
TUTEAM BTOPOro TWMa cogepkaT Yrnopsf0YEHHO
pacnpegeneHHble  dparmMeHTbl  GONBIMPOBAHHBIX
MaTepuasoB U SBASKOTCA YaCTOTHO-CEEeKTUBHbIMMN
B AnanasoHe yactoT 0,7-2 ITu. Mornotutenn TpeTb-
ero Tuna WMerT reoMeTPUYEeCcKM HEOAHOPOZAHbIE
NoBEPXHOCTYN, CHGOPMUPOBaHHbIE Ha OCHOBE HOJb-
TMPOBAHHbIX 37eMeHTOB. [lornoTutenn BTOPOro
N TPeTbero TMMNOB MPeACTaBAATCA pa3paboTurkam
nepcneKTMBHbLIMUN AN UCMOAb30BaHMWS, B YaCTHOCTY,
Npw N3roTOBAEHWIN YEXIOB A/ 0O0PYyA0BaHMS, YyB-
CTBUTENBHOTO K BO3aencTento IMU CBY-amnanazoHa.
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KoHdpepeHumsa «3MC-2024»

Beaywnin nnxkenep HALL HAO-10 Oy «BHA-
NOTPU» Muxamn MuxalinoB BbICTYNWA C JOKNALOM
«OLeHKa COOTBETCTBMA M3MEPUTENbHbIX OMOPHbIX
NAOLLAA0K, MPUMEHAEMbIX ANA UCMbITaHUA Ha DMC»,
KOTOPbI Obl1 MOCBALLEH akTyaJbHbIM BOMPOCaM
pa3paboTkn cpeacTB obecrneuyeHUs eAMHCTBA W3-
MEpPEHU XapakTepUCTUK OMOPHbIX WUCMbITaTeabHbIX
naoLWwanok, npuMmeHsembix B chepe IMC.

NHxeHep-ncnbitatens M1 SMC AO  «TECT-
MPVBOP» Wropb lyceB paccka3an o6 ocobeHHO-
CTax peannsaynm NCMNbITaHW Ha BOCNPUMMYNBOCTb
K BO3AEWCTBMIO PaZMOYaCTOTHOrO 31eKTPOMarHuT-
HOro nons B peBepbepaLMoOHHON Kamepe, KOTopas
6bl1a BBeZeHa B 3kCrnyaTtaumto B nabopatopum SMC
AO «TECTTPWBOP» B npownom rogy. NMpun npose-
AEHUM  UCMbITAaHWIA  KPYNHOrabapuTHbIX YCTPOWNCTB
HabaAaN0oCh YMEHbLUEHNE HaMpPSAXEHHOCTU 3Jek-
Tpuyeckoro nons. Npobnema bbina pelleHa 3a cyet
oNnTUMM3aLMK ANVHbI Kabens, baarogaps yemy yaa-
IOCb YMEHbLUWTb NOTEPWN B TpakTe nepejayn MOLL-
HOCTU OT ycuauTens K usnyyatento. Takxe 6bin
NCMONb30BaH KOaKCUKalbHbIA Kabesb C MUHUMAaNb-
HbIMW NoTepsAMK. Ha AaHHbIN MOMeHT paboyee MecTo
Ha ocHoBe peBepbepaLMOHHON KaMepbl NMOJHOCTbHO
YKOMM/IEKTOBAHO HEO6XOAMMbIM 060pYyAOBaHMEM.

VcnbiTaHWs CTOMKOCTU 3/1EKTPOHHOW KOMIMO-
HeHTHoW 6a3bl (IKB) K BO3AENCTBUHO OAMHOYHbBIX
nmnynbcosB HanpsxxkeHna (OWH) onucan B cBoeMm
Aoknage pykosogutesnb rpynnbl «A3M» AO «3HIMO
CM31C» KoHctantnH Enndanues. [na nposeseHua
COOTBETCTBYHOLUUX UCCNEf0BaHUIA Obln paspaboTaH
N nsrotossneH reHepatop OVIH, cooTtBeTCTBYHOLLUNA

no CBOMM NMapamMeTpam HOPMAaTUBHbIM AOKYMEHTaM.

MEPEAOBLIE
TEXHONOrnK

ANR KNKOYEBbIX
OTPACNEN

Mo cnoBaM AOKJaAuMKa, €ro rpynnomn 6uam Takxke
paspaboTaHbl anmnapatHO-NPOrpaMMHble CPEACTBa,
MO3BOJIAIOLLME NMPOBOANTL OLLEHKY CTOMKOCTU B aB-
TOMATUYECKOM pexXMME.



[Ba goknaga 6bInM NOCBALLEHbI KOCMUUYECKOM
Tematuke. OAWH M3 HUX NPEeACTaBWA HadaslbHUK
N 3Kb AO «TECTMPNBOP» Anekcern [lyayHoB, KO-
TOPbIi MpOaHanM3npoBan MHOXECTBO (aKkTopoB
BHELLHEN cpefbl, BO3AENCTBYOLWMNX HA KOCMUYECKUIA
annapar B NpoLecce ero skcnayatalumm n npuBoas-
WMX K HaKOMAEHMWIO 3/1eKTPOCTAaTMUECKOro 3apsza
B ero BHeLWHeM Koprnyce. Bcneactsue cnoxHowm
reoMeTpumM MOBEPXHOCTEN KOpMyca W pasanyus
OCBELLEHHOCTU BO3HWKAET HepaBHOMEPHOE pac-
npezesneHve 3apsga, YTO MOXET NMPUBOAUTbL K dNEK-
TPOCTaTMUECKUM paspsjaM, Mellawwum paboTe
npuemMHoON annapatypbl. B goknage 6bian onmcaHbl
MaccyBHbIE U aKTUBHblE MeToAbl HOPbOLI C 3TUM -
bekToMm.

Mpobnembl B 06nact obecnedeHns IMC Manbix
KOoCMu4Yeckmx annapaTtos popmata CubeSat 66111 13-
NOXeHbl BO BTOPOM ZlOKJ1aZle, KOTOPbIA NpeACTaBu
pykoBoauTtenb otaena «HasemHoe obopypoBaHue»
OO0 «CnyTHMKOBbIE MHHOBALIMOHHbIE KOCMUYecKme
cuctembl» AHatonmin KpacoteHko. [loknaguvk oT-
METWA, UTO, yumnTbiBas Majble pasMepbl 1 HonbLioe
kosnnyecTBo annapatoB CubeSat, nepesaBatb 1x Uc-
nbiTaHus Ha DMC Ha ayTCOPCUHT HelenecoobpasHo,
MO3TOMY JaHHble WCMbITaHWsA MPOBOAATCS BHYTPYU
npeanpuATAA C MOMOLLbIO COBCTBEHHOro 0bopy-
[OBaHWA, BKIOYAKOLLETO B TOM YMC/IEe KOMMAKTHYH
M MOOWAbHYIO 6e33X0BYyH0 Kamepy, CO3JaHHYyHo
cneymanncTamm KoOMnaHum.

Takke aBTOp yKasan Ha pAj XapaKTepHbIX A1s
dopmata CubeSat npobaem IMC, koTopble yCrewWwHo
peLuatoTca KomnaHuen. OHW, B YaCTHOCTW, CBA3aHbI
C BbICOKOW MJIOTHOCTEIO KOMMOHOBKM CMYTHUKOB,
OrpaHMYeHHOCTbIO BPEMEHHbIX PaMOK CeaHCOB CBS-
31 W CIOXHOW 371eKTPOMarHUTHOMW O6CTaHOBKOM
B MecTax npuema CUrHanoB OT CMyTHMKOB, B3aUM-
HbIM BIMSHWEM CUCTEM OPUEHTaLMM 1 CBA3M, a Takxke
3N1eKTPOHHbIX YCTPOWCTB NMOJAE3HOW Harpysku 1 ap.

CobbiTne

B 3aBepluieHne goknaga 6bina npvBejseHa WH-
dopmauma 06 ycrnewHO BbIBEAEHHbIX Ha OpbuTy
1 3KCnIyaTMpyeMbixX B HacTOsLLLee BPeMa MasbIx KOC-
MUYecKMX annapatax KOMMaHuW, Takmux Kak ChyTHW-
KN aBTOMaTUYeCKON UAEHTUPUKALMOHHON CMCTEMBI
A9 TPEKMHra MOPCKUX CYAOB, a Takxke annapar AnA
AVCTaHLMOHHOTO 30HAMPOBaHMA 3eMan.

3aBepwunn KOHbepeHUMIO KPYrabld CTOA,
B pamKax KOTOporo B ¢popmarte OTKPbITON AMCKYC-
CUW yYaCTHUKM CMOTAN 3ajaTb APYr APYry BOMPOChI
n 6onee noapobHO 06CYAUTb TeMmbl, Bbl3BaBLUME
HanboNbLIWIA NHTEpeC.

MpoBeseHve XIV Bcepoccuinckon HayyHO-Tex-
Huueckon koHbepeHuMn «3MC» nnaHupyeTcs BO
BTOpOM KkBapTane 2025 .

lpu nodzomogke cmameu UCNO16308A/1UCH
O0aHHsle XypHana «3nekmpoHuka HTb» :
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AKITYAJIbHAR

B koHUe unioHA B MockBe npoxoguna BbiCTaBka
«NeKTpoHuKa-TpaHcnopt-2024».

o) o

A

B pamkax meponpuatusa rpynna KOMMaHWm
«[lnnonb» NnpoBena Kpyriablin CTO,
MOCBSLLLEHHbIV BOMpocamMm obecnedeHus
3/1EeKTPOMArHUTHOM comectumoctu (IMQ)

B 06/1aCTV NPOMBILLIEHHOCTH, HaYKN U
TEXHO/IOTUW NPUMEHEHNA INEKTPOTPAHCAOpPTA.



BCIPEYA

cobbiTne

e TEKTPOHUKA

3\ | TPAHCHOPT

AUNOJib

CemHajauaTas MeXJAyHapoZHasa BblCTaBKa WH-
bOPMAaLMOHHbBIX TEXHONIOTUA W 3NEKTPOHUKN ANS
MaccaxXMpCKoro TpaHCmopTa W TPaHCMOPTHOW WH-
bpacTpykTypbl cobpana CBOMX roctei B DKCMOLLEH-
Tpe Ha KpacHo MNMpecHe v cTana YacTbto NporpamMms
Poccuiickoli Hezenn o6LLEeCTBEHHOrO TpaHCnopTa
N FOPOACKON MOBUNBHOCTH.

Temnbl 3aBUCMMOCTM OT LMOPOBLIX TEXHONO-
rMii HabuparoT 060poT. MNoe3ga 1 aBTOOYCHl 6e3 Ma-
LWMHUCTa Yy>XXe He HOBOCTb, BeCKOHTaKTHas onaaTta
npoessa ¢ NOMOLLbIO CMapTHOHa U OHNARH-UHOP-
MUPOBaHVE O BPEMEHWN OXWAAHWUA CTaan ObbleH-
HOCTbO, Pa3BMBAETCA yrNpaB/eHNe TPaHCMOPTHbLIMMU
NOTOKaMM B pexume peanbHOro BpemMeHw. B 6,um-
Xanwem byayuiem undpoBble TEXHOOTNU 3aTPOHYT
BCe npoLieccbl paboTbl MaccaXKMpPCKOro TPaHCnopTa,
npu 3TOM «INeKTPOHUKa-TpaHCMopT» OCTaeTcs ocC-
HOBOMOMAraroLen nJoWaAKoN, rae crneumaincTbl
oTpacaK, «CBePSs 4Yacbl», OBCY>KAAtOT HOBENMLLNE
TeHAEHLNN.
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BbicTaBka «2ekTpoHumka-TpaHcnopt 2024»

POCCHRCKAN HEARAS

K TpaHCNOPTHOWM 3N1eKTPOHUKE NPesbABAAOTCA
BbICOKMe TpeboBaHWA MO HafeXHOCTW, be3onacHo-
CTW, YCTONYMBOCTU K Pas3inNYHbIM NMOMexam W Kiu-
MaTMyecKMM Harpyskam. B cBfi3u ¢ 3TM B pamkax
BbICTAaBOYHOW MporpamMmbl Mogepatopbl HMAD «Au-
nonb» AHgpein CMUPHOB (4. T. H, PyKOBOAUTE b Ha-
npasaeHuns IMC n pagnonsmepeHunin) n KoHcTaHTUH
Bbacanaes (acnupaHT, pykoBoauTeNb AenapTameHTa
SMC) npoBenu Kpyrablin CToN Ha TeMy «AKTyasibHble
HOpMaTuBHble TpebOBaHMA W COBPEMEHHOE WH-
CTpyMeHTalbHOe obecrneyeHve And TeCTUPOBaHWA
XapaKTePUCTUK 31eKTPOMarHUTHOW COBMECTUMOCTY
B TPaHCMOPTHOW W aBTOMOBWAECTPOUTENIbHOW OT-
pacnsax».

OueBMAHO, 4UTO BaXHOCTb Tembl IMC UH-
TEHCMBHO BO3pacTaeT, O0COHEHHO B Tex OTpacasx
3N1EKTPOTPAHCMNOPTa, r4e aKTUBHO BHEAPAIOTCA aBTO-
MaTM3UpOBaHHble, B6ecnuAOTHble U BecnpoBOAHbIE
CUCTEMbl YMPaBAEHUA U MOHWUTOPUHIa JABUXKEHWUS.
TeHzeHUMN B cTaHjapTv3auum TpeboBaHuii SMC
OTYETAMBO MPOCMATPMBAKOTCA B MOCAEAHUX Bep-
CUAX MEXAYHapOAHbIX CTaHAapToB B obaactn SMC
B 4actn smuccum pagmonomex CISPR 12, CISPR 25,
a TakXXe B MOBbIWEHHbIX TPEOOBaHMAX K YCTOMUN-
BOCTM K pajvoriomexaM W WMMY/bCHbIM MOMexaMm
B HOPTOBO CETW TPAHCMOPTHOrO CPEACTBA, OTPaXKeH-
HbIX nocnesHen, wecton pegakumen Mpasun N2 10
ESK OOH.



B cBouwx BbICTynneHnAX Beayline nNpoduabHble
cneumanucTbl KomnaHum «Junonb» AHgpen CMup-
HoB, KoHcTaHTMH bacanaes n pykosoguTesnb npo-
ektoB otgena SMC AO «HM® «Aunonb» AHapen
[paryHoB paccmoTpenu cnegyrolme Bonpochl:

~ AKTya/ibHble HaLMOHabHbIe Y MEXAYHapPOs-
Hble CTaHAapTbl, pernameHTupytoLme Tpebosa-
HMA SMC B TPaHCMOPTHOW 1 aBTOMOBUNLHOW
cohepe.

~ OcobeHHOCTN ncnbiTaHnin IMC ¢ yueTom Tex-
HMYECKMX 1 3KCMyaTaLMOHHbIX XapaKTepucTuk
06beKTOB UCMbITAHWIA.

~ [NpeakBanndunkayoHHble ncnbitaHna SMC
OTAENbHbIX MOAYNEN, INEeKTPUYECKNX U d1eK-
TPOHHbIX CHOPOYHBIX YCTPOWCTB.

~ CNnoXHoOCTN obecrneyeHms UCMbITaHUM Ha
YCTOMUMBOCTb K U3/ly4aeMbIM 3/1eKTPOMarHunT-
HbIM MOASIM KPYyNHOrabapuTHbIX 1 6ecnnaoT-
HbIX TPAHCMOPTHbIX CPeAcTB. OMbIT 1 peLleHus.

~ KannbpoBka ypoBHel BO34eACTBUA NpU Te-
CTUPOBAHWM YCTONYMBOCTU K KOHAYKTVBHbIM
¥ N3/ly4aembIM NMOMexaM 1 METPOIOrMyeckoe
obecneueHne ncnbiTaHWM.

~ Peanuzauus nMuTaLmsa UCKaXKEHUA NUTaHNs
1 BO3HMKAOLMX NMEPEXOAHBIX UMMYAbCHbIX MO-
Mex B BOPTOBOW CETU B LUIMPOKOM AMana3oHe
TUMOB N YPOBHEW CUrHANIOB MOMEX.

CobbiTne

“P93HHbIE By

LLnpoknii cnekTp obcy>AaeMblx TeM He CMOr
YMECTUTbCA B TO BPeMs, YTO Obl10 OTBEEHO Ha Npo-
BeJeHne Kpyrnoro crona. Belpaxas 6nrarogapHocTb
3a NoApO6HbIV pacckas 0COBEHHOCTEN WCMbITaHWM
OMC, yyacTHMKM BbICKa3annCb 3a PerynspHOCTb Mo-
[ODBHBIX TEMaTUUYECKNX CEMUHAPOB B paMKax creLua-
NIN3NPOBAHHBIX TEXHWYEeCKMX BbICTaBOK. B oTeert
npescraBuTenn «Mnonb» NOATBEPANIN FOTOBHOCTb
K OpraHu3auuny KOHCYNbTaLMOHHbBIX MePOMNpUATUI
no Bonpocam ucneitaHnin SMC B 061acT TpaHcnop-
Ta, @3POKOCMUYECKOM chepbl 1 OI'IK.:
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HepaspyLiatolwmii KOHTPOb

BULETD \HACKBO3b

bbicTpble TeMnbl pocTa
3N1eKTPOHHOM NPOMbILLIEHHOCTH
BO BCEM MUpe NpUBOJAT
K aKTUBHOI Lu(poBu3aLum
W ONTUMK3aLMK BO BCeX obnactax
neAaTenbHocTH. Ho no3uTuBHbIe
U3MEHEHNA CONPOBOX AT
W HEraTUBHbIE NPOLECChI.

Bcnep 3a neranbHbIM pbIHKOM
3/1eKTPOHUKM YBENNYMBAKOT CKOPOCTH
W COBEPLUEHCTBYHITCA B YMEHUSAX
NPOM3BOAMTENN KOHTPAGaKTHBIX
3N1eKTPOHHBIX KOMMOHEHTOB.

JTH BbI30BbI TPEbYHT
NPOdecCHOHANbHDIX 0TBETHBIX

“ pelwenmi.



Anekcen bypues,

BeAyLWUA NHXEHepP-TEXHOIOT,
K «Annonp»

BurtsevAV@dipaul.ru

TexHoNOrMM

Kvpunn Kpemnes,

PYyKOBOAWUTE/b HanpaBAeHNs
«ObopyzsoBaHuMe 411 NPOW3BOACTBA
anekTpoHukm», MK «Jnnonb»

kremlev@dipaul.ru

BeeaeHue

Mo paHHbIM OpraHM3aunm 3KOHOMMWNYECKOro COTPYyAHWYECTBa
n pa3sutus, B 2017 rogy o60poT B chepe noaaenbHbIX KOMMAEKTYHOLLNX
npesbicna 500 mapg gonnapos CLUA'. B Tom xe rogy PocctaT oueHmBan
PbIHOK KOHTpadaKkTHOM NPOoAyKLUY NPUMepPHO B 3 TpaH pybaen’.

Jlyuwwee peleHne npobnembl 6e3onacHoOCTN —
KOMMeKC AeNCTBUIA: CoUueTaHne NpesynpeanTenbHbIX
MepOonpuUATMA C OpraHm3aLen BXOLHOTO KOHTPOIA
MOCTyNaroLLEen 31eMeHTHOM 6a3bl.

MpounssoanTenen GanbcndunkaTtoB He OCTaHaB/AMBAKOT He TOJb-
KO YC/OBHble, HO W peajbHble THOPEMHble Cpoku. Hanpumep, He-
ckonbko neT Haszazg B CLUA 6bin BbiHeceH npuroBop — 37 mecsueB
AnweHns cBobopbl 3a MOCTaBKY MOAAENbHbIX MUKPOCXEM AN aTOM-
HbIX MOABOAHbLIX NOAOKZ. [lpyM 3TOM WUCMONAb30OBaHWE MNOAAENbHbIX
KOMMOHEHTOB MPUHECNO MPOU3BOAUTENAM INEKTPOHUKM  YObITKM
B pa3mMepe 7,5 mapa gonnapos CLUA (no gaHHbIM Ha koHel, 2021 roga).
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HepaspyLiatolwmii KOHTPOb

Hanbonee uyacto KoHTpadakTHble KOMMOHEH-
Tbl BCTPEUAKOTCA CPeAn TeX MO3ULMIA, KOoTopble Bblin
CHATbI C MPOW3BOACTBA UAWN ByayT CHATbI B GanKali-
wee Bpemsa. AHanutnyeckas komnanums IHS Markit
Ltd (HbiHe BxoaUT B cocTaB kopropauuu S&P) B 2016
rogy VHGopMupoBana’, uto 405 Takux KOMMNOHEHTOB
cpean Bcero KoHTpadakta gocturaer 69 %. 310 He-
YAVBUTENbHO: Pa3paboTunkm He ycrneBatoT OOHOBUTb
KOHCTPYKLIMIO CBOWX W3Aenunii Bcaes 3a 6bICTpO Me-
HsAOLWEeNCsA 3N1eMeHTHOM 6a30i 1 CNPOC Ha «CcTapble»
MUKPOCXEMbI COXPaHAETCs.

Hanbonee octpo npobaema CTOUT B TaKUX «He-
MOBOPOTAMBBIX» Ccdepax, Kak MPOU3BOACTBO BO-
€HHOWM M KOCMUYECKOW TeXHWKW. ITOol npobaemoi
BCEMMPHOro Macwraba v nosab3yroTca Heaobpoco-
BECTHbIE N3TOTOBUTESIN.

B faHHOM KOHTeKCTe HW OAHO MpeanpuaTMe He
MOXeT bbITb yBepeHO B 6€30MacHOCTL, NyYLllnM pe-
LweHneM npobaembl SBASETCS KOMMAEKC AEUCTBUN:
coueTaHvie NpeaynpesnTeNbHbIX MEPONPUATUIL C Op-
raHu3auuelt BXO4HOro KOHTPOIA NOCTynatoLLei ane-
MeHTHOW H6a3bl.

MeToabl BXOAHOTO KOHTPOAA YCNAOBHO AEeNATCs
Ha JBe rpynmnbl: paspyLluaroLime 1 HepaspyLuaroLme.
OueBUAHO, 4TO A1 COXPaHeHNa paboTocnocobHOCTH
KOMMOHEHTOB MpeAnoYTUTeNeH HepaspyLlaroLwnii
KOHTpONb. W ecin paHblue OCHOBHbLIM WHCTPYMEH-
TOM KOHTPO/JEPOB 6blIO YBENUUTENBHOE CTEKO
WM MUKPOCKOM, TO Cceliyac B UX apceHan BXOAWT 60-
Nee coBepLueHHoe 1 3¢ dekTnBHOE 060pyAOBaHNe —
Hanpumep, PeHTreHOBCKNe YCTaHOBKMW.

B Poccumn Ttakxke yaenatoT NOBbILLIEHHOE BHU-
MaHue 6opbbe C KOHTpadaKTHbIMW 3NEKTPOHHBbIMMU
KOMMOHEHTaMN W, B YaCTHOCTW, Hepaspyllarowm
meTogaM KoHTpoasa. B 2017 roay B cTpaHe ©Obin
BBeAeH B JeNCTBME HaLUMOHaNbHbLINM CTaHAapT
FOCT P 57880-2017 «Cucrema 3awmutbl oT danbcu-
duKaumi 1 KoHTpadakTa. DNEKTPOHHblIE U3Aenus.
MpesoTBpaLleHne noayveHns, MeToabl obHapyxe-
HMA, COKpaLleHVe PUCKOB MPUMEHEHNA N peLleHns
Mo MCNOAb30BaHNO GanbcUdULMPOBAHHOM N KOH-
TpadakTHOM MPOAYKLMM»* B KOTOPOM Pajnonoru-
yeckoe nccnefoBaHne (PEHTreH-KOHTPOIb) yKa3aHo
KaK pekomeHAyemoe Hapsgy C APYrMMy MeTofamu
pa3pyLUaroLLLero U HepaspyLUatoLLLero KOHTPOS.

K coxaneHuto, 60bLLMHCTBO
PYKOBOAUTENEN HE B MOJHON

Mepe MCMOJb3yHT BO3MOXHOCTU
PEHTrEHOBCKMX YCTaHOBOK Ha 3Tarne
BXOZHOIO KOHTPOA 3/1€KTPOHHbIX
KOMMOHEHTOB M NeyaTHbIX NJar.

PeHTreHOBCKOMY aHanusy yaeneHo BHUMaHue
1 B METOAMYECKMX YKazaHuax Bcepoccuniickoro HayuHo-
NCCNefOBaTENbCKOTO WMHCTUTYTa PajMO3/1eKTPOHM-
kn» (OrbY «BHUWP», paHee — ®IYM «MHUKNPUIM»)>.
STOT UHCTUTYT NpukazoM MwuHnpomTopra Poccun ¢
2016 rosa siBASETCA TOJIOBHOW OpraHu3aluen, Bbl-
NONHSAIOLLEN UCCAeLOBaHNA B 061aCTV 31EKTPOHHOW
KOMMOHEHTHOM 6a3bl. MeToaMKa MHCTUTYTa NPAMO
YKa3blBaeT Ha TO, UTO PEHTreH-KOHTPOJb ABASAETCS
6onee 3pPeKTUBHBIMU, YEM BU3YyabHblE UK pa3py-
LlatoLme MeTobl KOHTPOS.

Ele oAMH nepcnekTUBHbLIA MeToZh 6GopbObI
C NoAAeNKaMm 3akNKYaeTCs B HAHECEHUN HA MUKPO-
CXeMbl JOMONHUTENbHOWN, HE BUAMMOW r1asy MapKu-
POBKMW, KOTOpPast MPOSBASETCSA TONbKO NOA AENCTBUEM
NHbpakpacHOro, yabTpapmnoseToBoro Wan peHTre-
HOBCKOTO WM3/yYeHWI.

PeweHns no 6opbbe c KoHTpadakTHOM Mpo-
LyKUMEN BXOAAT B NepeyeHb MeponpusT1in no pas-
BUTUIO cucTembl «YecTHbii 3HAK», BHegpsieMon
B Poccum Ha rocysapctBeHHOM YpOBHE®.

OueBunaHO, UTO chepa NPMMEHEHNA PeHTreHoB-
CKMX YCTaHOBOK Ha MPeAnpuATUAX PafMO3NEKTPOH-
HOW MPOMBILLIEHHOCTW He AO/IXKHa OrPaHMUYMBaTLCA
NpOBepKOW KayecTBa nasHbIX CoeAnHeHNR. Ho, k co-
aneHuro, HONbLUMHCTBO PyKOBOAUTENEN He B MOA-
HOW Mepe MCMO/b3YHT BO3MOXHOCTU MMeLLerocs
060pyAOBaHNA, N PEHTFEHOBCKME YCTaHOBKM NPUob-
peTaroTCa B OCHOBHOM /11 NMPOBEPKM MOHTaXxa Mu-
KpocxeM B kopriyce BGA 1 HEKOTOPbIX APYrMX TUNOB
KOMMOHEHTOB. JTa CTaTbsA MOCBALLEHa NPUMEHEHMIO
PEHTreHOBCKOrO U3/ly4YeHNa Ha 3Tane BXOAHOIO KOH-
TPO/IA SNEKTPOHHbIX KOMMOHEHTOB W MeYaTHbIX Maar.



BXOAHOW KOHTPOb 31E€KTPOHHbIX
KOMMOHEHTOB

CyLLecTByrOT TPV OCHOBHbIX Crocoba BbisiB/ie-
HWS KOHTPadaKTHOW MPOAYKLMM C MOMOLLbIO PEHT-
reHOBCKOW YCTaHOBKW:

~ CpaBHeHWe C 3TaJIOHOM;
>~ CpaBHeHMe C AOKyMeHTaLI,I/Iel\/’I Ha KOMIMOHEHT,;

~ BblsiBJIeHVE OUYEeBUAHbIX 4edEKTOB, He Tpebyto-
WX 3TaJOHHOro 0bpasua nav NpoBeEPKN AOKY-
MeHTaL M.

TexHoNOrMM

NmetoLmecs MeTozbl He rapaHTUPYHOT TOYHOTO ONpeAeeHns — ABAAETCA

2N KOMMOHEHT KOHTPadaKTHbIM, HO MOTYT 3HaUUTENbHYHO YAy4LLNTL paboTy
COTPYAHWKOB BXOAHOIO KOHTPOASA. B noso3puTenbHbIX Cyyasx peHTreHOBCKMe
CHVYMKM KOMMOHEHTOB CTaHOBATCS NMOBOZAOM A5 MPOBEAEHUS AaNbHENLLNX

nccnesoBaHUM.

CpaBHeHwue ¢ 3Ta/IoOHOM

B aToM MeTOoAe Ans BbIABAEHUS KOHTPadaKTHbIX
KOMMOHEHTOB MCMOJb3yeTCs 3TaNOHHbI 0bpaseL, —
KOMTMOHEHT, MPO KOTOPbIA AOCTOBEPHO M3BECTHO,
YTO OH SAB/IAETCA OPUIMHaNbHBIM U COOTBETCTBYET
BCEM 3asB/IEHHbIM XapakTepuctiukaMm. Ecam Ha npea-
NPUATUN HET BO3MOXHOCTM WMETb AOMOJHUTEb-
Hble KOMMOHEHTbI B KauecTBe 06pasLLoB (Hanpumep,
KOMMeKTaLms 3akyrnaetcs 6e3 yuyeta TexHO/OIM-
Yeckoro 3arnaca), X MOXeT 3aMeHUTb bubanoTeka
PEHTTEHOBCKMUX CHUMKOB MO 3TaNlOHHbIM MO3ULUAM.

Ha npviBeaeHHbIX PEHTTeHOBCKMX CHUMKAX XO-
POLUO 3aMeTHO, 4TO Yy KOHTpadakTHOro 3nemeHTa
(pyic. 16) OTCyTCTBYIOT ZABa KPYMHbIX KOMMOHEHTA.
DTO 2NeKTPOAUTUYECKME KOHAEHCATOpPbl, MNpeAHa-
3HaYeHHble A1 CrAaXMBaHWA MybCalii HanpsXke-
HUA. ByseT nn GYyHKUMOHUPOBaTb KOHTpadakTHbIN
DC/DC-npeobpa3oBaTenb? Ha nepsbix nopax — aa.
Byaetr nn oH oTamMuaTbCA HaZeXHOCTbo? Het, Kak
YTBEPXAAIOT CMeunanncTbl, B CKOPOM BPEMEHW OH
Hen3bexHO BbIMAET U3 CTPOS.

Puc. 1a. PeHmeeHosckuti cHumok DC/DC-
npeobpasosameis (3MasoH)

Puc. 16. PeHmazeHosckuli CHUMOK KOHMPagpakmHozo
DC/DC-npeobpazosamens
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HepaspyLiatolwmii KOHTPOb

CpaBHeHMe C JOKyMeHTaLMeln Ha
KOMMOHEHT

MeTos OCHOBaH Ha CpaBHEHUW BHYTPEHHEMN
CTPYKTYPbl 3/71EKTPOHHOIO KOMMOHEHTa C 31eKTpu-
YeckoW CXeMoW, KoTopas ObBblYHO MPUBOAUTCA B
JoKyMeHTauun (TexHudeckme ycnosus, Datasheet).
Bu3yanbHbll KOHTPOAb NO3BO/AET MPOBEPUTL TOJb-
KO TMMN KOpMyca, COCTOAHWE MapKMpPOBKM W Apyrne
BHELUHME KauyecTBeHHble npu3Hakn. C MOMOLLbHO
PEHTreHOBCKOW YCTaHOBKM MOXHO 3arisiHyTb BHYTPb
KOMMOHEHTa.

PaccmoTpuM  genctBre MeTofa Ha npumepe
obcnefoBaHMA TBEPAOTENBHOIO OMTUYECKOro pese
LH1522AB. Bbigep>kka 13 AOKYMEHTaUUW Ha pene
(pwvc. 2) coobuiaeT: Nnapa CBETOAMOA0B pacrnoiaraeT-
cA Mexay BbiBogamun 1-2 n 34, a COOTBETCTBYHOLLME
nM boTonpreMHUKM — Mexay BbiBogamu 7-8 n 5-6:

LH1522AB

Puc. 2.

Tenepb 06paTUMCA K PEHTTEHOBCKMM CHUMKaM,
BbIMOJIHEHHBIM NMPWU MOMOLLY CUCTEMbI PEHTFeHOB-
ckoro koHTpona CPK-1000 (pa3paboTtka v npous-
BoacTBO K «/lnnob).

Ha BXOZHOWM KOHTPOJbL MOCTYNUAM ABE MapTuu
pesne. B oTanume oT npezbigyliero npumepa, He-
W3BECTHO, Kakas W3 MapTui ABASETCA 3TANOHHOMN.
Mo3TOMy CHVMMKMW CPaBHWBAKOTCA C 31EKTPUYECKOW
cxemoi 13 Datasheet.

Puc. 3a.

Puc. 36.

V3yuyeHne CHMMKOB MOKa3blBaeT, UTO pa3Bapka
(3nekTpuYeckoe CoeamHEHVE MeXay KpUcTaaiom
M BbIBOZAAMMN KOMMOHEHTa C MOMOLLBIO TOHKMX Me-
Ta/IMYECKUX HUTEN) U PaCMONOXEHNE SNEMEHTOB
BHYTPEHHEeW CTPYKTYpbl KOMMOHEHTa Ha puUc. 3a co-
OTBETCTBYET 3/IeKTPUUYECKON cxeMe, a M3obpaxkeHue
Ha puc. 36 AeMOHCTpUpPYeT KOHTPadaKkTHbIV KOMMO-
HEHT: XOPOLLO 3aMeTHa pa3Bapka MeXAy BblBOAAMMY,
PacrnoNoXeHHbIMW ApYr HaMpoOTMB Apyra, YTo Nps-
MO MPOTMBOPEUUT Ha3HAUEHUIO OMTUYECKOro pese
(obecneueHne ranbBaHNYECKOM pa3BA3KM).



TexHoNOrMM

BbisiBneHMe oueBnAHbIX AedeKToB, He TpebyroLmx
3TaNloHHOro obpasLia v NPoBepku JOKYMEHTaLUN

Ha cHuMKe xopollero kauyectBa AaHHas KaTe-
ropusi HECOOTBETCTBMI cpa3y e Hpocaercs B rna-
3a. Takve fedekTbl, Kak OTCYTCTBUE KpUCTaaia Uau
ero pasBapku, 06pbIB MPOBOAHWKOB, NMOBPEXAEHNE
BbIBOAOB ¥ KOPMyca KOMMOHEHTOB He TpebytoT Tila-
TENIbHOTO U3YyUeHUs TeXHUUECKOW JOKYyMeHTaLuw.
KoHeuHo, obline 3HaHUA B 06/MaCTU 371€KTPOHHbIX
KOMMOHEHTOB TPeBYHTCA U 34eCb, HO BPSA /N OMbIT-
HbIA OMepaTop PEHTreHOBCKOW YCTaHOBKM MpoOny-
CTUT NoAOBHbIe AedekTbl (pUc. 4-6).

Puc. 4. Cnesa — omcymcmeaue paseapku kpucmasia.
Cnpasa — KoMnoHeHmM ¢ HaJau4uemM paseapku

Puc. 5. O6peis
nposodHuUkos

Puc. 6. [ospexdeHue
86180008

OnvcaHHble MeToAbl HE rapaHTMPYHT TOYHOTrO
onpeseneHns — ABAAETCA NN KOMMOHEHT KOHTpa-
baKTHbIM, HO MOTYT 3HAUUTEJILHO YAYYLLNTL paboTy
COTPYAHVKOB BXOAHOrO KOHTpoO/s. B nogosputens-
HbIX CyYasX PEHTTEHOBCKME CHUMKM KOMMOHEHTOB
CTAHOBATCA MOBOAOM A5 MPOBEAEHNSA Aa/lbHENLINX
nccneaoBaHum.

Y HaZieXHbIX MPOU3BOAMTENEN M MNOCTaBLLM-
KOB BCE KOMMOHEHTbI B Mpejesiax O4HON nap-
TUW abCONOTHO OAMHAKOBBIE U B YNAKOBKE
OPVIEHTVMPOBAHbI B O4HOM HampaBieHUMN.

MNMofcHMM 3TO Ha npuMepe MUKPOCXEMbI
XC17S30XLPD8I. B Datasheet npvBegeHa cneayro-
Llasf cxemMa C Ha3Ha4yeHnem BbIBOAOB (pucC. 7).

DATA(DO) ——1 g b—vce
CLK —]» PD8/PDG8 |
2 S0G8 7 —vce
OE/RESET —{3 VOBNOG8 L\
Top View
CE —{4 5 [—GND

Puc. 7.

DE030_06_D60508

Ha BXOAHOM KOHTpPOJie C MOMOLLbHO PEHTFEHOB-
ckoln yctaHoBku CPK-1000 6b110 mpoBeseHO 06-
cnefoBaHue (puUc. 8) MapTUM MUKPOCXEM B OJHOM
ynakoBke (nanerte).

Puc. 8.

Mony4eHHbIN CHUMOK He MO3BO/IAET OfHO3HaY-
HO 3aABWTb, YTO MUKPOCXEMbl KOHTpadpakTHble. ITa-
JNIOHHBIN 0bpasel, oTcyTCTBYET, @ cxema u3 Datasheet
CAMLIKOM 06Lwas, UTO6bI C ee MOMOLLLbHO BBIHECTM Ka-
Kon-nnbo BepanKT. OfHako cnegyet obpaTUTb BHU-
MaHWe Ha AiBa MOMeHTa:
~ Yy Bblje/IeHHbIX MUKPOCXeM MeTaiam3auna
BHYTPW KOpMyca OT/IM4yaeTca oT 60/bLIMHCTBA
COCEAHNX MUKPOCXEM;
~ MWKPOCXeMbI B YNaKOBKe Y/I0XKeHbl He B OAHOM
HanpaBAeHWN, a pa3BepPHYTbl OTHOCUTENBHO
Aapyr apyra Ha 180° (3T0 06Hapy>un 1 BU3yanb-
Hbl KOHTPOJIb).

JaHHble Npu3HakM JatOT OCHOBaHWe Ans no-
[03peHnI B KOHTpadakTe U NPOBEAEHNUS AOMOHM-
Te/IbHOV MPOBEPKU. Y HaAEeXHbIX MPOU3BOAUTENEN
1 NMOCTaBLLMKOB BCE KOMTMOHEHTbI B NMPesesiax O4HOW
napTMn abcontoTHO OAMHAKOBbLIE U B YNIAaKOBKE OpW-
€HTUPOBaHbl B OAHOM HanpasAeHUN.

Bpems nogcueTta 0AHOW KaTyLKW COCTaBASET Mo-
paaka 10 ¢, npu 3ToM B paboueli 061acTy cUeTUNKa OA-
HOBPEMEHHO MOXHO Pa3MeCTUTb HECKObKO KaTyLUek.
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HepaspyLiatolwmii KOHTPOb

BXOAHOW KOHTPO/Ib MeyaTHbIX naaT

3aBepLas pasroBop o 6opbbe ¢ KOHTpadakToM,
HEManoBa>HO YNOMAHYTb O APYITX 3HAYNMbIX BO3-
MO>HOCTAX pEHTFEH-TEXHOJ'IOFVII‘/'I.

MpUMeHeHe PEHTFEHOBCKMX YCTAHOBOK Mpw
BXOZHOM KOHTPOJIE MeyaTHbIX naaT MeHblUue pacrpo-
CTPaHeHO MOTOMY, YTO Ha «rOJIOW» NaaTe He Tak MHOro
MeTa/I/1a, KaK Ha naTte ¢ MpunasHHbIMU KOMMOHEHTa-
MUW. PeHTreHoBCKMe Nyun cnabo MOr/IoWAOTCA TOH-
KAMW MeAHbIMW JOPOXKKaMK, MO3TOMY K AaHHOMY
cnocoby KOHTpoas obpaluatoTcs 0BbIYHO yXKe no-
cfle TOro, Kak Ha 3Tane $yHKLMOHaNbHOMO KOHTPOA
CMOHTVPOBAHHbIX M/1aT BbIABAAIOT AedeKTbl.

Ha cHumkax (puc. 10, 11) xopolwwo BUAHbI MO-
TEMHEHWA BHYTPU METalNN3MPOBaHHbIX OTBEPCTUN.
CvnbHOe noraoleHne nsayvyeHns CBUAETENbCTBYET
O TOM, YTO 3TV NOTEMHEHWA HE YTO MHOE, Kak MeTan-
nnyeckne BrkArOYeHUA. OHWM NOABAAIOTCA, HaNpuUMep,
npv nonagaHnn NOCTOPOHHUX YacTuL, MeTaana B OT-
BEPCTUE NN NPU pa3pbiBe NasbHON Mackn BO Bpe-
M$S HaHeCeHMA MOKPbITUA Ha KOHTaKTHble MIOLLaAKM
METOAOM ropsyero Jy>XeHus.

CornacHo craHgapty IPC-A-600, ntoboe otcyT-
CTBME MacKu TaM, r4e OHa AoJKHa ObITb Mo npo-
eKTy nnatbl, — 3T0 gedekT. Ho ecnm paspabotumk
nocuynTaeT, YTo nonagaHue NPuUNos B OTBEPCTUS He
noB/aMseT Ha YHKLUMOHUPOBaAHWE MAaTbl, OH MOXET
NpuHATL ee B paborTy.

Ewe oaHa cdhepa NprMeHeHNs PeHTTEHOBCKOTO M3/lyYeHUs NMPU BXOLAHOM KOHTpOJIe
3N1EKTPOHHbIX KOMMOHEHTOB — WX NepecyeT. PEHTTeHOBCKME CUETUMKIN MO3BOASAOT
COKpaTUTb CKOPOCTb NepecyeTa B HECKOJIbKO pas, Npw 3TOM JieHTa He TpebyeT

NnepemMoTKn C OAHOM B6OBWHbI Ha ApYryto.

PaccmoTtprM HekoTopble Mpumepbl. Ha cHumke
(pwc. 9) 3aMeTHO yToLLEHME METAANN3ALMN Ha OTBEP-
CTVAX, NpeAHa3HaYeHHbIX A1 3aNpPeCcCOBKN COeANHN-
Tenel. Ha BXo4HOM KOHTpOJIE NeyaTHbIX NaaT gnameTp
TaKMX OTBEPCTMIA OBbIYHO HE NMPOBEPSIHOT, XOTS YMEHb-
LeHWe AnamMeTpa HeraTMBHO CKa3blBaeTCA Ha onepa-
LMW 3anpeccoBku. BbiBoAbl coeanHWUTENE NMOMPOCTY
He CMOryT «mpope3aTb» U3ObITOUHBIA CIOV MeTanna.
Takune nnatbl Noanexat BbI6pakoBke 1 3aMeHe.

Puc. 9.

Puc. 10.

Puc. 11.



CnoxHee obHapy>uTb 0BpPbIBbI MPOBOAHWKOB,
OCOBEHHO eCNM OHU PacroIOXeHbl BO BHYTPEHHMX
cnosx neyatHou naatbl. Ho ecan caenatb 310 BoBpe-
M$l, MOXHO 3HaunTeNbHO yAy4ylnTb 3GHEKTUBHOCTb
NPOV3BOACTBA, Befb 0ObIYHO MPOBOAHMKN HaunHa-
FOT paccmaTpurBaTh TOJLKO Moc/e Toro, kak obHapy-
KUTCA OTCYTCTBME CUrHANa NOCAe BKAKOUYEHNA NAaaThbl.

Ha cHumke (puc. 12) npuvBegeH npumep rpy-
6oro obpbiBa NPOBOAHMKA Ha Hapy>XHOM cnoe. Bo
BHYTPEHHMX CN0AX OBPbIBbI HE TaK 3aMeTHbl. 30HOW
puUcKa IBAAOTCA MecTa COeMHEHWI NPOBOAHNKOB C
MeTaNAN3NPOBAHHBIMW NEPEXOAHbLIMN OTBEPCTUAMMU.

Puc. 12.

Yuert

HakoHeu, elle oaHa chepa NpUMEHEHNS PEHT-
FEHOBCKOIO W3Ny4YeHUs NpPU BXOAHOM KOHTpoOJie
3/IeKTPOHHbBIX KOMMOHEHTOB — ux nepecyeT. Oco-
6eHHO aKTyasbHO 3TO ANS KaTylleK C MenKnMmu
UYMM-KOMMOHEHTaMK, KOJIMYECTBO KOTOPbIX B OAHOW
KaTyLke MoxeT gocturate Ao 10 Tbic. wTyK. Ha oa-
HUX NPeanpuUATMAX KaTyLLUKM NepecymTbiBatoT BpyY-
HYO C MOMOLLLbHO IMHENKN, Ha APYTNX — UCMOb3YHOT
nosyaBTOMaTMyeckne CYETUMKM, HarnoMWHaroLme
cTapble 606MHHbIE MarHUTOPOHbI. PeHTreHoBckue
CYETUMKM MO3BONAKOT COKPATUTb CKOPOCTb Mepecye-
Ta B HECKOJIbKO Pas, Mpu 3TOM JieHTa He TpebyeT ne-
PEMOTKM C OAHON 6OOUHBI Ha ApYTryto.

MHorne peHTtreH-ycra-
HOBKW WMEIT BCTPOEHHYHO
byHKUMIO  nojcyeTa  KOM-
MOHEHTOB, HO Ay4ylIUM pe-
lWeHveM 6yaeT OTAesbHbIN
PEHTreHOBCKUIA CUeTUmK.
Mpumep TOro, Kak BbIFASAUT
KaTyLlKa B CUeTUunKe, nNpuee-
JeH Ha puc. 13.

Puc. 13.

TexHoNOrMM

3akar4yeHune

M3rotoBuTenn KoHTpapakTHOM MPOAyKLMN KC-
Nonb3ytoT Bce Honee CIOXHblE CNocobbl obmaHa.
TpaZWLMOHHBIA BU3yaNbHbIi KOHTPOAb U U3Mepe-
Hue 6a30BbIX 3/IEKTPUYECKNX NapaMeTPOB He BCersa
MOTYT 3aLlLUTUTb OT GanbCUPULMPOBAHHbBIX 1 BpaKo-
BaHHbIX KOMMOHEHTOB. PeHTreH-KOHTPO/Ib Ha npea-
NPUATUN Ha 3Tane BXOAHOTO KOHTPO/A MO3BOASET
3HAUUTE/IbHO MOBbICUTb BEPOATHOCTb OBHApPY>XKeHUs
KOHTpadakTa 4O MOHTaXa Ha naaty (TeM caMbIM U3-
HexkaTb MOC/NeAyrOLLErO PEMOHTA MAaThl), @ Ha dTane
KOHTPOJIsi CMOHTMPOBAHHBIX MiaT U3baBaseT oT no-
ncka AedeKTHOro KOMMOHeHTa MyTeM K/1aCcCUYecko-
ro nepenavBaHWs Ha 3aBELOMO FOAHbIN.

BmecTe ¢ 3TMM MpuXOAUTCA MpW3HaTh, YTO Aa-
JleKo He BCerga, UMesi B pPacropsi>K€HUN YCTaHOBKY
PEHTIFeHOBCKOro KOHTPOJIs, CMELMannCTbl Npeanpus-
TUS M3y4yartoT BCE €e BO3MOXHOCTM U MOJb3YyHTCA
MMV B MOJIHOW Mepe, OrpaHuMuMBasCb TOJIbKO OT-
Ae/bHbIMW NMPUKNAAHbIMUN 3aZauyamMu.

NcTouHMKM:

1. Materialy VI Mezhdunarodnogo foruma
«Antikontrafakt-2018». Itogovyye dokumenty.
Moskva. P. 155. V13 paboTbl «BbigBneHune npu-
3HaKOB KOHTpadakTa B U3AeNNAX INEeKTPOHHOM
KOMMOHEHTHON 6a3bl B acrekTe obecneyeHns
npomMbIwaeHHo knbepbesonacHoctun». Cucte-
Mbl MPOCNEXUBAHNA 1 METOAbLI MapKMPOBKM
3NIEKTPOHHbIX KOMMOHeHTOB B Poccum http://
dx.doi.org/10.26583/bit.2019.2.09.

2. Detecting Counterfeit ICs, Alan Lowne, CEO of
Saelig Co. Inc. https://www.electronicdesign.
com/home/contact/21185933/alan-lowne

3. Counterfeit Integrated Circuits: Threats,
Detection, and Avoidance, University of Florida.

4. https://files.stroyinf.ru/
Data2/1/4293741/4293741553.pdf

5. https://vniir-m.ru/sites/default/files/articles/
kontrafakt_2019_0.pdf

6. Knura O., Makaposa A. CucteMbl npociexmsa-
HUS U METOZbI MapPKNPOBKM 3IEKTPOHHbIX KOM-
noHeHToB B Poccuu. https://www.electronics.ru/
files/article_pdf/9/article_9622_882.pdf :
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BbictaBka «MHHOMpOM»

Welcome to

B EkatepuHbypre Ha naowagke
«EkatepunHbypr-3KCMNO»
npowna 14-a mexxayHapoaHas
NPOMBbILUIEHHAA BbICTaBKa
«/IHHONpOM>».

Kntouesasa tema «MIHHONpoM-2024» —
«TexHONOrnMyeckoe NapTHEPCTBO:

bopmupys obpa3s byayLiero» —

NPOAVKTOBaHa COBPEMEHHbIMU  peaausaMu, KO-
raa NroboM MPOMBIWIEHHBIA NPOAYKT He Aenaetcs
B OZAMHOUKY. FapaHTWel ycrnexa sBASETCS MapTHep-
CTBO: MPOU3BOAUTENEN N NOTPeOUTENEN, KOMMAHNRA,
CNeLMaincToB — MHXEeHepoB, AU3aliHepPOB, NOTU-
cToB. Takas cMHeprus obpasyeT «yMHYH» 3KOCUCTE-
MY, HACTPOEHHYHO Ha CaMOOBHOBJ/IEHVE U pa3BUTME.

Mpynna komnaHmn «unnonb»
NpPUHAAa yyactue B 3TOM
MaclTabHomM cobbiTM B obaactu
NPOMBbILLJIEHHOCTN U TEXHOJIOTUN.

Mpy 3TOM KpUTUYHBIM aKTOPOM ycrexa Ans
6u3Heca CTaHOBUTCA BOBJIEYEHHOCTb B MeXAyHa-
POAHbIE TOPrOBO-NPOU3BOACTBEHHbIE LIeNOYKN. Tem
BaXKHee ANS YYaCTHUKOB POCCUIACKOrO MPOMBbILL-
JNIEHHOTO pPbIHKA yMeHWe MNocTpouTb 3PEKTUBHYHO
CUCTEMY B3aMMOAENCTBMSA C 3apyOeXXHbIMU MapTHe-
pamu. Ha BbicTaBke «V/IHHOMPOM», MPOXOAMBLUEN
¢ 8 no 11 uronda, oTeUeCTBEHHbIM MPOU3BOAUTENAM
npeacrasnaacb BO3IMOXHOCTb U3YUNTb HOBbIE PbIHKM
N B XOZe AUCKYCCMI noyyacTtBoBaTbh B GOpMUpOBa-
HWW rNaBHbIX TPEHAOB NMPOMbILLIAEHHOCTH ByayLero.

OCHOBHbIMU TemMaTu4yeckummn 610Kkamm Mepo-
npunaTna ctaau:

~ Unéposoe nponssoacTso.
~ MertannoobpaboTka.
~ TexHosnornm ANA SHEPreTukn.

~ TpaHCNopTHOE MaLUMHOCTPOEHME.

/

rlpOVIBBOAVITeJ'IVI KOMMOHEHTOB.

/

HoBble maTepmansi.
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CobbiTne

Ha cBoem BbICTaBOUHOM CTEHAE rpynna
KoMnaHui «[iunonb» npeacrasuia
COBpeMeHHOe NpoMbILieHHoe obopyaoBaHue,
HOBblE peLleHus n pa3paboTku:

~ paspabotka K «Aunonb» ansa aBTomMatnsaymm
n3mepeHnin — METLAB;

I AUNOJb
CM16npo

~ peLueHus ais COOPKN INEKTPOHHbBIX U3AENNN,
B TOM UMC/le YCTaHOBKA CTPYMHOM OTMbIBKU
neyatHbix naat CM-16 MPO (paspaboTka
n nponseoacTeo MK «Annonb»);

A=ITECH
(ljb e e

~ n3MepuTesbHble NPUBOPLI (MPON3BOAUTEND
Itech) 1 TeH30MeTpUUeckne ncnbiTaTeNbHbIE
CTeHAb! AN aBTOMOBUABHOM U aBUALIMOHHOMN
NpoMbILIeHHOCTU (Npon3soanTens Anhui
Jingke Testing Technology);

annons Ky[0/]

CnCTemMa ynpaBneva ﬂpOM3BOACTBOM
«K.Y.M.0.J1.» (pazpabotka K «Annonb»);

as
N
OIMUKA

obHoBneHHas Bepcus Low-code-pegakTopa
OMMUKA (paspabotka K «Aunonb»);

2

I
\

objectronics

AW
I

7

NS
WHHOBALMOHHbIE TEXHONOMMK B 061aCTH

3D-neuatn 1 3D-ckaHMpOBaHMA, B YaCTHOCTU
— 3D-npuHTep Objectronics Vision F300. o
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BbictaBka «ApmMusa»
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C 12 no 14 aBrycTta Ha TePpPUTOPMAX KOHIPECCHO-BbICTABOYHOIO
neHTpa «lMatpuor» 1 aspogpoma «KybumHka» npouuia BbicTaBka
060pPOHHO-NMPOMBbILWIEHHOFO KOMMIeKca «ApmMua-2024».

Cpeau yyactHUkoB dopyma — KOMNaHuA «lnnonb», oauH U3
BEAYLNX pa3paboTuMKOB peLeHni 419 BbICOKOTEXHOOMMYHbIX
NPOEKTOB U TEXHONIOTUUECKNIA NapTHEP NPEeANnpPUATUN POCCUNCKON
NPOMbILLJIEHHOCTW. ‘

AWM\ BW\




A

3a roApl NpoBeAeHUAa MeponpuatTna «ApmMmusa»
3apekomeHgoBana cebs B KauvecTBe 3PPeKTUBHOWM
naowWaakM AN AeMOHCTPaL MM NPOAYKLIUM 1 NPOU3-
BOZCTBEHHbIX BO3MOXHOCTEN NepeAoBbIX KOMMaHW,
Hafa>KMBaHMA TECHbIX KOHTAKTOB MeXAy NpeacTaBu-
TeNAMN BU3HEC-KPYroB, Hay4YHOTOo W 3KCMEPTHOro
COOOLLIECTB, PYKOBOAALLMM COCTaBOM MWHWUCTEPCTB
1 BefoMCTB Poccuiickoin ®egepauimy, a Takxke npes-
cTaBUTeNsMU 3apybesxxHoro OlK.

nonb’

(HODIOTWMECKVE PEWIEHMA
NPQAIBOACTEA
ITKM JMEKTPOHIAKK

B 3ToM rogy B pamkax popyma Obiav npeacras-

NleHbl MHHOBALMOHHbIe pPa3paboTky, BOM/OLLEH-
Hble B peasbHOCTb. Tak, Ha aspogpome «KybuHka»
npoLna wupokomaclutabHas AeMOHCTpaLuna aBua-
LIMOHHOW TEXHWKM, 6eCnnNOTHbIX IeTaTe/IbHbIX anna-
paToB, ABUraTenein n KOMNAeKTyoLWmX. Ha ocHoBHOM
naowagke popyma B KBL, «[atpmnoTt» roctn mepo-
NPUATUA YBUAENN, KaKne TEXHOJOTNN CErOf4HA CTOAT
Ha CTpaXke MMpa W CMOKONCTBUA POCCUINCKMUX Fpax-

CobbiTne

JRMY 2024

C 2015 ropa dopym sBaseTCa KpynHenwen
BbICTaBKOM BOEHHOro 060opyaoBaHmA

N cneumanbHON TEXHUKN B POCCMM 1 3HAKOBBIM
COBbITUEM CpeaM aHaNIOTMUHbBIX MUPOBBIX COBLITUN.

JaH.

Ha BbicTaBke OblAnM pa3BepHYTbl 3KCMO3MLMM
N MHAWBWUAYaNbHble CTEHAbLI MPeanpuATUiA 060POH-
HOW MpoMbllneHHocT benopyccum, NHaumn, Kutas.
B pabote popyma 3aseincTBOBaHbl MpeaCTaBUTENN

6onee uem 120 MHOCTPAHHbIX KOMMAHWN.

Ha BbicTaBOYUHOM CTeHAe rpynna KOMMaHui
«[lunonb» npejcTaBuna  COBGCTBEHHbIE pELUEHUA
W paspaboTku: m

~ MpPOrpamMHbI KOMTAEKC aBTo-

MaTu3aumm namepenHmnin METLAB;

> cucTemy ynpasaeHus NPov3BOA- Avnonb LM/
ctBoM «K.Y.IMT.OJ1.»;

LY 4
~ 0OHOBJ/IEHHYIO BEPCUIO N
Low-code-pegaktopa SMUKA;,  IMMUKA
~ reHepaTtopbl, UCTOYHMKN NMnTa- M
Hus, ocumanorpadbl n nsmepu- Il AUMNOJb

TesibHble Npubopbl (pa3paboTka
N NPON3BOACTBO «/IMnonb»).
Mo wToram noAnucaHus WU BPYYEHWUs] FOCKOH-

TPaKTOB Ha NossAx Gopyma 06LLmMii 06bEM CTOMMOCTK
KOHTPaKTOB coCTaBua okoso 500 mapga py6aei. ki
T
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MpomblwneHHble 3D-NpuHTEPDI




Bnarogaps cBoey BapnaTMBHOCTH,
pa3Hoobpa3nto MaTepranoB 1 CPaBHUTENBHO
HWM3KoW cTommocTn 3D-neyatb Noayymna
LINPOKOE pacnpocTpaHeHne B CaMblX
pa3Hbix chepax NPon3BoOACTBa — OT

BbIMycka NOTpebunTenbCknx TOBapoOB A0
TAXKENIOW MPOMBILUNEHHOCTU. AJANTUBHbIE
TEXHO/IOTUM N3MEHWAN MHOTME NPOLecChl

TexHoNOrMM

Ha NPeAnpUATUAX, HAUMHaA C CO34aHMA
NPOTOTUIMOB N 3aKaHUYNBAs MOJNYUYEHNEM
rOTOBbIX M34enni. I NpoMbILWNEHHUKN He
HaMepeHbl Ha 3TOM OCTaHaBANBATbCA, OHU
ULLYT BCE HOBble 061aCTV NPUMEHEHMA
3D-neyatwn, pa3pabaTbiBatoT HOBbIE
mMaTepuanbl, UTO OCOBEHHO aKTyanbHO CEroAHs
B CBETE Kypca Ha MMnopTo3amMelLieHne.

B Tom uncne aadANTUBHbIE TEXHO0IMN
noayynnn passutne B ripom3BoacCcTBe
NPOMBbILLJIEHHOTO NHCTPYMEHTA.

- ll '

/¢

BmecTe ¢ 3KCnepTaMu pbiHKa BblIACHAEM, NPU Ka-
KX YCNOBUAX 3TO Bq)q)eKTI/IBHO M KaKOBbl NepCrnekTn-
Bbl JaHHOTO HanpaBJeHUA.
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MpomblwneHHble 3D-NpuHTEpPDI

YYacTHUKM 3a04YHOW ANCKyCcCcnm cownmcb BO MHEHUN OTHOCUTEJIBHO
TOro, YTo H€O6XO,D|I/IIVIOCTb B UCMosb30BaHUM 3D-neyaT BO3HUKAET B TeX
cnhyyadX, korga TpagnuMoOHHbIE Cnocob6sbl npourpbIBarOT MO KJIKOYEBbIM
napamMeTpam: CbVIHaHCOBbII\/I, BPEMEHHbLIM, MPON3BOACTBEHHBLIM NN

APYrMM BUAAM BNOXEHWUN.

«B nepByto ouepesb peub uaet 06 m3geNnax
N3 TpysHoobpabaTbiBaeMbIX WAN  AOPOrOCTOALLNX
MaTepuanoB, MeNKO- U CPejHEeCePUMHOM MPOU3-
BOACTBE, KOrZa 3aTpaTbl Ha M3roToBJAEHWE OCHACTKM
NN NepPeCcTPOKY NMPON3BOACTBEHHbIX MPOLLECCOB He
OMpPaBAbIBaOT KOHEYHYH) CTOMMOCTb NapTuu m3ge-
Ania. Tpy 3TOM BaXKHO YUUTbIBaTb, UTO M3rOTOBAEHWNE
OTBETCTBEHHbIX JeTanen ¢ npumeHeHvem 3D-o6o-
PyZOBaHWA, Kak NpaBuio, TpebyeT JONOAHUTENLHOM
MexaHn4Yeckon 0bpaboTkm. ITW 3aTpaThbl TAKKE BANS-
FOT Ha 3QPEKTMBHOCTb M BO3MOXHOCTM BHEAPEHUs
AAANTUBHBIX TeXHOoOTUIA (AT) B Te AU UHbIe TEXHO-
Jnornyeckue nNpoLecchl.

Amutpuii CuHbraes,
rpynna KoMnaHui «4unonb»:

[TOMUMO 3KOHOMMYECKOM COCTaBAAOLLEN, He
MeHee BaXKeH U TEXHO/NOTNYeCKnin MOMeHT. EcTb Ta-
kne obpasubl NPoAyKLMM, KOTOPble HEBO3MOXHO
NCMONHUTb TPAAMLIMOHHBIMY CpeacTBaMu. Ecam npum-
CyTCTBYET XOTA Obl OAHO U3 NEePEYNCAEHHbIX YCI0BUN
— 3KOHOMWYECKME WU TEXHONOTNYeCcKe npenmy-
LLLeCTBa, MOXHO FOBOPUTH O LiesiecoobpasHocTu AT»,
— cuuTaeT npeAcTaBUTENb HamnpaBAeHUA «Aaaun-
TUBHbIE TEXHOIOTUW» TPYNMbl KOMAaHWM «Aunnonb»
Amutpuii CuHbraes.

CoocHoBaTe/lb  KOMMaHWM MO  MPOW3BOACTBY
3D-npuHTepos OO0 «Kb «COTKOMI» (SOTCOMP)
Makcm COTHUK Takxke ybexzaeH, UTo agiUTBHbIE
TexHoorMn LienecoobpasHo 1CMoab30BaTh A U3-
FOTOBJIEHUS| MHCTPYMEHTa, Korga TpebyroTcs BbICO-
Kas cTerneHb KacTOMMU3aL MW, MPOM3BOACTBO N3AeNni
CO CNNOXKHOWN reoMeTpre AN KOPOTKNE CPOKU U3ro-
TOBJIEHMS.

«3TWN TEXHONOTUWN NAEaNbHO MOAXOAAT AR CO-
3@aHMA NPOTOTMMNOB, MENKOCEPUMNHOIrO MPOU3BOA-
CTBa WU MHCTPYMEHTOB C YHUKa/IbHbIMUW CBOMCTBAMM.
B 1O e BpeMsa A/nf MacCOBOro BbiMycka MPOCTbIX
WNHCTPYMEHTOB TPaAMLMOHHbIE MeToZAbl (Hanpumep,
bpe3epoBaHme, TokapHas obpaboTtka) Moryt ObITb
6onee 3pPeKTUBHBIMU M3-3a UX MacLLTabUpyemMocTm
M HU3KON CTOMMOCTM Ha eAUHMLY MPOAYKLMW», —
MOSACHAET 3KCnepT.

TpagVLMOHHO aaANTMBHbIE TEXHOIOTMN MOTYT YCKOPUTb MPOU3BOACTBEHHbIE
npoLecchl B TeX Cy4vanx, Korja U3rotToBieHne O4HOro U3jenusa CkaajbiBaeTcs
13 6ONBbLIOrO KONMYECTBa Pa3HOPOAHbIX onepaumn uan ecam tpebyerca
BbIMYCK HOBOW OCHACTKW. Kak y>ke ynoMWHaNocCh, Npu oLeHKe CKOPOCTU
N3roTOB/NIEHNA AeTanen ciedyeT MOMHUTbL NPO NOcaeAytoLLme 3Tanbl
AononHUTeNbHOM 06paboTkK, 3ayacTyto bonee AnnTenbHble, YeM caM

NpoLecc neyatun».



TexHoNOrMM

CnoxHasa reomeTpus

TeMy yHVWKaNbHOrO KOHCTPYKTMBA U3AENNN, Bbl-
MOJIHEHHbIX C MpuMeHeHWem 3D-neuvatn, packpbin
pyKOBOAUTENb OTAeNa MPOEKTOB MO aAAUTUBHBLIM
TexHonornam OO0 «MHHPOKYC» Hukonain BuHo-
KypoB. Hanpumep, ¢ nomouibto AT MOXHO M3ro-
TOBWUTb MHCTPYMEHT C BHYTPEHHUMW KaHanamMu Ans
COX cnupaneBngHor GopMbl, KOTOPbIE AeNatoT ero
60s1ee NPOYHBIM 1 CTabWbHBIM Ha BbICOKMX 060pO-
Tax, YeM WHCTPYMEHT C TPaAWLIMOHHBIM Y-BUAHBLIM
KaHanoMm. [pu 3TOM oxNaxAeHMe PeXxXyLLMX KPOMOK
NPOUCXOANT HaMHOTO 3 dEKTUBHEN, UTO NpPoAIeBa-
eT CpoK CNy>Xbbl n3genus.

e

A R —

«C MOMOLWbHKO aadANTUBHbIX TEXHO/NIOTUN MOX-

HO MPOW3BECTVM WHCTPYMEHT, MOJAHOCTbIO MOBTO-
PSAIOLLMIA TEOMETPUIO KOHCTPYKTMBHbIX 371€MEHTOB
AeTanu ans 06paboTkM 3a OAMH NPOXOJ, YTO COKpa-
TUT Bpems Mpowu3BoAcCTBa. Takas reometpus 6yaert
NOAXOANTb TONABKO K OAHOWN AeTann, HO ANA Cepuin-
HOro MPOW3BOACTBa 3TO MOXeT ObITb 3KOHOMUYe-
Ckun 6onee BbIrogHo. Elle ofHUM MpenmyLLecTBOM
ABNAETCA BO3MOXHOCTb CAeNaTb UHCTPYMEHT C CeT-
YaTbIM 3aMONHEHVEM AN CHUXEHWS Beca, yyulle-
HWS 6aNaHCMPOBKM W, COOTBETCTBEHHO, YBEIMUEHWS
BO3MOXHOM cKopocTn obpaboTtku. Mpu 3TOM ero

Hukonaii BuHokypos, MPOYHOCTb OCTaHeTCs p,oETaTquoﬁ A5 CTabuabHOM

000 «VHHOOKYCs: paboTbl 6e3 ,ﬂ\,‘ed)OpMaLl,I/IM WK NMOJOMKU», — OTMe-
yaeT Hukonan BuHokypos.

Mo Halwen nHPopmMaLmMK, OTpacaen, B KOTOPbIX HEBO3MOXHO 6bIa10 Obl
NPUMEHUTb aAAUTUBHbIE TEXHONOTUW, MPAKTUUECKN He ocTanock. 3rotoBneHmne
WNHCTPYMEHTa 3TUM METOAOM Ha AaHHbIN MOMEHT OrpaHUYEHO NLLb
MaTepuanaMu, NPUroAHbIMU ANs neyatu. ECiv KOHKPETHO B3ATbIN MHCTPYMEHT
N3roTaB/iIMBaETCS U3 CMJIaBa, y KOTOPOro eCTb aHa/JIoTMYHbIA MaTepuan Ans

AT, TO €ro MOXHO M3roTOBUTb AaHHbIM MeToA0M. COBPEMEHHOEe afANTBHOE
obopyzoBaHMe yXKe NO3BOIAIOT MPOU3BOANTL rabapuTHbIE AeTanu, U C KaXKAbIM
roOM 3Ta TEHAEHLMA OyAeT NPOABAATLCSA CUNbHEE, MO3TOMY OrpaHUYEHMS

B rabapuTtax y>ke HeT. TeEXHONOrMm He CTOST Ha MecTe, 1 B 0603p1uMoM ByayLiem
MaTepuanoB A/iA NeyvaT CTaHeT HaMHOrO 60bLUE, YTO MO3BOIUT U3rOTaBANBATb
afAVNTUBHBIMY TEXHONOTUAMW NHOOOM NHCTPYMEHT».
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MpomblwneHHble 3D-NpuHTEpPDI

AJAVNTVBHBIE TEXHOJIOTUM OMTUMaJbHbI U B MPO-
M3BOACTBE CMeLnanv3vpoBaHHOTO UHCTPYMEHTA A1
cnabo pacnpocTpaHeHHbIX TEXHONOMMI BPOje CBap-
K/ TpeHWeMm cC nepemeluvBaHnem. V3rotoButb ero
C MPUMEHEHNEM TPAANLIMOHHBIX TEXHONOTMIA CJIOXKHO
13-3a pa3mepa U3genns U KOHCTPYKTUBHBIX OCOBEeH-
HocTel. A 6narogaps AT TakoW MHCTPYMEHT MOXHO

BbIPACTUTb 3@ HECKOJ/IbKO YacCOB M Cpasy HauaTb UC-
nosb3oBaTb 6e3 gopaboTku.

«[pwn orpomMHOM NOTPEHBHOCTN OTEHECTBEHHOTO
NPOM3BOACTBa B MMMOPTO3aMeLLeHUN afAnTUBHbIE
TEXHONOTMN MOMOratoT BbICTPO OTPEMOHTMPOBATb
WAN U3roTOBWUTb MPOTOTUM WMHCTPYMEHTa AAs 3apy-
6exxHoro obopyaoBaHus, 4TOObl BHeApPWUTb B Tex-
HOJIOrMYeCcKNi npoLecc 6e3 AnTesbHbIX NPOCTOEB.
JTMM obycnoBneHa LenecoobpasHocTb 1 3ddek-
TUBHOCTb Mcnosb3oBaHua 3D-neyatn ans M3rotoBs-
NEeHNs WHCTPYMeHTa. TpajWLMOHHblIE TEXHOOrMM
6yayT 3ddeKkTMBHEEe W AelleBne AN NPOU3BOACTBA
CTaHAAPTHOrO, MPOCTOr0 WMHCTPYMEHTa MacCOBOrO
cermeHTa. V3rotoBneHne metogamu ajAvTUBHOTO
NPOM3BOACTBa HE UCKIOYaeT MexaHn4eckyto obpa-
60TKy NOCaZOYHbIX MOBEPXHOCTEN N TOUHBIX pa3mMe-
poB. bosnee Toro, HekoTopble MaTepuabl Noka elle
HEeBO3MOXHO MCMoab3oBaTb B 3D-neyatn, nosTomy
MONIHOCTbHO OTOWTW OT TPAAWLMOHHOIO NMPOW3BOA-
CTBa He NPeACTaBAAeTCs BO3MOXHbIM», — y6exzeH
npeacrasutens komnaHum «<MHHOOKYC».



[MpaBuAbHbIN BbIOOP
Matepuana

CoBpeMeHHble aaANTUBHbIE TEXHOIOTUM Mpes-
nonaratoT paboTy C WMPOKUM CMEKTPOM MaTepuma-
OB, BKJ/KOYas MeTabl, MOJMMEPbl, KOMMO3UTbI
N faxe Kepamuky.

«3TO pacwmpaeT BO3MOXHOCTU MU3roTOBJIEHUA
MHCTPYMEHTOB, MO3BOAAA WUCMNOJIb30BaTb Matepua-
Jibl C yNydLLIEHHbIMW CBOVICTBaMVI, TakKMMK KaK MOBbl-
LieHHaa TBepA0CTb, N3HOCOCTOMKOCTb WM IETKOCTb.
HaanMep, MO>XHO W3rotToOBUTb WMHCTPYMEHT U3
KOMMNO3NTHOTO Matepuana, KOTOprl)’I 6yp,eT nerye m
npoyHee TpagnunNOHHbBbIX cTanen. AAAVITI/IBHbIe TEeX-
HOJIOT OTKPbIBAKOT HOBbIE TOPU3OHTbLI B Bbl60pe
MaTtepmanoB AnAd UHCTPYMEHTaJIbHOro npounsBoA-
CTBa», — noj4yepkunBaet Makcm COTHMK.

Makcum COTHUK,
000 «Kb «COTKOMTI» (SOTCOMP)

TexHoNOrMM

C 2017 roga MexayHapozHas KOMMaHus no npe-
[OCTaBNEHNIO MPOU3BOACTBEHHbIX yciyr Jabil pa3
B /iBa rofja NpOBOAMUT OMPOC PyKOBOAWTENEW, OTBET-
CTBEHHbIX 3@ MPWHATUE pelleHWn B obnactn aaam-
TUBHOrO MNPOW3BOACTBA, 4TOObLI OMNpeaennTs PUTM
pa3BUTUA OTpacIM U ee MacliTabHoe BAMAHME Ha
NPOU3BOACTBEHHbIN CekTOp. B 0TUeTe, cCnoHcMpyemMom
Jabil, npeacraBneHbl pesynbtathl onpoca 200 sauy,
NMPVHMMAIOLLMX peLLeHns, — PyKOBOAWUTENel Cpej-
Hero W BbICLIErO 3BeHa, KypupYHLWWX ajanTUBHOE
NPOU3BOACTBO B CBOMX OpraHu3aumax. o gaHHbIM
3TOro UCCNefoBaHWsA, TEPMOMIACTbI ABAAIOTCA Hanbo-
Nlee pacnpocTpaHeHHbIMW MaTepuanamm B 3D-nevatu.
Wx ncnonbsytor 66 % opraHv3aumi, y4acTBOBaBLLMNX
B onpoce. Mpwu 31oM 20 % pykoBoaUTENEN YKa3blBaOT
Ha X paBHO3HaYHOe NMPYMEHEeHVeE C MeTaIaMu.

«3TO TOBOPUT O TOM, YTO MAACTMKM He MPOCTO
3ameHsA0T Honee TpaaMLMOHHbIE MaTepuanbl, HO
W CYyLLeCTBYIOT MapanfesbHO C HUMW, YAOBIETBO-
pAf YHUKaNbHble TPebOoBaHWA OTAENbHbIX MPOEKTOB.
MeTannbl, B CBOHO ouepesb, Bce elle npeobnasa-
HOT Hag noanmepamu, 0CobeHHO B YCNOBMSAX, KOraa
TpebyeTca BbICOKas MPOYHOCTb M TEPMOCTOMKOCTb.
NHTepecHo, uto 96 % pecrnoHAEeHTOB BbICKa3anncChb
B MOJIb3y MeTa/IMyeckmx MaTepuasnoB, OAHAKO CTOU-
MOCTb U JOCTYMHOCTb MJaCTUKOB MOTYT Aenatb ux 60-
Nlee npvBaeKaTeIbHbIMU B ONpeAeNeHHbIX CLieHapUsX,
OCOBEHHO MpW CTPEMIEHUWN CHWU3UTb BEC WAN Yayud-
LUNTb BHELLIHWIA BUA U3AENNI», — KOMMEHTUPYET pe-
3yNbTaTbl ONpOCca COOCHOBaTeb komnaHun SOTCOMP.

ALANTUBHBIE TEXHONOTUM MOTYT 3HAUUTENBHO YCKOPUTL MpOLLecce
MPOV3BOACTBA MHCTPYMEHTOB, 0CO6eHHO npun pa3paboTke NPOTOTUMOB

1 MenKocepumHoOM Npomr3BoacTee. OHWM yCTPaHAKT HeOHXOANMOCTb

B CO34aHUN COXHbIX NPUCMOCOBEHN 1 OCHACTKK, KOTopas Tpebyetca
NPV NCMOAb30BaHNN TPAANLIMOHHBIX MeToAoB. OaHaKo 418 MaccoBOro
MPOV3BOACTBA MPOCTLIX MHCTPYMEHTOB CKOPOCTb aAAUNTUBHBIX TEXHONOTMM
MOXET BbITb HUXKE M3-3a OFPaHMYEHNIN B CKOPOCTW neyatu

1 HeOBXOANMMOCTIN NocaeaytoLLen 06paboTkm».
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[MpoMbiwneHHble 3D-NpuHTEPDI

KaCTOMI/I3I/IpOBaHHbIe MaTepunasibl TOXe 3a-
H/AMAKOT CBOKHO HUWY B afAUTUBHbIX TEXHONOIMAX.
I'IpmmepHo ABE TpeTn KOMMaHWN NCNoOJIb3yHOT WH-
AnBnayaibHO pa3pa60TaHHb|e MaTtepuasabl, 4TO
NOo3BOJIAET CO34aBaTb AeTa/in C YHUKabHbIMW 3KC-
nayatauMOHHbIMU XapakKTepucTMkamuy, TakKnMun Kak
AONTOBEYHOCTb, TEMNO- N SNEKTPONPOBOAHOCTD. TN
MaTepuanabl MOTYT ObITb cneuranbHO afanTUPOBaHbI
ANA KOHKPETHbIX MPOMbILWIEHHBIX ﬂpI/U'IO)KeHI/IIZ, Ha-
npuMmep, Ana cos3gaHna NHCTPYMEHTOB, CrMOCOBHBIX
pa6OTaTb npn 3KCTpeMaJibHbIX TeEMMepaTypax Win
B yCnoBuAXx BbICOKOW BNAXHOCTMU.

«Cnektp maTepuanoB ans AT MOCTOSHHO Mo-
MONHAOT HOBble CMJaBbl, YTO paclimpseT chepbl
NPUMEHEHWS JaHHOW TeXHOAOrMK. ITo 6aaroTBOpHO
CKa3blBaeTCsl Ha BCEX OTPaC/fiX MPOMbILLAEHHOCTY,
B TOM UMC/E U Ha U3rOTOBAEHUM UHCTPYMeHTa. Oa-
HaKo A/A KaXZOW AeTann noAbupaercs CBOM KOH-
KPETHbI/ MHCTPYMEHT B COOTBETCTBMM C MaTepuaniom
aetann. Beab Ha npakTuke HeT HeobXoAMMOCTU
MCMoAb30BaTb TBEPAOCMNAaBHOE CBEPNO C OX/a-
XAAOLWMMK KaHanaMmu Ans OTBEPCTUMA B OBbIYHOM
AropantoMyHuK. [IpyrumMuy caoBamu, K Kaxzaol 3aja-
ye JO/KEH ObITb MHAMBMAYANbHBIA NoAxXos. M3roTto-
BUTb MHCTPYMEHT W3 ApYroro crnsiaea, 6e3ycnoBHO,
BO3MOXHO, U HEKOTOpPble XapaKTePUCTUKN UHCTPY-
MEHTa TeM CaMbIM MOXHO Y/y4LUUTb, HO peLLeHne O
HeobX0AMMOCTN 3aMeHbl MaTepuana Hy>KHO MPUHM-
MaTb B YaCTHOM MopsiAKe», — HarnoMvHaeT Hukonai
BuHokypos.

©

OmMntpuii CuHbraeB noATBepXKAaeT, 4To aj-
OVTUBHBIE TEXHOMOTUM MO3BOASAKOT YCMeWwHo pea-
NN30BaTb MOTEHUMaN HeCTaHAapPTHbIX MaTepuanos
C JYYLUMMU CBOMCTBAMM M XapakTepucTmkamu, mo-
Moras nevataTb 60/ee KauecTBEHHbIN WU A0ArOBeY-
HbIA UHCTPYMEHT.

«Bmecte ¢ Tem He cTouT 3abbiBaTb O nepe-
UMC/IEHHBIX KPUTEPUAX OLLEHKM LienecoobpasHo-
CTW, COOTBETCTBUM WMHCTPYMEHTA TEKYLLMM HOpMam
W cTaHgaptam. Tak, eI Mbl TOBOPVM O LUMPOKOM
NMPOMbILLIEHHOM UCMOJ/Ib30BaHUMN MOAOOHbIX U3-
aenviv, otcytcteme ceptudmkauymm AT kak cnocoba
MPOV3BOACTBA MOXET CTaTb GaKTOPOM, OrpaHUYu-
BaOLLMM MOBCEMECTHOE MPUMEHEHUE aAAUTUBHOTO
0bopyAoBaHNUs», — MOAYEPKMBAET MPeACTaBUTENb
K «Annonb».



TexHoNOrMM

AKTyanbHOCTb NOJ BOMPOCOM

Kak y>Xe oTMedasin y4aCTHUKU AUCKYCCUKN, Cy-
LWeCcTByrOT MpoOun3BOACTBEHHbIE NpOUECChl, rae wuc-
nonb3oBaHne 3D-nevatun HELI,eJ'IeCOO6pa3HO no
3KOHOMUYECKUM NN UHBIM NMPUYNHaM. OAVIH 13 Ta-
KX CMNOPHbIX MOMEHTOB — WM3roToOBAEHNE |/|3Aeﬂ|/|lz
M3 OYeHb TBEPAbIX MaTEPUNaNOB, HanpumMmep, TBepao-
CNAaBHOIoO NHCTPYMeEHTa.

«Ha ocHoBe MHOrosieTHero onbitTa paboTbl B 06-
Nactn afAVTUBHBIX TEXHONOMMA MOTYy YTBEpPXKAaTb,
YTO Ha NFO6OM MPOMBILLIEHHOM MPEeANPUATAN eCTb
TEXHONOTNYECKNe MpoLecchbl, rae BHeapeHue AT
npuBeaeT K 3HAUUTEIbHOMY MONOXMNTENBHOMY 3¢-
bekTy. VIMEHHO Ha MOZEpPHM3aLLMIO 3TUX NPOLLECCOB
Mbl OPUEHTUPYEM 3aKa3uMKOB B pamMKax CBOeN pa-
60TbI», — coobwmn Amnutpuii CuHbraes.

«CyLLecTBYOT onpegeneHHble obnactu npo-
MbILAEHHOCTH, rAe npumeHeHwe 3D-neyatn ans
N3roTOBNEHUA WHCTPYMEHTOB OrPaHWYEHO WAWN He-
BO3MOXHO. JTO CBA3aHO C TpebOBaHMAMM K Mexa-
HUYECKMM CBOMCTBAM, TOYHOCTU N M3HOCOCTOMKOCTY
MHCTPYMEHTOB, KOTOPble MOTYT 6bITb HEAOCTUXKMMbI
C WCNONb30BaHMEM TeKyLMX aAAWTMBHBIX TEXHO-
Nnornn. IHCTpYMEHTbI, MUCMO/b3yeMble B YCIOBUAX
BbICOKMX TemnepaTtyp (HanpvmMep, B KOCMWUYECKOW
NPOMBILUAEHHOCTH), TPebytoT MaTepuasnoB C OCO-
6bIMV CBOMCTBaMU, TaKMMW KakK BblCOKas MPOYHOCTb
M TePMOCTOMKOCTb. HekoTopble M3 3TMX MaTtepua-
JIOB CJIOXHO MK foporo obpabaTbiBaTh C MOMOLLbHO
All», — pononHaeT konnery Makcum COTHMK.

CoocHoBatenb koMnaHunm SOTCOMP ybexzaeH,
yto 3D-neyaTb TBEPAOCMNNABHbBIX PEXYLLMX UHCTPY-
MEHTOB MMeET MOoTeHUMan ANS HULLEBbLIX MPUIOXKe-
HWRN, rae TPebyrTCA YHWUKaNAbHble TEOMeTpUYeckme
dopMbl nam ocobble cBoricTBa MaTepunana. OgHako
4N MacCoOBOrO Pa3BUTMA 3TOTO HampaBieHWUa Cy-
LLEeCTBYIOT OnpeaeneHHble OrpaHuyeHuns, BKIKOYas
BbICOKYHO CTOMMOCTb U TEXHUYECKME CNOXKHOCTN NpW
paboTe ¢ TBepAbIMY CcniaBamun. Tem He MeHee ¢ pas-
BUTMEM TEXHONOTUIN N CHUXKEHNEM CTOMMOCTU MaTe-
pWasoB MaccoBOe NPUMeEHeHe MOXET cTaTb bonee
peanncTUYHbIM, CHMTAET SKCNepT.

«V/IHCTpyMeHThI, Tpebytolme KCnoab30BaHuS
CBEPXTBEPAbLIX MaTepuanos, TakMx Kak ajamasbl Uu
cneumanbHble Kepamukn, MOTyT 6biTb HEMOAXOAS-
W1MKN Ans agAuTUBHOTO 060pPYAOBaHMs, MOCKOb-
Ky TexXHOJOorus nedat MOXeT He obecneunBaTtb
HeObHXOAVMYH MPOUYHOCTb WM M3HOCOCTOMKOCTb.
WNHcTpyMeHTbl oueHb 60/1bLLIOTO pa3mepa MoryT npe-
BbILIATh Pa3MepHble BO3MOXHOCTU CyLLECTBYHOLLMX
3D-npuHTEpOB, OCOBEHHO ecnn TPebyroTCH CNOXK-
Hble GOPMbI UM BbICOKasi TOYHOCTb. TeM He MeHee,
aAAVNTUBHbIE TEXHOJIOTUMN NMPOAOJIXKAOT Pa3BMBATLCS,
N C TeUEHVEeM BPEMEHU OrpPaHUYeHUs MOTyT YMeHb-
lWaTbCs MO Mepe MOSIBJEHUS HOBbIX MaTepuanos
N METOAOB Meyatu», — AeUTCA ONTUMUCTUYHBIM
nporHo3oM Makcvm COTHUK.

«MOXHO cKa3aTb, 4YTO aAAWTMBHbIE TEXHOJIO-
TV COBEPLUEHHO TOYHO YCKOPSAHOT MPOLECC Npows-
BOZCTBA, OCOBEHHO €C/NM 3TO LUTYYHbIA YHUKaNbHBbIA
npoaykT wan Menkas cepus. CosgaHue pabouyero
NPOTOTWMA, ero UCMbITaHWA 1 U3rOTOBJIEHWE NPOBHOW
napTMm C mucnonbzoBaHveM 3D-neyat NMPOUCXOAAT
3HaUUTENIbHO BbICTPee, YeM TPaAMLIMOHHBIMU MeToAa-
MW. B cnyyae cepuiiHOro Npon3BoACTBa MHCTPYMEHTa
roka npezAroyTeHVe OTAAETCs «CTapoit WKose». XOTs
AT MOXHO BHEAPWTb M Ha MacCOBOM MPOU3BOACTBE
AN NMPOBEAEHVs MPeABapUTE/bHBIX UCTBITaHWA CO-
BMECTHO C MaTeMaTMueckUM MOZAENNPOBaHWeM A/
BEPUDUKALMN TEOPETUUECKMX KOHLIEMLMIA.

N BCe e, Ha MOWN B3rns4, 4O MacCOBOroO W3-
rOoTOBN€HNA WHCTPYMeHTa meTtogoM AT coBpemeH-
Has OTeyeCTBEHHas MPOMbILIEHHOCTb He AOWAET.
Pa3zpaboTka HOBbIX MaTepuanoB, WX WCMbITaHWA
n ceptndurKauma Ans pPasanyYHbIX OTpacaert npo-
MbILUNEHHOCTN 3aiMyT HeMano BpemeHu. lNepcrek-
TVBbI JAHHOTO HanpaBeHWs, ONpeAeneHHO, eCTb, TEM
6onee uto ctommocTb 3D-neuatn yxe covamepuma
C TPaAWUMOHHbIMM MeTogamu npowussogctea. Og-
Hako A/ MacCOBOTO CErMeHTa TakoW WHCTPYMEHT,
ckopee Bcero, byAeT CAULWKOM JOPOrnM. B HuLeBOM
NCMONb30BaHNN OH, OMNpPeAeseHHO, YKOPEHUTCA U 3a-
CY>KEHHO 3aliMeT CBOE MECTO, HO OT TPaAULMOHHbIX
TEXHOJIOTWIA U3rOTOBIEHNS MHCTPYMEHTA B 3TOM Beke
YMTW He noayunTcs», — ybexzaeH Hukonai BUHoKypos.

Mapusa Kapmakoea,
uzdarue «[IpombiLineHHbIe CMpaHuybl» Fl
(¥
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\ )w‘ B Poccumn
pa3paboTaH u BBeAeH B AelcTBme
?V HOBbIA MEXXrocyAapCTBEHHbIA CTaHAAPT,

pPeryivpyroLwmnn UcnbiTaHUA o4e>XAbl Ha COOTBETCTBME é
TpeboBaHMAM no aHTUCcTaTU4veckon 3awmte, — FOCT IEC TS

61340-4-2-2024 «dnekTpocTaTtvka. MeToabl UCMbITaHUIA A8 NPUKAAAHbBIX
3aZlay. dNeKTpPoCTaTMYeckme CBOMCTBa OAEXAbI».




Kak M13BECTHO, M3roToBNEHVE MOBCEAHEBHOMN
OfeXAbl He npegnosiaraeT BKAOUYEHUs 31eKTpocTa-
TUYECKM pacCcevBaloLLMX MaTepuasnoB, YTo Caesyet
paccMmaTtpuBaTh B KauyecTBe OAHOro M3 ¢HakTopos
pviCKa Ha MPOW3BOACTBE 3/1IEKTPOHMKMN. HakonneHve
3/1eKTPOCTaTUUECKNX 3aPAJ0B Ha OAEXAe COTPYAHMU-
Ka NPUBOAUT K CEAYHOLWMUM Yrpo3aM 1 NoMexam:

>~ NOBEPXHOCTb OAeXAbl NPUTATUBAET Mbl/b
N npo4vne 4actmubl;

~ 1 6e3 Toro serkas TkaHb MOXeT npunannaTtb
K Teny nonb3oBaTtens;

> 2/1eKTpunyeckoe noJje, HakonjeHHoe Ha 06blu-
HOM ojexae nepcoHana, CrnocobHo noBpeanTb
YyBCTBUTE/IbHbIE SNEKTPOHHbIE CUCTEMDI
N KOMMOHEHTbI;

~ 3/1eKTPOCTaTUYECKUIA pa3pss OT OAeXAbl MOXET
CTaTb NPUYMHON BOCMNAMEHEHNS AN B3PbIBA
MaTepranoB — MOPOLLKOB, XXMAKOCTEN WU
rasos;

~ 3apfj Ha OAexze CnocobeH NpVBECTU K pasps-
Ay C Tena nonb3oBatens.

HoBOCTb

Bo3HuKHOBEHME Taknx 3bHEKTOB OMacHO U He-
JonycTMo. s OLEHKN BEPOSTHOCTU MOSBAEHMS
BO3MOXHbIX MNPOG/JEM OMNpPeAensatoT npeapacro-
NIOXEHHOCTb OZEX/Abl K HaKOMIEHWIO 3apsja Wu
reHepaLm 31eKTPoCTaTUUYeCcKX pa3psaaos, Uam oLe-
HMBaIOT CNOCOBHOCTb OAEXAbl paccevBaThb 3apsj 3a
Tpebyemoe Bpems.

CerosHs Ha pblHKe MpeacTaBAeH LUMPOKUIA ac-
COPTUMEHT CreLmanm3npoBaHHON oaexabl. B yact-
HocTh, y TK «lnnonb» ectb NpeanoXXeHns, KoTopble
COOTBETCTBYIOT TpeboBaHMAM CTaHAAPTOB MO aH-
TUCTaTUYECKOW 3alluTe, BapbUpYyHOTCA OT aHTUCTa-
TUYECKMX XanaToB, BPHOK M rONOBHbIX YOOPOB A0
nepyaTok 1 obyBMu.

FOCT IEC TS 61340-4-2-2024, pa3paboTaHHbIN
AO HMO® «/lunonb», pernameHTUpyeT MeToAbl MC-
NbITaHW U NpoLeAypbl, KOTOPble UCMOAb3YIOT AN
OLIEHKM 3/1eKTPOCTaTUYECKOrO 3apAXKEHNSA 1 BO3HUK-
HOBEHWA 3/1eKTPOCTaTUYeCcknX pas3psaAoB, CNocobHO-
CTV K ocnabaeHnto Nos 1 paccerBaHUIO 3apAA0B Ha
OAexfe 1 MaTepuanax, n3 KOTOpblX OHa U3roToBJIEHa.

Cnpaska

Pa3BuTWe CTaHAapTM3aLmMM B 0b6aacTu aHTUCTa-
TMYeckoW 3awmTbl B PO nopyyeHo TexHuuyeckomy
kommuTety 072 «InekTpoctatika», GyHKLUOHMPYLO-
wemMy Ha 6ase NpeanpuATAN, BXOAALLMX B rpynny
KOMMaHnM «unonb».

KomuTeTt sBnsetca Gopmoit coTpyaHUYeCcTBa 3a-
MNHTepeCcoBaHHbIX OpraHu3auuii 1 OpraHoB BACTM
npv NpoBeseHnn paboT No HauMOHaNbHOM, MeXro-
CYyAAapCTBEHHOW M MeXAyHapOAHOW CTaHAapTM3aLmnm
B chepe 31eKTPOoCTaTmKN.

B HacToAwee Bpems ocHOBHasA Lenb pabotsl TK
072 B Poccnm — paseutune v BHeJpeHne CoBpeMeH-
HblX TpeboBaHMN MO aHTUCTAaTUUYECKON 3aliuTe Ans
nojAep>KaHna Ha BbICOKOM YPOBHeE KayecTBa BbiMyc-
KaeMon v npogasaemoii npogykumn Kb.

O3HaKOMUTLCA C AeATENbHOCTbIO TeXHUUECKOTro
KOMUTETA 1 NepeyYyHeM CTaHAapTOB MOXHO Ha canTe
antistatika.ru.rm

[ ]
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Poccuinckmnn dopym «MukpoanekTpoHuka 2024»

I MUKPOISAEKTPOHUKHN




CobbiTne

=
\V VAN

C 23 no 28 ceHTa6ps B [Napke Haykun n nckyccrea «Cupuyc» coctosasca
Poccniickuin popym «MukpoanekTpoHuka-2024».



Poccuinckmi dpopym «MukpoanekTpoHuka 2024»

3710 KNtOUeBOE NHPOPMaLIMOHHOE CObbITHE
roga B MUpe 3/1eKTPOHHbIX TEXHOIOTUA.
Mnowaaka, 3agymaHHas Kak gnanor Mexay
pa3paboTumMkaMu 31eKTPOHHO KOMMOHEHTHOM
6a3bl 1 NPON3BOAUTENAMM FOTOBOW
NpoAyKLUW, Bbi3bIBAa€T HEM3MEHHbI UHTEepeC
YyYaCTHMKOB BCEX OTpac/iel NPOMbILLIEHHOCTM.

Llenb meponpuaTMa — KOMMAEKCHO
pacCcMOTPETb aKkTyaslbHble BOMPOChI
pa3paboTkn, NPOM3BOACTBA N NMPUMEHEHMA
OTeYeCTBEHHOMW 31eKTPOHHON KOMMOHEHTHOM
6a3bl 1 BbICOKOMHTErPUPOBaHHbIX
3NIEKTPOHHbIX MOAYNeN; COAEeNCTBOBATb
Pa3BUTUIO OTEYECTBEHHOW MUKPOINEKTPOHMKMN,
npeacTaBuUTb pa3paboTkM M BOSMOXHOCTH
COBPEMEHHbIX TEXHOIOTUNA.

B HblHewHeM rogy ®opym OTMeTUN CBOe Aecs-
TMneTve. 3a npolesliee BpeMs 6narogaps Hacbl-
LLEHHOW AeN0BOM M Hay4HOM MporpaMmMe OH BblpPOC
B aBTOPUTETHYIO MJOWAAKY MNPOPeCccrOoHaNbHOro
coobulectaa.

Fpynna komnaHui «nnonb» — oAUH U3

NOCTOSIHHBIX YYAaCTHUKOB 3TOr0 BaKHOro
OTpac/1IeBOro MeponpuaTus.

B 2024 >kcnepTbl komnaHwu
NPOAEMOHCTPUPOBaAM  YCTaHOBKY
nnasmeHHor oumctkn Cute, cob-
CTBEHHble pa3paboTkn B  0bna-
CTM  NporpaMMHOro  obecrneyeHus
(KY.N.OJ; SMUKA) 1 npeseHToBanm
HOBOe Hanpas/ieHve «/unonb» —
maTepvianbl A MPOV3BOACTBA MU-
KPO3IEKTPOHUKMN.

KommeHTupya cBoe yuactune
B BbICTaBKe, 3KcnepTbl «Annonb»
OTMETW/IY, YTO, MO CPABHEHUIO C
PbIHKOM COOPKM NeyaTHbIX Y3108,
B 06,1aCTV MUKPOINEKTPOHUKMN He
Tak MHOTO KOMMaHWK1, rOTOBbIX
KBaAMPULMPOBAHHO 3aHMMAaTbCS
MOCTaBKOW N BHEAPEHWEM COOT-
BETCTBYHOLUMX pelleHnin. Cnox-
HOCTb TEXHONIOTMNIA OrpaHuymBaeT
BO3MOXHOCTM MO 3anycKy, Hanag-
Ke npoLecca 1 opraHusauunm cep-
BMCHOIO 0BCNY>XMBaHWs.




none

HOAOTUMEC KNG
WACTH :
EKTPOHMEKY

Mpwn atom TK «[nnonb» obnasaer Heobxoan-
MbIMU peypcamMun U LUTaTOM CMeLunanmctoB C MHO-
FONETHUM OMbITOM PaboTbl Ha MUKPO3INEKTPOHHBIX
npeanpuatnax. KoMmnaHusa rotoBa npeanoxuTb ro-
TOBbIE PELUEHMS LLIMPOKOMY CMeKTPY 3aKa3uMKoB: OT
OMbITHBIX MPOW3BOACTB 40 KPYNMHOCEPUNHBIX MUKPO-
3/1eKTPOHHBIX Gabpuk.

-.\-

o —

_ S .me m!lh |

Ana cnpasku:

YctaHoBKa nnasMeHHol ounctkn Cute npo-
n3soautens Femto Science (HOxHas Kopes) npea-
HasHayeHa AAs MAa3MOXMMUYeckol 0bpaboTku
NoNyNPOBOAHMKOBbIX MJACTUH, KEPaMUYECKUX MOA-
NoXeK, MeyaTHbIX MaT, CTekna, KBapua W ApYyrux
n3gennii n matepuanoB. OCHOBHOe Ha3HaueHue
YCTaHOBOK — TMJa3MeHHas akTuBaLMsA MOBEPXHO-
CTel, co3gaHue rmapodUabHbIX MU TMAPODOBHbIX
MOBEPXHOCTEN, MNAa3MEeHHOE WAN PeakTUBHO-NOHHOE
TpaB/eHWe, MUKPOQIOUANKA, TOYHOe npubopo-
ctpoeHne. OCHOBHblE MPEVMYyLLEeCTBa YCTaAHOBKN —
KOMMaKTHOCTb, MPOCTOTa UCMO/Ib30BaHWA, PYyHKLMO-
Ha/bHOCTb U NOATBEPXAEHHAA HaZEeXHOCTb.

KY.T.OJ. (Komnnekc Ynpasnenus Nponssos-
ctBoM 1 OpraHusaumsa JIorncTmkm) — 310 KOMMaekc

CobbiTne

310 1 npouecckl front-end, Takme Kak auTorpadus,
TpaB/ieHne, HaHeCeHNe TOHKNX MAEHOK, XMMUKO-Mexa-
HWYeckas nnaHapvsaums u 1. n., n back-end — kop-
nycMpoBaHWe, pa3Bapka KPUCTaANoB, MHCNEKLMS
n apyrve npoueccbl. KomneteHunu «unnonb» no-
3BOJIANOT MOCTaBAATb, 3anyckaTb M 06CAYyXMBaTb
BECb CMeKTp 060pyAOBaHNA A COOPOUHbIX N KPU-
CTaNbHbIX MPOM3BOACTB, @ TakXKe MPOeKTMPOBaTh U
CTPOUTb MHOPACTPYKTYPY TakmMx NPeAnpuaTUin (Noga-
rOTOBKa UMCTbIX MPOU3BOACTBEHHbIX MOMELLEHWN,
obecrneyeHne paboTbl ¢ razamum 1 T. 4.). Taknm obpa-
30M 3aKpbIBaAOTCA BCE 3aZayn MOCTPOEHUA MUKPO-
3/IEKTPOHHOTO MPON3BOACTBA «MOZ KIHOY».

Cenyac HabtofaeTcs B3PbIBHOW POCT MHTepeca
K HanpasieHuto, 1 «lnnonb» yBennumeaetr 060poThbI
Mo MocTaBkam MWKPO3JIEKTPOHHOrO 060pyAoBaHMA
N CMEXHbIX TexHosornin. abpurkn paclmpsaroT cBOW
NPOV3BOACTBa, PAa3BMBAOTCA HOBble HarpaBaeHus,
Takue Kak nHTerpanbHasa oToHuka. Bce ato npusoamt
K YBEIMYEHWIO CMpOCca Ha CPeACTBa NPOW3BOACTBA.

nporpamMm 1 yCTPOMCTB, ONTUMU3MPYOLNIA KaXKAbIA
3Tamn M y4yacToK MPOWU3BOACTBEHHOW JEATENbHOCTU
OT LLeNIOro NpeanpuaTns A0 KOHKPETHOro pabouero
mecta. lNprvMeHeHMe cucTeMbl NMO3BOAAET obecrne-
UYWTb ONTMMAaJbHYHO 3arpy3Ky 060pys0BaHUA U NPO3-
pPaYyHOCTb NpoLeccoB, cOOp AaHHbIX CO COOPOUHBIX
JINHWUIA, KOHTPOJIb 3a NepeMeLLeHEM U3LENNT.

SMUKA, HoBelwasn pa3paboTtka «Aunonb», aB-
NAeTcs nporpaMMHbIM obecneyeHnemM AN UHTYUTUB-
HO MOHATHOTO MPOrpPaMMUpPOBaHNS He3 HamnmcaHus
KoZa B 061aCTV UCMbITAaHUIA, U3MEPEHWI U KOHTPOJIS.
[JanHoe MO no3sonseT co3gaBatb KOHTPOJIbHbIE an-
rOPUTMbl Y U3MePUTESIbHbIE MPOLIeAYPbl B BUAE WUH-
TYUTUBHO MOHSATHBIX rpaduyeckmx cxem.:
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Kanengockon Hayku

:




HoBOCTb

[€@NMKOHHbIN MAa3MEHHbIV
PaKeTHbIV ABUraTeNb.
PazpaboTtaHo B Poccmum

Cneunanuctamm PakeTHO-KOCMUYECKOW Kop-
nopauum «3Heprus» um. C. IN. Koponesa (oTHOCUTCA
K «PockocMocy») nosiyyeH naTeHT Ha YHWKa/lbHYHO
KOHQUrypaumnro reanKOHHOrO  3/1eKTPOPaKeTHOro
nia3MeHHOro ABuratens, KOTopbli B ByayLiemM Mo-
KET UCNOo/Ib30BaTbCA AN KOCMUYECKUX MepeneToB
0KO/0 3eMan 1 B rybokoM KocMoce.

[aHHbI ABUraTeNb M3BECTEH TakXe Moj Ha-
3BaHVEM Te/IMKOHHbIN MIa3MeHHbIV PakeTHbIN ABK-
ratenb (IMIPA). MNog TEPMUHOM FreanKOH NOHMMAaKT
HW3KOYaCTOTHbIE 3/1eKTPOMarHMTHbIE BOJHbI B M/1a3-
Me& BO BHELIHEM TMOCTOAHHOM MarHUTHOM MoJe.
B TakoW ABuratenbHOM yCTaHOBKE CrielaibHas cu-
cTemMa MarHMToB GOpMUPYeET CBEPXMOLLHOE MarHuT-
HOe MnoJie, CKBO3b KOTOPOE Kak pa3 M NMpornyckaeTcs
Tak Ha3blBaeMoe pabouee Teno, KOTOPOE, MO CyTy,
MOXET 6bITb NH0ObIM (HanpuMmep, rasbl, B TOM 4uC-
Jle N a30T, KOTOPbIV Ierko 0BHaPYXNTb B OTKPbLITOM
KOCMWYECKOM MPOCTPaHCTBE).

Mpolias yepes 3Ty cMCTeMy MarHuToB, ras (pa-
6ouee Tes10) Npeobpa3zyeTca reIMKOHHbIMY BOJHAMM
B M/J1a3My, KoTopas, BbibpackiBasch, Kak pa3 1 co3ga-
eT HeobXoANMYHO TAry.

TaK KaK Mpun 3TOM B AAaHHOW KOHCTPYKLMMW OTCYT-
CTBYIOT 3/IEKTPOZbI, KOTOPble MOTPYXeHbl B Maa3my
(KaK y MOHHbIX YCTaHOBOK), TO MOJIy4YaeTcs, YTo y Ta-
KMX CUCTEM OFPOMHBIV pecypc HapaboTkn Ha OTKas.
Takke K MWHUMYMYy CBEJEHO pa3spyLueHWe CTeHOK
paboueli KamMepbl, U MOJHOCTBIO OTCYTCTBYIOT fBU-
XKYLUMECS 3/IEMEHTbI.

PoccuickvM crieumanucTaM yaanocb MONyUnTh
TaKyt KOHCTPYKLIMKO MarHWUTHOW CUCTEMBbI, B KOTO-
POV OKasasacb yAauHO COBMeELLEHa CUCTeMa TpaHC-
MOPTMPOBKM paboyero Tena, NPy KOTOPON CUIBHO
CHW3MIaCb Macca reIMKOHHOTO PakeTHOro ABuraTens.
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Kanengockon Hayku

YavBuTenbHbl MeTog Npeobpa3oBaHumA

CBETa B 3/1EKTPMNYHECTBO

KomaHaa nccnegoateneit ns boctoHcKoro Kon-
neaxka obHapy>kmna, 4To GOTOTOK BTEKaeT (MokasaH
CUHWUM LBETOM) BAJO/Ib OLHOMN KPUCTaNINYECKOW OCK
nonymetanna Beiins v BbiTekaeT (nokasaH >entbimM/
OpaHXeBbIM) BAOJb MEePrEeHAVKYISPHON OCK, Npes-
CTaB/EHHOW 34ecCb, B pe3y/bTaTe HOBOW METOAM-
KW, pa3paboTaHHON KOMaHZOW C MCMOJb30BaHUEM
KBaHTOBbIX AaTUMKOB MarHWTHOrO MoAs ANs BU3ya-
NM3aLmm NOTOKa 3/1eKTpUYecTBa.

MHorve coBpeMeHHble TEXHONOMUW, Takme Kak
Kamepbl, BOJIOKOHHO-ONTUYECKNE CUCTEMbI U COJI-
HeYHble MaHenn, OCHOBaHbl Ha npeobpazoBaHUYU
CBeTa B 3/eKTpuyeckne curHanbl. OgHako B 60Jb-
LWMHCTBE MaTepuanoB NpPocToe nonagaHve cBeTa Ha
X MOBEPXHOCTb He MPUBOAUT K BbIpaboTKe 31eKTpu-
YyecTBa, MOCKOJIbKY HET OrnpefeneHHoOro HarnpasJe-
HMA NOTOKa 3NeKTpuyecTBa. Ytobbl Npeosonetsb 3Tn
OrpaHMYeHNs U CO34aTb HOBbIE OMTO3NEKTPOHHbIE
YCTPOWCTBA, MCCNEAOBATENN M3Y4YatoT YHUKasbHblE
CBOWCTBA 3/1IeKTPOHOB B nosiymeTannax Benns.

KomaHga w3yunna maTepuanbl AUTeNnypun
Bosibbpama v TeTpaTennypus puans TaHTana, Koto-
pble 06a OTHOCATCA K KAaccy nojymetannoB Beiins.
VccnenoBatenn nogospesanu, UTO 3T maTepuanbl
6blIM Bbl XOPOLIMMUM KaHAMAATaMK A4S TeHepauum
bOoTOTOKa, MOTOMY UTO WUX KpUCTasmMyeckas CTpyK-
Typa MO CBOEW CyTW ABASIETCS WHBEPCUOHHO-aCKM-
METPUYHON; TO eCTb KPUCTaaa He oTobpaxkaeT cam
cebs, MeHss HanpaBeHNss OTHOCUTENbHO TOUKM.

B pamkax npoekTa pa3paboTtaHa HOBas TeXHMKa
C UCNOJ/Ib30BaHMEM KBAHTOBbIX AaT4MKOB MarHMTHO-
ro nons, HasblBaeMblX LLeHTPaMUn a30THbIX BaKaHCUi
B a/Mase, ANA NoJyYeHns 1306paxkeHna NoKaabHO-
ro MarHUTHOro noss, co3gaBaemoro GoOToTOKaMW,
I BOCCTAHOBJIEHWS MONHbIX IMHUIA NMOTOKa GOTOTOKA.

KomaHza o06Hapyxwuna, uUTo 31eKTpUYecKui
TOK MpoTeKkan MO YeTbipeXKPaTHOW BUXPEBOW CXe-
Me BOKPYr TOrO MecCTa, re CBeT najas Ha Matepu-
an. KomaHga fanee Bu3yanvsnpoBana, Kak KOHTYP
LUMPKYAVPYHOLLErO NMOTOKA M3MEHSETCS C MOMOLLbLO
KpaeB mMaTepuana, n 0bHapyXXunia, 4to TOUHbIN Yron
Hak/IoHa Kpas onpejenset, ABAfeTca A obwmi ¢o-
TOTOK, BbITEKAFOLMIA W3 YCTPOWCTBA, MOJOXKUTENb-
HbIM, OTPULLATE/IbHBIM WA HYNEBbIM.

V130bpaxkeHns nMoToka MO3BOAUAN OOBACHWUTB,
4YTO MexaHW3M reHepauun GoToToKka Ha yAMBAEHME
0bYCNOBNEH aHU3OTPOMHbLIM GOTOTEPMOINEKTPUYE-
CKUM 3P PEKTOM, TO €CTb Pa3NNUMAMN B TOM, Kak Ten-
N0 npeobpasyeTcs B TOK BAOJIb Pa3HbIX MAOCKOCTHbIX
HanpaBieHWn noaymeTanna Benns.

YANBUTENbHO, HO MOSB/AEHME aHWU3OTPOMHOMN
TEPMOCU/IbI HeO0bs3aTeNbHO CBS3aHO C MHBEPCMOH-
HOW acMMMeTpuen, NpPOosABAAEeMON MoaymeTaniaMu
Beins, v, cnepoBaTeNbHO, MOXET MPUCYTCTBOBATb
B APYrux Kjaccax MaTepuanos.



HoBOCTb

[Mpu3pak
MMeeT Maccy

[0 OTHOCUTE/NIbHO HefaBHEro MOMEHTa MpeAnosiaranoch, YTo
HEeWTPUHO — 3TO YacTULa-NpU3pak, KOTOPYH HAYTO He CBA3bIBAET
C 06bEKTVBHOW peanbHOCTbIO. Y Hee fKOObl OTCYTCTBYeT Mac-
Ca, @ CNOCOBHOCTb K MPOXOXAEHNIO CKBO3b MPOCTPAHCTBO
1 06beKTbl HUUYEM He peryampyetcs. HeMTpuHO — 3TO Ha-
3BaHVie HENTPaNbHbIX GYyHAAMEHTaIbHbIX YacTHL, C Mo-
JlyuenbiM CMVHOM, YYacTBYHOLLMX TOJIbKO B C/1abom
M TPaBUTALMIOHHOM B3aUMOZAENCTBMAX U OTHOCHA-
LMXCA K K/accy NenToHOB. B HacTosliee Bpewms
M3BECTHO TPW Pa3HOBUAHOCTY HENTPUHO.

Mo MHEHWHo CKENTWMKOB, eCan Yy YacTuubl
HeT Macchl, TO Takaa YacTuLa 1 He CyLLecTBYyeT.
B HekoTOpOW cTeneHn TyT OHW OKa3aiucCb
npaebl. Beab HeWTpPUHO Bce-Takn obnajaet
Maccoli! bonee paHHVe UccnesoBaHWsA Nogpa-
3yMeBa/M BeCbMa CJIOXHble TEXHONOrnYec-
Kne npoLieccbl Npu NMomucke 3TOW YacTuLbl.
Hanpumep, aetekTopbl NMPUXOAWMNOCH pac-
noJsaratb MoJ TOJLLEN BOAbl, UTOObI 13ba-
BUTbCA OT QOHa, CO34aBaemMoro Apyrumu
yacTuuamu.

Echam macca HelTpuHO u3MepeHa, TO
3TO Nogpa3ymMeBaeT NOsABAEHNE HOBbIX 3aKO-
HOB ®M3NKM, KOTOPblE CMOCOBHBI BbIXOANUTH
3a pamMKu CTaHAAPTHOW MOAeNN. ITO MOXeT
NpPUBeCTM K 06bACHEHNIO psAja HabarogaemMbixX
ABNEHUA 4YeM-TO, KpoMe du3anyeckmx napa-
[LOKCOB.

Bbicokas npoHukarowas cnocobHOCTb Hel-
TPMHO NoApasymeBana OTCYTCTBME Yy Hee Mac-
cbl. Ho BMoOCNeAcCTBUM BCe-Taku BbISCHWAOCh, YTO
y 3TOW AKO6bI MHMMOW YacTULbl eCTb BEPXHUIA MNpe-
4en Macchbl.

Okasanocb, 4YTO Macca HEWUTPUHO MNPUMEPHO
B MWIJIMOH pa3 MeHblle, YeM Macca 31eKTPOHa, U COCTaBAsA-
et 1,5x10-37 knnorpammoB. VI3amepuTb yaanocb Maccy TObKO
OZHOTO U3 Tpex MOATUMOB 3TON MPU3pPaYHOM YacTuLbl. Ho gaxe
Takoe M3MepeHne HacTpanBaeT Ha AanbHenwyto paboty. Beab ecnn
npv3pak npruobpeTaeT Maccy, TO 3TO y>e U He Npu3pak, a BrnoJHe cebe
3HaUUMBbIN PU3MYECKNI 0OBEKT.

lodzomosesieHo Ha ocHoge Mamepuasnos
Hay4HO-NoNYAISIPHOR0 XypHaaa «3epkasao Mupa» :
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