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OIIPEJAEJIEHUE YPOBHS SAIIBIJIEHHOCTH
HA IIEYATHBIX IIJIATAX PAJTMOSJIEKTPOHHOM AIIIIAPATYPEI
OIITHRO-3JIERTPOHHBIM METOJOM
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IIpennosxen ONTUKO-3IEKTPOHHBIA METOR A/ (PUKCAITIY ITHLIEOTIOREHNS Ha IEIaTHBIX IIaTax
PanuO’TeKTPOHHON ammmapaTyphsl, Ha OCHOBE KOTOPOTO C YUeTOM pa3paboTaHHOH MaTeMaTuie-
CKOM MOfieNTd, TUATPAMM (PYHKITHOHUPOBAHUI, CXEMBI IBI/KEHNS CBETOBBIX JIYUeld PacCMOTPEHbI
KOHCTPYKIUA U 6I0K-cXeMa AJTOPUTMA YIPABJAIONICH IporpaMMEBI MUKPOKOHTPOIIEpA BO3-
MOKHOHM SKCIEPUMEHTATBHON yeranoBkd. [Ipunmun pabotel MerToma crenyrommii. CBeToBBIE
AMILYTBCEHI IEPHOANIECKA W3IYIAoTes IBYMS CBETOTHONAMHU ¢ IIUHOM BOIHBI Ay = 565 HM (I
OLIEHKW YPOBHS IBUICOTVIOMKEHUA) U IBYMS CBETOTHORAMH C JATUHON BOMHEI Ay = 930 mm (mysa
yuera creneHu BraxkuocTH). OTparKeHHbIe CUTHAIBI OT TPeX ILIACTUH IPUHUMAIOTCT (POTORAO-
oM. IlepBas u BTOpas IIACTHHBI MMEIOT HCKYCCTBEHHO HAHECCHHBIN MAKCHMANBHBIN YPOBEHb
sanpLieHHocTd (BraskuaocTh 10 1 90 % cOOTBETCTBEHHO) U HAXOAATCA B TEPMETHIHOM KOPILYCE.
Tperns mnacTuna — KOHTpONbHASA, | [1aCTHHBI BEITOTHEHEI U3 TOTO jKe MATepHaa, UTo U IeYaT-
Has IaTa. Y PoBeHb 3abUTIEHHOCTH (MAaccoBad KOHIEHTPALWS Ha eIUHUILY ILTOIIAHN), BHI3HIBA-
IOUIUH TOKH YTEUKH MEKAY IIPOBOTHUKAMY IIEUATHOMH ILIATEI, OIIPEACIACTC SKCIIEPUMEHTAIBHO,
OH 3aBUCUT OT MUHUMATBHOTO PACCTOTHUSI MEKIY MEYATHBIMHA IPOBOJHUKAMU, MO KOTOPHIM
TPOTEKaeT TOK B JAaHHOU PaIUOdICKTPOHHON anmapaType, U TOIIAHBI C/I0S OCEBIIeH HA DTHUX
TIPOBOJHUKAX TILUTH IIPU MAKCUMAIBHO TOIYCTUMON CTCIICHN BIAKHOCTH.,

KmoueBble croBa: meuaTHas ILIaTa; PaJHOTEKTPOHHAA allllapaTypa; ONTHKO-3IeKTPOHHBIH
METOZ O0HAPYKEHUA IHUICOTIORCHN; OITHKO-3IEKTPOHHOE YCTPOHCTBO; TOKYA YTEUKA; CUTHA-
JIH3UPOBAHUE.

DETERMINATION OF THE DUST LEVEL ON PRINTED CIRCUIT BOARDS
OF ELECTRONIC EQUIPMENT BY THE OPTICAL-ELECTRONIC METHOD
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An optoelectronic method for detecting dust deposition on printed circuit boards (PCB)of electronic equip-
ment, which can be used to inform about the critical thresholds of dust accumulation is developed with al-
lowance for the humidity index. The proposed method in combination with the developed mathematical
model, functioning diagrams, and light beam motion patterns is used to consider a possible construction
and block diagram of the algorithm of control program for the microcontroller of desired implementation
of the experimental setup. The principle of operation of the optoelectronic method for detecting dust depo-
sitions on printed circuit boards of electronic equipment with allowance for the humidity is following. The
light pulses are periodically emitted by two LEDs with a wavelength A; = 565 nm (to assess the level of
dust deposition) and two LEDs with a wavelength A, = 930 nm (to take into account the level of humid-
ity). The reflected signals from the three plates are taken by the photodiode. The first and second plates
placed in a sealed enclosure have an artificially deposited maximum level of dust (humidity 10 and 90%,
respectively). The third plate is a control. The third platinum is the control plate. The plates and PCB are
made of the same materials. The level of deposited dust (mass concentration per unit area) which triggers
the leakage currents between the conductors of the printed circuit board is determined experimentally
and depends on the minimum distance between the printed conductors, through which the maximum cur-
rent flows in a given electronic equipment and on the thickness of the dust layer deposited on the conduc-
tors at the maximum permissible humidity specified for the equipment.

Keywords: printed circuit board; electronic equipment; optoelectronic method for detecting dust deposi-
tion; optoelectronic device; leakage currents, signaling.
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HapexuocTh (PYHKIMOHUPOBAHUA PATHUOIEKTPOH-
Hou annaparypst (POA) saBucur or ee cBoeBpeMeH-
HOT0 TEXHHUYECKOTO OBGCIY;KMBAHWSH, BEJIIOYAIOIIETO
B TOM 4YHCI€e U yJaJIeHHnue IBLIEOTIOKESHIN, IIene
CII0cOOCTBYET HAKOIUIGHWIO  HIEKTPOIPOBOLHOTO
CJIOS | IIOABJIEHUIO TOKOB YT€YKH B TBEPABIX U30JId-
OUOHHBIX MaTepuajgax, CHHKAeT COIIPOTHUBJICHHE
uzomAanmu [1].

B POA gacro Bozaumraer mpobiiemMa IBLIEOTIIO-
JHEeHUA Ha IICYATHBIX IlaTax, 4YTO MOKET IPUBOIUTD
K BBIXOMY anmnapartypsl u3 crpod [2]. BosHukaromniue
[IpY BBICOKOM YPOBHE 3aIbUIEHHOCTH U He6Iaronpu-
ATHOM DOJITOBPEMEHHOM BOBHefICTBHH BJIAKHOCTH
(cewime 70 %) TOKM yTEYKH MOTYT HAPYIIIATE PEKHM
paboThl B LENAX U KACKAAAX C MAJIBIM TOKOBBIM II0-
tpebinenuem [3].

3arpsasHeHue CyXOW IBUILK IIOBEDXHOCTH [IH-
SJIEKTPURA HE IIPUBOJAUT K 3aMETHOMY IIOBBIINIECHUIO
TOKOB yredru. OQHAKO [IPY YBIAKHEHUU IIBLIIEBOTO
CJIOS BIIEKTPUYECKOe COIPOTHBIEHWE MEKIYy IIPO-
BOOJHUKAMU I[IeYaTHOU ILIATHL CyImIeCTBEHHO CHHUKA-
€TCH, & TOKUA YyTEYKH PACTYT.

O6pasyrorasca HeOMHOPOAHAS IJIEHKA U3 BOMIO-
PacTBOPHUMBIX COCTABJIAKIIUX 3arpAsHAIIETr0 Be-
LIeCTBA KMEeT MAaj0e YAEIbHOe COLPOTUBIIEHUE.
BesnencrBue 5T0r0 TOKM yreuku 1mo oBepXHOCTH AH-
SJIEKTPHUKA BO3PACTAIOT M HA OTHENLHBIX yJACTKAX
[IOBEPXHOCTH W3-32 HEOJHOPOAHOCTH ILIEHKHU IIPOKC-
xoguT mogcymka. Ha mopacyiineHHOM ydYacTKe TOKH
YMEHBIIAKTCH.

Ecnu upomeskyTox Mesxay IpPOBOAHUKAMU Iie-
YATHOU ILJIATHI IIoACymuBaeTca HEepPaBHOMEPHO, TO
[pY IOABIGHHWHM MAJOr0 3a30pa MEKLY IIPOBOAHA-
H[AMU IIOBEPXHOCTAME BO3MOKHO BO3HHKHOBEHUE
SJEKTPUYIECKOH JyrH. YCIOBHE BO3HUKHOBEHUS
IYTH, 10 KOTOPOMY MOJKHO OLPEAENHUTH PACCTOSHUE
MEXAY IIPOBOAHUKAMU IIPDU 3aJaHHOM HAIIPDIHEeHUN
(KoTJa BO3MOMNKEH SJIEKTPUYECKHH MPO6OW), OIKUCHI-
BaeTCA BbIPAKECHUEM

d <U/E,
rae d u U — paccrosnve U HANPSKEHUE MEKLY [IPO-
Bopuukavu; E,, — npo6uBHOe 3HaYeHue Harps-
SKEHHOCTH 3JI€KTPHIECKOTO 0.

B cuny maeprimonHOCTH IIporiecca HaIpAKeHUE
[IePEeKPBITUA UMILYJIbCHBIX TOKOB BBIIIE, YeM II0CTO-
AHHBIX, U onpegenserca dopmyiion [4]

0,4
Ur[ep ~ k[Lj L:
AS,

rae k — SKCIEPHMEHTAIBHO OLPEeAerseMbId Ko3(-
durenT; p — yaenapHOe conpoTruBiaenue; A — Tom-
[MHA [UIEHKU U3 BOJOPACTBOPUMBIX COCTABJISIOIIX
3arpA3HAIIETO BEIIECTBA; S, — IUIOMALb [I0BEPX-

HOCTH [USJIEKTPHUKA MEKAY ILIPOBOAHUKAMH II1€9aT-
HOU miaTel; L — [iuHA yTH yTEYKH.

ITenr paborer — omnpemeneHre MAKCUMAIBHO
JOIyCTHMOTO YPOBHS I[IBUIEOTIOMEHUS, IPH KO-
TOPOM MOTYT BO3HUKATH TOKH YTEYKH, IPUBOAIIITE
K BBIXOAY w3 CTpos POA, ONTHKO-3/I€KTPOHHBIM
METO/[OM.

IIpepsaraeMpii  ONTHKO-BJIEKTPOHHBIA  METOL
obHAPYIKEHUA IbUICOTJIOMKEHHS HA I[IeYATHBIX
wrarax POA zarmwouaerca B cieaymomeMm. Yersipe
cBeroauona (IBa € JJIUHOU BOJHBI Ay = 565 HM —
IJIsi ydera yYPOBHS IBUIEOTIOMEHHS U [BaA C
Ay = 930 HM — U1 OIEHKM CTEIEeHW BIIAKHOCTH)
[IEPUOJUYIECKH U3JIyYAIOT CBETOBBIE KMILYJILCEL.
OrpaskeHHbIE OT TPEX ILUIACTUH CHUTHAJBI IIPUHUMA-
oresas oroguonom. llepBasi u BrOpas IIACTHHEI
HMEIOT UCKYCCTBEHHO HAHECEHHBIM MAKCHUMATHLHBIN
yposeus 3anburenHoctu (Braxkuocrs 10 u 90 % co-
OTBETCTBEHHO) U HAXOAATCA B T€PMETHIHOM KOPILY-
ce, TpeThbs — KOHTPOIbHAA. [11acTUHEI BRIIOIHEHE]
W3 TOTO JXe MATepuaa, 9To u medarHas iiara. Po-
TOLUOJ PETHCTPHUPYET MIOCTYILAMIIKE II0J YIJIOM K
OLITUYECKOU OCH OTPAKEHHBIE OT ILIACTHH HU3JLyde-
HHS: CHAYANA ¢ Ay, 3aTeM — C A,. Jlanee usnygenus
cpaBHHBAKOTCA. B pesyibrare HPOUCXOAHUT Ompere-
JIGHWE YPOBHH IBbUIEOTIIOKEHUST U (PUKCHUPyeTrcH
BAKHOCTE [5 — 10].

DyHRIIMOHAIBHASA CXEMa OILITHKO-3JIEKTPOHHOTO
YCTPOUCTBA W CXeMa [ABUKEHHST CBETOBBIX JLydeu
IpejcraBieHbl HA puc. 1.

CBeroBbIE HMMILyJIBCHI OT HKCTOYHUKOB I —4,
OTPaKASACH OT CUCTEMBI 3eprai 8 u mwiactun 5 — 7 (5
¥ 6 — repMeTUYHO 3aKPBITHL B KOPILyCe YCTPOUCTBA,
7 — KOHTPOJIbHAS, HAXONUTCH BHE KOpILyca), Lpu-
HuMaTes goronpueMaukoMm 9. MuKpokoHTpOLIED
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Puc. 1. OyurmmonansHas cxeMa  ONTHKO-3JI€KTPOHHOTO

YCTpoicTBa (@) U cCXeMa ABIKEeHUA CBETOBBIX JIyuen (6)
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11 noodepenHO IIOCHUIAET HMILYJILCHI HA I1APHI CBE-
ropuonos: U,,, — Ha ceerogmons! 1, 2; Uy, — Ha 3,
4. Curnains! nocie ycuinenus ycuiaurenem 10 cpas-
HUBAITCA B MEKPOKOHTPOJIJIEpe, KOTOPBIU IIPH IIpe-
BBIIIIEHUY [OIIyCTHMbBIX YPOBHEH 3aIIbUIEHHOCTH U
BJIQJKHOCTH MOJKET COOTBETCTBEHHO BKJIIOYHTH HH-
JUKaTOp 12 Wiy C IOMOIIBIO BJIEKTPOHHOTO KIHYa
13 OTRJIFOYUTH HATPY3KY.

IIpomenmue yepes 11acTUHBI CBETOBEIE IIOTOKH
MOJKHO OIIKMCATH CJeAyIoIumMu 3apucumoctsavu [11]:

& =, e Ei 1)
By =i Ea, (2)

- ~Kym; ,-K
Dy =Dyze 1Me T, 3)

- ~Kymy K
D, =D e Mo, (4)
rae Dy, Dy, Dy3, Poy — HaYaNbHBIE 3HAYECHUA
notoroB; K, K,, K; — xosddunments: nepexna-
9HM OIOPHOTO ¥ W3MEPHUTEIbHBIX KAHAJIOB; M4,
Mg, M3 — MACCHI BEIIECTBA U KOHTPOJIUPYEMBIX

KOMITOHEHT.

Hanee moToxu npuHUMAOTCH (POTONPUEMHIKOM
¥ 11peobpasyroTcs B SIEKTPUYECKUEe CUIHAIBI, KOTO-
pole onmceiBaoTes opmyaamu [12]:

U, =8P, e Kime, (5)
U, =8P e Komao, (6)
Uy =S jze KimeeKampo (7
Uy =8y e EomigEamss, (8)

rae S, 0 — YYBCTBUTEILHOCTH W IIOKA3ATEJL HEJIH-
HEWHOCTHU (POTOLPUEMHUEKA.

Ha puc. 2 npusenensl BpeMeHHbIE THATPAMMEL
nanpssxenuit (U, u Uy, — Hanpsxenus, 1ozua-
BAeMbIe HA OIOPHBIE U H3MEPUTEIbHBIE KAHAILI CO-
OTBETCTBEHHO). BujHo, 9TO A/ KOppeKTHOoU pabo-
TBL MeTOAa HeoOXOAUMO 3a4aTh HEKOTOPOE LOPOTo-
BO€ HAIIpS)KEeHWe, 3aBHCAINEe OT COCTAaBA IbUIH U
OIIpeeNieMoe SKCIIEPUMEHTAIBHO.

Ut U
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Puc. 2. Bpemenntie fuarpaMMbl HAIPAKeHUH

Biok-cxema anropurva yrnpaBiasmioied mpo-
rpaMMbl MEKDPOKOHTPOJIJIEPA OINTHKO-3JI€KTPOHHOTO
YCTPOKCTBA IIPUBE/IEHA HA PUC. 3.

IIporpamva paGoraer cuepyomum o6pasom.
IIpu BrIOYEHMM MUTAHWA WMILYIbCHI OT MAKPOKOH-
Tpossepa 11 nopawTes HA CBeTOAMOALI I u 3, 3aTeMm
oHH 006pabareIBAIOTCA W BPEMEHHO COXPAHSIOTCH.
Jlanee WMITyJIbCHI OT MHEPOKOHTPOJUIEPA ITOCHLIA-
ored Ha ceeronuonbl 2 u 4. CBeroBnie IOTOKH OT
CBETOANO0B 2 U 4, OTpayKeHHbIe OT IIJIACTUH U CUC-
TeMbI 3epKai, obpabarsiBaTes (POTOIPUEMHHUKOM 9
¥ I0CTIe YCHINTENA (PUKCUPYIOTCA B HAMSITH MUKPO-
KOHTPOJLIepA.

ITapp1 coxpaHeHHBIX CUTHAJIOB CPABHUBAKOTCS C
ucronb3oBanuem  ycaoBui  S(f) —-S;() <0 wm
Sy(t) —S4(t) < 0. Ecniu nepBoe ycimoBue BHIMOIHSET-
¢fA, TO TIPOUCXOIUT BKIOUEHHE wHAuKamuu 12 (cur-
HaJ 0 BBICOKOM YPOBHE IBLICOTIOMeHHs). Kemm —
BTOpOE (IIPH KPUTHICCKOM ITBLIEOTIOKEHNM), TO aK-
THBHU3HUPYETCA IIOPOTOBOE YCTPOUCTBO OTKJIFOYEHHUSA
narpysku I3. B ciiyuae eciiu HU 0J{HO U3 YCIOBUU He
BBIMIOJIHSAETCH, TO COXPaHEeHHbIe JaHHBIe COpachIBa-
OTCH M [AKJI HAYWHAETCA CHAYAIA.

Wmmmmamsamus

MHKPOKOHTpOJLIEpa
11

ITocnepoBarensuas
110 1848 HMITYJIECOB HA
ceerommoanl I, 3u 2, 4

3anoMuHaHue U
06paboTKa CUTHAIOB
or doroanona 9

Hen

Brouenne moporoeoro
ycrpoiicrea 13

Briouenne ceronnona
uHAnRanun 12

Puc. 3. Brox-cxema anropurMa yIpapIgiomel IporpaMMbl
MHUKPOKOHTPOJIEPA
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Takum 06pasoM, HIPERIOKEHHBIE OITHKO-DIIEK-
TPOHHBIM METOJ, U YCTPOMCTBO HA €T0 OCHOBE II03BO-
JIAIOT OLPEeNeNATh YPOBEHDb 3AIbLIEHHOCTH, BBLI3HI-
BAIOIUU TOKU YyTOIKY MEJKLY [IPOBOSHUKAMY I1€9aT-
HOU IUIATHI, B 3aBHCAMOCTH OT MUHHMAJILHOTO Pac-
CTOAHUSA ME/IY [TeYATHBIME IIPOBOAHUKAMHE, 10 KO-
TOPBIM IIPOTEKAET TOK B AaHHOU POA, U TOMIIMHBI
CJIOSL OCEBIIEH HA HUX IBUIK IIPU MAKCHMAILHO I0-
myctumont BiaaskHoctH [13]. Taxske ycrpoiicrso obec-
[IeYHBAET UHAUKAIWIO [IOBHIIIEHHOTO YPOBHS IIBLIe-
OTJIO}KEeHUS U OTRI4YeHne POA mpu gocruixeHnu
[PeIeILHOTO LOPOTa BJIAMHOCTH IILUIEBOTO CJIOMH,
[PeROXPAHAL TeM CAMBIM OT TOKOB YTE€YKH, IIOBBI-
mas o6IIy0 HALEKHOCTH (DYHKIIMOHWPOBAHUA All-
aparypsL.
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