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BECKOHTAKTHBIN TEITJIOBOM KOHTPOJIb
AJIEKTPOHHO-BBIUNCIINTEJIBHBIX CPE/ICTB

Ilpumenumocmov becKoHmMaKmuo20 menio-
6020 KOHMPOAsL 05l U30eNUll 2NeKMPOHHOU
NPOMBIULIIEHHOCIU U e20 00CMOUHCMEA
noomeepiHcoenvbl IKCNePpUMeHmalbHO.
Onucarnvl mexnuueckue cpeocmea KOHmMpo-
7, OCHOBHble (PYHKYUU NPOSPAMMHO2O
obecneyenus.

BeCcKOHTAKTHBIN TEMII0BOM METOJ] KOHTPOJISA SIBISIETCA
3¢ (EeKTUBHBIM BHIOM HEpa3pyIIArOIIETro KOHTPOJIs, O
HAaKO BO MHOTHX OONaCTAX NMPHUMEHEHUE €ro SBISCTCS
CIIOHBIM C METOANYECKOM TOuKU 3peHust. CIOKHOCTH
00yCIIOBICHBI B OCHOBHOM (pu3ndeckoil mpupoaoii ca-
MOTO METOZa, IOATOMY €T0 MPUMEHEHHE B KaKOH-TTHO0
obnactu Tpebyer ydera (pU3HUECKUX OCOOCHHOCTEH
00BbeKTa KOHTPOJIS, BAXKHBIX JUIS TIOyUCHHUS JOCTOBEP-
HBIX PE3YJbTaTOB.

Llenpro TaHHOM CTATHU SIBISIETCS aHATU3 IIPUMEHIMO-
CTH OECKOHTAKTHOTO TETJIOBOTO METO/A B OOIACTH HJICK-
TPOHHO-BBIYHCIUTENBHBIX CPEICTB, ONPEACICHUE €TO
MECTa CPEAN APYTUX METOJOB KOHTPOJS TEIJIOBBIX I10-
e, BBIIBJICHUE OCOOCHHOCTEN ero MPUMEHEHUS B 3TOM
00acTH M OIeHKAa YPOBHS Pa3BUTHUS TEXHHYECKUX
CPEICTB METOJA.

beckoHTaKTHBIN TEMI0BONW KOHTPOJIb — 3TO METO]
JIMICTAaHIIMOHHON PEruCTpaliy, BU3YJIM3alM1 U aHAIH32
TEIUIOBBIX ITOJICH 0OBEKTOB Ha OCHOBE X MH(PAKPacHO-
ro m3mydeHus. OOBEKT KOHTPOIIS, IMEIOIIN OTIpeieIeH-
HYIO TEMIIEpaTypy, KOAQQUITHCHT U3ITydSHNUS U OTPake-
HUSl U HaXOSIIUICS B OKPYKEHHH IPYTUX OOBEKTOB,
U3Ty4aeT TEIUIOBYIO 3HEPIHI0, KOTOPYIO PETUCTPUPYET
cucTeMa nocTpoeHus n3oopakenns B UK-nuanasone —
TEIUIOBH30P. J|7Is YCTIeITHOTO IPHIMEHEHHSI TAHHOTO BH/A
KOHTPOJISI HEOOXOANMO PEIIUTH IPOOIEMbI Mapa3UTHON
3aCBETKU 00BEKTA U3TyUEHHUEM Tell, B OKPY>KEHUU KOTO-
PBIX HAXOTUTCS KOHTPOJIHPYEMBIH 00BEKT, IpolieMy
ornpenesreHus KO3 GuImeHTa n3Iy4eHus caMoro 00beK-
Ta, a TAK)KE BBISIBUTH CTETCHB BIMSHUS UCKKEHHIA, BHO-
CUMBIX caMoil cucremoit peructpauuu MK-u3myuenus.

TeroBoOi peXuUM 3IEKTPOHHO-BBIUHUCIUTEIbHbIX
cpencts (ABC) sBrsieTcst OAHAM U3 ONPEICIISIOIINX (haK-
TOPOB UX paborocrnocobHocTH. bonpmmHCTBO hrznko-
XMMHUYECKHUX MPOIIECCOB, CBSI3aHHBIX C BO3HUKHOBEHH-
€M OTKAa30B, SBISIOTCS TEPMUYECKHU aKTHBHUPYEMBIMHU,
T. €. MOTYT IPOTEKATh TOJIBKO MPHU ONPEICICHHOM YPOB-
HE TETUTOBOW SHEPTHH, TPUYEM HHTEHCUBHOCTB ITHX IIPO-
IIECCOB BO3pACTACT NPH HArPEBaHWU KOMIIOHEHTA. Ten-

JIOBas PHEPTUs BO MHOTHUX CIIydasiX UTPaeT PelIaolyto
pOJb B U3MEHEHHUU CBOMCTB U XapaKTEPUCTUK KOMIIO-
HEHTOB, B IIPOIIECCaX UX CTAPECHUS U Pa3pyIICHUSI.

C npyroit cTOpOHBI, TEIJIOBOE TOJIE, OTIINYHOE OT
HOPMAaJIbHOTO, CHTHAITU3UPYET O PA3INYHbIX IedeKTax,
KOTOpBIE€ MOT'YT IIPUBECTH K OTKa3y yCTpPOMCTBa, HO HE
MOTYT OBITB BBISIBJICHBI OOBIYHBIMH CIIOCOOAMHU (HAIIPH-
Mep, BU3YaJIbHO WM C TIOMOIIBIO CIIEIUATBHOIO 3JIEKT-
puueckoro crenaa). Tak, mpu aHaJM3e TETIOBOTO OIS
JIEKTPOHHOTO y3J1a UJIM 0JIOKA 110 ONpe/IeTIeHHBIM TeM-
TepaTypHLIM aHOMAJIHSIM MOYKET OBITh BBISIBIICHO HETIpa-
BUJILHOE MOJKITIOYEHHE IIEMEHTA B CXEME, HEKaueCTBEH-
HBII MOHTaX, HEYIa4YHOE pa3MEIICHHE 3JIEMEHTOB Ha
IUIaTe UM AIEKTPOHHBIX A4yeek B Osioke. Hanpumep, Ha
puc. 1 mpuBeeHa TepMorpaMma 6JI0Ka MUTAHUS MOHH-
TOpa MEIUITUHCKOTO 000PY/I0BaHUs, TJIe B BEpXHEH Jac-
TH Ha BEPTUKAJIBHO YCTAHOBIIEHHOM IJIaTe CTa0MIN3aTO-
pa BbLIIEJIEH MeperpeBaroniics KoMIoHeHT. Ha puc. 2
[IpUBEJICHAa TEPMOrpaMmMa JByX OJIMHAKOBBIX SUEEK aB-
TOMOOHITLHON OXpaHHOM cuTHamM3amu. Kak BUIHO, Ha
MIpaBoi siueliKe UMEET MECTO NEPETPEB KOMIIOHEHTA.

Puc.1. TemtoBoe mosie 60Ka MUTAHUS MOHHUTOpAa

Ilo TennoBoMy IOJIK0 MHOI'OCJIOMHOM IIeUaTHOH ILIa-
Tl MOXHO BBISIBUTH YTOHEHHE U KOPPO3UOHHBIH U3HOC
IIPOBOJAHUKOB, HEKAYE€CTBEHHYIO METAJUIU3ALIUIO, OTCIIO-
€HUs1 IIPOBOJIHUKOB.

AHam3HUPYS TETUIOBBIE TTOJIS H3JISITUIA B 00JIaCTH MUK-
PORJIEKTPOHUKHU, MOXKHO BBISIBIISATH AC(hEKTHI p—n-niepe-
XOJI0B (TTOBEpXHOCTHAs JeTpajalys, dIeKTPOMUTPaLHs,
MEXMETAIIIMYECKUE COEIMHEHUS, «ILIHYPOBAHUE)» TOKA,
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Me30IUIa3Ma), HEPaBHOMEPHOCTb INIOTHOCTH TOKa, Ta30-
BbI€ ITy3BIPH MEXK/1Y KPUCTAIUIOM M OCHOBaHHEM, Aedek-
THI TEIDIOOTBOA U AU PY3HOHHOU CBApPKH, TOBPEIKIC-
HIESI KPHCTAIIA, OOPBIB IPOBOIOB, KOPOTKUE 3aMBIKAHHS
u ap. I1o TEIIOBBIM IOJISIM MOKHO KOHTPOJIMPOBATH Ka-
YeCTBO BBICOKOTEMITEPATYPHBIX TNICHOYHBIX MOKPBITHI —
OTCJIOCHUS OT MOJUTOKKHU, HEPABHOMEPHOCTD TONIIIHHBI
[1], xkauecTBO cBapKM BBIBOJOB WHTETPATHHBIX CXEM C
KOHTAKTHBIMH IIOIIaAKaMU II€YaTHBIX I1J1aT.

Puc. 2. TennoBoe moye ssUYeeK aBTOMOOMILHOMN
OXpaHHOW CHTHAIN3ALUN

BaxxHyto posib UrpaeT TerI0BOi KOHTPOJIb U Ha CTa-
UM pa3pabOTKH YCTPONCTB: BU3YAIN3AIHS TEILIOBOTO
TIOJIST TIO3BOJISICT BBISIBUTH HEMOCTATKH B KOHCTPYKIHH
YCTPOICTBA U BHECTH CBOCBPEMEHHBIC KOPPEKTUPOBKH,
OLIEHUTH YPPEKTUBHOCTH CUCTEMbI OXJIAXICHUS U T. 1.

Oco0eHHOCTH TEIIOBOT0 KOHTPOJISI B 3JIEKTPOH-
HOIi TPOMBIIIJIEHHOCTH

J1J1 KOHTPOJIS TETTOBBIX MOJIEH AEKTPOHHO-BBIYHC-
JIUTETILHBIX CPEJICTB UCTIONIB3YIOTCS KOHTAKTHbIE 1aTuH-
K1 (Hanpumep TepMoriapa), 0eCKOHTaKTHBIE CPEIICTBA pe-
ructpanun nadpakpacHoro (MK) msnydenus (Hanpumep
UK-nat4ukn).

[IpeumymiecTBa 6€CKOHTAKTHOTO METOA TETIJIOBOTO
koHTpoIs (TK) oueBUIHBL. DTOT METO/T TIO3BOJISIET OTIE-
HUTb TEIUIOBOE I10JI€ 3JIEKTPOHHOTO y3J1a B LIEJIOM, T. K.
W3MEPEHHUS OCYLIECTBISIOTCS B OOJBIIIOM KOJIMYECTBE
TOYEK C IPOCTPAHCTBEHHBIM pa3pelieHHeM, OTpaHUYeH-
HBIM TOJIBKO BOJIHOBBIM Iipeaesiom. MK-nar4uku, pacro-
JIO’KEHHBIE B HEIIOCPEICTBEHHOM OJIM30CTH OT UCCIIEaY-
eMOoro 00beKTa, He KOHTAKTUPYIOT HAPSAMYIO C HCCIe-
JlyeMOi siYeHKON, TO3TOMY HE BIHSIOT Ha TeMIepaTyp-
HBIE WJIH SJIEKTPUUECKHUE XapaKTEPUCTHUKU 00BEKTA U HE
HCKa)KaIOT KapTUHY IPOUCXOIAIINX U3MEHEHUH.

MeTo 0OCHOBaH Ha PErHCTPaIlluH U3ITy9YEHUS, TIOATO-
MY MO3BOJISIET UCCIIE0BATh O0BbEKTHI, UMEIOIIIUE pa3Mep
nopsiKa JJIMHBI BOJIHBI paboyero auana3zona MK-mpu-
€MHHKa, T. €. JJOCTUraTh MUKPOMETPOB, B TO BpeMs Kak
JUIsL KOHTaKTHBIX JaTYMKOB 3TOT pa3Mep B HACTOSILIEe
BpEeMsl COCTaBIISET, Kak MPaBuiio, 1 MM.

OpHaKko KOHTAKTHBIE JATYUKH HE IOJTHOCTHIO BBITEC-
HEHBI TETIOBU30PaMH U3 TPOU3BOJICTBA U HKCIIEPUMEH-
TaJbHBIX HccienoBaHuii. Kpome Toro, yacto KOHTaKT-
HBIN 1 OECKOHTAKTHBIA METO/IbI IOMOJIHAIOT APYT APYTa,

KOT/ZIa MPUMEHEHUE OECKOHTAKTHOTO METO/A 3aTPYyAHEHO.
Hanpumep, B ciydae, Koraa HEKOTOPbIE YaCTH KOHCTPYK-
LUK TPYAHOAOCTYIIHBI U1 TEIUIOBU3HOHHOM KaMepbl, Ha
HUX MOHTHPYIOTCS TEpPMOIIAPHL.

OnHaKo IMpH BCEX NMEPEUUCICHHBIX TPEUMYIIECTBAX
0ECKOHTAKTHOTO TEILIOBOTO KOHTPOJISL CIEAYET YUUThI-
BaTh OCOOEHHOCTH MPUMEHEHHS ITOI'0 METO/1a B JIEKT-
POHHO¥ TpOMBINUTEHHOCTH. OCHOBHOM IIPOOJIEMOI 3/1eCh
SIBIISIETCSI CJIOKHOCTH CAMOT0 00BeKTa KOHTPOJISL. OOBIU-
HO 3JICKTPOHHOE U3JIETIHE M3TOTOBICHO U3 MHOXKECTBA
MaTepHajoB ¢ pa3HbIMU KO (DUIIMEHTaMU U3TYUYEeHUs,
IpUYeM IUIOTHOCTb KOMIIOHOBKU B HUX OYEHb BEJIMKA,
470 00yciaBnuBaeT ycuieHue agdexra B3aumMoorpaxe-
HUH BHYTPH O0BEKTa KOHTPOJIS. B MUKpOAIEKTpOHHKE
pa3Mepbl MPOU3BOAMMBIX H3EITUI 3HAUUTEIBHOE YMEHb-
HIMJTUCh, YTO TAKXKE YCIIOKHSAET KOHTpoJib. Kpome Toro,
OpraHu3aLus caMOH MPoLEAyPbl KOHTPOJIS BKIIOYAET B
ce0s MoJIeNMpOBaHue YCIIOBUH paboThl stueiiku. Cytie-
CTBEHHOH METOIUYECKOW MpoOIeMOl ABJISETCS TO, YTO
MHOTH€E SUEHKH XapaKTepU3yI0TCs MaJIbIMHU TEMIIEPaTyp-
HBIMU CUTHAJIaMU.

PaccmoTrpum HEkoTOpBIEe TTpOOIIEMBI OoJiee TToApPOO-
HO.

BoipaBHuBanune xko3pduinueHTa u3aydeHus

[Ipobnema naeHTHPUKALNT H3Ty4aTeIbHOM cr1oco0-
HOCTHU KOMITOHEHTOB P TETLIIOBOM KOHTPOJIE AIEKTPOH-
HO-BBIYHCIUTEIBHBIX CPEACTB CTOUT OCOOCHHO OCTPO U
B OOJIBIITMHCTBE CIy4aeB SIBISIETCSI OCHOBHOM MPHU pa3-
paboTke MmeToauku KoHTpost. Koadduument uznyuenus
MaTepHalloB U3JeNnuil MoxeT BapbupoBaThes ot 0,3 1o
0,9 B mpenenax oiHOM AIIEKTPOHHOM stueiiku. Kpome Toro,
BBHU/Ty BO3PACTAIOUICH INIOTHOCTH YITAKOBKU BO3PACTaCT
BIUSTHHE 3P PEKTa B3aUMOOTPAKEHHUS, KOTTIa KOMITOHECH-
ThI U3 MaTE€PHAaJIOB ¢ BBICOKOM OTpaXkaTelbHOM cr1oco0-
HOCTBIO BHOCSIT U3MEHEHHUS B PETUCTPUPYEMOE TEIUIOBH-
30pOM U3JIyYEHHE COCEJHUX KOMIIOHEHTOB.

JJis yMeHBIIIEHUS] HETAaTUBHOTO BIUSHUS KOAPHIIHU-
€HTa M3JTy4eHHs Ha Pe3yJIbTaThl TEIIOBOTO KOHTPOJIS IIPO-
W3BOJIUTEIH 3JIEKTPOHHO-BBIYUCIUTEIbHBIX CPE/ICTB UC-
MI0JIb3YIOT JIBa OCHOBHBIX MOAXO/A.

[TepBbIii TOIX0 3aKITFOYAETCS B (PU3NIESCKOM BhIPaB-
HUBaHUH KO03((UINMEHTA N3TY4YCHHS B Ipeesiax BCero
KOHTpoJmpyemoro uzaenus. Tak, B komnanuu IBM nist
BbIPAaBHUBAHUS N3JTy4aTeIbHOM CIOCOOHOCTH IPUMEHS-
T TIOKPBITHE U3 0EJIOro MOPONTKOOOPa3HOTO OKCHIA
AIFOMUHMS, TIPHYEM YYBCTBHTEIILHOCTH TEILIOBOTO KOHT-
posist OblIa TaKOBa, YTO MO3BOJIsIA 00OHAPYKUBATh I10-
BPEXKJCHUE OTAEIBHOTO IITHIPHKOBOTO BBIBOJIA 28-KOH-
TaKTHOW MHTErpasibHOM cxembl [ 1, ¢. 00]. HApyrum mpu-
MEpOM CITYKHUT BeJoMCTBO Bo3ayHbIX cui CIHIA: mpu
KOHTPOJIC NMEKTPOHHBIX SYCCK I UCKITIOUCHUS BIIHS-
HUS OTPaXaTeJIbHON CIIOCOOHOCTH METAJTMYECKUX T0-
BEPXHOCTEH KOMIIOHEHTOB HCIIONb3YETCA OIHOPOIHOE
MOKPBITHE CHEUATIBLHBIM COCTABOM, KOTOPBI HAHOCHUT-
Cs1 pABHOMEPHBIM CJIOEM H JICTKO YIAAISeTCs TOCIe IPo-
BEJICHUS SKCTIepuMeHTa [2].

Bropoii moaxon 3akioyaeTcs B IpUMEHEHUH BO3MOXK-
HOCTEH IPOrpaMMHOTO OOECICUCHHST TEIIOBOTO KOH-
Tpossl. B mpenenax KOHTpOIMPYEMOIo U3/IENUs COCTaB-
JSIFOT KapTy pacripe/ieNieHUs 3SHaYCHUH KodppuIreHTa us-
JTy4YeHHs, AJIS 4ero OCYIIECTBIISIOT MpeIBapUTEIbHBIN

TexHOJI0THs U KOHCTPYHPOBAHHE B 3JIEKTPOHHOM anmapatype, 2007, Ne




TEXHOJOI'MYECKHUE IMPOLHECCHI U OBOPYJOBAHUE

HarpeB u3jenus (HampuMep MedaTHOH Mmiatel) 0e3 Ha-
rpy3Ku B O0Kce 70 3ajaHHoi Temnepatypsl (40—50°C).
3areM CHUMAIOT TEIJIOBOE MOJIe U3EIHs B paboueM pe-
KHMME 1 IPeoOpas3yIoT €ro B KapTy HCTHHHBIX TEMIIepa-
Typ C YY4ETOM M3MEPEHHBIX MUKCEIbHBIX 3HAYCHHUH KO-
s dunmrenta u3nydeHus. MUpoBoOi Juiep B MPOU3BO/-
cTBe TepMorpaduaeckoro obopynosanus — pupma FLIR
HCTIONIB3YET JUIS ATOH IIeIH IIPOTrpaMMHOe o0ecTieueHIe
EQUAL[1, 3].

Kpome TorO, upe3BbpiuaiiHO Ba)KHO 00ECTEYUTH
YCIIOBUS KOHTPOJIS, TPU KOTOPBIX MAKCUMAaJIbHO UCKITIO-
YaeTcs BIUSHHUE M3JIy4YE€HHUS OT OKPY’KaIOIIMUX IpeaMe-
TOB M IlepcoHaa. [y 3Toro BBOAATCS crielUalIbHbIE OT-
paauTeNbHbIC KOHCTPYKIHH WIIH KOHTPOJIHPYEMOC U3/ie-
JIM€ TIOMEIIAETCs B CHELUaIbHBII OOKC.

MopeaupoBanue ycJ1oBHii padoThI
KOHTPOJMPYEMBbIX siYeeK

Jist oTy4eHus AOCTOBEPHBIX PE3YIBTaTOB HEOOXO-
JIMa MpeABapUTeNbHas Pa3pab0oTKa METOAUKU KOHTPOIS
C YYETOM YCIIOBHH pabOTHl KOHTPOIHPYEMOTO YCTPOHi-
ctBa. C 3TOH LeNIbI0 IPOBOAUTCS MOAEIUPOBAHUE YCIIO-
B peanbHO paboTHl yCTpoiicTBa ¢ yueToM obecreue-
HUS pEeANIbHBIX YCIOBUH OXJIXKACHUS U IaBJICHUS, 3aTeM
MOOUPAIOTCS TaKHE YCJIOBHUSI HAarpyKeHHs, KOTOpbIE
00ecIeunBaroT IKCTPEMAaIHLHBIN TETUIOBOH PEXKUM.

Hawnbonee yacTo MpUXOANTCS CTAIKUBATHCS C HEBO3-
MOKHOCTBIO ITIPOBOAUTH KOHTPOJIb TCIIJIOBU30POM 4YE€pE3
KPBILIKY KOpIyca ycTpoiicTsa. Ilpu ynaneHnu KpblLKu
MOTYT HapyIIUTHCS YCIOBUS OXJIAXKACHUS U IaBICHUS,
YTO IPUBEAET K II0JIyYEHHIO HEAOCTOBEPHBIX JaHHbIX. J{iis
peleHns 3ToM 3a/1aul yAAJSIIOT KPBIIIKY KOpIyca U 3a-
KPBIBAIOT €0 MaTepUaNoM, po3paunbimM st MK-u3my-
yeHus. Takum MaTepranoM MOXKeT ObITh, HAIIPUMED, IIPO-
3payHasi ObITOBAS IJICHKA.

UYro kacaercst mogdopa TECTOB U YCIOBHI Harpyxe-
HUSI T9€EK, TO OHU JIOJKHBI OBITH OIIPE/IENICHbI pa3padoT-
YHKOM YCTPOUCTBA UIIH SKCIIEPTOM.

Y4er ocobeHHOCTell (PYHKIMOHMPOBAHUS IJIEKT-
POHHO-BBIYHCIUTEIbHBIX CPEACTB

ITpu npoBeaeHUH KOHTPOJIS 3NEKTPOHHBIX YCTPOICTB
CJIeJTyeT yUUTHIBATh MHOXKECTBO (PAKTOPOB.

Bo-1epBbIX, 1 TOT0, 9TOOBI MOYKHO OBIIIO HAEHTH-
(UIHpoBaTh HEKOTOPHIC HEUCTIPABHOCTH, TOJDKHA OBITH
IIPEeyCMOTPEHA BO3MOKHOCTh MHOTOKPAaTHOIO IIPOBE-
JICHUSI OJJHOTO U TOTO 7K€ TECTa, a TAK)KE BO3MOKHOCTb
pEryimpoBaHus BpEMEHU HAarpyKeHHsl yCTPOMCTBA.

Bo-BTOpEIX, HEOOXOANMO TOCKOHAIBHOE 3HAHUE Pa-
OOTBI yCTpOICTBA U, KEIATENbHO, HCTOPUIECKUE JTaH-
HBIE 0 €T0 (DYHKIIHOHUPOBAHUM U OTKa3ax A1 pa3padoT-
K1 HeoOX0JMMOH NoclieioBaTesIbHOCTH TecToB. He Bee-
I7la Harpy’>KEeHHe yCTPOHCTBA MPUBOJUT K BOSHUKHOBE-
HHIO KPUTHYECKON TEIIOBOM KapTHHBI — WHOTA TPedy-
€TCs CTporasi 0CIe10BaTEIbHOCTb OIPENEIEHHBIX Pe-
JKHUMOB.

B-TpeTpux, TECTH HOKHBI BBIOUPATHCSA C YUETOM
0COOCHHOCTEH PETHCTPAIINHN TETIOBBIX MTOJICH TETIIIOBH-
30poM. Eciu B ycTpoiicTBe €CTh 371€MEHTHI, CUIIBHO BBI-
JIEJAIOLUE TEIUIO, TO UX TEILIOBOE I10JIE MOXKET MaCKU-
pOBaTh I0JIe KAKUX-JIMOO KPUTHUHBIX JIEMEHTOB, pac-
MOJIOKEHHBIX pafgoM. Hampumep, 6ombInoe KommyecTsa
TEIUIa, BBIICIIAEMOE PEJIe, HE YKa3bIBAeT Ha €r0 HEUcC-

IIPaBHOCTb, 3aTO MOYKET MaCKUPOBATh TEILIO, BbIAEIIAE-
MO€E HEUCIPABHON MHKPOCXEMOM, PacloI0KEHHON ps-
nom. Heobxoaumo momoOparh Takue TECThl, KOTOpEIE,
HaIlpuMep, UCKIIoYaT paboTy pesie, HO BKIII0YaT MUKPO-
CXEMYy.

B-ueTBepThIX, B CllyJasx, KOLa HEOOXOANMO HE TOJb-
KO 0OHapy>KUTb HEUCIPABHOCTD, HO U OIPEAECIIUTS €€ ITPU-
YHHY, CJIeAyeT IPHOEraTh K OIBITY pa3padoTINKOB 1 K-
CIIEPTOB, YTOOBI C/I€NIaTh KOPPEKTHBIE BBIBOABI HA OCHO-
BE€ PE3YJIbTaTOB TEIIOBOro koHTpod. Hanpuwmep, ecin
Ha TEpMOIpaMM€ OTYETIUBO BUJEH IEPErPEB KOHIEHCa-
TOpA MM PE3UCTOPA, TO ONBITHBIN Pa3pabOTUHK HITH SKC-
HEPT, CKOPEE BCETO, CAENAET BBIBOJ O TOM, YTO MPHUH-
HOMU HEHMCIIPAaBHOCTHU YCTPOUCTBA SIBIIETCA MUKPOCXEMA,
KOTOpast 3a/IacT HEMIPABUIIbHBIH PEKUM PaOOThI ISl KOH-
JieHcaTopa unu pesucropa. KongeHcarop unum pesucrop
B OKCTPEMAaJbHOM TEINIOBOM PEKUME CKOpEE yKa3blBa-
IOT Ha HEHCIIPaBHOCTH B CXEMeE, YeM Ha COOCTBEHHYIO
HEHCIIPABHOCTb.

Yae Bcero 1py NOUCKE HEUCIIPAaBHOCTEN PEKOMEH-
JYIOT CIIEYOUIYO IOCIE0BATENbHOCTh IIPOBEPKU KOM-
MOHEHTOB: MUKPOCXEMBI, TPAH3UCTOPbI, JHOJbL, PE3UC-
TOpPBI, KOHJIEHCATOPHI [2].

Hcnonb3oBaHue STAIOHHBIX YCTPOMCTB IIPH TEILIOBOM
KOHTPOJIE ANIEKTPOHHO-BBIUMCIUTENBHBIX CPEACTB HA IIPO-
U3BOJICTBE MO3BOJSET aBTOMATU3UPOBATh MPOLELYPY
KOHTpOJI ¥ CBECTH K MUHMMYMY Y4acTHE B HEM OIlepa-
Topa. TepmMorpaMMbl KOHTPOIUPYEMBIX U3EIUI IPOCTO
CPaBHUBAIOTCS ¢ TEPMOIPaMMOH 3aBE€JOMO UCIIPaBHOI'O
yCTpOICTBA, a HECOOTBETCTBUE TEPMOIPAMM yKa3bIBAET
Ha MpeJnonaraeMylo HeucrpaBHocTb. Hampumep, Ha
puc. 2 IpuBeieHa TEpMOrpaMMa OAMHAKOBBIX SUYEEK Ie-
pEKJIro4aTeNst aBTOMOOMIIBHOM OXPAHHOM CUTHANIK3AIMY,
clieBa — STAJIOHHOM sT4eliKH, CIpaBa — KOHTPOJIHpPYe-
Moii. BuTHO, 9TO KOHTpOIHpyeMas suciika MOXKeT ObITh
HEHCIIpaBHa, T. K. €€ TEIJIOBOE I10JI€ HE COOTBETCTBYET
TEILUIOBOMY I10JII0 STAJIOHHOU SYEUKH.

3HAUUTENIBbHO OBBICUTh BEPOATHOCTh OOHAPYKEHUS
HEHMCIPABHOCTEH MOXKET CO3/1aHHE ITAJOHHOH TepMo-
TpaMMBI, KOTOPasi TIOJIy4aeTcst myTeM cOopa MaKCHMaIlb-
HBIX 3HaYE€HUH TeMIepaTypbl U3 TEPMOIPaMM 3aBEAOMO
UCIPABHBIX yCTPOMCTB. IIpu 3TOM Ba)KHBIM MOMEHTOM
SBIISIETCS] CTATUCTUYECKAsk 00paboTKa TEPMOTPaMM JUIs
OO0JIBIIOrO KOIMUYECTBA YCTPOUCTB.

TexHuvyeckune CpeacTBa TEmJioBOro KOHTPOJIsA

ATmapaTHbIM CPEICTBOM ITOCTPOCHUS H300PaKCHUS
B K-nmanazone sBisercs rermosnzop. Mcenenosanme
MIPOCTPAHCTBEHHBIX paACTpPECIICHHI TeMIIepaTyphl 0
OJTHOW WJIM IBYM KOOpAHMHATaM TpedyeT CKaHUPOBAHUS
MOBEPXHOCTH O00BEKTa, KOTOPOE OCYIIECTBISIOT JINOO
OIITHKO-MEXaHUYCCKIM, JINOO ITEKTPOHHBIM CIIOCOOOM.

B onTrko-MeXaHHUECKHX YCTPOWCTBAX OTKIOHCHNE
yIia 3peHHs MPOU3BOASAT C IMOMOIIBIO KOJICOIIOIIUXCS
WM BPAIIAIOIIUXCS ONTUYECKUX JICMEHTOB (IPU3M U
3epkan). Busyanu3zanus TermioBoro moist 00beKTa ¢ BbI-
COKHMM reOMETPHUYECKUM paspelnieHreM Tpedyet hopmu-
POBaHMS MHOTOCTPOYHBIX KaJIPOB, TOITOMY IPH UCTIOIb-
30BaHUM CTUHUYHBIX (MM B BUJIE JTUHECK) TPUEMHUKOB
OTJaeTcs MPelNoYTeHUE KBAHTOBOMY MEXaHHU3MY Peak-
LUK Ha MH(paKpacHOe U3ITyUYeHHe, T. K. OBICTPOJCHCTBHE
(OTOHHBIX IPHEMHHUKOB COCTABIIIET 0KoJI0 1 MKc. M3-3a
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TEXHHUECKUX TPYJHOCTEH CO31aHMs ObICTPOICIICTBYIO-
IIMX BBICOKOMH(OPMATHBHBIX ONTHKO-MEXaHHUYECKUX
CKaHUPYIOLIUX CUCTEM CKaHUPYIOIIHE TETJIOBU30PHI pa-
00TarOT B MAJIOKAJPOBOM PEKUME, T. €. B OCHOBHOM JUISI
HaOFOZICHNS 32 HETIO/IBUKHBIMH OOBEKTaMHU.

Bce ¢oronnsie npuemnuku (InSb, CdHgTe u np.) nis
CHIDKCHHSI (DYHIAMEHTAIBHBIX OIYMOB M JOCTIKCHHUS
TpeOyemMoi MOPOroBOl Y4yBCTBUTEIBLHOCTH JOJKHBI
OXJIAXKAATHCS JI0 KPHOTCHHBIX TeMIIepaTyp (Hampumep,
KUAKEM a30ToM — 10 77 K). Mcnons3oBaHue MUKpO-
KOMIIPECCOPHBIX MM TEPMOIIEKTPUUYECKUX CUCTEM
(7T=160...190 K) coOTBETCTBEHHO yXYAIIAET ITH Mapa-
MeTpbl. CHCTEMBI OXJIQXKIEHUS PE3KO CHUKAIOT aBTOHOM-
HOCTh 000pPYIOBaHUS U3-32 HEOOXOIUMOCTH BO30OHOB-
JIeHH 3araca XJjajarenra (KpuoreHHble TeII0BU30PbI)
WM U3-3a BBICOKOTO YHEPTonoTpedaeHus (TepMOdIIEKT-
pHUYECKUE CUCTEMBI). TermIoBU30pbI, TPEOYIOIINE OXITaK-
JICHSI, CPaBHUTEILHO JOPOTH, OCOOCHHO TEIIIOBU30PHI
C HM3KOTEMIIEPATYPHBIMH TEPMOIIEKTPUIECKUMHU dJe-
MeHTaMu. K T0CTOMHCTBAM ke 0XJIaKIaeMbIX TEIJIOBH-
30pOB CJIEAYET OTHECTH BBICOKOE TEMIIEpaTypHOE pa3pe-
mrerue (710 0,01°C) 1 BO3MOXKHOCTE HEITOCPEACTBEHHO-
T'0 U3MEpPEHHsI a0COMIOTHON TeMIepaTypbl 00BEKTA.

[TpuHIUT IEKTPOHHOTO CKAHUPOBAHUS ObLI peau-
30BaH B MaTPUYHBIX (DOTOXETEKTOpaX HOBOTO ITOKOJIE-
HUS1, pa3paboOTaHHBIX B KOHIIE XX Beka. DTOT TUTI (hOTO-
MIPUEMHUKOB Ha3bIBAIOT MaTPUIIAMH, Pa3MEIIaeMbIMU B
¢doxanpHOU IockocTu oObekTHBa (Focal Plane Array
— FPA). OCHOBHBIMU ITPEUMYILIECTBAMH TAKHX CUCTEM
SIBJIIIOTCS] OTCYTCTBHE JBIDKYILNXCS MEXaHUUECKUX Ya-
CTeil ¥ OJTHOBPEMEHHOE BU3UPOBAHHUE CIICHBI BCEMH UYB-
CTBUTEJIBHBIMH TLTOIIAIKaMu. [locneiHee mpenmyIecTBo
MO3BOJISIET YBEIUUUTH BPEMSI SKCIIO3ULINN KaXKION YyB-
CTBUTEITLHOM IDTOMIAIKH (T. €. YMEHBIIUTB IIIyMbI) 1 00ec-
TIEYHUTh OJHOBPEMEHHOE HAOITIOCHIE OBICTPOMEHSFOTIHX-
sl TETITOBBIX COOBITHIA.

CoBpeMeHHbIe MaTPUILIbI UCTIONIB3YIOT KaK (DOTOHHBIE,
tak u TeruioBbie UK-nmpuemuuku. Hanbosee 10CTyHbI-
MU 10 LIEHE SIBJIIOTCS [TOKA3bIBAIOIIUE U U3MEPUTENb-
HBIC TEIIOBU30PHI, PaOOTAIONINe HAa HEOXJIaXKIaeMBIX
MTUPOSIIEKTPUIECKIX U MUKPOOOIOMETPUICCKUX JIBYX-
MEPHBIX TPUEMHHUKAX TEIUIOBOTO U3NyueHus. B 3aBucu-
MOCTH OT MHTEHCUBHOCTH TETIJIOBOTO U3Ty4EHHS B ITUPO-
IEKTPUUECKUX U3MEHSAETCS yPOBEHb IOJIIPU3ALIIH KaXkK-
JIOTO DJIEMEHTa, B 00JIOMETPHYECKUX — BHYTPEHHEE CO-
npoTuBieHue. g crennanbHOTO MpUMEHEeHHs (KoT/a
TpeOyeTcsi BBICOKasi 4aCTOTa CMEHbI TEPMOM300paskeHNH,
MOBBIIIEHHOE TEMIIepaTypHOE pa3pelieHne iU CIEeKT-
palibHasl CeNIEKTUBHOCTh ) Pa3pad0TaHbl TETIOBH30PHI HA
oxJaxKaaeMbIx Matpuinax. Haubonee pacmpocTpaHeHbl
MaTpHIIBI Ha OCHOBE cHiIIUa TuiaTHHEI (PtS1), anTrMo-
uuna uaaus (InSb), Tpoitaeix coenunennii (HgCdTe) u
TaK Ha3bIBaeMbIX KBHUIM-MarepuanoB (QWIP), B wactHo-
ctH apcenuia rajumus (GaAs).

.HI/II[epaMI/I B IMPOU3BOJACTBE TEMJIOBU3UOHHON TEXHHUKHU
sBistrorest [1Benmst, BenukoOpuranus, @pannus, ['epmanus,
CIIA, SInonus. Cpenu BeaylIux MPOU3BOAUTENCH 000pyI0-
BaHUs 7Sl TETUIOBOTO KOHTPOJISI B TIEPBYIO OUEPEh CIETyET
HazBath komnanuio FLIR Systems (CIIHA — IlIseuus). B
pAAy ApYTUX KPYHNHBIX W 3apCKOMCHOBABIINX cebst HA MH-
POBOM PBIHKE HpOI/ISBO,I[I/ITCJIefI TEIJIOBU3HOHHONW TEXHHKH
crost takue komnanuu kak CEDIP Infrared Systems (®pa#n-

s, www.cedip-infrared.com), Raytek UK (BenukoGpuTa-
Hus, www.raytek.com), IRISYS (Benuxobpuranus,
www.irisys.co.uk), NEC Sanei (SInonust, www.metrum.co.uk),
Thermoteknix Systems Ltd (MHTepHaLMOHANIBHAS KOMITAHHUS,
www.thermoteknix.com), Land Infrared (unrepnaunonais-
Has kommnaHus, www.landinst.com), a Takxxe poccuiickue
komnanuun HUMMH MHIIO «Cuektp» (spektr6.ru) u UP-
TUC (irtis.ru).

K 0oCHOBHBIM XapaKTepUCTHKAM TeINJOBH30POB
OTHOCSTCA: padOUMii CHEKTPAIbHBIN JUANa30H, T€OMET-
pHuuecKas paszpeliaronias CliocoOOHOCTh, YaCTOTa CMEHBI
H300paKeHHH, TEMIIepaTypHOE pa3pelieHne (SKBUBAICH-
THas IIyMy pa3HOCTh TEMIIEPaTyp), MUHIMaIbHas pa3-
pemaemasi pa3HOCTh TeMIIEPaTyp, THMHAMUYECKUN JTua-
Ma30H CUTHAJIA.

Pabounii criekTpajgbHBIA JUANA30H TEIIOBU30POB
(3—5 nm 8—13 MKM) BRIOMpACTCS TIO0 TAKUM BaKHBIM
KPUTEPUAM KaK KOA(PPHUINCHTH M3Ty4YeHUs] 00bEKTOB
KOHTPOJISL, KO3 PUIIMEHT NPOyCcKaHus aTMOC(epbl, MOIII-
HOCTb U3JTy4€HUs1 00bEKTOB, TEIJIOBOM KOHTPACT, XapaK-
TEPUCTHKA TPHEMHHKOB H3ITy4deHHs1. [logpoOHo BiustHIE
9THX (aKTOPOB Ha BBIOOP CIICKTPATBLHOTO THANa30HA
omucaHo B [4].

leomerpuueckas pasperniaroniasi CiocOOHOCTh M30-
OpakeHus B MATPUYHBIX TEIIJIOBU30PAX IPHU IPABUIBHO
0700paHHOI ONTHKE COOTBETCTBYET YHCITY OTISIBHBIX
2J71eMeHTOB B Matpule. Harmpumep, pacripocTpaHeHHBIH
(hopmaT MukpoboaoMeTpruaeckux Matpul 320240 co-
OTBETCTBYET IOJTIO 3peHust 24X 18°.

Yacrora cMeHbI H300pakeHHI ONPENICINACTCS TOTHBIM
BpEMEHEM, B TEUEHNE KOTOPOTO aHAITM3UPYIOT ITOJIE 3pe-
Hus. Hanpumep, eciii BBIXOIHOM CUTHAN Ka)I0T0 MaT-
PHUYHOTO 3JIEMEeHTa CKaHUPYIOT B Teuenue 1/30 ¢, To co-
OTBETCTBYIOIIASl YaCTOTa CMEHBI M300pakeHUN OyneTr
30 I't. [TocnenoBarenpHOCTH MK-N300paskeHnit Hakar-
JMBAIOT B aHAIIOTOBOW Witk M poBoii hopme. AHAIOTO-
BBII CHTHAJl HA BBIXO/IE OOBIYHO MPEACTABIAETCS B OJI-
HOM M3 monyisipHbIX (GopmaroB — PAL, NTSC wunn
SECAM.

OKBHUBAJICHTHAS IITyMY Pa3HOCTh TEMIIEpaTyp (Temrie-
paTypHOe pa3pelieHue) SBISIeTCs BaKHON dSHEpreTHye-
CKOM XapaKTepUCTUKOM TETJIOBU30POB, KOTOPYIO OIpe-
JIEJIAI0T KaK TeMIepaTypHbI CUIHAJl, SKBUBAJICHTHBIN
YPOBHIO COOCTBEHHOTO ITyMa (poTompreMHuKa. Bemn-
YMHY TEMIIEPATypPHOI'O pa3peLlIeHIsl OIPEIEIISIOT KaK U3-
MEHEHHE TEMIIEPATYPbl, KOTOPOMY COOTBETCTBYET OTHO-
IIICHME CUTHAJI/IITYM, PaBHOE eIHUIIE, Hanpumep, 0,07°C
TIpu TeMrepaTtype dtaioHHoro uzny4areins 30°C (B mac-
MOPTHBIX JAHHBIX TEIUIOBU30POB TEMIIEPATYPY dTAJIOH-
HOTO M3JIy4aTelisi 4aCTO OIYyCKAIOT).

MuHUMaTBHYO pa3peiaeMyto pa3HOCTb TEMIIEPATyP
OMNpPEEIIAIOT MO STAJIOHHOMY U3JIy4aTelto (MUpe), KOTO-
phIii 00pa30BaH HAOOPOM TOJIOC OTIPEICICHHOM TOIH-
HBI M TEMIIEPATYPhl H PACCMATPHUBACTCS OTIEPATOPOM B
TEYECHHE HEOIPeNIeNIeHHOro BpeMeHH. TakuM o0pazom,
9TOT MapaMeTp OTpaxkaeT KaK MPOCTPAHCTBEHHOE, TaK U
TeMIIEpaTypHOE pa3pelLIeHne TeI0BU30Da.

JIMHaMIYeCKHii TUara3oH JIEKTPOHHOTO yCTPOHCTBA
XapaKkTepu3yeT Auarna3zoH aMIUIUTY] CUTHAJIOB MEXIY
MaKCUMaJIbHbIM 1 MUHUMAJIbHBIM 3HaYE€HHSIMH, KOTOPBIE
nepenarorcs 0e3 nckaxeHui. OOBIYHO TMHAMUYECKUN
JIFaTia30H BRIPAXKAIOT B IEINOETaX.

TexHOJI0THs U KOHCTPYHPOBAHHE B 3JIEKTPOHHOM anmapatype, 2007, Ne




TEXHOJOI'MYECKHUE IMPOLHECCHI U OBOPYJOBAHUE

Kpome Toro, B macrmopTHEIX TaHHBIX TCIUIOBH30POB
0OBIYHO YKa3bIBAIOT PETHCTPUPYEMBIH TEMIIEpPaTyPHBIH
JIUAINa3oH, a TAKKe XapaKTEPUCTHKH MOCTABIIIEMOH C
TEIIOBU30pOM ONTHKHU. Kak 0TMe"anoch BHIIIE, TEILIO-
BH30pbI 00BIYHO padoTatoT B o,jHOM 13 K-1nana3oHos,
MO3TOMY B KQUECTBE XapaKTEPUCTUKH YaCTO YKA3hIBAIOT
TaKke U pabounii CIEKTPaIbHBIN AUATIA30H.

[Tpu BbIOOpE TEIIIOBU30pa AJIs1 KOHTPOJIS AJIEKTPOH-
HO-BBIYHCIIUTEIBHBIX CPEACTB CIEAYET YUUTHIBATH KOH-
KpPETHYIO 00JIaCTh PUMEHEHUs prudopa. Uem MeHbIIe
00BEKT MCCIEIOBAHMS WIIH JIETAIM 00BEKTA, MOIIE)Ka-
LIME UCCIIEIOBAHUIO, TeM OOJIbIIeH FeOMETPHUECKOM pa3-
peliaroIiei CrtocoOOHOCTHIO 1 OONBIINM TEMITEPATyPHBIM
paspereHneM JoDKEeH 001anaTh TerioBu3op. Jns mc-
CJIeJTOBAaHUS TICYATHBIX IJIAT WJIH sTYeeK B OOIIEeM ciTydae
MOJIOMIET TETUIOBU30P JUIS UCCIICIOBAHUM HITH JIJIS TIPO-
BEJICHUS HEepa3pyLIaIoIIero KOHTPOJIA, HallpuMep, Tel-
nosu3op ¢pupmbl FLIR Systems u3 cepum S («S Series
— Research & Developmenty). ['eomerpudeckas pas-
pemraromniast CHocOOHOCTH TAKOTO TETJIOBU30Pa OOBITHO
cocrasisier 640x480, a TemnepatypHoe pa3pelieHue —
0,06°C mpu 30°C.

JIns AnarHOCTHPOBAHUS U3ICIHI MUKPOIICKTPOHH-
KM (HarpuMep, HHTETPATBHBIX MHUKPOCXEM) HEOOXOIH-
MO BBIOMpATh TEIIOBU30P ¢ OONBIIEH reoMeTpUIeCcKOi
pasperaroiieii cocoOHOCThIO U OOJBIINM TEMITEpaTyp-
HBIM pa3penieHueM. JTO CIEeIHATBHBIC MOJICIH TEILIO-
BH30pPOB C TCOMETPHUYECKON pa3peraromeii crocooHo-
cthio 1024x1024. TemnepaTypHoe pa3pelLIeHUE TaKuX
TETI0BU30pOB MokeT cocTaBisaTh 0,01°C, uyTo mo3Bos-
€T BU3YAIU3MPOBATh TEILUIOBOE MOJIE HHTETPATHHON MHK-
pocxembl. CrielaibHbIe 00BEKTUBBI IIO3BOJISIFOT TOOUTHCS
MPUEMJIEMOTO YBEJIUYEHUS 00BEKTOB C pa3sMepaMu
BIUIOTH 10 25 MKM U BH3YaJIU3UPOBATh HX TCILJIOBBIC
TOJIS1.

OnHaKo B Ka)KI0OM KOHKPETHOM CITydae CIeAyeT yIH-
TBIBAaTh HHIUBHUIYyaIbHEIC TAPAMETPHI HCCIIETYyEMBIX 00-
pasmoB. B 3aBucuMocTtH oT pabodeit TeMIepaTypsl Hc-
cremyeMoro oopasia cieyeT ONpeieIuTb PETUCTPUPY-
€MbIii TeMIIepaTypHbIH JUana3zoH, KpoMe TOro, MOryT ObITh
BaXKHBI YCJIOBHSI KCIUTyaTalluK, HHTepeic B3anMo,1eii-
CTBHS C KOMIIBIOTEpOM. B ciydae, korma HeoOxoanmo
PETUCTPUPOBATH H3MEHEHHUE TEIIJIOBOTO TMOJISA, BAYKHBIM
rapaMeTpoM SBISETCA YACTOTa CMEHBI H300PaKESHUH.

s uccnenoBaHust 0OBEKTOB, COMOCTABUMBIX I10
pazmMepam ¢ 00bEeKTaMi MHKPOIJICKTPOHHUKH, CYIIIECTBYIOT
crielMaIbHbIe MOJICNN TeIUI0BU30poB. Hampumep, dup-
Mma FLIR Systems npezsaraet psij terioBuzopo «High-
end R&D Infrared Cameras» ¢ MOBBIIICHHBIME TEMIIC-
PaTypHBIM pa3pelleHreM U TeOMETPHUESCKOH pa3pera-
olIel criocoOHOCTRI0. Kpome Toro, ecTh BO3MOXKHOCTh
oOUpPaTh 0OBEKTUBBI C HEOOXOAUMBIM KO QUITECHTOM
yBenuueHus (BILTOTH 10 KomOuHanmu UK-kamep ¢ Muk-
POCKOTIaMM) U HCCIE0BATh OOBEKTHI C pa3MepaMu
7 MkM 1 Oosiee (puc. 3, 4).

HpOFpaMMHBIe CpecTBa aHa/Iu3a pe3yjabTaToB
TEIJIOBOI'0 KOHTPOJIHA

Kak y»e HeoTHOKpaTHO YIIOMUHAJIOCh, TP UCIIOJIb-
30BaHUM TEIUIOBU3UOHHBIX CPEJICTB 0CO00C BHUMaHHE
YAETSIOT MOCTABISIEMOMY IIPOTPAMMHOMY 00ECIEUEHHUIO,
T.K. OHO SIBJISIETCS MOILHBIM CPEJCTBOM, NIPEI0CTABIISAIO-

Puc. 3. M300paxeHne MUKPOCXEMBI, MOJYyYEHHOE C I10-
mompio temaosuzopa ThermaCAM ¢upmbr FLIR
W TIOKa3bIBaIOIIee TIPOBOJIHUKHA pazMepoM 7 MKM [3]

_ A .
Puc. 4. UK-kamepa B codueTaHWM C MHKPOCKOIIOM CTa-
HOBUTCA I/IK-MI/IKPOCKOHOM, CITOCOOHBIM HCCIICOA0BATh
00BEKTHI pazmMepoM 5 MkM [3]

M JOTIOJTHUTEIbHBIC BO3MOKHOCTH IS aHAJIH3a pe-
3yJBTATOB TEIUIOBOTO KOHTPOJSL. YacTo mporpaMMHOE
o0ecTieueHIe COCTABIISICT eI MHOTO(YHKIIMOHATGHBINA
KOMIIJIEKC, KOTOPBIN MO3BOJISICT BBITIOJIHSTH BCE HEOOX0-
JUMbIE JCUCTBUS JJIs TONYYEHUs, aHAIU3a, XpPaHEHHS
JIAHHBIX O TETUIOBBIX MOJISIX (PHUC. 5).

K cTarnapTHeIM (QYyHKITUSM ITPOrpaMMHOTO obecte-
YECHUSI, TIOCTABISIEMOTO C TEMJIOBU30POM, OTHOCATCS
CpeJCTBa 3aXBaTa BHJICO- U IOTIOIHUTEIBbHON HH(pOpMa-
MY (HAIIPUMED, 3HAYCHUSI TEMIIEPATy PhI T KO3 (PHIIH-
€HTa M3IyUYCHUS B HEKOTOPBIX 3apaHee ONpeAeIeHHBIX
TouKax). HTepdeiic B3aNMOACHCTBHSI ¢ KOMITBIOTEPOM
MOXeT OBITh KaK COOCTBEHHBIM JIJIsi KOHKPETHOTO TPO-
W3BOAMTEIS, TAK U CTAHIAPTHBIM JUIS 3aXBaTa BUIACOMH-
¢dbopmaruu. Hanpumep, Iisi ONeparioOHHON CUCTEMBI
Windows Takum uHTepdeiicom siBrsieTcs: DirectShow,
IIPU ATOM JIJIS TIepeiauu JOTIOTHUTENbHOM HH(OpMAaIun
Yaiie BCero UCmoib3ytoT nopt RS-232 unu USB. Jlan-
HBIC TIEPEafoT B 3apaHee ONMPEICIICHHOM U CIICII(HITI-
poBaHHOM QopmaTte. Hanmmuue crienudukaryii Ha HHTep-
(eiic B3auMOICHCTBIS TPHOOPA C KOMITBIOTEPOM MOXKET
OBITH BaYKHBIM B ClIy4ae, KOI/ia INTaHUpyeTcs pa3padoT-
Ka COOCTBCHHBIX CPEICTB 00pabOTKH U aHaIn3a U300pa-
JKCHUH.
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POCHUSI TEMIIEPaTyPHOTO MPOQuIIs

Moanyns
aBTOMaTHYECKOTO
pacrno3HaBaHHs
neekToB

Mognynb 3axBata
TeMIepaTypHoit
HHpOpMaHH

Mopyib paGoTsI
¢ 0a30i JaHHBIX

BJIOJIb JINHUH, COEIUHSIONICH JBE
TOYKH Ha TepMorpamme. Temmnepa-
TYpHBI TIPOQMIb MPEICTABISICT

Monyns 3axBata
BHJICO-
uHpopManHn

T "~ —

co0o# rpaduK, Ha KOTOPOM I10 OCH

OpAUHAT OTJIOKEHO PACCTOAHUEC OT
SJAPO Monys N

Monyns cosnanust | Jloruka paborst _ KOpPPEKIUHI Ha4aJIbHOU TOYKH, a II0 OCH abc-
OTYETOB o Toaxmouenne = xoaddhunnenta IIUCC — COOTBETCTBYIOIIIEE ITOU
voryen FSTyeA TOYKE TEPMOIPAMMblI 3HAYEHHUE

//4\ ............................... , TeMneparypsi (puc. 6).
; MOJIYJI OBPABOTKU M305P AXKEHMSI ; Hexotopbie mporpaMMsbl BbI-
! / ‘ \ \ ' IIOJIHAKOT q)YHKI_II/IIO 3aIIMCH ITI0CJIC-
E E JOBATCJILHOCTHU TCPMOTpaMM, 4TO
' VBenuuenue Ynanenne PackpawnBanse Apudpmernueckue SpxocTs/ E [103BOJISAET IIPOCMATPUBATL U3MEHE-

\ pe3KoCTH LIyMOB onepanuu KOHTPACTHOCTh I

! '+ HHMC TCIJIOBOTO I10JIS1 B JMHAMMUKC:

CTPOUTH I‘pa(l)I/IKI/I HU3MCHCHUSA TEM-

| BUBJIMOTEKA OBPABOTKHU U30BPAXEHUI

| nepaTypsl B TOUKE, IOJIy4yaTh U3-

Puc. 5. CprKTypHaﬂ cXeMa MpOorpaMMHOTO KOMIIJICKCA CUCTEMBbI TEIIJIOBOTO

KOHTpPOJIS

[IporpammHOe obecriedeHue 0ObIYHO 00TaIaeT TaK-
Ke QYHKIUSAME 00pab0TKH N300paKEHUI: YMEHBIIICHHS
IIyMOB, YBEJIMYECHUSI PE3KOCTH, KOPPEKIIHMU KOHTpAcTa 1
SIPKOCTH, BUJIOM3MEHCHUS TUCTOrpaMm U jp. K Hanbo-
Jiee BaKHBIM (DYHKIIUSAM MPOTPAMMHOTO OOCCIICUCHHS
OTHOCHTCSI BO3MOKHOCTH IPOBEICHHS TEMITEPATYPHOTO
aHanm3a. [JoMMMO BO3MOXKHOCTH M3MEPEHHUS TeMIlepa-
TYpPbI B IPON3BOJIBHOMN TOYKE, 0OBIYHO 00ECIIEYHBACTCS
(YHKIHS IIOCTPOCHHS H30TEPM, OTIPEICIICHHS KPUTHYEC-
KUX 3HaYCHUH TeMIIepaTyphl M NX HAaHECEHHS B BHIC (h1a-
TOB WJIM M30TEPM Ha m3o0paxkenne. Kpome toro, gacto
IIporpaMMHOE 00ECTICUCHHUE BBIMOIHACT (DyHKIHIO ITOCT-

MEHEHHE TeMITepaTypHOro npodu-
Jisl BO BPEMEHHU.

JIroboe mporpamMmHoe obecrie-
YeHHE M03BOJISIET PACKPAIINBATH TEPMOTPAMMBI B [ICEB-

JIOIIBETA, YTO 00JIeTIACT BOCIIPUSITHE TEMIIEPATyPHOU HH-

(hopmarum.

Hexoropble Ipou3BOAUTENN TEILIOBU3NOHHOM TEXHU-
KU ITOCTABJIAIOT IIPOrPAMMHOE 00€CTIeUeHHUE, KOTOPOE TI0-
3BOJISIET 0OJIEe TOYHO M3MEPSATH TEMIIEPATypy 3a CUeT
6oree TOYHOTO BEIYUCICHUS KO HUINCHTA U3y ICHHS,
YTO B KOHTEKCTE 3a1a4y TEIJIOBOIO KOHTPOJIS JJIEKTPOH-
HO-BBIYHCIIUTEIBHBIX CPEIICTB ABJIACTCA IPEATIOUTHTEIb-
HBIM. B KadecTBe OTHENBHON MPOTrpamMMbl OOBIYHO TIO-
CTaBIIAETCsI TAKIKE CPELICTBO ABTOMATHUECKOI'O IIOCTPOE-
HUS OTYETOB O IPOBEJEHHOM UCCIIEN0BAaHUU UIIU TECTE.

-l
daiin Mpaska Bua MzofpaweHwe MsmepeHua  OkHo  [MomoWE
FH. 2R SH(HNE|QQR[ALgEF|§E <)
=
HayaneHan Touka [213, 179)  Kodeunasa Touka (269, 302  Paccroanue = 135,1
i

JHEYEHWE TEMNERETYRE (]

T
75
PaccToaHKe (MuKCem)

Puc. 6. OxHo nporpammbl Thermo (paspadorka kadenpsr Y4 «IIpoekTHpoBaHNE U TEXHOJIOTHS TPOU3BOACTBA DIIEK-
TPOHHO-BBIYUCIUTENbHBIX cpeacTB» MI'TY um. H. D. Baymana) ¢ temmnepaTypHbIM npoduieM, mOCTPOCHHBIM
JUISL KpUTUYHOTO YYacTKa MEYaTHOW IIaThl
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HccnenoBanus kadenps 1Y4

Kagenpa Y4 («IIpoekTnpoBaHue ¥ TEXHOJIOTHS TPO-
M3BOJICTBA AJICKTPOHHO-BBIUUCITUTEIBHBIX CPEACTBY)
MI'TY um. H. O. baymana npoBoauT coOCTBEHHBIE UC-
CJIeZI0BaHMs B 00JIaCTH IPUMEHEHHS TEIIOBOTO KOHTPO-
IS JUIsL pErUCTpaluy TEMIIEPaTypHBIX MOJIEH JIEKTPOH-
HO-BBIYMCIIUTEIILHBIX CPEJICTB.

3necy BakHeHIIeH mpoOaeMol SBISETCS CO3/aHue
METOJMKH SKCIIEPUMEHTA U aHaJIu3a Pe3yJIbTaToB, OHA-
KO HE MEHEee BaKCH IoJ00p 000pyAOBaHHUS B KOMILICKCE
¢ MpOTpaMMHEBIM o0ecTieueHreM. B kadecTBe mpumMepa
MIPHUBEJIEM HCIIOIb3yeMbIid Ha Kadeape CTeH/I TEIIOBOTO
KOHTPOJISI, allllapaTHOH OCHOBOHM KOTOPOTO SIBJISETCS
oXJakaaeMblil Tepmorpad poccuiickoit pupmser UPTUC
(moxerms UPTUC2000), mo3BoJISronuil u3MepsaTh adco-
JIFOTHBIC 3HAYEHNS TEMITEPaTypbl ¥ 001 a0IIHIA TyBCTBH-
teapHOCTHIO 0,05°C mpu 30°C. Tepmorpad umeer cere-
BO# MHTepdeiic B3aMMOICHCTBHSI C KOMIBIOTEPOM, Ha
KOTOPOM yCTaHOBJIEHO ITPOrpaMMHOE 00ecrieueHue, 1o-
CTaBJIIEMOE TIPOU3BOIUTEIEM TepMorpada, WK CIIeIH-
ANM3UPOBAHHBII IPOrpaMMHBII IPOTYKT, pa3padarsiBa-
emblil kKadeapoir UY4. CtpykTypHas cxema KOMIUIEKCa
¢ KapMaHHBIM IepcoHabHbIM KoMITbIoTepoM (KIIK) mis
CKaHUPOBaHUs NpeICTaBIeHa Ha puc. 7.

Mertoauka IpoBeIeHUS TEIUIOBOIO KOHTPOJIS MOXKET
pa3padaThIBaTHCS HA OCHOBE 3apaHee MPOBEICHHBIX pac-
YETOB TEIJIOBBIX MOJIEH € TOMOIIBIO CTIEINATN3NPOBAH-
HOTO HpOTrpaMMHOro obecrnedyeHus, HampuMep,
MCS.Nastran, mociie 4ero ONpeNeNsIioTCsS KPUTePUn
onieHKH. OJTHAKO 3TOT MyTh MPUMEHSETCS peako. [opas-
J10 Yallle UCIOJIb3yETCsl CPAaBHEHUE C ATAIIOHOM, KOT/ia B
XO0JI€ HKCIIEPUMEHTOB HaKaIJIuBaeTcs 0a3a JaHHbBIX Tep-
MOTpaMM 3aBEJIOMO HUCIPABHBIX SUEEK.

[Tpu onpeneneHny NOTEHINATBHBIX 1e(PEKTOB KOHCT-
PYKIIMH 3JIEKTPOHHOTO Y3J1a UCTIOJIb3YEeTCsI POCTHIE YKa-
3aHus, TpeOyromme 0053aTeNbHON SKCIIEPTHON OILICHKH
oreparopa, IpoBOJAALIEro ucnbiTaHus. Hekoropsie BbI-

IpOrpaMMHOE [K
obecrieuenue s
Mosty4yeHus u 00paboTKu .
Tepuorpav —\
—
U3YHACMBIH [~ TEIUIOBU30D [
00BEKT / KIK
ceTeBoi kabeb

IIpOrpaMMHOE oOecIedeHHe
JUIS CKAHUPOBaHMs
(TosTydeHus: TepMorpamMm)

Puc 7. Cxema cTeHaa TETIOBOTO KOHTPOJIS

BOJIBI TEMIIEPATYPHOTO aHAIHM3a MOTYT OBITh OCHOBAHBI
HAa TPOIUIOM OIIBITE, IPYTHE MOTYT OBITH OCHOBAHbI Ha
OXKHUJIAHUAX HAJISKHOCTH M 3HAHUH TUTIOB KOMIIOHEHTOB.
B kauecTBe puMepa MOKHO ITPUBECTH BOCHHBIHN CTaH-
napt CLIA 217-F u crannapt Bellcore, ncrnons3yrorue-
sl TS IPEeICKa3aHusl TUTIOB OTKA30B 1101 BO3/ICHCTBHEM
AIIEKTPUYECKOTO U TEIUIOBOTO HAMPSIKEHUS KOMIIOHEH-
TOB. DTH JOKYMEHTHI JAFOT XOPOIIYIO TOUKY OTCUETA IS
aHaJM3a TepMOTPaMM 3JICKTPOHHBIX SUEeK W MOTYT HC-
MOJTb30BAThCS ITPH pa3paboTKe COOCTBEHHBIX METO UK.

[IpuBenemM MeTOIUKY MPOBEACHHUS TEIIOBOTO KOHT-
POJIsl HICTOYHMKA TUTAHUA [5], KOTOPYIO MOYXKHO TIpUMe-
HATH KaK YacTh IPOIECCa KOHTPOJS KadecTBa MpPH-
OOpOB IIPU IPOU3BOJICTBE U pa3pabOTKe EKTPOHHBIX
YCTPOUCTB.

1. BBISIBUTH BCe KOMIIOHEHTHI C TEMIIepaTypoi, 1oc-
turaroieit 50°C npu padoueii temneparype 23°C.

2. [lpoaHanm3upoBaTh AaBICHUE W BO3AYIIHEBIC TIO-
TOKH B OOJIACTH KOMITOHEHTOB, TEMIIeparypa KOTOPhIX
npessiaet 50°C, 1i1st onpeaeneHus: KOPPEeKTHOCTH H3-
MEpEHUIL.

Puc. 8. TeruioBoe mose siueek ynpasieHUs GpoHapem:
a— ynpasisiioriue (oHapeM sueiikn; 0 — TeII0Boe MoJie HOPMAIbHO (QYHKIIHOHH-

pytoueil sueiiku; B — TemoBoe moje AeGeKTHON suelku (HeKauecTBEHHOE

TpaBJICHHUE IUIAThI, IEPErPeB TPAH3UCTOPA K MUKPOCXEMbI CTAOMIIN3aTOPA)

— |

Puc. 9. TermmoBoe mone sgeex Ui peMOHTa KOMIIBIOTEPOB:
a — sSYCHKHM YCTPOWCTBA PEMOHTA KOMIBIOTEPOB; O —TEIIOBOE IOJIC UCTIPAB-
HOM sTYeHKN; B — TETIIIOBOE I0JIE STUEHKH C HeHCIPaBHOM MHUKPOCXEMOH
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3. IIpoananu3upoBaTh TEMIIEPATyPy I€YaTHOM ILUIATHL.
(Hanpumep, neyarsle miatsl u3 Matepuana FR-4 (Flame
Resistant 4) He TOJKHBI IMETh TemIiepatypy oomnee 105°C
TIPY HAUXYIIINX yCIOBHSX HCIIBITAHMUH. )

4. IIpn HaNMUYNK KOMIIOHEHTOB, OCOOCHHBIX C TOUYKH
3pEeHHsI TEMIIEPATYPHOTO PeXUMa (HalpuMep, MOIITHBIX
PE3UCTOPOB), YOETUTHCS, YTO OHU KOPPEKTHO CMOHTH-
pPOBaHbBI Ha TJIATy (C TETUIOM3OIUPYIOIEH MPOKIIAIKON
WIH C 3a30POM).

5. Y6eautncs, uTo TEMIeparypa KOMIOHEHTOB, HMe-
IOLINX B CBOEM COCTaBE MarHUTHbIE MaTE€PUaJIbl, HE BbI-
XOIAT U3 JOIyCTUMOTO AJISl 3TOTO KJIacca KOMIIOHEHTOB
JMana3oHa u 1o meHslner Mmepe Ha 10°C ke, uem J07-
JKHa OBITh P HAUXY/IIUX YCIOBHUIX IKCIUTyaTalHH.

6. IIpoBepuTh, HE MPEBBIILALT JIU OKUIAEMBIX 3HAYE-
HUIl TeMIepaTypa KOMIOHEHTOB, MOHTHPYEMBIX Ha I0-
BepxHOCTb. Harpumep, NOBbILLIEHNE TEMIIEpATY bl Kepa-
MUYEeCKUX KoHJeHcatopoB Ha 30°C u Oonee TOIKHO
HACTOPOXKUTB.

7. YoenuThes, 4To MEKTPOIUTHIECKUE KOHICHCATO-
PBI HE HArpeBaroTCs IKCTPEMAJILHO BHICOKUMU ITYJIbCH-
PYIOIINMH COCTABILFOIIIMMHE ITOCTOSTHHOTO TOKA HITH pac-
MOJIOKEHHBIMU PSAJIOM TPEIOIIUMUCS KOMIIOHEHTaMHU.

8. Berancnuth TeMneparypy p—n-mepexoja noaynpo-
BOJIHUKOBBIX YCTPOMCTB (IOJIEBbIE TPAH3UCTOPHI, IUO-
JIbl) IO METOJIMKE, IPUBEJACHHON B JOKyMEHTAllMM Ha
MOJTYIPOBOJHUKOBBINA MPHOOpP. YOSAUTHCS, UYTO TEMIIe-
paTtypa p—n-niepexosia He MPEBbINIAET YCTaHOBICHHOIO
MaKCHUMaJIbHO BO3MOXKHOTO 3HaueHus. (s GonpmmH-
CTBa IOJTYIPOBOTHUKOBEIX IPHOOPOB PEKOMECHIYETCS,
9T00BI TEMITIEpaTypa rnepexona He npesbiana 110°C npu
paboTe B HAUXY/IINX YCIOBHUSX.)

[puBenem npuMepbl pe3ylIbTaToB UCCIIeJOBAHUMN (pHUC.
8, 9).

OTOT IKCTIEPUMEHT AEMOHCTPHUPYET JETKOCTH 00HA-
PYKEHHUSI HEUCTIPABHBIX KOMIIOHEHTOB, OCOOCHHO MHK-
pocxeM, MOUCK KOTOPBIX TPAIUIIMOHHBIMHU CPEICTBAMH
MOXET OBITh IOCTATOYHO TPYIOEMKHM.

BriBoabl

IToka3aHa BO3MOYKHOCTh MPUMEHEHHS TEIJIOBOTO
MEeTOAa KOHTPOJS ISl AHATHOCTHKH DJICKTPOHHO-
BBIUMCIHUTEIBHBIX CPEACTB, PACCMOTPEHBI €ro
IPEUMYILECTBa — OECKOHTAKTHOCTH U BEICOKAs CKOPOCTh
oOHapyx)eHus 1e(eKToB, 0COOCHHOCTH ero MPUMEHCHHUS
B 3JICKTPOHHOH MPOMBINUICHHOCTH U IIyTH MX y4YeTa B
METOJIMKE KOHTPOIIsl. B yacTHOCTH, paccMoTpeHa ocTpast
npoOiieMa BBIpaBHUBAHUS KOd(QUIIMCHTA U3ITyUCHHS,
npobiieMa MOJIETMPOBAHHS €CTECTBEHHBIX YCIOBHIL
pabothl ycTpoiicTBa. [IpuBeneHbl peKOMEHAAINH 110
BBIOOPY TEXHUYECKHUX CPECTB KOHTPOJISL, TO3BOJISOIINX
MOBBICUTH IOCTOBEPHOCTH MOTy4aeMbIX pe3ynbTaTtoB. C
OMOIIBI0 aHaJTH3a 0COOCHHOCTEH GECKOHTAKTHOTO
TEIJIOBOTO METO/a BO3MOXHA Pa3paboTKa METOIUKH
KOHTPOJISI KOHKPETHBIX YCTPOWCTB Ha MPOMBIIIICHHBIX

TPENPHATHSX.
[TprMeHMOCTH GECKOHTAKTHOTO TETLIOBOTO KOHTPOJIS
OBC w® ero [OCTOMHCTBAa TOJATBEPKIACHBI

9KCIIEPUMEHTAIIbHBIMU UCCIIEA0BaHUAMM, IPOBEJCHHBIMU
Ha kadenape «lIpoexkTupoBaHHME M TEXHOJOTHS
MIPOU3BOJICTBA AIEKTPOHHBIX CPEICTBY.
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Knroueswie crosa:

[TpuMEeHUMOCTH OECKOHTAKTHOTO TEILIOBOTO KOHTPOJIS JUIst
U3JIeIIUI IEKTPOHHOMN MTPOMBIIIICHHOCTH U €0 JIOCTOUH-
CTBa MOATBEPKICHBI SKCTIEPUMEHTATBHO. OTIMCaHBI TEXHHU-
YECKHE CPEICTBA KOHTPOJISI, OCHOBHBIE (DYHKIMH IIPOTrPaMM-
HOro o0ecreyeHus.

Poccus, . Mocksa, MI'TY um. H. O. baymana

Be3KoHTaKTHUH TETUIOBHI KOHTPOJIb €IEKTPOHHO-00UUCITIO-
BaJIbHHX 3aCO0IB.

[Manginosa C.I1., Bnacos A. L., I'punnes B. M., UepBuHCh-
kuii A. C.

Thermography of electronic devices.
Panfilova S. P, Vlasov A. L., Gridnev V. N., Chervinsky A. S.

The possibility of application of thermography to diagnose
the electronic devices is analyzed in the article. Typical faults
of electronic devices which can be found by means of
thermography are given. Advantages of noncontact thermal
inspection in comparison with the contact one are described.
Some features of thermography of electronic devices are
considered. Thermography apparatus is viewed and some
pieces of advice about choosing it for electronic devices
diagnosis are given. An example of the thermographic
method for checking the electronic devices is provided. The
main features of software used in thermography and its
significance are described.
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