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TEMIIEPATYPHAA 3ABUCUMOCTDb PABOYMX
XAPAKTEPUCTHUK IIBE3O2JIEKTPUYECKNUX CEHCOPOB
HA OCHOBE INTOJIMBUHWJINAEHO®TOPUIA

Yemanoesneno, umo xapaxmepucmuxu cet-
COpO8 HA OCHOBE NOJUBUHUTUOEHDMOPUOIA
HAxXo0amcs 8 npeoenax 0OnyCmuMblx HOpm
6 ouanazone pabouetl memnepamypol
—20...+80°C nocne coomsemcmeyue2o
omacued.

BaxxHbIM HampaBlieHHEM Pa3BUTHUSI COBPEMEHHOM
TBEPJOTEIBHON STIEKTPOHUKH SBISETCS CO3J]aHHE TThe-
30- ¥ MUPOIJIEKTPUUECKUX CEHCOPOB Ha OCHOBE IOJIH-
MEPHBIX CETHETOAICKTPUUECKUX TNICHOK THTIA TIOJTUBH-
nuuaeHdropuaa (IMBAM) u ero cononumepos [1, 2].
K 4ncity oCHOBHBIX JIOCTOMHCTB TaKUX MaTEPUATIOB OT-
HOCSTCS BBICOKHME 3HAYECHUS [1b€30- U MUPOUIEKTpUYE-
CKUX K03()(PUIIMEHTOB, KOTOPBIC ONPEACISIOT IIUPOKHE
MEPCIEKTUBBI MX IIPAKTUYECKOTO MpUMeHeHus. [ HOKoCTb
mneHok [IB/I®, Bo3MOXHOCTH CO3/1aHUSI CEHCOPOB
0OJBIION MIIOLAAN, INUPOKUA 1Hana3oH pabovyux yac-
TOT, JJOBOJIBHO TIPOCTBIE CIIOCOOBI U3TOTOBIICHUS TOH-
KHX IJIEHOK U OIM30CTh UX aKyCTHYECKOTO UMIIEIaHCca
K UMIIEaHCy OMOJIOTHYECKON TKaHM M BOJIBI MpPeo-
MIPEJENAIOT IPEUMYIIECTBA TOJIMMEPHBIX CETrHETOIJIeK-
TPUKOB B CPAaBHEHUH C IPYTUMH MaTepHUaIaMy TP pas-
paboTKe, B 9aCTHOCTH, CEHCOPOB MEIHIIMHCKOTO Ha-
3HaYeHUs ¥ TUApodoHOB [3, 4].

Cencop Ha ocHoBe [1BJ[® cribHO MOTITOMIAET AIEKT-
POMarHMTHOE M3JIy4YCHUE B THANa30HE HH(PAKPACHBIX
BOJIH JJTMHOM nopsiika 7—20 MKM, 4To 00ycIaBIuBaeT
NEPCIEKTUBHOCTb UX UCII0JIb30BAHUS TSl U3TOTOBIICHUS
JIaTYMKOB TETUIOBOTO U3JIy4EHUs TeJla yesioBeka. Tak Kak
MTUPOCCHCOPHI Ha OCHOBE CETHETOIJICKTPUYCCKHX TIIe-
HOK UMEIOT BBICOKYIO YyBCTBUTEIBHOCTD, IPU KOHCTPY-
WPOBaHWH JIATYUKOB, PaOOTAIONINX HA HU3KUX YaCTOTaX
(o1 0,01 mo 1 I'tr), HEOOXOIMMO yCTpaHATH BIMSHUE HA
MMPOCUTHAJI U3MEHEHHUM TeMIepaTypbl OKpY KarolleH
cpenbl. [TockonpKy Hambosiee BaKHBIM BHEIIHUM (hak-
TOPOM, BJIMSIIOIIMM Ha CBOWMCTBA CEHCOPOB, SBISCTCS
TEMITepaTypa, IeTbI0 HacTosIIeH paboThI OBLIO OIpeie-
JICHHE TEMIIepaTypPHOI CTaOMILHOCTH OCHOBHBIX Tapa-
METPOB CEHCOPOB.

EnuncreennsiM npounsBoautesnem miaeHok [IB/ID B
crpanax CHI™ sBnsiercs 3AO «[Inactnomumep-T» (Poc-
cHsl), OJJHAKO JTATYMKU Ha OCHOBE ATHX TUICHOK B MpO-
MBILIUIEHHOM MaclITa0e He BBITYCKAOTCS.

B nacrosimieii pabote BriepBbie 000CHOBaHA HEOOXO-
JUMOCTb ITPOBEJICHUS OT)KUTA IJIEHOK IOCJe UX MO~
pHU3anuu ¢ 1enbio odecrniedeHns TpedyemMoin TeMiepa-
TYPHO 1 BpeMEHHOW CTaOMIBLHOCTH IIPH SKCILTyaTalluH
CEHCOPOB.

s rccnenoBaHuit OBUTH U3TOTOBJICHBI CEHCOPHI HA
ocHoBe mIeHOK [1BJI® TonmuHoM 25 MKM ¢ aTFOMUHHE-
BBIMHM 3JIEKTpoAaMu TonuHo# 0,1 MKM, HAaHECEHHBIMU
METOJIOM UCTIApEHHUSI U KOHJICHCAIMH B Bakyyme. [LeH-
KU1 OBLIM TOJSIPU30BAHbI B M0J€ KOPOHHO-PA3PSAAHOTO
Tpuoza npu HanpsbkeHuu 3,6 kB B Teuenue 200 ¢ npu
temneparype 25°C.

[Tbe30smekTprueckue KO3pGUUUEHTI dyy U dy, U3~
MEpsUIM KBAa3UCTaTHYECKUM METOJIOM Ha CIEIHaIbHO
CKOHCTPYHPOBaHHBIX ycTporcTBax. [IuposnexTprudeckue
KOA(PHUIHUEHTE CEHCOPOB M3MEPSUIN B KBa3HCTaTHYC-
CKOM U JIMHAMHYECKOM pexxumax [5]. mmenaHnc, siex-
TPOEMKOCTb, JUIEKTPUUECKYI0 IPOHULIAEMOCTb 1 TaH-
TeHC yIya TUAJIEKTPUIECKHUX TIOTEPh U3MEPSITH METOI0M
JURIIEKTPUIECKON CIIEKTPOCKOIIMU Ha IIEPEMEHHOM TOKE.
Cencop nomemanu B tepmoctar TO-19 ¢ Bo3MoxkHO-
CTBIO TO/JIEPKAHUS TIOCTOSHHOM TeMIepaTypbl ¢ TOYHO-
ctrio 0,5°C B quanazone ot —20 o +100°C. B kauectBe
OCHOBHOT'O H3MEPHUTEIHFHOTO MPHOOpa ObLT HCIIOIB30BAH
ABTOMATHYECKUH aHanmn3aTop nMmenanca 4192A ¢pupmer
Hewlett-Packard. Mmmenanc, eMKOCTb U tgd M3Mepsiu
Ha yacrore 1 kI'l. /Inana3oH 4acToT pu U3MEPEHUSX AU~
AIIEKTPUUECKON TIpoHHIIaeMocTy € coctarisut ot 100 [
1o 5 MI'u. Usmenenus Bcex mapameTpoB (Ads,, Ag,
Atgd) oLleHHBAIM OTHOCHTENBHO X 3HaueHu mpu 20°C
(dy¥, €%, tgd*).

HccnenoBanus mokasaiy, 4TO Ha TEMIIEPATypHYIO CTa-
OMIBHOCTH MAPAMETPOB CEHCOPOB CYIIECTBEHHOE BN~
HHUE OKa3bIBAET OTHKUT NOCIIE TOJISPU3ALUH TUIEHOK MTPU
temneparype 80°C. Kak BunHo u3 puc. 1, B TakoM city-
4ae Mbe302JIEKTPHYECKUN KOIQPUIMEHT d; CTaHOBUTCS
CTaOMIBHBIM IIPU TeMIeparype skciutyatannu 70°C Ha
npotspkenuu 1000 cyTok.

B npoBenieHHBIX paHee UCCIIeIOBAHUSIX TUPOAIIEKT-
puuectBa B [IBI®D [6, 7] ObuT0 TTOKa3aHO, YTO HEOTOXK-
JKEHHBIE IJICHKW HEPUTOTHBI JJ1S1 U3TOTOBJICHUS 1aTIH-
KOB M3-3a HaJIM4YUS B HUX PEIaKCallMOHHOM COCTaBIIsIO-
Hiel MoysIpu3aluy, IPUBOAALIEH K HEKOHTPOIUPYEMO-
MY YMEHBIIICHHIO ITUPOKOAPPHUIIMEHTA IO MEpe peaKca-
IIUH, ¥ COOTBETCTBEHHO, K MOCIIEYIONIEeH HECTAOUITBHOM
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Puc. 1. 3aBUCHMOCTD OTHOCHUTEIHHOTO M3MEHEHUSI ITbe303-
JIEKTPHYECKOTO Kod(duimenta d;, CEHCOPOB U3 OTONIKEH-
HO¥ TUICHKH OT BPEMCHH [P Pa3HO TeMIIepaType 3KCILTya-
taiu (B °C):
1—170;2—80; 3— 100

pabote naTunkoB. L{epro OT)KUTa MIEHOK MOCJe UX I0-
JSIPH3AIIHN SIBIISETCS YIaJICHIE PEIaKCAIIMOHHOM COCTaB-
nsironied. Takoke ObITO yCTaHOBIIGHO, YTO TEMIIEpaTypa
80°C sBnsiercs kputnueckoid 1 [IBAD, mostomy B 1aH-
HOU paboTe oHa OblTa BEIOpaHa B KAYECTBE TEMITEPATYPhI
OTXKHTA.

IoBblIIeHHE TEMTIEPATYPBI IKCILTyaTallMH TAKUX CEH-
COpOB MPHUBOIUT K HEKOTOPOMY YMEHBIIEHHIO MbE30-
NIEKTPUUYECKOH akTUBHOCTU — Ha 12% npu Temnepa-
type 80°C u Ha 26% npu Temneparype 100°C Ha npo-
TsOKEHUH TepBhIX 10 cyTok paboTel. OMHAKO CleayeT
OTMETHTB, YTO B JIAJIbHEUIIIEM YMEHBIIICHHE MTHE309JICKT-
puueckoro kodpdunuenta 3a 1000 cyrox padoTsl He
npessimaeT 2—3%.

B pesynbrare mpoBeAeHHOTO HCCIIET0BAHNS PElaKca-
[IUH TIOJISIPU30BAHHOTO COCTOSIHUA B TIOJMMEPHBIX CET-
HETO3JIEKTpHUKax [6, 7] ycTaHOBIEHO, YTO MaKCUMalhb-
HOW paboueil TemrnepaTypoi pa3paboTaHHBIX CEHCOPOB
cienyet cuutarh 80°C, MOCKONIBKY MpH 00Jiee BHICOKOM
TeMIIepaType MPOHCXOIUT HEOOpaTUMOE YMEHBIIICHHE Be-
JUYMHBI OCTATOYHOM MOJIIPU3AIINN W, COOTBETCTBEHHO,
MBE30- U MUPOIIEKTPHUUECKUX KOAPPHUIINEHTOB.

Uro kacaeTcst HWKHEH IpaHUIIbI Iuana3ona padbouei
TEeMIEepPaTyphl, EIecO00Pa3HO YCTAaHABIUBATH €¢ Ha
ypoae —20...—25°C, y4auTbIBasi TOT (aKT, YTO KaK IHPO-
TaK W MMbE303JIeKTPUUCCKre K03(DPHUIIMESHTHI TPH OTPH-
[ATeTbHON TEMIIEpaType YMEHBIIAOTCS, a TeMIIepaTypa
crexsoBanus amopduoit dasel [IBJD coctasuser
—40...-50°C.

Br16op TemmnepaTypsr oTxura nopsiaka 80°C caenan
Ha OCHOBE U3MEPEHUH TOKa TEPMOCTUMYIUPOBAHHOM Jie-
nosisipuzanuu [6, 7].

AOGCONIOTHBIC 3HAYCHUS THE303JIEKTPHIECCKOTO KO-
s puunenta d,; Npu yBEIUYECHUU TEMIIEPATYPHI OT
—20 mo +60°C yBenmnunBaIoTCs MPAKTUIECKH TUHEHHO
o1 20 o 38 nKn/H, mpuyem 3Ti u3MEHEHUS SBISIOTCS
obOparumbimu. [Tbe309mekTpUIecKuil KOdPUIHUEHT g5,
B OTOM JHAaIa30He U3MCHEHHI TeMIlepaTyphl HaxXo-
nutes B npenenax 0,15—0,21 B-m/H.

Ha puc. 2 npuBeieHbI TEMIIEpATyPHbIE 3aBUCUMOCTH
OTHOCHTEIBHOIO U3MEHEHHS EMKOCTH U IIbe303J1eKTPH-
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Puc. 2. 3aBUCHMOCTb OTHOCHTEJIIBHOTO U3MEHEHHSI €MKOCTH
mbe3oceHcopa (/) 1 ero mbe30dJIeKTPIUIecKoro 3apsna (2) ot
TEeMIIEPaTypHl

YEeCKOTO 3aps/a, U3 KOTOPbIX BUIHO, YTO MPH MOBBIIIE-
HUH TEMIIEPATYPhl DKCILTyaTallUH YBEINYNBACTCS TyB-
CTBUTEIBHOCTH CEHCOPOB, IIPUYEM ITa 3aBUCUMOCTD SIB-
nseTcs o0paTuMoii BILIOTh 10 Temnepatypsl 80°C. Ilo-
BBIIIICHUE TyBCTBUTEILHOCTH C POCTOM TEMITEPATYPHI CIIe-
JTyeT CUUTATH TOJIOKUTEIBHBIM 3D (eKToM.
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Puc. 3. 3aBuUCUMOCTb OTHOCUTENBHOTO U3MEHEHUSI AUIIIEKT-
puueckoi NpoHuLaeMocTy (/) U TaHreHca yIa JUIEKTPH-
YeCKUX N0Tepb (2) OT TeMIepaTypbl

Kaxk mmoxa3sIBaroT 1aHHbIE PHC. 3, C I3MCHECHHUEM TeM-
nepaTypsl IPOUCXOIAT TAKKE He3HAYUTENbHBIE 00paTu-
MBIC U3MEHCHHS TUIICKTPUIECKONH MPOHUIIAEMOCTH U
TaHTeHCa yIva JUIEKTPUIECKUX MOTeph (UX yBeInde-
HIHE IPUMEPHO Ha 15% mpu MakcuMasbHOH pabodei TeM-
nepartype 80°C). O4eBuaHO, 3TO CIEAYET IPU3HATH HOP-
MaJIbHBIM SIBICHUEM, TIOCKOJIBKY OHH 00yCIIOBJIEHBI (hu-
3UYECKMMU MPOLIECCaMHU, MPOUCXOAAIIUMY IIPU Harpe-
BaHUH CEHCOPOB, @ HEIOITYCTUMBIMH MOTYT OBITh TOJIBKO
HeoOpaTHMbIe H3MEHEHHUsI pab0vMX TapamMeTpoB MO/ BIIH-
STHAEM TEeMIIePaTypBL.

*kk

Takum 00pa3zoM, MOKa3aHo, YTO MTBE302JIEKTPUICCKIE
CEHCOPBI, U3TOTOBJIEHHbIE Ha OCHOBE IeHOK [IBJ]®D, Mo-
TYT HaJIS)KHO padOTATh B TUANIa30HE U3MCHEHHI TEMITe-
patypsl oT —20 10 +80°C. DxcrieprMeHTaIbHO yCTAHOB-
JIEHO, YTO OT>KMT IJIeHOK npu TeMiiepatype 80°C nocie

16

TexHOMOTHS 1 KOHCTPYHPOBAHKE B YNIEKTPOHHOM anmapatype, 2011, Ne 1-2




CEHCOJJIEKTPOHUKA

WX MOJISIPH3ALIIH YCTPaHIEeT HECTAOMITBHYIO COCTABIIIO-
IIYEO OCTATOYHOM TOJIIPU3ALIUH U 00ECTICUNBACT CTAOWIIb-
HOCTb XapaKTEPUCTHK CEHCOPOB, B YACTHOCTH, ITE30K0A (-
(PUITMCHTHI B TEUCHIE HECKOIBKHUX JIET YMEHBIITAIOTCS BCE-
ro Ha 2—3%. Ilpumenenue pa3pabOTaHHBIX PEKUMOB
M3TOTOBJICHUS CEHCOPOB Ha ocHOBe [IBJ[® obecneuno
MOBEIIICHUE MTbe30K03durmenTa Ha 12%, muposaexT-
puueckoro ko3¢ ¢unnuenta — Ha 14% u kosdduiuenrta
IEKTPOMEXaHUYECKOH CBsI3u — Ha 15% 1o cpaBHEHMIO
C TaTYMKaMH, CEPUIHHO BBITyCKaeMbIMu pupmoit Kype-
xa (Kureha Chemical Corporation), Slmonusi, KpymHen-
MM B MUpE pa3padOTYUKOM U MPOU3BOAUTEICM ILIC-
Hok [IBJI® [8].
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ABTOTPACCOBBIM TA3OAHAJIM3ATOP

Co30an u 6nedpeH 6 cocmasge cucmembvl IKo-
JI02UYEeCKO20 MOHUMOPUHEA ammocghepHo-
20 6o30yxa 2. Kueea xomnviomepusupogan-
HbIl a8MOMPACCOBblll 2A30AHANUZAMOD
0/11 usMepenUs KOHYeHMpayuy MmoKCUUHbIX
2a308 6 8030yxe 600/b  agmomazucmpaeri
8 HACENeHHbIX NYHKMAX.

ITo naHHBIM HAOIIOAEHUI DKOJIONOB OCHOBHBIMH C-
TOYHHMKAMHU 3arpsA3HEHUS BO3yXa B HACEIECHHBIX ITyHK-
TaX YKPauHbI SBIISHOTCS IPOMBIIILIECHHBIE IPEAIPHATHS U
aBTOMOOMIIBHBIH TpaHcOPT. Ho mockolbKy B HacTosIee
BpeMst OOJIBIINHCTBO NPEANPUATUI pabOTAIOT HE HA IO~
HYIO MOIIIHOCTb WJIU IIPUOCTAHOBHJIM CBOIO ACSITEIIBHOCTB,
a KOJIMUECTBO aBTOTPAHCIIOPTA HA MArUCTPAIIX 3HAYU-
TEJIHO YBEJIUUMIOCH, 3arPsI3HEHUE aTMOC(EPHOT0 BO3-
nyxa Ha 85% 00ycoBIeHO BEIOpOCaMH aBTOTPAHCIOPT-
HBIX CPEJCTB.

Kaxk n3BecTHO, 0TpaboTaHHBIE Ta3bI aBTOMOOHIIS CO-
Jep>KaT BPEHbIE BEIECTBA, HETaTUBHO BIIMSIOIINE HA
COCTOSIHHE 3/10POBbsI TFOZIEH U OKPYKAIOLLYIO Cpey, TPHU-
YeM KOJIMIECTBO M COOTHOIIIEHHE TAKNX BEIIECTB KOJIe0-
JeTCsl B 3aBUCUMOCTH OT THIIA JIBUTATENs], COPTA TOPIO-
4ero U KauecTBa PeryaupoBaHus asurarens. B Ykpanne
JOCTaTOYHO YaCTO aBTOMOOHMIIUCTBI UCHOIb3YIOT TOPIO-
Yee HU3KOTo Ka4ecTBa, a IBUraTesll aBToMoousei pado-
TAIOT B HESKOHOMHBIX PEKUMAX U C MaJI03((EKTUBHBI-
MU YCTPOUCTBAMU HEUTPAIU3aLUU TOKCUYHBIX BEIIECTB.

Bce 310 00ycnoBnuBaeT 3arps3HeHIE BO3LyXa BIOJIb
aBTOMAarucTpajei B HACEIEHHBIX MyHKTaX TOKCHIHBIMH
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BEIIIECTBAMH, KOTOPBIE BXOAAT B COCTAB OTPAOOTAHHBIX
ra3oB aBTOTpaHcnopTa. OnacHeHIINMU 3arpsI3HUTEISIMU
BO3/lyXa SIBIISIFOTCSL OKCUA YIIIEpOJa M JUOKCHUJBI a30Ta
U cepbl. YPOBHHU 3arpsi3HEHUS BO3/lyXa STUMH BELIeCTBa-
MH Ha aBTOMAricCTpasix ¢ HHTCHCHBHBIM JBIDKCHUEM
TpaHCIIOpTa JOCTATOYHO BHICOKM B TeueHune 10—15 ua-
COB B CYTKH Ha TPOTSHKEHHH BCETO TOAa, 4TO Tpedyer
MIPUHATHS COOTBETCTBYIONIMX MEP B HACEIICHHBIX ITYHKTaX
Ha 06a3e aHaIM3a MH(POPMAIUH, OTy4EeHHOH B pe3ysbTare
MOHUTOPHUHIa YPOBHEH 3arps3HeHus Bozayxa [1].

OCHOBHO ITPOOIIEMOi1 TPH OPTaHU3ALNH TAKOTO MO-
HUTOPHUHTA SIBIISICTCS OTCYTCTBHE COBPEMEHHBIX HEIO-
POTHX CEPHITHO BBIITYCKACMbIX aHATUTHYECKHUX CPEJICTB
W3MEPEHUS KOHIIEHTPAINU TOKCHYHBIX Ta30B.

3ayaveii HacTOsIIECH padOTHI SBISUIOCH CO3/IaHUE U

BHEJIPEHNE aBTOMATHYECKUX ra30aHATMTHYECKUX CPE/ICTB
HETIPEPHIBHOTO ISHCTBHS AJISI H3MEPECHUSI KOHIICHTPAIIUH
3arpsI3HSIONINX TA30B, IPOCTHIX U JICIICBBIX IIPH IKCII-
JyaTalnuy 1 00CTy>KUBaHHUH, C SKOHOMHBIM ITOTPEOICHH-
€M DIIEKTPOIHEPTUN U OECIPOBOIHOM Mepeaadeit moiy-
YEHHBIX JJAHHBIX B MTH(POPMALIMOHHO-aHATTUTUYECKUH LIEHTP.

Crenmanucramu 3A0 «YkpaHauT» ObLT pa3padoTa,
W3TOTOBJICH, UCTIBITAH U BKIFOUCH B COCTaB CUCTEMBI MO-
HUTOPHHTA COCTOSHHS BO3yXa B I. Knese aBromarnye-
CKUI CTaLlMOHAPHBIN KOMIIbIOTEPU3UPOBaHHbBIN aBTOTpAC-
coBbIii razoanamnzarop 603 9X01M, koTopslii npeaHas-
Ha4yeH JJIs1 OJHOBPEMEHHOTO HEMTPEPBIBHOTO U3MEPEHUS
KOHIICHTPAIH OKCHJIA YIIIepoaa M JUOKCUIOB a30Ta
CepBl B BO3IYyXE.

IIpu ompenesieHn aKTyaTbHOCTH CO3/IaHUS TAKOTO I'a-
30aHaNmM3aTopa OBLI MPOBEICH aHAIN3 COCTOSHHS BO-
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