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Pezome: AKTYAJIBHOCTD. Ilpumenenue 31eKmpOHHbIX USMEPUMETbHBIX YCMPOUCME 8 npoyecce
OypeHusi CKBAJCUH 8 OCODEHHO CNOJICHBIX U YHUKATbHBIX YCA08usix Aumapkmuovl. B ycnoeusx
IKCMPEMATILHO HUSKUX MeMnepamyp, KOmopbvle Xapakmephvl OJisi 9Mo20 pecuoHd, NOCmaeiend
3a0aya obecneyums HAOEHCHYIO pAOOMY SNEKMPOHUKU, YMO AGIAEMCI KPUMULECKU 8ANCHBIM OIS
VCHEWHO20 BbINOHEHUs. OYPOsbIX onepayuti U RoayueHus mounvix danuvix. Ocoboe enHumanue
yoeneHo ananu3y pasiuyHbix Memooo8 3auumaol dNEKMPOHHBIX YCIMPOUCE OmM OMPUYAETbHBIX
memnepamyp. Hccaedylomes  muozouucniennvle noOX00bl K MEPMOUZONAYUU, d  MAKdiCe
UCNONL3VIOMCSE UHHOBAYUOHHBIE MAMEPUATbI, KOMOPble CHOCOOHbI MUHUMUBUPOBAMb GUAHUE
X0N00H020 8030yXd HA Yy8cmeumenbHvle Komnonenmul dnexmponuxu. L[EJIb. Llenvio pabomsi
A6IAEMCA UCCTEO08AHUE AKMYATbHBIX INEKMPOHHBIX USMEPUMENbHBIX CUCTEM, UCNOTb3YEMbIX NPU
Oypenuu creadicun 8 Ycroeusx Aumapkmuovl, a makdice nposedeHue IKCNePUMEeHmda HAo
CepULIHbLIMU OAMYUKAMU MEMNePamypbl ¢ UCHOb308aHuem oxaadicoaoueli kamepvl. METO/IBI. B
pamkax pabomvl NpogedeHbl MUuAmenbHble IKCHEPUMEHMbL C MEMNEPAMYPHIMU OaAMYUKAMU
paznuunblx munos u popmamos. Tecmuposanue ocyuecmsisiiocs 8 CneyudIbHbIX OXAANCOAIOUSUX
Kamepax, 4mo No3601UN0 MOOeIUupo8ams pednbHvle YCA08Us, C KOMOPbIMU CMAIKUBAIOMCS
yempoticmea 8 Aumapxmude. Kpome moeo, 6 ucciedosanuu paccmampusaemcs GiusiHue
pacnonodcenus O0amyuKo8 OMHOCUMENbHO MUKPOUUNOS, YMO MAKdHCe MOAiCem CYujeCmeenHo
GIUAMb HA UX NOKA3amMenu MO4YHOCmuU U HaoedcHocmu. Baoicnotl uwacmvio pabomwr cman
9KCNEepUMeHm ¢ dNIeKMPOHUKOTU, NOKPbIMOU 86000HENPOHUYAEMBIM NOTUMEPHBIM HOKpbImuem. Imo
NOKpbimue He MONbKO 3auuiyaen YyCmpoucmeda om 61azu, Ho U OONOTHUMENbHO U30AUPYem ux om
xonooa, umo 6 ycnosusx Aumapkmuxu umeem nepgeocmenennoe snauenue. PE3YJIBTATHI.
Ionyuennvie pezynrvmamvi NO360J510M COeNaAMb 6bl600bl 0 Haubonee 3PHeKkmusHvix cnocobax
3auumsl d1EKMPOHHBIX USMEPUMENILHBIX YCMPOUCME OJisl OYpeHUsl 8 HeNPOCMbIX KIUMAMUYECKUX
VCIOBUAX, A MAKHCE OMKPLIBAIOM HOBble 20PU3OHMbL O/ OANbHEUUUX UCCIe008AHUL 8 OAHHOU
obracmu.

Kniouesvte cnosa: Oypenue;  MUKDOSIEKMPOHUK, — MEMREPAMYPHLIUL — OAMYUK,  HUSKUE
memnepamypul; Aumapkmuoa.
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Abstract: ACTUALLY. The work addresses the topic of using electronic measuring devices in the
drilling process of wells under particularly challenging and unique conditions in Antarctica. In the
context of extremely low temperatures, characteristic of this region, the task is to ensure the
reliable operation of electronics, which is critically important for the successful execution of
drilling operations and obtaining accurate data. Special attention is given to analyzing various
methods for protecting electronic devices from negative temperatures. Numerous approaches to
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thermal insulation are explored, and innovative materials are utilized to minimize the impact of
cold air on sensitive electronic components. OBJECT. The aim of the work is to investigate
current electronic measurement systems used in drilling wells under Antarctic conditions, as well
as to conduct experiments on series temperature sensors using a cooling chamber. METHODS.
The study includes thorough experiments with temperature sensors of various types and formats.
Testing was conducted in specialized cooling chambers, allowing for the modeling of real
conditions faced by devices in Antarctica. Furthermore, the study examines the impact of the
sensor placement relative to the microchips, which can significantly affect their accuracy and
reliability. An important part of the work was an experiment with electronics covered by a
waterproof polymer coating. This coating not only protects the devices from moisture but also
provides additional insulation against cold, which is of paramount importance in Antarctic
conditions. RESULTS. Thus, the results obtained allow conclusions to be drawn about the most
effective ways to protect electronic measuring devices for drilling in challenging climatic
conditions, as well as opening new horizons for further research in this area.

Keywords: drilling; microelectronics; temperature sensor; low temperatures; Antarctica.
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Begeoenue (Introduction)

M3ydyeHne mHOMIETHUKOBBIX 03€p AHTApKTUABI, a TakXe CaMOro JIEASHOIo IOKpoBa
MaTepHKa yXe J0JIT0e BpeMs HHTEPEeCyeT MUPOBOE HaydyHOE COOOIIECTBO W3 pasHbIX cdep,
MOCKOJIBKY OHHM MMEIOT YHHKQJIbHYI0, HEUCKQ)KEHHYIO BO3JIEHCTBHEM YelloBeKa MHPOPMAIUIO O
3emie. Jlnsi AETaNbHOTO MCCIENOBAaHUS JIEISHOTO MOKPOBa HEOOXOIMMO MPOU3BOIUTH OTOOP
KEepHa Ha paznuyHbIX ri1yOmHax. Takyke HeManblii WHTEpEC NPENCTaBISIOT I1OJJIEIHHUKOBBIC
03epa, pacloloKeHHble Ha OonpmuX TIiyOMHaxX. bypeHHe OCIOXHAETCS CIeAYIOUNMHU
(akropamu:

— CnoxHast JIOTHCTHKA. TpPaHCIOPTHUPOBKA METAJUIOEMKUX KOHCTPYKIMH M OONBIIOro
KOJINYECTBA TOTUTUBA OYE€Hb PECypPCcO3aTPaTHA, a B HEKOTOPBIX CIydasX — HEBO3MOXKHA.

— CrnoxxHbIe KJIMMaTHYECKUE YCIOBHS (AaBICHNE, TEMIEpaTypa).

— YHUKaJbHasA MPUPOJHAs 30HA. 3arpsA3HEHNE WIN HapylIeHHEe SKOJIOTHH MOXET PUBECTH
K HEOOpaTHUMBIM MOCIIEICTBUSIM.

Ha ceromnsmHuii 7eHp 3JeKTpoMexaHHWdeckas OypoBas YCTaHOBKA, HCIIOJIb3yeMas
Poccuiickoif sxcnienuiei B AHTapKTHAE, HE 00J1a1aeT JOCTATOYHBIM KOJIMYECTBOM IJIEKTPOHHBIX
M3MEPHUTENBHBIX CPEJICTB, YTO MPUBOAUT K CHIKEHHUIO 3 (EKTHUBHOCTH U CKOpOCcTH OypeHus. B
YCIOBUSIX AHTapKTUKU J(QQEeKTHBHOE OypeHHe HEMOCPEICTBEHHO 3aBUCUT OT TOYHOCTH
M3MEPEHHil, UTO B CBOIO OUEpPEb ONPENENIeTCs] KaYeCTBOM JICKTPOHHBIX CHCTEM, YYaCTBYIOLIHX
B Tmpouecce. Hammume COBpEMEHHBIX M3MEPHUTENBHBIX TPHOOPOB TIO3BOJISET HE TONBKO
OTIEePaTUBHO MOJY4aTh JAHHBIE O COCTOSHHUM OKpY’KaroIiel cpeibl U caMux OYpOBBIX YCTaHOBOK,
HO ¥ MUHMMH3HPOBATh BO3MOXKHBIE OIIMOKH, CBSI3aHHBIE C N3MEHEHHEM KIIMMATHYECKHUX YCIOBHM.
Vcnonb30BaHne COBPEMEHHON  MMKPOIJEKTPOHUKM  OCIOXKHSAETCS B IEPBYIO  OdYepenb
YHUKAJBbHBIMUA KJIAMATHIECKUMH YCIOBHsAME [1, 2], B 9acTHOCTH HHU3KOW TeMIEpaTypoil u
aTMOC(epHBIM JAaBleHHEM. OTH (D)aKTOPHI MOTYT BIHATh Ha (YHKIMOHMPOBAHUE W TOYHOCTH
W3MEPUTENFHBIX CHUCTEM, a TakKe NPUBOIUTh K YBEJIMYEHHIO BEPOSTHOCTH IIOJIOMOK
000pyIOBaHMS B YCIOBHAX PE3KUX TEMIIEpaTypHBIX TepemanoB. IHocTpanHble OypoOBEIE
YCTaHOBKH MMEIOT TOpa3zio 6oee COBpEeMEHHOE 3IIEKTPOHHOE COMPOBOXKIICHHIE, HO KOTOPOE TaKXkKe
umeer psin HemocTtaTkoB [3]. Tak W3 pe3ynbTaTOB HCCIICMOBAHMI Ha CTaHIMH BOCTOK ymamoch
BBISIBUTH CJIa0ble MECTa B M3MEPHUTEIHHON TEXHHWKE M YCTAaHOBHTH BO3MOXKHOCTH B J0paboTke
n3MepuTeNbHOro obopynosanus [4,5]. Llenbio paGoThl ABISETCA HCCIEIOBAHME AKTYallbHBIX
ANIEKTPOHHBIX H3MEPHUTENIbHBIX CHUCTEM, HCIIOJB3YEeMbIX MpPU OYypeHHWH CKBaXKHH B YCIIOBHSX
AHTapKTH/IBL, & TAK)Ke MPOBEJCHUE SKCIEPHUMEHTa HAJl CEPUIHBIMHU JIATYUKAMHU TEMIIEpaTyphl C
WCIIONB30BAaHUEM  OXJaXAamomied  kamepbl.  JIs  JOCTIDKEHHS  [eidu  HeoO0XOAWMO
MIPOAHAIM3UPOBATE COBPEMEHHBIE TEXHOJIOTHH B 3TOH 00JIaCTH, ONpPENeNuTh MX HEAOCTATKUA U
ONTHUMH3UPOBATh TMPOILECC, YTO TMO3BOJHUT TOBBICUTh J(P(HEKTUBHOCTH OYypoBBIX pPadOT u
obecmieunTh O60NIee KaueCTBEHHBIE U HAaJIS)KHBIE PE3yNIbTaThl H3MEPEHHH Tporiecca OypeHus.

[Tomaganne BHYTpH 3JEKTPOHHOTO MpHOOpa Jlake HEOOJBIIOrO KOJUYECTBA BIIATH MOXKET
OBITh pazpymuTesibHO. CyIIeCTBYET CTaHAAPT CTENEHH 3aIUThl dJEKTPOHHBIX TpubopoB 'OCT
14254-2015. Ha npowW3BOACTBaX WM MECTOPOKACHUAX, TAE JJICKTPOHHKA pPAcIONOKEHA B
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HENOCPEJCTBCHHONW OJIM30CTH C BOAHOW CPENOi, MCMOJIB3YIOTCS MPUOOPHI, M3rOTOBJIECHHBIC II0
cranaapty IP68 u IP69 (c momeTkoil 0 MaKCUMaIbHOM JABJICHUU XKUAKOCTH). J[JIs1 BHIMOIHEHUS
TpeOOBaHWII 3TUX CTAaHIAPTOB Haubojee paclHpOCTPaHEHHBII METOJN — HCIHOJIb30BaHUE
BOJIOHETIPOHHUIIAEMBIX KOPITYCOB, HO OH UMEET PsiJl HeOCTaTKOB [6].

ITonumepHBbIe 3allUTHBIE MOKPHITHS B OTJIMYME OT KOPIYCHOW repMeTH3aluu Haubosee
SKOHOMHUHBIM U MEHEE TPYIL0EMKUM METOAOM.

YHuKkanpHBIM W Haubojee 3()(EKTHBHBIM METONOM HAIEKHOW 3aIIUTHI JJIEKTPOHHBIX
YCTPOMCTB pa3IMUYHOIO HA3HAYCHUS OT BHEIIHHMX (DAKTOPOB SIBISETCS HAaHECEHHE IOJIU-TIapa-
KCHJIMJICHOBBIX M3 Ta30BOH (a3l B Bakyyme. [IOKpbITHS, MOTydaeMble BAKYYMHBIM OCaXICHHUEM,
UMEIOT CYIIECTBEHHOE OTJIMYHE 10 CTPYKTYpe M CBOMCTBAM OT HOKpPBITHH, (HOPMHPYEMBIX U3
JKUJAKHUX CpeJl, U PEeaIn3yloT CBOM 3alUTHBIE CBONCTBA IPU 3HAYUTEIHHO MEHBIIUX TOJIIIUHAX.
IIponecc nomyuenus ITIKII ocymecTBiseTcs Ha CeUAIbHBIX BAKyYMHBIX YCTaHOBKAX.

BypoBbie paboThl B AHTapKTHE OCIOKHEHbI HU3KHMH TeMIepaTypaMu Ha IIOBEPXHOCTH U
B JIEJIHUKAaX, OTCYTCTBUEM JOPOT M WH(PACTPYKTYphl, IITOPMOBBIMU BETPaMH, CHErolagaMu U
JPYTUMHU TIOTOJHBIMH SIBJICHUSIMU. TpaJullMOHHBIE POTOPHBIE OypOBBbIE YCTAaHOBKH Ul OypeHHs
KepHa B JICTHUKAX JIOJDKHBI UMETh OOJIBIION BEC U MOIHOCTB, YTO 3aTPYAHSACT UX aJaNTAIHIO JJIS
uccieoBaHus JIeTHUKOB. J{i1st OypeHusi riyOOKMX CKBaXKMH B AHTAapKTHIE ObLIM pa3padOoTaHbI
CrelajbHbIe JJIEKTPOMEXaHHYecKue Oypbsl Ha TpOcoBOi monaBecke. OCHOBHON OCOOCHHOCTBIO
AIIEKTPOMEXAHNYECKON TEXHOJIOTUH OYpEeHHs JIbJa SBIISIETCS CII0co0 OIyCKaHus U moabeMa Oypa B
CKBa)XUHY. BMecTo TpyO, KOTOpBIE MCHOJIB3YIOTCS B OOBIYHBIX POTOPHBIX OYPOBBIX YCTAaHOBKaX
JUISL TIOJlaYMl DHEPTHU JUIs paspyLICHUs TOPHBIX IOpOJ Ha 3a00€ CKBaXXHHBI M W3BIICUCHHS
UCTIONIb3yeTcs 3a001Hast yCTaHOBKA, OPOHMPOBAHHBII TPOC U JieOeKa.

Takass KOHCTPYKIMS HE TOJBKO CHIDKA€T Maccy W OSHepromorpediieHne OypoBOro
000pyIOBaHUS, HO M COKpallaeT BpeMs IPOXOJKHM B CKBAXHHY M M3 CKBaXXMHBI, YIpOIIaeT
OUUCTKY CKB@)XHUHBI OT IUIaMa. TEeXHOJOTMM IO OYHCTKM CKBaXHMHBl OT IUIaMa TakKxke
MOJIUDULHIPYIOTCS.

[lepBast anmekTpoMexaHWuUecKas ycTaHOBKa Obuia paspaborana B CIHA B 1940 ronmy.
Hemuoro mnozxe B 1956 B CCCP Obuia paspaboraHa coOCTBeHHass OypoBasi yCTaHOBKa JUIs
OypeHHs B yCIOBUSIX AHTAPKTHABI.

B Hacrosimiee Bpems Bce OypoBbIe YCTaHOBKH, HMCHOJIB3yeMble B AHTapKTHJIE, UMEIOT
TEIUIOBBIC, TEePMETHUYHBIE KaMephl I pa3sMEleHUs B HUX JJICKTPOHMUKH, IPOU3BOASIIICH
MOHHUTOPHHT TIapaMeTPOB Tporiecca oypenust [7].

AHTApKTUYECKOW IMOJICAHUKOBOM OypoBO#l ycTaHOBKe, pa3paboranHoir B lLleHtpe
MOJIIPHBIX UccienoBaHuii YHuBepcutera L3mmmne, Kuraii (puc. 1). B aTom ciiydae npumeHsieTcst
YHHUKAJIbHOE TEXHOJIOTMYECKOE pelIeHHe W KOHCTPYKLIHS H3MEPHUTENBHOTO YCTPOWCTBA,
PacIoNIOKEHHOTO B TeIIoBOi kamepe. IlommMo mopmepkaHus KIMMaTa BOKPYT 3JIEKTPOHHOTO
YCTPOMNCTBa, TEIUIOBAst KaMepa SIBJISETCS ellle M 3aIUTON OT yIapoB, BEICOKOTO YPOBHS BHOpauui,
MONAaHUsl KPYMHBIX M MEJKHX YacTHIl KepHa, a TakXe OT BJard. Takoe pemeHHe XOpOIIo
mokazano cebst Ha mpaktuke [8]. Brmaromapst aBTOMATHYEeCKH IMOAACPKHUBACMOMY KIMMATy B
KaMepe eCTb BO3MOXHOCTh PACIIONOXKHTh HEJOPOTYI0 3IJIEKTPOHHUKY, HENPHCIOCOOJICHHYIO K
CJIO)KHBIM TeMIepaTypHbIM ycIoBHsAM. [IoOMUMO MpUMEHEHHs 3JICKTPOHHUKH B ITPOIIECCE TITyOOKOro
OypeHusi, Taxoke OOJIBIIOE 3HAYCHHE €€ MCIIO0JIb30BaHHE UMEET B Te0()M3UUECKUX UCCIICOBAHUSX.
Kaporaxk CKBaXMH B JIEAHHMKaX HPEJICTaBIIEeT cOOOW BaKHBII HCTOYHMK HHPOpMALKMU O
¢u3ngeckoil 0OCTaHOBKE B CKBKMHE M peEIIaeT JBE OCHOBHBIE 3aJa4d: KOHTPOJIHPOBATH
TEXHUYECKOE COCTOSHUE CKBAXKHMHBI U U3y4aTh CTPYKTYpY Jbaa [9, 10].

Poccuiickas SKCIEAUIMSA HCIONB3YeT OypoBYIO ycTaHOBKY Mapku KOMC-132 (puc. 2).
JanHas OypoBast yCTaHOBKa ITOKa3ama ceOs Kak OJHO M3 JIYyYIIUX pemeHui A OypeHus B
ycnoBuax AHTapkTHasl. C ee MOMOIIBIO OblTa MpoOypeHa camasi IiTyOoKas CKBaKMHA B 3TOM
peruone [11].

B nacrosmee Bpems CrielIHaIbHO [T JIETHUKOBBIX MCCIIEOBaHUH pa3paboTaHbl KyCOUHEIE
CKBaXMHHBIE PETHCTPAaTOPHl Ha OCHOBE HcHoin3oBaHus 3D-akcemepomerpoB u  3D-
MarHUTOMETPOB. OTH PETHUCTPATOPHl HCIIONB30BANNCH JUISL TOJMYYCHHS KHHEMAaTHYECKUX
M3MEpeHuil TeKkydero jpjaa Ha neaauke Jxapsuc, Amscka [10, 12] u g onpeneneHust mpoduis
nedopManny JeTHUKA, KOTOPBIH ONpeaessieTcss M0 U3MEpPEHIsIM HaKJIOHa CKBaYKMHBI Ha JICTHUKE
Store, I'penmanans [13]. HoBbIif CKBaXHHHBIA PETUCTPATOP, MPEIHASHAYCHHBIA IJISI CBEPXHU3KHIX
TEMIepaTyp M CBEPXBBICOKHMX IaBJICHHUH, pa3paOoTaHHBIM B LleHTpe MOMSPHBIX HCCIIEIOBAHHHA
I3unmabCcKOTO yHHMBepcuTeTa B KuTae, MO3BONSET OJHOBPEMEHHO M3MEPATh HECKOIBKO
MapaMeTPOB CKBAKUHBI: TEMIEPATypPy, NAaBICHUE, IOl HAKIOHA CKBAKUHBI, a3UMYT CKBa)KHMHBI,
OpPHUEHTUPOBAHHBIN IO CTBOTY AMAMETP H MOTIepeIHOe ceueHue, paspes [14, 15].
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[latynk pasnenus
[laTyuk TemMnepaTypol B CKBaXHHe

' Fpockon, akcenepomerp

Jlatynk pasnewus e xamepe
[latyMk Temneparypel 8 kamepe
MukpokoHTponnep

Yaen obmeHa paHHbIMK

Mpeobpa3zosarent MOWHOCTH

faryuk pasnenms

[laTyuK HaNPAXEHUA W
TOKa Ha peurarene

Puc. 1. BHemnuii Bua u pacnonoxenue snemeHroB B Fig. 1. Appearance and arrangement of elements in
TEIUIOBO Kamepe the thermal chamber
*Uemounux: [8] Source:[8].
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Puc. 2. Dnekrpomexanudeckuii 6yp KOMC-132: Fig. 2. Electromechanical drill KEMS-132:

1 — GypoBast TOJI0BKa, 2 — KOJIOHKOBEIi Oyp, 1 — drilling head, 2 — column drill, 3 — chamber with
3 — kamepa ¢ puisTpoM TS nUTaMa, 4 — pemyKTop, a mud filter, 4 — gearbox, 5 — drive electric motor,
5 — mpuBOHOI ANEKTpOABHUTATENH, 6 — HACOC, 6 — pump, 7 — counter-torque system, 8 — impact
7 — IpOTHBOMOMEHTHas cucTeMa, 8 — yaapuslil 6mok,  block, 9 — electric chamber, 10 — cable suspension
9 — snexrpokamepa, 10 — ckoba moxBeca Tpoca, bracket, 11 — cable

11 — tpoc

*Ucmounux: [11] Source:[11].

OCHOBHOI1 TIPO0OJIEMO# UCTIONB30BAHUS TEKTPOHUKU B YCIOBUSIX AHTAPKTH/IBI SIBISIETCSI ¢
HEHAJIe)KHAsI 3aIUTa OT BO3JCUCTBUS HU3KOTEMIIEPATYPHOUM CPEIbl, BIXKHOCTH U BUOparmii. Kak
OBLIO OTMEUEHO BBIIIE, BCE 3JCKTPOHHBIE KOMIIOHEHTHI OYpOBOW YCTAHOBKH pPAacojaraioT B
TEIIOBBIE TePMETHUYHbBIE KaMEPbI, KOTOPbIE 00JIaaf0T CIESYIOIUME MpoOIieMaMu:

1. Bricokoe 3HEpronoTpedieHue, pacxoayeMoe Ha 000rpeB KaMephl.

2. BbIcOkHil pHCK MOBPEXKICHUSI TEPMETUYHOCTH KaMEpBhI.

B ycnoBusix AHTapKTH[IBI, TJ€ CYIIECTBYIOT OOJIBIINE MPOOJIEMbI C JIOTUCTUKON, U Kak
CJIEJICTBAE OTPAHUYCHHOTO KOJHMYESCTBA TOILIMBA, HEOOXOJUMO M30eraTh JIMIITHETO MOTPEOICHUS
JJEKTPOIHEPTUHU. A MOCKONBKY OypOBBIC YCTaHOBKH B C€30H OypeHHUs pabOTaOT KPYTIIOCYTOYHO,
TO MOTPeOJICHUE SHEPTHH Ha 000TPEB IMEKTPOHUKHU HEJb3s1 HEJJOOIICHUBATD.

[Ipu moBpexaeHUM KaMephl MPOUCXOAWUT HAPYIICHHE TEIUIOM3OJSIMOHHOTO CJIOS, YTO
MPUBOJUT K OOJNBIIMM HOTEPSM JHEPTrUH. Pacder 3TUX MoTeph NacT MOHUMaHHUE O HEBO3MOXHOCTH
(hyHKIMOHHPOBaHUS 000pPYIOBaHUS B IITATHOM PEXKUME, YTO MPUBOIUT K CHIDKCHHIO BPEMEHU U
kauecTBa pabotel [16, 17]. Takxke mosBIsETCAs PHCK MNOMAJaHWS BIard BHYTPh KOpIyca ¢
JJIEKTPOHUKOM, YTO MPUBEAET K BBIBOJY €€ M3 CTPOs, YTO B HEKOTOPBIX CIydasX MOXET OBITh
HEJIOIYCTHMO.

Jist penieHus mpo0IeMbl HAJICKHOCTH OJHUM H3 CITIOCOOOB SIBIISIETCS HCIIOJB30BAHUE Cpa3y
HECKOJIBKO AYOIUPYIOIIUX APYT IPyra KaMep ¢ TaTYUKaMH, KaK MPeJCTaBICHO Ha PUCYHKE 3.
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Puc. 3. TemnoBas repmMeruuHasi kKamepa ¢ yetsippMsi  Fig. 3. Thermal hermetic chamber with four
GIIOKaMH H3MEPHUTENBHBIX YCTPOUCTB measuring device units
*Uemounux: [18] Source:[18].

Pemenne Mcnoibp30BaTh HECKOJIBKO AHAJOTHYHBIX YCTPOHCTB MOBBIIIAET HAICKHOCTh B
yiepd CTOMMOCTH U TOTPEOJICHUS] SHEPTUH.

Eme ogHMM cnoco0oM NOBBINICHHS HAJEKHOCTH SIBJISAETCS MCIOJIb30BAaHUE IaT4HKa
pasrepMeTH3alMi METOJIOM OOHapyKeHHs YTe4eK, OCHOBAHHOM Ha KOHTpOJIE BJIaXHOCTH. B
3JIEKTPOHHON KaMepe JaBJICHUS YCTaHOBJICH JATYMK BIAKHOCTH Ha OCHOBE €MKOCTHOIO JIaTYHKa.
Ecmun kxamepa naBieHHS NpOTEKaeT, MPOTeYKa BOJABl HAa YYBCTBUTEIBHONW K Biare €MKOCTH
BBI3BIBACT W3MEHEHHE €MKOCTH, 1 OOHapyKMBAETCsl 3aMETHOE YBEJIMYCHHE BIIaXKHOCTH. YTeuka
BOJIbI MOXKET OBITh OOHApY)KEHA M0 3HAYUTEIEHOMY U3MEHEHHIO BIAXKHOCTH B Kamepe. Kuraiickue
WCCIeOBaTeIM IMPOBEPWIM JAHHBI METOJ Ha MPaKTHUKE C HENpPOBOASAIIEH YHCTON BOIOM.
DKcreprUMeHTaTbHBIC PE3YIbTAThI MOKA3BIBAIH, YTO 3TOT METOJ peanusyem [7].

BonbmMHCTBO MPOU3BOIUMON NPOMBIIUIEHHONH MMKPO3JIEKTPOHUKH C MHUKPOCXEMaMU
MeHee 1 MKM MMeroT pabounii TemneparypHslid auana3oH ot -40 1o +70 rpaaycoB. DTo CBsI3aHO ¢
HCIOJIb30BAHUEM TIOJTYITPOBOJHUKOBBIX TEXHOJIOTMH B HX OCHOBe. B 6I>ITOBI:IX YCIOBUAX,
YCIOBHAX MPOMBIIIJICHHOTO IPOMU3BOACTBA TEMIIepaTypa OKpY)Kalolled cpenpl, Kak MpaBUio, HE
MPEBBIIACT YCTAHABIMBAEMOI'O MPOM3BOAUTENSIMH MHKPOCXEM JHaNa3oHa, HO HEPEeaKo
MOABJIACTCSA HeO6X0}II/IMOCTL B PA3JIMYHBIX JBJICKTPOHHBIX yCTpOﬁCTBaX n B 6onee CJIOJKHBIX
TEMIIEPATYPHBIX YyCJIOBUsAX. IIpu BBICOKMX TemIepaTypax 3JEKTPOHMKA JAErpajupyer, a Ipu
TeEMIIEpaTypax MPEBBIMIAONIUX TEMIICPATYPY IJIaBJICHUA MATECPUATIOB HHTCI’paHBHOﬁ CXEMBbI HUJIN
MHKPOCXEM YCTPOMCTBO IOJHOCTBIO MJIM YaCTUYHO II€PECTAHET BBIMOJHATH CBOM (YHKIHH.
Taxoke ecThb 60J'H>Hlaﬂ BEPOATHOCTH KOPOTKOT'O 3aMbIKaHUSA BCJIICACTBUC MMOBPEKIACHNUA KOHTAKTHBIX
IUIOLIAJIOK, YTO MOJXKET TIPUBECTH K BO3ropaHuio. B Hacrosmumii MomeHT Haubojee
pacpoCTpaHEeHHBIM CHOCOOOM 3aIIUTHl 3JEKTPOHUKM OT BO3ACHCTBHUS TEMIEpaTyp SBIAETCS
UCIIONIb30BaHUE MarTepuayioB ¢ (ha30BbIM MEPEXOJ0M, B 4acTHOCTH mnapaduH. Takue MOKpBITHS
MO3BOJISIFOT 3aIUTUTh HE TOJIBKO MUKPO3JEKTPOHHKY, HO U aKKyMyJssiTopbl. Jlntuii-uonnsie (Li-
ion) GaTapen ObUIH U SIBJISIIOTCS HICTOYHUKOM TMTAHUS JUIsl DJIEKTPOHHBIX YCTPOMCTB OJaroaaps ux
BBICOKOH IIJIOTHOCTH 3HEPTMM U MOIIHOCTH. TeM HE MeHee, YyBCTBUTENBHBIN K TeMIepaType
JUTAR-VUOHHBIN aKKyMyJIsATOp TpeOyeT CTPOrmX TeMIlepaTypHbIX ycioBui oT 20 mo 55 °C miga
pabOTBI C BBICOKOH MPOM3BOIUTEIBHOCTBIO M BBICOKOW 0€30macHOCThIO. [Ipu  BBICOKHX
TemrepaTypax Bbime 55 °C aKKyMyJIsTOpPbI OABEPKEHBI MOTEPE EMKOCTH WU JaKe TEIJIOBOMY
pas3roHy, 4TO MOXKET MPUBECTH K IOXAapaM M B3pbIBaM. B TO ke BpeMs HU3KHE TEMIIEPaTyphl
CHIDKAIOT IPOBOAMMOCTb 3JIEKTPOJIMTA M CKOPOCTh IH((GYy3uM HOHOB JHTHA Oarapeu, 4To
NPUBOAMUT K IAACHHUIO HANpsDKCHUS, HEOOpaTHMOH MOTepe €MKOCTH WM JaXe BHYTPEHHEMY
KOpOTKOe€ 3ambikanue [17, 19].

Jlnst muTaHus 37IEKTPOHUKU C MOXKHO HCIOJIB30BAaTh CYNEPKOHICHCATOPBI, KOTOPbIE MEHEE
MOABEPKEHBI BO3JEHCTBHIO Temimeparyp. COBpeMEHHbIE KOHIEHCATOPHI MOTYT OOJaiaTh Aaxe
OOJIBIIMMM  €MKOCTSIMH, HEXKEIH TpPAAWIMOHHBIE IJUTUI-UOHHBIE W THTATh D3JICKTPOHHUKY C
HAIPSDKCHUEM B THICAYM BOJBT. TakuM o0pa3oM, MOXKHO M30€XaTh OIPOMHBIX 3aTpaT 3HEPTHH,
YXOJSIIINX HAa 000rPeB U30JIMPOBAHHON KaMepBl.

Mamepuanvt u memoowt (Matherials and methods)

B xadecTBe 00BEKTOB MCCIICIOBAHUS OBLIO B3STO CIEAYIOIIEE MIEKTPOHHOE 000PYIOBAHHE
B KOJIMYIECTBE YETHIPEX 3K3EMIUIIPOB:
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1. Muxkpoxontposnep PIC16F18855

2. llens U1 M3MEpEHUst TEMIIEpaTypbl OCHOBaHHAsI Ha MOJIYIPOBOHUKOBBIX AUOIAX

Mukpokontpoiutepsl PIC16F18855 ocHamieHbl aHalOrOBBIMH, HE3aBUCHMBIMH OT sIpa
nepudepuifHBIMU  ycTpoiicTBaMM M TepH(EpUIHBIMU YCTPOICTBAMU CBS3M B COYETaHUU C
TEXHOJIOTHEH SKCTpeMaIbHO HU3Koro »sHepromorpednenus (XLP) mis mmpokoro crexrpa
NPWIOKEHUH OOIEero Ha3HAUYeHWsT M C HU3KUM OJHepromnorpebieHueMm. I[lmaTtel moaaepkuBaroT
MHOXXECTBO (DYHKLMH, BKIIOYas CBETOJUOABI, JAaTYUKH TEMIIEPaTyphl, IIEPEKII0YaTey,
JUHAMHMKH, wuHTepdericsl RS-232. JlaHHBle MHKPOKOHTpOJUIEPHl  HOJYYWJIM  IIHPOKOE
pacnpocTpaHeHHE B CHCTeMax YMHOrO Joma Onarojapsi CBO€il YHHBEPCAJIBHOCTH H
MPOU3BOUTEIEHOCTH.

[TomynpoBOTHUKOBBIE AAaTYMKH TEMIEpPaTypbl HCIOJB3YIOTCS U IIMPOKOTO JAHara3oHa
3aJad Kak IPOMBIINUICHHBIX YCJIOBHSIX, TaK W  OBITOBRIX. @DH3MYECKHIl NPUHLUIM
(YHKIIMOHMPOBAHUS TOJYIPOBOJHUKOBOIO TEPMOMETpa 3aKJIIOYaeTCs B TOM, 4YTO MaJeHHE
HaINpsOKEHUS. Ha MPSIMOCMENIEHHOM p-N MEPeXoJie 3aBUCHT OT TEMIIEpaTyphbl. DTa 3aBHCUMOCTh
MMEeT XapaKTePUCTUKH, OJIM3KHE K JMHEWHBIM, 4TO JaeT BO3MOKHOCTh pa3pabaThIBaTh JATUHKH,
KOTOPBIC HE HYXKIAIOTCS B YCIOKHEHHBIX CXeMax JJIsi KOPPEKTHPOBKH Mokazanuii [19].

DKCHEpUMEHT TMPOBOAMICA B XOJIOAWIBHOW KamMepe ¢ TMpeAesioM OTPUIATEeNbHOMI
TemriepaTypsl B -60 rpagycoB W ObUI pa3fiejieH Ha J(Ba dTana C OTIMYHBIMH JIPYyr OT Jpyra
HaydalbHBIMU YCIIOBHS 3KCIUTyaTallud MUKPOKOHTpOJUIEpa. DTO MO3BOJSET CO37aTh HEOOXOAUMBIE
YCIIOBUSI /ISl M3Yy4eHHs paboThl BHIOPAHHBIX OOBEKTOB B JIKCTPEMaJbHO HHU3KOTEMIIEPATYPHOM
cpene. 3aBeIOMO M3BECTHO, YTO B YCJIOBHSX HHM3KHX TEMIIEpaTyp MOTI'YT BO3HUKATh Pa3IM4HBIC
¢usnyeckue SBICHUS, KOTOpbIE MOTYT TMOBIHMATh HA (YHKIMOHUPOBAHHE DIEKTPOHHBIX
DJIEMEHTOB, TaKWEe KaK HW3MECHEHHE OJICKTPHYECKHX XapaKTePUCTHK W YBEIWYEHHBIH PHCK
MOSABIICHUA KOHAeHcaTta. Ha mepBoM 3Tame MHUKPOKOHTpOJUIEp OBUI HCCIIEIOBAaH B YCIOBHUSAX,
NpUOJIMKEHHBIX K CTaHJIAPTHBIM, YTOOBI IOJIYYUTh 0a30BbIE XapaKTEPUCTUKH €ro paboThl, U 3aTeM
MOJIBEPKCH BO3JICHCTBHUIO TEMIIEPATypHOTO quama3oHa B -60 rpamycoB. ITo ObUT OCHOBHOM 3Tarl,
Ha KOTOPOM Mbl IUIAHUPOBAJIM OIICHUTh, KaK HU3KHE TEMIEpaTypbl BIUSIOT Ha paboTy
ANIEKTPOHMKH, a TAK)KE Ha TOYHOCTh ITOKa3aHUi TepMoMeTpa. Ha 3Tom 3Tane Ba)KHO OTMETHTH, YTO
NpU MOHWKEHUH TEMIEepaTypbl 3JEKTPOHHKA MOXKET JEMOHCTPUPOBAThH pPa3iHyHble 3()(PEKTHI,
TaKhe Kak 3a/iep)kKa B 00pabOTKe JaHHBIX, HECTAOWJILHOCTb HAIPSHKEHUs] U TeMIepaTypHbIC
KoJieOaHMs, YTO MOXKET MPUBECTH K OIMIMOKaM B M3MepeHUsix.. OCHOBHbIE MapaMeTpbl, KOTOpPbIC
M3MEpPSUTHCh B 3TOT MEPHO/I, BKIIOYAIHN B ce0s1 CTaOMIBHOCTb paboThI TIpolieccopa MpH 3aIaHHOM
TeMmIiepaType ¥ cTabUIbHOCTh PabOThl TATYMKOB TEMIIEPATYpbl. DTOT 3Tal ObUI HEOOXOIMM ISt
CO3JJaHUsI KOHTPOJIbHOM 0a3bl, C KOTOPOI MOKHO ObLIO OBl CPABHUBATH PE3YJILTATHI, TTOJyYCHHbBIE
B YCJIOBUSIX HU3KHX TeMIIEparyp.

Bropoii sTanm Bxitouan B ceOs MpOBEpKYy pabOTOCIIOCOOHOCTH O0OpYyIOBaHUS, KOTOPOE
OBUTO TIpeBapUTEIHHO OXJIAXKACHO B XOJOAMIBHON Kamepe 10 HeOOXOAMMOM IS M3MEpeHHH
TEeMIIEpaTyphl, U CPAaBHEHHSI PE3YJIbTATOB C MOJYYEHHBIMHU B [IEPBOM 3Talle JaHHBIMH.

BaxxHbIM acneKkTOM, KOTOPBIH TaKKe YYUTBHIBAICS B XOJIE IKCIIEPUMEHTA, ObUIO BIUSHHE
KOHJICHCAaTa, KOTOPBI MOI 0Opa30BBIBATHCS Ha IMOBEPXHOCTH OOOPYHOBAaHHS H3-3a pPa3HHIIBI
TeMIepaTyp MeEXIy BHYTpPEHHEH Cpemoil XOJOWIbHONH KaMepbl M BHEIIHEH atmochepoil.
OO6pa3oBaHne KOHJIEHCAaTa MPEACTAaBIACT COOOH 3HAUMTENBHYIO Yrpo3dy A paboThl
MHKPOIJIEKTPOHHBIX KOMIIOHEHTOB, TaK KaK MOXXET INPHBECTH K KOPOTKMUM 3aMBIKaHUSIM U
MOBPEXJICHUIO cXeM. UTOObI MUHUMH3UPOBATh PUCK, OJMH M3 MHUKPOKOHTPOJUIEPOB OBLI MOKPBIT
BJIaro3al[MTHHIM IUIGHOYHBIM TIOKPHITHEM. OTO MOKPHITHE OOECIeYMBaeT 3alUTy OT BIATH,
co3naBasi Oapbep, KOTOPBIA IMPEMsATCTBYET MNONAJaHUIO BOJAbI Ha YYBCTBHUTEIbHBIC 3JEMEHTBI
YCTpOMCTBA.

Jlis aHanm3a CTETIEHU BO3IEHCTBHS 3TOTO (PU3WYECKOTO SBJICHUS HAa SKCIIEPUMEHT OJMH W3
KOHTPOJUIEPOB OBUI TOKPBHIT BJArO3al[UTHBIM IUIGHOYHBIM IIOKPHITHEM. VICIOJIb30BaUCh
MOJIMMEPHbIE MaTepHaJbl, KOTOPbIe 0OECIIeUNBAOT HE TOJBKO 3aIlHUTY OT BJIATH, HO U COXPaHSIIOT
CBOM M30JISI[HOHHBIE CBOICTBA MPHU HU3KUX TEMIIEpPAaTypax. ITOT SKCHEPUMEHT ObLIT HAlpaBJIeH Ha
TO, YTOOBI MPOJEMOHCTPUPOBATh, KaK IPUMEHEHHE BIIATOYCTOMYMBBIX TEXHOJOTHH MOXKET
YIAYYIIUTh JOJTOBEYHOCTh M HAJEKHOCTh PabOThI 3JIEKTPOHHBIX KOMIIOHEHTOB B SKCTPEHHBIX
YCIOBHSIX.

Pesynvmamur (Results)

[Ipou3BoanTEs b BEIOPAHHOM JIEKTPOHUKH YKa3bIBACT Mpejesl HU3Koi Temmepatypsl a0 -40
rpaaycos 1o Llenbcuto. Temneparypa B aHTApKTHYECKHUX YCIOBHSIX MOXKET JIOCTHraTh nopsiaka -60
rpasiycoB. B TmepBOM OKCIIEpUMEHTE Mbl IPOM3BOJMIM 3aIyCK O3JEKTPOHHBIX YCTPOWCTB B
MOMEIICHUH P KOMHATHOH TeMIieparype, 3aTeM IIOMeIIaIl UX B OXJIKIEHHYIO 110 -60 rpanycoB
KaMepy M MOCTENEHHO ee HarpeBamu. HecMoTpst Ha Temmeparypy B KaMepe HIDKE, YEM 3asBICHA
MPOM3BOIUTENEM, YCTPOUCTBA OTPAOOTAIN B ITATHOM pexume (puc. 4).
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Puc. 4. Tpaduk wusmeHeHus Ttemmeparypsl mpu Fig. 4. Temperature change chart during device
3alycKe yCTpo#cTBa B KOMHATHOM Temmeparype (mo  startup at room temperature (vertical axis —
BEpTUKAIBHOW OCH — 3HayeHHs Temieparypsl B temperature values in degrees Celsius, horizontal
rpamxycax 1o Llenbcuio, o TOpU30HTAIBHOM — BpeMst  aXis — time in seconds)

B CEKyHZaxX)

*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.

Bo BTOpOM 3KCHEpUMEHTE OBLIO MPHHATO PEIICHHE MPOU3BOAUTH 3aIYCK, IPEABAPUTEIHHO
OXJIaIMB YCTPOWCTBa B Kamepe. Bce ycTpoiicTBa 3amyCTWIMCh HOPMalbHO, HO TOKa3aHUs
TEMIICPATYPHOTO JaTYHKa CTaIl HeTHMHEHHBIMHU. CpelHee OTKJIOHCHHE TeMIIePaTyphl COCTABUIIO 5
rpaaycos 1o Ilenbcuto (puc. 5).

mnmml\dmmmr\ﬂmmmr\-—cmmmhﬂmmm
d {d
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Puc. 5. Tpaduk wusmeHenust Ttemmeparypsl mpu Fig. 5. Temperature change chart during device
3allycKe YCTpOWCTBA B OXJaxAeHHOW kamepe startup in a cooled chamber (vertical axis —
Temreparype (M0 BepTHKaIbHOM OcH — 3HaueHus temperature values in degrees Celsius, horizontal
TeMmreparypsl B rpagycax mo lLlembcuro, mo  axis —time in seconds)

TOPU30HTAIBHON — BpEMsI B CEKyHIaX)
*Ucmounux: Cocmasneno asmopamu Source: compiled by the author.
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O6a skcrieprMeHTa ObLIIM IOBTOPEHBI TPU pa3a U pe3ysIbTaThl OKa3aIiCh aHAIOTHYHBIMU.

MBsI npeamnonaraeM, 4To Takylo OLIMOKY MOXET AaBaTh IOJYINPOBOJAHUKOBBIA AHOJ B LETH
u3MepeHus Temneparypsl. Ilnmanupyercs nanbHeilnee HCCIEOBaHUE €ro BOJIbT-aMIEPHOU
XapaKTepUCTUKH B PA3IUUHBIX TEMIEPATYPHBIX YCIOBUSIX.

Taxoke B 9KCIIEPUMEHTE OJTHO M3 YCTPOUCTB OBLIO MOKPBITO CIICIUAIBHBIM BIaro3allluTHBIM
MOJMMEPOM, HO €r0 HaJIMuue He MOBIIHIIO Ha Pe3yJIbTaThl.

Odcyacoenue (Discussion)

[lo pesympTaTamMm uHCCIEIOBaHMS, MOXKHO YTBEpXKJaTh, YTO BBIOPAHHBIN CEpUITHBIN
MUKPOKOHTPOJJIEp M TeMIepaTypHble JaTUYUKU SBJSIIOTCA HAJEKHBIMH  KOMIIOHEHTaMH,
CHOCOOHBIMH  (DYHKIIMOHHPOBAaTh B OKCTPEMAIIBHBIX YCIIOBHSIX, C HEKOTOPBIMH OT'OBOPKaMH
OTHOCUTENIbHO OTKJIOHEHHMH B TIOKa3aHUSAX IOJYNPOBOJAHUKOBBIX JaT4ukoB. Ha ocHoBe
MOJYYEHHBIX JAHHBIX, BBITEKAIOT CIEIYIOLIUEe PEKOMEHAALNH U JalbHEHITNX HcCIel0BaHUN U
MPaKTUYECKOTO MPUMEHEHHUS:

1. JlanpHelilmne WCHBITAHUS IIPU  OKCTPEMANBHBIX TeMIleparypax: Pekomenmyercs
MPOBEICHUE JOMOJHUTEIbHBIX TECTOB HAa YCTOMYMBOCTH MHKPOKOHTPOJIIEPOB U AATYMKOB IpHU
TeMIiepaTypax, HaXOISIIUXCS 3a IpeleiaMd COBPEMEHHBIX HCIIBITAHUH, YTOOBI ONpEAEIUTDH
TPaHUIIBI UX SKCIUTyaTallud U BBISBUTH BO3MOXKHBIE TOUKH OTKa3a.

2. KannOpoBka MoSynpoBOJAHUKOBBIX JaTYMKOB: BBeJeHHE MPOTrpaMMHBIX PELICHUH s
KaJINOPOBKU MOJIYIPOBOJHUKOBBIX JTATYMKOB C YUETOM OTKJIOHEHHH, 3a()MKCHPOBAHHBIX B XOJIE
HAIlIer0 SKCIEPUMEHTA, TMO3BOJIUT MOBBICUTh TOYHOCTh U HAJEKHOCTh CHCTEM, OCHOBAHHBIX Ha
3THUX JaTYUKaX.

3. UccnenoBanue BIUsIHUS BHEMIHUX (akTopoB: Tak ke HEOOXOAMMO YAENUTh BHUMAaHHE
W3y4YCHUIO BIMSHUS BHEIIHUX (PAKTOPOB, TAKUX KaK BIAXKHOCTb, JABJICHUE BIMSHHE MarHUTHBIX
NoJIeH Ha XapaKTePUCTHKU JaTYMKOB C MOKPBITHEM U 0e3, 4To JacT OoJiee MOJHOe TIOHUMaHUE MX
HKCIUTYyaTaI[HOHHBIX BO3MOXHOCTEH.

4. AHanu3 [ONTOBEYHOCTH U H3HOCOCTOMKOCTH: J[Is 3HAYUTENBHOTO IOBBILIICHUS
HaJIe)KHOCTH NMPUMEHEHMS JaTYUKOB U KOHTPOJUIEPOB B JUIMTENBHBIX U SKCTPEMAIbHBIX YCIOBHUIX
CTOUT paccCMOTPETh BO3MOXKHOCTh  HCIIOJIB30BaHMSA  Pa3NUYHBIX  3aIIUTHBIX  TOKPBITHH
KOHCTPYKTOPCKHUX PELICHUH, a TaK K€ UX BIUSHHUE Ha JOJTOBEYHOCTH KOMIIOHEHTOB.

PexoMeHnanuu MOTryT IMOCIYXHUTh OCHOBOHM MAJI JaJbHEUINIUX MCCIEAOBAHUN, LEJbIO
KOTOPBIX CTaHET CO3JaHue Oojiee TOYHOTO M HaJeKHOTO H3MEPHUTENLHOr0 000pYIOBaHMUS,
CHocOoOHOTO paboTaTh B YCIOBHUAX 3KCTPEMAIbHO HU3KHX TeMreparyp. OHU Takke HOAUYEPKUBAIOT
HEOOX0IMMOCTh KOMIUIEKCHOTO MOJIX0/Ia K pa3paboTKe MPOMBIIUIEHHBIX CUCTEM, YTO B KOHEUHOM
UTOTe MOKET IPUBECTH K MOBBILICHHUIO X 3()(EKTUBHOCTH U JJOITOBEYHOCTH B SKCILTyaTallUH.

3axnrouenue (Conclusions)

B xone uccnenoBanus ObUIM MPOAHATN3UPOBAHBI COBPEMEHHBIE METO/IBI TPOTHBOACHCTBUS
HETaTHUBHBIM MOCIEICTBHAM OTPHLATEIBHBIX TEMIIEPATYp JUISL AJICKTPOHHUKH. Pe3ynpTaTsl paboThI
MPEOCTABIAIOT IEHHBIC JaHHbIE I JalbHEHIIero MCIoIb30BaHUS MOTYYCHHOW MH(pOpMAIK B
TeX o0JacTsIX, I'Zie CTaOMIBHOCTh PabOTH O0OPYAOBaHMA NPH HM3MEHEHHHM KIMMAaTHYECKUX
YCIIOBUHM UTPAET KPUTUYECKYIO POJIb.

Ilo pe3ynbraTraM 3KCIEPUMEHTA CIEIaHbl CIECYIOIINE BEIBOBIL:

® BHIOpaHHBIE CEpPUITHBIE MUKPOKOHTPOJIEPH! M TEMIIEpaTypHbIE JaTYUKH JEMOHCTPUPYIOT
BBICOKYIO CTETEHb YCTOHUMBOCTH K HU3KMM TeMIepaTypaM, NPH 3TOM HE BBIXOJA M3 CTPOS Jake
IpY 3HAYUTEIBHBIX OTKIOHEHHSAX OT TMpPeNeNbHO MAOMYCTHMBIX 3HAYCHWH, YCTaHOBICHHBIX
npousBojureneM. OOHapyKeHHbIE OTKJIOHEHHs B TeMIlEpaTypHOM pexuMe B mpenenax 15-20
rpagycoB llembcusi HIDKE yKa3aHHOW OCHOBAaHBI Ha PE3yNbTaTax HCIBITAaHUH, YTO TOBOPHT O
3HAYUTEIHHOM 3arace MPOYHOCTH 3THX KOMIIOHEHTOB,

® pazHMIAa B MOKA3aHMSIX TEMIIEPATYPHBIX ATYMKOB C MOKPHITHEM M 0e3 Hero okasajach
HEe3HAYNTENHHOH. BRIOpaHHbIE NaTYNKK IPHU HAIWYHUHY 3alIUTHOW IUICHKH WK 6e3 Hee paboTaroT ¢
BBICOKOW TOYHOCTBIO M HAJEKHOCTHIO B HEOOXOJWMBIX HaM YCJIOBHSAX. Takoi pe3ynpTar
MOJYEPKUBACT, YTO HE BCET/Aa IEIecO0Opa3sHO HCIOIb30BaTh JONOJIHHUTENIBHBIE 3allUTHBIC
MOKPBITUS IS JOCTIDKEHHSI CTa0MIBHOCTH M3MepeHnid. OHAKO CTOMUT OTMETHTh, YTO OTCYTCTBHE
MOKPBITUS MOXKET YKa3blBaTh HA CHIDKCHHE M3HOCOCTOMKOCTH B YCIOBHAX JUIMTEIBHOTO
BO3ACUCTBHS BHEIIHUX (hakTopoB. st Oonee TOYHOI OLIEHKH I1e1ecO00Pa3HOCTH HCIIOIB30BAHUS
MOKPBITHUS TSI TIOBBIIICHUS JOJITOBEYHOCTH U YyCTOWYMBOCTH JATYMKOB K BHEIITHUM BO3/IEHCTBHAM
HEOOXOTMMBI TaTbHEHIINE UCCIIeJOBAHNS;

e IpU 3allyCKe MNOIYNPOBOJHUKOBOIO TEMIIEPATypHOrO JaTudka B YCJIOBUSX HH3KHX
TeMIieparyp OOHApYXEHbI OTKJIOHEHHUS B cpemHeM 5 rpanaycoB mo Llembcuwro. B cBsizu ¢ aTuM
CIeIyeT BBIBOJ, YTO CYIIECTBYET HEOOXOOMMOCTH pa3pabOTKH METOAOB KOpPpeKIuH u Ooiee
TOYHOH KaJMOPOBKH [UISl y4€Ta 3TOTO CMEIICHHS.
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