OT3bIB

Ha aBTOpedepar AuccepTaonHoi padoTel ["anmum3sHoBa Pycnana PaBuibeBuda
«Pa3paboTKa 3JeKTPOIUTOB ISl TBOMHOCIOWHBIX CYIIEPKOH/IEHCATOPOB C PACIIMPEHHON HIKHEN IpaHu-
LEW TeMIIEpaTypHOr0 MHTEPBAJIA IKCILTyaTallUl», IPEJICTABICHHON Ha COUCKAHUE YYEHON CTEIIEHU KaH-

aujaTa TEXHHYECKUX HayK M0 CIeNUanbHOCTH 2.6.9 — « TeXHOJIOTUsl 3JIEKTPOXUMHYECKUX IPOLECCOB U
3aIlUTa OT KOPPO3UN»

DIEKTPOXUMHUECKHE KOHAEHCATOpbl uiu cynepkoHaeHcaTopsl (CK) ¢ 1BOWHBIM 3JIEKTPUUECKUM CII0EM
(A2C) nmeroT HauBBICIINE XapPAKTEPUCTUKU CPEAU APYIHX AIEKTPOXUMUYECKUX YCTPOUCTB 3alacanus
ANIEKTPUYECKON HEPTUU IO yJEeIbHOH MOITHOCTU M KOJIMYECTBY LUKIIOB 3apsiia/paspsiia 6e3 moTepu eMKo-
CTH — 10 MIWIIMOoHA. B Hactosniee Bpems 80% Bcex NpOM3BOAMMBIX B MUPE CYIIEPKOHJEHCATOPOB OTHOCUTCS
K 3TOMY THILY.

OaHUM U3 MacCOBBIX IPUIIOKEHUHN CYNIEPKOHIEHCATOPOB, KaK MOKHO 0XKHJIaTh, Oy/IET UX UCIIOJIb30BAHNE
JUTSL peKyTIepallii SHEPTUU TOPMOKEHHUSI B JIETKOBBIX 3JIEKTPOMOOMIISAX. JIJ1s1 3TOTO MPUMEHEHUS KeJIaTeIbHO
pacipuTh TeMIepaTypHblii Auamna3on padoTsl CK B 0651acTh HU3KUX TeMIIepaTyp ¢ Y4€TOM KOHTHHEHTANb-
HOTO KJIMMATa, XapaKTEPHOTO JJIsi OONBIIOTO Ynciia POCCUHCKUX PETMOHOB.

Kak u3BecTHO, 3MMOI1 IPH HU3KUX TEMIIEPATYpax CHIIBHO MAJaeT EMKOCTb U MOIIHOCTb JIEKTPUYECKUX
Oartapeil, KOTOpbIE UCIIOJIb3YIOTCA JUIS 3allyCKa ABUTaTeseil BHYTPEHHEr0 CropaHusi Ha aBToMoOumsX. B aTom
Cllydae XOpOILIUM PELIEHUEM JUIsl 3aIlyCKa JBUTATENs ABISETCS UCoyb3oBaHue koMnakTHoro CK, koTtopslii
0 Y/1eJIbHOM MOIIHOCTH (Ha €IMHUIlY 00beMa MIIM MAacChl) MHOTOKPATHO IPEBBIIIAET JIEKTpUUecKre 6ara-
peH, B TOM UYHUCIIe IPU HU3KUX TEMIIEpaTypax. B cBsA3M ¢ 0CBOEHHEM CEBEPHOIO MOPCKOTO IIyTH U ApKTHYE-
ckoro perrnona Poccun macmraOsl ncnonb3oBanus CK ais 3anycka JIBC npu Hu3Kkux Temneparypax oyayT
pacIupsAThCS.

BonbIIMHCTBO CepHITHO BBIMTYCKAaEMbIX CUJIOBBIX CYIIEPKOHIEHCATOPOB UMEIOT PEKOMEHIyEMbIi TnanazoH
pabouux temneparyp ot —40 °C go + 60 °C. B nuccepranuu nocrasieHa 3ajada pacliupuTh paboumii nHTep-
Baj CK B obnacTh HU3KHX Temrepatyp 10 — 65+70°C. Takum 06pa3oM, aKTyaJbHOCThb pelleHus oCTaB-
JICHHOH B 1M CCePTANMH 321a4H BIIOJIHE 000CHOBAHA.

Pemmenue 3Toii 3a1a4u UIYT Ha IMMYTH MOJ00pa K OCHOBHOMY PaCTBOPUTENIO - allETOHUTPHITY — KM JIKHX
MPUCATOK C BBICOKMM 3HAYEHUEM TOJIIPHOCTH, DIIEKTPOXUMHUYECKOH CTaOUIBHOCTH U HU3KOW TeMIIepaTypoit
KpucTaUIM3aunun. () (HeKTHBHOCTH BEHIOPAHHBIX CO-PACTBOPUTEIICH OIIEHUBAIACH C TOUYKU 3PEHUS] CHI)KEHUS
TeMIIepaTyphl IIaBICHHs 31eKTpoauToB. [Ipobiema ycaoxHsIeTcss TeM, 4To MoI00p Co-pacTBOpUTENEH He
JOJDKEH YXYAIIATh CTA0UIBHOCTH DJIEKTPOJIMTA NP TOJIOKHUTEIBHON TeMiiepaType a0 + 60 °C.

Heabio nanHo# padoThI ABISETCSA MOUCK TAKUX KOMIIO3UIUH AJIEKTPOIUTA C HAMIIYUIIUMH XapaKTepHu-
ctukamu st pabotel CK B pacmmperHoM uHTEepBajie Temieparyp ot —65 °C mo + 60 °C.

OCHOBHBIM pPe3yJIbTaTOM PadoThI SIBISETCA HAX0XKIECHUE ABYXKOMIIOHEHTHON KOMITO3ULIUHU 3JIEKTPOJIH-
Ta U3 JOBOJBHO HMIMPOKOTO MEPEUHs UCCIIEJOBAaHHBIX B pab0TE BapUAaHTOB KaK HauIydlllel JJid HHTepBaja
temnepatyp ot —60 °C no + 60 °C crnenyromiero cocrasa: anetoHuTpui (70%) + stunanerat (30 %) ¢
koHneHtpanuei comn TEMABF, 1.2 Mosb/i1. DTOT 3IEKTPOIUT BHEAPEH B IPOU3BOACTBO CYNIEPKOHACHCATO-
poB komnanueit OO0 «TIDOMII». JonoaHUTENBHO TOKA3aHO, YTO J00AaBKa B 3Ty KOMIIO3UIIUIO BUHHIICHKAP-
OoHaTa B KonmdecTBe 3% CHIKAET HIDKHIOIO TeMIIepaTypy dKCIUTyaTalllu 3JIeKTpoiuTa emre Ha 7-8°C.



B pabote nuccepTaHT NpUMEHU COBPEMEHHbIE METO/IbI HCCIIEA0BAaHUN U 000pyI0BaHHe, TaKUE KaK KY-
JIOHOBCKOE THUTPOBaHUE ¢ Hcnosb3oBanueM npudopa Mettler Toledo V10S Compact, n3mepenue ynensHoi
3JIEKTPONPOBOTHOCTH AJIEKTPOJUTOB B KIMMATUUECKON KaMepe Npu Temmneparypax ot 25 go —70 °C, uamepenue
TEMIIEpaTyphbI IUIABICHHS CMECel pacTBOpPHUTEINei METOI0M AU PepeHInanbHON CKaHUPYIOUIEH KaloOpUMETpHH,
HW3MEPEHHE IEKTPOXUMHUUECKUX XapaKTEPUCTHUK SUEEK C Pa3IMYHBIMU AJIEKTPOJIUTAMH METO/IaMU T'ajlbBaHOCTa-
TUYECKOro 3apsiaa-paspsaaa Ha ananuzarope KIT ASK2.5.10.8 u MeTogoM LUKINYECKOW BOJIbTAMIIEPOMETPUH Ha
notenimoctare Elins B muanazonax Hanpspkeruit 0—2,7 B ipu ckopocTsax pa3Béptku notennuana 10 u 100
MB/cek, n3mepenue crnekTpoB umiienanca B quamnasone 4actot ot 100 kI’ qo 10 mIw.

Bce ucnbiTanus 351€KTPOIUTOB MPOBOIMIMCH Ha JIabopaTopHbIX cOopkax cummerpuuHoro CK c anekrpo-
JJaMH M3 aKTUBUPOBAHHOTI'O yIJIsl - Hcnosb3oBanack jjentra GMCC (mpousBoactBo Kutait) ¢ AByXCTOpOHHUM
3JIEKTPOHBIM ci1oeM. ToJIMHA 3JIEKTPOIHON JEHTHI cocTaBisaa okoio 120 mxm. s npoBeieHus 3JIeKTPOX -
MHUYECKUX U3MEPEHUI N3rOTaBIUBAJIH 3JIEKTPOABI pa3MepamMu 3X3 cM ¢ IJIOLIAbI0 aKTUBHOM OBEPXHOCTH 9 oM.

OCHOBHOM BOIIPOC, KOTOPbIii BO3SHUKAET 0 pPe3yJIbTaTaM UCCIeJ0BAHMM, IPEeICTABJIEHHBIM B ABTO-
pedeparte, COCTOUT B CJIeAyIOLIEM.

[TockonbKy 3asiBIeHHAs AJIs 3alUTHl pa00Ta MPUKIAIHAs U KOHEUHOU €€ LeNbl0 SIBIISIETCS CO3aHUE CU-
noBoro CK ¢ KOHKYpeHTHBIMHU XapaKTEePUCTUKAMU B 00J1aCTH HU3KUX TEMIEPATyp, TO €CTECTBEHHOU (hopMoit
IIPE/ICTaBJICHMSI TOTYYEHHBIX PE3YJIbTAaTOB ObLI Obl pacUEeT YAEIbHBIX XapaKTEPUCTUK NPOTOTHIA KOHIEHCa-
TOpa: yIedbHOU eMKOCTH 1o 3Heprun Esc (B1*u/n) u ynenpHON MakcuMaIbHOW MOIIHOCTH pa3psiaa Pmax sc
(xB1/1) ¥ mOCTpOEHHE MX TEMIIEPATYPHBIX 3aBUCUMOCTEH J10 - 60 °C. DT0 MOKHO CleIaTh Ha OCHOBE MOJY-
YEeHHBIX B paboTe JaHHBIX A JabopaTopHbix 00pa3io CK. Heobxomumo ObUTO Takke HAUTH B TUTEPATYpe
COOTBETCTBYIOIINE XapaKTEPUCTUKHU CYILECTBYIOIIMX KOMMepUYeckux oopa3noB CK, opHeHTHpOBaHHBIX HA pabOTy
IIPpY HU3KUX TEMIICpaTypax, U IPpOBECTU C HUMH CPAaBHCHUEC. OTO0 MO3BOIUIIO OBl INOHATH, HA KAKOM YPOBHEC B MHPE
HaXoAUTCs JaHHas pabota. Ml He Ha0 CTECHATHCS, €CIIM KTO-TO B MUPE JOCTUT Jy4IInX pe3yabraTtoB. Konkypen-
IS B 3TOH 00JIaCTH UCKIIIOYHUTEIHLHO BBICOKAS, M B pa3pabOTKH CYIepPKOHIEHCATOPOB BKJIA/IBIBAIOTCS TAKHE
pecypcsl, KOTOPBIE HAM U HE CHUIIUCH.

K coxxanenuro, Takoii pabOTHI cieTIaHO He ObLIO, U MO3TOMY OBLT YIYIIEH CIeAyIomuii hakT, KOTOPBINA
MOHO OBbLIO OBl CHOPMYITHUPOBATH KaK pe3yabTaT PabOTHI.

N3meHeHue paboueil Temreparypsl OUTH He BiusgeT Ha eMKkocTh JIDC B cynepkoHIeHcaTope, Kak 3To
MOJTBEP>K/IA0T U JaHHbIE HacTosIero uccienoBanus. OcHoBHas npobiieMa ucnoib3zoBanus CK npu Hu3Koi
TEMIIEpAType COCTOUT B 3HAYUTEIBHOM MaJCHUH €r0 MOLIHOCTH U3-3a YBEIUYCHUS DKBUBAJIECHTHOIO I1OCTIE-
JIOBATEJILHOIO CONIPOTUBIICHUS KOHAeHcaTopa. M3 nanubix Puc.10 BUaHO, 4TO SKBUBAJIEHTHOE MOCIIEA0BATENb-
Hoe conpotusieHue CK npu temneparype - 60 °C uyts 11 He B 10 pa3 Huxe 31oi Bennuunsl npu 20 °C. Jt0
o3nauaet, 9to MOITHOCTh CK: Phaxsc = U02/ (4R), (Up— nomunanbroe Hanpspkenne Ha CK, R — skBuBaieHTHOE
MI0CJIeI0BATENbHOE CONpoTHBIeHHE) IpH - 60 °C OyaeT MeHblIe B TaKOe ke 4nciio pa3. To ecTb, HanpuMep,
BMECTO CyNepKOHeHcaTopa o0bemMoM 2 J1 i 3amycka /IBC npu koMHaTHOH Temneparype noTpedyeTcs u3roro-
BUThH CcynepKoHeHcaTop oovemom 20 1 muis 3amycka Toro ke JIBC npu - 60 °C. Takoe pemieHue BpsiI JIM MOXKET
YCTPOHTH MOTPEOUTETIS.

OcHoBHO¥M BKJIa/ B yBenndeHne conpotusienuss CK npu HU3K0# TemmnepaType BHOCHT YMEHBIIICHHE TTPOBO-
auMocTu snektpoiurta. U3 Puce.8 ABropedepara cienyer, 4To Ha BceM TemnepaTypHoM uHTepBaie ot +20°C
10 — 40°C noHHas NPOBOAUMOCTb JIEKTPOJIMTA C ALETOHUTPUIIOM YMEHbIAaeTcs Npuoil. B 4 pa3a. DTO O3HAYAET,
YTO JONOJHUTENbHOE YBEINYEHHE HOHHOTO COMPOTUBIICHHSI B CYNIEPKOHACHCATOPE 3a CUET OPUCTON CTPYKTYPhI
AJIEKTPO/Ia COCTABIISET OK. 2.5 pas.

TakuMm 00pa3oM, CyIIECTBYET €1e OJUH (PaKTOp, ONTUMHU3ALMSI KOTOPOI'O MOXKET YJIYUIIUTh YAEIbHbIE MOKa-
3arenu momHOCTH CK mipy HU3KO# TemrepaType mpubi. B 2 pasa: 3TO 3aMeHa 3JIEKTPO/Ia, PECCOBAHHOTO U3
nopouika AY, Ha MOHOJTUTHBIN 3JIEKTPOJ CO CKBO3HOM CUCTEMOM Me30mop. MaTepuansl 1 KOHCTPYKIUSI TAKHX
AJIEKTPOIOB MHTEHCHUBHO pa3pabaThIBAIMCh B MUPE B TIOCIICTHUE TO/IBI.

B neixom PE3YyIbTAaThI, IPUBCACHHBLIC B aBTope(I)epaTe Auccepranun I'anum3sHoBa P.P.

«Pa3paboTKa 3JIEKTPOIUTOB JJIsl JBOMHOCIOWHBIX CYNIEPKOHICHCATOPOB C PACITUPEHHON HIDKHEH TpaHu-
1Ieil TeMIepaTypHOTo HHTEpBaa HKCILUTyaTalluiy, SIBIISIOTCS HAY9HOU paboToi, oTBevaroeil TpeOoBaHUAM
BAK P® u [Tonoxenuro o nopsaake npucyxaeHus yuenbix creneneit B HUTY MUCHUC, npenbsaBiisieMbIM K



aBropedeparam quccepTaliii Ha COUCKAHUE YYEHOMH cTeneHu kanauaara HayK. OCHOBHBIE pe3yJIbTaThl,
M3J10’)KeHHBIE B aBTOpedepate, onyOiukoBaHbl. JluccepTaHT 3aciy)KHBAeT MPUCYKIACHUS €My YUEHOU CTEIeHH
KaH/u1aTa TEXHUYECKUX HayK 10 crnenuaabHOCTH 2.6.9 — « TexHOIOrus 371eKTPOXUMHYECKHX POLIECCOB U
3alIUTa OT KOPPOZUU).

10 urons 2024 r.

Beaymuii HayuHbIH COTPYTHUK
rpynnbl [lonuMepHBIX KOMITO3UIIMOHHBIX

marepuaioB OUIL[ XD u MX PAH,
JIOKTOp (U3.-MaT. HAYK %— A.B. Kpectunun

Kpectunun Anaronuit BacunbeBuy

JIOKTOP (pU3MKO-MATEMAaTHUYECKHX HAyK, BEAYIIHi HAy4YHBIH COTPYIHHK

['pynnet [lonuMepHBIX KOMIIO3ULIMOHHBIX MAaTEPUATIOB

®enepansroro Mccnenosarensckoro Llentpa [Tpo6iem Xumuveckoit @usuku 1 Meaunuackoi XumMun
PAH (OULL ITXD u MX PAH)

IlouToBslii aapec: npocnekT akaa. CemeHona, 1, r. YepHorosioBka,

MockoBckast 0611, 142432

Ten: 8-(49652) 21319

E-mail: kresti@icp.ac.ru

[Toanues A.B. Kpectununa yii
& AT ol
Yuenbiit cekpetaps UTTXQPAH. sixa

TAH AXH 7% B.JI. Tlcuxa
g 3 ‘:;- ,“’ AN i{ﬁ%, 2\



