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B paGoTe nccienoBaHo BIMSTHUE COCTaBa IBOMHOM IUIACTU(MUILIMPYIOIIE CMeCH Ha OCHOBE TMMETHUIICYJIb-
dokcuaa u cyiabdonaaHa Ha GU3NKO-XUMUUIESCKHUE CBOMCTBA JIMTHUEBOM (hopMbl MeMOpaHbl Haduon. s
OOBSICHEHUS TTIOBEACHUSI 3JIEKTPOTPAHCIIOPTHBIX CBOMCTB MEMOpaH MPOBENeHbBI SKCIIEPUMEHTAJIbHBIE UC-
CJIeIOBAaHUST MEXMOJICKYJISIPHBIX B3aUMOIEHCTBUI, TEPMUUYECKOTO TTOBEICHUSI, a TAKXKe MOH-TPAHCTIOPT-
HBIX CBOWCTB MOJYYEHHBIX JIMTUI-TIPOBOISIINX TOJUAIEKTpoauToB MeTonamu HMK-cnekrpockomnumu,
CUHXPOHHOTO TEPMUYECKOTO aHAJIM3a U UMIIEIAaHCHOMN CTIEKTPOCKONMHU. BhIsABICHA 3aBUCUMOCTDh MEXITY
CMEIIEHUEM TOUKM 9BTEKTUKHU B 00JIaCTh MEHBIIIETO COAepXKaHUsI CyJIb(osIaHa TT0 CPABHEHUIO C 0ObEMHbI-
MM PaCTBOPUTEIISIMU M COCTABOM IUTacTU(dUKATOPA, TP KOTOPOM 0OPa3Iibl MU HAWTYUIITYIO IIPOBOIM -
MOCTb, paBHyI0 0.76 MCM/cM ripu Temnepatype 30°C.

Karoueswie crosa: nonusnexkrponur, Hacbuon-Li, annporonHslii pactBoputens, MK-crniekrpockonus, cuH-
XPOHHBIN TEPMUUYECKUI aHAIUM3, MIOHHAs IIPOBOJIUMOCTD.
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1. BBEAEHUME

B coBpemMeHHOM MUpe B MOCTAETHUE ACCITUIICTHUSI
13-3a OBICTPOrO poOCTa KOJUYECTBA MUCHOJIb3YEMBbIX
BJIEKTPOHHBIX YCTPOUNCTB (MOOUJIBHBIX Teae(OHOB,
IUIAHIIETOB, “YMHBIX” 4YacoB, (UTHec-OpacjieToB
U T.I.) PacTeT CIIPOC U Ha pa3JIMYHble UCTOYHUKU
3JIEKTPODPHEPTMU, B YACTHOCTU, JTUTUN-UOHHbBIE aK-
kymyaaropsl (JIMA). Monbl Lit, 6e3ycinoBHO, ABIs-
I0TCSl HauboJjiee pacrpoCcTpaHEHHbBIMU HOCUTEISIMU
3apsiia 1M3-3a MOBCEMECTHOTO MCIIOJb30BaHUSI He-
BOJIHBIX JIMTUEBBIX OaTapeil U anmpOTOHHBIX JIMTUI-
MOHHBIX aKKyMyJsITopoB. OmHaKo y3KUI auara3oH
pabouux Temrepatyp (He Huke 0°C) u B3pbIBoONac-
HOCTbh TaKWUX YCTPOMCTB HaKJIaJIbIBaIOT CYIIECTBEH-
Hble OTpaHUYEHUS Ha ux nmpuMeHeHue. [lepcrnekTu-
BBI TTOBBIIIIEHUS 0€30MMaCHOCTH M pacIIMpeHMs pado-
Yero Juaria3oHa TeMMeparyp TakKux aKKyMYJsITOPOB
CBSI3aHBI C 3aMEHOI1 MCTIOIb3YEeMbIX B HUX B HACTOSI -
1ee BpeMsI XKUJIKUX U TeJIeBbIX JIEKTPOJUTOB [1] Ha
MOJIMBJIEKTPOJIUTBl — MaTepuasbl, MAKPOMOJIEKYJIbI
KOTOPBIX coiepXaT B 0OKOBBIX 3aMECTUTENSIX aHUOH-
Hble TPYNIUPOBKU C OTPULIATENBLHBIM 3apsiIOM, TO-
IJa Kak KaTUOHBI CBSI3aHbl C MAaKPOMOJIEKYJIaMU 3a
CUET 3JIEKTPOCTaTUUECKOro B3amMojeiicTBus. bia-
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rogapsi TaKOMY CTPOEHUIO TTOJUJICKTPOIUTHI 06ec-
MEeYNBAIOT YHUITOISIPHYIO IPOBOIUMOCTb 110 KATHOHY.

HaubGonee u3BECTHBIM TIPEACTABUTENIEM 3TOTO
Kjlacca MaTepMajioB SIBJsIeTCs TepdToprupoBaHHas
noHoMepHas MeMmopaHa Hadpuon® (komnanusa Du-
Pont, USA), mpencrasisiolasi coboil cornojumMep
TeTpadTopaTUIIEHA U cyJbdocoaepxkallero MoHOMe-
pa [2, 3]. HeonmHakoBEBIi XapaKTep KOBAJICHTHO CBSI-
3aHHOM OOKOBOI I'PyMITbl U OCHOBHOIA LIETIM IIPUBOIUT
K €CTeCTBEHHOMY pasiejieHUIo a3, KOTopoe yCuiuBa-
€TCsl coibBaTalveii (Ipy BBeIEHU Y MOJIEKY/I BOIbI WA
pactBoputesist). Takast MOpdOIOTUs OTKPHIBAET YHU-
KaJbHble BO3MOXHOCTH IepeHOoca MOHOB 1 pacTBOPU-
TeJieil, oOecreynBasi IMOJUMEPHOM MeMOpaHe Mpu
9TOM MEXaHUYECKYI0, XUMHUYECKYIO, DJIEKTPOXUMMU-
YeCKyl0 U TEpPMUYECKYIO CTaOWIBHOCTH [4], 4TO, B
CBOIO OYEpEb, JIeJIAET BO3MOXHBIM IIIMPOKOE MPHU-
MeHeHue MeMOpaHbl HadroH B KauecTBe 3J1eKTpO-
Jiuta/cernapaTopa B IPOU3BOJCTBE BOJOPOIHBIX TOM -
JIMBHBIX 3JIEMEHTOB U IPYIUX DJIEKTPOXUMMNYECKUX
yCcTpoiicTB [4—7].

M3BecTHO, 4TO TIPOTOH B MeMOpaHe HaduoHn no-
CTAaTOYHO JIETKO 3aMellaeTcsl Ha APYyrue KaTUOHBI
(Li*, Na*, K*, Mg?* u 1p.) 6€3 HoTepu XuMHA4YECKOM
M TePMHUYECKON CTAaOMIBPHOCTA MeMOpaHbI [8—22].
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Tabauya 1. ImanexTpuyeckasi NOCTOSIHHASA (€), AMHAMUYECKAs BA3KOCTD (1)), IMNOJIbHBI MOMEHT (J1), ILIOTHOCTD (P), TEM-
neparypa miaasjenus (7,,,) u remneparypa kunenus (7,,,,), Tenaorsl mnasnenus (AH, ) v ucnapenus (AH,.,) uccieayembix
pactBopuresneii [15, 32—35]

CrpyKkTypHas o o
PacTtBopuTenn bopmyna € n,mMa-c| u, 1 p, r/eM? | Tuns °C| Tiuns °C |AH y, UK/ |AH, e, [K/T
Cynbdonan L ) 43.3 10.1 4.8 1.26
(SL) O’/S\\O 30°C) | 30°C) | (0°c) | (30°C) 28.5 285 11.4 484
(0] 45 2.0
AMCO /g\ 25°C) | (25°C) 4.0 1.1 18 189 184 648

151 TTOBBIIIIEHNST KATUOHHOM POBOAMMOCTH OO He-
00XOIMMOr0o YPOBHSI B COCTaB ITOJIUJICKTPOJIUTA
BBOIUTCSI HUBKOMOJIEKYJISIPHBIN pacTBOpUTEb (T1/1a-
ctugukarop). BeeaeHue B Takue MoIu@UIIMPOBaH-
Hble MEMOpPaHbI CIIELIMATBHO MOA0OPaHHBIX MOJISIPHBIX
aIpPOTOHHBIX PACTBOPUTEICiT ITO3BOJISIET ITOJTYYUTh I10-
JIMBJIEKTPOJINTEL ¢ YHUTMIOISIPHON MPOBOAMMOCTBIO T10
KaTHOHy MeTaJuia nopsiaka 10-5—10-3 Cm/cM nipu KoM-
HATHOM TeMIleparype, OJM3KHUX 10 IPOBOIUMOCTHI K
KUIKUM Lit-TipoBoogImMM 3j1eKTpoJIuTaM, IpuMe-
HsSIEMBbIM B COBPEMEHHBIX akKyMyJsitopax [8, 10, 11,
20, 23—28]. g nnactudukanmuy MmeMopaHsl Haduon
B JIMTUEBOI (OpMe HCITOIL30BAJICS IIMPOKUI KIIacc
pacTBopuTelieit: kapooHatHble [10—12, 22, 23, 29],
amunnsie [10, 11, 25], mumetuncynsdokcun (JIMCO)
[8, 11, 19, 25], cynbdoman (SL) [20, 27] u ap. [11]. He-
CMOTpPSI Ha TO, YTO NMPUMEHEHUE MHIVMBUIYaTIbHBIX
pacTtBopuTeneil mis niuactudukanuu MmemopaH Ha-
¢GUOH MO3BOJSIET B HEKOTOPBIX CIIydasiXx HOCTUIaTh
BBICOKUX JIMTUI-TIPOBOASIINX CBOMCTB, TAKME IIPO-
0J1eMBI, KaK y3KUII MHTEpBaJI paboumnx TeMIepaTyp 1
Y3KO€ OKHO D3JIEKTPOXMMHYECKOM CTaOMJILHOCTH,
ocTtaloTcs HepemeHHbIMU. IlnacTudukanus mem-
OpaH OMHApPHBIMU U TPOMHBIMHA CMECSIMU PACTBOPH -
TeJIeil TTOMOTraeT PEIINTh 3TU npodieMsl [11, 14, 16,
17, 20, 26, 27, 30, 31].

Pacrtyiiee ucnonb3oBaHue CMeIIaHHBIX PacTBO-
puUTesIei B BJIEKTPOXUMUYECKUX UCCIIeTOBAHUSIX TTO-
OyIMJIO IPOBECTU MCCICOOBAHMUE BJIMSIHUSI COCTaBa
IUIACTU(PUIMPYIOIINX CMECE allpOTOHHBIX PACTBO-
putesieil ¢ YMEPEHHO BBICOKOU HOUIJIEKTPUYECKOMU
NPOHMIIAEMOCTbI0O Ha CBOMCTBA JIMTHEBOU (hOPMBI
meMOpanbsl HadmoH. B kauecTBe pacTBOpUTEIIEi OBI-
Ju BeIOpaHbl JIMCO u SL, dusuueckue cBoiicTBa
KOTOPBIX ITPUBEACHBI B Ta0J1. 1 110 JaHHBIM padoT [15,
32—35]. Beibop pactBopuTesieii 00yCIOBIIEH CXOXM1-
MU (PUBUKO-XUMUYECKUMU cBoiicTBamMu. Hecmorps
Ha TO, YTO TEMIIEpaTyphl IJIaBIeHUSI 000X pacTBO-
puTelieil HaXOmsATCs B 001aCTH ITOJI0KMUTEIbHBIX 3HA-
yenuit (tabiu. 1), cmecs AMCO u cynbdoiaHa 1ia-
BUTCS TIPU 3HAYUTEJILHO 00Jiee HU3KUX TeMIlepaTy-
pax: ®BTeKTUYECKasi CMECh C MOJIBHBIM CO/IepXXaHUEeM
AMCO, paBHBIM 55%, 3amMep3aeT MpU TeEMIepaType
—20°C [36]. MoxHO oxXuaaTh, YTO BBEAECHUE TaKOM

CMECHU B IIOJMMEPHYIO MaTpuUlly OJOJKHO CABUMHYTH
3HAYCHUS TeMIlepaTyphl (ha30BOTO Mepexona IO~
MEpPHOTO 32JIEKTPOJIUTA B OOJIACTh OTPUIIATEIIBHBIX
TeMIepaTyp 3a CUeT KanuIsipHOro a¢deKTa U COJb-
BaTallM MOJIEKYJI pACTBOPHUTENISI KATUOHOM JINTHS.

OcraeTcsl HETIOHSITHBIM, KaK COCTaB ILIacTU(U-
LUPYIOLIE CMECH BIUSIET HE TOJIbKO Ha (ha30BEIE ITe-
pexoabl, HO ¥ HA TEPMUUYECKYIO CTAOMIbHOCTD B 1I€-
JIOM, a TAaKXKe MEXMOJIEKY/ISIpHbIE B3aMOJICiiCTBUS U
WOH-IIPOBOSIIINE CBOMCTBA IMTUEBOM (DOPMEI MEM-
opansl HaduoH. [ToaToMy Takoe uccieqoBaHue cTa-
JIO LIEJIbIO JaHHOI pabOoTHI.

2. DKCIIEPUMEHTAJIBHAA YACTb

B pabote ncronb3oBaics o6pa3en KOMMEPYECKO-
ro rionuMepa Mapku Hacpuron-115 ¢ sKkBUBaJIeHTHEIM
BeCOM B KucJioit ¢opme, paBHbIM 1100 r/MOJb, U TOJI-
muHoit 125 mxMm (DuPont, CIIIA). s ouncTky ne-
pen UCIob3oBaHMeM MeMOpaHy odopabaTbiBaiu 5%-
HBIM pPacTBOPOM MEPOKCHUIA BOIOPOIA B TeUeHUE 2 U
npu Temmeparype 100°C, mpoMbIBaaIn JUCTULIAPO-
BaHHOI BOmoi1, BbImepxuBam B 1M pactBope H,SO,
pu 80—100°C B TeueHUEe 1 4 ¥ MOBTOPHO MTPOMEIBA-
JI IUCTUJTUPOBAHHOM BOAOM. 3aMeHa MOJBUKHBIX
IIPOTOHOB Ha KaTUOHBI Li* mpoBoamMiIack BuIIEpKU-
BaHMeM oOpasuoB B pactBope 10 mac.% LiOH mnpu
100°C B TedyeHHUE 2 4 ¢ IMOCASAYIONINM TIIATEIbHBIM
NpOMBIBAaHUEM IUCTWIINpOBaHHON Bomou. Ilomy-
YyeHHbIe 00pa3ibl MeMOpaH-HaduoH-Li BeicyiiBa-
1 ripu 60°C B TeueHHUe Jaca, Mocje YeTro B CTEKIISTH-
Holt BakyymMHoM 1neun moneau Buchi (IlBeiinapust)
npu remneparype 130°C u naBieHun 10 m6ap B Teue-
Hue 2—3 4. TonmumHa cyxoit MeMOpaHBI B IUTUEBOM
dopme cocrapisia 125 MKM.

B xauectBe muracTuUKaTOPOB T MEMOpPaH UC-
MOJB30BaAINCH OMHApHBIE cMecH 0e3BomHbIX JIMCO
(Sigma-Aldrich, USA, > 99%) u cynbdomana (Sig-
ma-Aldrich, USA, > 99%) ¢ pa3snmnaHO0i MOJIBHOM T0-
neir w(SL) = 0.1-0.9. PacTtBopuTein MCHOJIb30Ba-
JIuch 6e3 mpeaBapuTebHON OUMCTKU; Mepe MpuMe-
HEHUEM MX BBIIEPXUBAJIU Hal aKTUBUPOBAHHBIMU
MOJIEKYJISIPHBIMU CUTAMHK C pa3MepoM 1op 3 A.
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s monydeHus TacTUUIIMPOBAHHBIX TMOJIM-
3JIEKTPOJIMTOB BhICYIIIEHHbBIE 00pa3iibl MeMOpaH Ha-
¢duoH-Li BeIIEpXKUBAIN B CMECU PACTBOPUTENIEU B
TeuyeHUe 2 CyT B MPUCYTCTBUU aKTUBUPOBAHHBIX MO-
JIEKYJISIDHBIX CUT TpPU KOMHATHOH TeMreparype.
Kamnnu xunkoit ¢asel cMecu pacTBOpuUTesieil ¢ Mo-
BEPXHOCTU MeMOpaH yIaIsiid ¢ MOMOIIBIO (PUIIBTPO-
BaJIbHOM Oymaru. Bce pa®oThI ¢ 3JIeKTpOIMTaAMU MTPO-
BOJWJIVCH B ITepYaTOYHOM OOKCe B MHEPTHOI cpere ap-
roHa, coxepxanue O, u H,O B atmochepe Ookca
coctabiisiiio <1 ppm. CreneHb HACBHILIEHUST MEeMOpaH
Hadwmon-Li B 6uHapHbIX cMecsix IMCO—SL onpene-
JISUIM IO pe3yjibTaTaM CUHXPOHHOIO TePMUYECKOIO
aHanu3a.

TepMuueckyio cTaOMIBHOCTh 00pa3lioB Ompee-
JISLTTK METOJIOM CUHXPOHHOTO TePMUYECKOTO aHAIM3a
(CTA) Ha repmoananm3aTope ¢upmbl Netzsch moae-
ymu STA 409 PC Luxx® (Germany). KpuBsie TepMO-
rpaBumeTpuyeckoro aHanusa (TTA) u auddepeH-
nuajabHO# cKaHupymoeii kanropumerpun (JJCK) 3a-
MucaHbl B TeMIiepaTypHoM uHTepBayie 35—400°C B
MOTOKE aproHa npu ckopoctu HarpeBa 10°C/MuH.

®dazoBrie mepexoabpl B 00JIACTU OTPULIATEIBHBIX
TeMIiepaTtyp m3ydaian ¢ rmomomibio metoga JCK Ha
IuddepeHIMaIbHOM CKaHUPYIOIIEeM KaJOpUMETpe
DSC 204 F1 Phoenix (Netzsh, Germany). /11 3TOTO
00pa3ubl NOMeAIi B TepMETUYHbIC aTIOMUHUEBHIE
TUIJIA U BbIIepXuBanu npu temneparype —80°C B
tedeHue 10 MuH, 1Toce yero nx HarpeBaiau 10 +50°C
co ckopocTthio 10°C/MuH.

MNudpakpacHbIe CIIEKTPHI HAPYIIIEHHOTO MOJTHOTO
BHyTpeHHero orpaxeHust (HITBO) npurotoBieHHBIX
00pa3loB perucTpUupoBaiv (B OTHOCUTEIbHbIX €1u-
Huiax HITBO) nmpu KoMHaTHO# TemMIieparype Mom
BakyyMoM (< 1 rl1a) ¢ ucnonszoBanuem MK-dypnbe-
cuekrpomerpa Vertex 70V u gatrunka HIIBO c ain-
Ma3HbIM 3jieMeHToM ¢upMbl Bruker (Germany) B
nuaraszone 50—4500 cm~! (paspewmenue — 4 cMm~!, Ko-
JudyecTBO ckaHoB — 50). BpeMs onepanuu, rpu Ko-
TOPOI1 TMTPOCKONMYHBIN 0Opa3el HaXOAWJICS Ha BO3-
Iyxe M HeoOXoaumoe IS TiepeHoca o0pasiia B IpH-
CTaBKy /IO 3aIlyCKa OTKAayKU KIOBETHOTO OTAEJICHUS
CIIeKTpoMeTpa, 3aHUMaJIo He 6oiiee 0.5—1 MUH.

HMonHy10 mpoBOAMMOCTH 00pa31IOB OIIPEAeISIIN B
MOIePEYHOM HarpaBJIeHUN MeMOpaHbl METOJIOM HM-
MeIaHCHOM CITEKTPOCKOITMY B TEMIIEPAaTypHOM Ayaria-
30He oT +70 mo —70°C. Peructpaiuio CrieKTpoB UMIIe-
JIaHca rmpoBoauau Ha rmpuoope Z-3000 (“Omunc”, Poc-
cusg) B wuHTepBaje 4actor 0.1 Tu—3 MIu B
CUMMETPUYHEBIX IBYX3JEKTPOMHBIX stueiikax Ti/Ha-
¢uoH-Li/Ti ¢ aKTUBHOM ILIOIIANBIO TTOBEPXHOCTU
MeM6paHbl 0.2 cM2. AMIUIUTY/1a BHELLIHETO [TEPEMEH -
Horo curHaja cocranisiiia 50 mB. Ilns pacueta npo-
TOHHOI1 MIPOBOAMMOCTH 00pa31i0B UCIIOJIb30BaJIN all-
MIPOKCUMAIIMIO MOJTYYEHHBIX CIIEKTPOB 3KCIIEPUMEH-
TaJIbHOM SYEHKU COIJIAaCHO 3KBUBAJIECHTHON CXeMe,
npuBeAcHHON B pabdore [21]. YaoeabHyl0 HOHHYIO
MIPOBOAMMOCTh MeMOpaH G (CM/CM) pacCUMTHIBAIN
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Mo cooTHolIeHUI0 G = d/(RS), rne d — ToJlMHa Ha-
oyxuieit MeMOpaHbI, cM; R — CONIPOTUBJICHUE MEM-
6panbl, OM; S — TUIOIIAAb 2JIEKTPUUECKOTO KOHTAK-
Ta, CM2.

3. PE3VJIBTATBI 1 UX OBCYXKJIEHUE

Pe3ynbrarhl TEpMUUECKOTO aHaIM3a 00pa3ioB MEM-
opan Haduon-Li, ruractuduiimpoBaHHBIX IBOMHBIMU
cvecavu JIMCO—SL, B obGmacTy MOJOKMUTETBHBIX
TeMIepaTtyp IpeacrasiieHbl Ha puc. 1. Havano more-
pu Macchl HaGIomaeTcs Ipy HarpeBaHUKU 00pa3oB
Boie 70°C (puc. 1a). [Ipouecc ynaneHus pacTBOpU-
TeJisl U3 MeMOpaHbl B 3aBUCMMOCTH OT COCTaBa Iijia-
CTUUIUPYIOLIEH CMECH MPOXOAUT B OOHY WJIU JIBE
cTagum, 9to TmonTeepxnaercsa kpusbiMu I CK u mrep-
Boii mpoumsBogHoii KpuBbiXx TTA (puc. 16). Ilpu
o(SL) = 0.1 HabnogaeTcss OAMH YHAOTEPMUYECKUI
MUK ¢ MakcuMymoM npu 151 °C; ¢ pocToM comepxka-
HUs cyiabdonaHa 10 O(SL) = 0.3 Ha kpubix JCK
MOSIBJISIETCSI C1a0bIiA BTOPOil MK C MAaKCUMYMOM B
o6utactu 200°C, MHTEHCUBHOCTb KOTOPOI'O YBEIUY M-
BaeTcs ¢ yBeaudeHueM conepxkaHus SL. I1pu 60ib-
IIIOM coliepkaHuM S HU3KoTeMIepaTypHbIiA YK, CBSI-
3aHHBIN ¢ ncnapenreM JIMCO, moiaHOCTEIO NCYe3acT,
YTO TOBOPUT O MOC/eA0BaTeIbHOM yIaJIeHUU U3 00pa3-
1a cHavana JIMCO (T, (AMCO) = 189°C), a 3atem
cynsdomnana (7,,,(SL) = 285°C).

ITpuHUMas BO BHUMaHUE, YTO TEPMUUECKOE pa3-
JIOXEeHUE moauMepHoii MeMOpaHbl Haduon B mutu-
eBOil (hopMe HAuYMHAETCS IPU HarpeBaHUU BBIIIIE
400°C [14, 37], moTepst Macchl A0 BTOI TeMIlepaTypbl
COOTBETCTBYET COIEpXaHMIO IUIacTuduKaTopa B
MeMmOpaHe (crerieHu HachiieHus W). IlosyyeHHBIE
npu Temnepatype 350°C BeauuuHbl W nipuBeneHbI B
Taba. 2. Y Bcex 00pa31oB 3HAYEHUS CTEIIEH! HAChI-
mieHnsT oopa3noB B OmHapHBIX cMecsax JIMCO—-SL
Jexxat B uHTepBaje 47—58%, 4To HUKe, YeM IPU Ha-
CBHIIIEHUM B UCXOIHBIX MHIVNBUIYAJIbHBIX pACTBOPU-
tensax (131% nna IMCO [8, 19] u 82—88% mnst SL
[20, 26]). DTO MOXKET OBITH CBSI3aHO C TEM, YTO B OT-
JIM4ve OT BOOBI MOJICKYJIbI allpOTOHHOTO PacTBOPU-
TeJIsI MOTYT IIPOHUKATh B Te(PJIOHOBYIO MaTPUILy (3TO
sIBJICHUE ObLJIO YCTAHOBJIEHO MTPU HACHIILIEHUY aMMO-
HUITHOI popmbl MemOpanbsl Haduon 8 IMCO [21])
U yOAJISITHCS TOJBKO TIPU TEPMUUECKOM Pa3IOXEHUN
nmoaumMepa. B maHHoit paboTe 3TO TakxKe MOATBEP-
XKmaeTcs TeM, YTO BelmunHa W He Koppeaupyer C
TOJIIIIUHOM MCCIEAYEeMBIX ITOJIMAJIEKTPOJIUTOB: 00-
pa3ziibl ¢ MUHUMasbHOM (mpu W(SL) = 0.9) u makcu-
MasibHO# (rpu W(SL) = 0.4) cTeneHblo HACHILIEHUS
MMEIOT ONMHAKOBYIO TOJNIIMHY 165 MKM (Tabi1. 2).

Ha xpuBbix JCK, cHATBIX B 00/1aCTH OTpULIATEIb-
HBIX TemnepaTyp (puc. 2a), BUTHO, YTO y BCeX UCCIIe-
JIyeMbIX 00pa3lioB HAOIIOJAIOTCS SHAOTCPMUISCKUE
MUKU, CBSI3aHHBIC C TUIaBJICHUEM CMECU PACTBOPUTE-
el B MeMOpane. TemnepaTtypa ¢a3oBoro 1epexona
(Tyn) 3aBUCUT OT cOCTaBa ILIACTU(GUUMPYOLIEH
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Puc. 1. au 6 — Kpussie TTA u JICK (crutonrHsle TUHUM) U TIepBbie Tpon3BonHbIe TTA-KpUBBIX (IITPUXOBBIE TUHUN) MEMOpaH
B JINTUEBOI (hopme, rutacTuduimpoBaHHbIX cMechbio JIMCO—SL.

CMECH U JIEXUT B MHTepBaje oT +12.9 mo —13.6°C.
3aBucUMOCTb 7§y, ; OT COCTaBa JONUPYIOIIEH cMecH
nMmeeT popMmy, OJIM3KYIO K (pa30BOIi ruarpaMme KU -
KOii cMecH pacTBopuTeJieil (IIpocTast 3BTeKTUIEeCKas
¢dopmMma, puc. 26). I3 aToro pucyHka BUIHO, 9TO IIPU
cpaBHEHUU ¢ (a30BOI JUarpaMMOi 0ObEMHBIX CMe-
ceil pacTBopuUTEleil MOI0XKEHNE IBTEKTUIECKOI TOU-
KU TSI UCCIIeTyeMBIX 00pas3L0B CIBUHYTO B 00J1aCTh
MEHBIIIETO comepkaHus cyibdonana (w(SL) = 0.56
IJ1s 0ObeMHBIX pacTBopuTteneil u 0.4 11 pacTBOpU-
Teneil B MeMOpaHe). [To Mepe puoInKeHUsI K TOUKE
9BTEKTUKU yMEHBIIAeTCs IUIOIAlb 3HIAOTEPMUYES-
CKOTO MUKa, COOTBETCTBYIOIIETO TETIJIOTE TIJIABICHUS
actudunupytomieii cmecu AH,, (11 MCXOOHBIX
pactBopureneit AH.,(SL) = 11.4 Hx/r [34] u
AH_ ,(AMCO) = 184 Ix/r [35]), 4TO MOXeT CBUE-
TEJbCTBOBATh O 3aMep3aHUU HE BCEro oobeMa pac-
TBOPUTEJISI, BBEIEHHOTO B TTOJIMMEPHYIO MAaTpUILy 3a
cUeT KaK KanwispHoro 3dd¢ekra, Tak U cojlbBaTa-

v moHoM yuTtust. Yacte cmecn JIMCO—SL Haxo-
JIUTCS B CBSI3aHHOM COCTOSIHUM C KATUOHOM JIUTUS U
He 3aMep3aeT. Pa3oBoMY Ilepexody MNOABEepraeTcs
JIMIIb 9acTh IIACTUDUIMPYIOIE CMECH, HaXOmIs-
masicst B LieHTpe mop MeMOpaHkbl. Takoe siBJieHre Ha-
OrofaeTcs Takke Ul pas3iMyHbIx (OpM MeMOpaH
Haduon, HaceieHHbIX Bogoii [38—40], AMCO [8, 21]
u cmecamu SL ¢ atuneHkapooHatom [14]. B Haweit
paborte onpenenecHUIE 40U 3aMeP3IIeT0 paCTBOPUTE-
JISI HEBO3MOXHO, TaK KaK CJIOXHO YCTAaHOBHUTbH, Ka-
KUM 00pa3oM IIPOMCXOAMT IMPOILECC COJbBaTalluu
MOJICKYJI KaXXJIOTO PACTBOPUTEJIS B CMECH IIJIST KaK-
JIOTO cocTaBa. MOXHO TOJBKO TIPEANOJOXUTh, UYTO
o Mepe npubmkeHus: cocrtaBa cMecu SL—JIMCO k
OBTEKTUYECKOMY HOJS 3aMep3IIero pacTBOPUTEIIS
CHMIKAETCSI BCIEACTBHE 3aMETHOIO YMEHBIICHUS
TEIUIOTHI IUIABJICHUSI CMECH 110 CPaBHEHMIO C Kpae-
BbIMU 3HaUYeHUSIMU (puc. 2a).
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Tabauya 2. Tonmuna (d), crenens Hacbimenus (W), HOHHad NPOBOAMMOCTD (G) M IHEPrus AKTUBALMK NpoBoaumMocTH (Ey)
00pa3noB MeMOpaHbI B 3aBUCHMOCTH OT COCTaBa miacTugukaTopa

o(SL) d,Mxm | W, % (TTA) | 6 (30°C), MCm/cMm | G (=70°C), CMm/cM For 28
BbiLie Ty, Huxe Ty, o
0.9 165 47.4 0.24 7.22-10-8 0.30 0.49
0.8 155 49.2 0.34 2.67-1078 0.27 0.59
0.7 155 53.6 0.23 788108 0.33 0.48
0.6 170 54.2 0.43 9.13-10°8 0.29 0.45
0.5 180 55.9 0.76 7191078 0.26 0.44
0.4 165 58.0 0.76 5.55-10~7 0.24 0.47
0.3 170 56.5 0.29 1.70 - 10~8 0.37 0.59
0.2 180 55.4 0.24 1.24 - 108 0.37 0.61
0.1 180 56.8 0.54 6.29-1078 0.34 0.56

M3ydyeHre MeXMOIEKYISIPHBIX B3aMOIEIICTBUIA
B MCCJIEAYyeMBbIX CHUCTeMaX IPOBOJIWIN C TTOMOIIBIO
metona MK-crrektpockonmmu. Ha puc. 3a ipencras-
JIEHBI 0030pHBIE CHEKTPHI 00pa3lioB MeMOpaH Ha-
¢duoH-Li, mmacTuduiiMpoBaHHbBIX IBOMHBIMU CMeE-
cavu JIMCO—-SL ¢ rpammMeHTOM KOHILEHTpPAIIWM
0.1—0.9 no SL. Crniektpsl MeMOpaHbl ¢ ®(SL) = 0.5,
HWCXOMHON HemaacTu(ULUUPOBAHHONH MeMOpaHbl,
CMECHU paCTBOPUTEEH 1 YMCTBHIX pacTBOpUTENei mo
OTIEJIBbHOCTH IIPEICTaBISHBI HA pUC. 36 IS JIyYIIIETO
MpencTaBIeHUs] TPOUCXOXKASHUS MOJIOC Ha CIIeKTpax
puc. 3a. O630pHEBIE CIIEKTPHI JAIOT OOIIIee IMpeaCcTaB-
JIEHHE O XapaKTepe 3aBUCUMOCTH OT COCTaBa oOpa3siia
1 IEMOHCTPUPYIOT B3aMMHOE IiepepaclipeiciicHue
MHTEHCUBHOCTEN T10JIOC MOIJIOIIEHUSI B 3aBUCHUMO-
CTH OT COOTHOIIECHMSI IIaCTUDUIIMPYIOIIETO PACTBO-
puTels B cocTaBe MeMOpaHbl. OTHeCeHME MOJI0C KO-

JIeGaHW TIPOBOAMJIM Ha OCHOBE NAaHHBLIX M3 padoT
[19, 41, 42]. bonee meranbHOE M3yYECHUE CHEKTPOB
TTOIJIOILIEHUS TTO3BOJISIET OTMETUTHL HEKOTOPHIE 0CO-
OEHHOCTU B3aMMOJICICTBUSI CMECHU pacTBOpUTEEii C
MoJIMMepHOI MaTpulieii MeMOopaHbl Hadmon-Li.

HecMotpst Ha OBICTPRII TIEpeHOC 00pa3IoB B KIOBE-
Ty CIIEKTPOMETPA, Ha CIIEKTpax HabI0aal0TCs TTOIO0CHI,
COOTBETCTBYIOILIME HAJTMUUIO BOIbI. Tak, cjiabble 1ojo-
cel V(OH) u 6(HOH) ancop6rpoBaHHOM BOIBI ¢ MaK-
CUMYMAaMH, COOTBETCTBEHHO, Iipu 3420 cm~! n 1658—
1668 cM~! HabGIIOHAIOTCS Y BCEX UCCIIEAYEMBIX 00Opa3-
1oB. IIpucyTcTBUEM HE3HAUYMTEIbHOIO KOJUYECTBA
BOIBI B 0Opa3liax MOXHO MpeHeOpeub B CHJTY He0OJIb-
1110ff ”THTEHCUBHOCTHU TIOIJIOIIEeHUSI. MeX1y TeM MH-
TEHCUBHOCTb 3TUX KOJIEOAHUI HEMHOIO CHUXKaeTcs
MpY yBEIUYEHUU KOHLEHTpaluu SL OTHOCUTENbHO
koHueHTpanuu IMCO B meMmOpane. Ha nmponopiu-
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Puc. 2. a — Kpussie JICK B 06/1acTi OTpUILIATEIbHBIX TEMIEPATYP IIAaCTU(PULIMPOBaHHBIX MeMOpaH HaduoH-Li; 6 — 3aBucu-
MOCTb TeMItepaTyphl (pazoBoro nepexona ractudukaropa JMCO—SL B meMOpaHe oT cocTaBa 3TOi cMecH (KpyXkwu). Jist
cpaBHeHMsI IpuBeneHa (a3oBas guarpamma oobeMHoi cMecu pactBopureneit JMCO—SL (utpuxoBast auHust) [32].

XUMHNYECKAS ®U3NKA

TOM 42

Ne 7 2023



28

KAIOMOB u np.

a
A
Sr_O(SL)=0.1 NM\M
o o(SL) =0.2 JH'J\. Ipl
é N . L\)(SL_) =_(?_3_ o J‘\Jr v H\'\._.W\J\Aa___
T o(SL) = 0.4
5. ©BL) =05 IJJ\M
E (SL) = 0.6
) o) =0.
P »(SL) =0.7
»(SL)=0.8
»(SL) =0.9
0 1 1 1
4000 3000 2000 _, 1000
Vv, CM
0
A SL M
o
é ZIMCO . ‘ ki
T
5}
:‘ Cwmecn pactBoputeneit ®(SL) = 0.5
=
o

Mem6pana Hadbuon-Li cyxast M
Mewm6pana Haduon-Li, o(SL) = 0.5 M

0 1 1 1
4000 3000 2000 ) 1000
Vv, CM
6
TTonocer AMCO:
2915, vi(CH3) Tonocs SL:
A v(OH) 2999, vas(CH3) _______l 2883, vi(CH2)
i ..- 2953, vas(CH2)
o(SL)=0.1
e AT
A\ e
g AR A AN i e \_\d D =03
E e n AN ' o(SL) = 0.4
5 e e ®(SL) = 0.5
T e o(SL) = 0.6
|l P
@) o(SL)=0.7
el o(SL)=0.8
M
! »(SL) =0.9
- 1 | i 1
3600 3200 2800
V,CM

Puc. 3. a — O630pHbie UK-cniekTpsr HITBO uccienyembix 06pa3iuos riactuduimpoBaHHbix Memopad Haduon-Li ¢ paznuu-
HBIM colepkaHueM ruiactudukatopa, 6 — MK-crnekrpber HITBO minactuduiimpoBaHHOM MeMOpaHbI, CyX0ii MeMOpaHbI, O1-
HapHO¥ CMeCH pacTBOPUTENIEN M KaXIOT0 M3 HUX IO OTAEIbHOCTH; 6 — KOHTYpEI nonoc V(OH), v(CH3) AMCO u v(CH,)
cynbdonana B UK-cnekrpax HITBO miactuduiimpoBaHHbIX MEMOpaH.
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Puc. 4. a — Konrypsi ronoc p(CHz) 1 v(S=0) wist AMCO, v(SO3) 1 6 — p(CF,), ®(CF,), 8(CCF), (COC) nonmmepHoii
matpuibl B UK-criekrpax HITBO mractudunupoBanubsix MeMopan Haduon-Li.

OHaJIbHOE KOHILIEHTPALIMSIM PACTBOPUTEIEH MPOHU-
KaHue B MATpUIy MeMOpaHbl yKa3biBacT B3aUMHOE
nepepacnpeneieHie MHTEHCUBHOCTEM 4YacTOT Ba-
JIEHTHOIO CUMMETPUYHOTO ¥ AHTUCUMMETPUYHOIO
KoJjiebaHuit (puc. 36) TPYIIT: METUJIEHOBOM JJIsI CYJIb-
domnana (v(CH,) ¢ makcumymoMm mpu 2883 cm~!,
V,(CH,) — nipm 2953 cm~! 1 metmbHO# mist AIMCO
(V{(CH;) — 2915 cm~ ' m v, (CH;) — 2999 cm7Y).

OmpeneanTh MTOBeAeHME CYILGOrPYIIBI TP U3-
MEHEHUM COCTaBa IUIaCTU(UKATOpPA TOCTATOYHO
CJIOXXHO, MOCKOJIbKY IMPONCXOAUT HAJIOXKEHUE TOJIOC

CUMMETPUUHBIX KosiebaHuit v(SO;) u v(S=0) pac-

XUMUYECKAS ®U3UKA Ttom42 Ne7 2023

TBOpuUTeeii (puc. 4a). [loaToMmy HauGONbIINI UHTE-
pec wist 00CYKIeHS BbI3bIBACT MTOBENCHUE ITOJIOCHI
nootomienust p(CH;) AMCO npu 952 cm~!. C
YMEHbIlIeHUeM cofiepxkaHus W(SL) B 1BOMHOM M1acTu-
dunmpyroieii cmecu IMCO—SL, kak u npearnosara-
JIOCh, HAOJTIOMAETCS YBEIMUeHe MTHTEHCUBHOCTH ITOJIO-
cbl nomtouieHust P(CH;) AMCO nponoplmoHaIbHO
yBeJIm4eH1Io nHTeHcuBHocTek v(S=0) JIMCO (1045 u
1027 cm™!), mpu 3TOM MaKCUMyM IONIOILIEHUS
p(CHs;) cmeraercs B psily yBEJIMYEHUSI KOHLIEHTPALUU
JOMCO or 965 cMm~! mna o(SL) = 0.9 1o 955 cm~! s
®(SL) = 0.1 (puc. 4a), 4TO MOXET yKa3bIBaTh Ha (hop-
MUpOBaHUEe yCTounBoro komiuiekca Lit(JIMCO), ¢
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Puc. 5. TemnepaTypHble 3aBUCUMOCTHA MOHHOM MPOBOAUMOCTH UCCIAEAYEMbIX 00pa3loB MIacTU(UILIMPOBAHHBIX MEMOpPaAH C

Pa3IMYHbIM COOCPKAHNEM HIIaCTI/I(i)I/IKaTopa.

BBITECHEHMEM MOJIEKYJ Cylb¢oHalla U3 KOOpAUHA-
LMOHHON cdepbl moHa Lit. Ha 310 Xe ykasbiBaer
YMEHbIIIEHe UHTEHCUBHOCTH T10JIOCHI TTOTIOIIEHUS
GTOpPYIrIEepOAHBIX CBI3€i MOMMMEPHONM MAaTPUIIBI
p(CF,), ®(CF,) B o6nactu 517 cm~! u mosiBnenue
rieda ripu 507 em~! (puc. 46) [19, 42].

KaTrnoHHy0 mpoBOIMMOCTh MEMOpaHbI OIpee-
JISIIA M3 aHalinu3a rogorpadoB UMIIeaHca, MPeaCcTaB-
JISIOIMX cOO0¥ MOTYOKPYKHOCTb UJIU €€ YacTh, Ie-
pexonsiyo B “iropy”. PaccuuTaHHBIE BEJIUYUHBI
MOHHOM MPOBOJAUMOCTH MPUBEIEHBI Ha puc. 5. Benau-
YWHA MOHHOW MPOBOAMMOCTU HCCJIEAYEMBbIX 00pa3-
oB MmeMo6paHbl HacduoH-Li npu 30 °C nexxut B 06.1a-
ctu 0.23—0.76 MCMm/cMm (puc. 5, Tabm. 2). Makcumym
MOHHOM MPOBOANMOCTH HAOII0OHaeTCS 111 3HAYCHU I
®(SL) = 0.4—0.5 (061aCTh TOYKM IBTEKTUKHU CMECU
AMCO-SL B MeMOpaHe).

TemnepaTypHble 3aBUCUMOCTY NOHHOM IIPOBOIN -
MOCTU JIMHEHHBI B KOOpJAMHATaX ypaBHEHUS Appe-
Huyca: 6 = 6yexp(—E,/kT). Habmomaemble mepe-
ri6nl B nuamna3oHe —20+—30°C cBUIETEIBCTBYIOT O
cyuiectBoBaHuu (aszoBoro mepexona Il poma, cBs-
3aHHOTO C 3aMep3aHUeM IUIaCTU(MUIIMPYIOMIE cMe-
cu B MeMOpane. OTianyne TeMIiepaTyp ¢a3oBoro Iie-
pexona ot gaHHBIX JICK MoxkeT ObITh 00YCIOBIIEHO
TeM, YTO He3zaMmep3aromias yactb cmecu JJMCO—SL,
HaxXodIIascs B CBI3aHHOM COCTOSIHUMHM ¢ Li*, mpo-
JIOJDKAaeT y9acTBOBATh B IlepeHoce kKaTtnoHa. Kak mo-
Ka3aHo paHee, 13 gaHHbIX MK -criekTpockonuu BU -
HO, YTO MOHOM JIUTUS B HCCJIEIyeMOM OMHapHOM
CMEeCH pacTBOpUTEJIel COIbBATUPYIOTCS MPEUMYIIe-

ctBeHHO Mosekyiabl JAMCO. Takag wm3ompaTeirb-
HOCTh B 00pa30BaHUM KOMOMHHUPOBAHHOI COJIbBAT-
HOIM 000J10uKM HabonaeTcst y MemopaH HacduoH-Liu
HadwnoHn-Na, mmactuduiiipoBaHHbIX IPYroil mapoi
pactBoputenieii (SL—atmnenkapbonar) [14, 26, 27].
Tak, B ykazaHHBIX paboTax ObUIO MOKa3aHO, YTO B
COJIbBATHOI 0007104Ke KaTUOHA KaK JIMTUS, TaK U Ha-
TPUSI B CMECSIX TMX pacTBopuTesieil mpeobiiamaror
MOJIEKY/Ibl KapOoHaTa, TOrma Kak Cyab(ojiaH Haxo-
JIUTCSI B CBOOOIHOM 0O0BbeMe Mopkhl. [1pu aToM HITKe
TeMIieparypbl (pa30BOro nepexoaa, B OTIUUKUE OT KU/ -
KMX DJICKTPOJIMTOB, MIOHHAS IIPOBOIMMOCTD UCCIIeaye-
MBIX TOJIMAJIEKTPOINTOB COXPAHSIETCSI, HECMOTpPSI Ha
cHMKeHue ee BemnunHbl 10 1077—10-8 CMm/cM, a sHep-
Y8 aKTUBALMU IPOBOAUMOCTHU Ky, paccuuTaHHas U3
yIJIa HaKJIOHA IIPSIMBIX, YBeIUIuBaeTcs B 1.5—2 pasa
(Tabsn. 2).

JIyd1um ¢ TOUKY 3peHUs MIOHHO# MPOBOAMMOCTU
saBisieTcss obpazelr ¢ W(SL) = 0.4. DTo, mo-BUAUMO-
My, OOBSICHSIETCS TeM, 4TO y TaKoil MeMOpaHbl Ha-
¢uoH-Li HaumeHblasi O0Js TJacTUhULUpYoLIeit
cMecu ToaBepraeTcst (a30BOMY IMEPEXOy, YTO MO/~
tBepxKmaeTcd maHHbIMU JICK B 061acTi oTprarenb-
HBIX TemnepaTyp. Ilo BeaImunHe MOHHONM ITPOBOIU-
MOCTHU B 00J1aCTU MOJOXUTEIbHBIX TEMIIepaTyp, UC-
clienyeMble B Hallleil paboTe CUCTeMbl HE yCTyIaloT
paHee M3yYEeHHBIM JIMTUM-IIPOBOMSIINM IMOIUMEP-
HBIM 3JIEKTPOJIMTaM, BEJIMYMHBI IIPOBOAUMOCTH KO-
TOPBIX ITpUBeneHBI B 0030pe [43]. [Ipu aTOM OHU 06-
JIaIaloT IPEeuMYIIIeCTBOM 3a CUET paCIIMPEHHOIO UH-
TepBaja pabodymx TeMIlepaTyp II0 CpPaBHEHUIO C
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HMCIOJIb30BaHEM MHINBUIYAIbHBIX PACTBOPUTENECH,
Hanpumep, kapooHatos, AIMCO unu amugoB. CTout
OTMETUTh, UYTO, IOMUMO 3JICKTPOJIMTA, IJIs pa3pa-
o0otku 3¢pdexTnBHO padorarommx JIMA, ocobeHHO
Ipy OONBIINX HAMPSIKEHUSIX, HEOOXOOUMO ITPOBO-
JIUTh PaOOTHI IO MOKUCKY U UCCIICIOBAHUIO TTOAXOISI -
LIMX 3JEKTPOAHBIX MaTepuaioB [44—46].

4. 3AK/IIOYEHUE

M3ydeHbl (pU3MKO-XUMUYECKME IMapaMeTphl (B
TOM YMCJI€ 3JEKTPOTPAHCHOPTHBIE U TEPMUYECKHUE, a
TaKK€ XapakKTep MeEXKMOJEKYISIPHBIX B3aMMOMACH-
CTBUIT) TTOIUMEpHBIX MeMOpaH HaduroH B TuTHEBOM
dopMe, TIacTUGUIUPOBAHHBIX CMECHIO PaCTBOPH-
teneii IMCO—-SL. U3 nanabix UK-cnekrpockonuu
npu 6osbioM cogepxkanuu JIMCO B cMecu pacTBO-
puTelieii HaOogaeTcss oOpa3oBaHME YCTOMYMBEIX
koMmruiekcoB Li"(IMCO), ¢ BBITECHEHUEM YacTh
MOJIEKY CcynbgoiaHa U3 KOOPAMHAILIMOHHON cephl
noHa mtus. BapsupoBaHueM cocTaBa IutacTU(UIIN -
pylolieit cMecu MOXXHO TOOUThCS CIBUTA TeMIIepaTy-
puI pa30BOTO MEpexoaa, CBI3aHHOIO C 3aMepP3aHUEM
cMecHu pacTtBopurtelieil B MeMopane, 1o —13°C ¢ co-
XpaHEHUEM JIMHEMHOCTU TEMIIEPATyPHOU 3aBUCUMO-
CTH MOHHOM ITpoBoauMOocTH BILIOTh 10 —30°C. I1pu
sToM gaxe rpu —70°C coxpaHsieTcsI MIOHHas IPOBO-
auMocTb ~1077—10~% Cm/cM, 4TO CBUAETENBCTBYET O
COXpaHEHUM TMOJABUXXHOCTU MOHA JIUTUS 3a CUET 00-
pa3oBaHMUs KOMOMHUPOBAHHOM COJIbBATHOIT 000109~
ku. Hanbompime Bemmunabl (0.76 MCM/cM TIpU TeEM-
nepatype 30°C) moHHOIi mpoBoaUMOCTU MeMOpaH Ha-
¢uoH, mnactudupoBaHHbIXx cMmecbio JIMCO-SL,
JIOCTUTAIOTCS TIPU coJiepKaHUU cybdoiaHa ®(SL) =
= 0.4—0.5, mosTOMYy MOJMMEPHBII 3JTEKTPOJIUT TAKO-
IO COCTaBa SIBJISICTCS IIEPCIEKTUBHBIM JIJIsS IIpUMEHEe-
HHS B HOJIMMEPHBIX JIUTUI -MOHHBIX aKKyMYJISITOpax.

DuU3nKo-XUMHUYECKUE CBOMCTBA 3JIEKTPOJIUTOB
M3yYaJIUCh B paMKax TOCYIapCTBEHHOIO 3amaHusl
DOUIL TIXD u MX PAH (tema Ne AAAA-A19-
119061890019-5). MoH-nipoBOASIIIE CBOMCTBA MEM-
OpaH wMccienoBajluch B paMkax rocszagaHuss ®OUIL
IIX®D 1 MX PAH (tema Ne HUOKTP 122112100037-4).
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