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JOCJILIZKEHHA CTPYKTYPHU TA TEINVIO®PIBUYHUX
BJACTUBOCTEM 3IIUTUX ITIOCC-BMICTHUX ITY

O0HUM 3 nepcheKMUBHUX HAYKOBUX HANPAMKIE € CMBOPEHHS 2IOPUOHUX Op2aHO-Heop2aniuHux Mamepianig. L]e snauno
poswuproe  dianazon eiacmusocmell, AKI HeOOXIOHI 0N CYYACHUX MeXHONO02IYHUX 6umoe.B Oawili pobomi
CUHME308aHO 3WUMI 2IOPUOHI OP2AHO-HEOPSAHIYHI CUCMEMU, SIKT 8 NOOAIbULOMY MONCYMb OVMU GUKOPUCMAHHI OJis
OMPUMAHHA  NPOMOHNPOBOOAYUX MeMOpaH 600HesUx O0suzynie. Memooom po3Cilo6anHas penmeeHi8CbKo2o
BUNPOMIHIOBAHHS ) BEIUKUX KYMAX ma Memooom ougepenyitino-ckanyrouoi karopumempii ([{CK) odocnioceno
CMPYKMypy OmpuManux mamepianie. Bemawnoeaeno, wo 3azanvha amopguicms monkoi cmpykmypu 00Caiosncy8anux
11V (noniypemanis) 3ymoenena, ax 30amuicmio cymiuti onicoCUNCECKBIOKCAHIB 00 3MEeHUeH s WilbHOCMI NOXIMepHOT
mampuyi, max i He3Haunow 30amuicmio cymiwi I[IOCC (noniedpanvHux oOnicomMepHux CuicecK8iokcanis)oo
CMEOPEHHs KPUCMAi6 ma Kpucmaiimis.

Knrouosi cnosa: nonimepna mampuys, numoma MenioEMHICMb, amMop@Hicmb, 2IOPUOHI OpeaHO-HeOP2aHiyHi
Mmamepianu.
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MocranoBka mnpodaemu. OgHMM i3 crOCOOIB OJEp)KaHHS MarepialiB 3 MOMIMIIEHMMU ab0 HOBHUMH
BJIACTUBOCTSAMH € CTBOPCHHS TiOpPHIHHMX OpPraHO-HEOPraHIYHUX MaTepialliB, M0 J03BOJIE IMOEIHATH IMO3UTHBHI
BJIACTHBOCTI BUCOKOMOJIEKYJISIPHUX OPTaHIYHHX Ta HEOPraHIYHMX pe4oBHH. HalO1Ib 11010 EPENOHOI0 IPH CTBOPEHHI
TaKAX MarepiajiB € CKJIAJHICTh y 3a0e3MeUYeHHI PIBHOMIPHOTO pO3MOiny (as3a pi3HOI MPUPOAU OCKIIBKA BOHH €
TEPMOJMHAMIYHO HECYMiCHUMHU.

AHani3 momepemaHix mocailkeHb. Y 3B’SA3Ky 3 3arajibHOI0 HAyKOBOIO MPOOJIEMOIO TEpPMOJMHAMIYHOT
HECYMICHOCTI MOIOHAX CUCTEM B OCTaHHI ACCATUPIYYS ICHYE 3HAYHHN iHTEepecC 0 TiIOpUAHUX OpraHO-HEOPTaHITHUX
MaTepialiB, B AKHX OfHa i3 (a3 mMae HaHopo3Mmipu [1, 5, 6]. Lle mae 3Mory moemHATH BIACTHBOCTI OpraHigHOI Ta
HeopraHiuHoi (ha3u Ha MOJEKYISIPHOMY DiBHi. 3aBISKH YOMY IOCSTAETHCA 30LTBIICHHS >KOPCTKOCTI Ta MIITHOCTI
MaTepialiB, MOKPANIYIOTHCS iX 3aXUCHI BIACTHBOCTI, MiABHIY€ETHCS PIBEHD MPOBIAHOCTI ENEKTPUIHOTO CTPYMY YU
MPOCTO 3HIDKYETHCS 1X BapTicTh. Lle mae 3Mory J0 MIMPOKOTO 3aCTOCYBaHHS TAaKHWX TIOPUAIB B MIKPOEICKTPOHIII],
OIITHIIi, CEHCOpaX, KaTali3i, KepaMilli, MATNBHUX SIIEMEHTAaX Ta iH.

MeTto10 crarTi € CHHTe3 Ta AOCIHIKEHHsS CTPYKTYPH Ta TeIUIOo(i3MYHHMX BIACTHBOCTEHl OTPUMAaHUX 3MIUTHX
IMTOCC-BmicHux I1V.

Metoauka po6oru. CHHTE3 3MIMTHX TIOpUIHUX opraHo-HeopraHiyHux cucreM. s cuntesy [IOCC-ITY-Si 3a
YUaCTIO KaJli€BOi COJIi CyJb(aHiIOBOT KMCIOTH BUKOPUCTOBYBAJIM HACTYITHY METOIUKY. Ha mepruiii cTafii 10 po3uuny
1,002 r (0,0125 r-exkB) cymim IIOCC B 4,737 v JAM®A pomaBamu 1,546 r (0,0063 r-ekB) 3-
(i3omianaronpormin)rpueTokcucmiany. Peaknito npoBoauiu B 35% pozunni IM®A 3a temneparypu 80°C npotarom
8 ronuH 1 3anmummany Ha Hid. [Ticns mporo go cucremu gonasamy pozdrnH 10,502 1 (0,0125 r-exs) IOI1-2 (cunTe3yBaNMH
peakiieto orniro(okcuetnieH riikomo) Mn=1000 3 nqokpaTHrM MoipHEM HagmwumkoMm THI) B 52,783 r JIM®A i
nigHiManu Temnepatypy o 80°C. Xig peakiii KOHTpooBay, Bu3Ha4aroud BMicT NCO TrpyIr B CyMilli THTPYBaHHIM
3rinHo cranaaptHoi MetoaukH. Ilicnst nocsraenss BMicty NCO rpyn 6JM3bKOTO 10 TEOPETHYHO 00paxoBaHOTO, 110
peakmiitHoi cymimi momaBanu po3uuH 1,367 r (0,0084 r-exB) kamieBoi coii cynb()aHIIOBOI KUCIOTH i BUTPHMYBAIH
NpoTAroM Iectd rofuH. Ha ocranHbOMy erami g0 peakuiiinol cymimi nonaBanu 0,335 r Boxu HeoOXimHOI Juis
rigpomni3y. Peakuito mpoBoguiau mpotsroM 6 roxa. OTpuMaHMi PO34YMH BWIMBAIM Ha TE(IIOHOBY IMiAKIAIKY,
BUTPUMYBAJIH MPOTAroM 24 roj 3a KIMHATHOI TeMIeparypH, a Aaji 3a IMOHWKEHOTO THCKY i Temmepatypu 75°C
npotsiroM 4 roz ta 3a remneparypu 100°C potsrom 2 rox.

Cunte3 TTOCC-ITY-Si 3a yuacTio iHmUX coieit TyXHHX MetamiB cynabdanizoBoi kucioru (ITET-SOsLi,
MET (nonierunenrnikoinb)-SO3Na, [TET-SO3K) 3aificHioBai 3a aHAIOTIYHOI METOMKOIO.

Buknax ocHoBHoro marepiamy. OgHuM i3 crioco0iB ofepKaHHS MaTepiajliB 3 IOJINIIEHUMH a00 HOBHMH
BJIACTHBOCTSIMH € CTBOPEHHS TiOpWIHMX OpraHO-HEOpraHiYHMX MarepialiB, IO J03BOJIIE TOEIHATH ITO3UTHBHI
BJIACTHBOCTI BUCOKOMOJIEKYJISIPHUX OPraHIYHUX Ta HETPariYHuX pedoBHH. Hai0inb11010 MepenoHoo pyu CTBOPEHHI
TaKUX MarepiasliB € CKJIAJHICTh y 3a0e3leueHH] piBHOMIpPHOTO po3mnonainy ¢asa pi3HOI NPUPOAN OCKIIBKH BOHHU €
TEpPMOJMHAMIYHO HeCyMiCHMMH. ToMy B OCTaHHI JecATHpiuYs iCHye 3HA4HMI iHTepec a0 TiOPUAHUX OpraHo-
HEOpraHiYHUX MaTepiaiiB, B KX OAHA i3 (a3 mae HaHOpO3MipH. Lle 1ae 3Mory TO€THATH BIaCTUBOCTI OpraHigHOI Ta
HeopraniuHoi (a3 Ha MOJISKYJSIPHOMY DPiBHI. 3aBISKH YOMY JTOCSTAETHCS 30UIBIICHHS JKOPCTKOCTI Ta MIITHOCTI
MaTepialiB, MOKPALTYIOTECS 1X 3aXMCHI BIACTUBOCTI, MiJBUILY€ETHCS PIBEHD MPOBIAHOCTI EIEKTPUIHOTO CTPYMY YU
MIPOCTO 3HIDKYETHCS 1X BapTicTh. Lle mae 3MOry 10 MIMPOKOTO 3aCTOCYBAaHHS TAaKHMX TiOpWAIB B MIKPOEJIEKTPOHIIi,
OIITHIIi, CEHCOpaX, KaTaji3i, Kepamilli, MaTuBHUX eleMeHTax Ta id. [1-7].



Pesynmprarm Ta ix oOroBopeHHSA. CTPYKTYpy OTpPHUMaHHMX 3pa3KiB JOCTIDKYBIM METOJOM pPO3CIFOBaHHS
PEHTTEHIBCHKOTO BUITPOMIHIOBAaHHS Y BEMMKUX KyTax Ha ycraHoBIi JIPOH-4-07. Ha puc. 1 HaBeeHO MUPOKOKYTOBI
npodini po3scitoBanHs 3a KiMHaTHOT Temrieparypu i 3muTx [TOCC-BmicTtHuX ITY, rHYYKH# 070K SKUX MICTHTD
IET. 3 pumc. 1 BuaHO IO, HE3BakKalOWM Ha KpucramigyHy mnpupoxy uuctoro [IED, mpodim po3ciroBaHHA
nmocikyBaHux 3mmtux [1Y 3a KiMHaTHOT TeMmnepaTypu MaroTh Anudy3Hui xapakrtep. Lle cBiqunTh mpo amop¢HICTH
TOHKOI CTPYKTYpPH JaHUX CHCTEM. 3HAUeHHS MUKIUIOIIMHHUX BiJCTaHEH, SKi BiAIIOBiAAaIOTH KYTOBHM ITOJIOKEHHS
MakcuMyMiB amop¢Horo rano npodini IIIKPPII, Dy, Ta BianoBiHi 3Ha4eHHS KyTOBOTO PO3MIMPEHHS qu(paKkuiiHIX
MaKCHMYMIiB, B, HaBeeHi B Tabu. 1.

3 Tabn. 1 BuAHO, MmO A8 yCiX TPhOX 3MWUTHX riopumHux I1Y, raydxuii 6sok sikux mictuts I1ET, 3HadeHHs
MDKIUIOIIMHHUX BIJICTaHEHW Maike CHIBIaAaloTh Ta NpHONIM3HO nopiBHIOOTE 0,22 HM. Takox Ui LUX CHCTEM 3
BUKOPHCTaBIIM 3HaueHHs [ Ta piBHsHHSA Lllepepa Oyno po3paxoBaHo (opMaibHy 30HY KOPEALil MIXKILIOIIUHHUX
Bigcraneil, L. Ockijbky YMCIOBI 3HAUEHHS L[LOTO HapaMeTpy s pociikyBaHux 3mutux [TIOCC-BmictHux 1Y
MeHIi 3a 2 #HM (Tabu. 1), To 1e miaTBepIKye aMop(HUI XapakTep CTPYKTYpPH IIAX CHCTEM.
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Puc. 1 — IIpodii inTencuBrocti INKPPII 3miutnx IOCC-BmicTHux ITY, rayukmnii 610k sikux micruts [IET

Tabauus 1- [Iapamerpu Tonkoi cTpykrypu 3muTux [HOCC-BmicTaux ITY, ki po3paxosani 3 nanux IIKPPII

3pasok Dm, M B, rpan L, am
ITET- SOsK 0,215 7,99 1,07
ITET- SOsLi 0,215 8,64 0,99
ITET- SOsNa 0,216 8,96 0,95

TakuMm 4rHOM BIIEpIe BCTaHOBIEHO, 1o 3mmTi [1Y Ha ocHoBi IIEI Ta cymimeit [IOCC ¢GpopMyIOTh MTOBHICTIO
amMop(dHY CTPYKTYpY, Ha BIIMiHY BiJl aHAJIOTIYHUX cHCTEM Ha ocHOBI okTaeapaibHuX [IOCC. [IpuuoMy yTBOpeHHIO
KpHUCTaiB 3 opraHiuHoi (a3u 3aBaxkae HasBHICTH cymimi ITIOCC, CBO€0 NPHUCYTHICTIO OJITrOCHIICECKBIOKCAHI
NPU3BOJNUTH 10 3MEHIICHHS IIUIBHOCTI MosliMepHOI Marpuli. B cBoio uepry HeopraHiuHa ¢asza TeX HE yTBOPIOE
KPHUCTaIN YU KPHUCTAJITH, OCKITBKH, B IIOPIBHAHHI 3 OKTOEAPANTEHUMHE OJirocmiceckBiokcanamu, cymim [TOCC mae
HabaraTto MEHIy 3/aTHICTh 10 KPUCTAJi3allii.

[TuTOMy TETIOEMHICTD JOCITIKYBaIM METOOM Au(EpeHIIiitHOI ckaHyto4oi kagopumeTpii. Ha puc. 2 HaBeneHO
TepMorpamMu 3mmTuX TiopuaHux [1Y, rHydkumit Onok saxux wmictute IIEI. Ha npuBemeHmx TepMorpamax
CIIOCTEPITaloThCS TIBKHU CKAYKH TETNIOEMHOCTI, 110 BiJIIOBIJAIOTh IpoIiecaM CKIyBaHH:. Lle miaTBep1Kye BUCHOBKH
mocumikens  meromom IHKPPIIL, mo g0 amopduocti 3mmtux ribpumanx [IY  Ha ocHOBI  cymimni
OJIIrOCHIICECKBIOKCAHIB.

BinnosinHi TemniepaTypu ckiyBaHHs, Tg, 1uis 3mutux [1Y HaBeneHo B Tab. 2.

3 Tabi1. 2 BUJTHO, 1110 BapilOBaHHS MIPUPOJIHU KIHIEBHUX TPYI THYYKOro 070Ky B 3mmuTHX I1Y npu3BoANTb 10 3MiHH
BEJIMUMHHM TeMIIepaTypH ckiryBaHHs Ha 14 K BinmosiznHo.



Omxe, IOCHIHKeHHS Temo(i3nyHuX BiIacTUBOcTed maHuX riopumaux I[1Y wmerogom JICK migrBepmvmm
aMop(dHICTh iX TOHKOI CTPYKTypH. 3arajbHa aMOp(HICTh TOHKOI CTPYKTYpH JOCTIKyBaHux IIY 3yMoBieHa, sK
3IaTHICTIO CYMIIlli OJIITOCHJICECKBIOKCAHIB JI0 3MEHINECHHS MIUIBHOCTI TMOMIMEpHOI MaTpulli, Ta i HE3HAYHOIO
3patHicTio cyMimmi [IOCC go cTBOpeHHS KPUCTAJIB Ta KPUCTATITIB.
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Puc. 2 — Tepmorpamu 3mutux riopuguux Iy

Tabauusa 2 — 3nayeHHs TeMneparypu ckiayBaHus 3mMTux [IOCC-pmictaux ITY

3pa3ok Tg. K
ITET- SO3K 276
ITEI- SOsLi 262
ITET- SO3Na 266

BucnoBku. Beranosneno, 1mo BapiroBaHHs npuponau 6iunux rpyn [TIOCC npusBoauTh 10 3MiH TeMIeparypu
CKJIyBaHHS JIOCHIKYyBaHHX riOpuaHux cucreM. OTxe, BUII MepepaxoBaHi 3MiHM NPU3BOIATE A0 3MIH XapakTepy
cTpykTypyBaHHA B TiOpumaux [1Y. Ockineku mocmimkerns meronom [IIKPPIT BusBmIO moiOHICTE TOHKHX CTPYKTYP
nmaanx [IOCC-pmictHux [TV, To BimmOBiTHI BIAMIHHOCTI XapakTepy iX CTPYKTYpYBaHHS IPOSBISIOTHCS TITBKH Ha
ORI BUIIMX CTPYKTYPHHX PIBHAX, a caMe Ha PiBHI MiKpo(a30BOi CTPYKTYpH.

IlepcieKTHBH MOJAJBIIMX AOCHIIKeHb. J[OCHi/KEHHS B HANpsIMKy CTBOPEHHS HAaHOCTPYKTYPOBaHUX
riOpuAHNX OpraHO-HEOPTaHIYHMX CUCTEM Ta HAHOKOMIIO3HTIB.
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One of the promising scientific directions is the creation of hybrid organo-inorganic materials. This expands greatly the
range of properties that are required for modern technological requirements. The biggest obstacle in creating such
materials is the complexity of ensuring the uniform distribution of the phase of different nature because of their
thermodynamically incompatible. Therefore, in recent days there is considerable interest in hybrid organo-inorganic
materials, in which one of the phases has nanoscale. This allows to combine the properties of the organic and inorganic
phase at the molecular level. This method leads to increasing of rigidity and strength of materials, their protective properties
are improved, the level of conductivity of electric current increases or their cost is simply reduced.

Research in the direction of the creation of hanostructured hybrid organo-inorganic systems and nanocomposites received
a new impetus in the appearance of polydal oligomeric syssquioxanes (POSS). Due to the possibility of injecting polydrug
nucleus of silscvioxanes to side groups of various nature, it is possible to regulate the degree of affinity of sialsecvioxanes
with a polymeric matrix and to program the structure and properties of hybrid materials at the nanoscale. Also, due to such
features of POSS it is possible to receive hybrid materials on their basis with different morphologies: linear, branched,
cross-linked and star-shaped systems.

Among the silicon-containing substances, POSS occupy an intermediate position between siloxanes and silicates. On the
other hand they can be attributed to spherical siloxanes because they consist from polyhedral structures that are
morphologically equivalent to the sphere. Due to the presence of functional groups it is possible to rid the significant lack
of siloxanes (not form fibers and films) because of their low intermolecular interaction. Syscvioxanes can be processed at
lower temperatures, both in pure form and in mixtures, and also they do not contain traces of metals. Systems based on
polymers and POSS have synergistic properties (they are capable of self-rganization). The ability to self-organize of the
systems on the basis of the POSS is very important. It allows to receive organo-inorganic materials with a more perfect
structural hierarchy . In this work it were synthesized cross-linked hybrid organo-inorganic systems, which can be further
used to obtain proton-conducting membranes of hydrogen engines.The method of X-rays scattering in large corners and the
method of differential scanning calorimetry (DSC) were used to study the structure of the obtained materials. It was
established that the general amorphism of the fine structure of the investigated PU is due to the ability of the mixture of
oligosilvesquioxanes to decrease the density of the polymer matrix, and the insignificant ability of the mixture of POCs to
create crystals and crystallites.

Keywords: polymer matrix, specific heat capacity, amorphous, hybrid organo-inorganic materials.
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