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Thus, criterion (1) provides the maximum of an entropy estimate, which is calculated by the elimination of any
column, their pair, triplet, etc. in the matrix of the experiment.

Criterion (2) maximizes the scope of the experiment, which is also a condition for increasing its informativity and
contributes to minimize the estimates variation of the model coefficients independently of its structure.

1t should be noted that the use of the criteria in sequence (1) - (2) is effective.

A specially created software complex realizes the original method of an experiment.

planning .

Thus, in the article for the research of complex processes, where the extraction of organic substance from fibrous
semi-finished products belongs, a plan of experimental research has been developed. Synthesis of such plans is
going on with the use of criteria and a special dialogue sofiware system, which provides maximum informativity, as
well as soundproof of experimental research.

The next step of the study is the creation, using computer technologies, of adequate mathematical models that are
suitable for modelling purposes, namely: for forecasting the levels of water streams pollutions of paper and
paperboard production with water-soluble organic, as well as mineral components.

Key words: experiment matrix, criteria of maximum informativeness, water system, paper and paperboard
production, organic water-soluble substances.
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AOCIKEHHS CTPYKTYPHU TA TEINIOPIBUYHUX
BJACTHUBOCTEUN 3IINTUX HOCC-BMICTHHUX ITY

OOCHUM 3 NepCNeKMUSHUX HAVKOBUX HANPAMKIG € CMGOpeHH: 2IOpUOHUX OpeaHo-Heopeawiumux Mamepianie. [[e
3HAYHO PO3UUPIOE OIANA30H GAACMUBOCIE, AKi HEOOXIOHI OISl CYHACHUX MEXHON02IYHUX 8umo2.B oaniti pobomi
CUHME3068AHO UM 2IOPUOHI OP2AHO-HEOPLAHIYHI CUCIMeMU, SIKI 8 NOOAILULOMY MONCYMb OYMU GUKOPUCAHHT Ol
OMPUMAHHA  POMOHNPOBOOAUUX MeMOpaH GOOHesuUx OsuUcyHig. Memooom po3CitogaHHs peHmeeHiecbKoeo
BUNPOMIHIOBAHHA Y GeNIUKUX KVIMAX mMa Memooom oughepenyitino-ckanyrouol xanopumempii ([{CK) oocnioxcero
CMpYKmypy —ompumManux —mamepianie. Bcmanogieno, o  30201bHA  AMOPQHICME  MOHKOI  CMpYKmMypu
oocnioxcysanux 11V (noniypemanig) 3ymosenena, ax 30amMHICMIO CYMilti ONieoCUNCECKGIOKCAHIE 00 3MeHULeHHS
WinbHoCcmi noaiMepHoOl mMampuyi, max i HesHaunow soamuicmio cymiwi [TOCC (nonieOpanvhux onicoMepHux
CUTICECKBIOKCAHIB)O0 CMBOPEHHS KPUCMATIE Ma KpUCMATimis.
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HocranoBka npobaemu. OmHuM 13 CrHOCOOIB OJEp)KAHHA MAaTepiamiB 3 MONIMIICHHMH a00 HOBHMH
BIIACTHBOCTSAMH € CTBOPCHHA TIOPHIHHX OPTaHO-HCOPTAaHIYHHUX MATCpiajiB, IO J03BOJIAE MOETHATH MO3HUTHBHI
BIIACTHBOCTI BHCOKOMOJICKYJ/UIDHHX OPTaHIYHMX Ta HCOPTAHIUYHUX PEUOBHH. HalOInbmIOI0 TNEperoHO0 IpH
CTBOPCHHI TAKMX MATCPIaNiB € CKIAAHICT ¥ 3a0C3ICUCHHL PIBHOMIPHOTO PO3mOainy (haza pi3HOI MPHPOIH OCKITEKA
BOHH € TEPMOJMHAMIYHO HECYMICHHUMH.

Ananmiz momepeaHix MOCTIKeHbL, Y 3B'A3KY 3 3arajlbHOI0 HAYKOBOK MPOOJICMOK) TCPMOIHHAMIUHOL
HECYMICHOCTI TOJIOHMX CHCTEM B OCTaHHI JCCATHPIMYA ICHY€ 3HAYHHH IHTEpeC [0 TiOpHAHHUX OPTaHo-
HCOPTAHIYHHUX MaTepiajiB, B SKUX OxHA i3 (a3 mae HamoposMipu [1, 5, 6]. Lle mae 3MOTy MOETHATH BIACTHBOCTI
OpraHivHoi Ta HEOPraHiyHOi (Ja3um HA MOJNEKYJSIPHOMY PIBHI. 3aBASAKH HYOMY AOCATAETHCA 30IIBINICHHS SKOPCTKOCTL
Ta MIIHOCTI MAaTEPiajiB, MOKPALIYIOTHCS IX 3aXHUCHI BIACTHBOCTI, ITABUILYE€THCS PIBEHb MPOBITHOCTI CICKTPHIHOTO
CTPYMy YH TPOCTO 3HIDKYETBCA iX BapTiCTh. Lle mae 3MOry [0 IMHPOKOTO 3aCTOCYBAHHSA TAaKWX TiOpHIOIB B
MIKpPOCTCKTPOHII, ONTHIN, CCHCOPAX, KATaji3i, KepaMili, MATHBHHEX CJICMCHTAX Ta iH.

MeTo10 CTAaTTI € CHHTE3 Ta JOCHIKCHHS CTPYKTYPH Ta TEIIO(I3MIHHX BIACTHBOCTCH OTPHUMAHHUX 3IIHTHX
TMOCC-pmicHux [TV,

Meroanka podorn. CuHTE3 3IUTHX TOPHAHKUX OpraHo-Heopranivyaux cucrteM. [t cunresy [IOCC-ITY-Si 3a
VYaCTIO Kali€BOi couli CyJib(DaHiTOBOi KHCIOTH BHKOPHCTOBYBAJIM HACTYNHY METOAMKY. Ha mepmiii cramii mo
po3umHy 1,002 T (0,0125 r-¢kB) cymimi I[TOCC B 4,737 v IJM®PA nomasamm 1,546 t (0,0063 r-¢kB) 3-
(i301IAHATOIPOTILT) TPHETOKCHCHIAHY. Peakmito mpoBoawan B 35% posumni JIM®PA 3a temmeparypu 80°C
mpoTsaroM 8 TOAWH i 3aymmamy Ha Hid. [Ticas mporo a0 cucteMu momasamd posunH 10,502 1 (0,0125 r-exs) 1OI1-2
(CHHTE3YBAIM PCAKIIEI0 OMTO(OKCHCTHIICH Tikom0) Mn=1000 3 aBokparHuM MoapHEM HagmmmkoM T/I) B 52,783
r JIM®A i migaimama temneparypy 1o 80°C. Xix peaxuii koHTpoOBaMH, BusHauaud BMicT NCO rpym B cymimi
THTPYBAHHAM 3TimHO cTaHmaptHoi Metomuku. [licas mocsaraeHHA BMicTy NCO rpynm OIHM3BKOTO A0 TCOPSTHUHO
00paxoBaHOTO, M0 peakniitHoi cymimi aomasamu posuwH 1,367 T (0,0084 r-¢KB) KamieBoi COM CyIb(aHIIOBOI
KHCJIOTH 1 BUTPHMYBAJIH MPOTATOM IIECTH ToauH. Ha ocTaHHbOMY eTami 10 peakuiiHoi cyMimi gomasamm 0,335 T
BOOM HEOOXimHOI A Tiapomisy. Peakuwiro mposommm mporsiroM 6 rox. OTpUMaHHH pPO3YMH BHJIMBATH HA
Te()IOHOBY MIAKIAAKY, BATPHMYBAIH MPOTATOM 24 TOT 32 KIMHATHOI TCMICPATYPH, a JAJT 32 MOHIKCHOTO THCKY 1
temmeparypu 75°C npotsirom 4 roz ta 3a remmeparypu 100°C mpoTsrom 2 o,

Cunre3 TTOCC-ITY-Si 3a yuyacTio IHIIHX COJIEH IyXHHX MeTams cyibaninosoi kucinoru (ITEI-SO;Li,
TEI (momieTuneHrIiko b)-SOsNa, ITEI'-SO;K) 3aificHIOBaIH 32 AHAJIOTITHO METOIUKOTO.

Buxaanx ocnoBaoro marepiamy. OmHEM i3 cocoOiB OACP/KAHHA MaTepiaiiB 3 MOJIMIIEHUMH a00 HOBHMH
BIIACTHBOCTSAMH € CTBOPCHHA TIOPHIHHX OPTaHO-HCOPTAaHIYHHUX MATCpiajiB, IO J03BOJIAE MOETHATH MO3HUTHBHI
BIIACTHBOCTI BUCOKOMOJICKY JIIPHIX OPTAHIYHHUX Ta HETPAriYHMX peuoBHH. HaWO1IbIIO0 IIEPEIOHOIO IIPH CTBOPEHHI
TAKUX MAaTepianiB € CKIATHICTh v 3a0e3NeUeHHl PIBHOMIPHOTO PO3NOAiNy (a3a pi3HOI MPHPOAM OCKIIbKH BOHH €
TECPMOJMHAMIYHO HECYMICHHMH. TOMy B OCTaHHI JACCSATHPIYYA ICHYE 3HAYHWM iHTEpeC A0 TiOPUIHUX OPraHO-
HEOPTaHIYHUX MaTepiajiB, B AKUX O4HA i3 (a3 Mae HaHOPO3MipH. Lle mae 3MOTy MOETHATH BIACTUBOCTI OPTaHITHOL
Ta HCOPTaHIYHO1 (ha3: HA MOJCKYLIPHOMY PiBHI. 3aBIAAKH YOMY JOCATAETHCA 30LTBIICHHS MKOPCTKOCTI Ta MITHOCTI
MaTepiaiiB, MOKPAILYIOTHCS IX 3aXHCHI BIACTHBOCTI, IMiIBUILY€THCS PIBEHB IMPOBITHOCTI CICKTPHIHOTO CTPYMY UM
MPOCTO 3HIKYETHCS IX BAPTICTh. Lle Aa€ 3MOry 0 IMMPOKOTO 3aCTOCYBAHHS TAKUX TIOPHAIB B MIKPOCICKTPOHIII,
ONTHIN, CCHCOPAX, KAaTami3i, KepaMilli, MATHBHAX CICMCHTAX Ta iH. [1-7].

Pesymprarn Ta ix oOrosopeHHA. CTPYKTYPY OTPHMAHHX 3Pa3KiB JOCTIKYBATH MCTOAOM PO3CIFOBAHHSI
PCHTTCHIBCHKOTO BHUIPOMIHIOBAHHA V BEIMKHX KyTax Ha ycraHosmi JIPOH-4-07. Ha pmc. 1 HaBeneHo
IMMPOKOKYTOBI Tpodimi po3ciroBaHHA 3a KiMHATHOI Temmepatypu A4 3mutnx [T1OCC-smicTaux [TY, THYyuKHIH 010K
sakux wmictuts [IEI. 3 puc. 1 BHOHO IO, HE3BAKAKYH HA KpHCTamivyHy mpupoxy umcroro [IEL, mpodimi
PO3CIIOBaHHS AOCTLKyBaHUX 3mmTHX 1Y 3a kiMHATHOI TemmepaTypu MaroTh au(y3HuH xapakrep. Lle cBixunTh
mpo aMOp(HICTD TOHKOI CTPYKTYPH JAHHX CHCTCM. 3HAUCHHA MUKIUTOIIWHHHUX BiACTAHCH, AKi BiOIMOBIIAFOTH
KyTOBHM IIOJIO’KCHHS MakCHMyMiB amopduoro ramo mpodims IIIKPPII, D,,, Ta BiAmOBimHI 3HAYEHHI KyTOBOTO
po3mmpeHHT Au(paKIiHHIX MAKCHMYMIB, 3, HaBeaeHi B Ta0I. 1.

3 1abn. 1 BUOHO, IO A1 YCIX TPHOX 3mmMTHX TiOpumHux I1Y, rHyuknid Omok skux micturs [1ED, 3HaueHHA
MDKIUTOIIMHHUX BiICTAHEH MaikKe CHIBIIAJAIOTH Ta MPHOIM3HO TOpiBHIOIOTH 0,22 HM. TaroK M1 IUX CHCTEM 3
BHKOPHCTABINH 3HAUCHHA [} Ta piBHaHHA [lepepa 6ya0 po3paxosano (opMaabHy 30HY KOPSIALii MIKIIOIIHHHUX
Bigcranelt, L. OCKiTbKY YMCIOBI 3HAYCHHS IBOTO mapaMeTpy Mt aocaimkyBanux 3mmutux [TOCC-sMicTHux [TY
MeHIi 3a 2 HM (Tadx. 1), To me miaTBepIKY e aMOP(QHUH XapaKkTep CTPYKTYPH [HX CHCTEM.

—— (Q



Bicnux Hauionanvnozo mexniunozo yrisepcumemy Yrpainu «Kuiecokuii noiimexniunuii incmumym
imeni Izops Cikopcokozor. Cepis «Ximiuna inxcenepis, exonozisi ma pecypcosoepexcetns». 2019. ée 1 (18)

S NEr-SO,K

o

o

=

> E[-SO.Li
_ NEr-sSo,Na

0 5 10 15 20 25 30 35 40 45
20 ,rpag

Puc. 1 — pogini intencuprocti HIKPPII 3murux OCC-emicTanx ITY, rayuknii 6,10k aknx mictats [TET

Ta6mmust 1- apamerpu Touxoi crpykrypu 3smmutux IIOCC-smictanx ITY, siki pozpaxosani 3 1annx HTKPPII

3pazok Dy, HM B, rpan L, am
ITET"- SO;K 0,215 7,99 1,07
ITET - SOsLi 0,215 8,64 0,99
ITET - SOsNa 0,216 8,96 0,95

TakuMm umHOM BrIEpIIe BCTaHOBJICHO, MmO 3muTi 1Y Ha ocHoBi [1IEI" Ta cymimeit [TOCC (opMyroTh MOBHICTIO
aMop(HY CTPYKTYPY, HA BIAMIHY B aHANOTIYHHX CHCTEM Ha O0CHOBI okracapansaux [TIOCC. TpuioMy YyTBOPCHHIO
KpuCTanmiB 3 opraHiyHOi (haszu 3aBakae HasBHICTh cyMmimi [TOCC, CBOE€IO NMPHUCYTHICTIO ONITOCHICECKBIOKCAHL
MPHU3BOANTS 10 3MCHIICHHA IMIBHOCTI MOJiMCpHOI Marpuui. B CBOFO uepry HeopraHiyHa (pa3a TEK HE YTBOPIOE
KPHCTAIH IH KPUCTANITH, OCKLTbKH, B OPIBHIHHI 3 OKTOSAPAILHUMHE OJirocuicecksiokcanamu, cymim [TOCC mae
HA0araTo MCHOIY 3JATHICTH IO KPHCTAM3AII.

[TuToMy TEIIIOEMHICTD JOCIIIKY BAIH METOA0M Au(epeHIiHHOI cKaHy0401 kanopumerpii. Ha puc. 2 HaBeneHo
tepMorpamu  3omTux riopmmaux 1Y, rHyukmit O6mok sxkumx wmictuts [IEI. Ha mnpuBeneHmx Tepmorpamax
CIOCTEPITAlOThCS TIMBKH CKAUKH TEIUIOEMHOCTI, IO BIAMOBIAAIOTH IpomecaM CKIyBaHHA. Lle miareepmkye
BHCHOBKH JocmimkeHb MerogoMm IIIKPPII, mo mo amopduocti 3mmrmx ribpumaux I[1Y Ha ocHOBI cymimm
OJIIFOCHJICECKBIOKCAHIB.

BignosinHi TemmepaTypu ckiayBaHes, Tg, mu 3mmTtux [1Y HaBeaeHo B Tadm. 2.

3 1abn. 2 BUOHO, MO BapIOBAHHA MPHUPOIH KIHIEBUX I'PYI THYUKOTO OJOKy B 3muTHX [1Y mpm3BOAHTH 10
3MIHHU BEIMYUHE TEMIICPaTypH CKIyBaHH: Ha 14 K BiamosizHO.

OmKe, MOCTMKCHHA TCIUTO(I3MYHAX BIACTHBOCTCSH maHmx TiOpuaumx [TY meromom JCK migrBepmmmm
aMOp(HICTH iX TOHKOI CTPYKTYpH. 3araibHa aMOpP(HICTh TOHKOI CTPYKTYPH AOCIH/KyBaHHX [1Y 3yMOBIcHa, K
3JATHICTIO CYMIINN OJITOCHJICECKBIOKCAHIB O 3MCHINCHHS IMUIBHOCTI MOIIMEPHOI MATPHIN, Ta 1 HE3HAYHOIO
sparHicTio cymimi [TOCC 1o CTBOpEHHS KPUCTANIB Ta KPUCTANITIB.
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ENDO—
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T, °C

Puc. 2 — Tepmorpavm 3muTnx riopuganx IIY

Taomns 2 — 3nadenns temmeparypu crayBanfs 3smuTnx IIOCC-micTanx ITY

3pasox Tg.K
TIET- SO:K 276
IIEI- SO;Li 262
TIET- SOz;Na 266

BucnoBkn. BeranosneHo, mo BapiroaHus npupoau Oiuamx rpyn [TOCC npu3BoauTs 10 3MiH TEMIIEpaTypH
CKIyBAaHHS JOCTIIKYBAaHHX TiOpmaHux cucteM. OTXKe, BHIN NEpepaxoBaHi 3MIHU IPH3BOIATH A0 3MiH XapaKTepy
cTpykrypyBaHusa B riOpumaux I1Y. Ockimpku aocmimpkeHHS MeTogoMm LIIKPPIT BuaBHIO MOZIOHICT TOHKHX
crpykryp mauux [TOCC-pmictaux [TV, TO BIAMOBIIHI BiIMIHHOCTI XapakTepy iX CTPYKTYPYBAHHS MPOSBILIFOTHCA
TITHKA HA OINBII BUINUX CTPYKTYPHUX PIBHAX, a CaM€ HA PiBHI MIKPO(a30BOi CTPYKTYPH.

[epcnexkTnBN MOJATBLIINX JOCHIKeHb. JIOCHHKCHHSI B HANPSIMKY CTBOPEHHS HAHOCTPYKTYPOBAHHX
riOpUIHUX OPraHO-HEOPTAHIYHIX CHCTEM Ta HAHOKOMITO3HTIB.
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INVESTIGATION OF THE STRUCTURE AND THERMOPHYSICAL PROPERTIES OF
CROSSLINKED POSS-CONTAINING POLYURETHANES

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 nanostructured 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 fo 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 fo 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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