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1. Y po60Ti po3p06s1€HO 3071b-TeJIb TEXHOJIOTII0 CUHTE3Y I10JliMep-HEOPraHiYHMX KOMIIO3UTHUX COPOEHTIB CUCTEMU
«cuiikaresb - cyab@aT HaTPilo», y sIKill aKTUBHA KPUCTaJIOriipaTHa gasa GopMyeTbCs 6€3110CcepesHbO B IIPOLIEC]
11o0y10BM KPEMHIMKUCHEBOI MaTpulli. BcTaHOBJIEHO, 1110 B3AaEMOZisI PiTKOr0 CUJIIKATHOTO CKJIA i3 cipuaHoIo
KUCJIOTOIO 3a6e3leuye ofHOYacHe (POpMyBaHHs IOPUCTOI KPEMHIMKUCHEBOI CTPYKTYPH Ta YTBOPEHHS CyIbdaTy
HaTPil0 y BHYTPIlIHbOMY IIOPOBOMY IIPOCTOPi KOMIIO3UTY. BCTaHOB/IEHO 3aKOHOMIPHOCTi (POPMYBaHHS CTPYKTypU
KOMITO3UTHUX COPOEHTIB 3aJIEKHO Bifl CITiBBiIHOLIIEHHSI KOMITOHEHTIB, KOHIIEHTPAIIiil peareHTiB, MOCiOBHOCTI
BBEJI€HHS PEareHTiB, Yacy 3apOJKOYTBOPEHHS Ta PEXKUMiB TepMO0OOPOOKU. [ToKazaHo, 110 MakCMMaJslbHi COpOLiiHi
XapaKTEPUCTUKU Peasli3yloThCsl B 00J1aCTi €KBIMOJISIPHOTO CIIiBBiTHOIIEHHS MiXX CyJIb()aTOM HaTpilo Ta
KPEMHINKACHEBOIO MAaTPULEIO, a 3aJIEXKHICTb COPOLiIHOI éMHOCTI Bifl CKJIaZly KOMIIO3UTY Ma€ €KCTPeMaJlbHUMN

XapakTep. Briepiie BCTaHOBIEHO TO3UTUBHUN BIUIMB IOJIIIOHEHIB SIK TEMILJIATHUX ar€HTIB y MIPOLECi 30J1b-TeJIb



crHTe3y Ha (OPMYBaHHS IOPUCTOI CTPYKTYpU Ta Mopdosorii komnosuris. [TokazaHo, mo BBeNeHHs 10 1 mac.%
I10J1ii0HEeHIB J03BOJISIE KEPYBaTH IIPOLIECaMU 3apOJKOYTBOPEHHS Ta CTabii3yBaTy IOPOBY CTPYKTYpPy Martepiay.
Metonamu XRD, FTIR ta TG/DTA BcTaHOBJIEHO HasiBHICTb aMOp(pHOI KpeMHIMKNCHEBOi MaTpULi 3 piBHOMIPHO
PO3IOLiNEHOI0 KPUCTAIOTIIPATHO (Pa3olo, o 3abe3eyuye CTabiIbHICTh €KCITyaTalilHUX XapaKTEePUCTUK
mMarepiasiB y 6araToIuKJIOBOMY PeKHMi. Briepiie BCTaHOBJIEHO ITOABIHNN MexaHi3M copoLii BOAsSHOI apy, SIKu
BKJItOYae QiznyHy aficopOIiiio MOBEPXHEI0 KPEeMHINKMCHEBOI MaTpuLii Ta XiMiuHe 3B513yBaHHS MOJIEKYJI BOAU
KpucTtanorigpaTtHow (pazoro NaoSOn-10HoO, 1o 3abe3nevye nifABULLIEHHS I'YCTUHY 3allacaHHsl TEMJI0BOi eHeprii.
BcTaHOBJIEHO ONTUMAaJIbHI YMOBU CUHTE3y KOMIIO3UTHUX COPOEHTIB Ta MI0KA3aHOo, 10 CMHTE30BaHi MaTepiann
XapaKTepU3yIThCS BUCOKOIO IYCTUHOIO 3allacaHHs TeIIoBoi eHeprii Ha piBHi 1,5-1,7 MK /KT, 110 3a6e3neyye
NEPCIEKTUBHICTD iX BUKOPMCTaHHS B CUCTEMAX TEII0aKyMYJIIOBaHHS. PO3P0O6JIEHO TEXHOJIOTIIO OJl€P>KaHHS
KOMIIO3UTHOTO COPOEHTY MPOAYKTUBHICTIO 5 T/100y, BUKOHAHO MaTepiajbHUIL 6ajlaHC MPOLeCy Ta OO PYHTOBAHO
anapaTypHO-TEXHOJIOTIYHY CXeMY BUPOOHUILITBA. PO3p061€HO KOHCTPYKIi0 aicOpOLiiiHOro TpaHcpopmMaropa
TEIJIOBOi €HEePTii AJIs1 CUCTEM BEHTUJIALI )KUTJIOBUX IIPUMIlEHb, 3TaTHOTO MPALIOBATH Y PEXKMMaxX HarpiBaHHS Ta
0XO0JIOJPKEHHS IPUIIJIMBHOTO NOBITPsl. [TokazaHo, 110 BUKOPUCTAHHS 66 KI KOMIIO3UTHOTO COPOEHTY 3abe3rneuye
aKyMyJIOBaHHS 6113bK0 29-30 KBT-TO TEMI0BOi eHeprii 3a LUKJI, 1[0 NepeBUIly€e 060Be BEHTUIISLiHe
HaBaHTaKe€HHSI TUIIOBOT'O >KUTJIOBOTO MIPUMIlleHHS Ta POpMye eHepreTHIHUi pe3eps 6s113bKo 1,8-1,9 paza.
BcTaHOBIIEHO, 110 BUKOPUCTaHHS PO3p00JIeHOro afcopbliiiHoro TpaHcdopmaropa 3adesneyye piuHui
eHepreTUYHUH ePekT Ha piBHi 3,75-6,22 MBT-ro11 /piK, a IpOBeJjeHe TeXHIKO-€KOHOMiIYHEe OOI'PYHTYBaHHS I10Ka3ajo
CTPOK OKYIHOCTi CUCTeMHU Ha piBHi 1,5-3 poku. [TokazaHO MO3UTUBHUI €KOJIOTIYHUI €(EKT Bifl BUKOPUCTAHHS
PO3pO6JIEHOI CUCTEMU, SIKUI1 ITPOSIBIISIETHCS] Y CKOPOUYEHHI CIIOJKMBaHHS MPUPOIHOTO razy Ha 250-500 M3 /pik Ta
3MEHIIEHH] BUKUiB IapHUKOBUX raszis Ha 0,48-0,95 T COn/pik. [IpakTH4HY LiHHICTb POOOTHU MiATBEPAKEHO
BIIPOBAJPKEHHSIM pe3ysbTaTiB Ha nignpuemcTBax TOB «Interflex» Ta TOB «FlexUA», ne oTprMaHo NigTBepIKeHUI

ekoHoMiYHUH edekT y po3mipi 800 Tuc. rpH Ta 2,0 MJIH I'PH BifIOBiIHO.

2. In the work, a sol-gel synthesis technology for polymer-inorganic composite sorbents of the “silica gel - sodium
sulfate” system was developed, in which the active crystalline hydrate phase is formed directly during the
construction of the silica matrix. It was established that the interaction of liquid silicate glass with sulfuric acid
ensures the simultaneous formation of a porous silica structure and sodium sulfate inside the internal pore space
of the composite. The regularities of the formation of the structure of composite sorbents depending on the
component ratio, reagent concentrations, sequence of reagent introduction, nucleation time and heat treatment
conditions were established. It was shown that maximum sorption characteristics are realized in the region of an
equimolar ratio between sodium sulfate and the silica matrix, and the dependence of sorption capacity on
composite composition has an extreme character. For the first time, the positive effect of polyionenes as
templating agents in the sol-gel synthesis process on the formation of porous structure and morphology of
composites was established. It was shown that the introduction of up to 1 wt.% polyionenes makes it possible to
control nucleation processes and stabilize the porous structure of the material. Using XRD, FTIR and TG/DTA
methods, the presence of an amorphous silica matrix with a uniformly distributed crystalline hydrate phase was
established, which ensures the stability of operational characteristics of materials in a multi-cycle mode. For the
first time, a double mechanism of water vapor sorption was established, including physical adsorption by the silica
matrix surface and chemical binding of water molecules by the crystalline hydrate phase NanSOn-10HoO, which
ensures an increase in thermal energy storage density. Optimal conditions for the synthesis of composite sorbents
were established and it was shown that the synthesized materials are characterized by a high thermal energy
storage density at the level of 1.5-1.7 MJ /kg, which ensures their prospects for use in thermal energy storage
systems. A technology for obtaining a composite sorbent with a productivity of 5 tons/day was developed, the
material balance of the process was carried out, and the process equipment flow scheme of production was
substantiated. The design of an adsorption heat transformer for residential ventilation systems capable of
operating in heating and cooling modes of supply air was developed. It was shown that the use of 66 kg of
composite sorbent provides the accumulation of about 29-30 kWh of thermal energy per cycle, which exceeds the
daily ventilation load of a typical residential premise and forms an energy reserve of approximately 1.8-1.9 times. It



was established that the use of the developed adsorption heat transformer provides an annual energy effect at the
level of 3.75-6.22 MWh /year, and the performed techno-economic substantiation showed a system payback
period of 1.5-3 years. A positive environmental effect of using the developed system was shown, which is
manifested in reducing natural gas consumption by 250-500 m?®/year and reducing greenhouse gas emissions by
0.48-0.95 tons of COn/year. The practical value of the work is confirmed by the implementation of results at
Interflex LLC and FlexUA LLC, where a confirmed economic effect in the amount of UAH 800 thousand and UAH
2.0 million, respectively, was obtained.
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