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1. Y nuceprauiiiHiil po60Ti Brieplie NpOBeEeHO KOMIIJIEKCHUI aHajli3 OCHOBHUX TEOPETUKO €KCIIEPUMEHTAIbHUX
ACIIEKTIB, SIKi IOKJIQIEHO B OCHOBY (PYHKLIOHYBaHHSI HOBOTO METOJly OTPMMAHHS KPUCTAJIiB —(JII0iJHOTO CUHTE3Y
(PC). Cucrematr3oBaHO OCHOBHI MIOJIOKEHHS MeToAy (PIII0iIHOro CUHTe3y. HaBeleHO MOPiBHAIbHMI aHai3
MOXJIMBOCTEN MeToAy (JII0iIHOrO CHHTE3Y Ta TPAAULiiHUX METOLiB OTPMMAaHHS po3MaiTux MiHepaiis. [TokasaHo,
IO LM METOM MOXKe OYTH IEPCIEKTUBHUM [1J151 OTPMMAHHS [TOPOLIKIB, MOJIKPUCTAIB i MOHOKPUCTAJIIiB Pi3HOTO
XiMigHOTO CKJIany i cTpykTypu (osimopdHux Mmomudikanin), o NpakTUYHO HEMOKJINBO NOCITHYTY TPAAULITHUMU
MEeTO/IaMU. BCTaHOBJIEHO, 110 OCHOBHOIO PYIIiIMHOI0 CUJIOIO ITPU (a30yTBOPEHHI € IrycTUHA QJII0ily, a 3aCTOCYBaHHS
HaJMaKCUMMAaJIbHUX [TapaMEeTPiB TUCKY Ta TEMIIEPATYPHU HE € 0O0B’I3KOBOIO YMOBOIO ITPOBEAEHHS (PII0iTHOrO
CHHTe3y. YIOCKOHAJIeHO OOJIaiHaHHS 171 Moro peadnizanii. [lopiBHAIBHME aHAai3 ToKasas, mo Meto, (OC) 6mmxunii

IO IPUPOAHYX MPOLIECiB MiHEPAJIOYyTBOPEHHS, HIXK TPAAULIiIiHI IPOMUCIJIOBI METOIU. EKCIEprMEHTaNIbHO



IOBEIEHO, B YMOBax (PJIIOiHOTO CUHTE3Y [IPY HAAKPUTUYHUX N1apaMeTpax rasy 3a peakuieio byayapa 3 CO2 B SIKOCTi
HaJKPUTUYIHOTO a3y i pisHUX BUXiTHUX PEYOBUH (CaKi, aKTUBOBAHOI'O BYTiJIJISl, [IOPOLIKIB METAJiB, NiaMaHTOBUX
MIKpOIIOPOUIKiB) yTBOPIO€eThCs KybiuHumii rpadit (I'K), ssikuii € crifikoro Mmoaudikallieto Byryiento. BuzHaueni
ontumanbHi P-T napameTpu yTBOpeHHs Ky6iyHOTo rpadiTy i3 Caki Ta aKTUBOBAHOrO BYrijuis. [IokasaHo, IO TUCK,
TeMIIepaTypa i 4yac iCTOTHO BIJIMBAIOTb HA YTBOPEHHS KyOiuHOro rpadirty. 30kpema, TUCK € OCHOBHUM YAHHUKOM
3HAYHOTrO 301/IbIIeHHS BUXOAY ITOPOIIKY IIifi yac cuHTe3y. TemnepaTypa Ta Yac TaKoX MifBUILYIOTh BUXif, KyOi4HOTrO
rpagiry, ase MaloThb CBill onTUMyM. Bcranossieno, mo P-T napameTpu oTpuMaHHs ['K 3HaYHO HMKYI (Ha MOPSIOK)
BiJ iCHyIOUMX METO[iB CUHTe3y. Briepiie BU3HauU€HO MIKpOTBEPiCTb ['K, KOTpa 3HaXOAuUThCs B MexKax 1-5 I'Tla i
nepeBullye NTOKa3HUKY rekcaroHanpHoro rpadiry (0,1-0,2 I'Tla). Brepie 1ocToBipHO HiITBEPIKEHO BiIKPUTTS
Aycra i [lpikamepa (1963 p.) 1po icHyBaHHs rpadity Ky6iuHOI CUHTOHIi, MifTBEpI)KEeH] I0r0 PEHTreHiBChKi
napameTpu. InenTudikosaHo HOBY anoTporHy dasy C96 3 enemeHTapHOI0 KoMipKoto 8,95A Ta Tonosorieto KFI
(mpocruii Ky6iuHuMit Ppysepurt). EkcriepuMeHTasnbHi pe3yibTaTty 3 QII0iIHOT0 CUHTE3y reKCaroHajabHOro rpadiry i3
caxi (700-800 oC) y3rompKyioTbCs 3 JliTepaTypHUMU JAHUMU IIPO Horo NpupoaHy KpucTtaisaiio (400-700 oC).
BopHouac 11i yM0oBH iCTOTHO Biipi3HAOTHCS Bif TpomMucioBoro cuHTesy (2000 noC), mo nigTeeprKye afeKBaTHICTh
metony ®C gx mopzesni npuponHoro miHepasoyTBopeHHs. Metogom OC minTBepaskeHO icHyBaHHS moHaiMeHe 10
a3 Byrseno (I, I'p, Tk, A, Aam, JI, Y, Ki1, ®, Yam), sKi po3mKpIooTh nonepenHi knacudikarii. Hosi pesysnbraTu
PO3IIMPIOIOTh TAKOXK KaPTUHY (Pa30yTBOPEHHS BYIJIELEBUX CTPYKTYP i BIMCYIOThCS B PAMKH 3aIIPOITIOHOBAHOI HOBOI
Mogei. HaykoBa HOBU3HA (II0JIOXKEHHS $IKi 3aXUIIAIOTHCS) OLEP>KAHUX PE3YJIbTaTiB: - OBELEHO, 110 PO3POOIEHNI
MeToz, (III0IIHOr0 CUHTE3Yy KPUCTAJIiB MOXKe 3[iliCHIOBAaTUCh TpU MeHIMX P-T napamerpax, HiK HUHI Yac iCHYIOTb;
- 3a JONIOMOT0I0 6araThbox eKCIepUMEeHTIB oBeJieHO icHyBaHHS gasu KybiyHoro rpadiTy, a TakKosK MOKIJIMBOCTI
OJIHOYACHOTO YTBOPEHHS Pi3HUX NoaiMOpPHUX Moaudikalliil KapOoHy; - BU3HaueHi onTumanbHi P-T napamerpu
YTBOPEHHSI KyOidHOro rpadiry i3 caxi i akTMBOBAHOT'O BYTiJLJIS; - 3alIPOIIOHOBAHO HOBI (YTOYHEHI CTapi)
peHTreHiBehbKi gaHi 151 KybiuHoro rpadity (mapameTpu IpaTKu, MKIJIOMWHHI BificTaHi i IHT@HCHUBHICTD
IndpaxuiiiHuX pediieKciB); - eKCIIepMMEHTalbHi pe3yIbTaTy 3 (JII0iTHOTO CUHTE3y reKcaroHajbHOro rpadiry is
caxi (700-800 oC) ckopesibOBaHi 3 BUBHAHOIO B JiTEpaTypi TEMIIEPaTypolo Horo Kpucrainisauii (400-750 oC) y
IIPUPOIHUX YMOBAX, IKa BOJIHOYAC iCTOTHO BiIpi3HSA€ETLCA Bifi TEMIepaTypy IPOMUCIJIOBOTO CUHTE3Y rpadiTy i3 caxi
(2000 oC). HaykoBo-npakTUYHe 3HAaUY€HHSI OJlep’KaHUX pe3ysbTaTiB: - BUCBITJIEHO OCHOBHI 3aCafii METOLY
(JII0iTHOTO CUHTE3Y, 3aXUIEHOro NaTeHTOM YKpaiHu. HaBeeHa NOpiBHSJIbHA XapaKTePUCTHUKA 1IbOTO METOLY i
TPaJULIIHMX METOMIB OTPMMAaHHA Pi3HOMaHITHUX MaTepiasliB y KOHTEKCTI IPUPOLHOrO MiHEPAJIOYTBOPEHHS; — Y
MIePCIEKTUBI BiAIOBIIHO JO TEOPETUYHUX PO3PaxXyHKiB, BiTKPUBAa€ MOJKJIMBICTb BUKOPUCTAHHS LIUX MaTepiaiB AJ1sl
30epiraHHs BOJHIO, CTBOPEHHSI HAITBEPIIUX [TOKPUTTIB, IOPUCTUX HUBbKOJi€JIEKTPUYHMX MaTepiajliB Ta pO3BUTKY

HOBUX Hal'[pHMiB Yy HAHOTEXHOJIOTiIX.

2. This dissertation presents, for the first time, a comprehensive analysis of the key theoretical and experimental
fundamentals underlying the functioning of a novel crystal growth method — fluid synthesis (FS). The main
principles of the fluid synthesis method have been systematized. A comparative analysis was conducted evaluating
the capabilities of fluid synthesis against traditional methods for obtaining various minerals. It is demonstrated
that this method holds strong promise for synthesizing powders, polycrystals, and single crystals of diverse
chemical compositions and structures (polymorphic modifications), which is virtually unattainable using
conventional techniques.It was established that the primary driving force behind phase formation is fluid density,
whereas the application of ultra-high pressure and temperature parameters is not a mandatory prerequisite for
fluid synthesis. The equipment required for its implementation has been improved. Comparative analysis revealed
that the FS method aligns more closely with natural mineral formation processes than traditional industrial
techniques.It was experimentally proven that under fluid synthesis conditions at supercritical gas parameters —
using supercritical CO2 via the Boudouard reaction with various precursor materials (soot, activated carbon, metal
powders, and diamond micropowders) — cubic graphite (_c) is formed, representing a stable carbon modification.
Optimal P-T parameters for the formation of cubic graphite from soot and activated carbon were determined.
Pressure, temperature, and duration were shown to exert a substantial influence on the formation of cubic
graphite. Specifically, pressure serves as the primary factor significantly increasing the powder yield during



synthesis. Temperature and synthesis time also enhance the yield of cubic graphite, albeit within defined optimal
thresholds. The P-T parameters required to obtain G_c were found to be significantly lower (by an order of
magnitude) than those of existing synthesis methods. The microhardness of G_c was determined for the first time,
falling within the range of 1-5 GPa and exceeding that of hexagonal graphite (0.1-0.2 GPa).The discovery by Aust
and Drickamer (1963) regarding the existence of cubic-symmetry graphite was conclusively verified for the first
time, along with the confirmation of its X-ray diffraction parameters. A new allotropic phase, C_{96}, with a unit
cell parameter of 8.95 A and a KFI topology (simple cubic fullerite), was identified. Experimental results on the fluid
synthesis of hexagonal graphite from soot (700-800 °C) agree well with literature data on its natural crystallization
(400-700 °C). At the same time, these conditions differ substantially from industrial synthesis (~2000 °C), thereby
confirming the validity of the FS method as a model for natural mineral formation. Using the FS method, the
existence of at least 10 carbon phases (G, G_r, G_c, A, A_{am}, L, Ch, CI, F, U_{am}) was confirmed, expanding
previous classifications. These novel results also broaden the general understanding of carbon structure phase
formation and fit into the framework of the proposed new model.Scientific Novelty of the Results (Statements for
Defense):It is proven that the developed fluid synthesis method for crystals can be carried out at lower P-T
parameters than those currently used; Through extensive experimentation, the existence of the cubic graphite
phase was demonstrated, as well as the feasibility of simultaneous formation of various carbon
polymorphs;Optimal P-T parameters for the formation of cubic graphite from soot and activated carbon were
established;New (and refined existing) X-ray diffraction data for cubic graphite were proposed (lattice parameters,
interplanar spacings, and diffraction peak intensities);Experimental results on the fluid synthesis of hexagonal
graphite from soot (700-800 °C) correlate with the literature-accepted temperatures for its crystallization under
natural conditions (400-750 °C), while differing substantially from the temperatures required for industrial
synthesis of graphite from soot (2000 °C).Scientific and Practical Significance of the Results:The core principles of
the fluid synthesis method, protected by a patent of Ukraine, are highlighted. A comparative characterization of
this method and conventional techniques for obtaining diverse materials is provided within the context of natural
mineral formation;In the long term, according to theoretical calculations, this work opens up prospects for
utilizing these materials in hydrogen storage, superhard coatings, porous low-epsilon dielectric materials, and the
development of new directions in nanotechnology.
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IloBHe HaiMEeHYBaHHSI OPUAHUYHOI 0COOH: IncTUTYT MeTanodisuku im. I. B. Kypaomosa HaujoHambHoi

akageMii HayK YKpaiHu

Kopg 3a €IPIIOY: 05417331

Micuesnaxo;perHﬂ: oysbBap Akanemika Bepnapcekoro, Kuis, 03142, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiiHHS: HaujonasnbHa akaziemis HayK YKpaiHu

Inentudikarop ROR:

PeuenseHTu

Bsacue IlpizBuuie Im's I1o-6aThKOBI:
1. IkypeHko Kupnio OsekcaHnpoBrAY

2. Kyrylo O. Shkurenko

KBasigikamis: k. reosn. u., 04.00.20
InenTudikarop ORCID ID: He 3acrocosyerscs
JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT reoximii, miHepasiorii Ta pynoyTBopenHs imeni M. I1.

CemeHnenka HaujoHanbHOI akageMii HayK YKpaiHu

Kopg 3a €EIPIIOY: 05417064

Micue3HaxoaKeHHS: np. Akagemika INannanina, Kuis, 03680, Ykpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBiiHHSA: HaujonasnbHa akajieMis HayK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:
1. JlynboBa IpuHa MukosaiBHa

2. Iryna M. Lunova

KBasigikamis: k. reosn. u., 04.00.20
InenTudikarop ORCID ID: 0000-0003-4670-0216
JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [HCTUTYT reoximii, miHepasiorii Ta pygoyTBopeHHs imeni M. 1.

CemeHnenka HaujoHanbHOI akageMii HayK YKpaiHu
Kopg 3a €IPIIOY: 05417064
Micue3HaxoaKeHHS: np. Akagemika INannanina, Kuis, 03680, Ykpaina

dopma ByacHOCTI: [lepxasna



Cdepa ynpaBiriHHS: HaujonanbHa akazemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Kynbuenpka 'anna OnexkcaHgpiBHa

Kynpyenpbka ['anna OnekcanapiBHa

BoBk Karepuna BsuecnasiBHa

Opuenko TersiHa AHaTOJIiBHA

IOpuenko TeTsHa AHaTOJiiBHA



