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AHOTANIIA

Jlebeoes B.B. HaykoBi OCHOBH OTpHUMAaHHS TOpUIHUX MOJIMEPHUX MaTepiajiB
MOJU(IKOBaHUX TyMIHOBUMHU peydoBHMHamu Oyporo Byruuig. — Ksamidikamiiina
HayKOBa Iparlsl Ha paBaxX PYKOITUCY.

Huceprariiss Ha 3700yTTS HAayKOBOTO CTYMNEHS JOKTOpa TEXHIYHMX HAyK 3a
cnenianpHicTIO 05.17.07 — «XiMIYHA TEXHOJIOTIS NaJIMBa 1 MATMBHO-MACTUIBHUX
MatepianiBy (16 —ximiuHa Ta 6101HXeHepisd). — HalioHanbHUN TEXHIYHUI YHIBEPCUTET
«XapKiBCbKUHN TOJMITEXHIYHUI 1HCTHUTYT» MIHICTEpCTBAa OCBITH 1 HayKu YKpaiHu,
Xapkis, 2024.

06 exm OocniddcenHs — TPOUECH OTPUMAHHS TIOPUIHUX MOJIMEPHUX
MaTepialliB 3 BUKOPHUCTAHHAM I'yMIHOBUX PEYOBHH OYpOTro BYT1JUISL.

Ilpeomem Oocniodcennss — MeXaHI3MHU, TEXHOJOTTYHI CXEMH Ta PEKUMHI
napamMeTpu NpoOLECiB  OTpUMaHHA TIOpUAHMX  TOJIMEPHUX  MaTepialiB 3
BUKOPUCTAHHAM I'YMIHOBUX PEUOBHUH OypoOro Byruuis, ki 00yMOBIIIOIOTh (POPMYBaHHS
KOMIUIEKCY iX 3aJJaHUX BIIACTUBOCTEH Ta €KCIUTyaTal[iiHIX XapaKTePUCTHUK.

Jucepraliito OpUCBAYEHO PO3pOOII HAYKOBUX OCHOB OTPUMAHHS T1OpUIHUX
MOJIIMEPHUX MaTepialiB 3 BUKOPUCTAHHSIM T'YMIHOBUX PEUYOBHUH OypoOro BYTULIA, sKi
MalTh 3/IaTHICTh N0 Olojaerpanaiiii, MIABUINEHI MIIHOCTHI Ta EKCIUTyaTalliifHi
XapaKTEePUCTUKHU TIPU HAJIaHHI iM aHTHOAKTEP1aTbHOCTI.

HaykoBa HOBM3HA OTpUMaHHX PE3yJIbTATIB MOJSATAE B TOMY, IO HA MiJCTaBl
TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCIIIKEHb 3/100yBaueM BIIepIIIE:

- BCTaHOBJIEHO, 110 (peHonpHI riapokcunbHi —OH Ta xapbokcunbaux COO-—
rpyn y KulbKOCTi 2-4 mac. % BH3HAYaIOTh 3/IaTHICTh F'YMIHOBUX PEYOBHMH BYTLJUIS
BUCTYNATH FOPUAHUM MOJU(DIKATOPOM IO BIJHOIICHHIO /10 MOJIMEPHUX MaTepiajiB
(OlogerpanabenbHUX PEYOBHH) 32 PaXyHOK TaKMX MEXaHI3MIB: XIMIYHOI B3a€EMO/III 32
METHJIEH TIAPOKCUJIBHUMH TpylmaMu 3  yTBOPEHHSM  E€CTEPHUX  3B’S3KIB,
KOOPJMHAIIIHOTO 3B’SI3yBaHHs 3 aMiHOTpyHamMH 3 YTBOPEHHSIM MENTUIHUX TpyH -

CONH-, munones-munoiibHOI B3aeMOli 3 TIPUCYTHICTIO BOJHEBUX 3B S3KIB Ta
, pucy



KOH(POpMAIIHHUX 3MiH, IO JO03BOJSE TIIBUIIUTH KOMIUIEKC TEXHOJIOTIYHUX,
MIIHICTHUX Ta €KCIUTyaTalliiHUX BIACTUBOCTEH MOJIIMEPIB,;

- BCTAHOBJIEHO, 1110 TiOpuaHa Moau(ikalis T'YMIHOBUMH PEUYOBHHAMHU OYyporo
BYTULJIS T1JIPOTENIB KeJIaTUHY BiOYBA€ThCS 3a MEXaHI3MOM MAaTPUYHOI'O CHHTE3Y 3a
pPaxXyHOK BOJHEBHUX 3B’SI3KIB MK TYMIHOBUMHM pPEUOBHHAMHU Ta >KEJIATUHOM,
nepeOdyJ0BM NEPBMHHUX aMiJiB B CYMIIl >K€JaTUHY 3 T'YMIHOBUMHU PEUYOBUHAMHU
BYTULIISL, SIKI IPU B32EMOJI1T 3 MOJIEKYJIaMHU BOJIU «CEKBECTPYIOTHY 1X, IEPEIIKOIKAI0UH
KOOpJIMHALII 3 JAHUIOraMd >KEJATUHY Ta BUKIMKAIOTh KOH(OpMAIliiHI 3MIHH
BTOPUHHOI CTPYKTYpH >KEJIaTWHYy, IO JI03BOJISI€ TMIABUIMUTH EKCIUTyaTaIliiH1
BJIACTUBOCTI T1IPOTEIIIB,;

- BCTAHOBJICHO, IO Ti0puHa Moaudikaiis TyMIHOBUMH PEYOBHHAMH BYTULIS
nosniBiHuIoBOrO crupty (IIBC) BinmOyBaeThcsi 32 MEXaHI3MOM MaTPUYHOTO CUHTE3Y 1
NOB'I3aHa 3 JUIOJIb-TUNOJbHUMH B3a€EMOMAISIMU y BUIJISZII BOJHEBOIO 3B’SI3KY MIX
rizpokcmibHO0 Tpynot naHiorie [IBC Ta rigpokcuabHUMHU Ta KapOOKCHIIBHUMU
rpynaMd TyMIHOBUMH PEUYOBHUHAMM BYTUUIS, WIO JO3BOJSE I1HTEHCU(IKYBATH
YTBOPEHHS HAIMOJIEKYJISIPHUX CTPYKTYp TMOIIMEpY;

- BCTAHOBJIEHO, IO MDK (YHKLUIOHAJbHUMHU TIpylaMu T'yMIHOBUX pPEYOBUH
Byriumiss ta [IBC BUHMKAaIOTH 10/AaTKOBI B3a€MOJil, BITOYBAETHCS TMOCUIICHHS
kpucramizamii gadimori [IBC, yTBOprOIOThCS HAIMOJIEKYISIPHI CTPYKTYPY MOTIMEDY,
B SIKMX TYMIHOBI PEUOBHMHHU BYTULJISI BAKOHYIOTh POJIb ar€HTY 3IIMBAHHS JAHITIOTIB, 0
JI03BOJIIE OTPUMYBATH OlojgerpagadenbHl TUTIBKM 3 MIABUIIEHUMH MIITHICTIO Ta
BOJOCTIHKICTIO;

- BCTaHOBJICHO, 10 riOpuaHa Moaudikallisi TyMIHOBUMH PEUOBUHAMM BYT LIS
rigpokcunponiameruiientonosu (I'TIMIL]) BinOyBaeThcs 3a MEXaHI3MOM MaTPUIHOTO
cuHTEe3y moB's3aHoro 31 3muBaHHAM ['TIMIL] 3a paxyHOK 0araroTOYkKOBOi XeNIaTHOI
B3a€MOJIl 3 KapOOKCHUIIBHOIO TPYMOI TYMIHOBHX PEUYOBHH BYTLUIA;, MPU IHOMY,
301IBIIEHHS BMICTY TYMIHOBUX PEUOBHUH BYTUIA y HOCHIIKYBaHUX pozunHax ['TIMI]
CIIPUYUHSE arjoMEpPaIli€l0 Ta MOCUICHHSIM MPOIIECIB CTPYKTYPOYTBOPEHHS MOJIIMEPY,
10 JIO3BOJISIE OTPUMYBATH OlojmerpagaOenbHl IUIIBKU 3 IMIJABUINCHUMH MIITHICTIO Ta

BOJOCTIMKICTIO;



- BCTaHOBJICHO, 110 TiOpuaHa MoaudiKaiis TYMIHOBUMH PEUYOBUHAMH BYT1JIJIS
nonitaktuay (IIJIA) BinOyBaeThcsl 32 MEXaHI3MOM MAaTPUYHOT'O CUHTE3Y 3a PaXyHOK
HAsIBHOCTI BOJIHEBMX Ta ecTepHUX 3B’s3kiB Mk [IJIA 1 rymMiHOBUMH pedOBHHAMU
BYTULISA, IO CHPUYHMHSE YTBOPCHHS OUIBII OPCTKOI CITYACTOI CTPYKTYypH Ta
MIIBUINCHHS CTYINEHsI KpucCTaizallli B MOPIBHSHHI 3 BUXITHUM MOJIMEPOM, IO
JI03BOJISIE HMIABUIIATA MIIHICTH, KOMIIO3UTIB Ha ocHOBI [TJIA.

- BCTAHOBJIEHHI MEXaHI3MHM OTPUMAHHS TIOPHIHUX TIIPOreNiB >KEJIaTUHY,
6iogerpamgadensanx miiBok [IBC 1 ['TIMI] Tta xommosutiB [1JIA cknagaroTh HayKoBi
OCHOBH OTPUMAaHHS T1OpUTHUX TOJIMEPHUX MaTepiasliB MOAU(PIKOBAHUX TYMIHOBHUMH
pPEYOBHHAMU BYT1JUISL.

IIpakTH4He 3HAYEHHSI OTPUMAHUX PE3YJbTATIB IS XIMIYHOI TPOMHUCIOBOCTI
VYkpainu monsirae y TOMy, 110 Ha OCHOBI MPOBEACHUX JOCIHIIXKEHb 1 CTBOPEHUX
HAyKOBUX OCHOB OTpPHUMaHHS TIOpUAHUX TMOJIMEPHUX MaTepiaiiB MoAu(IKOBAHUX
I'YMIHOBUMH pEYOBUHAMHU OypoOro BYTilIs, BU3HAUYEH] pallloHaIbHI CKIaIU MOpUIHUX
TiAporesiB xenaTuny, 6iogerpanadensuux miiBok [IBC ta I'TIMI] 1 kommo3utis TTJIA
3 3aJaHUMHU CKCIUTyaTalliiHUMHU  BJIACTHBOCTSAMH, TPHUIATHI JUIS  OJCpKaHHS
aHTUOAKTEplalbHUX TEJIB, MaTYIB, MACOK ISl IIKIPU JIFOJIMHU, MIITHUX BOJIOCTIMKUX
IUTIBOK 3 aHTHOAKTeplaJbHUMU BIACTUBOCTSIMHU JJIS CYXHX Ta BOJIOTUX XapYOBHUX
MPOJYKTIB 3 TOJOBXKEHUM TEPMIHOM 30epiraHHs, Tapu Ta MaKyBaHHS Xap4yOBHUX
MIPOJIYKTiB, BACOKOCEIIEKTHBHUX MEMOpaH Ta JeTalieil MIKpOEIEKTPOHIKH.

Po3pobnieni  ABOCTamiiiHI CXE€MHM TEXHOJOTIYHHUX TIPOIECIB  OTPUMAaHHS
riOpUAHUX TOJIMEPHUX MaTepiajaiB MOAU(GIKOBAHUX TyMIHOBUMH PEYOBHHAMHU
Oyporo Byruuis. [Ipu npboMy Ha nepiiii cTajii oJepKyt0Th T'YMIHOBI p€UOBUHU Oyporo
Byriuis — TiOpuaHi mMoaudikaTopyd, a Ha JPYrid craail 3A1MCHIOITH TiOpUIHY
MoauGikalio TiIPOTeNiB KelaTtuHy, Oiogerpamadensuux miiBok [IBC, T'TIMI] 1
komno3uTiB [IJIA orpumanumu Ha nepiriid craaii Moaudikaropamu. 3okpema, 3a
BKa3aHWMH JIBOCTAIIHHUMU CXEMaMHU OJIEPXKYIOTh OlojmerpanadenpHi  TiOpuaHi
Marepiald Ta HalOBHEHI KOMIO3UTU Ha OcHOBI I1JIA, kaBOBOI Iyl Ta TyMIHOBUX
pedyoBHH TpH ix cymapHomy BwmicTi 0,5 mac. % 3 BHCOKMMH MIITHOCTHUMH

(MakcuManbHi yaapHa B’ s3KicTb 45 kJIx/M? Ta Mexka MinHocTi npu 3ruai 520 MIla),
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MeMOpaHHUMH (CeeKTHBHICTh 1o BigHomeHHo Cu?' — 95 % Tta Pb?" — 94 %; a nus
takux Cd?*, Hg?*, Zn?*, ta Co®* — 82 — 89%) 1a enexrpuunumu (omip 25 — 31 Qsq?)
BJIACTUBOCTSAMHU. [IpakTW4Ha 3HAYMMICTH PO3POOOK MiATBEpKEHA 3 TaTCHTaMH
YKpaiHu Ha KOPUCHY MOJEIIb.

Pe3ynbTaTti po3po00OK HAyKOBO-TEXHOJIOTIYHUX OCHOB OTPUMAHHS T1OpUIHUX
MOJIIMEPHUX MaTepiajiB MOAU(PIKOBAHUX T'yMIHOBUMHU PEYOBHUHAMHU OypOro BYTLJUIS
MPOMIIIIIM yCHIIIHI HamiBIPOMUCIOBI BUMpoOOByBaHHS B yMoBax TOB «EBA
I'JIOBAJI TEXHOJIO KDy Ta npuidHSTI A0 BOPOBAIKEHHS, 1110 MIATBEPAKEHO AKTOM
BrpoBapkeHHsA. Cremiamictramu TOB «HBIT «MATEPIAJI BI3AP» Ta IIAT
«XimbpapmzaBog «YepBoHa 3ipka» BHUKOHaHI POOOTH 3 OJEpKaHHS TIOPUIHUX
MOJIIMEPHUX MaTepiajiB 3 BUKOPUCTAHHSAM T'YMIHOBHX PEUYOBHUH Oyporo BYTULIA, IO
3aCBIYEHO MTPOTOKOJIOM PO BUIIPOOYBaHHSI.

TeopeTuyHi Ta TpaKTUYHI PE3YyJbTAaTH, SKI OTPUMaHI I 4Yac BUKOHAHHS
JOCTI/DKEHb BUKOPUCTOBYIOTHCS B JlepkaBHOMY MiIMpHEMCTBI «YKpaiHChKHIA
Jep KaBHUM HAyKOBO-AOCHIIHUM ByriexiMiunuil iHCTUTYT «Y BXIH» (M. XapkiB) Ta
BIIPOBA/)KEH1 Y HaBUaJbHUU Tmpouec kadeap BIMCHKOBOI (apmarii YKpaiHChKOi
BificbkkOBO-MeM4HOI akajaemii (M. KuiB), TexHomorii mepepobku HadTH, rasy Ta
TBEPJIOTO TMaJMBA Ta TEXHOJIOTI] TNIACTUYHUX Mac 1 610J0TIYHO aKTUBHHUX TOJIIMEPIB
HTY «XIIl», mo miaTBepaKeHO aKTaMH BIIPOBAKEHHS.

VY BcTyni OOTPYHTOBAHO aKTyalbHICTH MPOOJIEMH, TTOKA3aHO 3B’ SI30K POOOTH 3
HAyKOBMMH MPOTpaMaMu, IJIaHAMHU, TeMaMH, C(POPMYJIHLOBAHO METY Ta HAMPAMKH ii
JIOCSITHEHHSI, HAyKOBY HOBH3HY Ta MPAaKTHUYHE 3HAYEHHS OTPUMAHHUX PE3YJIbTATiB,
O0XapaKTEePU30BaHO OCOOMCTUI BHECOK 3/100yBaya Ta anpobairito poooTH.

[lepuuii  po3ail  TPHUCBSIYCHO JOCHIKCHHIO CHenudiKd OJep)KaHHS Ta
BJACTUBOCTEN TiIOpMAHMX MarepiaiiB, CY4yaCHOrO CTaHy Ta MEpCIEeKTUBaM
BUKOPUCTAHHSI TYMIHOBUX PEYOBHH Oyporo BYruuisl SIK FOpUAHMX MOAM(IKATOPIB
6iogerpangadenbHUX MaTepiaiiB, JOCTIIKEHI 0COOIMBOCTI CTPYKTYPH, BIACTHBOCTEN

Ta (PyHKIIOHAJTIHUX HAPSIMIB 3aCTOCYBaHHS TYMIHOBUX PEYOBUH Oyporo BYT1IIA.



Y napyroMmy po3aiii HaBEAEHO XapaKTEPUCTUKY BHXITHUX CHPOBUHHUX
MarepiajiB, BU3HAUYEHO BHUOIP METOJIB E€KCIEPUMEHTAIBbHHUX JOCTIKEHb, HaJaHO
OMUC CTaTUCTUYHHUX METO/IIB, BAKOPUCTAHUX Y JUCEPTAIIiHIN pOOOTI.

Tpertiii po3AlT MPUCBAYEHO OLIHII 3JaTHOCTI TYMIHOBHUX PEYOBHH OYyporo
BYTULIS BUCTyNaTH TiOpUAHUM MOIU(}IKATOPOM MO BIAHOUWIEHHIO IO MOJIMEPHHUX
MarepialliB CUPOBUHHOI 0a3u Oyporo BYTUUIS JJisl OACpKaHHS HOTO MOXIJIHHUX Ta
OLIHIIl TOTEHIialy HEMaJIMBHOTO 3aCTOCYBaHHS MOXIAHUX Oyporo Byriuia Ta ix
ribpuanoi ¢yskmionansHOCT. s QopmyBaHHS Kiacu(pIKaIfHOTO PO3MOALTY
CUPOBHUHHOI 0a3u Oyporo Byriyuisl sl OJIep>KaHHS MOT0 MOXITHUX €KCIIEPUMEHTAIBLHO
BHMBUYCHO MiHIMAJIbHI Ta MAaKCHUMaJIbHI 3HAYEHHS TMOKA3HUKIB SIKOCTI Oyporo BYT1/UIS
3T1IHO YKPAiHCBKMX Ta MDKHApOJAHUX cTaHAapTiB. llpencraBieHi TociimKeHHS
MIATBEPAWIA BUCOKY (YHKIIOHAJIBHY 3AAQHICTh MOXIAHUX BYTUUIS y BUTIIAIlI TIPH
CTBOpPEHH1 e(QeKTUBHUX OlojerpagadepHUX MarepiajliB  PI3HOr0 THUIY Ta
(yHKI10HATIBHOT HAPABJICHOCTI: T1IPOreNiB, IUIIBOK Ta KOMITO3UTIB.

VY yerBepTOMYy PO3AUTI HaBEACHO AOCHIIKEHHS 3 PO3POOKH HAYKOBHUX OCHOB
riopuHo1 Moau(iKalii r'yMIHOBUMUA PEUYOBMHAMU T1JIPOTENIB JKEJNATUHY, 1i (PI3UKO-
XIMI4H1 OCOOJIMBOCTI, BIACTUBOCTI Ta XapaKTEPUCTHKU OJEP>KYBAHUX T1IPOreJIeBUX
MaTepiamiB 3rigHo 11 peaizaiii.

[I’sTuiéi po3ain MPUCBSIYEHO JOCTIKEHHSIM 3 PO3POOKHM HAayKOBHX OCHOB
riopuaHOoi MoaudiKaIlii TYMIHOBUMH pedoBHHAMHU TUTiBOK Ha ocHOBI [IBC ta I'TIMLI,
il (pi3uKo-XiMIYHI OCOOJMBOCTI, BJIACTUBOCTAM Ta XapaKTEPUCTUKAM TUTIBKOBHUX
MaTepiajiB 3rigHO 1X peaizairi.

VY moctoMy po3nuii HABEACHO MOCTIIHKEHHS 3 PO3POOKM HAyKOBUX OCHOB
riopuanoi Momudikamii I'P OGyporo Byruuist npu onaepkaHi OiojerpanadenbHUX
KOMITIO3UTHUX MarepianiB Ha ocHoBl [IJIA, BuBYeHi mnpouecu QopMyBaHHI
eKCIUTyaTal[liHUX BJIACTUBOCTEN Olo/erpanadenbHuX KOMO3UTHUX Ta KaBOIOBHEHUX
KoMIT03uTiB Ha ocHOBI [IJIA B pamkax po3po0sIeHOi TEXHOJIOTI].

Y choMOMYy poO3aiTi HaBeleHa pPo3poOKa TEXHOJIOTIYHUX OCHOB TIOPHIHHUX

MOJIIMEPHUX MaTepiaiiB 3 BUKOPUCTAHHIM T'YMIHOBUX PEUOBUH OYpOTO BYT1IIS.
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Kniwuosi cnoea: TtexHonoris Byruuiia, Oype BYruUIf, TYMIHOBI KHCIOTH,
TYMIHOBI pe4OBUHHU, MOoAU(IKaIlis, TiOpuau, 0ioaerpaaadenbHi MojaiMepH, T1aporen,
O10ILTIBKH, KOMITO3UTH.
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ABSTRACT

Lebedev V.V. Scientific basis of obtaining hybrid polymer materials modified by
humic substances of brown coal - Qualifying scientific work on manuscript rights.

Dissertation for obtaining the scientific degree of Doctor of Technical Sciences in
the specialty 05.17.07 — «Chemical technology of fuel and fuel-lubricating materials»
(16 - chemical and bioengineering). National Technical University «Kharkiv Polytechnic
Institute» of the Ministry of Education and Science of Ukraine, Kharkiv, 2024,

The object of the research — the process of obtaining hybrid polymer materials
using the brown coal humic substances.

The subject of research — the mechanisms, technological schemes and parameters
of the processes of obtaining hybrid polymer materials using brown coal humic
substances, which determine the formation of a complex of their specified properties and
operational characteristics.

The dissertation is devoted to the development of the scientific basis for the
production of hybrid polymer materials using brown coal humic substances, which have
the ability to biodegrade, have increased strength and performance characteristics while
providing them with antibacterial properties.

The scientific novelty of the obtained results lies in the fact that, based on
theoretical and experimental research, the recipient for the first time:

- it was established that phenolic hydroxyl -OH and carboxyl COO- groups in the
amount of 2-4 wt. % determine the ability of brown coal humic substances to act as a
hybrid modifier in relation to polymeric materials (biodegradable substances) due to the
following mechanisms: chemical interaction with methylene hydroxyl groups with the
formation of ester bonds, coordination bonding with amino groups with the formation of
peptide groups -CONH-, dipole-dipole interaction with the presence of hydrogen bonds
and conformational changes, which allows to increase the complex of technological,
strength and operational properties of polymers;

- it was established that the hybrid modification of gelatin hydrogels with brown

coal humic substances occurs according to the mechanism of matrix synthesis due to
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hydrogen bonds between humic substances and gelatin, the rearrangement of primary
amides in the mixture of gelatin with brown coal humic substances, which "sequester"
them when interacting with water molecules, preventing coordination with gelatin chains
and causing conformational changes in the secondary structure of gelatin, which allows
to increase the operational properties of hydrogels;

- it was established that the hybrid modification of polyvinyl alcohol (PVA) by
brown coal humic substances occurs according to the mechanism of matrix synthesis and
Is associated with dipole-dipole interactions in the form of a hydrogen bond between the
hydroxyl group of PVA chains and the hydroxyl and carboxyl groups of brown coal
humic substances, which allows to intensify the formation of supramolecular structures
of the polymer;

- it was established that additional interactions occur between the functional groups
of brown coal humic substances and PVA, the crystallization of PVA chains is
strengthened, supramolecular structures of the polymer are formed, in which brown coal
humic substances perform the role of a crosslinking agent of chains, which makes it
possible to obtain biodegradable films with increased strength and water resistance;

- it was established that the hybrid modification of hydroxypropylmethylcellulose
(HPMC) by brown coal humic substances occurs according to the mechanism of matrix
synthesis associated with cross-linking of HPMC due to multipoint chelate interaction
with the carboxyl group of brown coal humic substances; at the same time, an increase
in the content of brown coal humic substances in the investigated solutions of HPMC
causes agglomeration and strengthening of polymer structure formation processes, which
allows obtaining biodegradable films with increased strength and water resistance;

- it was established that the hybrid modification of polylactide (PLA) by brown
coal humic substances occurs according to the mechanism of matrix synthesis due to the
presence of hydrogen and ester bonds between PLA and brown coal humic substances,
which causes the formation of a more rigid mesh structure and an increase in the degree
of crystallization compared to the original polymer , which allows to increase the strength

of PLA-based composites.
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- established mechanisms for obtaining hybrid hydrogels of gelatin, biodegradable
films of PVA and HPMC, and PLA composites form the scientific basis for obtaining
hybrid polymer materials modified with brown coal humic substances.

The practical significance of the obtained results for the chemical industry of
Ukraine is that on the basis of the conducted research and the created scientific basis for
the production of hybrid polymer materials modified with brown coal humic substances,
rational compositions of gelatin hybrid hydrogels, biodegradable PVA and HPMC films
and PLA composites with specified operational properties were determined , suitable for
the production of antibacterial gels, patches, masks for human skin, durable waterproof
films with antibacterial properties for dry and wet food products with an extended shelf
life, food containers and packaging, highly selective membranes and microelectronics
parts.

Two-stage schemes of technological processes for obtaining hybrid polymer
materials modified with brown coal humic substances have been developed. At the same
time, at the first stage, brown coal humic substances are obtained - hybrid modifiers, and
at the second stage, hybrid modification of gelatin hydrogels, biodegradable films of
PVA, HPMC and PLA composites is carried out with the modifiers obtained at the first
stage. In particular, according to the indicated two-stage schemes, biodegradable hybrid
materials and filled composites based on PLA, coffee grounds and humic substances are
obtained with their total content of 0.5 wt. % with high strength (maximum impact
strength 45 MPa and bending strength 520 MPa), membrane (selectivity in relation to
Cu?" — 95% and Pb?" — 94%; and for such Cd?*, Hg?*, Zn?*, and Co?" — from 82 up to
89%) and electrical (resistance from 25 to 31 Qsq!) properties. The practical
significance of the developments is confirmed by 3 patents of Ukraine for a useful model.

The practical significance of the obtained results for the brown coal chemical and
chemical industry of Ukraine is that on the basis of research conducted on the technology
of hybrid modification of brown coal HA and HS for various types of materials, the
compositions of hybrid-modified hydrogels, films and composites with specified
operational properties, suitable for obtaining antibacterial gels, patches, masks for human

skin, packaging capsules for biologically active substances, strong waterproof films with
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antibacterial properties for dry and wet food products with an extended shelf life, reusable
dishes, containers and packaging of food products, highly selective membranes and
microelectronics parts.

Two-stage technological schemes of technologies for using brown coal HA and
HS as hybrid material modifiers have been developed. At the same time, at the first stage
of technologies for using brown coal HA and HS to obtain hybrid-modified materials,
brown coal HA and HS are obtained, and at the second stage, hybrid modification of
brown coal HA and HS of various types of materials takes place: hydrogels, biofilms and
composites. The evaluation of the economic efficiency of the technologies for the
production of hydrogels, hybrid biodegradable films and biodegradable coffee-filled
composites developed according to the hybrid modification of brown coal HA and HS
showed that the profitability of production was 35-40%.

The results of the development of the scientific and technological bases for the
production of hybrid polymer materials modified with lignite humic substances passed
successful semi-industrial tests under the conditions of EVA GLOBAL TECHNOLOGY
LLC and were accepted for implementation, which was confirmed by the act of
implementation. Specialists of LLC "NVP "MATERIAL VIZARD" and PJSC
"Khimpharmzavod "Chervona Zirka" performed work on obtaining hybrid polymer
materials using humic substances of lignite, which is certified by the test protocol.

The theoretical and practical results obtained during the research are used in the
State Enterprise "Ukrainian State Research Coal Chemical Institute” (Kharkiv) and
implemented in the educational process of the departments of military pharmacy of the
Ukrainian Military Medical Academy (Kyiv). technologies of oil, gas and solid fuel
processing and technologies of plastic masses and biologically active polymers of NTU
"KhPI", which is confirmed by acts of implementation.

The introduction substantiates the relevance of the problem, shows the connection
of the work with scientific programs, plans, topics, formulates the goal and directions of
its achievement, the scientific novelty and practical significance of the obtained results,

characterizes the personal contribution of the recipient and the approbation of the work.
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The first chapter is dedicated to the study of the specifics of obtaining and
properties of hybrid materials, the current state and prospects of using humic substances
of lignite as hybrid modifiers of biodegradable materials, the peculiarities of the
structure, properties and functional directions of the use of humic substances of lignite
are investigated.

In the second section, the characteristics of the raw materials are given; the choice
of experimental research methods is determined; a description of the statistical methods
used in the dissertation work is given.

The third section is devoted to the evaluation of the ability of humic substances of
lignite to act as a hybrid modifier in relation to polymeric materials of the raw material
base of lignite to obtain its derivatives and to evaluate the potential of non-fuel
applications of lignite derivatives and their hybrid functionality. To form the
classification distribution of the raw material base of lignite for the production of its
derivatives, the minimum and maximum values ??of lignite quality indicators were
studied experimentally according to Ukrainian and international standards. The presented
studies confirmed the high functionality of coal derivatives in the form of creating
effective biodegradable materials of various types and functional orientation: hydrogels,
films and composites.

The fourth chapter presents research on the development of the scientific basis of
hybrid modification of gelatin hydrogels with humic substances, its physicochemical
features, properties and characteristics of the obtained hydrogel materials according to
its implementation.

The fifth chapter is devoted to research on the development of scientific
foundations of hybrid modification of films based on PVA and HPMC with humic
substances, its physical and chemical features, properties and characteristics of film
materials according to their implementation.

In the sixth chapter, research on the development of the scientific basis of the
hybrid modification of lignite GR in the production of biodegradable composite materials

based on PLA is presented, the processes of formation of the operational properties of
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biodegradable composite and coffee-filled composites based on PLA within the
framework of the developed technology are studied.

In the seventh chapter, the development of technological bases of hybrid polymer
materials with the use of humic substances of lignite is presented.

Key words: coal technology, brown coal, humic acids, humic substances,
modification, hybrids, biodegradable polymers, hydrogels, biofilms, composites.
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HEPEJIIK YMOBHHUX ITIO3HAYEHD I CKOPOYEHb

'K — rymiHOBI KHCTIOTH

I'P — cyxwuii 3a1M110K TYMIHOBHX PEYOBHH
®K — ¢ynbpBO KHCIOTH

[IBC — noniBiH1IOBUIA CTIUPT

I'TIMII — riapoKCUTIpOoniIMETHIIIETI0I03a
IJIA — nominakTug

[TAB — noBepxHeBO-aKTUBHI PEYOBUHU

YAC — 4yeTBepTHHHI aMOHI€EBI €O

[IMb — nomimep-mMoandikoBani 01TyMu

KIC — kymapuH-1HI€HOBasi CMOJIA

BHCM — Byriji1st HU3bKOTO CTYIIEHSI METaMOP(izMy
BMM - BmicT ByrueneBoi MikpoOHoi 6Giomacu

TEOC — TeTpaeTun opTOCHIIIKAT

A, B, C1, C2 —xkareropii 3amaciB Oyporo ByTiuis 3a CTYIIEHEM PO3BIJaHOCT1, BUBUYEHOCTI

SIKOCT1 KOPHCHOI KOMIAJIMHY 1 TIPHUYO-TEOJIOTYHUX YMOB:

A — 3amacw, siKi po3BijiaHi JeTajabHO, 1110 3a0e3Ieuye MOBHE BUSBICHHS YMOB 3aJIsiTaHHS

1 OyIOBH T1JI KOPUCHOT KOMAJIUHU, @ TAKOXK ii AKOCT1 1 TEXHOJIOTTYHUX BJIACTUBOCTEH

B — 3amacu, po3BijaHi 1 BUBYEHI JI€TAJIbHO, IO 3a0e3neuye 3 sACyBaHHS OCHOBHUX

0COOJIMBOCTEN YMOB 3aJis raHHs, (POPMHU 1 XapakTepy OyI0BHU TiJd KOPUCHOI KOMAJIUHU, a

TAKOX 11 SKOCT1 1 OCHOBHUX TEXHOJIOTTYHUX BJIACTUBOCTEH

C1 —3anacwu, po3BiJiaHi 1 BUBYEHI IETAJILHO, 10 3a0€3I1e€UYyE 3 CYBAHHS 3arajlbHUX YMOB

3anaranHs, GopMHu 1 OyTOBH TUJT KOPUCHOT KOTTAJTMHU, a TAKOXK 11 SIKOCT1 1 TEXHOJIOTTYHUX

BJIACTUBOCTEN

C2 — 3amacu, MOINEPEIHHO OIIHEHI, KIIbKICTh KOPHUCHOI KOIAJIMHH BH3HAYCHO 3a

OJIMHUYHUMH MPOoOaMHU 1 3p a3KaMu
ESMM — experimental statistical mathematical model;
HA — humic acids

W/ — Bomnorictb Ha pobounii craH, %



W® — BonoricTh Ha aHAITHYHUHI cTaH, %

ra ) 9
| A /' _ Bonora na poGounii Ge33onbHuii cTan, %

a .
Wmfax — MaKCHMaJbHa BOJIOTOEMHICTb, %0

A" — 3071BbHICTH Ha POOOYHIA cTaH, %

A% — 305IBHICTH HA aHAITHYHUN cTaH, %0

A% — 301BHICTB Ha cyxHil cTaH, %

MM*® — BMicT MiHEpaJIbHOT MacH Ha aHAJIITHYHUH cTaH, %0
MM?% — BumicT MiHepanbHOT Macu Ha cyxuii ctaH, %

S — BMICT 3arajibHOT CipK{ Ha aHAJIITUUHUH cTaH, %0

S& — BMICT 3aranbHOI CipkH Ha cyxuii cTaH, %

V¢ (V°) — BUXiz Jie TKHX pEYOBHH Ha CyXHii cTaH, %;

V49f _ puxin neTkux pedoBHH HA CyXHil 6€330JIbHUIA cTaH, %
C%f _ pmicT kapOOHY Ha CyXHii 6e33071bHUII cTaH, %

C]? — BUXI1J] HEJICTKOTO BYTJICITIO HA CyXUi Oe3MiHepanbHuil cTaH, %

H4 _ pmicT Tigporeny Ha cyxwuii 6e3300bHUIT cTaH, %
N4 _ puicT HiTporeHy Ha cyxwuii 6e3301bHUIT cTaH, %
daf . o o 0
O, — BMICT OKCHUT €Hy Ha Cyxui 0e330/1bHui cTan, %

Cl® — BmicT Xn0py Ha cyxwuii ctas, %

Si0, — BMICT OKCHIY KpeMHit0, %

Al, 05 — BMicT okcuy anmomiHito, %

Fe,0; — BMiCT OKcuy 3amii3a, %

M g0 — BMICT OKCUy MarHito, %

CaO — BMICT OKCHIY KajbIlito, %

Na,0 — BMicT okcuay Harpito, %

K, 0 — BmicT okcuay Kaiito, %

S05; — BMiICT OKcuay cipku, %

(HA%4), — 3aranbHa MacoBa 4acTKa TyMiHOBHX KHCIOT, %

(HA%TY § — BUX1Jl BUIbHHX TYMIHOBHUX KUCJIOT, %



daf . . 0
T’ — BHXiJ CMOIM HaIIBKOKCYBaHH, %0
R0 max — MaKCHMalbHUM IIOKA3HUK BIIOMTTS BITPHHITY, %0
Ry — NOBUIBHMI NOKA3HUK BIIOUTTS BITpUHITY, %
Q] — HIKYA TEIUIOTA 3rOPSIHHSL Ha poOouwmii cran, MJ[x/Kr
af o o o
Q,” — HaliBuIIa TEIUIO Ta 3TOPSIHHSI HAa BOJIOTUM 0€330/1bHMM cTaH, M/J[x/Kr

daf o o o
Q7 — HallBuIIA TEIUIOTA 3rOPSHHS HA CyXul 0e330ibHUN cTaH, MJDK/Kr

Qmmf

¢~ — HalBHIIA TEIJIOTa 3rOpsSHHSA Ha CyXuil 6e3minepanbHuil crad, MJx/Kr

Q] — HIKYA TEIUIOTA 3rOPSIHHS Ha poOouwmii cran, MJx/Kr
Frax — MaKkcuMalibHa IIMHHICTS 3a ['i3enepoM, ddpm

t; — moyaTkoBa TeMIIepaTypa po3M sKieHHs, °C

t; — TeMriepaTtypa 3atB ep/iHHs, °C

V — YMOBHA B A3KICTb, C

T,,, — Temmnieparypa ToruieHHs, °C

T, — Temneparypa nectpykiuii, °C

Ty — Yac TelCyTBOPEHHS, XB

D{2° — mexaHiuHa MillHiCTh JOMEHHOTO KOKCY, %

[ — TUTOMa €JIEKTPONPOBIIHICTh, MKCM/CM

pHir —3Mina pH 3 wacom

R? — xoeilieHT AeTepMiHarii

Xij — €KCIIEpMMEHTAIbHI IapaMeTpu

Y;eg — OUIKYBaH1 3HaYEHHS, PO3PAaXOBaHI 32 MATEMATUYHUMH 3QJICKHOCTSIMHU

pl{a — dKTUBHHMM LICHTPaMHA

pHo — piBHS pH BOHUX CycTieH31H1

P . . .
PH ... —pisens pH y piBHOBaXHOMY CTaHi



BCTYII

OOrpynryBaHHs BuHOOpPY TeMH aucepraniiiHoi podoru. CyuacHuil eran
PO3BUTKY HAayKH Ta MPOMMCIOBOCTI MOB'SI3aHUM 31 CTBOPEHHSM Ta BHKOPUCTAHHSIM
GYHKIIOHATBPHUX TOJIMEPHUX MaTepiaiiB 1 KOMIIO3HUTIB 3 YHIKAIBHUM KOMILJIEKCOM
BJIACTUBOCTEH, 30KpeMa: BUCOKAa MEXaHIYHa MIIHICTh, XIMi4HA CTAaOLIbHICTh. 3aBISKH
MOEHAHHIO B TIOpUJIHMX NOJIMEPHUX Marepiajiax XIMIYHO PI3HUX KOMIIOHEHTIB,
HalyacTille HEeOPraHIYHUX 1 OPraHIYHUX, CTAE MOKIIUBUM JTOCSTHYTH CUHEPTEeTUYHOIO
e(eKTy KOPUCHUX BJIACTHUBOCTEH B rOTOBOMY TiOpH[l, IO MPU3BOJUTH O 3HAYHOIO
pO3MIMPEHHS iX (YHKIIOHAJBbHUX BIACTUBOCTEHN Ta HampsMiB 1 cep 3actocyBanHs. Ha
ChOT'OJIH1 BEJIMKE 3HAUEHHS B raly3i oJiepaHHs NOpUAHUX MOJIMEPHUX MaTepiaiiB BxKe
3aiiMaroTh MOJIMEP-CUITIKATHI, TOJIIMEP-METAJICB] Ta MOJTIMEP-BYTICIIEBI KOMIIO3UTH, K1
XapaKTepU3YIOThCSA IIUPOKUM  Jiala30HOM  (PYHKIIOHATBHUX XapaKTEPUCTUK 1
3aCTOCYIOTbCSI B MAIIMHOOYIBHIN, aepOKOCMIYHIM, MEOUUYHIA Ta IHIIUX Taly3six
IIPOMHUCIIOBOCTI.

Cooromui B cdepi OTpUMaHHS TIOPUAHMX TMOJIMEPHHUX MaTepialliB BEIHKY
3aIliKaBJICHICTh JIOCTIAHUKIB 1 TIPAKTUKIB MPUBEPTAE 3aCTOCYBAHHS MOXITHUX OYypOTO
BYTULIS, $KI 3aBASIKKM OCOOJMBOCTSIM CTPYKTYpH, HPUPOAHUM COPOLIMHUMH Ta
10HOOOMIHHUM BJIACTUBOCTSIM, HAsSBHOCTI BEJIMKOI KUIBKOCTI O10JIOTIYHO aKTHBHHX
TYMIHOBUX PEYOBHMH, MOXXYThb BHCTYNAaTH SIK TOpHUJIHI MOAM(DIKATOPU PI3HUX THUIIIB
noyiMepiB. 3aBISKU 3JAaTHOCTI T'YMIHOBMX PEYOBHUH A0 CHEUM(IYHOrO BIUIMBY Ha
eKCIUTyaTalliiiHi BIIACTUBOCTI MOJIIMEPIiB CTA€ MOKIMBUAM 3HAYHO MiABUIITUTH iX MIITHICTh
Ta Criiikict. Came TOMYy MEpPCHEKTUBHUMHU € OTPUMAHHS TIOPHIHUX TOJIMEPHUX
MaTepialliB 3 BUKOPUCTAHHSM MOX1THUX OypOro BYTJUISl Y BUTJISIII TYMIHOBUX PEYOBHH,
SAKI ~ BOJIOJIIOTh ~ KOPUCHUM  KOMIUIEKCOM  PI3HOMAHITHHX  (h13MKO-XIMIYHHUX
XapaKTEePUCTUK Ta cHelupIYHUM BIUIMBOM Ha TMPOIECH CTPYKTYPOYTBOPEHHS Ta
KOMIUJIEKC  BJIACTUBOCTEH 1MX ToJIMEepHUX MarepianiB. CTBOpeHHSI HOBHX
HECHEPreTHYHUX Ta HEMaJIMBHUX HANpPSIMIB BUKOPHCTAHHS CHPOBHHHOI 0a3u Oyporo
BYTULIS Yy BUIJVISIAI TYMIHOBUX PEUOBUH, SIK TIOpUIHUX MOJM(]IKATOPIB, MOBHICTIO

BIJMOBIIAE peani3alii NPUHILMITY CTAJOr0 PO3BUTKY «ZeroWastey, KU € OJTHHUM 3



HalBa)XJIMBIIIKX B Cy4acHIM ri1o0anbH1i EKOHOMILI Ta IPAKTUYHO CepPe] yCiX MPOBITHUX
KpaiH CBITY 1 YKpaiHHU.

TakuM ynMHOM, pO3poOKa HAYKOBO-TEXHOJOTIYHMX OCHOB CTBOPEHHS T1OpUIHUX
MOJIIMEPHUX MarepiajiB 3 BUKOPUCTAHHSAM TYMIHOBHX PEUOBHH Oyporo BYTrumis €
aKTyaJIbHOI0 HAyKOBO-TIPAaKTUYHOIO MPOOJIEMOIO, 1[0 BU3HAUWIA TEMY AMCEpTaIiiHOi
poboTH.

3B’s130Kk po0OTM 3 HAYKOBMMH MNporpaMaMu, IUIAHAMH, TeMAaMH.
Huceprauiitna poOoTa BUKOHyOBajach Ha Kadenax TeXHOJOri nepepoOoku HaPpTH, ra3zy
Ta TBEPJOTO MAJIMBA Ta TEXHOJIOTIT MIIACTUYHUX Mac 1 010JI0TTYHO-aKTUBHUX TOJIIMEPIB
HTY «XapkiBCbKU MOMITEXHIYHUN THCTUTYT» B paMKax 1HIIATUBHUX Ta MPUKIATHUX
nepxOroxeTHux teM MOH  Vkpainn: «/locmikeHHs 1 po3poOka MNOJIIMEPHUX
KOMITO3MITIMHUX ~ MarepiadiB 3 pi3HUMHA  (QYHKIIOHATFHUMH  BJIACTHUBOCTSIMU)
(imimiatuBHa Tema Ne 0119U002559), «Po3poOka KpOBOCIUHHHUX TigpOrefeBUx 1
MIKPOTOJTYacTHUX TPAHCACPMAIbHUX IUIACTUPIB IS  HEBIAKIATHOI  cTadimizarrii
nopaneHux B OoioBux ymoBax» (P Ne 0124U001414), B sxux 3mo00yBau OyB
BHUKOHABIIEM OKPEMHX €TaIliB.

Mera i 3aBaanHs qociaigxennsi. Memorwo pobomu € CTBOPEHHsI HAYKOBUX OCHOB
OTPUMAaHHS T1OPUHUX MOJIMEPHUX MaTepialliB 3 BUKOPUCTAHHSIM T'YMIHOBUX PEYOBHUH
Oyporo ByTULIIS.

JInst nocsirHeHHS 1€l MeTH OyJIM MOCTaBJIeH] HACTYIHI 3a0aui:

- BCTAaHOBHUTH 3/aTHICTb (PEHOJBHUX TIIPOKCUIBHUX Ta KapOOKCHIBHHUX TPyl
TYMIHOBUX PEUYOBHUH BYTULIS BUCTYMATH T1IOPUAHUM MOAM(PIKATOPOM MO BIAHOIICHHIO
710 TIOJTIMEPHUX MaTepiaiiB, a TAKOK MEXaHI3M iX Iii;

- BCTAQaHOBUTH MOXJIMBICTh Ta MEXaHI3M Ti0puaHOI Momudikaiii ryMiHOBUMHU
peYoBHHAMU OYpOT0 BYT1JUISI T1IPOTEIIB KEJIATUHY Ta YAHHUKH, SIKI HOTO BU3HAYAIOTh;

- BCTAHOBUTH MOXMUIMBICTh Ta MeXaHI3M TiOpuaHOi Moaudikalii ryMiHOBUMHU
peyoBMHAMH Oyporo BYTUUIS MOJIBIHUIOBOI'O CIHPTY Ta OCHOBHI MDKMOJEKYJISIPHI

B3a€MO/I11, IK1 HOI'0 BU3HAYAIOTh;
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- BCTAHOBUTH XapaKTEp B3a€EMOJINA MK (DYHKIIOHAIBHUMH TPYNaMHu T'YMIHOBUX
PEYOBUH OYpOTO BYTULIS Ta MOJIBIHUIOBUM CIIUPTOM 1 MPUUYMHHO-HACIIIKOBUHN 3B'SI30K
[IUX B3aEMOJIIH Ta 3MIHH CTPYKTYPHU IMOJIIMEPY;

- BCTAQaHOBUTH MOXJIMBICTh Ta MEXaHI3M Ti0puaHOI Momudikaiii ryMiHOBUMHU
peYOBHHAMU OypOTO BYTIJUIS T1APOKCUTIPOTUIMETHIIIIEIIONIO3HU, POJIb B IIbOMY MEXaH13Mi
XEJIATHUX B3a€EMO/II TYMIHOBUX PEYOBHH BYTULIS 1 T1IPOKCUTIPONUIMETUIIIIETION03H Ta
BIUTUB Takoi Mou(diKallii Ha CTPYKTYpOYyTBOPEHHS MOJIIMEpPY;

- BCTAaHOBUTH MOJKJIMBICTb Ta MEXaHI3M Ti0OpuaHOI Moaudikaiii ryMiHOBUMHU
pedoBHMHaAMU Oyporo BYTUUIS MOJUIAKTHAY, a TaKOX XapaKTep MIKXMOJICKYJSIPHUX
B3a€EMOJIIH, SIK1 HOTO BU3HAYAIOTh;

- po3pOoOUTH TEXHOJIOTIYHI CXEMHU MPOLECIB OJEPKaHHS 1 paliOHaIbHI CKIAIU
riOpUIHUX TIAPOTENIB )KeIaTuHY, 010/1erpanadeTbHIX TUTIBOK MOJIiBIHIIOBOTO CIIHPTY Ta
T1IPOKCUIPONUIMETHIIIIECIIONO3M 1 KOMIIO3HUTIB TOJUIAKTUY TPU BUKOPHCTaHHI
T'YMIHOBHUX PEYOBHH OypOTO BYTLILIA.

06 exm 0ocniodiceHHs — MPOIeCH OTPUMAaHHS TIOPUIHUX TOJIIMEPHUX MaTepialiB
3 BUKOPUCTAHHSIM T'YMIHOBUX PEUOBUH OypOTO BYTULIIS.

Ilpeomem oOocniooxcenns — MeEXaHI3MH, TEXHOJOTIYHI CXEMH Ta pPEKHUMHI
napameTpu MpoLECiB OTPUMaHHS TOPUIHUX MOJIMEPHUX MaTepialiiB 3 BUKOPUCTAHHSIM
I'YMIHOBUX PEYOBUH Oyporo BYTULIsS, siIKi OOYMOBIIOIOTH (POPMYBaHHS KOMILIEKCY iX
3a/laHUX BJIACTUBOCTEH Ta €KCIUTyaTalliHUX XapaKTEPUCTHUK.

Metoamn aochaimxenHs. ExciepuMeHTalbHI AOCHIIKEHHS OYJIOBH, SKICHUX 1
kinbkicaux xapaktepuctuk I'K Ta I'P Byrinns 3aificaeno Metogamu Texuianoro (W2, Af,
S4, V9N, enemenTHOro (CU, HY Ndaf Sd, - Qdaf A HA)  ximiunoro (SiO,, Al,Os,
Fe,0O3, MgO, CaO, Nay0, K;0, SO3), cnekrpaibaoro (I4Y-cnekrpodoromerp «Nicolet
380»), TEM wikpockomiuydoro (Mikpockon Selmi EMV-125), nunamiuHOTrO
po3ciroBaHHs CBiTJIa (ycTaHoBKa Zetasaizer NanoZS, Malvern) anamizis. JlocmimkeHHs
OyJI0BH Ta CTPYKTYpH TIOPUIHUX IMOJIMEPHUX MaTepialliB 3 BAKOPUCTAHHSIM TYMIHOBUX
peYOBHMH Oyporo BYTiUUIS 3A1MCHIOBAIM METOJAaMU BICKO3UMETPIi, KOHIYKTOMETpIi
(xougykromerp TDS-merpi HM digital COM-100), mOTeHIIIOMETPUIHOTO TUTPYBAHHS
(pH-metpa PH-200 Waterproof Professional Series pH/Temp Meter), ATA-TI
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(mepuBaTorpad Q-1500 D), JICK (tepmoanamizatop «Mettler TA 3000» dipmu «Mettler
Toledoy») ta pentrenoctpykrypaoro (mudpakromerp «BrukerXFlash 5010») anamisis.
di3uKo-MexaHIYHI, eKCIUTyaTaliiHi Ta OlojerpagabenbHi BIACTHBOCTI TiOpUIHUX
MOJIIMEPHUX MaTrepiaidiB 3 BUKOPUCTAHHSAM TYMIHOBUX PEUYOBUH Oyporo BYTiJUIS
BU3HAYAIMCh EKCIIEPUMEHTaIbHUMU MeTonamu 3rigHo 3 girounx JICTY Ta
MbKHapoaHux craHgapTiB 1SO. TeopeTwyHi MeETOAM MOCHIIKEHHS y3araJbHEHHS,
cucreMaTuzaiii Ta kiacudikaiii OyJd BUKOPUCTaHHI JJis Kiacudikarmii CUMpOBHHHOT
6a3u Oyporo Byriuis.

OOpoOKka eKCHepUMCHTAIBHMX J@HWX Ta BH3HAYCHHS  MaTeMaTHYHUX
3JIEKHOCTEH JIJIsl pI3HUX CKJIAJlIB TOPUIHHUX MOJIMEPHUX MaTepiajiB 3 BAKOPUCTAHHIM
TYMIHOBUX PEYOBUH Oyporo BYruuld BHUKOHAHO 13 3aCTOCYBaHHSM METOJIIB
MaTEeMaTHYHOI CTATUCTHKH 13 3aJy4eHHsIM TporpaMuux nakeriB Microsoft Office Excel.

HaykoBa HOBHM3Ha OTpUMAaHMX pe3yJbTaTiB. Ha mifcTaBi TeopeTmuHUX Ta
EKCIIEPUMEHTAITLHUX JTOCIIKEHb 37100yBaYeM BIIEPIIIE:

- BCTAHOBJICHO, 1110 PeHonpHI riapokcuibHl —OH Ta kap6okcunpax COO— rpyn
y KUTbKOCT1 2-4 mac. % BH3HAYaIOTh 3/1aTHICTh TYMIHOBUX PEYOBHUH BYT1/LIS BUCTYHATH
riopuaHUM ~ MOIUM(IKaTOpoM IO  BIAHONIIEHHIO JIO TMOJIMEPHHUX  MaTepiaiiB
(6iogerpamabenbHUX PEUYOBMH) 32 PaXyHOK TaKMX MEXaHI3MIB: XIMIYHOI B3aeMOJii 3a
METHJICH  TIIPOKCHIBHUMH  TpynmaMd 3  YTBOPEHHSM  €CTEPHUX 3B s3KiB,
KOOPJIMHAIIMHOTO 3B’S3yBaHHSA 3 aMIiHOTPyMaMH 3 YTBOPEHHSAM IMENTUIHUX TPy -
CONH-, numonb-murmonbHOI B3a€EMOAIT 3 TPHUCYTHICTIO BOJHEBUX 3B S3KIB Ta
KOH(pOpMAIIHHUX 3MiH, IO JO3BOJISIE TIABUIIUTH KOMIUIEKC TEXHOJIOTIYHHUX,
MIIHICTHUX Ta €KCIUTyaTaiiHUX BJACTUBOCTEH MOJIIMEDIB,;

- BCTAHOBIICHO, IO TiOpuaHa Moaudikaiis TYMIHOBUMH pPEUYOBHHAMH Oyporo
BYTULJISL T1IPOTEIIB KEIATHHY BiJIOYBAETHCS 32 MEXaHI3MOM MAaTPUYHOTO CHHTE3Y 3a
PaxyHOK BOJTHEBHX 3B’SI3KIB MK TYMIHOBUMHU PEYOBHHAMHU Ta >KEJIATUHOM, Iepedy10BU
NEePBUHHUX aMiJIB B CYMIIlll eJaTUHY 3 TYMIHOBUMH PEUOBMHAMH BYTULIA, SIKI TIPU
B32€EMOJIIi 3 MOJICKYJIAMH BOJM «CEKBECTPYIOTB» 1X, MEPEIIKOKA0UN KOOpIUHAITT 3

JAHIIOTaMHU KEJIATHUHY Ta BUKIMKAIOTh KOHQOpMaIiHI 3MIHM BTOPUHHOI CTPYKTYpH
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KEJIATHHY, 110 JO3BOJISIE MIJABUILMTY E€KCILTyaTallliiHl BIACTUBOCTI T1IPOrediB , 30KpemMa
CTYNiHb HAOpPSAKAHHS Ta Yac BTPATH JIUIIKOCTI,

- BCTAHOBJIEHO, 10 TiOpuaHa Moau(iKaIisi T'YMIHOBUMH PEUYOBMHAMHU BYTULISA
noxniBiHuIoBoro crmpty (IIBC) BinOyBaeTbes 3a MEXaHI3MOM MaTPUYHOTO CHHTE3Y 1
NOB'sI3aHa 3 JIUIOJIb-AUIOJIBHUMH B3Aa€EMOJISIMU y BUIJISAIAI BOJHEBOTO 3B’A3KYy MIX
rigpokcuiibHOI0 Tpynow jdaHiorie [IBC Ta rigpokcuibHUMH Ta KapOOKCHIBHUMHU
rpynaMy r'yMiHOBUMH PEUYOBHHAMU BYTULIS, IO TO3BOJISIE IHTEHCU(IKYBATH YTBOPEHHS
HAJIMOJICKYJISIPHUX CTPYKTYp MOIIMEpY;

- BCTAaHOBJICHO, 10 M (PYHKI[IOHAJTbHUMU IPYIIaMHi T'yMIHOBHX PEUOBUH BYTULIS
ta [IBC BUHUKaIOTH JOMATKOBI B3a€MOJii, BiIOYBA€ThCS MOCHJICHHS KpHCTami3aiii
nanuoris [I1BC, yTBOPIOIOTHCA HaIMOJIEKYJISIPHI CTPYKTYPY MOJIIMEPY, B AKUX T'YMIHOBI
PEUYOBMHU BYTULIS BHUKOHYIOTH POJIb areHTy 3IIMBAaHHS JIAHIIOTIB, IO JI03BOJISIE
oTpuMyBatu OiojerpagadenbHi MIIBKY 3 MABUILIEHUMH MIIHICTIO Ta BOJAOCTIHKICTIO;

- BCTAHOBJIEHO, 10 Ti0puaHa MoAM]iKalis T'yMIHOBUMU PEYOBHHAMHU BYTLLISA
rigpokcunponinmermientonodu ([TIMII) BigOyBaeTbcst 32 MEXaHI3MOM MaTPUYHOTO
cuHTe3y moB's3aHoro 31 3mmBaHHAM [TIMI] 3a paxyHok 06araToTo4koBOi XelaTHOI
B3a€EMO/IIi 3 KAapOOKCHJIBHOIO TPYINOI TYMIHOBUX PEUOBHMH BYTULIS; TPU LBOMY,
30UTBLIEHHSI BMICTY T'YMIHOBUX PEUOBUH BYTULISA Yy AOCHIKyBaHUX po3zunHax ['TIMI]
CIIPUYUHSE arJIOMEpalli€l0 Ta MOCUJICHHSIM MPOIECIB CTPYKTYPOYTBOPEHHS MOJIIMEDY,
110 JI03BOJISIE OTpUMYBaTH OlojerpanadenbHi IUNBKU 3 MIABUIIEHUMU MIIHICTIO Ta
BOJOCTINKICTIO;

- BCTAHOBJICHO, 10 TiOpuaHAa MoAW(IKaIlis TYMIHOBUMH PEUOBMHAMH BYTULISA
nomnaktuay (I1IJIA) BinOyBaeThcs 3a MEXaHI3MOM MAaTPUYHOTO CHHTE3Y 32 PaxXyHOK
HAsSBHOCTI BOJIHEBMX Ta ecTepHuUxX 3B’si3kiB MiX [IJIA 1 TyMiHOBUMH pPEUYOBHHAMH
BYTULISL, IO CHOPUYUHSE YTBOPEHHS OLIBII JKOPCTKOI CITYACTOI CTPYKTypH Ta
MIJBHUIICHHS CTYIICHS KPpUCTai3allii B HOPIBHSHHI 3 BUX1IHUM TOJIMEPOM, 10 TO3BOJISE
[MIBUIIATHA MIIHICTh KOMITIO3UTIB HA ocHOB1 [IJIA;

- HaOyJIM MOJANBIIOTO PO3BUTKY AOCTIIKEHHS MEXAaHI3MYy OTPUMAHHS TOpUTHUX

riporesnis xenatuny, oiogerpagadensuux miiBok [IBC 1 I'TIMII ta kommno3utis I1JIA
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Ta c(opMOBaHI HAyKOBI OCHOBM OTPUMaHHs TIOPUIHHUX MOJIMEPHUX MaTepialiB
MOAM(PIKOBAHUX T'YMIHOBUMHU PEYOBUHAMHU BYT IS,

IIpakTHyHe 3HAYEHHSI OTPUMAHUX PE3YJBTATIB ISl XIMIYHOI MPOMHUCIOBOCTI
VYkpainu nossarae y Tomy, 10 Ha OCHOBI MPOBEJACHUX JOCIIIKEHb 1 CTBOPEHUX HAYKOBUX
OCHOB OTPUMAaHHS TIOpUIHUX TMOJIMEPHHX MaTepiaiB MOAN(DIKOBAHMX TYMIHOBUMH
pedyoBHMHAMHU OypOro BYTULIS, BU3HAYEHI paIliOHAJIbHI CKIaAW T1IOPUAHUX TiTpOTreiiB
xKenaTuny, oioaerpanadenbaux mwiiBok [IBC ta I'TIMI] 1 kommniosutiB [1JIA 3 3aganumu
eKCIUTyaTallliHUMU BJIACTUBOCTSIMHU, MNPUIATHI JUIsl OAEp>KaHHS aHTHOAKTepiaJbHUX
reiB, TAaT4iB, MAaCOK JJIg IIKIpU JIIOJAWHHM, MIIHUX BOJOCTIMKMX TUTIBOK 3
aHTHOAKTEepiaTbHUMH BIACTHBOCTAMHU JJII CyXUX Ta BOJIOTUX XapuyOBUX MPOIYKTIB 3
MOJIOBKEHUM TEpMIHOM 30epiraHHsi, Tapu Ta MaKyBaHHS XapyOBUX MPOAYKTIB,
BHCOKOCEJIEKTUBHUX MeMOpaH Ta JeTajeil MIKpOeJIeKTPOHIKH.

Po3po6iieni nBocTaAiiHI CXEMU TEXHOJOTTYHUX MPOIECIB OTPUMAaHHSA TOpUIHIX
MOJIIMEPHUX MaTtepiaiiB MOAU(PIKOBAHUX TyMIHOBUMH PEUOBHHAMHU Oyporo BYTULIS.
[Ipu npoMy Ha mepmrii cTagii oAepKYyHTh T'yMIHOBI PEYOBHHH OYyporo BYTULIS —
riopuani Moaudikaropu, a Ha JIPyrikd cramii 3A1MCHIOTH TiOpuaHy Moaudikaiio
rigporeniB kenaTuHy, Oioaerpanadenpuux 1wiBok I1BC, I'TIMII i kommosutis ITJIA
OTPMMaHUMM Ha mepuid craaii Moaudikaropamu. 30KpeMa, 3a BKa3aHUMHU
JBOCTAJIIMHUMU CXEMaMH OACPXKYIOTh OlojaerpanabenbHi TIOpUAHI MaTepiaau Ta
HaIlOBHEH1 KOMIO3UTU Ha ocHOBI1 I1JIA, kaBOBOi rymii Ta r'yMiHOBUX PEYOBHUH IpH iX
cymapHomy BMicTi 0,5 mac. % 3 BHCOKMMHU MIIHOCTHUMHU (MaKCHMaJlbH1 YJlapHa
B sskicTh 45 kJ[k/M? Ta Mmexa MinHocti mpu 3rumi 520 MIla), MeMOpaHHUME
(cenextuBHicTh No BigHomenH Cu?* — 95 % Ta Pb?* — 94 %; a mus takux Cd?*, Hg?,
Zn*, ta Co?" — 82 — 89%) Ta enekrpuunumu (omip 25 — 31 Qsq ) BracTHBOCTAMM.
[IpakTuHa 3HAYUMICTH PO3POOOK MIATBEp/KEHA 3 MaTeHTaMu YKpaiHM Ha KOPUCHY
MOJIEIb.

Pesynbratn po3poOOK HAyKOBO-TEXHOJIOTIYHMX OCHOB OTpPUMAaHHS TiOPUAHHUX
MOJIIMEPHUX MaTepialliB MOJAM(]PIKOBAHUX TYMIHOBUMU PEUYOBHHAMHU Oyporo BYT1/UIS
NPOUIIIIM YCHIIIHI HaliBIpOMUCIIOBI BunpoooByBanHs B ymoBax TOB «EBA I'JIOBAJI

TEXHOJIOIXKI» Ta npuifHATI 10 BOPOBAIHKEHHS, IO MIATBEPIKEHO AaKTOM
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BrpoBapkeHHs. Crenianictamu TOB «HBIT «MATEPIAJI BI3AP/[» BukoHani po6otu
3 OJiepKaHHs TOPUAHUX OJIMEPHUX MATEPIaIiB 3 BUKOPUCTAHHSAM I'YMIHOBUX PEYOBUH
Oyporo ByTULIs, 10 3aCBITYEHO MPOTOKOJIOM ITPO BUMIPOOYBAHHS.

TeopernuHi Ta NPAKTUYHI pe3yJbTaTH, SKI OTPUMAaHI TMiJ Yac BUKOHAHHS
JOCTIKEHbh BUKOPUCTOBYIOThCS B JlepkaBHOMY MIAMPUEMCTBI  «YKpaiHCHKUI
JIep’)KaBHUN HAyKOBO-IOCHIAHMM Byrieximiunuii iHCTUTYT «YBXIH» (M. XapkiB) Ta
BIIPOBA/DKCHI y HaBYAJIBHUN TMporec Kadeap BilcbkoBoi (apmariii YKpaiHChKO1
BilicbKOBO-MeMuHO1 akazaemii (M. KwuiB), TexHosorii mepepoOku HadTH, Tazy Ta
TBEPJIOr0 MaJIMBA Ta TEXHOJIOTIT MJIACTUYHUX Mac 1 OI0JOTTYHO aKTUBHUX MOJIIMEPIB
HTY «XIII», u1o niarBepaKeHO aKTaMHi BIPOBAIKEHHS.

Oco0uctuii BHecok 3100yBava. HaykoBi oJj0KeHHs 1 pe3yJbTaTH, BUKIAJACH] B
JUcepTaIiitHiii poOOTi Ta BUHECEHI Ha 3aXUCT, OTpUMaHi ocoducto 3100yBadem. Cepen
HUX: BHU3HAYEHHS METH, IMOCTAHOBKA 3aBJaHb JOCIIIKCHb, ITOJOKEHHS HAyKOBOI
HOBUW3HM 1 MPAKTHYHOI IIIHHOCTI, 30KpeMa, BCTAHOBJICHHS 3/TATHOCTI1 TYMIHOBHX PEYOBUH
BYTULISL BUCTYMATH TIOpUIHUM MOIU(PIKATOPOM MO BIHOMICHHIO JO HIMPOKOTO KOja
riopuaHUX ToJdiMepHUX MaTepian (OloaerpamadelbHUX PEUYOBHH) 3a PaXyHOK TaKHUX
MEXaHI3MIB: XIMIYHOT B3aEMO/II1 3a METUJIEH T1APOKCUILHUMH TPylaMu 3 YTBOPEHHSIM
€CTEPHHUX 3B’S3KIB, KOOPAMHAIIIMHOTO 3B’SI3yBaHHS 3 aMIHOTPYIaMH 3 yTBOPCHHSM
nentuaaux rpyn -CONH-, nunons-aunonsHOT B3a€MOJii 3 MPUCYTHICTIO BOJHEBUX
3B’SI3KIB Ta KOH(POpMAIIHHUX 3MiH; CUCTEMAaTHU3allisi MEXaH13MiB TOpuIHOT MoaudIKaIli
I'YMIHOBUMH PEUYOBMHAMHU BYTUUIA TIAPOTEIIB KeIaTUHY, OlogerpanadeiabHUX IUTIBOK
[IBC Tta I'TIML i1 xomno3utiB I1JIA; npoBeaeHHS eKCIEPUMEHTAIBHUX JOCTIIKEHD 3
BU3HAYCHHS TMpOIECiB (opMyBaHHS eKCIUTyaTal[iiHUX BJIACTUBOCTEW TiAPOTEIiB
xkenatuny, 6ioxerpagadbenpaux ok [IBC Tta I'TIMI] 1 kommo3uTtiB I[1JIA; po3pobka
CXEM TEXHOJIOTIYHUX TMPOIECIB OTPUMAHHSA 1 palliOHATBHUX CKIAAIB TIOpUIAHUX
MOJIIMEPHUX MaTepialliB MOJIU(]PIKOBAaHMX TYMIHOBUMH PEUYOBHHAMHU Oyporo BYTLUISA Y
BUTJISI/II T1IPOTEIIIB XKenaTuny, 6ioaerpanadenbaux miiBok [IBC ta I'TIMI] 1 koMo3uTis
I[IUTA; ¢QopmyntoBaHHS  BHCHOBKIB;  BIPOBAP)KEHHS  pPE3yJIbTaTiB poOOTH B

IIPOMUCIIOBICTh Ta HABYAJILHUHN MTPOIIEC.
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VY naykoBux crartsax ([onarok 3), onmyOIIKOBaHUX Y CIIBaBTOPCTBI, 3100yBauy
HaJIeXaTh: 3aKOHOMIPHOCTI BIUIMBY KOMIIOHEHTHOT'O CKJaAy TIAPOresiB Ha ii B'A3KICTb
Ta TPOIECH TreieyTBopeHHs [l], 3aKOHOMIPHOCTI BIUIMBY KOMIIOHEHTHOTO CKJITy
OiomerpagadebHUX KOMITO3HUIlI Ha KOMILICKC iX MIIIHOCTHHX XapakTepucTuk [2],
3aKOHOMIPHOCTI BIUTMBY KOMITOHEHTHOTO CKJIay Ha iX OiogerpamadenbHuX KOMITO3HITIT
COpOIiiiHI  XapakTepuCTHKU  [3], TpakTyBaHHS  PE3yJbTATIB  JOCIIIKECHHS
OlomerpagabeIbHUX KOMIIO3UIIIA B PI3HUX CKCIUTyaTallliHUX CEpPEeAOBHUIAX Ta
OOrpyHTOBAaHHS IIJABHMINEHHS 3HAYCHHS COpOMLIMHOI cTifikocTi [4], MexaHi3M
MOJU(IKYOUOi il TYMIHOBUX KHUCIOT B MOJIMEPHUX Tifporensx [5], 3akoHOMIpHOCTI
BILJIMBY TYMIHOBUX KHCJIOT Ha B'SI3KICTh Ta CTPYKTYpYBaHHs OioerpaaadenbHuX MIiBOK
[6], TpakTyBaHHS pe3yabTaTiB JOCITIHPKCHHS aHTHOAKTepiaIbHUX BIIACTUBOCTEH T'elliB Ha
OCHOBI arap-arapy [7], 3aKOHOMIpHOCTI BILIMBY MOH}iKaIlii T'yMiHOBUMH KHCIOTaMHU
Ha BJIACTHBOCTI 0i01UTiBOK [8], po3po0Ka OCHOBHHX TEXHOJOTIYHUX CXEM MOJIMEPHUX
rijgporeneil Ta 010TUTIBOK MOJAM(IKOBAHUX TYMIHOBHMH pedoBUHAMU [9], TpakTyBaHHSI
pe3yJbTaTIB JIOCTIUKEHHS aHTHOAKTEplaIbHUX BIIACTHBOCTEH OiojerpagadbebHuX
IUTIBOK Ha OCHOBI erepiB 1emono3u [10], mexanizsm moaudikyrouoi Iii I'yMiHOBHX
KHACJIOT B OlojmerpagabenbHUX MMOJIMEPHMX IUTBOK [11], TpakTyBaHHS pe3yibTariB
JOCTIDKEHHST 3 PO3POOKH KOHCTPYKTHBHHX OlojgerpagadenbHux kommosuilid [12],
MEXaHI3M MPOIIECIB IeJeyTBOPEHHS Ta PEOJIOTIUHI BJIIACTUBOCTI Tiporeieid Ha OCHOBI
arap-arapy [13], MexaHi3M MoOAM(}IKYyIOUOi [1i T'YMIHOBHUX KHCIOT B HOJIMEPHUX
OlogerpamabebHUX KOMITO3MIIAX —mominaktuay [14], ximacudikamidHuid — momin
CHUpOBaHHOI 0a3u Oyporo Byrimis B YkpaiHi [15], 3aKOHOMIPHOCTI BIUIMBY TYMIHOBHUX
PEYOBHH Ha KOMIUICKC XapaKTePUCTHK OiojerpaaadebHuX KoMno3uilii [16], Mmexanizm
Monudikyrouoi  aii  TyMIHOBHX KHUCJIOT B MOJIIMEPHUX riaporensx
T1IPOKCUTTPONUIMETHIIIEMIONO03K  [17], 3akoHOMIpHOCTI (OpPMYBaHHS KOMILIEKCY
BJIACTUBOCTEH 010/1erpaiadebHUX KOMITO3UTIB HAa OCHOBI MOJIIAKTHIY, KABOBOI T'yIIll Ta
ryMiHOBUX pedoBuH [18], 3akoHOMipHOCTI (OpMyBaHHS KOMILIEKCY BJIACTHBOCTEH
riOpunHux rymiH-noniMepHux rigporeneit [19], 3] MopaemoBaHHS BHpPOOIB 3
OioserpaiadeIbHUX KOMIIO3UTIB Ha OCHOBI MOJUTAKTUIY, KABOBOI T'YIIl Ta T'YMIHOBHUX

peuoBuH[20], 3aKOHOMIPHOCTI BIUIUBY MOAM(IKYIOYOI Jii TYMIHOBHX pPEYOBUH Ha
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copOIiifHi BiIacTHBOCTI OiogerpanadelbHuX KOMITO3UTIB[21], 3aKOHOMIPHOCTI BILIMBY
riopuHo1 MoaMQiKalii TYMIHOBUMH KHCIOTaMH OlojerpanadeinbHUX KOMIIO3UTIB Ha
OCHOBI TTOJTIAKTUAY [22], MexaHi3M TiOpuaHOT (PYHKIIIOHAIBHOCTI TyMIHOBHX KHCJIOT B
noJiiMepHUX 00’€KkTax pi3HOi mnpupoau [23], MexaHi3M riopuaHoi Moaudikaiii
T'YMIHOBUMH KHCJIOTAMH B ITOTIMEPHUX OiosierpanadenbHIX KoMIo3uTax [24], MmexaHizm
MIJBHUIICHHS MIIHOCTI Ta €KCIUTyaTallliHUX BJIACTHBOCTEH O10TUTIBOK TOJIIBIHLIOBOTO
CHUpPTy Mpu Moaudikamii pi3HUMH BUAAMH T'YMIHOBHX KHCIOT Oyporo Byrimis [25],
3aKOHOMIPHOCTI BIUIMBY TyMIHOBUX KHCJIOT Ha PEOJIOTI4HI, KOHIYKTOMETPHUYHI Ta
MIKPOCKOIIYHI MOKa3HUKHU MOJIMEPHUX MaTepiaiiB [26], 3akoHOMIpHOCTI (POpMYBaHHS
KOMILUIEKCY  BJIACTMBOCTEH  Olojierpajaifito  IUIBOK 3  aHTUOAKTEPULIUJIHUMHU
BJIACTHBOCTSAMH Ha OCHOBI TiJPOKCITPONIIMETHIINETION03K[27], BMICT peakiiiHO-
3MaTHUX TPYI, SKi OOYMOBIIOIOTH 3JaTHICTh TYMIHOBUX KHCJIOT Oyporo BYTULIS
BUCTYNaTH TiOpugHuM Momudikatopom [28], MoaentoBaHHS OTUMH30BaHHOTO
CKIayTiOpuaHux OloferpagadebHIX KOMITO3MIII Ha OCHOBI KaBOBOi TYIIl Ta
TYMIHOBHUX peuoBuH[30], MEXaHi3M riOpuaHOT Mo udikarii
TIIPOKCUIPONUIMETHINEIIONO03H  PI3HUMH  THIAMH T'YMIHOBHMH  Kucjaotamu[29],
3aKOHOMIPHOCTI BIUTMBY KaBOBOT T'YIIli, BIIXO/AIB JYIINMHUHHS Ta TyMIHOBUX PEYOBUHU Ha
KOMIUIEKC (PI3MKO-MEXaHIYHUX BJIACTUBOCTEH €KOJOTIYHO YHCTUX MOJIMEPHHUX
matepianiB [30], mexaHi3M TiOpuaHOI MoaudiKaili TiIpPOKCUIPONLIMETUIIEIIONO03U
PI3HMMH THUIIAaMU TYMIHOBUMHU Kuciotamu [31], MexaHismM Moaudikauii OITyMiB
CcMoOJIaMH Oyporo BYTLLIA IMicias TepMoaecTpykiii [32], MexaHi3M BIUIMYB IOXITHUX
Oyporo BYruuisi Ha BJIACTUBOCTI MeMOpaH Ha OCHOBI riOpugHux OionerpagadbenbHuX
MatepianiB [33], 3aKOHOMIPHOCTI BIUTUBY MOAH(DiKaIlii pi3HUMH THUIIAMU T'yMIHOBHMH
KHCJIOTAMH Ha CTYIiHb BIOPSIKOBAHOCTI pi3HUX OiogerpagadenbHuX momiMepis [34],
3aKOHOMIPHOCTI (POpMYBaHHS KOMILIEKCY BJIACTUBOCTEH OCHOBHI TEXHIYHI BIACTUBOCTI
rYMiHOBUX KUCIOT [35], OCHOBHHX KIJIbKICHUX XapaKTEPHCTUK T'YMIHOBHX KHCIIOT [36],
MO/IeJIb BUPOOIB 3 €KOJIOTTYHO Oe3MneuHuX miacTukiB [37], 3akoHOMIpHOCTI pOpMyBaHHS
KOMIUJIEKCY COpPOLIMHUX BIACTUBOCTEH TMOJIMEPHUX MaTepiaiiB, MOIAU(IKOBAHUX
TYMIHOBUMHU KHclioTaMu [38], 3aKOHOMIpHOCTI BIUTMBY TiOpuaHOi Moaudikarii

TYMIHOBHMHU KHCJIOTaMH Ha PEOJIOTIYHI MOKa3HHUKH 0i0Tu1iBoK [39], 3aKOHOMIpPHOCTI
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BIUIMBY TiOpuaHOT MoAMQIKalli TYMIHOBUMH KHCIOTaMU Ha EKCIEpPHUMEHTAIbHI
XapaKkTepucTHKH OiorutacTukiB [40], cucTemMa XapakTEepHUCTHK SIKOCTI Oyporo BYTiLIA 3a
JTaHHAMH YKPaiHCBKUX BUAOOYBHHX IMIIPHEMCTB [41], 3aKOHOMIPHOCTI BILIUBY
riopuaHoi  Moaudikamii TYMIHOBUMHM KHCIIOTAMH Ha TEXHOJOTIYHI BJIACTHBOCTI
nostiMepiB  [42], 3aKOHOMIPHOCTI BIUTMBY TiOpuaHOI Momudikamii TyMIHOBHMH
KHCJIOTAMHA Ha KOHCTPYKIIHHI BIACTUBOCTI OiokoMmmo3uTiB [43], MexaHi3M Ti0OpuIHOT
Mo audiKarii r'yMiHOBUMH KHCJIOTaMH O10ILTIBOK HAa OCHOBI ITOJIIBIHLIOBOTO ciupTy [44],
3aKOHOMIPHOCTI ~BIUIMBY TiOpUIHOT MoaMQikaiii TyYHOBUMHU pEYOBHMHAMHU Ha
OilomerpanaenpHi TONMUTAKTUAHI Matepianu [45], momens riOpuaHOl Momubikarii
T'YMIHOBUMH PEYOBHHAMH IOJIUIAKTHIHUX KOMIIO3UTIB [46], 3aKOHOMIPHOCTI BILTUBY
riopugHoi  moau@ikanii TyYMIHOBUMHM pEYOBMHAMH Ha  OlOJIOTIYHY-aKTUBHICTh
moJIiMepHUX MeMOpaH [47], 3aKOHOMIPHOCTI BIUIMBY TiOpUaHOI MOAUdiKaIIii
TYMIHOBUMH pEYOBMHAMH Ha eKCIUTyaTallliiHi  XapaKTepUCTHKU  TOJIMEPHUX
kommo3uilii [48], 3akoHOMIpHOCTI BIUIMBY TiOpUAHOI Momau@ikamii T'yMiHOBHMH
pPEUOBMHAMHU Ha BJIACTHBOCTI OiojerpanabenbHiuX HaHOKOMIO3uIliit [49], TpakTyBaHHS
3aKOHOMIPHOCTEH BIUIMBY TiOpuaHOI Moaudikaiii T'yMIHOBUMH pPEYOBHHAMH Ha
eKCIUIyaTalliiHl XapaKTepUCTUKU IMOMIMepHUX Kommo3uiii [50], piBeHb MOTEHIaIy
riopuHoi Moaudikaiii T'yMIHOBUMU PEYOBHHAMH BIJIHOCHO MOJIMEPHUX KOMIO3MIIIN
[51], emmipuuni Momem cywmimeld Kam’ SHOBYTUIBHHUX cMonl [52], MexaHi3m
MOIM(IKYFOUOT A1l TYMIHOBHX KHCIIOT B TOJIMEPHHX Ti/ipo rensx [53], 3akoHoMipHOCTI
3MIiHU B’SI3KOCTI TiJPOTENiB BIPOAOBXK iX MOIU(iKaIii ryMiHOBUMH KUCJIOTaMu [54],
paifioHaJbHUI CcKkjaa OIOTUIIBOK HAa OCHOBI MOJIBIHUIOBOTO CHHUPTY BIPOAOBXK iX
Moaudikarlii ryMiHOBUMH KUCJIOTaMH [55], parlioHaIsHUH CKIIa]] €KOJIOTT9HO O€3IEeTHUX
HOJIMEPHUX KOMITO3UTIB BIPOJOBXK iX Moaudikarlii ryMiHOBUMHU KucioTamu [56].
Anpobanis pe3yabratiB aucepramii. OCHOBHI TIOJIOKEHHS Ta pPe3yJIbTaTh
aucepTaiiitHoi poOoTH  JomoBimamucs Ha: MDKHApOJHHMX HAYKOBO-TIPAKTHUHUX
koHpepeHiax «[Ipobnemu Ham3BuyaliHuX curtyarii» (M. Xapki, 2021 - 2022 pp.);
MixHapogHux HaykoBO-mipakTHUHUX KoH(pepeHuisix MicroCAD «IHdopmaniiini
TEXHOJIOT1i: HayKa, TeXHIKa, TEXHOJIOT1sI, OCBITa, 3710pOB’si» (M. Xapkis, 2021 -2022 pp.);

MixHapOJHUX HAyKOBO-TEXHIYHUX KOH(pepeHUisx «CydacHi TEXHOJOTIi mnepepoOKH
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najgbHUX Kormanuu» (M. Xapkis, 2021 —2023 pp.); V MixHapoaHiil HAyKOBO-IIPAKTUYHIN
KOH(epeH1ii «[HHOBaI[IliHI TEXHOJIOTIT B apXITEeKTypl 1 au3aitHi» (M. Xapkis, 2021 p.);
VII BceykpaiHChKiii HAyKOBO-TIPAKTHYHIN KOH(]epeHIi «AKTyalbHI TpoOiIeMu
HAyKOBO-TIPOMHUCJIOBOTO KOMIUIEKCY perioHiB» (M. Pybikne, 2021 p.); XVII
MixHapoHil HAYKOBO-TIPAaKTUYHINA KOH(pepeHinii «ByriibHa TerIoeHepreTHKa: MIITXH
PEKOHCTPYKIIIi Ta po3BUTKY» (M. Kuis, 2021 p.); XIX MiHapo 1Hii HAyKOBO-TEXHIYHIH
koHpepenIii «[Ipobiemu HaIIHHOCTI Ta TOBrOBIYHOCTI 1HXKEHEPHUX CHIOPY/ 1 Oy 11BEIb
Ha 3aJII3HUYHOMY TpaHcnopTi» (M. Xapkis, 2021 p.); I InTepHeT-koHbepeHI1i MOIOIUX
BueHux (M. Kutomup, 2021 p.); VI MikHapoiHiii HAyKOBO-IPAKTUYHIA KOH(pEpeHIIT
«IHdopmaniiini TexHomorii B ocBiTi, Hayul 1 TexHin» [TOHT-2022 (M. Yepkacu, 2022
p.); IX MuikHapoaHii HAyKOBO-IIPaKTUYHIA KOH(eEepeHIlil «AKTyanbHl HpoOiaeMu
imxeHeproi mexaniku 2022» (M. Opxeca, 2022 p.); XI MikaapoaHiii HAyKOBO-TEXHIYHII
koH(pepenuii «[loctyn B HadrorasomnepepoOHiii Ta HAPTOXIMIUHIA MTPOMHUCIOBOCTI»
APGIP-11 (m. JleBiB, 2022 p.); Mixnapoaniii HaykoBiii koH(pepenmii [EEE
KhPIWeek on Advanced Technology (M. Xapkis, 2022-2023 pp.); XII MixuaapoHiit
koHbpepenmii 2022 IEEE 12th International Conference "Nanomaterials: Applications
and Properties" NAP 2022 (M. Kpakis, [Tonbmia, 2022 p.).

Iy6aikanii. OCHOBHI MOJIOKEHHS 1 pe3yJbTAaTU AUCEPTAIINHUX JOCTIKEHbD, K1
BUHOCSATBCS Ha 3aXUCT, OMyOJIIKOBaH1 y 56 HayKOBUX Mpallsax: 16 crateil — y HayKOBUX
neploguyHuX axoBUX BUAAHHAX YKpaiHu kareropii «Ay, «by»; 14 crareil — y HayKoBHUX
nepionnyHux (axoBUX BHIAHHSX 3 HaykoBoMeTpuuHux 0a3 SCOPUS a6o WEB of
Science, 4 craTTelil — y HAyKOBHUX MEPIOJUYHUX BUJAHHSIX YKpaiHU Ta IHIIUX JIepiKaB, 2
po3auTH KoJIeKTHBHOT MOHOTpadii (y cmiBaBTOpCTBI), 17 Yy Marepianax ampoOariifHoro
XapakTepy, OTpuMaHo 3 nareHTa YKpaiHu Ha KOPUCHY MOJIEIb.

Crtpykrypa i o0csar agucepraiii. {ucepraiiitna po6oTa CKIagaeThCs 3 aHOTAIIl
JIBOMa MOBaMH, BCTYIy, CIMOX OCHOBHUX PO3[ILJIiB, BUCHOBKIB, CIUCKY BUKOPHUCTAHUX
JoKepen, noaarkis. [ToBHMI 00csr nuceprariii craHoBUTb 337 cTopinku: 158 pucyHkiB 3a
TekcTtoM, 91 Tabmuii 3a TekcTtoM, 362 HallMeHyBaHb BUKOPUCTAHMX Jkepen Ha 41

cropiHil, 9 nogatkiB Ha 30 cTOpiHKaX.
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PO3JILT 1
CYYACHMUIA CTAH TA IEPCOEKTUBU HENAJUBHOT' O
BUKOPUCTAHHSI T'YMIHOBUX PEUOBUH TA KMCJOT BYT'LLIS SIK
TIBPUIHUX MOJUPIKATOPIB MATEPIAJIIB

Byrimis BBakaeTbcs OJHUM 13 HAWMOIIMPEHIMMX 1 HAWBAKIMBIIIMX BHJIIB
BUKOITHOTO MaJIUBA JIsl BUPOOHUIITBA eneKkTpoeHeprii [1]. IcHyroTh pi3Hi TUTIU BYT1LIA,
Kl XapaKTepHO BIAPIZHAIOTHCS JIEKUIbKOMa CHEeHU(pIYHUMU O3HAKaMU, TaKUMH SIK
MOXOJIKEHHSI, CKJIa[ 1 piBeHb MeTamopdizmy [2].

Bype Byruuis, BijoMe sIK JITHIT, 1 CyOOITYMIHO3HE BYTULIS KIACU(DIKYIOThCS K
BYTULIS HU3bKOro cryneHss Meramopdizmy (BHCM) 3aBasku KOpPOTKOMY Hacy
YTBOpPEHHS Ta HU3bKOMY MeTamMopdizMy. OOH1Ba MatOTh BIIHOCHO HU3bKY TEIIOTBOPHY
3IaTHICTH 1 BUCOKY 30JbHICTH [3]. KpiM TOr0, Oype Byrisijis, Mae BUCOKUN BMICT BOJIOTH,
B Jiana3oHi 25 — 65 %, Oublia yacTHHA SIKOT ICHY€ y BUIJISI/II BUTbHOT BOAM, SIKA IIBUAKO
BUIMAPOBYETHCS B CYXUX YMOBaX [4].

[IpupoaHe oKHUCIICHHS (BUBITPIOBAHHS) OypOro BYTriUIsS BiIOYBA€ThCS Y BEIMKUX
Macitabax, KOJM BYTULUIA 3HAXOAUTbCS B TuIacTi abo BiAOyBaeTbCsA Mij Yac
TPaHCIOPTYBaHHs/30€epiraHHsi Ta CYTTE€BO BIUIMBA€E Ha MOro (pi3WyH1 BIIACTUBOCTI Ta
xiMiyHuM ckiaa [5]. OTpuMaHuii BUA BYT1UISI HA3UBAETHCS JICOHAPUT, HA3BaHUN Ha
yecTh Aprypa I'pes JIeonapaa Ha 3HaK BU3HAHHS MOTO HAYKOBOT'O BHECKY [6].

B3aemonis Byruuis 3 atMoceporo € MPUUYMHOK BEIMKOTO 3aHEMOKOEHHS IS
CHEPreTUKU Ta MPOMUCIOBOCTI 4Yepe3 HOoro MocTymnoBe pyHHYBaHHS, pPO3CIIOBaHHS Ta
nepeBigkinanenus [7]. Kpim Toro, Oype Byrumsi Moke camMo3aiMaTHCS IMiJI dYac
BUIOOYTKY Ta yTWJIi3allii, CIPUYUHIIOYN THM CAMHUM 3a0pYIHIOI0UY] BUKUIU B TIOBITPS
[8]. Ha croromdimmHiii geHb THCSYl TeKTapiB (PYHKIIIOHYIOUHUX EKOCHCTEM paHiIie
POJIIOUMX 3eMeNb MOPYILIEH] EHEPTeTHYHUM HAPsIMOM BUJI00YTKOM BYT1JUISI TA BJIIACHO
Bigxonamu Byriumis [9]. Came yepe3 Te pO3BUTOK HEMNAIMBHOTO BUKOPUCTAHHS Oyporo
BYTiJUIS 3 METOK OJIEpKaHHS I[IHHUX Ta BAXKIMBUX 33 CBOIM (DYyHKIIOHAIBHUM
BUKOPUCTAHHAM pPEYOBUH € HAMOUIbII AaKTyaJlbHMM Ta JAOCHDKYBaHMM B Traiy3i

BYIUIEXIMIYHOTO MartepiajiosHaBcTBa. OJHUMH 3 TaKUX CKJIaJOBUX Oyporo BYTUUIA €
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I'YMIHOB1 PEYOBUHH, CTPYKTYPHHUI Ta (PYHKIIOHAIBHUIN KOMIUIEKC BJIACTUBOCTEH SIKHX
poOUTH iX Ay’€ NEPCHEKTUBHUM (PYHKIIOHAIBHUM MOJM(DIKATOPOM IIMPOKOTO KOja
MaTepiamiB  3a pPaxyHOK PI3HUX MDKMOJEKYJISIPHUX B3a€EMOMIN MpU  CTBOPEHIi
BIIOPSAJIKOBAHUX CyNpa- Ta MDKMOJIEKYJSIPHMX CTPYKTyp. OJHaK Takuil HampsiM B
Cy4YacHIi XIMIYHIN TEXHOJIOT1] MPAKTUYHO HE JOCIIHKEHO, & TUM OUIBII TEXHOJIOTIYHO

HC 3aCBOCHO.

1.1 AHani3 Cy4acHOro CTaHy HENAJMBHOTO BHUKOPUCTAHHA CUPOBHHHOI 0Oa3u

Oyporo Byruuis B Ykpaini

JIis TIepBUHHOTO BCTAaHOBJICHHS TMOTEHIIANly CHUPOBUHHOI 0a3u YKpaiHu AJis
PO3pOOKH HEMAJIMBHOTO HANpPSIMy BUKOPHCTAHHS T'YMIHOBUX PEUOBHH OypOro BYTULIS
i ¢GyHKIioHaNbHOI Moau(ikarii marepianiB, OyJ0 MNPOBEACHO aHaji3 HasBHUX
MOKJIa/iB Oyporo BYriuis Ta CTyHiHb iX TPOMUCIOBOTO 3aCBOEHHS.

3aranbHOBIZIOMO, IO YKpaiHa € Jep:KaBOI0 3 PO3BHHEHOIO CHPOBHHHOIO 0a3010
Oyporo ByTiuIsi, 6araTcTBa HaJIp sIKOi 3yMOBJICH]1 OCOOJIMBOCTSIMH T'€0JIOTTYHOT Oy A0BH 1i
teputopii [96]. Ha tepuropii Vkpainu mnokiaaum Oyporo BYruuis 3HaXOISThCA B
reoJIOTIYHUX CTpYKTypax JIHinmpoBchkoro OaceiiHy (yKpaiHChKOTO KpHCTaIl4YHOTO
muTa), JHinpoBcbko-/loHenpkoi 3anaguHu, [IpuaHICTPOBCHKOT BYIJIEHOCHO! ILIOIII
(Bomuno-Ilopinbebkoi  miutu, nporuHiB —IIpukapnarcekoi Ta  3akapnarchbKoi
BYIVICHOCHUX IUIONIIB, HWKHBbO-/[HICTPOBCHKOI IJIOMIMHI (3amaJuHA B HEOTE€HOBUX
Binkimanax) (puc. 1.1). 3a nanumu xkommadii British Petroleum [217], noBeneni 3amacu
Oyporo Byruuis B Ykpaini Ha mouyaTtok 2021 poky cknaganu 2,3 MapI TOH. 3arajiom
MO>KHA BIIMITHTH, 1110 ctranoM Ha 01.01.2022 poky 3arajgbHa KUIbKICTh POJIOBHII] OypOTo
ByTULIsl B YkpaiHi carae 80, ogHaK 3 HUX aKTUBHO PO3poOIsieThecs TUTbKK 3 [219].

Posnonin GanmancoBux 3amaciB Oyporo BYTuUuIs 3a o0yacTAMH YKpaiHM CTaHOM Ha

01.01.2022 pik HaBeaeHo B Taobur. 1.1.
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Pucynox 1.1 — PonoBuia 6yporo Byruuia B Ykpaini [220]

Tabmuus 1.1 — Po3nozin 6anancoBux 3anaciB Oyporo Byriuis 3a o0JacTsMu Y KpaiHu

crtanoM Ha 01.01.2022 poky

OB1ACTE BbanaHcoBi 3amacu, THC T KinbkicTh pomoBuilg
A+B+C1 C2

JlHinponeTpoBChKa 1320644,00 258053,00 21
JKutomupcrka 10884,00 0,00 2
3akapraTcbka 38783,00 0,00 4
KipoBorpaaceka 750833,00 39604,00 44
XapKiBChbKa 389985,00 0,00 1
Uepkacbka 82230,00 1524,00 8
Bceroro 2593359,00 299181,00 80

AHai3youu 1aHi, HaBeAeH1 y Ta0. 1.1 MokHa 3p0OUTH BUCHOBOK, 1110 HAO1IbIII
nokimanu Oyporo Byruwis kareropii A+B+Cl B VYkpaiHi 3HaxoAsTbcs B
JuinponerpoBcbkiii (1320644,00 tuc. 1), Kipoorpancekiii (750833,00 Tuc. T) Ta
XapkiBcebkiit (389985,00 Tuc. T) obnactsax [218]. Came mi mokiaay € HAWOLIBII MiIHHI B

acniekti oxepxanns 'K ta I'P 3 Oyporo Byrums. ¥V [IHimpoBcbkoMy Oaceiini Oype
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BYI'ULIsl BUIOOYBAIOTh MEPEBAXKHO BIIKPUTHM crOcOOOM. TyT 30cepemkeHo OJIM3bKO
200 ponosuiL, i3 siKUX 3anacu Maike 80 BpaxoBaHo y [lep:kaBHoMy OanaHCl YKpaiHu.
OctanHiM yacoM 3Ha4Hi 3amacu Oyporo Byrumisa (maiike 400 MIH TOH) BUSBIEHO 32
MeKaMHu Y KpaiHChKOTO IUTa — Ha TepUTOPii XapKiBChKOi 001acTi.

Po3noain poaoBuIl 3a CTYNEHEM MPOMUCIOBOIO OCBOEHHS CTaHOM Ha
01.01.2022 poky HaBeqeHo B Ta6u. 1.2 [219]. Buxoasuu 3 nanux, HaBeAeHUX B Tabi. 1.2,
B YKpaiHi € nuiie 3 aii04nX poJoBHUI 3 OaJlaHCOBUMU 3amacamu kateropid 4A+B+Cl

piBHuMH 9331 THC T.

Tabmuus 1.2 — Po3noain poioBuIll 3a CTyIIEHEM IIPOMHUCIOBOTO OCBOEHHS

CryliHb MPOMHCIOBOFO OCBOEHH Kinekictes | Bamancosi 3anmacu. Tuc T
POIOBHIIL A+B+C1 C2
BinbHi ginstHKY OOIM3Y AiF0UNX pO3pi3iB 1 784,00 0,00
BinbHi qiastHKY TOOIHM3Y TIFOYMX [IAXT 8 48869,00 0,00
JlinstHKA 7151 po3pi3iB, IO PO3BIAYIOTHCS 1 6285,00 2169,00
Hirodi po3pizu 3 9331,00 0,00
3akpwuti po3pizu 8 87887,00 307,00
3aKpHTi IAXTH 7 87463,00 2022,00
[TepcnieKTHBHI U PO3BIIKK AUITHKH ISl PO3Pi3iB 7 61766,00 849,00
[lepcrieKTHBHI A7t PO3BIAKY IUISHKA JJIS [IIAXT 25 1196315,00 | 285095,00
Pe3epBHi OIISTHKY TPYNH «a» I PO3pi3iB 9 716987,00 0,00
Pe3epBHI AUISTHKY TPYIIH «ay JUIS IIaXT 6 338699,00 8739,00
PesepBHi nUIHKH Tpyny «O» AJIst po3pi3iB 4 31512,00 0,00
PesepBHI TUISHKH TPyTH «O» AJIS MIAXT 1 7461,00 0,00
Bcworo 80 2593359,00 | 299181,00

CydacHuit cTan BUI0OYTKY Oyporo Byrijuid B YKpaiHi TaKOXK CBITUUTb, 110 TUTHKU
Ha 3 gurstHkax Mopo3siBchkkoro pojoBuiia J[HIMPOBCHKOTO OYpOBYTIILHOTO OaceiHy
BiIOYBAIOTHCS POOOTH 3 OJIepKaHHS OypOro BYTULIS 1 JIUIIIE B HEBEIMKIN KUTBKOCT1 BOHO
BUKOPHUCTOBYIOTHCS JUIsl OTPUMAHHS TaKUX IIHHUX XIMIYHUX MPOAYKTIB SIK MOHTaH-BICK
1TymMaTH, B TOM 4ac, ik HOro MOTEHIIiHA CHPOBUHHA POJIb CTOCYEThCS OaraTbox raixy3eu
Cy4aCHOI MPOMMCIIOBOCTI: MEIUIMHA, CUIbChKE TOCHOJAPCTBO, 1HPPACTPYKTYypHE
OyIIBHUIITBO, TPUPOJOKOPUCTYBAHHS TOUIO.

TakuM 4MHOM, MMPOBEICHUH aHaI13 HassBHUX MOKJIaiB Oyporo Byriyuis YKpaiHi ta

CTYMIHB iX MPOMHUCIOBOI0 3aCBOEHHS CBITYUTH PO HASBHICTh 3HAYHMX 3aI1aCIB JIITHITIB,
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sk mxepena 'K ta I'P, ane BumoOyTok SKMX BEIAEThCS HA AyKe HU3BKOMY piBHI 0e3
peaiizaiii Majoro MOTEHIlially caMme HEMaJuBHOTO BHUKOPHCTAHHA Oyporo BYTULIS.
Baprto naromocuTH, 1m0, B CBOIO 4epry, Ii€ 3yMOBIIOETHCS MPOOIEMOI0 BiJICYTHOCTI
PO3BHHEHUX  TPOMHCIOBUX  TEXHOJOTIM  pPalliOHAJBbHOIO  HECHEPreTUYHOTO
BUKOPHUCTaHHs caMo pecypciB Oyporo Byruuist y Burisial 'K ta I'P qna omepixanns

HOBITHIX Ta MOJU(DIKaIlli ICHYIOUYUX MaTepiaiB.

1.2 OcoGauBOCTI CTPYKTYpPH, BJIACTUBOCTEM Ta (YHKIIIOHAIBHUX HAMpPsIMIB

3aCTOCYBaHHS T'yMIHOBUX PEYOBUH

['yMiHOBI pEYOBHMHHU — 11€ HATYpaJbHI MPOAYKTH 1 HAMOUIbII cTabuIbHA (paKIlis
OpraHiYHMX PEYOBUMH B TIPYHTAX, SKI YTBOPIOIOTHCS IMPU PO3KIAJaHHI OpPraHIYHUX
pedyoBuH B rymyc [ 1, 2]. TemHuit komip ryMiHOBUX pEUYOBUH 00OYMOBJICHUHN CTPYKTYpaMHU
XiHiIHYy, a icToTHA yactuHa ryMmiHoBuXx kucioT (I'K) 3HaxoauTbes B (yHKITIOHATBHUX
rpynax KapOOHOBUX KHCJOT, SIKI MOB'S3YyIOTh OaraTOBaJ€HTHI MO3UTHUBHO 3apsKeH1
ionu [3]. . C. OpnoBum 0yi10 3MponaHoBaHO KiIac(iKyBaTh yci TyMiHOBI pEYOBHHU TIO
iX 3/aTHOCTI PO3YMHSATHCS B BOMI, JIyrax Ta KHCJOTax. TYMOCOBI KHCJIOTH, TyMiH

(HerizpoJTi30BaHMI 3aJIMIIOK) Ta MPOr'yMIiHOBI peuoBHHH, [4] — puc. 1.2,

[YMiHOBI peyoBUHM

[MporymiHoBI : :
pory [YMOCOBI KUC/IOTH ['yMiH
peyYoBUHU

mm [ YMIHOBI KUCNOTH

[iImaTomenaHosi
KUCNOTU

el PYNLBOKMCAOTH

Pucynok 1.2 — Knacudikanis I'P [4]
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dakTUYHO TYMIHOBI peuoBHHU MICTSITh ckiaany cymim 'K, ¢ymneBokucior (OK)

i ryminis (puc. 1.3) [5].

Pucynok 1.3 — bynosa 'K 1 ®K

Came depe3 cBoe Ol0JIOTIYHE TIOXO/DKEHHS TYMIHOBI PEUYOBHMHU MAalOTh
HEBU3HAYEHUI CKIIaJ], KU MOKE 3MIHIOBATHCS 3aJIe)KHO BiJ IX JIKEpeN Ta MpOLECy
excTpakirii. KommoHeHnTH, ik mpaBuiio, MICTSATh apOMaTU4HI Ta alipaTiuiHi CTPYKTYpH 3
NpUENHAHUMHU KapOOHUIbHUMH, KapOOHOBMMH Ta (PEHOJBHUMH TpYNMaMH, a TaKOX
HE3HAYHy KUIBKICTh aMIHHMX Ta aMIJHUX 3ajJUIIKIB, SKI MOXYTh OyTH
JOHOPAMHU/aKIIETITOPAMHU ISl YTBOPSHHS BOJAHEBHX 3B’sI3KiB. TakuMm 4MHOM, TyMiHOBI
PEYOBMHM MOXYTh MPOSBISATH MDK(a3Hy aKTHBHICTh, T1APO(UIbHICTh, a TaKOX
3/1aTHICTb JI0 KATIOHHOTO OOMIHY Ta KOMILUIEKCOYTBOPEHHIO.

3aranpHa XiMiuHa (yHKIIOHAIBHICTh [P BU3HAYaeThCs iX BIACTUBOCTAMM L1010
10HHOTO OOMIHY, TIOTJIMHAHHS BOJHU, AUCIIEPCIi Ta eHeprii Koresii, a TakoXk B3aeMOIIi Ta
KOMILTIEKCOyTBOpeHHs. Cxema 3aranmbHOi cTpykrypu [P mokasanma Ha puc. 1.4 [6].
®aktruuno ['K — 1ie cnenudigHi opraHivyHi CIOTYKH BiJT )KOBTOTO 10 TEMHO-KOPHUYHEBOTO
KOJbOpy. Buninstors X crocoOom, BHepie 3anporioHOBAaHUM HIMEIIBKUM BUYCHHM .
AxapnioM, SKuii BAKOPUCTOBYBAB PO3UMHU JIYTIB 1 HelTpansHux coieid. 'K B 3a5eskHOCTI
BiJl 3[aTHOCTI PO3YMHSATHCS B THUX YW IHIIUX PO3YMHHUKAX MOAUIAIOTH HA T'YMIHOBI,

riMmatomesnanosi 1 @K [7].
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Pucynok 1.4 — Cnporniena cxema yTBOpeHHs CTpyKTypu [P [6]

['ymatu Oyporo Byruuisi XapakTepu3yrThCcsi BUCOKMM BMicToM (< 90 % B.B.)
rymiHoBHX peuoBuH [12 — 13]. I'yminoBi pedoBunH Oyporo Byriyuis — e cymimi ['K ('K,
pO3UMHHA y BOA1 juiie B dyxHUX ymMoBax), @K (PK, po3unHHa y BoAi 3a Oyab-sKUX
ymoB pH) i ryminy (I'M, He po34nHHA Hi B JIy3i, Hi B KUCJOTI) [14]. ['ymMiHOBI pedoBuHU
MOKHA BUJUIUTH 3 BYTULIS 32 JOMOMOTOIO JIYTiB, KUCJIOT 1 OpraHIYHUX PO3UYUHHUKIB
[15]. T'ymiHOBi pedYoBMHHM € BIIHOCHO CTaOLTBHUMH KOMIUIEKCAMH Ta MaroTh
pi3HOMaHITHI (DYHKITIOHAJIBHI TPYMH, AKI JOMOMAararoTh CTBOPUTH 37I0POBE IPYHTOBE
CEpellOBUILE INUIAXOM TMOKpAIlEHHd arperauii TIpyHTY, MIKpOOHOi aKTHUBHOCTI,
dbepMeHTaTUBHOI (YHKIIIOHAIBHOCTI, TMOTJIMHAHHS BYIJICIIO, YTPUMAHHS TOKUBHUX
peUoBHMH Ta iMMOOuTI3aIii 3a0pyaHIorounx pedoBuH [16 — 17]. ['ymiHOBI pe4oBHUHU
Oyporo Byruuisi IEMOHCTPYIOTh OlJibllle KapOOHUILHOTO ByTJIeIo (pubiau3Ho 16 %) i
MeHIe amiparuanoro Byriaerio (27 %) MOPIBHSHO 3 TUMOBUMHU CHEHUGBIYHUMHA IS
I'PYHTY TYMIHOBUMH PEUOBHUHAMH, K1 MicTATh Ou3bK0 11 % 131 %, Bignosiano [12].

['ymiHOB1 pe4oBHHH MarOTh ambihUTEHUINA XapaKTep 1 PO3UNHHI Y BOJHUX JTyKHAX
Cepe/IOBUILAX, BOHU HE PO3UYMHSIOTHCS B HEUTpalIbHUX a0O0 KUCIHUX CEPENOBHUINAX 1
YTBOPIOIOTH 32 TAKUX YMOB MillesIono1i0H1 cTpykTypu. @K — 11e ’KOBTYBaTO-KOPUUHEBA
HU3BKOMOJIEKYJIsIpHa (ppakitis amopdroi nmomaiMepHoi cymimii I'K. 'K po3uuHsoTees y
BOJHUX CepefoBUIIAX 3 pi3HUM pH, a TakoX y JeIKuX OpPraHiuHUX PO3UYMHHHUKAX

(arreToH 1 eTaHoN).
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['K € ckmagHoOoO CyMINIIII0 BHCOKOMOJEKYISIPHUX 1 MOJI(PYHKIIOHAIBHUX
3'€elHaHb ANTILMKIIYHOL, TIPOaPOMATUYHOI, apOMATUYHOI 1 TETEPOLUUKIIYHOI TPUPOIH
[1], BOHH PO3YMHSIOTHCS B Jyrax 1 NMPAKTUYHO HEPO3YMHHI B BOJI 1 KHUCJIOTax. 3
onHoBaneHtHumH katioHamu (K*, Na*, NH4") 'K yTBOpIOIOTh jIerKO pO3YMHHI Y BOJI
comi-rymaru. IIpu B3aemonii I'K 3 n1BoBaneHTHUMY i TpuBaneHTHUMH Kationamu (Ca?*,
Mg?*, AP, Fe**) yreoproernest ocan [7]. 'K mictsaTs Garato pisHUX (QyHKLIIOHATEHHX
IPyI: KapOOKCUJIbHI, (P€HOJBHI Ta CHHPTOBI TIAPOKCHIIbHI, KapOOHUIBHI, XIHOHHI,
METOKCLIbHI, €CTEpHI, €HOJIbHI, aMIHO-, aMi0- 1 IMIJOTpYyNMH, Cyib(}o-, TIONbHI i
mucynbdiani rpynu [1].

3arajioM CTPyKTypa Ta KOMIUICKC BJIACTUBOCTEH T'YMIHOBUX PEUOBHMH Ta IXHIX
MOXITHUX 3yMOBJIIOE TPYU OCHOBHUX (DYHKI[IOHAJILHUX HAIMpPSMU AJIs 1X 3aCTOCYBaHHS:
IIIBUIIICHHS POJIFOYOCTI, BIJHOBJICHHS Ta OlopeMesialis MOYaTKOBUX EKOJOTIYHHX
MOKA3HUKIB TPYHTYy Ta 3€Mellb, MPOLECH BOJOOYHILIEHHS, OACPNKAHHSI MEAUYHUX,
dapmareBTHYHUX Ta KOCMETOJIOTIYHUX MaTepianiB (PyHKIIIOHATbHO-HATIPABICHOT il Ta
GyHKIIOHATEHA MO (DIKALIiS TOTIMEPHUX KOMITO3UIIIHHIX MaTepiaiiB [8].

OCKUIbKM TYMIHOBI PEUOBMHHU Ta iXHI MOXIAHI MO CYTi € BYIJElb-HEraTUBHUMU
pedyoBrHamMu [6], sIKi MOB'A3YIOTh BYyTJIElb, B TOM 4Yac SIK MOro yTBOPEHHs 3amodirae
meTabounizmy i yrBopeHHI0 CO», 3aCTOCYBaHHS TYMIHOBUX PEYOBHH, K 3aMiHY KOTAJIHH
ab0 B OUIBPII BENMKHMX MacmTabax B CUIBCBKOMY TOCHOJApPCTBI MOXE CHPUSITH
CTBOPEHHIO CYCIUIbCTBA 3 HelTpadbHUM BUKHAOM CO,. MeTaboniTu, 1m0 BXOJATh J0
ckiany I'P, MmoxyTh cinyxkutu pitoropmoHamu, B Toi yac sik komruiekcu ['K 3 consimu,
HEOpPraHIYHUMHU KJacTepamMH 1 MiHEpajaMu TMOB'S3yIOTh BOAY, YTPHUMYIOTH IMOXKHBHI
PEYOBHHM B IPYHTaX 1 TUM CAaMHUM BH3HAYAIOTh iX BUCOKY POMIOUICTS [7].

®axtuyna posib ['K y poarodocti rpyHTy 6ararorpansa i BKitodae pizuko-xiMidai
aCMeKTH, TaKl SK 3MOYYBAaHICTh, TEKCTYPHI aCHEKTH TPYHTY, a TAKOXX 30UIbIICHHS
3IaTHOCTI 3B'SI3yBaTH BOJY 1 KOPHCHI HouM [9 —12].

Takox poBeaeno [10], mo 'K 3HauHO MOKpallytOTh CTPYKTYPY IPYHTY, TOOTO
3B'I3YIOTh JIMCIICEPrOBAaHI YAaCTUHKH TPYHTY pa3oM, IiIBHUILYIOYHM WMOBIPHICTb
YTBOPEHHSI arjioMepaTiB B I'PYHTI 32 PaxyHOK HbOT'O 3HAYHO MIJBULIYIOTHCS aeparlis,

BOJIOIIPOHUKHICTD 1 31aTHICTh IPYHTY YTPUMYBATH BOJY.



27

B crarti [11] noBeneHo BUCOKY MikpoOHY akTuBHICTH [ 'K B IpyHTI, sika 103BOJIsIE
30UTbLIYBATH KUIBKICTh MIKPOOHHMX CHLUIBHOT 1 KaTa0OI14HY €(heKTUBHICTb. bkl Toro,
HalBWINA AKTHBHICTh TPYHTOBUX (EPMEHTIB, a TaKOX HaWBHUINA (PYHKI[IOHATHHA
PI3HOMAaHITHICTh MOXYTh OyTH BUSIBJICHI B IPYHTOBUX (PPAKIIISAX 3 BEIMKOIO KUTHKICTIO
opraniyHux peuoBuH. Dueir Ta iH. onyOmikyBanu 3BiT [12] npo 3actocyBanus 'K mis
M1JBUIIEHHS PAaHHBOT CTIMKOCTI POCIIHMH 1 3HAYHOTO CTUMYJIFOBAHHS POCIIHH.

BaxnuBo BIAMITUTH, WO E€KCIEPUMEHTAILHO JIOBEACHO TOW (hakT, IO
Bukopuctanid ['K kopucHO He TUIBKM i1 TOJINIIEHHS  00poOIroBaHUX
CUIbCBKOTOCTIOAPCHKUX YTib, aJie TAKOXK JUIsl BIIHOBJIEHOTO 200 3a0pyIHEHOT' O IPYHTY
3a paxyHOK (PI3UYHOI Ta XIMIYHOI ajacopOIlii, OCAJPKEHHS 1 OKUCIIOBAIbHO-BITHOBHOL
Ooydepuzanii [13 — 14]. Takum yumHOM, BuMIpsiHi 1711 ['K eMHOCTI 3B'I3yBaHHS 10HIB i
KOHCTaHTH 3B'I3yBaHHS 10HIB, a TaKOX 3MOYYBAHICTh 1 TOIVIMHAHHSA BOJOIO
BiI0OpaXkaloTh HAsABHICTH O€31iul AyXe PI3HOMAHITHUX LEHTPIB 3B'SI3yBaHHS B3JOBX
KOH'FOTOBaHOI'O0 OCTOBA.

OnTuManbHe 3B'sI3yBaHHA 10HIB JOCATAETHCS y crnabokucaux ymoBax (pH= 5,5 -
6,5), 10 MiAKpeCIoe poib (GeHomiB, a He PeHOIATIB B 1boMy mpotieci[15]. B immmii
po6oTi [16] Oynu BU3HAUCH]1 KOHCTAHTH 3B'SI3yBaHHS 1 3J]aTHICTh JI0 3B'S3yBaHHS PI3HUX
karioHiB MetaniB 'K, ski BUSBWIMCA JOCUTh BUCOKUMH. ABTOpPH 3asBUJIHU, IO
«opraniunuii jiranj, Takui sk I'K, moxxe 3poOutu maiixke BCi METaaIl HEPYXOMUMU, TUM
CaMHM JIOTIOMAaralo4u B MPOIIeCcax JTETOKCHKAIIID».

DakTUYHO 1I€ MOBTOPIOBANIOCS B 0aratbOX IHIIKUX JOCHIPKCHHSX, B SIKUX
MOBIAOMJISUIOCS. TIPO IIBUJKE, CUJIbHE Ta €(PEKTUBHE 3B'I3yBaHHS 10HIB 130JbOBAaHUMHU
T'YMIHOBUMH pedoBMHamMu. Hampukman, rpynmna BueHux y pobOoti [17] cuHTe3yBana
XIMIYHO MOJIU(PIKOBAHUMN T1IPOTEPMATBLHUN BYTJICIb 3 TIIIOKO3M 1 aKPHJIOBOT KUCJIOTH 1
onmcana 38's3yBanns Pb?* 1o 350 mr/r npu pH 6,0.

He MeHm xopucHI (yHKI[IOHAJIbHI BJIACTUBOCTI TYMIHOBUX PEUOBHH Ta iX
MOXIJTHUX Yy Tpoliecax BOAOOUHUILEHHA. J[OBEeIEeHO, 110 MOXYTh 3B'A3yBaTH OpraHivHi
3a0pyIHIOBAY1 y BOJII 3@ JOTIOMOTOIO T1IpooOHUX 1 BTOPUHHUX B3a€EMO/IINA, TUM CaMUM
3HIKYIOUM JIETIOYICTh, 30UIBIIYIOYM IIBUIKICTH (OTONI3y, a TaKoX 3MIHIOIOYU

010JI0TIYHY JOCTYITHICTD 1 TOKCIYHOCTH [18 — 19].
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VY 1poMy BUIIaJKy apoOMaTH4HA CTPYKTYypa siipa FyMiHIB 3a0e3neuye 3B's13yBaHHs
OpraHIYHUX PEYOBHH Ta MOJIEKYJI, a 3arajibHa TOKCHYHICTh OPraHiYHUX 3a0py/IHIOBaYiB
3HWXKY€eTbCd mnpu gonaBaHHI ['K, OCKUIbKM 3B'A3yBaHHS 3 MOBEPXHSIMHU 3HIKYE
PO3YMHHICTH MOJIEKYJI 1, TAKUM YUHOM, 3HUXKYE O10/IOCTYIHICTbD, PH I[LOMY, YUM BHUIIE
KOHCTaHTAa 3B'A3yBaHHs 3 KOHKPETHOIO T'YMIHOBOIO PEYOBUHOIO, TUM HUYKY€ TOKCUYHICTb
[20].

3aBIsSKHA TOMY, IIO TYMIHOBI PEUOBHHHM Y BHUIVIIAI PI3HUX TMOXITHUX MAalOTh
BJIACTUBOCTI (DYHKIIIOHAJBbHO-HAMPABIEHOI [ii, HE MEHII BaXJIMBUH HaOpsM iX
BUKOPHUCTAHHS — OTPUMAaHHSA Cy4acHUX (papMaIieBTUIHUX Ta MEJUYHUX MaTepialliB:

- IMyHHUX CHCTEM, B IKMX 3a paxyHoK noxigHux I'K ctumymorotecs T-nimpouutu
AK XeJIIEePHOI, TaK 1 cynpeccopHoi cyononyssaii [21, 22]. IIpu Takux QyHKIIIOHAIBHUX
3aCTOCYBaHHSX T'yMIHOBUX pPEUOBHUH BinOyBaeThes iHTeHCHbiKamisa cuaTesy JJHK, PHK
1 O1JIKa, IPU IIOMY CIIOCTEPITaeThCs MOCUIICHHS (DEPMEHTATUBHUX MPOIIECIB OLIKOBOTO
1 HyKJIETHOBOT'O METab0J113MYy, IHTEHCU(IKY€EThCS AUIEHHS KJIITOK Ta pereHepanisi TKaHMH
[23 — 25];

- MEIWYHUX TeJIiB Ta CYIO3ITOpIiB, SKI MalOTh NMPOTH3ANAIbHY aKTUBHICTH Ta
XapaKTePU3y€e€TbCSd 3HAYHUM IPUTHIUYEHHSM 3alajieHb B IOPIBHSAHHI 3 ETAJIOHHUM
IpoTHU3aNaIbHUM TpenapatoM oprodeny [26 — 28]. 3aranom, npotuzanaibHa ais ['K
OoOKMOBJIcHa OOOpPOTHOIO 3JATHICTIO MPUTHIYYBaTH CHHTE3 IHTepieiikiny-1 [3-
riNepaKTUBOBAHUMH Makpodaramu Ta OJIOKYBaHHSIM BUIBHUX DPAJMKAIIB 33 PaxyHOK
KHCHEBOTO MexaHi3my [29];

- MaTepiaiiB 3 MPOTUTPUOKOBUMH BIACTHBOCTAMU. BCTaHOBIEHO, 10 TYMIHOBI
PEYOBHHU OOPATHCS 3 TPUXOPITIAMHU 1 MIKPOCTIOPISIMU IIOJ0 TIpenapary MOPIBHIHHS —
HiTpodyuriny [30 — 31];

- MarTepiaiiB 3 MPOTHUBIPYCHUMH, aHTHOAKTEplaJIbHUMU Ta AHTUMIKPOOHUMH
BiaactuBocTsaMu [31 — 32]. 'K 1 iX moxiaHi y BUIIIS/II TyMaTiB MalOTh aHTHCENITUYHY JIif0,
npaBjia TUIBKU 11010 TTEBHUX OakTepiit 1 MikpoOiB [33 — 34]. Aucopr 1 Poxyc BusiBuin,
mo 'K, exctparoBaHi 3 pi3HUX IPYHTIB, 1 JBa cuHTeTHYHHX Buay ['K, ski mokazanu
AHTUMIKPOOHY aKTUBHICTb IPOTHU 0araTbOX MaTOreHHUX OaKTepid JIIOIUHU, TAKUX K St

Pyogenes i Ps. Aeruginosa [35 — 36];
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- MaTepiajgiB 3 AaHTUOKCHAAHTHHMHU BIACTUBOCTSAMH. B Takux cucremax
aHTUOKcUJaHTHA akTUBHICTH 'K 00ymoBiieHa iX CTpyKTypHUMHU OocoOnMuBOCTSIMU [37].
JlocimKeHHsT aHTUOKCHTAHTHOT aKTHBHOCTI T'YMIHOBHX KOMIUIEKCIB TIOKa3aJjIu, 1110 BOHH
MPOSIBJISIIOTh AHTUOKCHUJIAHTHI BJIACTUBOCTI 32 PaxXyHOK MPSMOI B3a€EMOJII 3 PI3HUMH
¢dbopMaMu aKTUBHOTO KHCHIO Ta IHIIUX BUTBHUX PAJUKAIIiB, III0 YTBOPIOIOTHCS B TIPOIIECi
METaboIi3MYy;

- wmarepiamiB s AeTokcukauii. Bceranosneno, mo ['K € mnoryxHumun
KOMIIJIEKCOYTBOPIOBAYaMH, $Ki MOB'SI3yIOTh 1 BUBOJSATH 3 OpPraHi3My 10HM BaXKKUX
METaJIiB, 32 paXyHOK CBOIX XaJaTHUX BiactuBocred [38 — 39].

Bapro BiAMITUTH, 10 TYMIHOBI pPEYOBMHHM, $K BaXJIMWBI KOMIIOHEHTHU
HABKOJIMIIIHBOTO CEPEIOBHUINA, MAarOTh BAXKJIMBE 3HAUCHHS MJIs SKOCTI IPYHTY Ta
CTIHKOCTI CUTBCHKOTO TOCTIOIapcTBa. BukopucTanHs Oyporo Byriuis Ta iX MOXITHUX TS
OTpUMaHHS €HEeprii 3HAYHO CKOPOTHJIOCS  dYepe3 3pOCTaHHS  MOIMYJSAPHOCTI
BITHOBJIIOBAHMX JKEpeN eHeprii Ta razy. OjHak iXHiM MOTEHIan SK JOIMOBHEHHS 0
IPYHTY, CIPSMOBaHE Ha MIATPUMKY SKOCTI Ta MPOIYKTUBHOCTI IPYHTY, 3aCIIyTOBYE
Oinbioro BusHaHHs [40 —42].

3actocyBaHHsI Oyporo BYruulsl Ta MOro MOXiIHUX Ha CUILCHKOTOCTOJAPCHKHUX
IPyHTaxX 3apa3 CTae JyXke MOMMPEHOI MPAKTUKO. 3aBASKH BUCOKOMY PIBHIO BMICTY
OpraHiyHuX pe4yoBUH IpyHTY (SOM) y Oyporo BYruuis iCHye€ MOCTIHHUN BETUKHIM
iHTepec 0 HWOro BUKOPHCTAHHSA [JIsl MOKpPAIEHHS XapaKTepuCTUK IpyHTY. barato
JOCIIKEHb MTPOCTEKUIIM IUPOKUN CIIEKTP MepeBar 3acTOCyBaHHS Oyporo BYTuULIs Ta
Horo moxigHuX Ajs 3a0e3neyeHHs Qi3UYHUX, XIMIYHUX 1 010JI0TTYHUX (QYHKIIIH IPYHTY
B OCHOBHOMY B KOPOTKOCTPOKOBIM TMpakTuill. BakanMBO BiA3HAYHUTH, 11O JIaOLIbHA Ta
rymigikoBaHa Opra”iyHa pedoBHMHA — Oype BYTUUIs Ma€ BUPIIIAIbLHUHN BIUIUB HA SKICTh
Ta poarovicTh IpyHTY [10 - 11].

['yMiHOBI peYOBHMHHU OYyporo BYTUUIS MOKPAIIyIOTh CTPYKTYpY IPYHTY,
MOKpAIyI0ur HOTo BOJOYTPUMYBaAIbHY 37aTHICTh, arperaTHy CTa0lIbHICTh/TIOPUCTICTD,
aepailito Ta 00’eMHy ILIUIBHICTh. BomoyTpuMyBanbHa 3[aTHICTh T'YMIHOBHX PEYOBHH
Oyporo BYTruUIsS 3aBASKA MOr0 YacTKOBIMA T1IPOQPUIBHOCTI Ta MOPUCTOMY XapakTepy

noOpe BuBueHa [44]. ITikomio Ta iH. MOKa3auu, M0 T'YMIHOBI pEYOBUHH, OTPUMaHi 3
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Oyporo ByTrijuifg, MOXYTh MOKPAIIUTH CTPYKTypy Ta BOJOYTPUMAHHS JAETPaJOBaHUX
IPYHTIB 1 CTBEP/KYBajH, 110 YUM BHUUIMI BMICT T'YMIHOBUX PEYOBMH, TUM Kpalle
YTPUMY€ BOAY IPYHT [45].

Cihlar ta iH. [46] mpunmycTuian, Mo Moaudikamis TyMIHOBHX PEUYOBHH Oyporo
BYTULJIS IJITXOM 3IIUBaHHS (POPMAJIBACTIIOM MOXKE 3a0e3MeunTH e(heKTUBHY CTPATETIIO
IUI JOCATHEHHSI BUCOKOi KIHETMKU NOTJMHAHHS BoAMW. OKHUCIEHHS MOXeE 30UIBIINTU
BmicT 'K y mkepenax Byruuisi, siki OyJayTh BHKOPHCTOBYBATHUCS SIK KOHIUI[IOHEPH
IpyHTY. [[Ba He3ameKHUX EKCIIEPUMEHTAILHUX JTOCIIKCHHS TIOKA3aJId, 1[0 OKHACICHHS
Oyporo Byriuist a3oTHoI0 kuciororo (HNO3) nmpuszBoauTs 10 30unbiieHHs BmicTy 'K 3
OaratmiuMu  (QYHKI[IOHAJIBHUMHM TpynamMu Ta 3a0e3nedye IIBUIKICTh YTPUMaHHS
MOKMBHUX PEYOBHH, 1110, TAKUM YMHOM, TMOKpAIIy€ arperaTHy CTaOUIbHICTh TPYHTY Ta
roro cTpykTypy [47 —48].

I'K, orpumani 3 Oyporo Byriuis, MOXYTh 3MEHLIMTH Je3arperaumiifni edextu
IUKJIIYHOTO 3MOYYBAaHHSI Ta BHCHXaHHS Ha CTPYKTYpHY CTaOUIBHICTH TIpyHTY [49].
[TopucticTe TIpyHTY, BaXXJIUBUN KOMIIOHEHT CTPYKTYpH TIPYHTOBOIO CKeJleTa Ta
IPOJAYKTUBHOCTI JUISTHKA, MOXKHA MIATPUMYBATH IICJIsI BHAOOYTKY BYTUUIS IIJISIXOM
npoBeneHHs pekynbTuBaiii AuisHKU [50]. byayum Oaratum pkepenoM KapOOHOBOI
KUCJIOTH Ta (DEHOJBHUX TIAPOKCUIBHUX (YHKIIOHATBHUX TPyH, T'YMIHOBI PEYOBHHHU
MOKYTh 3a0e3leuyBaTu peakiiiiHo-31atH1 neHTpu, miasuiyoun SOC ta pH rpyHTIB
[51]. Bucokuii piBesp SOC O0yporo Byriuis Opu3BOAUTH 10 OLIBIIOrO yTPUMYBAHHS
NH4" i, omxe, 3HMkye Brpatt NO3~ 1ipu BUIyrOBYBaHHi [52].

BinpiricT KHMCHEBMICHUX (YHKIIOHATBHUX TPYIN JITHITY NPU3BOIATH JO
HHU3bKOTO piBHA pH mpm ioHI3amii B po3umHi [53]. 3 11i€i mpuYuHA r'yMiHOBI PEYOBHUHH
Oyporo BYriuisi MOXYTh OyTH JOCUTh €)EKTUBHUMHU Yy HEHTPAIbHO-TY>KHUX TIPYHTaX.
OnnHak y moeTHaHHI 3 BATHOM I'yMiHOBI pe€YOBHUHU OypOro BYTULIS 100pe MIAXOAUTh IS
BHECCHHS B I'pyHTU 3 HU3bKUM pH. IMOyde Ta iH. [54] BUSBUIM, 110 TymMaTH Oyporo
Byriuis epeKTUBHI Ui TiaBuUIeHHS pH 1 eJeKTpOoNnpoBITHOCTI B KUCIUX TIPYHTax.
[Tonganein epextr Oyporo Byruuis, 10 3HUKYIOTh KUCJIOTHICTh, BUBYAJIUCS B PI3HUX
yMmoBax [55]. BianosinHo 10 iHmOi HeJaBHBOT AOMOBiN, Oype Byriuis y m03i 5 kr/m?

CIIpHUSIE€ 3HIXKCHHIO €JIEKTPOIPOBITHOCTI Ta KOEDIIEHTY aacopOIiii HATPIilO COJIOHO-
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HaTpIEBUMHU TIPyHTaMH, TOIl AK piBHI pH Ta HacumHa IIUIBHICTH HE BIOOOpa)anu
1ICTOTHHUX 3MiH [56].

Bucokwuit Bmict SOC 1 #oro BiIHOCHO MOBUTbHA MiHEpali3alis BKa3yloTh Ha Te,
TYMIHOBI PEUYOBMHHM Oyporo BYruUisi € MNpUBAOIMBUMHU JJisi 30UIBIIEHHS 3amacy
MOKMBHUX PEUOBUH POCIIHMH Y TPYHTI TaK caMo, sIK BiJIOMi OpraHo-MiHEpaJibHI JOOpHBa
[57]. 3acTocyBanns O6yporo Byriuis Jledckoi 3 koneramu [58] mpu3Beso 10 301JIbIICHAS
BMicty SOC (Ha ~ 300 %) 1 OiABUIIEHOrO0 BMICTY OPraHIYHOrO BYTJEII0 B IPYHTI 3
BUIIIOIO0 apoMaTuuHicTIO (38,6 % mopiBHSIHO 3 35,4 % y KOHTPOII).

["apHi ancopOLiifHi BIACTUBOCTI OYpOro BYTULIsl BUKIMKAIU BETUKUM THTEpEC 10
HOro noTeHIiany sK yHIBEpCaIbHOTO €KOJIOTTYHOro afcopOeHTy. JJoBeaeHo epexkTuBHe
BUKOPUCTAaHHS 'yMIHOBUX PEYOBHH Oyporo BYT1JUIS B pEKYJIbTUBALIll IPYHTIB [59 — 62] 1
CUCTEMaX OYMINECHHS BOAY (MyHIITUTIATBHI CTIYHI BOAM Ta IPEHAX KUCIOTHUX IIaxT) [63
—65]. HocnimkeHHs TeTOKCUKAITlT JOCTITHUIILKIUME rpyriaMu Ha 9oJ1i 3 CKII00BCKi[66]
BUKOPUCTOBYBAJIM TyMIHOBI PEUYOBUHHM Oyporo BYTUUIS SK NpuBaOIWBI HEIOPOTi
a7IcOpOCHTH JJIs BUAAJICHHS PI3HUX 3a0pyAHIOIOUMX PEUOBUH 13 BOJHOTO Ta HA3€MHOTO
CEpeIOBHUIIIA.

CxiajiHa Ta rereporeHHa ByTrijibHa MaTpUllsd CTBOpEHA aMOP(GHUMU MOTIMEPAMH,
10 MICTSITh MOABIHHO- a00 MOTPIHHO 3aMillleH] apOMaTUYH1 KUTbIIS, [0 pOOUTH T'yMIHOBI
PEYOBHMHU OypOro BYTUUIS yXKe NPUAATHUM JJIg IMMOOLII3aIlli ABO- Ta TPUBAJICHTHUX
METaJiB y IPYHTI, BIIMOBIIHO 3MEHIIYIOYH iX OrauHaHHsA pocauHamu. I'K, orpumani 13
Oyporo ByTiJIIs, BXKE HEOJHOPA30BO BUKOPUCTOBYBAIINCS ISl €KOJIOTIYHO CIIPUSATIMBOL
ancop6uii ioniB Metamnis (A, Pb?*, Fe3*, Ca?*, Mn?*, Mg?*, Cu?*, Ni?*, Co?*, Cd?"), mo
CHJIBHO 3HMKYBAJIO iX PYXJIUBICTh, 010I0CTYIHICTH 1 (ITOTOKCHYHICTH [67 — 70].

Cucrema B3aemomiii Mk ['K 1 po3unHEHNMEU 10HAMH METAIIIB CTBOPIOE CKIIATHY
CYyIPaMOJICKYJISIPHY MEPEXKY, KA BU3HAYAETHCS X TeTEPOreHHUM, TTOTICIICKTPOIITHUM 1
HoJIiMCIiepcHUM  XapakrepoMm [71]. YV moOpiBHSHHI 3 TYMIHOBUMH PEYOBHHAMH,
BUJIVICHUMHU 3 PI3HUX TPYHTIB, TYMIHOBI PEYOBHMHU Oyporo BYTUUIS JAEMOHCTPYIOTh
HaJ3BUYaHO BUCOKY COpOIIHY 3AaTHICTh 1 HU3bKUI Npodiuib qecopOiii [72].

[lymes [73] mokasaB, mo Oype Byruuigs Moxe OyTH 0cCOOJHMBO €(PEKTHUBHO

BUKOPUCTAHO Ha IPyHTaX, CUIbHO 3a0pyJHEHUX BaXXKMMHU METajaMH, 1 3alpONOHYBAaB
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BMKOPUCTOBYBaTH 1oro B 1031 Omusbko 90 T/ra! (mpubmu3HO €KBiBAJIEHTHO [03i
150 r/ra y ixHIX JOCTiIKEHHSX).

['yMiHOBI pedoBHHU Oyporo BYTULIS TAKOXK BBAXKAIOTHCS €(OEKTHUBHUMH JJIf
BUJTyYCHHSI Ta KOHIIEHTpaIlli 6araTbox opraHiyHuX 3a0pyaHtoBaviB. CTyIiHb BUTYyUCHHS
(dbeHOoIiB 13 3aCTOCYBaHHAM MAarHiTHUX HaHo4YacTHHOK Fe3O4, MomudikoBanmx I'K i3
IPUPOIHUX JKepen (Oype Byriuisa, Topd, YOpHO3EM, camporiens) nepesuinyBas 94 %
[74].

Ha mBuakicTs copOIii MONSPHUX OpraHIYHUX 3a0pYIHIOIOYMX PEYOBHH MOKE
CWJIbHO BIUIMBAaTH cTyniHb apoMatuyHocTi I'K [75]. JlogaBaHHsS TyMiHOBUX PEYOBHH
Oyporo ByTiLIS 10 TPYHTY, 3a0pyAHEHOTO TECTUIIUIOM MEHTAXJIOPPEHOIOM, MTPU3BETIO0
70 TOMITHOTO TOKpallleHHs Horo Oiojerpajanii, TOCHJIIOIYM PICT 1HOKYJIbOBAHOTO
mramy OakTepii Comamonas testosteroni [76].

3acToCyBaHHS €K30I'€HHO1 OpraHIuHOT PEYOBMHH YaCTO Ma€ BUPIIIATbHE 3HAUCHHS
JUTSI TIOKPAIEHHST POAOYOCTI TPYHTY Ta YNPABIIHHS MOKUBHUMHU PEYOBHUHAMU. TUTHKH
Taka 00poOKa MOXKE CYTTEBO CTUMYJIIOBATH MIKPOOHY MisUIbHICTH, TUXAHHS KOPEHIB,
oOMiH ¢depMeHTIB 1 6araro 1HIUX OI0JOTTYHHX MPOIECIB Y IPyHTI. JlochimkeHs, 110
OIIHIOIOTh BIUIMB T'YMIHOBUX PEUOBHH Oyporo BYTULIS Ha CTPYKTYPY Ta aKTHBHICTb
30CepeIKeHHs] MIKpoOiB IpyHTY, Masno. OfHaK HasBHI 3BITHM MOCTIMHO MOKa3ylOTh, 10
BHECEHHSI TYMIHOBUX PEYOBHH OypOro BYTriuLIs MIJBUILY€E MIKPOOHY aKTUBHICTh IPYHTY,
1[0 MPOSIBISETHCSA y MIJIBUIIEHOMY JWXaHHI I'PYHTY, BUIIII aKTUBHOCTI (DEPMEHTIB 1
oinmemomy SOC [77 - 78].

Bucoka nutoMa moBepxHs Ta MOPUCTICTh OypOro BYTULIS CIIPUSi€ BEHTUIIALIT Ta
YTPUMaHHIO BOJIOTH, CTBOPIOIOUU CHPUSTIUBE CEPEJOBHILE ICHYBaHHA IJISI POCTY Ta
AKTUBHOCTI MIKpOOHUX CHUIBHOT [78]. PiBHI aKTHMBHOCTI Pi3HUX TIAPOTITUYHUX Ta
JTTHIHOMITUYHUX (PEPMEHTIB (BKIIIOUAIOUM ecTepas, MepoKcuaasu, (HEeHONIOKCHIa3u, a
TaKoXX JONMOMDKHI pepmenTH, Hanpukiaa, HoO,-renepyroul okcnmasu; yci mepeBakHO
IPUOHOTO TTOXO/KEHHSI) CHUIBHO MO3UTHBHO KOPEIIOIOTH 13 30araueHHsIM IPyHTY OypuM
Byriuism [79].

3aBasKU CBOIM XIMIYHUM 1 (PI3MYHUM BJIACTUBOCTSIM T'YMIHOBI pEUYOBHUHH OypoOro

BYTULIS JIIOTh SK «CXOBMILE» ISl MOXUBHUX PEYOBHH, 110 MPUBAOIIOE TIPYHTOBI



33

MIKpOOH1 CUIBHOTU. MIKpOOpPraHi3aMH 3 Pi3HUMH (P1310JI0TTYHUMHU BIIACTUBOCTSMH Ta
MeTaboJ113MOM TpaHCPOPMYIOTh Oype BYruUIsA 1 T€HEPYIOTh I'YMIHOBI pEYOBUHU YEpPE3
tak 3BaHy «ABCDE-cucremy» (A — nyru, okucHuku; B — OGilokaramizaropu; C —
xemaropu; D — nereprentu; E — ecrepasu) [81]. BupoOGneni mikpoopraHizmMamu
XEJIATOPH Ta JIYKHI PEUOBHHU aTaKylOTh MaKpPOMOJEKYJISIPHY BYTUIbHY MATPHUIIO Ta
PO3UYHUHSIOTH TYMiHOBI peuoBuHM [81].

MerareHoMHHMI aHaJTi3 MOKAa3aB, 110 K €HA0(ITHI, TakK 1 emiiTHI MIKPOOPTraHi3MHU
€ B JIOCTaTKy B CE€pEeIOBUILI OYpOro BYruLis, OCKIILKU BYT1UIS, SIK MPABUIIO0, TTOXOIUTh
13 POCIMHHUX MarepiaiiB 1, OTXKE, IEMOHCTPYE€ MPUTAMAaHHI POCIMHAM BIIACTHBOCTI
B3aemo/li [81 — 83]. JlogaBaHHs ryMiHOBUX PEYOBHH OypOro BYTrilid 3a3BUYail cripusie
BiJTHOCHIM KibKkocTi Actinobacteria.

3aBAskM CBOIM HUTKOMOMIOHIN TIpUpoAl 11i OaKkTepii CIPUSIOTh 1 MOXYTh JIETKO
KOJIOHI3yBaTH CepeoBuIlle, OaraTe TeoHapauToM [84]. barato nmpeactaBHUKIB OakTepiid
Actinobacteria Ta Firmicutes 3maTHi pO3YMHSATH Ta JETMONIMEPH3YBaTH BYTUIbHY
maTpuilio [85 — 87]. OxHak mojanblili JaHi mo10 MIKpOoOHOT (PYHKITIOHAJIBHOI BIAMOBII
Ha BIUIMB T'YMIHOBHX PEUYOBUH OypOro BYT'ULIs € CYNepewINBUMU.

BikTopiancbke Oype Byruijis Majgo KOPOTKOYACHUH BILIMB HA IPYHTOBY MIKpOOHY
CHUIBHOTY micis 60 JHIB 3aCTOCYBaHHS, TOOTO THUMYAacOBO ITiJIBUIIYBajO aKTUBHICTH
nepoKcuaasu Ta PeHOTOKCUIa31, TPUTHIUYBAJIO FeTepoTpodHE TUXaHHS Ta 1HIYKYBaJO
3MiHU cepen MikpoOHux nonyisiiii [88]. bekene ta iH. [89] moMiTUIHM, 110 BHECEHHS
JICOHAPJUTY HE MaJjo BIUIMBY Ha BMICT BYIJIeLleBOi MikpoOHOi Oiomacu (BMM) rpyHry,
TOAl SIK 3aCTOCYBaHHS pa3oM 3 JIAOUIHHOIO OPraHIYHOI CYMIIIIII0 IMPU3BEIO [0
MpOMIKHMX 3HaueHb BMM. BaxxnuBo BiA3HAYHUTH, 110 TOTOYHE PO3YMIHHSA MIKpPOOHOT
KOJIOHI3aIli Ta ii aKTUBHOCTI B OCHOBHOMY IIOYEPITHYTO 3 KOPOTKOCTPOKOBUX
JOCIIKEHb; TAKUM UYHWHOM, CJiJI TPOBOJUTH OLIbIlle TECTyBaHb, OCOOJIUBO
30CepeIKYIOUNCh Ha JOBTOCTPOKOBHUX JTOCIIIKEHHSIX.

Cepen roJ0BHUX MepeBar BAKOPUCTAHHS T'YMIHOBUX PEYOBUH OypOro BYTruLIs sSIK
00aBOK JI0 TPYHTY € TIOCUJIEHHS POCTY POCIIHH 1 CTIMKICTB IO CTpecCiB. Jlesiki TyMiHOBI
PCYOBMHHU, OTPHUMaHi 3 BYTULISI, KOMEPIIIHO PEKIaMYIOThCS SIK CTUMYJSTOPH Ta

perynastopu pocty pocivH. OJHaK, HE3BaXKaloyuW Ha YHUCIEHHI MyOJiKaii, Mo
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JEMOHCTPYIOTh TO3UTHBHUM BIUIMB MOXIAHUX BYTUUISI Ha PICT POCIHH, YCHIX
KOMEpUINHUX MPOAYKTIB, OTPUMAaHUX 3 BYTULIS, Y CUIbCBKOMY TOCIIOAAPCTBI PI3HUIA,
TOMY ICHY€ BITHOCHA HECTaya CTAaTUCTUYHHUX JOKa3iB iX edexktuBHOCTI. KpiMm TOTO,
OUTBIIICTh KOMEPIIMHUX TPOJYKTIB JyXkKe CKIATHI Ta MICTSITh CyMIIIl OpraHIYHUX
PEYOBUH, a TAKOX JI0JIaH]1 IO’KMBHI PEUOBUHU JJI1 POCIIUH, 110 YCKJIAIHIOE BU3HAYCHHS
1HIMBIyaaIbHOTO €PeKTy TYMIHOBUX peuoBHH [88].

V 1o yac sk KiTbKa JOC1KeHb MIITBEPANIA KOPUCHY POJIb TYMIHOBUX PEUOBUH
Oyporo BYruLIsl Ha PICT POCIIHUH, JIMIIE JESIKI CHEIIaTbHO JOCTIKYBAIUA MPSIMUNA BIUIMB
Oyporo Byruuisi. YaCTKOBO NMPUYMHOIO IIBOTO € MIUPOKHUM Jiana3oH (Pi3MKO-XIMIYHUX 1
(YHKILIOHATBHUX BJIACTUBOCTEH, SIKI POOJISITH T'YMIHOBI PEUYOBMHU OYypOro BYTLILIS
3HAYHO MEHUI Mepe10adyyBaHUM 00 CTUMYJIIOIUYOI MOBEAIHKH POCIHH MOPIBHSIHO 3
IHITUMU 3MiHAMU TPYHTY BigoMoi XiMidHOi cTpykTypu [90]. KpiMm TOrO, 3a1€XHO Bij
BUKOPUCTOBYBAHOTO THITy Oyporo BYTiLIsA, 0OpaHOI POCIMHU Ta IPYHTY, @ TaKOX Bij
YMOB HaBKOJIMIITHBOTO CepeloBUIlla (akThuyHa e(EeKTHBHICTh iX Jii MOXE pPI3KO
BIJIPI3HATHCS.

binpmricTs 3acTocyBaHb IPOBOAUIIN B T1APOIMIOHHKUX, OE3IPYHTOBUX a00 MOJILOBUX
yMOBax. 3 OJHOrO OOKy, y OUIBIIOCTI BHUIIAJKIB CHOCTEpIrajiacsi 3HayHA CTUMYJISIIS
pPOCTY POCIJIMH Yy BIANOBIAb HA TYMIHOBI pedoBUHU Oyporo Byrimuia. Hanpuknan, Amoa-
ATBI Ta 1H. [91] moBigOMMIM, IIO 3aCTOCYBAaHHS TYMIHOBUX PEUYOBHH OypOro BYTLLIS
3abe3rneuye JOBIOCTPOKOBY SIKICTh IPYHTY Ta aICKBaTHUHN 3aXKCT BiJl 3a0pyIHEHHS, 1110
MPHU3BOANUTH 10 3HMKCHHS YMCTUX BUTPAT Ha 3a0€3MEUYEeHHs] BUCOKOI SKOCTI TPYHTIB. 3
iHImoro OOKy, cmocTepexyBaHli epekTH OyIu HEMOCHITOBHUMH B JOCTIIKEHHSX,
3aJIEKHO BiJl TUIY OOpPOOJIEHOT POCIWHH, MEPEBIPEHUX KIACIB IPYHTY Ta CIOCOOY
3aCTOCYBAHHS MPOJIYKTY.

Poze Tta iH. [88] pamxyBanmm QakTtopw, IO CHOPUSIIOTH TO3UTUBHOMY
CTUMYJIIOBAaHHIO POCTY POCIWH, BHUKOPHUCTOBYIOUM TPUCKOpPEHE [EepeBO perpecii i
IPOJIEMOHCTPYBAJIH, 1110 HOPMa BHECEHHSI, JKEPEJIO TYMIHOBUX PEUOBHUH 1 TUI POCTUHU
Oynu KIIOYOBHMH (DaKTOpaMHM, IO PETYNIOITh BIUIMB T'yMIHOBHX PEYOBHH Ha PiCT
naroHiB 1 kopeHiB. 'K Mo’ke BIIMBAaTH Ha PICT pOCINH O€3MOCEPEIHbO, BIUTMBAIOYM Ha

¢i3i070riyHl Ta METaOOJIYHI NPOLECH POCIHH, 1 ONOCEPEIKOBAHO, 3MIHIOIOYU
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XapakTepucTuku IpyHty [92 — 93]. Hampukian, ropmMoHomojiOHa Ta KaTallTU4YHA
AKTUBHOCTI TYMIHOBMX PEYOBHH Oyporo ByTruuis O€3M0CepeHbO CTUMYIIOIOThH
CTpUIKaHHS Ta yKOpiHeHHS pociuH [94]. KpiM Toro, NesKi ToCTiKeHHS TOKa3yI0Th, M0
'K moxe OesnocepeHbo CTUMYIIOBaTH akTuBHICTH H'-ATd-a3u Ta TpaHCmopTepiB
10HIB y TUTa3MaTUYHINA MeMOpaHi KOPEeHs, BHACIIIOK YOT0 TOKPAIIYIOUr HAJIXOKCHHS
MOXXWBHUX PEUOBHH [95, 96].

Haiikpame 3amoxkymenToBaHi HempsiMi edektu 'K BkiIouyaroTh mMokparieHHs
CTPYKTYypH TIpyHTY, OydepHocti pH Ta BomoyTpumyrouoi 37aTHOCTI, a TaKOX
NiBUIIEHHST 010J0CTYMHOCTI MOXXKUBHUX pedoBHH (30kpema P, Fe, K, Zn ta N) i
3HIKEHHS TOKCUYHOCTI BXKKHUX MeTamiB [97, 98].

HasBHICTh a010THYHUX CTPECOBUX (PaKTOPIB HABKOJIMILIHBOT'O CEPETOBUIIA, TAKUX
SK 3aCOJICHHS, Ae(IINUT MOKHBHUX PEYOBHMH 1 TOKCHYHICTh Ba)KKMX METaJiB, BiJirpae
BEIMKY poib y (opmyBanHi peakiii pocty kopeniB Ha ['K [97]. Bucokuii BMmicT
(orpumanoro 3 Byriuisg) 'K 3meHmrye crtpec Bif 3acOJICHHs, WMOBIPHO, IILISIXOM
3B’sI3yBaHHs HAJIMINKY KaTiOHIB [88]. 3araibHUi BUCHOBOK, SIKHH MOXXHA 3pOOUTH 3
HABEJIEHUX  JOCHIDKeHb, TIOJsra€ B TOMY, IO Ha pEakiild  BPOXKalo
CLIIbCHKOTOCIIOJIAPCHKUX KYJBTYp Ha TYMIHOBI PEUYOBUHHM Oyporo BYT1UISI TOJIOBHUM
YUHOM BIUIMBA€E MOTO MOXOJKEHHSI, piBeHb Koaiiikailii, Hopma/mno3a, dopma/crnocio
3aCTOCYBaHHA. Y POKalHICTh TAKOXK 3aJI€XKUTh B1Jl pEaKI[ii POCIHUH, TUITY IPYHTY Ta YMOB
HABKOJIMIIIHBOTO CEPEIOBHIIIA.

TakuM 4YMHOM, Y3arajJbHIOIYM OCOOJIMBOCTI CTPYKTYpH, BJIAaCTUBOCTEH Ta
(YHKI[IOHaTPHUX HAIMpPSMIB 3aCTOCYBaHHS TYMIHOBHX PEUYOBHH Ta iXHIX TMOXIiJHUX,
BapTO BIAMITUTH, IO BOHU XaPAKTEPU3YIOTHCS BUCOKHM CTYMEHEM (PYHKI[IOHATHHOI
3IaTHOCTI 32 PaXyHOK HAsBHOCTI B XiMiuHIi Oy/10B1 0araTh0oX pi3HUX (PYyHKIIIOHATBHUX
TpyI: KapOOKCWIbHUX, (EHOIBHUX Ta CHUPTOBUX TIAPOKCUIIIB, KapOOHUIbHUX,
XIHOHHUX, METOKCUIBHUX, €CTEPHUX, CHOJBHHUX, aMiHO-, aMiJl0- 1 IMITOTpyI, Cyib(o-,
T10JIbHO- 1 AUCYJIb(ITHUX TPYIL.

[Ile O6unbLI IKABUM II€H HAMPSAM MOCTA€E 3 TOUKU 30py YKpaiHH, B KA OJHUM 3
HaNUOUIBII PO3MOBCIOJKEHUX JIKEPEN TYMIHOBUX PEUOBMH Ta IXHIX MOXIJHUX € Oype

Byruuis. Bapto BiAMITUTH, 10 B AaHUM dYac Oype BYruUis Mae aye oOMexeHe



36

3aCTOCYBAHHS Yepe3 MOraH1 TEXHOJIOTTYH1 XapaKTEPUCTUKHU (BUCOKHI BMICT 30JId, BMICT
BOJIOTH Ta CIPKH). 3alIpOIIOHOBAHO BUKOPUCTOBYBAaTU Oype BYrULIsA B MPOLECI OKUCHOL
necynbdypartii [99], 11 BUpOOHHUIITBA KOMIIOHEHTIB KOTEIHHOTO MayMBa ab0 OiTymy
[100 - 103] ta B mpomecax rasudikariii [104].

B Toii ke "ac, came BUKOPUCTaHHS Oyporo BYTUUIS sl BUBUIBHEHHS] TYMIHOBHUX
PEYOBHH Ta IXHIX MOXIJHUX MPECTaBIsE HAHOUIBII MEPCIEKTUBY, K (PYHKI[IOHAITBHUX
Moau(piKaToOpiB TiOpUAHUX OloAerpagadeIbHUX MaTepialiB Ta KOMIIO3UTIB B paMKax
NOE€HAHHS B HHUX TaKUX KOPHUCHHMX XapaKTEPUCTHUK, SIK aHTUOAKTEPIaJbHICTb,
AHTUMIKPOOHICTh 1 OIOCTIMKOCTh /10 MIKPOOPTaHi3MiB MpHU 30€piraHHi 3aTHOCTI J10
Olomerpananii ¢ edekToM BITHOBJICHHS Ta OlopeMeniallli €KOJOTTYHMX MOKa3HUKIB

I'PYHTY Ta 3€MEJIb.

1.3 OcobnuBOCTI OJiep>KaHHS Ta BIACTHBOCTI TIOPUAHUX MaTepiaiiB

[TonsTTS TIOpHa B CydacHOMY MaTepialo3HABCTBI MPUCYTHE HA PI3HUX PIBHAX
CTPYKTYpHOI opranizamii. Jlo Tpynu MakpOMOPUCTUX CTPYKTYp BIIHOCSATHCA
KOMITO3UIIIMHI MaTepiajiv, SKi HaWdvacTillle Ha3WBAaIOTHCSA TIOPUAHUMHU, TaK SK IIPHU
OTPpUMAaHHI TAaKKX MaTepialliB 3MIIITYIOTh PEYOBUHHU, 10 BIAPIZHAIOTHCS OJUH B1J OJTHOTO
3a ckJazoM 1 (a3oBoro mpupooro [105-106].

SKIIO OCHOBHMI KOMIIOHEHT MaTepiajly OpraHiyHUM (moJiMepHa 1 1HINIA
CTPYKTypa), TO Takli MmaTepiald Ha3uBalOTh HEOPraHO-OPraHIYHUMH,  SKIIO
HEOpTraHIYHUN-OpraHO-HeOpraHiyHUMH (MOAU(IKOBaH1 MaTepiadl Ha OCHOBI IICONITIB,
TJIMH, METAJOKOMIUIEKCHI, KapKacHI CTpyKTypu Ta iH.). ['iOpumHuMu martepianamu
TaKOXX BBaKalOTh HAHOBOJIOKHA a00 HAHOYACTHHKH, IO 3HAXOIATHCS B IOJIMEpHIN
matpuii [107].

JIo OCHOBHMX METOMIB OTPUMAaHHS TIOPUIHMX KOMIIO3WUTIB MOYKHA BIJHECTH
IHTEpKAIAUIAHNAN, TEMIUJIATHUH, T1IpOTEpMaNIbHUI Ta 30JIb-T€JIb CUHTE3. 3a JOTIOMOI010
X METOJIIB 3pDYYHO OTPUMYBATH HAHOKOMIIO3UTH, SIKI MICTSITh HE TIILKM CUHTETHUYHI,
a i IpUpoOJIHi, B TOMY YHCIII 610JI0TTYHO aKTUBHI MakpoMoJieKysud. Takumu crocodamu

Ha OCHOBI ()€pMEHTIB CTBOPEH1 O10CEHCOpH, PEPMEHTHI €IEKTPOIU Ta 1HILI MaTepialu,
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SIK1 3HAXOJIATh 3aCTOCYBaHHA B 010X1Mii, MEUIIUHI, 010TEXHOJIOT1i 1 TEXHOJIOT1i OXOPOHU
HaBKOJIMIIIHBOTO cepenonuia [108].

[HTepKANSAIiHUN MeTOT — 000POTHE BIPOBAKEHHS aTOMIB, MOJIEKYJ a00 10HIB
MK rpynamu (I1apaMu) aToOMIB IHIIIOTO TUITY a00 MosiekysiamMu. OCHOBHOIO MAaTPHUIICIO
— «rocTojapemM» MOXYTh CIYXXUTH TrpadiT, NPUPOJHI TJIMHH, HIXaTbKOTCHIIU
NepPexXiTHUX METaNIB, IIApyBaTl MOJBIMHI TIAPOKCHUAM 1 T.A.; KOMIIOHEHTOM, SIKHUN
BIIPOBAKYETHCS — «TOCTEM» — aTOMHU a00 10HU MeTany (myxkHoro, Cu, Ag), HeHTpabHi
MOJIEKYJIM a00 3apsHKeH1 KOMIUIEKCH, L0 YTBOPIOIOTH AMCKPETHI LIApH, PO3/UICHI
€JIeMEHTaMH CTPYKTYPH «Tocrojaps». 30epeskeHHs HITICHOCTI KPUCTAIIYHOI CTPYKTYPH
OCHOBHOi MaTpull 1 30UIbLIEHHS MapaMEeTpiB PEIITKH B OAHOMY a00 JEKLIbKOX
HanpsIMKax € BIJIMIHHOIO PHCOI0 TAaKOTO METOJy. [HTepKajsiis CYNpPOBOIKYETHCS
3MIHOIO €JIEKTPOHHOI CTPYKTYpH, (I3UKO-XIMIYHUX BIACTHUBOCTEH, EJICKTPUYHHX,
MarHiTHHX 1 CIIEKTPaJIbHUX XapaKTepPUCTUK «rocnonaps» [109].

[aTepKanmipoBaHHl CHONyKH (IHTEPKAIATH) BUKOPUCTOBYIOTHCS SK CEJICKTHBHI
COpOEHTH TIPH MO 1 OYHINCHH] PEYOBUH, TBEPANX MACTUII, KaTalli3aTOPiB, aHOAHUX 1
KaTOAHUX MaTrepiajiB B IMEPBUHHUX 1 BTOPUHHHUX JDKEpelax CTPyMy, TBEpPIUX
enexktpomiTiB [106]. IaTepkansaTh, oTpuMaHi B pe3yibTaTi BOPOBAIKCHHS BOJHIO B
KPUCTaTIuHI PENTKH WHTepMeTaliniB, Hanpukian, LaNis, TiFe, MQ:Ni, marTh
c1a0KO3B'A3aHH1 3 METAJIEBOI MAaTPHUIICIO ATOMHU BOJIHIO 1 MOKYTh OyTH 3aCTOCOBaHI SIK
KaTaJi3aTopiB TAPYBaHHS 1 aKyMyJsTOpiB BojHIO [107].

[HTEpKANAIAHOIO NOJIMEPHU3ALIIEI0 B PI3HUX MIHEPATIBHUX MATPULISIX OTPUMYIOTh
riOpuaHI KOMIO3UTH HAa OCHOBI MOJICHIOMYUYEHUX €IEKTPOMPOBIIHUX MOTIMEPIB, TAKUX
SK TOJI-2-€TiUMaHUIIH, IOJiaHUIH, nomTiopeH, Moai-N-GpeHiIeH, MNOoIImppo,
nosiakpuaonitpui [108 — 109].

[OpuaHi HAHOKOMIO3WTHM HA OCHOBI TMOJIAHUIIHY 3HAWNUIM  MIUPOKE
3aCTOCYBaHHS BHACIHIJOK CTAaOUIRHOCTI B HABKOJHMIIHBOMY CEPENOBHUIII, BHCOKOI
PO3YMHHOCTI Ta Jierkoi nepepoOku [110 — 112]. MaTpursaMu 1151 IHTepKaISIT aHUTIHY €
V205, TiO;, SiO,, BaSO,; Fe,0O3 1 T.a. [113]. MOHOMITHUH 10HOMPOBIAHHI
HaHOKOMIIO3UT OTpUMaHUM MOJIIMEPU3ALIEI0 niposy B MPUCYTHOCTI

uepiirigpodocdarip, 110 HAIEKATH 10 KIACy KUCIUX COJIEH TeTpaBaJICHTHUX METANIB.
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Heopraniuna ciTka octanHix no0ynosaHa 3i 3unenosanux M4 Og okraenpis (M=Zr, Ti,
Ce, Sn11H.) 1 XO4 Terpaeapis (X =P abo As), 30ynoBanux y ¢popmi JBO- 1 TPUBUMIPHUX
ctpyktyp [114]. Penokc-inTepkansiiiiiHa moriMepu3altis aHutiHy, Tipoiy, Tiopeny, 2,2'-
TiTioheHa B kKceporeiab VOs MPU3BOAUTH /10 YTBOPEHHS IIAPyBaTHX MarepiajiiB 3
MPOBIAHUM TOJTIMEPHUM IAPOM, YTBOPEHUM IOJIKOH'FOTOBAHUMHU aH130TPOITHUMH
TiHIAHUMHA MiKpocTpykTypamu [115, 116]. KommiiekcoyTBOpeHHS € MEepIIo CTaaier0
IHTEepKAJSIIIIHHOTO Tpoliecy. Y pasi aHUIiHY OTPUMAHO TEMHO-OJJAKUTHUN KOMILJIEKC 3
metaneBuM osrckoM ckiany (CeHiaNH) 0,442V,05¢0.5H,0, mo nepeaye nogimepusartii
[117 — 120].

['ippoTepManbHUil CUHTE3 — 1€ METOJI OTPUMAaHHS PI3HUX XIMIYHHUX CIOJYK 1
MarepiaiiB 13 3aCTOCYBaHHSAM (PI3UKO-XIMIYHUX MPOLECIB B 3aKPUTHX CHCTEMax, fAKi
MPOTIKAIOTh Y BOJHUX po34MHAX mpu Temmeparypax moHaa 100 °C 1 Tuckax BuIle
101 xITa. Meron Oa3yeThcsi Ha 3[aTHOCTI BOJAM 1 BOJHUX PO3YUHIB PO3UMUHATU TPU
Bucokiii temmeparypi (mo 500 °C) 1 Ttucky (mo 300 MIla) pedoBuHH, TPAKTUYHO
HEPO3YMHHI B 3BUYAHHUX YMOBAaX: JICSIKI CHUJIIKaTH, OKCUIH, cynbdinu. Temneparypa i
TPUBAIICTh cuHTE3y, pH cepenoBuile, TUCK B CHUCTEMI € OCHOBHUMH IapaMeTpaMu
TAPOTepPMAIbHOTO METO/a, 10 BU3HAYAIOTh KIHETUKY IIPOIIECIB, IO MPOTIKAKOTH 1
BJIACTUBOCTI MPOJIYKTIB, IO YTBOPIOIOTHCs [121 — 122].

Hanonopomiku 3a3Buyaii  OTPUMYIOTh TIAPOTEPMAIbHOIO O0OpOOKOIO MpHU
KiMHaTHIM Temneparypi. [Ipu boMy BUKOPUCTOBYETHCS Pi3Ke 30UIbIIEHHS HIBUIKOCTI
Kpuctanizamii 6aratbox amoppHux (a3 B TIAPOTEPMATBHUX yMOBaxX (B AaBTOKJIaB
3aBAaHTAXYETbCS  CYCIICH3isS TPOMYKTIB  peakilii B po3uuHi), abo peakiii
BHCOKOTEMIIEPATyPHOTO TiAPOdI3y PI3HHX 3'€qHaHb Oe3MoCepeIHhO B aBTOKJIABI
(BomHMIA pO3UMH coyie-TipeKypcopiB). HeoOXigHICT, Y BUKOPUCTaHHI CHEIiaIbHOTO
OCHAIIICHHS 1 HASIBHICTh TPAJII€EHTA TEMIIEPATYPH MPHU [bOMY 3a3BHUYAM BIICYTHS.

['ppoTepmanbHUil METONl Ma€ psifi MepeBar: MOXIUBICTh CUHTE3Y KPHUCTAIIB
PEUYOBHMH, HECTAOUIbHUX MOOJIM3Yy TEMIEparypu IUIABJICHHS 1 CHHTE3y BEIUKHX
KPHUCTAJIiB BUCOKOI sIKOCTi. HeomkoM Iboro MeTory € HEMOXKIIHMBICTh CIIOCTEPEIKEHHS

3a KpUCTajaMU B IIPOLIEC pOCTY 1 JOpOKHEYa 00J1aTHAHHS.
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['inpoTepManbHUid CUHTE3 MPOBOJAATH MPU TEMIEPATYPl 1 TUCKY PO3UMHHHKA,
BUIIIE SIKUX 3HUKAIOTHh BIIMIHHOCTI MDK PIAMHOK 1 TMaporo. Y TIAPOTepMaTIbHUX
pO34YMHAX COJIEH PO3YMHHICTH 0araThbOX OKCHJIIB 3HAYHO BUINE, HDK B YHCTIA BOI;
BIJMOBIJHI COJII OTPUMAJIM Ha3By MUHepamizaTopiB. [[o TigpoTepManbHOTO CHUHTE3Y
BITHOCUTHCSA Tpyma COJHBOTEPMAJIBLHUX METOJIB CHHTE3y, sKa 3acHOBaHAa Ha
BUKOPUCTAaHHI OPTaHIYHUX PO3YMHHMKIB 1 HaakpuTuuHoro CO; [121]. Homatkosi
30BHIIIHI BIUIMBM Ha peakI[iiHE CEpe/lOBUILNE B IMPOILIECI CHHTE3y pO3LIUPIOIOThH
MOJIMBOCTI T1IPOTEPMATBHOTO MeTo1y. B nanuii yac mogiOHUM miaxiJi BUKOPUCTAHUH
B TApOTEPMAIBHO-MIKPOXBUIHOBOMY, TAPOTEPMAIIbLHO-YJIbTPa3BYKOBOMY,
TAPOTEPMAIIBHO-EIEKTPOXIMIYHOMY 1 TiIpOTEPMaIbHO-MEXAHOXIMIYHOMY BaplaHTax
cuHTe3y. CHHTETHYHI II€OJITH OAHI 3 HaWOUIbII MOIIMPEHUX HaHOMAaTepialiB,
OJICP)KYBaHUX TiIPOTEpPMATbHUM MeETOAOM. J[Jis OTpuUMaHHS TaKMX HaHOMATepiajiB
BUKOPUCTOBYIOTh [IAP, ski BrumBaioTh Ha MOP(ONOTiI0 OKCHAHMX 3'€THAHb B
riIpoTepMalibHUX po3unHax. Bubip ymoB cuHTesy 1 THny [IAP copuse
IIJIECTIPSIMOBAHOMY OJIEpPKaHHIO TOPUCTUX HAHOMATEPialiB 3 3aJJaHUMU PO3MipaMu Tip,
PEryJbOBaHUX B IOCUTH HIMPOKHUX MExKax.

OpaHOMIipHI HAHOCTPYKTYPH Ha OCHOBI OKCHY IIMHKY MOXXYTb OyTH CUHTE30BaH1
3a JOMOMOIOI0 TIIPOTepMaIbHOTO cUHTE3y [122]. MeToa cHHTE3Y HaHOCTPUIKHIB
OKCHJly LIMHKY CKJIaJaBCsl 3 ABOX CTaii: HAHECEHHS 1Iapy 3apOJIKiB Ha MIJKJIaIKU P13HOT
MIPUPOJIU 1 BUPOIIYBAaHHS HAHOCTPIIKHIB M'SIKUM TiIpPOTEPMATbHUM METOJOM. ABTOPH
BUKOPHCTOBYIOTh PO3BHTOK MOJEIHHUX YSIBJICHH HAa OCHOBI SK 3arajibHUX (Hi3UKO-
XIMIYHUX YSBIICHb PO BUHUKHEHHS 1 PO3BUTOK HAHOYACTOK B 30JIb-T€JIh IIPOIIECax, TaK
1 paHilie oTpuMaHi pe3yJbTaTh CTOCOBHO HAHOOO'€KTIB 3 OKCUIY IMHKY. 3apOJIKOBHIA
map ¢hopMyBaBcCs 3a JIOMOMOTOIO 30JIb-T€Ib METOY, IIPH IbOMY, K MPEKypcopu Oyiu
oOpani HeopraniuHa ciinb ZnCl; 1 Terpaerun oprocmiikat (TEOC). Cinb po3unHsiiacs B
PO34MHI 130MPOMIIOBOTO CIUPTY, MOTIM B pO3uuH noaaBaiu HeoOxigHuit oocsr TEOC.
XnopuJ HMHKY OyB JPKEPEIOM 3apOJIKOBUX YaCTOK oKcuay HUHKY, a TEOC HeoOxiaHui
JUTSI CTBOPEHHS YMOB 3aKPITUICHHS ITUX YaCTHHOK Ha MMOBEPXHI MiAKIaaKu. BcTraHOBIICHO,

10 HasBHICTH 1 napamMCeTpu HAHCCCHHA 3apOJKOBOIO MIApy CHIIBHO BINNIMBAIOTHL Ha
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Mopdosoriro moBepxHi. OTpuMaHi pe3yiabTaTH CTAHOBIATH IHTEPEC ISl CTBOPEHHS
CEHCOPHUX MPUCTPOIB 1 €JIEMEHTIB COHSIYHOI €HEPT€TUKU HOBOT'O MOKOJIIHHS.

EdexktuBauM cmocobom ¢dopMyBaHHS TIOpUIHUX HAHOKOMIIO3UTIB 3 TEBHOIO
MOJIEKYJISIPHOIO CTPYKTYPOIO 1 (PI3UKO-XIMIYHUMHU BIIACTUBOCTAMH € 30JIb-T€JIb METO/I.
[TepeBaroro 3051b-TeIb CHHTE3Y € MOKIIUBICTh MOETHYBATH BUX1/IHI pEareHTH B PO3UYHHI,
Bapitouu (GparMeHTH OpraHIYHUX 1 HEOPTraHIYHUX KOMIIOHEHTIB Ha MOJIEKYJISIPHOMY
piBai [119, 120], 3niiicHIOBaTH IUICCOPSIMOBAHUM CHHTE3 OPraHOCHIIIKATHHX
HAHOKOMIIO3UTIB, SIKI MOKYTh MO€IHYBATH BIACTUBOCTI, IK KEPaMIKH, TaK 1 MOJIMEPIB.
3MIHIOIOUM TPUPOJY OPraHIYHUX KOMIIOHEHTIB, $IKI BBOJSTBCS 1 YMOBM BHUKOHAHHS
NpoIeCy 30Jb-T€lIb CHHTE3Y, MOXHa I[IJIECIPIMOBAHO 3MIHIOBaTH CTPYKTYPY
CHHTE30BaHUX HaHOKOMMO3UTiB [120].

Knacnunuii 30mb-reis MeTon — 1ie (i3MKO-XIMIYHHMA TPOIEC, 3aCHOBAHWM Ha
peaxIisfx TiApoizy, OKCOJIALIl MPEeKypPCOpiB B pO3ZUYMHAX 3 MOAATBIINMHU CTaliIMU TOSBH
HOBOT (ha3u 1 yTBOPEHHS refto ado BiaauieHHsM ocay [119].

3071b-T€Jb CUHTE3 PI3HUTHCS TUIIOM MPEKYPCOPIB, SIK1 3aCTOCOBYIOTHCS:

- TIIPOJII3-TIPEKYPCOPIB: Cepe] HUX HAUOLIBII IMMPOKE 3aCTOCYBAHHS 3HAXO/ISITh
AIIKOKCHIH, SIK1 TIOTIEPETHRO OTPHUMaH1 a00 YTBOPIOIOTHCS O€3MOCepeIHbO B pEeaKIIiHIi
CYMIlIlI.

- TTIOBHICTIO 200 YaCTKOBO 30JIiB;

- KOMOIHOBaHI, KOJIM 3aCTOCOBYIOTHCSI CYMIllll MPEKYPCOPIB: AJIKOKCHIIM, COJ1
MeTajiB, TeMIUIaTHI J00aBku mosiMepiB, ITAP, opraniuHi pedyoBUHHU, eMyJbCli Ta iH.
[105].

307b-TeNb MPOIECH AUIAThCS Ha 1B1 rpymu [106]: mepmioro MOKOJIHHS, B
pe3ynbTaTi MPOTIKAHHS AKX YTBOPIOIOTHCS OKCUIHI KOMIIO3UTH Ta APYTroro MOKOIIHHS,
PE3yIbTATOM CHHTE3Y SAKUX € TIOPUAHI OpraHO-HEOPraHUYHI HAHOKOMITO3UTH. 30J1b-T€Ib
TEXHOJIOT1sI I03BOJISIE€ TPOBOAUTH MPOIIEC MPU 3BUYATHUX YMOBaX (TeMIiepaTypa, TUCK),
MOKpaIlyBaTH BJIACTUBOCTI TPaAMIIIHHUX MaTepialliB, CTBOPIOBATH MaTepiajiud HOBOTO
MTOKOJIIHHSI.

TemnaTHuii a00 MaTpUYHUNA CHUHTE3 TIOPUIHMX MaTepialiB Ta KOMIIO3UTIB

3aCHOBAHO Ha TOMY, 1110 OyJ10Ba MOJIMEPY, 1110 YTBOPIOETHCS, 1 (a00) KIHETHKA MPOIECY
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BU3HAYAIOTHCA IHIIMMH MaKpOMOJIEKyJaMu a00 MAaTpHISIMH, IO 3HAXOIATHCA B
0e3nocepelHbOMY KOHTAaKTI 3 MOJEKyJaMHU OJIHOrO0 ab0 JEKUIbKOX MOHOMEpPIB a0o
3pocTatounmu Janioramu [ 123]. TemmnaTt abo MaTpHIls — I1e CTPYKTypa ad0 4acTKa, sKa
rpae Opranizyrody poib npu (GOpMyBaHHI 1 CHHTE31 HAHOCTPYKTYp, CyIpa- Ta
THTEPMOJIEKYISIPHUX KOMIUIEKCIB. Temmiar 3a paxyHOK pI3HHX MIKMOJEKYJISIPHUX
B3a€EMO/IIA OPTaHi30BYyE HABKOJO ceOe HU3bKOMOJEKYJSIPHI PEUYOBUHHU 1 JO3BOJISIE
CTBOPIOBATH BIOPSAKOBAaHI KOMILIEKCH HaHO-, CYIIpa- Ta MIKMOJICKYJISIPHOI CTPYKTYPH.
[Ipuknanom TeMIUIaTy € OJHOJaHIOKKoBa Monekyna JIHK, no skoi 3a mpuHuumnom
KOMIUJIEMEHTApPHOCTI TMpUEAHYeThess Apyra mosekyna JIHK, yTBoproroun mnonBiHy
conipasnb. Ilicns B3aeMofli TeMmmuiaT MOX€ $SK BXOAUTH 10 CKIaxy chopmoBaHOi
CTPYKTYpH, Tak 1 OyTu mo3a Hero. B sIKOCTI TeMIIaTiB MOXKYTh BUCTYNaTH OpraHivyH1
MOJIEKYJIA, CKJIaJIHI TPOCTOPOBI CTPYKTYpPH, 10HU JTY>)KHHX METAIIB, MaKPOMOJIEKYIIH
[124].

TemmnnatHoro [123] KOHIEHcalli€l0 BUBYEHI MPOMYKTH B3a€EMOJII B CHUCTEMax
«rigpasuau 2-R-0ewzoiinux, 3-R-2-madroiinunx (R = H, OH) xucmor — SnCly —
OceH3olHMN 1 4-miMeritamiHoOeH30MHuM anpaeriim — CH3CNy», B pesynbTari SKHX
OTpHUMaHI TiJIPa30HU 1 KOMIUIEKCH HeeleTpoiTiB. [Ipu 11boMy BCTaHOBJICHO, 1110 CHHTE3
KOMIUJIEKCIB 3 T1pa30HaMM TEMIUIATHOI KOHJEHCAIIE0 € OUIbIl 3pyYHHUM 1
XapaKTepU3yeThCsi BUCOKUM BuxonoM 85 — 93 %, B MOpIBHSHHI 3 CHUCTEMaMu
«rigpa3zonn-SNCls;-CH3CNy TiTbKH B pa3i yTBOPSHHS KOMILIEKCIB 3 €HOJIEHOO JOPMOIO
Jira"jaa, To0TO MpU HAsBHOCTI BAKAHTHOIO JOHOPHOI'O aTOMa a30Ty B apOMATHYHOMY
KUTBITI. BHUXiq KOMIUIEKCIB 3 KETOHHOIO (hopMoro Jrirana HadbaraTo Hmwk4ae (50 — 52 %),
MabyTh, 3a paxyHOK MHPOTIKaHHS MOOIYHMX peakiuiil. IX JOIiTbHO cHHTE3yBaTH 3
OTPUMAaHUX TOTEPEIHBO T1/1pa3oHiB 1 SnCly.

3aranom, A0 TIOpUAHMX MaTepialliB BCE XK NPABUIBHIINIE BIIHOCUTH JIUIIE
KOMITO3UTU 3 JIOCUTh OYEBUIHOIO XIMIYHOIO B3a€EMOJIIEI0 MIXK KOMIIOHEHTAMH.
CynpamoneKyJapHi, METaJOKOMILIEKCHI CHOJyKHM 1 HAHOYAaCTKH 3  XIMIYHO
MOAM(DIKOBAHOIO TOBEPXHEIO TAKOXX MOYKHA BIAHECTH J0 TIOPUAHUX KOMIIO3MIIIHHUX
MaTepialiiB, Xo4a iX po3IJIsiIaloTh K OKpeMui kiac Marepiamis [ 124 — 128]. Sk npasuiio,

riOpuIHI KOMMO3UTH BHUSIBJISIIOTH CUHEPri3M BJIACTHUBOCTEM BUXIAHUX KOMIIOHEHTIB,
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BOHU BIIPI3HSIOTHCS MIABUILICHOK TEPMOCTAOUIBHICTIO, MEXaHIYHOI MIIHICTIO Ta
KOMIUTIEKCOM 1HIINX BJIACTHBOCTEH.

B cydacHOoMy monmiMepHOMY MaTepiaio3HABCTBI BAXKIWBY pOJb 3aWMalOTh
ribpunni  OlomerpamabenpHi  MOJIMEpPHI MaTepiaidi Ta KOMIO3UTH. [ 10puaHuMH
Ha3WBalOTh KOMITO3MIIIIHI MaTepialii, sKi OTpPUMaHI 3a PaxyHOK B3a€MOIIi XIMIYHO
PI3HMX KOMIIOHEHTIB, HaW4acTillleé HEOPraHiYHUX 1 OpraHiuyHuX, fAKI (OPMYIOThH
POCTOPOBY, KPHUCTATIYHY CTPYKTYpPY, IO BIAPIZHAETHCA BiJI CTPYKTYp BHUXITHUX
peareHTiB, aje€ 4acTo YCIaJKOBYIOTh BJIACTUBOCTI BUXITHUX KommoHeHTIB [115]. Ha
ChOTOJIHI BEJIMKE 3HAYCHHS B HaAmpsMi OJACp)KaHHS TiOpuaHux OlojaerpagadenbHUX
MaTepialiiB BKe 3aiMaroTh 010MOJiMep-BYTJelEBl KOMIIO3UTH, SIKI XapaKTepPU3YIOThCS
LIIMPOKHUM J11ana30HOM (PYHKIIOHAIbHUX BJIACTUBOCTEN 1 PI3HOMAHITHUMHU HANpSIMaMH
chep 3actocyBanHs. Ha ChOTOMHINIHINA /I€Hh B HAmpsMi OTPUMAHHS O10MOJIMEPHHUX
MaTepiajiB BEIUKY 3alliKaBJICHICTh BUeHUX npuBepTae 3acrocyBanus ['K ta I'P piznoro
MOXO/DKEHHS: 3 TPYHTIB, Topdy Ta Byruuisa [127,128]. OtpuMaHHsS TakuX TiOpUIHUX
OlonerpanadeIbHUX MaTepiaiiB Ta KOMIIO3UTIB JO3BOJISE JOCATHYTH CHUHEPTETUYHHMA
e(eKT KOPUCHUX BIACTUBOCTEH XIMIYHO PI3HUX KOMIIOHEHTIB B TOTOBOMY T1OpH/II, 1110
OPU3BOJAUTH 70 3HAYHOTO PO3IIMPEHHS HAMpsAMIB Ta Traixy3eil 3acTOCYBaHHS TaKHX
MmaTepiaiiB. 3aBISKH HasBHOCTI 31aTHOCTI 10 crnenudiynoro BBy 'K ta I'P Ha
KOMIUIEKC €KCIUTyaTallliHuX BJIAaCTUBOCTEW OloaerpagabenbHUX MaTepilaliB  cTae
MOXJIMBUM 3HAYHO MIABUIIUTH iX MIIIHICTh Ta CTIMKICTh B YMOBaX BUKOpUcTaHHs. Came
TOMY MNEpPCIEKTUBHUMH € OTPUMaHHA TIOpUAHUX OIONOJIMEPHUX MaTepiamiB 3
BUKOPHUCTAHHIM Nox1aHuX Byriuia y Buriaai I'K ta I'P, ki MaroTh KOpHCHMI KOMIUIEKC
PI3HOMaHITHUX (PI3UKO-XIMIYHUX XapaKTEPUCTHK Ta CIICU(PIIHUM BILTUBOM Ha MPOIECU

CTPYKTYPOYTBOPEHHSI Ta KOMILJIEKC BIIACTUBOCTEH B ITUX MOJIMEPHHUX MaTepiaiax.

1.4 HepCHGKTI/IBI/I BHUKOPHUCTAHHA FYMiHOBI/IX KHCJIOT Ta pCUOBHH I HiI[BI/IHIGHHSI

BJIACTUBOCTEH TiOpuIHUX O107erpasadeIbHUX MaTepialliB Ta KOMIIO3UTIB

Ha cporoani icHye BenMkKa KUIBKICTh Olojierpasa0eibHUX MOMIMEpIB, SKi

peani3yloTh MPUHIUI «HYJIbOBUX BIJIXOJIB» MPOTITOM YChOI'O >KUTTEBOTO LUKIY —
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«BUPOOHULTBO-BUKOPUCTAaHHA-yTHiI3alis» [129 — 131]. B pganumit yac HaiOuIbII
aKTyaJbHUN TPEH] B MOJIMEPHIN raiy3i e oTpuMaHHsa marepianiB [132 — 137], axi 6
MOEHYBAIM BUCOKUN pIBEHb EKCIUTyaTallliHUX XapaKTePUCTHK 31 3JaTHICTIO [0
Olomerpanarnii y HPUPOJHMX YMOBaxX O€3 YTBOPEHHS HEOE3NMEeUHUX I JIOBKIJIISA
pedoBuH [138]. Ile moB’s3aHO 3 TUM, IO TMOCTIMHO 3POCTAIOTh OOCATH TOJIMEPHOTO
CMITTS 3 TpPaJULIMHUX CHUHTETUYHUX TMOJIMEepiB (MOMIETHIICHY, MOJIMPOJIIUIEHY,
MOJIICTUPOJTY Ta 1H.), 00 iXHs aerpanaiis 3aiimae Bij 100 pokis. Haitbinbima KiTbKiCTh
MOJIIMEPHOTO CMITTSI IPUMAJA€ HA TIOJIMEPHY YIAKOBKY Ta Tapy 3 4acOM €(EKTUBHOTO
BUKOpUCTaHHS ONu3bko 7 — 12 aHiB. Maibke 95 % Takux TOBapiB BUKOPHUCTOBYIOThCS
JIMIIIE OJTMH Pa3, MiCJs YOTO MOTPAIISIOTH Ha 3BaJIUINA.

B cywacHoMy Marepiamo3HaBCTBI BaXJMBY poJib 3ailMaioTh  TiOpuaH1
OlomerpamabenpHi Marepiaaud Ta KOMMO3UTH. OTpuMaHHS Takux OlojerpanadenbHuX
MaTepiamiB Ta KOMIIO3UTIB JO3BOJISIE JOCSTHYTH CHHEPreTUYHUN e(PEeKT KOPUCHUX
BJIACTUBOCTEH XIMIYHO Pi3HUX KOMIIOHEHTIB B TOTOBOMY TiOpH/Ii, IO TPHU3BOAUTH O
3HAYHOTO PO3IIUPEHHS HAIpsMIB Ta Taldy3edl 3acTOCyBaHHSA TakuxX MmarepiamiB. Taki
OlomerpagadenbHi MOJIMEPU MOKYTh OyTH pO3IIeIieH1 a0l0THYHO Ta/a00 610JIOT1YHO Ha
BYIUVIGKUCIIMNA Ta3 abo meraH, Bomy Ta Oiomacy [137, 138]. Taki meperBOpeHHS
HA3UBAIOThCS 3JIaTHICTIO J0 Olonmerpaxartii [136]. 3a crmocobom BUpPOOHUIITBA Taki
OlomerpanabenpHi MoJiMepHI MaTepiasid MOKyTh OyTH [131, 139] — puc. 1.5:

- MoJiMepaMHu, siKi Oe3MocepelHbO OTPUMYIOTH 3 Ol0Macu pociauH abo TBapHUH
(monicaxapuu, OLIKH, JIIIIA TOIIO);

- ToJiMEepaMHd, SIKI OTPUMaHI LUISIXOM KIACHYHOTO XIMIYHOTO CHHTE3Y 3
BIJIHOBIJIFOBAHMX MOHOMEPIB Ha 010JI0T14HIM OCHOBI, TAKHX SK ITOJIIMOJIOYHA KHUCIIOTa 200
ITJIA;

- mojJiMepamu, SKi OTpUMaHl TPUPOJHUMHU a0O0 TEHETUYHO MOAM(DIKOBAHUMU
MIKpOOpTaHi3MaMH, TAKUMH SIK Tojiriapokciankanoatu (PHA), momirigpokcuOytupaTi

(PHBs), 6aktepiasibHa 11€110103a, KCAaHTaH, T'eJlaH, MyJUTyJIaH Ta 1HIII.
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Pucynok 1.5 — Knacudikariiss TpaguiiiiHuX CHHTETHIHUX HeOlo1erpanadenbHux

Ta O1oaerpanadenbHux mnoiaimepis [139]

Came depe3 1€, CydyacHE BHKOPUCTAaHHS  €KOJIOTIYHO  Oe3MeyHux
OlonerpanabenbHUX MOJIMEPHUX MaTrepiaiiB, sKI peali3yloTh MNPUHLUI «HYIOBHX
BIIXO/IIB» TIPOTSATOM YChOT'O IKHTTEBOTO ITUKIY — «BHUPOOHHUIITBO-BUKOPUCTAHHS-
yTUJII3allis» — HUHI € CBITOBOIO TeHAeHIi€0 [131].

Crnioco6u BUpoOHUIITBA OloerpaaadebHUX MOMIMEPIB MOXKYTh OyTH XIMIYHUMHU
a00 610JOTIYHUMH — TI1J] BIUIMBOM MIKpoopraHi3miB abo ¢epmentiB. Haitbinbin Bigomi
crocoOu OTpUMaHHs Martepiaiy, o po3rsiaaerbes [138]:

- OTPUMaHHS 3 MPUPOJHUX TMOJIMEPIB MUIAXOM IX MEXaHIYHOI Ta XIMIYHOT
00poOku. Ilpuxnagom Takux OlojgerpagabenpbHUX TMOJIMEPIB € TUIACTHK, SKUN
OTPUMYIOTh 3 IECTPYKTYPOBAHOTO KpOXMaJito abo mentonosu [87];

- XIMIYHUWA CHHTE3 MOJIMEPIB 3 MOHOMEPIB, Kl OJIEPKYIOTh O10MEPETBOPEHHIM
BIJTHOBIIIOBAHMX JKEPET CUPOBUHU — 30KpEMa, BUKOPUCTAHHS MOJIOYHOI KUCJIOTH, SKY
OJIEPKYIOTH M1 yac hepMeHTHU3aIlIT LIYKPIB, AJIsl BAPOOJIEHHS XiMIiUHUM criocobom [TJTA
[138];

- oJiep)KaHHS Ol10TUIACTUKIB O10TEXHOJIOTIYHUM CIOCOOOM 3 BiJHOBITIOBAHUX

CUPOBHHHHX JpKepen: depMeHTallisl IyKpiB, MpU SKii MIKPOOPTaHI3MU CHUHTE3YIOTh
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TEPMOIUIACTHYHI  ajmiaTU4YHI  MOJIeCTEepH,  30KpeMa,  MOJITrAPOKCUOyTHpAT,
noniriapokcuankanoatu (PHA), 6akrepianbHy 1entonnosy Ta id. [139];

— XIMIYHUW CHHTE3 13 MPOAYKTIB mepepoOKu Ha(TH Ta IHITUX HEBITHOBIIOBAHUX
JOKEPENT CHPOBUHHU, TIPUKJIAI0OM BUCTYIIA€ TaKUH O10TUTACTHK, SIK TOIIKAIPOIaKTOH.

biomerpagabenpHi TodiMEepH B JaHWM Yac B OCHOBHOMY BHPOOJISIOTHCS 3
kpoxmanto, ITJIA, momirigpokcuaakaHoartiB, IEII0JI03W Ta JirHiHy. Ilpu mpomy Bci
KOMITOHEHTH Matepiaiy € 6ionerpagadenpaumu [139]. Takox 10cTymHI 610KOMITO3UTH,
10 € CYMIIIIIIO MOJIIMEPY 3 HAITOBHIOBAYEM, 1110 BBOJAUTHCS JJIsI 3SHUKEHHS COO1BApTOCTI
MaTepiajiB Ta JUIs MOMIMIICHHS XIMIKO-MEeXaHIYHUX BIIaCTUBOCTEH Marepiany [133].

Jo OiogerpanabenbHUX MOJIMEPIB  BXOAATH: KpoxmasibHi cymimi, [IJIA,
nomOyTunen  aaunar/repedramar  (PBAT), mnoniOyrunen cykuunat  (PBS),
nomirigpokcuankanoat (PHA). OcHoBHa yBara ChOTO/HI MPUIIISETHCS TMEPIIAM Ta
octanHiM y crnucky OiomomimepiB [129]. CimeiictBo momimepie PHA npeskuii gac
3HAXOAWJIOCS B PO3POOIIi 1 3apa3 BUXOJWTHh HA PHHOK y KOMEpIliitHOMY MacmTadi. 3a
OI[IHKaMM €KCTEpTiB, BUPOOHUUI MOTY>KHOCTI PHA 3011bI1aThCcsi BYETBEPO MPOTATOM
HACTYIMHUX M'STH PoKiB. KpiM TOro, moaBosThcs BUpOOHWYI moTyxkHOCTI ITJIA mo
2023 poky [139]. TIJIA € 4ymoBow 3aMiHOIO JJi TMOJICTUPONIY, MOJIIIPONIJIEHY Ta
akpuioHITpuiaOyTamieHcTupony. Ili  momiectepy Ha 100 %  OGioocHOBHI  Ta
OlomerpanabenbHi. bBiOOCHOBHI TMIacTMacu, 10 HE MIAJAOTBCA  O10JIOTTYHOMY
pO3KJIaJlaHHIO, B TOMY 4YHCJl PpIIIEHHS HAa OCHOBI TMOJIieTWJIeHa Ha O100CHOBI,
noiieTuneHTepedranara Ha 0100CHOBI Ta Ha OCHOBI MOJiaMily Ha O100CHOBI B TaHUM yac
ckmagaroTh 10 48 % (1 MaH. TOHH) BiJ CBITOBHUX MOTYKHOCTEH i3 BHPOOHHIITBA
OiomnactukiB. [IporHO3yeThCS, 110 BUITYCK MOJTIETUIIEHY HA 6100CHOB1 IPOJOBXKYBATHME
3pOCTaTH, OCKUIbKA HAMOMMKYUMH pPOKaMH B €BpOI TUIAHYETHCSA 3alyCK HOBUX
HOTY)KHOCTEH Jyis oro BupoOHuiTBa [135 — 137]. [{ns oTprMaHHs THYYKOi YIIaKOBKH
cepen moiiMepiB Ha OIOOCHOBI HAWIOMIMPEHINIWA THI — MaTepiaii Ha OCHOBI
KpoXMaiiB. 3a HUM 3a 4YacToTow BuKopuctaHHs chinye PBAT (momiGyTtuneH
agunar/tepedranar), [IJIA ta PBS (moniOyTtunen cykuunar) [141].

BukopucTaHHsT TaKOro BEIUKOTO AaCOPTUMEHTY €KOJIOTiYHO  Oe3MeYHHX

OlojerpanabenbHUX MOJIMEPHUX MATpPULb JI03BOJISIE OTPUMYBATH O10MOMIMEpHI
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MaTepiaiy 3 JOCTaTHBOIO T'a30130JISLIEI0 Ta TEPMOCTIMKICTIO, SIKI MOKHA NTEPEPOOIISITH B
pi3HI BUpOOM Ta AeTail s pi3HHX ramys3eil mpomwuciioBocTi [129]. Tomy B pi3HUX
ray3siX CBITOBOI TEHJICHIlI € BHKOPUCTAHHS EKOJIOTTYHO OE3MEeYHUX TOJIMEPHUX
MaTepiaiB 1 KOMIIO3MIIIM, SKI HE MalTh HETAaTUBHOTO BIUIMBY Ha HABKOJUIIIHE
CEpellOBUINlE Ta MAIOTh Kpalll eKCIUTyaTallliHI Ta €CTETHUYHI MepeBard MOPIBHSIHO 3
iHmMu  Matepianamu. Cepenl HHUX Takl BJIACTUBOCTI, SK BHCOKa MIIHICTh 1
JIOBIOBIYHICTH, Majia Bara 1 MMUPOKI MOKJIMBOCTI B JU3aiHI Ta 1HII Ba)KJIMB1 €CTETUYHI
xapakrepuctuku [ 133].

B Toif e yac, He3BaXaloyu Ha HASBHICTb BHILE MEPEIYEeHUX NepeBar, BiJIoMi
OlomerpagabenbHl MOJTIMEPHI MaTepiajid JIOCUTh YacTO MOCTYHAalThCs y Oararbox
chepax 3acTOCyBaHHSI CBOIM CHHTETUYHUM aHAJIOraM 3a pPiBHEM MapONOHUKHEHICTI,
ra30130J111ii To1o. /[0 HeIOIMIKIB CydacHUX €KOJIOTTYHO Oe3rmeuHux 0ioaerpamadenbHux
MOJTIMEPHHUX MaTepiaiiB TAKOXK BiTHOCUTHLCS 3HAYHA YYTIUBICTH IO TEIUIOTH, BOJIOTOCTI
1 HAaIPyTH 3CyBY, Yepe3 110 BOHU MOXYTh 3a3HABATH YaCTKOBOI JAeTpajallii BXKe Ha eTarri
ix ekcryararii. [lepeniyeni Hemomiku OlojerpanadelbHUX MOJIMEPHUX MaTepiaiiB
CIIPUYMHIOIOTh CYTTEBE TMOTIPIICHHS BUPOOIB Ha iX OCHOBI (Majla MIIHICTb,
HEJIOBrOBIYHICTH TOIIO) [129].

OpHuM 3 HaWOLIBIN aKTyaJdbHUX HANPSAMIB 3 TOTJISAY MOKPAIICHHS KOMIUICKCY
BJIACTUBOCTEHN €KOJIOT1UHO Oe3mevHux 010JerpagadesibHuX MOJIMEPHUX Ta KOMITO3UTIB
€ ix riopuaHa Moaudikaiis. ['IOpuIHUMU HA3UMBaIOTh KOMIIO3UIIIMHI MaTepiaiu, sKi
OTpMMaHI 3a paxyHOK B3a€MOJIl XIMIYHO PI3HMX KOMIIOHEHTIB, HalyacTimie
HEOPTraHIYHUX 1 OPTaHIYHUX, SIKI POPMYIOTh TPOCTOPOBY, KPUCTATIUHY CTPYKTYPY, IO
BIZIPI3HSETHCS B/l CTPYKTYP BUXIJTHUX PEarcHTIB, ajie 4aCcTO YCIaAKOBYIOTh BIACTHBOCTI
BuxigHUX KoMmmnoHeHTiB [133]. OrTpumaHHS Takux TOJIMEPHUX MaTepialliB Ta
KOMITO3UTIB JO3BOJISIE JIOCATHYTH CHUHEPreTUYHUN e(EeKT KOPUCHUX BIACTHBOCTEH
XIMIYHO PI3HUX KOMIIOHEHTIB B TOTOBOMY TiOpH/i, IO MPHU3BOJIUTH 1O 3HAYHOTO
PO3UIMPEHHS HAMPSMIB Ta rajgy3ei 3aCTOCYBaHHS TaKUX MaTepialliB.

3 morysay nepcenekTuB came (GyHKIioHanpHoi Moaudikaiii ['P Ta X moxigHumu

Opu ojepXaHl TIOPUAHMUX EKOJIOTIYHO Oe3nedyHux OioferpagadbesbHUX MOJIMEPHUX
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MarepianiB Ta KOMIIO3HUTIB JOCUTh BaXKJIMBO PO3IIIIHYTH CyYacHI HANpsMi 3 OTPUMAHHS
aHTUOaKTeplalbHUX €KOJIOTTYHO Oe3nedyHunX O0loerpatadenbHuX MOoIIMEpIB.

Jlnst  oTpumaHHsA TiOpuaHUX  OIOMOJIMEPHUX  MaTepialliB  MPOTOHYETHCS
BUKOPUCTOBYBATH CYMIIll PEYOBHH, IO BHJIYYarOThCA 3 JITHITIB y Burimsaal ['K Ta ix
noximaux. 'K MicTATh pi3HOMaHITHI (QYHKIIHHI TPYyNH 1 MalOTh LITUNA KOMIUIEKC
PI3HOMaHITHUX (PI3UKO-XIMIYHUX XapaKTEPUCTHK Ta CIIeNU(PIYHUM BITMBOM Ha MPOIIECU
CTPYKTYPOYTBOPEHHsI MOJIIMEpHUX MaTepiaiiB [21, 22].

AHTHOaKTepianbHi  100aBKH, SIKI BUKOPUCTOBYIOTBCS MpPU  OJEp’KaHHI
aHTUOaKTeplalbHUX E€KOJIOrYHO Oe3neyHux OiojerpagadesibHuX MOoJIMEepiB, MOBUHHI
OyTu O€3MeYHMMHU, €KOJIOTTYHO YUCTUMHM, OaraToyHKIIOHAIbBHUMHU 1 CTaOLIbHUMHU Ha
BCIX CTaaigX nepepoOku. Y pa3i ix BUOOpPY HEOOXIJHO KepyBaTUCS OCHOBHHUMHU
caHiTapHO-TITiEHIYHUMH BuUMoramu [142]. ¥V 3B'SI3Ky 3 THUM, 110 MIKPOOPTaHI3MH, SIKi
HIKOIATh MaTepialu Ta BHPOOM, MOyXKE PI3SHOMaHITHI, HaAMOUIBII pallioHaIbHO
3aCTOCOBYBATH O10ITHIU IIUPOKOTO CIIEKTPA i1, @ TAKOXK CYMIIIll PI3HUX aHTUMIKPOOHUX
crioryk. OcoOIuBHI IHTEpEC CTAHOBIATH O10IMIH 3 0OMEKEHUM TEPMIHOM J1ii, OCKIIBKH
micis 3aKIHUYEHHS TIEBHOTO Yacy 3HIMA€ThCSl MUTAHHS MPO TOKCUYHICTH Marepiany. 3
NPaKTHYHOI TOYKH 30pYy I[IKaBO BUKOPUCTAHHS TOJIMEPHHX OI10MUIIB (0JIOBO-
OpraHiyHMX Ta 1H.), MEHII HEOEe3MEYHUX i HABKOJMIIHBOTO CEPE/IOBMINA, HIK
HU3BKOMOJIEKYJISPHI CTIOJTYKH.

BBeneHHst aHTUMIKpOOHUX areHTiB 0€3M0CEPEHBO J0 MOTIMEPHOTO MaTepialy Ha
eTani Moro CTBOPEHHS MO’KE MOJIIMIIUTU MOKA3HHUKHU 3aXMCHOI i TaKUX Marepiajib.
JlaHnii HAIPSIMOK aKTyaJIbHUM 3 HACTYITHUX ITPUYNH:

- BBEJICHHSI aHTUMIKPOOHOTO areHTa (J00aBKH) B MOJIMEPHY MATPHIIIO TI03BOJISE
3aKpINUTH HOT0 B IIapl MaTepiaty, 301IbIIMBIIN TAKUM YHHOM T€PMIH HOTO Jii;

- KOHTPOJIIOBAaTH MAacO-TIEPEHECEHHS] aHTUMIKPOOHOr0 areHTa 3 MaKyBaHHS J0
npoaykry [142 — 144].

[lepCrieKTUBHUMU € TAKOXK «XIMIUHI HIETJICHHS» Ha MOJIMEPH KOHCEPBAHTIB, 5Kl
MaloTh aKTHBHI IPYyNH, 110 BCTYNAIOTh Yy XIMIYHI peakiii 3 (PyHKI[IOHAIBHOIO TPYMOI0

nomimepy [143, 145]. 3actocyBanHs O10LMAIB MOXJIMBO, MO-TIEpIIE, COPSIMOBAHO Ha
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3aXMCT MaTepialiB BiJl BIUIMBY MIKPOOPTaHI3MiB; MO-IpYyre, Ha 3aXUCT JIIOJUHU BIJ
BIUTMBY NATOT€HHUX MIKPOOPTaHI3MIB.

Mexanizm i QyHTIIUAIB Ta OAKTEPHUITUIIB TPYHTYETHCS Ha!

- B3aeMOjii 3 OIOJIOTIYHO BAXXJIMBUMH PEUOBMHAMHU KIITHHH MIKPOOPTaHI3MY
(KTITUHHUMHA METa0OJIITaAMH );

- PUYIICHHI aKTUBHOCT1 ()EPMEHTIB;

- TIOPYIICHH1 CTPYKTYp U Ta (PyHKIIOHYBaHHI 6ioMeMOpaH 1 KIITUHHUX CTIHOK
[146, 147].

B ocHOBI TOKCHMYHOI 11i O1OLMJIB, IO 3aCTOCOBYIOTBCS IS 3aXHUCTy BIJ
010yIIKOIKEHb PI3HUX MaTepiajiB Ta BUPOOIB, JIEKUTh iXHS 3/1aTHICTb IHT1OYBaTH T1 YU
1HII peakiii MeTadoJi3My MIKpOOpraHi3MiB, MOPYUIYBaTH iX KIITUHHI CTPYKTYpH.
bionua cnodaTtky KOHTaKTYe€ 3 KIITUHHOIO 000JIOHKOIO Ta MeMOpaHOI0, IPOHUKAE Yepe3
HUX 1 [IOTIM BK€ BCTYIA€ y B3A€EMO/IIIO 3 BHYTPIIIHROKIITUHHUM BMicTOM [ 148].

JlonaBaHHS aHTUMIKPOOHUX areHTIB y Pi3HI MaTepialid HE TUTHKU 3aXUINAE TXHIO
BIIMIHHICTH BiJ BIUIMBY MIKPOOPTaHi3MIB Y HECHPUSTINBUX YMOBAaX, a i BILUIMBAE HA
AHTUMIKpOOHI BJIACTUBOCTI TOBapiB, HANpPHUKIAJ, Hajga€ iM CTIAKICTh 10 BIUIMBY
NaTOreHHUX Mikpooprasizmis [149,150].

3a mpu3HAYCHHSIM aHTUMIKPOOH1 J0OaBKM MOKHA PO3JIUIUTH Ha JIBa TUIIH:

- Olocraburizaropu — 3axXMILAOTh NOJIMEpPHI Marepiadu Bl OOpOCTaHHS
rpuOKaMu, BOJOPOCTSIMHU, IUIICHSBOIO TOIO, JO3BOJSIOTH 3alo0IrTH PyHHYBaHHIO
MJIACTUKIB MIKpPOOPIraHi3MaMH;

- 6ioMoupikaTOpH — HAAAIOTH MOJIMEPHUM MaTepianaM 3JaTHICTh MIATPUMYBATH
CTEPUJIBHICTH TTOBEPXHI MIPOTATOM TPUBAJIOTO Yacy Ta 3amo0iraroTh mosiBi 3amaxy [151,
152].

3a XxapakTepoMm CBOE€i fii anTHOaKTepiaibH1 J0OABKH MOIUISIOTHCS HA TAKW THIIH:

- OlouMIH, 110 3HUIIYIOTh MIKpOOH1 30y THUKH O10YIIIKOI>KCHB;

- 010CTaTHKH, IO TAJILMYIOTh 3pOCTaHHSI MIKpOOPTaHI3MiB;

- pEenesNeHTH, 0 BUKIMKAIOTh BIIJIIKYBAJIbHUM €(DEeKT y areHriB 010yIIKOKEHb

[153, 154].
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Haituacrtime ¢yHrinquam aitoth Oe3nocepeAHhO Ha TpulH, BTPYYAIOUUCh Y
O10XIMIYHI peakuli, sIKI MPOXOASATh Yy TPUOHHUX KIITHHAX, ad0 OJNOKyrouu (pepMeHTH,
Kepyo4u IuMu peakitissmu [ 155, 156].

Sk GakTepuIuIu BUKOPUCTOBYIOTH CIIOJIYKH WOy, TIMOXJIOPUTH, CIUPTH, CUITBHI
okucioBaul (CH;COOOH, KMnQOy), comi Ta KOMITJIEKCHI CIIOIYKH cpi0ia, TyaH|IMHA
Ta OiryaHigu, neski kapOokcumoximdi 1,3-mponiieHaiaminy Ta JiE€THJICH-TpPIaMiHY,
TIOaMIJIU TIPUANH- Ta MIpa3MHKaApOOHOBUX KHUCJIOT. BoHM 3amo0iraroTh 3pOCTaHHIO Ta
PO3BUTKY OakTepianbHUX KIiTHH [157].

Jns  KOXHOTO MPOEKTOBAHOTO 3aCTOCYBAaHHS AaHTUMIKpoOHa Jo0aBka Ta
NOJIIMEpHA CKJIaJI0Ba MaTepiaidy MOBHHHI OyTH MPaBUIIBHO Ta CIELIaJbHO BiIOpaHi 3
ypaxyBaHHSAM IXHBOT O€3MeKU, €PEKTUBHOCTI, TOCTYMHOCTI, EKOHOMIYHOI JOIIILHOCTI
[158]. HaiiGiapmn nommpeHHMH OIlONMJIHUMHU Jo00aBKaMH I Oiojerpaga0enbHUX
MOJIIMEPHUX MaTepialiB € KOMIUIEKCH Ha OCHOBI cpibia, pizaux IIAP, xitoszany,
POCIIMHHUX KOMIUICKCIB, $Ki, KpiM aHTHOAKTEPHUIIMIHUX BIIACTUBOCTEH, HAJarOTh
oJiiMepaM CTIHKICTh 0 CBiTJa, MJIACTHYHICTh, 3aXUCT Bif BiacTexxeHHs [159].

UerBeptunni amoHieBi com (HAC) BimpizustoTbes Bin iHmmx I[IAP Bucokoro
MOBEPXHEBOIO AKTHBHICTIO (SIK Yy KUCJIOMY, TaK 1 B JIy)KHOMY CEpPEJOBHIIAX), TAPHOIO
CYMICHICTIO 3 peYOBHHaMHU pi3HOI mpupoau. Y 3B's3ky 3 1M, YAC € xopommmu
MIK(pa3HUMU KaTali3aTopaMu reTepOoreHHUX peaKiii.

Cepen crneuudiunux BiactuBocted YAC ciig 3a3HaYUTH  HacamImepen
aHTUMIKpOOH1 BIacTUBOCTI. [IpakTuuno Bci noBepxHeBo-akTUBHI YA C — OakTepuuuy,
a 6araTo 3 HUX TaKOX MalOTh (PYHTIIUAHI, BIPYTIIUAHI Ta CIIOPOIMAHI BIacTUBOCTI. L1
BJIACTUBOCTI OCOOJIMBO BaXKJIMBI MIPU CTBOPEHHI TUTIBKOBUX MaTepiasiB JJisl TaKyBaHHS
XapuoBUX MPOIYKTIB. [HIIOIO BaxkinBoto sikicTIo YAC € 31aTHICT HaJlaBaTH MaTepiajgam
AQHTUCTATUYHI BIJIACTUBOCTI, MiJBUINYIOUYM Ha KUIbKA MOPSAIKIB €JIEKTPOMPOBIIHICTD
matepiamiB  [160, 161]. YAC B3aeMoaitoTh 13 TMOBEPXHEBUMH YTBOPECHHSIMHU
OakrepianbHOi KINITHHU. YA C OCHITIOE 3/TaTHICTD T'yaHIIMHY 3B'sI3yBaTHUCS 3 TOBEPXHEIO
KJIITHHU, YUM BHUKJIMKAE ii JgecTabinizamito, MopyueHHs: O0ap'epHUX Ta TPAHCIOPTHUX
¢yukuii ta aecrpykuiro. CybontumanbHi KoHueHTpamii YAC BHUKIMKaIOTh MEHII

MIMOOKI 3MIHH Y CTPYKTYP1 MAaKpOMOJIEKYJI UTOIJIa3MaTUYHOT MeMOpaHu 1, UMOBIpHO,
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€ CUTHAJIOM /i1 po30yJOBH T€HETHMYHOI Ta METa0OJIYHOI IporpaM, peoprasizamii
MOBEPXHEBUX CTPYKTYp OakTepiaibHOI KIITHHU JUisl 3a0€3MEUYCHHS BUIXKUBAHHSA Y
HECTIPUSTINBUX yMOBax [162].

IcHy10TH PO3pO0JICHI TEXHOJOT1I BUPOOHUIITBA Oloerpaga0deIbHUX IIJIACTHKIB 3
nonaBaHasM  pizaux [TAP. ¥V marenti US 20110150977A1 [163] omucye
OlomerpanabepHi KaTIOHHI OJIOK-KOIOJIIMEpH, 10 BKIIOYAOTh TiaApodinbHUN 010K, 110
MICTUTh TIEpIl OJUHMII TMOBTOPY, OTPUMaHI 3 MEPUIOr0 MHUKIIYHOTO MOHOMEPY 3
KapOOHMJIBHOIO TOJIMEPU3AIIEI0 3 PO3KPUTTAM KUIbLA, B sikoMy Ouibin HiK 0 % Bifg
NEepIIUX MOBTOPIOBAHMX JIAHOK MOJIEKYJI; T11podoOHMI OJIOK MICTUTH 1HII MOBTOPHI
MOAYJ, OTPUMAHI 3 JPYroro MUKIIYHOIO KapOOHUJIBHOTO MOHOMEPY MIISXOM
noyiMepusanli 3 po3KPUTTAM KUIbLS; J0AATKOBAa Ipylna HAaKOHEYHHMKA; Ta (parMeHt
JIQHITFOTa, 1[0 IMOXOAUTH Bij 1HIIIaTOpa BIAKPHUTTS KUIBI ImojaiMepu3aitii. KationHi 0J10k-
COTOJIMEPH YTBOPIOIOTH BOJHI MILETSPHI CyMIll, TpUAATHI JJI1 aHTUMIKPOOHOTO
BUKOpUCTaHH4 [ 164, 165].

VYV HaykoBUX po3poOKax oJep)KaHO IOJIMEp, 3/IaTHUM J0 MOBHOI Oiojerpamarii,
110 BKJIFOYA€ HACTYITHI KOMIIOHEHTH B YacTUHaX Baru: Bij 1 1o 10 yacTuH HaroBHIOBaYa,
Bix 1 nmo 10 wactun mnactudikaropa, Bix 0,1 qo 2 yactun crabimizaropa, Big 0,1 g0 1
YaCTUHMU  aHTUOAKTepiabHOTO  areHTa (B SKOCTI  SKOTO  3aCTOCOBYEThCS
BIHUIOCH3UWIXJIOPU/] aMOH1€BO1 coJ1) Ta Bij 1 10 5 yacTuH creapaty [166].

Bueni  Takox  po3poOWid  KOMIIO3MINI Ta  CHOCOOM  OTPUMAaHHS
aHTUOaKTeplalbHOrO MOJIMEPY 3 JoJaBaHHAM TramoamiHiB [167]. Onwucano cnocid
00pOOKH PO3TOIICHOTO MOJIETHIIEHY, SIKIH MICTHTh aMiHH, 1 JEMOHCTPYE MOKpalleHi
TEXHOJIOT1YHI XapaKTePUCTHKU MUISIXOM JOJIaBaHHS TEBHHUX IMOBEPXHEBO-aKTUBHUX
peuoBuH [168].

[lpuknang mnomimepHoro Oionuay onucaHuit y 3asBui Ha mnateHt CIIIA
20030216581, ne naBenmeni croiaykd N-TajamiH BIHUTY Ta iX TOJIMEpHI O10LMIH.
[Toxigui N-rajiamiHy BHSBISIOTH IOTYXHI aHTHOAKTEpiaJibHI BJIACTUBOCTI MPOTHU
MIKpOOpIaHi3MiB, 1 111 BIACTUBOCTI € TPUBAJIMMHU Ta pereHepoBaHuMH [169].

Bucoka BapticTh kpucTtaniuaux YAC oOMexye X 3aCTOCYBaHHS B PI3HUX Tray3sax

MPOMUCIIOBOCTI. OUEBUIHO, OJTHUM 13 LUISAXIB PO3UIMPEHHS CIEKTPa iX 3aCTOCYBAHHS €
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MOLIYK PAaLllOHAJBHUX CHOCOOIB BUKOPUCTaHHS 3 MaJIMMHM KUIBKOCTAMH Yy CKJIai
MmarepiamiB. | TyT 3actocyBanHs B noniMepHux matepianax YAC moxe OyTH IUIKOM
pentabensaum [170].

KpiM xiMIYHUX aHTHUOIOTHKIB, ICHYIOTb aHTHOIOTHMKH, BHUJIUIEHI 13 MPUPOJIHOI
cupoBuan [170]. BoHM BBaXarOThbCS EKOJIOTIYHO YHCTIIIUMH 1 3HAXOIATh CBOE
3aCTOCYBaHHS y BHPOOHHITBI OlojmerpagabenbHUX  IUIACTUKIB. AHTHOIOTHKH
POCIIMHHOTO  TOXO/DKCHHS  Ha3uBawTh  (piToHmmmamu.  HalOuibim  CUIIBHY
OaKTEepUIUAHICTh MAIOTh (PITOHIMM LUOYIIl, YACHUKY, XpPOHY, T1pPUHIIi, aJl0€, KPOIIUBH,
AMIBIIO, OPYHBOK Oepe3H, TMCTS YepPeMXM Ta iH. IX aHTHMIKpOOHYy Hif0 00yMOBIEHO
e(dipHUMHU MaciaMu, OpraHIYHUMH KUCIOTAMH, CMOJIaMH Ta iH.

Po3pobiniennii 6ionerpangadeabHui IUIACTUK HA OCHOB1 POCIMHHOI aHTUMIKPOOHO1
nob6aBku [171]. BUKOPHCTOBYIOTH MOPOIIKOMOMIOHMI OpPraHIYHUA aHTUMIKPOOHHIA
areHt (mosmH, Kypkyma meHIie 100 MKM), KA TOJAI0Th 0 MOJIMEPY I OTPUMAaHHS
BHUCOKO(YHKITIOHAJIBHOT TIOJIIMepHOT Kommo3uilii. [Himuit BapianT OiozerpanadenbHOro
aHTUOAKTEPIaTbHOTO TIOJNIMEPY OJEPKYIOTh NUISIXOM HAHECEHHS aHTUMIKPOOHOTO
MOKPUTTS TMOJiMEep Ha OCHOBI mnpupoaHux ¢maBonoigis [172]. Bbymo Takox
MPEICTaBICHO O10JOTIYHY KOMMO3HIII0, 5Ky oTpuMyioTh 3 30 — 80 % mnpupogHoro
noyiiMepy (Takoro, SIK KyKypyA3sHUA Kpoxmainb abo kpoxmainb), 20 - 40%
riazpodisHOro noiimepy (takoro, sik I1BC), 1 — 20 % TepmomnnacTU4HOI peyOBUHU
(Takoi, K mosieTusaeH ado mominpomniieH), 5 — 10 % mom'skuryBansHOTO arenTa (Takoro,
AK TOJETHIIEHTIIKOIb), 3 — 10 % )upy As NOMINIIeHHS MIACTHYHUX BIACTUBOCTEH, 3
— 10 % cmonyunoro arenTta (takoro, sk riinepuH) Ta 0 — 2% Bomgu. Y mporeci
BUTOTOBJICHHS [JOJIA€THCSI TOPOILIOK BUCYIIEHOTO MOJHHY, CYMIII HEPEeMIIIy€eThCs,
BiOYBaeThCsl (HOPMYBAHHS 3aMIIIAaHOTO MaTepialy B MigHy (GopMy 3a JOMOMOTOIO
JIBOIITHEKOBOTO EKCTPYJEpa, MOTIM pi3aHHs (popmMoBaHOI MpoayKIlii Ta (HopMyBaHHS
dbopMOBaHUX MPOAYKTIB y TpaHyJboBaHu# nieneT [173].

AHTHUOIOTUKM TBapUHHOIO MOXO/HKEHHS TaKOXk 3HAWUIIUIM CBOE 3aCTOCYBaHHS SIK
aHTUMIKpOOH1 f00aBKU B OiojerpanadenbHi nojgiMepu. Habuibm BigoMuit J1i301uM —
(bepMeHT, 110 YIIKOKY€e MypeiHoBHil 1m1ap 6akrepii [174]. JIizonuM MICTUTBCS B OUJIKY

KypsSiUMX sl€llb, CIMHI, CII3HIA pIAMHU Ta pi3HUX TKaHuHax [175]. biogerpanabenbHi
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MOJIMEPU MOXXYTh OYTHM BUTOTOBJIEHI HAa OCHOBI LEIOJIO3M (HAMPUKIAI, JIOLENI,
uenodan, BICKO3a), KpoXMato abo MOAM(DIKOBAHOTO KPOXMAJIO, 1HIIUX MPUPOIHUX
noJsiiMepiB abo MoHomepiB (Hampukian, 3 [1JIA) abo xiTo3any 3i cmopamu Bacillus.
HamnoBHioBau Moxe OyTH OTpUMaHU# pO3MUICHHAM KapOOHATY KaJbIIiI0 3 PiTUHOIO, 1110
MmicTuTh criopu Bacillus 3 Hactymaum eramom cymriaas [175].

CrexkTp aHTUMIKpOOHUX pPEYOBMH Ha PUHKY OiogerpagabenbHUX MOJIMEPIB
IPE/ICTABICHUN Y BEJIMKOMY aCOPTUMEHTI. 3 TEOPETHUYHOT TOUKH 30py MPAKTHUYHO OY/Ib-
AKa HETOKCMYHA pEYOBMHA, IO Ma€ aHTUMIKpPOOH1 BJIACTHBOCTI, MOXE OyTH
BUKOpHUCTaHa MpU BUPOOHUUTBI OloAerpagadbenbHux moiiMepiB. Tak, B podoti [176]
cnoci® 3axuCcTy MOJIMEPHOIrO IUIACTUKY BiJ Hamaay OakTepid 1 rpuOKIB BKIIOYAE
YaCTUHKHU 010aKTUBHOTO CKJIa, 110 Ma€ CepeAHid po3Mip YACTUHOK MEPEBAXKHO MEHIIIE
2 MKM, 5K 100aBKa 710 O6ioerpanadensHOTo moIiMepy.

Takox BYE€HI MPOMOHYIOTH CIIOCI0 aHTUMIKPOOHOT OOpPOOKH MOJIIMEpY, B SIKOMY
BUPOOJISETECA OpraHOGUIPHUN JINCTOBHN CHJIIKAT Ta TOJIMEp, TEPEBAKHO HE
3a0e3neYeHnii aHTUMIKPOOHUMHU €(PEeKTUBHUMH MeTajlaMu a0o ix crosykamu [177].

Takoxx OyB po3poOJieHHnt MaTepiall MArOTOBIESHNUN 3MIITYBaHHSM Ta TOTLJICHHSIM
TEPMOILJIACTUYHOTO TOJIiMEepY (MOJICTHIICH, TOJIMNPOIJICH) 3 JIY)KHO3EMEJIbHUM
METaIOM Ta/ab0 TepexXiJHUM METaJoOM, TEPMIYHO pPEaKTHUBHHUM MOHOMEPOM,
[ETI0JIO3HUM  arperaroM, BOJIOYTPUMYIOUHMM areHTOM Ta areHToM  1Himiamii
nomiMepusanii. Jly>)xnozeMmenbHu MeTal Ta/ado nepexigHUui MeTal BUKOPUCTOBYIOTh Y
BUTJISIZII Moro kapOoHaTy, rigpokapOOHaTy, JIakTaTy, OyTupary, okcaiary, ¢ocdary,
cynbdary, 6eH3oaty, copbaTy abo MpomioHATY, SIK HOTO TaJIOTeHi1. BUKOpHUCTOBYIOTHCS
IOHAWMEHIIIe JBI 3 IIUX CIOJIYK Ta/abo MeTalu B IEpepaxOBaHMX CIONyKaX, IO
MICTSATHCS B PUPOTHOMY JIKEpEi. Arperar € mopomkonoioHor dhopmoto [178].

PeuoBunu opraniydHoi mnpupomu (cnuptH, (EeHOIM, anbaerian, O0cOOIUBO
dbopManperia) Takox 3ryOHO JIIOTh Ha MIKpOOpraHi3Mu. 30KpeMa, MoxijaHi (peHomiB
BUKJIMKAIOTh 1HAKTUBAIIIIO JUXATbHUX (EPMEHTIB, KHCJIOTU Ta JYyT'H — T1Ipoi3 OUIKiB
[179].

'K Tako KOWITYIOTH JEILIEBIIE, HIX OLIbII 3BUYANHI MOJIICaXapuaM, Takl SK

nekTuH 1 arap [228 — 230], sKi TaKOX IIMPOKO BHUKOPHUCTOBYIOTHCS SK TOOABKH [0
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PO3YMHIB KENATHHY, X04Ya IX OTPUMYIOTh MpPU TPUBATIIIIN ekcTpakuii. BoHn maroTh
BEJIMYE3HUI MOTEHLIAI SIK JKEPEJIO €KOJIOTTYHO Oe3MeYHUX MaTepiamiB. 3 IIE0 METOO
OCTaHHI JOCIIJKEHHS TOBOJATH, 1o 3MimryBanHs ['K 3 rimporensiMu mpu3BOIUTH 10
NEPCIEKTUBHUX PIIIEHb, TAKUX K OlojerpanadenbHi COpOCHTH Ta CHUCTEMHU JTOCTaBKH
JUTSI BEJIMKOI KUTBKOCTI PI3HOMAaHITHUX BaXKJIHMBUX 3acTtocyBaHb [230, 231]. 3rimnHo 3
OPUIHATOI0 B JaHWi 4ac Toukor 3o0py, [P ta T'K ckimamaroTecs 3 BiIHOCHO
HU3bKOMOJIEKYJISIPHUX CITOJIYK, SIKI CAMOOPTaHi30BYIOTHCS B MOJIIMEPHUX T1IPOTENsAX B
HAJIMOJIEKYJISIPHI CTPYKTYpH, SIKI YTPUMYIOTBCS pPa3oM CJIAa0KUMU JUCIEPCIHHUMHU
cujaMu, Takumu sik Ban-nep-BaanscoBumu, nt-mt, 1 CH-n B3aemonismu [232 — 234]. Kpim
TOT'0, YepEe3 HEKOBAJIEHTHY MPUPOJY CTaOUTI3YIOUMX B3aeEMOII, Ha HaacTpykTypu ['K'y
MOJIMEPHHUX TIPOreNsiX HE TIIbKU CUIIBHO BIUIMBAE X1Misl HABKOJIUIIIHBOIO CEPEIOBHUILA,
BKJItOUatoun pH, KOpo3umHHI pedOBHHU Ta O10JIOT1YHI MOJIEKYJH, 3aBASKA YOMY BOHHU
MOBOJIATHCSA SIK TUHAMIYHI CHCTEMH, ajleé TAaKOX BOHH 3a3HAIOTh PECTPYKTYPHU3ALIIO Y
Boal [235]. OckiibKM YTBOpPEHHS MOJIMEPHHMX T1IPOTeINiB JKEIaTUHY BlIOYBa€ThCS Y
BOJHOMY CEPEIOBHIII, 111 OCOOIMBOCTI MOXXYTh MAaTH BEJHMKWN BIUIMB HA TMOBEIIHKY
TiApOresto 1 HOro BIaCTUBOCTI.

bionerpagabenbHi IUIBKY 3 aHTUOAKTEPIAIBHOIO €0 ChOTOAHI MalOTh OOMEKEHE
PO3IOBCIO/KEHHS, ajle B HAYKOBIH JIITEpaTypi € JaHi nmpo ix BupoOoHuuTBo [ 180 — 194].

30KkpeMa B CydacHi HayKoOBIM JiTeparypi Bxe MiATBEep/ykeHOo 3aaTHIicTh ['K
CTabLIi3yBaTU MOJICKYJISIPHY CTPYKTYypy Oionerpanadenbuux mmiaiBok [IBC mig wac
IHTEHCHUBHOI'O BIUIMBY raMMa-olnpoMiHeHHs Ta oTpumadi 3pa3ku [IBC 31 crabuibHUMEI
BJIACTUBOCTSAMH 3a pPaxyHOK HasBHOCTI y ix ckiami 'K [245]. B pamkax mporo
nochikeHHs: GakTuuHo Oynu orpumani cywimi Ha ocHOBi [IBC merosani I'K, siki
OTpMMYBaJIM IUISIXOM BIUIMBY TamMMa-onpoMmiHeHHs. HemomaBHo Takox Oynm
CUHTE30BaHI po3ymMHI pH-uyTnuBi rigporem Ha ocHOBI cucremu XitozaH-I1BC,
BOyaoBaHi B I'K 3 BUKOpHCTaHHSIM 3IIMBAIOYOr0 areHTy TiyTapoBOro aimpaeriay [246].
IIpy oTpuMaHHI TakUX TIAPOreIiB EKCIEPUMEHTAIBHO JOCHIIKEHO TMOTPIHHUN
cuneprernunuil BB B cucteMi 'K, xitozany ta [IBC Ha auHamiuHe HaOyXaHHS
oTpuMaHuX pH-uyTIMBUX TiApOreaiB Ta 3p00JICHO BUCHOBOK, IO T1Iporei, BOy0BaH1

B 'K, MOXyThb OyTM HajamroBaHl Tak, 1100 BOHUM BHUKOHYBAJIM POJb PO3yMHHUX
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MarepiamiB, uyTiauBux np0 pH. Taki orpumani pH-uyTnuBi rigporemn MoOXHa
BUKOPHUCTOBYBaTH Ui OiOTEXHOJOTIYHUX 3aCTOCYBaHb Ta JIOCTABOK JIiKiB [247].
BaxnuBum HampsimoM B cdepi OlomerpanadenbHUX IDIIBOK € BUKOPUCTaHHS €TEpiB
IIEJTI0JIO3M PI3HOro TUIy. BapTo Bia3HauMTH, 0 Takui erep 1emonosn, sk ['TIMI] e
pPENPE3CHTATUBHOIO  IOXIAHOK  IICNIFOJIO3M, Ma€  BITHOBIIOBaHI, TiApoQiIbHI,
OiomerpanadenbHi Ta HETOKCUYH1 BIacTUBOCTI [248]. Bigomi eexTuBHI (hyHKITIOHATBHI
a7IcOpOCHTH Ha OCHOBI TMOXIAHUX IIEIIOJI03U, SKI MOAU(DIKYIOTh IS MIABUILCHHS
e(eKTUBHOCTI  aucopOIlii MIIAXOM  XIMIYHOTO  BBEACHHS  PEaKLiHO-3aTHUX
(GYHKUIOHATBHUX TPYI a00 MPULIEIUICHHS PEAKI[IHHO-3aTHUX O1YHUX JIAHLIOT1B [249].

Cepen  BEIMKOrO  aCOPTHUMEHTY  CYYacCHUX  €KOJIOTIYHO  O€3IMeUHUX
OlojerpanabenbHUX MOJIMEPHHUX MaTepiajiB Ta KOMIO3MUIA 3HAYHy yBary Juis
dyHKII0HATRHOT T10puIHOT MoaudiKartii ['P Ta X moXiqHUMU BUKIIMKA€E TAKUH MTOTIMED,
SIK TIOJIIMOJIOYHA KMCJIOTA, & OJJHAM 3 HAOUTBI €()eKTUBHUX TOJIIMEPIB, 110 HAYACTIIIE
BUKOPUCTOBYIOTHCS, JIJII BUPOOHUIITBA O10TIJIACTHKIB € CAMO CHUHTETHUYHHUU TOJIECTED
ITJIA [263]. TIJIA BimHOCHTBCS /10 O10IJIACTHKIB MPUPOIHOTO ITUKITY OJIepKaHHs, 00 BiH
OJIEP)KYETHCSA HUIAXOM (pepMeHTallli CUPOBHHU Ta BIAXOJIB PI3HUX KYJbTYp, Oaratux
KpoXMaJjieM: Taki K KyKypy/a3a, Oypsk a0o BUCIBKM MieHU4Hi [264]. ®daktuuno T1JTA
peanizye B co0i mpuHuun «Zero Waste» Ta J03BOJISIE YHHUKHYTH OYyIb-SKOTO POIY
KOHKYPEHIIT MK PI3HUMH rajgy3sMd IPOMUCIOBOCTI, Yepe3 T€, IO BiH € O10TIJIACTUKOM,
AKUA OTPUMYETHCA 3 TMOOIYHMX MPOJYKTIB arpornpoaoBOIbY0i MPOMHCIOBOCTI.
Crpareris «Zero Waste» B cdepl oaepkaHHS MOJIMEPIB Ta IJIACTUKIB peai3yeThCs
[IUISIXOM BUKOPHUCTAHHS MOOIYHUX MPOAYKTIB CUIBCHKOTOCIIOAAPCHKOTO BUPOOHUIITBA,
TaKuX K BIAXOJU SI0TyIHOT M'IKOTI, SIK JKEPEIo BYTJICHIO ISl MIKpoOHOT (hepMeHTaIlii
py BUPOOHHUIITBI O10TIACTUYHUX MOJIMEpIB, a came mnoiiriapokcuankanoaris (I1T'A)
[265].

[H1I0K0 CTpaTeri€lo € BUKOPUCTAHHS MOJIEKYJI KPOXMAIIIO Ta JIII/IB, OTPUMAHUX
13 MOOIYHUX MPOIYKTIB KAPTOILII Ta PUCY, IIPH PO3POOII IIJIIBOK HA OCHOBI KPOXMAJIIO Ta
Horo moximHux [266 — 272]. IlnmiBKOyTBOpIOHOYAa 37aTHICTh KPOXMAaIO J03BOJISIE
BUKOPHCTOBYBATH HOTO SIK OCHOBHY ITOJIIMEPHY MaTPHIIIO JIJIS pO3POOKH O10TIIIACTHIHUX

MarepiaiiB, y TOM yac K JINIAM BUKOPUCTOBYIOThCS JJIA HaJaHHS TriapodoOHOCTI Ta
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MJIACTUYHOCTI/€TaCTUYHOCTI. Taxkum YUHOM no014HI1 MIPOAYKTH
CUIBCHKOTOCIIOAAPCHKOTO BUPOOHUITBA BBOJATHCA y LUKJI BUPOOHULTBA Ta HOBI
JAHITIOKKU 00pOOKH 010TIIACTUKIB, IO MPOCYBAIOTh EKOHOMIKY 3aMKHYTOTO IIUKITY MK
arponpoJOBOJIbYUM Ta TOJIMEpHUM cektopamu. Kpim Toro, moOi4HI NPOAYKTH
CUTHCHKOTOCTIOIAPCHKOTO BHUPOOHHIITBA MOXYTh OyTH BHUKOPHUCTaHI ISl HaJaHHS
OlomerpanabeIpHOCTI TIacTMacaM Ha HaTOBIM OCHOBI 200 JIJ1s1 301IbIIIEHHS IIBUIKOCTI
OioserpaiadebHOCTI CHHTETUYHUX IJIACTMAC, SIK 1€ CIIOCTEPIraeThes MPU BKIIOUYEHHI
BIAXOJIB KapTOIUIAHOI IIKIPKKM JO PeUentyp KOMIO3ULIA TMOJIETUIeHY Ta
nosinporniieny [273], a Takox Ipu J0JaBaHH1 ix 10 ckiaay kommno3uiii [IBC [274].
OpnHak TopsiT 3 HASBHICTIO IIMPOKOTO KOMIUICKCY KOPHCHHX BJIACTHBOCTEH Yy
MOPIBHSHHI 3 HAHOUIBII IIUPOKO BUKOPUCTOBYBAHMMHU HA(TOXIMIYHUMH IIACTHKAMHU,
IIJIA xapakTepu3yeThCsi HU3bKOIO Mapo- Ta Ta30-HEMPOHUKHUCTIO [263, 264], mio
3HAYHO 00OMEXYe c(hepy Horo 3acTocyBaHHS. 3a/JIs YCYHEHHSI BUINIE3TaIaHUX HEAOIKIB
[TJTA BUKOpPUCTOBYIOTH PI3HH HAmpsMH HOro (yHKIIOHaIbHOT MoaudikaIlii 1HIIUMHA
OlomacTukamMu a60 HaMOBHIOBAYaMM OPTaHIYHOT Ta HEOPTAHIYHOT TPUPOJIH.

Cymimni 'K ta @K 1 [UTA mikaBi yepes iX NOTEHIIIIHY MOKIIUBICTh 3aCTOCYBAHHS
K 010MeMYHI KapKacu abo MaKyBajabHI MaTepiaau ISl 1K1, 9yTIUBOL 10 OKUCIICHHS. B
CyYacCHUX HAyKOBHX IyOJIIKAI[isIX HABEJICHO PE3yIbTaTH JOCIIKEHHS MOTIKOHIeH caIlil
L-MonouHoi kucioTH, Ky npooawiu pu 150 °C y nmpucytHocti 'K (0,01 mac. %), 110
npusBeno 10 93 % BuUXOAy TIOPUAHOTO MOJIMEPY 3 MOJICKYJISIpHOIO Mmacoro 6,4 x 10
°r/monb [195].

[Nopumgna mommdikamiss 'K mo3Bomuna migBUIUTH TEPMIYHY CTAOIIBHICTH
nomectepuoi matpumi [1JIA, mpu mpoMmy Temmeparypa CKIyBaHHS 1 TeMmIeparypa
TOTUICHHS OyJIM 3HMIKEHI, X04Ya TakKl MIIIHOCTHI XapaKTEPUCTHKH, K MOJOBKEHHS TPH
pO3pHUBI 1 TIUIACTUYHICTh, MIABUIIMINCE. TakoX CIOCTEpIraiocs TMOKpaIIeHHS
AHTUOKCHIAHTHOT aKTUBHOCTI Ta BJIACTUBOCTEH MOTTMHAHHS pajuKaiiB. Takox riopigHa
moaudikaiis ['K mo3Bonma 3Ha4HO MOKPAIIUTH T1APOQPUIBHICTh MOJIECTEPHOT TIJTIBKH,
pu bOMY 3araibHuil BMicT ¢eHouiB ckiiaB 0,075 MKMOJIB/T IJ11BKH, @ BOJONOIIMHAIOYA

il 37aTHICTH MaJia 3HaueHHs Ha piBHI 90,65 %.
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Hoseneno, mo 'K takox MoxyTh OyTHM JA€pHBAaTU30BaHI I MIABUIICHHS iX
CYMICHOCTI NpH OJiep>KaHH1 TiOpuaHux kommnosuiiii Ha ocHoBi IIJIA. Hanpuxnan, B
CTaTTi KUIBKICTh aMigHUX Trpyn Oyna 30uTplIeHa nuisixom amigyBanHs [K 3
BUKOPUCTAHHSAM JIOJICIIUJIAMIHY B MPUCYTHOCTI KapOOHUIM1IMITAa30Ily SIK 3B’ S3yHOYOTO
areara (I'K-amin-1) [196] abo aHimiHy B TPHCYTHOCTI KartajizaTropa TpPUXJIOPHUIY
dochopy (I'K-amig-2) [197].

Takoxx Oyma nmociijkeHHa KiHeTHKa HeizoTepmiuHoi kKpucrtamizamii [1JIA, ska
nokasana, mo amigu ['K, BkIrOYeH1 miJ 4ac TEPMOIUIACTUYHOI OOPOOKH KOMITO3MITIN
ITJTA, MOXYTh CITy’>KHTH 3apOJKOYTBOPIOIOUYMMH areHTaMH, sIKi ITiIBUIIYIOTh IBUIKICTh
kpuctamizauii [UIA.

B crarri [197]. BCTaHOBJIEHHO, IO MpPU 3MINIYBaHHI PO3TOMY OTPUMYBAIH
kommno3umii TIJIA, sxi mictate moxigai K. INiopumara mommdikamis ®K mo3Boise
OpUCKOpUTH IBHAKICTh kpuctamizamii [TJIA 1 mokpammtu wminnicts [IJIA/OK
KOMITO3HTIB.

[Tpu ri6puanit Momaudikamii K gisiam, Sk rereporeHHi arcHTH 3apOKCHHS 1
MOCHJIIOBAIM  TPUBUMIpHUN picT cdepomitHux kpuctaimis y IIJIA. MexaHizm
ctpykrypoytBopeHHs: [IJIA - ®K kommno3uTiB, 3anpONOHOBAHUM JUIsl TOSCHEHHS
CTIOCTEPEKyBAaHUX SIBUIL, OyB MOB'SI3aHUI 3 YTBOPSHHSIM BOJJHEBUX 3B’ s13KiB Mixk C=0 B
noytieTepHid Matpui Ta 3anumkamu NH B moxigaux OK.

B naykosiii crarti [198] nocaimkeni peonoriuni npouecu komno3unii [IJIA — OK,
AK1 MOKa3aJ1u 30IbIIEHHS MOTYJISI 3CYBY 3a paxyHOK ri0Opuanoi moaudikamii ®K. YsasHa
B's3KicTh 1 TepMmocTabinbHicTh [1IJIA/OK kommno3utiB Oyiau 3HAYHO BHUII MICIHA
3minryBaHHs. Peosorivna moBeiHKa BKa3zye Ha BUCOKY Mk(a3Hy cymicHICTh Mix [TJIA
ta OK, memiennmu n-peHuieHniaminoM. MexaHI4HI BUNPOOYBaHHS TMOKa3aiu, IO
ynapHa B’si3kicTh kommosuilii [IJIA — @K, npu Bwmicti 0,5 mac. % n-deHiuieniaMinom,
Oyna ToKpalieHa NPakTUYHO B JBa pa3u, a pyHMHYBaHHS MPH yAapl MPHU3BEIO [0
XapaKTEpPHOro IUIACTUYHOIrO pyHHyBaHHA. KpiM Toro, mifBUIIyBaJiach HIBUIKICTh
CTPYKTYPOYTBOPEHHS, MPU IIbOMY KpucTaliyHicTh kommno3uiii [IJIA — ®K 3pocna 3

4,9 % 1o 36,9 % y npucyTtHocTi n-heninenaiamina. [{ikaBo, mo #-peHiaeH1aMiH TaKoxX
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BIUIMBAaB Ha MEXaHI3M (pepMEHTATHBHOI Aerpajaii, 30uibiryroun Km nporeinasu K i
JIe110 NPUTHIYYBaB JAErpaiallito.

bymun mocnimkenni [TJIA/OK kommoswutis, mo mictsats 0,1 mac. % cucrem 'K —
OeH3riApasuay 3 MIABUIICHUM KOMILJIEKCOM MEXaHIYHUX XapaKTePUCTUK, chEepHyHi

CTPYKTYpH SIKHX HaBejeHi Ha puc. 1.6 [199] .

'lh

- . ’ B
PLAO 15 min ‘ LA3 150,,{,.\ A D’ g

Pucynok 1.6 — EBomtontist cpepuunux ctpykryp y [IJIA (c) i IUIA - ®K
KoMIIo3uTax, 1o mictath 0,1 mac. % 'K 6ensrinpazuny (f)), posromienux npu 200 °C,
a notiM kpuctainizoBanux rnpu 130 °C BopoaoBx 15 XB., CIOCTEPEKEHUX 32

JOIIOMOT'OI0 MOJISIPU30BaHOI ONTHYHOI MiKpockorii [199]

IIpocToposa crpykrypa [IJIA/®K kommo3uTis, mo MictiaTh 0,1 mac. % cuctem 'K
— Oensrimpasuny, Oyya OuUIbII KOPCTKOK. MIITHICT TTPU PO3PHBI, MOJYJIb MPY>KHOCTI,
MOJOBKEHHS TIPU PO3PHBI Ta yAapHa MIITHICTh 3pOCiu BianoBiaHo Ha 6,38 %, 27,47 %,
28,75 % 174,56 %. Onnak 3a 0,1 % Oinpia kibkicTh @K — OeH3T1Apa3uy npu3BoIuia
70 TIOTIPIICHHS BJIACTUBOCTEH OJIepKyBaHUX KoMIo3uTiB. DK - OeHsrimpaszun
e(eKTUBHO [isIB SIK CTPYKTYpOYTBOPIOBAadY, NpPH LbOMY IIBUAKICTH KpHCTaIi3allii
Marpuii [DJIA 30unbmiyBasiace 3a paxyHok wmoaudikarii 0,1 mac. % OK -
OEH3T1Ipa3UI0M.
Crocrepiraocs miABUINEHHS CTyneHs Kpuctainigaocti 10 41,88 % (puc. 1.7), a
TeMIiepatypa kpucrtanizamii migsumnmiacst 3 97,2 mo 116,4 °C npu oxoJIOMpKeHH] 3

posrony. IIJIA Takoxx OyB MoaudikoBaHMN TIOPUIHUM MaKPOMOJEKYISIPHUM
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HYyKJIeaTopoM Ha ocHOB1 @K — mpuIleryIieHUM KOIMOJIIMEpOM MOd1(MOJIOYHA KUCIOTA)-
¢dbynsBokucnora (INIA — ®K) [200, 201]. TUIA — ®K cuHTe3yBaau 3 MOHOMEPOM

MoouHOi kuciaotu Ta OK, sk mokaszano Ha puc. 1.8.

AH = 34.91 J-g"'

T =116.4°C
% | PLA3
E - 1
= \/’f
E o
o 7,=130.6 °C

2. A
2 PLA
=
3 t !
=97.2 °C To= 124.0 OC
AH=8.11J-g"
40 60 80 100 120 140 160

Temperature (°C)
Pucynox 1.7 — Temnoni xapaktepuctuku riopuaaux [1JIA Ta TTIJIA — ®K

KOMITO3UTaX, 110 MicTATh 0,1 mac. % ['K - 6ensriapasumay mpu 0Xo0KEeHH1 31

mBuaKicTio 2 °C/xB [199].

Pucynok 1.8 — Cunres kononimepy [TJIA — ®K
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Otpumani TiOpuUgHI TMONMIMEPH Maidu MOJEKysIpHy Macy (Mw) Omu3bko

14300 r/mons Ta ingexce nomigucnepcHocti (PDI) = 1,3(puc. 1.9).

140
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5 80} G= 7.67 ym/min
5 N
& 60f RS
— PLA3
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Pucynok 1.9 — ( a) lBuakicts pocty chepouity [TJIA i [TJTA — @K xommo3uris,
o MicTath 0,5 mac. % ®K (PLA3) i ( b) xpusa DSC oxonomkenns [TJIA i [TJIA - ®K
KOMITO3HTIB, 110 MicTATh 0,5 mac. % OK (PLA3) [201]
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By3bkuii po3n0/1i71 MOJIEKYJISIPHOI Macu O3Havae, 10 npuilervieHi Janmoru [TIJIA
Oynu J0CHTh KOpPOTKMMH, a Makpomosekyin I[IJIA - ®K wmamu KoMmakTHy
KBazicepuuHy CTPYKTYpYy.

HasBHIiCTh momnieTepHUX KOMIIOHEHTIB mokpamnia cymicHicte ®K 3 TIJIA
matpurero. Ha edexr mnactudikarii [IJIA — @K koMmo3uTiB BKa3ylOTh pe3yiabTaTH
peosioriuHoro anamnizy. Pi3Hi muiactudikaropu 3 HU3bK0K0 a00 BHCOKOIO MOJIEKYIISIPHOIO
Macor J00pe BiAOMI JJIS MOKPAIICHHS TUIACTUYHOCTI, THYYKOCTI Ta MPUAATHOCTI JI0
00po6ku [TJIA 3a paxyHOK 301IbIIIEHHS KUTBKOCTI CETMEHTIB, SIK1 HE3AJIEKHO PYXatOThCs
[148]. TlnacTudikaris TaKok MoXKe OYTH KOPUCHOIO JUIS POCTY KPUCTAJIIB B aMOp(HHUX
IUIA wmatpungsx. Takum uywmHOM, gonaBaHHs DK ngo IIJIA chopusio He TUIbKH
CTPYKTYPOYTBOPEHHIO, ajie ¥ IIBUIKOCTI Hei3oTepmiuHOoi kpuctamizamii [IJIA - OK
KOMIIO3UTIB 1 MOKpallyBaja iX TEpMIYHY CTaOUIbHICTD 1 MII[HICTb.

Brnus ®K na BnactuBocti [1JIA koMo3uTiB MOXke OyTH OB’ I3aHUMN 3 KUTBKICTIO
MaKpOMOJICKYJIIpHOT 100aBkw. L{e BIuIMHYJIIO HE TUTHKY Ha MPOIEC KpUCTaTi3allli, a i Ha
TEMJIOTEXHIYHI Ta MEXaHI4H1 BIACTUBOCTI Kommno3uTy. B’s3kicte matpuii [TJIA Oyna
MOKpalleHa, a i MIIHICTh 1 XKOPCTKICTh Oysu 30uIbIneHl. Halikpari BI1acTHBOCTI MaB
3pa3ok, 1o Mictuthb 0,5 mac. % [1JIA - ®K (PLA3). 3naune 3011bII€HHS IACTUYHOCTI
Ta THY4YKOCTI OyJo BiazHaueHo jyist [1IJTA — ®K komno3uTis.

VY napHa B'sI3KICTh 1IbOTO 3pa3ka Oyja mokparieHa Maiike Ha 200 % mopiBHSHO 3
guctuM [JIA. Ile Oinblue, HK 30UIbIIEHHS YAAPHOI MIITHOCT1, BUKJIMKAHE aMiJIOBaHUMHU
OK (DK-amin, ®K-6ensrigpazun ado n -penuienaiamin). OgHak, ko Kuibkicte OK
nepesuinyBaia 0,5 mac. %, MexaHi14H1 BIACTUBOCTI CyMIIlIel MOCTYIIOBO 3HMKYBAJIHCSL.
Edexr moscrHioeTscsi arnmomepariiero gob6aBku B Matpuili [IJIA, mo mnpusBeno g0
KOHIIEHTpAIlll HaIIPyTH.

BaximBo BiIMITUTH, 110 T1OpHAHI MOJIIMEpHI 610aKTHBHI KOMITO3UTHI MaTepiaiu
- [Ie MaTepialiy, 0 CKJIAIAI0ThCS 3 OPraHiyHO1 a3y y BUTTISAI TTOIMEPY Ta TUCIIEPCHOT
O1oakTuBHOI (pazu. ['1OpuH1 momiMepHi 010aKTUBHI HAHOKOMITO3UTHI MaTepiajii — IIe
KJIac TIOpUIHUX TMOJIMEPHHX O10aKTUBHMX KOMIIO3UTHHX MaTepiaiiB, XapaKTEpHOIO

PHUCOI0 SIKMX € HAHOMETPOBUU PO3MIP iX CTPYKTYPHUX €JIIEMEHTIB.
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VY mitepaTypi [ MO3HAYEHHS LUX MarepiaiiB HailyacTille BUKOPUCTOBYIOTh
TEPMIHU «T10pUHI HAHOKOMIIO3UTH», KHAHOTIOpUIN», KHAHOCTPYKTYPHI KOMITO3UTH»
ta iH. [318 - 320]. Opraniuna daza [TJIA Moxke 3aXOIUTFOBATH METaJI0BMIiCHI YaCTUHKH Y
CBOEPIJIHY «IACTKY» - OKCOMOJIMEPHY CITKY abo mojimepHy janky [321,322]. B sikocti
HEOPTraHIYHUX  CHOJYK-TIOMEPEIHUKIB  (IPEKypCcOpiB) BUKOPUCTOBYIOTH  OKCHUIU
KPEMHII0, aJlOMiHII0, TUTaHy, [IMPKOHIIO, BaHAAls, MOMIOAEHY, CKJIa, TJWHHU, IIapyBaTi
CUJIIKaTH Ta 1eoJiTH, pocdaTh Ta XaTbKOTCHIAN METaJiB, OKCUXJIOPU]L 3ai1i3a, TpadiT.
OcoOnuBHil  1HTEpEC MPEACTABISAIOTh IEONITH (MOJEKYJISpHI CUTa), METOAU
peryJroBaHHsl po3MipiB mip sikux go00pe Bimomi [323 — 325]. IOpumni momiMmepHi
010aKTMBHI HAHOKOMIIO3UTHI Marepiaju, SK TMPaBUIO, BUSBISIIOTh CHHEPri3M
BJIACTUBOCTEHN BUX1IHMX KOMITIOHEHTIB, BOHU BIJPI3HSIIOTHCS IM1JIBUIIICHOI0 MEXaHIYHOIO
MIITHICTIO T2 TEPMOCTA0IbHICTIO, 3a0€31eUyI0Th ONITHMAILHUH TerutonepeHeceHHs [326
— 328]. Lli MmaTepianu MarOTh XOPOIII TEPMOXIMIUHi, pEOJIOTI4HI, eNEKTPUYHI Ta ONITHYHI
BJIACTHBOCTI. IX BHKOPHCTOBYIOTH SK XpomaTorpadiuni Hocii, MeMOpaHHI MaTepianmy,
ONTHYHI Ta MAarHiTHI MaTepiajid, KOMIIOHEHTH MOJIMEPHUX KOMIIO3UIlIH, HOCII Ta
KaTaJli3aTOPH PI3HUX PEaKIIiil.

["16puaHi moiMepHi 610aKTHBHI KOMITO3UTHI MaTepiaiv aKTUBHI ITOJIIMEPH MAIOTh
3IATHICTh BIUTMBATH Ha (iziosoriuHi nporecu [323 — 325]. di3uosoriuHa peaxiiis y
BIJIMOB1Ib MOKE MPOSIBUTUCS B 3MiH1 3arajJbHOIO CTaHy OpraHi3My a00 OKpeMHUX HOTro
010J10Tr1YHUX cUCcTeM (KJIITUH, TKaHWH, PiIuH, opraHiB). Lle moxe OyTH pe3yiabTaToMm
BIJIMBY TOPHUIHI MOMIMEPHUX O10aKTUBHUX KOMIIO3UTHUX MaTepiasibiB O€3M0CepeIHbO
Ha crienu(iuHi penenTopu, Ha MeMOpaHu ado OopraHenu KJIITHH, BOJAHO-COJIHOBHI a00
riapodipHOMIMOMUTEHNUM OanaHc piauH (KpoB, JiMda), MIKpoOHY (Iopy, 10 MPUCYTHS
y 310poBoMy abo iHGIKOBaHOMY opradi3Mi, Ta iH. ['10puaHi mojiMepHi Ol0aKTUBHI
KOMITO3UTHI MaTepiaii MOXHa Kiacu(iKyBaTH 3a JpKepelaMd OTPUMAaHHS Ta
¢byHKIioHaIBHOT ((izioaoriunoi) akTuBHOCTI[323 — 325].

Jlo mpupoHuX T1OpUIHUX MOMIMEPHUX O010aKTHBHUX KOMITO3UTHUX MaTepiayibiB
Ha OCHOBBI Ol0OMOJIMEpIB HajiekaTh OUIKM, HYKJIETHOBI KHCJIOTH, IOJIiCaXapujiu,
JNOMNPOTEiqM Ta 1HII BHUCOKOMOJIEKYJISIPHI MPOAYKTH KUTTENISUIBHOCTI TBapUH Ta

POCIMHHUX OpraHi3MiB. P1310J0r1YHY aKTUBHICTh BUSBIIAIOTH TPAKTUYHO BCI PUPOJIHI
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MOJIBIMEPH, KOJM BOHM, OyAydd BHUIUIEHI 3 TBApUH ab0 POCIMHHUX TKAHUH OJHOTO
OpraHiamy, BBOJATHbCS A0 1HIIOro opranismy. Cymimi IIUTA y Burisal riOpuaHux
MOTIMEPHHUX 010aKTUBHUX KOMIIO3UTHUX MaTepiaiiB 3 TYMIHOBUMH PEUOBHHAMH ITiKaBi
yepe3 iX MOTEHIIHHY MOXJIMBICTh 3aCTOCYBAHHS K 010MEANYHI KapKaCH JJI OJIepKaHH1
aZcopOCeHTIB 3a0pyIHIOBAdiB Ta BaXKUX METaNIB, aHTHOAKTepladbHUX OlomMaTepialis,
CUCTEM JIOCTAaBKHM JIIKiB, COpPOEHTIB HA(PTOBMICHUX MPUPOJHUX, MPOMHCIOBUX 1
noOyToBux Boj Ta iH. [329 — 330],

Buxonsum 3 TOro, m0 Ha Cy4YacHOMY e€Tami PO3BUTKY MaTepialio3HaBCTBA
CTPYMOIIPOBITHUX PEYOBHMH JII MIKpO- Ta HAHOEIEKTPOHIKM aKTyallbHUM € HampsM,
NOB'I3aHUIN 3 BUKOPUCTAHHSM €(DEKTUBHUX MOJIIMEPHUX MaTepiaiB Ta KOMIO3MUTIB,
MOAM(IKOBAHUX PISHUMU OPTraHIYHUMU Ta HEOPTaHIYHUMHU pedyoBUHaMU [316] Ta € qaHH1
mpo e(eKTUBHE 3acTOCyBaHHS NOJIMEPHUX Matpuilb Ha ocHOBI IIJIA B pizHUX
enekTpoHHUX mpuctposix [332]. Tak, OyB mocnimkyBaHUil edeKT BIUIMBY Opil€HTaLii
ITJIA Ta 06poOKM BUIIAJIOM Ha TEPMIUHI Ta MEXaHIYHI BJIACTUBOCTI ITIJIKJIaJIOK Ha OCHOBI1
[TJTA nnst BATOTOBJICHHS €IEKTPOHHUX cxeM 3 TpadapeTHuM npykom [333]. Takox Oyio
OJIep’)KaHO OpPraHiuHI TPAH3UCTOPH EJIEKTPOXIMIYHOI Ta MOJIBOBOI Jii MpU OAep KaHHI
MarepiajiB cyocTpaTy MeToaoM eHTpudyryBanus [334].

Buenumu Oyno po3poOiieHO mojiiMepHi miakiaaaku Ha ocHoBl IIJIA, sxi
OJIEP>KyBaJId METOJOM €KCTPY3ii y BUIJISIII OPraHIuHUX COHSYHUX €JIEMEHTIB 3 aHOJOM
Ta aKTUBHUM IIapOM, HAHECEHUMHU METOJ0M Timbokoro apyky [335]. B Toii xe yac,
OJIMH 13 HaWBaXJIMBIIIUX acCIEKTIB, SKUH CiIiJ BpaxoByBaTW IpU BHUTOTOBIICHHI
€JIEMEHTIB Ta BY3J1iB €JIEKTPOHHUX MPUCTPOIB 3 BUKOPUCTAHHIM MOJIMEPHHUX MaTepialliB
Ta KOMIo3uTiB Ha ocHOBI I[IJIA, moB's3aHuii 3 HOro MOraHOK TEPMOCTIMKICTIO Ta
3aJ0BUIBHUMH MEXaHIYHUMH BJIACTUBOCTSIMH [336].

Uepes Te, 3HAYHOTO MOMTUPEHHS 3HAWIIIN CyMIITi KOMITO3UTIB Ha ocHOBI [1JIA 3
BUKOPUCTAHHSAM PI3HUX OPraHIYHUX Ta HEOPTaHIYHMX HAHOYACTUHOK, SIK1 I03BOJISIOThH
MIIBUIIMTH MEXaHIYH1 BJIACTUBOCTI Ta HAIaTH CIIEM(IYHUX XapaKTEPUCTUK 32 PaXyHOK
KOHTPOJIIO 11X PO3MOAUTY B CTPYKTypi cywmiln. BHKOpUCTaHHS OpraHiyHuxX Ta
HEOPTraHIYHUX HAHOYACTHHOK TaKOX MOXE JTO0JaTKOBO MOKpAIIUTH Ta CTaOUII3yBaTH

CTPYKTYpY MarepiajiB Ta KoMIo3uTiB Ha ocHOBI [1JIA [337, 338].
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Ha cporoani Takox IIHMPOKO BHUKOPUCTOBYIOThCS Marpuul I1JIA 3 nonaBaHHSAM
CTPYMOIIPOBIIHMX HaHOMATepialu, s BUTOTOBJIEHHS MPOBIIHUX MIAKIAJ0K IS
€JIEKTPOHHUX MPUCTPOIB, HAITPUKJIA] BiIOME BUPOOHUIITBO THYUKOr0 enekTpoza 3 L,D-
I[IJTA Ta omHocTiHHUX ByrieneBux HaHOTPYOOok (SWCN) [339] B skomy Oyio
JOCIIKEHO ONTUYHI Ta A1CIEKTPUYHI XapaKTEPUCTUKHU Ta TTOKA3aHO TapHI MOMJIMBOCTI
U1l BUTOTOBJICHHSI COHSTYHUX €JIEMEHTIB 3 HbOTO.

Takox BYEH1 OTpUMAIU IPOBIIHY, THYYKY Ta Mpo30py MIiBKY Ha ocHOBI [IJTA Ta
cpiOHux HaHonpoTiB (AgNW), sKy MOXHa BHKOPHUCTOBYBATHU SIK MIAKIAAKY IS
ONTOEJIIEKTPOHHUX NPUCTPOiB [340].

Takox aKTUBHO pO3pOOJSAIOTHCS MOJIMEPHI KOMMIO3UTH Ha ocHoBi IIJIA Ta
BiAX0/1B KaBu [279, 280]. [To6G14H1 TpoIyKTH epepoOKH KaBH y BUIJISII HATIOBHEHOT'O
[TJTA Takox mpormoHyBaiucs sik 6iocopOeHTr s ounieHHs Boau [281 — 283] abo sk
JDKEPENIO Xap4yOBHX BOJIOKOH Ta aKTHUBHI CIIONYKU XapuOBUX IHTPEAIEHTIB, BKIIOYAIOUU
XJIOPOTCHOBI KHCIIOTH Ta Kodein [284 — 296].

Ha choronHi icHye 3HayHa KUIbKICTh HAYKOBHUX JIOCHII)KEHb KABOBOTO JTYIIITIHHS
SK HAIllOBHIOBaYa y MOJIMEPHHMX KOMITO3UIIHHUX MaTepiaigax Ha ocHoBi I1JIA [297 —
306]. V Toii ke 4ac, NOCHIKEHHS Y HanpsIMKy €()eKTUBHOTO BHUKOPUCTAHHS KaBOBOI
Tyl SK HallOBHIOBaYa IS HOBUX OlojerpanadelbHUX KOMIIO3UTHHX MaTepiajiiB Ha
ocHoBl ITJIA naBenmeHno Tinbku B psai craterd [302, 307]. Tak, y po6oti [307] Oyna
MPOJIEMOHCTPOBaHA MOXJIMBICTh BHUKOPUCTAHHS KaBOBOI Tyl Ta JYry B SIKOCTI
ITOCHJIIOK0YOT 0 areHra B 010KOMMO3UTaX Ha OCHOBI CyMilen
nonibytuparanumnintepedranaty (PBAT) 1 mnomirigpokcusininoytupary (PHBYV),
BYCHUMU OYJIM JTOCIHIIPKEHI TUTAHHS PO MoraHy MiK(}a3Hy anaresito, ska B JaHUHA 4ac
NepenIkoKae e(PEeKTUBHOMY 3aCTOCYBaHHIO TaKuX Oil0jerpagadeaIbHUX KOMITO3UTIB
[296].

Jlns  MABWIEHHS CYMICHOCTI KaBOBOi TYIII 3 pI3HUMH Ol0TJIaCTUKAMHU
JOCJIIIDKEHO BUKOPHUCTAHHS KOMITATHOUII3aTOPIB JUIsl MIABUINECHHS MDK(]a3zHoi anresii
MK HaTypaJIbHUMH HallOBHIOBayaMu Ta mojiiMepHuMU MaTpuisimu [308]. ¥V HaykoBux

cratTsax [309, 310] BuBueH1 610MJIACTUKOBI MOJIMEPHI MaTPHIll HAIOBHEHI B1IXOJlaMU
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KaBOBOI Ty, ajie 1l poOOTH MarOTh OUIbII HAYKOBUM, HIK MPUKIAJIHUNA TPOMUCIOBUI
XapakTep.

@®akTUYHO OCHOBHA TMpoOjieMa oOjAepKaHHA MIMHUX OlojerpagabebHIX
kommosuiii  [TJIA Ta kaBOBOi Tyl — JOCATHEHHS BHCOKOI CYMICHOCTI MIX
Oiomerpane0aipHUM TOJIIMEPOM Ta HAIIOBHIOBaYEM pH Horo BMicTi Bulie 3a 20 mac. %
Takum 4uHOM, 1€ CTBOPIOE MOXKIIMBOCTI BUKOPUCTAHHS T'YMIHOBHUX PEYOBHH OYypoOro
BYT'UUIS SIK KOMIAOLIi3aTOpIB JjIsi pO3pOOKM KaBaHANOBHEHHUX kommo3uiii [TJIA 3
NOKpaleHUMH (13UKO-XIMIYHUMH, MEXaHIYHUMU, Oap'epHUMU Ta Oil07erpagadbelbHUMU
BJIACTUBOCTSIMHU.

3aranoMm caMme HampsiM 3aCTOCYBaHHS TYMIHOBHUX PEYOBHH Oyporo BYTULIS JAJis
riopugHux OlojerpanadenbHUX MaTeplaigiB BUIJISAJAE HAWOUIbII MEPCIEKTUBHUM 3
NOrJIsiAy iX creru@iYHOro BIUIMBY Ha MPOLECH CTPYKTYPOYTBOPEHHS Ta KOMILIEKC

BJIACTHBOCTEH B IIMX MOJIMEPHUX MaTepianax.

1.5 BucHoBku 3a po3aiiom 1

1. JlocmiKeHHs] HanpsMy HENaJUBHOTO BUKOPUCTAHHS BYTUIBHUX IMOKJIAJIB B
VYKpaiHi Ta CBITI I03BOJUJIO BU3HAYUTH HASABHICTH MPOOJIEM BiJICYTHOCTI MIPOMHUCIOBUX
TEXHOJIOT1M pallioHaIBbHOTO HEEHEPreTUYHOTr0 BUKOPUCTAHHSA Oyporo BYTiuLIg Ta HOro
IHHUX ToXigHUX. Ha chorojHi juiie HeBeIWKa KIIbKICTh IIMX KOPUCHHUX KOMAJIWH
BUKOPHUCTOBYIOTHCA JUIsl OTPUMaHHS TaKUX LIHHUX XIMIYHUX MPOAYKTIB SIK MOHTaH-BICK
1 rymaru, B TOM 4ac, SIK SIK MOro MOTEHIIfHA CUPOBHHHA POJIb CTOCYETbCS OaraThox
rajxy3ei cy4acHOl IPOMHUCIOBOCTI: MEIHMIIMHA, CIILCKErOCIOIapCTBE, 1HPPACTYKTypHE
OyIIBHUIITBO, MPHUPOJOKOPUCTYBaHHE Ta 1H. B To# ’ke Yac, HasgBHI JOCIIKCHHS
BJIACTUBOCTEH Ta XapaKTEPUCTHK T'YMIHOBHUX PEUYOBUH PI3HOT MPHUPOAU MOXOKEHHS
BKa3ylOThb Ha T€, II0 BOHU XapaKTEPU3YIOTbCS BUCOKUM CTYNEHEM (PYHKIIOHAJIbHOI
3JaTHOCTI 10 BHUKOPUCTaHHS B IIUPOKOMY HaNpsMy IPOMUCIOBOCTI 3a PAXyHOK
HAsSIBHOCTI B XIMIYHIM OyJ10B1 0aratbox pi3HUX (PYHKI[IOHAIBHUX TPYI: KAPOOKCUIbHUX,

(dEeHOTBPHUX Ta CHUPTOBUX TiIPOKCUIIIB, KapOOHUIbHMX, XIHOHHHX, METOKCUIbHUX,
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€CTEPHUX, EHOJIbHUX, aMIHO-, aM1I0- 1 IMIOTPYM, CYJb(]O-, TIOJbHO- 1 AUCYIb(DITHUX
TPYIL.

2. CTpykTypHUW Ta (YHKIIOHATBHHM KOMILJIEKC BIIACTHBOCTEH TYyMIHOBUX
pedyoBHH Oyporo BYriulsl poOUTH 1X JyXKe TEPCHEKTUBHUM (PYHKIIOHATHHUM
Momudikaropom TiOpuaHUX ~ OlogerpagabeapbHUX  MarepialiB  3a MeEXaHi3MOM
TEMILJIATHOTO a00 MATPUYHOTO CHHTE3y 3a PaxyHOK pPIZHHX MDKMOJICKYJISIPHUX
B3a€MO/IIM MPU CTBOPEHI BIOPSAKOBAHUX MDKMOJEKYISPHUX CTPYKTYp. OIHAK Takui
HampsiM B Cy4yacHId XIMIYHIM TEXHOJIOTil MPAKTHUYHO HE JOCIHIIKEHO, a TeM OUIbII
TEXHOJIOTTYHO HE 3aCBOEHUH.

3. Y3arajibHIOI0UM 0COOJMBOCTI CTPYKTYpPH, BIACTUBOCTEH Ta (DYHKIIIOHATBHUX
HaIpsIMIB 3aCTOCYBAHHSI T'YMIHOBUX PEYOBMH Oyporo BYIruLIsl Ta IXHIX HOXIJHHUX,
BIIMIYA€ETHCSA, M0 BOHU XapaKTEPU3YIOThCS BHUCOKHM CTYMEHEM (YHKITIOHATBHOI
3MaTHOCTI 3a PAaxXyHOK HAsSBHOCTI 3HAYHOI KUIBKOCTI KapOOKCWJIBHHX Ta
TiApOKCU(PEHOIBHUX TPYIN BU3HAYAE 3JIaTHICTh TYMIHOBUX PEUYOBHH OypoOro BYTULISA
BUCTyNaTU TIOpUIHUM MOAMGDIKATOPOM TIO BIJHOIICHHIO A0 PI3HOMAHITHUX Tpym
OlomerpagabeIpHUX MaTepialdiB 3a PaxyHOK 3IIMBAHHS IO METHJICH TiIPOKCUIBHUM
rpynaMm 3 YTBOPEHHSIM €CTEPHMX 3B’SI3KIB, KOOPJIWHAIIMHOTO 3B’SI3yBaHHA 3
aMiHOrpymnamu 3 yTBopeHHsM nentuaaux rpyn) -CONH-, 3B’s13yBaHHs 3 BiJINOBIIHUMU
10HHUMU Yepe3 CUCTEMY BOAHEBUX 3B S3KIB Ta €JIEKTPOCTATUYHUX 3B’ A3KIB.

4. Cepen cyyacHux 0ajaHCOBHMX 3aIaciB MIHEPAJIbHO-CUPOBUHHOI 0a3u YKpaiHu
3HAYHYy YacTKy ckianae Oype Byruuia. OfHak, Ha ChOTOJHI JIMIIE HEBEIUKI KUTbKOCTI
1[i€1 KOMaJINHA BUKOPUCTOBYIOTHCS JJI1 OTPUMAHHS TaKUX I[IHHUX XIMIYHUX MPOJYKTIB
SIK MOHTaH-BICK 1 TyMaTH, B TOH 4ac, SIK HOro MOTEHI[IifHA CHPOBUHHA POJIb CTOCYETHCS
O0araTbOx Tany3ed Cy4acHOi MPOMHCIIOBOCTI: MEIUIIMHA, CUTbCbKE TOCIOAApPCTBO,
iHbpacTpyKkTypHE OYJIBHHUIITBO, MPUPOJOKOPHUCTYBaHHs Tomno. [loka3zaHo, mo came
BUKOPHUCTaHHS OypOTo BYTULIA JIJIs OACP)KaHHS T'yMIHOBHX PEUOBHH Ta iXHIX MOXITHUX
IpeCTaBIIsI€ HAUOUIBII IEPCIIEKTUBHY, K (QYHKIIIOHATBHUX MOJAU(IKATOPIB TOPUIHUX
OiogerpamabenbHUX MaTepialdiB Ta KOMIIO3UTIB B paMKax IMOEIHAHHS B HUX TaKHX

KOPUCHHUX XapaKTEPUCTUK, IK aHTHOAKTEP1alIbHICTh, aHTUMIKPOOHICTB 1 010CTIKOCTB 110
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MIKpPOOpPraHi3MiB Mpu 30epiranHi 37aTHOCTI 10 Oioferpaaaiii 3 e(peKToM BiJHOBICHHS
Ta OlopeMe/iallii MOYaTKOBUX €KOJIOTTUHHUX MOKA3HUKIB IPYHTY Ta 3€MEJlb.

5. BaxxuBo BiAMITUTH 3HaYHY MEPCIEKTUBY BUKOPHUCTAHHSA TYMIHOBUX PEYOBUH
pI3HOT IPUPOJM TMOXOMKEHHS y Mpolecax TEMIJIaTHOro abo MAaTPpUYHOIO CHUHTE3Y
riOpuIHUX MaTepiajliB Ta KOMITO3HUTIB, KUK 3aCHOBAaHO Ha TOMY, III0 Oy10Ba MOIIMEDY,
10 YTBOPIOETHCS, 1 (200) KIHETHKA MPOIECY BU3HAYAIOTHCS IHIIUMH MaKPOMOJIEKYJIaMU
a00 MaTpULISIMH, 1110 3HAXOMASTHCS B 0€3M0CEPEAHOMY KOHTAKTI 3 MOJIEKYJIAMHU OJJHOTO
a00 JEKUIPKOX MOHOMEpIB a00 3pOCTaluuMu JiaHiroramMu. He MeHIII mepcrieKTUBHUMU
€ OTpUMaHHs TiIOpuUAHMX OIOMOJIMEPHUX MaTrepiaiiB 3 BUKOPUCTAHHSAM MOXITHUX
BYTULIS Y BUIVISAI TYMIHOBUX PEYOBHMH, $KI BOJIOAIIOTH KOPHUCHHM KOMILIEKCOM
PI3HOMaHITHUX (PI3UKO-XIMIYHUX XapaKTEPUCTUK Ta CIIEHU(PIYHUM BITMBOM Ha MPOLECU
CTPYKTYpPOYTBOPEHHS Ta KOMIUIEKC BJIACTUBOCTEH B IMX MOJIMEPHUX MaTepiajax.
3araioM came HampsM 3acTOCyBaHHS TYMIHOBUX PEYOBMH BYTULIS ISl T1OpUIHUX
OlomerpamabenbHUX MaTepialliB BUTIISIAE HAWMOUIBIT TMEPCIEKTUBHUM 3 TOTIIALY iX
crenu(iYHOro BIJIMBY Ha MPOLIECH CTPYKTYPOYTBOPEHHSI Ta KOMILJIEKC BJIAaCTUBOCTEH B

IIUX TOJIIMEPHUX MaTepiajax.
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PO3/LT 2
OB’CKTU TA METOIU JOCJLKEHHS

2.1 O0’exTH IOCIIKEHHS

HocnikeHnHss o0’ekTiB aucepranii BinOyBajloch Ha Kadeapax TEXHOJIOTi
nepepoOku HaTH, ra3y Ta TBEPAOTrO MAJIUBA 1 TEXHOJIOTIT IUTACTUYHUX Mac 1 010710T1YHO-
aKTUBHUX TModiMepiB  HalioHaIbHOrO TEXHIYHOTO YHIBEPCUTETY «XapKiBChKHUM
MOJMITEXHIYHUNA THCTUTYTY.

Bubip 3pa3kiB Oyporo Byruuis Ajis OiepKaHHA I'yMIHOBUX pedoBuH y Bursia 'K
Tta ['P 00yMOBNIE€HUIT BUKOPUCTAHHAM TPbOX €IMHHUX JIIOYMX PO3pi3iB MOpPO31BCHKOro
ponoBuia JIHIMPOBCHKOTO OypOBYTiIBHOTO OaceiiHy, 3 AKX B3SITO Oype BYTULIA
PI3HOTO CTymneHs MeTaMop(i3My y KUIBKOCTI TPhOX Pi3HUX Tpo0. B Ttabmmmi 2.1 — 2.2

HaBeJleHa XapaKTEePUCTHKA BUBYCHUX B paMKax JOCIIIKEHHS 3pa3KiB Oyporo BYT1/UIS

srigao JICTY 40962002 [204], ACTY ISO 1928:2006 [205] ta ISO 5073:2021 [206].

Tabnuusg 2.1 — TexHniunuii aHamniz Oyporo Byrimis™

3pa3ok Texnaiuauii anaiis, mac. %
wa Ad S Ve
1 16,8 48,7 2,50 29,1
2 8,1 8,3 1,87 43,7
3 30,6 36,7 4,00 43,7

*W[ — BonoricTh Ha pobounii cTan, %; A% — 307bHICTS Ha cyxuii cTaH, %; S& — BMiCT 3araapHOI Cipkn
Ha cyxwuif cTaH, %; V¢ — BuXiJ NeTKHX PedOBHH Ha CyXHii 6e3301MbHHiT cTaH, %.

Tabnurs 2.2 — EnemenTHHI aHami3 Oyporo ByTrimis

3pa3ok EnemenTtHuit ananis, mac. %
Cdaf Hdaf Ndaf Sdt Odafd
1 80,83 4,48 1,29 2,50 10,9
2 68,10 4,57 1,35 1,87 24,11
3 60,71 4,87 1,30 4,00 29,12
* Sfl — BMICT 3arajlpHOi CIpKM Ha CYXWH CTaH, Cf’ — BHUXIJ HEJETKOro BYIJIEII0 Ha CyXHid

6es3minepanbruil cTan, %; HY* — Bmict rinporeny Ha cyxwuii Ge33ombHHil cTaH, %; N9 — Bwmict
. o o . nda . o o
HITPOreHY Ha Cyxui Oe330mbHuH cTaH, %; 0, T _ Bmict OKCUTEHY Ha cyxuii 6e330/1bHUI cTaH, %.
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Ax ribpuani moaudikaropu BukopuctoByBanu I'K ta I'P Byruis, sixi ogepxyBanu
eKCTpakiliero Byruuis mipodocdaroM HaATpil0 y BUINIAAlI JYKHOTO PO3YHMHY IIpH
MIPOBEICHHI MOAAIBINOT EKCTPAKIIiil TIAPOKCHIOM HATpito y BUrisAl 1 mac. % po3unHy.
Takox BuUKOpHUCTOBYBalM ocapkeHHI [P HammmkoMm MiHepanbHOI KHCIOTH 1
BH3HAYCHHI Macu oTpuMaHoro ocaxy [206].

Ha ocHoBI pe3ysbTaTiB BUBYEHHS CYy4aCHOTO CTaHy MOTeHI1any BUkopuctans ['K
ta I'P camo st moaudikariii 6ioerpagabebHUX MaTepiaiiB Ta KOMIO3UTIB, 00paHO
TPH pi3HUX OlojierpanadenbHIX BOJIOPO3UMHHUX noniMepiB (;kenatuH, [IBC, arap-arap
ta [TIML) Tta Ttepmormactuunuii I[IJIA. Came mi OlomerpamadenbHl MNOJIMEpHI
MaTepiajid MaloTh BUCOKY CcIOpiHEHICTh Ta cyMicHICTh 3 ['K Ta I'P Oyporo Byrimwis.

Jns orpumanHsl TiOpuaHUX OlojerpanadenbHUX TiApOresiB BUKOPHUCTOBYBAIU

xematud Mapku [1-11, ocHOBHI MTOKa3HUKHU SKOCTI SIKOTO HaBeeH1 B Tabwi 2.3.

Tabmuis 2.3 — Iloka3zHuku sikocTi xenaruny 11-11

Ne HasBa innukaropa XapaKTCPHCTHKA |
HOpMa

1 30BHIIIHII BUATJIA 3epHa

2 Komip CBIiTII0-)KOBTHIA

3 3amax BiacytHs

4 Cmak bes cmaky

5 Po3mip yacTUHOK, MM, HE O1JIbIIIe 10

6 Macosa yactka yactuaok MeHitre 0,5 MM, mac. %, He OlIbIie 30

7 TpuBamicTe po3uMHEHHS, XB, HE OiJIbIIE 25

[Toka3HUK aKTUBHOCTI 10HIB BOJHIO Y BOJHOMY PO3YUHI JKEJIaTHUHY .

8 3 MacoBOIO 9acTKOw 1 %, oqunuii, pH Bil 5 10 7

9 MacoBa yacTka BoJoru, %, He OiIblie 16

10 Macosa yacTtka 3071u,%, He OiIbIlIe 2,0

[Tpu oxeprkani riopuaHux OioAerpaaadenbHUX MTIBOK BUKOPUCTOBYBAIH MOJIIMED

I[IBC (Kuraray, fnonis) mapku «Mowiol 6-98». Cryninp rigposnizy I[IBC cknanae

98,4 mac. %, Bmict TBepaoi pedounau [1BC ckmagae 98,9 mac. %, a MonekynsipHa Maca
I1BC cknagae (Mw) 150000 r/Mob.

[Tpu onmepxani riOpugHux OlojmerpagadenbHUX TUTBOK BUKOpUcTOBYBaimu [ TIMI]

mapku Walocel™ supoOuuiirea Dow Corning (CILIA):
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Sk xaramizaTop 31MKMBaHHS TOPUIHUX €KOJIOTIYHO Oe3MeuyHux 010/erpanadenbHuX
MOJIIMEPHUX ITIBOK BUKOPUCTOBYETHCS IMMOHHA kKucioTa (99,88 mac. %) srinno JICTY
908:2006 [202].

Arap-arap — pOCIMHHUNA aHAJOr KEJAaTHHY, SKHUM 100YyBarOTh 13 MOPCBKHX
BoiOpocTell. BukopucToByBanu arap-arap TopriBesibHOi Mapku «/{oOpuk» (Ykpaina).
Mictuth 6sm3bko 1,5-4 mac. % minepanbHux conedt, 10 — 20 mac. % Boau ta 70 — 80
Mac. % mosicaxapuiB, y CKIal kX BusBieH1 D-1 L-ranakro3u, 3,6-aHrigporaiakros,
MEeHTO3U, D-TIIIOKYypOHOBA Ta MIPOBUHOTPATHA KHCIIOTH.

IIpu oxepkaHi riopuaHUX OloaerpagadeIbHUX KOMIIO3UTIB Ta KaBaHAIIOBHCHHX
KOMITO3HTIB BuKopucToByBanm noiimep [IJIA ekcrpysiiinoi mapku Terramac TP-4000
BupoOHnka Unitika (Snonis). ITJIA— 1e 6iogerpamadenabHa pOCIMHHA TOIIMOIOYHA
KHCJIOTA, KA MPOSBIISE MOKpAIeHI BJIACTUBOCTI PO3TOIY, HU3bKY KUIBKICTh BHKHJIIB
COy, HIX 3BMYAITHI MJIACTMACH, HU3bKY TOPIOYICTH 1 BIJICYTHICTh BUKHJIIB TOKCUYHUX
rasiB (Hampukiaa, 1I0KCHHIB, XJopucToro BoaHto, NOy a00 SOy). OCHOBH1 TEXHOJIOT14H1
Ta (Pi3UKO-MEeXaHIYHI MOKa3HUKU BTOpUHHOro mnosinpomnineny: IIIIP 3 — 51/10 xB;
BoponorauHanHs — 0,2 mac. %; mexa minHOCTI ipu 3ruHi — 108 MIla; ynapaa B’sS3KICTh
— 66 KJ[x/M2.

Buxonsuu 3 TOro, mjo B TEOPETUYHIA YaCTUHI JOBEJIECHO BUCOKY AKTYaJIbHICTh
JOCTHiKeHb 3 (yHKIiOHaTbHOT Moamdikaimii opraHo- Ta KaBaHanmoBHeHHUX [IJIA
KOMITO3UTIB, TAKOXK JOCIIKEHO HAIIOBHIOBAY1 Y BUTJISIII BIAXO1B KABOBOT T'YIIII 3 COPTIB
PoGyctu ta Apabiku y crhiBBigHOomeHHI 50:50 mMac. %, 310paHi B 8 pi3HUX KaB’APHSIX
«ApomakaBay micta XapkoBa Ta BucyIieHi g0 Bosorocti 0,5 mac. %. Bigxoau kaBoBoi
TYyIIl MalOTh NoJMi(pakiiiHui cKiag B Mexax po3mipy yactTuHok Big 0,5 go 1 M. 3a
moromMoror MetoAiB [Y-crekTpockorii mokazaHo, Mo JOCTiI)KeHHA KaBOoBa TyIla 3a

CBOIM XIMIYHUM CKJIaJIOM XapaKTepu3yeTbcsl BMICTOM A0 6 Mac. Mac. % 1 Ouiblie


http://www.lookpolymers.com/manufacturer_Unitika.php
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Ko(peiny, aJIKajgoifiB Ta IX CYMyTHUKIB, BMICTOM J10 1 Mac. % XJIOpOr€HHUX KHUCJIOT Ta iX
NoXiAHUX. Y TMepepaxyHKy Ha CyXy Macy BIIAIpallbOBaHa KaBOBa TryIlla CKJIAJA€TbCs 3
(66 mac. %), (50

apabiHoranakTtaniB (25 mac. %) Ta memtonosu (25 mac. %) B tabmuii 2.4 HaBencHa

moJricaxapuaiB MEePEBAXHO  TaJIAKTOMAHHAHIB mac. %),

XapaKTEPUCTHUKA BIXO/IB KABOBOT TYIIIi.

Tabmuis 2.4 — XapakTepucTHKA BIJXO/I1B KABOBOI I'yIIli OypOro BYTi/IIs

Texniunuii anamis, mac. %
wa Ad S v
11,29 1,77 0,02 84,41
EnemenTnuii anams, mac. %
Cdaf Hdaf Ndaf Sdt Odaf q
54,58 7,00 2,27 0,02 36,13

ExcriepruMeHTansHO JOCHIPKEHO POCIMHHI JHUCIIEPCHI HAMOBHIOBAYi, a came
JepeBHE OOPOIITHO, OOPOIIHO XBOi (MOAPIOHEHA XBOs), MOAPIOHECHE JTYIIMTUHHS TPEUKU
Ta BiBCca (TEXHOJOTTUHHM BIAX11 TepepoOKH KpyM), TUCTSIHE OOPOIIHO (JIepeB poay KIeH
(nat. Acer)). PociiuHHI qucniepcHi HalTOBHIOBAY1 MalOTh MOTi(paKIliiHUAN CKIIa]l B MEKaxX
po3mipy yactuHok Big 0,5 mo 2 mm. B Tabmwmii 2.5 HaBeneHa XapaKTepHUCTHKA

POCIMHHUX AUCIICPCHUX HAITOBHIOBAYIB.

Tabmuis 2.5 — XapakTepucTuKka pOCIMHHUX JUCTIEPCHUX HAITOBHIOBAYIB

HanosHroBau Pracs Kr/m® Dy Kr/m° Vo, % Spum, M2/T
['peyane mymmuHHSL 0,49 0,67 27 0,68
BiBcsiHe nmymmnuHHS 0,27 0,48 45 0,75
JlepeBHE OOPOIITHO 0,17 0,21 20 1,20

BopomrHo xBoi 0,20 0,32 37 0,92

KasoBi Bigxoau 0,43 0,52 40 2,0

*Prac,- HACUTIHA TYCTHHA; Py, - TYCTHHA TICIs YIIUTbHEHHS, Vo — OIS IYCTOT; Spum, - TATOMA TTIOBEPXHSL.

Jnst  mopiBHAHHS €(PEKTUBHOCTI BUKOPUCTAHHS POCIMHHUX JIUCIEPCHUX

HallOBHIOBAYIB Ta BIAXOJIB KaBOBOI TIylll B 0OloaerpagadeiabHUX MOJIMEPHUX

KOMIIO3UTAaX 3 TpPaUIliMHUMU BTOPUHHUMH MOJIMEpPaMH, EKCHEPUMEHTAIbHO
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JOCIIPKEHO BTOPUHHHUM MOJIIPONUIEH, BUOIp SIKOTO OOYMOBJIEHMH THUM, IO BIH HE
BHUMarae CKJIaJHMX METOMIB MiJTOTOBKH, TaK SIK BUPOOH, IO BUTOTOBISIOTHCS 3 IUX
MoJIIMEPIB, HE 3a3HAIOTh 3HAYHMX BIUIMBIB B YMOBAaX EKCIUTyaTallli BHACTIAOK CBOET
KOHCTPYKLIi 1 MpU3HAYeHHS (TOBapU 3 KOPOTKUM KUTTEBUM LUKIOM), a TaKOX iX
JIOMIHYIOYOIO YaCTKOIO B 3aTJIbHOMY 00CsI31 BTOPUHHUX TEPMOILIACTUIHUX TOJIIMEPIB.
OCHOBHI TEXHOJIOT14HI Ta (pI3UKO-MEXaHIYHI MOKA3HUKH BTOPUHHOTO MOJIMPOMNIICHY:
IITIP — 51/10 xB; BomonorimuHanHs — 0,2 mac. %; minHicTs npu BuruHi — 80 MIla;
yaapHa B s3KicTb — 22 kJ[x/M2.

Jns omiHku e(EKTUBHOCTI HEMAJIMBHOIO BHUKOPUCTAHHS TMOXIAHUX Oyporo
BYTULIS Y BUIISIAL PIAKUX MNPOAYKTIB (CMOJM Oyporo BYruuis), €KCIIEPUMEHTAJIbHO
nociipkeHo 0ityM HadroBuid nopoxHiil mapku BH/[ 60/90 3 TemMniepaTypoto crianaxy y
BinmkputoMy THTIl 260 °C, TemMmepaTypor po3M SKIICHHS (32 METOJIOM KUTbIIA 1 KYJIi)
48 °C. OcnosHi BmactuBocti [IMb HaBeneno B Tabmuii 2.6 3rigao JICTY EN 1426:2018
[355], ACTY EN 1427:2018 [356], HACTY EN 12593:2018 [357], ACTY
8859:2019 [358], ACTY b B.2.7-81-98 [359], ACTY b B.2.7-89-99 [360] ACTY
8859:2019 [361].

Tabnuusg 2.6 — XapakrepucTtrka BuxigHux cnoiayk [IMb

[Tnactudikatopu
9N S| g i
E o = = R =
£ S == g8 § = = g
2 % o E & & S 5 T2
: = = % o 5g | 22| 2E
Texe BHJT | Moaudikatop g 2 8 g 5 |=E2E2| o8
) = =
o, = X M= >
=2 | ;2| 2& |§3%Z €%
= o o ® g2 B i <
o o [ =N = SI= 5 ®
[STRE = © X E 3 =
S | o | &% |2 52
[ 3 = =
[Tenerparist mpu
h 62 - 98 112 - - -
25 °C, mx10™
TemnepaTtypa po3M'sIKILIEHHS
(KyJTbKOBO-KUTBIIEBHIA 47 97 — 186 43 38 - — —
meron), ° C
[TnactuyHicTh, Mx 1072
npu 25 °C 75 — 15 >100 — - -
pu 0 °C 6 — - — — — —
3MiHa BIACTUBOCTEH MiCIsl HArPiBaHHS
Temnepatypa kpuxkocTi, °C ‘ -15 ‘ — ‘ — ‘ — ‘ — ‘ — ‘ —
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[IponoBxenHs Tadu. 2.6.

[Tnactudikatopu
0 N S ) .
= g . = 2 ] = =
ﬁ o ﬁ ) c% Lg 8—‘ o E E
2 x o E ea | 55 =
. =% | ES | 5% |E2=| 2F
5 i =
60/90 (KIC) S 5 & 2 ’E e |E53 2¢
4
2E | ZE ce |E3E5| &5
O = o < K
o o S X g = B e
g E £ & g @ =B g =
Sg | 2| 8% |27 | &4
=3 S = =
Temnepartypa cnanaxy,
BH3HAUYEHA Y BIIKPUTOMY 235 — - — — — —
ropuuky, °C
3MiHa Baru micins 0.2
HarpiBaHHi, % '
3anuiukoBe NpoHUKHEHHs, % | 50 — — — — — —
3MiHa TeMIlepaTypu 4
po3Mm'skienHs, © C
Anresis no ckia, % 46 - - - - - -
HwuspkoteMmnepatypHa 38
anresis, %
Macosa yacTka
.. o 51 - - - — - —
napadinis, mac. %
Po3unHHICTH B OpraHigyHUX 99 9
pPO3YMHHUKAX, %o '
[HaeKC TPOHUKHEHHS -1,0 - - - - - —
I'ycruna, Kr/m° - - - — 987,3 | 985,7 [1048,0
B's3kicTh, MM?/C
npu 50 °C — — — — 128,4 | 1154 —
mipu 80 °C - - - - - - 33,08
Temmnepatypa 3amep3anns, °C|  — — — — — — 42
MornekynsipHa Bara, I/MOITb — 820 — — — — —

Ax mnactudikaTop MOoAM(PIKOBAHOTO OITyMy BHUKOPHCTOBYBABCS Psii CIOJYK 3
BiTHOCHO BHCOKHM BMiCTOM Ha()TH Ha apoMaTHYHO-Ha(pTEHOBIH ocHOBI (Tabdi. 2.6),
30Kpema:

- TYIpPOHH 13 3axiJHOYKpPAiHCbKOI Ta OpXOBWIbKOI Ha(T, BigiOpaHMX Ha
3axigHoykpaiHcekux HII3;

- JUCTUIALINHUNA E€KCTPAKT CEIIGKTUBHOro ouuiieHHs Qypdyporom Ta
3QJIMIITKOBUM €KCTPAKT CEIEKTUBHOTO ouunliieHHs1 BUpoOHuiTBa BAT «YkpraTtHadTay;

- cMoJIa Miciist OypoBYTUIBHOT TEPMOISCTPYKITIT;
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- Tpa"cMmiciitne Macio Mapku SAE-140.
['pynoBuil xiMIyHUH ckiax OITyMy aHami3yBajld IO TUIY CTPYKTYPH 3T1JHO

nporeaypu merony Mapkyccona [362] (Tabmurs 2.7).

Tabmuus 2.7 — I'pynoBwuii aHasi3 1 TUI BUX1THOT CTPYKTYPH OITyMy

['pynosuii ckian, mac. % CriBBIIHOIIIEHHS
KapOGenu, kapboinu
Tun 6 ’
A byAoBRH Ta MeXaHiuHi AC@"EZI;TGH“ Cwmonu (R)| Macna (0)| 41 (A+R) | 41 (O+R)
JTOMIIIIKHT
I Tim — reis - > 25 <24 > 50 > 0,50 > 0,35
II Tvm — 3011 - <18 > 35 <47 <0,34 < 0,22

III v — 3011-
T'ClIb

- 21-23 30-34 | 45-49 |0,39-0,49/0,25-0,30

TexHIyH1 TapaMeTpy CHPOBUHU Ta MPOYKIIT BU3HAYAIM 3T1AHO 31 CTAaHAAPTHUMHU
nporeaypamu  (Tabnuio 2.6). BenuuumHa HU3BKOTEMIIEPATYpHOI — airesii, sKka
XapaKTepU3ye 3aJeXKHICTh aaresii OITyMy BIJ BEJIHMKOro IMepenaay TeMmieparyp,

BHU3HAYAJIM 32 pO3POOJICHOI0 METOIUKOIO [254].

2.2 Metonu oTpuMaHHS TiIOpUaHUX OlomerpamadeTsHUX MaTepialiB

VYci nocaimkenHi ribpuaHi 61oaerpagadensHi MaTepiaiu ofep>kaHo Ha Ha Kadeapi
TEXHOJIOT1{ MJIACTUYHUX Mac 1 010JI0TTYHO-aKTUBHUX MOJIMEPIB.

['6puani OiogerpamadenbHi MaTepiaiy y BUTJISIL TiaporeniB 3 xkenatuny Ta ['K
OJIEP)KyBaIM €KCIIEPUMEHTAJIbHO HACTYIMHUM YMHOM: ojaepxkyBanu 10 mac. % po3unH
KEJNAaTUHY B JUCTHIbOBaHIM Boal mpu Temmepatypi 90 — 100 °C, nmoTiM po3uuHu
xenatuHy 3mimyBasd 3 ['K, B skux KoHUeHTpaiis octaHHboi craHoBwmia 0, 5, 10 i1
15 mac. %.

['O6pumHi OlomerpamabenbHI MaTepiaid OJEPKYBAIH EKCIIEPUMEHTAIBHO Y
BTyl TiiBok Ha ocHOBI [IBC merogom mommBy posuuHiB [IBC 3 xoHIEHTpaIi€o

10 mac. %, o skux momaBanu pizHy KinbkicTs I'K: 5, 10, 15 mac. %.
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["OpuaHi 6i0aerpaadenbHl MaTeplaau 0P KyBaJId EKCIIEPUMEHTAIIBHO Y BUTIIA I
mwi1iBok Ha ocHoBl I'TIMI[ orpumyBanu Meroaom mnonuBy po3uuHiB ['TIML] npu
KOHIeHTpauii 2 Mac. % HUIIXOM PO3YMHEHHS IMOJIMEPY Y MacoOBOMY CITIBBIIHOIICHHI
2:100 T'TIMI:muctunboBana Boma mpu HarpiBanHi 10 90 — 100 °C. Ilicns mporo
nonaBanii o0 oTpumanux po3uuHiB ['TIMI] 1,5 mac. % karamizaropa 3MIMBaHHS —
JTUMOHHY KHCIIOTY. Jlnsi aHamizy BiacTuBocTeil Oynu orpumani pozunnu [TIMI] npu
piznux koHuentpauisx 'K (5, 10, 15 mac. %).

KoMno3utni  Marepianu  OAepKyBaJd  €KCIEPUMEHTAJIbHO  METOJ0M
eKCTpyayBaHHs Tmornepeaubo miarotoBiaeHux IIJIA ta TP B omHOIIHEKOBOMY
naboparopHoMy ekctpyaepi npu Temmepatypi 170 — 200 °C 1 mBHAKOCTI 0OepTaHHS
Baska 30 — 100 o6/xB. CniBBigHOMmEeHHS L/D ekcTpyaepa cTaHOBUTH 25 171 TiABUIIICHHS
OJTHOPITHOCTI po3noiuty I'P y roToBUX KOMIO3HUIIIfAX.

JlabopaTopHa  yCTaHOBKa, MpU3HA4Y€HAa JUIsl  OTPUMAaHHS  MOJIMEPHO
monupikoBanux OitymiB (IIMB), mokazana na puc. 2.1. [IMb roryBanu HacTynmHuM
yrHOM. HeoOxinHy kKigbKicTe OiTymy HarpiBamu g0 110 °C. Tlotim nonaBamu

MoaudikaTop 1 miacTudikaTop y HEOOXIAHIM KUIBKOCTI Ta MEPEMILIyBaId MPOTATOM

1 rox mpu Re = 1200.

-] 2
iy '___:

O

Pucynox 2.1 — JIaGoparopna ycranoBka jjist orpumants [IMb: 1 — nmocynuna; 2 —

eJIEKTpOoHarpiBay; 3 — mimanika; 4 — TepMOMETP; 5 — €IEKTPOJABUTYH.
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2.3 Mertoaun qoCiKeHH

2.3.1 Metoan [nocmigKeHHs OydOBH, CTPYKTYpH, SKICHHX 1 KUIbKICHHX
XapaKTEPUCTUK TMOXITHUX BYTULIA Ta TiOpuaHO-MOau(dikoBaHUX OlomerpamadenbHux

MarepiaiiB

JI71st IpOBICHHS TEXHIYHOTO Ta €JIEMEHTHOI'O aHaJli3y BYTULIS BUKOPUCTOBYBAIU
cTaHJapTHI MeToau nociimkensb [204, 205]. 3rigno cranmapty ISO 5073:2021 [206]
IPOBOJWIM BU3HaueHHs 3araigbHOro Buxoxy I'K Ta Buxoay BimbHuHX ['K. CyTHicTh
METO/y ToJisirae B ojiHOpa3oBid ekctpakiii 'K 3 aHamiTHyHOT mpoOu BYTULIA MICHSA
BujaieHHss OitymiB 1 mac. % pO3YMHOM TIOPOKCHAY HATPIl0 MpU HarpiBaHHI,
noganbimomMy ocamkeHHi ['K HagmimkoM consHOI KHCIOTH 1 BU3HAYEHHI MacH
OTPUMAHOTO oOcaay. Bu3HaueHHsS TOMYOJBHOTO EKCTPAKTy BYTLUIS 3IHCHIOBAIN B
anapati Coxkcnert. [Ipornec excrpaxiiii TpuBaB Bijg 2 10 6 TOAMH.

Jlnsi BU3HAYEHHSI CTPYKTypH Ta MOpPGOJIOTii MOXITHUX BYTULIS Ta TiOpUIHO-
Moau(pikoBaHUX  OiojerpanadebHUX  MaTepialiB  BHKOPUCTAHO  MIKPOCKOIIYHI
JOCIDKCHHS,AKI BHUKOHYBAJHCA 3a JIONMOMOTor mudpoBoro Mikpockomy Digital
Microscope HD color CMOS Sensor (Kutait). Mopdosoris I'P Byriuis Bu3Ha4asioch 3a
JIOTIOMOT'OI0  MPOCBIYYIO4Oi eeKTpoHHOi Mikpockomii (TEM) 13 BUKOpHCTaHHSIM
Mikpockorna TEM.

Enementnuii cknan 'K Buznauanu 3a nonomoroto ananizaropa CHNS (Carlo Erba
EA-1108 CHNS-O, Campbell Micro-analytical Laboratory, HoBa 3emanmis). Byrirens,
BOJICHB, a30T 1 cipka OyiH OoTpuMaHi O6e3mocepeIHbo 3a pe3yibTaTaMu aHamizy. Bmict
KHCHIO PO3PaxOBYBAIM 3a PI3HUIICIO MICIS BpaXyBaHHs BUXO/y 307U Oyporo ByTi/UIs Ta
MOX1THUX MaTepiaiiB.

Jlns BU3HAYEHHS CTPYKTYPH MOXITHUX BYTULIA Ta T1OpHIHO-MOIM(DIKOBAHUX
OlomerpagabenpHUX MartepiaiB BUKOPHUCTAHO METOJT PEHTIeHIBCHKOTO
dbayopecuentHoro MikpoaHanizy (XRF) 13 enepromucnepciiiHol0 PEHTTEeHIBCHKOIO
cnekrpockoniero (EDS) 3a pmomomorotro cucremu «BrukerXFlash 5010». [ns

BU3HAYECHHS MUDKIUIOIIMHHUX BIJCTAHEH KPUCTAIIYHOI PEIIITKH BHUKOPUCTOBYIOTH
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MoOzeNb au(pakiii PEeHTreHIBCBKUX MpOMEHIB 1o bperry, komu yMOBOIO
KOHCTPYKTUBHOI Au@pakuli (HmOsIBU MIKy Ha PEHTIEHIBCbKIA AU(paKTorpami) €

cuiBBigHOmeHHs [220]

2dsin 0 =n/, 2.1)

ne d — MIKIUIOIMHHA BiACTaHb,

6 — KyT MK IIy4YKOM PEHTTE€HIBCHKOTO MPOMEHIO Ta KPUCTAIIYHOIO TIJIOUIUHOIO;

A — IOBKHMHA XBUJIl pEHTTE€HIBCHKOTO TPOMEHS;

N — I1JI€ YUCJIO.

OCHOBHI XIMIYHI TIpylnud B TNOXIIHUX BYruUUIs Ta TiOpUIHO-MOAM(DIKOBAHUX
OlogerpagabenbHUX MaTepialiiB BU3HAYEHO 3a cMyraMu ToriuHaHHs [Y-crmektpis, ski
3niManu Ha [Y-ciekrpodoromerpi «Nicolet 380» (CILIA).

CryniHp KPUCTATIYHOCTI TIOpUAHO-MOAN(IKOBAHUX OloJerpaiadebHIX MaTepiaiB
BU3HAYaIM MeToloM audepeHiniiino ckanytody kajgopumerpiro (JCK) mpoBommmu Ha
tepmoanamiTiuHii cuctemi «Mettler TA 3000» dipmu «Mettler Toledo» (Himeuuuna).
[IBuakicTh HarpiBy Ta oxoyiomkeHHs craHoBwiaa 10 K/xB. BaxmmBi Terosi
XapaKTePUCTUKU 3pa3KiB, BKIIOUYAOYM M, eHTanbIi0 aBieHHs (AHf) 1 BiqHOCHUHN
BIJICOTOK KpHcTamuHocTi (XC), BuauieHi 3 oTpumanux [CK-kpuBux. 3HauenHs XC

po3paxoBaHi 3a opmyIiorw [246]

Xc=AHF(1-owH)I4Hf, 100, (2.2)

ne wH —ue Barosa yactka ['K y Bucymenit Haamonexyssipaiit cucremi [IBC -T'K;;

AHfo — TeopetnuyHa eHtanbnisg TomineHHd aid 10 % kpucramiynoro IIBC, mo
nopisuioe 138,6 [fowc/2 [254].

TepMOCTIHKICTh Ta TEIJIOBI €PEKTH MEPETBOPEHHS T1OpUAHO-MOAUPIKOBAHUX
O0lomerpamabenbHux MatepianiB BuzHaueHo 3a kpuBumu JTA (mudepeniiiino
TEPMIYHOTO aHami3y), sikl oTpuMaHo Ha aepuBatorpadi Q-1500 D dbipmu «MOM»

(Yropuiuna) B atrmocdepi noBitps. [loxuOka BumiptoBanus cranosuia 0,1 %.
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Mopdooris MOX1THUX BYT LIS Ta riopuIHO-MOAU PIKOBAHUX
O0loxerpana0enbHUX MaTepiaidiB 3a pIBHEM NUTOMOI MOBEpXHI 3 TouHIcTIO +10 %
oymna Bumipsina metogom BET (BETH: Brownauer, Emmett and Teller) muisixom
ancopo61ii razonoaidnoro azory npu Temneparypi 196 °C srigao ISO 9277. 3pa3ku
TOTYBaJIM IIJISXOM JieTa3allii BOPOJOBXK OJHIET TOMWHM NMPH KIMHATHIN TeMmIepaTrypi
(25 - 30 °C) i Tucky 0,01 MM pr.cT. 3BakyBaHHS 3pa3KiB MPOBOIUIM 3 TOYHICTIO J10
0,00001 r.

JInst mocHiIKEeHHS MPOLECiB CTPYKTYPOYTBOPEHHS B T1OpUAHO-MOIU(DIKOBAHUX
OlomerpagabepHUX  Marepiajiax  MPOBEACHO KOHAYKTOMETPUYHI  JOCIHIJIKCHHS
NOJIMEPHUX PO3YMHIB 3 BHKOPUCTAaHHSAM KoMOiHoBaHHOro TDS-merpa HM digital
COM-100 (CIHA). ITutoMy enexTporpoBiHicTh (% (mxC/cm) pO3YMHIB BU3HAYAIH
NUISIXOM 3aHypeHHs mpuiaxy 10 ¢ikcarii MOCTIHHOTO 3HAYCHHS BHUMIPIOBAHOTO
[IOKa3HuKa PP,

XapakTepuCTUKU KUCIOTHO-OCHOBHUX MOBEPXHEBUX BIIACTUBOCTEH MOXITHUX
BYyruuwis Ta TiOpuaHo-moaudikoBaHux OiomerpamabenbHUX  MaTepialiB  Ta
HaloOBHIOBAYIB BHU3HAYEHO METOJIOM IOTEHI[IOMETPUYOr0 BHUMIPIOBAHHSI BOJHHX
cycneH3iit kaBoBoi rymii, I'P abo monimepis 3a meToaukor A.Il.Heunnmopenka [212]
OpPOBOJMIIM IpU KIMHATHIN TemmepaTtypi (20 — 25 °C) 3a 101moMorow nopTaTuBHOTO
pH-meTrpa PH-200 Waterproof Professional Series pH/Temp Meter (CIHIA) 3
TOYHICTIO BHUMIpIOBaHHs BogHeBoro mnokaszuuka = 0,001 pH. Bigmoigno 10
NpoUeaypHu AOCHIIKYBaIU 3aKOHOMIPHICTh 3MIiHU 3Ha4eHb pH cycnensii yacom t.
J10 TOTEHLIOMETPUYHOT KOMIPKH 31 CKJISTHUM 1 XJIOPUACPIOHUM €eKTPOaMH JOAATH
10 cM® aucTHnbOBaHOT KM’ siueHoi Boau 3 pisHeM pH 6,8 — 7,0. Ilicns crabimizanii
MOTEHI[IAly CKISHOTO eJjekTpoaa (uepe3 2 — 3 XB mnpu 0Oe3nepepBHOMY
nepeMilryBaHHI MarHiTHOI MIMIAIKOK) A0JaBaiM NapTito kaBoBoi ryimll, ['P abo
nojimepiB Macow (~ 0,2 1). BumiproBanHsa piBHS pH BomHHMX cycrneH3id pHo
OPOBOJMIIM KOXHI 5 CEKyHJ BOPOJOBXK MEPUIOT XBUIUHU KOHTAKTY Mik KaBOBOIO
rymero, ['P abo monimepom i BOAOIO 1 4epe3 KOKHY XBUIWHY BIPOJOBK HACTYITHHUX
5 XBUWJIMH. 3a MOJIOKEHHSIM E€KCTPEeMyMiB Ha MoOyAoBaHOMY Tpadiky 3ajeKHOCTI

piBHs pH cycnensii BiJl yacy 7 OI[IHUIU MUTTEBY MOBEPXHEBY peakilito, MO BKa3ye
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Ha TUI aKTUBHUX IIEHTPIB, 110 JIOMIHYIOTh Ha MOBEPXHI. 3a JIOMOMOrow rpadika

. . P
BU3HAYMIIM TAKOX 3HaueHHs pH y piBHOBaxHOMY cTani 771, .

Jlns BU3HAYEHHS CTPYKTYpU OITYMIB BH3a4€HO iX CTYMiHb 3IIMBAaHHS B XO/i
JOCJIIDKEHHS T1JIaBalId €KCTpakiliitHoi o0poOku B anapati ['pede.

Mopdosonoriss Ta po3Mip YaCTOK TMOXIAHUX BYTUUIS BH3a4€HO METOJAOM
JUHAMIYHOTO  po3citoBaHHS  cBiTina (Zetasaizer NanoZS, Malvern), sxwuit
BUKOPUCTOBYBAJIM JJIi BUMIPIOBAHHS po3Mipy HaHouacTHHOK y ['P, Bogni amcmepcii

KOJIOITHMX ToIienekTpoaitaux I'P 3 konuenTpauisvu Big 31074 1o 7¢107° r/mi aus T'P.

2.3.2 Meroau NOCHIKEHHS TEXHOJIOTIYHUX Ta PEOJIOTIYHUX XapaKTEPHUCTHK

riopuaHo-MoaudikoBaHUX O10/1eTpagadbeIbHUX MaTepiaIiB

Jlis BU3HAYEHHS OCHOBHUX TEXHOJOTIYHUX Ta PEOJOTIYHHUX XapaKTEPUCTUK
riopuHo-Moau(dikoBaHUX OlojerpagadenbHUX MarepiaiaiB Ta OITyMIB BHUKOPUCTaHO
METOJ BU3HAYEHHS 4acy reJeyTBOPEHHS TigporentiB (iKCyBajdu MO BTPATI JUIKOCTI
srigHo [207], ymoBHY B’s13kicTh BianoBiaHo 1o 1SO 2431 [208] Ha Bicko3umerpi B3-4
(06'em 50 cM®, miameTp comna 4 MM) Ta TOKa3HMK IMHHOCTI posromy (IIIP) sriguo 1SO
1133 3a nonomoroto npwiany [IPT-M npu 190 °C ta HaBanTa)keHHi1 2,16 krc.

TexHoNmoriyHl  TeMIlepaTypHI  XapaKTePUCTUKH  TiOpUAHO-MOAM(DIKOBAHUX
OiozerpanadenbHUX MaTepiaiiB OIIHEHO MO TeMIEPATypHUM I1HTEpBaJiaM TOIUICHHS i
necTpykiii, ski BuzHavdayum 3rigHo 1SO 3146 nHa nmaGopatopHOMY JIAaTyHHOMY JHCKY
po3mipom mgiamerp 50 MM ToBmMHA 19 MM 3 OOKOBHUM OTBOpPOM IIiji TEPMOMETP

niameTpoM 9 mm (puc. 2.2).


https://www.iso.org/standard/81833.html
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Pucynoxk 2.2 — JlaryHHU#M AMCK JJ1s1 BU3HAYEHHS TEMIIEpaTypHUX IHTEPBAJIiB

IUIaBJIEHHS 1 AECTPYKLIL MOJIIMEPIB

TemnepaTypH1 IHTEpBaIM TOIJIEHHS 1 AeCTpyKLii PikcyBaiu BizyanbHo [209].
Jis  BU3HAYeHHS TYCTHHM TiOpUIHUX  KOMIIO3MTIB  BHKOPHUCTOBYBAJIU
rigpocraruuanii Meroa 3rigHo SO 1183-1, mo 3acTocoByeThCsS MJIi BHMIPIOBaHHS

I'yCTHHH 3pa3Ka mojimepy 00'eMoM He MeHine 1 cv?,

2.3.3 Metoau JAOCHIPKEHHS eKCIUTyaTallliHUX XapaKTEPUCTUK TiOpHIHO-

MoaupikoBaHuX O107erpaadebHUX MaTepiaiB

Jns  Bu3HAYeHHs CTIMKOCTI TiOpuaHO-MoaudikoBaHUX Oi0jerpaaadenbHuX
MarepialliB JI0 PI3HUX CEPEJAOBUI BUKOPUCTAHO HACTYMHI METOAM JIOCHIIKCHHS.
BusHaueHHs BOIOMOTIIMHAHHS 3pa3KiB T1OPUIHUX TUTIBOK Y XOJOIHIN BOJ1 MPOBOIMIN
3a 1SO 62:2008 [210]. BukopucToByBaau MPUCKOPEHUI METO] BU3HAUCHHS KOS(DIIli€HTY
mudysii Dy, [207]. 3pa3ku riopuanux O6ionerpanadebHUX HATOBHEHUX KOMITO3HUTIB HA
ocHoBl [1JIA, kaBoBoi rymii Ta I'P (mapaneneninen 31 cropoHamu 10x15x5 mm) 36epiraiu
B pOOOYMX XapyOBHUX PIAKMX CEPEOBMIIAX: Yail, KaBa, BOJA, MUIOYA PIJIMHA, KUILIAYa
BOJa 1 KOkKa-koyia. byno mpoBeneHo 20 mapanienbHHUX €KCHEPUMEHTIB JJI KOXKHOTO
CKJIaZy B KO)KHOMY OOpaHOMY PiIKOMY CE€PEIOBHIII, BUMIPIOBAHHS ITPOBOIAIIUCS YepPe3
piBHI iHTepBanu yacy (uepes 1,7, 14, 28, 30, 40 116 y piakomy cepemonuiiti). Koedirient

mudy3ii BU3HaUeHO 3a (HOpMyII0r0


https://www.iso.org/standard/74990.html
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_ tg’apr
m — 2‘(C5—C1), (23)

7€ 0. — KyT Kparut po0odoi puarHNA Ha TOBEPXHI 3pa3Ky TiOpuIHO-MOIU(DIKOBAHUX
OlozerpanadeIbHUX MaTepiaiB;

pr — TYCTHHA POOOUOT pUANHH, 2/cM>;

CS — KOHIIEHTpallisg po60Y0i PUAMHE B MOMEHT HACHYEHHS, 2/CM>,

C;— 1IoYaTKOBA KOHIIEHTpaLis po6ouoi puanHu, 2/cms;

JI1s1 BCTAaHOBJIEHHS CTIKOCTI A0 YMOB [1i MOCYJOMHMHMX MalIuH pO3pOOJEHUX
riopuaaux OiogerpagadbeTbHUX HAMOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBoBOi Ty1Ti
ta I'P nmpu oneprkaHi mocyiu 3 HUX, MPOBEJICHO BUIIPOOYBAHHS Y BOJII 3 TEMIIEPATYPOIO
100 °C 3a HacTymHOIO TPOTPamMoro:

- 3aHYPEHHS 3pa3KiB y Bofy 3 Temrepatyporo 100 °C;

- 3QJIMILIEHHS 3pa3KiB 10 3MEHILIEHHs TeMIiepaTypu Boau 10 25 °C;

- CylIKa Ha MOBITPI;

- 3BOKyBaHHS,

- IOBTOP 3 TIOYATKY.

Buxonsuu 3 TOro, 1o mocyj 3 MoJiMEpHUX MaTepiajiB 3 J0/IaBaHHSM KaBOBOI
rymii Mae BUTpuMyBaty 40 mUKITiB MUTTS ¥ nionadi kaBu 9 4aro [308], KOHTpOIbHUMU
toukamu obOpano 10, 20, 40, 60, 80,100 mUKITIB €KCOEPUMEHTIB 3a MPOrPaMor0. Y
MOCYIOMUIHINA MammHi Ti0puaH1 OlogerpagadenbHi HAMTOBHEHI KOMITIO3UTH Ha OCHOBI
[TJTA, xaBoBoi rymi ta ['P ipu Bmicti 0,5 mac. % ['P3 B HuX Ta pi3HOMY BMICTI KaBOBO1
T'YIIl pa3oM 3 IHIIUM [TOCYJIOM MUJIMCS 32 IMKIIOM 3 TemriepaTyporo 75 °C Ta CylIkoro y
MallliH1, 3araIbHUH Yac UKy — 55 xBunuH, Tar [TAP -anionHumiA.

JIns  BU3HAUEHHS  KOMIUIEKCY  MII[HOCTHMX  XapaKTEePUCTHK  TiOpHIHO-
MoIU(IKOBaHUX OioJerpagadenbHUX MaTeplaliB BUKOPUCTAHO HACTYIHI METO/U.
MIITHOCTHI BJIaCTHBOCTI TiIOpUAHMX IUTIBOK Bu3Hadaym 3rigHo 1SO 527-2 Ha po3puBHIii
Mamal  PJ[-200M. [Insi KokHOi TiOpuAHOT TUTIBKM BCTAaHOBJIIOBAJIM BIJTHOCHE

MOJ0OBKEHHS ITpH po3puBl (%) Ta MinHICTh pu po3puBi(MIla). JlocaimkenHs yaapHoi
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B’SI3KOCTI Ta pyWHIBHOI HAIIPYTH IPH BUTHHI 3pa3KiB 0e3 Hapi3zy npu temmeparypi 20 °C
MPOBOAMIIM Ha MasiTHUKOBOMY Koripi 3rimHo 1SO 180 ta 1SO 178, BiamosigHO.

Jlnst BuMipy cTymneHiB Oilomerpamaiii BUKOPHUCTOBYBIM METOJ, ONMUCAHUU B
ISO 846 [213]. IlimroryBamu arap-arap, sKiii HE MICTUTh Xap4OBHX PEUYOBHH, 1
po3nuBanu B yamku [lerpi. 3pa3ku riOpuaHUX O1OMOTIMEPHUX MaTEpialliB y BHUTIISIL
TUTIBOK MM1IJAI0THCS CTEPUITIZAILT TUISIXOM 3aHypeHHS B 70 % eTHIIOBHIA CIUPT BIPOOBK
1 xB, micJist 4Oro BUCYIITYBaIHM B MOBITP1 72 4. [ToTiM 3pa3ku riOpuiHUX 010TOTIMEPHUX
MaTepialiB y BUIJIAMI TUIIBOK PO3MIIIYyBajdM Ha TMOBepXHIO yamku lletpu, 3Bepxy
HAHOCHWJIM CYCIICH31I0 JKUTTE3aTHUX IPUOKOBHX criop (KoHcopiiiym BuaiB A. niger, P.
funiculosum, P. variotii, A. terreus, A. pullulans, P. ochrochloron B kinbkocti 106 criop
B MJ JUIi KOXHOTro BHJy) B KuibkocTli 100 M. [laHl BUAM MIKPOOPraHi3MiB €
cnenudiuHIMH I8 pOCTy Ha OlojmerpanadenbHuX TUTACTHKAX 1 )KUBYTh B TIPUPOTHHUX
0ioomeHo3ax. 3pa3ku TIOpUAHMX OIOMONIMEPHUX MaTepialiB y BHUIJISAL IUTIBOK
1HKyOyBal B TE€pPMOCTaTi BIPOJMOBXK 6 MicsmiB mpu temmeparypi 29 °C 1 BigHOCHIH
BosiorocTi > 90 % 1 3BakyBanu KOXKeH Micsib. [Ipu Bu3HaueHH1 OiomerpanadenbHOCT
riOpuaHUX HAMOBHEHHWX KOMITO3UTIB Ha ocHoBi IIJIA, kaBoBoi rymi Ta I'P, sk
KOHTPOJIbHI 3pa3Kh BUKOPUCTOBYBAJIMUCS TMOJIMEPHI IUIIBKM TOBIIMHOIO 1 MM.
JlociimkeHHs: Ha OloJerpaaaiiro MPOBOIWIN Y MOJACTBHIN CHCTEMi: BUKOPHCTOBYBAIN
KOHTEHHEepH, 10 3anoBHIOBamuCcA 150 rpamMaMu MoibOBOI 3eMill. 3pa3Ku MOJIMEPHUX
IUTIBOK TIOpUIHUX OloJerpagadenbHUX HANOBHEHUX KOMIO3UTIB Ha ocHOBI [IJIA,
kaBoBoi rymi ta I'P Bimomoi macu po3mipoMm 15%15 MM y MapieBHX KOHBEpTax
NOMIIaIN Y KOHTeiHepH 13 3emuieto Ha rmbuny 1 cm. Kontelinepu mpomapkoBaHi i3
3a3HAYEHHSM CKJIAJy JOCIHITHOTO 3pa3ka Ta oro macu. KoHTeliHepu 1HKyOyBaim 3a
temriepatypu 65 °C 3 MIATPUMKOIO BOJIOTOCTI Ha TOCTIHHOMY pIBHI IIISXOM
PETYJISIPHOTO 3POLICHHS IPYHTY 3 4aCTOTOIO 2-3 pa3u Ha TWXKAEHb. ExcrieprMeHTanbHO
BCTAHOBJICHI 7 TepioaiB ekcmosuilii 3pa3kiB TepminoMm 60 ni6. BuiyueHi 3pasku
IPOMUBAIM BOJOMPOBITHOIO BOJAOK, BHUCYLIYBAIMCS MpU KIMHATHIM Temmeparypi
IPOTATOM JO0H 1 3BaXKYBaJIUCS JIJIsl BA3HAYCHHSI 3JIUIITKOBOI MacCH.

Brpaty Macu 3pa3skaMu BU3HayaIu 3a (YOPMYJIO0
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Am =" 100, (2.4)

mg

Je M, — Maca BHUXIIHOTO 3pa3ka TiOpuIHuX OloaerpagadenbHUX HANOBHEHHX
KoMmno3uTiB Ha ocHOBI [1JTA, kaBoBoi rymii ta I'P, 2;

mg — Maca 3paska TiOpuaHuX 0lojerpanadebHUX HAIIOBHEHUX KOMITO3HTIB Ha
ocHoBi [1JIA, kaBoBoi rymii Ta ['P nicis nepeOyBaHHs y KOHTEHHEDI, 2.

Jnst omiHKM e(PEeKTUBHOCTI BUTOTOBJICHHSI KOMIIOHEHTIB MIKPOEJIEKTPOHIKU 3
ribpuaHo-moaupikoBaHux OloaerpagadeabHIX MaTepianiB BUKOHAHO BUMIPIOBAHHS Ha
npeameT koediuieHTa nepeaadl T Ta koedinieHTa ctos4oi xBuil o Hanpy3i KCBH  sxe
MPOBEJICHO HAa aBTOMATU30BAHOMY CKaJIIPHOMY aHalli3aTopi criektpy P2-65 y aiamazoni
gactot 26-37,5'T.

J{ns ominku e€(peKTUBHOCTI BUTOTOBJIEHHS MEMOpaH 3 TiOpHIHO-MOIU(PIKOBAHUX
OlomerpagabeIpHUX MaTepiadiB BUKOHAHO OIIHKY CEJIEKTMBHOCTI KOHIICHTpAIIl 10HIB
METaJliB Yy BOJHUX PO3UMHAX Ha ONTHUKO-eMiciiHOMYy crnektpoMerpi PlasmaQuant PQ
9000 Elite (HimeuunHa) BHCOKOi pPO3JILHOI 3JaTHOCTI 3 1HJAYKTUBHO-3B'SI3aHOIO
1a3MOI0.

Jnst omiHKKM €(PEeKTUBHOCTI BUTOTOBJICHHS 010JI0T1YHO-aKTUBHUX TIPOTENIB 3
riopuaHo-moaudikoBaHux OloaerpagadeIbHUX MaTeplajiB BUKOHAHO BHU3HAYEHHS
BOJIOTO-JIIMIJHOTO OalaHCy IIKIpH 3 BUKOPUCTAHHSAM TMpodeciiHOoro aHamizaTopa
BosiorocTi Ta kupHocTi mkipu Belulu Skin Checker (SAnonist). BumiproBanu Bosoro-
JIMIHAN OajaHc B 00JIacTi HaBKOJIO OYEH A0 Ta IMICII HAaHECEHHS TpaHCIepMallbHUX
010JI0TIYHO AKTHUBHUX T1APOTENIEBUX MaTepilaiiB BOPOJOBXK 15 XBUIMH y I’ATH >KIHOK
BikoM 23-35 pokiB. CTyniHb HaOpsikaHHs T1IOpUAHUX TigporeniB Q po3paxoByBaliv 3a

dbopmyIioro

mi—m

Q =100-( ), (2.5)

m

e Mp — mMaca Ha6p51KJIOFO 3paska, g,
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M — Maca 3pa3Kka J0 BUTPUMYBaHHS y BOJHOMY PO3UHHI, 2.

ApnresifiHi  BJACTMBOCTI OITYMHHMX KOMIIO3WUTIB BHU3Hayajaucs 3a JBOMaA
METOMKAMH:

- METOJWKAa BHU3HAYCHHS 3YEIUICHHS B'SHKYYOTO 3 TOBEPXHEIO MIHEPaTbHOTO
Matepiany. SKiCTh 34eTICHHS OIIHIOIOTh Bi3yaJIbHO 3a CTYTIEHEM 30€peKEHOCT] TUTIBKH
OITYMHOT0 B'SDKY4YOro Ha 3€pHaxX MEOHIO MICIs HOro KUM'ATIHHS B TUCTUIILOBAHOT BOI,

- 32 METOJIMKOIO BU3HAUCHHSI KPaioBOTO KyTa 3MouyBaHHs [7,8].
2.4 MeToi CTaTUCTUYHOI 0OpOOKH €KCIEPUMEHTAIbHUX JaHUX

B naniii po0OOTI, 1Jisi OTpUMaHHSI OKPEMHUX MOKA3HUKIB BJIACTUBOCTEH 00'€KTIB
JOCTIKEHHS, SKi 00 €KTHMBHO BiIOOpaXKaloTh pe3yJbTaTH 3AINCHEHUX TPHU
EKCIIEPUMEHTATbHOM  BUMIPIOBAaHHI,  BUKOPHUCTOBYIOTHCS  TEpPBUHHI  METOIU
CTaTHCTUYHOI OOPOOKH €KCIIEPUMEHTANBHUX JNaHuX [214-216]. B paMkax mpoBeneHHs
napajieTbHUX €KCIIEPUMEHTIB, BAKOPUCTOBYBAIU BUOIPKOBOIO CEPEIHBOI0 BETUYNHOIO,

SIKa PO3PaXOBYETHCS 32 (POPMYJIOI0 HACTYITHOTO BUTIIAAY [214]
__1
X :;Z?ﬂ Xis (2.6)

1€ Xj — 3HaYCHHS TTOKa3HMKa I-T0 3pa3Ka,

N — 9UCI0 3pa3KiB y BUOOPII.

Jns  oTpuMaHHS TOYHHUX pE3yJibTaTiB BHUMIPIOBaHbL Ta iX JOCTOBIPHOCTI,
BUKOpHCTaHHO 10 MmapayeabHUX BUMIPIOBaHb IS KOJKHOTO 3pa3ka [215].

BusHaueHHs aHAmITHYHOT (POPMH CTATHCTUYHHUX 3aJCKHOCTEH 3IiHCHIOBAIOCS
perpeciiHiM aHaJli30M Ha OCHOBI METOJa HaWMEHIUMX KBaJpaTiB 3a JOMOMOIOI0
minensiiHoi komm totepHoi mporpamu  Microsoft Excel. Tlpu mpomy Bu3Hawammcs
HACTyIH1 BUIAJKU:

1) Jus mnoOymoBu 3anexnocti y=f(X) Bu3Hawamocs pe3yiabratd N

SKCIIEPUMEHTIB Y BUTIISAII BUOIpKOBOT CYKymHOCTI ( (X1,Y1), (X2,¥2), -..(Xn,Yn));
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2) s 3anexxnocTi Z = f(X.y) - BuGipka ( (X1,Y1.21), (X2,Y2,Z2), ...(Xn,Yn, Zn));

3) s 3anexxnocTti V = f(X.y,z) - Bubipka ( (X1,Y1,21, V1), (X2,¥2, Z2, V2), ...(Xn,Yn, Zn,
V).

3aranpHui BUJ JIiHIA perpecii (JiHIMHA, CTyNEHEBa) XapaKTEPU3YyBaBCS
PO3MOJIOKEHHSIM €KCIIEPUMEHTATBHIX TOYOK Ta (PI3UYHUX OCOOIMBOCTEH aHATI3yEMUX
IIPOIIECIB.

Jis  OIiHKKM  aJeKBaTHOCTI ~ OTPUMAaHMX  aQHANITHYHHX  3aJeKHOCTEU

BUKOPUCTOBYBCS KOE(DIILIIEHT eTepMiHalli

2 _ 1 _ 20=yd?
R =1=5S07 @7)

7ie Vi — peabHi 3HAaYCHHS Y Y KOKHOMY CITOCTEPEIKEHHI;

yi— 3HaueHHs, iepe0ayeH1 BU3HAYCHOIO JITHIEI0 perpecii 3aj1eXKHOCTEeH;

Yy — CepeHe 3a BciMa pealbHUMU 3HAYCHHSIMH Y.

R? mokasye, HACKiIbKM YMOBHA JHCIEPCiS BH3HAYEHMX 3aJIEKHOCTEH
BIZIPI3HSETHCS BiJl IUCTIEPCIi peaTbHUX 3HAYCHb V. SAKIO 11ei KoedilieHT OIM3bKUil 10
1, TO ymMOBHa AucCHepCis 3alieKHOCTEH JTOCUTh Maja 1 WMOBIpHO, IO JIHIS perpecii
3alIeXKHOCTEN Hemorano onucye Aani. SIkmo R?3nauno Menmmii 3a 1, HanpyMKIaa, MEHIIE

0,5, To, 3 BEIMKOIO YaCTKOI BIIEBHEHOCTI 3aJICKHICTh HE BijjoOpa)xae peasibHi AaHi.

2.4 BuCHOBKH 3a pO3/ILJIOM 2

1. Ilpu opep>kaHHI riOpUIHUX MaTepiayiB 3 TYMIHOBUMU PEYOBHHAMH Oyporo
BYTuULIs (BKIIOYHO rymMiHOBI kucioTu (I'K) Ta cyxuii 3anuiiok rymiHoBuX pedoBuH ['P)
BUKOPHCTOBYBAJIM TaKl CHPOBMHHI MaTepiajii: ByTULIS PI3HOrO CTyNEHSI METaMophi3my,
TYMIHOB1 pEYOBUHU 3 Oyporo Byriuisi, XapuoBuii skenatud mapku P-11 (Ykpaina), [IBC
Mapku «Mowiol 6-98y» (Kuraray, Anonis), I'TIMI] mapku Walocel™ BupoGuuiira Dow

Corning (CIIIA), momimep mosnounoi kuciotu — [IJIA excrpy3iitHoi mapku Terramac TP-
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4000, BropuHHMII TominmponuieH, Oitym HadToBuit mopoxkHid mapku BHJ[ 60/90,
BIJIXO/IM KaBOBOI I'yIlli, POCJIMHHI JUCIIEPCHI HAlOBHIOBAUl, a caMe JIEpEBHE OOPOILHO,
OopormtHo XBoi (ImoApiOHEHa XBOS, COCHH 1 SUTMHHU, a TAaKOXK iX IP10HI T'UIKK AlaMeTpoM 5S-
6 MM), ToApiOHEHEe JYIIMUHHS TPEYKH Ta BiBca (TEXHOJIOTTYHUM BIIXiJ MEepepoOKu
KpYII), JIUCTsIHE OOpOITHO (1epeB poay KieH (1at. ACer)).

2. JlocmimkeHHss OyIOBH, SKICHUX 1 KUIBKICHMX XapaKTePUCTUK TYMIHOBHX
PEUYOBHH BYTULIS BYTuUIs 3iAllicHEHO Metojgamu TexHiuHoro (W2, Ad - sdo Vdaf),
eneMeHTHOro (C9f, HUf Ndaf g4 - Qdal HAdR HARY)  ximiunoro (SiO,, Al,Os, Fe,0s,
MgO, Ca0, Na;O, K;0, SO3), cnekrpansroro (IY-cnexrpodoromerp «Nicolet 380»),
TEM wmikpockomiynoro (Mikpockorn Selmi EMV-125), nunHamidHOro po3citoBaHHs
cBiTia (ycranoBka Zetasaizer NanoZS, Malvern) anasisis.

3. HocmimxeHHss OyJOoBH Ta CTPYKTYpH TIOpUAHHX MOJIMEPHHUX MaTepialiB 3
BUKOPUCTAHHSIM TYMIHOBUX PEYOBMH Oyporo BYTUUIA 3AIMCHIOBAIM METOAaMHU
BICKO3MMeETpii, KOHIyKTOMETpii (KoHaykTOoMeTp TDS-merpi HM digital COM-100),
noteHiiomerpuunoro tutpyBanHs (pH-merpa PH-200 Waterproof Professional
Series pH/Temp Meter), ATA-TI (nepuBarorpad Q-1500 D), JICK (Tepmoanaizatop
«Mettler TA 3000» dipmu «Mettler Toledo») ta pentrenocTpykTypHOro (audpakToMeTp
«BrukerXFlash 5010») anani3is.

4. @i3uko-MexaHIyHl, eKCIUTyaraimiiiHi Ta OloaerpagabenbHl BIACTUBOCTI
riOpUIHUX TOJIMEPHUX MaTreplaiiB 3 BUKOPHUCTAHHAM T'YMIHOBHX PEYOBHH Oyporo
Byruuis BuzHadanuch 3rigHo airounx JICTY Ta wmibknHapognux crangaptiB [SO:
BogonormHanH (3rigHo SO 62:2008), KOMIUTEKC MIITHOCTHUX XapaKTEpUCTHK (yIaapHa
B’s13KicTh (3rimHo ISO 527-2), mexa mirHocTi ipu 3ruHi (3rigHo ISO 180) Ta MinHICTS
Ha po3tsar (3rigHo ISO 178)), crymens HaOpsAKaHHS, KOMIUIEKC TEXHOJOTIYHUX
xapaktepuctuk (ryctunu (3rigao 1SO 1183-1), moka3HHK MIMHHOCTI po3TOoNy (3TiIHO
ISO 1133), temmneparypa ToruieHHs (3rimHo ISO 3146)), GiomerpamabenbHICTh Ta
antubaktepianbHicTh (3rimHo ISO 846 Ta JACTY EN 14995:2018), copOiiiiHi,
CIEKTPUYHI  BJACTUBOCTI (3 BHUKOPHUCTAHHSIM aBTOMATH30BAHOTO  CKaJISIPHOTO
aHamizatopy chnektpy P2-65 y miamazoni uactor 26-37,5 ITm), cenexkTtuBHI

(PlasmaQuant PQ 9000 Elite (Himeuunna)) Ta 1Hmi.


https://www.iso.org/standard/74990.html
https://www.iso.org/standard/81833.html
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5. TeoperuuyHi MeTOAM [OCHIKEHHA Yy3arajibHEHHsS, CHCTeMaTu3aulii Ta
kyacudikanii Oyau BUKOPUCTAaHHI s Kiaacu(ikalli CHpOBUHHOI 0a3u Oyporo Byruuisl.
OO0po0OKka eKCrepUMEHTAIbHUX JJAaHUX Ta BU3HAYCHHS MAaTeMaTUYHUX 3aJIKHOCTEH JIJIs
PI3HHX CKJIaJiB TIOpUAHMX TMOJIMEPHUX MaTepialiB 3 BHUKOPUCTAHHSAM TyMiHOBUX
peYOBHMH Oyporo BYTULIA BHKOHAHO 13 3aCTOCYBaHHSM METOAIB MaTEeMaTHYHOI

CTaTUCTHKH 13 3asTyueHHsIM nporpamuux naketie Microsoft Office Excel.
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PO3/ILI 3
JTOCJIUIKEHHSI CHPOBUHHOI BA3M JUISA OJAEPKAHHS
MOXITHUX BYPOI'O BYT'UIJISI TA OLIHII X MOTEHIIAJTY
HENAJIMBHOT'O 3ACTOCYBAHHS

Ha ocHOBi aHamizy Cyd4acHOTO CTaHy pPO3BUTKY TEXHOJIOTi BHUKOPUCTAHHS
noxXiHUX BYTriuIsl B Po3aisbl 1 Oyno BCTaHOBJIEHO O€3YMOBHO BHCOKHI CHUPOBHHHHUI
NOTEHIlaJl Il HEEHEPreTUYHOT0 BHUKOPUCTAHHS Oyporo BYTuUUIs OpH OJEpKaHi
BYTJICNTY>)KHUX PEarcHTiB T'yMiHOBUX KHCIIOT Ta PEYOBHH, BOCKY, METATyprifHOTO KOKCY,
BUJIYUYEHHS PIJIKICHUX Ta PO3CISTHUX eneMeHTIB. PakThuuHo Oype BYruuis, 3aBIsSKU
O0COOJIUBOCTSIM CTPYKTYpPH, MPUPOJHUM COPOIIHHUM Ta 10HOOOMIHHUM BJIACTUBOCTSIM,
HAsSIBHOCT1 BEJIMKOI KIJIbKOCT1 61070T1YHO aKTUBHUX F'YMIHOBUX PEYOBHH MPECTABISIIOTH
BHUCOKY IIHHICTh SIK CUPOBHHA JUIsSI IMIUIEMEHTAIlll MPUHIMIIB €BpONechKOi 3eIeHOT
Yyrogd B paMKax TEpepoOKH B MaTepiaii TEXHOJIOTIYHOTO, EKOJIOT14HOTO,
CUTBCHKOTOCTIOAPCHKOTO, MOOYTOBOTO Ta I1HIIONO MpHU3HAYEHHS. TOMy OCHOBHOIO
TioTe3e0  JOCHIDKCHHS BHUCTYIIA€ NPUNYIICHHS, IO HASBHICTh CIHENU(BIYHOTO
(GYHKITIOHAIBHOTO CKJIATy Y TYMIHOBHUX PEYOBHH OypOro BYT1UIS JI03BOJISIE BUCTYTATH
iM T10pUIHUM MOAM(IKATOPOM IO BIIHOIIEHHIO A0 MOJIMEPHUX MarepiaiiB. Yepes 1e
MOCTa€ aKTyalbHOIO pPO3pOOKAa KOMIUIEKCHUX TEXHOJOTHYHUX OCHOB B HampsMi
HEMaJMBHOI'O 3aCTOCYBaHHA pecypciB Oyporo Byruuisl Ta HOro moxigHUX AJid riOpUIHO1
Moaudikamii nojaiMepiB. jisi TOro B pamkax 3amporoHOBAaHUX B POOOTI JOCIHIIKEHb
BUPIIIUTH HACTYIIHI 3ajaui:

- TOCJIITUTH CUPOBUHHY 0a3y Oyporo ByTuLIs B aCMIEKTI BCTAHOBJICHHS Cy4aCHOTO
CTaHy Ta MEePCHEKTUB HENAIMBHOIO HANPSMY MOro BUKOPUCTaHHS B Y KpaiHi;

- POBECTH JOCTIKCHHS AKICHUX 1 KUTBKICHUX XapaKTePUCTUK MOX1THUX BYTULISA
311 BU3HAYCHHS MOTEHIany iX TiOpuaHOoi (PYHKIIOHAJIBHOCTI CTOCOBHO ITHPOKOTO
KOJla MaTepiais;

- AoCcmiAuTH (I3UKO-XIMIUHI OCOONMBOCTI TiOpuaHOI Moaudikaiii TyMiHOBHX

PEYOBHMH BYTULIS TApOreniB, O10MIIBOK Ta KOMIIO3UTHUX MaTepiaiB;
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- BCTAHOBUTHU OCOOJIMBOCTI (JOPMYBaHHsI BIACTUBOCTEHN TiApOresis, O10MIIBOK Ta
KOMITIO3UTHHX MartepiajiiB B paMKax riOpuIHOI MoaH(iKkalii TYMIHOBUMH pPEYOBUHAMU
BYTLILIS;

- pO3pOOUTH TEXHOJOTIYHI OCHOBH TEXHOJIOT1 BUKOPHCTaHHS TYMIHOBHUX
pevdoBHH Oyporo BYTULIA JJIs OJiep KaHHS T10pHAHO-MOAN(DIKOBAHUX MaTepiaiB.

B npomy po3aini auceprariii mpoBeIeHO aHajli3 pPOJAOBHII, IMOKa3HUKIB SKOCTI Ta
MapKyBaHHS Oyporo Byruuisi YKpaiHM B acleKTi BCTAaHOBJIGHHSI TMEPCIEKTUB PO
HEOOX1THICTh TOIIYKY Ta PO3POOKHM HECHEPreTUYHUX METOAIB MOro BUKOPUCTAHHS Yy
Burisial noxigaux — 'K ta I'P sk riOpuanux moaudikaTopiB B MPoOLECi OJep:KaHHS

OiloserpanadeabHUX MaTepiaiB.

3.1 ®opmyBanHs KiIacuBIKAIITHOTO PO3IMOALUTY CHPOBUHHOI 0231 Oyporo ByTuLiIs

JUTSL OJIEpIKaHHS HOTO TTOX1THUX

Hns dopmyBaHHs Kiacu@IKallfHOTO PO3MOJALTY CHUPOBHUHHOI 0a3u Oyporo
BYTULIS JUIsl OJ€P>KaHHS MOro MOXiAHUX MPOaHaNi30BaHO MiHIMaJIbHI T4 MaKCUMAaJbHi
3HAYEHHS MOKA3HMKIB SIKOCTI 3TIJHO YKPAaiHCBKUX Ta MID)KHApOJHHUX CTaHJapTiB. B
BITUM3HSHIN MPAKTHII JOCTATHHO JIOBIO MaB MICIIE SKICHHH KBaTi(piKAIiHHIA PO3TO0I1IT
Oyporo Byriuis:

- Byruuisi Oyporo KOJbOPY Ta MAaTOBUM BIiAOJMCKOM Ha 3J1aMmi, Ha3WBaIOTh
HIUTBHUM OYypHM;

- BYT'ULJIS, SIKE JIETKO KPUIIUTHCS IO CTaHy MOPOILIKY, KIACU(PIKyBaJIU K 3eMJIICTE
Oype; 1IUIbHE, Maii)Ke YOpHE BYTULIA, AKE OJMIIUTH SIK CMOJIA, Ha3UBAJIW CMOJIMCTUM
OypHuM; POCIMHHY Macy, IO JIETKO pPO3IIAPOBYETHCS Ha IIapH, HA3WMBaJIM IMAllepOBUM
OypuM BYTULIAM ab0 J130/IUIIOM;

- BYTUJLIS, SIK€ BaXKKO BIJIPI3HUTHU BiJl TOPPY, HA3UBAIU TOPPOBUM OypHUM.

Taka kmacu@ikanig BimoOpaxkana (QakTUYHO CTyHiHb MeTamop(di3mMy Ta He
BpaxoByBaJla KOHKPETHI KUIbKICHM TOKa3HMKUA. Pe3ynbTaToM  MOBHOI[IHHOTO
KJacipikaIifHoOro PO3MOILTy Ma€ CTaTH BHU3HAYEHHS KOKPETHOI J0J1 Oyporo BYTULISA

CUPOBHUHHOI 0a3u YKpaiHu, sike 3a CBOIMH XapaKTepUCTUKAMH MOKe Oy/ie BiIHECEHE JI0



89

Ipylyd HENAJIMBHOrO BHKOpHCTaHHS. B Tabn. 3.1 Ta 3.2 HaBeneHO MIHIMAaJbHI,

MaKCHUMAaJIbH1 3HAYE€HHS TTOKa3HUKIB SIKOCT1 OypOro BYT1UIS.

Tabnuus 3.1 — 3HaueHHs BOJIOTH, 30JIbBHOCTI Ta MIHEpaIbHOI Macu Oyporo Byrimis™

IToka3zuuk MiHxiMaabHe 3HAYESHHS MakcuManbHe 3HaYeHHS
W % 26,1 60,7
W % 4,6 35,4
W % 23,4 57,7
w2 % 10,2 38,2
A% % 9,1 28,6
A% % 10,1 33,3
A" % 49 20,2
MM % 10,5 32,2
MM % 11,6 35,1
*W/[ - Bosoricte Ha pobounii ctan, %; W — Bojoricte Ha aHATITUYHUI cTaH, %0; thf — BOJIOTa Ha
af

pobounii 6e330mbHUN cTaH, %; W,,,, — MAKCUMaJIbHA BOJIOTOEMHICTh, %; A"— 301bHICTH HA POOOUMI
cral, %; A* — 30/IbHICT, Ha aHANITHYHMIA cTaH, %; A? — 30mbHICTH Ha cyxuii cTaH, %; MM® — BmicT
MiHepaabHOI MaCH Ha aHATHYHMI cTaH, %; MM — BMicT MiHepabHOI MacH Ha CyxXuii craH, %

Tabmuus 3.2 — 3HayeHHS CIpKH, BUXOMY JIETKUX PEUOBHH, BHUXOAY CMOJH

HaITIBKOKCYBaHHSI, TOKa3HUKA BIOUTTS BITPUHITY Ta TEIUIOTH 3TOPSHHSA™

[Toka3zHuk MiHiMalbHE 3HAYCHHS MakcumaibHe 3HaYCHHS
SEH% 1,16 4,91
SE, % 1,10 5,41
ydaf o 42,8 68,7
Tox' % 4,7 21,8
Ry max, %0 0,45 0,71
Ry % 0,42 0,66
Q2 , Mionc/xz 20,63 30,94
A MITwc/xz 12,74 27,79
Q™ Miorc/ke 2 32,87
Q] , Mc/ke 1009 6572
* S& — BMiCT 3araibHOI CipKH Ha aHATITHYHUI cTaH, %; S& — BMicT 3araibpHOI Cipku Ha cyxuii ctaH, %
vaef _  puxig neTKmx pedyoBMH Ha cyxuil 0Oe330npHUN cTaH, %; Tg,? ro_ BUX1J CMOJIH

HAIMiBKOKCYBaHHSA, %0; Ry mgy — MAKCUMaJIbHUM TOKa3HUK BIJOWTTS BITPUHITY, %; Ry, — MOBLIEHMI
. . . . o . na
MOKA3HUK BiOWUTTS BiTpHHITY, %; Q] — HIKYA TEIUIOTA 3TOPSHHA Ha poboumii ctan, M/{ic/ke; st —
o o o . da o
HaliBHUIA TEIJIOoTa 3TOPSIHHA Ha BOJIOTWH Oe330mbHHIA cTaH, MJDK/KT; Qg 7 _ maiiBuma Temnora

o o . oammf . o
3rOpsiHHA Ha Ccyxuil Oe33onbHUil ctaH, M/owc/ke; Qg — HaAWBUINA TEIUIOTa 3TOPSHHS HAa CYXUU
Oe3minepanbHuil ctan, M/{oic/ke; Q] — HIKYA TETUToTa 3STOPSHHS Ha poOounii cra, M/c/ke.
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Huxue HaBeneni Bigomi Ta po3po0breni [93, 97 — 99] dhopmynu 1ist po3paxyHKy

JESKHX TOKa3HHMKIB SAKOCTI Oyporo Byruwis ans (opmyBaHHS Kiacu(IKaliiHOTO

POCTIONILTY CHPOBUHHOT 6a3u Oyporo BYT1/UISI I OCpKAHHS HOTO OXiTHUX [93]

raf r 100
|74 =W -
t £ 100-4"
af _ 100-0¢
Whax = daf
N

MM® = 1.08 - A* + 0.55 - S&,

100
MM = ,
100-wa

R _ 1
omax 1.05 IV—daf/29.63,

R _ Ro,max
or 1.07

)

d
Y =1.459- Q2% —17.36,

mmf _ _100-A7
s 100-MMa '’

(3.1)

(3.2)

(3.3)
(3.4)

(3.5)
(3.6)
(3.7)

(3.8)

3rigno JACTY 3472:2015 «Byriuus Oype, kam’sine Ta anTpauuT. Knacudikaris»

Oype Byruuisi Mae Jume oaHy Mapky «b» Ta xapakrTepusyeTbCsi HACTYNHHUMH

MOKa3HUKaMH KocTi (Tabi. 3.3).

Tabmuusg 3.3 — Knacudikamiiiai xapakrtepuctuku Oyporo Byruuis 3rigHo JCTY

3472:2015
Bun Byrimuis bype
Mapka ByTijuis Bype
CepenHiii TOBUTBHHN TOKA3HUK BiIOUTTS .
. i 0 Mennie Hixk 0,4
BiTpHHITY, R, -, %
Knacudikariitai Buxia neTkux peuoBHH Ha CyXHil 0€330IbHUI .
nacugixan A P daf Oy Bix 50 no 70 Bk1.
MMOKa3HUKHA cran, V% %
Buma TennoTa 3ropsiHHS Ha BOJIOTHIA ,
. af Mene nix 24
6e330sbHUI cTaH, Qg° , MJDK/Kr
Mapka b
[To3naka P
I'pyna
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Amnanizyroun HaBeqeH1 y Tabn. 3.3 qaHi, MOXXHA CTBEpKyBaTH, 1110 3rigHo JACTY
34725:2015 O6ype Byruuisi IOBUHHO MAaTH 3HAYEHHS! CEPEHBOIO JOBIIBHOTO MOKa3HHUKA
BIIOUTTS BITpUHITY MeHIIe HiX 0,4 %, BUXiJ JETKHUX PEUOBUH Ha CyXuUd 0€330JbHHI
crtad Bigx 50 mo 70 %, a TakoX 3HAYCHHS BWINOI TEIUIOTH 3TOPSIHHS Ha BOJIOTHM
0e330JIbHUI cTaH MeHIIe Hixk 24 M/[ic/xe.

[lepmra Mi>kHapo/iHa KOJ0Ba cucTemMa Oyporo Byruuis Oyia periiaMeHTOBaHa B
crangapri 1SO 2950:1974 «Brown coals and lignites — Classification by types on the
basis of total moisture content and tar yield». Cranmapt nommuproeTbcst Ha Oype ByTriuis

1 JTITHITH 1 BCTAHOBIIIOE 1X KJlacu(ikalliro 3a TUIIaMU Ha OCHOBI1 JBOX MapaMeTPiB: BMICT
. o o rafy - .
3arajibHOi BOJIOTU poO0YOro NajiuBa, po3paxoBaHuii Ha Oe330mbHM cTald (W, ), 1 BuXiz

CMOJIM HaIIBKOKCYBAaHHS Ha CyXuil 0€330JIbHUN CTaH (Ts‘f(af ). 3a mepmMM napameTpoM
BYTJUISL PO3/IlJIeHO Ha 6 KIaciB, a 3a JIPyrUM MapaMeTpoM BCEPEAMHI KOXKHOIO KJlacy
BHUJIUICHO TI0 5 TPYII.

Tun Oyporo Byrimis MO3HAYAETHCS TBO3HAYHUM KOJIOBUM YHCJIIOM, B SIKOMY
nepira udpa o3Havae HOMEp Kiacy, a apyra udpa — Homep rpymu (tadi. 3.4).
MixnapoaHa kiaacudikallis Byriyuisl B Ijactax OyJsia po3poOiieHa sl XapaKTepUCTUKH
BYT'UIBHUX POJOBHIN 1 HE TpU3HAYalacs Uil BUKOPUCTAHHS Yy BHYTPINIHIA 1

MDKHAPOJHINA TOPriBi, @ TAKOX Y MPOMHUCIOBOCTI.

Ta6muis 3.4 — Konosi uncna 6yporo Byruuis 3rigHo 1SO 2950:1974

I'pyna
7 Konosi uncna
TsKaf Howmep
Binbire 25 4 14 24 34 44 54 64
Binsime 20 1o 25 BxiIL. 3 13 23 33 43 53 63
Butsme 15 no 20 Bk 2 12 22 32 42 52 62
Bineme 10 go 15 Bxi. 1 11 21 31 41 51 61
10 ta men1Ie 0 10 20 30 40 50 60
Howmep kiacy 1 2 3 4 5 6
Binbme . . ) Binbie
Wmf, % 20 Ta 20 10 Binmeme 30 | binsmre 40 Binpmie 50 60 10 70
t MEHIIIE 10 40 BKIL 110 50 BKIL 110 60 BKIL.
30 BKII. BKJI.
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Y 1abn. 3.5 HaBeACHI XapaKTEPUCTHKU BYTUJUIA HU3BKOTO paHry MiKHApOIHOT

KJacuikauii Byriuisd B mjacrax.

Tabmuus 3.5 — Byriyuist HU3pKOTO paHTy 3a MiXkHApOIHOIO KiIacH(piKali€ro Byruuis B

IJjiacrax
HaiimenyBaHHs Ror % o MJTx/kr
OpTo-7irHUT <0,6 <15
Mera-airaur <0,6 15-<20
Cy060iTyMiHO3HE BYT1/UIS <0,6 20-24

BinmoBimHO 70 3araibHOI KOHIIEMINT BYTUIISIM HH3BKOTO DPAHTY BBAKAIOTHCS
. a .
BYTiUIg 3 QS{, <24 MJ[»xc/ke 1a R, 20,6 %. Byrumsa 3 R,, >0,6 % noBuHHO

x1acudiKyBaTHCs 33 TMOKA3HUKOM Qg ! (M/orc/xe), npuuoMy MaKCHMajbHa
BOJIOTOEMHICTh MO€e OyTH 3aMIHEHA Ha 3arajbHy BOJIOTY poOOUYOro najvisa abo BOJIOTY
B IUIACTI, OCKUIBKM PE3yJIbTaTH BU3HAYEHHS MAaKCHUMAJIbHOI BOJIOTOEMHOCTI BYTULIA
HU3BKOTO PaHTy MIOTAHO BiITBOPIOIOTHCS.

Ha ocnoBi MixnapoaHoi kiacudikaiii Byruuis B IUIacTax poO3poOJICHMHA 1
satBepkenuid ctanaapT ISO 11760:2005 «Classification of coalsy, sikuii ipeacTaBise
co00I0 Jenio CHpolleHu BapiaHT kiacudikamii Byriuis B rmiactax. Y Tabmi. 3.6

HaBEJICHO PO3MOILT BYT1UISI HU3bKOTO paHry 3rigHo ISO 11760:2005.

Ta6muis 3.6 — Byriuis Husskoro panry 3rigao SO 11760:2005

HaiimenyBanHs Ror, % wer %
Jlirmur C <0,4 35<w, 3 <75
Jliruut B <0,4 <35
Cy60iTymiHO3HE BT A 0,4<R, <0,5 He pernamentyetbcs

Bignmosigno mo ASTM D388-12 «Standard Classification of Coals by Rank»
BYT'ULJISL HU3BKOI'O PaHTy MOJUISETHCS Ha cy00iTyMiHO3HE 1 JirHiTH. Knacu 1 rpynu
BYT'UJJISI BCTAHOBJIIOIOTh HA OCHOB1 HACTYIHUX MapaMeTPiB: BUXiJl HEJIETKOTO BYTJICIIO

Ha cyxui Oesminepanbhuit crtan (C7,% ), BHIIA TemuoTa 3rOpsSHHA Ha BOJOTHH
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. o mm . . o
OesmiHepanbHuii cran ( Q. f , MJxc/ke) 1 BUXiI JETKHX PEYOBHH HA CyXHid

6e3minepansuuii ctad (12, %).

VY tabnui 3.7 HaBeIeHO PO3MOALT BYrULIsl HU3bKOTo paHry 3rinno ASTMD388-
12. BpaxoBy1o4M HasIBHICTh JOCTATHBO1 KITLKOCTI Kiacudikailiif 0yporo ByTijuis y CBITI
€ TOIUIbHIM MapKyBaTH HOTO HasIBHI MOKJIA X 3TiAHO 1UX Kiacudikarii. [le mo-nepie,
JACTh MO>KJIUBICTD OI[IHUTHU CIPOMOKHICTh YKPAiHCHKOT Ta MIKHAPOIHUX KiIacu(iKaIlii
aJICKBaTHO MapKyBaTH BiTUM3HsHE Oype BYTU/UIS, a MO-ApYyre, J03BOJUThH BU3ZHAYUTHCH

31 IUIIXaMH MOT0 palrfioHaIbHO1 TepepOoOKH.

Tabnuusg 3.7 — Byrums Huzbkoro panry 3rigao ASTM D388-12

Knacudikamiitauii mapamerp
0 o ) mmf
Knac ['pyna C?, % V°, % Qgy » MIc/ke CrikTBICTE
> < > < > <
S SubA 24,418 26,743
Cy606itomiHO3HE u Bi
BYTimLI subB ¢ HOpMY€ThCA 22,09 24,418 VACYTHA
subC 19,30 22,09
ligA 14,65 19,30
JlirauT - He nHopmyeTbes Biacytas
ligB - 14,65

BaxxnuBo mpoBecTH MapKyBaHHS HAasBHUX IMOKJIAAIB Oyporo Byriyuii 3TiHO 3
BITUM3HSHUMU Ta CBITOBUMH Kiiacu(ikailisiMu, siki HaBeneHi Bumie. J[ani mpo 3amacu i
MOKa3HUKU Oyporo BYyriuisl YKpaiHM B3ATI 3 JaHHUX JlepkaBHOTO HAyKOBO-
BUpOOHMUYOTO TianpueMcTBa «JlepkaBHuil  iHGOpMaIiiiHUN TeoJoriyHui  GOoHA
Ykpainn» Ta Buno0yBHux mianpueMctB Ykpainu: AT "lllaxtoynpasninnas" [TokpoBchke
", TIAT «ITEK IlaBnorpaaByriyuish». 3anacu Oyporo Byriyuist YKpaiHu IJisi Ofep>KaHHs
HOT0 MOXIJTHUX OIIHEH1 3 BUKOPHUCTAHHAM YKPAiHChKOT Ta MIXKHAPOIHUX Kiacudikariii
Oyporo ByTULIIS.

B Ta61. 3.8 HaBeneHo po3pobaeHuit kinacudikaiiHui PO3MOIiI CHPOBUHHOT 0a3n
Oyporo Byruuis YKpainu AJjisi Ofep>KaHHsI MOTo MOXITHUX (THUC. T) 3TAHO Kiacudikaiii

ISO 2950:1974.


https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B3%D1%80%D0%B0%D0%B4%D0%B2%D1%83%D0%B3%D1%96%D0%BB%D0%BB%D1%8F

Tabmums 3.8 — Knmacudikariitauii po3mnoais cCMpoBUHHOT 6a3u Oyporo Byriuis YKpainu

(y YMCENBHUKY) JUIS OJIepKaHHs Horo noxigamx (tuc. T) srigao 1SO 2950:19741

Howmep Howmep knacy Bcworo 3a
prHI/I 1 2 3 4 5 6 rpyr[OIO
. 0,0 0,0 0,0 0,0 0,0 0,0 0,0
0.0 0.0 0.0 0.0 0.0 0,0 0.0

; 0,0 0,0 0,0 140041 4668,0 0,0 18672.1
0.0 0.0 0.0 52358 0.0 0,0 5235.8

, 0,0 0,0 00 | 1675310 | 1205912 | 0,0 288122,2
0,0 0,0 0,0 5265,7 2423.6 0,0 7689,3

. 0,0 12966,8 | 8558,1 | 8418044 | 10811715 | 0,0 | 19445008
0.0 0,0 00 | 1232926 | 1629342 | 0,0 2862268

. 0,0 3360993 | 2593 | 10373 4668,0 0,0 342063,9
0,0 0.0 0.0 0.0 29.1 0,0 29.1

. 349066,1 | 88174 | 10243768 | 12110987 | 0,0 2593359
K —
CHOTO 38 KITACoM 0.0 00 | 1337941 | 1653869 | 0,0 299181

B Ta6:1. 3.9 HaBegeHo po3poOieHuii kiaacudikamiiHuii po3no/aiJi CHpOBUHHOI 0a3u
Oyporo Byruuist YKpainu AJig ofep>KaHHs Horo moxigHuX (THUC. T) 3TiIHO MIXKXHApOIHOT

kiacu@ikamii Byruus B miaactax [220].

Tabmums 3.9 — Knacudikariitauii po3noais cCMpoBUHHOT 0a3u Oyporo Byriuis YKpainu

U OJIEp KaHHS WOTo MOXiMHUX (THC. T) 3riiHO MiXKHapoaHOI Kiacudikamii Byriuis B

Iracrax
Haiimery BamHs Bamancosi 3amacu, THC T

A+B+CI C2

OpTO-JIIrHUT 3890,0 59,8
Merta-airauT 256483,2 15946,3
Cy00iTyMiHO3HE BYT1ILIS 1760631,4 170293,8
Bceroro 2021004,6 186299,9
Hepo3snoainene Byriuis 572354 ,4 112881,1

1V yncenbuuky — KinbkicTs (THC. T) Gyporo Byriuis kateropii 4 +B+C1, y 3HAMEHHUKY — KUTBKICTb (THC. T) 6ypOro ByTiLis
kateropii C2.
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Po3pobnenunii knacu@ikamiiHuid po3noAll CUPOBUHHOI 0a3u Oyporo BYruuis
VYkpainu ais ojiepaHHs HOro moxXiHUX (THUC. T) 3riiHO MixHapoaHoi Kiacudikaiii
BYTUIIS B IUIACTaX CBIAYMTH, MO0 OLIBIIICTH BITHOCHTHCS JO CyOOITyMIHO3HOTO Ta
Hepo3noiieHoro Byrims [223].

B Ta6n. 3.10 nHaBeneHo po3pobiieHnil KaacuiKariiHUNA PO3MOALT CHPOBUHHOI
6a3u Oyporo Byriuis HU3bKOTO paHTy YKpaiHH JUIsl OJiep>KaHHs Horo moXigAHuX (TUC. T)

srigao ISO 11760:2005 [221].

Tabnuusg 3.10 — KnacugikamiitHuii po3noiii CMpoBUHHOI 6a3u Oyporo ByTriyuisi HU3bKOTO

panry YKkpainu s oJiep>kaHHs oro noxiauux (tuc. 1) 3rigHo 1SO 11760:2005

HaiivenyBanns BbanaHcoBI 3amacu, THC. T
A+B+CI C2
Jliraur C 0,0 0,0
Jliraut B 0,0 0,0
Cy006iTymMiHO3HE BYTULIS A 2242218,2 292958,0
Hepo3snoainene Byriuis 351140,8 6223,0

Po3pobnennii knacudikaniiHuid po3moOJil CUPOBUHHOI 0a3u Oyporo ByTuuis
VYkpainu 111 ofepkanHs “oro noxigHux (tuc. 1) 3rigno ASTM D388-12 HaBeneHo B

tabn. 3.11.

Ta6mus 3.11 - Kimacudikariiauii po3moija CHpOBUHHOT 6a3u Oyporo Byrijuisi HU3bKOTO

paHry YKpainu ajis ofepkaHHs Horo noxigHux (tuc. 1) 3rigzso ASTM D388-12

Kiac T'pyna Banancosi 3amacu, Tuc. T
A+B+Cl C2
SUbA 133039,3 6941,0
Cy60iToMiHO3HE BYTLILISA subB 21784,2 0,0
subC 4668,1 59,8
JlirauT ligA 0,0 0,0
Bcroro 159491,6 7000,8
Hepo3snominene Byriyuis 2433867,4 292180,2

AHai3yloud HaBEJICH1 JaHi, MOXXHa 3poO0uTH BUCHOBOK 110 3rigHo JICTY
3472:2015 B YkpaiHi He iCHY€ MokiaaiB Oyporo Byriuis. Ls o6cTaBrHa cripoBOKOBaHa

HEJJOCKOHAIICTIO LIbOI'O CTaHAApTy, a caMe TOMY, 10 Kiacudikauis po3poossuiacs s
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MapKyBaHHS KaM’ SHOTO BYTUUIA Ta aHTpaIuTy, a Oype BYTULIS MapKyBajocs IO
OCTaTOYHOMY IPHHIIUITY.

Kpim Toro, B YkpaiHi Bkpail 0OMeXeHO MAHUX, LIOJ0 3HAYEHHS CEPEeIHbOTO
JIOBUTHHOTO TIOKAa3HUKA BIOUTTS BITPUHITY Oyporo BYTULIs, TOMY HOTO 3HA4eHHS (<
0,4 %) BUKOpUCTAHO JIMILIE /U1 BU3HAUYECHHS TPAHMULIL JUISI KaM STHOTO BYTULISI, 3HAUEHHS
CEPEIHhOT0 TOBLILHOTO MOKA3HUKA BITPUHITY SIKOTO OYJI0 BAOCTAb.

B nporunexnicts ykpaincekoMmy ctangapty HCTY 3472:2015 wmixnHapoaHa
kogoBa cuctema Oyporo Byrimig 1SO 2950:1974 mo3Bojsie MOBHICTIO PO3MOIITUTH
HasBHI MOKJIAIW YKPATHCHKOTr0 Oyporo Byruuis. BctaHoBieHO, 1110 HaOUTbIIA KIJTBKICTh
Oyporo Byruuis po3tamioBaHo y 4, 5 knacax 1 rpymnu, TOOTO XapakTepU3y€eTbCsl TAKUMU
noxasankamu siocti: W, =40-60 %; T =10-15 %.

Hani, HaBeaeni B 1a6m. 3.9 — 3.11 cBiguath, mo MixHapoaHa Kiacudikals
Byriuist B 1uiactax, 1SO 11760:2005 i ASTM D388-12 He crnpomoXxHiI MOBHICTIO
PO3UIMTH HasiBHI MOKJAau Oyporo Byruuis B YKpaiHi. 3rijHO HMX Kiacudikamiid B
VYkpaiHi nepeBakHO iCHy€e cy00ITyMIHO3HE BYT1JUIS, @ OKJIAIX JITHITY yKe OOMeXeHl.

Ha puc. 3.8 naBeneni naHi, mo10 BUA00yTKY Oyporo Byriuis B YKpaidi B mepion
32011 mo 2020 poxku.

S
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Pucynox 3.8 — BunoOyTtok 6yporo Byriuig B Ykpaini 3 2011 mo 2020 pik
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3a nepioa 2011-2020 pp. BU10OYTOK OypOro BYrijis CKOPOTHBCS OUTbII HIK Ha
20 % 1 Hapa3l ICHye TUIBKM TpH JIIOYMX PO3pi3iB MOpPO3IBCHKOro pooBUIIA
JIHITPOBCHKOTO OYPOBYTUILHOTO OaceiHy.

Ha croromni Hanpsimu mepepoOku Oyporo BYriyuis B YKpaiHi BKIIOYAIOTh TPU
OCHOBHI1 HAMIPSIMH:

- TEXHOJIOT1i, MPU3HAYECHHS SKUX — MIABUIICHHS SIKOCT1 BYT'UIbHOI MPOMYKIT JIJIst
3aJI0BOJICHHSI TIOTPe0 TEIUIOBUX EJIEeKTPOCTaHIIli, MOOYTOBUX CIOKHMBAyiB, a TaKOX
[IEMEHTHOI Ta METAIYyPriiHOT MPOMHUCIOBOCTI NUISIXOM IMiJBUINCHHS SKICHUX
XapaKTEPUCTUK MPOIYKTIB MepepoOKH (30araueHHs Ta OpUKeTyBaHHS, TUJIOBYTUIbHE Ta
BOJIOBYTUJIbHE MaINBO). CyTh JAaHUX TEXHOJIOT1H y TOMY, IO B IepepoOIli BYT1/LIsI HEMAE
3MiH Ha MOJIEKYJIIPHOMY pPiBHI. MakpomoJieKkyJia ByTriuisi He MiIJa€ThCsl NECTPYKILi, 1
MEPETBOPEHHSI BiIOYBAETHCS 3aBISKH 3MIHI NEAKUX (DI3SUYHUX BIACTHBOCTEH BYTLLIS.
3riiHO JaHHUX BUAOOYBHHUX MiMPUEMCTB Y KpaiHH 111 TEXHOJIOT1] BAKOPUCTOBYIOTD AJIs
75 % BUmOOYTOrO OYypOro ByTiJLIs;

- TEXHOJIOrIi, 0 3a0e3MeuyoTh OTPUMaHHS MPOAYKIIii 3 HOBUMH CHOKWBUUMH
XapaKTEPUCTUKAMU, L0 JI03BOJISIIOTh BUPOOJISATH MPOYKTH MEPEPOOKH 3 30BCIM THIITUM
[[IHOBMM J1alla30HOM IIJISIXOM TEPMIYHOIO BIUIMBY (KOKCYBaHHsI, HaIliBKOKCYBaHHS,
razudikamis Ta OTPUMAaHHS MOXIJIHUX CHHTE3-Ta3y — METaHONIy, aMmiaKy, MOTOPHOTO
najguBa Ta 1H., a TAKOX TiaporeHizaiis). Jlanuil BUa TEXHOJOT1H MoIsIrae y JOCSKHOCTI
PI3HU3 CTYNEHIB JECTPYKIll OpraHiyHOi PEeYOBMHM MpH ii meperBopeHHi. LInsxom,
3a3BHYai, (PI3MYHOrO HA OPraHiYHy Macy BYTriuLIA BIAOYyBa€eTbcs pyiHalis Mojiekyn. Ha
MOYaTKY 3 JIaOUTbHUX 3B'SI3KIB, a MICJA 1 1O JIiHIT ByTJIelb-ByTJielb. HamiBKOKCyBaHHS 1
KOKCYBaHHSI IO€/IHY€ HE3BOPOTHI MPOLIECH PO3KIAJaHHs PEUOBHHH, 1110 HATPIBAETHCS 3
BUJIJICHHSIM HU3BKOMOJICKYJIIPHUX TPOAYKTIB 1 KOHJEHCAIlli 3 YTBOPEHHSM TBEPIUX
BHCOKOBYTJICIIEBUX peuoBWH. [Ipu rasmdikarlii, Ha BIAMIHY MPOIECIB KOKCYBaHHS,
BiIOYBA€ETHCS MMOBHE pyHHYBaHHA opraHiuHoi peuoBuHU. [Ipoaykru razudikaiii CO ta
H; MoxyTh OyTH clipsMOBaHI Ha CHHTE3 PI3HUX OPraHIYHUX CIOJYK. 3TiTHO JTaHHHUX
BUJOOYBHMX MIJANPUEMCTB YKpaiHU 11 TEXHOJOrii BUKOPUCTOBYIOTH misa 20 %

BUI00yTOrO Oyporo Byriuis [223];
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- TEXHOJIOT1i He MAJIMBHOTO MPU3HAYEHHS, CIIPSIMOBaHI Ha BUPOOHUIITBO TPCHKOTO
BOCKY, TYMaHHUX TpernapariB, afcopOCHTIB, OJepKaHHS IIHHUX TOXITHUX y BUTIISII
MOJTIMepiB, TYMHHOBUX PEYOBHH Ta iH. [laHl TexHOMOTIi 3aCHOBaHI Ha MOMJIMBOCTI
BUJIUTUTH 3 BYTUIBHOI PEYOBUHU Pi3HI HOTO CKIJIAJIOBI B 3AJIEKHOCTI BiJl IX pO3UYMHHOCTI
B PI3HUX PO3YMHHHKAX 1 TAKUM CIIOCOOOM OJIepKaTH PEYOBHUHH, 10 MAIOTh HE MaJIUBHE
3actocyBaHHA. J[ns cydacHoi VYKpaiHM 116 CTOCYETbCS 34€OUIBIIONO OTPUMAHHS
TIpCbKOTO BOCKY. 3TaJIHO JaHHUX BUAOOYBHUX MIAMPUEMCTB YKpaiHU Il TEXHOJIOTIT
BUKOPUCTOBYIOTH [ 2 % BUI00YTOTrO OYypOro ByTuLs.

BpaxoByroun To# akT, 1mo Bug00yTok Oyporo Byriyuis B Ykpaini 3 2011 mo 2020
POKM KOJMBaBCs BiJ 2 10 15 THC T Ha piK, a IPOTHO3HUI MOTEHI1a] BUAOOYTKY BYTULISA
MiAIPUEMCTBAMU OypOBYTUIBHOTO KOMIUIEKCY Ha mepion g0 2047 p. ckiagae mopsi
24 000 toH Ha pik [223, 224], momyk Ta po3poOKa HEEHEPreTUYHUX METOJIB HOTO

BUKOPHUCTAHHS € 1y>K€ MEPCIEKTUBHUM HayKOBUM Ta MPAKTUYHUM 3aBIaHHIM — puc. 3.2.
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Pucynoxk 3.2 — ITotentian BugoOyTKy ByTriUIs HiANPUEMCTBAMH OypOBYTLIHLHOTO

KOMILIEKCY Ha mepion 1o 2047p.
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TakuM YMHOM, BaXJIMBO BIJ3HAYUTH, IO MPOBEJACHUN aHaI3 POJOBHIIIL,
MOKA3HUKIB SIKOCTI, CyYaCHUX HaNpsAMiB epepoOKU Ta MOTEHIIany BUAOOYTKY Oyporo
BYTULIS YKpaiHu MOKa3ye, M0 TUIbKU 2 % cy4acHOTo Oyporo BYrijuis nepepoOsoThes
B paMKax TE€XHOJIOTi HEeMaJIuBHOI'O BUKOPUCTAHHS Ta MEPEPOOKHU 3 METOIO OJCpPKAHHS
KOPHCHUX PEUYOBHMH Ta MaTepiajiiB. B Toli ke yac, caMe HEeeHepreTUYHe Ta HEMaluBHE
BUKOPUCTAHHSA KOMAJIUH Oyporo BYTULIS BIJHOCHTHCS O HAWOUIBII MEPCIEKTHBHUX
HampsiMiB PO3BUTKY B pamkax peanizaimii Crpareris HU3bKOBYTJCIIEBOTO PO3BUTKY
VYkpainu g0 2050 poxy, OCKIIBKM J03BOJISIE OTPUMYBATH TOBapHY MPOAYKIIIIO, IO
KOPUCTY€TbCS MIJIBUILIEHUM IOMUTOM, BapTICTh SIKOI 3HAYHO TIEPEBHILYE BaPTICTh
BUX1HOI cUpOBUHU. Takox 1el HampsiM MOBHICTIO BIANOBIAaE €BPONEUCHKINA 3eJIeHIN
yroai, npuiiHaTid y 2019 poky €Bponelicbkoro Komiciero B pamkax metn €C mono
JOCSITHEHHSI KIIIMaTuyHO1 HeHTpabHOCTI 10 2050 poky, m0 sikoi YKpaina npueHanacs
B 2021 poui. Bce ne nae 3mory 3poOMTH BHCHOBOK PO HEOOXITHICTH MOMIYKY Ta
PO3pOOKM HEEHEPreTHUYHUX METOJIB BHKOPUCTAHHS Oyporo BYTuUUIsL, IO € IyXKe
NEpCIEeKTUBHUM HAyKOBUM Ta MPAKTUYHHUM 3aBJIaHHSAM B paMKax po3poOKu
IPOMHUCIIOBUX TEXHOJOTIH paIliOHAJbHOTO HEMAJIMBHOTO BUKOPUCTaHHS pPECYpPCIB

Oyporo BYTuLIs JJIsl OJIepKaHHS HOBITHIX Ta MoAM(iKaIlii ICHYFOUMX MaTepiaiB.

3.2 O1uiHKa MOTeHIiaTy HEeMTaJIMBHOTO 3aCTOCYBAaHHS MOX1AHUX Oyporo BYyTruLIs Ta

iX 31aTHOCTI 0 T1OpUAHOT MoaudIKaIli

Buxopsuwm 3 Toro, mo B po3aiii 3.1 moka3zaHo, o HalOIbI aKTyaJIbHI TEXHOJIOT 1]
HETMAIMBHOTO BUKOPUCTAHHS Oyporo BYTULIS CTOCYETHCS HAIpPSAMIB, CIIPSIMOBAHUX Ha
oJiepKaHHS BOCKY, TYMaHHHX IIperaparTiB, aficCOPOCHTIB, OJIep>KaHHS IIHHUX MOXITHUX Y
BUTJIsAI cMojl, I'P Ta iH., MPOBENEHO OIlIHKAa caMe HaWOUIbII MEPCIEKTUBHUX 3 IHX
HanpsaMiB. JIOCITIKEHO HANPSMKH BUKOPUCTAHHS Oyporo BYTULIS 3 OJEpKaHHS Ta
BUKOPHUCTAHHS HOTO PIIKUX Ta TBEPAUX MOXIAHUX Ui Moaudikamii OITYMHHX Ta

MOJIIMEPHUX MaTepialiB JJis MOKPAIIEHHS KOMIUIEKCY iX BJIacTUBOCTEH — puc. 3.3
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Pucynoxk 3.3 — OcHOBHI HanpsiMu iepepoOKH 1 palioHaTLHOTO BUKOPUCTAHHS HU3BKOSKICHIX PECYPCIB OypOro BYTLLIS

AJIMBHUI BO 1€ HGBMICHUIT
ra3 / cuares-ra3

YkpaiHu Ta B3a€EMO3B’ 3Ky MK HUMHU
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Buxonsum 3 BHINEBUKIAJEHOTO Ta BPAaXOBYIOUM HH3BKY BIIHOCHY B'S3KICTh
IYJIpOHY IIpU pPO3KJIaJaHHl, MPOBEACHI EKCIEPUMEHTANbHI JOCIIJKEHHS IIO0JI0
BUKOPUCTAHHS IIHOTO TYJIPOHY SIK IiacTh(dikaTopa 0iTyMiB Ha HA)TOBIH OCHOBI.

st nocnipkeHb BUKOPUCTOBYBaIHM O1TYyMH, MOAM(IKOBaHI KyMapOHIHIEHOBOIO
cvonoro (KIC). Bcranosneno, mo momaBanHsi KIC go OGitymy 103BoJisiE 3HAYHO
MIJBULIUTH TEMIIEPAaTypy PpO3M AKIICHHS OITyMIB 1 CYTTEBO MOKpAIIUTH aJre3iiiHi
BrnactuBocTi. HaBmaku, nomaBanHs KIC momiTHO moripirye IjacTA4YHI BJIACTHBOCTI
0iTyMy (TI€HEeTpallito 1 IACTUYHICTB).

MonudikoBaHi 61TyMH MOXKYTb MICTUTU J00ABKH, TaKl K ar€HTH MPOTH CTApIHHSA
Ta BOTHE3aXMCHI CKJIaJOBl, JJI1 KOHTPOJIIO TBEPAOCTI MOXYThb J0/JaBaTHCS HAPTOBI
cMOJIH, KaH1(oI1, CMOJIU TEPIIEHY, KyMapOHOB1 CMOJIH, (DEHOJITOBI CMOJIM, apOMATUYH1
BYTJICBOJTHEB1 CMOJTH, aTi(paTUIHI BYTJICBOTHEB1 CMOJIH 1 T1IPOTEHI30BaH1 MPOTYKTH ITUX
cmon. Tomy [isi MOKpaIIleHHS HUX BIACTUBOCTEH MOJiMEepMOAN(IKOBaHUX OITyMiB
(ITMB) 3ampomoHOBaHO BUKOPWUCTOBYBAaTH TYAPOH, IO YTBOPIOETHCS BHACIIIOK
PO3KJIaJIaHHs OpPTaHIYHUX PEYOBUH OypOTro BYT1IIIS.

Bapto Bii3HauuTH, 1m0 cMo1a Oyporo ByriuuIs IMicis TEPMOACSCTPYKIIL 3a I[IHOIO
MOMITHO  JIOCTIMHIII  HAWMOMMPEHIIUX MPOMHUCIOBUX TOJIMEPHUX J00aBOK
(HampuKIaa, TUIY Kay4dyyKiB Ta MOJIMEPIB).

Hns orpumanna [IMbB BukopucroByBanu TtoBapuuid O6itym BHJ[ 60/90 nns
nopoxkHboro OyniBHUITBa BUpoOHULTBA. KIC BHKOpHCTOBYBaBcS K MOAM(IKATOP
OTPUMYIOTH 13 XIMIYHOTO MPOAYKTY KOKCYBaHHS BYTUJIbHOI LIMXTH, XapaKTEPUCTUKA
SIKOT'O 3AJICXKHUTh BiJl CKJIQAy Ta SIKOCTi Byriuis [354].

JI71s1 OLIIHKY BITMBY TOKA3HUKIB CMOJI OypOro BYTL/UISI MICJIS TEPMOAECCTPYKIIIi
(30Kpema TemmepaTypud pO3M’SIKIIEHHS) Ha BIACTUBOCTI JOPOXKHBOTO OITyMy
nociimkeHo cepiro 3paskiB [IMbB 3 temmniepatypoto po3m’sikimiennst 52 °C. Pesynpratn
npenacrasieHi B Tabnuui 3.12. OTpuMaHi pe3yiabTaTH A03BOJISIIOTH CTBEPXKYBATH, IO
3pOCTaHHS CTyNEeHs MoJjiiMepu3allii (TeMmepaTypu PpO3M'SKIICHHS) CMOJ IIiJIBUIIYE

aaresito [IMbB, y Tomy uucii npu HU3BKUX TeMIepaTypax.
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Tabmums 3.12 — 3anexHicts BinactuBocterd [IMb Bin Temnepatypu posm’sikiieras: KIC

Innexc ‘ 3Ha4YeHHA

YwmoBu orpumanns [ IMb

Bwmict Oitymy, mac. % 100,0) 88,0] 919 | 92,7| 93,3 | 936 | 950

Bwmict KIC, mac. % 0,0 | 120] 81 7,3 6,7 6,4 5,0
TemnepaTypa po3M'sIKILICHHS
KIC (kynbpKoBO-KiTbIIEBUIA — 97 120 | 128 | 135 | 140 | 186
Meton), °C
Monexkynsipua maca KIC, B 680 | 760 | 765 | 810 | 830 B
r/MOJIb
Xapakrepucruka [IMb

TeMmneparypa po3M'aKIIEHHS
[IMBb (KynbKOBO-KIJIBLIEBUI 47 52 52 52 52 52 52

Meton), © C
Hnacrwamions BpH 237G 75 | 45 | 46| 38 | 36 | 33 | 21
[enerpanis npu 25 °C, Mx10°4| 62 53 51 37 38 37 25
Anresis 1o ckia, % 46 77 85 100 | 100 | 100 | 100
HusbkoTemnepaTypHui 38 70 74 97 98 100 | 100

Jns npuroryBanns [IMbB 3 xopomumu aare3iiHuMu BIACTUBOCTSIMU HEOOX1JTHO
BukopuctoByBatd KIC 3 Temmeparyporo po3m'skineHas He Hmkue 128 — 140 °C. 3
IHIIOTO OOKYy, CKJIQJHO (3 TEXHOJOriuHoi Touku 30py) orpumatu KIC 3 Takoro
TEMITEPaTypOIO PO3M'SKIIICHHS 3 OypOro BYT1JUIS.

Kpim toro, 3 migBuieHHsM Temieparypu po3m'skiieras [IMb noripuryroTscs
MJIACTUYHI BJIACTHBOCTI (3HIDKYETHCS TIGHETpaIliss 1 TIUIACTHYHICTh). TomMy s
nojanbuX JociikeHb BukopucroByBain KIC 3 temmepaTyporo po3M’sKIIEHHS
135 °C. PesympraT moCHiDKeHb HaBeaeHo B Tabiuii 3.13 momo Toro, sK
macTU(IKaToOpu BIUIMBAIOTH Ha BiacTuBocTi orpuManux [IMb. Kinbkicte HagTOBOTO
mnactudikaropa (tadin. 3.15), (3pasku 3 — 7) Bubupanu ogHakoBorwo (8 mac. %). s
MOPIBHSHHSA TIacTHdIKaTOpa, OTPUMAHOTO 3 Oyporo Byriuis (3pa3ok 2) 3 HalKpaimm
miacTudikaTopoM HapTOBOTO MOXOMKEHHS (3pa3ok 3), ckiam 3pazka 2 OyB oOpaHHiA
TakuM, 1mo0 #oro Temmeparypa pO3M SKIIEHHS BIANOBiJajla TeMIeparypi

po3m’skmieHHs 3paska 3 (52 °C). Ta6mung 3.13 mokazye, mo [IMb 6e3 momaBaHHS
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nactugikatopa (3pa3ok 1) 0y orpumanuii 3 BukopuctanusaMm KIC, ane He BianmoBigae

BHMOTaM 32 1HJIEKCOM TEeHeTpallii.

Tabmuus 3.13 — BB npupoau mnactudikatopa Ha BiactuBocTi [IMb

No Cxuag kynaxy, mac. % OcHoBHI xapakTepucTHKH oTpuManux [IMb
N [Tnacrudikarop . . Temneparypa |llenerpanis npu | Aaresist 1o
3pas3ka birym | KIC | Ilnactudikarop posmisikierns °C| 25 °C, mx 10 cxa, %
1 - 930 | 7,0 0 52 38 100
o | Cromadyporo Byrinmt | g, | 7 9,0 52 62 100
TEPMOJIECTPYKILIi
I'ynpon 3
3 3ax1AHOYKPaTHCHKUX 85,0 7,0 8,0 52 60 93
oIt
3aUIIKOBUH EKCTPAKT
4 BUOIPKOBOI 00POOKH 850 | 7,0 8,0 49 55 84
omii
5 |TYAPOH 3 OPXOBHIGKOT g5 5 | 7 8,0 52 40 78
omii (Ykpaina)
Tpancwmiciitne macio
6 SAE 140 850 | 7,0 8,0 46 65 51
JCTIIISI HHIEH
7 |ekctpakT cenektuBHOTO| 85,0 7,0 8,0 47 61 48
OYHIIICHHS

HonaBanns mactudikaropa B [IMb B OuibmiocTi BUNAAKIB 3MEHIIYE TOYKHU
PO3M'SIKILIEHHS, TIOTIPIIy€E are3ito Ta 30UIbIIy€e MPOHUKHEHH. Bu3HaueHo, 110 CMOJIH
TEPMOJIECTPYKIIi Oyporo BYrijuisl Ta TYAPOHY 13 3aX1THOYKpAiHCbKOI Ha(TH HAWOLIbII
epeKTHMBHO MiIBHUIYIOTh MEHETPALII0 1 HAMMEHIIE CIPHUIIOTh 3HIXKEHHIO TEMIIEpaTyp
PO3M’SKIIEHHS Ta IJIACTHYHOCTI. BracTtuBocTi 3pa3kiB 2 1 3 ¢GhakKTUYHO BIAMOBIIAIOTH
3alpoNOHOBaHUM BUMoraM. Xapakrepuctuku 3paskis [IMb 2 ta 3 HaBeneHi B Tabnuui
3.14. Bumoru JICTY b B.2.7-135:2007 BinnosiaioTh 3pa3kam 3 Bukopuctanum [IMb 3
KIC, tak 1 [IMBb Ha ocHOBI komepuiiiHOoi no0aBku. 3pazok 2 IIMb moxe OyTtu
BUKOPUCTAHUU JJII BUPOOHMIITBA LIJAMOBOro YIIUIbHEHHA. OO0uaBa OITyMHU MaroTh
MO3UTHBHI BJACTUBOCTI CTapiHHS — MHIMaJbHY 3MIHY TE€MIIEpaTypy PO3M'SKIICHHS Ta
3aJIMITKOBOTO TIpoHUKHEHHs. 3pa3ok 3 [IMbB nmemoHCTpye Tpoxm Kpalli MOKa3HHKH
MJIACTUYHOCTI (TUTACTUYHICTS 1 enacTUuHIcTh pu 25 °C). 3 iHmoro 00Ky, 3pa3ok 2 [IMb
Ma€e JIeml0 Kpalll eKCIUlyaTalliiiHi BJIACTUBOCTI IPU HU3BKUX TeMIlepaTypax

(mmactuunicTh Tipu 0 °C, Temrieparypa kpuxkocti). Ciij] 3a3Ha4UTH, 110 aJre3is, B TOMY
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YUCIII NPU HU3bKUX TeMIlepaTypax, Buia st 3pa3ka 2 [IMb . e o3nauae, mo KIC €

e(peKTUBHUM MOAU(PIKATOPOM HAPTOBOIO OITyMYy.

Tabmuus 3.14 — Xapakrepuctuku [IMb

Crangapt Ha 6iTym BMII DaKTU4HI 3HAUCHHS
[Hmexc 60/90-52 3rixno JACTY
BB.2.7.-135:2007 3pasox 2| 3pasok 3
OnHOpPIgHICTH OIHOPITHHH OpnHopiguauii | OgHOPITHUMA
[enerparnis mpu 25 °C, m-10™ 61-90 62 63
TeMnepaTypa pO3N£'$[KIHeHH$IO(KyJII)KOBO- > 52 50 52
KinbreBui meton), °C
[Tnactuanicts, M- 1072
npu 25 °C >25 26 36
mpu 0 °C >5,0 6 5
Enactuunicts npu 25 °C, % >50 52 54
Temnepatypa kpuxkocri, °C <-15 -16 -15
TeMnePaTypa crajiaxy, BI/ISH(.;:l‘{eHa y 5230 236 236
BIIKpUTOMY Topiuky, °C
3MiHa BJIACTUBOCTEH ITICIIA HAarpiBaHHS:
3miHa TeMIiepatypu po3m'skmenHs, °C <6 5 5
3aJMIIKOBE MPOHUKHEHHS, %0 > 60 61 62
Anresis 1o ckia, % >175 100 93
HusbskoTemnepatypHa aaresis, % - 82 74
[ToBexinka mig gac 30epiraHHs:
Pizaus remmepatyp po3m'skmeHHs, °C <8 8 8
Pizuurs nponukHens npu 25 °© C, m-10™ <30 22 25

['pynoBuii cknana B sxkyuux 3paskiB 2 1a 3 [IMb naBeneno B Tabmnumi 3.15.

Tabmuus 3.15 — I'pynoBuii anamni3 B soxkyunx 3paskis 2 ta 3 [IMb

Buxinnuii 6itym (He 3pa3ok 3
Kommnonent MomdiKoBarHuii) 3pazok 2 [IMb [IME
KapGenu, Kap60}z[H Ta MEXaHI4YHI 0.6 0.4 0.5
JOMIIIIKH
AcdanpTen 25,3 22,0 23,4
CMmounu 24,2 35,8 33,1
Omii 49,9 41,8 43,0
Crpykrypa ['enpb 3oJ1-TeINb 3o7-TeInb
A/ (O+R) 0,34 0,30 0,28
A/ (A+R) 0,51 0,41 0,37
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Pesyneratu JITA anani3y nis 3paskis 2 ta 3 [IMb npencrasneni Ha puc. 3.4 1 3.5,
BianoBiHO. HaliMeHia BTpara mMacu croctepiraetbes s 3paska 3 [IMb (puc. 3.4),
TOMYy M€ THI B’SDKy4Or0 MOKHA BHKOPHUCTOBYBATH TPHU BHUCOKHX TEMIIEpaTypax.
Buxopucrannst 3pasky 2 [IMb mnpu Bucokux rtemmeparypax (Bume 100 — 150 °C)
HeOakaHO, OCKUIBKH MPH [IBOMY CITOCTEpiraeThes 3HauHa BrpaTta Macu (0,13 %). ITA
CBIIUYUTH TIPO TE, 110 HAUTTIUOIIUN €HAOTEPMIUHUIN ePEKT CIOCTEPITaeThCs I 3pa3Ky
2 I[IMb B mMexxax 20— 100 °C (puc. 3.5), 1110 BKa3ye Ha HOTo BUIIlY TEPMIUHY CTAOUIBHICTD
nopiBHAHO 31 3pa3zkoM 3 [IMb Ta Buximaum 6itymom. OTxe, monudikaiiro 6itymy KIC
PEKOMEHIYEThCSI 3aCTOCOBYBAaTH TMIPU HU3BKUX TEMIepaTypax, HampukiIam s
eMYJIbCIHHOI TEXHOJIOT1i, a BUKOPUCTAHHS Horo B acdanbTi HAa OITYMHIN OCHOBi Oyje

nyxe eeKTUBHE 3a PaXyHOK BHUIIIOT TEPMOCTIKOCTI.
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Pucynoxk 3.4 — Brpatu macu Bij remneparypu: 1 — Buxigauii 6itym;

2 —3pazok 3 [IMB ; 3 — 3pazok 2 [IMb
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Pucynok 3.5 — JITA B nmotoiti noBiTps (1 — Buxigauii 6itym; 2 — [IMB 1I; 3 — TIMB I)

Hasenemo anami3z aaresiiamx BiaactuBocteil [IMbB 3a mMeToankor BU3HAUEHHS

34YETICHHS B'SDKYYOTO 3 MMOBEPXHEI0 MiHEpaIbHOTro Marepiany (puc. 3.6 - 3.9).

Pucynok 3.6 — 3pasku Nel, 2, 3 6e3 nogaBaHHs cMOJIHM OypOro BYTLLIS HiCIs

TEPMOJIECTPYKITIi



107

Pucynoxk 3.7 — 3paszku Nel, 2, 3 3 nonaBanusam 5 mac. % cMoinu Oyporo ByTriuis

MICTIST TEPMOIECTPYKITIT

Pucynok 3.8 — 3pazku Nel, 2, 3 3 nogaBanssiM 7 mac. % cMmoiii Oyporo ByTuiis

MICIIA TEPMOJIECTPYKIIIT

Pucynoxk 3.9 — 3pazku Nel, 2, 3 3 nogaBannsim 12 mac. % cmoinu 6yporo ByTruis
MICIIST TEPMOJECTPYKITIT

PesynbTaTi nocininiB npuBeaeH1 HIbkue y BUTIsial rpadiky (puc. 3.10) [354].
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Pucynok 3.10 — BigHomeHHs BMICTY cMOJIM OypOro BYTULIS MICTs

TEPMOJIECTPYKIIIi y OUTYMI JI0 TUIOIII MOKPUTTS MOBEPXHI OITyMOM

3 rpadiky BHIHO, IO B Jl1ala30H1 KOHIEHTpAIiil CMOIM Oyporo BYTi/UIS MICIs
TepMoJiecTpyKuli y Outrymi Bixm 1 1o 6 mac. % rmuionia MOKpUTTS MOBEPXHI OITyMOM
i ABUIYETHCA HE CYTTEBO 3 55 110 60 cM?, 0IHAK ITPH MOAAIBIIOMY BMIiCTY CMOJIH Oyporo
BYTULJISL MICHS TEPMOAECTPYKILIi y OuTyMi 30uUTbleHH1 3 6 10 14 Mac. % BinOyBaeThCs

2, 3aranoMm, pe3yibTaTu

pi3ke 3pocTaHHs edekTUBHOCTI axares3ii 3 60 mo 94 cm
1a00paTOPHUX JOCTIIHKEHDb JTOBEIN TEPCICKTUBHICTh BUKOPHUCTAHHSI CMOJIM OypoOTo
BYTULIISL TTICIISI TEPMOICCTPYKITT 1 MoMiKallii JOPOKHIX O1TYyMIB JTsl TIIBUIIIEHHS 1X
aAre31iHUX BIACTHBOCTEH.

[IpoBeneHO eKCIIepUMEHT M0 BU3HAYEHHIO KPalloBOro KyTa 3MOYyBaHHs OiTyma 31
CMOJIOI0 Oyporo BYTUUIS MICHS TEPMOJAECTPYKII Ta 3 BIAOMHUMH aare3iiHUMU

no00aBKaMy Ha YOPHOMY T'paHiTi, YepBOHOMY I'paHiTi Ta ckii y KibkocTi 0,75 mac. % 1o

MacH HaBakku OiTymy (puc.3.11-3.13).
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Pucynok 3.11 —Kpamni nocnimpkyBanux — Pucynok 3.12 — Kpami gociimKyBaHuX
3pa3KiB Ha YEPBOHOMY LLTI(POBAHOMY 3pa3KiB Ha YEPBOHOMY HLTI(POBAHOMY

rpaniTi Nel rpaniti Ne2

Pucynoxk 3.13 — Kpamui gocniapkyBaHUX 3pa3KiB Ha CKII

HocmimkyBasmm 3pazok Ne 1 — 6irym7 mapkum BHJI 60/90 3 nmomaBaHHSM
¢docdatugnoro konuenrpary, Ne 2 — 6itym mapku BHJ[ 60/90 3 nomaBaHHsIM cMOJIU
Oyporo Byruuis micis TepMmojaectpykuii, Ne 3 — 6itym mapku BHJ[ 60/90 90 3
JI0JIaBaHHSIM OKUCHEHOTro (oc(haTUIHOrO KOHIIEHTPATy 3 OKCHUJOM KaibIlito, Ne 4 —
6itym mapku BH]I 60/90 90 3 nogaBanHsM okucHEeHOTo (hochaTUuIHOrO0 KOHIICHTPATY 3
aierunentpuaminom, Ne 5 — 6itym mapku BHJL 60/90 90 3 mogaBaHHSIM OKHCHEHOTO
(dbochaTUIHOTO KOHIIEHTPATY 3 XJIOPHHM BamHOM. Pe3ynbratu BH3HA4YeHB KPailoBOTO
KyTa 3MOYyBaHHs OITyMy 3 aare3iiHMu Jo0aBKaMH HAa YEPBOHOMY TpaHiTi, Ta CKIi

HaBejeHi y Tabmwui (Tab. 3.16).
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Tabnurs 3.16 — Pesynprat BU3HaUY€Hb KPailoBOTO KyTa 3MOUyBaHHS

3pa3ok Nel Ne2 Ne3 Ne4 NeS

Cxkio 15° 17° 18° 17° 19°
UepsoHuii rpanit Nel 25° 25° 26° 29° 26°
YepBonuii rpaHiT No2 26° 24° 24° 25° 25°

Hanani 6itymH1 MoaudikaTd cMoiamMu Oyporo BYTULIS MICis TEPMOJECTPYKIIi
nocimimkeHo y koHreHtpamisx 3 %, 4 %, 5%, 6 % Big 3aranpHOi Macu OiTymy Ta
BUMIPSTHO KpailOBHIl KYT 3MOYyBaHHS OTPUMAHUX 3pa3KiB HA YEPBOHOMY I'PAHITI Ta CKIII:
1 — xoHIIEHTpAIlisl CMOJIK OYPOTO BYTULIIS MICHSI TEPMOJECTPYKILii 6 %, 2 — KOHIIEHTpallis
cMOJI Oyporo BYTULIS TICIS TEPMOAECTPYKIIIl 5 %, 3 — KOHIIEHTpaIlis CMOJIU Oyporo
BYT'ULIA Ticis TepMoaecTpykiii 4 %, 4 — KOHLEHTpaIliss ¢cMOJId Oyporo BYTLLIS TICTs

tepmoaecTpykitii 3 %, 5 — uncruii 6irym mapku BHJI 60/90 ( puc. 3.14 - 3.15).

Pucynok 3.14 — Kparmuii gociipKyBaHuX . .
' _ Pucynoxk 3.15— Kparmii gociiiKkyBaHux
3pa3KiB Ha YEPBOHOMY ILTIPOBAHOMY . _
o 3pa3KiB Ha CKIi
TpaHiTi

PesynbpTaTn BU3HaUeHb KpailoBOrO KyTa 3MOUYYBaHHS OIiTyMy 31 CMOJIOIO Oyporo
BYT'ULIS MICHS TEPMOACCTPYKIIT Y PI3HUX KOHIIEHTpAIlIIX Ha YEPBOHOMY T'PaHITI Ta CKJI

HaBezeH1 y Tabmumi 3.17).



Tabmurs 3.17 — PesynpTat BU3Ha4Y€Hb KPailoBOTO KyTa 3MOUyBaHHS
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KonnenTpariist cMoim 6yporo Bitvm
BYTLILJIS MICIS 3% 4% 5% 6 % M
BUXI1THUI
TEPMOJIECTPYKIIii, Mac. %o
YepBOHMIA TpaHIT 19° 20° 20° 19° 24°
Ckito 24° 21° 20° 15° 28°

JocnimkeHo BenMWuyuHy aaresii OiTymMy 31 CMOJIOO Oyporo BYTULIS MICIHS

TEPMOJECTPYKIIT Y PI3HUX KOHIIEHTpaIlisx (Tads. 3.18).

Tabmuug 3.18 — Benuumna aaresii OiTyMiB 31 CMOJIOIO Oyporo BYTULIS MICIs

TEPMOJIECTPYKIIIT Yy PI3HUX KOHIICHTPALIsIX

KonnenTtpartis cmonu 6yporo Bitvm
BYT1JUIS TCIIS 3% 4% 5% 6 % M
BUXI1THUHT
TePMOAECTPYKIii, Mac. %
Anresis, % 65 92 93 98 30

Taxkx BUMIpsIHI KyTH 3MOYYBaHHS JJOOABOK 3 BXKE BIJIOMOIO BETMYMHOIO aAre3ii Ha
yepBOHOMY TpaniTi Ta ckii (Puc. 3.16 — 3.17).

Pucynoxk 3.16 — Kpamuti gociimkyBaHux

. . Pucynok 3.17 — Kparmuii gociiipKyBaHuX
3pa3KiB Ha YEPBOHOMY IUTIPOBAHOMY

o 3pa3KiB Ha CKII
TPaHITI
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Ak BitoM1 70OaBKM BUKOPUCTAaH1 KaTIOHHI1 MOBEpXHEBO-aKTUBHI peuoBuHU (ITAP)
Ha OCHOBI 10JI1aM1JI0aM1HIB 1 IM14a3011H1B )KUpHUX KUCHOT. Lleit piznoBua ITAP mumpoxo
BUKOPUCTOBYETHCS B ac(hambTo-0eTOHHOMY BHPOOHMIITBI, 3a0€3MeUyl0Yd BUCOKY
CTyMmiHb  34YeIUIeHHA  OITyMiB 3  PI3HUMHU  MIHEpPAIbHUMH  Marepiajamu.
ExcriepuMeHTanbHO OCHTIKEHO 3pa3Ku HACTYMHOTO ckiamny: 1 — O0iTyM 3 J00aBKOIO
JNA-K npemiym, 2 — 6itym 3 no6askoro JIAJI-K, 3 — 6itym 3 no6askoro JAJ[-KT, 4 —
oitym 3 nobaskoro JIAJ-C, 5— uucruii 6ityM. Pe3ynbprati BU3Ha4€Hb KPaoOBOTO KyTa
3MOYYBaHHs OITYMY 3 aAre3iiHMu 100aBKaMi Ha YEPBOHOMY T'PaHITI Ta CKJIl HaBEJICH1 y

tabmui (Tada. 3.19).

Tabnums 3.19 — Pesynprat BU3HaUY€Hb KPailoBOTO KyTa 3MOUyBaHHS

. bitym
3pa3ok JA-K mpemiym | HAA-K | JAI-KT JA-C S —
YepBoHMIA TpaHIT 23 20 21° 23° 22°
Cxkio0 15° 18° 22° 19° 21°

Binoma BenumuuHa aaresii 6iTymy Ta JaHux 100aBOK HaBejeHa y Tabnuii 3.20.

Taomung 3.20 — BenmunHa anaresii

AAI-K ) ) ) bitym
3pasox npeMiym AAIK AAILKT AAIC BUXI1IHUI
Anresis, % 92 82 92 78 30

PesynpraTn BuUnpoOyBaHb JIOCTIDKYBAaHUX 3paskiB OITyMmiB, MOAHM(pIKOBaAaHUX
BIIXOJJaMd TYMOBHUM TIOpPOIIKOM Ta TyMOBOIO KPHUXTOIO Ha MPEIMET TeMIepaTypu
TOIJIEHHS Ta TEPMOCTIMKICTH BIPOJOBX 2 TOJUH TpeacTaBieHi B Tabnumi 3.21. 3
pe3yJbTaTiB aHali3y JAaHux Tadmmil 3.23 BUAHO, 110 IPHU MiABUILIEHHI BMICTY BiIXO/1B
T'YMOBOI KPUXTH Y AOCIIHKCHIX KOMIIO3UITISAX I IBUITYETHCS TEMIIEpaTypa TOTLUICHHS Ta
TEPMOCTIMKICTh BIPOMOBXK 2 roavH. HailOuibll BUCOKI 3HAYEHHS TepMO-(PI3HUHUX

xapaktepuctuk gociimkernx [IMb cnocrepiratotses s 3pa3kiB Ned ta Ne7.
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Tabmuns 3.21 — PesynbpTaTl 3Mian Terwtodiznaanx BiractuBoctedt [IMb npu momaBanHi

CMOJIA Oyporo Byriuuis NICAs TEPMOAECTPYKIIIT

Kommosmis, Mac. % TeMHepaTy?a TepmocTilikicTh )
ToruieHHs, °C BIPOJIOBXK 2 roauH, °C
1. HadToBwuii 6iTym 50 50
2. Bigxonu rymoBoi kpuxtu — 20
. . 55 60
Cwmoga Oyporo ByTriuIs Miciisi TEPMOJIECTPYKITT — 5
3. Bigxoau rymoBoi kpuxtu — 30
) s 65 80
Cwmona Oyporo ByTijuis miciisi TepMoJecTpyKLii — 5
4. Bigxonu rymoBoi kpuxtu — 40
. . 75 100
Cwmorna Oyporo BYTijuis MICisi TEPMOJASCTPYKIIT — 5
5. Binxoau rymoBoro nopomky — 20
) . 58 65
Cwmona 6yporo Byruuisi micisi TEPMOJECTPYKILi— O
6. Bigxoau rymoBoro nmopomiky — 30
. . 69 85
CwMmona Oyporo Byrijuis miciis TepMOJASCTPYKLii— 5
7. Bigxonu rymoBoro nopouky — 40
. . 78 105
Cwmoua Oyporo BYTiLIs IMICIIS TEPMOJIECTPYKITi— 5

Ha koMIuiekc TEeXHOJIOTTYHMUX, MIIHICHUX Ta EKCIUTyaTallliHUX BIIACTUBOCTEH
po3pobiieroi [IMb BrimBae TeXHOJOTTUHME Tpoliec ii BUpoOHMIITBA Ta ii ckiana. Tomy
IPOBENEH] JOCTIPKEHHS] MO0 BU3HAYEHHs pallioHanbHoro ckiaaxy [IMb mpu
J0/JaBaHHI CMOJIM Oyporo BYTULIS TICHsS TepMoJecTpykiii. ParioHanpHuN cKiana
EKCIIEPMMEHTAIFHO BU3HAUEHO 32 BEJIMYMHOKO YIAPHOI B'A3KOCTi (@, kac/cm?) i cTyIeHHs

smumBaHHA (X, %). Pe3ynpraTu nociimkeHp HaBeeHi B Ta0. 3.22.

Tabmums 3.22 — BnactuBocti [IMBb 3 nomaBanHsAM cMomu Oyporo BYTULIS Micis

TEPMOIECTPYKITIi
Kommnosuisg, mac. % a, KJIx/m? X, %
1. HadroBwuii 6itym 4 0,22 -0,25
2. Bmxozgzl TYMOBOT KPUXTH — 20 6.5 0,17 - 0.19
CMomna Gyporo BYTLIS TiCHs TEPMOAECTPYKINT — 5
3. Bmxong TYMOBOT KPUXTH — 30 8,5 0,16 0,18
Cwmona 6yporo Byruuist miciasi TEPMOJSCTPYKINT — 5
4. Bigxoau rymoBoi kpuxTu — 40 10 0,12 -0,14
Cwmoua Oyporo Byrijuis miciis TepMoJecTpyKLii — 5
5. Bigxonu rymoBoro nopouky — 20 7,5 0,14-0,17
Cwmoga Oyporo BYTiLIs IMICsl TEPMOJECTPYKITi— 5
6. Bigxoau rymoBoro mopomky — 30 10,5 0,12 -0,15
Cwmona Oyporo ByTruLIs MICsi TEPMOJECTPYKITi— 5
7. Bigxomu rymoBoro mopomky — 40 12 0,10-0,12
Cwmoma Oyporo BYTiJUIS MICHsI TEPMOJECTPYKITi— 5
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3 tabmuui 3.22 Buano, uo [IMB Ne 4 ta No 7 mMaroTh BHUCOKI (Di3MKO-MEXaHI4HI
BJIACTUBOCTI. AHami3 pe3yJbTaTiB EKCIEPUMEHTIB II0Ka3aB, 10 JOCIIIKYyBaHI
MOKAa3HUKH SKOCTI 3pa3KiB KOMIIO3UIIIHA, A0 CKIAAy SKUX BXOJSATH BIIXOIU T'yMOBOTO
MOPOIIIKY MaOTh M1JBUIIIEHUN KOMILUIEKC, SIK TEPMO-(I3UIHHX, TaK 1 PI3UKO-MEXaHIYHUX
xapakTepucTuk. Lle moB'si3aH0, 04EBUIHO, 3 THUM, IO B Pe3yJbTaTli TEPMOJAECTPYKLIi
TYMOBOT'O TIOPONIKY MpoIleC Ha0yXaHHS BiI0OYBAETHCS MIBUJIIIE, TOPIBHSHO 3 TYMOBOIO
KpUXTOIO po3Mmipom 2,5 — 4,5 mMm. OHak mpoliiec JeCTPYKIlii Ta TUCTIEpryBaHHS B 000X
BUMAJKaX BiJI0yBAa€ThCs, MPUPOTHO, HE MOBHICTIO, @ B 00CI31 HAOPAKINX T'YMOBHUX
YACTUHOK 3HAXOMATHCS CMOJHM Ta TMOJiapOMAaTHYHI KOMIIOHEHTH, IO BITMBAIOTH HA
3HAYEHHS SIK TEPMO-(PI3UUHUX, TaK 1 (PI3UKO-MEXaHUYHUX XaPAKTEPUCTHK.

Taxkum unHOM, BcTaHOBIEHO, 110 st [IMb 3 40 % mac rymMOBOTO MOPOIIKY Ta
Swmac. % cmonm Oyporo BYTiUIS MICIS TEPMOAECTPYKINI XapakTepeH MiABUIIICHUM
KOMIUIEKCOM TepMO-(hi13UYHUX 1 (PI3UKO-MEXaHIYHUX XapaKTEPUCTHUK.

ExcniepemMeHTasbHO BU3HAUYEHO BIUIMB MOAU(IKalii cMOIH Oyporo Byruuis micis
TEPMOJIECTPYKIIIi Ha BIACTUBOCTI Timpoizossiiiiinoi [IMb npu cymicHoi moaudikairii 3
JI0JIaBaHHSIM CEBUJIEHY IO BEJIMYMHI YAapHOI B’A3KOCTI Ta Yycaaku. Pesynbrartu

JIOCIIIJKEHb 1o1aHo B Tadi1. 3.23.

Tabnuusg 3.23 — Baactusocti [IMb 3 nonaBanHsM ceBUiieHy Ta CMOJIM Oyporo BYTULISA

MICIS TEPMOJAECTPYKIIIT

Howmep

Cknag xommo3uilii, Mac. % a, 1<I[>1</M2 X, %
KOMIIO3HIIT

HadToBuii 6itym — 62

1 Cesinen — 2 41-44 0,2-0,24

HanoBHioBa4 — tasbk — 36

HadTtoBuii 6itym — 54

2 Cepireri =3 5458 015-0,18

CMmoia Oyporo BYTLILIS TTCIIS
TepMoaecTpyKii — 43
HadTtoBuii 6itym — 48

3 Cepineri -4 6569 011-0,13

CwMmona Oyporo ByTijuis micis
TEPMOACCTPYKIII — 48
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3 tabmui 3.23 BugHO, 1m0 y [IMbB Ne 2 i Ne 3 BHCOKI TOKa3HUKHU BJIACTUBOCTEH.
Tomy 11 KOMITO3HIIIT MOYKHA PEKOMEHAYBATH SIK riapoizoisuiinuid [IMB.

Temmneparypa, BOJOTICTh Ta BIUIMB Y O-BUNPOMIHIOBAaHHS € OCHOBHUMU
atMocepHUMHU (pakTOpamMu, IO BIUIMBAaIOTH Ha mokpurts [IMb npu TpuBamiii
eKcIuTyaTarlii B arMochepHux yMmoBax. /[y BUSBICHHS BILTUBY aTMOC(hEepHHUX (PaKTOpiB
Ha CYKYIHICTh XapaktepucTtuk MinHocTi [IMb, momudikoBaHux cmoiow Oyporo
BYTULISL HICJSI TEPMOAECTPYKIII MPOBEACHO CEPII0 €KCIEPUMEHTAIBHUX JIOCTIIKEHb3
BIATBOpPEeHHSI aTMochepHuX (axTopiB B naboparopHux ymosax. [Toxputts 3 IIMb 3
JOJIaBaHHSIM CMOJIM Oyporo BYTULIS IMICIS TEPMOJASCTPYKIIII MiJAaBaIuCh UKITYHOMY
BILTUBY TeMIiepaTyp Bif -15 1o +40 °C. Yac moBHOTO ITUKITY CKJIaJaB 4 TOAWHM, 2 TOAWNHU
npu Ttemrepatypi minyc 15 °C 1 2 rommam mpm 40 °C. KinbKkicTh IHUKIIB, SKY
BUTpUMYBaJo MOKpUTTA 3 [IMb omiHtoBanu Bi3yalibHO.

B tabnumi 3.24 naBeneH1 pe3ynbTaTy JAOCHIKEHHs cTikocTi mokputTs 3 [IMb

710 3MIHU TEMIIEpaTypH.

Tabmuis 3.24 — Criiikicts [IMb no 3minu Temneparyp

3miHa TeMriepaTypH Bix Minyc 15 mo +40 °C, muxn
Homep kommo3wuiiii paTypH B1I MIHY it 1

Bumoru JlaHi ekcriepuMeHTy
1 15 10
2 15 15
3 15 20

B Y®- BUNpOMIHIOBAaHHS BHU3HAYEHO NUISIXOM OMNPOMIHEHHS 3pa3KiB
prytHoo nammnow [IPK-2 3 makcumymMoMm BUIpOMiHIOBaHHS jamnu 435 HM, ska
HaNOUIbII TOBHO IMITYE COHSTYHUI CIIEKTP, BOPOJIOBXK 9 THIB 1O § roAuH (7151 TOTO, 11100
BinTBoputH Y ®-ompomiHeHHS BOpPOAOBXK 42 ni0) Tmpu  eKCHepeMeHTATbHOMY
BU3HAYEHHI1 BIUIMBY TUMYAcOBOr0 Y D-0npOMiHIOBaHHS Ha MIIHICTh IPU PO3TATYBAHHI.
Onepsxano pe3ynbratu Ha KOMIO3UITIAX Ne2 1 No3 ToMy, 1110 BOHU MTOKa3aii HAWBUIITUH
piBeHb 3MIHM TIOKa3HWKIB Ticias BumBy Ha 3pasku 3 [IMbB 3minum temmepartyp.

Pesynbraty ekciepuMeHTaNbHUX JAOCTIIKeHb HaBeJeHO Ha puc. 3.28.
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Pucynok 3.28 — Bruius Y ®-onpomintoBanHs Ha MitHIicTs [IMbB nipu

po3tsiryBanHi: 1 — kommnoszuitist [IMB Ne2; 2 — komnosuttist [IMB Ne3

Y komno3umii IIMb Ne2 micist 16 roauH ONMpOMIHIOBaHHS MIIHICTh BHaja Ha
10 %, a y xommosuiii [IMb Ne3 wimnicte 30iumpmmnacs Ha 12 %, micns 48 romuH
OTIPOMIHIOBAHHS.

Takum unHOM, Y®-0MpOMIHIOBAaHHS TMPOTWIECKHO BIUIMBAE HAa MIIHICTh
KOMITO3HIIIHA, IO TMOB'SI3aHO 3 (PI3UKO-XIMIYHUMHU TIpoliecaMH, IO IPOTIKAIOTh IMpHU
dboToAECTPYKITIT KOMITO3HIIIN, IHTEHCUBHICTD SIKO1 3HM)KYETHCS MPHU 301TIBIIEHH] BMICTY
cesiieny B IIMb. OcranHe T1OB’s3aHO 31 30OUIBIICHHSM BMICTY  OLIBII
BHCOKOMOJIEKYJIIPHOTO KOMITOHEHTY Yy BUIIIsIAL ceBuieHy y [IMBb.

Takox eKcrnepeMeHTalIbHO IOCIIHKEHO 3MiHYy yaapHoi B’s3kocti [IMb micns

BILTUBY aTMoc(hepHuX QakTopiB. PesynpTaTs X 1OCIIKEHb HABEACHO B Ta0mi 3.25.

Tabmuns 3.25 — 3MiHa yaapHOi B’S3KOCTI /10 1 TCHs BIUTMBY atMocepHux (hakTopiB

Homep B Y @-BUNIPOMiIHIOBaHHS Boora, 98 %
KOMITO3HUIII{ o BrunBy [Ticnsa BruuBy o BrunBy [Ticns BruuBy
2 5,6 51 5,7 5,6
3 6,8 6,6 6,9 6,9
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3 Ttabmuui 3.25 BHUIHO, UIO0 MICHA BIUIUBY aTrMochepHux (aKkTOpiB BHUCOKI
MOKa3HUKH YAAPHOI B’A3KOCTI BUABWIHCH e y komno3uii [IMbB Ne 3. Jlo BiiuBy
dakTOpiB 3HAYCHHS MOKa3HHWKIB ckiagano 6,8 Mlla, a micias Y®-onpoMiHIOBaHHS —
3HM3MIIOCH 110 6,6 MIla, a micis BIUIMBY BOJIOTM 3HAUEHHS MOKa3HUKA HE 3MIHUIIOCS.

Pe3ynpTaTn TemnodgiznaHNX JOCTIKeHh OTpUMaHuX kommo3uiii IIMb HaBeneni

B Ta0i. 3.26.

Tabnuus 3.26 — Termnogi3uyuHI BIaCTUBOCTI OITYMHO-TIOTIMEPHUX KOMITO3UIIIH

Ne xomno3umii Temnepatypa po3m’skiieHHs, °C TermnocTiiKICTh BIPOA0BXK 2 roauH, °C
1 94 90
2 104 100
3 124 118

3 tabauii 3.26 BUAHO, IO TeMmIlepaTypa po3M’ skieHHs kommo3uilii [IMb Nel
cknagae 94 °C, xommnosuilii [IMBNe 2 — 104 °C, xommnoswuiii [IMb Ne 3 — 124 °C.
TenmocTifKiCTh BIIpoa0BXK ABOX ToauH kKoMmo3uilii [IMb Nel cknana 90 °C, kommo3urrii
IIMB Ne2 — 100°C Tta xomnosumii IIMB Ne3 — 118 °C. Takum uuHOM, 3a
TeI10()13UYHUMHU BIIACTUBOCTAMH HaWKpaIlow € koMmo3uirist Ne3.

VY3aranpHOOUM ~ €KCIIEpUMEHTAJIbHI  Pe3yibTaTH  JAOCHIIKEHHS  Halpsmy
HEMaJMBHOIO BUKOPUCTAHHS MOXIAHUX OypOro BYTUUISl y BUTJISAI PIAKUX MPOIYKTIB —
CMOJ Oyporo BYrijuif MICls TEPMOJASCTPYKLUIl A Moaudikamii OITyMHHX MaTepialiB
BapTO BIJMITUTH TOMIPHICTh OJIEP)KAHUX PE3YyJbTaTIB B TMOPIBHAHHI 3 ICHYIOUUMH
HanpsiMmamu oxepxanus [IMb [256 — 259].

[Tpu momudikarii 0iTyMiB IEPBUHHUMHU Ta BTOPUHHUMH TOJTIMEPAMH BJIA€THCS
3HAYHO BHIIEC TIOKPAIUTH iX aAre3iiiHi Ta eKCIUTyaTaliiiHi XapaKTepUCTUK B TTOPIBHIHHI
31 cMOJIaMH OypOT0 BYTJIIS TICTIS TEPMOACCTPYKITIi.

3acTocyBaHHsSI CcMOJI Oyporo BYTrULIS MICHS TEPMOAECTPYKIli Habararo MeEHII
e(deKTUBHE 3 MPHUBOJY MOKpAIICHHS €IaCTUYHOCTI, TEPMOCTIMKOCTI Ta 3HMXKCHHS
KPUXKOCTI OITYMHMX KOMIIO3UI[iM B MOPIBHSAHHI 3 3aCTOCYBaHHSM TEPMOIIACTUYHUX Ta
TepMOoeIacToMepHux MoaudikaTopis npu oaepxkani [IMb [260, 261]. Tomy momanbiii

JOCIIUKEHHSI HEMaJMBHOTO HalpsMy 3acTOCYBaHHS Oyporo BYIuUDIS HPHUCBIYEHO
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BU3HAYEHHIO MOTEHIIaTbHO1 MOpUAHOI (YHKIIIOHATBHOCTI TYMIHOBUX PEUYOBUH OypOro

BYT'ULJISL BITHOCHO IIMPOKOr0 KOJIa MaTepiais.

Buxoasum 3 TOro, mo 31aTHICTh 0 Ti0puaHOi MoaudiKallii TyMiHOBUX PEUYOBUH

Oyporo ByTrijuisl 1OB’s3aHa 3 HASIBHICTHIO B HUX MEBHUX (DYHKIIIOHATILHUX TPYI Ta 3 iX

crienrigHOI0 MOP(OJIOTi€r0, MPOBEACHO S€KCIIEPUMEHTANbHI JOCIIIKEHHS caMe X

XapaKTEPUCTUK OYpPOTO BYT1ILIS.

ExcriepeMeHTanbHO BU3HAYEHO Pi3Hi GOpMHU CIPKM, Taki fK: 3arambHa cipka (g°);

d

d d
OopraHiuyHa cipka (S° ); mipuTHa CipkKa (Sp ); cyibdaTHa cipka (8304) 3 JTOCIIKEHUX

3pa3kax Oyporo Byriuuisi. PesynapraTtu HaBeaeH1 B Tabmuis3 3.27 — 3.29.

Tabnuusg 3.27 — Xapakrepuctuka ¢ppakuiid 0yporo Byriuis 3paska 1

o . Ad Bwicr cipku, %mac.
p;l;flﬂ, W mac. % '(;: A1 vl yvac. % BaranpHa, [TupitHa, Opranivyna,|CynbgarHa,
S S, S. S,
3a 0,1 16,64 48,89 29,02 2,34 0,88 1,36 0,10
0,1-0,25 16,96 49,42 30,78 2,28 1,10 1,06 0,11
0,25-0,315 17,03 49,16 31,34 2,31 0,97 1,20 0,13
0,315-0,5 17,02 49,25 31,83 2,25 0,80 1,23 0,22
0,5-0,75 16,49 49,16 31,77 2,25 0,71 1,36 0,17
0,75-1,00 16,51 49,44 31,90 2,36 0,81 1,37 0,17
1,00-1,60 16,44 49,25 31,34 2,38 0,92 1,27 0,19
1,60 - 2,00 16,43 48,62 30,60 2,53 0,64 1,64 0,25
Tabnuus 3.28 — Xapakrepuctuka ¢pakiiiii 0yporo Byruuis 3pa3ka 2
o ] Bwicr cipku, %mac.
P 12\141:;11;1, W, %mac. | A% %mac. | V% %mac. |3arambha,|[Tupita,|Opraniuna,|CyisgarHa,
S S, S. S,
3a 0,1 8,64 8,79 43,02 1,34 0,88 0,36 0,01
0,1-0,25 8,96 8,32 43,78 1,28 0,10 0,06 0,01
0,25-0,315 9,03 8,46 44,34 1,31 0,97 0,20 0,03
0,315-0,5 9,02 8,15 44,83 1,25 0,80 0,23 0,02
0,5-0,75 8,49 8,36 46,77 1,25 0,71 0,36 0,07
0,75-1,00 8,51 8,34 46,90 1,36 0,81 0,37 0,07
1,00 - 1,60 8,44 8,35 47,34 1,38 0,92 0,27 0,09
1,60 - 2,00 8,43 7,22 46,60 1,53 0,64 0,64 0,05
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) ; Bwicr cipku, %Mmac.
paxui, W, %mac. | A Vil %mac.  |3arampna, [TupitHa,|Opraniuna, CynbdaTHa,
MM YoMac. . , . :
S, S, S, Sso,

3a 0,1 30,64 36,89 43,02 4,34 1,88 2,36 0,10

0,1-0,25 31,96 36,42 43,78 4,28 2,10 2,06 0,11

0,25-0,315 32,03 36,16 43,34 4,31 1,97 2,20 0,13

0,315-0,5 32,02 36,25 43,83 4,25 1,80 2,23 0,22

0,5-0,75 31,49 35,16 44,77 4,25 1,71 2,36 0,17

0,75-1,00 31,51 36,44 44,90 4,36 1,81 2,37 0,17

1,00 -1,60 31,44 35,25 45,34 4,38 1,92 2,27 0,19

1,60 -2,00 31,43 36,62 44,60 4,53 1,64 2,64 0,25

B Ta6mui 3.30 — 3.31 HaBeieHa XapaKTepUCTHKA MacOBO1 YaCTKU Ta BUXIY BUIBHUX

I'K Ta xiMiuHH# CKJIaJT 307U JOCHIIPKEHUX 3pa3KiB Oyporo ByTijuis.

Tabauusa 3.30 — 3arainpHa MacoBa yacTka Ta Buxig BUibHUX [ K

3pa3zok (HA)% % (HA)% %

1 87,60 79,44

2 49,66 44,27

3 82,94 75,30

Tabmums 3.31 — XiMiuyHU# cKkiIaj 3011 Oyporo ByTruuIs
3pa3ok Ximiuaui ckinaa, %

SiO, Al;Os | Feo03 MgO CaO Na.O K20 SOz
1 70,08 9,83 3,24 0,88 5,43 0,77 0,90 5,90
2 68,22 9,34 2,84 0,92 6,45 0,82 0,94 5,23
3 68,20 8,77 3,34 0,76 5,88 0,65 0,88 5,35

Heo0ximHo 3a3Ha4nTH, 110 3pa3Ku Oyporo BYTULIS JCIIO PI3HATHCS, a caMme:

- JUIS 3pa3Ka 3 XapakTepeH HalOUIbIINK BMICT aHAITHYHOI BoJjiorH Ha piBHi 30,6 %,

HaMeHImmi 11st 3paska 2 — 8,1 %;

- 3a 30JIBHICTIO HaWOLIBIIMK pIBEHb crocTepiraBcs s 3paska 1 — 48,7 %,

HaMeHIMi 1151 3paska 2 — 8,3 %;

- BMICT 3arajibHOi cipku komuBaBcs Bin 1,87 mo 4,00 % B psimy 3paskiB Oyporo

ByTuULIs 3>1>2;
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- MakCHUMaJbHUM BUXI1J JETKUX PEUOBUH OyB XapaKTepHUU AJjisi Oyporo BYTLLIS
3paskiB 2 Ta 3 — 43,7 %.

[Toka3HUKM eneMeHTHOro aHamizy Ta Buxony 'K kommBaroThCsl B 3aJIeKHOCTI Bij
BUXOJy JIETKUX PEYOBHH:

- HaOLTBIINI BMICT ByTJIeIt0 OyB y Oyporo Byriyuis 3paska 1 — 80,83 %;

- BMICT KHUCHIO I Oyporo Byriuuis 3paskiB 2 ta 3 OyB qocuth O6mu3bkuit — 24,11 ta
29,12 %, BiAOBI1AHO.

EnementHuit anani3 ays Beix 3paskiB ['K migcymoBano B Tabsmuii 3.32.

Tabnuma 3.32 — Enementauit ckman (% daf), aromni croiBBigHOLICHHS Ta BMICT

MIHEpaJIbHUX PEYOBHH.

3pazok C H N o2 S CIN H/C | OIC SIC % MMP

I'K1 63,13 3,9 1,46 | 27,31 4,2 52,60 | 0,74 | 0,32 | 0,024 4,68

I'K2 58,20 | 3,70 | 3,80 | 31,17 | 3,13 | 17,90 | 0,76 | 0,40 | 0,020 2,36

I'K3 6381 | 3,70 | 1,23 | 30,50 | 0,76 | 61,10 | 0,69 | 0,35 | 0,004 3,22

OTpuMaHi JaHi1 11010 €IEMEHTHOTO CKJIaJly Ta aTOMHHMX CITiBBIIHOIIIEHh MOJKHA
MOPIBHATU 3 3apPEECTPOBAHMMHM 3HAYECHHSAMHU Uil pi3HUX rpyn ByruibHux 'K [19].
ATOMHI CHIBBIIHOUIEHHS! BAKOPUCTOBYBAJIUCS JUISl TOCIIIKEHHS CTPYKTYpHUX 3MiH 'K,
OCKUIBKH 11€ BaKJIMBUM MOKA3HUK CTYIIEHS apOMaTUYHOI KoHAeHcallli Ta 3putocti ['K abo
ix moxigaux [20]. Bcranosneno, mo cmiBBigHomennss H/C mns I'K1 cranosuts 0,74
Tpoxu Buine, Hixk 0,69 mrst ['K2, mo cBigunTs npo te, mo ['K2 mae G6iabIie apoMaTHIHAX
YJaCTHH Yy CBOIH XiMiuHii cTpykTypi. CriiBBimHOMIEHHS O/C Tak0oX € MOKa3HHKOM BMICTY
ByrneBoaiB 1 kapOonoBux kucior y ['K1l 1 I'K2 mnopiBasao 3 I'K3; Bucoke
craiBBiguomenus O/C I'K2 cBimuuth mpo Te, 1m0 ryMiHOBI MOXIiJHI 3 I[OTO OYpOro
BYT'ULIS MICTWIM OUThbIly 4acTKy O-aikiIkapOOKCHUIBHUX (PYHKIIOHAIBHHUX TPy, HIXK
I'K3. CuisBignomenus O/C g 'Kl i 'K3 mae nHe3nauny pisamiio 0,32 1 0,35
BignoBiaHO, oAl sk ['K2 mae Buri 3nauenns O/C nopiBusiHO 3 'K1 depe3 301mbIeHHS
KACHeBMiCHUX (yHKIIoHANBHUX Tpyn. [lopiBHiotoun cmiBBigHOmEeHHs O/C moximHux

I'K, criocTepiraerbes mporpecyroda TeHACHIIis 10 30unbpiienns amtidatuanocti Bix ['K1
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no I'K2, mo Bka3ye Ha Te, 110 CTYyIIHb apOMAaTUYHOCTI OyB HUKYUM Y HITPOIOXITHUX.
Bwmict N i criBigHomennst N/C mst K2 e pumumu, Hisk ['K1. N sk y 'K2, tak i B ['K1
YTBOPHBCS B pe3yibTaTi Oloaerpamamii Oilka Ta 1HIMX a30THCTHX MPEKYPCOPIB Y
poioBUIax Oyporo BYT1JIIS.

Bapro BimmituTH, 0 Oype Byrims mis yeix ['K gano yepBoHyBatHii okpac, 1o
BKa3ye Ha MPUCYTHICTh OKCUIIB/TIIPOKCHUJIIB 3ajTi3a Pa3oM 13 TIIMHUCTUM MaTepiaioM. Y
OypoMy Byriuli Ta MOro MOXIJIHMX BHSBJICHO JEAKY KIIBKICTh CIpKH. TakoX MOXHa
11eHTU(DIKYBaTH MPUCYTHICTh HEOPTaHIYHUX CYJb(1AIB a00 Cynb(aTiB Ta CIPKOBMICHUX
OpraHiYHUX CIOJIYK, Taki K TioeH. BMICT cipku He CHIIbHO 3MIHIOBABCS i1 Yac €TarliB
OKHUCJIEHHS Ta €KCTPAaKIIli, [0 BKAa3y€ Ha Te, 110 Cipka OyJyia NpucyTHS y Gpakxiii, 3 Kol
orpumani ['K1 ta I'K2. Cxnagna npupona ['K o0yMoBIItO€ BaXKKICTh BUKOPUCTAHHS iX
€IEeMEHTHOTO CKJIaay ISl CTBOPEHHS CTPYKTYpHHX BHCHOBKIB, TOMY aTOMHI
cuiBBigHomeHnHss H/C i C/N Bukopucrani Buie IS BCTAHOBJICHHS MPHPOIU ITHX
€KCTPaKTIB 1 CTymeHs KoHAeHcailii. KpiM Toro, 3Ha4eHHS BOJIOTICTh, 30J1a, MiHEpaJlbHA
pedoBuHa (MM) 1 atomHe criBBinHOmeHHs (H/C 1 O/C) BKa3ylOTh Ha IPUPOY Oyporo
BYT'LJLIS, IIT0 BUKOPUCTOBYETHCS IS BUJIOOYTKY, 3 TOUKH 30PY PEUTHHTY ByTJedikarlii.
3MiHa XIMIYHOTO CKJIQay TIIiJI dYac TPOIeCy eKCTpakIlii IoKa3ajga 3MEHIICHHS
crisBigHomenHs C/N 3a paxynok BBenenns rpynu -NO; y pereneposani 3pa3ku 'K, 1110,
y CBOIO 4epry, 30UIbIINIO BMICT a30Ty B HUX. BMicT a3oty Ta BimHomienHs C/N mMoxHa
MOPIBHATH 3 TUMH, 1110 TTOB1TOMIIsIFOTECA B 'K rpyHTY.

[IpoBeneno nochimkeHHss MeTtonoM [Y-aHamizy s BU3HAUYECHHS HaWOUIBII
xapakTtepHux ¢yHkuionansHux rpyn 'K, orpumanux i3 Oyporo Byruuist — puc. 3.29.
Cepen HaibuIbII XapakTepHUX crnekrpaibHux cmyr ['K Oyporo Byriuis cimin
BII3HAYUTH:

- penonsri —OH rigpoxcunbHi rpymu npu 3380-3400 cm?;

- amiaruuni emyru C — H mpu 2920-2940 cm?,

- cumerpuyHi vCOO — kapOokcmibHi Ta VCO (heHombH1),

- vOH (anmidparranmii) mpu 1100 cm™?;

- NH, nedopmaniitni mpu 1590-1650 cm.
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Pucynox 3.29 — [Y-cnextpu 'K 3 pi3aux Tumnis 0yporo Byriuis

Y r1abn. 3.31 mpexacraBiieHI OCHOBHI CHEKTpaldbHI CMYTH TpPbhOX PI3ZHHX
nocmmkeaux 'K Oyporo Byriuist. HasBHICTE peakiiiHO-31aTHUX (YHKIIIOHATBHUX
IPYIl € IHJAUKATOPOM PEAKIIMHOI 34aTHOCTI TyMIHOBUX PEYOBHMH Oyporo BYTULIsS B
Hampsami ix TiOpuaHOi Moau@ikaiii BIAHOCHO pPI3HOMAHITHUX OlojerpaaadenbHuX
MarepiaiiB: 010moiiMepiB, MOXIAHUX IETI0JI03U, OIOMIIACTHKIB Ta KOMIIO3MTIB Ha iXx
ocHOBL. ['pymnm, siki 37aTHI pearyBaTd 3 aMiHHUMU (OCHOBHMMH) 1 KapOOHOBUMU
(KMCTOTHMMM) TpyHaMu PI3HOMAHITHUX OloJerpaga0enbHUX MaTepiaiB € HalOLIbII
BOKJTUBUMH.

Pesynbrati po3paxyHKiB BH3HA4YeHHS peakiiiiHo-3gaTHuX Tpyn y 'K Oyporo

BYTULIA 32 pesyibTaTtamu [U-ciekrpockorii HaBeeH1 B Tabnuii 3.33.

Ta6muis 3.33 — KinbKicHe BU3HAUCHHS peakiiiHo-31atHuX rpymn y 'K Oyporo Byrimis

3a pe3ynbTaTaMu [Y-cnekTpockorii

Kap6okcunpHa INapoxcunpHa denosbHA KapOoninbHa
Tun I'K o 0
rpyna, % rpyna, % rpyna, % rpyna, %
K1 3,2%+0,2 0,059 + 0,005 4,00 £ 0,02 1,98 + 0,07
I'K2 25+0,3 0,133 + 0,007 2,86 + 0,08 2,0+0,10
I'K3 3,2%+0,2 0,040 + 0,005 3,4+0,10 0,8 +£0,20
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Cepen KUCHEBMICHMX PEAKUIMHO-30aTHUX TPYI, SKI, K OUIKY€TbCS, OyIyTh
3Haigeni B 'K Oyporo Byruwis (kapOoKcuibHa, T1APOKCU(EHONbHA, TiAPOKCUIIbHA,
KapOOHLJIbHA, XIHOHOBA, €CTEPHA, alleTajbHa, JaKTOHA 1 €TepHA) caMe KapOOKHCIbHA Ta
riipokcudeHoibHa 3acIyroBYIOTh Ha YyBary HE JIMIIE 4Yepe3 CYTTEBUN pPIBEHb
MIPUCYTHOCTI, aJIe TAKOX 3aBJIAKHU 1X 3HAYHOT pEaKTUBHOCTI BiTHOCHO 3 IMIMPOKUM KOJIOM
3 peakIiiiHO-3JaTHUX TPyl PpI3HOMAHITHUX OiojerpagabenbHUX  MaTepialiB.
KapOokcuiabHi rpynu 3B’ sI3yIOThCS 3 BIJNOBIIHUMHU 10HHUMH TOYKaMU PI3HOMaHITHHX
rpyn 6iosierpanadenbHUX MaTepiaiB:

- 3IIMBAHHS MO METUJIEH TIPOKCHWIBHUM rpymnnam (6ioaerpanadenbHi NoJiMepu

Ha OCHOBI 1I€JII0JIO3H, KpaxMally, *KEJIaTUHY Ta 1H.) 3 YTBOPEHHSIM €CTEPHHUX 3B’ SI3KIB :

COOH
H,C
HO COOH
HaC
Kpoxmaib Kpoxmanb KpoxmaJsb
COOH l | |
& o
o | T H[ljo}(MHJ']b o o OH é,
I I
CH, c=0 C= ==
(n) ; C:‘ C’,- ?Hz fC— ]
c ? T 2 o K H2C,
- OH paxMan
HG” o HO > COOH—= Ho%fc”" ——— Ho ¢
} T - T K
HO o H,C HsC o H.C OH
R\ \ N7 ’
HzC\ Q COOH " C:O
COCH o S
|
"
Kpoxmanb

- KOOpAWMHALIAHO  3B’SI3yBaHHS 3  aMmiHOTpymamMu  PI3HOMaHITHUX
OlonerpanadenbHUX MarepiamiB (KeJaTHH, MOJIKANPOJAKTOH Ta 1H.), SIK Yy BHIMAJKY
3B s13kiB -CONH- (mentugnux rpym):

[N -CH -COOH + H-HN-CH -COOH 1 ... + H lm-(l:n-(:oon —

“ (D0
RI KZ L Rn
: 9 0
— HZN-(|:H§ C-NH-CH-+C - HN+CH -COOH
N-kiveup R, ¥ R ' Ry C-KiHelp

NEeNTU/HI 38°A3KK

Kap6okcunpai rpymu COO- I'K Oyporo Byriuist ayke IiHHI caMe 3 TPUBOAY

riopugnoro norenuiany 'K, ockiibku BOHM € Tpynamu, siki HaJjaloTh OCHOBHI XIMI4HI
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BiactuBocTi ['K Oyporo Byriuist 1 ToMy, 1110 BOHU MOXYTh YTBOPIOBATH €JIEKTPOCTATUUHI1
3B’SI3KM, XO4Ya BAXXKO BHU3HAYATH TOYKH, B SIKAUX YTBOPIOIOTHCA 3B’S3KA MK
kapOokcunpHuMHU Tpynamu ['K 6yporo Byriyuis i pi3HOMaHITHUMHU 010/1eTpasadeibHIMU
matepianiamu. Yepes cTpykTypHy ckianHicTh ['K Oyporo Byriyuist 34a€ThCsi TOIUTBHUM
BBAXKATHU, IO 3B’S3KHA YTBOPIOIOTHCS JIBOIOJISPHUM MPHUTITAHHIM MK HUMHU HE JIUIIIC
Yyepe3 MOJAPHICTh KapOOKCUIIBHOI IpyTid, ajie i yepe3 Moiekyisipauii oomin ['K 6yporo
Byriuisg. Pe3ynbratoMm mux 3B’S3KiB €, 3 OJIHOTO OOKY, 0€3114 TOUOK 3B’S3yBaHHSI, 110
3a0e3nevye cTabUIbHICTh PI3HOMAaHITHUX O107erpagabenbHUX MaTepiaiiB, OTPUMaHUX B
pesyabTtari B3aemoxii 3 'K Oyporo Byruwiga. ExcrniepeMeHTaabHO BU3HAUYEHHO, 110 B
aHlOHHIM (opmi KapOOKCWiIbHA Tpyna Mae OUIbIl PE30HAHCHI CTPYKTYpH, HIK Y
HeloH130BaHIl gopmi. ToMy BoHa, Ak mpaBuio, Oyne B 10HHIM (opmi, 60 came BoHa
OinbIe pearye 3 pi3HOMaHITHUMH 0l0/eTrpagabeTbHIMH MaTepiaaamMHu.

SKII0 CTpPYyKTypa, IO MICTUTh KapOOKCWIBHY TpyMy, Ma€ MOABINHHI 3B’S3KH,
KUTBKICTh PE30HAHCHUX CTPYKTYP B 10HHIHN (hopmi Oyze OUIbIIO0I0, a OTKE, TIOJIAPHICTD 1
peaxiiiifHa 3JaTHICTh TaK0X OyayTh OUIBIIUMH.

Komnu 30epiraeTbcs KOH’OTaIlisl MK MOABIMHUMHU 3B’ si3kaMu, sika B ['K Oyporo
BYT'LJIIS 30€piraeTbCcsl B apOMaTUYHIA CTPYKTYPI, 1 AKIIO O14HI JAHIIOTH Ta peaKIiiHoO-
3/1aTHI O14H1 KOH IOTOBaH1 TPYNH 31 CTPYKTYPOO, Il TPYNH OYIyTh BUCOKO PEaKIIHHO-
3TaTHUMH.

[Nopokcudenonsai —OH rpynu MaTUMyTh OCHOBHI TPYINU Pi3HOMaHITHUX
OlomerpagabepHUX MaTepiajiB SK Mepury MOXKJIUBICTH Uil T1IOpUIHOI peakiiii depe3
€JIEKTPOCTATUYHI 3B’ s13KH. ['1IpOoKCH(pEHOIBHI TPYIIH, SIKI HE € 10HI30BaHUMH (3aBISKU
pH), TakoXX MaTUMyTh MOXJIMBICTH CKOOPJIMHOBAHO 3B’S3yBaTUCS 3 HEIOHI30BAaHUMU
nentugHumMu rpynamu -CONH- pisHOMaHITHHX OlojmerpanadenbHUX MaTepiaiiB Ta
4yepe3 BOJHEBI 3B A3KH (PEHOJTBHUX TPYT 3 aKTUBHUMH TPYTIAMH.

XiHOHHI TPYNH € EJIIEKTPOHOAKIICITOPHUMHU 1 BIAIMOBIIAIOTH 3a BHUPOOHHUIITBO
akTuBHUX ¢GopM KucHO. B crpykrypi nociimkenux 'K BOHM BiTHOBIIOIOTBCS A0
CEMIXIHOHIB, SIK1 CTaOUTI3YIOThCS X apOMATUYHUMHM KUTBISMH 1 J1aJil BIIHOBIIIOIOTHCS J10

T1IPOXIHOHIB, sIKi € HaBiTh OLTBII cTablTEHUMHE (puc. 3.32) [51]:
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Pucynoxk 3.32 — 3anponoHoBaHUi MeXaHi3M BiTHOBJICHHS XIHOHIB B CTPYKTYpi

nocimkenux 'K

Peakiiiss TripoKCUIBbHUX Tpyn 3 pPI3HOMaHITHUMH OlojerpanadenbHUMU
MarepiajaMyd HE TaKa BaXIIMBA, K peakiis GeHOoNbHUX 1 KapOoKcuiabHuX rpym. [Ipote
Taka peakxilis aKTyallbHa, SIKIIO PO3TIsSAaTH PeakliiHy 3AaTHICTh MK MOJIEKYJISIPHUMHU
arperaTaMud Ta MOXJIMBICTh BHM3HAYeHHS MOAMQIKALIN peakuiiHO-30aTHUX TPy,
BIIMIHHHMX BiJ] TYMIHOKHCJIOT (CIPSIMOBAaHMX HAa OTPUMAHHS I1HIIMX BJIACTHUBOCTEM,
Hanpukiaj, npueananns - O-SOsH rpym).

KapOoHUIbHI TpyNu HE MalOTh BAXJIMBOT PEAKIIIHOT 3[aTHOCTI 100 MENTUIHUX
rpyn pI3HOMaHITHUX OlojaerpagadenbHUX MarepianiB. TUM He MEHIe, 3aBISKU
MOJIEKYJISIPHUM arperataM, yTBOPEHHM MDK JIBOMa MaKpOMOJEKyJlaMd, Ii TpyIu
MOKYTh MaTH 3HAU€HHS MIOJ0 MOJIAPHOCTI (HE3Ba)KalOYM Ha Te, 110 BOHA HU3bKA) 1
KUTBKOCTI T'PYITI, SIKa, HABITh SKIIIO BOHA HU3bKA 11010 OCHOBHUX TPyl (KapOOKCUIILHUX,
(beHONIbHUX 1 TIPOKCHIIBHUX) HA0arato BUIILE, HDK y 1HIIMX MPUCYTHIX TPyl (XiHOHI,
€CTepHI, alleTalIbHi, JIJAKTOHI 1 €TepHi).

Y Ttakux cnonykax, sk ['K Oyporo Byruuis, OAHI€I0 3 HaWBaXIMBIIIMX
BJIACTUBOCTEN MOJIEKYJISIPHOI CTPYKTYpPHU € MOJSAPHICTh. [l0JSpHICTH 3HAYHOIO MIpOIO
NIJBUIIYE PEAKTUBHICTh AaKTUBHUX mepudepuyHux Trpyn. BaxiuBo BIAMITUTH
BractuBicTh ['K 10 po3uMHHS B HEWTpanbHUX a0O0 JYKHUX yMoBax. Ll BmacTuBiCTh
3aNIeKUTh BiA XiMigHOro ckiany pisaux 'K Ta, BiAMOBiAHO, Bi iX MOXOIKEHHS.
3anponoHOBaHO MexXaHi3M KoopauHaiii monekyn ['K B 3amexHOCTi BiJf yMOB

CepeIOBHINA iX PO3UMHEHHS — pHC. 3.33.
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Pucynoxk 3.33 - I[loBeainka monexyn 'K y myxHux ymoBax Ta mporec ix

KOOpAMHAIIii arperanii npu 3umwxkeHH1 pH

dakTHYHO BiI0YBaIOTHCA HACTYIHI eTanu koopauHaiii ['K B 3a1exHOCTI BT 3MHU
pH:

- my>kHui pH: BIIIITOBXYBaHHS 3apsiay;

- 3HMKeHHS pH: BHyTpimHbOMOJIeKYIsipHa arperaris ['K;

- 3HmkeHHs pH: mibkmonekymnspna arperamis ['K;

- kucine pH: onman I'K.

VY nyxxHOMY cepeoBHIll (PEHOJIbHI Ta KapOOKCUIIbHI IPYyNU AENPOTOHYIOTHCA, 1
BIJINITOBXYBAHHS IIMX HETATUBHO 3apPSKEHUX TPYT MPU3BOIUTH JI0 TOTO, 110 MOJIEKYJTH
MpUiiMaloTh PO3TATHYTY KoHpirypamito. [lpu 3Hmwkenni pH dyHkmioHansHI Tpynu
MPOTOHYIOTHCA, 1 €PEeKT BIAIITOBXYBaHHS MIHIMI3Y€ThCS, 3MyITyrodn Monekyry ['K
IpUIMaTH 3TOPHYTY Ta KOMITAKTHY CTPYKTYpy. Ha iboMy erari rizpodo0OHi yactuau 'K
3HAXOJIAThCS BCEPEIIMHI CTPYKTYPH, a T1IpodiIbHI YaCTUHHU 3HAXOAATHCS B KOHTAKTI 3
BOJHUM CEPEJIOBUIIEM.

Taka moBediHKa BIAMOBIZAaE€ 3a eMysbriiiHl  Xapaktepuctuku ['K, ix
MILEIONOAIOHY OpraHi3alilo Ta 3HM)XEHHS MmoBepxHeBoro Hatdary. Lli monexkymu 'K
YTBOPIOIOTH ~ arperaTd Ha BHYTPIIIHBOMOJEKYJISIPHOMY pIiBHI 3  MOJAJBIIOO

MIDKMOJIEKYJIIPHOIO arperaui€ro 1, 3pelTor0, BUMaJaHHsAM y ocal. EkcriepeMeHTanbHo
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BCTaHOBJIEHO, 1m0 pH moB’s3aHUN HE TUIBKU 3 PO3YMHHICTIO, aje ¥ 31 CTaOUIbHICTIO
BojHUX cycnensii ['K.

HaBkoio 3apskeHHX YacTMHOK  YTBOPIOEThCA  AUQPY3HHMHA  MOJBIMHUIN
CNCKTPUYHUN TIap, SKUHW 3aXUINAE X 1 JO3BOJISIE CUCTEMI CTAaTH PO3PSKEHOI0. bibiie
TOTO, KOHIICHTpAIIisl 10HIB BU3HAYa€ 3axucT 9acTHHOK I'K Bix 3apsy, SKuii € OLIbIITIM
JUIS. CUCTEM 3 HIDKYOIO 10HHOK CHJIOIO, OCKUIBKH 10HHI BHUJIM MAaTUMYTh CHJIBHIIIY
B32€MO/III0 3 €JIEKTPUYHUM LIAPOM, HIXK 3 MOJIEKYJIaMU PO3YHMHHUKA.

Ockinbku 'K € c1abkuM MomieneKTpoIiTOM, BOHM MOXKYTh ICHYBaTH y BOA1 K Y
BUTJISIII PO3YMHEHUX MOJICKYJI, TaK 1 B AucoIliioBanit ¢popmi. Lleit mexaHi3m BianoOBIIa€
po3unHHii ¢pakiii ['K. Hepo3unnHna dpakiiis B3aeMo/ie 3 HABKOJIUIITHIM CEPeIOBUILIEM
Yyepe3 MOBEPXHIO Ta Ji€ SIK i10HOOOMIHHUK, BUBUIbHSOUM 10HM H y po3umH, Toxi sK
aHIOHHU 3aJTUIIAIOTHCS] HEPO3UUHHUMU.

Taka xapakTepucTuka po3uyMHHHX BiactuBocted 'K cBimunTh mpo ix BHCOKHIA
nmoTeHITian A riopuaHoi Moaudikaiii Bogopo3unHHUX nojiMepiB. Came uepes Te, 1o
OUTBIIIICTh MaTepiajiB 3 TaKWUX TMOJIMEPIB OJEPKYIOTh B YMOBax iX pPO3UYMHEHHS B
BOJHOMY CEpEJOBHIN, BUIJIANAE YK€ TMEPCIEKTUBHUM TPOBEJIEHHS MPOIECCIB
riopuaoi Momudikamii 'K 3a paxyHOK ngenpoToHyBaHHS iX (EHOIBHUX Ta
KapOOKCUJIBHUX TPyN Ta 3HAXOMKEHHS B aKTUBHIM (popMi BIIHOCHO (DYHKIIIOHAJIBHUX
IPYIII MOJIMEPIB.

TakuM YWMHOM, eKCIIEpUMEHTaIbHO BCTaHOBIEHO, mo B ['K mpeBamoioTh
KapOOKCUJIbHA Ta TIAPOKCU(EHONIbHI TPYNH, TaKOX B 3HAYHIM KUIBKOCTI MPUCYTHI
KapOOHIIbHA Ta TiApoKcuiIbHA rpynu. HasBHicTh penonbHux rigpokcunsaux —OH Ta
kapOokcunbHuX COO— rpyn y KUTbKOCTI 2-4 Mac. % BU3HAYAIOTh 3/1aTHICTh TYMIHOBUX
PEYOBMH BYTUUIA BUCTyNaTH TIOpUAHUM MOAM(IKATOPOM TIO BiJHOMICHHIO JI0
MoJIIMEpHUX MaTtepiaiiB (0logerpagadenbHUX PEYOBHH) 33 PAXYHOK TaKUX MEXaHI3MIB:
XIMIYHOI B3a€MOJIi 32 METHJICH TiIPOKCHJIBHUMHU TPyNaMH 3 YTBOPEHHSIM €CTEPHUX
3B’SI3K1B, KOOPJMHALIIMHOrO 3B’S3yBaHHS 3 aMIHOTPYIaMU 3 YTBOPEHHSIM MENTUIHUX
rpyn -CONH-, nunons-aunosiabHoi B3aeMOJii 3 MPUCYTHICTIO BOJAHEBUX 3B’SI3KIB Ta

KOH(pOpMaIIHHUX 3MIH
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[IpoBeneH1 ekcnepuMEHTaNIbHI JOCIIIHKEHHSI Oyporo BYTruUUis IJsl OJEp>KaHHS 3
HBOT'O CYXOTr0 3aJIUIIKY TYMiHOBUX pedoBUH (I'P) nnsi BUKOpUCTaHHS K TIOpUAHUX
MoaudikaTopiB mpU  ONEpKaHHI  KOMIIO3UTHHX  MmatepianmiB. Jliusgs  10T0
EKCIIEPUMEHTAIILHO JOCHIHDKEHO YOTHUPH PI3HUX pPEeXuUMIB oaepxkanHs [P Oyporo
BYTUIIs 3 TphOX TUIiB Oyporo Byrumis. B Tabn. 3.34 HaBeneHi yMOBM BHKOHAHHS
JOCIIJKEHHS, a came: TMOPSJIOK Ta BU3HAYEHHS BUXOAY TOJYOJBHOTO €KCTPAKTy Ta

ButbHUX ['K Oyporo Byriuis. Bapiant «0».

Tabnuus 3.34 — YmoBu onepxanus ['P

) Bapiant
Cranis
0 1 2% 3*
1. BusHaueHHS TOJIYyOJIbHOTO EKCTPAKTY
1.1 Maca po6u, T 17,216 26,736 14,823 10,234
1.2 06’em Tomyony, cm® 150 230
] Bapiant
Cramis
0 1 2% 3*
1. Onnokpatne HarpiBanus ~ 100 °C.
4 romuau B | 2. BripooBx 6 ronuH y cymuiabHil madi 0pu | 4 roguHu B
1.3 YMoBH ekcTpakiiii EKCTPaKIIHHO 40 — 50 °C. EKCTPaKIITHOM
My anapari 3. 18 rogun mpu 20 — 22 °C. y anapari
4. OnaokpatHe HarpiBanus > 70 °C
2. Buznauenns Buxony ButbHUX ['K
2.1 Maca npo6u, T 3,646 22,752 26,37 26,227
2.2 06’em NaOH, cm®
(%) 100(1) 200(2)
2.3 KunigHs Ha BOOSHINA 5
OaHi, Tox
2.4 TlpomuBanus. 06’ em
NaOH, em® (%) 2x100(1) 2x165(2)
2.506’em HCI, cm® (%) 60(5)
3. BuznaueHnHs TonyonbHOro ekcrpakry 3 ['K
3.1 Maca ipobu, T 13,03
3.2 06’emM Tomyony, cm® 230
He Busnavanu 4 FonUHY B
3.3 YMOBHU eKCTpaKirii EKCTpaKI[IHHOM
y amapari

* cTanis 2 BUKOHYBAJACh JI0 cTaii 1
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VY Ttabmuui 3.35 — 3.37 HaBeAeH! NOKa3HUKU BUXOJY Ta SIKOCTI JOCHIIKYBaHUX

3paskiB 'K 3 pizHux TtumiB Oyporo Byruuis. Yce BYruUis, IO 3aJUIIUIOCS MICHS

BHU3HAYCHHS BHXOJAY TOJIYOJIbHOI'O CKCTPAKTY BHUKOPHCTOBYBAJIOCA JJIsI BU3HAYCHHA

Buxony ButbHUX ['K. [Ipy BuKOHaHHI NOCHIIKEHb PO3PaXOBYBaJId BUXIJ MPOMYKTIB, a

TaKOX MOKA3HHUKH X TEXHIYHOTO Ta €JIEMEHTHOTO aHai3y.

Ta6muis 3.35 — Buxijn Ta skicTh gociipkyBaHux 3paski ['P 3 6yporo Byrimis Nel

Texniuynuii . o

. . o EnemenTtnuii cknan, %

Bapiant 3pa3ok Buxin, % | aHam3, %
we | AY | ¢ | HY | N9+Se+0Ody

0.1 TosyosnbHMI €KCTPaKT 14,86 1,8 0,3 | 786 | 11,9 9,2

0.2 Byr‘m"efc‘%"alfzﬁy"“"m” 8514 | 99 | 245|522 | 27 20,6
0

0.3 I'P 6yporo Byrims, HA% 41,00 11,2 | 39 | 574 | 38 34,9

04 | By “lcn(’i ﬁ2§’06m NaOH | 5900t | 123 | 304 | 460 | 3,3 203

1.1 TonyonbHMI €KCTpaKT 5,32 2,0 0,1 |796 | 124 79

1.2 Byrmﬂ"eﬁlc‘%"alfzﬁyom"{m 9468 | 10,4 |22,1|548 | 3,6 19,5
1

1.3 I'P 6yporo Byrims, HA% 51,70 173 | 53 | 518| 45 38,4

14 | Byrium e ‘;2;’06““ NaOH 1 g 302 | 11,0 | 463|361 | 34 | 142

2.1 I'P 6yporo Byrims, HA% 48,32 142 | 51 | 61,7 | 4,0 29,2

0o | Bymam e ‘;2%’061‘“ NaOH 1 5168 [118 413|429 40 | 118
2

2.3 ToyonbHHI €KCTPAKT 1,790 1,7 03 | 79,6 | 12,6 75

2.4 By“““"ei‘g’; ;Eﬁyomo"' 08,213 | 135 | 420 | 455 | 42 8,3

3.1 I'P 6yporo Byrums, HA daf 47.39 141 | 50 | 61,8 | 4,1 29,1

3.2 Bymﬁ‘agﬂg 00/31”06““ 5261 | 116 | 41,0 | 430 | 4.0 12.0

3.3 ToyosbHHI €KCTPaKT 5,28 1,8 0,3 1799 12,9 6,9
3 . . .

3.4 By“““"ei‘g’; ;EEYOHBHOI 94,72 | 13,4 | 423 | 457 | 43 7.7

35 | 1OMyonbHMH ZKYCFTIE?;T 3IPOyporo | 4 4g He Bu3HAYATH
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Tabmums 3.36 — Buxin ta skicts qocnimkyBaHux 3paskiB ['P 3 Oyporo Byrimis Ne2

TexHiuHUH
) Enementauii cknam, %
Bapiant 3pa3ok Buxin, % aHamis, %
W2 Ad Cd Hd Nd+Sdt+Odd
0.1 | ToxyosbHUIN EKCTPAKT 15.55 1.7 04 | 77.7 | 21.9 10.2
Byrimns micnis ToayonsHOT
0.2 86.23 9.7 | 225|512 | 24 19.6
eKCTpaKIii
0
0.3 | I'P 6yporo Byrimms, HA% 42.55 12.1 | 3.7 | 565 | 3.7 33.8
Byrinns nicis o0poOku
0.4 58.88 11.8 | 31.1 | 459 | 3.6 19.1
NaOH (1 %)
1.1 | TomyonpHUI €KCTPAKT 4.88 2.1 02 | 789 | 125 8.2
Byrimst micist ToayonasHOT
1.2 93.77 101 | 21.8 | 534 | 3.3 18.7
EKCTPAaKIIii
1
1.3 | I'P 6yporo Byrimms, HA% 52.55 18.1 | 5.4 | 522 | 47 37.2
Byrims nicns 06po6 ku
1.4 47.94 121 | 473 | 371 | 35 13.8
NaOH (2 %)
2.1 | T'P 6yporo Byrimms, HA% 47.42 153 | 53 | 612 | 3.8 28.9
Byrimis nicnst 06poOku
2.2 52.22 119 | 425 | 438 | 3.9 12.2
NaOH (2 %)
2
2.3 | TonyonbHHIA EKCTPAKT 1.88 1.6 0.3 | 78.6 | 13.2 8.1
Byrinns micns Toiyo JabHOT
24 97.33 147 | 415 | 46.1 | 41 8.4
eKCTpaKIii
3.1 | T'P 6yporo Byrimms, HA% 48.54 142 | 49 | 628 | 5.1 30.1
Byrims micis 06pooku
3.2 53.44 112 | 420 | 440 | 3.8 11.9
NaOH (2 %)
3 | 3.3 | TomyonbHHI EKCTPAKT 5.44 1.8 04 | 78.8 | 11.9 7.1
Byrimis nicns ToxyonsHOT
3.4 93.33 129 | 433 | 46.7 | 3.3 6.7
eKCTpaKIii
3.5 | TonyonsHuit excrpakt 3 'K 0.46 He Bu3navanm
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Tabmuug 3.37 — Buxiz ta AKiCTh JOCIIKYBaHUX 3pa3KiB TyMIHOBUX PEYOBHUH 3 Oyporo

Byrims Ne3

Texuiunui . o
' . Y Enementnuii cknan, %
Bapiant 3pa3ok Buxin, % atanms, 7o
wa | A | | HY | Ne+SI+OY
0.1 | ToxyonbHUH EKCTPAKT 15,55 1,72 02 | 772|125 91
0.2 | Byriut micis TomyosLHof 86,22 98 | 225 |51,2 | 1,7 18,5
eKCTpaKIii
0
0.3 | I'P 6yporo Byrimmns, HA% 42.00 12,2 49 | 564 | 48 33,9
0.4 | Byriua micis 06pobin 5800 | 143 | 284 | 460 | 53 19,3
. NaOH (1 %) L ) ) ) b )
1.1 | TonyonpbHHIA EKCTPAKT 6,32 3,0 0,2 | 776 | 13,4 6,9
1.2 | Byruui meis TonyoisHoT 92,68 11,4 231|538 | 26 21,5
€KCTpaKIil
1 | 1.3 | I'P 6yporo Byrimms, HA% 53,70 183 | 63 | 52,8 | 55 374
Byrimns nicnis 06po Oku
14 NaOH (2 %) 47,30 120 |453| 35,1 4.4 13,2
2.1 | I'P 6yporo Byrimms, HA% 47.32 15,2 6,1 | 62,7 | 3,0 28,2
Byrinns nicns o0poOku
2 |22 NaOH (2 %) 52,68 12,8 | 42,3 | 43,9 5,0 12,8
2.3 | TomyonpHUIA EKCTPAKT 1,82 15 0,4 | 80,6 | 13,6 6,5
0.4 | Byriu miens Toy oL HoI 9421 | 145 |440| 435 | 41 73
eKCTpPaKIii
3.1 | I'P 6yporo Byrimns, HA% 46,90 13,1 | 40 | 60,8 | 5,1 28,1
Byrinns micns o0poOku
3.2 NaOH (2 %) 51,33 126 420 420 | 3,0 11,0
3 | 3.3 | TonyonpHUM €KCTPAKT 5,66 1,6 04 | 779 | 11,9 79
3.4 | Byriu mers ToyonkHol 92,66 12,4 |433]| 46,7 | 3,3 6,7
€KCTpaKIil
3.5 | TonyonwsHmit exctpakt 3 ['K 0,46 He Bu3Hauamm

AHanizyrouu oTpumani aasi 3 Tabn.. 3.35-3.37, MOkHA 3pOOMTH BHUCHOBOK, IO
JOCJTI/KEH] CIOCO0U JT03BOJISIIOTH OoTpuMaTu ['P Ta ToyosibHI €KCTpakTH, SIKi MarOTh
Jy’)K€ CXOXI1 SAKICHI MOKa3HUKH, aje BUXIJ LUX MNPOAYKTIB pi3HUNA. OuUeBHIHO, IO
nociimkeHHi npoueaypu ekcrpakiii I'K ta I'P 3 6ypro Byruuis 103BOISUIH OJIEpKYBaTU
MaTepiaid 31 3HaYHO PI3HUMH BJIACTHBOCTSIMH, 30KpeMa IIOJ0 BMICTY MiHEpaIiB, IO
BimoOpaskasocs sK Ha 30JIbHOCTI, TaK 1 Ha elleMeHTHOMY ckiiafi (a came Si, Al ta Fe).

3's1cOBaHO KPUTHYHY TOUYKY B MIPOIIETypaxX PO3AUICHHS, IO HAMOLIBIIE BIUTMBAE HA

ckian 1 BmactuBocTi I'P ta T'K. Ilpm crammaprthiii metoamii koHueHtpamis NaOH
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noctatHs Juisi BuMuBaHHA ['K 1 ycyHeHHs1 anmtomocuiikaTiB. Y Bapianti 3 I'P Oyporo
BYT1JUISI MOXKHA 40/1aTKOBO Buaanutu 0,48 % TOMyOJIbHOrO €KCTPAKTY.

Ha puc. 3.33 naBeneni cBiTiinHU ekcTpakTy Ta I'P 6yporo Byrimis.

Pucynok 3.33 — Ocaxeni Ha nanepoBuit puibtp ['P

AHani3yroud OTpUMaHI J1aHl, MOKHa 3pOOUTH BUCHOBOK, IO JOCHIIKEHI 3pa3Ku
Oyporo BYTiUIsl I03BOJISIIOTH oTpuMatu [P, siki MaroTh Ay’Ke CXO0Xl1 AKICHI MOKa3HUKH,
ajie BUXIJl IUX MPOAYKTIB PIi3HUN. 3 pe3ysbTaTiB E€KCIEPUMEHTAIBHUX JOCIIIKCHb
BCcTaHOBJEHO, 110 pocuikeHHl ['K ta I'P 3 pisHux Tumis Oyporo ByTiuIs JO3BOJISUIIH
OJIepKyBaTH Marepiajau 31 3HaYHO PI3HHUMH BJIACTHBOCTSIMHM, 30KpeMa II0JI0 BMICTY
MIHEpaJIiB, IO BioOpa)kaaocs SK Ha 30JIbHOCTI, TaK 1 Ha €JIEMEHTHOMY CKJafl (a came

Si, Al ra Fe) — ta6u. 3.38.

Ta6muis 3.38 — Buxig Ta sSkicTh AOCHIKYBaHUX 3pa3kiB ['P 3 pi3HuX TuUIiB Oyporo

BYTULIIS
3pasox Buxiz, % Texuiunuii anamnis, % EnemenTnuii ckian, %
’ We Ad Cd Hd N9+S%+0d
1 41,00 11,2 3,9 57,4 3,8 29,1
2 47,39 14,1 50 51,8 4,1 34,9
3 51,70 17,3 53 61,8 4,5 38,4
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Jlnst BcTaHOBIEHHSI 0COOMMBOCTEN CTPYKTYpH pizHMX TumiB ['P Oyporo Byrimwis

MIPOBEICH]1 PEHTIEHOCTPYKTYPHI JOCIIKEHHS (puc. 3.34).

Irel.
1000

950
sooq A

850

Al

800+
750
700
650
600
550
500
450 Ar
400
350+
3004
2504
2004

150

it T

1000

950 4 B

900
850 4 Al
300
750

700
650

=

600+
550
500
450 4
400
350
300
2504
2004
150 4
100

Bl L AT M[ IM;M “...l“”_ .UJL”JLJJ. .‘uu.J ot W J.“Mhhm R nlj.u,

1000

950 C Al
S00 -

8504

800
750
700
650+
600+

el b ,. ”uﬂnm i|.,|l“|l_mxm_ il it 4 J.Mhu... ‘l\lJLuLu.IAHIILJLLIﬂ,Mj.h,

10 50 6 70 80

Cu-Ka1 (1.540600 &) 2theta

Pucynok 3.34 - Kpusi XRD: A —T'P1, 6 —I'P2, B —T'P3, Al — aniparuyni ctpykTypH

ByIJICI0, Al — apOMaTU4H1 CTPYKTYpPH BYTJICIIIO
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3rigHo XRD-npodiniB gocaimxkeHux 3pas3kiB I'P mpucyTHI SsckpaBo BUpa)KeH1 KU
npu 27°, 38°, 55° Ta 67 °, Kl BIAHOCATHCS A0 KPUCTAJIIYHUX CTPYKTYpP T'YMIHOBHUX
pedoBuH. [lepmi gBa miku mpu 27° ta 38° MOXyTh OyTH BIJHECEHI [0 OUIBII
KOHJICHCOBAaHUX CTPYKTypa BYTJCIIO B CKJIaJi TYMIHOBHUX PpEYOBHH Yy BHIJISII
apOMaTUYHUX CTPYKTYPH, a MIKK mpu 55° Ta 67° moB'sA3aHi 3 HAsSBHICTIO B CTPYKTYpi
T'YMIHOBHX pe4yoBHH amidatuyHoro Byrieio. [Ipu nqocmimxenni XRD-mpodiniB pizHux
3paskiB I'P BcranoBieHo, 1mo B psay ['P1<I'P2<I'P3 BinOyBaeThcs 3pocTaHHs KiJTbKOCTI
apOMAaTUYHUX CTPYKTYp B TYMIHOBUX pPEYOBHHAX, IO TOB’SA3aHO 31 30UIBIICHHSIM
cTyneHto meramopdpizmy. B Toli ke 4yac, B aHamoriuHomy psay [P BigOyBaerbcs
3MEHIIECHHS KUIBKOCTI allipaTUYHUX CTPYKTYp, IO CBIAYUTH MPO iX MEPETBOPEHHS B
apoOMaTU4Hl CTPYKTYpH NpHU MHOTIUOJEHHI CTYINEHIB MeTaMopdi3zMy Oyporo ByTuuIs.
Takum unHOM, 3pOOJIEHO BHUCHOBOK, IO MPU 30UTBIIEHHI CTYNEHI0 MeTaMmopdizmy
Oyporo Byriuis BiiOyBa€eThCsl YTBOPEHHS OUTBII KPUCTAIIYHUX aPOMATUYHHUX CTPYKTYP
B HOT0 MOX1IHUX Y BUTJISAII TYMIHOBHX PEUOBHH.

Buxonsun 3 Toro, mo onepxkani 3a meromukamu [P 0,1,2 Ta 3 Bi3yaibHO
MPEACTABISUIA TyXe IpIOHOJUCIIEPCHI YACTUHKHU, TO TMPOBEICHO E€KCIEPUMEHTATbHE
JOCIIDKCHHS JJ1s1 BA3HAYCHHS 1X po3MipiB MeToaoM DLS. OckibKH po3Mip 4aCTHHOK B
JUCIIEPCHIN cHUCTeMi 3aJekuTh BiJ KOHIEHTpauii [111], mocaimkeHHS TPOBOIUIU 3

PO3YMHAMU PI3HUX KOHIEHTpallii — taosu. 3.39.

Tabmus 3.39 - Xapakrepuctuka HaHo9acTUHOK ['P Gyporo Byrinis

3pasok TP C. L/ Po3wmip (crangaptae | IlomigucnepcHicTh(cTaHAapTHE
' BIIXWJICHHS £), HM BIIXWJICHHS £)
1 35x%x10°* 270 £ 22 0,93 £ 0,07
36x%x10° 52+2 1,00 + 0,04
5 36x10* 368 + 240 0,41+ 0,02
6,4 x 107 310+ 120 0,39 + 0,08
3 35x10* 380 + 25 0,94 + 0,07
36x10° 60+ 9 1,00 £ 0,01

Ha puc. 3.35 — 3.38 HaBeneHo 1aH1 MIKPOCKOTIIYHUX JTOCTIIHKEHDb PI3HUX 3pa3KiB

BuxigHoro O0yporo Byriuisi, 'K ta I'P.
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Pucynok 3.35 — MikpockomiuHi gocmigxerss ['P 3 pi3Hux TumiB 6yporo Byriuis:
A —Nel, b —No2, B — Ne3,

J

Pucynoxk 3.36 — Mikpockomiuni gocmimxerss 'K 3 pisHux tumiB Oyporo ByTiuis:
A -TKI1,b-TK2, B-TK3.
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Pucynok 3.37 — MikpockomiuHi gocmimxerss ['K 3 pizHux tumiB Oyporo ByTriiis
npu 30u1bieHHi B 10000 pazis: A —T'K1, b —T'K2, B —I'K3.

Pucynox 3.38 — MikpockormiuHi gociipkeHHs ['P 3 pi3Hux tumiB 6yporo Byriyuis:
A-TP1,b-TP2, B-TP3.



137

CrnocrepexxyBaHi MIKpOCTPYKTYpH B 3pa3kax Oyporo Byruuist, 'K ta I'P B ninomy
HE 3ajieXxanu BiA Tumy Ta ymoB oaepxaHHsa ['K ta I'P 1 Bxirowanu mapu, BOJIOKHA,
KOPOTKI CTPUHI Ta acolliamii my4kiB. 3rigHO 3 TaHuX puc. 3.35, 11t AOCTIHKEHUX THITIB
Oyporo Byriuis XapakTepHi YaCTUHKH Pi3HOI ¢opmu Ta po3mipiB (Bix 20 1o 100 Mkm).
Ha puc. 3.35 mokazano MikpocTpykTypy pizaux tumiB ['K 3 po3mipom gactuHOK 1 —
25 MKM, fKI 3HAYHO MEHIIl 3a YAaCTHMHKM BHUXITHOTO Oyporo Byrumis. Baxianso
BIIMITUTH, IO TOBEPXHI YacCTUHOK pi3HUX TuUmiB ['K SABISIOTBCS COO00I0 PUXITY
CTPYKTYPY B BEJIMKOIO KUJIBKICTIO MOp Ta HeogHopinHocTeill. Kpim Toro, mpu anainisi
ctpykrypu 'K npu 36inbmenni y 10000 pa3iB, cnoctepiraiucs arperoBaHi YaCTUHKHU C
TJIOOYJISIPHOT CTPYKTYpOIO Ta HeoaHopimHuMHu mopamu Ha moBepxHi 'K (Puc. 3.36).
Arperaus yactok 'K mop’d3aHa 3 clIaOKMMU MEXMOJIEKYJSIPHUMHU B3a€EMOJIISIMU
cmabkoro tumy (Ban-nep-BaanbscoBi 3B’ 13k1) a00 CUIILHOTO THITY, TaKi SIK IEPECHECCHHS
3apsmy 1 BogHeBi 3B’ s3ku [9, 10].

Ha migcraBi ekciepuMeHTaIBHOTO aHalli3y, BCTAHOBIICHO, 110 [1s [P, orpuMannx
IPU YOTUPHOX PIZHUX METOMAX iX OJIEpP)KaHHS, XapaKTepHE IMOIIAUCIIEPCHUNA PO3MIP
YaCTOK,IKWH CcTaHOBUTH Bia 52 no 380 HMm. Po3moxin 3a po3mipamMu B CyOMIKpOHHIN
obyacti B po3uMHAx yciX AMCHEpPcHUX 4YacTok I'P Oyporo Byruuis € yHIMOJAIbHO
MIUPOKHUM 1, OTKE, MOJIAMCIIEPCHUM BUXOsS4M 31 3HadeHHs PDI: 3HaueHHs iHmekcy
nosiaucnepcHocTi konuBarThes Bia 0,38 1o 1,00 1 3anexats sk Big yMoB ekcTpakiiii ['P
Oyporo Byruuis Tak 1 BiJl iX KOHIIEHTpaLIii.

Taka xapakTepucTuka T'yMIHOBUX PEYOBHH OYpOTro BYT'ULIsl CBIAYUTH PO iX BUCOKY
3MATHICTh 10 TiOpuAHOI Moaudikaiii Mpu CTBOPEHHI €(EKTUBHUX KOMIIO3UTIB MpU
pizHOMY cTymneHto BMicTi [P 3a paxyHOK HasBHOCTI HaHOPO3MIPHOI YaCTHUHU

MOJIiIUCTIEPCHOT (hasu.
3.3 BucHoBkwu 3a po3iiom 3
1. CopmoBanuii knacudikamiiiHuil po3noaisl CUpOBUHHOI 6a3u Oyporo BYTuULIs

JUISL OJIEpKaHHS MOTo MOXIAHUX Ja€ 3pOOUTH BUCHOBOK PO HEOOXIAHICTH IMOIIYKY Ta

PO3pOOKH HEECHEPreTUYHUX METOAIB MOT0 BUKOPUCTAHHS, IO € AYy’K€ NEePCHEKTUBHUM
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HAyKOBUM Ta MPAKTHUYHUM 3aBJaHHSM B paMKax pO3pOOKH MPOMHUCIOBHUX TEXHOJOTIH
pallOHAIBHOTO HEMAJIMBHOTO BUKOPHUCTAHHS PECYPCIB OYpOro BYruuisd AJis OJEp KaHHS
HOBITHIX Ta Moau(ikarlii iCHyroUnx matepiaiiB. BusnadeHo, 1m0 Ha ChOT'0/IHI HAIIPSIMHU
nepepoOku Oyporo Byriyuisi B YKpaiHi BKIIOYAIOTh TPH OCHOBHI HAIPSMU: TEXHOJIOTI,
MIPU3HAYEHHS SKUX — ITABUIIICHHS SKOCT1 BYTUTBHOI MPOYKITii /715 33J0BOJICHHS TIOTPEO
TELl, TEC, noOyToBHX CHOXHBa4iB, a TaKOX I[EMEHTHOI Ta METaIypriiHOi
IPOMHUCIIOBOCTI IUISIXOM MIABUIICHHS SKICHUX XapaKTEPUCTUK MPOAYKTIB MEPEPOOKH;
TEXHOJOT1l, 10 3a0e3MeuyroTh OTPUMAaHHS MPOAYKIii 3 HOBUMH CIOXHUBUHUMHU
XapaKTepUCTHUKAaMH; TEXHOJIOTHi He TMajJMBHOTO TMPH3HAYCHHS, CIPSIMOBaHI Ha
BUPOOHUIITBO TIPCHKOTO BOCKY, T'YMaHHUX MpernapariB, ajacopOeHTiB. I[lpoBenenuit
aHaJsi3 poJIOBUII, IOKa3HUKIB SKOCTI Ta MOTEHI1a)l BUAOOYTKY Oyporo Byruuist YKpaiHu
Ja€ 3pOOUTH BHCHOBOK IMPO HEOOXIMHICTHh TOIMIYKY Ta PO3POOKH HEECHEPTeTUYHUX
METO/IIB IOr0 BUKOPUCTAHHSI, 110 € AYX€ MEePCIEeKTUBHUM HAyKOBUM Ta MPAKTHYHUM
3aBIAaHHSIM B paMKaxX PO3pOOKH MPOMHUCIOBUX TEXHOJIOTIH PAIlIOHAIEHOTO HEMAIIMBHOTO
BUKOPUCTAHHSA peCypciB Oyporo BYTrumIis JUisl OFEp>KaHHsS HOBITHIX Ta Moaudikartii
ICHYIOUHMX MaTepialiB.

2. ExkcnepuMeHTalbHO JOCHIHPKEHO IMOTEHI[lad HEMaJIUBHOTO BUKOPHCTAHHS
NOXIJTHUX Oyporo BYTUUISL y BUIJISJII PIAKUX Ta TBEpAUX pedoBUH. [IpoBe/eHO OLIHKY
BIUTUBY MOJU}IKAIlli CMOJI0K Oyporo BYTiUIs MICs TEPMOACCTPYKIlII Ha BIACTUBOCTI
JIOpOoXHbOro OiTymy. BcTaHOBIEHO, MO0 paliOHAIBHUN CKJIaJa JUIsi CTBOPEHHS
epexktuBHUX [IMbB 3 migBUIIEHUM KOMIUIEKCOM T€PMO-(Pi3UYHUX 1 (PI3UKO-MEXAHIYHUX
xapakTepucTuk —40% Mac ryMOBOTo Mopomiky Ta 5 Mac. % cMmonu Oyporo ByriLIs miCIs
TEPMOAECTPYKIIi. AJle, 3arajJoM JOCTIPKEHHSI HanpsMy HEMaJUBHOTO BUKOPHUCTAHHS
MOXIHUX Oyporo BYTUUIA y BUTJIAII PIAKUX MPOAYKTIB — TYJIPOHOBHX CMOJI OypOTO
BYTULIS TICHS TEPMOACCTPYKIT At mMoaudikamii OITyMHUX MaTepialliB IMoKa3ajin
MIOMIPHICTh OJICP>KaHUX PE3yJIbTaTIB B MOPIBHSAHHI 3 ICHYIOUMMH HaIlPSIMaMH OJIepKaHHS
[IMB.

3. SIkicHi, KUIbKICHI Ta CHEKTPOCKOMIYHI JOCHIKEHHSI TYMIHOBUX PEYOBUH
Oyporo ByTULIA MMOKa3ajd, IO 3a PaXxyHOK HAsBHOCTI BEJIMKOI KUIBKOCTI PI3HUX

(YHKLIOHATBHUX TPYN B iX CKJIAJl, Takl T'YMIHOBI MOXIAHI BYTUUIS MalOTh 3HAYHY
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(PyHKL10HAJIBHICTh BUCTYIIATH FOPUIHUM MOAU(IKaTOpoM. BcTaHOBIEHO, 0 (PEHOIIBHI
rizpokcuiibHl —OH ta kapOokcunpHux COO— rpyn y KuibKocTi 2-4 Mac. % BHU3HAYAIOTh
3MaTHICTh TYMIHOBHX PEYOBHH BYTULIS BHUCTYMAaTH TiOpUAHUM MOAM(IKATOPOM TIO
BITHOIICHHIO 70 TOJIIMEPHUX MaTepiaiiB (01oaerpagabelbHUX PEUYOBHH) 32 PAXyHOK
TaKUX MEXaHI3MIB: XIMIYHOI B3a€EMOJII 3a METWJIEH TIAPOKCHIBHUMH TPYIIaMH 3
YTBOPEHHSIM E€CTEPHHUX 3B’SI3KiB, KOOPAMHAIIIMHOTO 3B’SI3yBaHHA 3 aMIHOTpyHamMu 3
yTBopeHHIM nentuaaux rpyn -CONH-, munonb-1umnoibHOi B3aEMOIIi 3 MPHUCYTHICTIO
BOJHEBUX 3B SA3KIB Ta KOHPOPMALIIHUX 3MiH.

4. Ha niacraBi aHali3zy TyMiHOBUX PEYOBUH, OJICPKAHUX 3 PI3HUX TUITIB BYTULIA,
€KCIIEPUMEHTAJIbHO BCTAHOBJIEHO iX HAHOJMCIEPCHICTh 3 PO3MIPOM YaCTOK Bia 52 110
380 um Tta iHpekcom mnodigucnepcHocti Bin 0,38 mo 1,00. BeranoBneHi XiMmiyHI Ta
¢bi3udHI XapaKTePUCTUKU TYMIHOBUX PEUOBUH OypoOro BYTULIS CBiMUATh MPO iX BUCOKY
(YHKITIOHATBHICTh IPH CTBOPEHHI €PEeKTUBHUX Olo/erpagadeabHIX MaTepiaiiB pi3HOTO
TUIy Ta (YHKIIIOHAIBHOI HAMpPaBJICHOCTI: TIAPOTeNiB, IUIIBOK, KOMIIO3HWTIB Ta

KOMITO3UTHUX MaTepialiB.
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PO3/111 4

TEXHOJOTISA IBPUIHOI MOJU®IKALI TYMIHOBUMM

KHCJOTAMMU I'IJIPOTEJIIB: ®I3UKO-XIMIYHI OCOBJUBOCTI
OJIEP’KAHHSL, BJACTUBOCTI TA MATEPIAJIA

Ha ocHOBI paHilie mpoBeAeHUX AOCTiIKeHb [225,226], OyJi0 TOBEIEHO BUCOKY
aKTYaJIbHICTh BUKOPHUCTAHHS TyMiHOBHX pedoBuH Ta 'K 3amis momudikarii pizHUX
rigporenaeBux kommosuilid. Tomy B pamkax moaudikaiii ['K rigporemiB gociiKeHO
($13UKO-XIMIYHI OCOOJMBOCTI BHMKOPUCTAHHS MOXIJHUX BYIUUIA B OJKEJIAaTUHI Ta

BHU3HAYEHO HAWOLIbII BaXKJIMBI BIACTUBOCTI MOPUIHUX MaTEpialliB HA iX OCHOBI.

4.1 JocmimkeHHs (i3UKO-XIMIYHUX OCOOIMBOCTEH TeXHOJOrli TiOpHmaHOL

MoupikaIlii TyMiHOBUX KICIIOT MPH OepKaHHI1 riporenei

Merogom IY-anamizy mpoBeleHI CKCICPUMEHTAIbHI  JOCTIKEHHS IS
BHU3HAYCHHS HAMOLIBII XapaKTepHuX (PYHKIIOHAIBHKUX TPy B cUcTeMax enatuH, ['K1,
ta xenaTuH—I'K1 Ta omiHku ocobimuBocTeil MexaHi3My TiOpuaHoi Momudikamii 'K

CTOCOBHO TiaporeniB (puc. 4.1).

A
Y
¢ L
L ST

3400 cm?

\\:s.ls:.()crvrl R \\ | 1|400cwr1
7 - 1540cm? oy

-

3370
' 15401400 v
3300 cm?
1400 c\m?

Pucynok 4.1 — [9-cnexrpu: 1 —I'K1, 1 — Xenarun, 3 — XKenatun +5 mac. %
I'K1, 4 — XKenatun +10 mac. % I'K1, 5 — XKenarun +15 mac. % I'K1
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VY tabmuusx 4.1 ta 4.2 naBeneno posnoaut cmyr y [H-cnexrpax xxenatuny ta 'Kl

BIAMOBIIHO.

Tabmuus 4.1 - [Y-cnekTpanbHi XapaKTePUCTUKH JKETATUHY

XBunpoBe umcio (cM ) QDyHKIIIOHATIBHI TPYTH
vNH, vOH 3430
vNH 3060
vC=0, vNH 1650
vNH, vC—-N, vC-C 1540
O0C-N, 6NH 1235
vC-0O 1080

Tabmuns 4.2 - [Y-cnekrpanbHi Xapakrepuctuku ['K1

O61acTh XBUIILOBOTO yucia (cM ) @DyHKITIOHAIBHI TPYTH
3390 ¢denonpHnX —OH rigpoKCHIIBHUX TPYII
2925 anmiaruanux cmyr C—H
1575 antucuMmerpuaarii vVCOO— kapOOKCHITBHOT coTi
1380 cumerpuaarii vVCOO— kapOOKCHIBHOT COJTi
1100 vCO (dbenonpnuit), VOH (amidaTuanmii)
1040 vC-N
1005 vCO
910 no3adazuuii 0CH (apomaTuyHmii)

Bceranosneno, mo B [Y-crekTpax BUXIZHOIO PO3YHMHY JKEJIATUHY Ta CUCTEMHU
xematud+S mac. % I'K moniOHI, mo nmoB’si3aHe 31 3HAYHOK KUIBKICTIO JKEJIAaTUHY B
3pa3Ky, 4epes3 Te Moro cMyru nepekpuBaroTh xapakrepHi cmyru ['K [234, 235].

Baxxnuo Haronocutu, mo y [4Y-cnektpi cuctem xemnatuna+10 mac. % 'K cmyra B
miamazoni 3500 — 3400 cm ™, sika BigmoBizae BaleHTHUM KoauBaHHAM 3B’ s3kiB N—H Ta
O-H, 3cyBacrbes B 6ik Oibll HU3bKHX XBUILOBUX uncel (3270 cmt) [236]. Lle MoxHa
MOSICHUTH B3aemoaisiMu H-3B'I3kiB MK KapOOHUIbHUMH Trpynamu atomiB ['K B
3QIIMIIKAX KEJATUHY, 1110 A0JATKOBO MIATBEPIKYE B3aeMoaito Mix ['K 1 sxenaTunoMm.

Kpim Ttoro, cmyru mpu 1653, 1540 ta 1400 cm! BigmosimHo, mos’s3ami 3
BasieHTHUMU KonuBaHHsAIMU VC=0 Ta vNH B nepBunHux amigax ta vVNH, vC—N, vC—-C ta
BAJICHTHUMHU MOJIaMH BO BTOPUHHHX aMiJIax, 3pOCTat0Th OUTbII IHTEHCUBHO Yy [Y-criekTpi

B cuctemi xkenatua+ 15 mac. % 'K [235, 236].
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binbm neraneHy 1HPOpMaLIO MOXKHA OTPUMATH, 0OUMCIUBILIN ApYTy Mmoxiany Y-

cnektpiB B miamazomi 1600-1700 cm!, mo mokasano Ha puc. 4.2. Lle mosBommio

PO3AUTUTH CMYTY MEPBUHHOTO aMidy Ha LIICTh OCHOBHUX MiKiB Ha 1693, 1663, 1658,
1652, 1630 i 1620 cM!, nop’s3aHMX 3 HASBHICTIO MDKMOJIEKYISPHHX AaCOLIALIiii:
norpiiina cmipans (1658 1 1663 cmt), omunapna a-cmipans (1652 cmt), S-mucris

(1620 cmt), B-Butku(1693 cmt)) i Bunmagkosoi xorymkm (1630 cmt) [237, 238]. V

JPYTii MOX1aH1M cuctemu xenatud +10 mac. %

1
4 1658 cm A
1663 cm  norpdina cipa® A . 1620 cm
1652 cm 1652 em P-mcTi

-1 , :
1693 cm MOTPIiHa CIHpas
OAMHIPHAA-CHPA® o mpyapsa o-CHPAS

[ -BaTEm

Pucynok 4.2 — [Y-cnektpu apyroi noxianoi: 1- XKenarun +5 mac. % I'K1, 2 —

Kenatun +10 mac. % I'K1, 3 — XKenatun +15 mac. % ['K1

B IY-cniextpax npyroi noxigHoi ['K mepeBaxae mik HEBIOPSIAKOBAHOT CTPYKTYPH,
TOJI SIK KK, TIOB’5I3aH1 3 MOTPIAHOIO CIipasuto, OuThbie He odeBuaHI. L{i ocobmmBocTi
CBIYaTh MPO T€, 10 JKEJIATHUH 3a3Ha€ KOH(POpMAIIHHUX 3MIH Yepe3 MOro B3aEMOJIIIO 3
I'K, 1110 TakoX MATBEPIKYETHCS 3CYBOM Y 01K HIXKYMX XBUJILOBUX YHCEII IMIKIB ITpH 1693
Ta 1620 cM L, OB’ A3aHUM 13 MI>KMOJIEKYISIPHEMH ACOLAI[isIMH B JKEJIaTUHOBIM MaTPHUIIi.
3MiHM B JIpyTii MOXiJAHIN OUIBII OYEBUAHI Y 3pa3Ky 3 HalBUIOK KOHIeHTpatieo ['K —

xenatud +15 mac. % 'K, mo miarsepaxye kiatouoBy poib 'K y monudikarii cTpykTypu

KEIaTUHY.
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[IpumiTHO, 1110 BUCOKa KoHIIeHTpalis 'K npu3BoauTh 10 BUNIQAKOBOI Oprasizaiii
CHipaji, OCKUJIbKM >KEJIATUHOBI JIAHIIOTH HE 3/1aTHI BCTAHOBJIIOBATH MOTPiiHI JOMEH1
cripaJti, TUTIOBI JIJIs1 BIOPSKOBAHOI CTPYKTypH. Ha BiaAMiHY Bix 1OT0, ApyTa MOXimHA
cuctemu xenatu +5 mac. % 'K cBiguuth mpo Te, 10 cripajibHi CTPYKTYpH Habarato
Kpalle BiTHOBIIOIOTHCSA, 10 BKaszye Ha Te, mo ['K miroTh yepe3 B3aemo/iii BOJIHEBOTO
3B’SI3KY 3 JKETATHHOM, TIOTEHIIHHO TaKOX TIMOKPAIyIOYd €JaCTUYHI BJIACTHBOCTI
MOJIIMEPHUX T1IPOTEIIB.

[[lo6 mocmimuTH, Y4 BUHHUKAE CEJIIEKTHBHA CHOPIIHEHICTh MK Bojoro, 'K abo
KEJIATUHOM, BIJNOBIIHO, MPOBEICHI PEHTTEHOCTPYKTYPHI MOCHIIKEHHS TiOpUIHOI
MoaudiKkalii KEeTaTUHOBIX T1APOrediB Ha *KETAaTMHOBHUX IUIIBKax, IO MICTATh PI3HY
kutekicth 'K (15 mac. % 1 45 mac. %). Ha puc. 4.3 nokazani XRD-mpodini 3pa3kiB
xematuny, cucteM xenatuH-I'K 5 mac. % Tta xematun-I'K 10 mac. % B crektpi XRD
KEJaTUHY CIOCTEPIraeThCsi TOCTpUi 1 muMpokuil mik mpu 8° 1 20° BiANOBIAHO, IIO
BITHOCUTKCS JI0 YACTKOBO KPUCTAIIYHOI CTPYKTYpH Kenatuny. [IpumiTHO, 110 meprimii
mik mpu 8° BIAHOCUTBCS JO BIOPAJIKOBAHOI MOTPIAHOI CHIpadbHOT KPUCTAIIYHOL
CTPYKTYPH, TOAI AK npyrui npu 20° MiATBEPKYE HASBHICTh a-cripan xkenatuny. [Tik
npu 8° cuibHO 3MeHIIeHn y criektpi XRD 3paska xenatun—I'K 15 mac. %, mo Bkazye
Ha 3MEHIIEHHS BMICTY MOTPIMHUX cHipaiedl y 3pa3Ky 1, TaKUM YUHOM, Ha 3MIiHY
BTOPUHHOI CTPYKTYypH >kenaTuHy uepe3 HasBHocTi ['K. Takox B crektpi XRD 3paska
xematua—1'K 15 mac. % npucyTHi sickpaBo BupakeHi miku npu 27°, 38°, 55° ta 67 °, ki
BITHOCATHCA A0 KpuctamiuHnux cTpykryp ['K. Ilepun aBa miku npu 27° ta 38° MOXKYTh
OyTu BiJHECEeH1 10 OLIbII KOHAEHCOBAaHUX CTPyKTypa Byriento B ckiani ['K y Burmsiai
apOMaTUYHUX CTPYKTYPH, a KK mpu 55° Ta 67° moB's3aH1 3 HasABHICTIO B CTPYKTYpi ['K
amidarnaaoro Byriento. [lomanmeini gocHipKEHHS MOKazanw, 1o B crekTpi XRD
xematud — 'K 45 % nik npu 8° nuie Tpoxu 3MEHIIEHUH, 10 CBIIYUTH MPO Te, 110 B
IIbOMY BHIAJAKy KOH(popMaIlis xKenaTuHa Kpaiie 30epiraerbes micis 3MmimryBanHs 3 ['K.
Brus 'K Ha kpucTalliuHy CTPYKTYpY KEJIaTHUHIB T1IPOTEIII0 MPU 0aBaHHI iX Ha PiBHI
15 mac. % nposiBasieThCs y 30UTbIIEHH] IHTEHCUBHOCTI MIKY MOTP1HOT ciipaii JKeJaTUHY
npu 20° a TakoX, SAK MOKa3zaau po3paxyHKH 3a ¢opmyior Illepepa (Tabmuus 4.3),

3HAYHOMY YKPYIMHEHHIO CEPEeIHbOr0 pO3MIpy HAHOKPHUCTANITIB MOTPIAHOI cripaii
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xematnHy 10 8,3 HM. JlomaBaHHsS B JKeIaTHHOBI Timporeni Oumbmoi kimbkocTi 'K,
HABIIaKH, 3MEHIIY€ KUTbKICTh HAHOKPUCTAIIYHUX TUISTHOK TMOTPIMHOI CIipati XKeJlaTuHy

710 2,6 HM, TIPO IO CBIAYUTH 3HMKEHHS IHTEHCUBHOCTI miKy 20°.

apOMaTH9HI \X C

_ - . CTPYKTYPH amidaTHIHHH
| IOTPIHHA CIipalb TK . Byrnens 'K

1 KeIaTHHY ﬂ

MOTPIHHA CHIPATh \ B
KeTaTHHY . .
¥ | apoma'[}{qﬂi EL‘IIIIIE[TH'{I-]HH
MCTPFKTYPH ByTaens ['K
'K

noTpiiHAa ¢Iipais | .WMM#“

§ KellaTHHA
A

o-CHipaTh
¢ HeTaTHHY

| 1

15 20 25 30 35 40 45 50 55 60 65 70 75 80

Pucynok 4.3 - Kpusi XRD: A —xenarus, 2 — xxenatun+15 mac. % I'K, 4 — xenatun

+45 mac. % I'K
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Tabmuis 4.3 — XapakTepucTuka KPUCTAIIYHUX CTPYKTyp 3 Aanux XRD- anamizy

KEJIATUHOBHX Tiporenis, MoaudikoBanux ['K

IMotpiitHa crmipans o-CIipaib
Sample
20,° [HTEHCUBHICTBD, OII. Po3mp 20,° IHTEeHCUBHICTB, O1I. P03M1p
kpucraiis D, aM kpucraiie D, am
Kenarun 20,2 171 5,3 40,2 150 1,68
Kenatun+15 mac.
9% T'K 20,1 213 8,3 40,5 130 1,21
Kenatua+45 mac.
% I'K 20,3 105 2,6 40,6 80 0,66

®akTU4YHO, y BENMUKUX KUTBKOCTIX ['K BIIMBalOTh Ha BTOPUHHY CTPYKTYpPY OUIKa,
3amo0irarouM Opraxizaiii JaHIIOTIB JKEJaTHHY B JOMEHHU IOTPIAHOI cmipam Ta
BUKJIMKAIOYM YTBOPEHHS OUIbII HEBNOpsakoBaHoi opraxizamii. Bmme I'K Ha
KPUCTAIIYHY CTPYKTYPY JKEJIATUHIB TIPOTENI0 B YACTHHI G-CHipayli MPOSIBISETHCS Y
NOCTIHOMY 3MEHIIEHH1 IHTEHCUBHOCTI MIKYy o-cripanikenaTtuny npu 40° 1o nmossizaHo
31 3MEHIIEHHSIM CEPEIHbOr0 PO3Mipy HAHOKPHUCTAJITIB O-CIIpanikenaTuHy 3 1,68 mo
0,66 uMm.

[[lo6 mocmimuTH, Y4 BUHUKAE CEJIIEKTUBHA CHOPIMHEHICTh MK Bojoro, 'K abo
’KEJIaTUHOM, BIJIMOBIAHO, HHU3bKOTemneparypuuir anamiz JCK mnpoBoaunu Ha
KEJATMHOBHX TLUTIBKaX, 110 MICTATH pi3HY KibKicTh 'K (15 mac. % 145 mac. %). Ha puc.
4.4 nokazani kpuBi JICK, 1o cBiggaTs mpo enporepMidHuii mik npudauszao npu 0 °C nms
YHCTOTO KEJIATUHY, TIOB’ I3aHUI 3 TEMITEPATyPOIO TOIIJICHHS KPUCTa130BaHOi Bou [237,
238]. Hatomicts 11010 eexty Hemae Ha JICK-kpusiit unctoi I'K, 110 cBiguuTh mpo te,
110 MOJIEKYJIM BOJY OOMEXXEH1 TICHUMHU B3aeMolisiMu 3 yactuHaMmu 'K, ski 3amo0iratoTh
ix kpuctamizamii [240]. ®akTUUYHO MOXKHA CTBEP/KYBATH, 110 CIIOPIIHEHICTh BOJU 10
'K mae Oytu OUIBIION, HIK 10 ykcTOro kenaTuHy. L{o6 migkpecnuTu 3Ha4Hy 3MiHY
KpHUcTami3aliiiHoi Boau depe3 3MiHy KoHueHtpauli ['K, OyB miaroroBieHuil 3pas3ok, y

sxomy KoHmeHTtpaiis ['K mpakTnaHo TOpiBHIOE KOHIIEHTpAITil KeJIaTUHY.
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Pucynok 4.4 — Kpusi JICK: 1 —T'K, 2 — xxenatun, 3 — xxenatua+15 mac. % 'K,

4 — xenatud +45 mac. % 'K

VY 1bOMy acneKkTi MOXKHa CIIOCTEpIraTH, Mo IUIOIIA MiKiB 3MEHITy€eThes: Ha 6,2 %
npu BwmicTi 15 mac. % 'K Ta Ha 6,9 mac. % npu 45 mac. % I'K, mpu mpomy mikoBi
TEeMITepaTypHy 3MIIIYIOThCS 10 HUKYMX 3HAUEHb 3a paxyHOK 30unbmieHHs Bmicty ['K y
3pazkax. lle miaTBepmKye, 10 npu 301UIbIIeHH] KitbKkocTi 'K BMICT KpucTamizariinoi
BOJM 3MCHINTY€eThCs. Bennka 3aatHicTh 'K mpuTAryBaTH MOJICKYJIM BOJIH Ta B3AEMOTISITH
3 HMMHU TOBHHHA JO3BOJMTH YTBOPIOBAaTH OLIBIIY KUIBKICTh BOJHEBUX 3B S3KIB,
MIJBUIIYIOYH IIUIBHICTh CITKA BOJIHOTO T1IPOTEIIO kenatuHy. [Ipu 30uIbIIeH] BMICTY
I'K no 15 % mac BcTraHOBIIOIOTHCS nepeBakHl 3B’ s13ku ['K 3 Monekynamu Boau, 110
3arnobirae iX KOOpAHMHALII 3 >KEIaTWHOBUMH JaHIforamMu. Ha OCHOBI IIbOTO MOXKHA
3poOUTH BUCHOBOK, IO B cucTeMax kenaTuH—I K mpu BMicTi octanHboi OitbIre 3a 15 %
Mac ii MOJIEKYJIU MePeBaXHO B3aEMOIIIOTH 3 MOJIEKYJIaMH BOJIM Ta «CEKBECTPYIOTHY iX,
MEPEIIKODKAIOYH X KOOPAMHAIIIT 3 JTaHI[IOTaMU KEJIaTUHY.

Hwxue Ha puc. 4.5 HaBeIeHO MOXUIMBHM BapiaHT TiOpUIHOTO MEXaHi3My
moaudikariii xxenatuny ['K, B skoMy HaBeieH1 CTPYKTYPH BUXITHUX PEUOBHH Ta PI3HUX

rigporesuen xenaTuHy npu pizHoMmy BMicTi 'K, HaBe1eHO Ha OCHOBI JocCiHKeHb [238].
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Pucynoxk 4.5 — MoXuBI CTPYKTYPH BUXITHUX PEYOBHH Ta TIOPUIHUX TiIporenei

xenatuny MmoaudikoBanux ['K

TakuMm 4YMHOM, BU3HAa4Y€HI OCHOBU (DI3UKO-XIMIYHUX OCOOIMBOCTEH TEXHOJOTIi
riopuanoi moaudikaiii 'K 6yporo Byriuis riiporeiiB KeJaTUHY, SKa BiIOYBaEThCA 3a
MEXaHI3MOM MaTPUYHOTO CUHTE3Y, MOB'I3aHOT0 KOH(POPMaLIIMHUMH 3MIHAMHU BTOPUHHOL
CTPYKTYPHU >KEJaTUHY, Mepely/l0BOI0 MEPBMHHUX amiAiB B cywimn >xenatuny 3 'K
BYTUJUISA, IO MEPEBAXHO B3a€EMOJIIOTH 3 MOJIEKYJIaMHU BOJIU Ta «CEKBECTPYIOTHY iX,
MEPEIKOIKAI0UM KOOPAMHAIIT 3 JIAHIIOTaMH JKEJIAaTUHY, TPU IIbOMY JKEJIATHH 3a3Ha€
KOH(opManiiHuX 3MiH yepe3 Horo B3aemoito 3 ['K Byriuis yepe3 cuctreMy BOJHEBOTO
3B’SI3KY 3 JKEJIATUHOM.

Ha pucynkax 4.6 — 4.8 300paxkeHo Trpadivni 3aJ€KHOCTI YMOBHOI B’S3KOCTI
PO3YMHIB T1IPOTENIO KeIaTuHy Bix koHIeHTparii ['K B HUX, oTpuMaHOi 3 pi3HUX 3pa3KiB
BYT'ULIA, Ta BiJ yacy ekcnosuiii. Ha puc. 4.9 — 4.11 naBeneHO AOCIIKEHHS 3 BIUIUBY
MOKa3HMKIB cTyneHs Meramopdizmy 6yporo syrima (V9, C% O%%) pisuux 3paskis Ha

piBEHb YMOBHOI B'SI3KOCT1 T1OpUIHUX TiAporesel xenatuny [242].
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Pucynox 4.6 — BB Bmicty 'K, orpumanoi 31 3pa3zka Nel, Ha piBeHb YMOBHOI1

B'SI3KOCT1 T1OpUIHUX T1ApOreseH KelaTuHy
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Pucynoxk 4.7— Brus Bmicty ['K, orpuManoi 31 3pa3ka Ne2, Ha piBeHb YMOBHO1

B'SI3KOCT1 T1OpUTHUX T1Aporesei xKelaTuHy
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Pucynok 4.8 — Brumus Bmicty 'K, orpumanofi 31 3paska Ne3, Ha piBeHb YMOBHOI

B'SI3KOCTI MOPUIHUX T1IporeNen xKeaaTuHy



149

47

Pucynoxk 4.9 — XapakTeprucTuka 3ajeXHOCTI YMOBHOT B'SI3KOCTI pO3UHHIB

KEJATUHY B1Jl BUXO/Y JIETKUX PEYOBHUH Y 3pa3Kax Oyporo BYTiis
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Pucynox 4.10 — XapakrepucTuka 3aJIe)KHOCTI YMOBHOI B'SI3KOCT1 PO3YHHIB
YKEJIATHHY B1JI BMICTY BYTJICIIO y 3pa3kax Oyporo ByTULIsS
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Pucynox 4.11 — XapakrepucTuka 3aJIe)KHOCTI YMOBHOI B'SI3KOCT1 PO3YHHIB

’KEJIATUHY BiJl BMICTY KHCHIO y 3pa3kax Oyporo ByTuLiIs

VY Tabmuii 4.4 HaBeAeH1 pe3yJbTaTH BUBYEHHS BIUIMBY T1OpuUIHOI Momudikarii

KEeJTaTUHY 1 TPUBAJIOCTI MPUTOTYBAHHS PO3YMHIB JKEJIATUHY Ha iX B'S3KICTh Ta (haKTOpU

npouecy (BMict ['K y cymiii, TpuBalicTh, AKICTh BUX1AHOTO BYTLIIIS).
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Tabmuusg 4.4 — ExcrnepuMeHTanbHI Ta PO3PaxyHKOBI 3HAYEHHS YMOBHOI B’SI3KOCTI

PO3YMHIB KeJIaTUHY 10 Ta micihd ix mogudikamii ['K*

YMOBHa B'SI3KICTh, V, C dakropu (Xj) Ve, ¢ (po3paxyHKOBI 3HaYCHHS, Y %)
n eKCIepUMEHTAITbHI daf, - |yreg,. = reg, = regy; =
( 3Ha§eHHﬁ’ Y,) TK,%| 7,x8 V4, % Co 9% O%"’ Y - VE;”‘ v CL&{K’ o Odzf(:;K’ "

1 4,93 0 0 ]29,1] 80,83 | 10,90 4,88 4,91 4,89
2 5,36 5 0 ]29,1] 80,83 | 10,90 5,35 5,37 5,8
3 5,45 10 0 29,1 80,83 |10,90 5,44 5,46 5,47
4 5,67 15 0 291 80,83 |10,90 5,68 571 5,69
5 5,12 0 5 1291] 80,83 | 10,90 5,11 5,13 5,14
6 5,38 5 5 129,1] 80,83 | 10,90 5,39 541 5,40
7 5,78 10 5 129,1] 80,83 | 10,90 5,79 5,77 5,78
8 5,85 15 5 129,1] 80,83 | 10,90 5,83 5,85 5,86
9 5,98 0 10 |29,1| 80,83 | 10,90 5,99 5,97 5,98
10 5,99 5 10 |29,1| 80,83 | 10,90 6,3 5,98 5,99
11 6,63 10 10 |29,1| 80,83 | 10,90 6,6 6,64 6,63
12 6,82 15 10 |29,1| 80,83 | 10,90 6,8 6,81 6,82
13 8,5 0 0 1437|6810 | 2411 8,7 8,4 8,5
14 8,4 5 0 [43,7]|6810 | 24,11 8,0 8,47 8,4
15 8,1 10 0 |43,7| 68,10 | 24,11 8,3 8,0 8,1
16 8 15 0 1437|6810 | 24,11 9,6 8,2 8
17 12,2 0 5 43,7 | 68,10 | 24,11 12,5 12,3 12,2
18 11,4 5 5 43,7| 68,10 | 24,11 11,8 115 11,4
19 10,8 10 5 143,7| 68,10 | 24,11 10,6 10,7 10,8
20 10,5 15 5 1437|6810 | 24,11 10,4 10,0 10,5
21 15,2 0 10 |43,7]| 68,10 | 24,11 10,3 15,0 15,2
22 13,2 5 10 |43,7]| 68,10 | 24,11 13,6 13,2 13,2
23 11,8 10 10 |43,7] 68,10 | 24,11 119 115 11,8
24 11 15 10 |43,7]| 68,10 | 24,11 11,2 10,8 11
25 8,5 0 0 [43,7]60,71 | 29,12 8,7 8,4 8,5
26 8 5 0 [43,7]60,71 | 29,12 8,0 7,7 8
27 7,8 10 0 43,7 | 60,71 | 29,12 44,3 8,0 7,8
28 7,7 15 0 43,7 | 60,71 | 29,12 8,6 8,3 7,7
29 12,2 0 5 43,7 | 60,71 | 29,12 12,5 12,2 12,2
30 12,2 5 5 43,7 | 60,71 | 29,12 11,8 12,5 12,2
31 10,1 10 5 43,7 | 60,71 | 29,12 10,1 10,4 10,1
32 9,8 15 5 43,7 | 60,71 | 29,12 10,4 10,1 9,8
33 15,2 0 10 43,7 | 60,71 | 29,12 15,3 15,0 15,2
34 11,2 5 10 43,7 | 60,71 | 29,12 11,6 11,3 11,2
35 11,0 10 10 43,7 | 60,71 | 29,12 10,9 10,9 11,0
36 10,5 15 10 43,7 | 60,71 | 29,12 47,2 10,9 10,5
37 17,3 0 10 43,7 | 60,71 | 29,12 17,3 17,0 17,3
38 12,6 5 10 43,7 | 60,71 | 29,12 12,6 12,3 12,6
39 12,0 10 10 43,7 | 60,71 | 29,12 11,9 11,6 12,0
40 10,8 15 10 43,7 | 60,71 | 29,12 11,2 10,9 10,8

*KUTBKICTh €KCIIEPUMEHTATLHUX pe3ybTaTiB n = 40.

VY Tabmuii 4.5 HaBeeHI MaTeMaTUYHI 3aJIEXKHOCTI, K1 OT 0TOOpaXkaroTh TpadiuHi

3aJIeKHOCTI, HaBeaeH] Ha puc. 4.9 —4.11, a Takox iX CTaTHCTUYHA OIliHKA.
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Tabmuug 4.5 — MaTemaTU4HI1 3a1€KHOCTI YMOBHOI B'I3KOCT1 pPO3UMHIB KEJTATUHY ™

No MaTemMaTiyHa 3aJ1eKHICTh R2

4.1 v = 0,2445 - V4 — 2,1855 1,0000
4.2 v =—-0,1887 - C%% 4+ 20,4970 0,8682
43 v=02111-05" +2,7978 0,9292

*KUIbKICTh €KCIIEPUMEHTAIbHUX pe3ybTaTiB n = 40.

3 oOnepKaHMX pe3yNbTaTiB JOCHUIKEHHS BIUIMBY IIOKa3HUKIB CTYIIEHS
metamopdizmy Oyporo Byrimms (VY, C% Q%)) pisnux 3paskiB Ha piBeHb yMOBHOi
B'A3KOCTI TIOpUIHUX TIJpOresel >KeJaTUHY MOKHAa 3pOOUTH BHCHOBKHM, IO 3i
30UTbLIEHHSIM BUXOJAY JIETKUX PEYOBHH Ta BMICTY KHCHIO y 3pa3kax Oyporo ByTuuIs
CHIOCTEPIraeThCsi 3MEHIICHHS yYMOBHOI B’SI3KOCTI po3uuHiB. B Tabnwuimi 4.6 HaBeneHi
MaTeMaTH4H1 3aJI€KHOCT1, III0 OMUCYIOTh IpadivHi 3aJIeKHOCTI, sIK1 HaBeleH1 Ha puc. 4.7
—4.12, anapuc. 4.10 — 4.12 — rpadiuanii 38’ s130K (aKTUYHOTO Ta PO3PAXyHKOBOTO PiBHS

YMOBHOT B’s13K0CTi cucteMm kenatuH — ['K.

Ta6muis 4.6 — MaTtemaTu4Hi 3aJIe)KHOCTI YMOBHOI B’ SI3KOCT1 cucTeM >kenaTtuH-I'K

No MaremaTn4Ha 3aJ1€KHICTh CTaTHCTH;? 4 OmlIHka
4.4 v =—498244 — 0,11185-HA + 0,31978 - 7 + 0,33934 - /4 0,841
45| v =2562277 —0,11185 - HA + 0,31978 - T — 0,24939 - C4%f 0,733
4.6 v =2,14487 — 0,11185- HA + 0,31978 - T + 0,28304 - Ogaf 0,774
*KUIbKICTh €KCIIEPUMEHTAIBHUX Pe3ybTaTiB n = 40.
16 . . )
2 S 14 3HauyeHs! YMOBHOI B’SI3KOCTI e ® o . .
29 * * o 4
2§12 ot @
= IDOE R
>§ “ 10 2 0' L DR 4
5 8 s %
E @ 6 &
2 9 * .9
(S] g 4 ‘Q
2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
4 6 8 10 12 14 16 18
Po3paxynkoBuii piBeHb YMOBHOI B’SI3KOCTI

Pucynox 4.12 — B3aeM03B's130k (paKTHIHOTO Ta PO3PaXyHKOBOTO PiBHS YMOBHO1

B’SI3KOCTi y cucTemax sxkenatud — K1 BiamoBigHo MareMaTruHol 3anexHoCTI (4.4)
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Pucynoxk 4.13 — B3aemo3B's130k (haKTUYHOTO Ta PO3PAXyHKOBOTO PiBHSI YMOBHOL

B’SI3KOCTI y cucTeMax kenatud — ['K2 BifmoBigHO MaTeMaTHYHOT 3a1eHOoCTi (4.5)

i 16 ¢ 3HavyeHs YMOBHOT B’ SI3KOCTI
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Pucynox 4.14 — B3aeM03B's130K (PaKTUYHOTO Ta PO3PaxXyHKOBOI'O PiBHS YMOBHOT

B’S13KOCTI y cucteMax »kenatud — ['K3 BiamoBigHO MaTeMaTHYHOT 3a1ekHOCTi (4.6)

Ha puc. 4.15 300paxeno BB BMicTy I'K 3 pi3HuX 3pa3kiB Oyporo Byriuuis, Ha

pIBEHb TeMIIEpaTypH TOIUICHHS T'1JPOreIto KeJIaTUHY.
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Pucynox 4.15 — Brumus Bmicty 'K 3 pi3Hux 3pa3kiB Oyporo Byriuisi, Ha piBeHb

TEeMITepaTypy TOTUICHHSI T1IPOTEIO )KEeJIaTUHY

AHai3yroud HaBeIeH1 BUIlle rpadiku, Mo>KHa 3p0OUTH BUCHOBOK, 1110 30LTBIIICHHS
koHueHTpauli 'K, 3amexHo Big BmactuBocTeil Oyporo Byruuis, HMPU3BOAMTH K JI0
30UThLIEHHS (3pa30K 1), Tak 1 A0 3MeHIIeHHs (3pa3ok 2 1 3) TeMreparypu TOIJICHHS
riOpUIHUX T1IpOTesei )KeIaTuHy.

Ha puc. 4.16 300paxeno BmiuB Bmicty I'K 3 pi3HuX 3pa3kiB Oyporo Byruuis Ha

pIBEHb TeMIIEpaTypHu Jerpajanli riOpuIHUX rIporenei xeaaTuHy.
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Pucynok 4.16 — Bomus Bmicty 'K 3 pi3Hux 3paskiB Oyporo Byriuisi, Ha piBeHb

TeMIIepaTypHu Jerpajailii riOpuIHUX Tiaporeiei sKeIaTuHy
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AHani3youu npejcTanieHi rpadiki, MOXKHa 3pOOUTH BUCHOBOK, 1110 30UIbIIICHHS
koHueHTpauli 'K, 3a1exH0 Bl BIACTUBOCTEN BUXIJHOTO BYTULIS, MPU3BOJIUTH SIK 110
30UTBIIIEHHS (3pa30K 1), Tak i 10 3MeHIeHHs (3pa3ku 2 1 3) TeMnepaTrypu pyHHyBaHHS
riOpUIHUX TiIpoTesieH KeIaTuHy.

Ha puc. 4.17 mokazano rpadiuHy 3alexHICTh 4acy TeleyTBOPEHHS TiIOPHIHHUX
rijgporenen skenatuny BiJ BmMicTy B HuX ['K. Ananizytouu npeacrasieHi rpadiku, MOxHa
3pOoOUTH BHCHOBOK, IO 301nbIneHHs KoHmeHTpalli ['K, 3ajie)xHO Bim BJIaCTHBOCTEH
BUXIJHOTO BYTULIA, MPU3BOAUTD SIK 10 30UIbIIEHHS (3pa3ok 2, 3), Tak 1 4O 3MEHIIEHHS

(3pazok 1) wacy xenaTuHi3alli TiOPUAHUX T1IPOTENCH KeIaTUHY.
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Pucynok 4.17 — I'padiuHa 3a1€XHICTh Yacy T'eJICyTBOPEHHS T'1IpOTeTto

xenatuny B koHneHtpauii ['K y upomy

TakuM 4YUHOM, BCTaHOBJICHO, III0 MEXaHI3M riOpuaHOT Moau(iKallii B MpoIecax
MaTpPUYHOTO CUHTE3Y B cucTemax xenatul-I K nos'sizanuii konpopmaiiiHuMu 3MiHAMHU
BTOPUHHOI CTPYKTYPH JKEJIATHHY, ITepe0yT0BOI0 IEPBUHHUX aM1IiB B CyMIIIIl KeJaTHHY
3 I'K, pu 1iboMy *enaTuH 3a3Hae KoH(opmaliiHux 3MiH yepe3 iioro B3aemoito 3 I'K.

'K nitoTh yepe3 B3aeMO/1ii BOJHEBOT'O 3B’ S3KY 3 JKEJIATUHOM, MOTEHIIMHO TaKOXK
MOKPAIIYIOUX €JaCTUYH1 BIACTUBOCTI MOJIIMEPHUX TifporeiniB. Ha 0ocHOBI HbOro MOXXHA
3pOoOUTH BHUCHOBOK, 0 B TriOpuanux cucremax xenatuH—I'K I'K nepeBaxkno
B3aEMOJIIIOTh 3 MOJEKYyJIaMH BOJU Ta «CEKBECTPYIOTH» iX, MEPENTKOIKAIUH

KOOPIMHAIIIT 3 JIAHITFOTaMH JKEJIaTHHY.
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3aranom, Takui rOpUAHUIM MEXaH13M MaTPUYHOTO CUHTE3Y cucTeM xenaTtuH-I'K
NO3BOJISIE  OEpXKYyBaTH  TiOpuaHI  rigporeni kenaTuHy  MoaudikoBani 'K,

eKCIUTyaTalliiHl BIACTUBOCTI SIKUX JOCIIHPKEHO B HACTYITHOMY PO3IiTi.

4.2 JlochmimkenHss (HopMyBaHHS EKCIUTyaTalllMHUX BJIACTHUBOCTEH Tiaporenen

KEJATUHY B paMKaX TEXHOJIOT1i riOpuiHoi Moaudikallii ryMiIHOBUMHU KUCIOTaMHU

Ha pucynkax 4.18 — 4.19 3006paxkeHo rpadidyHi 3a71€XHOCTI CTyIEeHs HaOpsKaHHS
1 Yacy MOSIBU LBUIl B TIOpUIHUX Tigporesiel xenaTuHy Bij koHueHTpanii ['K B HUX,

OTPUMAHOI 3 PI3HUX 3pPa3KIB BYTLJIA.

w
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=—['Kl1
=-TK2
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\ I'K3
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CTymiHs HaOpsKaHHS, %o
NN DN DN (é) wWw w w
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N
o

0 5 10 15
Bwmict I'K, % mac.

Pucynok 4.18 — 3anexxHicTh CTyniHs HAOpsIKaHHS TOPUIHUX TiIporenen

xenatuHy Moaudikoanux ['K

5220 |
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-E 170 5
= C —] —
§ --1K2
Q N I'K3
:‘;’ C
0 5 10 15

Bwmict I'K, % Mac.

Pucynox 4.19 — 3anexxHicTh 4acy MOSBH BT Y TIOPUIHUX TiIpOTeIeH

xenatuny MoaudikoBanux ['K
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Ha puc. 4.20 — 4.222 maBemeHo MOCHIDKeHHS Oiogerpaaarii Tigporened 3

OaKTepUIIMAHIMH BIIACTUBOCTSAMHU HA OCHOBI )K€NATUHY BiJ BMICTY pi3Hux tumis ['K.

Brpara macu, %
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Pucynok 4.20 — 3anexHicTh CTyneHs 0ioaerpanaiii riopuaHux riiporenei 3

OAKTEePULIMIHUMH BIACTUBOCTSIMHU HAa OCHOBI *kenatuny Bij BMicTy 'K, oTpumanoi 31

3pa3ka Nel
100 —
90 -
= g ¢
<
2 ——0
= 70 |
% =5
§ 60 & =10
=15
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40 L ] L L L T ]
0 1 2 3 4 5 6
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Pucynoxk 4.21 — 3anexHicth cTymneHs Oioaerpanaiii riopuaHuX Tiaporenei 3

OaKTepUIUAHUMHU BIIACTUBOCTAMHM Ha OCHOBI kenaTuHy Bix BMicTy 'K, oTpumanoi 31

3pa3ka Ne2
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Pucynoxk 4.22 — 3anexHicTs cTynens 0ioaerpaanii TiOpuaHuX rigporeneit 3
OaKTepUIIUAHUMHU BIACTUBOCTAMHU Ha OCHOBI skenaTuHy BiJ BMicTy ['K, oTpumanoi 31

3pa3ka Ne3

3 puc. 4.20 — 4.22 Bunno, mo ridbpuaHa moaudikaitis 'K rigporenis sxenatuny
Ipy HaJaHHI 1M aHTHOAKTEpiaJIbHUX BJIACTUBOCTEH JIO3BOJIIE 30€perTd B HHUX
BJIACTUBOCTI /10 OloAerpananii s ycix tumis ['K.

B TaGnuii 4.7 HaBeneH1 BJIACTUBOCTI T1OpUIHUX OloaerpagadbebHUX Tiaporenei

xenatuny Mmoaudikopanux ['K

Tabmuug 4.7 — BnactuBocti riOpuaHux OlogerpagadebHUX TIIPOreNiiB >KeJaTHuHY,

moaudikoBarux ['K

3pa3ok Bwmicr I'K, mac. % Crynisb qa(.: HOABH Hac B1p ar
HaOpsKaHHs, Mac. % LIB1JI1, TOJI JINIKOCTI, XB
YucTta KOMITO3HIIIS JKEJTATUHY 26,5 24 10
5 21,8 80 9
1 10 22,8 100 8
15 23,5 120 7
5 26,1 100 8
2 10 26,2 125 7
15 25,4 150 6
5 36,4 > 900 7
3 10 29,7 > 900 6
15 28,9 > 900 4




158

3 tabnwui 4.7 BumHO, 1m0 Ti0puaHa Moaudikailis 6iorpagaberTbHUX Tiporenei Ha
ocHoBi kenatuHy ['K mo3Bossie orpumarm TiOpumHi OlomomiMepHi Tigporem 3
MIBUIICHUM CTyTI€HEM HAOpsKaHHS Ta HAJATH iM aHTHOAKTepiadbHI BIACTHUBOCTI, IO
HiATBEPKYETHCS TaHUMH 3a MOKAa3HWKOM yacy mosiBu IuricHsBu Aspergillus B Hux.
Takox riopunna moaudikamis ['K riopunaux 6ioaerpagadenbHUX TiAPOTeNiB 3aBISKH
MOCWJICHHIO TPOIIECIB CTPYKTYPOYTBOPEHHS MPU3BOIUTH 10 3MEHIICHHS 4acy BTpaTH
JUIKOCTI HUMHM Ta JIO3BOJISIE HaJAaTH iM aHTUOAKTepialdbHI BIIACTHUBOCTI, SKI
MiJICWIIOI0ThCS aHanoriuno B psaay ['K3 > T'K2 > T'K1 [244]. 1ls 3aKoHOMIpHICTH
MIITBEP/KYETHCS  JTAHUMHU ~ MIKPOCKOMNIYHUX  JOCHIJKEHb,  PE3YyJbTaTH  SIKUX

npeacTaBieHi Ha puc. 4.23 — 4.25.

Mac. % I'K

I mm
>

10 mac. % I'K1 15 mac. % K1
Pucynok 4.23 — MikpodoTorpadist BUIpoOOByBaHHs aHTHOAKTEpiaIbHUX

BJIACTUBOCTEH YHCTOTO XKEIATHHY Ta T1I0puaHUX OiorpagabebHUX Tiaporeeit

xenatuny MmoaudikoBanux ['K1
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10 mac. % FK2 o 15 mac. % FK2
Pucynok 4.24 — Mikpodororpadist BATpoOOBYBaHHS aHTHOAKTEpiaTbHIX

BJIACTUBOCTEH T10puaHUX OioTpanabebHUX TiIporesei )KeIaTuHy MoIn(iKOBaHUX

I'K2

10 mac. % TK3 15 mac. % K3
Pucynok 4.25 — Mikpodotorpadisi BUmpoOOBYBaHHS aHTHOAKTEplaTbHUX

BJIACTHBOCTEH T10puaHUX O10TpagabebHUX Tiaporesnei xkeIaTuHy MoIu(pIKOBaHUX

I'K3
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3 mikpodoTtorpadiit BuaHO, 1m0 31 30uIbIIeHHAM BMicTy ['K y nmocaimkyBaHux
riopugHux  Olorpajga0enbHUX —TiAporeined JKeJaTUHYy CHOCTEpIraeTbcsi  Oulblua
arsioMepariis moJiMepy, 0 CBIIYUTH PO MOCUIIEHHS MPOIIECIB CTPYKTYPOYTBOPEHHS B
Hux. Buano, mo ribpuana moaudikamis 'K B pamkax MaTpudHOr0 CHHTE3Y T1ApOTeTiB
Ha OCHOBI JKEJIaTUHY J03BOJISIE MIIBUIIUTH X CTYMiHb HAOPSIKAHHS, KU 3POCTAE B PATY
I'K3 > I'K2 > T'K1. Edekr nocuiieHHs arjioMepariiiHuX MpOIECiB y JAOCIIKYBaHUX
3pa3Kax TiOpUIHUX T1IPOreIeBUX KOMIO3UIISX KEJIATUHY MTPU3BOIUTH 10 IM1/IBUIICHHS
antucentuyHoro BrumBy ['K 1 30umb11yeThes B ananoriuaomy psiay ['K3>I'K2>T'K1.

3a BU3HAYEHUM KOMILIEKCOM €KCILTyaTal[liHUX BIIACTUBOCTEN OJIeprKaHi TOpUIHI
OlorpanabenbHi rigporeni xxenatuny moaudikoaHi ['K pekoMeH10BaH1 17151 0/iep>KaHHS
aHTUOAKTEplalbHUX TeJiB, MaT4iB, MACOK JUJIs IIKIPpU JIIOJAWUHU, a TaKOXK JIst
BUTOTOBJICHHSI MTAKYBATBHUX KATICYJI JAJI 010JIOTTYHO-aKTUBHUX PEYOBHH.

3a s JOCHIIKEHHS €(QEeKTUBHOCTI  OACpXaHHS  Ol0JIOT1YHO-aKTHUBHHUX
aHTUOAKTEpiaTbHUX MATUiB 3 TIOpUAHUX OlorpamadeTbHUX KeTAaTHHUHOBUX T1IPOTEIii,
monudikoBanux ['K, excrepuMeHTaIbHO BUBYEHI MPOIECHU OJEpKAaHHSA O10JIOTTYHO-
AKTUBHUX IOJIMEPHUX T1IPOTEIICBUX MaTepiaiiB Uil PEryIrOBaHHS BOIHO-JIIIIHOTO
Oaancy. B mepury depry oriHioBasiacs CTPYKTypHa 3aBEpUIEHICTh B MOJEIbHUX
po3urHax 010710TTYHO-aKTUBHUX MOJIMEPHUX T1POreIeBUX MaTepiaiB Ha OCHOBI arap-
arapy 3 Bomoro Ta 10 mac. % I'K. IpyHTyrouuch Ha cxXeMi B3acMOMil IOIIMEPHHX
MOJIEKYJI arap-arapy 3 BOJIOIO, sika MpUBEIEHa B poOoTi [3], Oyno mpuIymieHo, Mo
MpoLIeC TiIpaTaliiiHOl B3a€MO/Iii MAKpOMOJIEKYJI MOJIMEPY 3 BOAOK B npucyTHocTi ['K
MO’K€ OyTH TOCUTH TPUBAJIUM 1 HE 3aKIHUYBATHCS IIPH 0XOJNOKEHH1 10 25 °C, OCKUTbKH
KOHIICHTpAIlis PO3YMHIB HIDKUE KOHIICHTpAITli reJIeyTBOPEHHS. 3 I[I€I0 METOI0 BUMIpPsIHI
PEOJIOTIUHI  XapaKTEPUCTHUKXA PO3UMHIB OE3MOCEpEeHbO TICHS MPUTOTYBaHHS 1
OXOJIO/DKCHHS, Yepe3 TKIeHb 1 uepe3 30 mHiB. 3aJIeKHICTh B'SI3KOCTI PO3YMHIB arap-
arapy 3 Bonoro ta 10 mac. % 'K Bin koHIeHTpalii arap-arapy Ta 4acy iX yTBOPEHHs
HaBeJIeHl Ha pUCYHKY 4.25. HallOuibIni 3MiHU CIOCTEPIratoThCs JJIsI PO3YMHIB Yepe3
MICSIIb TICHS X MPUTOTYBaHHS, OCOOJIMBO ISl BEJIMKUX KOHILIEHTparliil. [le miarBepauio

OPUMYILIEHHS PO TOBrOTPUBAIMI XapakTep MNpOLECIB BHYTPINIHBOI Oprasizauii B
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po3unMHax moyiMepy. Y 3BSI3Ky 3 UM BCl BUMIPU MPOBOJUIUCA 3 PO3UYMHAMH,

BUTPUMAHUMHU HC MCHIIIC MiCHHH.
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Pucynox 4.26 — 3anexHicTh B'SI3KOCTI pO3YMHIB arap-arapy 3 Bojioro Ta 10 mac.

% I'K Bi7 KOHIIEHTpAIlii arap-arapy Ta 4acy iX yTBOpEHHS

KoHnrenTpariiiina 3ajaexHICTh B'A3KOCTI, HaBeJIeHa Ha PHUCYHKY 4.26, uUToCcTpye
ICTOTH1 3MIHM JMHAMIYHHMX XapaKTEPUCTHK PO3YMHIB MPHU PIZHUX YACOBUX PEKUMAX
yTBOpeHHs. [IpoKOMEHTyBaTH HaBEACHY 3aJIKHICTh MOXKHA HACTYMHHUM YHHOM:
MIJBUIIEHHA 4Yacy YTBOPEHHS T1JpOreiiB TOBOPUTh IMpPO TMOMITHUH BHECOK
MDKYaCTKOBUX B3a€MOJIIM B CTBOPEHHS 1€pAPXIYHUX OpraHizarliil.

Touka, pu xoHteHTpaIii 0,3 %, MPeACTABISAETHCS AyXKE MIKABOIO 3 TOUYKH 30PY
MPUMYIIEHHS TIPO 0COOJIMBOCTI MIKMOJIEKYJISIPHOT B3aEMO/I1T IBOX IM1JICHCTEM: TIOJIIMEPY
1 po3urHHMKA. XO04a Ui OJJHO3HAYHOTO TBEP/KCHHS TIPO 3MiHY MEXaHI3My B'S3KOCTI
IIPHY TICBHIM KOHIIGHTpaIlli HeIOCTaTHhO, MOYKHA MPUITYCTHUTH, 110 KoHIeHTparis 0,3 %
(a60 Touka moOaM3y Hel) MOAUISIIOTh, SIK ONMKMCAHO BHIIE, 00JACTi 3 PI3HOIO KUIBKICTIO
NapHUX B3a€MOJIIM B cCTEMax:

- BOJIa — BOJIa;

- BOJIa — MOJIIMED;

- IOJIIMEp — MOJTIMEp.
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[{inkom iMOBipHO, 110 Tpadik HA PUCYHKY 4.26 siBisie cOO0I0 aJUTUBHY CUCTEMY
3 KUIBKOX JUISSHOK, KOXKE€H 3 SIKMX OIMCY€ CaMOCTIMHY 3aJIeXKHICTh B'I3KOCT1 BiA
KOHIIGHTpaIlii arap-arapy. TiIbKH MJIS PO3YMHY TiJPOTENI0, SKHH OTPUMYBAJIH
BIIpoioBK 30 MHIB y BChOMY Jlialia30HI KOHIIGHTPAIlld CIOCTEPIra€ThCsl 3aJ0BLIbHA
JiHIMHA 3aJeXKHICTh. 3TIAHO 3 ICHYIOUYMMH PEOJIOTIYHUMH MOJICTISIMH 1€ MOJKE
MOSICHIOBATHCSl HEOJJHAKOBUM PYHHYBAHHSM TOJIIMEPHOT CTPYKTYPHOI OpraHizallii npu
PI3HUX HIBUJKOCTSIX.

Jlani excrnepuMeHTaIbHO AOCTIIKEHO €(PEeKTUBHICTH IeJCyTBOPEHHS B YMOBAX
BHCOKOKOHIIEHTPOBAaHUX PO3YMHIB arap-arapy 3 pi3HUM BMICTOM MOJIIMEPHOI YaCTHHHU
Ta aKTUBHUX peuoBUH B ipucyTHOCTI 10 Mac. % 'K — tabnuis 4.6. BaxxamBo BIIMITHUTH,
1[0 KOMIO3ULIi 3 HalOUIPIIMM Y4acoM BTPATHU JIMIIKOCTI Ta IJIIBKOYTBOPEHHS MICTSTh
25 % arap-arapy ta 50 % MoyiOKa Ta MeIy, TOMY IIIO caMe JJisi HuX Oyje XapaKTepHUM

AKHaMIOBIIMIM yac nudy3ii aKTUBHUX PEYOBHH JI0 OPTraHi3MYy JIFOJIUHHU.

Tabmuus 4.6 —  JlocmimpkeHHss  €(EKTUBHOCTI  TeJEyTBOPEHHS B yMOBax
BHCOKOKOHIICHTPOBAHUX PO3YHHIB arap-arapy 3 pi3HUM BMICTOM IOJIMEPHOI YaCTHHU

Ta aKTUBHUX pe4yoBHH B mpucyTHocTi 10 mac. % 'K

Bwicr arap- Bwmict Boau, mac. % | Bmict I'K, mac. % | Bwict monoka Yac BTparu Yac
arapy, mac. % Ta Meny,mac. % | JUIKOCTI, XB. | YTBOPEHHS
IUTIBKH, XB.

25 65 10 - 15 13

25 40 10 25 2,5 18

25 15 10 50 3 20

50 40 10 - 1,5 10

50 15 10 25 2 15

B xoxi jocmiipkeHHs JIMIUIM HACTYTHUX BUCHOBKIB!

- BCTAHOBJICHO, 1110 TUTHKY JUIsI PO3YUHIB T1POTelto, SIKUI OTPUMYBAJIH BIPOJOBK
30 mHIB y BChOMY Jiama3oHi KOHIIEHTpAIlId CIIOCTEPIraeThCs 3aJ0BUTbHA JIiHIMHA
3aJIC)KHICTD;

- IOKa3aHo, 1110 Y KOMIIO3UIISX, SIKI CKJIaJal0ThCsl BUKIIOYHO 3 arap-arapy Ta BOAu

CIIOCTEPITra€ThCsl HAWMEHIIIMK Yac BTPATH JIUMIKOCTI Ta ITUTIBKOYTBOpeHHS. [Ipu npomy,
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IpH 30UIbIIEHHI BMICTY arap-arapy ¢ 25 10 50 % moxHa no0auynuTy HalOUTbII MIBUJIK]
MPOLIECH BTPATH JIUIKOCTI Ta MIIBKOYTBOPEHHSL.

- BCTAHOBJICHO, IO KOMIO3UIli 3 HaWOUIBIIMM YacoM BTpAaTH JUIKOCTI Ta
TUTIBKOYTBOPEHHS MICTATH 25 % arap-arapy ta 50 % Mosoka Ta Mey, TOMy 110 caMe st
HUX Oyne XapakTepHUl SKHAWAOBIIMK Yac nudy3ii aKTHUBHUX PEUYOBHH JI0 OPraHi3My
JIOJTUHU.

B Tabnuii 4.8 HaBeaeH1 naHi 11010 BIUMBY pizHoro BMmicty 'K Ha yvac BTpatu
JIUIIKOCTI 1 MOSIBU LBUII HA TIOBEPXH1 010JI0TTYHO-aKTUBHUX MOJTIMEPHUX T1APOreseBUX
NaTyiB JAJis PeryJIFOBaHHS BOJIHO-JIMIAHOTO OajlaHCy Ha OCHOBI >kelaTuHy. 3 Taou. 4.7
BUJIHO, WO BBEJEHHS JI0 CKJIaay O10J0T1YHO-aKTUBHUX IMOJIMEPHUX T1APOreIeBUX
MaTyiB JUJIsl PErYJIIOBAHHS BOAHO-JIIIIHOrO OanaHcy Ha ocHOBI xenatuny 'K nocuitoe
MPOIIECH CTPYKTYPOYTBOPEHHS, IO MPHU3BOIUTH JIO IMABUIICHHS B'S3KOCTI BCIX

JOCIIKYBaHUX KOMITO3HITIH.

Tabnuus 4.8 — Brmus piznoro Bmicty 'K Ha BTpaTy JIMNKOCTI 1 MOSIBY I[B1JT1 HA TOBEPXHI
010JIOT1YHO-aKTUBHUX TOJIMEPHHUX TIAPOreJIeBUX MaTYIB JUIS PEryJIOBaHHS BOJHO-

M1 IHOTO OalaHCy Ha OCHOBI JKEJIATUHY

0 mac. % 5 mac. % 10 mac. % 15 mac. %

Yac BTpaTu 'Kl 9 8 !
JII/IHKOCI;i XB I'K2 10 8 ! 6
’ I'K3 7 6 4

I'K1 80 100 120

Yac nossu I'K2 100 125 150

. 24
BT, TOOWH K3 ’ He , He ’ He
3’ ABJIAETLCS 3’ ABIISIETHCS 3’ ABJIAETLCS

HactynHi qocmimkeHHs] TPOBOIWIIN T BU3HaYeHHs BBy Moaudikarii 'K rHa

HaBaXJIUBIIII

eKCILTyaTaliiHi

BJIACTUBOCTI

010JI0TIYHO AaKTUBHHUX MOJIMEPHUX

TiAporejaeBUX MaTepiamiB JJIs PEryJiOBaHHS BOJIHO-IIMIAHOTO OajgaHCy Ha OCHOBI
KEJaTUHY. CTYIIHh HaOyXaHHS Ta BIUIMB Ha BOJIOTO-JIMIAHMN OamaHc mmiKipu. Y
Tabauil 4.9 HaBeeHO eKCIUTyaTalliiiHi BJIaCTUBOCTI 010J0T1YHO aKTUBHUX MOJIMEPHUX
TiAporejaeBUX MaTepialiB JJIsi PEeryJloBaHHS BOJHO-JIIMIAHOTO OajgaHCy Ha OCHOBI

xenatuny, Mmoaudikoanux 'K,
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Tabmums 4.9 — ExcrmmyaramiiiHi BJIacTHBOCTI O10J70TIYHO aKTHUBHUX MOJIMEPHHUX

riIporesieBUX MarepiaiaiB Ha OCHOBI kenaTuHy, MoaudikoBanux ['K

Cryninp HaOyXaHHS,

Bonoro-ninigauii 6ananc mkipu, %

3pa3ok Bwmict I'K3, mac. % o
Mac. 7o Bousora Jlwmiau
Yucri momiMepHi riporesesi Marepiau 10,82 58-60 5954
Ha OCHOBI KEJIATHHY
MOJIIMepHi 5 27,17 60-62 54-56
rijporenesi 10 26,83 62-64 56-58
Marepiaau Ha
OCHOBI XeJIaTHHY, 15 23,21 64-66 58-60

moaudikosani ['K

Takox eKCIIepUMEHTaJIbHO BHABICHHO BIUIMB TiOpumHoi Momudikamii 'K

010JIOTIYHO AaKTHUBHUX MOJIMEPHHUX TIIPOTEJICBUX MaTepialiB Ha OCHOBI KEJIATUHY Ha

KIHETUKY CTYMiHsS HaOyXaHHs Ta BOJIOTO-JIIMHAHOTO OajaHcy MKipHu. Pe3ynbraté 1ux

JOCJTIDKeHb TT0OKa3aHi Ha puc. 4.27 — 4.28.

=®—ynctuii xeiatud Bb
=><=I"K3 7,5%Bb

78

=-1'K3 2,5%Bb
=¥=ypctuii xxenatunJ1b

=4=]'K3 5%Bb

=0-T'K3 2,5%J1b

68

58

48
38

Bomnoricts mkipu, %

28

18

8

4 5 6

Yac, XBHINHA

10

22

Bwmict muniais B mkipi, %

[
\‘

[EY
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Pucynoxk 4.27 — Brums ribpuanoi moaudikariii 'K 6iomoriuHo akTHBHHX

MOJIIMEPHHUX T1IPOTEIIB Ha OCHOBI JKEJIaTUHY Ha KiHETUKY BoJjiorocTi (BB) Ta mimigroro

(JIB) 6anancy mkipu
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Yac, XBHIHHA
Pucynox 4.28 — Brums ribpuanoi mogudikarii 'K 6i010T19HO aKTHBHHIX

MOJIIMEPHHX T1JIPOTEIIiB HA OCHOBI KeJIaTUHY Ha KIHETUKY CTYIEHsI HaOyXaHHS

3 HaBeneHux Ha puc. 4.27 — 4.28 nanux BUAHO, 110 31 301abIIeHHSIM BMicTy 'K y
JTOCITIDKYBaHUX O10JI0TIYHO aKTUBHHUX IOJIMEPHHUX TIIPOTENIiB Ha OCHOBI >KEIAaTHHY
ix HalyxaHHA,

CIIOCTEPITa€ThCA  MIJBUILCHHS  CTYICHS

0 CYMPOBOJKYETHCS
MOJTIMIICHHS TPOIIECIB PETyJIslii BOIHO-TINIIHOrO OanaHcy mikipu. BriacHe, MoxHa
CTBep/KyBaTu, 1o Tiopuanoi moaudikamii ['K 01070T1YHO aKTUBHUX MOJIMEPHUX
TIpOreliB Ha OCHOBI JKEJIaTHHY JAa€ 3MOTYy OTPUMYBATH PO3YMHI TpaHCIEepMalbHi
010JI0T1YHO aKTUBHI T1pOrei sl TPUBAJIOi Ta pIBHOMIPHOI peryJsiii BOJHO-JIIITHOTO
OaylaHCy MIKIpH, IO J0OPEe Y3roKYETHCS 3 pe3yJIbTaTaMH JIOCIIKEHb B poOoTi [244].
Jami nms oxepsKaHHS MIKpPOTOJIbYacTUX mardiB Oyina ctBopeHa 3D mopensb
MJIACTUHI po3MipoM 72 MM Ha 42 MM Jij1st cTBOpeHHS popmu Ha 3D mpunTepi — puc. 4.29.
Mikporonku posramosani B Macusi 7 X 7 Ha miomti 1 cm?. MIKporojka Mae KOHIiUHY

dhopmy 13 cepelHhOI BUCOTOIO OCHOBH Ta mupuHOK0 1575 £ 20 ta 360 £ 20 MkM (n =

10).
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Pucynox 4.29 — Bizyanizaiisg pobotu 3D-nipunTepa npu IpyKy MardiB

MIKPOTOJIKaMH1

HanpykoBani na 3D-mpuHTepi TpaHCIEpMaTbHUX TiIPOTEIEBUX MIKPOTOIKAX
doTorpadii hopmu Ta 300paskeHHSI ITi]T MIKPOCKOIIOM MOBEPXHiI BUIMOK ISl MiKPOTOJIOK

y dopmi moka3zani Ha puc. 4.30.

Pucynox 3.30 — 3D-npykoBaHe MiKpOCKOIIIYHE 300paKEHHS PO3TaIlyBaHHS
MIKpOTOJIOK (A) 1 popMu 11t OfiepKaHHS 1 TPAHCAEPMATBHUX MIKPOTOJIHYACTHX MaTUiB

010JIOTIYHO AaKTHBHUX MOJIMEPHHUX TiIPOTeIIiB Ha OCHOBI kenaTuny (B)
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MikpockomniuHe 300pakeHHsI OTBOPIB /It (POPMYBaHHS MIKPOTOJIOK, 3aIIOBHEHUX
010JI0T1YHO AKTUBHUMH MOJIMEPHUMH TigpOresisiMi Ha OCHOBI JKEIAaTHUHY, TiIOpUIHO

monupixoanux I'K, mokazano Ha puc. 4.31.

Pucynok 4.31 — MikpockoriyHe 300pa>keHHsI OTBOPIB AJisi GOpMyBaHHS
MIKpPOT'OJIOK, 3aIIOBHEHUX 010JI0T1YHO aKTUBHUMH MOJIMEPHUMU T1APOTENIMUA HA
OCHOBI XKeNaTuHy, riopuano moaugikoanux 'K

Mikporonkosi mar4i 010J0T1YHO-aKTUBHUX IOJIMEPHUX TIAPOresiB Ha OCHOBI
xKenmatuHy, TiOpugHo MoaudikoBanux ['K  Ta  MikpockomiuHi  300pakeHHSIM

MOBEPXHEBOTO PO3TAIIyBaHHS MIKPOTOJIOK HaBeIeHI Ha puc. 4.32.

Pucynok 4.32 — @010 MIKpPOTOJIKOBUX MaTYiB O10J0TIYHO aKTUBHUX MOJIMEPHUX
TiJporesiB Ha OCHOBI keNaTuHy, riopuaHo moaudikopanux ['K (A) Ta MIKpOCKOMIYH1

300payKECHHS TTOBEPXHEBOI'O PO3TAIITYBaHHS MiKporoyiok (B)
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®akTuyHO, 3aBadku riOpuaHoi moaudikanii 'K OlonorivHoO  akTUBHHX
MOJIIMEPHHUX TPOreNiB Ha OCHOBI KEJIATUHY CTA€ MOKIMBUM MEPEBECTH LIKIPY 3 37I€rKa
BOJIOTO-)KUPHOTO TBEPJIOTO CTAaHy B JIy’KE BOJIOTO-KUPHHUM €TACTUIHUI CTaH.

B minomy BaxnmuBo BigMiTUTH, 1110 Moaudikamis ['K 6iomoxiMepHUX TiaporeiB Ha
OCHOB1 KEJAaTHHY JO03BOJIAE OTPUMATH OIOJOTIYHO AKTHUBHI TMOJIMEpHI TiIpOoreseBi
MaTepiaid ISl PeryJloBaHHS BOJHO-JIMIIHOTO OanaHCy 3 MIABUIIEHUM CTYIEHEM
HaOyxaHHsA. Tak, 3 BUXiAHUX 3Ha4eHb Bojoru 34 — 36 % Ta xupHocti 8 — 10 mKipu
BiIOyBa€eThCs iX MiABUIICHHS 0 58 — 66 % Ta 52 — 60 %, BignmoBigHO. DAKTUYHO,
3aBJISIKM BUKOPUCTAHHIO PO3PO0JICHUX 010JI0TTYHO aKTUBHUX MOJIMEPHUX T1IPOTEIeBUX
MaTtepiajgiB JJis PpEeryJlOBaHHS BOJHO-JTIMIJHOrO OajaHCy Ha OCHOBI JKEJATHUHY,
MoaudikoBanux 'K, crae MOXIMBUM MEPETBOPEHHS CTaHy Bija cIab00BOJIOr0-KUPHOT
KOPCTKOI O CHJIBHO BOJIOTO-XUPHOI €JacTUYHOI mKipu. EQekT mokpameHHs BOJIoro-
JNiAHOTO OalaHCy MIKIPU MOCUIIOEThCS pa3oM 13 BMicTom ['K.

B po3aim 8 HaBeneHO TEXHOJOTIYHI OCHOBU OJCp)KaHHS BUPOOIB 3 TIOPHIHHUX
OiorpamadensHUX Tiaporenei xxenatuny moaudikoannx I'K, a B tonarky X nposenena

1X €eKOHOMIYHA OI[IHKA.

4.3 BucHoBku 3a po3aiiom 4

1. Po3pob6ieno HaykoBl ocHOBU riopuanoi moaudikauii I'K rigporenis xxenaTuny,
gKa B1I0YBa€ThCS 32 MEXaHI3MOM MAaTPUYHOTO CHUHTE3Y 332 PaXyHOK BOJIHEBHUX 3B’SA3KIB
MK T'YMIHOBUMHU PEUOBHHAMH Ta JKEJIATHHOM, NepeOyJ0BU MEPBUHHUX aMiJliB B CyMiIlli
KEJNATUHY 3 TYMIHOBUMHU PEYOBUHAMU BYT1IA, SIKI IPU B3aEMO/IIT 3 MOJIEKYJIaMHA BOIH
«CEKBECTPYIOThY» 1X, MNEPEIIKOKAoUM KOOpAMHALIl 3 JaHLIOTaMU KEJaTUHY Ta
BUKJIMKAIOTh KOH(POPMaIIiifHi 3MIHA BTOPUHHOI CTPYKTYPH KEITATHHY.

2. Y3zaranpHeHo BIuMB 'K Ha mpouecu CTpyKTypOyTBOPEHHS B MaTpUYHHX
mporiecax oJep>KaHHs MOJIMEPHUX TiIPOTeIIiB Ha OCHOBI JKeJIaTHHY, MIJIKPECICHO HOro
PI3HY IPUPOY JUISl PI3HUX TIAPOreNiB. 3 oiepKaHUX Pe3yiabTaTiB AOCIIIKEHHS BIUTUBY
TMOKAa3HMKIB cTymiHsa Metamopdizmy Gyporo Byrimms (V9, C% O%y) pisnux 3paskis Ha

piBEHb YMOBHOI B'A3KOCTI TIOpUIHUX T1poresei sKkelaTuHY MOKHO 3pOOUTH BUCHOBKH,
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110 31 30UIBILIEHHAM CTyIEHSI MeTaMop(i3My, BUXOAY JETKUX PEYOBHH Ta BMICTY KUCHIO
y 3pa3zkax Oyporo BYTULISI COCTEPIraeThCsl 3MEHIIIEHHSI YMOBHOI B’SI3KOCT1 TOPUIHUX
Tiporenei KelaTuHy.

3. BcranosneHo, mo texHoorisg riopuaaoi moaudikaiii 'K rigporeneii Ha ocHOBI
KEJIATUHY J03BOJISIE OTpUMATH TiOpuaHI OlomerpanadenpbHi TiApOTesi 3 IMiABHIICHUM
CTynmeHeM HaOpsKaHHS Ta HajgaTd iM  aHTHOaKTepialdbHI  BJIACTHBOCTI, IO
HIATBEP/KYETHCS TaHUMH 3a MOKa3HUKOM yacy mosiBu rwiicHsBu Aspergillus y nux.
INopuana wmonudikamis 'K OlogerpamabenbHUX TIAPOTENiB KEJIATUHY 3aBISKU
TIOCWJICHHIO TPOIIECIB CTPYKTYPOYTBOPEHHS MPHU3BOIUTHL 0 3MCHIIICHHS Yacy BTpaTH
JUINKOCTI HUMHM Ta JI03BOJISIE HaJaTH iM aHTUOaKTepiajdbHI BJIACTHUBOCTI, SKi
MIJICUITIOI0ThCS aHasoriyno B psay ['K3 > 'K2 > T'K1.

4. 3a BU3HAUEHMM KOMIUIEKCOM EKCIUTyaTaI[iiHUX BIIACTUBOCTEH OJepKaHi
ribpuaHi 6iomerpanadenpHi rigporeni xxenatuny moaudikosani 'K pekomenmoBani st
oJIep)KaHHS aHTHOAKTEpiaIbHUX T'eiB, IMaTYiB, MACOK JUIS IIKIPH JIFOJIMHH, a TaKOXK IS
BUTOTOBJICHHS NAKyBAJIbLHUX KaICYJI I O10JI0T1YHO-aKTUBHUX peuoBUH. [lokazaHo, 110
3aBSJIKM BUKOPUCTAHHIO PO3PO0JICHNX 010JI0TTYHO aKTUBHUX MOJIIMEPHUX T1ApPOreIeBUX
MarepiajgiB JJig PperyJIOBaHHS BOJHO-TIMITHOTO OajaHCy Ha OCHOBI JKEJATHUHY,
monudikoBanux 'K, crae MOXIMBUM NEPETBOPEHHS CTaHy BiJl CI1ab0BOJIOTO-)KUPHOT

KOPCTKOI 1O CUJIBHO BOJIOTO-KUPHOI €TaCTUYHOT IIKIPH.
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PO3/ILI 5
TEXHOJIOTISI TTBPUIHOI MOJIM®IKALI T'YMIHOBUMM

KHCJIOTAMM BIOJETPAJABEJBHUX IUIIBOK: ®I3UKO-XIMIUHI
OCOBJINBOCTI OJIEPKAHHS, BIACTHUBOCTI TA MATEPIAJIA

Ha ocHOBI niTepaTypHOro orisiay, J0BEIC€HO BUCOKY aKTYallbHICTh BUKOPUCTAHHS
I'P Ta ixHIX MOXITHUX 341 MOaU(Dikalii pi3HUX TUIB 0107erpaadebHUX MIACTHKIB
y BUIJISA1 Tapu, NaKyBaHHS Ta IUIIBOK. BpaxoByrouu NMpHUpOAHI aHTHOAKTepiajabHI Ta
AHTUMIKPOOH1 BJIACTUBOCTI, JIETKY JOCTYNHICTh 1 BIAMOBIAHI (I3UKO-XIMIYHI
BiactuBocTi, 'K Moxke OyTH ieadbHUM KaHAUAATOM JJis TIOpUAHOI Moaudikaii
I['TIML] st onepkanHs TiOpuAHUX OloferpagadbesbHUX IUTIBOK 3 aHTHOAKTEP1aIbHOIO
smarHicTO. Taki riopuaHi 6iloaerpagadeabHi IUNBKH 3 aHTHOAKTEPIaaIbHOIO 3JaTHICTIO
MOXYTh OyTH ojepkaHHI nuisixom matpuyHoro cunrtedy ['TIMI] ta I'K 3a paxyHok
peaxiiii KOMIUIEKCOYTBOPEHHS Ta 1HIIIUX MOJICKYJIIPHUX 3B'S3KIB.

DaKTUYHO CTBOPEHHS HAYKOBO-TEXHOJOTIYHUX OCHOB riopuanoi moaudikarii ['K
OlomerpagabeapbHUX TUTIBOK HAallpaBlieHE Ha KOMIUIEKCHE BHPIIICHHS aKTyaJlbHOl
npoOJieMH Cy4acHOI €KOHOMIKH Ta CYCITUIBCTBA, IMOB’S3aHOI 3 HEOOXIIHICTIO 3aMiHU
MIMPOKO PO3MOBCIOKEHUX BAXXKKOYTLII3YIOUMX MaTepiaiiB Ha OiojerpajgainbHi. B
JTAHOMY PO3AUTI MPOBEACHI AOCTIIKEHHS 3 (PI3UKO-XIMIYHUX OCOOJIMBOCTEN T1OPUAHOT
Moaupikamii ['K onepxkanHs Ta BIacTUBOCTEH TiOpuaHux 010/erpagadbebHUX TUTIBOK 3
OaktepunaHUMU BiactuBocTsiMU Ha ocHoBl [IBC ta ITIMI[ 3 BukopucraHHsM

ribpuanoi anTubOakrepianbHoi Moaudikamii ['K.

5.1 JocmimxenHss (GI3UKO-XIMIYHUX OCOOJIMBOCTEH TEXHOJOTIl Ti0OpUIHOI
Moau(ikaiii TYMIHOBUMHM  KHCJIOTaMH IUTIBOK  TOJIBHHIUIOBOIO  CHUPTY  Ta

T1IPOKCHUTIPOTLIMETHIIIIEITIONO31

B pamkax ¢izuko-xiMmiuHux ocobiuBocTeit TiopuaHoi momudikamii 'K IIBC
metonoM [Y-cmekTpockomii  eKCIEpUMEHTAIbHO BHU3HAUEHI  XapaKTepHI  MIKH

mostekysipaux cuctem [IBC-I'K ta BcTaHOBIIEHO XapaKTep MOXJIMBOI B3a€EMOJIIT MIXK
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¢ynkuionansHuMu rpynamu [IBC ta I'K. [Y-cnextpu Buxinaux 'K 1 [IBC Tta 3pa3kis
cuctem [IBC — 5 mac. % 'K i I[IBC — 10 mac. % I'K B criekrpanpHiii mkaii Big 650 10

4000 cm! naBeneno Ha puc. 5.1.

L LT
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\ / \ \\ ;"\//‘ g
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Pucynok 5.1 — [U-cnexktpu: 1 —I'K3, 2 —IIBC, 3 —TIBC +5 mac. % I'K3, 4 —
IIBC+10 mac. % I'K3

Tunosi cmyru uucroro IIBC, Bimouaots cmyry konusanb —CO nHa 1108 cm?,
cmyry koiusanb C — C Ha 1459 cm?, cmyry kommsans C — H na 2952 cm™? i mmpoky
cmyry koiuBanb —OH 3 nentpom 6ins 3360 cm™ [250]. Cmyra konuBans —~OH yucTOro
[IBC Oyna po3mmpeHa dYepe3 KpUCTAII3aIlii0 JIAHIIOTIB MOJIMEPY Ta CTBOPCHHS
BOJHEBUX 3B’SA3KIB MK TIAPOKCHIBHUMH rpyrnamu Janioorie [IBC mix gac mporecy
CTpyKTypyBaHHS. [YU-CIEKTpH TaKOX NEMOHCTPYIOTh 3arajibHi XapaKTepHI CMYTH IS
suxiganx I'K mpu 1612, 1704, 2910 i 3390 cm™. Cmyra Ha 1612 cm? BimHOCHTBCS 110
BastentHoi Bibpawii C — C [251]. Cmyra Ha 1704 cm™! nos's3ana 3 KonMBaHHAMM 3B SI3KiB
—CO kapOOKCWIBHOI TPYIHU 13 HE3HAYHOK KUIBKICTIO KeToHIB [252, 253]. Cmyra Ha
2910 cm?! mnom'szana 3 amipatmunum CH— acUMETpHYHUM PEKMMOM  PO3TSKHUX

KOJIMBAaHb Y MCTHJIbHUX Ta/ad0 METUIJIEHOBUX rpymnax.
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Cmyra mpu 3390 cm! Bimnosimae Banmentwili Bibpanii ~OH B KapOOKCHIBHIM
IpyIl, a TAKOXK CIHUPTOBUM 1 (PEHOJBHUM TIIPOKCHIBHUM IpynaM. CMyra npu LboMy
XBUJILOBOMY YHCIII IIMPOKA Yepe3 HAasIBHICTh IHTEHCHUBHOTO BOJHEBOTO 3B'SI3KY 3a
y4acTIo IIuX rpyn [254].

[Toni6ni Tumoni miku Buxigaux 'K 1 [IBC, moxHa crioctepiratu B [Y-cniekrpax,
1o BignoBigatoTh cuctemaM [IBC —5 mac. % 'K 1 TIBC — 10 mac. % Oanak [Y-cnextpu
cucteMm [1BC — 5 mac. % 'K 1 I[IBC — 10 mac. % I'K noka3yots, 1110 cMyTa, 1oB’si3aHa 3
OH-rpynamu I'K, 6yna 06’eaqnana 3 mmpokorw cmyror —OH Big I1BC 1 npuszBena no
HOBOI CMYTH IIJISXOM 3MIIIEHHS 10 HI)KUYUX XBHJIBOBUX YKCEN 3 LIEHTpOM mpubit. 3226
13272 cmt, BinnmosigHoO.

Ha ocHoBi pe3ynbTaTiB [Y-crieKTpOoCKOITii, MOYKHA MPUITYCTUTH, 1110 ITPU TOpUIHINA
moaudikarii 'K [IBC po3BuBa€eThCst AUMOTE-AUIONBHA B3AEMO/IiSl Y BUTIISIII BOJHEBOTO
3B’A3Ky MDK TiIpoKCHiIbHOIO rpymnoto unaniiorie [IBC Ta rigpokcuiapHUMH Ta

kapOokcunsHuMHU Tpynamu ['K [255] — puc. 5.2.

|
Q
H

OH nBC

OH

Pucynoxk 5.2 — MexaHi3M AUMOIb-AUIOIBHOT B3aEMO/IIT y BUTJISAII BOTHEBOTO 3B’ SI3KY
MDXK T1APOKCUIBHOIO rpynoro jaHIorie [IBC Ta rigpokcuasHUMH Ta KapOOKCUIIbHUMU

rpynamu ['K
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MosxHa 3pobuTH BUCHOBOK, 1m0 mpu riopumgHin moaudikamii [IBC I'K mix
¢ysakmionansaumu rpynamu 'K 1 [IBC BuHuKIM [eski JAOAATKOBI MOJIEKYJISIPHI
B3a€EMO/II1, OKPEMUX BOJHEBHX 3B’ s13KiB MK saHItoramu [IBC BHacmimok kpucramizaiii
MiJ] Yac MPOIeCy CTPYKTYpPYBaHHS JaHIoriB. J[aHi mpumyieHHs 100pe y3romKyoThCs

3 pesynbraramu XRD nociimkens komno3uitiv [IBC 3 pisaum Bmictom 'K, siki HaBeaeHi

Ha puc. 5.3.
, | A
- f APOMAaTHYHI
/| ‘crpympn K
-‘—“. - — == — - S —

-

-
S 80

mw

f'aPOMaTH‘IHi CTPYKTYP
20 30 40 50 60 70 80 0 e

Pucynok 5.3 — XRD cnekrpu: A —I'K3, b - [IBC, B —TIBC +5 mac. % I'K3, T" —
IIBC+10 mac. % I'K3, I — I[IBC+15 mac. % I'K3

Ll T T T T

[HIIMMU cnoBamu, pe3ynbrati [Y-cieKTpocKoIii mMATBEPANIN CTPYKTYPY CUCTEM

IIBC — I'K 1 Bka3anu Ha poab ['K, sk areHrtiB 3mmBanHs B ri0puanux cucremax [1BC —
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I'K. Pe3ynbTatu moKa3yoTh, 1110 Ha J0AaTOK 10 KpucTamizaiii janioris [IBC, I'K nirote
AK aKTUBHI HEHTPH JJIs1 B3aEMO/III 3 PYHKLIOHATBHUMU T1IpOoKCHUIbHUME rpynamu [IBC,
BUKJIMKarO4u arperyBaHHs jaHoris [IBC ta cTBOpeHHsI HAIMOJIEKYJISIPHOI CTPYKTYPH
B cuctemax [IBC — I'K. Cnextp XRD unctoi xomnosuitii [IBC nemoncTpye sickpaBo
BUpPXEHUN MUPOKUA mik mpu 20°, SKUM BITHOCHUTHCS JO YAaCTKOBO KPUCTAIIYHOI
ctpykrypu IIBC, me#t mik 30uIblIye IHTEHCHUBHICTH Tpu 30UtbineHHI BMmicTy 'K B
kommo3uilisx [IBC. Apomaruuni ctpykrypu 'K nposiBisitorbest nuie B criektpi XRD
cuctemu [IBC+15mac. % I'K3 npu 27° Ta MOXyTh OyTH BIJIHECEH1 A0 OLIbII
KOHJIEHCOBaHUX CTpyKTyp Byriemto. B I'K Ha kpucramiuny crpykrypy [IBC npu
Jo/JaBaHH1 ix Ha piBHI 5, 10 Ta 15 mac. % nposBISEThCS y 301UIbIIIEHH] THTEHCUBHOCTI
niky kpuctaniB [IBC mpu 20°, a Takox, sk moka3anau po3paxyHku 3a popmyiioro [lepepa
(Tabmunsa 5.1), 3HaUHOMY YKPYIMHEHHIO cepeaHboro po3mipy HaHokpuctamitie [IBC 3
15,3 mo 23,7 um. PaKTHUYHO, y BEIMKUX KUIbKOCTIX ['K BIIMBaioTh Ha KpUCTANIYHY

ctpyktypy [IBC, BuKIMKar0un yTBOPEHHS OLTBIIT HEBIIOPSAKOBAHOT OpTaHi3aIlii.

Tabmuns 5.1 — Xapakrepuctuka Kpuctamigaux cTpykryp 3 manux XRD- anamizy [1BC,

MoaudikoBanoro I'K

3pa3ok 20,° | IHTEHCHBHICTB, OJI. POSMlp
kpuctainiB D, Hm
I1BC 20,2 271 15,3
IIBC — 5 mac. % I'K 20,1 313 18,3
IIBC — 10 mac. % I'K 20,3 405 22,6
IIBC — 15 mac. % I'K 20,2 420 23,7

Tepmorpamu, otpumani B pesynbrari JICK-anamizy nns suxignoro I[1BC, cucrem
IIBC — 5 Mmac. % I'K ta [IBC — 10 mac. % I'K B gianma3zoni remnepatyp Bix -40 no 230 °C,
IPOJIEMOHCTPOBAHI Ha pHC. 5.4. Y i 3pa3ku IEMOHCTPYBAIM MalkKe 1IEHTUYHY TEPMIYHY
MOBEJIIHKY 3aBISKH CHAOTepMIYHUM TikaM Buime 215 °C, mo BIANOBIZAIOTH iX

TeMIlepaTypi TOIICHHS TM.
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i b et

4 .

50 -10 20 S50 B0 110 140 170 200 230
Ternmieparypa , °C
Pucynox 5.4 — JICK-tepmorpamu: 1 —I1BC, 3 —TIBC +5 mac. % I'K3,
4 —TIBC+10 mac. % I'K3

PesynbpraTtn mokazanu, mo ITm BuxigHoro [IBC 36insmeno Ha 2,4 °C nuisixom
BtoueHHs 5 mac. % I'K. Omnak npu nomaBanHi 10 mac. % I'K cmocrepiranu
30ubieHHs1 TM maibke Ha 5,7 °C. IligBuniena temneparypa tomieHHs cuctem [IBC —
I'K, moxe OyTu mnoB's3aHa 3 iX MIABUIICHUMH 3HAYEHHSIMM TeyeBoi (pakiii Ta
YTBOPEHHSM OUTHIINX 30H 3mMBaHHs BecepeanHi ridopuanux cuctem [IBC — I'K. Tabmwuis
5.2 nokasye, mo npu BBeaeHHI 5 1 10 mac. % I'K B IIBC BifgcoTok KpuCTamigyHOCTI

301ubITyBaBcs mpudau3Ho Ha 50 %: 14,5 ta 26,4 %, BiAMOBIIHO.

Tabmuis 5.2 — Tenosi BnactuBocTi TUNOBUX TiopuaHuX cucteM [IBC — 'K

3pa3ok Tm, °C AHS, x/t Xc, %

[1BC 215,6 54,8 39,5

I1BC — 5 mac. % I'K 218,0 58,9 45,2
IIBC — 10 mac. % I'K 221,3 63,0 49,9
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MoxHa 3poOuTH BUCHOBOK, 1m0 ['K MOXyTh AISTH SIK BUXiAHI TOYKH ISt
kpuctanizanii [IBC nig yac nponecy CTpyKTypyBaHHS 1 BUKIMKATU JIESKE 30UIbIIECHHS
KpucTamiyHocTi B riopumanx cuctemax [IBC — I'K.

Mexanizm 3mmBanHs jgaHiora [IBC ta yrBopenns crpykrypu [IBC — I'K mo

KapOOKCUIILHUM Ta T1APOKCHIBHUM TPYIITIaM CXEMaTHYHO MPOLTIOCTPOBAHO Ha puc. 5.5.

HO
HOOC

OH

Pucynok 5.5 — Mexani3m riopuanoi moaudikarii 'K IIBC npu 3mmBanHi Ta

yTBOpeHHI riopuanoi crpykrypu [IBC — 'K

TakuM YWHOM, BCTAHOBJICHO, IO TiOpuaHAa MoOAMQIKAIIS TyMIHOBUMHU
peyoBnHamu Byruwis [IBC BimOyBaeThcsi 3a MEXaHI3MOM MAaTPUYHOTO CHUHTE3Y 1
MOB'SI3aHa 3 JUIOJIb-TUIIOJBHUMHI B3a€EMOJISIMA Y BUTJISII BOJHEBOTO 3B’SI3KY MIXK

riipokcusibHOl0 Tpynow jdaHiorie [IBC Ta rigpokcuibHUMH Ta KapOOKCHIBHUMHU
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rpynamMu TyMiHOBUMH PEYOBHHAMHU BYTULIs. BeTaHoBIEHO, 110 MK (DyHKI[IOHATEHUMH
rpynamMu TyMiHOBUX pedoBuUH Byruwisi Ta [IBC BuHUKaIOTH J0IATKOBI B3a€MO/III,
BiMOyBaeThcs  mocwieHHs  Kpuctamizauii — manmorie  [IBC,  yTBOproroTscs
HAJMOJICKYJIIPHI CTPYKTYPY MOJIMEPY, B IKUX TYMIHOB1 PEUOBHUHU BYTULISI BUKOHYIOTh
POJIb areHTy 3IIMBAHHS JAHIIIOT1B.

[IpoBeneHo ekcriepuMeHTanbHe JOCTIKEHHS BIUTUBY T10puHoi moaudikarii ['K

3 pi3HUX THITIB OypOro Byriuis Ha yMOBHY B's3KicTh po3unHiB [IBC (puc. 5.6 — 5.8).
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Pucynok 5.6 — Brums riopuanoi monudikarii 'K Ha ymMoBHY B'SI3KiCTh pO34HHIB

[M1BC Bix Bmicty ['K1
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Pucynok 5.7 — Bruus riopuanoi monudikariii 'K Ha yMOBHY B'SI3KiCTh pO34HHIB

I1BC Big BmicTy ['K2
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Pucynox 5.8 — BB ribpuanoi moaudikarrii ['K Ha yMOBHY B'SI3KICTh pO3UHHIB

[1BC Bix Bmicty I'K3

Ha puc. 5.9 — 5.11 moka3aHo pe3yJibTaTH BU3HAYECHHS BIUIUBY T10pUIHOI
Momupikamii 'K muromoi enextpompoigHocTi po3uuHiB [IBC B 3amexHOCTi BiX

TpuBanocTi Ta KiabkocTi I'K a1 kuciaor, orpuMaHux 3 pi3HUX 3pa3KiB Byriuis [256].
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Pucynoxk 5.9 — Brumus riopuanoi moaudikanii 'K na nutomy

esnekTporpoBiaHicTs po3unHiB [IBC Big BmicTy I'K1
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Pucynoxk 5.10 — B ribpunnoi moaudikauii ['K Ha nutomy

enekrponpoBiaHicTh po3unHiB [IBC Big BmicTy ['K2
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Pucynoxk 5.11 — Bruus ribpuanoi moaudikaii 'K na nuromy

enexTponpoBiaHicTh po3unHiB [IBC Big Bmicty ['K3

VYV rtabmunsx 5.4 — 5.5 HaBeneH1 pe3ysbTaTU BUBYEHHS BIUIMBY T1OpUAHOL
monupikarii 'K [IBC 1 tpuBanocti npurotryBanus po3unHiB [IBC Ha iX B'SI3KicTh Ta

dakropu mpouecy (BmicT 'K y cymirri, TpuBaiicTh, AKiCTh BUXITHOTO BYTULIIS).
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Tabmuug 5.4 — ExcrnepuMeHTanabHl Ta PO3PAaXyHKOBI 3HAYEHHS YMOBHOI B’SI3KOCTI

po3uuniB [IBC no Ta micns ix moaudikarii ['K*

Ve ¢

YMoOBHa B'S3KICTb, V, C Paxropn (X;) (po3paxyHKOBi ?:Ha‘-IeHHH,Yregij)

No eKCIIepUMEHTATbHI Ve =

( e o) | T 9% | 7. xn VO, 96| 9. % | Oy 06| (K. 7 v Ed‘;(ff K™ Sd;(g’{' 2

) ’ d
1 63,0 0 0 [29,1/ 80,83 | 10,90 60,4 60,0 60,2
2 47,5 5 0 29,1/ 80,83 | 10,90 53,7 53,3 53,5
3 45,0 10 0 29,1/ 80,83 | 10,90 47,0 46,6 46,7
4 43,0 15 0 29,1/ 80,83 | 10,90 40,3 39,9 40,0
5 65,0 0 5 |29,1| 80,83 | 10,90 65,2 64,8 65,0
6 58,0 5 5 |29,1| 80,83 | 10,90 58,5 58,1 58,2
7 51,0 10 5 (29,1 80,83 | 10,90 51,8 51,4 51,5
8 48,0 15 5 (29,1 80,83 | 10,90 45,1 447 44,8
9 70,0 0 10 |29,1| 80,83 | 10,90 70,0 69,6 69,8
10 62,0 5 10 |29,1| 80,83 | 10,90 63,3 62,9 63,0
11 57,0 10 10 |29,1| 80,83 | 10,90 56,6 56,2 56,3
12 52,0 15 10 |29,1| 80,83 | 10,90 49,8 49,5 49,6
13 63,0 0 0 |43,7| 68,10 | 24,11 57,7 58,4 58,2
14 47,0 5 0 [43,7| 68,10 | 24,11 51,0 51,7 51,5
15 43,0 10 0 [43,7| 68,10 | 24,11 443 45,0 44,8
16 35,0 15 0 [43,7| 68,10 | 24,11 37,6 38,2 38,1
17 65,0 0 5 [43,7| 68,10 | 24,11 62,5 63,2 63,0
18 53,0 5 5 [43,7| 68,10 | 24,11 55,8 56,5 56,3
19 47,0 10 5 [43,7| 68,10 | 24,11 49,1 49,7 49,6
20 43,0 15 5 [43,7| 68,10 | 24,11 42,4 43,0 42,9
21 70,0 0 10 |43,7| 68,10 | 24,11 67,3 68,0 67,8
22 59,0 5 10 |43,7| 68,10 | 24,11 60,6 61,2 61,1
23 52,0 10 10 |43,7| 68,10 | 24,11 53,9 54,5 54,4
24 48,0 15 10 |43,7| 68,10 | 24,11 47,2 47,8 47,7
25 63,0 0 0 [43,7| 60,71 | 29,12 57,7 57,4 57,5
26 47,0 5 0 |43,7| 60,71 | 29,12 51,0 50,7 50,7
27 45,0 10 0 [43,7| 60,71 | 29,12 443 44,0 44,0
28 43,5 15 0 [43,7| 60,71 | 29,12 37,6 37,3 37,3
29 65,0 0 5 [43,7| 60,71 | 29,12 62,5 62,2 62,2
30 49,0 5 5 [43,7| 60,71 | 29,12 55,8 55,5 55,5
31 47,0 10 5 [43,7| 60,71 | 29,12 49,1 48,8 48,8
32 44,0 15 5 [43,7| 60,71 | 29,12 42,4 42,1 42,1
33 70,0 0 10 |43,7| 60,71 | 29,12 67,3 67,0 67,0
34 57,0 5 10 |43,7| 60,71 | 29,12 60,6 60,3 60,3
35 54,0 10 10 |43,7| 60,71 | 29,12 53,9 53,6 53,6
36 49,0 15 10 |43,7| 60,71 | 29,12 47,2 46,9 46,9

*KIUTBKICTh €KCIIEPUMEHTATBLHUX Pe3yJIbTaTiB n = 36.
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Tabmuus 5.4 — ExcriepuMeHTanbHI Ta po3paxyHKOBI 3HAUYEHHS MPOBIAHOCTI PO3YMHIB
I1BC no i1 micns ix mogudikamii I'K

[TuroMa eneKTponpoBiIHICTh
[MuToMa eneKTpompOBiIHICT ®axropu (Xj) 19, MkCm/cMm
No #, MKCM/eM . (po3paxyHkoBi 3HaueHHs, Y %)
(eKsc:;E:ief\gbm K, % | 7, xB |V, %| Coaf, 96 [0l %“regg:v‘;()r K, “reg;f g;}f K “reifj ;d‘;g[{’

1 1500 5 0 [29,1| 80,83 | 10,90 1172 1059 1092
2 1940 10 0 [29,1| 80,83 | 10,90 2490 2377 2410
3 2000 15 0 |29,1|80,83|10,90| 3808 3695 3728
4 900 0 5 |29,1)| 80,83 | 10,90 639 526 559
5 1850 5 5 [29,1| 80,83 | 10,90 | 1957 1844 1877
6 3900 10 5 129,1| 80,83 | 10,90 | 3275 3162 3195
7 5150 15 5 [29,1] 80,83 | 10,90 | 4593 4480 4513
8 1200 0 10 |29,1| 80,83 | 10,90 | 1424 1311 1344
9 1950 5 10 129,1| 80,83 | 10,90 | 2742 2629 2662
10 4250 10 10 129,1| 80,83 | 10,90 | 4060 3947 3980
11 6900 15 10 129,1| 80,83 | 10,90 | 5378 5265 5298
12 1300 5 0 |43,7| 68,10 | 24,11 871 957 940
13 2300 10 0 |43,7|68,10 | 24,11 | 2189 2275 2258
14 3500 15 0 [43,7] 68,10 | 24,11 | 3507 3593 3576
15 900 0 5 [43,7] 68,10 | 24,11 338 424 407
16 1400 5 [43,7] 68,10 | 24,11 1656 1742 1725
17 2550 10 5 |43,7] 68,10 | 24,11 | 2974 3060 3043
18 4100 15 5 |43,7|68,10 | 24,11 | 4292 4378 4361
19 1200 0 10 |43,7| 68,10 | 24,11 1123 1209 1192
20 1640 5 10 143,7| 68,10 | 24,11 | 2441 2527 2510
21 2700 10 10 143,7| 68,10 | 24,11 | 3759 3845 3828
22 4190 15 10 143,7| 68,10 | 24,11 | 5077 5163 5146
23 1250 5 0 [43,7]60,71 | 29,12 871 898 882
24 1700 10 0 [43,7]60,71 | 29,12 | 2189 2216 2200
25 3800 15 0 [43,7]60,71 | 29,12 | 3507 3534 3518
26 900 0 5 |43,7] 60,71 | 29,12 338 365 349
27 1650 5 5 |43,7| 60,71 | 29,12 1656 1683 1667
28 3510 10 5 |43,7|60,71 | 29,12 | 2974 3001 2985
29 4800 15 5 |43,7|60,71 | 29,12 | 4292 4319 4303
30 1200 0 10 |43,7| 60,71 | 29,12 1123 1150 1134
31 1750 5 10 |43,7| 60,71 | 29,12 | 2441 2468 2452
32 3910 10 10 143,7| 60,71 | 29,12 | 3759 3786 3770
33 6200 15 10 |43,7| 60,71 | 29,12 | 5077 5104 5088

*KUIbKICTh €KCIIEPUMEHTAIBHUX Pe3ybTaTiB n = 33.
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Ha ocHOBI OTpHMaHMX EKCIEPUMEHTAIbHUX JAHUX CTBOPEHI MaTeMaTH4HI
3QJIEKHOCTI, SIKI ONUCYBalld  3aJE€XKHICTh YMOBHOI B'SI3KOCTI Ta  MHUTOMOIL
enekrponpoBigHocTi po3unHiB [IBC Bix Bmicty 'K, yacy mpurotryBaHHS Ta OJHIEIO 3
XapaKTePUCTHK CUPOBUHH, 110 BUKOPUCTOBYEThCA 11t oTpuManHs ['K. 111 maTemaruani

3aJIEKHOCTI HaBeneH1 B Taousax 5.5 — 5.6.

Tabmuis 5.5 — MaremaTnyHa 3aleXHICTh yYMOBHOI B'sizkocTi po3umHiB [IBC Bix

(dbakTOpiB MPOIIECY Ta XapaKTEPUCTUK BYT LIS ™

O11iHKa CTATUCTUYHOL
No MatemaTnyHa 3aJ1eKHICTh 3HAYYIIOCTI Ta a/IeKBaTHOCTI
R2
5.1 v, = 65,7566 — 1,3422 - HA + 0,9583 - T — 0,1841 - V¢ 0,892
52| v, =495644 —1,3422-HA+ 0,9583 -7 + 0,1294 - c4%f 0,886
53| v3=61,7911—1,3422 - HA +0,9583 - T — 0,1489 - 05/ 0,888

*KITBKICTh €KCIIEPUMEHTATBLHUX Pe3yIbTaTiB n = 33.

Tabnuus 5.6 — MaremaTuyHa 3anexHicTh npoigHocTi po3unHiB [IBC Bin daxrtopis

IpOoLIECY Ta XapaKTEPUCTUK BUXITHOTO BYT UL ™

O1iHKa CTATUCTUYHOL
No MareMaTHnuHa 3aJI€KHICTh 3HAYYIIOCTI Ta aIeKBATHOCTI
RZ
54 | u; =799,1079 + 240,6444 - HA + 128,3333 - v — 18,9212 - ¢ 0,821
5.5 |u, = —448,1379 + 240,6444 - HA + 128,3333 - 7 + 7,3336 - €%/ 0,816
5.6 Uz = 2,14487 — 0,11185- HA + 0,31978 - t + 0,28304 - Ogaf 0,817

*KUTBKICTh €KCTIEPUMEHTAIBHUX PE3yNIbTaTIiB n = 33.

3 ojep)kaHUX PpE3yJbTaTiB JIOCHIDKEHHS BIUIMBY TIOKA3HUKIB CTYIEHS
metamopdizmy Oyporo Byrimas (VY, C% Q%) pisHux 3paskiB Ha piBEHb YMOBHOi

B's3KOCTI po3unHiB [IBC MOXHO 3pOOMTH BHCHOBKH, IO 31 30UIBIICHHSM CTYIEHS
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MeTaMop(i3My, BUXOAY JETKUX PEYOBUH Ta BMICTY KHUCHIO Y 3pa3Kax Oyporo BYTijUIs
CIOCTEPITAa€ThCS 30UIBIIEHHS YMOBHOI B’SI3KOCTI Ta MUTOMOI €JIEKTPOIPOBIIHOCTI
riopumao momudikoBanux 'K pozumnnis [1BC.

Hami Oymi pocmimkeni (i3uko-xXiMigHl ocoOmmBocTi riopuaHoi Moaudikarii 'K
I'TIMII. ExcnepumentanpHo onepxkani [Y-cextpu Buximaux 'K, Buximnoi I'TIMII ta

cuctem ['TIMI] — 5 mac. % 'K i TTIML] — 10 mac. % I'K. — puc. 5.12.
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Pucynok 5.12 — [4Y-cnextpu: 1 — Buxigna ['TIML, 2 — Buxigui I'K, 3 — cucrema
I'TIMIL 5 mac. % I'K, 4 — cucrema I'TIMIL] — 10 mac. % I'K

V¥ nopiBusnHi 3 [Y-ciektpamu ['TIMI] 1 'K, 6yna 3nauna pizauis va [Y-criekTpi
cuctemu ['TIMII 5 mac. % I'K. Cmyra kapOokcunsuux rpyn cuctema ['TIML] 5 mac. %
'K npubmusno Ha 1595 cm! 3mimnyerses 10 iHIIOro XBUa60Boro uucia [257, 258], mo
miaTBepkye, mo 'K Oyna yenimno 3mmTa 3 I'TIML] nuisixom 6araToTro4koBoi XeaaTHOL

B3a€EMOJII1 3 KapOOKCHIaTHOIO Ipymoro [259] — puc. 5.13.
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Pucynoxk 5.13 — 3aranbHa cxema 6araToTOYKOBOI XEJIaTHOI B3aEMOJIIT 3

kapOokcmibHOIO Tpynoro 'K Ta rinpoxkucinpaumu rpymamu ['MITL]

[To pesynbraram JITA ananizy 3a xapakrepoM kpubux TI' 1 JITI nns cucremu

['TIMII — 10 mac. % I'K Ha ocHOBIi 3MiHM Mac. % EKCIepUMEHTAILHO BU3HAYEHO TPH

cTajli po3KJIalaHHs, Kl TTOKa3aHi Ha puc. 5.14.
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Pucynok 5.14 — Kpusi TI" 1 ATI" gnst cucremu I'TIMI] — 10 mac. % I'K
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Hiamazon poskimamands mix 30 1 150 °C 13 BTpatoro macu 14,94 mac. %, 1o
BIIHOCHUTKCSA J10 €HJIOTEPMIYHOTO 3HEBOJHEHHS. JIpyruil eran po3kiajaHHs Bi1OyBaBcCs
B inTepBaii 150-570 °C i3 Brparoro macu 40,36 mac. % 1110 MOKHA TTOSICHUTH PO3IIaIOM
apOMaTUYHUX CTPYKTYP 1 po3puBoM 3B’ s13KiB C-C. BiH Tak0X MiCTUTh PO3PHBH JIAHITIOTA
nputnierienoro noximepy ['TIMI] Ta miponituune posknananus ['TIML. 3aBasku Tomy,
0 JApyruil etanm mounHaeThess npu temmnepatypi 150 °C, ribpuani mmisku ['TIMIL] —
10 mac. % I'K maroTh BHCOKY TepMOCTaOLIBHICTh. BucokoTemmneparypHe BHIILJICHHS
razy Ta BHCOKOTEMIIEpaTypH1 MPOILECH MOJIKOHACHCAIlll CIoCTepirajucs B 1HTEpBai
570-900 °C 13 Brparoro macu 20,44 %. Ha mpomy erami Bci 3LIMBAIOYl JIAHIIOTH
PYMHYIOTBCS 1 OUIKY€ThCA MMOBHA (PparMeHTallisl HoJIIMepYy.

3aranpHa cxema riopuaHoro Matpuanoro cunresy cucreM ['TIMI] — I'K nokazana

Ha puc. 5.15.
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Pucynok 5.15 — 3aranpHa cxema riOpuaHOro MaTpUYHOrO CUHTE3Y

cuctem ['TIMI] - T'K [261]
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TakuMm yrHOM, c(OPMOBaAHI OCHOBU (DI3UKO-XIMIYHUX OCOOIMBOCTEH TEXHOJOTII
riopuanoi moaudikauii I'K Byruuis mmBok I'TIMLI, sxa BinOyBaeThCcs 3a MEXaHI3MOM
MaTPUYHOTO CUHTE3Y, KW MmoB's3anui 31 3mmBanHsaM [ TIMI] musixom 6araToToukoBoi
XEJIATHOI B3aeMOI11 3 KapOokcuiaTHO rpymnoto ['K Byrins, ska 31 30UTbIIIEHHSM BMICTY
I'K Byriuis y mpochimkyBanux po3unHax ['TIMI] cynmpoBomKyeThCcsl arioMepariiero ta
MMOCUJICHHSIM TPOIECIB CTPYKTYPOYTBOPEHHS MOTIMEPY

BrmuB ri6puanoi moaudikaiii 'K Ha ymoBHY B's3kicTh poszuuniB ['TIMII Bix

BMicTy pisHux trmiB ['K HaBeneHa Ha puc. 5.16 [256].
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Pucynox 5.16 — Bruus ri6puanoi moaudikaiii 'K Ha yMOBHY B'S3KICTb

po3unHiB [ TIML] Bix BmicTy pizHux Tunis ['K

Beenennss Bcix npocmimxyBanux tumiB ['K y posunmau ['TIMI] cnpuunzse
3MEHIIICHHS 1i YMOBHOI B’SI3KOCTI Yepe3 BBEACHHS J0JIaTKOBOI KUIBKOCTI PO3UYMHHHUKA,
ockinbku ['K BBOmsThes y Burimaai 8,5 mac. % poszumHiB. [is pozumanmka 'K
30uteiyethest B psaai ['K1 > T'K2 > I'K3. ExcnepuMmeHTanbHO MOCHIKEHI MPOIECH
GopMyBaHHS CTPYKTYp METOJOM KOHIAYKTOMETpii, pe3ybTaTh SKUX MPEJCTaBleHI Ha
puc. 5.17 — 5.19 y Burisaal rpadgidyHuX 3aJ]eKHOCTEH MUTOMOI €JIEKTPOIPOBIIHOCTI

po3unniB ' TIML] Bix BmicTy pizHux tumiB ['K.
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Pucynoxk 5.17 — Brumus ribpuanoi mogudikariii 'K Ha nutomy
enexTponpoBiaHicTh po3unHiB [ TIML] u Big Bmicty ['K1
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Pucynoxk 5.18 — Brnmus ribpuanoi mogudikanii ['K Ha mutomy
enekrponpoBiaHicTs po3unHiB [ TIMI] Big Bmicty I'K2
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Pucynoxk 5.19 — Brnmus ridpunnoi mogudikanii ['K Ha nutomy

esnekTporpoBiaHicTs po3unHiB [ TIMI] Bix Bmicty ['K3

Beenenns posumniB 'K go I'TIMI] cnpuumHsie 301MbIIEHHS 1HTEHCHUBHOCTI
MPOIECIB  CTPYKTYPOYTBOPEHHS, 10 MPU3BOJUTH JO 30UIBIICHHS ITUTOMOI

enexTpornpoBigHOcTi po3uuHiB ['TIMI] 31 301nbmeHHsIM BMICTY pi3HuX TUMiB ['K.



188

Edekr 3minHEeHHs CTpyKTypH pi3HUN 3anexHo Bl BiactuBocted ['K 1
30umbIIyeThest B KimbkocTi K3 > I'K2 > I'KI. 3i 30umpmenssm Bmicty K y
nocrmimxyBanux pozunHax ['TIMI] crioctepiraerbes OinbIma aromMepaiis oJiMepy, 1o
CBITYUTH MPO 30UIBIICHHS MPOIECIB CTPYKTYPOYTBOPEHHS B HUX. EQEKT mocuiieHHs
MIPOIIECIB arjioMeparlii y JoCiipKyBaHuX 3pazkax po3unHiB [ TIMI] pizuuii 3ajie:kHO Bif
BiactuBocTeil ['K 1 mogiOHuM YuHOM OCHITIOETHCS it yTBopeHHs pany ['K3 > 'K2 >
I'K1. V tabmuusx 5.7 — 5.10 nmaBeneHi pe3ynbTaT BU3HAYCHHS BIUIMBY T10pHIHOL
moaudikamii 'K I'TIMII 1 tpuBanocti npuroryBanns po3unHiB ' TIML] Ha ix B's3KicTb Ta

¢dakropu npouecy (BmicT 'K y cymini, TpuBamicTh, IKICTb BUX1THOT'O BYT'ULIS).

Tabmuus 5.7 — ExcrniepuMeHTanbHI Ta pPO3PaxyHKOBI 3HAYEHHS YMOBHOI B’SI3KOCTI

po3uuHiB ' TIMI mo Ta micas ix moamdikarii ['K*

Vel ¢
‘YMOBHa B'SI3KICTh, V, C Paxropu (X;) (po3paxyHKOBi 3HaueHHs, Y %)
Ne eKCIIEPUMEHTAIIbHI V= | g req. —
( 3Ha‘II)eHH$I, Yi) I'K, % | 7, xB V4, %| C%, % | 0%y, % | (/. KJ, 7, |V " _dz(fFK’ v _de(FK’
Vd) T, C ) T, O d)
1 211,0 0 0 (2911|8083 | 10,90 | 211,4 210,0 211,2
2 2115 5 0 [291/80,83 | 10,90 | 2117 213,3 213,5
3 215,0 10 0 2911|8083 | 10,90 | 217,0 216,6 216,7
4 213,0 15 0 2918083 | 10,90 | 210,3 210,9 210,0
5 210,0 0 5 1291/8083 | 10,90 | 211,2 211,8 211,0
6 86,0 5 5 [29,1]80,83 | 10,90 86,5 86,1 88,2
7 79,0 10 5 29,1 80,83 | 10,90 81,8 81,4 81,5
8 68,0 15 5 29,1 80,83 | 10,90 67,1 68,7 68,8
9 209,0 0 10 |29,1| 80,83 | 10,90 | 210,0 210,6 209,8
10 87,0 5 10 |29,1| 80,83 | 10,90 87,3 86,9 87,0
11 78,0 10 10 |29,1| 80,83 | 10,90 77,6 78,2 78,3
12 67,0 15 10 29,1 80,83 | 10,90 67,8 69,5 68,6
13 211,0 0 0 |43,7/6810 | 2411 | 2117 210,4 211,2
14 111,0 5 0 [43,7|6810 | 2411 | 110,0 110,7 110,5
15 101,0 10 0 |43,7|6810 | 2411 | 101,3 101,0 100,8
16 78,0 15 0 143,7]6810 | 24,11 78,6 78,2 7,1
17 211,0 0 5 143,7]68,10 | 24,11 62,5 63,2 63,0
18 110,0 5 5 |43,716810 | 2411 | 1108 1115 110,3
19 102,0 10 5 |43,716810 ] 2411 | 1011 101,7 102,6
20 77,0 15 5 |43,7]68,10 | 24,11 774 76,0 76,9
21 212,0 0 10 |43,7|68,10 | 24,11 | 2113 212,0 211,8
22 112,0 5 10 |43,7|68,10 | 24,11 | 111,6 112,2 112,1
23 100,0 10 10 |43,7| 68,10 | 24,11 99,9 100,5 100,4
24 76,5 15 10 |43,7| 68,10 | 24,11 77,2 77,8 7,7
25 211,0 0 0 |43,7/60,71 | 29,12 | 2117 210,4 212,5
26 121,0 5 0 [43,7|/60,71 | 29,12 | 120,0 121,7 120,7
27 103,0 10 0 |43,7|/60,71 | 29,12 | 104,3 104,0 103,0
28 85,0 15 0 [43,7]60,71 | 29,12 86,6 85,3 85,3




[IponoBxenHs Tabm. 5.7.
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@ X, R
YMOBHa B'SI3KICTb, V, C axropu (X;) (po3paxyHKOBi 3HaueHHs, Y"®%;)
Ne (excriepuMeHTaIBHI VI = | e reg. —
3HaueHus, Y) I'K, % |z, xB V9, %| C% 06| Q%% % | f(/'K, 1, VA f(fFK’ L Iy ff(FK’
V) 2] Cda) 7, O d)
29 212,0 0 5 [43,7/60,71 | 29,12 | 2125 212,2 212,2
30 122,0 5 5 [43,7/60,71 | 29,12 | 1218 1225 122,5
31 102,0 10 5 [43,7/60,71 | 29,12 | 1021 101,8 102,8
32 84,0 15 5 [43,7|60,71 | 29,12 84,4 85,1 84,1
33 213,0 0 10 [43,7| 60,71 | 29,12 | 2123 211,0 213,0
34 123,0 5 10 [43,7| 60,71 | 29,12 | 122,6 123,3 124,3
35 102,0 10 10 [43,7| 60,71 | 29,12 | 101,9 102,6 101,6
36 83,0 15 10 |43,7| 60,71 | 29,12 83,2 82,9 83,9

*KUTBKICTh €KCTIEPUMEHTAIBHUX PE3yNbTaTiB n = 36.

Ta6muis 5.8 — ExcniepuMeHTalIbHI Ta pO3paxyHKOBI 3HAUEHHS IMPOBITHOCTI PO3YHHIB

I'TIMII o 1 micna ix mogudikaii I'K

IMuroma ITuroma enexTponpoBigHICTE
€NEKTPOIIPOBIIHICTS L, ®Gaxropu (Xj) 1", MmxCwm/cm
No MECM/CM (po3paxyHkoBi 3HaueHHsI, Y"%)
O Ikl e ke ) TS T = T A

1 550 5 0 |[29,1] 80,83 | 10,90 551 549 550
2 570 10 0 [29,1] 80,83 | 10,90 568 572 571
3 590 15 0 |29,1| 80,83 | 10,90 589 591 590
4 669 0 5 [29,1| 80,83 | 10,90 670 669 668
5 715 5 5 |29,1] 80,83 | 10,90 717 715 716
6 720 10 5 |29,1] 80,83 | 10,90 719 721 722
7 730 15 5 [29,1| 80,83 | 10,90 730 729 731
8 690 0 10 |29,1| 80,83 | 10,90 690 689 691
9 778 5 10 |29,1| 80,83 | 10,90 778 777 779
10 882 10 10 |29,1| 80,83 | 10,90 882 880 883
11 900 15 10 |29,1| 80,83 | 10,90 900 899 898
12 550 5 0 |43,7] 68,10 | 24,11 550 549 551
13 669 10 0 |43,7]| 68,10 | 24,11 669 670 668
14 690 15 0 |43,7] 68,10 | 24,11 690 692 688
15 570 0 5 |43,7] 68,10 | 24,11 570 569 571
16 715 ) 5 |43,7] 68,10 | 24,11 715 714 715
17 778 10 5 |43,7] 68,10 | 24,11 778 780 778
18 1160 15 5 |43,7] 68,10 | 24,11 1160 1158 1159
19 590 0 10 |43,7| 68,10 | 24,11 590 588 593
20 720 ) 10 |43,7| 68,10 | 24,11 720 717 721
21 882 10 10 |43,7| 68,10 | 24,11 882 881 880
22 1170 15 10 |43,7| 68,10 | 24,11 1170 5163 5146
23 610 S) 0 |43,7| 60,71 | 29,12 610 611 612
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Murova Gaxropu (X)) [iToma eneKTponpoBiaHicTs ufei,ré\ggfcM/CM
. eneKTp;,;%?;;él;m 4, - _(po:spaxylz;om_ 3HaquHar,eg _.,)

B R e e T R T
24 730 10 0 |43,7| 60,71 | 29,12 730 728 732
25 900 15 0 |43,7| 60,71 | 29,12 900 899 900
26 590 0 5 |43,7| 60,71 | 29,12 590 589 591
27 730 5 5 [43,7] 60,71 | 29,12 730 728 729
28 900 10 5 143,7| 60,71 | 29,12 900 902 898
29 1170 15 5 143,7| 60,71 | 29,12 1170 1168 1171
30 610 0 10 (43,7| 60,71 | 29,12 610 612 611
31 1160 5 10 (43,7| 60,71 | 29,12 1160 1159 1161
32 1170 10 10 (43,7| 60,71 | 29,12 1170 1168 1171
33 1270 15 10 |43,7| 60,71 | 29,12 1270 1268 1272

*KUIBKICTh €KCIIEPUMEHTATbHUX Pe3yabTaTiB n = 33.

Tabmuusg 5.9 — Bronus riopunnoi monudikamnii 'K Ha muTtomMy enekTpomnpoBiIHICTD

po3unniB I'TIML] Bix ¢akTopiB mporecy Ta XapakTepruCTUK BYT LI ™

O1iHKa CTaTUCTUYHOT
Ne MaremaTHuHa 3aJI€KHICTh 3HAYYIIOCTI Ta a/IeKBaTHOCTI
R2
5.7 v, = 174,0477 — 8,2733 - HA + 0,1808 - V¢ 0,7542
5.8 v, = 251,4615 — 8,2733 - HA — 0,96348 - 4%/ 0,7764
5.9 v; = 161,6851 — 8,2733 - HA + 1,0501 - 03¢ 0,7767

*KUTBKICTh €KCTIEPUMEHTAIBHUX PE3yNbTaTIiB n = 33.

Ta6muis 5.10 — Brmus ribpuanoi Mmoaudikamii 'K Ha mUTOMY €IeKTpOIPOBIIHICTh

po3uunniB 'TIML] Bix ¢dakTopiB mpoliecy Ta XapaKTepUCTUK BYT1LLIS ™

O1iHKa CTAaTUCTUYHOT

No MatemaTnyHa 3aJ1€KHICTh 3HAYYIIOCTI Ta aJICKBATHOCTI
R2

5.10| p; = 441,06 + 6,112 - HA 4+ 29,98 - 7 — 1,11622E — 16 - V¢ 0,8659

5.11| p, = 441,06 + 6,112 - HA + 29,98 - T + 8,3608E — 16 - %S 0,8659

5.12 |u; = 441,06 + 6,112 - HA + 29,98 - 7 — 2,96237E — 16 - 05 0,8659

*KITBKICTh €KCIIEPUMEHTATBHUX Pe3yJIbTaTiB n = 33.
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TakuM 4YMHOM, BCTAHOBJIEHO, II0 MEXaHI3M T10puIHOI Moaudikallii B mpolecax
MatpuuHoro cunte3dy B cucteMax [IBC — I'K moB'a3anuii 3 IUMONIL-AUNIOIBHUMU
B3aEMO/IISIMH Y BUTJISI/II BOJAHEBOTO 3B’ 13Ky MIXK T1IPOKCHIIBHOIO Tpymoto jaHIoris [IBC
Ta TIAPOKCHWIBHUMH Ta KapOokcuiapbHUMHU rpynamu ['K, B Tolt ke wac, MiIx
¢ynakmionansauMu rpynamu ['K 1 [IBC BuHMKaiOTh Neski JTOJATKOBI MOJEKYJISIPHI
B3a€MO/Ii1, OKpIM BOJIHEBHUX 3B’s13KiB Mixk JaHmroramu [IBC BHaciiok kpucTami3arii mij
Yac MpoIiecy CTPYKTYpYyBaHHS JIAHIIIOT1B, MPH IIbOMY AyXke BakiuBa poib 'K, sk arenrta
3muBaHHs B ridpuanux cucremax [IBC —T'K.

®daktnuHo AoBeaeHo, 1o 'K miroTh SK aKTUBHI LEHTPU MJIA B3aEMOJIl 3
GyHKIIOHATPHUMHU TiApokcwibHUMU Tpymamu [IBC, BuKIMKaiouuW arperyBaHHS
nanurorie [IBC Ta cTBOpeHHs HaaMoneKyJsipHOi cTpykTypu B cuctemax [IBC — T'K.
Mexanizm ridpuaHoi Mmonudikaiii B mporecax MaTpuyHOro cuHTe3y B cuctemax [1BC-
'K copuunHIOE 3MEHIIEHHS MPOLECIB CTPYKTYpOyTBOpeHHss B po3umHax [IBC,
3amo0iraloyM YTBOPEHHIO MPOCTOPOBOI CITYACTOi CTPYKTypu. Edexkt mnocuneHHs
IpolleciB  arjioMepaiiii Ta YTBOPEHHS TPOCTOPOBOI CITYACTOI CTPYKTYpH y
nocniKyBaHuX 3pazkax po3unHiB [IBC pizumii 3amexHo Bin BiactuBoctei ['K i
NOoAI0HUM YMHOM TTOCHITIOEThCS i1 yTBOopeHHs psay 'K3 > I'K2> I'K1. B Toii xe ydac
riopunna momudikaiis MarpuydHoro cuHtedy cucrteM [TIMI] — I'K mnos's3zana 3i
smmBaHHsIM ['TIMI] misixom 0araToTo4koBO1 XeJaTHOI B3aEMOJIl 3 KapOOKCUIIATHOIO
rpynoto I'K. 31 30umbmennsam Bmicty 'K y gocmimxyBanux poszumHax [TIMI]
CIOCTEpITra€eThCs OUIbIIA arjoMepauis MOJIMEpYy, [0 CBIAYUTh OPO 30UIBLIECHHS

MPOLIECIB CTPYKTYPOYTBOPEHHSI B HUX.

5.2 JlocmiipKeHHS eKCIUTyaTaliifHIX BIACTHBOCTEH OlomerpanadebHuX MIiBOK B

pamMKax TEXHOJIOT1i riopuaHoT Moaudikalii ryMIHOBUMH KUCIOTaMU

ExcniepyMeHTanbHO NMPOBEAEHI NOCHIIKEHHS 3 BU3HAYEHHS BIUIMBY TlOpUIHOI
moaudikamii I'K Ha HaliO1IbII BaXKIJIMB1 XapaKTepUCTUKU Ol01erpanadebHuX IITIBOK Ha
ocHoBl I[IBC ta TITIMII: BopomoriwHaHHS, MIIHICTh TPU PO3PHUBI, BITHOCHE

MOI0BKEHHS IIPH PO3PUBI, YaCy MOSIBU LIBLIIL Ti cTyneHs 6ioerpaagadensHocTi. I'padiuna
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3QJIEKHICTh BOJOMNOIJIMHAHHS, MIINHICTh MPU PO3PUBI, BIJHOCHE IOJOBXEHHS MpH

PO3pHBI Ta Yacy MOSIBU LB B T10puIHUX OloAerpanadenbHux miiBkax Ha ocHoBl [IBC

Bix BMicTy pi3Hux TrmiB ['K HaBenena Ha puc. 5.20 — 5.24 [243].
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Bwmict I'K, % mac.
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Pucynoxk 5.20 — Brums ri6puanoi moaudikamii 'K Ha BomomormuHaHHS

riopuanux Oiogerpanadenbuux miiBok Ha ocHOBI [IBC Big BMicTy pizHux Tumnis 'K

MiunicTts npu po3pusi, MIla
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Pucynoxk 5.21 — Brums ribpuanoi moaudikarii 'K Ha mitHIiCTE TpH po3puBi

6ioxerpanadenpaux miiBok Ha ocHOBI [IBC Bix Bmicty piznux tumis ['K
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Pucynox 5.22 — Bruus ridpuanoi moaudikarii 'K Ha BiqHOCHE MOJOBXKEHHS

MIpU pO3pHBI riOpuaHUX OioferpanadenbHuX MmiIiBok Ha ocHOBI [IBC Bij BMicTy pi3HUX

tumis 'K

Yac 1mmosiBM 1[B1JIi, TOJ.
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Pucynoxk 5.23 — Brumis ri6puanoi moaudikarii 'K Ha yac mosBu npimi

riopuaHux OlogerpagadenbHux mwiiBok Ha ocHoBl [IBC Bix BmicTy pi3Hux Tumis ['K
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3 puc. 5.20 — 5.23 BugHo, mo riopuara Moamdikamis 'K TIBC mo3Bomse
MIJIBUIIUTH OCHOBHI €KCIUTyaTalliiHI XapaKTEPUCTUKHU T1OpuAHUX OloaerpasadenbHux
MIiBOK Ha ocHOoBl [IB, mpm 1boMy Taki IUTIBKH CTalOTh OUIBIT BOJOCTIHKUMH,
XapaKTEPU3yIOTHCA MMiJIBUIIIEHUM KOMIUIEKCOM MIITHOCTHUX XapaKTEPUCTUK Ta HATAIOTh
iM GakTepuruaanx BiaactuBoctei. EQext riopuanoi monudikarii 'K [TBC 3 Touku 30py
JOCTIKEHUX EKCIUTyaTallliHUX XapaKTepUCTUK 30UTbiTyeThest B Hanpsami tumis ['K3 >
I'K2 >T'K1.

Ha puc. 5.24 — 5.26 HaBeneHo JOCHiKeHHsS Oloaerpagaiii TiOpUIHUX
OlomerpagabenpbHUX IUIIBOK 3 OAKTEPUIIMIHUMH BiIacTUBOCTSIMU Ha ocHOBI [IBC Bifg
BMicTy pizHux tumiB I'K. 3 puc. 5.24 — 5.26 BuaHo, mo ridpuana mogudikaris 'K IIBC
Ipyd HaJaHHI 1M aHTUOAKTeplalbHUX BJIACTUBOCTEN JO3BOJISIE 30€pEerTH B HUX

BIIACTUBOCTI A0 Oloaerpamarii ais ycix tumis ['K.
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Pucynok 5.24 — 3anexHicTh CTyINeHs O0ioaerpaaaiii riopuaiHux
OlomerpanabenpHUX IJTIBOK 3 OaKTepUIIMIHUMHU BiIacTUBOCTAMH Ha ocHOB1 [IBC Bin

Bmicty ['K1
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Pucynok 5.25 — 3anexHicTh cTyneHs 0ioaerpanaiii riopuiHux

OlomerpanadeabHUX ITIBOK 3 OaKTEpUIIMIHUMU BllacTUBOCTSIMU Ha ocHOBI [IBC Bix

Bmicty ['K2
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Pucynoxk 5.26 — 3anexHicTh cTymneHs 0loerpaaaiii riopuaHux
OlomerpanabebHUX IUIIBOK 3 OaKTEpUIIMIHUMU BllacTUBOCTSAMHU Ha ocHOBI [IBC Bin

BmicTy ['K3

Ha pwuc.5.27 wHaBeneHO JMOCHDKEHHS Ta30MPOHUKHEHHOCTI  TiOpUIHHMX
OilomerpanadeTbHUX TUTIBOK 3 OaKTEPHITHIHIME BIIAaCTUBOCTIMHU Ha ocHOBI [IBC, 3 sikoro
BHJTHO, 110 33 PaXyHOK MIABUIICHHS IHTCHCUBHOCTI MPOIIECIB CTPYKTYPOYTBOPEHHS TIPH

riOpuaHiit Moaudikaiii criocTepiraeThest 301IbIIEHHS Ta30MPOHUKHEHHOCTI YCIX TUTIBOK.
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Edekr 30U1blIeHHS Ta30MPOHUKHEHHOCTI TIOpUIHUX OloJerpagadenbHuX IUIIBOK 3

OakTepulIMAHUMU BiacTUBOCTAMH Ha ocHOB1 [IBC 3anexno Bin BmactuBocted 'K 1

30uTBITy€e€ThCs B Hampsmi pizHuX tumiB ['K 3 > 'K2 > T'K1.

I'a30mpOHUKHICTB,
cM?/M?-2449-atMm
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Bwmicr I'K, % mac.
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Pucynox 5.27 — 3anexHicTh ra30MpOHUKHEHHOCT1 010/1erpagadenbHIX TIIBOK 3

OaxTepuruaHIME BiaactTuBocTsIMHU Ha ocHOBI [IBC Bix Bmicty ['K

B Tabmuii 5.11 HaBenmeHi 3BeleH! eKCIUTyaTalllifHI BJIACTUBOCTI T1OpUIHUX

OlonerpanabenpHux MmIiBoK Ha ocHOB1 [IBC MmoaudikoBanux I'K.

Tabmuis 5.11 — Excrutyaraiiiiini BIaCTUBOCTI T1OpuIHUX OloaerpagadebHUX MITIBOK 3

OakTepulIMAHUMU BiacTUBOCTSIMU Ha ocHOBI [IBC MoaudikoBanux ['K

BinnocHe
Bwmict I'K, | Bomonornunanus, mac. | MIIHICT IPU | TMOAOBXKEHHS Yac nosBu
3pa3ok o . . Iy
Mac. % % po3pusi, MIla | npu po3pusi, LBUI1, TOAUH
%

Yucra KOMIIO3HUIIIS 220 20 18 24

1 5 200 22 19 72

10 190 23 20 84

15 180 23,5 21 96

2 5 210 21 22 56

10 200 21,5 23 68

15 190 22 24 80

3 5 170 25 24 168
10 160 27 25 > 500 roqun
15 150 29 26 > 500 rogun
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3 Tabmmi 5.11 BuanO, 1o Ti0puaHa Mmoaudikairis ['K 3a MexaHi3MOM MaTpUIHOTO
cuHTe3y OiogerpamabenbHnx TUTiBOK Ha ocHOBI [IBC mgo3Bomsie 3HM3WMTH  iX
BOJIONIOTJIMHAHHS, 30UTPIINTH OCHOBHI MIITHOCHI XapaKTEpUCTUKH Ta HaAaTH iM
aHTHOaKTepiaibHI BJIIACTUBOCTI, IO MIATBEP/KYETHCS JAaHUMHU 32 MOKA3HUKOM Yacy
nosiBu oricHsBu Aspergillus y ruriBkax.

st 3aKOHOMIPHICTh MIATBEPIKYETHCA TAHUMU MIKPOCKOIIYHUX JIOCHIJIKEHbD,

pe3yJbTaTH SKUX HaBejeH1 Ha puc. 5.28 — 5.30.

['TIMI] - 10 % I'K I['TIMIL - 15 % I'K
Pucynox 5.28 — ®otorpadii riopuanux 6ioaerpagadensuux miiBok [1BC ta 'K1
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TTIMIL - 15 %
Pucynoxk 5.29 — ®otorpadii ribpuanux 6iogerpagadbensuux ok [1BC 3 'K2

[IBC-5%TK

[IBC-5%TK
Pucynok 5.30 — @ororpadii ribpuanux 6iogerpanadensuux miiBok [I1BC 3 'K3
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Takum yuHOM, riopuana Mmoaudikamis 'K 3a MexaHi3MOM MaTPUYHOIO CUHTE3Y
riopuanux Oiogerpagaadenbuux miBok Ha ocHOBl [IBC I'K no3Bossie orpumaru minHi
BOJIOCTIMKI TIJTIBKY 3 aHTHOAKTEPIaIbHUMU BJIACTHBOCTSIMHU.

['padpiuna 3amexHICTH BOAOIOTJIMHAHHS, MIIHICTh TPU PO3PUBI, BITHOCHE
MOI0OBXKEHHSI TIPU PO3PHBI Ta Yacy MOSBH I[BUII B T1OpUIHUX O10/1eTpaadebHIX TUTIBKAX

Ha ocHoBi ['TIML] Bix BmicTy pi3zuux Tumis 'K HaBeneHa Ha puc. 5.31 — 5.34 [262].
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Pucynok 5.31 — Brius ribpuanoi moaudikariii 'K Ha BogonornnHanas

riopuaHux Oiogerpagadenbuux miiBok Ha ocHoBi ['TIML] Bix BmicTy pizHux tumiB ['K
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Pucynoxk 5.32 — Brums ri6puanoi moaudikarii 'K Ha mirHiCTh TpH po3puBi

riopuaaux OiogerpagadbensHux riBok Ha ocHOBI [ TIMI] Bix BMicTy pisaux TumiB ['K
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Pucynox 5.33 — Brums ribpuanoi mogudikarii ['K #a ocaosi ['TIMI] Bix BmicTy

pizanx tumis ['K
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Pucynoxk 5.34 — Brmus ribpuanoi moaudikamii 'K Ha gac mosiBu usimi

riopuaaux OiogerpagabenbHux TriBok Ha ocHOoBi ['TIMI] Bix BMicTy pizHux TumiB ['K

Takum umHOM, BCTaHOBIIEHO 1o riOpuaHa momudikamis 'K 3a mexanizmom
MaTPUYHOTO CHHTE3Y OlojaerpanadbenpbHuX MmiIiBok Ha ocHOBI [ TIML] no3Bosie 3HU3UTH
iX BOJOIOIJIMHAHHS, 30LIBIIMTA OCHOBHI MIITHOCHI XapaKTEPUCTHUKH Ta HAJaTH iM
aHTHOAaKTEepiadbHI BIACTUBOCTI, IO IMATBEPHKYETHCS JAaHUMHU 3a MOKAa3HUKOM Yacy

nosiBu TutTicHsBu Aspergillus y rutiBkax.
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Ha pwc. 535 — 5.37 nHaBenmeHno pochijpkeHHS Olomerpanmamii TiOpuaHUX
OiomerpamadebHUX IUTIBOK 3 OaKTEpUIIMIHUMH BiIacTUBOCTAMH Ha ocHOBI ['TIMII Bin

BMicTy pi3Hux THmiB ['K.
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Pucynok 5.35 — 3anexHicTh cTynens Oionerpaarii riopuaHux
OlomerpamadeTpbHUX IUTIBOK 3 OAKTEPUIIMIHUMHI BJIacTUBOCTMH Ha ocHOBI ['TIMI] Bix

BMmicty ['K1

100 -

90 |
NN C
< 80 5
2 - ——0
= 70 ¢
g -5
§ 60 [ ==10

50 - =15

40 C 1 1 ! 1 ! 1 1 J

0 1 2 3 4 5 6
T, MICSALIIB

Pucynok 5.36 — 3anexHicTh cTyneHs 0ioaerpaaaiii riopuaiHux
OloaerpanabeapbHUX IJTIBOK 3 OaKTEPUIIMIHUMU BIaCTUBOCTSIMU Ha ocHOB1 [ TIMI] Bix

Bmicty ['K2
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Pucynox 5.37 — 3anexHicTh cTymneHs Oloaerpaaaiii riopuaHux
OlomerpanabebHUX IJTIBOK 3 OaKTEPUIIMIHUMU BIaCTUBOCTSIMU Ha ocHOB1 [ TIMI] Bix

BmicTy ['K3

3arajioM, MokHa modauyuty, 1o riopuaHa moaudikaris 'K I'TIMI] npu naganHi
iM aHTHOAaKTeplaJbHUX BJIACTUBOCTEM [03BOJIsI€E 30€perTd B HUX BJIACTUBOCTI J0
Olomerpamamii mnus  ycix tumie K. Ha pmc. 5.38 wHaBemeno mocmimKeHHS
ra30NpOHUKHEHHOCTI TiOpuAHUX OloAerpagabeNbHUX IUTIBOK 3 OaKTEPHUIMIHUMHU

BIIaCTHBOCTSMH Ha ocHOBI [ TIMLI.

655 |
g = '
2 8645 © /
<E=)
s 5 ——TK1
S 635 |
5% i -B-TK2
S 2 I

| A

615 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 )
0 5 10 15
Bwmict I'K, % Mmac.

Pucynok 5.38 — 3anexHicTh Tra30MPOHUKHEHHICTh TOPUAHUX
OlomerpanabebHUX IJTIBOK 3 OAKTEPUIIMIHUMU BIacTUBOCTSIMU Ha ocHOB1 [ TIMI] Bix

Bmicty ['K
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3 pwuc. 5.38 BumHO, MO 3a PaxyHOK ITIBHUINCHHS IHTCHCHUBHOCTI IPOIIECIB

CTPYKTYpPOYTBOPEHHSI TMpu TiOpuJHIM Moaudikaiii crnocTepiraerbcsi 301IbIICHHS

ra30MpPOHUKHEHHOCT] YCIX MITIBOK.

B Tabmuii 5.12 HaBenmeHi 3BeleHI EKCIUTyaTalllifHI BJIACTUBOCTI TiOpUIHUX

OiomerpanabenpHux IiBoK Ha ocHOBI I TIMI] MmoaudikoBanux I'K.

Ta6muis 5.12 — Excrutyaraitiitai BIacTUBOCTI TOpUAHUX O101erpasadeIbHUX TUTIBOK Ha

ocHoBi ['TIMII mogudikoBanux I'K

MinHicTs

BigaocHe

3pa3ok Buicr o, | BonomorimHanHsa,Mac. % | Ipu po3puBi, MIOJIOBKEHHS ‘{gc‘ TOABH
I'K, mac. % MIa 1pH po3pHBi, % LBUI1, TOOWH

Urcta KOMITO3UITis 430 10 12 48

5) 400 12 13 124
I'K1 10 390 13 14 148

15 380 13,5 15 166
I'K2 5 410 11 15 148

10 400 11,5 17 166

15 390 12 18 190
I'K3 5 370 15 16 214

10 360 17 19 > 900

15 350 19 21 > 900

3 tabmuir 5.12 BuaHo, mo riopuaHa moaudikaris 'K 3a MexanizaMoM MaTpuyHOTO

CUHTE3y TOpuaHuX OloaerpagadenbHux mIiBok Ha ocHOBI [ TIMII no3Boisie 3HU3UTH X

BOJIONIOTJIMHAHHS, 30UTPIINTH OCHOBHI MIITHOCHI XapaKTEpUCTUKH Ta HaAaTH iM

aHTHOaKTepialbHI BJIIACTUBOCTI, IO MIATBEP/KYETHCS NaHUMU 32 TOKA3HHKOM Yacy

nosiBu tuticHssBu Aspergillus y ruriBkax.

[{s 3aKOHOMIPHICTh MIATBEPIKYETHCS JAHUMHU MIKPOCKOTIYHUX JOCIIHKCHb,

pe3yJbTaTH SKUX HaBeAeH1 Ha puc. 5.39 — 5.41.
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YycTa miBka TTIMILL - 5 % I'K

TIIMI_10%TK  TTIMIL_ 15 %K
Pucynok 5.39 — ®otorpadii maisok ['TIML] 3 I'K1

TTIMII - 5 % 'K

TTIMII - 15 % TK.
Pucynok 5.40 — @ororpadii ribpunnux Oioaerpanadensuux miiBok ['TIML] 3

I'K2



205

T SN T
P
TTIMI] - 10 % 'K

© TTIMI]-5 % I'K
Pucynok 5.41 — ®ororpadii riOpunnux Oioaerpanadensuux miisok ['TIML 3

I'K3

Takum yuHOM, riopuana moaudikaris 'K 3a MmexaHizMOM MaTPUYHOTO CHHTE3Y
riopuaHux OiogerpamgadbenbHux miiBok Ha ocHoBl I'TIMI] nmo3Bosise oTpumMartu MilH1
BOJIOPO3YMHHI IUIIBKM 3 aHTHOAKTEepIaJbHUMU BIACTUBOCTSIMU JJII BUKOPUCTAHHS, SIK
MaKyBaHHS JJIsl CYXUX XapyOBUX MPOAYKTIB (XJ110, KpyIH, TOPIXH Ta T.11.) 3 TOAOBKEHUM

TEepMiHOM 30epiranHsi.
5.3 BucHOBKH 3a po3aiioM 5

1. BcranoBneno HaykoBi ocHOB riopumnoi moaudikamii ['K maiBok Ha OCHOBI
[IBC Ta I'TIMI, sxi BinOyBaroThCs 32 MEXaHI3MOM MaTPUYHOIO CHHTE3y. BusHadeHo,
o riopunna moaudikaris ['K Byrums [IBC BinOyBaeThcst 32 MEXaHI3MOM MAaTPUYHOTO
CUHTE3Y 1 OB'A3aHa 3 JUMOJIb-TUMOJILHUMH B3a€EMOIISIMU Y BUTJISIII BOJHEBOTO 3B’ SI3KY
MDK T1IpOKCHIIBHOIO Tpynoto JiaHioriB [IBC Ta rigpokculibHUMU Ta KapOOKCHIBHUMU
rpynaMy TyMiHOBUMH PEYOBHHAMH BYTULISA. BeTaHOBIIEHO, 0 MK (QYHKITIOHATBHUMH

rpynamu 'K Byriuis ta [IBC BHHHKAIOTH JOJATKOBI B3aEMOJIi, BiAOYBa€ThCS
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nocuiieHHs kpuctanizauii JaHuoris [IBC, yTBOprOOTECS HaAMOJIEKYJISIPHI CTPYKTYPY
nosiMepy, B skux ['K Byrinis BUKOHYIOTh pOJIb areHTy 3IIMBAHHS JTAHITIOT1B

2. BceranoBneHo, mo riopumHa moaudikailis TYMIHOBUMH PEUYOBUHAMU BYTULISA
['TIMI] BinOyBaeThcs 32 MEXaHI3MOM MATPUYHOTO CUHTE3Y MOB'SI3aHOTO 31 3ITUBAHHSIM
I'TIMII 3a paxyHOK 0araTOTOYKOBOi Xe€JaTHOI B3a€MOJIIi 3 KapOOKCHIBHOIO TPYIOIO
TYMIHOBUX PEYOBHMH BYTULIA, MPH [OMY, 30UIBIIEHHS BMICTY T'yMIHOBHX PEYOBHUH
BYTULIS y ociimkyBanux pozunHax ['TIML] cnpuuunHse arinomeparii€ro Ta moOCHIJICHHSIM
IPOLIECIB CTPYKTYPOYTBOPEHHS MOJTIMEPY

3. BcranoBieHo, 110 BBeAeHHs BCix gochipkyBaHux TiuniB ['K y po3zunnax [1BC
ta ['TIMI] crnpuuyuHiOE 3MEHIIIEHHS YMOBHOI B A3KOCTi. MoOXKHa 3a3Hau4WTH, 1O iX
PO3YMHHA 115l MOXE MOTEHUIMHO MOJIETIIMTH MOAANIBIII MPOLECH OTPUMAHHS TOHKHX 1
MiHUX OiojerpamgadebHUX ILTIBOK. BcTaHOBIEHO, MO €(eKT MOCHISHHS MPOIECiB
arJoMepariii Ta yTBOpEHHs POCTOPOBOI CITYACTOT CTPYKTYPH Y TOCIHIIKYBAHHUX 3pa3Kax
po3unHiB IIBC pi3auii 3anexno Big BractuBocred 'K 1 mo1iOHUM YMHOM MOCHITFOETHCS
st yrBoperHs psny ['K3 > 'K2 > I'K1.

4. Tlokazano, mo riopugHa moaudikaiis B mpolecax MaTPUYHOTO CHHTE3Y B
cucrtemax [IBC — 'K ta I'TIMII — I'K no3Bosie orpumyBaTu ridbpuHi 6ioerpagadenbHi
IUTIBKM 3 HAJIaHHSIM aHTUOAaKTepialbHUX BIACTUBOCTEN 32 paXyHOK (yHKIIIT MOudikarii
I'K.

5. 3aranowm, riopunna moaudikauis I'K riopunnux 6iogerpagadenbHUX IUTIBOK Ha
ocHoBl [IBC no3Bojisie oTpuMaTu MilHI BOJOCTIMKI IJIIBKM 3 aHTHOAKTEpiaJIbHUMHU
BJIACTHBOCTAMH, a ribpuana moaudikaris I'K ribpuanux 6iogerpanadenbHUX MI1BOK Ha
ocroBi ['TIMI] no3Bosisie OTpUMAaTH MillHI BOJJOPO3YMHHI TJTIBKH 3 aHTHOAKTEPiaIbHUMHU
BJIACTUBOCTSIMU JIJII BUKOPUCTAHHS, SK MAKyBaHHS Ui CyXUX XapyOBUX IMPOJYKTIB

(x110, KpyTH, TOPIXH Ta T.I1.) 3 TIOJIOBKEHUM TEPMIHOM 30€piraHHs.
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PO3/ILJT 6
TEXHOJIOTISI TTBPUIHOI MOJIM®IKALI T'YMIHOBUMM
PEYOBUHAMM BIOJETPAJABEJBHUX KOMITIO3UTHUX MATEPIAJIIB:
®I3UKO-XIMIYHI OCOBJIMBOCTI OJEPKAHHS, BJACTABOCTI TA
MATEPIAJIA

Ha ocHoOBi panimie npoBeaeHUX IOCHiIKeHb [225,226], noBeaeHO AOUIBHICTD
BukopuctanHs [P Ta ixHiIX mnoxigHux 3amis wmoaudikaiii OioaerpanadeabHUX
HAIIOBHEHUX KOMITO3UTIB Ta MaTepiaiiB Ha ocHOBI nojimepy [1JIA. Buxoasuu 3 Toro,
mo oxaepxani I'P Oyporo Byriyuisi Maau HaHOPO3MIPHI XapaKTEPUCTUKHU JTUCIIEPCHOCTI,
BOXKJIMBO EKCIEPUMEHTAIbHO BCTAHOBUTH €(QEKTHUBHICTh iX TiOpuaHOI 1ii 10

BIJTHOIICHHIO, SIK BUXigHOTO [1JIA, Tak 1 y BUTTIs1/1i KOMITO3HMITIHHIX MaTepialliB Ha OCHOBI1

IUTA.

6.1 JocmimxenHss (GI3UKO-XIMIYHUX OCOOJIMBOCTEM TEXHOJIOTT Ti10pUIHOI

MoaudiKarii TyMIHOBUMH peYOBUHAMH 010/1erpagadeIbHIX KOMITIO3UTHUX MaTepialliB

HocnimkeHHs: Gi3uK0o-XIMIYHUX 0ocoOnmMBocTel riopuanoi moaudikarii ['P 6yporo
Byrumist IIJIA Tta Olomerpaga®enbHUX KOMIO3UTHUX MarepiaigiB BHUKOHAHO 3
BukopuctanHsam [Y-cnexrpockomii, JICK- ta ATT/TT-ananiziB cucrtem I1JIA — I'P ta
IJTA — xaBoBa rymia.

[lepBUHHO JOCHIIKEHO XapaKTep MeXaHi3My Ti0puaHOoi Moaudikaiii cUCTEM
I[IUJTA — I'P. TY-cnektpockomnito B cucremax IIJIA — I'P npoBoaunu asis BU3HAUCHHS
¢yHKUIOHATBHUX Tpyn — puc. 6.1. Ha [Y-cnexTpi MOJOYHOI KUCIOTH MPHUCYTHI HIKH
nornuHanns npu 1380 cm™? s 38°s3kiB C-H, 1730 cm! qns wacroraux xomusans C=0,

12101 1120 cm? s wactotanx xonmuBanb C-O i 1031 cm™ s BiGpauiiiHuX KOIMBaHb

C-O-C [247].
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'\—\k 1460 cM™!

1778 cm!

' L

o

& A
H 1380 cMm} 3

Pucynok 6.1 — [Y-cniektpu: 1 — I'P, 2 — Mmonouna kucnora, 3 — [1JIA, 4 — cucrema

IIJIA-TP

Ha IY-cnextpi I'P npucyrHiii xapakTepHuil mik Ha piBHi 3456 cm? gna O-H
KOJIMBaHb, aCUMETPUYHE Ta CHUMETpUuHe KonuBaHHS MetuieHy CHj, mik Ha piBHI
2922 cmL, mysxe piskuii i cubHUM ik ipu 1623 cm oB's3aHmMil 3 KOIMBAHHAME TPYIIU
C=0 Ta 1546 cm! mns komuBanp C=N. Buximauii [1JIA ta cucrema ITJIA-T'P y Y-
CHEKTpax MoKa3aiu MoJ10H1 XapaKTepH1 MIKK pa3oM 13 KIJIbKOMa JTOJATKOBUMHU MIKaMH
y pasi cuctemu [1IJIA-I'P, siki onucano Hux4ve. HasBHICTh TUMIOBUX IIKIB MOTJIMHAHHS
Omu3bk0 1778 cM™? MOSACHIOETBCS CHIIBHUM DPO3TSDKIHHSAM 3 yTBOPEHHSAM €CTEPHMX
3B's3kiB. Moro mepexin o Oimpmr Bucokoi iHTeHcHBHOCTI y cmcremi ITJIA-T'P
MOSICHIOETHCSI KOH OTaIli€l0 OTHO3B'I3aHOTO aToMa KUCHIO [272], sikuii oB'si3anwmii 3 ['P.
Cumetpuuni 1 acumetpuyHi BanieHTH1 BiOparii CHs Bussneni B cuctemi [1IJIA-T'P na
piBHi 1460 1 1564 cM™ 3 GiNBIIOIO IHTEHCUBHICTIO MiKiB MOPIBHAHO 3 MiKaMU MOJIOYHOI
KMCJIOTH, 3Hainennmu pu 1380 cM™, 1110 CBigUMTE NpO PO3TAlIyBaHHS UX MOJIEKYI B
manmory IIJIA [275]. Kpim Toro, mixk 1600 cm! mop'szanmii 3 BKIIOYEHHSAM

apomatuyHoro 3B"s13ky C=C 3 I'P [276]. Okpemo BiJ 115010 IHpoka cmyra oitst 3500 cm
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! BimnoBimae HasBHOCTI 4acTOTH po3TaAryBaHHs rpyn OH. ®aktuuno Taki manmi Y-

nociipkers cuctemu IIJIA-I'P cBiguaTe mpo MizkMoneKkyigspHuid 38'130K Mixk [1JIA 1 ['P
npu ix TiOpumgHii wmomudikamii. Bapro BiamituTn, mo werogom JICK-anamizy
EKCIIEpUMEHTAIILHO  BCTAaHOBJICHO, 10 TiOpuaHa wmomudikamis [P 3HMKYE

kpuctamyHicTs [IJIA — puc. 6.2 — 6.3 [277].

1 °C/ xB.

1:5:°C, xB:

2 °C/ XB. \/_—-

o
S8}
3 °C/ x=B.
— /
L A
80 100 120 140
Temmeparypa. © C
Pucynox 6.2 — JICK-kpusi [1JTA
1 °C/ xB
1.5 °C/ xe
2 °C) xXe
=
e
P 3 °C/ xB.
80 100 120 140

Temreparypa, © C

Pucynoxk 6.3 — JICK-kpuBi cuctemu [1JIA — T'P
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3 ananizy kpuBux JACK BunHo, mo riopuana mogudikauis I'P IIJIA no3Bomsie
3a0€3MeUnTH BEIUKY KIUIbKICTh T€TEPOTCHHUX AUISHOK 3apOJKEHHS, IO I1JBUIIYE
CTymiHb KpuctamigyHocTi Tiopumaux cuctem I[IJIA — I'P. IloBeminka kpucramizaiii
3MIHIOBAJIacAd 32 PI3HUX YMOB OXOJO/KEHHS. BakIMBO BIAMITHTH, IO CTPYKTYPHi
onunuili I'P ckianaroThes 3 MOMIMKITIYHUX aPOMATUYHUX CTPYKTYP 1 PYHKITIOHATHHUX
rpyn (Hanpukiag, -COOH, -OH, R-CH=CH-OH i1 C=0), 3a paxyHOK IKHX BiJ0yBa€ThCs
YTBOPEHHS €CTepHUX 3B's3KkiB y TiOpunniii cucremi [IJIA — T'P. Moxna 3pobutu
BHUCHOBOK, 1110 npu Ti0puaHiit mogudikaii 'K I[TJIA mix QyHKIIIOHATIBHUMH TpynaMu
I'K 1 TIJTA BuHUKIM JA€sKI JTOAATKOBI MOJICKYJISIpHI B3a€MOJIii, OKPEMHUX BOJHEBUX
3B’s3KiBl Mk Jadmoramu [IBC BHacmijok kpucramizamii mij Yac Mpolecy
CTPYKTYpPYBaHHSI JIQHITIOTIB. [HIMMU  cjoBamu, pe3ynbratd [Y-crmekTpockorrii
nigTBepavum Ti0puaHuX cTpykTypy cuctem ['K — ITJIA 1 Bka3amu Ha posb 'K, sk arenTiB
KpucTami3aii Ta 3muBanHs B ri0punnux cucremax ['K — IUIA.

PesynbraTti mokasyioTh, 10 Ha JAOJATOK M0 Kpucrtamizamii jaHioris [1JIA, T'K
JUIOTH SIK aKTUBHI LIEHTPH JJTSI B3a€MO/I11 3 PyHKIIIOHATBHUMU T1IPOKCHIBHUMU IPyTHaMu
[IBC, Buknukatroun arperyBanHs JaHuiooriB [IJIA Ta cTBOpeHHS HaaMOJIEKYJISPHOI
ctpykTypu B cucteMax ['K — I[IJIA. Mexani3m 3mmBanHs jaHiora [TJIA ta yrBopeHHs

riopunnoi crypkrypu I'P — IIJIA cxemMaTnyHO npouTIOCTPOBAHO Ha puc. 6.4.

0
0 ~0 OH
A COO
— 0
OH N,H
OH COO
00C PhOH
NQH [IIA-TP
00C PhOH
IP

Pucynok 6.4 — Mexani3m ridbpuanoi moaudikarii I'P TIJIA
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Takum uynMHOM, C(OPMOBaAHI OCHOBHU (PIZUKO-XIMIYHUX OCOOJMBOCTEN TEXHOJOTII
riopuaHoi moaudikamii ['P Byruuia I1JIA, sika BinOyBaeThCs 32 MEXaHI3MOM MaTPUYHOTO
CUHTE3Y 32 PaXyHOK MIKMOJIEKYJIIpHUX 3B's13K1B MK [1JIA 1 'P Byrisuis mpu migBuieHHi
CTYTEHsI KpUCTali3alii Ta BUHUKHEHHS MDKMOJICKYJIIPHUX Ta €CTEPHUX 3B’SI3KIB MPH
YTBOPEHHI1 OLTBII )KOPCTKOT CITYACTOI CTPYKTYPH.

3a paxyHOK TIiJIBUIIEHHS CTyHEeHS  KpUCTami3amli Ta  BUHUKHEHHS
MDKMOJICKYJIIPHUX Ta €CTEPHUX 3B’SI3KIB MPU YTBOPEHHI OUIBIN >KOPCTKOI CITYACTOl
cTtpykTypu B cucteMi [IJIA — I'P BinOyBa€eThCsl MiABUIIIEHHS MEXaHIYHUX BJIACTUBOCTEH,
sKi HaBeCHI Ha puc. 6.6 — 6.6 [278]. [ligBuineHHs ymaapHOi B'I3KOCTI Ta PyHHIBHOI
Harpyru npu Buruti B cuctemi [IJIA — I'P npu ribpuanid moaudikanii Big0yBaeTbes B
pany I'P 3>2> 1, npu upomy panionansauii BmicT I'P B cucremax I1JIA —I'P cranoBUTh

0,5 mac. % I'P.

22
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VnapHa B'sI3KicTh, KJIK/M?
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»

=—]"P1
=-1P2
14 I'P3
12 ¢
10 [ I I I I 1 I I I I 1 I I I I )
0 0,25 0,5 0,75

Bwmict I'P, % mac.

Pucynoxk 6.5 — Brumus ridbpuanoi moaudikariii I'P Ha ynapHy B'S3KIiCTh cUcTEM

ITJIA — I'P Bix BmicTy pi3Hux Tutmis ['P
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PyiiniBaa Hanpyra npu Buruni, MIla

Pucynox 6.6 — Brumus riopuaHoi moaudikarii ['P Ha pyliHIBHY Hanpyry npu

BuruHi cucreM [IJIA —I'P Bix Bmicty pizHux tunis ['K

ExcnieprMeHTaabHO TaKoK BHUBUEHO BIUIMB riopuaHoi Mmoaudikarii I'P ITJIA na

[ITP Ta remneparypy TomneHHs B cucreMi [IJIA —T'P — puc. 6.7 — 6.8.

il =—=]P1
=-1P2
=4=T"P3

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 0,25 0,5 0,75
Bwmicrt I'P, % mac.

Pucynox 6.7 — BrummB riopuanoi mogudikartii ['P ma ITITP cucrem ITJIA —I'P Bin

BMICTy pi3HHX TUMIB ['P
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=—=1"P1
=i-1"P2
I'P3

0 0,25 0,5 0,75
Bwmict I'P, % mac.

Pucynox 6.8 — BriuB ridpuanoi moaudikanii ['P Ha Temnepatypy TOIUIEHHS

cuctem ITJIA — I'P Big BMicTy pi3HUX TumiB ['P

3 pucyHkiB 6.7 — 6.8 BumHO, 1m0 Tpu TIOpUAHIN Momudikaiii BimOyBa€eThCA
nigsumeHHs [1I1P ta remneparypu Toruiennst cucrem [IJIA-T'P B psimy TP 3 > 2 > 1, ipu
oMy partionanbauit BMicT I'P B cuctemax ITJIA — I'P ctanoButs 0,5 mac. % I'P.

OpnuMm 3 HaWOUIbII e()EeKTUBHUX HAmNpsMIB OilojerpanadenbHUX MaTepiaiiB €
onepxkaHHsi kommo3uiiii [IJIA mpu iX HamoBHEHHI PI3HUMHU THUIAMH OPTaHIYHUX
HaroBHIOBauiB. B po6oti [344] Oyno moBeaeHo, 10 3 €KOJOTIYHOI Ta TeXHOJIOTTYHOT
TOYKM 30py OUIbII NPUHHATHUMM MaTepialamu Ta BuUpoOamu € OlojaerpaaalenbHi
Marepiajiv Ha OCHOBI TEPMOIUIACTUYHOI MAaTpHIIl, 3a PaxXyHOK BIJCYTHOCTI TOKCUYHUX
3B’SI3HUX Ta JOCSITHEHHI OUIBILIOT MPOAYKTUBHOCTI IPU BUTOTOBJIEHH] BUp00OiB. OCHOBHA
Maca OioferpanabebHUX HAMOBHEHUX MaTepialliB BIIHOCUTHCS 10 KJIACy KOMITO3HIIIM
BUTOTOBJICHUX Ha OCHOBI TEPMOIUIACTUYHOI MATPUIIl 3 OPTraHIYHUMHU HATIOBHIOBAYaAMH
JIEPEBHOTO Ta HE JEPEBHOTO MOXOHKCHHS. TakoX BCTAHOBIICHO, IO y BUPOOHUIITBI
OlozerpaiadeIbHUX HAMOBHEHUX MaTepialliB BUKOPUCTOBYETHCA IIMPOKHA CIIEKTP
OpraHiYHMX HAIMOBHIOBAYIB 1 iX Cymimieil 3 (QyHKI[IOHAJTbHUMHU HamoBHIOBauaMu [345].
Haiibinpiie 3actocyBaHHS 3HAXOMATh LIEJIOJIO3HI 1 JITHIHO-IIEIOI03HI HAMlOBHIOBAYl
POCIIMHHOTO TTOXO/KeHHsI. BC1 poCIMHHI HAITOBHIOBAaYl MOXKHA PO3/IIJIUTH Ha JBI TPYIIU:

JIEPEBHOIO 1 HEJIEPEBHOTO MOXOKeHHs. Jl0 HAalOBHIOBaYiB HEJIEPEBHOTO MOXOKEHHS
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BITHOCSITH BOAOPOCTI, PI3HI YarapHWKH, TPaBW, IUIOAW, IMIKAPATYyIy TOpPIXiB 1 T.II
JlocTaTHRO TIMPOKO TP OJEpKaHi OiomerpamabenbHUX KOMIO3UIIMHAX MaTepialliB
BUKOPHUCTOBYIOTh HAIIOBHEHHSI KaBOBUMH BigxoAamu. ToMy sl BUSBIICHHS XapaKTepy
cnopigaeHocti y  cucremi  IIJIA-I'P-opraniyHi  HamoBHIOBa4l  IPOBEIEHO
MOTEHLIOMETPUYHI JOCHIKEHHSI KUCIIOTHO-OCHOBHUX BJIACTUBOCTEH MOBEPXHI PI3HUX
OpraHiyHUX HarmoBHIOBaYiB [345, 346]: rpevaHe IyNINWHHS, BIBCSHE JYIIUHHS,
nepeBHe OopolrHO, OOpoIHO XBOi Ta KaBoBl Biaxoau. Onepikani mikpodororpadii

npeAcTaBiIcHI Ha puc. 6.9.

Pucynoxk 6.9 — MikpodoTtorpadii yacTHHOK HalOBHIOBaYiB: A — rpeyaHe
nymmnuHHA, b — BiBcsHe nymmnuHHSA, B — nepeBHe 6oporHo, I' — 60poIHo XBoi,

J1 — KaBOBI BiIXOaH
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3 pe3ynbTariB MOP(HOIOTIYHUX AOCTIIKEHb, MPEICTABICHUX Ha puc. 6.9, BUAHO,
0 BIBCSHE JYIIMUHHA, JEPEeBHE OOPOITHO Ta OOPOIIHO XBOi MAalOTh TOIYACTY
CTPYKTYPY, a Tpe€YaHe JIYIITUHHS Ta KaBOBI BIIXOAH XapaKTePU3YIOThCS MIACTUHYACTOIO
CTPYKTYPOIO YaCTHHOK. YaCTHHKH YCiX HAIOBHIOBAYiB, OKPIM IPEUAHOTO JTYIIMUHHS Ta
KaBOBHX BIJIXOIB, BKPUTI CMOJSHUMH a00 MACJISTHUCTUMH PEYOBHUHAMH, IIPO IO
CBIJIYMTH MTOMITHHH OJKcK Ha MikpodoTtorpadisx. HeoOxigHO BIAMITUTH, 110 Jiana3oH
PO3Mipy KaBOBHUX B1IXOJIIB, TPEUAHOI0 Ta BIBCSHOTO JIYHIITUHHS, OYEBUJIHO, € BYKUHM,
HIXK Y JIepeBHOro 0opolHa Ta 00polIHa XBoi.

Jlns noteHiiomerpuyHoro ananizy nosepxHi IIJIA, I'P, rpedanoro nymmnuHHS,
BIBCSIHOT'O JIYILIITUHHS, AE€PEBHOr0 OOPOIIIHA, OOPOIIHA XBOi Ta KABOBUX BIXO/I1B 00PaHO
pH-meTpuuHMii MeTON BH3HA4YeHHs piBHA pH BomHUX cycreHsii pHo (tabm. 2.5). ¥V

BOJIHMX CYCHEH315X MOTEHI[IOMETPUYHUM METOJIOM JIOCIIKyBajachk 3MiHa pH 3 yacom

pHur Ta po3paxoByBannch pH y piBHoBaxkHoMy crani #H ... —puc. 6.10 ta Tabn. 6.2. B

XOJ1 AOCHIIKEHHSI eKCIIEpUMEHTAIbHO BHU3HaueHo, 1o noBepxHsa IIJIA mae xapakrep
OJIU3BKUM 10 HEUTPATBLHOTO 3 ¢J1a00-0CHOBHOIO CHJIOI0 aKTUBHUX 1IeHTpiB pKa = 7,09 —
7,37, mOBEpXHs KABOBOI I'yIIll MAa€ XapaKTep TaKOX OJM3bKHI 10 HEUTPaIBHOTO 3 c1ab0-
KHCJIOTHOIO CHJIOKO aKTUBHHMX IIeHTpiB pKa = 6,32 — 6,57. B xomi JoCHiKEHHS
3’4CYyBaJIOCh, 110 Ha MOBEPXHI I'PEYaHOrO JIYIINMUHHS ICHYIOTh JBa TUIH AaKTUBHUX
HEHTPIB: cnabko-kuciotHi (pKa ~ 5,53 — 5,83) i npakTuuno HelTpaibHi (pKa = 6,16 —
6,30). [ToBepxHsI BIBCSIHOr'O JYIINWHHS Ma€ Xapakrep OJU3bKUNA O HEUTPaIbHOrO 3
KHCJIOTHOIO CUJIOI0 aKTUBHUX IIEHTPiB pKa~6,15 — 6,32. [loBepxHi fepeBHOr0 OOpoIlHA
Ta OOpOITHA XBOI MAaIOTh 3araJbHUN CIa0KO-KUCIOTHUN XapakTep 3 neHTpamu pKa =

5,29 — 5,52 ta pKa = 5,02 — 5,36, BiAmoOBiHO.
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Pucynoxk 6.10 — Pe3ynbratu qoCiiKeHHS! KHCIIOTHO-OCHOBHUX IMTOBEPXHEBUX
BnactuBocteit [IJIA, I'P, rpewanoro nymnuHaHs, BIBCIHOTO JYIITTUHHS, JEPEBHOTO

OoporrHa, OOpoITHA XBO1 Ta KABOBUX BIJIXO/IIB

Tabmuis 6.2 — PesynpTaTti eKCiepuMEHTaIbHOTO BU3HAUYCHHS 1HTErPaJIbHOI (3arajbHoi)

kuciotHocti noepxHi [JIA, I'P Ta kaBoBoi ryi

. Yac BCTaHOBJICHHS

Marepian pHo I Hcpycn pHur PIBHOB2)KHOT'O CTaHY, C
ITJIA 7,45 7,09 7,37 240
I'P 2,89 2,30 2,67 120
KaBoga ryma 7,6 6,32 6,57 60
['peyane TymImuHHSI 6,76 5,53 5,83 40
BiBcsiHe ymmuHHS 6,96 6,15 6,18 100
JlepeBHE OOpOIITHO 6,85 5,29 5,52 180
BoporHo xBoi 6,81 5,02 5,36 120

[ToBepxnss I'P mae 3arasbHUM CUJIIBHO-KHCIIOTHMM XapakTep 3 aKTUBHUMHU

neHtpamu pKa<2,30 — 2,67. 3aranom, sk HAOUIBII parlioHATBLHUN BU HAIIOBHIOBaya
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Uit OlonerpanabenbHUX HanmoBHEHUX MatepiamiB Ha ocHOBI IIJIA ta I'P 3 mormsany
MOP(OJIOTTYHUX Ta MOBEPXHEBUX XAPAKTEPUCTUK € KABOB1 BIIAXOIH.

Jlaini excnepuMeHTalIbHO JOCHIIKEeHO T10puany Moaudikarito y cuctemi [1JTA —
kaBoBa ryma. Cro4arky JOCIIIMIA TEPMOOKUCITIOBAIBHY JIECTPYKIIIIO BiJIX0/1IB KABOBOI

ryuii, iKky BuBuaiu 3a gornomoroto JITA ananizy. Pesynbratu BUMiptoBaHb IpeICTaBICHI

Ha puc. 6.11.
7O
A
/ 3 :
276 : 3 /
: /
orAa | i1] ' \
=
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Pucynok 6.11 — JlepuBaTorpama BiJX0iB KaBOBOi I'yIili

3 nmaHuX AeppiBOTarpaM BUIHO, IO BiIXOIM KABOBOI T'YII HE MiAJIATal0OTh TOMITHI!
nectpykii 7o T < 200 °C, mo 103BoJII€ BUTBHO EPEPOOIIATH 1X B yMOBaX EPEPOOKH,
xapakrepHux s [IA.

Jlami meTo10M iH(ppadepBOHOI CIEKTPOCKOTIIT JOCIIHKEHO 3MIHY Y XIMiuH1# Oy10B1
HaAMmoOBHEHOTO KaBoBoO ryieto [IJIA (puc. 6.12). 3aranbHuil BUTIIAL MKy y Jl1alla3oHi
norxuHN TornuHanHg Bim 2900 cm?t mo 1800 cm™? cBimuuThH PO HAsABHICTH BOJU Y
3pazkax [312]. Jlnsa kaBoBoi Tyl (puc. 6.10) 11e ouikyBaHUM pe3yJIbTaT, ake y MpoIeci

CYILIKM BMICT BOAM 3HMKYBaBcs TUIbkU 10 0,5 mac. %, 10 TOro * y KaBOBOi Ty, K y
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OyZ1b-SIKOMY HAMOBHIOBaYl OPraHiuHOr0 (POCIMHHOIO) MOXOJKEHHS, TAKOX MPUCYTHE

SABUIIIE BHYTPIITHBOMOJIEKYJISIpHOI piaunu [309].

AN/

\

2900-2975 cm™! 1750cm™! 1100 cm!

Pucynok 6.12 — IY-cnekrp: 1 — Buxignoro I1JIA, 2 — Bigxoau kaBoBoi rymii, 3 —

kommo3uilii Ha ocHoBi [1JIA 3 40 mac. % BiX0/1iB KaBOBOT I'yIIIi

VY BumajKy /107aBaHHS HE MOBHICTIO BUCYIIEHOI KaBOBOi rymii Ao I1JIA HasBHa
BOJIa J03BOJISIE 3aI00IrTH TEPMIUHIN AECTPYKLIi KaBOBOI T'YIIl, /)K€ BUIIAPOBYIOUHCH
miJ 4ac HarpiBaHHS, BOHA OXOJIO/KY€ cyMiml. Takum YMHOM 3HIDKYETHCS 3arajbHa
TeMIIepaTypa nepepooku cymiriri MmeToaoM ekcTpy3ii [309]. TemnepaTypa BUTOTOBICHHS
3pa3KiB Migi0OpaHa 3a TEeMIEPATYyPOIO TOTUICHHS MOJIIMEPY Ta KPUTHYHOIO TEMIIEPATYPOIO
7T KaBOBOI Tyiii. Tak, s ryii TemiepaTtypa camo3aiManHs craHoBuTh 245 °C [311],
TeMIieparypa rnoyatky aectpykiii — 210 °C. ParioHaqbHOIO TEMITEpATYpOrO MepepooKu
e miarma3zoH 180 — 190 °C. 3meHmieHHs 1HTEHCUBHOCTI MiKY, SIKMM BIAMOBIAA€E 32 BOY Y
KOMITO3ULIIMHOMY MaTepially y MOpPIBHSHHS 3 KaBOBOIO TYIIEI0 CBIAYUTH CaMe Ipo
BUKOPHUCTaHHA BOJM y Tipouiect HarpiBy (puc. 6.10). XapakrepHi uisi HaTypaibHOI KaBU
xoQein, TeoOpOMUH, TeO()UIUIMH Ta TPUTOHEIUIHH (aiamaszon 670 cm™t, 1710 — 1717 em?,
1690 — 1695 cm?, 1645 — 1658 cmt, 1548 — 1550 cmt) He MaroTh ICKPaBOTrO BUPAKCHHS
y KaBOBIH TI'ymll, TaKk camo sK ¥ y KOMOO3UUIHHOMY Mmatepiaii. [liku XJ0poreHoBHx

KUCJIOT Ta iX moxigHux (mianazon 1625 — 1630 cm?, 1390 — 1440 cmt, 1210 — 1320 cm
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12900 — 2975 cm?, 3490 — 3500 cmt) mpucytHi sk y KaBOBiif rymi, Tak # y
KOMITIO3MIIITHOMY Matepiaii. TemnepaTrypa TOIIEHHS XJIOPOr€HOBO1 KUCIOTH CTAHOBUTh
208 °C, oTke OCKUIbKM Temrmeparypa NepepoOKd KOMIO3UIIIMHOTO MaTepially He
nepesuiye 190 °C, He npoxoauTh ii BUUepnaHHs uu pyitHyBanss [311].

[HTepmpeTaltis XxapakTepHUX CMYT Ta Tpyn Jutst BuxigHoro [TJIA nemio yckinagHeHa
yepes NMepeKpuBaHHs TpynaMu Iyi. XapakTepHuM € konuBaHHs -CH rpynu naktuny B
obmacTi criexkTpy 2948 — 2932 cml, axe 30epiraeThes ¥ y KOMIIO3MIMHOMY Marepiai
(puc. 6.12).

3aranbpHi BUCHOBKH, SIKI MOKHA 3pOOMTH, aHAII3YIO4M JaHl pUcyHKiB 6.9 — 6.10
HACTYIIHI:

- JIecTpykKuis BuxigHoro Marepiany I1JIA, Tak camo, ik i XIMi4HI IEPETBOPEHHS Y
HBOMY He BiI0yBaIOThHCS;

- IECTPYKIIisA, SIK i XIMIYHI 3MIHM Y CTPYKTYp1 KaBOBOI I'yIill Mij yac ii cyMileHHs
3 [IJIA He BinOyBaroThCs;

- MOXXHa 3pOOUTH NPUIIYLIEHHS PO MNEpPeBaXKHWH BIUIUB KaBOBOI TYyIIl Ha
BJIACTUBOCT1 BUCOKOHAIMIOBHEHOI'0 KOMIIO3HUIIITHOTO MaTepiany Ha ocHoBi ITJIA [311].

TakuM 4YMHOM, EKCIIEPUMEHTAJIHLHO BCTAHOBJIEHO, IO MEXaHi3M TIOPHUIHOI
monudikaiii B pamkax marpuyHoro cuHTe3dy cucremu IIJIA — I'P cBiguars mnpo
MDKMOJIeKyIsipHUi 3B'130k MK [IJIA 1 I'P, B Tol *e 4ac, 3a paxyHOK MHIJABUIICHHS
CTYNEHsl KpUcTaji3alii Ta BAHUKHEHHS MDKMOJIEKYJIIPHUX Ta €CTEPHHUX 3B’S3KIB MpPH
YTBOPEHH1 OUIBII KOPCTKOI ciTyacTtoi cTpykrypu B cuctemi ITJIA — I'P BinOyBaeThcs
MIIBUIIEHHS MEXaHIYHUX BJIACTUBOCTEH TaKMX MaTepiaiB.

BcranoBneHno, Mo MiABUINEHHS yAapHOI B'S3KOCTI Ta PYHHIBHOI Hampyru mpu
BuruHi B cuctemi [1JIA — I'P ipu ribpuaHiit Mmogudikariii BinoyBaeThcs B psiay [P 3 > 2
> 1, mpu oMy partionanbauii BMicT ['P B cucremax [IJIA — I'P cranosuts 0,5 mac. %
I'P. Takoxx nmokasano, 1o mopepxHs [1JIA mae xapakTep OJM3bKUI 10 HEUTPATBLHOTO 31
c1a00-0CHOBHOIO CUJIOK aKTUBHUX LIEHTPIB pKa =~ 7,09 — 7,37, moBepXHs KaBOBOI T'yIIIl
Ma€ XapakTep TaKoX OJIM3bKUHI 10 HEUTPaATBHOTO 31 C1a00-KUCIOTHOIO CHJIOI0 aKTUBHHX
neHTpiB pKa = 6,32—6,57. IloBepxus ['P Mae 3aranbHuil CUIbHO-KUCIOTHUHN XapakTep 3

aKTUBHUMU TieHTpamu pKa ~ 2,30-2,67.
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6.2 JocmimkeHHs ~ eKCIUTyaTallliHUX  BJIAcTHBOCTEH  OlojerpamadenbHUX
KOMITO3UTHHX MaTepialiB MOJIJIAKTUIY B paMKaxX TEXHOJIOTii riopumHoi momudikarii

T'YMIHOBUMH PEUOBHHAMU

HocmipkenHss riopuaHoi moaudikamii 'P npu  dopmyBaHHI  KOMILIEKCY
eKCIUTyaTalliHUX BIaCTUBOCTEN 0107erpaadebHUX KOMIIO3UTHUX Ta KABOHATIOBHEHUX
koMmmo3utiB Ha [IJIAnpoBoauiu 3 ypaxyBaHHSIM TOTO, IO paiioHanbHuUl BMICT [P B
cucremax IIJIA-I'P cranoButre 0,5 mac. % Ilpum 1bOMYy BaXIMBO PpO3IISHYTH
0COOJIMBOCTI TeXHOJIOr1i KaBoHanmoBHeHUX kommo3uTiB [IJIA, moaudikoBanux I'P, sk
nBOo(a3HUX CUCTEM, IO JEUIO BIJIPI3ZHIETHCS BIJ] T€Uli YUCTUX moimepiB [347].

Po3pi3HaoTh nBa THIM ABOGA3HOI Teuil, BUXOASIUU 31 CTyNneHs (a30BOro MOLTY.
OnuH Tun — nBo(a3zHUM MOTIK AUCTIEPCHOT CUCTEMH, B SKOMY OJIMH KOMITOHEHT ICHYE SIK
nucriepcHa ¢asa, AUCIeproBaHa B IHIIIOMY KOMITOHEHTI, 110 YTBOPIOE Oe3nepepBHY Ghazy.
[HmMi THN — 1e momapoBe, B SIKOMY 0OMJBa KOMIIOHEHTH YTBOPIOIOTH Oe3nepepBHI
(a3u, 110 MaroTh Oe3MepepBHY MOBEPXHIO PO3ALTY. Y HAIIOMy BUNIQAKY IIPU HAIIOBHEHHI
He Outbie 50 % nosiMep Teye 3a NepIIMM TUIIOM 1 TIANOPSAIKOBYETHCS CTATUCTUYHOTO
3aKOHY Teuli.

JlocmipkeHl KpUBI Tedvii B ramxy3l nmepepoOKd KaBOHAIIOBHEHHMX KOMIIO3UTIB Ha
ocHOBI [1JIA 3 pi3HUM BiJICOTKOBUM BMICTOM BIJXOJIB KaBU Ta JEPEBHOI0 OOpOIITHA
(puc. 6.13). 3a pe3ynabTaToM BHBYEHHS AaHUX rpadikiB, mpu HamoBHeHHI 10 50 %
Marepiall € B'S3KOIUIMHHUM, 1 B 00J1acTi HBIOTOHIBCHKOI Te4il Hampyra 3CyBYy 3pOCTa€
MIPOTIOPIIIIHO IITBUIKOCTI] 3CYBY. Edext JUIaTaHCli, BJIACTUBUI

BHCOKOKOHICHTPOBAHHUM I[BO(l)aBHI/IM CUCTCMaM HC IIPOABIACTLCA.



221
4.8

13 15 17
Lgt. 10°IIa

1.9 2,1

Pucynok 6.13 — KpuBa Teuii KOMIO3UTIB 3 pI3HUM BMICTOM J€PEBHOTIO OOPOIITHA
(A — 0 mac. %, B — 10 mac. %, C — 30 mac. %, D — 50 mac. %) Ta Biix0/1iB KaBOBOI

rymii (E — 0 mac. %, F— 10 mac. %, G — 30 mac. %, H — 50 mac. %)

Bugno, mo 31 30UIbIIEHHSM KOHIIEHTpAllli HAamOBHIOBAa4Ya KpHBI Tedii 3pa3KiB
3MIIIYIOTHCS BHU3, TPUIOMY OCOOTMBO ITOMITHO TIPH HU3bKHUX IIBUIKOCTSIX 3CYBY.
[IpoBeneHO eKceprUMEHTAIbHE JTOCHIKEHHS €(DEKTUBHOI B'A3KOCTI MPHU PI3HOMY

BMICTI HalOBHIOBaYa JJisi PI3HUX IIBUJAKOCTEH 3CyBY. Pe3ynbraTu 1mux AOCIIIKEHb
npejcTaBicHi Ha puc. 6.14 [348].
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Pucynok 6.14 — 3anexHicTh epeKTHBHOI B'I3KOCTI BiI BMICTY HAIllOBHIOBaua 3a

PI3HUX TPali€HTIB MBHUIKOCTI: A — 6opoirHo; B — Bigxoan kaBu
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Hapeneni pani nOpo 3alexHICTh €(PEKTUBHOI B'SI3KOCTI BiJ KOHUEHTparii
HallOBHIOBa4Ya CBIA4aTh, LI0 TpaHUYHA Hampyra 30UIbLIYEThCS 31 3POCTAHHIM
KOHIIeHTpaIlii HarmoBHIOBava. [Ipu HanmoBHeHH1 60 mMac. % 1 OimbIlie MaTepiasl BTpadae
3IaTHICTh TEKTH 1 YTBOPIOE arjloMepaTH 3 YaCTUHOK HAIIOBHIOBAYiB.

Buxonsunm 3 TOro, mo HE MEHII BAXJIMBUM TEXHOJOTIYHUM TMapaMeTpoM
OTPHMMAaHHSI BHCOKOSIKICHUX KaBOHAIOBHEHHMX KOMMO3UTIB Ha ocHOBi IIJIA ta I'P €
BOJIOTICTh, SIKA € ICTOTHUM (PaKTOpOM, 11O 3A1MCHIOE 3HAYHUI BIUIMB Ha iX MEepepooKy,
MPOBEJICHI EKCIIEPUMEHTAIbHI JOCTIKEHHSI 3 BU3HAYEHHS PAaIliOHAIHLHOTO BMICTY
BOJIOTU B HAaNOBHIOBauax Ta i BIUIMB Ha TEXHOJOTIYHICTh Marepiany. BaxiuBo
BIJI3HAYUTH, 1[0 BOJIOTA y BUIJISIAI PIIMHU, IO 3HAXOJUTHCS B BOJIOKHAX OPraHI4YHOTO
HaIlOBHIOBaYa, MEPETBOPIOETHCS HA Mapy IpPH BUCOKINA TeMIEpaTypi 1 CHIHIOE PO3ILIaB
komrio3uty. [lapa 1 BUIiIIEHHS JETKUX HEOPTaHIYHUX CIOJIYyK POOJIATH MOPHUCTICTH
MaTepiadly HEKOHTPOJIbOBAHOK Ta MPOTHO30BaHOI0. lle 3MeHIIye rycTUHY KIHIIEBOTO
MPOIYKTY TEPEepOOKH KaBOHAIIOBHEHWX KOMIMO3UTIB. 3 1HIIOrO OOKY, BOJOra, IO
3HaXOAUTHCS B KOMIIO3UTI, € MPUPOJHUM IUIACTH(IKATOPOM 1 TMOKpaIlye JIHUBapHI
BJIACTUBOCT1 MaTepiany. Ha puc. 6.15 npeacraBieHo 3anexHICTh €(EKTUBHOT B'SI3KOCTI

B1JI BOJIOTOCT1 KaBOHAIIOBHEHHMX KOMITO3UTIB [347].

Lgn. 10°Ia
;

o
| B

4 6 8
Bonoricts. % Mac.

Pucynox 6.15 — 3anexHicTh eEeKTUBHOI B'A3KOCTI BiJl BOJIOTOCTI
J€PEBOHANIOBHEHHMX T4 KABOHAIIOBHEHMX KOMIIO3UTIB 1pu & = 4,89 *104 ¢

A — nepeBo HAMOBHEH1 KOMITO3UTH; B — KaBOHANOBHEH1 KOMIIO3UTH
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[Tin yac mepepoOKK BOJOrOro Marepialy 3Ha4HO Maja€ HaBAHTAXKCHHS HA IITHEK.
[Ipu HE3HAUHIK BOJOTOCTI HISIKUX AePEKTIB HE BiAOyBaeTbcs. OTpuMaHi AaH1 JOKIJIATHO
XapaKTepHU3yIOTh JTOCUTh BHCOKY TIITPOCKOMIYHICT, Marepialy KaBOHAIIOBHEHUX
KOMITO3HUTIB Ta OOTPYHTOBYIOTh HEOOXITHICTH PETEIBHOTO CYIIIHHS MaTepiayly Jyis
YCYHEHHS I€(EKTIB Y IPOIIECi TUTTS M1 THCKOM.

BaxxnuBo BiJi3HAUNUTH, IO AUCTIEPCHO-HATIOBHEHI MaTepiaiy MPH BIUIUBI yIapHOTO
HABAHTAKECHHS BUSIBJISIOTh TEHIITHE PyHHYBaHHS, ajie MalOTh BEJIMKY TBEPAICTh. JlaHi
BJIACTUBOCTI XapaKTEpHI1 TaKOoX i OloAerpanadelbHUX HAlTOBHEHUX KOMIIO3UTIB Ha
ocoBl IIJIA, xaBoBoi rymii Ta I'P. Ilpm HamoBHEHHI MNOJIMEPHUX MaTepiaiB
JUCIIEPCHUM HAMOBHIOBAaYeM yJapHa B'SI3KICTh € TapaMeTpoM, M0 HaWOUIbII
3HIDKYEThCA. 3aJIEKHICTh yIapHOi B'SI3KOCTI BiJl CTYNEHs HANOBHEHHS BTOPHUHHOTO
MOJIIITPOTIUJICHY Ta KABOHAIIOBHEHUX KOMIIO3UTIB, TUITY HAallOBHIOBAaya MpEACTaBIeHA Ha

pHc. 6.16 [348].
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Pucynox 6.16 — 3anexxHicTh yAapHOi B'S3KOCTI BiJl piBHS HAIIOBHEHHS 3 PI3HUMU
TUIIAMU HAIOBHIOBAYIB Ta MOJIIMEpiB: A — KaBOHANIOBHEH1 KOMIO3UTH Ha ocHOBI [1JTA
ta ['P, b — BropuHHuMii nosinponusieH Ta AepeBHe 00poiHo, B — BropuHHMIA
MOJTITPOIHIIICH Ta OOPOIIIHO XBOi, ' — BTOPMHHMI MOJINPOINUJIEH Ta OOPOIITHA 3 JIUCTIB

JIepeB



224

3 puc. 6.16 BuAHO, 1110 HATOBHEHHsSI KOMIIO3UTIB Ha OCHOBI [1JIA Ta I'P kaBOoBUMU
BIIXOJlaMH € HalOUTbII €()EeKTUBHUM 3 TOYKH 30py MaKCHMi3alli yJapHOi B’SI3KOCTI
MaTepiais.

Jlami exkcnepuMeHTalbHO JOCHIKeHO BIUIMB Ti0puaHoi Moaudikamii ['P Ha
JTOCSATHEHHS MaKCUMaJbHHUX (PI3MKO-MEXaHIYHUX BIIACTHBOCTEH OiojerpaaadenbHuX
HAlOBHEHUX KOMIO3uTiB Ha ocHOBI IIJIA, kaBoBoi rymi ta ['P: ymapHoi B'SI3KOCTI i

PO3PIKEHHS HAIIPYTH MPU BUTHHI — puc. 6.17 — 6.18[313].
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Pucynok 6.17 — Brimus riopuanoi moaudikaiii I'P Ha ynapHy B'I3KiCTh

OlomerpagadeIbHUX HAIOBHEHUX KOMIIO3UTIB HAa ocHOBI [1JIA, kaBoBoOi rymri Ta ['P

3 puc. 6.17 BugHO, SKILO MOPIBHIOBATH 3aJICKHICTh 3HAUYEHHS yJIapHOI B’ A3KOCTI
BUCOKOHaNoBHeHUX cucteMm riopuanux [1JIA — I'P-kaBoBa ryma Bia BMICTY KaBOBOi
TyIll, TO MNPOCTEXKYETbCA TEHIEHUIA N0 30UIbIIEHHS 3HAYEHHS OCTaHHbBOI 3i
301IbIIIEHHSIM BMICTY HamoBHioBaua [313].

Taxi mafi cBi4aTh MPO 3POCTAHHS yIAPHOI B A3KOCTI JJIsl HAMTOBHEHUX KaBOBOIO
rymeto cucteM IIJIA — T'P B 2, 5 pa3u mnsa 3paska 31 Bmictom rymai 50 %, 1o €
MIPOTHO30BaHMM, aJ[)K€ HAIIOBHEHI MOJIIMEPHI MaTepiajiu 3aBXK/I1 MAIOTh OUIBITY yIapHY

B’SI3KICTh Y TIOPIBHSHHI 3 ToMoImodiMepaMu. 3O0UTbIIEHHS 3HA4YEHHS PYyHHYIOYOTro
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HanpyXeHHs Tpu 3ruHi (puc. 6.18) Takoxk CBIAYUTH MPO TEXHOJIOTTYHICTH T1OPUIHUX

OlomerpagadeabHUX HATOBHEHUX KOMIO3UTIB Ha ocHOBI [IJIA, kaBoBoi rymii ta ['P.

520
470
420
370
320
270
220
170

120F""'----'----I----n-.........

0 10 20 30 40 50 60
Bwmict kaBoBoi rymii, % Mmac.

=—IP1
=-1P2
I'P3

PyiiniBHa Hampyra npu BUTHHI,
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Pucynok 6.18 — Brumus riopuanoi moaudikariii ['P Ha pyiiHiBHY Hanpyry IpH BUTHHI

OlomerpagadeIbHUX HATOBHEHUX KOMIIO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii Ta I'P

Tak crae oueBHJIHMM, II0 KaBOBa Iylla PIBHOMIPHO PO3MOAUICHA Yy TIOpUAHIN
Matpuii [IJIA — I'P [311]. TIpu oMy BOHA HaBiTh ACHIO «IIOM SKIIY€» BUXITHUN
noBouti xopctkuid momimep [1JTA. Bee 1ie pa3zom 3 1aHuMu yJaapHOi B SI3KOCT1 JJO3BOJISIE
3pOOUTH TPUITYIICHHA MPO MOXJIUBICTH (OPMYBaHHS pPI3HOMAHITHUX BHUPOOIB 3
KOMITO3HITIITHOTO MaTtepiany, Mpu IbOMY OCOOJMBOI yBaru 3acIyrOBY€ KOMITO3HITIS 31
BMicTOM KaBoBoi rymii 50 mac. % BaxinBO TakKoXX YTOYHHTH, IO ITiJIBUILICHHS
KOMIUTEKCY  (PI3MKO-MEXaHIYHHUX BJIACTUBOCTEH TiOpumHux  OiojerpamabenbHuX
HAIOBHEHUX KOMMO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii Ta I'P moB’si3ane 31 3HIKEHHS
IIUTOMOI TIOBEPXHI 3 5,1 M%/cM 110 2.8 M%/cM, 1110 CBIAYHMTH PO T€, IO BHECEHHS BiIXO/IiB
KaBOBOI T'YIIlI 30UTbIITY€E OAHOPIAHICTE T10puaHux cuctem I1JIA — I'P-kaBoBa ryia.

VY tabnuui 6.3 HaBeAeH1 pe3yJIbTaTh BUBYEHHS BIUIMBY 10puaHoi Moaudikanii ['P
Ha MIIHICHI BJIACTUBOCTI TOpuAHUX Ol07erpagadesibHUX HANOBHEHHX KOMIIO3UTIB Ha
ocHoBi IIJTA, kaBoBoi ryuii Ta ['P BiJf OCHOBHUX MOKa3HUKIB SIKOCT1 OypOro BYT1LIA, SIKE

BUKOPHUCTOBYBAJIOCA [l oTpuMaHHs [ 'P.
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Taomung 6.3 — ExkcnepuMeHTanbpHI Ta PO3PAXYHKOBI 3HAYEHHS VIAPHOI B'I3KOCTI
p po3paxy yAap

riopuaHux 0io7erpanadenbHUX HAMIOBHEHUX KOMITO3UTIB Ha 0CHOBI [1JIA, kaBOBOI Ty1IIi

ta I'P mo Ta micns ix momudikarii I'K*

VB, MIla Daxropu (X; v, © )
No (excriepuMeHTaIbHI P () Qdat YBregp_ofany;I;?fgl _3il aqiil;:;Y_ e_g I;c) TK
3HauYeHHS, ) [P, % |KI, % V9, %| C% % % @ f(IK, TTJ\;’) f(IK, T,ZJC_daf) %gaf dg o
1 14 0 0 /29,1 80,83 | 10,90 13 14 16
2 15 0.25 0 /29,1 80,83 | 10,90 17 18 19
3 17 0.5 0 /29,1 80,83 | 10,90 21 23 22
4 16 0.75 0 /29,1 80,83 | 10,90 19 20 21
5 12 0 0 /29,1 80,83 | 10,90 17 19 18
6 33 0.5 40 [29,1) 80,83 | 10,90 32 33 34
7 36 0.5 50 ]29,1| 80,83 | 10,90 35 36 37
8 20 0.5 60 |29,1]| 80,83 | 10,90 20 21 19
9 14 0 0 |43,7] 68,10 | 2411 17 19 18
10 36 0.5 40 [43,7]| 68,10 | 24,11 35 37 36
11 39 0.5 50 [43,7]| 68,10 | 24,11 40 39 38
12 22 0.5 60 |43,7]| 68,10 | 24,11 21 22 23
13 14 0 0 |43,7] 60,71 | 29,12 17 19 18
14 42 0.5 40 [43,7| 60,71 | 29,12 43 42 41
15 45 0.5 50 [43,7]| 60,71 | 29,12 46 44 45
16 27 0.5 60 [43,7]| 60,71 | 29,12 26 27 28

* VB — ymapHa B'SI3KIiCTh; *KUIBKICTh EKCIIEPUMEHTATIBHUX PE3yIbTaTiB n = 16.

Tabnuis 6.4 — ExciepuMeHTallbHI Ta pO3paxXyHKOBI 3HaYEHHS PYHHIBHOT HAIIPYTH TIpU

BUTHHI TiOpuaHHX OlojerpanadelbHUX HAIOBHEHUX KOMITO3UTIB Ha oOcHOBI IIJIA,

kaBoBoi rymi Ta I'P 1o Ta micas ix mogudikarii I'K

PHB, MlIla daxropu (Xj) V', ¢ (po3paxyHKOBI 3HaUCHHS, Y Y;))
Ne eKCIepUMEeHTaIbHI daf reg,. = reg,. = reg . —
( 3Ha‘II)eHH${, Yi) TP, % | KT’ %V, %) C*, % O%d’ 1%21}“I 11(3, T, 1\J/d) ff]g’l(],ar, édaf) PHBT, gdafd])c(FK’
1 129 0 0 ]29,1) 80,83 | 10,90 130 129 131
2 140 0.25 0 [291) 80,83 | 10,90 142 140 138
3 170 0.5 0 ]29,1)| 80,83 | 10,90 170 172 168
4 160 0.75 0 ]29,1)| 80,83 | 10,90 162 158 160
5 129 0 0 ]29,1) 80,83 | 10,90 130 131 129
6 330 0.5 40 [29,1| 80,83 | 10,90 331 329 330
7 470 0.5 50 |29,1] 80,83 | 10,90 468 473 470
8 350 0.5 60 |29,1| 80,83 | 10,90 352 348 350
9 129 0 0 ]43,7| 68,10 | 24,11 130 131 129
10 350 0.5 40 [43,7]| 68,10 | 24,11 352 347 350
11 500 0.5 50 |43,7| 68,10 | 24,11 500 502 498
12 390 0.5 60 |43,7| 68,10 | 24,11 388 392 390
13 129 0 0 ]43,7| 60,71 | 29,12 129 131 128
14 420 0.5 40 [43,7] 60,71 | 29,12 415 420 425
15 530 0.5 50 [43,7] 60,71 | 29,12 535 530 525
16 480 0.5 60 |43,7] 60,71 | 29,12 470 480 460

* PHB — pyiiHiBHa Hampyra pu BUTHHI; *KIJTIbKICTh €KCIIEPUMEHTAIILHUX pe3yJibTaTiB n = 16.
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Bu3HaueHO MaTemMaTH4Hy 3ajieKHICTh BIUIMBY TiOpuaHoi monaudikauii ['P Ha

MILHICHI BJIACTHBOCTI TIOpUAHMX Ol0JerpajnadenbHUX HAIOBHEHHX KOMIIO3WUTIB Ha

ocHoBi I1JTA, kaBoBoi rymii Ta ['P Bii 0CHOBHUX MTOKA3HUKIB SIKOCT1 OypOro BYTULIS, SIKE

BUKOPHUCTOBYBajocs /jisi orpuManns ['P — tabmn. 6.5 — 6.6.

Tabnuus 6.5 — MaTeMaTrnyHa 3aJI€KHICTh BIUTUBY T1i0puaHoi Mmoaudikamii ['P Ha ynapuy

B'SI3KICTh a pyWHIBHY HAIIPYTy MPY BUTHHI NOpUIHUX O10erpaiadeIbHUX MaTepiaitiB Ha

ocHoBi [1JIA ta I'P BiJ OCHOBHHMX MTOKa3HUKIB SIKOCTI OypOro Byrijuis™

O11iHKa CTATUCTUYHOL
Noe, MaremaTHuHa 3aJIeKHICTh 3HAYYIIOCTI Ta aJIeKBaTHOCTI
R2
6.1 VB = 24,4301 —0,1392 - C%% + 5,4667 - TP 0,65
6.2 YB = 11,6502 + 0,1427 - 03*/ 4 5,4667 - TP 0,62
6.3 VB = 7,3746 + 0,1313 - V% 45,4667 - TP 0,53
6.4 PHB = 193,2687 — 0,8391 - C%% 4 62,5333 - I'P 0,72
6.5 PHB = 115,8122 + 0,8805 - 09* + 62,5333 - TP 0,71
6.6 PHB = 103,8457 + 0,5518 - V4% + 62,5333 - TP 0,64

*KUTBKICTh €KCTIEPUMEHTAIBHUX Pe3ybTaTiB n = 16.

Tabnuis 6.6 — MaTemaTnyHa 3aeXHICTh BILTUBY TiOpuanoi Mmoaudikamii ['P Ha ygapay

B'A3KICTh Ta pyHHIBHY Hanpyry IpHu BUTHHI TOpUAHUX OloaerpanadenbHuX HAalIOBHEHUX

komMno3uTiB Ha ocHOBI IIJIA, xaBoBoi rymi ta ['P Big OCHOBHMX MOKa3HUKIB SIKOCTI

Oyporo Byruuis™

O1iHKa CTATUCTUYHOL

Ne MaremaTuyHa 3aJ1€XKHICTb SHA'IyIIOCTI T4 &/IEKBaTHOCT]
R2
6.7 VB = 47,1167 — 0,3513 - C%“ + 0,1917 - KT 0,31
6.8 VB = 14,8180 + 0,3625 - 05* +0,1917 - KT 0,28
6.9 VB = 5,6861 + 0,3025 - V44 40,1917 - KT 0,25
6.10 PHB = 448,2729 — 3,6454 - C%* + 4,5502 - KT 0,80
6.11 PHB = 112,8920 + 3,7724 - 05/ + 4,5502 - KT 0,80
6.12 PHB = 25,7944 + 3,0061 - V4% + 4,5502 - KT 0,76

*KUIBbKICTh €KCIIEPUMEHTAIBHUX Pe3ybTaTiB h = 16.
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Po3po0sieH0 MaTeMaTU4HY 3aJ€KHICTh JJIs MPOTHO3YBAaHHSA EKCIUTyaTalliHHUX
BJIACTUBOCTEH riOpuIHUX Ol0AerpagadenbHux MarepiaiiB Ha ocHOBI1 ITJIA, kaBoBoi rymii
ta ['P 3anexHO Bif BMICTY AMCIepCHOI Ga3u y BUTIISAIL BIXOIB KaBoBoOi rymi ta ['P3,
AK HaOUTbI e(QEeKTUBHUX 3 TOYKH 30py 3O0UIBIICHHS KOMIUIEKCY MIIIHOCTHUX

BJIACTMBOCTEH TiOpumHMX OlomerpagadbenpbHUX MartepiaiaiB Ha ocHoBi IIJIA Ta I'P —

Tabn. 6.7.

Tabmuusg 6.7 — MaremarnyHa 3al€XHICTh AJIS MPOTHO3YBaHHS EKCIUTyaTalliHUX
BJIACTUBOCTEH riOpuaHUX OloAerpanadensHux MaTepiaiaiB Ha ocHOBI [1JIA, kaBoBO1 Tyl

ta ['P*

. PyiiniBHa
Koedimieatn YAapHa B Hs};lCTb’ KJhx/m Halilpyra npu
BuruHi, MIla
ky 0,1572 0,0337
k, 4,340 0,7547
ks -37,341 -10,258
ky 215,84 -2,040
ks -5,448 0,9076
ke 0,0436 -0,0107
k- 126,57 -193,74
kg -10,045 9,623
ko 0,250 -0,1323
ko -1,862*10° 5,8535*10*
OriHKa CTaTUCTUYHOT 3H'a‘-Iy1_I_IOCTi R? 0,90 0,91
Ta aJIeKBaTHOCTI
Burnazas MmatreMaTH4YHOT 3aJI€5KHOCTI
VB (PHB) = k; - KI'*TP? + k, - K[3+k; - TP? + ks TP+ ks - K['-TP + k¢ - K['? - TP + k, + kg
KT + kg - KI'?+k,,['P3

* TP — Bmict I'P, mac. %, KI' — BMicT kaBoBoi rymi, Mac. %; *KUIBKICTb €KCHEPUMEHTaJIbHUX

pe3ynbratiB n = 16.

VY pe3ynbTari BUKOHAaHHS MaT€MAaTUYHOIO aHaii3y Mg 000X JOCHIIKYBaHHX
MIIHOCTHUX XapaKTePUCTUK TIOpUIHUX OlojerpagadenbHUX MarepiaiaiB Ha OCHOBI
ITJIA, xaBoBoi rymi Ta ['P Bu3HadeHo koedimientn ki — Kijp y MaremaTuaHmX
3JICKHOCTSIX, SIKI MAIOTh Pi3HI 3HAUCHHS 3aJIC)KHO BiJl TOTO, KU ITOKAa3HUK € IIIIHOBUM
1 TiopuaHuX OlogerpamgadbenbHuX MatepiamiB Ha ocHoBl ITJIA, kaBoBoi rymi ta I'P:

ylAapHa MIIHICTb a00 Hampyra Ha pO3pUB IIiJl Yac 3TUHAHHA. TakoXX CTBOpEHa
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MaTteMaTUyHa 3aJIeXKHICTh (Tabu. 6.5). [ns 1ie€i MaTeMaTUYHOI 3aJI€KHOCTI MTPOBEACHO
TEOPETHYHI PO3PAXyHKH TPOTHO30BAHMX 3HAYECHb YyAAapHOI B’SI3KOCTI Ta HAINpyTH
pO3pUBY TIPpH 3THHI, SKI TPEACTaBICHI Yy BUTISAAI TPUBUMIPHOI Tpadiku s
MPOTHO3YBAaHHSA EKCIUTyaTaI[liHUX BIIACTUBOCTEH TiOpuaHUX OlogerpamabenbHuxX
MatepiamiB Ha ocHOBI [IJIA, kaBoBoi Tyt Ta I'P 3anexxHo Bix BMICTy aucnepcHOi (ha3u
y BUIVIAL BiAXOJIB KaBoBoi rymii Ta I'P3, ax HalOIbI e(pEeKTUBHUX 3 IOTIISIY

MIJBUIICHHS! KOMIUICKCY iX BjacTUBOCTEH — puc. 6.19 — 6.20.

PHB. MIla
- 600

RSN

K1,

%% Mmac.

Pucynox 6.19 — TpuBuMipHuii rpadik A nporHo3yBaHHs pyitHiBHOiI Hanpyru (PHB)
MIpU BUTHHI TOpuaHKUX OloaerpanadenbHux MarepiaiiB Ha ocHoBl [1JIA, kaBoBoi Tymii

ta ['P. *KiNbKICTh €KCTIEPUMEHTATBHUX pe3ybTariB n = 33.

VB, MIla .
- {0

40, :
( 0 ""0_,.-'/' o T B e 950 O, o T D
> / NN N AN\ N \‘,-' \\ N N/
R . o N\ N
e = AKX > TP, 26 mac.
KT, % mac. R AKX N

Pucynok 6.20 — TpuBuMipHuii rpadik aJisi IPOrHO3YBaHHS yAapHOI B SI3KOCT1
riopuaHux OioaerpanadbenbHux MatepianiB Ha ocHoBi [1JIA, kaBoBoi rymi Ta I'P.

*KUTBKICTh €KCIIEPUMEHTAJIbHUX pe3yJIbTatiB N = 33.
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VY pe3ynbTaTi OTPUMAHUX I[OBEPXOHb CTA€E MOXJIMBUM 34 HANBaXIUBIIIUM

LIUTOBUM MOKa3HUKOM MIIIHOCTI TOpUAHUX Oi07erpanadebHuX MaTepiaiaiB Ha OCHOBI

IJTA,

kaBoBoi rymii Ta ['P y Burnsaal ynapHoi B’a3k0ocTi a00 pyHHIBHOT HApyru mpu

BUTHHI BU3HAYHUTH iX pAIiOHAIBHUN CKJIAJ, SIKMA TaKOXX 3a0e3MeuuTh iX JOCTaTHIN

pIBEHb

[II1P, r/10 xB.

48
46
4.4
42

4 ¢ : =—]'P1
38 \ —=-TP2
36 I'P3
34
32

3 T T T B TR T T T N T TR T S T TR TR N N | T T T T e
0 10 20 30 40 50 60

Bwmict kaBoBoi rymii, % Mac.

Pucynoxk 6.21 — Brums ribpuanoi mogudikartii I'P va I1TP 6iogerpanadenpamx

HaITOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, xaBoBoi rymii ta I'P

C

Temneparypu TOTIEHHS, ©

190 +

185

180 =—T'P1
=B-TP2

I'pP3
175
170 T TR NN TN NN TN SN TN NN AN TN TN SN TN NN SR T SN SN [ NN SR R S [ S N S T
0 10 20 30 40 50 60
Bwmict kaBoBoi rymii % mac.

Pucynok 6.22 — Bomus ribpuanoi mogudikamnii ['P Ha TemnepaTypy TomaeHHs

OlomerpanadenbHIX HAIOBHEHUX KOMIIO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii Ta I'P
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3 pucyHKIB 6.21 — 6.22 BuaHO, 110 1pH ridpuaHiid moaudikamii ['P BinOyBaeThcs
3HmkeHHs [ITP ta nigBumenHs temmnepatypu ToruieHHs cuctem IIJIA — I'P — kaBoBa
ryuia npu 30UIbIIeHH] BMICTY KaBOBOI T'YIIIi.

JlaHl cBig4aTh TPO 3POCTAaHHS yAApHOI B’SI3KOCTI Ta PYWHIBHOI HANpYyTd MpU
BUTHMHI 3a paxyHOK TriOpumHoi Moaudikarii OlogerpamabenbHUX HAMOBHEHUX
KoMr1io3uTiB Ha ocHOBI [1JIA, kaBoBoi rymi ta ['P y 2,5 pa3u, npu niboMy pariioHaIbHUM
3 TOTJISITy MIIHOCTHUX XapaKTEpUCTUK € BMICT KaBOBOi I'ymil Ha piBHI 50 mac. % Ta
0,5 mac. % I'P3.

Jns Takux ridpunHux OloaerpagadebHUX HAMOBHEHUX KOMITO3UTIB HAa OCHOBI
IJTA, kaBoBoi ryuii ta I'P xapakrepuuii I1I1P na piBni 3,1 1/10 XB.. Ta TEMOeparypHuit
inTepBan mepepooku 182 — 188 °C. Ha pwmc. 6.23 — 6.25 HaBeneHO MOCTIIKCHHS
Olomerpanarii riopuaHuX 0i0erpagadeIbHIX HATOBHEHUX KOMITO3HUTIB Ha 0CHOBI ITJIA,

kaBoBoi rymii Ta I'P mpu pisHOMy BMicTi KaBOBOI T'ymii Ta pizHux ['P.

95
85 ©
75
: =—0 % w™ac. KaBOBO{ T'yIii
55 ¢
45

=840 % wmac. kaBoBOT rymii

50 % wmac. kaBOBOI r'ymii

Brpara macu, %

- =60 % wmac. KaBOBOI Iyl
25 ¢

15:||||||||||||||||||||||||||||||
0 1 2 3 4 5 6

T, MICAIIIB

Pucynok 6.23 — Brimus riopuanoi moaudikaiii I'P Ha cTymine 6ioaerpanarii
riopuaHux 0i07erpanadebHIX HAIIOBHEHUX KOMITO3UTIB Ha ocHOBI I1JIA, xaBoBoi

ryuii ta I'P npu Bmicti 0,5 mac. % I'P1 B HuX Ta pi3HOMY BMICTI KaBOBOi I'yIiii
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75
65
55
45
35
25
15

=—0 % w™ac. KaBoBoO{ T'yIi
=#-40 % wmac. kaBOBOI Tyl

50 % wmac. kaBOBOI I'ymii

Brpara macu, %

=>=60 % wmac. kKaBoBOI I'ymIi

T, MICAILIIB

Pucynok 6.24 — Brimus riopuaHoi moaudikaiii I'P Ha cTynine 6ioaerpananii
riopuaHux 0iogerpanadebHIX HAMOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBoBo1

ryu ta I'P nmpu Bmicti 0,5 mac. % I'P2 B HuX Ta pi3HOMYy BMICTI KaBOBOI I'yIIIi.

95
85
75
65
55
45
35
25
15

=0 % Mac. KaBOBOI T'yIIli
=#-40 % wmac. kaBoBOI ryIi

Brpara macu, %

50 % wmac. kaBOBOI rymii

=60 % wMmac. KaBOBOT I'y1i

T, MICALIIB

Pucynok 6.25 — Brimus riopuanoi moaudikaiii I'P Ha crymine 6ioaerpanarii
riopuaHux 0iogerpanadbenbHIX HAITOBHEHUX KOMITO3UTIB Ha ocHOBI I1JIA, kaBoBoi

rymii ta I'P npu Bmicti 0,5 mac. % I'P3 B HuX Ta pi3HOMY BMICTI KaBOBOi I'yIiii

3aranom, MOXKHa MOOA4YuTH, 1O TIOpUAHA MoAU(IKaIil B paMKax OJEp KaHHS

riopuaHux 0io7erpanadenbHUX HAIOBHEHUX KOMITO3UTIB Ha 0CHOBI [1JIA, kaBOBOI Ty1IIi
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ta ['P mpu BMmicTi 0,5 mac. % pi3Hux tuniB ['P B HUX Ta pi3HOMY BMICTI KaBOBOI 'yl
JI03BOJISIE 30€pErTH B HUX BJIACTHBOCTI J10 O107€rpajalii BIpOJIOBK 6 MiCSIIiB.
[IpoBeneHi eKkCnepUMEHTAIBbHI JOCHIIKEHHS 3 BHU3HAYCHHS BIUIUBY TiIOPHIHOI
moaudikaiii 0iogerpagadebHIUX HAMTOBHEHUX KOMITO3UTIB Ha ocHOBI [IJIA, kaBoBOi
ryiri Ta ['P Ha HAOUTBIT BaXIIMB1 XapaKTEPUCTUKHU 3 TOYKU 30PY CTIMKOCTI 10 OCHOBHUX
XapUyOBUX CEPEIOBUIIL, Y BUTJISII Yato, KaBU, BOJIU, MUIOUOTO 3aC00y, KUTLISAYO1 BOJIU Ta
KOKa-KOJIH.

Taki nmochipkeHHS JIyKe BaXJIMBI, BUXOASYM 3 TOTO,

o Jayxe

NEpPCIeKTUBHOIO  Tajdy33l0 3acTOCYBaHHS JuIsi TiOpuaHuX  OlogerpanadenbHUX
HanmoBHEHUX KoMmo3uTiB Ha ocHoBl IIJIA, kaBoBoi rymi Ta I'P € ognepxxanns
6araTopazoBOro MOCyAy, Tapu Ta MaKyBaHHSA Xap4yOBUX MPOAYKTIB Ta T.M. MeToauka
JOCIIIJKEHHSI CTAHOBUJIA BUTPUMKY 3pa3KiB MOJIMEPHUX MaTepiaiiB B €KCILUTyaTalliHUX
CepeoBHUINAX y Tepio 7 MHIB IJIs OIMIIHKK COPOIIMHUX XapaKTePUCTHUK.

Ha ocHOBI eKcIIepuMEHTATLHUX JaHHUX 3a METOJIUKOI0, onucaHow y [314 — 315]
po3paxoBaHo koedimieHT audy3ii g 3paskiB  riOpumHEX OlogerpamgadenbHUX
HAMOBHEHUX KOMMO3uTiB Ha ocHOBI [1JIA, kaBoBoi rymi ta ['P nmpu Bmicti 0,5 mac. %

I'P3 B HuX Ta pi3HOMY BMICTi KaBOBOI ryii (Tadmuis 6.8).

Tabnuusg 6.8 — BrumiB ribpunnoi mogudikanii I'P Ha xoediuieHT nudysii y riOpugHuX

OlomerpanabdeIbHUX HATOBHEHUX KOMIO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii Ta I'P

' CepenoButie
Komnozunis Bona Kasa Yait M:I;I;;);{(;I/II/I Koka-Kona

TUIA — 0,5TP3 mac. % | 0,95%10%° | 1,73*10%° [ 2,02%10%° | 155+10% | 2,15%107

A ;ﬁp;_f/ gié‘ﬁzc 7 1147107 | 2464107 | 3277107 | 32771070 | 484107
. /0

1A ;)_f’fy gzé“;zc T | 2777107 | 3354107 | 4017107 | 2,86%10%° | 4:88+107
. /0

A ];)_19;3 g’éé‘ﬁzc N 314%0%0 | 38171070 | 46541070 | 3,14%1070 | 6,65%10°0
. /0

Jani Tabnuii 6.8 cBimuaTh po TiapoPoOHU XapaKTep MOBEPXHI YCIX T1OPUIHUX

OlomerpanabenbHUX HAMOBHEHUX KOMMo3uTiB Ha ocHOBi I1JIA, kaBoBoi rymii ta I'P
[251]. TIpu 1mpomy koedimieHT nudy3ii 30UIBIIYETHCS B Pl CEPEAOBHIN: Boaa <

MUOYMH 3aci0 < KkaBa <uail <koka-koyia. Takox, g BCIX T1OpUIHUX
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OlozerpanadenbHUX HAMOBHEHUX KOMIO3UTIB Ha ocHOBI I1JIA, xaBoBoi rymi ta ['P 3i
30UTbLIEHHSIM BMICTY HAalOBHIOBaYa KaBOBOi Tyl KOEQIUIEHT AUQyY3li TaKoXK
30uThITyBaBcs. Haiimenmmii xoedirieHT nudy3ii 3a mepioa MOCTIKEHHS] COPOIIHHUX
XapaKTEPUCTUK OYB XapaKTepHUU JUIsl TOJIMEPHUX KoMMo3uIlid Ha ocHOBI [IJIA, mpu
IIbOMY HOro HaliMEHIEe 3HAYCHHS XapaKTepHE IS TaKUX CEPEOBUI, SIK BOJa Ta
MUIOYHII 3aci0.

[IpoBeeHO JOCIIIKEHHS] BOJOIOTIIMHAHHSA TiOpuaHUX OloaerpagadenbHuX
HANOBHEHUX KOMIO3UTIB Ha ocHOBI IIJIA, kaBoBoi rymi ta I'P npu BmicTi 0,5 mac. %
I'P3 B HUX Ta pi3HOMY BMICTI KaBOBO1 'yl — 1abia. 6.9. fIk BugHO 3 Tabnumi 6.8, nis
riopuaHux 0107erpanadenbHIX HAIOBHEHUX KOMITO3UTIB Ha oCHOBI [TJIA, kaBOBOI Ty1IIi
ta ['P 31 BMicToM 40 Mac. % KaBOBOI I'yllll XapaKT€pHUN HEBEITUKUIA IPUPICT Baru, SKUH
yepes ABa Micslll He nepeBuIye 2 %. 31 301IbIIEHHSIM BMICTY KaBOBOI I'yIIi 30UIbIIICHHS
Macu Ti0puaHuX OiomerpanadeTbHUX HAIOBHEHUX KOMIO3UTIB Ha ocHOBI [1JIA, kaBoBO1
rymi ta ['P, ix Bogomorimuanus pocsarae 2,2 %. Aje HaBiTh Taki NMOKAa3HUKUA HE €

KPUTHUYHUMU JJId BUTOTOBJICHHS ITIOCY Y.

Tabmuis 6.9 — Brmue ribpunnoi monudikarii I'P Ha BomomorimHaHHS TiOpUIHUX
OlomerpagadeIbHUX HAMOBHEHUX KOMIO3UTIB Ha ocHOBI I1JIA, xaBoBoi rymil ta ['P 3

PI3HMM BMICTOM KaBOBOI T'yIII1

Tun nukiry 301IBIIEHHS MacH 3pa3KiB 3a HOMepaMmHu, Mac. %o
Bwict kaBoBoi rymii, mac. % 0 40 50 60
Bona 3a Temmnepatypu 20 °C, uepes mukis
-10 0,01 1,15 1,74 2,77
-20 0,54 1,30 1,75 2,85
- 40 0,55 1,35 1,77 2,95
-60 0,56 1,40 1,78 2,10
-80 0,57 1,45 1,79 2,20

[IpoBeneHo MOoCTiKEHHS CTIMKOCT1 TOpUAHUX OloaerpagadeIbHUX HaIIOBHEHUX
KoMIo3uTiB Ha ocHOBI [1JIA, kaBoBoi rymi Ta I'P npu Bmicti 0,5 mac. % ['P3 B Hux Ta
pI3HOMY BMICTI KaBOBOI T'yIIi 0 Jii KUIUITYOi BOJW JJISI BU3HAYEHHSI MOXJIMBOCTI X

BUKOPHUCTAHHS JUISI TOCYTy JUIsl Tapstaoi ki Ta HamoiB — 1adm. 6.10.
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Tabmuns 6.10 — Brums ti6puanoi mogudikarii ['P Ha cTidikicTh 10 KHAIUIAYOT BOAM
riopuaHux 0io7erpanadenbHUX HAMIOBHEHUX KOMITO3UTIB Ha 0CHOBI [1JIA, kaBOBOI Ty1IIi

ta ['P 3 pi3HUM BMICTOM KaBOBOT TyIi

Tun nuxiny 30UIbILIIEHHS MacH 3pa3KiB 3a HOMepaMH, Mac. %
Bwmict xaBoBoi rymi, mac. % 0 40 50 60
Bopa 3a remmiepatypu 100 °C, uepes ni6
-1 0,37 3,2 58 8,9
-3 0,38 3,9 6,5 9,8
-7 0,41 58 7,3 10,5
-15 0,52 13,2 21,3 25,8
-30 0,60 18,2 30,6 37,6
-40 0,70 25,5 37,8 45,1

Amnami3 pesynpTariB Tabmmmi 6.10 mokaszaB, 1m0 TiOpUIHI €KOJOTTYHO YHCTI
OlomerpanabenpHi HamoBHEHI kommo3uTu Ha ocHoBi ITJIA, xaBoBoi rymi Ta I'P ski
MicTATh 50 1 60 mac. % KaBOBOI TI'yIlli HOPIBHSHO 3 TUMH, 1110 MicTUTh 40 Mac. % ii3a 15
110 MOKa3yloTh 30UIbIIEHHST Macu Maiixke Ha 2 %. lle He KpUTUYHO 3 OIJIsIAy Ha Te, IO
(akTUUHO BOHM MOXKYTb OyTH PEKOMEHAOBaHI, SIK OCHOBA JJIsl OJIEpKaHHS MOCYy, TapH
Ta MaKyBaHHS, SIK TSI XOJIOAHUX, TAaK 1 TOPSIUX XapUOBHUX MPOTYKTIB.

Takox MPOBENCHO JOCTIHKEHHS CTIHKOCTI TriOpuaHuUX OloaerpagadeabHux
HAIOBHEHUX KOMMO3uTiB Ha ocHOBI [1JIA, kaBoBoi rymi ta I'P mpu BmicTi 0,5 mac. %
['P3 B HUX Ta pi3HOMY BMICTI KaBOBOI T'yIIli /IO Ail arpeCMBHOTO CEpEIOBHINA. AHAI3
PUHKY HaMoIB, SIKi 3yCTPIYAIOThCA y KaB’ IPHSX MOPS 3 HATYypaIbHOIO KaBOIO, J03BOJIHB
giTko BuALIMTH Coca Cola, sik HaiiOU1bI momupenuit. pH 1poro Harmow cTaHOBUTH 2,5,
TOOTO 1€ KHcie cepenonuine. Y tadnuii 6.11 HaBeneHo pe3ynbTaTH 30UIBIIICHHS Macu
3pa3kiB komno3ullii micis 3anypenns y Coca Cola. 3 pe3ynbTatiB Tabi. 6.11 BuaHO, 1110
yCl 3pa3ku riOpugHux OlojerpanadenbHUX HATOBHEHUX KOMITO3UTIB Ha OocHOBI [1JIA,
kaBoBoi ryuii Ta ['P uepes 30 110 ctanu qyxe KpUXKUMHU, a iX MOBEPXHSI CTaJIa IOPUCTOIO.
30UTbLIEHHSI MacH yCiX 3pa3KiB CBIAYUTH PO MOJETIIECHHS NUIAXY Ui IPOHUKHEHHS B
CepenuHy 3pa3KiB arpeCUBHUM CEPEIOBHINEM Yepe3 TpU 100m ekcro3uilii. OdikyBaHO,
HEHAIMOBHEHH1 TOPUIHI €KOJIOT1YHO YUCTI OioAerpagadenbHi MmaTepianu Ha ocHOBI [TJTA
ta ['P monimep mMae HaWHWKYMIM MPUPICT MacH, a Cepe/l HAMIOBHEHUX KaBOBOIO TYIIECIO

TaKi BJIACTUBOCTI MPUTAMaHH1 3pa3Ky Mpu BMICTI KaBoBoi rymii 50 mac. %
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Tabmums 6.11 — BB ribpuaHoi moaudikamii ['P Ha cTiiiKicTh 10 A1l arpecUBHOTO
cepenoBumia Coca Cola riOpugnux 0ioaerpagadeIbHUX HAMOBHEHUX KOMIIO3UTIB Ha

ocHoBi I1JIA, kaBoBoi rymii Ta I'P 3 pi3HuM BMiCTOM KaBOBOI I'y1ili

Tun ukmy 301IbIICeHHS MacH 3pa3KiB 3a HoMepamu, Mac. %
Bwmict kaBoBoi rymii, % 0 40 50 60
Coca Cola 3a remmnieparypu 20 °C,
yepes 1io
-1 0,12 3,0 4,1 4,3

-3 1,0 91 17,3 19,2
-7 1,6 14,2 19,2 21,4
-15 2,1 27,9 33,5 35,1
-30 2,8 61,5 69,2 72,5

[IpoBeneHno JOCIIKEHHS copOUIHHUX XapaKTEPUCTUK riOpuUIHUX
OiloserpaadenbHUX HAMOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii ta I'P npu
BmicTi 0,5 mac. % ['P3 B HMX Ta pI3HOMY BMICTI KaBOBOI Tyl Ha [0 arpeCUBHUX
CEpEeIOBHIL y BUIJIS/I1 MOBEPXHEBO-AKTUBHUX PEUOBUH aHIOHHOTO THITY B KOHIIEHTpALii

5 % 1 remneparypi 75 °C — tabn. 6.12.

Tabnuus 6.12 — Brimus riopunnoi moaudikariii I'P Ha criiikicts 1o [TAP anionHoro tumy
B KOHIeHTpalii 5 % 1 Temneparypi 75 °C ridbpunnux 0iogerpagadenbHUX HAIOBHEHUX

KoMI1o3uTiB Ha ocHOBI [1JIA, kaBoBoi rymii Ta I'P 3 pi3HUM BMICTOM KaBOBOT Tyl

Tun uukiy 301IBIICHHS MacH 3pa3KiB 3a HOMepamu, Mac. %

BwicT kaBoBoi rymii, % 0 40 50 60

ITAP anioHHOro TUIy B KOHLIEHTpauii 5 %
i Temneparypi 75 °C, uepe3 n1id

-1 0,69 6,1 6,9 7,2
-3 0,72 6,9 8,2 9,4
-7 0,79 7,7 91 111
-15 1,6 12,9 15,6 18,9
-30 2,4 22,6 24,5 29,3
-40 3,7 30,6 34,5 38,2

ITounnaroun 3 8 nHA 30UIBIIEHHSA Bark Moke ctaHoBuTH 10 0,9 % 3a mukn,
nocTiiiHo 30uIbiyounch 10 40 quiB. Taka moBemiHka riopuaHuX OloaerpagadebHUX
HAIoOBHEHUX KOoMMo3uTiB Ha ocHOBI [1JIA, kaBoBOi rymii Ta ['P 0O0ymoBieHa 31aTHICTIO

010po3KJIaJaTl NPOAYKTH 3 HUX 32 YMOBHU CTBOPEHHs TeMiiepatypu nonaza 65 °C. ToOto
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OTPUMaHI PE3yJIbTATU JOBOAATH, B TOMY 4HMCIl (PaKTU4YHY 3JaTHICTH O10pO3KJIaAaTH
KOMITO3HIII1 3 OUIBILIO0 I'YCTUHOO Ha ocHOBI TTJIA.

Jlami mpoBeneHl eKCIEepUMEHTANbHI JTOCTIKEHHS Ha CTIAKICTh PO3POOIICHUX
riopuaHuX 0107erpaaadeIbHIX HalIOBHEHUX KOMITO3UTIB Ha ocHOBI ITJIA, kaBoBOIi Tymi
ta ['P ipu Bmicti 0,5 mac. % ['P3 B HUX Ta pi3HOMY BMICTI KaBOBOi T'yIIi 3 MPUBOIY
oJiepKaHHS MOCY/IM 3 HUX JI0 YMOB JIii MOCYJOMHIHUX MaiivH. Pe3ynbratu HaBeIeHo y

tabmui 6.13.

Tabmuug 6.13 — BmiouB ridpunnoi moaudikamii 'P Ha cTiliKicTh TiOpUIHUX
OlozerpanadenbHUX HAaOBHEHUX KOMIO3UTIB Ha ocHOBI IIJIA, kaBoBoi rymi ta I'P 3

PI3HUM BMICTOM KaBOBOI T'YIIli 3a MIJBUILIIEHUX TEMIEpaTyp CepeoBUIIA

Tun uukny 30611bIICHHS] MacH 3pa3KiB 32 HOMepaMu, Mac. %
BwmicT xaBoBOi Ty, % 0 40 50 60
[TocynoMuiiHa MaivHa, 4Yepe3 MUKIIiB
-10 0,69 6,1 7,9 9,2
-20 0,72 6,9 8,2 11,4
- 40 0,79 7,7 10,1 13,1
-60 1,2 18,7 22,6 24,9
-80 2,4 24,0 28,5 32,3
-100 3,7 31,6 41,5 92,2

[To pe3ynbraTtam OCHIIKEHHS BCTAHOBIICHO, 10 A0 40 MUKIIB 301IBIIIEHHS Macu
€ TIOBUJILHUM Ta HE MEPEBUIIYE B CEPEAHBOMY ISl BCIX T1IOpUaHUX Olo/erpanadenbHIX
HAIlOBHEHUX Kommo3uTiB Ha ocHOBI IIJIA, xaBoBoi rymi ta I'P 0,09 mac. % 3a oaun
k. [lounHaroun 3 41 nukiny 30UTbIIIEHHS Macu Moxke ctaHoBuTH 10 0,9 mac. % 3a
IIUKJI, TOCTiHHO 30utbimyrounchk g0 100 nwuxny. Taka moBemiHKa TiOpUIHUX
OlomerpanabeIpHUX HAMOBHEHUX KOMMO3UTIB Ha ocHOBI IIJIA, kaBoBoi rymii ta I'P
3yMOBJIEHA 3JaTHICTIO A0 Olojaerpajauii BUpOOIB 3 HUX 3a YMOBU CTBOPEHHS
TeMriepatypu ou1b1oi, Hix 65 °C. To6To oTpuMaHi pe3ysIbTaTu 10BOASATh, B TOMY YHCIIL,
W BJacHO 3MATHICTh 10 Oiojerpanaiii riopugHux OloaerpanadelbHUX HAMOBHEHUX
komrio3uTiB Ha ocHOBI [IJIA, xaBoBoi rymii ta I'P. T'iGpumui OiomerpamaGenbHi
HarmoBHEHI koMmno3uTu Ha ocHOBI [1JIA, kaBoBoi rymi Ta ['P, sxa mae y cBoemy ckiai
50 ta 60 mac. % kaBOBOI T'yIli y MOPIBHAHI 3 Takoto, 1o Mictuth 40 mac. % mpu 40

IIUKJIaX MUTTSI YU 3aHYPEHHSI Y KUIUISIYY BOJY, IEMOHCTPYIOTh 30UTBIIIEHHSI MaCH Mailke
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Ha 2 % Oinpire. e He € KPUTHYHUM 3 OTJISAY caMe Ha Ied MOKa3HUK, ajie BCE K TaKH
CJIiJ BiI/TaBaTH MepeBary KOMIO3MIIT 3 MEHIITUM BMICTOM TYIIII.

Hwuxue na puc. 6.26 — 6.27 nokasani mikpodoTtorpadii moBepxHi riOpugHUX
OiloserpanadebHUX HATOBHEHUX KOMMO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii ta I'P 1o

Ta MICTs AOCTIHKEHHS COPOIIINHUX XapaKTEPUCTHK Y PI3HUX MOJIETFHUX CEpeOBUIIAX.

[Ticns
b
Pucynok 6.26 — MikpodoTorpadii moBepxHi riopuaHux 6ioaerpagadenbHIX

HaIOBHEHUX KOMIO3uTiB Ha ocHOBI [1JIA, kaBoBoi Ty Ta I'P mipu 40,50 1 60 mac. %
BMICTY BiJIXO/liB KABOBOI1 T'YIIli JI0 Ta MICJIsI TOCTIKEHHS COPOLIMHIX XapaKTePUCTUK Y
PI3HHX MOJICNIbHUX cepenoBuiax: A — Boga npu temmneparypi 20 °C; b — moBepxHeBo-

aKTUBHA PEYOBMHA aHIOHHOTO TUITY B KOHIIeHTpaIlii 5 % 1 Temnepatypi 75 °C
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ITicnsa

A A A

Pucynok 6.27 — MikpodoTorpadii moBepxHi riopuaHux 6ioaerpagadenbHIX

HAIMOBHEHUX KOMMO3uTIB Ha ocHOBI [1JIA, xaBoBoi rymii Ta I'P ipu 40,50 1 60 %mac.
BMICTY BIJIXOJ1IB KaBOBOT T'YIII1 JIO Ta MICJS JOCIIKEHHS COPOIIMHUX XapaKTePUCTHK Y
pizaux mozenbHux cepeaoumax: B — Coca Cola mpu remmnepatypi 20 °; I — yait nmpu

temriepatypi 50 °C; /] — xaBa mpu Temneparypi 50 °C

SIK BUAHO 3 pUCYHKa 6.26 — 6.27, HaltMeHIII1 3MiHU TTOBEPXHI MOKHA CIIOCTEepIraTH
Jutst TIOpUIHUX OlomerpanadeIbHUX HATOBHEHUX KOMITO3HUTIB Ha ocHOBI [1JIA, kaBoBOi
rymi ta I'P 31 Bmictom kaBoBoi rymi 50 mac. %, siki, K MOKa3aHO BUIIE, MalOTh
HalKpailll copOLiifHI XapaKTepUCTUKU B PI3HUX MOJENBHUX cepenoBuiax. Jms mux
riopuaHux 0io7erpaaadebHNX HAaIIOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBOBOI Ty
ta I'P 31 BMicToM KkaBoBOi Tymii 50 mac. %, XapakrtepHe 30epiraHHs SIKOCTI MOBEpPXHI

3pa3KiB B HE3aJIEKHOCTI BiJl BUAY cepeoBHINA. BakKIIMBO BIAMITHTH, OIS TIOpUTHUX
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OlozerpanadenbHUX HAMOBHEHUX KOMIO3UTIB Ha ocHOBI I1JIA, xaBoBoi rymi ta ['P 3i
BMICTOM KaBoBOi rymil 50 mac. %, He crocTepiraeTbCcsi MOBEPXHEBUX €(EKTIB 3MIH y
BUTJISIZII PO30yXaHHS Ta KOPOOJIGHHSI 3pasKiB ISl YCIX JOCHIKEHUX MOJEITBbHUX
CEPEeNIOBHUIIAX, 1[0 BKA3Y€ PO YHIBEPCAIBHICTh TAKUX MaTEpPIalliB.

Bapro naronocuru, mo I'K npuiimae ygacts y peakiisx oOMiHy, aacopOyBaHHS 1
KOMIIJIEKCO-YTBOPEHHS 3 MIHEPAIbHUMH €JeMEHTaMHu, [0 (aKTUYHO POOUTH iX
cuneprictamu g00puB [344, 350]. Hanpuknan, nasBHicTe 'K B IpyHTI IO3UTHBHO
KOpEIoe 31 MBUAKICTIO MiHEpai3alii opraHiuHoro aszory, a goaaBaHHs 'K poOuTh
pO3KJIalaHHsl JOOPUB OLIBII MOBUIBHUM 1 OUIbII €PEKTUBHUM JJIi POCIWH, MOMIMIIYE
pyxJauBicTh Gochopy B IpyHTI 1 YIIOBUIBHIOE Ipoliec peMinepaiizatii gpochopy [9].

3anns BCTAHOBJIEHHS €(EKTUBHOCTI BUKOPUCTaHHS 3a0€3MEUYEHHSI €KOJOT14HO1
Oesrekn  ypOaHI30BAaHOTO CEPEIOBHINA 32 PAXyHOK CTBOPEHHS €KOOE3MeUHUX
OyIiBeIbHUX €JIEMEHTIB Ta KOHCTPYKLIA Ha OCHOBI pPO3pOOJEHUX TiOpUAHUX
OlomerpanabenbHIX HAMIOBHEHUX KOMMIO3UTIB Ha ocHOBI [TJIA, xaBoBoi rymii ta I'P.

[IpoBeeHO eKCIepUMEHTAIbHE JOCIHIDKEHHS 3 MOJICIIFOBAaHHSI BHPOOIB 13
riopuaHuXx 0ioaerpagadebHIX HAIIOBHEHNX KOMITO3UTIB Ha ocHOBI [TJIA, kaBOBOI Tyi
ta I'P s michbKOro O3€NeHEHHsS y BUIJISAAI TOPIIMKIB JUIsl po3caaud Ta Ba3 s
o3esneHeHHs. Pe3ynbpTaTi (hiTONaTosoriyHoro MOHITOPUHTY Ha JUISTHKaX BUKOPUCTAHHS
TOPIIMKIB IS pO3CaAu Ta Ba3 I O3€JICHEHHs TiOpuaHux OloaerpanadenbHux
HAllOBHEHUX KOMMO3UTIB Ha ocHOBI IIJIA, kaBoBoi rymi Ta I'P migrBepmxyroTh ix
nepeBary nepe]l TpaaulifHUMK MaTepiajlaMd B acHeKTl 30€peXeHHS 3€JICHUX
Haca/DKEHb Ta 00pOTHOM 31 MIKiTHUKAaMU Ta XxBopobamu [350, 351].

Po3pobneni ribpumni Oiomerpagabenbri matepianmu Ha ocHoBi I[TJIA Ta I'P
EKCIIEPUMEHTAILHO BUKOPUCTAaHHI K BHUCOKOE(MEKTUBHI COpOILiifHI MeMOpaHHi
maTepianu y GopMi miiBok 3 mopamu 20 MkM Ta po6o4oro nosepxHero 28,2610 m? s
OYHIIIEHHS BOJM Ta JiKapchbkuX (opm Bix Bakkux meTaiis [316 — 317, 331].

ExcniepuMeHTanbHO JOCITIIKEHO azcopOI1io TBEPAUMU I'p 3
HU3bKOKOHIIEHTPOBAHUX PO3YMHIB 10HIB MeTalliB. Ha puc. 6.29 HaBeneHo CelneKTUBHICTD
MeMOpaHux TiOpuaHuX OlonerpanadenbHux MatepianiB Ha ocHoBi [IJIA ta I'P. 3

pucyHky 6.29 BugHO, IO OJepKaHHI MeMOpaHu TiOpuaHuUX OloAerpanadenbHuX
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MmatepianiB Ha ocHOBI [IJIA Ta I'P MatoTh MakcuManbHy CENEKTUBHICTh BIUTYYE€HHS 10HIB
MeraliB 1o BigHomeHH0 Cu?t — 95 % Tta Pb%* — 94 %; a ang Takux Mmeranis, sk Cd?*,

Hg?*, Zn?*, Ta Co?* BoHa cTanoBuTH Bix 82 10 89 %.

96

94
92
90
88
86
84
82
80

Cu2+ Pb2+ Cd2+ Hg2+ Zn2+ Co2+
Mertan

CeneKTUBHICTb BU/Iy4YeHHSA iOHiB meTanis, %

Pucynoxk 6.29 — CeneKTUBHICTb BUITyYEHHSI 10HIB METaIIB MEMOpaHaAMU

riopuaHux OiogerpamgadbenbHux MatepianiB Ha ocHOB1 [1JIA ta I'P

AHanisysanu agcopouito okpemux ionis Cu?* 3 0JHOYACHOIO aCOPOLIEIO KITBKOX
pizHux ionis Meranis (Cd?*, Cu?*, Pb?* Ta Zn?"). {1 06nacTs KoHIEHTpaLii Oyna oOpaHa
HAa OCHOBl MOTEHI[ITHOTO BHKOPUCTAaHHS MeMOpaH TriOpuaHux OlonerpagabenbHuX
MmaTtepianiB Ha ocHOBI [1JIA ta I'P sik Hemoporux copOLiitHuX MeMOpaH sl €KOJIOTTYHO
0e3reuHo1 aacopOIIii 10HIB TOKCUYHUX METAJIIB, SIK1 4YaCTO 3yCTPIYaIOTHCS B HU3BKHUX, aJie
BCE IIe MPOOJIEeMATUYHUX 1 MIKVIMBUX KOHIEHTpallisx. Ak O6aunmmo, eheKTHUBHICTDH

owii ionis Cu? i 100 %
aacopOIii ans onuHUYHUX 10HIB Cu®’ cTaHOBMJIA Maibke 0 Y BUKOPUCTAHOMY

niara3oHi KOHIEHTpalii. Moro 3HaueHHs AENI0 3HU3UIIOCS 010 afcopOIii 13 cyMmili
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10HIB METAJIIB, aJie cepeaHs €(peKTUBHICTH Oya BUIIO0 3a 90 % 1151 BCIX BUKOPUCTAHUX

ioHIB MeTaiB (Tab. 6.14).

Tabmuus 6.14 — Cepenni nokasHuku epeKTUBHOCTI agcopbuii okpemux ionis Cu?* ta

ionis Cd?*, Cu?*, Pb?** Ta Zn?*, ancopboBaHuXx i3 iX cymimii.

Po3uuH 3 Po3unH 3 cyMimImIo ioHiB MeTaliB
OKpEeMHM
10HOM MeTaly
Cu? Cd** Cu® Pb* Zn*
Edexrusnicth ancopbuii, % 94 % 89 % 95 % 94 % 89 %
CepenHs y4acTh y 3arajibHii 21 % 23 % 32 % 24 %
KUTBKOCTI aj1copOitii i0HiB, %
Koediuient posnoziny okpemux 0,902 0,236 0,627 0,423 0,135
10HIB, JI/T

[TopiBHIOIOYH BiJICOTOK 10HIB METaJIB, SIKi aICOPOyBAINCs, MOKHA TTOOAYUTH, 1110
Haljerme ajcopOOBaHMM MeTajoM OyB CBHHENb. Minb 1 IHHK aAcopOyBayIHCs
aHanorigydo. KagMmiii 1eMOHCTpyBaB HaWHWKYMIA BiJICOTOK, ajie Woro aacopoOris Oya
JIUIIIE TPOXH TIPIIOI0, HIXK Y BUMAAKY MiJi Ta IUHKY.

OckiIbKM €(EeKTUBHICTh afcopOIli y OaraTboX BHIIaJKaxX Oyja MPaKTUYHO
omuspka 10 100 %, a BUKOPUCTOBYBAaHI KOHIIGHTpalllli € HU3bKUMHU, (AKTUYHO
HEMOXJIMBO Mi110paTu eKCIIepUMEHTaIbHI JIaHl 3a JIOMOMOI0K0 OYyib-SKOi 13 3a3BUYai
BUKOPUCTOBYBAaHUX 130TEPM aj1copO1iii. BusHaueHO «Koe]ilieHT po3NOALTY» SIK HaXWUJI,
OTPUMAHUM 13 3aJIEKHOCTI aIcOPOOBaHOI KIJILKOCTI B1Jl PIBHOBAXHOI KOHILIEHTpaLli, Je
BUKOPUCTOBYBaJM JaHi 3 edexTuBHicTIO HUx4e 100 % (HyapOBI piBHOBaXHI
koHeHTpauii ans 100 % edexkTuBHOCTI ancopOIii HE BKIIOYAIHCS B PO3PAXYHOK).
Hait6inpini 3Ha4eHHs OTPUMAHO IS OJXHOPa3oBoi amcopOuii iomie Cu?*, y BHmaaky
azCcopOIIil 13 CyMiIl Il MeTal TaKoXK MaB HaWBUIIMKN KoedimieHT po3noairy. CuiibHA
ajgcopOIis Takoxk BusBIeHA mig Pb?*. 3 immoro Ooky, amcopbuis Zn?* Oyma, 3a
«KOE(IIIEHTOM PO3IMOALTY», BIIHOCHO ciabkoro. OTpumaHi 3Ha4YeHHs «Koe(illieHTa
PO3MOILTY» HE OBHICTIO Y3TOKYIOThCS 3 Pe3yIbTaTaMM, HaBeJICHUMH B TaOmuIll 6.12.
[IprunHOIO € 3rajiaHe BWINE YAaCTKOBE BUKIIOUCHHS JEAKUX JaHUX acopOIii depes

HYJIbOBY PIBHOBa)KHY KOHIICHTpaIlito. ToMy I1i 3HAUCHHSI MOKHA PO3TJIAIATH JIUIIE K
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JOJIaTKOB1 I KOMIUIEKCHOI UIIOCTpauii JOCHIIKyBaHOI aacopOuii. Xoya cepeaHi
YaCcTKU M1/l Ta HUHKY B 3arajibHiil KUIBKOCTI1 aIcOpOLIi € MPaKTUYHO OJJHAKOBUMH, iXHI1H
pPO3MOALT 3a MIMHICTIO 3B’s3Ky OyB pisHHM. Pesymbratn HaBeieni B TaOmmii 6.15
CBi4aTh, 110 IIUHK OyB 3B'S3aHUN MEHII MII[HO, 1 OLIbIIa YacTHHA OyJjia MPUCYTHS B

pyXJuBiii a00 10HOOOMIHHIM opMi.

Tabmuis 6.15 — Cepenniii BMICT pyxoMoi (a3u, 10H00OMIHHOT (ha3u, MIITHO3B A3aHOT
(asu Ta 3amMIkoBoi (asu ionis Cu?* Ta amcopOoBanmXx i3 ix cymimi ionis Cd?*, Cu?*,

Pb2* ta Zn?*

Po3uun 3 Po3uuH 3 cymimito 10HiB METITIB
OKPEMHM 10HOM
MeTaTy
Ccu?* Cd?* Cu®* Pb?* Zn?

Pyxoma ¢aza 9,8 % 144% | 11,2% | 12,4% | 17,8 %
IoHooOMiHHA daza 17,0 % 257% | 18,0% | 19.3% | 21,8 %
Minno3B's13aHa ¢aza 22,2 % 292% | 23,6 % | 23,1% | 26,7 %
3anmumikoBa (asza 51,0 % 30,7% | 47,2% | 452 % | 33,7 %

Kaamiii  nemoHcTpyBaB momiOHHMIT BMICT Yy cJIa003B'si3aHIA pyxoMiid abo
10HOOOMiHHINA (opmi. 3 1HIIOrO OOKYy, MiJb 1 CBHUHELb € CWJIbHO 3B’S3aHi, 1 JIMIIIE
HEBEJIMKA KUIBKICTh IIUX METaIIB MOTJIa OyTH BUIY>K€HA, HAITPUKJIIA, Y BOJY B IPUPO/IL.
Sk BUHO, OKpEMI €KCTpPareHTH 3/aTHI BUMHMBATH PI3HY KUIBKICTh 10HIB METaly, L0
BIJINIOBIJ1a€ pi3HiM cnopigHeHocTi ['P 1o metany. Bona € ciabkuM BUIyroByBauem, KU
MO’K€ BUTATYBATH JIMILIE PYXJIMBI (hpakiii 10HIB MeTaJIiB.

Jlnst orpuMaHHsS 10HOOOMIHHOT (pakilii 10HIB METalxy BHKOPHCTOBYBaiu 1 M
po3una MQCl,. lorn merani, mo ekcrparytorbes 1 M po3umaom HCI, craHOoBIATH
dpaxitito MIITHO3B I3aHUX 10HIB METaiB. PO3YMHHICTH METaIO-TYMIHOBUX KOMIIJIEKCIB
3MEHIITYEThCS 31 301IBIIICHHSM CITiBBIIHOIICHHS MeTal : [P, aKxi MoxXyTh OyTH 1TOB’s3aH1
3 MMOCTYIIOBUM 3MEHIIICHHIM BLJILHOI 10H130BaHOT (PYHKITIOHAIBHOI TPYIIH BIAMIOBIIHO JI0

ILOTO 301IBIIIEHHS.
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MinHo3B's13aH1 Ta 3adUIIKOBI (ha3u € HaWBUIIMMU 711 Mial Ta cBuHIO. L1 qBa
METaJM 3HA4HOIO MIPOIO € 3B’s3aH1 B CUJIbHI KoMIuIeKcH ['P, 1 nuiie gyxe HeBenuka ix
KUTBKICTh MOTJIa OyTH BUMHTA 332 HOPMAJIbHUX YMOB.

OpepskaHi pe3yabTaTH CTIAKOCTI ancopOirii CyTTEBO 3MIHIOIOThCA Ta Jg00pe
KOPEJIOIOTH 13 BIKOM Ta ctyneHeM rymidikarii ['P. Bukopucrani B po6oti I'P nHanexanu
70 TpynH 100pe rymMiiKkoBaHUX, OLIBIIT apPOMATHYHUX 3 BUCOKUM BMICTOM KHCIIOTHHX
(GYHKIIOHATIBHUX TPYIL, 0 3YMOBIIIOE iX BUCOKY KOMIIJIEKCOYTBOPIOBAIBHY 3/1aTHICTh
JI0 YTBOPEHHS CTIMKUX METaJI0-TYMIHOBUX KOMIJIEKCIB.

OnepsxaHi pe3yJIbTaTH MOKa3ajy, 10 PO3IOI1T 10HIB METAJIIB 32 MIIHICTIO 3B’ SI3KY
3aJIEKUTh BiJ MIPUCYTHOCTI 10HIB 1HIIKUX MeTaliB. MifHO3B'sI3aHa 1 3aJIMIIKOBa (hpakiiii
3MEHIIWJIMCA Y pa3i aicopOlii 13 CyMilll 10HIB METajiB, WUMOBIPHO, Yepe3 3alHATTS
MIIHUX MICIIb 3B'SI3yBaHHS IHIIUMHA 10HaMU. [le moB’a3aH0 31 3HUKEHHSAM €()EKTHBHOCTI
afcop6uii mopiBHAHO 3 axcopbuicto ionis Cu?*,

3 iHmoro 00Ky, e(heKTUBHICT y BCIX BUMaakax Oyina Buior 3a 80 %, a B 1eIKux
Bunaakax BoHa gocsrama 100%. Ile mayke xopommi pe3yibTaT M0A0 MOTEHIIHOTO
3aCTOCYBaHHS TiOpumHuX OlojerpanadenbHux matepiaiaiB Ha ocHOBi IIJIA ta T'P sk
€KOJIOTIYHO Oe3rmeuyHnx MeMOpaH JJisl BaXKKUX MeTaniB. EKCriepuMeHTaIbHO BUSIBIICHO,
10 BUMUBAHHS 10HIB METaJIiB 3 MEMOpaHUX riOpuaHuX OloaerpaaabenbHuX MaTepiaiiB
Ha ocHOBI [1JIA ta I'P y Boay OyJio Ay’ke HU3bKUM, y OUTBIIOCTI BUMA/IKIB BiH CTAHOBHUB
omm3wrko 10 % 1 He mepepuiyBaB 20 %. binbmiicts i0HIB MeTamy (> 60 %) 3B’ s3aH1 qyx)e
MIITHO 1 JIWIIIe YaCTKOBO BUMHUBAIIMCH Y CHUIBHO KHCJIUX YMOBaX.

Po3pobmneni ribpumni OlomerpamabenpHi Kommo3utu Ha ocHoBi IIJIA Ta TP
EKCIIEPUMEHTAIILHO JTOCHIJKEH] Il OJIep>KaHHS MOJIMEPHUX MATpHIlh Ta MaTepiaiB
I MIKpo- Ta HaHoejekTpoHiku [316, 332]. Jlist onepaHux TiOpUIHUX KOMIIO3HTIB
EKCIIEPUMEHTAIILHO JIOCHI/KEHO piBeHb mporyckanHs B oOiacti 400 — 800 am myst
pizHOTO BMIiCcTY HaHOYAacTOK ['P3 sk HailOUIbI €(h)eKTUBHHUX 3 TOUKH 30py (popMyBaHHS

KOMILIEKCY iX MIIIHOCTHHX XapaKkTepucTHK — puc. 6.30 [341].
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Pucynox 6.30 — 3anexHicTh npomycknoi 31atHocTi cucteM [TJIA —I'P Bixg
Bmicty I'P3: 1 — IJIA, 2 — [TJIA+0,25 mac. % ['P3, 3 — [IJIA+0,5 mac. % I'P3, 4 —
ITJIA+0,75 mac. % I'P3

3 puc. 6.31 BuAHO, 110 JUIS YCIX JOCTIKEHUX T1OPUIHUX KOMITO3HUTIB, HE3aJICKHO
Bix BMicTy ['P cioctepiraeThest piBeHb mporyckanss Outbiie 3a 80 %.
Jlami excriepuMEeHTaIbHO BCTAHOBJICHO BILIMB BMIiCTy HaHoudacTOoK ['P3 Ha piBeHb

OTIOpYy OJIep>KaHUX TrOpUIHUX OloaerpagadeTbHuX KoMo3uTiB Ha ocHoB1 [TJIA ta I'P —

puc. 6.31.
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3 puc. 6.31 BUJHO, 1110 PIBEHB OMIPy OJAEPKaHUX TOPUAHUX OlojerpanadenbHuX
koMmno3uTiB Ha ocHOBI I1JIA Ta I'P ctanoButs Big 25 10 31 OM*M, 1110 103BOJIS€E BITHECTH
iX 10 e(heKTUBHUX CTPYMOIPOBITHUX MaTepiaiiB. Taki BIIACTHBOCTI PO3POOIICHHUX
koMm1o3utiB Ha ocHOBI [TJIA Ta I'P 103BOMSI0TE peKOMEHIyBaTH 1X 3217151 3aCTOCYBaHHS
MIKpO- Ta HAHOCJEKTPOHUKH Ta SIK CyOCTpaTiB /i BUTOTOBJIEHHS O10CYMICHUX 1
OioserpanadeIbHIX ONTOCIEKTPOHHUX MPUCTPOIB B HAIPSIMI O10€IEKTPOHHUX CHCTEM.

TakuMm 4MHOM, y3arajJbHIOIOUYH OJIEp>KaHl pe3yJIbTaTh MOKHA 3pOOUTH BUCHOBOK
po Te, 1110 po3po0bJeHi TidbpuHi 6loaerpanadensHi kKoMno3utu Ha ocHoBl [IJIA ta I'P
3a CBOIMHM MIITHOCTHHMH BJIACTUBOCTSIMH Ta KOMILIEKCOM CITCKTPaJIbHO-CIICKTPUUHUX
XapaKTEPHUCTHK € TIEPCTICKTUBHOIO OCHOBOIO JJISl OJICPKaHHS MOJIIMEPHUX MaTPHIlh Ta
MatepialliB JJig MIKpO- Ta HAHOEJIEKTPOHIKH.

B pamkax oxexaHHs riopuaHux OiogerpamsadelbHIX MaTelaaiB Ha OCHOBI CUCTEM
[TJIA-T'P BcTaHOBNEHO paliOHATbHUNA TEXHOJOTTYHUN PEKUM OJEp>KaHHS MOJIMEPHUX
IJTIBOK Ha OCHOBI Ol0/KepenbHOi cupoBuHHM Ta [P, skuif BimOyBaeThCsi METOIOM
MOCTAIMHOTO OJIEpP’KaHHSAM, sK€ BKiIo4ae mepBuHy wmoaudikamiro [IJIA TP B
OJIHOIIIHEKOBOMY ekcTpyzept npu 160 — 170°C 3 momambliuM KOMITaH yBaHHS
onepxkanoro moaudikary IIJIA — TP 3 OlomkepenbHUMH MOJieCTepaMH  Ta
KOMIa01113aTopoM y BUTIIAIL ectepiB riikoiedl npu 160 — 170 °C opHOUIHEKOBOMY
eKCTpyJiepl 3 HACTYITHUM CITIBBIJTHOIIICHH1 KOMIIOHEHTIB y cyMilii, Mac. %!

- [IJTA—- 25 — 50 mac. %;

- 6iomkepensHi momectepu — 48,0 — 73,0 mac. %;

- ectepu Taikonei — 0,5 — 2 mac. %);

-T'P-0,2-0,75 mac. %

ExcriepyumeHTaIbHO JIOCIIIKEHHO I’ ATh KOMITO3UIIH riopuIHUX
OiloserpanadeIbHUX MaTepiaiB :

- komnozutist 1 mictuts 30 mMac. % cuctem [IJIA —T'P 1 70 mac. % npoctux ecrepiB
TJIIKOJIEH;

- xomno3umig 2 wmictuth 30 mac. % cumcrem IIJIA — TP, 69,5 mac. %

OlomxepenbHux momiectepiB 1 0,5 Mac. % mosi(MPOMiICHTIIIKOMSA) JUTTIIUAIAIOBOTO

CTCpY,
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- komro3uiis 3 mictuthb 30 Mac. % cucrem [1IJIA —T'P, 68 mac. % Oi0KepenbHUX

noiiectepis, 1,7 mac. % ecTepiB TIIKOJIEH;

- komroswutlist 4 mictuth 40 mac. % cuctem [1JIA —T'P, 58 mac. % 6iomxepensHuX

noriecTepis, 1,5 mac. % ecTepiB IJIiKoJeH.

- kommo3wuilist 5 mictuth 50 Mac. % cuctem [1JIA —T'P, 48 mac. % GiomxepenbHIX

noriectepis, 1,25 mac. % ecTepiB IITKOICH.

B  TabGawum 6.16

HaBCJICHO

TEXHOJIOTIYH1

OlomerpanabenpHUX MaTepiaaiB Ha ocHoB1 cuctem [TJIA-T'P.

Tabauug 6.16

€KOJIOTTYHO-0€3MeYHUX MOJIMEPHUX KOMIIO3UTIB MO CKIaAy KOMIO3ULIN 1 — 5

—  OcHOBHI

TEXHOJIOTIYHI

XapaKTCPUCTUKH

riOpuIHUX

XapaKTepUCTUKU  OlojerpagadbebHuX

[IIP, rp./10 xB.

Monaynb

11 5 xr) K/x/M MITa nepepooku
Komnozumis 1 1,47 9 24.6 522.00 Jlurrs oig
THCKOM
Kommnosumis 2 1,37 -1,40 50-11 23,6 37,70 Excrpy3sis
Komno3uuis 3 1,24 -1,26 30-6,5 26,82 160,00 Exctpy3is 3
PO31yBOM
Kommosuuis 4 | 1,24 1,26 7512 23,92 389,00 Hosms
IIJ1IBOK
Komnosuuis 5 1,19-1,21 2,5-6,5 25,66 113,10 Excrpysis 3
PO31yBOM

DaKTUYHO EKCIEPUMEHTAIBHO PO3POOJIEHO 1T’ ATh rOpUIHUX Oi01erpagadbenbHuX

MatepianiB Ha ocHOBI cucteMm IIJIA — I'P nns mepepoOku iX pI3HUMH U METOAAMM:

€KCTpY3is, EKCTPY3id 3 pO3/lyBOM, METOJIOM MOJUBY IUIIBOK Ta JIMTTA 1] TUCKOM.

6.3 BUCHOBKH 32 pO3aUIOM 6

1. BusBneno HaykoBi ocHOBHU T10puaHoi Moaudikamii [IJIA I'P npu dhopmyBanHi

KOMILJIICKCY

eKCIUTyaTalinHuX

BJIACTUBOCTEH  OloaerpagabebHUX KOMIIO3UTHHX

MarepiajiB Ta KaBOHANMOBHEHUX KoMIo3uTiB Ha [IJIA. BcraHoBieHO, 10 MexaHi3M

riopuaHoi Monudikanii B paMkax MarpuyHoro cuHte3y cucremu IIJIA — I'P cBinuuTh
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npo MBKMOJEKyJsipHuit 3B's130k Mixk [1JIA 1 I'P, B Tol ke yac, 3a paxyHOK IMiJABUIIIEHHS
CTYNEHsl KpUcTaji3alil Ta BAHUKHEHHS MDKMOJIEKYJIIDHUX Ta €CTEPHUX 3B S3KIB IPH
YTBOPEHH1 OUTBIII KOPCTKOI cityacTtoi cTpykrypu B cuctemi [1JIA — I'P BinOyBaeThcs
IJIBUIIICHHS MEXaHIYHUX BJIACTUBOCTEH TaKUX MaTepialiB.

2. BcTanoBieHo, 10 MiIBUIHEHHS YAPHOI B'SI3KOCT1 Ta pyHHIBHOI HAIIPYTH MIPH
BuruHi B cuctemi [IJIA — I'P ipu ribpuaniii Mmogaudikariii BinoyBaeThcs B psigy [P 3 > 2
> 1, nmpu upomy parionanbauii BMicT I'P B cucremax [IJIA — I'P cranosuts 0,5 mac. %
I'P. Takox noka3zano, mo noBepxHs [IJIA Mae xapaktep OIU3bKUM 10 HEUTPATIBLHOTO 3
¢1a00-0CHOBHOIO CHJIOIO aKTUBHUX LeHTpiB pKa = 7,09 — 7,37, noBepxHs KaBOBOT Ty
Ma€ XapakTep TaKoK OJU3BKHUI 10 HEUTPATBLHOTO 3 CIa00-KUCIOTHOIO CHIIOI0 aKTUBHUX
neHTpiB pKa =~ 6,32 — 6,57. IloBepxusa I'P mae 3aranbHuii CUIIBHO-KUCTIOTHUHN XapakTep
3 aKTUBHUMH IieHTpamu pKa = 2,30 — 2,67.

3. [TokazaHo, 10 COCTEPIraeThCs 3pOCTaHHS YAAPHOI B’ A3KOCTI JJIsl HAMTOBHEHUX
kaBoBoro Tymieto cuctem [IJIA — I'P B 2,5 pasu mns 3paska 31 BMictom ryiai 50 %, mo €
IIPOTHO30BAaHUM, /)K€ HAITOBHEH1 MOJIIMEPHI MaTepilaiy 3aBXKIU MalOTh OUIBIITY yIapHY
B’SI3KICTh Y MOPIBHSHHI 3 roMornoaiMepamMu. 30UTbIIEHHS 3HAYeHHs PYHHIBHOI HAIIPYTH
P BUTHHI TaKOX CBITYUTH MPO TEXHOJOTIUHICTh TIOPUIHUX EKOJIOTIYHO YHCTHUX
OlomerpanadeIbHUX HAITOBHEHUX KOMIO3UTIB Ha ocHOBI I1JIA, kaBoBoi rymii ta I'P. Tax
CTa€ OYEBUIHUM, 1110 KaBOBA r'yIlla PiIBHOMIPHO po3nojiieHa y riopuaniid Mmarpui [TJIA
—I'P. Ilpu iboMy BOHa HaBITh JEIIO «IIOM’ SIKILTY€)» BUXIHUI JOBOJII )KOPCTKUI MOJIMED
[1IJTA. Po3po0iieHO MaTeMaTHyYHy 3aJIeKHICTh JJI MPOTHO3YBAHHS EKCILTyaTalliHUX
BJIACTHBOCTEH riOpuaHuX OloaerpagadbensHux MaTepiaiiB Ha ocHOBI [1JIA, kaBoBoi rymii
ta ['P 3anexHO0 Bl BMICTY AHMCIEpCHOI Ba3u y BUTIISAL BIXO/IB KaBoBoi rymii ta ['P3,
AK HaOUIbI eQEeKTMBHUX 3 TOYKH 30py 3O0UIBIICHHS KOMIUIEKCY MIIIHOCTHUX
BJIACTUBOCTEH T10puaHuX OlogerpanadenbHuX MarepianiB Ha ocHoBi [1JIA ta I'P.

4. BcraHoBiEHO, 10 TiOpuaHAa MoaWQiKallis B paMKaxX OJIepKaHHs TIOpHIHUX
OlomerpanadeIpHUX HAIIOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii ta I'P ipu
BMmicTi 0,5 mac. % pi3Hux tumiB ['P B HMX Ta pi3HOMY BMICTI KaBOBOI T'YIIl J1I03BOJISIE
30€eperTy B HUX BJIACTUBOCTI J10 O10eTpajaliii BIpoaoBK 6 MicsI[iB. BCTaHOBJIEHO BILJIUB

riopuaHoi Moudikanii 0iogerpagadbenbHUX HAMOBHEHUX KOMITO3UTIB Ha OcHOBI [1JIA,
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KaBoBoi rymii Ta I'P Ha HaliOUIb BaXIIMBI XapaKTEPUCTUKHU 3 TOYKHU 30py CTIMKOCTI 110
OCHOBHHX XapUYOBHUX CEPEIOBHIII, Y BUTJISII Yat0, KaBU, BOJU, MUIOUOTO 3aCO0y Ta KOKa-
koiu. JlocmimkeHHs cBimyaTh mpo TigpodoOHU XapakTep MOBEPXHI yCiX TiOpUIHUX
OiloserpanadeIbHUX HAMMOBHEHUX KOMIO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymti ta ['P. [1pu
1boMy KoedirieHT audy3ii 301IbITYETHCA B PAI CEPEAOBHUII: BoAa < MHIOUHM 3aci0 <
KaBa <dail <koka-kojia. Takox, M1 BCiX TriOpuaHuUX OiojerpanadebHUX HAITOBHEHUX
KoMI103uTIB Ha ocHOBI [1JIA, xaBoBoi rymii Ta I'P 31 3011bIIeHHSIM BMICTY HallOBHIOBaua
KaBOBOI Tyl KoediieHT audy3ii Takoxk 30uIblnyBaBcs. Taki AOCHIIKEHHS JIyXKe
BOXJIMBI, BUXOJISYM 3 TOTO, IO Jy>KE IMEPCIEKTHBHOI Tally33l0 3aCTOCYBaHHS IS
riopuHux OloAerpagadbenbHUX HAaIOBHEHUX KOMITO3UTIB Ha ocHOBI [1JIA, kaBoBoi rymii
ta I'P € ogepxanHsa 6araropa3zoBoro mocyny, Tapu Ta NaKkyBaHHS XapyOBUX MPOJIYKTIB
Ta TOUIO.

5. JloBeneHo e(eKTHBICT, BUKOpHCTaHHA TiOpuaHoi Moaudikamii ['P mpu
oJiepKaHH1 KOMITO3UTIB Ha ocHOBI ITJIA s momiMepHUX MaTpHUIlh Ta MaTepialiB sl
MIKpO- Ta HaHOEJIEKTPOHIKH. Po3pobieHo memOpanu riOpumHux OlomerpamadenbHux
MmarepiaiiB Ha ocHOBI I1JIA ta I'P, siki MaroTh MakCUMaJIbHY CEJICKTHUBHICTh BUITYUCHHS
ioHiB MeTaniB 1o BigHomeHHI0 Cu?* — 95 % Ta Pb%* — 94 %; a a5 Takux MeETaliB, K
Cd?*, Hg?*, Zn?* ta Co®" BoHa craHoBuTH Bix 82 10 89 %. Takox copMoBaHi I1’ATh
CKJIaJIIB T1OpuaHux OiojerpamadbenbHuX maTepiaiaiB Ha ocHOBI cucteMm IIJIA — I'P mns
nepepoOKH iX PI3HUMH U METOJAMU: €KCTPY31sl, EKCTPY31s 3 pO3yBOM, METOJIOM MOJIUBY

IUTIBOK Ta JIUTTA IT11J{ TUCKOM.



250

PO3/ILI 7

PO3POBKA TEXHOJIOTTYHUX OCHOB BUKOPUCTAHHS

MOXITHUX BYPOT'O BYT' LIS 111 OAEPKAHHSI I'TBPUIHO-
MOJIM®IKOBAHIUX MATEPIAJIIB

[TpoBeneHi JOCTIKEHHS B po3/iaax 3 — 6 qucepTaltii Jajm 3Mory chopMyJIroBaTH
TEeXHJIOJIOT1YH1 OCHOBM BHUKopucTaHHs ['K Ta I'P Oyporo Byrumis sk TiIOpUIHUX
MoaugikaTopiB OlogerpanadeNbHUX MaTepialliB, 5Ki, B CBOI 4Yepry J03BOJISIOTh
chopMyBaTH KOMIUJIEKCHUM TEXHOJIOTTYHUI MIAX1J 10 CTBOPEHHS CXEM MepepoOKH
Oyporo Byruuis 3 noaanpiuM BukopuctanHaMm [P ta 'K B mpouecax oaepkanHs
riOpuIHUX MarepiamiB: TiAPOreniB, OIOMJIIBOK, KOMIO3UTHUX MaTepialliB  Ta
KaBOHAIIOBHECHUX KOMITO3MTIB [342 — 343].

3aramom (QopmanizoBaHi JABYCTaAiiHI TEXHOJIOTIYHI CXEMHU TEXHOJIOTIiH
Bukopuctanus [P Tta [I'K Oyporo Byruums sk TriOpuaHuX MOAUGIKATOPIB
OlomerpamabenpbHux MatepiamiB. [lpm 1poMy Ha mepmii cTamii  TEXHOJIOT1H
Bukopuctanus [P Oyporo Byruwis s ojepkaHHS TiOpUAHO-MOAMGBIKOBAHUX
OlomerpanabenpHUX MaTepiaiB BinOyBaeThes ofepkands ['K ta I'P, a ma apyriit craaii
BiIOyBaeThest riopuaHa moaudikaris 'K ta T'P pisHux TumiB GiogerpanadenbHUX
MartepiajiB: TIIporesiB, OIOMIIBOK, KaBOHAMOBHEHUX KOMIIO3UTIB Ta KOMITO3UTHHUX
Marepiais.

[TpuHunoBo nepia craaist TexHonoriil Bukopuctanus ['P ra 'K 6yporo Byruis
AK T1I0puaHuX Moau(ikaTopiB OioaerpagadenbHUX MaTepialiB BKIIOYA€ BUPOOHUIITBO
'K 3 Oyporo Byruuis NHUIIXOM HOro MOApIOHEHHS A0 OTPUMAHHS MIKPOYACTHHOK,
NPUTOTYBaHHS CyCHeH3li B CiaOKoMy pO3YHMHI JIYIy Ta eKCTparyBaHHS, TIpH
MEXaHIYHOMY TIEpPEeMIIllyBaHHI CYCIIEH31i B pPeakTopi-3MillyBadi 3 MIKPOYaCTUHOK

Byriusg 'K — puc. 7.1
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- npu 90 °C;
BYTINNA - BNIPOO0BXK 2 roguH.
BoaHW po3umH nyry
-1 % po34nH iAKOro HaTpy; _4 Cywka
- BNpoAoBX 1 rognHu; |
- NepeMmilllyBaHHA KOXHi 5 'I . —
XBUNUH. EkCTpakuis iAkm - 4O po3Mmipis 4-
HaTpom 10 minimeTpis;
. - BNPOAO0BXK 2 MoapibHeHHs,
- 12600 obepris Ha ‘l’ FOZMH. H PpaKLioOHYBaHHSA
XBUJINHY;
- BNpoAoBX 15 xBuauH. LleHTpidyryBaHHs
- 33 BiACYTHOCTI \l,
KWUCHIO; |_ ] ]
- npu 500 i 1000 °C; KapboHisauis
- BNpoaoBX 3
I'ymiHOBI roavin. l
KHUCIJIOTH .
- npv 800 °C; AKTUBaUiA
- napoBoAsHa
obpobka. l
Oxonopg<eHHs,
—\l, Teepauit $ppaKLioHyBaHHS,
ocag NakyBaHHA
ObpobKa
KUCNOTOIO

-5% N ) NoTH;
5 % pPO34MH CONAHOI KUCNOTHU
ll - BNpoaoBX 1 roanHu;

- NepemillyBaHHA KOXKHi 5 XBUANH.
MoapibHeHN

@inbTpyBaHHA copbeHT

- 1000 0b6epTiB Ha XBUNUHY Yepes
cUTa;
l - BNPOAOBK 15 XBUNNH.

- npu 90 °C;
- BNIPOAOBX 2 rOAUH.

Cymika

['yminoBI

PCUYOBHUHU

Pucynok 7.1 — Cxema nepiioi crajii TexHnosoriid Bukopuctants ['P ta 'K

Oyporo Byruuis sik riopuHux MoaudikaTopis OiogerpagadbebHUX MaTepialiB
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dakTUYHO TepIIa CTajid € 0e3BIIX0IHOK CXEMOIO MepepoOKu Oyporo BYTrijuIs B
HIMPOKUI aCOPTUMEHT MPOAYKIIT TEXHOJOTTYHOr0, €KOJIOTIYHOrO Ta TOCHOAAPCHKOro
MPU3HAYCHHS, 10 KOPUCTYETHCA MIABUIICHUM MOMUTOM, 1[0 BKJIIOYAE:

- moApiOHEHI Ta TpaHyJbOBaHI COPOEHTH (AKTHUBHI BYTULIS) Uil OYHUIICHHS
TEXHOJIOTIYHUX, TOCHMOOYTOBUX Ta CTIYHMX BOJ BiJ BOXKKHX METaJiB, OPraHIYHUX
3a0pyIHIOBaYiB, MIATOTOBKM BOJIU JJIS TUTHOTO BOJOIOCTAYaHHS, OYHUIICHHS
TEXHOJIOTIYHUX Ta3iB, peKyneparllii mapis ByrieBO/IHIB;

- 'K ta I'P, sk ribpuani Mmoaudikaropu OiogerpagadbenbHuX MaTepiaiB.

Pinkuit my>xuuit ekctpakt ['K ogepkytoTh ekcTparyBaHHsIM MOAPIOHEHOro Oyporo
BYT1JUIS BOJHUM PO3YMHOM JIYTY 3 HACTYITHUM LEHTPU(PYTyBaHHSIM. TBEepANI 3aIUIIOK
HEeHTpU(PYTyBaHHS CIIPSIMOBYETHCS OTPUMAHHSAM TpaHyJIbOBaHOTO copOeHTy. YacTuna
ayxkHoro ekctpakty ['K migmaerscsi KucnmoTHiH 00poOIi 1 HampaBiseThCsA Ha
(GUIBTpYBaHHS 3 MONAJTBIINM CYIIIHHSAM 3 METOI0 OTPUMAHHS TBEPAUX MOTIIUCIIEPCHUX
I'P.

Cranisa BupoOnuntBa ['K Ta I'P 3a mpeacraBieHo0 TEXHOJOTIYHOI CXEMOI —
OC3BIAXO0/IHA, TOMY IO TBEPAUN 3aJUIIOK TMICIASA EKCTpakIlli BYTULIS JIyroM
HAIpPaBJISETHCS HA BUTOTOBJICHHS TPaHYJIbOBAHUX COPOEHTIB y BUIJIS/II AKTUBOBAHOIO
Byruuis. [lpy TeXHIKO-€KOHOMIYHOI OI[IHKM €(QEKTUBHOCTI TEXHOJIOTTYHUX OCHOB
BUKOPUCTAaHHA MOXIAHUX Oyporo BYTruuis JUisl oJiep>KaHHS TiOpUIHO-MOIU(]PIKOBAHUX
MarepianiB (HaBesieHa B 10JaTKy JK) moka3aHo, 110 peHTadenbHicTh BupooHunTBa 'K Ta
I'P cknana 40 %.

Jlpyra crajis TEXHOJOTIYHOTrO mpouecy TexHonoriii Bukopuctanus ['P ta 'K
Oyporo Byruuis sik TiopuaHux MoaudikatopiB 6iomerpanadeIbHuX MaTepiaiaiB BKIIIOYAE
HampsiMU  OJICpP’KaHHS TIAPOTeNiB, OIOMIIBOK, KaBOHAIIOBHEHWX KOMIIO3HUTIB Ta
KOMITO3UTHUX MaTepiaiB.

OrnumemMo po3po0IIeHy YaCTUHY TEXHOJOTIYHOT CXEMU JIPYToi CTafil TEXHOJIOT1H
Bukopuctanus [P Ta I'K Oyporo Byruuist sk TiOpuaHuX MoAMGIKATOPIB
OlomerpagabebHUX MaTepiayliB 331l  OJCp)KaHHS TIOpuAHUX OlorpagadenbHuX

riiporenei xematuHy — puc. 7.2. Y SKOCTI peuenty Juisi OTPUMaHHS TiOpHUIHUX
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OlorpamaOenpHUX Tiporenei xxenatuny MoaudikoBanux 'K BukopucroByBanu ckia,

HaBeJleHu y Tadm. 7.1,

Tabmums 7.1 — Penentypu mns mpoBeneHHst TiopumHoi momudikamii 'K ribpumnux

OiorpagabenbHUX riAporeseil xKenaTnny

HaiimenyBaHHSI KOMIIOHEHTA KinbkicTs iHrpenienty, % mac.
Kenatun xapuoBuit 8,7
Bopga nuctmiroBana 86,3
8,5 % po3unn 'K y inkomy HaTpii 5
PA30OM: 100,0
XenatuH K Boaa PN » Ao KoHaeHcaTopy
1 1 1 4
L ~ = )i 4
Y v ‘ < }
. Baopoposx 1
2 | e f I'O,TIIlHll BIIpO}]OB')K
npu 70-75 °C v
v A { 1 roaunu Y
upu 40-45 °C 6
3 | .
’f 5 | Boaa ~_~ Tlorvosirigporeni
Bopa

Pucynok 7.2 — Texnonoriuna cxema ctafii riopuanoi moaudikarii I'K npu
oJlep>KaHH1 T1OpuAHUX OlorpagabenbHUX riiporesei skenaTuny: 1 — MIpHUKHU-103aTOpU
(>xenatuH, Boaa, 'K); 2 — 3mimyBansHuil anapat; 3 — puibTp-mipec; 4 — neaeparop; 5 —

(dbopMyBalibHa EMHICTh, 6 — EMHICTH 300py Ta IPOMHUBAHHS KYJIbOK IOJIMEPHOTO

T1APOTEITTo

Jnst  mpurotyBaHHs TiOpuaHHUX ~Olorpama0einbHUX TIAPOTENeH  KEITATHHY
monudikoBanux ['K B 3akpuTuii peakTop, 3 BOASHOI COPOYKOIO, aBTOMATHYHHUM

PETYJSTOPOM TEMIIEpaTyp 1 JOMATEBOIO MIIIAJIKOI, BHOCITH PO3paxoBaHuil 00'eM BoIU
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ounieHoi 1 HarpiBatoTh A0 70 — 75 °C. ¥V HarpiTii BOAl MOCHIIOBHO PO3YUHSIOTH
xenatud Ta ['K npu BKIIIOUEH1 Milaii.

[TepemimyroTh 70 MOBHOTO po3unHeHHs. [Iporiec yTBOpEeHHS TOTOBUX T1OPHIHUX
OlorpamabensHUX Timporeneil xematnuny moaudikoBannx ['K mpoxoauts B yMoBax
TEPMOCTAaTyBaHHS JKEJIATUHOBOI Macu 3a Ttemnepatypu He weHme 40 — 45 °C.
PenrabenpHicTh BUpOOHUIITBA TIOpUAHMX OlorpamadenbHUX TiApOreNnel >KeIaTuHy
ckiana 47 % (momarox XK).

OnuiemMo po3po0JIeHy YaCTUHY TEXHOJIOTIYHOI CXeMH JIPYTOi CTafAll TEXHOJOT1H
Bukopuctania [P Tta [I'K Oyporo Byrums sk TriOpuaHuxX MoAM(IKATOPIB
OlomerpagabepHUX MaTepialliB 3aJJisd OJIepkKaHHA TiOpUIHUX OlojaerpaaadenbHux
mwiiBok [IBC Ta I'MIIL] — puc. 7.3. ¥V sKoCTI peuenty ajis OTPUMAaHHS TiOpHUIHUX
oiomerpanadensaux 1iiBok [IBC ta I'TIMI] momudikoBanux 'K BuKopucToBYBamm

CKJIaJ1, HaBeJeHui y Tabmd. 7.2.

MNBC aGo MMLU g Boaa )
1 1 1 4
Ao konpencaTopy
B s gk .
i 1 toanmm .
2 npa TO-TS 2 ) 4
3 [®&-d_ - R
I:;}’”:\T | Y _ ._.___':'.' ;
=\ U\ll' ! \\1&-3“ e
9 ] ] ' _[—8 7 e s —
Ao kongeHcaTopy Ao woHgencaTopy

Pucynok 7.3 — Texnomnoriuna cxema ctafii riopuaaoi moaudikarii I'K mpu
ojeprkaHHi riopuaHux 6iogerpagadenpaux mwiiBok [IBC Ta I'TIMILI: 1 — mipHUKH-
no3zatopu (IIBC, I'TIMII, Bona, I'K); 2 — 3mimmyBanbH#uit anapar; 3 — GuteTp-nipec; 4 —
neaeparop; 5 — ¢ib’epa; 6 — BUIMBKOBA MallliHA; 7 — TiApaBIiYHUN 3aTBOD; 8 —

KaMmepa J0CylIyBaHHs; 9 — mpuiiManbHUN mpUcTpii
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Tabnums 7.2 — Peuentypu anst mposenenHs TiOpuanoi moaudikarii 'K ribpumamx

olonerpanadensuux mwiiBok [IBC ta I'TIMI]

KinpkicTh iHrpeaienty, mac. %
HaitmMmeHnyBaHHS KOMITIOHEHTA OlomerpamalenbHi IUTIBKU | OlomerpamadenbHi ITiBKU
TIBC I'TIML]

I[IBC 9,5 —

I'TIMI] - 1,9
Bopna nuctriroBana 85,5 93,07

8,5 % po3unn 'K y inkomy HaTpii 5 5

JIumoHHa KuciIoTa — 0,03
PA30OM: 100,0 100,0

PentabenpHicTh BUpOOHMIITBA TiOpuaHUX OlogerpanadenbHux 1iiBok [IBC Tta
I'MIIL] cxnamna 37,2 % ta 40 %, BianosigHo (momatok JXK).

OmnumemMo po3po0IIeHy YaCTUHY TEXHOJOTIYHOT CXEMU JIPYTol CTafil TEXHOJIOT1H
Bukopuctanass [P Tta TI'K Oyporo Byrums sk riOpugaux wMoaudikaTopis
OlomerpamabenbHUX MaTepiajiB 3aaiisi OJEpXKaHHS IUIIBOK Ta KAaBOHAMOBHEHHUX

kommo3utiB Ha ocHOBI [1JIA Ta I'P — puc. 7.4 — 7.5.

Ozomeinmoz 11Tal4 T

13

[3%)

20
2]

=

TIoBITPA AN OXONMOIKEHH

Pucynok 7.4 — TexHooriydHa cxema mpoliiecy eKCTpy3ii riopuIHux
OlomerpagadeIbHUX MOJIMEPHUX IUTBOK: 1 — EMKICTB, 2 — ITUCTEpHA, 3,4 — EMKICTh, 5 —
103aTop, 6 — MeTanoIeTeKop, 7 — cylapka, 8 — eKCTpyaep, 9 — eKcTpy3iiiHa rojioBKa,
10 — cTuckaroui Banku, 11 — koponatop, 12 — By30J1 mOpi3KH IJIIBKOBOTO pyKaBa Ha

NOJIOTHA, 13 — HaMOTyBaNbHUI NpUCTPiH, 14 — aHTHCTATHKA.
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Pucynok 7.5 — Texnomoriuna cxema ctafii riopuanoi mogudikamii I'K mpu

oJiep>kaHH1 T10pUIHUX O10/1eTpagadeIbHUX KaBOHATOBHEHUX KOMIIO3UTIB HA OCHOBI

[TIJTA Tta I'P: 1 — cknan kaBoBoi ryiii, 2 — 6apabaHHMI BIAAUTIOBAY BEJIMKUX JIOMIIIOK,
3 — MOJIOTKOBA Jipobapka, 4 — cyuiapka 6apabaHHoro Tuiy; 5 — qpodapka
JUCMEMOPaTOPHOro THIy, 6 — OyHKep MOoApiOHEHOro Ta BUCYIIEHOr0 KaBOBOI Iy, / —
oyunkep I1JIA 3 I'P, 8 — 3mimryBau, 9 — OyHkepu roroBoi cymiti, 10 — ekcTpyaep-
rpanyistop, 11 — exctpynep, 12 — dinbepa, 13 — BakyyM kaniopyrode-

OXOJIO/KYBAJIbHUM MPUCTPiH, 14 — pucTpiit 00yBaHHS CTUCHEHUM TOBITpsIM, 15 —

PUCTPIid, IO TATHE, 1 amapar Juisi TACHEeHHsI, 16 — nutigyBaibHa MalllMHA Ta PLOKYYUH

MPUCTPIH.
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3a s edeKTUBHOrO KOMMOAyHAyBaHHsS TiOpugHux OlojerpanadenbHUX
MOJIMEPHUX IIIIBOK HEOOXITHO BUKOPUCTOBYBATH BUCOKOIIBUIAKICHUN ABOXCTaAINHUN
smimmyBauy  Xinda SHR-10A 3a Takumu TEXHOJOTIYHUMH TapaMmeTrpaMu: 00 €M
smimryBada 10 1, pexxum o6irpiBy 130 — 140 °C, nmiama3oH peryitoBaHHS HIBHUIKOCTI
ob6eprannas 1200 — 1250 06./xB.

B Tabnuii 7.3 HaBeJEHO TEXHOJIOTIYHI XapaKTEPUCTUKU ONTUMI30BAHHUX

riopuaHuX 010/1erpa1adebHUX MOJIMEPHUX TITIBOK.

Tabmuus 7.3 — OCHOBHI TEXHOJIOTIYHI XapaKTEPUCTHKU ONTUMI3OBAaHUX T1OpUIAHUX

OioserpaadenbHUX MOTIMEPHUX TUTIBOK

Fveruia IIIIP, rp./10 xB. (ipu | Y1apHa B’A3KicTs, HME)KI:{%Z; Merox
Y ’ 190 ° C ta 5 xr) K JDK/M? by ’ nepepooKu
Mlla
1,19 —1,21 25—6,5 5.6 113 — 100 Excrpysist 3
PO3LyBOM

B pamkax HajlamTyBaHb TEXHOJIOTIYHOTO PEXHUMY A MEPEpOoOKH T1OpUIHUX
OlozerpaadenbHUX MOJIMEPHUX IUTIBOK BUKOPUCTOBYBAJIM €KCTPY31d HY JIHIIO IS
PO3/IyBY ILTIBOK.

s exctpysii 3 po3ayBoM pykaBa BUKOpHcTOBYBanu JjiHito 3 L/D 20 —30,
IIBUJIKICTH IIHEKa cTaHoBmwiIa 60 00/XB., CTYyHiHb PO3AYBY pyKaBa Oyja mpuOIU3HO S.
Bupo6uunteo riopumnux OiogerpagabeNbHUX MOJIMEPHUX TUTIBOK 31HCHIOETHCS
METOJIOM EKCTpY3li pyKaBa 3 PO3/JyBOM 3a CXEMOIO «3HU3Y — Bropy». TexXHOJOr14yHUi
IpoIiec BUpOOHUIITBA T1OpHIHUX Olo/ierpagadelbHUX MOIMEPHUX TUIIBOK CKIIQTAEThCS
3 HaCTYTNHHUX CTaJIH:

- IIATOTOBKA 1 3aBaHTaKCHHSI CHPOBUHU;

- eKCTpy3isl yHiBepcallbHUX OiojmerpajelebHuX rpaHya 3 (QopMyBaHHSIM
pyKaBa;

- MTHEBMATUYHA PO3TSHKKA, BUTSKKA, OXOJIOKEHHS pyKaBa;

- HAMOTYBAHHS B PYJIOHH, BIAPI3Ka PYJIOHIB;

- yIaKoBKa TOTOBOI MPOYKIIil, TPAHCTIOPTYBAHHS Ha CKJIAI;

- mepepoOKa BiAXOiB BUPOOHHUIITBA.
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VY skocti peuenty AJisl of€pKaHHS TIOpUAHUX OlogerpasadenbHUX MOJIMEPHUX
IJIIBOK Ta OlojerpanadebHUX KaBOHAMOBHEHUX KOMMO3UTIB Ha ocHOBI [IJIA Ta T'P

BUKOPUCTOBYBAJIN CKJIa/I, HaBeICHU y Ta0. 7.4.

Tabmuma 7.4 — Penentypu mis npoBeneHHs TiOpuaHoi moaudikamii 'K ribpumamnx

OlomerpanadeIpHUX KaBOHAITOBHEHUX KOMIIO3UTIB Ha ocHOBI ITJIA ta I'P

HalimeHyBaHHSI KOMIOHEHTA KinpkicTh iHTpeaieHTy, Mac. %
ITJIA 50
KaBoga rymia 495
I'P 0,5
PA30OM: | 100,0 |

PenTabenpHiCTh BHpOOHMILITBA TiOpUAHUX OloaerpagabenbHUX MOJIMEPHHUX
IUTIBOK Ta OlojerpagadeIbHUX KaBOHAIIOBHEHUX KOMITO3UTIB Ha ocHOBI IIJIA Ta I'P
ckianae 43,3 %.

Po3rnsHyTi nuTaHHS aHAMI3y HEOE3MEeUHNX Ta MIKIIMBUX BUPOOHHYMX (HhaKTOPIB,
10 BUHUKAIOTh y TEXHOJOTIYHUX MPOIecaX BUKOPUCTAHHS MOXIAHUX OypOro BYTi/LIS
JUISL ofiep KaHHS T10pUIHO-MOAM(DIKOBAHUX MaTepiajiB. XapaKTepUCTHKA IIKIIJIUBUX

pPEYOBHH HaBeeHa y Tabnuii 7.6.

Tabmuis 7.5 — XapakTepuCcTHKA MIKIIJIMBUX PEUOBUH

PedoBuHa ToKkCcHYHICTB CIK, mr/m® Knac
HeOe3IeKn
[ mxwmi HaTp Inka peUYOBHMHA, 31aTHA 0,5 2
BUKJIMKATH XIMIYHI OIIIKH
A3otHa kucnora | Jletroua 6e30apBHA piguHa, 2,0 3

CHJIbHA OJHOOCHOBHA
KHUCJIOTa, TUMHUTH Ha TTOBITPI
31aTHA BUKJIMKATH XIMIUHI
OITIKH.

Amnani3z HeOe3MeyHUX Ta IIKIJUBUX BUPOOHUYUX (PAKTOPIB, 10 BUHUKAIOTH B
BUHUKAIOTh Y TEXHOJOTIYHUX MPOIlecaX BUKOPUCTAHHSI MOXITHUX Oyporo BYTLLIS AJIS

oJiepKaHHs T10puaHO-MOAM(DIKOBAaHUX MaTepiaiiB, IpUBEAeH] B Ta0. 7.6.
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Tabmuug 7.6 — Ilepenik HeOe3MeYHMX Ta WIKIIUIMBUX BUPOOHMYMX (PAKTOPIB Ta iX
JDKepena B TEXHOJIOTIYHUX MpOoIecax BUKOPUCTAaHHSA MOXITHUX Oyporo BYTuuIf IJIs

oJiepkaHHs T10puIHO-MOAN(DIKOBAaHUX MaTepiaiiB

Hebe3neuni
(IIK1TMB1) .
BEpOGHIT JIxepena BUHUKHEHHS Hopmartus Jlitreparypa
bakTopu
Pyxomi yacTuHu anaparis 1
MeXaHI13MiB: IleHTpudyra, besneunicTh
MexaHiuH1 IPaHYJIATOP, EKCTPYALD, eKCIuTyaTarii JACTY 3273
B1IOpOCHUTO, KOMIIPECOPH, oOJialHaHHS
HAaCOCH, BAJIKH Ta 1H.
Hentpudyra, Bibpocuro,
S (T —— €IIEKTPOABHTYHH, B
. BEHTWISLIH] yCTAaHOBKH, L=80 nbA JACTY 2867
pIBEHb LIyMYy 9
HACOCH, ITUKJIOHHUH cenapaTop
Ta 1H.
[lingumenuii | Lentpudyra, enekrpoaBUTyHHU, L=1021BA ACTY I'OCT
piBeHb BiOpalii BIOPOCHUTO, HACOCH Ta iH. A 12.1.012
[utu ynpasiiHHS,
HlI[BI/IHJ;eHI/II/I neHTpudyra, eKCTpyaep, ' U,n=2.0 B JICTY TOCT
PiBEHb HANPYTH | ENEKTPOJIBUTYHH KOMIpEcopis, | =7 "3 12 1.038-2008
220,380 B IMKJIOHHOTO cemaparopa Ta in. | " o

PosrnsHyTu nuTaHHs iHTErpalii po3po0JeHNX TEXHOJOTTYHUX OCHOB MepepoOKu
Oyporo Byruuis 3 noaaneiuM BukopuctanHsaMm [P ta 'K B mpomecax onep:kanHs
riOpuIHUX MaTepialiB HA ICHYIOUMX T4 HOBUX BUPOOHUYMX MOTY>KHOCTSAX MIANPUEMCTB
3 BUJI00OyBaHHs Oyporo BYTULISI Ta OJep KaHHS MOJIMEPHUX T1ApOreniB, OIOMJIIBOK Ta
KOMITO3UTHHMX MartepianiB. Taka 1HTerpaiist Moke B1IOyBaTUCA TAKUMH LUISIXAMHU:

- CTBOPEHHSI Ha MIiANPUEMCTBA 3 BUJ0OYBaHHS Oyporo BYTuLisl IUISHOK LIEXY 3
peamizamii TexHonorii oxepxkanHs [P ta T'K Oyporo Byrums sk TiOpumHux
MoaudikatopiB O6iomerpamadeTbHUX MaTepiaiiB, sska BKrodae BupoOHUITBO 'K Ta I'P 3
Oyporo Byruuig IUIIXOM HOTO TMOAPIOHEHHS JO OTPUMAHHA MIKPOYACTHUHOK,

NPUTOTYBaHHS CyCHeH3li B CiaOKoMy pO3YHMHI JIYIy Ta eKCTparyBaHHsS, WIpH
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MEXaHIYHOMY IE€pEMIIIYBaHHI CYCIEH3li B pEaKTOpi-3MIlIyBadyl 3 MIKPOYaCTHHOK
Byruuisa ['K npu nogansimomy onepskanti I'P;

- CTBOPEHHS Ha MAMPUEMCTBA 3 OJIEPKAHHS T1IpOTreiiB, O10TIIIBOK, KOMIIO3UTHUX
MaTepialiB JUISHOK IeXy 3 peamizailii TexHonorii oxepxkanns ['P ta T'K 3 Oyporo
BYTULISA K T10puaHUX MoaudikaTopiB OioferpagadelbHIX MaTepiaiiB 3 MOJATBIINM iX
BUKOPUCTAHHAM TIPU OJIEpKaHHI TOTOBOI TOBapHOW MPOAYKIIT TiporeniB, O10MIIBOK,
KOMITO3UTHUX MaTepialliB Ta KABOHATIOBHEHUX KOMIIO3UTIB;

- CTBOPEHHS HOBUX MIANPUEMCTB 3 MOBHUM LHUKJIOM BHUPOOHHUIITBA TIAPOTeIiB,
O10TUTIBOK, KOMIIO3UTHHUX MaTepialliB Ta KaBOHAINOBHEHUX KOMIIO3HUTIB, ske OyIe
BKJIIOYATHU LIeX 3 peanmizanii TexHojorid oxaepxanHs [P ta I'K Oyporo Byrumis sk
riopugHux MoaudikatopiB OiojgerpagabesbHUX MaTepialliB Ta LEeX B BUPOOHHUIITBA
TOBApHHUX TiAporeniB, OIOIUNBOK, KOMIIO3UTHHX MAaTepialliB Ta KaBOHAIIOBHEHUX

KoMno3uTiB, MmoaudikoBanux ['K ta I'P.

BucHoBkwu 3a po3aiaom 7

1. ChopmyntoBaHO KOMIUIEKCHUN TEXHOJIOTIYHUN TMIJIX1J JO CTBOPEHHS CXEM
nepepobku Oyporo Byruuig 3 noaanbmiuM BukopuctanHsaMm [P ta I'K B mponecax
olep>kaHHS TiOpugHUX OloaerpagabelbHUX MaTrepiajiB: TiIpOreiiB, OIOMIIIBOK,
KaBOHAIOBHEHUX KOMITO3UTIB Ta KOMIIO3UTHUX MaTepialiB.

2. ®opmaizoBaHl ABYCTaIIHI TEXHOJOTIUHI CXEMH TEXHOJIOT1 BUKOPUCTAHHS
I'P ra 'K Oyporo Byrims sik Ti0piqHux MoaudikaTopiB 6i07erpagadeIbHIX MaTEpialiB.
[Ipu oMy Ha meprniii ctaaii TexHosorid BukopuctanHs [P Oyporo Byrimwis s
onepxkaHHsl TiOpigHO-MOAM(IKOBaHUX OlojerpanadebHuX MatepiaiiB BigOyBaeTbCs
onepxanss ['K ta I'P, a Ha apyriit craaii BimOyBaeTbes riopuana moaudikarris I'K ra I'P
pI3HUX THUIIIB OloAerpanadebHUX MaTepialiB: TiIporesiB, O10TUTIBOK, KABOHAIIOBHEHUX
KOMITO3UTIB Ta KOMIIO3UTHUX MaTepianiB. [IpuHIMMOBO mepina cTagis TEXHOJIOTi
Bukopuctanuas [P Ta TI'K Oyporo Byruuis sk riOpiiHUX MoAM(IKATOPIB
OlonerpanadenbHUX MatepiaiiB BkiIodyae BUpoOHUNTBO ['K 3 Oyporo Byruuis muisixom

1oro noApiOHEeHHs A0 OTPUMAaHHS MIKPOYACTUHOK, IPUTOTYBAaHHS CyCIEH31i B CIIa0KOMY
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pPO34YMHI JYry Ta €KCTparyBaHHs, IPH MEXaHIYHOMY IEpEMIIIyBaHHI CyCHeH3li B
peakTopi-3miryBayul 3 MikpouactuHoK Byruuist ['K. [Ipyra cramis TeXHOJIOTIYHOTO
mporecy TtexHosoriii BukopuctanHs [P ta I'K Oyporo Byrimis sk TiOpumHUX
MonudikatopiB OiogerpanadenbHUX MaTepiaiiB  BKIIOYAE€ HAMpPSIMH  OJCP>KaHHS
rigporeiiB, 010IUTIBOK, KABOHAIIOBHEHUX KOMITO3UTIB Ta KOMIIO3UTHUX MaTePialliB.

3. Po3po0iieHi YacTUHM TEXHOJIOTIYHOI CXEMH Jpyroi CTajii TEXHOJOTiH
Bukopuctanus [P Ta [I'K Oyporo Byruuisgs sk TiOpuaHuX MOAMDIKATOPIB
OlomerpagabeIbHUX MaTepialliB 331l  OJCp)KaHHS TIOpuAHUX OlorpagadenbHUuX
riaporenel »kenatuHy, TiOpuaHux OiomerpanadensHux mimiBok [IBC Tta ['MIIL,
riopuHux OloaerpagadbenbHUX MOJIMEPHUX TJTIBOK Ta KABOHATOBHEHUX KOMITO3UTIB Ha
ocHoBi IIJIA ta I'P.

4. byna mpoBeleHa OIlIHKAa €KOHOMIYHOi €(eKTHBHOCTI PO3POOJICHHX 3TiTHO
riopumnoi momudikamii 'K TexHomorii onepkanHs riOpumHuX OilorpamabenbHuX
rigporenel skematuHy, TiOpugHux Oiomerpamadbenpaux trBok [IBC Tta ['MIIL,
riopuaHuX 0104eTrpanadebHUX MOIMEPHUX IUTIBOK Ta KABOHATIOBHEHUX KOMITO3HUTIB Ha
ocHoBl [IJIA Ta I'P. PeHrabenbHICTh BHPOOHHUIITBA TIOpUAHUX OloaerpagadenbHUX

MmarepiainiB ckiaia 40 %.



262

BUCHOBKH

3a pe3ynbTaTamMu BUKOHAHHS JWCEPTAIIMHOI pPOOOTH BUPIMICHO BAXKIUBY
HAyKOBO-TIPAKTUYHY  NpoOJeMy  CTBOPEHHS  HAyKOBO-TEXHOJIOTIYHMX  OCHOB
HenanuBHOro BukopuctanHs ['K ta I'P Byriuis sk riOpumHux wmoaudikaTopis
OlomerpamabeapbHUX MaTeplagiB 3 MIABUIICHHUM KOMILIEKCOM MIITHOCTHHUX Ta
eKCIUTyaTaIiiHUX BIACTUBOCTEH.

[TpoBeneHnii KOMIUIEKC TEOPETHYHUX Ta EKCIIePUMEHTAIbHUX IOCITIIKEHb
J103BOJIsI€ CPOPMYITIOBATH HACTYIIHI 3arajibH1 BUCHOBKH:

1. Ilpu ¢opmyBaHH1 KiIacu@iKaliifHOrO PO3MOAUTY CHPOBUHHOI 0a3u Oyporo
BYTULIS JJIA OAEpP>KaHHA MOro MOXIJHUX E€KCIEPUMEHTAJIbHO BHUBYEHO MIHIMAJIbHI Ta
MaKCHMaJbHI 3HA4YE€HHS MOKAa3HUKIB AKOCTI Oyporo BYrijuif 3riAHO YKpaiHCBKUX Ta
MDKHApOJHMUX CTaHAApTiB. 3rigHO HMX Kiacu@ikamiii B YKpaiHi MEpeBakHO ICHYE
cyO0OITYMIHO3HE BYTULISA, a TMOKJIAAM JITHITY Oyke oOMexeHi. B pamkax anamizy
POJIOBHUII, TIOKAa3HHUKIB SKOCTI Ta IMOTEHIany BUIOOYTKY Oyporo Byruuisi YKpaiHu
JIOBEICHO aKTyaJIbHICTh PO3POOKM HECHEPreTUYHUX METOIB MOro BUKOPHUCTAHHS IS
PO3pOOKU TEXHOJIOT1M Ojiep)KaHHS HOBITHIX Ta Moau(ikalii iCHyrouUnx marepianis. 1.
SkicHI, KUIBKICHI Ta CHEKTPOCKOIYHI JOCII/DKEHHST TYMIHOBUX PEYOBUH OYyporo
BYTULIS TMOKa3alM, 10 3a paxyHOK HAasBHOCTI BEJIMKOiI KUIBKOCTI PI3HUX
(YHKLIOHATBHUX TPYN B iX CKJIAJl, Takl T'YMIHOBI MOXIAHI BYTUUIS MarOTh 3HAYHY
(YHKL10HATBHICTh BUCTYIIATH FOpUIHUM Mo (ikaTopoM. BeranoBiieHo, 110 PeHONbHI
rinpokcmibHi —OH Ta xkapOokcunbaux COO— rpyn y KiuTbKocTi 2-4 Mac. % BHU3HAYAIOTh
3aTHICTh TYMIHOBHX PEYOBHH BYTULIS BUCTYMAaTH TiOpUAHUM MOAMGIKATOPOM TIO
BITHOIICHHIO 70 MOJIMEPHHUX MaTepianiB (0iogerpagabelbHUX PEUYOBHH) 32 PaxyHOK
TaKMX MEXaHI3MIB: XIMIYHOI B3a€MOJIi 3a METHJICH TiIPOKCHIBHUMHU Tpymamu 3
YTBOPEHHSIM E€CTEPHHUX 3B’SI3KiB, KOOPAMHAIIIMHOTO 3B’SI3yBaHHS 3 aMIHOTPYIaMH 3
yTBOpeHHIM nentuaHux rpyn -CONH-, munonb-aumnoiibHOI B3a€EMOIIi 3 MPUCYTHICTIO
BOJHEBUX 3B’53KIB Ta KOH(popMartliitHux 3mMiH. Ha mijacrai aHamizy ryMiHOBUX pEYOBHH,
ollepKaHUX 3 PI3HUX TUIIB BYrUUIA, EKCIEPUMEHTAIbHO BCTAaHOBJIECHO 1X

HaHOJIUCTIEPCHICTH 3 pPO3MIPOM 4acToK Bia 52 10 380 HM Ta 1HEKCOM MOTIAUCIIEPCHOCTI
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Bi1 0,38 o 1,00. BcranoBieH1 XiMiuHI Ta (P13MYHI XapaKTEPUCTUKU T'YMIHOBUX PEYOBUH
Oyporo ByriuIsl CBI4aTh IPO iX BUCOKY (DYHKIIIOHAJIBHICTh IPU CTBOPEHH1 €(hEKTUBHUX
OlomerpamabepHUX MaTepialliB pI3HOTO THMY Ta (YHKIIIOHATBHO! HAIMpaBICHOCTI:
TiAporesiB, MIIBOK, KOMIIO3UTIB Ta KOMIIO3UTHUX MaTepialliB.

2. BcranoBneno, mo riopunHa Moaudikailisi TyMIHOBUMHA PEUYOBUHAMU OypOTO
BYTULJISL T1IPOTETIB KEIATHHY BiJOYBAETHCS 32 MEXAHI3MOM MATPUYHOTO CHHTE3Y 3a
PaxyHOK BOJTHEBHX 3B’SI3KIB MK T'YMIHOBUMHU PEYOBHHAMMU Ta >KEJIATUHOM, I1epedy10BU
NEePBUHHUX aMiJliB B CyMIillll )K€JIaTUHY 3 T'YMIHOBUMHU PEYOBMHAMHU BYTULIA, SIKI IPH
B3a€MOJIIi 3 MOJIEKYJIaMH BOJAM «CEKBECTPYIOTHY» iX, MEPEIIKOIKAI0UN KOOPAUHAIT 3
JAHIIOTaMU KEJATHHY Ta BUKIMKAIOTh KOH(OpMaIliiHI 3MIHU BTOPUHHOI CTPYKTYpH
KEJIATHHY, 10 J03BOJISE€ 3MEHIIUTH Yac BTPATHU JMUMIKOCTI (MiHIMAJIbHUI 4Yac BTpaTH
JUOKOCTI 4 XBWIMHHK) Ta MIABUIIMTH iX CTYyHiHb HaOyxaHHsS (MaKCHMMajbHa CTYIiHb
HaOpsikanHs 36,4 %) Ta Hagatu iM aHTHOAKTEpialbHI BIACTHBOCTI, SIKi IiICHITIOIOTHCS
ananorigdo B psaxy ['K3 > I'K2 > I'K1 npu pamioHaasHOMY BMICTI TYMIHOBUX PEYOBHH
Ha piBHI 15 Mac. %. 3a BU3HAYEHUM KOMIUJIEKCOM EKCIUTyaTalliiHUX BJIACTHBOCTEH
oJiep>kaHi TiOpuaHi OlorpagadenbHI TiAporeni KelaTuHy, MOoAU(GIKOBaHI T'yMIHOBUMH
pEUYOBHHAMH, PEKOMEHAOBaHI JJI1 OJEp>KaHHS aHTHOAKTEplalbHUX T'eliB, , MACOK JIJIS
IIKIpY JIIOJIMHY, a TAKOX JIJIsl BATOTOBJICHHS NATY1B 7151 010JI0TTYHO-aKTUBHUX PEUOBUH.

3. BcranoBieHo, mo riopugHa Moau@ikamis ryMiHOBUMUA PEYOBUHAMHU BYT LIS
[IBC BinOyBaeTbca 3a MEXaHI3MOM MATPUYHOTO CHUHTE3Y 1 MOB'SI3aHA 3 JMUIOJb-
JUTIOIBHUMHU B3a€EMOJIISIMHM Y BUTJISIII BOJIHEBOTO 3B’A3KY MK T1IPOKCHIIBHOIO TPYIIOIO
nanmiorie [IBC Ta rigpoKCHIBHUMH Ta KapOOKCHJIBHUMHM TpyHaMH TyMIHOBHUMH
PEYOBHHAMHU BYT1JUIS Ta CYIIPOBOJIKY€EThCS HAJaHHSIM IM aHTHOAKTepialibHI BIACTUBOCTI
no BigHomeHHto icHsBu Aspergillus, ski migcumooThes ananoriuno B psagy ['K3 >
I'K2 > T'K1 npu pamioHansHOMY BMICTI TYMIHOBUX PEYOBHH Ha piBHI 15 Mac %.

4. BcraHoBieHO, IO MK (YHKIIIOHAIPHUMH TpyHaMd TyMIHOBHX PEYOBHH
Byriuis Ta [IBC BuHUKaIOTh JOJATKOBI B3aeMOJil, BiAOYBAa€ThCS TMOCHIICHHS
kpuctanizaiii ganiori [IBC, yTBoOpioloThCSl HAIMOJIEKYJISIPHI CTPYKTYPY MOJIMEPY, B
AKUX TYMIHOBI PEYOBHHM BYTULIS BUKOHYIOTH POJIb areHTY 3IIMBAHHS JIAHLIOTIB, IO

J03BOJISIE OTPUMYBATH O101erpaadesbHi MillHI (MaKCUMaJlbHA MILIHICTb IIPH PO3PHUBI 10
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29 MlIla) Ta BomocTiiiki (MiHIManbHE BojonorivHeHHss 160 %) riBKU 3
aHTUOAKTEpiaTbHIMU BJIACTUBOCTSMH ISl BUKOPUCTAHHS, SIK TTAaKyBaHHS TSI CyXHUX Ta
BOJIOTUX XapyOBUX MPOAYKTIB (M'scO, Xii0, KpymH, TOPIXH Ta T.N.) 3 TMOJOBXCHUM
TEPMIHOM 30epiranHs;

5. BcranomieHo, mo riopuaHa Moaudikailis ryMiHOBUMUA PEUYOBHHAMHU BYT1JUIS
['TIMI] BinOyBaeThcs 32 MEXaHI3MOM MATPUYHOTO CUHTE3Y MOB'SI3aHOTO 31 3ITUBAHHSIM
I'TIMI] 3a paxyHOK 0araTOTOYKOBOI XE€JaTHOI B3a€MOJIi 3 KapOOKCHJIBHOIO TPYIOIO
TYMIHOBUX PEYOBHMH BYTULIA, MPH LIbOMY, 30UIBIIEHHS BMICTY T'yMIHOBUX PEYOBHUH
BYTULIS y ociimkyBaHux po3unHax ['TIML] cnpuuunHse ariomeparii€o Ta HOCHIJICHHSIM
NPOIECIB CTPYKTYPOYTBOPEHHS TOJIMEPY, IO TO03BOJIAE 3HU3UTH BOJOMOTIMHAHHS
(minimManibHe BogonorsiuHeHHst 350 %) Ta 30UIbIIUTH MILHICTH (MaKCUMaJIbHA MIIHICTh
mpu po3puBi go 19 MlIla) Oiogerpagabenpanx 1oriBok [TIMIl Ta Hagat im
aHTHOaKTepiaNbHI BIacTUBOCTI 110 TuticHsaBH Aspergillus, ski miacumooThes aHATOTIYHO
B paxy ['K3 > T'K2 > I'K1 npu parioHanpHOMY BMICTI TyMIHOBUX PEUOBUH Ha PiBHI 15
%. mac . 3a BHU3HAYCHUM KOMILIEKCOM EKCILUTyaTaIlliHMX BJIACTUBOCTEH oOjcpkaHi
riopuani OiorpanabensHi mriBku ['TIML, momudikoBaHi T'yMiHOBUMH PEYOBHHAMH,
PEKOMEHIOBaH1 /7151 OJIep>KaHHS MIIHUX BOJOPO3UYMHHUX ILJTIBOK 3 aHTHOAKTEpialbHUMU
BJIACTUBOCTSMHU JIJII BUKOPUCTAHHS, SK IMAaKyBaHHS I CYXHX Xap4YOBHX IPOIYKTIB
(xJ110, KpyIu, TOPIXHU Ta T.I1.) 3 TIOJOBKEHUM TEPMIHOM 30epiraHHs.

6. BcranoBieHo, 1mo riopugHa Moau@ikamnis ryMiIHOBUMUA PEYOBUHAMHU BYT LIS
IIJTA BinOyBaeTbca 3a MEXaHI3MOM MATPUYHOIO CHUHTE3Y 3a PaxyHOK HasBHOCTI
BOJHEBUX Ta eCTepHUX 3B’sA3KiB MK [IJIA 1 ryMiHOBUMH peYOBMHAMHU BYTULIS, IO
CIPUYMHSIE YTBOPEHHSI OLIBII KOPCTKOI CITYACTOT CTPYKTYPH Ta MIABUIICHHS CTYIICHS
KpuCTaii3ailii B MOPIBHAHHI 3 BUX1THUM MOJIIMEPOM, IO JO3BOJISIE MTIABUIIIUTH MIIHICTh
(MakcuManbHi ymapHa B’sa3kicte 45 k/Ix/M? Ta Mexa minHocti npu 3runi 520 MIla)
riopunaux kommno3uTiB IIJIA. 3 pmocarHyroro piBHS BJIACTHMBOCTEH TiOpUIHUX
OlonerpanabenpbHux kKoMmro3uTiB IIJIA mMoaudikoBaHMX TyMIHOBUMH pPEUYOBHHAMHU,
JIOBEJIEHO BUCOKY MEPCIEKTUBY 3aCTOCYBAaHHSA X JUISl OJICp>KaHHS TapHu Ta MaKyBaHHS

XapyoBHX MPOAYKTIB, MEMOPAH Ta MaTPHIIb JJIs1 MIKPO- Ta HAHOEJIEKTPOHIKHU.
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7. Po3poOneHa 1BOcCTajiiiHa TEXHOJOrIYHA CX€Ma MPOLECIB OJEpKaHHSA
riOpuAHUX TIAporeniB KenaTtuHy, OiomerpagadensHux mmiiBok [IBC ta TTIMIL 1
komrio3uTiB [1JIA mpu BUKOpHCTaHHI TYMIHOBUX Pe4OBHH Oyporo Byruuis. [Ipu mpomy
Ha TepInid crajli OJEepXKYyITh TYMIHOBI pPEYOBHMHU OYyporo Byruwisi — TiOpuaHi
MoaudikaTopu, a Ha JPYTid crajii 3AIMCHIOTh T1OpuaHYy MoaudikaIio TiIporesniB
xKenatuny, oiogerpanadensanx mwiiBok [I1BC, I'TIML 1 kommosutiB ITJIA orpuManumu
Ha mepurii craaii moaudikatropamu. PesyiapTaTé po3poOOK HAayKOBO-TEXHOJOTTUHHUX
OCHOB OTPUMAHHS TIOpUJIHUX MOJIMEPHUX MaTepiaiiB MOAU(DIKOBAHUX T'YMIHOBUMH
pedyoBHHAMHU Oyporo BYruUIs MPOUIUIM YCIIIIHI HAMIBIPOMHUCIOBI BUIIPOOOBYBaHHS B
ymoBax TOB «EBA TJIOBAJI TEXHOJIOAXID» Ta npuiiHATI 10 BOPOBAIKEHHS, 110
MIATBEPKeHO akToM BrpoBakeHHs. Crnemianictamu TOB «HBIT «MATEPIAJI
BI3AP/I» ta TTIAT «Ximdapm3zaBoa «HepBona 3ipka» BUKOHaHI pOOOTH 3 OEp>KaHHS
riOpuAHUX TMOJNIMEPHUX MaTepialliB 3 BUKOPUCTAHHSAM TyMIHOBHX PEUOBHH Oyporo
BYTULIS, IO 3aCBIAYEHO MPOTOKOJOM PO BUMPOOYBaHHS. TeopeTudyHi Ta MpaKTHYHI
pe3ynbTaTH, SIKI OTPMMaHI IiJl 4Yac BHKOHAHHS JOCTIIKEHb BUKOPUCTOBYIOTHCS B
Jlep>kaBHOMY — TIANPUEMCTBI  «YKpaiHCHKUN  JEp>KaBHUM  HAyKOBO-AOCIITHUMN
ByrexiMiuHu# 1HCTUTYT «Y BXIH» (M. XapkiB) Ta BOpoBa)KeH1 y HABYAIBHUHN TTPOIIEC
kadeap BiMicbkoBOI (hapmarlii YKpaiHCbKO1 BIHCHKOBO-MenuuHOI akanaemii (M. KwuiB),
TEXHOJIOTII epepoOKu HadTH, ra3y Ta TBEPAOro MajarBa Ta TEXHOJIOTI IIIAaCTUYHUX Mac
1 OionoriuHo aktuBHUX mnomimepiB HTY «XIIl», mo mniaATBEpIKEHO aKTamMu

BITPOBA/I’KCHHSI.
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temmeparypu Ta inaekcy nererparii : JJICTY 8859:2019. — [Uunnuii Bixg 2019-05-05]. —
K.: lepxxcranmapt Ykpainu, 2019. — (Hamionansuuii ctanaapt Ykpainn).

362. Bonu 3BOpOTHI, MMOBEPXHEBI, MiI3eMHI. MeTo/IMKa BUKOHAHHSI BUMIPIOBAHb
MacoBO1 KOHIIEHTpaIlii cyMH JeTKux QeHoiB (y mepepaxyHKy Ha (eHOm) B CTIYHUX Ta
3BOPOTHHX Boaax (poromerpuunum metooMm : MBB Ne 081/12-0606- 09. — [UunHuiA Bix
2010-02-03]. — VYkpalHChbKUH HAayKOBO-IOCIIAHHH I1HCTUTYT CKOJIOTTYHHX MPoOsIeM

(YxpH/IIEI), 2010.
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Jomatok A

AHHOTANIA

Ipuxkaagna gepxoOroxxernHa TtTemu MOH Yikpainm (AP Ne
0124U001414): «Po3poOka KpOBOCIHMHHHUX TiAPOTEIIEBHX 1 MIKPOTOIYaCTHX
TpaHCAEpMaIbHUX IUIACTHPIB U1 HEBIAKIAAHOI cTabumi3amii MmopaHeHHuX B
00MOBUX YMOBaX.

IlpiopuTeTHUI HAPSIM HAYKOBO-TEeXHIYHOI aisjibHOCTI: HOB1 pedoBuHuU
1 MaTepiaim.

Ha3zga  poOoru: Po3pobka  KpOBOCHMHHHMX  TIpOTeJIeBUX 1
MIKPOTOJTYaCTUXTPAHCAECPMAIIbHUX IUIACTUPIB JUISl HEBIAKIAIHOI CcTabuIi3amil
OpaHEHUX B OOMOBUX YMOBaxX

Pobora cipsmoBana Ha CTBOPEHHS! €(PEKTUBHUX KPOBOCIIMHHUX TiAPOreliB
Ta TEMOCTAaTHYHHMX IUIACTHUPIB 13 BHCOKOKO aJre3i€r0 J0 MOPaHEHHX IMOBEPXOHBb
TiJ1a. AKTYaJIbHICTb 1 IOIIJIbHICTh BUKOHAHHS MPOEKTY TMOJISATAE, 3 OJHOTO OOKY, B
HarajbpHI{A MOTpeO1 HEeBIAKIAAHOT cTadIi3aIlii MopaHeHnX B 00HOBUX yMOBax Ta 3
METOIO0 HaJlaHHSI CBOEYACHOI Ta €(DEeKTUBHOI JOMEIUYHOI IOMTOMOTH Ha Mol 000
HUISIXOM 3an00iraHHsi MacoBiil BTpaTi KpoOBi, a 3 IHIIOTO OOKY, B MEPCIEKTUBHOCTI
JI0C1 HE CTBOPEHHMX MIKPOTOJYaCTUX T'€MOCTATHYHHUX TiJIPOTeNIeBUX IIACTUPIB 13
BHCOKOIO aJII'€31€10 10 PYXJMBHUX 1 BOJIOTMX TPAaBMOBAaHMX AUISHOK TiJla HA OCHOBI
O610ocyMiCHUX, 010pO3KJIaHUX 1 aHTUCENTUYHUX OlomaTtepiainiB. byne po3pobieHo
HOB1 KpPOBOCHHHHI O10MOJIMEpHI Tigporeii 13 BAOCKOHAJIEHUMU MEXaHIYHUMHU
BJIACTUBOCTSIMU, MIBUIAKUM TeJICyTBOPEHHSM Ta BiJICYTHICTIO HEKOHTPOJHOBAHOT
Jerpaaiii, a TaK0XK CTBOPEHO J0C1 HE BUKOPUCTOBYBaHI Y CBITOBIM MPAKTHIII, ajie
pU3HaHI HayKOBOIO CH1ILHOTOTO MEepCIEeKTUBHUMU MIKpOT0JI4acTi
TpaHcAepMaibHI KPOBOCIHUHHI T1IPOTENIeBl IUIACTUPI, SIKI BUTOTOBISTUMYTHCS 13
BUKOPUCTAHHSAM HEJIOPOTHX MaTepiaiiB 1 iICHyIOUOro B YKpaiHi TEXHOJIOTTYHOTO
OCHAIIIEHHS, 3aBMISIKH YOMY €KOHOMIYHHI €(eKT BiJl BAKOPUCTAHHS PE3YJIbTaTIB

IpO€EKTY 0€3CyMHIBHO Habarato NepeBUILIUTh BUTPATH JIEP>KaBHOTO OIO/IKETY.
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Mera poGoTu: Meta mossirae B po3poOIll 1 CTBOPEHHI HAa OCHOBI
010cyMiCHUX O10pO3KJIAJIHUX AaHTUCENTUYHUX OloMarepiaiiB 1 iX KOMIIO3UTIB 13
TYMIHOBUMH  KHCIIOTaMH  €()EeKTUBHUX  KPOBOCIMHHHUX  TIigpOreNiB  Ta
T€MOCTATUYHUX TUIACTUPIB 13 BHUCOKOK aAre3i€l0 110 PYXJIUBHX 1 BOJIOTHX
MONIKO/PKCHUX TOBEPXOHBb TiNMAa JUIs HEBIAKIAMHOI cTalimizarii mopaHeHUX B
00OBUX yMOBaX Ta 3 METOI HaJaHHS CBO€YACHOI Ta €(PEKTHUBHOI JOMEIUIHOI
JIOIIOMOTH Ha 110J1i 00¥0.

3aBaaHHs PO0OOTH € HACTYIIHUMMU:

- 3a pe3yJbTaTaMu MeTporpadigHOro, EIEMEHTHOTO Ta KAJIOPUMETPHIHOTO
aHaJ31B BA3BHAYUTH OCHOBHI BJIACTUBOCTI CAPOBUHHUX MaTepialliB AJIsl OJI€p>KaHHS
TpaHCAEpPMaJIbHUX MOAM(DIKOBAHUX TyMIHOBUMH KHCJIOTaMU O10MOJIIMEPHUX
KPOBOCHUHHHUX T1JIPOTeiB;

- BU3HAYUTH BIUIMB KOMIIOHEHTHOTO CKJIaJy Ha CTYIiHb HaOyXaHHS,
MIIHICTh, TEPMOCTIWKICTh, TpaHCACPMAIbHY Ta aHTHOAKTepiadbHy IO
MOAM(IKOBAHUX T'yMIHOBUMH KHCJIOTaMH KPOBOCIIMHHHMX T1IpOTEIIIB HAa OCHOBI
KeJaTUHY, AJIbI1HATY HATPII0, TaJIypOHOBOI KUCIIOTH Ta IETI0JI03HUX MaTepiaiB;

-  BHU3HAQYUTU  ONTUMaJbHI  YMOBH oliep>KaHHS ~ e(PEeKTUBHUX
TpaHCAEpPMAJIbHUX MOAU(DIKOBAHUX TyMIHOBUMH KHCIOTaMH O10MOJIMEPHUX
KPOBOCIIMHHMX T1JIpOTeJIiB HA OCHOBI JKEJIaTUHY, aJblHATY HATPII0, IalypOHOBOI
KHUCJIOTH Ta LEJI0JIO3HUX MaTepialiB;

- po3poOWUTH Ju3aiiH 1 mporpamMHe 3a0e3MedeHHs, Ta 3a JI0MOMOIO0
texHoyiorii 3D-mpyky CTBOPUTH EKCIEPUMEHTAIbHI 3pa3Kd MIKPOTOJYaCTUX
TpaHCAEPMAJIbHUX KPOBOCIIMHHHMX TIAPOTeNeBUX IUIACTUPIB HA  OCHOBI
OlomarepianiB 1 iX KOMIIO3HUTIB 13 TYMIHOBHUMH KHCJIOTaMHU 13 ONTHUMAaJbHUM
CKJIAJIOM 1 BJIACTHBOCTSIMHU;

- JIOCHIIATH (byHKITIOHAIBHI BJIACTUBOCTI BUT'OTOBJIEHUX
€KCIEPUMEHTAJIBHUX 3pa3KiB  MIKPOTrOI4acTUX KPOBOCIMUHHHUX TiAPOTENeBUX
IJIACTUPIB MIOA0 iX 3aCTOCYBaHHS U HEBIAKIAAHOI cTaduli3aiii mopaHeHUX B
00l0OBUX yMOBaxX Ta 3 METOI HaJaHHS CBOEYACHOI Ta €(PEKTUBHOI JTOMEIUYHOT

JIOIIOMOTH Ha 11011 OO0¥0.
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O00’exT pocaimxennss podorm: OO’€KTOM AOCHIIKEHHS BHCTYNAlOTh
KPOBOCIIMHHI O10pO3KJaJHl TIApOreial Ta MIKPOrojJ4acTi TpaHCcIepMalibHI
Tiporesnesi mIacTupi Ha OCHOBI 010TTOTIMEPIB 1 IX KOMIIO3HUTIB.

IIpeamer pocaigkenns podoru: [IpenmMeToM MOCTIIKEHHS MPOEKTY €
poIiec po3p0oOKU KPOBOCTUHHHUX T1IPOTEIIIB 1 MIKPOTOIYACTUX TPAHCASPMaTbHUX

TiporejaeBUx MIACTUPIB HA OCHOBI 010MOIIMEPIB 1 IX KOMIIO3UTIB.

Eranu po6orn:

Eramm
Ne podotu HasBa Ta 3micT eramy

(pix)

Bubip KOMIOHEHTHOTO CKJIaAy, JOCHII)KEHHS Ta
BU3HAYCHHS ONTUMAJIbHUX PEKUMIB OJIEp>KaHHS HOBITHIX
KPOBOCIMHHUX TPaHCAEPMAIbHUX T1IPOTesiB Ha OCHOBI
Olomarepialis.

3aBnanns 1. JlocnianuTy OCHOBHI BJIACTUBOCTI CUPOBUHHUX
MaTepiaiiB I OJCp)KaHHSA TpaHCAEPMaIbHUX
KPOBOCIIMHHUX TiJIPOTCIIIB Ta BUBHAYNTH MTOKa3HUKU
I'yMiHOBUX KHCJIOT 3a pe3y/ibTaToM TexHignoro (W', AY,
S4%, Ve nerporpagiunoro (Ro, Vt, Sv, L, I, ZOK,

pediexTorpama BITpUHITY), etemMeHTHOro (C8f, Hdal N
S4, O%%) Ta kanopumerpuynoro (Q%f, Qi, Q) anamnisis.
1 2024 BcTanoBuT MakcuMaibH1 BOJIOTOEMHICTE Ta BUXIJ
TYMIHOBUX KHCJIOT.

3aBnanHs 2. BU3HaunTH BIUIMB KOMITOHEHTHOTO CKJIaay Ha
CTyMiHb HAOyXaHHS, IBUAKICTh TEJICyTBOPEHHS,
MEXaHIYHY MIIHICTh, TEPMOCTIHKICTh, TPAHCAEPMATIbHY Ta
aHTUOAKTEpIlaAbHY JII0 TPaHCAECPMaTbHUX KPOBOCIIMHHHUX
riAporemiB.

3aBnanHs 3. BusHaueHHS ONTUMAIBLHUX PEKUMIB
oJiep KaHHS HOBITHIX TPaHCAESPMATbHUX KPOBOCITHHHUX
TIAPOTEIIiB: TEMIEPATypa, PEKUM MEPEMIITyBaHHS, YacC
IpoIiecy Ta iH..




311

2025

Po3pobka HayKOBO-OOTPYHTOBAaHUX OCHOB OJICp>KaHHS
TpaHCAepPMaIbHUX MOAU(PIKOBAHUX I'yMIHOBUMHU
KHCJIOTaMH KPOBOCITMHHUX KOMIO3UTHHUX T1POTENIB 1
MIKPOTOTYACTHX TPAHCAEPMATbHUX KPOBOCITIMHHUX
TAPOresieBUX MIACTHPIB.

OnTumizalis Au3aifiHy 1 31[aTHOCTI A0 KPOBOCIIMHEHHS
MIKPOTOJTYaCTHX TPAHCICPMAIBHUX T1POTeIeBUX
MJIACTUPIB BIAMOBIIHO O CKJIAAY 1 BJIACTUBOCTEN
TiAporesiB Ha OCHOBI 6ioMaTepiaiiB 1 iX KOMITO3UTIB JIJIs
HEBIAKIaAHOI cTabiii3amii mopaHeHUuX B 00HOBUX
yMOBaXxX Ta 3 METOIO HaJlaHHS CBOEYACHOI Ta
e(pEeKTUBHOT TOMEAUYHOT JIOMTOMOTH Ha 1oJi1 0010.

3aBmanns 1. Jocnigutu nporecu Moaudikaii
TpaHCAEPMAIbHUX T1IPOreiiB T'YMIHOBUMH KUCIOTAMH 13
BUKOPUCTAHHSIM (hi3MKO-MEXaHIYHOTO, CTPYKTYPHOTO,
nepuBarorpadiyHOro, ONTUYHOTO, MIKPOO10JIOTTYHOTO,
KOHJYKTOMETPUYHOI'O Ta IHIIMX METO/IIB aHali3y.

3aBaanHs 2. JIoCHiquTH BIUIMB YMHHUKIB YMOB OJICpKaHHS
KUTBKOCT1 TYMIHOBUX KUCJIOT, TEMIIEPATYPH
MoAu(DIKyBaHHS, TPUBAJIOCTI Ta IHTEHCHUBHOCTI
MepeMiITyBaHHS Ha €KCILTyaTalllitHl BJ1aCTUBOCTI
OTPUMAaHUX MOJAU(PIKOBAHUX TPaHCAECPMATHHUX 010JOTTYHO
AKTUBHUX T1APOTeiB.

3aBnanns 3. Po3poOka nu3aiiHy 1 mporpaMHOro
3a0e3ne4eHHs 1JIs1 CTBOPEHHS 3a JoIoMoror 3D-apyky
EKCIIEPUMEHTAILHUX 3Pa3KiB MIKpOTOI4aCTUX
TpaHCIEPMATbHUX KPOBOCIIMHHUX T1POTENEeBUX IIACTHPIB
Ha OCHOBI Oi0MaTepiaiiB 1 X KOMIIO3UTIB 13 TYMIHOBUMU
KHCIJIOTaMU 13 ONTUMAJIBHUM CKJIAJ0OM 1 BIACTUBOCTSIMHU.

3aBnanns 4. Onrumizariiis Mporecy BUrOTOBICHHS 1
CTBOPEHHS €KCIIEPUMEHTAIBHUX 3Pa3KIB MIKPOTOJIHACTUX
TpaHCACPMAILHUX KPOBOCITMHHUX T1APOTEICBHUX TIJIACTHPIB
Ha OCHOBI1 0l0MaTepiajiB 1 IX KOMIIO3UTIB 13 TYMIHOBUMU
KHCIIOTaMH.
3aBaanus 5. ocnimxeHHs QyHKIIIOHATBHUX BIACTUBOCTEH
BUTOTOBJICHUX E€KCIIEPUMEHTAJILHUX 3pa3KiB
MIKPOTOTYACTHX TPAHCACPMATbHUX KPOBOCTIMHHUX
TiporejaeBuX MJIACTUPIB.
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Honatok b

®OH[ AEPXXABHOIO MAVHA YKPAIHU }
NEPXABHE MIANPUEMCTBO «YKPAIHCBbKUWA NEPXABHUW
E ‘ E HAYKOBO-AOCNIAHUA BYTMEXIMIYHUAW IHCTUTYT (YXIH)»

(AN «YXIH»)

AN YXIH syn. Becwina, 7, m. Xapxis, 61023, Ykpaina Ten.: (+38-057) 704-13-18,
daxc: (+38-057) 700-69-06, e-mail: pest@uline org.ua

caitT: v uklhin ora ua, kog 3rigHo 3 EAPMNOY: 00190443

N O ,/(/(’F sin 42,08 22 Ha Ne BE,

Pix sacuysanus 1930

AKT

BIIPOBADKEHHS Pe3y/IbTaTiB jicepraliinoi podorn Ha 37100y 115 HAyKOBOIO CTyIICHS
JjlokTopa Texuiunmux nayk Jlebeena Bosojumupa Bosio/iuMuposHya Ha TeMy «Haykosi
OCHOBY OTPHMAHHS TOPHIHUX MOJIMEPHIX MaTepiasis MOM(BIKOBAHUX Iy MIHOBHMH
pedoBrHaMK Gyporo By rijuis»

Ceponeiicbka Komicist pernpesentyBaia Ian CKOpOUEHHs BUKMIB HAPHHKOBHX
rasis kpainamu €C monaiimene na 55 % 0 2030 poky nopisusto 3 pisusivu 1990
poky. luiliatipa jutsi BYTifbHMX perioniB i3 MEpexifHOI0 EKOHOMIKOIO Ha 3axiuimx
Bankanax Ta B Ykpaiui Oysa zamouarkosama y rpyasi 2020 poky i mac na meri
JIONOMOITH  KpaiHaM Ta perionaM BitifTh 1mij Byt JIo BYINCLEBO-HCHTPAILHOL
eKOHOMiKH, 3abe3neuyloud TP [LOMY CIPaBC/UIMBICTh  [hOTO  Tiepexoay. Bin
HajlaBaTHMe [TJITPUMKY BYTUILHUMM perionam y cycianix 3 €C kpainax, a came B bocnii
ta I'eprierosuni, Kocoso, Yopnoropit, [liniumnii Makejtonii, Cep®ii it Ykpaiui.

BpaxoBylouu 3a3HaucHe BHIC, CTac HCOOXIAHMM BUBHAYHTUCH 3 HOJAILIIHM
BHKOPHCTAHHAM BHUKOIHUX NAJIMB B YKpaily, AKC 1IC CHPHUMIBUIO OM HeraruBHUH BILIMB
na kiaimar. JUis pilienns Uboro HHTanns JIOLUUILIO NpoaHAlNi3yBaTH HasBHI 1OKIA)H
BUKOIHOTO TIAJIMBA, @ TAKOXK PO3POOUTH iHHOBAILiiHi TeX1os10rii HOro BUKOpUCTaliis,

Y jcepraniiiniii po6oti Jlebesiena Bosojmmupa BoioinMupoBHya BCTaHOBIICHO,
o Gasancosi 3amacu Gyporo Byriuis B Ykpaini posramosani B Jlninmponerposcnkii,
YKuromupenkiii. 3akapnarcnkiii. Kiposorpajienkiii. Xapkisebkiii a Hepkackkiii objactsix
Ta cranoBisth (THe. T): Kareropiit A+BHCI1 — 2593359; kareropii C2 — 299181. Kpim
TOro, JIOBGACHO, IO CEpe/l iCHYIOMMX MDKHAPOJHMX Ta BiTUM3HAHMX Kiacuikauii
HalpWIaTimoo Juis posnojiny OGyporo Byriuis Ykpainm ¢ Mixnapoana Kojosa
cucrema Gyporo Byrimis, ska peramentosana B 1SO 2950:1974 «Brown coals and
lignites — Classification by types on the basis of total moisture content and tar yield».

L1i Ta inmi pe3yjipTaTy, OTpUMani B pe3ylibTaTi BUKOHaHHs JiicepTalliiinoi poboru
JleGenesa Bonojumupa BoloauMupoBuya, MOXKYTh OyTH BUKOPUCTaHi B MOTOUIiH
nisnnocti JIT « Y XITD.

B.o. jiupekropa,

K.T.H., C.H.C. Onekcanjip bOPUCEHKO

BUREAU VERITAS
Contification

N’ 163540
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BlnoBiA L HICTIO EAPMNOY 44224815
«EBA I''1OBAJI TEXHOJI0KI» AB «YKPIA3SBAHK»

M®O 320578, €APTNOY 23697280

M. Kuis, syn. Epesanceka, Gya. 1
n/p UA 263204780000026003924908191

Yxpaina, 01032, micro Kuis,
pyn.Cakcarancsxoro, 6ymnox 120
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AKT
BNPOBAKCHHS PE3y/ILTATIB AMCEPTALiitHOT poGOTH Ha 3100yTTA HAYKOBOTO CTYIICHS
AOKTOpa TexHiuHnxX Hayk Jlebencsa Bonoaumupa Bonoaumuposuya Ha Temy
«HaykoBi OCHOBH OTpHMAaHHA riOPHAHUX NOMIMEPHHX MaTepiaiis MoandikoBanux
rYMIHOBHMH peqOBHHAMH GYporo Byriuis»

TOB «EBA I'JIObBAJI TEXHOJIO/UKI» - ume cywacHe T1a mnporpecusie
MANPHEMCTBO, AKa 3alMacTbC PO3POOKOIO Ta BIPOBAKEHHA HOBITHIX TEXHOMOTH Ta
marepianis B cdepi supoGuuursa mwint, aucris, Tpy6 i npodinis 3 mwiacrmac. TOB
«EBA TJIOBAJI TEXHOJIOJUKI» BnesseHo yTpumye nepeosi nosuuii 8 cdepi
CTBOPEHHA IHHOBALIHHMX TEXHONOrIH MO0 CTBOPEHHIO CPEKTHBHHX NOMNIMEPHHX
marepianis wHpokoro dQyuKuioHatbHOro cnpamysanns. Hawe nianpuemcrso
3aUKABHIM PE3YILTaTH AOCHUDKEHHA AHCepTauiiiHol poboTH Ha 3100yTT HayKoBOro
CTyNeHs A0KTopa TexHiunux Hayk JleGeaesa Bonoaumupa Bosogumuposnya Ha temy
«HayxoBi OCHOBH OTpUMaHHA TiOPHAHHX MOAIMEPHHX Marepianis MOAM(IKOBAHMX
rYMiHOBAMH peyOBHHaMH Oyporo BYriiS» Y 4YacTHHI OJepKaHHA TriOPUAHMX
GionerpanabenbHuX mIiBOK 3 OakTepHUMAHMMHM BJACTHBOCTAMH Ha  OCHOBI
NOMBIHINOBOrO cnupry Moamdikosanux rymiHosumu kucioramu. B ymosax TOB
«EBA TJIOBAJI TEXHOJIOJ/UKI» Oynn onepxani ta anpoGosami riGpuami
Gioserpanabeabii nuaiBkn 3 GAKTCPHUMAMMMHM  BJACTMBOCTAMM HA  OCHOBI
NOAIBIHINOBOIO  CIMPTY MOAHM(IKOBAHMX TYMIHOBHMH KHCAOTAMH 3  TAKHMHM
XapaKTePHCTHKAMM:

Boaonornunanus, % mac. — 160;

Miusicrs npu po3pusi, MINA - 27;

Bianocke nojlopkenHs npu pospusi, % 25.

Hocaigxeni Ta Brposakeri B BUpoOHuUTBO ribpuani Gionerpanabenbri naisku
3 GaKTePHUHIHHMH BIACTHBOCTAMH Ha OCHOBI NOMIBIHIIOBOTO CIMPTY MOAKDIKOBAHMX
ryMIHOBHMH KHCIOTAMH BHPILIYIOTH HATAIbHY €KOJOTIHHY MpoGaeMy 3 NoaiMepHHMH
BUIXOAAMH Ta CAYTYIOTh BIAHOBICHHIO YKPIIUGRKUX 3EMEIb 38 PAXYHOK BHECCHHSN
FYMIiHOBHX KHCIIOT B IpYHTH Bripojosx Gighe £

Jlupekrop ‘
TOB «EBA I'JIOBAJI TEXHOJIOJDKD
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438 MATERIAL WIZARD

‘.’ performance engineering plastics and additives

TOB Haykoeo-Bupo6Huue nignpuemcteo “Martepian Bizapa”

} XAiB O00IRI

eyn. MNpomaicross, 22

M.AepamKa, XmenbHayoKa coNacTs, Ykpaina, 32200
(+38) (050) 32-32-32-1

vvekimovi@amail.com>

21 6epesua 2024 p.
AKT

BYIPOBAKEHHs Pe3yiIbTaTis AucepTauiiinol pofoTn Ha 3300y T HAYKOBOFO CTYNEHS JOKTOpA
TexHivsnx nayx Jebencsa Bonomsmupa Boaonumupoputa Ha Temy «Haykopi OcHOBU
OTPUMAHHS TOPHAHNX NOTIMEPHUX MaTePIANiB MOIHDIKOBAHMX I'YMIHOBHMH PEYOBHHAMH
Oyporo Byrinams

TOB «HaykoBo-BupoSHuye nianpuemciso «Marepiaa Bisapi» - ue cy4acHa Ta IIPOrpecusHa
KOMNaHif, fKka 2aiiMae OfHY 3 OPOBIIHHX Mosupiil 3 npodecifiHoro NOCTaYaHHA NAACTUKIB,
BHPOOHHMHETBA KOMNAYHAIB, HAYKOBOT Ta KOHCYJILTATHBHOT podoTH B cdepi maacTmac B Yrpaini. Bona
TAKOA AKTHBHO BIPOBAKYC IHHOBAuiftHi TEXHOAOril B HanpAMy OACpKaHHA BUPOOIB Ta Acrasieii
CKOZIOTIHHOT HAIIPABICHOCTI.

314
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TOB «Haykoso-supodunge nignprescrso «Marepian Bizapay sauikasuin pe3ynsTaTh
NOCTIKEHHS JMCepTanifinol poGoTH Ha 300YTTH HAYKOBOIO CTYIICHA JIOKTOPA TEXHIMHHX
nayk Jlebeaesa Bonommmupa Bonomumuposnua Ha Temy «Haykosl OCHOBH OTPHMAHHA
riGPHAHMX NONIMEPHEX MaTepiamis MOAMPIKOBAHMX TyMIHOBHMH pedOBHHAMH Gyporo Byriuis» y
yacTuHi TiGpuaENX GiogerpajabetsHHUX HANOBHCHUX KOMIO3IHTIE HA OCHOBI MOALIAKTHIY, KaBOBOL
rymi T8 ryminosux pedosun. Ha TOB «Haykomo-supoGuuie nianpuemcrso «Marepian Bisapa»
Gymu onepaani Ta anpoGosadi ridpwami GiogerpazafensHi HaNOBHEHI KOMIOIMTH HA OCHOBI
TNOMIAAKTHILY, KABOBOT TYLII T2 TYMIHOBHX PEHOBMH 3 TAKHMHE XapaKTCPHCTHKAMM:

Vanapua B'askicTs, MIla 45;
Pyituisna nanpyra npy surusi, Mfla  530;
[ITP, /10 xs. 3.1

Temnepartypa Torienss, °C 186,00.

Jlocnimkeni Ta BrnpoBajkeHi B BHpoOHHMuTBO Tibpuami OiozerpanaGenbhi  HANOBHEH
KOMIIO3HTH HA OCHOBI NODLIAKTHAY, KaBoBOl Ty Ta TyMIHOBHX DPEYOBHH MOXKYTb YCHIIIHO
BHKODHCTOBYBATHCH U1 OCPKaHHA OararopasoBoro nNOCyAy, Tapd Ta NaKyBaHHS XapuoOBHX
NPOAYKTIB Ta TOLHO.

3 noearoio,

[vpextop TOB HBM "Marepian Bisapa” E i Exknmos €.C.

ronoeHuit Texsonor TOB HBIM "Marepian Bisapa” 77(7”},’,;./ MNypwc B.B.
A
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Homatok /I
PN iq
&
K %
NAT «Ximbapmsason «Hepsona sipxas, . - Ten/daxc: (057) 715-10-32, 733-17-58
61010, Yxpaisa, m. Xapxia, 5 N E-mall: zvezda@iti ua
syn. loppienxiscoxa, | ’,0-')944\ - www.zvezda kharkov.ua

BHNPOOYBaHb TEXHOJIOTIYHOTO MpoLEecy GI0N0rYHO AKTHBHHX MOJIMEPHHX Tiporeaesnx
matepianis pospodiennx HalioHalbHHM TEXHIYHUM yHIBepCHTETOM «XapKiBCbKUM
NOMITEXHIYHAM IHCTHTYTOM» Ha Kadeapax TeXHOJOoril nIacTHYHIX Mac i Gionoriyso

AKTHBHMX M0J1iMEpiB Ta TeXHONOTrT nepepoOKku HadyTH, razy Ta TBEPAOIo NaluBa

B ymosax Texuonoriunoi naboparopii IIAT "Ximdbapmsason «Yepsona 3ipka» B
nepioa 3 6.03.2024 p. no 9.04.2024 p. 3nificHeni BUNPOOOBYBAHHA TEXHOJIOrIYHOIO
npouecy QopMyBaHHs OiONOrYHO AKTHBHMX [OJIMEPHHX [IiJIPOreJeBUX Marepiaiis
po3pobieHOro Ha Kadeapax TeXHONOrT IaCTHUHNX Mac | GI0JIOriYHO aKTHBHHX NoJliMepis
Ta TexHonorii nepepodku HadTH, rasy Ta TepAoro nanusa HamioHansHOro TeXHivHOrOM
yHiBepcHTeTy «XapKiBChbKHH nositexHiunui  inctuTyT». IlpoBoauim onepxaHHA
GIONIOriYHO AKTHBHMX MOJIMEPHMX [iJIpOreNieBHX MaTtepiaiiB OCHOBI JKENaTHHY.
BuroTossieHi riziporeaesi Matepiaan mijuiasani Moaudikauii 3 BAKOPHCTAHHAM IYMIHOBHX
peyoBuH Gyporo Byriuis nipu Bmicti 15% wmac.

Beranosnian:

Pospobniennii  TexHonoriuHmii  mpouec QopMmyBaHHA OlONOriYHO  AKTHBHHMX
NojiMepHHX TiporelieBHX MaTepianiB MOXKAWBO peaniyBath y Texsonoriuxoi
nabopatopii [TAT "Ximbapmzason «Yepsona 3ipka» 0e3 J04aTKOBHX BHTpar |
PeKOMEeH/lyBaTH NPH BHTOTOBIEHI TPAHC/CPMAIBHHX TiJPOreNeBHX  IUIACTHPIB.
BHUIroTOBICHHS TPaHCASPMAIBHUX 1ACTHPIB HA OCHOBI GI0NIONYHO AKTHBHHX MONIMEPHUX
rifporesieBUX Martepianis BKII0YeHO B BUpoOHM4HH nnan possutky AT "Ximdapmzason
«Yeprona 3ipka» Ha nepioa 2025-2026 pp.

Bin AT "Ximdapmsason «Yepsona Bix HTY «XI1»

Jipka»
3as. xadeapoio TITHI'TIL, a.1.n., npod.
HupexTop 3 BHpoOHHUTBA L7 Mipowsnyenko J1.B. E: {
Kponuska [".0. /o
’ 3as. kadenpoio TITM i BATI, K.1.., 101,
Yepkawmna I'M.

Jlou., k1.H. JleGefes B.B.
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Honarok E

2024 p.

AKT BIIPOBAUKEHHS

1. Hazsa nponosuuii 3 : PospoOka ckiaamxy. TexHoaorii Ta
AocpikeHna 61010T9HO aKTHBHUX NMOMIMCPHUX FAPOIe/ICBHX MaTepiaiB.

2. VYcranmosa, i ajpeca, Bukowasui: Hauionatbuuii Texsivusuil  ywiBepcureT
«XapKiBChKHI MONITEXHIYHMIT IHCTHTYT», Kadeapn TeXHoIOorT IIacTHYHKUX Mac i Giosorivno
aKTHBHHX MOJiMepiB Ta TexHouorii nepepo0ku HadTh, rasy Ta TBepaoro naiusa, 61002,
M. Xapkis, By:1. Kupnuyoesa, 2, 3100ysay Jledenes B.B.

3. mepeaa indgopmanii:

3.1.  Miroshnichenko D., Lebedeva K., Cherkashina A., Lebedev V., Tsereniuk O.,
Krygina N. Study of Hybrid Modification with Humic Acids of Environmentally Safe
Biodegradable Hydrogel Films Based on Hydroxypropyl Methylcellulose. C-Journal of Carbon
Research. 2022. Ne 8, P. 71.

3.2, Jlebeaesa K.O., Yepxaumma I'M., Casyenko J1.0.. JleGeaes B.B. Bupuenus
0cOGIHBOCTEl re/iey TBOPEHHS Ta PEONOriYHMX BJACTHBOCTEH riporeaeii Ha OCHOBI arap-
arapy. luterpoBani Texsosorii Ta eHeprosoepexenns. 2022, Ne 3. C. 42-51,

3.3. Lebedev V.V, The Rational Use of Lignite Resources. Advances in Environmental
Research: Scientific monograph / D. Miroshnichenko, S. Pyshyev, B. Korchak, M. Shved, K.
Lebedeva, A. Cherkashina, D.Savchenko, N. Klochko, T. Tykhomyrova. New York, USA:
“Nova Science Publishers™, 2023. V. 97. 247 p. C. 5-33.

4. Buposaxaeno: B nasuansunii nponec kadeapu sifickkosoi dapmauii Yxpainckoi
BiliCBKOBO-MEINYHOT aKaaeMii.

5. Tepmin BNpoBajKeHHs: KBiTeHb 2024 p.
6. EQexTHBHICTL BNPOBAT/KEHHS:
3a 1aHuMH
Tosemen ! PospoGHukis YeTaHOBH, 10 BIPOBALKYE

BuKopuCTaHHA po3po0KH MOKa3aio, wo eheKTHBHICTh BIPOBAUKeHHA BIANOBILAE KpUTEpPiaM
HaBeJeHNM B JUKepesi iHpopmauii, .

Pe3yabTaT HayKOBMX JOCTIUKEHh BUKOPHCTOBYIOTBCA CTYJACHTaMM Ha Kadeapi BilcbKoBOi
dapyauii YKpaiHChKOT BIICEKOBO-MEANYHOT aKageMil

7.3ayBazeHHs Ta NPONOIHUIT: HEMAE,

« LT »_schoiAn 2024 p. Bianosizaabamii 3a BupoBaKennn:
TBO navanbuuka kadeapn silicbkoBol papmartii
YKpaiHCEKOT BIHCHKOBO-MEIHYNOT akaaemir,
JOKTOp (hapMaleBTHHHHX HayK, npodecop,
3acyeHui npaniesak Gapmauii Yipainn
: -Onexcangp ILIMATEHKO
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Honatok €

3ATBEPDKYIO

AKT
BNPOBAKEHHs Pe3y/BTATIB AUCEpTauiinol po6oTH Ha 3100y TTA HAYKOBOIO
CTYTICHS JIOKTOpa TexHiuHuX Hayk Jlebenesa Bonoaumupa Bornogumuposiya na
temy «HayKkoBi OCHOBH OTPUMAHHS MOPHIHKX MOIIMEPHHX marepialis
MOAMDIKOBAHUX IYMIHOBHMI PEHOBHHAMHU GyPOro By riis»

Jluceprauiiiny  pobory JleGemesa Bonojumupa  Bonoammuposuta
NPUCBSUCHO BUPILIEHHIO BAKIMBOIO HAYKOBO-TEXHIYHOTO 3aBAAHHA, A came -
pO3podili HAYKOBO-TEXHOIONYHHUX OCHOB BUKOPHCTAHIS 'K ta I'P 6yporo Byrinns
JUIS CTBOPEHHA TiGPMAHO-MOAWDIKOBAHMX MaTepialliB, AKd MAOTh 3MATHICTL JO
Giojerpaauil, NMiABMIIEHI MIUHOCTI Ta eKCIUIyaTalliiiHi XapaKTEpHCTHKM 11K
HaJaHHI TM anTHOaKTepialbHOCTI.

Huzka Tteoperwdnux i npaxtuuduX Marepianis aucepraiii Jlebeiena
Bosouumupa BonoauMupoBsHya BHKOPUCTOBYETBCS B y4aBoBoMy fpoueci Ha
kadenpax «Texuonorii mepepobkd HadTH, rasy Ta TBEpPIOro nNalisa» 1a
«TexHonoris MNACTHYHUX MAac | GI0NOrYHO aKTHBHUX NoliMepis» Hauionaiabioro
TeXHIYHOr0 YHiBEpCHTETY «XapKiBChKHIl MOMITEXHIUNNI IHCTHTY T,

Ocobnusa uinnicTs anceprauii fleGenesa Bonoaummpa Bonojumuposuya
[I0A4Trac ¥ TOMY, 11O HA OCHOBI MPOBENEHMX MOCIIKEHb TexHonorii riopuaHol
mompikanii TK ta I'P Byrians juis pisHux TuIiB MatepiajliB, ONTHMIZ0BAHO
obaacti ckAadiB riGpumHO-MOMM(IKOBAHUX TiAPOreNis, MIiBOK Fa KOMIO3NTIB 3
3a/@HUMH eKCTUTYaTallifHMMK  BIACTHBOCTAMM, MPHAATHUX s OJAEPKaHHS
aHTHOAKTEPIATLHIX refiB, NaryiB, MacoK s WKIPH JNOAMHHM, NaKyBajlbHHX
Kancynl s GioAOriYHO-aKTUBHHUX PEUOBMH, MillHMX BOIOCTIHKUX TUIIBOK 3
AHTHOAKTEPIANLHIMY BAACTHBOCTSMHU MUl CYXHX Ta BOJOTHX Xap4yoOBHX MPOJyKTiB
3 TI00BKEHUM TEpMiHOM 30epiradHs, 6araTopa3’oBoro nocyay, Tapy Ta naxyBamHa
XGpuoBMX  TMPOJYKTiB,  BHCOKO » CEJCKTHBHMX  MemOpan —Ta  jeraneil
MiKpOEneKTPOHIKH.

Hupexrop HHIXTI Irop PUILIEHKO

3asinysau kadeapn TITM i BAYI % I'anna YEPKAIIIMHA

/
Jouent kadeapu TITHI ra TI1 W Qitena BOTOSIBJIEHCBKA
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‘.' performance engineering plastics and additives
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TexHiko-eKOHOMIYHOI OLIHKH e(heKTHBHOCTI TEXHOIOTiYHMX OCHOB BHKOPHCTAHHSA
NoXigHUX Oyporo Byriiis AJs ofep:kaHHA riopunaHo-monupikoBanux marepiaais

Butparu B paMkax mmepmroi cTaiii TEXHOJIOTIH OIepKaHHS I'yMIHOBHX KHCJIOT Oyporo BYTI/LIA SK
ribpunauX MoaubikaTopis 6iogerpagabenbHUX MaTepiaiiB HaBeAeH B Tabmuii 1.

Tabmuusg 1 — Ipsami BUTpaTH Ha BUPOOHUITBO | KT mpoaykuil y Burmsal 8,5 % mac. po3duHy

TYMIHOBHX KHCJIOT Y {qKOMY HaTpii

CupoBuHa KinpkicTs Ha KT Lina, rpu Cyma, rpH
TYMiHOBHUX KHUCIOT
Bype Byrins 1,6 3;5 5,6
T'igpoxcun HaTipro 0,65 15 9,75
Boga muctuiasoBaHa 12 2 24
Tapa 0,25 14,81 2,53

Pazom: npsimux Butpar 41,88 rpH

3a manuMu Tabnumi 1:

e mpsMi BuTpatd —41,88 rpH.;

Henpsami

Butpard (35% ot npamux) — 14,66 rpH.;

°
e cobiBapricte — 56,54 rpH.;
°

BapTICTh

i peanizauii (3 [T/IB) — 80,00 rpy.

PenrabenbHicTh BUPOOHUIITBA T'YMIHOBUX KHCIOT cKitana 41,5 %.

Ilpy mojambIIOMY B paMKax OJEp)KaHHA 3 TYMIHOBHX KHCIOT CYXHX IIOMIAHCIEPCHUX
ryMiHOBHX PEYOBUH BUTPATH CKIAIAIOTH BEIHYUHY, 3BEICHY Y Ta0m. 2.

Tabmuus 2 — I[psami BUTpaTy Ha BUPOOHUNITBO | KI MPOAYKLIT y BUNIALI MONIAUCIIEPCHUX

IYMiHOBHMX PEUOBHH

CupoBuHa KinpkicTs Ha KT ina, rpH Cym™ma, TpH
TYMiHOBHX KHCIJIOT
8,5% -Buit po3uH 7,43 79,16 587,77
T'YMiHOBHX KHCJIOT Y
inkomy Hatpii
CipyaHa xucroTa 0,55 15 19
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Boxa puctuisoBana 12 2 24

Tapa 0,25 14,81 2,53

Pazom: npsamux Butpar 622 rpH

3a maHmMu Tabmumi 2:
® 1psaMi BUTpaTH — 622 I'pH.;
e Hempami Butpar (35 % ot npsamux) — 218 rph.;
e cobiBapricth — 840 rpH.;
® BapTICTh Juia peanmizauii (3 IIIB) — 1400 rpH.

PenrabenpHicTs BupoOHunTBa I'P cxmama 40 %.

OxeprkaHa OIIHKA SKOHOMIYHOI e(eKTHBHOCTI po3pobieHMX 3rimHo TibpuaHoi Moxudikamii
IyMIiHOBHUX KHCJIOT IIPH OJep KaHHi ribpuaHux 6iorpagabenbHuX TiAporene xKenaTuHy.

Burparti B pamkax ribpumsoi Momudikamii ryMiHOBHX KHCIOT IIpH (HOpMYyBaHHI KOMIUIEKCY
EKCIUTyaTallifiHMX BIACTHBOCTEN riOpuaHuX OiorpanabenpHUX Tigporeneil KeIaTWE, HaBEICHI B
Tabmuwi 3.

Tabmuns 3 — [Tpsmi BUTpaTé Ha BUPOOHUITBO | OAMHUII IPOAYKIII B paMKaX ribpuaHoi Mmogudikarii
TyMiHOBUMH KHCJIOTAMHU IIPY BUPOOHUITBI TiOpuIHUX 6iorpanabenbHuX riIporeaei xKeIaTuty

CupoBuHa KinekicTs Ha KT 1lina, rpH Cyma, rpH
TYMiHOBHX KHUCIIOT

8,5% -Bu pO3YHH 0,0043 1400 52

TYMIHOBHX KHCJIOT y

{aKoMy HaTpii

JXKenarun xap4oBui 0,05 120 5
‘ Bona 5 1 5
ITaxyBanHs 1 4,5 35
ﬁ Tapa 0,25 14,81 2,53

Pazom: npsimux BuTpar 24,22 rpH

3a JaHuMy Tabmui 3 :

e 1psMi BUTpaTH — 24,22 TpH.;

e Henpsami

—

Burpari (35% or mpsamux) — 8,83 rpu.;
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e cobGisapricte — 34,05 rpH,;
e Bapricts g peanizanii (3 [IIB) — 50 rph.

PenTabenbaicTh BUpOOHUMITBA MiOpUIHIX GiorpagabenbHUX rigporeineil sxedaTury ckuana 46,8
%.

Byna mpoBemeHa OLIHKA EKOHOMIYHOI E(EKTUBHOCTI PO3POOTEHHX 3rifHO riGpuaHOi
Mozudikaii ryMiHOBAME KHCIOTaMy Ti6puaHuX 6ioerpaaadeIbHuX ITIBOK OIiBIHIIOBOTO CIUPTY.
Butpary Ha BUPOOHMITBO NAaKyBaJbHUX [aKeTiB 3 TiOpumHux OiomerpanabenbHuX IUIBOK
IHOMIBIHIIOBOTO CIUPTY HaBezeH] B Tabmui 4.
Tabnuus 4 — [psmi Butparty npu BupoOHUuTBI 1000 MakyBagbHHUX MAKeTiB 3 ri6puaHUX
GiomerpanabenbHUX IUTIBOK MOJTIBIHIIOBOTO CIIUPTY

CupoBuHa KinpkicTp Ha KT Lina, rpa Cyma, TpH
CYMIHOBHX KHCIOT
T'yMiHOBI KHCTIOTH 0,0043 1400 6,02
IomiBiHLIOBHHA CIIUPT 0,5 40 20,00
Bona nuctrnboBaHa 5 1 5,00
ITaxyBanns 1 4,1 4,10
Tapa 0,22 134,81 29,66

Pazom: npsiMux Butpar 64,78 rpa

3a aHUMH Ta0IMLi 4:

e npsami Butparu —64,78 rpH.;

e Hempsami sutpary (35% ot npsamux) — 22,67 TpH.;
e cobiBapricte — 87,45 rpH.;

® BapTICTh s peanizanii (3 IIIB) — 120 rpa.

PenTabenbHicTh BUPOGHMITBA IiGpHAHEX GiomerpanabenbHUX INTIBOK IOMiBIHINIOBOTO CIUPTY
ckmana 37,2 %.

BuTparu Ha BHPOGHHMITBO NAaKyBaIbHUX IIakeTiB 3 TiOpuaHmx OlomerpamabelbHUX IUIBOK
TiAPOKUCIIPOIIIMETHIILIEIIFONIO3M HaBeIeHI B TaOIUIIAX 5.




Tabmus 5 — [psmi Butpary Ha BEpoOHULTBO 1000 naxyBaIbHUX IaKeTiB 3 MOpHAHMX

GioaerpanabenbHUX MITIBOK T1POKHCIPOIIIMETHILEIION03H

CupoBuHa KinpkicTs Ha KT Iixa, rpa Cyma, TpH
TYMIHOBHX KHUCIIOT
8,5% -Buit po3unH 0,0043 1200 5,16
TYMIHOBHX KHCJIOT ¥
iqKOMy HaTpii
T'iApOKUCIPONIIMETHI 0,1 400 40,00
LEITI0I03a
Bona gucTrnsoBaHa 5 1 5,00
Kucnora numonna 0,0035 300 1,95
TlaxyBanHS 1 4,1 4,10
Tapa 022 144,81 31,86
Pasom: npsmux Butpar 82,01 rpu
PentabenpHicTh BHPOOHHILITBA ri6puIHIX OilonerpagabensHUX ILTiBOK

TiIPOKUCTIPOTITME THITIETEONI03H cKitana 40 %.
Byna TmpoBeleHa ONHKA EKOHOMIYHOI e(EeKTHBHOCTI pO3pOOIEHHX 3TiJHO TibpuaHOI
Mozu(ikamii TyMiHOBUMH PEYOBHHAMH IiOpHAHUX OionerpagabeabHUX KaBOHAIIOBHEHNX KOMIIO3HTIB

Ha OCHOBI [TOJIUIAKTHTY.

Butpard Ha BUPOOHMLTBO TiOpuuHuHX OiogerpagaGenpHUX KaBOHAIIOBHEHMX KOMIIO3MTIB Ha
OCHOBI IONLIAKTULY T TYMIHOBHUX PEYOBHH HaBEIEHI B TaOIULAX 6.
Ta6muug 6 — IpsaMi BUTpaTH Opy BEPOOHUIITBI YAIIKH 3 Ti6pHaHKX OionerpanabensHux
KaBOHAITOBHEHMX KOMIIO3WTIB HA OCHOBI IIONITAKTH/Y Ta TyMiHOBHX PEIOBUH

Cuposuna KinpkicTs Ha K& Iina, rpa Cyma, TpH
TYMIiHOBHX KHCIIOT
TlominakTuyg 0,15 80 12,00
Kagoga ryma 0,15 4 0,60
T'yMiHOBI pe4OBUHE 0,075 1400 10,50

1 3
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Pazom: nmpsamux Butpar 23,10 rpa

3a manuMu Tabui 6:

- mpsaMi Butpatu — 23,10 rpH.;

- Henpsami Butparu (35% ot npsmux) — 8,1 rpH.;
- cobiBapricts — 31,2 rpH.;

- BapTicTh s peamizanii (3 ITIB) — 55 rph.

PenrabenpHicTs BUpOOHMUTBA TibpuaHnx OlogerpagabenbHUX TMOMIMEPHHX IUTBOK  Ta
OlomerpanabenbHUX KaBOHAIIOBHEHUX Kommo3uTiB Ha ocHOBI IIJIA Ta I'P cxianmae 43,3 %.

Pozpob6neno Ta po3paxoBaHO

TonoBHu# OyxranTep TonoBHMI TexHOIOT

TOB «HBIT «<MATEPIAJI BISAPI»
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JlonaTok 3
CIIMCOK OITYBJIIKOBAHUX ITPAIIb 3A TEMOIO JJUCEPTALI

1. Jlebener B.B., TuxomupoBa T.C. CaBuenko /1.0O., JlozoBuupkuii A.O.,
JlutBunenko €.1. BuBdyeHHs o0coOIMBOCTEH TENEyTBOPEHHS Ta PEOJIOTTUHHUX
IPOLIECIB TiAporeynied Ha OCHOBI JKENAaTUHY JJII KOCMETOJIOTII Ta MEIUIIMHHU.
Iumeeposani mexuonozii ma enepeozoepexcenns. Ned. 2020. C. 3-10.

3006y6auem npoananizo8ano 6NIUE KOMNOHEHMHO20 CKIady 2iopoenié Ha il
8'a3Kicmb ma npoyecu 2eseymeopeHHs.

2. Lebedev V., Tykhomyrova T., Litvinenko I., Avina S., Saimbetova Z.
Design and research of eco-friendly polymer composites. Materials Science Forum.
Ne1006. 2020. P. 259-266.

30006ysauem Ha niOcmasi  00epHCAHUX — eKCNEPUMEHMANbHUX — OAHUX
NPOAaHaniz08aHO 6NIUE KOMNOHEHMHO20 CKAAdY biodecpadabenbHux KOMNo3uyil Ha
KOMNJIEKC IX MIYHOCMHUX XaPaAKMePUCmuK.

3. Lebedev V., Tykhomyrova T., Lytvynenko O., Grekova A., Avina
S.Sorption characteristics studies of eco-friendly polymer composites. E3S Web of
Conferences. 2021. Ne280. P. 11001-1-11001-6.

3000ysauem Ha niOcmasi  00epHCAHUX — EeKCNEPUMEHMANbHUX — OAHUX
NPOAHANI308aHI COPOYIUHI XAPaAKMepUCmuKy KOMNo3umisa.

4. Lebedev, V.; Tykhomyrova, T.; Filenko, O.; Cherkashina, A.; Lytvynenko,
O. Sorption resistance studying of environmentally friendly polymeric materials in
different liquid mediums. Materials Science Forum. 2021. Ne1038. P. 168-174.

3006y6auem BUKOHAHO eKCHNEPpUMEHMU ma MPAKMYEaHHs pe3yabmamie
docrniddicennss  OiodecpadabenvHux KOMNO3UYILL 6 pI3HUX — eKCHIYamayitiHux
cepedosuyax, 062pYHmMoBaHo Ni0BUWEHHS 3HAUeHHS COPOYIIHOT CMItIKOCHI.

5. Lebedev V., Miroshnichenko D., Xiaobin Zhang, Pyshyev S., Savchenko
D. Technological properties of polymers obtained from humic acids of ukrainian
lignite. Petroleum and Coal. 2021. Ne 63 (3). P. 646-654.


https://www.scientific.net/author-papers/olesia-filenko
https://www.scientific.net/author-papers/anna-cherkashina
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3006ysauem sucynymo ioero w000 mMoOugikyrouoi Oii yMiHOBUX KUCIOM 8
HOJIIMEPHUX 2I0pO 2eisX.

6. Lebedev V., Miroshnichenko D., Xiaobin Zhang, Pyshyev S., Savchenko
D., Nikolaichuk Y. Use of humic acids from low-grade metamorphism coal for the
modification of biofilms based on polyvinyl alcohol. Petroleum and Coal. 2021. Ne
63 (4). P. 953-962.

3006ysauem Ha nidcmasi  00epHCAHUX — eKCNEPUMEHMANbHUX — OAHUX
NPOAHANI308AHO GNIUG CYMIHOBUX KUCIOM HA G'A3KICMb mMa CMPYKMYpPYE8aHHs
biodezpaodabenbHux Niox.

7. Jlebener B.B., Mipomnuyenko I.B., Jlenguu €.C., bopucenko JI.M.,
Casuenko [[.0., Mazuenko M.B., Tuxomupona T.C., JlurBunenko €.1., Bopox6isu
P.M. BuBueHHsI 0COOJMBOCTEl OTpUMAaHHS TeJIB Ha OCHOBI arap-arapy Jist
KOCMETOJIOTIT Ta MEIULIMHU 3 aHTUOAKTEP1aTbHUMHU BJIACTUBOCTAMU. [HmezposaHi
mexnonoeii ma enepeozoepedicennsi. 2021. Ned, C. 67-74.

3006y8auem BUKOHAHO eKCHNepUMEeHmMU ma MpPaKmy68aHHs pe3yibmamia
00CNIOIHCEHH AHMUOAKMEPIANbHUX GIACMUBOCTEL 2€/1i8 HA OCHOBI acap-az2apy.

8. Wxan Cs006iub, Jlebener B.B., Mipomnuuenko JI.B. Bukopucranus
TYMIHOBUX KHCIOT JyIsi Mojaudikarmii O10MJIIBOK, BHUTOTOBJICHMX Ha OCHOBI
NOJIIBUHIJIOBOIO CHOUPTY Ta T1APOKCUIIPONUIMETUIIEIIONO3U. Byeneximiunuii
acypran. 2021. Ne6. C. 22-37.

3000ysauem Ha niOcmasi  00epHCAHUX — EeKCNEPUMEHMANbHUX — OAHUX
NPOAHANI308AHO 6NIUE MOOUIKAYI] SYMIHOBUMU KUCIOMAMU HA 61ACMUBOCHI]
Oioni6oK.

9. Jlebene B.B., UWxan Cs06iap, Mipomanuenko J[.B., Illymsra 1.B.,
JIucenko JI.A., [TonoB €.M. TexHONOTrIYHI acCNEKTU OJECpP>KaHHS Ta BIACTHUBOCTI
MOJIIMEPHUX TiAporese Ta 610MmIiBoOK MOAU(IKOBAHUX T'YMIHOBUMH PEUOBHHAMU.
Byeneximiunuu orcypnan. No.2. 2022. C. 12-21.

3006y6auem  po3pobieHO  OCHOBHI MEXHONO2IYHI  cXemu  NOJNIMEPHUX

2iopoeenetl ma 6ioniieoKk MOOUPIKOBAHUX 2YMIHOBUMU PEHOBUHAMUL.
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10. JIebenes B.B., Mipomunuenko /. B., CaBuenko JI. O., Tuxomuposa T.
C., 3abiska H. A.JlocmimxeHnHsa Oiogerpaga0enbHUX IUTIBOK Ha OCHOBI €TEpiB
[ENI0NI03u 3 OaKTepUIMAHUMHU BIACTHBOCTAMU. [Hmecposani mexHono2ii ma
enepeozoepeacenns. 2022. Ne 2. C. 55-64.

3006y6auem BUKOHAHO eKCNEpUMEHMU ma MpPAKmMy6aHHs pe3yabmamie
00CNiOJHCEeHHS aHMUDAKMePIalbHUX 81acmueocmell HiooecpadabenbHux NiiBoK Ha
OCHO8I emepis Yenro03uU.

11. Jle6ener B.B., Mipomnnuenko /[.B., CaBuenko J[.O., Tuxomupona
T.C.Po3poOka Ta A0CIiIPKeHHS T1I0pUIHUX €KOJIOTTYHO YUCTUX 010AerpagadeTbHux
IUTIBOK 3 OakTepUIMAHUMHU BIACTUBOCTAMU. Bueni 3anucku Tagpiticbkoeo
HayioHanvbHo2o yHieepcumemy imeni B. I. Bepnaocvkoco . Cepia “Texwiuni nayku”.
2022. Ne3. T. 33(72). C. 87-91.

3006ysauem sucynymo ioero ujo00 MOOUQIKYOUOoi Oii 2YMIHOBUX KUCIOM 8
biodezpadabenbHux NoaAiMepHUx NIiBoK.

12. Lebedev V. V., Miroshnichenko D. V., Mysiak V. R., Bilets D. Y.,
Tykhomyrova T. S., Savchenko D. O. Hybrid eco-friendly biodegradable
construction composites modified with humic substances. Bulletin of Odessa State
Academy of Civil Engineering and Architecture. 2022. Ne87. C. 92-99.

3000ysauem 8UKOHAHO MPAKMYBAHHS Pe3YAbmMamié 00CIONHCEHHS 3 PO3POOKU
KOHCMPYKMUBHUX 0i00e2padabeibHux KoOMNo3uyili.

13. Jlebenera K.O., Yepkammua ['.M., Capuenko J[.O., Jlebemer B.B.
BuBueHHss o0coOnaMBOCTEH TeleyTBOPEHHS Ta PEOJOTIYHMX — BJIACTUBOCTEH
rifiporeneil Ha OCHOBI arap-arapy. [umezposani mexHono2ii ma enepeo36epexcents.
2022. Ne 3. C. 42-51.

3000y6auem  00cnioKHCEHO  npoyecu  2eneymeopeHHs ma — peosoiuHi
eracmusocmi ciopozeneli Ha 0OCHOBI azap-azapy .

14. Lebedev V., Miroshnichenko D., Bilets D., Mysiak V. Investigation of
Hybrid Modification of Eco-Friendly Polymers by Humic Substances. Solid State
Phenomena. Ne334. 2022. P. 154-161.
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3006ysauem sucynymo ioero w000 mMoOugikyrouoi Oii eyMiHOBUX KUCIOM 8
nonimMepHux 6io0e2padabenrbHux KOMNO3UYIAX NOLINAKMUOY .

15. Miroshnichenko, D.V.; Pyshyev, S.V.; Lebedev, V.V.; Bilets, D.Y.
Deposits and Quality Indicators of Brown Coal in Ukraine. Naukoviy Visnyk
Natsionalnoho Hirnychoho Universytetu. 2022. Ne3. P. 5-10.

3006y8auem 6uUKOHAHO cUCMeMaAMU3ayit0 OCHOBHUX 0xcepel OYPO2o 82l 8
Ykpaini.

16. Lebedev, V.; Sizhuo, D.; Xiaobin, Z.; Miroshnichenko, D.; Pyshyev, S.;
Savchenko, D. Hybrid Modification of Eco-Friendly Biodegradable Polymeric
Films by Humic Substances from Low-Grade Metamorphism Coal. Petroleum and
Coal. 2022. Ne 64. P. 539-546.

3000ysauem Ha niOcmasi  00epHCAHUX  EeKCNEPUMEHMANbHUX — OAHUX
NPOAHANI308aHO 2IOPUOHUL BNIUE 2YMIHOBUX PEUOBUH HA KOMNIEKC XAPAKMEPUCTUK
biooezpadabenbHUx KOMRO3UYIIL.

17. Miroshnichenko D., Lebedeva K., Cherkashina A., Lebedev V., Tsereniuk
0., Krygina N. Study of Hybrid Modification with Humic Acids of Environmentally
Safe Biodegradable Hydrogel Films Based on Hydroxypropyl Methylcellulose. C-
Journal of Carbon Research. 2022. Ne 8, P. 71.

3006ysauem sucynymo ioero w000 mMoougikyrouoi Oii cyMiHOBUX KUCIOM 8
NONIIMEPHUX 2I0pPO 2eisIX 2IOPOKCUNPONIIMEMUIYENIONIO3U.

18. Mipomanuenko Jl., Tuxomupona T., CaBuenko /I., Mazduernko M., Mucsk
B., KoueroB M., Comnoge#t JI. JlocmimxkeHnHs TiOpuAHNX €KOJOTIYHO OE3MeYHUX
OlomerpagabeIbHUX KOMIIO3UTIB Ha OCHOBI IOJUIAKTHAY, KaBOBOI TYINI Ta
TYMIHOBHUX PEUOBUH. [Hmeeposani mexnonozii ma enepeozoepesicentsi. 2022. Ne 4,
C. 46-54.

3006y8auem 6UKOHAHO eKCnepuMeHmu 3 00epA’CaHHsa OiodezpadabenbHux
KOMNO3Umie Ha OCHOBI NONIIAKMuody, Kagoeoi 2ywi ma yMiHOBUX PEYOBUH.

19. Jle6enes B.B., Mipomanuenko [[.B., CaBuenko [1.0., MatioxoB /I.B.,
Jlenguu €.C., Conoseit JI.B.JlocmipkeHHST eKCIUTyaTallifHUX BJIACTUBOCTEH

riOpuHUX  €KOJOoriyHo  Oe3mevyHux  OlorpagabesbHUX — TyMIH-IOJIMEPHUX
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rigporesuei xkenatuny. Bueni 3anucku Taspilicbko2o HAYiOHAILHO20 YHIgepcumemy
imeni B. I. Bepnaocwvkoeo”. Cepia “Texniuni nayku”. 2022. Ne6. T.33 (72). C. 210-
214. DOI https://doi.org/10.32782/2663-5941/2022.6/33

3000ysauem 6UKOHAHO MPAKMYBAHHSL PE3YTbmMami 00CAI0OHCEHH KOMNAEKC)
EeKCNILYAmayitiHux 61acmueocmett 2iOPUOHUX 2YMIH-NONIMEPHUX 2i0poz2eliell.

20. Lebedev V.V., Miroshnichenko D.V., Tykhomyrova T.S., Kochetov M.S.
Brown coal humic substances hybrid modified biodegradable composites wear
simulation. Colloguium-journal. 2023. Ne9(168). P. 17-20.

3006ysauem euxonano 3J] moldemosanus 6upobdie 3 0OiodecpadabenbHux
KOMNO3Umi6 Ha OCHOBI NONIIAKMuUoy, Kagoeoi 2ywi ma yMiHOBUX PEYOBUH.

21. Lebedev V.V., Miroshnichenko D.V., Tykhomyrova T.S. Study of brown
coal humic substances hybrid modification on sorption resistance of biodegradable
materials. Colloquium-journal. 2023. Ne10(169). P. 26-28.

3006y6auem BUKOHAHO eKCNEpUMEHMU Ma MPAKMYy68aHHs pe3yabmamie
00CiOICeHH COPOYIIHUX enacmusocmell 6i00e2padadebHUX KOMRO3UMIS.

22. Lebedev V., Miroshnichenko D., Tykhomyrova T., Kariev A., Zinchenko
M., Bukatenko N., Filenko O. Design and research of environmentally friendly
polymeric materials modificated by derivatives of coal. Petroleum and Coal. 2023.
Ne 65(2). P. 334-340.

30006ysauem Ha niOcmasi  00epHCAHUX — EeKCNEPUMEHMANbHUX — OAHUX
NPOAHANi308aHO  GNAUE  2IOPUOHOI  MOOuixayii  cyMIHOBUMU — KUCIOMAMU
OiooecpadadenbHux KOMNO3UMI6 HA OCHOGI NONLNAKMUOY.

23. Jlebener B.B., Mipomunuenko /[.B., Capuenko J1.0., JlurBunenko €.1.
JlocaimkeHHsT XIMIYHO-(PI3UYHUX OCOOJIMBOCTEM MOXIMHUX Oyporo BYTLUIA JUIs
OI[IHKU MOTEHIIAITy iX T10puIHOT PYHKIIIOHATBHOCTI. Byeneximiunuti scypuan. 2023.
Ne 1. C. 7-11. https://doi.org/ 10.31081/1681-309X-2023-0-1-7-11

3006ysauem cucmemamuzo8aHo Oaui No 2IOPpUOHOI (DPYHKYIOHANLHOCI

2YMIHOBUX KUCTIOM 6 NOJIMEPHUX 00 €EKMAax pizHOi npupoou.
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24. Lebedev V., Miroshnichenko D. Study of brown coal humic substances
hybrid modification technology for design biodegradable polymer materials. Véda a
perspektivy. 2023. Ne 4(23). P. 222-228.

3006ysauem cucmemamu306ano 0aui no 2iopuoHoi Moougikayii cyminosumu
KUCIOmamu 8 noiimepHux 6iodecpadabenbHux KOMNO3Umax.

25. Lebedev V., Miroshnichenko D., Tykhomyrova T. Study of lignite humic
acids hybrid modification technology of biodegradable films based on polyvinyl
alcohol. Technology Audit and Production Reserves. 2023. Ne2(3(70)). P. 10-13.

3000ysauem  0o6edeHa  MOJNCAUBICMb  NIOBUWEHHS — MiyHOCmi — ma
eKCNIYamayitiHux enacmueocmeil OIONIBOK NOJIBIHII08020 CAUPMY UWIAXOM iX
MOOupixayii pisHUMU 8UOAMU 2YMIHOBUX KUCIOM OYPO2O 8Y2iliAl.

26. Lebedev V.V., Miroshnichenko D.V., Lebedeva K.O., Cherkashina A.M.,
Kariev A.l. Brown coal humic substances hybrid modified biologically active
polymeric hydrogel materials research. Colloquium-journal. 2023. Ne12(171). P. 54-
S7.

3006y8auem npogedenHi peono2iuni, KOHOYKMOMEMPUUHI Ma MIKPOCKONIYHI
00CTIOIHCEHHSL.

27. Jle6enes B.B., Mipomnaudenko J[.B., CaBuenko /I.O., Uepkammna .M.,
JIutBunenko €.I. TexHonoris riOpuaHoi Moauikaiii TyMIHOBUMH KHUCIOTaMH
Oyporo BYTuUIsl TUTIBOK T1IPOKCHUIPONIIMETUILENION03U. Bicnux Hayionanvnoeo
mexniunoeo yuigepcumemy «XII1I». Cepis: Ximis, Ximiuna mexnHono2is ma eKoaoeisi.
2023. Ne 1. C. 10-14.

3006ysauem Oocniddxceno 6iodezpadayito NAiBOK 3 AHMUOAKMEPUYUOHUMU
B1ACMUBOCINAMU HA OCHOBI 2IOPOKCINPONLIMEMUIYENION03U.

28. Jlebenes B.B., Mipomuunuenko /1.B., CaBuenko /I.O., JIutBunenko €.1.,
Comnoseir  JI.B. [HocmimkeHHs ocoOmuBocTed riOpuaHOi  (PYHKITIOHAIBHOCTI
TYMIHOBUX KHCJIOT Ta PEUOBHH Oyporo Byruuisa. Buewi 3anucku Taepiticbkoco

HayioHanvbHo2o yHisepcumemy imeni B. I. Bepnaocvkoco . Cepisn “Texniuni nayku”.

2023. Ne2. T.34 (73). C. 20-24.
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30006ysauem B6CmMaHOBNEHO, WO HAABHICMb PIZHOMAHIMHUX PeaKyitiHo-
30amMHUX QYHKYIOHANbHUX SPYN € THOUKAMOPOM PearKyitiHol 30amHOCmi SYMIHOBUX
Kuciom 0ypo2o 8y2ins.

29. Lebedev, V., Miroshnichenko, D., Savchenko, D., Bilets, D., Mysiak, V.,
Tykhomyrova, T. Computer Modeling of Chemical Composition of Hybrid
Biodegradable Composites. Lecture Notes on Data Engineering and
Communications Technologies. 2023. Ne178. P. 446 — 458.

3006y8auem npogedeno mamemamuyHe MOOENIOBAHHS NOMUMUI0BAHHO2O0
CKIaoU 2iOpudHuUx 06iode2padabenbHux KOMNO3UYI HA OCHOBI KAB080OI 2ywji ma
2YMIHOBUX PEUOBUH.

30. Lebedev V., Tykhomyrova T., Miroshnichenko D., Filenko O., Kariev
A., Grigorova T. Design and research of environmental friendly polymeric materials
modified by humic substances. AIP Conference Proceedings. 2023. Ne2684 (1). P.
040014-1-040014-7.

3006y8auem 6usYeHoO 6naU8 KABOBOI cyuii, 8i0X00I8 IYUNUHHA MA 2YMIHOBUX
PEevoBUHU HA KOMNJIEKC (Di3UKO-MEXAHIYHUX B1ACMUBOCMEL eKOIO02IYHO YUCUX
NONIMEpHUX Mamepiais.

31. Lebedev V., Miroshnichenko D., Pyshyev S., Kohut A. Study of hybrid
humic acids modification of environmentally safe biodegradable films based on
hydroxypropyl methyl cellulose. Chemistry and Chemical Technology. 2023.
Vol. 17. Ne2, P. 357-364.

3006y6auem 8CMAHOBIEHO MexaHizm 2ibpuonoi  moougixayii
2I0POKCUNPONLIMEMUNIYENION03U PISHUMU MUNAMU 2YMIHOBUMU KUCTIOMAMLU.

32. Jlebenes, B. B. Mipommuuuenxo /I. B., JIaBposa I. O., Yepkammna I'. M.
BuBueHHSs HEmaaMBHOTO 3aCTOCYBaHHS MOXITHUX Oyporo Byriuuis Juist Moauikarii
O1TyMIB. [Hmezcposani mexuonoeii ma enepeosdepescenns. 2023. Ne 4. P. 17-26.

3006ysauem e6usueno 6naue NOXIOHUX OYpoco 8Y2ilisi HA GLACMUBOC
oimymia.

33. Jlebener B.B., Mipomnunuenko J1.B., borosiiaenceka O.B., JInTBUHEHKO

€.1., Conogeit JI.B., [JocmixeHHs HEMATMBHOIO 3aCTOCYBAHHS MOXITHUX Oyporo
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BYTULIS MpU OJEpKaHHI MeMOpaH Ha OCHOBI TiOpuaHHX OloferpagadebHUX
MaTepianiB. [Hmeeposani mexnonoz2ii ma enepeozoepexcenns. 2024, Ne 1. P. 51-58.

3000y6auem 6usueno 6naU6 MOXIAHUX OYp020 GV2iNNIsL HA G1ACMUBOCHI]
MeMOpaH Ha 0CHOBI 2iopuoHUx biodecpadabebHux mamepiais.

34. Lebedev V., Miroshnichenko D., Vytrykush N., Pyshyev S., Masikevych
A., Filenko O., Tsereniuk O., Lysenko L. Novel biodegradable polymers modified
by humic acids. Materials Chemistry and Physics. 2024. VVol. 313. P. 128778.

30006ysauem 6cmano6ieHO 8NIUE MOOUPDIKAYIT PIHUMU MUNAMU SYMIHOBUMU
KUCIOMAaMU HA CMYNIHb 6NOPOKOBAHOCMI PIZHUX Oiode2padabebHux noaimepis.

35. Xiaobin Zhang, Lebedev V., Miroshnichenko D., Pyshyev S., Savchenko
D. Properties of polymers obtained from humic acids. Cywacni mexmnonocii
nepepobku nanvuux konanux: Martepianu IV MixHapoaHOI HayKOBO-T€XHIYHOI
koHbepenuii, Xapkis, HTY «XIII», 2021. C. 5-6.

3000ysauem 6CMAHOBNIEHI OCHOBHI MEXHIYHI B1ACMUBOCMI 2YMIHOBUX
KUciom.

36. Xiaobin Zhang, Lebedev V., Miroshnichenko D., Pyshyev S., Savchenko
D. Technological properties of polymers obtained from humic acids of Ukrainian
lignite. Ingopmauiiini mexnonoeii: nayka, mexuixka, mexnonozis, oceima, 300po8 s
MicroCAD-2021: Matepiamu ~ XXIX  MDbKHapoaHOT  HAYKOBO-TIPAKTUYHOI
koH(pepenuii, Xapkis: HTY «XIIl», 2021. C. 259.

3000ysauem 6cman08NeHl OCHOBHI KILNbKICHI XApaAKmMepucmuku 2YyMIiHOBUX
KUcaiom.

37. Jlebener B.B., TuxomupoBa T.C., bykareaxo H.O., I'puroposa T.K.,
JlutBunenko O.0., JlozoBurnpkuii A.O. MojemoBaHHS Ta PO3poOKa IAU3aAWHY
BUPOOIB 3 €KOJIOTTYHO OE€3MEYHUX TUIACTHUKIB ISl OJ1arOyCTPOIO0 MICHKUX MPOCTOPIB.
Innosayitini mexnonoelii 6 apximexmypi i ouzatini: Matepianu V MiKHapoaHOT
HAyKOBO-TIpakTU4YHOT  KOoH(epeHiii, XapkiB: XapKiBCbKUH  HaI[lOHAJbHUM
yHiBepcuTeT OyaiBHULITBA 1 apxiTekTypH, 2021. C. 390.

3000ysauem penizo8aHo MOOenN08aHH BUPODIE 3 eKOJ02IUHO Oe3neyHuUx

NAACMUKIB.


http://ite.khpi.edu.ua/issue/view/17374
https://www.facebook.com/KhNUBA1930/
https://www.facebook.com/KhNUBA1930/

333

38. Lebedev V., Tykhomyrova T., Lozovytskyi A., Grigorova T., Filenko O.,
Cherkashina A. Sorption studying of environmentally friendly polymeric materials,
IIpobremu naossuyatinux cumyayiti PES-2021: Matepianu MixHapo1HOT HAYKOBO-
npakTHyHOi KoHpepeHiii, XapkiB: HarioHampbHUI YHIBEPCUTET ITUBLILHOTO
3axucty Ykpainu, 2021. C. 293-294,

3006y8auem 6cmanoBNieHi OCHOBHI COPOYIiHI 81aCMUBOCMI NOJIIMEPHUX
mamepianie, MOOUDIKOBAHUX 2YMIHOBUMU KUCIOMAMU.

39. Lebedev V., Miroshnichenko D., Zhang Xiaobin, Pyshyev S., Savchenko
D. The use of humic acids from low-grade metamorphism coal for the modification
of biofilms based on polyvinyl alcohol. Byeirbna mennonoenepeemuxa: winsixu
pexoucmpykyii ma pozsumky. 30ipka HaykoBux mnpaub XVII MixnHapoaHoi
HayKOBO-NPAaKTUYHOI KOH(epeHii,

Kuis: [nctutyT ByrineHux eneprorexuonoriii HAH Ykpainu, 2021. C. 2—-6.

3006ysauem ecmanogieno 6naug 2iopuoHoi moouikayii eymiHosuMU
KUCTOMAMU HA PEOI02IYHI NOKAZHUKU OIONIIBOK.

40. Jlebener B.B., Tuxomuposa T.C., Jlozounbkuii A.O., ®inenko O.M.,
I'puroposa T.K. JlochmimkeHHS Ta ONTHUMI3AIlS CKJIQay €KOJOTIYHO YHUCTHX
NOJIIMEPHUX MaTepiayiB OyAiBEeIbHOr0 MpuU3HadeHHs. [Ipobaemu Haliinocmi ma
006206IUHOCMI THICEHEPHUX Cnopyo i 0y0iselb HA 3ANI3HUYHOM)Y MPAHCNOPMI.
Marepiamun  XIX MikHapoaHOI HayKOBO-TEXHIUYHOI KOH(epeHii, Xapkis:
YxpAVY3T, 2021. C. 239.

3006ysauem 6cmanogieHo naug 2iOpuoHoi mooupikayii  cymiHosuMU
KUCTOMAMU HA eKCNePUMEHMANbHI XapaKkmepucmuku Oioniacmuxie.

41. Jlebener B.B., Mipomunuenko [I.B., Uxan Cso6iap, IIumr’es C.B.
PonoBuiia Ta mokasHUKH SKOCTI Oyporo Byruuis. [lepcnexmueu ximii 6 cy4acHomy
ceimi: Matepianu I IntepHer-koHdepenii momoaux BueHux, Kuromup: XY im.
I. ®panka, 2021. C. 66 —67.

3006y8auem npoedeHo amaniz xapakxmepucmux aKocmi 0ypoeo 8y2iniisa 3a

OAHHUMU YKPAITHCOKUX 8UO0DYBHUX NIONPUEMCINE.
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42. Jlebene B.B., Mipomnnuenko /I.B., CaBuenko /[.O., binems JI.1O.,
Mucsk B.P., Binauk A.M., Peyka FO.B., M'arkoxii0 1.1. JlocnimkeHHs: ryMiHOBHX
KHUCIIOT Ta PEUYOBHUH, K TiOpuaHUX MoaudikatopiB momimepiB. CyuacHi mexHonozii
nepepooku nanvHux xonanux. Matepiamm [V MixHapogHOT HAYKOBO-TEXHIYHOT
koHpepentii, M. Xapkis, 2022. — C. 27-30.

3006ysauem 6cmanogneno 6naug 2iopuoHoi moouikayii  eymiHo8UMU
KUCI0MAamu Ha MEeXHOJI02IYHI 61aCMU80Cmi NoJiMepis.

43. Lebedev V.V., Miroshnichenko D.V., Mysiak V.R., Bilets D.Yu.,
Tykhomyrova T.S., Savchenko D.O. Hybrid eco-friendly biodegradable
construction composites modified by humic substances . Axmyanvni  npobremu
inoceneproi mexaniku 2022: Marepianu 1X MixHapOAHOI HAyKOBO-TIPAKTUYHOI
koH(pepenuii, Oneca: OnechbKiid nepKaBHIN akazemii OyTiBHULTBA Ta apXITEKTYpPH,
2022. C. 127-128.

3006ysauem ecmanogieno 6naug 2iopuoHoi moouikayii eymiHosuMU
KUCTOMAMU HA KOHCMPYKYIUHI 61ACMUBOCE OIOKOMNO3UMIS.

44, Capuenko J[.O., Jlebener B.B., Mipomuuuenko J[.B., bizens [1.1O.,
Mucsk B.P., Binauk A.M., Peyka 10.B., M'irkoxmi6 I.I. OcobimBocTi riOpuaHoi
MoaudiKkallii moJiMepiB T'YMIHOBUMH KUCJIOTAMH Ta pEYOBUHAMH Oyporo ByTriuis .
Ilocmyn 6 nagpmoeazonepepooniii ma nagpmoximiuniu npomuciosocmi APGIP-11:
Marepiamu  XI  MDKHapoJHOI  HAyKOBO-T€XHIYHOI  KoH(epeHuii, JIbBIB,:
BumasaunTso JIpBiBCchKOi momiTexniku, 2022. C.279-280. 2 3006ysauem
BCMAHOBIIEHO MEXAHI3M 2IOPUOHOT MOOUIKayii yMiHOBUMU KUCTIOMAaMU OIONIIBOK
HA OCHOBI NOJIIBIHINI0B020 CNUPM).

45, Lebedev V., Miroshnichenko D., Bilets D., Tykhomyrova T., Mysiak V.
Research of hybrid modification of eco-friendly polymers by humic substances.
IIpobnemu naozsuuaiinux cumyayinu PES-2022: Matepiaiu MixHapoHOT HayKOBO-
npakTu4yHoi KoH(epeHiii, XapkiB: HamioHanbHUI YHIBEPCUTET LHUBLILHOIO
3axucty Ykpainu, 2022. C. 171-172,

30006ysauem 6cmaHo8NeHO 6NAUE 2IOPUOHOI MoOuikayii 2yMiHOBUMU

pevosunamu Ha biodecpadaenbti NOIIAKMUOHT Mamepiau.
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46. Lebedev V., Miroshnichenko D., Savchenko D., Bilets D., Mysiak V.,
Tykhomyrova T. Computer modeling of optimal chemical composition of hybrid
biodegradable composites. Ingopmayiiini mexnonoeii 6 oceimi, nayyi i mexmuiyi»
ITOHT-2022: Marepianu VI MixHapoIHOI HayKOBO-TIPAKTUYHOI KOH(EPEHITi,
UYepkacu : YATY, 2022. C. 129-130.

3006y8auem nposederHo KOMN TomepHe MOOent08aAHHS 2iOPUOHOI MoOupikayii
ZyMiHOGMMu pedosuHamu NOJLINAKIMUOHUX KOMNO3UMIE.

47. Sahalai D., Lebedev V., Miroshnichenko D., Bilets D., Mysiak V.,
Sinitsyna A. Hybrid Biopolymer Nanocomposite Materials for Ecological and
Biomedical Applications «<Nanomaterials: Applications & Properties» (IEEE NAP-
2022): abstracts of 2022 IEEE 12th International Conference, Krakdw: Silesian
University of Technology-IEEE Nanotechnology Council-Sumy State University,
2022. C. Olnnsa -28.

3006ysauem 6cmanogneHo 6nau8 2iOpuoHoi moouikayii  eymiHo8uUMU
peyosuHaAMU HA OIOJI02IYHY-AKMUBHICINb NOAIMEPHUX MEMOPAH.

48. Sahalai D., Bilets D., Lebedev V., Mysiak V., Miroshnichenko D.,
Sinitsyna A. Hybrid Biopolymer Nanocomposite Materials for Ecological and
Biomedical Applications. Proceedings of the 2022 IEEE 12th International
Conference "Nanomaterials: Applications and Properties” (NAP 2022). 2022. P.
184251,

30006ysauem BUKOHAHO eKCHepUMEeHmMU ma MmMpaKmy8anHs pe3)ibmamis
oocnidocenHs: biodeepadadenbHux HaHOKOMROZUYIU 3 2YMIHOBUMU PEHOBUHAMU.

49. Lebedev V., Miroshnichenko D., Bilets D., Tykhomyrova T., Tsereniuk
O., Krygina N. Design And Researching Conductive Hybrid Biopolymer
Nanocomposite Materials For Micro-And Nanoelectronics. Proceedings of the IEEE
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