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CEKIIIS 1
CHUHTE3, CTPYKTYPA, BJIACTUBOCTI TA 3ACTOCYBAHHSI
MOJIMEPHUX MATEPIAJIIB TA KOMIOO3UTIB



MonugikoBaHi HAaHOYACTHHKAMH Cpi0Jia 010pO3KJIAAHI KOMIIO3UTH HA OCHOBI MOJIVIAKTHAY

Manunoscokuui B. A., Cementox H. b., lynok I'. /1., Ckopoxona B. ., JTuno H. H.
Hamionansnuii yaiBepcutet «JIbBiBChbKa nomitexHika», JIbBiB, Ykpaina
halyna.d.dudok@Ipnu.ua

[Tomimaktug (ITJIA) — me Giopo3kiaagHUi HAMIBKPUCTATIYHUN TOJIMEp, SIKUW OCTaHHIMU
pOKaMH IPUBEPTAE 3HAYHY yBary sik 010CyMiCHUH Ta €KOJIOT1YHO YMCTUH MaTepian. BiHn cxBanieHui
FDA nns 6i0MeM4HOTO 3aCTOCYBaHHS, KOHTAKTY 3 )KUBUMH OpraHi3aMaMH, a TaKOK JUIsl TAKyBaHHS
Xap4yoBUX MPOAYKTIB 1 JikiB. [lakyBaHHsS Mae BiIMOBiIAaTH CYBOPHM TEXHIYHHM 1 CaHITapHUM
HOpMaM. BOHO MOBMHHO 3aXxWIIaTH MPOAYKT BiJl MEXaHIYHMX MOIIKOKEHb Ta 3abe3nedyBaTu
TepPMETUYHICTh, MO0 3amo0irTH 3HEBOJHEHHIO, HAMOKaHHIO abo okucHEeHHI0. L[i BmacTmBOCTI
0a3yroThcs Ha Oap’€pHUX XapaKTEPUCTHKAax MaTepiany. 30BHImHI (akTopu (TEruio, BOJIOTA,
KHCEHb) CIIPUSIIOTh PO3BUTKY OaKTepiil Ta TUTiCHABU. Xo4a I JesIKUX MPOAYyKTiB (PppyKTH, OBOUI)
MoTpiOHA BUCOKA MPOHUKHICTD JUIsl "AuxaHHs", OUIBILIICTh TOBAPiB NOTPEOYIOTH 3aXHCTY.

Cporoani 1utiBku Ha ocHOBI [1JIA B)ke BHKOPHCTOBYIOTH JJISl TIAKYBAaHHS CYXUX IPOJYKTIB
abo dact-pyny. [Ipote ix 3acTocyBaHHs OOMEKeHE AJis MPOIYKTIB, UYTIUBUX JI0 BOJIOTH Ta KUCHIO,
yepe3 HEJOCTaTHI Ta303axucHi Ta aHTHMiKpoOHI BractuBocTi ITJIA. Xouwa IIJIA nerko
00po0IsieThes, WOro KPUXKICTh € HeponikoMm. IIpoTe MIIHICTH MaTepiadly MOXKHA IMiJABHILUTH,
30UTPIIMBINY YacTKY KpHCTaligHOi (pakimii. CTymiHb KpUCTATIYHOCTI TaKOXX BH3Ha4yae Oap’epHi
BIAcTUBOCTI. [IepCHEKTHBHUM HANpPSIMKOM € CTBOPEHHS HAHOKOMIIO3UTIB 13 BUKOPHCTaHHSIM
HaHOYACTHHOK (po3Mipom 10 100 HM). OcobiuBe Miclie MOCIAaI0Th HAHOYACTHHKHU Cpi0Jia 3aBIsSKU
iXHIM yHIKaJIbHUM aHTUMIKPOOHUM BJIACTUBOCTSIM.

Mertoro poboTtu Oyno MoAM(IKyBaTH IMOJUIAKTHIA HAHOYACTHHKAMH Cpi0Jia Ta IHITUMHU
JOJaTKaMH, a TAKOX JTOCIITUTH QYHT10aKTepUIIUIHI BIACTUBOCTI OTPUMAHUX KOMITO3UTIB.

Hamu BukopucTranuii METOJ CMHTE3y HAaHOYAaCTHMHOK cpibijia BIJHOBJIEHHSM Horo 3 cosei
noxniBiHinmiponigonom (I1BII), sxuit € 6e3nedHimmM 3a TpaauIliiiHI METOH, 1[0 BUKOPUCTOBYIOTh
TOKCHYHI aMiHU. Y TBOPEHHSI CTAOUTbHUX KOJIOIMIB MIATBEPIXKYBATIOCS 3MIHOIO KOJILOPY PO3UYHHY HA
KOPUYHEBO-)KOBTUH Ta AanumMu [Y crektpockormii. AHami3 CIEKTPiB 3aCBIAUMB KOOPAUHAIIIO MiX
Ag ta xapOoHitbHMUMY rpynamu [IBI1.

BaxnuBoro XapakTepUCTUKOI € TIOBEAIHKa Marepialy y BOJHOMY CEpEIOBHMIL.
JlocikeHHs OKa3ald, U0 ycl 3pa3ku MaloTh HU3BKUHM CTYMiHb HaOpsakaHHs (10 2%), 110 BKa3ye
Ha J100pi 6ap’epHi BIACTUBOCTI.

BunpoOyBanust Ha kyneTypax E. coli, S. aureus ta A. niger mpoaeMOHCTpyBaJH, IO
KOMIIO3UTH 0e3 cpibia He MaroTh aHTUMIKpPOOHUX BJIACTMBOCTEH, a 3pa3Kd 3 HAHOYACTMHKAMHU
cpibsa epexkTUBHO OJIOKYIOTH picT OakTepidl HaBITh 3a MIHIMAJIBHUX KOHIEHTpamii. HalBummii
eexT crocrepiracs 3a KoHueHTpauii 100 MKr/mu, ae picT MIKpOOpraHi3miB OyB MHpPaKTHYHO
MTOBHICTIO 1HT100BaHMIA.

Metoa ¢opMyBaHHS IUTIBOK 13 PO3YMHY OOIPYHTOBaHMH THM, IO BiH J]a€ 3MOT'Y BBOJAWUTH
HETEPMOCTIIIKI KOMIIOHEHTH (AaHTHCENTUKHU, KOHCEPBAHTH) 3a HU3BKUX Temmeparyp. Po3pobieno
IPUHIUIIOBY CXEMY YCTaHOBKM, IIO BKJIIOYA€E (UIbEPY, TPAHCHOPTEPHY CTPIUKY Ta CYIIWIbHY
KaMepy 3 CHCTEMOIO peKyIepallii po3YnHHUKA.

OCHOBHI pe3ynbTaTu AOCTIIKEHb:

- po3pobneHo Oe3neuHuid cnocid ofep)kaHHs HaHOYACTHHOK cpibina B ITJIA-matpuiri
3a nonomorozo 11BII;

- CHHTE30BaHi MaTepialyu MatoTh BUpakeH1 PyHT10aKTepUIU/IHI BIaCTUBOCTI;

- HU3BKUI CTYMiHb HAOpsIKaHHS MIATBEPDKYE NMPUAATHICTH IUIIBOK JJI MaKyBaHHS
JIKIB Ta MPOJYKTIB;

- 3allpONOHOBAHA TEXHOJIOTIS Ja€ 3MOTY CTBOPIOBATH EKOJIOTIYHE TMAaKyBaHHSA 3
MTOJOBKEHUM TEPMIHOM 30epiraHHsl BMiICTHMOTO.
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Crystallinity transformation in pulverized polyphthalamide for sustainable polymer
engineering

Yekimov Y., Lebediev V.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
yekymov@ihti.khpi.edu.ua

High-temperature semi-aromatic polyamides, commonly referred to as polyphthalamides
(PPA), occupy a critical niche in engineering applications where thermal stability, chemical
resistance, and dimensional integrity at elevated temperatures are required. Typical PPA grades,
such as 6T/61 glass filled 35% exhibit melting temperatures above 320 °C and retain stiffness and
strength in conditions where conventional aliphatic polyamides (such as PA6 or PA66) begin to
soften or lose mechanical performance. This combination of properties has led to widespread use of
PPA in automotive under-the-hood components, electrical and electronic connectors, and other
high-load, high-temperature environment. However, the same structural features that make PPA
attractive in service — semi-aromatic backbones, high crystallinity, and strong intermolecular
hydrogen bonding — also make these materials particularly challenging to recycle in a
technologically and economically viable way.

Mechanical recycling of high-temperature semi-aromatic polyamides remains a
technological challenge due to their high melting temperatures and limited processability. In this
study, secondary glass-fiber-reinforced polyphthalamide was subjected to two different mechanical
size-reduction routes — conventional crushing and fine pulverization — to evaluate how mechanical
treatment affects its structural morphology and potential suitability for sustainable polymer
engineering. FTIR analysis confirmed that both treatments preserved the chemical backbone of
polyphthalamide, although the pulverized material showed subtle changes in the N-H and C=0
absorption regions, indicating a partial reorganization of the hydrogen-bonding network. X-ray
diffraction revealed a measurable decrease in apparent crystallinity from approximately 24.2 %
(crushed) to 18.4 % (pulverized), accompanied by an increase in crystallite size from 10.3 to 12.8
nm, suggesting lamellar restructuring rather than surface damage.

Differential scanning calorimetry was evaluated using the first heating run as a probe of the
as-processed morphology: compared with the crushed reference, the pulverized polyphthalamide
exhibits a lower melting enthalpy on first heating (=23 vs =17 J/g) and a distinct cold-crystallization
exotherm near 166 °C, while the glass-transition and melting temperatures remain essentially
unchanged. The combination of reduced apparent crystallinity, decreased melting enthalpy on first
heating, and the emergence of cold crystallization indicates that mechanical pulverization transfers
a fraction of the semi-crystalline phase into a more disordered yet recrystallizable state. From an
application perspective, this “morphology-activated” polyphthalamide can be considered as a finely
divided, thermally stable polymeric phase that is more amenable to reuse in polyamide-based
systems and powder-based technologies.

These results show that mechanical pulverization can serve as a simple, solvent-free method
for enhancing the recyclability and engineering value of high-performance polyphthalamide within
sustainable polymer processing frameworks.
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IcTopisi BUHMKHEHHS Ta PO3BUTKY KOHIENIil CTBOPEHHS MaTepiajiB VI 3aXUCTY Bij
€JIEKTPOMATHITHUX BUNIPOMIiHIOBAHb

Pabuenko M. O., Jlebenes B. B., JIutsun A. O., @omiiii I1. M., lllecronanos O. B.,
Yedpanos €. B., Kpuobok P. B.,Kapes A. 1., Uepkammna I'. M., biuzniok O. B.

HarmionansHU TEXHIYHUN YHIBEpCUTET «XapKIBChKHM MOJITEXHIYHUHA IHCTUTYT», XapKiB, YKpaiHa
vladimirlebedev1980@ukr.net

CTpiMKHii PO3BHTOK €EKTPOMArHITHUX TEXHOJIOTIN 1 MIMPOKE 3aCTOCYBAHHS €IEKTPOHHHUX
IPUCTPOIB NOYMHAIOUU 3 CepeAuHM XX CT. NMPHU3BEIM O IOSBHM HOBOTO TUIY TE€XHOTE€HHOI'O
3a0pyJHEHHS — EeJIEeKTpOMarHiTHoro. EnekrpomarHiTHi BunipoMintoBanss (EMB) Bix nmpupomgHmx
(6MckaBKHM, COHSIYHI CHaJlaxy) Ta MITYYHUX JpKepen (paxapu, KOMITHOTEPH, TEJIEKOMYHIKaIliiHe
o0JaiHaHHs) TOPYIITYIOTh HOPMAIBHY POOOTY €IEKTPOHHHUX CUCTEM 1 HECYTh 3arpo3y JUIsl 37J0POB's
JIFOAMHU.

Konnenmito enekrpomarnitHux nepemkoy (EMII) Brnepmie 3anpomnoHyBaB MikKHApOIHHNA
cremiaJibHUi KoMiTeT 3 paaionepemikon y 1933 pomi B Ilapmki, 1o 3akiajo OCHOBU CydacHOI
HOpPMAaTUBHOI 0a3u y wiii cdepi.

Y 1970-x pokax HaAyKOBLI JOKYMEHTadbHO miaATBepAuiau IMmkony EMB nans xuBux
OpraHi3MiB 1 HABKOJIMIITHHOTO CEPEIOBHUINA, IO CIIOHYKAIO MPOBIIHI JEep)KaBH JI0 3aKOHOIABUOTO
perymoBanHs. Y 1979 poui @enepanbua komicis 3B'a3ky CIHIA BBena 000B's3k0Bi1 JimMiTH Ha EM-
BUIIPOMIHIOBAHHS ISl BCIX €JIEKTPOHHUX NpUCTpoiB. Pama €Bponu po3poduiia TUPEKTUBU OO0
3aXUCTY ypazJIUBUX IPYI HACENECHHS, BariTHUX JKIHOK 1 MAIIEHTIB 3 MEIUYHUMH IMILJITAHTATaMHU.

3 mouatky 2000-X pokiB i 0cobmuBo 3 2015 p. — KOJIM cTapTyBajlo aKTUBHE PO3TOPTAHHS
Mepexk 5G Ta IHTEpHETYy— KUIbKICTh myOmikamiii Ha Temy norimuHadHs EMB  3poctae
eKCTIOHEHIIIIHO.

3a nanumu Web of Science, nurie y ramysi nogiMepHUX KOMIO3UTIB [t 3axucty Bin EMB
mopiyHo mybnikyerbes moHaa 2000 HoBux mochimkensb. Cporomni EM-3a0pynHeHHs BuU3HaHE
YEeTBEPTUM THUIIOM AaHTPOINOTE€HHOro 3a0pyJHEHHsS HaBKOJIMIIHBOTO CEpelOBHINA MOpST 3
aTMOC(epHUM, BOJTHUM Ta ITyMOBHUM.

Tpaauuiitno s exkpanyBanHs EMB 3actocoByBanmucs MmertaneBi marepialid — Mifb,
aIOMIHIHM, HepkaBitoya cranb. [IpoTe mMeTanu MaroTh CyTTEBI OOMEXEHHS: BHCOKAa IMUTOMAa Maca
(p(Cu) = 8,96 r/cMm?), CXWIBHICT 1O KOpPO3ii, CKIaIHICTH (OPMOYTBOPEHHS Ta MEpPEeBaXKHO
B1JIOMBHUH (a HE MOIIMHAIOUMI) MEXaHI3M Jii, 110 NMPU3BOIUTH 10 BTOpuHHOro EM-3a0pyaHeHHs.
Ile 3yMOBMJIO aKTHUBHHMH MOIIYK abTEPHATHB — MEpPEAYCIM JIETKMX, THYYKHX 1 TEXHOJOTTYHHX
MOJIIMEPHUX HAHOKOMIIO3UTIB, 3JaTHUX HE JIMIIEe BiIOMBaTH, aje ¥ e(EeKTHMBHO NOIIMHATU
€JIEKTPOMArHiTHY €Heprito, HepeTBOPIOIOYH ii Ha TEIUIOTY.

EdextuBnicts MaTepiany 1uist 3axucty Bii EMB BupakaeTbcs koedilleHTOM eKpaHyBaHHS:

SE (ab): SET = SEa + SEr + SEw,

ne SEa — nornuuanHs, SER — Bi110uTTs, SEM — KpatHe Binoutts. s KOoMepuiiHUX
3aCTOCYBaHb MiHIManbHO HeoOximHe 3HaueHHs SE > 20 nb (expanyBanHs 99% manatodoi
MOTYXKHOCTI), it 000poHHUX Ta aepokocMmiuanx — SE > 60-80 nb. Marepianu 3 1oOMIHYyIOYHM
nornuHaHHsIM (SEa >> SERr) € oco6iuBO IIHHMMH, OCKIJIBKM HE CTBOPIOIOTH BTOpUHHOrOo EM-

¢dony.
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Biogerpagade/bHi KOMIIO3MTH HA OCHOBI MOJIITiAPOKCUOYTHPATY, NOJITAKTHAY TA
rigpoxkcianarury aaa 3/1-1pyxky

leanyx O. 0.1, Menbuuk 1O. }I.l, Cemenmok I. B.2, Cxopoxona B. nt
'Hanionansnuii yaisepcureT «JIbBiBchbka momiTexHikay, M. JIbBi, Ykpaina
Bininenss GizHko-XiMil TOpIOYNX KomanuH IHCTUTYTY (bi3uKo-opraHiuHoi XiMil i Byraeximii
imeni JI. M. JlutBunenka HAH VYkpainu, M. JIbBiB, Ykpaina
oleksandr.o.ivanukh@Ipnu.ua

Tepmormactuyni  kKoMro3ut  Ha  ocHOBI  moumi(3-rizpokcuOyrupary) (III'B) 1
rinpokcianatuty (I'’A) € mepcneKTHBHUMH Uil aJUTHBHOTO BUTOTOBJICHHS O0iope30pOOBaHMX
KapkaciB KICTKOBOi TkaHWHH. [loeqHanHs OiomerpamadenbHOTO ToNecTepy 3 Ol0aKTHBHOIO
kanblidochaTHo0 (Pa3or0 103BONISIE OTpUMATH Marepiall, SKUA TO€AHYe Oi0CYMIiCHICTb,
OCTCOKOHJIYKTHUBHICTh 1 3a0e3reuye HEOOXINHWHM pIBEHb MeEXaHIYHUX BiactuBocteld. Ilpore
BukopuctanHsa III'b y texHonorisix 31 IpyKy YCKIQIHIOETHCS HOTO BHUCOKOI KPHCTAIIYHICTIO,
IIBUJIKOKO KPUCTAJI3aLi€0 i 00MEXEHUM TeMIIEpaTypHUM 1HTEPBAIOM IEpepOoOICHHS, 10 3HIKYE
CTaOUIBbHICTh eKCTpPY3il W sSKiCTh (GopmyBaHHS BuUpoOiB. ToMy akTyanpHUM € Mialip ckiamgy Ta
pexxumiB GpopmyBaHHA KOMIIO3UTIB Ha ocHOBI 1B, a Takoxx MoaudikyBaHHS MOMIMEpHOI MaTpHUIIi
JUTSL TIOKPAIIEHHS X TeXHOJIOTTYHOCTI B yMoBax FDM-apyky.

binapni komnosutu [II'b/T’A dhopMyBanu mIsXoM BBEACHHS T1IPOKCIAMATUTY Y TOJTIMEPHY
MaTPUIIO 3 MOAATBIINM KOMITAYHIYBaHHSM 1 eKCcTpy3ieto (pimamenrta. Bmict ['A y Takux cucremax
3Haxo/uBca y Mexkax 5—30 mac. %. 3a HU3bKUX KOHIIEHTpAIliil HaOBHIOBaYa KOMIO3UIIiT 30epiraiu
3aJIOBUTBHY TEKYyUiCTh, OJHAK yxe mpu BMicti 15-20 mac. % ['A cmocrepiramocst BiadyTHE
MIBUIICHHS B A3KOCT1 PO3ILIaBY, 10 YCKJIaJIHIOBAIIO cTabiibHe (popMyBaHHS (DiTaMEHTY.

@inamentu I[II'B/T’A oxmepxyBany KOMIIAyHAYBAaHHSM 3 BHKOPHCTAaHHSIM JaOOpaTOPHOTO
nBoirHekoBoro ekcrpyaepa HTGD-11 3 giamerpom mneka 21,7 MM 1 chiBBigHomeHHsM L/D = 40.
[Tepen nepepobiennsim nopornkonoaioni komnoneHTH: I1I'b, cunte3oBanuii y Bigninenni ®XIT'K
[H®OB HAH Vkpaian (Tu:=150-177 °C; IITPag.216) = 9 1/10 xB) 1 rigpokcianatut (Acros
Oganics®, CAS: 1306-06-5 3 po3mipom dacTiHOK 60—80 HM) CyITMIN CyMiCHO y BaKyyMHii madi
BIII-0,035 3a temnepatrypu 80 °C mporarom 2 roj s 3MEHUICHHS BIUIMBY BOJIOTM Ha
TEPMOCTaOUIbHICTh CUCTEMHU. TemmepaTypHUil npodiib KOMIAyHIAyBaHHsS 3HAXOJMBCI y Mexkax
150-190 °C, a mBuakicTe oOepTaHHs HIHEKa cTaHoBWia 60 00./xB. OTpuMyBamu (QillaMeHT
niametpoMm 1,75 Mm, sIKUH Mics BUXO/Y 3 €KCTPYAEpa OXO0JIOKYBAIN 32 JOTIOMOTOI0 MOBITPSIHOTO
Kynepa a0 temreparypu 50-60 °C s crabinizanii reomerpii.

3 METOI MOKpaIIeHHsS TEXHOJIOTITYHOCTI TEepMOIUIaCTUUHUX cucteM Ha ocHoBi [II'b
nonmiMepHy MaTpuiio Moaudikysamu BeeneHHAM mominaktuay (IIJIA) Nature Works® Ingeo™
Biopolymer 4043D (Tux = 145-160 °C; I[1TP(210,2,16) = 6 /10 XB), sIKHii XapaKTEPU3Y€EThCS IIUPIITUM
TEeMIepaTypHUM IHTEpBAJOM TNepepoOIeHHs Ta HIKYOK KpucTadiuHicTio. Jns ¢opmyBaHHA
komno3uTiB [II'B/IIJIA/T’A BukopucroByBasiin cymim noniMmepiB III'B:ITJIA = 50:50 mac. % 3
BMicTOM Tifpokcianatuty 10-30 mac. %. Takuii ckiaa 103BOJMB MoexHATH OlojerpanadbenbHICTh
I[II'b 3 kpamoro TexHomoriunicTio [1JIA 1 3abe3neunTtn crabinpHINE (QopMyBaHHS (QiTamMeHTa.
KomnayHyBaHHS KOMIO3MIIA MPOBOAWIM Ha JABouIHeKoBoMmy ekctpynepi HTGD-11 micns
MONEepeHHOr0 CYMICHOTO CYIIIHHSA MarepiaiiB y BakyyMmHii madi BII-0,035 3a temneparypu 80
°C mpotsirom 2 roa. TemmneparypHuil mpodins exctpysii cranoBuB 170-190 °C, a mBuaKicTh
oOepranHa 1mHeka — 60 00./xB. ITicist ekcTpy3ii HUTKY OXOJIOIKYBaJIK 3a JOIMOMOIOI0 MOBITPSHOTO
Kynepa no temneparypu 50-60 °C i kamibpyBanu no niamerpa 1,75 mm, mo 3abe3neuyyBajo
PIBHOMIpHY 1ojjady QuUIaMeHTy MiJ 4ac APYKY.

CrangapTHi 3pa3ku s JociikeHb 3 onepskanux kommo3utiB [II'B/TA i III'B/TIJIA/TA
BHUTOTOBJISUTH METOJIOM TomapoBoro HarasiaoBadHs (FDM) 3a nomomoroto 3 /[-nipunTtepa Prusa 13
MK?2, ocHameHoro jaTyHHUM coruioM pgiamerpom 0,4 mMm. Mogeni 3pa3kiB CTBOPIOBIN Y
cepenoBuili AutoCAD, a miarotroBky A0 APyKY 371HCHIOBAIHN 3a JTOTIOMOTOI0 MPOTPAMHHX TAaKETIiB
PrusaSlicer i Slic3r. BpaxoBytoun BiAIMIHHOCTI y PEOJIOTiIUHIN MOBEMIHIII JOCTIKYBAaHUX CHUCTEM,
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PSOKUMH JIpYKy MigOMpanu I1HAMBIAYaIbHO JUISI KOXHOTO THUIy KOMIIO3HMTY. TeXHOJOriuHi
napametpu 3 [-1pyKky onepkaHux OiogerpagadbeTbHIX KOMIIO3UTIB HaBEeICHO B Ta0I. 1.

Tabmuus 1 — [Mapamerpu 3/1-apyky oxepxanux 6i07erpagadeIbHIX KOMIIO3UTIB

Tapamerpy 3]1 1pyKy 3HavYeHHS
II'6/TA [I'B/TIJIA/TA

Temneparypa apyky, °C 180-205 190-215
Temneparypa miardopmu, °C 40-60 45-65
HIBuAKiCTh APYKY, MM/C 20-40 25-45
JliameTp coria, MM 0,4 0,4
ToBmwmHa mapy, MM 0,15-0,25 0,15-0,25
KinpKicTh mepuMeTpiB 1 1
[IinbHICTH 3a1TOBHEHHS, % 100 100

Bceranosneno, mo mix vac 3[-mpyky kommnosutiB III'B/TA, 30inbmenns Bmicty ['A
MO3UTHBHO BIUIMBA€ Ha JKOPCTKICTh MaTepialy Ta YacTKOBO 3MEHINYE YCaaKy MiJ dac
OXOJIOJDKEHHS, OJIHAaK IIpM BMICTI HamoBHIOBauya noHaj 25-30 mac. % mpouec ekcTpysii craBaB
HecTaOutbHUM. OCHOBHUMH OOMEXYBAJIbHUMH YMHHUKAMH OYJIM 3HIDKEHHSI TEKY4YOCTI PO3ILIaBy,
HEpIBHOMIPHICTh IMO/Ia4yi MaTepialy 4epe3 COIUIO, a TAaKOX arjoMepallis 4acCTUHOK HAloBHIOBaYa,
10 CTBOpIOBaJia JIOKAJIbHI KOHIIEHTpAIil HANPYXEHb 1 MiJBHIIYBala KPUXKICTh HAaIPYKOBAHHX
BupoOiB. Hatomicts y xommnosutax III'B/IIJIA/TA BBegennst IIJIA posmuproBano TEXHOIOTIYHE
BIKHO TIepepoOJICHHS, TIOKPAIyBaJI0 CTa0UIbHICTh €KCTPY3ii, Cpusiio GOpMyBaHHIO PIBHOMIPHIIIO]
HUTKM Ta [MiABMINYBAJO SKICTh MDKIIAPOBUX 3’€AHaHb. Y TakuX CHCTEMax YacTUHKU
TiIpOKCIianaTUTy PO3MOAUISUIACS PIBHOMIpHIIIE, a MIKpPOCTPYKTypa HaJpyKOBaHUX BHPOOiIB Oyna
OJTHOP1/IHIIIOKO MOpiBHAHO 3 OiHapHuMH Kommno3utamu I1I'B/T’A. Onepxani merogom FDM 3pazku
XapaKTepU3yBATUCS YITKO BHPAKEHOIO IIAapyBaTol OyIOBOIO, THIIOBOIO Ui aJIUTHBHOTO
(dbopMyBaHHS TEPMOIUIACTUYHUX KOMIIO3MTIB. 3a ONTHMAIBHO MiTIOpaHUX PEXHUMIB JIPYKY
dbopmyBanacs mopucra CTPYKTYpa, IO € CIPHUITIUBUM ISl TPOPOCTAHHS KICTKOBOI TKAaHWHHU Ta
PO3BUTKY CYAMHHOI MEPEXKi.

OTxe, 1OCHIPKEHHIMH BCTAaHOBJIEHO, 1[0 BBEICHHS MOJIUIAKTUY /10 CKJIaay KOMIIO3UTIB Ha
OCHOBI HOJITAPOKCHOYTHUPATy Ta TiApOKcianaTuTy 3a0e3neuye MOKpalleHHs iX nepepoOIroBaHOCTI
MetonoM FDM-apyky Ta posmmproe MOXIHMBOCTI (opmyBaHHS OlojerpagadbenbHuUX BHUPOOIB 13
PETyIIbOBAaHOIO CTPYKTYpPOIO Ta BiacTUBOCTSIMH. OpepxkaHi TepMmoIUiacTUuHI OiogerpanadenbHi
KOMIIO3UTH MOXYTh OYTH TEpCHEKTHBHHUMH MaTepialaMd Ui aJUTHBHOTO BUTOTOBJICHHS
6i0pe30pOoBaHMX KapKaciB KICTKOBOI TKaHWUHHU.
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Synergistic mechanisms of corrosion protection in polymer-based primer—enamel coating
systems

Miroshnichenko D.1?, Lysenko L.1?, Zharov S., Kvasov 0.}, Kuzin D.!, Marchenko V.1,
Naboka S.*
! National Technical University "Kharkiv Polytechnic Institute", Kharkiv, Ukraine
2State Enterprise «UKrainian State Research Coal Chemistry Institute (UKHIN), Kharkiv, Ukraine
dvmir79@gmail.com

The corrosion resistance of industrial primer—enamel coatings was studied under controlled
technological conditions by varying zinc phosphate content, organic inhibitors, and silane adhesion
promoters. Eight epoxy—alkyd/acrylic coating variants applied to steel were evaluated using coating
quality indicators and comparative corrosion analysis. The results show that optimal protection is
achieved through a synergistic combination of barrier, interfacial, and inhibitive mechanisms.

Corrosion protection of carbon steel remains a key technological challenge in industrial
applications, as premature coating failure leads to increased maintenance costs, reduced service life
of structures, and significant economic losses. Among the available protection strategies, organic
primer—enamel coating systems remain the most widely used due to their technological flexibility,
cost efficiency, and adaptability to a wide range of service environments. However, their
anticorrosion performance depends not only on chemical composition, but also on coating quality
indicators formed during technological processing.

Industrial primer—enamel systems provide corrosion protection through a combination of
barrier, inhibitive, and interfacial mechanisms. Barrier protection restricts the transport of
aggressive species such as moisture, oxygen, and ions through the coating film. Inhibitive
protection suppresses electrochemical reactions at the metal—coating interface, while interfacial
stabilization controls resistance to underfilm corrosion and coating delamination. The relative
contribution of each mechanism is governed by formulation parameters, pigment loading, additive
functionality, and application technology.

Despite extensive industrial use, many studies consider anticorrosion coatings either from a
purely chemical perspective or focus on individual protective mechanisms in isolation. As a result,
formulation—performance relationships are often discussed qualitatively, without systematic
comparison of industrially relevant coating systems prepared under controlled technological
conditions. This limits the transferability of laboratory-scale findings to real industrial applications.

The present work addresses this limitation by systematically investigating the influence of
formulation variables on the corrosion behavior of industrial primer—enamel coating systems
applied to carbon steel. Epoxy-based primers and alkyd/acrylic enamels were selected as
representative industrial materials. Eight coating variants were prepared under identical
technological conditions, differing only in zinc phosphate content, presence of organic corrosion
inhibitors, and the use of silane-based adhesion promoters. Binder chemistry, surface preparation,
application regime, and curing conditions were kept constant to isolate formulation-driven effects.

Coating quality indicators were used as primary descriptors of film integrity prior to
corrosion exposure. These included dry film thickness, adhesion to steel, defect density, film
compactness, and functional inhibitor efficiency. Corrosion performance was evaluated using
comparative post-exposure metrics, including time to corrosion initiation, corroded surface area,
delamination length, and adhesion retention. This comparative approach emphasizes relative trends
among formulation variants rather than absolute performance of a single system.

The results demonstrate that zinc phosphate content plays a dual role in anticorrosion
protection. Increased phosphate loading enhanced barrier continuity and film compactness while
simultaneously promoting passivation at the metal—coating interface. Coatings with higher zinc
phosphate levels exhibited delayed corrosion initiation and reduced corrosion propagation
compared to baseline formulations.
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Silane-based adhesion promoters had a pronounced effect on interfacial stability. Modified
coatings showed significantly improved adhesion to carbon steel and reduced susceptibility to
underfilm corrosion and delamination. This confirms that strong interfacial bonding is a critical
factor governing long-term coating durability, particularly once localized electrolyte ingress occurs.

Organic corrosion inhibitors contributed independently to corrosion suppression by reducing
electrochemical activity at the metal—coating interface. Their presence resulted in delayed corrosion
initiation and lower corrosion damage, while having minimal influence on bulk film morphology,
thickness, or adhesion. The effectiveness of organic inhibitors was most pronounced when
combined with dense, well-adhered coating films.

The highest corrosion resistance was observed for coating systems that combined enhanced
barrier properties, strong interfacial adhesion, and active inhibitor functionality. These results
indicate a clear synergistic interaction between structural (barrier and adhesion-related) and
functional (electrochemical inhibition) protection mechanisms. No single formulation parameter
alone was sufficient to achieve optimal anticorrosion performance.

A key outcome of the study is the identification of coating quality indicators as reliable
predictors of corrosion resistance. Film compactness, adhesion strength, and inhibitor activity
showed strong correlation with corrosion performance, whereas dry film thickness alone exhibited
only moderate influence. This highlights the importance of evaluating measurable coating
properties rather than relying solely on nominal formulation composition.

From a practical standpoint, the established formulation-technology—performance
relationships provide a structured basis for optimizing industrial primer—enamel systems without
modification of existing application or curing technologies. The proposed approach is directly
applicable to formulation tuning, quality control, and performance benchmarking in industrial
corrosion protection.

The findings confirm that effective corrosion protection in industrial primer—enamel systems
arises from a balanced chemical-technological design integrating barrier densification, interfacial
stabilization, and electrochemical inhibition. This integrated framework offers a robust basis for
improving durability and reliability of anticorrosion coatings in industrial service conditions.
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Po3pobOka Ta nociaigkenns ycranosku 3/[-0ionpuHTepa nis1 0i0/10riYHO AKTHBHUX
OiomoJriMepHUX riaporeJsis

Bopoukin A. A., Jlebenesa K. O., I'pyonik M. 1., Bonomyk B. B., Kpuo6ok P. B., JIlebenes B. B.
HamionanbHuii TeXHIYHUHA YHIBEPCUTET «XapKIBCHKUH MONITEXHIYHUNA 1HCTUTYT», XapKiB, YKpaiHa
vladimirlebedev1980@ukr.net

CydacHUM TPEHJIOM PO3BHUTKY O10JIOT1YHO aKTMBHUX IOJIMEPIB Ta MaTepiaiiB Ha iX OCHOBI
€ BBEJICHHS JIIKIB 4yepe3 IIKipy, /Ui MICIEBOI TepareBTUYHOI J1ii Ha ypaskeHy HIKipy IPU CUCTEMHIN
MiCIIeBil J0CTaBIli JiKiB. TakoX BOHHM IIHPOKO BUKOPHUCTOBYIOTHCS B Hampsmi O10J0TIYHO
aKTUBHHMX MaTepiajiiB y BUTJISAAI MOJIMEPHUX TiPOTeNiB Pi3HOTO THUITY.

byno mnpoBeneHO BHM3HAYEHHS ONTHMAJIbHUX KOHILIEHTpPALli OCHOBHMX KOMIIOHEHTIB
010JIOTIYHO AaKTHBHUX OlomojiiMepHUX TrifgporemiB anst  TexHosorii  3D-OionpuHTiHrYy 3a
pe3yabTaTaMH PeoIOriyHOrO BICKO3UMETPUYHOIO aHall3Yy.

Byno peamizoBani mpomecu peamizamii  mommdikamii  3/-GiompuaTepy. OcHOBOIO
po3pobnieHoro GionpuHTepa ciayryBaB komepiiitnuiit FDM 3D-npuntep Creality Ender 3 V3 SE.
Bubip miei Mmozeni o0rpyHTOBaHO HU3BbKOIO BapTicTio (pubmau3no 200 nonapis CILIA), BiakpuToro
KOHCTPYKIII€I0 HA OCHOBI CTaHJAPTHUX aJTIOMiHIEBUX MPO(dLIiB, HASBHICTIO MiTIrPIBHOTO poO0OYOro
crony (HeoOximHoro st poOOTH 3 IKEJTATHHOBMICHUMH TigPOTENSMH) Ta IIUPOKUM
PO3MOBCIOIKEHHSIM y CEPEIOBUIIIl EHTY31aCTiB.

PearnizoBana ycranoBka npommuku Klipper Ha npunTtep. Ha xapty microSD emuictio 32 I'b
3a pornomororo odiuiiiHoi yrumitu Raspberry Pi Imager 3ammcano o6pa3 MainsailOS. Kaprty
BCcTaHOBJIEHO y Raspberry Pi 4B Ta BHKOHaHO TMepBUMHHE HalamITyBaHHA Mepexi depe3 WiFi.
Hoctyn no Raspberry Pi otpumano yepe3 SSH 3a agpecoro mainsailos.local 3 o6nikoBuM 3anrcom
pi. IMicna nepesanycky Klipper mpuHTEp yCHIIIHO MiKITIOYMBCS 0 CUCTEMH KepyBaHHS y CTaTyci
Ready.

[IpoBeeHO KOHCTPYIOBaHHS IIMPHUIIEBOTO Hacoca. MexaHiyHa YacTHHA IIIIPUIIEBOTO
Hacoca MoOyJoBaHa Ha OCHOBI anroMmiHieBoro mpodinro 2020, mo ciyrye omopHor pamoro. Ha
OJHOMY KIHII mpodumto 3akpimieHo kpokoBud nBuryH NEMA 17 uepe3 3D-apykoBanuit
KpoHIITeHH. Ban aBuryHa 3'e1Hano 3 TpaneneigaabHuM rBUHTOM T8 (kpok 8 Mm, qoBxkuHa 150 Mm)
3a 101MOMOroro rHydkoi My¢ptu 5x8 MM. Ha iHImomy KiHIll mpodia0 po3TalioBaHo TpUMay LIIPHILIA,
KM 3a0e3meuye KOpCTKy (ikcalio MUIiHApa MIIPULA Y TOPU30HTAIEHOMY ToJiokeHHI. [lopiiens
IITPHUIA TEPEMIIIY€EThCS MTOBXAaueM, y SKHH 3alpecoBaHO TalKy TpareneigaibHoro reuHTa T8.
ITpu oGepTaHHI I'BUHTA raifka mepeMillyeTbcsl B3JJOBXK HOro oci, Mepeaoyy 3yCHUIL Ha MOPIIEHb
mnpuua Ta 3ade3nedyrouyd J030BaHy nogady matepiany. Jloxkuna rBuHTa 150 MM oOpana 3
ypaxyBaHHSM X0y nopiuHs mmnpuna 105 MM Ta 3 TEXHOJIOTTYHUM 3a1acoM.

HInpuneBuil Hacoc MIAHYETHCSI PO3MICTUTH BEPTUKAJIBHO HA BEPXHIN MEpeKiIaJnHI pamu
IpUHTEpa (3 BUKOPUCTAHHAM CTaHAAPTHOIO KPIIUIEHHS ISl KOTYIIKH (DiJTaMEHTY), 10 3abe3neuye
rpaBiTaIliiHy TI0/1avy MaTepialy, MIHIMI3y€ TUCK Ha MOTOP Ta BUKJIFOYA€ HAKOTTMYCHHS TTOBITPSTHUX
Oynpbamok y mmpuui. IIpoBenena mpommBka Ta iHTerpamis miatu SKR V1.4 Turbo. [ns
KepyBaHHS KPOKOBHM JIBUTYHOM IITIPUIIEBOTO HACOCA BUKOPUCTAHO OKPEMY KOHTPOJEPHY ILIATy
BIGTREETECH SKR V1.4 Turbo na 6a3i mpomecopa LPC1769 (NXP). [paiiBep mpamroe y
crannaptHoMy pexkumi STEP/DIR 6e3 UART 3B's3ky, 1mo cnpoiye koHpirypariito. PerymntoBanss
MIBUAKOCTI Tojadi 3fiiicHioeThest mapamerpoM SPEED, mo mo3Bomsie migOupaTe ONTUMATIbHY
HIBUAKICTH JJIS1 MaTepiaiiB pi3HOI B'A3KOCTI1 (MOBUIbHIIIE /IS OUTBII B'S3KUX YOPHUII).

Onucana meronuka 3abe3neuye (YHKLIIOHYBAHHS IIIPUIEBOIO HAacoca sSK OKPEMOIo
KPOKOBOTO JIBUTYHA.
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Po3po0ka Ta qocaifKeHHs1 ONTHMI30BAHUX PeleNTYPHO-TEeXHOJIOTIYHUX XaPaKTePUCTHK
MOJIieTEPHUX CKJIOMJIACTUKOBMX MOJiIMEPHUX MaTepiaJjiB

Honiwyx M. 0., Jlebenes B. B.
HamionanbHuil TeXHIYHUHA YHIBEPCUTET «XapKiBCHKHUH MOMITEXHIYHAN IHCTUTYT», XapKiB, YKpaiHa
vladimirlebedev1980@ukr.net

CydacHi TEHIEHII PO3BUTKY TIOJIMEPHUX MaTepiajiB CHpSIMOBaHI Ha CTBOPEHHS
0aratoyHKIIOHAIbHUX KOMITO3UTIB, $IKI MOXYTh TO€JIHYBAaTH BHUCOKY MEXaHIYHY MIIHICTB,
XIMIYHY CTIMKICTh Ta PO3MIUPEHI EKCIUTyaTamiiiHI MOMJIMBOCTI I BIUIMBOM Pi3HUX (I3HKO-
XIMIYHUX (PaKTOPIB.

O0'exTaMu eKCIEPUMEHTAIBHOTO JTOCTIPKCHHSI OYIIn:

- IOO mapku ES-1060-2 (ESKIM KIMYA, Typeunnna) — 1ie HeHaCHUeHHiA MOJTieCTepHUiA
OJIirOMEp Ha OCHOBI OPTO(TalIeBOI KHUCIOTH, SKUHA BUKOPUCTOBYEThCS uId JUTTA. BiH €
eJIACTHYHHM 13 CepelHbOI0 peakliifHo 3aaTHicTIo. Halimommupeninmmm Bukopuctanasam miei [100
€ BUPOOHHUIITBO Pi3HUX KOMIIO3UIIMHMX MaTepialiB, 30KpeMa CKJIOIUIACTHKIB, KIOBET, PAaKOBHH,
KYXOHHHX CTUTBHHUIIb, HIKOK CTOJIB, I'yJI3UKIB, IPUKPAC TOIIIO;

- sIK 1HIIiaTop 3acTocoByBanucs nepekuc Metmierwikerony (IIMEK) mapok LUPEROX K1
S ta PROMOX P200TX. LUPEROX® K1 S (Arkema, ®panmis) — 1 HEpOKCHI
METHUJICTUIIKETOHY, IKUH BUKOPUCTOBYEThCS 11l cTpyKTypyBaHHs [100 3a KIMHAaTHOT TeMIiepaTypH
1 MiIBUIICHIH TeMIeparypi B MOE€IHAHHI 3 KOOAJbTOBHM NPUCKOPIOBAYEeM, SK AIbTEPHATHBA
nubensoinnepokcua/aminHoro mnpuckoptoBada. PROMOX P200TX S (Promo, Iramis) — wme
MEPOKCHUJT METHJICTHIIKETOHY, SIKHH BUKOPUCTOBYEThCS sl cTpykrypyBanHs [1OO 3a kiMHATHOT
TEeMIIEpaTypH 1 MiABUIICHIN TeMieparypi, ¢hiaermaTuzoBaHa cyMimn 0e3 nepekucy (raiaris;

- mpuckopioBau ctpykrypyBanus Mmapku AKCOBALT 6% (Akpa Aluminum, Typeyunna) —
PO3UUH KOOAJIBTOBUX COJIEH OpraHiuHUX KUCIOT Y CTUPOJIL.

3pazku [1OO nocnimxkyBaHUX MapoK 3 PI3HMM BMICTOM IHILIATOPIB Ta HPUCKOpHOBaya
OTPUMYBAJIU IIISIXOM 3Ba)KyBaHHS PO3PaxXyHKOBOI KUIBKOCTI KOMIOHEHTIB Ha aHAJIITUYHUX Tepe3ax
1 peTesbHO nepemMimyBany. Jlaal KOMIO3UIII0 3alIUBalyd B 3MalleHy (GopMy 10 NMEBHOI TOBIIMHU
JUI TIOAAJIBIIOTO JIOCHIIKEHHSI MPOLECiB €K30TepMii CTPKTYpYBaHHS Ha aBTOPCHKiM yCTaHOBIII.
BusHauanu yac reixeyTBOpeHHs Ta 3HAYEHHS €K30TEPMIYHOIO iKY B KOMITO3HIIISIX.

VYcranoBka Oyna 3i0paHa Ha ocHOBI MikpokoHTposiepa ESP32. ByB Buxopucranuii
tepmopesuctop PT100 matuHOBUE SIKUM Ma3 HACTYIIHI XapaKTEPUCTUKH: Jl1alla30H BUMIPIOBAaHUX
temmepatyp -20 ° C go +500 ° C (+/- 2,5 ° C), tounicts +/- 0,3 - 0,8 ° C (B miamazoni 0-450 ° C).
Monynbe neperBoproBady MAX31865, BUKOPUCTOBYIOThCS JUIsl MIJAKIOYEHHs, 0OpoOKHU 1 mepesayi
JaHUX 13 TEPMOPE3UCTOPA 10 MIKPOKOHTpOJIepa. 3a JOMOMOIrOl0 MPOorpaMHOro 3abde3nedeHHs OyB
3alMCcaHui B MaM'ATh MIKPOKOTposiiepa csv Qaill 3 BHUMIpSHUMH JaHUMHU TeMIlepaTypu 1
BiJIMOBIAHUMH YaCOBUMHU paMKaMHu (timestamp).

Jl51s BUBUEHHS T'YCTHHH cTpyKTypoBaHux [10O BUKOpHCTAaHO TiIpOCTaTUUHUN METOJ] 3T1IHO
ISO 1183-1 nns BUMipIOBaHHS I'yCTUHHM 3pa3Ka TomimMepy 06'eMom He Mermre 1 em®,

OnTuMi3oBaHl peuentypu 3a0e3MmedyroTh KOHTPOJIb €K30TEPMIYHOTO TIKY, CTa0lIbHICTH
nporiecy BUPOOHHUIITBA, MMiJIBUIICHHS MEXaHIYHUX XapaKTEPUCTUK CKJIOIUIACTHKIB, YHIBEpPCAIbHICTh
3acTOCYBaHHA (pi3HI TeXHOJIOTHl (QOPMYBaHHS), MOMJIMBICTH BHUTOTOBJIEHHS TOBCTOCTIHHHMX 1
TOHKOCTIHHMX BHUPOOIB, MiJBUILEHHS SKOCTI Ta MOBTOPIOBAHOCTI MPOAYKIIi, 3MEHIIEHHS Opaky,
CKOpPOYCHHS TPUBAJIOCTI BUPOOHHYOTO ITUKITY Ta 3HWKCHHS EHEPTOBUTPAT.
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Bnuius npupoan MoHOMepa Ta mapaMeTpa PoO34YMHHOCTI Ha CyCleH3iliHy nmoJiMepu3anito
METAKPHUJIOBHX eCTePiB Y MPUCYTHOCTI NMOJIiBIHIINIPOIigony

Cemenwk H. b., lynok I'. J1., Ckopoxona B. I, Hakom A. O., lllanara H. T.
Hamionansnuii yaiBepcutet «JIbBiBChbKa nosiTexHikay, JIbBiB, Ykpaina
nataliia.b.semeniuk@Ipnu.ua

Cycrniensiiina mojiMepu3aiiss € e(QEeKTHUBHUM 1 TIEPCIEKTUBHUM METOJOM OTPUMAaHHS
cpepuUHUX YACTHHOK i3 KOHTPOJBLOBAHUMHU PO3MipaMH, CTPYKTYpPOIO Ta XIMIiYHUM CKiajgoM. Taxki
MOJIIMEPHI CYCHEH31i 3 By3bKUM PO3IOJIJIOM YaCTHHOK 33 PO3MIPAMU € OCHOBOIOY JJIsi CTBOPEHHS
CY4aCHUX CHUCTEM JIOCTAaBKH JIIKapChKHX MpenapaTiB i 0i0JOriYHO aKTHBHUX pPEYOBUH. 3HAUHUI
HAayKOBHUM 1 MPAKTHMYHUN 1HTEPEC BUKIMKAIOTh CHEPUYHI IMOTIMEPHI YaCTHMHKH, SIKI CHUHTE3YIOTh
CYCHEeH31IHOI0 TOMOTIOJTIMEPU3ALII€I0 METaKpUIOBUX MOHOMEDIB, 30KpeMa 2-
rigpokcieTmiiMerakpmwiary (’EMA) Tta roinuaunmerakpuiaty (I'MA), abo ix mnpumenieHoi
Konojimepusanii 3 mnomiBiHUImipomizonom (IIBII) y mnpucyTHOCTI 3IIMBAIBHUX areHTiB Yy
CepeIOBHILI 1HEPTHUX PO3YMHHUKIB. OJHIEIO 3 KIIOYOBUX MpoOJieM Mpolecy MojiiMepu3amii €
BUOIp IHEPTHOTO OPraHIiYHOTO PO3YMHHUKA, SIKUM TTOBUHEH OJHOYACHO 3a0e31euyBaTH PO3YHMHEHHS
KOMITOHEHTIB MOHOMEP-TIONIIMEPHOI KOMITO3UIlli Ta oOMexyBaTtu ix audysiro y BoaHy a3y.
BcranoBieHo, 110 BU3HAYAIBHUM KPUTEPiEM €(eKTHBHOCTI PO3YMHHUKA € IMapaMeTp pPO3YMHHOCTI,
SAKUP XapaKkTepusye TMOJSPHICTh CHCTEMH, BIUIMBa€ Ha MDK(a3HI B3aeMOil, KPUTUYHY
MOJICKYJISIPHY Macy Ta KIHETHUKY MOJIIMEpH3allii.

Hocnimkenus audy3iifHUX MOPOIECiB MOKa3ald, 10 MEePEeHeCeHHS MOHOMepa (30KkpeMa 2-
I'EMA) Ta IIBII y BoaHy a3y BinOyBaeTbcsi MEpEeBaXHO Ha TMOYATKOBUX CTAdifAX IMPOLECY i
CYTTEBO 3aJIeKMTh BiJ NPUPOJM PO3UMHHMKA Ta CKJIaay opraHiyHoi ¢asu. Bussieno, mpo
nonasanHs [IBIT 1o MOHOMEpPHOT CyMillli 3MEHIIye MIBUAKICTh AUQY3ii MOHOMEpa Y BOAHY (a3y,
10 CIIpHUs€E cTadmi3aii UCIIepCHOT CUCTEMH.

Jlia cuctemu Ha ocHOBI 2- TEMA onTuManbHUMU pO3YMHHUKAMH € CyMIIIl BUILUX CIUPTIB
(30KpemMa LIMKIIOTeKCaHOIy Ta JIEKaHOIY), sIKi 3a0e3MeuyloTh MiHIMalbHy AU(Y31I0 KOMIOHEHTIB 1
¢dopmyBaHHs chepuuHux yacTHUHOK. Jlnsg kommo3umii Ha ocHoBi ['MA BcTaHOBIEHO, IO
BUKOPUCTaHHS 1HAMBITyalbHUX PO3YMHHHUKIB (J11I0KCaH, TOIYEH, [IMKJIOT€KCAaHOM) € Hee(eKTUBHUM
yepe3 iHTeHcHBHY audysiro [IBII abo mopymeHHs cTabUIBHOCTI CHCTEMH; HAaTOMICTh
ONTUMAJILHUMH € 1X CyMillli, 30KpeMa TOJIYEeHY 3 JIeKaHOJIOM.

[Tokazano, 110 IPUPOIa MOHOMEPA CYTTEBO BIIMBAE HA KIHETUKY MOJIMEPHU3AIlii: KOMITO3HIIIT
3 DTIUIWIMETaKpUIIaTOM XapaKTePU3YIOThCs BUILOK MIBUJIKICTIO PEAKIlii MOPIBHSIHO 3 CUCTEMaMHU
Ha ocHOBI 'EMA, 1110 oB’3aHO 3 MEHIIUM [apaMeTPOM PO3YMHHOCTI Ta CHEHU(IKOI0 MixK(pa3HUX
B3a€MO/IIH.

BceraHoBieHO ekcTpeMallbHUM XapakTep 3aleKHOCTI pPO3MIpY MOJIMEPHUX YACTHHOK 1
MOKa3HUKa MOJIAUCIEPCHOCTI BiJl MapaMeTpa pO3YMHHOCTI: ICHY€e ONTHUMalbHE 3Ha4eHHs (OJIM3bKO

42,3 (M/Ix/m*)'?), 3a sikoro (opMyrOThCS HaliMEHI Ta HAaHOJHOPIAHIII YaCTUHKU. BinxuiaeHHs
napaMeTpa pPO3YMHHOCTI BiJl ONTUMAJIBHOTO 3HAYEHHS MPU3BOAUTH J0 30UIBIICHHS pPO3Mipy
YaCTHUHOK, 1X MOJIIUCIEPCHOCTI a00 HaBITh IO YTBOPEHHSI arjioMepariB.

JloBeneHo, MO0 MapaMmMeTp PO3YMHHOCTI € e()EeKTUBHUM IHCTPYMEHTOM KepyBaHHS
CTPYKTYPOIO, PO3MIpOM Ta OJHOPIAHICTIO TMOMIMEPHUX YACTHHOK Yy TPOIEC CYCTEeH31MHOT
noJrimepu3artii.

OTpuMaHi pe3ynbTaTd Jal0Th 3MOTY OOIPYHTYBAaTH MiAX1J A0 LIJIECTIPSIMOBAHOIO MiI00PY
CKJIaJy peakIiifHOro cepeloBUINA [UIs CHUHTE3y TMOJIMEPHHUX MarepiajiB 13 3aJaHUMHU
BIacTUBOCTAMU. [lomiMepHi CycrneHsii, o XapaKTepu3ylThCs BY3bKHM PO3MOIIIOM YaCTHHOK 32
po3MipamMH, a TaKOX 33JaHUM XIMIYHHUM CKJIAQJOM 1 CTPYKTYpOIO, € Ba)JIMBOIO OCHOBOIO ISt
PO3pOOIICHHS CHCTEM JIOCTABKH JIIKAPCHKUX 3aC00IB 1 010JIOTIYHO aKTHBHUX CITOJTYK.
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JocaixzkeHHs1 0c00JIMBOCTel BINIMBY CTyNeHsI OKHCHEHHSI TYMIHOBHX Pe4OBHH HA
TeXHOJIOTiYHI BJIACTUBOCTI arjioMepary BiAXoaiB nmoJriaminy-6

Ilypuc B. B., JIebenes B. B.
HamionanbHuil TeXHIYHUHA YHIBEPCUTET «XapKiBCHKHUH MOMITEXHIYHAN IHCTUTYT», XapKiB, YKpaiHa
vladimirlebedev1980@ukr.net

BukopucTtanHs TyMIHOBHX PEYOBHH Oyporo BYTriumsl sIK (DYHKI[IOHAIBHMX MOIU(IKATOpPIB
arjoMepaTy NOJiaMiJTHUX BIOXOMAIB € TEPCIEKTUBHUM MiJXOAOM JI0 PETyJIIOBaHHS HOTO
TEXHOJIOTIYHUX BJIACTHBOCTEH IpH mepepolIrl. Y poOoTi moKa3aHo, M0 caMe CTYIIHb OKUCHEHHS
IYMIHOBUX DPEYOBHMH BH3HA4Ya€ XapakTep iX BIUIMBY Ha TYCTHHY, TeMIIepaTypy IUIABICHHS Ta
MOKAa3HUK IJIMHHOCTI po3IUiaBy arjomepary mnomiaminy-6 (ITA6). Jlnsa gochimkeHs Oynu
BUKOPUCTaHI TPHU TUIH I'YMIHOBUX PEYOBUH, OTPUMAHUX 13 Oyporo Byrijuis 0e3 OKUCHEHHS Ta Micis
10 1 20 rogMH OKMCHEHHS, IO JIO3BOJHUIIO MPOCTEKUTH B3aEMO3B 30K MiXK iX (YHKIIOHATHLHUM
CKJIaJIOM 1 TEXHOJIOT1YHOIO MTOBEIHKOIO MOJIIMEPHOI CUCTEMH.

ExcniepuMeHTanbHO BCTaHOBJIECHO, IO BBEJCHHS T'YyMIHOBUX PEYOBUH Yy KijabKocTi 0,25—
0,75 mac. % mnpu3BOIUTH J0 TOMITHOI MoOAMQiKamii OCHOBHHUX TEXHOJIOTIYHHX HapameTpiB
arinomepaty ITA6. ¥V nopiBHSIHHI 3 HEMOIU(IKOBAaHUM arjiOMepaToM CIOCTEPIra€ThCsl 3MEHIIEHHS
TYCTHHH KOMIIO3HIIIH, IO TOSCHIOETHCS HAHOIUCIIEPCHOIO MPHUPOJOI0 T'YMIHOBHX YaCTHHOK Ta iX
BIUIMBOM Ha HaJMOJEKyJIspHy oprasizauito IIA6. Ilpu 1npomy edekr 3HMKEHHS TYyCTHHH €
HANOIIBII BUPAXKXEHUM JJISI TYMIHOBUX PEUOBHH 3 BUIIMM CTYIIEHEM OKHCHEHHS, IO IMOB’S3aHO 31
3pOCTaHHSAM KIUTBKOCTI KHMCHEBMICHMX (YHKIIIOHATBHUX TPYIM Ta 301IbIIEHHSM MIKIAHIIOTOBHX
B3a€MO/IIH Y TOTIMEPHIi MaTpHIL.

OnHi€er0 3 KIIOYOBUX TEXHOJIONIYHHMX XapaKTepUCTUK ariiomepary IIA6 € mnoka3Huk
TUTMHHOCTI PO3IUIaBY, KW BU3HAYa€ HOTO MPUIOATHICTH 0 MOAAIBINOI eKCTPY3ii Ta opMyBaHHS
BUpOOiB. BcTaHOBNIEHO, 1110 BBEAEHHS I'yMIHOBHUX PEYOBHMH CYTT€BO HiBuilye 3HaueHHs [II1P,
npuuomy 1eu egekt 3pocrae B paaxy HS1 < HS2 < HS3 BiamoBigHO 10 CTyNeHs iX OKHCHEHHS.
[TigBuIIEHHS] TUIMHHOCTI PO3IUIaBY MOSCHIOETHCS IUIACTH(IKYIOUOIO Ji1€I0 T'YMIHOBHUX PEYOBHUH 1
(GopMyBaHHSIM CHCTEMHU BOJHEBHUX 3B S3KIB MK KapOOKCHJIBHHMH, TIJPOKCUIBHUMH TIpylnamMu
I'YMIHOBHX PEUOBHH Ta aMiTHUMHU rpynamu [TA6, o 3HMKYe MIXKIIAHIFOTOBE TEPTS B PO3ILIABI.

Temmeparypa mnaBieHHsi arnomepaTy IIA6 TakoX BHSIBISETHCS YYTJIMBOIO JIO CTYIICHS
OKHCHEHHSI TYMIHOBMX pEYOBHMH. 31 30UIBIIEHHSAM CTYNEHS OKHMCHEHHS T'yMIHOBUX pEYOBHH
CIIOCTEPIra€ThCs MiIBUILEHHS TEMIEpaTypH IUIaBJICHHS KOMIIO3ULIN, 10 CBIJYUTH PO 3POCTAHHS
BIIOPSZIKOBAHOCTI Ta CTaOIIBHOCTI HaaAMOJEKYyspHOI cTpykTypu [1A6. HaiiGinbiie miBUIIEHHS
TEeMIIEpaTypH IJIaBJIEHHS 3a()IKCOBAHO I CUCTEM 3 TYMIHOBUMH PEYOBHHAMHU, OTPUMAHUMHU HICIIs
20 roAMH OKUCHEHHS OYpOro BYTULIs, IO Y3TOPKYEThCS 3 TAHUMHU CIIEKTPOCKOMIUHUX JOCTIKEHb
1010 3pOCTaHHSI KOHLIEHTpallli KapOOKCUIIbHUX 1 apOMaTUYHUX (parMeHTIB.

BcraHoBieHo onTHManbHUN BMICT TYMIHOBUX pedoBMH Ha piBHI 0,5 mac. %, 3a sikoro
JOCSITAETbCST HAWOLIBIN CIPUSATINBE TIOE€THAHHSA 3HIDKCHHS TYCTUHH, WIIBUIIEHHS ITUTMHHOCTI
po3MaBy Ta 3pOCTaHHsS TeMmIeparypu IuiaBieHHs ariomepary IIA6. TakuM uyumHOM, CTyIiHB
OKMCHEHHS TYMIHOBHX pEYOBHH € BH3HAYaJIbHUM (DaKTOpOM KEpyBaHHS TEXHOJIOTTUHUMH
BJIacTUBOCTAMU arjomepary IIA6, a OKHMCHEHI T'YMIHOBI PEUYOBHMHHM MOXYTh PO3IIISIATHCA SIK
edexTHBHI (PyHKIIOHAIbHI MOAU(IKATOPH /Il BTOPUHHUX MOJIIaMITHUX MaTepiajiB.
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Hydrophobic coatings based on polymers of unsaturated hydrocarbons

Fam V. A., Cherkashina G. M., Karev A. 1.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
annikcherkashina@gmail.com

Metallic materials are widely used in mechanical engineering, aviation, energy, marine
engineering, and construction. However, one of the main factors limiting the durability of metal
structures is corrosion, which occurs when metals interact with water, oxygen, and aggressive ions.
Corrosion processes lead to metal degradation, reduced mechanical strength, and significant
economic losses.

Various methods have traditionally been used to protect metals, including paint coatings,
galvanic coatings, anodizing, and corrosion inhibitors. However, these methods have several
drawbacks, including limited durability and the need for regular maintenance.

In recent decades, hydrophobic and superhydrophobic coatings, which can significantly
reduce water contact with metal surfaces, have been rapidly developing. These coatings create a
barrier between the metal and the environment, preventing the penetration of moisture and
aggressive ions.

The main types of hydrophobic coatings being developed for metals include polymer
hydrophobic coatings, silane coatings, nanocomposite hydrophobic coatings, and metal
superhydrophobic coatings. Hydrophobic coatings are polymer systems with low surface energy.
Organosilanes are widely used for the hydrophobicization of metal surfaces.

Nanoparticles create a hierarchical micro-nano-structure on the surface, significantly
increasing the contact angle.

Metal composite coatings obtained by electrodeposition are also used to improve the
corrosion resistance of metals.

The primary protective mechanism of hydrophobic coatings is to reduce the metal surface's
contact with water and aggressive ions. On an unprotected metal surface, water forms a thin film in
which gases and salts dissolve, leading to the formation of an electrolyte and initiating
electrochemical corrosion.

Hydrophobic coatings prevent this process through several mechanisms. The coating
prevents the penetration of moisture and oxygen. The micro-nano structure traps air between the
liquid and the metal. Water droplets roll off the surface easily. ClI- and SO+*>" ions cannot easily
penetrate the metal surface. Superhydrophobic coatings are particularly promising due to their
ability to form an air gap between the metal surface and water, significantly reducing the rate of
corrosion. In addition to corrosion protection, hydrophobic coatings can provide additional
functional properties, such as surface self-cleaning, anti-icing properties, friction reduction, and
improved heat transfer. Thanks to the combination of low surface energy and a hierarchical micro-
nanostructure, these coatings can significantly reduce water contact with metal.

Current research is aimed at creating more durable, mechanically stable, and
environmentally friendly hydrophobic coatings.

We are developing hydrophobic coatings for metal surfaces containing various peroxides,
and the polymerization process occurs on the metal surface.

Analysis of the hydrophobic coatings developed has shown that the coatings have an elastic
microstructure and are resistant to mechanical stress. The hydrophobic properties do not deteriorate
under exposure to UV radiation and aggressive environments.
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New composition of polymer concrete with improved properties

Derius D. V., Cherkashina G. M., Kariev A. 1.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
annikcherkashina@gmail.com

The modern development of building materials is associated with the creation of composite
systems with improved physical, mechanical and operational properties. One of the promising areas
is the development of polymer concretes, in which organic polymers are used as a binder instead of
traditional cement.

Polymer concretes are composite materials consisting of mineral aggregates and a polymer
binder, which after hardening forms a spatially stitched structure. In most cases, thermosetting
oligomers and thermoplastic polymers are used, capable of forming a three-dimensional mesh
structure upon hardening.

Industrial production of polymer concrete products and structures in countries around the
world has developed in the direction of producing decorative, finishing and facing materials and
products required for the construction of residential and public buildings.

The use of polymer binders provides a number of advantages compared to traditional
concretes: high strength, low porosity, increased chemical resistance, high adhesion to various
materials and accelerated hardening. Due to these properties, polymer concretes are widely used in
industrial construction, the chemical industry, hydraulic structures and in the repair of concrete
structures.

We are developing a polymer concrete composition based on thermoplastics with inorganic
waste from destroyed industrial and civil buildings.

The polymer matrix in polymer concrete based on a thermoplastic binder gives the
construction product the appropriate shape and provides it with deformation and strength properties.
compounds with an increased level of elastic modulus (polypropylene, emulsion and suspension
polystyrenes, impact-resistant polystyrenes, etc.), which allows to obtain a complex of high,
technological, strength and operational properties of thermoplastic polymer concretes.

The content of high-molecular binders in thermoplastic polymer concrete is up to 30 wt. %.
The inorganic phase in this type of polymer concrete reaches 70 wt. %. The optimal maximum size
of the filler with inorganic waste from demolished industrial and civil buildings for thermoplastic
polymer concrete, as a rule, does not exceed 3 - 4 mm. As a polymer matrix, recycled thermoplastic
polymers (polyethylene, polypropylene, ordinary and impact-resistant polystyrene, etc.) and a filler
with inorganic waste from demolished industrial and civil buildings were used, which significantly
improves the state of the environment.

Studies of the resulting polymer concrete compositions showed that the city's environmental
problem is being solved, and the strength and performance properties of polymer concrete can be
increased through the use of various additives and fillers.

Compared to traditional concretes based on mineral binders, polymer concretes have the
following advantages: a relatively short production cycle, higher ultimate strength in bending and
tension, increased crack resistance, resistance to the effects of most industrial aggressive media and
the environment, resistance to abrasion, and good adhesion to many building materials.
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Polymer-composite material based on inorganic waste with latent porosity modifier

Kopylov S. O., Cherkashyna G. M.
National Technical University "Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
Serhii.Kopylov@ihti.khpi.edu.ua

Modern life cannot imagine life without building materials. They have both organic and
inorganic nature. Military operations, natural anomalies and other types of disasters lead to the
destruction of these materials. Costly or complex technology of utilization leads to the accumulation
of construction waste that is difficult to recycle. Therefore, questions constantly arise and the
demand for the use of organic and inorganic construction waste in the manufacture of composite
materials is growing.

Modern scientific experience indicates the problems and imperfect study of the use of
organic and inorganic waste in composite materials. The use of inorganic building powders as
fillers in composite materials is accompanied by the formation of a developed pore structure, which
significantly affects the physical, mechanical and operational characteristics of the material.
Porosity in such systems is due to both intergranular voids and internal porosity of the filler
particles themselves, especially in the case of the use of secondary or technogenic materials (fly
ash, crushed concrete, slag, porous minerals). The presence of open capillary porosity leads to
increased water absorption, a decrease in compressive and bending strength, as well as to a
deterioration in the durability of the material under conditions of cyclic moistening and freezing.

It is proposed to introduce a latent porosity modifier into the composition of the PCM to
achieve increased operational characteristics. A composition of the PCM based on inorganic waste
has been developed. For comparison with the proposed samples, industrial samples were selected,
namely chipboard and OSB boards The comparative characteristics of the products are given in
table. 1.

Table 1- Comparative table of indicators of physical and mechanical characteristics of the proposed
PCM samples and industrial plates

Sample number Impact strength, Static yield, Compressive Modulus of
kJ/m? MPa strength, MPa elasticity
1 3,9 13,6 20,79 16,0
2 2,8 8,7 10,1 11,1
3 3,2 12,7 18,24 14,9
4 3,5 12,9 18,86 15,2
5 1,9 7,8 9,57 10,8
Gypsum board 1-3 4-7 5-12 7-10
Fiber cement board, 3-6 12-20 18-25 8-15
non-laminated

The data in Table 1 indicate that the developed composition of PCM based on inorganic
waste with a latent porosity modifier has better properties than industrial samples.

Thus, controlling the porosity of composite materials with inorganic fillers by introducing
cement requires a systematic approach that takes into account both the physicochemical
mechanisms of hydration and the structural features of powder systems. This determines the
relevance of further research aimed at quantitatively assessing the influence of cement on the pore
structure and the related performance properties of materials.
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JlocrizKeHHS MOJISIPHOI (KHCJIOTHO-JIYKHOI) CKJIA/I0BOI BIIbHOI IOBEPXHEBOI eHepril
HANOBHEHMX MOJIiIMEPHUX KOMIIO3UTIB

Hanuenko FO. M.*, Aunponos B. AL, Kapes A. 1.2
'Hanionansna akanemis HarionansHoi TBapii Ykpainu, Xapkis, Ykpaina
?HanionansHUil TeXHIYHMH YHiBepcHTET «XapKiBChKHIl MONITEXHIYHMI iIHCTHTYT», XapKiB,
VYkpaina
yuliyadanchenko7@gmail.com

Eneprernuni XapakTepUCTUKH TIOBEPXHI € BITOOpaXEHHSM 1 HACIIAKOM BHYTPIIIHIX
XIMIYHUX 1 (I3MKO-XIMIYHHMX MpOIECiB, sKi (QOpPMYyIOTh OyAb-fKi MaTepiajii, B TOMY YHUCII
HaIlOBHEHI moJjiiMepHi KoMro3uTH. [Ipu (opmMyBaHHI EHEPreTHUYHHMX XapaKTEPUCTHK IOBEPXHI
HAINlOBHEHHUX IOJIIMEPHUX KOMIIO3UTIB BEIHMKY POJb BIAIrparoTh HE TUIBKH MPOLIECH YTBOPEHHS
MOJTIMEPHOTO JIUCTIEPCIMHOTO CepeIoBUIIA (3B’ A3yH0YOr0), a i IPoLecH, SKi BiTOYBatOThCS Ha MEXI
noity (a3 «momiMep (JucrepciiiHe cepeloBHILE) — HATOBHIOBAY (IucTiepcHa (aza)y.

Enepris TBepmoi MOBEpXHI XapaKTEPU3YEThCS BEIMYMHOIO BIIbHOI MOBEPXHEBOI eHeprii
(BIIE), sixa Moxe OyTHM KpHUTEpieEM OIIIHKM 0araTbOX BIIACTHBOCTEH HAIMOBHEHHX MOJIMEPHUX
koMro3uTiB. Bennunna BIIE Bkitodae HenomnsipHy (AucriepciiiHy) Ta MOJSpHY (KUCIOTHO-ITYKHY)
CKJIaJIOBi, $IKi BiIOOpaaroTh MPHPOIY B3aeMOJid mpu QopmyBaHHI TBepmoro Tinma. OTKe,
MOJKJIUBICTh MPOTHO3YBAaHHS BeNWYUH ckianoBux BIIE HamoBHEHUX MOMIMEPHHX KOMIIO3UTIB €
BOXJIMBOIO TEOPETHYHOIO Ta MPAKTUYHOIO 33hadero. B 3amady IbOro JOCHIPKEHHS BXOAWUTH
JOCITIJDKEHHST  TTOJIIPHOT (xucnotHoO-myx)HOi) ckianoBoi BIIE HamoBHEHHX AHUCIIEPCHUMU
HAINOBHIOBaYaMH IOJIIMEPHUX KOMMO3UTIB. [[isi mporo Oyna CTBOpeHa MPOTHO3HA MOJECIb, SKa
J03BONIMIIA po3paxyBatu moiisipHy ckianoBy BIIE, a ans Bepudikauii oTpuMaHuX pe3yabTaTiB
MIPOBEJICH]I CKCIIEPUMEHTAIBHI JIOCITIIKCHHSI.

OTtxe, 5K BiIoMO, BibHa moBepxHeBa eHepris (BIIE) TBepmoi moBepxHi XapakTepU3yeThCs
HEKOMITIEHCOBAHOIO MTOBEPXHEBOIO €HEPri€l0 Ha MeXi MOoJuly (a3 «TBepae TiI0 — ra3y. BianoBigHO
teopii doykca, BIIE (ys) Oyab-gkoi TBep0i MOBEpXHI BUPAKAETHCS CYMOIO CKJIAJI0OBUX, KOKHA 3
AKX Bi1oOpaXkae MpUPOY B3a€EMOJIIN Y TBEpAOMY TiJi:

Yo = Y%+ s + s +yls + % + 4%, (1)
me v%, v's . Y . v's . ¥ — cxumamosi BIIE, ski XapaKkTepusyloTh QMCIEpCiiiHi, TIONAPHi, BOIHEBI
(3B’513KM), IHAYKIIMHI 1 MOJIApHI (KUCIOTHO-IYKH1) B3a€EMOJIT BIAMOBIIHO; Y°s — BIHOCUTHCS IO
yCiX B3a€MO/IIM, SIKI HE BpaXOBaHi MONepeHIMHU CKJIQJ0BUMH.

[onspHa (KUCIOTHO-My*Ha) cknanoa BITE TBepmoi moBepxHi (y?%) cKiIamaeTbcs 3 JBOX

CKJIQJIOBUX:
ab _ a\1/2 . (,,b\1/2
; VP =2(y%) 7 (v’s) )
ne — v% i y°s neagutuBHi yactiau BITE TBepmoro Tina, siki BiAMOBIIAIOTH 32 €IEKTPOHOAKIIETITOPHI
(KMCJIOTHI) Ta eIeKTPOHOINOHOPHI (IykHi) B3aemoxii. Bimmosimuno, Y% — KuciaoTHHH abo

TIPOTOHOJOHOPHMH (eNeKTPOHOAKIENTOPHHIT) TapaMeTp, Y’ — oCHOBHUIT 60 TIPOTOHOAKIIENTOPHHIA
(eneKTpOHOIOHOPHHUIT) Tapametp. Jlist MOHO mosspHOi moBepxHi y%=0 a6o y°s=0 i Tomi y*°s=0.

KHCIOTHO-OCHOBHA CKJIajoBa ajresiiiHoi Biaemomii Ha Mexi momimy ¢as  (y%%s)
PO3paxoOBYETHCS 3 KOMOIHAIIIHHOTO TIpaBuIIa;

Y% = 2[(Y) " = (v*) ] - [(1°) M2 = (v°w) Y] 3)
ne Y%, Y% — KHCIIOTHI Ta ybc, ybH — JY)XHI KOMIOHEHTH KHCIOTHO-OCHOBHOI ckjazoBoi BIIE
3B’S3YI0YOI0 Ta HAIIOBHIOBAYa Bi/IIIOBITHO.

[Tomstpra (kucmoTHO-TyKHA) ckianoBa BIIE KoMImo3uTy 3aineXuTh BiJ KHCIOTHO-OCHOBHHX
CKITaJI0BHX 3B’A3yI0UOTO i HAOBHIOBAYA Y, Y, Ve, Y’ Ta 06’ €MHOT YaCTKM HAMOBHIOBAYA (0.

Jlnst BpaxyBaHHSI KHCJIOTHO-TY)KHUX BJIACTHBOCTEH TOBEPXHI HAIIOBHIOBAYa MPOMOHYETHCS
PO3paxoByBaTH BETUYHUHY KUCIOTHO-IYKHOTO CIIBBITHOIIEHHS Q:

Q= (v*)"2/ (y’u)*". (4)
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V¥ Bunagky Q>1 noBepxHs HalOBHIOBAa4Ya MAa€ MEPEBAXHO KUCIOTHUN xapaktep, npu Q<1
MepeBaXHO Jy)KHUM, a npu Q=1 3aranpbHU XapakTep IMOBEPXHI MOXKHA XapaKTEePU3yBaTH SK
HEUTpaIbHUM.

[Ipu BpaxyBaHHI KHCIOTHO-JTY)KHMX BJIACTHBOCTEH MoOBepxHI HamoBHIOBauda (Q), 00’ emMHOT
YaCTKM HAIOBHIOBaYa »® Ta 00 €MHOI YacTKU 3B’s3yr04oro (1—w) piBHSHHSA 4 TIEpEeTBOPIOETHCS HA
HACTYIIHE:

,Yabs — 2(Yac)1/2'(ch)1/2 o zw[z(YaC)IIZ_(YbC)UZ + (,Yac)1/2_(,YbH)1/2 + Q_(,ch)ll2,(,YbH)1/2]+
+2m2[(yac)1’2'(ybﬂ)1’2 + (Yac)1/2,(ybc)1/2 + Q_(ybc)llz_(ybﬂ)lm + Q'Ybﬂ] (5)

OTtpumane piBHSHHS JIO3BOJISIE OLIHUTH BIUIMB MapaMmeTpiB Q Ta @ Ha KHCIOTHO-TYXHY
cKIa0By KoMro3utiB Y. BUXOISUH 3 BiIOMHX 3HAUCHb CHEPIETHUHHX NAPAMETPiB 3B’SA3yH0UOr0
(moniMepiB) Ta JUCIIEPCHUX HAMOBHIOBAYIB Pi3HOI XiMiyHOI mpuponu (tabn. 1) Oynu mpuiiHATI
HACTYIIHI IPaHMYHi YMOBH I po3paxyHkiB: y3.=1-7 mJlx/m% y°c=1-25 mIx/m%; yP.=50—1000
mx/m?%; ©=0-1, Q=0-5.

Tabmuus 1 - Kucnorni ta mysxni ckinagosi BIIE 3B’s3yrounx Ta HalmoBHIOBAYiB

Marepiain V8, I/ M2 v°, MJK/M?
3B’s13y10ue (momuimep) 0-7.,5 027
HamnosuroBaui

Minepanu 0,02-22 30-3800
JlepeBuHa 0-8 1,5-60
Byrnenesi matepianu (3071a) 0,001 67,4
HanoTtpy0Oxu 1,5-2 18-20

Jis  Bepudikarmii 3amporoHOBaHOI MOJENI Ta JOCHIIPKCHHS BIUIMBY TTOBEPXHEBUX
XapaKTepUCTUK MiHEpaJbHUX HAlOBHIOBAYiB Ha BeJIWYMHU KOMITOHEHTIB BIIE kommno3uris, Oymu
JOCHIKEHI €HepreTHYHl XapaKTePUCTHKU MOBEPXOHb EMOKCHJHUX IOJIIMEPIB 3 MIHEpaJbHUMU
HarNOBHIOBaYaMM PI3HOI XiIMIyHOi mpupoau. s 1mboro BUMIpAHI KpaioBI KyTH 3MOYYBaHHS
MIOBEPXOHb KOMIIO3UTIB TECTOBUMHU piauHamMH Ta po3paxoBaHi kommoHeHTH BIIE. B skocTti
HArOBHEHUX KOMIIO3UTIB BUKOPUCTOBYBAJIMCH EMOKCHJIHI MOJIMEPH Ha OCHOBI €MOKCHJ11aHOBOTO
omiromepy 3 mierwierpuaminom (EJ[-20+/IETA (EIT)) Tta miHepaasHUX HAINOBHIOBAYIB Pi3HOI
ximiuHoi npupoau — pytuiy (PT) ta 6entonity (BT). KucnoTHo-myXHi BIaCTUBOCTI MiHEpaJIbHUX
HaAINOBHIOBAY1B IIPEJICTaBJIEH] y Ta0I. 2.

Tabnung 2 - Kucnotsi ta nyxHi ckianosi BIIE nanosHioBauis

HanosHroBau V3, MJIK/M VP, MK/ M Q
PT 21,9 24,6 0,94
bT 23,1 16,4 1,19

Sk BUIHO 3 TPENCTaBICHUX JaHUX TaOJ. 2, KUCIOTHO-TY)KHE CHiBBigHOMmEHHS Q B 000X
BUIA/IKaX Ma€ HEBEJHMKE BIAXWIEHHS BiJ 1, TOOTO HaOMMKeHe 10 HEUTPaIbHOIO 3HA4YEHHsS. Ale,
PI3HHULIA MOJIATAE B TOMY, L0 Ul pyTuia 1e 3HadeHHs Q<I1, ToOTO moBepxHsS Ma€ CIaOKOIYKHHUM
xapaktep, a i OeHTOHITY Q>1, TOOTO TOBEpPXHS XapaKTEpU3YETbCS CIAOKOKHUCIOTHUM
XapaKTePOM.

JocnimxyBanuchk KoMrno3utH, 1o HanoBHeHi pyruiioMm (EIT+PT) ta 6entonitom (EII+BT).
HanosntoBaui nogaBanuce y nojiimep y kiibkocTi 10 06.%. Komnosunii TBepaiin Ha noBiTpi (293—
298 K) ne menme 72 ronus Ta npu temmnepatypi 373 K 6iusbko 4 ronud. HanmoBHeHi komMmo3uiii
TrOTYBaJuCh y HacTynmHii mochigoBHocTi. Cwmoma EJ[-20 3wmimryBamack 3 TBEPIHHKOM
nierunentpuaminoM (JJIETA) no onHopiaHOT cymimli, MpH bOMY B’SI3KICTh CMOJIM 3MEHIIYBajach.
[ToTiM Ho7aBaBCsl HAMTOBHIOBAY 1 MEPEMIIITYBABCS 0 OJHOPIAHOT CyMilli. Y SIKOCTI TECTOBUX PiJIUH
BUKOPUCTOBYBAJICh JucTUIbOBaHAa Boxa (/IB), dopmamin (PA) i a-6pomuadranin (BH).
PesynbraTti BUMiprOBaHb Ta pO3paxyHKIB IpeICTaBlIeHI B Ta0. 3.
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Tabnuus 3 - KpaiioBuii KyT 3M0OUyBaHHSI HOBEPXOHb €MOKCHIHUX KOMITO3UTIB TECTOBUMH PiIMHAMHU

TosepxHs KpaI/IOBI/I;[ lI;yT 3MOYYBaHHs HOBCpc)gOAHB TECTOBUMH plnnﬂégﬂ, rpan
EIl 78,4+1,6 63,1+2,3 41,1+2,6
EIT+PT 70,6+3,0 50,9+1,2 37,5%2,2
EIl+BT 71,514 51,1+3,4 33,3+3,0

Sk BUAHO 3 pe3ynbTaTiB Tabis. 3 3arajibHOIO TEHACHLIEI € 3MEHIICHHS KpalloBUX KYTIB
3MOYYBaHHS TMOJIMEPHUX KOMIIO3UTIB TECTOBUMH pIAMHAMU TpPU HAMOBHEHHI MiHEpalbHUMU
HanoBHIOBayaMu. Lle cBiqunth npo 30inbmenHs BITE koMmo3uTiB py HarloBHEHHI HEOPTaHIYHUMU
HamoBHIOBaYaMH. 30UIbIIEHHS KpaOBUX KYyTiB 3MOYYBAaHHSA MOJSPHUMU pIIUHAMH — —
JTUCTHIILOBAHOIO BOJOKO Ta (hopmamizioM, 3yMOBJICHO 3pPOCTAHHSM TiAPOQPUILHOCTI TOBEPXOHBb
KOMITO3UTIB, TOOTO 361/IbIICHHAM KHCIOTHO-NYXKHOI (oysipHoi) ckiaagoBoi BITE (y%%). 36inbiients
KpalloBUX KyTiB 3MOYYBaHHS 0-OpoMHa()TaIiHOM, OYEBHUIHO, TIOB’S3aHO 3 3POCTAHHSAM
nuctepciiinoi cknanosoi BITE (y%) moBepXoHb KOMIIO3HTIB.

Ha ocHOBI oTpuMaHMX eKCIEpPUMEHTAIbHUX JaHWX, a TaKoX 3 BUKOPUCTAHHSIM
3aMpornoHOBaHOi Mozeni Oynu pospaxoBaHi kommoHeHTH BIIE monmiMepHMX KOMIIO3MTIB.
Pesynpratu po3paxyHKiB HaBeieHi y Ta0. 4.

Ta6muns 4 - Komnonentr cknanosux BITE emokcumaanx koMnosuTis (MJIx/m?)

Kommo3zut 45" s v s Ys
EIl 34.3 0.8 0.02 9.7 35.0
35.9 4.9 413
EIT+PT 279 16 0.4 10.5 295
37.6 4.1 41.7
EIT+BT 28 2 001 0.4 10.1 282
* Buime miHii — eKCIeprIMeHTaNbHe 3HaYeHH, i JIiHI€I0 — 3HAa4YeHHsI, pO3paxoBaHe 3a JOMOMOIOI0 MaTeMaTHYHOI MOJEIT.

3 OTpUMaHMUX pe3yNbTaTIB MOKHA 3pOOUTH HACTYIIHI BUCHOBKH. Pe3ynbTaTi €KCIIEpUMEHTY
MOKa3yIoTh, 110 JOJaBaHHs MiHEpaJIbHHUX HAINlOBHIOBauiB 3011blye BennuuHy BIIE kommnosuty Ta
BCiX i1 ckianoBux. O4EeBUIHO, IO CYTTEBE 301IbIIEHHS KUCIOTHO-TYXKHOI (IOJISPHOI) CKJIaJ0BOI
BIIE xommos3utiB v¥ MOB’S3aHO 3 BENMKMMM 3HAUEHHAMH 7Y% Ta Y 4 JIOCIiIKyBaHHX
HanoBHIOBaYiB. Po3paxyHKH 3a J0MOMOI0I0 MO/JIeNI OKa3yl0Th aHAIOTTUYHY TEHAEHLIIO TUIbKU IIPH
nonasarHi pyruny. IIpy fonaBaHHI GEHTOHITY 32 PO3paXyHKaMH BiINOBiIHO Mozei 3HadeHHs Y
HaBMaKW, 3MEHINYEThCS, MParHe 0 HYJIbOBOTO 3HAYEHHS Ta MEpPeXoay y BiI €MHY obOiactb. B
LUIOMY, SIK BUJHO 3 pe3yibTaTiB, MOJENb HAJa€ MOXKIHUBICTb OTPUMATH 3HAYEHHS BEIWYMH
kommnoHeHTiB BIIE Hmkue excnepumenTtanpHux Ha 25-30%. OTxe, MOkHA 3pOOUTH BUCHOBOK, 11O
3HayeHHss BIIE 3nebinbmoro (Ha 70-75%) BH3Ha4yarOThes MpoOLECaMH Ha Mexi mojaity ¢as
«T0JTIMEp-HAIOBHIOBAY», a PEIITa — 32 PaXyHOK XIMIYHUX, (PI3UKO-XIMIYHUX, MIKMOJIEKYJIIPHUX Ta
THIINX B3a€MOJIiN MK (P)YHKLIOHAJIbHUMHU TPYyIIaMH MOJIIMEPY Ta TBEPAHUKA.
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Mexani3m oJsriroMepu3anii Ta popMyBaHHSI MAKPOCTPYKTYP CHHHJIBLHOI KHMCJIOTH

Jlomioze B. I". Asina C. L., Xynakos O. I'.
HamionansHuii TeXHIYHUE YHIBEPCUTET «XapKIBCHKUI MOJMITEXHIYHUN THCTUTYTY,
XapkiB, Ykpaina
svitlana.avina@khpi.edu.ua

HocmipkeHHs — momiMepu3antii  CHHMJIBHOI KHUCJIOTH CTaHOBHTH OJHY 3 HaWOUIbII
(dyHIaMEHTAIBHUX Ta BOJHOYAC CKJIAJHUX 3a/a4 Cy4acHOi XIMIYHOI TEXHOJOTIl Ta TeOpeTUIHOI
ximii. Byayun onmHi€r0 3 HaWMPOCTINIMX OpPraHIYHUX MOJIEKYJ, CHHHJIbHA KHCIIOTa JEMOHCTPYE
BUKIIIOYHY 3[aTHICTh JI0O CAMOOPTaHi3aIlil B CKJIAIHI MAaKPOMOJIEKYJISIpHI CTPYKTYPH, SIK1 BiIIrparoTh
KJIIIOYOBY pOJIb SK Y MOJENAX BUHUKHCHHS JKUTTA, TakK 1 Yy pPO3poOIll HOBITHIX
OaraTo(pyHKIIOHATBPHUX MaTEpiaiB.

CuHUIIbHA KHUCJIOTA € YHIKaJbHUM MOHOMEPY 3aBSKH CBOIM BHCOKINH MOJIAPHOCTI Ta
3MaTHOCTI 710 (OPMYBaHHS PO3TATYKEHUX BOJHEBUX 3B'S3KIB. Y pIOKOMY CTaHi JieIEKTPUYHA
nponukHictb HCN crtanoButs mpubnusno 144,8 mpu 278 K, mo maiike BABIUI NEPEBHILYE
aHAJIOTIYHUH TTOKA3HUK JIst Boau (85,8 mpu Tiit ke Temreparypi). Llst xapakrepucTuka 00yMOBITIOE
cnenudiky KiIHETUKU TojimMepu3allii B piakii ¢asi, Je TunoisHi B3aeMoii Ta eeKTu cojbBaTallil
KPUTHYHO BIUIMBAIOTh Ha EHEPTETUYHI Oap'epu MOYATKOBUX CTaJlill OiroMepusarii.

Peakuiitna 3natHicte HCN BHU3HauaeThCcsl HasBHICTIO MOTpiiiHOTO 3B'13Ky C=N Ta KUCIOTrOo
MPOTOHA, 11O JI03BOJISIE MOJICKYII BCTYNATH B PEAKIIii HyKJI€o(IbHOTO MPUETHAHHS Ta IUKITI3aLlii.

[TonmiMepu3aris 3a3BU4ail 1HIIIOETHCA B MPUCYTHOCTI OCHOB (amiak, TpUETHIaMiH) abo mij
TI€0 10HI3yI0UOT0 BUITPOMIHIOBAHHSI, IO IPU3BOAUTH JI0 YTBOPEHHS IMPOKOTO CIIEKTPY MPOIYKTIB
BiJl JIETKHX AUMEPIB O HEPOZUMHHUX BUCOKOMOJIEKYISIPHUX TBEPAUX TiJI.

[Tponiec meperBopeHHs: MOHOMepHOI cuHWIBHOI Kuciotu (HCN) B momiMmepHi CTpyKTypu
MPOXOJIUTh Yepe3 KilbKa YiTKO BH3HAYEHUX CTaliid omiromepusaunii. Po3ymiHHS nux cramiid €
KPUTHYHHM JJIs SIKICHOTO KOHTPOJIIO BIIACTHBOCTEN KiHIIEBOTO MPOIYKTY.

[ToyatkoBoro cramietro € gumepuzanis HCN 3 yTBOpPEHHSM IMIHOAIETOHITPHITY
(HN=CH—-CN). V¥ ra3osiii ¢a3i 1meil mnpouec XapaKTepH3yeTbCs BHCOKMMM aKTUBALIHHUMU
6ap'epamu  (Onmm3pko 200 — 300 xJDX/MOJB), IO MPAKTUYHO YHEMOXIIHUBIIOE PEAKLilo B
PO3pIIHKEHUX cepeloBHIax 0e3 30BHIMHIX (akTopiB. OgHak y KoOHACHCOBaHiM ¢aszi abo Ha
MOBEPXHI MiHEpaJIbHUX KaTasli3aTopiB 6ap'epu 3HAUHO 3HUKYIOTHCS.

[Ticnst ¢opmyBaHHS OUMEpPY MOUYMHAETHCS YTBOPEHHS TPUMEPY — aMIHOMAJOHOHITPUITY
(AMN) ta Terpamepy — niaminomaneoHiTpuny (DAMN) (quB. Tabn. 1). Came DAMN BBaxkaeThCs
KJIFOYOBUM TNPOMDKHUM IPOJYKTOM, OCKUIBKM BIH € TEpMOJMHAMIYHO BHTIAHMM 1 4YacTo
BUIUTSETHCS IK OCHOBHHI oTiromMep y J1a00paTOpHUX €KCIIEPUMEHTaX.

Tabnuus 1 - XapakTeprcTuKa MOHOMEPIB CUHUWIIBHOT KMCIIOTH

Crazis oniromepusanii | XimiuHa gopmyna HasBa nponyxry 3HaueHHS B CUHTE31
Monowmep HCN CHuHHUIbHA KUCIIOTa BuxinHa cupoBuHa
Humep C2H2N: ImMiHOALETOHITPHIT Hecrabinbuuit
(IAN) iHTepMeiaT
Tpumep C3HsN3 AwminomanonoHitpun | IIpekypcop mypuHiB
(AMN)
Terpamep C4HaNga, JiamiHOMaNneoHI TP CralinpHuii
(DAMN), iHTepMeiaT
ITenTamep CsHsNs, AJleHiH, HyxneinoBa ocHOBa

3apnsku cBoiil XiMiuHii mpupoai HCN-nmonimepu 1eMOHCTPYIOTh BIACTUBOCTI, 110 POOJIATH
iX TMepCHeKTHBHUMHM JJISI TEXHOJOTIYHOTO BHKOPUCTAHHS, 30KpeMa IMOJIMEpH PO3TIISAIOThCs 5K
Mojieni /i 6araToyHKIIOHATBHUX MaTepialliB 3 HAiBIPOBIAHUKOBUMH Ta CETHETOCNEKTPUYHUMHU
BJIACTHBOCTSIMH.
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The structure of coal and the possibility of its depolymerization to produce biologically active
substances

Lavrova l. O., Grubnik M. 1., Vladimihrenko V. V., Grubnik V. I.
National Technical University “Kharkiv Polytechnic Institute”
Inna.Lavrova@khpi.edu.ua

The organic matter in coal consists of a range of valuable chemical compounds, many of
which exhibit significant biological activity and are of interest to the pharmaceutical and chemical
industries. Despite the changes occurring in the organic matter of coals during the coalification
process, a significant portion of the structural units of coals retain the characteristics of the source
materials, which have been detected to varying degrees as a result of studies conducted under mild
processing conditions.

The nature of the chemical structure of humic coal substances (both bituminous and lignite)
is a subject of debate within the scientific community. However, the domestic school of coal
chemistry adheres to the hypothesis of the high-molecular nature of coal. In our view, three models
of the structure of coal’s organic matter are of the greatest interest.

1. The concept of the supramolecular structure of fossil coals—the concept of a self-
associated multimer—has been further corroborated by studies of the structure of coal’s organic
matter using physicochemical methods.

2. This concept holds that coal is an aggregate supramolecular structure containing a
mixture of substances with relatively low molecular weights. Its polymer-like properties are
attributed to intermolecular interactions. It is believed that most of these bonds are resistant to
solvents.

3. OA generalized concept of the average structural unit of organic coal matter,
reflecting its main characteristics without specifying its chemical structure. It is analogous to an
elementary fragment in polymers with a regular structure and is used to establish the relationship
between the structure and physicochemical properties of coals. This model contains 5 structural
fragments: AR — aromatic fused rings ranging from 1 to 5; CA — cycloalkane fragments; X —
functional groups (-OH, —COOH, —NH-, -SH); R — alkyl substituents (Ci-Cn); M —“bridge
groups”(—(CH2)n—, -O—,— O-CH>—,—NH—, -S—, -CA-).

The composition of structural fragments changes quite significantly throughout the
metamorphic sequence.

Having examined these models of coal structure, we can conclude that the presence of a
large number of intermolecular bonds largely determines the strength of coal as a solid. The
addition of surfactants, which increase the yield of bitumen from coal, significantly helps to
overcome this phenomenon. The use of polar solvents allows for the depolymerization of coal by
60-80% even in the absence of high temperatures and pressure. In this regard, the chemical action
of organic substances aimed at destroying the coal structure should target the system of hydrogen
bonds, functional oxygen-containing groups, and polyconjugated unsaturated bonds.
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CEKNIA II. AKTYAJIBHI EOEKTUBHI EKOJIOI' TYHI TEXHOJIOT'TI
PEINUKJIIHI'Y HOJIMEPHUX TA KOMIIO3UIINHUX MATEPIAJIIB
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IInactukoBa Kpu3a BiiiHH

Kapes A. 11 MipomHigerko M. 1., Mangenko FO. M.2, Msrkoxuni6 I. I1.%, IlTaxos B. C.1,
[ITkaeBa M. O.%, IToromapros JI. O.1
'Hanionanpnuii Texniunmii yaiBepcuteT «XapKiBChKH MOMITeXHIYHMIA IHCTUTYT», XapKiB,
Ykpaina
’HarionansHa akageMis Hanionansnoi reapaii Yipainu, Xapkis, Ykpaina
armkarev@gmail.com

CyuacHa BiliHa — II€ BiifHa pecypciB, Jie¢ IIBHUIKICTh Ta JIOTICTHKA BUPINIYIOTH yce. B
YMOBaX BHCOKOI IHTEHCUBHOCTI OOHOBHX Jiii KOJKEH 3aiiBUIA TpaM Baru CIOPSIKEHHs a00 3aTpUMKa
y TOCTa4aHHI MOXYThb BapTyBaTh >KUTTSA. Benuuesni wmacmtabu CHOXKHBaHHS BUMAararoTh
MartepialiB, SIKIi BUTOTOBJISIIOTbCA THpPaXKaMU B HAaWKOpOTHII TepMiHM Oe3 BTpaTd MinHocTi. Ha
3aMiHy TPaJUIlIiHUM MaTepiajiaM (MeTajau, IepEeBUHA) BXKE ITaBHO NMPUHIIUM cMHTeTHYHI. [lomiMepu
CTaJld HE3aMIHHUMH 4Yepe3 CBOKO JIETKICTh, JNEMICBU3HY Ta (DyHKIiIOHAIBbHICTE. OIHAK Te, IO €
MepeBaror0 IMiJl 4Yac BiifHM, CTa€ BUPOKOM JUIsl JOBKULIA Yy miciasBoeHHHM ctaH. [loOyTtoBe
3a0e3neueHHs BiliCbKa - 1€ MUTBHOHM OAMHHUIIL OJHOPA30BOTO IUTACTHKOBOTO mocyay, ITET-
IUSIIIOK JUIsl BOAM Ta 1HIIOI Tapu, iHAuMBiAyanbHux nakyBaHb IPX (cyxmaiiku). Jlorictuune
nakyBaHHs: CTpeTy-1UTiBKa, OaHIaKHI CTPIUKH Ta 3aXMCHI KeWCH ISl OOENPHIIACIB, SKi B MTOJIBOBUX
YMOBAX PiJIKO YTHUII3YIOTHCS HAJICKHUM YHHOM.

OxpeMuM BUKIHKOM € MacoBe BukopuctaHHs bnJIA. Binemiicts cyyacaux FPV-gponis ta
pOSBiI[YBaJ'IbHI/IX amapariB BUTOTOBJICHI 3 TE€pPMOILIACTIB, CKJ‘IOTGKCTOJ‘IiTy Ta ByrieBosiokHa. [lpu
neToHanii abo majaiHHI Il MaTepiajy He MPOCTO MEPETBOPIOIOTHCS HA CMITTS, a PO3MANAIOTHCS Ha
TUCSAYl YACTHHOK, SIKi 3aCM1qy10TL 3emMJli 1 HE PO3KIANalThCsi COTHI pokiB. Ha BigmiHy Bifg
METaJIeBUX YJIaMKiB, SIKi 3 4aCOM OKHCIIOIOTHCS, TUIACTHKOBI KOPITYCH JAPOHIB Ta X 3pyiHOBaHI
YACTUHU CTAIOTh MOCTIHHUM €IEMEHTOM JaHAa(Ty, MOBUIHLHO OTPYIOIOUH IPYHTH.

3a0pyIHEHHST TEPUTOPIN TJIACTUKOM IIiJl Yac BIMHM Ma€ KyMYJISTUBHHHN €(eKT, OCKUIbKU
CUHTETUYHI BIIXOIM HAKOMHUYYIOThCS 0€3 MOXIIMBOCTI iXHBOI BUACHOI yTHIi3allii B 30HI 00MOBUX
niit. [loeqHanHs po3ipBaHUX BUOYXaMHU MOJIMEPIB 13 3aJIMIIKaMHU MTAJMBHO-MAaCTHUIIBHUX MaTepiasiiB
Ta BXKUMH METaJlaMU CTBOPIOE CTIMKI TOKCHYHI KOHIJIOMEpATH, 10 POKAaMH OTPYIOIOTh POAIOUi
mapu IPYHTY. 3 4acoM YBeCh LEW IUIaCTUK MOAPIOHIOETHCS HA MIKPOYACTUHKH, SK1 JIETKO
MNOTPAIISIOTh Y BOJIHI CUCTEMH, pOOJIIYM peCypcH HENpUIATHUMH a00 IIKIUIMBUMU JJIsl BAKUBAHHS
Ha JIECATUIITTA Brepel. BincyTHICTh cUCTEMHOIO 300py BIAXOIB Ha (GPOHTI MPU3BOIUTH IO TOTO,
10 CTUXIMHI 3BaJMILA CTAIOTh OCepeAKaMM XIMIUHOI Aerpajalii ekocucTeM, OJIOKYIOUU NMPUPOIHE
CaMOBI1/IHOBJIEHHS (hopHu.

3arponoHOBaHUN HAMM LIUISIX BUPILIEHHS MPOOJIEeMH 3aCMIY€HHSI CHHTETUYHUMH BiJIXO/1aMHU
JOBKULIS, 3aMiHa OCTaHHIX OlojgerpamgadelbHUMU TOJTIMEPHUMH KOMITO3UTaMH. B KOHTEKCTI
NMUTaHHS, OloerpagabenbHi TOMIMEPH CTAIOTh CTPATETIYHOK HEOOXITHICTIO. 3aMiHAa CHHTETUYHHX
MJIACTUKIB Ha OlojierpagabenbHi aHAJIOTH — I1€ BXKE HE MUTAHHS «EKO-MOJINUY, a €JIEMEHT Oe3IMeKu
Ta MaOyTHHOTO BiJTHOBJICHHS.

Exo-nakyBaHHS, 0IHOpa30BHii 010MOCYl, IPOAOBOJIbYI MaTEpiaiu, €IEMEHTH JPOHIB — BCE
1Ile Ha OCHOBI OionerpanabenbHUX KoMMo3uTiB. BrupoBamkenns I[TJIA (monminmakTumy) Ta iHIIMX
OiomosiiMepiB AJisl Tapu MiJ BOLYy Ta cyxmaiku. Taki marepiaiy 3a NIEBHUX YMOB IEPETBOPIOIOTHCS
Ha KOMIIOCT, HE€ 3aJMIIal04d TOKCHMYHOro ciiny. Ilepexim Ha Taki andbTepHATUBU MiHIMI3ye
HAaKOMUYEHHS CHHTETHYHOTO MIKPOILJIACTUKY B IPYHTaX Ta CTIYHUX BOAAX. Y MIJCYMKY, €KOJIOT14HA
Oe3reka IHTerpyeThbesl O€3MOCePEAHbO Y MOBCAKICHHUN Ta TPOMHUCIOBUNA BXKUTOK.

[TmacThkoBa Kpu3a BIHHM — 1€ HEJOOIIHEHA 3arpo3a, sKa 3aJUIIUThCS 3 HAMH Ha
JECATUIIITTS MIiCJIs OCTaHHBOTO MocTpily. ChOTrOAHINIHI iHBECTUIIIT B pO3pOOKY OiojierpaiadenbHIx
BIMCHPKOBHX MarepiajiB — 1€ 1HBECTHIliA B MPHUIATHICTh HAIIUX 3€MEJb IS KUTTS MalOyTHIX
MOKOIiHb. EKoNoriuyHa CBiAOMICT apMii Ma€ CTaTH HEBiI’€MHOIO YaCTHHOIO BIMICHKOBOT MiITOTOBKU
HAIIO1 JEPKABH.
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MopenoBaHHA cyMilli NOOYTOBHX BiIXOIiB /1 ONTHMI3anii NPOAYKTIB Mipoi3y B yMOBax
Ykpainu

Honomapwvos /1. O., Kapes A. 1., JIebenes B. B., Mipommniuenko /1. B.
HarionanbHuii TEXHIYHUHA YHIBEPCUTET «XapKiBCHKUH MOJMITEXHIYHUN IHCTUTYT», XapKiB,
Ykpaina
armkarev@gmail.com

CyuacHuii cTaH T700QIbHOI EKOCHCTEMH XapaKTePH3YETbCS KPUTHUYHUM piBHEM
HaKOIMYCHHS TBEPAUX IMOOYTOBUX Ta MPOMHUCIOBUX BIIXOiB. TpaauIliiHi METOIU MTOBOIKECHHS 31
CMITTSIM, TaKi SIK 3aXOPOHEHHs Ha MOJIIrOHAX, BUYEPIIaH CBii pecypc i CTBOPIOIOTH IOBIOCTPOKOBI
PHU3UKHU Ui MIA3€MHUX BOJ Ta HOBITPS 4epe3 BUAUICHHS HEOE3NEeYHMX PEYOBUH Ta MAPHUKOBHUX
rasis.

Hayka nemanmi dyacrtimie 3BepTae yBary Ha TEPMIYHI METOIU TNEPEepOOKH SK HAHOULIBII
edeKTUBHHIN CTIOCiO MiHIMI3alil 00 €MiB CMITTS. Y CBITOBIH MPAKTHUIll CIIOCTEPITAETHCS TCHICHITIS
0 BIIMOBH BiJI NPSMOTO CIAJIOBAaHHS Ha KOPUCTh TEXHOJIOTIH, IO JO3BOJISAIOTH 30epiratu
CHEPreTUYHUIN MOTEHIIaJl CUPOBUHU. AKTYalbHICTh TEMH 3YMOBJICHA IIOIIYKOM pilleHb, SKi O
MO€EHYBAJIM €KOJIOTIYHY O€3MeKy 3 €eKOHOMIYHOK PEHTA0EIbHICTIO B yMOBaX €HEPreTUYHOI KpU3u
HAIIIOTO Yacy.

Tepmiuna mnepepoOka OpraHIYHHMX BIAXOMAIB y OE3KHCHEBOMY CEPEIOBUII, BBAKAETHCS
OJHUM 3 aKTyaJIbHUX Ta TparMaTHYHUX MeToAaiB yrwmizamii. Lleli meronm mo3Boisie HE MPOCTO
3HUIIYBATU CMITTSI, @ IEPETBOPIOBATH OPraHi4yHi BiXOJM HA LIHHI €eHEProHOCIi, TakKl sIK MipoJi3Ha
ONIMBa, Ta3 Ta BYyIJIElb. 1aKUM YHMHOM, pO3pOOKa Ta BIPOBAPKEHHS E(PEKTUBHUX YCTAaHOBOK
TEPMIYHOI'O PO3KJIaly CTa€ Ae/alli [iKaBiIIMM 3aBJaHHIM Ui IPOMHCIOBOTO CEKTOPY.

Bucoka edekTuBHICTH MipoOJi3y 3yMOBJEHAa HacaMIlepes] IEpPepOOKOr0 IMOJIIMEPHUX
BIJIXO/IIB, OCKUIbKM caMme iXHI TepMIYHUI po3Maj [a€ OCHOBHUI OOCAT eHeprii y BUTISAIL
BUCOKOKAJIOPITHMX BYIJIEBOJHIB, IO 32 EHEPrOEMHICTIO 3HAYHO NEPEBEPIIYIOTh IHIII BHUAU
BiX0/iB. /{11 eHepreTMYHUX po3paxyHKIB Ta MPOTHO3YBAaHHS MPOJYKTIB, 1[0 MOXKYTh YTBOPUTHCS
B IIpoLec] Mipoi3y HeoOX1JHO 3MOEIOBATH CyMIIll BIIXO/IB SIK1 OyyTh MepepoOIsTUCS.

Jis oTpuMaHHS MoJeNi BiAXOJIB, MOMEPENHbO OYJIO MPOaHai30BaHO Ta JOCIHIIKEHO
PUHOK CIIOKMBaHHS MOJIIMEpIB B YKpaiHi. AHaii3 IOKa3aB, 1[0 OCHOBHY YacTHHY 3aliMaroTh
naKyBaJibHI MaTepianu 1 Tapa. [lani HaBeaeHO JaHi 3a THMAaMHU IJIACTUKY Ta X CIIOKMBAHHSAM B
VYkpaiHi:

[TE (HDPE/LDPE) 35-40% (miiBkH, TakeTH, TPyOH, KaHICTPH)

ITET (PET) 20-25% (muisiiuku Juist HaroiB, KOHTEHHEPH JUTs T5K1)

ITIT (PP) 15-20% (ymakoBKa Ui IPOAYKTIB, MILIKH /715 LIYKpY/O0poIIHa)

IMBX (PVC) 10-12% (BixonHi npodini, kabesbHa 1301115, JTIHOICYM)

[1C (PS/EPS) 5-7% (ogHopa30BHii mocy/, miHoImiIacT (yTerieHHs ))

[am (ABS, PA 1 1.1.) 3-5% (aBTOMOO1IBHI AeTali, MOOyTOBa TEXHIKA)

Ha cwmitTe3Banumax OKpiM IMOJIIMEPHOTO CMITTS 3HAUHY 4YacTKy 3aifMaloTh Marlip, CKIIO,
JepeBUHA Ta TEKCTHIIh. KOXXeH KOMIIOHEHT IO-pi3HOMY BIUIMBA€E Ha Tpolec nepepoOkw. SIKimo
JIepeBUHA Ta MaIlip J0Aal0Th 0ioMacy A OTPUMAaHHS BYTJICLIEBOTO 3aJMILIKY, TO CKJIO € IHEPTHUM
MaTepiajoM, KUl He Oepe ydacTi B €eHeproyTBOPEHHI, a TKAaHUHHU, 3aJI€KHO BiJ CKJIaay, MOXKYThb
OyTH JJ0JJaTKOBUM JIXKEPEJIOM CUHTETUYHHUX BOJIOKOH.

[IpoananizyBaBiM 3arajbHy YacTKy BIAXOIB Ha IOJITOHAx, Ta Ha MIACTaBl IUX JaHUX,
MOJKHa TPEACTaBUTH TEOPETUYHY Mojenb BigxonaiB (Puc. 1) mis tecTtoBOro mochijykeHHS Ha
MIPOJIi3HINA yCTaHOBII:

[MTomionedinu (ITE/TIIT) 45%

I'oppoxapron/Ilamip 15%

[IET (nnactukoBa muisimka) 15%

[1BX (mmarouku kabemto/mpodimo) 2,5%

Ckuio (6ine/3enene) 10%
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OpraniyHa iMitanis (tupca, aymmaikn) 10%
Texctunb (6aBoBHa/cUHTETUKA) 2,5%

KinbKictb Bigxoais

H Monionedinm (ME/MM)

B lodporapToH/Manip

W MET (nnawka, nocya)

1 OpraHiyda imitauis (Tupca)
H [1BX (kabenb/npodins)

B TexcTunb (6aBoBHA/CUHTETUKA)

Puc. 1 — I'paiune 300pakeHHsI TEOPUTHUHOI MOJIEJI BIXO/IB VIS MIPOJII3HOT yTUIIi3amil

[IpencraBnena TeopeTHuHa MOAENb BIAXONIB, J€ mpakTuyHO 65%  CKIaAaroTh
BHCOKOCHEPTeTHYHI TIOJMIMEPHI BIJIXOAW, JO3BOJUTH MAaKCUMAIBHO €(QEKTUBHO peali3yBaTH
MOTEHI[iaJl MPOJII3HOT YCTAaHOBKH JUIsl OTPUMAaHHS SIKICHUX €HEproHOCIiB.
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NMAKYBAHHS YKPUCTUX KOHIAMTEPCHKUX BUPOOIB
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Ykpaina
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YacTka IYKpUCTUX KOHAUTEPCHKUX BHPOOIB, /10 SKHUX Y 3arajlbHOMY BUIAJKY BiIIHOCHUTHCS
pI3HOMaHITHI Kapameni, 1pHCKH, IIOKOJaIHI I[yKepKH, MacTuia, 3edipyd TOIIO, CTAaHOBUTH Ha
BITYM3HIHOMY PUHKY /10 55 %. [HnuBiqyanbpHe NakyBaHHSA KOXKHOTO BUPOOY € BUMOTOIO CaHITapHO-
TITIEHIYHUX HOPM, ajie TaKOX BUKOHYE 1HIII (YHKIIIT, cepes sKuxX Oap’€pHi, 3aXHUCHI, MApKETHHTOBI
€ OCHOBHMMH. bap’epHi QyHKIII, a camMe 3aXHCT BiJ] OKHCHEHHS KOMIIOHEHTIB I[yKPUCTUX
KOH/IUTEPChKUX BUPOOIB — HANPUKIIAJ, KHPIB, Kl MICTATHCS y HaYMHKAaX LIOKOJIAJHHUX I[YKEPOK,
3aXHMCT BiJ HAIMIPHOTO TOTPAIUISHHS BOJIOTH — HANpPUKIAA, A0 TOBEPXHI JBOASHUKIB Ta
KapaMmeJsel, II0KO0Jaay, a TaKoK 3aXMCT BiJ HaAMIpHOIO BHUIIAPOBYBAaHHS BOJIOTH, HANpPUKIA, 3
noBepxHi 3edipHUX BUPOOIB, BUKOHYIOTH MOJIIMEpHI MaTepianu. BiamosimHo, BuCOKi Oap’epHi
GyHKIIT TOTIMEPHOro NakyBaHHS 3a0€3MeUylOTh TAaKOXK IMOJOBXKEHHS TEpMiHYy 30epiraHHs Ta
3aXUCT BiJl BTpaTH BUPOOIB BHACTIJIOK 3IUMAHHS Ta MEXAHIYHOTO TOIIKOKEHHSI. MapKeTHHTOBI
¢byHkIii, a came iHGOpMyBaHHS MPO Ha3By Ta BUA BHPOOIB, iX CKIJIaJ, BUPOOHHKA TOIIO 3
OJTHAKOBHMM YCITIXOM BHKOHYE SIK TIOJIMEpHI, TaK i marneposi JaMiHOBaH1 MaTepiam.

s 3a0e3neueHHs] BUCOKOTO PiBHS PELUKIIIHTY 1HIUBIAYalbHOTO MOJIMEPHOTO MaKyBaHHS
IyKPUCTUX KOHJUTEPCHKUX BUPOOIB HEOOXITHO, [0 BUKOHYBAINCH 3 OCHOBHI YMOBHU:

1 — 3anpoBajKeHHS CUCTEMHU PO3ALTFHOTO 300pY TBEPAOTO MOOYTOBOTO CMITTS;

2 — BUCOKHH PiBEHb €KOJIOTIYHOT KYJIBTYPHU Ta €KOJIOTIYHOI CBiZIOMOCTI HACEICHHS;

3 — HasIBHICTh YITKOT'O Ta 3pO3YMLIOro MapKyBaHHs Ha 1HIUBIyaTbHOMY IMaKyBaHHI

VY npaniii poOoti Oyno mpoaHanNi30BaHO HASIBHICTh MapKyBaHHS Ha 1HAMBIAyaJIbHOMY
MaKyBaHHI LIYKPUCTUX KOHAUTEPCHKUX BUPOOIB, MPEICTaBICHUX Y TOPTiBEIbHIN Mepexi M. XapKiB
HaWBIOMIIIKNX BUPOOHMKIB. B pesynbrari Oyno BCTaHOBIEHO, HI0 aOCOJMIOTHO Ha YCIX THMax
IYKpUCTUX KoHauTepcbkux BupobiB TM «Xb®» Ta Ha nykepkax «lllapm» ABK HasBHe
MapKyBaHHs Ha IHAMBIAyaJIbHOMY IIaKyBaHHI, sIK€ BKa3ye Ha Tun Matepiany (puc.la,0). Inm
MpeJICTaBlIeHI y Mepeki BHUPOOHUKM HE HAHOCATH MapkyBaHHs (puc.l.B,r). HasBHicTh um
BIJICYTHICTh MapKyBaHHS HE 3aJIe)KUTh BIJ LIHU YW TUILy BUpPOOY, a 3aJ€KUTh BiJ BUPOOHUKA, a
TaKOX HOro NpeJCTaBHULTBY Ha 3aKOPIOHHOMY PUHKY, 1€ TAK MAPKYBAaHHS € 000B’I3KOBUM.

- i S 2

0 . B » r
a- T «Xb®d», 6 — TM ABK, B — TM «XKaxko», r — TM Roshen
Puc.1 — MapkyBaHHS 1HAWBITyaJIbHOTO MMaKyBaHHS ITYKPUCTHUX KOHIUTEPCHKUX BUPOOIB
PI3HUX BUPOOHHUKIB
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BropuHHi nosionedinn sk nepcneKTHBHA CHPOBUHA /I BHPOOHNITBA HLIi(pyBaJIbHO-
NMOJIipyBAJbHUX MACT

bopucenko M. O., Cinkesuu 1. B.
HamionanbHuii TEXHIYHUHA YHIBEPCUTET «XapKIBCHKUI MOJITEXHIYHUHA IHCTUTYT», XapKiB, YKpaiHa
ivsaam@gmail.com

OpmHier0 3 aKTyaJlbHUX NPOOJEeM CydacHOI MPOMHUCIOBOCTI € YTWJII3AIlisl IOJIMEPHHUX
BiJIXOJIIB Ta CTBOPEHHS MaTepiaiiB i3 BUCOKOIO JOJAHOK BapTicTio Ha iX ocHOBI. [lomietunen (PE) i
noxinporiner (PP) Hanexars 10 HaifOLIbII MOMKMPEHUX TOXIMEPIB Y CBITi Ta CTAHOBIATH 3HAYHY
YaCTHHY TBEPAUX TOOYTOBUX i MPOMHUCIOBHX BiIXOMiB. IX IOBTOpHE BUKOPHMCTAHHS € KIIOUOBHM
€JIEMEHTOM 3MEHIIEHHS aHTPOIIOI€HHOI'0 HABAHTa)KEHHS Ha JOBKULIA [1].

Jns  YkpaiHu pO3BUTOK TEXHOJOTIH TepepoOKH BTOPUHHMX IOJIIMEPIB, 30KpeMa
nosionediHiB, Mae BaXJIMBE €KOHOMIYHE Ta €KOJIOTIYHE 3HAYEHHS, L0 MPOSBISETHCS B TAKOMY:
3MEHIICHHI OOCSTIB TMONIMEPHHX BIAXOMIB; CTBOPEHHI HOBHX MarepiajiB, SIKi KOPHCTYIOTHCS
3HAYHUM TIOMUTOM Yy MPOMHUCIOBOCTI; 3HIDKEHHI 3aJ€KHOCTI BiJ IMIOPTHOI MOMIpyBaJbHOT
MPOAYKIl; PO3BUTKY BHYTPIIIHHOTO PUHKY BTOPHUHHOI CHPOBUHH. KpiM TOro, BHKOPHCTAaHHS
BTOPUHHUX ToJione(diHIB BiAMOBIIa€ MPUHLIUIAM HUPKYISIPHOI €KOHOMIKH Ta CTaJIOTO PO3BUTKY,
SIK1 aKTUBHO BIIPOBAJKYIOTHCS Y TPOMHUCIOBOCTI €BponH [1].

[TepepoOka BTOpUHHUX MOMi0JIE(iHIB 13 3aCTOCYBaHHAM MEXaHIYHHUX Ta TEPMIUHUX METOIB
JI03BOJISIE OTPUMYBATH MaTepiain 3 MPUHHATHUME (i3UKO-MEXaHIYHIMH BIACTUBOCTSAMH, X04a IIPU
OaraTopa3oBiii mepepoOIl MOXKIIMBE 3HMKEHHS B'S3KOCTI Ta 4acTKOBa JAerpajallis MaKpOMOJIEKYI
[2]. IIpoTe HaBiTh micis KUTbKOX HUKIIB Takoi nepepodku PE Ta PP 30epiratoTs 3HauHy 4acTUHY
MEXaHIYHUX 1 PEOJIOTTUHUX XapaKTePUCTHK, 10 BIAKPUBAE MOXKIUBICTh IX BUKOPUCTAHHA y CKJIaji
KOMITO3UIIHHUX MaTepiaiis [3].

OpaHuM 13 epCIeKTUBHUX HAMPSIMIB yTUJIi3allii BTOPMHHUX MOJIMEPIB € 1X 3aCTOCYBaHHS SIK
3B’s13yt04ol Marpuli y uurigyBanbHO-nonipyBainbHuX macrax (IUIIII), sxi gocuth mmpoko
BUKOPHUCTOBYIOTBCS MiJI 4ac MPOBEACHHS IUIAHOBUX a00 aBapiiiHMX BIJHOBIIOBAJBLHUX POOIT Ha
HadTonepepOoOHUX Ta KOKCOXIMIYHIX BUPOOHUIITBAX.

@Di3uK0-XIMIUHI XapaKTePUCTUKNA BTOPHUHHUX IOJIIMEPIB ICTOTHO BIIMBAIOTH HA CTPYKTYPY
Ta eKCIUTyaTallliiHl BJIAaCTUBOCTI LUTIQYBaNbHO-MONIPYBAIbHUX Kommo3uuii. Ileit Brums
MPOSIBIISIETHCS Uepe3 Taki (PaKTOPHU: MOJIEKYISIPHY Macy MoJiMepy (3MEHILIEHHs MOJIEKYJISIPHOT Macu
IIPU PELUKIIIHTY 3HUXKYE B’ S3KICTh PO3ILIaBy, 110 MOKpAIlye JUCHepryBaHHs a0pa3uBHUX YaCTUHOK
y moniMepHii Matpuui [2]); KpucTamiuHicTh nosmionediHiB (Bucoka kpuctaniuynicte PE 1 PP (nna
HDPE = 60-80 %, mia PP = 50-70 %) minBuiye TBEpIICTh Ta 3HOCOCTIMKICTH MOJIIPYBaJbHOI
MAcTH); PEOJIOTIYHI BIACTHBOCTI (3HUKEHHS B’S3KOCTI MEpepoOJICHOro MOJIMPOMiJeHY Micis
MMOBTOPHOI MEPEepOOKH TMOJIETIIYE MPOIEC eKCTPY3il Ta 3MINTyBaHHS KOMMO3UIIIN [3]); MOISPHICTH
MOBEPXHI MoJIiMepy (BBEICHHS (QYHKIIOHAIBHUX TpyHn (HANpHUKIAZ, ManeiHOBOI'O aHTIIPUIY)
MIJBUIIYE aJre3110 MIXK MOJIMEPHOIO0 MaTPULIEIO Ta MiHEpaIbHUMH a0pa3uBaMu).

BukopucranHs BTOpUHHHUX N0J1i051€(iHIB 103BOJIsIE (OPMYBATH KOMIIO3HUIIIT 3 ONTUMAIEHUM
MOETHAHHAM TUTACTHYHOCTI, a0pa3uBHOT aKTUBHOCTI Ta CTAOUIBHOCTI CTPYKTYpPH. 3BaKarOUM Ha I1€
Ta BpPaxoOBYIOUM OCOOJIMBOCTI MOJIiIMEpHOI CHpPOBHHHM, cxema BupoOHuuTBa LI (nuB. puc. 1)
BKJIIOYA€ TaKl OCHOBHI CTajii: MIATOTOBKY BTOPHWHHOI TOJIMEPHOI CHUPOBHUHHU (COPTYBaHHS
noniMepHux BinxoniB PE i1 PP; monpiOuenns mo ¢pakumii 3—10 mMM; MHTTS Ta CyIIiHHS;
rpaHyJIOBaHHS); MOAMDIKAIIIO MOJMIMEPHOI MAaTPHUI (ISl MiJIBUILEHHS CYMICHOCTI KOMIIOHEHTIB
3aCTOCOBYIOTH MaJICTHOBI aHT1IPUIHI KOMIATHOLII3aTOPH, MIIACTU(IKATOPU Ta MOBEPXHEBO-AKTHUBHI
PEYOBHHH); BBEJIEHHS aOpa3MBHOIO HAIMOBHIOBAYa; TOMOTEHI3allil0 KOMIO3MIIT (3A1MCHIOETHCS Y
3MinryBayax abo JBOIIHEKOBUX eKcTpyaepax npu Temmeparypi 150-200 °C); dopmyBaHHs macTtu
(Tmicis 3MINIYBaHHS KOMIIO3HIIIIO OXOJO/KYIOTh 1 POPMYIOTh y BUTJISAL OpycKiB ab0 macTonoaioHo1
MacH).
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Puc. 1 — Cxema BupoOuuinrsa ILIIII 3 BTopuHHOi nonionediHOBOT CUPOBUHU

BrmnuB kokHOT cTafii BUPOOHHUIITBA Ha KIIOYOBI ekcIutyatamiini Brmactusocti [IITIIT
MPOSIBIISIETBCSL B TaKOMY: 30ip, COPTYBaHHS Ta IMOMNEPEAHs IMIArOTOBKA CUPOBUHH 3a0€3MEUyIOTh
dbopMyBaHHS YUCTOTHU MONIMEPHOI MaTpHIli (3a0pyAHEHHS, TOMIIIKH IHIINX MOJiMepiB abo Bojora
MOXYTh TOTIpIIYBaTH anres3iro aOpaswBy, BUKIUKATH JePEKTH CTPYKTYpH Ta 3HHKYBAaTH
MEXaHIYHY MIIHICTh KOMIIO3UIlii), a TaKOX JUCIEpPCHICTh abpa3uBy (IUCHEPCHICTH abpazuBy
0e3mocepeIHbO BU3HAYAE SKICTh MOJTIPYBaHHS Ta MIOPCTKICTh 00p0o0IIeHOT MOBEpXHI); MoaAnDIKaLlis
MOJIIMEPHOI MaTpHUIll MiABUIILYE aare3iro Mik MoiiMepoM i abpa3uBOM Ta 3arajibHy CTaOLIBHICTH
KOMIIO3HUIIii, CIpHs€ pPIBHOMIPHOMY pO3MOALTY YacTHHOK alpa3wBy; Ha CTafil BBEIEHHS
aOpa3MBHOTO HAITOBHIOBaYa HEOOX1AHO 3a0€3MEeYMTH TIEBHE CITIBBIJHOIICHHS IOJiMeEp : adpa3us,
mo BusHauae TBepAicTh IIIIIII, iHTEHCHBHICTH 3HATTA Marepiajly Ta IIBHJAKICTb 3HOIIYBaHHS;
TOMOT€HI3allis] KOMIO3HULIi BBAKAETHCS HAMBaKJIMBIIIOIO CTa/I€l0 MPOLECY, OCKIIBKM caMeé BOHA
BHU3HAUa€ pPIBHOMIPHICTh pO3MOALTY alOpa3uBy, CTPYKTYpy MoOdiMep-adpa3uBHOI CHCTEMH Ta
crabinphicts IIIII; Ha cranii gopMyBaHHS BaXJIMBO 3AIHCHIOBATHM KOHTPOJIb TEMIIEPaTypH
OXOJIOJDKEHHS, BIiJ SKOI 3aJeKUTh KPUCTAIIYHICTh MOJIMEPHOI MaTpulli, TBEPIICTh Ta
3HococTiMkicts LHITIT.

3anponoHOBaHUM MiAX1J J03BOJISIE OTPUMYBATH €(PEKTHUBHI MOJIPYyBaJbHI KOMIIO3MII Ha
OCHOB1 BTOPMHHOI CUPOBHMHU 3 BUKOPUCTAHHM SIK TpaguuiiHuX (okcua amoMmidiio (Al203), kapoin
kpemHiro (SiC), okena xpomy (Cr203), anmMa3HHA TOPOIIOK), TAK i ATBTEPHATHBHUX (KOKCOBHI MU,
CKJISTHA TyJpa, mojapiOHeHe OyaiBenbHE CMITTA) aOpa3suBHUX MartepianiB. [loganbini gociiaKeHHs
MOXKYTh OyTH CHpPSIMOBaHI Ha ONTHUMI3allll0 CKIAAy MOJiMep-aOpa3suBHUX CHUCTEM, BUKOPUCTAHHS
HAHOJMCIIEPCHUX a0pa3uBiB Ta po3poOJeHHS MOAUGIKOBAaHMX TMOJTIMEPHUX MaTpullb i3
MOKPAIIEHUMH eKCIUTyaTal[lfHIMU XapaKTePUCTHKAMH JUTsi BUPOOHUIITBA IMACT, MPU3HAUYCHUX IS
MOJIIPYBaHHS ONTUYHHUX 1 IPELU31HHIX TOBEPXOHb.

Crucok BUKOPUCTAHUX IKCPCIT
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BupoOHNITBO aBTOMOOLILHOT0 OeH3MHY Ha 0a3i NPOAYKTIB KaTAJITHYHOIO COMIpPOJIi3y
BTOPUHHHUX MOJiMepPiB Ta HAPTOBUX 3AJIUIIKIB

Llesuenko K. B., I'puropos A. b.
HamionanbHuii TEXHIYHUHA YHIBEPCUTET «XapKIBCHKUI MOJITEXHIYHUHA IHCTUTYT», XapKiB, YKpaiHa
grigorovandrey@ukr.net

3pocTaHHs 00CATIB MOJIMEPHUX BIIXOJIB Ta BUCHAKCHHS TPAAUIIIHHUX HA(QTOBUX PECypCiB
CTUMYJIIOIOTH PO3BUTOK TEXHOJIOTIH XiMiuHOI epepoOku BTOpuHHOI cpoBuHU. [locTiiiHa moTpeda
Ykpainn B aBTOMOOUIBHOMY O€H3MHI, 3yMOBJIEHA BIJICYTHICTIO JOCTAaTHBOI KUIBKOCTI SKICHOL
CHPOBHHM Ta CKOPOYEHHSM OOCSTiB BHUPOOHMIITBA, CIPHSIE PO3BUTKY TEXHOJOTIH MepepoOKu
MOJIIMEPHUX BIAXOIIB caM€ y KOMIIOHCHTH aBTOMOOUIbHMX O€H3MHIB — 0a30Bi (pakiii abo
MIPUCAJIKH.

OgHuM 13 TMEpPCIEeKTUBHUX HAIPsAMIB TaKoi MEepepoOKH CiiJi BBaXKATH KaTaliTUYHUN
comipoiiz noniMepHux BiaxoxiB (PE, PP) 3 madgroBumu 3anummkamu (Ma3zyramu, rynapoHamMu abo
BYIVIEBOJAHEBOK YaCTHHOIO HAa(TOBOTO HUIaMy), IO JO3BOJSE OTPUMYBATHU PiJKI BYIJIEBOJIHEBI
¢bpakuii, mpugaTHi Ui BUPOOHHUIITBA aBTOMOOLIBHOTO OeH3uHy. [lipoi3 moniMepiB MPU3BOIUTH 110
YTBOPEHHsSI CyMillli BYTJIEBOJAHIB (alKaHiB, onediHiB, MI€HIB Ta apOMaTUYHHUX CHOJYK), SIKi B
MOJAIBIIIOMY Ha aKTHBHHX IIEHTPAaX KaTalli3aTOpiB MEPETBOPIOIOTHCS Ha OEH3MHOBY ¢paxiito Cs—
C2 [1].

[loegnanHs TMOMIMEPHHX BIAXOMIB 3 BAXKAMH HAa()TOBHUMH 3aJMIIKAMH CTBOPIOE
cuHepretuuHuil  edekt, ockinbku nomionedpinn (PE, PP) xapakrepusyioThCcs BUCOKHM
cruiBBigHOmeHHsAM H/C, Toai sk BakKi HAQTOBI 3aJMIIKK MICTATh 3HAYHY KUIBKICTh apOMAaTUYHUX
CTPYKTYp 1 nediuut BogHto. [1ig yac comiponi3y BigOyBaeThCs IepeHECEHHS BOAHIO, 1110 CTa0iIizye
panuKaiy Ta 3MEHIIYE YTBOPEHHS KOKCY.

KaraniTuunuii comipoii3 € pi3HOBHAOM TEPMOXIMIYHOI KOHBEpcCii, y SKOMY OpraHiuyHa
CHpOBHMHA HarpiBaeTbcsi 0e3 moctymy kucHiO npu Temmeparypi 450-600 °C y mpucyTHOCTI
KHUCJIOTHHUX KaTalizaropiB. HaiOuib mommpeHuMu KaTallizaTopaMu JUIsl peastizalii [boro mpouecy
€ 1eoTiTH [2] Ta KOMITIEKCHI KaTajizaTopu Ha ix ocHoBi: HZSM-5, HY, Ni/HZSM-5, Co/HZSM-5,
10 MalOTh PO3BUHEHY MIKPOIOPUCTY CTPYKTYpPY Ta JAOCTaTHBO aKTUBHI KUCIOTHI eHTpu. Came
HasBHICTh y iX ckianl nepexignux metaniB (Ni, Co, Fe) miiBuillye akTUBHICTb KaTali3aTopiB 1
CIIpUSi€ MINOIIOMY KPEKIHTY BYTJIEBO/IHIB.

OcHOBHI 0COOJMBOCTI MPOLECY KaTaJITUYHOIO COMIpOJi3y BTOPHUHHHUX IIOJIMEpIB Ta
HaTOBUX 3aJMILIKIB MOJSATalOTh y HACTYMHOMY: BOJIEHb, 11O BHUIUIAETHCS M 4ac TEPMIYHOIO
po3kiany momionediHiB, cTabuUTizye paauKand HapTOBHX 3alUIIKIB, MIO0 CIPHUSE YTBOPEHHIO
OUTBIIOT KIIBKOCTI PIAKUX TMPOIYKTIB, 30Kpema 50-55 % OeH3uHoBOi (pakxiiii; BUKOPUCTAHHS
LIEOJIITHUX KaTalli3aTOPiB CHpHUsS€E€ YTBOPEHHIO apOMaTHYHMX BYIJIEBOJHIB Ta i3omapadiHiB, IO
BXOJISITh /10 CKJIaJly BUCOKOOKTaHOBOTO O€H3MHYy, 1 3a0e3leuye MiJBUINEHUN BUXiJ OCH3MHOBHX
(dpaxiiii; onTUMaIbHUN CKJIaJ, CUPOBHHHU JIO3BOJISIE 3MEHIIUTH TOJIMEpPHU3AIliI0 Ta KOHACHCAIlIIO
BOXXKHUX PATUKAIIB, 110 CIIPHUSIE 3HUKEHHIO KOKCOYTBOPEHHS.

OpHi€lo 3 KIIOYOBUX IepeBar KaTaJiTUYHOIO COIMIpPOJi3y BTOPUHHUX IMOJIIMEPIB 3
Ha(TOBUMH 3aJHMIIKAMU € MOXJIMBICTH (POPMYBaHHS PIJKUX MPOIAYKTIB 13 TPYHOBUM XIMIYHHUM
CKJa/ZoM (CIIBBIAHOUIEHHS OCHOBHHMX KJIaciB BYTJIEBOJHIB: mapadiHiB, 13onapadinis, onediHis,
Ha(TEHIB Ta APOMATHUYHUX CHOIYK), OJIM3BKUM JI0 CKJIay aBTOMOOITBHOTO OCH3UHY.

VY mporeci comipomidy 1i KOMIIOHEHTH YTBOPIOIOTHCS BHACIHIJIOK CKIAAHUX PaJIUKATHHO-
KaTaJiITHYHUX [IEPETBOPEHb MOJIIMEPHUX JAHLIOTIB 1 BAXXKKUX HApTOBUX (ppaKxiiii.

Dopmysanusn napaginosux eyenesoonis. Ilomionedinu, 3oxkpema PE 1 PP, maroTe minHiliny
CTPYKTYpy HacuueHuX ByriaeBoAHiB. Ilix vac tepmiuHOi necTpykiii BinOyBaeTbes po3puB C—-C
3B’SI3KIB, 1O MIPU3BOAUTH 0 YTBOPEHHS aJIKaHIB PI3HOT MOJIEKYJISIPHOI Macu:

(—CH2—CH2—)n — CsHi2 + C6H14 + C7Hg6 +... 1)
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[Tpu oMy popmMyroThCst HopManbHI apadinu (n-ajJKaHU) 3 YUCIOM aToMiB KapOoHy Cs—
Cio, K1 BXOJATH J10 CKJIaay OeH3uHoBoi ¢pakiii. HasBHiCTs HaQTOBUX 3aIMILIKIB y CyMillll CIIPUSE
crabimizamii paguKatiB Ta MiIBUILYE BUX1I PIIKUX MPOIYKTIB.

Dopmysannsn  izonapaginosux  eyene6ooHis. Ha  KHCIOTHHUX LEHTpax IEOJITHUX
KaTali3aTopiB BiIOyBaeTbcs i13oMmepu3anis mapadiHiB HOpMaiabHOI OymoBU. Y pe3ynbTaTi
YTBOPIOIOTHCS PO3TAYXKEHI 130MEpH, SAKi € BaXIMBHUMU KOMIIOHEHTaMH BHCOKOOKTaHOBOTO
OCH3UHY:

N-CeHis — 1-CsHu4n (2)

[3onapadinn mMaroTh 3Ha4YHO BHINE OKTaHOBE 4mcio (y cepenabomy RON 92-100), Hix
napadinu HOpManbHOiI OynoBH, TOMY iX (OPMYBaHHS € BAKIMBHUM (PAKTOPOM MOKpAIICHHS
MAJIMBHUX XapaKTEPUCTHK MPOIYKTY.

Dopmyesanus onedinosux eyenesoonis. I1in gac comipoiizy MmoxiMepiB yTBOPIOETHCS 3HAUHA
KUTBKICTh HEHaCHUUEHUX BYTJIEBOAHIB (0Je(iHIB):

CsHis — CaHs + CsHio (3)

[Tpuyomy osnediHn XapakTepu3yKThCS MiABHIIEHUM OKTAaHOBHM YHUCIOM (Y CEpeIHbOMY
RON 95-105) i MOXYTB SIK 3aJHIIATHCA Y CKJIali OEH3MHOBOI (paKiii, Tak i BCTYIATH y MOAAIBIII
peaxiii ojiromepu3artii abo UKITi3alii.

Dopmyeanus Hagpmenosux 8yenegoonis. llukimizamis —amipaTHYHUX BYIVICBOJIHIB Y
MPUCYTHOCTI KUCJIOTHUX KaTalli3aTOPiB MPU3BOIUTH 10 YTBOPEHHS HapTEHIB:

CeH12 — nukorexcan (4)

HadTenu nigBuiyoTs cTablIbHICTD MaTHBa Ta BXOJIATH 10 CKJIaay OCH3UHIB, OTPUMaHUX y
Ipolecax KaTaJliTHYHOTO KPEKIHTY.

Dopmysannsa apomamuunux eyenesoonie. Ha karamizaropax tuny HZSM-5 BinOyBaeTbes
apomatu3anis onaeQiHiB 1 mapa@iHis, 110 NPU3BOIUTH 10 YTBOPEHHS apOMaTUUYHUX BYIJIEBOHIB!

CesH14 — CsHs + 4H2 (5)
abo

3C3Heg — CsHs + 3H2 (6)

VY pesynbrati GOopMyIOThCS apOMaTUYHI KOMIIOHEHTH OEH3HMHY: O€H301I, TONYOJ, KCUIIOMH.
Ili cnonyku nigBUILYIOTH OKTaHOBe uucio (y cepenHbomy RON 106-120) ta € THHOBUMH
KOMIIOHEHTaMHu O€H3MHIB, OTPUMaHMX Y Mpoliecax KaTaliTHYHOTO KPEKIiHTY.

TakuM YMHOM, KaTaJITUYHUN COMIPOJII3 MOJIMEPHUX BIAXOMAIB 3 HA()TOBHUMH 3aIMIIKAMU
Mae 3HauyHUM MoTeHUian Juis HadTonepepoOHOi MPOMHUCIOBOCTI, OCKUIBKH ISl TEXHOJIOTIS MOXeE
OyTd IHTETpoBaHa 3 TIPOIECAMH KaTaJITUYHOTO KpEKIHTY Ta TiaApokpekiary. IlepepodOxka
MOJIIMEPHUX BIAXOAIB JO3BOJISIE YAaCTKOBO 3aMIiHUTH Ha(TOBY CHUPOBHHY Ta 3MEHIIUTU
HaKOIMYCHHS TIACTUKOBHUX BiIXO/IB.
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Anaui3 Ta kjaacudikanis mogiMepHux QJIOKYJISHTIB I OYHIIEHHS CTIYHNX BOJ
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HarionansHU TEXHIYHUN YHIBEPCUTET «XapKIBChKHM MOTITEXHIYHUHN IHCTUTYTY», XapKiB, YKpaina
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[TomimepHi (GIOKYISHTH — I1I€ BUCOKOMOJICKYJISIPHI CITOTYKH, SIKI BUKOPHUCTOBYIOTBHCS ISt
arperaitii IpiOHUX YaCTUHOK y BOJHUX CHCTEMaXx, MOJICTUIYIOYH X BUAAJICHHS MiJ 9ac OYUILEHHS
BOJM Ta CTIYHUX BOJ. BoHM KiacudikyroThCs 3a KUTbKOMa KPUTEPISIMH Ha OCHOBI iXHIX XIMIYHHUX
BIACTUBOCTEH, MOXO/KEHHS Ta CTPYKTYPH. 1X po3pi3HAIOTH 3a:

1. 3a Tunom 3apsaay (10HOTEHHICTIO):

— Karionni (ioKynssHTH, $Ki MaloOTh NO3UTUBHHUHA 3apsa. Bonum edexktuBHI ams
HelTpamizalii HeraTUBHO 3apsDKEHUX YACTHMHOK, TaKMX SIK OpraHiuHI PEYOBHHU YU TIJIMHUCTI
MiHEpaIH.

— AHIOHHI (IOKYISHTH, SKI MalOTh HETaTHUBHHM 3apsii. 3acTOCOBYIOTHCS IS
MO3UTHUBHO 3apsKEHUX YaCTHHOK, YaCTO B KOMOiHAI{ 3 KoaryJasHTaMu.

— Heionni ¢uokynsHTH, M0 HE MalOTh 3apsiiy Ta JIiIOTh Yepe3 MeXaHi3M MOCTKOBOTO
3’€IHaHHS, HE3AJIEKHO BiJI 3apsily YACTUHOK.

— AMdoTepHi (QIOKYISIHTH — MalOTh SK MO3UTHBHI, TaK 1 HEraTUBHI 3apsiid, IIO
T03BOJISIE A/IaNTYBaTUCS 10 pi3HUX pH Ta TumiB 3a0pyaHEHb.

2. 3a MOXOKEHHSIM

— CunTeTnyHi (QIOKYISIHTH — BUTOTOBJICHI XIMIYHUM NUISIXOM (HANPHUKIAJ, MTOXiTHI
aKkpuiaMiny). BoHu TOMIHYIOTH 3aBSIKH CBOili BUCOKIN €()eKTUBHOCTI.

— Harypanbai (GiomomniMepHi) (IOKYISHTH — OTPUMaHi 3 MPUPOTHHUX JPKEPEN, TaKUX
SK ToJIicaxapuau (XiTo3aH, KpoXMaJjb, 1IEJI0JI03a, arap, TaHiH). BoHu ekojoriuHimii, 610po3KiIaaHi,
ajie 4acTo MeHII eeKTUBHI 0e3 Moudikariiil.

— I'padToBani abo riOpuHi (QIOKYISHTH — KOMOIHALIS HATYypaJbHUX 1 CUHTETUYHHUX
(Hampuknaa, Kpoxmaiab, TpadToBaHuil mnomiakpunamigoM). Ilokpamrytorb  epeKTUBHICTH
HATypaJIbHUX TMOJTIMEPIB 32 PaXyHOK JI0JaBaHHS CHHTETUYHHX JIAHITIOT1B.

3. 3a MOJIEKYJISIPHOIO MACOI0:

— Husskomonekyaspri  (<10™ r/Momb) — BHKOPHMCTOBYIOTbCS Ul HeHTpasizarii
3apsy, YTBOPIOIOTh KOMIAKTHI ()JIOKH.

— Cepenupomonekymsapri (10°-10" r/moms) — 6amaHcyloTh Mik HeifTpanizamiero Ta
MOCTKOBUM 3’ €THAHHSIM.

— Bucokomonekynsapri  (>10™  r/Momb) — BHKOPHCTOBYIOTh MEpEBAKHO s
MOCTKOBOTI'O 3’ €JJHAHHSI, yTBOPIOIOUM OLIBII BEJIMKI Ta MIIHI (JIOKYIIH.
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JlocriIzKeHHS MePCeKTHB PEeIHMKJIIHTY NO0JIMepPHOI TapH 3-Mii KaBM /ISl KABOBapOK

Kouemos M. C.!, Tuxomupona T. C.1, ITitax P. O.}
'HanionanbHuii TexHidHMIA yHiBepcuTeT «XapKiBCHKUI MOTITEXHIYHHI iHCTUTYTY, M. XapKiB,
VYkpaina
tetiana.tykhomyrova@khpi.edu.ua

PUHOK CrO)XKMBaHHSI KaBM Ta HAIOIB 3 KaBH IOCTIHO 3pOCTa€, B TOMY YHCII 332 paXyHOK
3HIDKEHHS IIHH Ha 1MoOyToBi kaBoBapku. Cepen ycix Mojelnel, MpeICcTaBlICHHX Ha Cy4aCHOMY
PHHKY, OCTaHHI 5 pOKiB B YKpaiHa HaOWparOTh MOMYJISIPHOCTI T.3. KalcyiabHI KaBoBapku. [lamgiHHs
I[iH Ha JaHi BUPOOM Ta 3pY4YHICTh BUKOPUCTAHHS, a TAaKOX BHCOKI CMaKOBI SIKOCTI OTPUMAaHOTO
HAIIOI0 CIIPHSIFOTh 3POCTAHHIO 1X MOMYJISIPHOCTI. JIJIsl crioXKKBaya rojoBHUM (HaKTOPOM € 3pYUHICTh
BUKOPUCTAHHS KarCyJH, SKy HEOOXiTHO TiJIbKM TOMICTHTH y KaBOBapKy, a IICIs OTPHUMAaHHS
KaBOBOT'O HAIIOK MPOCTO YTHIII3yBaTH. BiZCyTHICTH HEOOX1THOCTI MHUTTSI €JIEMEHTIB KaBOBAPKH BiJl
KaBOBOI TYIII € MEPeBarol0 KalcCyJIbHUX KaBOBapOK JUIsl CHOXKMBadiB. PHHOK KamcynbHOI KaBU B
VYKpaiHi OL[IHIOETbCS B KUIbKA JIECATKIB MIJIbHOHIB KaIlCysl Ha piK, SKi y MIJICYMKY MOTPAIUIIOTh Ha
MIOJIITOHHM TSI TBEPOTO TTOOYTOBOTO CMITTSI.

Ha puHKy npejicraBieHO JBa OCHOBHMX Tumu Karcyl — Nespresso Ta Dolce Gusto,
BIJIMOBIHO W KaBOBApKH MOXYTh OYTH €KCKIFO3UBHUMHU IIiJ] OJIMH THUI KaIlCylia, a MOXXYTh MaTH
HAaCaJIKM JJIs pi3HUX THITIB. ['0J0BHA PI3HUII MiXK KalcyjlaMu — 1€ IiHa Ta MaTepiaim, 3 SKUX BOHU
BurotoBieHi. Karmcymu Ttumy Nespresso 3a3BuUdYaid BIBIYl JOpOKYe, aje CKIATAIOThCS 3
MOHOMATepiany — altoMiHi€BOT (OIBrH. 3 TOUKH 30pYy iX MOAATIBIIOTO PEIHUKIIHTY 1€ € IIePEeBarok,
TaKi BUKOPHUCTaHI KaIcyiau 0e3 KaBOBOI I'yIlli 30Mpal0ThCs Y MyHKTaX MPOAAXKY KaIlCyll, HallpUKIal
B CIIA. Kamncynu tuny Dolce Gusto MaroTh y CBOeEMY CKJaji KiJibka MaTepiajiB, cepell SKHUX €
Pi3HI 3a PUPOIOIO TTOJIIMEpHI Matepianu (puc.l).

a — 30BHILIHIN BurIsA kancynu Dolce Gusto; 6 — moyatok npouecy po300opKy Kamncyiu;
B — KOMIIOHeHTI Karcynu Dolce Gusto
Puc.1 —Buyrpimni komnonenTu karcynu Dolce Gusto

Yortupu 3 n’atu enemeHTiB Karcynu Dolce Gusto BUTOTOBIIEHI 3 MOJIIMEPHUX MaTepianiB, i
TITBKA OOWH - 3 amoMiHilo (cpibmsicta mepdopoBaHa BcTaBka Ha puc.1B). MapkyBaHHS Ha
KOMITOHEHTaX CaMHUX KarcyJl BiZICYTHE, IO MPOJIUKTOBAHO HEBEIMKUMH pO3MipaM caMHX KarCyln Ta
MOETAaHUM iX BUTOTOBJEHHSAM. Ha KapTOHHOMY MakyBaHHI JUIS Karcysl BKa3aHO JIHMILIE OJUH THII
MOJTIMEPHOTO MaTepiany — nominpornijeH. [Ipore mpuHaitMH1 OAWH 3 130JAIIHHAX IapiB BUKOHAHUNA
HE 3 MONporineny, a, iMoBipHo, 3 EVOH (eTuneHBiHiOBUi ciupT) 17 aOCONIOTHOTO 3aXUCTY
KaBH BIJ] KOHTAKTy 3 KUCHEM TOBITps. Takuil miaxiJ J03BOJISIE MAKCUMAIBHO 30€pErTH CMaKOBi Ta
apOMAaTU4HI BJIACTUBOCTI 3MEJIEHOI KaBU y KarlCyJsli TPUBAJIUI Mepioj.

Haif0inpI MepCcreKTHBHUM JUTSI PEHUKIIIHTY KOMIIOHEHTOM KaBOBHX KarCyl € TeMHO-
KOpHUYHEBA I11aii0a, sika JIETKO BUMMAEThCS 3 KallCy/IM Ta Mae penbeHy noBepxHio. Jlo Hel maibke
HE HAJIWITA€ KaBOBa TyIlla, BOHA Ma€ po3Mip 110 35 MM B JiaMeTpi Ta A0 1| MM y BHCOTY, Bi3yaJIbHO
JIETKO BiJJOKPEMIIIOETHCS BiJ] IHIIMX KOMIIOHEHTIB Ta KOMIIakTHa y 30epiranHi. [Ipore penuxiinr
Oy/Ib-SIKOTO KOMIIOHEHTY KaBOBOI KaIllCyqd MOK€ OyTH BIPOBAHKEHO BHUKIIOYHO 33 YMOBH
HAJIAr0KEHHS CUCTEMH PO3ILIILHOTO 300py MOOYTOBOTO CMITTS.
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Perenepanisi MeTHi1aneTaTry 3 NpOMHCJIOBHMX BiIX01iB Ta OLIHKA HOIr0 NPUIATHOCTI 1JIs1
eMaJIeBHX CHCTEM

Mapuenko B. B., Haboka C. A.
HamionanbHuii TeXHIYHUHA YHIBEPCUTET «XapKIBCHKUI MONITEXHIYHAN IHCTUTYT», XapKiB, YKpaiHa
0997727 @gmail.com

[IpoananizoBaHO TEXHIYHY JOLIJIBHICTh IIOBTOPHOI'O BHKOPUCTAHHS PETr€HEPOBAHOIO
METHJIAIeTaTy JJs TPOMHUCIOBOI emalli Ta BIUIMB piBHIB 3a0pyanenHs (MXLO-MXL4) na
e(eKTUBHICTh pereHepallii i BIAacTUBOCTI IUIIBOK. Perenepariito Ha ycranoBmi ECO PLUS 122
MPOBEJICHO 3a KOHTPOJBOBAHMX YMOB, IO 3a0€3MEeYMSI0O BHCOKHH CTYIiHb OYHILEHHS Ta
30epexeHHs Gi3MKO-XIMIYHHX 1 (YHKIIIOHATBHUX XapaKTEPUCTHUK PO3UYMHHUKA i €MaJIeBUX IUIIBOK,
HiATBEPKYIOUYH TEXHOJIOTIYHY Ta €KOJIOTIYHY JTOUUIBHICTh MTOBTOPHOTO BUKOPHUCTAHHS.

Mertunauerar € edipoM, MUPOKO 3aCTOCOBYBAHUM Yy BHUPOOHMLTBI MPOMHUCIOBUX eMalieil
3aBISIKA BUCOKIM JIETKOCTi, CYMICHOCTI 3 TPaJWLIAHMUMH CHOJYYHHMH 1 MEHIIOMY BIUIMBY Ha
HaBKOJIMIIIHE CEpEIOBUILE y TMOPIBHAHHI 3 apOMaTUYHUMM BYIJICBOJHSAMH. Y KOKCOXIMIYHOMY
BUPOOHMIITBI PO3YMHHUKH, TaKi sIK e(ipu, KETOHU Ta CIHUPTH, BUKOPUCTOBYIOTHCS JIJIsl OUMIICHHS,
eKCTpaklii Ta MPUIOTYBaHHS 3aXUCHUX TNOKpHUTTIB. IIpoTe mpommuciaoBe 3acTOCyBaHHS
METHJIAIETAaTy CYNPOBOKYETHCS €pO3i€I0 PO3UMHHHMKA Yepe3 TigpoJii3 i BIUIMBOM BOJIOTH Ta
KaTAJITUYHUX JTOMIIIOK.

Bucoka rirpockomiuHiCTh METHIIAIETATy CIPHsE TOTJIMHAHHIO BOJH, IO IOCHIIIOE T1APOIIi3
Ta JecTalimi3aimilo IMIrMEHTIB, a TaKOXX PO3YMHEHHS NoJiiMepHUX (parmenTiB. HakonudeHHs
JeTpaJoBaHUX PO3YMHHUKIB 30UIBIIYE SKCIUTyaTaIliiiHI BUTPATH Ta HABAHTA)KECHHS HA HABKOJIUIITHE
CepeIOBHILIE Yepe3 JIETKI OPraHiyHi CIOIYKH Ta KUCHEBMICHI PEUOBUHHU.

JUis  3MEHIICHHS MPOMHCIOBHX BIIXOMIB AaKTyaJlbHUMH € TEXHOJOril pereneparii
PO3YMHHUKIB, 37aTHI BIIHOBUTH iX (PI3MKO-XiIMiUHI BJIACTUBOCTI JIO pIiBHS, NPUIATHOTO JIS
MIOBTOPHOTO BUKOpUCTaHHS. JliTepaTypa HpUCBsU€HA NMEPEBaXKHO KIHETHILI TipOi3y ecTepiB Ta
JUCTUIIALIT, @ JAaHUX caMe 110 pereHepartii MeTuianeTaTy HeJJOCTaTHbO.

Metoro 1IbOTO JOCIHIDKEHHS € BU3HAYECHHS €()EKTUBHOCTI pereHepailii MeTujaleraTty 3
MIPOMUCIIOBUX BIIXOJIB MPH PI3HUX PIBHAX 3a0pyJHEHHS Ta OL[IHKA NMPHUIATHOCTI pEreHepOBaHOI0
PO3YMHHHMKA I TOBTOPHOTO BUKOPUCTAHHS B €MaJIeBHX CHCTEMaX.

CkunazgHi edipu, Taki sIK METHJIALETAT, IBUAKO BUIIAPOBYIOThCS Ta CYMICHI 3 aJKiIHUMH Ta
aKpWJIOBUMU CHOJYyYHUMH. ['11posii3 ecTepiB y IPUCYTHOCTI BOJIOTH Ta KaTalli3aTOPIiB MPU3BOJIUTH
70 3MEHUICHHs BMICTy edipy, MiJBUIIEHHS KHUCIOTHOCTI Ta YTBOPEHHS JIETKUX MOOIYHHUX
npoayKTiB. baratopa3oBwii KOHTakT pO3YMHHUKA 31 CMOJAMH Ta WITMEHTAMH CHPUYHHSE
HAKOMMWYEHHS K OpPraHIYHUX, TaK 1 HEOPraHIYHMX 3a0pyIHIOBAyiB, L0 MOTipIIye (Hi3MKO-XIMIUHI
XapaKTePUCTHKH.

Perenepartiss pO3UMHHUKIB Uepe3 TEPMIUuHY TUCTUIIALIIO MOKa3aja BUCOKY €(pEeKTHBHICTh y
BIIHOBJIEHHI JIETKOCTI Ta PO3YMHHOCTI, OCOOJIMBO TMPH KOHTPOJI TEMIEpPaTypHOTO MpodiIo Ta
3anuIKiB. Iy HU3BKOKUIUITYMX e(ipiB, TAKUX K METHJIAIETAT, BAXKJIMBUM € CYBOPHH KOHTPOJIb
TeMIepaTypu Ta €PeKTUBHICTh KOH/IEHCATOpa, 1100 YHUKHYTH BTPAT PO3UNHHUKA.

[Toripu HasBHICTH 0araThboX JOCHIKEHb 3 pereHeparii po3YMHHUKIB, Mall0 JIAaHUX MPO
3aCTOCYBAaHHS METHJIAIIETATy Ta HOTO BIUIMB HAa XapaKTEPUCTUKU €MaJIeBHX TUTiBOK.

Po6ounii mpouec BKiIrOUaE:

1. 30ip NpOMUCIIOBUX Bi/IXO/IB METHIIALIETATY.

2. Knacucikariito CHpOBUHH 32 piBHEM 3a0pyTHEHHS.

3. Perenepartito na ycranosiii ECO PLUS 122.

4. ®13uKO-XIMIUHY XapaKTEPUCTHKY PEr€HEPOBAHOTO PO3ZUYMHHHUKA.

5. ITiaroToBKY eManeBuX IUTIBOK 1J1abopaTOpH1 BUIPOOYBaHHS .

3a0pynHeHN MeTHIaneTaT BUTPUMYBaIM 12 TOAMH Ui OCAPKEHHS CMOJI, MICIS 4YOro
poBOAWIIN (IBTpaIlito yepe3 25-MikpoHHY CiTKy. CyIIMIIbHI areHTH HE 3aCTOCOBYBAJIHCS.
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Ta6muus 1 - KinbkicHi noka3HUKY uist Kiacudikanii 3a0pyaHeroro Metuianerary (MXL0-MXL4).

MXLO MXL1 MXL2 MXL3 | MXL4 (lyxe
IToka3Huk . .. (ITomipHo- . -
(Huzbkuit) (ITomipuwmit) N (Bucoxwnit) BHUCOKHIN)
BHCOKHH)
Komip ) ) i i i
(PLCO) 10-12 12-16 16-20 20-24 24-30
Kucnortue
qucio 0,04-0,05 0,05-0,07 0,07-0,09 0,09-0,11 0,11-0,13
(mr KOH/r)
g}:f)m crepis 99,0-99,3 98,7-99,1 98,3-98,9 97,8-98,5 97,2-98,0
Bosora (ppm) |  180-250 250-350 350-500 500-800 800-1200
Henerkuit 0,04-0,06 0,06-0,08 0,08-0,12 0,12-0,18 0,18-0,26
3anumiok (%)
(Fjs;ﬁ‘)‘*a 0,932-0,933 | 0,933-0,934 | 0,934-0,935 | 0,935-0,936 | 0,936-0,937

Ili noka3sHMKM BiAOOpaXalOTh CUCTEMAaTHYHE IMOTIPUIEHHA SKOCTI MeTujauerary 3i
30UTBIICHHAM PiBHS 3a0pyIHEHHS.

Perenepartito nmpoBoamiu Ha TepMmoaucTuisiitHii yctanosui ECO PLUS 122, sika Bxirouae
BUTIAPHY MMOCYAMHY 3 TEPMOI30JIALIEI0, JIIHIIO Aapu, KOHJEHCATOpP 1 repMeTHIHuI 30ipHUii OapabaH.
Po6oui mapamerpu:

Temmneparypa macma: 70-95 °C
Temmnepatypa mapis: 55-60 °C
Temmneparypa konzaencarii: 10-18 °C
O06’em BunapHoi emHocTi: 150 1
Tpusanicts nuxmy: 160 xs.

PexxuM mupkynauii TepMoMacia: 3aMKHYTHR

I1i mapamerpu 3a0e3neuyloTh CTAOUIbHE BUIIAPOBYBAHHS METHJIALETATy Ta YTPUMAaHHS
HEJIETKUX 3aJIMILKIB.

®i3uKO-XIMIUHI XapaKTepUCTUKU pereHepoBaHoro Metwianeraty (RMXLO-RMXL4)
3aJIMIIAKOTHCS OM3bKUMHU J0 CTAaHAAPTHOIO PO3UMHHUKA!

Bwmict edipy 98,4-99,3%

BostoricTh 1 KUCIOTHICTD y M@Xax JIOMYCTUMUX 3HaYEeHb

I'ycTuHa Ta Koip BITHOBIIIOIOTHCS 10 PIBHS CTAaHAAPTHOTO METUIIALIETATy

EmaneBi miiBkH, BUTOTOBJIEHI Ha PEr€HEPOBAHOMY PO3YMHHUKY, J€MOHCTPYIOTh CTaOUIbHI
MOKa3HUKH OJIMCKY, TBEPJOCTI Ta YaCy BUCHXaHHS, L0 MiITBEPIKY€E NMPUAATHICTh PO3UMHHUKA JJIS
MOBTOPHOT'O BUKOPUCTaHHS Y BUPOOHULITBI.

Bucokuii Buxin pereHeparii Ta epekTHUBHE BITHOBIEHHS (DI3UKO-XIMIUHUX BJIACTUBOCTEH
JI03BOJISIFOTH BIIPOBA/PKYBATH 3aMKHEHI ITUKJIM BUKOPUCTaHHS METHJIAIIETATY, 110 3HUKYE BUTPATH 1
00csT TPOMHUCIIOBUX BiJIXO/IB.
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BuxopucTtanHst arpo- Ta XapuoBHUX BiIX0iB UI1 BUPOOHNITBA 0ioNIacTUKIB B YKpaiHi

Ladacea I0. C.
HarmionanbHUM TEXHIYHUN YHIBEPCUTET «XapKIBChKHM MOJITEXHIYHUI ITHCTUTYT», M. XapKiB
Yuliia.Hadaieva@mit.khpi.edu.ua

VYkpaiHa HaNeXuTh 10 KpaiH 13 PO3BUHEHHM CUIBCBKMM TOCIIOAApPCTBOM, J€ IIOPIYHO
YTBOPIOIOTHCS HAJI3BUYAHO BEJIMKI OOCATH TMOOIYHUX NPOAYKTIB pocauHHUNTBA. OIHHM 13
NEPCHIEKTUBHUX HANpsMIB € 3aCTOCYBaHHS arpoBIAXOJiB SK HANOBHIOBAa4iB Yy BUPOOHHITBI
010MJIACTHKIB, IO JO3BOJISE 3HW3WUTH BaPTICTh KIHIIEBOI MPOMYKINii, MOKPAIIUTH i1 MEXaHiuHi
BJIACTUBOCTI Ta BOJHOYAC BUPIIIMTU MPoOIeMy peluKIiHTy Biaxonuis [1, 2].

Haii6iapm JTOCTYMHUMHM BHWJIaMHM BIIXOZIB arpompOMHCIOBOTO KOMIUIEKCY B YKpaiHi €
JYIMINAHHSA COHSIIHUKY, cTe0jla Ta KadyaHU KYKypyI3W, COJIOMa 3€PHOBUX KYJbTYp, a TaKOX
TymnuHAS TopixiB. [l Marepianu MarTh BHCOKHH BMICT IIENIOJIO3M Ta JITHIHY, IO POOHTH iX
epeKTUBHUMH apMYyIOYHMH HAIIOBHIOBAYaMU JUISl OIOMONIMEPHUX MATPHUIlh, SKI HE JIHIIE
MiJBUIIYIOTh MILHICTh 1 JOBrOBIYHICTH MarepialiB, a H CHPUSIOTh IXHbOMY O10JIOTIYHOMY
PO3KIIaJIaHHIO TICIIs 3aBepUICHHS >KUTTEBOrO mukiy [1]. Kpim Toro, 3acTtocyBaHHs arpoBiaxojiiB
Ja€ 3MOTY 3MEHIIUTH MOTpe0y B IMEPBUHHUX MaTepianax, SKi IIUPOKO BHUKOPUCTOBYIOTHCS Y
BUPOOHMIITBI 0i0MONIMEPIB, 30KpeMa KyKypYyI3SHOMY KpOXMalli, Ta 3HH3UTH HAaBaHTa)KEHHS Ha
CLIbCHKOTOCTIONAPCHKI yriaas [2].

Oco0MBO TIEPCTIEKTUBHUM MOXKE€ CTaTH BHUKOPHUCTAaHHS BiIXOMIB COHSIIHUKA, B TEpIILY
4epry, JIYIINUHHSA, BOJOKHA SIKOTO MICTUTh BEJIUKY KIJBKICTh JITHIHY, @ TaKOX TaKUX 3aJUIIKIiB
COHSIIIHUKA, K KOIIMKHU 41 CTe0Ia — Kepen nenrosio3u. B YkpaiHi mociBHI Mo mil COHSIIHUKOM
TPaAULIHHO BENUKI 1 CKJIalal0Th HE MEHIIE 5 MIIH ra, 10 CBIAYUTh PO HEOOMEKEH1 pecypcH s
3aJI0BOJICHHSI MOTpeO mepepoOHUKIB. BogHouac s MOJIMIICHHS XapaKTEPUCTUK KOMITO3UTIB 3
BUKOPHUCTAHHSIM arpoBiJIXO/IiB JOLLIBHO JI0JaBaTH Y IX CKJIaJ Xap4oBi BIAXOAU OKPEMHUX OBOUIB Ta
¢pykriB. Tak, kapToILIs, MOPKBa, OypsSK MalOTh BUCOKHI BMICT KPOXMAJIIO, a MIKIpKa LIUTPYCOBUX,
0aHaHy — IEKTUH Ta LIETI0I03Y.

Hapasi B Ykpaini Xxap4oBi BiIXOIU pa3oM 3 MOOYTOBUMH IEPEBAKHO HAMPABISIOTHCS Ha
MOJIITOHM, 1 TUIBKM HE3HAuHa IX YacTka nepep06nsleTbc;1 [lepcrieKTHBH PEIUKIIIHTY Xap4OBUX
BIJIXO/IIB 3aKJIaJ[IB Xap4yBaHHS, B OCHOBHOMY, ITOB’I3YIOTHCS 3 KOMITOCTYBAHHSIM Ta BUPOOHHUIITBOM
Oiorazy um enektpoeHeprii. I[lopsim 3 1uMm OaraToHamiHHUM MOXE CTaTH 1 BUKOPHUCTaHHS
BTOPHUHHOTO PECYpCHOTO TOTEHIIAy JaHUX BIAXOMIB y BHUPOOHHITBI OioJerpanadenbHIX
nojiiMepiB. 3BUYaiiHO, JUIS peani3alii CyMICHOTO BHUKOPUCTAHHS arpo- Ta OPraHIYHUX BIJXOJIB
3aKJIaJ[iB Xap4YyBaHHS HEOOXiJHE BCTAHOBJICHHS CITIBIIpAIll MiX MPEJACTABHUKAMH 000X HANPSMKIB
0i3HECy Ta CTBOPEHHS BIAMOBIAHMX JIOTICTUYHUX 1 BHUPOOHWYHMX MOTYKHOCTeH. Takox s
MOIIMPEHHS PEIUKIIIHTY JIAHUX BITXOJIB IMOTPiOHO MPOJOBKYBATH HAYKOBI JOCIIKEHHS OO0
CTBOpPEHHSI HOBUX KOMITO3UTIB 13 3aCTOCYBaHHSM HATypaJbHUX HAMOBHIOBAUiB (ApPMYIOUHX areHTiB)
3 arpo- Ta XapyoBMX BTOPUMHHUX pecypciB. Takuil miaxin BiIKpUBaEe HOBI MOXIJIMBOCTI, SIKi
JI03BOJISIIOTH €EKTUBHO MEepepoOIATH MOOIYHI MPOIYKTH arpapHOro CEKTOPY Ta BiIXOIU Xap4yoBOi
chepu, CHPUSIOTH 3MEHIICHHIO 3a0pyTHEHHS HABKOJMWIIHBOTO CEPEIOBUINA Ta CTBOPECHHIO
€KOJIOT1YHO Oe3MEeUHUX MaTepiaib.
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The study is devoted to the development and analysis of multicomponent beeswax-based
coating systems with different structural and mechanical performance.

Four types of coatings were designed: permeable (F-P), balanced (F-B), barrier (F-S) and
natural (F-N), differing in composition and internal matrix structure. The systems were formulated
using beeswax as the main structural component, combined with carnauba wax, oils, emulsifiers
and structuring agents to control the packing density and continuity of the matrix (table 1.).

Table 1 - Composition of wax-based coating formulations

Component (g per 100 g | F-P Permeable F-S Strong F-B Balanced | F-N Natural
formulation) coat barrier coat coat coat

Beeswax 50.0 47.0 62.0 80.0
Carnauba wax 4.0 18.0 8.0 9.0
Sunflower oil 8.0 4.0 6.0 10.0
Cetyl alcohol 2.0 3.0 4.0 —
Lecithin (sunflower) 1.0 — 1.0 —
Glycerin 1.5 — 1.0 —

Gum arabic 1.0 — — —
Xanthan gum — — 0.5 —
Ethylcellulose — 3.0 — —
Glyceryl monostearate (GMS) |- 2.0 1.0 —

Stearic acid 1.0 — 0.5 —
Polysorbate 20 0.5 — — —
Polysorbate 60 — 1.5 — —
Vitamin E (tocopherol) 0.5 0.5 0.5 0.5

It was established that the structural parameters of the matrix is the key factor determining
mechanical properties. Mechanical testing showed that tensile strength varies in the following
order: F-S > F-B > F-N > F-P, which correlates with the increase in structural density and content
of rigid components such as carnauba wax and ethylcellulose.

Barrier-type coatings (F-S) demonstrated the highest strength due to the formation of a
dense and highly packed structure, while permeable systems (F-P) exhibited lower strength as a
result of increased matrix mobility and reduced crystallinity caused by plasticizers and emulsifiers.
In contrast, elongation at break showed an opposite trend: F-P > F-N > F-B > F-S, indicating that
less dense and more flexible structures provide higher deformability, whereas rigid systems exhibit
limited elasticity.

Intermediate behaviour was observed for balanced coatings (F-B), which combine sufficient
mechanical strength with moderate flexibility, reflecting their optimized structural composition.

The obtained results demonstrate that mechanical performance of wax-based coatings is
governed by the relationship between structural density, phase composition and matrix
organization. Variation of formulation parameters enables targeted tuning of strength and
flexibility, providing a basis for rational design of functional coating systems.
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Modern eco-safety materials industry is developing at a rapid pace, integrating new
technologies and materials. One of the promising directions in the construction industry is the use of
additive technologies (3D printing), based on the layer-by-layer deposition of material to create an
object. Models obtained in this way can be used both for the production of experimental prototypes
and for ready-to-use products.

A distinctive feature of this technology is its ability to address challenges related to high
energy consumption, low production efficiency, resource intensity, and safety on the construction
site. The main potential of additive technologies lies in achieving enhanced performance
characteristics of finished products, significant raw material savings, the possibility of
manufacturing structures with complex geometries without complicating the production process,
production mobility, and accelerated construction timelines. Additive technologies encompass
several printing methods, which differ in terms of the raw material used and the principle of its
deposition.

The main printing methods include: Fused Deposition Modeling (FDM), Stereolithography
(SLA), Digital Light Processing (DLP), Selective Laser Sintering (SLS), Three-Dimensional
Printing (3DP), Laminated Object Manufacturing (LOM), and PolyJet technology. Each printing
method has its own application specifics, advantages, and limitations that must be taken into
account during the manufacturing process. FDM 3D-printing remains an affordable technology for
manufacturing small-scale tooling and molds for low-temperature polymers, silicones, and waxes.
Along with the advantages of speed, cost, and geometric freedom, it is characterized by limitations
in the form of strength anisotropy, low heat resistance, roughness, and wear of the working surface.
Therefore, the correct selection of 3D printing modes mold for creating eco-safety honeycomb wax
materials is critical for the performance of molds that come into contact with beeswax melt with a
melting point of 62—65°C and operate near its softening region.

The aim of the article is to investigate the influence of process modes on the mechanical
performance of FDM-printed mold for creating eco-safety honeycomb wax materials. The article
investigates the influence of process modes on the mechanical characteristics of an FDM mold for
creating eco-safety honeycomb wax ma-terials. 3D printing was carried out using a 3D printer
Anycubic Kobra 2 Pro using a filament based on polylactide filament.

The maximum impact strength and breaking stress during bending values were achieved in
mold samples with two-layer walls and hexagonal infill with a 30-40% infill de-gree—12 kJ/m2 for
impact and 50.0 MPa for bending. Among the tested samples, the optimal results were found with a
perimeter of two layers and a 20% infill degree using the hexagonal model. The obtained results
allowed to optimize the configuration of the mold for creating eco-safety honeycomb wax materials.
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Despite the global energy transition and increasing attention to renewable energy sources,
crude oil remains a strategically important raw material for Ukraine, especially for transport,
aviation, and industrial applications where alternatives are still limited. Domestic oil production
plays a key role in reducing import dependence and strengthening energy security. In this context,
the development and evaluation of small and previously underexplored oil and gas condensate
fields are of particular importance.

Ukrainian crude oils demonstrate significant variability in physicochemical properties
depending on their geological origin. Many domestic crudes are characterized by relatively low
sulfur content and favorable density, making them technologically attractive compared to heavier
and higher-sulfur reference grades such as Urals. Therefore, detailed studies of crude oil quality are
essential for selecting optimal refining strategies and improving the economic efficiency of field
development.

The Druzhelyubivske oil and gas condensate field, located in the eastern oil and gas region
of Ukraine, represents a promising but insufficiently studied object. Available literature data on its
development are limited and outdated. Consequently, systematic investigation of the oil properties
from this field is necessary to assess its refining potential and define rational processing routes.

The aim of this study was to investigate the physicochemical properties of crude oil from the
Druzhelyubivske oil and gas condensate field and to evaluate its suitability for refining and its
potential as a feedstock for petrochemical and polymer production.

Oil samples were collected from seven production wells of the Druzhelyubivske field.
Standardized methods were applied to determine density, kinematic viscosity, water and mechanical
impurities, salt content, sulfur concentration, pour point, paraffin melting point, and fractional
composition. Asphaltenes, resins, and paraffins were quantified using precipitation and extraction
techniques. Fractional distillation was carried out under atmospheric pressure up to 400 °C.

To assess the possibility of predicting the content of paraffins, resins, and asphaltenes, linear
regression models were developed using density, viscosity index, initial boiling point, and the yield
of fractions boiling above 300 °C as independent variables. The adequacy of the models was
evaluated using coefficients of determination, Fisher’s criterion, and average relative approximation
errors.

The investigated crude oil is characterized by low density (approximately 733 kg/m3 at 15
°C) and low kinematic viscosity, confirming its classification as light crude oil. The viscosity
decreases significantly with increasing temperature, which facilitates transportation and primary
processing. No water was detected in the samples, while the contents of mechanical impurities and
salts were low, indicating good raw material quality.

The sulfur content ranged from 150 to 165 mg/kg, allowing the oil to be classified as low-
sulfur. Although hydrotreating is required to meet modern environmental standards, the low sulfur
level reduces processing complexity compared to high-sulfur crudes. The contents of asphaltenes
(0.18-0.28 %), resins (0.94-1.63 %), and paraffins (0.94-1.98 %) indicate a balanced composition
typical of light oils with favorable refining behavior. Paraffin melting points (51-64 °C) suggest the
need for temperature control during transportation and processing to avoid wax deposition.

Fractional distillation demonstrated a high yield of light fractions. The proportion of
fractions boiling below 200 °C reached 77-82 %, which is comparable to light benchmark crudes
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such as Brent. At the same time, the presence of moderate amounts of heavy fractions (>300 °C)
and a residue of up to 15 % indicates the feasibility of using secondary processes, such as catalytic
cracking, to increase the yield of valuable light products.

Regression analysis showed that paraffin content can be predicted with high accuracy based
on selected physicochemical parameters, while predictions for resins and asphaltenes demonstrated
acceptable accuracy for preliminary assessments. The absence of multicollinearity confirms the
applicability of the proposed models for practical use.

The investigated oil is classified as low-sulfur oil. However, with a sulfur content of 150-
165 mg/kg, the oil will require hydrotreating to meet environmental standards and ensure the
production of high-quality end products. Hydrotreating will help reduce the sulfur content of
petroleum products such as gasoline and diesel.

The presented data show that oil is predominantly composed of light fractions. The
distillation fraction ranges from 85 to 91%, indicating that the oil samples studied are
predominantly composed of light hydrocarbons that boil at relatively low temperatures (up to
200°C). This means the oil contains various fractions, including gasoline, kerosene, and diesel fuel.

The distillation fraction (fractions that boil up to 200 °C) is 76.92-82.35 %, confirming the
oil's high content of light fractions.

Table 1- Fractional composition of crude oil from the Druzhelyubivske field

Indicators Well number

54 57 58 61 67 69 70

Boiling point at °C 31 30 32 29 34 32 34

End of boiling at °C 310 | 360 305 307 | 360 | 313 322

Reflux fraction, % 87 91 87 85 89 87 88

Percentage of balance, % 13 9 13 15 11 13 12

Share of losses, % 0 0 0 0 0 0 0

Reflux fraction boiling point -200 °C, % | 80,45 | 76,92 | 79,31 | 82,35 | 78,65 | 81,6 | 79,54
Reflux fraction 200-300 °C, % 18,39 | 9,89 | 19,54 | 16,47 | 19,10 | 17,24 | 19,31
Reflux fraction >300 °C, % 1,16 | 13,19 | 1,15 1,18 | 2,25 | 1,16 1,15

Crude oil from the Druzhelyubivske oil and gas condensate field is classified as light, low-
sulfur oil with a high content of light fractions and favorable physicochemical properties [4,5].
These characteristics ensure good transportability and technological attractiveness for refining.
Primary distillation combined with hydrotreating is recommended as a base processing scheme,
while catalytic cracking can be applied to maximize the yield of light and middle distillates.

The proposed approach to predicting the structural and group composition of oil based on
regulatory quality indicators simplifies decision-making when choosing a refining strategy. The
results confirm the prospects for further development of this place of origin and can be used in the
assessment of other low-yield oil facilities in Ukraine.

The high content of light fractions makes the studied crude oil a promising feedstock for the
production of petrochemical intermediates used in polymer synthesis.
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IIporno3yBaHHs MeXaHiYHOI Ta «TapsA40i» MIiIHOCTI JOMEHHOI0 KOKCY 3 TPaMOOBaHHUX
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3abe3neueHHs] JOMEHHOTO BUPOOHHUIITBA BUCOKOSKICHUM KOKCOM 3aJIMIIAETHCS OJHIEIO 3
KIIIOYOBUX 3a/1a4 Cy4acHOi Mertamyprii. SIKicTh KOKCy Oe3lmocepeiHbO BIUIMBA€E Ha CTAOUIBHICTh
poOOTH TOMEHHOT Tedi, IHTEHCUBHICTh IPOIIECIB BIIHOBJIECHHS Ta TEXHIKO-€KOHOMIYHI TMOKA3HUKHU
BUPOOHMIITBA YaByHY. BomHOYac KOKC € HaWJOPOKYUM KOMIIOHEHTOM JOMEHHOI IIMXTH, IO
3YMOBIIIOE HEOOXIJHICTh ONTUMIi3alii HOro SKOCTI Ta 3HMKEHHS MHUTOMOi BUTPATH ILISIXOM
YIOCKOHAJICHHS CKJIJy BYTUIbHUX MIMXT 1 TEXHOJIOTIT iX IMiITOTOBKH.

BrnactuBocTi JOMEHHOIO KOKCY BH3HAa4alOThCA XapaKTEPUCTHKAMM BHXIIHOI BYIUIBHOL
CHPOBHHH, CKJIQJIOM IIMXTH Ta YMOBAaMH IPOLECY KOKCYBaHHS. B yMoBax oOMexeHOi CHpOBHHHOI
0a31 KOKCIBHOTO BYriis B YKpaiHi 0cOOIMBOI akTyaJlbHOCTI HaOyBae BUKOPUCTAHHS I'a30BOr0 Ta
CJIA0OCIIKJIMBOTO BYT'ULIS, IO MOTPeOye 3aCTOCYBAHHS CYYaCHHX TEXHOJIOTIN IMTOTOBKU IIUXTH
U1 3a0e31meueHHs] HeOOX1THUX MOKA3HUKIB SKOCT1 KOKCY.

OnHi€0 3 MEPCHEeKTUBHUX TEXHOJIOTIH € TpamMOyBaHHS BYTUIBHOI IIMXTH, SIKE€ IO3BOJISIE
H1ABUILUTH HACUIHY I'yCTUHY, 3MEHIIUTH MIXX3€PHOBY HOPHUCTICTh Ta MOKPAILIUTH YMOBH CITIKAHHS.
VY pesynbTari QopmyeThcs OUIBII INIJIBHA CTPYKTypa KOKCY, IO CHpPHsIE MIJBUIIEHHIO HOro
MeXaHI4HOT MillHOCTI. [liIBUIIEHHS TYCTHHH BYT1UIBHOTO 3aBAaHTAXKEHHS TaKOXX BIUIMBA€ Ha YMOBH
BUJIAJICHHS JIETKUX IMPOAYKTIB MipoJIi3y, U0 MPU3BOJUTH A0 IHTEHCU(IKallli BTOPUHHUX MPOLIECIB Y
IUTACTUYHOMY CTaHi BYT'UUIsl Ta MOKpameHHs (opMyBaHHSI KOKCOBOI CTPYKTYpH.

Metoto poOOTH € JOCIIIKEHHSI BJIACTUBOCTEW BYTUIBHUX KOHIIEHTPATIB, IO BXOASATH IO
CHUPOBMHHOI 0a3M MiINPUEMCTBA, Ta PO3poOKa MAaTEMATUYHUX 1 rpadidHUX 3aJeKHOCTEH A
IIPOrHO3YBaHHS MOKa3HUKIB MexaHiuyHoi MiitHOCTI (M25, M10) Ta «rapsuoi» mitHocti (CRI, CSR)
JIOMEHHOT'0 KOKCY, OTPUMAHOTO 3 TpaMOOBAHUX BYT1JIbHUX IIUXT.

VY xoni nocnipkeHHs Oynu BiAiOpaHi MpoOM BYTIIBHUX KOHIIEHTPATIB PI3HUX Mapok. J[is
HUX BUKOHAHO KOMIUIEKC Ja00OpaTOpPHUX IOCIIIKEHb, 110 BKJIIOYAB TEXHIYHUN aHai3 (30JIbHICTb,
BMICT CIpKH, BUX1J JIETKMX PEYOBMH), MeTporpadiuHuil aHaii3, BU3HAUEHHS I'PaHYJIOMETPUYHOIO
CKJIaJy, IOKa3HUKIB PO3MOJIO3/IaTHOCTI 3a XapArpoBUM, TUCKY PO3IMUPAHHS Ta XIMIYHOTO CKJIAay
3o1u. OTpuMaHi pe3yabTaTH CBi4aTh NP0 3HAYHY BaplaTUBHICTh BIIACTUBOCTEM BYT1JIbHOL
CHPOBHHH, 1110 HEOOXITHO BPaxOBYBaTH NMpu (OPMYyBaHHI IIUXT.

Ha ocHOBI ekcriepuMeHTaNbHUX JaHUX C(POPMOBAHO I’SITh BapiaHTIB BYTUIbHUX IIUXT, SIKI
BIJIPI3HSIOTHCS CKJIQJOM 1 CITIBBITHOIIEHHAM KOMIOHEHTIB. OCHOBHI MOKa3HUKH MIUXT BKJIIOYAIOTh
30JIbHICTh ¥ MeXax 8,2-9,5 %, Bmict 3aransHoi cipku 0,48—0,57 %, TOBUIMHY IJIACTUYHOTO APy
13-16 MM, moka3zHuk BinOuTTS BiTpuHITY 0,96—1,02 %. IIUXTH MATOTOBIEHO BIAMOBIAHO O
TexHoJorii TpamMOyBaHHS 3 MOAPIOHEHHSM A0 BMICTy Onm3bko 92 % kiacy MeHme 3 MM Ta
YUIUTBHEHHSM 110 TycTHHH 1,15 Kr/nm?.

KokcyBannst mpoBoaunu y nabopatopHiit niedi (5 kr) npu temmnepatypi 1o 1100 °C. Iicns
3aBepILEHHs MPOLECY BU3HAYAIM BUX1/l KOKCY Ta HOTo SIKICHI XapaKTePUCTHKH, 30KpeMa MEXaHIUHY
MitHicTh (M25, M10), peakuiiiny 3natHicts (CRI) Ta micnspeakuiitny minHicts (CSR).

AHaniz OTpUMaHMX pe3yJbTaTiB II0Ka3aB, IO CKJIAJ IIUXTH Ta ii merporpadiuni
XapaKTEPUCTUKUA CYTTEBO BIUIMBAIOTH HA SAKICTh KOKCY. BMICT BITpHMHITOBOI CKJIa/J0BOi, TOBIIMHA
IUTACTUYHOTO MIapy Ta CTYHiHb MeTaMop(i3My BH3HA4alOTh 3JaTHICTh IIMXTH JI0 CHIKAHHS Ta
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(dbopmMyBaHHS MIITHOI KOKCOBOI CTpyKTypu. llinBuienuii BMICT (r03eHI30BaHUX KOMIIOHEHTIB Ta
HECTIPUSATIUBAN XIMIYHHKA CKJIAJ] 30J1 MOXYTh HETaTHMBHO BIUIMBATH Ha PEaKIiHY 3aTHICTH 1
HiCHIAPEaKIiifHy MILHICTh KOKCY.

Ha ocHOB1 oTprMaHUX €KCIIEPUMEHTAIHUX JaHUX PO3pOOJICHO MaTeMaTH4HI MOJENI, sKi
OIUCYIOTh 3aJICKHOCTI MK XapaKTEPUCTHUKAMH BYTUIBHOI IIMXTH Ta MOKA3HUKAMH SKOCTI KOKCY.
BcranoBiieHo, 1mo MexaHiuHa MilHICTh Kokcy (M25, M10) ta moka3Huku rapssaoi mirHocTi (CSR)
MOXYTh OyTH MPOTHO30BaHI 3 JOCTATHHOIO TOYHICTIO Ha OCHOBI TAaKHMX MapaMETPiB, SIK 30JIbHICTD,
BMICT JICTKMX PEUOBHMH, TOBIIWHA IUIACTHYHOTO IIApy, METporpadiuHuil CKIaa Ta IMOKa3HUKU
MiHEepaIbHOI YaCTUHHU.

Po3pobuieni rpadivni Ta MaTeMaTHYHI 3aJIEKHOCT1 JO3BOJISIOTH OIIHIOBATH BILJIUB OKPEMHX
(dakTopiB Ha SKICTh KOKCY Ta BHKOPHCTOBYBAaTH iX IJIsI ONTHUMI3allii CKJIQAy BYTUIBHUX IIUXT.
OTtpumaHi pe3yibTaTH MiATBEPUKYIOTh, IO IPY BBEACHHI y IIMXTY BYTLLIS 3 MEHII CIIPUSATINBUMHU
XapaKTePUCTHKAMU HEOOXIHO KOPUTYBATH 11 CKJIAJ NIISXOM 30UIBIICHHS YAaCTKH CIIKJIMBHUX
KOMIIOHEHTIB, 30KpeMa BYT'ULIS )KUPHOT TPYIIH.

TakuMm dYWHOM, TIPOBEJCHE IOCHIKEHHS MIiATBEPIKYE e(EKTUBHICTh 3aCTOCYBAaHHS
TEXHOJIOTIi TpaMOyBaHHS Ui PO3IIMPEHHS CUPOBUHHOI 0a3u KOKCYBaHHsS Ta IMiJBUINCHHS SKOCTI
JOMEHHOTO KOKCY. Po3poOieHi mMaremMaTwuHi MOAENi MOXYTh OyTH BHKOPUCTaHI SK 1HCTPYMEHT
MIPOTHO3YBaHHS MOKA3HUKIB KOKCY Ta ONTUMI3allii TEXHOJOTIYHUX MapaMeTpiB MiATOTOBKU IIUXTHU B
YMOBaX 3MIHHOTO CKJIa/ly CHPOBHHH.
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3arajabHMii BIVIMB BUKOPUCTAHHSA J0IaTKOBOI0 MOKPHUTTS 3 MOJIiCEYOBHHH HA €JIEMEHTH Ta
KOHCTPYKUII NPy BUOYXOBUX HABAHTAKEHHSAX

Anvoweuxina T. M., bapaxos K. I1., Bunorpanos B. B., [laBntouenkoB M. B., Spouii 0. M.
XapKiBChKUH HAIlIOHAJBHUN YHIBEPCUTET MICHKOTO rocronapersa iMm. O. M. beketosa, Xapkis,
Ykpaina
Vitalii.Vynohradov@kname.edu.ua

[TonmiceyoBMHA BUTOTOBISETHCSA HUIAXOM TMOJdiMepH3alii aiamiHiB Ta i3ouiaHariB. Ckmaj
TBEPJUX Ta M'AKHUX JIAHOK y IOJIICEUOBMHI 3a0e3Ieuye nepeBaru BUCOKOT MILIHOCTI Ta OJHOYACHOT
CTIMKOCTI /10 3HAYHUX MOUIKO/KEeHb. KpiM TOro, BIaCTUBOCTI MOJTICEYOBUHH, TaKi K THYUYKICTD JUIS
HaHECEHHsI Ha Pi3HI MOBEPXHi, BOJOCTIMKICTh Ta TEPMOCTIHKICTh, POOIATH i1 YyJOBUM pillIEHHSIM
IUIsL 3MIITHEHHSA/MOJIEpHi3alii MEeTOJ0M BHOYXOCTPYMHUHHOTO OYHILIEHHS, IO 3aCTOCOBYETHCS MIiJ
eKCTpEeMaJIbHUMM HAaBaHTa)KEHHAMM. BHUKOpHCTaHHS 10aTKOBOIO IOKPHUTTS 3 IIOJICEYOBUHU €
epeKTHBHIM 3acO00M, TOMY IO 3aBISKH CBOIM NEpPEJIOBHUM BIIACTHBOCTSIM IOKPALIYIOTHCS
eKCIUTyaTalliliHI XapaKTepUCTUKU OETOHY, alIOMIHIEBHX Ta CTaJIeBUX I[aHEJed IiJ] BIUIMBOM
BUOYXOBHUX Ta YJIapHUX HABAHTA)KEHb.

Ha crorogni € He3HayHa KIIBKICTh JOCHIIKEHb, B SKHX MPEACTaBICHO €(PEKTHBHICTH
BUKOPUCTAHHS TIOJIICEYOBHHH Y KOHCTPYKIISAX 3 CKJIOBOJIOKHA TiJi BHOYXOBHM HaBaHTAKCHHSM.
Binomo mpo 3HauHe 3HMKEHHS peakiii Ha BUOYX CEHJBIY-TIaHEINl 3 BYIJIELIEBUM MaTepiajoM Ta
niHorutactoBoto  cepueBnHoro H100 divinycell BHacmimox 3acToCyBaHHS IOJIICEYOBUHU MIiX
JUIBOBUM IIAPOM Ta MiHOK. TakoX Mae Miclie MOoKpalleHa BUOYXOHEOe3eUHICTh KOMIIO3UTHUX
MaHene 3 BYIJICIIEBMM MaTepiajoM 3aBIsSKH TIONICEYOBMHI, HAHECEHI MK IIapaMu JaMiHaTYy.
AHaJIOTIYHO, 7151 KOMIIO3UTHUX I110JIoMiB Kevlar 3 BOJIOKHUCTO-apMOBaHUX IOJIIMEPIB 10/1aTKOBa
MOJIICEUYOBHHA-TIIKJIQKA  JOMIOMOTJIa  MOM SIKIIMTH  BIUIMB  BHOYyXy Ha  [IOJIOMH, MIO
BUKOPUCTOBYIOTbCS ~apMililisiMu. binbmie Toro, mnepeBaru IMOJICEUOBHMHM HAJ| 3BUYAMHOIO
€TUJICHBIHUJIALIETATHOIO IIHOIO MIJIKPECIIOIOThCS 3a PI3HUX THCKIB BHOYyxy. Takox, y BUIIAIKy
MiBOJAHUX BHUOYXiB, OJIaBaHHS TMOJIICEYOBUHU MPHU3BOAUTH A0 MiABHUILEHHS BUOYXOCTIMKOCTI
0asioHa, OOTOPHYTOTO BYTJIEIIEBUM BOJIOKHOM.

Po3TamryBaHHsl MoJIiCEUOBMHM Ha KOHCTPYKLII Ta ii TOBIIMHA TaKOX BiJIrparoTh 3HAUYHY
pOJIb Y TOM’SIKIIEHHI peakiii KOHCTPYKIII Ha BUOYX. JledKkl MOCHITHUKU JOCHIKYBaJld BIUIUB
pO3TallyBaHHS ~ IOJIICEYOBUHHM, TOOTO  HAHECEHHS HA  TOBEPXHIO, 1[0  MiAJNAETbCA
BHOYXOCTPYMHHHOMY BIUIMBY, Ta/a00 3aqHIO MOBEPXHIO, HAa CTIMKICTh O BUOYXOHEOE3MEUHUX
MaTepialliB MoJliMepy, apMOBAHOI'O BYTJIELIEBUM BOJIOKHOM, Ta BYIJIELEBUI Marepiaj 3 CEH[Bid-
naHenssMu 3 miHomnacty divinycell BiamoBigHo. IlomicedoBnHa Ha 3afHIN MOBEpXHI MaHENl
NPU3BOJUTE O OLIBIIOrO 3MEHUIEHHs Jedopmaiii (BUMIPSHOI Ha NPOTHIIEKHIM MOBEpXHI 110
BUOYXY), HIXK KOJIM MOJICEYOBMHA HAHOCHJIACS HA BIAKPUTY MOBEPXHIO CEH/BIY-TIaHENEH.

Yepes miJBUIIECHI BUMOTH JI0 BaXKJIMBHUX KOHCTPYKLIH, TOOTO Oe3leKy, JEerKicTh, CTIHKICTh
70 EeKCTpeMallbHUX HAaBaHTAXECHb Ta IOTOJHUX YMOB, TPAHCIOPTYBAaHHS Y CKJIQJHHUX/BaKKHX
reorpadiuHuX YMOBAax Ta i30JIA11i10, BOJOKHUCTO-apMOBaHI MMOJIIMEPHI TaHeNi 3 MHONOJIIMEpHUMHU
CEeH/IBIY-KOMIIO3UTaMH MPUBEPTAIOTH BCE OLIbIIE YBaru sIK PEKOMEH/I0BaH1 Oy/iBEIbHI €JIEMEHTH.
Bimomo mnpo BuOyxoOe3meuyHi BIAaCTHBOCTI CEHJBIY-TIAHENEW, apMOBAHUX CKJIOBOJIOKHOM, Ta
MHOIJIACTOBUX TaHenedl. Takok € BioMocTi Mpo e(EeKTUBHE 3MEHIIECHHS BHOYXOBOTO
HaBaHTAXEHHA 3a [OMOMOIOI0 CEHJIBIY-TIaHeNel 3 BYIVIELIEBUM MaTepiajioM Ta CTHUPOJ-
aKpPWIOHITPUJIOBOI MIHM 3 PI3HUMH TpaHUYHUMHU yMmoBaMu. Croctepiranacsa e(peKTUBHICTh
AJIFOMIHIEBUX JIMCTIB Ta CEPLEBUHU 3 EKCTPYJOBAHOTO IMOJIICTHPOINY 3 PI3HOIO HIUIBHICTIO 3 TOUKH
30py 3HAYHOTO TIOTJIMHAHHS e€Heprii miJ BUOYXOBMM HaBaHTaxeHHsSM. OmHak, HE0OX1THO
JOCTIKYBAaTH Pi3HI CTpaTerii 3MEHIICHHs BUOYXOBHUX HACIHIIKIB JJIS MOAAJIBIIOrO MOKPAIIeHHS
BHOYXOCTIMKOCTI ~ CEHIBIU-KOHCTPYKIINA. JIOCHITHMUKKA pPEKOMEHAYIOTh pI3HI METOAM IS
MiBUIICHHS BHOYXOCTIMKOCTI CEHIBIY-KOHCTPYKIIiM, HAMPUKIAA, BUKOPHUCTAHHS BHCOKOMIITHUX
MarepiaiiB, pedep IKOPCTKOCTI, Ta HAJAHHSI JOJATKOBOTO 3aXHCHOTO TIOKPHUTTS TaKUM
KOHCTPYKIISIM, HAIIPUKJIA, OJICEYOBHHHU.
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3acTocyBaHHsI 3aXMCHHMX NOJIMEPHHX IUTiBOK /ISl iABMIEHHA 0e3leKH CKISTHUX
OrOPOIKYBAJIBLHUX KOHCTPYKIiA NPH BUOYXOBUX HABAHTAKEHHSX

Anvoweuxina T. M., bapaxos K. I1., Bunorpanos B. B., [laBntouenkoB M. B., Spouii 0. M.
XapKiBChKUH HAIlIOHAJBHUN YHIBEPCUTET MICHKOTO rocronapersa iMm. O. M. beketosa, Xapkis,
Ykpaina
Vitalii.Vynohradov@kname.edu.ua

CkJIsiH1 OrOpOKYBalIbHI KOHCTPYKIT IMIMPOKO 3aCTOCOBYIOTHCS B Cy4aCHOMY OyiBHUIITBI
3aBISKM 1X BHCOKMM €CTETMYHMM XapaKTepUCTUKaM, 3JaTHOCTI 3a0e3nedyBaTH IPUPOAHE
OCBITJICHHSI IPUMIIIECHB, a TAKOXK BIJIOBITHOCTI Cy4acCHUM apXiTEKTYpHUM TeHAeHLisM. KpiM Toro,
BUKOPUCTAHHSA CKJIa JO3BOJISIE 3MEHIIUTH Bary KOHCTPYKIIN Ta 3a0€3M1eYUTH Bi3yallbHY BIIKPUTICTb
npoctopy. BonHouac, He3BakalouM Ha 3a3HA4YCHI NEpeBaru, CKIO € KPUXKUM MarepiajoM i3
BIJIHOCHO HM3bKOIO YJIapHOI B’S3KICTIO, IO OOYMOBIIIOE HOTO IMiJIBUIIECHY BpPa3jIUBICTH [0
JTUHAMIYHAX HABAHTAXKEHB, 30KpeMa BUOYXOBHX.

[Tpu nii BUOYXOBMX HaBaHTa)KE€Hb PYHHYBaHHS CKJIa BiAOYBa€ThCsl BXKE IMPH BiIHOCHO
HEBEIIMKUX 3HAYCHHSAX HAIUIIKOBOTO THCKY. TakuWi mpouec CympOBOIKYETHCS IHTEHCHBHHUM
YTBOPEHHSM BEJMKOI KUTBKOCTI YJIaMKiB Pi3HOTO PO3Mipy, sIKi HA0yBalOTh 3HAYHUX IIBUIKOCTEH Ta
CTaHOBJISAATH CEPHO3HY 3arpo3y ISl JIOJAWHHU. YJIAMKH CKJIA MOXKYTHb CIPUYMHSATH SK TOBEPXHEBI,
Tak 1 TAMOOKI IMPOHMKAIOUl MOPAaHEHHA. 3a pe3yjbTaTaMu EKCIEPUMEHTAJIbHUX Ta aHAJITHYHHUX
JOCIIKEHb BCTAaHOBJIEHO, 1m0 110 30 — 40% ycix TpaBM npu BUOyXax MOB’si3aHi caMe 3 YpaKeHHSIM
yJlaMKaMH CKJIa, 10 MiIKPECIIIOe BaKIMBICTh BUPILLIEHHS JJaHOT IPOOIIeMHU.

VY 3B’A3Ky 3 LIMM OCOOJMBO AaKTyaJlbHUM € TOHIYK €()EeKTHBHUX TEXHIYHUX pIIICHb,
CHpPSIMOBAaHUX Ha MIiJBUIICHHS PiBHS OE3MEKU CKISSHUX KOHCTPYKIIM 6e3 HEeoOXiAHOCTI iX MOBHOI
3aMiHU, IO € €KOHOMIYHO BUTPAaTHUM Ta TEXHIYHO CKJIaJHUM TpouecoM. OaHUM i3 HaHOLIbII
JOCTYIHUX, TEXHOJOTIYHO MPOCTHX 1 BOAHOYAC €()EeKTHBHUX CHOCOOIB MiJBUIICHHS OE€3MEKH €
3aCTOCYBAHHS 3aXHMCHUX MOJIMEPHUX IUTIBOK, SIK1 MOXYTh OyTH IHTETPOBaHI B ICHYIOUY1 KOHCTPYKIIIi
0€e3 CyTTEBOIO BTPYYaHHS B IXHIO CTPYKTYpY.

3axuCHI IUTIBKM SIBISIIOTH COOOK0 OaraTomiapoBl TOJIMEpPHI MaTepiaiu, sK TMPaBHIIO
BUTOTOBJIEeHI Ha ocHOBI mnoimiectepy (PET), siki HaHOCATBbCS Ha MOBEPXHIO CKJIA 3 BHYTPIIIHBOTO
O0oky mnpumimieHHsa. KOHCTpYKTHBHO Taki IUTIBKM CKJIAJarOThCS 3 KIIbKOX IapiB, BKIIOYAIOUU
OCHOBY, KJIEHOBHUH IIap Ta 3axMCHE MOKPUTTH, 110 3a0e3neuye iX TOBrOBIUHICTH Ta CTIMKICTH 110
30BHIIIHIX BIUIMBIB. OCHOBHUMH (QYHKIISIMH 3aXUCHUX IUTIBOK € YTPUMAaHHS YJIaMKIB IICISA
pYHHYBaHHS CKJIa, 3MEHILEHHS IIBUAKOCTI iX pyxy, JOKali3alis 30HM MOLIKOJDKEHHS Ta
3arno6iraHHs NPOHUKHEHHIO yJIaMKIB Y BHYTPILIHIHN npocTip OyAiBIL.

N
o Bubyxy LL Po6oTa nnisku

Ynamku ckna yTpUMyIoTbCA NAiBKOK

Pama o 8
(“cknaHe nonoTHo")

BHyTPilLHA YacTuHa

H [MechopmoBaHa nniska
NPUMILLEHHS

(rHy4Ka B'A3K0-npyXHa MembpaHa)

= YnapHa xsuns

(HaANULLKOBMI TUCK) MikpocTpykTypa nnieku

3axucHe NOKpUTTA

P2 QcHosa
=
w?/‘i

CKnsHE OropOIDKEHHS
(MoHoniTHe/cknonakeT)

(noniectep)
Kneitosuii wap
PyiiHoBaHe ckno

30BHiLLHE CKNo

MornuHaHHs
eHeprii

30BHiLLHA
yacTuHa

3axucHa nonimepHa nniska
(3 BHYTpiLUHBOTO 6OKY)

Ynamku 38'a3aHi Mix
coboto Ta 3 nniekoto

3anobiraHHs NPOHMKHEHHIO
YNamkis y NPUMILLIEHHS
I'lepexiq Bif KPUXKOrO
PYVHyBaHHS 30 KOHTPONLOBAHOTO
s [netopMyBaHHst

YpapHa xBunsi Ta pyiHyBaHHS Po6ora nnigku

[lo BuGyxy

Puc.1 — Cxema po6OTH 3aXUCHOI MOJTIMEPHOI IUTIBKYA IPU BUOYXOBOMY HaBaHTAXKCHHI
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MexaHi3M poOOTH 3aXMCHUX IUTIBOK TOJSTa€ y 3MiHI XapakTepy pyWHYBaHHS CKJISTHOI
cuctemu. [1ix miero BUOyXOBOro HaBaHTaXEHHS CKJIO PYHHYETHCS, YTBOPIOIOYH TPIIIMHHN Ta OKpeMi
¢parmentu. Ilicns nporo miiBka MOYMHAE MPAIIOBATH SIK THyYKa B’SI3KO-TIPYXHA MeMOpaHa, siKa
cripuiiMae HaBaHTAXXEHHS Ta YTPUMYE YIaMKH. YJIaMKH 3aJUINAIOTHCS 3B I3aHUMHU MK cO00I0 Ta 3
TUTIBKOIO, YTBOPIOKOUH €IUHY JedopMoBany cuctemy (puc. 1). Takuil epekT 4acTo OMUCYETHCS SIK
YTBOPEHHS «CKJIsiHOrO moJjioTHa» (glass blanket). V pesynbrari BimOyBaeTbes mepexin Bix
HEOE3MEeYHOr0 KPUXKOro PYHHYBAaHHS /10 KOHTPOJILOBAHOTO J1e()OPMYBaHHSI CUCTEMH, IO CYTTEBO
3HUXKYE PU3UK TPAaBMYBAHHS JIIOJIEH Ta MOMIKO/PKEHHS 00J1alHaHHSL.

3ajexHo BiJl cOco0y MOHTaXy Ta KOHCTPYKTUBHOTO BUKOHAHHS PO3PI3HSIOTH KiJIbKa THITIB
3aXMCHHUX IUTIBOK. Ha#mpocTimuMu € TUnBKH 0€3 MEXaHIYHOTO KPIIUICHHS, $Ki HAHOCATHCS
Ge3mocepeIHbO Ha MOBEPXHIO CKJIa Ta HE MAIOTh 3B’SI3KY 3 PaMolo. IX mepeBaramu € mpocToTa
BCTaHOBJICHHS, BIJHOCHO HU3bKa BapTICTh Ta MOXJIUBICTb IIBUIKOTO BIPOBa/pKeHHS. OJHAK Taki
CHCTEMH MAalOTh OOMEXEHY e(EeKTHBHICTh, OCKUIBKM IPH 3HAYHUX HABAHTAKCHHIX MOXKIIUBE
BHIAQIIHHS CKJIa pa30M i3 IUTIBKOIO 3 paMH.

binpmr  epeKTUBHUMH € IUTIBKM 3 TEPMETHYHMM KpIIUIGHHSM, SKi nepeadadaroTh
IPUKIICIOBAaHHS IUIIBKA JO pPaMU 3a JONOMOIOI0 crleliaibHuX repMmetukiB. lLle mo3Bosse
3a0e3MeUnTH YaCTKOBY Ieperavyy HaBAaHTAKEHHS HA paMy Ta MiABUIIUTH 3arajbHy CTIHKICTh
cuctemu. BogHouac eeKTUBHICTh TAKUX PIIIEHb 3HAUHOIO MIpOIO 3aJIEKUTH BiJl IKOCTI BUKOHAHHS
MOHTQ)XHUX POOIT, BIACTUBOCTEH repMeTHKa Ta YMOB €KCILTyaTaIlii.

HaiiBummuii piBeHb 3aXUCTy 3a0€3MEUyIOTh CHCTEMHU 3 MEXaHIYHMM KPIIUIEHHSM ILTIBOK, Y
SKHX BHKOPHCTOBYIOTHCSI NMPUTHCKHI TUTaHKH abo mpodimi. Taki cucremMu MO3BOJSAIOTH HaIHO
3aKpIMUTHU TUIIBKY MO MEPUMETPY CKJIa, 3a0e3neuyroun eeKTUBHE YTPUMAaHHS yJIaMKiB HaBiTh MPU
3HayHHX Aedopmariisx. [Ipore iX 3acToCyBaHHS CYIPOBOKYETHCS 301UIBIICHHSM HAaBaHTAXCHHS HA
paMy, L0 BHMara€ IpOBEACHHS JOJATKOBHUX I1H)KEHEPHUX PO3paxyHKIB Ta IEpPEeBIpKU HECydoi
3TATHOCT1 KOHCTPYKIIii.

OCHOBHUMM MapaMeTpaMu, 110 XapaKTePU3YyIOTh 3aXMCHI IUTIBKH, € iX TOBIIMHA (3a3BUYall y
mexax 0,2-0,4 mMm), Mexa MIITHOCTI Ha PO3TAT, BIIHOCHE IMOJOBXXEHHS MPH PO3PHBI Ta B’SI3KO-
IpPY)XHI BJIACTUBOCTI. 3aBASKU IIUM XapaKTePUCTUKaM IUTIBKM 3[aTHI MpalioBaTH B yMOBax
BEIUKUX JedopMalliii, MOTJIMHAIOYM YacTUHY €Heprii BUOyXy Ta 3MEHIIYIOYM IMITYJbC, SKUN
NepeaaeThCs yIaMKaM CKIIa.

PesynbpTatu nocniakeHb CBIOYATh, 110 3aCTOCYBAHHS 3aXMCHUX IUIIBOK JO3BOJISIE ICTOTHO
HiABUIIUTH Oe3neKky ekcrutyaranii OyniBenb. 30Kpema, CIIOCTEpIraeTbCcsi 3HAYHE 3MEHIICHHS
KUIBKOCTI HEOE3MEeUHUX YJIaMKiB, OOMEXEHHs pajilycy iX pO3/bOTy Ta CYTTEBE 3HM)KEHHS DPIBHS
TpaBMaTU3MYy Cepel JHOACH.

Paszom 3 TuM, cig BpaxoByBaTH HU3KY OOMEKEHb, IPUTAMaHHUX JaHUM CHCTEMaM. 3aXUCHI1
IUTIBKHU HE 3arobiratoTb caMomy (akTy pyHHYBaHHS CKJia, a JIMILIE 3MIHIOIOTh Horo Hacnuiaku. Bonu
TaKOX He 3a0e3NedyloTh IMOBHOI CTIMKOCTI BIKOHHOI CHUCTEMHM B LIIOMY Ta MOXYTb OyTu
MaJIoOe(EKTUBHUMHU TpHU J1i BUCOKMX BHMOYXOBHMX HaBaHTaXe€Hb 0€3 J0JaTKOBOTO IiJCHIICHHS
pamHuXx eneMmeHTiB. KpiM Toro, e(eKkTHBHICTh IUIIBOK 3aJ€KUTh Bl XapaKTEPUCTUK paMH, TUITY
KpIIUIEHHS Ta SIKOCTI MOHTaXy. 3 4acoM MOJKJIMBE 3HM)KCHHS EKCIUTyaTalllfHUX BIACTUBOCTEH
TUTIBOK YHACIIJIOK CTapiHHA MaTepiajiiB Ta Jerpajallii KjaeioBoro mapy.

[Tpu mpo€eKTYBaHHI CHCTEM 13 3aCTOCYBAHHSAM 3aXMCHHUX IUTIBOK JIOIIJIEHO BUKOPUCTOBYBATH
MPUHLMI 30a71aHCOBAHOTO MPOEKTYBAHHS, BIAMOBITHO JIO SIKOTO BCl €JIEMEHTH CHCTEMHU «CKJIO —
IUTIBKA — pamay MOBUHHI MpamoBaT y3rojkeHo. CKJIO MOBHHHO PYWHYBATHUCh KOHTPOJILOBAHO,
IUTIBKa — €(EeKTUBHO YTPUMYBAaTH YyJaMKH, a pamMa — CIpUHAMaTH J0AATKOBl HaBaHTa)KeHHs 0e3
BTPATH HECY4Oi 3/TaTHOCTI.

Orxe, 3axuCHI TOJIMEpHI IUIIBKM € e(EeKTUBHUM, €KOHOMIYHO OOIPDYHTOBAaHHUM Ta
TEXHOIOTIYHO JOCTYIIHUM 3ac000M MifBUIIEHHS Oe3MeKH CKISHMX KOHCTPYKIii. IX 3acrocyBanHs
JI03BOJIIE 3HAYHO 3MEHIIUTH HETaTHBHI HACTIAKM BHOYXOBUX BIUIMBIB, OJHAK MaKCHUMAaJIbHUN
eeKT 1oCcATaEThCS JIUIIE 32 YMOBH iX BUKOPHCTAHHS Y CKJIa/l KOMIUIEKCHUX 1H)KEHEPHHUX PillleHb.
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Effect of process modes on the mechanical-operation performance of FDM-printed building
tools

Kononenko R. G., Lebediev V. V., Voronkin A. A.
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Modern construction is developing at a rapid pace, integrating new technologies and
materials. One of the promising directions in the construction industry is the use of additive
technologies (3D printing), based on the layer-by-layer deposition of material to create an object.
Models obtained in this way can be used both for the production of experimental prototypes and for
ready-to-use products.

A distinctive feature of this technology is its ability to address challenges related to high
energy consumption, low production efficiency, resource intensity, and safety on the construction
site. The main potential of additive technologies lies in achieving enhanced performance
characteristics of finished products, significant raw material savings, the possibility of
manufacturing structures with complex geometries with-out complicating the production process,
production mobility, and accelerated construction timelines.

Modern requirements for ergonomics and durability of tools in the construction industry
necessitate the introduction of innovative technologies. One of these technologies is 3D printing,
which opens up wide opportunities for designing a device for installing wedges in a tile leveling
system. From the point of view of ergonomics, 3D printing allows you to create designs with
complex geometry, which ensures ease of grip, optimal arrangement of working elements and
minimization of physical effort of the user. Individual adjustment of the shape to the anatomical
features of the hand increases comfort and reduces the risk of injuries during prolonged use. In
terms of durability, modern polymer materials for 3D printing have high mechanical strength and
wear resistance.

This allows you to manufacture parts that can withstand significant loads during tile
installation, while maintaining the accuracy and reliability of the design. In addition, the possibility
of rapid prototyping makes it possible to test different design options and choose the optimal one in
terms of balance between weight, durability and convenience.

This article considers the issue of effective design of building tools using the 3D printing
method when creating a prototype of materials of various configurations. 3D printing was carried
out using a 3D printer Anycubic Kobra 2 Pro using a filament based on PETG plastic (polyethylene
terephthalate, modified with glycol).

The maximum impact strength and breaking stress during bending values were achieved in
samples with two-layer walls and hexagonal infill with 80% infill degree — 10.1 kJ/m? for impact
strength and 85.0 MPa for breaking stress during bending. Among the tested samples, the optimal
results were found with a perimeter of two layers and 80% infill degree using the hexagonal model.
The obtained results allowed to optimize the configuration of the building product in the form of a
tool for clamping the tile leveling system.

50


mailto:Roman.Kononenko@ihti.khpi.edu.ua

CEKIIA IV. HOBITHI HOJIMEPHI TA KOMIO3UIIMHI MATEPIAJIA B
MEJAUIUHI, BY AIBHUILITBI, ABIABYITYBAHHI TA EHEPI'ETHUILI
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I'inporesesBi KOHTaKTHI JIIH3M NOKpaleHoi KoMm$popTHOCTI
HAa OCHOBI KONMOJiMepiB MOJIBIHLINMIPOJIIIOHY 3 METAKPUJIOBUMH eCTepaMu

beceu T. C., Menwnuk 1O. f., Cxopoxooa B. U.
Hamionanbnuit yHiBepcutet «JIbBiBChbKa NoiTEXHIKaY, JIbBIB, YKpaiHa

taras.s.behei@lpnu.ua

I'iaporeni 3aBasKM BUCOKIM 010CYMICHICTB 1 3aTHOCTI YTPUMYBATH BEIMKY KUIbKICTh BOJH Ta
3a0e3neuyBaTd BUCOKY MNPOHHMKHICTH Ui KHCHIO CTald KIIOUYOBHM MaTepiaioM Uil M’ SKHX
KOHTAaKTHUX JiH3. ['iiporesni CTBOPIOIOTH TPUBUMIPHY IMOJIMEPHY CITKY, SIKa 3/1aTHa yTPUMYBaTH
BOJ1Y, IO CIIPHSIE 3BOJIOKEHHIO OKa Ta MiIBUILYE KOM(MOPT HOCIHHSA JIiH3.

He3Bakaroun Ha 4YHCJICHHI IIepeBard TiAPOTENIeBHMX MarepialiB, BOHHM MalOTh II€BHI
OOMEXeHHsI, SKi BIUIMBAIOTH Ha iX TpuBaje BUKOpUCTaHHA. OJHIEI0 3 TOJOBHUX HpoOIeM €
HE/I0CTaTHS MPOHUKHICTh JUIsl KUCHIO 1 CIIbO3H, IO OB’ S13aHO 3 MOTIPLIEHHAM OOMIHY PEYOBHH B
poriBii oka. 30IIBIIMTH MPOHUKHICTH JIH3 MOXKHA JBOMA IIJISXaMH — ITiIBUIIATH X BOJOBMICT JI0
70% (BOIOBMICT POTiBKM OKa) a00 3MEHIIUTH TOBIIUHY MO OCi. 301IbIIEHHS! BOJOBMICTY 10 TaKUX
3HA4YEHb J]a€ 3MOTY JTOBECTH TPUBAIICTH OE3MEepPEepBHOTO HOIIEHHS JI0 JEKUIBKOX THXKHIB, OJHAK B
[bOMY BHWIIaJIKy MOTIPIIYIOTBCS MEXaHI4Hi BJIACTUBOCTI JiH3. KpiM Toro, 31 30UIbIICHHSIM
BOJIOBMICTY 3pOCTa€ TOBIIMHA JIiH3H, a TAKOXK 30UIBIIYETHCS a1COPOIiifHa €MHICTh, BHACIIIOK YOTO
MTOBEPXHS JIIH3U TOKPUBAETHCS O1JIKAMH Ta COJISIMH, K1 BAXKKO BUIAAISIOTHCS ITi]T 9ac CTepUIIi3allii.

CyuacHmii pO3BUTOK TEXHOJIOTIH y cdepi riaporeneBux marepialiB Ui KOHTAKTHUX JIH3
CIPSIMOBAHUN HA MOJOJAHHS ICHYIOUMX OOMEXKEHb 1 BJIOCKOHAJEHHS XapaKTEPUCTUK JIH3 JUIS
TPHUBAJIOTO BUKOPUCTaHHA. llepCHEKTHMBHMM € NUISIX 3MEHIICHHS TOBIIMHHU JIiH3, IO CIIPHSE
301JIBIICHHIO X KHCHEBOI MPOHUKHOCTI Ta MiABUILEHHIO KOM(OPTY nipu TpuBaioMy HociHHi. [TpoTte
Cy4acHI TEXHOJIOTii BUTOTOBJICHHS M SIKHUX KOHTaKTHHX JIiH3 HE JAlOTh 3MOTH BHUTOTOBJIATH JIH3H
ToBIIMHOIO MeHIIe 0,1 MM, OCKIJIbKM 1€ NMPU3BOJUTH 10 BTPATH iX NEOMETPUYHMX 1 ONTHUYHUX
BJIACTUBOCTEMN.

VY po6oTi 31ilicHeHO MOU(IKyBaHHS paHille po3po0sIeHOro Ha Kadeapi XiMIYHOI TeXHOJIOTI]
nepepoOku miuactMac JIbBIBCHKOI MOJITEXHIKH TigpodiuipHOro Mmarepiany “Axpuian-JIIIT” Ha
ocHOB1 KkomoJimepiB 2-rigpokcietunMerakpunary (CEMA) 3 momiBinimmiponinonom (IIBIT) i3
METOI0 HaJIaHHS HOMY ITiIBUIIICHUX MPY)KHUX BIACTUBOCTEH Y TiIpaTOBAHOMY CTaHi.

BceranoBneno, mo 3amina yactuaun [ EMA Ha rigpodobnuii rhoimuaunmerakpunat (MA)
3HAYHO MIJIBUIIYE NPYXKHICTh OJ€P)KAaHUX TIJPOresiB, a MILHITH IiJ Yac PO3PUBY 3pOCTaE 3a
EKCTPEMAJIbHOIO 3aJIEKHICTIO 3 MaKCUMAaJbHUM 3HAUYEHHSM Ui KOMITO3UIIII 31 CHIBBIJHOIIEHHSIM
I'EMA:I'MA = 50:50 % wmac. 3i 3aminoro yactuau 'EMA na 'MA 3pocrtae 4nuciao mpyx)HOCTI 3
25% no 86%, BHACHIAOK YOro JIH3M 3 MaJOK TOBIIMHOIO 30epiraloTh CBOIO (GopMy Ta
neGopMyrOThCS JIMIE 3a 3HAYHUX HAINPYKEHb. BCTaHOBIIEHO, IO CHHTE30BaHUI TiApOTeNh
I'EMA:IIBILITMA = 40:20:40 % wmac. Topmuuoto 0,04 MM Mae MPOHUKHICTH AJISL BOAH — 75-10°3
M3/(M?Tof), I HaTpifo XJjopuay — 260 Momb/(M?TOX), MO TIEPEBUINYE MOKA3HHUKH BiZOMOTO
Martepiany Ui KOHTAaKTHUX JiH3 “Axpunan-JIIII” 3 MiHiManbHO MOXJIHMBOIO TOBIIMHOIO 0,1 MM.
Bucoka mpoOHUKHICTh y TMOEAHAHHI 3 KpallUMH MPY>KHO-IehOopMaliifHUMU BJIAaCTUBOCTSAMHU Ja€
3MOTY THepeadauuTd HAAIWHIINIY Ta TpUBalTy KOMGOPTHY €KCIUTyaTallilo YJIbTPATOHKUX JIIH3.
3anpornoHoBaHa KOMIIO3MIIISI € ONTHUMAJIbHOIO 3 MOIJISAY CHHTE3Yy Ta BIACTUBOCTEH MOJIMEPHUX
3arOTOBOK 1 PEKOMEHJOBaHa Ui BUTOTOBJICHHS 3aroTOBOK KOHTAKTHHUX JIiH3, SKi 3a
eKCIUTyaTal[liHUMU MOKa3HUKAaMU MEePEeBULIYIOTh B1IOM1 KOHTAKTHI JIiH3U Ha ocHOBI noJi-I' EMA.

OTtpumaHi pe3ysibTaTH Jaldud 3MOT'y OOIPYHTYBAaTH OCHOBH TE€XHOJIOTII OfiepKaHHS OJIOKOBHX
konosiMepiB '[EMA/I'MA/IIBII i3 BUCOKOIO ONTHUYHOIO IPO30PICTIO, O€3 BHYTPIIIHIX HANPYXKEHb 1
MiABUIICHUMH  (DI3UKO-MEXaHIYHHUMH XapaKTePUCTHKAMH, SIKI TpPUIATHI JJsS BUTOTOBIICHHS
TOYIHHSIM YJIBTPATOHKUX M’SIKUX KOHTAaKTHHUX JIiH3 MIABHUILEHOT KOM(OPTHOCTI 13 MIHIMaJIbHOIO
TOBIIMHOIO Y 1IeHTpi 0,04 Mm.
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Optimization of cooling gas composition to improve coke quality during dry quenching
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The study examines coke dry quenching, focusing on how cooling gas composition—
especially CO and CO,—affects coke quality. Laboratory modeling using a pilot unit simulated
industrial conditions. A methodology was developed to assess gas composition effects through
controlled experiments and standardized testing. Results showed that increasing CO (0—9.6%) and
decreasing CO, (17.43—9.43%) improved coke quality, with lower CRI and higher CSR.
Comparison with CDQ industrial data confirmed these trends, highlighting potential for optimizing
gas composition in practice.

The cooling stage is an essential part of the coking process, as it ensures the production of
transportable coke with the required physical and mechanical properties. In modern coke
production, coke dry quenching (CDQ) is widely applied as an efficient and environmentally
friendly technology [1,2].

In this process, hot coke is cooled using a circulating gas composed mainly of nitrogen,
carbon oxides, and hydrogen.

The successful industrial implementation of CDQ systems has led to their widespread use in
new coke oven batteries as well as in modernization projects. In addition to reducing environmental
emissions, CDQ technology allows recovery of thermal energy from hot coke and its conversion
into steam that can be used for power generation.

During the dry guenching process, the composition of the circulating gas can significantly
influence physicochemical interactions between coke carbon and reactive gas components. These
interactions may lead to partial gasification of coke and changes in its structure and mechanical
properties.

The most important indicators of metallurgical coke quality are the Coke Reactivity Index
(CRI) and the Coke Strength after Reaction (CSR), which characterize coke behavior under blast
furnace conditions. Previous studies indicate that the ratio between carbon monoxide and carbon
dioxide in the circulating gas can influence these parameters. Increasing CO, content intensifies
gasification reactions and increases coke reactivity, whereas a higher CO content contributes to
improved coke strength.

Therefore, investigation of the influence of cooling gas composition on coke quality remains
an important scientific and practical task.

The aim of this work is to study the influence of the cooling gas composition used in the dry
quenching process on the quality indicators of metallurgical coke under laboratory conditions.

For the experimental studies, a coal blend corresponding to the composition used in coke
oven batteries of a Ukrainian coke plant was prepared, consisting of DG (16 %), G (23 %), GZhP
(7 %), and K (54 %) grades.

The coal concentrates were analyzed using standard methods including technical,
plastometric, petrographic, and granulometric analyses.

Laboratory coking was performed in an electrically heated oven with a single charge of
~3 kg, carbonized without air to 950—-1000 °C for about 2.5 h.

The obtained coke was transferred to a laboratory dry quenching chamber, cooled using gas
mixtures simulating industrial CDQ systems at 30—40 L min™! for ~60 min.

Gas samples were periodically analyzed to determine their composition.

After quenching, coke mass loss, technical properties, mechanical strength, reactivity (CRI),
and strength after reaction (CSR) were determined.
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The experimental studies showed that the composition of the cooling gas significantly
affects the quality indicators of the obtained coke.

An increase in the proportion of carbon monoxide in the cooling gas with a simultaneous
decrease in the concentration of carbon dioxide resulted in improved coke quality characteristics. In
particular, higher CO content contributed to an increase in coke strength indicators and a decrease
in coke reactivity.

The increase in the CO fraction in the cooling gas from 0 % to about 9.6 %, together with a
reduction of CO, content from about 17.4 % to 9.4 %, resulted in a decrease in the CRI index and
an increase in the CSR index. At the same time, an increase in the resistance to crushing force
(Mc40) was also observed.

These results can be explained by the influence of the CO/CO, ratio on the gasification
reactions occurring during coke cooling. A higher concentration of carbon monoxide shifts the
equilibrium of carbon gasification reactions, reducing the interaction between coke carbon and
carbon dioxide. As a result, the extent of coke gasification decreases, which leads to lower mass
loss and preservation of the coke structure.

The obtained experimental results are consistent with data reported in other studies. Similar
trends have been observed in industrial CDQ systems, where higher CO content in the circulating
gas contributes to improved coke strength and lower coke reactivity.

At the same time, the indicators of abrasion resistance and certain mechanical characteristics
remain relatively unchanged. This indicates that the main influence of the cooling gas composition
is associated with surface reactions affecting the microstructure of coke rather than with large-scale
structural destruction.

The composition of the cooling gas during dry quenching has a significant influence on the
quality indicators of metallurgical coke.

Increasing the carbon monoxide content and decreasing the carbon dioxide concentration in
the cooling gas contributes to improved coke quality.

Under the investigated conditions, an increase in CO concentration from 0 % to about 9.6 %
led to a decrease in coke reactivity (CRI) and an increase in coke strength after reaction (CSR).

Higher CO content also contributed to an increase in the resistance of coke to crushing
forces.

The obtained results confirm that optimization of the circulating gas composition in CDQ
systems is an important factor for improving coke quality and reducing coke losses.

54
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The development of environmentally efficient recycling technologies for industrial waste is
an important component of the circular economy. Among organic waste streams, by-products of
vegetable oil refining represent a significant and underutilized resource with high potential for
energy recovery. Soapstock, formed during alkaline neutralization of oils, constitutes up to 70-90
wit% of total refining waste and contains a considerable amount of organic compounds suitable for
fuel production.

This study investigates the conversion of sunflower oil soapstock into a liquid boiler fuel
component via acidulation followed by sequential aqueous washing. The approach is based on the
transformation of a multicomponent organic system into a stable fuel through controlled
modification of its composition and physicochemical properties.

The raw soapstock used in the study is a heterogeneous mixture containing sodium soaps of
fatty acids, triglycerides, phosphatides, water, and inorganic salts. Its average composition is
presented in Table 1.

Table 1 - Average composition of sunflower oil soapstock

Component Content, wt%

Sodium soaps of fatty acids 29,65
Phosphatides 2,40
Triglycerides 15,78
Non-fatty additives 1,00
Salt 7,67

Water 43,50

Total: 100,00

The texuonoriunmii process included acidulation with sulfuric acid at 90-95 °C, phase
separation, and subsequent washing of the organic phase. Three variants were analyzed: untreated
soapstock, single washing, and double washing. The effect of purification on fuel quality
parameters was evaluated. The results of physicochemical analysis are summarized in Table 2.

Table 2 - Effect of washing stages on fuel quality parameters

Parameter Untreated soapstock Single wash Double wash
Sulfur, wt% 0,48 0,21 0,12
Ash, wt% 1,6 0,8 0,3
Water, wt% 12,5 4,2 1,1
Phase stability Unstable Moderate Stable
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The results show that untreated soapstock is unsuitable for direct fuel use due to high sulfur,
ash, and water content. The first washing stage significantly improves these parameters; however,
optimal fuel characteristics are achieved after double washing.

The obtained fuel component (acid oil) is characterized by low sulfur content (0.12 wt%),
improved stability, and relatively high calorific value due to its high content of organic compounds
and low oxygen fraction. Compared to conventional heavy fuel oils, the product has a lower sulfur
content, which reduces sulfur oxide emissions during combustion.

From a technological standpoint, the proposed method is simple and does not require
complex equipment or catalysts. The process includes standard operations such as heating, mixing,
acid treatment, and phase separation, which ensures its practical applicability in industrial
conditions.

From a materials-oriented perspective, soapstock can be considered a complex
multicomponent organic system, and its processing represents controlled modification of
composition and functional properties. This aligns with modern approaches in materials science,
where processing conditions are used to tailor material performance.

From an environmental perspective, the conversion of soapstock into fuel contributes to
waste minimization and resource efficiency. The proposed approach enables the valorization of
industrial waste into a useful energy product, supporting circular economy principles and reducing
dependence on fossil fuels.

Thus, the developed method represents an environmentally efficient recycling technology
for organic industrial waste and demonstrates the feasibility of producing alternative boiler fuel
from sunflower oil refining by-products. Further studies should focus on combustion characteristics,
emission analysis, and pilot-scale validation.
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3asy4eHHs BTOPMHHMX NOJIIMepiB VI NPOTHKOPO3iliHOI0 3aXHCTy HaTO- Ta ra3onpoBoIiB
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Kopo3sis meTaneBux TpyOOIPOBOIIB € OJHIEIO 3 OCHOBHUX MPUYHMH aBapiid, BUTOKIB HaTH 1
rasy Ta 3HIDKEHHS HaJiiHOCTI TpyOompoBinHux cucreM. [l 3amoOiraHHs KOpoO3iHOMY
pYHHYBaHHIO IMIUPOKO 3aCTOCOBYIOTH MOJIIMEPHI aHTUKOPO31iHI TIOKPHUTTSI, SIKI CTBOPIOIOTH Oap’ep
MK METaJICBOIO ITOBEPXHEIO Ta arPECUBHUM CEPEIOBUIIIEM.

VY 3araJlbHOMY pO3YMiHHI MOJIMEPHI MOKPUTTS BUKOHYIOTH JEKUIbKA BAXJIMBUX (DYHKIIIH:
3aXHMCT METaJly BiJl €NEKTPOXIMIUHOI KOpO3ii; 1301l TpyOOIPOBOAY BiJ BOJOTH Ta arpeCHBHHX
IPYHTOBHUX CEPEIOBHUII; MIABUIIECHHS MEXaHIYHOI CTIMKOCTI TMOBEpPXHI; 3MEHIICHHS TEpPTA Ta
TiIpaBIiYHOTO OMOpPY BHYTPIMIHIX TOBEPXOHb TPYO; NPOJOBXKEHHS TEPMiHY eKCIUTyaTarii
TpyOONpPOBO/IIB.

CydacHa cTparerisi pO3BUTKY IPOMHCIOBOCTI YKpaiHHW, CIPSAMOBaHA Ha palliOHAJIbHE
IPUPOJOKOPUCTYBAHHS, CHpUs€ 30UIBLICHHIO YaCTKH BTOPHUHHOI CHPOBUHHU IPH BUPOOHMIITBI
TOBApHOI MPOAYKIii. Y bOMY KOHTEKCTI MEPCIIEKTUBHUM HAIIPSIMOM TIPU CTBOPEHHI MOKPHUTTIB ISt
IPOTUKOPO31MHOr0 3aXMCTy Ha(TO- Ta ra30lpoOBOJIB € BUKOPUCTAHHS BTOPUHHMX IOJIIMEPIB —
nonietuneny (PE) Ta moninponineny (PP), npencraBnenux TBepAuMMH BiX0JaMH BUPOOHHIITBA Ta
CIOKMBAHHS.

Bropunni momimepu micis 300py, COpPTYBaHHS, MIATOTOBKM Ta IEpPepoOKH 30epiraroTh
3HAa4yHy YacTUHY eKCIUTyaTaliiHUX BJIAcTUBOCTEH MEpBUHHUX MoiiiMepiB. CTymiHb 30epeXeHHs
BJIACTUBOCTEH 3a3BMYail 3aJIEXHUTH BiJ YMOB €KCIUTyaTamii MaTepialry 10 MepepoOKH, TEXHOJOTI]
PEIUKIIIHTY Ta HASBHOCTI CTA01Ii13yI0UnX 100aBOK.

VY mpotieci MOBTOPHOI (MEXaHIYHOI Ta TEPMIYHOI) MMEepepoOKH MOJIMEPU MOXKYTh YaCTKOBO
3a3HaBaTH TEPMOOKHCHIOBAJILHOI AECTPYKIIi1, 1110 IPU3BOJUTH A0 JESKOTO 3HIKEHHS MOJIEKYJISpHOI
Mmacu [1]. Ile BigOyBaeTbcs 32 paxyHOK YacTKOBOI'O PYMHYBaHHS MAaKpOMOJIEKYI, L0 € OJHUM i3
OCHOBHHMX (aKTOPIB MOTIPIIECHHS BIACTUBOCTEH BTOPUHHUX MOJIIMEPIB.

VY 3araspHOMY BUITIJl MEXaHI3M JecTpykuii Ha mnpukiaal PE moxna npeacraButu
HACTYITHUM YHHOM:

PE - H — PE- + He (1)
PE« + 0> — PEOO" )
PEOO+* — nonimepHi pparmeHTH (3)

VY pe3ynbTaTi AECTPYKLIi YTBOPIOIOTbCS HU3BKOMOJEKYJSPHI (PparMeHTH, L0 3HHXKYE
CEPENIHI0 MOJICKYJIApHY Macy mojiMepy. OcoO0JIMBO YyTIMBUM 10 AECTPYKIlI € MOJIIPOIIJIEH,
OCKUJTBKM B MOTr0 MakpOMOJIEKYJII HPUCYTHI TPETHHHI aTOMH BYIJIELIO, SIKi JIETHIE IiIal0ThCs
OKHCHEHHIO.

[Tpote 3a cyuacHux TexHousoriii nepepooku BropunHi PE i PP 36epiratoTs 3HauHy yacTUHY
MEXaHIYHUX XapaKTepUCTUK: MIIHICTh Ha po3Tar — mnpubmuzno 70-90 % Bix BiacTUBOCTEH
NEPBUHHOTO MOJIMEpPY; MOAYJb MPY)KHOCTI — 3HIDKYETHCS HE3HAYHO; yJIapHa B’SI3KICTh — MOXeE
smenmryBatucs 10 10-30 % [2]. Lli moka3HWUKH 3aJMINAOTHCSA AOCTATHIMH JIJIi BUKOPHUCTAHHS
Mmatepialy y BHPOOHHUIITBI TEXHIYHMX BHUPOOIB, 30KpeMa 3aXHUCHUX IOKPUTTIB Ta OOOJOHOK
TpyOOIPOBO/IIB.

XimiyHa iHepTHICTH PE 1 PP 3ymoBieHa iXHBOIO MOJEKYISPHOIO CTPYKTYpPOIO (HAacH4YeHi
BYTJICBOJIHEB1 JaHItory). HaBiTh micis mepepoOKu Iisi CTPYKTypa Maike He 3MIHIOETHCS, TOMY
BTOPUHHI TOJIMEpH 30€piraroTh: BUCOKY CTIMKICTh 10 BOJM Ta PO3UMHIB COJICH; 1HEPTHICTH JO
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OUTBIIOCTI KHUCJIOT 1 JIyTiB; CTIMKICTH J0 BYIJIEBOAHIB Ta Hadromponykri. lLle mo3Boisie
BukopuctoByBatu BTopuHHI PE 1 PP y kopo3iiiHo-arpecuBHHX cepeoBHINAX.

BropunHi mosiMepu Takox 30epiraloTh HH3bKY TPOHUKHICTH JUISI BOJAM, ras3iB i
eNEeKTPOJIiTIB. Xoua micias 6araropa3oBoi MepepoOKH MOXIIMBE HE3HAUHE 30UIbIIeHHs Iudy3iiHOT
MPOHUKHOCTI, Yy OUIBIIOCTI BHMAJKIB Oap’€pHi BIACTHBOCTI 3aJIMLIAIOTBCA JOCTATHIMU IS
AHTUKOPO31HHOTO 3aXKMCTy METaIy.

Takox ciiJ 3a3HAYUTH, 10 Y ACIKHX BHIIJKaX MOXXIHBO 30eperta a00o HaBiTh NOKPAIIUTH
XapaKTEPUCTUKHA BTOPUHHUX IOJIIMEPIB 32 paXyHOK: BBEJACHHS aHTHOKCHIAHTIB Ta CTabLIi3aTOPIB;
BUKOPUCTaHHA KOMIIO3HMILIMHUX HANOBHIOBAYiB; 3MIIIyBaHHS BTOPHMHHOI CHPOBHHHU 3 TI€BHOIO
YaCTKOIO TMEPBUHHOTO moyiMepy. Taki miXoau M03BOJSIOThH KOMIICHCYBATH YacTKOBY JETPaaIliio
MOJIIMEPHOI CTPYKTYPH Ta 3a0€3MEYUTH CTAOUTBHICTh EKCIUTYaTaIllTHIX XapaKTePUCTHK.

CTpyKTypHa cXeMa 3aly4eHHS BTOPHHHUX IOJIMEpIB I TPOTUKOPO3IWHOTO 3aXHCTy
Ha(TO- Ta Ta30IPOBO/IIB MPEICTaBlIeHa Ha puc. 1.

361ip Ta : :
4—— Bropuun1 PE 1 PP
COpPTYBaHHA I
r
ITliarotoeka Moaudikamisa Tepmiune Hanecennsa
CHPOBHHH »  CHPOBHHH » KOMIAayHIyBaHHA »  mokpHTTA
4
OxonomxeHHA

Ta KOHTPOIIb

Puc. 1 — CtpykTypHa cxema 3aay4yeHHs] BTOPUHHUX MOJIIMEPIB AJIst
MIPOTUKOPO31MHOT0 3aXUCTy Ha(hTO- Ta ra30MpoBO/IIB

IIpencraBneHa cxema peani3yeTbes 32 PaXyHOK HAaCTYIMHHMX TEXHOJIOTIUHHUX CTajiil: 30ip Ta
copryBanHs BTOopuHHMX PE 1 PP (30ip muiBku, Tapu, BIAXOZiB BUPOOHUITBA Ta COPTYBaHHS 3a
TUIIOM TOJIMEpY; MiArOTOBKa BTOPUHHOI CUPOBHUHU (MOJpiOHEHHS 10 ¢pakiii 2—10 MM, MUTTS Ta
CYLIIHHS); MoJudiKalis noiimMepy (MajaeiHOBO-aHT1IPUAHE 3MIIIyBaHHS JJIsl TOKPAILEHHS aaresii,
BBEJICHHA AHTUOKCHJIAHTIB Ta CTabuli3aTopiB NepepoOKH); TepMiuHE KOMIIAyHIyBaHHS
(3MIIIyBaHHSA B €KCTpyZAepl po3IUiaBy IMOJIMEpPY 3 IHIIMMU KOMIIOHEHTaMM: HallOBHIOBauYaMU Ta
(GYHKIIIOHATEHUMU J100aBKaMM ); HAHECEHHS MOKPUTTSI (rapsiye HaHECEHHS (PO3IIaBOM), EKCTPY3is
abo HamuieHHs (MOPOIIKOBE YK pO3IUIaBieHE); (OpMyBaHHsS 0araTolmapoBOrO IMOKPUTTS:
anresiiinuii map, nojimepHa Matpuus (BropuHHHM PE/PP) Ta 30BHimHINA Oap’epHuil map;
OXOJIO/DKEHHS Ta KOHTPOJIb (OXOJIO/KEHHS Iapy 10 KIMHATHOI TeMITepaTypH, KOHTPOJIb TOBIIWHU
Ta OJHOPITHOCTI MOKPHUTTH).

TakuM YMHOM, TIOKPHTTS, IO MICTSATh BTOPUHHI TOJIMEPH, € JOCUTh NEPCICKTHBHUMHU Y
KOHTEKCTI 3aXUCTy TPyOONpOBO/IB, pe3epByapiB Ta METAJOKOHCTPYKIIH Bil KOPO3ii, JO3BOJISIOTH
3MEHILIUTH BUTPATH Ha PEMOHT 1 MPOJAOBKUTH €KCIUTyaTalliiHUNA TepMiH 00J1aIHAHHS.
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OO0neneHiHHS 30BHINIHIX MMOBEPXOHb € CEPHO3HOI0 MPOOJIEMOr0 JJis aBialii, Oy iBHHIITBA,
TPAHCIIOPTY, CHEPIeTHKU Ta CYJHOIUIABCTBA. YTBOPEHHS JHOJIYy HA KOHCTPYKIIIAX 1 0OJagHAHHI
noripiurye iX (pyHKI[IOHaJIBbHI BJIACTUBOCTI, MIABHUIINYE PU3UK aBapidi 1 30UIbIIye eKcIuTyaTalliiHi
BUTpaTH. X04Ya MaTepiajiB, 0 MOBHICTIO yCYyBalOTh OOJIENEHIHH, Hapa3l HeMae, NePCIeKTUBHUM
PIIICHHSIM € 3aCTOCYBaHHS aHTUKPUTOBUX MOKPHUTTIB, SIKI 3MEHIIYIOTh aJre310 01y, MiJBULIYIOTh
0e3neky Ta eekTuBHICTh. OHAK ICHYIOUI MaTepialid 9acTo 0OMEKEH1 TEXHOJIOTTYHUMH BUMOTaMH,
HU3BKOIO 3HOCOCTIWKICTIO 200 HEIOCTATHROIO TiApOohOOHICTIO.

Jlane mociipKeHHs 30cepe/pKeHe Ha po3poOii TigpopoOHUX MOKPHUTTIB i3 ONTHUMAIbHUMHU
TEXHOJIOTIYHUMH Ta (I3MKO-MEXaHIYHMMU BJIACTUBOCTSIMHU [UIsl 3alo0iraHHs YTBOPEHHIO Ta
HAaKONMYECHHIO JIbOJy Ha KOHCTPYKTUBHUX €JEMEHTaX Yy HHU3bKOTEMIEPAaTypHUX YyMOBaX,
3a0e3neuyrour IPOCTOTY HAHECEHHS, IIBHUJIKE OTBEP/IIHHS Ta JIOBIOBIYHICTb.

Y poboTi mpeacTaBieHo po3poOKy TiapoHOOHNX TOKPUTTIB, MPU3HAYCHHUX I 3MEHIIICHHS
YTBOPEHHS JIhOJy Ta HOro aaresii Ha MOBEPXHSAX, MIO MiJAAIOTHCS HU3BKUM TeMIlepaTypaMm Ta
HECTIPUATIUBUM KIIMAaTHYHUM YMOBaM. P03poOJIeHO MOKPUTTS Ha OCHOBI OPraHOpPO3YMHHHUX
nako(apOoBUX MaTepialliB Ta BOJHOJUCIEPCHUX MaTepialiB 13 BHKOPHUCTAHHIM TiIpodoOHHMX
100aBOK (ITOJIIMETHJICHIIOKCAH, CHJIIKOHOBI CMOJIM, PO3YMHH METWJICHJIIOKCAaHOBHX CMOJ) Ta
HanoBHIOBaYiB (TiapohoOHMI aepOCIl, TEXHIYHUH BYIJIelb, Mikpocdepn).

Busnaueno kontaktHHE Kyt Bomu (0) mpu +20°C Tta -10°C, WO CBIiTYHTH PO
riapogoOHICTh MOKPUTTIB Y Mexkax 90°—147,6°, 3anexHo BiA ckiany. AAresis JbOAy 10 MOKPUTTIB
po3paxoByBaniack 3a piBHsAHHiIM FOHra-/{ronpe 1 mokaszana 3HWKEHHS B 2-3,8 pa3u MOPIBHSIHO 3
noBepxHAMU Oe3 mokpurTa. KombOiHamii Mikpocdep 1 CHIIKOHOBHX CMOJ 3a0e3NedyroTh
CUHEpriyHui e(eKT, MiJABHUILYI0YM BOJOBIIIITOBXYBaJbHI BJIACTHBOCTI Ta 3HIDKYIOUM are3ito
JTBOJY.

[TokpuTTS MOJATKOBO OIIIHIOBAINCH 3a TEXHOJOTIYHUMU Ta (HI3UKO-MEXaHIYHUMU
XapaKTepUCTUKAMU: Yac BUCHXAHHS, aare3is, eJacTUYHICTh IUTIBKH, TBEPIICTb 1 yIAapPOCTIMKICTb.
Pesynmprati migTBEpIMIM, IO ONTHMAaJbHI CKIAAW 3a0€3MeYyroTh INBUAKE HAHECEHHS Ta
MoJIIMEepHU3allilo, BUCOKY MEXaHIUHYy CTIHKICTh Ta JIOBFOBIUHICTh Y YMOBaX HU3bKHUX TEMIIEpaTyp i
M1JBUIIEHOI BOJIOTOCTI.

Po3po6neni ripodoOHI MOKPHUTTA BIANOBINAIOTH EKOJOTIYHUM Ta TEXHIYHHMM BHUMOTaM
VYkpainu ta €C mozno BMmicty JIOC 1 mIKIUIMBUX pedOBUH. Martepianyu MarOTh BUCOKHUI MOTEHIIA
JUIs 3aCTOCYBaHHS B aBiallii, OyJIiIBHUITBI, TPAHCIOPTI Ta €HEPreTHIl, Jie OOJIEAEHIHHSA CTBOPIOE
PHU3UKH eKCIUTyaTarii.
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OcobamBocTi nigdopy nosgiMepHoi MaTpuili 1JI1 BUPOOHMITBA XiMIYHOCTIHKHX
KOMIIO3MUIHUX MaTepiaJjiiB

Apmuwenko b. K., I'puropos A. b.
HamionanbHuii TEXHIYHUI YHIBEPCUTET «XapKIBCHKUI MOJITEXHIYHUHA IHCTUTYT», XapKiB, YKpaina
grigorovandrey@ukr.net

BupoOHUIITBO XIMIYHOCTIMKMX KOMIIO3MI[IHHUX MaTepialliB € BaXJIMBUM HaIMPSIMOM
PO3BUTKY Cy4acHOI XIMI4HOI TeXHOJOrii Ta wmarepiajo3HaBcTBa. Taki Marepiadd IIHPOKO
3aCTOCOBYIOTBCS Y XIMIiUHIHM, HadTOmepepoOHiid, KOKCOXIMIUHINA, METATYPTIHHINA Ta €HepPreTHYHIN
MIPOMHCIIOBOCTI, Aie 001aJTHAaHHS Ta KOHCTPYKIIi] MPAILIOI0Th B arPECUBHUX CEPEOBUIIIAX.

OnHi€0 3 OCHOBHHMX NMPUYMH BUKOPUCTAHHS XIMIYHOCTIMKHMX KOMITO3UIIMHUX MaTepiajiB €
HEOOXIHICTh MiJBUIICHHS JOBTOBIYHOCTI TEXHOJIOTIYHOTO OOJagHAHHS. Y TpoIecax MepepoOKu
HaTH, BUpOOHUIITBA KUCJIOT, JYTiB Ta 1HIIUX XIMIYHUX PEYOBUH METAJICBI KOHCTPYKIIT 3a3HAIOTh
IHTEeHCHMBHOI KOpO3ii. 3acTOCYBaHHS KOMIIO3HMLIHHUX MaTepialliB, CTIMKHUX J0 Jii KHCIOT, JYTiB Ta
OpraHiYHUX PO3YMHHHUKIB, J103BOJISIE 3HAYHO 3MEHIIUTH MIBHAKICTH KOPO3IMHOTO pyWHYBaHHS Ta
MIPOJIOBKUTH TEPMiH EKCILTyaTallii 00IalHaHHS.

[IpaBunpHUl BUOIp Ta MO€AHAHHS KOMIIOHEHTIB (ITOJIIMEPHOI MaTpHIli, HAIOBHIOBaYa Ta
100aBOK) XIMIYHOCTIHKMX Kommo3uliiaux MmarepianiB (XCKM) Bu3Ha4aoTh iX BiANOBITHICTH
TEXHIYHUM  BHMOTaM  YHMHHUX  HOPMATHUBHO-TEXHIYHHUX  JIOKYMEHTIB,  TEXHOJIOT1UHICTb,
JIOBTOBIYHICTh T4 CKOHOMIYHY JOIUIBHICTh. BH3HaUYE€HHS OCHOBHUX KOMITOHCHTIB MO’KHA BBa)KaTH
OJTHUM 13 KJIFOUOBHUX €TaIliB 1H)KEHEPHOT'0 MPOEKTYBAHHS Cy4yaCHUX MaTepiaiiB, KWW 311HCHIOETHCS
me 1o modatky BHpoOHUITBAa XCKM y Mexax: IHXEHEPHO-TEXHOJIOTIYHOTO MPOEKTYBAHHS,
eKCIIePUMEHTAJIbHUX JOCTIIKEHb Ta BUIPOOYBAHHS JOCIIIHUX 3Pa3KiB.

[Tpu oMy HEOOXiHO MOCTIIUTH Ta BpaxyBaTH KpUTEpii Mig00Py OCHOBHUX CHPOBHHHHUX
KOMIIOHEHTiB. Takumu kputepisimMu (auB. Tabm. 1) MOXKYTh OyTH: YMOBH €KCIUTyaTallii, HeoOXiIH1
BJIACTMBOCTI, TEXHOJIOT1sl BAPOOHHUIITBA, CYMICHICTH KOMIIOHEHTIB T4 €KOHOMIYHI OOMEKEHHS.

Tabnuus 1 - OcHOBHI KpuTepii, sIKi BpaXOBYIOTh IPH BHU3HAYEHHI OCHOBHHUX KOMIIOHEHTIB IS
BupobHHLTBa XCKM

Kpurepiii [TapameTpu, 1110 BpaxOBYIOThCA

XiMi4YHa arpecuBHICTh CEpeIOBHIIA, TEMIIEpATypa, BOJIOra,

YMoBH ekcrutyaraii .
MeXaHIYHE HaBaHTaKEHHS

Heo6xiHi B1acTHBOCTI MIilHICTh, TEPMOCTIHKICTh, XIMIUHA CTIUKICTh

JIutTs, pecyBaHHs, €KCTPY3is, poTaliiiHe (hopMyBaHHS,

TexHonoris BUpOOHUIITBA
00MOTYBaHHS BOJIOKHOM

CyMICHICTh KOMITOHEHTIB Anresis, B'SI3KICTh, (Di3MKO-XIMIYHA B3aEMO/Tis

ExoHOMIuH1 OOMEXEeHHS BapTicTb, 1OCTYNHICTh CHPOBUHM, MacIITad BUPOOHUIITBA

[TomiMepHa MaTpulsi € OJHHMM 3 OCHOBHHMX KOMIIOHEHTIB KOMIIO3UIIHHOTO Marepiaiy,
OCKUJIbKM BOHA BUKOHYE (YHKIIIO 3B’SI3yBajibHOI (pa3u, sika 00’€Hy€ HANOBHIOBAaYl B €IUHY
CTPYKTYpy Ta 3abesrneuye MuUICHICT, MaTepianmy. Came wmatpuist dopmye Oe3nepepBHy ¢azy
KOMIIO3H1I11, epejac HaBaHTaKEHHsI MK YaCTMHKaMM HAIlOBHIOBaya Ta 3HAYHOIO MIpOIO BU3HaYae
¢b131K0-MexaH14H1, XIMIUHI Ta eKCIUTyaTalliiH1 BJIaCTUBOCTI MaTepiany.

OpHiero 3 HaBaIMBIIMX (YHKLIIA MOJIMEpHOI MaTpulll € 3a0e3MeyeHHs XiMIuHOi
CTIHKOCTI KOMIO3UIIIHHOTO MaTepiany. BoHa 3axuiiae HalmoBHIOBAY BiJl i arpeCUBHUX CEPETOBHIIL
1 BOJIHOYAC BH3HAUYA€E CTIKKICTh MaTepially 10 KUCIOT, JYTiB, COJIEH Ta OpraHiuHUX PO3UYMHHHKIB.
Kpim Toro, maTpuils BIUIMBa€E Ha BOJOMOTIWHAHHSA, TEPMOCTIMKICT, aATe3ii0 O MOBEPXHI OCHOBH
Ta JOBrOBIYHICTH KOMITO3HUIII].
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3Bakaroud Ha HM3BbKY BapTICTh, JOCTYMHICTH (y MOP(HOJIOTiYHOMY CKJaai BTOPUHHHX
moJiiMepiB cTaHoOBUTH 62 % [1]) Ta XiIMIYHY CTIMKICTh (AMB. Tabia. 2), AK MOJIMEPHY MATPHUIIO Y
ckinagi XCKM fmominibHO BUKOPUMCTOBYBATHM BTOPHMHHI IMOJIIMEpPU — TBEpAI MOOYTOBI BiAXOW,
npeacrasnedi PET (momierunentepedranatrom), PP (mominpominenom) Ta HDPE (momietunenom
BHUCOKOI T'YCTHHH).

Tabnuus 2 - XiMiyHa CTIHKICTH MOJIIMEPIB

ArpecuBHE cepeIOBUILE Tun nonimepy
PET PP HDPE

Kucnoru (H2SO.4):

- KOHUeHTparis 10 50 % Bucoxka Bucoxka Bucoxka

- KOHIEHTpais moHax 50 % Cepenns Bucoka Bucoka

JIyru (NaOH, KOH) Huspka Bucoxka Bucoxka

DeHou, Kpe3oiu Huzbka [Tomipna [TomipHa

Hadronpoxykru (6eH3uH, 113€1b, OIUBH,
MacTHJIa) Bucoka

AHani3yrouu AaHi, IpeAcTaBieHl B Tab. 2, ciia 3a3Ha4uTH, 110 cepenus criikicts PET mo
Iii KOHIIEHTPOBAHOI CipYaHOI KHCIOTH, OCOONMBO mpH Temneparypax moHaa 100-160 °C,
3yYMOBJIGHA MPOTIKaHHSIM peaklid rigponizy edipHuX 3B’SA3KIB y MOJTIMEpHOMY JaHIo31 [2],
AeroiMepu3anii 3 yTBOpeHHsIM MOHOMEpiB a00 MPOIYKTIB PO3MICIUICHHS, a TAKOX CYIb(yBaHHS
apOMAaTUYHOTO Apa IpU TPUBAIOMY KOHTAKTI Ta HarpiBaHHI.

Pazom 3 tum Huspka criiikicte PET mo mii myrie (NaOH, KOH) 3ymoBnena iioro
pYHHYBaHHSM YHACHiJIOK Tifponizy edipHux 3B’s3kiB. Lleli mporec € OCHOBOIO JIyXKHOI
nenonimepusanii PET. Takox PET npu temneparypax 150-200 °C nposiBisie HU3bKY CTIHKICTD 0
Ii1 apOMaTUYHMUX CHOJYK — TaKMX K (PeHOJI Ta Kpe30i, 0COOIMBO MPH MiJIBUIIEHUX TeMIlepaTypax
abo TpuBanoMy KoHTakTi. lle, Hacamnepes, MoB’s13aHO 3 TaKUMU TpoliecaMu: po3unHeHHsM PET y
po3irpitux ¢eHonax adbo Kpe3osax; po3puBoM e(ipHHUX 3B’S3KIB (JI€NOTIMEpU3alli€l0); YTBOPEHHIM
peakuiiHUX MPOJAYKTIB YHACHIIJOK HYKJIEO(UIbHOT aTaku (DEHOJBHOTO TiAPOKCUIY Ha €CTEepHI
rpynu B nanio3i PET.

Hatomicts HDPE y cBoeMy ckiiaai He Ma€e MOJSPHUX TPyH, 3JaTHUX /10 XIMIYHOT B3aEMOZIT
3 (heHONMAMM UM Kpe30JiaMH, L0 MOSCHIOE HOro BUCOKY CTIHKICTh A0 iX Jii MpH Temrmeparypax 10
100 °C. B ekcrpemanbHux ymoBax (200-250 °C, TpuBanuii KOHTAKT) MOKJIMBE IOBEPXHEBE
HaOyxaHHs a0o yacTkoBe po3unHeHHs HDPE.

Taxum ynHOM, XCKM Ha ocHoBi PET Ta HDPE nposiBIsTUMYTh BUCOKY XIMIYHY CTIHKICTb
70 TpuBajoi Jii po30aBIEHUX KHUCIOT 1 JIyTiB, HA()TONPOJYKTIB Ta HA()TOBUX 3AIMIIKIB, & TAKOX
MIPOMUCIIOBUX CTIYHUX BOJ Ipu poOouunx temmeparypax g0 100 °C. [Ipuuomy XCKM, oTpumani Ha
ocHoBi HDPE, 37aTtHi BUTpUMYBAaTH TpUBAJIMHA BIUIMB (PEHONBHUX CEPEJOBHII, IO POOHUTH iX
IIHHOIO CHPOBUHOIO ISl BUPOOHHUIITBA €JIEMEHTIB CHCTEM OYHIIEHHS CTIYHUX BOJI KOKCOXIMIYHUX
MiITPUEMCTB.
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[TigBuieHHs e€HeproeeKTUBHOCTI OyAiBENb € OJHHMM i3 KJIIOUOBHX HANpsSMIB PO3BUTKY
CydacHO1 OymiBeNbHOI Tay3i, IO 3YMOBJICHO SK CKOHOMIYHMMH YMHHUKAMH, TOB’SI3aHUMH 31
3pOCTaHHSM BapTOCTI €HEPrOpecypcCiB, TaK 1 €KOJOTIYHUMH BHUMOTAMH IOJI0 3HFIKCHHS BUKH/IIB
[ApPHUKOBUX TIa3iB. 3HayHa YacTHHA EHEProClO)KMBAaHHS >KUTJIOBUX 1 I'POMAACHKHX OyiBelb
MOB’s3aHa 3 MIATPUMAHHAM KOM(POPTHOTO MIKPOKIIMATy MPHUMILICHb, 30KpeMa 3 BHTpaTaMu
eHeprii Ha OMaJieHHs Ta KOHAMIIOBaHHS. Y 3B’SI3Ky 3 ITUM OJHUM i3 Hale(EKTHUBHINIMX ILIAXiB
3MEHIICHHS  €HEPrOCIOKMBAHHS €  TIJBUIICHHS  TEIUIOBOJSMIMHUX  XapaKTEPUCTHK
OrOPOJKYBAJIbHUX KOHCTPYKLIH.

Tpamumiiiai TEruI0i30MAMMINHI MaTepiaay, Taki SIK MiHEpaJlbHAa BaTa, MIHOIOJICTHPOI abo
MHOMOJIypeTaH, HIMPOKO 3aCTOCOBYIOTHCS Y OYAIBHUIITBI, OJTHAK iX TEMI0(]I3NYHI XapaKTePUCTUKU
HAOMKAIOTHCS 10 TEXHOJIOTIYHOT MEXKi BAOCKOHAJCHHS. TOMy Cy4acHi AOCIHIKEHHS CIIPSMOBaHI
Ha CTBOPEHHS I1HHOBAI[IMHUX KOMITO3HMIIIMHUX MaTepialliB 3 IMOKPAIIEHUMH TEIUIOi30 IAIIHHUMHA
BJIACTUBOCTSIMH, MEHILIOIO TOBIIMHOIO TEIIOI30JALIHHOTO MIapy Ta MiABUIIEHOI JOBrOBIYHICTIO.
Ocob6nuBy yBary NpuauIA0Th MaTepiajlaM HAaHOCTPYKTYPOBAHOT'O TUITY, 30KpeMa aeporessim.

Aeporeni SBISIOTH COO0I0 BUCOKOIIOPUCTI CHHTETHYHI MaTepialid, CTPYKTypa SKHX OiIbII
HiX Ha 90 % ckiagaeTbes 3 ra3omoAiOHOI (a3u, PO3MIMIEHOI B CHCTEMi HAHOPO3MIPHUX IIOP.
3aBIAKA LIbOMY BOHH XapaKTEPU3YIOThCA TyK€ HU3BKUM KOE(IIiEHTOM TETIONpOBiTHOCTI (A =
0,013-0,018 Bt/(M'K)), 1mo 3HayHO mepeBUILYE TEIUIOI30JALIIHI BIACTUBOCTI TPAAMIIHHUX
yremmoBadiB (A = 0,030-0,040 Bt/(M-K)). OcHOBHUM MeXaHi3MOM, SIKHW 3a0e3ledye HACTUTbKH
HU3bKY TEIJIONPOBIAHICTh, € edekT KHyaceHa, Koiu po3Mip MOp CTa€ MEHIIUM 32 JOBXKHHY
BUIBHOTO MPOOITy MOJIEKYI ra3y, M0 3HUKYE Ta30BY CKJIAJ0BY TEIUIONEpeaayi.

3acTocyBaHHS aeporeiiB y CKiIaji OyAiBeIbHUX KOMIIO3UIIHMX MarepiaiiB J103BOJISE
3MEHIIUTH TOBIIUHY TEIUIOI30JAIIIHOrO mapy. 30Kpema, 1ap aeporesibHOi 13075111 TOBILUHOO
O6u3pKO 5 cM MoOke 3a0e3NeunTd Takui camuil omip Terionepenayi, ik 10—12 cm MiHepanbHOT
Batu. lle cTBOprOE HOJATKOBI MOXJIMBOCTI Ui 1X BHUKOPHCTAHHSA Yy PEKOHCTPYKILIi OysiBelb,
KOHCTPYKIIAX CKJIQJHOT reOMeTpii Ta By3Jax, /1€ BAHUKAIOTh TEIJIOB1 MiCTKH.

BaxnuBoro mnepeBaror aeporeiiB € TaKOX iX eKCIUTyaTalliiHI XapaKTepUCTHKHU. Taki
MaTepiajli € Heropro4YMMH, T'iIpohoOHUMH, XIMIYHO CTIHKHMH Ta €KOJOriuHo Oe3neyHuMu. BoHu
30epiraroTh TEIUIOI30JISIINHI BIACTMBOCTI HaBITh 3a YMOB HIJBHUIIEHOI BOJOroCTI ab0 3HAYHUX
TeMIepaTypHUX KOJIMBAHb, 1110 CHPHUSE MMiIBUIIEHHIO JTOBrOBIYHOCTI OYAiBEIbHUX KOHCTPYKIIH.

HesBakaroun Ha BIAHOCHO BUCOKY BapTiCTh, €EKTHBHICTh aeporeiiB JTOLUIIBHO OLIHIOBATH
3 YpaxyBaHHSM MOBHOTO KUTTEBOTO LUKy OyAiBii. 3MEHIIEHHS TEIUIOBTPAT i/l yac eKCIuTyaTarii
T03BOJISIE KOMIICHCYBAaTH MOYATKOBI BUTPATH, & MEHIIIA TOBIIMHA OTOPO/KYBATHHUX KOHCTPYKIIIH
cripusie 30UIBIIEHHIO KOPUCHOI IUIOMII MpHUMIilIeHb. TakuM YHHOM, 3aCTOCYBaHHS aeporeiiB y
CKJaJl Cy4aCHMX KOMIIO3MLIMHUX TEIUIOI30JSIIMHUX MaTepiajliB € NEepCHeKTUBHUM HamnpsMOM
PO3BUTKY €HEeproeeKTUBHOTO OYIIBHHUIITBA.
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TepmiuHa necTpyKIisA KOMIIOHEHTIB iIHTYMECHEHTHOI0 BOTHE3aXHCHOI0 IOKPUBY LI
CTAaJIeBUX KOHCTPYKILii
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HarmionanbHuii yHiBEpCUTET HUBUIBHOTO 3aXUCTY YKpainu, M. Uepkacu, Ykpaina
saienko_natalia@nuczu.edu.ua

[linBuimieHHsT pIiBHSA TMOXEXKHOI Oe3neku OyaiBeTbHUX KOHCTPYKIIA € OJHUM 13
NPIOPUTETHHUX 3aBJaHb CydacHOI iHxeHepil Ta ypOanictuku. [1ig yac moxexi craneBi KOHCTPYKIIT
IIBUAKO HArpiBalOTbCs BHACHIJOK BHCOKOi TEIUIONPOBIAHOCTI MeETaldy, IO HPHU3BOAUTH JI0
3HIDKEHHS iX Hecy4oi 3matHocTi. 3a Temneparyp 550—600 °C cranp moxe BTpadatu 10 S50 % cBoei
MIIIHOCTI, TOMY ©€(EKTUBHHMIA BOTHE3aXHCT METAJEBUX KOHCTPYKIIH € HEOOXIAHOK YMOBOIO
3a0e3neueHHs] HaAiiHOCTI OyxiBenb i1 cnopya. OmHUM i3 HaOLIBII MEPCIEKTUBHUX CIOCOOIB
MACUBHOTO BOTHE3aXUCTY € BHKOPUCTaHHS 1HTYMECLUEHTHUX MOKPUBIB, SIKI MiJl JI€0 BHCOKHUX
TEeMIepaTyp IHTEHCHUBHO CHYYYIOTHCS Ta YTBOPIOIOTH MOPUCTHH TEIUIOi3osAIiiani map. Takuid
map 3HWXKY€E TEIUIOBUM MOTIK O METaleBOi MOBEPXHI Ta MOJOBXKYE HaC AOCATHEHHS KPUTUYHOI
TeMIepaTypu KOHCTPYKIIi.

MeToro poOOTH € eKCIIepUMEHTAIbHE JIOCTIKEHHSI TePMIUHO1 CTaOUIBHOCTI Ta MEXaHI3MiB
JECTPYKLii OCHOBHMX KOMIIOHEHTIB IHTYMECHEHTHOTO TOKPHBY Ha OCHOBI CTHPOJI-aKpUIOBOL
nucnepcii: nonidocdary amonito (APP), nentaeputpury (PE) ta rizpoxcuay amominito Al(OH)as.
JlocimipkeHHsT BUKOHAHO 13 3acTocyBaHHsAM TepmorpasimerpuuHoro (TGA) Ta audepenmiiino-
tepmorpaBimerpuunoro (DTG) ananizy B remneparypuomy aianazoni 25-800 °C.

BceraHoBieHo, 1m0 BCi JOCTIDKEHI KOMIIOHGHTH XapaKTEePHU3YIOThCS OararocTaliifHOIO
TEePMIYHOIO AecTpykKiliero. [ momidocdary amMoHiF0 OCHOBHMIA IHTEpPBaJl IHTEHCUBHOI BTPATH Macu
cranoBuTh 300400 °C i3 makcumymom Onm3bko 375 °C. YV npomy TemmepaTypHOMY Jiana3oHi
BiJI0yBa€eThCS YTBOPEHHS NOJi(hochOPHUX KUCIOT, SIK1 KaTadi3yroTh AETiApaTallito Ta KapOoHi3allio
OpraHIYHUX KOMITOHEHTIB.

[TeHTaepuUTPUT XapaKTEPU3YETHCSI HUKUOIO TEPMIYHOIO CTaOLIBHICTIO Ta PO3KIAJAETHCS IPU
temneparypax Onuspko 286-300 °C. V mnpucytHocTi mnoiiocopHUX KHUCIOT BiAOyBa€eThCs
peakuist ecrepuikauii, mo crpuse (hopMyBaHHIO (ocop-ByIiIeneBoro Kapkacy maiOyTHHOTO
KOKCOBOTO IIIapy.

[iapokcua anroMiHiIO MPOSBIISE EHAOTEPMIYHUN XapaKkTep PO3KIIalaHHs y TEMIIEPaTypHOMY
iaTepBani 360-382 °C 13 BUAUICHHSM BOJASHOI MapW Ta YTBOPEHHSM OKCHAY aitoMiHito. Llei
IpOIEC CIPHUSE OXOJOJDKEHHIO CHCTEMH Ta (POPMYBAHHIO MEXaHIYHO CTaOlIBLHOIO MIHEPAJIHHOI'O
KapKacy.

Pe3ynpTat TepMOrpaBIMETPHUYHOrO aHajii3y MOKa3aiH, W0 I1HAMBIAYyaJdbHI KOMIIOHEHTH
YTBOPIOIOTh OOMEXKEHUN KOKCOBUM 3anuiok: mjis APP — 6mmuseko 8 %, mist PE — 6 %. Hatomicts
Al(OH)3 nemoHcTpye 3Ha4yHO Oinmblly TepMiuHy cTaOUIBHICTH i3 3anuimkoM Onu3bko 24 %.
Haii6inpin egextuBHOIO € KOoMOiHOBaHa cucrema, mo Mictuth APP, PE ta AI(OH)s3. [Ins takoi
koMmmo3utlii mpu temmneparypi 800 °C 3adikcoBaHO KOKCOBHIA 3aUIIOK 01M3bKO 23 %, 110 CBIIYUTH
PO CUHEPTiYHUM edeKT B3aeMO/1i KOMIOHEHTIB. [loeHaHHS KUCIOTHOTO KaTaji3aropa, JKepelna
BYIJICLI0O Ta MIHEpaJbHOIO HANOBHIOBaua 3ale3ledye y3roJUKEHI MpolLecH Jeriapararii,
KapOoHi3alii Ta Ta30yTBOPEHHS, M0 cHpusie (GOpMyBaHHIO CTaOUIBHOTO  MOPHCTOTO
TEIUIO130MAI[IHOTO Iapy.

OTpumaHi pe3ynbTaTH CTBOPIOIOTH HAyKOBE MIATPYHTS [ ONTUMI3alii  CKIady
IHTYMECLIEHTHUX BOTHE3aXHCHUX MOKPUBIB Ta MiJBUILEHHS €()EeKTUBHOCTI BOTHE3aXUCTY CTAJIEBHX
KOHCTpyKUiK. [IpakTuyna peamizamisi TAKMX CUCTEM CHPUSTUME ITiIBUILEHHIO MOXEKHOI Oe3nexu
OyniBenb, IHQPACTPYKTYpHUX 00’ €KTIB Ta €JIEMEHTIB MICHKOTO CEPEAOBHUIIIA.
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Polymer composite materials (PCM) have now become widely used as protective shells for
various structures, where radio waves of different frequencies and lengths are used. The main
criterion for the quality of the shell, along with high physical and mechanical indicators, is its radio
transparency, which is characterized by the signal loss indicator.

The work investigated the influence of such fillers as glass fiber of various grades (FG),
unidirectional carbon tape (CT), non-woven reinforcing polyester material Soric® XF (PE), both
individually in several layers and in combination with each other in the form of a sandwich
structure, on the process of obtaining PCM based on epoxy oligomers LR-285, LR-287, hardeners
LH-285, LH-287, which are further proposed for the manufacture of protective shells of special
structures. It was assumed that the use of carbon filler would increase the strength of structural
elements, and with the help of fiberglass and non-woven reinforcing polyester material, it is
possible to regulate the radio transparency index.

The same indicators of the physical and mechanical properties of fiberglass were studied,
such as the breaking load (N), the breaking tensile stress (MPa), as well as the radio transparency
index - the signal loss index (dB). The determination of the breaking tensile stress in the
longitudinal direction was carried out on a universal testing machine model BISS Bi-00-701. To
determine the signal loss index, a centimeter wave generator, an antenna unit and a receiver were
used.

From the results of the studies provided in Table. 1, it follows that to achieve better results
in the radio transparency of structures while optimally preserving the strength properties, it is better
to use a sandwich structure of fillers made of glass fiber and non-woven reinforcing polyester
material.

Table 1 — Properties of PCM based on LR-285 and LH-285 depending on the nature and type of
filler placement

Number of filler Thickness of Breaking load, N | Tensile strength, Signal loss
layers PCM, mm MPa indicator, dB
9FG 3,5 6250 450 2,5-3,0

3FG+1PE+3FG 3,2 6250 195,3 1,7

3CT+1PE+3CT 3,0 16700 556,7 >5

1CT+1PE+1CT 2,1 4300 205,7 > 35

If a design with less thickness and weight is required, where signal loss is not critical, but
high strength is required, it is advisable to use unidirectional carbon tape as part of the filler
sandwich structure.
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The most common cause of biological degradation of polymers and rubbers are
microorganisms, mainly mold, which deteriorate the hygienic properties of products made of plastic
materials and rubber. Pigments formed by microorganisms very often color plastic masses, leaving
colored spots on their surface. Mold contributes to the condensation of water vapor and the
deterioration of the mechanical and electrical properties of materials. Metabolites, including
enzymes, can cause the destruction of the polymer itself.

To date, the resistance of polymer materials to the corresponding type of microorganisms
has not been established. Therefore, the study of this effect, the development of methods for
protecting polymer materials from biological damage, is an urgent task.

In connection with the use of plastic products in conditions that involve the active influence
of microorganisms, the problem of protecting polymer materials is quite acute.

The effect of antimicrobial additives from the group of isothiazolinone and its derivatives, as
well as kemabene, triclosan, bronopol, which have a wide spectrum of antimicrobial and antifungal
activity, destroy mold and yeast, on the performance properties of sealants based on butyl rubber
(copolymer of isobutylene and isoprene) and butadiene-nitrile rubber, as well as the effect of copper
nanoparticles on the microbiological stability of high-pressure polyethylene products (urological
catheters), and products made of non-woven fiber based on wool and polyethylene terephthalate
(insoles for medical shoes) was studied.

The effect of additives on the rolling ball tack (in mm) of sealants was studied using the
“Rolling Tester Tack” device, which complies with the standards (PSTC-6) and ASTM (ASTM
D3121), as well as the resistance to peeling of the adhesive layer from a metal plate or concrete
(adhesive strength in MPa) and their melting point.

The antimicrobial activity of polymers was determined by the agar diffusion method, which
is based on the study of the intensity of the direct action of the test preparation on living bacterial
cells in an agar medium. All test cultures of microorganisms were grown on dense nutrient media
for 24 hours at 37°C, and test strains of fungi at 22°C.

The sensitivity to polymer samples of such reference strains as: Escherichia coli ATCC
25922, Klebsiella pneumoniae NCTC 5055, Pseudomonas aeruginosa ATCC 27853,
Staphylococcus aureus ATCC 25923 was determined. The antibacterial effect of the PCM was
taken into account by the diameter of 30 mm of growth inhibition of test microbes around the well.

It was established that the introduction of the specified additives into the composition of the
compositions in an amount of 4 - 5 wt. % does not have a negative effect on the complex of
operational properties of sealants (adhesion to concrete and steel, stickiness), does not reduce, and
in some cases increases the thermal characteristics of sealants, in particular the temperature of the
onset of their decomposition.

It was shown that a small content of copper nanoparticles dramatically increases the
microbiological stability of the studied materials and products made of them, which contributes to
increasing their durability and preventing the spread of infections.
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JlocTizkeHHSl CKJIAAY TAa TOKCHKOJIOTITYHUX BJIACTHBOCTEH NPOAYKTIB rOPiHHS eNMOKCHIHMX |
eMOKCUYPEeTAHOBMX BOTHE3aXHCHUX MaTepiaJiB

Cacnko H. B.l, Cxkpunusens A. B2., Bepeszoscoruii A, 11
'Hanionansnuii yHiBepcuTeT MUBLIBHOTO 3aXucTy Ykpainu, Uepkacu, Ykpaina
2X apKiBCHKHMIA HAIliOHATBHUH YHIBEPCUTET MiChKOro rocrofapcTa imeni O.M. BekeroBa
XapkiB, Ykpaina
saienko_natalia@nuczu.edu.ua

[ToxxerkHa Oe3reka MOMIMEPHHX MaTepialliB  3aJIMIIAEThCS BaXKJIIMBOK HAYKOBOIO 1
MPAaKTUYHOIO MPOOJIEMOI0, OCKIJIBKY MiJl Yac iX TOPiHHS YTBOPIOETHCS CKJIAaTHA CYMIIl TOKCHYHHX
ra3onoiOHUX MPOAYKTIB, HEOE3MEUHHX VIS JIFOJIMHU Ta JOBKULIA. ENMOKCHIHI Ta eMOKCHypeTaHOBI
BOTHE3aXMCHI KOMMO3HIIi IIUPOKO 3aCTOCOBYIOTHCS y OYIiIBHUIITBI, TPAHCIOPTi, €HEPreTUIl Ta
IHIINX Tady3sX 3aBASKM BUCOKMM aAre3iiiHUM, MEXaHIYHMM 1 3aXMCHHMM BIAacTHBOCTSAM. Pazom 3
TUM IX TEPMIYHHN PO3KIAJ CYMPOBOKYETHCS YTBOPEHHSM OKCHJIIB BYTJICIIO, IIaHICTOTO BOIHIO,
OKCH[IB a30Ty, (peHomny, opMalbIeriay Ta IHIIMX TOKCHYHUX PEYOBUH, 10 CYTTEBO BIUIMBAIOTH Ha
ypakaJlbHI YUHHUKHU TTOKEKI.

Metoro poGotu Oylio MpPOBENEHHS MOPIBHSJIBHOTO aHali3y CKJIaay Ta TOKCUYHOCTI
NPOAYKTIB TOPIHHS 1 TEPMOOKHCHIOBATBHOI JECTPYKIIi EMOKCHAHUX Ta EMOKCHYPETaHOBUX
BOTHE3aXHMCHUX KOMITO3UINIA, MOAU(IKOBAHUX pI3HUMH aHTUIIpeHaMu. EKcrepuMeHTalbHi
JOCIIJUKCHHST BUKOHYBAJIM Yy JIBOX TEPMIYHHUX PEKUMAax, IO MOJCIIOITH XapaKTepHI YMOBHU
MOKEeX1: TePMOOKHCHIOBaIbHA AecTpyKiisa mpu 450 °C ta nomymenese ropinug mpu 750 °C. Ananis
JIETKUX MPOIYKTIB 3/MIHCHIOBAIIN 32 CaHITAPHO-XIMIYHUMH MTOKA3HUKAMH, & TOKCUYHICTh OI[IHIOBaJIH
3a moka3znukoM HCLsp 1 BMicToM kapOokcuremorno6iny (HbCO) y kpoBi 1abopaTOpHUX TBapuH
ICJIS €KCTIO3HITI.

VY pe3ynbTati JOCHIKEHb BCTAHOBJIEHO, 110 SIKICHUM CKJIa/l MPOAYKTIB TOPIHHS €OKCUIHUX
1 eMOKCUYPETaHOBUX CHCTEM 3arajioM € MOJIOHMM, OJJHAK KUIbKICHI CHIBBIJHOIIEHHS OKPEMHUX
KOMIIOHEHTIB iICTOTHO BiApPI3HAIOThCA. OCHOBHUMH HPOAYKTaMHU ra3oBoi (a3 B yciX BHIQJKax €
CO 1 CO2, Toni K y MeHIIUX KUTbKOCTSX yTBoprotoThest HCN, NOX, denoin, popmanbaeria Ta i
TOKCHYHI CIIOJNyKH. BUSBIEHO, 110 B peXHMiI TEPMOOKHUCHIOBalIbHOI necTtpykuii npu 450 °C
YTBOPIOETHCS OlIbIlIa KUIBKICTh TOKCHYHUX PEYOBHH, HIK Y PEXKHUMI MOJYMEHEBOI'O TOPIHHA MpHU
750 °C, 1m0 miKpecoe BUCOKY HeOe3MeKy MOYaTKOBUX CTalil MOMKEXI.

[Tokazano, mo BBeAeHHS (BochopBMICHHX AHTHIMIPEHIB, 30KpeMa MOHO- Ta modjidocdary
aMOHII0, CHpUs€E 3HWKEHHIO KOHIEHTpaliil HaiOuibll HeOe3MeYHuX MPOIYKTIB TOPIHHA,
HacamIepes 111aHICTOro BOJHIO Ta GeHomy. [ enmokcuyperaHoBUX KOMIO3UIH 3 nomidocdarom
aMoHit0 3adikcoBaHo cyTTeBe 3MeHIIeHHa BMicTy HCN, okcuaiB a3oTy Ta (opmanbieriay, xouya
OJTHOYACHO CIIOCTEpITrajocsi MEBHE 3pOCTaHHS BUXOAY MOHOOKCHIY BYTJIEIO. 3a ITOKa3HUKOM
HCLso yci tocaiaKyBaHi KOMIIO3ULIT HaJIeXaTh /10 KJIacy MOMIpHOHeOe3eyHux MarepiaiiB. PiBeHb
HbCO y kpogi TBapuH craHOBUB 58,4—65,6 %, 110 MiATBEPIXKYE MPOBIAHY POJIb OKCHUJIIB BYTJICIO Y
(bopMyBaHHI TOKCHYHOTO €(eKTy MPOAYKTIB TOPIHHS.

OTtxe, BUKOpUCTaHHS (OCcHOPBMICHUX AHTUIIPEHIB € €PEKTUBHUM HANPSIMOM 3HMKEHHS
TOKCHUYHOCTI NMPOJYKTIB TOPIHHA €MOKCUIHUX Ta €MOKCHYPETaHOBHX BOTHE3aXHUCHMX MaTepiaiB.
OTpumaHi pe3yiabTaTH MarOTh MPaKTHYHE 3HAYCHHS [UIS PO3POOJIEHHS HOBUX ITOKOJIHb
IHTYMECLIEHTHUX TMOKPUBIB 13 TMiABUIIEHUM piBHEM TNOXEXKHOI Oe3MeKH Ta 3MEHIIEHUM
TOKCHKOJIOTTYHHM BIUTHBOM Ha JIFOJIMHY 1 JOBKIJUIS.
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BB MeTaJI0OBMiCHHX 100aBOK Ha aare3iliHo-MiIHiCHI BJ1aCTHBOCTI BOTHE3aXHCHHUX
CMOKCHIIOJJIMEPHUX KOMITO3UILiH

Ipucopenko O. M., Caeaxo H. B.
HarmionanbHuil yHIBEpCUTET HUBUIBHOTO 3aXUCTy YKpainu, Yepkacu, YkpaiHa
saienko_natalia@nuczu.edu.ua

Komrmo3wuriiiini Matepiaan Ha OCHOBI €MMOKCHIHHUX OJIITOMEPIB 3aBISKH BUCOKIM aare3iiHin
3IaTHOCT1, MEXaHIYHIM MIIIHOCTI, XIMIUHI} CTIMKOCTI Ta TEXHOJOTTYHOCTI MIMPOKO 3aCTOCOBYIOTHCS
y PI3HUX Taly3sX MPOMHUCIOBOCTI, 30KpeMa y OYIIBHMIITBI, MallMHOOYIyBaHHI, €HEPreTUIll Ta
TpaHCHOPTHIN iH(pacTpykTypi. EmokcuaHi TomiMepH BHKOPUCTOBYIOTHCS SIK 3B’ SI3yBaJIbHI
KOMIIOHEHTH Yy 3aXMCHUX 1 KOHCTPYKLIHHMX MOKPUTTAX, a TAKOK y KOMIIO3UIIMHMX MaTepianax
CHEIIIbHOTO TIpU3HaYeHHs. BogHOYac OAHHUM 13 CYTTEBHUX HEMONIKIB €MOKCHUIHUX KOMIIO3HINHA €
iXHS TOPIOYICTh, 10 OOMEXYE MOKJIMBOCTI 3aCTOCYBAHHS TaKMX MaTepialliB y KOHCTPYKIISAX 13
i ABUIIEHUMH BUMOTaMH JI0 TI0KEXKHOI OE3TIEKH.

Jis  migBUINEHHS BOTHECTIMKOCTI MOJIMEpHUX MarepialiB A0 IX CKJIaay BBOJIATH
AHTHUITIIPEHU, MiHEepallbHI HAMOBHIOBaYl Ta Moaudikyroui m06aBku. EmokcumHi cMonm 3maTHI 10
KapOoHi3alii Mmia Ji€l0 TeMIepaTypu, IO T03BOJIIE CTBOPIOBATH Ha iX OCHOBI 1HTYMECIHEHTHI
BOTHE3aXMCHI TOKpuBH. [lim 4wac HarpiBaHHA Taki TOKPUBU yTBOPIOIOTH  CIHiHEHUH
TEIUIOI30/ALINHNI 1Iap, sIKUl oOMeXye Tersonepenady 10 3aXMIyBaHOi KOHCTpYKIii. BogHouac
BBEJICHHS HAIlOBHIOBAYiB MOXXE 3MiHIOBAaTH (i3MKO-MEXaHIuHI Ta eKCIUTyaTalliifiHi BIacTUBOCTI
MOJIMEPHUX CHUCTEM. BakiIMBUM IOKa3HUKOM IHpU pPO3pOOJIEHHI KOMIO3MLINA Ul 3aXUCTY
OyIiBeIBHMX KOHCTPYKIIM € aare3iiHa MIIHICTh MOKPHBY JIO IiJIKJIAJKH, OCKUIBKH caMe BOHA
3a0e3neuyye HAIIWHICT, 1 JOBTOBIYHICTH 3aXUCHOrO IIapy. ToMy akTyaJlbHUM € JOCTIIKEHHS
BIUIMBY METAJOBMICHUX [00aBOK Ha aAre3idHO-MIIHICHI XapaKTePUCTUKH BOTHE3aXHCHUX
E€OKCUAMIHHUX KOMIIO3ULIIH.

Mertoro poOOTH € TOCHIPKEHHS BIUTUBY METAJIOBMICHHUX OKCHUIHUX J00AaBOK Ha aare3itHy
MIIHICTh, YyHapHy B’SA3KICTb Ta pyHHIBHE HaNpyXeHHS TNpUd 3TUHI  BOTHE3aXHMCHHUX
€MOKCHUIOIIMEPHUX KOMIO3ULIN. SIK MOaU(IKyI0UYl KOMIOHEHTH BUKOpucToBYBanu mial okeun (11),
Ky okcun (II) ta Bamamiro okcun (V). AAresiiiHy MIIHICTP BHU3HAYald EKCIEPUMEHTAIbHO
METOJIOM PIBHOMIPHOTO BIAPMBY JBOX METAJIEBUX LIANO gilaMeTpoM 25 MM, BUTOTOBJIEHHUX 31 cTal
Cr3. Pe3ynbraTH eKCHEpUMEHTAIbHUX JAOCIIIKEHb IOKa3aly, IO METaJOBMICHI J00aBKH IO-
pI3HOMY BIUIMBAIOTh Ha aAre31iHO-MILHICHI XapaKTEPUCTHUKU JOCIIIKYBAaHUX EMNOKCHUIIOIIMEPIB.
BceranoBneHo, 1o mpu BBEAEHHI OKCHJIB METaliB y KUIBKOCTI MO0 5 Mac. 4. CHOCTEPIraeThCs
3pOCTaHHs aJre3ifHoi MIIHOCTI MOKpuBaiB. HaiOuibll mMOMITHMM e(eKT BiJ3HAYEHO MpHU
BUKOPHUCTaHHI IUHKY OKCHJY Ta MiJli OKCUJLY.

JlocniakeHHs BILIMBY METAJIOBMICHUX J00aBOK Ha y/lapHY B’SI3KICTh MOKa3aJld MOXJIUBICTh
peryJoBaHHS I[bOTO IMOKa3HUKA B IIUPOKOMY Aiana3zoHi. Halikpaimii pe3yiabTaTu OTpUMaHO MpU
BBegeHH] 10 Mac. 4. MUHKY OKCHY, 10 3a0€3MeUnyIo MiABUIICHHS yIapHOi B’ SI3KOCTI KOMIO3HITIT
npubnmszno y 1,8 pa3za MOpiBHAHO 3 HEHANOBHEHUM 3pa3koM. BojHodac BCTaHOBIEHO, IO
301IbIIEHHS BMICTY METAJIOBMICHHUX J100aBOK y CKJIa/il KOMIO3HIIII CYITPOBOIKYETHCS TOCTYIOBUM
3HWKEHHSM TOKa3HHMKA PYHHIBHOTO HaNpyXeHHs HpU 3THHI, 10 3yMOBJIEHO 3MIHOIO CTPYKTYpH
MOJIIMEPHOI MaTpPHIIl Ta XapakTepy Mik(a3zHoi B3a€MO/11i KOMIIOHEHTIB.

TakuM YMHOM, pEryJlOBaHHS KOMIIOHEHTHOI'O CKJIAJy EMOKCUIOJIMEPHUX KOMITO3HUIIIH
JI03BOJIIE  IIUIECTIPSIMOBAHO 3MIHIOBATH iX aJAre3iHO-MIIHICHI XapakTepucTuku. OTpumani
pe3ybTaTH JIOLUUIBHO BPaXxOBYBAaTU MPU pO3pOOJICHHI €MOKCHAMIHHUX MOKPUBIB IHTYMECIIEHTHOTO
TUITY 171 BOTHE3aXUCTy OydiBeNbHUX KOHCTPYKIN, TEXHOJOTTYHOrO OOJaJHAHHS Ta 1HKEHEPHUX
KOMYHIKaIlii.
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TennoizonsniifHi MOKPUTTS HA OCHOBi CTHPOJI-AKPHJIOBOI ANCIIePCii Ta MOPOKHUCTHX
ATIOMOCHJIIKAaTHUX MiKkpocdep

[emioos /. B.
XapKiBChKUH aBTOTPAHCTIOPTHHH (haxoBuil KoJek, XapkiB, YKpaina
dmutro.demidov@khdak-xatt.edu.ua

[IpoGnema eneprozOepexxkeHHss y OyAIBHHUITBI Ta KOMYHaIbHIM 1HQpacTpyKTypi
3aJIMIIAETBCA  AKTYallbHOIO, OCKIUJIBKM 3HAYyHa YacTHHA EHEepropecypciB BHUTPAvaeThbCs Ha
3a0e3neYeHHs] TEIUIOBOTO peXUMy OyaiBedb, crnopyn 1 TpyOompoBoaiB. Husbkmii piBEeHb
TEIUIOI30JIAIIIHOTO 3aXUCTY NMPU3BOAUTH 10 3HAYHHMX TEIUIOBUX BTPAT Ta MiJABUINEHHS BHUTPAT
eHeprii. TpaaumiiHi TEIUIO130/AIIHHI MaTepiaii MalTh PsAJ HEIOJIKIB, cepell SKUX 3HMKCHHS
e(EeKTUBHOCTI MU 3BOJIOKEHHI, CKJIAJHICTh MOHTaXXy Ta OOMEXKEHHS 3aCTOCYBAaHHS Ha MOBEPXHIX
CKJIagHOi reoMeTpudHoi Qopmu. IlepcnekTMBHMM HanmpsMOM € CTBOPEHHS TOHKOLIAPOBMX
MOJIIMEPHUX  TEIUIOI30JIIIHHUX TOKPHUTTIB, SKi HAHOCATHCS O€3MOocepelHhO Ha IOBEPXHIO
KOHCTPYKIIH 1 3a0€31e4ytoTh e(heKTUBHHIM TEII03aXUCT.

[TonmimepHi Martepiaii IIHUPOKO BUKOPUCTOBYIOTBCS Y CYYaCHUX TEIUIOI30JSIIHIX
CUCTEMax 3aBJSKHM BHCOKIH ajresii, CTIMKOCTI 10 aTMochepHUX (aKTOpiB Ta TEXHOJIOTTYHOCTI
HaHeceHHs. OCcOOIMBO MEPCIIEKTUBHUMH € BOJHO-AWUCHEPCIHHI CHCTEMH Ha OCHOBI aKpUJIOBUX Ta
CTHPOJI-AaKPUJIOBUX CIIBIOJIMEPIB, SKI MOEAHYIOTH EKOJOTiYHY O€3MeYHICTh, JOBTOBIYHICTH 1
BHCOKI €KCIUTyaTaliliHi XapaKTePUCTUKH.

MeToro pobOTH € po3poOJIeHHS Ta JOCTIIKCHHS TEIIOI30/IAI[IHHOTO MOKPHUTTS Ha OCHOBI
CTHPOJI-aKPUJIOBOT JIHCIIEPCii Ta MOPOKHUCTUX ATFOMOCHIIIKATHUX MIKpocdep JUIsl ITiIBHIICHHS
TEIUIO3aXUCHUX BJIACTUBOCTEH OyIiBENbHUX KOHCTPYKLIN. SIK 3B’s3yroue BHKOPHCTAHO CTHUPOJI-
akpwioBy nucriepcito Acronal 290D, a sk HamoBHIOBaY — TOPOKHHUCTI AJTFOMOCHIIIKATHI
Mikpochepr 3  HHM3BKOKW  TEIUIONPOBIAHICTIO.  JIOCH/DKEHHs  BKIIIOYAIM  BU3HAYCHHS
TEIUIONPOBIIHOCTI, TEPMIYHOIO  OMOpPYy, AaAre3iifHoi MimHOCTI g0 OeToHy, BOJO- Ta
MapONPOHUKHOCTI, @ TAKOXK aHaJli3 MIKPOCTPYKTYPH MOKPUTTSI.

VYV pesynabTaTi JOCHIKEHb BCTAHOBJIEHO, 110 PO3POOJIEHE MOKPUTTS XapaKTepU3YETHCS
BHUCOKMMHM TEXHOJIOTTYHUMH Ta €KCIUTyaTallliHUMM MOKa3HUKaMU. BOHO Mae HU3bKY IIIJIBHICTb, HE
CTBOPIOE JIOJJATKOBOTO HaBaHTAKEHHs Ha KOHCTPYKIIIi Ta € 3pyYHHUM Yy 3aCTOCYBaHHi. BcraHOBIIEHO,
o 30UIbLIEHHS BMICTY aJIOMOCHJIIKATHUX MIKpocdep CHpusie 3HIKEHHIO KoedilieHTa
teronpoBigHocTi. Haiimenme 3naueHHs TterwtonposigHocti (0,0416 Bt/(M°K)) otpumano nms
nokpuTTst 3 BMmicToM Mikpochep 40 mac.%. IToKpuTTS TakoX XapakTepuU3yeTbCs aare3iHoro
MilHICTIO 70 Oetony 1,2 MIla, HU3BKMM BOJOMOIJIMHAHHSAM Ta CTIHKICTIO A0 Aii BOoAW 1
teMneparypu 1o +150 °C.

MiKpocCTpyKTypHHUI aHaJIi3 MOKa3aB PIBHOMIPHHUH PO3MOILT aIFOMOCHIIIKATHUX MiKpocdep y
NOJIIMEpHI MaTpulli, 00 crpuse (OPMYBaHHIO CTaOUIBHOI CTPYKTYpH Ta IOKpAIIEHHIO
TEIUIO130JAINHIX BiIacTUBOCTeN MOKpUTTA. OTpuMaHMil Marepiall MOKE 3aCTOCOBYBATHUCS IS
TEeIUI0130JIA111 OyJiBEIbHUX KOHCTPYKLIN, TPYOOIIPOBOIIB Tapsyoro BOJONOCTaYaHHS i OMajeHHs,
a TaKOX JIJIS1 3aXUCTY OOJIaIHAHHS B TETUIOBUX BTPAT 1 KOHTAKTHHUX OTIIKIB.

OT1xe, po3po0ieHe MOKPUTTS Ha OCHOBI CTHPOJI-aKpHIIOBOI JHcHepcii Ta MOPOKHUCTHX
AIOMOCWJIIKaTHUX MIKpocep € MEepCleKTUBHUM IOJIMEPHUM MaTepiajioM JUIsl IMiBUIIEHHS
eHeproepeKTUBHOCTI Oy/IiBEIb Ta IHKEHEPHUX CUCTEM
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Ouinka BILTMBY CHUTIIKATHUX HANIOBHIOBAYiB Ha ajare3iifHi Ta aare3iiiHO-MillHICHI BJacTUBOCTI
BOJTHO-AUCIIEPCIiHNX JJaKko(apOOBUX NOKPUTTIB

[emioos /. B.
XapKiBChKUH aBTOTPAHCTIOPTHUH (paxoBuii Konemx, XapkiB, YKpaina
dmutro.demidov@khdak-xatt.edu.ua

BnactuBocti nmakoapOOBHUX TOKPHUTTIB 3HAYHOKO MIpOI0 BH3HAYAIOTHCS XapaKTepOM
B3a€MO/Ii1 TUTIBKOYTBOPIOBaya 3 MoBepXHero miakiaaku. Came aare3iiiHa B3aeMO/is Ha MEXi MOJILTY
«MIOKPUTTSI — METal» ICTOTHO BIUIMBA€ Ha JOBTOBIYHICTb, 3aXUCHY 3JaTHICTb 1 CTaOUIBHICTh
eKCIUTyaTal[iiHUX XapaKTEPUCTUK MOKPUTTIB. Y 3B’S3KY 3 IUM aKTyaJIbHUM € JIOCIIIPKEHHS BIUIUBY
MiIHEpaJIbHUX CHJIIKATHUX HAIOBHIOBAYiB Ha 3MOYYBAaHHSA, IOBEPXHEBY EHEPril0 Ta ajresiiHy
MIIHICTh BOJHO-JMCIIEPCIHHUX MOKPUTTIB, CHOPMOBAHUX HA CTAJIEBIN MiAKIAILIL.

Meroro  poGOTH €  BCTAaHOBJIGHHS  3aKOHOMIPDHOCTEH  BIUIMBY  IOPOKHUCTHUX
ATFOMOCHITIKATHUX Mikpocdep 1 riapodo0i30BaHOTO aepoCHITy Ha aAre3iifHi Ta aare3iiHo-MillHICHI
BJIACTHBOCTI JJaKo(papOOBUX MOKPUTTIB HA BOAHIM OCHOBI, @ TAKOK BU3HAUYEHHS B3a€EMO3B’SI3KY MIXK
anre3iitHO0 MIIHICTIO 1 TEPMOJMHAMIYHOIO POOOTOIO aaresii.

VY po6oTi 5K 3B’s13yBajIbHE BUKOPUCTAHO CTUPOJI-aKPUJIOBY JAUCHEPCIIO 3 BMICTOM HEJIETKHX
peuoBuH 50 mac.%. SIk HamoOBHIOBaYi 3aCTOCOBAHO MOPOXHHCTI ATFOMOCHIIIKATHI Mikpochepu Ta
rigpodob6izoBanmii aepocwst Mapku A-1/300. AmroMocuimikaTtHi Mikpochepu € TepCleKTUBHUMHU
TEXHOTEHHHUMH HAaIllOBHIOBaYaMM 3aBASKH cQepuuHiidi (opMmi, HHU3BKIA HIUTBHOCTI, BHCOKIH
MIIHOCTI, TEIJIO- Ta 3BYKOI30JISIIIMHUM BJIACTUBOCTSIM. AEpOCH)I BUKOHYE (PYHKIIII PEOSIOriuHOTO
moaudikaTtopa,  crabimizaropa  gucmepciii 1 HaJae  CHCTEMi  THUKCOTPOITHUX  Ta
BOJIOBIAIUTOBXYBAJIbHUX BJIACTUBOCTEH. [ omiHKKM MiK(a3HOI B3aeMOJil BU3HAYaIM KpailoBUM
KyT 3MOYYBaHHS, BUIbHY MTOBEPXHEBY €HEPTiI0 Ta ii MOJSPHY 1 JUCTIEPCiiHY CKIIaI0Bi 32 METOIOM
Oyenca-Benara-Kaebna. Anresiiiny MillHICTh TOKPUTTIB BU3HAYAIH METO/IOM BiPHUBY.

BcTanoBneHo, 110 BBEICHHS aepOCHITy CIIPUYHMHSE HE3HAUYHE 301TBIICHHS KPaloBOrO KyTa
3MOYYBaHHS, TOJI SIK aJFOMOCHIIIKaTHI MikpochepH MiABULIYIOTh Horo 6ibi icToTHO. Ilpu nbomy
BMicT Mikpocdep noHan 30 mac. % € HEJOUUIBHUM dYepe3 3pOCTaHHS B’S3KOCTI KOMIIO3HUIII Ta
MOTIPIIEHHS YMOB HAHECEHHs MOKPHUTTA. Po3paxyHKOBO-€KCIIEpUMMEHTaNbHI J1aHi MOKa3ald, MO0
BBEJICHHS HAlIOBHIOBAYiB HailOLIbIIIe BIUIMBAE HA IUCIIEPCIMHY CKJIa/l0BY MIOBEPXHEBOI €HEprii, TO1
SK TIOJIIPHA CKJIaJ0Ba 3MIHIOEThCS He3HayHo. Came aucrepciiiHa CKiajoBa pPOOUTh OCHOBHMMHA
BHECOK y 3MIHY TEPMOJAMHAMIYHOI poOOTH aaresii B cucTeMI «Ilako(hapOoBe MOKPUTTS — CTAJIbY.

HaiiBa>xnuBiIUM pe3ysabTaToOM € Te, 10 BBEIEHHS aJIOMOCHIIIKATHUX MIKpocdep Y BOJHO-
JUcrepciiHe MOKPUTTS MIABUIILYE aare3iiHy MinHICTh y 2,1-2,4 pa3a MOpiBHSIHO 3 HEHAIOBHEHUM
cknagoM. lle TMOsCHIOETBCS 3HIKEHHSAM J1e(eKTHOCTI Ta MiJBUILEHHSAM TOMOTE€HHOCTI
MPUKOHTAKTHOTO Iapy HNOKpUTTA. Maini no6aBku Tipodo0i30BaHOTO aepocuily ICTOTHO He
BIUIMBAIOTh HA aJre3iiHy MIIHICTh, a IPU CYMICHOMY BBEJIEHHI CHJIIKATHUX HAIlOBHIOBAudiB BOHA
3pocrae B 1,8-2,0 paza. OTxe, BUKOPHUCTAHHS aTIOMOCHIIKATHUX MiKpocep € ePeKTUBHUM
[UIIXOM TiABUIICHHS aAre3iifHO1 MIITHOCTI Ta €KCIUTyaTalliifHOi HaJiiHOCTI BOJHO-IUCTIEPCIHHUX
3aXHCHO-JIEKOPATHBHUX MTOKPUTTIB JIJISI METAJIEBUX MTOBEPXOHb.

69


mailto:dmutro.demidov@khdak-xatt.edu.ua

HAIIOHAJIbHUM TEXHIYHUM YHIBEPCUTET
«XAPKIBCbKUH NOJITEXHIYHUA IHCTUTYT»

Kadeapa TexHosorii njiacTHYHUX Mac i 0i0JI0riYHO aAKTHBHUX
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