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O. B. CABBOBA, O.I. TYP, O. B. BAbI4

PO3POBKA METOJOJIOI'TYHOI'O MIAXOAY IIOA0 CTBOPEHHS INOJIETTHEHHUX
CKJIOKOMIIO3HUTIB JJ11 BPOHE3AXUCTY CHEIIAJBHOI TEXHIKHA

BcraHoBieHO HarajabHy HEOOXiIHICT PO3POOKH Ta BIIPOBAKEHHSI IMOJETIIEHUX CKIOKOMIIO3UTIB /ISl OPOHE3aXHUCTY CIELianbHOI TEXHIKM B YMOBAX
BOEHHHX Jiii. BU3HAUCHHS Cy4aCHOrO CTaHy Ta IPOTHO3y PO3BHTKY CHTYaLlii, a TaKOXX KOHKPETHHX MPOIO3MLIHM 100 BHKOPUCTAHHS HOBITHIX
NOCATHEHb HAYKH 1 TEXHIKH B JaHiil 0071acTi, CTaHyTh 3HAYYIINM BHECKOM y (OpMyBaHHI HayKOBO-TEXHIYHOI MOJITHUKH B Taly3i CTBOPCHHS HOBHX
MarepianiB s OGpoHe3axHcTy. B po0OoTi mpoaHani30BaHO OCHOBHI BHAM TCHACHII PUHKY 0araTomapOBHX €JIEMEHTIB HJA CKIIHHA Ta 3aXUCTY
TEXHIKH BCTaHOBJICHO MEPCIEKTUBHICTh 3aCTOCYBaHHS HAHOCTPYKTYPOBAHMX CKJIOKPHCTANIYHMX MaTepiaiiB SIK €IEMCHTIB CKIIHHS Ta 3aXHCTy
JerkoOpoHboBaHol i apiamiiiHoi TexHikd. CHOpMyIIbOBaHO MeTy poOOTH, 3aBIaHHS Ta OCHOBHY TimoTe3y poOOTH, sKi BU3HAYAIOTh HEOOXiIHICTh
PO3pOOKHM METOMOJOTIYHOTO MiIXOMy MpU PO3poOIi CKIOKOMMO3UTIB Uil OpOHE3axXHCTy Ta OIHKM iX KOHKYPEHTO3IATHOCTi. 3a0e3neueHHs
BIJIHOBJICHHS aBiallifHOI Ta Ha3eMHOI CHelialbHOI TEXHIKH MOXKe OyTH peayli3oBaHO IUIIXOM PO3POOKH e(heKTHBHOIO 3aXHCHOIO LIapy Ha OCHOBI
MOJICTIICHHX BHCOKOMIIHMX HAaHOCTPYKTYpPOBAHHMX CKJIOKPHCTANIYHMX MaTepiaimiB. OOIpyHTOBaHO BHOIp CKIOKPHUCTATIYHHX MaTepiamiB Ta
KOHCTPYKLil OPOHBOBUX KOMMNO3HUIIIN: /IS JIOKAJIBHOTO 33aXMCTY JIETKOOPOHBOBAHOI TEXHIKH, IO INependavyae CTBOPEHHS IUCIEPCHOKEpaMiuyHOT
OpoHi, I CKJIIHHS aBialiifHOI TEXHIKH, IO Mependavyac CTBOPEHHs 0araroiapoBOi CKIOKOMITIO3HIII 32 TEXHOJOTIEI0 TpHILleKcyBaHHA. OmiHKa
KOHKYPEHTO3/IaTHOCTI OpOHEEeNIeMEeHTIB JI03BOJISIE BCTAHOBHTH, IO CKJIOKOMIIO3UTH JUIsi OPOHE3aXUCTY BiAPI3HATUMYTBCS BiJl ICHYIOUHX aHAJIOTIB:
3HAQYHO MEHILOIO Barolo Ta BapTiCTIO, OLIBIIOI TEXHOJIOTTYHICTIO, OPOHECTIHKICTIO, paioNpO30PICTIO, PEryJIbOBAHOK CBITIONPOHUKHICTIO, BUCOKOIO
JKUBYYICTIO, PEMOHTO3ATHICTIO. BH3HA4YeHO, IO Ofep)KaHHS Ta BIPOBA/UKCHHSA B IPAKTHKY CKJIOKOMIO3WUIHHMX MarepialliB HOBOTO THITY
JO3BOJIUTh MiJBUIIUTH OOOPOHO3JATHICTh KpaiHW, 3a0e3MeYMTH WIBHAKUI PEMOHT Ta HaIiiHy eKCIUIyaTalilo 3aXMCHHX €JIEMEHTIB B yMOBaX
BHUCOKOUIBUKICHUX TEPMO-MEXaHIYHMX HAaBAHTAXXEHb Ta 3HAYHO 3HM3UTH IMIIOPTO3AJICIKHICTH OOOPOHHOTO KOMIUIEKCY B YMOBAaX HaJ3BHYaWHMX 1
KPH30BHX CUTYaLliil: BiiicbKOBUX KOHQIIIKTIB Ta KaTacTpod.
Kuti04oBi ci10Ba: CKIOKOMIIO3UIIHHI MaTepiain; KepaMika; Mil[HICTh; HPO30PICTh; CrieLiajbHa aBialiiiHa Ta JIerkoOpOHbOBAHA TEXHIKa

0.V.SAVVOVA,O. G. TUR, O. V. BABICH

DEVELOPMENT OF A METHODOLOGICAL APPROACH TO THE CREATION OF LIGHTWEIGHT
GLASS COMPOSITES FOR ARMOR PROTECTION OF SPECIAL EQUIPMENT

The urgent need for the development and implementation of lightweight glass composites for armor protection of special equipment in the
conditions of military operations has been established. Determining the current state and forecast of the development of the situation, as well as
specific proposals for the use of the latest achievements of science and technology in this area, will be a significant contribution to the formation of
scientific and technical policy in the field of creating new materials for armor protection. The paper analyzes the main types of market trends in
multilayer elements for glazing and protection of equipment, establishes the prospects for the use of nanostructured glass-crystalline materials as
glazing and protection elements for lightly armored and aviation equipment. The purpose of the work, tasks and the main hypothesis of the work are
formulated, which determine the need to develop a methodological approach in the development of glass composites for armor protection and assess
their competitiveness. Ensuring the restoration of aviation and ground special equipment can be implemented by developing an effective protective
layer based on lightweight high-strength nanostructured glass-crystalline materials. The choice of glass-crystal materials and designs of armor
compositions is justified: for local protection of lightly armored vehicles, which involves the creation of dispersed ceramic armor, for glazing of
aviation equipment, which involves the creation of a multilayer glass composition using triplexing technology. The assessment of the competitiveness
of armor elements allows us to establish that glass composites for armor protection will differ from existing analogues: significantly lower weight and
cost, greater manufacturability, armor resistance, radio transparency, adjustable light transmission, high survivability, repairability. It is determined
that the production and implementation of new types of glass composite materials in practice will increase the country's defense capability, ensure
rapid repair and reliable operation of protective elements under high-speed thermo-mechanical loads, and significantly reduce the import dependence
of the defense complex in emergency and crisis situations: military conflicts and disasters.

Keywords: glass composite materials; ceramics; strength; transparency; special aviation and lightly armored vehicles

Beryn. [ns VYkpaiHM BaKIMBICTH aKTyalbHOI — BHKOPHCTAaHHS HOBITHIX JOCATHEHb HAayKW 1 TEXHIKH B
mpoOJieMH CTBOPEHHS HOBHX 3aXHCHHX MaTepialiB  JgaHiii o0nacti, CTaHyTh 3HAYyIIAM BHECKOM V
3HAYHO 3pOociia 3a OCTaHHIH dYac y 3B’S3Ky 3  (OpMyBaHHI HAyKOBO-TEXHIYHOI WOJITHKH B Tamys3i
HEOOXiTHICTIO MigBUIIEHHS 00OPOHO3IATHOCTI KpaiHM Ta  CTBOPEHHS HOBHX MaTepiamiB I OpOHE3aXHCTYy.

BHACIIIOK BeNeHHA OoioBMX MAii. BigmosigHo 10
Crparerii HalliOHANBHOT 6e3mnexu VYkpainu,

3HIKEeHHS Baru OpoHeMaTepiany, BAOCKOHAJICHHS HOTO
3aXUCHUX Ta eKCILTyaTalitHuX BJIACTUBOCTEH

3aTBepkeHoi Ykasom Ilpesuzenra VYkpainu Bim 14
BepecHs 2020 poky Ne 392/2020, a came cT. 60 «Ykpaina
3MIHNTH OoloBHH noTeHnian 30poiiHux Cun Ykpainy,
IHIDUX OpraHiB CHJI OOOPOHM IUISXOM...OCHAICHHS
HOBHUMHM, 30KpeMa BHCOKOTEXHOJIOTIYHHMH, 3pa3KaMu
030po€HHS 1  BIHCHKOBOI  TEXHIKH...» HaralbHOIO
moTpebor0 € po3po0Ka Ta BIPOBAIKEHHS MOJIETIICHUX
BHUCOKOMIIIHUX CKJIOKOMITO3WTIB [UI1 BIJHOBJIEHHSI Ta
OpOHE3axWCTy CIeHialbHOI TEXHIKH, 0COOINBO B yMOBaX
BeZeHHs OoioBux niii. CydacHMII CTaH Ta IIPOTHO3
PO3BUTKY CHTYyaIlil, @ TAKOX KOHKPETHI MPOMO3UIIii 111010

CIPHUSTUME CKOPOYCHHIO 0€3[0BOPOTHUX OOHOBUX BTpAT
BIMCHKOBOCTY)XOOBIIIB 1 TEXHIKH Ta ITIIBHIICHHS
e¢(eKTUBHOCTI OOMOBHX MOXJIMBOCTCH  ITiJIPO3/ILTIB
36poiinnx Cun Ykpainu [1].

AHani3 cy4acHHX KOHCTPYKIIHHHMX MarepialiB s
BUpOOHMIITBa KoJlicHOI OponHpoBaHOi TexHikn (KBT) ta
TEXHIYHMX BHMOT JI0 HHMX Ha IIJCTaBl NPOBEACHHSA
YHCEThHUX BUTIPOOYBaHb pizHEX TUTIB
OpOoHEaBTOMOOITIB  JO3BONIMB BCTAaHOBHTH, IO [UIA
KapKaciB OpOHEMAallliH BHUKOPHUCTOBYIOTHECS 3BHYAIHI
KOHCTPYKILIHHI cTami, a ansi OpOHBOBaHOI OOIIMBKH —

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025
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creuiaibHi OpoHecTalli 3 BUCOKUMH XapaKTepHUCTHKaMHU
minHocTi (o = 1600-2000 MIla, ot = 1250-1450 MIla)
i TBepaocTi (500-650 HBV) [2].Takox [uist OpoHIOBaHHS
KBT pexoMeHIOBaHO 3aCTOCOBYBAaTH HOBI MapTCHCHTHI
cTalli 3 JOJaBaHHAM HIKETIO 1 THTaHy, SKi
XapaKTepU3yIOTHCS HaJBUCOKOIO MilHICTIO — cTanb 300 i
iami (CIHA). OmgHak momaTkoBe OpOHIOBAHHS 3HAYHO
3HIKYIO MOOUTBHICT TEXHIKHA BHACIIAOK JOJAaHOI Bard.

[lepcrieKTUBHUM HANpsIMKOM Ui OpPOHBOBAHOTO
3axucty BilicbkoBoi KBT  BBaxkaerbcs cydacHHid
MOJIyJIbHHI OpOHE3aXUCT 3 BHKOPUCTAHHSM HOBITHIX
KOMITO3UTHHX MarepiainiB. J[yis 3abe3nedeHHs sUBYy4OCTI
Ta O0O0€3MAaTHOCTI €KiMaky MAallMHUW Cy4YacHI ITacHBHI
CHUCTEMH  3aXUCTy MOEIHYIOTh  Pi3HI  €JIEMEHTH,
HAIpPUKJIAM, CTaJiecBy OpOHIO, KepaMidHi KOMIIO3UTHI
CHCTEeMHM, BKJIQIWIII Ta IHIN Cy4YacHI MaTepiaiu.
Bukopucranns ~ koMOiHamii  pi3HMX ~ MaTepialiB
3a0e3mneuye CyTTEBE 3MEHINCHHS aoaaTkoBoi Barm KBT
(mo  15-25 %), mo 3a0e3meynTh IMiABHUICHHS
MOOUTBHOCTI OpoHeaBTOMOOLTIB [2]. Opnnaxk
BUKOPHCTAHHS BITYM3HSHOI OpOHBOBAaHOI CTami Ui
aBiaIfiifHOT TEeXHIKM OOMEXYETHCS BHCOKOIO IHTOMOIO
Barol0 Ta CKJIAIHICTIO OJHOYACHOI'O 3a0e3IedeHHs IX
HEeOoOXI1THOT TBEPOCTI Ta yIapHoi B'I3KoCTi [3].

Ha panmii wac B YkpaiHi Bijiomi OpoHeeneMEeHTH
(BE) BiTUM3HSIHOTO Ta 3aKOPJOHHOTO BHPOOHHUITBA, SIKI
XapaKTepU3ylOThCSI ~ BHCOKMMH  €KCIUTyaTalliiHUMHU
BJIACTHBOCTSIMH. Jist  BIIHOBJEHHS Ta 3axHCTY
CHeLiaIbHOTO O0JIaHaHHS JIETKOOPOHBOBAHOI TEXHIKU
(JIBT) 3acTtocoBylOThCS —BITUM3HSHI KepamidHi Ta
KOMITO3HIiITHI OpOHEEeNIeMEeHTH, SKi MAlOTh 3HA4YHy Bary
abo BapTicTh, MpHUAATHI MO PEMOHTY JHIIE Yy
CTAalliOHApPHUX yMOBaX, MI0 CYTTEBO OOMexye iX
3aCTOCYBAaHHS JJIS aBialliiHOI TEXHIKH.

lupoxe 3aCTOCYBaHHS KOPYHIY Ta
KOMITO3MIIITHAX MarepiaiiB Ha OCHOBI Kepamika/crallb
[4], xepamika/momimep [5] oOMeXyeThCcs iX BHCOKOIO
MUTOMOIO Barol0 Ta HHU3BKOIO YJApHOIO B’S3KICTIO, a
BITUM3HSIHMUX KEpaMIiuHMX KOMIIO3HUTIB, 30KpeMa Ha
ocHoBi B4C-NbB2-SiC — BuCOKOIO BapTicTIO Ta
CKJIAIHICTIO TE€XHOJIOTIYHOTO MPOIleCy BUPOOHUIITBA [6].
Amnanoriyni oOMeXeHHsI XapakTepHi 1 st mpo3opux BE
Ha OCHOBI MOHOKpHcTalmiB (candip) Ta KepaMiuHHX
MmarepianiB  (OKCIHITpHI ~aIIOMiHIIO, MITiHENb), SKi
3a0e3neuyioTh  BHCOKMH  piBeHb  OpOHEecCTiHKOCTi
€JIEMEHTIB CKITIHHS aBiamiifHOI TeXHikH [7, 8], ale MaroTh
HU3bKi TOKa3HUKH B’ A3KOCTI pyHHYBaHHS [9].

[upoko 3acTocoByBaHI OaraTtomapoBi CTeKia
BKA3aHOTO NPH3HAUCHHS XapaKTEPU3YIOTHCS 3HAYHOIO
Barolo, HEJOCTATHIMH 3aXMCHHMH BIACTHBOCTAMH Ta
cxunpHICTIO 70 po3wmapyBanus [10]. Ile oGymosmtoe

BaKJIUBICTh PIIICHHSA HASABHOI MPOOJIEMH IILISIXOM
CTBOPEHHS KOMIIO3HIIIHHOTO BE HA  OCHOBI
BHUCOKOMIITHMX IOJISTIICHHX Ta MCHII BapTiCHUX

CKJIOKPUCTAIIYHUX MaTepiajliB, B TOMY YHCIi 3 BUCOKOIO
CBITJIONPOHUKHICTIO.

[upoke 3acrocyBanHs Kommo3uuliiiHnx BE Ha
OcHOBI ckioKkpuctamiyaux matepianis (CKM) (marniii-
Ta  JNTIHATIOMOCHIIKATHI ~ CHCTEMH)  OOMEXYEThCA
BHCOKHMH TeMIIepatypaMu ojepykaHHs [11], BapTicTio

CHPOBUHH, CKJIQJIHICTIO TEXHOJIOTIYHOTO PEXHMY Ta
HU3BKHMH TIOKa3HUKAMH B’S3KOCTI pyiHyBanHA [12].
BinmianicTio CKM Ha OCHOBI [IUCHIIIKATy IITIIO €
OIHOYACHE ITOC€IHAHHSI BHCOKOI MEXaHIYHOI MIIIHOCTI
Ui 3a0e3MedeHHsT CTIMKOCTI A0 il eHepropyHHYyHUnX
CKJIQJIOBHIX Ta 3aTHOCTI IOTIIMHATH 1 pO3CiIOBaTH yAapHi
HaBaHTAXXCHHSI. OpHak, OLIBIIICTD PpO3pobOoK
BIZIHOCSATBCS JI0 MPO30pUX a00 HAMIBIPO30PHX CHUTAIIB,
SIKi MalOTh HEBHCOKI MEXaHi4Hi BIacTUBOCTI [12].

[Mopsin 3 UM BayJIMBUM (aKTOPOM 3a0e3MedeHHS
KOMIUIEKCHOTO ~ 3aXHCTy TEXHIKM Ta  IIiJBHIICHHS
xwuBydocti BE B yMoBax Jiii cydyacHuX 3ac00iB ypakeHHs
€ po3poOKka X ONTHMAIBHOTO CKJIAAy Ta KOHCTPYKII.
Icayroui xoncTpykuii BE mnepen6adaroTs BimHOBICHHS
3aXMCTy JIMIIE TPH JIOBIOTPUBAJIOMY TEXHIYHOMY
obciyroByBanHi [6, 11]. Tomy akTyanpHOIO 3amadero
MiABHUINCHHAS HAAIHHOCTI 3aXHCTy aBiaIlifHOI TEXHIKH Y
TOMY YHCII TIPH ii CKIIIHHI, € po3po0Ka KOMITO3UIIHHIX
BE na ocnoBi mnonermennx CKM 3 BucOokuMH
eKCIUTyaTaI[IfHIMHI BJIACTHBOCTSIMH Ta PEryJbOBaHOIO
CBITJIOIIPOHUKHICTIO.

Merta podotn. Metoro naHoi poOoTH € po3podka
KOMIUIEKCHOTO ~ METOJIOJIOTIYHOr0  MAXOAy  LIOAO
CTBOPEHHSI  IIOJIETIIEHWX  CKJIOKOMIIO3MTIB IS
OpOHE3axHUCTy  CHEHiadbHOI  JETKOOPOHBOBAHOI  Ta
aBlaliiiHOT TEXHIKH.

Jnst focsTHeHHsI 03HAYeHOi MeTH OyJH MOCTaBIICHI
HACTYITHI 3aBIaHHS:

—  oOrpyHTyBaHHS pO3poOKH 3aXMCHHUX
OpoHeMaTepialiB Ta ii eKOHOMiYHA OUITbHICTE;

—  po3poOka OCHOBHOI iz1ei Ta pob0d01 rinoTe3u;

—  BHOIp HaTIPSIMKiB OCHIDKEHHS Ta
OOTpYHTYBaHHsI BHOOPY CKJIaJIiB CKIIOMAaTepiaiB;

—  BHOIp croco0iB MogudiKaIlil MaTepianis;

— BUOIp KOHCTPYKIIA  OpOHEENeMEeHTIB  JuIs
3aXMCTY CIIelialbHOi JIErKOOPOHbOBAHOI Ta aBialilHOI
TEXHIKH;

—  OlLiHKa KOHKYPEHTO31aTHOCTI.

Pesynbratn poGorm Ta ix oOrosopeHHs. 3a
JTAHUMH KOMILJIEKCHOT'O MapKETHHTOBOTO JOCIIKEHHS Y
2021 porii CBITOBHH PHHOK JIMCTOBOTO CKJIa OLIHIOBABCS
B 273,43 minbsapna pomapie CIIA, i ouikyeTscs, mo 3
2022 mo 2030 pik BiH 3pocrarume Ha 4,3% y
cepenHboMy Ha pik. s OaraTromapoBHX 3aXHCHHX
CTEKOJI PUHOK 3pOCTaTHUME 3 PIYHUMH TeMnamu 10 6,1 %
3 2021 mo 2032 poky i BignoBigHO ckiagatume Big 19,3
mo 34,4 minesipaa mponapis CIIIA. B Toii ke uac, 3a
JAHUMH MapKETHHTOBOT'O JIOCHI/PKEHHS! CBITOBUH PUHOK
OpOHBOBAHOTO CKJIa OLIIHIOBABCSA B 3 MUIbSPIM J0JIapiB
CIIA Bxe B 2018 pomi. 3 2021 mo 2031 poky Oyzae
criocTepirarucs oro nogasipiie 3poctanss (puc.l).

Opnak, B VYkpaiHi BupoOHHUTBO (roar-cKia
MPUNOMHEHO Yy  3B’A3Ky 3  IIOBHOMAacCIITaOHUM
BTOpPTrHeHHSAM. HaToMicTh BigdyBaeThCsl 3HAUHa 1MOTpeda
y 3aXHMCHHUX 0araToIlapoBHX CTEKJax, SKa BU3HAYAETHCS
HakazoM MOH Vxkpaiau Bixm 04.10.2023 Ne 1202 «IIpo
BHECCHHA 3MiH 70 Haka3zy Ne 1104 Bix 07.09.2023 p. 3a
m. 38 «TexHonorii BiZHOBIECHHS (PEMOHTY) aBiamilHOL
TeXHIKH JepKaBHOi aBiamii: iX By3miB, arperaris,
JeTajnei, KOMIDICKTyounx». [ 3a0esnedenHs moTped
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obopoHozaarHocti Ykpainu y 2025 pori BUTpaTH Ha
030poeHHSI Ta BIMCBKOBY TEXHIKY 3pOCTYThb MO
pekopauux 739 mapa rpH. BiTuu3HAHI mianpueMcTBa
00OpPOHHO-IIPOMHUCIIOBOTO  KOMIUIEKCY MAalOTh Hamip
HApOCTHTH CBOi BHPOOHWYI moTykHOCTI 10 30 Mipn
JI0JTapiB. Tomy po3poOka HOBUX BITYH3HSHHX
MaTepiaiiB 3 BUCOKOIO YIapHOIO MIITHICTIO 1 IX HACTYIIHE
BIPOBAJKEHHS y raiysi TPAHCIIOPTHOTO
MaImMHOOYyBaHHS 3a0€3MeUYnTh HANIHHWUN 3aXHCT Ta
3JATHICTG [0 IIBHJAKOIO BIJHOBJIEHHA asiamil Ta

2021 2022 2023 2024 2025 2026

AsiaTepKo-

CHemiaJbHOI TEXHIKH, YIIKO/KCHWX BHACTIJOK Iii
BUCOKOIIBUAKICHUX JUHAMIYHUX HABAHTAXKCHbD.
OCHOBHOIO  1[Ie€l0 € CTBOPEHHS MOJIETIEHUX
BHUCOKOMIITHIX OpOHEEIIEMEHTIB JIIs Ha CTYIHHX 3ajau:
BiTHOBJICHHS — CKJIIHHS TPO30PHX CKIIOKOMITO3HTIB 32
TEXHOJIOTIEI0 TPHUILICKCYBAHHS; IS 3aXUCTYy KOPIYCYy
TEXHIKH — BUKOPUCTAHHS JUCIIEPCHOKEPAMIYHOI PyXOMOL

ab0 HepyxoMoi KOMIIO3WIIHHOI OpoHI Ha OCHOBI
0TI () yHKIIOHATEHOTO CHTAIY.
2027 2028 2029 2030 2031 2032 2033

-ﬂiBHiillla Amupiu{a - GB]JDIH'I - TuxookeaHeskHi - Bauabkuii CXiJl i ﬁd)pl'll(ﬁ - niB}lEl-I'Im AdeH Ka

perion

Pucynox 1 — Punok 6ponpoBaHoro ckia (%) 3a perioHamu (2021-2033) [13]

BucokoMiIlHI CKIIOKOMITO3UTH IJIsi  OpPOHE3aXHCTY
aBialliifHOT Ta Ha3eMHOI CIEIiaJbHOI TEXHIKM Ha OCHOBI
YIAPOCTIHKUX HAHOCTPYKTYPOBAaHMX CKIIOKPUCTAIIYHHX
MartepiaiiB 3 HAHOJWCIEPCHOI CTPYKTYpOKO 32
MEXaHi3MOM (pa30BOTO PO3MOAUICHHS, SKUM BJIACTHBI
BUCOKI MIIIHOCTHI TIOKa3HHKH Ta eKCIUIyaTYIOThCS B
YMOBaX BHMCOKOIIBHJIKICHUX HHAMIYHMX HAaBaHTaXKCHb,
XapaKTepU3yIOThCs  3HIDKEHOIO BapTICTIO 1  Baroro,
TiIBUIICHOIO TEXHOJIOTIYHICTIO TIPH MOPIBHSAHHI 3 IIHPOKO
3aCTOCOBYBAaHUMH OpOHEMaTepianaMy TaKUMH SIK METaln
[3], y TomMy umcii ymapHOIO B’S3KICTIO IOPIBHSHO 3
KepaMiKoIo Ta KOMITO3UTaMH Ha X OCHOBI (KOpYHII, KapOix
KpeMHito, KapOim Oopy, mmiHenb, camdip, OKCHHITPHA
amoMiHifo [4-9]), GaratomapoBumu crexiamu [10] Ta
CKJIOKpUCTATIYHIMH Matepianami [9, 1, 12].

BigoMi CKIOKpHCTaIi4HI MaTepiaid 3 HAWBHIIHM
MOKA3HUKOM  TpirmHocTiikocri  1,3-3,5 MIla-m'"?
nepen0avyaoTh BHUCOKY TeMIIepaTypy BapKH BHXIIHHX
CTEKOJI JUISI OJIep)KaHHS CKIIOKPUCTAIIYHUX MaTepialliB Ta
Npollecy KpHcTali3amii, SKUH peami3yeTbCsi B yMOBax
TpuBanoi TepMigHOT 00poOkw [12].

Hogi HAHOCTPYKTYpPOBaHi CKJIOKPHCTATIYHI
Marepiani IS oJlep KaHHSA OpOHeeeMeHTIB
nependavyaoTh  ABOCTANIHHY  TepMiuHy  O0OpOOKY

Brpoxosxk Jmmie 0,5-1,0 romun Ta 3abe3neueHHs Kic =
8,0-12,0 MITa-m"? , YIapHY B’S3KIiCTh 6 K)LK/MZ; 3MIHHUI
MOJYJb TIPYXKHOCTI 00 €MHHX Ta MOBEPXHEBUX IIIapiB Bij
100 mo 400 TITla, onHOYaCHO  PETYNBOBAHY

CBITJIONPOHUKHICTH
(0-75 %) nns ckininuA Ta 3axucty [14, 15].
BpoHbOBa KOMIO3UIliS JISl JIOKAIBHOI'O 3aXUCTY

nepezdayae  CTBOPEHHS  IUCIIEPCHO-CKIOKEpaMivyHOT
oponi (JIKB):
1.  py#Hyrounmii map €  CHCTEMOI 3

CKJIOKOMIIO3HUIIIHHNX €JIEMEHTIB, 3B'I3aHUX MIK COOOI0
MOJIiIMEpPOM, EHEProNOTJIMHAIOYMI IIap BUKOHAHMH 3
apaMiTHOT TKaHMHU Ta MeTajty (MOPUCTHH afoMiHill);

2. py¥iHyrouuit map € CUCTEMOIO
CKJIOKOMIIO3UIIIfHUX ~ €JIEMEHTIB Y  BHIUIAOI  Til
oOepTaHHs, $Ki pO3MIMIEHO Y BUIBHOMY MPOCTOPI
(hro3emspKy ¥ 37aTHI OO TEpEMIMIeHHS IMPH MOPYIICHHI
LITICHOCTI KOHCTPYKIIi.

IlepeBarm JIKB: BHCOKa XKHUBYYiCTh; HH3BKHHA
«KpaiioBuil» e(deKT; 3HIKEHa BapTICTh; NPOCTOTAa Ta
HaAilHICTh TEXHOJIOTIT BUTOTOBJICHHS; BHCOKA
PEMOHTONPUIATHICTb, IO JI03BOJISIE IPOBOIUTH ILIBUIKE
Ta MPOCTe YCYHEHHs OOHOBHUX ITOIIKO/PKEHb (pHC. 2).

Po3MileHHST  CKIIOKEpaMiYHOTO — CEpACYHUKY Y
MOPSIIKY HA0Opy OJKONMHUX KOMIPOK  JTO3BOJIHUTH
e(peKTUBHO TIOTVIMHATH CHEPrilo  ynapy 3aBIsKH
HaHOCTPYKTYPYBAaHHIO CTEKOJl Ta pPyWHYBaTH YAapHHUK
3aBSIKM 0araTopa3oBOMY BIAXWJICHHIO SHEprii 3BYKOBOi
XBUIII Ta MaTepiary ynapauka [16].

BpoHeeseMeHTH Ha OCHOBI HaHOCTPYKTYPOBaHHX
CKJIOKPUCTAIYHUX MarepiaiiB  BiJIIOBIIAIOTH BUMOTaM
BCT 01.055.001 — 2021 (01) mns 3acTtocyBaHHS SIK
MIACHBHOT'O 3aXHCTY JIETKOOPOHBOBAHOI TEXHIKH.
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Pucynok 2 — JlucniepcHO-CKIOKEpaMidYHHN OpOHEEIEMEHT

BpoHbOBa KOMITO3UIIIS TS CKITIHHS Tiependadae
CTBOpPCHHA  0araTtomapoBOi  CKJIOKOMIIO3HUINI  3a
TEXHOJIOTIEI0 TPHUIDICKCYBAHHS: €HEPrOpYHHYIOUHH IIap
— MpO30pHil cHTal 3 3aXHUCHUMHU TiAPOoOOHUMH Ta
€JIEKTPOIIPOBIIHUMH ITUTIBKAMH / CHEPrONOTIMHAIOYHA
map — mnojiMmep. 30UIbIIEHHS CTilKOCTI BUpOOYy 10
po3LIapyBaHHS NpPU BIUIMBI TEMIIEpaTypu Ta BOJOTHU
JIOCSITAETHCSI  3aBISKH  3aOBHEHHIO  MDKCKIISIHOTO
MIPOCTOPY TMOJIIMEPHOIO TLTIBKOIO.

Hdns  3abesneuenHs kiacy cridikocti CK-4
(ACTY 4546:2008, EN 1063:1999) mnependaucna
KOHCTPYKIiS CIEIaTbHOTO IIapyBaTOTO THIY, SKa
JTO3BOJITH BABIUI 3HU3UTH Bary OpOHEIIACTUHH IPH
MOPIBHSHHI 31 CKJIOM TOBIIUHOKO 167,4+0,5 MM (puc. 3).

I

Cki0 -—q-___:___

HoniMepé:_

ITniBka

Pucynok 3 — Cxema KOHCTPYKIIiT OpOHE3aXUCHOTO
0araToIIapoBOro CKJIOKOMIIO3UIIITHOTO MaTepialy

3arajbHOI0 TEHJEHIIEK € 30LUIbIICHHS YacTKH
KIiHIIEBOI MPOJYKIIii 3 BUCOKOIO JOJAHOK BApTICTIO, KA
3IIHCHIOETHCS [UISIXOM Moaugikarii MTOBEPXHI
CKJIOKPUCTATIYHIX MaTepiajiB, MeXaHI9YHOI 0OpOOKH Ta
TePMOANHAMIYHIMHA TporiecaMu 3 IJIEOBUMH
CHeLiaIbHUMHU BJIACTHBOCTSAMH, BKJIIOYAIOYHM [IMPOKHIA
CHeKTp (yHKIIOHATFHUX MOKPHUTTIB [17].

OriHKka KOHKYPEHTO3IAaTHOCTI  OpOHEEICMEHTIB
JI03BOJIA€C  BCTAHOBHUTH, IO CKJIOKOMIIO3UTH ISt

OpoHe3axucTy BiXl
AHAJIOTIB:

— 3HAYHO MEHILOIO BAarolo Ta BapTiCTIO 32 PaXyHOK
3aCTOCYBaHHS y KOHCTPYKILi TIOJIETIIEHNUX
CKJIOKPUCTATIYHIX  MaTepiaiiB, fKi  BiIPI3HAIOTHCA
3HM)KEHUM BMICTOM BapTiCHUX KOMIIOHEHTIB;

— OINBIIOI  TEXHOJIOTIYHICTIO 338  PaxyHOK
3HW)KEHHS TEMIIEpaTypd Ta TPHUBAIOCTI CHHTE3y U
ONTHMI3alil TEXHOJOTIYHOTO MPOLECY Ta BUKOPHCTAHHS
€KOJIOTTYHO Oe31eYHOT BITYN3HIHOT CUPOBUHH;

— OpOHECTIHKICTIO, Pamionpo30picTio,
PEryIbOBaHOIO CBITJIONPOHHUKHICTIO HA PIBHI CBITOBHX
aHAJOTiB 3a paxyHOK 3a0e3meyeHHs JIOCKOHAJIOCTI
HAHOCTPYKTYpHU IpoOIISII0ro niapy;

— BHCOKOIO JXHBYYICTIO 3a paxyHOK 3JaTHOCTi
JIPOOISIOTO CKIOKPHCTANIYHOTO MIapy OJOKyBaTH Ta
3aIKOBYBAaTH TPILIMHH, pPYHHYBaTH CEpACYHHK Ta
PO3cifoBaTH €HEPTilo yaapy;

— PEMOHTO3JATHICTIO  3aBISKH  3aCTOCYBAaHHIO
CaMOBITHOBJIIOBaHOI ~ PYXOMOi  JUCIEPCHOKEPaMiuHOT
OpoHi Ta HIBUAKOIO 3aMiHOIO JpOOIITIOrOo
CKJIOKPHUCTAJIIYHOTO IIapy.

Peanizariis  BKa3aHOTO  METOJOJIOTIYHOTO X0y
OZIep>KaHHs Ta BIPOBa/PKEHHS B MPAKTUKY
CKJIOKOMITO3HMIIIHHIX MaTepiajiB HOBOTO THITy JO3BOJIUTH
MIBUIMTH  OOOPOHO3MATHICT  KpaiHW,  3a0e3mednTH
IIBUJKAM PEMOHT Ta HAAIMHY EKCIUTyaTalilo 3aXHCHUX
€JIEMEHTIB B yMOBaX BHCOKOIIBHAKICHUX TEPMO-MEXaHIqHHX
HaBaHTA)KEHh Ta 3HAYHO 3HIBUTH IMIIOPTO3ANICXKHICTH
000POHHOTO KOMIUIEKCY B YMOBAaX HAI3BUYAHHIX 1 KPU3OBHX
CHTYaI[Ili: BINCHKOBIX KOH(ITIKTIB Ta KaTacTpod

BucHoBkmu. Po3pobaeHo KOMIUIEKCHUMN
METOAOTIYHHIA MIAXIJ II0J0 PO3POOKH MOJETIICHUX
CKJIOKOMIIO3UTIB Uil OpOHE3axHCTy  CHeLiabHOT
JIErKOOPOHBOBAHOT Ta aBialifHOT TEXHIKH, SKUH MOJIsrae
y TEOpeTHYHOMY OOIpPYyHTYBaHHI BHOOpY CKIIaiB
OpoHeeJeMeHTIB 1X KOHCTPYKLii Ta omiHmi  ix
KOHKYPEHTO3aTHOCTI 3 ypaxyBaHHSM BiAIIOBiJHOCTI
MDKHApOJIHHUM CTaHJapTaM.

BusnradueHo comianbHUNA Ta eKOHOMIYHHN €EKT Bix
BIIPOBADKEHHS PO3pO0NIeHNX CcKIokommosuiiitanx BE,
SKUM TONATae y BHPIMICHHI TOTPeOM HEBapTICHUX
nmonermennx BE Ta MoximBocTi ix OesmepebiiHOTO

BIJIPI3HATHMYTHCS ICHYIOUHX
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MOCTa4YaHHS Al  HAAIMHOTO 3aXHCTy TEXHIKH 1
MEPCOHATy  Bil  BHCOKOMIBHAKICHHX  MEXaHIYHUX
ypaXeHb Ta IIBHIKOTO BiJHOBICHHS OpOHBOBAHOI
TEXHIKH B YMOBax BefieHHs 0010. [Ipaktuanuii eQexT Bix
BUKOPUCTaHHS  Pe3yJbTaTiB  JO3BOJHTb  CYTTEBO
MiABUIUTA  KOHKYPEHTOCIPOMOXKHICTh ~ BITYM3HSHUX
BUPOOIB 32 paXyHOK 3HMXKEHHsI 1X BapTOCTI Ta 3HU3HUTh
IMIIOPTO3aJIEKHICTh y Taldy3i OOOPOHHUX TEXHOJIOTIH,
aBiaOyJqyBaHHs 3a paxyHOK iX BHCOKHX TEXHIKO-
E€KOHOMIYHUX XapaKTEePUCTHK.

3acTocyBaHHS MOJICTIICHUX CKJIOKOMITO3HIIIHHIX
OpoHeeneMeHTIiB Uil CKJIIHHS Ta 3axHCTy TEXHIKH
IIJISIXOM CTBOPEHHS BITYM3HSIHUX KOHCTPYKIIN HAa OCHOBI
HAHOCTPYKTYPOBaHHX CKJIOKPHUCTATIYHUX MaTepiaiB, sKi
BIZIPI3HATUMYTBCS BiJl ICHYIOUMX 3HayHO MEHIIOIO
BapTICTIO, KpaIIOI0 TEXHOJIOTIYHICTIO, JKUBYYICTIO,
PEMOHTONPUIATHICTIO Ta 3HAYCHHAM OpOHECTIIKOCTI Ha
piBHI CBITOBHX aHAJIOTIB MTOJIETIIICHUX
CKJIOKOMIIO3HIIIMHUX  OpOHEECNIEMEHTIB  CIPHUATHME
KOMIUIEKCHOMY  BHpIIIEHHIO  mpobiemu  Oe3mexd
0Cc000BOTO CKJIAAY Ta 3MEHIIEHHIO BTPAT IIPH BHKOHAHHI
0oiioBuX 3aa4.
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INDUSTRY 4.0 TECHNOLOGIES IN THE DESIGN OF RELIABLE SYSTEMS IN CHEMICAL
ENGINEERING

Reliable systems engineering in chemical engineering is a multifaceted field that encompasses the application of principles to enhance the
dependability and integrates various methodologies and tools to ensure the dependability and safety of chemical processes of chemical processes and
systems. It is involves a variety of approaches, including reliability prediction and analysis, maintenance strategies, safety considerations, risk
assessment, fault diagnosis, failure prevention, and optimization techniques. The evolution of reliability engineering has been driven by the increasing
complexity of systems and the need for a quantitative framework to ensure industry system safety and risk analysis. The article showed the
relationship between big data, Al and reliable systems engineering in chemical engineering. Al tools and techniques support the principles of
reliability engineering to create more efficient, safe, and sustainable chemical processes and equipment. Artificial Intelligence enhances real-time
surveillance and early detection of irregularities for fault identification and diagnostics, diminishing the likelihood of severe breakdowns and
bolstering system dependability. New technologies are transforming the way chemical processes are designed, optimized, and controlled, leading to
improved efficiency, cost savings, and increased industrial safety. Applying reliability engineering principles throughout the system engineering
lifecycle, from concept to retirement, is essential for improving system performance and includes activities such as requirements development, design
input, and reliability growth. This conception involves not only technical aspects of reliability and risk management but also embraces sustainability
and the broader impact of chemical engineering on society and the environment.

Keywords: chemical engineering, circular economy, reliability engineering, fault detection, optimization, industry 4.0, process and product
design, process control, sustainable development

B. ®. MOICEEB, €. B. MAHOHIIO, 0. 0. JKYT'A, /I. B. IABHJIOB, M. M. MOCKAJTH

TEXHOJIOT'Ti IHAYCTPII 4.0 Y IPOEKTYBAHHI HAJIIMHUX CUCTEM Y XIMIYHOMY
MAIINMHOBYAYBAHHI

Hapniitna cucteMoTexHika B XiMiyHIH iH)KEHEpil OXOIUIIOE 3aCTOCYBAaHHS NPHHIMIIB IiJBHIIEHHS HaXiHOCTI Ta iHTErpye pisHi meromosiorii Ta
IHCTPYMEHTH Juis 3a0e3neYeHHs HaJiifHOCTI Ta Oe3MeKH XiMIYHUX MPOLECiB, XIMiYHUX BUPOOHUIITB Ta CUCTEM. BOHa BKIIIOYA€E Pi3HOMAHITHI MiAX0AH,
B TOMY YHCJIi NIPOTHO3YBaHHS 1 aHaNi3 HaAIlfHOCTI, CTpaTerii TEXHIYHOTO OOCIYrOBYBaHHS, MIpKyBaHHS OE3II€KH, OLIHKY PU3HKIB, NiarHOCTHKY
HECIIPaBHOCTEH, 3arnobiraHHs BigMoBaM i MeToau onrtuMisauii. EBomtonis imxeHepii HaaiitHOCTI Oyia 3yMOBJICHA 3pOCTAHHAM CKJIAHOCTI CHCTEM i
noTpedor0 B KUIBKICHIN OCHOBI /IS CIIPHUSHHA Oe3Meli IMPOMMCIOBUX CHCTEM 1 aHajli3y pU3HKIB. Y CTATTi MOKAa3aHO B3a€EMO3B'SA30K MK BETUKHMH
JaHUMHM, IITYYHUM IiHTEIEKTOM Ta IHXKEHepi€l0 HaJiHOCTI CHCTeM Y XIMIUHIH IPOMHCIOBOCTi. IHCTpYMEHTH i METOAM MITYYHOIO IHTENEKTY
MATPUMYIOTh TPHHLHUIN (HKEHepii HaTiHHOCTI A CTBOpEeHHs Oinbll epeKTHBHHX, OC3MeYHHX 1 CTIMKMX XIMIYHHX MpoueciB i obiagHaHHSI.
IlTy4nuii iHTENEKT MOKpALIye CIIOCTEPEKEHHS B PEXUMI PEATbHOTO 4acy 1 paHHE BHSBICHHS IMOPYILEHb Ui ineHTH(iKauii Ta JiarHOCTHUKH
HECIPaBHOCTEH, 3MEHIITYIOUH HMOBIPHICTE CepHO3HMX MOJOMOK 1 IiJBHIYIOUH HaJiHHICTh IPOMHUCIOBUX cucteM. HoBi TexHomOTi TpaHChOpMyIOTh
CIOCOOM MPOEKTYBAaHHS, ONTUMI3allii Ta KOHTPOJIIO XiMIYHHX MPOLECIB, 0 MPU3BOAUTH IO MiABHIICHHS e(hEKTHBHOCTI MIAIPEMCTB rany3i, eKOHOMIT
KOIUTIB 1 MiZBUIIEHHS MPOMHCIOBOI Oe3neku. 3acToCyBaHHS MPUHILMUIIB iHXEHepii HaJIHHOCTI MPOTIATOM YChOTO JKHTTEBOTO IHKIY Ma€ BAKIUBE
3HAYEHHS JUIS MiBUINCHHS MPOXYKTHBHOCTI 1 BKIIOYae B cebe Taki BUMH IisUTBHOCTI, IK pPO3poOKka BUMOT, IPOSKTYBAHHS 1 ITi/IBUIICHHS HaJIHHOCTI.
LIst KOHIIEMIIisI BKITIOYAE HE JIMIIE TEXHIYHI acMeKTH HaIIHOCTI Ta yHpaBiIiHHS PU3MKAMH, aje i OXOIUIIOE MUTAHHS CTANOr0 PO3BHUTKY 1 IIMPIIUH
BIUIMB XIMi4HOT iH)KeHepil Ha CyCHIBCTBO Ta HABKOJHMIIHE CEPEIOBUILE.

KuouoBi cioBa: ximiyHe MammHOOYAyBaHHS, IUPKYISIPHA SKOHOMIKA, IH)KEHEpis HaIiHHOCTI, BHUSBICHHS HECIPAaBHOCTEH, ONTHMI3allif,
inayctpist 4.0, IPOEKTYBaHHS MPOLECIB 1 MPOAYKTIB, YIPABIIHHS NPOLIECAMH, CTAIHH PO3BHTOK

Introduction. Chemical engineering is a discipline
within engineering that employs the tenets of chemistry,
physics, and mathematics to examine the fundamental
laws of energy, substance, and momentum change, as
well as reactions, in order to harness energy and materials
in a more effective, lucrative, and secure manner within
the chemical sector. Currently, the chemical sector
confronts a multitude of formidable issues, including
scarcity of raw materials, elevated energy usage, and
stringent  safety and environmental regulations,
compelling both the industry and research institutions to
innovate and create novel technologies, catalysts, and
substances.

Certain Al methodologies have been implemented in
the processing sector. For instance, deep learning, an
increasingly prevalent Al strategy, has proven its merit in
identifying operational patterns, pinpointing malfunctions,
and conducting hazard assessments during the refinement
stages. Additional recent AI developments, such as
reinforcement learning, statistical machine learning, and
evolutionary algorithms, show potential in addressing

challenges related to oil profiling, process simulation and
enhancement, strategic decision-making, environmental
awareness, and self-governing smart regulation for a
range of issues in the chemical sector [1]. Consequently,
it is both opportune and critically vital to profoundly
amalgamate Al technologies with the chemical industry to
attain superior catalysts, precise management, ideal
planning, and operational strategies with the support of
sensors, anticipatory comprehension, big data, and
autonomous learning.

Current status of the problem. The development
and implementation of a new model for the development
of the chemical industry that would meet the current
global neo-industrial changes and challenges within the
framework of Industry 4.0 is an urgent scientific and
practical task. Therefore, the study of the essence,
features and global experience of modern transformations
of chemical production in the context of Industry 4.0 is
the basis of this study.

Industry 4.0 is one of the leading newest concepts of
modern industrial development, which reflects the
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prospects and challenges of the massive introduction of
Cyber-Physical Systems (CPS) into production and
various spheres of human activity [2]. The term was
coined in 2011 to describe the process of radical
transformation of global value chains. The concept of
Industry 4.0 (in the German version) was further
developed as a coordinated initiative of the scientific
community, business and government agencies to
mobilize national resources to accelerate technological
change and ensure Germany's strong international
position in global industrial production [3]. At the same
time, the sectoral aspect is of great importance in the
development of scientific and applied issues of
implementing the Industry 4.0 concept.

Today, the world is actively developing Chemicals
4.0, which can be viewed as an industry-specific notion
for implementing the basics of the Fourth Industrial
Revolution [4]. This represents a pioneering framework
aimed at elevating chemical technologies, manufacturing,
and markets to an unprecedented level by consistently
integrating smart innovations along with information and
communication technologies. The international chemical
business leaders understand the enormous potential of
Chemicals 4.0 and its importance for maintaining
(increasing) strategic benefits in the near future and are
making significant efforts to secure their dominant roles
in the smart neo-industrialization processes [5].

Current active scientific and analytical research,
practical developments, and industry discussions are
centered on the substance and nuances of the Industry 4.0
concept within the chemical sector, the methods of its
execution, potential impacts, strategies for employing
specific  (mainly digital) technologies, and the
organization and advancement of chemical manufacturing
through smart innovations. [6]. The specificity of
chemical production lies in the large range of chemical
products, which ensures their participation in various
product chains.

The intrinsic facet of changes underpinned by
Chemicals 4.0 pertains to the innovative overhaul and
modernization of the chemical production process itself,
encompassing  its  intellectualization,  automation,
digitization, and the integration of intelligent
technologies. The contemporary methodology entails
deploying information systems and digital innovations
across the entire value chain, which includes modeling,
designing, operating, logistics, and the management and
monitoring of chemical processes [8]. Innovations created
with the support and on the basis of information systems
and technologies provide a reduction in product and
technology development time (by 20-40%) and savings in
related costs.

Chemicals 4.0 is transforming technologies,
processes, operations, markets, and the rules of
competition, while simultaneously serving as a catalyst
and supplying the tools necessary to address other major
trends, such as smart solutions for energy efficiency or
tailored products and services [9]. Chemicals 4.0 is based
on new technologies, in particular cyber-physical systems,

but it should be viewed in a broader perspective - in terms
of production growth, efficiency, new business
opportunities and new business models [10].

A hallmark of Industry 4.0 is the concept of Smart
Factories. According to the authors of [11], based from
the provided definitions of CPS (Cyber-Physical Systems)
and IoT (Internet of Things), a Smart Factory can be
characterized as a manufacturing environment where CPS
interacts with IoT, thereby aiding both humans and
machines in executing their functions.

The Internet of Things (IoT) concept pertains to
networks comprising objects equipped with embedded
devices designed to transmit and exchange data between
the physical world and computer systems [12]. IoT
provides chemical businesses with new opportunities to
launch new products, increase productivity and product
quality, improve technical support, establish new
partnerships, reduce costs, minimize supply chain issues,
and improve safety [13].

For example, emergency shutdowns and
unscheduled maintenance are a well-known problem in
the chemical industry. "Smart technologies offer a
solution to this problem based on predictive maintenance
using sensors, analytics and real-time data, which allows
for the prevention of failures and quick response to
critical situations.

Other important features of Chemicals 4.0 are the
processes of individualizing products and services and
customizing production [14]. This allows for the use of
long tail strategies, avoiding price competition and
generating added value. As consumer interaction with the
digital environment deepens, the ability to analyze
individual preferences and thus customize offers is also
growing.

Industry 4.0 aids chemical firms in optimizing their
supply chains through enhanced process visibility within
these chains, considering end-user requirements.
Moreover, forecasting demand trends using Big Data
enables the circumvention of the inherent excessive
complexity in chemical markets, minimizes risks, and
facilitates the rapid restructuring of production systems
and supply chains [15].

Research methodology. This article is part of a
study aimed at identifying opportunities to integrate
Industry 4.0 technologies into the practice of chemical
engineering as well as the chemical industry to facilitate
the subsequent implementation of the circular economy.
The scientific method used was related to the analysis of
literature sources, articles and studies as well as existing
industrial practices. It was a systematic approach to
collecting, evaluating and interpreting scientific
information. It was a systematic approach to collecting,
evaluating and interpreting scientific information.

The process involved an extensive literature review
to ascertain the present level of understanding in the field
of study. Literature analysis included a critical
examination of data, methodologies, results and
conclusions. The review of research articles and studies
emphasized scientific rigor, including reliability and

10
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validity of results.

The theoretical analysis conducted in this paper was
based on a set of articles searched using a combination of
the keywords '"chemical engineering", ‘"reliability
improvement", "i4.0" and "Industry 4.0" in the Scopus
and Web of Science databases. The analysis of existing
production practices involved the assessment of
efficiency, economy and safety of production processes,
as well as their compliance with environmental standards
and regulations. An important aspect was the
identification of bottlenecks and areas subject to
improvement and innovation, which also included the
development and application of new technologies and
optimization of production and business processes.

Research results. The primary characteristic of
Industry 4.0 involves the digital overhaul across all
economic sectors and specific business operations,
coupled with the extensive deployment of cyber-physical
systems (CPS) in manufacturing, the broad application of
the industrial Internet of Things (IoT), and the utilization
of artificial intelligence [1]. Within the industrial sector,
the present phase of digital technology evolution is
intricately linked to the concept of Industry 4.0. In our
view, it represents a comprehensive and complex process
of merging physical objects, human participants,
intelligent machinery, and production lines into a unified
automated information system.

In the Chemicals 4.0 environment, the boundaries of
individual enterprises are shifting, and production and
economic systems are becoming open and transparent.
New technologies promote the development of various
forms of integration, networking, and outsourcing
processes. Unlike traditional approaches that involve the
integrated management of horizontal and vertical
synergies. Chemicals 4.0 introduces enhanced self-
organized coordination via the Internet of Things, which
is gathering pace and fostering flexibility along with a
novel form of synergy.

Strategic emphasis is shifting to value chain
networks and virtual partnerships. A crucial element of
contemporary transformations is industrial digitalization.
The chemicals sector is also undergoing profound digital
changes: firms are digitizing essential functions within
internal systems and across partnerships along the entire
value chain. Furthermore, they are enhancing their
product portfolios with digital attributes and launching
innovative data-driven services. The above features of
Chemical Industry 4.0 indicate a fundamental change in
the principles of organization and management of
chemical production and require the study and
involvement of global experience in the implementation
of smart industrialization. The distinction between these
two approaches is presented in Table 1. These can be
applied at various stages of the chemical value chain or
integrated with one another.

When planning and implementing the Chemicals 4.0
concept, the entire set of transformational decisions and
actions should be presented in the form of a multi-level
structure in Table 2.

In Chemicals 4.0, traditional business boundaries are
dissolving. The industry is moving from rigid synergies to
flexible, self-organized coordination through IoT.
Companies are digitizing internal operations and
partnerships, enhancing products with digital features, and
introducing data-driven services. These changes signal a
fundamental shift in chemical production management,
necessitating global expertise in smart industrialization.

Table 1 — The impact of Industry 4.0 on the
chemical Industry

Main goals Scope of Influence
action tools

1. The direction of influence is operational activity

Intelligent asset management:
maximizing asset utilization
and minimizing unplanned
downtime

Process management and
control: minimizing product
variability and improving
quality

Energy management: reducing
energy costs and evaluating
alternative energy sources
Security management: real-
time monitoring of assets,
processes, personnel and
products

Production modeling:
increasing the level of operator
training, production planning
and timely commissioning

Improved
perfor-
mance

"Smart"
production

Security management: real-
time monitoring of assets,
processes, personnel and
products

Demand forecasting: adjusting
production tasks according to
changing customer requests

Supply
chain
planning

Risk
reduction

2. The direction of influence is business growth

Development of new products
to increase revenues

Obtaining Research Advanced analytics for
additional and deve- material selection
income lopment 4D printing for the
development of modern
materials
Intelligent products for the use
of chemicals
. " " Services for data transmission
Generating Smart . .
aimed at boosting current
new products and
. . revenues
income services

Creating new revenue streams
by directly integrating into
customer operations
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Table 2 — Solution architecture in the context of
chemical industry transformation
Level Content of transformations

Integration of IoT platform integration, including

technologies technology, data architecture and
scalability

Data Data integration and validation, big data

management infrastructure, management

Advanced Intelligent data analysis, modeling,

analytics optimization

Digital interface | Delivery of information to the point of
use is flexible and customer-oriented
Marketing and production strategies,
ways to rebuild the operating model for
value delivery

Chemical plants are characterized by the following
technologies:

e Data Science involves mathematical and
algorithmic techniques tailored for the effective creation of
digital twins. It encompasses a collection of methods and
practices aimed at addressing complex issues and
analyzing data, including: design, modeling using machine
learning  techniques, evaluation and verification,
visualization;

e ERP systems based on SAP — a designer of
interconnected  modules of  production  process
management. The SAP ERP enterprise resource
management system offers all the essential functions for
implementing self-service information services and SAP
ERP analytics;

e A corporate information system founded on ERP
(enterprise resource planning) methodology is designed to
attain optimal business process management;

e APC or Advanced Process Control;

e Drones, also known as UAVs (Unmanned Aerial
Vehicles), vary in configuration depending on the industry
of the facility and the tasks they are designated to perform.

These technologies at industrial enterprises
contribute to improving the quality of manufactured
products, organizing the process of document flow,
reducing production costs, reducing a range of risks and
losses, while also streamlining business operations [16].

In addition, there are a number of Industry 4.0
technologies that are of most interest to the chemical and
petrochemical industries. The main tools and technologies
of Industry 4.0 to improve the efficiency of enterprises in
the chemical and petrochemical industry:

e Automation and robotics. Manufacturing systems
featuring three or more degrees of freedom, utilizing

Business
imperatives

sensors and artificial intelligence for enhanced
functionality.
o Distributed ledger technologies (blockchain)

involve algorithms and protocols for decentralized storage
and processing of transactions, structured as a sequence of
interconnected blocks, without the capability for their
subsequent alteration.

o Big Data. Technologies for gathering, processing,
and storing large and rapidly changing arrays of both
structured and unstructured information, necessitating

specialized tools and methodologies for handling them,
including real-time data management.

o Artificial Intelligence refers to a combination of
software and hardware that, with a certain level of
autonomy, can perceive information, learn, and make
decisions based on the analysis of large datasets, including
the imitation of human behavior.

¢ 3D printing. Additive technologies for equipment
improvement.

o Wireless Communication Technologies
encompass methods for transmitting data via a
standardized radio interface, eliminating the need for
wired system connections.

e New manufacturing technologies. Technologies
aimed at enhancing the efficiency of resource utilization,
as well as the design and manufacturing of individual
items.

e The Industrial Internet refers to data networks that
link devices within the manufacturing sector, equipped
with sensors and capable of interacting with each other
and the external environment autonomously, without
human intervention.

Recommendations for successfully building a
Chemicals 4.0 solution architecture are as follows.

The starting point of transformation should be those
areas, processes, products and supply chains where the
company has significant experience and competencies and
a good understanding of the sources and ways to attract
new ideas, and then move on to newer and more complex
areas of activity;

To fully realize the potential of Chemicals 4.0, it is
necessary to create a multifunctional team, as the
competencies required in the architecture are in different
functional areas;

It is necessary to form an appropriate ecosystem and
be an active part of it, since the application of Big Data
infrastructure and the use of Chemicals 4.0 opportunities
require large amounts of relevant information, most of
which should come through partner networks;

Open standards, which are shared among producers
and are platform-independent, are the basis for horizontal
and vertical integration, and thus ensure unimpeded
exchange of information across value chains;

Due to close cooperation with ecosystem partners,
cyber risk management, including data protection, should
become an important element;

An appropriate strategy should be the basis for
transformations in the direction of Chemicals 4.0, which
should be well correlated with the overall business goals;

Developing a business strategy, it is necessary to
take a global view and look for global operational
perspectives through global value chains.

Exploring the utilization of Industry 4.0 technologies
further, we can examine the integration of artificial
intelligence technology within the framework of
automating production processes. The idea of automation
is by no means new, but its content has changed
dramatically over time. At first, at the first stage of
automation, it was about mechanization of the process.
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From the beginning of the last century, the use of
electricity and knowledge of electrical engineering and
electronics came to the fore. This was the second stage of
automation. Today, in the third stage, there is an
increasing emphasis on computing and information
technology, leading to the digitization of the product
development and manufacturing process. This direction is
a new area of industry development that is just beginning
to unlock its potential. Currently, many companies are
already using Al to automate production processes, but
the process is far from complete. Al technologies include
computer vision, image segmentation, text tasks, working
with spreadsheet data, time series, optimization tasks,
recommendation systems, and much more. The process of
introducing artificial intelligence into production
automation tools can be divided into several stages:

1. Analyze the company's needs and identify areas
where Al can be applied to automate production.

2. Selecting the right technologies and tools to
implement Al in manufacturing processes.

3. Developing and testing prototypes of the Al
system to be used in manufacturing.

4. Implementation of the Al system into the
production environment and training of personnel on the
new technologies.

5. Evaluating the effectiveness of the Al system and
its impact on manufacturing processes, and adjusting the
system according to the results of the evaluation.

6. Continuous improvement of the Al system and its
adaptation to changing market conditions and consumer
needs.

It's crucial to highlight that the implementation of Al
technologies into production requires significant financial
and time costs, so companies should carefully assess their
capabilities and needs before starting the implementation
process. However, if implemented correctly, the use of Al
can significantly improve a company's efficiency and
competitiveness.

First of all, industrial automation means a significant
increase in the reliability and efficiency of production.
Not only does it reduce the ongoing costs of production in
the medium to long term by transferring operations that
could previously only be performed by humans to
machines, it also reduces the number of errors that occur.
The focus of Al applications in industry is on automating
product development, production planning and
manufacturing processes. The primary goals are:
increased productivity, more flexible production, shorter
production times, easier human labor, lower price, and
improved quality.

To supplement and/or replace human skills or
actions, technical devices switch between humans and
machines to enable a more autonomous production
process. Technical equipment refers to the fields of
sensors/actuators, regulation, control, information,
communication, management and/or robotics. Some
industries with great potential for automation are listed as
examples: automotive; mechanical engineering; food

processing;  medical chemical and
pharmaceutical industries.

Let's delve deeper into some of the applications of
Al in automation across industries. In the manufacturing
sector, Al plays an important role as its integration into
production allows workers to focus on higher value-added
jobs, avoiding repetitive and tedious tasks, increasing
reliability and efficiency and simplifying the entire
production system. Artificial intelligence-based systems
are the next step after robotics to increase productivity
and minimize production costs.

The application of artificial intelligence in factory
automation offers tremendous opportunities to improve
the efficiency and quality of manufacturing processes.
However, challenges and limitations related to lack of
expertise, data security issues, and ethical considerations
must be taken into account. Transformation of economy
and production processes in the conditions of Industry 4.0
is connected with the revolution of intelligent production
and introduction of cyber-physical systems. At the same
time, it creates numerous challenges for enterprises,
technologies, human resources, and challenges in socio-
technical systems. These challenges must be addressed
with appropriate methods and tools. In addition, the
interaction between people and machines requires the
right concepts - efficient and safe.

An example of such modern integration is the use of
interfaces at chemical and petrochemical enterprises using
the NAMUR standard.

NAMUR modules (Normenarbeitsgemeinschaft fiir
Mess- und Regeltechnik in der Chemischen Industrie) are
used in the chemical industry to standardize and increase
the reliability of measurement and process control [17].
They ensure compatibility between different devices and
automation systems, which is particularly important in
complex production environments.

The main application possibilities of NAMUR
modules include:

1. Measurement and control. They are used to
monitor parameters such as pressure, temperature and
level to maintain optimum conditions in reactors and
industrial plants.

2. Interfaces for sensors. NAMUR modules often
serve as interfaces between sensors and control systems,
ensuring accurate data transmission and minimizing
interference.

3. Process safety. NAMUR standards help ensure
process safety by reducing the risk of accidents and
improving equipment protection.

4. Quality Management. The use of NAMUR
modules helps to improve product quality by accurately
controlling production processes.

These modules help to improve efficiency and safety
in the chemical industry, which makes them an important
element of modern automated systems.

Here is the list of some specific examples of
NAMUR modules in the chemical industry:

1. Tank level monitoring. NAMUR level sensors are
used to measure the level of liquids in tanks. They

technology;
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provide accurate data for control systems to maintain
optimum liquid levels and prevent overfilling of tanks.

2. Reactor pressure measurement. NAMUR modules
are used to connect reactor pressure sensors to monitor
pressure during the reaction process and ensure safety.

3. Temperature sensors. NAMUR temperature
sensors are often used in chemical processes to monitor
the temperature in reactors, which is critical for
maintaining the necessary conditions for chemical
reactions.

4. Interfaces for analyzing product quality. NAMUR
modules can be used to connect analyzers that monitor the
quality of end products to ensure compliance with
standards.

5. Alarm signaling systems. NAMUR sensors can be
integrated into safety systems that signal when
permissible parameters such as temperature or pressure
are exceeded, allowing a timely response to potential
threats.

These examples illustrate how NAMUR modules
help to ensure process reliability and safety in the
chemical industry. The main advantages of NAMUR
modules are:

e Reliability. The standard ensures reliable
connection of sensors and transmitters to process
monitoring and control systems.

e Ease of installation and maintenance. NAMUR
modules are designed to be easy to install and maintain,
which further simplifies operation.

e Standardization. NAMUR modules conform to
industry standards, so they provide compatibility with
various types of equipment and devices, making them a
versatile solution for a variety of applications.

o Cost-effectiveness. Using modules reduces
equipment and maintenance costs through standardization
and reliability.

o Flexibility and scalability. The NAMUR module
provides flexibility in customization and scalability,
allowing for easy integration into a variety of control and
monitoring systems.

o Security. NAMUR compliant standards ensure the
safety of equipment and processes, which is important for
industrial applications.

The NAMUR module can perform several modes of
operation depending on the specific task or requirements
of the system being automated.

The main modes of operation include:

o Signal conversion, where the module can convert
signals from sensors or other devices into standardized
signals that comply with NAMUR regulations.

o Signal amplification - in some cases, signals from
sensors or other devices may be too weak to process
correctly. The NAMUR module can amplify these signals
to ensure that they can be reliably recognized and
transmitted.

e The signals are filtered to improve their quality
and eliminate interference.

e Diagnostics. The NAMUR module can be
equipped with diagnostic functions that help to determine

the status of connected devices and detect possible
problems in the system.

NAMUR modules are thus widely used in the
chemical and oil and gas industries, where reliable and
efficient connection of sensors and transmitters to process
automation systems is required.

Using modular automation of process modules (e.g.
Package Units) can be realized through the usage of so
called Module Type Packages (MTP) in order to increase
the flexibility of the production. The MTP contains a
vendor neutral and functional description of the process
module automation. It can be generated by the
engineering tool of the module. Through a simple import
of the MTP into the process control engineering of the
production plant the module can be easily integrated. For
example by using MTP the HMI of the module, which
contains all static and dynamic information, can be
generated automatically within the process control
system. Furthermore the MTP offers the possibility of a
service based control. The NAMUR specifies the MTP
together with the ZVEI.

Modular automation solutions increase the
productivity, efficiency and availability of production
plants used in the fine chemical, specialty chemical or
pharmaceutical industries. NAMUR modules play an
important role in improving the efficiency and reliability
of industrial production processes. They enable
companies to reduce costs, improve product quality and
ensure compliance with safety and regulatory standards.

Conclusions. Therefore, chemical companies can
leverage Industry 4.0 technologies to enhance business
operations via digital transformation, streamline
production processes, and optimize the flow of materials
and energy. They can also bolster safety measures,
solidify market standings through the creation and
production of intelligent products, harness collective
expertise and vast data through collaboration along value
chains, and explore avenues for business expansion with
cutting-edge materials, intelligent chemicals, and
innovative service propositions. The chemical industry
plays a crucial role in the contemporary global economy
that successfully accepts and implements the ideas of
smart manufacturing. The industry views intelligent
technologies as key drivers for enhancing the
productivity, competitiveness, and safety of chemical
manufacturing, supplying innovative materials to other
economic sectors, and fostering environmental harmony.

The theoretical and applied aspects of Chemical
Industry 4.0 are being actively developed. The
highlighted aspects of Chemical Industry 4.0 underscore
the necessity for a radical transformation in business
models and the organization principles of chemical
production, anchored in the systematic adoption of smart
innovations and information technologies. The analysis
and generalization of the international experience of
implementing the Chemicals 4.0 concept at the micro
level allowed us to focus on the tasks of strategic
selection and building solution architecture. It was found
that the effectiveness of smart transformations is largely
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T. B. KO3YJIA, C. €. KOPLIIYHOB

KOMILIEKCHI 3AXOJM EKOJIOITYHOI BE3NEKU JJIS1 3ANOBITAHHSI ABAPIMHHUX
CUTYAIIN B IIJIBHOCTI A3C - BESNIEPEPBHUII MOHITOPUHT BILIMBY HA JJOBKLJLJIS

VY crarTi po3risHYTO 3acaiy IUIAaHOBaHOI NisUTbHOCTI aBTo3ampaBHHUX cTaHLid (A3C) 3 TOYKH 30pY KOMIUIEKCHOTO BpaxyBaHHSI
(axTopiB €KOJIOTIUHOT Ta COLiaIbHOT HeOE3MEeKH 3 METOIO TTOJAITBIIOT PO3POOKH KOHIETILiT KOMIJIEKCHOIO MOHITOPUHTY TEXHOT'€HHOT
JISUTIBHOCTI JUIsi 3aBYACHOro 3amo0iraHHs HaJAMIpHOMY BIUIMBY Ha JOBKIUIS Ta aBapiiHUM cuTyauisMm, a00 3MEHLICHHS LIKOAN
MOJKJIMBUX HachinkiB. HaBemeHo omuc CKIaJOBHX YMHHOTO 3aKOHOJABCTBA YKpAiHHM IMIOAO €KOJIOTIYHOTO KOHTPOJIO MisSUTBHOCTI
TEXHOTCHHUX 00’ €KTiB, 30KpeMa BimHomeHHs A3C no meperniky moreHniiHO Hebesneunux o6’ekriB (ITHO) ta mponenypu omiHku
BBy Ha 1oBKUDIE (OB/I). Hamano omric oco0nmuBocTeH AisITBHOCTI YOTHPHOX OCHOBHUX THITIB A3C 3a TEXHIYHUM BIIAIITYBAaHHIM:
TpaAULiHAX, MOIYJIBbHHUX, KOHTeHHEpHHX Ta OnouHnX. 3xificHeHo xapakTepucTHKy A3C Ha OCHOBI TEXHIYHHX Ta TEXHOJOTIYHUX
pilleHs 3 TO3UMiH MOXJIMBUX €KOJOriyHO-HeOe3meunnx ¢axropi. [IpoBeneHo BceOiunmii ormsm amisutbHOCTI A3C 3 MerTolo
BH3HAYEHHS NIISIXiB HETaTUBHOTO BIUIMBY Ha KOMIIOHEHTH HABKOJMIIHBOTO CEPENOBHINA Ta 3J0POB’S HACEJECHHS HPHIETIINX
TEpUTOPIH BHACITIZOK BUKH/IIB Ta CKHAIB 3a0pyJHIOIOUMX PEUYOBHH, 10 BiJOYBAIOTHCS IPH 3AIHCHEHHI TEXHOJOTIYHUX MPOIECIB HA
A3C ra y BUNMaJKy BUHHKHEHHS HaJ3BH4YaliHOI cutyanil. Ha ocHOBI po3risiHyTHX (hakTOpiB BIUIMBY Ha JAOBKLLIA OyJH IpeCTaBIIeHI
BapiaHTH 3aXMCHMX 3aXOJiB, 3alPOBA/UKCHHS SKHX CIPHSE IONEPE/PKEHHIO aBapiiHMX CUTYallill Ta 3MEHIICHHIO TEXHOTEHHOI'O
HABaHTQ)KEHHS HA HABKOJMIIHE cepepoBumle. Po3pobieHO Ta HamaHo omuc iHGOpPMaIifHO-IPOrpaMHOro 3a0e3medueHHs st
MIATPUMKH ONEPAaTHBHOTO KOMIIEKCHOTO MOHITOPHHTY IUIaHOBaHOi HisutbHOCTI A3C, i 40ro OOIpyHTOBaHO HEOOXiTHICTH HOTO
pO3poOKH. 3ampoNOHOBaHI NDIIXM MOJAJBIIONO IIBUIICHHS €()EKTUBHOCTI po3pobieHoro  iH(opMaliiHO-IPOrpaMHOTO
3a0e3neyeHHs Yepe3 3alpoBaPKEHHS TeXHouIoriH reoindopmariiinux cucteM (I'IC) Ta mpoBeJeHHS OLIHKY COIIaIbHOTO PH3HKY UL
HaCeJICHHS, HA SKE€ MOXXE BIUIMHYTH BIIpOBamkeHHS IisuibHOCTI A3C 3 ypaxyBaHHAM OCOOIMBOCTEH IPHUPOIHO-TEXHOT'€HHOL
CHCTEMHU.

KurouoBi ciioBa: apro3anpaBHa CTaHLis; KOMIUIEKCHUI MOHITOPUHT; OL[iHKa BIUIMBY Ha IOBKIJUIS; MOTCHIIHHO HeGe3meuHui
00’ €KT; TEXHOT€HHA IISUTbHICTD; HAJA3BUYAMHI cUTyarlil; iHpopMariifHO-IporpaMHe 3a0e3MeYeHHsT; COMiaTbHUA PU3HK.

T. V. KOZULIA, S. Ye. KORSHUNOV

COMPREHENSIVE ENVIRONMENTAL SAFETY MEASURES TO PREVENT EMERGENCY
SITUATIONS IN THE FILLING STATION OPERATIONS — CONTINUOUS ENVIRONMENTAL IMPACT
MONITORING

The article discuss the principles of filling station’s planned activities from the point of view of comprehensive consideration of
environmental and social hazard factors to further development of the concept of technogenic activities comprehensive monitoring
for the excessive environmental impact’s early prevention and prevention of emergency situations, or damage reduction from
possible consequences. Current Ukraine’s legislation on environmental control of the technogenic facilities activities is described; in
particular, list of potentially hazardous facilities and environmental impact assessment (EIA) procedure. Provided a description of
four main types of gas stations by technical arrangement: traditional, modular, container and block. A filling station was
characterized based on technical and technological solutions from the standpoint of possible environmentally hazardous factors. A
comprehensive review of the filling station's activities was conducted to determine the ways of negative impact on environmental
components and population’s health as a emission’s result and discharges of pollutants that occur during the technological processes
implementation at the filling station and in the event of an emergency. Based on the considered environmental impact factors, options
for protective measures were presented, the implementation of which contributes to the emergency situations prevention and the
reduction of man-made loads on the environment. A description of the informational software to support operational comprehensive
monitoring of the filling station's planned activities was developed and provided, for which the need for its development was
justified. Proposed ways to further improvement of the developed software’s effectiveness through the introduction of
geoinformation systems (GIS) technologies and conducting a social risk assessment for the population that may be affected by the
implementation of the filling station's activities, taking into account the peculiarities of the natural and man-made system.

Keywords: filling station; comprehensive monitoring; environmental impact assessment; potentially hazardous facility; man-
made activity; emergencies; informational software; social risk.

Beryn. 3 2001 poky aBrozanpaBsi craniii (A3C) B Mepex aBro3anpaBHux ctaniii (A3C), siKi € OTYXHHUM i

VYkpaiHi  BiiHECEHO 10  MepeniKy — MOTEHHIHHO  JIMHAMIYHHMM JDKEPENIOM TeXHOTCHHOTO HaBaHTA)KEHHS Ha
HeOesneynnx 00’ekrie  (ITHO) [1]. 3a pmanuMu  JOBKULIAL.
BcecBiTHROi  MeTeopostoriuHoi  opranizauii - (BMO), VY Hacnmiiok BOEHHUX Jid 3aranbHa KinbkicTh A3C
KOHIIEHTpALlisl BYIJIEKHCIOTO0 Ta3y B arMmocdepi 3a  CKopoTwigacs 3 NpUONIM3HO 7,5 THCAY CTaHIIH 10
ocrauHi 20 pokiB 3pocna Ha 11,4 BimcoTka, o OB ’s3aHO 5,5 THCSY, aje THTaHHI eKOJIOTIYHOI Oesmeku  ix
B MIEPIIY Yepry 3 MEpeBUIICHUMH KOHIEHTPALiIMHI TaKUX  JiSUIBHOCTI JIOCI 3aJIMINAETHCS akTyaldbHUM. IligBuineHa
MApHUKOBUX Ta3iB SIK MeTaH Ta OKcHJ a3oTy. lle € yBara 10 mbOro BHAY TOCHOJAPCHKOi  IisUTBHOCTI
HACNIIIKOM HE TUIBKM 3POCTAlOYMX MacmTabiB pocTy  OOyMOBIEHAa BHKOHAHHSAM MPOTPAMH  €BPOIHTErparii
MIPOMHCIIOBOTO KOMIUIEKCY, a HacaMIIepe PO3INPEHHAM
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VYkpainu, nepexonom €Bponu 10 BUIYYEHHs BCIX DKEpelt
MapHUKOBUX Ta3iB 10 2050 poky.

3rigHo cr. 3, 4.3, nt.4 3akony Ykpainu "IIpo
OIIIHKY BILUIMBY Ha JOBKILIA" TuTaHOBaHA MisutbHICTE A3C
mijsirae npoueaypi OiHKK BILMBY Ha JoBkiutst (OB/I)
SIK TIPUEMCTBA, 110 3iHCHIOE TIOBEpXHEBE Ta MiI3EMHE
30epiraHHs BHUKOMHOTO IIajMBa YH MPOAYKTIB  iX
nepepoOxu Ha o 500 M i Ginbmre a6o 06’eMoM (st
pinkux a6o rasomoni6uux) 15 m° i Ginbure [2]. V 3BiTHY
nokymenTtanito OBJl aBTO3ampaBOK TOJOBHHM YHHOM
BKIIFOYAEThCS  iH(OpMAIlisl  CTOCOBHO  BIUIMBY  Ha
atMoc(epHe TOBITPsS, BIACYTHI AaHi Aii HEraTMBHHUX
¢axtopiB Bin ¢yHKiioHytounx A3C Ha iHIII PUPOAHI
Cepe/IOBHIIA Ta BHKJIIOUEHI HMOBIPHOCTI BpaxyBaHHs
COLIAJIFHOTO PHM3MKY Ul TIPHWIETTHX ypOaHi30BaHUX
TEPUTOPIH, 30Kpema KaHIIepOTr €HHU I Ta
HEKaHLEPOTeHHNH PU3HUK JUIS 30POB’sl HACEIICHHSI.

TakuM 4MHOM, aKTyaJIbHUM HUTaHHSAM JOCIIKECHHS

eKOJIOTIYHOTO ~ CTaHy  TEpPUTOPId  pO3TallyBaHHI
aBTO3AIPaBHMAX CTAHII € MPOBEICHHS KOMIUIEKCHOTO
KOHTPOITIO €KOJIOTIYHOTO CTaHy M ATPHEMCTBA

BH3HAYCHHSAM pIiBHSA O€3MEKH EeKOHOMIYHOi isTBbHOCTI
A3C. BignoBigHO 10 CHOTOACHHHUX BHUMOT 3 peaizamii
noctaHoBu  KaGinery — MiHicTpiB  VYkpaiHu  Bin
13.09.22 poxy Ne 130 «Jlesiki mmranHs imeHTHIKALii
o0'ekta migBHIEHOT HebOesmekm» Ta 3akoHy «IIpo
cTpaxyBaHHs» [3]  JOIIBHMM 1  HEOOXigHHUM €
3a0e3MnevyeHHs IbOr0 BUAY IiISTIBHOCTI  CHCTEMOIO
0e3repepBHOr0 MOHITOPUHTY JJIsl YHUKHEHHs aBapiiHHX
CUTyallill Ta aBTOMAaTH30BaHOIO CHCTEMOIO KOMIUIEKCHOTO
OIIIHFOBAaHHS BILUIUBY Ha JIOBKLJLIS.

Mera Ta 3aBaaHHs. MeToro poboTH € po3podKa
KOMIUIGKCHOI ~ CHCTEMH  ONEPATHBHOTO  MOHITOPHHIY
IUTAHOBAHOT TSIIBHOCTI TEXHOTEHHOTO 00’exTa
€KOJIOTIYHOT HeOEe3EKN Ha OCHOBI KOHIIEMIIT BCEOIYHOTO
BpaxyBaHHS HETaTHBHUX (DaKTOpiB BIUIMBY Ha JOBKIJUISA
IUTAHOBAHO! IISUTBHOCTI 3 ypaxyBaHHSIM EKOJIOTIYHUX i
couianbHUX pHU3MKiB. [y popMyBaHHS OCHOB KOHIIEMIIiT
KoMIUIeKCHOro MoHitopuHry A3C 1  onepaTHMBHOIO
BUDILICHHsI MUTaHb €KOJIOTiYHOI Oe3leku Ha 00’€KTI B
poOOTI BU3HAYCHI TaKi 3aBJIaHHS:

— BU3HAYUTU Ta chopMmyBaTu B cucTeMy (HaKTOpu
BIUIMBY Ha HABKOJIHMIIHE CEPEIOBHIIE BiJ] TEXHOT'CHHOI
nisutbHOCTI A3C 3 Mo3WIii KOMIUIEKCHOTO ypaxyBaHHS
YCIX MUIAXIiB MIKIATHUBOL il HA KOMIOHCHTH MPUPOIHOTO
CepeloBHIIa Ta 3/I0pOB’Sl HACENICHHS, MOXKJIMBOCTI
3aCTOCYBaHHS OXOPOHHUX Ta MOMEPEHKYBAIBHUX 3aX0/1iB
JUIs  3MEHIICHHS Ta HEJAOMYIICHHS HaJI3BHYAHUX
cutyariit Ha A3C;

— BCTAaHOBUTH CKJIQJOBI MOHITOPHUHTOBOI CHCTEMH
ONEPaTHBHOTO  BU3HAYEHHS  PIBHA  TEXHOTEHHOTO
HABaHTKECHHS HA HABKOIIUIIHE CEPEJOBHIIE BHACIHIIOK
nmisuibHOCTI A3C;

- po3poOuTH iH(pOopMaIiifHO-TIpOrpaMHe
3a0e3neueHHs] KOHTPOJII0 CTaHy €KOJIOTiYHOI Oe3neku Ha

ABTO3alPaBHUX CTAHLISAX y BUDIAAI JokanbHoOro II3 Ta
00TpyHTYBaTH HOTO PAKTUIHY JOILUTBHICTS |
— HaJaTH MPOMO3HUIIi MO0 MOJATIBIIOTO PO3BHTKY

po3po0biieHoro iH(pOpMAaIiifHO-TTPOTPAMHOTO
3a0e3medeHHss 3  TO3WMIIA  3aCTOCYBaHHS  HOBHX
TEXHOJIOTI [UIS BHUpIOIEHHA THTaHb TEXHOTEHHO-

€KOJIOTTYHOT O€3IeKH isSUIbHOCTI EKOHOMIYHOTO 00 €KTY.

Teopernuni Bizomocti moao gissibHocti A3C Ta
iX BIUIMBY Ha OTOYylOYe cepeloBMINE. ABTO3anpaBHi
CTaHILII SBJISIOTH COOOI0 PO3MILIEHUH Ha MPUAOPOIKHIN
TEpUTOpii ~ KOMIUIEKC ~ Crmopyd  Ta  OOJaJHaHHS,
NIpU3HAYCHUH A7l IpUiMaHHs, 30epiranss ta po3apioHoi
TOPTIBII PIAKMM TAJIMBOM y BUIIAII OCH3WHY pi3HHX
MapoK,  JHU3EIbHOTO  MaJIbHOTO  Ta  3piUKEHUM
ByraesogauM razoMm (3BI), skmo Ha A3C BCTaHOBIIEHO
aBTo raszosampaBHuil TyHKT (AI'3II). Pigke mammBo Ha
A3C 30epiraeTecsi y Ha3eMHHUX Ta  MiA3EMHHAX
pesepByapax (IiA3eMHHM BBaXXa€ThCS pe3epByap, Vy
SIKOMY HaWBHIIUI piBEHb MANbHOTO 3HAXOAMTHCS Oiible
HiK Ha 0,2 M HIDKYE pIBHA TPWIETNIOl 3 YCIX CTOpIH
TEpUTOpIi Ha BiJICTaHI OlNbIE TPHOX METPIB BiJ CTIHKH
pesepByapy [4]). Y mnaHoBawiii  misuibHOCTI  A3C
nepe0ayeHa TOPTIBIs MAacTHUIIAMH, MacjliaMHd Ta 1HIIHMHU
aBTOMOOUTBHUMH ~ TOBapaMH, BHKOHAHHS podiT 3
TEXHIYHOTO 00CIYrOBYBaHHS TpaHCIOPTY [5].

MacmtaOHiCTh ~ BUKOHYBAaHMX  TEXHIYHHX 1
TEXHOJIOTIYHUX PoOiT Ta omepaniii Ha A3C 3a1eKuTh Bif
KIJIBKOCTI 3alpaBok 3a 100y (auB. Tabm. Nel).

Tabmms 1 —  OCHOBHI  XapaKTepUCTHUKU
(dyHkmionanpHOI cuctemu TUIOBOi A3C
Kimekicte | 3aiimana | Kinbkicth KimekicTh
3alpaBOK | IUIOIIA, | 3alpaBHHUX | pe3epByapiB
3a 100y ra MOCTIB JUTst
30epiraHas
najuBa
250-500 | 0,35-04 5-6 5-6
500-1000 | 0,4-0,5 8-10 8-10
3aranom  3a  TexHiuHMM  pimeHHsM  A3C

KJIacH(iKyIOThCS Ha YOTHPH OCHOBHI TUITH:

— TpaAMuUiiHI, y SKUX MAJIUBO 30epiraerbcsi y
MiI3EMHUX pe3epByapax, a NajJBO-pO3/aBalbHi KOJIOHKH
(ITPK) po3ramoBaHi oKpemo;

— MOIyJbHi, y SKHX TadHBO 30epiraeTscs y
Ha3eMHHUX pe3epByapax, a [IPK posramoBane okpemo;

— KOHTEHHEpHi, y IKUX pe3epByapd IS 30epiranas
¢ Hazemanmu 1a I1PK e fioro yactuHo10;

- 07104HI, 1110 oOagHaHi M I3EMHAMHA
pesepByapamu, Hax sskuMu posramoBadi [TPK [5].

B 3anexnocTi Bij ix notyxHocti A3C 3MIHIOIOTBCS
MacumTabu TEXHOTEHHOTO BHIIYYEHHs TEpPHUTOpiH Ta
HaJ@aHUX TIOCHYTr, M0 1 € OCHOBOI (opMyBaHHs
HEraTUBHHUX (PaKTOPiB HA NOBKLLIA (uB. Tabm. Ne2) [4].

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025

17



ISSN 2079-0821 (print)

Tabauns 2 — Xapakrepuctuka TumiB A3C 3 no3uiiil TeXHOT€HHO-EKOJIOTIYHUX HeOe3MneK

Turu A3C 3a IX TEXHOJIOTTYHUM Kareropii A3C 3a ix CyMapHa MICTKICTh Haii6inpa KiTbKicTh
pillIeHHSIM MOTYXHICTIO pesepsyapis, M’ 3alpaBoK 3a TOAUHY,
Tun Po3minieHHs pesepByapa OJIMHUIIb
Bignocuo ITPK | BigHOCHO
HIOBEPXHI
TUITHKA
A Po3ninbae IiI3eMHE 1 — maya 1040 1o 80
(Tpamuuiiine) 11 — cepennst 40-100 80-150
IIT — Benmuka 100-200 oinpme 150
b 3010K0BaHE IiI3eMHE 1 — maya 1040 1o 80
(6moune) 11 — cepenns 40-100 80-150
III — Benuka 100-200 100-200
B Po3ninbue Ha3eMHE 1 — mana 10 20 10 40
(MoxynbHE) 11 — cepenns 20-80 40-100
III — Benuka — —
r 3010K0BaHe Ha3eMHE 1 — mana 10 20 10 40
(xoHTelHEPH) 11 — cepenns 2040 40-80
III — Benuka — —

PesepByapu it 30epiraHHs manuBa € OCHOBHHM
IDKEpeJIOM BHKUIY 3a0pyAHIOIOYHMX PEYOBHH I dYac
1aHoBaHol NisuTbHOCTI A3C, IPUYMHOIO YOTO € BTPaTH
HAQTONPOAYKTIB, CHOPUYMHEHI iX BHIIAPOBYBAaHHIM
LIIIXOM «BEJIHMKOT0» Ta «MaJoro» IHXaHHA. «Bemnmke
IUXaHHD» — 1€ [polec BHKHAY  BHIAPYBaHOI
Ta30IOBITPSAHOI CyMimIi, SIka BUTUCKAETHCS 3 pe3epByapy
mig dvac ioro 3amoBHeHHS Hadrompomykramu. OO6’eM
BUKHHYTOI CyMillli NMPHOJIU3HO JOPIBHIOE 3aJIUTHX JIO

KOHTEHHepy Ha(TOMPOIYKTIB. YUum qacTimie
3IIMCHIOETBCST 3alpaBKa pe3epByapy [aluBOM, THM
Oinbmi  00’eMu  BUKHIY 3a0py/IHIOIOUMX  pEUOBHUH

TIPUNaJAl0Th Ha IEH THUIT «JUXaHHS.

[TpruunHOIO «MaNMX IUXaHb» € 3MiHH y TEMIIepaTypi
OTOYYIOUOTO CEPEAOBHINA Ta aTMOC(HEPHOrO THCKY, IO
CIPUYMHSIOTE BUKHZ Ta30MOBITPAHOI CyMimn dyepes
IUXANGHUN KIIAlaH pe3epByapy I dYac HarpiBaHHI
30BHIMIHBOI  OOOJIOHKH  pe3epByapy, SAKE IIOCHITIOE
BUIIAPOBYBAaHHA  HA(QTONPOAYKTIB  Ta  3POCTAaHHA
BHYTPILIHBOTO TUCKY [6].

Jlnist mpoBeieHHsT KOMIUIEKCHOTO MOHITOPUHTY OO0
exoJoriyHoi Oesneku mix uyac ¢yHkuionyBanus A3C
NPOTIOHYETHCS JIOCHIJUTH 1 BpaxyBaTH BCI MOJKJIUBI
HaJIXOJUKEHHS UIKIJUIMBUX PEYOBHH TNpU 30epiraHHi
MajMBa 1 HaJaHHI MOCIyr Oe3MmocepeHbO Ha TEpUTOPil
aBTO3aIPaBOYHOI CTAHIIII.

HeOe3neuni BumapoByBaHHS Ha(TONPOIYKTIB 3
pe3epByapiB M 9ac MPOBEICHHS TEXHOJOTIYHHUX POOIT
s 3BitTHOcTi OBJI, sk oOcsir BHKHAIB B aTtmocdepy
3a0pyJHIOIOYMX PEYOBMH 33 PaxyHOK BHIIAPOBYBaHHS
(Kr/TOm) 00YUCITIOETCS TAKUM YHHOM:

1, :2552'V)1}; Py Mp (Ksy +
+K5T)'K6'K7'(1_77)'1079: (1)
ne V., — piunnit 06'em Ha)TOMPOAYKTY, M3/pi1<;

Ps3) — THCK HacWUeHOI MapH pPIiOWHHA TpH
temnepatypi 38°C, rlla;

M, — MonexyssipHa Bara rapis piuHHY;

Ksy, Ksp — mompaBo4HI KOe]ilieHTH, 3aJeXKHI Bif
TUCKY HACHYCHOI ITapy 1 TEMIIEPaTypH Ia30BOTO IIPOCTOPY
BiJITIOBiTHO B XOJIOJTHY 1 TEILTY IIOPY POKY;

K — nonpaBounuii kKoe®ilieHT, 3aJIeKHHUIA Bill TUCKY
HACHYEHOI apH i pigHOi 000POTHOCTI pe3epByapis;

K, — mnompaBouyHuMi KOe(DILi€HT, 3aJCKHHHA Bif
TEXHIYHOI OCHAIIIEHOCTI 1 peXKUMY eKCIUTyaTarlii;

7 — KoedilieHT e(QeKTUBHOCTI Ta30BJIOBIIIOIOYOTO
HPHUCTPOIO pe3epByapy.

Temneparypa ra3oBOro IpOCTOPY  Ha3eMHHUX
METaJeBUX Ta IMiJ3€MHUX HEOOIrpiBHUX 3aJ1i300€TOHHUX
pe3epByapiB 3a OIICTH OUTBII XOJOJHHUX MICSIB i IIiCTh
OLTBII TEIUTMX BU3HAYAIOTHCS 32 TAKHUMH (POPMYJIaMU:

tpex = KIX +K2X twc +K3X 'tpo/cx’ (2)
=K, '(Klr + Ky -t,, + Ky 'tpmm)a (3)

t pam

o€ lu, i — CepenHbOApU(PMETHYHE 3HAYCHHS
TeMmepaTyp arMoc(epHOTo TMOBITps, BiAMOBIZHO 3a 6
OLTBII XOOAHUX U 6 OUIBII TEIUINX MicALiB poky, °C;

K]T, Kg]‘, K3T, K])(, Kg)(, K3X — KOCd)iI_liCHTI/I 3a 6
HaAMOIIBII XOJIOTHUX I TEIUTUX MICSIIB POKY;

K, — xoeoiiieHT Ty pesepByapy;

- BIJITIOBITHO CEpE/HS TemIeparypa
30epiraHHs Ha(TONPOIYKTIB y pe3epByapi 3a IIICTh
TEIUIMX ¥ IIICTh XOJOMHUX MicsiiB, °C.

PospaxyHok 00’€MiB BHKHMIY IIiJ 4Yac 3JHMBY
HaTONPOAYKTIB 3 aBTOLMUCTEPH Yy pe3epByapH Juis
30epiraHHs NajarBa MPOBOIUTHCS 33 (OPMYJIOLO:

tpwcx

Hga.z-uﬁ = 0’ 2485 : Vofeun ’ ])S(38) ’ MH ’

(Ksy +K5p)- K- K; - (1-2)- 107, (4)
ne V. — piunmii 06'eM 3JIMBHUX MPOLYKTIB, M°/piK.

Temneparypa Ta30BOr0 NPOCTOpY TIpH HAJIMBI
HaTONPOAYKTIB /10 pe3epByapiB NPUHMAEThCS  SIK
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JIOPIBHIOIOYA CepelHiii Temmeparypi aTrMocdepHOro
MOBITPSL.
Po3paxyHok 00’eMiB  BUKMAY  3a0pyIHIOIOUUX

PEUYOBHH TIiJ] Yac 3alpaBKH aBTOMOOLUIIB pO3paxoBY€EThCs
3a (hopMyIIOtO.

M=0-K-q, ©)

ne O — MOTYKHICTh KOJOHKH, M3/FO,£[;

K — xoeoilieHT, 10 3aJICKHUTh BiJ] KOHIEHTpAIil
mapiB namuBa (s O6emsuny K = 0,000058; s
nuzenbHoro nanuea K = 0,000036);

¢ — MTBHICTH TAJINBA, Kr/M°,

[Tpu BceGiuHOMY pO3riIsiAl HMOBIPHUX HaIXO/DKEHb
B atMocepHe TOBITpS  HEOE3NMEYHHX  PEUOBHH
mpornoHyeThes BkounTh Bukuau 3 [IPK Tta Oen3obakiB
TPaHCIOPTY, IO 3alpaBisIETbCS, Ta, NPH HAIBHOCTI
AI3Il, Buxkuau 3BI' BHaAcHiZOK 3IIHCHEHHS TaKHUX
TEXHIYHUX TPOLECIB SK 3ampaBKa OaJOHIB Ta30M,
OYUCTKH (PiNbTPIB, MPOBEIACHHS JIarHOCTUKH 3aMO01KHAX
KJanaHiB Ta PEMOHTY Ta30lpOBOMIB Ta  IHINOI
amapatypu [1].

JIyiss yHUKHEHHSI €KOJIOTIYHO HEOE3MEeYHUX CUTYaIlii
CTOCOBHO DiBHS 3a0pyAHEHHS aTMOC(EpHOTro HOBITPS il
yac gisuibHocTi A3C B MOHITOPHHIOBi  cucTeMi
KOHTPOJIFO HeOe3meku mpu  poOOTI  CTaHIH  Ciif
nepen0aYnT Taki 3aXOAW SK YNPABIIHCHKI PIICHHS
YHHUKHEHHS pU3UK-(DAKTOPIB:

— 3aCTOCOBYBaTH IepMETHYHI 37MBHI My(TH IIiJ] 4ac
3MTUBY HAPTOMPOIYKTIB i3 aBTOIMCTEPH JI0 pe3epByapiB;

— 3miiicHIOBaTH TMomady Ha(TONPOAYKTIB IO
pe3epByapis Ta [IPK 3akputimM crioco6om;

— TPOBOAUTH OYHCTKY JUXAJIbHHX
pe3epByapiB Bifl IbOY Y XOIOAHY IIOPY POKY;

— aBTOMATH3YBATH MPOIIECH 3aIPABKU TPAHCIIOPTY;

— NiATPUMYBATH y TOBHIM TEXHI4Hiil cCrpaBHOCTI
anaparypy A3C;

—  IIPOBOAWTH
TePMETHYHICTIO KJIaNaHiB,
3’€IHaHb.

BaxumBicTh  IETANBHOTO  PO3MIISIAYy — NHTAaHb
€KOJIOTIYHOT1 Oe3leKn aTMOC(EpHOrO MOBITPS B MEXKax
nisiteHOCTI A3C  00yMOBIE€HA THM, OO Ha MOBITPS

KJIanaHiB

CUCTEMATHYHHHA  KOHTPOJIb 32
CATFHUKIB Ta (PIIAHIICBUX

IpUXOIUThCS 85 % TEXHOT€HHOTO HaBaHTAXKEHHS. Y TOH
JKe 4Jac BIx HeraruBHOI Aii 1MX HeOe3NeYHMX BIUIMBIB
MOTEPIAlOTh BOJHE Ta JITOCEepHE CEepeloBHUINE Uepes
HEPIBHOMIpHI y Yaci Ta 3a IUIOIICIO aBapiiiHi PO3IHUBH
Ha(TONPOAYKTIB, 10 3a0pyAHIOIOTh IPYHTH, MiJ3eMHI Ta
noBepxHeBi Boju. HeOe3neky CTaHOBIATH MOCTIHHI
BUTOKH 3 IiI3EMHUX pe3epByapiB Uit 30epiraHHs manmsa.

Hocnmimkenns, mpoeneHi ®DexepambHuM  OOpO
oxopoHu BoaHux pecypciB CIIIA, moka3yoTs, w00
noAiOHI BUTOKM MaloTh Micue cepen 46 % pesepByapis,
mo excuryaryroTtsest moHax 10 pokiB ta cepen 71 %
pe3epByapiB, IO eKCIUTyaTyIOThCS MOHam 15 pokis [7].
OCKITBKM BH3HAYCHO WMOBIPHUM dYepe3 3a0pyIHEHHS
IPYHTOBHX BOJA IOTPAIUIAHHA HAQTONPOAYKTIB 1O
KOJIOJSI31B IIMTHOI'O BOJOIIOCTAYaHHSA, TO HEOOXITHHM €
BpaxyBaHHS y MOHITOpuMHTOBii cucremi A3C Takux
BUTOKIB SIK pU3UK-(PaKTOPIB I 300POB’S IIOAMHH [§].

TakuM YMHOM, B CHCTEMI KOHTPOJIIO HEOC3MCKH 3
MO3UIIH  NPUUAHATTA  pillleHb  II0J0  3amo0iraHHs
€KOJIOTIYHOT ~aBapiii TPOMOHYETHCS BBECTH 3aXOAH
3ano0iraHHs 3a0pyTHEHHIO I'pyHTOBUX Bof [1]:

— 30ip 3a0pyqHEHHX JOIIOBUX Ta TalWX BOI 3
METOI0 IOJAJBIIOr0 OYMIIEHHS Ta BHUBEICHHS Yepe3
ICHYI0Ui MEpEeKi JIOMIOBOI KaHaIIi3aIlii;

— 30ip Ta BHUBE3EGHHS TOCHOIAPUYO-TIOOYTOBHX
BiIX0/iB Ta cMiTTs 3 Tepurtopii A3C;

— 3abe3neueHHs Teputopii posramyBaHHi A3C
TBEPAUM MOKPUTTSIM (ac(harbToOOCTOHHIM Y1 OSTOHHHM),
O 3aXWCTUTh TIPYHTH BiX 3a0pyIHEHHS IAIHBHO-
MAacCTHIBHHMH MaTepiataMu;

— TIaHyBaHHs iHQpacTpykTypu Teputopii A3C ms
3a0e3re4yeHHs] YHUKHEHHS PO3TiKaHHS IPOJIMTOrO IajiBa
sk no Tepurtopii A3C, Tax i 3a ii mexi [4];

— 3axuct obmamHaHHS A3C  aHTHKOpPO3iHHUM
MOKPHTTSIM.

Takum uwmHOM, IS 3a0€3MEUEHHST EKOJIOTIYHOTO
3aXUCTy aTMOc(epHOrO TOBITPS TMpH  IUIAHOBAHOI
nisutbHOCTI A3C 1 3HIDKEHHS WMOBIpPHOCTEH BHHUKHECHHS
HaJ3BHYAHUX CHTyalill TPONOHYEThCS BpaxyBaTd B

CHCTEMi  KOMIUIEKCHOTO KOHTPOJNIO  Hebe3rnek  Ha
aBTO3ampaBKax  pe3yjbTaTH  MOHITOPHUHTY  MPHYHH
aBapiiHUX CHUTYAIIii (muB. tabr. Ne3) [9-10].

Tabsuus 3 — BapianTu po3BUTKY HaJ3BHUYalHUX cuTyauii mijx yac gisuibHocTi A3C

Ne | Cuenapi Tun [Tpuunna
Buroky
1 | Burik 3 pe3epByapy nig yac | OnHopa3oBuii BUTOK ycboro | [TomkomkeHHsS 000JIOHKH pe3epByapy
3aIOBHEHHS 00’eMy HaTONPOIYKTIB
TpuBanuit 'y 4yaci Butok | Po3puB po3nmaBambHOro umiaHry — abo
Ha(TONPOIYKTIB, 10 | HEeNpaBWIIbHE 3’€IHAHHS 3 PO3/1aBATHLHOIO
TPAHCIOPTYIOTHCS TpyOKOI0 200 pe3epByapoM, KOpo3ist
2 | Butik 3 pesepByapy s | TpuBammii y waci BuTOK | [lepenoBHeHHS pesepByapy JUIsL
30epiraHas HapTONPOIYKTIB 30epiraHHs majmMBa
3 | Burik i3 3’emHyBambHOl | TpuBammii y d4aci BuTOK | BuTik y pesepByapi abo 3 TpaHCIIOPTHOI
TPYOKH HapTONPOIYKTIB TpyOH
4 | Burik mammB 3 OeH3o0akiB | TpuBaymit y daci BuTok | [lomkomkeHHS OeH300aKy abo
i 9ac 3arpaBKu HapTOMPOIYKTIB MTATMBOPO3AaBATHFHOTO MICTOJIETY IIiJ] Jac
3ampaBKH aBTOMOO1IIS
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Bukuny

1 | Buxun 3BT 3 pesepByapy OnHOpa30BUi BUKU]

[TomkomKeHHS 3amOODKHOTO  KJamaHy,
MOIIKO/KCHHST  OOOJIOHKH — pe3epByapy,
KOpO3ist

2 | Bukug 3BI' mig
3aMOBHCHHS PE3ePBYyapy

Hac
00’emy 3BI’

OnHopa3oBUi  BUKHJL  YCHOTO

[MomrkomkeHHsT 000JIOHKH pe3epByapy

IO TPAHCIIOPTYETHCA

TpuBanmii y uaci Bukua 3BI,

Po3puB posmgaBambHOro mutaHry — abo
HEMpPaBUIIbHE 3’€HAHHS 3 PO3AaBATHLHOIO
TpyOKOI0 a00 pe3epByapoM

BuToku pifkoro naivBa Ta BUKWAW Ta30MOBITPSHOI
cyMimi € WMOBipHUMH (akTopaMH BHHUKHEHHS |
MIOITUPEHH aBapiil 3 THKKUMH HACTIIKaMH Yy BUTILII
Mmokek Ta BHOYXiB. J[o BaromMmx Kepen Takux aBapiit
BITHOCATH BINKPUTHH BOTOHB, ICKPH Ta pO3PSON
CTQTHYHOI eNeKTPHKH, IO IPHU3BOIATH 10 BHOYXY
NaJMBHO-NIOBITPSHUX CyMilllel Ta 3aiiMaHHs OeH3MHY Ta
JIM3eJIbHOTO NaJIMBY Y BHIAKaX iX BUTOKY 3 pe3epByapiB.
Baromumu npuunHamu Takux apapii craioth Ha A3C
TEXHIYHO HeCHpaBHE OOJIaJHAHHS, MOPYIIEHHS CHCTEMH
3aXMCTY BiJl CTATHYHOI €JIEKTPUKH Ta 30BHIIIHI YHHHHKH,
TaKi SK TMOIIKOJPKEHHS OOOJIOHOK pe3epBYyapi BHACIIIOK

3ITKHEHHS 13 TpPaHCHOPTHUMH 3acobamm abo  nii
MIPUPOHUX KaTakii3miB. Bigsnadeno, mo HebOe3mnexy
CTaHOBJIATH  MipoQopHI  BigKJIAAEHHS  3ayiza Ha

BHYTPIMIHIX CTiHKaxX pe3epByapiB. Y BUMAIKy BIIKPUTTS
pe3epByapy Ui TPOBENEHHS TEXHOJOTIYHHUX abo
PEMOHTHHX pOOIT Taki PEYOBHHHU 3IaTHI BCTYIMHUTH Y
B3a€EMOJIII0 3 KHCHEM Ta3OMOBITPSIHOI CyMimI, 1o
Mpu3BeNle 10 iX pO3irpiBaHHS, HACIIIKOM YOTO CTaHE
3aiiMaHHs HaQTOMpOAYKTiB. [l YHUKHEHHS MOJIOHOT
CUTyalil  pe3epByapud  MOTPEOYIOTh  MEPIOJHUYHOIO
ouuIneHHs [S] 1 po3moaiieHHs] BUOYXOHEOE3MEeUHUX 30H,
mo MaroTh Micte mig vac naisuibHocTi A3C (3a ymoBH
po3nHBY HaTOIPOMYKTIB, PO3NOAITICHHS 30H MOXe OyTH
iHmmM) (puc. 1) [11].

Puc. 1. Bubyxone6e3neuni 30uu Ha A3C:

1 — BorHeHeOe3nmeyHa pianHa; 2 — 30Ha, y AKid IPUCYTHS
yBeCh yac ado Ha MPOTsI3i TOBroro nepiony; 3 — 30Ha, y
AKil BUOyXOHeOe3IeyHa CyMill HasiBHA ITLJT 4ac
3IIIIICHEHHS CTaHJJAPTHUX Ollepalliii; 4 — 30Ha, y SKii
BHOyXOHeOe3neyHa CyMilll He MPUCYTHSI 32 HOPMaJIbHUX
YMOB a00 NMPHUCYTHSI Ha MPOTSI31 KOPOTKOTO Yacy

[IponoHyeThcss B~ MOHITOPHUHIOBIH  cHUCTeMI
KOHTPOJTIO TEXHOT€HHO-EKOJIOTTUHIX Hebe3nex
JIOZIATKOBO BPaxyBaTH 1 COLIANBHUN PH3MK K HACIIIOK
3HAYHHX JKEPTB Cepel MpaIliBHUKIB Ta BinBimyBadiB A3C
y pa3i BHHUKHEHHS aBapifHUX cuTyariii. B cucremi
MPUAHATTSI ONEPATUBHUX PIllICHh YHUKHEHHS aBapiitHUX

CUTyallill Ta 3HWKEHHS] MOXKJIMBUX HEraTMBHUX HACIIiJIKIB
Tpeba BBecTH B MOHITOpMHr HeOesmek Ha A3C Taki
3axonau [10] :

— TIepeBipka CTaHy TEXHIYHOI CIpaBHOCTI Ta
3a3eMJICHHS OOJIaJlHAHHS, IO eKCIUTyaTy€eThCs Ha CTaHIIIl;

— KOHTPOIb JOTPUMAHHS yCiX TpaBWwiI Ta
TEXHOJOTIYHUX  PpErIaMeHTiB  MpH  eKCIUTyarailii
o0JaiHaHHs |

— 3abe3mnedeHHs1 peamizallii BCTAHOBJICHOI TEXHIKH
0e3IMeKr MepcoHaIoM;

— KOHTpOJIb 3aXOJ[iB HeOe3MeKu Mijl 4Yac 3arpaBKu
pe3epByapiB 3 aBTOIMCTEPHH: BIJCYTHICTh CTOPOHHIX
0ci0 Ha TepuTOpii CTaHIIil;

— 3a0e3MeYeHHs] CHPaBHOCTI CHCTEMH ITOYKEKHOT
curHamizarii, oOjJagHaHHS [ IIOXKEXKOTaciHHS Ta
CHCTEMH OIIOBIICHHS NP0 HAA3BHUYAMHY CHUTyallil0 Ha
A3C;

— TepeBipKa HasBHOCTI 3aco0iB IHAMBIIyaTbHOTO
3aXUCTY JUIA IIePCOHAIY;

— IPOBEACHHSA HABUaHHSA 3 METOIO ITiBUICHHS
kBamiQikamii TepcoHaly OO0 Aid Yy  BHUMNAIKY
BUHUKHCHHS HaJ3BHYAHOT CUTYaIIii;

— KOHTpOJNb CTaHy 30HHM BIAMOBIJAaJbHOCTI Ta
MiAMOPSIKOBAHOCTI.

Takum uwmHOM, BCEOIYHMH aHai3 WMOBIPHOCTI
BUHHUKHEHHs HeOe3nek 1pu ¢QyHkuionyBanHi A3C
BiJ[3HAYMB 32 HEOOXi/JHE BCTAHOBUTH KOHTPOJb (haKTOPiB
eko0e3MeKn Ha BCIX TEXHIKO-TEXHOJIOTIYHMX CHCTEMaXx i
HaJaTH MOXIIMBOCTI 3amoOiraHHs BHHHKHEHHIO Ta
PO3BUTKY SKOJIOTIYHHX HAJ3BHYAHHUX CUTYyalil 3aBISIKH
Oe3rmepepBHOMY  MOHITOPHHTY  €KOJOTi9HOTO  CTaHy
TEpUTOpPii aBTO3AMPaBOK 1 ONEPATUBHOMY NPHHHATTI
pillleHs IOJ0 3ampoBaPKEHHIO 3aXOJiB TEXHOTEHHO-
ekosioriyaoi Oe3meku. lle MOXJIMBO TpH HAsSBHOCTI
4BTOMATH30BAaHOI JIOKAJIbHOI CHCTEMH KOMILUIEKCHOTO
€KOJIOTIYHOTO MOHITOPUHTY B oOpraHizaiii IiaHoBaHOT
nmismeHOCTI A3C.

Po3pooxka ingopmaniiiHo-nporpaMHoro
3a0e3neYeHHs] KOHTPOJIIO CTAaHY €KOJIOTiYHOI 0e3nexu
Ha aBTO3aNpPaBHUX CTaHUiAX. 3a pe3ynbTaTaMu
AHAJIITHYHOTO IOCHIDKEHHS IISITBHOCTI A3C
3alpOIOHOBAHO PO3POOMTH 1 peanizyBaTH B NpPaKTHYHIN
JUSUTBHOCTI  aBTO3aNpaBoK  iH(GOpMAIiHHO-TIPOrpaMHHiA
JIOJIATOK JUI TPOBEJCHHS KOMIUIEKCHOTO MOHITOPHHTY
€KOJIOTIYHOTO CTaHy Ha TEpPUTOpil MiINpUEMCTBA Ta
npwiIernux —Tteputopisx. lLle mo3BonuTh MWiABUIIUTH
epexTHBHICTE  mepenbadeHoro  mpouexyporo OB/
MICIATIPOEKTHOTO  KOHTPOJNIO pIBHA HEOE3NeKn Ha
aBTO3AIPAaBOYHUX CTAHISX 1 CTYNEHIO HEraTHBHOTO
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BIUIMBY Ha MPHUPOJIHI CEPEIOBHUIIA Ta 3A0POB’ sl HACCICHHS

MaTe mamay Hi
moge i
[PO3 PRy HRY
TEXHOMEHHOMD
BAKBY

(puc. 2).
MeToau
Metagu MeTogu A
DOPMYEEHHA
POIPAKYHIY PO EDEKYHEY MiogEsl
RomnnekcH ol OWHOYHKWX b
) ob'exTy
DUIHKEK BEMMYMH
BOCA K EHHA

—[laHl Bumipis crany BuHMale B aTmochepHe nositpa ™
——[aH| BUMIDIE CHIAZ I8 A0 BOA HOMD C& PeanEHLLE—

-0 aHi BWipis BN/ BY Ha MyH TH——
] 31 MOH T OPWHIY Z3XECRHE SHOCTI HICE NEH HA=—

MpWAHATTA piwerHA woao GeaneuHocTi exonoriwoi

| Piwenna woao beaneywocri

AlRnBHOCT] EHONOMY HOT QiR HOCT

HopucTtysad

AHAATHE

Puc. 2. Cxema poboTu po3pobiieHOro iHPOpMAaIifHO-IIPOTPaMHOT0 3a0€3IeUeHHS

Y  3anpornoHOBaHiii  MOHITOPUHIOBIH  cHCTeMi
€KOJIOTIYHOI  SKOCTI  Iuta”HoBaHoi  misutbHOCTI  A3C
peaiti3oBaHi Taki aHAJITUYHO-YNPaBIiHCHKI QyHKLIT [12]:

— 00po0Kka JaHNX pe3ylbTaTiB BUMIPIOBAHb CKIAIy

BUKH[IB, CKHIIB 1 BIAXOMIB, YTBOPCHHUX BHACIIJOK
TEXHIKO-TeEXHOJIOrYHOI misutibHOCTI A3C 3 HamaHHd
MOCTIyYT;

— PpO3paxyHOK EKOJOTidHOi SKOCTi arMochepHOro
MOBITPs, BOJHOIO CEpEeNOBHIIA Ta CTaHy IPYHTOBOTO
MIOKPHBY, BU3HAYCHHS MTOKa3HUKA KOMIUIEKCHOTO BIUTHBY
mIa”HoBaHoi aisuibHOCTI A3C Ha TOBKIIISA,

— PO3paxyHOK KaHIIEPOTeHHHX Ta HEKaHIEPOT€HHUX

PU3MKIB JUIA 300pPOB’S HACEICHHS BHACHIAOK  Ail
Hebe3neyHnx BUKUIIB Ta ckugiB A3C;
— aHa;i3 PpIBHA €KOJOIYHOiI HeOe3meKu st

HABKOJIMIIIHBOTO CEPEIOBHINA IUIAHOBAHOI isSIIBHOCTI
A3C 3a HOpMATHBHUM TI1IXOOM;

— (opMyBaHHS 3arajJbHOTO KOMIUIEKCY 3aXOiB IS
OTEPATUBHOTO YHHUKHEHHS €KOJIOTIYHO HeOe3neuHux
curyauiit mpu podoti A3C

3acTocyHOK OyJI0o PO3pOOJICHO 13 BHUKOPHUCTAHHSM
MoBu Python y cepenoBumi po3pobku PyCharm, mis
po3pobku rpadiuHOoTO iHTEepdeiicy Oyno BHKOPHUCTAHO
obomorky PyQt Ta cepemoBumie po3poOku TpadidHUX
inTepdeiicip QtDesigner.

Jns  momamplmioro  pO3BHTKY — pO3pOOJIEHOTO
3a0e3MeueHHs  MPONOHYEThCS  JOJATH  HIATPUMKY
B3a€MOJIii 3 Cy4YaCHHMH TeoiH(opMaIiitHuMu crucreMamu
(I'IC). TIC no3Bomisie CTBOPHUTH Bi3yali3amifo TEPUTOPIi
MIPOBEACHHS IiSUTBHOCTI Ta MOE€JHATH ii 13 HEOOXiTHOIO
CTaTUCTUYHOIO iH(OpMalieo s 3IiHCHEHHS aHali3y
MPOCTOPOBUX AaHuX [13—14].

3acrocyBanHs ['IC € akTyanbHUM JONOBHEHHSM
MeXaHi3My HiITPUMKH MpoBeneHHs mpoueaypu OB/ ms
A3C, sK IHCTpYMEHT I TOYATKOBOTO TMPHHHSATTS

pilleHHS TPO  TEpUTOpiAIbHE PO3MIIIEHHSA  Micus
MPOBEACHHS  IUIAHOBAHOI  JTiSITBHOCTI. OCKiTBbKH
posmimenas A3C BigZHOCHO 0O0’€KTIiB OTOYYIOUOTO

CEPEIOBHINA JiTKO PEryJIIOETHCS BCTAHOBJICHUM HAaKa3oM
MiHicTepcTBa perioHarIsHOTO PO3BUTKY, OYIIBHHIITBA Ta
JKUTIIOBO-KOMYHAJIBHOTO TOCIIOAAapCTBa YKpaiHM  Bif
26.04.2019 p. Ne 104 ABH b.2.2-12:2019 "IlnanyBaHHA 1
3a0ymoBa TepuTOpiil", 3ampOBaKCHHS BUKOPUCTAHHS

I'IC  go3BomuTe oOpatm Micme, 1O BigNOBigae
BCTaHOBJICHUM BuMoram (amB. T1abn. Ned) HaBeneHO
iH(hopMaIrio 11010 HOPMAaTHBHO BCTAHOBJIEHHUX

mormyctuMux Binctaned Mik A3C Ta 00’€kTamu, 1o
MOXYTh 3a3HaTH BIUIMBY B pE3YJIbTaTi TEXHOTE€HHOI
JUSUTBHOCTI 9M aBapiliHOT cuTyamii [4].
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Tabununs 4 — MinimanbsHo nonyctuMi Bizcrani Bifg cnopya A3C 10 00’€KTiB HAaBKOJIMIIHBOTO CEPEOBHILA

Ne | HaiimeHnyBaHHs 00’ €KTa HABKOJIMIIHBOTO CEPEIOBHIIA MinimainibHa Bijictansb Bij ciopyn A3C, M
Tumnis A i b 3 nigzeMaumu Tuny B 3
pe3epByapamu Ha3eMHUMU
pe3epByapamu
Masli | cepenHi | BeJHMKI MaJti cepenHi
1 | XKumiosi Ta rpoMajchKi OyAMHKH 20 40 50 50 80
2 | Micus, ne oxHouacHo mnepeOysaroth 100 Ta Oinbiie 30 50 50 50 80
Josiei (3ynMHKH TPOMaJCBKOTO TPAaHCIOPTY, PHHKH,
MalJaHYMKH JUIs irop JiTeH, 3aHATh (i3KyJIbTYpOIO)
3 | Oxpemi TOProBi MajJaTKH i KIOCKK 20 20 25 25 25
4 | InguBimyanpHi TapaXki Ta BIAKPUTI CTOSHKH IS 18 18 18 20 20
aBTOMOOITIIB
5 | OuncHi kaHami3alilfHI CIOPYAH, SKi HE € CKIAJOBUMHU 15 15 15 25 30
kommiekcy A3C
6 | BupoOunui (3a BumstkoMm | I, II Tta III crynewis 12 12 15 15 20
yKa3aHUX y NYHKTI 7), | BOTHECTIHKOCTI
aIMiHICTPaTUBHI 1
1o0yTOBI Oymunkw, | [[[a, III6, IV, IVa, V 18 18 20 20 25
CKIanchki  OymiBmi 1 | crynewiB BorHecTiiikocTi
CHOpYIH  TPOMHCIOBUX
MIiNPUEMCTB
7 | BupoOHuui OyAMHKM 3 HasBHICTIO PajioakTUBHHUX abo 100 100 100 100 100
IIKIJUIMBUX PEUYOBHH
8 | Ckimaam micoBux MatepianiB, TOpQy, BOJIOKHHUCTHX 20 20 20 25 25
TOPIOYMX PEUOBUH
9 | JlicoBa pinsHKa, Tmapk, | XBOMHUX 1 3MilIaHUX 25 25 25 30 40
MICBKHI CKBEp nopin
JlucTsiHUX TOpix 10 10 10 15 15
Cepex  icHylOUMX  BapiaHTiB  HpPOrpaMHOTO N — 4HCeNbHICTh HACEJICHHS MPUWIETIINX 10 00 €KTY

3abe3neueHHs s 3anpoBakeHHs ['IC mpomonyeThes
3aCTOCYBaHHS BUIBHOI Kpoc-IIaTOpMeHOi Tporpamu
QGIS, gk mATPUMYIOYY IIHPOKE 3aCTOCYBaHHS MOBH
nporpamyBaHHs Python ta cepemoBuma QtDesigner mist
CTBOPCHHS pO3IIMPEHh Ta IUIATHHIB, IO BiJIOBigae
TEXHOJIOTISIM, IO 3aCTOCOBYBAJMCS Il PO3POOKH
MPOTPAMHOTO 3a0€3ICUCHHS.

Just  Oinbl OO0 €KTHBHOTO  OLIHIOBAHHS  PiBHS
pU3MKy Juisi HaceneHHs npwiernux 1o A3C TepurTopiii
MIPOTIOHYETHCSL  3alpOBaJUTH  PO3PAaXyHOK  PIBHIO
COLIIaTBHOTO pHU3MKY [15].

Po3paxyHOK OIIIHOYHOTO 3HA4YeHHS COLIaJbHOTO
PH3HKY IPOBOIUTECS 32 GopMyIIoto (6):

N
RS:CR(I-V“-?-(I—NP), (6)

ne R, — comianbHUH pu3uK (quB. Tabm. Ne5), won/pik;

CR, — KaHIICPOTCHHHUH pHU3WK KOMOIHOBaHOI mil
JIEKITbKOX KaHIIEPOTEHHUX PEYOBHH 3a0pyIHIOIOUNX
atmochepy, skmii  upmitvaetscst CR, = 1107
0e3po3MipHUL;

V. — ypasnuBicTb TepuTOpii BiA  NPOsBY
3a0pyAHEHHS aTMOC(EPHOTO TMOBITPS, IO BU3HAYAETHCS
BIJHOIIEHHIM ILJIOIII], BigHECEHOI  Iif 00’eKT
TOCIOJAPCHKOT  JiSNTBHOCTI, JO IUIONIMH O00’€KTa 3
CaHITAPHO-3aXKMCHOIO 30HOI0, YACTKH OJTUHUIII;

TEPUTOPIHi, 4O,

T — cepelHsl TPUBATICTb KHUTTS (BH3HAYAETHCS IS
JTAaHOTO perioHy abo mpuiiMaeTbes 70 POKiB), HOIN/PiK;

N, — KoedilieHT, 10  BU3HAYAECTECA 32
¢dopmyioro (7) Ui OyAiBHHIITBA HOBOro 00'ekTa, Ta 3a
¢dopmynoro  (8) g pexoHCTpykuii  o0'ekta, 3a
BIZICYTHOCTI 3MiHH KiJIBKOCTI POOOYHX MICIIb.

N,

T ™
0N

TR ®)

ne AN, — KIIbKiCTh JOJATKOBMX POOOYHX MicIb
(pu 3MeHIIeHHI 31 3HaKOM "MiHyC");

N — npuitasre y hopmyi (6);

N,,, — IOnIepeIHs KiJIbKICTh POOOYHX MiCIIb.
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Tabmuus 5 — Knacudikamiss piBHIB comiajJbHOTO
U3UKY

PiBeHb CcOIiaIbHOTO PU3UKY Puzuk
HPOTATOM
KHUTTA
Henpuiinsatauii s npodeciiiHoro >107
KOHTHHI'CHTY Ta HACCJICHHS
[MpuitaaTHnit s npodeciiiHoro 10°-10*
KOHTHUHI'CHTY Ta HENPUWHATHUH JUIst
HaceleHHs
'YMOBHO NIPUHHATHHHA 10°-10"
[MpuitasTHAN <10°

Po3paxoBaHe 3HaYeHHS PIBHIO COIIaIbHOTO PHU3HKY
€ BXJIMBOIO CKJIAJOBOIO NPH IPUHHATI OCTaTOYHOTO
pIIIEHHS PO MPHAHATHICTH IUIAHOBAHOI MiSIIBHOCTI AJIS
COILIIATFHOTO CEePEOBHIIIA.

BucnoBku. 1. Ha ocHOBI oTpuMaHuX pe3ynbTariB
BceOiuHOrO ommsiay TexHoreHHoi aisuibHOCTI  A3C,
OCOOJTMBOCTEH MPOBEACHHS IJIAHOBAHOI  MisTIBHOCTI,
BCTaHOBJICHO i HETaTWBHOTO BIUIMBY Ha KOMIIOHEHTH
HaBKOJIMIIHBOTO CEPEJOBUIA Ta MOXJIMBI CleHapil
aBapiHUX CUTYaIlii Ta TX HACIIKIB.

2. HaBexmeno BapiaHTH  3axHCHUX  3aXOJiB,
MPU3HAYCHUX  JJIsI  TONEPEeDKEHHS  HaA3BHYAHHUX
CUTyaliii Ta HaaMipHOro 3abpynHeHHs moBKUDIL. Lle
JIO3BOJIHIIO copmyBaTH CUCTEMY T ATPAMKH
OTIEpaTUBHUX  pIMIEGHb B  PO3pOONIeHIH  cuctemi
KOMIUTIEKCHOTO KOHTPOJIO €KOJOTi9HOTO CTaHy TepUTOPil
¢ynkiionytouoi A3C.

3. Hamano ommc po3poOieHoro iHhopMariiHo-
MIPOrPaMHOTO 3a0e3MeueHHs JUTSt M ATPUMKH
KOMIUIEKCHOTO ~ MOHiTOpuHTY  nisuibHocTi  A3C  Ta
BiJ[3HAUCHO 3a HEOOXigHEe BKIOYCHHs 70 3BiTy OBJ]
OLIHKM COLIAJFHOTO pHU3UKY JUISl HACEJCHHS, W10
JIO3BOJISIE BIJI3BHAUNUTH TIOBHY CTPYKTYpY BIUIMBY IIpH
3anpoBajpKeHi  TwraHoBaHOi  misttbHOCTI  A3C sk
CHIBBIIHOIICHHS BaroMocTi (akTOpiB HEraTUBHOTO
BIUTMBY Ha Pi3Hi CKJIaI0Bi HABKOJIUIIHBOTO CEPEIOBHIIA.
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I I. CTEITAHOBA, M. /l. CAXHEHKO, B. O.IIPOCKYPIHA, I0. A. KEJIABCbKA, H. b. MAPKOBA

I'ETEPOOKCHUIHI KATAJITHYHO AKTUBHI HOKPUTTSA: CUHTE3 I BTACTUBOCTI

Jlo akTyanbHUX MpoOJIeM ChOTOJEHHS MOBHOK MIPOIO BiJHECEHO PI3HOMAHITHI acleKTH CTBOPEHHS (YHKIIOHAIBHMX MaTepiaiiB pi3HOMaHITHOTO
npu3HadeHHs. [Ipy cTBOpEHHI TakuX MarepialliB HCOIMIHHO MAlOTh OyTH BPaxXOBaHI €KOHOMIYHI i €KOJOTIUHI CKJIAJOBi, pecypco3abe3redueHicTh i
CHEPrOEMHICTh BUPOOHHITB, & TAKOXK IIJIHOBE MPU3HAYCHHS CTBOPIOBAHOI MPOAYKII. 3HAYHOIO MIPOIO AKIEHTH B TEMEPILIHIA Yac 3MICTHJIHCH B
HANpPSIMKY JOCIIPKEHb, PE3YJIbTaTH SIKHX MAloTh 3aJ0BOJIBHATH HOTPeON 00OpOHHOI cdepu, CIPUATH 3a0E3MEYCHHI0 CHEPreTHYHOI HEe3alIeKHOCTI
KpaiHW Ta BUPILIyBaTH iHINI mepuiopsaHi 3aBaaHHsA. OJHMM 3 TaKUX acIEKTiB € MOJIIICHHS CHepro3ade3neyeH s IPOMUCIOBOCTI 1 MOOYTOBOro
CEKTOpa Ta EKOHOMIKH, OCOOJMBO B BIJJAJICHHX 1 BaXKOJOCTYHNHUM paifoHax. CBITOBMM TpPEHJOM B Wil ramy3i BBaXa€TbCs BHPOOHMIITBO
MOJICKYJISIPHOTO BOJHIO caMe B MICIIX Oa3yBaHHsS CHEpProClOKHBAdYiB, OCKIIBKH TPAHCIOPTYBAaHHS Ia30HONIOHOrO BOIHIO 1 #oro 30epiraHHs
CTHKAIOTbCS 3 MaiikKe HEBMPILIyBaHOK MPOOJIEMOI0 HABOJHIOBAHHS KOHCTPYKIIMHMX MartepialiB, iX BOAHEBOI KPHXKOCTi, Ta iH. Came 3a Takux
00CTaBUH CTBOPSHHS BHCOKOAKTUBHUX EIEKTPOJHUX MaTepialiB JUISl eIeKTPOIITHYHOTO CHHTE3y BOJHIO EICKTPOIi30M BOAHHX PO3UHHIB BOAUAETHCS
OJIHMM 3 aJIbTEPHATHBHUX LUIAXIB BUPIIICHHS MOCTABICHOI METH. Y poOOTi HaBEJECHO Pe3yJbTAaTH JOCHIKCHHS CHHTE30BAHMX METOAOM ILIa3MO-
€JIEKTPOJITHOTO OKCHIyBaHHS KOMIIO3UTHHX IOKPHTTIB Ha IUIaT(opMax 3i CIUIaBiB AMIOMIHIIO 1 THTaHy, IOIMOBAaHHX CIOJIYKaMH BaHAIil0 Ta
Boib(pamy. IIpoananizoBaHO NIpoLecH eNeKTPOoi3y BOJHUX PO3YMHIB 3 BHKOPUCTAHHSAM O3HAYCHHX KOMIIO3HTIB B PO EJIEKTPOIAHHX Marepialis.
Meto0M NiHIHHOT BOJITAMIIEPOMETPil BU3HAUYCHO KOHCTAHTH « 1 b piBHsHHA Tadens s cucrem WO; — V,05 — Al,O5 / Al ta WO; — V,05 — TiO, /
Ti, K eNeKTPOJAHUX MaTepialiB, B peakiil BUAIICHHS BOAHIO. BcTaHOBIICHO, 0 Ha (DyHKI[IOHAIBHI BIACTHBOCTI MOKPUTTIB CyTTEBO BILIMBA€E BMICT
JOMyBAIBHUX EJIEMEHTIB Ta XapaKTePUCTHKUA METAJCBHX MATPHIb i MOpQOJIOris moBepxXHi. 3HaYCHHsT KOedilieHTIB @ i b BKa3yloTh Ha BHCOKHIi
PiBEHb €IEKTPOKATAIITHYHHX BIACTUBOCTEH OTPMMAHHUX ITOKPHTTIB, IO CBIAYUTH HPO MOXIIMBOCTI BUKOPHCTAHHS iX SIK CJICKTPOAHMUX MaTepiaiiB B
LIIbOBUX PEAKLISX CHHTE3Y €IEKTPOJITHYHOIO BOAHIO.

Ku11040Bi c;10Ba: m1a3Mo-eIeKTpOTiTHE OKCHIYBaHHS, KOMIIO3UTHI TOKPUTTS, MeTaJIeBl IIIaTGOpPMH, OKCUIY BaHAIIO 1 BOJIb(pamy,
@JICKTPOKATaIi3, PEaKLlisi BUALICHHS BOIHIO

1. I. STEPANOVA, M. D. SAKHNENKO, V. O. PROSKURINA, Yu. A. ZHELAVSKA, N. B. MARKOVA

OF HETEROXIDE CATALYTICALLY ACTIVE COATINGS: SYNTHESIS AND PROPERTIES

The current problems of today fully include various aspects of the creation of functional materials for various purposes. When creating such materials,
economic and environmental components, resource availability and energy intensity of production, as well as the intended purpose of the created
products must be taken into account. Largely, the emphasis has now shifted towards research, the results of which should meet the needs of the
defense sector, contribute to ensuring the country's energy independence and solve other priority tasks. One of these aspects is improving the energy
supply of industry and the household sector and the economy, especially in remote and hard-to-reach areas. The global trend in this area is the
production of molecular hydrogen precisely in the places where energy consumers are based, since the transportation of gaseous hydrogen and its
storage face the almost insoluble problem of hydrogenation of structural materials, their hydrogen fragility, etc. It is under such circumstances that the
creation of highly active electrode materials for the electrolytic synthesis of hydrogen by electrolysis of aqueous solutions is seen as one of the
alternative ways to achieve the goal. The paper presents the results of the study of composite coatings synthesized by the plasma-electrolytic
oxidation method on platforms made of aluminum and titanium alloys doped with vanadium and tungsten compounds. The processes of electrolysis
of aqueous solutions using the indicated composites as electrode materials were analyzed. The constants ¢ and b of the Tafel equation for the WO; —
V,05 — ALLO; / Al and WO; — V,05 — TiO, / Ti systems as electrode materials in the hydrogen evolution reaction were determined by the linear
voltammetry method. It was established that the functional properties of the coatings are significantly affected by the content of doping elements and
the characteristics of the metal matrices and the surface morphology. The values of the coefficients a and b indicate a high level of electrocatalytic
properties of the obtained coatings, which indicates the possibility of using them as electrode materials in the target reactions of electrolytic hydrogen
synthesis.

Keywords: plasma-electrolytic oxidation, composite coatings, metal platforms, vanadium and tungsten oxides, electrocatalysis, hydrogen
evolution reaction

Beryn. Ilnasmo-enextpositHe okcunyBants (IIEO)  tpancdopmyrorh  mepexinm  amMopdHHUX — OKCHIIB Y

LIUPOKO BHKOPHCTOBYETHCSA U1l OTPUMAHHS OKCHIHUX
IUTIBOK Ha BEHTHUJIBHHX MeTanax, Takux sk Al 1 Ti 3
MOXITHBICTIO (dhopmyBaHHs Ha ix TIOBEPXHI
0araTOKOMIIOHEHTHUX CHCTEM, SIKI BKJIIOYAIOTh OKCHAN
nepeximaux MetatiB [1]. YHIKaIbHICTH MPOLECY TOJSITae
B TOMy, 1IN0 BiH peaji3ye Tmpouec MNOCTIHHOI
PECTPYKTYpH3aIlii MOKPUTTS IO BCii WOTO TIJIOMIMHI.
AnonyBaHHS MetaniB B pexxumax ITEO BinOyBaeTscst 3a
HAINpyrx NpoOOIo JieNeKTPHKA, i 4ac SKOT0 BHHHKAIOTh
YHUCIIEHHI TepexinHi, ApiOHOAMCHEepCHI, KOPOTKOYacHi
po3psAoN, MO TeHEepYIOThCs Oe3lmepepBHO Ha MOBEPXHIi
3pa3Kka B YMOBax JIOKQJILHOTO ITiJIBHIICHHS TEMIIEpaTypu
B KaHamax npoboro (Bix ~2000 K go ~10000 K), sxi i

Kpuctanmiuny ¢a3y. Taki IUIIBKA MalOTh pPeryiIbOBaHY
MOpP(OJIOTiI0, BUCOKY aATe3i€i0, MIKpPOTBEPIICTh, 3HOCO-
i Kopo3siitHy criiikicte. OcCTaHHIM YacoM MpPOBEACHO
YHMCJICHHI JOCTIIKEHHS (HOTOKATATITHYHMX BIaCTHBOCTEH
Mo u(iKOBaHMX MOKPUTTIB Ha ocHOBI THTaH (IV) okcuny
Ta AIOMIHIIO OKcuay. BupimanabHy poiib y MOKpalleHHi
BJIACTHBOCTE TaKWX IOKPUTTIB BiJirpac BBEIEHHS [0
MaTpUIl OKCHIIB MeTamiB d- 1 p-eleMeHTiB [2], a OKkpeMy
yBary mpUIUIFOTh OTPUMAHHIO CIICKTPOJIHUX MaTepiaiB
HA OCHOBI OKCHJIIB BaHaAil0 Ta BoIbppamy [3-6].
BuBueHHS TOMIOHMX CHCTEM BiIKPHBAE MOXKIUBOCTI iX
[IMPOKOTO 3aCTOCYBAHHS y 0araTboX ranyssix, TAKUX SIK
KaTami3aTopyd sl TE€TEPOreHHHX MEepPEeTBOPEHb Ta
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(dboTokaTamizaTopH, HAIIBIPOBIIHUKH, CIeKTPOIHI
MaTepiaid B PEaKIii eJCKTPOJITHYHOTO BUIUICHHS
BOJHIO 1 KHMCHIO Ta iH. [7-9], m0 i 3yMOBMWIO MeTy
IIOCIIIDKEHHS.

Merta poboTn. MeTor poOOTH € ITOCIIIKCHHS
BJIACTHBOCTEH OTPHMaHMX TETEPOOKCHUAHUX IIOKPUTTIB
JUIL  PO3MIUPEHHS CIOEKTPY iX  3aCTOCYBaHHS  SIK
EIIEKTPOJHUX MarepiamiB. [y TOCATHEHHS MOCTABICHOI
METH HEOOXIHO TpoaHANI3yBaTH TIO3UTHBHUN BIUINB
IHKOPIIOPOBAaHUX B OKCH[HI IUTIBKM TUTaHY Ta AIIOMIiHIIO
CKJIIaJHUX OKCHJIB BaHAAil0 Ta Bomb(dpamy. Sk Bigomo
[10], rpatku okcuuiB BoJb(paMy Ta BaHAIII0 MAalOTh
BIIXMJICHHS BIJ CTEXIOMETpIi, IO 3YMOBIIOE E(IIUT
OKCUTEHY 1 HaJia€ OKCHAaM IMiJBHIICHY aKTHBHICTh Y
EJIEKTPOXIMIYHUX peakiifx. SIKIIo BpaxyBaTH HAasBHICTb
3HAYHOI KIIBKOCTI BaKaHCIH OKCHICHY B OKCHAAX
BoJIb(hpaMy Ta BaHAIIIO Ta Pi3HOMAHITHI iX MoOIUQiKarii
(xy0OiuHa, rekcaroHaigbHa, poMOiYHa Ta MOHOKJIIHHA), TO
OITKOM OYIKYBaHMM € HAasBHICTh KaTaiTHYHUX Ta

(oTOKATAITUYHNX  BIACTUBOCTEH y  OTPUMAHHUX
TTOKPUTTIB.
Excnepumentansna 4yactuHa. [IEO-nmokpurts

(dopmyBanm Ha miardopmax 3i craBiB Tutany BT1-0 ta
amominito A0 (Al —99mac. %). IliaroToBka 3pa3kiB a0
AHOJ/IyBaHHs BKIIIOYATa XIMIYHE 3HEKHPEHHS Y PO3YMHI
kapOoHary Harpito mnpu Temmepatypi 40-60 °C Ta
TpaBJIEeHHS y CyMill HITpaTHOiI Ta (TOPUIHOI KHUCIOT
(1:3) nns 3pas3kiB 3 THTaHy, Ta y PO3YMHI HITpPaTHOI
KACIOTH — JJIsi 3pasKiB 3 QIIOMIHIIO 3a KIMHATHOI
TeMreparypu. 3pa3kd NMPOMHUBAIM Y MPOTOYHIA BOMII, a
MOTIM — y JUCTHIIBOBAHIN. 3a pe3ysbTaTaMu MOMEPEAHIX
JochipkeHb  Oymo  BcramoBimeHo [11,  12], o
HalKpanpM 3a (yHKIIOHAILHIUMHU XapaKTEPUCTHKAMH €
MIOKPUTTS, OTPUMaHI B pO3YMHAX Kalito mudocdary 3
KOHIICHTpamielo He MeHm HibK 0,5 MOJ'IL/,I[M3, TOMY
MoJanbllli  JIOCHI/DKEHHS NPOBOAWJIM Ha  3pa3Kax,
OTPUMAaHUX B CJCKTPOJIITAX 3a HE3MIHHOTO BMICTY KaJlito
mudocdaTy mnpu  BapilOBaHHI  KOHIEHTpauid  cojei
BoNb(paMy Ta BaHamio B Mexkax: Na,WO, — 0,05 — 0,15
M, NH,VO; - 0,1 -0,15M. Enekrpomitd TOTyBaIl
3MUBAaHHSIM BOJHHX pO3YMHIB coJeid Bombdpamy Ta
BaHAII0, TTOTIEPETHRO PO3YMHEHNX Y UCTHIHOBAHIHN BOML
3 TOCTIIOBHHM [OJABaHHAM [0 ©0a30BOTO pPO3UHHY
mudocdaty Jy)KHOTO MeTady IpU MEpeMilllyBaHHI.
Koutpons pH pobOounx po3umHiB 3midicHioBanu pH-
metpom pH-150M 3i ckimsauM enexkrpogom ECJI-6307.

BpaxoByroun HU3BKY PO3YHMHHICTB BaHaJaTiB,
po3urHeHHs: npoBoxuiu npu minsuineHux (40 — 50 °C)
temrepatypax. CkinamoBi  eJIeKTpoJiTy —  Harpid
Boib(paMaT Ta aMOHIH  MeTaBaHaJaT  MOBHICTIO

rigpomnizyrobest pu pH enexrpomity y mexax 8 —10.
3a3HauuM, IO y IHOMY Jiama3oHi aHiOH [HVO,]*
nepebyBae y piBHOBa3i i3 mipoBananat-ionom [V,0,]*. B
pexumi I1a3MO-EIEKTPOIIITHOTO OKCHTyBaHHS,
YCKJIAJHEHOTO 3 JMi€I0 BHCOKHX TEMIepaTyp, BHACITIIOK
MPOMIKHHX MIEPETBOPCHD AHIOHU Banamii(V)
TpaHcopMyIOThcst B OkcHp BaHagito V,0s, a aHiOHH
WO, — B oxcuy Boib(pamy WO;, siki BOYIOBYIOThCS B
MOBEPXHEBI MIAPH TTOKPHUTTSL.

OxcuJyBaHHS MPOBOAWIMA  OJHOCTAIIMHO  IpH
ryctuni ctpymy 10 —40 A/nm” i MakcuManbHil Hampysi
Uy = 80-140B mporsrom 10-20 xBumuH 1npu
MOCTIHHOMY nepeMinryBaHH1 Ta OXOJIOJDKEHHI
enekrponity. Ilonspu3zarito 3aifiCHIOBATU BiI Kepeia
noctiiHoro crpymy B5-50. Ilicnst aHomyBaHHS IIIaCTUHA
MIPOMHUBAIIN TUCTHIBLOBAHOIO BOAOIO Ta BHCYLIYBAaIH IPH
KiMHATHIH TemIieparypi.

JocmimKkeHHsT eNeKTPOKATATITHYHIX BIaCTUBOCTEH

MTOKPUTTIB 3I1MCHIOBAJIN METOIOM JIHIAHOT
BOJIbTAMIIEPOMEPii y  HEHTPaTbHOMY  MOJCIBHOMY
cepenoBumi IM Na,SO; (pH7) 3 BHKOpPHCTaHHIM

norenuiocrar-ransBanocrara MTech  PGP-550S B
TEPMOCTATOBAHIM KOMIpIIi 32 TPUENEKTPOAHOIO CXEMOIO.
SIK  JOMOMDKHMH  BHUKOPHCTOBYBAJIHM  IIATUHOBHH
MEpPEeKEBHI  €NEeKTPOA,  €JIEeKTPOA  IOpIBHSHHI  —
HacHYEHWH apreHTyM-XJIOpHIHHK HamiBenemeHT EBJI-
IM1. Bci 3Ha4YeHHS  CNCKTPONHUX  IOTCHIIIANIB
IepepaxoBaHO Ta HABEJCHO BIIHOCHO CTaHJapTHOTO
BomHEBoOrO enekrpony. Koedimient piBasausS Tadens by
BU3HAYaNM 3a KyTOM Haxwily JIHIHHAX JUITHOK
3aJIOKHOCTEH, OTPUMAaHMX 3a JaHUMH TMapaje’bHUX
BUMIpPIOBaHb JUIS TOTO )X CAMOTO MaTepiany B 1IEHTHYHUX
ymMoBax.  Mopdonorito  noBepxHi  c(hOpMOBaHHX
MOKPHUTTIB BHBYAJIM METOJOM CKaHIBHOI €JIEKTPOHHOI
Mmikpockonii Ha wMmikpockomi ZEISS EVO 40XVP.
®dazoBuii CKJIQJ OJEpP)KAaHWX IOKPHUTTIB BH3HAYaIM Ha
peHTreHiBcbkomy nudpaxromerpi JJPOH-2 [13].
Pe3yabTaTi ekcepuMeHTy Ta iX 00roBOpeHHsI.
[Nomepenni mOCHKEHHS JO3BOJIMIIN BH3HAYNTH
MO3UTHUBHUHN BIUIMB d — €JIEMEHTIB, IHKOPIIOPOBAHUX Y
OKCHIHY MAaTpPUII0 METally, Ha KaTaJiTHYHI BIACTHBOCTI
OTPUMAaHUX TeTepO OKCHUIHUX NMOKpHUTTIB [14]. HasBHicTh
CHHEPTreTUIHOTO e(peKTy OKCHIIB BoNb(paMy Ta BaHAIIIO
Ha ($OTO- Ta KaTaJITHYHI BIACTHBOCTI OKCHIHHUX IUTIBOK,
gkl OyJM OTpHMaHi B IIPOLECi JOCITIIKEHb, 3YMOBHIO
NoJiajibllie BU3HAYECHHS BIUIMBY PEXHUMIB E€JIEKTPOII3Y,
KOHLIEHTpAIil eJEeKTPOJITIB 1 MaTepialy OCHOBM Ha
KAaTaJIiTUYHI BJIACTUBOCTI IUTBOK. JIJi1 TOSCHCHHS
MEXaHi3MiB YTBOPEHHSI KOMIIO3UTHHX OKCHJIB Ha
ANIOMIHIT Ta TaHTaJl CIIBCTaBUIIM aTOMHI PajilyCH THTaHy
(0,068 um) i amominito (0,143 um) 3 Banaziem (0,052 HM)
ta Boib(pamom (0,135 um). SIk BUIHO, pO3Mip aTOMHOTO
pamiycy BaHamifo HaWMEHIIH, TOMy MpHITyCTHMA
BipOTiIHICTh NMPOHUKHEHHS BaHanito y marpuiro Ti0, 3
YaCTKOBUM 3aMinieHHsAM Ti Ha V B OKCHUAHIH MaTpHIIi
[15]. Po3mip aromuOro pamiycy Boib(hpaMy 3HAYHO
OimpIIMiA, HDK y THUTaHY, 1 Il YCKIQJHIOE HOTO
MIPOHUKHEHHS! B MAaTPUII0 OCHOBHOTO MeTaily, TOMY BiH
3QIMIIAETECS  HAa  TOBEPXHI  OKCHAHOI  ILTIBKH.
MasnoakTHBHUH TIPUIIOBEPXHEBUI OKCHI BOJIb(pamy
CHpHsIE YTBOPEHHIO AIISIHOK «OJIFOMEPHOTO» BaHaJilo, a
Taki TPOMDKHI CTPYKTYpPH-ONIITOMEpH TPHCKOPIOIOTH
KaTaNiTH4HI peakiii 3a paxyHOK CTPYKTypHHX, a He
eJeKTpOHHUX e(ekTiB. HasBHICTH TakMX CTPYKTyp Hae
MOJKJIMBICTh YTPHMYBAaTH Ha MOBEPXHI OKCHIHUX IIIiBOK
okcuau Boibdpamy y Burmagi WO, 3 nozamsmmm
MePETBOPEHHSM X y OaraTokoMnoHeHTHi cuctemu WO;3 —
V205—Ti02 / Ti Ta WO3—V205—A1203 / Al 3a
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pe3yibraTaMu JociipkeHb [16] moBeneHo, IO TOsBa
peakuifHUX NIUISTHOK IOB’si3aHa 31 CYMICHHUM BIUIMBOM
OKCHIIB BOJb(paMy 1 BaHaiifo B po30yIOBY aKTHBHUX
MMOBEPXHEBUX IICHTPIB 3 MIiJBUINCHOK KATAIITHYHOO
aKTUBHICTIO.

B mponeci ITEO amominilo B Micusgx mpo0oro
BHHUKAIOTh BUCOKOTEMIIEPATyPHI 00JIacTi, B SKUX OKCHI
amominiio 3 y-Al,O; Tpanchopmyetrbess B 0-AlLO;
(xopyHI) 3 MIIHOIO KyOiYHOIO KPHCTaJIIYHOIO TPATKOIO,
IO TPU3BOIUTH JI0 3POCTaHHS HANPYrH 1CKPOBOTO
pexxumy.  IIBuAKiCTP  NPOHMKHEHHS  KOMIIOHEHTIB
EJIEKTPOJITY BIAMO MAaTpUIl TIOMIHIIO y IMX MiCILIX
3HaYHa MEHIIA HIX y TUTaHy, aje CHHTE30BaHi MOKPUTTS
MICTSTh OKCHIU BaHAJi0 1 Boyibhpamy [17].

[Ipouec ¢opmMyBaHHS CKIQJIHUX OKCHIIB Ha 000X
MeTalaX Mae cyTTeBi BimMiHHOCTI. Ile, ckopim 3a Bce,
MOB’S3aHO 3 PI3HUM IHUTOMUM EJIEKTPUYHUM OIIOPOM
OKCHUJIHUX IIapiB HAa THTaHi i amroMiHii. Tak, Uit mIiBok

Al,O; Bin 3Hax0auTHCs B Mexkax 102 — 10" Om-cm, a s
TUTaHYy y wmexax 10'°—10"”Owm-cM, ame mnpu
temrniepatypax Buiie 400 °C enexrpuunuii omip AlOs
3MEHINYeThCsl B cOTHI pasiB [18]. MoHiTopHHT mporieciB
[IEO Bkazye Ha 3HW)KEHYy IHTEHCHUBHICTH pO3PSIHUX
SBUII Ha aIIOMIHIEBUX 3pa3Kax Yy TIOpIBHSAHHI 3
(hopMyBaHHSM OKCHIIB Ha THTaHi. Ha THTaHOBHX 3pa3Kax
OYaTOK pexumMy ICKpIHHA Uiep. =60-70 B
cnocrepiraetses gepes 30 c., a mepexif y MiKpoayTrOBHi
PSKHM BiIOYBa€eThCS 332 MEHIIHMI MPOMDKOK Yacy 1 mpu
menmmx Hampyrax (105-120B) y mnopiBusHHI 3
napameTpamu aHO/IyBaHHS 3paskiB ATFOMIHIIO:
Uicxp. =80 —-100 B 3a 60—-90 c. HasBHicTp B miiBKax
dasn  o-Al,O; 3yMOBIIOE CKIIAAHICTh MPOHHUKHCHHS
€JIEMEHTIB E€JIEKTPOJITY 1O CKJIaJy OKCHAHOI IUIIBKH Y
mponeci [IEO. Sk Hacmigok 3MEHIIYETHCS KIUTBKICTBH
IHKOPITIOPOBaHMUX €JeMeHTIB (Tabn.l), mo BmMBae Ha
TeOMETPII0 TIOBEPXHi OTPUMaHHX ITOKPHUTTIB.

Tabmums 1.- Cxita reTepoOKCHIHNX ITOKPUTTIB Ha AIFOMIHIEBHX Ta THTAHOBHX IUIaT(hopMax

CkJ1aJ1 OKCHIHOTO MacoBa J0J1s1 €J1EMEHTIB, aTOMH. %
MIOKPUTTS \4 \\% Al Ti O P K
WO; - V,05 / Al,O4 0,29 0,12, 46,35 - 52,65 0,59 -
WO; - V,05/ TiO, 1,51 2,83 - 27,59 60,99 6,76 0,32

3rigao 3 puc. 1 pemsed WO; — V,05— ALO; / Al
KOMITO3UTa € HEpIBHOMIPDHUM 3 KpaTeporoiOHuMHU
BKJIFOUCHHSAMH.  301IbIICHHS BOIb(ppamMy B

BMiCTy

il
Mon

- 2 “ : "
00

BNeKTPOHHO @ HI0BpaKEHIE |

mokputTi WO3 — V,05 — TiO, / Ti npu3BouTh 10 MOSBH
IpiOHO3epHHICTOL
(puc. 2).

CTPYKTypr 0€3 KpPYHHHUX YTBOpPEHb

2 4
H&A WKana S030 waan. Kypoop: 0.000

14 16 20

3B

a)

0)

Pucynox 1 — Mopdouoris (a) Ta peHTreHiBChKHH crieKTp (6) MOBepXHI KOMIIO3UTY Ha IIaTGOpMI 3 AIIIOMiHII0

TO0wern

o ]

BOERTDONHOR KICGDIEnE 1

2
lonHEA Wkana SUEU KN, Kypoop: U.UUU

4

a)

0)

Pucynok 2 — Mopdororist (a) Ta peHTreHiBChbKHI ceKTp (0) MOBEpXHi KOMIIO3UTY Ha IUTaTGOPMi 3 TUTAHY
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Karanitnuny AKTHBHICTb OTPUMaHUX
TeTePOOKCUIHUX MOKPHUTTIB BH3HAYAIM 38 KiHETHYHUMHU
rapamMeTrpaMu MOZEIBbHOI peakiii BWAUIEHHS BOJHIO.
BcranoBneHo, mo 3HAa4YEHHsS IOTEHIIATY BiJHOBICHHS
BOJIHIO 1 XiJl MOJSpH3aLidHAX 3aJIe)KHOCTEH 00yMOBIIEHI
CKJIaJIOM TIOKPHUTTIB, IPHUPONOI0O MAaTpHIli OCHOBHOTO

Jy MASem?

a)

MeTany Ta pH CepeloBUIIA. HasgHicTb
HECTEXIOMETPUYHHUX OKCHUJIB, BapiaTHBHICTH IX CKIany,
MopdoJIoTist Ta CTYHIHb PO3BHHEHHS po0OY0i MOBEpXHI
3yMOBIIIOIOTh 3HAYHY BIIMIHHICTH €JIEKTPOKATATITHIHUX

BIIACTUBOCTEH TETEPOOKCHTHUX MTOKPUTTIB BiJl
BIIACTUBOCTEH YHCTUX MeTaliB (puc. 3, 4).
1g j, MA/cm?
0,6 0,5 0,4 0,3 02 0,1 0 -0,1
. . . . . . -0,1
1 -015
4 -02
1 -0,25
] -03
] -035
04 N
0)

Pucynok 3 — Bonprammeporpamu peakiii BUIUICHHs BOIHIO () Ta JiHIAHI JUITHKE B KoopauHaTax Tadens (0) y HeHTparpHOMY
cepenosuii 1M Na,SO, Ha mokputtsax WO; — V,05 / TiO,. llIBuakicts po3roptku noTeHIiany — 2 MB/c

30

Jo MASen?

20 |

15

10

a)

lg j, MmA/em?
0,7 0,5 0,3 0,1
T T T T 0

6)

Pucynok 4 — BonpTammneporpamu peakiii BUAUICHHS BOIHIO (a) Ta JiHIIHI AUISHKYE B KoopauHatax Tadens (0) y HelitpaabHOMY
cepenoBuili 1M Na,SO, Ha mokpurtsax WO; — V,0s / Al,O;. LlIBuakicTs po3ropTku noTeHmiany — 2 mB/c

Peaxmiis BuAileHHS BOOHIO y HEWTpaIbHOMY
CepelOBUIII ISl TOKPUTTIB HA AaIOMIiHII NOYMHAETHCA
npu noteHuiam 1,15 B, a 1yis MOKpUTTIB 10 TUTaHY — NPU
0,95B (puc. 3a, 4a), mo0 BKazye Ha 3MEHIICHHS
NepeHanpyrd  BUAUICHHS  BOJHIO. 3a  AKTHUBHICTH

€JIEKTPOTHOTO MaTepiary BiZIOBiza€e KyTOBUH
KoeQilieHT b, KU BH3HAYAIOTH 3 PO3PAXYHKY HAXHITY
npsmol  niistHkM  3anekHocti Tadens (puc. 30, 40,
Tabi. 2). Bimomo, 110 HeBHUCOKI 3HaueHHs KoedimieHTa b
BKa3yIOTh Ha 3HAYHY LIBHJKICTh PEaKIIii.

Tabnuus 2 — ExekTpokaTaliTH4HI XapaKTepUCTUK MaTepialiB

Marepian enexrpona -a,B -b, B
Pt 0,31 0,10

Ti 0,82 0,14

Al 0,64 0,14

WO; — V,05 — ALO; / Al 0,26 0,11
WO; — V,05 —TiO, / Ti 0,23 0,20

VY maHoMy IOCTiIKCHHI 3Ha4YeHHA KoedilieHta b
BIJIPI3HAETHCS BiJl KIACHYHUX YSIBICHb PO 3AJICKHICTH
MepeHANpyTd peaKkiii BUIUICHHS BOJHIO BiJ TYCTHHH

CTpyMy 1 Marepiamy enektpony. Ilpm TecTyBaHHI
06araTOKOMITOHEHTHUX OKCHIHHUX CHCTEM, Ha BiAMIHY BiX
YUCTHX METalliB, BeMWYMHA b Moke OyTH 3HAYHO
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6inbmioro 3a 0,12 B, 30kpema y gaHOMY OCHIJKEHHI ISt
komno3utiB WO; — V,05—TiO, / Ti BoHa CTaHOBHUTH
-0,20 B. 3a3nmaunmo, 1o ajs 0araTboX METajIiB 3HAYEHHS
napamerpa b y piBHsHHI Tadens BuIli NMpH BHIUICHHI
BOJIHIO 3 JIY)KHUX PO3YMHIB, HIK IIPH €JIEKTPOIIi31 KUCIIUX.
AOHM came 3HIBEIIOBATH BHECOK I[bOI'0 YMHHHMKA MU JUIS
JOCIIJDKCHb BHKOPHCTANIN HEWTPaJbHUH PO3YMH IS
SNIEKTPOJIITUYIHOTO BUIIJICHHS BOJIHIO.

Ha 3miHy 3HaYeHb KOHCTAaHTH b MalOTh BIUIUB TaKi
(hakTOpH, K BapiaTHBHICTH CKJIAy HECTEXiOMETPHUYHHUX
OKCHIiB, pi3Ha ancopOuiifHa 34aTHICTh KOMIIOHEHTIB
OKCHUIHHMX  MAaTpHIb OO TiAPOTeHy, 110  MOXe
VIOBUIBHIOBATH CTaJil €JIeKTPOXIMIUHOI AecopOmii i T.i.
YTBOpeHHs Ha MOBEPXHI MOKPHUTTIB aKTUBHHUX IIEHTPIB 3
€JIEMEHTIB-JIONAHTIB (BaHA/AiI0 Ta BOJb(ppamy) BHKIHKAE
CXOXKICTh B aKTHBHOCTI KaTaliTUYHUX IOKPHUTTIB.
HasBHicTb nepetiyeHnx YHHHHKIB YCKIIaJHIOE
BU3HAYCHHS MEXaHI3My Iepediry peakiii BHIIICHHS

BucHoskn. Metonom IIEO oTprumaHi KOMITO3UTHI
MOKPHTTSI, JIOTIOBaHI CIIOJYKaMH BaHail0 Ta Boibdpamy.
Meronom  niHIHHOT  BOJNBTaMIepoMeTpii  BH3HA4YEHO
KOHCTaHTH a 1 b piBHsHHsA Tadens anst cucrem WO; —
V205 —A1203 / Al Ta WO3—V205—Ti02 / Tl, AK
CJIEKTPOJHMX MarepialliB, B peakiii BUIUICHHS BOIHIO.
BcranoBneHo, 1m0 3HAaYHMH BIUIMB HAa KaTaJTiTHYHY
AKTUBHICTH MAa€ BMICT JONYBaJlbHUX €JICMEHTIB Ta
XapaKTePUCTUKH  METaJeBUX  MaTpHLb.  3HA4YCHHS
KOeQIIi€HTIB a 1 b BKa3yIOTh Ha HASIBHICTh KATATITHIHAX
BJIIACTUBOCTEH OTPHMAaHUX IOKPHTTIB, IO CBIIYUTBH IIPO
MOXIMBOCTI ~ BHKOPHUCTaHHS iX  SIK  €JIEKTPOAHHMX
MaTepialliB Ta CIOHYKAa€ 1O MOJANBIIOTO OCIIIKCHHS
€JIeKTPOKATANI THIHNX BIIACTUBOCTEH MTOKPHUTTIB
0araTOKOMIIOHEHTHUMHU OKCHTHUMH CUCTEMaMHU.
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O. B. XPUCTHY, A. M. KOPOI'OJCBKA, I'. M. ITABAHOBA, O. O. T'AIIOHOBA, M. O. XPUCTHY
PO3PAXYHOK TEMIIEPATYP TA CKJIAAIB EBTEKTHUK ITOJIKOMIIOHEHTHHUX ITEPEPI3IB
CHUCTEMMH CaO - ALLO; — CoO — NiO

VY paborti HaBeIeHO Pe3yJIbTATH OLIHKUA MaKCHMaJIbHHX TEMIIEPATyp Ta CKJIAAiB eBTEKTUK TEXHOJOTIYHO 3HauymuxX nepepisiB cuctemu CaO — AL,O;—
CoO — NiO, mepcrekTHBHI 3 TOYKH 30py OTPUMAHHS Ha OCHOBI IX KOMIIO3HMLIIl BOTHETPUBKHX B'SKyYMX 3 KOMIUIEKCOM 3aJaHUX CIELialbHUX
BiacTuBocTed. [t mo6GynoBH IIOBEPXOHb JIKBiLyCy OGiHAPHMX i MOTPIHHMX EBTEKTHYHMUX CHUCTEM BHKOpUCTOBYBanu Metox EmncreiinHa-Xaynenna,
SKUH IIMPOKO BHUKOPHCTOBYIOTH Y TEXHOJOTIl TYrOIUIABKMX HEMETaleBHX CHJIIKATHHX MaTepiamiB. 3a pe3ysibTaTaMd MONEPeAHIX TOCITiIKEHb
BH3HA4eHO, 1o TeTpaenpu cuctemu CaAl,0p9 — CaAl;0; — CoAL O, — NiAlLL O, Ta CaAl,O4 — CaAl,O; — CoALO4 — NiALO4 MatoTh HalOLIBIINIL
BIJHOCHHI 00’€M 1 HaliMEHIIMI CTYNIHb aCUMETPil, BOHU € ONTUMAJIBHUMU 3 TOUKH 30py PO3POOKH CKJIa/IiB BOTHETPUBKUX MaTepialiB 3 KOMIUIEKCOM
3a7laHuX BiacTuBOCTeil. a3y, M0 BXOAATH 10 CKIALy DaHHX TeTpaeapiB, MalOTh BUCOKY HMOBIpHicTSH icHyBaHHs B cucteMi CaO — ALL,O; — CoO —
NiO, 1mo m03BOJUTH PO3POOMTH CTIMKY TEXHOJIOTiIIO TJIMHO3EMHCTHX LeMeHTiB. Ha mifcTaBi BUKOHAHMX PO3paxyHKIB Ta IPOBEIEHOTO aHaNli3y
TEMIIEpaTyp 1 CKJIa/IiB €BTEKTHK CHCTEMH BU3HAYCHO HEOOXiIHICTh BapiroBaTH B cKiaii neMeHTy BMicT CaAl,O4, CoALO4 Ta NiAL Oy, sk HaMOIIBII
ripaBIiYHO AKTHBHOTO i BOIHETPUBKHMX KOMIIOHEHTIB. JUJisi MiABHIIEHHS TEMIEPATypH eKCIUTyaTalii ckiaj B’sDKydol KOMIO3HIL{I HEeoOXigHO
KopuryBatH y Oik 30imbmienHs KinbkocTi CaAl;O; 11 HE3MIHHMX 3HAu€Hb MIIHOCTI, TOAI SK Y KOMIIO3MIIHHOMY BOTHETPHUBKOMY MaTepiaii
JOUIBHO 30UIBIIYBAaTH BMICT LIMIHETbHUX (a3 K KOMIIOHEHTIB 3allOBHIOBaYa. BU3HAYEHO, [0 KOMIO3ULII JOCITIIPKEHUX TEepepi3iB MOXKYTh OyTH
BUKOPHCTaHI 3a TeMreparyp ekcruryarauil moxan 1475 °C. BapiroBanHsM Buay Ta (a30BOro Ckiaay LEMEHTY MOXJIHBO OTPHMYBATH BOTHETPHBKI
Marepiain IIMPOKOTO TEeMIEPAaTypHOro CIEKTPY eKCIUIyaTalii ajsi BHKOPHCTAHHS iX y TEIUIOHANpPY)XCHHX IUITHKAX BHCOKOTEMIIEPATyPHHX
arperaris.

Knrouosi cnoea: cxiajy eBTEKTHK, TeMIIepaTypa CIKaHHs, LIMIHEAbBMICHI TIJIMHO3EMHI MaTepiaid, KOMIIO3MLIHHI Marepiany,
6araTOKOMITIOHEHTHI OKCHHI CHCTEMHU

O. V. KHRYSTYCH, A. M. KOROGODSKA, H. M. SHABANOVA, O. O. GAPONOVA, M. O. KHRYSTYCH

CALCULATION OF TEMPERATURES AND COMPOSITIONS OF
POLYCOMPONENT SECTIONS OF THE SYSTEM CaO — AlL,O; — CoO - NiO

EUTECTS OF

The paper presents the results of estimating the maximum temperatures and compositions of eutectics of technologically significant sections of the
CaO - Al,0; - CoO - NiO system, which are promising from the point of view of obtaining refractory binders with a set of specified special properties
based on their compositions. The Epstein-Howland method, which is widely used in the technology of refractory non-metallic silicate materials, was
used to construct the liquidus surfaces of binary and ternary eutectic systems. According to the results of preliminary studies, it was determined that
the tetrahedra of the CaAl;,0,9 - CaAl4,O; - CoALLOy4 - NiAL,O, and CaAl,O, - CaAl,0; - CoALLO, - NiALO, systems have the largest relative volume
and the lowest degree of asymmetry, and they are optimal from the point of view of developing refractory materials with a set of specified properties.
The phases that make up these tetrahedra have a high probability of existence in the CaO - ALO; - CoO - NiO system, which will allow the
development of a sustainable technology for alumina cements. Based on the calculations performed and the analysis of the temperatures and
compositions of the system's eutectics, it was determined that it is necessary to vary the content of CaAl,04, CoAlL,O4 and NiAL,O4 in the cement as
the most hydraulically active and refractory components. To increase the operating temperature, the composition of the binder composition should be
adjusted towards an increase in the amount of CaAl,O; for unchanged strength values, while it is advisable to increase the content of spinel phases as
aggregate components in the composite refractory material. It was determined that the compositions of the studied sections can be used at operating
temperatures above 1475 °C. By varying the type and phase composition of cement, it is possible to obtain refractory materials of a wide temperature
range of operation for use in heat-stressed areas of high-temperature units.

Keywords: composition of eutectics, sintering temperature, spinel-containing alumina materials, composite materials, multicomponent
oxide systems

Beryn.  CywacHi  BUMOTM,  SKMM ~ MamTh  CKJIafax L[EMCHTHHX KOMIIO3HUIM YHCTUX OKCHUIIB €
3aJI0BOJIbHATH  HOBITHI ~ BOTHETPUBKI  Marepiaiii, HeOakaHUM, OCKUIBKM MOXJIMBHUM € iX TOjanblie
BKIIIOYAIOTh ~ BHCOKMH  PpiBEHb  eKCIUTyaTallliHMX  MEepeTBOPEHHs y  IIpolecax  CIyx0W, ToMy 3

BJIACTUBOCTEH Ta BiJIOBIHICTh TEXHOJIOT1H BUPOOHHUIITBA
€KOJIOTTYHUM MapaMeTpam, SBJISIIOTh COO0K0 HU3KY HOBHX
3HAHB i TEXHOJIOTIYHHUX PIlICHb. 3HAYHOIO MIPOI0 TaKUM
BHMOTaM BiMOBIAal0Th HOBI BOTHETPUBKI IITTIHEIHBMICHI
MaTepiaiiB 3 KOMIUIEKCOM HEOOXiTHHX eKCIUTyaTaIliifHuX
XapaKTEepUCTHK Ha OCHOBI Kommosuiiii cucremu CaO —
Al,O3 — CoO — NiO.

[MpoBeneHi  TeopeTW4Hi  JIOCHIPKEHHS,  IOJO
cyOcomiTycHOT OyJOBH YOTHPHUKOMITOHEHTHOI OKCHJIHOL
cucteMu CaO — ALO; — CoO - NiO npo3Bomuau
BCTAHOBHUTH 00JacTi, MEPCHEKTHBHI 3 TOYKH 30py
OTPUMAaHHS Ha OCHOBI X KOMIO3MLil BOTHETPUBKHX
B'DKyYMX 3 KOMIUIEKCOM  33JaHUX  CHEHiadbHHUX
BJIACTUBOCTEH, TaK 1 KOMIIO3WIIIITHUX BOTHETPUBKHUX
MaTepiamiB Ha iX ocHoBi [1]. Bimomo, mo HasBHiCTH y

TEXHOJOTIYHOI TOYKM 30py pO3IJISA  TepepisiB, sKi
MICTSTh AaHI (a3u € HeJOUUTPHUM. ABTOpamMH OOpaHO
oOnacTi, sKi MICTATP TEXHOIOTIYHO 3HAUyIIi Qasm,
CaA112019 - C3A1407 - COA1204 — N1A1204 Ta C3A1204 —
CaAl,0; — CoAlL,O4 — NiALOy, 110 3yMOBITIOE PO3POOKY
CHEIiabHUX B’SDKyYMX MaTepiayiB camMe Ha OCHOBI
cnoiyk oOpaHux mepepisis [2, 3].

BorrerpuBki Moan(ikoBaHI KOMITO3HIIi HA OCHOBI
cnonyk cuctemun CaO — ALO; — CoO - NiO
MPOTMOHY€ETHCS BUKOPUCTOBYBATH 32 BUCOKUX TEMIIEPATYP
Y BIONOBITHUX 3aXHCHUX IUISHKAX TEIIOBUX arperariB
a00 IS BUTOTOBJICHHS JKapOCTIMKMX KOHCTPYKIIH, IO
BUMarae MmpoBeJCHHS OLIHKH MaKCUMAaJbHUX TEMIIEPaTyp
eKcIuryararii. Bu3HaueHHS TeMIepaTyp Ta CKIajiB
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eBTEKTHK BaXKJIMBE 1 JJIA NPOTHO3Y TEMIIEpaTyp CHUHTE3Y
MaTepiaiB.

Mera po0OTH -  PO3PAaXyHOK TEMIEpATyp Ta
CKJI/IiB EBTEKTHK MEPCIEKTUBHUX TMOJIKOMIIOHEHTHHX
mepepiziB cuctemu CaO — Al,O; — CoO — NiO Ta anaimi3
OTPUMAHHX PE3YNBTATIB JUIA BU3HAYEHHS MaKCHMAIbHOI
TEMIEPaTypH CHHTE3y Ta MAaKCHMAIBHO MOKIIHBOI
TEMIEPaTypH EKCIUTyaTallii BOTHETPUBKHX KOMITO3HIII
Ha OCHOBI CITOJIYK BU3HAYEHOI CHCTEMH.

TeopeTH4Hi MOJI0KEHHS Ta METOAM TOCTiTKeHb.
Bim3HayeHo, 1mo TpW Tigparamii TaKWX I[IEMCHTIB
OCHOBHHMH TiJPAaBIMYHO AaKTHBHUMH CIIOJYKAMU €
ATIOMIHATH KaJbLil0. YTBOPEHHS TMpH iX TBEpAiHHI
TiApOANIOMIHATIB PI3HOTO CTYIEHS AKTUBHOCTI HaJaae
[IEMCHTHOMY KaMEHIO BHUCOKY MIIHICTh, CTIHKICTH IIO

BIZHOIICHHIO 10 BIUIMBY arpecHBHUX CyJb(aTHUX
CEpelOBHUIN, a HAsABHICTH AQIIOMIiHATY  KOOAIbTy
00yMOBITIOBaTHME T ABUIICHHS TeMIepaTypu

eKCIUTyaTallii, BUCOKY EJEeKTPOXIMi4Hy CTaOiLIbHICTh, B
TOH dYac SK HAsBHICTb HIKEJIEBOI IIMiHEN [I0Jae
BUHSTKOBY TBEPIICTh 1 CTaOUIBHICTh, CTIHKOCTI 10
MEXaHIYHOT0 3HOCY. J[o Toro x, OOWABI MIMiHETI MOXYTh
JOJIATH YHIKQJIbHI CIeIiajdbHI BIACTHBOCTI - MarHiTHI Ta
€JIEKTPOIPOBIIHI a TAaKOX 3HAXOMATh 3aCTOCYBAaHHS B
rajy3i 30epiraHHs 1 IepeTBOPEHHS EHeprii.

Ha mincrasi panime mOpoBeJeHNX TI'e€OMETpPO-
TOMOJIOTIYHUX  JOCHiDKeHb [3, 4] maHOl cucTeMHu
HaHOIMBIINI BiTHOCHWUH 00’€M 1 HallMEHIIMH CTYIiHB
acumetpii marTh Terpaenpu CaAl;,09 — CaAl,O; —
COA1204 — N1A1204 Ta CaA1204 — CaAl4O7 — COA1204 —
NiAl,O4, 10 3yMOBJIIOE pO3POOKY  CHEMiaIbHUX
B’SDKY4YMX MaTepiajiB camMe Ha OCHOBI CIIOJNyK OOpaHuX
terpaeapi. das3m, MO BXOAATH OO0 CKIAmy IdaHUX
TeTpaepiB, MalOTh BHCOKY HMOBIPHICTh ICHYBaHHS B
cuctemi CaO — ALO; — CoO — NiO, mo a03BOIUTH
PO3pOOUTH CTIHKY TEXHOJIOTIIO TIIMHO3EMHICTUX IICMEHTIB
0e3 crieriarbHIX NPUHOMIB 00 3a0e3MedeHHs BHCOKOL

TOYHOCTI T03yBaHHS BUXITHUX KOMIIOHCHTIB.

Pe3ynbTaTn po3paxyHkiB Ta ix o0rosopenss. /s

MPOBEACHHS pO3paxyHKiB B OiHapHUX Tepepizax

HaiOLIpII puitHATHUM € MeTox Encreiina — Xoynenna, a
y TpHU- Ta YOTHPUKOMIIOHCHTHHX IIepepizax — pilieHHS
CHUCTEMH HENiHIHHUX piBHAHE [5, 6]. IlomiOHiI MeTomm
PO3paxyHKy MIMPOKO BHKOPHCTOBYIOTBCS B TEXHOJOTIT
TYTOIIABKUX HEMETAICBUX MaTepialiB.

Buxigni maHi ams po3paxyHKY INpeICTaBIIeHI B
Tabm. 1.

Tabmunst 1 - Buxinui qasi 1 po3paxyHKy NOBEPXOHb
JIKBiTyCy mepepisiB okcuaHoi cuctemu CaO — Al,O; —

CoO —NiO
Temmepatypa Kinpkicts
Cnonyka K °C aTOMIB B

cronyni, N
CaAl,O, 1875 1602[7] 7
CaAl,O; 2023 1750 [7] 12
CaAl;,0y 2176 1903[8] 32
NiALO, 2293 2020 [9,10] 7
CoAlL O, 2253 1980 [9-12] 7

PesynpraTé po3paxyHKy Temmeparyp i CKiIaliB
€BTEKTMK B  ONTHMalbHUX  YOTUPHKOMIIOHEHTHHX
nepepizax OaratokomnoHeHTHol cucremu CaO — Al,O5 —
CoO — NiO mnpexacrasieni B tabn. 2 — 3. IomoxxeHHs
eBTEKTUK Yy TMOTPIHHMX Ta YOTHPHUKOMIIOHEHTHHUX
nepepizax 0OpaHoOi CHCTEMH Ta Ha PUCYHKaX 1 - 4.

3 OTpUMaHHX pPe3yJbTATIB BHUILTHBAE, IO JUIS
OTPUMAaHHS BOTHETPHBKHX B'DKyYHX MaTepiamiB 3
TemmepaTypaMu excioryatamii monam 1400 - 1600 °C
HEOOXITHO JOCATaTH y Marepiaii 3amaHoro ckmamy. Lle
MOXIIMBO HIJISXOM CTBOPEHHS CIEIaJIbHUX B’ SHKYUUX
MaTepiajliB Ha OCHOBI YOTHPHUKOMITOHCHTHHX KOMITO3HUITii

cucremu CaO — Al,O; — CoO — NiO.

PesymnpraTi po3paxyHKiB TeMIIEpaTypH 1 CKJIaliB
€BTEKTUK B YOTHPHUKOMIIOHEHTHOMY po3pi3i CaAl;,09 —
C3A14O7 — COA1204 — N1A1204 cuctemu CaO — A1203 —
CoO - NiO, HaBeAeH1 B TaOII. 2.

Tabnwms 2 - XapakTepuUCTUKH eBTEKTHIHHUX TOUOK y mepepizi CaAl;,09 — CaAl;0;—CoAl,O4 — NiALLO,

Ne CkJtag eBTeKTHUKH, MOJI. %
3\
EBTexTHUHMI TIepepi3 Tear, °C X X, X3 X4
1 CaAl;;0;9 — CoALLOy 1838 37,6 62,4 - -
2 CaA112019 - N1A1204 1848 43,5 56,5 - -
3 CaAl;,0;9 — CaAl, 0, 1738 7,2 92,8 - -
4 CaAl;0;- NiAL Oy 1690 69,2 30,8 - -
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5 CaAl,07 - CoALOy 1682 65,7 34,3 - -
6 CoAlLO4 — NiALO,4 1795 53,4 46,6 - -
7 CaAl;,049 — CoAL O, — NiAL Oy 1763 11,1 47,5 41,4 -
8 CaAl;,049 — CoAL,O4— CaAl,O, 1648 1,4 29,8 68,8 -
9 CaAl,0; - CoALLO4 — NiALO,4 1633 47,9 28,0 24,1 -
10 CaAl;,0,9 — NiALO4 — CaALO; 1685 2,8 30,2 67,0 -
11 CaAl ;049 — CaAl,O;— CoALLO4 — NiAL O, 1631 1,1 27,7 23,9 473

Sk BUAHO 3 TPEICTABICHHUX PE3YJILTATIB,
YJOTHPUKOMITIOHCHTHA eBTeKTHKa B mepepisi CaAl;,0q9 —
CaAl,0; — CoAl,O, — NiALO, 3wmimeHa a0 TpaHi
CoAl,0, — NiALO,; — CaAl,0; i1 cranoBute 1631 °C.
Haii6inpiry Temmeparypy MaroTh OiHapHa EBTEKTHKA
CaAl;;09 — NiALLO4 (1848 °C) Ta moTpiiiHa eBTEKTHKA
CaAllzolg — COA1204 — N1A1204 (1763OC)

CxemaTuyHi  300paKeHHs JIHIA  JHKBiAyCy
YOTHPUKOMITOHEHTHOTO mepepizy CaAl;,09 — CaAl;O7 —

CoAl,O, — NiALO,4 cucremu CaO — Al,O; — CoO — NiO,
HaBeJIeHi Ha puc. 1.

PesynpraTi po3paxyHKiB TeMIIEpaTypH i CKJIaiB
EBTEKTHK B YOTHPUKOMIIOHEHTHOMY po3pizi CaAlO, -
C3A14O7 - COA1204 — N1A1204 cuctemu CaO — A1203 —
CoO — NiO, naBezeni B Ta6m1. 3.

N1AL:O4

CaAlizO1s 10 20 30 40

50 60 70 80 90 CaAlsOr

Pucynox 1 — CxemaTuuse 300paXeHHS MTOJOKEHHS €BTEKTHK Y YOTHPUKOMITOHEHTHOMY Tiepepisi
CaA112019 — CaAl4O7— COA1204 — N1A1204
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Ta0mums 3 - XapakTepUCTUKH eBTCKTHYHHUX TOUOK y mepepisi CaAl,O4 - CaAl;07- CoALO4 — NiAlLL Oy

Ne Ckiag eBTEKTHKH, MOJI. %
3\
EBTekTHuHMI TIepepi3 Tegr, °C X, X, X3 X4
1 CaAL O, - CaAl,0; 1533 76,5 23,5 - -
2 CaAL,O4 - CoALLO4 1547 81,0 19,0 - -
3 CaAlL,O4 - NiALO4 1554 83,2 16,8 - -
4 CaAl,07 - CoALOy 1682 65,7 34,3 - -
5 CoAlLO4 — NiALO4 1795 53,4 46,6 - -
6 CaAl,07 - NiALO,4 1690 69,2 30,8 - -
7 CaAlL, O, - CaAl,0;- CoALO, 1499 66,7 18,3 15,0 -
8 CaAl,07 - CoALO, — NiAL Oy 1633 47,9 28,0 24,1 -
9 CaAL,O, - CoAlL,O4 — NiALO4 1512 70,4 16,0 13,6 -
10 CaAlL O, - CaAl;0;- NiAlLO,4 1540 67,9 19,0 13,1 -
11 CaAL O, - CaAl;0;- CoAl,O4 — NiALO,4 1475 60,2 15,2 13,3 11,3
SIk  BUAHO 3 TPEICTaBICHHX pPE3yJbTATIB, CxeMaTnuHi 300pakeHHsl JIHIM JIKBiIyCY
YOTUPUKOMIIOHCHTHA eBTeKTHKa B mepepisi CaAl,O4 -  doTupukommoneHTHoro mepepizy CaAl,O, - CaAlO7 -

CaAl4O7 - CoAl,O4 — NiAlL O, 3mimena no rpani CaAl,0,  CoAlO4 — NiAlLO, cucremu CaO — Al,O;3 — CoO — NiO,
- CaAl4O7 - NiAl,O4 i cranoButh 1475 °C. HaiiOinelny  HaBeICHI Ha pHC. 2

Temrepatypy MaioTh OiHapHa eBrekTmka CoALO; —

NiALO, (1795 °C) Ta motpiitHa eBTekTHka CaAl,0; -

CoAl,O4 — NiALOy4 (1633 °C).

NiAO4

1806K [ 1772K
CaA]qO‘J 0 20 30 40 50 60 70 80 90 CaAl4O7

Pucynox 2 — I1oJ0XeHHS €BTEKTHK y YOTUPUKOMIIOHEHTHOMY Tiepepi3i CaAl,O, - CaAl,O; - CoALO4 —
NiALOy.
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AHani3 OTpUMaHUX pe3yJbTaTiB JOCIIHKEHHS
OiHapHUX, MOTPIHHMX Ta  YOTHPUKOMIIOHEHTHOTO
niepepiziB B cucteMi CaO — Al,0O; — CoO — NiO nokasye,
10 KOMIIO3HUITiHI MaTepiand Ha OCHOBI JaHOI CHCTEMHU
MOXXYTh BHKOPHUCTOBYBATHUCS JUIA OTPHMAaHHS B'SKYYHX
MaTepialmiB 3 TeMmepaTypor ekcroryatamii 1400 -
1600 °C. Haiibinpln oONTHMANbHUM Ui OTPUMaHHA
BOTHETPUBKHX  B'DKYYMX  MarTepiagiB €  CKiaj
4oTUpUKOMIIOHeHTHOTO Tepepizy CaAl,O, - CaAl,O; -
CoAlLO; — NiALO, (3 TemmepaTyporO IUIABICHHS
eBTeKTUKU 1475 °C), OCKUIBKH 10 HOTO CKIaxy BXOISTh
CIOJIyKH 3 BHCOKMMH TeMIlepaTypaMH IUIABJICHHS 1
B’sDKy4YHMH BiiacTHBOCTsIMH. [loTpiiiHi mepepizu CaAl,Oy
- CaAl;0; - CoAlLO, (eBrextuka 1499 °C), CaAl,O7 -
CoAl,O, — NiALLO,4 (eBrektuka 1633 °C), CaAl,O,
CoAl,O4 — NiALLO,4 (eBrektuka 1512 °C), CaAlL,O,
CaAl,07 - NiALLOy4 (eBrekTka 1540°C), ki BXOISATH B
3a3HAYCHUH MOTPIMHMUN Mepepi3, TakoK MAalOTh BHCOKI
TEeMIePaTypH eBTEKTHKU

IIpu  po3pobmi  CKIamiB  TIIMHO3EMHCTHX
MaTepialmiB Ha OCHOBI INITIHENIbBMICHUX IIEMEHTIB
cuctremu CaO — ALO; — CoO — NiO posrasgaiucs
KOMITO3HIIT SIK 3 MaKCHMaJIbHUM BMICTOM BOTHETPUBKHUX
¢a3, Tak 1 3 MaKCHMQJIbHUM BMICTOM TiJpaBIigHO
akTMBHUX  ¢a3. I  CTBOpEeHHS  BOTHETPUBKHUX
KOMITO3MLIIH Ha OCHOBI CIIOJYK BHU3HA4Y€HOI CHCTEMH
HeoOXiTHO BapiroBaTh B ckiazi memeHty Bmict CaAl,Oy,
CoAl,O, Ta NiAl,O, SIK HAWOLIBII TiApaBIiYHO
aKTUBHOTO 1  BOTHETPUBKHX  KOMIIOHEHTiB.  [Ins
MiIBUIIEHHS TeMIepaTypH eKCIUTyartallii CKial B sDKydol
KOMIO3uIii HEeoOXimHO KopuryBaTH y OiK 301TbIICHHS
kiapkocTi CaAl;O; mis He3MIHHMX 3HA4Y€Hb MIITHOCTI,
TOJl SIK y KOMIIO3ULIHHOMY BOTHETPHUBKOMY Marepiaii
JOIIBHO 301NbIIyBaTH BMICT INIIHENBHUX (a3 5K
KOMITOHEHTIB 3aII0BHIOBAYA.

BucnoBku. Takum umMHOM, Ha Iifcrasi
BUKOHAHMX PO3paxyHKiB Ta IPOBEACHOTO aHai3y
TEeMIepaTyp 1 CKIaJiB €BTEKTHK TPUKOMIIOHCHTHHX Ta
YOTUPUKOMIIOHEHTHHX TiepepiziB cucremu CaO — ALO; —
CoO — NiO, xoMmo3uii ToCTiHKEHUX Mepepi3iB MOXKYTh
OyTH BHKOPHCTaHI 3a TeMIIEpaTyp eKCIUTyaTalii IToHasl
1475 °C.

3a pe3yibTaTaMud TPOBEACHHX pPO3pPaxyHKiB
TEMIIepaTyp Ta CKJIAIiB €BTCKTHK OIHAPHUX, MOTPIHHUX
Ta YOTHPUKOMIIOHEHTHHX nepepi3iB cuctemu CaO —
AlL,O; — CoO — NiO BH3Ha4Y€HO NMPUHIMIHN PETyIIIOBaHHS
SKICHOTO Ta KUIBKICHOTO CKJIaly TJIMHO3EMHCTHX
OITIHEIBBMICHAX MaTepiajiB, CHHTE30BAaHUX Ha OCHOBI
BU3HAYCHOI CHCTeMH. BapiroBaHHAM BHIy Ta (azoBOro
CKJIay LEMEHTY MOXJIMBO OTPHUMYBaTH BOTHETPHBKI

MaTepiajd  MIMPOKOrO  TEMIEPATypHOrO  CHEKTPY
eKCILTyaTallil JUisi BUKOPUCTAHHS 1X y TEIUIOHANPYKEHUX
JUISTHKAX BHCOKOTEMIIEPATYPHUX arperaris.

Po3paxyHKOBI BiIOMOCTI MarOTh Ba)KJIMBE 3HAYCHHS IS
NPaKTHKKA OOIPYHTOBAHOTO BUOOPY TEMIIEPaTyp CIIKaHHS
JMOCTIKYBaHUX  CKJIAmiB  KoMmmosmmid.  [loBeneHo
BUKOPHMCTaHHSl CKJaJiB palioHasbHOI oOyacti uis
OTpPUMaHHSl MaTepiajiB 3 MiJABHUIIEHOIO TEMIIEpPaTypolo
eKCILTyaTallii, siIki MOXyTb OyTH BHUKOPHCTaHI B PI3HHX

rajgys3sax HpOMI/ICHOBOCTi JJI1 3aXUCHUX ,Z[iJ'IﬂHOK TCIIJIIOBHUX

arperatiB  abo JUII  BUTOTOBJEHHS  YKapOCTIHKHX
KOHCTPYKILIH, KOHCTPYKUiiHOT Ta  (yHKUiOHAJIBHOT
KepaMiKu.
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II. IT. KAPHOKHIIbKHH, /. B. MIPOIIIHUYEHKO, I1. B. KAPHOKHI[BKHH, K. €.PY/THEBA

PO3POBKA MIJIOTHOI YCTAHOBKHU JIJII OTPUMAHHS PO3UMHY T'YMATIB 3 BYPOI'O
BYI'JLJIA

Bype Byrimist € oxHi€o 3 HalNMOMMPEHINMX KOPHUCHHX KoHanuH YKpaiHu. PosBimani 3amacu Byriwmst ckiafaroTb O1m3pko 3 mupx T. Inmubuna
3aJIsITaHHs BYTUNIS He IIEPeBUINYE KUIBKOX JECATKIB METPIiB, IO CYTTEBO HOJIETIIYE Horo BUnoOyBaHHsA. OCHOBHUM HENOIIKOM YKpaiHCEKOTO Oyporo
BYTUIIA € HOro miABHUIIeHa BonoricTs (6iabm Hixk 50 %) Ta 30mbHicTh (20-30 %). Lle poOuTh HepeHTabeIbHIM €HePreTHYHEe BUKOPHCTAHHS BYT1ILIA,
30KpeMa, ioro rasudikauio. BoxHodac, Byrimis J{HIIPOBCHKOro OypOBYTiIbHOTO OaceiiHy Bilpi3HSIOTHCS BHCOKAM BMICTOM T'YMIHOBHX KHCIOT
(6ymm3pk0 80% Ha opraniuHy Macy Byriwot). I'yminoBi kucioru (I'K) — ne dpakiist ryMiHOBHX pedOBHH, PO3UHHHA B CJIAOKHX JIyXKHHX PO3UHHAX, IO
€ X [iHHUM KOMITOHeHTOM. OTpHMaHi 'yMiHOBI PEYOBHHH MOXYTh OYTH BUKOPHCTaHi y CIIbCHKOMY FOCIIOAAPCTBI Ta XiMidHii npoMucioBocTi. Bonu
3a0e31e4yI0Th MOKPAIICHHS SKOCTI IPYHTY, 30LIBLICHHS BPOXKAK Ta 3HIKCHHS BUKOPHUCTAHHS XIMIYHHMX HOOpPUB, LIO J03BOJSIE 3MEHIIUTH BILIHB
3emiepoOcTBa Ha HOBKUDIL. 'K Tako BHKOHYIOTh BayJIMBI (DYHKIII B IIPOMECIIOBOCTI Ta OXOPOHI HaBKOJHMIIHBOTrO cepenoBuma. Ocobnuse
3HAYCHHS TYT MA€ OYMIIEHHS NPUPOJHUX Ta CTIYHHX BOA, @ TAKOXK PEKyJbTHUBALis 3a0pyAHEHOro IpyHTY. E(EKTHUBHICTH mporecy BHIiNCHHs
IyMIiHOBHX KHCJIOT 3 BYriulst 6araTo B 4OMy BH3HAYA€THCS yMOBAMU KOHTAKTY BYTUIBHHX YaCTHHOK 3 JTy)XHHM PO34MHOM. JIIsi BUBYEHHS IPOLIECY
nepepoOKkH Oyporo BYriuis Ta IOCATHEHHS MaKCHMAaJBHOIO BHAUICHHS PO3YMHHOI YaCTHHM 3alIPONIOHOBAHO IUIOTHY YCTaHOBKY, OCHOBHUM
araparoM sKoi € rigpokasitatop. Bin 3a6e3neuye maibke OBHE BUIIICHHS I'yMIHOBUX PEYOBHH IPH HE3HAYHOMY 4aci 00poOku. B craTTi mpuseneHi
OCHOBHI XapaKTePUCTUKN POOOTH OKPEMUX YACTHH YCTAaHOBKH, BU3HAUCHI CHEPreTHYH] BUTPATH.
Karouesi ciioBa: Oype Byriuisl; 'yMiHOBI KHCJIOTH; I'yMaTH; TiJpOKaBiTaTOP; TipOKaBiTallifiHa aKTHBALIis

P. P. KARNOZHYTSKYI, D. V. MIROSHNICHENKO, P. V. KARNOZHYTSKYI, K. Ye RUDNEV A

DEVELOPMENT OF A PILOT-SCALE INSTALLATION FOR OBTAINING HUMATE SOLUTIONS
FROM LIGNITE

Brown coal is one of the most widespread mineral resources in Ukraine, with explored reserves estimated at approximately 3 billion tonnes. The
depth of coal deposits does not exceed several dozen meters, which significantly facilitates its mining. The main drawback of Ukrainian brown coal is
its high moisture content (more than 50%) and ash content (20-30%). This makes the energy use of brown coal, in particular its gasification,
unprofitable. At the same time, brown coal from the Dnipro basin is characterized by a high content of humic acids (about 80% of the organic mass of
coal). Humic acids (HAs) are a fraction of humic substances soluble in weak alkaline solutions, which is their valuable component. The obtained
humic substances can be used in agriculture and chemical industry. They ensure improved soil quality, increased yields, and reduced use of chemical
fertilizers, which allows reducing the impact of agriculture on the environment. HAs also perform important functions in industry and environmental
protection. Of particular importance here is the purification of natural and wastewater, as well as the remediation of contaminated soils. The
efficiency of the humic acid extraction process from brown coal is largely determined by the conditions of contact between coal particles and the
alkaline solution. To study the brown coal processing and achieve maximum extraction of the soluble fraction, a pilot plant has been proposed, the
main apparatus of which is a hydrocavitator. It ensures almost complete extraction of humic substances with minimal processing time. The article
presents the main characteristics of the operation of individual parts of the plant, and the energy consumption is determined.
Key words: brown coal; humic acids; humates; hydrocavitator; hydrocavitation activation.

Beryn. Bype Byriuis € oaHuM 3 HailOuibln ['yMiHOBI  KHCIIOTH € OCHOBHOIO  (hpakiiero
MIOIIUPEHNX PI3HOBHIIB TBEPAUX TOPIOYMX KomayuuH [1]. TYMIHOBHX pEYOBWH, IO SBISIOTH COOOIO OCHOBY
Ile ymoBHO mepexiana ¢opma Bix Topdy 0 KaM’siHOTO  OpraHiuyHoi Macu 3emunucroro Oyporo Byriuit. Ile

Byriuist [2]. BoHo Mae BucOKy rirpockomivHicTh [3, 4],
HEe3HauyHy TBepJicTh [4], Komip BiJg CBITIOOyporo o
Maibke yopHoro. lle — «HaiiMomomii» BUI BYTULIS, 110
yTBOpeHO WIIIXoM Byrinedikaumii. Bype Byrimis wmae
HU3BKY KaJIOPIMHICT TOPIBHSAHO 3 IHIIMMH BHJIAMHU
BYTULIA, @ TAKOK BUIIHMKA BMICT BOJIOTH Ta BOAHIO [3, 5].
et Bux BYriywis BiApI3HAETHCA Bil KaM’ SHOTO BYTIIUIA
CBOIMH (hi3WIHUMU Ta XIMITHUMH BIIACTHBOCTSIMU.

Bype Byriuii MoOXHa pO3AUIMTH Ha 3EMIJINCTE Ta
mrineHe (Onuckyde) [6], 1m0 BiAPI3HSAIOTBCS OAMH Bif
OITHOTO, TIepmI 3a Bce, BMicToM ryMiHoBux KucioT (['K).
Juis  mepmioro THIy BYTULIA IIeH TIOKa3HHK MOXKeE
nepepunryBatn 80 % (y mnepepaxyHKy Ha OpraHiuHy
Macy), a IJIsl APYyroro THUITY BiH 3HAXOAMTHCS Ha piBHI 10
%.  Ykpainceke Oype  Byriwist  J{HIIpOBCBKOTO
OypoByrineHOTO Oaceiiny (/IHimpobacy) nmpeacTaBieHe, B
OCHOBHOMY, 3eMJIUCTUM BYTULISAM. Bigmosiguo,
noreruian 'K s mporo GaceiiHy NOCTaTHHO BEIMKHN

[7].

npupomHi momiMepHi cronyku. 'K MaroTe mmpoxwmii
CHEKTp Aii, BAKOHYIOUM 0araTto *XHuTTe3a0e3rnedyBaIbHUX
¢ysakmiii B exkocucremax 3emii [8]. Bonm Bimirparoots
KJIFOUOBY POJIb y HIITPUMAaHHI 30pOB'S IPYHTIB, CYyTTEBO
BIUIMBAIOYH Ha iXHIO POIIOYICTH, KOJOOOIr IMOKHBHHX
PEUOBMH Ta 3aralibHUi exoJyoriyHuil ctaH [9]. ['yMiHOBI
KHUCJIOTH TIPOSIBIITIOTH CBOKO JiF0 B 0araThoxX cdepax
HAIIOTO XHUTTA. BaMBOIO iX 34aTHICTIO € 3B’sI3yBaTH
HEPO3YMHHI 10HM METaliB, OKCHUAM Ta TIAPOKCHIHU, a
TaKOX BHBUIBHATH iX 3HOBY MPOTATOM TPHUBAJIOTO
MPOMIXKKY 4acy sKmo 1e HeoOximHo. ['K 3’sBusrorbes y
nenaim OUIBIIIA KUIBKOCTI JOCHIIKEHb Ta 3HAXOIATH
cnocobm ix mpakTHyHOTO 3actocyBaHHs [3, 7, 10],
30KpeMa, B arpapHiii raimy3i, MEIWIHI Ta OXOpPOHI
HaBKOJIMIIHBOTO cepenoBuia. HOBUM MepCHeKTUBHUM
HAIpSMKOM, [0 aKTHBHO pO3BUBAEThCS B YKpaiHi, €
BUBYCHHS MOXJIMBOCTI BUKOPHCTAHHS TYMIHOBHX KHCIIOT
B IMOJIIMEPHIH iH)XXeHepil, HanpuKiaz, sik Moau(pikaTopiB
Oiomerpanytounx mnonimepi (BIT) [11], oTpumanHs 3a
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JIoroMoroio  3acrocyBanHa ['K exosorivHo Oe3meuHmnx
rigporeneBux IIiBoK [12], Ta iH.

['ymiHOBI pedoBMHH — 1€ KJIac TNPHUPOIHIX
noJTi(yHKIIOHATBHHUX CIIOJIYK, SIKI HE MAlOTh MMOCTIHHOTO
XIMIYHOTO CKJaay, Ta YTBOPEHHX 3 POCIMHHHX Ta
MikpoOHux 3anuiikiB [13]. Hespaxaroun Ha 200-piuny
ICTOpil0 BHMBYEHHS, CTPYKTypa TYMIHOBHX pPEYOBHH
3aJIMIIAETHCS  HEBCTAHOBIICHOIO 4Yepe3 CKIAJHICTh 1
MIHJIMBICTh CKJIaJly B 4aci, MOSCHIOBAHUX CTOXaCTUYHOIO
MIPHUPOIOI0 TpoleciB TyMidikarii, o peasi3yloTscs 3a
TIPUHIIMIIOM TIPUPOIHBOTO BiIOOPY CTAINX CTPYKTYD.

Ha cporonHi BUeHi 31HIUTHCS y AyMIIi, IO TYMiHOBI
PEYOBHHH SIBIAIOTH COOOI0 CKIIAHI T€TEPOTreHHI CyMimi
MO AMCIIEPCHUX MaTepialliB 3MiHHOTO CKJIamy, CTIHKi 110
GiomecTpykiil. BaxnMBUMU KOMIOHEHTaMH, 10 OepyTh
ydacTh y mporeci rymidikamii € JrHIH pociWH Ta
MPOAYKTH HOTO TEPETBOPEHHS, MOJIicaxapuad, MeNaHiH,
KyTWH, OLIKM, HYKJETHOBI KHCIOTH Ta Jimigu. IcHye
3araJbHONpPHUIHATA Kiacudikalis TyMIHOBUX PEYOBHUH,
3aCHOBaHa Ha PO3YMHHOCTI Yy PO3YMHHUKAX Pi3HOI
npupoau. BinnoigHo mo 1iei kinacudikanii BUAUISAIOTH
¢ynbBoBi kucnot (PK) — ppaxiiro ryMiHOBUX pEeYOBHH,
PO3UYHMHHY Y BOi 3a Oynb-skuX 3HaueHb pH, Ta rymiHOBI
KHCTIOTH — (PaKIil0o TYMIHOBHX PEYOBHH, PO3UHHHY Yy
JY)KHAX Ta HEHTPaTbHUX CEPEIOBHINAX, IO BHUIALA€E B
0caJ1 TPy TiJIKUCIICHH] cepejoBuINa /10 3HaueHb pH < 2, a
TaKOXX TyMiH — HEPO3YMHHUI 3alMINOK, IO He
BUTATYETHCA [§].

BapTto 3a3HaunTH, M0 TYMIHOBI Ta (YIBBOKHCIOTH
00’€MHYIOTBCS IMMiJ 3arajbHOI0 HAa3BOI0 T'yMYCOBHX
KucioT. BoHM € HalOLIbLI PYyXJIMBUMH Ta peEaKiiiHO
3ATHUMH CKJIaJHHKaMH T'yMiHOBUX PEYOBHH, 110 OEpyTh
aKTHBHY y4acTh y XIMIYHHUX Ipollecax B €KOCHUCTEMaX. Y
psni Bumankie moauty 'K ta @K He mnpoBOASTS.
OpmnowyacHo 3 muM 'K cknagarore Oinplly 4YacTHHY
TYMYCOBUX KHCJOT, 1, 3BaXal4W Ha MpPOCTOTY IX
MEepeBEICHHS Yy TBepay a3y, € 00’€KkToM OuIbII
IHTCHCUBHOTO BUBYCHHS (puc. 1).
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Puc. 1 - 'inoreTn4nuii GpparMeHT CTPYKTYPH MOJICKYIIH
ryMiHOBHX KHcIoT 1o Kisitaxemmento [7, 14]

3arajgbHOIO I OUIBIIOCTI MOIENEH € HasBHICTH

MepeBarol0  KapOOKCHWJIBHHX,  TiAPOKCHIIBHUX  Ta
METOKCHJIPHHAX) Ta HEBIOpsSAKOBaHOI mepudepiiHoi
YaCTHHH, IO BKIIOYA€ TOTiCaXxapUAHO-TIONMINENTHAHI Ta
i ¢parmMentu. Ha choroaHiuHiil geHb noaiOHI Moeni
3HaXO[ATh 3aCTOCYBaHHS SIK 0a30Bi Ui MaTeMaTHYHOTO
MOJIC/TIOBAHHS CTPYKTYpH TyMiHOBUX Kucior. Ciifg
3a3HauuTH, IO 3actocyBanHs ['K jams  30UIbIICHHS
NPOJIYKTUBHOCTI TPYHTIB BiIOYBaeThCsl y BUDIAOI IX
HaTpieBUX a00 KajieBHX coJyiell — rymariB. ['ymMaTH Jerko
PO3YMHSIIOTECS Y BOZI, IIO IOJIETHIYE iX HpaKkTHYHE
BUKOPHCTaHHS, B T.4. B CLIbCBKOMY rocmomapctsi [15-
17]. Byrimua duinpobacy 3amsararots Ha turomti 100 Tuc.
kM’ it posramosani y 80 OKpeMHX poOjOBHIIAX. Bonu
BIIPI3HAIOTECS OJHE Bil OJHOTO 32 BJIACTUBOCTSMH,
XIMIYHHM CKJIQJIOM, B T.4. 33 CKJIaJIOM T'yMiHOBHX KHCJIOT.
BignoBigHo, i yMOBH BHIUICHHS OCTaHHIX 3aJIe)KaTh Bif
BJIACTUBOCTEH Ta CKJIay MOXIIHOTO BYTiJLIS.

Merta ctarTi - po3poOKa MIIOTHOI YCTAHOBKU JUIS
OTpPHUMaHHS PO3YMHY TYMaTiB 3 Oyporo ByTiJuIs.

Marepianu Ta MeToaM JOcJimaeHHsA. [
BIZIMPAIIOBAaHHS TEXHOJIOTIYHMX MapaMeTpiB Mporecy
BuaiteHHss ['K 3amponoHOBaHO MIJIOTHY YCTaHOBKY, IO
JTO3BOJISIE OIIHIOBATH TJIMOWHY BHUAUICHHS TYMIHOBHX
KHCIOT 3 Oyporo Byriuii Ta BH3HAYaTH OCHOBHI
[TapaMeTpH MPOLECY EKCTPAKIII.

PesyabTatn Ta ix oOroBopenHs. TexHomoriuHa
cxema (puc. 2) BUPOOHHUIITBA IyMariB 3 Oyporo ByTiLIs
0a3yeThCst Ha eKCTpaKIii 'yMiHOBUX KHCIIOT i3 BYTiJLIs 32
JIOTIOMOT'OI0 JIY’KHUX PO3UHUHIB.
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Puc. 2 - TexHonoriyHa cxeMa yCTaHOBKH 3 TIEpepOOKH
Oyporo ByTi/UIS JUI OTPAMAaHHS TyMaTiB:

1 — 6ynkep s Byrimns (1 M), 2 — no3atop Byrims, 3 —
€MHICTb JUTS IPUTOTYBAHHS JTy’KHOTO po3unny (1,5-2 M),
4 — nacoc (momaya 1000 11 pozuuny), 5 — MIpHUK JUIst
nyxHoro posunny (1 M*), 6 — anapar is IPUrOTYBaHHS
nynsmu (1,5-2 M), 7 — kaBitarop, 8 — nexantep (1,5 M°),
9 — ocanmHa nenTpudyra, 10 — eMHICTD UTS PO3YUHY
rymaris (2 M°)

Cxema BKJIIOYa€ KUIbKa OCHOBHHX  €TalliB:
MiATOTOBKY CHPOBWHHM, E€KCTPAKII0 T'YMIHOBHX KHCIOT,

) .. . .  IUCTIEpPTyBaHHSA,  BIACTOIOBaHHI,  (QimpTpamito  Ta
JABOX CKJIAJIOBUX: KapKacCHO1 (apOMaTI/I‘IHI/II/I BYTIJICICBUU . .
. o : OTpPMMAaHHS  KIHLIEBOIO  MPOAYKTY. Y  mpoueci
CKCJICT, 3aMIICHUHA (l)yHKL[lOHaJ'IBHI/IMI/I rpynamu, 3
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BUKOPHCTOBYETHCS  CIEIlialli30oBaHe OONMaJHAHHS IS
3a0e3medeHHs] HEOOXiMHMX YMOB peakilii, IO J03BOIISE
JIOCATTH BHUCOKOI €(EeKTUBHOCTI BWIIYYEHHS TYMIHOBHX
KHUCIIOT. Ba)XIMBOIO JIAHKOIO JIaHOi CXEMH € KaBiTaTop.
BaxnuBicTh rifpokasiTaiiitnol o0poOku Oyporo Byriyuis
npu BuzineHHi 3 Hux 'K BuBuYeHO OinpIn AeTaNbHO Yy
nonepeaHboMy nociimkenti [18]. Bapro 3asHauntH, mo
JOCIIIJDKEHHST BIUIMBY TiJpOKaBITAIIMHOI aKTUBALii SK
METOAY MONEepPeIHbOi 00POOKH ab0 OKpeMOoi TEXHOJOTil
MOBOJUKEHHST 3 PpI3HUMH  MaTepiajlaMu  (Kam’ sSTHUM
ByrimmmsiM, Oiomacoro, (ingpTpaTaMu  CMITTE3BAJIHII,
CTIYHHMH BOJAMH, TOP(OM 1 pemTKaMu arpoKyiIbTyp Ta
1H.) BCe HacTile 3 SBISAIOThCSA B JITEPATypHUX JKEpeIax
[19-26], ame mnpum wpOMy poOOTH 3 BHUBYCHHSI
rizpokaBitaliitHoi 06poOku Oyporo BYTiIS HAa CHOTOIHI
JI€Hb MIPAKTUYIHO BiICYTHI.

OCHOBHOIO CHPOBHHOIO € TIOBITPSHO-CyXe Oype
Byriuis, noapionene a0 kpynHocti 1-0 Mmm abo 3-0 mm.
[lepen 3aBaHTaXEHHSAM JI0 TEXHOJIOTIYHOTO IPOLECY
BYTUUIS TIPOXO/NTH COPTYBAaHHS Ta MEPEBIPKY KPYHMHOCTI
3a gomnomoror cuta. Jlna 30epiraHHs TOAPIOHEHOTO
BYTIISI BUKOPUCTOBYEThCS OyHKep (1), sIKMi BMILIyE J10
500 xr HoBiTpsHO-CyXOi ByriibHOI mmxtu. Jlozatop (2)
3a0e3neuye TOYHy Nojady Byrimis B Kiapkocti 100 xr Ha
LUKJI, TIPAlIO€e TiJl KOHTPOJEM aBTOMAaTHYHHX CHCTEM 1
3a0e3rneuye piBHOMIpHY H0/1a4y CHPOBHHH.

Hnst NPUTOTYBaHHS Jy>KHOTO PO3YHHY
3aCTOCOBYEThCS €MHICTh (3), oONagHaHa MIIIANIKOI Ta
SJICKTPIUYHIM HarpiBadeM JIJIs TMiAIrpiBy IO TeMIepaTypu
40°C. Po3uun roryerbes nuisixom 3MmimryBanas NaOH i3
Bomoio y cmiBBimHomeHHI 15-20%. Hacoc (4)
TPaHCIIOPTYE TOTOBUH po3unH y MipHUK (5) ms
HOAAJIBLIOTO JI03yBaHHSL.

[MonpiOHeHe BYrijuis J03aTOPOM 3aBAHTAKYETHCS B
excTpakrop (6), y SIKOMY MiATPUMYETHCS TeMIIepaTypa
40°C. Hdo ekcTpakTopa AOHAETbCS JIy>)KHUW PO3UMH, IO
3abe3neuye QGopmyBaHHS mynenu i3 BmicroM 70-80%
pimman ta 20-30% TBepmoi dasu. Ilpomec excrpaxmii
TpuBae 1—2 roAWHM IIPY NOCTIHHOMY NepeMillyBaHHi, 0
3a0e3neuye pIBHOMIDHHM KOHTakT TBeppol ¢asu 3
Ty)KHUM po3unHOM. Ha mpomy erami BinOyBaeThcs
BHJIYYCHHS TYMIHOBUX KHCIIOT i3 CHPOBHHU.

[Tympma 3 excTpakTopa HaAXoOAWTh y KaBiTaTtop (7)
IS JUCTIEpryBaHHA Ta JOJATKOBOTO IOAPiOHEHHS
TBepaoi (ha3u. BUKOPHUCTaHHS BHCOKOYACTOTHOI KaBiTarlil
CIIpUS€ MAKCHMaJbHOMY BHUBUIBHEHHIO T'yMiHOBHX
peuoBuH. Ilicis 1pOro mysbna TPAHCIOPTYETHCS IO
nekantaropa (8), J¢ BiIOYBa€TbCs PO3IUICHHS PO3YHHY
TYMaTIB 1 3aJIMIIKOBOTO BYTULIS i i€ rpaBiTaI[iiHUX
CHIL.

Hns 0CTaTOYHOTO po3IineHHs YJIBITA
3aCTOCOBYETBCSl OCaJDKyBajbHa ueHTpudyra (9), ska
3a0e3neuye BiTOKPEMIICHHS OYUILIEHOTO PO3YHHY TyMarTiB
1 3amumKiB Byriuis. OUYMIIEHWH PO3YMH 30MpPAETHCS Y
CHemiaJbHAX €MHOCTAX 13 HepkaBitodoi crami (9), ski
3a0e3medyoTh 30epekeHHs MPOAYKIii Ipu TeMIeparypi
HaBKOJIMIIHBOTO CEPEIOBHILA.

TexHoyoriuHMK ~ TPOLIEC  KOHTPOJIOETHCS  Ha
KIIOYOBUX  eramax. [Ipm  NpUroTyBaHHI  PO3YMHY
BUMIpIOETbCS  Temreparypa Ta pH 3a jgomomororo

nabopatopuoro pH-merpa. VY mpomeci  ekcTpakiiii
TEMIIepaTypa KOHTPOJIOEThCS TEPMOIIapaMH, a Ha erari
OTpPUMaHHSl TOTOBOi MpoaykKuii BuMiptotoThest pH i
KOHLICHTpALis rymariB 3a JIOTIOMOT' 010
cnekrpoporomerpa. s aBromaTtH3amii  mporuecy
BUKOPHCTOBYIOTHCSI IATYMKH PiBHS PIAMHH, TEMIIEPaTypu
Ta aBTOMAaTW4YHI J103aTOpH peareHTiB. EHepreTwyHi
BUTpaTh JuUIdi BHPOOHMITBA TyMaTiB  BKJIIOYAarOTh
cnoxwuBanHs 1,2—1,5 ToHH Oyporo Byruur, 0,3—0,5 ToHH
myxHOro posunHy Ta 150-200 xBT'ron enexrpoeneprii
Ha KOXXKHY TOHHY ITPOAYKIIii.

TexHomnoriuna cxema yCTaHOBKH JUII BUPOOHHUIITBA
rymaTiB 3 Oyporo Byrumis 3abe3nedye eKOHOMIYHO
e(peKTUBHHH 1 EKOJOTIYHO OE3MeUHHil CrIoci0 OTpUMAaHHS
I[LOTO I[IHHOTO MPOAYKTY. [Ipoliec BKIIIOYAE MiATOTOBKY
CHUPOBHHHM, CKCTPAKIIFO T'YMIHOBUX KHCJIOT, OYHIICHHS Ta
(¢opMyBaHHS  KIHIIEBOTO MpPOXYKTy. Bukopucranus
Cy4acHOro oOnajgHaHHA Ta KOHTPOJIb IapaMeTpiB Ha
KO’)KHOMY eTari JI03BOJISIFOTh OTPUMATH I'yMaTd BHCOKOT
SIKOCTI 3 MiHIMaQJIBHAM BIUIMBOM Ha JOBKIUIA.

BucnoBku. EdektuBHicTh mpomecy BHIUICHHA
TYMIHOBMX KHCJIOT 3 BYyrumst Oarato B  4oMy
BU3HAYA€THCS YMOBAMH KOHTAKTy BYTUIBHMX YacCTHHOK 3
JTy’>KHUM DPO34MHOM. J[JIsi BUBUCHHS INPOIECY TEPEpPOOKH
Oyporo Byrumisi Ta JOCSTHEHHS MAaKCHMAJIBHOTO
BUJIIJICHHSI PO3YMHHOT YaCTHHHU 3aIlPOINIOHOBAHO MiIOTHY
YCTAaHOBKY, OCHOBHHMM araparoM SIKOi € TiPOKaBiTaTop.
Bin 3abe3neuye Maibke TMOBHE BHIICHHS TyMiHOBHX
pEeUOBMH TIpHM HE3HAYHOMY uaci o0poOku. B crarti
NPUBEJICHI OCHOBHI XapaKTEPHCTHKH POOOTH OKpEeMHX
YaCTHH YCTAQHOBKM, BHM3HA4€HI EHEPreTUYHI BUTPATH.
Po3pobka MOOITBHUX MUIOTHUX YCTAHOBOK 3 OTPHMAHHS
po3umHiB  TymMaTiB 3 Oyporo Byriumsi  MOXHa
BUKOPHCTOBYBATH JIJISI:

1. HapoOiTku mociifHuX mapTiii pO34nHIB TyMaTiB.

2. BcraHOBIEGHHS OCHOBHHX MapaMeTpiB poboTh
OKpEMHX arperariB yCTaHOBKH.

3. JIns onTuMizaniii poOOTH YCTaHOBKH B ILIOMY.
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A. O. LIIKOII, C. C. KYJIIHIY, A. C. BOCIOK, O. B. IIIECTOIIAJIOB, /I. I. HEYHHIIOPEHKO

JIOCJAII)KEHHSIT CIIOCOBIB 3HE3AJII3BHEHHSA BOJIU. NEPCIIEKTUBU TA NPAKTHUYHUI
ACIIEKT

VY craTTi pO3riISHYTO AOCIIJDKEHHS CIOCOOIB 3HE3aJi3HEHHS BOJM, IO € aKTyaJbHUM 3aBJAHHSIM Yy rajy3i BOJOIIATOTOBKH, OCKLUIBKHU IiJBHIIEHA
KOHIIGHTpALis 3al1i3a y BOAI NPU3BOIUTH A0 il HENPHUAATHOCTI JUIS NMHUTTS Ta BUKOPHCTAHHS B IIPOMHUCIOBOCTI. AKTYalIbHICTh TeMH 0OyMOBJIEHA
HEOOXIIHICTIO MOKPAIEHHS SKOCTI BOJM, 110 BUKOPHCTOBYEThCS y BUPOOHHYHUX IIPOILIECaX, Ta 3MEHILICHHM 1l HEraTHBHOTO BIUTMBY HA HABKOJIHMIIHE
cepenoBuile. OIHMM 13 OCHOBHHMX €TalliB INPOLIECY OYHMILEHHS BOJAM € aepallis, W0 CIpPUSE OKHUCICHHIO JBoBaleHTHoro 3amiza (Fe?') mo
TpuBanentHoro (Fe'), mo B cBOI0 uepry 3MiHIOE KOJNIp BOOW Ha Oinbll BUpaxkeHHil koBTHH. Bonma micns aepaunii HaOyBae cremudivHux
XapaKTePUCTHK, TAKUX K 3MiHa pH, 110 € BaXIMBUM (akTOpOM JUlsl MOAJIbIINX CTafiil ounieHHs. 3okpema, pH 3minoerses 3 5,92 no 7,72, wio €
CBIIYCHHAM YTBOPEHHS TiJPOKCHIY 3alli3a TPUBAJCHTHOIO Ta YaCTKOBOi JAekapOoHizauii Boau. Y poOOTI MpoaHai30BaHO IEKiJIbKAa BapiaHTIB
3aCTOCYBaHHs pi3HUX pearcHTiB. OMH 3 BapiaHTIB BKJIIOYa€e BUKOpHCTaHHs ramenoro Bamnua (Ca(OH),) i cipuanokucioro amoMinio (Al (SOs)s) mis
KoaryJLii, mo 3adesrneyye yTBOPEHHs OCamy 1 OCBITJCHHS BOIM, a TAaKOXK MiJBHILNCHHs IIBHIAKOCTI ocapkeHHs (o 2,7 mm/c). IHumit BapiaHT
nependavae BukopucranHs xiopuny 3ainiza (FeCls;), sikuil e(eKTMBHO YTBOPIOE IUIACTIBI, IO arperyiThCs 3a JONOMOTOI HEiOHOTEHHOTO
GiodmokynsHTy. JlOCHi/UKEHHS MOKa3alu, [0 NOEJHAHHS KOary/SIHTIB Ta (IIOKYJSHTIB 3abe3nedye OiNbIl epeKTUBHE OYHMIIEHHS BOXY, IPOTE
MOXXYTh BHHHKATH NMPOOJIEMH 3 HEMOBHHM BHJAJICHHSAM IOHIB 3airi3a Ta HEOOXiOHICTIO TOJAaTKOBHX (inbTpauiiiHuX mporecis. Y pasi HepeBHTpaTH
(IOKyIAHTIB MOXKe BHHHKHYTH PH3UK IiJBHINEHHS 3aJMIIKOBHX KOHLEHTpALiil peareHTiB y BOJi, [0 HeOE3MeyHO I 340pOB’s MIoAMHM. Jlis
YCYHEHHS LUX HpoOieM Oyio 3alpOIOHOBAHO BHKOPUCTAaHHS BallHA INCJS KOAryJBIHTIB JIS MiABUIIEHHS pH 10 ONTHUMalnbHUX 3HAYEHb IS
oKyl Ta 3MEHIIEHHST KOHIEHTpawil cyabdar-ioHiB. 3 OrVsiay Ha MPaKTHYHI aClIEKTH 3aCTOCYBaHHS METOIB OYHMIICHHS BOJAH, 3alIPOIIOHOBAHO
BUKOPHCTAaHHA Oe3MepepBHOT CXEMH 3HE3JII3HEHHS, 1110 BKIIFOYA€ TOHKOIIAPOBUIA BiZICTIHHUK /U1 €()EKTUBHOTO BiAJIICHHS arperariB IUIacTiBLIB Bij
ounIieHoi Boau. TOHKONIApOBI BIICTIMHHKM IIOKa3alM BHCOKY €(QEKTHBHICT OYHMINCHHS 3aBIIKU iHTeHcH(]ikamii Ipolecy BiJCTOIOBAHHS.
BukopucTaHHSA TakuX BiJCTIIHUKIB B PEKOHCTPYKIii iCHYIOUMX OYMCTHHX CIIOPYJ JO3BOJAE€ 3HAYHO MOKPAIIMTU SKiCHO-KINBKICHI MOKA3HUKHM 1X
pob6oTu.

KiiouoBi ciioBa: 3He3anmi3HEHHS BOAM, TOHKOIIAPOBWII BIACTIMHMK, 3TYHICHHH OCaj, KaceTHa KOHCTPYKIS, (IOKYJLis, KOAryJsilis,
OYMILEHHS BOJH, CKOJIOTIsL.

A. O. SHKOP, S. S. KULINICH, A. S. BOSIUK, O. V. SHESTOPALOV, D. 1. NECHYPORENKO

RESEARCH OF WATER DEIRONING METHODS. PROSPECTS AND PRACTICAL ASPECTS

The article discusses the study of water deironing methods, which is an urgent task in the field of water treatment, since the increased concentration of
iron in water makes it unsuitable for drinking and industrial use. The relevance of the topic is due to the need to improve the quality of water used in
production processes and reduce its negative impact on the environment. One of the main stages of the water treatment process is aeration, which
promotes the oxidation of ferrous iron (Fe?*) to trivalent iron (Fe**), which in turn changes the color of the water to a more pronounced yellow. After
aeration, water acquires specific characteristics, such as a change in pH, which is an important factor for further purification stages. In particular, the
pH changes from 5,92 to 7,72, which is evidence of the formation of trivalent iron hydroxide and partial decarbonization of water. The paper analyzes
several options for using different reagents. One of the options includes the use of slaked lime (Ca(OH),) and aluminum sulfate (Al;(SO4);) for
coagulation, which ensures the formation of sediment and clarification of water, as well as an increase in the sedimentation rate (up to 2,7 mm/s).
Another option involves the use of ferric chloride (FeCls), which effectively forms flakes that aggregate with the help of a non-ionic bioflocculant.
Studies have shown that the combination of coagulants and flocculants provides more effective water treatment, but there may be problems with
incomplete removal of iron ions and the need for additional filtration processes. If flocculants are overused, there may be a risk of increased residual
concentrations of reagents in the water, which is dangerous to human health. To eliminate these problems, it was proposed to use lime after
coagulants to increase the pH to optimal values for flocculation and reduce the concentration of sulfate ions. Taking into account the practical aspects
of the application of water treatment methods, it is proposed to use a continuous deferrization scheme, including a thin-layer settler for the effective
separation of flake aggregates from treated water. Thin-layer sedimentation tanks have shown high treatment efficiency due to the intensification of
the sedimentation process. The use of such settling tanks in the reconstruction of existing treatment facilities can significantly improve the qualitative
and quantitative indicators of their operation.
Keywords: water deferrization, thin-layer settler, thickened sludge, cassette design, flocculation, coagulation, water treatment, ecology.

Beryn. YV rimOWMHHHUX CBEepAJIOBUHHMX BoJax  BKpail pinmko y Burmimi cynbdatiB (Fey(SOy4);) abo

KOHIICHTpalis 3amiza 4YacoM OyBae HaiBUImOK. Y
MiI3eMHUX BOAAX 3 MAIMMHU 3Ha4eHHAMH pH i 3 HU3bKUM
BMICTOM pPO3YHMHEHOTO KHCHIO MOXE CIOCTEepiraTucs
KOHIICHTpAIiS 3ajli3a I0 KUTBKOX JAECATKIB MUIirpamiB B 1
1. B paiioHax jxe 3aysiraHHs CyJlb(paTHUX PyA 1 30HaX
MOJIOZIOTO  BYJKaHI3My KOHIEHTpalii 3amiza Moxe
JIOCSITaTH COTEHb MUTIrpaMiB Ha JITp.

3aii30 MepeBaKHO MPUCYTHE Y JBOBAICHTHOMY
CTaHi, 3a3BHYail y BHIJIS/I pO3UMHEHOro OikapOoHaty —
Fe(HCOs),. 3yctpivarorecst Takoxx kapooHatHa (FeCOs),
cynmepatna (FeSO,) 1 cymedingaa (FeS) dopmu
pPO3YMHEHHX  CHOJNYK  JBOBaJEHTHOro  3aiiza. Y
TPUBAJICHTHOMY CTaHI PO3YHMHEHE 3aJli30 3yCTPIiYaeThCs

PO3YMHHIX OpPTraHIYHUX KOMILIEKCIB.

Oxwucnenns nBoaneHTHoro 3amiza (Fe’') kuchem,
1o MicTUTBCS Y BOJi, BiZOyBaeThcs MOBiNBHO. Koro
IIBUJAKICTh 3aJICKHUTH Bif BenmuuHu pH cepemoBmmia i
JOCsira€  TPUHHATHOI Uil  MPAaKTUYHUX LUIeH Ipu
3HaveHHi pH > 8. Jlns npukiany, B 3aMKHYTIH cuCTeMi
(6e3 noctymy moBitps) aBoBanentHe 3amizo (Fe®')
TIOBHICTIO OKHCIIOETHCS OJIM3bKO 24 TOAMH, a Y BIAKPUTIH
cucreMi npotsiroM 4-6 roxuH. Tomy mist inTeHcHpikamii
npoLecy OKHCICHHS 3ailiza BIAIOTHCS A0 IMiUTY)KyBaHHS
BOAM, il mepeMilTyBaHHs, aepalii, 0OpoOKu xiopoMm abo
OyIb-IKUM IHIIUM OKHCIIOBadeM. L{to cTamito MoXKHa
Ha3BaTH CTANi€l0 TONEPENHBOI MIATOTOBKH BOAM IS
3HE3aJII3HCHHS.
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3arambHe 3a1130

v . 2+ r . 2+
3am3o Fe 3amzo Fe

B KOMIIITEeKCHII

- hopMi .
BimpHae bop Bitbne
| | | |
3aBucT PozunaHni MinepansHi OpraHidHI 3aBucm
PedOBIHI pedoBHHN CTHOTYKT, CITOTYKH 3 PEYOBIHI
FeS. FeCOs3, FeS. FeCOs, CILTIKATIL, TYMIHOBIMH Fe(OH); Ta
Fe(OH), Fe(OH) q)ocij)am Ta KHICTOTaMII 1HII1 0cann
1HITT1
f Po3unnni abo ToHKo QucnepcHi Gopmu ?

3aBuca opMu

Puc. 1 — Pi3HOBHIM 3aiTi3a Y HTOBEPXHEBHX 1 MiJ3eMHHUX BOJAX

Ananiz Jitepatypu. Astopu [l] mocmimkyBamn
mpoOsieMy OXOpOHH BOIHHX PpECypCiB Ta BIUIUBY
3a0pYJHIOIOYMX  PEYOBUH, 1[0  HOTPAIULIIOTH Y
MOBEPXHEBI Ta MiA3€MHI BOIM BHACIIJOK TOCHOAAPCHKOT
IISUTBHOCTI.  30KpeMa, YHACHiIOK BHAOOYTKY 3alli3HOT
PYAM BIAKPUTUM 1 3aKpUTHUM CIOCOOAMH YTBOPIOETHCS
3HAaYHA KUIBKICTh Kap’€PHUX BOJI, 30araucHUX CHOIYKaMu
3aji3a, HaQTONPOAYKTaMH, Cylb(paraMH, XJIOPHIaMH Ta
3aBHCIMMH 4YacTKaMH, IO TOTPEOYIOTh CEPEKTHBHUX
METOJIiB OUYHIIEHHS. Y po0oTi [2] pOo3rasHYTO MiAXO0TH 10
3He3aTi3HEHHS BHCOKOMiHEpaTi30BaHUX BOJI i3
OIHOYaCHUM 3MEHIIEHHIM YKOPCTKOCTI. Binemne
MIOJIOBMHM EKCIUTyaTallifHIX 3alaciB MiA3eMHUX BOJI B
VYkpaiHi MICTATh WiABHIICHY KOHIICHTpAIIO 3aji3a.
HagmumkoBuii BMIiCT 3amiza y BOAI BHKIHKAE pAI
HEraTUBHUX HACTIAKIB, 30KpeMa, Hamae iii MeTaieBuit
MPUCMAK, CIPHYUHIE KaJTaMyTHICTh, 3MiHy KOJIbODY,
MOSIBY HEMPHUEMHOrO 3araxy, a TaKOX MPU3BOAMTH O
3apOCTaHHS BOJOPO3MOIIIEHUX MEPEX. Y MPOMHUCIOBOCTI
Taka BOJAa € HENPHIATHOI [UIS BHKOPHUCTAHHS, IO
CTBOPIOE MPOOJIEMU B MANEPOBild, TEKCTUIIBHIN, XapUuoBii,
XiMiYHId Ta iHmMMX ramy3sx. KpiM Ttoro, 3ami3oBMicHi
KOJIOiIHI CIIOJIYKH MOXKYTh COPOyBAaTH BaXKKi METalH Ta
PamiOHYKIIiIW, IO CTaHOBUTH 3arpo3y s 30pPOB’S
monuau. Hopma BMicTy 3amiza y Boai, 3rigHo JCanlliH
2.2.4-171.10 «l'iriegiugi BHUMOTH OO BOJH ITHUTHOI
NPU3HAYCHOT JUIsl CIOKUBAHHS JIFOAMHOIO» —  JUIA
BOJIOTIPOBITHOI MUTHOI Bomu He Oumbiie 0,2-1,0 mr/i, 3
KOJIOAA3IB Ta KanTaxiB He Oimpme 1,0 mr/m Tta mos
(acoBaHoOi, 3 MyHKTIB PO3JMBY Ta OIOBETIB — HE Oinblie
0,2 mr/m [3].

3amizo icHye y BOAi AK y pPO3YMHEHOMY, TaK i B
KosoinHOMy abo 3aBuciomy craHax (puc. 1). Jxepemom
3aiiza B apTe3iaHCHKUX BOJAX € TPHUPOIHI IPOLECH
PO3UMHCHHS 3QJI30BMICHMX MIHEPaIiB. Y MiA3eMHHUX
BOJAX, [I€ BMICT KMCHIO OOMEXEHHH, 3ai1i30 37€01IbII0r0
NPUCYTHE Y BUIVIAJI JIBOBAJICHTHUX CIOJYK, TaKHX SK
rigpokapbonar 3amiza (II) ta cymedar 3amiza (II). 3a
HAsBHOCTI KUCHIO Fe?" mocTymoBo OKHCIIOEThCs 10 Fe’”,
KA YTBOPIOE HEPO3UMHHI TIIPOKCHOM 3aji3a, Mo
BHNAAIOTh B ocaj. Lle nporiec Bigirpae KIr04oBy poiib y
MIPUPOJHOMY CaMOOYMIIEHHI BOJ, a TaKOXX € OCHOBOIO
0araTb0X METOIIB 3HE3ATI3HCHHS [4].

VY mimzeMHUX BOJAX 3aji30 MEPEeBaKHO MICTUTHCA y
¢opmi  OikapOoHAaTy JBOBaJEHTHOro 3amiza. Ko
BOJOHOCHHHA TOPH30HT OTPUMY€ IIHKUBICHHSA BiJ
piukoBux abo0 OOJIOTHUX BOJ, MOXIIUBE YTBOPEHHS
OpraHIYHUX KOMIUIEKCIB 3ami3a. [Ipu 3navennsx pH > 4,5
3amizo (II) moctymoBo oxwmcmioerbes mo 3amizo (III) i
OCaIDKY€EThCS y BUIJLIAL TiAPOKCHIY 3ajiza, HMPUIOMY
e(peKTUBHICTh LILOTO MPOIECY 3pocTae 3i 30LIbIICHHIM
piBas  pH. OcamkeHHs €  HaWmpocTimmuM i
HAWMONIMPEHINIAM ~ CIIOCOOOM  BHJIUICHHS — IpyOux
JIOMIIIIOK 31 CTIYHUX BOJ, fAKi M HI€I0 CHIH TSDKIHHS
OCIJTalOTh Ha JHO BiJICTiiHWKA a00 CIUIMBAIOTh HA HOTO
MOBEPXHIO [5].

HocBin ekciryatamii  OUTBIIOCTI  CTaHIINA — 3He-
3aJli3HEHHS. BOJI CBIJUUTH, 1[0 3AJIUIIKOBA KOHIIEHTPALIiS
3a;miza y BOMI MicHs YOTHPHOX TOIWH BiICTOIOBAHHS
craHoBuTh 20-50 mr/1 [6].

Jlnst BUIANICHHS 3aj1i3a 3 BOJM BHKOPHUCTOBYIOTH SIK
pearenTHi, Tak 1 Oe3pearentHi Mmeromu [7]. Bubip
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KOHKPETHOTO METOAY 3HE3ai3HEHHS 3alIe)KUTh BiJ
KiJBKOCTI Ta ()OpMHU ICHYBaHHs 3aji3a, CKJIaJly BOJIU Ta
HOTY KHOCTI BOJIOOYUCHOT CTaHIIii.

Jo icHyruYHMX METOHIB 3HE3aJi3HCHHS BOIU
BIJTHOCATBCS: OKHCIJICHHS 32 JIONIOMOTOI0  XiMIiYHHX
peareHTIB (CIIOJIYKH 030HY, XJIOPY, IIEpMaHraHaTy Kajliro,
nepekucy BojaHIO) [8, 9], KaramiTHYHE OKHCIEHHS 3
BUKOPHCTaHHAM (QLIbTpyBadbHUX Matepiamis [10, 11],
MeMOpaHHI METOM Ta I0HHHUIA OOMIH.

Y nmporeci 3He3ali3HEHHS BOJIU TiIpoTi3 10HIB 3ai1iza
€ HeOaXaHWM, OCKUTBKH HEPO3YHMHHI Y BOZI TiAPOKCHIH
3amiza (II) Ta 3amiza (III) MOXYTh CIPHUMHATH OTPY€EHHS
ionity Ta OmokyBaHHS ioro mop [12]. IlpucyrHicTb
HEPO3YMHHUX CIIOJIYK 3aji3a y BOII MOXXE CIPUYHHATH
LITYHKOBO-KUIIIKOBI PO37agy Ta 3MiHY OpraHOJENTHYHUX
BJIACTUBOCTEH BOIHM, IO BIUIMBAE Ha 11 CaHITapHO-
ririeHiyHy gkictb. Takoxk, MOXe CIPHYHHSITH PO3BUTOK
PI3HHMX 3aXBOPIOBaHb, OCKLIBKM 3aJ1i30 HAKOIHYYETHCS B
opraHax 1 TKaHMHAX, TaKUX 5K CYIJIO0M, IICYiHKA,
SHJIOKPHHHI 3aJl03W Ta cepue, IOCSATYIOYM TOKCHYHHX
KOHIICHTpAIIil.

Tomy, I e(QEKTHBHOTO 3HE3aNi3HEHHS BOJAU
HEOOXiTHO BPaxOBYBaTH HE JIMIIEC TEXHOJOTIYHI aCIICKTH
mpoLecy, a TakoX HOro BIUIMB Ha 3J0pPOB’S JFOJHMHH.
Bucokuii BMICT HEpPO3YHMHHUX CIIONYK 3aii3a MOXKe

CIIPUYUHATH IITYHKOBO-KHIIIKOB1 posnazu Ta
HAKOIIMYEHHS MeTaly B OpraHax, INO 3YMOBIIIOE
HEOOXITHICTh ~ 3aCTOCYBaHHS  €(EKTUBHHX  METOJIB

OYMINECHHS. Y  TPOMHUCIOBUX  HIIANPUEMCTBAX  Lisi
npoOjieMa BUPINIYEThCS IIISIXOM BHKOPUCTAHHS TaKHX
TEXHOJIOT1H 3He3aIi3HeHHSI:

1. Ilpu emicmy 3aniza 0o 3 me/n 1 IPOILYKTUBHOCTI
710 1000 M*/106y 3aCTOCOBYEThCS METON (BilbTPYBAaHHS HA
kapkacHux QinpTpax. CyTh METO/y MOJISITAE B TOMY, 110 O
mepeBectu 3amizo (II) B 3amizo (III), ske ocimae Ha
HAMUBHOMY maTpoHi. B mpomeci ¢inpTpyBanHs Ha
caMOMy TOYaTKy BUpIIANbHY POJIb BiJirpae BiIMiHHICTh
y 3apsaax KepaMmiuHoro mnarpona, ioniB 3amiza (II) i
rutactiBiiB 3aiiza (I11).

Ha mouarky mpouecy #ae HapocTaHHS Inapy
TiIpOKCHIy 3ajii3a Ha MaTpoHi QUIbTpa, NpH IBOMY
BiOyBalOTbCA SIK XiMiuHI, Tak 1 (hi3UUHI IpOIIECH.
IMoctynoBe  3akymoproBaHHS 1oOp  (UIBTPYBaIBHOI
TIEPETOPOAKH XapaKTEPH3YEThCS JIOCATHEHHSAM MEBHOTO
CHIBBiIHOIIECHHS 00’ €My TBEpINX YaCTHHOK, 3aTPHUMAaHUX
y mopax, mo o0’emy camux mop. I[Ipm moBHOMY
3aKyIOPIOBAaHHI 3aKiHUYeTHCS TepIIa CTamis IMpomecy i
MIOYMHAETBCA ApPYra — YTBOPEHHS IIOYAaTKOBOTO ILApy
ocany. Ha mpomy erami 3aBepIIyeThCsl MpOIEC 3apsaKH

¢inbTpa 1  moumHaeThcs  (QUIBTPYBaHHS 3  METOIO
3HE3aJII3HCHHS BOJIN.
2. Ilpu emicmy 3aniza 0o 5 wme/1 MOXHA

3aCTOCOBYBaTH MeTOA «cyxoi ¢inbrpauii». CyTs MeTonry
MoJisira€ B TOMY, 1100 (iIbTPYBaTH MNOBITPSHO-BOASHY
EMYJIBCII0 Yepe3 He3aTOIICHE 3EPHUCTE 3aBaHTa)KCHHS
LUISIXOM YTBOPEHHS B HBOMY BakyyMmMy abo MIISIXOM
HArHITaHHS BENTMKHX KITBKOCTEH MOBITPS 3 MOJANBIINM
BiZICMOKTYBaHHSM 3 MiIOHHOTO IIPOCTOPY.

Oco0amBiCTIO TIPOIIECY € YTBOPEHHS AETiIpaTOBaHOI

IUTIBKM HAa 3¢pHaX 3aBaHTaXEHHS (TCOK, KepaM3uT,
AHTPAIINT, BiHIIUIACT, HOIICTHPOI, MOTIMETHIMETAKPIIIAT
Ta iH.), KA CKIAJAa€ThCS 3 MATHETUTY, CHACPUTY, TETUTY 1
rematuTy. Lli CHOMyKH XapaKTepH3YIOTHCS IIUTBHOIO
CTPYKTYpOIO 1 00’eMOM y 4-5 pa3u MEHIIUM, HDK 00’eM
TUTIBKY 3 T1IPOKCHITY 3aJTi3a.

3. Ilpu emicmy 3aniza 6i0 5 0o 10 me/n cnin
3aCTOCOBYBAaTH  METOJl  cCHpomieHoi  aepamii 3
OJTHOCTYMIHYacTUM (inbTpyBaHHsAM. [Ipu npomy Mmetoni
nepen0avyaeThes SIK HaMipHUiL, Tak 1 Oe3HamipHuil BapiaHT
(inbTpyBaHHSI, 3aJI€XKHO BiJl HEOOXiHOI MPOTYKTUBHOCTI.
Merton TpyHTYeTbCST Ha TOMY CaMOMy IIPHHIIHIT
3HE3aJII3HEHHS, 0 M MeTox «Ccyxoi ¢impTpamii» — Ha
3epHUCTIH MMOBEPXHI YTBOPIOETHCS KAaTaJiTHYHA ITUTIBKA 3
i0HIB Ta OKCHAIB JBO- i TpmBaJieHTHOTO 3aii3a. [Ipormec
3HE3ATI3HEHHS 3 YTBOPEHHSAM IUIBKH € TETepOreHHHM
ABTOKATANITHYHAM IIPOIECOM, B pe3yiabTaTi SKOTO
3a0e3medyeTscsi OesmepepBHE OHOBICHHS IUIBKH  SIK
Karanizaropa 6e3mocepeHso mix gac podbotu pinbTpa.

4. Ilpu emicmy 3aniza 6i0 10 oo 20 wme/n

3aCTOCOBY€TBCS METOA  aepamii 3  JBOCTYNEHEBUM
¢inprpyBannsiM.  CyTHICTH  TIpoliecy — aHaJOTi4HA
BUILCONTHCAHIMH. Ha MIOBEPXHI 3aBaHTa)XECHHS

YTBOPIOETHCSI MOHOMOJIEKYJIIPHUH 1ap, M0 CKJIaJaeThCs
3 KyJbOBHX MOJICKYJ TiJPOKCHAY 3ajii3a Ta IHIINX
crouyk, sik 3aiiza (I1I), tak i 3amiza (II).

Braciiok cBo€i rapHOi amcopOIiitHOi 31aTHOCTI,
BHCOKOI TUTOMOI TIOBEPXHi 1 HASBHOCTI BEITMKO{ KITBKOCTI
3B’s13aH01 BoaH (10 20%), Taka IUTiBKa SBJISIE COOOI0 TyKe
CIIIBHUH ancopOeHT ry0uactoi cTpykTypu. OIHOYAaCHO
IUTiBKAa € KaTajizaTopoM okuciaeHHs 3amiza (II), mio
HaJXOAUTD Y 3aBaHTa)KEHHS.

B cBoo uepry, NpUCyTHICTB Y BOJi TAKHX PEUOBHH,
SK aMiak, CipKOBOJICHb, BiJIbHAa BYIJICKHCJIOTA, KOJIOIIHA
KpPEMHIEBa KHUCJIOTa, € «OTpyTaMu» Ui aJcopOLiiHOT
CTPYKTypH. BHaciiIok TOro, 1110 MOJIEKYJIH [IUX PEYOBHH
MaroTh IO Mapi BUIBHUX €JIEKTPOHIB, BOHU MOXYTb OpaTn
y4acTh B YTBOPEHHI KOBAJECHTHUX 3B’S3KiB i3 IIOBEPXHEIO
KaTaji3aropa, 10 3a 3HAYHUX KOHLEHTPALiil X CHOIYK
3HWKY€E aKTUBHICTH MTOBEPXHI.

5. IHpu xonyenwmpayii 6i0 20 do 30 wme/n —
PEKOMEHIYEThCS METOJI i3 BHKOPHCTAHHAM BaKyyMHO-
eXKeKIiHHuX amapariB. [Ipoxoasdn gepes moBiTps, 3aii30
(I) okmcHIOETBCS, TEpPexXOoAsylM B OKHCHE 3allizo 3
YTBOPCHHSAM  KOJIOioy  TIAPOKCHIy  3ajii3a, IO
KoarysoeTbes 3a pH = 6,8...7 1 BumiisteThcst B ocan y
BUTJISI OYpHX TUIACTIBIIB.

TakuM 4WHOM, 3arajoM, TpagullidHI METOIU
3HE3ANI3HEHHST BOJM IPYHTYIOTBCS Ha  OKHCHEHHI
JIBOBAJICHTHOT'O 3ajli3a KHCHEM THOBITps (aepauis) Ta
CHUJIBHUMH OKHCHIOBa4aMH (XJIOp, MEepMaHTaHaT Kajliio,
MepeKrc BOJHIO, O30H) A0 TPHBAIEHTHOTO CTaHy, 3
YTBOPEHHSIM HEPO3YMHHOTO Triapokcuny 3aiiza (III), sxwii
3rOJIOM BHUIAJSIETHCS BIICTOIOBAHHSM, 3 JOJABAHHAM
KOaryJISTHTIB Ta (QIIOKYISHTIB 00 PLIBTpaIli€ro.

B mpomeci aeparii KHCEHb TOBITPSI OKHCIIOE
JBOBAJIGHTHE 3ajli30, NPHU LOMY 3 BOIM BUAAISAETHCA
BYIJICKHUCIIOTA, IO IPHCKOPIOE IPOLEC OKUCHEHHS 1
MOANTBIIIAA TiAPOITi3 3 YTBOPEHHIM TiAPOKCHIY 3ai3a.

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025

45



ISSN 2079-0821 (print)

V¥ npomeci OKHCACHHS Ha 1 Mr Fe** BUTPAYAETHCSA
0,143 mr xuchio (0O,), 30UIBIIYETECS BMICT BUIBHOT
Byrnekuciotu (CO,) Ha 1,6 Mr/1, a JIy»KHICTh 3HUKYETHCS
Ha 0,036 MMOITB/1.

et npouec onucyeTbes TAKUM YHHOM:

Fe*" + 0, + H,O0 — Fe(OH); + H".

[IBuaxicTh mi€i peakmii B 3BUYAHHUX yMOBaX
HEBENMKA — 9aC  OKUCICHHS  KHCHEM  MOBITps
IBOBAJICHTHOTO 3ajli3a B TPHUBAJCHTHUH cTaH Oyne
OMM3BPKO COpOKA XBHWJIMH. Y IIy’)KHOMY CEpeIOBHIII
xiMiYHa piBHOBAra B 3a3Ha4YCHIM BHIIE PeaKIii e OiibIie
3MIIIY€TBCS TPABOPYY, 3POCTA€ 1 IMIBHAKICTH peakiii

OKHCJICHHS ~ 3aBISKM  BUJAJICHHIO 3  PEarcHTHOro
cepelloBUIlla 10HIB BOJHIO IiJi 4Yac YTBOPEHHS 3
TIIPOKCHJIBHUMHU 10HAMH MOJICKYJ Boaud. Tomy 3a

Bucokux 3HadeHb pH (> 8,0) ocHOBHOWO (hopMOIO
ICHyBaHHS 3aJ1i3a Y BOZI € HEPO3UMHHHUH TiAPOKCHT 3aJTiza
(III) — Fe(OH);, sxmii mepebyBae B CyCHEHIOBaHIN
KOJIOTTHIH opMi.

[IpucyTHicTs ¥ BOAi comeil Mimi, a TaKOXK KOHTAKT
Bomgu 3 ocagom Fe(OH);, sxuit BumaB pamime,
KaTaTiTHYHO MPHUCKOPIOIOTH Mpolec okucieHus Fe’' 1o
F e3+,

3anexHo Big ymMoB (3HaueHHs pH, Temmeparypa,
HAsSBHICTh y BOJI OKHCIIOBa4iB a00 BIJHOBHHKIB, TXHSI
KOHIIEHTpAllisl) OKHCIEHHS MOXKE IIepelyBaTd TiApoizy,
WTH mapanenbHo 3 HUM  a00  OKHCIIGHHIO MOXe
miggaBaTucs MPOXYKT TiApOJIi3y IBOBAJICHTHOTO 3alliza
FG(OH)Q

OKHCIIeHHS 3aJli3a aepawli€l0 MOXKE IPOBOJMTHUCS
HACTYIIHUMH MeTojaMu: (oHTaHyBaHHAM (Tak 3BaHi
OpM3KaJbHI YCTAaHOBKH); AYIIYBaHHAM, 32 JOTIOMOTOIO
IKeKTopa, exekTopa abo KoMIipecopa; OapOoTaliero
(BBEIEHHSM CTHUCIIOTO MOBITPS B TPYOY).

JlonaBaHHA y BOAY CHJIBHUX OKHCIIIOBAadiB 3HAYHO
iHTeHCH(IKy€e MPOIEC OKUCICHHS JBOBAICHTHOTO 3ali3a.
Hadimmpme  ais  ouMiieHHs  BOAM  Big  3aimiza
3aCTOCOBYETBCS TPOLIEC XJIOPYBAHHS, IO Ja€ 3MOTY

TaKoX po3B’si3aTh  mpoOiiemy Je3iHdekuii Boau, a
HalC(CKTHBHIIIMM  BUSABISIETRCS  —  O30HYBaHHS.
Bracnimok TOro, mo, 3a BHHATKOM O30HY, 1HIII

OKHCIIIOBaYi  BHSBIIFOTBCS  MalIOS(EKTHBHHMHU  IIO0
opranigyHoro 3aiiza. OnHaK O30HYBaHHA € 1 HaAWOUIBII
JOPOTMM METOAOM, IO BHMAara€ BeJMKHX BHTpAT
enektpoeHeprii. KpiM Toro, mpakTHYHO  3aBXKIH
3HE3aJI3HEHHS BiIOYBAETHCSA OJHOYACHO 3 BHIAICHHIM 3
BOJM MapraHijio, KW OKUCIIOETHCS 3HAYHO Baxkde, HDK
3aii30, 1 3a OuTbin BucOKuX 3HaueHb pH. Ozon (O3) —
ONUH 13 HaWCWIBHIIKX OKucIoBauiB. OmHOYacHO 31
3HE3apaKEHHSM  BIIOYBAalOTBCSI TPOLIECH OKHCIICHHS
JIBOBAJICHTHHX 3aJli3a i MapraHI[io, 3HeOApBICHHS BOJIH, a
TaKoX Ii 1e30[0palis 1 MOMNIMIIEHHS OPTaHOJEHTUYHUX
BIIACTUBOCTEH.

CTexioMeTpHYHO MOXKHA BHU3HAYUTH JI03y O30HY Ha
OKHUCIICHHS JIBOBAJICHTHOTO 3aJ1i3a 32 TAKUM BHUPa30M:

Jlo3 =0,14-[Fe*'],

ne [Fe*'] — KoHIleHTpaLis JBOBAICHTHOTO 3aii3a y
BHUXIiIHI# BomIi, MI/I.

Y  3BuYailHUX yMOBax IIpoOlLIEC  OCAIKCHHS
KOJIOITHAX YaCTHHOK TiJPOKCHAY TPHBAJIEHTHOTO 3aili3a
(po3mip dacTMHOK 1-3 MKM) TIpH  BiJCTOIOBaHHI
BiZIOYBa€THCS MOBUILHO. YKPYITHEHHS YaCTUHOK 1, OTXKeE,
NPUCKOPEHHS ~ OCaDKEHHS  JIOCATAIOTh  JOJaBaHHIM
KoarynsHTiB. Llporo > BHMMarae BUKOPHCTaHHS Ha
OUYNMCHHUX CHOpyJax IIIaHuX abo  aHTPauUTOBHX
(binpTpiB, SKI HE 3[aTHI 3aTPUMYBAaTH APiOHI YaCTHHKH.
Tak camo moraHo mi GiTBTPH 3aTPUMYIOTH OpTaHidHE
3aIi30.

Jns BumanmeHHs 3 BOAM 3aili3a, IO MICTHTBCS ¥y
BUTIISAL KoJoiny rimpokcumy 3amiza Fe(OH); abo y
BUMJIAZAI KOJIOIZANBHUX OPraHiYHHMX CIIONYK, HAllpUKIIAZ,
ryMariB  3ajiza, BHKOPHUCTOBYIOTH  KOAaryJIOBaHHS
Cynb(haToM aTIOMIHII0O a00 OKCHXJIOPHIOM aJIFOMIHIIO,
abo 3aJi3HMM KYINOPOCOM i3 JOAaBaHHSAM XJIOpY 4YH
TiIIOXJIOPUTY HATPito.

Sk HamoBHIOBa4i I (QUIBTPIB  31e0LTBIIOTO
BUKOPHCTOBYIOTh  IIICOK, aAHTPAILUT, CYJIb(GOBYTLLIA,
KepaMm3HT, MiPOJO3UT, a TAKOXK MaTepiaind s QilbTpiB,
00poOIIeH] KarTami3aTopoM, SKHAH TPUCKOPIOE TIPOIIEC

OKHCHEHHS JIBOBAJIICHTHOTO 3aji3a B TpPUBAJCHTHE.
OcTtaHHIM dYacoM jefaini  OiIBIIOTO  MOUIMPEHHS
HaOyBarOTh HaTIOBHIOBaYi 3 KaTaTiTHIHUMUA

BiactuBocTsiMu: Manganese Green Sand (MGS), Birm,
MTM, MX®, Toro.

Pobounii pexum 1 oONiagHAHHSA IS OCBITJICHHS 1
Koaryysiuii BHXIIHOI BOAM OOHMparOTh 3 OIVISAYy Ha
xapakrep 1 piBeHb BMicTy 3a0pyaHenb. [Ipu npomy sKmo
HEOOXITHO OJIHOYACHO IMiJBUINUTH JIY)KHICTh BOIU 1
3HU3UTH i COJIEBMICT, IPOLECH, IO PO3MISAAIOTHCS,
MOETHYIOTH 3 BaIllHYyBaHHSIM.

IMpouec koarymsmii JOCHTh CKIAQAHHUM 1 HeMae
CTPOTHX CTEXIOMETPHUYHUX CITIBBITHOIICHh MK 03010
KOAaryJIfHTY Ta KIUIBKICTIO PO3YMHEHUX KOJOIIHHX
pedoBHH y BuXimHIH Bomi. Tomy 103y BH3HAYAIOThH
METOZOM IPOOHOTO KOAryJIIOBaHHSL.

B AKOCTi KOaryJIsHTIB 3aCTOCOBYIOTb:

- cynb(aT aJIOMiHIIO (TIIMHO3EM)

Al,(SO4);-18H,0 npu pH Boaum 6,5-7,5;

- cynbdar 3aniza (3ai3HuN Kynopoc)
FeSO,-7H,0 npu pH Bonu 4-10;

- xuropHe 3ainizo FeCl;-6H,0 mms Boau 3 pH = 4-10.

Jns inTercudikamii mpomecy Koaryisdii y BoOAy
JOJATKOBO BBOIATH (IOKYJIAHTH (HalmommpeHimmi 3
HUX MOJTIaKPHIAMIT). OnokynsHTH CIPHUAIOTH
YKPYIHEHHIO Ocaly 1 IPHCKOPIOIOTH MPOLEC 3JIUMAHHA
KOJIOITHHX 1 3BRKEHHUX YaCTOK, L0 OCIJIal0Th.

Cropomiena aepauis. MeTox  3acHOBaHMN  Ha
30aTHOCTI BOJM, IO MICTHTH JBOBAJIEHTHE 3aJli30 1
pO3YMHEHHH KHCEHb, MiJ 4Yac (QIIbTpyBaHHS depes
3ePHUCTHH IIAp BUAULITH 3ali30 Ha IOBEPXHI 3epeH
3aBaHTa)XEHHsI, yTBOPIOIOUM KaTaJTiTUYHY IUTIBKY 3 1OHIB 1
TIAIPOKCHIIB JBO- 1 TpHWBaJeHTHOro 3amiza. [lmiBka
AKTUBHO IHTEHCH(]IKy€e IMPOIEC OKWCICHHS 1 BUAUICHHS
CIIOJIYK 3aJ1i3a 3 BOJH.

[lig gac HagXOXEHHSA y (GUIBTP MEPIINX MOPIIiH
BOJM, 1IN0 OYMINAETHCA, Ha MOYATKy  IPOLECY
3HE3aJli3HEHHs Ha TOBEPXHI HANOBHIOBaYa (DOPMY€ETHCS
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MOHOMOJICKYJISIDHUI —1map crojiyk 3aiiza (¢disuuna
ancopOirisi). IloBepxHeBHl Mmap XIMIYHO AKTHUBHIIIWH,
HIK YHCTUH HANOBHIOBAY, IO MPHUCKOPIOE MPOIEC
OCaDKeHHs 3aii3a. 3Ha4eHHs ICTUHHOI MOBEpXHI ILTIBKH
cronyk 3amiza monan 200 M>/r, 10 BH3HAYae ii

BJIACTHBOCTI SIK CWJIBHOTO ajicopOeHTy ry0O4acroi
cTtpyktypu.  Llg  1uiBKa ~ OJHOYACHO  CIIY)KHUTb
KaTalizaTOpOM  OKHCJICHHS  JIBOBAJICHTHOTO  3aji3a.

[oTpiOHO 3a3HAUMTH: HHU3KA IOMIMIOK B OYHIIYBaHii
BOMi, TAaKWMX SK CIPKOBOIEHb, BiIbHA BYTJICKHUCIIOTA,
KOJIOiTHa  KpeMHi€Ba  KHCJIOTa, amiak, IIOMITHO
MOTiPIITYIOTh KaTaJIiTHYHI BIACTUBOCTI TLTiBKH.

3a HasBHOCTI 3aji3a y BOAI y BUIIISAALI cymbdaTy
FeSO, aepamis Boau He Jda€ 3MOTH TPOBECTH 1i
3HE3ATI3HCHHS: MMiJ] Yac TiAPOJIi3y PO3UMHEHOI COJIi 3ai3a
YTBOPIOETHCS KUCIIOTA, siKa 3HIKYe pH Bogu 10 MeHI
HDK 6,8, mpum 1BpOMYy TIIpolec TiApoidizy Maibke
MPUITUHAETHCS. J[J1s BUaieHHS 3 BOJM KHCIIOTH IOTPiOHE
i BaliHyBaHHS 3 OCAPKCHHSM ITOTaHO PO3YMHHOTO TIMCy
CaSO4:

FeSO, + Ca(OH), = Fe(OH), + CaSO,.

Ilicnst  BamHyBaHHS BiJICTOIOBaHHS 1
GbUIbTpYBaHHS BOIH.

IIpu 06poO11i BOAM NmepMaHTaHATOM Kaii0 PeaKiis
OKHUCIICHHSI 3aJTi3a 3 MOJAJIBIIMM TiAPOII30M MPOTIKAE 3a

HaACTyIMTHUM piBHHHHHMI

4FG(HCO3)2 + MnO4' + 2H20 = 4FC(OH)3 + Mn02 +
+8CO0..

noTpibHi

3a &maHUM pIBHSHHSIM Ha OKUCJIEHHS | Mr Fe*"
Butpadaerscst 0,71 mMr (mpakTudHO | Mr) mepmaHraHary
Kalifo, a IyXKHICTh BOAU 3MeHITyeThes Ha 0,036 MMob/m.
CHill 2.04.02-84* Bm3Ha4ae pO3PaxyHKOBY JO3Y
nepMaHraHary Kamito (y mepepaxyHky Ha 100%, mr/m)
JUTSL OKMCHEHHS 3aJ1i3a 1 MapraHiio 3a JOIOMOTOI0 TaKOTo
BUpA3y:

JKimos= [Fe*] + 2[Mn”"],

2+ . .
e [Fe ] — KOHICHTpallAd ABOBAJICHTHOI'O 3alli3a y

BUXIZHIM  Bomi, MI/I; [Mn2+] —  KOHIIEHTpaIis
JIBOBAJICHTHOT'O MAPTaHIII0 Y BUXIIHIH BOJI, MI/IL.
Hdns  mpurotyBaHHS poOOYMX  PO3UMHIB  CIif

KepyBaTucsi JaHUMHU IOJO0 PO3UYMHHOCTI MEepMaHraHaTy
KaJIiio y BOII:

- 3a TeMmnepatypu 20°C — 6,34 r KMnO, na 100
T BOJY;

- 3a Temnepatypu 60°C — 22,2 r KMnO, na 100
T BOJIH.

IIpu crninpbHOMY BBEICHHI B 00pOOIIOBaHY BOIY
MepMaHTaHATy KaNilo 1 TIIOXJOPUTY HATPIIO JO3U IHX
pearenTiB (y mnepepaxynky Ha 100%, Mr/m) MokHa
BH3HAYHTH 3 PiBHSHB!

T inos = 0,2[Fe*] + 2[Mn>];
Jlnaoc = 0,7[Fe™].

[TopiBHSIHHSA pIBHSIHB IIOKa3y€e: CIIIbHE BBEICHHS
peareHTIB j1a€ 3MOory ekoHomuTH 10 80% mnepmaHraHary
Kayito. BBeleHHs IbOTO peareHTy Mepe Mo1aueio y BOIy

TIIOXJIOPUTY HATPiI0 pyHHY€ OpPraHidHI PEUOBHHH, IO
BCTYMAIOTh Y peaklilo 3 XJOpoM. Y pe3yJsbTari
YTBOPIOIOTHCS MIPOAYKTH 3 PI3KUM 3araxoM, Harpukiaz,
(deHonu. SIKIIO BBEJEHHS PEAarcHTIB 3MIHCHUTH B 1HIIIN
MOCITIJOBHOCTI, TO TE€PMaHraHaT Kalilo pyHHyBaTHMe
YTBOPEHI XJIOPIPOTYKTH.

Metoro gocimipkeHHsS Oyna po3poOka MeToxry
OYUIIEHHS BOJM IiJI3€MHOTO JDKEpelia BiJ 10HIB 3aimi3a.
JUtis mocsATHEHHS 3a3HAa4eHOI METH B poOOTI HEOOXiTHO
OyJI0 BUKOHATH TaKi 3aBIaHHS:

- TIPOaHaJi3yBaTH OCOOIMBOCTI METOJIB BHIAJICHHS
3aji3a 3 BOIM;

- TPOBECTH JIADOPATOpPHI IOCTIIKCHHS BIUTUBY
KOAryJIstHTIB 1 (UIOKYJISIHTIB Ha BUIAJICHHS 3aI1i3a;

- po3poOutH Oe3mepepBHY CXEMy OUYMIICHHS Ta
3HEe3ai3HEHHS BOIU.

MeTtoaunka AocTiKeHHs MPoOH CTiYHOI BOIH

Junst pocmijpkeHs Oyno OoTpuMaHo NpoOy Boau 3i
CBEPJUIOBMHH 13 BMICTOM 3amiza 16,2 mr/ia. 3 MeToro
OYMIICHHS BOAM BiJ CHONYK 3ayiiza OyB NpOBEACHHN
mig0ip peareHTiB (KOATYISHTY i (QIOKYIISHTIB).

Ha mnepmiomy erami JOCHIIDKEHb TPOBOAMIOCS
acpyBaHHA BOIM aTMOC()EPHHM IIOBITPSIM MPOTAIOM 5
XBWJIMH 3 JTO3PiBaHHAM Yy BIAKPUTIH €MHOCTI MPOTSATOM
30-40 xB. o i micist aepyBaHHS IPOOHM TIPOBOAHIH
aepartito mpo6u, BuMiproBanHs pH 1 3xificHIoBanmm minbip
peareHTiB [T BapiaHTIB OYMIICHHS.

Sk peareHTH BHMKOPUCTOBYBAlM KOAryJssHTH —
Cyabdar aloMiHII0, XJIOpU 3aji3a B KoHueHtpaiti 10%.
B sixocTi (noOKyJISHTY BHKOPHCTOBYBalM HEIOHOT'CHHHN
¢noxynsut  TOH, anionnwit Qnokynsar  A-19 i
karioHHud uokynsHT K-7.

Pe3ynbTaTi 10ciTxKeHHs] HPooH BoaM

[Tix yac aepyBaHHS BOAM IPOTATOM 5 XBHJIHMH 3
TTOANBITAM TTO3piBaHHAM, KOJip mpoOu HaOyBae OimbII
BUPQXCHOTO JKOBTOTO KOJBOPY, IO CBITYUTH TIPO
OKHCIICHHS JBOBAJICHTHOTO 3aji3a 10 TPHBAJICHTHOTO. 3
IUTMHOM 9acy YTBOPEHHS OCaxy 1 OCBITJIIGHHS BOIHM HE
cnocrtepiraetecst. lle moB’s3aHO 3 THM, MO 3aji30
nepedyBae B KonoinHoMy ctadi. Jlo aepysanns pH npobu
cTaHoBuTh 5,92 i pH = 7,72 micns. 3mina pH moB’si3aHa
SK 3 YTBOPCHHSAM TiJIPOKCHIY 3aj1i3a TPUBAJICHTHOIO IIi[
yac acpyBaHHs, TaK 1 3 YaCTKOBOI JeKapOOHi3ali€ero i
BuAaIeHHsIM po3unHeHOro CO,, 0 yTBOPIOETHCS Mif Yac
po3many rigpokapOOHaTIB.

HonaBanus (IOKYNAHTIB 0€3 KOAryjisHTIB HE
NPU3BOJMUTH JI0 KOAryJIOBAaHHS JIOMIIIOK 1 yTBOPEHHS
ocany. [1ig0ip pi3HUX MOEIHAHL BBEICHHS PEArcHTIB J1aB
3aJIOBUTBHI pE3yJIbTaTH B TAKUX BapiaHTaX:

BapianT 1. JlomaBanus ramenoro BamHa Ca(OH), y
kimpkocTi 400 Mr/nm (YTBOPIOETBbCS CYCIIEH3isl BallHa) 3
MTOANBINOI KOATYJISIMI€I0 CipYaHOKUCIUM  ATFOMIHIEM
Al (SOy4); y ximpkocti 400 Mr/m Tta gomaBaHHSIM
MMOE€THAHHS HEIOHOTCHHOTO W aHiOHHOTO (PIIOKYJISHTIB y
kimpkocTi 0,2 1/ (4 Mt 0,05% po3unny ¢nokynsHTy Ha 1
JITP BOJH) IPU3BOANUTE JI0 BUIIAAAHHSA CPIOKYIIPOBAHOTO
ocany. CepenHst IBUAKICTh ocakeHHs (iokyn V = 2.7
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MM/C.

OpHak, BBeJCHHS Cynb(ary aIOMIHIIO MOXe
MIPU3BECTU JIO0 3AJIMIIKOBOTO BMICTY 10HIB IIOMIHIIO Y
BOII, fAKi MOXYTb UYMHUTH HECHPUSTIMBUH BIUIMB Ha
3JI0pOB’sI JTIFOJMHU TIPU CUCTEMATUYHOMY BXKHBAHHI BOJIH.

BapianT 2. [lonaBanHs XJI0OpHIy 3ailiza B KiJIBKOCTI

200 Mr/m TpU3BOAMTH 1O YTBOPEHHS CKOAryJIbOBaHUX
mwiacTiBuiB  (puc. 2,a), ki [g00pe  arperyroTbes
HElOHOTeHHUM 010¢IOKYIIHTOM (pHC. 2, 6) y KIIBKOCTI
0,1 r/n (2 ma 0,05% posuuHy QuokynasHTa Ha 1 JiTp
Bony). [lnacriBui mnepeOyBalOTh y 3BaKEHOMY CTaHi,
MOTIM YacTHHA CIUIUBAE, a YacTHHA ocinae (puc. 2, ).

a

6 6

Puc. 2 — ®otorpadii nporecy koaryssimii Ta QIOKyISLil aepoBaHOi TPOOU BOIH:
a — KoaryJsnis B 00’ €Mi BOAU NPH BBEACHHI XJIOPHUY 3ali3a; 6 — (QIOKYIIAIiS YyTBOPSHUX IUIACTIBIIB; 6 — Pe3yJIbTaTH BiJJCTOIOBAHHS
IIPOOH IPOTATOM T'OJJHHHI

HepnonikoM MeTony Moxke OyTH HENOBHE BHIAJICHHS
10HIB 3aJTi3a 3a HAsIBHOCTI CyJb(aTiB, a TAKOXK BIH HE Ja€
3MOTH BH3HAYHMTH ONTUMAJbHY 103y GuokymsHTiB. [Ipu
MepeBUTPATI (IOKYJSHTIB BUHUKAE PHU3UK ITiBUIICHHSI
HOro  3ajJMIIKOBOTO  BMICTy  BHIE  HOPMATHBHHX
MOKA3HUKIB Juisi muTHOI Boxu. KpiMm Toro, peanizamis
LBOTO CHOCO0Y BUMArae BUKOPUCTAHHS (ibTPYBaIbHOTO
oOnmamHaHHS JUIS BHUIAICHHS TiIPOKCUAIB 3amiza. Y
MPaKTHIl 3HE3AII3HEHHS IIHPOKO BHUKOPHCTOBYIOTH
mimani GiapTpH, IO MOB’A3aHO 31 CKIATHICTIO MPOIECY:
GUIBTPH  TPAIIOIOTE Y MEpPIOJUYHOMY  PEXHMI;
noTpedyIoTh MPOAyBaHHS (iIBTPYBaIbHOTO MaTepiaity
MOBITPSIM JUIsi PO3MYLICHHS Ocaay 1 MPOMHBaHHS Ta
perenepaiii QinbTpa; MOAATKOBHX BIJICTIHHUX CIOPY/
JUISL OCaJDKEHHSI IIPOMUBHUX BOJ| 3 0CAJIOM 1 ITICKOM.

I[Mpotiec MOBHOTO OCa/KEHHS YTBOPEHHUX arperaris i
MOJIOJIaHHsT 3a3HAYCHUX TPYIHOLIIB MOIIMBHHA Yy pasi
MOEMHAHHS XJIOPHIY 3aji3a 3 BamHOM 3a HACTYIHHM
BapiaHTOM.

BapianT 3. [licns BBemeHHs XJIOpUAy 3amiza 3a
BapianToM 2 no cymimi goxaBanu Ca(OH), y kimbkocTi
300 mr/m, mepeMinryBanu 3 6i0()JIOKYIIHTOM y KiTBKOCTI

0,05 /1 (1 ma 0,05% pozunny ¢rioxymnsara Ha 1 JiTp

Boan). CepenmHst WBHAKICTE  OCADKEHHS  (IIOKYI
cranoBuia V= 5,6 MM/cC.
®dororpadii  ckoarynboBaHHX  (UIOKYJA  Tij

MIKPOCKOIIOM TmpencTaBiieHi Ha puc. 3. Ilicns aepariii
MOYMHAITE (HOPMYBATUCS KOMIUICKCH TPHBAJICHTHOTO
3aji3a y BHIVISII NEPBUHHHUX arperaTtiB — JpiOHMX
3aBUCIUX IUIACTIBLIB (pHc. 3, a, 6), PICT SIKUX Bi3yalbHO
IHTeHCH(IKY€eThCS  BBEACHHSIM KOAryJsIHTY  (XJIOpHX
3aii3a). YTBOPIOIOTHCS BTOPHHHI arperaTiBHI CTPYKTYPH
— 301IBIIYETHCS KUTBKICTD 1 PO3MIp IIIACTIBLIB, IPOTE X
po3iiapyBaHHsl 1 BiAJIICHHST BiJl BOAM BKpail MOBLIbHE
(puc. 2, a, puc. 3 6, 2). BBeneHns: GpuoKyISHTIB YTBOPIOE

3ryCTKH (arperatd TPeThOro Mopsiaky — ohopMIiIeHi
¢nokynu) rigpokcuny 3amiza (puc. 2,6, puc. 371,0)
BHACIIIOK  YTBOPEHHsST  MICTKOBOTO  3B’SI3KYy  MiX

YTBOPEHHUMH B TPOLIECT KOATYJISLIT IUTACTIBLISIMH.
BBenmeHHsI J0MATKOBO YACTHHOK BamHa (OpMye
Jnocuth 00’emHi ¢uokynu 1o 10-20 mm (puc. 3, e), siki
MOBHICTIO 3’€IHYIOTBCS 3 (UIOKyTaMd Ta 3B SI3YIOTh
TOHKOJIMCIIEPCHI YaCTHHKH CycIeHsii (puc. 3 ¢, o).
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Puc. 3 — Mikpodororpadii arperaTiB y pa3i BHKOPHCTaHHS KOATYJIALIT Ta QIOKYISIIT UTs 3HE3TI3HEHHS BOJIH:
a, 6 — cycrneHsis i ocaj micist aepauil; 6, 2 — MicIsl BBEICHHS XJIOpUAy 3aiti3a (puc. 2, a); 1, d, — BBeJieHHs QIIOKYISIHTY (puc. 2, 6); e,
€, orc — ororpadii oky: 3a BapianTtom 3

OOroBopeHHs pe3yJIbTATIB

Pe3ynbraT = eKCHEPHMEHTIB  IIOKa3amW, IO
BUKOPHUCTaHHSI TUIbKH (IOKYISHTIB a00 KOaryIsHTIB
Hee()eKTUBHE Ul BHIAIEHHA CIIONYK 3ali3a, a CIUIbHEe
BUKOPDHCTaHHS  KOAryjasHTiB 1  (JIOKyJsIHTIB  He
NPU3BOAUTE 10 €(GEeKTHBHOTO OCBITICHHS BOXU IIPH
BiJicTOIOBaHHI. Jlo/laBaHHS KOAryJISIHTIB MiJAKHCIIOIOTH
BOJZly, IO 3HMXKYE ePeKTUBHICTH O0i0(IOKyNIsSHTIB. ToMy
BUKODHCTaHHSl TallleHOrO BalHa IMICIs  BBEJCHHS
KOAryJIsiHTY Aa€ 3MOry minBuummTH pH 10 onTUMaisHUX
st uokynsmii  yMOB, BHAAIMTH  Cynb(ar-ioHH,

MEepeBiBIIK iX y TilC, a TaKoX OOTSKHUTH (IIOKYIH
MiHEpaJbHOIO  CKJIQJOBOIO,  IIBUIIUTH  IIBHIKICTH
OCaJDKEHHS (DIIOKYJ, CTBOPHUTH KapKac Ul 3HEBOJHCHHS
ocany B neHTpudyrax. TakuM 4WHOM, 3aIPONIOHOBaHHI
METOJI Ja€ 3MOTy OLbIIl MOBHO BHIAIUTH 1OHU 3alliza, a
TaKOX COPMYBATH BaKKi (PJIOKYIH, 1[0 ICTOTHO 3HUXKYE
BuTpary (uokynsura. JlomaTKOBe BalHyBaHHS TaKOX
MOXe MaTH e(EeKTH 3He3apaKEHHs, BUNAICHHS CyIbdaTiB
i coseir xopctkocti. OmHAK, Cil BPaxOBYBAaTH, IO
MpoIleC ~ arperaToyTBOpeHHs  OaraTodakTopHMA 1
3aJIeKHTH BiJl BMICTY Y BOJI KaTiOHIB Ta aHIOHIB, a OTXKe
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BUJI, KUJIBKICTh Ta J03yBaHHS PEareHTIB Ma€e MiJ0upaTHcs
JUIS1 KOXKHOTO KOHKPETHOTO THITY BOJIH.

Amnai3z MeTo/IiB 3HE3aJi3HEHHS 1 Pe3yJIbTaTiB
eKCIIEpUMEHTIB,  ONWCAHWH  BUIIE, JAa€  3MOrY
pEKOMEHIyBaTH Oe3NepepBHY CXeMy 3HE3ali3HEeHH:,

Komnpecop
L

)

N

Ilositps

Bonga na
OYHIIEHHS

7

Bwugis Ha
3aXOPOHEHHS

®yrar ueHTpH(YTH Ha JTOOUHIIEHHA

3rymenyi moam
3 BiACTIMHHKA

N

OYHIIIEHHS BOAU 1 3HEBOJHEHHS OCany, 3 BHKOPHCTAHHS
TOHKOIIApoBOTrO BiAcTiiHMKa Ecomash VT-LS, sxa
HaBeJleHa Ha puc. 4.

\
\
\ -
‘a\ 31HuB 3 BiICTIHHHKA
\  Ha JOOYHIICHHSA

CxuJ1 B KaHaTI3aIIii0

Puc. 4 — BapianT cxeMu ouuIleHHS Ta 3HE3AII3HEHHS BOJIH:
1 — KOHTaKTHHH pe3epByap (3MilryBay); 2 — Kamepa 03piBaHHSA; 3 — QIIOKYIATOP; 4 — TOHKOIIAPOBUHN BiACTIMHUK; 5 — BUTpATHi
€MHOCTI JJIs1 BaITHa, KOAryJSHTY 1 QIOKyIsHTa; 6 — HACOCH-03aTOPH PEareHTiB; 7 — IeKaHTepHa NEHTpUdyTa; 8 — pesepByap It
ocany

L5 cxema BKJIIOYA€E TaKi €JIEMEHTH OYHIICHHS:

1. brnox HamipHOrO  HAaCHYCHHS  IOBITPSIM
(xomrpecop).

2. KonrakTHuii pesepByap (mo3. 1), mpu3HaYeHUH
Uil eEeKTUBHOTO HACHYECHHS BOIHM KHCHEM MOBITPS
(abcopOwit0 KHWCHIO), B SKOCTI SKOTO MOXe OyTH
CTaTHYHMH 3MilIyBad.

3. Kamepa nospiBans (1103. 2), mpu3HAYeHA IS
3a0e3medeHHs] dYacy, HEOOXiOHOTO Uil TPOTIKaHHS
peakmii  OKHCHEHHS  [BOBAJICHTHOTO  3ajliza 10
tpuBasieHTHOTO (30-40 XB.), OCHAIlleHa TPHUCTPOEM ISt
mepeMinryBaHds. 3a  HEOOXimHOCTI  iHTeHCH]iKaIlil
MpOLIeCY 3 METOK CKOPOYEHHS 00’eMy KamepH i 4acy
JI03piBaHHsI HEOOXiJHO BHMKOPHUCTOBYBATH OKHCIIIOBAY
(HampuKIaa, 030H, MEPMAHTaHAT Kallito ab0 TIMOXJIIOPUT
HATPIIO).

4. CranHuis npurotyBaHHs (1mo3. 5) 1 J03yBaHHS
(103. 6) peareHTiB ((IIOKYIISHTIB, KOAryJISTHTIB, BallHa).

OCBITJIEHOI BOIH.

7. 3rymieHuid ocan BiACTIHHUKA 30UpaeThcs B
pe3epByapi-HaKOIHYyBayi (abo HAKOMUYYBabHIN
€MHOCTI BIICTIHHMKA) ISl HulaMy 1 nepiogndHo (y Mipy
HAKONMYEHHS) HANpaBIISIETHCS Ha  3HEBOJHEHHS B
neHTpudyry (mos. 7). dyrat ueHTpudyru CupsiMOBYETHCS
Ha MOBTOpPHE OYMILEHHS a00 HA CKHJIAHHS B KaHaJli3alilo,
a ocaJl HaKOIIMYYEThCSI B €MHOCTI (T103. 8) 1 BHBO3UTHCS
Ha 3aXOPOHEHHI.

8. V pasi HeoOXiZHOCTI 3HMW)KEHHS KOHIIEHTpamii
3ajliza B OCBITJICHIA BOJXI BiCTIHHMKA O HOPMAaTHBHHX
noka3HukiB (0,3 Mr/im) 3IMB BiACTIHHHMKA Tijsarae
JOOYHIICHHIO ((iTbTpYBaHHS Ha 3EPHUCTUX IIBUAKHX
¢hinpTpax).

3a pH menme HiX 6,8, Tpomec TiApomizy Maixe
NPUMTUHAETECS, TOMY I Yac OKHCJIEHHS NOTPiOHO
kopuryBat pH Boau 1o/1aBaHHIM BallHa.

Bucokoro edeKkTHUBHICTIO OYMIICHHS B Mpoleci

5. @®nokynstop (mo3. 3), mo 3a0e3nedye  BiACTOIOBaHHA C(IIOKYJIbOBAaHMX arperartiB  BOJIOAIE
HEOOXimHMH d9ac 1 yMOBM 3MIIIyBaHHA BOAM 3  KOHCTPYKIIiS TOHKOIIAPOBOTO BiACTIHHUKA.
peareHTamu. ToHKOIIapoOBi  BIACTIHHUKM  XapaKTEpU3YIOThCS
6. TomkomapoBuii BiacTiifHMK (m03. 4) [UIA  BHCOKOK e(EKTHUBHICTIO OYHINEHHS 3aBISKH IPOIECY
BIIMIIEHHS YTBOPEHHX arperariB IUIACTIiBLIB BiA  BiJCTOMOBAaHHS c(IIOKYITFOBAHUX arperaris.
50 Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».
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BukopucranHs KaceT 3 TOHKOLIAPOBUMH E€JIEMEHTaMU
iHTeHCH(iKy€e PO3AITICHHS HEOTHOPiAHMX cucteM 10 10
pasiB, IIO MpU PEKOHCTPYKLIl ICHYIOYHMX MOTYXHOCTEH
JIO3BOJISIE  3HAYHO  MOKPAIIUTH  SIKICHO-KUIBKICHI
MokasHUKM ix pobotu [13]. BucokompomyKkTusHI
BIJICTIHHMKHM Ta 3TyIIyBadi 3 TOHKOIIAPOBHMH KaceTaMu
MaloTh KOMITaKTHI pPO3MipH, IO A3€ 3MOTY BUTOTOBISTH

iX y 3aBOJCBKMX YMOBaX 1 TPaHCHOPTYBaTH Ha O0'€KT y
BUTJIAAZI TOTOBUX BY3JiB JJIs IIBHUIKOIO MOHTaXy Ha
MICII.

[pucrpiii BEPTUKAIBHOTO TOHKOIIIAPOBOT'0
BIJCTIMHUKA (3TymlyBa4ya) i PO3IUICHHS BOIHM Bif
3aBHUCIIHMX YaCTOK, MOMEPETHHO 00POOICHOT (PIIOKYITHTOM
HaBeJIEHO Ha puc. 5.

Byson =
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Moda \ / odma
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= SO %/ cerrri =
W e L ot o
EUCCRUEE | (EUREE (o T
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\ |t
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Puc. 5 — Cxema npsIMOTOYHO-IIPOTHBOTOYHOIO TOHKOIIAPOBOTo BifcTiitHuka Tuiry Ecomash VT-LS (Vertical thin-layer sump)

OCHOBHUM BY3JIOM TOHKOIIAPOBOTO BiJICTIIHHKA €
KaceTn 3 TOHKOIIAPOBHMH €JIEMEHTaMH, YTBOPEHUMH
napaJieIbHUMU IJIACTHHAMH 200 TpyO4YacTUMU KaHaJIaMHu,
SKi JI03BOJISIFOTH PO3BHHYTH TOBEPXHIO OCa/DKEHHS Ta
CTBOPUTU ONTUMAIBHI TIiIPOJWHAMIYHI YMOBH  JUIS
pO3IiIEHHST  HEONHOPIgHMX  cucrteM. llpm  poboTi
BiJCTiliHMKa Boja, 0OpoOJieHa arperaToyTBOPIOIOUYUMH
peareHTaMH, HAaOXOIMTh y  BXiOHI  KaceTH 3
TOHKOIIAPOBMMH  eleMeHTamu. Jlng  3a0e3medeHHs
pIBHOMIpHOI TOZaui JKWBJICHHSA IIi KaceTd OOJaaHaHI
BY3JIaMH PO3IOILTY.

Y mporeci OUHIIEHHS OCBIiT/IEHA BOJA MiTHIMAETHCS
Yyepe3 KaceTy JOOYHUCTKU 3 TOHKOIIAPOBUMH €JIEMEHTAMH,
Je BinOyBaeTbcsi MPOTHTEUIMHWE pyX — HaNpsIMOK
OCBITJIEHOT BOJY 1 3TYNIEHOTO OCaay € MPOTHIC)KHUMHU
(puc. 6). OcpitiieHa BoJa 30UpPAETHCS B JOTOK 1 uepe3
30ipHUK CAaMOIUTMBOM BiJJBOZNTHCS Y 30BHIIIHIO MEPEXKY.

Ocap, 0 HaKONMYYETHCS y KaceTax, OIlyCKaeThCs B
mipaMiJaJibHe JHUIIE BiACTIHHUKA, Ie BiIOYBAETHCS HOTO
SIYIICHHS Ta YOIJIbHEHHS. BHBaHTaXeHHS ocany 3
BIJICTIHUKa (3TyIIyBada) MOXxe OyTH Oe3mepepBHUM abo
NepioANYHMM, 110 BU3HAYAETHCA  TEXHOJIOTTYHUMH
3aBIAaHHIMH Ta MaTepialbHUM OallaHCOM IIPOIIECY.

[lporec moxily 4YacTOYOK Yy TOHKOIIAPOBOMY
BIZICTIIHUKY BiZIOYBA€ThCS 3aBASKU PI3HHUM TPAEKTOPISIM
pyXy OCaJKyBaHMX 1 CIUIMBHHX 4YacTo4oK. CIUTHBHI
YaCTOYKH PYXaIOThCSl pa30M 3 OCBITIICHOIO BOJIOIO B3IOBXK
BEPXHBOI CTIHKHM KaHally Bropy, 30MpaloThcsl 3a MeKaMu
TOHKOIIAPOBOTO ~ €JIEMEHTa Yy  BEpPXHIM  YacTHHI
BifcTiliHUKA ((proTaTopa) Ta BiIIISIOTHCS BiJl OCBITIICHOT
pimuHU. YacTouKy, IO 0CaKYIOTHCS, HAKOMYYIOTHCS Ha
HIDKHIA CTIHII KaHaJTy 1 3iCKOB3YIOTh BHH3, (hOPMYIOUH
3TYLIEHUN OCcal.

EdextuBHicTh TOHKOIIIAPOBUX €JIeMEHTIB
BU3HAYAETHCSA X KOHCTPYKTHBHHMH IapaMeTpaMH.
JloBXMHA TOHKOLIAPOBOT'O €IEMEHTA i BUTpaTa ITyJIbIH
yepe3 HhOrO MiAOHPAIOTHCS TAKUM YHMHOM, 100 MPOLIECH
noJiny Oynu 3aBepllieHi HAa BHXOZl 3 ejeMeHTta. Haxwi
eJeMeHTa CTaHOBUTH ~ 50...60° i 3anexuTh BiA TepTs
3TyIIEHOTr0 0cajay 00 Marepiasl eleMeHTa, o 3abe3nedye
fioro camoounmieHHs. @Popma Kkacer Moxe Oytn
KBaJIpaTHOIO, TPSIMOKYTHOIO a00 CErMEHTHOI  JUIst
ONTHMAJBHOTO 3alOBHEHHS BHYTPILIHBOTO IPOCTOPY
BIJICTIHHUKA.

[Min0ip KOHCTPYKIil BiAcTifHWKa (3rymlyBada) Ta
KOH(ITypaIlii TOHKOIITApOBHX KaCeT 3IIHCHIOETHCS Ha
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Puc. 6 — Cxema po3aineHHs HEOJHOPIAHOI CUCTEMH y TOHKOIIAPOBOMY €JIEMEHTI KaceTu:
a — BUCXIJJHUI HAaIIPSIMOK ITOTOKY BOJIM Y TOHKOIIIAPOBOMY €JIEMEHTI; 6 — CIIaJJHUH HAIPSIMOK ITOTOKY BOAH Y TOHKOIIAPOBOMY
eJICMEHTI

OCHOBI JIA0OPATOPHHUX JOCIIKCHb SIKOCTI OCBITJICHOT
BOJAM  MPH  BUKOPHCTAHHI  arperaTtoyTBOPIOIOYUX
pearcHTiB.

BucHoBku

1. Tlix 4ac aepyBaHHS BOAM CIIOCTEPIraeTbCs
OKHCIICHHS JIBOBAJIEHTHOT'O 3ali3a 0 TPUBAJIEHTHOTIO, 10
3yMOBIIIOE 3MiHY KOJIBOpYy Tmpobm. 3 dbacom He
CIIOCTEpIraeThCsI YTBOPEHHS OCany, OCKUIBKH 3ai30
nepeOyBae B KojoimHOMY cTaHi. 3miHa pH Boau
NOB'si3aHa 3 YTBOPEHHsM TigpOKcHay 3aji3a Ta
puganeHusm CO,.

2. JlonmaBaHHS (QIIOKYJISHTIB 0€3 KOaryJsHTIB He
3a0e3neuye  e(EeKTHBHOTO KOAryJIOBAaHHA JIOMIIIOK.
Onnak KOMOiIHOBaHE BHKODHCTaHHSI PEarcHTiB, 30KpeMa
TameHoro BamHA Ta  CIPYAHOKUCIIOTO — AJIOMIHIIO,
3a0e3neuye yTBOPEHHS CQIIOKYJIBOBAaHOTO OcCamy 3
XOPOIIIOIO MBUAKICTIO OCaKeHH (2,7 MM/C).

3. BuxopucraHHS XJIOpHAYy 3ajli3a pa3oM 3
010(JTOKYITHTOM TakKoX eQEeKTHBHE IS YTBOPECHHS
CKOaryJb0BaHUX TUTACTIBIB, aie motpelye
GbinpTpamiiHoro 008 IHAHHS /I BUAAICHHS TiAPOKCHIIB
3aiiza. HemoiikoM € MOXXIIMBE HENOBHE BHJAJICHHS 10HIB
3aJi3a 3a HasBHOCTI CyJIb(arTiB.

4. Kom0iHarlist XJopuay 3ajii3a Ta BallHa JO3BOJISIE
oTpuMaru OUIbII IIBUJIKE OCA/KCHHS  (Quokynm i
MoKpamuTy ounineHHs Boau. [Tinsumenns pH ontumizye
(GIOKYIALIIO, MO Ja€ MOXKIHMBICTE €(EKTHBHO BUAAJATH
10HU 3aIi3a.

5. PexoMeHIy€eThCS BHKOPHCTOBYBATH O€3MEpEpBHY
CXeMy 3HE3alli3HEHHS 3 TOHKOIIAPOBHUM BiACTIHHIKOM
sl eDEeKTHBHOTO OYMIICHHS BOOM Ta 3HEBOJHEHHS
ocany. ToHKOITapoBi BiACTIHHUKN
XapaKTepU3yIOThCs BHCOKOIO e(eKTHBHICTIO,
KOMIAKTHAMH PO3MIpaMH Ta MOXIIMBICTIO TOKpaIIeHHS
PpOOOTH IIPH PEKOHCTPYKIIii ICHYFOUMX YCTaHOBOK.
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A. V. PAK, A. O. PAK, T. O. SYCHOVA, D. O. TORIANYK, M. S. SOFRONOV A

RESEARCH OF SYSTEM WATER OF JELLY PRODUCTS FROM DIFFERENT MANUFACTURERS
BY THERMODYNAMIC METHODS

The object of the study was jelly products from different manufacturers: TM "Biscuit-Chocolate"; TM "Stymul"; TM "Klim"; TM "Jelini";
TM "Haribo"; TM "Roshen". Studies of the hygroscopic properties of jelly products from different manufacturers by the tensometric method have
established that when choosing packaging and formulating requirements for storage conditions, it should be taken into account that the studied jelly
products from different manufacturers can be stored in vapor-permeable packaging without spoilage at a relative moisture of no more than 70...75 %.
At the same time, storage in vapor-permeable packaging without drying out the product or without its excessive moistening is possible at the
following moisture ranges: TM "Biscuit-Chocolate" — from 45 to 55 %; TM "Stymul" — from 45 to 55 %; TM "Klim" — from 35 to 45 %; TM "Jelini"
— from 45 to 55 %; TM «Haribo» — from 45 to 55 %; TM «Roshen» — from 35 to 45 %. Storage of the studied jelly products at a relative moisture of
more than 70...75 % or under the condition of strict preservation of its initial moisture content is possible only in vapor-tight packaging. Studies of
the system water of jelly products from different manufacturers by the low-temperature calorimetric method have established that the largest amount
of system water, which has the properties of bulk or, so-called, free water, is contained in samples of jelly products from TM «Roshen» and
TM «Biscuit-Chocolate» (0.31 and 0.29 kg/kg, respectively), and the smallest — in samples from TM «Haribo» and TM «Klim» (0.13 and 0.15 kg/kg,
respectively). Other samples occupy an intermediate value in terms of the amount of frozen system water: TM "Stymul" — 0.27 kg/kg; TM "Jelini" —
0.25 kg/kg. Based on the data obtained, it can be assumed that during the development of the technology for the production of jelly products,
organoleptic properties were prioritized for TM "Roshen" and TM "Biscuit-Chocolate", and for TM "Klim" products — extended shelf life. As for jelly
products from TM "Haribo", unlike other studied samples, which belong to jelly marmalade, it belongs to chewing marmalade, the requirements for
which in terms of organoleptic properties and consistency differ from other samples.
Keywords: jelly products; system water; tensometric method; low-temperature calorimetric method

A. B. IIAK, A. O. IIAK, T. O. CH40BA, /I. O. TOPAHHK, M. C. CO®PPOHOBA

JOCJIIIKEHHSI CUCTEMHOI BOJM KEJEWMHOI MPOJAYKI BIJ PI3BHUX BHUPOBHUKIB
TEPMOJUWHAMIYHUMHA METOJIAMHA

O06’exToM JociikeHHs Oyiau jkeneitHi BHpoOH Bix pisHux BupoGHuKiB: TM «bickeit-Ulokonany; TM «Crumym»y; TM «Klim»; TM «Jelinix;
TM «Haribo»; TM «Roshen». JlocmimKeHHSIMH TirpOCKOIIYHHX BJIACTHBOCTEH JKeIeHHUX BHPOOIB Bif Pi3HHX BHPOOHUKIB TEH30METPUYHUM
METOZOM BCTaHOBJICHO, IO M 4ac BHOOPY yHakyBaHHS Ta (OpMYJIIOBAaHHS BHMOT JO YMOB 30epiraHHs CIIJi BpaxOByBaTH, IO 30epiraTucs
JOCTIDKYBaHa jKeJieliHa MPOIYKLis BiJl pi3HUX BUPOOHHUKIB y APONPOHHKHOMY YIaKyBaHHI MOXKe 0e3 IICyBaHHs 3a BiJHOCHOI BOJIOTOCTI MOBITPsI HE
6inbmme 70...75 %. IIpu npomy 30epiraHHs y HaponpOHHKHOMY yIaKyBaHHI 0e3 MiICHXaHHs IpogyKuii abo 6e3 HaaMipHOTO i1 3BOIOMKEHHS MOXKIUBE
3a miana3oHiB Bosorocti: TM «bicksit-Ilokonany — Bix 45 1o 55 %; TM «Ctumyn» — Big 45 10 55 %; TM «Klim» — Bin 35 10 45 %; TM «Jelini» —
Bix 45 10 55 %; TM «Haribo» — Bix 45 no 55 %; TM «Roshen» — Bix 35 no 45 %. 36epiranHs AOCHiHKYBaHOI JKeICHHOI MPOAYKLIl 3a BiJHOCHOT
Bojorocti moBiTps Oimbme 70...75 % abo 3a yMOBH HEOOXiJHOCTI CyBOpOro 30epexeHHs ii BHXiJHOTO BOJOTOBMICTYy MOXIHBE JHUIIE Yy
[IAPOHENIPOHUKHOMY YIaKyBaHHI. JIOCHI/DKEHHSIMH CHCTEMHOI BOIM JKEJEHHOI NpoXyKuii BiJl pI3HUX BHPOOHWKIB HH3BKOTEMIIEPATYPHUM
KQJIOPUMETPUYHAM METOOM BCTAHOBJICHO, IO HAMOIMbILIy KiNbKICTH CHCTEMHOI BOJM, SIKA BOJIOAIE BIACTUBOCTAMH 00’eéMHOI ab0, Tak 3BaHOI,
BUJIBHOI BOJIY, YTPUMYIOTh 3pa3ku sxeneiiHoi npoaykuii Bin TM «Roshen» ta TM «bicksit-Ilokonany (Biznosigaxo 0.31 Ta 0.29 Kr/kr), a HaliMeHIIy
— 3pasku Bix TM «Haribo» Ta TM «Klim» (Bigmosimro 0.13 Ta 0.15 kr/kr). IHmmn 3pasku 3aliMaroTh NPOMDKHE 3HAUCHHS MO0 KUTBKOCTI
BUMoOposkeHol cucteMuoi Boau: TM «Crumym» — 0.27 kr/kr; TM «Jelini» — 0.25 xr/kr. Buxoasuu i3 oTpUMaHuX JaHUX, MOXKHA NPUITYCTUTH, LIO Mij
4ac po3poOKH TEXHOJOTii BUPOOHHMUTBA keneitHoi mpoaykuii npiopuretHumu s TM «Roshen» ta TM «bicksit-lllokonany Oynu y Oinbiiomy
CTyIeHI OpraHOJeNTH4Hi BiacTHBOCTI, a il npoxykuii TM «Klim» — momosxkeni TepMminm 30epiranss. Illomo sxeneitHoi mpomykmii Bix
TM «Haribo», To BOHa Ha BiIMiHy BiJ iHIINX JOCITI/)KyBaHMX 3Pa3KiB, SIKi BiTHOCATBCS JIO XKEJIEHHOr0 MapMelaiy, BITHOCHTBCS JI0 JKYBaJbHOTO
MapMenajy, BUMOTH /10 SKOTO 33 OPraHOJICNTHYHIMH BIaCTHBOCTSMH 32 KOHCHCTCHIIEIO BiIPI3HAIOTHCS Bif 1HIINX 3pasKiB.
Keywords: xxexneitHa IpoRyKIIist; CHCTEMHA BOJia; TCH30METPHYHUN METO]]; HU3bKOTEMIIepaTypHUH KaOPUMETPHIHIN METO

Introduction. The food industry includes about 50  manufacturers is to restore production to pre-war

branches of production that produce food products of
various origins [1]. The confectionery industry occupies a
significant place in the food industry, providing both the
domestic market and exports of products to many
countries of the world [2].

At present [3] the confectionery industry of Ukraine
is 30 large specialized enterprises, as well as a mass of
small workshops. Every year, Ukraine produces 750
thousand tons of confectionery products, a third of which
is exported to over 100 countries of the world, including
the USA, Canada, China, the EU and the countries of
Central Asia and the MENA region [4]. It should be noted
that current production volumes are about 80% of the pre-
war ones. The beginning of active hostilities in Ukraine
became the main factor in a significant reduction in the
volume of confectionery production by almost all national
manufacturers. Thus, one of the primary tasks facing

conditions [5].

Analysis of recent research and publications. The
confectionery market in Ukraine is developing quite
rapidly: production volumes are increasing [6]. At the
same time, consumers need new types of confectionery.
In order not to lose income, the industry must quickly
respond to this by expanding the range without stopping
the production of traditional products. Unlike 35% in, for
example, 2018, currently 42% of consumers worldwide
prefer online shopping. They encourage confectionery
companies to expand their offer and improve the
presentation of finished confectionery products.

For a long time, the trend of increased demand for
confectionery from different countries of the world was
popular [7]. It is important for consumers to try something
unique or exclusive. However, the situation has changed
recently. Currently, about 39% of people buy products
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from local confectioners or confectionery enterprises at
least weekly, as well as products made from local
ingredients.

Most people monitor their health and therefore
prefer natural and organic sweets made from plant-based
products. Due to this, the plant-based food segment is
currently growing at the fastest pace. The basis for the
development of the trend is the spread of veganism and
vegetarianism among young people, the rejection of
animal-based food in favor of plant-based food.

A healthy lifestyle, adherence to therapeutic diets
and careful attention to the composition of the product is a
new trend among consumers [8]. Positioning products as
those that contain only natural ingredients (without
artificial dyes and flavors, with real pieces of fruit,
“GMO-free”) is a huge success among those consumers
who want to be sure of the benefits of the product.

Another important trend today is conscious
consumption, orientation towards ecological production
and green marketing. These trends are already perceived
as a necessity, not just a fashion trend. Accordingly, the
main goals of confectionery manufacturers are to gain the
loyalty of consumers and partners by caring about the
environment and rational consumption of resources. This
trend largely determines the concept of business
development in the confectionery industry [9].

Among confectionery products, from the point of
view of health benefits and environmental friendliness of
production, one should single out such a group of goods
as sugar products, namely jelly products. This type of
confectionery is promising in view of the possibility of
developing technologies that will contribute to the high
biological value of this product [10].

The main characteristics that provide an objective
assessment of the quality of jelly products are
organoleptic, chemical and physicochemical indicators. It
should be noted that information on physicochemical
indicators, as well as their compliance with regulatory
documentation in force in Ukraine, is usually not
provided. At the same time, it should be noted the
relevance of expanding the boundaries of the application
of physical and mathematical methods for assessing
product quality during its commodity examination, which
are widely used in EU countries [11].

One of the main objective physical properties of
jelly products, the information about which is not fully
studied, is information about the state and structure of the
system water contained in this product.

It is the state and structure of the system water, the
forms of its connection with the dry substances of food
products that determine the intensity of processes that
change the initial properties of this product. Therefore,
information about the system water makes it possible to
predict irreversible changes in the product during its
storage, and is also a starting point for the manufacturer's
analysis of the recipe if it is necessary to rationalize it.

The aim of the article is to obtain new information
about the state and structure of the system water of food
products, as well as to expand the limits of application of
physical methods for assessing the quality of such food

products as jelly products during their commodity
examination.

Description of the main research material. One of
the defining functional and technological properties of
jelly products is its ability to maintain its original quality
indicators. The preservation of product quality indicators
is largely determined by its hygroscopic properties [12].

Hygroscopic properties refer to the behavior of
products in the surrounding gas environment with
different relative moisture. That is, it is meant to establish
whether the evaporation of the system water of the sample
occurs (desorption), or whether the absorption (sorption)
of water vapor from the surrounding gas environment
occurs by the sample. The objective characteristics of this
mass transfer process are sorption isotherms and
desorption isotherms. Sorption and desorption isotherms
are determined when the samples are in a humid gas
environment with a relative moisture in the range from 0
to 100 %.

The object of the study is jelly products from
different ~ manufacturers, namely: TM "Biscuit-
Chocolate"; TM "Stymul"; TM «Klim»; TM «Jelini»;
TM «Haribo»; TM «Rosheny.

The samples under study are colloidal bodies. It
should be noted that the initial moisture of the samples is
intermediate, that is, it is not the maximum possible
(moisture at a relative moisture of 100 %) and is not the
minimum possible (moisture at a relative moisture of
0 %), which is determined by consumer requirements for
jelly products. Based on this, for jelly product samples
both sorption and desorption will occur simultaneously.
That is, obviously, for them, as the relative moisture of
the gas medium tends to 0 %, desorption will occur, and
as the relative moisture of the gas medium tends to
100 %, sorption will occur. Thus, the result of the study
will be sorption-desorption isotherms.

The study of sorption-desorption and the study of
the equilibrium moisture content of samples at different
relative moisture of the environment were carried out
using the tensometric method [13]. The samples under
study were cubes measuring 5%5x5 mm, obtained from
the corresponding jelly products, previously cleaned of
sugar and the surface layer. The cubes in an amount
corresponding to a sample weighing 4...5 g were placed
in boxes and placed in desiccators. Desiccators with a
fixed relative moisture of air in the range from 10 to 90 %
were used. The temperature at which the desiccators were
located during the study was maintained within
23...25°C.

The samples under study were weighed periodically
with an interval of 2 days. The samples were studied by
the tensometric method until they reached a constant
mass. For the samples under study from different
manufacturers, the duration of achieving equilibrium
moisture content at different relative moisture of the
environment in which the samples were located was no
more than 4 weeks.

Then, by drying the samples for at least 3 hours in a
vacuum drying oven at a temperature of 120...130 °C
under reduced pressure, the mass of dry substances of
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these samples was determined. Using the mass of dry
substances of the samples, their current moisture content
was determined according to the formula:

w= w. s (1)

where m,, — the mass of dry substances of the sample,
kg; m,, — the mass of system water held by the sample

and which is determined as the difference between the
current value of the sample and the mass of dry
substances that it holds, kg.

The sorption-desorption isotherms, which represent
the values of the equilibrium moisture content of the
samples at different relative moisture of the environment,
are shown in Fig. 1.
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Fig. 1. Sorption-desorption isotherms of jelly product samples
from different manufacturers: 1 — TM “Biscuit-Chocolate”;
2 —TM “Stymul”; 3 — TM “Klim”;

4 —TM “Jelini”’; 5 — TM “Haribo”; 6 — TM “Roshen”

The sorption-desorption isotherms of the studied
samples have a typical character for colloidal bodies, to
which jelly products belong. There are areas of
monomolecular and polymolecular sorption, as well as a
section of the isotherm corresponding to the swelling of
the samples.

However, these sections are manifested for different
samples to different degrees. First, these sections have a
different angle of inclination to the O¢ axis, on which

the relative moisture of the gas environment in which the
sample is located is plotted, and secondly, the range to
which one or another section of the sorption-desorption
isotherm should be attributed for different samples is
different.

The division of the sorption-desorption isotherms
into sections corresponding to different forms of
connection of system water with dry substances of the
studied sample was carried out by performing a linear
approximation of the experimental data [14]. Fig. 1 shows
a linear approximation only of the areas corresponding to
the polymolecular sorption of system water by the dry

matter of the sample, since the linear approximation of all
areas makes the figure cumbersome. However, it should
be noted that it is the central area of the sorption-
desorption isotherm that makes it possible to determine
the relative moisture of the surrounding gas environment,
at which the transition between different forms of bonding
of system water with dry matter of the sample under study
occurs.

Table 1 shows the ranges of values of the relative
moisture of the gas environment in which the samples are
located, corresponding to their monomolecular and
polymolecular sorption, as well as swelling of the
samples.

Table 1 — Ranges of relative moisture corresponding to different
forms of bonding of system water with dry matter of the samples

Monomo | Polymole .
Swelling
lecular cular .
Sample . . moisture,
sorption, | sorption, o
% % ’

TM "Biscuit- 10...31 31...64 64...90
Chocolate"
T™ "Stymul" | 10...30 30...56 56...90
TM "Klim" 10...20 20...48 48...90
TM "Jelini" 10...32 32...66 66...90
TM "Haribo" 10...24 24...63 63...90
TM "Roshen" | 10...37 37...63 63...90

From Fig. 1 and Table 1 it is seen that the largest
range corresponding to monomolecular sorption has the
sample TM «Roshen» (10...37 %), and the smallest —
T™M «Klimy» (10...20 %). The largest range corresponding
to the swelling of the samples has the sample TM «Klim»
(48...90 %), and the smallest — TM «Jelini» (66...90 %).
Other samples occupy an intermediate value of the width
of the ranges of monomolecular sorption and swelling
moisture.

It is the ranges of monomolecular sorption and
swelling of jelly products that determine the preservation
of its original properties during long-term storage. Since
during the stay of this product in the region of
monomolecular sorption, its drying will occur, and during
its stay in the region of swelling — excessive moistening.
This entails a deterioration in the original organoleptic
quality indicators.

To clarify the behavior of jelly product samples
when they reach equilibrium moisture content at different
moisture of the gas environment, the kinetics of sorption-
desorption of these samples were studied [14]. The
kinetics of sorption-desorption of jelly product samples
from different manufacturers are presented in Fig. 2. They
were obtained by the strain gauge method in the process
of achieving equilibrium moisture content by the samples.

The discreteness with which the duration of
measurements is given is a multiple of a week and is 4
weeks. Planes corresponding to the initial moisture
content of the sample under study are given to each of the
surfaces representing the kinetics of sorption-desorption.
The initial moisture content is the moisture content
recommended by the manufacturer, that is, the one at
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which the sample has a moisture content that meets the  value corresponds to the part of the surface located above

recommended organoleptic indicators. the plane, which corresponds to the initial moisture
Fig. 2 shows that there is a range of values of the content of the sample under study.

relative moisture of the gas environment at which

moisture absorption by the samples takes place. This
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Fig. 2. Kinetics of sorption-desorption of samples of jelly products from different manufacturers:
a— TM “Biscuit-Chocolate”; b — TM “Stymul”; ¢ — TM “Klim”; d — TM “Jelini”; e — TM “Haribo”; f — TM “Roshen”

In this case, there is also a range of values of the below the plane, which corresponds to the initial moisture

relative moisture of the gas environment, at which content of the sample under study.
evaporation of system water from the sample takes place. Based on this nature of the behavior of the sorption-
This value corresponds to the part of the surface located  desorption kinetics, it follows that there is such a range of
relative moisture of the gas environment, being in which,
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the sample will maintain the initial (recommended by the
manufacturer) moisture content.

These ranges of relative moisture of the gas
environment surrounding the studied samples are:

— TM “Biscuit-Chocolate” — from 45 to 55 %;

—TM “Stymul” — from 45 to 55 %;

—TM “Klim” — from 35 to 45 %;

—TM “Jelini” — from 45 to 55 %,

— TM “Haribo” — from 45 to 55 %;

—TM “Roshen” — from 35 to 45 %.

When storing jelly product samples from different
manufacturers in vapor-permeable packaging at the
relative moisture of the external gas environment from the
corresponding ranges given, the moisture content of the
products will be maintained at the level recommended by
the manufacturer. Under other external storage conditions
in vapor-permeable packaging, either the absorption of
water vapor from the environment by the products or the
drying of the products due to the evaporation of the
system water that it holds will occur.

It should be noted that the sorption-desorption
isotherms (Fig. 1) do not have pronounced asymptotes to
the moisture content axis at relative moisture greater than
the upper limit of the polymolecular sorption ranges given
for the studied samples of jelly products from different
manufacturers, presented in Table 1. That is, above these
limits, only swelling of the samples occurs. At the same
time, swelling can be considered significant for all
samples starting from the relative moisture of the gas
environment, which lies in the range of 70...75 %. This
indicates the possibility of storing the studied samples of
jelly products in vapor-permeable packaging without
spoilage due to excessive system water at a relative
moisture of no more than 70...75%. Thus, when
choosing packaging and formulating requirements for
storage conditions, it should be taken into account that the
studied jelly products from different manufacturers can be
stored in vapor-permeable packaging without spoilage at
a relative moisture of no more than 70...75 %. At the
same time, storage in vapor-permeable packaging without
drying out the product or without excessive
humidification is possible in the following moisture
ranges: TM "Biscuit-Chocolate" — from 45 to 55 %;
TM "Stymul" — from 45 to 55 %; TM "Klim" — from 35 to
45 %; TM "Jelini" — from 45 to 55 %; TM "Haribo" —
from 45 to 55 %; TM "Roshen" — from 35 to 45 %.
Storage of the studied jelly products at a relative moisture
of more than 70...7 5% or under the condition of strict
preservation of its initial moisture content is possible only
in vapor-permeable packaging.

Another thermodynamic method for studying the
state and structure of system water is the low-temperature
calorimetric method [5]. The method consists in indirectly
determining the amount of heat released through the
phase transition of type I (crystallization) or II (transition
to an amorphous state) of system water during cooling of
the test sample to a temperature maintained in the
thermostat. The idea of the method is to register the
difference between the initial and final temperatures of
the coolant that washes the test sample, which is located

in a special measuring chamber inside the thermostat [13].
Part of the system water that passes into a crystalline state
at a temperature of 0 °C has the properties of so-called
free or bulk water [15]. This water is a favorable
environment for the flow of oxidative and microbiological
processes. It should be noted that the presence of
microbiological and oxidative processes is one of the
main causes of spoilage of food products during long-
term storage. Part of the system water, which passes into a
crystalline or amorphous state at lower temperatures, is
connected by one mechanism or another with the dry
substances of the food product. The flow of
microbiological and oxidative processes in this part of the
system water is complicated by the presence of this
connection. Given this, manufacturers of such products as
jelly products, in terms of extending the shelf life, seek in
various ways to reduce the part of the system water that
has the properties of free water and increase the part of
the water that is connected to the dry substances by one
mechanism or another. However, it is not advisable to
connect all the system moisture from the point of view of
organoleptics, since this will lead to a discrepancy
between the organoleptic properties and the requirements
for jelly products. Thus, during the production of jelly
products, as a rule, a rational ratio is determined, from the
manufacturer's point of view, between the bound and free
system water of the product, based on the priorities set.

The study of jelly products by the calorimetric
method was carried out at a calorimeter temperature of
minus 12 °C. Under these conditions, it is possible to
determine two components of system water, namely,
frozen and unfrozen water at a temperature of minus
12 °C.

The thermogram obtained during cooling of the
studied samples has a typical form [15] and represents a
change over time 1 of the temperature difference AT
between the inlet and outlet of the measuring chamber in
relative units. Fig. 3 shows, as an example, a thermogram
obtained for a sample of jelly products from TM "Biscuit-
Chocolate".

The thermograms obtained during cooling of the
studied samples in a thermostat to a temperature of minus
12 °C can be divided into three main sections. The first
section (I) corresponds to the cooling of the sample to the
crystallization temperature of part of the system water,
which passes into a solid or solid amorphous state at a
temperature of 0 °C and which has the properties of free
water. The second section (II) corresponds to the
crystallization of this part of the system water. In this
case, the sample temperature remains constant and is
equal to 0 °C, the temperature difference AT is different
from zero and is also constant. The third section (III) is
the cooling of the sample to the equilibrium temperature
of the thermostat. The area under each of the sections
corresponds to the amount of heat released during the
corresponding heat exchange process: sections I and III —
cooling; section II — phase transition of the first kind
(crystallization).

The division of the thermogram into sections is
carried out as follows. At the first stage, the experimental
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data is approximated. For the experimental data, the
approximating function AT7(7r)is selected. Next, it is

assumed that since during the cooling of any body, the
temperature changes according to an exponential law
(sections I and III), and during the phase transition of
water of the first kind (section II) the temperature is
constant, then during the transition between sections the
approximating function will have inflections. These
inflection points (the boundary between I and II and
between sections II and III) are found by determining the
position of the extrema of the first derivative of the
approximating function.

L4

AT, °C/°C

2000
Fig. 3. Thermogram obtained using the low-temperature
calorimetric method for a sample of jelly products from
TM "Biscuit-Chocolate": 1 — experimental data;
2 — approximation function

0 500 1000 1500 2500

It should be noted that the area under the second
section S, multiplied by the corresponding scale factor

coef;; is proportional to the amount of system water wy,
which passes into a crystalline or solid amorphous state at
a thermostat temperature of minus 12 °C:

wy =coef - Sp. 2)

The area under the corresponding section of the
thermogram is found as an integral of the approximation
function within the limits determined by the positions of
the extrema of the first derivative of it:

Sfr = JgAT(r)dz'. 3)

7

The value of the scale factor coef;, was determined

when cooling the reference sample under the same
conditions. A container made of a material with high
thermal conductivity filled with drinking water was used
as the reference.

In this case, the total amount of system water w,,,

is normalized and is the sum of two parts — frozen wy,

and unfrozen w,; water at a given thermostat

temperature (minus 12 °C):

Wy = Wi + Wy =1 “)

SW.

The results obtained in this way are given in Table 2.

Table 2 — Part of frozen and unfrozen system water at a
temperature of minus 12 °C in jelly products

Wy Whfis
Sample kg;kg ke /i(g

TM "Biscuit-Chocolate" 0.29 0.71
TM "Stymul" 0.27 0.73
TM "Klim" 0.15 0.85
TM "Jelini" 0.25 0.75
TM "Haribo" 0.13 0.87
TM "Roshen" 0.31 0.69

From the results presented, it follows that the largest
amount of system water, which has the properties of bulk
or, so-called, free water, is contained in samples of jelly
products from TM «Roshen» and TM «Biscuit-
Chocolate» (0.31 and 0.29 kg/kg, respectively), and the
smallest — in samples from TM «Haribo» and TM «Klimy»
(0.13 and 0.15 kg/kg, respectively). Other samples occupy
an intermediate value in terms of the amount of frozen
system water. Based on the data obtained, it can be
assumed that during the development of the technology
for the production of jelly products, organoleptic
properties were of greater priority for TM «Roshen» and
TM «Biscuit-Chocolate», and for TM «Klim» products —
extended shelf life. As for jelly products from
TM "Haribo", unlike other studied samples, which belong
to jelly marmalade, it belongs to chewing marmalade, the
requirements for which in terms of organoleptic
properties and consistency differ from other samples.

The results obtained by thermodynamic (tensometric
and low-temperature calorimetric) methods should
obviously be considered objective indicators of the
quality of jelly products, which have both advantages and
disadvantages. The main advantage is their high accuracy
compared to express methods, which are most often used
during commodity expertise, since these physical and
mathematical methods are used in scientific research in
the food industry. The main disadvantage of such studies
is their specified duration: for the tensometric method —
3...4 weeks; for the low-temperature calorimetric method
—1...2 hours.

Based on the objectivity of the obtained quality
indicators of the studied jelly products, they can be used
during commodity expertise of these products both in
Ukraine and in the EU countries. It should be noted that
this allows expanding the possibilities of exporting jelly
products to the EU countries, which is important for
Ukraine's activities under martial law.

The prospect of research is the further expansion of
the range of products that can be examined by tensometric
and low-temperature calorimetric methods.
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Conclusions. Studies of the hygroscopic properties
of jelly products from different manufacturers by the
tensometric method have established that when choosing
packaging and formulating requirements for storage
conditions, it should be taken into account that the studied
jelly products from different manufacturers can be stored
in vapor-permeable packaging without spoilage at a
relative moisture of no more than 70...75 %. At the same
time, storage in vapor-permeable packaging without
drying out the product or without its excessive moistening
is possible at the following moisture ranges: TM "Biscuit-
Chocolate" — from 45 to 55 %; TM "Stymul" — from 45 to
55 %; TM "Klim" — from 35 to 45 %; TM "Jelini" — from
45 to 55%; TM "Haribo" - from 45 to 55 %;
TM "Roshen" — from 35 to 45 %. Storage of the studied
jelly products at a relative moisture of more than
70...75 % or under the condition of strict preservation of
its initial moisture content is possible only in vapor-tight
packaging.

Studies of the system water of jelly products from
different manufacturers by the low-temperature
calorimetric method have established that the largest
amount of system water, which has the properties of bulk
or, so-called, free water, is contained in samples of jelly
products from TM «Roshen» and TM «Biscuit-
Chocolate» (0.31 and 0.29 kg/kg, respectively), and the
smallest — in samples from TM «Haribo» and TM «Klim»
(0.13 and 0.15 kg/kg, respectively). Other samples occupy
an intermediate value in terms of the amount of frozen
system water: TM «Stymul» — 0.27 kg/kg; TM «Jelini» —
0.25 kg/kg. Based on the data obtained, it can be assumed
that during the development of the technology for the
production of jelly products, organoleptic properties were
prioritized for TM «Roshen» and TM «Biscuit-
Chocolate», and for TM «Klim» products, extended shelf
life was a priority. As for jelly products from
TM «Hariboy, unlike other studied samples, which belong
to jelly marmalade, it belongs to chewing marmalade, the
requirements for which in terms of organoleptic
properties and consistency differ from other samples. It is
noted that the results obtained are objective indicators of
the quality of jelly products, which can be used during the
trademark examination of this product.

The research was conducted within the framework
of the Erasmus+ program directed by Jean Monet under
the project "European concept of dynamic regulation and
coordination of examination of goods in customs affairs" /
"European concept of dynamic regulation and
coordination of examination of goods in customs affairs"
(EDETMS) / Project No.: 101127747-ERASMUS-JMO-
2023-HEI-TCH-RSCH funded by the European Union.
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JI. A. XPOKAJIO, A. /1. KYJIHK, B. I. BOPOBHOBA, B. M. AH/IPIITIIHH

CHUHTE3 HAHOCUCTEMH HA OCHOBI HITPATY CPIBJIA TA CJIN3Y PABJIMKA CORNU
ASPERSUM TA 11 3BACTOCYBAHHS B CKJIAAI KPEM-T'EJIIO IICJISA I'OJIIHHA

JlocmipKeHHsT 30Cepe/UKeHe Ha BIPOBA/UKCHHI HaHOMATEpiasliB, OTPHMAHUX METOAOM 3EICHOT0 CHHTE3y, y CTBOPCHHS ¢)eKTHBHHX i Oe3medHnx
3aco0iB gormsaay 3a wwkiporo. Cius cagoBoro pasnuka Cornu aspersum MICTUTBH TIIKOIPOTEINH, alaHTOIH, INIIKOJIEBY KUCIOTY Ta iHII 0i0aKTHBHI
KOMITOHEHTH, 1110 CIIPHUSIOTH 3BOJIOKEHHIO Ta pereHepatii mKipy, To/i Sk cpidio B HaHO(OPMI NPOSBIISE BUCOKY aHTHOAKTepiallbHy aKTUBHICTh. byna
OTpUMaHa CTabilnbHAa HAHOCHCTEMa NULIXOM 3MimryBaHHS 0,1 % CBDKOIPHTOTOBAaHOTO BOAHOTO PO3YMHY Jdio(imisaTy ciusy (HebiIbTpOBaHOTO 3
JoJaBaHHsIM KoHcepBaHTy Sharomix 300) Ta poszunHy AgNOs 10 MM/nt y ciBBinHOmEHH 1:1 6e3 kopurysanus pH nyrom. Cuctemy BUTpHMaH 3a
temneparypu 36 °C Ha MariTHid Mimanui nporsarom 1 rox 30 XB 10 3MiHM KOJILOPY 3 HOAAJIBIINM BiJICTOIOBAHHSM IPOTATOM 100U 3a KIMHATHOI
TemrepaTypu i ocBiTiaeHHs. POpMyBaHHS HAHOYACTHHOK Oyno miATBepakeHo (ikcauieto cmyru IIIIP 3 makcumymom nornuHanHs 3a 450 HM.
Po3po0iieHo iHHOBAIiMHY pelenTypy KpeM-Tellto Mmicisl roiiHHs, mo MictiB 1 % Ta 2% HaHOCHCTEMH, a TAKOXK iHIII aKTHBHI KOMIIOHEHTH: OeTaiH,
MAaHTEHOJI, eKCTPAKT POMAIIKH, OJii IpaHaTy Ta BUHOTPAJHUX KicTO4oK. OIMCAaHO IO CTAAisM TEXHOJNOTIYHMH IpPOLEC OJep)KaHHA KPEM-Teilio Ta
BUTOTOBJICHI 3pa3KH-NPOTOTHNH. KocMeTnuHmii renb OyB mporectoBaHuii mpotsroM 20 1i0 Ha >KIHKax-100pOBOJBIISX, aHAI3 IKIPU MPOBOIWIM 3a
JIOTIOMOT'0I0 CIIeIiai30BaHoro JepMaronorignoro npmiaxy CF-685, ocHameHoro xameporo Ta IporpaMHHM 3alesmedcHHAM Easy in Smile, mo
OLIIHIOBAB MOKA3HUKU JKHPHOCTI, 3BOJIOKCHOCTI, MIrMEHTAMIi Ta €JacTUYHOCTI WIKipy. Pe3ynpraTé KIHIYHHX TOCTIIKEHb MOKA3ald 3POCTaHHS
3BOJIOJKCHOCT] Ta €IacTHYHOCTI IKipu HIr Ha 20 % IpH BUKOPHCTAaHHI KpeM-TeTio, IPH YOMY Kpallli Pe3yJIbTaTH IPOAEMOHCTPYBAB 3Pa30OK, IO
mictuB 1 % AgHUY-CP. Po3zpobnena HaHOCHCTEMA € e(peKTHBHUM KOHCEPBAHTOM Ta aHTHOAKTEPialbHUM areHTOM, Oe3IedHa Ta MepCIeKTUBHA I
LIXPOKOTO 3aCTOCYBAaHHS B KOCMETOJIOTII Ta AEPMATOJIOT1i.

Kuiro4oBi cjioBa: HaHOYAaCTMHKM CpiOjia; CIIU3 paBlMKa; KPEeM-Tejb; aHTHOAKTEpialbHI BIACTHBOCTI; CHEKTPOMETPHYHMI aHaui3; KJIiHIYHI
BUNPOOYBAHHS.

L. A. KHROKLO, A. D. KULYK, V. I. VOROBYOVA, V. M. ANDRIISHYN

SYNTHESIS OF A NANOSYSTEM BASED ON SILVER NITRATE AND CORNU ASPERSUM SNAIL
MUCUS AND ITS INCORPORATION INTO A SHAVING CREAM GEL FORMULATION

Current research focuses on the green synthesis of nanomaterials for the creation of effective and safe skin care products. The mucus of the garden
snail Cornu aspersum contains glycoproteins, allantoin, glycolic acid and other bioactive components that provide skin moisturizing and regeneration,
while silver in nanoform exhibits high antibacterial activity. A stable nanosystem was obtained by mixing a 0.1 % freshly prepared aqueous solution
of lyophilized mucus (unfiltered mucus with the addition of Sharomix 300 preservative) and a 10 mM/L AgNOs solution in a 1:1 ratio without
adjusting the pH with potassium hydroxide. The system was incubated at 36 °C on a magnetic stirrer for 1 h 30 min until the color changed, followed
by incubation for 24 hours at room condition of temperature and light. The formation of nanoparticles was confirmed by the fixation of the SPR band
with an maximum of absorption at 450 nm. An innovative formulation of an aftershave cream gel containing 1% and 2% nanosystems, as well as
other active ingredients, such as betaine, panthenol, chamomile extract, pomegranate and grape seed oils was elaborated. The technological process of
cream-gel production is described by stages and samples of prototypes have been made. The cosmetic gel was tested for 20 days by female
volunteers, and the skin was analyzed using a specialized dermatological device SF-685 equipped with a camera and Easy in Smile software, which
assessed the indicators of fat content, moisture, pigmentation and elasticity of the skin. The results of clinical trials showed a 20% increase in leg skin
moisture and elasticity via using the cream-gel, with the best results demonstrated by the sample containing 1% AgNP-SM. The engineered
nanosystem serves as a highly effective preservative and antibacterial agent, offering a safe and promising solution for widespread application in
cosmetology and dermatology.

Keywords: silver nanoparticles; snail mucus; cream-gel; antibacterial properties; spectrometric analysis; clinical trials.

Beryn. IaHOBamiifHI migXoau B KOCMETOJNOTII Ta

BUKOPUCTAHHA TOKCHUYHHUX peareHTiB. I[J'I?[ CHUHTC3Y

¢dapmanii 30ocepe/pkeHi Ha IMoe€qHaHHI npupoaHux  MmeraneBux HY, 3okpema Au, Ag, CuO, ZnO, Fe.Os, Pd,
010aKTHBHHX pedYoBMH 13 HaHOTexHojoriamMu st Pt, NiO, MgO ToImo ycminHo BUKOPHCTOBYIOTh POCIHHHI
CTBOPCHHSI TMPOAYKTIB 13 BHCOKOK C(EKTHBHICTIO Ta  CKCTPaKTH, a TakKoX OiomMarepialii  TBapUHHOI'O
Oe3MmeyHicTIO. OcobmuBy yBary NIPUBEPTAIOTh  TTOXOJDKEHHS, TaKi K XiTuH, (iOpOiH 1 MaByTHHHMI IIOBK

OiomoyiMepu  MPHUPOJHOTO IOXO/UKCHHS, sKI 3[aTHI
3a0e3medyBaTi KOMIUIEKCHUM TOTisn 3a mKiporo. Cims
canoBoro pasnmuka Cornu aspersum, SKAA MiCTHTh
TIIIKONPOTEiHN, ANaHTOiH, TIIKOJEBY KHCIOTy Ta IHII
0i0JIOTIYHO ~ aKTMBHI  CIIONYKH, BIIOMHH  CBOIMH
pEreHepYIOUNMH 1 3BOJIOKYBAIBHUMHU BJIaCTUBOCTSAMH, Ta
BUCTYIIA€ TMOMYJIAPHUM IHIPEAIEHTOM KOCMETHYHHX
mpoayktiB [1-3]. ¥V cxmangi kocMeTHmyHHX 3aco0iB yce
yacTilie BUKOPUCTOBYIOTH HaHOMATEpialH, TPHIOMY
HaiOuIeI nonynsspauMu € HaHowyacTuHkU (HY) cpibna,
AKi ~ JEMOHCTPYIOTh  QHTHUCENTHYHI  BJIACTHUBOCTI,
BUCTYNAIOYM OJHOYACHO SIK KOHCEpPBAaHTAMH, TaK 1
aHTHOAaKTepiaNbHIMH areHTaMH, 3armo0iraroud PO3BUTKY
rmaToreHHoi Mikpoduopu Ha moBepxHi wwKipu [4-10].
3enmeHnid CHHTE3 METaJIeBUX HAHOYACTHHOK BiJKPHB
TIPUPOTHUHA MOTEHIi AT pociuH, TBapuH i
MIKpOOpTaHi3MiB [JIsI BiJHOBJIEHHS 1OHIB MeTamiB 0e3

[11-12]. Cnu3 paBiMKIB € NPUPOAHUM CEKPETOM 3aJI03
MOITIOCKIB, BIH MICTHUTh TJIKOMPOTEIMU, SKi BHSABISIOTH
3JIATHICTh BIJIHOBJIIOBATH MeTaNu i ()OPMyBaTH HAHO3OJI.
Tak, Oynu ozxepskaHi HaHOYACTHHKH cpidlia HA OCHOBI
cnusy Achatina fulica Ta mokaszaHi iX aHTHMIKPOOHI Ta

OHKOTPOTEKTOpHI  BrmactuBocTi [13]. Hanocucremu
30JI0Ta, CHUHTE30BaHI Ha OCHOBI cim3y paeiuka C.
aspersum, MIPOJACMOHCTPYBAIA paHo3aroloBaNbHI

BIIACTUBOCTI HAa KYJIBTYPi KIITHH KePATOIHTIB JIOAUHHU Ta
NpoTH3alaibHi  HA  KYJBTYpi KIITHH  MakpodariB
mumret [14]. TakuM 9uHOM, KOMOIHAIIS CIHM3Y paBIHKa
Ta HAHOYACTHHOK cpi0ia BiJKpUBAE MOXIIMBOCTI JUIsi
CTBOPCHHS KOCMETHYHHX 3acO0iB i3  ITOCHIJICHOIO
nieto [15]. Takumii minxig OCOONMBO aKTyaJbHUE JUIs
Ppo3poOKH 3acO0iB MO AOTISAAY 32 IIKIPOIO TICIS TOJIHHSA,
SKi TIOBUHHI HE JIMIIE 3aCHOKOIOBAaTH MIKipy, a i
3axXUINATH ii Bif] MOIPa3HEHb 1 3amaabHAX MPOIIECIB.
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MeTor0 JaHOTO IOCIIIKCHHS OyaM CHHTE3 1 aHaui3
HaHOCHCTEMH Ha OCHOBi cnmsy pasiuka C. aspersum i
HiTpary cpibia, BBeJCHHS il 0 CKJIaly KOCMETHYHOTO
3aco0y 3 OpWIIHAIBHOIO pPELEenTypolo Ta KIHIYHI
BUIPOOOBYBaHHS OJICP)KAHOTO MPOIYKTY.

Marepianu Ta Meroau. [{ns BUTOTOBJICHHS
HAHOCHCTEMH cpibila Ha OCHOBI CIH3y paBiuKa (nmami
AgHY-CP) Oynu BHKOpUCTaHI CBXONPUTOTOBaHI BOAHI
pozunEn 1% 1 0,1% mioginizoBaHOrO CIU3Yy CagoBOTO
paBimuka C. aspersum i po3unH AgNO; y KOHIEHTparii
10 MM/n. BukopuCTaHHS caMe CBDKOIPHTOTOBAHOTO
po3uuHy Jtiodimizary ciam3y OyJNio  NPHHIUIIOBUM,
OCKITBKM B CIHU3i € OUTKH, SIKi MIBHUAKO PO3KIATAIOTHCA.
[epen poGoToro 3i caM30M paBiMKa K i3 cyOCTaHIIErO,
AKa MICTHTh CIONTyKH, IO BiIHOBIIOIOTH Ag', 6yIo
MPOBEJICHO TPAaBIMETPUYHUIA aHANi3, SIKUA ITiITBEPIUB
BHCOKHUH BMICT TepPMOJIA0ITFHIX OLTKOBMX KOMIIOHEHTIB i
HU3BKHUH BMICT BOJIYU B JioQini3oBaHOMY MpoayKTi [16].
Hus TTOKpAIICHHS PO3YMHEHHS miodimizaTy
JHMCTHIBLOBAHY Boy Oyuo miairpito mo 36 °C.

Po3unH cnmsy 3Mimamm 3 po3umHoM AgNO; y
criBBigHoIeHHi 1:1, 6e3 kopuryBanus pH syrom. Cymim
BUTPHUMYBAJIM Ha MarHITHIA Mimmanmi 6xm3eko 1,5 ron 3a
temneparypu 37—40 °C mo modatky 3MmiHH KoJabOpy. Jai
PO3YMHHU BIJICTOIOBATHM MPOTATOM JO0OM 3a KiMHATHOI

temriepatypu (18-20 °C) Ta KIMHATHOTO OCBITJIICHHS.
Bynmu BunpoOyBaHi Tpu 3pa3ku Ji0Qii30BaHOTO CIIU3Y:
¢inpTpoBaHUil Yepe3 OakrepianbHUi QinbTp 0,5 MKM 6e3
KOHCEpBaHTY, (QiIBTPOBaHUM 3 JI0/IaBaHHSIM KOHCEPBAHTY,
He(UTBTPOBaHMIA 3 JOJaBaHHAM KOHCepBaHTY. Haiikpari
pe3ysbTaTd MO yYTBOPEHHIO HAHOCHUCTEMH IIOKA3aB CIIU3
He(UIFTPOBAaHUHA 3 MOJaBaHHAM KOHCEpBaHTY Sharomix
300, ToMy B KOCMETWYHHH TpoaykT Boauian HY,
oJleprKaHi Ha OTO OCHOBI.

[MpuHnunoso minrBepauTu ytBopeHHs HY MoxHa
Bi3yallbHO, (hiKCYl0uM 3MiHY 3a0apBieHHsS peakIiiHOi
CyMillll MiJ Yac CHHTE3y Ta CIEKTPO(POTOMETPUUHIM
aHaJTI30M [UIIXOM peecTpamii CMyru IJIa3MOHHOTO
pezonancy. QDiHaNBPHMHA KONIp MAWCHEPCHUX CHCTEM
00YMOBJIGHHH KOMIIJIEKCOYTBOPIOIOYHM  IIEHTPAILHUM
iI0OHOM 1 jucmepciero cucteM. 3MiHa KOJIBOPY €
pe3yJIbTaTOM B33a€EMOJIi MK €JIEKTPOHAMH ITPOBIIHOCTI
meraneux HY i mamatounmvu dotonamu. Hanocmcremu
cpibnla NpPUTOTOBaHI 3 PI3HMMH BiJHOBHHKaMH MaroOTh
KOpuyHeBHHA Koiip. Po3mip dYacTHHOK 1 BiACYTHICTB
arperarfii Ta OCiIaHHS 3 YacOM CBIUUTH MPO CTIHKICTBH
onepkaHoi cucremu. CHIEKTPH TOTIMHAHHSI PO3YMHIB
Oynu 3amumcani Ha crektpodoromerpi Specord M40 y
miammazodi 300-600 M. OmHUM 3 TOJIOBHMX JIOKa3iB
HasBHOocTi HY € (ikcamiss CcMyrm MOBEpXHEBOrO
rrazmMonHoro pesonancy (IIITP) y cmekrpax enekTpoH-
Horo mnoryivHaHHs. [IIIP  BuHMKae sk pe3ynbTar
KOJIEKTHBHUX KOJMBaHb METAJEBHUX YACTHHOK PO3MipOM
MEHIIe 3a JOBXHHY XBHJIl  €JIEKTPOMArHiTHOro
BUNIPOMiHIOBaHHS. 3a (OpMOIO Ta TMOJOXKEHHAM ITi€i
CMyrH MOXHa pPOOWUTH BHCHOBKH IIOJO XapakTepy

JUCIIEPCHOT CHCTEMH, 1 OJHOpITHOCTi, ¢dopMu Ta
PO3MOAITY pO3MIpPiB HAHOYACTHHOK.
OnHiero 3 HalBaKJIMBIIIAX OUiKyBaHHX

BnactuBocteii AgHUY-CP B ckiazii KOCMETHYHOTO 3ac00y
€ aHtuMikpoOHa mis. [IpoTokon aHTHOaKTEpiaIbHOTO
Tecty mepeibadaB  OLIHKY aHTHOakTepiajgbHO il

IICKOBO-INQY31ifHNM MeTogoM. CIo9aTKy BUPOCTHIIN Ha
M'SICO-TIENTOHHOMY OYJIBHOHI OJHOJCHHI TECT-KYJIBTYpH
rpamMHeraTuBHOI Oakrtepil Escherichia coli YKM B-906
Ta TPaMIO3UTHBHOI criopoyTBoprowovoi Bacillus subtilis
YKM B-5006T. IlotiM KyapTypu OakTepiii pO3BOIMIN
(izioNOriyHMM PO3YMHOM A0 NokaszHuka 0,5 3a mKanor
Max®apranna, mo Bigmosimae 1,5 x 10® xmiTHH/MIL
IoBepxuto wamku Ilerpi, 3alOBHEHY CTEpUIBHUM
MOKUBHUM arapoM, 3acisull INTpUXaMu cBabaMu TecT-
KynbTypu. Ilicis 1bOro Ha MOBEPXHIO PO3KIAIH JHCKU
(hiTpTpYBaIBHOTO TAmEpy TiaMEeTpoOM 5 MM, 3MOYEHI y
HaHocucTeMi. BidyanbHuil Orisn NpoOBOAMIM  IICHSA
mepmoi  go6m  KymbTuBYBaHHA 3a 36°C 1 5 mib
KynpTHBYBaHHS (y Jaboparopii 3a 15 °C), ¢ikcyroun
po3Mip 30H iHTIOYBaHHS pOCTy OakTepiil 1Mo MepuMeTpy
JMCKIB. BusBieHHs m1po30poi 30HM HABKOJIO JIMCKIB
cBigumiIo npo Oakrepuruany nito HY, BUSBICHHS MyTHOI
HeNpo30poi, OJHAK BIJJICHOI 30HM HABKOJO JIHMCKa
o3Hadano OakTepioctatmyHy nito  (pict  OakTepii
MPUTHIYYBAaBCs, a MOTIM ITOBUTLHO BiTHOBIIIOBABCS).

Byno po3pobieHo opuriHalbHy pelentypy Kpem-
TeJIro IICJIs TOIIHH, CKJIaa HaBeaeHo B Ta0m. 1.

Tabnuis 1 — Critaa KpeM-Teto micis TOTiHHS

Komnonent DyHKuLis %
Bona ba3oBuii pO3UNHHUK 75,40/74,40
Prebiulin C90 |Hatypansunuit npedioTHIHMi 0,30
3aryCHHK

AnaHTOiH BacnokiimBuii 1 perenepyrounii | 0,30
QKTHBHHUI KOMIIOHEHT

berain 3BOTOXKYIOUMIT Ta 1,00
TOM’ SIKITY FOU M aKTHBHUI
[KOMITOHEHT

IMpomanmion |3BOJ0XKYBad i PO3UMHHIK 2,00

Sepiplus 400 [Emynbrarop i 3arycHHK 1,50

Cetiol Sensoft |[EmoienT 3,00

Ouist rpaHaTy |AHTHOKCHIAHT 1 HOXKUBHUH 1,00
QKTUBHHUI KOMIIOHEHT

Oumist JAHTHOKCHIAHT 1 1,50

BUHOT'PA/THUX [3BOJIOKYBAIBHUI aKTHBHHI

KiCTOYOK [KOMITOHEHT

Sensolene [EmoseHT 5,00

Ziga® Moist [3BOJOXYBaJILHHUI areHT 1,00

Hydrogel L80

Exctpakt BacmokiitnuBuii i 2,00

pomaiku MpOTH3anaJbHUN aKTUBHUH
[KOMITOHEHT

[TanTenon Perenepyroumii i 3aroroBanpHuil | 1,00
AKTUBHUI KOMIIOHEHT

Aquashuttle |Cucrema 1ocTaBKY IS 3,00
[TPUBAJIOTO 3BOJIOXKEHHS

AgHUY-CP AHTHOAKTEpiaabHUH 1 1,00/2,00
[pereHepyounii akKTHBHUH
[KOMITOHEHT

3amarka I ApomMaTu3aTop 0,20

Aloe Splash

Sharomix EG [KoncepBaHT 0,80
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TexHouorisl BUTOTOBJICHHSI KpeM-TeJio mepeadadae
HaCTYIHI CTajil:

1. CtBOpeHHst ocHOBU — BoAHOI (aszu mpoaykry. Y
MATOTOBJIEHY BOXy MocTynoBo noxatu Prebiulin C90,
pEeTeNbHO TEpPEeMIlyloYd 70 TIOBHOTO PO3YMHEHHS.
Jonatu anmaHToiH 1 TPOJOBXKHUTH MEepPEeMIlIyBaHHS [0
YTBOPEHHS OJIHODPIJHOTO pO3YMHY, BBECTH OeraiH i
mepeMillyBaTd [0  yYHUKHEHHs rpynok. Jlomatu
mponanmion i Sepiplus 400, mepeMinryro4u 10 yTBOPEHHS
TOMOTEHHOI TeJIeBOi OCHOBH. HarpiTé oTpuMaHy CyMiIn
mo 40-50°C s ONTHMaNbHOTO PO3YMHEHHS BCIX
KOMIIOHEHTIB 1 JOCSATeHHS CTa0lIbHOCTI.

2. IpuroryBaHHs ouniiiHol (a3u Ta 11 3MilTyBaHHS 3
BonHoro. IToemnarn xommnoneHt: Cetiol Sensoft, omis
rpaHaty, ojlig BUHOTpaJHHX KiCTOUYOK, Sensolene. Beectn
MIATOTOBJICHY OMiiHY a3y y BOOHY OCHOBY 3a
temneparypu 40-50 °C, IHTEHCHBHO MEPEMIIIYIOYH 10
YTBOPEHHS CTabLIBHOT eMYJIBCIi.

3. OxonomxeHHs Ta JOAABaHHS  AKTUBHUX
KOMITOHEHTIB. OXOJOANTH EeMYJNBCII0 /10 TeMIepaTypu
35°C Ta pmomatm TepMonaOinbHI iHrpemieHTn: Ziga®
Moist Hydrogel L80, exctpakr poMamik, MaHTEHOI,
Aquashuttle, Hanocucrema cpibima, 3anamky Aloe Splash,
Sharomix EG 10. Ilepemimaté O0 OTpUMaHHSA
OITHOPITHOT TEKCTYPH.

4. BuximHuid KOHTPONb SKOCTI Ta (acyBaHHS.
Bumipstu pH mnpoaykry (ontumansHO 5,5-6,5) 1 3a
HEOOXITHOCTI TPOBECTH KOPUTYBAHHS, BUKOPUCTOBYIOUH
JIUMOHHY KucJoTy. [lepeBipuTH TrOTOBHII MpPOIYKT Ha
BIJNIOBIHICTE ~ BUMOTaM  sIKOCTi, po3dacyBatd Y
MiTOTOBJICHI  ()IAKOHW, HAHECTH MAapKyBaHHA i3
3a3HAUEHHSIM CKJIaJdy, JaTh BHUTOTOBJICHHS, TEPMIiHY
MIPUAATHOCTI Ta YMOB 30€piraHHsi.

Byno BUroTOBIEHO MPOTOTHUIH 3pa3KiB KPEM TeIo 3
BMicToMm cuHTe30BaHuX AgHY-CP 1% Ta 2 %. 3paskn
Oynmu mpoTecToBaHi Ha JOOPOBOJIBILIX, KpUTEPisIMU
CIIyTYBaJIM TTapaMeTpy HIKipH (KUPHICTB, 3BOJIOKEHICTB,
€TaCTUYHICTh, TITMEHTAIlis), OIIHEeHI 3a JOIOMOTOI0
mopratuBHoro  asamizatopa CF-685,  ocnamenoro
KaMepoIo Ta porpaMHuM 3abe3nedeHusM Easy in Smile.

Pesyabratm Ta  obroBopennsi.  Haiikpamii
pe3ysbTaTh CHHTE3y CTalOiIbHUX SICKPaBO 3a0apBICHUX
JUCTIIEPCHUX  CHCTEM  II0OKa3aB  CJIU3  paBJiHKa
HeIIBTPOBAHKUH 3 JOJAaBaHHAM KOHCepBaHTy Sharomix
300. Pe3ynbraru 3MiHM 3a0apBJICHHS 3 MPO30POro Ha J1Ba
KOPUYHEBHH pI3HOI IHTEHCHUBHOCTI, IO BH3HAYAIOCS
KOHIIEHTPALI€I0 BiTHOBHUKA — po3unHy cimsy (0,1 % Tta
1 %) nmokazani Ha puc. 1.

Puc. 1. 3miHa KONBOPY AUCHEPCHUX CHCTEM B MPOIIECi CHHTE3Y:
a — TMOYATOK NMPHUTOTYBAHHS, O — MiCJIsl BATPUMYBAHHS 2 TOJIUHH
(1,5 rox mixirpis + 0,5 roj BiZICTOIOBaHHS), 6 — TICIIS
BijcToroBanHs 30 roju

Cnexrpomerpuunuii ananiz AgHU-CP nepumit pas
OyB TpoBelJeHMH dYepe3 TONWHY MICIs  CHHTE3Y,
HactymHud — d4epe3 24 roaumuu. Cwmyry [P sk mik
pi3KOro 3pocTaHHS TOTJMHAHHS CBITJIa PEECTPYBaIH 3a
JOBKUHM  XBWial 450 HM, TI0  XapakTepHO I
HaHOCHCTEMHU cpibia (puc. 2).

o
== Ag Nps apazox 3 (0,1%)

2.5

i g NP 3pazon 4 (1,006)

—t—Ag NP 3pasok 3 (0,1%) wepes 24 rog

~m—Ag NPs 3pazon 4 (1,0%) wepes 24 roa,

& o 5

Absorbance, a.u.

0.5

300 400 500 600 T00 200
., nm

Puc. 2. Peectpanist cmyru II1P Hanocucrem micist 1 roqunu ta
24 roauH BiACTOIOBAHHS

Hassuicte cmyru [P 3a noexwam xBumi 450 HM,
Jie crocTepiraBcss MaKCUMyM aacopOLii CBITUUTH TIPO
YTBOPEHHSI HaHOYACTHMHOK cpibna. OpepkaHi KpuBi Ta
Bi3yapbHHN aHai3 CBiYaTh, 1106} HalKparie
cTabini3oBaHOO Oyiia cUCTeMa i3 BMICTOM CITU3y paBIHKa
0,1 %, mpo IO CBIAYMTH HAIIBIIMPUHA 1 BHCOTA IIKY.

3pa3ox 3 (0,1 %) BUIIISLAE Ommxue o
MOHOJIMCIIEPCHOTO, OCOOJIMBO Y BHXIITHOMY CTaHi.
3pasok 4 (1 %) € momiguCIepCHUM, 3  OLIBIIOIO

TeTEePOTeHHICTIO B PO3IMOJUII YaCTUHOK 3a po3MipoMm. 3i
30UIBIICHHSAM  KOHIEHTpAlii CJIM3y CIOCTEpiraeThes
3pOCTaHHS IHTEHCHBHOCTI TIOTJIMHAHHS, M0 MOXe
CBiIYMTH Tpo OibIIy KUIBKICTh HAHOYAaCTHHOK Y
cucrteMi. 3MIIIEHHS Ta PO3LIMPEHHS CMYTH ICIs
24 TOAWH CBIMYHTH MPO AWHAMIYHI 3MIHHA B CHCTEMI, TaKi
SIK arperariisi, ctabinizaris abo B3aeMOlisl HAHOYACTHHOK
13 KOMITOHEHTaMH CITH3Y paBJIHKa.

Ha aHTHOaKTepianbHi BJIACTHBOCTI 3
BUKOPUCTaHHSAM JBOX JIAOOPATOPHHUX TECT-KYJBTYp Oyia
BunpoOyBaHa Oinpmn crabinmeHa Hanocucrema AgHY-CP,
BurorosiieHa Ha ocHoBi 0,1 % po3uuny cnuzy. Bymm
3apEECTPOBAHI MOBHICTIO MPO30PI KOHIIEHTPUYHI 30HH
iHriOyBaHHSI PO3MipoM 3-5 MM HaBKOJIO JTUCKIB Ha 000X
KylnbTypax Oakrepili: rpamHeratuBHii E. coli Ta

rpaMIoO3uTUBHIN B. subtilis, mo nodpe BUIHO HA puC. 3.

Puc. 3. 3onu iHriOyBaHHS HAHOCHUCTEMOIO Cpibia pocTy
OakTepiabHUX KyJBTYp IICIs 24 TOAUH
KyJIbTUBYBaHHS B TEPMOCTATi Ha IIOKHBHOMY arapi:
a—E. coli, 6 — B. subtilis
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byno  mpoBeneHo  KiiHIYHI  BHIpPOOYBaHHs
MPOTOTHUITy 3pa3KiB Temo Ha 10 KiHKax-I0OpOBOIBIIX,
SIKI BUKOPHCTOBYBAJIM 3aci0 MO JOTIISAY 3a IIKIPOH Hir
MmicJs  TONIHHA. bBylo OHiHEHO cTaH WIKIpH [0
3aCTOCYBaHHsS 3aco0y, a TakKoX JBI TO3HWIT Micist
3aCTOCYBaHHs: 0e3 BHECEHHSI HAHOCUCTEM Cpibiia Ta mics
JTOJTaBaHHsI HAHOCHCTEMH Cpibia B KimbkocTi 2 % i 1 %.
Kpem 3acTocoByBaiy IiHKM Ha MIKIPY HIT MICHS TONIHHSL.
BimmoBimHO 0  peKOMEHJamid  CepTU(IKOBAHOTO
nporpamHoro 3abesneueHHs Easy in Smile pedepeHTHI
3HAQUEHHA TIOKa3HHWKIB Ui HOPMalbHOI WIIKIpH €
HACTYIIHUMHU: XKUPHICTb 7—15 %, 3Bonoxenicts 10-15 %,
mirmenranis 20-30 %, exactuunicts 50-70 %.

Pesynbratn  BUIpPoOOBYBaHb Ha  BOJIOHTEPAX-
YYacHUKaX y BHUIIISAI OTO 3 KaMepH-aHaji3aTropa IIKipH
CF-685 3 ¢ikcamiero mapamerpiB IIKipH (KHPHICTb,
3BOJIOKEHICTh, MTMEHTAIIiS, €JIACTHYHICTh) HABEACHO Ha
puc. 415.

e]l]
Moisture
Pigment

Flexible

26.10.24

oil
Moisture
Pigment

Flexible

31.10.24

“16.11.24

Puc. 4. Pesynbrati BUNpoOOBYBaHb 10 Ta MicCiIs BAKOPHCTaHHS KpeMy MICIIs TOJIIHHS 3 HaHOCpioIoM 2 %

[MpoBeneHi kiiHiYHI BUNPOOYBaHHs CBIIYaTH PO
0e3reKy  3aCTOCOBAaHOTO  KOCMETHYHOTO  HPOIYKTY,
30KpeMa BIJCYTHICTh MOOIYHMX peakliii 1 BHCOKa
TOJIEPAHTHICTh JI0 MPOAYKTY. BUKOPHCTaHHS KpeMy MicIst
TOJNIHHS ~ CHOpPUSUIO  3POCTaHHIO  €JacTHYHOCTI 1
3BOJIOKEHOCTI ImKipy mnpubmm3Ho Ha 20 %. Kpami
pe3ylbTaTH II0KA3al0 3aCTOCYBAaHHS HAHOCHCTEMH B
kimpkocTi 1 %.

BucHoBkn. ONTUMAJIbHUMH TapaMeTpaMu  JUis
orpumanHs ctabinpHOi AgHY-CP € BHKOpHCTaHHS
BogHoro posunHy 0,1 % HedinpTpoBaHOTO Niodimizary
cnuzy pasnuka C. aspersum Ta HOro 3MilllyBaHHS Y
criBBigHomernHi 1:1 3 10 MM posumnom AgNOs mpu
temmepatypi 37—40 °C Ta nojaiblUIMM BiJICTOIOBAaHHS 3a
JICHHOTO OCBITJICHHS. AHTHOaKTepialbHI TECTH MOKa3ajH
OaKkTepUIMIHY Jil0 OJEPXKAaHOI HAaHOCHCTEMH IIPOTH
E. coli i B. subtilis. Po3pobineHa HaHOcucTeMa Oyiia
BBEllCHA JIO CKJIAQy KpPEM-TENI0 IICIsS TONIHHS, SKAN

Qil
Moisture
Pigment

Flexible

Qil
Moisture
Pigment

Flexible

16.11.24

Puc. 5. Pesynbrati BUIIPOOOBYBaHb [0 Ta IiCJIsl BAKOPUCTAHHS KpeMY MiCIIs TOJTiHHS 3 HaHOCpiOiaoM 1 %

VY3aranbHeHa KapTUHa rnapamerpis, SIK1
3MIHIOBAJINCh Y 4acl [0 3aCTOCYBaHHA KpeMy (TepIuui
BUMIp), IOTIM OJIM3BKO THXKHSI KOPUCTYBaHHSI KpeMoM 0e3
JI0JlaBaHHsl HAaHOCUCTEeMH cpibma 1 1me gecsaTh i
KOPHCTYBaHHS KPEMOM 3 JOJABaHHAM HAHOCHCTEMH B
kinbkocti 2 % (ta 1 %) npencrapneHa Ha puc. 6.

Hamocpitao 2 %

f— |~
:pé ;:g.gé

26_ K001 0n U3 ILa D6_lae 10./18¢ 13 1ae 16,0 el e e

Hamocpitao | %

EF3 HAHO
HAHO

D | RESHARD HAHO T

—Rii, —miv, — i, —ri,

— iy nrics — iy —

Puc. 6. lunamika 3MiH NOKa3HUKIB CTaHy IIKIPH [0 Ta IijI 4ac
KOPHCTYBaHHS KPEMOM ITiCTIs TOMHHS

MICTHUTh aKTHBHI KOMIIOHEHTH aJaHTOIH, OeraiH, OJIiro
rpaHarta Ta BUHOTPaJHHUX KICTOYOK Ta €KCTPAKT POMAIIKU
Ta KOMOIHAaI[ll0 CyYaCHMX TI€JCyTBOPIOBadYiB  Ta
eMOJIeHTIB. Pe3ynbTaTi KIIHIYHUX OCHTIPKEHb OKa3alln
3pOCTaHHS 3BOJIOKEHOCTI Ta €IaCTHYHOCTI WIKIPH HIT MIpH
BUKOPHUCTaHHI KPEM-TENI0, MPH YOMY Kpallli pe3yabTaTH
MOKa3aB 3pa3ok, mo mictuB 1 % AgHUY-CP. Po3pobiena
HAaHOCHCTeMa € e(QEeKTUBHMM  KOHCEPBAHTOM  Ta
aHTHOAKTepiaIbHUM areHTOM, Oe3IIeYHa Ta IepPCIIeKTHBHA
JUTSA 3aCTOCYBaHHS B KOCMETOJIOTII Ta IEPMAaTOJOT1i.
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K. O. IEBEJIEBA, /1. B. MATIOXOB, I'. M. YEPKAIIIUHA, I. A. TEPEIIIEHKO, €. 1. JUTBUHEHKO

CYYACHI TPEHMA BUKOPUCTAHHSI BIOJIOITYHO-AKTHUBHUX T'EJEYTBOPIOIOYHUX
MMOJIICAXAPHUIB Y XAPYOBIU I'AJTY3I, KOCMETOJIOI'TI TA MEJULIHI

B crarTi po3risHyTI Cy4acHi TPEHIU BUKOPUCTAHHS Oi0JIOTIYHO-aKTHBHHMX TEJICYTBOPIOIOUMX IMOJiCaXapHuIiB y Xap4oBil ramy3si, KOCMETOJOTIl Ta
meuiuHi. [TokazaHo, mo moicaxapuay Ta iXHi IOXiJHI IPHPOJHOTO IOXO/KEHHS HaOyJI OCTaHHIM 4acOM Ba)kKJIMBOTO 3HAUCHHS JUIS TEXHOJIOTIH,
OB’ SI3aHUX 3 MIKIYBaHHIM PO 310pOB’ st MOAMHH. [1IMpOKHiA CIEKTP MOXKIMBOCTEH 1 MPUKIIAIB 3aCTOCYBAaHHS JICSKHX 3 IIUX PEYOBHH 00YMOBICHUIT
IXHBOIO 3JaTHICTIO YTBOPIOBATH CTa0UIbHI MPOCTOPOBI CTPYKTYpH 3a Y4YacTHO BOAM i BHACIHIJIOK IbOTO MiJABUINYBAaTH B’S3KICTh, CTaOii3yBaTu
Jmcriepeii, yrsoproBath reni. CTaH CHCTEMH B KOXKHOMY BHIIAJKy KePyeThCs SIK IPHPOJOI0 CAMHX IONICaXapHIiB, TaK 1 30BHIMHIMH (aKTOpaMH:
JI€I0  «3IIMBAIOYMX AareHTiB», Temmeparyporo, pH-mokasnukom cepenoBuma. OpHUM 3 OCHOBHHMX JDKEpeN IIOJNicaxapuiaiB 3 O3HAYCHHMHU
BJIACTHBOCTAMHU € MikpoBomopocti (Regnum Protista), 3 skux OTpUMYIOTH arap, aubriHaT, KappariHaH. BakIuBy posib BiArparOTh MPOIYKTH
POCIIMHHOTO TIOXOJ/UKSHHS: NMEKTHH Ta Pi3HOMaHITHI rymu (abo kamesi): ryapoBa, TparakaHTOBa, KaMeIb POXKKOBOTO JiepeBa, ryMiapabik. He mMeHm
BaXKIIMBOIO XapaKTEPUCTUKOIO IIUX IoJTicaxapuiB € 6i0CyMiCHICTb i3 OpraHi3MOM JIIOJUHU. B TexHOJIOTisX, 10 6a3yrOThCS Ha IIBUAKOMY, HaAIiHOMY
Ta KEPOBAaHOMY MPOILECi TeICYTBOPEHHS B SKOCTI TOJIOBHOTO MOJicaxapHay 4YacTO BHCTYIAE albriHaT, KUl (GopMye MillHI Temi 3a paxyHOK
YTBOPEHHS 3B’3KiB MiXk OJIOKaMH I'yTypOHOBOI KHCIOTH Ta i0HAMH KaJIbLIil0. BeIbMH pisHOMaHITHE 3aCTOCYBaHHS TeJICyTBOPIOIOUHX HOJIiCaXapHIiB
B PI3HHUX ray3sx 0a3yeTbcs Ha OJHHX I TUX CAMMX BJIACTHBOCTSX i e()eKTaxX i3 ypaxyBaHHIM MOIIMBOCTEIl TEXHIKH BHYTPINIHBOTO Y 30BHIITHBOTO
TeJICyTBOPEHHHS 1 B MEpIIy 4epry BH3HAYAETHCS THIOBUMH Ui cepd 3acTOCyBaHHs 3amadamu. EdexTu Big BHYTpIMIHBOTO IelICyTBOPEHHS
3aCTOCOBYIOTh ULl KEPYBaHHsS PEOJIOTIYHUMH BIACTUBOCTSMH, 00’€MHOIO TEKCTYPOIO TaKHX Xap4OBHUX IPOIYKTIB SIK HOT'YpTH, COYCH, aHAJOTH
M’SICHAX CTpaB, 1 3PEIITOI0 JUIS JOCSATHEHHS MOTPIOHMX OPraHOJNENTHYHMX BIACTHBOCTEH, a TaKOX — JUIS IiJABUINEHHSA (i3M4HOI, XimidyHOI Ta
MIKpOOi0J0Ti4HOI CTabiNBHOCTI NPOAYKTY. [IOPHCTI refi JO3BOJSIIOTH CTBOPIOBATH Xap4oBi MPOIYKTH HU3bKOT IIUIBHOCTI 1 SIK HACHIZOK — 3HWKYBATH
KaJIOPifHICTS parioHy. JoBeleHO, IO albriHAT Ta iHINI IOJicaXapyuad TAKOX MAIOTh BEJIMKHI IIOTEHINiaN JUlsl CTBOPEHHS 3aC0O0iB MIKIyBaHHS IIPO
mIKipy Ta 6Giomatepianis, sKi CIIPUAIOTH PereHepallii TKAHWH, B TOMY YHCIIi i3 3aTy4eHHsM TexHomoriit 3D-1pyky.
Kurouesi ciioBa: 0i0J0Ti4HO-aKTUBHI, T1IPOTEN, ONicaXapuay, Xap4oBa raiay3b, KOCMETOJIOTIS, MEHIIMHA.

K. O. LEBEDIEVA, D. V. MATUKHOV, G. M. CHERKASHINA, 1. A. TERESHCHENKO,
Ye. I. LYTVYNENKO

CURRENT TRENDS IN THE USE OF BIOLOGICALLY ACTIVE GEL-FORMING
POLYSACCHARIDES IN THE FOOD INDUSTRY, COSMETOLOGY AND MEDICINE

The article reviews current trends in the use of biologically active gel-forming polysaccharides in the food industry, cosmetology and medicine. It is
shown that polysaccharides and their derivatives of natural origin have recently acquired important importance for technologies related to human
health care. A wide range of possibilities and examples of the application of some of these substances is due to their ability to form stable spatial
structures with the participation of water and, as a result, increase viscosity, stabilize dispersions, and form gels. The state of the system in each case
is governed by both the nature of the polysaccharides themselves and external factors: the action of “crosslinking agents”, temperature, and pH of the
environment. One of the main sources of polysaccharides with the above properties is microalgae (Regnum Protista), from which agar, alginate, and
carrageenan are obtained. An important role is played by products of plant origin: pectin and various gums (or gums): guar, tragacanth, locust bean
gum, gum arabic. An equally important characteristic of these polysaccharides is their biocompatibility with the human body. In technologies based
on a fast, reliable and controlled gelation process, alginate is often the main polysaccharide, which forms strong gels by forming bonds between
guluronic acid blocks and calcium ions. The very diverse application of gel-forming polysaccharides in different industries is based on the same
properties and effects, taking into account the possibilities of the internal or external gelation technique and is primarily determined by the tasks
typical for the field of application. The effects of internal gelation are used to control the rheological properties, bulk texture of food products such as
yogurts, sauces, meat analogues, and ultimately to achieve the desired organoleptic properties, as well as to increase the physical, chemical and
microbiological stability of the product. Porous gels allow the creation of low-density food products and, as a result, reduce the calorie content of the
diet. It has been proven that alginate and other polysaccharides also have great potential for the creation of skin care products and biomaterials that
promote tissue regeneration, including with the involvement of 3D printing technologies.
Key words: biologically active, hydrogels, polysaccharides, food industry, cosmetology, medicine.

Beryn. Ieni Ha OCHOBI moJricaxapuiB 3HaXOISATh VY kocMeTHuHiH Ta (apMareBTHUYHIN Taimy3sx remi

HIMPOKE 3aCTOCYBAHHS B PI3HUX Taly3siX HPOMHUCIOBOCTI
3aBJSIKM 1X YHIKQJIBHUM (Di3MKO-XIMIYHUM BIIaCTHBOCTSIM,
TaKUM SK BHCOKa TiIPOQiIbHICTb, 010CYMICHICTb,
HETOKCHYHICTh Ta 3/aTHICTH JIO KOHTPOJHOBAHOTO
BUBIIbHEHHSI AKTHBHHMX pPEUOBHH. IX BHUKOPHMCTaHHS
OXOIUTIOE ~ XapyoBy, KOCMETHYHY, (apMaleBTHYHY,
OloMenWYHy Ta eKOJIOTiYHy cdepH, IO 3yMOBICHO
MOXJIMBICTIO MoAM(iKamii CTPYKTYpH AN OTpPUMaHHS
HEOOXiTHUX (PYHKIIOHATHHUX XapaKTECPUCTHK.

VY XapdoBiii MPOMHCIOBOCTI Tei 3aCTOCOBYIOTHCA
uia  crabimizamii  eMynbCil, TOKpameHHS TeKCTypH
MPOAYKTIB Ta 3MEHIICHHS BMICTY JKHPIB, CIIPHSIOTH
MIABUIICHHIO CIIOKMBaHHS POCIMHHOI DKI Ta 3HHKCHHIO
YaCTKHU TBEPAUX KUPIB TBAPHHHOTO ITOXOKEHHSI.

BIJITparOTh BaXJIUBY pONb y (PopMyBaHHI CTaOLTBHUX
eMYJIbCIH, THKancyssmii Oi0aKTUBHHX KOMIIOHEHTIB Ta

MOKpAIleHH] CEeHCOPHUX  XapaKTePUCTHK MPOIYKTIB.
Emynbcii  Ilikepinra [1], craGurizoBaHi HaHOTEISIMU
3a0e3MeuyoTh  BHCOKY  CTa0UIBHICTH 1 3JaTHICTH

YTPUMYBaTH BOJY, IIO € BAXJIMBUM JJISi PO3pPOOKU
CYYaCHUX KOCMETUYHHX Ta IEPMATOJIOTTYHUX 3aCO0IB.

VY HYTpPHUIEBTHI TeJli AKTUBHO 3aCTOCOBYIOTBCS JUIS
IHKarcyssinii  mpoOiOTMYHMX — MIKpOOpraHi3MiB - 1
010aKTHBHHX CIOMYK, 1110 T ABHIIY € IXHIO
010IOCTYIHICTD, TEPMOCTAOUIBHICT Ta KOHTPOJIHLOBAHE
BUBUTPHEHHS. [ el TakoXX 3HAaXOHATH 3aCTOCYBaHHA y
OiOMEIMYHMX TEXHONOTISAX, BKJIIOYAIOYH TKAHHHHY
IH)KEHepilo, CTBOPEHHs OIOCYMICHHMX IMIUIAHTaTIB Ta
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CHCTEM JIOCTaBKM JIKapchbkux 3acobiB. Y  codepi
30epeKeHHs] XapuOBHX IPOAYKTIB TeJieBi MOKPHUTTS Ta
iCTiBHI IUTIBKM BiAIrPalOTh KJIKOYOBY POJb Y MOJOBXKEHHI
TepMiHy 30epiraHHs Ta MOKpalIeHHI SKOCTI MPOAYKIIi,
o poOWUTh X MEPCHEeKTUBHMMH [UIs 3aCTOCYBaHHS B
XapuoBil ynakoBIi Ta KyJiHapii.

Exonoriusni TEXHOJIOTIi TaKOX AKTUBHO
BHUKOPHCTOBYIOTh TeJi JJISi OYWINEHHS HPOMHCIOBHX
cTiyHMX BoA. IMMmoOimizamis  MikpoBojopocTel y
IBTIHATHUX MAaTPHUISAX JO3BOJISE €(EKTUBHO BHIAISITH
OpraHivHi 3a0pYIHEHHS 31 CTIYHUX BOJ M’COIepepoOHOi
MIPOMHUCIIOBOCTI, CHpHAIOYN OioJOTiUHINA pemeniamii Ta
3MEHIICHHIO XIMIYHOTO CIOKUBAHHS KHCHIO.

Meta cTarTi — IOCHIMKEHHS CYY9acHHX TPEH/IB
BUKOPHCTaHHS O010JOTIYHO-aKTHBHUX T'E€JICyTBOPIOIOUUX
noJticaxapuiB B XapuoBiH, MeIn4HiH Ta
KOCMETOJIOTIUHIH Tamy3sx.

Martepiann Ta MeToan JIOCTiIKEeHH .
Marepianamu J0CTIJDKEHHS BUCTYIIAIM Cy4acHa HayKoBa
Ta  HAyKOBO-I[POMHCIIOBAa  JliTeparypa 3  IIMTaHb
3aCTOCYBaHHS  TeJICyTBOPIOIOYHMX  MOJicaXxapuaiB  y
XapYoBil raiy3i, KOCMETONOTii Ta MenuuuHi. MeTtomamMu
JIOCIIIJKEHHS! BUCTYTIANIN y3arajJbHEHHS, CUCTEMAaTH3alis
Ta aHai3.

Pe3yabTaTH Ta iX 00roBOpeHHA. AJIbriHAT 3aBISKH
CBOiM OIOJIOTIYHMM 1 TEXHIYHUM XapaKTepuctukam [2]
4acTO BUKOPUCTOBYETHCS B SIKOCTI 0a30BOr0 KOMIIOHEHTa
JUISL TEJiB, ajie TaK CaMo 4acToO BiH BHMKOHYE 110 (PYHKIIiO
pa3oM i3 iHIIMMHU peYOBHHAMU BYTJICBOAHOI IPUPOIH JUIS
ONTUMI3aIlil BIIACTHBOCTEH KOMITO3WTIB. XiTO3aH, arap,
KapareHaH [3], KcaHTaH, reJJIaHOBa, IEPCUACHKA Ta
TparakaHToBa Kamemni, mektuH [4], xpoxmamp [5],
KapOOKCHMeTWImaxiMapaH 1 KapOOKCHMETHIIIETI0I03a

[6] 3acTocoBylOTBCA IUII  CTBOPEHHS  TiApOTEINiB,
NOKPHUTTIB, cTabumizamii eMmynbcid Ta IHKancyssmil
pedoBuH 1 MikpoopraHiaMiB. BoHM  miaBHIIYIOTH
MEXaHIYHy  MIIHICTh,  CTaOUIBHICTh,  MOJIMIIYIOThH
TEKCTYPY Ta TeJICYTBOPIOIOYI BIIACTUBOCTI MPOAYKTIB, a
TaKOX  CIPUSIOTH  KOHTPOJIBOBAHOMY  BHBUIBHEHHIO
aKTMBHUX pEYOBMH. XiTO3aH 1 KCaHTaH MOXYTh
BUKODHCTOBYBATUCh B IHKamCyisimii  MpoOiOTHKIB,

KapareHaH — Yy BHPOOHHWITBI MOJIOYHHMX TenmiB. [lekTuH
BIUIMBAa€ Ha CTaOUIBHICTE eMyJbCii Ta KHIIKOBY
(depMeHTaLiO.
Inkancynayia i immobinizayia. OpHielo 3
HaAWBaXKITHBIIIMX nepesar KOHTPOJILOBAHOT'O
reJICyTBOPEHHST € MOXJIMBICTh OTPUMAaHHS  Karcyl
(KamcyIsLis/ IHKACyJIsIis) [7]. [eit pUKAOM
3aCTOCOBYETHCS 3 METOK 3aXHCTHTH aKTHBHI IHIPEIIEHTH
BiJ] IUTMBY 30BHIIIHIX ()aKTOPiB, TAKUX SIK CBITJIO, KUCEHb,
BOJIOTA, KHUCJIOTHICTh, il €H3UMIB YU CyOCTpaTIB TOIIO.
Karcynu MoxyTh OyTH 3aCTOCOBaHI Ui MOCTYIIOBOTO
BHUBUIPHCHHS AaKTHBHUX IHTPEIIEHTIB, MO JIO3BOJISIE
3a0e3neunTH KepoBaHy e()eKTHBHICTB MPOLECY IPOTIroM
TpHUBAIOro 4acy. Te came MOXKHA Ha3BaTH B 3aJIC)KHOCTI
BIJT TEXHOJIOTIYHOTO KOHTEKCTY iMMOO1Ti3atieo
AKTHBHUX PEYOBHMH 3 YTOYHEHHSM TOTO, Yd MAETHCS HA
yBa3i (ikcamii MOJEKyJd UYH YaCTOK AaKTHBHOTO
KOMIOHEHTa ab0 MIKpOOpraHi3MiB y camMOMy Teli 4d 3a
CTIHKOIO; a TaKOXX — UM SIBIISIE COOOI0 KallCyla OKpeme

Ti710, 200 KOMIPKY IIFOTO TiJIa; IKOTO BOHA PO3MIpy TOIIO.
[puximagamu MOXyTh OyTH iHKamcymsamis OinkiB [8] B
aNbriHATHUX MIKpOTENsIX, MPOOIOTHKIB Yy Xap4yoBHX
nponykrax [9], edipaux omiii [10], anTnokcuaantis [11],
OGaKTepUIIMIHIX KOMITOHEHTIB, €H3H1MIB [12],
HaHouacTUHOK [7]. Jleski 3 pe3ysbTaTiB AOCIIIKEHb
IHKarCyJIsiiii akTHBHUX PEYOBUH HaBEJCHO HIDKYE!

Immobinizayia en3umie. 3aXuUCT KalcyjJaMH Ha
OCHOBI aJbriHaTy MOKpallye TEpMiuHy CTaOlIbHICTh
rmoko3okcuaasn 'y 2,8-4,3 pasza npu 85°C. depmeHT
30epiraB 80% akxtuBHOCTI micng 4 TwkHIB npu 4°C, npu
neoMy 70% (epMeHTYy BUBUIBHAIOCS Yy MIIYHKOBO-
KHIITKOBOMY CEPEIOBHIII.

[Iporea3a, 3 Aspergillus oryzae [12],
IHKaICynbOBaHa 3 BHKOpHCTaHHAM 2,0% anbriaty Tta
0,2% xiro3aHy, 3a0e3medyBana HailBUIIMH pIBEHb
edexruBHocTi iHKancymauii (EE) 77,2%. 30epexeHHs
AaKTHBHOCTI  IHKAalCyJIbOBaHOI TpOTea3H Ta TEPMiH
MPUIATHOCTI 1HKAICYJILOBAHOTO (EPMEHTY CTAaHOBHIIH
75,8 % Ta 27,2 THXKHIB BIIIOBIAHO Micis 30epiraHHs mpu
4 °C npotsaroM 10 THXHIB.

Jlimaza 3 Thermomyces lanuginoseus,
IHKarcyjapoBaHa 3 BHKOpUCTaHHAM 2,0% amnbriHaty Ta

0,4% KcaHTaHOBOI KaMe[i, 3a0e3leuniia HAWBUIIUI
piseib  EE - 43,9%. 30epexeHHS  aKTHBHOCTI
IHKamnCyJIhOBAaHOI JIIasd Ta TepioJl HamiBpo3mamy

cranoBuin 77,9 % Ta 27,8 THXKHIB BIAMOBIAHO IICIS
30epiranss mpu 4 °C npotsrom 10 TIKHIB.

ImmoOGimizamiss  HapWHTIHA3W — MIBUIIyBajia il
CTa0UIBHICTh 1 AKTHBHICTB, JIO3BOJISIIOYHM e(QEKTUBHUI
TiApoJIi3 HApUHTIHY, 3MCHIIYIOYH TIPKOTY COKIB Ta
MOKpAIIylo4Yl i 3acTOCyBaHHA Yy (hapMaleBTUIHUX
MPOAYKTAaX.

Iakancymsamiss  npobiotukiB  y  cupi  [13] 3
BUKOPHCTAHHSM aJIbTiHAT-XITO3aHOBHX MiKPOYACTHHOK 13
JOJTAaBaHHSM TEJI0 ajo¢ Bepa ITJBUIIMIA BUKHBAHICTh
Lactobacillus fermentum, L. rhamnosus, L. plantarum Ha
8-10%. Takox TIOKPALUTIACS AHTHOKCHUJIAHTHA
aktuBHiCTE (Ha 20-30%). IHribiroBaHHA Xap4YOBUX
MATOTCHIB BigOyBaJlocs BIBIYI €(QEKTHBHIINIE, HIK A
KOHTPOJIBHHUX 3pa3KiB, MPHU YOMY CEHCOPHI BIIACTHBOCTI
CUpY HE 3MiHIOBAJIKCS.

[HKancymanis npoOioTHKIB y (PYKTOBHX COKax 3
BUKOPHCTAHHSIM TiIpOTelTio (JIbriHaT-IIepHIChKa KaMe b~

npeOiOTHKH (bpykTooirocaxapuiy, 1HYJIIH))
3abe3neumwno edeKTHBHICTh iHKancyssuii >98,4% Ta
30epexkeHHss  >61%  KUTTE€3AaTHUX  KINITHH Y
3MOJICJIbOBAaHMX ~ yMOBaxX  TpaBieHHs.  [IpobGioTuk

Lactococcus lactis 3anumaBcst CTabiIbBHUM MPOTATOM 6
TIKHIB 1ipu 4 °C.

Immoobinizauin nonigenonie. ImmobGimizarris
nostideHoiB vato [14] B anbriHaTHUX IUTIBKAX HOKpAILye
(hyHKIIOHANBHICTh AKTHBHUX ICTIBHUX IUTIBOK. MIITHICTB
Ha po3puB, AeopMarlis po3puBy Ta MPOHUKHICTH BOASHOT
Mapu IUIBOK 30UIBIIYIOTBCS 31 30UIBLICHHSM KIJIBKOCTI
oJTi(heHOTIB.

[aKancymamis  excTpakTy Kakao [15] mmsixom
€MYJIbI'yBaHHS/BHY TPIIIHBOTO reneyTBOPEHHS B
aNbriHATHUX MiKpocdepax 3 BUKOPHCTAHHIM LIUTPATHUX
Ta KapOOHATHHX COJIEH SIK JDKEepen Kalbliio Ui
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3IIMBaHHs Ja€ HACTYNHI pe3yjibTaTu: [ eneyTBOpeHHs
OyJi0 BH3HAYCHO 3 MiHIMaibHUM BMicTOM 1,8x10-4 Moib
anprinary Ca?'/r. Mikpocdepu, BUTOTOBIICHI 3 LUTPATY,
MaJld OJHOPIZHY MOBEPXHIO, a KapOOHATHI — ILOPCTKY.
Haii6inpim CTaOUTBHUMHU BUSIBUIIUCSA eMyJIbCil,
MIPUTOTOBaHI 3a JIOTIOMOTOI0 MOJITIIIEepoI-
noipunyHoneary. KoedimieHT ycaaku reneyTBOpeHHS
cranoBuB 0,8, 30epiraroun QopMy 1 po3momin 3a
po3Mipamu.  IHKamcynsmis  eKCTpakTy  Kakao B
Mikpocdepu pocarana 6mu3pko 60% yTpuMaHHs.

3D-mpyk xapuoBux mpoxaykris [16], [17], [18], [19],
[20], [21] Ta GioApyK € MEPCHEKTHBHUMHU METOJAaMH IS
CTBOPCHHS INEPCOHATI30BAHUX HPOAYKTIB 3 YHIKaJIbHUM
Iu3aifHoM 1 cKkiagoM. BuKopuCTaHHS KpPOXMAaJbHHUX
KOMIIO3UTHHX TENIB Ta aIblIHATY HATPIIO O3BOJISIE
CTBOPIOBATH TPUBUMIPHI CTPYKTYPH 3 BUCOKOIO TOUHICTIO
Ta CTAaOLIBHICTIO.

BiouopHuia, 1110 BUKOPUCTOBYIOTECS A7t 3D-1pyKy,
BKIIIOYAIOTh  PI3HI  BHAM  QIbliHATIB 3  pI3HUM
CHiBBiHOIIEHHSAM [-D-MaHHYpOHOBOi KHCJIOTH 10 O-L-
TYJIypOHOBOI KHCIIOTH. BaxnmBumM mapamerpaMu Juist

YCIIIIIHOTO ~ JIpyKy €  pEoNIOTiduHi  BIJIACTHUBOCTI,
THUKCOTPOITHICTh, ~ PO3MOJAUI  BOAM Ta  APYKapChKi
XapaKTEePUCTUKH.

JocnimxeHHs BIUTHBY MONEPEIHBOTO

releyTBopeHHss Ha 3D-Apyk KOMIIO3HUTHOTO TeENio 3
TOPOXOBHUX MPOTEIHIB Ta-aabliHATY HATPIIO IMOKA3ajo0, 110
pEry/IOBaHHA  4acy Mepel  JKCIIOBaHHAM  MOXe
MMOKPAIMTH PEOJIOTIYHI  BIACTHBOCTI Ta 3OAaTHICTh
3B'SI3yBaTH BOAY. 30KpeMa, KOMIIO3UTHUH Treilp 3
HOMepeIHIM TeNeyTBOPSHHSIM TNPOTSAroM 22 XBWIMH
IIPOJIEMOHCTPYBaB ONITUMAJIEHY B'SI3KICTh Ta
BITHOBJICHHS, M0 CHPHUSIO CKCTPY3ii Ta 30epeIKCHHIO
¢dopmu mig wac mpomecy 3D-gpyky. Kpim Toro,
KOMITO3UTHHH Telb MPOJEMOHCTPYBaB TIJAJKy SKICTh
MIOBEPXHI Yy CBOIX CTPYKTypax, HaApyKoBaHHMX Ha 3D-
MIPUHTEPI, & TAKOXK BUHATKOBY CAaMOHECYUy 3/1aTHICTb.
AJBPriHaT-)KEeTaTHHOBI KOMIO3WTHI Tell TaKOX
BUKOPHUCTOBYIOTBCS B Xap4yOBUX 1 OlOMEOMYHUX IIAX,

30kpeMa y  OlowopHMiax I 3D-6iompyKy.
CrHiBBiIHOIICHHS  3MIIIyBaHHA Ta  TeMIepaTrypa
BILJTUBAIOTH Ha ¢da3oBy MOBEIIHKY Ta
CTPYKTYPOYTBOPEHHSI QJIbT1HAT-)KENIATHHOBUX

kommo3utHUX rexiiB. [Ipu temmeparypi 40 °C piakuii
KEJTaTUH 3aTpUMYyBaB npotiec reJIeyTBOPEHHS,
Oydepusyroun 3HmwxkeHHs pH, Toni sk mpu Temmeparypi
21 °C remenoniOHUI KENATHH MPHU3BOIMB IO IIBHIIIIOTO

reJIeyTBOPEHHSI.
3acmocyeanna 6 meduyuni. I'eneyTBoprorodi
HoJTicaxapuiIn IIUPOKO BUKOPUCTOBYIOTHCS y

IocHimKeHHSX TpaBneHHa [22], [23], [24], [25], [26],
[27], [28] a Takox As BUpIMIEHHS TPOOJIEeM, TTOB’ I3aHUX
i3 3axsoproBanHsMH LIKT 1 posmamamu xapuoBoi
MMOBeNiHKU. BimoMi TOCHTIKEHHS BIUIMBY Xap4YOBUX T'eIiB
Ha (epmeHTario KHIIKOBOIO MiKpo0iOTOlO,
BCMOKTYBaHHSI PEYOBHUH Y IIUTYHKOBO-KHIIIKOBOMY TPAaKTi.
BoHM 3acCTOCOBYIOTBCS Uil  KOHTPOJIO KHIIKOBOTO
JIONi3y, peryJismii aneTuTy, iHrioyBaHHs MaHKpeaTuIHO]
Jirmasu, peryysmii TiikeMii Ta JiKyBaHHS HEaJIKOTOJBHOT
YKMPOBOi XBOPOOH NEUIHKH.

EmynbciiiHo-anberinatHi  KyJIbKH, HpU3HA4YeHi IS
KOHTPOJIIO KHIIKOBOT'O JIIOJI3Y MMOKa3ylOTh, LIO JIIOJI3
MOXKHa KOHTPOJIFOBATH 3a JONOMOTOI0 Bapiauii po3mipy
KyJIBOK 1 CITKH, III0 MPU3BOJUTH JIO0 IITUPOKOTO Jiana3oHy
npodiiB BUBUILHEHHS.

[HKancynamiss  mimigie  y  TigporeneBi  KyJbKH
3aXyIae iX BiJ NPOKCHMAJIEHOTO BCMOKTYBAaHHSA, ILO
CIpHs€ CUTHAJIAM PO HACHYCHHS B AUCTAIFHOMY BiAIimi
TOHKOI KHUILKH.

[HKancynsiss JiMiaiB  aJbriHATHUMU  KYyJIbKAMH

3HMKYE OI0JOCTYIHICTh, 3aTPUMYIOYM JOCTYIHICTh
JMIIIB U1 TIePETPABJICHHS 10 BUIBHHUX JKUPHUX KHCJIOT,
HEOOXIIHUX TSt CTUMYJISIIIT perenTopis
JBaHAAATUIIAIOT KHUIIKA Ta BUBIJIbHEHHS

xonenuctokiHiny (XCK).

ANBriHaTH IPUTHIYYIOTH TpaBHI (epMeHTH in vitro,
0 MOXE MaTH NOTEHIall y JIKyBaHHI OXXUPIHHA.
AJTbTiHATH 37aTHI BIUIMBATH HA BiA4yTTS HACHYCHHS Ta
PETYILII0 CIIOXKHUBAHHS 1XKi, 3aTPUMYIOYH CIIOPOKHEHHS
IUTyHKa Ta OCHaOIIOI0YM IOCTIIPAHIIaNbHI peakmii Ha
piBeHb TIIOKO3W. AJIBTiHATHUM Hamiidi  TOCIadIoe
MOCTHPAHAIa bHy THIKEMII0 Yy YONOBIKIB, 3HIKYIOUH
HiKoBY riikemiro Ha 14%.

Anbrinar HATPIiO BUKOPUCTOBY€ETHCS B
o¢ranpMonorii s CTBOPEHHSI OYHUX Kparielb [29], reiniB
Ta IHTPAOKYJSIPHMX IMIUIAHTATIB, sKI 3a0e3nedyroTh
TpHBaJIe 3BOJIOXKEHHS, KOHTPOJIbOBaHE BUBIILHEHHS JIIKIB
Ta 3HIDKCHHS BHYTPIIIHBOOYHOTO THCKY IIPH TJIAyKOMI.
JocnipkeHHsT MoKaszand, 10 el Ha OCHOBI ajlbriHaTy
HATpilO0 CIPHSAIOTh pereHepanii poriBKH Ta MOKpPAIIyIOTh
KOM(OPT Mami€eHTiB i3 CyXiCTIO OYeH.

Cmeopenna icmienux niieok. IcHye TpeHnI
3aCTOCYBaHHSl aJNbIiHATY JUIA CTBOPEHHS 3aXHMCHUX
icriBaux twmiBok [30] 3 Meroro 30epekeHHS Ta
KOHCEPBYBaHHS 1K1 Ta MIPOAOBKEHHS TEPMiHY 30epiraHas
MIPOAYKTIB.

JocmipkeHHsT  TOKa3anW, 10  BHKOPHUCTaHHS
iCTIBHMX IUIIBOK Ta TOKPHUTTIB Ha OCHOBI aibriHaTy
HATPiI0 MOXE 3HAYHO TOKPAIIUTH SIKICTh 30€pEekKEHHS Ta
KOHCEPBYBAHHS PI3HUX MHPOAYKTIB. KOMIO3UTHI IUTIBKH
aNpriHaty HaTpito, (YHKIIOHATI30BaHI EKCTPaKTOM
JTymnuHHS (iojeToBoi MOy, MalOTh aHTHOKCHUAAHTHI
BJIACTMBOCTI Ta TIiJBMINEHY Mil[HiCTh Ha PO3pMB. IcTiBHI
KOMITO3MTHI TUTIBKM HAa OCHOBI alIbTiHATY HATPIIO Ta TEII0
anoe Bepa 3 e(ipHOIO OJIEI TBO3IUKH MPOJOBXKYIOTH
TepMiH 30epiranas gopHumi [10], a TOKPUTTS HA OCHOBI
aNbriHaTiB 3 JIMMOHHOIO Ta AacKOpOiHOBOIO KHCIOTOIO
30epiraloTh AKIiCTH CBDKO3pi3aHux stOmyk. IlokpurTs 3
aneriHary 3 eQipHOIO OJIE€I0 TAaKOX ITIBUILYIOTh TEPMiH
30epiranHs Qine TmaHraciyca TNpH  OXOJIOJPKEHOMY
30epiraHi.

Ieni i muiBkKM Ha X OCHOBI TPalOTh BAXIJIUBY POJIb
JUISL CaMOr'0 TMPOIECY MPUTrOTYBaHHS DKi. BuUkopucTaHHS
IUIIBOK ajibriHaTy HaTpiro 3 JoJaBaHHAM coji abo
NPUTOTOBAaHUX Ha KypsiuoMy OyIbiOHI MOXXE 3HAYHO
MOKPAILIUTH SIKICTh NPUTOTYBAHHS 1Ki B MIKPOXBWJIbOBIH
neui. Ili miBku 3abe3nedyroTe OUTBII PiBHOMIpHHH
HarpiB, KOPOTIOMH 4Yac TPUTOTYBaHHS Ta MiIBHIICHY
XPYCTKICTb IPOIYKTIB.
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Bimome BUKOpPHCTaHHI IUTIBKHM aJdbliHATHOTO TEITIO 3
BHCOKOIO KOHLICHTPAIIEI0 COJIi MK CyOCTpaToM i TicTom
JUISl YHUKHEHHS! MpOOJIeMH BiICYTHOCTI XPYCTKOCTI Mijl
Yyac TPUTrOTYyBaHHS abo pO3IrpiBaHHS NPOIYKTIB Y
MIiKpPOXBWJIBOBIH I€Ui.

[ikaBi  (i3uUKO-XiMiYHI  BJIACTHBOCTI  TEPMIUHO
00poOIIeHNX TITIBOK albIiHATy KaJbIil0, IIPUTOTOBIEHUX
Ha KypsdoMy OyJIbHOHI € HacligKOM HarpiBaHHsi, IIO

PO3BHBAJIO  TEMHO-OODJOBHH  KOJIp  HPOXYKTY 1
30LIBITYBAJIO0 KPUXKICTh IIUX TUTiBOK.
Coepugixauia ax  incmpymenm  Kyninapii.

[IpuroryBanHs aHanoriB ikpu Ta cdepudikamis B
KymiHapii MOXyThb OyTH ONTHUMI30BaHI 3a IOMOMOTOIO
BHKOPHCTAHHS aJIbI1HATY HATPIIO Ta KAIBIIIO.

IMpu onrtumizanii oOpoOkM aHanoriB ikpu Oimyru
oTpuMany chEepUUYHICTh aHAJOTIB IKPH BIAMOBIAHY 10
HaTypajgbHOTO aHayory (moHanm 94%). KomnreHTparis
CaCl, BrutMBasa Ha BCi 3aJIE’KHI 3MiHHI BEJIMKOIO MipOIO.

JlocimimKeHHsT BIUIMBY TEPMIYHOI, COJBOBOi Ta
rigpokonoinHoi 00poOkm Ha amanorm ikpu Cypselurus
agoo, TIPUTOTOBaHI 3 BHUKOPHUCTAHHSAM TENIO ANbriHATY
KaJbIlII0 TT0Ka3ajJo, IO MIIHICT Ha PO3PHUB MUIIXOM
3atBepaiHHSA 2%-UM XJIOPHIOM HaTpiro Oyna [emo
301NIbIIIeHA MO BiIHONICHHIO JI0 OPUTiHATY.

JlocmimkeHHsT  TEKCTypU  Ta  TepeBar  iKpH
«Mentsuyu» [31], mpuroToBieHOi 3 adbriHaTy HATPilO Ta
JIAKTATy KaJbllilo, OKa3ajlo, IO CHJIa PO3PUBY IKpH
30UIBIIYEThCS 3 YAacOM TiCisl NMPHUIOTYBAHHS, TPUBAJIHM
BIUIMBOM JIaKTaTy KaJblil0 Ta HU3bKOIO KOHIEHTPAIIEI0
NaCl. Bizyanbnuii Burisin ikpu «Mentsuyu» OyB HOBUM i
BHCOKOE()EKTHMBHUM Yy TOPIBHAHHI 3 pifKoro Qopmoro
Mentsuyu, mo poOHTh i KOPUCHOIO TSI PO3POOKH HOBHUX
CTPaB SIMOHCHKOT KyXHi.

Mooughikauia mexkcmypu ma cmpyKmypuzamopu
fmnci. Y pOocmipKeHHI MOTEHI[ialy CyMimed puOHOTO
JKENATHHY Ta ajbliHATY HATPII0 SK TeJeyTBOPIOBAYiB Ta
CHUCTEMH TOCTaBKH I KOKOCOBOi oxii [32] mepiroro
BIDKMMY BCI CKJIaM MYJUHTY IIPOJAEMOHCTPYBAJIU
CHJIbHY €lIlaCTUYHY XapakTepucTuky. OnrTuMizoBaHa
¢dopmyna ckmaganacs 3 10,68% omii, 3,41% pubHOTO
xkenatuny, 0,59% anerinaty Hatpito Ta 68,33% Bosu.

3acTocyBaHHs ~ ajbriHaty poOOMTH  MOKJIMBUM
BUPOOHHMIITBO HOBUX PECTPYKTYPOBAHUX INPOAYKTIB, SIK
MIEPCUKOBE IMIOpe 0e3 J0AaTKOBOTO JKepena KajbLilo 9n

LyKpYy.

Cmadbinizayia  emynscii  Ilikepinea. Emynbcii
Mikepiara [1], [27], [33], — 1e TuUO eMyIkCiH,
cTa01II30BaHUX TBEpPAUMHU YaCTHUHKaAMH 3aMICTh

MTOBEPXHEBO-aKTUBHUX peuoBHH. OCOOIMBICTIO eMYITBCIH
[likepinra € Te, MO TBEpAi YaCTUHKU aICOpPOYIOTHCS Ha
MexXi po3ainy (a3, yTBOprorour cTabimpHHN IIap, SKUit
3arobirae KoajecueHIIii Kpaneis.

Emynbcilini  cucremu [likepiHra MoxyTh OyTn
cTablIi30BaHi HaHOTEsIMM OllIKa Ka4uMHOIro sius Ta
amprinatoM  Harpito. Po3mip  kpamens  emyJbcii
JIEMOHCTPYBAB 3MCHIIICHHS 31 30UIBIICHHAM KOHIICHTPAIIIT
aJIbTiHATy HaTpifo.

JocnimkeHHsT TOTPIHHUX KOMIIO3UTHHX TElIiB,
MIPUTOTOBAaHUX  METOAOM KOHTpoiro pH  mnmrsixom
JI0ZIaBaHHSI HEPO3YMHHHUX Xap4YOBUX BOJIOKOH i3 MOOIYHUX

NPOJYKTIB MaroHiB 60amOyka 10 OIHAPHMX TeEIiB i30Ty
TOpPOXOBOTO OiNIKa-aJbriHaTy HATPil0 MPOJIEMOHCTPYBAIN
BUCOKY MIIHICTh IHMX TeJB Ta 3JaTHICTh yTPUMYBaTH
BOIY.

JocmimkeHHs YJaCTUHOK KOMILIIEKCY 3€elH-
MIPOTLIEHTIIIKOIIO allbriHAT-PAMHOJIITI TN UTs cTabimizarmii
emyunbciii TlikepiHra 3 BHCOKMM BMICTOM BHYTPIIIHBOT
¢asu (HIPE) moxkazamm, 1o CKJIQJHI YaCTUHKU
YTBOPIOIOTH LIIJIBHO YIIAKOBAaHMH IIap HABKOJO Kparenib
ol Ta TPUBHUMIpHY Mepexy B Oe3nepepBHiil ¢asi, mo
MIJKPECIIIOE MOTEHIal CKJIaJHUX YaCTUHOK JiTH SK
edexrusHi crabinizatopu HIPE.

Ymeopenna i cmaéinizayia cknaduux emynwciil.
Jnst nmocraBku NMpoOIOTHKIB, 3axHCTy TigpodiabHUX
CIIONYK BiJl arpecCHBHUX CEPENOBHUII Ta CTBOPSHHS
IHTENIEKTyabHUX YIIAaKOBOK XapUOBUX MPOIYKTIB MOXKYTh
Oytn BuKopucTaHi ckiamHi emynbcii [34], . Cxmagsi
eMyJbcii — 1e Oaratodas3Hi CHCTeMH, B SKHX OJHA
eMyJbCist (HampUKiIang, BOAAa B OJii) iHKAlCylbOBaHA B
IHITy eMyJsbCifo (Hampukiaaa, ojis y Boai). Bonm
BUKJIMKAIOTh IIKaBICTh y KOHTEKCTI TIeJeyTBOPIOIOYUX
caxapu/iiB, OCKUIbKU J03BOJISIOTh CTBOPIOBATH CTaOiIbHI
cUCTeMH JuUId  IHKancynsuii  Ol0aKTHBHHUX — CIIOJNYK,
MOKPAIIUTH IX OJKUTTE3JATHICTh Ta KOHTPOJbOBaHE
BUBUILHEHHSI.

JKurrespgathicts BimbHEHX KiaiTHH  Lactobacillus
plantarum, y mozgiiHiii emynscii (W1/O/W2) B
IBTIHATHUX KyJbKaxX OLIHIOBAJIM IUIIXOM BIUIMBY Ha
HUX TepMi4HOi OOpOOKM Ta MOJENIOBAaHHI YMOB
[IUTYHKOBO-KHUIIIKOBOTO TpakTy. [licis KumkoBoi cramii

TpaBICHHSA BIDKHBAHICTh BUTBHHUX Oakrepiit
30impmryBanaca 3 38% go 84% mna Ta eMyIbCIMHHX
rpaHyIL.

VY mocnimkeHHI OTHOETAITHOI MPOIeIypH iHTerpamii
Kpareiab eMyJibcil «Boga B omii» (W/O) 6e3nocepeiHbO B
Mmikporeni Ca-anpriHaTy MoJBiiHY eMyJIbCil0 «BOJA B OJIii
y Bom» (W1/O/W2) roryBaqu 3 BHKOPHUCTAHHSIM
BUCOKOIIBH/JKICHOTO ~TOMOTE€Hi3aropa 3 MOJAJIbIINM
BUKOPHCTaHHAM Mikpodumoiguzaropa. CepenHi aiamerpu
kparesis emyisscii W1/O/W2 ta orpumaHux Mikporelnis
3Haxoaunucs B Mexkax 27.8-65.4 mxMm ta 160420 MxMm
BIINOBITHO. BUWBUTBHEHHS TigPOQUIEBHUX CIOTYK 3
MIKpOTelliB 3HaYHO 3MCHIIYBAJIOCS IPH IHKANCyJsii B
Kparmti emynbcii W/O.

Cucrema xazeinar Hatpito (NaCas)-k-Kaparenan
(xCar) Oyma IpuUTOTOBaHA SK 30BHIIIHIN €MyJbraTtop) 3a
JIOIIOMOT OO0 peakiiii Maitspa. EmynberyBanHss
BiZI0yBaiocs B MOEIHAHHI 3 TiAPOTreJIeBUMH 00OJOHKAMHU
CHUCTEMH: allbIiHAT HATPiI0-KapOOKCUMETHIIXITO3aH st
iHKarcyJsnii BHyTpimHbpo1 BogHol ¢asu L. rhamnosus 3
METOI0 KHMIIKOBOI LinecnpsiMoBaHoi joctaBku. Cucrema
TaKOX MPOJIEMOHCTpYBaJIa YyAOBY peakiito Ha piBeHb pH
1 Xopomly TepMidHy cTaOUIBHICTE. MoJemoBaHHs
TPaBHOTO TIpOLiecy in Vitro Ioka3ajo KOHTPOJILOBaHE
BUBIUTPHEHHSI TPOOIOTHKIB depe3 HaOyxXaHHA Karcyln i3
piBHeM BmxuBaHoCTi 90,69 + 0,04%.

Onmumizayia enacmueocmeil  6UCOKOHCUPHUX
npooykmie. BaxnmBOIO € Tpyma 3aaad, IOB’sA3aHa 3
ONTHMI3aI[i€}0 BXKUBAHHS JIIOJWHOIO BHCOKOXKHUPHHUX
MIPOAYKTIB. [MotpibHO MIPOCYBaTH MO>KJIMBOCTI
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30UIbIICHHS CIIOXKHMBAaHHS POCIMHHOT 1Xi, 3MEHIIEHHs
CIIOXKMBAHHS TBEPIUX JKUPIB Ta IKHUPIB TBAPUHHOTO
noxopkeHHst [35]. IlparHyTH [OCSATTH y Xap4oOBHX
peuentypax Ha OCHOBI €MyJbCii HU3BKOTO BMICTY JKHDY,
IIPY BOMY IXHIO TEKCTYpy OaxkaHo 30epertu IoJiOHOI0
JI0 TEKCTYypH TOBHOXKUPHUX aHajoriB. HeoOxinHo 3HaiiTH
CIocOOM 3HIKEHHS pIBHS HACHUCHHX 1 TPAHC)KUPHHUX
KHCIOT B  OOpOOJNEHMX  XapyoBHX MPOAYKTAaX 1
3aMpoIOHyBaTH BHUPOOHUIITBO BiJIMOBITHUX 3aMiHHHUKIB
JKUPIB IS TPOAYKTIB 3 BHUCOKHM BMICTOM XHpPY, SKi
3a0e3MmedyroTh BCi a00 Nesiki PyHKIIOHATbHI BIaCTHBOCTI
JKUPIB 1 MAIOTh KOPUCTH IS 3TOPOB'S.

Cucremu OITKOBHX MIKpOTEIiB HA OCHOBI allbriHATY
MarOTh MOTEHIIAJ JUIsl IPUTOTYBAHHS XapUOBHUX PELENTYP
Ha OCHOBI eMyJIbCIT 3 HU3bKUM BMICTOM JKUPY, TEKCTYPY
SKAX MOXKHA TOPIBHATU 3 TEKCTYPOIO IOBHOXKHPOBUX
aHajoriB. 3O0LNbIIEHHS BMICTY OLIKOBOrO MIKpOTEINO
3mymye 30% omiiiHi eMynbcii J@MOHCTpYBaTu MOIIOHY
peosoriuHy TOBENIHKY 10 eMyJIbCii, mo wmictsate 50%
odii.

JlocimimKeHHs, CIpsMOBaHE Ha 3HIKEHHS PpIBHS
HaCHYEHHX 1 TPAaHCKUPHUX KHCIOT B 0OpOOIEHUX
XapuoBHX INPOAYKTAX IUIIXOM BHUPOOHMIITBA 3aMiHHHKIB
JKUPIB HA OCHOBI iHYIIHY, IEpPChKOi KaMell Ta anbriHaTy
JEeMOHCTpPY€e, IO ONTHMI30BaHI 3HAYCHHA IHYIIHY,
mmepcbkoi  Kameni  Ta  anmberiHaty  3a0e3lnedyroTh
MaKCHMallbHy TEpPMiYHy CTaOUIbHICTh, HANHWKYHN
BIJICOTOK Mirpatiii oJ1ii Ta 6a)kaHi TEKCTYPHI BIACTUBOCTI.

BukopucraHHs ~ TEXHONOTIYHHX  BJOCKOHAJICHB,
TaKuX sIK MIKpoQUIIOigHuii 6apOOTaXKHUN NPUCTPIH IuIs
NPUTOTYBaHHS ~ MIKPOIIOPHCTHX  TENiB  KaJIbLi€BOTO
JIBTIHATy MOXKE TOKPAIINTH BiJUyTTS Ta TEKCTYpYy DXi Ta
HAIOIB Y POTi, @ TAKOXK 3HU3UTHU 3aralbHUI BMICT XHUpPY B
MIPOyKTaX Ha OCHOBI eMyJIbCii. ['OMOTeHHi 3pa3ku reio
MaJH HIIBHICTE 365 Kr/M° Ta BHCOKHH BMICT rasy, IO
MiATBEpIKEHO BUMIPIOBAHHSAMH BiIOWBHOI 3aTHOCTI
YIBTPA3BYKY.

I3 mepeniuennMy BuIIe 3amadaMu Ipu Moampikamii
BHCOKOXXHPOBHX TIPOAYKTIB NOOpE MOXYTh BIIOPATHUCS
OJIeOTeJli, CTBOPEHHS SKMX TAaKOXX MOMKJIMBO Ha OCHOBI
noJricaxapuiB.

Oseoreni [36], [37] — ue icTiBHI Tei, IO MICTIThH
3HAQ4YHY KUIBKICTh PIIKUX OJNii, yTPUMYyBaHHX Y
TPUBUMIPHIH CTPYKTYPI. Bonn MOXYTb
BHUKOPHCTOBYBATHUCS SIK JIbTEPHATHBA TBEPIUM XKHpaM y
XapuoBHX IMpPOJXYKTaX, JOMOMAaral4y 3HIKYBaTH BMICT
HacHYeHHX >XHMpiB 0e3 BTpatm OakaHOi TEKCTypu Ta
OpraHoJEeNTUYHUX BlacTUBOCTEH [38].

Kancymu 3 ojeoreneBuM sSApoOM Ta yIbTPATOHKOIO
00OJIOHKOIO 3 aJbriHATy KalbIlif0, OTPHUMAaHI METOJIOM
MikpodITIOiTHIX TEXHOJIOTIH MaloTh BHCOKY
opHopignicth (CV < 5%), crabinbHI B KHCIOMY
cepempoBumi (pH = 2.0) i mBuako HabyxaroTh mpu pH
6.8—7.4. CtpykTypa BOCKOBOi KPHUCTAJIYHOI CITKH B AApi
HIBUIIY€ CTAOUTBHICTD 1 320€3MeUy€e TEPMOIYTIIUBICTb.

Jns kpioreneii Ha OCHOBI aJIbIHATY SIK HOCIS UIS
(hOopMyBaHHS OJICOTENIB 13 PI3HUMH POCIMHHUMHE OJIsIMU
BCTaHOBJICHO, IIO INBUJKE 3aMOPOXXYBAaHHS B PiIKOMY
a30Ti 3a0e31neuye HU3bKY IUIBHICT, BUCOKY ITOPUCTICTB 1
3JIATHICTH JI0 MOTJMHAHHA oJil. Oneorens i3 OJMBKOBOIO

OJTII€F0 MaB HAWBHIIY 3MIATHICTh 10 yTPUMaHHs oii (82%)
Ta ONTUMAJIbHI TEKCTYPHI BIACTHBOCTI.

Po3pobiieHo reneBi KyJabKH Ha OCHOBI albriHATHOTO
TIIPOTeNII0 Ta OJICOTENI0 3 IIIIEPHIMOHONAIBMITATY.
BusiBieHo, mo 30UIBIICHHS BMICTY OJIEOTEIIO 3HMXKYE
MIIHICTb TeJII0, aJie ITiABUILY€E PiBEHb 3aIIOBHEHHS OJIIETO.

Mooenioseanna ma 600CKOHANEHHA M’ACHUX ma
pubHux npooykmie. 3aCTOCYBaHHS albTiHATHUX Ta
KOMIIO3UTHHX TEiB I M SICHAX, PHOHIX MPOIYKTIB Ta y
ix pocnuHHUX aHanmorax [39] A03BoJIsiE MMOKPAIIUTH CMaK,
TEKCTYpY, CTaOUIBbHICTh KOJBOPY Ta 3arajbHy SKICTh
MPOAYKTIB, 3a0e3mneuyroyn Kparii CCHCOpHI
XapaKTEPUCTUKU Ta CIIOKUBYI BIIACTHBOCTI.

I'eni Ha OCHOBI anbriHATy Kaiblilo, MO Oyiu
pO3po0seHi I TOKpAIeHHS BHBIIBHEHHS CMaky B
POCIIMHHMX  aHajorax 3a0e3ledyBaji  BHBIUIbHEHHS
CMaKOBHX KOMIIOHEHTIB Ha piBHI 51% mnpu HarpiBaHHi,
TOJI SIK y MOBITPI IIeH MMOKa3HUK HE IepeBuIryBas 1%.

Jus crabinizamii KOJIbOPY STTIOBUYIWHUA
BUKOPHCTOBYBAIM KOMIUICKCH albliHaTy HaTpilo Ta
XiTO3aHy, AKi MicTHiIH epuTopOar Harpiro. BoHn 3Ha4HO
MOKpAIIyBJIM TOYEPBOHIHHA Ta CTIHKICTh KOJIBOPY
CTeWKIB mix yac 30epiraHHs, a TaKOX JEMOHCTPYBaIH
AHTUOKCH/IAaHTHY aKTHBHICTb.

BB CTpyKTYypM Ta  BIACTHBOCTEH  TeliO
Mmio¢iOpunsipHoro Oinka Ha SKICTh Kyps4oi TPYAKH
BUSIBUBCS ~ B&KIMBUM  (DAKTOPOM  JUIi  TEKCTYPHHUX
XapaKTepUCTHK. YTBOpEHHH Oap'ep 3HMKYBaB BTpaTH
BOJIOTH, a IOCHJICHA MII[HICTh I'eJIf0 Ta MOYJIb PY>KHOCTI
MOKpaIlyBaJli 3arajbHy TEKCTYpY.

BmmB  cymimeit xjopuaHux cojed Ha Tem
M’S130BOTO OiKa OJIAKHTHOTO IIyTacy CYTTEBO 3alieikaB
Big Ty TeieyTBoproBada. NaCl miiBHIyBaB MIIHICTB
HA pO3pMB Yy HoTa-kapareHaHoBuX Tremix, KCI
30iBpIIyBaB  QATE3UBHICTH, OCOONMBO A HOTa-
kapareHany, toai sk CaCl, HiJgBHIIyBaB €IacTHYHICTh
YCIX THITIB TeJiB, ajie 3HUKYBaB IX KOTe3ilo.

Y BHUpOOHHMUTBI pPHOHMX TeNiB BAXIUBY pOJb
BIZIrpaloTh KapareHaHW Ta aJIbliHAT HATpilo, MIO
BU3HAYAIOTh PEaKIlilo OUIKIB Ha KOMOIHOBAaHUI BIUIHB
THCKy Ta  TeMmIeparypu. [ eneyTBOpeHHs  Ipu
aTMoc(epHOMY THCKY CTBOPIOBAIO TBEPIIIi Ta >KOBTIIII
Telni, TOMAI K BUCOKWH THCK IiJBHIIYBaB KOTE3iiHICTH i
JIAMKICTb, aJie 3HIKYBaB TBEPIICTh.

BrmB kanmeIieBuX coieli Ha POCHHHHI OiLTKOBO-
MOJTIiCaxapuHi TiApOTeNi, OO0 MICTATh KapTOIUITHHHA
6imox [40] Ta anpriHatr HaTpilo, IMOKa3aB, IO Pi3HI COMi
BIUIMBAIOTh HAa TEKCTYPHI XapaKTEPHCTHUKHU IO-Pi3ZHOMY.
I'eni, orpumani 3 CaHPO,, Oynu HailOinbll MilHUMHU,
toni sk CaCO; cnpuunHsB yTBOpeHHs OyibOamiok CO,,
1110 BIUIMBAJIO Ha TEKCTYPY.

BucnoBkn. Ilomicaxapuam Ta ixHI  MOXiAHI
NPUPOJTHOTO TIOXO/DKEHHS HaOylmM OCTaHHIM YacoM
BO)XJIMBOTO 3HAYCHHS JUI TEXHOJIOTiH, IOB’S3aHMX 3
MIKITyBaHHAM TIPO 310poB’st moguan. upoxuii crextp
MOXITMBOCTEH 1 NMPUKIAAIB 3aCTOCYBAHHS JESKHX 3 LUX
PEYOBHH OOYMOBIICHHH IXHBOIO 3ATHICTIO YTBOPIOBATH
CTablIbHI TPOCTOPOBI CTPYKTYPH 32 Y4YacTIO BOAM |1
BHACJIIZIOK I[bOTO IMiBUIIYBATH B’ SI3KICTh, CTA0LII3yBaTH
mqucrepcii, yreoproBatu refi. CTaH CHCTEMU B KOKHOMY
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BUIAJIKY KEPYEThCS SIK MPHUPOAOI0 CaMHX MOJicaXxapuiB,
TaK 1 30BHINIHIMH (AaKTOpaMH: i€l «3HIMBAIOYUX
areHTiB», TeMmeparyporw, pH-MokasHUKOM cepeoBHIIA.
OnHUM 3 OCHOBHHX JDKEpEJ MojicaxapuiB 3 03HAYCHUMHU
BJIACTUBOCTMHU € MikpoBomopocti (Regnum Protista), 3
SIKMX OTPUMYIOTh arap, ajibliHar, KappariHad. BaxuBy
pOJIb BIArparOTh MPOIYKTH POCIMHHOTO IOXOJKEHHS:
MEeKTHH Ta pPi3HOMaHITHI rymu (abo Kameni): TyapoBa,
TparakaHToBa, KaMeIb POXXKOBOTO JepeBa, I'yMiapalik.
He  MeHm  BaXIMBOIO  XapaKTEPHCTHKOK  IHX
roJricaxapuIiB € 610CyMICHICTB i3 OpraHi3MOM JIOAWHHU.

B TexHonorisx, mo 0a3ylThCs Ha IIBUIKOMY,
HaJIIlTHOMy Ta KEpPOBaHOMY IIPOILIECi TeJIeyTBOPEHHS B
SKOCTI TOJIOBHOTO IMOJiCaxapuay YacTO BHCTYIIA€E
aJIbTiHAT, SIKMK (OPMYE MILHI Telli 32 paXyHOK YTBOPEHHS
3B’SI3KIB MIDXK OJIOKaMH TYJYypPOHOBOI KHMCJIOTH Ta iOHaMHu
KaJIbLiI0. BenbmMu  pizHOMaHiTHE 3aCTOCYBaHHA
reJIeyTBOPIOIOYMX IOJicaXxapuaiB B PI3HUX Taly3sx
0a3yeThCsl Ha O/THUX 1 TMX CaMUX BIIACTHBOCTSX 1 edpexrax
i3 ypaxyBaHHSIM MOXKJIMBOCTEH TEXHIKH BHYTPILIHHOTO Y1
30BHIIIHBOTO TEIIEYTBOPEHHHS 1 B TMEpHmIly dYepry
BHU3HAYA€TBCSI THMOBUMH Uil  c(epu 3acTOCYBaHHSA
3amauaMi. EdexTu Bif BHYTPIITHBOTO T'el€yTBOPEHHS
3aCTOCOBYIOTh JUIst KepyBaHHS PEOJIOTTYHUMHU
BJIACTUBOCTSAMH, 00’€MHOIO TEKCTYypOIO TaKHUX Xap4OBUX
NPOJYKTIB SK HOTYpTH, COyCH, aHAJIOTU M’SICHUX CTpaB, 1
3pEIITOI0 /ISl IOCSATHEHHS! MOTPIOHUX OPTaHOJICHTUYHUX
BJIACTHBOCTEH, a TaKoX — JUIs IiABHIIEHHS (Pi3HMYHOI,
XIMIYHOT Ta MIKPOOIOJIOTIYHOT CTaOiLIBHOCTI TPOIYKTY.
IMopucri remi  NO3BOJIIIOTH  CTBOPIOBATH — XapyoBi
MPOAYKTH HU3BKOI MILTHPHOCTI 1 SIK HACHIJOK — 3HIKYBaTH
KaJIOpiiHICTh paIlioHy.

JlerkicTe  yTBOpPEHHS IUTIBOK depe3  TEXHIKY
30BHIIIHBOTO TEJICYTBOPEHHS TaKOX 3HAXOJUTh IIHPOKE
3aCTOCYBaHHS y KyJIiHapHiil TBOPYOCTi B MEXax HaIpsaMy
«MoneKymspHoi KyxHi». [iBku B npolieci mpuroTyBaHHs
T)KI BAKOPUCTOBYIOTBCS 3apajid PIBHOMIPHIIIOTrO nepeoiry
mporiecy abo CTBOPCHHS CKOPUHOK. AJIBIHATHI IUTIBKY Ha
XapuoBHX NPOJYKTaxX IPOTIroM Iiepiony 30epiraHHs
3aro0iraroTb MeXaHiYHOMY MOUIKOKEHHIO, BHCHUXaHHIO
Ta MIKpOOi0JIOTIYHOMY IICYBaHHIO.

[HKanCymAIis MOJIEKYT OKPEMHX PEYOBHH Ta LLINX
(a3 — 1e TrHyYKHid i HOTY)XKHUH IHCTPyMEHT OTpPHMaHHS
[i701 HU3KK TIepeBar i (yHKIIOHATBHUX MOJKJIHBOCTEH,
10 MOXYTh HPOSIBISITUCS OJHOYACHO: 33aXHCT PEYOBHH
BiJl OKHCIIEHHS, Hii MIKiAIHBOI MikpodopH, hepMeHTIB,
BIUIMBY  KHUCIIOTHOCTI  CEpElOBWINA;  MOJKJIHUBICTh
KEpyBaHHS JJOCTaBKOIO, KOHTPOJIbOBAHHM BHBUJIbHEHHSM
AKTMBHUX PEYOBHH Ta MikpoduiopH B opranizmi. Oseoreni
SIK TPOJOBXKEHHs inel iHkarcyssinii ¢as, orpumani 3a
JIOTIOMOTOI0  aJIbriHaTy, — [ 1HHOBALIHWUI IMPOAYKT 3
PIAKMX POCIMHHUX OJIIH, 110 Ma€ HamiBTBEPJAHH CTaH 3a
paxyHOK KapKacHOi CTPYKTYpH, JUIS CTBOPEHHS SIKOI
MOYKHA 001WTHCH 0€3 HACHUCHNX JKUPIB.

AJpriHar Ta iHIN TMOJicaXapuayl TaKOX MaloTh
BEJIMKUIA MOTEHINaN Ui CTBOPEHHS 3ac00iB MIKIyBaHHS
po mKipy Ta OiomarepiaiiB, sSKi CIPHUSIOTH pereHeparii
TKaHWH, B TOMY YHCII i3 3aJlydeHHSIM TexHoJorii 3D-
ApyKy.
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G. V. LISACHUK, V. Yu. BAHLAI

TECHNOLOGY FOR THE MANUFACTURE OF COMPOSITE RADIO-ABSORBING CERAMICS

In the modern world, electromagnetic radiation constantly accompanies a person, affecting both his health and the operation of technical devices. One
of the promising solutions to this problem is the use of special ceramic materials that can effectively absorb radiation and can significantly increase
the level of environmental safety. The purpose of the work is to manufacture facing tiles based on composite radio-absorbing ceramics with the
addition of silicon carbide and strontium titanate. Experimental composite ceramic tiles consist of three layers. Spectral characteristics were
determined - transmittance, absorption and reflection coefficients in the frequency range of 20 - 40 GHz. The results of experimental studies of the
developed ceramic tiles based on facing ceramics with electrically conductive additives of silicon carbide in the amount of 30 wt. % are presented and
strontium titanate in the amount of 10, 20 and 30 wt. %. To determine the parameters of the interaction of electromagnetic radiation with samples, an
upgraded meter of the standing wave coefficient and attenuation was used - a generator unit P2-65 with an indicator SI2P-67. The developed
composite ceramic materials meet the basic performance requirements for this class of materials. They can be effective for reducing the intensity of
the electrical component of the electromagnetic field in the middle of rooms located in the areas of exposure to radio emission sources, as well as used
to improve the environment to reduce the level of the electromagnetic field outside the premises where work related to electromagnetic radiation is
located.

Keywords: radio absorption; composite ceramics; three-layer tiles; silicon carbide; strontium titanate; electrodynamic characteristics;
transmission coefficient; reflection; absorption coefficient.

I'. B. TICAYYK, B. IO. BATTAH
TEXHOJIOI'IA BHT OTOBJIEHHA KOMITO3HIIIHHOI PAJIOITIOI/THHAOY0I KEPAMIKH

Y cyyacHOMY CBITI €lI€KTPOMArHiTHE BUIIPOMiHIOBaHHS IOCTIHHO CYNPOBOJDKYE JIFOIMHY, BIUIMBAIOUH K Ha 11 30pOB’s, TaK i Ha pOOOTY TEXHIYHUX
npucTpoiB. OAHUM i3 IepCIIEKTHBHHUX BHUPIIICHS L€l 3a1a4i € BUKOPHCTAHHS CIEIiaIbHIX KepaMitHUX MaTepiaiiB, 3AaTHUX €(eKTUBHO IOTIHHATH
BUIIPOMIHIOBaHHS Ta MOXKYTh 3HAUHO ITiIBHINVUTH PiBEHb OE3IIEKH HABKOJIHMIIHLOTO CepeoBHINA. MeTor poOOTH € BUTOTOBICHHS OOJIHIFOBAIBHOL
TUITMTKY Ha OCHOBI KOMITO3UIIIHHOT paJlioNoriInHa4ol KepaMiKky 3 10/jaBaHHAM KapOisy KPEMHIl0 Ta TUTaHATy CTPOHLI0. JlociiHa KoMmo3uLiitHa
KepaMiuHa IUTUTKA CKJIaaeThCs 3 TPhOX IapiB. Bu3Havyanu crieKTpasibHi XapaKTepUCTUKH — KOoe(ilieHTH nepeadi, HOrIMHAHHS Ta BIIOUTTS Y
nianasoni wactot 20 — 40 I'T'. IlpencraBneHi pe3ynbTaTu eKCIEPUMEHTAIBHIX JOCHIIIKEHb pO3p00IeHO] KepaMidHOi INTNTKU Ha OCHOBI
OOJIHIIOBAIBHOI KEPAaMiKU 3 eJIEKTPOIPOBIIHUMH 100aBKaMH KapOimy KpeMHilo B KimbkocTi 30 Mac. % Ta THTaHATy CTPOHILio B KinbKkocTi 10, 20 Ta
30 mac. %. [l BU3HAYeHHS apaMeTpiB B3a€MOJIi eIeKTPOMAarHiTHOIO BUIIPOMIHIOBAHHS 31 3pa3KaMH BHKOPUCTOBYBAIN MOAEPHI30BaHMIT
BUMIpIOBaY KOeillieHTy cTOSYO1 XBUJI Ta OCTabIeHHs — reHepaTopHHit 610k P2-65 3 inaukaropom S12P-67. Po3po0iieHi KoMITO3ULIHHI kepaMiuHi
MaTepianu 3aJ0BOJIbHAIOTH OCHOBHI €KCIUTyaTalliiiHi BUMOTH, 1110 BUCYBAIOThCS JI0 AAHOTO KiIacy MaTepianiB. BoHn MoxyTh OyTH eheKTUBHUMU 11
3HIKCHHS! IHTEHCHBHOCTI €JICKTPHYHOI CKJIAI0BOI €IEKTPOMATrHITHOTO [IOJIS B CEPE/IHHI IPUMIIIEHb, PO3TALIOBAHNX Y 30HAX BIUIUBY JUKEPEI
PanioBUNPOMIHIOBAHHS, @ TAKOXK BHKOPHCTOBYBATH 3 METOIO IMOKPAIEHHS €KOJIOTT JUTsl 3HVKEHHSI PiBHS eJIEKTPOMATrHITHOTO MOJIS 32 MEKaMH
MPUMILIEHB, 1€ PO3MillleH] POOOTH, OB S3aHi 3 €IEKTPOMArHITHUM BUITPOMiHIOBAHHSIM.

K11040Bi c10Ba: paionormHaHHs; KOMIIO3ULIHA KepaMika; TPUILApOBa IUINTKA; KapOiJl KPEMHIiI0; TUTAHAT CTPOHLIIO; EIEKTPOAMHAMIYHI
XapaKTEePUCTHKH; KOoe(ilieHT repeiadi; KoedimieHT BiAOUTTS; Koe(illieHT MOTITHHAHHSL.

Entry. It is well known that the absorption
efficiency of microwaves of a material is provided by its
electromagnetic properties, in particular dielectric and
magnetic constant, which mainly depend on the
composition and microstructure of absorbents. The
morphological distribution of absorbents in carriers
(coatings or composites) plays an important role in
improving the microwave absorption capacity of integral
absorbent materials that contain absorbents and a matrix.
The orderly distribution of absorbents in the matrix
contributes to the formation of structured conductive
connections with multi-level transitions even with low
filler content. This lengthens the path of propagation of
electromagnetic waves due to repeated reflection and
scattering, which, in turn, increases the material's ability
to lose electromagnetic energy [1,2].

The main requirement for the electrical properties of
ceramic materials for use in devices is a combination of
dielectric constant in the range from 300 to 600 when
retuning the electric field not worse than 10-20 %
(electric field strength ~(2-5) V/um) and low dielectric
losses in the microwave range (dielectric loss angle

tangent 0<0.005). To achieve the required level of
dielectric constant in a system of solid solutions (Ba, Sr)
TiO; with the structure of perovskite can increase the
content of strontium titanate, which leads to a shift in the
Curie temperature of ferroelectrics towards lower
temperatures and reduces the tangent of the dielectric loss
angle to (1-3)*10° in a wide range of frequencies,
including microwave. However, for such materials, the
rearrangement of the electric field of the & almost
disappears. and alkaline earth oxides and compounds.
Such compositions should provide a combination of high
tunability of € and low dielectric losses [3,4]. Machining
and sintering determine the basic characteristics of
materials, such as microstructure and the presence of
defects, which makes knowledge of the evolution of
microstructure during the machining process very
important. Numerous methods can be used to obtain
materials based on SrTiOs, such as sol-gel, hydrothermal,
incineration method and polymer precursor method [9-
13]. Most of these methods require high-purity chemicals,
making them too expensive for industrial production.
Therefore, commercial SrTiO; is still predominantly
produced by solid-state reaction. Modern applications
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require homogeneous, low-impurity micrograins of
ceramic materials, which makes alternative low-cost
efficient methods for large-scale production of phase-pure
and nano-sized SrTiO; particles an important topic.

The use of mechanical activation in high-energy
mills can affect the evolution of the microstructure and
the sintering properties of the material [14]. Mechanical
grinding leads to a decrease in particle size, resulting in a
change in the dielectric properties of the final ceramic
material [15]. It has been found that reducing the grain
size to ~1 um in some perovskites leads to an increase in
the dielectric constant value (&'r), while a further decrease
in the grain size leads to decrease in the value of &'
[16,17]. Also, the value of the relative permittivity is
additionally influenced by the density values of different
activated sintered samples, i.e. different porosity. A
sample that has a high degree of porosity, i.e. lower
density, will have lower relative permittivity values [18].
In general, microstructure has a great influence on the
dielectric properties of SrTiOz;-based ceramics, and
sintering is an important process that affects
microstructure evolution, grain growth, and compaction
of the final product [19,20].

Strontium titanate, as a material with high dielectric
constant, is an important raw material for the creation of
electrical ceramics. Products based on it have advantages
such as low dielectric loss and good thermal stability, so it
is widely used in the electronics industry. In the ceramic
industry, it is used for the production of capacitors,
piezoelectric materials, ceramic sensing components and
microwave components, and is also applied to the
automatic adjustment of heating elements and the
manufacture of demagnetized parts. It can be used in
optical glass, carbon powder, enamel, heat-resistant
materials, insulation materials and other industries.

In connection with the above, the purpose of this
work is to manufacture facing tiles based on composite
radio-absorbing ceramics with the addition of silicon
carbide and strontium titanate with  specified
electrodynamic characteristics.

Research methods.

The study of the electrodynamic characteristics of
the samples - transmission, absorption and reflection
coefficients, was carried out in the frequency range of 20 -
40 GHz. Standard rectangular waveguides with a cross
section of 7.2 x 3.4 mm2 were used. The samples that
were examined completely overlapped the cross-section
of the waveguide and had a thickness of 2.4 mm.

When a wave passes through a composite material,
the interaction of radiation with it is determined by the
magnitude of S,; transmission, S;; reflection and S,
absorption [21]

S21 =Sn +SA +S

MR >

where Sy is the value of multiple reflection.
The amount of reflection S;; in dB, equal to

VSWR —1
VSWR +1

>

S, =20 lg‘

where VSWR is the voltage coefficient of the standing
wave.

The amount of absorption of S, is calculated in dB
and is equal to:

S, =20lg-e’? 6= (qliyf,ua)_l,

where d is the thickness of the sample,
£ is the frequency of radiation,
u is the magnetic permeability of the sample,
o is the conductivity of the sample.

Smr Multiple Reflection Value
Syr =201gjl—e>"|.

Typical values of multiple reflection in composites
with applied concentrations of a filler with high
conductivity are negligible and can be ignored.

Experimental part

A promising vector of scientific research is the
formation of highly efficient composite materials based
on a dielectric matrix and electrically conductive
additives (carbon black, graphite, carbonyl iron, silicon
carbide, titanates, iron (III) oxide, copper (II) oxide, etc.)
[22-24]. In previous studies, it was found that for the
creation of electrically conductive composite ceramics
based on charge for facing tiles, the optimal amount of
additive is 30% silicon carbide. concentrations of the
additive samples after firing retained a sufficient amount
of silicon carbide in its original form, which made it
possible to effectively protect against the effects of
electromagnetic radiation [25,26]. Taking into account the
requirements for conductive additives [27-29], which are
mainly used to obtain electrically conductive composite
ceramic products with protective properties against the
effects of electromagnetic radiation, the following
additives were selected for research in the work: silicon
carbide (TCLR — 5-7-10° deg’, T, — 2700°C) and
strontium titanate (TCLR — 9-11-10° deg”, Ty —
2080 °C). The ceramic mass was chosen based on the
minimum temperature and firing time, taking into account
the possibility of oxidation, burnout, or interaction of the
additive with the dielectric matrix. The technological
scheme of the production process of composite ceramic
tiles is presented in Fig. 1. The preparatory stage of the
components of the ceramic mass must ensure that each of
them meets the specified chemical and mineralogical
composition, the required level of purity, as well as
optimal physical parameters and humidity, which are
critical for further processing. It includes the main
technological processes of preparation, including: optimal
physical parameters and humidity, which are critical for
further processing. It includes the main technological
processes of preparation, including:
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. Enrichment or ordering of mineral raw . Removal of excess moisture by drying to a
materials, in particular washing with water; level that allows efficient subsequent grinding;

. Initial grinding of raw materials; . Pre-heat treatment (firing), which contributes

. Classification of material by sorting, to the necessary phase transformations, compaction of the
magnetic or sieve separation, chemical cleaning and other =~ material and elimination of volatile compounds.
methods of removing unwanted impurities;

Raw Materials

+

Dispenser

Raw Materials Raw Materials

Dispenser Dispenser

Wet Grinding Wet Gnnding Wet Grinding
(W = 50%. ball mill} (W = 50%6, ball mall) (W = 50%0. ball mll)

Drying
(drving cabinet, 80°C)

Drying
(diving cabinet, 80°(C)

Dirying
(drving cabinet, 80°C)
Grinding
(until passing through
sieve No. 05)

Grinding
(until passing through
zieve No. 05)

Grinding
(until passing through
ziewve No. 05)
Press Powder for Laver I

Press Powder for Layver I1 Press Powder for Lawver ITL

Dispenser Dispenser Forming
+ + (W = 8%, semi-dry
Forming Forming pressing. 18-20 MWPa)

(W = B%, semua-drv (W = 8%, sema-drv
pressing. 5 MMPa) pressing. 10 MNPa)

\.

Drving
(drying cabinet, 80°C)

Glare Coating

Firing
(tunnel kiln, 1120-1140°%C,
holding timme 20 min)

e e e - -

Experimental composite ceramic tiles consist of
three layers, the arrangement of which is schematically
shown in Fig. 2. The encryption of the samples contained
the following information: samples of ceramic tiles with
the addition of silicon carbide and strontium titanate
(SCTS), the first digit of the numerical component of the
cipher indicates the amount of silicon carbide (3 — 30 %),
and the second — the amount of strontium titanate (1 — 10
%, 2 —20 %, 3 — 30 %). Charge compositions for I, II and
III layers of ceramic tiles are shown in Table 1.

(=]}

Fig. 2 — Schematic arrangement of layers in tiles:
a) I layer; b) Layer II; (c) Layer III; (d) Watering

Table 1 — Charge components for composite ceramic tiles

Mass content of materials, mass %

Name of raw materials Layer I 1 Layzer 11 5 Layer IIT
Andriyivska Clay 29.93 37.31 33.62 29.93 41.00
Granite screenings 8.76 10.92 9.84 8.76 12.00
Crushed chalk 4.02 5.00 4.52 4.02 5.50
Quartz sand 24.31 30.30 27.30 24.31 33.30
Tile Battle 5.98 7.47 6.72 5.98 8.20
Silicon carbide 27.00 - - - -
Strontium titanate - 9.00 18.00 27.00 -

The press powder for each of the three layers (I, II
and III) was kneaded separately using the required

amount of feedstock. The components were weighed,
moistened, crushed in a ball mill, after which the resulting
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slipper was dried in a drying oven, crushed and sieved
through sieve No. 05.

At the first stage, the press powder for the first layer
was brought to a moisture level of 8 %, the required mass
was measured and poured into the mold for pressing,
applying a pressure of 5 MPa. Further, they worked with
layer II in a similar way: the press powder prepared to
8 % humidity was measured, added to the mold and for
pressing, using a pressure of 10 MPa. At the final stage,
the press powder for layer III (also with a moisture
content of 8 %) was poured into the mold and pressed
with a pressure of 18-20 MPa.

The resulting blanks were dried, after which they were
covered with watering and placed in a drying cabinet. The
final stage involved firing in a silite furnace at
temperatures of 1120-1140 °C with isothermal exposure
for 20 minutes.

Research results and discussion

To determine the parameters of the interaction of
electromagnetic radiation with samples, upgraded
standard equipment was used - a meter of the standing
wave coefficient and attenuation as part of the generator
unit P2-65 with an indicator S12P-67. The determination
of the transmission
coefficient was
carried out according

IHauKaTopHMiA Brok

leneparoprmil ok

to the scheme shown

in Fig. 3.
A2P-67 s

F Y

! Indicator block !

P2 65

Generator block

i

| —
4

Fig. 3. Block diagram of the experimental installation for determining the transmission coefficient:
1,3 - directional branches; 2 - waveguide with a sample; 4 — Coordinated load

The results of studies of the electrodynamics
characteristics of the developed composite ceramic

tiles are presented in Table. 2.

Table 2 - Electrodynamics characteristics of developed ceramic materials

The analysis of the data obtained indicates an
improvement in the absorption properties of prototypes
when an additional layer with strontium titanate is
introduced into the composite ceramic tiles, however,
with an increase in the concentration of SrTiO; from 20 to
30 wt.%, there are no significant changes in
electrodynamics characteristics, the absorption coefficient
reaches Kpogl —-25.9 dB at a frequency of 40 GHz.

The results of studies of electrodynamics indicators
of materials confirm the legitimacy of using the

Composition code Frequency, GHz Nper, dB Quidb, dB Size, dB
20 -12.4 -3.8 -18.8
SCTS-30 40 -14.1 5.2 -21.1
20 -12.1 -3.9 -20.1
SCTS-31 40 -13.7 5.4 -23.6
20 -11.8 -4.8 -20.5
SCTS-32 40 -13.3 -6.2 -25.8
20 -11.6 -4.9 -20.7
SCTS-33 40 -13.4 -6.5 -25.9
Conclusions and prospects for further

development of this direction

The electrodynamic characteristics of electrically
conductive composite ceramics based on facing ceramics
with the addition of SiC and SrTiO; in the microwave
range from 20 to 40 GHz have been investigated. Based
on the studies carried out, the following conclusions can
be drawn:

- experimentally shown that the reflection coefficient
of the test samples in the range of 20-40 GHz increases
with an increase in the concentration of the conductive
additive from 10 to 30 wt.%. At the same time, the

developfed composite ceramic tiles as materials for EMV apgormtion  coefficient of electromagnetic  radiation
attenuation in the millimeter wave range.
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increases and ceramics passes to the class of radio-
absorbing materials;

- developed and manufactured composite ceramic
materials with the appropriate concentration of
electrically conductive additives meet the basic
requirements for the use of radio-absorbing materials and
can be used to weaken the electrical component in the
electromagnetic field of premises located in places with
radio emission and in order to protect the environment
from the outside of the premises where work is carried out
using EMF.
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O. B. CABBOBA, O. I. ®ECEHKO, M. I. THMOII]YK, B. b. BIVIOYC, A. B. CKPHITHUHEIb

HOBI TUIIN CKJIOKEPAMIYHUX MATEPIAJIIB JIUISA EJIEKTPOHHUX CUCTEM

IIpoanani3oBaHO picT Ta OCHOBHI TEHIEHII PO3BHTKY CBiTOBOIO PHHKY IEpPEIOBHX MaTepialiB I €IeKTPOHIKH Ta eIeKTPUYHOI TeXHIKH, SKi
BKa3yIOTh Ha JHHAMIUYHUHM PO3BUTOK i3 CepeAHBbOPIYHHM TEMIIOM HPHPOCTY Ha piBHi 17 % Ta iHTEHCHBHHUI PIiCT MONUTY Ha HafiliHi, eeKTHBHI i
CcTiliKi QyHKLIOHATBHI KepaMiuHi Ta ckiomarepiany. PO3rIsHyTO OCHOBHI BUIY Ta BIACTHBOCTI KEPaMIiuHHMX Ta CKIOMaTepialiB eJeKTPOTEXHIYHOTO
[IPU3HAYEHHS Ta MEPCHEeKTHBH IX PO3BUTKY. BH3HAYeHO aKTyalbHICTh PO3POOKM CKIOKEpaMiYHMX MaTepialiB HOBOTO HMOKOJIHHS IJIS 3aJOBOJICHHS
noTped eNeKTPOHHOI Ta EJIEKTPOTEXHIYHOI MPOMMCIIOBOCTI, 30KpeMa 3aco0iB 3B’A3Ky, MOPTATUBHUX KOMII'IOTEPIB, JATUHUKIB, CUCTEM 030pPOEHHS
Tow0. BCTaHOBIEHA MEPCIEKTHBHICTh CTBOPEHHS MPHHIMIOBO HOBHUX AacClEKTIB CHHTE3y MarepialiB NPUAATHHX 10 (DOPMyBaHHS METOAAMHU
MyJIbTUMATEPiadbHOTO aJUTHBHOIO BUPOOHHITBA KOMIIAKTHHX €NEKTPOHHUX CHCTEM CTiMKuX N0 Iil eKcTpeMalabHHX (akTopiB (yxap, IIBHAKICHUH
HarpiB Tomo). OOrpyHTOBaHO BHOIp JIITIHATIOMOCHIIIKATHUX CTEKOJ JUTS OZIepXKaHHs CKIOKepaMiYHUX MaTepialliB 3 CaMOOPraHi30BaHOIO CTPYKTYPOIO
3 ypaxyBaHHIM acCIIEKTiB peCypco- Ta eHeprosbepexeHHs. Po3poOIeHO OCHOBHI NMPUHIMIN MPH CTBOPCHHI HOBHX THINB HAHOCTPYKTYPOBAaHHX
CKJIOKEpaMIUYHUX MaTepialliB Juli eNeKTPOHHUX CHCTeM. IMInieMeHTamiss po3poOJICHHX NPUHIMINB JO3BOJUTH 3a0E3MEYUTH BITUM3HSIHHN PUHOK
KOHKYPEHTOCIIPOMO>KHUMHU BHPOOAMHU 3a PaxyHOK 3HIDKCHHS IX BapTOCTI Ta 3HU3HMTH IMIOPTO3alexkHicTh y ramysi IT-texHomoridl, npunano- ta
MAIIMHOOYAyBaHHI, CJICKTPOHIKH Ta €JICKTPOTEXHIKH. BU3HAa4€HO KOHKYPEHTO3/aTHICTh HOBHX THIIB CKJIOKEpaMiYHMX MarepiaiiB Ta iX 3HAYCHHS
JUISL PO3BUTKY HAyKH, TEXHIKH Ta IIPOMHCIIOBOCTI.
KutrouoBi ci10Ba: cxiiokepamMiuHi MaTepiany; eNEeKTPOHHI CHCTEMH; €IeKTPUYHI BIACTUBOCTI; TEPMIiUHI BIACTUBOCTI; HAHOCTPYKTYPYBaHHSI.

0. V.SAVVOVA, O. I. FESENKO, M. I. TYMOSHCHUK, V. B. BILOUS, A. V. SKRIPINETS

NEW TYPES OF GLASS-CERAMIC MATERIALS FOR ELECTRONIC SYSTEMS

The growth and main trends in the development of the global market of advanced materials for electronics and electrical engineering are analyzed,
which indicate dynamic development with an average annual growth rate of 17% and intensive growth in demand for reliable, effective and stable
functional ceramic and glass materials. The main types and properties of ceramic and glass materials for electrical purposes and the prospects for their
development are considered. The relevance of developing new generation glass-ceramic materials to meet the needs of the electronic and electrical
industry, in particular communications equipment, portable computers, sensors, weapons systems, etc., has been determined. The prospects for
creating fundamentally new aspects of the synthesis of materials suitable for forming compact electronic systems resistant to extreme factors (impact,
rapid heating, etc.) by multi-material additive manufacturing methods have been established. The choice of lithium aluminosilicate glasses for
obtaining glass-ceramic materials with a self-organized structure has been justified, taking into account the aspects of resource and energy
conservation. The main principles for creating new types of nanostructured glass-ceramic materials for electronic systems have been developed. The
implementation of the developed principles will allow providing the domestic market with competitive products by reducing their cost and will reduce
import dependence in the field of IT technologies, instrument and mechanical engineering, electronics and electrical engineering. The competitiveness
of new types of glass-ceramic materials and their significance for the development of science, technology and industry have been determined.
Keywords: glass-ceramic materials; electronic systems; electrical properties; thermal properties; nanostructuring.

Beryn. [InpoknM monmuToM Ha PUHKY €IEKTPOHHOI
TEXHIKM Ta €JEeKTPOHIKM KOPHCTYIOTbCSI HOBI Ta
YIIOCKOHAJIEHI Marepiaii 3 KOMIUIEKCOM O0COOIMBUX
BJIACTUBOCTEH, SKI OJEPKYIOTh IUIIXOM 3aCTOCYBaHHS
IHHOBAaI[IfHUX TEXHOJIOTIH CHHTE3y Ta CIeIiadbHOl
00poOKH. Ho ACOPTHMEHTY  MaTepialis, o
XapaKTepU3yIThCsl HAWBUIIMM DPIBHEM 3alliKaBJIECHOCTI
BUPOOHMKAMH MOXKHA BIJIHECTH: CIIEIialbHy KepaMiky,
KOMIIO3MTH, T[OJIiMEpH, Ta OioMarepianu, Oiodimnmy,
KBAaHTOBI TOYKH, THYYKi Oarapei, HamiBIIPOBIIHHUKH,
TPUBUMIPHI IHTETPOBaHI CXEMH, OpPraHidHi KOMIIOHEHTHU
CJICKTPOHIKH, «PO3YMHE» CKJIO, (OTOHHI KPHCTAIH Ta
IHII MaTepiand, sSKi CKIaJal0Th 3HAYHUH MOTCHINAN JUIs
po3BuTKY Hayku i TexHiku [1]. Tak, enmexkrpoHika Mae
BUpilIaJbHE 3HAYEHHS /U1 BUPOOHHUIITBA BiTHOBIIIOBAHOI
eHeprii:  BITPOBHX Ta  TiAPOTYpOiH,  COHSIYHHUX
(bOTOETIEKTPUYHMX CTaHLIHA ab0 COHSYHOrO OMAlCHHS Ta
OXOJIOMKEHHS, 8 TAKOXK ISl CTBOPEHHS 1HTEJICKTYalbHHX
Mepex. YIbTPaKOHACHCATOPH Ta HOBI TEXHOJOTII
BiTHOBIIIOBAHOI €Heprii, Taki fK OPyKOBaHI OpTaHiYHi
COHSYHI €JIEMEHTH, € OJHHMMH 3 KIIOYOBUX TEXHOJIOIIH
ski TpaHcopMyloTh JaHAmAadT AN BiIHOBIIOBAHOT
eHepril Ta MOJIAJILHOCTI 11 pO3Moiy.

3rifHO 3 AaHUMH MapKETHHIOBHX JIOCHIUKEHb [2]
CBITOBHI PUHOK IEPEIOBHX MaTepiaiiB Uil €NeKTPOHIKA
OCTaHHE JIECATHJIITTA 3HAXOAWTHCS Yy CTaHi JAWHAMIYHOTO
pocty 3 54 wmupa nomapie CIHA y 2018 pomi mo

nporHo3zoBanoro 11,9 mupn momapiB go 2023 poky i3
CepeJHLOPIYHUM TEMIIOM TIPUPOCTY Ha piBHI 17 %. 3HauHy
YaCcTUHY ILIbOTO PHUHKY CKJIaJa€ eJEeKTPOTeXHIYHa Ta
CJICKTPOHHA KepaMika, sika IepeKHBa€e 3HaYHUH Tporpec,
3YMOBJICHMI HOBITHIMA METOJaMH Ta TEXHOJOTiIMH
BUPOOHMIITBA. Bil BHCOKONPOIYKTHBHUX 130JIALIHHAX
MarepiamiB 0 MIHIaTIOPHUX KOMIIOHEHTIB, I1HHOBAIIi1
CIPHSIOTH 3POCTAHHIO B [[bOMY CEKTOPI.

AHaNi3 OCTaHHIX JOCTIIKCHb CBITOBOTO PHHKY
€JIEeKTPOTEXHIYHOI Ta eNIeKTPOHHOI KepaMiku [3] mokasye,
mo y 2023 pori BiH omiHIoBaBca y 12,98 mnpa monapis, i
3a mporHo3amu, 10 2031 poky, BiH JOCATHE MO3HAYKH Y
maibke 20 wmupn  gonmapiB. Taka 3HauHa JAWHaMika
PO3BUTKY pHHKY BiJoOpakae TMMONMT Ha HaAiHHI,
epexTuBHI 1 CTiliki (QyHKIIOHaNBbHI KepamiuHi Ta
CKJIOMaTepiany JJs 3aJ0BOJICHHS IMOTpe0d BHPOOHHUKIB
CY4acHOT eJIeKTPOHIKH.

Po3poOka  HalicywacHIimoi  BHCOKOC(EKTHBHOL
(hyHKIIOHAIBHOT KepaMiku €JIEKTPOTEXHIYHOTO
NPU3HAYCHHS MAa€ BEJHMKE 3HA4YeHHS IS PO3BUTKY
CydacHOI TEXHIiKHM, IO BHMAara€ Bill JIOCIIiJTHUKIB
MOJANBIIIOT0 BWUBYEHHS 0araTro(yHKIIOHATBHOCTI Ta
OCHOBHHX MEXaHI3MiB CTPYKTYpOYTBOPEHHS KepaMidHUX
MatepianmiB [4]. EnexTpoTexHiyHI CHIIKaTHI MaTepiaid
XapaKTepU3yEThCS BEJIMKOIO YHIBEpCATBHICTIO
3aCTOCYBaHHSI B  €JEKTPOHILll Ta  EJNeKTpUIli, a
BUCOKOC()CKTUBHA CJIEKTPOHHA Kepamika € HEOOXiTHUM
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Marepiajiom  Aus  3a0e3nedeHHs — cTanoi  podoTH
CIICKTPOHHUX CHCTEM B  yMOBaX CEKCTPEMaIbHUX
HABAHTAXKCHb. 3AJICKHO BiJI 3aCTOCYBAHHS Ta BUMOT TaKi
Marepiand BHKOPHUCTOBYIOTBCS, HANpPHKIAN, SK HOCIT
CXeM, pagiaTopd, JaTYWKHW, BUKOHABUI MeEXaHi3MH, a
TaKoX K aKTHBHI a00 TMAacCHBHI KOMITOHEHTH B Pi3HHX
obmactsax  (tabm. 1).  Posmmpeni  QyHKIiOHAIBHI
MOJKJIMBOCTi €JIEKTPOHHOI KepaMiKé Ta CKIIOMaTepiaiB
JIEMOHCTPYIOTh BUCOKHI IOTEHIIAl ISl Cy4acHOTO
Marepiajo3HaBCTBA Ta TEXHOJIOTII.

TEXHIll NPH BHUPOOHUITBI KOXYXIB pPajioloOKaTOPiB,
€JIEKTPOI30JIATOPIB, BaKyyM-IIIIBHUX OOOJOHOK, IUIUTH
JUIL  MIKpOCXEM, €JEeKTPOHHMX NpWIaAiB Ta HOCIi
inpopmamii. Cepex KOMEpHIHHHX BHIIB HAHOUTBII
LINPOKO 3aCTOCOBYBaHWMH HaOyJH CHTaJId HA OCHOBI
KOPIIEpUTY, IIMiHENI Ta AUCHIIIKATY IITiI0, 30KpeMa st
BUPOOHHWIITBA AHTCHHUX OOTIYHUKIB Ta MAarHiTHI
T IKIaIKH IS TACKIB Tam’ATi (Tabm. 2).

Bimomi, me 3 mouatky 70-X pOKiB MHHYJIOTO
CTOpiuYsl,  KOMEpIIiHHI  BITYM3HSHI  CHUTAIHd  JUIS

Tabmmmsg 1. KepaMidgi Ta cKIIOMaTepiain eIEKTPOTEXHIYHOTO MPU3HAYCHHS

[IpusHaueHHs Marepian O0nacTb 3aCTOCYBaHHS BiactuBocti MatepiainiB
. Husbka enekTponpoBiIHICTh IS 130JIALiT pI3HHUX
ITacuBni MLCC xonneHcaTopH, . POTIPOBLIE AT up .
Al,O4 I1apiB eNeKTPO/iB, 3AaTHICTh PO3CIFOBATH CHEPTIIO y
KOMIIOHCHTH pesucropu .
BUIJISII TEIIa
Bucoki 11’ e30enekTpuiHUM KoedillieHTaMm i
IT’e30- Pb(Zr,Ti;—,)Os, I’ €30€TIEKTPUIHI MEXaHIYHHUX BJIACTUBOCTEH ISl IEPETBOPEHHS
eJIeKTPHKA BaTiO, npucTpoi MEXaHIYHUX HaBaHTAKEHb B EICKTPHYHI CUTHAJIM 1
HaBIIaKH
CBIUKH 3aIlaaioBaHHs;, N N .
[Topuensna, . Bucoxuii nutoMuii onip 130751111, HU3bKI
6001HM KOTYIIIOK, . . D .
[30omsTOpH CTE€aTUTOBA YU . JUCIIEKTPUYHI BTPATH Ta ONTUMAJIbHI ICIEKTPHYHI
. TpUMaYi eJICKTPOHHUX . . .
KOpPJIIEPUTOBA Tpy6oK BJIACTHUBOCTI MPH Pi3HUX TEMIIEPATypax i 4acTOTaX
IuTerpanbHi T — Husbka mgienekTpuvHa MPOHUKHICTh W BTPATH, BUCOKA
CXEMH Ta . TEIUIONPOBIAHICTE, XiMIYHA CTAOUIBHICTE IS
. AlLyOs, AIN, BeO | ymakoBka, T, HOCIT .o POBIH > . A .
HaIIiB- JEE— HAJIHHOCTI MAKIAI0K IHTETPANTBHUX CXEeM i
MIPOBITHUKH BHPOOHHMIITBA HAIIBIPOBITHUKIB

MarHiTi Ha OCHOBI

MOCTIMHI MarHiTH,

HIPUCTPOI

0opatHi cTeKIa

EHeKTpo— (eputy, ITO, SLT, TOHKOITIBKOBI EnexrpoHHa MpoBigHICTE 11 Mal“.HiTHI/IX Ta
Kepamika CJICKTPOHHUX KOMIIOHEHTIB
SYT TPaH3UCTOPH
BHCOKOYACTOTHA Husbki BTpaTH CHrHaITYy, BUCOKA ieNEKTPUIHY
Kepamiuni €JIeKTPOHIKa, MPOHUKHICTB, U PaiO4aCTOTHHX Ta
JIpyKOBaHI Al O3, AIN, SiC CBITIIOIOAHE MIKpPOXBIJIFOBHX JIAHIIOTIB, €(PEKTUBHE PO3CIIOBAaHHS
T1aTH OCBITJICHHSI, CUJIOBa TeIIa AJIsl CBITJIOAI0OAHUX MOJYJIIB, TEPMIYHY
eJIEKTPOHIKa CTaOUIBHICTD JUIsl CUJIIOBOI €JIEKTPOHIKH
IIOMOCHJTIKaTHI, .. . VYHiBepcalbHICTh Y BAPOOHHUITBI MTaHENeH 1 THYYKHX
Cxio KBapIOBI YK JICTLIICL, THYHKL MPHUCTPOIB, Ta 3a0€3MEUYCHHS 3aXUCTY Bif (akTopiB

HAaBKOJIMIIHLBOI'O CEPCAOBUIIA

Bucoki ¢i3uko-XimMiyHI BJIaCTUBOCTI KepaMiuHHMX Ta
CKJIIOMaTepiajiB,  BKJIIOYAIOYM  BHCOKOTEMIEPaTypHY
HAJIIPOBITHICTH, CHICHiAFHI MarHITHI, HAITiBIIPOBITHIKOBI,
CIICKTPOONTUYHI,  aKyCTHKO-ONTHYHi,  OOYMOBIIOIOTH
BHUCOKHH TIOTEHIIia]l IMX MarepiajliB TpH MPOBEACHHI
HAYKOBHX JIOCHTI/DKCHb CIPSIMOBAaHMX HA BHPILICHHS
LIAPOKOTO CIIEKTPY (PyHAAMEHTAIBHUX HAYKOBHX MPOOIEM
1 IPUKJIaTHUX IH)KEHEPHUX 3aBAaHb [4].

Ha choromuimHiii [eHp I[IKaBICTh M0 OACPKAHHS
ckiokpucramiuaux marepianis (CKM) HOBOTO MOKOJIIHHS
MOSICHIOEThCSL  HEOOXIMHICTIO  3a0e3MeUeHHs  MoTped
CJICKTPOHHOI Ta EJIEKTPOTEXHIYHOT MPOMHUCIOBOCTI Ta
CTBOPEHHS IPUHIIMIIOBO HOBHMX acCHeKTiB iX cuHTe3y. B
Yac HITYYHOTO IHTEJIEKTy Mail0yTHE MaTepiaao3HABCTBA —

«pO3YMHI»  Ta  «IHTEJEeKTyaJbHi» CKM, SIK1
XapaKTepU3yIOTHCS PSIOM YHIKAIBHUX BIaCTHBOCTEH.
TpagumiiHO eNeKTPOTEeXHIYHI CHUTANM 3HANILIH

IIMPOKE 3aCTOCYBaHHSI B pagio- 1 BHCOKOYACTOTHiM

BUTOTOBJICHHS! aHTEHHHUX OOTIYHUKIB BUpOOHHUITBA hipMu
TOB «Cnenrexcrekino Ay NpeACTaBJICHI CHOIYMEH,
KOPAIEPUT Ta AUCHIIKAT JITII0 BMICHUMH MaTepianamMu Ta
MIPOMHUCIIOB]  €JIEKTPOTEXHIUHI cuTamum Mapku 17-MY
JIO3BOJIMITH TATBEPIUTH MEPCIIEKTHBHICTh BHKOPUCTAHHS
CKM, sk KOMITOHEHTIB €JIEKTPOHHUX CHCTEM, 30KpeMa 3a
PaxyHOK IX BUCOKOI €TeKTPUIHOI MII[HOCTI.

CKIIOKepaMiKka CTAaHOBHUTH HOBE IOKOJIIHHS TOHKHX
MaTepiaiiB i MiKpoeneKTpoHiku. Ha choromui ycmimuo
PO3pOOIAIOTECS Ta BIPOBAKYIOTHCS KOPCTKI AMCKH Ha
ocHoBi CKM i1 30epirannst indopmauii. Tak, ¢dipma
Minolta Co. Ltd Hoya Corp. (CILIA) BupoGiisie momioHi
JIICKA Ha OCHOBI KOPII€EpUTOBUX cuTaliB. [IpoBeneHHs
po3pobox  HaHOCTpykTypoBannux CKM Ha ocHOBI
IIMiHET, €HCTAaTHTy Ta TreKcalesb3iaHy BiJIKpHBAa€E HOBI
MEepPCIEKTHBH IX BHKOPUCTAHHS B SKOCTI OCHOBHOI
CKJIaJIOBOi TBEPIUX MATHITHUX IUCKIB UIA 30epiraHHs
iHpopmarii (Tabm. 3).
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Tabnunst 2. OCHOBHI BUM KOMEPLIHHMAX CKJIOKPHCTAIIUYHUX MaTepiajiB eJIEKTPOTEXHIYHOTO MPU3HAYEHHS

Bupob6uuk KOI\:{ZI;E;HHa KPH;T;J:‘HHa 3acTrocyBaHHA
Schott. Himeuuusa Foturan JUCUIIKAT JiTil0 | (OTOUyTIMBI MaTepialid
’ Zerodur B-xBapy JI3epKaja Teleckona
Fotoform/Fotoceram | AuCHIIKAT JNiTiI0  |CBITIOYYTJIUBI MaTepianu
Corning Inc., CIITA [Tipoxepam 9606 0-KOpIi€puUT AHTEHHI 00TIYHUKU
) 9664 LIITHEIb-€HCTATUT MATHITHI T/naza s
JMCKIB Imam’sITi
Nippon ElectricGlass, Smowis ML-05 IMCHUIIIKAT JITIIO MArHITHI l.'Il,Z[KJ'Ia’L[KIfI VL
JIMCKIB Mam’sITi
AC-418 CIIOyMEH,
TOB «Cnenrex crekno Ay», Ykpaina AC-380 KOpIi€pHT, AQHTEHHI OOTIYHUKH
AC-023 JUCHITIKAT JITII0
I[JAT Curan, Ykpaina CT-50-1 KOPIIEPUT TUTiBKOBI MIKpOCXeMi
HBII «TETIJIOEHEPI'OMAIIly», Ykpaina 8k CHOIYMEH paioNIOKaiiHI TpHITaII
Tabaws 3. OCHOBHI BHIM HOBHX THITIB CKJIOKPHCTANIYHIX MaTepialiB eIeKTPOTEXHIYHOTO IPU3HAUYCHHS
gggaﬁ}’ Kpn&:}ia;:q}[a BnactuBocTi 3acrocyBanuas | Po3pobHmK
. /0
Si0, = 50,5-56,0; Al,O; = 10,0-30,0;
MgO = 10,0-30,0; TiO, = 4,2-10,6,
P,05=0,1-5,0; Nb,Os = 0,1-9,0; _ ) . .
Ta,05 = 0.1-9.0; Li,O = 0,1-12,0: | mmiens, :3: 212405 Sﬁi maa lgén‘ilttg
Zr0, =1,0-12,0; B,O; =0,1-5,0; CHCTAaTUT _ i . .
Y,05 = 0,1-9,0: K,0 = 0,1-5.0: R,=0,5-1,0 am JIUCKIB (Smownis)
Sb,0; =0,1-5,0; ZnO = 0,1-5,0;
La,0; =0,1-5,0
Si0, =42,0-65,0; ALO;=5,0-11,0;
MgO = 15,0-33,0; . I IKJTaIKH
TiO, = 5,5-13,0 mpu {CIII{TTH;JE’T’ E>110TITla Mar"iTHUX H(()(}S?HCX)IP ’
¥(Si0,+Al1,0;) = 58,0-80,0 Ta JIICKIB
MgO/Z(Si0,+Al,0;) = 0,125-0,550
HV =10,6-11,5TTla;
Kic=7,0-75 MlTa-n'™%; | KA B
X(MgO, ALO;, Si0,) = 89,0%; E =350 I'la; Kof{ o HK S| XHYME i
X(TiO,, ZtO,, CeO,, P,0s, Sb,0s, | xopmiepur, | KCU =7,0-7,5 kJlx/v> HCTPYKI '
sy . 2 ) riopunHoi | O.M. bekeroBa
Zn0) =7,8%; MYJIT Gy = 350 MIla; HTCrDAIBHOI (Vpaita)
¥ (St0, Ca0, B,0;) = 2,2* £ =3,35-3,95; Cﬁf;MH p
tgo = 0,005-0,007
(pu = 10"° T'ry)
SI0, = 60.0-67.0: o= (62,5-89,7)-10" rpax’;
2 ’ . HV = 8,74-8,82TTla;
R,0=15,0-17,0; _ 12 BaKyyM-
_ KIC —3,10*3,15 Mlla-Mm .
RO =2,5-8,0; . [IIJIbHA
_ IHUCHIIKAT 0. = 650 MIla;
RO, =0,0-12,0; . 000JIOHKA
B JITIIO E=307-320TITla;
R,05;=3,0-9,0; - i EIeKTPIYHUX
SbyO5 = 0,0-1,5: tgd =0,015-0,018; e —
PO = 0.03.0 £=14,58-14,96 HTV «XIII»
25 I (pu = 10° T’ (Ypaina)
Si0, = 60,0: ALO; = 18.0: Thow=1250°C,
. o=22,4-10"rpaxg ;
L1,0=7,0; Ca0 =2,0; MgO = 1.0; E = 37 MB/wM; , ICIIEKTPUK
TiO, =2,0; ZrO, = 1,0; CIIOJTyMEH M o & PHK
SnO, = 1,0: P,0s = 3.0- tgg _] 0,008,15 KOHJICHCATOPIB
—15s. 05 £=9;lgp,=
B,0;=1,5; Ce0,=0,5 (ipu = 10° Ty, t = 20 °C)
*Mac. %
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Came CKM MaroTh psiji iCTOTHHX TlepeBar — Kpaima
SKICTh TOBEPXHI, BHIA 3HOCOCTIMKICTb, OIip BiOparii
NpU  BUCOKHMX IIBUJIKOCTSX OOEpTaHHs, MOXIIHUBICTh
oTpuMaHHs Ha ii OCHOBI TOHKMX JMCKIB y NOPIBHSHHI 3
AITIOMIHIEBUMH 1 CKISHMMH MarepiasamMu. OCHOBHHUM
apryMEHTOM JUIsl 3acTOCYBaHHS TaKMX MaTepialiB y
BHCOKOYaCTOTHIHN €JIEKTPOHITII € X qy10Ba
OJTHOPITHICTB, IO A03BOJISIE BUTOTOBJIATH KOHCTPYKLIT 3
TOYHICTIO 710 K['1T B miama3oni yactot [T [6].

BiTum3HSHMMH HAyKOBISIMH PO3pOOJIEHO HOBI
Ha”HocTpykTypoBani CKM 3 wmapkyBanasam KCK-10,
CJI-9 T1a CII-10 Ha ocHOBI Kpuctamiyanx (a3
MYJITy, TUCHIIKATY JITiII0O Ta CIOJYMEHY, BiJIOBIJHO,

(tabm. 3) mId  eJICKTPOTEXHIKM B IPUIIAJIO0-,
MalMHOOyyBaHHI Ta aBiatexHimi [7,8]. Pospobneni
Marepiali  XapaKTepU3YIOThCS  BUILOIO  EJIEKTPHYHOIO
MILHICTIO npu MOpIBHSHHI 3 IIPOMUCIIOBOIO

EJIEKTPOTEXHIYHOI0 KEpaMiKOIl0 Ha OCHOBI KOPIIEpHUTY
(rpyna 410) ta cutary 17-MU ta 6:113bKi 32 €IEKTPUIHAMA
BracTuBocTsMH 3 curtagom Mapku CT-50-1. T'onoBHOMO
BiIMIHHICTIO PO3POOJICHUX CHTANIB € Te, M0 IX BHUCOKI
MeXaHI9Hi BIACTUBOCTI (B’ A3KICTh pyHHYBaHHS, MilIHICTb
Ha 3THH Ta CTUCHEHHS) JI03BOJIIIOTh BUKOPUCTOBYBATH 1X
SK MaTepialid eJeKTPOTEXHIYHOTO TPH3HAYCHHS (I
BUTOTOBJICHHS MiJKIAJ0K MIKPOCXEM Ta EIEKTPOHHHUX
TIpUJIaIiB, HOCIiB iH(popmarii, JIIENEeKTPHUKIB
KOHJICHCATOPiB Ta KOJIO €JEKTPOBAKYYMHHX IPHJIa/IIB),
s cTBopeHHA enekTpoHHux cucreM (EC) 3maTHHX
BUTPUMYBATH B MPOILEC] eKCIUTyarallii 3HauyHi TepMivHi,
MEXaHIYHi Ta eJICKTPUYHI HaBaHTaXeHHsI [9].

Ha ceporomni mpu BupoOHuMuTBI cydacHux EC
BOXJIMBUM (PAaKTOPOM € MiHIaTIOpHU3alisi MPHCTPOIB,
30KpeMa 3aco0iB 3B’SI3Ky, NMOPTATHBHUX KOMII IOTEPIB,
JaTYUKIB, CUCTEM 030pOoeHHS TOIIIO. IIpore,
BUKOPHCTaHHS KJIACHYHUX MeToxiB onepxanHs EC, i3
MOANTBIIOI0 iX KOMOIHAIIEIO Y IPUCTPOI, IPH3BOIUTH IO
MiABUINEHAS PHU3WKIB BHUXOLY CHCTEM i3 Jamy uepes
MOTipPIICHHS 3B’S3KIB MK HHMH Ta HE [O3BOJIIE
OJIepIKyBaTH CUCTEMHU i3 BHUCOKHM piBHEM
(yHKLIOHATBHOTO 3a[IOBHEHHS IIPOCTODY.

BupinreHHsiM Bka3aHo! poOIeMH € BUKOPHCTaHHS
TEXHOJIOTIH MYJIbTUMATEPIaIbHOTO aJIUTUBHOTO
BUpOOHMLITBA Uit oJepkaHHs kommnakTHux EC [10].
Taka TEXHOJNOTiS [O3BOJSE MIHIMI3YBaTH BUIBHHA
npoctip EC 1 3a0e3neuntH ii BHCOKY CTPYKTypHY
MIIHICTh Ta CTIMKICTh JI0 BIUINBY MEXaHIYHUX (pakTOpiB.
IIpote, mi TexHOmOTil 3HAXOAATHCA, IIE€ HA CTaii
pO3po0OKHM 1 MalOTh psAA HENOIIKiB, 30KpeMa BHCOKa
MOPHUCTICTh TINKIANOK, HHU3bKA CTPYKTypHA MIIIHICTb,

JIyist mocsiTHEHHsT 03HaueHO1 MeTH OyJM TOCTaBJIeHi
HACTYITHI 3aBJaHHS:

—  (¢opMyJIOBaHHS ~ OCHOBHHX
CKJIOMaTepialliB sl eNEKTPOHHUX CHCTEM;

— 0OrpyHTyBaHHS BHOOPY CTEKOJ ISl OEPKAHHS
CKM g5t eneKTpOHHHUX CHCTEM;

— oOrpyHTyBaHHS BHOOpPY KpHUTEpiiB
CKIIOMaTPHILi;

— BHOIp CTPYKTYPHHX KpUTEpiiB mIpu po3poOii
CKJIaMIB.

Pesynbratn Ta ix oOrosopenHs. Pozmupenss
obyacTeil 3aCTOCYBaHHS ENEKTPOHHHX CHCTEM BHMarae
YIOCKOHAJIEHHS MaTepialliB Ta IMOCHIEHHS BHUMOT JIO iX
BiacTuBocTel. HamkopcTki  yMOBM  eKcIuTyaTamii
NOTpeOyIOTh BHCOKHMX EJIEKTPUYHUX, TEPMIYHMX Ta
MexaHigHuX BiactuBocteir CKM (Taour. 4).

BUMOI' J0

CHHTE3Y

Tabmumss 4. BrmacTHBOCTI  CKIOKPHUCTATIYHUX
MaTepiaiB
Baacrusocri / CTaH/apT TMoKasHuK
(3a HAasIBHOCTI)
Enexmpuuni

ITuromuii enextpoormip, OM M, 10-16
npu T=20°C
JlienekTpuyHa MPOHUKHICTH,
npu f=10""T'n 3,3
EnexrpuyHa MIIHICTb, MB-m,
npu f=50 ' 25-75
(ACTY IEC 60168:2009)
TaHreHc KyTta Mi€TCKTPUYHUX BTPAT MPHU

~ 10" [y 0,005

Mexaniuni
KoedimieHT  IHTEHCHBHOCTI  HaIIpyr, 46
MIIa-m'"* (EN1288-1:2000)
Tsepuictb 3a Kuynom, ['Tla 8.0
(ACTY ISO 9385-2002) >
Monyns npyxHaOcTi, ['Tla 150-200
MiinicTs Ha 3ruH, MITa 400
V apHa B’ SI3KiCTh, KJDK/M” 4-5
AG6pazHBOCTIHKICT, r/cM” 0,003
Tepmiuni

KoedoimieHT TermmonposixHOCTI,
Bt/(M-°C) mpu T = 20 °C 0,07-0,09
TemmeparypHuii Koecp7iuieHT 1 TiHiHOTO 0.5-20
PO3LIMPEHHS Oig9.600° 10", Tpax’ ’
XimiuHa CTiliKicTb, r/am> 0,01-0,03
{inbHICTD, KT/M 2350
BapricTb, y.0./Kkr HioK4ue 50

BHCOKHIHA KoedirieHT TiHITHOTO PO3MIUpPEHHS,

CKIIAJIHICTB Ta faratocTagiiHICTh npouecy Ilopsn 3 mum Okl BHCOKA NpH IOPIBHAHHI 3

BHPOOHHMIITBA, BUCOKA BAPTICTH CHPOBHHH Tomo[11]. KepaMquIo XiMiYHa CTIHKICTH Ta HHCTOTA umi(byBagH}I
Cepen ycix ICHYIOUHX TEeXHOJIOTiHi  ITOBEPXHI J03BOJISEC CTBOPIOBATH HA OCHOBI CKJIOKEPAMIKU

MYJIbTUMATEPIATBHOTO aIUTUBHOTO BUPOOHMITBA  TOHKI IUTACTMHM JUISl T/KIAI0OK MIKPOEJIEMEHTIB Ta CXEM,

HANGLIb NI NPAKTHYHMI iHTEpEC Mae METOX JasepHoro  SIKi BATOTOBISIOTECS B BAKYYMI.

CHIKaHHS HEMETAJIeBHX, 30KpeMa CKJIOKEpaMiuHHX, Ta 3abesneyeHns BUCOKHX EKCIUTyaTalliiHuX

METaeBUX TOPOILKIB. BIIACTUBOCTEH BHUCOKOMIITHHX CKJIOKEpaMiYHUX
Mera po6orn. MeToro naHOi poGOTH € po3pobka  MAaTepiamiB  peami3yeTbes — HUIXOM  (hOpMyBaHHs

OCHOBHHX TPUHIMIIB NpH CTBOPEHHI HOBUX THUIB  CHTAi30BaHOi HAaHO- Ta CYOMIKDOHHOI CTPyKTypH

HaHOoCTpykTypoBaHux CKM mist BupooHutTea EC. CKJIOMATPHITi B yMoBax JBOXCTaiHHOI
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HuspkoTeMiepatyHoi (< 800 °C) Ta KOpOTKOTpHBAIOi
(< 1 rox) TepmiuHOT 0OPOOKH 32 PaxyHOK:

— BHOODY CKJIaIiB Ha OCHOBI
JMTIHATIOMOCHIIIKATHUX ~ CTEKON 31  3HAYCHHSIMH
PO3paxyHKOBHX MOKa3HHUKIB fgi > 0,35, K, > 3,5 Ta
Ky = 2,1 B oOmacTi MeracTabinpHoi nikBamii Ta

KpucTamiizamii  B-eBKpunTury, p-criogymeny —Ta/abo
JIICWITIKATY JITIIO;
— BUKOPUCTaHHS  KOMIUICKCHHX  KaTaji3aTopiB

kpucramizamii P,0s, CeO,, TiO,, SnO,, ZrO, Ta ZnO;

—3a0€3MeUYeHHs] YTBOPEHHS CHUOOTAKCHYHHX TPYII
[SiO4]" y posmmasi npu B’s3kocti nonan 10° Ia-c mpu
cmiBeignomenni SiO,/Al,O; = 1,0-4,0 3 Bmictom Li,O
6—10 mac. % s GopMyBaHHS 3apOAKIB KPUCTATI3AIIT;

— MPOTIKaHHS TOHKOJHUCTIEPCHOT 00’ emMHO{
KpUCTadi3amii CKIa 3 HasABHICTIO [-CBKPUITUTY Ta
B-cnogymMeHy Ta/ab0 AMCHIIIKATY JITIIO Y KIUIBKOCTI
nopsiaky 80 00.% npu criiBBigHomeHHi 1/1/0,5;

—IPOTIKaHHS  TOBEpPXHEBOI  KpHCTamizamii 3
(hopMyBaHHSM IIOBKOBHUCTOI TEKCTYP 3 R, = 1-3 MKM™.

Bubip ckmokepamiku B cucremi Li,O-Al,0;-Si0O,
0oOTpyHTOBaHO il 3HAYHUM KOMEPIIHHAM 3HAYCHHSIM
3Bakatounn Ha i1 Hu3pkmit TKJIP 1 Bucoky ximiuHa
cridikicth [12] mias 3actocyBaHHS B mNOOyTi (BapodHi
MaHeai CNeKTPHYHUX Ta Ta30BUX MEYeiH), MEIUIIHHI
(cromarosorisi, KICTKOBE  IPOTE3yBaHHS), TEXHIIl
(onTMyHI BiKHa, J3epKaiia), eNneKTpoHimi (riopuaHi
CXEMH, MAarHiTHI JWMCKH), MalldHO- Ta aBiaOyIyBaHHI
(aHTeHH1 OOTIYHUKH, OpoHeMaTepiaau IJsl CKIIHHS Ta
3axucty) 1 Qorowmimi [13]. JlitiamoMocuiTikaTHA
CBITJIOUYTJIMBA CKJIOKEpaMika JIeMOHCTPYE 3HAuyHHMH
NOTEeHIia)l JUIi 3aMiHM KpPEMHIEBHX MarepiaiiB y
BHTOTOBJICHHI ~ MPUCTPOIB  MIKPOEIEKTPOMEXaHIYHOI
cucremu [14]. Iupokuii miama3oH CKIamiB HA OCHOBI
TBEPAUX PO3UYMHIB [-KBapIly, 3-€BKPUNTHUTY, [3-CIOAYMEHY
a00 UCIITIKATY JITIIO, Ki BU3HAYAIOTHCS MIITHO 3B’S3aHOI0
CcTpyKTypoto (puc. 1), mo3Boiste cTBOpUTH modida3Hi
KOMIIO3MIli 3  peryibOBaHUMH — BJACTHBOCTAMH  Ta
3MATHICTIO 10 OOpoOKH. BaknyBe 3HAYeHHS TPHU LBOMY
Ma€ CKJIaa Ta BMICT KaTtajizaTopiB Kpucram3arii [15, 16],
MOMM(DIKYIOUMX Ta  CKIOYTBOPIOIOYMX  KOMIIOHEHTIB,
30kpeMa cmiBBigHOmEHHs CaF,/Z(CaO+CaF,) [17] Ta
BMmicT ALOs [18].

3aBrsKu (hopMyBaHHIO JIUCHUITaTUBHOT
CaMOOTPaHI30BaHOi Mikpo- Ta HaHOCTPykKTypH CKM
XapaKTepH3yIOThCS  CICHIAIBHUMH  €ICKTPUYHHMH

BiactuBocTsimu (¢ = 7-8; 1g p=10-16 Om'Mm mpu T =
20 °C, tg 6 =0,0003-0,0030 mpu /=1 MI'yi T =25 °C).
PazoM 3 mUM NPOCTOTa BHUIOTOBJICHHS BHPOOIB
ckiaamHoi GopMH, a TakOoX IX HE3HayHa Bara
(p = 2350-2400 kr/m°), eKOIOTi4HICT BUPOGHUITBA Ta
eHepro30epekeHHs, BiJTHOCHO HEBHCOKAa BapTIiCTh MpHU
MOPIBHSHHS 3 KEpaMiYHHUMHU MarepiajlaMy JI03BOJISIE
BimHecTH cTBOpeHHss HOBUX CKM i eneKTpOHHHUX
CHCTEM JI0 TIPIOPUTETHHX T'ay3eil HayKH Ta TEXHIKH.
BucHoBku. Po3po0ieHO OCHOBHI TNpPWHIMINB TIPU
CTBOpPEHHI HOBHX THIIB HaHOCTpykTypoBaHMXx CKM mis
CIIEKTPOHHUX CHCTEM, SIKi MOJATAIOTH Y PO3pOOIi CKIIAIIB
CKM 3 caMOOpraHizoBaHOIO CTPYKTypOIO Ha OCHOBI
BITYM3HSHOT CHPOBMHM B YMOBaX HH3bKOTENEpaTypHOl

KOPOTKOTPHUBAJIOl ~ TEPMIYHOI Ta  XapaKTepU3yOThCs
BUKJIIOYHO  BHUCOKMMH  TEPMIYHHUMH,  €JICKTPUYHUMHU
Ta  XIMIYHIMH  BJAaCTUBOCTSIMH  3aBJSIKH  BMICTY

ATIOMOCHUJTIKATIB Ta AUCHITIKATY JIITIO.

® A Li

®0 Si

Pucynoxk 1 — CtpykTypa Kpucrais;
a — TUCUITIKaTy JiTiio, 6 — -crioxyMeHy

3abe3meueHHsT BIPOBA/HKEHHSI OCHOBHUX IIPHHIIHIIB
pecypco- Ta eHepro30epekeHHs Ta AacleKTIB 3aXUCTY
HAaBKOJIMIIHROTO ~ CEpPEJIOBUILA  JIO3BOJUTH  BUPIINIATH
Ba)XJIMBI MaTepiajlo3HaBYi Ta TEXHOJOTIUHI 3a/1adi Moo
CTBOPEHHS NPHHLIAIIOBO HOBOT'O THITY
HaHocTpyKTypoBannx CKM. Ile mo3Bomuts 3abe3nednTH
BITYM3HSHUI PUHOK KOHKYPEHTOCIPOMOXKHUMH BHPOOaMU
32 paxyHOK 3HIDKGHHA IX BaprocTi Ta 3HH3HTH
iMITopTO3aeXHICTh y Tamy3i IT-TexHoxorii, mpuamo- ta
MallIMHOOY/ TyBaHHI, €JIEKTPOHILIl T eJIeKTPOTEXHILII.

Cnucok Jirepatypu

1. The future of work in the electronics industry
Advancing decent work in more inclusive, sustainable and
resilient electronics supply chains: report. Geneva:
International Labour Office, 2024. 57 p.
URL: https://researchrepository.ilo.org/esploro/outputs/995626
056202676 (date of access: 07.03.2025).

2. Averikhina T., Buriachenko M., Vasylieva V.
Modern trends of the world market of electrical equipment.
Economics.  Finances.  Law. 2021. No.6/1. P.5-9.
http://dx.doi.org/10.37634/efp.2021.6(1).1

3. Ceramics Market Size, Statistics, Scope & Growth
Drivers By 2031. Market Research Business Consulting and
Strategy Planning Firm | Data Bridge Market Research Private
Ltd.

URL: https://www.databridgemarketresearch.com/reports/globa
l-ceramics-market?srsltid=AfmBOoqdoblr-0G8WZJthTrhk-
Z]YV6s4fignATXbYRFH5SnmJK2U7C j(date  of  access:
01.03.2025).

84

Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».

Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025



ISSN 2708-5252 (Online)

4. Gopinath S.C.B., Ramanathan S., Yasin M.N.M.,
Razak M.LS., Ismail Z. H., Salleh S., Sauli Z.,
Malarvili M.B., Subramaniam S. Failure Analysis on Silicon
Semiconductor Device Materials: Optical and High-resolution
Microscopic Assessments. Journal of Materials Research and

Technology. 2022. Vol. 21. P. 3451-3461.
https://doi.org/10.1016/j.jmrt.2022.10.116
5. Marimuthu S., Malathi A.C.J., Raghavan V.,

Grace A.N. Fundamentals of electronic ceramics. Advanced
Ceramics for Energy Storage, Thermoelectrics and Photonics.
2023. P.3-17. https://doi.org/10.1016/b978-0-323-90761-
3.00017-6

6. Letz M. Glasses and Glass Ceramics for Applications
in High Frequency Electronics. 2019 [EEE MTT-S
International Microwave Workshop Series on Advanced
Materials and Processes for RF and THz Applications (IMWS-

AMP), Bochum, Germany, 16-18 July 2019. 2019.
URL: https://doi.org/10.1109/imws-amp.2019.8880114
7. Savvova O.V., Blinova N.K., Fesenko O.,

Voronov G.K., Babich O.V., Riabinin S.O. High-strength
aluminosilicate glass composite materials with special
electrophysical properties. Functional Materials. 2021. Vol. 28,
No. 2. P. 279-286. https://doi.org/10.15407/fm28.02.279

8. Savvova O.V., Lyahovskiy A.F., Blinova N.K.,,
Voronov G.K., Ryabinin S.A., Topchyi V.L. Development of
impact-resistant glass-ceramic materials for radio-transparent
armor elements. Voprosy Khimii i Khimicheskoi Tekhnologii.
2019. No. 3. P. 151-157. https://doi.org/10.32434/0321-4095-
2019-124-3-151-157

9. Savvova 0O.V., Lyahovskiy A.F., Blinova N.K.,
Voronov G.K., Ryabinin S.A., Topchyi V.L. Alumina silicate
glass-ceramic materials for electrical purposes. Scientific
research on refractories and technical ceramics. 2020.
Vol. 120. P. 174-185. https://doi.org/10.35857/2663-
3566.120.17

10. Nazir A., Gokcekaya O., Billah K. Md M.,
Ertugrul O., Jiang J., Sun J., Hussain S. Multi-material additive
manufacturing: A systematic review of design, properties,
applications, challenges, and 3D Printing of materials and
cellular metamaterials. Materials & Design. 2023. P. 111661.
https://doi.org/10.1016/j.matdes.2023.111661

11. Dadkhah M., Tulliani J.-M., Saboori A., Iuliano L.
Additive Manufacturing of Ceramics: Advances, Challenges,
and Outlook Journal of the European Ceramic Society. 2023.
P. 6635-6664. https://doi.org/10.1016/j.jeurceramsoc.2023.07.033

12. Khater G.A., Safwat E.M., Kang J.,, Yue Y.,
Khater A.G. Some Types of Glass-Ceramic Materials and their
Applications. International Journal of Research Studies in
Science, Engineering and Technology. 2020. Vol. 7, Iss. 3.
P. 1-16.

13. Chakrabarti A., Menon S., Tarafder A., Molla A. R.
Glass—ceramics: A Potential Material for Energy Storage and
Photonic  Applications. Advanced Structured Materials.
Singapore, 2022. P. 265-304. https://doi.org/10.1007/978-981-
19-5821-2 10

14. Huo W., Dai L., Hu B., Luo R., Wang G., Yuan B.,
Yu T, Lin B. Exploring the effect of facile i-line
photolithography on the structure and physicochemical
properties of photosensitive glass ceramics. Ceramics
International. 2024. Vol. 50, Iss. 21, P. A. P. 40722-40728.
https://doi.org/10.1016/j.ceramint.2024.07.082

15. Hamzawy E.M.A., El-Bassyouni G.T., Azooz M.A.,
Turky G.M. Electrical properties of Lithium silicate-based
glasses and their Glass-ceramics Journal of Materials Science:
Materials in Electronics. 2024. Vol.35, No.3. 253.
https://doi.org/10.1007/s10854-024-11981-2

16. Jakovac M., Zic M., Pavi¢ L., Klaser T. Electrical
Properties of Two Types of Lithium-Based Glass Ceramics.
Acta Stomatologica Croatica. 2022. Vol. 56, No. 3. P.281-
287. https://doi.org/10.15644/asc56/3/6

17. Tian S., Shen H.Y., Huang J.J., Zhang H., Liu K.G.,
He B., Zhao J., Kong L.B. Sintering behaviors, microstructure
and properties of Li,0—-Al,O;-SiO, glass-ceramics for LTCC
applications. Materials Chemistry and Physics. 2025. Vol. 330.
P. 130163. https://doi.org/10.1016/j.matchemphys.2024.130163

18. Liang T., Zhang J., Chen H., Gao L., Gan G., Qu S.,
Wu C., Harris V.G. Effect of Al,0;3 on structural dynamics and
dielectric properties of lithium metasilicate photoetchable glasses
as an interposer technology for microwave integrated circuits.
Ceramics International. 2020. Vol. 46, No. 11. P. 18032-18036.

https://doi.org/10.1016/j.ceramint.2020.04.119

References (transliterated)

1. The future of work in the electronics industry
Advancing decent work in more inclusive, sustainable and
resilient electronics supply chains: report. Geneva:
International Labour Office, 2024. 57 p.
URL: https://researchrepository.ilo.org/esploro/outputs/995626
056202676 (date of access: 07.03.2025).

2. Averikhina T., Buriachenko M., Vasylieva V.
Modern trends of the world market of electrical equipment.
Economics.  Finances.  Law. 2021. No.6/1. pp.5-9.
http://dx.doi.org/10.37634/efp.2021.6(1).1

3. Ceramics Market Size, Statistics, Scope & Growth Drivers
By 2031. Market Research Business Consulting and Strategy
Planning Firm | Data Bridge Market Research Private Ltd.
URL: https://www.databridgemarketresearch.com/reports/global-
ceramics-market?srsltid=AfmBOoqdoblr-0G8WZJthTrhk-

ZjYV6s4tignA7XbYRFH5SnmJK2U7C j (date of access:
01.03.2025).

4. Gopinath S.C.B., Ramanathan S., Yasin M.N.M.,
Razak M.LS., Ismail Z. H., Salleh S., Sauli Z.,

Malarvili M.B., Subramaniam S. Failure Analysis on Silicon
Semiconductor Device Materials: Optical and High-resolution
Microscopic Assessments. Journal of Materials Research and
Technology. 2022. Vol. 21. pp. 3451-3461.
https://doi.org/10.1016/j.jmrt.2022.10.116

5. Marimuthu S., Malathi A.C.J., Raghavan V.,
Grace A.N. Fundamentals of electronic ceramics. Advanced
Ceramics for Energy Storage, Thermoelectrics and Photonics.
2023. P.3-17. https://doi.org/10.1016/b978-0-323-90761-
3.00017-6

6. Letz M. Glasses and Glass Ceramics for Applications
in High Frequency Electronics. 2019 I[EEE MTT-S
International Microwave Workshop Series on Advanced
Materials and Processes for RF and THz Applications (IMWS-

AMP), Bochum, Germany, 16-18 July 2019. 2019.
URL: https://doi.org/10.1109/imws-amp.2019.8880114
7. Savvova O.V., Blinova N.K., Fesenko O.I,

Voronov G.K., Babich O.V., Riabinin S.0. High-strength
aluminosilicate glass composite materials with special
electrophysical properties. Functional Materials. 2021. Vol. 28,
No. 2. pp. 279-286. https://doi.org/10.15407/fm28.02.279

8. Savvova O.V., Lyahovskiy A.F., Blinova N.K.,
Voronov G.K., Ryabinin S.A., Topchyi V.L. Development of
impact-resistant glass-ceramic materials for radio-transparent
armor elements. Voprosy Khimii i Khimicheskoi Tekhnologii.
2019. No. 3. pp. 151-157. https://doi.org/10.32434/0321-4095-
2019-124-3-151-157

9. Savvova O.V., Lyahovskiy A.F., Blinova N.K.,
Voronov G.K., Ryabinin S.A., Topchyi V.L. Alumina silicate
glass-ceramic materials for electrical purposes. Scientific
research on refractories and technical ceramics. 2020.

Bicnux Hayionanvnoeo mexuiunozo ynieepcumemy «XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025

85



ISSN 2079-0821 (print)

Vol. 120.
3566.120.17

10. Nazir A., Gokcekaya O., Billah K. Md M.,
Ertugrul O., Jiang J., Sun J., Hussain S. Multi-material additive
manufacturing: A systematic review of design, properties,
applications, challenges, and 3D Printing of materials and
cellular metamaterials. Materials & Design. 2023. pp. 111661.
https://doi.org/10.1016/j.matdes.2023.111661

11. Dadkhah M., Tulliani J.-M., Saboori A., Iuliano L.
Additive Manufacturing of Ceramics: Advances, Challenges,
and Outlook Journal of the European Ceramic Society. 2023.
pp. 6635-6664. https://doi.org/10.1016/j.jeurceramsoc.2023.07.033

12. Khater G.A., Safwat EM., Kang J, Yue Y.,
Khater A.G. Some Types of Glass-Ceramic Materials and their
Applications. International Journal of Research Studies in
Science, Engineering and Technology. 2020. Vol. 7, Iss. 3.
pp. 1-16.

13. Chakrabarti A., Menon S., Tarafder A., Molla A. R.
Glass—ceramics: A Potential Material for Energy Storage and
Photonic  Applications. Advanced Structured Materials.
Singapore, 2022. pp. 265-304. https://doi.org/10.1007/978-981-
19-5821-2_10

14. Huo W., Dai L., Hu B., Luo R., Wang G., Yuan B.,
Yu T., Lin B. Exploring the effect of facile i-line

pp. 174-185. https://doi.org/10.35857/2663-

photolithography on the structure and physicochemical
properties of photosensitive glass ceramics. Ceramics
International. 2024. Vol. 50, Iss. 21, P. A. pp. 40722-40728.
https://doi.org/10.1016/j.ceramint.2024.07.082

15. Hamzawy E.M.A., El-Bassyouni G.T., Azooz M.A.,
Turky G.M. Electrical properties of Lithium silicate-based
glasses and their Glass-ceramics Journal of Materials Science:
Materials in Electronics. 2024. Vol. 35, No.3. 253.
https://doi.org/10.1007/s10854-024-11981-2

16. Jakovac M., Zic M., Pavi¢ L., Klaser T. Electrical
Properties of Two Types of Lithium-Based Glass Ceramics.
Acta  Stomatologica  Croatica. 2022. Vol. 56, No.3.
pp. 281-287. https://doi.org/10.15644/asc56/3/6

17. Tian S., Shen H.Y., Huang J.J., Zhang H., Liu K.G.,
He B., Zhao J., Kong L.B. Sintering behaviors, microstructure
and properties of Li,O-Al,0;—SiO, glass-ceramics for LTCC
applications. Materials Chemistry and Physics. 2025. Vol. 330.
pp. 130163. https://doi.org/10.1016/j.matchemphys.2024.130163

18. Liang T., Zhang J., Chen H., Gao L., Gan G., Qu S.,
Wu C., Harris V.G. Effect of Al,O; on structural dynamics and
dielectric properties of lithium metasilicate photoetchable glasses
as an interposer technology for microwave integrated circuits.
Ceramics International. 2020. Vol. 46, No. 11. pp. 18032—18036.
https://doi.org/10.1016/j.ceramint.2020.04.119.

Bioomocmi npo aemopie / About the Authors

Caseosa Oxcana Bikmopiena (Savvova Oksana) — TOKTOp TeXHIYHUX HayK, npodecop, 3aBigyBad kadeapu XiMii Ta IHTETPOBaHUX
TEXHOJIOT1i, XapKiBCbKHI HAIlIOHAILHUI YHIBEpCUTET MichbKkoro rocroaapctsa imeHi O.M. bekerosa, M. XapkiB, YkpaiHa;
ORCID: https://orcid.org/0000-0001-6664-2274, e-mail: savvova oksana@ukr.net

Decenko Onexciii 1zoposuu (Fesenko Oleksii) — xananaaT TEXHIYHUX HayK, CTAPUIMI BUKIaga4d Kageapu XiMii Ta iHTErpoBaHUX
TEXHOJIOT1H, XapKiBChbKHI HALlIOHAIFHHIH YHIBEPCUTET MichKoro rocmonapceTsa iMeri O.M. bekerora, M. XapkiB, Ykpaina; ORCID:
https://orcid.org/0000-0003-3888-9493, e-mail: oleksii.fesenko@kname.edu.ua

Tumowgyk Maxcum Izopoeuu (Tymoshchuk Maksym) — acnipanT kadenpu Ximii Ta iHTETpOBaHMX TEXHOJIOTiH, XapKiBChKUI
HaLliOHAJILHUI yHIBepcHTET Mickkoro rocnozaapcrsa imeHi O.M. BekeroBa, m. XapkiB, Ykpaina; ORCID: https://orcid.org/0009-

0000-6449-5741, e-mail: maksym.tymoshchuk@kname.edu.ua

binoyc Bauecnag Bozoanosuu (Bilous Viacheslav) — marictpanT kadeapu xiMii Ta iHTErpoBaHUX TEXHOJOTH, XapKiBChbKUI
HalllOHAJIFHUH YHIBepCUTET Mickkoro rocriogapcrsa iMeHi O.M. bekerosa, m. XapkiB, Ykpaina; ORCID: https://
orcid.org/0009-0006-0900-3509, e-mail: vyacheslav.bilous@kname.edu.ua

Ckpununeyv Auna Bacuniena (Skripinets Anna) — xanquat TeXHIYHUX HayK, CTapUIIMH BUKJIaad Kadeapy xiMmii ta
IHTETPOBAHUX TEXHOJIOTiH, XapKiBChbKHI HALlIOHAIBHUH YHIBEPCUTET MiChKOTO TocrionapcTa imeHi O.M. bekeroBa, M. XapkiB,
VYkpaina; ORCID: https://orcid.org/0000-0002-3845-8303, e-mail: anna.skrypynets@kname.edu.ua

86

Bicnux Hayionanvnoeo mexuiunoeo ynieepcumemy «XI1I».

Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025



ISSN 2708-5252 (Online)

3MICT

Cagssoséa O. B., Typ O. I., baoiu O. B. Po3poOka METOMOJOTIYHOTO MiJXOAY MIOAO CTBOPCHHS

MOJIETIICHNX CKIOKOMIIO3UTIB IS OPOHE3aXUCTY CIICIHATBHOT TEXHIKHF . .. ...'vintiriesineiriraneaninnanennn, 3

Moiseev V. F., Manoilo E. V., Zhuha O. O., Davydov D. V., Moskal M. M.  Industry 4.0 technologies

in the design of reliable systems in chemical engineering.................oovvivviviiiiirinriieniiiiieenenens.2 .9

Kosyna T. B., Kopuynos C. €.  KOMIUICKCHI 3aX0IX €KOJIOTIYHOI OS3MEeKH Jjisl 3aro0iraHHs aBapidHUX

curyariii B isutbHOCTI A3C — Oe3nepepBHUN MOHITOPHUHT BIUIMBY Ha JOBKIIIS ...vovnenenenenenenennnnee, 16

Cmenanoesa 1. 1.,  Caxnenxo M.J]., Ilpockypina B. O., JKenascoka IO. A., Mapxoea H. b.

TeTepookcHHI KaTaTITHIHO AKTUBHI IIOKPHTTSI: CHHTE3 1 BIACTHBOCTI « .. v uveneeneeneneeneeeeneaneananennenss 25

Xpucmuu O. B., Kopozoocvka A. M., Illabanosa I'. M., I'anonosa O. O., Xpucmuu M. O. Po3paxyHOK

TEMIIEpaTyp Ta CKJIA/IiB eBTEKTHK MOJIKOMIOHEHTHHX nepepi3iB cuctemu CaO — AL,O; — CoO — NiO ...32

Kapnoscuuovkuii I1. I1., Mipownuuenko /. B., Kapnosxcuyskuii II. B., Pyoneea K. €. Po3poOka

MUIOTHOI YCTaHOBKH JUTSL OTPUMAHHS PO3YHHY TYMATIB 3 OYPOTO BYTUIIIS. «.euvnevetenineeeenenineanaene. 38

ILlxon A. O., Kyniniu C. C., bociok A. C., lllecmonanoe O. B., Heuunopenxo /I. 1. locnimxeHHs

Croco0iB 3HE3aMI3HEHHS BOAM. [IepCICKTHBH Ta MPAKTHYHHM ACTICKT ... ....v'veensinsieeeineineinannnnsns 43

Pak A. V., Pak A. O., Sychova T. O., Torianyk D. O., Sofronova M. S. Research of system water of jelly

products from different manufacturers by thermodynamic methods ...............cccccevivcivviceneeeen.l. 54

Xpoxano JI. A., Kynuk A. /., Bopoéiiosa B. I., Auopitmuun B. M. CuHTe3 HaHOCHCTEMH Ha OCHOBI
HiTpaTy cpibma Ta cinu3y paBiuka Cornu aspersum Ta ii 3aCTOCYBaHHS B CKJali KPEM-TENIO MiCIs

01 60505 £ SRR 62

Jebeoesa K. O., Mamioxoe /1. B., Yepxawuna I'. M., Tepewienxo 1. A., lumeunenxo €. 1. CyuacHi
TPEH/IM BUKOPHCTAaHHS O10JIOTIYHO-aKTHBHUX TeJICYyTBOPIOIOYMX IOJIiCAaXapuIiB y XapuoBid raiysi,

KOCMETOJIOTIT T MEIMITHHL ... vvvtettnntt ettt ettt ettt eae et e e et e e et e e e e aaee e e aeeeeanaaeeeannnes 67

Lisachuk G. V., Bahlai V. Yu. Technology for the manufacture of composite radio-absorbing

Lo 21 00§ (o1 P 74

Cassosa O. B., ®ecenko O. L., Tumowyx M. L., binoyc B. b., Ckpununeuys A. B. HoBi Ttumm

CKJIOKEPaMIYHUX MaTEPIaiB JUISl €ICKTPOHHUX CHCTEM . ...eueurnenenennataneneneteneneneeateneneneneenenenens 80

Bicnux Hayionanenozo mexuiunozo ynisepcumemy « XI1I».
Cepisn: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025

87



ISSN 2079-0821 (print)

CONTENT

Savvova O. V., Tur O. G., Babich O. V. = Development of a methodological approach to the creation of

lightweight glass composites for armor protection of special equipment..............ccoviiviieiiinieiinnnnn. 3

Moiseev V. E, Manoilo E. V., Zhuha O. O., Davydov D. V., Moskal M. M.  Industry 4.0 technologies in

the design of reliable systems in chemical eNgINEETING ........c.vvuiiritii ittt e 9

Kozulia T. V., Korshunov S. Ye. Comprehensive environmental safety measures to prevent emergency

situations in the filling station operations — continuous environmental impact monitoring .................... 16

Stepanova 1. 1., Sakhnenko M. D., Proskurina V. O., Zhelavska Yu. A., Markova N. B. Of heteroxide

catalytically active coatings: synthesis and properties ..............coooviis viiiii i 25

Khrystych O. V., Korogodska A. M., Shabanova H. M., Gaponova O. O., Khrystych M. O.  Calculation

of temperatures and compositions of eutects of polycomponent sections of the system CaO - Al,O3 - CoO —

Karnozhytskyi P. P, Miroshnichenko D. V., Karnozhytskyi P. V., Rudneva K. Ye. Development of a pilot-

scale installation for obtaining humate solutions from lignite ....................coiiiiiiiiiin 38

Shkop A. O., Kulinich S. S., Bosiuk A. S., Shestopalov O. V., Nechyporenko D. I. Research of water

deironing methods. Prospects and practical SPECtS ........o.vvriniiniiriit i iets e 43

Pak A. V., Pak A. O., Sychova T. O., Torianyk D. O., Sofronova M. S. Research of system water of jelly

products from different manufacturers by thermodynamic methods ........................ocoi. 54

Khroklo L. A., Kulyk A. D., Vorobyova V. 1., Andriishyn V. M. Synthesis of a nanosystem based on silver

nitrate and Cornu aspersum snail mucus and its incorporation into a shaving cream gel formulation........ 62

Lebedieva K. O., Matukhov D. V., Cherkashina G M., Tereshchenko 1. A., Lytvynenko Ye. I.  Current
trends in the use of biologically active gel-forming polysaccharides in the food industry, cosmetology and

§00 (=16 1 Lo3 1 1 L= 67

Lisachuk G V., Bahlai V. Yu. Technology for the manufacture of composite radio-absorbing ceramics.... 74

Savvova O. V., Fesenko O. I, Tymoshchuk M. L, Bilous V. B., Skripinets A. V. New types of glass-

ceramic materials for eleCtronic SYStEIMS .........iiuitie it 80

Bicnux Hayionanonozo mexuiunozo ynisepcumemy « XI1».
Cepis: Ximis, ximiuna mexnonozis ma exonozisi Ne 1(13)°2025

88



HAVYKOBE BUJIAHHA
BICHHMK HAHIOHAJIbBHOI'O IOJITEXHIYHOI' OYHIBEPCUTETY
«XAPKIBCHKUU ITOJITEXHIYHUM IHCTUTY T».

CEPIA: XIMIA, XIMIYHA TEXHOJIOI'TA TA EKOJIOT'TA

30ipHUK HAyKOBUX Ipallb

Ne 1(13)°2025

Bianoiganbamii pegaktop: a-p TexH. HayK, mpod. . M. Pumenko, HTY «XIIl», Ykpaina.

BinmosinaneHuii cekperap: KaH1. TexH. Hayk, joi. O. O. Ianonosa, HTY «XIIl», YkpaiHa.

Anpeca penakuii Ta BugapauurBa: 61002, Xapkis, Byn. Kupnuuosa, 2, HTY «XITI»
HaBuanbHO-HAayKOBHIA IHCTUTYT XiIMIYHUX TexHOJOTiH Ta imkeHepii (HHI XTI)
Ten. (057)707-60-96, e-mail: redaktor.ccte.0821(@gmail.com.

Hign. mo npyky 23.04.2025. @opmat 60%80 1/8. [Tamip odceTHMA.
Hpyx mudposuii. [apriTypa Times. YMoB. apyk. apk. 7,5. O6mik.-Bua. apk. 10,8
Tupax 100 mpum. 3am. Ne 69. I{ina goroBipHa.

Hpyk ®OII leitnina O.B., M. Xapkis, By:1. [1nexaniBcbka, 16
CBiZONTBO PO BHECEHHSI CY0 €KTa BUJIABHUYOT CIIPABH
1o Jlep kaBHOTO PEECTPY BUIABIIIB, BUTOTOBHUKIB Ta PO3IIOBCIOIXKYBaYiB
BupaBHI4oi npoaykuii JAK Ne 2779 Binx 28.02.2007p.





