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r4odyrr, .ryn.", Aorcropa Qilocor[ii sa cneqialrHic,o 102 Xir'ris

O.qniero a npo6neu aHa;1irnqHoi xirraii e pospo6ra MSToAHK KoHTponrc 3a

srvricrol\d y rrpoAyKTil( xapqyBaHllf,, noAi ra Harlo.f,x, a TaKox y QapuaIIeBTI'ITIHI'Ix

rpenapara( xapqoBr,rx Ao6asorc, 3oKpeMa fi cuHTernrlHlrx 6apannria. Hafi6ilrul

no111lrpeHorc rpy[oro clrHTerr{rrHr{x xapqoB[x 6apannxiB e a3oc[oJryKl{: Taprpasuu

(TAP), Xos11afi <<saxi4 coHII.g)> (X3C), Kapuoasun (I(AH), flottco 4R (fI4R) ra

CneqianHrnfi uepaonufi AG (CIIAG), ,Ki gnafiuura 3acrocyBaHHfl AJIS crBopeHHfl

Heo6xiAgoro 3a6apnreHHfl 6inrmocri ronAutepcbKl{x aupo6in, nanoia, a raKox

{aprraaqearr{rrH}rx saco6is. HerarrasHrafi snnrrs BKa3aH[Ix aao6apnHurcin na sAopon'a

TBap[H Ta JrroAr,rH[r 3yMoBJrroe neo6xiAHictr ix nugHa'IeHHfl B rlpoAyKTax cnoxEBaHHfl

nrcAlIHlI. B cBolo qePry, Bce 6iurure yBarll B ocranni poKI'I [pl'{BepTaroTb

eneKTpoxirrai.rHi MeroAr{ B[3HaqeHr{f, cr{HTeruqHux xapqoBux aso6apuHlrKiB, aorcper"ra fi

BoJrbraMnepoMerpgri, san4mu csoifi npoctoti, nyrnlrBocri m eKc[pecHocti. Totvty

TeMa Alrceprarlifinoro AocniAxenHs K.B. flnrcur "Byrimno'uactoaEfi eJIeKTpoA,

rrao4lloirosaHnfi B-unxnoaeKcrplrHoM AJrf, BOJrbr€rMnepoMerpI,IrIHOrO BI',I3HaqeHIrf

Aef,Klrx xaptroB[x 6aprnuxin" 6escyuninno [peAcraBJrf,e sK reoperrlunzfi, TaK i

npaKrurrHufi inrcpec. flpo aKryaJrbHicru reulr Al,Icepraqii caiA'rutr i ii sa'sgor s

lpecrrrxHuMrr HayKoBr{M}r [porpaMaMlr, rIJIaHaMn i reuau]r rcaQe.qpn ananiru'rHoi ta

roKcnKonori.rHoi xirraii OHy irvreni I.I. MeqnHKoBa, a caMe: "O6lpyHryBaHH, nu6opy

1aeroAis KoHrIeHTpyBaHHfl, pos4ilennx ra BI,I3HaueHHs rrairporcinbKocrefi peqoBuH 3

6rrsrxrNdr,r Sisurco-xiNai.rHr.rNdr.r BJracrr.rBocrflMu" (2015-2020, l'lb Aep)cpeecrpaqii

0115ru00937), "Pospo6ra ra yAocKoHaJreHHf, rcoIra6iHoaaHrlx rraeroAis KoHrpoJIIo

srcocti Qaprvraqenrulunrx upeuaparia, npo4ymia xaprryBanHf, ra o6'ercris

HaBKorrlrruHboro cepeAoBlr :lgrd' (2021 -2026, Ns 4epxpeecrpaqii 0122 N00230).

.{ncepmqifina po6ora e o6lpynroBaHr{M, noriqno no6yAonaHl,tM, 3aBepIrreHI'IM

HayKoBrrM AocliAxeHH.f,M. Bona cKJraAaerbcf, 3 Bcryly, n'flTn poa4inin, 3araJIbHI{x

sucHosxiB, cnlrcKy ilreparypu (211 4xepel). 3aramnnfi o6'eu po6oru 173 ctopiHrn,

BKrrcqarotru 33 pucynrn i 17 ra6nuqr. flperengifi 4o oQoprraJIeHH, reKcry 4ucepraqii

HeMae.

Bcryn uicrurr sci Heo6xi.qHi crna.qoni, rqo crocylorbcf, aKTyaJlrnocri TeMLI,

Merlr i gasAaHr AocniAxeHHf,, HayKosoi Honuguu i upatmll.rHoi 3Haqyuocri orpuuaHux

pe3yJrbrarig, siAoMocrefi upo oco6ucrnfi BHecoK aBTopa Arlceprallii. B qrol\,Iy pogaini

ao6pe apryr\,reHTonani saxrnsicu crBopeHHf, rtainiarropl,I3oBaHlrx, [pocr[Ix, ttyrJIrIBrIx

Ta ceJreICTI{BHI,Ix, a raKox exonoNai.rHo penra6enbHl{x ra eKcllpecHxx MeroAI{K



BonbraM[epoMerpHrlHoro B[I3HaqeHHf, ct4HTerr,rqHux xapqoBux aro6apnHurin 3

BI'IKopI'IcraHHrM uo4raQiroBaHrlx nyrilrHo-rracroBrax eJrercrpoAia (BIIE).
y reprroMy posgiri yaaramneni AaHi nireparypu rpo xpoMarorpaQi.uri,

cnelcrpoMerpr'rvni Ta enermpoQopetruHi MeroAr,r Br{3HaqeHH, aso6apnHraria,
aHcsirreHo ix He4oliru fi nepeBarla Ta rlpoaHarisoaaHo Aoqinpricrr ix BrrKoprrcraHHf,
AJI.tr pyrl'IHHoro analisy; aiAi\,Ii.IeHo [epcrerrusHicrr 3acrocyBaHnx B-qu*o4l*"rprry
f,K a4cop6qifiuoro rrao4zQircaropy BIIE AJrf, Brir3HaqeHHf, xapqoBrx aso6apaHrxis.
.{etalrno po3ulrl{yro Bl,IKopr,rcraHr{f, BoJrbraMlepoMerplrqHux ceHcopin, arci uarou y
cBoeMy cua.qi rrao4uQiraropn pisnoi upupogra ra 4ii, neo6xi4ui ans Br,r3HaqeHH,
xapqoBl'Ix a:o6apnHnrcia y rrpoAylmax xapqyBaHHs. Pogrr.flHyro ra cncreMarz3oBaHo
peAoKc-roae4iHlcy xapqoB[x a:o6apnunxia na eJreKTpoAax 3 MoAraQiraroparran pisHoi
rrpr4poAr{.

[pyrnfi porgi.n npucaeueHrafi onlrcy Br,rKop[rcraHzx pearrunia, uerogin
AocriAxenHq crIoJIyK, MeroAIirK [p]rroryBaHnf, pos.rnHin QoHonoro enerrponiry
craHAaprHI'Ix ra po6ourx posvuuin 6apnnurcin, a raKox neuo4raQircoaaHoro ra
uo4uQixoBaHoro BIIE. Ouncaui yN{oBr4 Ta ocHosHi eralr{ eKcueprrMeHTaJrbHr,rx

4ocri4xeHr.
B rperboMy pos4i.ni pmrurf,Iryro oco6rnnocri peAoKc-none4iurcu xapqoBr,rx

alo6apaHnrcia Ha uonepxni BIIE, rrao4uQiroBaHoro B-qurcno4eKcrplrHorr,r (BIIE/B-IU).
BcranoaneHo, Iqo yci gocniAxeni 6aprHnru Ha po3po6renorrry cencopi MarorE sr uirc
ni4HoueHHx a3orpynu, TaK i nir if oKrrcHeHHr. Bi4noai4no Ao rlrEgi.rHnx
BonbraM[eporpaM rari aso6apBHl{Ku, sx X3C ra fI4R oKrircJrrororbcfl KB€r3isnoporuo, a
KAH, TAP ra CrIAG noaHicrlo He3Boporno. BcrauoBJreHo cuiani4norueHH{ uporonia
Ao enelmponin, u1o npnfiualorb fracrb B oKracHeHi 6apnHrarcis - 1:2 (XC3C, TAP, CqAq
II4R) ta 1:1 (KAH). florasauo, uto nprpoAa crpyN{y oK}rcHeHH, AJrf, ycix 6apaHuria Ha
uonepxHi pospo6leHoro ceHcopy Mae aAcop6qifinufi xaparcrep. Pospa<oBaHo rilrricrr
elexrponia, u1o npufiMalorb yr{acrb y rpoqeci orcncHeHna 6apnHuris na noaepxi
erlercrpoAy:2 ant X3C, TAP, CqAq fI4R m 1 4lx KAH. BcranoaneHo, rqo y Br.rnaAxy

}(3C ra fI4R uepe6irae neo6oporHa xiuiqHa pearqix s iHrepueAiarou oKr4cHeHH, (ECi,
rraexaHisu). B[.EBreHo, I{o nicns rpoqecy oKHcHeHHfl Ha rllxri.rHux
BoJlbr€lMlreporp{IMD( 3'sBrrloucs uiru Honoi o6oporHoi pe4oxc-rrapv (orpirra B}rrraAKy

TAP). 3auponouoBaHo 3ar€ulbHl{fi uexaHi3M oK}rcHeHHr xapqoBrx a:o6apanuxia ua
uoaepxHi BIIE/B-[{{.

y rlerBeproMy poa1ini po6orn rpr{BeAeHo .qasi uoAo onrnrraisaqii ylloB
BoJlbraMrepoMerpruHoro Br{3HaqeHH.f, xapqonrx aro6apsHurin (TAP, X3C, KAH, II4R
CTIAG) Ha po3po6neuorvry cencopi. BasBreHo, rr1o MaKc[rM€r.JrrHnfi crpyM oKrrcHeHH,
xapqoBl,Ix 6apnnuxin Aocmaerecfl rrprd l0 uac.Yo arraicry rrao4nQixaropy (B-
IIlrKJIoAeKcrpzn) y BITV flpone4eHa oqinra arcrusHoi nlouli uorepxHi BIIE/B-II,{
BKa3ye na 4o6pi uponi4Hi g.qi6Hocri pospo6neHoro ceHcopy. BuropucroByrcqu niAxil
aacop6qifiHo-innepcifinoi BoJrbr€lMrreporraerpii sauponoHoBaHa rraogrEQixaqir, flKa



Ao3Bonte 3MeHIrrlITra rcinrrcicrb po3rruHy Air, [poBeAeHH, B[r3HaqeHru ao 10 MKJr, rqo
cyrreBo 3MeHlrrye rilrrcictr xiuiqurx ni4xo4in, ri.nrrcicu BuKopr.rcraHHf, anarirruHux
craHAapris ra 3MeHIIrye co6inapricrb npoBeAeHH, Bu3HaqeHnc. MeroAolr quruiqnoi
BoJlrraMrepouetpii 6ynu onrulaigogani mri napaMerpra, er pH aacop6qii ra pH
npoBeAeHlrf, eJlelcTponisy. 3a onrruaJrbHr{x yMoB Br{3HarreHHf, xapqoarx 6apan[ris Ha
BIIE/p-IIA qpoBeAeHo aariaarlifiHufi eKcneprrMeHr ra scraHoBrQHi ourosHi
MerpoJrori.rni xaparcreplrcrr,rKrr ceHcopy.

Y n'rro*ry pos4ili npunegeni Aarri anpo6aqii pospo6nenrx MeroAr.rK
BIiI3HaqeHHfl xapqosux a3o6apanuxia 3a AoroMororc BIIE/B-I[/( npu ananisi TAP,
KAH, CqAq fI4R, X3C y 3pa3Kax ra3oBaHlrx ra Hera3oBaHux coJroArux Hauoi'n,
corin, xenefinux I{yKepoK, cra6oarrcoroJrbHr.rx ra eHeprerr{qH}rx nauois. BcraHonneHo,
rlo BI{3HaqeHa rilrrcictr 6apnHrris 3a AorroMororc BIIE/p-UI He Mae crarr{crr,rrrHtrx
ni4rrainnocrcfi 3a rinrricrr 6apnnnrcin Br{3Ha}reHHx 3a AoroMororc peQepenrHoro
MeroAy BEPX.

Bi4orvrocri npo AorprrManHfl anaAervriqHoi 4o6po.recHocri. B 4uceprarlifiHifi
po6ori ra HayKoBrx rry6nixaqirx s4o6ynaua ai4cyrHi ogHarra nopyureHH, aKaAeMi.rHoi

4o6po.recuocri.
Cryniur o6rpynronanocri peyJrbrarin ra ii naynoBa HoBn3na. BncuoBKlr Ao

KoxHoro posgirry ra 3araJlbni sucHosKr.r e HayKoBr.rMr{, ni4o6paxarorb guicr pos4irin ra
Al{ceprallifinoi po6otn, o6lpynmnaui Ha ocHosi oAepxaHrD( eKcnepr{MeHraJrbHr,rx

AaHLIx ra siAoluux reoperlltrHux yf,BJreHb. ,{ocroaipHicrr pesynrraria 4r,rcepraqii
nigtnep.uxeHa 3HaqHI{M Macr{BoM oAepxaHr{x eKcnepr,rMeHTaJrbHlrx AaHr,rx 3

BI,IKopI,IcraHHsM cfracHoro o6naAuaHnr, inrepuperaqiero oAepxaHnx pe3yJrbrarin, mi
npoxoAl{Jln 6aratopa3oBy neperipry y Br.rurf,Ai AonosiAefi ua ronQepeHqirx pisnoro
pianx ra peIIeH3oBaHI{x rry6niraqifi y Qaronrx BrrAaJrHD(. Pospo6neni MeroAr.rKr,r

6aratopasoBo alpo6yuanucr Ha cKJraAHlrx peaJrrnrx o6' erma><.

.(nceptanmrra sEKoHaHnft nenr,mufi o6'ena po6orn i orpranaano pe3yJrbraf,r,r i
BltcHoBKH, HoBrr3Ha i nayrcona qinnicruKrrx [oJrmae y raKoMy. Bna.reHo

oco6rrsocti pegorc-noae4iuru xapqoBrx 6aprnnrcis fI4R, TAP, X3C, ra Brepue
KAH ra CHAG Ha B[IE/B-III. BcranosreHo rimxicu nporoHia, errercrponin ra
roeQiqieHrin nepenocy 3apf,Ay, tqo upnfiuarorb ) racrb y rpoqecax oKr.rcHenHs. Ha
ocHoni orpIaMaHI,Ix AaHlrx qunniunoi nonrraunepoMerpii, 6yno spo6neHo BrrcHoBoK,

qo xapqori aso6apBHI{KI,I (TAP, )IC3C, fI4R, KA}I, CrIAG) oK}rcJrrororrcx sa EC1
NrexanisMoM 3 roAaJIbIuoIo Aecrpyrqiero MoJreKyJrr,r rro a3orpyui ra yrBopeHHro HoB[rx

eJIeICTpoaICTI,IBHIltx Qparuentia (X3C, [4R, KAH, CrIAG). 3aupououoBaHo sararuHufi
uexanigu oKlIcHeHHf, xapqoBrx aso6apanuris. 3anponouoBaJro niAxoAn lo IBA, trcuir

Ao3BoJIse Bzl(oplrcroByBarlr Jrr,r[re 10 nucn pmrrr,rHy AJr, [poBeAeHru Bu3HaqeHHfl., Ta

cyrreBo 3MeHIrrLlrLI xilrricts xilai.rHrD( sip(olis ra 3arpar ananiruqHr{x crarr4apria.
Bnepue Buropl{crarlo 3arrponoHosaHufi nimia npu srgHa.reHHi aso6apanurin Ha

BIE/B-III y npoAyrcrax xapqyBauHr.



Ilparcrnvne 3HarrenHs po6orn He BIIKJITIKae cyvluinin, ocrilsru rinqes[N'I

pe3yJrbraroM Alrcepraqii e npocri, ceJrercrl{BHi, vyuuni, ercoxolai'rHo peura6enrsi ra

eronori.{Ho npuaa6nuai Mero.q}rKr{ B}rsHaqeHH, aro6apnnuxin y npoAyl(Tax

xaptryBaHHs. Pospo6neHi MeroArrKr{ upofiunn ycuiluxy aupo6aqiro Ha xapqoBl'Ix

npoAyroax ra Harroflx; 3a csoiMr,r anariru.rHlrMlr xapalcrepllcrlrKaMlr BoHrI He

nocryrrarorbcf,, a B Aef,Kr{x B}rnaAK€x fi nepeaepuryrorb siAoNdi aHaJloru. flpaaianrHicD

orplrMaHlrx eKcneplrMeHTaJIbHI,Ix AaHIfrx ni4mep4xeHa nopinHrHHrM 3 pe3yJlbraraMll

anani:y aJIbrepHarI/tBHlrMI4 MeroAaMlr.

3anpononoBaHo Hosr.rfi ceHcop Ha ocHoni BIIE/B-III is roKpallleHoro

a4cop6qifinoro cnopignenicuo Ao clrHTerllrlHrlx xapqoBrx aro6apanurie'

O6lpynroBaHo Naoxnusicrb BlrKoprrcraHHf, noAi6nux cencopin y r"riHiarilopll3oBaHoMy

ui4xoti innepcifinoi a4cop6uifinoi BoJrBraMtleporvretpii, rxnfi siAuosiAae npI'IHIIxTIaM

<<sereHoi xirraib. Orperrai rraarepianlr Alrcepraqifinoi po6oul BrIpoBaAxeHi s nas'ramHrfi

npoqec raQe4pu anaflirra.uroi ra roKclrKoJlori.rHoi xirraii Qaxynrtery xirr'rii ra Qaprvrauii

OHY irraeni I.I. Me.rHI{KoBa.

OqrosHr,rfi spricr po6orr orry6nirosaHl,Ifi y n'sru crarrf,x (uorupu is HlIx

iH4ercyrogcr B HayKoBoMerplrqHr{x 6asax Scopus/WoS) y Qa<onrax BLIAaHHSX ra

urecrlr re3ax AonoaiAefi ua roHQepeHqiax, sri uosHicto siA6EB€LIorb ocHosHHfi glraicr

Arrceprarlii. Po6ota aupo6oaaHa Ha HayKoBlIx rboprya" AocI,Irb BrcoKoro pinnr.

flo po6ori e mri 3ayBar(eHHflr 3arrrrTaggf ra no6axaHHfl:

B pos4ili 2.1 6axauo 6ylo 6 sra3arr,r HopMarlrBnufi 4oryraeHr AJIf, ronoi4uoro

rpaQiry MapKlr C1, a raKox MeroAHKy Bu3HatreHns srocri 6i4uctulrosaHoi BoAIa.

B ra6l. 3.2 aaropoM nplrBeAeHi cnisaiAHorueHH.fl uporonin Ao eneKTponis Ans

aso6apmnrie Ha BIIE/B-IIA m BfIE/SiO2-I-E-C1. Tar 3HaveHHf,u 1.23 ra 0.76

HaAa6lrbcr cuinrigHo[IeHHs m:n : 1:1 m 1:2. Moxe rpaBllnrsiure 6yA. 4'5 ra l:2,

siAuosiAHo (rvroxe 3:4)? ToAi rocrae rrlrraHH, IrIoAo ro.rHocti BI,I3HaqeHHf, m:n.

B ra6n. 3.3 He BK€BaHo rpaHuqi pH, upu f,Kl{x q}rHHe perpecifiHe pinruuus3.4.

Anrop sriAHo AaHr/rM ra6n. 3.4 ma:y€, trIo "Arf, acix 6apnHlaris (orpilra KAH)

rinrrcicu eneKTpoHin, xri 6epyu fracrb y [poqeci orracneHHf,, Aopisnloe 2".

Xova, s ra6r.3.4 naseAeni.rncna (1.52;1.63;1.71,1.78) cI,IJIbHo ai.qpisuxtoucr

sia 2.0. Moxe qe cniA.rrrrb r{po crnaAnicrb npoqecis orucHo-si.{Hosnronanuroi

AecrpyKrlii aso-6apsHuris (X3C, TAP, CTIAGX

5. B m6n. 8.1 naseAeni gna.rennr E:f(pH), rraB/pH. Eaxano 6yno 6 nasectlt rpanuqi

pH m oKr,lcno-BiAnosrlosaJlbHoro notenqiarry.

6. Ha crop. 86 po6oru BKa3aHo, rqo "y BraraAKy ra3oBarlnx spasrin repeA

npoBeAeHHf,M Blr3HaqeHHf, npoBoAr,rJrr{ Aera3arliro nia giero ynbrpa3ByKy BnpoAoBx

15 xs". A .rr,r npo6yaanu Bn rpoBoAlrru ananig r€BoBaHlIx spasxin 6es nepe4nroi

lerasaqii?

1.

2.

J.

4.



7. flo rercry po6oru e opiporpaQiuHi ra rryHKryallifiHi rroMlrrlKl{, sycrpiuarorbcf,

pyclr3Mu.

flepeli.reni saynaxeHrrfl He e nplrHIIlrrroBHMH i He snnlrBalorb Ha 3aftIJlbrry

rro3lrrr{BHy oqinry A}rceprallifiHoi po6oru K.B. flmoru.

O6lpynrosaHicrr i Aocroaipnicrr HayKoBlrx rloJloxeHb, nncnosrcis i

peKoMeHAaqifi, cQoprraynboBaHl{x B 4ucepraqii, ui4rnepAxyerbcf, cyrynnicrro

AocniAxeHr is 3acrocyBaHH{M prAy cf{acHl,rx Qiauro-xirraiqnlax }reroAis: qnruiqHa

BoJrbraMrreporvrerpi-a, innepcifina alcop6qifina BoJlbraMneporraerpir 3 KBaAparHo-

xBlrJrboBorc po3roprKoro norenqiary, noreHrliouetpir, nucorcoeSeKTllBHa pigunna

xpoMarorpaQir, JIa3epHa 4uQpartortaetpix.
3ara.nprnfi BrrcHoBoK rro Arrceprallifinifi po6ori. .(ncepraqifiHa po6ora

flnroru KocrsH11aHa BonoAnurpoBrqa 3a aKryaJlbHicrro o6pauoi TeME, o6'euou

eKc[ep]IMeHTaJrbHoro rraatepialry, HayKoBoK) HoB[I3HoIo, npaKT]rrIHoIo sHa'rnuicto,

o6lpynrosa5icrrc nrcHoaxis ra peKoMeslaqifi siAnoniAae BilMoraM HopMarLIBHLtx

arrin qoAo Ar{ceprarlifi, sorcperraa, flopa4Ky rprcyAxeHrrf, cryreH, AoKropa QilocoQii
Ta cKacyBaHHf, piruenru pasonoi cneqianigosaHoi a.reHoi paAI{ 3aKJIaAy suqoi ocnilu,

uayroaoi ycraHoBr{ rpo rprcyAxeHHf, cryreHf, AoKropa r[ilocoQii, sataepAxeHoro

rocraHoBoro Ka6iHery MiHicryia Yxpainn ni4 12.01 .2022 poKy J\b 44 si sNdiHaluu

BHeceHr{Mu srigno g locraHoBoro Ka6inery Minicryia YrcpaiHu ni4 21.03.2022 porcy

J\b 341, a ii aBrop, flruom KocrsHrr,ru BoroAnMEpoBI,Iq, 3acJryroBye Ha rplrcyAxeHHt

HayKoBoro crynenf, AoKropa rpilocor[ii s ranysi 3HaHb 10 - flpupo4nnui Hayxl{ 3a

cneqiamnicno 102 - Xirrais.
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