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BuBuyeHo 3acToCyBaHHSI PO3YMHIB MePOKCHIY BOJHIO Pi3HOI KOHUeHTpauii, a came 1 %, 17 %,
35 % pns ouMIIeHHS MOBEPXHi KaM’SIHOT0 Ba30HY 3 )POHTOHY r0J1I0BHOr0 Bxoay kocrexy CB. MukoJiaio
B ¢. Buwxkuauu 3os04iBcbkoro paiiony JIbBiBcbkoi o0sacti. BusHavyeHHsi KOHUeHTpauii po34uHy
NMEPOKCHY BOJHIO 3iliCHIOBATH MEPMAHTAHATOMETPHYHHUM THUTPYBAHHAM Y KHCJIOMY cepel0oBHIILi.
Po3unnu mepokcuay BoAHIO KoHueHTpaunii 17 % Ta 35 % po3baBiasiam mix 4ac THTPYBaHHsI 10
koHueHrpanii 0,3 moaw/i. Ilix 4ac o0poldJieHHI PO3YMH NEPOKCHAY BOJAHIO Pi3HOI KOHIEHTpamii
HAHOCHJIM HA MOBEPXHIO KaM’siHOro Ba3oHy. IIpm mbomy Bin0yBaBcsi po3kJiajl NMepoKCUAY BOAHIO 3
BUAIIEHHAM MOJIEKYJISIPHOTO KHCHIO Ta BOJM, 110 3yMOBJIIOBAJIO PO3NYyUIYBaHHSA 3a0pyaHeHsb. Ilicas
o0poO/ieHHsl IMiTKaMH 3a0pyJHEHHs1 BHIAJSUINCA 3 MOBepxHi Ba3oHy. OOpoOJieHHsI NOBepXHi
3AiCHIOBAJM JeKiIbKa pa3iB. YCTaHOBJIEHO, 10 Haiie)eKTHUBHIIIMM AJ OYHMIIEHHS € PO3YHMH
NMEePOKCHY BOAHIO KOHIeHTpauiew 35 %, axuii 3a0e3neyyBaB NoBHe BH/IaJeHHS 3a0py/IHEHb 3 MOBEPXHi
KaMeHI0. 3a JliTepaTypHMMH JaHHMHM Ta TMPOBeJeHUMH eKCIIepHMEHTAMH, HailiMoBipHimIuM
KAaTAJi3aTOPOM PO3KJIaly NePOKCUIY BOAHIO HA MOBEPXHi KAaMeHI0 € (hepMeHT KaTaja3a, o MiCTUTHCS
B MiKpoopraHizmax, NpucyTHiX Ha opraHiuHux 3a0pyaHeHHsax. Takox iHinioBaTH po3kiaag nepokcuay
BO/JHIO MOKYTb €OJIi MeTaJIiB 3MiHHOT BaJI€eHTHOCTI, HANIPUKJIAJ, iI0HM 3aJ1i3a, IKi MOKYTH OyTH NPUCYTHI
HA MOBEPXHi MaM’fITOK apXiTeKTYpH, BUTOTOBJICHUX 3 KaMEHI0. 3ACTOCYBAHHSI PO3YHHIB IMEPOKCHIY
BO/HIO 320€3Me4yBaJI0 TAKOK AHTHCENTHYHEe 00p00JIeHHS NMOBEPXHi.

Koro4oBi cjioBa: nmepokcus BoAHI0, KaTajia3a, IOBEPXHsI KAMEHIO.

IMocTanoBKa npodaemu

[lepokcu BOIHIO € BiJIOMOIO PEYOBHUHOIO, SIKY 3aCTOCOBYIOTH SIK O1OLIM[, aHTUCENTHK, BIOLIIOBAY
Ta sk okucHuK (Onu, Iyun & Idris, 2015; be3yrmmii, pex., 2008, c. 121), a 30-35 % (mac.) BogHUIT po34nH
Ha3uBawTh neprigposieM (binoxina., K., pexn., 1975).

3a0py/HEeHHS, 10 MICTSITHCS Ha MOBEPXHI MaM’SITOK apXiTEeKTypH, BUTOTOBIICHHX 13 KaMEHIO, 3a3BUYai,
MicTATh MiKpockomiyHi »*wuBi opranizMu (HuxutuH u MenbaukoBa, 1990). Ilin gac oOpoOneHHsS BOAHMM
PO3YMHOM TIEPOKCHYy BOJIHIO TIOBEPXHI IaM’SITOK apXiTEeKTypu 3 KaMEHI0, MOXIIMBA HOro B3a€MOJIs 3
MiIKpoOpraHi3Mamu, MpH OMY KaTanasza, (pepMEHT 0 BXOJIUTH JI0 iXHBOTO CKIIAJLy, IIPUCKOPIOE TIepeldir peaxiiil

2H,0, =2H,0 + O.. )

MeXaHi3M sKoi MOXkHa noaatu Takoro cxemoro (Ilonropak u Yyxpait, 1971):
CAT + H,O,— CAT- HzOz, (2)
CAT- H,0, + H,O; — CAT + 2H,0 + O.. 3)

Karanasza € ¢pepMEHTOM KJIaCy OKCHAOPEAYKTa3, BUSBICHUM Yy BCIX CYKapiOTHYHHUX OpraHizMax,
BOHA JIOKAJi30BaHA B MEPOKCHCOMAX 1 IUTO30JI 1 € OLIKOBUM MPOAYKTOM, IO MiCTUTh aTOMH 3aii3a 3i
cTyneneM okucHeHHs +3 (DPupcos, 2006).

Karanaza mupoko po3MOBCIO/KEHA B PI3HOMAHITHHX MIKpOOpraHizmMax. 3a HOpMalbHUX (]i-
310JIOTYHUX YMOB BOHA PETYJIO€ BMICT MEPOKCHAY BOJHIO B OpraHi3Mi, 3amo0ira€ Woro TOKCHYHI# Jii,
BiJIirpa€e BKJIMBY POJIb y MPOIIECI CTApiHHSI.
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[HiniroBaTH pO3KIJIAA MEPOKCHIY BOJHIO 32 peakmicto (1) Takok MOXYTh 10HHM METaiB 3MiHHOT
BAJIGHTHOCTI, 1110 MIPUCYTHI Ha MOBEPXHI MMaM’SITOK apXiTeKTYpH, HAIIPHUKIIa i0HM 3aiiza (BosnommHuens ta
I'epacumuyxk, 2016).

J171st OuMIIIeHHS TOBEPXHI BUKOPUCTOBYBAIIM BOJIHI PO3YMHH TIEPOKCHTY BOJIHIO Pi3HOI KOHIICHTpAIIl —
1,17, 35 % sKy BU3HAa4YaJIM NEpMaHAHATOMETPUYHUM THTPYBAHHSM y KUCIIOMY cepeloBHIII (3bIKOBA H
HUcakos, 2016). [1ys uporo po3uunu 17 ta 35 % posbasisuiu 10 koHueHTpattii 0,3 MoJIb/J1.

Y ocHOBI BU3HAUCHHS KOHIICHTPAIIii EPOKCHTY BOJIHIO JIGKHUTh XIMIiYHA PEaKIlis

5H,0,+2KMnO, +3H,SO,=50,+2MnS0O, +8H,0+K,SO, .

KoHuenTparnito nepokcumy BOIHIO pO3paxoByBaJIU 3a PiBHSIHHAM

0,001707 V

CM(HZOZ) = 34 05005 MOJIb / IT 6

ne V—006'em 0,1 H po3unHy IepMaHraHaTy Kalilo, 10 BUTPAYAEThCSI HA TUTPYBAHHS:

0,001707 — Maca mepoKcuIy BOHIO, 1110 Bianoinae 1,00 cM® po3unHy nepMaHranaTy Kajir TOYHO
3 (1/5 KMnOy ) = 0,1 Mons/am>, T;

34 — MoJIsipHa Maca TIEPOKCHY BOIHIO, I'/MOJIb;

5 — 06’eM npobH PO3UUHY TIEPOKCHUIY BOJHIO BUKOPHCTAHOTO I TATPYBAHHS, CM>;

p — TYCTHHA PO3YUHY ITEPOKCHUJTY BOJIHIO.

MeTta po6oTn
BuBunTH 3acTOCYBaHHS PO34YHHIB TIEPOKCHIY BOAHIO Pi3HOT KOHIICHTPAIIIT IS OYMIICHHS TIOBEPXHI
KaM’SITHOTO Ba30HY 3 BAITHSKY.

OcHoOBHMIi BUKJIAA MaTepiay

Jlise OYMIIeHHS BUKOPHCTOBYBAJIM KaM’ sIHUH Ba30H (3 BamHAKY), SKUM OyB po3mimieHuid 00a0id
(bpOHTOHY TOJIOBHOrO BX0ay Kocteiay CB. Mukojar B ¢. BukusHM 301049iBCbKOT0 parioHy JIbBiBChKOT
00J1aCTi, 110 BUTOTOBJICHUH 3 BaIIHAKY, a ITi]1 Yac OYMINEHHS 3HaxoquBcs Ha Kadeapi APT. Kam’sHuii Ba3oH
JI0 OYHMIIIEHHS Ha TIOBEPXHI MICTUB 3a0pyTHEHHSI YOPHOTO KOIBOPY (pHc. 1), siki eheKTHBHO HE BUIAISIITHCS
3BUYHHUMU CTIOCOOaMHU.

Ha ocHoBI niTepaTypHuX JaHUX Ta HasBHOCTI 3a0pyAHEHOro Kam sHOro Ba3oHy Ha kadenpi APT
(puc. 1) Oyn0 BupilIEHO BHKOPHCTATH /sl WOrO OYHMIIEHHS PO3YMH MEPOKCHUIY BOAHIO. sl 1BOTO
PO3YMHHM Pi3HOT KOHIEHTpAIlii HAHOCHJIM Ha TOBEPXHIO 3a0pyJHEHOr0 Ba3OoHY (pHC. 2) Ta 3aUIIAIH 0
MOBHOT'O BUCHXAHHSI TIOBEPXHI.

Puc. 1. Kam anuii 6azon 00 ouuiyeHHs Puc. 2. Hanecenuii pozuun nepokcudy 600H0O
HA NOBEPXHIO KAM SIHO20 8A30HY
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[lpu npomy BinOyBaBcs PO3KIAJ] MEPOKCHIY BOJHIO, IIO CYIPOBODKYBABCS PO3MYIIyBaAHHSIM
3a0pyTHEHb Ta BUJIAJICHHSIM MOJICKYJSIPHOTO KHCHIO Ta BOAM. ITiciisi BUCHXaHHS MOBEPXHIO 0OPOOISITH
IIITKAaMH Ta BUAAISIIN 3a0pyaHeHHs. Tak MOBTOPIOBAIM JIeKiIbKa pasiB (puc. 2).

Haiikpamum 3a edekruBHicTio BusiBuBcs mepripons (35 % Hx0,) sxuit 3 MakcuMaibHOIO
e(EKTHBHICTIO PO3MYINyBaB 3a0pyJHEHHS, MOCTA0JIsAB iXHI 3B’S3KM 3 OCHOBOIO Ta 3a0e3ledyBaB iX

BUJIAJICHHSI MEXaHiuHOIO Jieto (puc. 3). PozumH nepok-
cuay BoJHIO 17 % KOHIGHTpAIIil TeX MPOSBIISAB MOII0HY
JII0 ajie OYHIyBaJIbHUH eheKT OyB 3HAYHO CIa0IINM, a
1 % po3uuH TEepoKCHUIy HE 3a0e3leuyBaB OUHUIICHHS
MOBEPXHI KaMEHIO BiJI 3a0py/THEHb.

Kpim oumineHssi, 3acToCyBaHHSI TIEPOKCHIY BOJIHEO
3a0e31eYmIo Je3iH(EKII0 MOBEPXHI Ta 3HUIICHHS MIKpO-
OpraHi3MiB Ha TIOBepxHi kameHro (MarkoBckuii, 2005), a
KaM’sTHHI Ba30H Ha0yB OPHUTIHATLHOTO KOJIBOPY.

BucHoBku
BuBUEHO OUMIIIEHHS TOBEPXHI KaM SHOTO Ba30HY
(BamHsIK) po3uMHAMH Tepokcuy BoaHio 35, 17 ta 1 %
KoHUeHTpawii. HailleekTHBHIIMM — BHSABHMBCS — PO3YMH
KOHLIEHTpawiero 35 %, sxuil 3a0e3nedyBaB po3IyILyBaHHs
3a0pyIHEeHb, OCIIa0MIsIB IXHi 3B SI3KH 3 ITOBEPXHEI0 KAMEHIO
Ta 3a0e3reuyBaB iXHE BHIAICHHS MEXaHIYHOIO Ji€l0.

Puc. 3. Kam anuit 6ason nicis 3acTocyBaHHs PO3YMHIB EPOKCHTY BOJHIO 3a0€3MedyBaio
4ACMKO6020 OUUUWEHHS NEPOKCUOOM B0OHIO AHTHUCENTHYHE OOPOOJICHHS MOBEPXHI KAMEHIO.
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The use of solutions of hydrogen peroxide of different concentrations, namely 1 %, 17 %, 35 %, for
cleaning the stone vazon surface from the pediment of the main entrance of the church of St. Nicholas in the
village of. Vizhnyans of Zolochiv district of Lviv region. Determination of the concentration of the solution of
hydrogen peroxide was carried out by permanganametometric titration in acidic medium. Solutions of hydrogen
peroxide concentration of 17 % and 35 % were diluted during titration to a concentration of 0.3 mol / liter. During
processing, a solution of hydrogen peroxide of different concentrations was applied to the surface of a stone
vase by a brush. At the same time there was a schedule with the release of molecular oxygen and water, which
caused the loosening of contaminants. After brushing, the contamination was removed from the surface of the
vase. Surface treatment was carried out several times. It has been found that the most effective for purification
is a solution of 35 % hydrogen peroxide, which with the maximum efficiency laced pollution, weakening their
links with the base and ensuring their complete removal by mechanical action from the surface of the stone.
The solution of hydrogen peroxide of 17 % concentration also showed a similar effect, but the purifying the
effect was much weaker, and 1 % solution of peroxide did not provide cleaning of the surface of the stone from
contamination. Contamination contained on the surface of architectural monuments, made of stone, usually
contain microscopic living organisms. According to literature data and experiments carried out, the most
probable catalyst for decomposition of hydrogen peroxide on the surface of a stone is the enzyme catalase
contained in microorganisms present in organic contaminants. Catalase is widespread in various
microorganisms. Under normal physiological conditions, it regulates the content of hydrogen peroxide in the
body, prevents its toxic effects, plays an important role in the process of aging. During the processing of
aqueous solution of hydrogen peroxide, monuments of stone architecture, it is possible to interact with
microorganisms contained in contaminants, while the catalase, the enzyme included in their composition,
accelerates the course of the reaction of the decomposition of hydrogen peroxide

2H202 = 2H20 + 02
the mechanism of which can be submitted by the following scheme:
CAT + H202— CAT- H202
CAT- H,O, + H,O, — CAT + 2H,0 + O,

Also, initiating a decomposition of hydrogen peroxide can be valence variable metal salts, such as iron
ions that can be present on the surface of architectural monuments made of stone. The use of solutions of
hydrogen peroxide also provided an antiseptic surface treatment.

Key words: hydrogen peroxide, catalase, stone surface.



