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INFORMATION ABSTRACT
Hapgjiiwna o pepakuii / Received: The aim of the work. To determine the residual concentration of hydrogen
10.03.2021 peroxide in the distilled water which meets the requirements of the State
Micna goonpautoBaHHs / Revised: Pharmacopoeia of Ukraine. It seemed necessary to justify the amount of flushing
14.04.2021 water required for the complete removal of H,0O,,.
MpuiinATo o apyky / Accepted: Materials and Methods. Deoinized water was obtained from the "Millipore
19.04.2021 Direct-Q 3 UV" system, distilled water — from the "GFL2008" aquadistillator.
Hydrogen peroxide solutions of 30 % (produced by "Carlo Erba Reagents S.A.S",
Key words: "For analysis ACS-Reag.Ph.Eur.-Reag.USP-Stabilized" qualification) and 35 %
hydrogen peroxide; (produced by "UKRHIM", "medical" qualification) were used. The experiments
residual amounts; were carried out using the pharmacopoeial test "oxidizable substances" and
permanganometry; conductometric measurements. The conductometric studies were performed on
reaction sensitivity; the "Hanna HI 2300" conductometer.
oxidizable substances; Results and Discussion. It was established that the use of the pharmacopeia
conductometry; test “oxidizable substances” (permanganometric method) allows the identification
specific conductance. of hydrogen peroxide at concentration of approximately > 10-4%.

The specific conductance (SC) of diluted (3.5x10°%...3.5%) "pharmacopoeial” and
"medical" hydrogen peroxide solutions was also measured. It was found that the
diluted solutions of H,0, "pharmacopoeial” and "medical” qualification significantly
differ in SC. Probably, this is due to the presence of stabilizers of different nature
(organic and inorganic) and in different concentrations (in "pharmacopoeial” H,O,
—in minimal, in "medical" — in high concentration).

Conclusions. It was found that the concentration of hydrogen peroxide
decreases by about 50-100 times with each rinsing of laboratory glassware with
distilled water. Therefore, 3—4 times washing with distilled water is needed for
complete removal (to reach a concentration <104%) of hydrogen peroxide from
the laboratory glassware and equipment. Theoretical calculations were confirmed
by experimental data.

Thus, hydrogen peroxide has a low SC, which is less than the SC of the stabilizer
solutions in it, and the conductometric method is not suitable for controlling
residual H,0, in the laboratory glassware and equipment.

Introduction. The State Scientific Research Labora- checks medicines, substances, pharmaceutical raw ma-
tory for quality control of medicines of the State Institu-  terials and hygiene products for compliance with the re-
tion "O.M. Marzieiev Institute for Public Health" NAMSU  quirements of regulatory documents and pharmacopeia
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(SPU, EP, BP and USP). These procedures require a
significant amount of distilled water, which is obtained by
distillation from drinking water and is used for the prepa-
ration of solutions, testing of medicinal samples etc. The
quality of distilled water must comply with the require-
ments of the State Pharmacopoeia of Ukraine: the con-
tent of microorganisms for microbiological monitoring
should be <100 CFU/mI [1]. Some bacteria, for example
Campylobacter spp., Coxiella burnetii, Enterococcus
faecalis, Salmonella choleraesuis and others, remain vi-
able in water at temperatures of 60—65 °C, and Legio-
nella spp. — even up to 80 °C [2]. It means that equip-
ment (receiving cube of water distiller) and ware (con-
tainers) for the distilled water should be periodically dis-
infected. After disinfection the equipment and glass
containers for storing water must be washed from resi-
dual disinfectant.

For this purpose, the optimal reagent is hydrogen pe-
roxide (in the form of 3—30 % aqueous solutions), which
is widely used in medicine and pharmaceuticals as an
effective antiseptic and disinfectant against viruses, bac-
teria and spores [3, 4]. Compared to other disinfectants,
hydrogen peroxide is characterized by low toxicity to
warm-blooded animals, absence of odor, usable aggre-
gate state, a moderate price and minimal environmental
impact.

Taking into account the scale of H,O, use in the che-
mical and pharmaceutical industries, as well as in labo-
ratory practice, the determination of residual amounts of
hydrogen peroxide in washing and waste water is an
actual and difficult task. The sensitivity of H,O, detection
when titrated with a solution of permanganate in the
presence of 3,3",5,5'-tetramethylbenzidine is 1.7x105%
[5], in the presence of 4-aminophenazone — 5x10°% [6],
by spectrophotometric method — up to 10°% [7-9]. Late-
ly, a significant attention was paid to the development of
reusable sensors for determining the amounts of hydro-
gen peroxide in aqueous media with sensitivity of up to
3x10° % [10, 11]. However, all of these methods are
non-pharmacopoeial and for use in pharmaceutical la-
boratories — require validation and verification.

Materials and Methods. In order to detect the traces
of H,0, in water quickly, we can use the Pharmacopoeia
test “oxidizable substances” (permanganometric deter-
mination) and quality control of distilled water for the ab-
sence of impurities by the conductometric method [1].

We set a goal to find out the sensitivity of the perman-
ganatometric determination of the hydrogen peroxide
(“oxidizable substances” test), carried out in accordance
with the requirements of the State Pharmacopoeia.

The reaction takes place according to the equation:

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

Considering that hydrogen peroxide is a weak acid
(acid dissociation constant of H,O, 1.78x107'?, pKa =
11.75 at 20 °C [12]), the aim of the work was also to de-
termine the suitability of the conductometric method for

determining of H,O, residual amounts in washing water.

The obtained data will justify the number of washing
required to completely remove the residual hydrogen
peroxide after disinfection of equipment, containers and
laboratory glassware.

Apparatus and reagents. The specific conductance
(SC) of deionized/distilled water and hydrogen peroxide
solutions was measured on Hanna HI 2300 conductivity
meter, in plastic containers (100 ml volume) at a tem-
perature of (25.0£0.5) °C, in yS/cm.

The conductometer was pre-calibrated using solu-
tions "Conductivity Standart 84 pS/cm" and "Conductivi-
ty Standart 1413 pS/cm" (Mettler Toledo). The measure-
ments in each case were made in triplicate and the ave-
rage value was calculated. Used solutions of 30 % H,0,,
produced by "Carlo Erba Reagents S.A.S" purity "For
analysis ACS-Reag.Ph.Eur.-Reag.USP-Stabilized", and
35 % H,0O,, produced by "UkrKhim" purity "medical”. Po-
tassium permanaganate — was manufactured by Sig-
ma-Aldrich, purity "CS reagent".

Deionized and distilled water was obtained, respec-
tively, from the Millipore Direct-Q 3 UV system (SC <0.06
puS/cm at (25.0+0.5) °C) and from the GFL2008 distiller
(SC <<5.1 pS/em at (25.0+0.5) °C).

The exact concentration of the initial solutions of H,0,
produced by "Carlo Erba Reagents S.A.S." and "UkrK-
him" (30.4 % and 34.7 %, respectively) was established
by the permanganometric method in accordance with
the requirements of the SFU [1].

Preparation of hydrogen peroxide solutions. 10 ml of
30 % hydrogen peroxide was taken with a Mora pipette
and added to a 100 ml volumetric flask containing 50 ml
of deionized (distilled) water. After stirring, water was
added to the mark. Further, solutions with concentra-
tions of 0.3....3x10° % were obtained in volumetric flasks
(first accuracy class) by the method of serial dilution by
deionized (distilled) water. Similarly, solutions of H,O,
with a concentration of 3,5...3.5x10° % were obtained
from 35 % hydrogen peroxide.

Washing procedure for 2.5 L bottles. A 2.5 L glass
bottle was disinfected with 100 ml of 3 % H,O, and
drained for 20 seconds. A bottle was filled with 100 (200)
ml of distilled water, stirred for 1 min and inverted. The
content of the bottle was poured into a graduated cylin-
der for 20 s and the difference in the volume of water
that remained in the bottle was noted.

Test for the presence of oxidizable substances. 10 ml
of 1 M H,SO, solution and 0.1 ml of KMnO, 0.02 M solu-
tion were added to 100 ml of washing distilled water. The
resulting test solution was boiled for 5 minutes. In the ab-
sence of H,0,, the solution should remain weakly pink [1].

The calculation of the uncertainty of the test results
was carried out in accordance with the requirements of
SFU (p. 5.3.N.1, p. 5.3.N.2) [7].

Results and Discussion

We used the Pharmacopoeia test “oxidizable sub-
stances” to identify residual amounts of H,0, in labora-
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tory glassware and equipment. Testing was carried out
with H,O, solutions (on deionized or distilled water) at
concentrations of 0.00003-0.35 %. The results of the re-
search are shown in Table 1.

It was found that during the pharmacopeia test “oxi-
dizable substances”, the color change of the KMnO,
solution occurs in the range of H,O, concentrations
0.00006-0.00015 %. It allows to identify the presence of
hydrogen peroxide in the wash water at a concentration
of approximately = 10* % (= 1 ppm). The results of ex-
periments with H,0, solutions, prepared on deionized
and distilled water, are identical.

A glass bottle made of dark glass with the capacity of
2.5 liters was used as a model for determining the num-
ber of washes. It was found that with each rinsing of the
bottle with distilled water, the concentration of hydrogen

Table 1
Data of test “oxidizable substances” for solutions of H,0O,
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peroxide decreases by about 50 times (the volume of
washing water is 100 ml) or 100 times (the volume of
washing water is 200 ml) (Table 2). The presence of re-
sidual amounts of H,O, in the washing water was
checked by the “oxidizable substances” test.

The concentration of the H,O, solution (Table 2, No.
3) was determined by adding 10 % Kl, 1 M H,SO, solu-
tions and titrating of the released iodine with 0,01 M Na-
,S,0, solution in the presence of starch and chloroform
until the blue color disappears [13]. The calculation was
carried out according to the formula X=((V,-
V_)0,00017-:100)/mH,0, (V.- volume of thiosulfate solu-
tion consumed for titration of the test solution, V_ — vo-
lume of thiosulfate solution used for titration of blank
solution, mH,0, — solution weight). The resulting con-
centration of H,0, was (1,2+0.1)x10"* %, which is in sa-

" P H,O, produced by "Carlo Erba
272
H,0, produced by "UkrKhim Reagents S.A.S"
No. Color of KMnO,/ Color of KMnO / No. Color of KMnO,/
Concentr. . A .4 Concentr. . 4
H.O. % H,SO, solution (in H,SO, solution HO. % H,SO, solution
272 deioniz. water) (in dist. water) 272 (in deioniz. water)
1 0.35 colorless colorless 11 0.3 colorless
2 0.175 colorless colorless 12 6x107? colorless
3 3.5x102 colorless colorless 13 3x107? colorless
4 3.5x10° | colorless colorless 14 3x10°3 colorless
5 3.5x10* | colorless colorless 15 6x104 colorless
6 1.75x10* | colorless colorless 16 3x10+ colorless
7 1.06x10* | almost colorless almost colorless 17 1.5x10* almost colorless
8 7x10° weakly weak; pink weakly weak; pink 18 6x10° weakly weak; pink
9 3.5x10° | weakly pink weakly pink 19 3x10° weakly pink
10 0 weakly pink weakly pink 20 0 weakly pink
Table 2

Test data of “oxidizable substance” for washing water containing H,0,

Bottle (volume 2.5 I) washing after disinfection with 3 % H,O, solution
Estimated Actual
No. Volume of washing water/ I : Color of KMnO,/ concentration
. . Dilution concentration of H,O 4 .
residue after washing, ml . 272 H_SO, solution of H. O, in wash
in wash water,% 2T T4 272
water,% **
100/2 50 6x1072 colorless -
2 100/2 50 1.2x10°® colorless >1.75x10*
3* 100/2 50 2.4x10°% almost colorless (1.06...1.5)x10*
4 100/2 50 4.8x107 weakly pink <3.5x10°%
5 200/2 100 3x102 colorless >1.75x10*
6 200/2 100 3x10+ colorless >1.75x10*
7 200/2 100 3x10° weakly pink <3.5x10°

Notes: * The H,0O, concentration of the solution was also determined by titration

**|n accordance with the data of Table 1.
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tisfactory agreement with the results of the perman-
ganatometric express test ((1.06...1.5)x10* %, Table 1).

Table 2 shows that if washing with a volume of water,
which is 4 % of the bottle capacity, 4 washes are needed
to remove H,O, residues completely. Significant number
of washes is obviously explained by the heterogeneity of
the manual washing with a small volume of water and
the adsorption of H,O, on glass [12, 14].

With an increase of the volume of washing water to
8 % of the bottle capacity, 3 washes are sulfficient to re-
move the H,0O, residues completely.

A study of the specific conductance of hydrogen per-
oxide solutions is given in Table 3. The obtained data
were processed by Excel in order to construct calibra-

tion graphs and creation of mathematical equations for
the dependence of electrical conductivity on concentra-
tion (Figure 1).

To avoid a systematic error (the influence of the con-
ductivity of "extraneous" ions), we did not use solutions
SC, but the difference (4), respectively, between solu-
tions SC and deionized water SC to plot the graph.

It was found that SC of H,0, solutions “pharmacopoe-
ial” and “medical” qualifications differ significantly.

This is probably due to the presence of stabilizers of
various nature (inorganic — phosphate and sodium stan-
nate, organic — oxyquinoline) and in various concentra-
tions (in "pharmacopoeial" H,0, — in minimal, in "medi-
cal" H,0, — in significant concentration) [12].

Table 3
Specific conductance (SC) data of H,O, solutions at 25 °C
" - H,O, produced by "Carlo Erba
H,0, produced by "Ukrkhim Reagents S.A.S"
ASCH.O ASCH.O
No. 2~2 | No. 22
Concen- sc Of. H.0, Uncertainty, and Concen- sc Of. H.0, Uncertainty, and
. solutions, . . solutions, .
tration, % pS/cm deionized tration, % uS/cm deionized
pS/cm pS/cm
water water
1 35 74.7 0.9 74.2 3.0 1.42 0.13 0.88
2 0.35 8.34 0.13 7.80 9 0.3 0.98 0.12 0.44
3 0.175 4.66 0.12 4.12 10 6x1072 0.91 0.12 0.37
4 3.5x107? 1.34 0.12 0.80 11 3x1072 0.88 0.12 0.34
5 3.56x10® 0.73 0.12 0.19 12 3x10°% 0.84 0.12 0.3
6 3.5x10* 0.63 0.12 0.09 13 6x104 0.83 0.12 0.29
7 3.6x10° 0.61 0.12 0.07 14 3x10* 0.72 0.12 0.18
Notes: SC of deionized water in glassware is 0.54+0.12 yS/cm.
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Fig. 1. Graph of the ASC of H,O, solutions and deionized water as a function of concentration (for “pharmacopoeial

H,O

272

y = 0.194x+0.305, R? = 0.916; for “medical” H,O

y = 21.15x+0.184, R? = 0.999).
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Conclusions

Test “oxidizable substances” allows to identify H,O, in
distilled water at the concentration of up to 1x10“%.
Thus, the method demonstrated high sensitivity. Appli-
cation of the method made it possible to establish that at
least 3—4 rinsings with distilled water are necessary (the
volume of water is 4-8 % of the volume of glassware) for
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Hydrogen peroxide has a low specific conductance,
which is smaller than the specific conductance of stabi-
lizer solutions in it. Therefore, the method of determina-
tion by specific electrical conductivity is not suitable for
H,O, residual amounts monitoring in the laboratory
glassware and equipment.
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the complete removal of hydrogen peroxide from labora-
tory glassware.

KOHTPO/b 3AJ/INLLUKOBUX KINMbKOCTEN MNEPOKCUAY BOAHIO NICNA AE3IHOEKLYI
NABOPATOPHOI O nocyay TA Ob1AAHAHHA

B. M. BpuuyH, H. /1. TapaceHko, H. O. CaBiHa, H. B. OcTaHiHa

AY «IHemumym 2pomadcbko20 300p0o8’s imeHi O. M. Map3eesa HayioHa/ibHOI akadeMii MEOUYHUX HayK
YKpaiHu», Kuis
britsunl67@ukr.net

MeTta po60Tu. BuaHauyeHHs 3a/IMLLKOBOI KOHLIEHTPALLiT NepoKcuay BOAHIO B ANCTUILOBaHIV BOZi, SKa BiANOBIga€ BUMOram
O®Y, 1 06rpyHTYBaHHSA KiNIbKOCTI NPOMUBHOT BOAW [i151 NOBHOTO BuaaneHHsa H,O, nicna aesiHdekuii nabopatopHoro nocyay
Ta 06nafHaHHs.

Marepianu i metogn. Bogy pgeoiHisoBaHy otpumaHo 3 cuctemu Millipore Direct-Q 3 UV, Bogy AUCTWUIbLOBaHY — 3
akBagmctunsaTopa GFL2008. BukoprctoByBasin po3dnHu nepokeugy sogHio 30 % supobHuuTBa «Carlo Erba Reagents
S.A.S» unctotn «For analysis ACS-Reag.Ph.Eur.-Reag.USP-Stabilized» i 35 % kBanidpikauii «MeanyHmii» BUpoOHULTBA
«YKPXIM». [ocnign BUKOHYBa/Ih 3 BUKOPUCTAHHAM (hapMakonemHOro TecTy «pPeYOBUHM, L0 OKMUCHIOKTLCA» |
KOHOYKTOMETPUYHMX BUMIpIOBaHb. KOHAYKTOMETPUYHI SOCNIKEHHSA NPOBOANAN Ha KOHAYKTOMeTpi Hanna HI 2300.
Pe3ynbraTtu il 06roBopeHHsA. PapmakoneiiHe BUNpo60BYBaHHS «PEYOBMHY, LLIO OKUCHIOKTLCA (MepMaHraHaToMeTpUYHMIA
METO/1) Aa€ MOX/MBICTb iAEHTUIKYBATU NEPEKNC BOAHIO NPW KOHLEHTpaLii npubmn3Ho = 10 %.

Br3Havanm Takox nuTomy enektponposigHicTb (ME) po3sefeHux (3.5x10°...3.5 %) «hapmakonenHoro» i «MeguyHoro»
PO34MHIB NEPOKCUAY BOAHIO. BcTaHoB/MEHO, Lo ME po3sefeHnx po3unHis H,O, «dhapMakoneiiHoi» | «MeanyHoi» keanidikaii
CYTTEBO BifPI3HAETLCA. BiporifHo, Le 3yMOB/IEHO HasABHICTIO CTabini3aTtopis pisHOT NpUpoan (OpraHiyHnX i HeopraHiyHmx) i
B PI3HNX KOHLEHTpaLiAX (y «thapMakoneiiHiit» H,0, — y MiHIMa/IbHIl, y «MeanyHili» — B 3HA4HIN KOHUEeHTpaLii).
BucHoBKu. [Npy KOXHOMY 0MNOMiCKyBaHHI NabopaTopHOro NocyAy AMCTUIbOBAHOK BOAOK KOHLEHTPALA NEPOKCUAY BOLHIO
3HMKYETbCA NPU6aM3HO B 50—100 pasis. Tomy A/19 NOBHOIO BUAAIEHHA NEPOKCUAY BOAHIO 3 n1abopaTtopHOro nocyay ta
06n1ajHaHHs (0OCATHEHHS KOHLeHTpaLii <10 %) HeobxiaHe 3—4-kpaTHe NPOMUBaHHA ANCTUIbOBAHOK BOAOK. TEOPETUYHI
pO3paxyHky NigTBEPYKEHO EKCNEPUMEHTA/TBHUMU AaHUMU.

BcTaHOBNEHO, LLIO NepOoKCK, BOAHI0 Mae HU3bKY ME, ska Hkya Big, ME po3unHiB cTabinizaTtopiBy HbOMY, | KOHAYKTOMETPUYHWIA
METOZ, HE NPUAATHUI AN KOHTPOSIIO 3a/IMLLIKOBUX KinbkocTel H,O, y nabopatopHomy nocyfi Ta o6nagHaHHi.

KniouoBi cnoBa: nepokcui BOAHIO; 3a/IMLLKOBI KifIbKOCTi; NepMaHraHatoMeTpist; YyTAMBICTb peakLil; peyoBuHM, Lo
OKMCHIOKOTHCSA; KOHAYKTOMETPISA; MMTOMa €NeKTPONPOBIAHICTb.

KOHTPO/1Ib OCTATOYHbIX KOTMYECTB NEPOKCUAA BOAOPOAA NMOCNE AESNHDEKUNN
NABOPATOPHOU NOCYAbl N OBOPYAOBAHUA

B. H. BpuuyH, H. J1. TapaceHko, H. A. CaBuHa, H. B. OctaHnHa

'Y «MlHcmumym obwecmseHH020 300p0B8bs1 UMeHU A. H. Map3eesa HayuoHasibHol akademuu
MEeOUUUHCKUX HayK YKpauHbl», Kues

britsunl67@ukr.net

Uenb, pa6otn. OnpefenieHne OCTaTOYMHON KOHLEHTpauuyu nepokcuga BOAopoda B AUCTUIMPOBAaHHON BOAe,
CoOTBETCTBYIOLWEl TpeboBaHusiM PY, N 06OCHOBaHME KOMMYECTBA MPOMbLIBHOW BOAbl, HEOOXOAMMONI A5 MOSIHOrO
yaanenua H,0, nocne aesvnHdekL 1abopatopHoii nocyasl 1 060pyaoBaHus.
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Martepuanbl u MeTogbl. Boga gewoHuaupoBaHHas 6biia nosydeHa u3 cuctembl Millipore Direct-Q 3 UV, Boga
anctunnvpoBaHHaa — u3 akBaguctuiangtopa GFL2008. Mcnonb3oBasiMck pacTBopbl nepokcuga sogopoga 30 %
npounsBoacTea «Carlo Erba Reagents S.A.S» uuctoTbl «For analysis ACS-Reag.Ph.Eur.-Reag.USP-Stabilized» n 35 %
KBanudmkauum «MeguumnHCKnin» nponssogactea «YKPXM». OnbiTbl NPOBOANAN C MCNO/b30BaHMEM hapMakoneliHoro
TecTa «OKWCNSEMble BeLlecTBa» W KOHAYKTOMETPUYECKMX U3MepeHuid. KOHAYKTOMETpUYEecKMe UccrefoBaHns
OCYLLECTBNAN Ha KOHAYKTOMeTpe Hanna HI 2300.

Pe3ynbratbl U oGcyxaeHune. dapmakoneiHblil TECT «OKUCNSEMble BellecTBa» (NepMaHraHaTOMETPUYECKUA MeToq)
No3BOMSET UAEHTUNLMPOBATL NEPEKNCH BOAOPOAA NPY KOHLEHTpauuy npumMepHo = 104 %.

Onpegenann Takke yAaesbHyl 371eKTponpoBogHocTb (Y3) pasBegeHHbix (3.5x10°... 3.5 %) «dapmakoneiHoro» u
«MEeIMLIVHCKOro» PacTBOPOB NEPEKVCY BOAOPOAA. YCTAHOB/EHO, HTO ¥ 3 pa3BefieHHbIX pacTBopos H,O, «thapMakoneiHoii»
N «MEeVNLMHCKOW» KBaNIMPUKaLUN CYLLLECTBEHHO OT/IMYaloTcs. BeposATHO, 3T0 06yCNOBNEHO HaMYneM CTabunm3aTtopos
pasnMUHON NPUPOAbI (OPTaHNYECKVX 1 HEOPraHNYECKNX) 1 B PA3/INYHbIX KOHLEHTpauysax (y «apmakoneiHoii» H,0, — B
MUHUMaJIbHOW, B «MEANLMHCKON» — B 3HAUYMTE/TbHOM KOHLIEHTpaLmm).

BbiBoabl. Mpy KaXg0M 0ononackuBaHun s1abopaTtopHO Nocyapl AUCTUNNMPOBAHHON BOAONM KOHLEHTpaumMsa nepokcuaa
BOAOpPOAa yMeHbLIaeTcs npumepHo B 50—100 pas. [MoaTomMy A/18 NO/THOro yaaneHus nepokcuaa BoAopoaa u3 naboparopHoii
nocyabl 1 060pyaoBaHUS (AOCTMKEHNST KOHLeHTpauun <104%) Hy)xHa 3—4-kpaTHast NPOMbIBKa ANCTU/I/IMPOBAHHO BOAOW.
TeopeTunyeckne pacyeTbl NOATBEPKAEHbI IKCNEPUMEHTASIbHBIMU AaHHBIMU.

OnpepeneHo, 4To Nepokcug BoAOpoJAa UMEET HU3KYH Y3, KoTopas MeHblue Y3 pacTBOpPOB CTabwIM3aTtopoB B HEM, U
KOHZYKTOMETPUYECKMI METO, HE MPUrOAEH [/ KOHTPOJ/IA OCTaTouHbIX KonnyecTs H,O, B nabopartopHoit nocyae u
o6opyaoBaHuK.

KntoueBble cnoBa: Nepokcug, BOAOPOAA; OCTaTOUHbIE KOJIMYECTBA; NepMaHraHaTOMETPHUS; YyBCTBUTE/IbHOCTb peakuuu;

OKUC/ISieMble BeLLEeCTBa; KOHAYKTOMETPYS; yaelbHasi 3/1eKTPONPOBOAHOCTb.
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